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1

AHHOTAIUA. 3aKOHOMEPHOCTH MHTPALMA B CONPSHKEHHOM PSIy IMOYB MOKHO
OLICHUTH Ha OCHOBE JAHHBIX O JIaTepabHOU Au(QepeHInaniy BelecTB U MOYBCH-
HBIX CBOHMCTB. [|js1 3TOr0 HEOOXOMMMO 0003HAUNTD LIEHTPAIbHEIE 00pa3bl KaTeH, T. €.
IIPOM3BECTH THNH3AIMIO. M3yueHne KaTeH B Pa3INYHBIX YCIOBHSAX ITO3BOJISIET JIydllle
MOHSTH TPOLECCHl MOYBOOOPA30BaHMS, MHIPAllMM BELIECTB M HMX 3aBHCUMOCTH OT
BHEIHUX (akTopoB. IIoHnMaHNe 0COOEHHOCTEH MUTpallUy U aKKyMYJIAIHY BEIIECTB
B 3aBHCHUMOCTHU OT NPUPOAHBIX (PaKTOPOB crtocoOCTBYeT Oosiee F3PPEeKTUBHBIM yIIPaB-
JIEHUIO pecypcaMu B OXpaHe OKpysKkarolieit cpenpl. B cTaTbe paccMOTpeHBI OCHOBHBIE
u HauOoJjee N3BECTHBIC NPUHIMIBI KiIaccuduKkaluu kaTeH. basupysck Ha moaxomax
N.C. Ypycesckoit u M.JI. bornanoBoif ¢ ucnosis30BaHnEM TeOHH(POPMAINOHHOTO
aHanmM3a W CEepPUM MEJKOMACIITa0HBIX KapT (penbeda, MOYBOOOPA3YIOIMX ITOPOJ,
IOYB ¥ PACTUTENHHOCTH), CHCTEMAaTH3UPOBAHbI JaHMA(THBIE KaTeHbI JECOCTENH
3anaguoit Cubupu. B npenenax paccMarpuBaeMoro perroHa BblieIeHo 38 BapHaHTOB
kaTeH. Ilo 3aHMMaeMoOill MoOmMAany AOMUHHPYIOT KaTEHBI, B KOTOPBIX BBIPOBHEHHBIE
MO3UIMN MEXIYPEeubsl 3aHUMAIOT YEPHO3EMBI IO/ Pa3HOTPABHO-3/IaKOBBIMH JTyraMu
WIH TEMHO-CEpBIE MOYBHI TOJ Pa3sHOTPABHO-3JIAKOBBIMH JyTaMH M ITOATACKHBIMU
OCHHOBO-0epe30BbIMH JiecaMu. PazHooOpa3ne KaTeH MaKCHMalbHO HAa HAKJIOHHBIX U
CTYIIEHYaTHIX PaBHUHAX ¥ MUHUMAJBHO Ha HanOoJiee MPUIIOAHATHIX BOCTOYHON M 3a-
MaJHOH 4acTax Jecoctenu 3amanHoil Cnbupu. Cpequ Tpex map KaTeH CO CXOJHBIM
HabOPOM M TOCIIEZIOBATEILHOCTHIO TOYB TUIIOJIOTMYECKHE OTIIMYHS CBSI3aHBI C Pelibe-
(OM MECTHOCTH MIJIM JINTOJIOTHEH (T€HE3MCOM WM TPaHYJIOMETPUYECKHM COCTaBOM
moyBooOpaszyromux nopoxa). CocTaBel paCTUTENFHOCTH U TIOYB OYE€Hb TECHO KOPPEu-
PYIOT IpYyT C IPYroM: TOJBKO 3 mapsl KaT€H C OAWHAKOBHIM MOYBEHHBIM IOKPOBOM
OTJIMYAIOTCS [0 COCTaBY PACTUTENBbHOCTU. Pasnuune 3axmodaercs B GOpMHUPOBAHUU
0oJiee CIOKHBIX CONPSDKCHUI B LEHTPAJIbHOW M 3alaJHON YacTH peruoHa. 31ech B
JIOKQJIbHBIX TOHIDKEHUAX peibeda (GOopMUPYIOTCS COJNOAM HOA OepesHsKaMu WIN
OCHMHHVMKaMH. B BOCTOUYHOIl YacTH pernoHa MOBBIICHHBIC JIEMEHTHI peibeda 3aHH-
MaloT MOATAeKHbIE BEICOKOTPABHBIE Jieca Ha CephIX MouBax. PaspaboTaHHas THIU3a-
LM KaTeH BepU(HIMPOBAaHA IAHHBIMHU IIOJICBBIX HCCIENOBaHMN Ha 7 KIIOYEBBIX
ydJacTKax.

KnroueBble c10Ba: 1€CCOBUAHBIE CYTIIMHKH, penbed, MenkoMacmrabHoe KapTo-
rpadupoBaHne, TOYBEHHBIH TOKPOB, PACTHTEILHOCTD
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Summary. To simulate the downward movement of pollutants across landscape
catenas, it is essential to gather information regarding the chemical properties of soils
along the migration pathways of these substances. Consequently, the classification of
catenas becomes challenging due to the necessity of considering numerous factors.

In this article, we discuss the primary and most well-known principles for classi-
fying catenas (see Table I and Tables 1-4 in the Supplement 1). To investigate the
catenas of the forest-steppe region in Western Siberia, we employed GIS analysis to
integrate soils and soil-forming factors, along with a series of thematic maps (see
Fig. 1 in the Supplement 2). Utilizing the methodologies developed by Inga S. Uru-
sevskaya and Maria D. Bogdanova, as well as GIS analysis and a collection of small-
scale maps depicting relief, parent materials, soils, and vegetation, we cataloged the
landscape catenas in the forest-steppe of Western Siberia. From these combinations,
we compiled a matrix, with its columns and rows containing information about relief
and parent materials, which vary in texture, the content of carbonates, gypsum, and
easily soluble salts (see Fig. 2 in the Supplement 2). The typification of catenas in the
forest-steppe of Western Siberia was validated through field research conducted in
seven key areas (see Table 2 and Table 5 in the Supplement I). The soils and vegeta-
tion identified in the field studies corresponded to the dominant landscape catenas of
the target territories.

Within the region under consideration, 38 variants of landscape catenas have been
identified. Among these, catenas featuring Chernozems under herbaceous grass mea-
dows and Phaeozems under herbaceous grass meadows and subtaiga aspen-birch for-
ests predominantly occur in elevated topography on loess plains (see Fig. ). In the
slopes, these soils are replaced by clay-illuvial Chernozems (Haplic Chernozems) or
gray gleyic soils (Phaeozems), as well as solonetz (which can also be found in the
summit position) and marsh soils (Histic Gleysols). From west to east, the prevalence
of catenas with Phaeozems in the summit position diminishes; west of the Irtysh Ri-
ver, they are nearly entirely supplanted by catenas with Chernozems. The northeastern
part of the Ob-Irtysh interfluve (located in the southern Vasyugan Plain and northern
Baraba Lowland) experiences considerable soil waterlogging, resulting in the for-
mation of Planosols and Gleysols even on watersheds. To the east, Gleysols and Pla-
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nosols (exhibiting signs of salinity and solonetzity) occupy a predominantly subordi-
nate position in the topography. The least contrasting catenas are characteristic of the
extreme eastern and western parts of the Western Siberian forest-steppe. In the flat ar-
eas of the Western Siberian forest-steppe, herbaceous grass communities predomi-
nantly occur on Phacozems and Chernozems. The smallest territories, located in the
extreme northeast, are occupied by subtaiga pine forests with tall grasses, which are
confined to catenas with Phacozems. The diversity of landscape catenas is greatest on
inclined and stepped plains and least in the elevated eastern and western parts of the
forest-steppe in Western Siberia. Three pairs of catenas were identified, each exhibit-
ing a similar set and sequence of soils, but differing in the genesis of parent materials
or topography (two pairs) and texture (one pair). The composition of vegetation and
soils is closely correlated. Only three pairs of catenas with identical soil cover differ
in their vegetation composition. This variation is attributed to the absence of birch-
aspen associations in catenas located in depressions occupied by Planosols, or it re-
sulted from the presence of subtaiga forests with tall grasses on catenas with Phaeo-
zems situated on elevated topography in the eastern part of the forest-steppe in West-
ern Siberia.

The article contains 1 Figure, 2 Tables, 2 Supplements, 45 References.

Keywords: Arenosols, black soils, loess-like loams, salinization, Phacozems,
Planosols, small-scale mapping, soil cover, toposequence
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BBenenne

3aKOHOMEPHOCTH MUTPALMHU B CONPSDKEHHOM PSTy TI0YB MOKHO OIICHUTH Ha
OCHOBE JAHHBIX O JaTepaJbHON An(epeHInanuy BEUICCTB M MOYBEHHBIX
cBoiicTB. [ 3TOr0 HE0OXOMUMO 0003HAYUTH IIEHTPATBHEIC 00pa3bl KaTeH, T. €.
MIPOM3BECTH TUMH3ALMIO. M3ydeHne KaTeH B pa3IMYHBIX YCIOBHSAX IMO3BOJIIET
JydIle HOHSTH MPOIECCH TOYBOOOPA30OBAHMS, MUTPALMH BEIIECTB M MX 3aBHU-
CUMOCTh OT BHEIIHUX (D)aKTOPOB. DTH 3HAHHS MOTYT OBITH HMCIOJIB30BAHbI IS
MOJICJIMPOBAHUS MPOLECCOB MaccOOOMeHa MEXAy y4acTKaMH, pacroiararoiiu-
MUCSI Ha pa3HbIX THIICOMETPHYECKUX OTMeTKaX. [lonnmanue ocobeHHOCTEH MU-
rpalyy ¥ aKKyMYJISIIUHN BEIIECTB B 3aBUCUMOCTH OT MPUPOIHBIX (DAKTOPOB CIIO-
cobcTByeT Ooiee 3(h(HEKTHBHBIM YIIPABICHUIO PECYPCAMH U OXPaHE OKPYIKAro-
meilt cpexbl. OMHUM U3 COBPEMEHHBIX ITOIXO/IOB B MICCIEIOBAHHUAX MOJEIHPO-
BaHUI MIEPEMEIICHNS IOTCHIINATIBHBIX U PEabHBIX 3arps3HUTEINCH 10 dJIeMeH-
TaM pesbeda sABISETCA aHAIU3 KaTeH, OOBEAUHSIOUIMX MMOYBBI COMPSDKEHHOTO
psina maHAmadTOB BHYTPU T'€OXUMHUYECKUX apeH, COOTBETCTBYIOIIUX COJE- H
BOZOCOOPHBIM OacceliHaM pa3imyHOro ypoBHs [1-3].

TepMuH «mouBeHHasi KaTeHa» BBell B jureparypy [.A. Munn B 1936rT. [4],
XOTSI 3aKOHOMEPHYIO CMEHY B ITPOCTPAHCTBE COIPSDKEHHBIX IO JIEMEHTaM pe-
nweda nous BrepBbie onucan C.C. Heycrpyes B 1915 1. [5]. [To3nHee cTanu BbI-
JIeNSITh MIOYBEHHBIE [6, 7], mouBeHHO-reoxumuueckue [1, 8], manmmadTHbie [9]
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u nanmmadTHO-reoxummdeckue karensl [1-3, 10]. Knaccudunuposanue katen
CJIO’KHO 32 cYeT HeoOXOAUMOCTH ydeTa MHOXKECTBa pa3HOOOpa3HBIX (HaKTOPOB.
B psine ciaydaeB cymiecTByromue rpynIupOBKA KaTeH SBIIOTCS HE KiacCH(U-
KalUsIMA B CTPOTOM OHMUMAHHH, 3 BBIOJTHSIOT POJIb JETCHIBI K KapTaM.

Ha nanublii MOMEHT B mpenenax Poccuu cucTteMaTu3upoBaHbl MMOYBEHHbBIE
KaTeHbl poccuiickoro HedepHo3embs [7] M MOYBEHHO-TEOXUMUYECKUE KATEHBI
Bocrouno-EBporetickoii [ 10] paBHUHBI, TyHIp U TalTu 6acceitna O6wm [11]. s
necocrenu 3ananHoii CuOUpH Takas KaTtajoru3alnus OTCYTCTBYET. XOTs KaTeHbI
JIECOCTENHBIX JaHamadToB 3toro [12—-16] u apyrux perwoHoB [1], BKirouas
Bocrouno-EBpornetickyro paBaunHy [17-21], sBisiroTcs HaubOosee U3yu4eHHBIMH,
YTO MO3BOJSECT PACCUUTHIBATH Ha CKOpoe 00OCHOBaHHME OOOOIICHHOW MOJEH
MUTPAIMK BEIIECTB B 3THUX 00bekTax [22, 23].

Lens paboTel — mpoBecTr 0030p CYIIECTBYIOIINX MOAXOAO0B K THITH3AINN
KaTCeH, CHCTEeMAaTH3UPOBATh JaH AP THRIE KaTeHbI JecocTeny 3amnagnoi Cuou-
PH Ha OCHOBE OJHOTO K3 BBHIOPAHHBIX MMOJIXOJOB M BEpU(MUIMPOBATH MMOTYICH-
HYIO THITU3AIMIO HA OCHOBE MOJIEBBIX HCCIICIOBAHNH.

M.A. T'na3oBckasi cBsizaja TUIBI KaTE€H ¢ NOYBEHHO-TEOXUMHUUECKUMH T0JIS-
MU — TEPPUTOPHUSAMH TOCIOACTBA TEOXMMHUYECKONW accoLMaly (COUueTaHui ac-
conuanuit) mous (tabdin. 1 B [Ipunoxenuu 1), BBIISIAEMBIX IO CXOJCTBY IIEIOY-
HO-KHUCJIOTHBIX M OKHCJIHUTEIHbHO-BOCCTAHOBUTENBHBIX ycnoBuil [8]. Ha3Banus
reOXMMUYECKUX TOJe WUTIOCTPUPYIOT HalpaBiieHUE BBIBETPUBAHUS, COCTaB
TYMYCOBBIX BEIIECTB B IIOYBAaX ABTOHOMHBIX ITO3HMIHNH, OKHCIMTEIHEHO-BOC-
CTaHOBHTENFHBIC W IIEIIOYHO-KHCIOTHBIE YCIOBHS M BKJIIOYAIOT Ipeodianaro-
it Tun murpauuu. H.C. KacumoB coBmectHo ¢ A.U. [lepensmanom [24] u
O.A. CamoHOBO# [23] pa3paboTany HEepapXUUecKyl KiIacCU(UKAIMIO JIaH[-
mraTHO-TECOXMMHYECKIX KaTeH Ha OCHOBE JAaHMIA(PTHBIX M IIOYBEHHO-
TCOXUMHYECKHUX 1MOaX0a0B (Tabi. 2 B [Ipunoxernuu 1). B Mupe MoxHO Hacuu-
TaTh 0K0J10 200 MJTH pa3HOBUAHOCTEH JTaHAIIA()THO-TEOXUMHUIECKUX KaTEH.

CymiecTByeT HECKOIBKO MOAXOI0B K KIACCU(PUKAIINK MOYBCHHBIX KaTEH Ha
ocHOBe Oamanca BemiectB. M. Sommer, E. Schlichting [6] BeLienunu Tpu apxe-
THNa: TpaHchopManuoHHBIE, Te GUKCHpYETCs JIUIIb TepepacipeeicHue Be-
miecTB 06€3 3HAYMMBIX NOTeph; KATCHBI BHIIEIAYNBAHNS C BEIHOCOM BEILECTB U3
BEpXHEH YacTH MOYB; KaTEHBl aKKyMYJIALUH C HAKOIJICHUEM BEIECTBA B BEPX-
Heilt yactu mouB. A.H. I'ennanues u A I1. XKunkun [25] pazpaboTanu knaccugpu-
KaIMIo JIECHBIX M JIECOCTENHBIX KaTeH IeHTpa Bocrouno-EBpomneiickoi paBHU-
Hbl 1 paBHuH Cpennero 3amana CHIA, conocTaBUB MHTEHCUBHOCTD U XapakTep
CMBIBA M MECTO aKKyMYIDIIUM MaTepHaia, BeIACINB 21 TUI MOYBEHHBIX KaTEH.
KocBeHHOH XapaKTepUCTHKOI OaraHca BEIIECTB MOXKET CIYKUTh COOTHOIIICHHUE
panuanbHBIX H JIaTepalIbHBIX IOTOKOB B KAaT€HAX, OIICHUBAEMOE TI0 PacuICHEH-
HOCTH penbeda 1 KodQQUIMEHTY YBIaKHEHHS TeppUTOpuu [26].

A JIx. Txeppapn [22] crpynnupoBai HOYBEHHBIE KATCHBI HA OCHOBE OOIIe-
IUTAaHETApPHBIX KIMMATHYECKUX 30H, IIpenmnojiaras MOYBCHHYIO 30HAIBHOCTE.
[Ipn oOOCHOBaHMM UEHTPAIBHBIX OOpa30B KaT€H BBIOpaHBI XapaKTEPUCTHKH
MaTEPHHCKUX MOPOJ U pelibeha — MIaBHBIX MPETUKTOPOB HHTCHCUBHOCTHU TEpe-
pacripeniefieHns] BEIecTB. PacTHTeNbHOCTh, KIMMAT, aHTPOIOT€HHOE BO3ICH-
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CTBHE, COCTAaB M IIOJIOKEHHE TPYHTOBBIX BOJI PAacCMOTPEHBI Kak (HaKTOPEI,
OCITOXKHSIONIHE AU(PepeHIHAIHIIO.

N.C. YpyceBckas [7] cucreMaTH3upoBalia MMOYBEHHBIC COMPSIKCHUS (BCETO
39 BapHaHTOB C MaKCHMAaJIbHO BO3MOKHBIM HA0OpPOM aBTOHOMHBIX M THOIYH-
HEHHBIX TNOYB) BHYTPH IOYBEHHBIX OKpPYroB poccuiickoro HeuepHo3embs Ha
BocTtouno-EBporneiickoif paBHHHE C y4e€TOM COCTaBa MOYBEHHOI'O IMOKPOBa B
3aBHCHMOCTH OT JIMTOJIOTHYECKUX OCOOCHHOCTEH M TCHETHYECKUX THUIIOB PEllb-
eda, crenenn ruapomopdusma (tadi. 3 B [Ipmnoxxenun 1). JInsg TyHIp W Talru
O6ckoro ©Oacceitna [11] omeHeHO pa3HOOOpa3ue TEOXUMHUYECKUX YCIOBHUH,
ONpEAETAIONINX COCTaB IMOYBEHHBIX COMPSDKEHUH M pachpenesieHue Murpa-
[UOHHBIX MOJICH IEMEHTOB ¢ BhIeneHueM 21 tuna kareH (tadi. 4 B [Ipunoxke-
Huu 1). Jns menkomacmrabHoro kaprorpaduposanus [2, 26] M./1. bormanosa
[10] pacmmpmia knaccuukamnuio [7], BKIIOUYNB KaTeHbI TYHIIP, CTEIEH U MOy~
nycTelHb EBpornerickoit Tepputopun Poccnn M1 MakCUManbHO TIOJTHO MCIONB3YS
WHOPMAIIHIO O TCOXUMHUYECKOH 00CTAaHOBKE, HAIPABJICHHOCTH U JITUTEIbHOCTH
MUTPAlH BEIIECTB HAa OCHOBE MHTEPIPETALMU JAaHHBIX O CTENEHH YBJIa)KHEHUS
TEPPUTOPHH, PACUICHEHHOCTH pelbeda, MPOJOIDKUTEIHLHOCTH 0E3MOPO3HOTO
nepuoaa, MOpHOMEeTpUH CKIIOHOB, MPOHUIIAEMOCTH MOPOJ. DTOT MOAXOJ HC-
MOJIL30BaH TpH co3fanuu «JlaHamadTHO-reoXxuMu4eckoit kapTel Poccum» [26].
[To coueranuto rpaganuii TOTEHIUAIFHOW HHTEHCUBHOCTH MUTPAIIMOHHBIX MPO-
[IECCOB U MPOAOJDKUTEIFHOCTH 0€3MOPO3HOTO TIEPHO/Ia BBIACICHO 6 BApHAHTOB
KJIMMaTHUYECKOTO TMOTEHIMaja MUTpalii, 0O0OCHOBaHAa MHIPALIMOHHAs TE0XH-
Mu4eckas cTpykrypa nanmmadToB Poccuu. Kpome Toro, oxapakrepu3oBaHO
HAJIMYME palUalbHBIX M JAaTePANBbHBIX T'€OXUMHUYECKUX OaphepoB M CTEIICHb
KOHTPACTHOCTH CTPYKTYphI MOYBEHHOTO MOKpoBa [10].

B GompmmHCTBE pacCMOTPEHHBIX KIIACCH(HUKAIIA TAKCOHOMUIECKUMHE KpH-
TEepUsIMU pa3ziefieHHs KaTeH ABISIOTCS 0COOEHHOCTH OYBOOOPa3yOIIUX MOPOI,
OallaHC WM MUTPALMs BEIIECTB, PEXKE — OKUCIUTENbHO-BOCCTAHOBUTENBHbIE U
HIETIOYHO-KUCIIOTHBIE yCIoBHs (Tabm. 1). COOCTBEHHO TOYBEI HANPSIMYIO 3a/ICH-
CTBOBaHBI JIMIIH B Kinaccudukanusx [7, 11]. B octaibHBIX IOIX01aX UHTEPIIpE-
THUPYIOTCSI CBOICTBA ITOYB, YCJIOBHSI MUTPAIMU U PACIPEICICHIE BEIIECTB.

B paborax [6, 23, 24] npencraBieHpl 0000IIEHHBIE MOJICNH, a Kiaccupuka-
mun [7, 10, 11] ocHOBaHBI Ha CHCTEMATH3allUK PEANbHBIX 00bEKTOB. [lepBhIe
KjIaccupukanuu KaTeH [8, 22] OXBaTBIBAIOT TOJBKO OMUH OJIOK MapameTpoB:
MMOYBEHHO-TEOXUMUYECKUNA WM JUTONOTrO-reoMopdonornueckuid. Ilo3nnee [7,
10, 11, 23, 24] cnenaHbl TOMBITKA BBEIBECTH YHUBEPCAIBHBIN JTaHIIIa(THO-TEO-
XMUMUYECKUH MOKa3aTeNb I KOMIUIEKCHOH XapakTePHCTHKH KaTeH, 4TO BOC-
TpeOOBaHO Uil MOHUMAHUS YCIIOBHHA MHUTPALUM M IIOYBEHHO-ICOXUMHIUYECKOM
CTPYKTYpHl Tepputopuu. Co3laHbl KiIacCU(UKAIUH, pa3aeAiolie KaTeHbl 110
XapakTepy M HalpaBlIEHUIO MHUTPAllUU BelecTBa [6, 25], 4TO akTyanbHO AJsS
BBISIBJICHUS TeorpauuecKix 3aKOHOMEPHOCTEH BOAHON 3po3un. OTAEIBHO CTO-
UT OTMETHUTD, YTO HU OJHA U3 pa3pabOTaHHBIX KIACCH(UKAINA HE BOILIA B IITH-
POKOE HAyIHOE UCTIONIE30BAHUE.

10
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Taonuma 1 [Table 1]

Kpurepuu, ucnojib3yemble B KJIaccu(PUKaNMAX KaTeH
[Catena classification criteria]

Karensr
[Catena]
Jlann-
madr-
HO-
Kputepun
Criteria] reoxu-
[Cri TlouBeHnHbIC TlouBeHHO-TEOXMMHUUECKIIEC MH-
[Soil] [Soil-geochemical] YecKue
[Land-
scape-
geoche-
mical]
1 2 3 4 5 6 7 8 9
CBotlicTBa 1o4-
BOOOPa3yIOMINX
opoA + - _ + _ + + +
[Properties of
parent material]
Pem.;e(b + _ _ + _ + _ _
[Relief]
Kmmmarnueckue
yCs10BHs _ _ _ + _ + _ +
[Climatic
conditions]
OKUCIHATETHHO-
BOCCTaHOBH-
TEJIbHBIE - - + - - + + +
yCIoBuUs
[Redox potential]
Kucnorno-
EI0YHBIC
yCIIOBUS - - + - - + + +
[Acid-base
conditions]
ITouBenubIe
KOMOHHALIHH + _ + _ _ + + _
[Soil
combinations]
Haf_,BaHI/I;[ O4B + _ _ _ _ _ + _
[Soils]
Murpanus
BelllecTBa - + + - + + - +
[Migration]

11
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1 2 3 4 5 6 7 8 9
Pacnipene-
JICHUE XH-
MHYECKUX
3JICMEHTOB _ _ _ _ _ + _ +
[Chemical
element
differentia-
tion]
MNurencus-
HOCTb MH-
rpanuu - + - - - + - -
[Migration
intensity]
Jlokanu3za-
LS aKKY-
MYJISIIAA _ + _ _ + _ _ _
[Place of
accumula-
tion]
Peruon Heuep- (JIeco) Mup - - EBpo- | Tynnpa
[Region] HO3EMbe CTemb [World] neiic- | u raiira
PC®CP | Bocrou- Kast O06cko-
[Non- HO-EB- Teppu- | ro Oac-
Cherno- | poreii- Topust | ceiina
zem CKOl Poc- [Tundra
rzgtgic})lrels paBHUHBI cum tz?;a
RsFsR) | " Cpen- Buro 1 o the
HETO pean Ob
3anana Russia] River -
CIIA basin]
[(Forest)
steppe of
the East
European
and the
Midwest-
ern USA
plains]
Hcrounuk [23,
[References] [7] [25] 8] | [22] | [6] [10] [11] 24]

MaTepI/laJIbI H METOAUKH UCCJICTOBAHUSA

Bannmaromas Gosee 400 Thic. KM jecocTerb 3ananHoii CHOHPH ¢ IpenMy-
IIECTBEHHO TIOCKOBOAOPA3ACTbHBIM, PABHUHHBIM, CI1a00 pacuICHEHHBIM peilb-
edom c abcomoTHeME oTMeTKaMu 100—150 M mpoTsruBaercs oT 3aypajibCKOTo
neHerieHa 1o npearopuid Anrtas u CasH. Pexu Bpesansl Ha riryouny 10 10—15 m
3a uckiroueHueM Hpreima ¢ 6eperamu BeicoToid 10 40 M [27]. Teppuropus uc-
nelpeHa MeNKUMU 03epaMu U 3anajguHamu [27]. B cocTaBe MOYBEHHOr0 MOKpPO-

12




Cemenkoe H.H. u op. Ilousennvie kamenwl necocmenu 3anaonoii Cubupu

Ba BBICOKO YYacTHE THAPOMOP(HBIX MOYB, YTO B COBOKYITHOCTH C OJM3KHM K
MOBEPXHOCTH 3aJ€TaHUEM MUHEPATN30BaHHBIX TPYHTOBBIX BOJ U 3HAYUTEIHHOM
HCIIapSEMOCTBIO TIPUBOJIUT K (DOPMUPOBAHHIO MTOYB 3aCOJICHHOTO psna [28—31].
HecMoTps Ha OTHOCUTENTHHO OJTHOPOIHEIN pesibed M COCTaB MOYBOOOPA3YIOIINX
mopoJ, jecocrend 3amnanHold CHOMPH OTIMYAETCS CIOKHBIM HOYBEHHBIM II0-
KPOBOM 3a CYET BIIHSHHUS TPYHTOBBIX BOJ Pa3IMIHOIO COCTaBa, MUHEPATH3ALIUH
1 OOWIHS 3aMKHYTBIX ME30TIOHW)KEHUH pa3HOW CTeNeHW OOBOMHEHHOCTH [12,
29, 32]. Ha Gosblieii yacTi paccMaTpuBaeMoil TEpPUTOPUU BBUY OTHOCUTENb-
HO c1ab0i pacwICHEHHOCTH penbeda M JOCTaTOYHOTO yBIAKHEHUS COOTHOIIE-
HHUE PaJMaIbHBIX U JIATEPATIbHBIX MOTOKOB OJIM3KO, JOMHHUPYIOT JIAHIIIA(THO-
TCOXUMHYECKHE TPOLECCHl BOJHOW MHIpAIlMd YMEPEHHOW WHTEHCHBHOCTH C
BBICOKHM BKJI3JIOM 300TCHHBIX MPOIECCOB BHYTPHIIOYBEHHOTO IEPEMEIICHUS
TBepaoi ¢asel [26]. Ha 3amame w BOCTOKE 3amaaHOCHOMpPCKOW Jecoctenu (B
npearopbsx Ypana u Anrae-CasHCKOTO peTHOHA COOTBETCTBEHHO) YCHIMBACTCS
POJIb JIaTepaTbHOM MUTpallii M CKJIOHOBBIX IpolreccoB murpanmu. B BapaGe,
HaIpPOTHB, NHTEHCUBHOCTh PAJUANBHBIX U JIATCPAJIBHBIX MHUTPAIIHOHHBIX IIOTO-
KOB CHI)KAETCS.

Jdns wccrnenoBanust KateH jecocrenu 3amagHoii CHOWpH HMCIONB30BaHBI
nonxozsl [7, 10], TMC-ananu3 i COMpsKEHHOTO PaCCMOTPEHUS TI0YB U (hak-
TOPOB II0YBOOOPA30BaHMSA, a TakKe Ceprsi TEMAaTHUCCKHX KapT MacmTada
1:2500000-1:16000000 [32-35]. CocTaB MMOYBEHHOI'O OKPOBA HUHTEPIPETHU-
poBan o matepuanam [16, 31, 34, 36-39]. [Tousennyro kapty PCOCP [34] uc-
MOJIB30BANIY ISl IIPE/ICTABIICHUS O B3aNMHOM PACIIOJIOKCHHH TI0YB M XapaKTepe
TCOXUMHYECKHX CBs3el Mexay HumMu. COBMECTHB CIIOU KapT penbeda u mopos,
MBI TTOJYYMJIM HAOOp apeasioB ¢ OTHOPOIHBIMHU IJUTOJIOTO-TEOMOPQOIOTHIEC-
KHUMH CBOMCTBAaMH, KOTOPBIE HAJIOKWIIM Ha TMOYBEHHYIO KapTy [34] ans omnpexe-
JeHns1 HanboJiee XapakTepHOro Habopa mo4ys u KomOuHarwmii. [1o pesynpratam
COBMEIIICHUH COCTAaBIJIM MATPHILy, B CTOJIOIAX KOTOPOM PAaCIOJOKEHBI THIIBI
penseda, a B CTPOKax — MOYBOOOPA3yIONINE TOPOIBI, Pa3IHIAIONINECs 110 Tpa-
HYJOMETPHYECKOMY COCTaBY, COJIEPKAHUIO KapOOHATOB, THIICA U JIETKOPACTBO-
pumbix coneil (puc.2 B I[lpunokenuu 2). B sueiikax matpull MmpeacTaBieHbl
cxembl JaHmmadTHRIX kKateH. CuntanHblii ¢ [34] Habop MOYB B OOJBIIMHCTBE
clIy4aeB TIPEACTaBIIsUl «HETOJNHbIe KaTeHbD» 1o [7]. «llomHble» kaTeHsl (T.e.
HauboJsiee SPKO OTpaXKAIOLIUE XapaKTePHbIE 0COOEHHOCTH, CBOMCTBEHHBIE KOH-
KpETHOMY COYeTaHHIO JaHMmadTHRIX yciaoBuid 1o [7]) copMupoBaHbl Ha Oc-
HOBE 3HAHUI O PETHOHAIBHBIX OCOOEHHOCTSAX PacIpeesiCHHs ITOYB 10 3JIeMEH-
tam penbeda [16, 31, 36] u moneBsiM MaTepuanam. [Jlanee s KaXKIOH KaTeHBI
YKa3aHO PacTUTEIBHOE COOOIIECTBO, HH(OpMALUsA O KOTOPHIX B3sTa B [35, 37—
39].

XoTs aBTOPHI ¥ MMOHUMAIOT MPOOJIEMY HECBOAMMOCTH MacIITaboB, pa3pado-
TaHHAs THIU3AIMS BEPU(UIMPOBAHA C UCIIOJIE30BAHUEM JAHHBIX C 7 KITIOYEBBIX
yuacTkoB (tadu. 5 B [Ipunoxenuu 1 u puc. 1 B [Ipunoxxenun 2), monpoOHO OIH-
caHHbIX B [14, 15, 40, 41]. BeiOpanHble y4acTKH XapaKTEPU3yIOT KaTeHbI B TIpe-
Jenax HeOOJNBIINX PEYHBIX WIH O3€PHBIX BOJOCOOPOB IEPBOTO MOPSIIKA U Pac-
MOJIOXKEHBI OT MpeAropuid Ypalia Ha 3amaje J0 Iro-BOCTOYHOH yactu BapaObr
Ha BOCTOKe. B mpenmenax KakJoro ydactka B HamOOJIee THUIMYHBIX MMO3UIIUIX
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penbeda 3aKiIanbIBaIM IIOYBEHHBIE pPa3pe3bl M ONUCHIBAIN PACTHTEIHHOCTD
(tabum. 2).

B nmpenenax necocrenu 3amnagHoit Cubupyu BcTpevaercs 13 BapHaHTOB 1MO4-
BOOOpa3yIOMMX HOPOJ, KOTOpEIe 00pa3yioT 93 apeana M pa3aensioTcs IO TeHe-
3UCY, IPaHYIOMETPUUECKOMY COCTaBY M 3aCOJECHHOCTH Ha 6, 4 U 4 rpynimsl co-
OTBETCTBEHHO. bonbmast yacte Teppuropun (6osnee 80%) croxeHa néccamu,
Pa3IUYarOIIUMUCS IO CTEIIEHU 3aCOJIEHHSI U IPaHYIOMETPUIECKOMY COCTaBy (OT
JETKAX [0 TSDKENBIX CYTJIMHKOB). JleTMrOBHAIbHBIE OTIOKEHHUS 3aHUMAOT 6%
TEPPUTOPHUH U PACIPOCTPAHEHHI B 3aypaibe U Ha BOCTOKE JIECOCTENH 3araHON
Cubupn. AJUTIOBHANBHBIE OTIOKEHUS NPUYPOYEHBI K pyclaM KPYIHBIX peK
(To6on, Nmnm, Upteim, OOb). D010BbIE HECKU BBIAEISIOTCS (ParMEHTApHO B
BUJIC HEOOJBIINX apealoB Ha BOCTOKE PErHOHA U B BUAE NMPOTSDKEHHBIX Mecua-
HBIX TPSZ Ha FOTO-BOCTOKE, a TaK)Ke JIOKOWH CTOKA JISTHUKOBBIX BoA. O3epHEIC
TJIMHB BCTPEYAIOTCSI COBMECTHO C JAPYTUMH IOPOIaMH, 00pa3ys KOHTYPHI
CJIO’KHOT'O CTPOCHHMS Ha BOCTOKE paCCMaTPHUBAEMOTO PETHOHA.

B npenenax necocrenu 3anagnoit CuOMpHU BBLACTSIOT 8§ TUIIOB pesbeda npu
a0COIOTHOM JOMHHHpPOBaHUU paBHUH (Oonee 90% Tepputopuu), Cpeau KOTo-
PBIX TpeobsafaloT CyOTOpPU30HTAIbHBIE, CNAa00 pacwICHEHHBIC C IMOJIOTMMU
TIPOTSKEHHBIMU CKJIOHAMU [42]. PaBHMHBI 3aHUMAIOT [EHTPATBHYIO YacTh pac-
CMaTpHUBaeMOIl TEPPUTOPHH W OTPAHMUCHEI C 3araja CTYIIEHYaTBIMU U CTYIICH-
9aTo-SIpyCHBIMH, @ C BOCTOKA — HAKJIOHHBIMH pPaBHHHAMH, NEPEXOISIINMU B
ropsl Ypana u }OxHoit Cubupu (Antait, Canaupckuil kpsix u CasiHbI) COOTBET-
CTBEHHO.

CornacHo MOYBEHHO-TeOMOP(OIOTHIECKOMY pailoHUpoBaHuIo [43], B eco-
crenu 3ananHoit CHOUPH YETHIpE OKPYTa BXOIAT B COCTAB 30HBI CEPHIX JIECHBIX
MOYB ¥ YEPHO3EMOB (THIIMYHBIX, BHIIICIOUYCHHBIX M OMOA30JCHHBIX) M OIHH —
30HBI YePHO3EMOB (OOBIKHOBEHHBIX M FO)KHBIX) CTETIH.

Pe3yabTaThl Hcciie10BaHUA U 00CYKIEeHHIE

[ToYBHI U PaCTUTENBLHOCTD, OOHAPYXKEHHEIE [0 PE3YJIbTATaM MOJIEBBIX UCCIIC-
JIOBaHMIA, COOTBETCTBYIOT ITOMHHUPYIOIIMM JIAHAMIA(QTHRIM KaTeHaM COOTBET-
CTBYIOIIUX TeppuTopuii (Tabm.2, puc. 1). Ha moMuHUpYOMUX JTECCOBBIX paB-
HHHAX PacIONIOKeHbl KaTeHbl C YepHO3eMaMU HJIM CEPhIMH MOYBaMH B aBTO-
HOMHBIX MTO3UIUAX. DTH MOYBHI Ha TIPUCKIOHOBEIX YYaCTKaX CMEHSIOTCS YePHO-
3eMaMH [JIMHUCTO-WITFOBUAIBHBIMU UM CEPbIMH IJIeeBAThIMH I0YBaMH, a TaK-
e COJIOHI[aMH (MOTYT TaK)Ke BCTPEYAThCS M Ha MEXKIYPeube) U CONOSIMU.

l'opuzoHTaNBHBIE pa3Mephl KAaT€H MOTYT JIOCTUTaTh HECKOJIBKHX KHIIOMET-
POB, a BepTHKaIbHBIC — JECATKOB METPOB B 3aBHCHMOCTH OT CTEIICHH pacuJie-
HEHHOCTH TEPPUTOPHH, PA3BUTHUs IPEHAKHOW CETH M HAIMYUS KPYIHBIX 3a-
MKHYTBIX MOHIKEeHUH. PasHo0Opa3ue kaTeH, 00yCIIOBICHHOE reoMOp(oIIoruye-
cKuUMH (HaKTOpPaMU, BBIIIEC HA HAKIIOHHBIX M CTYIICHYATHIX PABHUHAX.

C 3amaja Ha BOCTOK YMEHbBIIAETCS YUCIO KATE€H C CEPhIMHU ITOYBAaMHU Ha MEX-
nIypedbe: BocTouHee VIpThIma WX MPAKTUYECKU MOTHOCTHIO BBITCCHSIOT Kare-
HbI ¢ uyepHO3emMamu. OmHako 3a OOb0 HaOmIOmaeTcs OOpaTHAs TEHICHIIHS
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TaGnuma 2 [Table 2]

XapakTepHCTHKA NOYB M PACTUTEIbHOCTH KATEH KJII0YEBbIX YYaCTKOB
[Soils and vegetation in catenas of key areas studied]

Vua- ITouBbI SIEMEHTapPHBIX P
ACTUTENBHOCTD KaTeH
CTOK JMaHaWa@ToOB KaTeH
s KJIFOYEBBIX Y4aCTKOB
UINHA, Kﬁ}oqfe];blx YacTKoB [Vegetation of the main
Kpy- [Soils of the main positions positions at the catenas]
TH3HA Tonoxernue at the catenas]
[Key [Position] AgTo- Mexcy- Mesornonu-
area, INoguunen- peube n
length, HOMHBIE HBIC CKIOHbI HKCHUS
- [Auto- - penseda
steep [Subordinate] [Interfluve :
ness] nomous] and slopes] [Mesodepression]
1 2 3 4 5 6 7
1 N54°36' IOro- Arpo- ConoHyaku | ArpoueHo3 ConHKOBO-
0,96 M, | E81°42' BOCTOK YepHO- TEeMHBIE [Agrocenosis] | pasHoTpaBHOE
3° Bapa- 3eMbI [Mollic [Saltwort-herb
OMH- [Cherno- Solonchaks] community]
CKOIf zems]
HU3-
MEHHO-
CTH
[South-
east of
the
Baraba
steppe]
2 N55°20' Cesep YepHo- Cononuaku | PasHorpas- (3makoBoO-)
0,34Mm, | E78°08' Bapa- 3eMBbI U TopdsiHbIE | HO-3]IaKOBO- | COJISTHKOBOE M
5° OuH- COJIOH- [Histic 6060B0e TPOCTHUKOBOE
CKOi upt Tem- | Solonchaks] | coobmecto | [(Grass-) saltwort
HM3- HbIE u Genormno- and cane
MenHo- | [Cherno- JIBIHHUK community]
CTH zems and [Herb-grass-
[North Mollic legume and
of the Solonetz] sagebmsh
Baraba communities]
steppe]
3 N55°20" | Cesepo- | Yepno- CosoH4yaku Pasno- (Pa3HOTpaBHO-)
1,0 M, E76°48 3amnan 3eMBbI TopdsiHbIe TpaBHO- COJIIHKOBOE H
9° Bapa- COJIOH- [Histic 371aK0BOE TPOCTHUKOBOE
OuH- upt Tem- | Solonchaks] | coobmecrpo | [(Mixed-herb)
cKoit HblE u 3nakopoe | saltwort and reed
HH3- [Cherno- [(Herb-) community]
MenHO- | zemsand grass
CTH Mollic community]
[North- Solonetz]
West
of the
Baraba
steppe]
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1 2 3 4 5 6 7
4 N54°55' IOro- Arpo- Conoau ArpoueHos PazHo-
0,8m, | E71°15 BOCTOK YepHO3e- ceporymy- [Agrocenosis] TpPaBHO-
7° Nmmm- MBI TH- COBBIE, TTE- XBOILIOBOE
CKOM paB- | mHYHBIE PErHO¥HO- [Herb-
HUHBI [Cherno- TJIeeBBIE horsetail
[Southeast zems] [Planosols, community]
of the Ishim Histic
steppe] Gleysols]
5 N55°00' IOro- YepHo- Cononvaku | PasHoTpaBHO- (Pa3Hno-
0,3m, | E67°59' 3amnaj 3€MBbI Cynsua- 3JIaKOBOE TpaBHO-)
10° Nmwm- [Cherno- HBIC [Herb-grass COJISTHKOBOE
CKOii paB- zems] [Solonchaks community] M TPOCTHH-
HUHBI (Sulfidic)] KOBOE
[Southwest [(Mixed-
of the Ishim herb) saltwort
steppe] and reed
communities]
6 N56°31' Cesep (Arpo-) Arpo- BepesoBsrit ArporeHos
0,6m, | E67°32' Nmm- TEMHO- coJIoaH, B pasHoTpaB- | [Agrocenosis]
5° CKOI1 paB- cepele U T.4. TEMHO- HBIH JIec Win
HUHBI (mepHO- TYMYyCOBEIE arpoLeHo3 1
[North of BO-) CO- [(Mollic) OCHHOBBIH
the Ishim TOIH Planosols] MepTBOIIO-
steppe] [Phaeozems KPOBHBIHA Jiec
and [Birch herb
Planosols] forest or
agrocenosis and
aspen forest]
7 N56°02' 3anan Arpo- Arpo- ArporeHos ArporeHnos
0,3Mm, | E63°35 Niiim- YepHO- coJIoIn [Agrocenosis] | [Agrocenosis]
7° CKOM paB- 3€MBbI TEMHOT'YMY-
HUHBI [Cherno- COBEIC
[West of zems] [Mollic
the Ishim Planosols]
steppe]

C MCUE3HOBEHHMEM KaTeH C YepHO3eMaMH JO0 MOJHOTO JOMHUHHMPOBAHUS CEPBIX
MIOYB HA BO3BBIMIEHHOCTSX M XpeOTax, U4TO CBSA3aHO C YCHJICHHUEM YBIIA)KHEHISI
3a cuer oporpaduueckoro 3pQekra Ha MOIBETPEHHBIX CKIOHaX rop [38]. 3a
CYeT TPEeAropHOro 3Qekra 3aech (HaKTHUSCKH HE JIECOCTEIb, a MPearopHast
MOATAalra — MepBasi CTyNeHb BHICOTHOM mosicHocTH [44].

CeBepo-Boctok O0b-MpThIlIcCKOrO MeXAypeubs (B mpeneiax ora Bacroran-
CKOHM paBHMHBI U ceBepa bapaOWHCKOM HM3MEHHOCTH) UCHBITHIBAET UHTEHCHUB-
HOE TPYHTOBOE IepeyBiakHeHue [45], 9To npospisercs B (OPMUPOBAHUH I1e-
PETHOMHO-TJICEBBIX IOYB AaXXe Ha MEXAypeubsix. BocTounee oT Hero mepe-
THOMHO-TJIEEBbIE MMOYBBI 3aHUMAIOT NPEUMYIIECTBEHHO MOJYMHEHHOE IMOJI0XkKe-
HHUE B penbede, HO ¢ IPU3HAKaMH 3aCOJICHUS U COJIOHIeBaTocTH. Hecmotpst Ha
OONBIIYI0 TIYyOWHY 3alleraHisl TPYHTOBBIX BOJI, MOYBHI IOT0-3aIlagHOM YaCTH
necocrenu 3anagHoit CulOupu Takke NepeyBlaKHEHBI, YTO MPOSBISETCA B
HAJIMYUH IEPETHONHO-TJIEEBBIX MOYB B IOHKEHUAX penbeda.
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Puc. 1. Kapra xaten (1-13). 14 — MecTononoeHe KIIOYEBBIX YIaCTKOB (CM. Tabi. 1 u 5 B
IMpunoxennu 1). IToussl: U — yepHOo3eM, Un — 4€pHO3EM TIIMHUCTO-MILTFOBUAIBHBIN, Un' —
YepHO3eM TJIMHUCTO-UILTIOBUANBHBIN TeeBaThlil, C — cepas, TC — temuo-cepast, TI'r — TemHo-
rymycoBo-TieeBas, CI' — ceporymycoBas 1 TeMHOrymycoBas, 11, — nepernoiino-rineesas, Cn —
COJIOIb TEMHOTYMYCOBasl U JIepHOBO-coioab, CH — comnonen, Ck — cononyaxk, I1cI” — ncammo-
3eM IyMyCOBBIif (GOPOBBIE TecKw). JIOMOTHATENBHBIE TOYBEHHEIC XAPAKTEPHCTHKHI: ¥ — CMbI-
TOCTB; CH — COJIOHIIEBATOCTh, CK — CONOHYAKOBATOCTE. [TouBoo6pasyiomue nopoast: [ —

. ]

5 - B
Pa3NMYHBI FPaHYIOMETPHUECKHIl cOCTaB, //// — FIMHBI U TAXeNble CYTIMHKH, ////| — cpeume
(BBICOKO) KapOOHATHBIE, * — 3arMIICOBAaHHBIC U

: — CyHecH U mecku, " —
— Oepe3oBbIe, OCHHOBO-

U JIETKHE CYTJIMHKH,
3acosieHHbIe. PaCTHTENbHOCTD: /' — Pa3HOTPABHO-3JIAKOBbIE CTEIN

Oepe3oBbIe MoATaexkHble jeca (Betula pendula, Populus tremula),? — COCHOBBIE IIOATACKHbBIE
— TaeXkKHbIE Jieca ¢ BBICOKOTpaBbeM (Abies sibirica, Picea obovata,

neca (Pinus sylvestris),
Pinus sylvestris), \V/ — 60I0THas paCTUTEIBHOCTh
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[Fig. 1. Catena (1-13) map. 14 - key areas (see table 1 and table 5 in the Suppliment 1). Soils: U - Chernozems,
Y, - Luvic Chernozems, Y,;" - Luvic Gleyic Chernozems, C - Luvic Phaeozem, TC - Phacozem, TT', - Gleyic
Phaeozem, CI" - Umbrisols, I, - Gleysols, Cx - Humic Planosols, C - Solonetz, Ck - Solonchaks, ITcI” - Psam-
mozems. Additional soil characteristics: ¥ - washed away; cH - solonetzity, ck - solonchakity. Parent material:
[ - different texture, V'/// - clay, /////. - loam, - sand, » - carbonated, * - containing gypsum and salts.
Vegetation: \V - herb-grass steppes, 7 - birch, aspen-birch subtaiga forests (Betula pendula, Populus tremula),

- pine subtaiga forests (Pinus sylvestris), 4 - taiga forests with tall grasses (4bies sibirica, Picea obovata,
Pinus sylvestris), V- swamp vegetation]

HammMenee KoHTpacTHBIE KaT€HBI XapaKTEPHBI U KPaWHUX BOCTOYHBIX U
3armajgHpIX TEPPUTOPUI 3aMaTHOCHOUPCKON JIECOCTENN — KpsDKEH W JIeHyHallu-
OHHBIX paBHUH. TaKke K HUM MOXXHO OTHECTH M KaTEHbl HAKIOHHBIX U CyOTo-
PHU30HTATBHBIX IDIACTOBO-aKKyMYJISITHBHBIX PaBHUH (CEBEPO-BOCTOK paccMart-
pUBaEMOM TEPPUTOPHH).

MexaHu3MBbl 30JI0BOTO TIEPEHOCA MPOSBIISIIOTCA 04aroBO — B MECTax pacipo-
CTpaHEHHUs] TCaMMO3EMOB T'YMYCOBBIX (OOPOBBIX IE€CKOB): Ha IOr0-BOCTOKE
(mpeBHHE Teppackl Ha mpaBoOepexxbe O0u Mexny buiickom u baphaynom) u
(bparMeHTapHO — B ICHTPAIBHON YaCTH JiecocTenu 3amnaanoir Cudupu.

B kaxoM okpyre UMErOTCsl HETIOJHbBIC KaTEHBI, Kak U B KiIacCHDUKAIHX [7,
11]. Cpenu 38 BbIIEIEHHBIX KaTEH BCETO 3 MOBTOPSIIOTCS B MPOCTpPAHCTBE. [[Be
MPUYPOYEHBI K TIECKaM M CYIECSM, TPEThsI — K BEICOKOKaPOOHATHBIM JIETKHM H
CpeIHUM CyTJIMHKaM. Takas KOHBEPIEHIHs CBsA3aHA C OYCHD JIETKUM TPaHYIIO-
METPHUYECKIM COCTABOM, OIPEAEIIIONIIM BBICOKYIO BOIOIPOHUIIAEMOCTD TPYH-
TOB, NMPeoONaaHue paauaIbHON MUTpalyu [26], OTCYTCTBHE 3aCTOS BJard H,
COOTBETCTBEHHO, HH3KOE Pa3HOOOpasue IO0YB BBHUIY HEBBIPAKCHHOTO THIPO-
Mop¢mu3Ma B NOAYMHEHHBIX yJacTKax KaTeH. B TpeTbeil mape, B oTiiMuue OT
IPYTUX KaT€H Ha DOJIOBBIX JIETKHX M CPEJHUX JIECCAX, OTCYTCTBYIOT CHIIBHO-
rugpoMopdHbIe 3BeHbs. Tak, MOAYHMHEHHBIC MMO3UIUHM KaTeH 3aHUMAIOT YEPHO-
3eMbl TIIMHUCTO-HJUTIOBUANTBHBIE TJIEEBATHIC, MOITOMY MOXHO MPEANOI0KUTh,
YTO MPHYMHA CXOJICTBA COCTOUT B OTCYTCTBHH B penbe(e BRIPAKEHHBIX OTpHIIa-
TENBHBIX (HOPM — 3aMaJuH U 3aMKHYTHIX O3€PHBIX BIAJIUH, TJE MOTIHU OBI MPO-
TEKaTh HHTEHCHBHOE TIee00pa30BaHUE WIH AKKyMYJISIUS COJICH.

Ha paBHuHHON wacTH 3amaJHOCHOMpCKO# necoctenu [35] mpeobnanaror
Pa3HOTPaBHO-3JIAKOBEIE COOOIIECTBA HA CEPHIX MOYBaX W 4YepHo3eMax (23 ka-
TeHbl U3 38). TeM He MeHee BO MHOTHX KAaTeHaX CTYIICHYATHIX PaBHHH MPHCYT-
CTBYIOT OCHHOBO-0€pe30BEhIe Jieca (KOJIKH) Ha CONOSMX B MOHMKEHUSAX penbeda.
Ha oTnenpHBIX KaTeHAX C CEPbIMH MOYBaMH TaKXe MPOU3PACTAIOT COCHOBBIC H
OCHHOBO-0epe30BbIe jeca. [Ipu 3TOM TOCIemHss TpyIa KaTeH OTMEYCHA Ha
KpaifHeM 3amajfie, TZie paclpOCTPAaHEHB! JCTIOBHAIBHBIC OTIOXKEHHS, U BOCTOU-
Hee O6u. CoCHOBEIE Jieca XapaKTepHBI IS KATCH B CEBEPHON YacTH JIECOCTETIH.
OnHOBpeMeHHO 00a THIa cOOOIIEeCTB (OCHHOBO-O0EpE30BbIe M COCHOBBIE JIeca)
CJIararoT KaTeHbl ¢ TICaMMO3eMaMU [IEHTPATBHON YacTH 3amaJTHOCUOUPCKOM Jie-
cocreni. HanmMensmme tepputopuu (Ha KpalfHEM CEBEPO-BOCTOKE) 3aHHMAIOT
MOJITAeKHBIE COCHOBBIE JIeca C BBICOKOTPaBbEM, MPHUYPOUYEHHBIE K KaTeHaM C
cephIMU MoYBaMu. TakuM 00pa3oM, COCTaB PAaCTUTEIBHOCTH U MOYB OYCHH TEC-
HO KOPPEIHPYET IPYT ¢ APYTOM: TONBKO 3 Tapsl KaTeH ¢ OJMHAKOBEIM HA0OpOM
MIOYB OTIMYAIOTCS 110 COCTABY PACTUTEIBHOCTH.
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3akiiouenue

Knaccudukanmm kateH Mponuy nyTh OT KOHIENTYaJIbHBIX IPEICTABICHUH O
II00ATBHBIX OCOOCHHOCTSIX MUTPAILlMH BEIIECTB K CIOXHBIM PETHOHAJIBHBIM
0000IIeHHM ¢ KOMIDIEKCHBIM MOIXOAOM. TeM He MeHee Y3KOCIIEIHaTH3HPO-
BaHHBIC KIACCU(HUKAIMU OCTAIOTCS BCE TAKXKE aKTyalbHBIMH M BOCTpPeOOBaH-
HBIMH.

B necocrenu 3anagnort Cubupu BeIIEICHO 38 BApUAHTOB JaHAMAPTHBIX Ka-
TEH, OTIMYAIOIIUXCS IO JIUTOJIOTMIECKOMY COCTaBY IOPOJ], CTPOCHHUIO perbeda,
PACTUTETHHOTO M MOYBEHHOTO IMOKpoBa. Ha JOMHHHUpYIONHMX JIECCOBBIX PaBHHU-
HaX PacHpOCTPAaHECHBI KATCHBI C YEPHO3EMaMH IO JIyTOBOH PacTUTENbHOCTBIO U
CephIMU MOYBAMH O] JIMCTBEHHBIMH (Oepe3HIKaMU WU JIUITHIKAMU) JIECAMHU.
Hwxaue 3BeHBs KaTeH ¢ YePHO3EMaMHU B aBTOHOMHBIX MTO3HIUAX 32 CUET HHTEH-
CHUBHOTO TPYHTOBOTO MEpEeyBIAXHEHUS Ha BOCTOKE OOB-VPTHIIICKOTO MEXIy-
peubs BKIIOYAIOT 3aCOJIEHHbIE TEPErHOMHO-TIIeeBble MOYBbI, a Ha IOro-3amaje
3amaIHOCHONPCKOM JIecOCTENH — TMOYBHEI 0€3 MPHU3HAKOB COJIOHYAKOBATOCTH.
K BocToKy OT 3THX NECCOBBIX PaBHUH H BIUIOTH 10 OOHM yMEHBIIAETCS YUCIIO
KaTeH C CephIMU IMOYBAMU Ha aBTOHOMHBIX MO3UIUAX. BocTouHast yacTe 3amaj-
HOCHOUpCKOi necoctenn (BOCTOK MpThIm-O0CKOro MeXIypedbs ¢ YepHO3EeMa-
MH) ITOJBEpKeHa 0oJiee MHTEHCHBHOMY IPYHTOBOMY IepeyBiaxueHuro. K 3ama-
Iy U BOCTOKY OT JIECCOBBIX PAaBHUH OTUETJIUB TPEHJ PACCOJICHHUS TOYB, MPOSIB-
JSIOUINICA B YMEHBIIEHUH BCTPEUAEMOCTH COJIOHYAKOB B IMOAYMHEHHBIX MO3U-
USIX penbeda depe3 MOUBEI C MPU3HAKAMH COJIOHYAKOBAaTOCTH M COJIOHIICBATO-
CTH IO TIOJTHOTO MCUE3HOBEHHMS TAKOBBIX B MOTPAHUYHBIX BO3BBIIIEHHBIX PETHO-
Hax.

[Mpunoxxenust 1 1 2 K JaHHOW cTaThe JAOCTYIHBI MO cchiike https://doi.org/
10.17223/19988591/70/1
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CoaeprkaHue H CTPYKTYpa 3a11acOB yIiiepoaa
B YIJIeCO/Iep:KalUX MOYBAX TEXHOTeHHBIX JaHAadToB
(Ha npumepe I'Op10BCKOr0 aHTPALMTOBOI0 MECTOPOKICHHUS)

JeHuc AnexkcanapoBu4 Coxko.ios', EBrennst AJleKCaHIPOBHA l“yplcOBa2

2 Huemumym nousosedenus u azpoxumuu CO PAH, Hosocubupck, Poccus
! sokolovdenis@jissa-siberia.ru
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gurkova@issa-siberia.ru

AHHOTanus. BrInonHeHa olleHKa coJepikaHus yIiepoJa M 3alacoB yriepona B
ambpuozemax (Hyperskeletic Spolic Technosol) otBanos ['opiioBckoro aHTpaIUTOBO-
ro mecropoxnerus (HoBocuOupckas o6nacte). [ HOYB pa3HBIX CTaIHid SBOJIOINH,
BO3pAacTa U IMOJIOKEHUS B pelibepe BBIABICHBI COOTHONICHUS COJCPKAHUS H 3aIacoB
yriaepoaa KpynHbeIX KOpHEH (Copy), KpymHO006J0MO4HEIX (Cy) M IMCHEPCHBIX BKIIIO-
yeHuit yris (C,,,), nenoreHHoro (C,,) U Hecrenu(puIeckoro OpraHu4eckoro Belle-
cTBa (Cyeen), @ Takke yriiepoaa kapOoHaToB (Cieopr). [TOKa3aHO, 4TO OCHOBHAS YacTh
yrnepoza no4s npuxoautcs Ha Cy.. Bropoe MecTo Kak 10 cofiepKaHHIo, TaK M 10 3a-
nacaM npuxoautcs Ha Cpyr ¥ Cyeen. Tlo Mepe passutus nous pons Cy, u Cyyr yMEHB-
maercs, B TO BpeMs Kak cofepikanue U 3an1achl Cyeen, Crey B Cryop YBETHUHBAIOTCS.
Hanbonee BBIpa)XEHO 3TO IMOJ[ TPABSIHUCTOW PACTHTEIFHOCTHIO Ha BHIPOBHEHHBIX TI'O-
PHU30HTAIBHBIX U OCOOCHHO YYacTKax, chOPMHPOBAHHBIX PHIXJIIBIMHA OCAIOYHBIMH TI0-
ponamu. B mouBax moj JIECHOW pacTUTENHHOCTHIO HAOIIONACTCS COXPAHCHUE CHCTEM
OpPraHMYeCKHX BEIIECTB, XapaKTePHBIX ISl HAUYalIbHBIX CTaJui MoYBooOpa3oBanus. B
IMOpHO3eMax TEXHOTEHHBIX JIaHIIIA(GTOB BMECTE C CEKBECTpallMeil OPraHuYecKOro
yriiepoia MPOUCXOAUT TAKXKE 3aKPEIUICHHE yriiepoAa B BHJE KapOOHATHBIX HATEKOB
Ha MOBEPXHOCTH KaMHed. OOLIMM AJIS BCeX UCCICAYEMBIX MMOYB OTBAJIOB aHTPALIUTO-
BBIX MECTOPOXJICHHHN SBISETCS TOT (DaKT, YTO JOJIS YIIIepoja, OMpPEAeIsieMOro Tpa-
JMIMOHHBIM MeTofoM OuxpomatHoro okucieHus (Cy,), He IpeBemaetT 7% B CTPYK-
Type OOIIMX 3aracoB, YTO HEOOXOJIMMO YYHUTHIBAThH MPH OICHKE YTIIEPOTHOTO cliena
yrireno0san.

KuiroueBble cjioBa: 5MOPHO3EMBbI, YIIIEPO/ OPraHUUECKUX COSTUHEHHUIT TOYB, He-
OpraHWYECKHi YIIIepoI, TUTOIEHHOE OPraHHYEeCKOe BEIIECTBO, MIEAOTCHHBIH yriepos,
cekBecTpanus yriaepoaa, Hyperskeletic Spolic Technosol

Hcrounuk ¢uHAHCHPOBAHUA: OTOOpP MPOO IIOYB, OIEHKA COJICPIKAHHS YTepoja
Pa3IMYHBIX TYJIOB U WHTEPIIPETAIHs MMOJYYCHHBIX TAHHBIX BBITOJIHEHBI MPH IOJI-
nepxke Poccuiickoro Hayuroro ¢onna (mpoekt Ne 23-24-00116), ompenenenue oc-
HOBHBIX (DU3MYECKUX CBOMCTB MOYB BBINOJHEHO B paMKax MPOEKTa rOCYAapCTBEHHO-
ro 3aganus UITA CO PAH.

Jasa nuutupoBanus: Coxonos J[.A., I'ypkosa E.A. Conep:xanue U CTpyKTypa 3aima-
COB yIJIepofia B yIIECOJEeprKallUX IMOYBAX TEXHOTEHHBIX JAHAMAPTOB (Ha mpuMepe
I'oprnoBckoro anTpanuToBOro MecropoxaeHus) // Bectauk ToMckoro rocymnapcTBeH-
Horo yHuBepcureta. buonorus. 2025. Ne 70. C. 26-52. doi: 10.17223/19988591/70/2
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Content and structure of carbon stocks in coal-containing
soils of technogenic landscapes: a case study
from the Gorlovskoe anthracite deposit
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Summary. The estimation of organic matter stocks in technogenic soils is a topic
of active discussion. The significance of studying the carbon balance in natural land-
scapes is underscored by large-scale projects; however, there is an increasing ac-
knowledgment of the necessity to incorporate technogenically altered areas into cli-
mate research. This need arises not only from their heightened emissions of green-
house gases but also from their potential for long-term carbon sequestration through
the implementation of advanced reclamation technologies. The aim of this study is to
evaluate the carbon content, total stocks, and stock structure in coal-enriched soils
found in the spoil heaps of coal mining enterprises.

The objects of the study were the technogenic soils from the external transport
spoil heaps of the Gorlovka coal deposit in Novosibirsk Oblast. The research was
conducted in 2023 across ten representative sites of dumps with varying ages, hetero-
geneous relief conditions, rock types, vegetation, and soil characteristics (see Ta-
ble 1). Soil samples were collected from layers at depths of 0-5, 5-10, and 10-20 cm.
A single sample was obtained from the 0-20 cm layer of initial embryozems at dump
sites less than four years old. In the laboratory, the samples were air-dried at room
temperature. Subsequently, all samples were sieved through standard sieves for frac-
tions of 1-3, 3-5, 5-10, and > 10 mm. Coal particles and large roots (remaining on
sieves > 1 mm) were manually selected from separated sieved samples of each frac-
tion and weighed. The total carbon content, the carbon content in coal particles, and
the carbon content of large roots were determined using an automatic Perkin CHN an-
alyzer, the 2400 Series II. The inorganic carbon content was measured using the man-
ometric method for the fine fraction and the gravimetric method for the stony fraction.
The proportions of organic carbon pools were established using oxidative fractiona-
tion. One soil sample, after the manual removal of small roots, was subjected to oxi-
dation using potassium bichromate, following Tyurin's method. The resulting data
were attributed to the pool of pedogenic carbon. A second portion of the same sample
was oxidized in a muffle furnace at a temperature exceeding 525°C, employing the
dry combustion method. The organic matter that remained unoxidized at this tempera-
ture contains lithogenic carbon, represented by inclusions of unoxidized anthracite. At
this temperature, a portion of carbonaceous particles, along with products of their
transformation, small roots, and other organic matter of biogenic origin, is combusted.
Consequently, the values obtained for losses during calcination, accounting for losses
of hygroscopic moisture, were multiplied by a coefficient of 0.58. After deducting pe-
dogenic carbon, these values were accepted as the carbon content of non-specific or-
ganic matter. The total carbon content is calculated as the sum of the various pools
(see Fig. I). Carbon stocks by pools were estimated while considering soil density.
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The studied soils are characterized by high rockiness and density (see Table 2),
which significantly influences the content of carbon pools and the structure of their
stocks. The total carbon content ranges from 0.6% to 27.1% (see Table 3). Similar to
other properties, this carbon content is not evenly distributed across different sites or
within the vertical profile of the soils. In sites with organo-accumulative embryozems
on aged dumps, the minimum total carbon content is observed under herbaceous
communities (up to 10%), while it increases to 27.1% in the 0-5 cm layer beneath for-
est plant communities. A substantial portion of the total carbon content in embryo-
zems on coal-containing substrates is derived from coal particles (see Table 3). The
highest concentrations are found in initial embryozems (site 2IE,) and organo-
accumulative embryozems (sites 7-8OAEy) that have developed under forest plant
communities.

During field observations, it was noted that the fine fraction exhibited no signifi-
cant reaction to the application of 10% HCI. However, accumulations of secondary
carbonates, in the form of cutans and clusters of crystals, were observed on the sur-
faces of stony inclusions, both on the soil surface and within the profile (see Fig. 2).
Additionally, it was determined that the contribution of pedogenic carbon to the total
carbon content of embryozems is minimal, ranging from 0.01% to 1.0% (see Table 3).
The maximum concentration of pedogenic carbon is found in sites with hilly microre-
lief in organo-accumulative embryozems enriched with coal inclusions. This phenom-
enon can be attributed to several factors, including the presence of numerous weath-
ered carbonaceous inclusions and the accumulation of organic matter in the depres-
sions between hillocks. The carbon content of non-specific organic matter ranges
from 0.12% to 6.34%. The distribution of this organic matter in soils, both spatially
and vertically, is highly heterogeneous and lacks distinct regularities. The predomi-
nance of non-specific organic matter carbon content over pedogenic carbon has been
observed, primarily due to the low content of the physical clay fraction in embryo-
zems (see Table 3) and the dominance of coarse organic matter accumulation process-
es (such as plant residues) over humus accumulation. This combination is not condu-
cive to the establishment of organomineral interactions and the formation of proper
humus in soils of technogenic landscapes. In general, the soils in designated areas of
stony rock dumping exhibit a progression from initial to soddy embryozem, character-
ized by an increase in the content of pedogenic carbon and non-specific organic mat-
ter. This trend is also evident in the pool of carbon from large roots, although its quan-
tity in the studied soils is relatively small (see Table 3). The research has shown that
the total carbon stocks in the examined embryozems range from 87.5 to 473.9 t/ha
(see Fig. 3). The largest carbon stocks are found in initial embryozem (1-4IE), while
the minimum stocks are present in soddy embryozem (9-10SE) and organo-
accumulative embryozems under herbaceous vegetation (SOAEy). The carbon from
coal particles in the stony fraction of the soils predominates in the carbon stock struc-
ture of most of the studied soils, accounting for up to 96.7% of the stocks in initial
embryozems. The accumulation of lithogenic carbon in horizontal sites (31E, and
9SE),) is associated with the lack of removal of fine coal particles due to slope pro-
cesses. All of this occurs against the backdrop of uneven coal content in soils, which
is influenced by the characteristics of non-standard anthracite in both coal and host
seams, as well as the specifics of dump formation. The carbon stocks of organic mat-
ter that are less resistant to oxidation - such as pedogenic carbon, carbon from non-
specific organic matter, and large roots - tend to increase as a proportion of total
stocks in the evolutionary series of soils, ranging from initial to soddy embryozems
(see Fig. 3). The carbon stocks associated with large roots are characterized as mini-
mal. This is attributed to the high stoniness of the soils and the density of stony de-
tachments (see Table 2), which results in a relatively small mass of roots compared to
the large mass of stones (see Table 3). In the embryozems of anthropogenic land-
scapes, alongside the sequestration of organic carbon, carbon fixation also occurs in
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the form of carbonate deposits on stone surfaces. The stocks of carbonate carbon are
characterized by minimal values (see Table 3), ranging from 0.2% to 0.5% of total
stocks (up to 2 t/ha). A common feature of all investigated soils in anthracite deposit
dumps is that the share of carbon determined by the traditional method of bichromate
oxidation (pedogenic carbon) does not exceed 7% of the total carbon stocks. This fac-
tor should be considered when assessing the carbon footprint of coal mining. To min-
imize the negative consequences associated with the transformation of coals in coal
mining waste dumps and to enhance the carbon sequestration potential of technogenic
soils, the surfaces of dumps should be composed of loose sedimentary rocks.

The article contains 3 Figures, 3 Tables, 48 References.

Keywords: embryozem, soil organic carbon, inorganic carbon, lithogenic organic
carbon, pedogenic carbon, black carbon, carbon sequestration, Hyperskeletic Spolic
Technosol
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BBenenue

Bompocsl, cBs3aHHBIE ¢ HAKOIUIEHHEM OPraHUYEeCKOro BellecTBa B MOYBAX,
IpoIeccaMy ero TpanchopMai 1 MUHEPAIH3aliui, BCET/Ia 3aHUMAIH U, OUe-
BHIHO, OyIyT 3aHUMATh BEIyIIUE NO3UIUK B YUYCHUU O To4Bax. 1 310 3aKoHO-
MEpHO, TMOCKOJIbKY COCTOSHHME CHCTEM OpPraHMYECKHMX BELIECTB OTBEYAaeT 3a
(GYHKIINH, KOTOpBIE OTIMYAIOT TOYBHI OT TOPHBIX IOPOJ M JAPYTHUX IOBEpX-
HOCTHBIX 00pa30BaHWI €CTECTBEHHOTO FUIM AHTPOIOT€HHOTO MPOHCXOXKICHUS.
KaTuM QyHKIMSAM OTHOCSTCS IDIOAOPOIHE, CIIOCOOHOCTh MOYB JIEMIOHUPOBATH
XMMUYECKUE HIIEMEHTHl M BBICTYIATh B KAYECTBE CPEIbl OOUTAHMUS U MHOXKeE-
CTBa OPraHW3MOB, YYaCTBOBAaTh B TEOXMMUYECKUX IMKIAX, B TOM 4YHCIE OOJb-
LIOM ¥ MaJIOM KpYroBOpOTax BewecTs [1].

B mnocneanee Bpemst oco0oe BHUMaHHE TOYBOBEJOB M CHEIHMATIMCTOB M3
CMEXHBIX HAayK YAESIETCS] CEKBECTpPalMU IMOYBAMH YTIepoja KIMMAaTHUCCKH
AKTUBHBIX Ta30B, YTO CBS3aHO C OLEHKOW PEryaupyrolleld poid MO4YB B IJIO-
OanpHOM OanaHce yriiepona W W3MEeHeHHH kimmara. B Poccun ¢ nenbio nccie-
JIOBAaHUSI MIPOIIECCOB JCOHMPOBAHMS COCAMHEHHUH YTIepoa CO3JaHa CeTh Kap-
OOHOBBIX TOJIMTOHOB [2], OpraHM30BaHa HALMOHAJbHASI CUCTEMa MOHUTOPUHTA
KIIMMAaTHYECKH aKTHBHBIX BEIIECTB B aTMOC(EpE, a TAKKE YrIIEPOIHOrO OaraHca
MPUPOAHBIX M AHTPONOTEHHO-W3MEHEHHBIX 3KocucTeM [3], mpoBoAsTCS Mac-
mTabHBIe NCCIIEIOBAHMS TI0 OIICHKE 3aI1acoB YIIIEPO/ia B ITOYBAX CEMBCKOXO03SH-
CTBEHHBIX [4] U JecHbIX yroaui [5, 6]. B cBsi3u ¢ 3TUM 0co60€ BHUMAaHHUE CTOUT
YINATH 3eMJISIM ITPOMBIIUIEHHOCTH. Heo0X0IMMOCTh X BKIIIOYCHHUS B KITMMa-
TUYECKUE TPOEKTHI BBI3BaHA HE TOJBKO YAaCTO MOBBINICHHON 3MHCCHEH MapHHU-
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KOBBIX ra30B C TEXHOTEHHO MPE0Opa30BaHHBIX TEPPUTOPHUIL, HO U BHICOKUM IIO-
TEHIIMAIOM TEXHOTEHHBIX JAHIMIAPTOB K JOITOCPOYHOMY JCTOHUPOBAHUIO YT-
JIepoa, UTO JOCTUTACTCS MPH Pean3ali BBHICOKOI((EKTHBHBIX TEXHOIOTUI
pexynpTuBanuu [7, 8]. B HanOobIel cTeneH: BHUMaHHs 3aCyKUBAIOT 3€MIIH,
HapyIICHHBIE MPH pa3pabOTKe YroJIbHBIX MECTOPOXKACHHUN. B miepByro ouepens,
3TO MPOJAUKTOBAHO TEM, YTO YIOJIbHAS IIPOMBIIUIEHHOCTh 3aHUMAET JIUIUPYIO-
IIyI0 TO3WIMIO 1O MaciuTabam HapymieHui. [lo pa3sHBIM OIEHKaMm, TOJIBKO B
Cubupu cymmapHas IUIOIIAJbL 3€Mejb, HAPYLUIEHHbIX J00bIUEH U TPaHCIOpPTH-
POBKO#A yriis, ceromHs npuoOimxkaercs K 500 ThIC. Ta U MPOJOIDKACT yBEIUYH-
BaThCS 3a CUET aKTUBHOH pa3paOOTKH HOBBIX MECTOPOXKACHHH B peciryOimKax
Caxa, Xakacuu u TyBe, B HoBocuOupckoii obnmactu, a takxke B npenenax Tai-
MBIPCKOTO YToJbHOTO OacceiiHa [9—14]. JIpyruM Ba)KHBIM acIIEKTOM, OOsI3bIBa-
IOIIMM YIENATH MOBBHIIICHHOES BHUMAHUE YIVIEPOJHOMY OalaHCy TEeXHOTEHHBIX
9KOCHCTEM YIJIeJOOBIBAIOIINX PETUOHOB, SIBJISETCA COCTAaB CKIAAMPYEMBIX Ha
MOBEPXHOCTH OTXOJIOB JOOBIYH.

Kak m3BecTHO, cnenuduka mouBooOpa3yoMKX MOPOI OTBAJIOB YTOJIBHBIX
MECTOPOXICHUN COCTOUT B OOOTAIllEHHOCTH JUTOTCHHBIM (T€OTeHHBIM) Opra-
HUYECKHM BELIECTBOM, MPEICTaBICHHBIM BKIIOUeHUAMHU yrid [15, 16] u kepo-
reHa [17]. Yrau B mouBax TEXHOTCHHBIX JIAHAMA(TOB B Pa3IMYHBIX YCIOBHUIX
CIOCOOHBI KaK COXPaHUTHCS MPAKTHUYECKHM B HEeW3MeHHOM Buze [18], Tak u
TparcopMupoBathcsi ipu MuHepanu3anmu [19, 20], a Takke BOBJICUCHUH B
(hopMupyromHecs B OYBaX CUCTEMbI TYMYCOBBIX BemiecTB [21, 22]. Pe3ynbra-
TOM BCeX ATHUX MPOLECCOB, HAPSTY C AIMUCCHEHN YIIEKHUCIOTOo ra3a, MOXeT TaKKe
SIBIISIThCSL 00pa3oBaHue psAja OPTaHMUECKUX MOJUTIOTAHTOB [23, 24].

B Hacrosiiee BpeMst B HAy4HOM JIUTepaType yaenseTcs J0CTATOYHOTO MHOTO
BHUMAaHUs OpraHMYECKOMY BEILIECTBY TEXHOI'€HHBIX I10YB, B TOM YHCJIE U B BO-
mpocax yraepogaoro 6amanca. OTHaKO HU3Kas TOYHOCTH OIICHKH 3aI1acoB yTiie-
pola B yriecoaep Kamix II0uBax He MO3BOJISIET MAcCIITA0MPOBAThH MMONyIEHHBIC
pe3ynbTaThl Ha 3HAYMTENIbHBIE TEPPUTOPUU U TEM CaMbIM HCIOJB30BaTh UX B
KJIMMATHYECKUX MpoekTax. [I[puunHON TOMY CITy>KUT, BO-TIEpBBIX, BBICOKas MpPO-
CTPaHCTBEHHAs! HEOJHOPOAHOCTh IOYBEHHOTO MOKPOBA, KOTOpas B CHIy Xao-
THYHOCTH COCTaBa IMOYBOOOPA3YIONIMX MOpoJ [25, 26] B OOMbIIEH CTENICHH BBI-
paXeHa 1Mo CPaBHEHHUIO C €CTECTBEHHBIMH MOYBaMH [27], UTO YCIOXHSET BBIE-
JIEHHE Y4YacTKOB AJI SKCTPANOJALMU Jake B Ipelesiax OJHOr0 NOYBEHHOI'O
KOHTypa. BO-BTOPBIX, 3aTPyIHUTENBHOCTh ONpPEACICHUS COACPKAHNUS TEA0TeH-
HOTO YIJIepoja B MPUCYTCTBUH BKIIOUCHUH yrid [28, 29] npu ToM, 4TO BCe Cy-
IIECTBYIOIINE METOIbI HAIEJICHBI Ha OLICHKY COJIep KaHuUsl yIiIeposa BO (pakuu
<1 MM ¥ HE T03BOJISIOT OXBAaTUTh KPYITHOOOIOMOYHBIE (PPAKIIUH TTOYB.

B cBsi3u ¢ BBIIICOTMEUEHHBIM LIENBI0 HACTOSIMIEH padoTHl CTana OLeHKa Co-
JepKaHus Yriepona, €ro 3amacoB U CTPYKTYPBl 3alacoB B yIJIeCOIEpKaIlux
MoYBaxX Ha OTBaJax yIIIeJOOBIBAIOIIUX MeCTOpOXKIcHUN. B 3amaum umccienosa-
HUS BXOJAWJIM OLIEHKA 3aMacoB YIiepoJa OPraHu4YeCKUX COCIMHEHHUN He TOJBKO
B MEJIKO3€ME, HO U CKEJIETHOM YacTH I10YB, a TAaKXKe MCCIEI0BaHUE COAEPIKAaHUS
1 3aI1acoB yIJIepo/ia KOpHEH 1 KapOOHATOB.
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MarepuaJibl 1 METOABI

Obvexmul uccaredosarus. OObEKTAMU UCCIIEIOBAHUS BHIOPAHBI TEXHOTCHHBIC
MOYBBI BHEIIHUX TPAHCIIOPTHBIX OTBAJIOB [ OPIOBCKOrO MECTOPOMKIACHUS aHTpa-
muta. MecTopokIeHHEe PacIoIOKEHO B FOr0-BOCTOUHOU YacTi HoBocnOupcekoit
obnacTi W HaxoaWTcs B mpenenax [Ipemantaiickod JIECOCTEIHOW MPOBHHIINU
CepHIX M TEMHO-CEPHIX JIECHBIX IOYB M YEPHO3EMOB OIOJ30JICHHBIX CpEIHE-
MOIIHBIX CpenHeryMycHBIX [30], 4TO CBHIETEIBCTBYET O OJArOMPUSATHBIX KITU-
MaTHYECKUX YCIOBHSIX [UIS Pa3BUTHS aKKyMYJIATHBHO-TYMYCOBBIX IPOLIECCOB B
MOYBaXx.

HccnenoBanusi mpoOBOAMINCH HA YYaCTKax, TUGPEPESHIUPOBAHHBIX 110 BO3-
pacty, penbedy, XapakTepy HOpOJI, TUIAM PACTHTEIBHOCTH W MoYB (Tadu. 1).
Cy0Octpar Ha 9 y4acTkax MPeICTaBICH XaOTHYHOW CMEChIO Pa3IMYHbBIX IO pas-
Mepy OOJIOMKOB BCKPBIITHBIX U BMEIIAIOIIUX MOPOJ, BKIIOYAIOIICH apTHILTUTEI,
AJIEBPOJIUTHI, IECUAHUKH U YTrollb. Ha 0JTHOM M3 y4acTKOB HOBEPXHOCTH OTCHI-
nmaHa Oe3yTONBHBIMH PBHIXJIBIME TTOPOJAMH, IPEICTaBICHHBIMHA TIIMHAMHU MEJ-
HajaeoreHoBol kopel BeiBeTprBaHus (100/];). YuacTku pacmonararoTcs Kak Ha
CKJIOHAaX OTBAJIOB, TaK U HA CIUIAHWPOBAHHBIX BEPIIHMHAX C BBIPOBHCHHBIM KM
OyrpucTO-siueUCTEIM MHKpopenbedom. HeomHopoaHocTe mopon, penbeda, a
TaKe BO3PacTa y4acTKOB OOYCIIOBIHMBAIOT AUCKPETHOCTH M HEOIHOPOIHOCTH
PACTUTEIBHOTO IMOKPOBa, (OPMUPYIOIIETOCS IMMOCPEICTBOM CaMO3apacTaHusl.
[TnonepHBIE pacTUTENBHBIE TPYIIIUPOBKU XapaKTEPU3YIOTCS Pa3peKEHHOCTHIO U
«0YaroBOCThIO» C TpeobiasaHueM KypTHH JTOHHHUKaA xenroro (Melilotus offi-
cinalis L.) u cunska oGbikHOBeHHOTO (Echium vulgdre L.) 1 TATOTEIOT IpenMy-
IIECTBEHHO K YYacTKaM OTHOCHUTEIBHO HENABHEW OTCHINKH IUIOTHBIX KaMEHH-
cthiX mopoj (yuactku 19U, 20U, u 30U.). Taxxke muoHEepHAs TpaBsSHUCTAS

Tabnuna 1 [Table 1]

XapaKkTepuCTUKA 00bEKTOB MCCJIeIOBAHUS
[Research objects characteristics]

Bospact Penbed u [TouBa
VYuacTok y4acTka, PactutensHocts| (mo WRB
. Koopnunatst o4YBOOOpazyrouye
[Site . JIeT [Plant [31])
[Coordinates] . ITOPOJIBI e .
number] [Site age, . . communities] [Soils,
years] [Relief, parent materials] WRB [31]]
1 2 3 4 5 6
BoIpoBHEHHBIH
TOPU30OHTAJIBHBIN Y4acTOK
191, |N54,571074° 4 (TUIOTHBIE KAMEHUCTHIE a6
[1IE,] [E83,610814° YIIHCTBIE) MOpHO3eM
[levelled horizontal site, dense HHHHHMBHH,H
rocky coal-bearing material] | Qrcyrersyer (Hyperskeletlc
T OpH30HTANBHBIH [no plant Spolic
communities] Technosol
Y4acTOK C OyTrpUCTBIM (Eutric))
29U, [N54,570809° MHUKpOpeTbeoM (TUIOTHBIE [Initial
[2IE,] |ES83,612614° 4 KaMEHHCTHIC YTIIHCTHIC) embryozem)]
[horizontal site with hilly
microrelief, dense rocky
carbonaceous material]
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1 2 3 4 5 6
BripoBHeHHBIH
TOPU30HTAIBHBIN
33Hc N54,5663920 10-15 y4acToOK (HJ'IOTHI)IC HI/IOHepHaﬂ
[3IE)] |E83,601247° Kﬁi‘féﬁ‘i‘éﬂ‘:éii;ﬁ‘:f;ﬂ‘:?) TpaBsHHECTAs
dense rocky coal-bearin;; (pasnoTpasee
material] ¢ ydacTiem
COPHBIX BHJIOB)
FOsxHBIH CKIIOH [pioneer
KpyTH3HO# 25°~30° herbatc?f)us
40U, |N54,568476°| 1o 0 (HHOTP;I;I;HIZaTI\S;HCTme (forbs ineluding
[HIE.] 1EB83,614646 [south slope of 25°-300, |  Weed species)]
dense rocky coal-bearing
material]
BripoBHeHHBIH
TOPU30HTAIBHBII IIpocras
Y4acTOK (IUIOTHBIE TpaBsiHUCTas
500A, IN54,569594° . 5 KaMEHUCThIE (pasHOTpaBHas)
[SOAEh] E83,6134780 yFHI/ICTLIe) [51mple
[levelled horizontal site, herbaceous
dense rocky coal-bearing (cereal-forb]
material]
BripoBHeHHBIH
Y4acCTOK K02KHOTO
CKJIOHA KPYTH3HOH
604, [N54,564628°| , |  7°10° (mommnie 3“3?5:;’3?““
[6OAEf] E83,605 135° KaMCHUCTBIC yFJII/ICTBIe) o
[straight site of south AKKyMYJIITHBHBIN
slope of 7°-10°, dense (Hyperskeletic
rocky carbonaceous Spolic
material] Technosol
. IIpocras (Eutric,
CeBepHbli CKIIOH JpeBecHas Protofolic))
KpyTusHoli 35°—40°  |(MenkonmcTBeHHO- [Organo-
730Aﬂ N54,574766° (HJIOTHI)IG KaMCHUCTBIC COCHOBaSI) accumulative
[T0AE] |E83,612481°| 340 yramcTBIe) [simple woody embryozem]
[north slope of 25°-30°, communities
dense rocky coal-bearing | (small-leaves trees
material] and pines)]
I'opusonransublil
Y4aCTOK ¢ OyrpHCTBIM
MHKpopenbedom
820A, [N54,569026° ;5 | (n10THBIE KaMEHHCTEIS
[8OAE] |E83,614797° YTIIHCTEIE)

[horizontal site with hilly
microrelief, dense rocky
coal-bearing material]
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1 2 3 4 5 6
BripoBHeHHBIH OMmOpuoszemMm
TOPU30HTAIBHBII JICpPHOBBIH
Hyperskeletic
99 N54,569230° y4acTOK (IUIOTHBIE ( yp
[98{5[}3 E83.612814° 25-30 |kamenucToie YTIIUCTBIC) C Spolic Technosol
’ [levelled horizontal site, JIOAHaA (Eutric, Humic))
dense rocky coal-bearing TpaB;AHUCTas [Soddy
material] (pasHoTpaBHO- embryozem]
= 371aKOBast)
I'opuzonTanbHblil
6 [complex DOMOpHo3eM
el [l e
o vegetation Spoli
100]1, [N54,568144° 50 | (prxmbie mmmuctbie | (forb-cereal)] (Spolic
[10SE;] |E83,609856° Technosol
1] > 0e3yrimcThIe) ) .
. N (Clayic, Eutric))
[horizontal site with hilly
rzonta [Soddy
microrelief, loose clay embryozem]
coal-free material] y

Ipumeuanue. DU, — 5MOpr0O3eMbl HHULIMATIBHBIE HA MOJIOJBIX OTBajax, DM, — Te ke Ha cTa-
peix otBanax; DOA, — SMOPHO3eMBI OPraHO-aKKyMYJISITHBHEIC 0] TPABSIHUCTBIMU COOOIIIe-
ctBamu; DOA — TO e IMoJ| APEeBECHBIMH HacaxaeHusIME; D/I; — SMOpHO3eMEBI IepHOBEIC Ha
IJIOTHOM KaMEHHCTOM cybcTpare; D1, — T ke Ha PBIXJIOM IJIMHMCTOM CyOcTpare.

[Note. IE, - initial embryozem on young dumps, IE, - the same on the old dumps, OAE, - organo-
accumulative embryozem under herbaceous plant communities, OAE; - the same under woody communi-
ties, SEj - soddy embryozem on dense rocky substrate, SE; - the same on loose clay substrate].

PACTUTEIBHOCTh BCTPEYACTCS HA FOXKHBIX CKIOHAX YYACTKOB CTApO OTCHIITKU
(6onee 35 ner) (yuactok 4UD.), rae B ee coctaB M0OaBISIFOTCS UKOTHUK CEPBIA
(Bertéroa incana L.) u ®enTylmHUK JeBKOWHBINA (Erysimum cheiranthoides L.)
[32]. [Tnomaas MPOEKTUBHOTO TMOKPBITUS MHOHEPHBIX COOOIIECTB COCTABIISICT
10-15% [32]. IIpeobnagaroT Ha TaKMX yYacTKaX WHHIWAIBHBIC dYMOPHO3EMEI.
A HUX XapakTepHBl OTCYTCTBHE O(OPMIICHHBIX TC€HETHYCCKUX T'OPHU30HTOB
[33], cuiibHAsi KAMEHUCTOCTh M BBICOKas IJIOTHOCTh. OpraHMYecKoe BEIECTBO
OMOTEHHOTO MPOMCXOXKICHUS MPUCYTCTBYET Ha IMOBEPXHOCTH B BHJIE IUCKPET-
HOTO TOHKOTO OIIaJia 3TOro roja, a Takxke B ciaoe 0-20 cM B BHIE HEMHOTOYHC-
JICHHBIX KOPHEH U KOPHEBBIX OCTATKOB.

Ha yuactkax orBasnoB Bozpactom 20—40 net (yuactku 5—820A) ¢ kaMeHH-
CTBIM YTJIECOIEpPKAINM CyOCTPaTOM Pa3BHUBAIOTCS IBE IPYIIBI PACTHTEIHHBIX
TPYNIIMPOBOK — TPABSIHUCTBIE U ApeBecHble (cM. Tab. 1). TpaBsHHUCTBIE COOO-
[IECTBA B OCHOBHOM IIPOCTHIC, Pa3HOTPABHEIE, C TIPEOOIaTaHieM JOHHUKA Kell-
toro (M. officinalis L.), 3emnsauku 3enenoit (Fragaria viridis Duch.), oTnenb-
HBIMHM KypTHHaMHU BcTpeuaroTcs exa coopHas (Dactylis glomerata L.) u xoctep
pxxaHoit (Bromus secalinus L.), 3aHUMArOT TOPU3OHTAIBHBIC CILIAHUPOBAHHBIC
noBepxHocTH (yyactok SO0A;) [32]. [IpeBecHas paCTUTENBHOCTh PaclpocTpa-
HEHa Ha y4yacTKax C OyrpHCThIM pelbedoM M Ha ckioHax (6—8D0A;). 3nech
MPOM3PACTAIOT MEIKOJIMCTBEHHO-COCHOBBIE JIeca, COCTOsIINE U3 Oepesnl (Betula
pendula Roth.), ocunsl (Populus trémula 1.) n cocHbl OOBIKHOBEHHOU (Pinus
sylvéstris L.) ¢ pa3HOTpaBHBIM TPaBSHUCTHIM U MOXOBBIM HAITOYBEHHBIM MTOKPO-
BOM. BricoTa M cocTaB OpeBOCTOSl BapbUPYIOT B HMIMPOKHX IEpelenax B CHILY
HEOJHOPOTHOCTH COCTaBa MOPOJI, OCOOCHHOCTEH penbeda U pa3HOBO3PACTHOCTH
y4acTKOB. EqvHWYHBIE MIPEACTaBUTENN TPABSIHUCTOTO SIpyca — JOHHHUK >KENTHIN
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(M. officinalis L.), exa coopnas (D. glomerata L.) u matb-u-mauexa (Tussilago
farfara L.). llpoextuBHOE MOKpHITHE HocTHraeT 80% [32]. Takoe coolbmecTBo
SIBJIIETCSL XapaKTEPHBIM U OTBAJIOB JICCOCTEIHOW 30HBI 3amamHoi CuOupu
[34]. Ha paccMaTpuBaeMbIX y4acTKax B COCTaBE MOYBEHHOT'O MOKPOBa Mpeodiia-
AIOT AIMOpPUO3eMbI OpraHo-akkymynstuBHble [33]. X ocHOBHOe oTinume —
BBIPQKEHHBIH TOPU30HT HAKOIUIEHHS CJIA00PA3NOKUBIIEIOCSI OPraHUYECKOTO
BellecTBa. [ OpHU30HT MpeACTaBIeH MOJCTUIKON U3 OTMEPIINX YacTel TPaBsiHU-
CTOW PACTUTENIPHOCTH WJIHM JPEBECHBIM OMajoM. MOIIHOCTh MOACTUIOYHOTO
TOPHU30HTA HEOJHOPOIHA M 3aBHCUT KaK OT IOJIOXKEHHUS B Teccepe (COBOKYITHO-
CTH MIPHUCTBOJILHOTO, HOAKPOHOBOTO M MEXKPOHOBOTO IPOCTPAHCTB), TaK U OT
BO3pacTa y4acTka U COCTaBa IPEeBOCTOSL.

Haubonee cioxkHbIC W pa3BUTHIC PACTUTEIBHBIE COOOIIECTBA PACIPOCTPaHE-
HBI Ha CTaphIX (cTapiie 25 JIeT) yJacTKax OTCHIITKH KaMEHUCTOTO (C BHIPOBHEH-
HBIM penbe()OM) B PBIXJIOTO TIIMHHUCTOTO (C OYTPUCTHIM permbedoM) cydcTpara.
B cocraBe coolmecTB — HanOOINbIIEE YUCIO BHUIOB, MaKCHMalbHAS ILIOMIAIb
mpoeKTUBHOTO MOKPHITHS (m0 80—100%), a Taxke spycHas nudQepeHIraus.
[Ipeobmamator 3maku: exa cObopHas (D. glomerata L.), xocTep pxKaHOM
(B. secalinus L.), matnuk y3komucTHblil (Poa angustifolia L.). B dbopmupyro-
mieMcs (PUTOLIEHO3€ ¢ KOPHEBUIIHBIMH WJIM KOPHEOTIIPHICKOBBIMHU PACTCHUSIMHU C
MOILHOW KOpPHEBOM CHUCTEMOI 0ojiee aKTUBHO NPOMCXOJUT OCBOEHUE BHYTPH-
MMOYBEHHOTO TIPOCTPAHCTBA. B pe3ynbTaTe 3TOro MO CI0KHBIMH PACTUTEIBHBI-
MU TPYNITUPOBKaMH (POPMHUPYIOTCS IEPHOBBIC 3MOpro3eMbl [33]. B Hux, Hapsmy
C TOPU30HTOM TOJCTHIIKH (0majaa), oOpasyercss JepHOBBIH TOpu30HT. Ha prIx-
JIBIX TOPOJIaX OH OOMJIBPHO MPOHU3BIBACT BEPXHIOK YaCTh MUHEPATBHOM TOJIIN
KOpHAMH TpaBaHUCTBIX pacTeHuil (109/1,), Ha NIOTHBIX — QparMeHTapeH U 3a-
MeTHO muddepernupoBan ot cyocrpara (99/1;). Takum oOpa3om, o IpUIHHE
TOTO, YTO OIUCHIBAEMBIE CYKIIECCHU OHMOIICHO30B CONPOBOXKAAIOTCS CMEHOM
CTaIuii TOYBOOOPA30BAHMUS, N3MEHEHUEM CBOWMCTB MCXOAHOTO CyOcTpaTa W ma-
paMeTpoB MHKPOKJIMMATa, UCCIEIyeMbIe TIOUBEI CIECIyeT pacCMaTpUBaTh B Ka-
yecTBe 3BoJoUOHHOTO psiga DU-D0A-D/] [8].

CornacHo xoppenstuBHO# cucreme WRB [33], Bce m3y4eHHBIE SMOPHO3EMBI
oTHOCATCS K pedeparuBHoit rpymme Technosol (cm. Tadm. 1). B «Knaccuduxka-
UM ¥ TUarHOCTHKE MouB Poccum» Hambosee OIM3KIMU K ONHMCHIBAEMBIM IT0Y-
BaM SIBJISIFOTCS JIMTOCTPATHI, JIMTO3eMBbI W 1meTpo3eMbl [35]. Bonee mogpobHO
MOp(}OJIOTHUECKOE CTPOCHHE SMOPHO3EMOB MPUBEIEHO B paHee OMyOIMKOBaH-
HBIX paboTax [33].

Otbop mpo0 Ha HCCIEAYEMBIX Yy9YacTKax IPOBOIIICS B HIOJIE—aBIyCTe
2023 r. YuutbiBas TO, YTO T€HETUYECKHE FOPU3OHTHI HCCIIEyeMbIX TEXHOTEH-
HBIX O0Opa3oBaHMW MajoOMOIIHBI, a Oojee 90% KopHEH COCPEeTOTOUYECHO
B BepxHeil 20-caHTUMETPOBOH TOJIIE, 00pa3ibl MOYB OTOUPAIKCH TOCIIOIHO,
¢ rmyoun 0-5, 5-10 u 10-20 cm. Ilpu 3TOM MOACTUIIKA B UCCIEAYEMYIO TOJIILY
HE BKIFOYANAch. B MHUIMATBHBIX YMOpHO3eMax Ha y9acTKaX BO3pacToM He 0o-
nee 4er mo mpuyuHe cnaboil mepepaboTaHHOCTH CyOCTpaTa MOYBEHHBIMH,
OMOJIOTMYECKIMH ¥ TIPOIleCCaMH BBIBETPUBAHHS OTOMpPAJICS CIUHBIN 00paserr
i cnos 0-20 cm. M3 kaxaoro ciiost BeCb BBIHUMaeMblil CyOCTpaT yrakoBbIBaJI-
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Csl B TUIOTHBIE TOJIMITUIICHOBBIC MAKEThL. B 3aBUCHMOCTH OT CTEIIEHU KaMEHHU-
CTOCTH TOYB Macca CpeHero obpasmna cocrasisuia ot 3 mo 10 kr. B maboparop-
HBIX YCIIOBHSIX OTOOpaHHBIC 00pa3Ilbl CYIIMINA Ha BO3AyX€e IIPH KOMHATHOH TeM-
nepaType. 3aTeM MPOBOAMIM PAaCcCEeB BCEX 0Opa3lioB HA CTAHIAPTHBIX CUTAX IO
¢bpakousm 1-3, 3-5, 5-10 u > 10 mm. U3 oTcestHHBIX 00pa3loB Kaxkaoi ¢pak-
UM BPYYHYIO OTOMpANI M B3BEUIMBAIH YIIUCTHIE YACTHIBI U KPYIHBIE KOPHU
(ocTarommecs Ha cUTax > 1 MM).

Memoowr uccnedosanuii. B moneBbix ycnoBusx nenerpomerpom Wile Soil
U3MEpSUTH TBEPAOCTh SMOPHO3EMOB, M0 3HAYEHHSIM KOTOPOH TIPH IMOMOIIH
(hyHKIMK 3aBUCHUMOCTH [36] ompenpensiach TNIOTHOCTH MmouB. OOmiee coxepka-
nue yraepona (Cosu), COmEpkanue yriepoaa B yriucThix gactunax (Cy) u yr-
nepoaa KpynHbIX KOPHEH (Cycopn) ycTaHaBIMBaIM Ha aBToMaTHueckoM CHN-
ananmuzatope Perkin Elmer 2400 Series II. [IpenBapurenpHo 00pa3siisl MelIKo3e-
Ma, YTJIUCTBIX YAaCTHI[ M KOPHEH M3MENbYaid B CTYIKE JO COCTOSHUS IyApPHL.
Copep:xxanue Heopranudeckoro yriepoaa (kapOoHatoB) (Cicepr) OIPENENAIN
cormacio ['OCT 34467-2018 rpaBUMETpHYECKHMM METOJOM B KpPYIHO3EME U
MaHOMETPHYCCKUM B MEIIKO3EME.

Jlof0 OTHENBHBIX IyJOB YIJIEpoja B MEIKO3eME yCTAHABIMBAIH IOCPE-
CTBOM OKHCJIMTEIBHOTO (paKIMOHUpOBaHUA [37], YTO MO3BOJIIET YCIOBHO
UG GepeHIUpoBaTh MyIbl O MPOUCXOXkAeHHI0. OIHY HaBECKy MOYBHI HOCIE
PYYIHOrO OTOOpa MENKUX KOPHEH IOABEpraiy OKHCICHHIO OMXPOMATOM Kallus
(o metony Tropuna B Mogudukanuu cornacHo 'OCT 26213-91). [TonydeHHBIH
Pe3yNbTaT C ONpENeICHHBIMH YCIIOBHOCTSIMH MOXHO OTHECTHU K ITyJy IEIO0TeH-
Horo yraepoaa (Cpey). YCIOBHOCTh COCTOUT B TOM, YTO IO/ ME€JOT€HHBIM B J1aH-
HOM CITy9ae MBI IMOJIpa3yMeBacM HE TOJBKO YTIepo CHeNU(pUIECKOTO OpraHu-
YECKOTO BEILIECTBA, IIPEACTABICHHOTO TYMYCOM, HO U TOM YacTH OPraHUIECKOTO
BEIIeCTBa yriiel (B MEIKo3eMe), KOTopasi CIIocOOHA BBITIONHATH €r0 (DYHKIIUH.
K atum QyHKIUSAM, HapsAAy cO C1ab0i YCTOHYUBOCTHIO K OKHCICHHUIO, OTHOCHT-
¢s1 CIOCOOHOCTH YTIIeH TIOTJIOIIATh U3 PaCTBOPOB KaTHOHKI [38] 1 IeNOHUPOBATh
azor [28]. dpyryio HaBecKy TOW ke MPOOBI OKHCIISLIN B My(heIbHOU TeUH MpU
temneparype 525°C cormacao I'OCT 23740-2016. Tak, opraHudeckoe Bellie-
CTBO, HE OKHCIIIEMOE IpH YKa3aHHOH TeMIepaType, COACPKHUT JINTOTCHHBIHA
(reorennbiit) yriepos (Cyr), TPEACTaBICHHBIN BKIIOUCHUSIMH HEOKHCICHHOTO
anTpanura [29, 39]. TpaAULMOHHO C)KUraHWE B My(eJIbHOM MeYr UCTIONb3yeTcs
IUTSL OIIEHKHU COZAEP>KaHMsI OPTaHMYECKOTO BemlecTBa B TOp(hHBIX mouBax. lpen-
MOJIOKHUTENFHO TIPH JAaHHOW TeMIlepaType B HCCIEAYEMBIX NMpoOax CroparoT
9acTh YIIHCTBIX YaCTHUII, MPOAYKTOB UX TPpaHC(HOpPMAIINU, MEJIKHE KOPHU U JIPY-
THe OPraHUYeCKUE BEIECTBA OMOT€HHOT0 MPOUCXOKICHUS. [loaToMy 3HAUEHUS
MOTEPh MPU NPOKATMBAHUH C YIETOM IMOTEPh TMI'POCKONUYECKON BIard YMHO-
xanuch Ha kodddurment 0,58 (1/1,724), ncrionb3yeMblii B TpaJUIIMOHHBIX Me-
TOJAX MOKPOTO CKHTaHUS IS IepecdeTa COJACpIKaHHs OPTaHMYECKOTO Bellle-
ctBa (rymyca) Ha yriaepon. [lony4ueHHbie 3HaueHHS TT0cie BBIYUTAHUS Ce; OBLTH
MPUHATE HAMH KaK COJIepKaHUe yriiepojaa Hecenu(pUIeCKOro OPraHnIecKoro
BemecTBa (Cyeen). BO3MOXKHOCTE M HEMPOTUBOPEYMBOCTH MPUMEHEHHUST TAKOTO
nogxona K paszfaeneHuto Cpu; U Cyuen HOATBEPKAACTCS TEM, YTO COJCpPIKAHUE
yriaepoza, MojydaeMoe MPH CKUTAaHWN HaBECKHU B My(ENbHOH €4, He IPEBHI-
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maeT coxepxkanue, ¢puxcupyemoe npu nomomy CHN-ananuzaropa. Takum 00-
pazoM, obmiee coxepxanune yrinepoaa (Cypy) HCCIETYEMBIX TOYB POPMUPYETCSI
KaK CyMMa ITyJIOB:

C06Lu = Cr[ezl + Cﬂecn + CKKOpH + Cﬂeopr + Cnm + Cyra (1)
rae Cye, — YIJepoi MEIOTCHHOTO OPTraHWYECKOTO BEIIECTBA, ONPEeIIsSeMBbIH
OMXpPOMATHBIM OKUCIEHHUEM; Cyeen — YTIIEPOA HECHEIN(PUUECKOTO OPTaHIIECKO-
rO BEIIECTBA, OMPEACISIEMBIH KaK Pa3HHUIA MEXAy 3HAUYCHHSIMH IMOTEPh IMPH
NPOKAJIMBaHUM, YMHOKeHHbIX Ha Ko3dduiueHT 0,58 1 Cren; Cropn — YIIEPOT
KPYIHBIX KOpHEH, ompepenseMblii mpu nomomu CHN-anamusatopa; Cucopr —
yIIIepo KapOOHATOB, ONMpPEICIsIeMbIi KaKk CyMMa 3HAUCHUH, IMOJyYCHHBIX Ipa-
BAMETPHYECKIM M MaHOMETPUIECKUM MeTonaMu; C,; — YrIepoJ JIUTOTeHHOTO
OpPraHUYECKOTO BELIECTBA, ONpENesieMbId KaK pa3HUIA MEXAYy 3HAUCHUSIMHU
yriepoja Mejko3ema, noiydeHHoro npu nomomn CHN-anamuszaropa, u cym-
MOW 3HAYCHHH, MOTYYECHHBIX 10 IMOTEPSIM IPU MPOKATMBAHUN H yTIepona Kap-
OonaroB B Menkozeme; C,. — yIVIepoJl YIIMCTBIX YACTHII, ONpPEAENAEMBbIH B
CHN-ananu3zatope (puc. 1).

Bce onenmBaeMble OKa3aTeNH, MOMyICHHBIE KaK IS MEIKO3eMa, TaK U IS
CKEJIETHOH JacTh SMOPHO3EMOB, PACCUMTHIBAINCEH Ha BCIO TIOYBY C YUCTOM JIOJH
Kaxaon gpakouu (<1, 1-3, 3-5, 5-10 u > 10 mm).

Pacuer 3amacoB yriepoja B IEJIOM M IO MyJaM Ul HCCIEAYyEeMBIX IOYB
OCYIIECTBIUICS € YIE€TOM IIOTHOCTH TI0YB CIIEAYIOIIUM 00pazoMm:

Con=C-H- P, 2

Chean [C

MeJIKHe BeTONIb

ween [Cnonsp

Cne,'l ICped]

rymyc HPOAYKTbI
[humus] TpaHcpopManuu yrisip
ﬁoal ransformation
products]
ot

TPOYHE OCTATKH KHBBIX
opranumoB [other organics]

Yr.nepoﬁ yras [Coal -
carbon]|

CJ'II'IT [Clit] CyrICconl]

g 2 T)

Puc. 1. Crpykrypa 1mynos yrnepoza B aMOpro3eMax: Cyeopr — HEOPraHHIECKUH
yriepoj (kapoonaros), C,., — negorennslit yriaepoa, C,, — IMTOT€HHBIH yriepos,
Creen — YIVIEPOJL HECTICH(PUYECKOTO OPraHUYECKOT0 BEMECTBA, Cyqopy — YIVIEPOA
KPYIHBIX KOPHEH, Cy — YIIIEPO. YTIIMCTHIX YaCTHUIL
[Fig. 1. Structure of carbon pools in embryozems: Ciyorg - inorganic carbon, Cyq - pedogenic
carbon, Cy; - lithogenic carbon, Cponsp - carbon of nonspecific organic matter, Cy - carbon
of large roots, C - carbon of coal particles]
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rae C,,, — 3amacel yriaepoja, B T/ra; C — coiepikaHue yriaepoza myna Bo ¢pak-
LMW UCCTeayeMoro ciosi, B %; H — MOIIHOCTbh HCCIEAYEeMOTO Closi, B cM; P —
MJIOTHOCTh HUCCJIEAYEMOTO CJ0f, B r/eM’. 3arachl yraepoja B cinoe 0—20 cm pac-
CUHMTBHIBAIMCH TIPU CJIOXKEHHUU €ro 3armacoB 1o ¢pakmusiM B ciosix 0-5, 5-10 u
10-20 cm.

CratucTrdeckyro 00paboTKy IKCIIEPUMEHTAIBHBIX TAHHBIX MTPOBOIMIN Me-
tonoM nucnepcuonHoro anaiuza (SNEDECOR V5.6), pasnuuus 3HaueHUi
OIICHUBAJINCH 110 KPUTCPUIO HAMMEHBIICH CYIICCTBEHHOM pa3HHUIBI Ha YPOBHE
3HauumoctH p < 0,05 (HCPys).

Pe3yJ]l>TaTl>l HCCIICT0OBAHUA U oﬁcymz[e}me

B mnouBax pemnpe3eHTaTHBHBIX YYaCTKOB M3YUECH DS CBOWCTB, KOTOPHIE OKa-
3BIBAIOT BJIMSIHUE Ha COJEp)KaHWE M 3alachl yriepoaa. B mepByio ouepenb, 3T0
collepkaHue KaMEHHCTOW (pakiuu (CKEJIETHOCTh) W IJIOTHOCTh. [lomydeHHbIe
JAaHHBIE TIOKa3aIy OOJBIION pa30poc 3HAUCHHH 110 YKa3aHHBIM IapaMeTpam, ITo
B IIEJIOM SIBJISICTCS. HOPMAJIBHBIM ISl SMOPH0O3eMOB, (hOPMHUPYIOIINXCS HA HEOI-
HOPOIHOM cyOcTpare (Tadi. 2). MakcuMaabHOE CONEpIKaHUEe KPYITHOOOIIOMOYHOM
¢dpakoun (>3 MM) XapakTepHO U WHUIHAAIGHBIX 3MOPHO3EMOB, B HUX OHO

Tabnuma 2 [Table 2]

OcHoBHbBIE (pu3HYecKHe cBOWcTBa IMOpHo3eMoB ['opioBCckoro

AHTPALUTOBOI0 MECTOPOKICHUS
[Main physical properties of embryozems on damps of Gorlovskoe anthracite deposite]

Ciy6u- OMmbpuozem*
Ha. [Embryozem]
ITapameTp >
[Feature] M O, D0A, D0A, O,
[Depth, (n=14) (n=12) (n=17) (n=9)
cm] [TEy] [OAEy] [OAE(] [SEn]
0-5 31,0-80,1 | 32,5-60,5 | 20,8-66,5 | 0,0-28,5
Jouns dpakiym
>3 MM, % 5-10 | 45.8-84,1 | 55,0-66,1 | 50,2-853 | 0,0-36,7
[Fraction >3 mm, %] 1020 | 57,5-90,1 | 56,1-79.5 | 633-73,0 | 0,0-53,0
0-5 1,4-47,0 | 28,1-46,1 | 242-69,5 | 50,4-100,0
Houns dpakiun
<1wmm, % 5-10 5,7-48,7 | 23,5456 | 10,8-41,1 | 38,1-100,0
[Fraction > 1 mm, %] 1020 | 47357 | 203-309 | 21,0324 | 21,5-100,0
0-5 0,1-17,6 43-85 1,9-17,9 | 13,1-59,0
Houns dpakiun
<0,01 mm, % 5-10 0,5-17,0 3,5-4,1 2,0-11,9 | 14,3-61,0
[Fraction>0,01mm, %] [0 > [ 04-11,6 | 1285 | 51-10,6 | 7.4-59,6
0-5 1,5-2,3 1,5-18 1,2-1,5 1,3-1,4
3
Ilnotsocts, I/cM 5-10 1,6-2,3 1,7-1.8 1,4-18 1,3-1,6
[Density, g/cm’]
10-20 1,5-2,4 1,7-2,1 1,7-2,2 1,4-2,1

Tpumeuanue: * PacmmdpoBKy coxpamieHuii cM. B Tad. 1.
[Note: * See abbreviation in table 1].
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BapbUpyeT B IIKMPOKOM AuamnazoHe oT 31% no 90%. Conepixkanue BKIIOUEHUI
YT B IPOQUIIE UCCIEAYEMBIX MTOYB TAaK)KE BAPHUPYET B MIMPOKHUX MpeEAeiax U
nocruraet 15%. HanMeHee KaMEeHHCTBIMU SIBIISIFOTCS 3MOPHO3eMbI IepHOBbIC. B
MOCJEHUX WHTEPBaJl 3HAYCHUU KojmdecTBa (pakimy Hauboiee y3KHiH, a Ha
ydacTKax oTchInkH TiuH (D]1,) kameHucTas Gpakiys OTCyTCTBYET.

[110THOCTS U3YYEHHBIX ITOYB OTIMYACTCS OOJBIINMH BETHYMHAMHE, YTO 00Y-
CIIOBJICHO WX CHJIBHOW KaMEHHCTOCTBIO, 8 TAKKE MEXaHHYECKUM YIUIOTHEHHEM
cyOcTpaTa TOJA BO3JCHCTBHEM TPAHCIIOPTA IPU BHIPABHUBAHWU MOBEPXHOCTU
0TBaJIOB. [IOBBIMIEHHUIO THIOTHOCTH CIIOCOOCTBYET M CBOEOOpa3Hasi TEKCTypa M-
Opro3eMoB, Korma 0ojee MenKHe KaMEHHCTBIE BKIIOYCHHUS 3aHUMAIOT MpO-
CTPAaHCTBO MEX.Iy Oosiee KpyIMHBIMH, 00pa3ysi KOMIIaKTHBIN ropusoHT [18]. Us-
MEHEHUS BETMYHMHBI TUNIOTHOCTU M3YYCHHBIX IOYB B IIEJIOM HOBTOPSIOT TCH/ICH-
IIUIO, BBIIBJICHHYIO JUISI TPAaHYJIOMETPHUIECKOTO COCTaBa: B PSAAY OT MHHUIIHAIb-
HBIX 3MOpPHO3eMOB K JIEPHOBEIM CHIDKAIOTCS CPEIHHE W MEIUAHHBIC 3HAYCHHUS
(cM. Tabm. 2), 4TO B YHCIE MPOYEro YKA3hIBACT HA PAa3BUTHE PACTUTEIBHBIX CO-
00IIIeCTB Ha OTBANAX, CIIOCOOCTBYIONINX PA3YIIOTHEHUIO BEPXHETO TOPHU3OHTA
MOYB 33 CUET PHIXJICHHUS KOPHAMU pacTeHuil. [loaTomy HauOobImIast TIIOTHOCTh
OTMEYaeTCsl y MHUIUANBHBIX dMOpro3eMoB (ydactku 20U, u 3-40U,). B Hux
oHa gocruraer 2,4r/cm’, MPH ATOM IUIOTHOCTh YBEJIMYUBAETCS C TIIYOMHOM.
HammMenee MioTHBIMH MOKHO Ha3BaTh OPraHO-aKKyMYIISITHBHBIC 3MOPHO3EMBI
(790A,) CKIIOHOBBIX y4acCTKOB U 3MOpPHO3€MbI I€PHOBbIE Ha INIMHUCTHIX MOPO-
nax (109]1;,), HO U 3/1eCh 3HAYEHMs HE OIyCKaroTcs Hike 1,2 /e’

Cooeporcanue yenepooa. OxapakTepu30BaHHBIE OCOOCHHOCTH CBOWCTB M-
OpHO3eMOB OKa3bIBAIOT 3HAYMTEIBEHOE BIUSHHUE HA COACPIKAHHE ITYJIOB YIIIEpO-
Ia, a TAKXKE Ha CTPYKTYpy uX 3amacoB. OOIee copepikaHue yriiepojaa, ompene-
nsiemoro B CHN-ananuzatope, cocrasisier 0,6-27,1% (tadmn. 3). Kak u B ciryuae
JPYTUX CBOWCTB, 3TH 3HAYCHHS COJICPXKAHUS U 3aMacOB YIIIEPOJa XapaKTepH3y-
FOTCSI HEHOPMAJIBHBIM PacIpeAelCHUeM KaK 110 y9acTKaM, TaK U B BEPTUKAIIb-
HOM Tpoduiie 1 Ha OIMHAKOBBIX TIyOMHAX 1o4B. OJHAKO OOHAPYKUBAKOTCS He-
KOTOpBIC MPHU3HAKU 3aKOHOMEPHOCTH BHYTPH TPYIII Y4acTKOB. Tak, Ha yd4acT-
Kax ¢ HMOpHO3eMaMU OpPTraHO-aKKYMYJIATUBHBIMH Ha CTAPOBO3PACTHBIX OTBAJIAX
MUHHMaJIbHOE KOIHYEeCTBO Cogy BBISBICHO IOJ TPABIHUCTHIMU COOOIIECTBAMHU
(mo 10%), Torma Kak TOJ JPEBECHBIMH HACXKICHUSAMH OHO BO3pacTaeT Jo
27,1% (B cnoe 0-5 cm). KonunuecTBo obuiero yriepona B aMOpro3eMax MHHILIHU-
QIBHBIX HA CBEXKCOTCHITAHHBIX OTBalax (IO 4 JIeT) CHWIBHO OTIMYAeTCs: Ha
yaactke 20U, 6e3 pactutensHOCTH onpeaeneHo 15,8% Cogy, Ha IEPBOM yUacT-
ke (19U,) — Bcero 6,0% (cm. Tabn. 3). Ha Gonee crappix oTBanmax (y4acTku 3—
45W,) mon MUOHEPHBIMHU PACTUTEIBHBIME coobmecTBamu copaepxkanue Cogy B
sMOpro3eMax HHUIMATBHBIX BapeupyeT B npeaenax 8,2—14,8%. Ha cambix cra-
PBIX OTBaJIaX MOJ CIOKHBIMU PACTUTEIEHBIME COOOIIECTBAME C YMOPHO3eMaMuU
nepHoBbIMU C gy BapbUpyeT B Tuanazone 3,5—10,1%.

Hons pa3nuausix mynoB yraepoaa B Cygy YMOPHO3EMOB M3MEHSCTCS B 3aBH-
CHUMOCTH OT THIIOB IIOYB U XapakTepa MmouBooOpasyromux mopoj. CyiiecTBeH-
HBIN BKJIaJ B 00IIee CoAepiKaHue yriepoia SMOPHO3eMOB Ha KAMEHUCTOM YTJIe-
coziepkalieM cyocTpare gaer yriuepon yraucTeix yactull (Cy) (cM. TaOm. 3).
Haunboneiee konnuectBo Cyr — B HHUIMATIBHBIX 3MOpUo3eMax (ydactok 20MU,,)
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Tabnuma 3 [Table 3]

Oo1ee u cofepkaHue yrjepoaa mo nyJjaamM B sMOpuozemMax
[Structure and content of carbon pools in embryozems]

Ilynst yrnepona, B %
V4acTox Cosus % [Carbon pools, %]
[Site] [Cmt’ %] CHeopr Cneu CJmT CHecn CKKO})H Cyr’ %
[Cinorg] [Cped] [Clit] [Cnonsp] [Clr] [Ccoala %]
191,
[IE,] 6,0 0,07 0,10 0,45 0,31 0,00 51
20U
M 15,8 0,01 0,07 0,53 0,08 0,00 15,1
[2IE,]
39U, 12,9/8,2/ | 0,04/0,04/0,34/0,47/ (2,19/4,36/ |(1,30/2,76/ |0,02/0,00/ |12,9/8,2/
[3IE,] 9,1 0,04 0,15 2,36 2,65 0,00 9,1
45U, 13,6/14,2/ {0,06/0,05/ 10,10/0,01/ {0,63/0,07/ |0,32/0,17/ |0,02/0,00/ |12,5/13,9/
[41E,] 14,8 0,06 0,01 0,00 0,12 0,00 14,6
530A, 5,1/2,4/ |0,03/0,01/ |0,47/0,09/ |1,60/0,11/ |1,95/1,08/ (0,14/0,15/ | 0,9/0,9/
[SOAE,] 2,2 0,01 0,08 0,23 0,50 0,00 1,4
600A, |17,8/11,3/ |0,01/0,01/ |0,44/0,11/ |0,00/0,27/ |3,21/1,48/ |0,17/0,06/ |13,9/9,4/
[60AE] 0,6 0,01 0,04 0,32 0,25 0,00 0,0
790A, |13,5/13,3/ |0,02/0,03/ |0,19/0,05/ |0,48/0,16/ |0,88/0,46/ |0,09/0,02/ |11,9/12,6/
[7OAE{] 223 0,04 0,25 3,62 1,31 0,00 17,0
820A, |27,1/22,3/ {0,11/0,06/ |1,00/0,40/ |14,09/4,34/ |4,02/2,44/ |0,13/0,13/ |7,9/15,2/
[8OAE/] 4,5 0,04 0,40 2,18 1,03 0,05 0,8
99/]1, 5,5/5,5/  10,02/0,01/ |0,36/0,30/ |0,00/2,69/ |3,86/1,78/ (0,53/0,05/ | 0,7/0,6/
[9SE4] 4,4 0,01 0,33 1,27 1,51 0,09 1,2
109/, |10,1/4,0/ |0,03/0,03/ |0,70/0,28/ | 0,00/0,00/ | 6,34/3,62/ | 2,99/0,04/ | 0,0/0,0/
[10SE|] 3,5 0,03 0,10 0,00 3,38 0,00 0,0
HCPos - 0,01 0,02 0,40 0,40 0,20 0,5
[SSDys]

Ipumeuanue. Tlomy>XupHBIM BBIIETICHBl TOPU30HTAIBHBIC BEIPOBHEHHBIE YYACTKU. 3HAYCHUS
B Tabmuue npuBeneHsl ast riyoudn 0-5/5-10/10-20 cm. 3nHauenust s ydactkoB 1-230U,,
npuseaeHs! 1 rmyounsl 0-20 cm. HCPys — HanMeHbIas cyiiecTBeHHas pa3HHULA Ha YPOBHE
3HaunMocTd p < 0,05. PacmmpoBky cokpamennii cM. B Tabi. 1 u Ha puc. 1.

[Note. Horizontal aligned sections are highlighted in bold. The values are given for depths 0-5/5-10/
10-20 sm. The values in soils of 1-2 sites are given for depths 0-20 sm. SSDys - the smallest significant
difference at the significance level is p <0.05. See abbreviation in table 1 and fig. 1].

1 5MOpHO3eMax OpraHO-aKKyMYyJSTHBHBIX (ydacTku 7-820A ), chopmupoBaH-
HBIX IIOJI JIECCHBIMH COOOIIECTBaMH pacTeHHU. [Ipr 3TOM KOIWYECTBO JIUTOTEH-
Horo yriepoaa C,y,, (YIITUCTBIX YacTHII), ONPEICTIEMOT0 B MEIKO3eMe, He Kop-
penupyet ¢ Cyr, HOCKONIBKY IO KOJMYECTBY MENKO3€Ma MOYBBI CUIILHO Pa3iiu-
qarfoTcs (M. Taor. 2).

B m3ydennsix smOpuoszemax onpenenexo ot 0,01% no 0,11% neopranmuec-
Koro yriepoja kapooHaToB (Ceopr). HanbombIee X KOIMYECTBO NPUCYTCTBYET
B A3MOpHo3eMax MHUIUANbHBIX (yyacTku 19U, u 40U,) u oprano-akKyMyJsiTHB-
HbIX Ha OyrpucThix yuacTkax (ydactok 8D0A,). BusyanbHO mpu mMoONEBBIX
HaOIIOIEHUSAX OTMEUEHO OTCYTCTBHE BEIPAKEHHOM PEaKIiK MEeIKO3eMa II0UB Ha
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neiicteue 10% HCl. OmHako Ha rpaHsX KaMEHHCTHIX BKITIOUEHHUI HA TOBEPXHO-
CTH TIOYB W B MPOQUIC BBIIBICHB AKKYMYISIIUH BTOPUYHBIX KapOOHATOB B
(hopMe KyTaH M CKOTUICHUI KPUCTAIUIOB (pHC. 2).

B otinune ot ectectBeHHBIX MOYB BKIAJ Crey B Cogy IMOPHO3EMOB HE3HA-
ynteneH. B u3ydeHHBIX mouBax cojnepxaHue Cp; BapbUpPyeT B CPaBHUTEIBHO
y3koM nuanasone — ot 0,01% no 1,0% npu cpennux 3HaueHusx menee 0,5%
(cm. Tabm. 3). MakcumanbHbie 3HaUeHHS Cpe; XapaKTEPHBI IS y4acTKa ¢ Oyrpu-
CTBIM MHKpOpenbeoM B 3MOpHO3EMax OpPraHo-aKKyMYJISTHBHBIX, 00OTaIlleH-
HBIX YIJIUCTBIMU BKItoueHUsIMA (890A ;). 3T0 00yCIIOBIIEHO COYeTaHUEM TaKUX
(akTOpOB, KaK HaJHMYUE OOJBIIOrO KOMUYECTBA BHIBETPENBIX YIVIMCTHIX BKIIIO-
YeHUI M CKOIUICHUS OPTraHUKH B IMOHIKCHUSX MEXAy Oyrpamu. B rpymme sm-
OpHO3eMOB JIEPHOBBIX OTHOCHTEIHFHO OOINbIee KOMMIeCTBO Cpe; COMEPIKUTCS B
AMOpHO3eMe Ha YIaCTKe C PHIXJIBIMH MTOYBOOOpasyromumMu nopogamu (93/1;).

Conepxanue yriieposa Hecrienudpuaeckoro opranudeckoro semectBa (Cieen)
B 3MOpHuo3eMax Bapbupyet B auamnazone ot 0,12% no 6,34%. Pacnipenencuue B
MOYBax ATOTO ITyJa KaK B IPOCTPAHCTBE, TaK U B BEPTUKAIHHOM MPOGIIIe Kpaii-
HE HEOJHOPOIHO U 0e3 BBIPAKECHHBIX 3aKOHOMEpHOCTeH (cM. Tabu. 3). Hanboms-
mwe 3HadeHus s ciost 05 cm (6ornee 6%) 3aduKcHpOBaHBI B AMOpHO3eMax
JICPHOBBIX, C(POPMHUPOBAHHBIX HA PHIXJIBIX MOPOAAX MOJ CIIOKHBIMH PACTUTEIIh-
HbIMU coobiectBamu (yuyactok 100/1,). BrisiBienHoe npeobianaHue cojepixa-
HUSA Cyeen HaJl Cpey O0YCIOBIEHO, C OJHOIN CTOPOHBI, HEBBICOKUM COAEPIKaHUEM
¢dpakuu pu3HYecKor TIUHBI B 3MOpHo3eMax (cM. Tadll. 2), a ¢ APyrod cTopo-
HBI, IPe00IaJaHreM MIPOIECCOB aKKyMYJISIIIUN TPyOOTro OpraHNuECcKOTro BEUeCT-
Ba (paCTUTENBHBIX OCTATKOB) HaJ] TYMYCOHAKOIUIEHHEM. Takoe coueTaHue He
OJIaroNpHUATCTBYET YCTAHOBICHHUIO OPTaHOMHHEPATBHBIX B3aHMOJICHCTBUH U 00-
Pa3oBaHUIO COOCTBEHHO I'yMyca B ITOUBaX TeXHOT'eHHBIX JaHAmadToB. [Tyn Cpe,
BBIJIETICH 10 KOJHMYECTBY OPraHWYECKOIO YIIIepoja, ONMpeAessieMOro MeTOA0M
MOKpoOro cxuranus. Takoi yriepon siBII€TCSl pe3yJlbTaTOM MNPOLECCOB, OIU3-
KHX K €CTECTBEHHOMY TYMYCOHAKOITICHHUIO [28], WiIN SBISETCS YaCThIO OpTaHH-
YEeCKOTO BEIECTBA, BHIMOIHSIIONIETO HEKOTOphle QyHKIMU rymyca [27, 38]. B
HEHapyILIEHHBIX YEepPHO3eMaxX COJEp)KaHUE YIiiepojia TyMmyca CHIDKAeTCs C Tiy-
6unoii. Takas >ke TEHOCHILMS OTMEUCHA B HanOOJIee «IPOIBUHYTHIX», C TOUKH
3pEHHMS Pa3BUTOCTH IPOIECCOB TIOYBOOOPA30BAHISI, JEPHOBBIX SMOpHO3eMax Ha
PBIXIIBIX TIOPO/IaX, a TAKKE B OPraHO-aKKyMYJISITUBHBIX dMOpHO3eMax Mo Tpa-
BSHUCTBIMH COOOIIECTBAMH. B II€JIOM MOYBHI CIUIAHWPOBAHHBIX YYaCTKOB OT-
CBIITKA KaMEHHCTHIX MOPOJ O0pa3yloT psiA OT WHUIHAIBHBIX K JCPHOBBIM dM-
Opuo3emMaM, B KOTOPOM oTMmedaercs moBbiieHue cofepkaHus Cpey U Cueen —
191, <391, < 530A, <93 /;,.

OtMeueHHas TCHICHIMS CBOMCTBEHHA TAKOKe U ITyJy yIIepoAa KPYIHBIX KOp-
Hell Cyopn. Er0 KOJMMYECTBO B H3YYEHHBIX TI0YBaX HEBEIMKO (CM. Tabm. 3). 3ameT-
HO BBIICIAIOTCS] SMOPHO3EMBI JEPHOBBIE Ha PHIXJIBIX O€3YTIHUCTHIX Mopoaax (yda-
crok 109/1,), B Hux cozepxanue Ciopn JocTHTaeT 2,99%. Ilyn mpenckasyemo
OTCYTCTBYeT B 3MOpHO3eMax HMHULMAIBHBIX MOJIOABIX YydacTkoB (190U, u
20W,)).
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Puc. 2. Kap6oHatHble HOBOOOpa30BaHUS HA MIOBEPXHOCTH OOJIOMKOB C OTBAJIOB
T'opoBckOTro aHTPAIUTOBOIO MECTOPOXKACHHUS: @ — OOIIHH BUA; 6 — CHIMOK C ONTH-
YEeCKOro MUKpocKona; 8 — COM-u300pakeHne ¢ JJIEeMEHTHBIM COCTaBOM
[Fig. 2. Carbonate forms on the rock fragments from the dumps of the Gorlovskoye anthracite
deposit: a - general view, 6 - microscopic view, ¢ - SEM-picture with elemental composition]

Bricokas HEOJHOPOAHOCTDH yCJ'IOBI/Iﬁ HO‘-IBOO6paBOBaHI/I$I B TCXHOI'CHHOM
J'IaHI[H.Ia(l)Te n pa3J'II/I'-IHBII71 BKJIaJ] OTACIbHBIX ITYJIOB YTJIEpOda 06YCJIOBI/IJII/I oT-
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HOCHUTEIBHO OOJBINOE COACPXaHUE OOIIEero yriaepoja B U3yYCHHBIX dMOpHO3e-
Max U €ro BapbUpOBaHUE B LIMPOKUX MHTepBaiax (cM. Tabi. 3). Kak nokaszamu
Pe3yIbTaThl, TOJICBOM BKJIA OTACIBHBIX ITyJIOB YIJIEpOAa B O0IIee CopepKaHne
OIIPENEeNAETCS BO3PACTOM OTBAJA, CHelM(pUKON OYBOOOpa3yIOIIero cydcTpaTa
U CTENCHBI0 Pa3BUTOCTH OHMOJIOTUYECKHX IporeccoB. CyIMIECTBEHHBIH CIBUT
COOTHOIIEHUs ITyJIOB B CTOPOHY yriieposa cyoerpara (Coyr  Cyr) yKaspiBaeT Ha
OJIMH W3 NMPHOPUTETHHIX WCTOYHHKOB (hOPMHUPOBAHMS OOIIEr0 COACpKaHUS YT-
Jepoja B TEXHOTCHHBIX JIaHAMAa(TaX — MOPOJBI OTBAJIOB, B COCTABE KOTOPBIX
3HAYMTENbHA 0714 YIIUCTBIX yacTull. OnHako B cojepxkanuu Cyr HE MPOCIEKH-
BaeTCsl BBIPAKCHHBIX 3aKOHOMEPHOCTEH, YTO OOBSCHSIETCS MCXOJHOW BBICOKOM
Xa0THYHOCTBIO TOYBOOOPa3yIOUINX Mopoa, GopMUpYIOLIeics B X0Je HEceeK-
TUBHOU OTCHITIKK OTBAJIOB. B TO jke BpeMs Ooiiee BRICOKHE KOHIICHTPAIHH yTIIe-
pOIia OPraHUYeCcKOro BEIIECTBa, 00Pa30BaHHOTO B pe3yibTaTe Pa3sBUTUS IMOpPHU-
03eMOB (Crex, Creen B Ciopn), OTMEUAIOTCA HA y4acTKaX C MHHMMAJBHBIM CO-
nepxanueM Cyyp 1 Cyp, 4TO, BEPOATHO, CBUAETENLCTBYET O HETATMBHOM BIIHS-
HUH yIJIS Ha ACTIOHUPOBAHUE YTIIEPO/Ia TIOUBAMH.

3anacwl yenepooa. B 11enoM 3amacel 001IET0 yriiepojia B U3y4eHHBIX 3MOPHO-
3eMax BapbHUPYIOT B Auana3oHe oT 87,5 mo 473,9 1/ra (puc. 3). Haubonsiue 3a-
Mackl COCPEJOTOUYCHBI B 3MOpH03eMax MHUIUAIBHBIX (1-40U1), MUHMMaIbHBIE
3amachkl — B 3MOpHo3eMax JepHOBbIX (9—103/1), a Takke OpraHo-aKKyMYyJIsSTHB-
HBIX MOJ] TPaBIHUCTON pacTuTenbHOCTHIO (SD0A,). B cTpykType 3amacoB 00Jib-
IIMHCTBA UCCIEAYEMBIX MOYB MpeodIagaeT yriaepo] YIIHCTHIX YacTHUIl CKENeT-
Hoil yactu nous (C,;). Ha ero nomo npuxoaurcs ot 63,5% 1o 96,7% 3anacos

% 2747 4137 473,9 406,5 87,5 2363 363,3 432,6 128,5 115 7[%1]
100 - : o — —

75

50

25

9\”\\
N

Puc. 3. O6mue 3anace! yriepoaa (B T/Ta) U CTpyKTypa 3amacoB myJoB yraepona (%)
B 9MOpuo3zeMax: I — Cyeoprs 2 — Ccopns 3 = Crens 4 — Cucens 9 — Coyrs 6 — Cyr
(pacumdpoBKy cokpaiienuii cM. Tabm. 1, puc. 1). Ocb X — mosnst mynnoB yriaepona
0T 00IIKX 3amMacoB, OCh Y — y4acTKu
[Fig. 3. Total stocks of carbon (t/ha) and the structure of carbon pools stocks in embryozems:
1 - Cinorgy 2 - Cir, 3 - Cped, 4 - Cronsps I - Cii, 6 - Ceat (see abbreviations in table 1 and fig. 1).
On X-axis - percentage of carbon pools in total amount stocks of carbon, on Y-axis - sites]
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B MHHIUAIBHBIX 3MOpHO3eMax. B cleayromux B 9BOIIOIMOHHOM DSy 32 WHU-
UATFHBIMHA SMOPHO3eMax OpPraHO-aKKYMYJIATHBHBIX TAKKe OTMEUAeTCs Mpeoo-
naganue Cyr Ha CKIOHOBBIX ydacTkax (6—790A;). Ha ropusoHTaIbHBIX yyacT-
kax Cy, cocrapuser 1/3 or o0OumMX 3amacoB, HO MPU 3TOM OHU COIOCTABMMEI C
3amacaMi Cyee; HA YIaCTKAX C TPABSIHUCTOW PacTUTENBHOCTBIO B Cyyyp HA OyTpH-
CTHIX ydacTKax IOJ JIeCHOM pacturenbHocThio. Hakomnenue C,; 34€Ch, Kak U
Ha JPYruxX TOPH3OHTANBHBIX y4acTkax (30U, m 93]I;), oueBHIHO, CBSI3aHO C
OTCYTCTBHEM BBIHOCA TOHKHX YT'OJBHBIX YAaCTHI[ B PE3YNIETATE CKIOHOBBIX MPO-
reccoB. Bee 3To mporcxoauT Ha pOHE HEOIMHAKOBOTO COJIEPKAHUS YIS B TIOY-
BaxX, KOTOPOE OMpeNensieTcss 0COOCHHOCTSAMHI HEKOHIUIMOHHOTO aHTPALUTa B
YTOJBHBIX ¥ BMEINAIOIINX IACTaX U crenuuKoi (GopMUPOBAHUS OTBAJIA.

3amackl yriepojia MeHee YCTOWYMBOIO K OKHCIEHHIO OPraHMYecKOro Be-
1m1ecTBA (Crex, Cucen ¥ Craops) UMEIOT TEHJIEHIIUIO K YBEITMYEHUIO JIOJIHU OT OOIIUX
3amacoB B 3BOJIIOLMOHHOM psAAy mouB (cM. puc.3). Haubonee HarisimHo 3TO
MIPOSIBIIICTCS TIOJ] TPABSIHUCTOW PACTUTEIBHOCTHIO Ha CIUIAHMPOBAHHBIX yJacT-
Kax, c(hOpMUPOBaHHBIX IUIOTHBIMH OCaqouHbIMU moponamu (19U, <30U. <
590A,<93]],), 4To OTpakacT Pa3BUTHE 31€Ch MOYBEHHBIX W OHOJOTHUECKUX
mporieccoB. Ponb memoreHesa moBhIIIacTCs B 0oJiee pa3BUTHIX IOYBAaX — B Ha-
IeM ciiydae — B IMOpHO3eMax JAEPHOBBIX MO CIOKHBIMH COOOIIECTBAMU Pac-
TUTETPHOCTH Ha Hambojee CTaphIX ydyacTkax. B IepHOBBIX sMOpHuo3emax B
CTPYKTYpe 3amacoB yriepoja 6onee BblpaxeHHbIH BKIag B Cyey BHOCUT Cyeep,
Hexent Cie, OIEHKY KOTOPOTO YaIlle BCETO MPOBOAST TPAAUIIOHHBIM METOIOM
OMXPOMATHOTO OKHCJICHUSI.

Ha CKJIOHOBBIX W y4acTKaX ¢ OYTpHUCTBIM pelbe()OM B OPraHO-aKKyMYIIs-
TUBHBIX 3MOpuo3emMax (6—830A;) COOTHOILIEHHE 3alacoB Pa3IUYHBIX ITYJIOB
CXOJIHO C TaKOBBIM B WHHIHAIBHBIX dMOpHO3eMax, MPEIACTABISIONINX Hadallb-
HBIE CTaJMU MOYBOOOPAa30BaHUA. YUUTHIBAA BEICOKYIO JOMO B HUX Cyr, MOXKHO
OTMETHTH, YTO HAJWYME BKIFOUCHHU YTIIS OTPUIATEIFHO CKA3bIBACTCSA HA IMpPO-
meccax MOYBOOOPA30BAHUS W JCTIOHHUPOBAHUS YITIEPOAa MOYBAMH. JBOJIOIHS
MOYB TOJA JISCHOW PACTHUTENBHOCTBIO OCTAHABJIMBACTCS HA OPraHO-aKKyMy-
JSTUBHOW CTaguu. B TO Bpemsi Kak CHCTEMBI OPTaHHMYECKHUX BEIIECTB, CYIS IO
COOTHOIIICHUIO 3arlacoB, B YIJICOOOTAIIEHHBIX ITOYBaX W3MEHSIOTCS HE3HAYH-
TEJIBHO.

3anacel myna KpymHbIX KOpHEH Ciopn XapaKTEepH3yIOTCs KaK HE3HAYUTElb-
HBIE. DTO CBS3aHO C BEICOKOH KAMEHHCTOCTHIO ITOYB M IUIOTHOCTHIO KAMEHHUCTHIX
oTnenbHOCTEH (cM. TaOu. 2), Ha oHe OOJNBIION MacChl KOTOPBIX Macca KOpHEH
mana (cMm. Tabn. 3) Tem He MeHee B pacnpesieeHuH Ciopy OTMEYAETCS IOCTE-
MEHHOE YBEJIMYEeHNE 3HAYEHUH B Py OT YMOPHO3EMOB MHULIMAIBHBIX K JAEPHO-
BbIM (cM. puc. 3). Hanbonpiue 3an1achl Cigopu, KaK U Ciecn, BBISIBJICHBI B TOYBAX
Ha peIXjJoM Oesyraucrom cyocrpare (ydactok 1039]1,), rae ckiaabiBaroTCs
HanboJsee OIaronpHUsATHRIC YCIOBUS IS Pa3BUTHS KOpHEH. DUKCHpyeMEbIe 311eCh
BBICOKHE 3HaUCHUS 3a11acoB C,e; O0YCIOBICHHI paaoM mpuamH. [lepBas cocto-
UT B TOM, 4TO B Cyee BOIIEN YIIIEPOJ MeNKo3eMa (hpakuuu > 0,25 MM, conepika-
HUE KOTOPOrO HE YUYUTHIBAeTCs mpu ompeneneHud Cpe, TPaAULHUOHHBIM METO-
JIOM OMXpPOMAaTHOTO OKHCJIeHHs. Bropast cBs3aHa ¢ 6oyiee BRICOKUM COAEPKaHH-
€M B MOYBAaX JAHHOTO YYacTKa KaK KPYHIHBIX KOPHEH, O YeM CBUICTEIHCTBYIOT
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3Ha9€HHS Ciyopn (CM. TAOM. 2, prc. 3), TaK U, MO BCEH BUIMMOCTH, MENKUX. ¥YUH-
THIBasi CYMMapHBIE 3aI1achkl YIIepoJa B 3TUX I0YBaX, a TAKXKE WX BO3PACT, Clie-
IyeT OTMETUTb, YTO 3a HepBbe 20 JIET CKOPOCTh CEKBECTPAIMH YTIEpPOaa OTBa-
JIAMH, OTCHIMTAHHBIMU PBIXJIBIMU MTOPOJAMH, COCTABISIET OKOJIO 5,8 T/Ta B TOI.
Juig cpaBHEHUS, CKOPOCTH CEKBECTPALlMU YIiepoja B MOYBax IO arpoleHo3a-
MU 32 aHAJIOTUYHBIN Iepuo BpeMenu coctaswiu ot 0,4 1o 1 1/ra B roxn [40], a B
MOoYBax IOJ JeCHBIMU HacaxaeHusmu — ot 0,2 1o 1,98 1/ra [41]. Bonee Beicokue
CKOPOCTH CEKBECTpAIMX YIIIepoAa B IMOpHO3eMaxX Ha PBIXJIBIX MOPOJax MO3BO-
JSIOT CYUTATH MOCIEeNHNE Hanbojiee ONTUMANBHBEIM CyOCTpaToM ISl IPOBEe-
HUSI PEKYNIBTHBALNN HAPYIICHHBIX TEPPUTOPHH.

Emre omHUM 3acity’KUBArOIMM BHUMAHHUE TYJIOM SIBISICTCSI HEOPTaHHMYESCKUN
yraepoa (yrnepon kapOoHaToB) Cieopr. B 9MOpHO3eMax, (pOpMHUPYIOIIMXCS Ha
yrIIecoaepKaliX OTBaIax, KapOOHATHl YUUTHIBAIOTCS KaK OIHO M3 MX CBOWCTB
[42—44] 1 paccMaTpUBAIOTCS B KA4ECTBE OTACIBHON (Dpakmuuy o0mero yriepoaa
[45, 46]. OQuH U3 UCTOYHUKOB KapOOHATOB B H3YYCHHBIX IMOpHO3EMaxX — IMOPO-
II6I, KOTOPBIMH CIIOKEH OTBAJ (QJIEBPOJIUTHI M NIECUYAHWKK HA M3BECTKOBOM IIe-
MeHTe). OOBIMHO BBIBETPEJIBIC MOPOIBI CKIAUPYIOTCS B HIDKHHE SIPYCHI OTBa-
JIOB, a BEPXHHUE, Ha TMOBEPXHOCTU KOTOPBIX 0Opa3yeTcsi MOYBEHHBIA MOKPOB,
CIIO’KEHBI €1abo- W TPYAHO BBIBETPHUBACMBIMHU APTHIUTUTAMH, aJICBPOJIUTAMH H
MeCYaHWKaMHU. JTHM OTYACTH MOKHO OOBSCHHUTH HEBBICOKOE CONEPKAHUE Kap-
OOHATOB B M3YYCHHBIX MOYBAX — HU3KUE TEMIIBI BHIBETPHBAHUS TOPOIBI U HE-
OOJIBIION MPOMEXYTOK BPEMEHH IJISi 3TOTO HE CIIOCOOCTBOBAIM AKTUBHOMY
HAKOIUIEHUIO KapOOHATHBIX HOBOOOpa3oBaHMH. [IpyruM MCTOYHHKOM yTiepoaa
KapOOHATOB, MO AHAJIOTHH C €CTECTBCHHBIMU MOYBAMH, MOTYT CIYXKHUTh aTMO-
c(epHBIC BBIIAJICHUS, a TAKKE MBUICBbIC B3BecH. CUUTACTCS, YTO B €CTECTBEH-
HBIX TOYBaX KapOOHATHI SIBISIOTCA HawOojee KOHCEPBATHBHBIM IEMO aTMO-
chepHoro yriepona [47]. Xopomio BEIpaKEHHBIE B TBEpIOoU (a3e KapOOHATHI
(kapOoHATHBIE HOBOOOpPA30BAaHMWS) IMMOBCEMECTHO W B OONBIIOM KOJIHUYECTBE
BCTPEYAIOTCS B apUAHBIX JaHAmadrax. B cyOryMUaHBIX YCIOBHAX ¢ OOIBIINM
KOJMYECTBOM OCaJIKOB, K KOTOPBIM OTHOCUTCS pailoH HCCIIeOBaHUi, ecte-
CTBEHHbIE aBTOMOP(HBIE ITOYBHI BHIIIEIOUEHHI OT KapOoHatos [48]. [IpoBenen-
HBIE HAMH TIOJICBBIC HMCCIEIOBAHMS ITOKA3ajdd, YTO Ha OTBANaX KapOOHATHEHIC
HOBOOOPA30BaHUs BCTPEUAIOTCS HA OTIACIBHBIX I'PAHAX OOJIOMKOB TOpPOIBI Ha
MOBEPXHOCTH OTBAJIOB, a Takxke (B MEHBIIEM KOJIWYecTBe) — B npodrmie. Mop-
(domornyeckn HOBOOOPA30BaHHS TPEACTABIISIOT COOO0W MO0 TOHKWE KYTaHBI,
MO0 CPOCTKU MTOJBYATHIX KPUCTAILIOB (cM. puc. 2). 1o 3amacam yriepon kap-
OOHATOB OTJIMYACTCS MUHUMAJIBHBIMH 3HaueHUsIMH (cM. puc. 3) — 0,2-0,5% ot
0o0mmx 3amacoB (o 2 1/ra). Bo3M0OXkHO, mpolecCchl aKKyMYJISIIMA KapOOHATOB
OoJiee BBIpKCHBI B aHAIOTHYHBIX OTBAJAX, PACIIONIOKEHHBIX apUIHBIX paifoHax
Cubupu, rie 3amachl 3aKpeIUICHHOTO B TIOYBAX TaKHM CIIOCOOOM yIIIepona Mo-
T'YT OBITH COIOCTaBUMEBI C 3allacaMd OMOTEHHO U TMEIOTCHHO aKKyMYJIHPOBaH-
HOTO.

Takum 06pa3oM, OTYYSHHBIC PE3YIbTAaThl MOKA3BIBAIOT, YTO TIOYBEI OTBAJIOB
OTXOZIOB YTJIeHOOBIYM HE TOJBKO OTIIMYAIOTCS MOBBIIICHHBIMH 3allacaMu yTJiie-
pona, HO W 00JAmaAIOT BBHICOKMM ITOTEHIMAIOM €ro ceksecTparmu. OcoOeHHO
[Py CKIAIMPOBAHUM HA MOBEPXHOCTH OTBAJOB PBHIXJIBIX OE3yTONBHBIX ITOPO.
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HpOBeI[eHI/IC PCEKyJIbTHUBAIINU, y‘II/ITI)IBa}OHIeﬁ OTH OCO6CHHOCTI/I, IIO3BOJIMT HEC
TOJIbKO MHMHHMHU3UPOBATH yrnepoaHLn?I ciaen ot OTKpBITOI\/'I L[OGBI‘II/I yriisi, HO U
caciIacT TCXHOT'CHHBIC J'IaH,Z[H_Ia(l)TLI TNIEPCHEKTUBHBIMHA 00BEKTAMH JJIs1 OpraHu-
3aluun Kap6OHOBBIX IIOJIMTTOHOB 1 (bepM

3akioueHue

[IpoBeneHHbIE HCCIEIOBAHMS TTO3BOJIIN YCTAHOBUTH, YTO MOYBBI (IMOpH-
03eMbI) TEXHOTCHHBIX JaHAMA(PTOB OTBAJIOB ['OPIOBCKOrO aHTPAIUTOBOTO Me-
CTOPOXKICHUST XapaKTEePU3yIOTCs TMOBBIMIEHHBIMH cofepkanueM (1o 27,1%) u
3amacamu (10 473,9 1/ra) yrinepona B cioe 0—20 cm. OCHOBHas 4acTh yriiepoja
HPUXOAUTCS HA BKIIOYEHHUS yIiis KpynmHooOnoMounbix ¢pakiuil (Cy,). Makcu-
MajbHOE cojepxaHue U 3anackl Cy. XapaKTEpHbI U1l MHULUAIBHBIX 3MOpHO3e-
MOB MOJIOJBIX YYaCTKOB, MUHHMAIbHBIC — IS JAEPHOBBIX 3MOpHo3zeMoB. Ha
BTOPOM MECTE€ KaK IO COJEPKaHUI0, TAK M MO 3aracaM HaXOJUTCS JIUTOTCHHBIH
YTIEPOT MEJIKOAUCIIEPCHBIX YIIUCTBIX YacTHll (Cyyp) W yriiepoa Hecrienupude-
CKOro OpraHnn4eckoro BemecTBa (Ciyecn), BKIIOYAIONIETO YIIIEPOA MENKHX KOp-
HEH, IPyrux OMOTEHHBIX KOMIIOHEHTOB MOYB, a TAKXKE MPOAYKTOB TpaHC(opMa-
un yriaed. Hanbonee Beicokue kKoHIeHTpanu# C,, 3apUKCUpOBaHBI B SMOPHO-
3eMax CTapbIX YYaCTKOB, OTCHITAHHBIX YTIIECOACP)KAIINMHE ITOPOJaMH. Y BEIH-
genue 10u Cy,, B CTPYKTYPE 3aII1acOB CBHICTENBCTBYET 00 MX aKKYMYJISIIIUHU B
MOYBaxX IMPH AC3MHTETPAIlMH BKIIOYCHUH yriiss. B aMOpro3emax TeXHOTCHHBIX
maHamagpTOB BMECTE C CEKBECTpAaIMeHl OpraHWYeCKOro YIiepola MPOHCXOAUT
Taroke 3akperieHue yraepoia (Cueopr) B BHIE KapOOHATHBIX HATEKOB Ha II0-
BEPXHOCTAX KAMHEH.

Conepsxanne n 3anachl Cyeen, Crey B Crop YBETHMUHMBAIOTCS B 3BOTIOLUOHHOM
psny >MOpHO3eMOB OT HWHHUIMANBHBIX K JepHOBBIM. Hambomee 3ameTHO 3TO
MPOUCXOAUT TIOJI TPABSHUCTOH PACTUTEIBHOCTHIO HAa BBIPOBHEHHBIX TOPH3OH-
TaJBHBIX Y9aCTKax U 0COOCHHO BBIPAaKEHO TaM, IIe TOBEPXHOCTH chopmupoBa-
Ha PBIXJIBIMH OCAJOYHBIMU MOpOJaMHu. B mociemHeM ciydae CKOpOCTH CEKBe-
CTpallMy YriepoJia MOYBaMH OTBAIOB B TepBble 20 JIET MOXET IOCTHraTh
5,8 T/ra B roa1. B mouBax CKJIOHOBBIX M YYaCTKOB C OYTPHUCTBIM PENbeOM, B TOM
YHCIIE W CTaphIX OTBAJIOB, COOTHOIICHHUE 3aI1acOB Pa3IMUHBIX ITYJIOB YIIIEPOAa
AQHAJIOTMYHO ITOYBAM HAYaIbHBIX CTAIUI MMOYBOOOPA30BAHMUS U XapaKTePU3YEeTCs
npeobnananueM Cy,. ITockonbKy Ha ydacTKax ¢ pacueHEHHBIM penbeoM J0-
MUHHPYET OPEBECHAsI PACTUTEIFHOCTD, TO MOKHO CAEIATh BBIBOI, UTO IO JIEC-
HBIMH COOOIIIECTBAMH Ha OTBaJllaX B BepxHel yacTu mouB (0—20 cM) coXpaHSIOT-
Csl CHCTEMBI OPTaHMYECKHUX BEIISCTB C MPEOOIaaHHeM XapaKTePHBIX IS MOY-
BOOOpPAa3yIOMIKX MOPOA JIUTOTCHHBIX KOMIIOHEHTOB.

OOuIM [T BCeX MCCIEAYeMbIX IT0YB OTBAIOB aHTPALUTOBBIX MECTOPOXKIE-
HUH SBISIETCS TOT (aKT, YTO JOJS YIIEPOa, ONPENSIIEMOrO TPaIHIMOHHBIM
MeTonoM OuxpomarHoro okucieHust (C,), He TpeBbImacT 7% B CTPYKType
o0mux 3amacoB. ITO HEOOXOAUMO YUHUTHIBATh MPU OIEHKE YIIIEPOTHOTO Ciena
yraenoosrau. C 1enbl0 MUHAUMU3AIMA HETaTUBHBIX TOCIEACTBHM, CBSI3aHHBIX C
TpaHcopMaIuell yriaei B OTBAIaX OTXOJOB JOOBIYU YIS, U TIOBBIIICHUS CEK-
BECTPHUPYIOLICH CIIOCOOHOCTH TEXHOTEHHBIX ITOYB MOBEPXHOCTH OTBAJIOB HEOO-
X0AuMO (POPMHUPOBATH PHIXJIBIMU OCaJOYHBIMHU TTOPOIAMH.
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AHHoTtaums. MccnenoBaHbl KyJnbTypabHO-MOP(OIOrHYecKHe M (U3HOIO0ro-
OMOXMMHYECKHE CBOICTBAa 0a3HIMOMHUIIETOBOTO ITaMMa Apoxkeit Rhodotorula mu-
cilaginosa AglV RCAMO05019, naeHTHGHUIHPOBAHHOIO U ACHOHUPOBAHHOTO B Be-
JIOMCTBEHHOH KOJUICKLIMM I0JIE3HBIX MHKPOOPraHM3MOB CEIbCKOXO35HCTBEHHOIO
nazHaueHus: (OPI'BHY «BHHUMCXM»). Ha mmotHoit cpene Cabypo mcciemyeMsrit
mramMM o0pa3yeT SpKO-pO30BBIC, TJIaAKue, OJECTAINHE, CIM3UCTHIE KOJIOHHUH, INPU
MHKPOCKOIIMM HaOIIoJany KIETKH OKpyrioi ¢opmel. M3ydeHne crnennpuyeckux
CBOMCTB LITaMMa BBIABHJIO MHTUOHpYtowmuid s¢ddexr npucyrcreus 50% u 60% riro-
KO3bI B Cpefie, OTMEUCH Cladblil pOCT IPH TOBBIMICHHBIX Temmeparypax. Hccnenye-
MBI IITaMM MPOSIBISIET YPEa3HYIO U MPOTEOTUTHIECKYIO aKTHBHOCTh, HE CHHTE3UPY-
€T KanMaHOHOﬂO6HbIX COeﬂHHeHHﬁ. AMUIOIUTHYECKAS M JIUMIOJUTHYECKAs aKTHB-
HOCTh He BbIsiBIIeHA. [I0CTAHOBKA 9KCIIEPUMEHTOB i Vivo (TOKCHYHOCTH, TOKCHI€H-
HOCTh, BUPYJICHTHOCTh M AWCCEMHWHANUS) Ha OENBIX MBIIIax-caMiax JuHUM Balb/c
BbIIBHJIA OTCYTCTBUE HEIaTUBHOI'O BJIMAHUSA aHAJIU3UPYEMOI'O LITaMMa Ha MOAOIIBIT-
HBIX >XHMBOTHBIX. l_[pOBe)leHHbIe UCTIBITAHUA TICPUOANYECCKOrO FJ'Iy6I/IHHOFO pexumMa
KyJIbTHBHPOBaHUS M JTa0OPATOPHBIC TECTHI [0 OMPEICICHUIO MOKa3aTeNell KadyecTBa
JPOXIKEBOH OHOMAcChl CBUACTENILCTBYIOT O BO3MOXKHOCTH J@JbHEHIIEro M3ydeHHs
R. Mucilaginosa AgIV RCAMO05019 B xadecTBe 00beKTa IS MOJTYYSHUS] KOPMOBOT'O
Gerka.

Knrouesble cioBa: Rhodotorula mucilaginosa, Basidiomycota, nneatudukanus,
single-cell protein, KOpMOBO# GEIOK, TOKCHT€HHOCTD, TOKCHYHOCTb, JTUCCEMUHAITHS
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ctBenHoro 3ananusi HUOKP ®I'bOY BO «ActpaxaHckuii TOCyIapCTBEHHbIH TEXHU-
YECKHI YHUBEPCUTET».
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Summary. The pigmented yeast Rhodotorula, which belongs to the division Ba-
sidiomycota, family Sporidiobolaceae, and class Microbotryomycetes, is found in a
wide variety of natural reservoirs, including air, soil, freshwater, seawater, plant sub-
strates, and milk. This yeast is distributed from tropical regions to the permafrost of
the Arctic Circle. Various strains of Rhodotorula are considered safe and promising
biotechnological candidates for the production of a wide range of biologically active
substances, such as proteins, lipids, and vitamins. However, despite its low patho-
genicity, an increasing number of studies are reporting on the pathogenic potential of
this species, including cases of dermatomycosis in immunocompromised patients. The
aim of this study was to obtain and investigate the cultural, morphological, physiolog-
ical, and biochemical properties of the yeast strain Rhodotorula mucilaginosa AglV
RCAMO05019, as well as to explore its potential use as a source of feed protein.

The objects of this research were the yeast strain Rhodotorula mucilaginosa
AglV, which was previously isolated from the epiphytic yeast complex found in the
fruiting bodies of the champignon Agaricus sp. This strain was obtained from the mi-
crobiological monitoring laboratory within the Department of Applied Biology and
Microbiology at Astrakhan State Technical University. Additionally, the collection
strain of Candida tropicalis SK-4-1 was provided by the All-Russian Scientific Re-
search Institute of Agriculture (Pushkin) to serve as a control strain for the experi-
mental enhancement of cell biomass under various submerged cultivation modes. Ob-
taining a pure culture, analyzing cultural-morphological and physiological-bio-
chemical characteristics, assessing growth kinetics, conducting deep cultivation on an
orbital shaker, performing periodic cultivation in a fermenter, and carrying out physi-
cochemical studies to determine biomass quality were carried out using standard
methods. The yeast strain under investigation was identified through Sanger sequenc-
ing, which determined the nucleotide sequence of a fragment of the ITS region at the
All-Russian Research Institute of Agricultural Microbiology in Pushkin. This strain
has been deposited in the Departmental Collection of Beneficial Microorganisms
for Agricultural Purposes under registration number RCAMO05019 (FGBNU
“VNIISKHM?”). The safety of the yeast strain, including its toxicity, toxigenicity, vir-
ulence, and dissemination potential, was evaluated in white male Balb/c mice.

On solid Sabouraud medium, the studied strain of Rhodotorula mucilaginosa
AglV RCAMO5019 exhibited growth in the form of a smooth, shiny, mucus-like
streak of bright pink color. It did not penetrate the surface of the nutrient medium (see
Fig. 1a) and formed a large pale pink colony on morphological agar (see Fig. 1b). Mi-
croscopic examination revealed round-shaped cells measuring 1.5-2.3 um (see
Fig. Ic). The results of the analysis of micro-, macromorphological, and physiologi-
cal-biochemical characteristics are presented in the block diagram (see Fig. 2). When
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comparing the analyzed nucleotide sequences with those deposited in BLAST, the
species Rhodotorula mucilaginosa was identified as the closest match to the strain
under study, with a similarity of 99%. The R. mucilaginosa AglV strain RCAMO05019
has been deposited in GenBank under accession number PP531621. No signs of acute
toxicity, toxigenicity, virulent properties, or dissemination effects were observed in
the identified strain of R. mucilaginosa AglV RCAMO05019; this strain did not result
in the death of laboratory animals. The mice remained active and mobile, with clean
skin and unchanged fur. They exhibited a normal appetite and reactions, did not lose
weight, and the surfaces of their internal organs appeared smooth, with no visible pa-
thology, normal coloration, and a dense structure (see Tables 3 and 4). When as-
sessing growth kinetics, the most significant effect was observed in the growth medi-
um containing molasses, which is characterized by a pronounced exponential growth
phase of the test strain (see Fig. 3). When the stock culture was established using
depth culture on an orbital shaker, intensive growth of R. mucilaginosa AgIV
RCAMO05019 strain cells (10 cells/mL) was detected as early as one day after the ini-
tiation of the culture, in contrast to the control strain C. tropicalis CK-4-1 (4.0 x
10° cells/mL) (see Table I). From the analysis of experimental data obtained during
periodic cultivation in a fermenter, it was established that the R. mucilaginosa AgIV
RCAMO05019 strain (6.0 x 107 cells/mL) accumulates biomass in a shorter period
compared to the C. tropicalis CK-4-1 strain (5.0 x 107 cells/mL) (see Table I). The
quality indicators of the biomass for the tested strains meet the requirements outlined
in regulatory documentation: moisture mass fraction for R. mucilaginosa AgIV
RCAMO05019 is 11.5%, while for C. tropicalis CK-4-1 it is 11.8%; ash mass fraction
for R. mucilaginosa AglV RCAMO05019 is 7.0%, and for C. tropicalis CK-4-1 it is
7.8%; and the mass fraction of crude protein for R. mucilaginosa AglV RCAM05019
is 67%, whereas for C. tropicalis CK-4-1 it is 48% (see Table 2).

The article contains 4 Figures, 4 Tables, 45 References.

Keywords: Rhodotorula mucilaginosa, Basidiomycota, identification, single-cell
protein, feed protein, toxigenicity, toxicity, dissemination

Fundings: the work was carried out within the framework of the state assignment for
R&D Astrakhan State Technical University.
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BBenenne

[MurmenTupoBaHHbIe IpoAcKU Rhodotorula, npunaanexamue K oTneny Basi-
diomycota, cemeiictBy Sporidiobolaceae n xnaccy Microbotryomycetes, oOHa-
PY>KUBAIOTCSI B CaMbIX Pa3HbIX MPUPOJHBIX pe3epByapax (BO3IAyX, MOYBA, Mpec-
Has ¥ MOpPCKas BOJIA, PACTUTEIbHBIC CyOCTpPAThl, MOJIOKO U T.1.), PacIpocTpa-
HEHHBIX OT TPONHMYECKHX PETHOHOB J0 BeyHOH Mep3notTsl IlomsipHOTO Kpyra.
OTH APOROKEBBIE BUIBI 00Pa3yIOT TIAIKKE, BRITYKIIBIC SPKO-PO30BEIC, OpaHKe-
Bble U KpacHble MacisHucThie (rpu Temneparype 30°C) unu ciausucteie (mpu
temneparype Hrke 20°C) KOJIOHUU ¢ KPYTJIBIMH WU OBaJIbHBIMU KJIETKam# [ 1—
5]. BuiepBbie aToT BU 0O0HapyxeH u onmcaH ®pancucom Yapib3om Xappuco-
HOM B 1930 r. pu uccneaoBaHUM IPOACGKEBON MUKpOOUOTHI chipoB [6]. 1o naH-
HBIM MeXXayHapOHOM MHUKOJIOTMYECKONW acColMalluu Ipoxoku R. mucilaginosa
OTHECeHBI K otaeny Basidiomycota, cemelctBy Sporidiobolaceae, mopsnky
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Sporidiobolales, wnaccy Pucciniomycotina (umt.: mo Z.Li, C.Li, P.Cheng,
G. Yu, 2022) [6]. Huzkas natoreHHOCTb R. mucilaginosa, BeposTHO, CBsI3aHa CO
CHW)KEHHOM CIIOCOOHOCTBIO K pocTy mipu 37°C, 4TO OOBIYHO TMOBBIIIAET BUPY-
JICHTHOCTh MATOTEHHBIX MTaMMOB [7]. Jdpoxoku Rhodotorula mucilaginosa 006-
JAAI0T TPEHUMYIIECTBOM TIepe]] OaKTepHsIMU, MUKPOBOIOPOCIISIMU U PACTCHHUS-
MU Ornarojaps OJHOKIETOYHOH (hopme, OBICTPOI CKOpOCTH pocTa, HETpeOoBa-
TEJIHOCTH K JEHIEBBIM CyOCTpaTaM U3 arpONpOMBIIUICHHBIX OTXOIOB H, CIEI0-
BaTEIbHO, YKOHOMUYECKHU BBITOJHBI IS TIONTYy4eHUs OMOMACCHl B (hepMEeHTEpax
[8]. R. mucilaginosa sBnseTcs NpOAYLEHTOM MPUPOIHBIX KapOTHHOUIOB, OKpa-
[IMBAIONIMX KOJOHHUW B OPAaH)KEBBIC, PO30BBIC U KpacHbIe OTTeHKHU [9]. OOHapy-
XKeHO, uTo R. mucilaginosa cuuTe3upyer B-KapoTUH, TOPYICH H TOPYIAPOIUH
[6], NPOSIBISIFOIME AaHTUOKCUIAHTHBIC, TPOTUBOOITYXOJIEBHIE U UMMYHOCTUMY-
nupyromntre cBorctBa [10]. Tem He MeHee, HECMOTPSI Ha HU3KYIO TaTOTCHHOCTb,
MOSIBIISICTCS. BCE OOJIBIIE OMYOJMKOBAHHBIX JAHHBIX MO NATOTCHHOCTH JAHHOTO
BHJa, HANPUMED, 3a00JIEBAEMOCTh IEPMATOMHUKO3aMH Y TAIIMEHTOB C OcalieH-
HBIM UIMMYHHTETOM [6].

B HacTosmee Bpemsl IPOCIICKHUBACTCS TCHICHIUS YBEJIWYCHUS CIIpOca Ha
OenkoBble MpomyKThl muTaHus [11]. OgHAaKO COBpEMEHHAs AaHTPOIIOTCHHAS
Harpy3ka B YCJIOBHSX MEHSIOIIETOocs KIIMMAaTa IPEICTaBISIET CEPhEIHYIO YTPo3y
JUTSL IPOJIOBOJIECTBEHHBIX PeCcypcoB. Bo3HMKaeT ocTpas HEOOXOJMMOCTh TIOMCKA
QIFTCPHATUBHBIX 3KOHOMHYECKHX PEHICHUH TPaJUIUOHHBIM OPOTOCTOSIIIHM
HCTOYHUKAM OeJKa, MOCKOJBKY JIIOAW M3 Pa3BUTHIX CTPaH 3aHMHTEPECOBAHEI B
pa3paboTke Oosee 370pOBBIX MPOAYKTOB MUTAHUS C ONTHMAIBHBIM COCTaBOM
AMHHOKHCIIOT ¥ JKUPOB, IIPOU3BEACHHBIX YKOJIOTHYECKH OE30MACHBIM CIIOCOOOM
[12—14]. benkoBas 6momacca npoxokei (single-cell protein) mpencrasiser co-
0011 IPOIYKT, MOTyJaEMBIi IPH MIPEUMYIIECTBEHHOM HCIIONB30BAHUN B Kade-
CTBE NHTATEIBHOW CPEIbl PA3IMYHBIX CEIHCKOXO3SHCTBEHHBIX W ITPOMBIIUICH-
HBIX OTXOJOB. JIp0oK:KeBOil OEOK paccMaTpUBAETCs KaK IICHHBIA MCTOYHUK He-
3aMEHMMBIX aMHUHOKHUCIIOT (M30JICHUIINH, JICHIIMH, JTU3HH, (peHIIalaHnH, METHO-
HUH ¥ TPEOHHH, TPUNTO(AaH, BAINH), Kaiblus, Gocdopa, IUHKA U MHUKPOIIIE-
MeHTOB [ 15]. BuoTuH, GonmeBas KUCIOTa, MUPUAOKCHH, pUOO(IABHH, THAMHH H
[IMaHOKOOaJlaMUH, IIPUCYTCTBYIOIIME B OCIIKOBOK OHMOMacce JIPOKKEH, BBIMOJI-
HSIOT Ba)KHbIC KaTraboinyeckrue (YHKIMH B KaueCcTBE KO(PEPMEHTOB, Y4acTBY-
IONIMX B METAa0OJM3ME YIIIEBOJOB, JIUIHUIOB M OenmkoB. Takum oOpa3om, BO3-
MO>KHOCTH TIOJIYYCHHS IPOKKEBOTO OEJKa HE TOJIBKO OOECHECUMBAET BBICOKHE
MUIIEBBIE TOTPEOHOCTH, HO M peIIacT MpobJjeMy YTHIM3alUH OTXOJO0B IIPOH3-
BOJICTBA M, CJICJIOBATENBHO, SIBISICTCS YKOJOTMYECKH HATypallbHBIM U Oe3omac-
HBIM [6].

JpoxoKeBoi OEIOK MOXKHO HCIIOJB30BaTh KaK HEJIOPOryI0 J00aBKY B pas-
JUYHBIX MHIIEBBIX TPOIYKTaX, IIOMOTasl BOCIIONHUTE po0iieMy OENKOBOTO Jie-
¢dunmTa 11 HACENICHHSI BO BCEM MHpE, a TAK)KE B Ka4eCTBE KOpMa IJIsl JKUBOT-
HbIX [6]. JIposKeBbie TOOABKM IS NTHUIl U YTOK HOPMAaIU3YIOT MHKPOOHOTY
KHIICYHUKA, WHIHOMPYIOT KOJOHHU3ANUI0 OaKTEPUANFHBIX MATOTCHOB B JKEIY-
JOYHO-KUIICYHOM TPAKTE, YCIINBAIOT UMMYHHBIC PEAaKIUH, YIyUIIAIOT TOKa3a-
TeJM MsCa ¥ CTaOWIM3UPYIOT 3HaueHne pH pyOiia >kBauHBIX KUBOTHBIX [16].
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B nocnenHee BpeMs APOAGKH U KOMIIOHEHTBI UX KJIETOUHBIX CTCHOK YCIIEII-
HO NPHUMEHSIOTCS B Ka4eCTBE UMMYHOCTUMYJSTOPOB B aKBakyiabType. MHoro-
YHCIICHHBIC NCCIIEIOBAHUS MOKA3hIBAIOT, YTO MOMYYEHHBIC U3 APOXIKEH [-Tiro-
KaHbl 1 MaHHaHOJMIOCaXapu/Ibl CIIOCOOCTBYIOT YCHIEHHIO MIMMYHHOT'O CTaTyca
U PErylupyloT KHUIIEYHYI0O MHUKPOOHMOTY Yy pa3iM4HBIX BuIoB pbiO [17, 18].
X.Q. Chen etal. [19] BBIIBIIM HMMYHOCTHMYJIMPYIOUIHA ¥ aHTHOKCHIAHTHBIN
3¢ dexT, yaydieHne mokazaTeae pocta ¥ TeMaToJIOrHYeCKUX apaMeTpoB IPH
J00aBIEHUU B PAllMOH MOJIOAU HWIBCKOW TENAMUM OMOMACCHI MMIPOIU30BaH-
HBIX JIpoxcked R. mucilaginosa.

Lenp nccnenoBaHust 3aKII0YaIach B MOMYICHIH U U3YYCHUN KYJIbTYPaIbHO-
Mopdoornueckux, (GpU3NONIOro-OHOXMMUYECKUX CBOMCTB INTaMMa JPOOKEH
Rhodotorula mucilaginosa AgIlV RCAMO05019 1 BO3MOXHOCTH €ro mpuMeHe-
HUS B KauecTBe 00BEKTa IS OITydIeHHU KOPMOBOTO OeKa.

MaTepnanbl U METOAUKH UCCJICTOBAHUSA

OObeKTaMU UCCIICAOBAHUHN SBJSUTUCH IITaMM ApPOXkeld R. mucilaginosa
AglV, paHee MOMYYEHHBIH U3 AMUGUTHOTO JAPOMIKEBOTO KOMILICKCA TLTOJOBBIX
TeN MIAMIUHBOHA Agaricus sp. B HAyYHO-HCCIIEIOBATEIbCKON JIabopaTopuu
MHKPOOHOJIOTHYECKOTr0 MOHUTOpUHTA Kadenps! «[IpuknanHas OHOIOTHS U MUK-
pobuoorus» ACTpaxaHCKOro roCyJapCTBEHHOTO TEXHUYECKOTO YHHBEPCUTETA
[20], 1 xoJUIeKLIMOHHBIN WwTamMM apoxokeil Candida tropicalis CK-4-1, npeno-
CTaBlIeHHBIM BcepoccniickuM Hay4YHO-HCCIEIOBATENBCKUM HHCTUTYTOM CEllb-
ckoro xo3siicta (r.IlymkuH) B KadecTBe KOHTPOJIFHOTO IITaMMa JUIS JKCIIe-
PUMEHTAJIBHOTO HApaIIUBaHUsI OMOMACCHI KJIETOK B YCIOBHSIX MEPUOTHYECKOTO
KyJIbTUBUpOBaHUs B epmeHTepe. B paboTe ncnonb3oBanu MHUKpoOHoIorHiec-
KHe, OMOXUMHYECKHE, OMOJIOTHUCCKIE, TOKCHKOJIOTHYCCKHE, MOJICKYIISIPHO-Te-
HETHYeCcKue, OMOMH()OPMATUBHEBIC U CTATHCTHYCCKUE METOIBI.

THonyuenue uucmoii Kyiomypul, aHaius KyabmypaibHo-mophorocuteckux u
@uzuonoeo-buoxumuyeckux npuznaxos. Iy TOMydeHUS UYUCTOH KyIBTYPHI
R. mucilaginosa AgIV pyKoBOJCTBOBaJIMCh CTaHAAPTHBIMH METOJUKAMU IMOCTIe-
JIOBaTEIBHBIX MEPECEBOB HA IUIOTHYIO cpeny Cadypo [21]. Mopdomoruro mpox-
KEBBIX KJIETOK M3y4aIH METOAOM CBETOBOH MUKPOCKOITMH OKPAIIEHHBIX Mpera-
patoB (Muxpomen P-1 (LED), Poccus) [22]. UccnenoBanne Makpo- U MHUKPO-
MOP(OIOTHIECKUX MPHU3HAKOB BKIIOYANIO KYJIFTHBHPOBAHHE TECTUPYEMOTO
mTamMMa B OyiboHe Cabypo, Ha yamkax ¢ MOp(HOJIOTHIECKUM arapoM BBISBIISITH
POCT TUTAHTCKUX KOJOHHH, (POPMUpPOBAHHE MCTHHHOTO M TICEBIOMHUIIEIUS TIPU
BBICEBE Ha KapTO(EIbHO-TIIIOKO3HBIN arap, CIIOCOOHOCTh K 00pa3oBaHUIO Oai-
JIMICTOCIIOP M ACKOCTIOP OTNPENEISUTM YaIledHBIM METOJIOM C HCIHOJIB30BaHHEM
MoaupuimpoBaHHo# cpenbl ['opoakosoii [22].

Cneyughuueckue ceoticmea. OCMOTONEPAHTHOCTh aHAJTM3UPYEMOTO LITAMMa
W3y4aia IpH KyJIbTUBUPOBAHUY B IPOOHUPKAX C MUTATEIHHON Cpeoii ¢ BHECEH-
HbIMU 50% u 60% rinroko3bl B TeueHUe 7 cyToK npu Temmneparype 21-25°C [22].
CriocoOHOCTh K POCTY NpH HOBBIEHHBIX Temmepatypax (30°C, 37°C, 40°C)
onpeAensuld noceBoM mramMma R. mucilaginosa AgIV B mpoOUPKHU € TITIOKO3HO-
MENITOHHOW CPEeON W TePMOCTATUPOBAIN NP 3aJaHHBIX TEMIIepaTypax B Tede-
Hue 7 cyTtok [22].
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Ji1st mpoBepKH CIIOCOOHOCTH K aCCHMIIIALIUN HCTOYHUKOB YTIIEPOAA KYJIbTY-
Py WITPUXOM BEICEBANU Ha crenuanbHyto cpexy «Difco» [22]. Ipu cOpaxmupa-
HUU caxapoB (TJIFOKO03a, JaKTO3a, caxapos3a, MalibTo3a, padduHo3a) ollcHUBAIH
HaJIM4yHe ras3a, ocajka U NoMyTHeHUs [22]. Ypea3Hyl0 aKTUBHOCTb OIpPeNeisuTi
MOCEBOM JIPOXOKEBOTO LITAMMa HAa CKOLIEHHYIO cpelly XpUCTEHCEHa, COAepKa-
uryto 20 Bec. % pacTBop MoueBUHBI [22]. [l OLEHKH aMUIIOIUTUYECKON aKTUB-
HOCTH HITaMM KYJIbTUBHPOBAIHM B TE€YEHHUE 5 CYT Ha IJIOTHOM MUTATEILHOM cpe-
Jle ¢ BOJIOPACTBOPUMBIM KpaxMajioM, 3aTeM JUId BBIABICHHS 30H FHIPOIMU3a MO-
BEPXHOCTh arapa C BBIPOCHIMMH KOJOHHMAMH 3anuBaiu Jlroronem. IIporeonms
Ka3erWHa BBUIBIISUIN YAIIEYHBIM METOJOM C HCIONB30BAaHHEM MOJIOYHOH Cpersl.
Uepes 5 cyT KyJIbTUBUPOBAaHUS 30HBI THAPOIIU3a 3aMEPSUIA OT Kpasi LITpUXa Hc-
CJIelyeMOoro ITaMMa JI0 TpPaHHIbI 30HbI OCBETJIEHUS MUTATeIbHOU cpensl [21].
J7is onpeaeneHus TUMOIMTHIECKOH aKTUBHOCTH TECTHPYEMBIH IITAMM Ta30HOM
BBICEBAJIM HAa arapusupoBaHHyI0 cpeny Cemubepa ¢ pobGaBieHHEM OPOMTHMO-
JIOBOTO CHHEr0, Yepe3 CYTKH KyJbTUBUPOBAHHS B TEPMOCTATE MPHU TEMIIEpaType
30°C oueHMBaIM HATMYME 30H TUAPOIN3a OKOJIO BEIpOCHIEH KyIbTyphI [21].

[IpenBapuTenbHy0 HICHTU(PHUKAINIO HCCICAYEMOro INTaMMa OCYIIECTB-
JISUTH, OMTUPAsICh HA TOyYCHHBIE PE3YNIBTAThl KyIbTYPAIbHO-MOP(OIOTHUECKIX
u  (PU3NOTOTO-OMOXMMHYECKUX CBOICTB € WCIIONB30BAHUEM ONPEACTUTENCH
B.U. Kynpssuesa «Cucremaruka npoxokeii» u C. Kurtzman et al. «The yeasts: a
taxonomic study» [23, 24]. [Tony4eHHBIX JaHHBIX OBLIO HEJOCTATOYHO JUIS OT-
HECEHUS K POAY, IO3TOMY aMILTH(UIIPOBAIN BHYTPEHHHIE TPAHCKPUOUPYEMEbIC
cneiicepsl (ITS) mocnemxoBatensHOCTH prubocomHuoii JTHK.

Monexynapro-eenemuyeckaa uoenmugpuxayus. Vlccnemyemplii ITaMm Ipox-
xeir R. mucilaginosa AglV uneHTH(UIIMPOBAH METOIOM CEKBEHUPOBAHUS IO
Cenrepy ¢ ompeneneHHEM HYKICOTHIAHOM IOCIEIOBATEIBLHOCTH (hparMeHTa
ITS-peruona Ha Gaze @I'BHY «Bcepoccuiickuil Hay4HO-UCCIIEIOBATEIBCKUIM
HWHCTHUTYT CENbCKOXO3AHUCTBEHHOM MHUKPOOUOJIIOruU», I. IIylIKUH, U I1EenOHUpPO-
BaH B BemoMCTBEHHON KOJJICKIIMU IOJIE3HBIX MUKPOOPTAaHH3MOB CEIBCKOXO-
3SIICTBEHHOTO0 Ha3HAuY€HUS IMOJA perucrpalroHHeM Homepom RCAMO05019
(OI'BHY «BHUUCXM»). JIJHK cyTouHO#l KyabTyphl BBIAEHSIN JTU3UPOBAHUEM
CTAB u SDS ¢ nocnenytomeit penon-xmopodopmHoii sxcrpakiueid. [locie am-
mwmdukanuu Gparmenta ITS-perunona ¢ momompto npsmoro (TCCGTAGGT
GAACCTGCGG) un ob6patnoro (TCCTCCGCTTATTGATATGC) npaiimepos
ITS1-ITS4 u mocnenyromieil OYUCTKN U3 TENSI OCYIIECTBISUI CEKBEHUPOBAHME
HYKJICOTHJTHOW TocliefoBaTeNbHOCTH (parmenTa [TS-pernona Ha cekBeHaTope
Applaid Bioscience XL.3500 ¢ npuMeHeHHEM TpaiiMEpPOB U PEAKTUBOB IO IPO-
ToKOIy U pekomenaamusiM ¢pupmbl Applied Bioscience (CLLA) [25]. Cxonctsa
HYKJICOTHIHBIX TOCIIETOBATEIIFHOCTEH MPOAHATM3HUPOBAHBl C HCIIOIB30BAHUEM
nporpamMm BLAST GenBank.

Jlis oLleHKU KMHETHKH pocTa R. mucilaginosa AgIV 1 KOHTPOIBHOrO LITaM-
Ma C. tropicalis CK-4-1 UCIonp30BaIi TpY BapuaHTa 3KCIICPUMEHTAIBHBIX ITH-
TaTeIbHBIX cpex (T/1):

1) npu KyabTUBUPOBAaHUU Ha Cpejie C TIII0K030# (rmoko3a — 15,0; nenton —
5,0; KH,PO, — 3,0; MgSO, — 1,0; H,O — 1,0);
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2) mpu KyJbTHBUPOBAHWM Ha MHUTATENILHOW cpele ¢ Mesaccoi (Mmenacca —
20,0; (NH4)st4 — 4,5; KH2P04 — 0,85; KZHPO4 — 0,15; MgSO4 X 7H20 — 0,15;
NaCl - 0,1; CaCl, x 4H,0 - 0,1; H,O — 1,0; pH =5,0);

3) npu KyJbTHUBUPOBAHUHU HA CTEPUIILHON MUBHOU APOOHHE (M3METBUYEHHYIO
B (¢apdopoBoii crymke HaBecky 70T 3amuBamu 11 BOJONPOBOJHOW BOJEI,
OCTaBIIIM HA CYTKH, 3aT€M TIIATEIHHO MEPEMEIINBAIN, HACTAUBAIH €Ile He-
CKOJIBKO YacoB. 3aTeM OT(HUIBTPOBBIBAIN 0 MOJTHOH MPO3PAYHOCTH, JOBOIAMIH
pH no 4,3-4,8 u Ha 1 1 pacTBOpa no6aBmsuHn 4,5 T cynbhaTa ammonus) [26].

DKCIEepUMEHTAIIbHBIE CPEbl CTEPUIIM30BAIHM aBTOKJIaBUpoBaHueM 20 MHUH
npu Temreparype 121°C, nocie 4ero pasnuBalid B MEHUIMIUTMHOBBIE (DIIaKOHBI
o6bsemom 10 mit 1 3aceBau 1 MJI CyCIIEH3MH KIETOK JPOMXOKEBBIX IITaMMOB [26].
[Mocersr uakydupoBamu npu 25°C B TeueHne 96 4, mpupocT GHOMACCHI KIETOK
OTIpEACTISUTA OTOOPOM MPOO B KOHTPOJIbHBIE TOUKH (KaXIbIe 6 4) JUTsl ToJIcUeTa
HEPETOMETPHUECKIM METOIOM. V3MepeHne ONTUYeCKOW TIOTHOCTH (CIIEKTPO-
¢dorometp I[Mpomdkomad I13-5300 B, Poccus) m mocTpoeHHe KaarOpOBOYHOU
KpHUBOU MTPOBOMIIN TT0 PEKOMEHIOBAHHBIM METOAUKaM [26].

B xauectBe xHIKOH cpeabl A INIyOMHHOI'O KYJIBTHBUPOBAaHUS Ha OpOU-
TaJbHOM IIEHKEepe HCIOJNb30BAIM MHUTATEIbHYIO Cpelly CIEOYIOLIEro COocTaBa
(r/m): menmacca — 20,0; (NH4),SO,4 — 4,51; KH,PO,4 — 0,851; K;HPO, — 0,15T;
MgSO, x TH,0 — 0,151; NaCl — 0,1r; CaCl, x 4H,0 — 0,1r; H,O — 1,0; pH=5,0,
B KOTOPYIO BHOCWJIM MO | MJI MHOKYJIATA UCCIEAYEMBIX IITAMMOB APOXKel R.
mucilaginosa AgIV n C. tropicalis CK-4-1, conepkaliero HadyaJlbHyl0 KOHIICH-
Tpauio Kietok 4,9 x 10° kierox/mir. IToceBHoit MaTepHuall BBIPAIUBAIN HA Op-
OuTtampHOM Ielikepe B konbax (00bem cpembl 40 MiI) B TEUEHUE CYTOK MpHU
25°C. Tutp ApOAOKEBBIX KJIETOK MOACYUTHIBANIU B Kamepe [ opsieBa—Toma [27].
[Monw3ysice popMyrnoii, BEICUMTHIBAIH YAETBHYIO CKOPOCTh pocTa (pacdeT mpo-
BOJIWUIM B DKCIOHEHIMANbHOU (ase pocta) [26]: Kp =2,303(1ga, —Iga))/(t,— 1),
I7ie a; — KOJIMYECTBO KJIETOK B Hayaje OMbITa; d, — KOJTUYECTBO KJIETOK B KOHIIE
MIPOMEXYTKa BpeMeHH; (£, —t) — MPOMEKYTOK BpPEMEHH OT Hadaja OIbITa, U,
2,303 — ko3 purHeHT mepeBoja HATYPaANTEHBIX JIOrapu(MOB B IECSITUIHBIC.

Iepuoouueckoe kynvmusuposarue 6 gpepmenmepe. Ilocne THKyOUpoBaHHS B
MMOCEBHBIX KoyI0ax Oromaccy mrtamMMoB R. mucilaginosa AglV (HadambHBIA TUTP
kierok 10 x 10° knerox/mn) u C. tropicalis CK-4-1 (HayanbHbIA TUTP KIETOK
4,0 % 10° KJICTOK/MJI) TIEPEHOCWJIH B Ta30BO-BUXpEBOi Onopeaktop «TopHamo»
(«Casubly, Poccus, V=10m) nns nepruoandeckoro KyJIbTHBUPOBAaHUS B IHTA-
TENBHON Cpelie TOTo K€ COCTaBa, 4TO M JUIA NIIyOMHHBIX KynbTyp. IIpomecc
HapalBaHug OMOMacchl APOXKEH TPOBOJWIN B TEUEHUE CYTOK IPU TeMIlepa-
Type 26-28°C, aspauuu 15-25 Mg Ha 1,0M° cpensl, pH=15,0. Bribpanusie
mapaMeTphl ONPEAEIIUIICH UCXOIS U3 WHANBUAYATBHBIX HOTPEOHOCTEH KYIbTH-
Bupyemoro mramma [28, 29]. KoHTpOJb YUCIEHHOCTH KJIETOK OCYLIECTBIISIH
MEPUOMYECKUM B3SITHEM MPOO KYJNBTYPadbHOM JKHUAKOCTH W MOJCYETOM B Ka-
Mepe [opsieBa—Toma [27], paccunThiBaIM yAelbHY0 cKopocTh pocta (Kp) [26].
[Ipu xaxnom orbope mpod KoHTponupoBaiu 3HayeHue pH c¢ momompto pH-
MeTpa Hanna pHep5 HI 98128 (I'epmanus). LieHTpudyrupoBanue KyinbTypaib-
HOU )uakoctd npooawau npu 500—10000 o6/mMun B Teuenue 15-20 muH, Cy-
MepHATAaHT CIMBAIH, OCAJ0K IMPOMBIBATH IUCTI/UIMPOBAHHOW BOIOW M CHOBa

59



buomexnonozus u muxkpooéuonozusn | Biotechnology and microbiology

HeHTPU(YTHPOBAJIH, TIOCIE YEr0 BBRICYIIUBAIU B CYHIMIFHOM MIKapy HpU TEM-
neparype 80°C [26] u mo meronukam ['OCT 20083-74 «ApoxKH KOPMOBBIE.
TexHIUYECKHE yCIOBUS» OLICHUBATH KaUYECTBCHHBIH COCTAaB OMOMACCHI IITAMMOB
(MaccoBas 10Jig BJIaru, MaccoBasi 10JI 30J1bl, MacCOBast I0JIsl ChIPOrO MPOTEHHA)
[30].

Onenka Oe3omacHocTd R. mucilaginosa AgIV Bkitoyana omnpeneieHue TOK-
CUYHOCTH, TOKCUTE€HHOCTH, BUPYJIEHTHOCTU U auccemuHanuu [31] na 140 MbI-
mrax-camuax guau Balb/c B ®I'BY «Hay4uHo-uccnenoBaTeabCKuii HHCTUTYT O
M3y4YeHUIo Jienpbl» Mun3zapaBa Poccum, 1. AcTpaxaHb (Ha OCHOBAaHUH TIPUKa-
3a MunucrepctBa 31paBooxpanenus Poccuiickoit ®@enepanuu ot 01.11.2021
Noe 1029 ¢ 01.04.2022 r. ®I'BY «HayuHo-uccienoBaTenbCKuii HHCTUTYT MO U3Y-
YeHUIO JieTipb» Munznpasa Poccun npucoenunen k ®I'BOY BO Actpaxanc-
kuii MY Munsnpasa Poccun). Conepixanue 1a00paTOpPHBIX JKUBOTHBIX (TIepe-
BOJ M3 NMUTOMHUKA BUBApHUs, aJalTalusi, SKCIIEPUMEHTAIbHbIE HCCIIEOBAHMUA)
COOTBETCTBOBAJIO JIEHCTBYIOIIMM CaHUTApPHBIM TpeOoBaHusAM, npaBmiaMm GLP u
aTudyeckuM HopMmam [32, 33]. B skcriepumeHTax Mo OlEeHKE OCTPOl TOKCHYHOCTH
U BUPYJIEHTHOCTU JPOXOKEBOTro mramma R. mucilaginosa AgIV KoHTponbHast
rpyIia Mblliei nonyyana GU3NOIOrHUECKU pacTBOP B 00bEME, COOTBETCTBYIO-
LIEM J03UPOBKE CYCIIEH3MM ITaMMa B ONBITHBIX Ipynnax. OcTpyro TOKCHY-
HOCTh HCCIJICZIOBAJIM OJHOKPATHBIM BBEJCHHEM BHYTPHUOPIOIIMHHO U per oOS
1,0 MI1 cycrieH3ur TepMOMHAKTUBUPOBAHHOTO TPEXCYTOUHOTO HITaMMa TUTPOM
1 x 10'° KOE/mbimib ¢ MOCTICIYFOIUM HaOIFOICHUEM 32 TTOJIOTIBITHBIMU KHBOT-
HbIMH B TedeHue 14 cyrt. [[nst olleHKH BUPYJIEHTHOCTH U JucceMuHanuu 1,0 mu
CYCIIEH3UU TPEXCYTOHYHOTO MCCIIEyeMOro ImTaMMa TUTpoM 1 X 10" KOE/Mpimb
BBOJIMUIM MBIIIIAM OJTHOKPATHO BHYTPHOPIOIIMHHO C €XETHEBHBIM HAOIIOICHACM
B Teuenue 30 cyr. Kaxapie 7 cyT akcriepumenta (7, 14, 28 cyT COOTBETCTBEHHO)
MIPOBOJIMJIM 3BTAHA3MIO U BCKPBITUE KUBOTHBIX U3 OIBITHOM TPYIIIBI AJIS BBISB-
JICHUS TUCCEMUHANMOHHOTO 3¢ dekra. OneHnBaIN TaTOJOr0aHATOMHUYECKIE U3-
MEHEHMsI IOYEK, CENE3EHKHU, IIE€YEHH, JIETKUX, CepLa, II0CIe Yero OCyLIeCTBIIs-
JIM TIOCEB BHYTPEHHUX OPTraHOB M KPOBH Ha IJIOTHYIO cpeay Cabypo mMeTomom
OTIEYATKOB, MOJyYEHHbIE KOJIOHUH OKPALIUBAJIA BOJAHO-CIIUPTOBBIM PACTBOPOM
(yKkcMHa M MUKPOCKOIIMPOBAIH C ILENBIO BBISABICHUS TECTUPYEMBIX LITaAMMOB
npoxokeit (Olympus CX41, OlympusCorp. Anonus). s nccineoBaHus TOKCH-
TCHHOCTH OT(QHIBTPOBAHHYIO Yepe3 OaKTepHaibHbIe (DUIBTPHI TPEXCYTOUHYIO U
CEMHCYTOYHYIO OyJIBOHHBIC KYJIBTYpHl INTaMMa Opoxckedl R. mucilaginosa
AglV BHYTpUOPIOIUHHO BBOJAWIM B Ao3upoBkax 1,0 u 1,7 Mmi (TpexcyTodyHas
npoxokeBas KynabTypa) u 0,8 m 1,5 M (cemucyTodHas ApOiOKEBas KyJIbTypa).
Ucnonp3oBanu BoceMb Tpymnn Melieil o 10 »UBOTHBIX B KaxJ0W. MbIu nep-
BOW, BTOPOH, TPETHEH M YETBEPTOU IPYII CIYKHJIN KOHTPOJIEM — OHH MOJTyYaIn
cTepuibHbIil OynboH CalOypo B aHajmoruunsix oobemax — 0,8; 1,5; 1,0; 1,7 mi.
JKUBOTHBIM TISITOM W MIECTON OMBITHBIX rpymil BBoawmd 1,0 u 1,7 Mt ¢uipTpara
TPEXCYTOUHOU KYJIBTYpBI, CElbMasi U BOCbMasl ONbITHBIE Ipymnnbl nosiyyanu 0,8
u 1,5 Mut punpTpaTa CEeMUCYTOUHOU KYIBTYpHI [31].

PesynpraTel momBepraiy CTaTUCTUYECKOW 00pabOTKE € WCIONh30BaHHEM
nporpammbl «BioStat-2009» (Analist Soft Ins., CIIIA) u makera mporpamm
Microsoft Excel.
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Pe3yabTaThl Hecsle0BaHuS U 00Cy:KIeHHe

Honyuenue uucmoii Kynomypol, mopgonocus kiemox. YUCTOTy BBIPOCIINX
KOJIOHMM aHaJU3UPYEMOH KyJIbTYphI APOXKENH ONpPEIeNsiii BU3YalbHO U C TIO-
MOILBI0 cBeToBOI Mukpockonuu (Mukpomen P-1 (LED), Poccus). Ha mtotHoit
cpene Cabypo uymcrast KyabTypa HCCIEAYeMOro IITaMMa IpoXoked R. muci-
laginosa AgIV RCAMO5019 mpencraBnser coboil rinajakuii, OiecTAImuid ciu-
3eMOOOHBIH MTPUX SIPKO-PO30BOTO IBETA, B TIOBEPXHOCTh MUTATEIBHOMN CpPEIbI
He Bpactai (puc. 1, a), Ha MOp(hHOJIOTHIECKOM arape 0Opa30BBIBAT THTAHTCKYIO
OJIeZIHO-PO30BYIO KOJIOHHUIO (pHC. 1, 6), TPU MHUKPOCKONMH HAOIIONANIN KIETKH
oKkpyToi ¢hopmel pazmepom 1,5-2,3 mkm (puc. 1, g).

Pe3ynbraTel aHanmm3a MHKpO-, MaKpoMOp]OIOrHYecKuX M (u3nonoro-ouo-
XUMHYECKUX TIPU3HAKOB NPECTABICHBI Ha OJIOK-cxeme (puc. 2).

Monexyaapno-cenemuuecxas uoenmuguxayus. Ciaenyomuidi 3Tan paboThl
3aKIIIOYANICS B MOJATBEPKACHUH TAKCOHOMHYECKON MPUHAUIC)KHOCTH IITaMMa C
MTOMOIIBIO MOJIEKYJISIPHO-TEHETUIECKOW MIACHTH()HUKAIINA METOIOM CEKBEHHPO-
Banus JIHK mo CaHrepy HykIIeOTHIHOH mocienoBaTeibHOCTH dparmenTta ITS-
perrona. Ha coBpeMeHHOM 3Tare pa3BHTHS MOJIEKYJISIPHOH OHOJIOTHH «30J10-
TBIM CTaHAAPTOM» SBJISICTCS] MACHTH()UKAIMS APOAXOKEBBHIX TPHOOB C HCIONB30-
BaHHWEM CEKBCHHPOBAHHWsS TeHeTmueckoro Mapkepa — ¢parmenra ITS (Internal

Puc. 1. Buennuii Buj konoHuit mrramma R. mucilaginosa AgIV RCAMO05019 n mopdomorns
€ro KJIETOK: ¢ — POCT Ha IIIOoTHOH cpene Cabypo, 6 — rUraHTCKasi KOJIOHHS Ha MOP(OIorHdec-
KOM arape, 6 — MUKPOCKOITHSI OKPAIICHHBIX BOJAHO-CIIMPTOBBIM PacCTBOPOM (YKCHHA Ma3KOB
[Fig. 1. Appearance of colonies of the R. mucilaginosa strain AglV RCAMO05019 and morphology of its
cells: a - growth on solid Sabouraud media, 6 - giant colony on morphological agar, ¢ - microscopy of
smears stained with aqueous-alcoholic solution of fuchsin]
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Maxkpo- u
MHKPOMOP()OIOrHIeCcKue

TIpU3HAKA

XapakTep pocta B Oynsone Cabypo.
KynbTuBHpOBaHHE IITAMMa
B Oynpone Cabypo conpoBoxia-
JIOCH IPUCYTCTBUEM ILICHKH,
B3BECH, IOMyTHEHHEM CPEIbl

KynbTHBHPOBaHHE I'UTAHTCKUX KOJIOHMUH.
Ha mopdonorunueckom arape popmupo-
BAJIMCh OKPYIJIBIC BBIYKIIBIC KOJIOHUH
C HepOBHOﬁ MOBEPXHOCTHIO, TUAMETPOM
2,3 £ 2 cM, He BpacTarol1e B arap

(puc. 1, 6)

TIceBnomunienuii, 6aJuIMCTOCIIOPBI U ACKU HE OOHAPYKEHbI

2 KynsTuBupoBanue Ha cpesiax Poct npu NOBBILICHHBIX TEMIIEPaTy-
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HpeHBapI/ITeJ'ILHaﬂ PIHGHTPI(bI/IKaI_II/IH Ha OCHOBAaHUHU PE3YIILTATOB Ky.TII)TypaJ'II)HO-MOp(bOJ'IOFI/I‘ICCKI/IX n
(1)H3HOJ'I01"0-6HOXHMH'-ICCKHX CBOICTB MO3BOJIMIIA CIENIATh TIPEANOI0KEHUE O pOZlOBOﬁ NPpUHAIICHK-
HOCTH UCCIEAYEMOTO IITaMMa K 63.31/IZ[MOMI/II_ICTOBLIM ApOXKiKaM poaa Rhodotorula

Puc. 2. biok-cxema pe3ynbTaToB U3y4eHHs KYIbTYPaibHO-MOP(OJIOTHUSCKUX U (PH-
310JI0T0-OHOXUMHUYECKHUX NTPU3HAKOB mTaMMa R. mucilaginosa AgIV RCAMO05019
[Fig. 2. Block diagram of the results of studying the cultural-morphological and physiological-

biochemical characteristics of the strain R. mucilaginosa AgIV RCAMO05019]

Transcribed Spacer), mo3BoJsifoIas YCTaHOBUTH (DUIIOTCHETHUECKYIO TPUHA-
JISKHOCTh M 3BOJIIOLIMOHHBIE ocobeHHocTr rpubHOK JIHK [34, 35]. IIpu cpas-
HCHHU aHAIM3UPYEMOW HYKJICOTHUIHOW MOCIICAOBATEIEHOCTH C ITOCIIECIOBATEIb-
HOCTSIMH, JenoHnpoBaHHbEIMU B BLAST, ycranoBumu Bua Rhodotorula mucila-
ginosa kak HamOoinee Omm3kmid K wuccmemyemomy mTamMmy (99%). Lltamm
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R. mucilaginosa AglV RCAMO05019 nenonupoBan B GenBank mox peructpa-
LMOHHBIM HOMepoM PP531621.

Kunemuxa pocma. J1nst onpeneneHus BIMsSHUS 0COOCHHOCTEH amanTaiuu K
KOMITOHEHTaM IMUTATEIFHON CPEbl U JUTUTEIBHOCTH KyJbTHBUPOBAHUS HA MPO-
necc pocta buomaccsl mwramma R. mucilaginosa AglV RCAMO05019 ouenusanu
KHHETHKY POCTa MOCEBAMH Ha KXY M3 SKCHEPHUMEHTAIBHBIX CPEI B IITH
MOBTOPHOCTSIX. Hanbomnpiumii 3¢ ekt moiydeH Ha MUTATEILHON cpeJie ¢ MeJlac-
COM, JJIs1 KOTOPOU XapaKTepHa IKCIIOHEHIMANbHAs (a3a pocTa KIETOK HCCIICHy-
emoro mramMa. bonee criaxxeHa SKCHIOHEHITMAIbHAS (paza Ha MUBHON IpOOHHE
C HENPOJIOJDKUTEIHLHON cTanroHapHou (ha3oii. Ha muraTensHOM cpene ¢ TIIoKOo-
300 pa3BUTHE KJIECTOK JIPOXOKEBOTO IITAMMA aHAJIOTUYHO POCTY HA MENACCHOM
cpelie, HO TUTP, OTPaXKAIOIINH KOJIMIECTBO OHOMacchl, Huxke (puc. 3). B padote
Z.Lietal. [6] oTMe4YeHBI BBICOKAs MPOJYKTUBHOCTB APOXKkKel pona Rhodotorula
B CPaBHCHHU C MHKPOBOJOPOCISIMHU, HEMIPUXOTIMBOCTh K MUTATEIHHBIM BeIlle-
CTBaM, YHHBEPCAIBHOCTh B ACCUMIUISIIMU PA3IMYHBIX BO30OHOBIISIEMBIX HCTOY-
HHUKOB YTJIEpOJa, 3a CUET Yero CHHTe3upyeMas bnomacca mpuodpeTaeT ycToii-
YHBOCTh K HMHTHOHMPYIOIIAM KOMITOHCHTAM XUMHYECKHX BEIECTB, COAEpIKa-
IIMMCSI BO BTOPUYHOM CHIPhE IMHIIEBOH MPOMBIIIICHHOCTH. ABTOPHI [6] BBIIBU-
JIM YKOHOMHUYECKYIO BBITOJHOCTh M IEJIECO00PAa3HOCTh MCIIONB30BAHUS TIIHIIC-
pHHA, CAXapHOTO TPOCTHHUKA, THAPOIU3ATa NIICHUIHON COJIOMBI U IPYTHUX OTXO-
JIOB CENBCKOXO3IHCTBEHHOTO TPOW3BOJACTBA. Hampumep, B UCCICIOBaHHIX
W.R.C. Machado etal. [36] moka3aHo, 4TO TOOOYHBIE MPOIYKTHI CaXapHOTO
MIPOM3BOACTBA (CBEKJIOBUYHAS MeEJIacca, KyKypY3HBIH SKCTPakT, BHHOTPAIHOE
CyCJIO, TPOCTHHKOBAs Melacca), COAepKallue HeoOXOIMMBIA Habop caxapoB
(caxaposy, TI0K03y, GPYKTO3y) I OCYIIECTBICHUS KU3HECHHO BaXKHBIX IIPO-
[IECCOB METaboIM3Ma IPOXKKEBBIX KJIETOK, SBJISIOTCS [IEHHBIMH M 3KOHOMHYE-
CKH JIOCTYITHBIMH UCTOYHUKAMH YTIEpOJa.
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TPONOLKUTEIBHOCTE SKCIICPHMEHTA, TaCk!
[experiment duration, hours]
—#—cpefia ¢ rIKo30ii [medium with glucose]
= neHas apoGuHa [brewing waste]
—cpefa ¢ Memaccoit [medium with molasses)

Puc. 3. lunamuka HakomieHust 6nomaccsl wramma R. mucilaginosa AgIV RCAMO05019
[Fig. 3. Dynamics of biomass accumulation of the R. mucilaginosa AglV RCAMO05019 strain]
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Tabnuma 1 [Table 1]

Bausinue peskuMoB KyJbTHBHPOBAHUS HA TMHAMUKY TUTPa
KJIETOK IITAMMOB JIPOAcKeii
[Influence of cultivation regimes on cell titer dynamics of yeast strains]

JluHamuKa TUTpa KIETOK, 10° kierox/mn
[Cell titer dynamics, 10° cells/ml]

Hccnenyemblie T
TTyOMHHOE KyJhTHUBUPOBAHUE
LITaMMBI o [lepuoanueckoe KyJIbTUBUPO-
3 . Ha OpOMUTAILHOM ILIeHKepe,

[Investigated strains] 9aCHI BaHUe B hepMEHTEPE, Yachl

R [Periodic cultivation in a fermenter,
[Submerged cultivation on a on an hours]
orbital shaker, hours]
4 8 24 4 8 24
R. mucilaginosa
AglV RCAMO05019 3 4 10 22 38 60
C. tropicalis CK-4-1 2 3 4 9 25 50

[pu mony4eHNH MaTOYHOM KYITBTYpPBl METOJOM TIIyOUHHOTO KyJIbTUBUPOBA-
HUS Ha OpOUTAIBHOM MICHKepe yKe Yepe3 CyTKH OT Hayajia KyJIbTHBHPOBAHHUS
BBISIBJICH MHTEHCHBHBIM POCT KJIeTOK mmtamma R. mucilaginosa AglV RCAM
05019 (107 KJIETOK/MJI) 1O CPaBHEHHIO ¢ KOHTPOJbHBIM C. tropicalis CK-4-1
(4,0x 10° Kietok/mi) (tada. 1). [Tokazarenu yaenpHONH CKOPOCTH pocTa IMITaMMa
R. mucilaginosa AglV RCAMO05019 mnpeBblanu moka3aTteind KOHTPOJIBLHOTO
mramMMma (puc. 4).

[pu mocnemyromeM NepHOTUICCKOM KYITBTUBUPOBAHUN MAaTOYHBIX KYJIBTYP
B (epMeHTepe YCTaHOBJEHa CHOCOOHOCTh mTamma R. mucilaginosa AgIV
RCAMO5019 k HakoIUIeHHIO OMOMACCHI TakXKe B 0oJiee KOPOTKHE CPOKH, 4eM

B rryGHHHOE KYILTHBHPOBAHHE Ha opOHTambHOM meiikepe [ submerged cultivation on an
orbital shaker]

B epHoanYecKoe KyIbTHBHPOBAHHE B depMeHTepe [periodic cultivation in a fermenter]
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RCAMO05019 CK-4-1

TIPOFGKEBBIE NITAMMEI [yeast strains]

Puc. 4. Y ienpHas CKOPOCTb pOCTa IITAMMOB JIPOXIKEH
[Fig. 4. Specific growth rate of yeast strains]
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y wtamma C. tropicalis CK-4-1 (cm. Tabn. 1). B uccnemopanuu T.V.D. Rodri-
gues etal. [37] aBTopamu YCHENIHO MPOAEMOHCTPUPOBAHA MEPCIEKTUBHOCTD
J00aBJICHUs] TPOCTHUKOBOW MeJacchl B MUTaTelbHyI0 cpeny (30 /1) mpu nepu-
OJIMYECKOM KyJIbTHBUPOBAHUU C MOJIHUTKOW, YTO MO3BOJIUIO YBEIUYUTH KOJH-
94EeCTBO KapOTHHOUAOB B Oromacce R. mucilaginosa ¢ 1248,5 no 3726,7 mxr/m.

VYaenpHash CKOPOCTH POCTa AHAIM3HPYEMOTO INTaMMa TAaKKE IPEBBIIIANA
3HAYCHUS KOHTPOJBHOrO mTamMma (cM. puc.4). PesymbTaTel 3KcriepuMeHTa,
MPEeCTaBICHHBIC HA PUC. 4, TOKA3BIBAIOT, YTO YAEIbHAS CKOPOCTH POCTA aHAIH-
3HPYEMOTO IITaMMa MPH KYJIbTUBUPOBAHUH B (DEpMEHTEPE BBIIIEC, Y€M IIPU BEI-
paIMBaHUN HA OpOWUTAIIFHOM IIeHKepe. BHISBIEHHYIO 3aKOHOMEPHOCTh MOKHO
OOBSICHUTB:

1. JIByXaTamHbIM ajiropuTMoM HccienaoBaHus. [IepBrIil 3Tanm dKCiepuMeHTa
3aKIIIOYANICS B KYJIGTUBHPOBAHUHM HCCICAYEMBIX IITAMMOB Ha OpOUTAIBHOM
nieikepe Uil MOJYyYeHUs] MaTOYHOH KyabTyphl. BeIOOp MHUTATENBHOM Cpenbl ¢
MeJacco A JAHHOTO 3Tama O0YCIOBJIEH HeoOXOIUMBIM Ha0OpOM caxapoB
(caxaposa, TIIIOK03a, (PpyKTO3a) JUIS OCYIIECTBICHUS XKHU3HEHHO BaXKHBIX IPO-
IIECCOB MeTaboM3Ma JPOXKEBBIX KIeToK [36]. KoMIOHEHTH mUTaTeIbHON
cpelpl CIIocOOCTBOBAIN TPOJODKUTEIFHON IKCIIOHEHIMANBHON (ha3ze pocra ¢
YEeTKO BBIPAKCHHOW (a3oil pasMHOXKeHUs (YCKOPEHHUS pOCcTa) U HapacTaHHIO
O6uomaccsl KJIETOK. JlocTUrHyTBIH TUTp IuTaMMma R. mucilaginosa AgIV
RCAMO05019 npu BeIpamuBaHUH Ha OPOWUTAILHOM IIEHKEpEe B TEUCHUE CYTOK
cocraBisu1 3 x 10°~10 x 10° knerox/mn, st KOHTpoJpHOTO ITamma C. tropi-
calis CK-4-1 saduxcupoBan auanason 2 x 10°~4 x 10° kierox/ma (cM. Ta6u. 1).
[MoaroroBneHHBIE TAKUM 00pa30M JIPONKIKEBBIE KYIBTYPHI SBISUTUCH MATOUHBIMU
JUIs nanbHewnero 3aceBa (TUTp KieTok 10 x 10® knerok/m s R. mucilaginosa
AglV RCAMO05019 u tutp knerok 4,0 x 10° knerox/mn st C. tropicalis CK-4-1)
B ra30BO-BUXpEBOW OmopeakTop «TOpHAmO» C MHUTATEIBHON CpPEelIoi TOro xe
COCTaBa. YBEIMYCHHE YIEIbHOW CKOPOCTH POCTA, OMPEAENIIEMON B HKCIIOHEH-
IUaNBHYIO0 (Ga3y pocTa (Tpy KyJIbTUBUPOBAHUH U Ha OpOUTATIHLHOM IIIEHKEpe, U B
(dbepMeHTepe), COMPOBOXKIAIOCH MPUPOCTOM GruoMacchl (cM. puc. 4). IIpencras-
JICHHBIC B Ta0J. | JaHHBIE JEMOHCTPUPYIOT WHTCHCHUBHBIA MPHUPOCT OHOMACCHI
mramma R. mucilaginosa AgIV RCAMO05019 (22 x 10° keTok/mn yike uepes
4 yaca KynbTUBUpPOBaHUA U 60 X 10° /M k 24 4) 10 CPaBHEHUIO C KOHTPOJIb-
ubiM wrammoM C. tropicalis CK-4-1 (9 x 10°=50 x 10° knetok/mu) (cm. Tabu. 1).

2. [IpeumymmecTBOM KynbTHBHpOBaHus B Gepmentepe (pH, aspamus, mepe-
MeIuBaHue u ap.). M3BecTHO, 4TO mapamMeTphl KyIbTHBHPOBAHUS U (DH3HOIIOTH-
94eCKHe OCOOCHHOCTH MHUKPOOPTraHM3MOB OKAa3bIBAIOT BIMSHHE HA YACIBHYIO
CKOpPOCTh POCTa, OTPAKAIOIIYIO MPHPOCT OMOMACCHI KIETOK 32 OTHOCHTEIBHO
MaJIbl TPOMEXYTOK Bpemenu [21, 26]. VI3 nurepaTypHBIX HCTOYHUKOB M3BECT-
HO O BJIMSHHH a’pallii U TepeMEIIMBaHus HA CKOPOCTh POCTa MUKPOOHBIX KIle-
TOK TIpU KYJIBTUBHPOBAaHUM B epmeHTepax. OT CTENEHU aj’paluu U mporecca
MEPEMEIINBAHUS 3aBHCUT OCYIIECTBICHHE TPAHCIIOPTHPOBKH MUTATEIBHBIX Be-
IIECTB ¥ KHCIOpOJa K MUKPOOHBIM KJIETKaM, a TaKKe yOaJleHHe MPOTyKTOB 00-
MEHa ¥ PaBHOMEPHOE HACBHIIIEHHE KUCIOPOAOM KYJIbTYpanbHOH xuakoctu [38].
B pabore M.C. ®upcoBoii ¢ COaBT. TaKKe SKCIEPUMEHTAIBLHO JIOKa3aHa 3aBH-
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CHUMOCTB YJENBHON CKOPOCTH OT BBIOPAHHOT'O PEIKUMA adpalvy IPH NTyOUHHOM
KyIbTHUBHPOBaHUU Avibacterium paragallinarum [39].

B Hamiem uccnenoBaHuM yKazaHHOE 3HadeHue adpanuu (15-25 M /4 Ha 1M
cpelbl) 331aBaIoCh B Ha4aje HKCIEPUMEHTA H BapbUPOBAJIOCh aBTOMATHYCCKH.
OKCIEepUMEHTATbHO JOKa3aHO, YTO ONTUMaNbHbIM pH it mpoxokei R. muci-
laginosa ssasercs pH=15,0, Tak KaKk crocoOCTByeT MaKCHMaJIbHOMY HaKOTLIe-
HUIO Onomaccsl [28, 29]. Jlns uccieyeMoro mraMma TakKe YCTaHOBJIEHA IPo-
JOJDKUTEIIbHASL IKCIIOHEHIHANbHAS (a3a pocTa, 9TO CHOCOOCTBOBAIO MOBBIIIE-
HUIO YIENbHOU CKOPOCTH POCTa U HAKOIUICHUIO OMOMACCEL.

PesynpraTel (pM3NKO-XMMHUYECKUX HCCICIOBAHHHA IO YCTAHOBJICHHIO Kade-
cTBa OMOMACCEHI, IPE/ICTaBICHHBIC B Ta0J. 2, YKa3bIBAIOT HA TO, YTO TOKA3aTEIH
[EHHOCTH TECTUPYEMBIX IITAMMOB COOTBETCTBYIOT TPEOOBAHUSIM HOPMATHBHOM
JIOKyMEHTauu (MaccoBas o Biaru: R. mucilaginosa AgIV RCAMO05019 —
11,5%; C. tropicalis CK-4-1 — 11,8%; maccoBas gonst 30ibl: R. mucilaginosa
AglV RCAMO05019 — 7,0%; C. tropicalis CK-4-1 — 7,8%). CoaepxaHue Macco-
BOH JIOJIM CBIPOTO TpoTewHa y mramma R. mucilaginosa AglV RCAMO05019
MPeBOCXOAUT TokazaTtenn (67%), ycranaBnuBaemble HTJI, a KOHTpOJBHBII
wtamM C. tropicalis CK-4-1 oTHeceH k niepBoii rpymiie (48%).

B.B. Konnakosa ¢ coart. [40] monyunnu 6uomaccy R. mucilaginosa ¢ mac-
coBori moneit Oenmka 58,90+3,03% Ha cyxoe BEIIECTBO NMPHU BhIpAIIMBAHUU
JPO}OKEH HA TOPOXOBOM CHIBOPOTKE, 4TO B 1,6 pa3a BhIIIIE, YeM Ha KapTO(EITbHON

Tab6numa 2 [Table 2]

Onenka QU3MKO-XMMHYECKHX NOKA3aTellell kayecTBa
IPOsKAKeBOi OuomMacchl
[Assessment of physical and chemical indicators of the quality of yeast biomass]

. Pesynbrar ucneitanuii, %
: JlomycTuMBIil ypoBEHb .
(I)H;I;I)II(((;;;?Q/IHI/II/I‘TGOZKHG 0 TOCT V2 0 083-74 [30] . [Te.st result, %]
[Physical and chemical [Perrnlssﬁ)le level R. mucilagi- C. tropicalis
indicators, %] according to nosa AglV CK-4-1
GOST 20083-74 [30]] RCAMO05019

MaccoBas noss Biaru He Gonee 12% 115 11.8
[Mass fraction of moisture] [No more than 12%] ’ ’
MaccoBas 10 30J1bl
(B mepecuerte Ha abco-
JIIOTHO CYXO€ BellEeCTBO) He 6onee 10% 70 73
[Mass fraction of ash [No more than 10%] ’ ’
(in terms of absolutely dry
matter)]
Maccosast 107151 ChIpOTO He menee, %:
npoTenHa (B mepecuere 54 — BbICIIas rpynmna
Ha abCOIOTHO CyXoe 51 — nepBas rpynmna
BEII[ECTBO) 46 — BTOpAas rpynna
[Mass fraction of crude 43 — TpeTbd rpynna 67 48
protein (in terms of [Not less, %:
absolutely dry matter] 54 - highest group

51 - first group

46 - second group

43 - third group]

66



Jlyyenko A.B., Conpynoea O.b. Bvioenenue u uzyuenue Inugpumnozo wumamma

cpene. B uccnegosannu A. Campos-Valdez et al. oTMedeH moTeHIMaI HaKoILIe-
HUs GeTKoBOi GroMacchl (2,3 /') mousenHoro mramma Rhodotorula muci-
laginosa M1K4 Ha cpefax ¢ THIPOIM3UPOBAHHBIMH OYMaXHBIMH OTXOJaMH
[41]. D. Diaz-Vézquez et al. ycTaHOBHIIM BO3MOXXHOCTh YTHJIM3AaLIMU OTXOJOB
MPOM3BOACTBA TEKIIBI, UCIONB3Ysl UX B Ka4eCcTBE CyOCTpara sl HAKOTUICHHS
npoxokeBoit omomaccel (Candida utilis ATCC 9950, Rhodotorula mucilaginosa
ATCC 9450, Kluyveromyces marxianus ATCC 2512), oboramieHHONH OelKoM
(18,08 +2,73 r/m), i DanbHEHIIET0 MPUMEHEHUST B Ka4eCTBE KOPMOBOTO IMPO-
JIyKTa B )KUBOTHOBOJCTBE [42].

Oyenxa bezonacnocmu. TIpu ONEHKE OCTPOM TOKCHYHOCTH TIOCJIEC BBEICHHS
CyCIIeH3MH ITamMMa Apoxokeit R. mucilaginosa AglV xonnentpanumeii 1,0 X 10"
KJIETOK/MBIIE (110 10 ocobeli B KOHTPOJIBHOM U ONBITHBIX TPYIINAX) €XKEIHEBHO
CIIEIIVIIH 32 WX BHEITHUM BHIOM M COCTOSHHEM. Y >KHBOTHBIX OTMEYAIN aKTHB-
HOE IMTOBEJICHUE, HOPMAJIHBIN aIMETUT U aJICKBATHYIO PEAKIHIO Ha (PU3UICCKUE
pasapaxurenu (CBET, IIyM, MaHHUITYJSIUU dKCIIEpUMeHTaropa). Bo Bcex rpym-
max aHOMAJIBHBIA BHEITHWH BHA (TIOHMKIIAs TojoBa, cropOjeHHas Io3a, Bs-
JIOCTh) M CMEPTHOCTHh MBIIIEH OTCYTCTBOBAIH, >KUBOTHEIC HE TEPsUTH B Bece

(tabum. 3).

TaGnuira 3 [Table 3]

H3menenue Macchl Tesla MblIei IPH BO3JeiiCTBHU CYyCHEH3HH IITAMMA
R. mucilaginosa AgIV RCAMO05019 npu oueHke ocTpoii
TOKCHYHOCTH, BUPYJIEHTHOCTH H THCCEMUHAIMHT
[Changes in the weight of mice exposed to a suspension of the strain R. mucilaginosa AgIV
RCAMO05019 in the assessment of acute toxicity, virulence and dissemination|]

Macca Tena MBbIIIei 10/T0cIe OKOHYAHHUS IKCTIEPUMEHTA P OLICHKE
OCTpOM TOKCUYHOCTH, T
[Weight of mice before/after the end of the experiment in the assessment of acute toxicity, g]

KonTponbhas rpynna OmnbITHAs Tpymna
[Control group] [Experienced group]
per o BHyTpH6p}pmHHHOe per os BHyTpH6p}pm14HHOe
[Intraperitoneal] [Intraperitoneal]

Jo ITocne Jo ITocne Jo ITocne Jo [Tocne
[Before] [After] [Before] [After] [Before] [After] [Before] [After]

192+ | 208+ | 19,0+ 2025+ | 193+ | 208+ 19,1+ 20,6+
0,48 0,47 0,33 0,37 0,49 0,4 0,35 0,26

Macca Tena MbIIIei 10/T0CIe OKOHYAHHUS IKCTIEPUMEHTA P OLICHKE
BUPYJIIEHTHOCTH ¥ THCCEMHUHALIMH, T
[Weight of mice before/after the end of the experiment in the assessment of acute toxicity, g]

KonTpospHas rpynna/ iHH SKCIEPUMEHTa OneiTHAs TpyMIa / IHA SKCIEPUMEHTA
[Control group/experiment days] [Experienced group/experiment days |
7 14 21 28 7 14 21 28
19,1+ 19,5+ 19,5+ 21+ 19,1+ 20,4+ 20,6 + 21,6+
0,37 0,43 0,34 0,42 0,27 0,4 0,35 0,35*

Tpumeuanue. * p<0,05 OTHOCHTENHHO Beca COOTBETCTBYIOIIEH I'PYNIIEI B Hadase SKCIEpU-
MEHTa.
[Note. * p < 0.05 relative to the weight of the corresponding group at the beginning of the experiment].
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[pu u3yueHn” BUPYICHTHOCTH U JUCCEMHHAIIMU Ja00OPATOPHBIX KUBOTHBIX
3apaxanu cycnensueit R. mucilaginosa AglV RCAMO05019 konneHTtpanmeit
1,0 x 10" kierox/mbimb (110 10 0coGeii B KOHTPOIBHOI | OIBITHBIX IPYIINAX) U
3aTeM IPOBOIWIN €XKCIHECBHBIH BU3yaJbHBI MOHHTOPHHT. B TeueHue Bcero
HAOJFOICHHS TIOBEICHUE MBIIICH HE MEHSUIOCh, H3MEHEHUI KOXKHBIX TTOKPOBOB,
CIIM3UCTOH HE HaOIIOAATOCh. AKTHBHOCTD, ITOBEICHIECKUE U IIUIICBHIC PEAKIIUH
ocTaBaich 0e3 n3MeHeHus. [Ipyu BCKpBITHH B KOHTPOJIBHBIX Toukax (7, 14, 21,
28 cyT) 0OHApPYKHUIU, YTO OBEPXHOCTh BHYTPEHHUX OPraHOB Taakas, 0e3 BU-
JIMMOM TIaTOJIOTUH, HOPMAJIbHOM OKpPACKH, TUIOTHOW CTPYKTYphl. B moceBax Ha
MUTATENBFHYI0 CpPEly BHYTPEHHHX OpPIraHOB MBIIMIEH TECTHpyemas KyJbTypa
IPO’KOKEW He BBIBIECHA (CM. TalI. 3).

[lpr w3y4eHNH TOKCUTEHHOCTH BHYTPHOPIOIIMHHOE BBEJCHUE MBIIIAM
¢unpTpara 3-i1 U 7-ii CyTOYHOW CYCHEH3MH HCCIEAYEeMOro ITamMma APOXKEH
R. mucilaginosa AgIV RCAMO05019 (no 1,0 u 1,7wmm; 0,8 u 1,5 M1 cooTBeT-
CTBEHHO) HE BIHMSIO Ha MX OOIIee COCTOSIHUE U He NMPHUBENIO K TMOENIH KHUBOT-
HBIX. MBIIN aKTUBHBI, OJBIKHEI, KOJKHBIE ITIOKPOBEI YHCTHIE, MIEPCTh 0e3 3-
MEHEHUH, C HOPMaJIbHBIM alIIETATOM U PEAKIUSIMHU, HE TePsUTH B Bece (Taldi. 4).

Tabnuma 4 [Table 4]

H3menenue Macchl Tes1a MbllIeid IPH BO3JeiiCTBHU CYCHEH3HH IITAMMA
R. mucilaginosa AgIV RCAMO05019 npu oneHKe TOKCHTeHHOCTH
[Changes in the weight of mice exposed to a suspension
of the R. mucilaginosa strain AgIV RCAMO05019 when assessing toxicity]

Macca Tena Mbiiiieit 10/1mocine OKOHYaHUs IKCIIepUMEHTa, T/
O0beM hUIIbTpaTa TPEXCYTOYHOH KYJIBTYPHI, MIT
[Weight of mice before/after the end of the experiment, g/

The volume of the filtrate of a three-day culture, mL]

KonTposnbhas rpynna OmnbITHAs rpynna
[Control group] [Experienced group]
Jlo Tlocne Jlo ITocne Jlo ITocne Jlo ITocne
[Before] [After] [Before] [After] [Before] [After] [Before] [After]
1,0 Mt 1,0 Mt 1,7 M 1,7 M 1,0 Mt 1,0 Mt 1,7 M 1,7 M
19+ 20+ 19,1+ 20,4+ 18,6+ 19,6 + 193+ 20,3+
0,33 0,28 0,35 0,32 0,26 0,18* 0,37 0,37

Macca Tena MsbIIIei 10/1mocne OKOHYaHUS SKCIIepUMEHTa, T/
O06beM (upTpaTa CEeMUCYTOYHOM KYJIBTYPBI, MIT
[Mice weight (before/after the end of the experiment), g/
The volume of the seven-day culture filtrate, mL]

KonrponsHas rpymnmna OmnbITHas rpynmna
[Control group] [Experienced group]
Jo Iocne Jlo ITocne Ho Iocne Jo ITocne

[Before] [After] [Before] [After] [Before] [After] [Before] [After]
0,8 M1 0,8 M1 1,5 M 1,5 M 0,8 M1 0,8 M 1,5 M 1,5 M

19+ 20+ 18,9+ 19,8+ 20+ 20,5+ 19+ 20,4+
0,35 0,33 0,35 0,25 0,6 0,5 0,33 0,32%

Ipumeuanue. * p < 0,05 OTHOCUTENBHO Beca COOTBETCTBYIOLICH I'PYIIbI B Hayaje 3KCIEpU-
MEHTAa.
[Note. * p < 0.05 relative to the weight of the corresponding group at the beginning of the experiment].
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Takum 00pa3oM, MPOSIBICHUN OCTPOH TOKCHUYHOCTH, TOKCUT€HHOCTH, BUPY-
JICHTHBIX CBOMCTB, TUCCEMCHAIIOHHOTO d(PQeKTa M THOETH IKCIIEPUMEHTAIIb-
HBIX J)KHBOTHBIX HE BBISBIIEHO. M3BecTHO, uTO KOpMOBas mo6aBka «llommakTy,
cofepkaiiasl xuBble (akTuBHBIE) npoxxu Cryptococcus flavescens 1-AJI-3
(3,5 x 107 KOE/r) u Rhodotorula sp. ®IICK-17 (2,0 x 10° KOE/T), He BbI3bIBaET
MATOJIOTOAHATOMUYECKUX M3MEHEHUI OpraHu3Ma W TOKCHYHOTO JCHCTBHS NPH
WCIBITAHUH OCTPOH ¥ TIOJOCTPO TOKCUYHOCTH Ha OENBIX HEJIMHEHHBIX MBIIIAX,
a MPUMEHEHHE B PAIMOHE y TEJAT YEPHO-TIECTPOH MOPOIBI MOBBIIIAET IPUPOCT
xuBoi Maccel 10 10,5% u G;maroTBopHO BiMsAET Ha (PU3MOIOTHYECKHE TIOKA3a-
tenu [43]. O.P.A. Joana Coutinho et al. [44] BeISBHIN TPOOHMOTHICCKUIN MMOTCH-
uuan wramma Rhodotorula mucilaginosa UFMGCB 18,377, BbIACIEHHOTO U3
npoObl aHTAPKTHYECKOTO CHETa, JTOKa3aB CIIOCOOHOCTH IPOMOKEH OCIabIsITh
KIIMHAYECKUE TIPOSBICHUS MyKO3UTa, HHAYIUPOBAHHOTO S5-(hTOPYpaIHIOM, IIPH
MEepOpaTFHOM BBEICHUH Yy IIECTUHEIENBHBIX MbIeii-caMok Balb/c. Panee atu-
MU K€ aBTOpaMU ycTaHoBieHa 60% BBDKHBaEMOCTh y MbllIei-caMok Balb/c npu
BHYTPWXKEIYJIOYHOM BBeICHWU mTtamma Rhodotorula mucilaginosa UFMGCB
18,377, 3apaxxeHHbIX Salmonella typhimurium [45].
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Bark anatomy of chosenia (Salix arbutifolia, Salicaceae):
origin of cuticular cracks and mechanism of cork abscission
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Abstract. The microscopic structure of the bark of chosenia (Salix arbutifolia) has
been examined in detail. Its bark exhibits several anatomical traits characteristic of
other Salix species, including the presence of phellem cells with thick lignified walls
in the first periderm coupled with exclusively non-sclerified phellem cells in subse-
quent periderms. Detailed anatomical observations confirmed that these thick-walled
cells belong to the periderm rather than to the multiple epidermis, as some authors
have suggested. S. arbutifolia is similar to S. cardiophylla, its closest phylogenetic
relative, in possessing an exceptionally thick cuticle on the epidermis of young twigs.
This cuticle undergoes tangential expansion and thickening during the vertical con-
traction and horizontal stretching of epidermal cells. The openings observed on the
cuticular surface of S. arbutifolia are expansion cracks (i.e., ruptures in the protective
tissues subtended by newly formed periderm) rather than lenticels (i.e., transformed
parts of the existing periderm). In the subsequent periderms of chosenia, the phellem
is subdivided into an outer layer of thin-walled (phelloid) cells and an inner layer of
densely packed cells with thicker walls. The outer phellem layers facilitate the separa-
tion and shedding of bark flakes, while the inner phellem layers protect the bark sur-
face exposed after their abscission. Thus, the two-layered phellem enables the regular
shedding of the outer regions of the rhytidome, contributing to the shaggy appearance
of mature bark - a distinctive feature of S. arbutifolia compared to other Salix species.

The article contains 7 Figures, 2 Tables, 47 References.

Keywords: Salix, chosenia, bark, periderm, phellem, phelloid cells
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AnHoTamus. [TogpoOHO M3ydyeHa MHKpPOCKONHMYECKas CTPYKTYpa KOPHI YO3EHHU
(Salix arbutifolia). Ee xopa o0xamaer psaoM aHATOMHUYECKHX OCOOEHHOCTEH, Xapak-
TepHBIX U JUIS APYTUX BUAOB Salix, BKIIIOYAs HaJIW4He KIETOK (DEJUIEMBI C yTOJNIIIEH-
HBIMH OJIpEBECHEBIINMHU CTEHKaMH B IIEPBOH IepHIepMe B COUYETAHHU C HECKJICPH-
GuIMPOBaHHBIMU KJIeTKaMH (eJuleMbl B HOCIeAyommx nepuaepmax. IloxpoOHbie
AQHATOMHMYECKUE HAOMIONCHHUS MOATBEPIMIIN, YTO STHU TOJICTOCTEHHbIE KJIETKH OTHO-
CATCS K TIepUIepMe, a He K MHOTOCIIOHHOMY 3MUICPMHUCY, KaK TIPEAIoNaraii HeKoTo-
poie uccnenoBarenu. S. arbutifolia noxoxa Ha S. cardiophylla, punoreneTndecku ca-
MBIl ONIM3KHH, TEM, YTO MMEET NCKIIOYUTENIFHO TOJCTYIO KYTHKYJIy Ha SHHIEpMHCE
MOJIOJIBIX BETOYEK. DTa KYTHKYJa IIOJBEPraeTcsl TAHTCHI[MAIEHOMY PAaCUIMPEHHIO U
YTOJIIEHUIO BO BPEeMsI BEPTUKAIBHOTO CXKATHsl U TOPU30HTAIBHOTO PACTSDKEHUS KIle-
TOK snuaepmuca. Kpanuuaku u pyOrsl, HaGmogaeMbple Ha KyTUKYJIIPHOH HOBEPXHO-
ctu S. arbutifolia, ABIAAIOTCS BEPTUKAIBHBIMH Pa3phIBaMH (T.€. IPOCBETHI B 3aLIUTHBIX
TKaH$X, HOJ KOTOPBIMH 3aKJIaJbIBACTCS HOBAs NEpHIEpMa), a HE YeueBHUKaMu (T.c.
TpaHCHOPMUPOBAHHBIMU YaCTSIMH CYLIECTBYIOLIEil nepuiaepmbl). B mocnemyromux
nepuziepMax 4o3eHuH (eieMa IojpasjenserTcs Ha BHEIIHHIl CJIOf TOHKOCTEHHBIX
(penmonaHBIX) KIETOK W BHYTPCHHHUI CIIOW TUIOTHO yMaKOBAaHHBIX KIETOK ¢ Oojee
TOJICTBIMH CTeHKaMH. HapyHble cion ¢eieMsl ciyxaT A OTAENeHHsT U cOpackl-
BaHMS YENIyeK KOpbI, a BHYTPEHHUE 3alUIIAIOT €€ OOHAKAIOUIYIOCS ITOBEPXHOCTb.
Takum 00pa3om, IByXciIoiHas ¢emiemMa o0ecriedyuBaeT pery/sIpHOE ONaJaHnue BHEII-
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Kotina E.L., Skvortsov K.I., Oskolski A.A. Bark anatomy of chosenia

Hcrounuk ¢uHaHcHpoOBaHuWA: paboTa BBINOJHEHAa NIpH mojuepxkke Poccuiickoro
Hay4Horo ¢onna u Cankr-IlerepOyprckoro Hayunoro ¢onaa (rpant Ne 23-24-10064,
https://rscf.ru/project/23-24-10064/).

BaarogapnocTn: Mb1 61aromapas! Poccuiickomy HaygHoMy (ormy u Cankr-Iletep-
OyprckoMy HaydHoMy Qouxy (rpant Ne 23-24-10064, https:/rscf.ru/project/23-24-
10064/) 3a nomnepxky. Tperuit aBTOp BRIpakacT 61aromapHocTs YHuBepcuTery Mo-
XaHHecOypra 3a IMpefoCTaBIeHHEe JOCTYNA K HCTOYHUKaM MH(GOPMALMK ¥ KOMMYHH-
KaI[MOHHBIM pecypcaM, HeOOXOUMBIM IS 3TOTO UCCIEAOBAHUS.

Jas uutuposanus: Kotina E.L., Skvortsov K.I., Oskolski A.A. Bark anatomy of
chosenia (Salix arbutifolia, Salicaceae): origin of cuticular cracks and mechanism of
cork abscission // Bectank ToMckoro rocyapcTBeHHOTO yHHBepcuTeTa. bromorus.
2025. Ne 70. C. 77-93. doi: 10.17223/19988591/70/4

Introduction

Chosenia (Salix arbutifolia Pall.) is a tall tree commonly found on alluvial
deposits in river valleys throughout Northeast Asia. This species is unique in the
region for forming forests and maintaining its tree form even within the tundra
zone north of the Arctic Circle [1]. The extensive range of chosenia extends
from Lake Baikal and the Lena River to the Pacific coast of Asia, and from Ko-
rea and Northeast China to the Chukchi Peninsula.

S. arbutifolia is distinguished from other Salix species by the structure of its
vegetative buds, as well as its wind pollination and floral traits, which include
pendant catkins, short staminal filaments, and the absence of nectaries associat-
ed with this syndrome. Based on these differences, Nakai [2] classified
Chosenia as a separate, monospecific genus. However, this generic segregation
from Salix has not been supported by molecular evidence [3-6] and is accepted
by most modern taxonomists [7-10].

While certain features of bark appearance are widely utilized in the systemat-
ics of willows (e.g., [7, 11, 12]), the diversity of bark microstructure within the
genus Salix, as well as among other members of the Salicaceae family, remains
underexplored. The bark anatomy of several Salix species has been investigated
by various researchers [13-20]. Notably, the microstructure of the bark in
S. arbutifolia has been examined in detail by Malychenko [21] and by Eremin
and Kopanina [13]. However, several important aspects of the bark anatomy of
this species remain unclear.

The shaggy appearance of mature bark, characterized by detached strips of
rhytidome, is regarded by Skvortsov [11] as a distinguishing feature of S. arbuti-
folia, which is rare among most willows, with the exception of Salix triandra
and a few related species. Anatomical data from other plants exhibiting peeling
bark [22-25] suggest that this bark architecture involves the presence of regular
separation layers - specifically, layers of fragile tissues that facilitate the regular
abscission of the outer portions of the bark. These layers are typically associated
with protective layers of dense (usually sclerified) tissues that cover the surfaces
exposed after the outer bark is shed. Malychenko’s [21] observations indicate
that the distribution of separation and protective tissues in mature bark can vary
among different Salix species: while the rhytidome strips in chosenia peel along
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a few outermost cell rows of phellems in subsequent periderms, in S. triandra,
they are abscised along the collapsed phloem. However, Malychenko [21] has
not described the structural differences between the cells forming the separation
layer and the protective layer in the phellem of chosenia in sufficient detail.

Also, the available data on the structure of young shoots of chosenia [13, 21]
indicate the presence of a prominent thick solid layer (approximately 15-20 pm)
covering the surface of its twigs. Malychenko [21] suggested that this covering
layer consists of the thicker outer walls of epidermal cells, while Eremin and
Kopanina [13] consider it to be a cuticle. Further anatomical examination is nec-
essary to clarify its nature.

The presence of small diamond-like spots has been observed on the surface
of chosenia twigs (e.g., [1]). These spots, typically found on willow twigs, are
commonly referred to as lenticels (e.g., [26]). However, it is challenging to ac-
cept that lenticels, which are transformed portions of the periderm [27-29], can
be located on a surface covered by epidermis. Therefore, the morphological na-
ture and origin of lenticel-like spots on the twig bark of chosenia and other Salix
species require further clarification.

Although the bark is literally in front of the eyes of any botanist, its appear-
ance attracts very little attention from plant researchers. Consequently, the rela-
tionships between the macro- and microstructure of bark remain poorly under-
stood. To date, Whitmore has made the most significant contributions to this
field [30-33]. He identified seven macromorphological types of bark along with
associated anatomical characteristics. Unfortunately, this classification is chal-
lenging to apply due to the lack of sufficient illustrations in his publications.

Recently, Shtein etal. [24] proposed a classification of four architectural
bark types, referred to as stretched, exfoliating, furrowed, and peeling barks,
which can be identified by their macroscopic traits. These types represent four
possible combinations of binary states based on two features: (1) the ability or
inability of the outermost layers of bark to maintain continuity during tangential
expansion, and (2) the presence or absence of separation layers. This classifica-
tion raises further questions regarding the mechanisms of bark expansion and
abscission, as these processes significantly influence the appearance of the bark.

This study aims to elucidate the relationships between macroscopic appear-
ance and microstructure of the bark of chosenia (S. arbutifolia) through a detail-
ed anatomical examination. Additionally, we seek to evaluate the significance of
certain bark traits for the systematics and diagnostics of the boreal Salicaceae.

Material and methods

The bark samples collected from the twigs, branches, and trunks of
S. arbutifolia were gathered by the second author during the 2023 field season in
the mainland of the Kamchatka Territory, specifically in the Olyutorsky district
(Table 1). These samples, along with herbarium vouchers, are deposited at the
Komarov Botanical Institute in St. Petersburg, Russia.

From each tree, portions of twigs and branches of varying ages (Fig. 1), as
well as pieces of mature bark have been collected from the trunks at approxi-
mately 30 cm above the ground, were gathered and preserved in 70% alcohol.
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Table 1
Information on samples and locations of their collection
. Tree height / and
Sample Locality Geogr.aphlc Habitat maximum diameter
number coordinates D
. Poplar and
KS6 23 \I/\illliiaoiA;hzg ai’i?glr 61°00'46"N, chosenia open H=4m,
— ge, AP 170°31'14"E forests on pebble Dpnax=9.2 cm
valley :
deposits
iz | Sone b [ s, | ol
- vitags, 169°03'54"E | VISP Dy =12 cm
river valley layer
Ks23 23 | villge bakhachs | 604925, | H=65m,
- vitags, 169°03'54"E | VISP Dy =8 cm
river valley layer
Ks24.23 | vilage, Pakhachs | OT4925N | e et H=7m,
= = 169°03'54"E Diax=10.5cm
river valley layer

Note. KS = Konstantin Skvortsov, abbreviation of collector and his reference number.

Additionally, photographs of the bark surface from different sections of these
trees were taken in the field. For a comparative study of bark morphology, we
also examined the chosenia trees cultivated in the Dendrarium of the Komarov
Botanical Institute.

i

Fig. 1. The bark appearance at different stages of development: A-B Twigs
under a stereomicroscope. A - current year’s twig. Scale = 1 mm, B - 1-year-old twig.
Scale = 1 mm (samples from Dendrarium), C-E The photographs were taken during field work,
C - age-related changes in the periderm between 3- and 4-year-old twigs. Scale = 5 mm
(KC24-23), D - Lanceolate to diamond-like shape cracks on thin trunk. Scale = 8 mm

(KC14-23), E - the bark surface of a mature trunk (KC24-23)
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Transverse and longitudinal (radial and tangential) sections of the bark were
prepared using a freezing microtome (Ernst Leitz GMBH, Wetzlar, Germany).
Unstained sections were mounted in glycerol and examined under a light micro-
scope. Other sections were stained with a mixture of alcian blue/safranin (1:1)
and subsequently mounted in Canada balsam. The maceration of secondary
phloem was done in Jeffrey’s solution for 24 hours prior to mounting the macer-
ated material in glycerol.

Sections were examined using an Olympus CX-43 and BX-51 microscope
(Olympus, Japan). Suberin and lignin were assessed for their autofluorescence
[34-36] using the Olympus BX-51 microscope equipped with a fluorescence
filter cube for ultraviolet excitation (wideband) U-MWU?2. Additionally, histo-
chemical tests were conducted using Sudan IV [37] for suberin and phloroglu-
cinol/hydrochloric acid [38] for lignin on hand-made and freezing microtome
bark sections.

Digital images and measurements of anatomical samples were captured using
an Olympus DP74 digital camera (Olympus Corp., Japan) with cellSens Stand-
ard 4.1 software (Olympus, Japan). The bark macrostructure of young stems was
examined under a Zeiss Stemi 2000 CS stereomicroscope, also equipped with
the Olympus DP74 digital camera.

Results

The surfaces of twigs and young stems (up to approximately 2 cm in diame-
ter) are typically smooth and usually glabrous; however, pubescence with simple
hairs may occasionally be noticeable near the bud attachments (Figs. 1, A, 1, B).
Their coloration ranges from green to yellow, with red to brown areas, and in
some instances, they may be entirely red. The young twigs and stems often ex-
hibit a glossy appearance, but in certain cases, a bluish-white coating (presuma-
bly wax) may develop on the stem surface. On thicker stems (greater than 2 mm
in diameter), lanceolate to diamond-shaped pale brown superficial cracks, ap-
proximately 0.5 mm in width, are present. These cracks are sometimes arranged
in vertical or slightly diagonal series.

The epidermis is uniseriate and primarily composed of upright rectangular
cells measuring 5-13 um in tangential size and 8-33 pum in radial size on current-
year twigs (Figs.2, A, 2,B). On two-year-old twigs, the epidermis consists
mainly of square cells, which range from 6-26 pm in tangential size and 9-19 pum
in radial size. In contrast, three-year-old and older twigs exhibit predominantly
dome-like, cone-like, and flattened cells, with tangential sizes of 9-27 um and
radial sizes of 4-19 um. Notably, the radial size of epidermal cells tends to de-
crease in older twigs, while their horizontal size increases with age (Figs. 2, C,
2,D and Fig.3). The epidermis is covered by a prominent cuticle, which
measures 7-23 um in thickness on annual twigs and can reach up to 27 um on
older twigs (Table 2, Fig.4). The thickness of the cuticle generally increases
with age (Table 2). In unstained sections, a saturated yellow outer layer of the
cuticle and a pale yellowish inner layer, with a gradual transition between them,
are discernible. In stained sections, the colors range from saturated yellow to
pale crimson. In the cuticle of older twigs, light dome- or cone-like portions
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Fig. 2. A-D Transverse section, A-B current year’s twig, cuticle and epidermis:
A - scale = 100 pum, B - scale = 20 pm, C-D 4-years-old twig with thick cuticle:
C - scale = 100 pm, D - scale = 20 ym

of the inner layer can be distinguished over the adjacent epidermal cells. The
cuticle and epidermis are interrupted by expansion cracks that occur with an
increase in stem circumference (Figs. 5, B, 5, C). Stomata are not present in the
epidermis.

The cortex consists of 10 to 15 layers of isodiametric parenchyma cells. Ver-
tically elongated cells, which could be attributed to cortical collenchyma, were
not observed. The outer cortical region contains 4 to 7 layers of smaller paren-
chyma cells, measuring 8 to 20 um in tangential diameter (average 14.5 pm),
without prominent intercellular spaces. In contrast, the deeper part of the cortex
is composed of larger cells, ranging from 15 to 42 um in tangential diameter
(average 21.6 um), which are loosely arranged and feature prominent intercellu-
lar spaces (Fig. 2, A). The dilatation of the cortex is influenced by the expansion
and anticlinal divisions of parenchyma cells, forming strands of 2 to 8 cells,
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Fig. 3. Age transformations of epidermal cell size and cuticle thickness in S. arbutifolia. Average
tangential (dots) and radial (circles) sizes of epidermal cells plotted against the twig age

as well as by the enlargement of intracellular spaces (Fig. 2, C). Druses occa-
sionally occur in dilated cortical parenchyma cells, while sclereids were not ob-

served.
Table 2
Size of epidermal cells and cuticle thickness on the twigs
of different age and diameter
) ) Size of epidermal cells, pm
Tangential size | Radial (vertical) size

KC6-23

1 year 2123 9.4/1.3-11.2 7.5/4.9-10.9 16.2/13.6-19.3

2 year 4.7-4.8 16.2/13.6-19.3 14.9/10.2-23.3 11.4/8.7-14.1
KC14-23

1 year 1.8-2.2 18.7/14.6-22.6 7.9/5.5-11.3 12.3/9.3-16.7

2 years 4.5 20.1/17.0-23.7 16.0/9.5-26.6 15.7/11.6-21.6
KC23-23

1 year 1.5-1.6 15.7/13.2-18.1 8.7/5.4-13.3 16.7/7.8-33.0

3 years 24-2.6 20.2/16.7-27.2 15.5/9.0-26.6 8.6/4.3-12.5

5 years 6.4-6.5 22.5/14.5-26.5 20.5/12.5-27.0 8.2/4.8-13.9
KC24-23

2 years 1.6 14.7/12.3-17.1 10.4/6.0-15.0 14.3/10.4-18.8

3 years 2.3-2.8 23.2/17.2-26.2 17.3/11.1-24.9 12.2/8.5-16.9
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Fig. 4. Average thickness of cuticle plotted against the twig age

Protophloem fibers with thin walls (Fig. 2, A) are arranged in a nearly con-
tinuous 3-4-seriate band in 1-2-year-old twigs, while in older twigs, they are
thick-walled and found in separated clusters of 4 to 50 or more fibers (Fig. 2, D).

The bark on branches and thin trunks (approximately 3 to 5 cm in diameter)
is green or greenish-brown, sometimes pale brown, exhibiting a smooth to ru-
gose texture (Figs. 1,C, 1,D). It features shallow vertically elongated fissures
measuring 1-3 mm, lanceolate to diamondshaped sometimes with a darker cen-
ter. The margins of the cracs occasionally reddish. Lenticels are absent. In some
instances, structures resembling lenticels were observed; however, upon closer
examination, they were identified as cracks with a darker center. The bark on
thicker branches and trunks (greater than approximately 5-7 cm in diameter)
varies from brownish to gray, displaying a rugose texture with V-shaped, narrow
vertical fissures (less than 1 cm wide). These fissures form flattened ridges ap-
proximately 1-3 cm in width and can extend 5-50 cm or more in length when
still in tight contact with the underlying layers. In the superficial layers, these

Fig. 5. Transverse section (KC24-23), A - epidermis and first periderm initiation in 3-years-old
twig Scale = 50 pm, B-C epidermis with expansion crack, stratified phellem, dilated cortex
in 5-years-old twig. B - Scale = 100 um, C - Scale = 50 um
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ridges develop horizontal cracks and become detached, resulting in shaggy,
curved, ribbon-like flakes measuring 5-15 cm in length (Fig. 1, E).

The first periderm is primarily initiated in the subepidermal layer of cortical
parenchyma, with some development occurring in the epidermis, in 3-year-old
twigs (Fig. 5, A). This periderm persists beneath the epidermis even in more ma-
ture bark, up to 6-7 years of age. The phellem typically consists of a single layer
of dome-shaped cells, measuring 10-30 um in height, with thick (6-18 um)
sclerified outer walls, and 1-3 layers of thin-walled, flattened cells, measuring 3-
12 pm in height. Occasionally, the phellem is stratified, featuring 2 to 8 layers of
thick-walled cells interspersed with zones of thin-walled cells (Fig. 5, B). The
phelloderm comprises one or two rows of thin-walled, flattened cells, measuring
10-20 um in height.

Subsequent periderms are initiated as short or long arches in the deeper lay-
ers of the cortex or secondary phloem. The phellem consists of 8 to 15 layers of
thin-walled cells that exhibit no signs of sclerification, while the phelloderm is
typically uniseriate, although it may be poorly defined. The outer zone of the
phellem is composed of 2 to 4 layers of more or less isodiametric phelloid cells
with non-suberized walls, whereas the inner zone consists of 6 to 12 layers of
radially flattened cells with suberized walls (Figs. 6, A, 6, B). No crystals were
detected.

Rhytidome is reticulate, featuring 2 to 4 (or more; the exact number is diffi-
cult to determine due to the brittle and crumbling nature of the structure) zones
of secondary phloem or cortex, which are separated by successive periderms
(Fig. 6, C). The abscised flakes of outer bark are shed along the outer phellem
zone, composed of phelloid cells.

Secondary phloem comprises bands of conductive elements interspersed with
axial parenchyma, which consists of 8 to 20 tangential layers. These are alter-
nated with bands of phloem fibers associated with crystalliferous axial paren-
chyma, containing 4 to 8 tangential layers (Fig. 7, A). The transition from con-
ducting to non-conducting secondary phloem is gradual. The obliteration of the
sieve tubes occurs within 9 to 15 tangential bands that contain these elements.

In conducting secondary phloem, the sieve tube members measure 30-48 um
in tangential diameter, with lengths ranging from 140 to 434 um (average
268 um). The sieve plates can be simple or compound, featuring 4-10 sieve areas
located on oblique cross walls. Axial parenchyma is organized in strands of 6 to
18 cells, exhibiting a brown content that stains red-brown with safranin and alci-
an blue. Phloem fibers are relatively long, measuring between 474 and 1360 pum
(average 874 um) in length. Their walls are thick and double-layered. Crystallif-
erous cells, associated with the fibers, contain prismatic crystals (Fig.7,A).
Secondary phloem rays are uniseriate (Fig. 7, B) and are primarily composed of
procumbent cells, with rare square cells observed in radial sections.

Dilation of the non-conducting secondary phloem occurs due to tangential
stretching of both axial parenchyma and phloem rays (Fig. 6, C). Anticlinal divi-
sions of ray cells give rise to 2- and 3-seriate rays, which are found in the
outermost regions of the dilated phloem cells. Starch grains are abundant in the
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Fig. 6. A-B Subsequent periderm. Scale = 50 pm (fresh samples from the Dendrarium of the Komarov
Botanical institute). A - usual light, B - fluorescence. In outer zone of phellem cells with non-suberized
walls (nsph), in inner with suberized walls (sph). Blue glow (autofluorescence) indicates presents
of suberin in the cell walls. Small arrows pointed to phellogen, phelloderm on this photo is not visible.
C - rhytidome, non-conducting secondary phloem. Scale =200 um (KC14-23)

dilated ray cells. Druses are present in the radial and axial parenchyma of the
dilated regions of the phloem. Sclereids are absent.

Discussion

The suite of bark features observed in S. arbutifolia, including epidermis
with a prominent cuticle, clusters of long secondary phloem fibers arranged in a
tangential pattern, abundant crystalliferous axial parenchyma associated with
these clusters, compound sieve plates, uniseriate phloem rays, and the formation
of rhytidome, is also characteristic of other species of Salix and Populus studied
to date [13-15]. However, the available data on the bark anatomy of other mem-
bers of the Salicaceae family [39, 40] are insufficient for assessing the taxonom-
ic significance of our findings in the broader context of the entire family.
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Fig. 7. Secondary phloem: A - radial section, sieve tube with sieve plates (arrows), crystallifer-
ous cells associated with fibers. Scale = 50 um (KC23-23), B - tangential section, uniseriate rays
and crystalliferous cells with prismatic crystals. Scale = 100 pm (KC6-23)

Our observations confirm the presence of an exceptionally thick cuticle (up
to 27 um in thickness) on the epidermis of young twigs in S. arbutifolia [13]
while the epidermal cells exhibit uniformly thickened walls, contrary to Maly-
chenko’s [21] suggestions. Although other Salix species also possess a promi-
nent cuticle, its thickness is generally about half that of S. arbutifolia. Notably, a
similarly thick cuticle (approximately 20 pm) has been reported in S. cardio-
phylla, whose bark Eremin and Kopanina [13] described under the name Toisusu
urbaniana. This species, native to Japan and Sakhalin, shares similarities with
chosenia in both habit and ecological strategy and is considered as the closest
relative to S. arbutifolia based on molecular phylogenetic data [41]. The pres-
ence of a very thick cuticle in both species further supports their close relation-
ship. It is highly likely that this structure plays a role in protecting the bark of
young twigs from the formation of ice crystals during the frost season [42, 43].
Such anti-icing protection is especially crucial for S. arbutifolia as it is the only
tree that extends far north of the Arctic Circle [1].

The cuticle on the twigs of S. arbutifolia remains continuous while undergo-
ing tangential expansion over a period of at least five years. Our observations
and quantitative data (Table 2) suggest that cuticle thickness also increases sig-
nificantly as the epidermal cells experience vertical contraction due to tangential
stretching. This process is believed to begin with the partial separation of epi-
dermal cells in their upper regions, which is accompanied by the deposition of
cuticular outgrowths along the radial cell walls. Consequently, cavities form
over the epidermal cells on the lower surface of the cuticle. The cuticular mate-
rial is then deposited into these cavities by the cells during their vertical contrac-
tion. This scenario is supported by the observed pattern of older cuticle, which
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features prominent lighter dome- or cone-like portions over the stretched epi-
dermal cells. After the obliteration of the epidermis observed on the five-year-
old stems, fragments of cuticle can persist on the cork surface for an extended
period (Fig. 5).

The initial periderm of S. arbutifolia is distinctly different from its subse-
quent periderms due to the presence of one or a few rows of cells with thick-
walled, lignified walls in its phellem. Kurczynska [16, cited from: 17] identifies
this feature as characteristic of the genus Salix. Available data confirm that this
trait is present in all willows [13-15], but it is also observed in certain poplars,
such as Populus davidiana [13].

It should be noted that Kurczynska [16, cited from 17] interpreted these lay-
ers of thick-walled cells as a multiple epidermis rather than as periderm. How-
ever, Stupianek etal. [17] did not find any traits of a multiple epidermis in Salix
polaris, and our data confirm this finding. As we observed in S. arbutifolia, the
bark on its twigs is covered by a uniseriate epidermis from the very beginning of
their formation, while the typical initiation of periderm occurs only in the third
year. The phellogen is commonly initiated in the subepidermal cell layer, which
is not collinear with the epidermal cells. Thick-walled cells located beneath the
epidermis are aligned in radial files with other cells derived from the phellogen.
A similar mode of periderm formation has been observed by Stupianek et al.
[17] in S. polaris. Therefore, we propose that the outer region of the bark on the
twigs of S. arbutifolia, and likely other Salix species, consists of a uniseriate
epidermis and the first periderm rather than a multiple epidermis, as suggested
by Kurczynska [16, cited from 17].

Tiny diamond-like light dots appearing on the cuticular surface of the young
bark of S. arbutifolia as well as other Salix species are commonly identified as
lenticels (e.g., [21, 26]). However, our observations suggest that these structures
are not lenticels but expansion cracks, as defined by Schneider [44], which are
ruptures in protective tissues supported by newly formed periderms. Schneider
[44] has described their formation in detail for the bark of the lemon tree (Cit-
rus X limon). Such mechanism of young bark dilatation undoubtedly occurs in
many other taxa, yet these structures are often confused with lenticels. Unlike
the expansion cracks, lenticels are the structures of exclusively peridermal
origin, specifically the portions of a persistent periderm exhibiting a particular
type of phellogen activity [27-29]. While the filling tissue in lenticels is a modi-
fied phellem, the expansion cracks may contain non-peridermal tissue, such as
cortical tissue. It is possible that the lenses of periderm formed under expansion
cracks on young twigs of S. arbutifolia can develop into true lenticels found on
the bark of older (7-year-old) stems. Further investigation on the relationship
between expansion cracks and lenticels during bark dilatation would be of great
interest to the field of plant anatomy.

Our observations confirm that Malychenko’s data [21] indicated the flakes of
the outer rhytidome in S. arbutifolia shed from the outermost layer of phellem in
subsequent periderms. We found that the cells in this layer possess thin, non-
suberized walls, while other phellem cells contain suberin in their walls. Clearly,
the suberized cell walls in the inner phellem layer provide protection to the bark
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surface exposed after abscission. Therefore, this two-layered phellem can be
regarded as a microstructural feature that facilitates the regular abscission of
flakes on the mature bark of S. arbutifolia. The presence of two layers in phel-
lem is also corroborated by the microphotographs of Eremin and Kopanina [13]
for chosenia, although it has not been reported for other species within the Sali-
caceae family.

The phellem, serving as a separation layer, is the most common characteristic
among taxa with peeling bark. This pattern has been observed, for instance, in
several species of Eucalyptus L'Hér. [45], Melaleuca L. [46, 47], Lonicera L.
[13, 15], Buddleja [22, 23], Cliffortia, and Polylepis [25]. In most of these taxa,
however, the sclerified secondary phloem functions as a protective layer, where-
as in Polylepis, there are no solid protective layers at all. In contrast, in
S. arbutifolia, we found a well-defined separation layer and a protective layer
located within the phellem. This is an uncommon condition that has not yet been
reported in other taxa.

Conclusion

S. arbutifolia shares several bark characteristics with other species of Salix
and Populus, including clusters of long secondary phloem fibers arranged in a
tangential pattern, crystalliferous axial parenchyma associated with these clus-
ters, compound sieve plates, uniseriate phloem rays, and the formation of rhyti-
dome. However, S. arbutifolia is distinctive from most Salix species due to its
exceptionally thick cuticle. This conspicuous cuticle has also been reported in
S. cardiophylla, suggesting a close phylogenetic relationship between these two
species. The openings observed on the cuticular surface of S. arbutifolia are ex-
pansion cracks (i.e., ruptures in the protective tissues supported by newly
formed periderms) rather than lenticels (i.e., transformed parts of the existing
periderm). The first periderm of S. arbutifolia, unlike subsequent periderms,
consists of thick-walled phellem cells. This layer of thick-walled cells should
not be classified as a multiple epidermis, as some authors have suggested. The
two-layered phellem, with the outer layer composed of non-suberized thin-
walled cells, is a microstructural feature that facilitates the regular abscission of
flakes on mature bark. Additionally, there is a well-defined separation layer and
a protective layer within the phellem. This condition is uncommon and has not
yet been reported in other taxa.
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AnHoTanusi. Hanbonee pacnpocTpaHEHHBIM METOJOM OMNpEJEIeHHs BO3pacTa
penTHINil SBISIETCS CKENETOXPOHOJOTHs. B KadecTBe PerucTpupyromux CTPYKTYp
Yaiie BCETO HCHONB3YIOT OKpAlleHHbIE Cpe3bl TPYOUaTHIX KOCTEH KOHEUHOCTEH.
OmnpeneneHHbIe TPYAHOCTH BO3HUKAIOT IIPH ONPENENICHUH BO3pacTa y O€3HOTHX BH-
J10B. BO3MOXXHBIM crTOCOOOM Ompe/eeHusT BO3pacTa y BUIOB, CHOCOOHBIX K aBTOTO-
MHH ¥ pPereHepary XBOCTa, SBISIETCS aHAJIM3 CPE30B XBOCTOBBIX ITO3BOHKOB, MOIY-
YEeHHBIX NIPKU3HEHHO. B HacTosIeM ncciejoBaHuy IPUBECHBI Pe3yIbTaThl H3yde-
HUSI BO3PAcTHOM CTPYKTYPBI M OCOOCHHOCTEH pocTa y JOMKOW BepeTeHUIb! (Anguis
fragilis) METOIOM CKelIeTOXpOHOJIOrHU. JKMBOTHBIX OTiaBiauBaiu Bo Il nexane mroHs
2023 r. B OKpecTHOCTSX T. 3eneHorpaacka Kanunuarpanackoit obiaact. Y moliMaHHBIX
SILEepHUL U3MepsH JUuHY Tena (SVL) u oTnaMeiBanu gacTh XBocTa. Beex smepur, 3a
HCKIIFOUYCHUEM CaMOK, BBITYCKaIN B MECTaX MOMMKH. Y YeTHIpeX BepeTeHHI], cCoOpaH-
HBIX MEPTBBIMU Ha aBTOJOPOTE, M3bIMANIM TAaKXKe 3yOHBbIE KOCTH HIDKHEH YETIOCTH.
Bcero 6pum m3ydenst 24 ocobu: 10 cammos u 14 camok. CaMok comepxany B j1ado-
paTopHH MOOIMHOYKE A0 POXKACHHS MOJIOAN. Ha MoAroToBIEHHBIX Cpe3ax XBOCTOBBIX
MO3BOHKOB U 3yOHBIX KOCTEH MPUCYTCTBOBAIM JIMHUH OCTAHOBIEHHOTO pocTta. M3y-
YEeHHBIE 0COOH JIOMKOW BEPETEHHUIIBI UMEIH BO3pacT oT 1 1o 7 net. Bo3pacT mosnoBo3-
penbIx caMok cocTaBui 3—6 net (B cpenHeM 4,15 roxa), a camuoB — 4—7 5et (B cpen-
HeM 5,00 ner). J{nuHa Tena caMOK B Bo3pacTe TPeX JIET W cTaplle M3MEHsUIach B Aua-
nasone 116,28-170,23 mm (B cpearem 137,99 mm), a cammo — 110,16—-163,51 mm (B
cpenHeM 146,51 mm). CaMKu U caMIlbl pa3HBIX BO3PACTHBIX TPYIII IO JUIMHE Tella He
paznu4annch. JUIMHA Tella MOJIOBO3PENBIX BEPETCHUIl HE 3aBHCEa OT BO3pacTa HH Y
caMoK, HH y caMIoB. IIoTOMCTBO HpHHECIH TOJBKO JBE CAMKH: TPEXJIETHSS 0COOBb
¢ nnuHOU Tena 129,06 MM poanna mATh MOJOABIX AlIepHLl IMHON 42,70-47,72 mm
(B cpenrem 44,90 Mm) 1 mecTuaeTHA — AMuHON 159,03 MM poamia BoceMb MOJIOIBIX
ot 31,85-39,51 Mmm (B cpeanem 36,38 MM). ABTOpBI cuuTaroT, 4to A. fragilis
MPUHAATIEKUT K YUCIY BUIOB CO CPeJHEll MPOJOKHUTEIBHOCTBIO XHU3HU. PocT 3Tnx
SIIEPHI] 3aMeJUISIETCSI TTOCNIe TPEThel 3MMOBKH, YTO CBS3aHO C JOCTYDKCHHEM MIMH I10-
JIOBOH 3pENOCTH.
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Age structure and growth of the common slow worm
(Anguis fragilis, Reptilia, Anguidae) in the eastern
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Summary. The most common method for determining the age of reptiles is skele-
tochronology. Hematoxylin-stained cross-sections of the tubular bones in the extremi-
ties are most frequently used as recording structures. Certain challenges arise when
determining the age of legless species. One potential approach to ascertain the age of
species capable of autotomy and tail regeneration is to examine the caudal vertebrae
obtained from live specimens. Slow worms of the genus Anguis are widely distributed
throughout the Western Palearctic and often exist in significant populations. The
common slow worm (4. fragilis) is found in Western and Central Europe, and in Rus-
sia, it is known only from the western part of Kaliningrad Oblast. Among the repre-
sentatives of the genus Anguis, age has been determined by skeletochronology only in
A. veronensis and A. colchica.

This study presents the findings on the age structure and growth characteristics of
A. fragilis as determined through skeletochronology. The specimens were collected in
the second decade of June 2023 near Zelenogradsk, Kaliningrad Oblast. The snout-
vent length (SVL) of the captured lizards was measured, and a section of the tail was
removed. All lizards, except for the females, were released at their capture sites. Addi-
tionally, the dentary bone was also removed from four individuals that were killed by
vehicles. A total of 24 individuals were examined, comprising 10 males and 14 fe-
males. The females were kept in the laboratory until they gave birth to their offspring.
After measurements were taken, both the females and juveniles were released back in-
to their natural habitat. Lines of arrested growth were observed in the prepared cross-
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sections of the caudal vertebrae and dentary bones (see Fig. 7). The studied animals
ranged in age from 1 to 7 years. Mature females were aged 3 to 6 years (average
4.15 years), while males ranged from 4 to 7 years (average 5.00 years). The modal age
for females was three years, comprising 35.7% of the sample, whereas the largest
proportion of males (50% of the sample) were four years old. The body length of fe-
males aged three years and older varied from 116.28 to 170.23 mm (average
137.99 mm), while males ranged from 110.16 to 163.51 mm (average 146.51 mm)
(see Table I). The calculated maximum body length (SVL,,.) for females was
143.25 mm, and for males, it was 159.70 mm. There was no significant difference in
body length between females and males across different age groups. The body length
of adult slow worms did not correlate with the age of either sex (see Fig. 2). Among
all captured females, only two individuals produced offspring in the laboratory. A
three-year-old female, measuring 129.06 mm in body length, gave birth to five young
lizards measuring between 42.70 and 47.72 mm (average 44.90 mm). Additionally, a
six-year-old female, with a body length of 159.03 mm, gave birth to eight young,
which measured between 31.85 and 39.51 mm (average 36.38 mm). The authors con-
clude that 4. fragilis has an average lifespan (see Table 2). The growth of these lizards
slows down at the age of 3 years and older, which is associated with the onset of pu-
berty. This is further supported by the minimum age of one of the breeding females,
which was 3 years old.

Based on the results of the research conducted, the authors draw the following
conclusions: 1. An equal number of lines of arrested growth are formed in the caudal
vertebrae and dental bones of the common slow worm; 2. The common slow worm in
the eastern Baltic region typically lives for 6 years (females) to 7 years (males);
3. Adult common slow worms of different ages do not differ in body length, indicat-
ing a high degree of individual variability in growth rates; 4. Females reach maturity
after their third winter and do not reproduce annually; they retain their fertility until
the end of their lives.

The article contains 2 Figures, 2 Tables, 43 References.
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BBenenne

3HaHNe BO3PACTa KUBOTHBIX SIBIISICTCS HEOOXOANMBIM YCIIOBHEM IS OIICHKU
COCTOSIHMSI MOMyJIAUMA u ynpasienus umu [1]. bonee yem 50 ner ocHOBHBIM
METOJIOM M3Y4€HHUS BO3PACTHOW CTPYKTYPHI IPECMBIKAIOLINXCS OCTAETCsl CKelle-
ToxpoHosorusi [2—5]. O6pa3yromuecss B KOCTAX B IMEPHOJ THOSPHAIIUN U CTH-
BaIlMif TMHIM OCTAHOBJICHHOT'O POCTA MO3BOJIAIOT C BBICOKOI TOYHOCTBIO OIpe-
JeJIUTh TPOJOJDKUTEIBHOCTh JKU3HU JKMBOTHOTO [6, 7], a mIUpHUHA 30H pocTta
MEKIy HUMHU — PACCUUTATh TeMIIBI pocTa [8]. TpaguiiioHHO perucTprupyOmuMHA
CTPYKTypaMH B CKEJIETOXPOHOJIOTHYECKUX HCCIICAOBAHUSIX PENTHINN CITyXKat
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MOIIEPEYHbIE CPE3bl TPYOUAThIX KOCTeW KOHEUHOCTeH (OeApeHHOW W IIIeYEBOM
KocTeH, ¢ananr naneies) [9-16]. OnpeneneHHyIo MpodIeMy COCTABISIET OMpe-
JleNieHre Bo3pacta y OezHorux BuaoB [17, 18]. B kadyecTBe peructpupyroniux
CTPYKTYp AN HUX MOXKHO HCIIOJNB30BAaTh CPE3bl HIKHUX YENIOCTed U pedep
[18], ogHako mosydyeHue mMaTepuajia Takoro THIa BO3MOXKHO TOJBKO OT MEpT-
BBIX KMBOTHBIX. DTO HE IO3BOJISET HCIOJIb30BATH CKEJIETOXPOHOJIOTHIO JUIS
penkux Oe3HOTUX BHJIOB HMIIM Ha 0CO00 OXPaHSEMBIX TCPPUTOPHUSIX.

Panee 6but0 mokaszano [17, 19], 4To Ha cpe3ax XBOCTOBBIX IMO3BOHKOB pErl-
TIIINH 00pa3yroTCsl TUHUN OCTAHOBJIEHHOTO POCTA, & UX YHCIO COOTBETCTBYET
KOJIMYECTBY NEPEKUTHIX 3UMOBOK [20] M coBmamaer ¢ JIMHUAMH Ha JPYTHUX
KOCTHBIX cTpykTypax [18, 19]. Takum oOpa3om, y OE3HOTHX SIIEPHII, CIOCO0-
HBIX K aBTOTOMHH XBOCTA, JJIs OIIPEIeNeHUsI BO3pacTa MOT'YT ObITh MCIIOJIb30Ba-
Hbl XBOCTOBBIE MO3BOHKH, MoOJlydeHHble Tprku3HeHHo [18—-20]. Crout oTme-
TUTh, YTO KCIOJBb30BaHHUE IIO3BOHKOB B KAaYE€CTBE PETUCTPUPYIOLIMX CTPYKTYpP
MOJKET MPUBOAUTH K HEAOOLIEHKE UJIH MEPEOLEHKE BO3pacTa HEKOTOPBIX 0co0ei
B CBSI3U C PEMOJENMpPOBAaHMEM KOCTHOW TKaHu [21]. OgHako MCHob30BaHME
JIAHHOW CTPYKTYpBI MO3BOJIIET OCYLIECTBIIATH ONpEAeNieHHe BO3pacTa ¢ MUHHU-
MaJIbHBIM YIIEPOOM I KUBOTHBIX.

Beperenunsr pona Anguis Linnaeus, 1758, HecCMOTpst Ha MIUPOKOE pactpo-
crpanenue B 3amanHoi [laneapkTike M BBICOKYIO YHMCICHHOCTD [22], SBISIOTCA
TPYIION sIIepHll ¢ HaMMeHee U3Y4YEeHHOM BO3pacTHOM cTpykrypoil. K Hactos-
LIEMY BPEMEHU CKEJIETOXPOHOJOTHUYECKUMHU HCCIEAOBAaHUSAMU OXBau€Hbl TOJIb-
ko 2 TakcoHa (A. veronensis Pollini, 1818 u A. colchica orientalis Anderson,
1872) [17, 18]. Jlomkas Beperenuna (4. fragilis Linnaeus, 1758), Hacensromias
[0 COBPEMEHHOMY IMpe/cTaBieHuto 3anannyto u Llentpanenyo Espomy [23,
24], B Poccum u3BecTHaA TONBKO ¢ 3amaja KanmmHuHrpaackoi obnactu, a BOCTOY-
HYI0 4acTh POJOBOTO apeaiia (BKJOYasl eBpolieiickyto yacth Poccuu u KaBka3)
HacenseT A. colchica [25]. Takum oOpa3oMm, B Halledl CTpaHE PacHOJIOKEHbI
KpaliH1e ceBEpPO-BOCTOUHBIE MOMYJIALUHN BUAA, BEPOATHO, HAXOASLINECS B YCIIO-
BHSIX [IECCUMYMa. DTO OMPENENISIET aKTyalbHOCTh pabOT [0 U3YUCHHIO UX JIEMO-
rpapuuecKoil CTPYKTYPHI ISl JATBHEUIIEr0 OIPEIEICHHS UX COCTOSHUS.

Hacrosmiee uccnenoBanue NOCBALIEHO U3YYEHUIO BO3PACTHOM CTPYKTYphl U
0COOCHHOCTEH pocTa JIOMKOW BepeTeHHIIbl B KaauHUHTpajcKol 00IacTi MeTo-
JIOM CKEJIETOXPOHOJIOTHH.

MaTepua.n U METOJbI

Beperenuny otnaBiauBanu Bo Il nmekame wutoHa 2023r. B OKPECTHOCTSX
r. 3enenorpajcka KamuauHrpanckoit obmactu. Y MOMMAaHHBIX )KUBOTHBIX JJIEK-
TPOHHBIM IITAHTCHITUPKYJIEM MO CTaHIAPTHOU MeToauKe [26] u3mMepsiu AIuHy
tena (SVL — paccrosiHie OT KOHYMKA MOPJBI 10 KJIIOaKH) U OTJIaMBIBAJI KyCO-
9geK XBOcTa 0e3 ciefioB pereHepanun. Beex smepurl, 3a HCKIIOUCHHEM CaMOK,
TYT K€ BBITyCKAJIH B MECTaX IMOMMKH. Y BEPETEHHUI], IOTUOMINX HA JOPOTe MOJ
KOJIecaMu aBTOTPAHCIIOPTA, U3bIMAIM TAKXK€ 3yOHbIE KOCTH HHKHEH 4YelrOCTH.
Bcero Obutn m3ydensr 24 ocodu (20 xuBBIX W 4 moruOmuX), B TOM YHCIE
10 camuoB u 14 camox.
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[NoliMaHHBIX CaMOK COJIEPIKAIH B JTA0OPATOPHBIX YCIOBUSIX BILIOTH 0 POXK-
JICHUS] TIOTOMCTBA MOOJMHOYKE B MOJHUIPONMHICHOBBIX KOHTEHHEPaX pa3MepoM
300 x 190 x 180 mm’. CybcTpaTtoM City)kujla CMECh MecKa ¢ HeUTpaTn30BaHHBIM
TopdoM, yiaoxkeHHas cioeM 5—7 cM. KoHTelHephl ObLIH 000PYI0BaHBI YKPBITH-
SIMU W TIOWIKaMHu. JIOHHEIH 000TpeB OCYIIECTBIISIIN TIPU TOMOIIH HAarpeBaTENb-
Horo kabenst Repti Zoo RS7050 (Repti Zoo, KHP) momHOCcThIO 80 BT. KOop™Munu
YKUBOTHBIX TPHIKIBI B HEJIEIIO BBOJIIO JIOKIIEBBIM depBeM Dendrodrilus rubidus
Savigny, 1 826 nabopaTOpHOTo pa3BeCHHUS.

OnpeneneHne BO3pacTa OCYIICCTBIISUIM 1O CTaHIAPTHOW mpomemype [27].
KocTHpllt MaTepuan (XBOCTOBBIE MMO3BOHKH, a Y TOTHOIIMX >KUBOTHBIX €Il U
3yOHBIC KOCTH) OUHIIAIH OT MATKUX TKaHEH M JEKaJbIMHUPOBAIN B 5%-M pac-
TBOpE a30THON KHUCIOTHI B TeueHue 10—45 MHH B 3aBUCMMOCTH OT MX pa3Mepa.
Cpesbl TonmmmuaON 30 MKM HM3rOTaBIMBAjIM C MOMOIIBI0O CAHHOTO MHKpPOTOMA
MC-2, cnabxennoro 3amopaxuaromuMm croiaukom OJI-3CO 30, a 3atem oxpa-
muBaad B TedeHne 30 MHH TreMaTOKCHJIMHOM Opiuxa. ['0TOBbIe mpemaparbi
u3ydanu noj uupposbiM Mukpockornom Levenhuk MED D30T mpu 100—400-
KpaTHOM yBenmdeHuu. Dororpaduu MomnepeyHbIX Cpe30B BRIMOIHEHBI pu 100—
200-kpatHOoM yBenmuueHHH udpoBoit kamepoir Levenhuk M500 BASE. Bos-
PacT oIpeessyics TPX MOMOIIH TOACYETa JIMHUM OCTAaHOBJICHHOTO pOCTa. Y 4H-
THIBasi, YTO Y KUBOPOJSAIINX PENTHIMNA B KOCTSAX He 00pa3yeTcsl TUHHUS BBUTYII-
JIeHUs (TaK)Ke Ha3bIBaeMasi CEroJICTOYHON, WU HeoHaTalbHOH) [17, 18], obmiee
YHUCIIO YYTCHHBIX JIMHUH OCTAHOBIIEHHOT'O POCTAa HAa CPe3e MBI CYMTAIH 32 KOJIU-
YEeCTBO MEPEKUTHIX )KUBOTHBIM 3HMOBOK.

CTaTUCTHYECKYI0 00pabOTKy M BHU3YAJIM3ALMIO JAHHBIX BBIMOJHSIA B ITPO-
rpammax STATISTICA 12 u OriginPro 2022. PaccuntbiBaiu cpennee apudme-
THYeckoe (M) u CTaHIapTHOE OTKJIOHEHME MPpU3HAKOB (SD), a Takke uxX pa3max
(min—max). I'nnote3bpl 0 HOPMAIBHOCTH M TOMOTEHHOCTH PACIPEC/ICHUS BbI-
0opok mpoBepsin kputepusmu Jlunmuedopca u JleBeHa. AHanM3 JaHHBIX OCY-
MISCTBISUTA TPH TIOMOINM OJHO(MAKTOPHOTO JTUCTIEPCHOHHOTO aHanmm3a (F),
t-xputepus CTbrojieHTa (fs;) ¥ TecTa paHroBoil koppesinuu Crnipmena (7).

Poct Bepetenun onuckiBanu ypasHeHueMm ¢oH bepramandu [28] mo dop-
MyJie

SVL, = SVL

max (SVLmax - SVLO)e_kt )
rae SVL, — cpeansist IMHA Tena B onpezeneHHoM Bo3pacte; SV, — npenenb-
Has JauHa Tena (MOXET OTIMYAThCS OT MAKCHMallbHOW 3aperdcTpHUpOBaHHOMN
JUTHHBL Tena); SVLy — cpeHsis JUIMHA Telna HOBOPOXKICHHBIX; k — KOO QHUIIMESHT
pocTa; ¢ — KOTUYIECTBO MEPEHKUTHIX 3UMMOBOK.

3a SVLy MBI IPUHAMAIH COOCTBEHHBIE JaHHBIC O CPEAHEH JUTMHE TeJla HOBO-
POXIIEHHBIX 0coOelt BepeTeHuI bl — 39,65 mm. [Ipenenbayto mmnay Tena SVL .
11 K03 GUILIEHT pocTa k KBAKII PACCUNTHIBAIHN HEIMHEIHHBIM OLICHHBAHHEM R-.

l'omoBast olleHKa BRDKMBAEMOCTH BEPETEHHII ObLIa OIpeesicHa Mo (hopMylie
Po6cona n Yanmena [29]

T
T+n-1

rae S — rogopasi OIlcHKa BEDKHUBAEMOCTH,, 1= ny + 2140+ 3nu3+ ..., n=2Xn;, TIOe
n; — 9ACII0 0cOo0el B BO3PACTHOM TpyIIIe .
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OxuaeMyro TPOJIOJDKUTENLHOCTh JKU3HH 0CO0el paccuuThiBaiu 1mo (op-
myie Cebepa [30]

ESP = O,S+L,
1-S

rae ESP — oxupgaemasi MpoAOJDKUTENBHOCTh JKU3HH; S — TIOKa3areib BbDKHUBae-
MocTH. ESP MOXXET OTINYaThCsl OT MaKCUMAIBHOTO 3apernCTPUPOBAHHOTO BO3-
pacTa U3y4eHHBIX 0COOCH.

Pe3yJ’lLTaTLl HCCIICI0BAHUSA

Ha cpes3ax 06eux perucTpupyromux CTPYKTYp IPUCYTCTBOBAIIH JIMHAU OCTa-
HOBJICHHOTO pocTta. [Ipu 3TOM KOJNHYECTBO JIMHUHA HAa CpPe3ax XBOCTOBBHIX IIO-
3BOHKOB M 3yOHBIX KOCTEH, MOJYYeHHBIX OT OJHHX W TEX K€ MOTHOLIMX MOJ
KoJIecaMHt aBTOTPaHCIIOPTa BEPETEHHUII, coBmanaio (puc. 1).

7

Puc. 1. OxpaieHHbIe TeMaTOKCUIMHOM IONIEPEUHBIE CPE3bl XBOCTOBOTO IIO3BOHKA (a)
u 3yOHOiIt koct (6) y maTuiaetHero camua Anguis fragilis (SVL = 148,47 mm).
IIkana cocraBmsier 0,1 MM
[Fig. 1. Hematoxylin-stained cross-sections of caudal vertebra () and dentale bone (6) from the
five-year-old male of Anguis fragilis (SVL = 148.47 mm). Scale is 0.1 mm)]
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UzyuenHbie 0cOOM JTOMKOW BEPETEHHIIBI UMETH BO3pact oT 1 1o 7 jer, mpu
3TOM B BBIOOpKE OTCYTCTBOBAJM JABYXJETKH. ENMHCTBEHHOH OqHOJETHEH OCo-
Obto OblTa camka ¢ JumHOW Tena 55,45 MM. CpeqHuid BO3pacT MOJIOBO3PEIbIX
camok coctaBui 4,15+ 1,14 rona ¢ pazmaxom 3Toro mpusHaka ot 3 no 6 Jer, a
camioB — 5,00+ 1,25 u 47 et coorBeTcTBEHHO (Tab. 1). MoaanbHbIi BO3pacT
caMoK cocTtaBwi Tpu roga (35,7% BBIOOpKH), a HANOOIBIIEE KOJIMYECTBO CaM-
1oB (50% BBIOOpKYM) OBIIM YETHIPEXICTHUMHU. Tak Kak BEIOOpKA CAaMOK MOJIOXKE
Tpex JieT ObUIa HEepelnpe3eHTATUBHON, a CaMIlbl MOJIOXE YETBIPEeX JIET OTCYT-
CTBOBANIM, TO OXKHAAEMYIO NPOAOIDKUTENFHOCTD XKM3HH BO3MOXHO OBIIO pac-
CUYHMTATh TOJBKO JUISI CaMOK, MEPSKUBIIMX Tpu 3uMOBKH (ESP=3,04 rona,
S§=0,606), a nyst camuoB — yetsbipe (ESP=2,61 rona, S=0,526).

JnuHa Tenma caMOK Tpex JIeT W cTaplle M3MeHsulach B auana3oHe 116,28-
170,23 mm (B cpemneM — 137,99+17,93), a cammoB — 110,16-163,51 Mmm (B
cpennem — 146,51 +15,41) (cm. Taba. 1). [Ipu 3TOoM npu cpaBHEHUH 3TOrO MOKa-
3aTelsl JaHHBIX TPYIIT MEXIy COOOH CTaTHCTHYCCKH 3HAYUMBIX pa3uduii 0OHa-
pyxeHo He 6bu10 (7 =-1,199, p=0,243). He paznuuanuce 1o JJIMHE TeJia caM-
KM Pa3HBIX BO3PacCTHBIX rpymn (F39=2,844, p=0,098), a Takxe camibl
(F36=0,661, p=0,606). [InuHa Tena BepeTEHUI] HE 3aBUCENIAa OT BO3pacTa HU B
BBIOOpKE camok (= 0,107, p> 0,05), Hu B BEIOOpKE camiioB (»= 0,326, p > 0,05).

Monenb, ocHOBaHHas Ha ypaBHeHHU (PoH bepranandwu, Oblna HaeKHON AJIst
ONHUCAHUsS POCTa CaMOK (R2 =0,662) 1 caM10B (R2 =0,855) (puc. 2). Paccuutan-
Has nipenenbHas amuHa Tena (SVL ) JUTst epBeIx coctapuia 143,25+ 12,37 mm
(»<0,001), a g BTOpBIX — 159,70£15,56 (»<0,001). OgHAKO U3-3a OTCYT-
CTBHSI B BHIOOPKAX JTOCTATOYHOTO KOJIHYECTBA MOJOJIBIX OCOOCH MOIyUCHHEIC

TaGnuma 1 [Table 1]

Juna tena (SVL) Anguis fragilis B pa3HbIX I10710B03PACTHBIX IPyNIax
[Anguis fragilis body length (SVL) in different sex and age groups]

Camku Camibl CaMKu + caMIibl

Bospacr [Females] [Males] [Females + males]

[Age] SVL, mm SVL, mm SVL, Mmm

[SVL, mm] [SVL, mm] [SVL, mm]

1+ 55,45 - 55,45

34 14891 £19.16 _ 14891 £19.16
129,06-170,23 129,06-170,23
4+ 119,20+2,58 142,18 +18,97 133,56 £ 18,68
116,28-121,16 110,16-160,86 110,16-160,86
5+ 132,90 +9.64 141,71 +£8.74 136,42+9,43
121,87-139,75 135,53-147,89 121,87-147,89
146,51 £17,71 152,17 +£1591
6+ 133,98-159,03 163,51 133,98-163,51
7+ _ 153,66 +9.58 153,66 +9,58
146,88-160,43 146,88-160,43

Tpumeuanue. n — KOINIECTBO 0COOCH.

[Note. n - number of specimens].
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Puc. 2. I3smeHenne ummHbI Tena Anguis fragilis ¢ Bo3pacToM
[Fig. 2. Change in body length of Anguis fragilis with age]

3HaueHus Kod¢pdunuenta pocra camok (k=0,70+0,38) u cammos (k=0,47+
0,23) Obutu HEgocToBepHbIMU (p = 0,084 1 0,067 COOTBETCTBEHHO).

U3 Bcex oTnoBneHHBIX caMOK (14 ocoOeif) MOTOMCTBO B YCIIOBHUSIX Jlabopa-
TOpPHUH TIPHHECIW TOJBKO ABE. TpexjeTHssi camka ¢ JuHOW Tena 129,06 MM
31 urong poamia AT MOJMOIBIX sAwepul] AnuHON 42,70-47,72 MM (B cpeqHeM
4490+2,10 MM), a TIECTHIIETHsISI camkKa JimuHOW 159,03 MM 26 uronst pozuia
BOCEMb MOJIOJBIX JTHOHK 31,85-39,51 MM (B cpentem 36,38 £2,67 Mm).

YuuteiBas cpeqHH pa3Mep HOBOpOxkAEeHHOW monoau (39,65 MMm), MOXKHO
CUYMTaTh, YTO 3a MEPBBIN IOJl )KU3HU CaMKU npupacrtatoT Ha 39,85%, Ha Tperuil
rox — Ha 225,50-329,33%, na uerBeptshIil rog — Ha 193,27-205,57%, Ha nsaTeiid
rog — Ha 207,36-252,46%, Ha mecrtoi rox — Ha 237,91-301,08%. Camitsl ot
POXXIEHUA K BO3pacTy YeThlpex JieT mpupactaiot Ha 177,83-305,70%, k natu
rogaM — Ha 241,82-272,99%, k mectu rogaMm — Ha 312,38%, kK cemu rojgaMm — Ha
270,44-304,62%.

O@cy:kneHne pe3yJIbTATOB UCCJIE0OBAHMS

[To pe3ynbraTamMm CKeJIETOXPOHOJOTHUECKUX HCCIEAOBAHUM JIOMKasi BepeTe-
HULAa IPUHAIJIKUT K YUCITY BUJOB CO CPEIHEH MPOJOIKUTENBHOCTBIO KU3HU
[31], yTo oT™Meuanoch M A1 APYrux mpeacraBurencii poga (tadm. 2) [17, 18].
Poct amepur 3amennseTcs nocie TpeTbeid 3MMOBKH (PHUC. 2), YTO TIO aHAJIOTHH C
paHee M3y4YeHHBIMH Buiamu pentwimid [13, 16, 32] cBs3aHO ¢ JOCTHXEHHEM
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Tabnuma 2 [Table 2]

IIponozkNTeILHOCTD KU3HH I1010BO3PeEJIbIX 0¢00eil Y HEKOTOPBIX
npeacTaBuTeieil pona Anguis
[Lifespan of some members of the genus Anguis|

[IpoaomKUTENBHOCTD KU3HU, JIET
[Lifespan, years] Hcrou-
Bug Jlokanurer Ion Makcu- HUKHU
[Species] [Locality] [Sex] C}fl’;;' MaTbHAS O”;:I;ae' [Refer]—
i ences
[mean] [maxi [expectancy]
mum]
PyBo-neinb- Camku
Mosmre, [fe- 7,0 7 —
Motenna, Uta- males]
Anguis s v Banne-
veronen- ArpHK(ijIIa, Ka- [17]
sis 3epra, Uranus
[Ruvo del monte, ([jnizll{:sb]l 5,7 9 -
Potenza, Italy and
Valle Agricola,
Caserta, Italy]
CbiM, AcTapus- Camku 1+
cKuii paiion, [fe- 6,2 10 6.70
Anguis Asepbaiimxan males] ’ [18]
colchica [Sym, Astara dis- 1+
trict, Republic of Camp! 5.4 9
1 ’ 5,93
Azerbaijan] [males] >
3eneHOrpajcK, Camku 34+
Kanununrpan- [fe- 4.2 6 3.04
Anguis cKasi 0011acTb, males] ’ Hamm
fragilis Poccus JMaHHBIC
[Zelenogradsk, Camiipl 50 7 4+ [our data]
Kaliningrad [males] ’ 2,61
Oblast’, Russia]

MU TIOJIOBOM 3PEJIOCTH. DTO MOATBEPKIACTCS TAK)KEe U MHHUMAIBHBIM BO3pac-
TOM OJHOH U3 Pa3MHOXKHBIIHMXCS caMOK (3 rozga).

Cuwnraercs, 4to A. fragilis TpUCTymaeT K pa3MHOXKEHHIO B BO3pacTe TPEX JIeT
B Wcnanuu [33] u ueThipex-matu JieT B Benukoopuranuu [34, 35]. Taxke MHO-
rue aBTopsl [33, 34, 36, 37] yka3pIBalId, YTO JOCTIKCHHUE IOJIOBOM 3PEIOCTH Y
CaMOK BEpPETEHHUII, 110 BCEW BUJIMMOCTH, 3aBUCUT HE CTOJIBKO OT BO3pacTa 0cooH,
CKOJIBKO OT €€ pa3Mepa. Tak, CUMTACTCs, YTO IOJIOBO3PEIILIMH OCOOSMU SIBJISI-
FOTCsI *KUBOTHBIE ¢ JyHOU Tena 130 mm [33, 34, 36], 94TO B 1IEJIOM COOTHOCHUTCS
C TOJIYYCHHBIMHA HAMH JJAHHBIMH.

[Ipu 3TOM BO3pacT BTOPOM pa3MHOXKMBILIEHCS caMku (6 jeT) u3 Kanunun-
IpaJICKON 00JIACTH COBMAAACT C IIPEACIbHBIM BO3PACTOM B U3YYCHHOM BBIOOPKE,
YTO, MO BCEH BUIUMOCTH, CBUAETENBCTBYET O COXpPaHEHUH (PEPTHIBLHOCTH [0
KOHIIA YKH3HHU.

Y4uTeIBasi, 9TO TOJBKO 2 W3 14 OTIIOBJICHHBIX CAMOK IPHUHECTH MTOTOMCTRO,
MOXXHO YTBEpPXKAaTh, 4TO IJIsl JIOMKOW BEpETEHHUIbl Ha BOCTOKE banrtuiickoro
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pEruoHa XapakTepHO HEEXKEroJHOE pa3MHOXKEHHUE, YTO OTMEUaNoch U JJis ApY-
rux nomynsauuii [34, 38—41].

Urcno HOBOPOXKJICHHBIX BEPETEHHMII B JIBYX M3yYCHHBIX MOTOMCTBaX HaXo-
JTUIIOCH B TIpeeNiaX U3MEHIMBOCTH JUTsl BUjia. B menom o apeany s A. fragilis
IJIOJJOBUTOCTh CAMOK BapbupyeT oT 1 10 26 sx3eMIuisipoB [42, 43].
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AHHoOTanus. V3ydeHne CTPYKTYpHI MOIYJISIUN KUBOTHBIX SBIISICTCS OJHUM W3
TJIABHBIX HAMpaBlIeHUH dKoysorud. OCOOCHHO aKTyanbHBI TaKHe HCCIECIOBaHUS IUIS
KHMBOTHBIX, UMEIOIUX X03iHCTBEHHOE 3HaueHue. Hamu mpoBesieHa olleHKa M3MeHe-
HUH pa3MepoB uepemna cobonst Martes zibellina L. mo 18 MeTpudeckuM mnpHu3HaKaM
B IOMYJISILUY IUIEMEHHOIO 3BepocoBXo3a «CalThIKOBCKUI» 3a mepuon ¢ 1960 mo
2000-¢ rr. Ha GoHE HCKYCCTBEHHOro O0TOOpa Ha IUIOJOBUTOCTh M Maccy Tena. Bousis-
JIEHO YBEIMYEHHE CpeAHero pasMepa 3a 40-neTHuil mepuof, mpuuéM y caMoK 3TOT
mponecc ObUT OOJiee HHTEHCHUBHBEIM, U€M y CaMIIOB. Takxe MPOBEAEHBI CPaBHHUTEIb-
HBIE TECTHI COBXO3HOH INONMYISINH C 4 quknMu TpynmupoBkamu Bupa. CoGomu u3
3BEpPOXO03AHCTBA OKA3aJIMCh 3HAUUTENIBHO KpYIHEE )KUBOTHBIX M3 OacceiiHa p. Bax u
Baprysunckoro xpe0Ta, HO yCTynaroT B pa3Mepax 3BepbkaM U3 OacceitHOB pek [leMb-
ssaka 1 IOran. Kierounas nomysnsimust co0oist OTIMYaeTcss MO pa3MepaM depera oT
JUKHX JKMBOTHBIX, OHAKO Pa3IM4usi HOCAT BHYTPUBHIOBOW xapakrtep. Hampasnen-
HOTO TPEHJAa K YBEIMYEHHIO CBBIIIE BUAOBBIX XapaKTEPHCTHK OKHIATh HE CIEyeT.
CamIpl 3HaYNTENBHO KPYIHEe CaMOK O BCEM IPH3HAKaM, HO B COBXO3HOM HOIyJIs-
I[M OTMEUCHA TeHJICHIINS K yMCHBIICHUIO IT0JIOBOTO AUMOpPhHU3MA.

Knarouesble c1oBa: co0o0ib, KIETOYHAS MOMYJISNNS, AUKHE MOMYJIISLUH, KPAHHO-
MeTpusi, HOJIOBO AuMopdusm, Martes
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Ne 122021000084-4.
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ama B 2000-2015 rr.

Jasa nurupoBanus: Illupsesa E.JI., Panok M.H., Monaxos B.I'. Kpanuonoru-
YyecKkass M3MEHYHMBOCTH COBXO3HOTO M IHKOro cobonst // Bectmmk Tomckoro rocy-
JapcTBeHHOro ynuBepcurera. buosorums. 2025. Ne 70. C. 110-123. doi: 10.17223/
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Craniological variability of farm and wild sable
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Summary. The study of animal population structure is a fundamental aspect of
ecology, particularly for species of economic importance. This research aims to esti-
mate changes in dimensional characteristics, specifically skull morphology, within the
sable population of the Saltykovsky fur farm (Moscow Oblast, Balashikha) from the
1960s to the 2000s. Additionally, we compare caged Sables (Martes zibellina L.) with
their wild counterparts using 18 standard skull measurements. Craniometric parame-
ters of both state farm and wild sable populations were analyzed during the period
from 1960 to 2000. The state farm population was examined using samples from the
early 1960s (n=49) and early 2000s (n=512). Skull collections from natural popula-
tions were analyzed based on samples from the 1960s (Barguzin) and the 1980s (De-
myanka, n=118; Yugan, n=130; Vakh, n =130) (see Table I).

Cranial size tests indicate that the sables of Western Siberia (Yugan, Demyanka)
are large, while the smaller forms include the animals from Barguzin and Vakh. State
farm animals are classified as medium in size (see Fig. I). Sables from the captive
population show a trend of increasing size from the 1960s to the 2000s: males exhibit
significant changes in seven traits with p < 0.05 and five traits at the trend level, while
females show significant changes in thirteen traits with p < 0.02. These traits primari-
ly include basilar length, profile length, condylobasal length, facial length of the skull,
length of the tooth row, length of the auditory bulla, and measurements of skull width;
in females, height traits are also included (see Fig. 4). We believe that the increase in
size among modern caged sables is a result of systematic breeding selection conduct-
ed during the formation of the main breeding herd at the Saltykovsky farm, as well as
the careful pairing of individuals during the breeding season. However, over the past
40 years, a decrease has been observed in certain characteristics, including braincase
length, molar row length, braincase width, and the maximum (mastoid) width of the
skull. These traits are directly related to the process of chewing food, which is soft on
the farm (e.g., porridge, minced meat). The integral indicator, represented by the ei-
genvalue of the first principal component (which accounts for 81.6% of the explained
variance), shows an increase in females from —1.4 to 0.8, which is more significant
than the increase observed in males (from —0.8 to 0.9) (see Fig. 3). A comparative
study of the dynamics of the size structure of sables revealed that males are signifi-
cantly larger than females (see Fig. 2). The index of sexual dimorphism (SD) for the
measurements studied in adult farm sables during the 2000s varies from 5.8 to 10.6,
with an average of 7.9% in favour of males. In the 1960s, the SD index was higher, at
9.8, with a variation ranging from 3.7 to 14.4%. A decrease in sexual dimorphism
may indicate the presence of a population mechanism that limits the increase in ani-
mal size.

Over the past 40 years, the sables at the Saltykovsky farm have experienced an in-
crease in skull size due to directed selection, primarily focusing on females. The cap-
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tive population of sables exhibits differences in skull size compared to their wild
counterparts; however, these differences are intraspecific and do not indicate a direc-
tional trend of increase that surpasses that observed in the largest natural groups of the
species. Males are significantly larger than females across all studied characteristics
(see Table 2), yet there is a noticeable trend towards a decrease in sexual dimorphism
within the state farm population.

The article contains 4 Figures, 2 Tables, 27 References.

Keywords: sable, farm population, craniometrical characters, sex dimorphism,
Martes
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BBenenue

Cenexuysi Kak MpOLECC M3MEHEHUS JAOMAIIHUX >KUBOTHBIX U KYJIBTYPHBIX
pactennii, mo Beipaxkenuto H.U. BaBuiosa [1], «mpencrasiser coboil 3BOIIO-
U0, HAIPaBISIEMYI0 BOJEH deloBeKa». M XOTs >KMBOTHBIX Ha 3Bepodepmax
HeNb3s Ha3BaTh OJOMAIIHEHHBIMHU, OHU HCIBITHIBAIOT BJIMSHHUE CEJIEKIUM Ha
OKpacKy U KauecTBO MeXa, IJIOJJOBUTOCTh M MPUBBIUKY K 4yenoBeKy. KuBOTHbIE
B 3BEpOXO3sCTBaX CyLIECTBYIOT B KOHCTaHTHBIX YCJIOBUSIX C PETYJSAPHBIM
KopMiieHHEM. JloKa3aHO, YTO TMOMYJSIMH IOMECTHUIIMPOBAHHBIX CEpeOpUCTO-
4épHBIX Jucull Vulpes vulpes L. o6nagaiotT MOpQoIOruIecKUMY, (HU3HOIOTHYIC-
CKUMH, FTEHETUYCCKUMH M MTOBEACHUCCKMMH OCOOCHHOCTIMHU [2].

B co001MHBIX 3BepOX03SHCTBAX MPOBOIMIIACH IPOMBIIIUICHHAS CETICKIINS (HE
CBsI3aHHAs C OTOOPOM Ha OJIOMAIIHWBAHHUE), IETBI0 KOTOPOW OBLIO TONYyYUTh
HY>KHBIE JJISl YeJoBeKa CBOMCTBa (Opo/bl) 3BepbkoB. CTaBUiach 3aqada Moy-
YUTh «HICATBHOTO» COOOIJII — JKMBOTHOTO KPYITHOTO pa3Mepa C HaTYJIINM
Ka4eCcTBOM OIMYIIEHHs, TEMHOM OKPAacKOH (CMOIMCTO-u€pHON OCTBIO U TEMHO-
roxyObiM TyXoM) Oe3 TOpJIOBOTO IATHA, C BBHICOKOW ILIOAOBUTOCTBHIO, PAHHEH
penponyKIuen, agantanued K >KU3HUM B LIeaX, YMEPEHHbIM TEMIIEPaMEHTOM
[3].

[Tepsrie npuruoas! ot cobonst Martes zibellina L. nonydensr B 1929 . [4].
Toraa ke opraHu3oBaHO NEPBOE COOOIMHOE 3BEPOXO3AHUCTBO — [lymikuHCKast
cobosmHas dhepma [5-8], HpiHe PI'YII «Pycckuii cobonby», TIie peryaspHo cra-
nu nony4ars npumuoas! ¢ 1931 r. Ilonmymsust co6onst 3BepocoBxo3a «CallTel-
KOBCKHID» 0epéT Hauaso B 1948 r. oT ocHoBaTenel ¢ [TynmknHckoi 3BepodepMbl.
[IpoucxoxaeHne mynmkuHCKOro crajga codons Ha 1929 r. onuceBaetr H.T. [Topr-
HoBa [9]: «Coboyii OBUTM OYEHBb CBETJBIMHU, YaCTO MECOYHO-KEITHIMH, MHOTHE
W3 HAX MMENH OOJBIIOe TOPIIOBOE MSTHO M Upe3MepHyIo cenuny. [Ipeobmananm
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KHBOTHBIC aMypPCKOT'O KpsDKa; MEHBIIE ObUIO CHUCEHCKUX, YPATbCKUX U alTai-
ckux». Kakum sxe ctan cobosib 3a TOYTH TPU YETBEPTHU BEKa pa3BelleHUs B He-
Bosie? M.M. Comoga [10] cuutaer, 4TO CENEKIIMOHHAs MpOTpamMma, IpUMEHsIe-
Masi B momysiun coboist CanThIKOBCKOTO 3BEPOCOBX03a, HE CIOCOOCTBOBAA
FeHETUYECKOMY IIPOTpeccy Kak Mo pa3Mepy Tela, Tak U [0 MHOTOILIOIUIO.

Lenp maHHO# pabOTHI — OLIEHUTH U3MEHEHHE PAa3MEPHBIX XapaKTEPUCTHK, B
YaCTHOCTH dYeperna, B MOMyIBIUH co00s 3BepocoBxo3a «CalTHIKOBCKHID) B
1960-2000rr., a Takke MPOBECTH CpaBHEHHE KJIETOYHBIX COOOJEH C MpHpO.-
HBIMU TPYIIIIHPOBKAMH TI0 Pa3MEPHOI CTPYKTYpe.

MarepuaJibl 1 METOABI

Jns aHanm3a W3MEHEHUI pa3MEepHBIX XapaKTEPHCTHK COOO0IS MpH pasBere-
HUH B HEBOJIC M3YYaJId KPAHHOJIIOTHUECKHIE TPU3HAKH 5 HOMYISAIHUOHHBIX TPYII-
mupoBoK (1 kierouHo# u 4 nmpupoaHbix). OCHOBHOM MaTepuan coOpaH B IUIEM-
3BepocoBxo3e «CantbikoBckuit» (T. banmammxa) B 2001-2007 rr.: 373 ceroneTka
(u3 xotopwix 170 camok) u 139 B3pocibix ocobeit (M3 KOTOPBIX 75 caMoK).

Jiist cpaBHEHUS MCIOIB30BaHBI POMBICIOBBIE COOpHI U3 3 paiioHOB 3amaji-
Hot Cubupu: YBarckoro (Tromenckas obmactb, 6acceitn p. JJembsaka: 59 cero-
netkoB (30 camok) u 59 B3pocnbix (30 camok); 1986—1988 rr. cOopa marepua-
na), HmxkuaeBaproBckoro (XMAO, Gacceiin p. Bax: 62 ceronerka (32 camku) u
58 B3pocibix ocobeit (29 camok); 1981-1985 rr.) u Cypryrckoro (XMAO, Oac-
ceitn p. lOran: 64 ceronetka (28 camok) u 66 B3pocibix ocobeii (30 camok);
1981-1985rr.). JlaHHbIe BHIOOPKH BKJIIOUEHBI B CpPaBHHUTEIBHBIN aHAIN3, TO-
CKOJIBKY MPEACTABIIOT KaK CBeTNbIe (hOPMBI OKPAcKU Mexa (BBIOOpKH U3 Oac-
ceitHoB pek Jlembsinka u FOran, Tobonbckuil moasun M. z. zibellina), Tak u TéEM-
Hble (BBIOOpKU W3 BaprysuHckoro xpeOta u OacceitHa p. Bax, rae uHTpOIyIH-
poBanu Oaiikanbckux coboseit [11]). Ilockonbky BHYTpUBUIOBas HEpapXUsl CO-
00151 IO pa3MepaM Yeperna JOCTaTOYHO Xopoino onucaHa [12—14], Bo3MOXHO
MIPOBOJIUTH CPABHEHUS C JIFOOOW JIOKAIIbHOW BBIOOPKOW C M3BECTHBIM MECTOM €&
MIPOUCXOXKICHHSL.

Wzmepenune yeperna mpoBOJMIN IITAHTCHIUPKYIEM IO cIeayrommM 18 cran-
JaptHeiM npusHakam [15, 16] ¢ tounocteio 0,1 mm: 1. basunspHas niuHa.
2. Konguno6aszanpras amuna. 3. [IpodwneHast mnHa. 4. J{mMHAa MO3TOBOTO OT-
nena uepena. 5. /lnuHa nuneBoro otaena dvepena. 6. [InunHa 3yOHOrO psija.
7. JlnuHa psija KopeHHBIX 3y00B. 8. Jlnamerp 3aThUIOYHOr0 OTBepCTHs. 9. [lnmnHa
ciyxoBoro Oapabana. 10. [llupuaa mo3roBoi karcyisl. 11. HaubGonpmas mu-
puHa uepena. 12.IllupuHa 3aTbulOuHBIX MbIENkoB. 13. [lupuna xoaH.
14. lllupuna Mexay cKyiaoBsiMH OoTBepcTHsiMU. 15. llupuna psina BepxHUX pe3-
oB. 16. [llupuHa ciayxoBoro 6apabana. 17. BeicoTa B 06nactu ciyxoBbIx Oapa-
6anoB. 18. BeicoTa B 00;1aCTH MEXIJIA3HUYHOT'O CY>KEHUSI.

Jnst cpaBHEHUSI ¢ HAIIMMH JAaHHBIMH HCIIONB30BATM MaTepPHAT MTyOIUKAINN
[17], B KOTOPO¥ TIO STHM K€ MpU3HAKaM CpaBHHIN 49 CalTHIKOBCKUX COOOJIEH ¢
6apry3unckumu (n =80) B Hauane 1960-x rr. [TonydyenHas obmas 6a3a JaHHBIX
mo pasMepam uepena (n=1009) npoaHaau3upoBaHa ¢ MOMOIIBIO MaKeToB Mi-
crosoft Excel 1 MHOTOMEpHBIMH MeTOIaMu (JIUCTIEPCHOHHBIN, (PaKTOPHBIM, Kila-
CTEepHBII aHanu3bl) Statistica 8. [Iys1 OLIEHKU BENTUYHUHBI IOJIOBOIO JTUMOPGhU3Ma
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MPUMEHSITH «HHAEKC MoJoBoro aumopdusmar [18] (U1, %): U= 100(X s —
Xo)/Xo, rae Xz u Xo — cpeiHHE BEINYMHBI IPH3HAKOB AN CAMLIOB U CAMOK.

Pe3yJI])TaTl)I HCCJICA0OBAHUA U UX oﬁcyme}me

Io pesynpraTtam 3-(haKTOPHOrO TUCIIEPCHOHHOTO aHAIHM3a BCE 3 HMCCIemye-
MbIX (akropa: 1o (Feper = 50,5), Bospact (Feper = 50,0) n nonynsnuonHas npu-
HaJIEXKHOCTh (Fepe, = 54,8) — OKa3bIBAIOT CTATUCTHYECKU 3HAYMMOE BIIMSHHE HA
pasmepsl gepema cobons (p<0,001). Cpennue 3HaueHus 18 mpomepoB st
B3POCIIBIX 0CO0EH MCCIenyeMbIX BRIOOPOK co0ois mpuBeneHbl B Ta0i. 1. Uepen
B3pPOCIBIX co0oJel cTatucTryecku 3HaunMo (p < 0,01) kpyrHee yepena ceroJie-
TOK I10 BCEM Ipu3HaKam, kpome 4, 9, 12, 13, 15.

B nenom mo pazmepam geperia 0codr COBXO3HOM TPYIITHPOBKU HE JOCTHTA-
IOT BEIMYMHBI FOTAHCKUX M JIEMBSHCKHX 3BEpbKOB (Tabm. 1, puc. 1), HO ecnu
CPaBHHTH Pa3BOJUMBIX B HEBOJIC 3BEPHKOB C CAMBIMU KPYITHBIMH B apeaje BUIa —
KaMUYaTCKUMH | 3aI1aJHO-aNTaiCKUMU, TO pa3HuIla OyIeT OueHb 3aMeTHa.

Taonuma 1 [Table 1]
CpeaHue 3Ha4eHMs (£ cTAaHIApPTHasi OIIMOKA cpeHero, MM) IpoMepoB

yepena B3pOC/abIX 0c00eii HCC/IeJ0BAHHBIX NONYIAIUA 00015
[Mean values of craniometrical characters (= Standard Error, mm)

for adult animals in the studied sable populations]

Bax IOran JlembsiHKa 3Bepodepma
IMpusHaku [Vakh] [Yugan] [Demyanka] [Farm]
[Characters] CaMiib
[Males]

1 2 3 4 5

n=29 n=30 n=29 n=:64
1 75,56+0,28 76,97+0,34 77,75+0,31 76,51+0,24
2 82,86+0,32 84,13+0,33 85,11+0,35 83,69+0,24
3 85,29+0,36 86,11+0,37 87,50+£0,41 85,73+0,28
4 54,18+0,21 55,35+0,21 55,51+0,30 54,18+0,18
5 3529+0,22 35,62+0,21 36,79+0,22 37,39+0,15
6 31,21+0,16 31,87+0,20 32,10+0,16 32,78 +0,15
7 24,16+0,21 24,18+0,16 24,33+0,16 24,77+0,16
8 8,74+£0,08 8,98 +0,08 8,51+£0,08 9,32+0,06
9 19,43+0,14 19,98 +0,14 19,92+0,15 19,52+0,08
10 35,23+0,15 36,21+0,16 36,11+0,19 33,83+0,25
11 37,02+0,25 37,58+0,14 37,86+0,23 3520+0,21
12 19,75+0,13 20,21+0,11 20,36+0,11 19,58 £0,09
13 8,46+0,06 8,54+0,07 8,62+0,11 8,29+0,05
14 20,36+0,15 20,94+0,12 21,07+0,13 20,19+0,11
15 7,91+0,05 8,05+0,05 8,32+0,07 8,55+0,05
16 11,62+0,14 11,32+0,10 11,30+£0,08 11,35+0,07
17 30,99+0,20 32,08+0,21 31,34+0,21 30,99+0,14
18 23,47+0,12 24,16+0,15 24,54+0,16 24,96 +0,09
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Camku
[Females]
1 2 3 5
n=29 n=36 n=30 n=175
1 68,63+0,25 70,54+0,27 70,40+0,24 70,09+0,21
2 75,31+0,26 77,48+0,32 77,26 +0,24 76,84 +0,21
3 77,24+0,28 78,82+0,31 78,72+0,25 77,97+0,23
4 4948+0,15 50,66+0,20 50,58 +0,20 49,75+0,14
5 32,17+0,23 33,04+0,16 33,13+0,20 33,96+0,16
6 28,12+0,15 28,94+0,14 28,62+0,14 29,63+0,12
7 21,61+0,16 22,16+0,14 21,84+0,11 22,49+0,10
8 8,58 +0,09 8,65+0,07 8,29+0,11 8,81+0,06
9 18,15+0,08 18,83+0,12 18,50+0,14 18,40+0,07
10 33,31+0,17 34,01+0,15 33,67+0,19 32,04+0,11
11 34,57+0,16 3490+0,15 34,38+0,15 32,63+0,13
12 18,41+0,10 18,83+0,12 18,84+0,11 18,18 +£0,06
13 8,10+£0,07 7,93+£0,07 7,95+0,07 7,75+0,05
14 18,90+0,10 19,16+0,11 19,26 +0,11 18,77+0,12
15 7,39+0,07 7,60+0,05 7,60+0,06 8,03+0,05
16 11,05+0,12 10,59+0,04 10,57 +0,08 10,76 £0,06
17 28,87+0,15 29,58+0,16 28,93+0,19 28,96+0,10
18 21,21+0,13 21,86+0,13 21,86+0,12 22,97+0,10
864 camubl adult
85 juv  adult juv @
adult
841 adult @ EEDI @ juv @:]Li
adult @

;2 e %

=

] 82 4

£ adult @ O Cpensee

% o1+ [ ]+1.00SE

% 80 liljéil T £196SE

8 camku

% 78 Ja aduE juv adult

K adult

~
J
L

76 - adult

=
75 adult @
o] &

]

Ellcs

& =

adult

1

BapryauH Bax

Puc. 1. 3naueHus KOHIIHJIO6338JIBHOI71 JUIMHBI Yeperia UCCIECAYEMbIX BBI60pOK co0oJIs:

OraH

OeMbsiHKa

Coexoz 60 Cosxos 2000

juv — ceronetku, adult — B3pocibie ocobu
[Fig. 1. Condylobasal length of the skull of the studied sable populations:
juv - juveniles, adult - adults]
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Puc. 2. Knaccudukauust BLIOOPOK CaMIIOB U caMOK co0O0JIsI IO pa3MepaM yepera.
Knacrepnsiit ananus, merox Bapna. O6o3nauenus: 60CoBx03 — BEIOOpPKa B3pOCIBIX
ocobeit 3Bepoxo3siicTBa 1960 r., juv — ceronerky, ad — B3pocble
[Fig. 2. Classification of sables populations according to skull size. Cluster analysis, Ward’s method.
60CoBxo03 - adult sables from farm of 1960s, juv - juveniles, ad - adults]

ITo panueim I'.M. MonaxoBa u H.H. BakeeBa [19, 20], xonauioOa3aibHas
nmHa vepernia (KBJI) cammorB kamyarckoro coboist coctaBiser 87,58 MM, ca-
MoK — 81,29 MM, a o cBenenusim B.I'. Monaxoga [14] — 87,86 u 80,97 MM cooT-
BETCTBEHHO. B TO ke Bpems caMbIMU MEIKUMH B apeajie sBIsoTcs cobomn Cu-
xot3-Anwnns [14] ¢ KB 77,82 mm y cammioB u 71,27 mm y camok. [ToaTomy cos-
XO3HBIX CO0OJICH MOMXKHO CUUTATh HECKOIBKO 0OJiee KPYITHBIMU CPEIHUX B apea-
ne Bujia. B maHHOM CpaBHEHHH COBXO3HAs TPYMITUPOBKA MPEBOCXOMUT COOOIIEH
u3 Oaccelina p. Bax u baprysunckoro xpe0ta (puc. 2).

[To pesynpraram aHanm3a uHaekca nonoBoro aumopdusma (UI11) kormumo-
6a3zanpHas anuHa (KBJ) y B3pOCibIX caMIioB COBXO3HBIX COOOIEH OKa3anach Ha
8,9% (6,85 MM) OombIe, YeM y CaMOK, a HaHOOJbIIee OTHOCUTEIHHOE MPEBBI-
[ICHUE MCCIICIOBAHHBIX MPU3HAKOB OTMEUYEHO IO JinHe 3yoHoro psna — 10,6%
(3,2 mm). Cpennee xe 3nauenue UIIJ] mis 18 mpu3HakoB depena COCTaBUIIO
7,9% (B 1960-x rr. 3TOT MOKa3aTeb ObLI BhIIe — 9,8, Ta0MI. 2).

o pesynbraTam KIacTepHOTO aHAIN3a BCE MCCIEIOBAaHHbBIE BEIOOPKH pasze-
JIWJIACH Ha 2 KJlacTepa — caMmIoB U caMoK (cM. puc. 2). BHyTpHu kaxioro mosa
HaOIroaeTcst paszeneHue oco0ei Ha TPYIIIBI MEJIKUX, CPETHUX W KPYIHBIX 1O
pasmepaM depera BHIOOPOK. B rpymiry Kk MeTKUM >KHBOTHBIM HOIIATH BEIOOPKU
u3 baprysuna u Baxa, IOTOMKOB NpHOAWKadbCKHX OCHOBATEIEH C MEITKUMH
pa3MepamMu uepera.

B kiacTep KpymHBIX KUBOTHBIX Tonayid BeIOOpKU JlembsiHku u FOraHa, Ko-
TOpBIC KIACCU(PUIMPOBAHBI KaK KPYIHbIC W B uccienoBanuu B.I'. Monaxosa
[14], mpu4éM CTOUT OTMETHTH, YTO XHBOTHBIC, HOOBITEIC B OacceitHe p. Bax B
1960-err., B 3TOM HCCJIENOBAaHWM OTHECEHBI B TPYIIYy CPEIHUX MO pasMepy,
TOrAa Kak Oapry3uHCKHE — B Ipynmy Meakux. CaMIlbl U CaMKH M3 COBXO3HOM

116



Hlupsaesa E.JI., Paniok M.H., Monaxoe B.I'. Kpanuonozuueckasn uzmenuueocms

Tabnuma 2 [Table 2]

3HauyeHus1 MHIEKCA M010BOro numoppusma (UI1/1) B u3yyennbix BoiOOpKax, %
[Sexual Dimorphism Index (SDI) in the studied Sables populations, %]

Krnerounsrit Jvkwmit
Ne mpusHaka (Farm] [Wild]

PR Cros0 | 2000 | pepn | S | ey | (Vi
1 9.3 9.2 9,2 10,4 9,1 10,1

2 9,7 8,9 8,6 10,2 8,6 10,0

3 10,2 10,0 9,8 11,2 9.2 10,4

4 9,3 8,9 8,9 9,7 9,3 9,5

5 10,7 10,1 8,8 11,0 7,8 9,7

6 12,1 10,6 12,7 12,2 10,1 11,0

7 9,6 10,1 11,9 11,4 9,1 11,8

8 3,7 5,8 3,6 2,7 3,8 1,9

9 6,9 6,1 6,1 77 6,1 71

10 6,9 5.6 4.6 72 6,5 5.8

11 8,2 7,9 7,1 10,1 7,7 7,1

12 112 77 7.4 8,1 73 73

13 11,4 7,0 3,8 8,4 7,7 4.4

14 13,9 7,6 8,5 9,4 9,3 7,7

15 14,4 6,5 6,2 9,5 5,9 7,0

16 8,9 55 2.4 6,9 6,9 52

17 9,5 7.0 8,0 8,3 8,5 73

18 9,9 8,7 12,5 12,3 10,5 10,7
ﬁﬁf;?e 9.8 7.9 7.8 9,3 8,0 8,0

MOMYJISIUAU  cOOO0JSI TONal B KIACTEp JXKHUBOTHBIX CPEIHHUX pPa3MepoB (CM.
puc. 2).

[lo pesynapraTaM (akTOpHOrO aHaIHM3a Ha TEPBYIO IMIABHYI0 KOMIIOHEHTY
(I'K1) mpuxomutcs 81,6% obwsacHsemont qucnepcun, Ha ['K2 — 9,2%. ITo 6omb-
muHCTBY npu3HakoB (17 u3 18) daxropubeie Harpy3ku ['K1 umeror 3HaueHus B
npeaenax ot 0,84 go 0,99, 4To roBOPUT O BHICOKON KOPPETSIUU WX C TIEPBOU
TJIABHON KOMITOHEHTOH. Pe3ynmbTaThl (hakTOpHOrO aHaU3a COTJIACYIOTCS C TI0-
Jy4YeHHBIMH pe3yJbTaTaMu KIacTEpPHOTO aHanu3a (puc. 3).

Hammvensmme pasmeps! umeroT camiisl U3 baprysnHckoro xpeOTa u BaxoB-
CKHE CETOJICTKH U B3POCIBIC, CPEIH CaMOK CAMbIMH MEJIKHMHU OKa3aJHCh CEro-
netku Baxa u coBxosnbie 1960-X IT., a mocie HUX — O0apry3uHCKHE H B3POCIIbIE
camku Baxa. Cambie kpymHBIe COO0IIN — NEMBSHCKUE U IOTAHCKUE, a K CPEIHUM
Mo pa3MepaM OTHOCSTCS COBXO3HBbIC. OHAKO 3/I€Ch 3aMEYaeM, YTO COBXO3HEIC
co6oimm 2000-x 1. uMeroT bonee Beicokue 3HadeHus I' K1, uem 40 et Hazaz.
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Puc. 3. Pasmeps! uepena (3Hauenue ['K1) camiioB u caMmok 1o pesysipratam
(bakTopHOTO aHamM3a: juv — cerojeTkH, ad — B3pocibie 0coOu
[Fig. 3. Skull size (First Principal Component PC1) of males and females according
to the results of factor analysis: juv - juveniles, ad - adults]

UtoOBI BBELSICHUTB, IT0 KaKUM ITapaMeTpaM HAET YBEIMYEHHUE pa3MepoB depe-
mna XHUBOTHBIX CaJTBHIKOBCKOTO 3BEPOCOBX03a, MPOBEIM CpPaBHEHUE CPEAHHUX
3HAYEHUI W3yYeHHBIX MpU3HaKoB 3a nepuoasl 1960-x u 2000-x rr. CpaBHeHUs
mo BceM 18 mpH3HAaKaM IMOKa3aid, YTO CAMIIbl CAJTBIKOBCKHUX cOOOJIeH cTaiu
3HaYUMO KpymnHee mo 7 npusHakam (1-3, 5, 6, 9, 13; p<0,05; mmoc ¢ TeHaeH-
uueil K pocTy — Mo MsATH), a caMKu — no TpuHaguatu (1-3, 5, 6, 9, 12-18;
»<0,02). OgHako ecTh TpylIa NPU3HAKOB, M0 KOTOPHIM MPOU30IIIIO YMEHBIIIE-
HUE: y caMIloB 3T0 mpomepsl 4%, 7, 8, 10*, 11* u 17, y camok — 4%, 7, 8*, 10%,
11* (3B€310YKaMH TIOMECUCHBI MTPU3HAKU CO CTATUCTUYECKU 3HAYMMBIMU Pa3Iii-
gusime p < 0,05). OTMeTHM, 4TO CaNnTBIKOBCKUE 000 3a 40 JIeT moKasaiu yBe-
JYCHHUE pa3MepPOB, K B OCHOBHOM 3a CUET CaMOK.

Uzmenenus B depene cobons 3a 40-IeTHUI MEPUO UCTOPUH 3BEPOXO3Sii-
cTBa oTpaxkaet puc. 4. [Ipexae Bcero, 3To rpymmna oOmux pasMepoB Y CaMIIOB U
CaMOK I10 TaKUM TPH3HAKaM, KaK OCHOBHAsI, KOHAWIOOa3anbHast ¥ HAaHOOJbIIAs
mrHa (mpu3Haku 1-3), 3aTeM nUIeBas IJIMHA W JUIHHA 3yOHOTO psiga (Ipu-
3HaKU 5, 6). YBEIHYMINCH TaKXKe MIMPUHA XOaH M JUIMHA CIIyXOBOTo OapabaHa
(mpuzHaku 9, 13). 3HauNMOe yBeTUYCHHUE MOKA3JIM CAMKH 10 NIMPUHE MBIIIEI-
KOB, IIUPHHE MEXKAY CKYJIOBBIMH OTBEPCTUSIMH, IIIUPUHE CITyXOBOTO OapabaHa u
BBICOTaM B 00JIACTH MEXKIIIA3HUYHOTO CY)KCHUS M B 00JIACTH CIIYXOBEIX Oapaba-
HOB (mipu3Haku 12, 14, 16—18). [Ipu 3TOM caMKH CalTBIKOBCKUX coOoJiei B Iie-
JIOM TTOKa3ajy OOJIBIIMKA POCT TI0 CPABHEHHUIO ¢ caMIlaMu (CM. puc. 4), HECMOTPs
Ha TO, YTO IO PSAAY NPU3HAKOB MPOHU30LLIO0, HAOOOPOT, YMEHbIIEHHE MapaMeT-
POB — IO IIUPUHE MO3TOBOH KaIlCyJIbl M HANOONBIIEH MIHPHHE Yeperia, a TakKe
JUTMHE MO3TOBOTO OTHENa W JUIMHE psila KOPeHHBIX 3yOoB (mpusHaku 4, 7, 10,
11; puc.4), T.e. mo mpuU3HAKAM, CBS3aHHBIM C >KEBATEIIbHBIM amlapaToM.
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Puc. 4. 13menenus pa3MepoB yeperna cOBXO3HbIX coboneii 3a mepuox 1960-2000 rr.
Homepamu 0603Ha4eHB! KPAHHOMETPUUCCKUE TIPU3HAKHI
[Fig. 4. Direction of changes in the size of the skull of state farm sables during 1960-2000.
The numbers indicate craniometric traits]

Nx yMmeHblLIeHHE MBI CBSI3bIBaEM C aJlanTalyell )XKUBOTHBIX K CHEIH(PUUECKUM
KOpMaM 3BEpOXO03sHCTBa — KaK IPABIJIO, 3TO (apliu U KaIlld, T.e. MATKUE KOp-
Ma, [TOeaHue KOTOPHIX HE TpeOyeT yCHIINi IUIs pas3rphI3aHisl U pa3KeBbIBAHUSL.

Panee oneHky pazMepoB yeperna B CAITBIKOBCKON MOMYJSIUE cOOOMS TPO-
Bén .. Monaxos [17]. IIpuHsaB 6apry3uHCKUX 3BEPHKOB 32 OAHUX U3 NIPapOIu-
TeNel COBXO3HOTO cTaza [5], oH 3akmouny, 4To 3a 30-1eTHuil nepuos pa3Bene-
HUS B KJIETKaX OHU MpHOOpenu 6ojiee KPYIIHbBIe pa3Mephl, a OCHOBHBIC TIpeodpa-
30BaHMs (PeHOOOIMKA MPOM3OILIN Y COBXO3HBIX caMOK. [1o pe3ynbraram Haie-
IO MCCIEAOBAHMS MOXKHO C/IENATh CXOXKUH BBIBOZ: CAMKH BHOCST HAMOOJIBIIIHIA
BKJIAl B OTMEUEHHOE YKPYITHEHHE CANTHIKOBCKOW IMOIMYJISIMU B MOCIIEAYIOIIUE
40 net pazBegeHus (cMm. puc. 3 u 4). MOXHO TakKe KOHCTATUPOBATh, YTO B COB-
XO3HOU HOMYJALUH MPOAOJDKAETCS MPeo0pa3oBaHne TOIIOJIOTHH Yepera B CTO-
poHY cnenu(UIecKoro KJIETOYHOro MOpQOTHIIA, MPHUEM Yy CaMIIOB M CaMOK
npouecc UAET Mo-pasHOMY, O YEM CBUAETEIBCTBYET M COKpAILlEHHUE CPETHETO
HHIeKca monoBoro qumopdusma (cM. tabm. 2). Panee Hamu Oblia oTMeueHa 3a-
KOHOMEPHOCTb CHI)KEHHSI C BO3PACTOM IOJIOBBIX Pa3IM4YMil B COBXO3HOMU IIOIIY-
nmsanun [20]. U ecnu o 6 mpu3HAKaM yBEeJWYEHHE pa3MepoB MAET KOTEPEHTHO,
TO MO 5 MPU3HAKAM CaMKH, B OTJIMYHE OT CaMLOB, YBEJIIMUUBAIN pa3Mepbl (CM.
puc. 4).

CBs13aHO JI OTMEUYCHHOE YBEJIMYCHHUE pa3Mepa cobols K Havary 21-ro cTo-
JeTHs ¢ TpoleccoM IeMeHHoro oroopa? Ilo-Buaumomy, aa. XoTst GOHUTUPOB-
Ka co0O0JsI B OCHOBHOM HJET IO NMPH3HAKaM KadecTBa MEXOBOTO MOKPOBA, €T0
OKpacke, IUIOJIOBUTOCTH, CPOKAM CO3PEBAHUS, TAKKe OLIEHHBAIOTCS pasMep H
Tesnocnokenne. OQHaKo U3MEpEHHs pa3Mepa 3BEpbKOB 3aMEHEHBI MX B3BEIIM-
BaHHEM, K 0c000 KPYIHBIM OTHOCSAT caMIIOB Maccoil Goiee 1,4 kr, caMOK —
cpime 1,2 kr. Ha ocHOBe OOHUTHPOBKH BEAETCS OTOOP B OCHOBHOE CTano (Iist
pasBeneHus) U NOAOOp Hap B MEPHOA roHa [5]. 3a HecATHIeTHs CTaHIapTHBIX
300TEXHIMYECKHUX MPOLEAYp B PasHBIX IDIEMEHHBIX 3BEpocoBXo3ax Poccum co-
3/IaHBl YHUKAJIBHBIE TOPOIBI COOO0ISI C 0COOEHHBIMU CBOMCTBAMH MEXOBOTO II0-
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KpOBa /ISl YIOBJICTBOPEHHS PA3JIMYHBIX 3aPOCOB MOTpEOUTENEH HEeHHEHIIeH
MYIIHON TPOAYKIIHH.

WuTepecHble pe3ynbTaThl HETaBHO MOTYYCHBI IPH HAOIIONEHHUSAX 33 POCTOM
IJIEMEHHOTO MOJIOJHSKA cobosield B 3BeporuieM3aBoje «CaBBaTbeBO», CaMKH
KOTOPOTO MOKa3aJId POCT IJIMHBI TeJla 10 OKTAOPs, a HIOMECHBII C TUKUMHU cO00-
JIIMU MOJTIOJTHSIK TIPOJIOJDKAI PacTy U B HOsIOpe [21]. DTO rOBOPHT O CYIIECTBO-
BaHUM MEXaHM3Ma, CIACP)KUBAIOIIETO POCT COBXO3HBIX co0OOJeH, HECMOTps Ha
CTaOMIIBHOCTD YCJIOBHH KJIETOYHOTO COACPXKaHHSA. Y COBXO3HOT'O COOOMS MIET
MOCTETIeHHAs! MTOTePst TeHETUUECKON M3MEHYMBOCTH [22], YTO MOXKET BIHSTH HA
(pU3UOIOTHIECKUE CBOMCTBA KIETOYHBIX 3BEPbKOB. BO3MOXHO, ITpy HampasiieH-
HOM M3MEHEHHUHU XO3SIMCTBEHHO Ba)KHBIX XapPaKTEPUCTHK Y COBXO3HOIO COOOJIS
W3MEHSIOTCS. IpyTrue CBOMCTBa, HAaCTIeI0BaHUE KOTOPBIX IPOUMCXOANUT HE3aBHUCH-
MO.

Mopdororuaeckue pa3iudusi OTMEUCHBI TAKXKE U Y IPYTUX Pa3BOJUMBIX B
KJIeTKaX XUINHUKOB. Tak, oauyaBIIMe KIETOYHbIE aMEPUKAHCKHE HOPKHU
Neogale vison Schreber, 1777 B benopyccun cTanu Menbue MPUPOJIHBIX KaHA-
ckux [23], XOTs MHOTHE MOPOJAHbIE TPYMIBI HOPOK UMEIOT KPYIHBIE Pa3Mephl.
Mopdonoruueckrie TpeHAbl Y KIETOYHBIX 3Bepell PasHOro IMojia MOTYT MpOsIB-
JIATHCA TO-PA3HOMY, YTO OTMEUYEHO Ha MpUMeEpe HOPOK [24] u mOKa3aHO HaMWU.
Taxxke Oonee MeKHe pa3Mephl MPHOOPENH cepeOpPUCTO-UEPHBIC JTUCHUITBI [25].

3akioueHue

3a nepuon 1960-2000-x rT. y cobonelr CanThIKOBCKOTO IUIEM3BEPOCOBX03a
O] BIIMSTHUEM MCKYCCTBEHHOTO 0TOOPA YBEIHYMIINCH Pa3MEphl Yeperna, MpruaéM
Yy CaMOK 3TOT Tpoliecc MIET WHTEHCHBHEE, YeM y caMmioB. Kietounas momyns-
Ust coOO0IIsl OTIMYAETCS 1O pa3MepaM uepena OT IUKUX KUBOTHBIX, OJHAKO
pa3iIuuus HOCST BHYTPUBHUAOBOW XapakTep W HAlpaBJICHHOW TEHIEHIIMU K yBe-
JUYCHHIO BBIMIE, YEM Y CaMBIX KPYIHBIX MPUPOAHBIX TPYIIIHPOBOK BHIA, OXKHU-
nate He cuernyeT. CoOon U3 3BepoX03sICTBA CTATHCTHUSCKH 3HAYMMO KpyITHEe
KHUBOTHBIX U3 OacceiliHa p. Bax u Bapry3unckoro xpe06Ta, HO yCTyHamT B pas-
Mepax 3BepbkaM n3 OacceiiHOB pek [embsaka u IOran. CaMIisl 3HAYUTENHEHO
KpyIIHEE CaMOK I10 BCEM HCCIICIOBAHHBIM IIPHU3HAKaM, HO B COBXO3HOH ITOITYJIsI-
LMY UMEETCs TEHACHLUS K YMEHBILIEHHUIO TI0JIOBOr0 JUMOopdu3ma.
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AHHoTanusi. Pa3BeieHne *KUBOTHBIX MO/ KOHTPOJIEM 4YeJIOBEKAa BBHIY MaJOUYHC-
JIEHHOCTH BBIOOPOK YacTO OCYIIECTBIISETCS MyTeM OJIM3KOPOJICTBEHHOTO CKpEINBa-
HHUS U CONPOBOXKAAETCSl €T0 BPEAHBIMH MOCIEACTBUSIMU. BBIXOTOM AT CHMXKEHHS
HETATUBHBIX MOCIEICTBUI MHOpHAMHTA Moryia ObI cTaTh ruOpuau3anus. Jns uzyde-
HUS BIMSTHHSI MHOPHWHTA ¥ MOCJIENYIOIel THOPUIM3AINY, a TaKKe MAaTePUHCKOTO
s¢dekTa Ha penPOIYKTHBHEIE, TOBEJEHIECKHE H MOP(OIOTHIECKHEe XapaKTePHCTHKA
JKMBOTHBIX IIPOBENH 4 TOCIEI0BAaTENBHBIX NUKJIA HHOPETHOTO pa3BeACHMs CTEIHON
MECTPYIIKU U3 JIBYX MECT OOMTAaHUS C MOCIEAYIOMNM PEIUIPOKHBIM CKpEIINBaHUEM
MOTYyYEHHBIX CTOKOB B ABYX MOKOJEHHAX. [Ipyn nHOpuanHre HaOMIOgamM OXKHAaEMOe
CHIKEHHE psifia pelpoIyKTHBHBIX ToKa3zaTenell. [ mOpuansanus B nepBoM MOKOJICHUN
COIIPOBOJK/IAJIACH MOJIOKUTENBHBIM TeTepo3ucoM. IIpu 3Tom 3 deKThl, aHaTOrUYHbIE
TeTepPO3UCY, MPOSIBISUINCH TAKKE Y THOPHIOB BTOPOTO MOKOJICHUSI, MOTYYEHHBIX MIPU
CKpEIMBaHUN THOPHUAOB IEPBOTO ITOKOJICHUSI MEXAY COOOH, 4TO, IMO-BUANMOMY,
OIpeelIieTCs MATEPUHCKUM BIUSTHUEM Ha IIOTOMCTBO.
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Heterotic effect in two generations of experimental crossing of
lines of steppe lemming, Lagurus lagurus (Rodentia, Mammalia)
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Summary. Both in natural environments and during controlled breeding, animals
encounter situations involving inbreeding and hybridization of inbred forms. The ef-
fects of inbreeding on individual components of fitness, such as viability and fertility,
have primarily been studied in economically significant species. However, as we rec-
ognize that contrast to existing ideas about the ongoing evolution of the biosphere,
degradation of the biosphere is occurring, it is essential to reevaluate the strategies for
human interaction with nature. These strategies should be designed to preserve sys-
temic organization and maintain intra- and inter-population diversity at optimal levels.
When applied correctly, hybridization can serve both to establish and substantiate the
species status of difficult-to-distinguish forms and to enhance valuable traits in eco-
nomically important breeds while preserving the genetic diversity of domesticated an-
imals, including rare species. To investigate the influence of intraspecific hybridiza-
tion on the reproductive, behavioral, and morphological characteristics of animals,
four successive cycles of inbred breeding (iF1-iF4) of the steppe lemming (Lagurus
lagurus) from two distinct habitats were conducted, followed by reciprocal crossing
of the resulting stocks in the hF1 and hF2 generations. Under laboratory conditions,
two lines of steppe lemmings were established, bred according to a standard brother-
sister scheme. The founders of these lines were descendants of animals captured in
Novosibirsk Oblast: line K was sourced from the Karasuk district (forest-steppe zone
of Northern Kulunda), while line CH was sourced from the Zdvinsk district (steppe
areas of the Barabinskaya lowland near Lake Chany). Animals bred within each of the
drains, with a random selection of pairs serving as controls, were studied. After being
separated from their parents, young animals were housed in same-sex sibling groups.
At the age of 1 to 1.5 months, they were individually housed. Animals that were two
months old were used for breeding. The female was placed in the male's cage, and the
appearance of the cubs was monitored. Each breeding pair was given the opportunity
to produce up to two broods. Experimental animals were bred inbred over four suc-
cessive generations. To obtain first-generation hybrids (hF1), reciprocal crossing of
the descendants from two lines of the fourth generation was conducted, resulting in
the formation of 32 pairs. To obtain second-generation hybrids (hF2), 20 pairs were
formed among the hF1 hybrids. The weight of females, the number of live and still-
born cubs, and the growth and survival of litters until the end of the feeding period
were recorded. The day after the birth of the first litter, both the female and male were
assessed for parental care for 10 minutes. They were removed from the cage, and the
young were relocated from the nest to the opposite corner (approximately 20 cm
away). Each parent was then placed sequentially in the nest, and the time until the first
pup was returned to the nest was measured. After completing double reproduction (at
the age of 3 to 4 months), the animals were removed from the experiment. Body
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length and weight, as well as the weight of internal organs, were determined posthu-
mously. For calculations, indices were utilized, specifically the ratio of the mass of in-
ternal organs to body weight.

During inbreeding, the number of live births and the number of cubs raised to in-
dependence decreased compared to the control group, primarily due to an increase in
juvenile mortality (see Fig. I). In contrast, when two lines of steppe lemmings were
hybridized, fertility increased significantly, as evidenced by a rise in both the number
of live births and the number of pups raised to independence compared to those that
produced inbred offspring. Body condition indicators were highest in inbred animals,
which may be attributed to “favourable” housing conditions (see Fig. 5). However,
reproductive rates for both males and females declined. In inbred breeding, the pro-
portion of successfully reproducing pairs decreased significantly compared to the con-
trol group. During hybridization, this proportion returned to initial values (see Ta-
ble 2). Additionally, a decrease in the relative weight of the testes in inbred males was
observed, which we attribute, on one hand, to the negative effects of inbreeding and,
on the other hand, to the conditions of captivity (see Fig. 4).

Parental care did not diminish over four generations of inbreeding; in fact, it in-
creased in the first two generations for both females and males when compared to the
control group (see Fig. 3). This enhancement in parental care may have improved the
survival chances of offspring from parents with reduced reproductive rates.

The article contains 5 Figures, 2 Tables, 39 References.

Keywords: inbreeding, hybridization, heterosis, reproductive potential, steppe
lemming

Fundings: this work was partially supported by the FNI Program No. FWGS-2021-
003.

Acknowledgments: the authors are grateful to the teacher, Prof. Vadim Ivanovich
Evsikov, who initiated this research and managed to participate in it during his life-
time, and Gulmira Tolegenovna Kokenova, with whose participation the work with
animals was carried out.

For citation: Potapov MA, Potapova OF, Zadubrovskiy PA, Zadubrovskaya IV. He-
terotic effect in two generations of experimental crossing of lines of steppe lemming,
Lagurus lagurus (Rodentia, Mammalia). Vestnik Tomskogo gosudarstvennogo univer-
siteta. Biologiya = Tomsk State University Journal of Biology. 2025;70:124-142.
doi: 10.17223/19988591/70/7

BBenenne

U B npupomHBIX yCIOBUSX, H MPHU Pa3BEICHUU IMOJ KOHTPOJIEM YeIIOBEKa
KUBOTHBIE CTAJIKHBAIOTCS C CHUTYallMsIMA WHOpUAMHTAa M THOPHAM3ALUAN WH-
Opennbix Gopm. BrimsHue MHOpHIWMHTA Ha OTIENBHBIC KOMIIOHEHTHI MPHUCIIO-
COOJIGHHOCTU (XKH3HECIOCOOHOCTh ¥ IUIOJIOBHTOCTh) W3y4add B OCHOBHOM Ha
XO3SIICTBEHHO 3HAUMMBIX JKUBOTHBIX. M TONBKO celuac, Korjna «B IPOTUBOBEC
CYIIECTBYIOIIMM TIPEICTABICHUSAM O NPOFOJDKAIONICHCS 3BOIIONMN Onocheps
MPOMCXOAUT Aerpaaarus Ouocheps» [1], HY)KHO HEPECMOTPETH CTPATETHIO
B3aMMOJICHCTBHS YEJIOBEKA U TPUPOJIBI U CTPOUTH €r0 TaKHM 00pa3oM, YTOOBI
HE pa3pyllanach CHCTEMHAsl OpPTaHH3alus, a BHYTPH- M MEXKIIONMYJSIIHOHHOE
pasHooOpasue yIepKUBajIoch Ha ONITUMAIBLHOM ypOBHE [2].

BaxHo BBIIBUTE 3(D(EKTH OIM3KOPOACTBEHHOTO CKPEUIMBAHUS M IOCICITY-
oIel THOpUIN3ay HHOPEIHBIX (HOpM Ha KU3HEHHO BaXKHBIC XapaKTEPUCTHKH
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YKUBOTHBIX KaK JUIsl BBIACHEHHMSI MEXaHM3MOB aJalTalud U MOJAep>KaHUs Npu-
POIHOTO MOMYJISIIMOHHOTO TOMEOCTa3a, TaK U JJis IUIAHUPOBaHUS U Pa3paboTKU
CXEM HX pa3BeIeHHS B IPAKTHUYECKOH NESTENbHOCTH YeJOBEKa. AKTyalbHBIM
MIPEJICTABIIACTCS TaKKe UCCIIeI0OBaHUE BIMSHUS MATEPUHCKON CPEAbl HE TOJIBKO
Ha MPSAMBIX MOTOMKOB, HO M Ha MOTOMKOB MOCJEIYIOIIUX MOKOJIEHUH, YTO 103~
BOJIUT PAIOHAJIBHO MOAOHPATh PEMPOAYKTHBHBIC Iaphl ISl Ooiiee MOJIHOTO
HCTIONIE30BAHMUS BOCIIPON3BOIUTEIHHOTO OTSHITHATIA MO ISIINH.

U3BecTHO, 4TO MOMYJsALMA, OCHOBAHHAs MalbIM YHCIOM oOcoOeil, MeHee
aJIaNTUPOBaHa K OBICTPO M3MEHSIONIMMCS YCIOBUSAM cpensl [3]. Bpennoe Bo3-
JeiicTBUe OMM3KOPOACTBEHHBIX CITAPUBAHHUN BBIpAXKACTCS B «HUHOpPEIHOHN Je-
MPECCUM»: OTKIOHEHUSAX Pa3BUTHs, CHIDKEHHON IUIOJIOBUTOCTH M >KU3HECHO-
cobnocru [4, 5].

BwMmecte ¢ Tem cymiecTByeT M HONOXKUTEIbHAS CTOPOHA HHOPUIMHTA IS T10-
MYJSIIAA B LEIOM, 3aKITIOYAIONIAsCS B OCBOOOKICHHH OT «MYTallMOHHOTO I'py-
3a». [Ipu 3TOM HEKOTOpbIe HAXOSILIUECS 10 3TOrO B PELUECCHUBHOM COCTOSHUHU
TCHBI MOTYT OKAa3aThCsI MOJIC3HBIMH W 3aKPETUTHCS, YTO YBEITUYUBACT MPUCIIO-
COOJICHHOCTD TMOIYJISIIIAN K YCIOBHSIM cpefbl. CBEICHUs O BIMSIHUU UHOPUIHH-
ra Ha MPUCIIOCOOIEHHOCTh MEJIKUX MJIEKOIUTAIOIIUX IPOTUBOPEUUBBI, OCTAETCS
HE 710 KOHIIa U3YYEHHBIM €T0 aIallTUBHOE 3HaYeHe i1 Buaa [6—8].

[Tokazano, 4TO y MIECKOTUTAIONINX (haKTHUYECKAs IIOZOBHUTOCTH HHOPEIHBIX
CaMOK CYIIECTBEHHO IOBBIIIAETCA NMPU MX CKPEIIMBAaHUM C CaMIlaMd JPYroi
JUHAY, a cyap0a HOBOPOXKICHHBIX THOPUIHOTO TOTOMCTBA 3aBUCHT OT T'CHETH-
KO-(puznonorndeckux 0coOCHHOCTEH MaTepuHCKOro oprannsMa. Ilokazano
TaKXe, 4TO IUIOAOBUTOCTh THOPUIHBIX CAMOK TIEPBOTO TIOKOJICHUS 3HAYUTEIHHO
BBIIIE, YeM MHOPETHBIX, U 3aBUCHT IIPH 3TOM OT T'€HOTHIIA MAaTepH. BHISCHEHEI
MPUYMHBI ¥ MEXAaHU3MBI TPOSBICHUS THOPUIHOW CHIIBI, 3aBHCAIINE OT MaTe-
PUHCKOTO OpraHu3Ma U OCOOCHHOCTEW €ro reHeTUKO-UMMYHOJIOTUYECKOrO B3a-
UMOJICHCTBUS C TOTOMCTBOM [9—12].

I'ubpunnzamus — npu e€ TPaMOTHOM HCIIONIB30BAHUN — MOKET MPHMEHSTHCS
KaK JUIsl YCTaHOBJICHUS ¥ 0OOCHOBAHUS BHIOBOTO CTAaTyCa TPYAHOPAIUIAMBIX
¢dopm [13], Tak 1 11l yBENIMYEHUS LUEHHBIX MIPU3HAKOB XO3SIMCTBEHHO Ba)KHBIX
MOPOJ ¥ TOANEPIKAHMSI TEHETHIECKOTO Pa3sHOOOpas3ysl KUBOTHBIX, Pa3BOANMBIX
0] KOHTPOJIEM YEJIOBEKa, B TOM YHCIIE PEIKUX BHUIOB.

B nacrosmeit pabote noj rubpuausanuend moapasyMeBaeTcs CKpelIMBaHUe
TCHETHYECKH PAa3HOPOIHBIX JIMHUH OJHOTO BHAA, OCHOBATEIH KOTOPHIX OTIOB-
JICHBI B Pa3HBIX KOJOTMYECKHUX YCIOBHAX. OOBEKTOM HCCIEAOBAHUS CITYXKHIA
crenHas nectpymka Lagurus lagurus Pallas, 1773 — Bua, 10oCTaToO4YHO JIETKO
pa3BoauMblii B HeBodie [14, 15]. B npupoae cTenHas nectpylika, MpearnoynTa-
OIIast OTKPBITHIC CTEITHBIE OMOTOIBI, BCTPEUACTCS B OCHOBHOM CEMEHHBIMU Ta-
pamu ¢ MIOTOMCTBOM, MHOTIa Pa3HOBO3pacTHHIM [16]. Pa3MHOXeHHE UIEeT ¢ arn-
perst o HOSIOPh, B OJIArONPHUATHBIC TOJIBI U IO/ CHeroM. [lepe3uMoBaBIie cam-
KM TPUHOCST 10 7 BBIBOAKOB B TO/l, @ CETONETKH — A0 3. CpeaHsis MI0J0BUTOCTD
B3pOCIBIX CaMOK — 7,5 3MOpuoHa, a Monoabix — 4,6. CTpyKkTypa ceMeHHBIX
TPYNIIUPOBOK CTEMHON MECTPYIIKM MEHSETCS B 3aBUCHUMOCTH OT IIJIOTHOCTH
HaceneHus [17]. B 3a00Te 0 TOTOMCTBE MPUHUMAIOT YYaCTHE KaK CaMIIbl, TaK U
camku [18].
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C uenpio M3y4eHUs BIUSHUS BHYTPHUBHIOBON TMOPUAM3AINH HA PEIPOIYK-
THUBHBIE, MOBEICHYCCKHE U MOP(HOIOTHIESCKHUE XapaKTEPUCTHKH KUBOTHBIX MPO-
BenH 4 mocJeIoBaTeIbHBIX IMKIJIAa HHOpeaHoro pasBencHus (iF1-iF4) cremnoit
MECTPYIIKK U3 JABYX MECT OOUTaHUS C MOCIEAYIOIIUM PEIMIIPOKHBIM CKpEIH-
BaHUEM TIOJTyYCHHBIX CTOKOB B mokosieHusx hF1 u hF2.

MaTepna.nbl H METOABbI

Pa6oty Hagamu B 2003 1., o e€ pe3ynbTaTaM 3alluicHa KaHIUAaTCKasK TUC-
cepranus [19], yacth Marepuana KOTopoil onyonnkoBaHa [20], 0JJHAKO OCHOB-
HOU Pe3yJIbTaT OCTAJICS HEOMYOJMKOBaHHBIM. MeXay TeM MOJIydYeHHBIE TaHHEIC
M0 Ceil JeHb MPENCTAaBIIAI0T HAYYHYIO IIEHHOCTDb JIJIsl TOHUMaHHUs MEXaHU3MOB
MOJ/ICPKAHUS JKU3HECTIOCOOHOCTH MPHUPOAHBIX TOMYJSIUNA, CBSI3aHHBIX C WH-
OpUAMHIOM ¥ BHYTPUBUAOBOW r'MOpUIN3aIIUCi.

Oxcnepumenmanvhuvie scusomuvie. B 2003 r. B mabopaTtopuu MomyasIHOH-
HOW 3KoJoruH 1 TeHeTHKH XuBOTHBIX MCulXX CO PAH (HbIHE — nabopaTtopust
CTPYKTYPHl U JWMHAMHKH TIOIYJISIMHA KUBOTHBIX) B BUBAPHBIX YCIOBHSX OBLIH
3aJI0’KEHBI JBE TUHUU CTEHOM MEeCTPYIIKH, pa3BOJUMbIE IO CTAaHAAPTHOM Opart-
cko-cecTpuHCKoi cxeme [19, 21]. OcHoBaTensiMu JUHUK CTajdd MOTOMKH KH-
BOTHBIX, OTJIOBJICHHBIX B HoBocubupckoii odnactu: muaus K — B Kapacykckom
p-He (necoctens CesepHoil Kynynasr), 3anagnee r. Kapacyka Ha 15km u Bo-
crounee c. Tpourkoro Ha 4 kM. ['eorpaduyeckyro M30IAIMIO 00ECIICUUBAIOT
03. Manoe Yepnoe c¢ ceBepa u 03. KporoBa Jlara c rora. Orcioga u3bsum
16 B3pocHbIX U 13 IOBEHMIBHBIX 3BEPHKOB, KOTOPBIE OCHOBAJIH JIMHUIO.

Jluams Y — B 3nBunHcKkOM p-He (bapaOuWHCKas HH3MEHHOCTB), 3amagHee
r. 3aBuHcKa Ha 40 kM. ['eorpaduueckyro nzonsimuio odecrieunBarot 03. Dagrxa
C OJIHOM CTOpOHBI, AenbTa pek Kaprar u UynsiM — ¢ apyroi, u emeé ¢ AByX CTo-
POH — HCKYCCTBEHHbIE MPOTOKH. 3/1€Ch ObUIN OTJIOBJIEHBI 2 CAMKH — OepeMeHHas
Y FOBEHHWJIbHAsI. DTH CaMKH U MTOTOMCTBO, POXIEHHOE OepeMEHHON CaMKOM, Ja-
JIM Hadano 6 mapam, KOTOpPhIE CTAIM OCHOBATEISIMU JINHHH.

Buemne >kxMBOTHBIE ABYX JMHUN pa3iMyaroTCs: 3BepbKu JUHMM Y oTiu4a-
I0TCSL KOPOTKOM TTIaIKOH LIEPCThIO, a y 3BepbKOB JMHUU K oHa Oosnee NMHHAS U
B3BEPOIICHHASL.

JKuBOTHBIX cojepxaiu B cTaHIapTHhIX kietkax (20 x 30 x 10cm) npu mo-
CTOSIHHOM CBETOBOM pexkume (14 1 cera : 10 4 TeMHOTBI) U CBOOOAHOM AOCTY-
e K COYHOMY KOMITO3UTHOMY KOPMY, YTO ITO3BOJIIIIO HE YUUTHIBATH CE30HHBIH
¢akxTop. B KauecTBe MOICTHIIOUHOTO MaTepualia HCIOIB30BAIH JPEBECHBIC
OTHJIKH.

Cxema skcnepumenma. Ilocne oTcamKkul OT POAWTENEH MOJOIBIX 3BEPHKOB
COJIEpXaJId OJHOTOJBIMU CHOCOBBIMU Tpynmnamu. B Bospacte 1-1,5 mecsima
paccaxuBald WHAMBUAYANbHO. s pa3MHOXKEHHS HCHOJIb30BAIU KUBOTHBIX
2-MecsiyHOTO Bo3pacTta. CaMKy MOACaXMBAIH B KJIETKY CaMIla U CJIEAWIN 3a Ia-
poil, TTOKa He MOSIBISUINCH AeTeHbIH. Kaxxaoi pa3MHokaromencs nape mpeso-
CTaBJISJIM BO3MOXKHOCTh MPHHECTH JO JBYX BBIBOAKOB. ODKCIEPUMEHTAIBHBIX
YKUBOTHBIX Pa3MHOXaJIM WHOPEIHO Ha MPOTSDKEHUM YEThIPEX IMOCIeA0BaTelb-
HBIX TOKoJeHui. KoHTponem cimyxuinu ocobu, OTIOBICHHBIE B MIPUPOIE, H UX
MMOTOMKH TMEPBOT0 MOKOJIEHUs, Pa3BOIMMBIEC ayTOPEIHO B Ipeaenax KaxIoro u3
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cTokoB. [IpoaHanu3upoBaHbl MOKazaTenu 166 HHOpEMHBIX W 54 KOHTPOJIBHBIX
nap.

Jus mosyuenust tuOpuaoB nepBoro mokoneHust (hF1) mpoBommmm peru-
MIPOKHOE CKpEIIMBaHHE ITOTOMKOB ABYX JHMHHUI yeTBepToro moxoneHus. Coop-
MupoBaHo 32 mapel. dns monmydeHus: TuOpumoB Broporo mokoneHus (hF2)
cthopmuposano 20 nap cpeau rudpunos hF1.

Penpooyxmuenvie xapaxmepucmuxu. CaMOK B3BEIINBAIH B IeHb (HOPMHPO-
BaHUS Maphl U MOCIe MEePBBIX poJoB. IIpupoct Maccel Tena 3a Bpems OepeMeH-
HOCTH XapaKTepU3yeT MeTabOIUYECKHe 3amachl sl HYXX] TOCISIYIOmeH aK-
Tanuu [22, 23]. YUuTBIBaIM YUCIO >KMBBIX M MEPTBOPOXKIIEHHBIX JICTECHBIIICH
(o moceaHUX — MOKa3aTelNb MePUHATANIBHON CMEPTHOCTH), POCT U BBDKUBA-
€MOCTh BBIBOJIKOB JIO OKOHYAHUS BHIKAPMIIMBAHHSL. MOIOJBIX )KUBOTHBIX OTCa-
JKUBAJIM OT Marepeit Ha 21-i 1eHb oT poxxaeHusl. MOJIOYHOCTh CaMOK OIIEHHUBa-
JH TI0 TIPUPOCTY CyMMAapHOH MAaccChl TeJla BCETO BBHIBOAKA KO JTHIO OTCAAKH IO
OTHOIIECHUIO K TAKOBOMY Ha JIeHb poxJeHus [24, 25].

Pooumenvckas 3aboma. Ha cnenyromuil eHb HOCIE POXIACHUS NEPBOTO
BBIBOJIKA CAMKY M CaMIla TECTUPOBAIN Ha MPOSBICHUE POAUTEIHCKOI 3a00THI B
teyeHue 10 MuH. VX OTCcaxuBaJii M3 KIIETKU, a JAETEHbIIICH MepeMerlann u3
rHe3/a B MPOTHUBOMOJIOKHBIN yroi (okosno 20cm). 3areM KaXXAOro POAUTENs
MOCIIEOBAaTEbHO TIOMEIIATH B THE3I0 M ONPENSISUIM BPeMs 1O IOCTaBKH B
THE3/I0 MEePBOTO AeTeHbIma [23].

Mopgonocuueckue noxazamenu. YXUBOTHBIX MOCTIE OKOHYAHUS JIBYKPATHOTO
pa3MHOeHUs (B Bo3pacTe 3—4 MecC.) BBIBOJIMIIM M3 IKCIICPUMEHTA JTUCIOKAIHeH
HIEHHBIX MO3BOHKOB. [locMepTHO oOmpeaesuii UIMHY W Maccy Tena, Maccy
BHYTPEHHHUX OpraHoB. [ljii pacyeToB HCMOJIb30BAIM WHAEKCHl — OTHOLIEHUS
Macchl BHYTPEHHUX OPraHoOB K Macce Tela.

JlJ1s OIEHKM YNIUTaHHOCTH >KUBOTHBIX HCIIONB30BANM HHAEKC (PU3NIecKoro
cocrosiHus tena (BCI, body condition index): BCI= W/Wyg, tne W — macca Tena,
Wg= b/L? — oxunaemas Macca Tena (L — nnuHa Tena, L* — nokazartens oGbema
Tena, b — KOAPPUIMEHT perpecCHy MacChl TeJIa Ha TI0Ka3aTellb 00beMa, Mpe/IBa-
PHUTEILHO PACCUMTAHHBIM Ha BBIOOPKE KOHTPOJBHBIX XHBOTHBIX) [26]. Panee
HaMHU YCTaHOBJIEHO, YTO OTHOCHTEJIbHAsg Macca OKOJIOCEMEHHUKOBOTO (Tpuiie-
JKaIIero K SMUAUAMMUCY) JKUpa Y CaMIOB MOJIOKUTENBbHO Koppenupyer ¢ BCI
(r16=10,64, p<0,004), uT0 MAJTI0 HAM BO3MOXHOCTh B JaJIbHEHIIIEM HCIIOJIB30-
BaTh €r0 B KAYECTBE ITOKA3aTeNIsl YIUTAHHOCTH CAMIIOB.

Mamemamuueckue memoOsi. MaTeMaTHUECKUI aHaJIU3 MPOBOAMIN C MOMO-
upio kputrepueB CThIOJICHTA, xz, nucnepcuonHoro ananuza ANOVA u tecrta
LSD wu3 ero apcenana. /lanuble B TeKCTE M HAa PUCYHKaX MPEICTABICHBI B BUJIE
cpenHuX M omMOOK cpeaHux. Pasnuuus cuuranu nocroBepHbiMU mpu p < 0,05.
[Ipu OTCYTCTBHM HOCTOBEPHBIX PA3IHYUA MEXKITY aHATH3UPYEMBIMH TPYIIIaMU
COOTBETCTBYIOIIUE CTATUCTUYCCKUE TAHHBIC 0OBETUHEHBI.

JlaHHBIE, TIOYYCHHBIC B XOJI¢ SKCIICPUMEHTA, HE OBLTH OMyOIUKOBAHBI B pe-
LEH3UPYEMBIX U3JIaHUSX, IPH 3TOM HE YTPaTUIIM CBOIO aKTYaJbHOCTb U 3HAUH-
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MOCTb JI1 IMOHMMAHUA MEXaHHU3MOB NOAACPIKaHUSA JKA3HECIIOCOOHOCTH npu-
POOHBIX HOHYHSIHHI;'I.

Pe3yJ’leaTl>l HCCIICI0BAHUSA

HabGiromanock MOBEHIIICHHE MAapaMEeTPOB Pa3MHOXKEHUS U JIydIliee pa3BUTHE
MTOTOMKOB BO BTOPOM ITMKJIE TUOpUan3anuu y TioOpunos hF2.

Penpooyxmuenvie xapaxmepucmuxu. Ilpu MHOpPEOHOM pa3BEICHUH IO
YCIIEIIHO PAa3MHOXKAOUIMXCS Map 3HAYUTENBHO CHIDKATIACh 10 CPABHEHHIO C
KoHTposeM. [Ipn rubpuausanuy 3TOT MOKa3aTenb BO3pacTal 10 MCXOAHBIX 3Ha-
yenui (tadu. 1).

[Ipu vHOpHOWHTE YUCIO KUBOPOKACHHBIX W BBIPAIICHHBIX JO CAMOCTOS-
TEJEHOCTH JIETEHBIIEH CHIKAJIOCh TI0 CPAaBHEHUIO ¢ KOHTPOJIEM 32 CUET YBEJIHU-
YeHHs FOBEHWIHLHOW cMepTHOocTH. OcoOeHHO Oouiblasi CMEPTHOCTh HaOJI0Ia-
nack B 3—4-M IUKIIE, 4TO, BUANMO, CBA3aHO ¢ MHOpemHol aenpeccueid. [Ipu ru-
OpuIu3aIyy ABYX JIMHHUHA CTEMHBIX MECTPYILIEK IUIOJOBUTOCTD PE3KO BO3pacTaia
3a CYeT YBEJIMUCHHS KaK YHCIIa )KUBOPOXKICHHBIX, TAK M BRIKOPMJICHHBIX IO Ca-
MOCTOSITEIFHOCTU JETCHBIIICH MO CPABHCHUIO C KUBOTHBIMH, POIUBIIUMH WH-
OpeaHoe moToMcTBO (puc. 1).

ITpupoct Macchl Tena caMoK 3a BpeMs IIepBOi OepeMEHHOCTH IO CPAaBHEHHUIO
C KOHTPOJIEM CHIDKAJCA B 1—2-M IMOKOJECHUSIX OpaTCKO-CECTPHHCKOTO pa3Belie-
Hus B 2 pasa, a B 3—4-M — noutH B 3 paza. [Ipu rubpuanzanuu 3TOT nokasareib
BOCCTaHaBJIHBaJICS (TabII. 2).

Tabnuna 1 [Table 1]

Jlons1 pa3MHOKAIOIIUXCS Nap CTENHON MeCTPYUIKH B KOHTpoJIe,
Nnpu HHOPEeIHOM pa3BeJeHUU U THOPUAN3 AT
[Proportion of breeding pairs of steppe lemming in control,
inbred breeding and hybridization]

[Toxonenust pazeneHus Jouns pasmMHOX)aromuxcs, % Bceero map

[Generations of breeding] [Proportion of reproducing, %] [Total pairs]
Koo .
[hounders of th s 19,0° 2
Hircpean 1.2 is
fibred F34] o8 >
[Hyidisaon WF1] B 2

I'mopuanzanmst hF2 (hF1xhF1)

3k
[Hybridization hF2 (hF1xhF1)] 100,0 20

Tpumeuanue. * JlocroBepHble OTIMYMS OT KOHTpois p < 0,05, ** nocToBepHBIE OTIMYUS OT
nHOpenHsIx p < 0,05.
[Note. * Significant differences from control p <0.05, ** significant differences from inbred p <0.05].
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Ollpu poxgermm  BIIpH oTcagke

PasMep BEIBOZIKA, TIIT.
ad
T

KonTpoms Wuép.1F1-2  Wudp.1F3-4 Tu6p. hF1 T'ép. hE2

[pyrmE

Puc. 1. Pa3mep BBIBOAKOB IIPH KOHTPOJIEHOM M HHOPEIHOM Pa3BEICHUH U TIPH
rubpuam3anuu. * JlocToBepHbIE OTIMYHS IIOKOJICHUH HHOPETHOTO pa3BeqCHHS
ot koHTpoust 1 oT rubpunos hF1 u hF2 (ot p < 0,05 no p <0,001)

[Fig. 1. Brood size in control and inbred breeding and hybridization. * Significant
differences between generations of inbred breeding from the control
and from the hF1 and hF2 hybrids (from p <0.05 to p <0.001)]

VBenuyeHre HeOHATaIbHOW CMEPTHOCTH MOTOMKOB MPY UHOPUIIMHTE CBs3a-
HO, BEPOSATHO, HE TOIBKO CO CHIDKCHHEM HX COOCTBEHHOW KHM3HECIIOCOOHOCTH,
HO ¥ C YXYALICHUEM COCTOSHHUS WHOPETHBIX CaMOK, HE HAKOIMUBIIUX JOCTATOY-
HOT'O SHEPreTHYECKOTO pecypca JUls COBMEILCHHUS JTAKTAlUH ¢ OEPEeMEHHOCTHIO.

OTMeueHO TakKe CHW)KEHHE CPeJHEeH MacChl Tella BHIKOPMIICHHBIX JI€TEHbI-
niel mpyu WHOPETHOM pa3BEICHHH 10 CPABHEHUIO ¢ KOHTpojeM. CpemHsist Macca
Tela MpU OTCaKe MMOPHIHBIX MOTOMKOB KaK IEpPBOro, TaK W BTOPOrO MOKOJIe-
HUS TIPEBBIIIACT TAKOBYIO KOHTPOS (puc. 2).

Tabnuma 2 [Table 2]

IIpupocT Macchl Tesla caMOK 32 BpeMsi 0epeMeHHOCTH B KOHTpO.JIe,
Nnpu HHOpPeTHOM pa3BeleHUU U THOPUAN3ALNU
(B cKOOKaX NPHBEIEHO YHCJIO CAMOK)
[Body weight gain in females during pregnancy in control, inbred breeding
and hybridization (the number of females is given in parentheses)]

IToxonenus pasBegeHus IIpupoct maccel, r

[Generations of breeding] [weight gain, g]
Eé%ifﬁf]b 6,4+0,5 (49)
Hipea 1.2 32205 G
[ F0) R
[yidsaton b1 T2ty
[y dsaton 2 T

Tpumeuanue. * JJocTOBepHBIE OTIMYNS OT KOHTPOIIS ¥ THOpuan3anud, p < 0,05.
[Note. * Significant differences from control and hybridization p <0.05].
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Konrpomn Wuoép. iF1-2  Ha6p. 1F3-4 Tuop. hFl Tuop. hF2

H

Ma

I'pyTre:

Puc. 2. Macca Tena geTeHsllel Ipy oTcagke oT poauTesnei (21-if 1eHs) B KOHTpoIe,
IIpy MHOpETHOM pa3BeAeHNH U ruOpuan3anun. * JlocToBepHbIe OTIMYUS
ot KoHTpoJs (0T p <0,05 mo p <0,0001)
[Fig. 2. Body weight of cubs when leaving their parents (21* day) in the control, with inbred
breeding and hybridization. * Significant differences from control (from p <0.05 to p <0.0001)]

[Ipu cpaBHEeHHH Macchl Tella TOTOMKOB B KaxA0W U3 rpymm K 21-my AHIo
(IeHb OTCaAKK OT POAMTENLCKUX 0c00€i) HanOOIBIIHE TOKAa3aTeNH 3aQUKCUPO-
BaHbl y THOpunoB hF2. OHM HaOMparoT HanOOJBIIYI0 Maccy Tena, Omaromaps
TOMY, 4YTO BBHIpamieHsl THOpHIHBIMH hF1 «reTepo3ucHBIMI» pPOTUTEISIMU.
HaGop maccel Tena ruOpuaHbIX IETCHBINIEH 00eCIIeUnBACTCS TYUIICH MOJIOYHO-
CTBIO CAMOK, KOTOpast ONpeieNsIeTcs 10 IPUPOCTY MAcChl MPUILIOA 32 MOJCOC-
HBI iepuon [24, 25].

Pomutenbckass 3a0oTa B TEUYEHUE YETHIpEX MOKOJCHWA WHOPHIUHIA HE
YMEHBIIANACh M JaXe BO3pacTana B 1-2-M MOKOJCHHSAX KaK y CaMoOK, TaK U Y
CaMIIOB II0 CPaBHEHUIO ¢ KOHTpojeM. MHOpemHble 0COOM MEpBBIX MMOKOICHHH
pa3BeleHHs, CTAaHOBSICh POAWTEISIMH, OBICTpee IOCTABISUIM B THE3IO NIETCHBI-
IIed, MePEeNIOKEHHBIX B NAIBHUIA YTOJl KICTKH. DTO, BO3MOXKHO, YBEIHYUBAIIO
IIAHCH HAa BBDKUBAHHE Y MIOTOMKOB OT POJMTENICH CO CHIKCHHBIMH PEIIPOIyK-
TUBHBIMH TOKa3zaTensiMu. A caMku-ruopuasl hF2 Gosee 3a00TIHMBEI IO CpaBHE-
HUIO ¢ HHOpeaHbIMH 1F3-4 (puc. 3).

Wzyuenne MOpQOIOrHIecKUX PENPOAYKTHBHBIX XapaKTEPUCTHK ITOKA3alo,
9TO Y WHOPETHBIX CAMIIOB CTEITHOM MECTPYIIKH JOCTOBEPHO CHIDKAJICS MHICKC
CEMCHHUKOB. [ MOpHIn3anus e NpUBOAMWIA K TOMY, YTO CaMIlbl THOpHIbl hF2
JOCTHTAITH MO YPOBHIO 3TOTO IMMOKAa3aTes sl KOHTPOJIBHBIX 3HAUeHHH (puc. 4).

B 10 ke BpeMst HHIEKC YIIUTAHHOCTH JKUBOTHBIX (KaK CAMOK, TaK ¥ CaMIIOB)
110 3—4-ro NOKOJICHUsT HHOPETHOTO Pa3BeICHUS 3HAUYNTEIHHO NOBbImancs. [lpu
3TOM y MHOPEIHBIX CaMIIOB OH OTPHIATEIBHO KOPPEIUPOBAT C WHIEKCOM Ce-
MeHHUKOB (7331 =—0,34, p<0,001) u Ha 20% BBEIIIE y OcoOeH 0boero mona ¢
MpU3HAKAMH OXKHPEHUS 1 HE OCTABUBIIIX IIOTOMCTBA 10 CPABHEHHUIO C YCIIEITHO
pasmHOXxaBimumucs (p <0,01).

Wnnekc ynuranaoctu y tuOpuaabix camioB (hF1 u hF2) noctoBepro Huxke,
yeMm y uHOpeanbix iF1-2 u iF3-4 nokonenwmii (p <0,01), u HE oTIIMYANC OT Ta-
KOBOTO KOHTPOJIBHBIX JKUBOTHBIX (pHC. 5).
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LN(BpeM4, ¢)

Kontpome  HuGp.iF1-2  HueSp.iF3-4  T'ndp. hF1 I'mp. hF2

I'pvmmsr

Puc. 3. Poautensckas 3abota (Jlorapugm BpeMeHH TOCTaBKU JETEHBIIIA B THE3/10)
npu HHOPETHOM pa3BeieHuH U rubpuau3auu. * JlocToBepHbIC OTIHYHS OT KOHTPOJIS
y camok (p <0,04) u camuos (p <0,01) unbpeanoro passeneHus iF1-2;

** TOCTOBEPHBIE OTJINYUS OT HHOpeaHbIX caMok 1F3-4 nokonenus
u camok-ru6punos hF1 (p <0,05)

[Fig. 3. Parental care (logarithm of the time of delivery of the cub to the nest) during inbred
breeding and hybridization. * Significant differences from the control in females (p <0.04)
and males (p <0.01) of inbred breeding iF1-2; ** significant differences from inbred
females 1F3-4 generations and hybrid females hF1 (p <0.05)]

Takum 00pa3oM, TIPU CKPEIIMBAHUK JBYX CTOKOB CTEIHBIX MECTPYIIEK, KO-
TOpbIE IO 3TOrO MPOULTH 4 MOKOJEHUS HHOPEIHOTO pa3BEACHHUS, MPOH3OILIN
MOJIOKUTENLHBIC CIBUTH B PENpONyKIHH THOpUAOB. OcoOeHHO 3T0 OBLIO

16 r

. *

o *

2

)

E | n * '

Konrpons Wuoép. iF1-2  Wuop. 1iF3-4 Tudp. hF1 Tuop. hF2
pyTimez

Puc. 4. VI3meHeHNe HHIEKCa CEMEHHUKOB IIPH HHOPHIUHTE W THOPUIU3AIIIH.
* JlocTOBEpHBIE OTIMYHS OT KOHTpoIrst ¥ Tnopunos hF2 (ot p <0,05 mo p <0,001).
[Fig. 4. Changes in the testes index during inbreeding and hybridization. * Significant
differences from the control and hF2 hybrids (from p <0.05 to p <0.001)]
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Kontpones  MuOp.1F1-2  WHGp.iF3-4  Tudp. hFl Tudp. hF2

Ipymm

Puc. 5. V3menenne nnnekca ynuranHoctd (BCI) npn nHOpuanHTe 1 THOpHIM3aIHN.
* JlocToBepHBIE OTIANYMs OT KoHTpourst u tuopunos hF1 n hF2, p <0,01
[Fig. 5. Changes in body condition index (BCI) during inbreeding and hybridization.
* Significant differences from the control and hybrids hF1 and hF2, p <0.01]

3aMETHO Yy FI/I6pI/IL[OB th, Koraa BO BTOPOM HHKIIC FI/I6pI/II[I/I3aLII/II/I YCUIUJICA
3(1)(1)6KT reTepo3uca, 4TO BbIPA3WJIOCH B MOBBIIICHUU PCIIPOAYKTUBHBIX ITOKa3a-
Tenen u JIy4qlIeM Ka4€CTBE MMOTOMKOB.

OO0cy:k1eHue pe3yIbTaTOB

DBOIIOIMOHHAS IIEHHOCTH JKECTKOTO WHOPHIMHTA B SKCTPEMAIBHBIX YCIIO-
BHSIX OKpPY’Karomeil cpemsl Uil MpoueccoB (hOPMUPOBAHUS aJIalTHBHOTO T'€HE-
TUYECKOTO TONMMOpdHU3Ma U BUIOOOPa30BaHUS MPOSBISAETCS, B YAaCTHOCTH, B
napajoKcaabHbIX APPEeKTax CTPYKTYPHOH W (PYHKIIMOHAIBHON MEPECTPONKU
reHOMa penpoAyKTUBHOM cucteMbl [27-31]. B cumy pa3HbIX 3KOIOrHYECKHX
MPUYHH Pa3peKCHHBIC MPUPOIHBIC TOMYIISIIHA UHOTa BBIHYXKICHBI TIPHOETaTh
K OJIM3KOPOJICTBEHHOMY pPa3MHOXCHHUIO, MPHOOpeTasl MpH ITOM MEXaHH3MEI,
KOMIICHCUPYIOIIIME CHWXKEHUE IoKazaTeneil penpoaykuuu. OIUH U3 TaKuX Me-
XaHU3MOB — HHTCHCU(UKAIIYS PAa3MHOXKCHHUS, HANOOJIEE ITOTHO PEATH3YIOIIAsCSI
y MoHoramoB. Kpome Toro, BKJiaJi B COXpaHHOCTb U Jydlliee pa3BUTHE JACTEHBI-
1Iiel BHOCUT aKTHBHOE BOBJICUCHHE caMIla B OXpaHy OOIIei rHe3710BOH Teppu-
TOPHU 1 3a00TY O TIOTOMCTBE.

OTtcyTcTBHE 3anpeTa Ha UHOPUAMHT TIOKAa3aHOo JAJIs1 HEKOTOPBIX BUIOB IPhI3Y-
HOB U KYHBUX U IIOATBEP)KJIEHO CIEAYIOLMMU 3KCIIEPUMEHTAMHU, IIPOBOIUMBIMU
B ycnoBusix BuBapus. CaMKu CBUCTALICH Kpbickl Parotomys littledalei npenmno-
YHUTAIOT 3allaX CBOMX CHOCOB WIIM MOJYCHOCOB, 8 PEIPOAYKTHBHEIC TIOKA3aTEIIH
WHOPEIHBIX M ayTOPEJHBIX Map HEe OTIIMYAOTCS, KaK M POCT BBIBOAKOB [7]. OT-
CYTCTBHE HHIIECT Ta0y SKCIIEPHMEHTANBHO MOKa3aHO U JUII HEKOTOPHIX BUJIOB,
JKUBYIIIMX CEMENHBIMH rpynnamu. Hanpumep, s y3kouepenHou mosneBku La-
siopodomys gregalis — BUia ¢ ceMeHHO-TPYIIIOBON opranu3anueii [32], u crerm-
HOU MEeCTPYIIKH, KOTOphIe He An((EepeHINPYIOT MOJOBBIX MapTHEPOB IO CTe-
TIeHU POACTBa K HUM [33].
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B 11abopaTOpHBIX CEMBSIX CTEMHOHN MECTPYIIKU U3 Pa3peKEHHOW MOIMyISIUN
CO CTaOMIBFHO HU3KOH YUCICHHOCTHIO OTIBI CIIOCOOHBI MOKPBIBATH CBOHUX PaHO
CO3PEBAONINX J0Yepell IPU COBMECTHOM COACPKAHUHU J0 UX OTCAAKH OT POJIHU-
Tenen.

OtcyrcTBHE 3ampera Ha ONHU3KOPOICTBEHHOE CKPEHIMBAHUE OTMEUCHO Y
ropHoctas Mustela erminea — BUja ¢ JUTMTENBHON SMOPHOHAIBHOM JAHAIay30H.
Crnemnble IOBEHUJIbHBIE CAMKU B BO3pacTe 2 HEAEIb MOKPBHIBAIOTCS OTLIOM. OJTO
MOBBINIACT TAPAHTHIO OILIOJOTBOPEHUS CAMOK, YTO OCOOCHHO IIeTIecO00pa3Ho B
TOJIbI JIETIPECCHH YUCICHHOCTH [34].

Wzyuenne BAMAHUS MHOPUAMHIA y CTEIHOW MECTPYIIKH B YETHIPEX IOCTE-
JIOBAaTENBHBIX IMOKOJCHUAX IOKA3aJI0, YTO JIOJS Pa3MHOMKAIOIIUXCS Map Cpemu
POICTBEHHBIX 0COOEH HIDKE, YeM B KOHTPOJIE, YTO COTTIACYETCs C JAHHBIMU JIU-
teparypsl [15]. OnHako npu oOIIeM CHHMXKEHHUH PENPOJYKTUBHBIX MapaMeTpOB
CaMOK U CaMIIOB POJUTENbCKasi 3a00Ta y 000OMX POAMTENEH ocTaBajlach Ha Xa-
PaKTepHOM JUIS BHJIA BBEICOKOM ypOBHE. PoanTenbckoe MOBeAeHHE THOPUIHBIX
MaTeper MPEeBOCXOAWIO JaXKe KOHTPOJIbHBIC 3HAUCHHS. Y MOHOTaMHOTo 0Oeio-
HOTOTO XOMsuKa Peromyscus polionotus WHOPUIMHT CHIDKAJ OTIIOBCKYIO 3a00-
Ty, HE BJIMAA IPU 3TOM HETAaTHBHO Ha MaTepUHCKYIO [35].

Nubpennoe paszBeneHue nMpuBesio K MOPPOGU3HOIOTHIECKUM U3MEHEHHSM Y
CTEMHON mecTpymku. B 4YacTHOCTH, BBISIBICHO YMEHBIIEHHE OTHOCHUTEIHHOU
MacChbl CEMCHHUKOB y CaMIIOB, YTO MBI CBSI3BIBAEM, C OJHOW CTOPOHEI, C Hera-
TUBHBIM BIIMSIHHEM WHOPHUAMHTA, C APYTOH — C OOMTaHKUEM B YCIOBHSIX HEBOJIH.

ITokaszarenu ynmuTaHHOCTH MAaKCHMAaJIbHBI y HHOPEIHBIX KUBOTHBIX. OTHAKO
MY 3TOM CHHU3WIUCH PEIPOAYKTUBHBIC TIOKA3aTEeNN KaK CaMIOB, TaK U CaMOK.
Henp3st orpunath u BimsiHEE Ha (DU3MYECKOE COCTOSHHE 0co0ei OIM3KOpoI-
CTBCHHBIX CKPEIIMBAHUI, MMOCKOJIBKY KOHTPOJIBHBIC 3BEPHKH, COAEpIKaIIUecs B
TeX )K€ YCIIOBHSX, HE HAOUPAIOT U30BITOYHOM MacCHI Tea.

Takum 00pa3oM, MPH UHTEHCUBHOM HHOPUIMHIE B KOHTPOJIUPYEMBIX YCIIO-
BHSIX Y CTEMHBIX NECTPYIIEK NPOUCXOAAT HAIIPaBICHHBIE H3MEHEHHS MOPHODH-
3HOJIOTHYECKHUX XapaKTEPHUCTHK, BUAUMO, CBSI3aHHBIC HE TOJIEKO C HHOPUIMHTOM
KaK TaKOBBIM, HO H C PUCIIOCOOJICHUEM K YCIOBHSM HEBONH. B wacTHOCTH, 1MO-
Ka3aHHass HAMH PEAYKIHsS OTHOCHTEIBHOW MacChl CEMEHHHUKOB W YBEIUYCHUE
MOKAa3aTelisl YIUTAaHHOCTH CKOPee OTPHUIATENIFHO CKa3hIBAIOTCS HA Pa3MHOKEHIH
noneBok [13]. ¥V rubpunoB MHAEKCHl YIUTAHHOCTH U UHJEKCHI CEMEHHUKOB (Y
camiioB hF2) He oTiM4aroTCs OT «HOPMBI»: 3HAYCHUH, XapaKTEPHBIX JJIs KOH-
TPOJIBHBIX JKUBOTHBIX, YTO, OYEBUAHO, B3aHMOCBS3aHO C WX BBICOKHMH PETIpO-
JYKTUBHBIMH KOHTUIIASIMH.

I'ubpunnzanys y MICKOIUTAOIINX PUBOANT K 3aITyCKY (PH3HOJIOTUIECKUX
MEXaHHU3MOB y Marepeid, crocoOCTBYIOIMUX dPPEKTUBHOMY Pa3BHTHIO T€HETH-
YEeCKH YY)KEPOIHBIX TOTOMKOB BO BHYTPUYTPOOHBINA M MOJICOCHBIN TIEPHOEI [8,
36, 37]. B Haeil paboTe MeXIIHMHENHHbIE CKPEIUBAHUS YBEIUUUBAIN MaTEPUH-
CKHUH BKJIaJl B TIOTOMCTBO CaMOK, IIPOMIEAMHX 4 MOKOJICHUS HHOPUANHTA.

Oco60¢ BHUMAHUE CTOUT YIEIUTh OOHAPYKECHHOMY (DEHOMEHY COXPaHCHUS
U JJaKe MPEYMHOXKEHUS TeTEPO3UCHOTO 3P PeKTa BO BTOPOM HOKOJICHHU THOPH-
IU3aIN, KOTOPBIM BBIpaXKaeTcS B IIPEBOCXOJCTBE T'MOPHAHBIM MOTOMCTBOM
poImuTenbCKkux ocobeit. DhdekT nmpociaeKuBacTCS HE TONBKO B YBEITUUYESHUH MO-
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JIOYHOCTU MaTepell u JydrieM (GU3NIECKOM COCTOSIHUU THOPHIOB MEPBOTO IO-
KOJICHWS, HO ¥ B MTOBHIIICHHOW IDIOJOBUTOCTH M MOJIOYHOCTU THOPUIHBIX JTOUE-
peit (hF1), BeipamuBaromux rudpumoB Broporo nokoienus (hF2). ¥V camios
reTepO3UCHBIN d(DDHEKT MPOSBIIICS B H3MEHEHUU MOP(POPU3NOTOTHISCKUX Xa-
PaKTEPHUCTHUK, B YACTHOCTH, B YBEIMYCHUH OTHOCUTEIBHOW MacChl CEMCHHUKOB
(maubonee otueTniiBoM B hF2) m B yInydllIeHHH pPENpPOAYKTHBHBIX KadecCTB, B
TOM 4YHCJIE W 3a CUeT HOpPMAaJHM3alUH HMHIECKca ynuTaHHocTH. [lokaszano, 4to
IUIOOBUTOCTh caMOK hF1 3HAYMTENbHO MOBBINIACTCS M 3aBUCHT IIPH 3TOM OT
reHortuma matepu [38].

Opnako Oojee Ba)KHBIMHU SIBIISTIOTCSI B3aMMOOTHOIICHUSI B CHCTEME «MaTh —
MOTOMKIY, 3()(HEKTHBHOCTH KOTOPBIX OIPENENSIET CTCICHb MPOSBICHUS dPQeK-
Ta rerepo3uca y miekonuraromux. Tak, camku hF1 mposBisitor cBoro «rubpu-
HYIO CHJIy» B TOBBIIICHHONH MOJIOYHOCTH M JydIIed 3a00Te O MOTOMKax, YToO U
CKa3bIBACTCS HA MPOSBICHUN dY(PPEKTOB, aHATOTHMIHBIX T€TEPO3UCY, BO BTOPOM
MOKOJICHUH THOPUIOB. DTU 3()()EKTHI JTOTUYIHO OOBSICHSIIOTCS, €CIIH UCXOIUTh U3
MpeaCTaBIeHUH, cHOPMYINPOBAHHBIX HAMH, O MaTCPHHCKOM BIMSHHH Ha (op-
MUPOBaHUE aJaNTHBHBIX XapaKTEPUCTUK MOTOMKOB Yy MICKOmUTaromux [8, 36,
38]. MarepuHckuid d3PEKT OompenensieTcs MUTOILIa3MaTHISCKON HaCIeICTBEH-
HOCTBIO, BIMSHIEM MAaTEpPUHCKOTO OpraHu3Ma. B GONBIIMHCTBE OMBITOB MO pe-
[UIPOKHOMY CKPCUIMBAHUIO, B YACTHOCTH B >KUBOTHOBOJICTBE, YCTAHOBJICHO
3aMeTHOE MpeodialaHuie BIUSHHUS MAaTEPUHCKOHN MOPOJIBI HA HACIICAOBAHUE IIe-
JIOTO psifa mpu3HakoB [39].

Hamm naxHBle MOATBEp)KOAIOT MPEACTABICHHUS O BIWSHUHA MAaTEPHHCKON
cpebl U 00 0COOEHHOCTSX TPOSBIICHUS TeTepo3rca y MIIEKOMUTaoMmX. MMeH-
HO y HHUX IpPH MMOJHOU (PU3MOIOTHYECKON 3aBUCHMOCTH IUIOJIA OT MAaTepy B Te-
YeHHEe BHYTPHYTPOOHOTO, a 3aT€M M PaHHEro MMOCTHATAIILHOTO MEepHOoAa HeoO-
XOJMMBIM YCJIIOBUEM T'eTEPO3HUCa SBISIETCS YBEINYCHUE MATCPUHCKOTO BKJIAIA B
MOTOMKOB, CBSI3aHHOE C MOSIBIICHUEM OJArOMpUATHBIX (YU3UOIOTUICCKUX MOJH-
¢dukanuii y Matepeii [8]. Y WHOpETHBIX CAMOK CTEIIHBIX MECTPYIIEK OJaronpu-
aTHble MoaupuKamy (YBEIUYECHHE IUIOJOBUTOCTH M MOJIOYHOCTH), 3aITyCKaIO-
[IMECs MPH POXKICHUU THOPHIHBIX MOTOMKOB, ITOJHOCTHIO PEATU3YIOTCS Yepes
MOKOJIEHHE — emle OOJBIINM YBEIHMYCHHEM IUIOJOBHUTOCTH M MOJIOYHOCTH HX
Jodepei. YirydmeHne MaTeprHCKUX Ka4eCTB CAMOK IPH THOPHIM3AIMHU IOKa-
3BIBaC€T M TOT (DAKT, YTO, HECMOTPs HA YBEIUUYCHHE KOIUYECTBA POXKICHHBIX
JICTEHBIIIEH, IPEUMYIIECTBO B IIPUPOCTE MACCHI 32 BpeMs JAKTAIlHMH ITOJIyJIaeT
KaK BECh BBIBOJOK, TaK M KaXXIbIH IETEHBIII B OTACIHHOCTH — BOIIPEKH H3BECT-
HOW 00paTHON 3aBHCHUMOCTH MEXKIY BEIHYMHOW IOMETa W WHAWBUIYaJIbHOM
Maccoi OTOMKOB.

3akjrouenne

Takum 00pa3oM, THOPUIHOE TIOTOMCTBO JCUCTBUTEIBHO OoJiee YCIENIHO U
MOJIHO HCIONB3yeT OIaronpusTHbIe MOAN(GHUKAIMA MaTepPUHCKOTO OpraHU3Ma,
MPOUCXOASAIINE TPU THOPHAM3ALUK, & CAMKU CTCIHBIX MECTPYIIEK CIOCOOHBI
MOBBICUTH HE TOJBKO CBOIO IUIOIOBHTOCTB, HO M MaTEPUHCKHIE KAauecTBa, TAaKUE
KaK KOJMYECTBO MOJIOKA (MOJIOUHOCTh) M 3a00Ta 0 MoTOMCcTBe. [1010KUTEIhHBIE
3¢ GeKTh THOpUAN3AH, 0COOCHHO BO BTOPOM IMOKOJICHHH CKPEIUBAHUM, HE
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TOJIBKO Ha PEMPOAYKTUBHBIC, HO U Ha MOP(OIIOTHYESCKIE TIOKA3aTEeIH KUBOTHBIX
MO3BOJIAIOT TPUOJMKATHCS K LEIH COXPAaHEHUs W TOAMCP)KaHUSI FeHO- U QeHO-
TUTTUYECKH MTOJTHOIICHHBIX 0COOEH B YCIIOBUSX HEBOJIH JUIS MTOCIEAYIONICH pera-
TpUauuu uX B npupofy. Ilpu pa3BeneHNH TUKUX KUBOTHBIX B MCKYCCTBEHHBIX
YCIOBHSAX 3HAHWE B MEPBYIO OYEpEIb CHCTEMbI OpPayHBIX OTHOIICHUI M BBIpa-
KEHHOCTH 3a00ThI O MOTOMCTBE, PEaKIMU Ha WHOPHIUHT TIOMOXKET IPaMOTHO
peanu3oBaTh pa3IMYHbIE MPOTrPAMMBI 110 MOJIEP>KAHUIO MAJIOYUCIICHHBIX TOIY-
JISAIUA C MOTIOJTHEHUEM MX XUBOTHBIMH, BBIPANIEHHBIMU IO/ KOHTPOJIEM YeJI0-
BEKa.

Co0J1101eHue ITUYECKUX CTAHIAPTOB

Bce akcniepyMeHThI Ha TPBI3yHAX MPOBOJIMIIN B COOTBETCTBHH C TPaBUIIAMU,
npuHsATHIMA EBpomeiickoil KOHBEHIIMEH M0 3alluTe MO3BOHOYHBIX >KHMBOTHBIX,
UCIIOJIE3YEMBIX B JKCIIEPUMCHTANBHBIX U APYTHX HaydHBIX IelsX. [Iporokon
JKCIIEPUMEHTa 0JI00pEH KOMHUTETOM 10 OM03THKEe MHCTUTYyTa CHUCTEeMAaTHKH U
skosioruu )kuBOTHEIX CO PAH (mipotokon Ne 1 ot 14 anpenst 2014 r.).
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BroisiBiienne BHPYyCa MEIIOTYATOI0 paciioaa B JUHYMHKAX
m4yejJa u Meae, ornpeacjacHue €ro BUPpyJeHTHOCTH

Buxropust AjiexceeBHa CTpOKOBal, Anexcanap Buxkroposuu KoponeB2

! Dedepanvubiil nayumwlii yenmp nuenoeodcmsa, Peibnoe, Poccus
2 Mockoeckas 20¢y0apcmeennas akademus 6emepunapHoti MeOulyuHb
u buomexnonocuu um. K.1U. Ckpsibuna, Mockea, Poccus
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AHnHoTanms. Bupyc memoTuaToro pacmioaa muen (sacbrood virus) sBnsercs oa-
HOHM M3 pacIpOCTPaHEHHBIX M ONAcHBIX OOJe3HeH I4en M IMYeNINHOTo paciuiona. Bu-
pyC pa3pylaer KISTKH THIO(GapuHreanbHbIX JKelle3 H )KHUPOBOTO Tela MYelbl U JINIH-
HOK, 4TO, B CBOIO OUY€PE/Ib, YACTO MPHUBOIUT K THOENH JINUMHOK M COKPAIIEHHIO MPO-
JIOJDKUTENBHOCTH XM3HU muen. C HCIoIb30BaHHEM METOJA MOJHUMEpPa3sHON LemHon
peakuu ¢ 00paTHON TPAHCKPHIIIKEH B pealbHOM BPEMEHH BHPYC MEIIOTIATOrO pac-
IUI0JIa BBIABIEH B Mene. IlokasaHo muTomaTuueckoe IeHCTBUE BUPYCA, BBIIEIEHHOTO
U3 Mena OOJBHBIX MUEIHMHBIX CeMel, Ha KyJIbTyphl KIETOK MieKomuTaromux. O0Ha-
PY’KEHBI CXOKHe 3HaUeHHs KOJIIMUEeCTBA BUpyca B IMIMHKAX U MeJIe, a TAaKXKe Ompesie-
JIeHa TIpsiMast KOPPEIsIIHs HaJIM4us BHPyca B MeJie OT KIMHIYECKH OOJBHBIX ceMel 1
KyJIbType KJIETOK MJeKonuTarolmux. Hamu Brepseie NOKa3aHo in Vitro, 4To B MEAE OT
KJIMHMYECKH OOJBHBIX CeMel, MOPaKeHHBIX BHPYCOM MEIIOTYaTOro paciuiofa, co-
XpaHseTCs] BUPYJICHTHBIH BO30OYANTENb Kak MUHUMYM B TeueHne 10 cyTok (c MOMeH-
Ta oTbopa 1mpod). AHAIM3 Mea METOJOM ITOJIMMEPa3sHON IENMHON peakiuu ¢ obpat-
HOH TpaHCKpUILKEH B peaJbHOM BPEMEHH M MHAMKALM BUpYyca Ha KYJIbType KJIETOK
MJICKONUTAIOMIAX MOXKET CIY)KHTh METOJOM HEHHBAa3UBHOW IMAarHOCTHUKH MENIOTda-
TOTO pacIuIofa IMYeTL.

KuroueBsble ciioBa: Bupyc MemoTdatoro pacmiona myein, men, qRT-TTHP, kynb-
Typa kierok, LIIT/]

s uutupoBanus: Ctpokosa B.A., Koposies A.B. BrisiBnenue Bupyca Memor4aTo-
rO pacIuiofia B JINUMHKAX MUel U MeZie, OIpe/elIieHHe ero BUpYJISHTHOCTH // BecTHUK
Tomckoro rocynapcTBeHHoro yHuepcurera. buonorus. 2025. Ne 70. C. 143-156.
doi: 10.17223/19988591/70/8
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Summary. Sacbrood virus (SBV) is a prevalent and serious disease affecting bees
and their brood. The virus primarily targets larvae that are 2 to 3 days old, as well as
adult bees. Under natural conditions, larvae become infected when they are fed by
nurse bees, which themselves become infected while cleaning cells containing de-
ceased larvae. The sacbrood virus damages the cells of the hypopharyngeal glands and
the fatty body of both bees and larvae, often resulting in larval mortality and a de-
creased lifespan for adult bees. The clinical presentation of sac brood in bees is char-
acterized by variegated brood, where the head ends of some larvae are visible, dead
larvae appear in the shape of a 'boat', many empty cells. Additionally, dead bee larvae
are observed in the form of sacs filled with liquid. However, these larvae can only be
detected in cases of severe infection. The discovery of insect viruses in honey indi-
cates that healthy bees may become infected with these viruses through nectar collect-
ed from honey-producing plants. According to bibliographic monitoring, honey within
the Russian Federation has not yet been studied for the presence of viruses. Today, the
issue of bee infection with the SBV remains a significant concern. A clear clinical pic-
ture of the disease typically emerges only in severe cases. However, the disease can
go undetected even with a low level of damage to the bee colony caused by the sac-
brood virus. Up to 6% of bee larvae may die due to this insidious disease. There may
be a correlation between the concentration of SBV in the brood and honey, as a viru-
lent pathogen can persist in honey. Consequently, the detection of SBV in honey could
serve as a non-invasive method for the early diagnosis of the disease. The purpose of
this study is to identify the sacbrood virus in honey and bee larvae and to assess its
potential virulence by infecting mammalian cell cultures.

A veterinary examination of bee colonies in two apiaries located in Moscow Ob-
last was conducted, revealing a clinical presentation in seven colonies affected by the
sacbrood virus (see Table 2). Molecular genetic analyses were performed at the Syntol
LLC laboratory in Moscow, Russia. Samples of honey and bee larvae were tested for
the presence of the sacbrood virus using real-time reverse transcription PCR (qRT-
PCR) with the Iso Test-SBV (Syntol LLC, Moscow, Russia), following the manufac-
turer's guidelines. Amplification products were detected through real-time fluores-
cence on an ANK-32 analyzer. The following dyes were utilized: carboxyfluorescein
(FAM - negative control) and carboxy-X-rhodamine (ROX). The detection of the bee
brood sac virus was conducted using the A4xL cell culture, which consists of pig kid-
ney SPEV-TK cells and horse lymphocytes (an interspecific hybrid strain) at the De-
partment of Cellular Biotechnology and Nutrient Media of RES, Moscow, Russia.
Honey samples for infecting the cell cultures were prepared as follows: 0.5 g of honey
was dissolved in 1 ml of physiological saline, then centrifuged in a T-24 centrifuge at
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10,000 rpm for 10 minutes. The supernatant was transferred to a test tube, and the cen-
trifugate was filtered through a 0.45 pm microfilter.

As a result of the studies, it was revealed that the sacbrood virus was present in
honey and bee larvae across all examined bee colonies (see Table 3). Experiments in-
volving the infection of a cell culture with the SBV isolated from honey demonstrated
that after 168 hours of cultivation on the A4xL cell culture, cell degeneration was ob-
served. This included the disruption of the monolayer's integrity, destruction of the
cell membrane, vacuolization of the cytoplasm, and pyknosis of the nuclei. In con-
trast, the control group exhibited 98% preservation of the cell monolayer. The sac-
brood virus isolated from honey induces cytopathic effects (CPE) on mammalian cell
cultures. It is possible to identify the SBV in honey from infected colonies using a hy-
brid culture of mammalian cells, A4xL. The CPE of the virus was noted on the sev-
enth day, indicating its virulence and confirming the potential for infection of bee col-
onies through honey. Similar quantities of the virus were detected in both larvae and
honey (see Fig. 1, A). A strong correlation was also observed between the SBV con-
tent in honey and that in the A4xL hybrid cell culture (see Fig. I, B). We have demon-
strated for the first time in vitro that honey from clinically affected colonies retains the
virulent sacbrood virus for at least 10 days from the time of sampling. The analysis of
honey using qRT-PCR to detect SBV, along with the assessment of the virus's viru-
lence on A4xL cell culture, can serve as an additional diagnostic method for sacbrood
disease in bees.

The article contains 1 Figure, 3 Tables and 31 References.
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BBenenue

Bupyc memoTuaToro paciuioaa muen (SBV) asnserca oaHoit U3 pacnpoctpa-
HEHHBIX M OMACHBIX O0JIe3HEH muen u mIearnHoro pactona [1-6]. CornacHo co-
BpeMeHHOH Kiaccudukanuu, SBV otHocuTcs k cemeiictBy [flaviridae, mopsnxy
Picornavirales n pony Iflavirus. Bupyc npencraBnsier co00il cepuuecKuii BU-
puoH B auamerpe 30 HM, T€HOM MpeJCTaBIIEH JIMHEHHON OJHOLENOYeuHOH MO-
nexynoir PHK (+uens) mmmHoi okomo 8 900 HyKICOTHIHBIX OCHOBaHHN C OJTHON
OTKpBITOM paMKoW cuuThiBaHus [7]. Bupyc nmopaxaer JUYMHOK 2—3-AHEBHOTO
BO3pacTa W B3pOCIBIX MUes. 3apakeHUE JIMYMHOK B €CTECTBEHHBIX YCIOBUAX
MPOMCXOANUT B IIPOIlecCce MX KOPMJICHHUS MMYEeTaMH-KOPMIIHMIAMH, KOTOPHIC, B
CBOIO OYepe/ib, 3aPAKAIOTCS P YUCTKE SYCCK C MOTUOIMMHE JTHYUHKAMHU [8].

Knunnueckas kapTHHa MEIIOTYATOTO pacijiofa Mmuesl 3aKJI0YaeTcs B CIeay-
IOIIEM: MIECTPHIM paciuiofn (B HEKOTOPHIX sTMEHKAX BUIHBI TOJIOBHEBIC KOHIIBI, IT0-
rubmiasi JIMYUHKA B (POPME «JI0J0YKa», MHOTO ITyCTBHIX SYEEK), MOrHOIIHe JIn-
YUHKHU 1Y€l B BHUJIE MEIIOYKOB, 3alOJHEHHBIX XHUIKOCTbIO. OgHAaKo oOHapy-
XKHUTh TaKUX JIMIMHOK MOXKHO TOJBKO B CIIydae TsDKEJIOTO MPOTEKaHHs O0e3HH
[7]. B aToM ciydyae B cemMbe XapaKTepHO HaJUYHME TOJHKO OJHOTO BHpYyCa, YTO
rokasaso B ctatbsax A.B. KoponeBa u kanajckoro snromonora D. Suresh [2, 9].
Croenckuii Bupyconor L. Simenc ycTaHOBHIA MOJOKHTEIBHYIO KOPPEIALMIO
ME3Ky BHICOKOM BUPYCHOM HArpy3KOW M KIMHUYECKHUMH NMPU3HAKAMHU MEIIOTYa-
toro pacmioaa [10]. ITo nanuaeM (panIy3ckux uccienoBareneit P. Blanchard u
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F. Schurr, B muenuHbIX ceMbsiX, B KOTOPBIX NPOSIBIIAIOTCS KIMHUYECKUE NPU3HA-
KM MEILIOTYAaTOro paciuiofia, BUPYCHAs Harpy3ka MpeBbIIIaeT 910g10 KOIMii re-
HoMma Ha mueny [11, 12].

OO6HapyXeHre BUPYCOB HACEKOMBIX B M€JIE IO3BOJISIET NPEIIOI0KHUTh, YTO
3I0pOBBIE MMYEIIbl MOTYT 3apa’kaThCsl BUPYCOM M3 HEKTapa, COOPaHHOTo C Meao-
HOCOB JIJIsI MCIIOJIb30BaHMsI €ro BO BpeMms uaroromienust mena [13]. [lepemaua
reHotuna A Bupyca aedopmarnuu kpsiia (DWV-A) Bo3MoxkHa depe3 Men U
neutbLy [14—16]. PHK Bupyca uepnoro matounuka (BQCV) Obiia oOHapykeHa
B 24 obpasmax mena (80%) nz Cepbun. Kamvmupcekuii Bupyc muen (KBV) 6pin
ompeneneH B ogqHoM obpasue (20%) UMIIOPTHOTO Mena, U BHPYC MEMIOTYATOTO
pacmiona — Bo BceX 24 mpobax mema U B 91,8% 00pasiioB MbLIbIBI ¢ MACEKU
Yemickoit Peciyonuku [17, 18]. CormacHo 6uOIHOrpaguIeckoMy MOHHTOPHH-
ry, men Ha teppuropun Poccuiickoit denepanuu emie He HMCCIENOBANICS Ha
HaJIM4Yue BUPYCOB.

UnentuduiupoBaTs BUPYCH MYEN B IOCTYMAIONIMX B JabopaTtopuio mpobdax
(pactiox M B3pOCHBIC MYENBI, MPOAYKTH ITYETOBOJICTBA) BO3MOXKHO C IIOMO-
UIbIO CJEAYIOUINX METOJIOB: CEPOJIOTHUYECKOro ¢ MPUMEHEHUEM KPOJIMYbEl ru-
MEPUMMYHHOU CBIBOPOTKH, UMMYHOJIOTHYECKOTO (peakius uMMyHonuddy3um
(P1]JI) B arapoBom rerie, peakius koarrmotuHanun (PKoA)), ummyHOXpomaTo-
rpauyeckoro MeToja, KyJIbTHBHPOBAHHMS BHPYCOB Ha IMUeNax M KyKOJKaXx,
3JNIEKTPOHHOM MHUKPOCKONHHM, NojuMepasHod unenHoi peaxuuu (ITLIP) [5-12,
17-24]. B Hacrosiee Bpemsi OOIBIIMHCTBO OTEYECTBEHHBIX U 3apyOeKHBIX aB-
TOPOB B CBOMX HCCIICIOBAHUSX, CBA3AHHBIX C BUPYCHBIMH MH(EKIUSMH ITIel,
ucnons3yot merox P [1-3, 5-12, 17-24], kOoTOpsIil MUPOKO UCTIOIb3YETCS B
MupoBoi npaktuke. I[P — MeTox MOneKyIsspHO-TEeHETHUECKON TUArHOCTUKH,
MO3BOJIAIONINN OTPENENUTh HAJMYHEe W BUIOBYIO NPHHAIICKHOCTH BHUPYCOB,
HaXOSIIUXCS B OPraHU3Me B HU3KUX KOHIIEHTPALIUSX.

Ha cerognsmnuil eHbp BONPOC 3apaXeHUs MYl MELIOTYAaThIM PacIlIofoM
0CTaeTCs aKTyaJ bHBIM. YeTKast KITMHUYeCKast KapTHHA OOJE3HN BO3MOKHA TOJIhb-
KO B ClIydae ee Tshkenoro nporekanus. OqHako 00je3Hb MOXKET OCTaBaThCS He-
3aMEUYEeHHOM Ja)ke MPU HEBBICOKON CTENEeHU NOPaXKeHUs MUEIMHON CeMbU BUPY-
coM MemoT4aroro pacmiona. 1o 6% JTHYHHOK mYert MOrudaioT MpH OTCYTCTBUH
KIIMHUYECKOW KapThHBI Oone3Hu [19]. Bo3MOXKHO, CyIIEeCTBYeT B3aUMOCBS3b
Mex1y KoiauuecTBoM SBV B paciuione u merne, a Takke B MeJe MOXET coxpa-
HSATBHCSI BUPYJICHTHBIA BO30OynuTenb. B cBsA3M ¢ 3TUM BBIsIBICHHE BUpyca SBV B
Me/Ie MOXET CIIY’KUTh HEMHBA3WBHBIM METOIOM paHHEW IMarHOCTHUKHU 3aboiie-
BaHUA.

Lenb paboThl — BBISIBUTH BUPYC MEIIOTYATOrO PACIUIOAA MUel B MENE U JIH-
YMHKAaX ITYeJl U ONPEJCINTh €ro BO3MOKHYIO BHPYJICHTHOCT IIyTEM 3apaskeHHUS
KYJIBTYPBI KJIIETOK MJIEKOITUTAIOIINX.

MaTepua.nLl H METOAbI

[Ipu mpoBeneHWM BETEPUHAPHOTO OCMOTpPA IMYEIHHBIX CEMEH IBYX IaceK
MockoBckoit obnactu [25] BbIABIEHa KIMHMYECKAash KapTHHA MOpaKeHUs
7 cemeil BUpycoM MemoTrdaroro pacruiona (3 cembu Ha maceke Ne 1 u 4 cembn
Ha maceke Ne 2). O6pasznsl mena (100T) orOupanu B OTAEIbHBIE CTEPHIIbHBIC
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€MKOCTH, KOTOpble MOANUChIBANU U XpaHwiu He 6omnee 10 cyrok npu 5°C. IIpo-
OBl TMYMHOK OTOMpanu u3 mopakeHHbIX SBV cemeil B xomudecTBe 3—5 mMTYK
(M3 OmHOW ceMbH) B CTEpPWIBHBIE EMKOCTH M XpaHwiH He Oonee 10 cyTok mpu
temmnepatype ot —15°C o —20°C.

MonekynsapHO-TeHETUIECKUE HCCIICOBAHMS MPOBOIMIN Ha 0a3e maboparo-
pun OO0 «Cunrom». I1poObl Mea U JIMYUHOK MTYE aHAJIU3UPOBAIA Ha BUPYC
MeloTyaroro pacmona MeronoMm IIIIP ¢ obpaTHoM TpaHCKpuUMLMel B peab-
HoMm Bpemenu (qRT-IILIP, qRT-PCR) nHaGopom peareHtoB «M30 Tect-SBV»
(HIT® «Cuntony», Poccus, r. MockBa). [y Beiaenenust cymmaproit PHK Bupy-
ca MEIIOTYaTOro paciuiosia myesl U3 Mela UCCiIeAyeMblid MaTepral UCIoJIb30Ba-
mu 6e3 mpeaapurenbHor moarotoBku. PHK w3 Mena u IMYWHOK BBIICITHIN HA
MarHMTHBIX YaCTHIax ¢ IIOMOLIbI0 Habopa peareHtoB «M-Cop6-Uucexkt» (HI1D
«Cunrony, Poccus, . MockBa) o npoTokony npousoauteis. C BbIACTICHHON
PHK mpoBonuiu peakiuto oOpaTHOW TPaHCKPHITIUK (CHHTE3 OJIHOICTIOYCYHON
moutekynsl JIHK wa matpunie MPHK) ¢ ucnosns3oBanuem ¢gepmeHTa peBepTasbl,
COIJIACHO MHCTPYKILUH K Habopy peareHToB «30 Tect-SBVy» (HII®D «CunTtom»,
Poccus, r. Mockaa).

[onyuennyro k/IHK ananu3upoBanu METOAOM MOJKMMEPAa3HON LIETTHOW pe-
aKIMM C WCIOJh30BAHUEM CIICIU(PUISCKUX MpaliMepoB, KOMILUTUMEHTapHBIX
koHnam 5’ — 3’ PHK Bupyca memoTtuatoro pacmioja nuen (tabm. 1) [26]. Pe-
xuM ammuudukamun: 1-1 ctynens — 62°C, 1 mostop, 30 ¢; 2-1 cTynens — 48°C,
1 moBTop, 900 ¢; 3-a crynens — 90°C, 1 nosrop, 30c; 4-9 ctynensr — 62°C, 1
noBTop, 90 c; 5-1 crynens — 85°C, 1 moBTop, 40 c; 6-51 cTynens — 66°C, 40 mo-
BTOpOB, 50 c. IIpoaykTel amMrumMpuKauy BBIIBISLIN MyTeM (DIyopecreHTHOH
JETEeKIMK B peKHUMe pealbHOro BpeMeHu Ha aHanuzarope AHK-32. Mcnosnb3o-
BaJlM clieyronue Kpacurenu: kapookcuduryopecuens (FAM — otpunareiabHbIi
KOHTPOJIb) B kKapbokcu-X-pogamuH (ROX).

WNnaukanuio BUpyca MEMIOTYATOro PacIuiofa Muesl MPOBOJIMWIM Ha KYJIbType
kietok (KKi) A4xL (mouka cunbu CIIDB-TK-x, muMbouuTs momamy (Mex-
BHJIOBOM TMOPHUIHBINA IITaMM)) (OTIEN KICTOYHON OMOTEXHOJOTHH W IMUTATEIb-
HbIx cpeq BUOB, Poccus, r. Mocksa). lns nojaep:kaHusi KJI€TOUHOM KyJIbTYpBI
ucnonbzoBasu cpexy Urma MEM 200 mnt + ceiBopotka KPC 7% + deranpHast
ceiBopoTka 3% (HIIIT «ITandko», Poccus, MO). [y CHATHS KIIETOK MPH Tiepe-
ceBe ucrnosbzoBanu cmech 0,02% pactBopa Bepcena ¢ 0,25% pacTtBopoM Tpui-
cuHa B cooTHouenuu 9:1 (HIII «Ilan3dko», Poccus, MO). I'nbpuanas KKn
A4xL mpeacrapieHa 3MUTEIUOTOAOOHBIMI U TUMQOIUTONOIO0OHBIMU KJICTKA-
mu. [{uromatnueckoe paeiictue (LII1J]) Bupyca ompenensiim mocie TPEThEero
raccaxa.

[TpoOer Mena st 3apakeHus KyJIbTYp KIETOK TOTOBHIIM CIEAYIOINM oOpa-
3oM: 0,5 T Mena pactBopwid B 1 Mi1 PU3HOTIOTHMUECKOTO pacTBOPa, LIEHTPUpYTH-
poBanu Ha neHtpudyre T-24 mpu 10000 06./MuH 10 MUHYT, HAZOCATOYHYIO
KUJKOCTh CITHIN B HPOOHPKY, HMEHTPUPYTaT MPOQGHIBTPOBAIN Yepe3 MHUKPO-
¢unpTp 0,45 MKM. ISl IPUTOTOBJICHUSI IIUTOJIOTHYECKUX TPENapaToB CyCIIeH-
3UI0 KJIETOK BHECIH B KOJMYECTBE 2 MJI B CTEPUJIbHbIC NEHULIMUIMHOBBIE (ia-
KOHBI C TOKPOBHBIMH CTEKJIaMH, 3aKpbUTH W TMOMECTWIM B TEPMOCTAT IMpH
34,0°C na 72 gaca.
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Taonuma 1 [Table 1]

ocnenoBaTebHOCTH HCNOJIL30BAHHBIX OJUTOHYKJICOTHIO0B (IIpaiiMepoB)
[Sequence of used oligonucleotides (primers)]

Hasanue TlocnenoBarensHOCTH, 5" — 3’
[Title] [Sequence]
S-1f GGATGAAAGGAAATTACCAG
S-1r CCACTAGGTGATCCACACT

3apaxxenne KK npoBoannu mo cranmapTHOW METOMKE, PEKOMEHI0OBAaHHOM
MDO3B. IIpeaBapuTenbHO MOATOTOBIEHHYIO CYCIEH3UIO ME/a C BUPYCOM BHOCH-
mm npu popmupoBannn 100% mMoHOCHOS KieTok. Mcnonp3oBanyu § meHUITILIN-
HOBBIX ()JIAKOHOB C KYJIbTYpoi KiieTok A4XL Ha kaxayro npoOy mena (6 omnbIT-
HBIX (h1akoHOB ¢ SBV, 2 (hakoHa SBISUTUCH KOHTPOJIbHBIMU). I3 KOHTPOJIBHBIX
(ITaKOHOB yIANWIH Cpely W BHeCHH OecchlBOpoTouHyro cpexy Wrma MEM c
n00aBIICHHEM NEHUIMIUINHA. B ONBITHBIE (IIaKOHBI TOOABHIIN CYCIICH3UIO Mena
¢ SBV u nomectunu B tepmocTtar npu 34,0°C (3xcnosunus 2 yaca). 3aTeM U3
(ITaKOHOB YIAIMIIN COACPKHUMOE, TOOABIIIN OECCHIBOPOTOUYHYIO CpEAy, IOMe-
ctunu B Tepmoctat npu 34,0°C 1 exxeTHEeBHO KOHTPOJIMPOBAIH COCTOSIHUE MO-
Hocnost. KieTouHylo cycreH3Hi0 U3 KOHTPOJBHBIX M OMBITHBIX (DIaKOHOB OcCa-
muna ipu 8 000 06./MHH B TedeHHe 2 MUH, OTOOpaliM KYJIBTYPaJbHYIO >KHJI-
KOCTb, KOTOPYIO HICCIIEIOBAIIN C Ucoib30BanneM metona qRT-ITIIP.

CrartucTrdecknii aHaIH3 MPOBOAWICA C TOMOIIBIO IPOTpaMMHOro obecrie-
yernnsd ANK Cycles. OCHOBHBIM CTaTUCTUYECKHM TOKa3aTEIeM SIBJISIICS HOMED
IUKJTa Ha IIOPOTOBOM YPOBHE JOTapH()MUUECKON (IyopecleHINH, KOTOPBIHA
onpenensiercs: kak uucino Ct. Kpurepuit xoppemsinuy n3ydaeMmbIX BEIUYUH
onpenensuia 1o [Mupcony B nmporpamme MC Excel 2016 [27]. Ouenky crenu-
(buueckor 3HAYMMOCTH KOI(PPHUIHUEHTA KOPPEISAIMU OCYIIECTBISUIA IPU ITOMO-
iy t-kpurepust CTprojieHTa (2,).

Pe3yJI])TaTl)I HCCJICI0BAHUA U oﬁcymelme

B pe3ynpTaTe mpoBEICHHBIX HCCIIEAOBAHMHN BBISABICHO, YTO BO BCEX M3yUCH-
HBIX MYEJIMHBIX CeMbSX MPUCYTCTBYET BUPYC MELIOTYATOr0 paciiiofia B Meie U
JMUYUHKAX Taen (Tabi. 2), 94To coriacyercsl ¢ JaHHBIMH, ITOJNyYCHHBIMU HCCIe-
nosatensmu E. Cukanova etal. MpH aHanu3e Meaa U3 MHQUIMpoBaHHBIX SBV
mYenuHbIX cement [18].

OnbITHL € 3apaXeHUEM KYJIbTYpPhI KJIETOK BUPYCOM MEIIOTYATOI'O pacIuiona,
BBIICTICHHOTO M3 Meja, ToKa3alu, 4yTo depe3 168 acoB (7 CyTOK) KyJIbTUBUPO-
BaHM HA KYJIbType KJIeTok A4XL oTMedaeTcs nereHepaliusi KJIeToK: HapylleHne
LENIOCTHOCTH MOHOCJOS, Pa3pylICHHE KICTOYHOH OOONOYKHM M BaKyOJIM3aIlHs
IUTOIUIa3MBI, a TAKKe MHUKHO3 SICpP B OTIMYHE OT KOHTPOJIS, TAe HAOMIOIaH
98% coXpaHHOCTH MOHOCIIOS KJIETOK. Bupyc mewmordyaroro pacruiona, Bblie-
JICHHBIA 13 Mena, okaspBaet LII1/] Ha KynbTypy KJIETOK MIICKONHTAOIIHX, YTO
HaOI01aeTCs BO BCeX OMBITHBIX oOpasiax (tadu. 3). Kopeiickum uccienoBare-
nem Chang-Hee Kweon nony4eHa aHamornyHas KapTHHA (HapylICHHE IeI0CT-
HOCTH MOHOCJIOS, BaKyOJIM3allksl HUTOILIa3Mbl, TUKHO3 siiep) Bo3aeiicTeus SBV
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Tabnuma 2 [Table 2]

PesyabTatel [IIP-quarnocTuxu Meaa u JTHYMHOK MYeJl
[The results of PCR diagnostics of honey and bee larvae]

Hammame SBV, Ct ROX
Ne maceku/mueNMHON CEMBH [Availability of SBV]
[Number of apiary/bee family] JIM4MHKA Mex
[The larva] [Honey]
1/1 +32,86 +29,06
1/2 +33,38 +28,55
1/3 +30,70 +28,72
2/4 +31,23 +29,43
2/5 +30,25 +28,63
2/6 +31,55 +29,13
2/7 +32,72 +29,56

Tpumeuanue. 3neck u B Tabn. 3 Ct — HOMep IMKIIA Ha IOPOTOBOM YPOBHE JIOTapU(PMUIECKOH
¢uryopecrennnu no kpacuremo ROX.
[Note. Here and in table 3. Ct is the cycle number at the threshold level of logarithmic fluorescence for

the ROX dye].
Ta6Gnuma 3 [Table 3]
Huankanus SBV u3 Mena Ha KyJIbType KieTok A4xL
[Indication of SBV from honey on A4XxL cell culture]
Kynbrypa xietoxk A4xL
Men [A4xL cell culture]
Ne mmacexu/ | [Honeyl OmneIT (1= 6) Kowurpons (n=2)
[YETHHON [Experience] [Control]
[NCGNLBH . SBV SBV SBV
umber o _ _ _
apiary/bee (%IEJ) HuTonaruueckoe (%IEJ) Huronatuueckoe %ﬁ?
family] nencTBre neicTBrE
[aRT- [Cytopathic effect] [aRT- | otopathic effect] | LIRT-
PCR)), yiop PCR)), ytop PCR)),
Ct ROX Ct ROX Ct ROX
1/1 +29,06 + +22,90 - -
12 +28,55 + +21,78 - -
1/3 +28,72 + +21,93 - -
2/4 +29,43 + +23,14 - -
2/5 +28,63 + +21,86 - -
2/6 +29,13 + +23,04 - —
2/7 +29,56 + +23,25 - -

Tpumeuanue. Kynprypa xietok A4xL — nmouka cBunbu CIIDOB-TK-x, numdbouutsr iomanm
(MEXBHIOBOM T'MOPUAHBINA IITAMM). «—» — LUTONATUYECKOE ACHCTBHE BHPYCa MEIIOTYATOTO
pacrioza myen Ha KyJabTypy KineTok A4xL oTcyTcTByerT.
[Note. A4xL cell culture - pig kidney SPEV-TK-x horse lymphocytes (interspecific hybrid strain).
«» - the cytopathic effect of the bee sac brood virus on A4xL cell culture is absent].
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Ha KYJIBTYPY KJIETOK MJICKOIHUTAIONINX, HO BUPYC OBUT BBHIIENCH W3 OOJNBHBIX
JIMIUHOK mmuen [28].

Taxum 06pa3om, BUPYC MEIIOTYATOTO PACIIONA, BRIACICHHBIN U3 Me/Ia KIIH-
HUYECKU OONBHBIX ceMel, oka3biBaeT L{[1/] Ha KyJIbTypy KIETOK MIIEKOIIHMTAFO-
uux (A4xL) Ha 7-e CyTKH, 4TO IOKA3bIBA€T €r0 BUPYJIEHTHOCTb.

J71s1 BBISIBIICHUS TMHEHHOW CBSI3M MEX Ty HanuureMm SBV B Mezie u Tu4anHKax
m4esl, a TaKXKe MEXIY 3apakeHHOCThI0O SBV Mena u KynbTypbl KIETOK OBLIT BbI-
MOJTHEH KOPPEISIMOHHBINA aHau3 (puc. 1). s BEISIBICHUST HEIMHEHHOW CBSI3H
MEXIy HaJM4UeM BHpycCa B Mele M JIMYMHKAX OBUI Hai/IeH MOKa3aTelnb KOCH-
HYCHOTO cx0AcTBa. [l0Ka3aH BHICOKMI KOX(PHUINECHT KOPPEIALIUN MEX Iy HalU-
yreM BUpyca B MEae U KyabType kierok (»= 0,955, ¢.=6,657, p=0,01) (puc. 1,
B), HO HE BBIABIECHO KOppEILIINHA MEKAY HamuaueMm Bupyca SBV B mene u mu-
ynHKax maen (r=0,167,¢.= 0,385, p>0,05).

[ony4enHoe 3HaueHHe KO3(QHUIIEHTa KOPPEISAIMUA TOBOPUT 00 OTCYTCTBUU
JTUHEeHHOH cBA3u Mexny HanmuuueM SBV B juumHkax (X) u Hamuuuem SBV B
mene (Y) (puc. 1, A), omHAKO MEXIy 3TUMH TOKa3aTelsIMH €CTh HEJIMHEWHas
cBs13b (k=0,9994), koTopas yka3slBacT Ha OJHM3KHE 3HAUYCHUS KOJMYECTBA BUPY-
ca B MeJI¢ M IMIUHKAX.

A

y =-518,75x5 + 75502x° - 4E+06x° + 1E+08x2 - 2E409x + 1E+10
R?=0,9971

w [
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S e At
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[
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Puc. 1. 3aBUCUMOCTb MEXIY COJEpKAHUEM BUPYCa MELIOTYATOTO pacIuioa
IT4eIT B MeJie ¥ IMIMHKaX (4), a Takxke KylabType kietok A4xL (B)
[Fig. 1. Relationship between the content of bee sacbrood virus in honey (X-axis)
and the content of bee sacbrood virus in larvae (4) and A4xL cell culture (B) (Y-axis)]
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Bupyc mMemor4aToro pacruioja akTHBHO Pa3MHOXKAETCS B TUIIO(QapHHTeab-
HBIX XKeJe3aX MOJIOJBIX PadovrX MIel, KOTOPBIE OTBEYAIOT 32 (PH3NOIOTHIeCcKOe
COCTOSIHME MEIOHOCHBIX ITYEJ, YTO BIIEPBEIC B CBOMX HCCIICIOBAHUSIX OTMETHIIA
A. Maurizio [2, 4, 7, 29]. Ilpu HOpMaTbHBIX YCIOBHSAX Pa3BHUTH MYEIUHON Ce-
MBH aJILBEOJHI JKeJe3 3HAYUTENFHO YBETMUUBAIOTCS K 12-My mHIO. B 3TO Bpems
B TUITO(apUHTCAUTBHBIX JKeJIe3aX MOJIOJBIX pabounx muen BhIpabaThIBarOTCS OC-
HOBHBIE KOMIIOHEHTBl MAaTOYHOTO MOJIOYKA, KOTOPOE OHH HCIIONB3YIOT IS
KOPMJICHUSI JIMYMHOK pabodmx MYen MaTKh W TPyTHS. B pesynbrare Hekaue-
CTBEHHOTO INUTAHUS MEIOHOCHBIX ITYETI, abBEOJIBI JKEJIe3 JIOCTHTAI0T CBOETO
MaKCHMaJIbHOTO 3HaueHHS B Ooyiee paHHUE CPOKH, YTO, B CBOIO OuUepenb, IpH-
BOJIUT K PAHHEMY CTapEHUIO ITYENl U YMEHBIIECHHIO MPOAOJIKUTEIEHOCTH KUIHH
[30]. TIpu sTom Monomabie paboure MUeIbl PaHbIle HAYWHAIOT BBITOJIHATH HE
XapakTepHbIe JUIsl HUX paboThl ((ypakupoBaHue, cOOp MBUIBIBI U T.1.), KOTIa
KaK JTOJDKHBI 3aHUMAThCS YHCTKOW SEEK M BBUICTATH M3 Yibsi ¢ 18-21-ro gus
sku3Hu [31]. MBI mpennonaraeM, 4To BHPYCHBIE MH(EKIUU TaKKe BIHAIOT HA
pasBuTHe TUNO(apUHTEANBHBIX XKele3 MUel, IPU 3TOM IPOUCXOIAIT MOp(oIo-
THYECKHE M3MEHECHUSI U HapymiaroTcs: usnoiormdeckue (GyHKIUU KeJe3, 4To
MPUBOIUT K BBITIOJIHEHHUIO HEXapaKTePHBIX (QYHKIUH pabodux MUes U UX paH-
HEMY CTapeHHIO. Y TaKuX IT4eJl paHbIIe HAUWHAET BHIpabaThIBaTHCSA (pepMeHT
WHBEpTa3a, KOTOPHI OHU HCIIONB3YIOT MPH MOIYYCHHH MEAa, YTO, BO3MOXKHO,
00BsICHSCT OJNM3KKE 3HAYCHUS KOJIUYECTBA BHUPYCAa MEMIOTYATOrO PacIUiofa B
JUYUHKAX U MEJE.

Hamu mokazaHa TecHas CBsi3b MEXAy cojaepkanuem SBV B mMene u rubpun-
HOH KynbType KiIeTok muekomuraromux A4xL (r,, = 0,955). Komnyectso Bupy-
ca B KyJIbType KJIETOK HAIPsAMYIO 3aBUCUT OT KOJIMYECTBa BUpyca B meae. OTMme-
YCHHBIC HAMH U3MEHEHHS B KJICTOYHON CYCIICH3HH B BHIC HApYIICHUS IEIOCT-
HOCTH MOHOCJIOSI, pa3pyIICHUs [EIOCTHOCTH KJICTOYHOW 000JI0UKHU, BAaKyOIU3a-
UM IMTOIUIa3MBI M MUKHO3a sjep ykaseBaroT Ha L[[1]] Bupyca mermmoTgaroro
pacmiozia m4es Ha THOPUAHYIO KYJIbTypy KieTok A4xL. CrnemoBaTenbHO, BUPYC
MEIIOTYATOr0 PACILIONA ITYET B MEJE OT KIMHIMYECKH OONBHBIX CEMEH BHPYIICH-
TeH. COrJacHO HAIIMM HCCIEIOBAHUSIM, BUPYJICHTHBI BO30YAUTENh BHpYCa
MEIIOTYATOr0 PACIUIONA ITYENT COXPAHSIETCS B MeAe KaKk MHHUMYM B TEUCHHE
10 cyTok (c MoMeHTa 0TOOpa Mpo0), YTO yKa3bIBACT HA HAIWYKE 3a00JIeBaHUS
HA MACeKe U BO3MOXKHOE 3aPAXKCHUE 3I0POBBIX MICTHHBIX CEMEH.

JlmarsocTrka MeMIOTYaToro pacIuiofa MYel Ha MacekaxX OCYIIECTBISETCS
MOCPENCTBOM KIMHUYIECKOTO OCMOTpPA ITYETMHBIX CEMEH Ha IpenMeT oOHapyxKe-
HUSI TIOTUOMINX JIMYMHOK B (POPME «IOJI0UKAY», C MOCIEIYIOIINM J1a00paTopHBIM
aHAM30M B3ATHIX P00 Ha mpeaMeT BelBieHus SBV. HccnenoBanue Mena Ha
Hajmuuue Bupyca memoTdaroro pacmioga merogoMm qRT-IIHP n naaukanus
BHpyca Ha KyJIbType KIeTOK A4XL MOTyT CIyHTh HEHHBA3UBHBIM METOIOM
JUATHOCTHKY OOJIE3HH MEMIOTYATOTO PACILIONA IMUEIL.

3ak/arouenne

OmnpenenuTs BUPYJIEHTHOCTh BHPYCAa MELIOTYATOrO PACIIOfa IUel B MEJe
0T OONBHBIX ceMeil BO3MOXKHO Ha TMOPHIHOW KyIbType KJIETOK MIIEKOIHTAIO-
mux A4xL. Ormeueno LI1]] Bupyca Ha 7-e CyTKH, UTO yKa3bIBA€T HAa €O BUPY-
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JIEHTHOCTb B KYJIBTYpE KJIETOK U MOATBEPKIAET BO3ZMOXKHOCTD 3aPAXKEHHS MMUe-
JIUHBIX ceMell TaHHBIM BUPYCOM 4epe3 MeJl.

Hamu BnepBBIe 1OKa3aHo in Vitro, 9T0 B Melle OT KIMHUYECKH OOJIBHBIX Ce-
MeH, MOpPaXEHHBIX BUPYCOM MEIIOTYATOI0 PacIliofa, COXPaHSAETCs BUPYJICHT-
HBIH BO30YANUTENh KAK MUHIMYM B TeueHue 10 cyTok (¢ MOMeHTa 0TOopa mpoo).

Hamu ompenenensl Gnn3kne 3HAYCHUS KOJIMYECTBA BHPYCA B JHYMHKAX U B
Mmege. Taxoke nmokasaHa o4eHb TeCHas CBsI3b MeXay coqepkanueM SBV B meze u
coaepxxanueM SBV B rubpunHoit KynbType kiaetok A4xL.

Ananuz mena meronoMm qRT-IIHP na manuune SBV, u onpenenenue Bupy-
JIGHTHOCTH BHpYycCa Ha KyJIbType KIeTOK A4XL MOXeT CIIy>kKUThb JOMOJHUTEIb-
HBIM METOJIOM JAMAarHOCTHKH MELIOTYATOro pacIuioa myel.
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AnHoTanus. [IpuBeneHs! pe3ynbTaThl HCCIEJOBAHUS JICTHETO (DPUTOILIAHKTOHA
peK U py4beB HauuoHanpHOro napka «KpacHosipckue Cronos» B 2021-2023 rr. Bu-
JIOBOU COCTaB M TAKCOHOMHYECKAs CTPYKTYpa (PMTOIUIAHKTOHA UMEIOT YePThI, THITHY-
HBI€ 7151 TOPHBIX BOJOTOKOB. OCHOBY BHIOBOTO 0OraTcrBa (MTOIJIAHKTOHA (OPMHU-
PYIOT IMaTOMOBBIE BOJIOPOCIIH, B OCHOBHOM M3 4Mcla obutareneil 6enToca u obpac-
TaHWH, TSI OCTATFHBIX OTAENOB Koebnercs B mpenenax 1-14%. B Takconommdec-
KOM CIIeKTpe (PHTOIUIAHKTOHA Ha BCEX YPOBHSX TaKKe NMPeo0iaatoT JUaTOMOBBIE BO-
Jnopocid. JJOMIHUPYIOINA KOMIDIEKC XapaKTepHU3yeTcsl MOJIMIOMUHAHTHOCTEIO, CY-
IIECTBEHHBIMH MEXKTI'OOBBIMH PA3IIMIHSIMH, IPpeodiIajaHieM 0e3reTepOICTHRIX Mell-
KOKJIETOYHBIX IHAHOMPOKAPUOT poaa Aphanocapsa n caydaitHO-IIIaHKTOHHBIX BHIOB
nuaromeit ponoB Cocconeis u Meridion. B cocTaBe BTOPOCTENEHHBIX AOMHUHAHTOB
3HAUUTENbHAS JOJSI MPHHAIEKHUT XJIOPOKOKKOBBIM BogopocisiM. OcobeHHOCTH H0-
MHHHUPYIOIIETO KOMIIIEKCa CBHACTENBCTBYIOT O HETaTHBHBIX IPOIECCAaX B IKOCHCTE-
Max BOJHBIX OOBEKTOB HAI[OHANBHOTO MapKa, YTO CBA3aHO C MOBBIMICHHBIM aHTPO-
IIOTEHHBIM BO3JICWCTBUEM Ha €ro TEPPUTOPHIO M3-32 BBICOKOH pEKpeanioHHON
Harpy3ku. CIOXUBIIASCS CUTYalLysl TpeOyeT NalbHEeHIero OHOMOHHUTOPHHTA BOIHBIX
00BEKTOB M OLICHKU YPOBHS PEKpPEaliOHHON Harpy3KH Ha TEPPUTOPUIO HAIIMOHAJb-
HOTO MapkKa.

KnroueBble c10Ba: (QUTOMIAHKTOH, BUAOBOH COCTaB, TAKCOHOMHYECKAs! CTPYK-
Typa, JOMUHUPYIOIIUNA KOMIUIEKC, PEKH U py4YbH, HALIMOHAJIBHBIA mapk «KpacHosp-
ckue CtonObn»

Hcroynuk (puHaHCHPOBAHHUSA: KCCICIOBAHUS BBIIOJIHEHB B pamkax Tembl HIUP
«/I3ydeHne eCTECTBCHHOTO XOJa IPOIECCOB M SIBICHHI B HMPUPOJTHOM KOMILIEKCE
HanuoHanbHoro napka «KpacHosipckue CTonObl» ¢ IeTbI0 BBISBICHUS MHOTOJICTHEH
JUHAMUKH 3KOCHUCTEM M COXPAHEHMsS] MPUPOJHON Cpelbl», HOMEp ToCyAapCTBEHHON
peructpauuu 1-22-106-1.
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Summary. The Krasnoyarsk Pillars National Park is located in the suburbs of
Krasnoyarsk. The geographical coordinates of the park are 55°38'-55°58'N, 92°20'-
93°20" E, the territory is part of the Altai-Sayan fold system. The territory of the na-
tional park is experiencing increased anthropogenic impact associated with high rec-
reational load due to the location of the park. The study of biodiversity of special pro-
tection natural areas is currently very relevant; phytoplankton occupy a special place
among the main components of aquatic ecosystems as a basic element in the for-
mation of trophic status and water quality. Research on the phytoplankton of rivers
and streams in the territory of the Krasnoyarsk Pillars National Park was not carried
out until 2021. The purpose of this article is to characterize the species composition,
taxonomic structure and dominant complexes of phytoplankton in the rivers and
streams of the Krasnoyarsk Pillars National Park. The article uses materials from the
processing of phytoplankton samples from rivers and streams of the Krasnoyarsk Pil-
lars National Park, collected in August 2021-2023 (see Fig. 1). Selection, fixation and
processing of samples were carried out using generally accepted methods. Diatom
species were identified on permanent preparations and from images obtained on a
JSM-6510LV scanning electron microscope (SEM). Species whose abundance was at
least 10% of the total were classified as dominant. The choice of the abundance crite-
rion is due to the greater metabolic activity of small organisms compared to large
ones. Dominant complex analysis was performed using frequency of occurrence (pF),
dominance frequency (DF), and dominance order (Dt).

As a result of the research, 253 species and intraspecific taxa (SIT) of algae were
identified, including the nomenclatural type of species, from 7 departments, including:
Cyanoprokaryota - 8, Chrysophyta - 6, Dinophyta - 1, Euglenophyta - 12, Bacillari-
ophyta - 188, Chlorophyta - 35, Charophyta - 3. The predominant importance in the
taxonomic structure belongs to Bacillariophyta (74.31%), the share of other depart-
ments ranges from 1-14% (see Table 1). The taxonomic spectrum of phytoplankton
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demonstrates a clear predominance of diatoms at all levels: classes (Bacillari-
ophyceae, 68.77% of the total number of SIT), orders (Cymbellales - 20.95%, Navicu-
lales - 18.18%), families (1st to 6th place - 46.24%) and genera (from 1* to 6™ place -
30.83%) (see Table 2). The species composition and taxonomic structure of phyto-
plankton in rivers and streams of the Krasnoyarsk Pillars National Park have features
typical of mountain streams. The dominant phytoplankton complex is diverse, it is
formed by 22 SIT from 4 departments, including: Cyanoprokaryota - 3, Bacillari-
ophyta - 6, Chlorophyta - 11, Chrysophyta - 2 (see Table 3). The dominants include
8.70% of the total number of SIT found in the water bodies of the National Park, they
are dominated by species from the Chlorophyta department (50.0% of the total num-
ber of dominants). The maximum indicators of order and frequency of dominance are
characteral of the cyanoprokaryote Aphanocapsa holsatica (DF = 68.72, Dt =100), the
second and third places in importance of these indicators are occupied by the diatoms
Cocconeis euglypta (DF =59.09, Dt=68.42) and Meridion circulare (DF =31.82,
Dt=77.80). The composition and structure of the dominant phytoplankton complexes
vary significantly over the years of research; particular specificity is inherent in the
dominant complex in 2021. The dominant phytoplankton complex of rivers and
streams of the National Park is characterized by polydominance, significant interan-
nual differences in composition and structure, dominance of heterocyst-free small-
celled cyanoprokaryotes and random planktonic species of diatoms, a significant pro-
portion of chlorococcal algae, including small-celled species, among the minor domi-
nants. This indicates the presence of negative processes developing in aquatic ecosys-
tems, which is undoubtedly associated with increased anthropogenic impact due to
high recreational load. The current situation requires further biomonitoring of the wa-
ter bodies of the Krasnoyarsk Pillars National Park and assessment of the level of rec-
reational load on its territory.

The article contains 1 Figure, 4 Tables, 57 References.

Keywords: phytoplankton, species composition, taxonomic structure, dominant
complex, rivers and streams, Krasnoyarsk Pillars National Park

Fundings: research was carried out as part of the research topic «Study of the natural
course of processes and phenomena in the natural complex of the Krasnoyarsk Pillars
National Park in order to identify long-term dynamics of ecosystems and preserve the
natural environment, state registration No. 1-22-106-1.
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BBenenue

Hanmonansneiii napk «KpacHogpckue CtonOei» (nanee — HII) Haxoaurcs B
npuropoze r. KpacHosipcka. I'eorpaduueckoe pacnonoskeHne mapka onpeness-
ercst koopauHaramu 55°38'-55°58'N u 92°20'-93°20' E, Teppuropus BXOIUT B
Antae-CasgHCKYIO CKJIaI4yaTyl0 CUCTEMY M HaXOAMTCSA B 30HE cowlieHeHus Bo-
crounoro Casia u Kysnenkoro Amartay ¢ Cubupckoit matdopmotii [1].

Peunas cerp HII nmpencraBiiena BomocOOpHBIMU OacceliHaMHU YeThIpEX PeK:
Maunsl, bazauxu, bonbmoit CiausneBoit u Enuces. Peku 1 pyubu UMEIOT TUIIHY-
HO ropHbiid xapaktep [2]. [Iputoku pex Manbl u bonbmo#t CnuzneBoil npore-
KalOT 10 IOTO-3alaJHON YacTh TapKa, WMEIOT HEOOJBIIYI0 MPOTSHKCHHOCTH,
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KpyTOE MajieHue, MAJIOBOJIHBI M HE 00J7aJar0T pa3paboTaHHBIMU JojuHamMu. Ha
BOCTOYHOH rpaHulle Mapka JO0JHHA p. bazauxu ciokeHa MOIIHBIMHU PBIXJIBIMU
OTJIOKEHUSIMH, KOTOPBIE TTOCTOSHHO Pa3MBIBAIOTCS, 00pa3ys MOJIYOCTPOBKH H
3aTOHBI, IPOTOKU U 3a00JI04eHHbIE CTapHullbl. CaMyt0 MHOTOUYHCIIEHHYIO TPYIITY
BoAHBIX 00bekToB HII mpeacTaBisioT pyuby NPOTSKEHHOCTBIO OKOJIO 2 KM, Ma-
nenue cocrapiser 70—180 m/km. ['ycras runporpadudeckas ceTh B COUSTAHUHU C
TOPHBIM penbedom obecrieunBaeT Xopomuii qpenax teppuropun HIT [1].

Tepputopus HII ucnbiThiBaeT Ha ce0e MOBBIILIEHHOE AHTPOIOI€HHOE BO3-
JIEHCTBUE, CBSI3aHHOE C BHICOKOW PEKPEalMOHHONW HArpy3KoW M3-3a pacroyoxe-
Hua mnapka B ropozackoit yepre Kpacnosipcka [3]. Pexpeanmonnyro 3ony HII
€XKETO/IHO TOCENIAI0T OKOJIO MIJIJTHOHA YenioBek, B 2023 r. mapk 3aHs 4-¢ Mec-
TO B pEUTHHIE MOCEUIaeMOCTH 0CO00 OXpaHSAEMBIX MPUPOIHBIX TEPPUTOPUI
Poccum [4].

B cBs3u ¢ peanuzanueit KoHBeHIIMH O cOXpaHEHUH OMOIOTHYECKOTO pa3Ho-
obpasus [5] u3ydeHne TaKCOHOMUYECKOTO OOTaTCTBA, CTPYKTYPBI U COCTOSHHUS
TPyNI JKWBBIX OPTaHM3MOB MPOJODKACT OCTAaBAaThCS aKTyalbHBIM, OOJNBIIOE
3HAYEHUE B 3TOM KOHTEKCTe MmpuobperaeT m3ydeHue Omopa3sHooOpasust 0cobo
OXpaHsEMBIX TPUPOAHBIX TeppuTopuii [6]. Ocoboe MecTo cpeau OCHOBHBIX
KOMIIOHCHTOB BOJIHBIX OOBEKTOB 3aHMMAaET (DUTOILIAHKTOH, SBIISIOLIHICS 0a30-
BBIM 3JICMEHTOM B (hOPMUPOBAHUH TPOPUIECKOTO CTaTyca U KadecTBa Boj [7].

HccnenoBanus pUTOILIAHKTOHA PEK U pydbeB Ha Tepputopuu HII He mposo-
nunochk 10 2021 r. Hekotopele cBeneHrs 0 JUAaTOMOBBIX Bopopocisix Exuces u
€ro TIPUTOKOB, B TOM YHCJIE B YCThe p. MaHbl BHe 30HbI HI, mpuBeneHst B pado-
te b.B. CkBopiioBa [8]. Kpome Toro, umerorcs cBeieHuss 0 ¢GuTonepuduUToHe
pek bazauxu u Manbl 1o pesynpTataMm uccienoBaHuii B 1999-2007 rr. takxke
BHe 30HbI HII [9]. TTo pesynbraTam Hammx uccienopanuid B 2021-2023 rr. Obuia
JTaHa KOJIOTO-Teorpaduyeckas XapaKTepPUCTHKA BOJOPOCICH U3 TNIAHKTOHA PEK
u pyubeB HII, onpexnenen ux Tpouueckuil cTaTyc M OLIEHEHO KaueCTBO BOJBI
[10-14].

Lens paGoThl — oxapakTepu30BaTh BHUIOBOW COCTaB, TAKCOHOMHYECKYIO
CTPYKTYPY U JOMUHHPYIOIIUE BUIIBI BOJOPOCIEH (DUTOILIAHKTOHA PEK U PYYbEB
HIT «KpacHosipckue CTonObD».

MarepuaJ 1 METOABI HCCIEIOBAHUS

B crartee ucnonb3oBaHbl MarepHaibl 00pabOTKM 56 KOJIMYECTBEHHBIX U
24 xa4ecTBEHHBIX MPOO (DUTOIIIAHKTOHA BOAHBIX 00bekTOB HII, 0TOOpaHHBIX B
aBrycre 2021-2023 rr. Otbop mpo6 mpoBommiam Ha pekax Mana, ba3zauxa,
bonpmas CnuzneBa, Kanrar, pyussx bonbemoit, Cpennuit, Mansiit Unaeit, bep-
nel, KpuBonoxsaneHbiii, Macnsnka, Beinocnast, Xaiasinka, Kusszesa, Capana,
Becensiit, bonpimoit Mnxyn, Ceinxyn, Hamypr, Jlanetuna, Henunosckuii, Mo-
xoBoi, Cpennuit Kanrar (puc. 1).

KomnmuectBennsie mpo0Os! puToruiankToHa (066eM 0,5 11) oTOMpaiy 3a4epIibi-
BaHUEM M3 MOBEPXHOCTHOTO CJIOsl BOABL. KadecTBeHHBIE MPOOBI MOIydYald Mpo-
uexxuBanueM 20-50 1 Bonsl uepe3 cets AmmreitHa (ra3 Ne 78). [Ipo6sr dukcu-
poBanu 40% QopmanuHOM ¢ HoOaBIeHHEM pacTBopa JIrorons, KOHIEHTPHPOBa-
T 0caZloyHbIM criocoOoM. OrmpeneneHue BUIOB BOJOPOCIe U MOACUYET Yucia
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KJICTOK TIPOBOAMIN Ha cBeToBOM MuKpockore «Euler Professor 770T» B kamepe
TopsieBa. MneHTH(UKANNIO BUIOB AUATOMOBBIX BOJAOPOCICH MPOBOIIIN Ha T10-
CTOSIHHBIX TIperaparax ¢ HCIIOJIb30BaHHEeM MacisHoH ummepcuu (x2500) u mo
CHUMKaM, IOJIyYEHHBIM Ha CKaHUPYIOIIEM 3JIEKTPOHHOM MuKpockone (COM)
JSM-6510LV B UncTuTyTe Gnosornn BHyTpeHHHX Box PAH. s ocBoGoxme-
HUS KJIETOK AMAaTOMEN OT IPOTOIUIacTa MPUMEHSIN METOJ XOJIOJAHOTO CKUTAHUS
[15].

[pu oTOope mpod MPOBOAMIN U3MEPEHUS TEMIIEPATYPhI BO3yXa, BOJBL, aK-
THBHOM peakIvy BOJHOU CPeIIbl ¢ TOMOIIBI0 Tprudopa «dxotecT-2000-1x.

wxﬁnuc’efu

» BC
M1

Puc. 1. Kapra-cxema teppuropun HII «Kpacnospckue CTonOb» ¢ yKa3aHHEM TOUYEK
ot6opa npo6: pexu: M — Mana (M, — yerbe, M, — kopaon Kanganak, M; — KopoH
Bepier, My — moc. Bepetb, M5 — crapuna), b — bazauxa (b; — yctwe, b, — xopnon
Jonryma), BC — Bonsmas Cnusuesa, K — Kanrar; pyusu: P; — Jlaneruna,

P, — Bepibl, P3 — KpuBonoxsanbsiii, P4, — Macnsuka, Ps — bosabmoit Unaeit,

P¢ — Cpennnit Unneit, P; — Maunbiit Unneit, Pg — Becenbiii, Py — bonbmoit Unxyin,
Py — Comxymn, Py; — Hamypr, P, — Beiocnas, P,; — Xaiinsiaka, Py, — Kussena,
P,s — Capana, P, — Hemnosckwuit, Py; — MoxoBoii, P 3 — Cpennuit Kanrar
[Fig. 1. A schematic map of the territory of the NP Krasnoyarsk Pillars with an indication of
sampling points: Rivers: M - Mana (M, - mouth, M, - cordon Kandalak, M3 - cordon Berly, My -
settlement Beret, M5 - staritsa), B - Bazaiha (B, - estuary, B, - cordon Dolgusha), BS - Bolshaya
Slizneva, K - Kaltat; Streams: P, - Laletina, P, - Berly, P; - Krivopokhvalny, P, - Maslyanka, Ps -
Bolshoy Indey, P¢ - Sredny Indey, P; - Maly Indey, Pg - Vesely, Py - Bolshoy Injul, Py - Synzhul,
Py - Namurt, Py, - Vynosnaya, Py; - Khaydynka, P4 - Knyazeva, Pys - Sarala, Py - Nelidovsky,
Py7 - Mokhovoy, P;s - Sredny Kaltat]
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TakCOHOMHYECKHI CITUCOK BHUIOB BOJOPOCIEH (PUTOIIAHKTOHA COCTABJICH C
YYETOM COBPEMEHHBIX CHCTEMATHYECKUX NMPeoOpa3oBaHUM, aKTyalH3alHui0 BH-
JIOBBIX Ha3BaHWW TPOBOJIWIMA IO JaHHBIM MEXKIyHapoJaHoW Oa3bl Algaebase
[16].

K nomuHaHTaM OTHOCHJIM BUBI, YHCIEHHOCTh KOTOPBIX COCTABISUIA HE Me-
Hee 10% oOmueit [17]. Boibop KpuTepHst YHCICHHOCTH IIPY BBIACICHUN JOMHUHU-
PYIOIINX BUIIOB OO0YCIOBIEH OOJBIICH METaO0OINIECKONH aKTUBHOCTHIO MEJKHX
OpPraHU3MOB 0 CPAaBHEHUIO C KPYIHBIMH, YTO MHOTOKPATHO HOITBEPKIAIOCH
paznuuabiMu uccienoBanusMu [18-22]. CornacHo ompenenenuro [23, 24], mo-
MUHAHT — 9TO BUJ, KOTOPBIA aKTHBHEE, YeM IPOYHE, YIACTBYET B KPYTOBOPOTE
BEIIECTB B 3KOCHCTEME, 3aHUMAIONINN B COOOIIECTBE TJIaBEHCTBYIOIIEE MOJIO-
JKCHUE, OKa3bIBAIOIIWI Mpeoliafaroniee BIMSHHE Ha XOJ OHOICHOTHYECKUX
MPOIIECCOB, OOJIAJAIOIIMI Ha CBOEM TPO(UYECKOM ypOBHE HAMOOJBIIEH Mpo-
JTYKTHBHOCTEIO.

AHam3 TOMUHHPYIOIIEr0 KOMIUIEKCA MPOBOAMIIH 110 TIOKA3aTeIsIM JJOMHHU-
poBanus: dyactora BcrpeuaeMocTH (pF), yacrora nomunuposanus (DF) u mops-
ok gomuHupoBanud (Dt) [25, 26]. JoMuHHpyOLue BUIAB pa3aeiisiid Ha KaTe-
ropuu 1o DF, cornacuo knaccudukamuu O.M. Koxxooit [25]: a) I kareropust —
HanboJsee yacTo BeTpevaronmmecs BUAH (> 50%); 0) Il kaTeropus — yacto BeTpe-
yaromuecs: BuIbI (21-50%); ¢) Il xaTeropus — HEYacTO BCTPEYAIOIINECS BUIBI
(1-20%).

Kpowme Toro, no mkaine E.JI. JlroGapckoro cpeau JOMUHAHTOB BBIICIISIN Ye-
ThIpe Tpymmbl: abcooTHbie noMuHAHTHL (64 <DF <100), momuuanTsl (36 <
DF <64), cyonomunanTtsl (16 <DF <36) u BropocreneHuslie Buibl (4 <DF <16)
[27].

PeByJI])TaTBI HCCJICI0BAHUA U oﬁcymeﬂne

Temnepatypa Bo3ayxa BO BpeMs HccienoBanuid konebanack ot 17 go 25°C,
TEeMIIepaTypa BOABI B PEKaxX M PydbsiX U3MEHSIACh B 0ojee MIMPOKUX Mperesiax.
B cambix xonoasbix pyubsx (Macnsaka u Ceirxyn) — ot 8,10 no 9,88°C, ca-
MbIx Terbix (KpuBonoxsanbHbiit, Cpenuuit Muneit u Kusazesa) — ot 13,80 mo
14,92°C. Temmeparypa Bozabl B pekax konebanachk ot 10,2 (bompmas CrnusHeBa
u Kanrat) no 22,92°C (Mana u ba3auxa). AKTUBHas peakuus BOJHOU Cpenbl
u3MeHsachk oT crmabokucioit (5,73, pyd. Mansiit Unaeit) 1o crnabomienoyHoi
(8,62, p. Mana). CkopocTh TeueHus B pekax u pydbsx HII konebnercs B mupo-
KHX Tpesenax, MUHUMallbHas ckopocTh TedeHus (0,14—0,63 m/c) 3adukcuposa-
Ha B JICTHIOIO MEXEHb, MPEACTBl KOJIeOaHUsT MaKCUMAIBbHOH CKopocTH Oonee
mpokue (0,60—1,77 m/c).

3a mccnemyeMbli mepro/l B JIeTHEM (GUTOIUIAHKTOHE pek U pyubeB HIT naeH-
TUGHUIHIPOBAHO 253 BUIOBBIX U BHYTPUBHUIOBBIX TakcoHa (BBT), Bximovas HO-
MEHKJIATYpHBIA THN BHIa W3 7 oTHenoB, B ToM umcie: Cyanoprokaryota — 8§,
Chrysophyta — 6, Dinophyta — 1, Euglenophyta — 12, Bacillariophyta — 188,
Chlorophyta — 35, Charophyta — 3. TIpeBanupyromiee 3HaueHHE B TAKCOHOMHYE-
CKOM cTpykType mpuHamiexkuT Bacillariophyta (74,31%), 107 OCTaNbHBIX OT-
JIesioB KonebneTcs B mpenenax 1-14% (taodu. 1).
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Tabmnuma 1 [Table 1]

TakcoHoMHYecKas CTPYKTYpa GUTONIAHKTOHA BOJHBIX 00bEKTOB
HIT «Kpacnosipckue C1on10b1», 2021-2023 rr.
[Taxonomic structure of phytoplankton of water bodies NP Krasnoyarsk Pillars, 2021-2023]

Komuuecto
[Quantity]
Otnen Knace
[Phylum] [Class] Ho- Cue- Poos B[IéIIIOB BBT
pSIKOB | MeHCTB pe-
[Order] | [Family] | (9] | Cies] [SIT]
Cyanoprokaryota | Cyanophyceae 4 6 7 8 8
Chrysophyta Chrysophyceae 1 2 4 6 6
Dinophyta Dinophyceae 1 1 1 1 1
Euglenophyta Euglenophyceae 1 2 4 10 12
Coscinodiscaceae 2 2 2 6 6
Bacillariophyta Mediophyceae 2 2 5 8 8
Bacillariophyceae 11 24 59 171 174
Chlorophyceae 2 10 17 26 27
Chlorophyta -
Trebouxiophyceae 1
Conjugatophyceae 1 2 2 2 2
Charophyta UETOPY
Zygnematophyceae 1 1 1 1 1
Bcero [In total] 27 54 107 244 253

Ilpumeuanue. BBT — Bu0BOH U BHYTPUBHUOBOM TAKCOH.
[Note. SIT - species and intraspecific taxa].

TakcoHOMHUYECKHH CIIEKTp (GUTOIUIAHKTOHA peK U pyubeB HII nemonCcTpHpY-
€T SIBHOE MpeoliIaJaHnue TUaTOMOBEIX BOJOPOCICH Ha BCEX YPOBHSX — KJIAcCOB
(Bacillariophyceae, 68,77% ot obmero uncna BBT), nopsakos (Cymbellales —
20,95%, Naviculales — 18,18%), cemetict (¢ 1-ro mo 6-¢ mecto — 46,24%) u
ponos (c 1-ro mo 6-¢ mecto — 30,83%) (Tadmn. 2).

OcHOBY BUIOBOTO O0raTcTBa BOAOPOCIEH M3 IUIAHKTOHA BCEX HCCIICIOBAH-
HBIX BOIHBIX 00bekTOB HII cocraBnstor muaromoBbie Bojopocin. [Ipeobnana-
HUE JUaToMed B anbroaope TOpPHBIX BOIOTOKOB SBISIETCS MX XapaKTePHOM
9epToil M OTMEUYCHO MHOTHUMH HCCIICAOBATEISIMU B PAa3IUYHBIX (PH3HKO-
reorpaduveckux 30Hax [9, 28-38].

BonbmvHCTBO HAaWAEGHHBIX BHUIOB OTHOCUTCS K IIEHHATHBIM JHATOMESM
kiacca Bacillariophyceae (92,55% ot o01ero yrcia JHaTOMOBBEIX BOZOPOCICH),
u Toapko 14 BBT — k neHTpuyeckum quatomesm u3 ponos Aulacoseira Thw.,
Cyclostephanos Round, Cyclotella (Kiitz.) Breb., Lineaperpetua P.Yu,
Q.-M. You, Kociolek et Wang, Melosira Ag., Stephanocyclus Skabich., Stepha-
nodiscus Ehr.

[lennatHple qUaTOMEN MPEACTABICHBI ABYMS SKOJIOTHYECKUMHU TPYIIIAMH —
HEeOOJIBIIIMM YMCIIOM UCTHHHO TUIAHKTOHHBIX BUIOB (Fragilaria crotonensis Kitt.,
Ulnaria acus (Kiitz.) Aboal, Asterionella formosa Hass., Diatoma tenuis Ag.,
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Tabnuma 2 [Table 2]

TakcoHOMUYECKHII CIEKTP BeAyUINX KJIaccOB, MOPSAIKOB, ceMeiicTB, PoA0B BOAOpOcIei
M3 IVIaHKTOHA pek U pyubeB HII «KpacHosipckue CTos10b1» H HX PAHTOBbIE MeCTa
(B ckodkax), 2021-2023 rr.
[Taxonomic spectrum of the leading classes, orders, families, genera of algae from the plankton
of rivers and streams of the NP Krasnoyarsk Pillars and their rank places (in parentheses),

2021-2023]
KonunuectBo KonunuectBo
Knacc [Quantity] TMopsnox [Quantity]
[Class] Bunos BBT [Order] Bunos BBT
[Species] [SIT] [Species] [SIT]
Bacillariophyceae 171 (1) 174 (1) Cymbellales 53 (1) 53 (1)
Chlorophyceae 26 (2) 27 (2) Naviculales 46 (2) 46 (2)
Euglenophyceae 10 (3) 12 (3) Sphaeropleales 23 (3) 24 (3)
Mediophyceae 8 (4-5) 8 (4-5) | Achnanthales 23 (4) 23 (4)
Cyanophyceae 8 (4-5) 8 (4-5) | Fragilariales 15 (5-6) 15 (5-6)
Coscinodiscaceae 6 (6-7) 6 (6-7) | Bacillariales 15 (5-6) 15 (5-6)
Chrysophyceae 6 (6-7) 6 (6-7) | Euglenales 10 (7) 12 (7)
Trebouxiophyceae 5(8) 5(8) Chlorellales 5(8) 8(8)
Conjugatophyceae 2(9) 2(9) Stephanodiscales | 6 (9-10) 6 (9-10)
Zygnematophyceae | 1(10-11) | 1(10-11) | Chromulinales 6 (9-10) 6 (9-10)
Dinophyceae 1(10-11) | 1(10-11) - - -
ﬁg‘t’ggl;”’ 244/100 | 253/100 fgfﬁ%‘?’ 202/82,79 | 208/82,21
Konuuectso Konunuectso
CeMeiiCTRO [Quantity] Pon [Quantity]
[Family] Busos BBT [Genus] Bunos BBT
[Species] [SIT] [Species] [SIT]
Gomphonemataceae 31 (1) 31 (1) Gomphonema 21 (1) 21 (1)
Naviculaceae 25(2) 26 (2) Navicula 20 (2) 20 (2)
Cymbellaceae 18 (3-4) 18 (3-4) | Nitzschia 13 (3) 13 (3)
Achnanthaceae 18 (3-4) 18 (3-4) | Cymbella 9(4) 9(4)
Bacillariaceae 15 (5) 15 (5) Achnanthidium 8(5) 8(5)
Fragilariaceae 9 (6) 9 (6) Encyonema 7 (6) 7 (6)
Euglenaceae 5() 7(7) Trachelomonas 4(7) 6 (7)
Characiaceae 6 (8-11) 6 (8-11) | Planothidium 589 589
Selenastraceae 6 (8-11) 6 (8-11) | Cocconeis 4 (8-9) 589
Stephanodiscaceae 6 (8-11) | 6(8-11) - - -
Staurosiraceae 6 (8-11) 6 (8-11) - - -
ﬁgfﬁ%‘?’ 145/50.43 | 148/58,50 ﬁg‘t’g&/l;”’ 91/37.30 | 94/37.15

Ilpumeuanue. BBT — BUIOBOM ¥ BHYyTPUBUIOBOM TaKCOH.
[Note. SIT - species and intraspecific taxa].
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Nitzschia graciliformis Lange-Bertalot et Simonsen u nap.) W o0wIHeM
CIIy4ailHO-TUTAaHKTOHHBIX. M3 mocieqHux moBcemMecTHO Berpeuatotest Cocconeis
lineata Ehr., C. placentula Ehr., C. euglypta Ehr., Melosira varians Ag., Meri-
dion circulare (Grev.) Ag., Planothidium lanceolatum (Breb. ex Kiitz.) Lange-
Bertalot, Navicula capitatoradiata Germain ex Gasse, N. metareichardtiana
Lange-Bertalot et Kusber. HecrabunbHOCTh cpenbl, 00ycliOBICHHas OBICTPBIM
TEYEHHEM M TypOYJICHTHOCTBIO BOJBI B TOpHBIX BojoTokax HII, sBisercs mpu-
YHHOW OCIHOCTH MCTHHHO IUTAHKTOHHBIX BOJOPOCIEH M GOJBIIOrO KOJIUYECTBA
CJTy4aifHO-TUTAHKTOHHBIX (hOpM BOJIOPOCTICH, TUIIMYHBIX oOuTaTeneil OeHToca u
oOpacTaHMii.

Bropoe mecTo mo 3HaYMMOCTH B (POPMHUPOBAHHUU BUIOBOTO OOraTcTBa (PUTO-
IJIAHKTOHA 3aHUMAIOT 3€JIeHble BOAOPOCIHU, UX J0js coctaBiseT 13,83%. B Tak-
conomuueckoM criektpe Chlorophyta 3aHrMarT BTOpoe MeCTO Ha YpOBHE KJlac-
COB H TPEThE — Ha YPOBHE TOPSIKOB, HA YPOBHE CEMEHCTB OHHU 3aMBIKAIOT TaK-
COHOMHUYECKHUH cekTp (8—9-¢ MecTo), a Ha ypOBHE POJIOB BBINAAIOT U3 Hero. B
(DUTOIIAHKTOHE BCEX HCCIECIOBAHHBIX OOBEKTOB BCTPEUAIOTCS MENKOKIETOY-
HBIE XJIOPOKOKKOBBIE Bomopociu Monoraphidium contortum (Thur.) Kom.-
Legn. u M. minutum (Nig.) Kom.-Legn. X10pOKOKKOBbIE BOJIOPOCIU HUIPAIOT
BOXHYIO pOJIb B TUIAHKTOHE KPYIMHBIX ceBepHbIX pek Poccum [20, 39, 40].
Haubonee Bbicokoe otHocuTenbHOe yuactre Chlorophyta B KOJIMUECTBEHHOM
pa3BUTHU (UTOIUIAHKTOHA XapPaKTEPHO MPEHMYIICCTBCHHO IS PEK C 3aMell-
JICHHBIM TEYEHHWEM, XOpOIIO PAa3BUTON TMOWMON W IOABEPKEHHBIX BIUSHUIO
MEJKOBOAHBIX, XOPOIIIO MPOrpeBaeMbIX MPUTOKOB [41]. DTu ycrnoBus xapakrep-
HBI TOJIBKO JUTS HDKHEro TedeHus Takux pek HII, kak Mana u ba3zauxa, rae 3e-
JICHBIE BOJIOPOCITH Pa3BUBAIOTCS HANOOIIee OOMIIBHO.

OBIICHOBBIE BOJOPOCIN B TAKCOHOMHYECKOM CIHEKTpe (PUTOIUTAHKTOHA CY-
IICCTBEHHO YCTYMAIOT BEAYIIUM OTIENIaM M 3aHUMAIOT 3-¢ MECTO Ha YPOBHE
KJIACCOB ¥ TOJILKO 7-€ MECTO Ha YPOBHE TOPSIKOB, CEMEHCTB 1 poJoB. OcobeH-
HOCTH SKOJIOTMH 3BIJICHOBBIX BOXOPOCIEH, WX TpeOOBATENbHOCTh K TaKHM
YCIOBHUSAM CpEIbl, KaK MOBEIMICHHOE COJCPIKAHHE OPTaHUYECKUX U OMOTCHHBIX
BEIIECTB, cliabasi MPOTOYHOCTH BOZ, OOYCIOBIHMBAIOT KpaiHE HU3KUH YPOBCHb
WX BereTanuyd B BOJHBIX o0ObekTax HII, oHM HalaeHBI TOJNBKO B CTapuIlax U
ycThsix pek Mana m bazamxa. Kak HW3BeCTHO, 3BIJICHHABI OOBIYHO IOJIYYAIOT
pasBUTHE B BOJOTOKAX C XapaKTEPHBIMH YCIOBUSMH: HEOOJNBIINE, TUITHIHO
PaBHHHHBIE PEKH C HU3KOW CKOPOCTHIO TEUEHUS, MPOTEKAIOIINE 1O 3a00I04YeH-
HBIM HU3MEHHOCTSM [41, 42]. B KpynHBIX pekax OHU XapaKTepU3yIOTCS HU3KUM
OOMITHEM M YCTYMAIOT MECTO TUATOMOBBIM, 3€JICHBIM U IIHAHOMPOKAPUOTAM, & B
CEBEPHBIX BOJOTOKAX — HEPEJKO U 30JI0TUCTHIM [43].

BunoBoe 60rarcTBo MMaHOMPOKAPHOT B MCCIECAOBAHHBIX BOAHBIX O0BEKTax
HIT meBemuko. [ToBceMecTHO pacmpoCTpaHEHBI MENKOKJIETOYHBIC BHIBI poja
Aphanocapsa Nég. (A. holsatica (Lemm.) Cronb. et Komarek u A. incerta
(Lemm.) Cronb. et Komarek), HO OONBIIMHCTBO HAaWJACHHBIX ITUAHOMPOKAPHOT
(Chroococcus minimus (Keiss.) Lemm., Cyanothece aeruginosa (Nag.)
Komarek, Merismopedia tranquilla (Ehr.) Trevisan, Spirulina major Kiitz. ex
Gomont, Synechocystis aquatilis Sauv.) BcTpeuaroTcs eiuHUYHO [44]. He3nauu-
TeJbHAs POJTb IIHAHOMIPOKAPUOT XapaKTepHa AJISI TAKCOHOMUYECKOH CTPYKTYPBI
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(bUTOIIaHKTOHA TOPHBIX pek Bocrtounoit Cubupu [40], Anrtae-CastHCKO#H rop-
HOWM o0yactu [28], BepxHero TeueHust Enuces [45], Cananpckoro kpsxka [33] u
Kysnenxoro Anaray [32].

30JI0THCTBIE BOJOPOCIH B TUIAHKTOHE OONBIIMHCTBA pek u pyubeB HIT wr-
parOT HE3HAYHUTENHFHYIO POJb B (POPMUPOBAHUU BUAOBOro Oorarctea (2,37% ot
obmero yucna BBT). B TakCOHOMHYECKOM CIIEKTpE OHHM 3aMETHBI TOJBKO Ha
YpOBHE KJIaccoB (6—7-€ MeCTO) U Ha YPOBHE INOPSAKOB, TAE IEIAT MOCICAHNE
MecTa ¢ quaromesimu op. Stephanodiscales. HanGonpiiero oOuvs J0CTUrarT
xpuzodutel poxa Kephyrion (K. francevii Gusev, K. ovum Pasch., K. rubri-
claustri Cont.), B HEKOTOPBIX PYYbSX OHH BXOJST B YHCJIO BTOPOCTEICHHBIX
JOMUHAHTOB, U3peaka BcTpedaercss Dinobryon sociale Ehr. 3onoTtucteie Boao-
POCIH SIBISIFOTCS] IPEUMYIIIECTBEHHO PECHOBOAHBIMU, TUNIAHKTOHHBIMHU XOJIOJI0-
TOOMBBIMU OPTaHW3MaMH, IPEINOYUTAIONIMI HEOOIBIINE BOJOEMBI C TEMIIe-
patypoit 12—17°C, 6au3koii k HelTpaibHON pH, HU3KUM M CpelIHUM CoAepKa-
HUEM T'YMUHOBBIX BellecTB [46]. [lo MHEHUIO psina UccIeoBaTeNei, OHH Urpa-
0T 3HAYHUTENBHYIO POJIb BO (hJIOpE CEBEPHBIX BOJIOEMOB [47, 48].

XapoBsle BOJOpOCTH B BOAHBIX o0bekTax HII mpencraBieHsl 2 BUIAMH U3
kiacca Conjugatophyceae (Cosmarium undulatum Corda ex Ralfs, Closteri-
um leibleinii Kiitz. ex Ralfs) u omHuM BuIoM W3 Kiacca Zygnematophyceae
(Spirogyra insignis (Hass.) Kiitz.). B TakCOHOMUUYECKHH CIIEKTP BXOIAT TOIBKO
MPEICTAaBUTENH KOHBIOTAT, 3aHUMAIOIINE HA YPOBHE KIACCOB IMPEIIIOCICIHEE
mecto. Haiinens! xapoBbie Bogopocin Tolbko B pekax HII, B Mane — koHnblora-
1oL, B bazanxe — ciimporupa. O0mine 3THX BUAOB HE3HAYUTEIHHOE, B UUCIIO JI0-
MHUHAHTOB OHHM HE BXOIST. XapOBBIC BOJOPOCIH 3aCEILIFOT MPEHMYIICCTBCHHO
MPECHBIE BOIOEMBI PAa3HOTO THUITA, OOBIYHO 3TO OOWUTATENN PaBHHH, HO HEPEIKO
OOMIIFHO HACEISIOT BOOEMBI IpeAropuii U Top. Bee xapoBrie Bomopociu mpea-
MOYHTAIOT YUCTYIO CIOKOHHYIO BOAY, JUII MHOTHX M3 HUX HEOOXOJMMO IOBBI-
IICHHOE COJICpIKaHKe B BOJE M3BECTH, Mpeaessl pH BOMBI I STHX BOJOPOCIEH
mupokue (5,2-9,8) [49, 50].

JuHOHUTOBEIE BOAOPOCIH — TPYIIA MPEUMYIIECTBEHHO OIHOKICTOYHBIX
IUTAHKTOHHBIX ()OPM BOAOPOCIEH, UTPAIOLINX BAKHYIO POJb B IMPECHOBOIHBIX
9KOCHUCTEMAX, HO B PEYHOM IUIAHKTOHE TUHO(HIIEH OOBIYHO HE JOCTUTAIOT 3HA-
YUTETHHOTO BUIOBOTO OoraTcTBa M pa3BuTHs. B 1utankToHe pek u pyubeB HIT
JUHO(HUILEH NpeCcTaBlIeHbl OAHUM BUIOM Peridinium cinctum (O.F. M.) Ehr.,
Hal{IeHHBIM B peke MaHe W OTHOCSIIMMCS K YMCITy HanOojee pacipoCTpaHeH-
HBIX BHJIOB B BOJIHBIX 00bekTax 3amajHoit U Bocrounoit Cubupu [40, 47, 48,
51].

Takum 00Opa3oM, BUIOBON COCTaB M TaKCOHOMHYECKAs CTPYKTypa (HTO-
IUTAaHKTOHA peK U py4useB HII mMeroT 4epThl, THITHYHBIE [T TOPHBIX BOJOTOKOB.

Brienenre u aHamM3 KOMIUIEKCA JOMHHUPYIONIMX BHIOB 3aHUMACT BEIY-
[iee MeCTO IO 3HAYUMOCTH B HCCICIOBAHUIX (DUTOIUIAHKTOHA. YCTAHOBIICHO,
9TO CTPYKTYPY (PUTOILTAHKTOIICHO30B, IPOAYKTUBHOCTh W KA4eCTBO BOJ OMpe-
JEISIOT UIMEHHO TE€ BUIBI, KOTOPBIC BXOST B JOMHHHUPYIOUIHN KOMILIEKC BOJO-
pocieii ¢purorutankrona [52, 53].

JloMUHUpYIOIXH KOMIUIEKC BOJAOPOCIICH JIeTHET0 (PUTOIUTAHKTOHA PEK H PY-
ypeB HIT B 2021-2023 rr. BecbMa pa3zHooOpaseH, ero hopmupyioT 22 BBT u3
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4 otnenos, B ToM uncine: Cyanoprokaryota — 3, Bacillariophyta — 6, Chlorophyta —
11, Chrysophyta — 2. K momunanTam otHOcHTcs 8,70% ot obmero uncina BBT,
HalJIEeHHBIX B BOJHBIX oObekTax HII, B ux coctaBe mpeoOsiagaroT BUIBI U3 OT-
nena Chlorophyta, noist kotopsix cocraBisieT 50% oOT 00IIero 4rcia JOMUHAH-
ToB. Cl0XKHAas CTPYKTypa W 3HauuTenbHoe yucio BBT, BXoasmux B JOMUHH-
PYIOIINH KOMITJIEKC, XapaKTEePU3YIOT €ro KaK IMOJIMAOMUHAHTHBIN (Tadt. 3).

CocraB U CTPYKTypa AOMHHHUPYIOUINX KOMIIIEKCOB BOJOPOCIEH U3 IUIAHK-
TOHA IO TOJlaM HCCIICAOBAHUHN CYIIECTBEHHO pa3nuyiarTcs. Becema crernmdu-
YeH ObLI COCTaB JOMUHHPYIOMIETo KoMIuiekca B 2021 1., Juis HETo XapaKTepHbI
O6enmHocTh BUAOBOTO cocTaBa (5 BBT) u oTcyTCTBHE JMaTOMOBBIX BOJIOPOCIEH.
B murankTOHE OONBIIMHCTBA PEK U PYYbEB JETOM 3TOTO TOAA JIOMHHHUPOBAJIH
MEJIKOKIJIETOUHbIE 0e3reTepOlMCTHRIE LMAaHONPOKAPUOTHL pona Aphanocapsa,
¢dopmupyromme 1 u Il kareropun (Hambosiee YacTO W YacTO BCTPEUAIOIIHECH)
JOMHUHAHTOB, a B pyuybsiX B cocraB JoMuHaHTOB u3 IIl kareropuu Hewacto
BCTPEYAIOMIMXCs BUIOB BXOAMIIU 3€J€HbIE U 30J0TUCThIe Bogopocian. HeoOxo-
IUMO OTMETHUTH, YTO JOMHHHPOBAHHUE B IUIAHKTOHE OE3TreTEepOIMCTHRIX ITHAHO-
MPOKAPHOT OOBIYHO MPOCIIEKUBAETCS B YCIOBHSIX a30THOTO JMMHUTHUPOBAHUS
[54], a uXx MaccoBO€ pa3BUTUE CBUAETEILCTBYET 00 YBEIMYEHUU TPOPHUUECKOTO
cratyca Bof [55, 56].

B 2022 r. noMHHUPYIONINI KOMIUIEKC BOJOPOCIIEH CYIECTBEHHO H3MEHUIICS,
ero coctaB pacmupuics 10 11 BBT, B Tom uucne B Hero Bouuid 4 BUaa 1uaTo-
Mel. BerpeuaeMocTh ITMaHONPOKApUOT pojaa Aphanocapsa CylecTBEHHO CHU-
3miach, oHU Bonuid ToibKo Bo Il um III kareropum MOMMHAHTOB M MHTEHCHBHO
pa3BuBajuch B pekax Mane, bazauxe u B pyune HamypT. 3ameTHo BO3poCio B
2022 r. yucno nomuHanToB U3 Il kareropuu, B UX cOCTaB BOILIN MEIKOKJIETOY-
HBIE XJIOPOKOKKOBBIE Bogopociu poxa Monoraphidium Kom.-Legn.

B 2023 r. B opMupoBaHUHM cOCTaBa JTOMHUHAHTOB IPOJOIDKANACH TCHICH-
nus, nHametuBmascs B 20221, CHu3MIACh pPOJdb IIUAHOMPOKAPHOT poja
Aphanocapsa, nepemenmux B Il kareropuro JOMUHAHTOB, ¥ BO3POCIIO 3HaUe-
HHUE CIy4YailHO-TUIaHKTOHHBIX BUAOB JnaTtoMmei, nepemenmux B [ u Il kateropun
JIOMMHaHTOB B pekax Mana, Kanrat u GomnbiinHCTBEe pyubeB. [lo-mipexxHemy
pa3zHooOpa3zeH BHIOBOH cocTaB nomuHaHTOB W3 Il kaTeropuu, croja BOIUIN
JTMaTOMOBEIE, 3€JIEHBIC, 30JI0TUCTHIC BOJOPOCIH U IIMAHOIPOKAPHOTEIL.

MexXroaoBble OTAMYMS B JOMHHUPYIOUIMX KOMIUIEKCAaX BOJOpOCTel u3
IUTAHKTOHA — YacTO BCTpEYAlOIIeecs SBJICHHE, XapaKTepHOE AJIsI MHOTHUX BOJ-
HBIX OOBEKTOB, TOYHYIO MPHYMHY 3THX W3MEHEHUH YCTaHOBHUTH BeCbMa TPYIHO,
MOCKOJIBKY CYKLECCHsI BUAOB B (PUTOIUIAHKTOHE 3aBHCUT OT MHOXKECTBa aOHO-
TUYECKUX U OuoTmdyeckux (akropos [57]. CnemyeT OTMETHTh, YTO TUAPOIOTHU-
YECKHE€ W TeMIIepaTypHbIe YCIOBHsI B rojbl Hamux uccrnegoanuii B HII cyme-
CTBEHHO HE Pa3INYyalIuCh.

Bricokast Bctpewaemocts (pF =70-100) B JOMUHHpPYIOLIEM KOMIUIEKCE BO-
Jopocieil PUTOTIAHKTOHA OTMeYallach ToJbKo s auatomedd C. placentula n
C. euglypta. MakcuMainbHble TIOKa3aTeIH MOPSAIKa U YaCTOThl JOMHUHUPOBAHUS
XapaKTepHBbI JUIs LUAHOMIPOKApHOTHL A. holsatica (DF = 68,72, Dt=100), BTOpoe
Y TPEThe MECTa M0 3HAYMMOCTH ITHUX ToKazareiei 3anumarot C. euglypta (DF =
=59,09, Dt=68,42) u M. circulare (DF =31,82, Dt="77,80).
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TaGnuma 3 [Table 3]
JloMuHUpYOIMI KOMIUIEKC GUTOIVIAHKTOHA PEeK M py4YbeB
HIT «Kpacnosipckue C1on6b1», 2021-2023 rr.
[The dominant phytoplankton complex of rivers and streams
of the NP Krasnoyarsk Pillars, 2021-2023]

Kareropus Boublii 06bexT
JOMUHUPOBAaHUSA JlomuHaHT [Water body]
[Dominance [Dominant] Pexu Pyusn
category| [Rivers] [Streams]
2021 r.
1 Aphanocapsa holsatica Ms, BC, K | Py 556121415
I Aphanocapsa incerta K Pss6
Actinastrum hantzschii var. hantzschii — P,
Hydrocytium acuminatum - Py
Kephyrion ovum - Py 13
2022 r.
I _ _ _
I Aphanocapsa holsatica M4, b, -
Cocconeis placentula B,, BC Piass
Actinastrum hantzschii var. subtile b, —
Aphanocapsa incerta M, Py
Cyanothece aeruginosa - P,
Melosira undulata K —
11 Melosira varians K —
Meridion circulare - Pe. 11
Monoraphidium griffithii B, —
Monoraphidium minutum — P,
QOocystis lacustris b, -
2023 r.
1 Cocconeis euglypta M4 K Piss011
11 Meridion circulare - P37 1118
Aphanocapsa holsatica b,, BC Py,
Aphanocapsa incerta b, Py,
Coenococcus planctonicus — Py
Kephyrion rubri-claustri - Py
Melosira varians - P,
111 Monoraphidium minutum - Ps10
Monoraphidium contortum — Pi61s
Oocystis marssonii — P,
Planothidum lanceolatum - P,
Scenedesmus ellipticus M, , -
Scenedesmus obtusus f. disciformis M, —

Tpumeuanue. O603HaYCHHS ITYHKTOB 0TOOpa Mpo0 Te ke, YTO Ha PUCYHKE.
[Note. The designations of the sampling points are the same as in Figure].
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Tabnuna 4 [Table4]
JomuHupylomue Buabl GuTONIaHKTOHA pek U pyubeB HII «KpacHosipckue CTo10bD»
no mxkaJje Jlrodapckoro, 2021-2023 rr.

[The dominant phytoplankton species of rivers and streams NP Krasnoyarsk Pillars
according to the Lyubarsky scale, 2021-2023]

I'pynna
AOMUHAHTOB 2021 2022 2023
[The dominant
group]

AGCOIOTHBIH Aphanocapsa — —
JIOMHHAHT holsatica
[The absolute
dominant]
JlomMuHaHT — Cocconeis Cocconeis euglypta
[Dominant] placentula
CyOoMHHAHT Aphanocapsa Aphanocapsa Meridion circulare
[Subdominant] incerta holsatica
Bropocrenennsrit Actinastrum Actinastrum Aphanocapsa holsatica
BUJL hantzschii hantzschii Aphanocapsa incerta
[Secondary species] | var. hantzschii var. subtile

Coenococcus planctonicus

Hydrocytium | Aphanocapsa incerta Kephyrion rubri-claustri

acuminatum Cyanothece Melosira varians

Kephyrion aeruginosa o o
Py .g ] Monoraphidium minutum
ovum Melosira varians

. Monoraphidium contortum
Melosira undulata . .
Meridion cireul Oocystis marssonii

eridion circulare
o Planothidum lanceolatum
Monoraphidium

. Scenedesmus ellipticus
minutum

Monoraphidium Scenedesmus obtusus f.

griffithii disciformis
Oocystis lacustris

AHanM3 TOMAHUPYIOIIHUX BUIOB BOJAOPOCIEeH (PUTOTUTAHKTOHA, TIPOBEICHHBIN
mo mkane E.JI. JlroGapckoro, moAaTBepausl 3aKOHOMEPHOCTH, YCTAHOBIICHHEIC
BBIIIIC: TOJUAOMUHAHTHBIA XapakTep IOMHHHUPYIOIIETO KOMIDIEKCa, CyIle-
CTBEHHBIE MEXKTOJIOBBIC Pa3jIMUus B €r0 COCTaBE M CTPYKTYpE, TOMHUHUPOBAHUE
0e3reTepOICTHRIX MEJIKOKIETOYHBIX [IMaHOMPOKAPUOT U CIyYaiHO-IIaHKTOH-
HBIX BUJIOB JUATOMEHW, 3HAUUTEIbHAS JTOJIS XJIOPOKOKKOBBIX BOJOPOCIEH, B TOM
YHCIIe MEITKOKJIETOUHBIX BUJIOB, CPEIU BTOPOCTEIICHHBIX TOMUHAHTOB (TaluI. 4).

YCcTaHOBIEHHBIE OCOOCHHOCTH JOMHHHUPYIOLIETO KOMIUIEKCA BOAOPOCIIEH
¢uromiankTona pek u pyuseB HII CBHIETENBCTBYIOT O HAJTHYHH HETATUBHBIX
MIPOIIECCOB, PA3BUBAIOIIUXCS B BOJHBIX SKOCHCTEMAX.

3akjrouenne

Bunosoii coctaB Bogopocneit u3 mnanktoHa pek u pyubeB HII «Kpachosip-
ckue Ctonbepy Oorat u pazHOOOpas3eH, B HEM HalAeHO 253 BHAOBBIX U BHYTPH-
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BUJ0BbIX TakcoHa (BBT), BkiItouass HOMEHKJIATYPHBIM TUIl BUJA, U3 7 OTIENOB
Bojopocineit: Cyanoprokaryota — 8, Chrysophyta — 6, Dinophyta — 1, Eugleno-
phyta — 12, Bacillariophyta — 188, Chlorophyta — 35, Charophyta — 3. OcHoBy
BHIOBOIO OoratctBa ()UTOILIAHKTOHA (POPMUPYIOT THUATOMOBBIC BOIOPOCIH
(74.3% o6wero uucna BBT), B OCHOBHOM U3 IPYIMIbI CIy4aiHO-IUIAHKTOHHBIX
(hopM, THIUYHBIX oOHuTaTeNnel OeHToca u oOpacTaHuii, 4To 00YCIOBJICHO a0HO-
TUYECKUMH (PaKTOPaMH, XapaKTEPHBIMH IS TOPHBIX BOgoToKoB HII.

JIOMUHUPYIOIIUIA KOMIUIEKC BOIOPOCICH JETHEro (PUTOIUIAHKTOHA HMEET
CJIOKHYIO CTPYKTYPY H MOJUIOMUHAHTHBINA XapakTep, B Hero BxoiT 22 BBT u3
4 otnenos (Cyanoprokaryota, Bacillariophyta, Chlorophyta, Chrysophyta), cpe-
i kotopeix mpeobmamaror Chlorophyta (50%). CoctaB u CTpyKTypa JOMHHU-
PYIOIIUX KOMIUIEKCOB BOAOPOCIIEH 110 rojilaM MCCIEJOBAHUIN CYIIECTBEHHO pa3-
nnyatotcs. Hambosee 3Ha4nMyIo pojib B cOCTaBe JOMHHAHTOB UTPAIOT Oe3reTe-
POLIMCTHBIE MENKOKJIETOUHBIE [IMaHOMPOKApUOTHI U3 poaa Aphanocapsa n ciy-
YallHO-TTAHKTOHHBIE BUJIBI tuatomeit u3z ponoB Cocconeis u Meridion. Macco-
BOC DPAa3BHTHE IMAHONPOKAPHUOT CBHUACTEIHCTBYET O HETAaTHBHBIX MPOIECCAX,
HaOJIFOTaCMBIX B DKOCHUCTEMax BOIHBIX 00bekToB HII, 4T0, HECOMHEHHO, CBs3a-
HO C TOBBIIIEHHBIM aHTPOIIOI€HHBIM BO3JIEHCTBHEM Ha €r0 TEPPUTOPHUIO M3-32
BBICOKOM PEKpPEarMOHHON Harpy3Ku.

CroxuBiasicsi cutyanusi TpeOyeT nanpHeinero OHOMOHUTOPHUHTA BOJHBIX
00bektoB HII 1 oLieHKH ypOBHS pEeKPEAIIMOHHON HATPy3KH HA €T0 TEPPUTOPHIO.
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