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BUOTEXHOJIOT'UA U MUKPOBHUOJIOI'US

Hayunas cratbs
YK 579.64
doi: 10.17223/19988591/60/1

H3yuyenne npoayKToOB KU3HEAEATEIbHOCTH
CeJIbCKOXO03511iCTBEHHBIX KUBOTHBIX:
NepPCneKTUBLI Co31aHus OMo0aHKa

1 2
Hpuna Cepreesna Kosryn , Mapus BacuabeBna ®@uioHona’,
3 o 4
AnHa Anexcanapona bopucoBa’, Anekceii dqyapaosnu Ca3oHoB

124 Hayuonansuwiii uccnedosamensckuii Tomckuii 20cyoapemeentolil yHusepcumen,
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AnHoranms.  KomnexkiuonunpoBanue — o0OpasLOB, — aCCOLMHMPOBAHHBIX €
CEJIbCKOXO35IHCTBCHHBIMU JKUBOTHBIMH, MPEJCTABIAECT 3HAYMUTENIbHBI HAayuyHbIH U
npaxktuyeckuil uHTepec. [IpoBeneHne 3KCIepUMEHTANIBHBIX PabOT C UCIIOIB30BAaHUEM
OMOJIOTHYECKOr0  MaTepuana,  COOPaHHOr0O M COXPAaHEHHOro B Xozie
[IMPOKOMACIITAOHBIX UCCIEIOBAHMI, B TOM YHUCIIE C MPUBJICYCHUEM BO3MOXKHOCTEH
IPa)KIAHCKOM HayKH, NO3BOJISET HE TOJIBKO BBISBUTH APAMETPbI, XapaKTePH3YIOLHe
0COOCHHOCTH  (DU3MONIOTMK  JKUBOTHBIX, HO W OOHAPY)KUTH HOBBIC  BHIbI
MHKPOOPIaHM3MOB, HEpCIeKTHBHbIC Uit OuorexHonorud. Iloaxom k mpoueccy
orbopa mpod TpedyeT 0cOOOro0 BHHUMAHUs, MOCKOJIBKY KadyeCTBO OTOMpPAeMOro
OMOJIOTMYECKOr0 MaTepHalla WrpaeT pelIalollyld pPojb B HCCIENI0BATEIILCKOM
npouecce. Ilpy 3TOM MeTOAbI M MOAXOABI TPAKIAHCKOW HAYKH IO3BOJSIOT
3HAYMUTENBHO PACIIMPUTh TEPPUTOPHAIBHO-reorpaMyeckuii oxBaT MecT ordopa
npo0, YTO MO3BOJIUT YBEJIMYUTH JOCTOBEPHOCTH IOJIYYaE€MbIX HAY4YHBIX JaHHBIX.
buobaHK BBICTYNAET CBA3YIOLIMM 3BEHOM B3aHMMOJIEHCTBHS B KOHTEKCTE COMPSIKCHUS
Npo(eCCHOHANIBHBIX ~ MCCIENOBAHUH M «TPAXKIAHCKOH HAyKW», OpraHu3yeT |
KOOpAMHUPYET Tporiecc. B cratbe npuBeneH onbIT opranusanuu 6uodanka HA TT'Y,
JIeATEeIbHOCTh KOTOPOrO HamlpaBjeHa HA COXpaHEHHWEe O00pasloB IMPOIYKTOB
KU3HEACATENBHOCTh CENIbCKOXO3SHCTBEHHO 3HAYMMBIX JKHUBOTHBIX (HABO3, IOMET,
KOMIIOCT, a TaKke o0paslibl KHCIOMOJIOYHBIX MpoaykToB). Kpome Toro, odbexkramu
XpaHeHuss OuoOaHKa SBISIOTCA INTAMMbl  CEJIbCKOXO3SHCTBEHHO  3HAYMMBbIX
MHKPOOPIaHH3MOB, BBIICJICHHBIX B XOJI€ MCCIIEI0BaHUH COOPAHHOrO OMOIOrHYECKOr0
Marepuasia. BHOOAHK BBICTYNAaeT KaK YyHUKaJbHAas B CBOEM pOJiE CTPYKTYpa,
«yHMBEPCAJIbHBIH MHCTPYMEHT», CO3/IaHHbIH Ul pealu3aliii KpyHHOMACIUTAOHbBIX
Hay4HbIX ITPOSKTOB.

KioueBbie cioBa: OuopecypcHas KOJUIEKIHWs, OHOOaHK, OWOIOrHYecKue
0o0pasLpl, MPOIYKTHI  JKU3HENCSTEIBHOCTH  CEJIBCKOXO3IHCTBEHHO  3HAYMMBbIX
YKHUBOTHBIX, CEIbCKOXO3AHCTBEHHO 3HAYMMBIE MUKPOOPI'aHU3MBI, IPaXKIAHCKas HayKa

Hcrounuk ¢punacupoBanusi: pabota BbINOMHEHA Mpu (pUHAHCOBOI moanepikke Mu-
HHUCTEepCTBa HayKH M BbIcuiero odpazoBanusi Poccuiickoit deneparyu B pamkax De-
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Koemyn U.C., Qunonosa M.B., bopucosa A.A., Cazonos A.3. Hzyuenue npodykmoe

Jlepa’dbHOM HAyYHO-TEXHUYECKOW MPOrpaMMbl Pa3BUTHA T'€HETHUYECKMX TEXHOJIOTUI
Ha 2019-2027 ronst (Cornamenue Ne 075-15-2021-1401 ot 03 Hostopst 2021 rona).

Jas uutupoBanus: Kosryn U.C., ®unonosa M.B., bopucosa A.A., Ca3oHoB A.D.
Vi3yueHue NpoAyKTOB )KU3HEACATEIBHOCTH CEJILCKOX03CTBEHHBIX KMBOTHBIX: HEp-
CIIEKTHBBI co3anus Ouodanka // BectHruk ToMCKOro rocyiapCTBEHHOIO YHUBEPCHUTE-
ta. buonorus. 2022. Ne 60. C. 6-22. doi: 10.17223/19988591/60/1

Original article
doi: 10.17223/19988591/60/1

The Study of Metabolic By-Products of Farm Livestock:
Prospects for the Creation of a Biobank

Irina S. Kovtunl, Maria V. Filonovaz,
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Summary. Biobanks are a valuable resource for conducting all types of studies,
since they are fundamental structures which contain accessible and defined biological
samples of various types and related data. Biobanking includes collection, treatment,
storage and distribution of samples and allows conducting a wide range of biomedical
research with a significant number of samples, thus ensuring the quality of results and
compliance with standard laboratory methods.

The literature search confirmed an insignificant activity in the animal biobanking
sector when compared to that of human biobanking. In addition, the collection of
samples associated with farm livestock is of considerable scientific and practical in-
terest. Experimental work, which is carried out using the biological material collected
and stored during large-scale studies (also involving the capabilities of citizen sci-
ence), allows not only identifying the parameters characteristic of animal physiology
features, but also discovering new types of biotechnologically promising microorgan-
isms. The approach to the sampling process requires special attention, since the quali-
ty of the selected biological material is crucial in the research process. Moreover, the
methods and approaches of citizen science can significantly expand the territorial and
geographical coverage of sampling sites, which will enable to increase the reliability
of the scientific data obtained. The biobank acts as a link connecting professional
studies and "citizen science", organizes and coordinates the process of their interac-
tion. The paper presents the experience of organizing the biobank of Tomsk State
University which is aimed to store the samples of metabolic by-products of agricul-
turally significant animals (manure, droppings, compost, and samples of fermented
dairy products). In addition, the strains of agriculturally significant microorganisms
isolated while studying the collected biological material are stored in the biobank. The
biobank acts as a unique structure of its kind, a "universal tool" created for implemen-
tation of large-scale research projects.

When implementing major biological research projects which involve conducting
large-scale studies (for example, the projects as part of the federal scientific and tech-
nical program for the development of genetic technologies for 2019-2027 approved by
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the Russian Federation Government Decree No 1930 as of December 28, 2019), there
arises an urgent issue of obtaining biological material for the studies. As part of the
project under implementation, The TSU Biobank of Agriculturally Significant Micro-
organisms (TSU Biobank of ASM), a bioresource collection of the samples of meta-
bolic by-products of agriculturally significant animals and strains of agriculturally
significant microorganisms isolated while studying the collected biological material
was created. The biobank was created in order to ensure proper storage conditions for
the samples, cultures of ASM, and genomic DNA collected during the project imple-
mentation, and provide information about the sources of samples and biological mate-
rial, and their use in biotechnology. The biobank regulations — a document regulating
the biobank activities — was designed, and a list of documents which guide the bi-
obank in its activities was presented. General provisions, including general require-
ments for organization of the biobank's activities, its functions and powers, and the
rules for reception/storage/distribution of biological material and associated infor-
mation were also provided.

The biobank acts as a unique link between professional science and citizen sci-
ence. It is the context of biobanking where the works of professional scientists can be
combined with the contribution of "citizen scientists". In this case, the biobank acts as
a controlling link, a source of criteria and methods for assessing the quality of biolog-
ical material entering the biobank, since the quality of the received biological material
may differ significantly depending on the degree of professionalism of a person who
collects samples.

The article contains 2 Figures, 22 References.
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BBenenne

KonnekmnronnpoBanue o0pas3roB KUBOK TPUPOIBI SBJISIETCS HEOThEMIIEMOU
YacThIO Pa3BUTUS HAyKd. B Hacrosimee BpeMsi KOJIHYECTBO M pa3HOOOpasme
KOJUICKITHOHUPYEMBIX OMOJIOTMIECKAX OOBEKTOB PacTeT ¢ Ka)KIBIM TOIOM, Pac-
IIUpsETCS 00JIACTh X HCIONb30BaHUsA. COBOKYIMTHOCTh OMOJIOTHYECKHX 00pas-
[IOB, XPAHSANIUXCS B OMNPENENEHHBIX YCIOBHSX M TPEICTABILIONAs HAYIHO-
MPAKTHUYECKUI WM TPOCBETUTEILCKUH HMHTEPEC, Ha3bIBaeTCs OHOpeCcypCHOU
koyekiuei [1]. PermamentupoBanre W mu(poBU3aNUs OHOPECYPCHBIX KOJI-
JIEKIUH TPUBENH K TOSBIICHIIO HOBOTO TepMHHA «OnobaHk». [1o oTHOmEHHIO K
OHMOpecypCHBIM KOJUIEKITHSIM TEPMUH «OMOOAHK» CTall TPHMEHSTHCS CPaBHU-
TenpHO HemaBHO — HaunHast ¢ 2000-x rr. [2]. IIpu 3TOM Ba)XHO OTMETHUTH TIPHH-
IUATTHATEHYI0 Pa3HUIy MEXKAy KouleKnued u OmobaHkoM. Tak, KOJIEKIUeH
MOKHO Ha3BaTh JI000€ XPAHHIIHINE OHOJIOTHIECKUX 00BEKTOB, BIUIOTH JI0 J1abo-
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PaTOpHOTO MOPO3MIBHHKA, B KOTOPOM ITOMEIIEH OMOJIOrMYecKuil MCCienoBa-
TENILCKUH MaTepuall pa3sHoro poxa. Takwe KOJUIEKIWH, KaK IpaBHIIO, HE SBILS-
FOTCSI CTPYKTYPHO-OPTraHH30BaHHBIMH, a BCSI aCCOIL[MMPOBAHHAS C KOJUIEKIINOHH-
pyeMBIME o0pa3namMu HHGOpPMAIUS HE SBISAETCS TOCTYITHOW UII CTOPOHHHX
nosip3oBaTeneid. Kpome toro, otdop, XpaHeHHE W MPOLECCHHT 00Pa3IoB PEAKO
PETIIaMEHTUPYIOTCS KaKUMHU-THOO CTaHIAPTHBIMH ONECPAIIMOHHBIMHU IPOLIEAY-
paMH, 9TO 3HAYUTENHHO 3aTPYAHSET WCIONB30BaHUE KOJUIEKITHOHHPYEMBIX 00-
Pa3moB OPyTrIMH HAYIHBIMH TPYIIIaMHU B CHIUTY OTCYTCTBHUS Baimmanuu. HanGo-
Jiee CTPYKTYPHO-OPraHN30BAaHHBIMA KOJJICKIHMSMH SBISIIOTCSI TepOapru M 300-
JIOTHYECKNE MY3€H, MOCKOIBKY B ATHX CIyYasX IPOIECC CO3MaHMS KOJUICKITUH
MOJUUHSCTCS ONPEACICHHBIM MTPaBUIaM M CTaHIApTaM, a IOCTYI K o0pa3nam u
aCCOMMPOBAHHONW C HUMH HH(OPMAINK SBISETCS OTHOCHTENBHO OTKPBITHIM
[3]. OngHako waes KOJUIEKITMOHUPOBAHHS TepOapHBIX OOpaslloB M 3KCIIOHATOB
300JIOTUIECKOT0 My3esl 3aKII0YacTCsl MPEHMYIIECTBEHHO B CKOIb BO3MOXKHO
JUTATEIIGHOM COXpPaHEHHH Ka)XIoro oOpasia 0e3 BO3MOXHOCTH U3BATHS (par-
MEHTOB 00pPa3IOB M IPOBENCHIS ¢ HUMH JTa0OpaTOPHBIX HCCIICIOBAHNN.

B cBoto ouepenp, CMBICT NESITENBHOCTH OMOOaHKa 3aKII0YaeTcsl B IPEIo-
CTaBJICHWU BAJIMJIMPOBAHHBIX OMOJOTMYECKHX 00pa3IoB, KOTOpPhIE OTOOPAHBI,
TPaHCIIOPTHPYEMBI M COXPAHSEMBI IIPA CTPOTO ONMpPEACIEHHBIX YCIOBHSX, CO-
TJIACHO CTaHTAPTH3MPOBaHHBEIM mporeaypaMm. [lomyuatens Omonormaeckoro
MaTeprasa MOXKET HCIONB30BaTh OOpasern MM ero (parMeHT B HAydHO-
HCCIICZIOBATEIIbCKUX TIENIAX 0e3 HEOOXOMUMOCTH BO3BpalllcHUs 00pasma B OHo-
0aHk. Bes acconuupoBaHHast ¢ 00pas3ioM WH(pOpMAIUs SBJISETCS TOCTOBEPHOM
1 Bepu(UIIMPOBAHHOM, YTO ITO3BONISCT MAaKCHMAIFHO MPOXYKTUBHO HCIONB30-
BaTh Bce COOpaHHBIC 00pa3Ilbl B HAYYHBIX IelsAX. buoOaHKUpOBaHKE KaK CTPOTro
pETIaMeHTUPOBAHHBINA M KOHTPOIMPYEMBIH MPOIIECC CITOCOOCTBYET 3HAUHUTEIb-
HOH ONTHMH3AIIAN HCCIICI0BATEILCKON MEATEIBHOCTH [4].

Ecmui obpatutbest K ICTOPHH, TO MOKHO OTMETHTB, YTO KOJUICKITHOHHPOBA-
HUE 00pa3moB XKUBOH MPHPOIBI KaK MpoIece MII0 MapaiedbHO U JaKe Tpel-
[IECTBOBAJIO HCCIEAOBATEIBCKAM MPOIECcaM, YTO CO3IaBali0 HEOOXOANMYIO
MaTepHaJIbHYI0 0a3y M MO3BONISUIO HAKaIUTMBATh MaTepral it onbsiToB. C pas-
BHATHEM HayKd ¥ MPoQecCHOHANN3AINEH HayIHO-HCCIIET0BATEIECKON JACATEIh-
HOCTH TIOSIBHJIACh HEOOXOJAMMOCTh MOIU(UKAIIMU OMOPECYPCHBIX KOJIICKITHH B
HaIpaBIICHUH COXpaHEHHS BCel MH(OpMAINK, aCCOIMUPOBAHHON ¢ COOpaHHbI-
MU o0pa3lamu, a TaKXKe B HAIpaBICHHH OpPTraHU3aIMd CETEBOrO B3aMMOJCH-
CTBHSI C JAPYTUMH OMOKOJUIEKISIMH W COTPYIOHHYECTBA C 3aWHTEPECOBAHHBIMH
HccIenoBaTeNs M. Tak cTall pa3BHBATHCS Ipollecc OMOOAHKMPOBAHMS Kak ca-
MOCTOSITETILHBIH pa3/iesl HayKH.

B coBpemeHHOM IpencTaBiIeHHN OHMOOAHK — TO CTPYKTYpa, co3/IaBaeMast ¢
[ENBI0 TONTOCPOYHOTO XPAaHEHUS! OMOJIOTMYECKUX O0pas3IOB M aCCOIMHPOBAH-
HOU ¢ HUMH MH()OPMALUH TSI UX JaTbHEHIIEro WCIONb30BAHNS B HAYYHBIX H
KIIMHAYECKUX UCCIENOBaHUAX. IIpH 5TOM CTOMT OTMETHTH, YTO Cama UICOIOTHs
OMOOaHKHPOBAHUS MOJIPa3yMEBAET HE TOIBKO XpaHEHUE OHOIIOTHYECKOT0 MaTe-
pHuana ¥ MeTaJaHHBIX, HO M CO3/IaHUE PEKOMEHIAITMH 110 OCHAIICHHIO U TIaHH-
POBKe TMOMeIeHNi OnobaHKka, mpemnonaraeT o0ydeHue rnepcoHaia OHMoOaHKa,
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CTaHJAPTHU3ALUIO TPOIENYP IO O0TOOPY, TPAHCIIOPTHPOBKE, MPOILECCHHTY, aHa-
JU3y U KOHTPOJIIO KadecTBa 00PasIoB, a TAKXKE CO3JaHHE COBPEMEHHBIX, YI00-
HBIX TIPU JKCIUTyaTanuy 0a3 JaHHBIX U1 OpraHU3aIlliHd HayYHO-TIPAKTHIECKOTO
B3aMMOJICHCTBHS ¢ IOTEHITMAIEHBIMH TIOJIB30BATEIISIMA YCIyT OMoOaHKa [5].

B noxasistomemM GONBITMHCTBE OMOOAHKK B MX COBPEMEHHOM ITOHUMAaHHUU
CO3MIABAIINCH JJISI COXPAaHEHHsI OMONOTHYECKOro MaTepraia YeloBeKa C IIEBI0
pEILICHUST OTPaHMYSHHOTO Kpyra MEOUIIMHCKUX 3a]]ad, TIPEKIE BCErO CBSI3aHHBIX
¢ reMorpaHcdy3ueit u TpaHCcIUTaHTONOTHEH (OaHK KPOBH, OaHK OpPraHOB W Jp.).
OmHako ¢ OCBOGHHEM W TOHMMAaHHEM CaMOro Iporecca OHoOaHKHMpPOBAHMUS,
pacmmpuiack u 00JacTe MPUMEHEHH JaHHOrO MHCTpyMeHTa. Hampumep, co-
3aHue OMO0OAHKOB PEMPOAYKTUBHBIX KJIETOK ITO3BOJIMIIO TIPEOOIIETh MPOOJIEMBI
Oecrutonus, a OMOOAHKH MHUKPOOHOTHI YeJIOBEKA IMO3BOJIMIN 3HAUUTEILHO TPO-
IBUHYTHCS B JAWATHOCTHKE W TEpallMH Psiga IaTOJOTHH, acCOIMHPOBAHHBIX C
KETYAOIHO-KUIIETHBIM TPAKTOM.

B Hacrosimiee BpeMs IeSTETHHOCTE OMOOAHKOB TaKKe€ B OCHOBHOM HaIlpaB-
JIeHa Ha COXpaHEHHE OMOJOTMYECKOr0 MaTepraia 4eJoBeKa, YTO OOYCIOBIEHO
BOCTPEOOBAHHOCTBIO CO CTOPOHBI aKTHBHO Pa3BUBAIOIMINXCS MEIUIIMHCKUX OHO-
TexHoNOrni. OJHAKO B OTHONICHWHW JKUBOTHBIX TakKas MPaKTHKa HE SBISIETCS
OOIIETPUHATON 332 HMCKIIOUEHHEM COXPAHEHHUS IOJNOBBIX KIETOK ITOPOAMCTHIX
CEeITbCKOX035ICTBEHHBIX W TMHEHHBIX dKCIIEPHUMEHTAIBHBIX )KHBOTHBIX, 8 TaKXKe
HEKOTOPBIX TIOMBITOK COXPAaHEHHSI TeHETHUECKOT0 MaTepraia B HHTEpecax nu3y-
yeHHst OnopaszHoobpasus. [Ipu sToM OypHOE pa3BUTHE CEIBLCKOXO3SHCTBEHHOM
OMOTEXHOIOTUH TTOCTIETHHX JIET CPOPMHUPOBAIIO 3aIIPOC HA CO3AaHNE KOJUIEKIIAH
OHMONIOrMYecKUX 00pa3IoB, aCCOMMPOBAHHBIX C CEIBCKOXO3SHCTBEHHBIMA KH-
BOTHBIMHU. Takue o0pa3Isl MOTYT CIY>KHTH KaK OCHOBOHW CO3JaHHS IHATHOCTH-
YECKUX WHCTPYMEHTOB IJISI OICHKH 3IOPOBBS M KaUeCTBA MHUTAHHS CEIECKOXO-
3AHCTBEHHBIX JKUBOTHBIX, TaK U SBJATHCS MCTOYHUKOM IIEHHBIX MUKPOOPTaHH3-
MOB, KOTOpPBIE MOT'YT OBITh HCIONB30BAHBI B OMOTEXHOJIOTHH [UTSI HYXKII YeIOBE-
ka. OiHaKo MO00HBIX OMOOAHKOB JIO CHX IOP HE CYIIECTBYET [6].

PazpuTtHe OHMOOAHKHpOBaHUS B chepe CEeNbCKOr0 XO3SWCTBA, COXpPAHCHUE
MPOAYKTOB JKU3HEICATENFHOCTH CENbCKOXO3SICTBEHHO 3HAUYNMBIX >KHBOTHBIX
HECOMHEHHO ITO3BOJIUT 3HAYNTEIHHO PACIINPUTH 00IAaCTh MPUMEHEHUST MUAKPO-
OpPraHU3MOB KHIICYHUKA CEITBCKOXO3SMCTBEHHBIX XHBOTHBIX, NPEIYNpPeKIaTh
psin 3a00NeBaHU KUBOTHBIX, & TaKKe OCYIIECTBIATH MOHUTOPUHT COCTOSHUS
30POBBSI IJIEMEHHBIX KMBOTHBIX WM IICHHBIX OCOOCH. A HCIIOIB30BaHHE OHO-
0aHKa KaK HHCTpyMEHTa HAayIHO-HUCCIIeI0BATEIFCKOTO IPOIecca MO3BOIUT MIPH-
BSI3BIBATh MHKPOOHBI COCTaB KHIICYHHWKA KaXJOW KOHKPETHOW 0COOM K MecTy
00HUTaHUs, K YCIIOBUSAM IHTAaHUS U KU3HH B oM. OOBEKTOM KOJIEKIIHOHUPO-
BaHUS MOTYT OBITH HE TOJNBKO HEMOCPEICTBEHHO (DeKAIUH CeIbCKOXO03SHCTBEH-
HBIX XABOTHBIX, HO U 00pa3lbl KOMIOCTa M (PEKAINH IUKHUX COPOIHMYEH, 4TO
MTO3BOJIUT BBIACTATH IITAMMBI CEIBCKOXO3SHCTBEHHO 3HAYMMBIX MHKPOOpPTa-
HU3MOB. BrOOaHK MpH 5TOM CTaHOBHTCS CBSI3YIOIINM 3BEHOM H TapaHTOM Kaue-
CTBa, CTAHJAPTU3HPYS Mpoliecc 0TOopa U XpaHeHus Mpod. Takum odpa3om, co-
3manue OmoOaHKa Ui COXPaHEHUS MPOIYKTOB JKU3HENESTETHHOCTH CEIBCKOXO0-
3IHCTBEHHO 3HAYMMBIX JKUBOTHBIX, a TakKe CEIbCKOXO3SHCTBCHHO 3HAUNMBIX
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MHUKPOOPraHU3MOB MO3BONUT PACIIUPUTH OOJIACTH M MAacmTalObl HAyIHO-
HCCIIEIOBATENIECKOTO PAMEHECHHS MUKPOOHUOTHL.

buo6ankupoBaHue 06pa3uoB, aCCOMUMPOBAHHBIX
€ CeJbCKOX0351/iCTBEHHBIMH KHUBOTHBIMH

BrobankmpoBanme 00pa3IoB, acCOMUUPOBAHHBIX C CEIHCKOXO3SIHCTBEHHBI-
MU JKUBOTHBIMH, TIPEXKIE BCETO MPOMYKTOB HX JKH3HEACATCIFHOCTH, JISKUT B
OCHOBE IIEJIOTO PsiJia HAYYHBIX HarpaBieHni. C OHOW CTOPOHBI, TAaKHE 00pa3IbI
MOT'YT CIYKATh HICTOYHUKOM LEHHOW WH(pOpMAIMH O (HPU3HOIOTHH KUBOTHBIX, C
JpYTOi CTOPOHBI, MOTYT OBITH NCTOYHHKOM MHKPOOPTaHU3MOB C YHUKAIEHBIMH,
XO3HCTBEHHO IICHHBIMH CBOWCTBAMH. MUKPOOHOIIOTHYECKAI aHaIW3 CcoOpaH-
HBIX 00pa3loB JODKEH HATH C TO3UINH H3YYCHUS MHKPOOWOMA, MOCKOIBKY
TaKoW MOAX0 o0ecreurnBaeT IEJIOCTHOE MPEACTaBICHIE 0 MUKPOOHOH CTPYK-
Type U QYHKIUAK JIFOOBIX SKOJOTHYCCKUX M KIMHHYECKHX ooOpasios [11, 12].
K monaTHIO «MUKPOOMOM)» OTHOCATCSI HE TONBKO MHKPOOPTaHHU3MBI KaK TaKO-
BEIC, HO U BCE MX (DYHKIIMOHAIBHBIC W DKOJOTHYECKHE B3aUMOJACHCTBUS IPYT C
IPYTOM H CO CPElOH, UTO, B CBOIO OYepeb, MIPUBOIUT K (POPMHPOBAHUIO CIIe-
IA(UYIECKUX DKOJOTHMUYECKUX HUII. MUKpOOHOM, 00pa3ys TMHAMHYECKYIO, UH-
TEPaKTHBHYI0 MHKPOIKOCHCTEMY, CIIOCOOHYIO MacIITaOMpOBATHCS M M3MEHSTH-
cs BO BPEMEHH, MHTETPUPYETCS B MAKPOIKOCHCTEMBI, BKIIFOUAsI DYKapUOTHUE-
CKUX XO035€B, UTPasi PEIIAIONIYI0 POIb B WX (DYHKIHMOHHPOBAHUH U TOMICPIKH-
Basi Tomeoctas. TakuMm 00pa3oM, MHKpPOOWOM TpEICTaBIsAeT COOOH COBOKYI-
HOCTh MHUKPOOPTaHH3MOB, IMPHHAIICKANMX K pa3HBIM TaKCOHAM (TIPOKapHOTHI
(GakTepuu, apxen), 3yKapuoThl (IIPOCTEUIINE, TPHOBI, BOIOPOCIH)), BHEAPEH-
HBIX B DKOJIOTHUECKHE YCIOBHS CPEIbl OOMTAHUS, a TAKKE BKIIOYACT MHKPOO-
HBIE CTPYKTYPBI, META0OJINTHI, MOOMIIbHBIC TEHETHYECKUE JIEMEHTHI (TpaHCIIO-
30HBI, (haru, BUpychl), perarkroByto JITHK [7-10]. TlornManne mpocTpaHCTBEH-
HOW OpraHHU3auy U GyHKIIMOHATHLHOCTH MUKPOOHOTO CO00IIecTBa HEOOX OTUMO
JUTS. ICCTICIOBAHMS POJIM MUKPOOHOTO OMOPa3HOOOpa3us B Pa3sIUYHBIX DKOCH-
cremax [12, 13], B TOM 4uMciie TP M3YYEHHUH OOpa3IOB, aCCOIMMPOBAHHBIX C
CEeNTbCKOX035IICTBEHHBIMH KUBOTHBIMH.

[Tonmansroriee OONBIIMHCTBO HAYYHBIX HMCCICIOBAHMH MHKPOOHBIX CO00-
IIECTB B HACTOSIIEE BPEMs MOCBAMICHO M3YYCHHIO MHUKPOOMOMa KHIEYHHKA,
YTO CBSI3aHO CO 3HAYUTENBHBIM Pa3zHOOOpa3sMeM MHKPOOPTaHU3MOB, HACEIISIO-
IIUX ATOT opraH. Tak, KOMNIeCTBO OAKTEPUANBHBIX KIETOK B KUIICYHUKE YEI0-
BeKa IMPEBBIIIAET YHCIIO KJIETOK B ero opranu3me B 10 pas, a reHoB OakTepuii — B
100 pa3 Gonbie, 4eM YenoBedeckux reHoB. CocTaB MUKPOOMOMA M THHAMHKA
€ro OpraHM3aIi{ PA3IHYHBI U 3aBUCIT OT B3aUMOJACHCTBHUS C OPraHU3MOM XO-
3MHA, YYUTHIBas €0 MeTaboIm3M, IUETy, 00pa3 >KU3HHU, OCIOKHEHHS CO 3110-
POBBEM, a TaKKe BO3JICHCTBHE aHTHOMOTHKOB U OKpY»Karomien cpensr [8, 11, 14,
15]. PacTymunii Hay9HO-UCCIIENOBATEILCKUH HHTEPEC K MUKPOOHOMY KUIIICUHH-
Ka ITOTYEPKUBAET BAXKHOCTH €r0 U3yUCHHUs, OJHAKO KOIMIECTBO MUCCIIEIOBaHMUH,
MOCBSIIEHHBIX POJI MHKPOOHOMa y CEbCKOXO03SHCTBEHHBIX KUBOTHBIX, H TEM

11
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Oornee KOJUIEKIIMOHUPOBAaHUE 00pa3IOB MPOAYKTOB UX JKU3HEACATEITHHOCTH BCE
eIIe OCTaeTcs orpaHudeHHbM [ 12, 14].

WzyyeHne MEKpOOHOTHI KUBOTHBIX MOKHO OTHECTH K OTHOCHTEIHFHO HOBO-
My HAayJHOMY HAIIPaBICHUIO, KOTOPOE CTAall0 BOMOXKHBIM Oiaromapst mosiBiie-
HUIO TEXHOJIOTHH CEKBEHUPOBAHUS ISl OMpENEeIICHIs] TAKCOHOMUIECKON HICH-
TUYHOCTH ¥ (PYHKIMOHAIBHBIX MPU3HAKOB MUKPOOPTaHM3MOB 0€3 KyIbTHBHPO-
BaHus [9, 14]. B Hacrosiee BpeMs HanOosee aKTyaldbHBIM SBISCTCS HCCIIENO-
BaHNE MUKPOOMOMA JKUBOTHBIX B aCIEKTE PAa3BUTHS MPOLYKTUBHOCTH KHBOTHO-
BOJICTBA B KOHTEKCTE 00eCIIeUeH sl IIPOTOBOIBCTBEHHON Oe3omacHocTH. [locTo-
SIHHBIM pocT HaceneHus (1o oreHkaM, k 2050 1. oHo coctaBuT 10 MIIpI YeNoBeK,
cortacHo otyery Opranm3anmu OObeauHEeHHBIX Haruit 3a 2017 T1.) cBsizaH C
pacTyIUM CHpPOCOM Ha MPOMYKTHI MUTAaHMS KaK PACTUTENHFHOTO, TAaK M >KHBOT-
HOro mpoucxoxaeHus. [Ipeamonaraercsi, 4YTo pacTymIwi CHpOC HA MPOH3BOA-
CTBO MsIca IPUBENET K HEOOXOMMMOCTH N3MEHEHHUS METOAOB KUBOTHOBOJICTBA B
CTOPOHY WHTEHCHU(HKAINN 1 YKOHOMIYHOTO ITPOM3BOACTBA, HO B TO JK€ BpeMsI U
K pOCTy TpeOOBaHHWH COKPAaTHTh HCIIONB30BAaHNUE AHTHOMOTHKOB B ITHINEBBIX
MPOIYKTaX, TOBBIIICHAIO BHUMAHHUS K 3I0OPOBBIO U OJIATOMOIYIHIO )KHBOTHBIX.

MUKpPOOHOM JKETyIOYHO-KUIICYHOTO TPAKTa CEIBCKOXO3SHCTBEHHBIX IKH-
BOTHBIX MOIYJNHPYET HECKONBKO BAYKHBIX (DH3MONOTHYECKUX (PYHKIIHIA, TaKUX
KaK IUIIEBapeHNe W BCACHIBAHNE, SHEPTETUIECKUH OOMEH M Pa3BHTHE WMMYH-
HOW CHCTEMBI, H TIOMOTaeT B MPO(HUIAKTHKE MaTOreHHbIX HHpekuuid. Ero uc-
CIIEZIOBaHME MO3BOJISET PEemIaTh Psf 3a4a4 MPaKTHIECKOTO )KHBOTHOBOJICTBA, B
TOM YHCIIE BOIIPOCH JTUATHOCTHKH W MPOPHIAKTHKHA OONE3HEH CenbCKOXO03si-
CTBEHHBIX JKUBOTHBIX. Tak, OJJHOM M3 COBPEMEHHBIX MPOOJIEM CEITLCKOTO X035~
CTBa M BETEPHHAPHON MEIWIMHBI SBJSICTCS HAMYIHE OONe3HeH KUIICUYHHKa, 00Y-
CIIOBJICHHBIX HCTOIIEHHWEM aJAlTAlIMOHHBIX MEXaHW3MOB, HMMYHOIC(HUIIMTHEIM
COCTOSIHUEM M JUCOAKTEPHO30M, TIPUBOIIMM K SHIOTEHHBIM OaKTepHATEHBIM
uadekmsaM. [Ipu 5ToM npodumakTHka TaKUX COCTOSHHUN HaIleNieHa, B IEPBYIO
odepellb, Ha YBENMUICHHUE YMCTIa IPEICTABUTENEH OIe3HOH MIUKPOMIOPH! KUIIed-
HUKa — MOJIOYHO-KUCITBIX OakTepuii (Jrakrobakrepuid u Onpumaodakrepwmii) [9, 11,
16-18]. Muxpodiopa KUII€UYHHKA KUBOTHBIX MOXKET ObITh MCTOUHHUKOM IS Iie-
JIEBOTO BBIJCTICHHSI IIITAMMOB-TIPOIYIIEHTOB PA3IMYHBIX COSIUHEHHUH, TAKUX Kak
aHTHOAKTEepHAJIbHBIE COCANHEHMSI, BUTAMUHEL, (PEpMEHTHI, HE3aMEHUMBIC aMIUHO-
kucnotel. Kpome Toro, ucnoms3oBaHne SKCIEPUMEHTANBHBIX KUBOTHBIX B Kade-
CTBE MoIeleH Ooe3Hei, MO3BONIIET UCTIONB30BATh MX MHKPOGIIOPY ISl pa3pa-
OOTKH TEPAIIeBTUYCCKUX M JUATHOCTHUECKIX HHCTPYMEHTOB [11].

BosBpamasics k Borpocam On0OaHKHPOBAHHS, MOXHO OTMETUTH, YTO Pa3BH-
THE HMCCIIEI0OBAHUN MHUKPOOHMOMa B IETIOM M MHUKPO(MIIOPEI B YaCTHOCTH CBHUC-
TENILCTBYET O CMEHE MapaurMbl B HAYYHOM TOAXO/E OT COXPaHECHUS aKCeHUIe-
CKUX O0pa3IoB B KOJJICKIHAX KYIBTYP K COXPAHEHHUIO CIIOKHBIX COOOIIECTB.
DKoNmoruvecKkre I MpUKIaJHbIe UCCIETOBAaHM OaKTEepHANBHBIX COKYIBTYP,
HAKOIUTEIBHBIX KYJNbTYp, KOHCOPIUYMOB WM Ja)ke 00pasloB OKpyKaromen
cpenbl Ooiee MpUONIMKEHBI K PeaabHbIM OWOJIOTMUECKHM YCIOBHSAM in Situ,
yeM padoTa ¢ YMCTBIMHM KYJIBTYpaMu, U IOITOMY OOBIYHO CUHTAIOTCS OoJjiee
aKTyanbHBIMH. TakuM 00pa3oM, COXpaHEHHE HETOBPESKICHHOTO 00pasia MHK-
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POOHOTHI CUMTACTCS OMHUM M3 JIyUIITNX MOIXOHOB ISl OYAYIIeH KyIbTypPOMUKHI
W U3yYCHUS BIUSHHAS BHEITHUX (AKTOPOB HA JKOJOTMUECKYIO (YHKIHOHAIB-
HOCTh. MccienoBanns Mo XpaHEHUIO TaKUX OOpa3oB HAaXOMIATCS B 3a4aTod-
HOM COCTOSIHUW M TPEOYIOT B TOM YHCIIE pa3BUTHS HOAICPKUBAIOIICH HH]pa-
crpykrypsl [10, 12, 19].

Co3nganne OMOOAHKOB OOpA3IOB KHINEYHOH MHKPOQIIOPHI CEITbCKOX035H-
CTBEHHBIX JKABOTHBIX U COITyTCTBYIOIIAsl MOJNEKYJsIpHAs HHpopManus o ee Oax-
TEpHAIBHBIX WICHAX MOTYT CTaTh HEHHBIM PECYPCOM HCCIICAOBAHHUN C IEIBIO
BHECEHUS (PyHIAMEHTAIBFHOTO BKJIAaIa B MOHUMAHUE B3aUMOCBSI3H MEXKIY MHK-
pobuoTort u GonesHsamu [8, 15]. OMHUM U3 HECOMHEHHBIX MPEUMYIIECTB OHO-
OaHKHPOBAaHUS O0PA3IOB, ACCOIUUPOBAHHBIX C CEIBCKOXO3SHCTBEHHBIMH JKH-
BOTHBIMH, SIBJSIETCSI CTaOMIBHOE M TOJTOCPOYHOE XpPaHEHHWE MUKPOOHBIX pe-
CypCOB, YTO, B CBOIO OYepenb, MO3BOISET BAIHINPOBATE paHee IOITyIeHHBIC
pe3yaBTaThI, H30€XKaTh CIyYalHbBIX 3arpA3HEHUI WM MMOTEPH BO BpeMsI HCCIIe-
JIOBaHWH, KaTaJOrH3UPOBaTh I'eHETHYecKoe OMopasHooOpasue i OyIymux
HCCIICIOBAaHUH, 00€CIeUUTh MOATOCPOUYHYIO IOCTYIMHOCTh KYJIBTYp ISl Omo-
TEXHOJIOTHYECKOTO HJIK KOMMEPUECKOTr0 MUCITOIb30BaHus [8, 20].

OO6pa3ibl MUKPODIOPE B KOHTEKCTE OMOOAHKHPOBAHHS TPEOYIOT CIHEHallb-
HBIX 3HAHWH 110 ONITUMHU3AINH HX XPaHEHMUs, TOCKOJIBKY OMOIOTHYECKIA MaTepH-
aJl TaKOTO pofa BechMa crermduieH. B HacTosmIee BpeMsl HAKOIUIEHO JOCTaTOd-
HOE KOJIMYECTBO MH(OPMALIMK O COXPaHEHWH 00pa3I[oB MHKPO(IOPHI YeloBeKa.
JlormycTMO KpHOCOXpaHeHrue o0pa3loB (ekaiuii Kak METOAOM IIOKOBOH 3aMO-
PO3KHM SKHIKHUM a30TOM, TaK W B HU3KOTEMIICPATYPHBIX MOPO3MIBHBIX KaMepax
(=80 °C), omHako Takoi mMmomxom TpeOyeT NOOaBICHUS KPHUOIPOTEKTOPOB JIIS
MaKCHMAaJIbHO OEpekKHOr0 XpaHEHHs 00pa3loB. MOXHO MPEANONOKHUT, HUTO
YCIIOBUSI COXPAHEHHUSI aHAIIOTHIHBIX 00pa3IoB XKWBOTHOTO MPOUCXOXKICHHUS Tpe-
OyroT moxoxero moaxoza. [Ipi ToM BaKHO YYUTBIBATh, UTO YCIIOBUS XPaHCHUS
00pa3IOB MOTYT OTIANYATHCS B 3aBUCHMOCTH OT LIENH UX JaTbHEHIIIEr0 HCIIOb30-
BaHMs. Hampumep, [is MOMydeHUsT YUCTBIX KYJIBTYp U KOHCOPINYMOB MHUKPOOP-
TaHU3MOB Ba)KHO COXPaHUTH 0Opasell B MAKCHMAlbHO HEHM3MEHHOM BHZE IIOCTE
ot0Oopa, 3TO MO3BOJIUT ITOJIYUUTh HaOOJIeE MOIHYI0 KAPTUHY MHUKPOOHOI'O pa3HO-
obpasuss obpasia. [1oaToMy B JaHHOM cllydae IIeJIeCOOOpa3HBIM SBIISIETCS HE
TOJBKO CTPOroe COOIOAEHHE TEMIIEPaTYypPHOTO PEeXKMMa IPH TPAHCIOPTHPOBKE
OMOJIOTMYECKOT0 MaTeprana, HO M MOBBINAIOTCS TPEOOBAaHUS K €ro XpaHEHHIO:
TaK, 1eecoo0pa3Ho OyaeT MmoMelieHre 00pasia B YCIOBUS CBEPXHU3KHX TeMIIe-
patyp (o —80 °C mim KpHOKOHCEpBalUs B KUAKOM a30Te). [y u3deranus mo-
BPEXICHUS KIETOK IPH KPHOKOHCEPBAIMK U TOCIEIYIOMEM OTTaHBAHUH TIPHMe-
HSETCS] MIMPOKHH CIEKTP KPHO3AIMUTHBIX areHTOB (IMMETHICYIb()OKCH, TITHIIC-
pud u ap.) [21]. IIpu ucciieqoBaHUM BUIOBOIO pa3sHOOOpas3us W IOMCKAa HOBBIX
BHIOB MHKPOOPTaHU3MOB B 00pa3nax JOMyCTHMO BBICYIIMBAHHUE HIIH KOHCEPBH-
poBaHKe 00pa3IoB, YTO 3HAYUTEIHHO YIIPOIIAET MPOIECC HX TPAHCIIOPTUPOBKA U
XpaHeHus (TOIMyCTHMO XpaHEHUE PH KOMHATHOH TEMIIEPaType Wi B YCIOBHSX
HHU3KHX Temiepatyp a0 +4 °C) [12, 19, 22].

[Ipu BceM pa3Ho0Opa3uu MMEIOIIMXCS METOIO0B OMOOaHKHUPOBAHUS, COXpa-
HEHHE 00pasloB, aCCOMUUPOBAHHBIX C CEIbCKOXO3IHCTBEHHBIMHU KUBOTHBIMH,
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TpeOyeT pa3pabOTKH HOBBIX YHUKAJIbHBIX MOAX010B. He00X0MMO YUHTHIBATS,
YTO MHKpOQJIOpa TpeACTaBIsSeT COOOH NUHAMUYECKYIO CHCTEMY, KOTopas W3-
MEHSETCS B OTBET Ha BIIMSHUE OKPY)KAOIIEH cpesibl M OMOTHYECKUX (PaKTOpPOB.
Ha ¢yHKIMOHATEHOM YpOBHE yIaJICHHE OJHOTO KPUTHYECKOTO MHKPOOHOTO
KOMIIOHEHTa HM3-3a MPUMEHCHHUS HEONTHMH3MPOBAHHOTO TOJX0/a K XPaHCHHIO
MOKET HEOOPaTUMO TIOBIHATH Ha MENOCTHOCTh cucteMbl [10]. Kpome Toro, He-
MPAaBWIIBHBIA OTOOp M XpaHEHHE 0Opa3IoB MOTYT CYIIECTBEHHO MCKa3UTh HC-
XOJHBIE JaHHBIC, CO3/1aBasi MCKYCCTBEHHYIO M3MEHUHMBOCTh PE3YJIBTATOB HCCIIE-
noBaHui. Takum 00pa3oM, BO3HUKAET HEOOXOIUMOCTh B TIOJJPOOHOM OIMCAHUH
W CTaHJApTH3aIMK TpoIeayp oTOopa, TPAHCIIOPTHPOBKKM M XpaHEeHHUs, pa3paba-
TBIBAEMBIX CITEIUATBHO IS KaKI0T0 KOHKPETHOTO BUAA )KUBOTHOTO [12].

MeToabl M MOAXO0/IbI TPAXKAAHCKON HAYKH B KOHTEKCTe 0MO00aHKMPOBAHUS

[pu peanmzanuu KPyIHBIX HAYIHBIX IPOCKTOB OMOJIOrHYECKOTO PO, B
KOTOPBIX ITOpa3yMEBAeTCsl IMPOBEICHUE MACIITaOHBIX WCCIEIOBaHMH (HATIPH-
Mep, MMPOEKTOB B pamkax demeparibHON HAYYHO-TEXHHYECKOW MPOTPaMMBI pa3-
BUTHS TeHeTH4YecKuX TexHonorut Ha 2019-2027 rr., yrBepknennoi [Tocranos-
nenunem [IpaButenbcTBa Poccuiickoit @enepanmu ot 28.12.2019 Ne 1930), ocr-
PO BCTaeT BOMPOC MOMYICHUU OMONOTHYECKOro MaTepHaja Ul MCCICIOBaHNH.
B oT0it CcBS3M HCIONB30BaHNE MHCTPYMEHTOB, METOJIOB H IIOAXONIOB TpakIaH-
CKOM HayKH MOXKET OBITh BIIOJIHE akTyalbHO. [Tom rpakaaHcKoi HayKoW TOHH-
MaeTcsl KOHIENIHS MTPOBEICHNST HAyIHBIX UCCIEIOBAHHUIA C MPUBJICUCHUEM 100-
POBOJIBIIEB, HE MMEIOMIMX CIICIHAaJIbHOrO O0Opa3oBaHMs W HABHIKOB B JaHHOM
00JIacTH TIpeqIonaraeMoro mucciaenoBanus. OCHOBHBIM IPEUMYIIECTBOM HC-
MOJIB30BaHMSI TAKOTO MOIXOMA SBISIETCS MHPOKHH reorpaduyeckuii oxBaT mpu
otbope Mpod B BO3MOXKHOCTh JIOCTUKECHUS OOJIBIIETO pa3HOo0Opasus 00pasIioB,
9YeM IPH HCIONB30BAHAH TPYyIa YIEHBIX-TIPO(heCCHOHAIOB.

MupoBoi ONBIT HCITONB30BAHUS TPAKIAHCKOH HAyKH B 00JacTH OHMOJIOTHH
HE TaK BENTUK B CPABHEHHUH C IMOTCHIIMATHHBIMI BO3MOKHOCTSIMH, KOTOPBIE OT-
KpBIBAET 3TOT MOAX0A. B 0OCHOBHOM, ynop AenaeTcsi Ha METOIbI, OCHOBAHHBIC Ha
HaOJIIOJICHHH, a TaKXKe Ha cOOp M KOJUICKIIMOHUPOBAHUE OMOJIOTHIECKIX 00BEK-
TOB, HE TPEOYIOIIMUX OIPEIEICHHBIX CIEHANbHBIX 3HAHWK TIpU cOope H/Win
oTIpaBke B J1a00OPaTOPHIO IS TANBHEHINHUX MCCIECAOBaHUN, HAIPUMeEp, HEKOTO-
PBIX 3aCYIICHHBIX HACEKOMBIX, YacTei pacTeHui, 00pa3mos mous [21].

B namem mpoekre «lllnpokomMacmTaOHBIN MOUCK W M3yYeHHE MHKpOOpra-
HU3MOB W MHKPOOHBIX COOOIIECTB, aCCOIMHUPOBAHHBIX C CEIBCKOXO3SHCTBEH-
HBIMH JKUBOTHBIMH W TIPOAYKTaMH >KABOTHOTO IIPOMCXOXKICHHS» (TPOEKT
OHTIT Ne 075-15-2021-1401 ot 3.11.2021 1.) B paMKax rpakIaHCKOW HAyKH
OpraHU30BaHBl cOOp M OTHpaBKa OMOIOTMYECKOTO MaTepHalla «TPaskIaHCKAMH
VUCHBIMI» (MHKPOOHOIOTaMH-BOJIOHTEPAMH, HE HMMEIOMIUMH CIEHATBHOTO
00pazoBaHUs U MPEACTABIMIOMAMH PESUMYIIIECTBEHHO CEILCKOXO03SICTBEHHEIE
koyemkH ). HeoOXonmMo oTMETHTh, 9YTO 00BIYHO M cOOp, ¥ OTIIpaBKa OMOJIOTH-
YEeCKOro MaTepHaja MPEIIIoiaraloT HAMUNE CIICIUATBHBIX 3HAHWH, YMEHUH H
HaBBIKOB. 11 ecni B cilydae COTpyIHHYECTBA C KOJUIETaMH-YUCHBIMHA BOIIPOC O

14



Koemyn U.C., Qunonosa M.B., bopucosa A.A., Cazonos A.3. Hzyuenue npodykmoe

HABBIKAaX CBOIUTCS JIMIIH K IPOBEACHUIO KPATKOTO HHCTPYKTaXKa, TO B CIIydae ¢
«TpaXTAHCKUMH YYEHBIMI» HEOOXOIMMO MPOBOIUTH 0OydeHHe, 4YTOOBI Kade-
CTBO OTOMpaeMoro OHOJIOTHYECKOrO MaTepHalia COOTBETCTBOBAJIO HEOOXOIH-
MBIM TpeOoBaHUAM. B paMkax Hamiero mpoekra oOydeHHe «TpakTaHCKHAX yde-
HBIX» OPraHN30BaHO B paMKaX 00pa30BaTeNbHON MporpamMmbl «/3ydeHne MUK-
POOMOMOB M MOJIEKYIISIpHASI OCHOBA PE3UCTCHTHOCTH MHKPOOPTaHU3MOB.

OTIENBEHO CTOUT OTMETHTH OPraHHM3aIHI0 TEXHUYECKON YacTH 0TOOpa U OTIIPaB-
KM TIP00, a TaKxkKe MPOpabOTKy BOIIPOCOB, CBA3AHHBIX C YCIOBHSMH TPAHCIIOPTHPOB-
K{ OTOMpaeMbIX Tpo0. 37ech BAKHEHIITMM 3BEHOM B3aMMOJICHCTBHS «TPayKIAHCKHX
YUYEHBIX» C TIPOPECCHOHATBHBIMU YUSHBIMH CTAHOBHTCS MMEHHO OMOOaHK, KOTOPBIH
Oeper Ha ce0s OrPOMHYIO OTBETCTBEHHOCTD 32 KOHTPOJb KaXKIOro odpasia, MmocTy-
TAIOIIETO B paMKaX peali3alliil HayqIHOro mpoekTa. brnobaHk celbCKOX03sHCTBEHHO
3HAYNMBIX MAKPOOPTaHM3MOB, YHUKAJIGHBIN B CBOEM POJIE, CO3IaH KaK CTPYKTYPHOE
nozpazaeneHre HarproHansHoro nccnenoBaTenbekoro TOMCKOro TocyAapcTBEHHOTO
YHHBEPCUTETA, Ha 0a3¢ KOTOPOTo peatn3yeTcsl HayIHBIH IPOEKT.

Bronormueckiie o0pasipl, acCOMUPOBAHHEBIC C CEIbCKOXO3SHCTBEHHBIMH JKH-
BOTHBIMH, SIBJISTFOTCS TOCTATOYHO CIIOXKHBIM OHOJIOTHYECKIM MaTeprajioM it OHo-
OaHKHPOBaHMUS. DTO CBS3AHO C (PAKTHIECCKUM OTCYTCTBHEM MHPOBBIX CTAaHIAPTOB U
MIPOTOKOJIOB OTOOpa, TPAHCIOPTHPOBKH, XPAHEHUSI M KOHTPOJS KAauecTBa TaKOTO
poma oOpas3moB. OOpasibl MOTYT ITONBEPraThCs 3HAUUTEIBHBIM HHAMITYECKAM
W3MEHEHMSIM B 3aBHCHMOCTH OT COCTOSIHUSI 37I0POBBSI JKHBOTHOTO, OT BPEMEHH OT-
Oopa mpod, OT TOrOMHBIX YCIOBUH B MOMEHT oTOopa mpod u T.1. Bee ato, Heco-
MHEHHO, TpeOyer pa3paboTKu M BHEIPEHWS CTAaHTAPTHBIX OMEpPallOHHBIX IPOIIe-
Iyp Wil yHAU(UKAITN ¥ CTAaHIAPTH3AIMHN BCEX CTaIWi COXpaHEHHs OMOIOTMIecKo-
ro Marepuaia OT HeIOCPEICTBEHHOrO0 OTOOpa, TPAHCIIOPTHPOBKH, IPOIIECCHHTA,
KPHUOCOXPaHEHHS 0 Peatn3aliy, KOHTPOJS KaueCTBa M yTHIA3AIINH.

Jis opraHM3aniy BKJIAA TPYAOB «TPAKTAHCKUX YUIEHBIX» B «OOIBIIYIO»
HayKy Ono0aHKy HEOOXOIUMO pa3padaThIiBaTh MPOTOKOJBI U CTAHIAPTHBIC Olle-
paroOHHBIE TPOIETYPHI sl KOHTPOJIS HaJ IMPOIIECCOM O0TOOpa M TPaHCIOPTH-
POBKH TIPOO «TpayKIAaHCKAMHU yYeHBIMIY». [Ipr 3TOM BakHO YUUTHIBATh, UTO II0-
CIIEIOBATENBHOCTD NCHCTBAN W ONMHCaHWE BCEX MPOLEAYP, CBSI3aHHBIX cO cOO-
poM OMONOTHYECKOr0 MaTepuaia, IOJDKHBI OBITh OMHCAHBI II0-Pa3sHOMY [UIS
mpoecCHOHANBHBIX YUCHBIX M «TPa)KITAaHCKUX YIeHBIX». [loaToMy pa3paboTke
BCEX CTaHOAPTHBIX OIEpPAIlMOHHBIX HPOIENyp YACIUIOCh 0codoe BHUMAaHUE, U
HapsAy CO CTaHAAPTHBIMH IPOTOKOJIAMH, OOCCIEUMBAIONIIMMA OOIIYIO0 OpraHu-
3aIIHI0 JICATEILHOCTH OMOOaHKa, pa3paboTaHbl POLeayphl OTOOpa W TPAHCIIOP-
TUPOBKH TSI KaXKJOTO KOHKPETHOI'O BHIA OwWonormyeckoro marepuana. Ilpum
9TOM UIS «TPAXKIAHCKUX YYEHBIX» pa3padoTaHa OTACIbHAS WHCTPYKIHSA, WC-
KIIIOYAIOMIasl TBOHHOE TONKOBAHHE W YIOTpeOIeHNe CIenU(pHIecKuX TePMUHOB
IUTST MAKCHMAJIBHO TOYHOT'O BOCHPOHM3BENCHHUS MOCIIEIOBATEIBHOCTH JICHCTBHH,
OIMMCAHHBIX B MPOTOKOJE HpH oTOope mpod. Kpome Toro, mis «rpaskIaHCKIX
VU€HBIX» TpeMIoKeH Oojiee MPOCTOW M KOHCEPBATHBHBIA CITOCOO COXpaHECHUS
00pas3IoB 1ociie uX 0Toéopa, He TPeOYIOINK CO3AaHMs 0COOBIX YCIOBHM TpaHC-
MOPTUPOBKH, — KaKABIH 00pa3ell MOMEIIajcs B PacTBOpP KOHCEpBaHTA, COXpa-
HSIFOIIIMA HYKJIEMHOBBIE KUCIIOTHI OT MOBPEXICHUN W pa3pylieHus. Takoi cro-
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c00 3HAYNTEIHHO CHIKAJ PUCKH, CBS3aHHBIE C COXPaHHOCTBIO 00Pa3IoB B MPoO-
Iecce TPaHCHOPTHPOBKH, OJHAKO HAKIIAJBIBAJ CYIIECTBCHHBIC OTPAHUICHIS Ha
IambHEHIIee UCIOoNb30BaHne oOpasna. TeM He MEHEe COXpaHEHHE HYKIICHHO-
BBIX KHCJIOT ITO3BOJISIET C TIOMOIIBIO CEKBEHHUPOBAHMUS N3YIUTh METATr€HOM KaxK-
Joro oOpasiia, ompenenuB (pHIOreHETHIECKYI0 MPUHAIISKHOCTh MHUKPOOpra-
HH3MOB, HAXOJAIINXCS B 00pasie. DTol HH(OOpMAITUK MOXKET OBITh JIOCTATOYHO
IUTSl TOHAMAaHUS BUIOBOTO Pa3HOOOpAa3wsl, HAlpUMeEp, KUIIEYHNKA )KHBOTHOTO, a
accoOMUpOBaHHAs C KaXIBIM 00pas3oM HWH(OpPMANHWs NACT HCUEPIBIBAIOIICE
MIPEJCTaBIICHUE O MECTE U YCIOBUAX O0TOOpa TpoO.

ConepkaHue KaxJIoW CTaHJapTHOH omnepannonHoi mpoueaypsl (COIT) mo-
KeT OBITh U3MEHEHO, TP STOM Ba)KHO MMOHUMATh, YTO pa3paboTKa JIr00oro mpo-
TOKOJIA WJTH TPOLEAYypHl HEBO3MO)KHA O€3 HajaW4wsi OOpaTHOW CBSI3H KaK OT
mpoeCCHOHANBHBIX YYEHBIX, TaK M OT «TPAKMAHCKUX YUCHBIX», HMOCKOIBKY
Jlake He3HauuTeNbHbIe KoppekTupoBkd COIT MOryT BIMSATh HA KA4eCTBO OTOHU-
paeMoro u TpaHCIIOPTHPYEMOT 0 OHOJIOTHYECKOr0 MaTepraa.

Ente omHOlM BakKHOM TEXHWYECKOH 3amadeid, KOTOpyr Oeper Ha cebs Owo-
OaHK, SIBJIICTCSI OPraHU3aIis MOMYYCHUS U KOHTPOJIb OTIIPaBKH NP0, OTOOpaH-
HBIX «TPKTaHCKUMH YUEHBIMI». [Ipr 3TOM yke Ha cTapre opraHu3annu pado-
THI «TPAKAAHCKUX YUCHBIX» HEOOXOIMMO YeTKO OHMMATh, KTO BO3BMET Ha Cce-
0s 3aTpaThl Ha TPAHCIOPTHBIE YCIYTH IO MEPEeBO3KEe 00pa3IloB, a TakkKe CIia-
HUPOBAThH YETKYIO JIOTUCTUYECKYIO CXEMY OTIPaBKH W MONydeHHE KaXKIOH ITo-
CBUIKH. YeM TmaTenpHee OymeT MpoayMaHa 3Ta CHCTEMa, TEM IIPOIIE CTAaHET
BOIIPOC 00 OpraHM3aIIH COTPYAHUIECTBA U HAYYHOT'O B3aUMOICHCTBHS C TPaXK-
MaHCKuMH yueHbIMU. Ha puc. 1 mpencraBineHa cxema B3aMMOICHCTBUS Tpax-
MAHCKHUX YYEHBIX ¢ OMO00aHKOM, KaK KOHTPOIUPYIOIINM H CTAHIAPTH3UPYIOIIUM
3BEHOM B IIETTH TIepeMeNIeHHs OMOoNorndeckux oopasios (puc. 1).

WHdopmaumoHHan O6yyatowmecs (4800 yenosek)
KamnaHua - ctygeHTbl CMO w By30B, 3aMHTepecoBaHHble nua cTapwe 18 net
- KONNeaXu U By3bl C/X - npenoaasaTent (6yaylimMe HacTaBHUKK rpynn)
npocduna Mporpamma o6yueHnA 72 Yaca (Hayuro — TexHonoruueckuii napk AKkagemropoaKa)
- TOYKM KMNeHua - NpoeKTHaA AeATeNbHOCTL - MWKpOGMOMBI Pa3nuuHbIX Cpes,
- ﬂHTHGMDTHKODEEHETEHTHDCTI:. B BETEPHUHAPHH - Texuuka 6e30nacHoCTH
- LEHTPLbI HTH - MeToaonorMa ccneA0BaHMA YYBCTBHTENBHOCTH K BHTMBHOTHKEM
aY00p YiSCTHHiide I Ha6oper Sy OueHka KavecTsa obyyerns
e Ceprudurar
Npepcrasnexve CamocToaTenbHan pabora
pesynbratoe pabot (B rpynnax noa, pyKoBOACTBOM HacTaBHUKOB)

- MONOAENHbIE
MposeeHre HayuHbIX

KOH®EpeHLMH, CEMUHAPbl fe— uccnenoBaHmii Cbop ?;j:ﬁ:;::e:mxnz?aauos
- UTOroBan KoHdepeHumA (BblABNEHME reHOB ¥ £
& MONOYHbBIE MPOAYKTHI)
npoekTa AHTUMBMOTHKOYCTOMUMBOCTH)
nHbopmauma l l oTnpaska Buoobpasuos

[ BuobamkCXamTry |

Puc. 1. Cxema B3aUMOACHCTBHS «TPaXJaHCKHUX YUEHBIX)» ¢ OM0OaHKOM
[Fig. 1. Scheme of interaction between citizen scientists and the biobank]
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buo6aHk ceqbcKOX0351iICTBEHHO 3HAYMMBIX MUKPOOPTaHU3MOB

AHanmm3 MHPOBOTO OIBITa OMOOAHKWPOBAaHMS TOKa3al MPaKTHIECKOE OTCYT-
CTBHE TOTOBBIX PEIICHHH IO CO3JAHHIO W JOKYMEHTAIFHOMY COIPOBOKICHHIO
OrobaHKa 00pas3IloB, ACCOIMUPOBAHHBIX C CEITLCKOX03HCTBEHHBIMH KHBOTHBIMH,
MOATOMY TIepel] HaMH BCTalla 3aj[ada He TOJBKO IO OPTraHM3allii YHUKAJIBHOTO B
cBOEM pojie OnobOaHKa, HO W IO Pa3pabOTKe W BHEAPCHUIO BCEX HEOOXOIMMBIX
JUTS yCIIeNIHOro (DYHKIIMOHWPOBAaHUs OMOOaHKa JOKYMEHTOB, B TOM YHCIIE TIpa-
BWJI, pETTIaMEHTa, CTAHIAPTHBIX OIMEPAIIIOHHBIX IIPOIEIYP U POTOKOIOB.

[Ipu pa3paboTke mojaokeHHuss 0 OHobaHKe U periaMeHTa AeSITeIbHOCTH OHO-
0aHKa OIMHPAMCH HA OMBIT YXKE CYIISCTBYIOIMHMX OHOOAHKOB, YIUTHIBAS CIICIH-
aJlbHBIC TPeOOBaHMUS K OpraHHM3AIMU ITOMEIIECHUH JIIsi OMOOaHKHPOBAHHUS, OCO-
OCHHOCTH YCJIOBHU XpaHEHHS OHMOJIOTMYECKOr0 MaTepHaya, HeoOXOIMMOCTb
co3/1aHus MH()OPMAITMOHHOW CHCTEMBI, COlepKalneld 0a3y MaHHBIX BCEH acco-
LMAPOBAHHON C OHMOJIOTMYECKUMH 00pa3naMu HH(OPMAILMK, a TaKKe BO3MOXK-
HOCTh peallu3alliil HayYHO-00pa30BaTeNbHBIX IMporpaMM Ha 0Oa3e OWobOaHKa.
xo7ie paboThl pa3paboTaHbl CICIYIOIINE JTOKYMEHTHI: MOJIOKEHNEe 0 OnobaHke,
perIaMeHT OpraHu3alliy JCATSILHOCTH Ono0aHKa, TpaBUIa MOJb30BaHHs OHO-
0aHKOM, IITATHOE PACIHCAHUE U JOJKHOCTHBIE HHCTPYKIIHU COTPYIHUKOB OHO-
0aHKa, a Takke 10 CTaHIAPTHBIX ONMEPAlMOHHBIX TMporeayp. [Ipn 3ToM BakHO
MMOHMMATh, YTO BCS pa3pabaThiBacMas JTOKYMEHTAIUS MOXKET OBITh MTPH HEOOXO-
IMMOCTH TIOIBEPTHYTa KOPPEKIIMH B YCTaHOBJICHHOM Topsinke. Kak monokenue
0 OmobaHKe, TaK W PErjJaMeHT ero JCSTENFHOCTH SIBISIFOTCS OCHOBOIIONATAr0-
IIUMHA JOKYMEHTaMH, ¥ TIIATEIBHOCTh MPOPAOOTKH WX COACPIKAHHS BIIOCICI-
CTBHH MOYKET CHITPaTh 3HAUUTEIBFHYIO POJIb B OpraHU3aIiy Ono0aHKa.

Opranusanms OM0OaHKUPOBAHHS MOApPa3yMeBaeT He TOJBKO Mpolece o0Tdo-
pa, TPaHCIOPTHPOBKH, XpaHEHHS OMOIIOTHYECKOTO MaTepuaia, HO M CO3IaHhe
eMHOW MH(OPMAIMOHHOW CHCTEMBI ydeTa 0OpasloB, a TAKKE XpaHCHHS BCEH
ACCOITMMPOBAHHON ¢ OMOIOTHYEeCKUM MaTepruanoM wHpopManud. OcoOeHHOCTH
OMOOaHKHHTA JUKTYIOT ONpeNIeICHHbIC TpeOOBaHUS K HH(POPMAIIMOHHON CHCTe-
Me, KOTOpbIe 0053aTeIbHO JOJDKHBI ObITH YUTEHBI YK€ Ha CTaIuM pa3paboTKu
TEXHUYECKOTO 3aJaHMs Ha CO3JaHHEe WH(POPMAIMOHHON Oa3el maHHBIX. [lpm
3TOM TEXHHUYECKOE 3aJaHHE TOJDKHO BKIIIOYATE CIICIYIOINE Pa3Iebl:

— obmIme CBeIeHMsI, T1Ie TIePEIHCIIeHBl HANMEHOBAaHHE WHPOPMAIIHOHHON CH-
crembl (MIC), ocHOBaHHMs IS TIpoBeneHs padot mo coznanuio MC, 3aka3uuk,
HCTIOIHUTENh, CPOKHU BBHITIOHEHHSI Pa0OT M HCTOYHUK (PMHAHCHPOBAHIS;

— Ha3HAYEHHE U [ENN CO3IaHMsI WHPOPMAIIMOHHONW CHCTEMBI, BKITFOUAIOIIIE
OIMCaHNe Ha3HAUEHHsSI CHCTEMEI, SN CO3MaHmsI CHCTeMEl, 3anaqun VC;

— XapaKTepUCTHKAa 00BEKTOB MH(OPMATU3AIINH, BKIIIOYAOIIAs CBEIACHUS 00
00beKTe WH(OPMATH3AIMH, CBEIEHUS 00 YCIIOBHUAX 3KCILTyaTallid OOBheKTa WH-
(dhopmaTH3aIym;

— TpeOOBaHHsI K CHCTEME, BKITFOYAIOIINE OOIIHe TpeOOBaHUS K CTPYKTYpE, K
HAJEKHOCTH, K 0€301MacHOCTH, TpeOOBaHUS K SPrOHOMHKE M TEXHUIECKOH dCTe-
THKE, K TPaHCIIOPTaOEIHHOCTH, K AKCIUTyaTallnd, TEXHUIECKOMY OOCITyKHBa-
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HUIO, PEMOHTY ¥ XpaHEHHIO, TPEOOBaHMS K 3amuTe HHOOPMALIUI OT HECAHKITH-
OHHPOBAHHOT'O JOCTYIa, TPEOOBAHUS MO COXPAaHHOCTH MH(MOPMAIIUH TP aBa-
pusix, TpeOOBaHUS K 3aIIUTE OT BIMSHUS BHEITHUX BO3ICHCTBUI, TpeOOBaHMS K
MATCHTHOW YHCTOTE, TPEOOBAHUS K CTaHAAPTU3AIMU M YHU(PHUKALINH, JOTIOTHH-
TeNbHBIE TPeOOBaHUS; TpeOOBaHUS K (YHKIMSIM, BBHITTOTHSICMBIM CHCTEMOIA;
TpeOoBaHMs K BUIIAM 00CCIICUCHM S,

— COCTaB | COAEpKaHMe padoT 110 CO3TAHUIO CHCTEMBL;

— TIOPSITOK KOHTPOJIS ¥ IPHEMKH CHCTEMBL;

— TpeOOBaHHMsI K COCTABY M COJIEPKaHUIO pa0OT 1O MOATOTOBKE 00bEKTa HH-
(opMaTH3aIMHU K BBOIY CHCTEMBI B ICHCTBHE;

— TpeOOBaHM K JOKYMEHTHPOBAHUIO.

Kpome Toro, HeoOX0OMMO TIPETYCMOTPETh EMKOCTh CUCTEMBI C TOYKH 3pe-
HUS JanbHeHIed paboThl ¢ Tak HAa3BIBAGMBIMH KapTOYKaMH OOpa3IoB — B CH-
CTeMe JTOJDKHA OBITh YYTE€Ha BO3MOXHOCTH JPOOJICHHS MPOO C yBETHYCHUEM
MeCT XpaHeHHs 0e3 CO3JaHus HOBBIX KapTodek yueTra o0pasuos. [lox kaproukoit
oOpa3sia mompasymeBaercs HHPOPMAIIMOHHAS SUeiika B JIEKTPOHHOH 0Oase naH-
HBIX, KyJla TIPH TTOCTYIUICHIH 00pasia BHOCHTCS BCS MCUEPIBIBAIONIAs HH(OP-
MaIlusl 0 OMOJIOTHYECKOM MaTepHaiie (TUIl, MecTo oTOopa, 1ata orbopa, moro/I-
HBIC YCIIOBHSI B MOMEHT OTOOpPa MPOObI, 0COOCHHOCTH JKU3HH, TUTAHUS, PSKUMA
ITHS CETTLCKOXO35ICTBEHHOTO JKUBOTHOT'O, C KOTOPBIM CBSI3aH 00pasell, YCIOBHS
TPaHCIIOPTHPOBKH U ONMCAHKUE BCEX MAHUITYIISIIHIA, TIPOBOIUMEIX C 00pasoM, H
T.1.). Bes 3aHOCHMAas B KapTOuKy oOpasia nHpopMalus B JajdbHEHIIIEM 03BO-
JIUT WCCIICAOBATEISIM HCITONb30BaTh 00Pa3Ilbl B HAYYHBIX HEIsIX 0e3 HeoOX0au-
MOCTH OpraHU3aIluH SKCIISAUIINN K MecTaM 0TOOpa 00pa3IioB.

[NockonpKy y Hac HET TOCTATOYHBIX JAHHBIX O MHPOBOM OITBITE B 00aCTH KOH-
TPOJISl KauecTBa TpH MprueMe Mpod Ha XpaHeHUe B OM0OaHK 00pa3IioB, acCOIMUPO-
BaHHBIX C CEJIHCKOXO03MMCTBEHHBIMH KUBOTHBIMHM, OTIEILHOM 3a7a4eii cTajia HeoD-
XOIIMMOCTh Pa3padOTKH TPOLEAyp MO KOHTPOIIO KadecTBa MOCTYMAIOMNX 00pa3-
1oB. Tak, HapsTy ¢ BU3YalIbHBIM KOHTPOJIEM OCYIIECTBIIUIACH MTPOICAYpa BHIIEIIC-
aus [IHK, kauecTBeHHAs 1 KONMMYECTBEHHAS €€ OLIEHKA C MOCIEIYONTIM TTOMETIe-
HueM obpasnos 1 JIHK B kproxpanwmmme. Ha pric. 2 npencrasieHa oomias jJord-
Yeckast cxeMa (QyHKITHOHNPOBaHMsI OnoOaHKa (puc. 2).

Pe3yNLTaTHl MCCNEAOBAHMIA

/ Buobank CX3M \

Pernamenr

obyuenue, nnax pabor

XpaHeHue

Basa
AAHHBIX .

MuKpobHonori-s0N0HTEpBI

«rpa HCKHE Yy4YeHble» —l Konrponb
Npobo- KauecTsa
NOAFOTOBKA

MONOUHBIE O6pasus,
npoAyKTHl MeTaganHbie

dexannn CK HOMNOCT

Pacnpege- - .
NpodeccuoHansHble yyeHble > 1
p y4 nenue (N R

¥ Buomare-
Cranpap- puana
npotokons cbopa Qn!aumﬂ

bGuomarepuan

Puc. 2. O01as noruueckas cxema GpyHKIHOHUPOBaHHs OHOOaHKa
[Fig. 2. General logical scheme of the functioning of the biobank]
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Ha nannpiii MOMeHT B OnoOaHke HaxoauTcs 473 obpasma (hekanuii, KOMITO-
cTa, KUCIOMOJIOYHBIX MPOoayKToB, 290 obpasmos JIHK, 3amymiena B akcrutya-
Tamuio W (QYHKOHOHUPYeT  WH(POpMAIMOHHAs  cHcTeMa  OuobOaHKa
(https://biobank.microbiomes.ru), Mo3BoJIstONIas XPaHUTh BCIO aCCOIMHPOBAH-
HYIO ¢ OMOJIOTHYECKHMHU 00pa3liaMyd MH()OPMAIUIO, a TAKKE BCE HEOOXOIUMBIC
HOpPMAaTHBHEIE JOKYMEHTHI, HA OCHOBAaHWHW KOTOPHIX OCYHIECTBIISIETCS pabdorta
OrobaHKa CeIbCKOX 03sUCTBEHHO 3HAYUMBIX MHKpoopranu3mMoB (CX3M) TI'Y.

3akioueHne

Taxum 00pa3oMm, B paMKax pealm3yeMoro MpoeKTa co3aHa OmopecypcHas
KOJUIGKITHST O0pa3IoB TPOAYKTOB >KU3HEACATEIFHOCTH CEIIBCKOXO3SHCTBEHHO
3HAYUMBIX JKABOTHBIX, @ TakKe IITAMMOB CEITBCKOXO3SHCTBEHHO 3HAUNMBIX
MHUKPOOPTaHU3MOB, BBIIENICHHBIX B XOJ/I€ MCCIEIOBaHHUI COOPaHHOTO OHONIOTH-
YecKOro MaTepuaja 1oja HazBaHHEeM «bHo0aHK CenbCKOXO3SIICTBEHHO 3HAYH-
MbIX Mukpoopranu3moB TT'Vy» (buobank CX3M TI'Y). bruobaHk co3naH ¢ 1e-
TBI0 00ECTICUeHHS HaUISKAIINX YCIOBUH XpaHEHUs] COOPaHHBIX B XOJI€ BHIION-
HEHUs IpoekTa 00pa3ios, KynbTyp CX3M, renomuoi IHK, a Taxxke obecreue-
HUS nHpOpMaIrHeld 00 HCTOYHMKAX 0Opa3IoB M OWOJIOTMYECKOr0 MaTrepuaia 1
WX TIPUMEHEHWU B OMOTEXHOJNOTHSAX. Pa3paboTaHo monoxeHHe o OnobaHke —
IOKYMEHT, PETJIAMEHTUPYIOIINN IeITeTFHOCT ON00aHKa, a TakXKe MPeICTaBICH
nepedeHb OKYMEHTOB, KOTOPHIMH B CBOCH IEATENBHOCTH PYKOBOJACTBYETCS
Oonobank. OOIIME TONOXKEHUS BKIIOYAIOT OOIUe TpeOOBaHMS K OpraHU3aIliH
JeSITeNIbHOCTH OM0o0aHKa, ero (PYHKIIMH ¥ TIOJTHOMOYHS, a TAKXKe TIpaBHiia TIpre-
Ma/XpaHeHHsI/pacipeieIeHuss OHOJIOTHIECKOT0 MaTeprala | acCOIIMHPOBAHHON
¢ HUM HH(POPMAITHIH.

BruobaHk BBICTyIIaeT Kak cBOCOOpa3HOE CBS3YIOIIEEe 3BEHO MEXAy mpodec-
CHOHAJIbHON HAYKOW W TPaKIaHCKOW HayKod. MIMEHHO B KOHTEKCTe OMOOaHKH-
POBaHUS CTaHOBHUTCS BO3MOXKHBIM OOBEIMHEHHE TPYIOOB MpPO(EeCCHOHATBHBIX
VUEHBIX C BKJIAJOM «TPaKTaHCKUX YUYEHBIX». B maHHOM ciydae OMOOaHK BHI-
CTYIIaeT B POJIN KOHTPOJHPYIOMIETO 3BEHA, ICTOYHUKOM KPUTEPHEB U METOIOB
OIICHKH KadyecTBa OMOJIOTMYECKOro MaTepHalia, IOCTyIaroIiero B 0nobaHk, mo-
CKOJIbKY Ka4eCTBO HMPUHIMAEMOro OHMOIOTHYECKOr0 MaTephaia MOXKET CYIIe-
CTBEHHO OTJIMYAThCS B 3aBUCUMOCTH OT MPO(ECCHOHAIN3MA OTOMpAIONIero 00-
pasIbl 9ermoBeKa.
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IMonyyeHnne 0aKkTepUATbHON HEII0I03bI IPH COBMECTHOM
KYJbTUBUPOBaHUU Komagataeibacter sucrofermentans
¢ mpoayueHTaMu aexkcrpana Leuconostoc mesenteroides
U KcaHTaHa Xanthomonas campestris
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AHHOTanus. BriepBble NMpoBeIEHO COBMECTHOE KYJITHBHUPOBAHHE HPOAYLEHTA
GakTepuanbHOW uemmono3sl Komagataeibacter sucrofermentans ¢ NpOLyLEHTAMU
nekcrpaHa Leuconostoc mesenteroides n xcautana Xanthomonas campestris Ha cpefe
C MeNaccoi ¢ IeNbl0 YBEIMYEHHs BbIXOZAa MPOAYyKTa. Jloka3aHO, 4TO COBMECTHOE
KYJIBTHBHPOBAaHHE MPOAYLEHTa OaKTepPUAIbHONM LEJUII0JI03bI C  HPOXYLEHTOM
JIEKCTPaHa TI03BOJIMIIO YBEJIMYHUTH BBIXO]] OaKTEPHUaIbHOW LICJUIIONIO3bI B [IBA pa3a, 4To
cocraBuiio 5,99+0,02 r/n mo cpaBHenuro ¢ 2,25+0,05 r/n. U3ydeHsl crpykrypa u
(U3MKO-XUMUYECKHE CBOICTBA MOJyYCHHONW OaKTEpUATbHOM IEJUIFOI03bl METOIAMU
aTOMHO-CHJIOBOI MUKPOCKOIHH, HUK-cnekrpockonuu u PEHreHOBCKOM
mupakromerpur. [lokasaHo, 4TO NMPHU COBMECTHOM KYJIbTUBHPOBAHHM IUTaMMOB
CTeIeHb KPUCTAJUIMYHOCTH OaKTepHAIbHON 1IEJUII0NI03bl YMEHbIIaeTesl B 2 pasa ¢ 64
110 32%.
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of Komagataeibacter sucrofermentans
with Dextran Producers Leuconostoc mesenteroides
and Xanthan Xanthomonas campestris

Natalia B. Nazaroval, Elena V. Liyaskinaz, Viktor V. Revin®

.23 National Research Ogarev Mordovia State University, Saransk, Russian Federation
"'n.sapunowa2016@yandex.ru
? livaskina@yandex.ru
? revinvw2010@yandex.ru

Summary. Bacterial cellulose (BC) is an extracellular product of bacterial metab-
olism. Like plant cellulose, BC has the same molecular formula but its structure is
significantly different. Due to its unique properties (high degree of crystallinity, puri-
ty, good water-holding capacity), BC is widely used in many areas of human life.
However, despite all the advantages of BC over plant polymers, its production is a
relatively expensive process. Thus, one of the ways to increase the polymer yield can
be to jointly cultivate a BC producer strain with other polysaccharide producers. The
positive effect of some water-soluble polysaccharides on the BC output is known
from the literature data. In addition, many biosynthetic genes remain silent and not
expressed in vitro, thereby severely limiting the chemical diversity of microbial com-
pounds that can be obtained by fermentation. In contrast, the co-cultivation of two or
more different microorganisms mimics a real "situation" where microorganisms coex-
ist in complex microbial communities. It has been proven that competition or antago-
nism occurring within co-cultivation leads to a significant increase in the existing
compounds and / or accumulation of new compounds which are not found in axial
cultures of the producer strain. The purpose of this study is to investigate co-
cultivation as a way to increase the yield of BC during the cultivation of BC producers
with other polysaccharide-forming strains.

The strain of Komagataeibacter sucrofermentans B-11267 was used as a BC pro-
ducer, Xanthomonas campestris was used as a xanthan producer, and Leuconostoc
mesenteroides was used as a dextran producer. The cultivation was carried out under
dynamic conditions on a medium with molasses. The polysaccharide yield was ex-
pressed as the absolute dry weight of the polymers per unit volume of the culture me-
dium. We have studied the BC morphology using atomic force microscopy (AFM)
and FTIR spectroscopy. Crystallinity was checked by X-ray diffraction analysis.

The interest in BC makes it necessary to synthesize it in large quantities on an
industrial scale. The problem of increasing productivity was solved by co-cultivating
the BC producer Komagataeibacter sucrofermentans with the producers of dextran
Leuconostoc mesenteroides and xanthan Xanthomonas campestris, since the addition
of water-soluble polysaccharides is known to increase the viscosity of the medium
and facilitate the dispersion of bacterial cellulose granules. Thereby increasing the
number of free cells, which can accelerate sugar consumption and polymer formation.
At the first stage of the study, the most optimal conditions for co-cultivation of the BC
producer with the producers of xanthan and dextran were selected, namely, the
optimal pH value of the medium. Monoculture of bacteria X. campestris,
L. mesenteroides, and K. sucrofermentans was carried out at different pH values (See
Fig. 1-3). Based on the data obtained, we can say that the most optimal pH value for
co-cultivation of microorganisms is pH 5.0. In this regard, at the second stage of this
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study, we carried out joint cultivation of the BC producer strain K. sucrofermentans
with the xanthan and dextran producers X. campestris and L. mesenteroides,
respectively, on molasses medium. From the data presented (See Fig. 4), it can be
seen that the largest amount of polysaccharide is formed on the third day during co-
cultivation of the BC producer and the dextran producer. The amount of BC was
5.99 + 0.02 g/l, which is two and a half times higher than the amount of polymer
formed during monocultivation of a BC producer (2.25 + 0.05 g/l). Co-cultivation of
the BC producer strain with the xanthan producer did not lead to an increase in the
polysaccharide yield. Therefore, no further study of co-cultivation of these
microorganisms was carried out. To assess the success of the joint cultivation of BC
and dextran producer strains and investigate the properties of the obtained
polysaccharide, studies using AFM, FTIR spectroscopy, and X-ray structural analysis
were carried out. The surface relief of the obtained BC was studied using the AFM
method (See Fig. 7). Analysis of the AFM images showed the presence of an
association of K. sucrofermentans and L. mesenteroides cells in the BC. Also, the
obtained BC was investigated using the method of FTIR spectroscopy (See Fig. 8).
The obtained IR spectra show similarity of the detected peaks with the literature data
of peaks corresponding to BC. To determine the degree of crystallinity, the structure
of cellulose was studied by X-ray structural analysis (See Fig. 9). The degree of
crystallinity of the studied cellulose samples is 64% and 32% with monocultivation of
K. sucrofermentans and co-cultivation of K. sucrofermentans and L. mesenteroides,
respectively.

The article contains 9 Figures, 1 Table, 37 References.

Keywords: microbial polysaccharides, co-cultivation, bacterial cellulose, dextran,
xanthan
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BBenenne

Bakrepuanbnas memnronosza (BL]) — 3To BHEKIIETOUHBINH POIYKT METabO0IM3Ma
Oakrepuit [1-3]. [IpomymeHTaMu OaKkTEpHATHHOW IEIUTFONIO3BI SBISAIOTCS OakTe-
puu ponoB Achromobacter, Aerobacter, Agrobacterium, Alcaligenes, Azotobacter,
Komagataeibacter, Rhizobium u Salmonella [4, 5]. Onnako Hanbosee H3BECTHBIM
MPOIYIICHTOM JAaHHOTO ToNmMepa siBisieTcs Oaxrepust Komagataeibacter xylinus,
KOTOpas MPUHAJISKUT K TPYIITIEC YKCYCHOKHCIIBIX OaKTepHid [6].

K macrosimeMy BpeMeHH ITONYy9YeHO 3HAYUTENHFHOE KOMWYECTBO HOBBIX IPO-
nyneaToB BII. M3 cuMOnMOTHYECKOro COOOMECTBa «JalHBIA TPHO» BBIIACICHBI
mrammbl G. hansenii GH-1/2008 (BKIIM B-10547) [matent P® 2464307,
G. sucrofermentans B-11267 [matent P® 2523606], K. xylinus B-12068 [maTeHT
P® 2568605], K. rhaeticus CALU-1629 [matent EAIIB 201700517] u ap.

[Tomo6HO pacTuTenbHOM HeuTroNo3e, bl nMeer Ty ke MonekyispHyro ¢Gop-
MyIly, OJHAKO WX CTPYKTypa 3HA4UTeNbHO oTinyaercs [6, 7]. [Ipexne Bcero,
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BIl — 3TO XUMHYECKH YHCTOE COCMUHEHHE, HE TPeOYIoIee JOMOTHUTEIBHON
OYNCTKH OT IpHMeceld. B ee cocTaBe OTCYTCTBYIOT T€MHIICIUTIONO03a, JJUTHAH H
niektuH [8, 9]. KpoMe Toro, 6akTepralibHBIN MOJUMED U €r0 PACTUTESILHBINA aHa-
JIOT Pa3NNYalOTCsl CTEIEHBIO MOJIMMEPU3AIlH: CTeleHb momuMepu3annu bl
3HAYUTETHFHO HIDKE: THIMHYHBIA AUAa30H noJauMepusanun cocrasiser ot 2 000
10 6 000 o cpaBaenmto ¢ 13 000—140 000 pacTuTeNpHOM EIITION036I [7].

CrpykTypHas 0cOOEHHOCTh (UOPHILIMPOBaHHON cetn Bl mpumaer mommme-
Py YHHKaJbHbIE CBOMCTBA, TAKHE KaK BBICOKAs CTEIEHb KpuCTaIMuHOCTH (80—
90%) [1, 2, 10], BeIcoKas BomoynepkuBatomias crocodHocts (1o 100 pa3 mpe-
BBHINIAtOMAs COOCTBEHHYIO Maccy monuMmepa) [11], Oonblmas MexaHWYecKas
npouHocth (100—160 I'Tla mns omHOrO BOJIOKHA, CPABHHUMO CO CTaJBIO HITH
KEBIIapoM), OpMYyeMOCTh M TEPMOXUMHYECKasi CTaOUIBHOCTD [12—15].

Braromapst cBOMM yHUKaJTBHBIM CBOWCTBAM OaKTepHAIIBHAS IEIUTION03a HAXOMUT
IIMPOKOE MMPUMEHEHNE BO MHOTHX c(epax KHU3HEIeATEIbHOCTH uelioBeka [16]. Oto
MIEPCIIEKTUBHBIN OrOMAaTepHal I TEXHUKHA M MEIUIIUHBI, KOTOPBIH MOJKET UCTIONB-
30BaThCsl B TIPOM3BOJCTBE MHIIEBBIX MPOMYKTOB I TPUAAHUS UM BOJOKHHCTOM
CTPYKTYPBI, @ TaKXKe KaK HATIOJIHUTEITb, IUIS IPATOTOBIICHIS OCOOBIX COPTOB OyMaru
W aKyCTHUYECKHX Juadparm, moiydeHns: copOeHToB [17] 1 BO MHOTHX Jpyrux o0ia-
ctsx. bl mMeeT OONBIION TOTEHIIMA UCTIONBL30BAHUS B MEIUIIMHE KaKk OMoMaTepu-
an Jyis TKaHeBor mHkeHepuu [18, 19], co3manns paneBbix mokpeitaid [20, 21] u cu-
CTEM KOHTPOIIMPYEMOH JTOCTABKH JIEKAPCTBEHHBIX cpeAcTB [11, 22, 23].

Hecmotps Ha Bce mpemmymiectBa BI] mepen mommmepamu pacTUTENHHOTO
MPOUCXOXKACHUS, €€ MPOU3BOICTBO SIBIISICTCS OTHOCHUTENFHO IOPOTOCTOSIITHM
MIPOLIECCOM TIPEKIE BCErO M3-3a HU3KOH MPOMXYKTUBHOCTH M3BECTHHIX IITAMMOB
¥ MCTIOJIB30BAHUS JIOPOTOCTOSAIINX MATATENBHBIX cpell [24—26]. B cBs3u ¢ aTuMm
SIBIISIETCS LIEIECOO0PA3HBIM TIOMCK HOBBIX CIIOCOOOB M YCIIOBHH KYIIBTHBHPOBA-
HUS OITAMMOB TIPOAYIIEHTOB OaKTEPHAIBHOHN IEIUTION03BI C HENBI0 YBEINICHHS
BBIXOJIa TIONMcaxapuaa. Tak, OMHUM M3 CIIOCOOOB YBEIMUYEHUS BHIXOMA MOIHME-
pa MOXET SIBIATHCS COBMECTHOE KyJIHTHBHPOBAHHE IITAMMa IPOMYICHTa OaK-
TepUAEHOH IEJUTIONO03HI C APYTUMH MIPOIYIIEHTAMH ITOJTUCAXapHIOB.

W3 nutepaTypHBIX NaHHBIX W3BECTHO O IOJIOKHUTEIFHOM BIUSHHN HEKOTO-
PBIX BOIOPACTBOPUMBIX monucaxapuaoB Ha Beixoa Bl [27]. Kpome Toro, mMHO-
rue OMOCHHTETHYECKHE TeHBI COXPAHAIOT MONYaHUE W HE dKCIPECCUPYIOTCS in
Vitro, TEM CaMBIM CEpPbE3HO OTPAHUYMBAS XUMHYECKOE pazHOOOpazue MHKpPOO-
HBIX COCOMHEHWH, KOTOpBIE MOTYT OBITH MONYYEHBI ITyTeM (epMEHTAIINH.
B mpoTHBOIOI0KHOCTE 3TOMY COBMECTHOE KYIBTHBHPOBAHHE IBYX WM OoJee
Pa3MUIHBIX MHKPOOPTaHIN3MOB UMHUTHPYET PEANBbHYIO0 «CHTYAITHIO», KOTIa MUK-
POOPTaHU3MEBI COCYIIECTBYIOT B CIOKHBIX MUKPOOHBIX cooOmecTBax. Jloka3ano,
YTO KOHKYPCHIINS WM aHTaTOHU3M, KOTOPHIE BOHUKAIOT BO BPEMS COBMECTHO-
ro KyJIbTUBHPOBAHUS, NPUBOMAT K 3HAYUTEIFHOMY YBEJHUCHHIO CYIIECTBYIO-
IIUX COCTMHEHUH W/MIH K HAKOIUICHUIO HOBBIX COSIMHEHNH, KOTOpEIE HE 00Ha-
PYKMBAIOTCSI B aKCHATBHBIX KYJIBTypax mITaMMa-MpoayienTa [28].

Lens maHHOTO WCCIETOBAHUS — U3YYUTH COBMECTHOE KyJTBTHBHPOBAHUE I10-
Jcaxapru00pas3yroIIuX MTaMMOB Kak Croco0 yBeIMYeHHUs BbIXoJa OaKTepH-
AJILHOM [EJUTIOI03EI.
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MarepuaJibl 1 METOAMKH HCCIEA0BAHMUS

YciaoBusi KyJabTHBHpPOBaHHUs. B kadecTBe NpoayleHTa OaKTepHaabHON
IIEJUTION03bI MCIONB30BaIM TiTaMM Komagataeibacter sucrofermentans H-110
(marent P® 2523606), BoIeIeHHBINA Ha Kadeape OMOTeXHOIOrHH MOpIOBCKOT0
rocynapcTBeHHoro yHuBepcutera (T. CapaHck, PecryOnmka Mopaosus) B
2012 r. lTtamMM uaeHTHGUIMPOBAH J0 BHIA ¢ ToMombio aHamm3a 16S pPHK B
l'ocHUUI'enetnka u aemoHupoBaH BO BcepocCHCKON KOJUIEKITUW ITPOMBITI-
JMeHHBIX MuKpoopraHuzMoB (BKIIM) mon permcrpalMoOHHBIM — HOMEPOM
B-11267. B «kadectBe mpomyleHTa KCaHTAHA WCIOIB30BAIM  IITAMM
Xanthomonas campestris M 28, BbIJIeICHHBIA Takke Ha Kadeape OHOTEXHONO-
rui MOpIOBCKOTO rocyAapcTBeHHOro yHuBepcutera (T. CapaHck, PecryOnmka
Mopnorus) B 2005 r. Kynbrypa unentudunuporana 8 NI «DynaameHnTab-
HBIC OCHOBBI OMOTEXHOJIOTHI» HAa OCHOBAHHH ITOCIICIOBaTENBHOCTH TeHa 16S pPHK
[29] u nenonupoBaHa Bo Bcepoccuiickol KoINIEKIH MHUKpoopranuzmMoB (BKM)
O] perucTpanroHHbIM HoMepoMm B-2373D. B kadectBe mpopayreHTa JeKCTpaHa
WCITONB30BaJH OakTeputo Leuconostoc mesenteroides BKM B-2317D.

B xauecTBe MCXOIHOTO MOCEBHOIO MaTepHaia HCIIOIB30BAIN KYIbTYpy Ha
CKOIIICHHO! arapu30BaHHOHN Cpele CIIEAYIOIIEro COcTaBa, I/1:

— mna Komagataeibacter sucrofermentans: tmoko3a — 10,0; npoxokeBoi
akcrpakT — 10,0; menrron — 7,0; arap — 15,0; numonnas xkucnota — 0,2; ykcycHas
kucnora — 0,1; aranon — 10,0. pH 5,0-6,0;

— s Leuconostoc mesenteroides: xnopun kamus — 0,1; cynbdat Marans —
0,1; quruapooprodocdart kamms — 1,0; runpodocdaT HaTpus — 2,5; XJIOpU aM-
monus — 0,5; coms Mopa — 0,01; TIBK — 0,05; menror — 0,2-0,3; caxapoza —
140; arap — 16. pH 7,2;

— st Xanthomonas campestris: caxapoza — 20,0; IpoX¥OKEeBOW 3KCTPAKT —
5,0; menton — 10,0; arap — 15,0. pH 6,0-6,5.

WHOKymSIT TOMyJany ImyTeM HepeHoca KyJIbTyp, BEIpAICHHBIX Ha CKOMICHHON
arapr30BaHHOW cpefie, B )KUIKHIE MUTATENBHBIE CPEIbl CICAYIOMIEro COCTaBa, I/1:

— mnsa Komagataeibacter sucrofermentans cpena HS: rimokosa — 20,0; nemn-
TOH — 5,0; ApoxokeBOi 3kcTpakT — 5,0; Tuapodocdat Harpus — 2,7; JIUMOHHAS
kucmora — 1,15;

— 1 Leuconostoc mesenteroides cpea CISAYIOIIETO COCTaBa: XIJIOPHI
kanmpis — 0,02; xmopun Hatpus — 0,01; muruapooprodochar kamas — 20,0;
cynbdpar maraus — 0,02; cynbdar mapranma — 0,01; cynbsdar xenesa — 0,01;
caxaposa — 140; agpoxokeBoit axcTpakT — 20,0. pH 7,2.

KynpTrBHpOBaHHE IMTAMMOB MPOAYIICHTOB MONHCAXapHIOB IPOBOIWIA B
koirbax oowemMoM 250 mi, cogepskantux 100 Mt cpefpl Ha TIelkepe-nHKybaTope
ES-20/60 (Biosan, JlatBusi) ipu 250 00/MuH B TeueHHe 24 9 MpH TEMIEpaType
28+1 °C. Tlomy4yeHHble KymbTypbl WCIIONB30BAIM B KAUECTBE WHOKYIIATA IS
MOCIEAYIOMNX YKCIIEPUMEHTOB.

B xadecTBe ONMBITHOW Cpenbl LIS MONyICHUS MTOICaXapHIOB HCIIOIH30BAIN
cpelly ¢ MeJaccoi cieayromiero cocrara, r/i: menacca — 50; Boga — 1 1. pH cpen
JoBoauH 10 3Hauenuit 4,0; 5,0; 6,0; 7,0.
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KynpTrBHpOoBanne mraMMOB OaKTEpHi MPOBOIMIN B IMHAMHYECKUAX YCIIO-
BHSIX Ha Imeiikepe-uHKyOatope ES-20/60 (Biosan, JIatBust) mpu 250 06/MUH mpr
temriepatype 28+1 °C B TeueHne 3 CyT U B CTATHYECKHUX YCIOBUSIX B TEPMOCTa-
te TC-1/80 CITY (Poccus) npu tremnepatype 28+1 °C B TeueHue 5 CyT.

Ouucmka u onpeodejieHue Konuuecmea 6axkmepuanvHoi yennionossl. Ilo-
JTYYSHHYIO TIPU KyJIbTHBHPOBAHHH OAKTEPHH ILIEJUTION03Y MOABEprajin oopabor-
Ke IS ynaneHus: Kietok u komnoneHtoB cpensl 0,1 H pacrBopom NaOH npu
80 °C B Teuenme 30 muH. OT pacTBOpa MIENOYH OAKTEPUATBHYIO IIEIUTIOJIO3Y
OTMBIBAJIM AMCTHWIIIMPOBAaHHOW Bomoi, 0,5% BOAHBIM PacTBOPOM YKCYCHOU
KHCIIOTHI ¥ CHOBA BOJIOM 10 HeWTpanbHOU peakunw [30, 31].

KommraectBo GakTeprnabHOM MEIUTIONO03BI OTPEEISUIA BECOBBIM METOIOM TIO-
cJie BBICYIIMBAHUS 10 MOCTOSIHHOM Maccel npu Temmeparype 60 °C B cymwib-
HoM mikagy IIC-80-01 CITY (Poccus). KonudecTBo MOIy4eHHOrO Tojrcaxa-
puIa onpenesi mo Gopmyiie [8]

P =m/V x 1000,
IJIe m — Macca CyXxoi OakTepruaabHOH IeIUTION036, T; V' — 00beM Cpelibl, MIL.

Ouucmka u onpedenenue Koauvecmea oekcmpana u kcanmana. Konvue-
CTBO JICKCTpaHa U KCaHTaHA B KyJIBTYPAIbHON JKUAKOCTH OIPEIEISUIH BECOBBIM
METOIIOM IIOCTIC OTHENICHHSI KIETOK HEHTPH(DYTHPOBAHUEM M OCAXKICHHS JK30-
nomucaxapuaa 96% ostanomom [29]. DTOT MeToA MIMPOKO TPUMEHSIOT IS
OIICHKH KOJIMYECTBA MOJTMCAXAPHUIOB B KUIKAX MUTATEIBHBIX CPeIax.

OmnpeneneHre COCTOUT U3 CIEAYIOMINX OMEPaIiii: JOBEIEHHSI MacChl (HUIIb-
TPOB 10 MOCTOSTHHOTO 3HAYCHUS, OCAXICHHUS IEKCTpaHa W KCaHTaHa U3 Cymlep-
HATaHTA JTHJIOBBEIM CIHPTOM, ONPEIENCHHUS KONUYECTBA ITONHCAaxXapuaa B CY-
TepHaTaHTe.

KonnyecTBo iekcTpaHa U KCaHTaHa onpeaersumi 1o Gopmyie [29]

P =2 x 1000,
rne A — macca QuiIbTpa ¢ ocaikoMm, T; B — macca ¢uisrpa 6e3 ocanka, T; V —
00BeM, B3SITHIN JJIS aHAITN3a, MIL.

Onpeoenenue pH. Onpenenenne pH KynbTypaJdbHBIX KHUIKOCTEH TIPOBOIIITN
MOTEHIIMOMETPHIECKIM CITOCOOOM (B OCHOBE KOTOPOTO JIEXKHT 3aBHCHMOCTE PaB-
HOBECHOTO TMOTEHIIHANIA MJIEKTPOa OT aKTUBHOCTH (KOHILICHTPAIWH) OIperesie-
Mmoro roHa) Ha pH-merpe S-220 Sevencompact (MettlerToledo, I1IBetinaprs).

Hugppakpacnas (UK) @ypve-cnekmpockonusa. UK Oypre-crieKTpsl peru-
crpupoBan Ha UK ®dypre-criekrpomerpe IR Prestige-21 (Shimadzu, Sinonus) B
cpenneil nHppakpacHoi obmactu 4000-400 cM . B kadecTBe 0GpasLOB HC-
MOJH30BANIA OYHIICHHYIO W JHO(IEHO BHICYIICHHYIO Ha ycTaHoBKe FreeZone
(Labconco, CIIA) memroio3y, MONYy4EHHYIO MPH MOHOKYJIHTHBHUPOBAHHH, a
TaKkKe IIEJUTION03Y, IMOMYYCHHYI0O IpPH COBMECTHOM KyJIBTHBHPOBAHUH IBYX
MHUKPOOPTaHU3MOB.

Wnpexc kxpuCTaTMIHOCTH 00pasia 0aKTepHaTbHOM [EIITI0IO36] PAaCCUUTHI-
Bayu 1o opmyie [32, 33]

UK = Aq430/Agos-

Penmzenoeckan ougpaxmomempusn. CTeneHb KPUCTAIUTMIHOCTH OMpEIe-

JISUTH METOJIOM PEHTI'CHOBCKOW IU(pakToMeTpru Ha augpakromerpe EMPY-
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REAN (PANalytical, Hunepnanmel) ¢ merekropom PJXcel3D Ha oTpaskeHue
(CuKy-m3nmygenue). OToOpaHHbIe 00pa3iel pazMepoM 30%30 MM yCTaHABIMBAIH
B ammapar ¥ Mpom3BOAWIM m3MepeHme. llommokka — amopdHas KpeMHHEBAs.
[Iporpammupyemas 1enb ¢ JIMHON OcBeNIeHHOH obyacTi 16 Mm. CTeneHb Kpu-
CTALTUYHOCTH PaCcCUYUTHIBAIH 110 (popmyie [33]

X = looz7lam o 10004,

002
rae Iy, — cyMMapHasi MHTEHCUBHOCTh Kpuctammmaeckoro muka 002; loy—1,, —

WHTEHCHBHOCTb KpHCcTautnaeckoro nmuka 002 3a BeraeToM (POHOBOT'O CHTHAJIA.

Amomno-cunosas mukpockonusa. J1is n3ydeHns MOpQHOIOTHH TOBEPXHOCTH
OaKTepHaTbHON MEUIFON03bI W OaKTepPHAaNTbHBIX KIETOK HCIONB30BATIM METOL
aTOMHO-CHIIOBOH MHUKpockonuu (ACM). M300pakeHHs TOTyJaad ¢ TTOMOIIbIO
CKaHUPYIOIIETo 30H10BOro Mukpockorna SPM 9600 (Shimadzu, Snonus).

Cmamucmuueckan oopadomka oannsix. Pe3ynbpTaThl HCCIEIOBAHUN 00pa-
00TaHBI METOZOM BapUAIIMOHHOW CTATHCTHKH Ha IEPCOHATEHOM KOMITBIOTEpPE C
HCIOh30BaHUEM TporpaMMbl Microsoft Excel.

[Nonydennrie nanHbIe 00pabOTaHBI C WCIONH30BAHHEM ITAPAMETPHUECKUX
KPHUTEPUEB U MPEICTABICHBI B BUIE CPEIHEH apiH(METHIECKOIM 13 TpeX MOBTOP-
HOCTEH, CTaHAAPTHOM OMMOKK CPEeTHEro; CTaTUCTUIECKYI0 3HAYNMOCTD PasiIH-
4uii orieHnBaiy 1o t-kpurepruto CteroneHTa (p < 0,05).

Pe3yabTarhl ncciiefoBaHus U 00Cy:KIeHUE

WNHTepec k OakTepHallbHOW IIEIUTIONI03€ OOYCIOBIMBACT HEOOXOIMMOCTh
CHUHTE3UPOBATh €€ B OOJBIIMX KOJIMYECTBAX B MPOMBINUICHHBIX MaciiTabax [8].
3amady MOBBIMICHHUS MPOXYKTUBHOCTH PEIIANd MyTEM COBMECTHOTO KYJIBTHBH-
pOBaHUS MPOMyILeHTa OaKTepUabHOM memTiono3sl Komagataeibacter sucrofer-
mentans ¢ TIPOAyLIEHTaMHU AEKCTpaHa Leuconostoc mesenteroides W KCaHTaHa
Xanthomonas campestris, TOCKOIbKY H3BECTHO, UTO 100aBJIEHHE BOAOPACTBO-
PHMBIX MTOMCAXaPHUIOB YBEIMUUBACT BSI3KOCTh CPEIBl H O0JIET9aeT AUCIICPCHIO
rparyn BlI, TeM caMbIM yBenHuHMBasT KOJHYECTBO CBOOOMHBIX KIIETOK, YTO MO-
KET yCKOpsITh ToTpebiieHne caxapa U oOpa3oBanue nonumepa [27]. Kpome To-
ro, KaKk y)K€ YIIOMHHAJIOCh paHee, KOHKYPEHIIHS, KOTOpasi BOSHUKAET BO BPEMs
COBMECTHOT'0 KYJBTHBHPOBAHHS, TAKKE CITIOCOOHA TPUBOIUTH K 3HAYUTEIEHOMY
VBEIMUCHHUIO CYIIECTBYIOIINX COCOMHEHUH /MM K HAKOIUICHWIO HOBBIX IIPO-
TyKTOB [28].

B xadectBe momnmcaxapumo00pa3yroniX MEKPOOPTaHU3MOB JIJIsI COBMECTHO-
r'0 KyJbTHBHPOBAHUS BBHIOPAJH TPOAYIIEHTH KCaHTaHA M IEKCTPaHa, MOCKOIBKY
€CTh CBEACHUS O IMOJIOKUTEITFHOM BIMSHUN JaHHBIX MTOJIMCAXaPHUIOB Ha BBIXOJ
BII [27]. Tak, coBMeCTHOE KyJIbTUBHpOBaHUE OakTepuid G. xylinus v monmucaxa-
PUI000pa3YIONIMX MOJOYHOKUCIBIX Oaktepuid Lactobacillus mali Ha cpene c
caxapo30il yBEIIMYMBACT KOJMYECTBO OaKTEpHALHOW IeIUTroNio3sl ¢ 1,4 1o
4,2 t/n cootBeTcTBeHHO [34]. BomopacTBOpHUMBIi MTOTHCcaxapu/l aleraH, CTpyK-
Typa KOTOPOI'0 CXOTHA CO CTPYKTYpOH KCaHTaHa, TAaKKe YBEIMUWBACT BBIXOX
MOJMMeEpa, ITO OOBSCHEHO MEHBIINM MTOBPEXKICHUEM KIIETOK B IIpOIlecce mepe-
MEIINBAHUS U MEHBIIIEH KOaryysiuel KJIeToK mpoaynenTa [27].
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B kagecTBe mHUTATENBHON CpeAbl JJIsI COBMECTHOTO KYJIBTHBHUPOBAHIS MHUK-
POOPraHU3MOB UCIOIB30BaIN Mejaccy B KOHIeHTparuu S0 /i1 cpenbl. Menac-
ca — 9TO MOOOYHBIH MPOAYKT KOHEYHOH CTamuy KPHCTAILIM3ALUN B IpoIecce
MIPOM3BOJICTBA caxapa, KOTOPHIH SBISETCS ONHUM M3 HamboJee SKOHOMHYHBIX
HMCTOYHHKOB yTJIepoaa B MUKPOOHOH TPOMBIIIIIICHHOCTH [35].

Ha mepBom sTame uccienoBaHus MPOBOIIIIN OAOOp HanOoNee ONTHMAb-
HBIX YCJIIOBHM COBMECTHOTO KYIBTUBHUpPOBaHUS mpomayrenTa bl ¢ mpomxymenra-
MU KCaHTaHa W JIEKCTPaHa, a IMEHHO onTuManbsHoe 3HadeHue pH cpexnsr. [Ipo-
BOIIIIN MOHOKYIIBTHBHpOBaHHE OakTepuit X. campestris, L. mesenteroides n
K. sucrofermentans nipu pa3nuuHbIX 3HaueHUsIX pH. Pe3ympTaTsl nmpencraBieHs!
Ha puc. 1-3.

CoriacHO TpeICTaBICHHBIM JaHHBIM, HaHOOJNEee ONTUMAITBHBIM 3HAUCHHEM
JUTS TIONYYEHHUS JISKCTpaHa U kcanTana seisiercss pH 7,0. KomndectBo oOpasye-
MOTO TOJINCaxapyuaa B TakKoM ciiydae coctabiisgeT 23,01 u 22,54 1/ Ha TpeThH
CYTKH KyJIbTHBHPOBAHHS COOTBETCTBCHHO. [l monydeHHst OaKTepHaIbHOM
IIEJUTION03bI Hanbollee ONTUMANTBHBIM siBJsieTcs 3HaueHue pH 5,0, mpu KoTopoM
KOJIMYECTBO ToMMepa cocTaBisieT 2,99+0,49 /i1 Ha TpeThU CYTKH KYJIBTHBHPO-
BaHMSL.

CornacHO TpeICTaBICHHBIM JaHHBIM, HaHOOJNEe ONTHMAIBHBIM 3HAUECHHEM
pH mns coBmecTHOrO KynbTUBUpOBaHUS K. sucrofermentans u L. mesenteroides
seiisietcst pH 5,0. B cBsA3M ¢ 3TUM Ha BTOpOM 3Tarie pabOThl MBI POBOIMIIN
COBMECTHOE KYJIFTUBUPOBaHUE MTaMMa TpoxyneHTa bl ¢ mpoxymeHToM nexc-
TpaHa Ipu JaHHOM 3HaueHuu pH.

24

22
20
18
16
14
12
10
1 2 3

Bpewmsi KynbTuBMpoBaHusi, cyTku [Culture times, days]

KonunyecTtBo gekctpaHa, r/n
[Dextran, g/L]

EpH4,0 ®pH50 ®pHG6,0 ®pH7,0

Puc. 1. KonudectBo nekcrpana, cuaresupyemoro Leuconostoc mesenteroides BKM B-2317D
B T€UEHHE 3 CyT KyJAbTUBHUPOBAHUS MPH Pa3IMUHBIX 3HaUeHUAX pH cpenpl ¢ menaccoit
[Fig. 1. Dextran production by Leuconostoc mesenteroides BKM B-2317D during 3 days
of cultivation at different pH values of the medium with molasses.

On the X-axis — Culture times, days; on the Y-axis — Dextran, g/L]
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Bpems kynbTuBMpoBaHusi, cyTku [Culture times, days]

EpH4,0 ®EpH50 m=pHB0 mpH7,0

Puc. 2. KonudectBo kcanTaHa, cuHresupyemoro Xanthomonas campestris B-2373 D
B TeUEHHE 3 CyT KyJAbTUBHUPOBAHUS MPH PA3IMUHBIX 3HaUeHUAX pH cpenpl ¢ menaccoit
[Fig. 2. Xanthan production by Xanthomonas campestris B-2373 D during 3 days of cultivation
at different pH values of the medium with molasses.
On the X-axis — Culture times, days; on the Y-axis — Xanthan, g/L]
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1 2 3
Bpemsi KyrnbTUBMPOBaHWS, CyTkM [Culture times, days]

mpH 4,0 mpH50 =pH6,0 mpH7,0

Puc. 3. KonudecTBo GakTepHaibHOM 1EIUTION03bI, CHHTE3UPYEMOit
Komagataeibacter sucrofermentans B-11267 B TeueHue 3 cyT Ky/lnbTUBHPOBAHUS
IIpU pa3IUYHbIX 3HauUeHUsIX pH cpenpl ¢ menaccoit
[Fig. 3. BC production by Komagataeibacter sucrofermentans B-11267 during 3 days
of cultivation at different pH values of the medium with molasses.

On the X-axis — Culture times, days; on the Y-axis — BC, g/L]

[TockonbKy B XO7€ MPEABIAYIIEro OMbITa OBUIO TIOKa3aHo, 4To mpu pH 5,0
KOIIMYECTBO KCaHTaHa, oOpa3yemoro X. campestris, HEBBICOKO, TO HWCCIIEIOBA-
HUE COBMECTHOTO KYJIBTHBHUPOBAHHUS C MPOIYIICHTOM KCaHTaHa IPOBOAMIOCH
MU pa3NUYHbIX 3HaueHnsX pH cpensl. [lonydeHHbIC pe3yIbTaThI IPEICTABICHBI
Ha puc. 4.
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[BS, g/L]

Konunyecteo BL, r/n

1 2 3
Bpemsi kynbTuBmMpoBaHusi, cyTku [Culture times, day]

mK. sucrofermentans mK. sucrofermentans + L. mesenteroides
K. sucrofermentans + X. campestris (pH 5,16) mK. sucrofermentans + X. campestris (pH 6,4)

K. sucrofermentans + X. campestris (pH 7,4)

Puc. 4. KonudectBo nonucaxapuja, 00pa3yeMoro mpyu COBMECTHOM KyJIbTHBHPOBAHUH
Komagataeibacter sucrofermentans B-11267 ¢ Xanthomonas campestris B-2373 D
u Leuconostoc mesenteroides BKM B-2317D
[Fig. 4. Polysaccharide production during co-cultivation of Komagataeibacter sucrofermentans B-11267
with Xanthomonas campestris B-2373 D and Leuconostoc mesenteroides BKM B-2317D
On the X-axis — Culture times, days; on the Y-axis — BC, g/L]

W3 npencraBiaeHHBIX Ha PUCYHKE JAHHBIX BHIHO, YTO HAWOOIBIIEE KOIMIe-
CTBO TONHcaxapuaa o0pa3yercst Ha TPETbU CYTKH IIPH COBMECTHOM KYIIBTHBH-
POBaHUM TIPOMYIEHTa OaKTepPUANBGHON IEIUTIONO3BI M MPOMYyLEHTa IeKCTpaHa.
KonnyecTBo GakTepraIbHOM TEIUTFOJIO3BI cocTaBmiio 5,99+0,02 1/i1, 9To B 1Ba C
MOJIOBMHOM pa3a MpeBBINIAE€T KOJMYESCTBO IOJMMEPa, 00pa3yeMoro Mpu MOHO-
KYJIbTUBHPOBAHUH MPOAYIEHTA OaKTepHaIbHOM NEeIITI0I03bI, — 2,25+0,05 1/11.

CoBMecTHOE KyJIHTHBHPOBAHHE INTaMMa MPOAYIeHTa OaKTepHaIbHOM IIeN-
JIOJIO3BI C IPOIYIIEHTOM KCaHTaHa He IMPUBENO K YBEINICHUIO BBIXO/A ITOJIHCa-
xapuna. [losTroMy nanmpHeHIee UCCIEIOBAaHIE COBMECTHOTO KYIBTHBHPOBAHHS
STHX MUKPOOPTaHU3MOB HE IPOBOANIOCE.

VYBenuuenune Boixoga BI[ mpyu COBMECTHOM KYJIBTUBHPOBaHUH K. sucrofer-
mentans N L. mesenteroides, BOSMOXHO, CBSI3aHO C TE€M, YTO (PEPMEHT IEKC-
TpaHcaxapasa, KOTOpBIi o0pasyloT Oakrepun poma Leuconostoc, TO3BOISET
OBICTpee PacIICIIUTh caxapa, cojuepkaiimecs B Menacce. O0pazyemblii GakTepu-
SIMH JICKCTPaH TaKXKe MOXKET crocoOcTBoBaTh oOpasoBanuto Bl[. BosmoxxHO
TakXe, 9TO YBEIIMUEHUE BBIXOIA MPOMYKTa CBSI3aHO ¢ QPPYKTO30H, KOTOpas 00-
pasyercs IpH pacIieluieHHH caxaposbl (epmeHToM. M3BecTHO, uTo (PpykTo3a
SIBIISIETCS] XOPOIIUM HCTOYHHUKOM YTIIEpoa TSl KyJTbTHBHPOBAHUS IPOIYIICHTOB
BII [9]. CorytacHo uTEpaTypHBIM JaHHBIM, B pe3yiibTaTe MeTaboinu3mMa GpyKTo-
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361 00pa3yercsi MEHBINE OPraHNIEeCKIX KUCIOT W HE MPOMCXOAUT CHIIBHOTO 3a-
KHCIIECHUS Cpelbl, KaK MPU HCIOIB30BAHUH TIIOKO3BI, KOTOPAs MPEBPAIACTCS B
TIIIOKOHOBYIO KHCIIOTY.

J7s moATBEpXKIEHMS pe3ybTaTOB ObLTa MOIMONHUTEIHHO MPOBEICHA CEpHs
SKCIIEPIMEHTOB IO COBMECTHOMY KyJbTHBHpOBaHHIO K. sucrofermentans c
L. mesenteroides. IlomyueHHbIe TaHHBIC TIPEICTaBICHBI HA PHC. 5.

N
o

-
[¢;]

-
o

[¢;]

KonunyecTtBo nonucaxapwvga, r/n
[Polysaccharide, g/L]

1 2 3
Bpemsi kynbTuBmMpoBaHusi, cyTku [Culture times, day]

mK. sucrofermentans ®K. sucrofermentans + L. mesenteroides L. mesenteroides

Puc. 5. KonundectBo nonucaxapuioB, 00pa3yeMbIX IPU COBMECTHOM
U pa3fieNibHOM KynbTUBUpOBanuu Komagataeibacter sucrofermentans B-11267
u Leuconostoc mesenteroides BKM B-2317D
[Fig. 5. Polysaccharides production formed during co-cultivation and separate cultivation
of Komagataeibacter sucrofermentans B-11267 and Leuconostoc mesenteroides BKM B-2317D.
On the X-axis — Culture times, days; on the Y-axis — Polysaccharides, g/L]

HUccnenoBanock Takxke n3MeHeHne pH cpemsl mpu KylbTHBHPOBAHHUH B M-
HaMUYECKUX YCIOBHSX (pHC. 6).

CormacHO MpeACTaBICHHBIM ITAaHHBIM, B CIy4ae MOHOKYJIHETHBHPOBAHUS
L. mesenteroides HabmonaeTcs cHIOKeHHE 3HaYeHUs1 pH B pe3ynpTare 3akucie-
HUS Cpelbl, YTO, BEPOSTHO, CBS3aHO C 0Opa30BaHHEM KHCIOT IpH rerepodep-
MEHTAaTHBHOM MOJIOYHOKHCIIOM OpOXKEHHUHW IMPOMyLHEeHTOM AekcTpaHa. [Ipm mo-
HOKYIBTHBHpOBaHUU K. sucrofermentans B 1-e CyT KyTbTHBHPOBAHHS HaOJIO-
aeTcsl He3HAYNTENbHOE MMOHWKEHUE 3HaueHud pH, 9To, BEpoATHO, CBSA3aHO C
AKTUBHBIM POCTOM OaKkTepui, IOTpeOJICHINEM caxapoB U 00pa30BaHUEM OpraHH-
yeckuX Kucnor. Co 2-X CyT MPOMCXOANUT U3MEHEeHne pH B MIENOYHYIO CTOPOHY,
9TO, BEPOSITHO, CBS3aHO C MPOIIECCOM IMOTPEONICHUsT 00pa3oBaHHBIX OpraHmye-
CKuX KUCHOT. IIpn COBMECTHOM KYNETHBHPOBAHHUH MHKPOOPTaHM3MOB ITPOHIC-
XOIUT TUIaBHOE TOBBIIIeHNE pH cpensl 10 Hanboree ONTHMAIBHOTO ISl CHHTE-
3a OaKTepHAFHOH [IEJUTI0JIO36] 3HAYCHUSI.

J7st OLEHKH YCIEIIHOCTH IPOBEACHUS COBMECTHOT'O KYJIBTUBHPOBAHUS U
W3y4YCHHs] CBOWCTB MONYYEHHOTO IOJMCaxapuaa MPOBOIIIN HCCIEIOBAHHS C
nomotnbio ACM, MK-criekTpocKomnuu 1 peHTTeHOBCKOM T paKkTOMETpHH.

Jns mccnenoBaHUsT MUKPOCKOITMYECKOH CTPYKTYPHI OHOIONAMEpa HCIIOINb-
30BaJIach aTOMHO-cHiioBasi Mukpockomus (ACM) (puc. 7). Ha puc. 7, a, b ipen-
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CTaBJIeHbI M300paxkeHus Bll, monmydeHHOW B pe3ysibTaTe COBMECTHOI'O KYJIbTH-
BHPOBAaHHSA OAaKTEpUH IO OYHCTKH, C BKIIOYCHUEM ITAJOUYKOBHIHBIX KIETOK
K. sucrofermentans u chepuyeckux OakTepuii L. mesenteroides COOTBETCTBEH-
Ho. Ha puc. 7, ¢ n3o6paxena Mukpomopdoinorus bL] mociie 04rcTKr OT KOMIIO-
HEHTOB CpeAbl U KIIETOK, MPEACTABICHHAS HAHOMOPUCTON TPEXMEPHON CETEBOM
CTPYKTYPOH CO CITYYaiiHBIM PacIoNOKEHUEM JICHTOBHIHBIX (GUOpriut. TonmuHa
¢ubprn BLI, dopmupyembIx Ha cpene ¢ Menaccoit, coctasiser 60—90 HM.

8,5
8

75

7

5 6'2 —
55

45 —

0 1 2 3
Bpewmsi KyrnbTUBMPOBaHWS, CyTKM [Culture times, day]

g K. sucrofermentans el K. sucrofermentans + L. mesenteroides e . mesenteroides

Puc. 6. lunamuka usmenenus pH cpensl Ipu COBMECTHOM KyIbTHBUPOBAHUU
Komagataeibacter sucrofermentans B-11267 u Leuconostoc mesenteroides BKM B-2317D
[Fig. 6.Time-course of pH of the medium during co-cultivation of Komagataeibacter sucrofermentans

B-11267 and Leuconostoc mesenteroides BKM B-2317D.
On the X-axis — Culture times, days; on the Y-axis — pH, g/L]
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5.00x5.00 [um] Z 0.00 - §10.83 [im] 500x500[um] Z 0.00 - 81810 frm] 800,00 x 600.00 (nm] 2 0.00 - 150 24 frm]

a b c

Puc. 7. ACM-u3o6paxxenust HeouniieHHol B, moayueHHo# mpu cOBMECTHOM
kyabtuBupoBanun Komagataeibacter sucrofermentans B-11267 (a)
u Leuconostoc mesenteroides BKM B-2317D (b) u BL] nocne ounctk (c)
[Fig. 7. AFM—image of unpurified BC obtained by co-cultivation of Komagataeibacter sucrofermentans
B-11267 (a) and Leuconostoc mesenteroides BKM B-2317D (b) and BC after purification]

Taxxe oaydeHHYI0 OaKTepUaIbHYIO IEIITI0I03y UCCISIOBAIH C IIOMOIIBIO
merona MK-cnekrpockonuu. JIaHHBI METOA MO3BOJISIET aHAIM3HPOBATH MOJIE-
KYJIApHBIA COCTaB TIOJMMEpa M TIOMOTraeT OOHAPY)KHUTh TMOSBIICHHE B CIIEKTPE
HOBBIX IMHWKOB HWJIM WX CABHUIOB, YTO MOXKET OBITh CBS3aHO CO CTPYKTYPHBIMH
pas3nuuusaMu OaKTepruaaIbHON IEIITIONIO3bI, MOMYYSHHON PH MOHO- U COBMECT-
HOM KYJIbTUBHPOBaHWH. Pe3ynbTaThl TIpeICTaBICHEBI HA pUC. 8.

34



Hasapoea H.b., luacekuna E.B., Pesun B.B. Ilonyuenue 6axmepuanvHoll yennono3nl

AN

JE7L 3678 3485 3202 3100 2907 2714 23521 235382135 1942 1749 1557 1304 1171 978 TBS SE2 399
YacToTa KOIeOaHHi, em!

—— K sucrafermentans K sucrofermentans + L mesenteroides

Puc. 8. UK-criekTps! OakTepuaabHOM LEJUTI0NI03bI, HOMYYSHHON PU MOHOKY/IbTUBHPOBAHUN
Komagataeibacter sucrofermentans B-11267 u coBMECTHOM KyJIbTHBHPOBAHUH
Komagataeibacter sucrofermentans B-11267 u
Leuconostoc mesenteroides BKM B-2317D
[Fig. 8. FTIR spectroscopy of bacterial cellulose obtained by monoculture of Komagataeibacter
sucrofermentans B-11267 and co-cultivation of Komagataeibacter sucrofermentans B-11267
and Leuconostoc mesenteroides BKM B-2317D.

On the X-axis — Wave numbers, cm™'; on the Y-axis — Absorption, a.u.]

B un(pakpacHoMm criektpe Bl MOXXHO BBIICIHTH 00JIACTH MOTJIOMICHUS TTPH
3200-3 500 cm ', KOTOpasi COOTBETCTBYET BAaJICHTHBIM KOJICOAHHUSM THJIPOK-
CIUIBHBIX TPYIII, CBS3aHHBIX MEXMOJCKYISIPHBIMA W BHYTPHMOJCKYIISPHBIMH
BOJIOPOJHBIME CBsi3siMH. [lormomienne B obnactax 1 164 u 1 061 cM ! BBI3BAHO
acumMMmeTpuuHbiMi  KosteOanmsiMu  C-O-C-rpynmet w1 BuOparusmu  C-C-,
C-OH-, C-H-rpynm nupaHo3HOTO KOJbIIa TIIOKO3BI COOTBETCTBEHHO [36].

[Monmyuennsie MK-creKTpbl TTOKAa3bIBAIOT CXOACTBO OOHAPYKCHHBIX IMHKOB C
JTUTEPATYpPHBIMA TaHHBIMH MTUKOB, COOTBETCTBYIOIINX OaKTepHaIbHOH IIEILTIO-
no3e.

[Mockonpky 00a monmcaxapuga COCTOST W3 OCTATKOB TIIFOKO3BI M OTIHMYHE
HUMEETCSI TOJIBKO T10 TUTY CBsi3H, MK-CHeKTphl SBIAIOTCS HICHTHYHBIME. DakT
HaNMM4Usl IeKTpaHa B LEJUIIOJIO3€ MBITAINCH OMPEACIUTh C TOMOIIBI0 HHICKCA
KpucTaluImIHOCTH. COTTacHO TUTEPaTypHBIM JaHHBIM, TIPH BHECEHUH JOTIOJTHH-
TENFHBIX TONHCAXapHIOB MOXKET MPOUCXOIUTH CHIKEHHE CTEIICHW W WHIEKCa
KPHCTAJUTMIHOCTH.

Ompenensiin JaHHBIA TIOKa3aTeNb ¢ MoMoIIsio merona MK-cnextpockonnu
ITyTeM W3MEPEHUs OTHOCHTENBHBIX BBICOT HMIIM OONacTell mmka. DTO SBISETCS
CaMBIM TPOCTBIM METOJIOM, HO JaeT MpHMEpHBIE 3HAUCHHS, TIOCKOIBKY CIIEKTP
BCETJIa COJCPIKUT MOKA3aTeNIM U KPUCTAJUTMYECKOM, 1 aMmopdHO# obnacreii. Pe-
3yIBTATHI MIPEICTABICHEI B TaOJIHIIE.

Jlnst orleHkH KpucTauIMYHOCTH BLI MCImob30Banu peHTIeHOBCKYHO TH(PaK-
TOMETPHIO, T pakTorpaMMbl Bl npencrapiieHsl Ha puc. 9.
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HNHaexc KpUCTAVIMYHOCTH U cofiep:kanue o U f ¢pa3 BII, nonyyenHoi
HA MeJIACCHOM cpejie IPU MOHOKYJILTUBUPOBanuu Komagataeibacter sucrofermentans
B-11267 u coBMecTHOM KyJIbTUBMpOBaHuM Komagataeibacter sucrofermentans
B-11267 u Leuconostoc mesenteroides BKM B-2317D
[Crystallinity index and content of @ and  phases of BC obtained on molasses medium during
monoculture of Komagataeibacter sucrofermentans B-11267 and co-cultivation
of Komagataeibacter sucrofermentans B-11267 u Leuconostoc mesenteroides BKM B-2317D]

BakrepuanbHas LemI0n03a, mo-
JIyd4EHHAsl IPU MOHOKYJIbTUBUPO-
BaHUU U COBMECTHOM KYJIbTUBH- Nupexc
POBaHMM MHKPOOPTaHH3MOB Ly, % Ig, % KPUCTAJLTMYHOCTH
[Bacterial cellulose obtained [Crystallinity index]
by monoculture and co-cultivation
of microorganisms]
K. sucrofermentans 42,8 57,2 1,66
K. sucrofermen.tans 47.6 524 131
u L. mesenteroides

Lomenl
110
| = K sucrofermentans B-11267
60000 ( K sucrofermentans B-11267 +
L.mesenteroides BKM B-2317D
100
I 002
40000
010
|
20000
tETT T T T
10 15 20 25 30 209

Puc. 9. Iudpakrorpammsl (pexum orpakennsi) BLI, monydeHo# npyu MOHOKYIbTHBHPOBAHHN
Komagataeibacter sucrofermentans B-11267 u coBMECTHOM KyJIbTHBHPOBAHUH
Komagataeibacter sucrofermentans B-11267 u Leuconostoc mesenteroides BKM B-2317D
[Fig. 9. X-ray diffraction spectra (reflection mode) of BC obtained by single cultivation
of Komagataeibacter sucrofermentans B-11267 and co-cultivation of Komagataeibacter sucrofermentans
B-11267 and Leuconostoc mesenteroides BKM B-2317D]

Ha mudpakmmonssix auarpammax bll, momydeHHBIX OT Beex oOpasioB B,
MIPUCYTCTBYIOT TPH OCHOBHBIX muka mipu 20 14,4, 16,8 u 22,5°, cOOTBETCTBYIO-
X kpucramrorpadguaeckum miockoctsM (100), (010) u (110) cooTBETCTBEHHO
[37]. UaTencuBHOCTL oTpaxenust 100 Gonbmie, yem y orpaxkenus 010, xorma
IUTEHKA MapajulelibHa PEHTTCHOBCKOMY JIy4y, B 3P (HEKT MEHSIETCS Ha IIPOTHBO-
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TTOJIOXKHBIN NP TEPIEHANKYIAPHON opueHTanuu. [Ipu 3ToM O0O0HapyKUBaeTCs
CIUIbHASI YHHUIUIAHAPHOCTD, CBS3aHHAS C TEM, YTO JICHTHI LIEJUIIOIO3BI MPEHMY-
IIECTBEHHO OPHCHTHPOBAHBI MapaJUIeIbHO ITOBEPXHOCTH IUICHKA BO BpEMs
cymkd. CTeneHb KPUCTAUTHIHOCTH HMCCIIEAYEMBIX 00pas3loB IEIUTIONO3BI CO-
craBmsier 64 u 32% mnpu MOHOKYIBTHBHPOBaHWU K. sucrofermentans W COB-
MECTHOM KYyJIbTUBUpOBaHWUU K. sucrofermentans n L. mesenteroides cooTBeT-
CTBEHHO.

3akiarouenne

B HacTosmeM mcciie1oBaHuN yCTAHOBIICHO, YTO COBMECTHOE KYIIETHBHPOBA-
HUE IITaMMa TIPOAYyLEHTa OaKTepHalbHOW MEeIUTIoNo3bl Komagataeibacter su-
crofermentans B-11267 u mrtamMmma nipoIytieHTa Aekctpana Leuconostoc mesen-
teroides BKM B-2317D mo3BoJisieT YBEIHUYUThH BHIXOJ OAKTEpHAILHOW IEILTIO-
JI03BI B JIBa pa3a 10 CPaBHEHUIO C MOHOKYJIETUBHPOBaHUEM C 2,64 10 5,99 r/n
COOTBETCTBEHHO. TakuM 00pa3oM, HCIOIB30BAaHHE CMEUNIAHHOTO KyIBTHBHPO-
BaHUS MPOAYIEHTOB OAaKTEpUANBGHON IEIUTIONO3BI U IEKCTpaHa Ha Cpeie ¢ Me-
JAcCOH, SBILIOMICHCS OTXOAOM CaXapHOTO IMPOHM3BOACTBA, SIBIISETCS IIEPCIHEK-
TUBHBIM U cO3IaHus 3(P(EKTHBHONM W HEOOpOrod TEXHONOTHH ITONyIEeHHUS
OaKTEepHAITLHON TEJIITFOJIO3bI.
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CpaBHUTEJIBbHBIN K010 0-TeorpapuuecKuii aHAJIN3 Ky3HHUI]
00JbIIOr0 NECTPOro asataa Dendrocopos major (Aves:
Piciformes) Ha ceBepe u wre eBponeiickoi yactu Poccuu

1 2
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AnHoTtamus. Marepuan cobpan B 1973-1974 rr. B Ilneceuxkom paiioHe
Apxanrenbsckoii obnactu (AO) u B 2008-2022 rr. B 6 paiionax CTaBpOMOIbCKOrO
kpas (CK). IlpoBenéH cpaBHHUTENbHBIN aHaaM3 OCOOCHHOCTEW PACIONIOKCHUS U
HCIIOBb30BaHMs KY3HHUI[ OonbliuM néctpbiM 1stiioM Dendrocopos major (BITT).
B AO ky3HHIIBI HCIOJIB30BAIMCH B TCYCHUE 5 MecsleB ¢ HOosOpst o mapT, a B CK —
kpyrnoroauuHo. B AO ky3nuus! (n = 43) pacnonaranuce Ha aepeBbsix (67+14%) u
mHAx (33+£14%). Hdns ycrpoiictBa ky3uun BIIJI mpeamoumranu ocunsl (53+£16%),
ocTajJbHOM BbhIOOp mpuiuéncst Ha enb U Oepé3y. B CK must pasmenienust Ky3HHI]
(n = 34) u3 12 Bunos aepesbeB BI1J] npexnountany B3 (27+15%). KoadduumeHTst
CXOZCTBA IO pa3HOOOPA3HI0 HCHONBb3YEMbIX MOJ Ky3HMIBI BHIOB JICPEBHEB
BapbupoBamuck B npexaenax or 0,07 (Kj) no 0,21 (Ky). Pasmmumsa no Beicore
pacnonokeHus! Ky3HHL cTatucTudecku HesHaunmsl (U = 523,0, p = 0,22). Ha nomnro
«HU3KHX» (BBICOTOH 10 2 M) Ky3HuL mpuuuiock 69+15% B AO u 50+16% B CK.
C BBICOTOH aepeBa B O0OMX PErHMOHAX YBEIMYMBAJIACh BBICOTA PACIIONIOKEHUS
ky3Hul — B AO (p < 0,01), a B CK pe3ynbTaThl cTaTUCTHYECKH He3HaYUMEI (p > 0,05).
B AO B opueHTauuu Ky3HHIL IpeoOiajanu BocrouHble pymObl (61+22%), B CK —
1oxHble (71£15%). B AO noa ky3HHLIaMu OOHapyXeHO 3 BuJa MHUIIECOAEPHKAIIUX
00bexToB (7 = 1639): Ha 1010 IMIIEK ey NpULUIoch 84+1%, nuctBeHHUuB! — 7+1%
u cocHel — 9£1%. J[ons oOpaboraHHbIX Inumiek enu coctaBmwia 98+1,5%,
JUCTBEHHUIBI — 76+8%, cocHbl — 17+8%. B CK nox xy3nuuamu BITJ] oGHapyxeHO
10 BumoB nwmiecoaepkaiux o0bekToB (n = 2607), U3 KOTOPHIX HA OO abpUKoca,
IPELKOro opexa M CIMBBI NpUIiocsk 79+1,5%.

KiroueBble ci10Ba: KOPMOBBIC  JIEpEBbs,  IHIIECOACPIKAIME  OOBEKTHI,
CpaBHUTENbHBIN aHAIN3, ApXaHreiabckas 00sacts, CTaBpOMONIbCKHiA Kpait
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Summary. The Great Spotted Woodpecker (GSW), Dendrocopos major, has a
huge range stretching from the Canary Islands and Northwest Africa east to Kamchat-
ka and Sakhalin Island. The feeding behavior of the GSW is characterised by a high
diversity and pronounced seasonality. Thus, in late spring and summer in the feeding
repertoire of the GSW in the North and in the Central regions of the European part of
Russia, there are exclusively methods of searching for and picking openly living in-
vertebrates. The search for prey is carried out both on woody vegetation and on the
ground surface. We have also repeatedly observed the hunting from perches in the
manner of Flycatchers on flying dragonflies and butterflies. From late summer, GSWs
begin to use chiseling tree trunks and branches in search of xylophages larvae. The
GSW intensively uses anvils in winter (starting in November) and early spring. The
relevance of this study is determined not only by the fragmentation and insufficient
information on the GSW’s anvils, but also by the fact that there is no comparison of
anvils from distant geographical regions where different subspecies of the GSW are
common. For the first time in a comparative aspect, the features of the GSW’s anvils
from different geographical populations are analyzed. The GSW’s use of the so-called
“anvils” — the places of processing food-containing and food objects — is well known,
which is reflected both in general articles on ecology and feeding behavior of this
species and in some publications devoted to this particular issue (mainly fragmentary
in nature). This well-known phenomenon is also reflected in monographs and faunal
reports. Within the vast range of the GSW, various authors distinguish from 14 to
26 subspecies. In Russia and adjacent territories, there are 7 subspecies. In Arkhan-
gelsk oblast (AO), the nominative subspecies D. m. major is distributed. In Stavropol
oblast (SO), the subspecies D. m. tenuirostris is common, according to other sources,
it is considered as D. m. pinetorum. Unlike the nominative subspecies, D. m. tenuito-
stris has a longer and narrower bill, well adapted for punching holes in the strong
shells of stone fruits (apricot, plum), walnut, and almonds. In Ciscaucasia, there is a
wide zone of intergradation of D. m. candidus and D. m. tenuirostris. It can be as-
sumed that in some areas of SO, an intergradation zone of D. m. major and D. m. ten-
uitostris may also exist. A comparative analysis of the features of location and use of
anvils by the GSW was carried out based on the materials collected in 1973-1974 in
Plesetsk district of AO and in 2008-2022 in 6 districts of SO. The following parame-
ters were analysed: the choice of tree species used for anvils, the altitude and orienta-
tion of anvils, the seasons of use of anvils, the dependence of location of anvils on the
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altitude and diameter of the tree, types of food-containing objects, etc. The period of
use of anvils lasted for 5 months (from November to March) in AO, and in SO, this
was almost a year-round period. In AO, anvils (n = 43) were located on trees (67 £
14%) and stumps (33 + 14%). As for the choice of tree species, the GSW preferred
aspens (53 + 16%); other choices were spruce and birch. In SO, 36 GSW’s anvils
were discovered. The preferred type of tree (12 species) was elm (9 anvils out of 33
located on trees). In the remaining 3 cases, the anvils were located in the objects of
anthropogenic origin (a wooden telegraph pole, holes in a metal pipe, and a metal
fence). The majority of the GSW’s anvils are found in the gardens. Walnut trees dom-
inated, but woodpeckers preferred elm to arrange their anvils because of softer wood
and more irregularities in the bark suitable for their placement. In general, the variety
of tree species used for the GSW’s anvils was significantly higher in SO than in AO
(3 and 12, respectively). Coefficients of similarity in the variety of tree species used
for anvils varied from 0.07 (Kj) to 0.21 (Kk). In AO, the average altitude of the anvils
was 3.3 £2.3 m (lim 0.2-25, SD = 5.21, n =35, p = 0.01), median = 1 m, the share of
"low" anvils (including up to 2 m high) accounted for 69 + 15% and 50 + 16% in SO.
In SO, the average altitude of the trees (including stumps), where the anvils were lo-
cated, was 8.9 = 3.1 (lim 0.4-25.0, SD = 5.4, p = 0.001, n = 34), median = 9 m. The
anvils were located on an average altitude of 2.6 1.1 m (lim 0.01-6.5, SD = 1.98,
p =0.001, n = 34), the median = 2.3 m, the share of "low" anvils accounted for 50 +
16%. The differences in altitude of the anvils in the compared regions according to the
nonparametric Mann-Whitney criterion are statistically insignificant (U = 523.0,
p = 0.22). The altitude of the located anvils increased with the altitude of trees in both
regions: in AO (p <0.01), in SO (p >0.05; not statistically significant). In AO, the an-
vils were directed mostly to the east (61 + 22%), in SO — to the south (71 + 15%). In
AO, 3 types of food-containing objects were found under the anvils (n = 1639).
Spruce cones accounted for 84 + 1%; larch cones — 7 + 1%, and pine cones — 9 + 1%.
The GSW’s treatment of cones of various species of conifers in anvils was not equally
effective. The proportion of treated spruce cones was 98 + 1,5%, larch — 76 + 8%,
pine — only 17 + 8%. The most difficult (inconvenient) to process were pine cones,
and the easiest were spruce cones. Some trees with GSW’s anvils were also used by
Crossbills Loxia curvirostra ticks and Squirrels Sciurus vulgaris. In SO, 10 types of
food-containing objects were found under the anvils of the GSW (n = 2607): apricot,
walnut, and plum accounted for 79 + 1.5%. Walnut was found under 18 anvils (occur-
rence of 50%), apricot seeds — under 9 (25%). On average, there were 72 + 35 food-
containing objects under the anvil (lim 5-350, SD = 80.91, median = 42, n = 36,
p = 0.01). The Pinetorum subspecies (common in SO) are in contrast to the nominative
subspecies major with a longer and narrower bill, well adapted for punching holes in the
strong shell of stone fruits (apricot, plum) and nuts (walnuts and almonds). For example,
the thickness of an apricot kernel shell is 1.74+0.11 mm (lim 1.4-2.0, SD =0.20,n =37,
p = 0.001), median = 1.8. On the whole, a comparative analysis of the GSW’s anvils in
the North (AO) and South (SO) of the European part of Russia showed a significantly
higher diversity of both tree species used for anvils (3 and 12, respectively) and pro-
cessed food-containing objects (3 and 10, respectively) in SO. The results obtained are
quite expected due to the significantly higher species diversity of the dendroflora of the
south of the European part of Russia compared to its North.

The paper contains 9 Figures, 4 Tables and 41 References.

Keywords: Great Spotted Woodpecker, anvils, food-containing objects,
Arkhangelsk district, Stavropol district
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KopmoBoe moBeneHne Oombliioro nécrporo asarina Dendrocopos major L.
(BIT/T) oTyimyaercst BBICOKAM pa3HooOpasueM [1-17]. Mcnonb3oBanue BITJ] Tak
Ha3bIBaeMBIX Ky3HHII (MecTa 00pabOTKH MHUIECOACPIKAITUX W TMHUIIEBLIX 00BEK-
TOB) OOIIEH3BECTHO, YTO OTPAKEHO KaK B pabOTax MO 3KOJOTHH M KOPMOBOMY
MOBENIEHHUIO 3Toro Buaa [18—21], Tak ¥ B OTACIBHBIX MyOJUKAIUAX, TOCBSIIEH-
HBIX paccMaTpuBaeMoMmy Bompocy [22-24, 26, 27-29 u ap.], KOTOpble B OCHOB-
HOM HOCST (pparMeHTapHBIA xapakrep. Takxke ucronb3oBanue Ky3Hul BI1J] kak
00IIen3BECTHOE SIBIICHHE OTpakeHo B MoHorpadusx [11] u dayHHcTHUECKHX
cBomkax [12, 13, 30-35].

[TepBoe ynmommHaHHME O Ky3HUIIAX ASATIIA MOKHO HAWTH B TpyJax ApPHUCTOTENS
[36], otHOCsTITMXCst K [V B. 10 H.3. APHCTOTENb MHUCAT: «...OMWH PYIHOH JSTEN,
MOJIOKUB MUHIANBHBIA OpeX B IIENb JepeBa, 4TOOBI, OyoydnM YKperui€H, OoH
0CTaBaJICSl HA MECTE BO BpEMs yAapa, ¢ TPEThEro yIapa pacKoJoll €ro M Chell
3epHO» (KH. 9, 1. IX, § 69, c. 356). K coxaneHuto, U3 TEKCTa HE SICHO, O KAKOM
BHJC JSITIOB HIET pedb. AKTYaTbHOCTh HCCIECAOBAHMSI ONPEIEIIIETCS HE TOIBKO
(parMeHTapHOCTHIO M HENOCTATOYHOCTHIO HH(OPMAIINH 110 KY3HHUIIAM, HO U TEM
(akTOM, UTO B M3BECTHOH HaM JINTEPAaType OTCYTCTBYET CpPaBHEHWE Ky3HHII U3
YIAIEHHBIX IPYT OT Apyra reorpaduIecKuX PerHoHOB, B KOTOPHIX PacIIpoCTpa-
HeHbl pasabie moaBuabl bI1J. CpaBuurenbueiit anam3 ky3aun BIIJ[ B Apxan-
relbeKoi obsacTi M CTaBpPOMNOIBCKOM Kpae SBUJICS OCHOBHOM IENIBI0 HAIETO
uccuenoBaHus. BriepBrie B CpaBHUTEIHHOM ACIEKTE MPOAHAIM3HPOBAHBI OCO-
o6ennocty Ky3HUI BI1/] 13 pa3audHbIX reorpapuaecKux MOMmyJIsui.

MarepuaJ 1 MeTOTUKA

Martepuan cobpan B ApxaHrenbckoil obmactu (ITnecernkuii paiioH, okpecrt-
HocTH Toc. JIumakoBo, oceHb 1973 1. — BecHa 1974 1.) 1 CTaBpOIOILCKOM Kpae
(2008-2022 rT.) (puc. 1, Tadm. 1).

Taonuma 1 [Table 1]

Bpemsi Ha0s1roaeHmii 1 00beM coOpaHHOro MaTepuaia no Kysuuuam Dendrocopos major
[Observation time and volume of collected material on Dendrocopos major anvils]

CTaBpOMONbCKHUA Kpaii
(20082022, xpome 2010,
2012, 2014 rr.)
[Stavropol Region (2008-2022,
excluding 2010, 2012, 2014)]

ApxaHrenbckasi 001acTh
Marepuan (ocenb—BecHa 1973/74 r.)
[Material] [Arkhangelsk Region (au-

tumn—spring 1973/74]

O0cnenoBaHo paiioHOB

. 1 6
[Districts surveyed]
O6cpen03aﬂo KY3HHIL 43 36
[Anvils surveyed]
Bunp! nepeBbeB ¢ Ky3HULIAMEU 3 13

[Species of trees with anvils]

Busl nuiieconepikaiix o0bek-
TOB, ()parMeHThI KOTOPBIX Halisie-
HBI [10J] Ky3HULIAMU 3 10
[Types of food-containing objects,
fragments of which were found under
the anvils]
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Puc. 1. Kapra-cxema MecT npoBezieHus1 HaOI0qeHHN. | — ApXaHrenbckast 001acTb,
[Inecenxwuii paiioH, okpecTHOCTH 1oc. JIunmakoBo; 2—7 — CTaBpOMOIBCKUIA Kpai:

2 — U3obunbHeHckuit paiion, 3 — [llnakoBckuit paiion, 4 — MuHEpanoBOACKHiA paiioH,
5 — AnexcanzpoBckuii paiioH, 6 — HoBocenuikuii paiion, 7 — CTenHOBCKUH pailoH
[Fig. 1. Map-scheme of observation sites. 1 — Arkhangelsk region, Plesetsky district, vicinity

of Lipakovo settlement; 2—7 — Stavropol Region: 2 — Izobilensky District, 3 — Shpakovsky District,
4 — Mineralovodsky District, 5 — Alexandrovsky District, 6 — Novoselitsky District,
7 — Stepnovsky District]

[Torck Ky3HHUII B ApXaHTeNbCKOM 00J1acTH, OJ1aromapsi XOpoIlo 3aMETHBIM Ha
CHETY CKOIJICHHSIM O0Opa0OTaHHBIX IIWIICK (B OCHOBHOM, €M), OblT Hambomee
YCIIEIIHBIM C KOHITA OKTSIOps 10 Hadanma Mas. [locie TassHHS CHEra MOWCK OBLI
HE pe3yabTaTuBeH. YacTh Ky3HHII 0OHapyKeHa BO Bpems pabotel Ha Hux BITJI.
Ky3HHIBI, pacnonoKeHHbIE BBHICOKO, (PMKCHPOBANM MPU HAXOXKICHUW HAa HUX
BITJ] wmu mpu ocMoTpe cTBONA AepeBa (B OCHOBHOM 3TO OBbLIO BO3MOXHO Ha
CYXOCTOMHBIX NEPEBBSIX WM JIMCTBEHHBIX ITOPOAaX IO Hayajla PacIyCKaHHs
JUCTBBI) TpH TToMomy OMHOKISL. Ky3HHIIBI CMEIaHHOTO TPOUCX OXKICHHS OIpe-
IIeTISUTH TI0 CIIeIaM OIONHUTEIHHOTO JOJIONCHNS, HAIIPaBICHHOTO Ha yriryOie-
HUE WM paclInpeHNe eCTECTBEHHOH BBHIEMKH B CTBOJE nepeBa. [logcunTeiBamm
YHUCIIO MIUIIEK W ONMPEIeIIsUIH IO 00paboTaHHBIX W HeoOpaboTaHHBIX (00pO-
HeHHbIX) BIT/I.

B CraBpomonbckom kpae HabOmroaeHus 3a Ky3Hunamu BITJ mpoBoamiwy,
HaumHas ¢ 2008 r., B 6 paiionax: MzobunpHeHckoM, I1ImakoBckoM, AJekcaH-
npoBckoM, MwunepanoBoackoMm, CrtemHoBckoM, HoBocemmmkom. Ompenensim
BHJ JIepeBa, UCIIOIB3yEeMOr0 IO/ KY3HHILY, BEICOTY PACIONIOKEHHS Ky3HHUIIBI U
e OpHeHTaIMI0, O0OHAPYKEHHBIE IOl Ky3HHUIEH MUIIecoaepKaniiue 00beKTH U
WX 9uCIio. Buasl gepeBbeB yKa3zaHbl B Ta0. 2.
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Taonuma 2 [Table 2]
Pacnonoxenune kysuuu Dendrocopos major Ha pa3jM4HbIX BUAAX [epeBbeB
B ApxaHrejbckoii 06j1acTu 1 CTaBponojibcKoM Kpae
[Location of Dendrocopos major anvils on different species
of trees in Arkhangelsk region and Stavropol region]

Kyszuuuer BI1/I Ha nepeBwsix, 1 (%)

Bunp! nepeBbeB [Anvils of BSW on trees, n (%)]
[Tree species] Apxanrenbckast 00nacts | CTaBpOMoibCKuid Kpait
[Arkhangelsk region] [Stavropol region]
Ocuna Populus tremula 20 (53) —
Enb Picea abies 11 (29) —
Bepesa Betula pendula 7 (18) 1(3)
Bsi3 menkonucrtubtit Ulmus parvifolia — 9 (26)
PoOunus, wiu jokeakaus Robinia
: - 6 (18)

\pseudoacacia
Scenn Fraxinus excelsior — 4 (12)
I'pymia Pyrus communis — 309
Cnusa Prunus domestica — 309
Tonons Populus suaveolens — 2 (6)
Kneun Acer platanoides — 2 (6)
Cocna Pinus sylvestris — 1(3)
S6noust Malus domestica — 1(3)
Uepewnst Cerasus avium — 1(3)
I'peuknit opex Juglans regia — 1(3)

[NoxydeHHBIE pe3ynbTaThl CTATHCTHYECKH 00paboTaHbI ¢ IPUMEHEHHEM TIPO-
rpammbl Microsoft Excel m STATISTICA 10.0. [y omeHKH MpenebHOM
OMMUOKN BBIOOPOYHOM J0JIM ¢ BeposTHOCTHIO 0,95 mcrmonb3oBaH K03 ummeHT
nosepust ¢ = 2,0.

3amemku no cucmemamuxe. B nipenenax odmmpHoro apeana BITJ] pasmidabie
aBTOPHI BBIACISIOT OT 14 1o 26 momsumos. B Poccnun u conmpenenbHBIX TeppuTopr-
sIX BBIIEISTIOT 7 TomBuioB [37]. B ApxaHrenbckoi 00macTH oOMTacT HOMUHATHB-
HbIM TioaBuz major. B CTaBpoItonsCKOM Kpae pacrpoCTpaHEH MOIBUJ fenuirostris
[31, 36], mo npyrum aHHBIM 3Ta hopMa paccMatpuBaercs Kak pinetorum [17]). Io
marabiM B.I1. bemmka [18, 38], B IIpeakaBkaspe MpOXOMUT MIMPOKAst 30HA MHTEP-
rpaganun candidus v tenuirostris. Ocobu, cxomapie ¢ popMoit candidus, ipeodina-
maroT Ha Hmxraem J[oHy 1 B ceBepHBIX paifoHax KpacHomapckoro kpas, a MTHIIHI,
IIMarHOCTUPYEMBIC KaK fenuirostris, XapaKTepHbI TS TOPHBIX U TPEATOPHBIX paio-
HOB, HO BCTPEYAIOTCS M CEBEPHEE, BILIOTH JI0 A30BCKOI0 paiioHa PocToBckoit oba-
cti. MOXKHO TIONaraTh, 9TO B HEKOTOPBIX paiioHax CTaBPOMOIBECKOTO Kpasi TAKKe
BO3MO>KHA 30Ha UHTEPrpafalluy major A tenuirostris.

Pe3yabTarhl ncciiefoBanns U 00Cy:KIeHUE
Iloseoenue BIT/] na Ky3nuyax Kaxk uacmov KOpM0o6020 NOGeOeHUs

[ToBenenne BIIJ| Ha Ky3HUWIlE paccMaTpuBaeTcs KaK MaHUIYJTHPOBAHHE
(handling) maimeconepamyuMH TMAIIECBBIMA 00bEKTAMH W SIBIIIETCS 3aKIIFOYH-
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TETHHBIM 3TAallOM KOPMOBOHW TMOBEICHUYECKOM MOCIEN0BATENHHOCTH. B KOHKpeET-
HBIX CIIyYasX IPOMCXOINT MAaHHITYJIHPOBAHHE MUIIECOACPKAMIIMI 00bEKTaMH
[5] ¢ menpro u3BICUYEHHUS COOCTBEHHO IMINEBBHIX OOBEKTOB: INMHUIIKH XBOMHBIX,
opexu ((hyHIYK, TPEIKUAN OpeX) U KOCTOYKOBBIC IIObI (AOPUKOCHI, CITHBA, aJIbl-
ya). [Tutieconepxainue mamieBbie 00beKThI BITJ] CpIBAIOT MPH MTOMOIIIH KITFOBA
W B KJIIOBE TPAaHCIOPTUPYIOT K Ky3HHIE. [lo HaOmMONeHUAM B ApXaHTelIbCKOU
obmactu, BITJI TpaHCITOPTHPOBAI €IIOBBIC IIMIIKH, JAepPKa WX B KIIIOBE B TOpPH-
30HTAJIGHOM TIOJIOKCHHWW 3a ONHY W3 demryd. Takoe moBeneHWe HaOMIOqaIH
22 nekabps 1973 r., 20 saBaps u 8 mapra 1974 r. OTMeueHBI ciiydau, KOTrjaa
BI1J] m3Biiekan ceMeHa W3 INUIIKH, HEe cpbiBas e€. Tak, 3 ¢empans u 2 mapra
1974 r. cameny BIIJ] «momBemmBalics» K OTBETBIICHHIO €IOBOH BETBH T'OJIOBOM
BHU3 1 BHIKJIEBBIBAJI CEMEHA W3 IITUIIKH.

Ky3Hunbl npencraBissioT co0OH pa3iMyHOrO poja YIiayOJieHHs B CTBOJAX
JiepeBbeB (B IPEBOCTOE, IMHSX, IMOBAJICHHBIX CTBOJIAX) WM OOBEKTaX aHTPOIO-
TEHHOTO TIPOUCXOXKIeHHsI. Ky3HHIIBI B CTBOJIAX IEPEBHEB MOTYT OBITH KaK IENH-
KOM €CTCCTBEHHBIE (IIENTH B KOpEe W Mp.), TaK W YIIIyOJICHHBIE €CTECTBEHHBIC
(cMemaHHOE TPOMCXOXKIACHHUE) MM 3aHOBO BBIJOJIOJIEHHBIE (MCKYCCTBEHHOE
npoucxoxacaue) BIT. [Tocne 3akperuieHns B Ky3HHUIIE THINECOASPIKANTIA 00h-
eKT 00pabaThIBaeTCs MPH TTOMOIIH JOJIOICHUS KIFOBOM JIO MU3BJICUCHUS ITHIIC-
BOTO 00BEKTA.

CpasnumenvHvlii AHAIU3 COCMOAHUA KY3HUY HA cesepe
u roze eeponeiickoil wacmu Poccuu

1. Ce3ounl pynxkyuonupoeanusa Kys3nuy. Bpems UCTIONB30BaHUS Ky3HUI[ U
o0OpabaTheiBaeMbie OOBEKTHI CHIILHO BaAPHUPYIOTCS B 3aBUCHMOCTH OT Teorpaduu
MecT. Tak, Ha ceBepe eBporeiickoid yactn Poccun (ApxaHrenbckas 00J1acTh)
BITJ] oOpabaThiBaroT Ha Ky3HHIAX MPAKTHYECKH HMCKIFOYHTEIBHO IMUTIKH
XBOIHBIX, B OCHOBHOM €JH, KaK HanOoyiee yIOOHBIE IUIS W3BJIICUCHUS CEMSH,
0COOCHHO B TEpUOJ, KOTJa OHW OJM3KH K CO3PEBAHHIO M OTKPBIBAHUIO (C
HOs10pst o (peBpanb—Mapt). [To ganaeiM B.C. HoBukora u M.A T'y6anosa [39],
ceMeHa €M [0 CEPEeAWHBI 3WMBI TIPOAOIDKAIOT OCTABATHCSI B IIHIIKAX,
BEICHINTAIOTCS B STHBape—MapTe, paccemBasch 10 HacTy. TakuM oOpazoM, 31ech
BpeMsi HCIIONB30BAaHUS Ky3HHI[ OTPAHWYCHO HAYaJOM IIEPHUOIa CO3PEBAHHUS
IIMIIEK W BPEMEHEM UX pPAacKpbIBaHUS M COOTBETCTBEHHO BBIAICHHUS
co3peBIINX ceMsH. Tak, 0 HAOIOJCHUSAM B ApPXaHTENIbCKOM 00JIacTH, mepBas
peructparus BITJI Ha Ky3Hmie otmedeHa 28 okTsOps 1973 r. K 9 ampens
1974 . BCce enoBble MUIIKH OBLTH ITOJHOCTHIO PACKpPBITHL. TakuM 00paszom,
niepuon ucnonb3oBanus BITJ] mpomomkaics 5 mec ¢ HOsOps 1o Mapt. Tot xe
niepuon (HOSOpb—MapT) TpHBOAMTCA W s JIeHWHrpaackoi obmactu [34].
3umoit Ha pasganonmBanue mmmek BIIJ] Tpatutr mo 5,6 9/cyr, mpu 3TOM
JHEpreTuveckre 3aTpathl cocTaBisaioT 0,39 BM (6a3zanbHbIit MeTabommsm) [40].

[Mo mamM HAaOMOAEHUSIM, OMABIINE HA HACT CEMEHA WM YIaBIIHE IIUIIKA
BIT/] Hukoraa He moabupanu. B To jxe BpeMs Takoe MOBEJACHUE U3BECTHO: WHO-
rna BITJ] moxOuparor ¢ 3emii, a 3aTeM 00pabaTHIBAIOT IIWIIKH, BHIPOHCHHBIE
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KJIeCTaMHU-eJIOBUKaMK Loxia curvirostra n 0enkamu Sciurus vulgaris [40], wmu
CcOOMPAIOT C 3eMJTH BBICHITaBIINECS ceMeHa [41].

Ha rore eBpomneiickoii yacti Poccnn (CTaBpononbCKUi Kpait), 0 JTaHHBIM
JI.B. ManoBuuko, conepxxumoe Ky3uuil BI1J] paznooOpa3Hee U Bpems WX HcC-
MOJTB30BaHMSI MPAKTHUECKH KPYTIIOTOIMYHOE, MTOCKOIBKY YpOoXKail B celax W Ha
Iagax cOOMparoT, B JIyUIIeM ciIydae, HaIloJIOBUHY, M OCTaBIIHECS OPEXH H KO-
CTOUYKOBBIC TUTOABI TOCTYITHEI ISTIIaM.

2. Xapaxmepucmukxu Ky3Huuy.

Mecma pacnonoocenus. B Apxanrenbckod obOmacth u3 43 ky3nwn 29
(67£14%) pacnonaramich Ha qpeBoctoe, 14 (33+14%) — na mHax. B 38 ciryyasx
OIpeJICIICHbI BHJIBI JICPEBBEB, B 5 ciiydasx (CTapble ITHA U OOJIOMBI) BHIOBYIO
MPUHAIICKHOCTE IEPEBbEB ONPECITUTh HE yaanock. [IpeamountaemMoil npeBec-
HOH mopono#t Osia ocuHa (53+£16%). Bricokas KoHIeHTpanus Ky3HHAL (17 = 9)
OTMEUYCHA B CTAPOM Pa3pEeKEHHOM CIBHHUKE C MPHUMECHI0 OCHHBI B Oepé3sl Ha
HEOOJIBIIION BO3BBIIIIEHHOCTH B 5 KM OT 1oc. JInmakoro. B mpuHIUIE, Ky3HHIIBI
BITJ] pacmonarajmch Ha NEPEeBBAX C MATKOW JAPEBECHHON (OCHHA), B KOTOPBIX
3HAYUTEIHHO JIErde BHIIANONUBATh (YrIIyONIsiTh) MECTO JJIS 3aKPETICHUS V-
KH, 1 B TIpeoOJIaJlafolIMX JPEBECHBIX MOpoaax (enb). YUHUThIBas aOCONIOTHOE
JOMUHUPOBAHHE €M B UCCIICyEMOM YJ9acTKe TalTH, ¢ OO0 JT0IeH BeposT-
HOCTH MOXXHO TOBOPUTH O ipeanouteHnu bI1/] ocuHbI 17151 ycTpoicTBa Ky3HHII.

B CraBpormonbckoMm kpae obHapykeHo 36 ky3umi BITJ]. TIpemmountaemMpim
BHJIOM JepeBbeB ObIT B3 (9 Ky3HHII M3 33, pacIoONOXKCHHBIX Ha JIEPEBbSX;
ocTaibHble 24 pasMmemainch Ha Apyrmx 11 Bumax JgepeBbeB — TaOm. 3).
B ocTanmpHBIX 3 ciTydasx Ky3HHUIIB pacIojarajinuch B 00beKTaX aHTPOIIOTCHHOT'O
MIPOUCXOXKACHHS (IEPEBSIHHBIN TenerpadHblid CTONO, OTBEPCTHS B METallIHye-
CKOIl TpyOe 1 MetayuindeckoM 3abope). OcHoBHOE unciio Ky3uuil bI1J] Halineno
B cajgax. JloMHHHpOBaNM IEpeBBsl TPENKOr0 Opexa, OJHAKO Ul YCTpOicTBa
Ky3HHI[ JSTIBl TPENNOYNATAIN BS3, UMCIONMHA Ooliee MSTKYIO OPEBECHHY W
OoIbIIIe HEPOBHOCTEH B KOpE, MIPUTOAHBIX IUIS MX pa3MEIICHHUS.

B nenom pazHooOpasue BUAOB JepeBbheB, Hcnonb3yeMbix BT/ mist ky3HUII,
OBLTO 3HAYMTENIEHO BhIIIe B CTaBpOITOJILCKOM Kpae, YeM B ApXaHTeIbCKOH 00-
nmacTtd, — 3 u 12 cooTBeTcTBeHHO (cM. Tab. 2). KoaddummenTsr cxomcrra XKak-
kapa, Cepencena, KympumHckoro m OTHam HEBENHKH: COOTBETCTBEHHO
K;=0,07, K,=0,13, K;= 0,21, K,= 0,16. Cnenyer oTMETUTb, YTO KO3 HULHEHT
JKakkapa mokas3pIBaeT caMblii HU3KAH yPOBEHB CXOJICTBA.

Buvicoma pacnonosicenus. B ApxaHrenbckold 00JIacT CpeHss BhICOTA pac-
MOJIOXKEHHST Ky3HUI[ coctaBuia 3,3£2,3 m (lim 0,2-25, SD = 521, n = 35,
p =0,01), menuana = 1 M, Ha JTOJO «HU3KUX» KY3HHUII (BEICOTOH JI0 2 M BKIIIO-
9UTeNbHO) TpuIIiock 69+15% (puc. 2). B CraBpomoasCKoM Kpae Ky3HHIBI
pacroyarajmch B cpeirHeM Ha Bwicote 2,6+1,1 M (lim 0,01-6,5, SD = 1,98,
p = 0,001, n = 34), memnana = 2,3 M, Ha JOJI0 «HU3KHX» KY3HHII TPHUIILIOCH
50+£16%. Pa3nuuus no BbICOTE PAacHOIOKEHUs Ky3HHUI] B CPABHUBAEMbIX PErHo-
HaX I10 HeMapaMeTPUIeCKOMY KpUTeprio MaHHa—YHUTHH CTaTHCTHYECKH HE3HA-
gumel (U= 523,0, p = 0,22).
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Puc. 2. Pacnipeenenune Ky3HHII 110 BBICOTaM B ApXaHIeIbCKOM 0051acTu (ceBep)
u CTaBpoIOIBLCKOM Kpae (1or)
[Fig. 2. Distribution of anvils by height in the Arkhangelsk region (North) and Stavropol Region (South)]

3asucumocmo gvblcomul pacnonodice st Ky3Huy om 8blCOMbl U ouamempa oe-
pesa. B ApxaHTenbCcKoil 00JIaCTH BBICOTA JIEPEBbEB (BKIIOUAs ITHU), Ha KOTOPBIX
OBUTH PACITONIOKEHBI Ky3HUIIBI, COCTaBWIA B cpeaneM 13,9+5.4 (lim 0,15-30,0,
SD =9,70, p = 0,001, n = 35), mequana = 15 m. C BBICOTO# JiepeBa yBeIHINBa-
JIaCh BBICOTA PACTIONOKECHUS Ky3HHIL (pHcC. 3).

30

r=0,37, n =35, p < 0,01
25 ®
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10 ®

BbicoTa pacronoXeHust KysHWUbI, M
[
[
[

0 5 10 15 20 25 30 35
Bbicota gepesa (unu nHs), M

Puc. 3. 3aBucuMOCTh BBICOTHI pacnonoxeHus Ky3uul Dendrocopos major
OT BBICOTHI JiepeBa, ApXaHrelbcKasi 001acTh
[Fig. 3. The dependence of the height of the location of the Dendrocopos major anvils
on the height of the tree, Arkhangelsk region]
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C pocToMm amamerpa CTBOJIA JIepeBa BBICOTA PACIIOIOKEHHS Ky3HHI[ He-
CKOJNBKO Bo3pactana. OTMeueHHas TEHJICHIUS CTATUCTHYSCKH HE3HAYnMa
(puc. 4), oHAKO MOYXHO TPEIIONI0KUTh HEKOTOpbIH BIOOp BI1J] onpenenénuo-
IO ONTHMAIILHOTO THaMETpa CTBOJIA JIepeBa.
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r=0,31,n=35p>0,05

N
3
[ ]

N
o

BbicoTa pacronoXeHust KysHuL, M
> o
®

[ ]
0 ‘ . e o [ )
0,15 0,25 0,35 0,45 0,55 0,65 0,75

Ounametp cTBONa gepesa, M

Puc. 4. 3aBucUMOCTb BBICOTHI pacionoxeHus Ky3uul Dendrocopos major
OT IMaMeTpa CTBOJIA JiepeBa. ApXaHreibcKasi 00J1acTh
[Fig. 4. The dependence of the height of the location of the Dendrocopos major anvils
on the diameter of the tree trunk. Arkhangelsk region]

B CraBpononbckoM Kpae cpefHsis BBICOTa JEpEBbEB (BKIIFOYAsI ITHA), Ha KO-
TOPBIX OBLIM PACHONOKEHBI Ky3HHIBI, cocTaBmwia 8,9+3,1 (lim 0,4-25,0,
SD =54, P=0,001, n =34), mennana = 9 M. C BBICOTOIi JiepeBa BBICOTA pacrio-
JOKEHUS Ky3HHII HECKOJIBKO YBEIHMUHBAJIACH, HO 3aBUCHMOCTH CTAaTHCTHYECKU
He3HauynMa (puc. 5).

C pocTtom amameTrpa CTBOJNA IEpeBa BHICOTA PACIONOKEHHS Ky3HHUI] CHadama
BO3pacraia, a IOTOM IIIa Ha CHIKeHHe (puc. 6). BeposTHO, 3TO CBSI3aHO C TeM,
9TO C YBEIMUCHHUEM JHaMeTpa AepeBa Kopa OnmKe K KOMITIO CTAHOBHUTCS CHIIb-
Hee M3pe3aHHOH, YTO MpPEeIOCTaBIACT IATiIaM OONbIIe BO3MOXXHOCTEH Ui 3a-
KPEIUICHHUS MATIECOAePKaIIuX 00bEKTOB.

Opuenmayus. B ApXaHTelbCcKkOW 00JaCTH OpHEHTAIUs OmpeaeicHa JUIs
18 xy3nui (puc. 8). 3aMmeTHO TpeoOiiagad BOCTOYHBIE pymMObI — NO-SO
(n =11,61%). B omHOM citydae oTMedeHa BEpXHsII OPHCHTAINS Ky3HHIIBI — OHA
pacrornaraiach Ha IIOBaJICHHOM CTBOINIE aepeBa. B CTaBpomonbCckoM Kpae opu-
EHTaIWs ompezeieHa i 35 Ky3HMII, Mpeodiianana rokHas opueHrtanus (SO—
SW) (n = 25,71%), B omHOM CITy4ae TaKKe OTMEUeHa BEpXHssl opreHTanus. [1o-
CKOJIBKY OOJNBIIMHCTBO Ky3HHII OBLITM €CTECTBEHHOT'O MPOUCXOKACHUS, MOKHO
moJyiarath, 4to bI1/l BeIOMpay He MX OPHEHTAIHIO, a Y)KE UMEIOIIHECs YI00OHbIC
MecTa JUIS pa3MEIICHHUS.
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Puc. 5. 3aBucuMocCTh BBICOTHI pacnonoxeHus Ky3uul Dendrocopos major

OT BBICOTHI JiepeBa. CTaBpOMOIBCKUIA Kpait

[Fig. 5. The dependence of the height of the location of the Dendrocopos major anvils

on the height of the tree. Stavropol Region]

7 -
TS r=-0,38, n=34, p <0,05
61 ¢
5 - ¢ '3
* § .
4 - 2 2
¢ o ¢
3 . °
2 - '3 P
2 2
1 P $ § .
P 2 2
o T T T T ‘ 1
0 0,2 0,4 0,6 0,8 1

[namveTtp cTBONa Aepesa, M

Puc. 6. 3aBuCHMMOCTB BBICOTHI pacroioxeHust Ky3Hui bITJ]
0T JraMeTpa cTBonia aAepeBa. CTaBpOMONbCKUN Kpai
[Fig. 6. The dependence of the height of the location of the GSW anvils
on the diameter of the tree trunk. Stavropol Region]
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Puc. 7. Opuenranus ky3uun BI1J] B Apxanrensckoii odnactu (ceep)
u B CTaBpoIoiabCKoM kpae (1or)
[Fig. 7. Orientation of GSW anvils in the Arkhangelsk region (North)
and in the Stavropol Region (South)]

3. Huwecoodeprcawiue 06vekmpl: 6U0060€ pA3ZHOOOpA3Ue, YUCTO,
«cmeuwiannvley Ky3Huyovl. B ApxaHrenbckoil obiactd moj KysHunamu BITJ]
(n = 36) obHapyxeHo 1639 mumieKk TOA JAEPEBbSIMH 3 BHUJIOB XBOHHBIX
JIEPEBHEB, IPEUMYIIIECTBEHHO — O] €JTbI0 (pHC. 8).

NnuctBeHHULa;

CocHa; 149; 9% 17: 7%

Enb; 1373; 84%

Puc. 8. CooTHolleHue mUIeK XBOMHBIX AepeBbeB Mo Ky3Huuamu bI1/]
B ApXaHresbCKoit obmacTi
[Fig. 9. The ratio of conifer cones under the anvils of GSW in the Arkhangelsk region]

B cpennem mon omHO# Ky3HUICH HacuuThIBaK 46128 (lim 1-506, SD = 85,
n =36, p < 0,05) mumek. [To nanaeiM A.A. MHOo3em1ieBa [19], B MockoBcKoi
00JTacT K KOHILy 3UMBI T0J] HEKOTOPbIMH Ky3HuIamu BITJ] Haxomwmm mo 3—
S5Teic. 00pabGoTaHHBIX InWIIeK. IIWIIKKA JIMCTBEHHWIBI BCTPEYCHBI I1OJ
2 ky3aunamu (110 u 1 mumika), mmnmka cocHbl — oA 11 xy3aunamu (14+13,
lim 1-86, SD = 25, p = 0,08), MmenmuaHa = 7 ¥ MIMIIKA €K — 1OX 36 Ky3HHALIAMH
(38424, lim 1-310, SD = 56, p = 0,01) (%18 mst p < 0,05), menuana = 20.
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Puc. 9. [Mumeconepxarue 00bexTsl B Ky3uuuax bI1JI, CtaBpononbekuii kpait
(doro JI.B. ManoBuuko): a — rpenkuii opex B Ky3uuiie, 28.04.2009 r.,
N3obunbHeHckuil paiioH; 6 — oOpaboTaHHbIe IpelKie opexu mox Ky3uuei, 03.10.2015 r.,
AneKcaHIpOBCKHIA palioH; 6 — FPELKHe OpexH B Ky3Hulle Ha mHe, 09.10.2018,
CTenHOBCKUI paiioH; 2 — okl abpukoca B Ky3uuie, 01.06.2019, M300unbHeHCKHI paiioH;
0 — KocTouka abpukoca B Ky3uuie, 20.11. 2010, MunepanoBoackuii paiioH;
€ — KOCTOYKHU CIUBHI B Ky3Hu1e, 05.08.2010, [lInakoBckuii paiton
[Fig. 9. Food-containing objects in GSW anvils, Stavropol region (photo by L.V. Malovichko):
a —walnut in the anvil, 28.04.2009, Izobilensky district; 6 — processed walnuts under the anvil,
03.10.2015, Alexandrovsky district; 6 — walnuts in the anvil on a stump, 09.10.2018, Stepnovsky district;
2 —apricot fruits in the anvil, 01.06.2019, Izobilensky district; 0 — apricot seed in the anvil, 20.11. 2010,
Mineralovodsky district; e — plum pits in the anvil. 05.08.2010. Shpakovsky district]

B Craspomonsckom kpae mox Ky3aunamu BI1JL (n = 36) o0HapyxeHBI mHmie-
coliepxairue o0ObEKThI U MX (parMeHThI, IpuHaIeKamme 10 BuIaM pacTeHui
(cMm. Tabm. 3). I'perkuit opex obHapyxeH moxn 18 ky3uumamu (50% mo BcTpeua-
€MOCTH), KOCTOUKH a0prKocoB — mmox 9 (25%). B cpemneM mop Ky3HHMIEH HAXO-
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ok 72435 mumecoaepxkamux oobekToB (lim 5-350; SD = 80,91; n = 36;
p=0,01), Mmequana = 42.

Pacnipoctpanennsiii B CTaBpOITONIECKOM Kpae TOBU/L pineforum, B OTINIHAE
0T HOMHHATHBHOTO TIOJIBUIA major, AMeeT OoJiee IIMHHBINA U Y3KUi KIIIOB, XO-
pOIIO PUCTIOCOOIEHHBIN TS POJAIOIMBAHUS OTBEPCTUH B MPOYHOU CKOPITY-
e KOCTOYKOBBIX TUTIOIOB (aOpUKOC, CIIMBA) M OpeXOB (TPELKOro opexa U MUHJIa-
ns1). Hampumep, TonmmmHa CKOpIyIbl KOCTOYKK adpukoca 1,74+0,11 mm (lim
1,4-2,0, SD = 0,20, n =37, p = 0,001), mennana = 1,8. 13 Tabxn. 3 BUIAHO, YTO B
Crasporonbckom kpae BIIJ] mpenmounTtanu KOPMHUTHCS IUIOAAMH TPEIKOTO
opexa, abpukoca 1 cIuBHI (puc. 9).

B cymme na nx momto mpuxomutcst 79+1,5%. «HecoBnanenue» ducna Kys-
HUII, YKa3aHHBIX B TIEPBOM CTOJNOIE, C CYMMapHBIM YHCIOM Ky3HHI[ B 2—
10 cTonbmax oOBACHICTCSA TEM, YTO IO HEKOTOPHIMU M3 HUX OBLIO HAWMIIEHO IO
2 BHJa MHUIIECONCPKAIINX O0BEKTOB.

IMo1HOTA U3BJIEYEHHS CEMAH U3 IIUIIEK (M0 APXaHTeJbCKOi 00J1acTH)

Oo6pabotka BITJ] muimek pa3auidHBIX BUJOB XBOMHBIX Ha Ky3HHIAX OKa3a-
JIach HEOJAMHAKOBO 3 ¢exTruBHON. Hampumep, 1o oJHONW W3 Ky3HHII HaWJICHO
506 mumrek, u3 310 mumek enm ObuTH 0OpaboTanbl 305 (98+1,5%), uz 110
IIUIIEK JINCTBEHHHIBI — 83 (76£8%), m3 86 MmUIIeK COCHBI — TOJNBKO 15
(17£8%). CaMbIMH TPYIHBIMHU (HEYJTOOHBIMH) JIJIsi 0OPaOOTKH OKA3aJIUCh ITHIII-
KH COCHBI, @ CAMBIMH JIETKIMH — IIUIIKA €JIH.

Hexoropsie aepebs ¢ ky3aumnamu BI1J] ucmonp3oBanuch Takxke KIEeCTaMu U
oenkamu (Tabin. 4). HesicHo, OBUTH JIM MIMIIKK B 3TUX CIyYasX COpBaHBI U 0Opa-
OOTaHBI HA TOM € JEpEeBe, Tl PACIONOKEHa Ky3HHIA, MM UMEIa MECTO BTO-
pudHas oOpaboTKa MIUIeK, oOpoHeHHBIX BIIJ] Wil HeTOMCIIONB30BaHHBIX UM
Ha Ky3Humax. [log omHo# u3 Ky3Hui, rae momumo BIIJ[ kopMmmimich KinecToi-
€JIOBUKH, 0OOHapykeHo 150 mmmek enu, u3 Kotopsix 30 (67+14%) O6bumm 0Opa-
6otansl xirectamu, 15 (33+14%) — BI1J, 105 (70+6%) ocranuce HeoOpaboTaH-
HBIMH.

Taonuma 4 [Table 4]
CooTHolIeHNe MMIIEK €U, 00padoTanubIX Dendrocopos major, Loxia curvirostra
M Sciurus vulgaris o1 Ky3HULAMU
[The ratio of spruce cones treated with Dendrocopos major,
Loxia curvirostra and Sciurus vulgaris under the anvils]

Bun Yucno 00paboTaHHBIX HIMIIEK €JIU U3 PA3THYHBIX Ky3HHIL HUroro
Zz;frmwpm 97 (56%) | 17 (27%) | 15(33%) | 100 (67%) | 15 (33%) | 244 (51%)
Loxia curvirostra] 50 (29%) | 5(8%) | 30(67%) | 50 (33%) | 30 (67%) | 165 (35%)
Sciurus vulgaris | 25 (15%) | 40 (65%) 0 0 0 65 (14%)
Vtoro 172 (100%)| 62 (100%) | 45 (100%) [150 (100%)] 45 (100%) [474 (100%)

3akaoueHue

B Apxanrensckoit ooacti BITJ] ncnonb3yroT Ky3HHUIIBI B TCUCHHUE OIpeJie-
NEHHOTO OTPaHHYEHHOTO Ce30Ha (HOSOpb—MapT), MPUXOIAIIETOCsS Ha TIEPHOJ
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MacCOBOTO CO3PEBAHMS HINIIEK XBOWHBIX JEPEBBEB (€JIb, JINCTBEHHMIIA M COC-
Ha), B TO BpeMs Kak B CTaBpOIIOIBECKOM Kpae JATIIBI KOPMATCS Ha Ky3HHIIAX B
TedeHne Kpyrioro roma. CymecTBeHHBIE pa3lNdys BBISABICHBI B OPHCHTALIUH
Ky3HUIl. B ApXaHTrelbckoi obnacth mpeobmanmana BocrouHas (NO-SO,
61£22%), a B CraBporoinbckoMm kpae — rokHas (SO—SW, 71+15%). Beissien-
HBIC Pa3NHYUs B BBHICOTE PACHOIOKEHHUS Ky3HHI[ CTATHCTHUCCKA HE3HAUMMEI.
B o6oux pernonax BITJ] mpeamodnTanu ycTpanBaTh Ky3HHIIBI OJMKE K KOMITIO
NIEPEeBBEB, TNI€ M3PE3aHHOCTH KOPHI 3HAYMTEIHHO BBIIIC M TEM CaMbIM OOJbIe
YIOOHBIX MECT TSl MX pa3MenicHus. B ApXaHTelnbCKold 00JIacTH Ha JIONI0 «HU3-
KHX» Ky3HHI] (BBICOTOM 70 2 M BKIFOUHTEIHHO) NMpHILIoch 69+15%, B CraBpo-
nonse — 50+16%. B nenom cpaBHuTenbHbIN aHanu3 KysHul BIIJ[ Ha ceBepe
(ApxaHrenbckas obyiacth) U rore (CTaBpormoNbCKUi Kpail) eBpoIeicKoi yacTu
Poccnm mokaszan 3HauMTENBEHO OONiee BBICOKOE pazHOOOpasne KakK HCIIOb3ye-
MBIX TTOJT Ky3HUIIBI BHJIOB JIepeBbeB (3 U 12, COOTBETCTBEHHO), TaKk U 00pabaThI-
BaeMBIX MUIIecofepkamux o0bekToB (3 u 10, coorBeTcTBeHHO) B CTaBpOITOIh-
ckoM Kpae. IlomyueHHbIe pe3yIbTaThl OKa3aluCh BIIOIHE OXHIACMBIMU BCICI-
CTBUE 3HAYUTEIHHO 00Jiee BBICOKOT'O BHIOBOTO Pa3sHOOOpas3us ACHIPO(IIOPHI
fora eBporeickor yactu Poccrun mo cpaBHEHHIO € €€ CEBEPOM.
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Summary. We have performed laboratory experiments to determine the impact of
earthworms (exotic Eisenia ventripapillata and peregrine Aporrectodea caliginosa)
on the water-soluble forms of ammonium, potassium, sodium, magnesium, calcium in
Calcic Chernozem, Greyic Phaeozem, and Haplic Chernozem, which are widespread
in the south of Western Siberia. The differences between the impacts made by the two
above-mentioned species have been estimated according to the changes they make in
the initial cation concentrations in soil. For E. ventripapillata, the obtained evidence
regarding the influence of this species on soil characteristics is first-ever data. We
found that E. ventripapillata and A. caliginosa changed the content of all cations in
the soils under this study, but the nature of these changes varied from one soil type to
another. In contrast to A. caliginosa, E. ventripapillata reliably increased the content
of potassium and calcium ions in Calcic Chernozem. In comparison with the
A. caliginosa influence, the E. ventripapillata variants reliably differed in the content
of ammonium, potassium, and sodium ions in Greyic Phacozem. In Haplic
Chernozem, the ammonium, magnesium, and sodium ions content in the E.
ventripapillata variants was reliably lower than in the 4. caliginosa variants. Thus, the
observed difference between native and exotic species in the effects on the content of
available cations can trigger changes in the mineral nutrition of plants growing in the
examined soils.
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IlepBble JaHHBIE O BIAUSIHUM IK30THYECKOT 0
Eisenia ventripapillata (Oligochaeta, Lumbricidae)
HA KATHOHHBIN cocTaB no4B 3anaguoii Cudupu
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AHHOTanus. B 1a6opaTopHOM 3KCHIEPUMEHTE HCCIIEI0BAHO BIUSHHE JOXACBBIX
4yepBeil: 3k3otuueckoro Eisenia ventripapillata w tneperpunHoro Aporrectodea
caliginosa Ha BOJIOPacTBOpPUMbIE ()OPMBI AMMOHUSL, KAJIUsl, HATPUS, MArHUS, KaJbLUs
B Calcic Chernozem, Greyic Phaeozem u Haplic Chernozem, pacrnpocTpaHeHHbIX Ha
tore 3amagnoii Cubupu. Pasnudust Bo BIMSHHM MEXAy BHAaMH OLCHHBAJIOCH Ha
OCHOBAaHMM HW3MEHEHHS MMM HAuYaJbHbIX KOHLEHTPAlMi KaTHOHOB B mouse. Jlis
E. ventripapillata nony4eHHble JaHHbIE O BO3JCHCTBMM BHAA HA XapaKTEPUCTHKH
MO4BbI TPUBOJITCS BIEPBbIC. YcTaHOBIEHO, uto E. ventripapillata w A. caliginosa
U3MEHSIN COCPIKAHUE BCEX KaTHOHOB B UCCIENYEMbIX 104BaX. [Ipu 3TOM B KaXKI0M
TUIE MMOYB M3MEHeHus Hocwiu creipduueckuii xapakrep. B Calcic Chernozem
E. ventripapillata 1OCTOBEpHO yBENMYMBAJ COACPKAHUE HOHOB KM U KaJbLMs B
otnnuue ot A. caliginosa. B Greyic Phaeozem Bapuantel ¢ E. ventripapillata
JIOCTOBEPHO OTJIMYAIIKCh I10 COJEPIKAHUIO MOHOB aMMOHMUS, Kanus 1 Hatpus. B Haplic
Chernozem coiepaHWe aMMOHMs, MarHus M Kalblus B BapHaHTax ¢
E. ventripapillata 6b1710 1OCTOBEpHO HIKE, YeM B BapuaHtax ¢ A. caliginosa. Takum
obpasom, HaOIIOAaeMas pa3HULA MEX/Y EPErPUHHBIM U 3K30THYECKUM BHIAMH BO
BJIMSIHUM HA COJEPXKaHHUE DOCTYIHBIX KATHOHOB MOXXET CIIPOBOLIMPOBATH M3MEHEHHS
B MUHEpaJIbHOM IIMTAHUH PACTEHHUI, IPOU3PACTAIOIIMX HA UCCIIE0OBAHHBIX 104YBaX.

KiroueBble ciioBa: JOXKIEBbIE YEPBHM, OIK30THUECKHE BUIbI, Eisenia
ventripapillata, KaTHOHBI TOYBbI, JaOOPATOPHbIE MHUKPOKOCMbI, KaMHJUISPHBIN
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Introduction

The Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES) identified five major global drivers of
environmental change. One such factor is invasive species [1]. Invasive plant,
insect, and vertebrate invasions into terrestrial ecosystems are thoroughly
studied [2]. At the same time, soil invasions are invisible and hard to detect, so
these processes are less highlighted in the relevant literature on the subject.
Nonetheless, these invasions result in ecosystem shifts that are as serious as
those caused by terrestrial invasions [3-4]. Earthworm invasions are a striking
example of this process [5].

Changes in climatic conditions [6], including soil temperature rise [7],
facilitate the range expansion of earthworm species [3, 8-9] and enhance the
intensity of exotic earthworm species’ invasions of new territories [9].

It has been reported that the increase of the average winter temperatures
allowed earthworms of the genus Amynthas to expand their range into new areas
[6, 9]. The appearance of exotic Lumbricus terrestris Linnaeus, 1758 in
Romania is also considered to be related to climatic changes [10]. Likewise, the
soil temperature rise is common in Russia [11]; Western Siberia is characterized
as a region of accelerated warming [12]. For example, the soil freezing depth
has decreased by 40 cm in the south of Western Siberia [13, 14]. This factor also
contributed to the changes in the earthworm species composition in the area.
According to Vsevolodova-Perel’s data [15], ten species and two subspecies of
Lumbricidae are distributed in the lowland territory of Western Siberia. The
most recent survey, however, [13] lists 18 species and 4 subspecies for the same
area. Earthworms are classified as ecosystem engineering organisms because
they modify soil system functioning [16]. This impact can be both direct and
indirect [17]. One effect caused by earthworms is shifting the chemical
composition of the soil. The knowledge of this effect is important from several
perspectives, especially when earthworms invade new territories, and their
effects on soil differ from the impact made by the native earthworm species
inhabiting the area.

The invasions of endogeic earthworms can most drastically modify soil
chemical composition [18-19], nutrient redistribution [20], and the availability
of nutrients (Ca, K, Mg, Na, NH,) for plants [21-22] as earthworms ingest and
transform a large amount of soil [23]. The exotic endogeic Pontoscolex
corethrurus (Miiller, 1857) changed the Mg, Ca, K, NH4 content and pH in
Colombian soils compared to the endogeic earthworms already inhabiting the
area [24]. In addition, the exotic endogeic Aporrectodea caliginosa (Savigny,
1826) and Octolasion lacteum Orley, 1881 changed the ammonium content and
pH in New Zealand soils, whereas the native species did not [25]. The directions
of change caused by exotic species invasions in both cases depended on the soil
type [24-25].

A. caliginosa is one of the most common endogeic earthworm species in the
south of Western Siberia. At present, this species is widely distributed in the
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natural habitats throughout Omsk Oblast [13], in the southern taiga of Tyumen
Oblast [26], and the forest-steppe of the Ob region [27]. The endogeic Eisenia
ventripapillata Perel 1985 was first recorded in Omsk Oblast in 2018. Its range
in Omsk Oblast is similar to that of 4. caliginosa, and in several habitats the two
species are found in sympatry [13, 14]. According to the Russian earthworm
checklist, this species has not been registered in the country yet [15].
E. ventripapillata was registered in the Rudny Altai Mts, East Kazakhstan [28],
and it was considered endemic to that area. Currently, no relevant publications
describing the biology, ecology, and environmental impact of E. ventripapillata
are available.

The impact of E. ventripapillata on the availability of soil cations can differ
from that of 4. caliginosa. The ground for such assumption is the outcomes of
invasions of exotic endogeic earthworms in Colombia [24] and New Zealand
[25], where soils had already been inhabited by endogeic earthworms before the
invasions. As a result, the nutrient availability changes can give a competitive
advantage to certain plant species [20] and reduce plant species diversity in
communities [4].

This research aims to investigate the changes in the availability of cations
(NH,", K', Na", Mg*, Ca®") in three soil types of Western Siberia colonized by
E. ventripapillata and to perform a comparative study of the impact of the exotic
E. ventripapillata and peregrine A. caliginosa on the availability of soil cations.

Materials and methods

Two endogeic earthworm species were used in the experiment: exotic E.
ventripapillata and peregrine 4. caliginosa. Mature individuals were collected in
the vicinity of Chernoluchie village located in Omsk District, Omsk Oblast
(55°16'33" N, E 73°02'35" E). Three soil types were used in the study: Calcic
Chernozem (Cal) (Sand 20%; clay 34%; silt 27%; humus 6.0%; pH 7.52; NH,"
0.33 mg/kg; K+ 4.55 mg/kg; Na+ 88.8 mg/kg; Mg® 8.84 mg/kg, Ca®" 39.3
mg/kg), Greyic Phaeozem (Gre) (Sand 11%; clay 61%; silt 17%; humus 3.5%;
pH 6.03; NH," 3.9 mg/kg; K™ 41.9 mg/kg; Na" 4.48 mg/kg; Mg 4.35 mg/kg,
Ca”" 26.2 mg/kg), Haplic Chernozem (Hap) (Sand 18%; clay 44%; silt 18%;
humus 5.2%; pH 6.86; NH," 1.07 mg/kg; K 17.2 mg/kg; Na* 8.63 mg/kg; Mg®"
8.63 mg/kg, Ca®" 47.8 mg/kg). The sampling sites for the above-mentioned soil
types were as follows: Hap — the research field station of the Omsk Ecological
Station of Young Naturalists, Omsk City (54°58'50" N, 73°18'10" E); Cal — the
OmSPU research field station, Omsk (55°02'38" N, 73°22'52" E); Gre — the
vicinity of Chernoluchie village, Omsk District, Omsk Oblast (55°16'33" N,
73°02'35" E). The soil was dried and sifted using a 4-mm mesh sieve to remove
macrofauna.

Two-liter plastic containers with perforated lids were employed for the
experiment. Each container was filled with 1.6 liters of soil. Leaf litter of
Populus tremula L., 1753 dry leaves weighing 8.00+0,05 g was placed on the
soil surface for the approximation to natural conditions. Five individuals of a
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single earthworm species were placed into each container. The average earthworm
biomass in the microcosms was 4.10+0.20 g/vessel for A. caliginosa and
3.99+0.26 g/vessel for E. ventripapillata. Before the start of the experiment, the
earthworms were kept for two days in the containers with the same soil which was
added to the microcosms. Microcosms without earthworm treatment were used as
the control. Nine experiment variants were performed; five replicates of each
variant were analyzed. All microcosms were kept in constant climate chambers at
12°C. The soil moisture content was maintained at 40% with deionized water. In
90 days, the soil samples were taken and dried at 60 °C.

The NH,', K', Na', Mg2+, Ca*" content in the soil samples was determined
with a capillary electrophoresis system “Capel 104T” (Lumex Instruments,
Russia). The preparation of soil samples and aqueous soil extracts, the analysis
of cation content were conducted following the Lumex Method M 03-08-2011
standardized technique. The conditions for conducting the analysis were as
follows: a capillary with an effective length of 60 cm and a diameter of 75 pum;
sample injection by a pressure of 30 mbarxsec; electric power: 25kW;
temperature: 20 °C; photometric detector wavelength: 254 nm. The leading
electrolyte for cations contained benzimidazole, tartaric acid, and 18-crown-6.
The pH values of the aqueous extracts were measured using an “ANION-4100”
pH-meter (SPE Infraspak-Analit, Russia) with an “ESK-10301" glass
combination electrode (soil to water ratio was 1:5, ISO 10390). The
experimental data were processed with the Chrom&Spec software for Windows.

All data were converted using the natural logarithm response ratio (LnRR)
where LnRR (variable) = In (coprolite property / control soil property). LnRR
<0 implies a negative effect of earthworms on nutrient availability in each soil
type, whereas LnRR> 0 implies their positive impact on nutrient availability.
The normality of the data was evaluated by applying the Shapiro-Wilk test with
Statistica 13.0 (StatSoft Inc., United States). The principal component analysis
(PCA) was performed using the PAST 4.05 statistical software package [29]
with a matrix of 45 samples and 6 variables. This method permits visualizing the
data of a smaller set of variables, but at the same time, it retains maximum
information from the original set of variables. The PCA results were presented
as two-dimensional plots using the first two principal components with higher
data variability. A two-factor ANOVA was employed to evaluate the effect of
earthworms and the initial soil characteristics on the changes to cation
availability. The reliability of the influence exerted by earthworms on the shifts
in cation availability in comparison with LnRR = 0 and the differences in the
effects caused by the species in each soil type was checked using Student’s
t-test. ANOVA and t-test were performed utilizing the Statistica 13.0 software
package (StatSoft Inc., United States).

Results and discussion

Changes in the chemical composition of soil driven by exotic earthworms are
registered in various regions of the world [18-19, 25]. This is a threat to the
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stability of ecosystem functioning [9, 25]. In Russia, this problem remains
underexplored, though it is reliably known that exotic earthworm species [30]
are presented in Western Siberia [31], the European part of Russia [8], and in the
Kamchatka Peninsula [32].

According to the results of this research, E. ventripapillata is able to change
the availability of cations in all three studied soil types. This species lowered the
soil pH and the content of accessible ammonium, potassium, and sodium in most
soils, as well as magnesium in Gre. However, an increase in potassium and
calcium accessibility was identified in Cal. Additionally, an increase in sodium
availability was observed in Hap. The nature of the changes in cation
availability depended on the soil type (Fig. 1).
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Fig. 1. Box-plot of the intensity of earthworm species effects (LnRR = Ln (variant / control)
on the soil cation composition. The comparisons within the earthworm species are
in lower-case letters. The variants with different letters are reliably dissimilar (p < 0.05).
The dashed line represents the zero impact of earthworms (LnRR = 0). The significant
variation from 0 was verified with a one-sample t-test, and it is indicated with asterisks
(«W»: p <0.05; «**»: p <0.01; «***»: p <0.001). Cal - Calcic Chernozem,
Gre - Greyic Phaeozem, Hap - Haplic Chernozem.

The PCA shows that E. ventripapillata and A. caliginosa modified the soil
composition differently. The nature of these changes depended on the soil type
for all cations (Fig. 2). Axis 1 explains 62.4% of the total inertia. This axis is
positively correlated with NH," (r=0.92), K" (r=0.95) and, to a lesser extent,
with Mg®" (1=0.40) and Ca*" (r=0.28). It is also negatively correlated with pH
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(r=-0.93). Axis 2 explains 29.6% of the total inertia. It is positively correlated
with Na™ (1=0.99), Mg®" (1=0.72), and Ca®" (r=0.65), but it is negatively
correlated with K* (1=0.27).
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Fig. 2. PCA biplot of five different soil cations and pH. The factorial planes
and the corresponding correlation vectors (superimposed on the plane) of the
two earthworm species’ influence on the changes in the soil cation composition
were explored using the PCA method. Cal - Calcic Chernozem,

Gre - Greyic Phaeozem, Hap - Haplic Chernozem.

According to the multivariate ANOVA (Table), the soil type factor affected
changes in all cations (p<0.001), and the earthworm species influenced the
concentration change of K (p<0.01). The factor interaction was associated with
changes in NH4", K, Mg*", Ca*" (p<0.001). Our results correspond to the
conclusions drawn by other researchers stating that both soil type and the
original content of elements determine the processes related to elemental soil
composition changes caused by earthworms [21, 33]. This holds true for exotic
endogeic A. caliginosa and O. lacteum in New Zealand [25] as the nature of
their impact on the cation content also depends on the properties of soil.

ANOVA for each soil type (Fig. 1) demonstrates that the impact of the exotic
E. ventripapillata on the water-soluble NH,", K*, Mg*", Ca®" content differed
from the effects caused by A. caliginosa (p<0.05) in most soils. The difference
in the change of the Na" availability was only in Gre (p<0.05).
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Multivariate ANOVA for testing the influence of the factors
on the changes in the ion composition of three soil types with the LnRR index

NH," Na" K Mg™ Ca”" pH

Species 4.03 9.3]%* 2.09 1.02 1.73 0.74
Soil 220.00%** [ 422 70%** [ 180.20%** | 18.00%*** | 20.60%*** |533 60%**

TypexSpecies | 10.80%** | 31.80%** | 245 [ 11.70%** | 35.78*** | 1.40

Note. «*»:p <0.05; «**»: p <0.01; «***»: p <0.001.

The specific biological features of earthworm species can explain the
observed differences in the Ca®, Mg®" content, and pH in the soil. Calcium
slowly returns to the soil in a form available to plants [34]. Earthworms
contribute to an increase in the availability of calcium ions by producing
calcium carbonate granules [34-35]. It is a species-specific process [36], which
explain the difference in the changes of the Ca®" content in the soil caused by
E. ventripapillata and A. caliginosa in our research. The change in the
magnesium content shows a pattern similar to calcium because earthworms’ gut
can be the major route for the release of these cations [37].

In our study, the soil pH after earthworm treatment differed from the pH of
the original soil (Figure 1), but there is no significant difference between
E. ventripapillata and A. caliginosa. Calcium carbonate production by
earthworms can account for the pH increase in Gre (4. caliginosa p<0.05) which
was less alkaline than the other soil types. E. ventripapillata and A. caliginosa
decreased the soil pH in Cal and Hap (p<0.001) due to the activation of the
nitrification process which leads to the release of protons [38]. Earthworm-
driven pH decrease is rarely observed [33]; more often, earthworms contribute
to soil alkalinization [39].

There is an evidence that earthworms stimulate the development of several
functional groups of soil bacteria, including Proteobacteria, Actinobacteria,
Firmicutes n Acidobacteria [40]. Consequently, it is correct to assume that the
change in the availability of nutrients is related to the metabolic activity of
bacteria and not the direct impact of earthworms [40-41]. Several authors note
that the soil K" n Na" content is formed by microbial processes, including those
occurring in earthworm gut [42]. In this research, the change in the K content
caused by E. ventripapillata differed from the effects produced by 4. caliginosa
(p<0.001) (Fig. 1). It can be explained by the specific features of the earthworm
gut microflora and the soil aggregation process because they actively modify the
microbial composition of soil and depend on the earthworm species identity [43-
44]. Tt is also known that the availability of K decreases when pH increases and
vice versa [45], which was also confirmed by our data (Fig. 1). The availability
of Na" also negatively correlates with the pH value [45]. However, our study did
not reveal such dependence. Supposedly, the impact of microbiota is more
significant, and it forms the species specificity (Fig. 2) [46]. At the same time,
the increase in the water-soluble Na" form in the Hap soil (p<0.001) coincides
with the data obtained by Wu [37] while studying the P. corethrurus impact on
soil.
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It is reported that a rise in the NH, content is associated with earthworm
presence due to the increased mineralization of organic nitrogen [47]. In our
study, earthworms either didn’t change the NH, content (Fig. 1), which
conforms to the results obtained by Bohlen & Edwards [48] or decreased the
NH," content due to bacterial oxidation. The difference between A. caliginosa
and E. ventripapillata (Fig. 1, 2) confirms the previously revealed dependence
of soil nitrogen dynamics on the earthworm species [41]. This can be related to
the species-specific difference of the gut bacterial composition and the
earthworms casts responsible for nitrogen transformation [49].

Conclusions

The effects of E. ventripapillata mainly contribute to the lower availability of
the water-soluble forms of ammonium, potassium, and sodium in soils. The
content of available water-soluble cation forms in the soil after
E. ventripapillata treatment differs from the impact made by 4. caliginosa; the
nature of these dissimilarities depends on soil characteristics. The potential
replacement of 4. caliginosa, a species that is widespread in Western Siberia, by
the exotic E. ventripapillata species can cause a shift in the content of water-
soluble K', Na“, Mg2+, Ca* u NH,' in soils.

As the soil environment characteristics are much more diverse under natural
condition than in laboratory settings, to fully understand the changes in nutrient
availability related to E. ventripapillata invasion, it is necessary to carry out
field research using various soil types and consider not only specific earthworm
species but also earthworm communities.
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AnHorauus. [lpencraBneHbl JaHHble 00 aKKyMYJIHPYIOIIEH CIOCOOHOCTH
IMAPOOMOHTOB W B3BEILCHHOIO BEIIECTBA HA OCHOBE COBPEMEHHBIX YpPOBHEH
KOHIIGHTPAIIMI AHTPOIOrEHHBIX PaIHOM30TONOB MIyToHHs - ***Pu B rHAPOGHOHTAX,
BoAe M B3BelleHHOM BerectBe B CeBacromonbekoit Oyxte (UepHoe mope). Bpuin
UCCIIEZIOBAaHbl IPEJICTABUTENM MHOTOKJIETOYHBIX OYpbIX M 3€JIEHBIX BOLOPOCIEH,
JIBYCTBOPYATBIX MOJUIIOCKOB, JEMEpCalbHbIX M MENaru4eckux pel0o, KpaboB
300I1aHKTOHa M3 mnoxkiacca Copepoda. YCTaHOBIICHO, YTO BCE M3YYCHHbBIE BHJIbI
UMEIOT JJOCTATOYHO BBICOKYIO aKKyMYJIHMPYIOILYIO CIIOCOOHOCT B OTHOLICHHH
239+240py; | KONMUYECTBEHHO XAPAKTEPH3YIOILyIocs Kodddummentamu Hakormenns (Kyy).
HawuGonbieir akkyMyIUpyIOIIeii CIOCOOHOCTBIO CPEIU MCCISTOBAHHBIX KOMIIOHEHT
3KOCHCTeMBI oOmamaer B3pemrenHoe Bemectso (Ky 2°2*Pu — n-10%), a cpemn
U3YYCHHbIX T'MAPOOMOHTOB —  JBYCTBOpYATbIE  MOJUIIOCKM,  MHOIOJICTHHE
MHOTOK/IETOYHbIE Oypble BOIOPOCIH, Tenarndeckue xuiubie poiosr (Ky 2°2°Pu —
n-10%). Jlns npencraBuTeneil pehepeHTHBIX TPYMI MOPCKMX OPraHH3MOB Da3HBIX
TpoUUYECKUX YPOBHEH NPOBEINEHbI pacyeThl H030BBIX HArpy3oK, CO3aBAaeMBIX
2928py  Ha OCHOBE IMONYUEHHBIX PE3YNBTATOB M MH(MOPMALMHE M3 0a3 IAHHBIX
nporpammHoro komiuiekca ERICA Assessment Tool 2.0. Kpurudeckumu 3BeHbsIMU
Tpodudeckoit Henu B 3kocucTreMe CeBacTONONbCKOW OyXThI MO JJO30BBIM Harpy3kam
onpeseseHbl Ul 3BeHa NEPBUYHBIX IPOJIYLEHTOB: (DUTOIUIAHKTOH U MHOIOJICTHHE
Oypble BOIOPOCIH, JUIsi KOHCYMEHTOB | mopsiika — JBYCTBOpYATbIE MOJUIIOCKH, JUIS
KoHCyMeHTOB Il mopsiika — rmesiaruueckue XUIHbIe PhIObL.

KuroueBble ciioBa: pajyion30TOIBI IUIYTOHUS, TUIPOOHOHTHI, CeBacTonoIbCKas
OyxTa, K03 (HUIMEHTHI HAKOIJICHUSI, 1030BbIe HATPY3KU
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Summary. The accumulation ability of marine ecosystems biotic and abiotic
components is one of the water masses self-purification mechanisms. Hydrobionts and
suspended matter accumulate anthropogenic substances from the water, thereby
contributing to its self-purification. It is important to study the quantitative
characteristics of this process in order to assess the ecological state of aquatic
ecosystems and a possible impact of anthropogenic substances on marine organisms
and ensure their protection. Anthropogenic substances entering the water systems
include technogenic radionuclides. Among them, the plutonium radioisotopes
29°240py occupy a special place. Being long-lived alpha-emitting radioisotopes,
294240py are especially dangerous if they enter inside the organism. Therefore, it is
required to assess hydrobionts accumulation ability in relation to these radioisotopes,
and the dose loads that they create on marine biota. This study was carried out in
Sevastopol Bay of the Black Sea which was subjected to pollution by anthropogenic
radionuclides and is currently serving as a model object for studying the redistribution
of 2%*2*%py in marine coastal ecosystems.

This work was aimed to assess the accumulation ability of hydrobionts and
suspended matter in relation to plutonium and the dose loads created by %*****°Pu on
marine organisms, representatives of different trophic levels, based on determining
the 2*"2%°Py activity concentration in the components of the bay ecosystem.
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Representatives of multicellular brown and green algae, bivalves, demersal and
pelagic fish, crabs and zooplankton of the subclass Copepoda were studied. The
#39:290py activity concentration in the ecosystem components was determined by
standard radiochemical methods and alpha-spectrometry. The accumulation ability of
hydrobionts and suspended matter in relation to *****°Pu was estimated by the
concentration factors (Cy). The dose loads on marine biota were calculated using the
ERICA Assessment Tool 2.0 software package.

It was found that suspended matter has the highest accumulation ability among the
studied components (Cy *****°Pu — n-10%), as well as bivalve mollusks, perennial
multicellular brown algae and pelagic predatory fish among the studied hydrobionts
(C¢P7"*%Pyu — n-10%). It is concluded that the processes of plutonium redistribution in
the bay lead to its deposition in the bottom sediments and long-term biotic
components of the bay. At the same time, *****°Pu are not removed from the
ecosystem and, under certain conditions, they can enter the water as secondary
pollution. The critical links of the trophic chain in the bay ecosystem according to the
dose loads are determined for the link of primary producers: phytoplankton and
perennial brown algae, for consumers of the first order — bivalve mollusks, for
consumers of the second order — pelagic predatory fish.

The paper contains 5 Figures, 1 Tables, and 48 References.

Keywords: plutonium radioisotopes, hydrobionts, Sevastopol Bay, concentration
factors, dose loads
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BBenenne

Kak usBectHo, B yuenun B.U. BepHanckoro o 6uochepe ropopurcs, 4to
JKMBOE BEIIECTBO B MPOIIECCE CBOCH JKU3HEACITEIILHOCTH BOCCO3MaeT CBOIO Cpe-
ny oburtanus. BomHas cpega — ocHOBHas cpena OOWTaHHS THIAPOOHOHTOB, W
MOIEpKaHNE IKOJIOTHUECKH ITPUEMIIEMOTO €€ COCTaBa OYeHb BayKHO IS CYIIIE-
CTBOBaHMS M Pa3BUTHS BOTHBIX OpraHn3MoB. OIHUM M3 MEXaHH3MOB CaMOOYH-
IIEHWST BOMHBIX MacC OT TEXHOTEHHBIX BEIIECTB, MOCTYIAMONIMX B PE3yJIbTaTe
AHTPOIIOr€HHOM AESTEILHOCTH B BOMOEMBI, CIIYKUT aKKyMYyJIMPYIOIIAs CIoco0-
HOCTh OMOTHYECKUX M aOMOTHYECKMX KOMITOHEHT BOAHOW 3KOCHCTEMBI. [ Hapo-
OMOHTHI U B3BELIEHHOE BEIIECTBO, HAKAIUIMBAS TEXHOICHHBIE BEIECTBA U3 BOJ-
HOH Cpelpl, TEM CaMbIM CIIOCOOCTBYIOT €€ camooduIineHuio. [loaroMy 3HaHHE
KOJIMYECTBEHHBIX XapaKTEPUCTHK ITOTO IPOIECCca BAKHO KaK JJIs OLEHKH KO-
JIOTHYECKOTO COCTOSHISI BOIHOM CPEbl, TAK M OLIEHKH BO3MOXKHOTO OMOJIOTHYe-
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CKOTO BO3JICHCTBUS TEXHOT€HHBIX BEIIECTB HA THAPOOMOHTHI ISl 00CCIIeY CHHSI
3aMIUIICHHOCTH OMOTHI OT aHTPOIIOTEHHOH HATPY3KH.

K gmciry TeXHOT€HHBIX BEIIECTB OTHOCSITCS, B YaCTHOCTH, aHTPOIIOTeHHBIE pa-
nuonykiuael [1, 2]. Panee mpoBeneHHBIE HCCIETOBAHUS IO aKKyMYJIHPOBAHUIO
PaIMOHYKIHIOB PAa3IMYHBIMI BHIAMH YEPHOMOPCKHX THAPOOMOHTOB ITOKA3aIH,
9TO OHO TPOMCXOMUT B PE3YNIbTAaTe IBYX IMPOLECCOB: MOCTYILICHHUS IHIIEBBIM
ITyTeM, a TakKe, B 3HAUNTEIFHON CTEIICHH, Yepe3 BHEITHHE TOKPOBHI THAPOOHOH-
TOB B Pe3yJIbTaTe MHHEPAILHOI'O OOMEHa ¢ BHENIHEH cpenoit [2, 3]. DTo mpuBo-
IWT K (pOPMHUPOBAHHIO OMPENETICHHOTO YPOBHS KOHIICHTPALINH PaJIHOHYKIIHIOB B
THAPOOMOHTAX B 3aBHCHMOCTH OT aKKyMYJIHPYIOIMIEH CHOCOOHOCTH OpraHM3Ma.
[Ipu >TOM I pa3NTMYHBIX TAKCOHOMHUYECKUX TPYI THAPOOHMOHTOB aKKyMYIH-
pytomas crtocoOHOCTh B OTHOIICHWH pPa3HBIX TEXHOT'CHHBIX PaJHOHYKIHAOB OT-
gaack [2, 4, 5]. Ocoboe MecTo Cpelld TEXHOTCHHBIX PaIMOM30TOIIOB 3aHUMAFOT
9py u **pu, TIepHOpI TIONTypacmaga KOTopbix coctaBisitoT 24 400 u 6 620 mer
COOTBETCTBEHHO, YTO XapaKTEpHU3yeT WX KaK JOITOBPEMEHHYIO COCTABIIIOIIYIO
pammanonHoro ¢akropa B okpyxarorier cpeze [1]. OObEKTOM HaIUX UCCIIEN0-
BaHMiT GBI PAIHON30TOIBI TUTYTOHHS ~ - 'PU, ITHPOKOE MCIIOIb30BAHHE KOTO-
PBIX B SIIEPHBIX TEXHOJNOTHSIX U MX PaIHOIIOTHIECKIE CBOMCTBA OMPEACIIIIOT U HX
Ba)KHOE PaJMOdKOJIOTNIECKOE 3HAUCHUE B BOITHBIX YKOCHCTEMAX.

OKCHepuMEeHTaIbHBIE PA0OTHI MO0 M3YyYCHUIO aKKyMYJIHPYIOMIEH CIOCOOHO-
CTH THIPOOMOHTOB B OTHOIICHWH TUTYTOHHS ObLTH HayaThl B 1960-1970 rr.
Tak, B pe3ynbTaTe SKCIEPHMEHTATBHBIX UCCICIOBAaHIA KWHETHKH TUTYTOHUS B
OpraHM3Max KPEeBETOK, MPOBEICHHBIX B MexIyHapoaHOU Jabopatopun MoHa-
KO, OBUIO YCTaHOBJEHO, 4To Kod(¢ummeHThl HakoreHus (Ky) cocramisroT
(0,9-4,1)-10°. TIpi 3TOM Takxke GBUIO MOKa3aHO, 4T0 30—60% HAKOILICHHOTO
TUTYTOHHUSI MOKET 3aTEM IepepacipeaeiaThCs H3 OpraHu3Ma KpEeBETKA B PE3yiIb-
TaTe JIMHBKH ¥ cOpachIBaHMs MaHIUpPS [7]. OHU U3 MEePBBIX HATYPHBIX JaHHBIX
0 HAaKOIUICHWH IUTyTOHHS B THAPOOMOHTaX MPECHOBOAHBIX IKOCHCTEM OBLIH
MOTyYeHB B PE3YNbTaTe PaIdO’KOIOTMYECKUX HCCICHOBAHUH IICNH TIPYHOB-
OTCTOMHUKOB B paiioHe saepHoro meHtpa ®mat-Pok (CIIA), Ha KOTOpOM B
1950-¢ IT. B CpeiHeM exeroHo mnepepadaTsiBazocsk Gonee 2 000 kr > Pu. Beum
ouenensl Ky “’Pu mist duromnankrona (n-10°), Bogopocieit (n-10%) u 300-
mrankrona (n°10°) [8]. Buauane 1970-X IT. GbUIM BBIIONHEHBl KOMIUICKCHBIC
WCCIIEIOBAaHMUS TIepepactpeieNieHusI Paaion30TONOB TUTyTOHNsT B MpmaHackom
Mope. YCTaHOBJIEHO, YTO HAaMOOJBIINE BETHIHHBI Ky IUTyTOHMSI cpeny ncciemno-
BaHHBIX BHJOB OWOTHI OBLIM XapaKTEpHBI Ul KPacHBIX Bopopocieit Porphyra
sp. (n°10%), xBycTBOpUaTHIX MOMIIOCKOB Mytilus edulis (2-10%) 1 GPHOXOHOTHX
MOILTIOCKOB Littorina littorea (2-10%) [9]. Takoke 6bl1a OLEHEHA aKKyMyJIHPYIO-
1ast CHOCOOHOCTh B OTHOIICHNH TUTYTOHUS JUIS OMHUX M3 OCHOBHBIX MTPOMBICIIO-
BBIX BHJIOB PHIO JTAHHOTO PErvMOHa — aTIAHTHYECKOro Jococs Salmo salar n
MOpcKoit kambansl Pleuronectes platessa. Bbino ycTaHOBICHO, UTO IJIS1 JaHHBIX
3BeHbEB Tpoduueckoil menu Ky turyroHwst Obti Ha 2-3 TOpsSIKa BEIHYUH
MEHBIIE, YeM JJIsI BOOOPOCICH M MOJUTIOCKOB. Tak, IJIs J10COCs, OOMTAIOMIETO B
nenarnanu, Ky mimyToHust coctaBun 1-10°, a wis kamGaisl, BEIyIIEH MpeuMy-
MIECTBEHHO MPUOHHBIH 00pa3 )KU3HU, — 3° 10" [9].
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B nanmpHeiimem ucciieoBaHUs aKKyMYJIHPYOIIEH CITIOCOOHOCTH MPECHOBO/I-
HBIX U MOPCKUX THIPOOMOHTOB B OTHOIICHHH PaHOM30TOIOB ILTYTOHUS OBLIH
MPUYPOUEHBI K aKBATOPHSIM, KOTOPBIE IOABEPIIINCH PAIHOAKTHBHOMY 3arpsi3He-
HHIO B pe3yNbTaTe UCIbITaHWH siaepHoro opyxwus [10, 11], aBapuit Ha ADC [2,
12], cOpocoB paanoakTHBHBIX OTX070B [13, 14, 41], 3aXOpoHEHHS SACPHBIX
o0bexToB [15].

[Nomumo ompenencHusT aKKyMYIHPYIOMEH CIIOCOOHOCTH THAPOOHOHTOB B OT-
HOIIEHUH PaIFiOM30TOMNOB TUTyTOHMS, MHTEPEC BBI3BIBACT OIICHKA JIO30BBIX HArpy-
30K OT HX HOHM3HPYIOLIEr0 H3TydeH s Ha THAPOOHOHTSL. Paonsoromsr = Py —
alb(ha-M3ITyJarolme, ¢ BEICOKOW DHEpruei anb(a-4acTHll, YTo JellaeT UX 0co00
OITAaCHBIMU TIPH TTOTIAJIAHAN BHYTpPh opranu3Ma [2]. s anbda-gacTuil uX BICOKas
OTHOCHTEJIBHAS Oronormdeckast 3(pQGEeKTHBHOCTh BBIPAXKACTCA Yepe3 B3BEIIMBAIO-
i Ko QUIMEHT u3TydeHus (W Ko3(QOUIMEHT KavyecTBa HOHWU3HPYIOIIETO
n3ydeHus) — Wr. B pagnanmonHoi ruruere s anbga-usmydeHus Wy = 20 [6].
Takke pekOMEHIIOBaHO TS ab(da-u3aydeHus: mpuMeHsaTh Wy = 20 1 1j1s1 OHOTBI
[16, 17]. B Hamieli craThe MCIIONB30BaHA peKOMEHOBaHHast BenmmanHa Wy = 20 mpu
pacderax ITO30BBIX HArpy30K Ha THIpOOMOHTHL. Ho HEOOXOAMMO OTMETHTBH, YTO
HUMEIOTCSI PEe3YIIBTaThl SKCIIEPIMEHTANBHBIX HCCIEOBAaHMN, B KOTOPBIX 3HAYCHHUE
‘WR IIpEBHIIIANIO pEKOMEHIOBaHHOE 3HaUeHHe. TaK, aHAIN3 MEKITYHAPOIHBIX apXu-
BOB PaIMOOMOIOTHYECKUX JIAHHBIX O paJIHallMOHHBIX dPQeKTax y OHOTHI TIpH pas-
HBIX MOIIHOCTSX JO3bI XPOHMYECKOTO OONydeHHMs anb(a-M3IydaTeSsIMi TTOKa3all,
YTO OTHOCUTENBHAs Ouonornueckas 3QeKTHBHOCTD, B YaCTHOCTH, JIS PaJMON30-
TOIOB TUTYTOHHSI, MOXKET OBITh BbIIIe 1 W MOXKET cocTaBsATh S0 exunuit [18]. Oto
TOBOPHT O BBEICOKOH PaIiOTOKCHYHOCTH PAIOM30TOIOB ILTYTOHHS M HEOOXOIUMO-
CTH JaNbHEHINEro M3yUeH!s] ATOr0 BOMPOCA. YUUTHIBAs BHICOKYIO PaJMOIIOrHYe-

2394230
CKYIO OIaCHOCTh Pu, BaskHO HCCIIEIOBATH MTPOLIECCHI €T0 Mepepacipe/IeeHuUsI

B BOIIOEME, BKIIIOYAsS aKKyMYJHpOBaHHE (HAKOTUICHHE) 2391240py MOPCKHAMH Opra-
HU3MaMH, ¥ TIPOBOJWTH OIICHKY CO37[aBA€MbIX MMH JIO30BBIX HArpy30K Ha THIPO-
OWOHTBHI JIs pEICHUS 3a/1a9 TIPHKJIaTHOW THAPOOHOIIOTHH TI0 0OECIIEUSHHUTO 3KOJIO-
THYECKOH 0e30MacHOCTH THIPOOHOHTOB.

He Tombko ruapoOHOHTHI, HO W B3BEIICHHOE BEIIECTBO aKKyMYJIHPYET pa-
JMOW30TOMNBI TIyTOHUs. Kak M3BECTHO, HAXOMSACh B BOJHOM TOIIIIE, PaTHON30-
TOITBI TUTYTOHHSI MOTYT B BBICOKOM CTEIIEHU COPOMPOBATHLCS B3BEIICHHBIM BEllle-
ctBoM [19], u B3BeCh, ocemast M3 TOJIIN BOA B JIOHHBIC OTIIOKCHHS, TEM CaMbIM
BBIHOCHT PaJMOM30TONBI IUNIYTOHUS M CIIOCOOCTBYET CAMOOYHIICHUIO BOJHOW
cpensl ot HUX [20, 21].

B YepHoM Mope, moaBeprHyBIIEMCS 3HAYNTEIIEHOMY TOCTYIIJICHHIO TEXHO-
TCHHBIX PAJHOHYKIHIOB [1], WMCCIIeOBaHUS PaJMOM30TONOB TUTYTOHHUS OBLTH
COCPEIOTOUCHBI, B OCHOBHOM, B 3allaJIHOM W CEBEPO-3aIrafHON TITyOOKOBOIHOM
4acTH MOpS, a JUIsl MPHOPEIKHBIX 30H BBITIOMHSUIMCH ATMU30AWYESCKH 110 OTICIh-
HBIM acrekTam [2, 5, 20, 22]. B To ke BpeMs MpuOpeKHbIE MOPCKHE DKOCHUCTE-
MBI, TaKUE KaK IMOJTy3aKPhIThIe OyXTHI C OOJNBIIUM YICTBHBIM BOIOCOOPOM, MO-
TYT CIY’)KUTh CBOETO POJia HAKOMHUTEJIEM TEXHOTCHHBIX BENICCTB U MOJICIIEHBIM
00BEKTOM JIJISI KOMILIEKCHOTO HM3y4YeHHS IPOIECCOB TepepachpenesicHus pa-
JTMOW30TOIOB IJIYTOHUS B OMOTHYECKHUX KOMITOHCHTAX.
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beperosas nmuans KpeiMckoro momyocTpoBa XxapakTepru3yeTcsl 3SHaUNTETHON
W3pE3aHHOCTHI0 W HaJWdueM MHOKecTBa OyxT. B pamkax Hamiero mcciemoBa-
HUs Oblna BeIOpaHa CeBacTOmoNbeKast OyxTa, MMUPOKO HCIONb3yeMasi B XO035H-
CTBEHHBIX M TYPHCTHIECKO-PEKPEAITIOHHBIX IEIISIX W OTHOCSIIASCS K aKBAaTOPH-
SIM TIOBBITIIEHHOT'O KOJIOTUYECKOTo prcka [21, 23-25].

Takum 00pa3oM, Ielb0 Hamiel padoThl ObLIA OICHKA aKKyMYJIHPYROIIEH
CIOCOOHOCTH THAPOOMOHTOB M B3BEHICHHOI'O BEUICCTBA B OTHOIIEHUH ILIYTO-
HWSI, 2 TAKKE PACUET JO30BBIX HATPY3OK, CO3IABAEMBIX  ° 'Pu, HA MOPCKHE
OpraHU3MBI — IIPEICTABUTEIHN PAa3HBIX TPOPHUECKUX YPOBHEH Ha OCHOBE OIpe-
JeNICHUs yOeIbHOW aKTUBHOCTH #929py p kommoHeHTax MOPCKOH 3KOCHUCTEMBI
CeBacTomnoabCKOM OYXTHI.

MarepuaJibl 1 METOAMKH HCCIEA0BAHMUS

[Ipo6s1 Bombl U THapoOHOHTOB oTOMpasich B 2018-2021 rr. B Bonemioit Ce-
BaCTOITOJILCKOM OyxTe (3a MCKIIFoUeHHEeM e€ FOJKHOW YacTh — OyxThl FOxHast) B
Tpex palioHax-OOKcax, a TakKe B OTKPBITOM YacTH MOpS Ha BHEIIHEM peiie
OyxTslI (puc. 1). Takoe neneHre akBAaTOPUH OYXThI HA OOKCHI OBLIO BBIMIOJIHEHO
Ha OCHOBAaHUH HCCIEIOBAHUN THAPOIOTO-THAPOXUMUIECKIX H MOP(HOMETpHUe-
CKUX XapaKTEPUCTUK OYXTHI, TAE OBUIO MMOKAa3aHO, YTO KaXKIBIH BBIIACICHHBIH
palioH OTIIMYAETCs B paMKaxX W3yYeHHBIX MapaMeTpoB [26].

44,63°N
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Puc. 1. Kapra-cxema CeBacTonoiabCckoi OyXThl CO CTaHIUAMK 0TOOpa Mpod
[Fig. 1. Scheme map of Sevastopol Bay with sampling stations]

o 239+240 o
I[JUI ONpECaACICHUA YIACIbHOU AKTHBHOCTH Pu B ITOBEPXHOCTHOU BOAC

11po6bI 0GbeMoM 1 M’ OTGHPaTH ¢ MATOMEPHOrO HAYYHOrO Cy/IHA B [BE ILIACTH-
KOBBIE EMKOCTH 00BbeMoM 0,5 M kaxaas. OToop mpod BoBI OOIBIIOr0 00beMa
OCYIIECTBIISIICS C MCIIOIh30BaHNUEM [IEHTPOOESKHOTO Hacoca, OCHANICHHOTO TITa-
CTHUKOBBIMHU TPYOaMH.

Kak u3BecTHO, IITyTOHUH — COPOIIMOHHO-aKTHBHBIN 3JIEMEHT, CBS3bIBAsICH C
JUTOTCHHBIM B3BEIICHHBIM BEIIECTBOM, OH IEPEPACIIPENEISICTCS B COCTaBE OCa-
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JOYHOTO BEIIECTBA B JIOHHBIC OTIIOKCHHS B PE3yIbTAaTe CEOUMEHTAIMOHHBIX
MPOLIECCOB, MPHBOAAMIMX K OCAAKOHAKOIUIeHH0. ClemoBaTeNbHO, ILTYyTOHHIMA
MOCTYIAET B TOHHBIC OTIIOKCHHS B BHUJIE aOMOTCHHOTO MTOTOKA €r0 Mepepacipe-
JICTICHUS U3 BOIHOW TOJIIIH B OCaikH. B TO ke Bpemsi 0Opa3oBaHHE TIEPBUYHOMN
MPONYKIHNH (DUTOIUIAHKTOHOM M OMOMACCHl Pa3HBIX TPYII IDIAHKTOHA B TIO-
BEPXHOCTHOM CJIO€ BOJ (hOpMHPYET OMOTCHHYIO B3BECh B PE3YIIbTATE KHU3HEC-
STENFHOCTH M OTMHPAHHS IUIAHKTOHHBIX OPraHW3MOB, aKKyMYJIHPYIOIINX pa-
IMOM30TONBI TUTYTOHUS, W MOCTYIUICHHSI OMOT€HHOT0 MOTOKA IUTYTOHHS ¢ Ono-
TCHHBIM OCaJIOYHBIM MaTepHAIOM B JIOHHBIC oiiokeHus [20]. Takum o6pazom,
KaK JINTOTEHHOE, TaK W OMOTEHHOE B3BEIIEHHOE BEUIECTBO UTPAET BAXKHYIO POIIb
B TIpoIIecCe TIepepacipeaeieHus IUyTOHUS B BOMHOM akocucTeme. [loatomy B
Hamield paboTe HCCIeIoBaIMCh TPOOBI  OOIIEro B3BEIICHHOTO BEIIECTBA.
Ha BHemHeM peiie CeBacTomoNbCKONH OYXThI ObUTM OTOOpaHBI W MPOaHAIU3H-
POBAHBI Ha ONPEJETCHNE >~ "Pu IPOGHI B3BEIICHHOIO BEIIECTBA BO BCE CE30-
HbI roga. O6beM po6 COCTABISLT 4—8 M BOJBL, B3BECh H3 KOTOPBIX OT(UIBTPO-
BBIBAJI Ha TIOJMITPOIMIICHOBBIN (DHIIBTP-KapTPHIK ¢ TruameTpoM mop 0,45 MKM.
@OuUIBTPEI CO B3BECHIO 030JBUIH B MYy(ENFHON MEUN CO CTYNEHYATHIM ITOIHEMOM
temriepaTypsl 10 500 °C, 1 mony4eHHYIO 30,1y MTOABEPralH PaIdOXUMAYECKOMY
aHaym3y. Macca 30bHOT0 OCTaTKa Ompenensercs 00beMoM OT(HIBTPOBAHHON
BOJIBI U KOHIICHTpalHMeld B3BecH B Hed. B Hacrosimieil pabore Macca 30J5HOTO
ocTaTKa OT CXKHUTaHUs (GUIBTPOB BapbHpoBasiack oT 2 10 12 1. B kaxkelii U3 ye-
TBIPEX CE30HOB T0Jia B OOKcax OyXThl M Ha BHEIIHEM peiizie oTOMpaiu MmpoObl
MTOBEPXHOCTHOM BOJBI 0ObeMoM 10 J1 [utst onmpeneneHusl KOJUYeCcTBa B3BEIICH-
HOTO BEIIECTBAa B TOBEPXHOCTHOM cjioe BoX. [IpoOnl Bomsl (puiapTpoBamu Ha
MPEABAPUTENIFHO B3BEUICHHBIE MeMOpaHHBIE (UIBTPBI C OUAMETPOM IIOp
0,45 mxM. KomrdecTBo coOpaHHOTO B3BEIICHHOTO BEIIECTBA ONMPENEIISIIH BECO-
BEIM METOJIOM II0 pazHUIE Macc QIILTPOB, JOBENCHHBIX 10 TIOCTOSIHHOT'O Beca
nipu Temnepatype 60 °C 10 u mociie GUIbTpay.

B cBs3u ¢ Tem, 9TO MOpCKas OMOTa XapaKTepH3yeTCss OTPOMHBIM BHIOBBIM
pa3HooOpa3ueM, OlEeHKa PaAuaIliOHHOTO BO3ACHCTBUS Ha KaXKIBIH BUI OMOTHI
MPaKTHIECKH HeBO3MOHA. [109TOMY B Hacrosiiee BpeMsi METOJOJIOTHS paIia-
[IMOHHOW 3aIUTHI OKPYKAIOMIEH CPeIbl Kak B MEXIYHAPOAHON, TaK M B OTeUe-
CTBCHHOW NpPaKTHKE OMUpPAaeTCs Ha aHAJM3 CPaBHUTEIBHO HEOONBIIOrO YHCIA
pedepeHTHBIX (TIpeAcTaBUTENBbHBIX) BUaoB [17, 27, 28]. Tlpu u3ydeHnn Mop-
CKHX JKOCHCTEM B KadecTBE pe()epeHTHHIX BHIOB THAPOOMOHTOB IUISI OIEHKH
paIuanoHHOTO BO3AEHCTBHS PEKOMEHIYETCS BBIOMPATh U3 CICAYIOMNX TPy
THAPOOHOHTOB: MaKPOBOJOPOCIIH, MOJUTIOCKH, paKOOOpa3HbIe, PhIObI Menarnye-
CKHe, PBIOBI MPHIOHHBIE, BOMOIUIABAONINE THIHI M BOIHBIC MIIEKOIHTAIOIIIE
[17, 27, 28].

B kauectBe pedepeHTHBIX BUAOB THIAPOOHOHTOB B CeBaCTOIONBLCKON OyxTe
ObUTH OTOOPAHBI NMPEACTABUTENN MaKPOBOIOPOCIIEH, MOJUTIOCKOB, TIETIATMIECKIX
W TPUAOHHBIX PbIO. KirtoueBbIM 3BEHOM MaKpOpUTOOEHTOCA OYXTBI SBISIOTCS
MHoOToNeTHHE Oypbie Bomopociu poxa Cystoseira, B IETHUH TEPHOI MIHPOKOE
pacmpocTpaHeHHE IONYYaloT ONHONETHHE 3€JCHBIE BOJOPOCITH  poia
Cladophora [29]. TlosToMy ObIT NPOM3BEACH OTOOP MPEICTABUTEICH 3TUX PO-
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noB, a uMeHHo: Bunwl Cystoseira barbata (C. Agardh, 1820) u Cladophora
laetevirens (Kiitzing, 1843). Cpenn MomttockoB CeBacTOMOIBCKOH OyXTHI 0CO-
ObIif HHTEpeC BHI3BIBAET M3YUCHHE JBYCTBOPUATHIX MOJUIIOCKOB-(IIETPATOPOB,
B YaCTHOCTH, MpeICTaBuTeNned Munuii Buna Mytilus galloprovincialis (Lamarck,
1819). D10 00YCIOBICHO TEM, YTO MHJIUH SIBIISIOTCS OJHUM W3 OCHOBHBIX OHO-
WHANKATOPHBIX BHIOB B CHITYy CBOCH CIIOCOOHOCTH HaKaIUIMBAThH 3aTrPS3HSIOLIIE
BEIIECTBA JIO BBICOKUX YPOBHEH M BECTH OCEIUTBIA 00pa3 KHU3HMU, a TAKXKE [IHPO-
KOH pacrnpocTpaHeHHOCTH B OyxTax CeBacTonoiIbCKoW MOpPCKOW akBaTopuu [30,
31]. Kpome toro, M. galloprovincialis ncnonb3yeTcss Kak OAWH U3 OCHOBHBIX
00BEKTOB XO3SHCTBEHHOTO (YCTPHUYHO-MUIUHHBIC (epMbI) U CTHXUIHOTO TIPO-
Mbicia B CeBacromoiibekoit Oyxte [32, 33]. B kadecTBe mpencraBuTeNned meia-
TUYECKUX XHWIIHBIX PBIO OBUM OTOOpaHBI ocobu Spicara maena (Linnaeus,
1758), a cpeau npuAOHHBIX — Scorpaena porcus (Linnaeus, 1758), Takxke sBs-
foIrecs: OMOMHANKATOPHBIMU BHIAaMK Juisi CeBacTONONBCKOW MOPCKOH aKBaTo-
pun [34]. CortacHO peKOMeHIAIusIM Uit oToopa Tpod pedepeHTHHIX BHUJIOB
Macca TipoOsI peIO cocTaBisuia He MeHee 1,5 kr, moyuttockoB — 100 1, Makpodu-
toB 0,5-1 kr. Bce mpoObl Muanii OTOMpanuch Ha KOJJICKTOpPaX B aKBaTOPUH
BHemtHero peiiga CeBacTONMONBCKOW OYXTHI M ObLIM UG PEpeHITNPOBAHBI 110
MOy U pa3Mepy CTBOPOK.

OTt60p mpobd duto- m 3001UTaHKTOHA B CEBACTOMONBCKOH OyXTe (CpemHss
rryOuHa KOTOpOW cocraBiser 12,5 M) He NMPOBOAWIN BBUAY HEOOXOIMMOCTH
JUISL TIOJYYEHHs JIOCTOBEPHOTO Pe3y/bTaTa aHalk3a Ha COAepkKaHHe - Pu
OoJbIIoN Macchl TaHHBIX opraHu3MoB (0,5—1 kr). [ToaToMy OBIITH HCITONB30Ba-
HBI Pe3yJIbTaThl paHee BBHITIOIHEHHBIX HCCIIENOBAHUH, COTJIACHO KOTOPHIM OBbIIa
YCTaHOBJIEHA BBICOKAsI aKKyMYJIHPYIOIIAsl CIIOCOOHOCTh MOPCKUX TUTAHKTOHHBIX
OpPraHM3MOB B OTHOIICHHH IUTyTOHUS [35-37]. B yka3anHbsIX pabotax u coriac-
HO 0000IIATONTNM JTaHHBIM PAIHOdKOJIOTHISCKAX UCCIEeIOBaHMI MexXIyHapo-
HOT'0 areHTCTBa 1o aToMHOM sHeprun (MAT'ATD) [1, 4], ObuTO OMpeaeeHO BhI-
cokoe 3HaueHHe KOO(DMUIMEHTA HAKOILICHHS - ° 'Pu  ()UTOILIAHKTOHOM
(n°10%), KOTOpOE GBLIO UCIIOIB30BAHO B JAHHOI paboTe.

B aBrycre—centsaope 2018 . B xone 103-ro peiica HUC «IIpodeccop Bo-
JSTHUITKAH» OBUT OCYIIECTBICH OTOOP MPOO 300TUIAHKTOHA — MPEICTaBUTENCH
noakiiacca Copepoda (BecnoHorue pakooopasHsie). OT6op mpod ObLT BBITOIN-
HeH ceThio boropoBa—Pacca (mumamerp 80 cm, pasmep suen 500 MKM) Ha
10 cTaHIuMsAX BIOJbL FOXKHOTO To0epexbs KppiMckoro momyoctposa. Ob6naBim-
Banu cioit Boxel 0—50 M. B pesynbTare Bec MHTErpadbHOW MPOOBI 300TUIAHK-
TOHa cocTaBuia 654,4 T, 3TOr0 OBIJIO JIOCTATOYHO YIS MIPOBEIACHUS PaTdiOXUMHU-
YeCKOro aHalu3a ¥ JaNbHEHIIEr0o ONpeAeieHHs YAENbHOW aKTHBHOCTH
#397240py B 300mIAHKTOHE.

Bce ipo0ObI THIPOOHOHTOR TIOCIIE OTOOPA TIIATEIBHO MPOMBIBATIH MOPCKOM
BOIIOH, TOOWBASCH MOTHOTO OTACIEHUS OT HAJMIIIINX YAaCTHI[ TOHHBIX OTIOXKE-
HUH 1 oOpacTaHuii. 3aTeM MpoOBI BBICYIIMBAIY B CyIIMIbHOM mKkady mpu 80 °C
JI0 TIOCTOSIHHOM CYXOH Macchl M 030J5UTM B MY(EJIbHOM MEeYH CO CTYIEHYATHIM
nogbeMoM TemrepaTypsl A0 550 °C. Jlns paanoXruMHYecKOro aHaIn3a UCTIONb-
30BaJIM HaBeCcKH 30116l Maccoit or 10 go 20 r.
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Pagnoxmmuyecknii ananu3 mpo® BOMBI, B3BEHICHHOT'O BEIIECTBA W THIPO-
OMOHTOB MPOBOAMIIN IO CTAHJAPTHOW MHOTI'OCTyIeHYaTod Meroauke [22, 38].
Jns KOHTPOJII XUMHYECKOTO BBIXOAA HCIOIB30BAIN CTAaHNAPTHEIA PaCTBOP
#2py, 10 Mbx KOTOPOT'0 BHOCHJIM B KXKIYIO ITPOOY IMepe. MPOBEICHUEM PaIo-
XAMUYECKOr0 aHamm3a. TOHKOCIOWHBIE CUeTHbIE 00pa3mpl s anbga-
CHEKTPOMETPUH MOATOTABIMBAIH ITyTEM JIEKTPOOCAKICHUS MTPO0 Ha CTaJIbHEIE
IIUCKH W3 HepkaBeromed cranmu. M3MmepeHus mpo0 TpOBOIIIA Ha anbda-
cniekTpoMeTpudeckoM Komimiekce ¢upMmbl «ORTECy (CILIA) B smaGopaTopuu
o0rreld pamuoskoornd MHCTUTYTa SKOJIOTHHU pacTeHHid 1 )UBOTHBIX YpO PAH
(r. EkatepunOypr). BpeMs u3MmepeHus] CUCTHBIX 00pasioB cocTaBisuio 10 cyr.
Cratuctryeckass oOpaboTKa TONYYSHHBIX Pe3ylIbTaTOB MPOBOAMIACH C ITOMO-
IIBI0 CTAHAAPTHBIX B PAAMOIKOJIOTHU M PAJHOMETPHH METOJOB, OIMINOKa H3Me-
peHHSI TIpUBECHA B BHJE OJHOTO CTAaHAAPTHOTO OTKIOHEeHUs (= 1o) [39]. Pe-
3YIBTATHl OMPENEICHHs YICIbHON aKTUBHOCTH #9+240py TIPUBEICHBI B mBK-M™
U TIpo0® BOJBI, JUIS TIPOO THIPOOMOHTOB — B MBK-Kr ! CBIpOM MacChl U JIIs
Mpo0 B3BENICHHOTO BENIECTBA — B MBK-Kr ! cyxoi Macchl. MUHUMAJIBHO JIETEK-
tupyemas axtusHocTs (MJIA) cocraBimsuia 10° Bi-mpoGa '. s pasimdHbIX
BHJIOB THAPOOMOHTOB (pakTHUecKrue BeTHIHMHBEI MJIA ompenensioTcs CTENeHbl0
YCYIIKH MaTepHalia mpod U KodpUIMeHTaMu ero 030eHus. Tak, Iuisi HaBECKH
3011 B 20 T MJIA B 1ipo6ax Makpodutos cocrasisuia 0,5 MBK-Kr ' ChIpoil Mac-
CBbI, B Mpo0ax pbI0 u MOJTIOCKOB — 0,2 MBK'KI‘il, B3BEIICHHOI'0 BEIIECTBA —
10 mBx-xr . B mpobax Bozapl oobemMom 1 000 1 MJIA cocrarsina 0,1 MBK-M .

J7ist OIleHKH aKKyMyJTUPYIOUmed COCOOHOCTH THAPOOWOHTOB B OTHOLICHUU
TUTYTOHHUSI IPOBOMMIIA pacdeT KO PHUIMEHTOB HAKOIIICHHUS, KOTOPHIE MOKA3bI-
BalOT, BO CKOJIBKO Pa3 KOHIIEHTPAIIHS BEIIECTBA BEIIIE B KOMIOHEHTE KOCHCTE-
MBI [0 CpaBHEHHIO ¢ TakoBOM B Bojie [40]. 13BecTHO, UTO B 00JACTH MUKPOKOH-
LIEHTpaIHi (10712—1075 MonL-Jfl) KOHIIEHTpAIHsI XUMHYECKHX JIIEMEHTOB B
THIPOOHOHTAX MPSIMO MPONOPHHNOHANEHA HX KOHIICHTPAIMU B BOJIE, BCIICICTBHE
4yero K03 UIMEHTH HAKOIUICHUS OCTAFOTCS TOCTOSHHBIMU [40, 41]. B cBsizm ¢
STUM JIJIS BUJIOB, MPOOBI KOTOPBHIX HE ObLTH OTOOpaHBI B KOHKPETHOM OOKCE
GYXThI, YPOBEHb YICITBHOIN aKTHBHOCTH -~ PU OLCHUBAIICSK MCXOIS U3 YICIb-
HOW aKTHBHOCTH TUTYTOHHS B BOJIE 3TOI'0 OOKCa M yCpeIHEHHOr0 KO3 hHIIMEeHTa
HAKOIUICHU TUTYyTOHHSI STHMH BHIAMH B Ipyrux Ookcax OyxTel. Ha ocHOBe pac-
yera Kod(QHULUMEHTA HAKOILICHHS —° ~ 'PU 300ILIAHKTOHOM TIPHOPEXKHOM YaCTH
KpriMa Obla poBejieHa olleHKa yIeIbHOH aKTHBHOCTH 239+240py, JUTS 300IJIaHK-
ToHa CeBacTONONBCKOW OYXTHI, C YI€TOM TOTO, UYTO IPEACTABUTENN ITOIKIACCA
Copepoda sBNAIOTCSI OTHUM W3 KIIIOUEBBIX 3BCHBEB 300IUIAHKTOHA OYXTHI, IO-
cThras B 3UMHe-BeceHHHe Mecsibl 10 70-80% 1o yMclieHHOCTH W OmoMacce
[42]. Kpome Toro, Ha OCHOBE paHee MOIYYCHHBIX JAHHBIX MO aKKyMYJIHPOBa-
HUIO IUTYTOHUSI YePHOMOpPCKUMH Kpabamu Carcinus sp. OUESHUBAIH YACTEHYIO
aKTHBHOCTB > >*°Pu B HHX, xapakTepHyto 1711 CeBacTonoibCKOM OyXTHI [5].

MomHOCTh 10361 ISl U3YYCHHBIX BUAOB THAPOOHMOHTOB OLEHHUBAIH C HIC-
monb30BaHueM mporpammuoro komiiekca ERICA Assessment Tool 2.0 [43].
JlaHHBIN TTPOrpaMMHBIA KOMILIEKC TTO3BOJISIET PACCYMUTHIBATH MOIITHOCTH JI03 C
YYETOM B3BEIIHBAIOMIET0 Kod(duimeHTa n3nydenust (Wg) ¥ IPOBOJNUTH OLIEHKY
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paIuanuoHHOTO PUCKA ISl BOAHOW OMOTHI, OCHOBBIBAsCH HA (DYHKIHUSAX paclpe-
JeTICHUST BEPOATHOCTEH HCIONB3YeMBIX Ul pacdeTa mapaMeTpoB. Mcmombzo-
BaJICsS YPOBEHbH JETANN3AINU 3, Ha KOTOPOM HMEETCS] BO3SMOKHOCTh PEIaKTHPO-
BaHU OOJNBIIMHCTBA MMAPAMETPOB, KOTOPHIE OBLIH OMPEeNICHBI IO TOTyYeHHBIM
HaMH HATYPHBIM W DKCTPAIOIMPOBAHHBIM JAaHHBIM ISl OHOTEI B CeBacTOIONb-
cKoW OyXTe W HCIIONBh30BaHBI B pacuerax. Kpome Toro, ¢ moMomipio JaHHOTO
MPOrPaMMHOT0 KOMIUIEKCa €CTh BO3MOYKHOCTH OLICHKH J030BBIX HATPy30K UIS
TeX peepeHTHBIX TPYIIT OPraHU3MOB, MPOOBI KOTOPHIX He oTOMpanuch B CeBa-
CTOTOJILCKOM OyXTe: (PUTOIIAHKTOHA, paKOOOPa3HBIX, BOMOIIJIABAIOIIMX TITHII 1
BOIHBIX MIIEKOMUTAONMX. s 3TUX BUAOB HENOCTAIOIINE IaHHBIE OepyTcs
mporpaMMoii U3 apxuBa 0a3 JaHHBIX MO PaIHOIKOIOTHIECKAM MapaMeTpaM pa-
IVOHYKIIUAOB, JO3UMETPHUCCKHM XapaKTEPUCTUKAM H PagruoOHOIOTHICCKAM
a¢dexram y 6uothl [43]. [IpoBeneHHE OLIEHKH SKOJIOTHYECKOTO COCTOSHUS aK-
BaTOpUU MO pepepeHTHHIM BUAAM IPEACTABISIET COOOH MOIEIHHYIO OLEHKY C
pSAIOM YCIIOBUH, MOMYIICHUH, YIPOIIEHUA U Aa€T YCPEIHEHHYIO OIICHKY, SIBJIS-
SICh TIEPBOM CTYMEHBIO MHOTOCTYIIEHYATOTO ITOIX0/a K OIEHKE HKOJIOTHIECKON
CHUTyallidl B aKBaTOpWH. B ciydae oOHapyXeHUsI SKOIOTWIECCKH OMACHOTO JUIS
THAPOOMOHTOB COCTOSIHHS BOJOEMa CICIYIOIIAM IIaroM OyaeT HeoO0XOIuMO
MpOBOANTE OoJiee MONHBIE, KOHKPETU3WPOBAHHBIC OLEHKU ISl JeTaTH3aIliu
curyannu. [1pi 3TOM TOMKHBI OBITH YYTEHBI KOMUYECTBCHHBIC XapaKTEPUCTHKH
HCCIIETyeMOr0 BOJIOEMa, YCIIOBHS U (haKTOPHI, IEHCTBYIONINE B HEM, XapaKTepH-
CTHKH ero OMOTHI, a TaK)Ke NCTOYHUKH 3arps3HEHUS, UTO acT 0ojee TOUHYIO U
JIETATbHYIO OmeHKy cutyanuu [17]. Ompenenenre KOMMYECTBEHHBIX IMMapamMer-
POB TiepepactpeneneHus U GOPMHUPOBAHIS JTO30BBIX HATPY30K H SIBISIECTCS OJ-
HOU M3 3a7ad [EICHANPABICHHOTO PaIHOIKOIOTHIECKOr0 MOHHUTOPHHTA B BOJ-
HBIX SKOCHCTEMaX.

Pe3yabTarhl ncciiefoBanns U 00Cy:KIeHUe
Pe3ynbpTaThl onpeneneHus yaenbHON aKTHBHOCTH 239+240p BOZIE W THUJIPO-
OMOHTaX B pallOHAaX WCCIICIOBAHUS IMPEICTABICHBI Ha PHUC. 2, OHU CBHUJICTEIb-
CTBYIOT, YTO BEJIMYMHA YACITHHONH aKTHBHOCTH 291290py g Bome OyXTBI B IIEIIOM
COOTBETCTBYET CPEIHUM 3HAUYCHHUSIM, HAOIFOIaBIIMMCS B TOBEPXHOCTHBIX BOJIAX
Uepnoro mopst 3a mocneanne roasl [22]. Camast BEICOKAs yAeIbHAs aKTHBHOCTD
#397240py B Boze Gbina ompeneIeHa B GOKCe 3, B KOTOpBIil Briagaer peka UepHas,
BOJIBI KOTOPOH HECyT OOJIBIIIOE KOJMYECTBO B3BEIICHHOTO BeliecTBa. JlaHHBIN
paiioH OyXThl XapaKTepH3yeTcsl MaJbIMU TyonHamu (2—4 M), © BO3MOXHOE
B3MYYHBAHHE WJIMCTHIX JIOHHBIX OTJIOKEHHUH MOXKET NMPHUBOAWUTH K YBEIMYCHHIO
B3BEIICHHOI'O BEIIECTBA B MMOBEPXHOCTHOM CJIO€ BOJ, KOTOPOE, BEPOSTHO, BIIe-
4eT 3a COOOH yBenHYeHWE OOIIEro COIepKaHHUs PaIMOWU30TOINOB ITYTOHHS B
BOJIE.

DTO MpennookKeHNE MOATBEPKIACTCS HANIMMH JTAHHBIMU TI0 COICPKAHHIO
o011ero B3BEIICHHOT'O BellecTBa B akBaTOpur CeBacTOIONLCKOW OyXTHI B pas-
HbIe ce30HBI Tona (puc. 3). [lokazaHo, uro s Gokca 3 XapaKTepHBI HanOOJb-
IIMe BEJTMYMHBI COACPKAHMS B3BEIICHHOTO BEIIECTBA B IMTOBEPXHOCTHOM CIIOE

87



Okonozusa / Ecology

BOJI, OCOOCHHO BECHOM, B MEPUOJ YCHUJICHHOTO MOCTYILJICHHS B3BECH M3 BOZIO-
coopHoro OacceliHa pekn UepHas (puc. 3).
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Brewnuil peiio Boxe I [Box 1] FBoxc 2 [Box 2] Foxc 3 [Box 3]
[External part]
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Puc. 2. VenbHas aktuBHOCTh = >*°Pu B BOJE 1 MHAPOGHOHTAX W3 aKBATOPHI
BHEIIIHEro peiiia u 6okcoB CeBacTonoNbCKoi OyXThI (* — pacueTHbIe Pe3yibTaThl)
[Fig. 2. Activity concentration of **”**’Pu in water and hydrobionts from external part and boxes
of Sevastopol Bay (* - calculated results)]
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Puc. 3. KoHnieHTpanus B3BEILICHHOI'O BEIECTBA B IOBEPXHOCTHOM CJIO€ BOJ
Ha BHeIIHEeM peiizie u B 6okcax CeBacTOMONbCKOI OYXThI B pa3IM4HbIe CE30HBI TOa
[Fig. 3. Concentration of suspended matter in the surface water in the external part
and boxes of Sevastopol Bay in different seasons of the year]

o 239+240
I[aHHl)Ie 10 ONPEACIICHUIO YACIIbHOU aKTUBHOCTH Pu Bo B3BemeHHOM

BelIeCTBE MPEACTaBleHbl Ha puc. 4, a. [IpoOBl VIS KOJIMYECTBEHHOW OICHKH
KOHIICHTPAIIMY B3BEIICHHOTO BEIIECTBA B BOJIC B TAHHOW YaCcTH aKBATOPHUH IPO-
BOJIMJINCH CHHXPOHHO B JIeHh 0TOOpa Mpo0 I ONpeNeieHHs yIeTbHOW aKTHB-
HOCTH paJMOM30TOIOB TUTYTOHHS | MIPEICTABIICHBI Ha pHC. 4, b.
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Puc. 4. VyensHas akruBHOcTh = >*°Pu Bo B3BEIICHHOM BerecTse (a)
1 KOHLICHTpALMs B3BEIICHHOr O BerecTBa (b) B Bole Ha BHEIIIHEM peiife
CeBacTononbCKoii OyXThI B pa3HbIe CE30HBI rofia
[Fig. 4. Activity concentration of 2****°Pu in suspended matter () and concentration
of suspended matter (b) in water in the external part of Sevastopol Bay
in different seasons of the year]

[MomydeHHbIE pe3yabTaTH CBUAETEIHCTBYIOT 00 OTHOCHTEIFHO BEICOKOM CO-
nepkarud - >*Pu BO B3BEIIGHHOM BEIIECTBE B M3y4aeMOil 9aCTH aKBATOPHIL.
[Topsimok BenwuWH ynenbHOW aKTUBHOCTH 239+240p; Bo B3BEIIEHHOM BEIIECTBE
aHaJIOTWYCH paHee MONTYyYeHHBIM TaKOBBIM BelWInHaM st 0—5 cM ciost JOHHBIX
otnoxeHuid B CeBacToIoibCKoi oyxre [21].

HauGonpmie ypoBHU yIeNbHOW aKTHBHOCTH Pu cpemn uccnegoBan-
HBIX BHUJOB THIPOOMOHTOB oOmpeieicHbl B Muausax M. galloprovincialis
(cM. puc. 2). MOHOTOHHOH 3aBHCHMOCTH YpPOBHEH YAENbHOW aKTHBHOCTH OT
pasMepa ocobeil He BbIgBICHO. CpemHee 3HAYCHHE YIEIBHOH aKTUBHOCTH
#97240py Gputo BRI Y camok (6,4+1,5 MBK'kr '), uem y camuo (3,7+1,4
mBk-kr ).

[TonmyyeHHble MaHHBIE 00 YPOBHSX YACIHHOW aKTHBHOCTH Pu B BoOgE,
B3BEIICHHOM BEIIECTBE W THIPOOHMOHTaX CeBaCTOMOIBCKOM OYXTHI MO3BONMIH
OIICHUTH WX aKKyMYJIUPYIOIIYIO CITOCOOHOCTh B OTHONICHUH TUTYTOHHS (puc. 5).
HauGonpmue 3Ha4eHUs KO3(QQOUITUSHTOB HAKOIJICHHS XapaKTEepPHBI Ui B3Be-
IIEHHOTO BEIIECTBa, YTO €IIe pa3 IMOATBEP)KIAET BBHICOKYIO COPOIIMOHHYIO aK-

2394240

239+240
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TUBHOCTb PaIMOM30TOIOB IUTYTOHHS B YEPHOMOPCKHX JKOCHCTeMaX. MHorue
MOpPCKHE OpraHU3Mbl MOIJIOMA0T B3BELUICHHOE BEIIECTBO B MPOLECCe MUTAHMUS,
HaInpuMep PhIObI WM MOJUTFOCKH-(DUIBTpaTOphI, Takue Kak M. galloprovincialis.
B pesynbTaTe IPOMCXOXAT YCHICHHE ITOTOKA > > "PU 1O TPOGHYCCKAM LETsM
M ero HaKOIUIEHHWE O0WTATeNsIMH OYXThI JO YPOBHEW KOHIIEHTpAIMii, 3HA4H-
TENBHO NPEBBIMIAIINX TAKOBBIC B BOJIE.
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L‘m & = [phytoplankton]
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B E
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BeLIECTBO HPOTYLIEHTBI nopsaka nopsika
[Suspended [Primary [Consumers of I [Consumers of IT
matter] producers] order] order]

Puc. 5. Benuunna akkyMyJupyoIiei criocOOHOCTH B OTHOLLICHHHU IUTYTOHHS
UTSL TIPeICTABUTENCH Pa3HbIX 3BEHBEB TPOPUUESCKOM LIEH 1 B3BELICHHOIO BEIIECTBA
n3 CeBacTOIOIBCKOIH OYXThI
[Fig. 5. The value of accumulation ability in relation to plutonium for representatives
of different trophic chain links and suspended matter from Sevastopol Bay]

2394240 s
CaMble BBICOKHE KO3(DPHUIMEHTHI HAKOTIIICHUS Pu (n'10°) cpeam run-

POOMOHTOB XapaKTEPHBI JIJIsl (PUTOTUTAHKTOHA, OTHOCSAIIETOCS K TpodHuecKoMy
3BEHY MEPBUYHBIX MPOAYIEHTOB. [Ijis MakpoOHOHTOB B CeBacTOIONLCKOM OyX-
Te HauOOJbINAs aKKyMYJIMPYIOIIasi CIOCOOHOCTh B OTHOIIIEHWH PaJdOU30TOIOB
IIYTOHUS ¢ KO3(D(PUIIMEHTOM HAKOTUICHUS ~ n-10° oIpeJieNicHa y TpeJcTaBUTe-
JIeH pa3HBIX 3BEHBEB TPOPUYECKOH IICMH: JUTSl MEPBHYHBIX MPOIYIICHTOB — Y
MHOTOJICTHUX MHOTOKJIETOYHBIX Oypwix Bomopocied C. barbata;, nns KOHCY-
MeHTOB | mopsika — y IBYCTBOpYATBIX MOJUTFOCKOB M. galloprovincialis v nns
KoHCYMeHTOB 11 mopsiika — y menarndeckux XUIIHbIX peIO S. maena (puc. 5).

[TonmyueHHBIC BEeTHUNHBI KO3 PHUIIMEHTOB HAKOTUICHUS 23912490py; g enom co-
TJIACYIOTCSl ¢ 000O0MEHHBIMA BemMuHHAMA Ky, IPUBEICHHBIMH B MEKITyHAPO/I-
HbIX 0azax maHHBIX MATATD u oTedecTBEHHBIX PEKOMEHIATEIBHBIX JTOKYMEH-
tax: 4 000 mist makpoBomopocieit, 3 000 mist moymrockoB ¥ 100 st pei6 [17,
28, 44]. OgHAaKO OTMEYEHBI PErMOHAIBHBIE 0COOCHHOCTH B aKKyMYJHPYIOIICH
crocoOHOCTH THIPOONOHTOB CeBACTOMONBCKONW OYXTHI B OTHOIICHUH TITYTOHHS.
Taxk, s MHOTONETHUX OYpbIX Bomopocnei C. barbata ycpenHeHHas: BeTHYMHA
Ky 239+240p, g 2,3 paza MeHbIe, a A OMHOJIETHUX 3EIIEHBIX BOJIOpPOCIEH
C. laetevirens — B 6,5 paza MeHbIle 00OOIICHHOW BETHYHHBI, TIPUBEICHHOW B
OTEUYECTBEHHBIX W MEXKAYHAPOJTHBIX JOKYMEHTax. Takke 3HauUTEIbHBIC OTIIH-
Yus onpeaeeHsl s peo. Ky 239+240p, wist S. maena u S. porcus ObIIH BBIIIIE
000011eHHBIX BeniurH B 10 1 6,3 pa3a cOOTBETCTBEHHO.
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Panee OpuT0 MOKa3aHO, 9TO B UepHOM MOpEe MHINH, OTOOPaHHEIC C JOHHBIX
cyOcTpaToB, OOJIAAIOT 3HAYUTEIHHOW KOHIIEHTPUPYIOIIEH CIIOCOOHOCTBIO B
OTHOIICHHH TLTYTOHHS, HO KOOMMHIMECHTH HAKOIIICHHS — " PU JUIS HAX GbLIA
Ha TIOPSIIOK BEJTMYWH MEHBIIIE (n~102) [45], yem TomydeHHBIE HAMHU BETUYHHBI
(n~103). Hame uccnemoBanme 1mokasao, 4To JUISl MUIWHA, KOTOpPbIE OOWTAIOT B
TOJIIIE BOJBI (MUIUHU OBIIIM OTOOPAHBI C KOJJICKTOPOB), aKKYMYJIUPYIOIIasl CIIO-
COOHOCTh ABYCTBOPYATHIX MOJUIIOCKOB HECKOJIBKO BBIIIC, Y€M Y MOJUTIOCKOB,
00HTAIOMMX Ha JOHHBIX CyOCTparax, 9To, BEPOSTHO, CBSI3AHO C Pa3IHMUUSIMH B
o0pase KM3HU W YCIOBHH NMUTAHHUS MOJDTIOCKOB. Tak, OBLTIO yCTaHOBIIEHO, YTO
CKOPOCTH OHMOJIOTHYECKHX MPOLECCOB Y MUAWH, OOWTAIOIIMX B TONIIE BOMEI,
3HAYUTEILHO BBINIE, YeM Y 0cOOeH, )KHUBYIIMX Ha TpyHTe [46]. DTO CBA3aHO C
PaBHOMEPHBIM pacHpeielecHIeM MHUAWN Ha KOJUIEKTOpPax B TOJNIIE BOIBI, T
Kaxmasi 0co0b MOJDTIOCKA JIy4YIlle OMBIBA€TCS BOIOH M JIydmie oOecrieunBaeTcs
MUIICH, B pe3yNbTaTe Yero HaOMoaany 0onee BRICOKHE TIOKA3aTeNH KU3HEHHBIX
MPOIIECCOB, YTO W MOXKET IPHBOAUTH K YCHJICHHOW aKKyMYJSIHHA M3 BOXHON
Cpeabl BEIIECTB, BKITFOYAs PaIHON30TOITBI TUTYTOHUSI.

OcranpHBIE TPYIITB THAPOOWOHTOB, TAaKWE KaK ONHOIECTHHE MHOTOKIETOY-
HBIE 3€JIeHBIC BOJOPOCIH, KOIEMOIbI, KpaObl M MPHIOHHBIC PHIOBI, XapaKTepH-
3YIOTCSl CPaBHHUTENBHO Ooliee HU3KOH aKKyMYIHPYIOIIEH CIOCOOHOCTBIO B OT-
HOIICHWHN PAIMOHYKIUAOB ILTyTOHHS, HO B I[EJIOM JOCTaTOYHO 3HAUYNMOH, TaK
KaK WX KO3(pPHUINEHTH HAKOIUIEHHS IUIYTOHHS COCTABWIIM BEIHUYHMHBI ITOPSIIKA
n-10% Xors TIYTOHUW HE SIBJIACTCSI OMOJIOTMYECKH aKTHBHBIM 3JIEMEHTOM, KaK
MOKa3aJll MCCICOOBAHMs, €r0 HAKOIUICHHE TUAPOOMOHTAMH XapaKTepH3yeTcs
3HAYHUTENFHBIMH BEMYNHAMHI KO3(D()UIIECHTOB HAKOIJICHHUS, M B MEIKOBOTHBIX
MPUOPEKHBIX aKBATOPHUAX MTPH BBICOKOW YHCICHHOCTH W OMoMacce OMOTHYECKIE
KOMITOHEHTHI MOT'YT OKa3bIBaTh CYIIECTBCHHOE BIHMSHUE HA CAMOOUYHUIIEHHIE BOJI
OT TUTyTOHUSI.

CrouT OTMETHTH, UYTO B CEBacTONOJNBCKOH OyXTe HanOONbITHE 3HAYCHHUS
BEJINYHMH YACNBHOH aKTHBHOCTH - *''Pu paHee GbLIN ONPEICICHBI B JOHHBIX
ocaJkax ee ycTheBo yactu, coctaBuB 1,02+0,06 Bk'kr ' B MOBEpXHOCTHOM 0—
1 cm cmoe u gocturas 3,70+0,16 Br-kr | B cioe 1011 cm [47]. B uemom, Bep-
THKaTbHOE pacrpeelieHe > - 'Pu B JOHHBIX OCAJKaX JAHHOTO paioHa Gyx-
ThI HaOOaI0Ch 10 TiryouHb! 20 cM [47]. OmHako MaHHBIH (DaKT HE OKa3bIBa-
€T BIHUAHUS Ha aKKyMYJIHPYIOUIYIO CIIOCOOHOCTh B OTHOIICHHUH IUTyTOHUS JIIS
THIPOONOHTOB, BEAYIINX MPHIOHHBIA 00pa3 KM3HH MW Jake YaCTHYHO 3a-
PBIBAIOIMINXCS B TPYHT, KaK 3TO XapaKTEpHO, HAIPHUMEp, AN pBIO S. porcus,
TakK Kak mpooOer aibda-yacTHil ¥ B BOJIC, H B OMOJIOTMYECKON TKaHW COCTaBIIsA-
€T JI0JT MUJITUMETpPOB [48].

CrereHb BO3AEHCTBHS PaIMOAKTUBHBIX H30TOIOB HA OHOTY OMpeNeseTcs
BEIMYMHON J030BOM HArpy3KH Ha THAPOOHMOHTHI, KOTOPYIO CO3/IAET WOHHU3HPY-
folIee M3TydeHne, UCIycKaeMoe pamuon3oTonamMu. [1o3ToMy Ui omeHKH BO3-
NEeHCTBHS PaIHOU30TOIIOB Ha OMOTY HEOOXOANMO OIPEIEeNICHIE MOIIIHOCTH JO3BI
(c ygeroM ko3(pduIiecHTa KadecTBa HOHU3UPYIoIIero uanydenus Wr = 20) ot
PaIMON30TOOB IUTYTOHUS ISl THAPOOHMOHTOB. B Tabmwiie mprBeAeHB! pacyeTs
MOIITHOCTEH 1103 OT BHEUTHETO W BHYTPEHHETO OOJIYUCHHS, CO31[aBaEMBIE PaJHO-
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239+240
M30TONaMHI Pu mns pedepeHTHBIX TPYHI MOPCKHX OPraHU3MOB OYXTHI.

Pacuerst BBIMONHSIIMCH C TOMOIMBID mporpamMmHoro kommiekca ERICA
Assessment Tool 2.0. DT0 MO3BOJIMIIO BBIOJHUTE OIEHKY JO30BBIX HATPY30K HE
TOJBKO JJISI HCCIIEOBAHHBIX TPYIIT THAPOOMOHTOB, HO TakXkKe IS (PUTOIIaHK-
TOHA, BONOIUIABAIONIMX IITHII M MJICKONHTAIOMUX. J[aHHBIE IS 3TUX TPYIII
MOPCKHX OPraHHU3MOB OepyTCs MPOrpaMMHBIM KOMITJIEKCOM W3 OTKPBITOH MEX-
lyHApOAHOH 0a3bl MaHHBIX MO paauanuoHHbIM dpdektam FREDERICA [43].
B Hee BXOomAT Marepwaibl WCCIENOBAHUHM IO PagHallMOHHBIM d(p¢exTaM Ha
¢nopy u dayHy B paiioHax, 3arpsS3HEHHBIX €CTECTBEHHBIMH M aHTPOIIOTCHHBIMU
PamMOHYKIHIAMH, a TakKe NaHHBIE dKCIIEPUMEHTANBHBIX padot. Ilpm »>TOoM B
pacuetHble Gopmyiel iporpammbl ERICA BXomaT ko3 umeHTsl HaKOTUICHUS
PaIMOHYKIHIOB THAPOONOHTAMH H JOHHBIMH OTJIOKCHHSMH, & TAKOKE (PaKTOPBI
JI030BOI KOHBEPCHH, YIUTHIBAIOIIE OCOOCHHOCTH KaK BHYTPEHHETO OOTyUeHHS
OpraHm3Ma, Tak ¥ BHEIIHEro OOJXYYeHHS OT paJlOHYKIUIOB, HAXOIIIIUXCS B
BOJIC M JIOHHBIX OTJIOXKEHHUAX [43]. Bo3aMokHOE TOTIIONIEHHWE THIPOOHOHTAMH
YaCTHIl TOHHOTO 0CaJIKa B TIPOIlecCce MUTAHUS TAKKe YIUTHIBACTCS TIPH pacdeTe
JI030BBIX HArpy3ok B mporpammuom komruiekce ERICA [43].

CTOUT OTMETUTBH, YTO B COOTBETCTBHH C JOKYMCHTAMH MEXITyHAPOIHON KO-
MHUCCHHU TIO PaIHaIliOHHONW 3alliTe M OTCUYCCTBEHHBIMHA PEKOMEHAATEIHHBIMH
JOKyMEHTaMHU B KaueCTBE TPAHMI] JOIMyCTHMOTO PaIUaIlMOHHOTO BO3ACHCTBHUS
Ha OOBEKTHI OMOTHI NMPHHUMAIOTCS CIEAYIOIINEC 3HAUYECHHS MOIIHOCTH ITOTIIO-
menHoi 10361 1 MIprcyT ' JUI MIIGKOIHTAIONNX ¥ TIO3BOHOYHBIX KHBOTHBIX,
10 Ml"p'cny1 — JUTA paCTCHHI M OECIIO3BOHOYHBIX KHBOTHBIX. [IpH 3TOM ¢ yue-
TOM BO3MOKHOM HEOIPEICIICHHOCTH B OLIEHKaX O30BBIX HATPY30K PEKOMEHIY-
eTcsl UCTONB30BaTh Kod(duimeHT 3amaca 10 mpu IpoBEICHUH ONEHKH paana-
IIMOHHOTO BO3IEHCTBHS Ha OOBEKTHI OHMOTHI, T.€. UCIIONB30BATH B KAUECTBE IT0-
poroBeix kputepreB BenuauHb! 0,1 1 1 Ml"p-cny1 [17, 27, 28].

Pe3ynbTatel Hamero uccaeoBaHus (CM. TAOIHITY) TIOKa3alld, YTO TaKHe YPOBHU
MOIITHOCTA [M03BI B THAPOOMOHTaX CeBacTOMONBCKOH OyXTBI HE JIOCTHTAIOTCH.
YCTaHOBNIEHO, YTO MpPH COBPEMEHHBIX YPOBHSIX BEIIMYWH YIECIBHOH aKTHBHOCTH
2B91240p; g BOJIE ¥ JOHHBIX OTIIOKeHUSX CeBacTOMOIBCKOM OyXThI JO30BbIE HATPY3-
K{ OT BHENTHEro o0rydeHus Ha 5—10 MopsAAKOB BETMYUH MEHBIIIE, YeM OT BHYTpPEH-
Hero oOMydeHHs. B CBSI3M € 3THM TIpH MCCIIEIOBAHMSAX MPOIECCOB AKKYMYJIISIIHH
PaIMOHYKIHIOB IUIYTOHHS Ba)KHO YYHTHIBATH JIMIIH BHYTPEHHEE OOIydeHHE OT
HWHKOPIIOPUPOBAHHBIX B OPraHU3MaXx paJIiOM30TOIOB (CM. TAOITHILY).

Hanbonpmre BeNMYHHBI MOITHOCTH 03Bl OT BHYTPEHHETO OOITydEeHHUS Ope-
JeTICHBI UTS (PUTOIUTAHKTOHA M MOJUTIOCKOB. OYEBHIHO, 3TO 00yCIOBIHBACTCS
TEM, 9TO 3TH TPYIIBI MOPCKUX OPraHM3MOB 00JIaAal0T HAaHOONBIIeH aKKyMyIIH-
pyIoIIeil COCOGHOCTBIO B OTHOIICHHH > > ''Pu Hapsly ¢ MHOTOJETHHMH Oy-
PBIMH BOZOPOCISIMH ¥ TI€TarMYeCKUMHU XHUIMHBIME pbioaMu. [1osToMy MOKHO
3aKIIIOYNTH, YTO 110 JO30BOMY KPHUTEPHIO KPUTHUECKUMH 3BEHBSIMH B TpOQuUe-
ckux Hemsix B CeBacTOMONBCKOW OyXTe SIBISTIOTCS MPENCTaBUTENN (DUTOIUIAHK-
TOHA, IByCTBOPYATHIX MOJUTIOCKOB, MHOTOJIETHUX OYpPBIX BOJOPOCIEH 1 TMeNaru-
YECKUX XHIMHBIX PHIO, TaK KaK OHM B HAWOOINBINEH CTEIIEHN HAKAIUIMBAIOT pa-
IOM30TOMNBI TUTyTOHUS. [Ipr 3TOM IJIaHKTOHHBIE OpraHU3MBl HMEIOT KOPOTKHIMA
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JKU3HEHHBIN IUKJ, OHU W3BIMAIOT TUTYTOHHM W3 BOAHOW MOPCKOM Cpeibl, HO HE
CIIy’KaT JOJTOBPEMEHHBIM JIEIO pagHon30TONoB. OHU CIIy)KaT BTOPHYHBIM HC-
TOYHUKOM WX IOCTYILICHHUS B JPYrvde KOMIOHEHTHI DKOCHCTEMBI, KaKk OHOTHYe-
ckre (B BUJE KOpMa JUIS Pa3HBIX TAKCOHOMUYECKUX TPYIIT THIPOOUOHTOB), TaK
1 abuoThdeckue (B BHIEC OTMEPIINX 0COOCH M WX OCTaTKOB, COCTaBJISIOIINX
OMOTEHHYIO B3BECH, SBJISIONIYIOCS OJHHUM M3 KOMIIOHEHTOB OCaJ[0YHOTO Belle-
cTBa, (POPMHUPYIOIIETO JOHHBIC OTIOXKEHHS). B CBOIO ouepenb, MHOTOJICTHHE
Oypble BOJOPOCIH, JIBYCTBOpYATHIE MOJITIOCKH M PBIOBI MOTYT Ha TPOJIOJIKH-
TENBbHBIE OTPE3KH BPEMEHH W3BIMATh ILUTYTOHWW M3 BOJHOW TOJIIH, SBISSCH €r0
JIONITOBPEMEHHBIM MHOTOJICTHUM OWOTSHHBIM JIETIO.

Jl030BbIe HATPY3KH, CO3AaBAEMbIe HOHH3HPYIOIHM H3aydenuem > 24Py,

IJ1 pepepeHTHBIX rpynn rugpoduoHToB B CeBacTono/ibLCKoii fyxTe: cyMmmMapHas
MOLIHOCTH /103bI MPUBEJAEHA C TOYHOCTHIO 10 THICSIYHOI 10JIM
[Dose loads from 2***2*Pu ionizing radiation for reference groups of hydrobionts
in Sevastopol Bay: the total dose rate is given to the nearest thousandth]

MorHocTs 10361, MIp-CyT |
[Dose rate, mGy-day™]
PedeperrHas rpynma FHHPOGHOHTOB Ot BHemHero | OT BHYTPEHHETO
[Reference group of hydrobionts] CymmapHas
o0y4eHHs o0ydeHHst [total]
[external exposure] | [internal exposure]
DuTOILIaHKTOH [Phytoplankton] 7,36:10°" 7,25-107* 7,250-10°*
300IL1aHKTOH [Zooplankton] 6,03-10 2,15:10° 2,150-10°°
byprie maiposonopociu 1,88:107 6,47-10°° 6,472:10°°
[Brown macroalgae]
Mosmmockn [Mollusks] 1,76:10°° 1,51-10° 1,510-10
Pb16a nenaruyeckas [Pelagic fish] 1,37-10 ™ 3,22:10° 3,220-10°°
Pri6a GentocHas [Benthic fish] 8,45-10° 2,81-10° 2,811-10°°
PakooGpasHble [Crustaceans] 7,06-10° 2,90-10° 2,901-10°°
BogomiaBaroiiye nTULIBI 14 6 -6
[Wator birds] 1,05-10 2,51-10 2,510-10
MuexonuTaroutye [Mammals] 244107 7,34-10°° 7,340-10°

OdeBHIIHO, YTO COBpEMEHHAs peajbHas PaJrodKOJIOTMYECKas CHUTYyalds B
MPHOPEKHBIX YEPHOMOPCKUX AKBATOPUSAX HE TIPEACTABISCT OMACHOCTH JUIS
MOpCKOi OMOTBI. OJJTHAaKO HECOMHEHHA BaXKHOCTh TAKHX HCCIICOBAHUN B Hayd-
HO-METOJMYECKOM TUTaHE, TaK KaK pa3BUTHE U PACIPOCTPAHCHHE aTOMHBIX TeX-
HOJIOT'HH, BO3MOXHBIC aBapHH W TEPPOPUCTUUYECCKHE YTPO3bI MOT'YT TIOCTABHUTH
Hac repe]; HeoOXOMMOCTBIO CPOYHOM OICHKH CUTYAIllMW W TPUHSATHS SKCTPEH-
HBIX Mep TI0 €€ OrpaHWYCHHUIO M YCTPaHEHUIO mociencTBui. [ToaTtomy HapaboT-
Ka TIapaMeTpOB M KPHUTEPHEB JIJIS OIEHKH PAHO3KOJIOTHYECKOW CHUTYaIluu H
BO3ICHCTBUS PAIHUON30TONOB Ha OHOTY OyayT (pyHIaMeHTaJIbHOW HAyIHOH OcC-
HOBOH pelIeHHs TaKUX TPoOJIeM, a TaKXKe IUIS YCTAHOBJICHHS W KOHTPOJS Ha
periiaMeHTOM (YHKIIHOHHUPOBAHHSI ATOMHBIX TEXHOJIOTHH, OOECIICUHMBAIOIIMX
3aIUINEHHOCTh BOAHON OWOTHI IMTPH XPOHHYECKOM BO3/ICH CTBUH.

3akioueHne
BrimonHeHa oleHKa aKKyMYJIHPYIOIIEH CIIOCOOHOCTH MOPCKHX OpPraHHU3MOB

B MpUOPEKHOI aKBaTOPHHM B OTHOLICHWHW ILTYTOHHUS HA OCHOBE OIPEIEIICHUS
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COBPEMEHHBIX YPOBHEH BEIHYMH YACNbHOW aKTUBHOCTH aHTPOIIOTEHHBIX pa-
Jon30TonoB - ***Pu B BoJe, B3BENMICHHOM BEIIECTBE M ped)ePEHTHEIX BHJIAX
ruapoOroHTOB CeBacTOMONBCKONH OyXTHI, a TakXKe BBIIBICHA WX BO3MOXKHAS
POJIb B CAMOOYHIIEHHH BOJl MOPCKHIX KOCHCTEM.

YCTaHORBJIEHO, YTO I NIBYCTBOPYATHIX MOJUTFOCKOB M. galloprovincialis,
MHOTOJICTHUX OypbIx Bomopocieil C. barbata W TeIarudecKuX XHUIIHBIX PHIO
S. maena xapakTepHbl K03 OUIIMEHTH HAKOTUICHUS TIOPSIIKA BEITHYUH n-10°, 8
pe3ynbTaTe 4ero JaHHBIC BUIbI B HANOOIBINEH CTEICHN yCHIINBAIOT OMOT€HHBII
MOTOK TUTYTOHHSI M3 BOIHOW TONIIN OYXTH. B CBOIO odepens, 3T0 cnocoOCTBYET
CaMOOYHIIIEHUIO BOJ OYXTHI OT TEXHOT€HHBIX PAJAMOU30TONOB IUIYTOHHUS U yCH-
JICHHOMY TIOCTYILICHHIO - > 'Pu B BBIIIECTOSIIHE 3BEHBS THIEBOH LIETIH.

[NokazaHo, 9T0 B3BEMIEHHOE BEMIECTBO 00Ja[aeT MOBBIIICHHOW aKKyMYJISIINOH-
HO#i criocobHOCTBI0 (K= n°10°) B OTHOIICHMHU IUIYTOHUS U GIIArOAps TOMY UIpa-
€T BaXXHYIO PONb B MEPEPACTIPENEIICHUN €r0 PaJiOn30TONOB N3 BOIHOW TOJIIH B
TOHHBIE OTJIOKEHMS B IIPOIECCE CEAMMEHTALMH B3BECH Ha IHO BOIOEMa, TEM cCa-
MBIM peanu3ysi ONMH U3 MEXaHN3MOB CAaMOOYHCTHTEIBHON CITIOCOOHOCTH BOI B OT-
HOMICHHN = > "Pu B IPHOPEKHEIX MOPCKAX SKOCHCTEMAX.

OmnpeneneHbl  paJnOdKOJIOTHYECKHE  IapaMeTpsl  IMepepaclpeesICHIsI
297240py g pHOPEKHONH MOPCKOW akBaTopuu Ha mpuMepe CeBacTOIMOILCKON
OyXTBI JUTsI B3BEIICHHOTO BENIECTBA W THAPOOMOHTOB — MPEICTABUTENCH pede-
PEHTHBIX TPYIIIT MOPCKON OMOTHI IS OICHKH DKOJIOTHUYECKON CHUTYAIHH I10 J0-
30BOMY KpHTEpHIO. BBITOTHEHa KOMMYECTBEHHAsI OIEHKA IO30BBIX HATPy30K,
CO3/1aBaCMBIX anbda-H3TydeHneM > '°Pu, JIs MOPCKHX opranmsmoB Cepa-
cTOmONbCKOW OyXTHI. [lomydeHHBIE pe3yNbTaThl CBUACTEIHCTBYIOT O TOM, YTO
KPUTHICCKIMH TPYIIIIaMH OPTaHMU3MOB TIO JTO30BBIM HArpy3KaM SIBIISTIOTCS TIPET-
CTaBUTENN (PUTOIUIAHKTOHA M MHOTOJETHUX OYpBIX BOJOPOCICH B 3BEHE Mep-
BHYHBIX IIPOAYIIEHTOB, IBYCTBOPYATHIE MOJUTIOCKH — B 3B€HE KOHCYMEHTOB TIE€p-
BOTO MMOPsAKA, METarnYecKue XHIIHBIE PHIOBI — B 3B€HE KOHCYMEHTOB BTOPOTO
TOpsIKA.

Crnemyer OTMETHTB, YTO MPOLECCH IepepaclpencieHus IIyTOHUS B OyXTe
MPUBOIAT K €r0 JACHOHNPOBAHUIO B JOHHBIX OTIOKCHUSAX W MHOTOJIETHHUX OHO-
TUYECKIX KOMIIOHEHTaX OYXTHI, HO HE YHAISIOTCS M3 DKOCHUCTEMEI, M TIPH OIpe-
JETICHHBIX YCIIOBHAX (HAIpUMEp, CHUIBHBIX IITOPMAax) 3TH KOMIIOHEHTHI MOTYT
CITy’KUTH BTOPUYHBIM UCTOYHUKOM 3arpsI3HEHHUS BOI OYXTHI.
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