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Dendrochronological Dating of Maximum Snow Avalanches
in the Chuya River Basin (Altai)

Nikolay I. Bykov*,

Natalia V. Rygalova and Anna A. Shigimaga

Institute for Water and Environmental Problems SB RAS
Barnaul, Russian Federation
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Abstract. The present study reports dendrochronological dating of maximum snow avalanches in nine
avalanche paths of the Chuya River basin (Central Altai). Special aspects of using various markers for
the dendrochronological method of avalanche dating were determined. The study revealed patterns of
avalanche activity in the avalanche paths and the frequency of the largest avalanches. In most of the
avalanche paths studied, 3—4-year avalanche return periods were calculated, and in some, return periods
reached 10 years. The study found that the use of the integrated indicator, called the dendrochronological
index of avalanche activity, should be limited to individual avalanche paths, and it is ineffective to use
it for generalizing over the study area, where there are various constant factors of avalanche formation
in local avalanche paths. Only in individual cases, the causes (factors) of avalanches can be determined

using the dendrochronological method.

Keywords: dendrochronology, dendrochronological index of avalanche activity, Central Altai, Chuya,

snow avalanches, tree rings.
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JleHIpOXpOHOJIOrnYecKOe JaTHPOBAHHNE
MAaKCHUMAaJIbHBIX CHEKHBIX JIABMH B 0acceiine p. Uys (Ajarai)
H.HU. boixos, H. B. Peiranosa, A. A. [llurumara

Hucmumym 600muwix u sxonoeuueckux npoonem CO PAH
Poccuiickaa ®eodepayus, bapnayn

AnHoTanus. BBITIOIHEHO ASHIPOXPOHOIOIMUECKOE JATUPOBAHNE MAKCUMAIIbHBIX CHEXKHBIX JIABUH
B JICBsITH JlaBHHOCOOpax Oacceiina p. Uys (Llenrpanpabiii Anrait). OnpeneneHbl 0COOCHHOCTH
WCTIOJIB30BAHUS PA3IUYHBIX MAPKEPOB ISl JICHIPOXPOHOJIOIHUECKOr0 METO/IA IATUPOBAHUS JIABUH.
BrisgBiieHsl 3aKOHOMEPHOCTH JJAaBUHHOM aKTUBHOCTH B N3YYCHHBIX J'IaBI/IHOC60an n yacToTa cxoJa
HanboJiee KPYMHbBIX JaBUH. B OOJBIIMHCTBE HCCIIEJOBAHHBIX JIABUHOCOOPOB OTMeueHa 3—4-eTHsIs
PUTMUYHOCTD JIABUHHBIX IMPOLECCOB, 4 B OTACIBbHBIX IO-HGTHHH. yCTaHOBJ'IeHO, YTO IPUMEHCHUEC
KOMILIEKCHOT'O MHJIMKAIIMOHHOTO TIOKa3aTelisi, HA3BAaHHOTO JCHAPOXPOHOIOTHYECKUM UHIEKCOM
JIABUHHOM aKTMBHOCTH, OTPAaHHUYEHO OT/AEJIbHBIMU JIABHHOCOOPaMHU, a ero 0000IIeH e ISl UCCIIEyeMOTro
paiiona Heah(HEKTUBHO B CHUIIYy Pa3HOOOpA3Us MOCTOSHHBIX (PAKTOPOB JIABUHOOOPA30BaAHU S
B MECTHBIX JlaBHHOCOOpax. OnpeneneHue NpudrH (PaKTOPOB) CXOa CHEKHBIX JaBHH HA OCHOBE

ACHAPOXPOHOJIOTHICCKOro METOAA BO3MOKHO JIMIb B OTACIIBHBIX CIIyYadX.

KuroueBble ciioBa: ACHAPOXPOHOJIOT U, ,I[CH,I[pOXpOHOJIOFI/I‘IGCKI/Iﬁ HHICKC JIAaBUHHOU AKTUBHOCTH,

Ientpanbubrii Antail, Uys, CHEe)XHBIC JaBUHBI, TOAMYHbIE KOJIBLIA.

Bbaaroagapnoctu. VccenoBanue BbINONHEHO 3a cueT rpanTta Poccuiickoro HayuHoro ¢ponaa Ne 24-27—
00123 «Peakrus 1aBHHOCOOPOB BHY TPUKOHTHHEHTAIEHON TOPHON 00JIACTH HA H3MEHEHUS KITHMAaTay,
https:/rscf.ru/project/24-27—00123/

Iutnposanue: beikos H. M. JIeHApoXpOHOIOrHYecKOe JaTHPOBAHNE MAKCUMAaJIbHEIX CHEXXHBIX JaBHH B Oacceifne p. Uys
(AnTaii) / H. 1. beikos, H. B. Peiranosa, A. A. lllurumara // XXypu. Cu6. dexnep. yH-ta. buonorus, 2025. 18(2). C. 153-173.
EDN: XLCXHW

BBenenue

CHe)XHBIE TaBUHBI — XapaKTepHOE IPHPOTHOE
SIBJICHUE JUISI TOPHBIX TEPPUTOPHIL, B KOTOPBIX
(hopmupyercs cHexHBIH TokpoB (Imsunonoru-
yeckuil..., 1984). IIpuunHbl ©X BOSHUKHOBEHUS
pa3Hoo0pasHbl. OHU BKIIIOYAIOT KaK ITIOCTOSTHHBIE
(BbICOTA, KPYTH3HA U SKCIIO3ULIHSI CKJIOHOB, UX OPH-
SHTaIUsl OTHOCUTEIFHO OCHOBHOT'O HAIIPABIICHUS
nepeHoca BO3YIIHbIX Macc), TaK U EPEMEHHbIC
(hakTOpHI TABHHOOOpa30BaHUS (HHTCHCHBHOCTH
CHETOIaJI0B, IPOJIOJKUTEIBHOCTD U CHJIA BETPA,

TEMIIepaTypa BO3ayXa U CHera, CTPyKTypa CHEX-

HOH Touu ¥ T.1.). CooTHOIICHHE 3TUX (HaKTOPOB
o0pa3yer mecTpyro KapTUHY JaBUHHON aKTHBHOCTH
(mampHOCTH CX0Ja, YaCTOTA CXO0/1a B CE30HHOM
¥ MHOTOJICTHEM pa3pe3ax) He TOIBKO B IpeIeIax
ropHO# (u3uKo-Teorpaduueckoi 001aCTH UIn
paiioHa, HO JTake B IpeeiaXx TOPHOH JOTUHBL.
Hepenku ciayyau, Koraa Ha IPOTSHKCHUH JIECITKOB
JIET HE OTMEYACTCsI CHHXPOHHOT'O CXOJ1a JIABUH
JlaXke B COCEIHUX JaBnHOcOopax. bypHoe pa3sutue
MUCTAaHIIMOHHOTO 30HIMPOBAHUS 3eMIIH 32 I10-
CJIeHUE JCCIATUIICTHS pelIaeT JaHHYIO 3a1a4qy

JIMIIb YaCTUYHO, TOCKOJIBKY €ro nepuoa nHorjaa
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MEHBIIIE, YeM MEPHOJI CX0J1a MAKCUMAJIbHbIX JIABHH.
[Moatomy coxpaHsieTcst BOCTpeOOBaHHOCT HH KA~
[HOHHBIX METOJIOB PEKOHCTPYKIIMU JAHHBIX O JIa-
BHHHOU aKTHBHOCTH B KOHKPETHBIX JIABHHOCOOpAX.

Cpenu Takux METOZ0B 0c000€ MECTO 3aHU-
MaeT JCHIPOXPOHOJIOTHUSCKUN METO]] TATHPOBa-
Hus cxona aaBuH (Schweingruber, 1993). C ero
MTOMOIIIBIO MPOBOUIIUCH HCCIICIOBAHUS BO MHO-
rux peruoHax mupa — Kaszaxcrane (Zubairov et
al., 2019), Yexum (Tumajer, Treml, 2015), CIILIA
(Martin, Germain, 2016), Kanazne (Germain,
2016), Hopseruu (Laute, Beylich, 2018), Apren-
tune (Mundo et al., 2007), Pymbiauu (Pop et
al., 2018), Typumu (Kose et al., 2010) u npyrux
cTpaHax. B kauecTBe HHIMKATOPOB JIABUH HC-
CJIEIOBATEIN UCIIONB3YIOT BO3PACT APEBOCTOCB
Y BEPTHKAJIBbHBIX [100ET0B HAKJIOHHBIX JIEPEBbEB,
3Ha4eHUs K03 PunreHToB KpeH! (COOTHOLICHHE
MEX/1y HIMPUHOM FOJUYHBIX KOJIEI C KPEHEBOU
U TSTOBOW CTOPOH CTBOJIA), HATHYHE KOMITPECCH-
OHHOI JIpeBECUHbI, IIPEKPAILEHUE POCTA IEPEBHEB
(maTupoBaHUE MOTUOIINX JIEPEBHEB, UX OCTATKOB
U MEXaHMYECKHUX IOBPEXACHUI), Hanmnuune 3¢-
(eKTOB OCBEeTICHHS (PE3KOE YCUIICHHE IIPUPOCTA
B pe3yJbTaTe JUKBUIALNN KOHKYPHPYIOLIIUX
nepesbeB) (Kaennel, Schweingruber, 1995), Ha-
pYLIEHHE aHATOMUYECKOT0 CTPOCHHU S TOJUYHOTO
KOITbIIa (TPaBMAaTHIECKHE CMOJISTHEIE X0/bl) (Perov
et al., 1977; KpaBuosa, 1971; Typmanusa, 1979)
(puc. 1). KommpeccroHHas qpeBecuHa OTIIHYACTCS
OT OOBIYHOM TEM, YTO KMEET aHOMAJILHOE CTPOe-
HUE U COCTOUT U3 KJIIETOK C BBICOKOH ONTHYECKOU
IJIOTHOCTBIO. Y XBOMHBIX MOPOJI IEPEBLEB OHA
00pa3yeTcst CO CTOPOHBI CTBOJIA, OOPAIICHHOM
BHU3 110 ckJIoHy (Kaennel, Schweingruber, 1995).
[ox kpeHeBo# cTOPOHON NOHUMAIOT YacThb CTBOJIA
JiepeBa, 00palleHHY0 BHU3 10 CKJIOHY, & 110/
TATOBOU — B IIPOTUBOIIOJIOKHYO CTOpOHY. Tpas-
MaTHYEeCKHEe CMOJISTHBIE X0kl (cM. puc. 1) BO3-
HUKAIOT B [PEBECHHE B Pe3yJIbTaTe HAPSKEHUN
B CTBOJIE WJIM TIOBPEXICHUSI KPOHBI HACEKOMBIMHU

(benbpkoga, IlIBeitHrpy0Oep, 2004).

AnTail KaK TOpHBIA PErHOH XapaKTepusy-
€TCsI 3HAUUTEIBHBIM pa3HO00pa3reM Kak MoCTo-
SIHHBIX, TaK U NEPEMEHHBIX (aKTOPOB JABHHO-
obpazoBanus (Perskun, KpaBunona, 1977). B ero
BHyTpeHHUX paifoHax (LleHTpanpHBIH AnTail)
OJTHOI1 M3 OCHOBHBIX ITPUYNH CXO/1a JIABUH SIBJIS-
€TCsl TpaHC(OPMAIUs CHEX)KHOU TOJIIIH ITyTEM ee
Pa3pBIXJICHHS, TOT/Ia KaK B NIEPEAOBBIX XpeOTax,
MpEerpaxaaroluX IYTh BO3AYIIHBIM MaccaM,
BOXHEWIINM (DAaKTOPOM SIBISICTCS HaKOIUICHHUE
CHEXXHOTO MOKpoBa. B menom Ha AnTtae oTCyT-
CTBYIOT pETYJSpHBIE IIJIaHOBBIC HAOIIONCHUS
3a JIABUHHBIMHU TIPOLIECCAMH, YTO 0OYCIIOBIMBA-
€T HEOOXOIMMOCTh M3YUYCHHSI UX MHOTOJIETHETO
peXuMa HHINKAITHOHHBIMH METOaMHU.

JIeHIPOXPOHOJIOTHYECKHE  HMCCIICOBAHUS
naBuH Antast HemHorouuciaeHHsl (beikos, 2000).
B ocHoBHOM oOHHM ObIM TpuypoueHsl K lleH-
tpanbHoMy Aunrtato (Kpasrosa, 1971; PeBsikuH,
Kpasuosa, 1977; Pessikun, 1981; Cypnakos, 1985;
Koponesa, 1993; HuxonaeBa, CaBuyk, 2021),
u B MeHbIei crenenn k Cesepnomy (Kpasuosa,
1971), CeBepo-3anagnomy (Pessikun, Kpasiosa,
1977; beixos, 2013; Beikos u ap., 2024) u Ceepo-
Bocrounomy Anrato (Cypnaxos, 1987). B Heko-
TOPBIX paboTax copepKaTcs He TOJIBKO JICHAPOX-
POHOJIOTHYECKHUE TaHHbIE, HO U aHAJIU3 BIHSHUA
JIABUHHBIX IPOIECCOB HA COCTaB M CTPYKTYpPY
PACTUTENBHBIX COOOINECTB JIABUHHBIX arIapa-
TOB, YTO IIO3BOJISICT OLEHUTH CKOPOCTH CMEHBI
PACTUTEIBHOTO MOKPOBA B JABUHHBIX KOJJICKITH-
sx (Pessikun, Kpasnosa, 1977; beikos, 2013).

Lenpto gaHHON PaOOTHI SIBIASCTCS aHAIU3
pasnaIbHOrO MpPUPOCTa B JIaBMHOCOOpax cpen-
Hell wactu Oacceiina p. Yysa (LlenTpanbHbIit
Aurraif, mpaBbiit mpuTok p. KatyHp) U meHapox-
POHOJIOTHYECKOE AaTHPOBAaHHE MaKCHMaJIbHBIX
JABUH B HM3YUYCHHBIX JlaBUHOcOOpax (puc. 2).
Ilo ycnoBusIM JIaBUHHOM aKTUBHOCTH MCCIIEAY-
eMast TeppuTopHsi oTHOcuTcs K LleHTpanpHOMY
pationy Anras (PeBakun, Kpasunosa, 1977), xo-

TOpPBIH XapaKTepusyeTcss OCOOBIM COYETaHHEM

— 155 —



Nikolay I. Bykov, Natalia V. Rygalova... Dendrochronological Dating of Maximum Snow Avalanches in the Chuya River...

Puc. 1. Ilpu3Haku JaBUHHOW AEATENBHOCTH: ¢ — ruOenb JepeBbeB Ha Nepu(Eepuu 30HBI AKKYMYJISIHH
naBuHocOopa 4 (poro 2022 r); 6 — TpaBMAaTHUYECKUE CMOJISIHBIE XOIbl y NMUXThI (Abies sibirica L.) (dpoto
u3 (BenbkoBa, IlBeiturpyoep, 2004)); ¢ — npumep pe3Koro yBelWYeHHUs mpupocta y aepea (dddekra
OCBETJICHHSI) B JABUHOCOOPE; 2 — MOTUOIINE ACPEBhsS B 30HE aKKYyMYJISALKHU JaBuHOCO0opa 6 (hoto 2022 1.); 0 —

paHBbl Ha CTBOJIAX JIEPEBbEB, 00pa3yeMble JIaBUHOM

Fig. 1. Signs of avalanche activity: a — tree death on the periphery of avalanche path 4 accumulation zone (photo
2022); b — traumatic resin passages in fir (4bies sibirica L.) (photo from (Benkova, Schweingruber, 2004)); c — an
example of a sharp increase in radial growth in a tree (lightening effect) in the avalanche path; d — dead trees
in the accumulation zone of avalanche path 6 (photo 2022); e — wounds on tree trunks formed by the avalanche

(hakTOpoB JIABUHOOOPA30BAaHUSI M CYIIECTBEH-
HO OTJIMYAETCs OT PAalOHOB CEBEPO-3anagHON
U CEeBEpO-BOCTOUHOM vacTedl Antas. [enapox-
POHOJIOTHYECKHE HCCIEeIOBAHMUS JIaBHH, Kak
1 HaONIONEHMS 3a JIABUHAMM B IIEJIOM, Ha 3TOH
Tepputopun MuHNMaNbHHI (PeBsakun, Kpasiosa,

1977, beikos, 2013; HukomnaeBa, CaBuyk, 2021).

MeToabl U MaTepuaJibl

AJTail  XapakTepu3yeTcsl 3HAYMTEITbHBIM

(usuko-reorpaduyeckuM pasHooOpasueM, Ko-

TOpOE OTPaXKaeTCsl M HAa XapakTepe JIaBUHHBIX
nporeccoB. B IlenTpansHoM AnTae JaBUHHAS
JeATEIbHOCTD CBS3aHa, IIPEK/IE BCETO, C METEe-
BbIM HAKOIUIGHHEM CHera, a Tak)e OOHJIbHBIMU
CHEronajaMu M MepeKpHCTaUIN3alnueil CHEX-
HOT'O TIOKPOBA, BO3HUKAIOIIEH B CBSI3U C PE3KUM
MTOHIDKEHUEM TeMIIepaTyp Bo3nyxa (AnTaickuit
kpaii, 1978). Ilo nuTepaTypHBIM CBEICHHUSIM
(PeBsixmn, Kpasmosa, 1977), B maBmHOCOOpax
JAHHOTO paiioHa oTMedaeTcs 2—3-JIeTHUI pUTM

JIABUHHOM aKTHUBHOCTHU. JIaBHHBI 34€Ch MMCHOT
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Nikolay I. Bykov, Natalia V. Rygalova... Dendrochronological Dating of Maximum Snow Avalanches in the Chuya River...

3HAYUTENBHYIO MOIIHOCTb, a JTABHHOCOOPHI TOJI-
HOE pa3BuTHE, POPMHUPYS MUHEPATIbHBIE KOHYCHI
BbIHOCA. ['ycTOTa JIaBUHOCOOPOB 371€Ch COCTAB-
nstet 3—10 Ha | KM IIUHBI TOMUHEI (ANTaliCKul
kpait, 1978). 3HaunTenbHass YacTh JIABUHHBIX
04aroB IPUXOJAUTCS HA CKIJIOHBI CEBEPHBIX IKC-
MO3MIINI, YTO TakKe CBUACTEIBCTBYET O BIIU-
STHUM CHETOHAKOIUJICHUS, MAaKCUMYM KOTOPOT'O
MPUXOJUTCS Ha TMOJABETPeHHbIe CKJIOHHI (I ana-
x0B, 2003), 1 MeTeIeBOro epeHoca Ha pa3BUTHE
JIABUHHBIX TIPOIIECCOB.

B 6accetine p. Uys mu1s uccineqoBaHUs ObLTH
BBIOpaHBI JIEBSITh JIABUHOCOOPOB (CM. pHC. 2), TpU
13 KOTOPBIX pacnonokeHsl Ha Ceepo-UylickoM
xpebre, nsiTh — Ha Kypaiickom xpedTe u onuH —
Ha AHNrynakckoMm xpeOrte (HyMeparnus JIaBUHOC-
60pOB yKa3bIBaeT HA MOPSIOK HAIITUX UCCIIE0Ba-
HUH B IIpeienax Bcero Anras, 9To0bl COOTHECTH

JAHHYI0 MyOauKamuio ¢ npeasinyuumu (beikos

u 1p., 2024)). B nienoM OHM penpe3eHTATUBHBI
It OorbIIell 9acTw JIaBHHOCOOpPOB OacceliHa
p. Uysa — naBuHHBIE O4aru ¢ ykioHamu 28—38°
(B cpemem 32,0°) UMCIOT CEBEpPHBIC U CEBEPO-
3anmajHbeie (¢ azumytoM 315-357°), a Taxxe
foro-zamagasie (251-258°) u  1Oro-BOCTOYHBIE
(98—167°) 5KCTIO3UIINYU ¥ B €IUHUYIHOM CITydae —
ceBepo-BOCTOUHYIO (55°) (Tad:. 1). 30HBI OTpHIBA
CHEKHOM TOJIIIIM OTMEYAI0TCs Ha BeIcoTax 1880—
3065 M HaJx ypOBHEM MOps, @ HUXKHHUE 4YaCTH
30HBI AKKYMYJISIIIUM JIABUHHBIX CHEXXHUKOB Ha-
xomsTcs Ha BeicoTax 1270-2130 M (cm. Tabm. 1).
[NonoxeHue JTaBUHHBIX CHE)XHHKOB B yKa-
3aHHBIX JIaBUHOCOOpAaX YCTaHOBJIEHO HaMH
3a mepuoa 2013—-2024 rT. Ha OCHOBE aHAIU3a Be-
CEeHHHMX CHMMKOB CITyTHHKOB Sentinel u Landsat
N0 WX HIKHeMy Kpato. CpaBHEHHE CBUICTEIb-
CTBYET O TOM, YTO JIABUHHAsI aKTHBHOCTH B HUX

HE SIBISETCSI CTPOTO CMHXPOHHOM (puc. 3), 4TO

Tabnuna 1. XapakTepucTika ncciIeJOBaHHBIX JIABHHOCOOPOB

Table 1. Characterization of the studied avalanche paths

Howmep naBunOCOOpa 1 1a- Bricora Bepx- | BeicoTa Hux- Cpennuii
N N DKCIO3HIH S,
BUHHBIC 04Yaru Hell 4acTH Hel yacTH YKJIOH T10-
KoopauHatsr reorpaduue-
JIABUHHOT'O 30HBI aKKY- BEPXHOCTH o
JTaBUHHBIN SOHPLAKKY™ | ara, M Han MYJISIHN naBuHHOTO | N ASHMYT
JlaBuHOCGOD ouar MYy ALK yPOBHEM M HaJ ypoB- | odara, B Tpa- Hazzzf;)m
Mopst HEM MOpsi Jycax
50.1464
4 28.0288 2325 1820 32,7 315
A 50.1493 34,3 323
5 b 38 0386 2510 1900 32,1 333
B 30,0 357
A 50.3636 30,7 258
6 2660 1740
N 87.6334 37,6 251
50.3493
7 376868 2370 1985 27,9 142
50.0817
8 77769 3065 2130 30,6 130
50.3520
9 376893 2575 2040 29,9 167
50.3540
10 276910 2540 2080 29,0 153
50.3390
11 R7.6678 1880 1718 35,5 322
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Tabnuua 1. [Iponomkenue

Table 1. Continuation

Howmep naBuHOC60pa 1 Na- Bricora Bepx- | BeicoTa Hux- Cpennuit
. N DKCHO3UITHUS,
BUHHBIC O4Yaru Hell 4acTH Hel yacTH YKJIOH I10-
Koopnunatst reorpaduue-
JTABUHHOTO 30HBI aKKY- BEPXHOCTH o
JIaBUHHBIH SOHPLAKKY™ | ara, M nan MYJISIHN naBHHHOTO | N ASHMYT
JlaBuHOCGOD ouar MYJALHH ypOBHEM M HaJ ypoB- | odara, B Tpa- Hazzg:;)ro
Mopst HEM Mops Jycax
A 2050 35,5 55
b 2380 32 159
B 2340 38 128
13 50.3790 1270
T 87.4385 2355 35,0 98
i 2260 35,5 117
E 2230 37,6 154

OOBSCHACTCS pa3inyUsIMH B Teorpaduyeckom
MOJIOKEHM Y JTABUHHBIX OYaroB.

C 1enbl0 JAaTHPOBAHUS MAKCHMAJBHBIX
CHEXXHBIX JIABUH OTOOP JCHAPOXPOHOIOTHIECKUX
00pas3IoB B JTABUHOCOOPAX MPOU3BOIUIICSA B 30-
HaX aKKyMYJISIIMUA U HUXKHHUX 4YacTeil 30H TpaH-
3uTa (B TOM YHCIIE M0 KPaK JIABUHHOTO Mpodveca
B 1iecy). Kpome Toro, J1j1si IOCTPOSHHU ST JTIOKAIBbHBIX
XPOHOJIOTHIA, HCOOXOMUMBIX [UTS ICHIPOXPOHOIIO-

TUYECKOI'o JaTUPOBAHU A rudenu JEPEBLEB, 110 OC-

HOBHBIM II0POZIaM B paliOHE HCCIIEZIOBAHUIN paHee
0oTOMpanuch 00paslbl BHE JaBHHOCOOPOB. B Kka-
4ecTBE O0BEKTA HCCIICMOBAHUS B JABHHOCOOpax
Gacceiina p. Uys BbICTyNaiy MPEUMYIIECTBEHHO
JIEPEeBbsl XBOWHBIX NOPO. (Tadi. 2) U JuIlb B Jia-
BUHOCOOpE 13 TakXe JMCTBEHHBIX MOPOJ (OCHHA
u Oepesa). OTOOP KEPHOB € KHUBBIX AEPEBBEB OCY-
LIECTBJISIJICS ¢ KPEHEBOM U TATOBOM CTOPOH CTBO-
na Ha BbicoTe 130 cM, a y OTIENBHBIX JIEPEBHEB

30HBI TPAH3UTA TAKXKE Y KOMJIA JJI OITPEACTICHU S
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Puc. 3. I[TonoxxeHne HIDKHETO Kpast IAaBUHHOTO CHEXKHHKA B HCCIISJOBAHHBIX JTaBHHOCOOpax Oacceitna p. Uys BecHOMH
110 JaHHBIM cmyTHHKOB Sentinel n Landsat. O6o3na4yenus Ha quarpamme: JI4, JIS u 1.1, — HOMepa HCCIETOBAHHBIX

JTaBUHOCOOPOB

Fig. 3. Position of the lower edge of the avalanche snowfield in the studied avalanche paths of the Chuya River basin
in spring according to Sentinel and Landsat satellite data. Designations on the diagram: L4, L5, etc. — numbers

of the studied avalanche paths
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ux Bo3pacTa. C MepTBBIX JepeBhEB ObUIN MOy de-
HBI CITWJIBI C TIOCIIETYFOIIMM M3MEPEHHEM N PH-
HBI TOJMYHBIX KOJICI] Ha HUX IO IBYM paJHyCaM.
[TpuHaIeKHOCTH MEPTBBIX JIEPEBLEB K TOMY HITH
MHOMY BHJYy YCTaHaBIMBAJIAaCh Ha OCHOBAaHUU
AQHATOMHYECKOro aHayin3a JpeBecuHbl (beHbko-
Ba, llBeitnrpybep, 2004). B kayecTBe MapkepoB

CXo4a JIJaBUH aBTOPbI UCIIOJIB30BAJIN TC, KOTOPBIC

paHee NPUMEHSUIUCH JAPYTUMHU UCCIISI0BATENSIMU:
JaThl THOCIIH 1 IOPaHEHUS IEPEBbEB, TOIbI HApY-
LIEHHSI CHHXPOHHOCTH ITPUPOCTA C TATOBOM U Kpe-
HEBOW CTOPOH, NIEPBBIN O B Yepeie JIET PE3KOro
n3MeHeHus: KoddduireHTa KpeHu (COOTHOIICHH ST
MIPUPOCTA C KPEHEBOM U TATOBOW CTOPOH CTBOJA),
HaJIMYME KOMIIPECCHOHHOW JIPEBECHHBI U LIEIO-

YCK TPaBMATUYCCKUX CMOJIAHBIX XOOOB B KCHUJIC-

Tabnuua 2. XapakTepucTHKa ASHAPOXPOHOIOrHYECKUX 00pa3IoB, 0TOOpPaHHBIX B 1aBUHOCOOpax p. Uys

Table 2. Characterization of dendrochronological samples collected in avalanche paths of the Chuya River

Cpenuuit
Homep BeicoTa Unero Tomst K02 G puIueHT
o160~ Toner Ha- KOppeIsIiuu
TaBH- Hccreno- OKOHYA- .
Bun pa Hax yaja pocTa Bospact | xpononoruit | Rbar | EPS
Hocho- BaHHBIX HUS pocTa N
YpOBHEM JIEpEBHEB C KPEHEBOM
pa JIepeBbEB JIepEBbEB .
MOpSI, M U TATOBOM
CTOPOH
Larix sibirica 39 1777-2001 | 1927-2022 | 21-215 0,90 0,55 | 0,98
4 Picea obovata 18601880 4 1867, 1885 | 2010-2022 | 137-143 0,59 0,70 | 0,90
Pinus sibirica 10 1843-1905 | 1992-2022 | 47-152 0,72 0,62 | 0,94
4 Larix sibirica 18 1708-1975 | 1996-2024 | 20-288 0,73 0,21 | 0,83
(coopsl | Picea obovata 1820-1830 1877-1945 | 1992-2016 | 48-140 0,78 043 | 0,75
2024 1) [ pinys sibirica 2 1887, 1905 | 2009, 2024 | 105, 138 0,52 027 06
Larix sibirica 17 1612-1999 | 2013-2022 | 23-409 0,63 0,19 | 0,80
5 Picea obovata 1895-1990 1872-1920 | 1982-2023 | 102-150 0,59 0,25 | 0,67
Pinus sibirica 1511-1969 2022 53-511 0,72 0,35 | 0,79
Larix sibirica 19 1710-1997 | 2006-2022 | 35-315 0,57 0,18 | 0,81
6 Picea obovata 1770-1800 4 1796-1965 | 19862022 | 48-225 0,77 0,38 | 0,71
Pinus sibirica 8 1919-1983 | 1981-2022 | 17-103 0,62 0,13 | 0,54
Pinus sibirica 18 1777-1903 | 1995-2023 | 40-155 0,70 0,49 | 0,94
7 Picea obovata 1980-2010 2 1929, 1951 | 2003,2023 | 72,74 0,30 0,54 | 0,70
Larix sibirica 9 18422001 | 1998-2023 | 17-126 0,82 0,46 | 0,88
Larix sibirica 1 1924 2022 98 0,79 - -
8 2130-2140
Pinus sibirica 3 1528-1935 2022 87-494 0,59 0,16 | 0,36
9 Larix sibirica 4 1974-1982 2024 43-51 0,79 0,25 | 0,57
Pinus sibirica 2060-2080 18 1967-1989 2024 36-58 0,73 0,27 | 0,87
10 Larix sibirica 20 1883-1978 | 20002024 | 47-142 0,63 0,25 | 0,87
Larix sibirica 5 1775-1956 | 2014-2024 | 62-230 0,38 0,15 | 0,47
11 Picea obovata 17181740 16 1875-1965 | 2002-2024 | 60-150 0,74 0,26 | 0,85
Pinus sibirica 4 1887-1998 2024 27-138 0,66 0,27 | 0,60
Picea obovata 5 1968-2005 2024 21-57 0,59 0,29 | 0,67
13 Betula pendula Roth 1270 8 1957-1985 2024 40-68 0,71 0,37 | 0,82
Populus tremula L. 8 1975-1987 | 2007-2024 | 27-50 0,77 0,58 | 0,92

[Tpumeuanwue: mpoyepk B TaOIUIEC — 3HAYCHU S HE BBIYUCISINCE, Rbar — cpeqHuii MexcepuainbHbli kodddunuent koppensnuu, EPS —

HOHyJ’ISII_IPIOHHLIIjI CUTHaJ.
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Me (ompeneseHre OTIEIbHBIX TPaBMaTHYECKHX
CMOJISIHBIX XOJIOB B TOJMYHBIX KOJIBLIAX SBIISCTCS
TPYJIOEMKOH Tporenypoii). MccnenoBaiuch xpo-
HOJIOTMH U Ha MPEAMET HATWYHA B HUX 3()(PEeKkToB
OCBETJICHUS, KOTOpbIE B JICHIPOXPOHOJIOrHYE-
CKOM CMBICIIE TPAKTYIOTCS KaK Pe3Koe yBelIHde-
HHUE TPUPOCTA MPH NPOPESIKUBAHUU JIPEBOCTOCB
(Kaennel, Schweingruber, 1995).

Bce npuBeeHHbIE HHIIMKATOPBI JABUHHBIX
MIPOLIECCOB MOT'YT OBITH BBI3BaHBI PAa3JIMYHBIMU
SIBIICHUSIMH, T.€. SIBJISIIOTCS HeCen(PUUECKUMHU.
Jis yBeJTMUYCHUsT BEPOATHOCTH WHAMKALUH Jia-
BUH HEOOXOAMMO HCIIOJIb30BaTh BECh KOMIIJIEKC
nokaszarenei (Germain et al., 2010). B xauectse
TAKOI'0 MHTErpaJIbHOrO IOKa3aressl cxoja Jia-
BUHBI B KOHKPETHOM IOy OBLJIO HCIOJIB30BAHO
COOTHOILICHHE YMCJIa BCEX CIIy4aeB HapylICHUN
pocTa epeBbeB (CM. BBIIIEC KaKHE KOHKPETHBIC
NOKa3aTe/Il UCTIOJIb30BaHbl) B KOHKPETHOM IOy
C YHUCJIOM HCCJICAOBAHHBIX JEPEBbEB, KOTOPBIA
paHee Mbl IPEIJIOKHUIN HA3BATh JACHIAPOXPOHO-
JIOTUYECKUM HHJCKCOM JIABUHHOW aKTHBHOCTH
(beIKOB U 11p., 2024):

at+b+c+d+e+f
X =
g

’

rie X — JCHAPOXPOHOJIOIMYECKHM MHAEKC
JaBUHHOM aKTHBHOCTH 3a KOHKPETHBIM TOf;
a — JaTel THOEM M NOpaHEHUs JiepeBbeB; b —
HapyLIEHHUs] CHHXPOHHOCTH IPUPOCTA C TATOBOI
U KPEHEBOM CTOPOH; C — NEPBBIM I'0j B depene
JET PEe3KOro U3MEHEHHs KOd(QPHUIHEHTa KPEHH;
d — HajMyYMe KOMIIPECCHOHHOW JPEBECHHBI; € —
HaJU4yUe LENoYeKk TPAaBMAaTUYECKUX CMOJISTHBIX
f —

npupocta (3pdexT oceTieHUN); g

XOIOB B KCHIJIEME, pe3Koe yBEIMYCHHUE
YHCTIO
HCCJICIOBAHHBIX JCPCBBLEB.

V3MepeHust UPUHBI TOIUIHBIX KOJIEI] IPO-
W3BOIMJIACH HA [TOJyaBTOMATHYSCKOH YCTaHOBKE
Lintab 6 ¢ Touroctsio g0 0,01 mm. CraHmaptu-
3amus U 000OIIEeHHE JCHAPOXPOHOIOIHUCCKHUX

psa0B ocyecTBIsInCh B mporpamme ARSTAN.

JUisi OLIGHKH JPEBECHO-KOJIBLEBBIX XPOHOJIO-
Uil KOHKPETHBIX IJIOMANOK OBLIH HCIIOIb30-
BaHbl Rbar (running correlation between series
of tree-ring chronologies), EPS (The Expressed
Population Signal), a nsi 0000IIEHHBIX XPOHO-
JIOTUH — YyBCTBHTEIBHOCTH (mean sensitivity)
(Speer, 2010). ITocTtpoeHue 0OOOIICHHBIX XPO-
HOJIOTHH JUTSI MJIOMIAJIOK OCYILECTBIISIIOCH, SCITH
3HageHune EPS 6b1u10 paBHo mnum Beimre 0,85. [lns
JaTUPOBAHUS IIOJYYCHHBIX XPOHOJIOTHH HC-

nosb3oBanack mporpamma COFECHA.

Pe3yabrarsl u 00cyx/aeHue

AHanu3 Bo3pacTa >KMBBIX M MOTHOIINX Je-
PEBBEB HCCIIEIOBAaHHBIX JIABUHOCOOPOB MOKa-
3aJl, 4TO B TONEPEYHOM IpO(HIIe 30H TpaH3UTa
JIABUHOCOOPOB  BBIJICIISIIOTCSl  YYacCTKU Pa3HOM
MHTEHCUBHOCTH JIABUHHBIX ITporieccoB. B yoTke
¢buKcupyrTes 1100 MOJIO/IbIE JIepEBbs, TUO0 HX
MIOJTHOE OTCYTCTBHE, IOCKOJIBKY 3]1€Ch JIABUHBI
cxonsT Haubosee yacro. C ynajgeHueM OT JIOTKa
BO3HHMKAET 30Ha MEHEE HHTEHCUBHBIX JIABUHHBIX
MPOLIECCOB, TJ€ BO3PACT JIEPEBHEB B CPEIHEM
GoutbIIe, 0COOCHHO 110 KPAKo JJABUHHOT'O ITpoYeca.
3a npeaenamu npoveca BO3pacT JepeBbEB MAKCH-
MaJbHbIH. Hayano pocra nepeBbeB, mpouspacTa-
IOIIMX B HIDKHUX YacCTsIX 30H TPAH3MTA U B 30HAX
AKKYMYJISIIIUH, CUIIBHO OTIMYAETCS KaK OT JIABH-
HOCOOpa K JJaBHHOCOOPY, TaK U B Ipeaesiax Oj-
HOro JaBuHOCOOpa (Tabm. 2). Tak mo mepudepun
30HBI AKKYMYJISIIIMH JJaBUHOCOOpa 4 OHO OTMeua-
ercs B 1708-2001 rr. (y Picea obovata L.— 1867—
1945 1., y Pinus sibirica Du Tour 1843—1905 rr.,
y Larix sibirica L.— 1708-2001 rr.), B TaBUHOC-
6ope 5-1511-1999 rr. (y Picea obovata — 1872—
1920 rr., y Pinus sibirica — 1511-1969 rr., y Larix
sibirica — 1612—1999 rr.). B HM>kHE# yacT 30HBI
TpaH3UTa JaBUHOCOOpa 6 HAYaJIO POCTa IePEBhEB
otHocuTcs K 1710-1997 rr. (y Picea obovata —
1796-1965, y Pinus sibirica — 1919-1983 rr,,
y Larix sibirica — 1710-1997 rr.) (ta6:. 2), mo mie-

pudepun 30HBI AKKyMYJSIIMH JIaBUHOCOOpa
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7 — x 17772001 rr. (y Picea obovata — 1929 r.
u 1951 r., y Pinus sibirica — 1777-1903 rr.,
y Larix sibirica — 1842-2001 rr.), B JlaBUHOC-
6ope 8—1528-1935 rr. (y Pinus sibirica — 1528—
1935 rr., y Larix sibirica— 1924 r.) u 1.1. (Tad1. 2).

Bo3pacT W3y4eHHBIX IEpPEBHEB TaKKe KO-
nebalics B IIMPOKKUX mpenenax. Tak, Harmpumep,
B saBuHOCOOpe 4 — ot 20 mo 288 mer (B cpen-
HEM BO3pacT cocTaBmil 129 neT), B nMaBUHOCOO-
pe 5 — ot 23 mo 511 et (B cpemnem 143 roma),
B JlaBuHOCOOpe 6 — o1 17 1o 315 net (B cpenHem
105 meT). B maBuHOCOOpE 7 — oT 17 mo 155 met
(B cpennem 84 roma), B maBuHOCOOpe 8 — oT 87
1o 494 net (B cpemneM 278 neT) u T.4. (Tab. 2).
Bo3pact MBBIX M NMOrMOLIMX JIEPEBHEB CBH/IC-
TEIBCTBYET O PA3IMYHON YacTOTE CXOAA JIABUH
B M3Y4CHHbIX JIaBHHOCOOpax. Hanbosee MolHbIe
JMaBUHEBI B OacceiiHe p. Uys, BEpOATHO, CXOMIIIN
pa3 3a 490-510 net. [IpoMexyTOK MEXIy JaBH-
HAMHU MCHBIICH MOITHOCTH MOXKET IOCTUTaTh
260-285 net. IlepuogMIHOCTH CXO/1a JTaBUH CPEll-
Her MormHocTu cocraBisieT 40—-145 netr. Makcu-
MaJIbHbIE JIABUHBI, KOTOPHIMH ObLIIM YHUYTOXKEHBI
nepeBbs BospactoMm 490-510 net, ObuTH OTMEUe-
Hbl B 2011 1 2022 rr. JlepeBbst Bozpactom 260285
moru6u B 1995 u 2019 rT., a nepeBbs BO3pacToM
40-145 ner norubanu B auanazone 1954-2023 rr.
Boszpact u3y4eHHBIX JIEpEBbEB JaeT OCHOBAHUS
MPE/IoIaraTh, YT0 Ha MPOTSIKEHUH IOCIEIHUX
20 et HaOIFOAAaETCS yCUIICHUE MOIITHOCTH JIABHH.
OnHOI M3 BO3MOXHBIX NMPHYUH DTOTO SIBIISETCS
YBEJIIMYCHHE B 3TOT MEPUOJ KOJUYECTBA 3UMHIX
ocankoB. Criennduka JIeHIPOXPOHOIOIHYECKO-
TO JaTUPOBAHUS JIABHH 3aKJIFOYACTCS B TOM, YTO
JIaThl TOCJIEHEr0 KOJIbIA M CXOJa JIABHHBI, KaK
MIPABHIIO, PA3IMYAIOTCS Ha OMUH ron. OIHAKO, KaK
MOKa3aJIi HaIllM HAOJIOJICHNUs], B HEKOTOPBIX CIIy-
YyasXx OHU COBIAJAIOT, MOCKOJBKY OOJOMaHHBIC
JIABUHOI CTBOJIbI TIPU HAJIMYUHM HUKHHUX BETOK
MOTYT YCIETh C(DOPMHUPOBATH HEIOIHOE TOMNY-
Hoe KoJ1b110. [Toj00HOe siBIeHHEe ObLIIO OTMEYEHO

1 'y NOBAJICHHBIX BEYHO3CJIICHBIX XBOMHBIX nopon

JIepeBbEB, KOTOPbIE B IMOCIEAYIOUIUII BereTaru-
OHHBIN MEPHOJ MOTYT C(hOPMHUPOBATH HECKOJIBKO
PSI0B KIIETOK KCHUJIEMBL. Tpaxeuasl B TAKMX KOJIb-
nax crennuIHbl: OHW UMEIOT Y3KHE IIPOCBETHI,
HO IIPY 9TOM U TOHKHUE CTEHKU. B 3TOM CBsI3U IIpU
JaTUPOBAHUH CXOJa JIaBUH HEOOXoauM o00s3a-
TEJIbHbIM AHATOMUYECKU I aHAJIU3 IIOCJIEIHETO I'0-
JMYHOTO KOJIbLa y TIOTUOIINX JIE€PEBBEB.
OCOOEHHOCTBIO  JIEPEBBEB  JIABHHOCOO-
pOB HccienyeMoro OacceifHa SIBIISIETCS 4acTo
BCTpEYaeMble Ha CTBOJAX MEXaHHYECKHe IIO0-
BpeKJeHUS (paHbl). DTO CYNIECTBEHHO OTIHMYa-
€T JaHHBI pailoH OT MHOI'OCHEXHBIX PalOHOB
Antas (CeBepo-3anannsiii (beikoB u ap., 2024)
u CeBepo-BocTouHsblil pailoHBl), Iie paHbl Ha Jie-
PEeBBSIX 00pa3yIOTCsl NMPEHMYIIECTBEHHO 00J10-
MaHHBIMH U TIEPEHOCHMBIMH JJABUHAMH CTBOJIA-
MH, B TO BpeMsI Kak B Oacceline p. Uyst KaMeHHBIM
MaTepuanoM. /laTupoBaHHEe MEXaHHYECKUX IIO-
BPEKJCHNUH y 1€PEBbEB JITABHHOCOOPOB Uy HCKOT0
OacceifHa CBUIETEIBCTBYET O TOM, YTO JIEPEBbs
ux npuodpenu 3a nmocieguue 100 ner (puc. 4).
Bonee panHHue MOBpeXIeHUS HE OTMEUYEHBI. Bo3-
MOXHO, 3TO 00YCIJIOBJICHO T€M, YTO 32 CTOJICTHE
MPOUCXOJUT MOITHOE 3apacTaHUe paH, TOCIIe Yero
oHU He oOHapy>kuBatoTcs. Hanbonpiee konuye-
CTBO TOBPEKJACHHI OTHOCHUTCA K IOCIEIHEMY
25-71eTHEMY TIEpHOJLY, YTO MOXKET OBITH CBSI3aHO
KaK ¢ TeM K€ 3apacTaHheM paH Ha Ooyiee paHHUX
9Tanax, a Tak)Ke YCHJICHHEM JJaBUHHON aKTHBHO-
CTH, YTO YaCTUYHO TOATBEPXKAACTCS TCHACHIU-
el yBeJIM4eHHs 3SMMHUX OCa/IKOB B HCCIIELyEMOM
paiione. OcoOEHHO MHOTO TOBPEXKICHUH OTMe-
geHo B 2009-2011 rr., a Takxke ¢ 2017 mo 2023 1.
CpaBHeHHE YHCIIa MOBPEXACHUN C KOTHYECTBOM
0CaJIKOB 32 OKTSOpb—MapT Ha METEOCTaHIMSIX
Komi-Arau u YcTb-Ynaras rnokassBaeT, YTO CXO/T
JaBUH HE Bcerja OOYCIIOBJIICH IOBBIIICHHBIMH
CHero3amacaMi K OKOHYaHHUIO 3UMHETO MePHO/Ia.
Hampumep, B 1998 r. B maBuHOCOOpE 4 OH TIPO-
U301 NPH HEOONBIIMX CHero3amacax CHEX-

HOro nokposa. To ke camoe ormeueHo B 1982 r.
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Fig. 4. Distribution of the number of cases of mechanical
basin by decades

B saBuHOCOOpE 6. [Tpr 3TOoM B 2010 T., KOTOPBIH
XapaKkTepu3yeTcsi Kak roj ¢ OOJIBIIMM KOJIHYe-
CTBOM OCa/IKOB 3a 3UMHHH NEPHOJI, TaBHHBI CXO-
WU B STHBape NMPHU aHTUIMKIOHAIBHON TOTO/1e
ripu Mopo3zax 30—40 °C, T.e. Ob1IN 00YCIOBICHBI
TpaHchopmanueit cHexHoi Toniu. Takum 00-
pa3oM, HaJlM4Ke paH He MO3BOJISET TOYHO ycTa-
HOBUTH IIPHUYUHBI CXO/Ia JIABUHBI.
KommpeccnonHasi apeBecrHa oOHapysKeHa
B KoOJiblIax 6 JepeBbeB JaBuHOCOOpa 4, 7 nepe-
BBEB JIABHHOCOOpA 5, 7 tepeBbeB TaBHHOCOOPA 6,
4 nepeBbeB JaBuHOCOOpa 7, 1 mepeBa B JaBUHOC-
Oopax 8 m 9, yeTrIpex AepeBbeB TaBUHOCOOPOB 10
u 11 u aByx aepeBbeB naBuHOCOOpa 13. AHanu3
10Ka3aJl, YTO MOJ0OHAsl JPEeBECHHA Y JEPEBbEB
(dbopMHpyeTCsl IPEUMYILIECTBEHHO B PAHHEM BO3-
pacte, 4To, BEpPOSATHO, OOYCIIOBJICHO AAaBICHHEM
cHera Ha moxapocT. Hampumep, B JaBUHOCOOpE
6 y mepBoro jaepemBa (JTUCTBEHHUIIA) MONOOHAS
JipeBecHa OTMeualiack Ha TperhbeM (1969 T1.),
geTBepToM (1970 1)) u 35 romy (2001 r.) KU3HH.
YV BTOpOTO JIepeBa (JINCTBEHHHUIIA) KOMITPECCUOH-

Has ApeBecuHa oTMeueHa B Koibuax 1960, 1961,

— 16

damage to trees in avalanche paths of the Chuya River

1964 1 1966 romax (COOTBETCTBEHHO B BO3pacTe
3,4,7u9 ner). Y Tperbero nepesa (JINCTBEHHU-
1a) ona mposiBriack B 2009-2012 rT. B Bo3pacte
36-39 net, y ueTBepTOrO AepeBa (e1b) — B BO3pac-
te 166—-169 net (1978—1981 rT.), y msiToro nepesa
(emp) — B Bo3pacte 105 nmet (1938 1.), y mecToro
(exp) — Bo3pacTte 43 roma (1863 1.), y cenpmoro Je-
peBa (kenp) — B Bozpacte 36 (2013 1), 37 (2014 1)
n 41 (2018 1.) teT. CHHXpPOHHOCTH B IIPOSIBIICHUH
TOAUYHBIX KOJEL C KOMIPECCHOHHOH apeBecH-
HOH y JIepeBbEeB KaK OJHOTO, TaK U JIPYT'HX JIABHU-
HOCOOPOB, HE OOHAPYIKECHO.

Llenoukn TpaBMaTHYECKUX CMOJISTHBIX XO/IOB
B TOJMYHBIX KOJBI@AX JAEPEBbEB JIABUHOCOOPOB
BCTPEUAIOTCSl 3HAYMTEIIBHO Yallle, 9eM KOMITpec-
CHOHHasl ipeBecuHa. Hanpumep, B taBuHOCO0pe 6
3a nepuon ¢ 1707 no 2022 r. npuMEPHO B KaXJA0M
IISITOM TOJly OTMEYEHBI TPAaBMATHUECKHUE CMOJIsi-
HBbIe X0/1b1. OOHAPY’KUBAIOTCS OHU KaK C KPEHEBOH,
TaK U C TATOBOW CTOPOH CTBOJIOB JIepeBhEB. [Ipn
9TOM CHHXPOHHOCTB B MIX PACIPEACICHNN ciadast
KaK I10 pa3HbIM JIABUHOCOOpaM, TakK IO JePEBbsIM

OIHOI'0 J'IaBI/IHOC60pa " JJaXe 10 pasHbIM CTOPO-
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HaM CTBoJIAa. B myumem ciydae OgHOBpEeMEHHO
TaKHe XOIbI OOHAPYKUBAIOTCS TOIBKO y YETBEPTH
UCCIIC/IOBAHHBIX JiepeBbeB B JiaBuHOcOope. Ha-
MIpUMeEp, B TABUHOCOOpE 7 OMHOBPEMEHHO CMOJISI-
HBbIC XO/bI HAOIIOAATUCE HEe Oosiee ueM y 15 % 00-
CIIEIOBaHHBIX JepeBbeB. YacToTa BCTpeyaeMOCTH
TPaBMAaTHYECKUX CMOJISTHBIX XOJIOB B 3HAYUTEIILHO
MEHBIEeH CTEIeHN 3aBUCUT OT BO3pacTa IepeBa,
YeM BCTPEYaeMOCTh KOMIIPECCHOHHOW JIpeBecH-
HEL [lo BceM nmaBHHOCOOpaM MaKCHMAallbHOE KO-
JIMYECTBO MOJOOHBIX KOJEL MPUXOIUTCS Ha Jie-
carmierust XXI B. (puc. 5). OgHako JMAEpPCTBO
STOTO MEpHOoAa 10 JAHHOMY IIOKA3aTelio B 3Ha-
YUTETBHOW MEpE 3aBUCHT OT BETHYHUHBI BBIOOPKH.
Hawubosnee cuibHO MPOSIBUIKMCH TPAaBMAaTHUECKUE
CMOJIsIHBIE XOIbl B KoyibLax aepesbeB B 2010 r.,
KOTJIa OHHM OJIHOBPEMEHHO ObLIIM BCTpeYeHbI y 16
JIepeBbeB. Takke 3HAYMMO OHU OBLTH OTMEYCHBI
B 2018 . (y 13 nepeBneB), 2016 1. (y 11 nepeBbeB),
B2004 1. (v 10 nepeBbeB) u B 1948 1. (y 9 nepeBbeB).

Peskoe yBenuuenue mpupocta (3ddexr oc-

BCTJ'IGHI/ISI) B HWHAWBUAYAJIbHBIX XPOHOJIOI'UAX,

MOJIYYCHHBIX C JICPEBbEB JTABUHOCOOPOB, 0OHAPY-
JKUBaETCs peiko. B maBuHOCOOpE 4 Takoii 3hdext
Obu1 oTMeueH Ha ypoBHe 1860-1880 M y mByx
JMUCTBCHHUI W3 39 00CIIEeNOBaHHBIX — y OIHOM
(B Bo3pacte 157 net) B 2014 1., a y BTOpOIi (B BO3-
pacte 10 met) B 2011 . B 3TOM K€ 1aBHHOCOOpE
Ha ypoBHe 1820—1830 M oH OBIT BBISIBIEH B XpPO-
HOJIOTHSIX JIBYX JUCTBEHHMI U3 18 obOciemoBan-
HeIX — B 2012 1. (B Bo3pacte 47 net) u B 1899 1.
(8 Bo3pacte 60 ner). B maBuHOCOOpEe 5 peskuit
npupocT OB OTMEYEH Y TpexX JIMCTBEHHHUIL.
VY nByx B Bo3pacte 24 (2010 r.) u 36 net (2015 r)
W IBaXJbI Y ofHOU B Bo3pacte 197 net (1943 r.)
u 204 roma (1950 r.). B maBurOCOOpE 6 MO Kparo
JIABUHHOTO TIpoyeca Takoil 3(¢eKT mnposBuil-
Csl TOJIBKO Yy JIBYX €leil — y OIHOM (B Bo3pacte
136 neT) B 1961 1., a y BTOpOIi (B BO3pacte 145 neT)
B 1978 1. B npeBecHO-KOIBLEBBIX XPOHOJIOIUAX
naBuHOCOOpoB 7, 8, 10, 13 Takoii adekT He mpo-
siBAJICs. B maBuHOCOOpE 9 OH OBIIT OTMEYEH y Tpex
keapoB B 1982, 1994 u 2011 rr., korga ux Bo3pact

coctaBysut oT 2 1o 12 ner. B maBurOCOOpE 11 0H
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Fig. 5. Distribution of the number of rings with traumatic resin passages in trees of avalanche paths of the Chuya

River basin
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Ob11 BbIsIBIICH y 70-eTHe# mucTBeHHUIbI (1973 1)
u 80-nmetHero kexpa (2004 r.).

B xone ucciaenoBanuii Mbl IPOBEPHIIN TaK-
K€ BO3MOXXHOCTH HCIIOJIB30BAHMSI €IE OJHOTO
BEPOATHOTO MHJAMKATOpa CXOJa JIABUH — aCHH-
XPOHHOCTH TNPHPOCTA C Pa3HBIX CTOPOH CTBO-
Ja, KOTOpas XapaKTepU3yeTCs yMEHbIICHHEM
MIPUPOCTA C OHOH CTOPOHBI CTBOJIA U yBEJIHYe-
HUEM C APYyToil B T€YCHHE rojla M0 CPaBHEHHIO
C MpEbIIyIIUM. AHaJIN3 JPEBECHO-KOJIBIEBBIX
XPOHOJIOTHH TIOKa3ad, YTO TaKoe YBEIHYCHHE
MIPUPOCTA C OTHON CTOPOHBI CTBOJIA MOXKET IIPO-
JIOJKAaThC HECKOJIBKO JIET 0 BOCCTAaHOBIICHUS
BEPTHKAJIBHOCTH CcTBOJA. [Ipm 3ToM mo mepe
YBEIUYEHHUsI BO3pacTa AepeBa YBEIWUUBACTCA
1 TIEPHOJI TAKOTO BOCCTAHOBIECHHSA. TakuMm 00-
pa3oM, Haubosiee TOYHO ONPEACIHUTh I'OJl CX0/a
JaBUHBI MOXKHO 110 IEPBOMY T'OJly aCHHXPOHHOTO
npupocTa. OZHAKO CIeAyeT yYUTHIBATh, YTO He-
PaBHOMEPHOCTb ITPUPOCTA MOKET OBITH BHI3BAHA
U IPYTUMH IPUYUHAME, TAKUMHU KaK CIIOJI3aHHe
CHera II0 CKJIOHY WJIM BozjelcTBue BeTpa. Kak
NOoKa3aJl aHaju3, Ipu OousblIoi BbIOOpKE (20
JepeBbeB M 0oJiee) aCHHXPOHHOCTH MPUPOCTa
OJTHOBPEMEHHO B CpelHeM oTMmeuaeTcs y 15—
20 % wccnemoBaHHBIX JIEPEBHEB JTABUHOCOOPOB,
a MakcumanbHo —y 50—65 % nepeBbeB. Tak, Ha-
npumMep, B 1856 1. ona Habmonanace y 53 % ne-
peBbeB JlaBuHOCOOpa 4, B 1828 . — y 63 % nepe-
BbeB JaBuHOCOOpa 5, B 1922 1. —y 50 % nepesbes
naBuHOCOOpa 7 'y 64 % nepeBbeB JJaBUHOCOOpa
6. OnmHako eciy BBIOOpPKAa HMCCIIEAOBAHHBIX Jie-
peBbeB HeOombIast (2—4), TO aCHHXPOHHOCTH
B KaKOW-TMOO KOHKPETHBIH TI'0Jl MOXET OTMe-
yatbes y 75-100 % nepeBbes.

OnHuM W3 TOKaszarenell HepaBHOMEPHO-
CTH paJuanbHOTO NMPUPOCTA M, COOTBETCTBEH-
HO, MHAMKATOPOM CXOJla JIABUH B NPaKTHKE UX
JEHAPOXPOHOIOTMYECKUX UCCIEJOBAHUNA MOXKET
ciykuth ko3 unment kpern (Kpasmosa, 1971;
Pessaxun, Kpasuosa, 1977), xoTopslii xapakre-

PpU3yeT OTHOLICHUEC IMPUPOCTA CTBOJIA C KPCHEC-

BOH CTOPOHBI K IIPUPOCTY C TSATOBOH CTOPOHBI
Y XBOHHBIX OPOJI IepeBbeB. Takasi pa3HUIA BO3-
HUKAaEeT BCJIEJICTBUE TOTO, YTO Y XBOHHBIX MOPOJ
TATOBas JIpeBecrHa ciiabee, ueM KpeHenas. B rox
CX0/la JJAaBUHbBI (PUKCHPYETCSI 3HAUUTEIBHOE yBe-
JU4eHue 3Toro kodppunrenta. OqHaKo JTaHHBIN
KO3(D(DUIUEHT TaKKe XapaKkTepu3yeTcs Halu4du-
€M MHEpLHH, T.€. MOCJIe MEPBOro roja CTPEMH-
TEIBHOTO €ro MPHpPOCTa Jajee B TEUCHHE He-
CKOJIBKMX JIET MOXKET OTMEYAThCs JasbHeHiee
IIJIABHOE €ro yBEJIMYeHHUE yike 0e3 Bo3/eicTBus
naBuH. [Ipn sToM yBennuenne ko3(h¢umeHTta
KPEHH MOXKET MPOUCXOJUTh KaK PU aCHHXPOH-
HOM HPHUPOCTE C TMPOTHBOIOJIOKHBIX CTOPOH
CTBOJIA, TAK M NPH CUHXPOHHOM. 3HauCHHE KO-
sppunreHTa KpeHH HEKOTOpble aBTOPBI HC-
MOJIB3YIOT JUIsI ONPEJIEIICHHS] MOLITHOCTH JIABUHBI
(Kpasuosa, 1971). Ognako, 1o HameMy MHEHUIO,
BEJIMYMHA JIAHHOTO KOX(QULIMEHTa SIBISETCS
HEHAJIeKHBIM KPUTEPHUEM OIpEICNICHHUS] MOII-
HOCTH JIaBHHBI. boJjiee MOIXOISALIMM ITPUEMOM
JUTSL YCTAHOBJICHUS! MOIIHOCTH JIABUH SIBIISICTCS
BBIOOp MecTa 0TOOpa JACHAPOXPOHOIOTHUECKHUX
00pasIoB, IMOCKOJIBKY MOIIHOCTD JIABUH H J1aJTh-
HOCTh MX BbIOpOCa, KaK MpaBHIIO, B3aMOCBsI3a-
HBL.

AHanu3 CHHXPOHHOCTH TPHUPOCTA C Kpe-
HEBOHM U TATOBOM CTOPOH CTBOJIOB JEPEBLEB HC-
CJICZIOBAHHBIX JIABUHOCOOPOB CBUETEIbCTBYET
0 TOM, YTO €€ HapylLIeHue — yacTtoe siBiieHne. OHo
Habm0aeTCs y IepeBbEB OUH pa3 Kaxable 2—7
(B cpemneM 3,7) net. BmecTe ¢ Tem, ciemyer oT-
METHTbh, YTO HECMOTPSI Ha HAPYILIECHHUsI CHHXPOH-
HOCTH IPUPOCTa C KPEHEBON U TATOBOH CTOPOH,
MEXJy HUMH OTMEYaeTCs BBICOKOE CXOJICTBO
(Tabm. 2). CpenHue 1o NopoiaM AepeBbeB KO-
(UIIHEHTBI KOPPEJSILIUN MEX]y XPOHOJIOTHUSIMU
C KPEHEBOH M TATOBOM CTOPOH CTBOJIA BAPBUPYIOT
ot 0,52 110 0,90. B 30He TpaH3uTa TaKOE CXOJCTBO
BBIIIE Y AE€PEBHEB 110 KPAIO JABUHHOTO IIpoyeca,
4YeM y JEpEeBbEB B 30HE Ipoyeca, PacIOOKEH-

HBIX OJIMXKE K JJABUHHOMY JIOTKY. [lapHbIe KOppe-
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JALUU XPOHOJIOTUH C KPEHEBOM U TATOBOW CTO-
POH B 30HE aKKyMYIISIITIHN HIDKE, Y€MY TaKOBBIX
M0 Kparo JJaBUHHOTO MpoUeca Uiu 3a MpeesiaMu
nmaBUHOCOOpOB. CX0OXasi CUTyaIusi OTMEYaeTCs
U C MeXCepHalbHbIMU KOA(DGHUIIMEHTAMH KOP-
peNSAUU XPOHOJIOTHIA — 10 Kparo IIpodeca OHH
BBIIIIE, YEM B 30HE TpaH3UTa. Takke B LIEJIOM I0-
mynsuoHHbIH curHan (EPS) nepeBbeB BHE 30HBI
JaBUHOCOOpA BBIIIIE, UEM Y JIEPEBLEB B MIpeIeiax
JABUHHOTO IpoYeca, YTO JOMOIHUTEIBHBIN pa3
MOJTBEPKIAET, YTO JIEPEBbS JTABUHOCOOPOB HUC-
MBITBIBAIOT HEFATHBHOE BO3JIEHCTBHE JIABUH €IS
Ha cTajuu ux pocta. [lo mopogam nepeBbeB Xy/I-
mue nokasarenu EPS game Bcero neMoHcTpHpy-
et Picea obovata.

AHanu3 KOMIUJIEKCAa ICHIPOXPOHOIOTHYC-
CKHX IPU3HAKOB, [I0 MHCHUIO HEKOTOPBIX HUCCIIC-
JOBaTeJICH, SBISICTCS 00S3aTEIBHBIM YCIOBHEM
HHIUKAIMK CX0Ja CHeXXHbBIX jaBuH (Germain et
al., 2010). B Hamem wuccieIoOBaHHHM B KaueCTBE
TaKOT0 MOKa3aTessl BLIOPAaHO COOTHOIIEHHE CyM-
MBI BCEX CIIy4aeB HAPYIICHHUH MPUPOCTa (ACHH-
XPOHHOCTh TPHUPOCTA, PE3KOE YBEITUYCHHE KO-
s dunreHTa KpeHU, HATUINE KOMITPECCUOHHOU
JIPCBECHHBI M I[ETIOYEK TPABMATHUCCKHUX CMOJISI-
HBIX XOIO0B, 3(]eKT ocBeTIeHus, nata rudenu
W nata oOpa30BaHHS PAaHbI), HCCICIOBAHHBIX
B HIDKHEH YacTH 30HBI TPaH3UTa M 30HBI aKKy-
MYJISIIIAU JI€PEBBEB K YUCITY TAHHBIX JICPEBHEB.
MBI mpeMIoKUAIN 3TO COOTHOLICHHE HAa3hIBaTh
JCHAPOXPOHOJIOIMUECKMM HHICKCOM JIaBUHHOU
aktuBHOCTH (BBIKOB 1 1p., 2024).

[ony4ueHHbIC JIEHIPOXPOHOJIOTUUECKHUE
CBEJICHUS O CXOJIC JIABHH IONTBEPKIAFOTCS TaH-
HBIMH JUCTAHIIHOHHOT'O 30HIUPOBAHUS CO CITYT-
HukoB Sentinel u Landsat 3a 2013-2024 rr. (cMm.
puc. 3), a Takke pe3ylbTaTaMl Ha3eMHBIX Ha-
OmroneHmnit. B 9TOT mepron MakcHMalbHBIC Jia-
BUHBI B JIaBUHOCOOpe 4 oTmeuanucs B 2018 1.
MpU 3HAYCHUHU JCHAPOXPOHOJIOTHYECKOTO WH-
Jlekca JIaBUHHOW aKTUBHOCTH, paBHoro 0,87,

B naBuHOCOOpe 6 — B 2016 u 2018 rr. mpu 3Ha-

yenuu uHaekca 0,7 u 0,6 COOTBETCTBEHHO, B Jia-
BuHOCOOpEe 8 — B 2020 r. Ipu 3HAYEHUU UHICK-
ca 1,25, B maBunoc6ope 9 — B 2016, 2018, 2019
u 2021 rr., npu 3Hauenusx 0,67, 0,83, 1,0 u 0,67
COOTBETCTBEHHO, B JaBuHOcOope 13 — B 2016,
2018 u 2019 rr., npu 3navenusx 0,55, 0,65, 0,8.
B ocranpHBIX HCCIIEIOBAHHBIX JIABUHOCOOpaX
JaBUHBI B YKa3aHHBIH MEPHON HE IOCTHTAIN
MECT O0TOOpa JICHAPOXPOHOIOTMYECKUX 00-
pasuoB. Ecnu uCXoauTh U3 TOTO, YTO 3HAYCHUE
uHaeKca, paBHoro 0,6 u Oosiee, SIBJASCTCS KPUTE-
pueM cxolla MaKCUMAaTbHBIX JIABHH U Ha APYTHUX
BPEMEHHBIX OTPE3Kax, TO B JIaBUHOCOOpe 4 Mak-
CHUMaJIbHBIC JIABUHBI CXOIUIN B CPEIHEM IIpHU-
MEpPHO OZIMH pa3 B 3 rona, B ToM yucie B XX B.—
39 pas (Tabn. 3). B maBuHOCOOpE 5 32 BpeMEeHHOI
HEepHoJ MPOAOIKUTENBHOCTRIO Oonee 500 met
(1511-2022 rT.) MaKCHUMabHBIC JTABUHBI 3a(UK-
cUpOBaHbI B 49 rojax, T.e. IPUOIHU3UTEIBHO pa3
B 10 mer (tabm. 3), B Tom gucie 9 pa3 B XX B.
B naBunoc6ope 6 3a 295 neT MakcHMaJbHBIE J1a-
BHUHBI CXOIMIIU MPUMEPHO OAWH pa3 B TPH TOJa,
B ToM uuncie B XX B.— 36 pa3. B maBunocbope
7 MaKCHMaJIbHBIC JIABUHBI CXOJIWJIN 3HAUYUTEIb-
HO peke, a UMEHHO B CpeJHEM NPUMEPHO pa3
B 10 steT. 3a 1BajIIaTOE CTOICTHE MAKCHMAaJIbHBIE
naBuHBI 31ech cxogmiu 10 pas. B nmaBunocOope
8 MakcUMaibHBIC JIABUHBI B CPEIHEM CXOIVIIH
onuH pa3 B 4 roma. B XX B. OHU ObLIIH OTMEYEHBI
22 pa3za. B maBuHOCOOpE 9 IEPHOTUIHOCTE CXO/1a
MaKCHMAaJbHBIX JaBHH 3a MOCIEAHNE 56 JIeT co-
CTaBJISET OOWH pa3 B 2—3 roaa, B JaBUHOCOOpE
10 — pa3 B 3 roga, B 1aBuHOCOOpE 11 — ouH pas
B 4 rona, B maBuHOCOOpE 13 — onmH pa3 B 4 roxa.

Pacnipenenenue 9mcia MakCHMAaJbHBIX Jia-
BHH TI0 CTOJICTHUSM B KOHKPETHBIX JJABHHOCOOpax
MMeeT He3HauuTeNnbHble oTiaudusi (puc. 6). Cy-
MIECTBEHHOE BIUSHUC HA YUCIO MaKCHMAaJIbHBIX
JIABUH OKa3bIBAIOT MOCTOSHHBIE (haKTOPBI JIABH-
HOOOpa30BaHUS — SKCIIO3UIIHS, YKIOH CKIIOHOB,
BBICOTA JIABMHHBIX 04aroB. CaMbIMU aKTHBHBIMHU

N3 UCCIICJOBAHHBIX OKa3aJIMCh J'IaBI/IHOC60pBI 4, 6,
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Tabnuma 3. Tomel cxoma MaKCHMalbHBIX JIABUH B HCCICIOBAHHBIX JaBHHOCOOpax OacceitHa peku Uys
(LlenTpaspHbIil AsTail)

Table 3. Years of maximum avalanches in the studied avalanche paths of the Chuya River basin (Central Altai)

Howmep
naBuHOCOOpa

T'oxpl cxo/ma MaKCUMaJbHBIX JTJAaBHH

1713, 1714, 1715, 1716, 1720, 1722, 1723, 1725, 1727, 1729, 1730, 1731, 1734, 1736, 1737, 1739,
1742, 1744, 1745, 1747, 1748, 1751, 1752, 1753, 1754, 1755, 1757, 1759, 1761, 1762, 1763, 1764,
1765, 1767, 1769, 1770, 1772, 1773, 1775, 1776, 1777, 1778, 1781, 1782, 1783, 1785, 1786, 1788,
1789, 1790, 1791, 1793, 1795, 1801, 1804, 1805, 1810, 1815, 1819, 1821, 1826, 1827, 1833, 1834,
1835, 1836, 1838, 1842, 1844, 1850, 1856, 1859, 1864, 1865, 1869, 1871, 1872, 1874, 1880, 1881,
1884, 1887, 1891, 1894, 1896, 1898, 1903, 1904, 1906, 1911, 1914, 1915, 1917, 1919, 1921, 1923,
1924, 1926, 1933, 1936, 1937, 1940, 1948, 1953, 1954, 1959, 1966, 1969, 1987, 1989, 1992,
1993, 1994, 2000, 2003, 2005, 2006, 2009, 2010, 2011, 2012, 2015, 2018, 2023, 2024

1513, 1515, 1518, 1521, 1524, 1531, 1537, 1539, 1543, 1552, 1558, 1563, 1569, 1586, 1589, 1601,
1603, 1610, 1625, 1648, 1651, 1665, 1670, 1681, 1684, 1687, 1693, 1707, 1714, 1719, 1721, 1750,
1797, 1803, 1811, 1828, 1846, 1860, 1892, 1894, 1926, 1927, 1932, 1939, 1947, 1954, 1961, 1973,
1987

1722, 1726, 1732, 1738, 1744, 1747, 1752, 1753, 1756, 1760, 1762, 1764, 1766, 1767, 1769, 1774,

1780, 1785, 1787, 1791, 1794, 1798, 1799, 1805, 1806, 1808, 1811, 1814, 1816, 1817, 1821, 1823,

1828, 1830, 1841, 1843, 1845-1847, 1851, 1853, 1855, 1856, 1860, 1861, 1863, 1864, 1866, 1868,
1869, 1871, 1872, 1875, 1877, 1878, 1883, 1885, 1891, 1895, 1905, 1906, 1908-1910, 1914, 1915,
1917, 1919, 1920, 1922, 1927, 1930, 1932, 1935, 1938, 1943, 1946, 1947, 1948, 1955, 1961, 1965,
1974, 1980, 1985, 1987, 1992, 1996, 2001, 2004, 2007, 2009, 2010, 2016, 2018

1886, 1890, 1902, 1903, 1909, 1914, 1922, 1923, 1930, 1961, 1966, 1996, 2001, 2010

1529, 1531, 1533, 1535, 1539, 1540, 1544, 1550, 1552, 1558, 1560, 1564, 1568, 1574, 1578, 1580,
1581, 1584, 1597, 1600, 1605, 1607, 1615, 1620, 1624, 1631, 1632, 1647, 1650, 1652, 1659, 1663,
1666, 1670, 1672, 1676, 1681, 1685, 1693, 1695, 1699, 1700, 1704, 1706, 1717, 1725, 1726, 1734,
1736, 1746, 1748, 1756, 1758, 1759, 1763, 1765, 1769, 1771, 1772, 1773, 1774, 1777, 1779, 1781,
1792, 1799, 1805, 1809, 1817, 1823, 1828, 1832-1834, 1839, 1844, 1845, 1857, 1859, 1861, 1866,
1869, 1871, 1879, 1883, 1886, 1889, 1892, 1895, 1896, 1901, 1902, 1906, 1911, 1914, 1919, 1922,
1926, 1929, 1936, 1939, 1940, 1955, 1959, 1961, 1973, 1975, 1976, 1977, 1979, 1985, 1999, 2002,
2004, 2017, 2019, 2020, 2023

1967, 1970, 1971, 1972, 1973, 1977, 1979, 1981, 1994, 1995, 1999, 2003, 2008, 2009, 2011, 2014,
2016, 2018, 2019, 2021, 2024

10

1885, 1891, 1892, 1893, 1894, 1896, 1899, 1903, 1906, 1907, 1908, 1909, 1911, 1912, 1915, 1917,
1918, 1921, 1922, 1924, 1926, 1927, 1933, 1934, 1936, 1938, 1940, 1942, 1945, 1951, 1954, 1956,
1957, 1960, 1961, 1963, 1965, 1969, 1972, 1978, 1980, 1982, 1984, 1986, 1988, 1989, 1993,
1994, 1995, 1998, 2003, 2005

1776, 1779, 1784, 1787, 1789, 1794, 1796, 1797, 1798, 1800, 1801, 1810, 1811, 1821, 1826, 1830,
1836, 1844, 1846, 1847, 1851, 1854, 1858, 1861, 1863, 1865, 1868, 1870, 1872, 1874, 1876, 1879,
1884, 1894, 1895, 1897, 1899, 1902, 1904, 1906, 1908, 1909, 1913, 1920, 1929, 1931, 1936, 1938,
1945, 1962, 1964, 1965, 1967, 1971, 1972, 1973, 1975, 1981, 2003, 2004

13

1974, 1977, 1983, 1993, 1994, 1998, 2001, 2002, 2014, 2018, 2019, 2022, 2024

9,10 u 13. OT 1pyrux JaBUHOCOOPOB OHM OTJMYA-  BUHOCOOpPEe 4 10 CPaBHEHHIO C JIABUHOCOOPOM

FOTCS JIN0O BEICOKUM IOJI0KECHUEM JTUHUHI OTpbIBA 5. I[aHHLIC J'IaBI/IHOC60pI>I PacnoJIOKEHbI PsAIOM

B JIJaBUHHBIX Ooyarax, 1100 HECKOJIBKO OOJIBIIMMU N UMCHOT CXOXHEC OCTAJIbHBIC ITOCTOSHHBIC (baK-

YKJIOHAMHU B JIaBUHHBIX O4arax. (DaKTOP BBICOTBI TOPBI J'IaBI/IHOO6pa?>OBaHI/I$I. PHZ[OM C JaHHBIMHU

JJABUHHBIX O4YaroB TAKKE OIPEACIIACT 0oJiee BbI- HaBI/IHOC60paMI/I pacnojioKeHa CTOAHKA XHUBOT-

COKYIO aKTMBHOCTb MAKCUMAJIbHBIX JIABUH B Jid- HOBOZOB, KOTOPLIC ITIOATBEPIKAAIOT, UYTO B TCUHCHUC
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Fig. 6. Average number of avalanches per year in avalanche paths of the Chuya River basin by centuries

HECKOJIBKHX JICCSITKOB JIET JIABUHBI B JIABUHOCOO-
pe 4 cxonsT vaie, 4eM B JlaBuHOcOope 5.
CHHXPOHHOCTH MaKCHMaJIbHBIX na-
BHH 10 pa3JIMYHBIM JIABUHOCOOpaM HEBBICO-
kast (tabs. 4). HauGomasiiee cxomcrBo (16 pas
3a XX B.) JAEMOHCTPUPYIOT JaBHHOCOOpPHI 4
u 10, a Takxe mapsl JaBUHOCOOPOB 4 u 6, u 4
1 8 — B HIX MaKCHUMAaJIbHBIC JJAaBUHBI 8 pa3 CXO-
JIAJIN B OJUH U TOT ke Toj] B Teuenue XX B. Eciu
repBasi U BTOpasl mapa JaBUHOCOOPOB CXOMHBI
M0 BBICOTHOMY IOJO)KEHHUIO JIABUHHBIX OYaros,
TO TPEThs XapaKTepusyeTcs Treorpaduueckont
01M30CThIO. Y CIEAYyIONIeH mapbl — JJABUHOCOO-
pbl 6 u 10 — B OAMH U TOT K€ rOJl MaKCUMallb-
Hble JTaBuHbI cxonmin 11 pa3z 3a XX B. B 1961 1.
MaKCHMAallbHbIC JaBUHBI COILIH B IISTH U3 Je-
BSTH HCCIIE[IOBAHHBIX JIABUHOCOOPOB (JIaBU-
HocOopbr 5-8, 10), B 1922 — B uerspex (6-8,
10) u 2010 rr. — B Tpex saBuHOCOOpax (4, 6, 7).
B sumnunii cezon 20092010 rr. cxox JiaBUH ObLI
0OYCJIOBJIEH 3HAUUTEJIbHBIM KOJIUYECTBOM aT-
MOc(EpHBIX 0CaJIKOB 3a OKTSAOpb—MapT. OnHAKO
B 3UMHHI ce30H 1960—-1961 rr. KonmuecTBo ocan-

KOB OBLIIO CpeaHee U, BEPOSATHO, ONPEACIIAOIINM

OB IPYroil KIMMAaTHYCCKHi (pakTop, 4To Tpe-
OyeT MOIONHUTEIHFHOT'O HWCCICIOBAHUS METEO-
(haKkTOpPOB ITAHHOT'O I'0/Ia B UCCIIEyEMOM palioHe.
B 1996 1. naBUHBI OBLITH OTMEUYCHBI B TABHHOCOO-
pax 6 u 7. I[Ipu sTom 3uma 1995-1996 rr. xapak-
Tepu30BajIach KpaifHe HU3KUM 3HAYCHUEM KOJIH-
yecTBa arMoc(hepHbIX 0caKkoB. [IoaTOMYy MOXKHO
MIPEATONIOKUTE, YTO CXOJI JIABHH B 3TY 3UMY OBLI
00yCIIOBJIEH TEPEeKPHUCTAIUIM3AINEeH CHEXHOM
tonmu. [TogoOHBIC BEIBOABI O MPUYMHAX CXOJa
JIaBUH B JJaHHOM paiioHe ClieNlaHbl U JIPYTUMHU
uccienoBatensamu (Anralickuii kpait, 1978; Pe-
BsikuH, 1981). VI3 aTOTO ClieqyeT MeTOUYECKHI
BEIBOJ O TOM, YTO YCTaHOBJICHHE IIPUYUH CXO/Ia
JIABUH METOJIOM JIPEBECHO-KOJIBIICBOM HMHIIMKa-
LA 32 IpeiesIaMu MIEPHO/Ia HHCTPYMEHTAIBHBIX
METEOPOJIOTHYECKUX HaOJIOJCHNH B JaHHOM
paiioHe BpSIT JIH BO3MOXKHO.

[onpiTKa MONXYYEHUS JEHIPOXPOHOJIOTH-
YECKOr0 WHICKCA JaBHHHOW aKTUBHOCTH IS
Oacceiina p. Uyu B 11eJIOM OKa3ajach HEYIaqHOI
(puc. 7), B OTIIMYUE OT BBHIIIOJHEHHON paHee Io-
n00HOW mporenypbl mo Oacceiiny p. Koprou
(CeBepo-3ananusiii Anrait) (beikoB u ap., 2024).
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Tabnuua 4. ['o1bl CHHXPOHHOT'O CX0/1a JIABUH B HCCIICAOBAHHBIX JJABUHOCOOpaX

Table 4. Years of synchronous avalanches in the studied avalanche paths

Howmep
JIAaBHHO- 4 5 6 7 8 9 10
cbopa
5 1894, 1926, 1954,
1987
1722, 1744, 1747,
1752, 1753, 1762,
1764, 1767, 1769,
1785, 1791, 1805, 1927, 1932,
6 1821, 1856, 1864, 1947, 1961
1869, 1871, 1872, 1987’ ’
1891, 1906, 1914,
1915, 1917, 1919,
1948, 1987, 1992,
2009, 2010, 2018
1909, 1914, 1922,
7 }ggz’ ;?)r(‘)’ 1923, 1961 1930, 1961, 1996,
’ 2001, 2010
1725, 1734, 1736,
1748, 1759, 1763,
1765, 1769, 1772,
1773, 1777, 1781, 1902,
3 1833, 1834, 1844, | 1926, 1939, }ggg’ igg’ 131691, 1914,
1859, 1869, 1871, | 1961, 1973 1985,2004, > 11922,
1896, 1906, 1911, ’ 1961
1914, 1919, 1926,
1936, 1940, 1959,
2023
1973, 1977.
1994, 2003, 2009, ’ ’
9 2011, 2018, 2024 1973 2009, 2016, 2018 |- 1979, 1999,
2019
1891, 1894, 1903,
1906, 1911, 1915, 1885, 1891, 1906, 1903 1892, 1896,
1917, 1921, 1924, | 1892, 1894, | 1908, 1909, 1915, 1909’ 1906, 1911, 1972. 1994
10 1926, 1933, 1936, | 1926, 1927, | 1917, 1922, 1927, 1922’ 1922, 1926, 1995’2003’
1940, 1954, 1969, | 1954, 1961 | 1938, 1961, 1965, 1961’ 1936, 1940, ?
1989, 1993, 1994, 1980 1961
2003, 2005
1787, 1794, 1798,
1776, 1989, 180L. |1, 155 {11, 1501 1530 1775, 1844, 1894, 1899,
? ’ ’ | 1846, 1860, | 1846, 1847, 1851, g ’ 11967, 1971, | 1906, 1908,
1836, 1844, 1865, 1902, 1895, 1902,
11 1872, 1874, 1884 1927, 1932, | 1861, 1863, 1868, 1909 1906. 1929 1972, 1973, | 1909, 1936,
’ ’ ’ 11947, 1961, | 1872, 1895, 1906, ’ 11981, 2003 | 1938, 1945,
1894, 1904, 1906, 1936, 1973,
1936. 2003 1987 1908, 1909, 1920, 1975, 2004 1965, 2003
’ 1938, 2004 ’
1977, 2014,
13 1993, 1994, 2018, HET 1974, 2001, 2018 {2001 1977, 2002, 2018, 2019, 1993, 1994,
2024 2019 2024 1998
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O0001IeHHe JaHHOTO MHICKCA M0 OacceitHy p.
Uys MpUBOIKT K €T0 OCPETHEHUIO M 3aHIKCHUTO
(tonmpko mecTs pa3 ¢ 1700 r. ero 3HaueHUe a0-
cturio 0,6). 9T0O MOXHO OOBSCHUTH TEM, YTO
JIABUHOCOOPHI 3716Ch B 3HAYMTEIBHOU Mepe OT-
JUYAIOTCS TOCTOSHHBIMU (DaKTOpaMH JIABUHO-
00pa30BaHUs BCICACTBUE YEr0 MaKCHMaJIbHbBIC
JIABUHBI B HUX CXOMISIT HECHHXPOHHO.

Takske cieqyeT UMETh B BHAY, YTO Ha Be-
JUYUHY JCHIPOXPOHOIOTHYECKOTO HWHJEKCa
JJABUHHOH AKTHUBHOCTH BIIMSICT YHCIIO HCCIIe-
JIOBaHHEIX JIEPEBBEB B IaBHHOCOOpe. Hampu-
Mep, €CJIM B JIABUHOCOOpE HCCIIENOBAHO OJIHO
JIEPEeBO, TO 3HAUYCHHE WHJCKCA KaK WHIHKATOPA
cXo/a TaBUHBI HE MOKeT ObITh Menee 1,0. OmxHa-
KO TIPU YBEIUYCHUH YHCIIa UCCICIOBAaHHBIX JIe-
PEBbEB 3HAYCHHME WHJCKCA, HEOOXOIUMOTO s
WHIUKAINHA CXOJa JIABHHBI, YMEHBIIACTCS, YTO
JEMOHCTPHUPYET pHUC. 7. DTO MOATBEPIKAACT BbI-
BOIBI IPYTUX HCCIEIOBATENCH O MHHHMAJIHHO
HEOOXOIMMOM YHUCIIC UCCICIOBAHHBIX JICPEBbHCB
MpU TPOBEICHUU APEBECHO-KOIBIICBOW WHJIH-
karuu. [ToCKOIBKY ¢ YBEJIMYCHHEM YHCIIA MC-

CJICAOBAHHBIX AC€PEBLCB BO3PACTAOT TPYHAOBLIC

3aTpaThl, ONTUMAJIbHBIM CUMTAETCS HM3YyueHUE
30—40 nepesbeB (Germain et al., 2010). Pe3yns-
TaThl O CXO/I€ MAKCUMAaJIbHBIX JIABUH TIPU MEHb-
[IEM YHUCIIe MCCIICJOBAHHBIX JIEPEBbEB CIICNYeT
BOCIIPUHUMATh Kak oueHo4Hble. [loaTBepauTh
WM OIPOBEPTHYTh UX, BEPOSTHO, MOKHO MpPH
JOIOJIHUTEIBHOM OTOOpe JEeHIPOXPOHOIOIH-
4eckuX 00pa3loB Ha 0ojiee BBICOKHX yPOBHSX

B 30HC TpaH3HUTa.

3akJouenne

CoOTHONIEHHE  JIEHAPOXPOHOJIOTUICCKUX
HWHIUKATOPOB CXOa CHEXKHBIX JIABUH B Oacceii-
He p. Uyst CylIeCTBEHHBIM 00pa30M OTIHYAETCS
ot CeBepo-3amagHoro Anras. 37ech 3HAUUTEb-
HO YBEIUYHMBACTCS POJb MEXaHUYECKHX I10-
BPCSKJICHUH HA CTBOJIAX ICPEBHEB, YMCHBIIACTCS
3HAYEHHE TPABMATUYECKUX CMOJISHBIX XOJIOB,
BCJICICTBUC TPYAOCMKOCTH HX OIPEICIICHUS.
BBuay TOro, 4To BCE MHAMKATOPBI CXO/Ia JIABHH
SIBJISIIOTCSL HeCTIEU(PUUCCKUMU, T.€. MOTYT OBITh
BBI3BaHbI U APYTUMHU (DAKTOPAMH, JIJISI CHHIKCHUSI
BEPOSTHOCTH OMIMOOK AaTHPOBAHMS HEOOXOIH-

MO HCIIOJB30BAaHHUC KOMIIJICKCA HWHAWKATOPOB.

250

-

——2

Uncno fepeBben

02 ‘ 1 I
T A
0 = il

Puc. 7. I3MeHeHUs A€HAPOXPOHOIOTHYECKOTr0 HHJICKCa JTaBUHHON aKTHBHOCTH, 0000IIEHHOr0 110 0acceiHy p.
Uysi 110 JeHAPOXPOHOIOrnYecKruM JaHHbIM (1), M Yicia HCCIIeI0BaHHBIX JIepeBbEB (2)

Fig. 7. Changes in the dendrochronological index of avalanche activity generalized for the Chuya River basin
based on dendrochronological data (1) and the number of trees studied (2)

— 170 —



Nikolay I. Bykov, Natalia V. Rygalova... Dendrochronological Dating of Maximum Snow Avalanches in the Chuya River...

B kauecTBe TAKOro MOKa3aTeiss MOXKET BBICTY-
MaTh JCHAPOXPOHOJIOTMYCSCKHH WHICKC JIABHH-
HOUM aKTUBHOCTH, KOTOPbIN ABJIAETCS OTHOILIEHU-
€M 4rclia CIy4aeB HapyIICHUS POCTa IEPEBHCB
K YHCJIy UCCICIOBaHHBIX aepeBbeB. OqHAKO ero
0000IMIeHHe TI0 UCCIIeIOBAHHOMY OacceiiHy Helle-
JIECOOOPA3HO BBUY 3HAYMTEIBHOTO Pa3HOOOpa-
301 TOCTOSTHHBIX (PAaKTOPOB JIABHHOOOPa30BaHUS
(3KCTMO3UIIUKA U YKJOHOB CKJIOHOB, BBICOTHI Jia-
BHHHBIX 09aroB HaJ YPOBHEM MOps # T.1.). [leH-
JPOXPOHOJIOTHYCCKU I aHATU3 [TO3BOJIUI YCTaHO-
BHUTH, 9YTO CHHXPOHHOCTH CXOJ]a MAaKCHMaJIbHBIX
JIABUH B MCCJICJIOBAHHBIX JJABUHOCOOpaX ciadast.
OHa TeM BEIIIIe, YeM OJIFIKE PACIONOKCHEI JIaBU-
HOCOOpPBI U YeM 00Jiee CXOKU OHH IO MOCTOSH-
HBIM (akTopaM JIABUHOOOpPa30BaHHS, IPEKJIE
BCETO, 110 BEICOTE JJABUHHBIX 04aroB.
JIeHIPOXPOHOJIOTHYECKHM METOIOM YCTa-
HOBJICHO, YTO IIPUYHNHAMH CXOa MAaKCUMAaTbHBIX
JaBUH B OacceliHe peku Uys SBIAIOTCS pa3imd-

Hble (PaKTOPbI — 3HAUUTEIILHOE CHEI'OHAKOTLIICHHE
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Abstract. The study reports the first records of the duck mussel Anodonta anatina (Bivalvia, Unionidae)
in the Irkut River basin. The morphometric characteristics of the shells of this species collected from the
Irkut and Angara rivers are analyzed. The shell height to length ratio (H/L index) was within 0.44—0.65
for the valves from the Irkut and 0.47—-0.67 for the valves from the Angara. These data are consistent
with previously published measurements of modern European and Transbaikal 4. anatina, as well as
Pleistocene duck mussel shells from Eastern Siberia. Bivalves from the Irkut and Angara basins did
not show significant differences in shell shape and nacre color, since these populations live in almost

identical conditions: artificial lakes and the quarry with similar soils and water temperatures.
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IlepBble n1anHbIE 00 YTUHOH 0e33y0Ke
Anodonta anatina (Linnaeus, 1758) (Bivalvia, Unionidae)

pexu UpkyT, Boctounas Cudbups, Poccus

E.M. Caenxo?, A. A. lllupokas’®

“DedepanbHblil HAYYHBLI YeHmp OUOPA3ZHO0OPA3UsL HAZEMHOU OUOMbL
Bocmounoii Azuu /[BO PAH

Poccuiickas ®edepayus, Braousocmok

OJlumnonocuueckuii uncmumym CO PAH

Poccuiickas @edepayus, Upxkymck

AnHoTtanus. [I[puBonsTCs epBbie JaHHBIE 0 HAXOAKAaX YTHHOU 0e33y0Kku Anodonta anatina (Bivalvia,
Unionidae) B 6acceiine p. pkyT, a Takxke MOphOoMEeTpUIECKUE XapaKTEePUCTUKH COOPAHHBIX PAaKOBUH
9TOrO0 BUJa U3 pek MpkyT n Anrapa. [loka3arenb OTHOIIEHUS BHICOTHI PAKOBHHBI K ee JuinHe (MHaekc H/L)
okazaics B nmpeaenax 0,44—0,65 nust ctBopok u3 Upkyta u 0,47—-0,67 nist CTBOPOK U3 AHTaphl,
YTO CcOrjlacyeTcs ¢ OyOJIMKOBAaHHBIMU paHee JaHHBIMU 110 COBPEMEHHBIM IIPEJICTABUTEISIM BHAA
U3 EBPONEHCKHX U 3a0aiiKalIbCKHUX TOMYJISIHM, a TAKXKE 110 TIEHCTOLCHOBBIM pakoBHHAM 13 BocTouHoi
Cubupu. Cobpannsie B Oacceitnax HpkyTta u AHrapsl 0e33y0ku 4. anatina He TIOKa3aJId 3HAYUMBIX
pasnuuuii B popMe PaKOBHH M LIBETE NEPIaMyTpa, T.K. 3TH MMOMYJISIIIUHA OOUTAIOT B IPAKTHUYECKHU
MICHTUYHBIX YCIOBHUSIX: 3TO HCKYCCTBEHHBIE 03€pa U Kapbep CO CXOKUMHU IPyHTAMHU M TEMIIEpaTypoi

BOJBI.

KuroueBble cioBa: CeepHast EBpasus, 6acceiin p. Enuceit, p. IpkyT, mpeCHOBOAHBIE IBYCTBOpYATHIC

MOJUTIOCKH, Anodonta anatina, MOp(hOIOTHsI pAKOBUHBI.

Baaromapuoctu. ABTopsl cepaedHo omarogapsaT A. H. ['ankuHa 3a momoris B coope matepuana. Pabora
BBITOJIHEHA B paMKaX I'OCYJIapCTBEHHOT0 3aaHusi MUHHCTEPCTBA HAYKH M BBICLIETr0 00pa30BaHuUs
Poccuiickoit @enepanun (tema Ne 1240124002857, ®HIL buopasnoobpasus JIBO PAH). Coop
MaTepuasa npopuHaHcupoBaH rocoromkeTabiMu nnpoexktamu JIMH CO PAH Ne 0345-2019-0009
n Ne 0279-2021-0007.

Hurtuposanue: Caenko E. M. [IepBrie nanubie 00 yTHHOI 06e33y0ke Anodonta anatina (Linnaeus, 1758) (Bivalvia, Unionidae)
pexu Upkyt, Bocrounas Cubups, Poccus / E. M. Caenko, A. A. Hlupoxas / Kypu. Cu0. dpenep. yn-ta. buonorus, 2025. 18(2).
C. 174-189. EDN: MZPYHD
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BBenenue

Yrunas 6e33y6ka Anodonta anatina
(Linnaeus, 1758) — yHUKaJIbHBIH BUJ KPYITHBIX
MIPECHOBOAHBIX JIByCTBOPUYATHIX MOJIITIOCKOB, UeH
€CTECTBEHHBIN apeasl 0XBaThHIBAET MPAKTHUYECKU
Bcto Tepputoputo EBpasuu ot [Tupeneiickoro mno-
nyoctpoBa u Cupun 10 ApKTUKH 1 BocTouHO#
Cubupu (Tomunosa u ap., 2019; Bolotov et al.,
2020; Tomilova et al., 2020; Caenxo, Pacmenku-
Ha, 2024).

EHnucell — ogHa U3 caMbIX JUIMHHBIX U IOJI-
HOBOJHBIX PEK MHUpa, pa3feisiomas 3anagHyro
u Boctounyro Cubups. IlpaBerii 1 kpynHenHmmit
nputok EHncess — AHrapa — sBisieTcss enuH-
CTBEHHOMW PEKOM, BBITEKAIOIIEH U3 03. balikall.

[lepBble yHOMUHAHNS O HAXOJIKaX aHOMOHT
B Oacceiine Enmcesi, B KOTOpBIII MOXHO BKJIIO-
YUTh W BOHOCOOpHEIN OacceiiH baiikana, mpu-
BOJIATCS B MAaJaKOJOTHYECKHX HCCIEIOBAHUAX
XIX Beka (Middendorff, 1851; Clessin, 1876;
Westerlund, 1877). HoBblii 3Tamn B u3y4yeHuu d6ac-
ceiiHa Enuces ¢ balikanom Hayascsi ¢ cepeauHbl
XX Beka (I'peze, 1957; I'ynnpusep, MBanona,
1969; Woranzen, Yepemnos, 1969; UepemHOB,
1969), onnako Toapko B Hauasne X XI Beka ObLIN
MIPUBEJCHBI NIEpBBIC JaHHbIE 10 0e33yOKaM Jie-
BBIX IIPUTOKOB BepxHero Exuces, Bkiaodas pexy
Abakan (Sayenko et al., 2004; Caenxo u np.,
2005).

OcCHOBHBIE HaXO/KH AHOJOHT B OacceifHe
baiikana oTHocWIUCH K camoMy o3epy (pas-
JUYHBIE COpPBI M 3aJIMBBI, B T.4. baprysnHckuii,
ITpoBan, Yussipkyiickuii, Cop-Uepkanos, bomb-
moi# [Tocombckuit cop, mponu Manoe Mope),
o3epaMm MBaHO-Apaxinelickoil cuctemsl (Apax-
neit u llakmmaCckoe), o3epam ['ycunoe, Illyuse
u Topma, k BbeITeKkaromie u3 baiikama AHra-
pe, a Takxe OaccellHaM BHaJarmuX B bailkan
pek baprysun m CeneHra ¢ mpUTOKOM XHIIOK
(Dybowski, 1913; Koxos, 1936; TonbrmkuHa,
1967; Cayruna, Ctapo6oraros, 1999; Prozorova,

Bogatov, 2006; IIposoposa, Cnyruna, 2009;

Caenko, 2014, 2019; Klishko et al., 2018; u ap.).
CrnemyeTr OTMETUTH, YTO BO MHOTUX ITyOJTHKAIU-
SIX OTCYTCTBYIOT TOYHBIE YKa3aHHsI MeCT cOopa
0e33y00K.

Jlns p. AHrapa naHHble TIO aHOIOHTaM
OBLTH, KaK MPABIIIO, YACTHIO THAPOOHOIOTHYE-
CKMX HccieoBaHui (cM., HampuMmep: PoxkkoBa
u 1p., 2011; Amppuanosa, 2023) nubo mpuBo-
JIUJIMCh BMECTE C OIMMCAHUEM BHJIOBOTO COCTaBa
MaJlako(ayHBI OITPEICICHHBIX YIaCTKOB Oacceii-
Ha ([onbimkuna, 1967), 63 aHanu3a pa3MepHbIX
XapaKTepUCTUK pakoBUH. OmyOIMKOBaHHBIX
CBEJICHUI O HAXOJKax aHOAOHT B p. MpkyT, on-
HOM W3 KpPYIHBIX IpPaBBIX IPHTOKOB AHTa-
pbI, IO HACTOSAIIETO0 BpeMeHU He Obuio (puc. 1,
tabn. 1). Hamu Oplna mocTaBieHa 3amada IOJ-
TBEPAHUTH OOUTAHKUE YTHHON 0e33yOKu B Oacceii-
He p. UpkyT, a Takxke coOpaTh MepBbIe JaHHBIC
10 MOP(OJIOTHYECKUM XapaKTEPUCTHKAM PaKO-

BUH U3 AHrapsl u MpkyTa.

MarepuaJibl U METObI

Martepuanom s paboOThl HMOCITYKUIU pa-
KOBUHBI YTHHOH 0e33yO0ku Anodonta anatina,
cobOpannsie A.A. Illupokoit u A.H. I'ankuHbM
B OacceifHax pek UpkyTt u Anrapa (UpkyTckuit
paiion MpkyTtckoii o6mactn) (puc. 1, 2):

1) 54 crBOpKM W3 Kapbepa M OTIIHYPO-
BAaHHOTO OT HEro osepua B pycine p. HpkyT
B cene CmonenmuHa, 05.1X.2023, 29.1V.2024,
02.VI1.2024, 14VIL.2024. KoopnuHaThl TOYEK
C HaXOJKaMH €AMHUYHBIX CTBOPOK: 52°14.848' N,
104°07.251' E — mpubpexHasi moyioca Kapbepa
co croponsl LlenTpa orapixa «Jlarynay, riy-
ouna 0,2-2,5 m (puc. 3 B-E); 52°14.618' N,
104°07.115' E — mpuOpexbe o3epia, riayOmHa
0,5 M (puc. 3 G-I). KoopanHaThel HAaXOAKH OOMITb-
HOro taHatoneHosa: 52°14.764' N, 104°07.234'E —
necyaHo-KaMeHHUCTass OTMeJb y OaHU-Ha-BOJE,
riryouna 0,5—1 M (puc. 3 F).

2) 30 cTBOPOK M 2 3K3EMILIsIpa U3 pacio-

noxkeHHbIX HUke UpkyTckoit I'OC Tak Ha3bIBa-
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Puc. 1. Mecra Haxonok Anodonta anatina B 6acceiinax p. Enuceli (uepHble kBajgpatsl) u 03. balikan (d4epHble
KPY KOUKH) [0 OIyOIMKOBAHHBIM JaHHBIM, @ TAK)Ke HOBbIC HAXOJAKHU (KpacHas 3Be3za). PacindpoBka HOMEepoB

JIOKaJUTETOB IPUBOAUTCS B TaOII. 1

Fig. 1. Locations of Anodonta anatina in the Yenisey River (black squares) and Lake Baikal (black circles) basins
according to published data, as well as new finds (red star). The description of locality numbers is given in Table 1

eMbIX TemnsIx o3ep B pyciie p. AHrapa Hampo-
tuB Akagemroponka r. Upkyrck, 20.I1X.2021,
30.IV.2024,
B 3aJIMBAX 03€p C HAXOAKAMH E€JUHNYHBIX CTBO-
pok: 52°14.840"' N, 104°17.963' E; 52°14.862' N,
104°17.955' E; 52°14.873' N, 104°17.953' E;
52°14.876' N, 104°17.959' E; 52°15.053"' N,
104°17.818' E; rmybuna 0,3-2,5 m (puc. 4 A-C,

19.X.2024. KoopauHaTel TOYEK

F, H). KoopauHaTsl HaxoJ k1 0OMIBHOIO TaHa-
ToreHo3a: 52°14.816' N, 104°17.994' E, rnyOuna
no 1 m (puc. 4 D, E, G).

COop pOBOAMIICS BPYYHYIO M C TIOMOIIBIO
rpalei.

PakoBUHBI XpaHSATCS B KOJUIEKIHMH Jabo-
paTopuu TpPecHOBOAHOHN ruapoduosorun OHIL
Buopasznoobpasus IBO PAH (r. BnaauBocTok).
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Tabnuua 1. OnyOnuKOBaHHBIC JaHHBIC O MECTaX HAXOJOK YTHHOU 0e33yOku Anodonta anatina B GacceiiHax
p. Enuceil u 03. baiikan

Table 1. Published data on known localities of Anodonta anatina in the Yenisey River and Lake Baikal basins

Peruon MecTo HaxOXKICHUS; Ccblika
udpsl B ckoOkax (1-32) COOTBETCTBYIOT IPUBEICHHBIM Ha
puc. 1
3abaiikanbckuii | UBano-Apaxueiickas c-ma o3ep: Apaxieit (1) u lllakmunckoe | Knuniko, 2001; Caenko,
Kpai (2) (bacceiin 03. baiikaur) 2014
Westerlund, 1877;
03. ['ycunoe (3) (0acceitn 03. baiikan) Prozorova, Bogatov, 2006;
Klishko et al., 2018
3anuBbl YuBsIpKyHickuii (4), baprysunckuii (5), [Iposain Dybowski, 1913; Koxos,
(6), Cop-Uepxkanos (7), bonpmoii [Toconsckmii cop (8) 1936; Prozorova, Bogatov,
(03. batikaun) 2006; Klishko et al., 2018
PecriyGanka p. Eapl:yan B 4:X KM BBEPX OT IrT. YeTb-Baprysun (9) Mozley, 1935
Bypstis (bacceiin 03. baiikain)
pexu baprysun (10) u Cenenra (11) Koxos, 1936
03. lyune (YOykyHckue o3epa) (12); 03. Topma (13) (6acceitn Klishko et al., 2018
p- Cenenra); BepxoBbe p. Xuiok (14)
Prozorova, Bogatov, 2006;
p. Cenenra y noc. Yerp-Ksxra (15) Iposoposa, Cryrura, 2009
yctbe p. Cenenra (16) Dybowski, 1913
p- Anrapa Hmxe EpmoBckoro mopora (HbrHe paiion bparckoro
Mé’KyTCKaﬂ Baxp.) (17) u ee mputok p. Mium (18) Fomprmcusa, 1967
o0nacTh
p. Anrapa y r. Upkytck (19) Prozorova, Bogatov, 2006
o3epa TomxuHckoi koTnoBuHbL: Azac (20), Mansl-Xons (21), | ['ynapusep, MiBanosa, 1969;
?ecny@n/nca Kanpiu-Xons (22) u bop3y-Xons (23) Caenko u z1p., 2005
Ba
Y Bepxunii Ennceit Ha yuacTke oT I. Kbi3bu1 go 1. lllaronap (24) | I'yanpusep, MBanosa, 1969
Pecniy6mka p- Apena (mputok peku Adakan) y r. AbakaH (25); o3epa
Xakacust Kpachoe (26) n HoBomuxaiinoska (27) Caenko u 1p., 2003
) p. Tatapka (mputox pexu Anrapa) (28); [lonkamennas Westerlund, 1877
Kpacrospckuii | TyHrycka (29)
Kpai p. Up6a B noc. bonbmas Mpoda (30); 03. Kpacusrii Jlap
(6acceiin p. Ty6a) (31); p. Kebex (mputok pexu Osi) (32) Caenxo u 1p., 2003

CoOpaHHBIE CTBOPKHM H3MeEpsuIH B Jabopa-

Paiion uccjienoBanus

TOPUM C I[OMOUIBI ILITAHIEHUUPKYJIS IO Clie-
JyIOIIMM OCHOBHBIM Ipu3Hakam: L — minHa
CTBOPKHM, | — jJyIMHAa OT BEpLIMHBI MAaKYIIKH
JI0 TEepelHero Kpas CTBOPKH, U3MEPEHHas Ia-
payenbHo OpromHoMy Kpawo, Hp., — Makcu-
MaJlbHasl BBICOTa CTBOPKH, H, — BbICcOTa CTBOpKHU
y MakylIKku, B — BBINYKJIOCTb, NI€pECUUTAHHAS
KakK JUJIs pakoBUHBL. Ha OCHOBe NaHHBIX XapakTe-
PUCTHUK PACCUUTHIBAJIUCH CJAEAYIOLINE CTAH1aPT-

vele uaaekce: H,,,,/L, H/L, B/L, B/H,,,,, B/H,.

PacnonoxxenHbIi B c. CMONEHITNHA Kapbep
B pycue p. UpkyT oOpa3oBaH BO BTOpPOIl MOJO-
BuHEe XX B. B X07Ie TOOBIYM TPaBUsl U MOCIENY-
IOLLEro 3arloJHEHUs] BOIOM BO BpeMsi MOLIHOTO
pas3nuBa peku. /IHO kapbepa MecuyaHO-WINCTOE,
MeCTaMU KaMEHHUCTOE, ¢ OOMIBHOM BBICIICH BO-
JTHOM pacTUTENIBHOCTHIO. BomoeM HCHBITHIBAET
MOBBIILIEHHYIO PEKPEaLMOHHYI0 Harpysky, T.K.
Ha ero Oepery Haxonutcs LleHTp oTasixa «Jlary-

Ha» C pa3BUTOU HHPPACTPYKTYPOH.
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Puc. 2. Mecta Haxonok pakoBuH Anodonta anatina B Upkytckom paifoHe MpKyTcKkoil 00lacTu: Kapra-cxema
obnactu (A); Tomorpadguueckas kapta palioHa ¢ ykazaHueMm mect coopa (B); cimyTHHKOBBIE CHUMKH Terubix
o3ep B pycie p. Aarapa (C, D); cnyTHHKOBBIE CHUMKH Kapbepa B pycie p. UpkyT (E, F); yuactok LlenTpa otasixa
«Jlaryna» y mecuano-kameHuctord otrmenu (G). 3Be3qoukoll 00O3HAYEHBI MecTa, TAC HaiiJieHbl OOMIIbHBIC
TaHATOLECHO3HI A. anatina. Macmrabubie muHeiku: 300 kM (A), 10 kM (B), 3 kM (C), 600 m (D), 2 km (E), 200 m
(F), 20 m (G)

Fig. 2. Locations of Anodonta anatina shells in the Irkutsk District of the Irkutsk Region: a map of the region (A);
a topographic map of the district indicating collection sites (B); satellite images of the Teplye lakes in the Angara
River bed (C, D); satellite images of the quarry in the Irkut River bed (E, F); the site of the Laguna Recreation
Center near a sandy-rocky shoal (G). Locations with abundant 4. anatina thanatocoenoses are marked with an
asterisk. Scale bars: 300 km (A), 10 km (B), 3 km (C), 600 m (D), 2 km (E), 200 m (F), and 20 m (G)
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Puc. 3. Paznuunsle 6uotonsl ¢ Anodonta anatina B xapsepe (A—F) u otmnypoBanHoM ot Hero o3epue (G-I)
pycna p. Upkyt: ¢ ennHnanbiMu dKk3emiuispamu (A—E, G-1) u ¢ o6unsabiM TanaTonieHozoM (F). ®ortorpadpuu

c caifra https://yandex.ru/maps/org/plyazh laguna/1372024419/gallery/?11=104.123491%2C52.247912&z=17 (A—
D) u A. A. lupoxoit (E-I)

Fig. 3. Various habitats of Anodonta anatina in the quarry of the Irkut River bed: with single shells (A-E, G-I) and
abundant thanatocoenosis (F). Photos from the website https:/yandex.ru/maps/org/plyazh laguna/1372024419/
gallery/?11=104.123491%2C52.247912&z=17 (A-D) and by A. A. Shirokaya (E-I)
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Puc. 4. Paznuunblie Ouotonsl ¢ Anodonta anatina B Temislx o3epax pycna p. AHrapa: ¢ ¢AMHHYHBIMH
sxzemiuisipamu (A—C, F, H) u ¢ o6mbHbIM TaHaTorieHo3oM (D, E, G). @ororpaduu A. A. Lllupokoit

Fig. 4. Various habitats of Anodonta anatina in Teplye lakes of the Angara River bed: with single shells (A-C, F,
H) and abundant thanatocoenosis (D, E, G). Photos by A. A. Shirokaya
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Ha yuactke Anrapsl y r. UpkyTck npenmy-
IIECTBEHHO I'aJICYHO-TIECYaHbIE TPYHTHI C PA3HOH
CTEICHBIO 3aMIMBAHNUS; XapaKTepHO 3apacTaHue
BBICHIEH BOJHOHM paCTUTEIBHOCTHIO (MXaMH, plie-
CTaMU) MOJIOCAMH Ha MEJIKOBOJIbE BJIOJIb OEperoB
U MeJei.

Tennblie o3epa — 3TO rpymna peyHbIX 3a-
JVBOB ¥ BOJOEMOB TEXHOTEHHOTO ITPOUCXOXK/IE-
HUA Ha p. AHrapa, rje ¢ Hayajga CTPOUTEIbCTBA
ninotuasl Mpkytekoit I'DC (1950 1) m nanee,
BILIOTH 110 KoHIa 1990-x rogos, Beach J00bIYa
rpasus. OOmas niomanb Terisx o3ep, 1o JAaH-
HBIM CO CIIyTHHKOBBIX CHHUMKOB, IPEBBIIIACT
114 rexrapoB. OT akBaTOpUU AHTapsl 03epa OT-
JIeJIeHbl [1€CYaHO-TPAaBUMHOM [10JIOCOU IIMPUHOI
JI0 HECKOJIBKHX JECSITKOB METpOB. JIHO B 03epax
3aMJIEHHOE, TOJIIMHA UJa COCTAaBISAET HECKOJIb-
KO JECSITKOB CAHTUMETPOB, C OOJBIINM KOJIHU-
YECTBOM CTPOMTEIBHOrO M OBITOBOTO Mycopa.
B nacrosimumii MmomenT Teruible 03epa UCHBITHI-

BAIOT MOBBIIIEHHYI0 aHTPOINOIN€HHYI0 HATPY3KY.

Pe3yabraTsl u 00cyxkaeHue

B pesynbrare nmpoBeneHHBIX HCCIEI0Ba-
HUH HaMHM TIOATBEPXKIEHO MPEIIOI0KESHHE
0 HallM4YWU YTHHOW 0e33yOkum B OacceiiHe p.
HpkyT. Moantocku HailJieHbl B pyclle DPEKU
y c. CmostenmuHa (puc. 3) Ha rryOnnax ot 10—
15 em mo 1,5-2,5 M cpenu 3aunaeHHOr0 pasia-
ralomierocs JINCTOBOTO OMajia WM HAa TEMHOM
une. Camble MEIKHE CTBOPKH ObIIIM MEeHEE 5 cM
JUIMHOM, camble KpymnHble pocturaid 10 cm
(Tabm. 2).

[onTBepxxkaeHo oOWTaHWME YTHHOH 0Oe3-
3yOku B Oacceiine p. Anrapa, B TembIx o3epax
(puc. 4) sK3eMILITSIPBI COOPAHBI OT CAMOTO ype3a
BOJIBI U J10 2,5 M II1yOMHBI HA TEMHOM HJI€ H JIH-
CTOBOM oIazie. Bce HaliieHHBIE CTBOPKHU KPyTI-
HbIe, OT 7 1m0 11,6 cM miuHO# (Tabu. 2). Panee
JUIs1 AHTaphl ONyOJIMKOBAHbI JaHHBIE O HAXO-
KaX PaKOBHH YTHHOW 0e33y0KH B 4epTe ropoaa
Upxkyrcka (Prozorova, Bogatov, 2006), oqHako

KOHKPETHO Tennsie 03€pa HEC YIIOMHWHAJIMCh.

Tabnuua 2. MopdomeTpruyeckue mpu3Haku (cM, min—max, B CKOOKax JIaHbl CpeIHEe 3HAYCHUE + CTaHIapPTHOE
OTKJIOHEHHE) PakoBUH Anodonta anatina. O603Ha4eHMs IPUBEICHBI B pasjeiic Marepualibl 1 METOIbI

Table 2. Measurements (cm, min—max, the mean + standard deviation given in brackets) of Anodonta anatina
shells. Abbreviations are described in Materials and methods

MecTto cbopa
[Ipuznaku
Kapsep u o3epro (p. UpkyT) Teruibre o3epa (p. AHrapa)

Hyo 2,6-5,2 (3,8+0,6) 3,8-5,5 (4,5+0,5)

H, 2,1-4,5 (3,4+0,5) 3,1-5,2 (4,1+0,6)

L 4,6-10,1 (7,0£1,2) 6,9-11,6 (8,2+1,1)

1 1,3-2,3 (1,7+0,3) 1,2-2,8 (2,1+0,6)

B 1,6-2.6 (2,2+0,4) 2,0-3,2 (2,9+0,4)
Hipa/L 0,50-0,65 (0,56+0,04) 0,47-0,67 (0,55+0,04)
H,/L 0,44-0,57 (0,50+0,03) 0,45-0,54 (0,50+0,03)
B/L 0,25-0,34 (0,31+0,02) 0,27-0,38 (0,32+0,04)
B/H,.. 0,46-0,67 (0,56+0,05) 0,50-0,75 (0,64+0,07)
B/H, 0,52-0,76 (0,64:0,07) 0,58-0, 76 (0,70+0,06)
/L 0,18-0,29 (0,25+0,03) 0,18-0,28 (0,25+0,04)
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be33yoku u3 Hpkyra u AHrapbl Xapak-
TEPU3YIOTCSA CXOKHMH 10 (GOpME H OKpacy
op-
(y Oomee MONOIBIX)

PaKOBHHAMH:  YIJIMHEHHO-OBaJIbHOU

MBI, OT JKEJITOBAaTO-
JI0 KOPUYHEBATO-OJUBKOBOTO (Y B3POCIBIX) LIBE-
Ta ¢ OJICTHO-TONYOBIM IEPIaMyTpPOM H3HYTPH
(puc. 5). Paccuntannbie HHICKCHI (TA0JI. 2) OKa-
32JIHCh CXOKUMH JUTSI 00CUX TTOMYIISIIHH.
[lepBoHauanbHO Bcex 0e33y00K W3 BOJO-

emoB EBponbel m CubupM OTHOCWIIM K pOAY

Anodonta Lamarck, 1799, npu 3TOM KOJIHYECTBO
BHIIOB Anodonta 0CTaBajoCh HEICHBIM JI0 Cepe-
nuabl XX Beka (XKanun, 1933, 1952). Ha ocno-
BaHHUH PA3JIMYUN B pa3Mepax PaKOBHH H MaKy-
IIEYHON CKYJBITYPHI, €BPOMNEHCKO-CHOUpCKUe
BUIBI Anodonta ObLTH BBIICIEHBI B OTICITHHBIN
pon Colletopterum Bourguignat, 1880 (3arpas-
kuH, 1983). B3risanel Ha BadMIHOCTH POna, €ro
COCTaB U KOJHMYECTBO BHJOB B TE€UYEHHE JOJITO-

TO BPEMEHHU OCTaBaJINCh MMPEAMETOM Z[I/ICKYCCI/Iﬁ

Puc. 5. PakoBunsl Anodonta anatina u3 BogoeMoB VpkyTckoil o6macT: B3pocible CTBOPKU U3 TemIbIX o3ep
pexu AHrapa (A) u u3 kapsepa pexu UpkyT (B, C); mononas cTBopka n3 xkapsepa pexku Upkyt (D). Macmtabnas

nuHelka 5 cm. @otorpaduu Bermonnens! E. M. Caenko

Fig. 5. Shells of Anodonta anatina from the Irkutsk Region: adult valves from Teplye lakes, Angara River (A) and
from the quarry, Irkut River (B, C); a young valve from the quarry, the Irkut River (D). Scale bar 5 cm. Photos

by E. M. Sayenko
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u pesusuii (Crapoboraros u ap., 2004; boraTos
u ap., 2005; Prozorova, Bogatov, 2006; Graf,
Cummings, 2007; u ap.).

Ha ocHOBe HEmaBHUX  MOICKYIISIPHO-
FEeHETUYECKHUX MCCIEeOBAaHUI YCTAaHOBJICHO, YTO
pon Colletopterum sSBISCTCS MIAIIIAM CHHO-
HuMoM Anodonta (Bolotov et al., 2020). beuto
MMOKA3aHO, YTO Ha TeppuTopuu Poccum yTuHas
0e33yOka BcTpeuyaeTcs OT 3alaJHOM TPaHUIIbI
CTpaHBI IO €€ eBPOIeHCKON YacTu (BKIIouas Jla-
recTaH Ha tore), Ha Ypase u B Cubupu (Bkitouast
TeiBy 1 Xakacuio Ha fore), rae OacceiiH JIeHBI
SIBJISIETCA CaMOM BOCTOYHOM TIpaHulied apeana
(Prozorova, Bogatov, 2006; Klishko et al., 2018;
Bolotov et al., 2020; Tomilova et al., 2020; Caen-
Ko, [Tamaros, 2022; Caenko, Pacimenkuna, 2024).
[Tpu sTomM Mopdosoruyecku — 1o Gopme, BbIITy-
KJIOCTH, MAKCHMAJIBHBIM pPa3MepaM, IBETY PaKo-
BUHBI MJIU TIEpIaMyTpa — MOJUTIOCKHU A. anatina
W3 pasHbIX YacTed EBpasuu MOTYT CHIIBHO OT-
nuvarbes (Bolotov et al., 2020; Caenko, Pacmien-
kuHa, 2024). Takyro H3MEHUYUBOCTH OOBSICHSIOT
CIIOCOOHOCTBIO BH/Ia 3aHUMATh IIUPOKUH CIIEKTP
cpeln oOMTaHUS, C PA3HON CKOPOCTHIO TCUCHWS,
TEMIepaTypoil BOABI U KOJHYECTBOM pPAaCTBO-
pernoro kuciopona (Nijs, Van Goethem, 1995;
Lopes-Lima et al., 2017). Dtum yrunas 6e33y0ka
OTIIMYACTCSI OT BTOPOro oduraromero B Poccun
BUJA aHOMOHT — Anodonta cygnea (Linnaeus,
1758), KOTOPBINA OTMEYEH B €BPOICHCKOW YaCTH
MaTepuka B BojloemMax co crosdeit Bogoi (Lopes-
Lima et al., 2017; Bolotov et al., 2020).

WHpekcel, paHee HCIOJIb30BABILINECS s
pazmenenuss BuAoB aHOHoHT (CrapoOoraToB
u ap., 2004), rakue kak B/H (oTHOmIEHNE BBIITY-
KJIOCTH paKOBUHEI K ee BbicoTe)  H/L (oTHOMIE-
HHUE BBICOTHI PAKOBHHBI K €€ JIJIMHE), OKa3aJicCh
HENPHUTONHEL. BBIIO H0Ka3aHO, YTO B Iporecce
pocTa MOJUIIOCKOB MX TIOKa3aTeNly 3HAYMTENb-
HO BapbUPYIOT U TMEPEKPHIBAIOTCS y ocobei
u3 pasubix mecrooburtanuii (Klishko et al., 2018;

Kimmniko, 2020). C pocToM NPOUCXOAUT YAJINHE-

HUE PaKOBHUHBI, IIPH 3TOM XOPOIIO BBIPAKEHHOE
y MOJOABIX ocobell yTHHOW 0e33yOKH KpPBIIO
CHIKAETCS WM MOJTHOCTBIO PEAYIIUPYETCs, KaKk
9TO OBLIO TOKA3aHO UISl €BPOICHCKHUX MOMYJIs-
uuii (Girgibo, 2013; Klishko et al., 2018; Kumiko,
2020). laHHasE 3aBHCHMOCTH ITOJTBEPIKIACTCS
U HallUMU [IpOMEepaMu, KOT1a 3HAUCHUS MH/IEK-
ca B/H ¢ pocTtom Moitiocka yBeIHYHBAIOTCS,
T.€. PAKOBHHA U3 OKPYTJION C BEIPAKEHHBIM KPBI-
JIOM MEPEXOAUT B yITMHEHHO-OKPYyTIyIo (puc. 5,
Tabna. 2). Takas e 3aBUCMMOCTb OT JUIMHBI pa-
KOBUHBI yKa3aHa s uajaekca H/L y ocobeit A.
anatina u3 3abaiikanbs (Klishko et al., 2018).

ITokazaTenu pa3MEepHBIX HHAEKCOB pako-
BHH B HCKOIIAEMBIX 1 COBPEMEHHBIX MOMYJISIHU-
sIX A. anatina Tak)xe NINPOKO NEPEKPHIBAIOTCS.
Tak, ungexke H/L y miaeiicTOEHOBBIX aHOMOHT
n3 Bocrounoit Cubupn (FOxHoOaiikanbckas
BraguHa Boctounoro Ilpubaiikaies u Teppa-
cel p. Anrapa) cocraBun 0,55-0,68, y coBpe-
MEHHBIX momyisuuidi u3 3abaiikanbs — 0,48—
0,57, y eBponeiickux nonyisuuit — 0,46—0,67
(Knumko, 2020). Hamu u3mepeHus uHAEKCa
H/L nmanu cnenyromue maTepBass: 0,44—0,65
nns Upkyra u 0,47-0,67 nius AHTapsl, 94TO MOJI-
HOCTBIO COTJIACYETCS ¢ ONMyOJIMKOBAHHBIMH pa-
Hee pe3yIbTaTaMH.

KpOMG HU3MCHCHUA

(hopMbI
10 Mepe POCTa MOJIIIIOCKA, Ha ee pasmep U ¢op-

PAKOBHHBI

MYy OKAa3bIBAIOT BJIMSIHHE W YCIIOBUs OOHTAHUS
6e33y00k. OHOBO3paCTHBIC 0COOHM YTHHOMN 0e3-
3yOku u3 EBpomnbl umeoT Oosee yIIMHEHHYIO
(hopMy paKOBHH U JOCTUTAOT OOJBIIMX pa3Me-
POB B BOJIOEMAax CO CTOsu€il BOOM, T.e. mpu 00-
JIee BBICOKHUX TEMIIEpaTypax 1 OO0JIbIIeM KoJIrye-
CTBE (PUTOIIAHKTOHA, B CPABHEHHH C OCOOSIMU
U3 peK ¢ TeKyIeH Boxoii (Zieritz, Aldridge, 2009;
Girgibo, 2013). Takas xe Mopdonorndyeckas u3-
MEHYUBOCTb OTMEYEHA y MOJLTIOCKOB B Oacceiine
p. Jlena u B Bogoemax BypsiTuu, KOT/1a )KUBY IIIHAE
B Oojee CIIOKOHHON BOJE 0COOM KpyIHee W OT-

JAYA0TCA LBCTOM PAKOBUHBI W INEpJIaMyTpa
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OT OOUTAIONIUX B YCIOBUSIX OBICTPOrO TEYEHHSsI
(Bolotov et al.,, 2020; Caenko, PacmenkwuHa,
2024). CobpaHHBIE HAMHU JK3EMILIApH B Oac-
ceiiHax MpkyTa u AHrapbl He NIOKa3bIBAIOT 3Ha-
YUMBIX Ppa3NIUYUN, T.K. HOMYISIUH OOUTAIOT
B NMPAKTUYECKH MJICHTUYHBIX YCIOBHSAX: 3TO UC-
KYCCTBEHHBIE 03€pa U Kapbep CO CXOKUMH I'PyH-
TaMH U TEMIIEPaTypOH BOBI.

[TosiBnenue yTuHON 0€33yOKHM B Kapbepax
MOXHO OOBSICHUTH KaK €CTECTBEHHBIMH MPHUH-
HaMU (HampuMep, BO BpeMs MoJbeMa BOJIBI B pe-
Kax, KOT/1a IIPONCXOAMIIO 3aTOIICHHE KapbepoB),
TaK U CBSI3aHHBIMH C JIEATEIBHOCTHIO UEIOBEKA,
a UMEHHO — CO CTUXUITHBIM 3apBIOJICHUEM BOJIOE-
MOB pbIOaKaMu (COTJIACHO YCTHBIM COOOIICHUSIM
MECTHBIX JKUTEJICH, TAKOE IPONCXOANIIO HEOIHO-
KpaTHO). [losiBIeHNe TIIOTBHI M OKYHS U B Kapbe-
pax p. UpkyT, u B Tenubix o3epax Ha AHrape cBs-
3BIBAIOT C €CTECTBEHHBIMH IPUUNHAMH, a Kapacs
U poTaHa — ¢ 3apbl0IeHneM pridakaMu. B mobom
cilydae, CKopee BCero, BHadase B 00CyKJaeMbIX
BOJIOEMAX IOSIBHJIACh pbIOa, a yXke IOTOM, Kak
CIIEZICTBHE, JBYCTBOpYATHIC MOJUTIOCKH. B 3TOM
CBOIO POJIb CHIT'Pajl OCOOBIN >KU3HEHHBIH LNKII
MOJITIOCKOB € Tapa3sUTUYECKON JIMUYMHKOW, Ha-
3BIBAEMOM TJIOXUIUH, KOTOPOH ISt MeTaMopdo-
3a He0OXOAMMO TPUKPENUTHCs K pride. FiMeHHO

B BHUJIC JIMYMHOK Ha phIOax 0e33yO0KU MOTIIH TI0-
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Abstract. A rotifer with a body size of 300 um, having a goblet-shaped body with a funnel-like structure
lined with cilia, divided into two symmetrical parts capable of generating two circular water currents, was
isolated from the integrated sample collected from three freshwater bodies in the mountainous Crimea region.
The rotifer has a discernible rostrum on the head and two spurs on the foot, which enable its locomotion
on the substrate. The mobile mastax, stomach, and cloaca are visible. The discovered morphotype is
similar to the rotifer Philodina megalotrocha (Ehrenberg, 1832), which is widely distributed in freshwater
habitats across Europe. The isolated rotifer did not respond to artificial mechanical and electrical stimuli
but instantly reacted to what was theorized to be potentially dangerous stimuli, such as the abrupt touching
of its cilia with a foreign object. Additionally, the animal exhibited a negative response to violet-blue
light (405 nm). The rotifer stopped moving its cilia, extended its rostrum, attempted to crawl away, and
ultimately swam away from the light source. Opsin-like proteins, structurally corresponding to the opsins

of other multicellular organisms, have been identified using bioinformatics analysis in rotifers with known
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genomes, such as Brachionus plicatilis (Miiller, 1786) and Rotaria magnacalcarata (Parsons, 1892). The
incorporation of a retinal molecule into opsin models has been demonstrated. The data obtained in the

present study suggest the context-dependent processing of external signals by organisms such as rotifers.

Keywords: rotifers, Rotifera, Rotatoria, Bdelloida, physical stimuli, opsins.
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Peakuus xonoBparku Philodina cf. megalotrocha (Ehrenberg, 1832)
U3 BoA0EéMoOB ropHoro Kpoima

HA UCKYCCTBEHHbIE (pM3HYeCKHe BO3/1eiiCTBUS

E.B. Pyaw?, M. A. TapacoBa?®, M. A. CaBunkuii’,

B.M. Kypuenko®, A.B. Ky3nenop»**
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SPoccutickutl 20Cy0apCcmeeHHblll a2paphblil YHUSPCUMen —
MCXA umenu K. A. Tumupszeea
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AHHoTanus. 13 uHrerpanbHoi mpoObl, 0TOOPAHHOM B TPeX MPECHOBOIHBIX BooEMax ropHoro KpeiMa,
BbIJIeJICHa KoJtoBpaTka pazmepoM 300 MkM ¢ hopmoii Tena B Bue O0Kasia 1 BOPOHKOH ¢ PECHHUYKAMU,
paznenéHHON Ha 2 CUMMETPUYHBIC YaCTH, KOTOPBIE CIIOCOOHBI CO3/IaBaTh 2 KOJIBLIEBBIX TOKA BOJIBI.
Y 06Hapy KeHHOI KOJIOBPATKH Pa3InINMBbl XOOOTOK HA TOJIOBHOM OT/IEJIE U 2 MINOPBI HA HOTE C OMOIIIBIO
KOTOPBIX OHa CIIOCOOHA MEPEeNIBUraThCs 10 CyOcTpary. BuHbI TOABMKHBIN Macmakc, KeyI0K 1 KIIoaka.
OOHapy»xeHHbII MOphOTHT CXOXK ¢ KosoBpaTkoit Philodina megalotrocha (Ehrenberg, 1832), koTopas
HIMPOKO paclpoCcTpaHeHa B IpecHbIX Onotonax EBporbl. BeiaeneHHas konoBpaTka He pearupoBaja

Ha MCKYCCTBCHHBIC MCXAHNYCCKHUC U IJICKTPUICCKUC BOBﬂeﬁCTBHﬂ, HO MTHOBEHHO OTKJIMKAJIaCh Ha YCJIOBHO
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OIACHBIE Pa3paKUTEIH, HAIIPHUMED, PE3KOe KacaHHe PECHHYEK IIOCTOPOHHUM Tpeamerom. Kpome toro,
y )KHBOTHOT'O OTMEUEHAa HeraTHBHAs peakiys Ha GuoneToBo-cuHui ceT (405 HM). KonoBpaTka nepectaér
OUTh PECHUUKAMH, BBITSITHBAET XOOOTOK, ITBITAETCS OTIOJI3TH B CTOPOHY U B UTOTE OTILIBIBAET OT HCTOUHMKA
cBeTa. Y KOJIOBPATOK C M3BECTHBIM reHoMoM Brachionus plicatilis (Miiller, 1786) u Rotaria magnacalcarata
(Parsons, 1892) MmeTomamu OMOMH(MOPMATHKHA HANICHBI OIICHH-TIOI00HBIC OCIIKH, COOTBETCTBYFOIIILC
10 CTPYKTYPE ONICHHAM APYTHX MHOTOKJICTOYHBIX OpraHu3MoB. [Ioka3aHo BcTpauBaHUE MOJICKYJIbI
peTHHAIsl BHYTPb MOJieliel oriciHOB. [loyrydeHHbIe TaHHbIE YKa3bIBAIOT Ha CIOKHYIO U KOHTEKCTHO-

3aBUCUMY1O 06pa60TKy BHCHIHNX CUT'HAJIOB TAKMMHU OpraHnu3MaMH, KaK KOJIOBPATKH.

KuroueBble ciioBa: kooBpaTky, Rotifera, Rotatoria, Bdelloida, ¢pusmdeckue pa3apakxutemnu, ONICHHEIL.

Bbuaarogapuoctu. Pabora Beimonaena o npoektam Ne 100220230513752018 u Ne 100220230513834006
nporpaMmmbl Cupuyc.JleTo. ABTOpBI BEIpaXKaroT MPU3HATEIHHOCTh pykoBoAcTBY MHBIOM 1 MAH
3a MMPEJOCTABICHHYIO BO3MOXKHOCTh YUUTHCS U MIPOBOAUTH OIBITHI B TabopaTtopun BUOHUKH « AbTampy,
Brnagumupy Aunpeesuuy ['punnoBy, Hemnu I'puropreBre CepreeBoit 1 Muxauny llleiinmany

34 KPUTUYCCKOC IMTPOUTCHUEC PYKOIIUCH, aHOHUMHBIM PCHCH3CHTAM 3a ICHHBIC 3aMCYaHU .

Iuruposanue: Pyns E.B. Peakuus xonosparku Philodina cf. megalotrocha (Ehrenberg, 1832) u3 Bonoémos ropnoro Kpeima
Ha UCKycCTBeHHbIE Gusnyeckue Bozaeicteus / E. B. Pynb, M. A. TapacoBa, M. A. CaBuukuii, B. M. Kypuenxo, A. B. Ky3nenos

// Kypn. Cub. denep. yn-ta. buonorus, 2025. 18(2). C. 190-205. EDN: XTVUDL

BBenenne

Dkosornyeckas oocraHoBka B KppiMy yxyn-
aJIach Ha MPOTsKeHUH X X BeKa, IPUUNHON TOMY
ObLT OBICTPBIN pOCT HaceneHwus. Ternepb HEMHOTO-
YHUCIICHHBIC IeBCTBEHHBIE (pOpMBI TaHTmIadTa 3a-
HUMAIOT JIMIIb TOPHYIO YaCTh MOJyOCTpOBa. Takue
MHUKPOCKOITHYECKUE OPTaHU3MBI, KaK KOJIOBPATKH,
SIBIISTFOTCS] BAYKHBIMU TIPEJICTABUTENSIMH B 9KOCH-
CTEeMe IMPECHOBOIHBIX BOAOEMOB U BHITIOTHSIOT
psia QyHKIUH, Kak GUIIBTpaIUs BOJIBI U pasiio-
JKEHHE OPTraHMYCCKUX BEIIECTB, YTO IIOMOTAET
MOJICP’KUBATh SKOJIOTHYECKYI0 YCTOWUHUBOCTH,
a Tak)xe OHMoorndeckoe OOraTcTBO M OHOPA3HOO-
6pasue (Donner, 1965). Kpome Toro, oHu ciyxat
MHIIEH IS MHOTUX APYTUX OPTaHU3MOB, B TOM
YHCIIe TPECHOBOIHBIX XKHUBOTHBIX U pbI0 (KyTnkona,
1970, 2005). OHU SABISIOTCS BAXXHBIM 00BEKTOM
MCCIIE/IOBAHUI JIJIs1 OMOJIOTOB M 9KOJIOTOB, TaK KaK

HUX OTPUCYTCTBUC MOXKECT CIIYKHUTh IIOKA3aTCIAMU

KayecTBa BOABI M COCTOSTHMS 3KocucTeMbl (Li et
al., 2020). KonoBparku ObLIH MEPBBIMH <OKHBOT-
HBIMU», OITMCAaHHBIMU AHTOHH BaH JIeBEHT'yKOM
B X VII Beke, U ¢ TeX IOp OHU CTaIU IPEAMETOM
MHOTHX UCCIIEJOBAHUI, B PE3yIbTaTe KOTOPHIX
ornucano 6osee 2000 Bumos (Rick, 2015). Bo Bpe-
MeHHBIX BomoéMax KpriMckoit Sitnpl 00HapyKeHO
18 BuoB kooBpatok (Boponkos, 1912). M3yuenue
TIOBEJICHH I KOJIOBPATOK, a/lallTalluii 1 B3aUMOJICH-
CTBHH C OKPY’KaIOIIEH CPeoil MOXKET OMOYb Ooriee
rTyOOKOMY HOHMMAHHIO OMOJIOT MYECKHX ITPOLIECCOB
(Ricci, Boschetti, 2003).

llens HaIIEro WcCCieNOBaHHUS — BBIACIHTH
MHUKPOCKOIUYECKUX JKMBOTHBIX JUISI IPOCTBIX
JTa00PATOPHBIX AKCIIEPUMEHTOB M U3YyUUTh UX pe-
aKUUK Ha PU3MYECKUE BO3ACHCTBUS AJIsl Ty YILIET0
TIOHUMaHUS 9KoJoruy KpbIMCKOTo MoimyocTpoBa.
Pemanucek cnenyromue 3anaqu: 1) oToOpaTh Mu-

KPOCKOIINYCCKUX KUBOTHBIX, 06I/ITaIOH.II/IX B 03¢-
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pax ropHoro Kpeima; 2) HamaauTh comepskaHue
STHX OPraHW3MOB B JabopaTopuu; 3) IpPOBECTH
9KCIIEPUMEHTHI TI0 BIIMSIHUIO CBETA JIa3epOB, 3BY-
Ka M JIEKTPUIECKUX MMITYJIbCOB Ha KOJIOBPATKY,
HaliJleHHy10 B 1pobax; 4) BOcco3aTh MPOCTPaH-
CTBCHHYIO apXUTEKTYpy OINCHHOB METOIOM IO-
MOJIOTHYECKOr0 MoJIerpoBanusi 3D-cTpyKTyphl
OeIKOB W3 BHUAOB KOJIOBPATOK Brachionus
plicatilis (Miiller, 1786) u Rotaria magnacalcarata
(Parsons, 1892), reHOMBI KOTOPBIX CEKBEHHPOBa-

HBI.

Marepuajbl 1 METOAbI

B cepenune nera 2023 1. u3 TpEX MPECHBIX
BonoéMoB ropHoro Kpeima, Takux kak 1) mpyn
Ha «ToponoBoii maue» (N44.510632, E33.680140;
BBICOTA HaJ[ ypoBHEM Mops 97 M), 2) moxap-
HBIH BOOéM mo myTH oT c¢. OpnuHoe k Sliine

(N44.418035, E33.802823) 1 3) HCTOYHUK CO CTO-
siueil Bogoil Bo3iie nepesana «4€pToBa necTHULAY
(N44.421067, E33.858129; BicoTa — 578 M), ObLIH
otoOpans! o 50 MJI ¢ IOBEPXHOCTH BOJIBI BO3JIE
Oepera, HaMEpeHHO BKJIIOYAas OCTaTKU pacTH-
TEJIBHOCTH (JINCTOYKM M BeTOUKH). [IpoOs! Obln
JIOCTaBJICHBI B JJAOOPATOPHIO U IIOMEIICHBI B Y-
CTBI aKBApUyM C KHIISTYEHOH BOmOH. DKCrepu-
MEHT IPOXOIMJI IPU KOMHATHOM TemIepaType
1 yMepeHHoM ocBemernd (puc. 1). Uepes 4 mecs-
1a CTaOMJIM3AIMU C TIOBEPXHOCTH CPOPMUPOBAB-
11eiics BOIHOW 9KOCHCTEMBI aKKYpPaTHO CHUMAJIH
00pa30BaBUIYIOCS TUIEHKY C OCTATKaMM MEJIKOM
PacTUTEIBHOCTH, a TAaKXKe UCKYCCTBEHHBIMH I1JIa-
BAaIOLIMMU cyOcTpaTaMu. MaTepua ucciaenoBaiu
IIOJI CBETOBBIM MHUKpockormoM Mukpomen MC-4
Zoom LED wu ¢ororpaduposanu B ontuke Ho-

Puc. 1. AxBapuyMm IS cofepiKaHHUSI KOJIOBPATOK: BHJ cOOKy (a), Bua cBepxy (0). CTEeKIsHHBIN akBapuyM
pa3smepoM 29x19x26 cM ¢ 00bEMOM BoAbl ~3 11 U TeMiepaTypoi 22-24 °C. BugHbl 0CTaTKH paCTUTENBHOCTH

1 KOJIOHHMHU Ha JHE

Fig. 1. Aquarium for keeping rotifers: side view (a) and top view (6). Glass aquarium measuring 29x19x26 cm
with a water volume of =3 L and a temperature of 22-24 °C. Remains of vegetation and colonies on the bottom

are visible
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mapckoro mukpockorna Nikon Eclipse Ts2R. TIpo-
BOJIMJIN OTIMCAHUE )KUBBIX 00BHEKTOB.

ITomMuMO 3TOr0, MBI H3y4aIl OTKIMKH KOJIOB-
PaToK, BBIJICTICHHBIX U3 TIPHPOAHBIX HCTOYHUKOB,
Ha BHelHHUe (usndeckue cTumyinsl. IIpoBepsnn
1) MOHOXpOMaTHYECKNE UCTOYHUKH CBETa, 2) Me-
XaHUYECKUE BO3JCHCTBUS C HCIIOJIB30BAaHHEM
IIPOTrPaMMHUPYEMOTO TIhE303JIEMEHTA HIIN JErKOT0
[IPUKOCHOBEHUS K XXKMBOTHOMY, a Takxke 3) Io-
CTOSIHHBIM U UMITYJIbCHBIN 2IE€KTPUYECKUN TOK.
OnbIThl IPOBOAMIM CEPUAMH C HapajlIeIbHBIM
MIPUMEHEHHEM CBETa, 3BYKa MJIM JJIEKTPUYECTBA
B Teu4eHHE 4 MeCSLEB, MCIONb3ys HEraTHBHbIC

KOHTpOJIN 0€3 BO3/IeHcTBH. bbli1o OCyIIecTBICHO

0 B
r A

HE MeHee 6 Cepuil PKCIIEPUMEHTOB, B KOTOPBIX HC-
TIOJTB30BAJIM HECKOJIBKO COT YKHBOTHBIX C YCTOM-
YUBBIM MOP(OTHUIIOM (pHUC. 2) U3 aKkBapryMa (CM.
puc. 1). Meroauku n anmaparypa noapoOHO ornu-
caHbl B mpeaplqymux padorax (Kysmenos u mp.,
2020, 2023; XaBporrok u np., 2021; I'puHIOB
u ap., 2022; Cepreea u 1p., 2022; Silakov et al.,
2023).

C menpl0 HMHTEPIPETALUH IOTYyYCHHBIX
SKCIIEPUMEHTAIBHBIX JIAaHHBIX 110 BO3JEHCTBHIO
J1a3epoB MeTofaMu OMOMH(pOPMATHKH NPOBEAEH
TIOUCK OEJIKOB, KOTOpBIE, BO3MOXKHO, BOBJICUCHBI
B OTBETHl HAa H3y4acMble CBETOBbIE CTHUMYIIBL

ITockonbKy T€HOM BBIJEJIEHHOW HAaMU KOJIOBpAT-

Puc. 2. JluddepenunanbhHas uHTephepeHUHOHHO-KOHTpacTHass Mukpockonus (DIC) KynbTUBHpYeMbIX
KOJIOBPAaTOK — oOuTaTeeil BOZ0EMOB ropHOro Kpbima, cCHISIINX Ha €CTECTBEHHOM CyOCTpare Ipu yBeIHYCHUH
100 (a) u 200 pa3 (6, B) i Ha IpeAMETHOM cTekJie pu yBenndeHun 200 pa3 (r, 1). Xopoio pa3inium X000TOK
(a), 1BOIHAsI KOpOHA U3 pecHUYEK (O, B) M HAKJIOHBI Tea (T, /), a TaKXKe TEMHBIH Macmakc 1 )KeJyI0K ¢ MHIen
(6-1). "KuBotHsle Bu3yansHo uaeHTHuHbl Philodina megalotrocha w3 onnaiin-karanora Michael Plewka «Life in
Water»  (https://www.plingfactory.de/Science/Atlas/KennkartenTiere/Rotifers/01RotEng/source/Philodina%20
megalotrocha.html)

Fig. 2. Differential interference contrast microscopy (DIC) of cultured rotifers — inhabitants of water bodies of the
mountainous Crimea, sitting on a natural substrate, at a magnification of 100 (a) and 200 times (0, B) or on a glass
slide, at a magnification of 200 times (T, x). The proboscis (a), double crown of cilia (6, B), and body inclinations (,
), as well as the dark mastax and stomach with food (0-x) are clearly visible. The animals are visually identical to
Philodina megalotrocha from the online catalog by Michael Plewka «Life in Water» (https://www.plingfactory.
de/Science/Atlas/KennkartenTiere/Rotifers/01RotEng/source/Philodina%20megalotrocha.html)
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KM HE OTCCKBCHUPOBAaH, OBLIM HMCIOJIL30BAHEI

TCHOMHBIC  ITOCITICIOBATCIFHOCTH  KOJOBPATOK
Brachionus plicatilis nonkmacc Monogononta
(NCBI: taxid10195) u Rotaria magnacalcarata
nonkiacc Bdelloidea (NCBI: taxid392030). ITpu-
MCHSUTH KOMILUICKCHBIH OHOMH(OPMAITMOHHBIN
aHaJIn3, KaK OMKMCaHO B PaHHUX CTaThix (XaBpo-
HIOK U ap., 2021; Cepreesa u ap., 2022; Ky3nenos,

Briopuna, 2023; Kuznetsov et al., 2023).

Pe3ynbraThl

Mopgonocus u nogedenue sHcusomubLx

Cpenu 10 Heompenen€éHHBIX BUIOB KHUBOT-
HBIX, KaK [IUKJIOIbI, YEPBH, KOJIOBPATKH 1 HHQY-
3opun ([orensb, 1981), Hacensrommx akBapuyM,
OOHapy>KeHbI KOJIOBPATKH, JOCTHTAIONINE B IJIH-
Hy 300 MKM. DTH KOJIOBPATKH >KUBYT HOOJMHOY-
Ke WIN (OPMHUPYIOT TPYIIBl Ha MOBEPXHOCTH
IUIABAIONIUX IPEJMETOB: TOHEHBKHUX BETOYKAX,
OCTaTKaxX PaCTUTEIBHOCTH, MEJIKUX OIMIIKAX, 10-
0aBJIsieMbIX Kycoukax TekcTuisi. OOHapy)KeHHbIe
1 CTaOUIIbHO HaOMIOAaeMble B aKBapHyMe KOJIOB-
patku (puc. 2) CX0kKH 10 MOP(HOIOTrHICCKUM MTPH-
3HakaMm ¢ Philodina megalotrocha (Ehrenberg,
1832), nonknacc Bdelloidea u3 kinacca Eurotatoria
(Donner, 1965; Fontaneto, Ricci, 2004; KyTtukoga,
2005). MenkoBrTHOE TEJI0 KOIOBPATKHU MOKPHITO
JIACTUYHOW KYTHKYJIOH M nMeeT (hopMy yTiioBa-
TOM aM(OpbI, Ba3bl MK OOKala C HOKKOHW U KO-
JIOBpAIaTeIbHBIM AIIapaToM, HAIOMHUHAIOIINIM
BOPOHKY, KOTOpasi OKpY)€Ha pPsIJIOM JJIMHHBIX
CHHXPOHHO pa0OTaIOMUX PECHUYEK, CIIOCOOHBIX
co3/aBaTh | MM 2 MUPKYISIPHBIX TOKA BOIBI (CM.
Buneo B Ilpunoxennn). Boponka He sBisieTcs
CIUIOIIHOM, a MMEET BBIPE3 C OJHOW CTOPOHBI.
W3-3a vero co3maérest BIEYATIICHHUE, YTO KOJIOB-
parka oOJyiafiaeT JBYyMsI BEHYMKAMU PECHHYEK,
KOIJla Kpasi CBOPAauMBAIOTCS COOTBETCTBYIONIMM
obpazoM. Uepe3 naHHBIN BBIPE3 BBITSATHBACTCS
X000TOK, MCHOJIB3YEeMBIH JUIsI BPEMEHHOTO MpH-
KpEIJICHUs] KOJIOBPAaTKM K TIOBEPXHOCTU IpU

ToJI3aHuM 110 cyocTpaty. Teno mokouTest Ha mpu-

36MHCTON HOXKE C JBYMS KOPOTKMMHU KOHMYE-
CKUMHM LIMOPaMH, KOTOpble (HOPMHUPYIOT OpraH
MIPUKPEIJICHUsT opraHu3ma Kk cyocrpary. OObIu-
HO JJIMHA HOXXKH COCTABIISICT MOJIOBHHY JJTHHBI
TYJOBUILA, HO MOXKET CJIETKA BBITATHUBATHCA HUJIU
COKpAIAThCs, a TAaKXKe U3rHOAThCsl U HAKIIOHSTh
TEJIO B TY WM UHYIO CTOPOHY. IToToxn BOIbI 10-
CTaBJISIFOT MEJIKHE YaCTHUIIBI B POTOBYIO MOJOCTb,
4acTh U3 KOTOPBIX OTIIPABIISETCS B IJIOTKY. BHY-
TPHU J)KUBOTHOTO Pa3IMYUMBbl alapar mjis repe-
TUPaHUA NUIIU — mMacmakc, XCITyJI0K U KJIoaKa.
KonoBpaTka, BbIACICHHAs M3 BOJOEMOB T'OpPHO-
ro KpeiMa, criocoOHa MeAJIEHHO MepeBUraThCs
[0 TIOBEPXHOCTH CyOcTpara, M3rubasch U I0-
0UEepEHO UCIIOJIb3Ys IPUKPENIUTEIbHBIN annapaT
B OCHOBAaHHMHU HOXXKH HJIM XOOOTOK HA TOJIOBHOM
otnene. Takoit cmoco6 nepeaBUKEeHUsI TIO3BOJISIET
)KMBOTHOMY HCCIIEI0BATh MOBEPXHOCTh CYOCTpa-
Ta U B KOHCYHOM HTOIC BBI6paTI) IIOAXOoas11Iee
MECTO JUIsl NMpUKpeIUieHHss W nuTaHus. Kpome
TOT0, KOJIOBPATKA MOXKET IMOKHU/IATh MOBEPXHOCTh
U CIOCOOHA IJIBITH B JIFOOOM HAIIPABJICHUH C OT-
KpPBITOM HIJIM 3aKpbITON BOpoHKOW. CBoOOmHOE
IUIABaHUE MO3BOJISET KMBOTHOMY IE€PEMEILAThCS
OT OJIHOT'O IIPEIMETA K IPYyTOMY.

BxpaTie y oOHapy>KeHHOH KOJOBPAaTKH KO-
JIOBpAIATEJIbHBIN arapar Iupe roJoBbl, MEX1y
PECHHYKAMHU PACIOJIOKEHO JIMHHOE IIYIalib-
e (poCTpyM), C MOMOIIBIO KOTOPOTO U HOTH C 2
KOHMYECKUMH, KOPOTKUMH, OCCLBETHBIMH LIITO-
paMH KOJIOBpaTKa CIOCOOHa «IaraTb» 1o cyo-
cTpary. Takoe NoBeaeHHEe OpraHu3Ma CBUICTEIb-
CTBYET O €ro JIOCTaTOYHO BBICOKOIl OpraHu3aliu
Y TI03BOJISICT MCIIONB30BaTh €ro B JIa00PaTOPHBIX

TeCTax.

3KCI’l€pMM€Hma]lebl€ 6030eticmeus

Ha KoJlospamok

PesynbraTel  9KCIEPUMEHTOB, INPOBEAEH-
HBEIX ¢ OKTA0ps 2023 1. mo stHBaph 2024 1. B J1a-
Ooparopuu buonuku «Ansraupy, npencTaBiIeHbl

B TaoI. 1.
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Tabauua 1. DKCriepUMEHTHI Ha IIPECHOBOJHBIX KOJIOBPAaTKaxX M3 BOJ0EeMOB ropHoro Kpeima

Table 1. Experiments with freshwater rotifers from water bodies of the mountainous Crimea

Tun Bo3aelcTBus BapuanTtsl u xapakTepucTuku PesynpraT BO3selicTBUS
KpacHsbIi 1azep: 650 HM, 1 Bt, 10 5 Mun OTCYTCTBYET
CBETOBOE 3esénblii nasep: 532 um, 1 BT, 10 5 Mun OTCYTCTBYET
cunuit nazep: 405 um, 1 B, 50 BT, 10 5 Mun CKMMAETCsl, YIIBIBACT
nbe3odnieMenT: 0-30 kI'n, 1o 20-30 Mun OTCYTCTBYET
MEXaHHUECKOE
IpUKOCHOBeHHeE, 10 30 ¢ CXKMMAETCs, YIJIbIBaeT
noctossHHbIN TOK: 1,5 B, 200 MA, 10 15 Mmun OTCYTCTBYET
JNEKTPHUECKOE
ummynbcel: 50 MB, 35 mc, o 15 mun OTCYTCTBYET

HpnMeanHe: pe€aKkIu MHAWBUAYAJIbHBIX JKUBOTHBIX B OTBET Ha BO3HefICTBHﬂ Ha6m0z[ann 104 MUKPOCKOIIOM

Ceemosvie  6030eiicmeusn.  KonoBpaTka
n3 BOoHoéMOB ropHoro KpeimMa He pearmpoBaa
Ha KkpacHbIi (650 HM) 1 3en€HbIH (532 HM) maze-
pBI MomTHOCTRIO | BT, HO cokmManack, BTATHBAA
PECHUYKH, HAKJIOHSJIACh B CTOPOHY OT Y3KOT'O HC-
TOYHUKA QuoseToBO-cuHero cBeta (405 M, 1 Br)
Y B KOHEYHOM UTOTe yIUIbIBAJIa B CTOPOHY (TabII.
). Jdpyrumu cioBamu, HAMH OIHCaHA PEaKIIH
n30eraHusi KOJIOBPATKOM cBeTa (DHOJIETOBO-
CHHETO Jla3epa: KOJIOBpaTKa repectaéT OuTh pec-
HUYKAMH, BBITATHBACT XOOOTOK, MBITACTCSA OT-
IIOJI3TH B CTOPOHY, B UTOTE YILIBIBACT U JOJITO
HE MOXKET HalTu cebe momxozsiiee Mecto. Ha-
MPOTHUB, JKHBOTHOE HE pearupyeT Ha KpacHBIU
1 3€JIEHBII MOHOXPOMAaTHYECKUH CBET.
Mexanuueckue eo030eiicmeusn. B npyrux
OMBITaX KaIIF0 C KOJOBpPAaTKaMU TOMEIIaTN
Ha TIPEIMETHOE CTEKJIIO C IPUKPEILIEHHBIM K €ro
MOBEPXHOCTH  MbE30JIEKTPUUECKUM  JTUCKOM
¢ pe3oHaHcHol yactoroil 4,6+0,5 k[’ u makcu-
MaJbHBIM PE30HAHCHBIM compoTuBieHueM 300
OM, y KOTOPOTO AWAaMEeTp JATYHHOH ILIaCTHHBI
CcOoCTaBIsLT 27 MM, AHAMETP MbE303JIEMEHTa —
20 mM, a tommuHa miIactuHel — 0,54 mM. Ilbe-
30KPHUCTAJT TEHEPUPOBAI IIYTH 3BYKOBBIX BOJIH
naureabHocThio Mo 10 mMc B amamnasone ot 0
10 30 xI'tr ¢ rarom 1 I'ip B OECKOHEYHOM IUKJIE
C YepeAYIOIUMHUCST WHKPEMEHTOM U JEKPEMEH-
TOM IIOJ] YIIpaBJCHHEM almapaTHOW miatdop-

™Mbl Arduino Nano. Oka3ayock, 4TO KOJOBPATKH

HE pearupyroT Ha TaKWe HCKYCCTBEHHBIE BO3-
neiictBus (tabm. 1). KomoBpaTtku He oTBedanu
u Ha (uKcHpoBaHHbIC YacToThl 1; 10; 28,57; 100
u 1000 I'u, nogaBaeMble MOCTOSIHHO WUJTU CITy4aid-
HBIM 00pa3oMm.

HanpoTtus, KOJIOBpAaTKH aKTHBHO OTBEYAIN
Ha HEaKKypaTHOE INPUKOCHOBEHHE HIOJIKAMHU
13 pa3HOTO Marepuana, Kak IJIacTHK, AEPEBO
UM METaJlJl, K MOBEPXHOCTU KAIlIH BOJBI MU
HEIOCPEJCTBEHHO K Telny >KHMBOTHOro. OHH
C)KMMAJIMCh, BTSATMBAJIN PECHUYKU U YILIbIBA-
nu (tabm. 1, 2). B cmy4yae akkypaTHOTO U 0OYeHBb
ME/JIEHHOT O IT0JIBOJIa UTOJIKHU K KOJIOBPATKE KU~
BOTHOE He 00palnajo BHUMaHUs Ha ITOCTOPOH-
HUH MpeaMeT, Ja)ke Korja OH Kacajcs e€ Tena.

Anexmpuueckue 6o3deiicmeun. Konospar-
KM HE pearupoBajiy Ha 3JIeKTPO/Ibl, 00pas3yomime
raJbBaHOIIApPy, HA TOCTOSHHBIN AIICKTPUUYECKHIH
TOK OT MajpuuKoBOil Oarapeiiku AA (1,5 B,
200 MA), a Takxe Ha [I-00pa3HBIE HMITYIBCHI
¢ HanpspkeHueMm 50 MB, anutensHOCTBIO 35 MC
U ckBaxXHOCTBIO 50 %, momaBaemble ¢ MUKPO-
koHTposuiepa Atmel ATmega328P, pacrionoxeH-

Horo Ha tuiate Arduino Nano v3.0 (tabmx. 1).

Boszmooicuvie MOJIEKYIAIPHbLE CEHCOPbL

C6emoeblx CucHalos u3yl¢aemoﬁ KoJlospamku

Y B. plicatilis meromamu OnonH(pOpMaTHKN
NPOBEIEH MMOUCK OEIIKOB, KOTOPBIE, BO3MOXKHO, BO-

BJICUCHBI B OTBECThI HAa U3y4acMbIC CBCTOBBIC CTH-
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Ta@mua 2. OTBeTHI KOJIOBPATOK Ha MEXaHHUYECCKHUE pasapaKC€HUs, [I0X0KHUE Ha ECTECTBCHHBIC BOSMYIICHU A

Table 2. Rotifer responses to mechanical stimuli similar to natural disturbances

Marepuan
Paznpaxurens
IJIaCTUK JIepeBo METaJII
yJap 10 IOBEpXHOCTH BObI + + +
IPUKOCHOBEHHUE K PECHUYKAM + + +
NErKui yaap 1o Teny + + +

myanbl. Ucnonb3ys nporpammy BLAST co cran-
JapTHBIM 3HaueHueM napametpoB (Altschul et al.,
1990), HaiinmeHO 2 aHHOTHPOBAaHHBIX ITPOTCHHA!
naynoukoBbiii orcuH RNA30611.1 u menaHoncuH
RNA30626.1, xoropple MOryT MNpPUHMMATh Yyd4a-
CTHE B CBETOBOM peakIiy Konosparok. [Ipoctpan-

CTBCHHAs pCKOHCTPYKIUA TTOKa3aja, YTO 9T oer-

KM HMMEIOT THIIMYHYIO JUISl OICHHOB CTPYKTYpY
u3 7 TpaHCMEMOpPaHHBIX o-criupaneit (puc. 3).
Kpowme Toro, y apyroi u3aBecTHO! KOJIOBpaT-
Kku R. magnacalcarata vaiineHo 12 mogoOHbBIX po-
noncuay GPCR TpaHcMeMOpaHHBIX TPOTEHHOB,
COOTBETCTBYIOIIMX CTAaHJAPTHBIM CTAaTUCTHYE-

ckum kputepusim (E,, < e?*). Ha puc. 4 npusene-
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Puc. 3. 3D-monenu omcuHOB Brachionus plicatilis: a) manoukoBbiii oncuH RNA30611.1, 6) memaHoncHH
RNA30626.1. IIpocTpaHCTBeHHBIE MOAETH OCIKOB co3maHbl Ha Phyre2-cepBepe ¢ IMOMOIIBIO CpaBHEHHS
TOMOJIOTHYHBIX aMHHOKHCIOTHBIX MOCIIEIOBATEIFHOCTEH C M3BECTHBIMHU IPOCTPAHCTBEHHBIMU CTPYKTYpaMH
nonunentuao (Kelley et al.,, 2015), pusyanuzanus BeimonHeHa ¢ momomipio nporpammbl UCSF Chimera
(Pettersen et al., 2004), ciekTpaJIbHBIC IIBETA U3MEHSAIOTCS OT cHHEro (N-KoHeI) K kpacHoMY (C-KOHeIr) 1o X0oay

MOJIMIICIITH IHOM IEITH

Fig. 3. 3D models of Brachionus plicatilis opsins: a) rod opsin RNA30611.1, 6) melanopsin RNA30626.1. Spatial
models of proteins were created using the Phyre2 server by comparing homologous amino acid sequences with
known spatial structures of polypeptides (Kelley et al., 2015); visualization was performed using the UCSF
Chimera program (Pettersen et al., 2004); spectral colors change from blue (N-terminus) to red (C-terminus)

along the polypeptide chain
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HBI pe3yJIbTaThl MHOYKECTBEHHOTO BHIPABHUBAHMUSI
9TUX 12 ONCUH-O00HBIX OenkoB. JlTMHA aMu-
HOKHUCJIOTHOH TOCJIENOBATEIbHOCTH HM3y4aeMbIX
O0enmkoB R. magnacalcarata HE3HaYHTEIHHO Ba-
peupyeT ot 322 1o 370 ao, mpuuéM Bce TOIUTIET-
THJBI UMEIOT MJCHTUYHBIA N-KOHEI, Torja Kak
cymiecTBytoT 3 Bapuanuu Ha C-KoHIE U 2 Bapua-
[IUU B CPETHEH YacTH monumnentuaa. Takum oopa-
30M, OTICHH-TIONOOHBIE Oenku R. magnacalcarata
JEMOHCTPHPYIOT OYCHHb BBICOKYIO TOMOJIOTHIO
Ha N-KOHIIEBOM y4YacTKe BIIJIOTh 10 O3UIuH 143,
B CepelMHe MOJIUNeNnTHaa Ha no3uuusax 179—182
n 220-340 ao, HO ommyaroTcs Ha C-KOHIICBOM
y9acTKe X IMEIOT HECKOJIBKO JICIICITIiT BOKPYT 00-
nactu 179-182 ao (puc. 4).

[octpoensr 3D-Momenu 5 U3 ATHX OEIKOB
(puc. 5). Bce onn umeroT 1o 7 o-crmpaiei, KoTo-
peie GOPMUPYIOT JHHAMHYECKYIO BHYTPCHHIOIO
MOJIOCTh ¥ MOT'YT ITPOHU3BIBATH MJIA3MAaTHIECKYIO

MeMOpaHy. UToOBl KOPPEKTHO OTBETHUTH HA BO-

NCBI Multiple Sequence Alignment Viewer, Version 1.25.0

Sequence ID

POC, SIBJISIFOTCS JIM aHHOTHPYEMbIC OCJIKH OICH-
HamH, OBLIO WCCIICNOBAHO WX B3aMMOICHCTBHE
¢ KohakTopoM — XpoMO(OpPOM PETHHAJEM, T.C.
MPOBENEH TOKWHT HU3KOMOJIEKYIISIPHOTO JIMTaH-
JIa ¥ MakpoMosieKyJibl. [TokazaHo, 4TO MoOJeKyIa
pEeTHHAISL BCTPAMBACTCS B IIEHTPAIBHYIO YacTh
BHyTpeHHell momoctu OenkoB CAF4003680.1,
CAF2034451.1, CAF2099745.1, npeanonoxuTeb-
HO B PETHHAIb-CBSI3BIBAIONINKA Yy4acTOK (pHC. 6),
TEM CaMbIM yKa3bIBas Ha BO3MOXKHYIO (POTOUYB-

CTBUTEJIBHYIO IIPUPOY ITUX IIPOTEHHOB.

Crepuyeckre ©  OJHEPreTHYEeCKHe  Xa-
PAKTEPUCTHKH pEaKlMd CBS3BIBAHUS  IIPH-
Benensl B T1abm. 3. Haumbompmas 1mo Mo-
oyno  cBoOomHass sHeprusi ['mbbca AG,

paBHas 8,22 KKaJ/MOJb, Hai{iecHA Y POJOIICHH-
nono6Horo 6enka CAF4003680.1.
Tem He MeHee MBI HE HAIUIM THIIHY-

Hble  MexaHouyBcTBUTENbHble  TRP-kanaibl

(Transient Receptor Potential) y B. plicatilis

Organism

Alignment
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Puc. 4. MHOXECTBEHHOE BbIpaBHUBAHHE ONCHH-NONOOHBIX O€iKkoB Rotaria magnacalcarata, BBIIOJHEHHOE
¢ nomoinsto mporpammel COBALT (Papadopoulos, Agarwala, 2007)

Fig. 4. Multiple alignment of opsin-like proteins from Rotaria magnacalcarata performed using the COBALT

program (Papadopoulos, Agarwala, 2007)

CAF1025614.1

CAF2034451.1

CAF2099745.1

CAF4003680.1

CAF4039021.1

Puc. 5. 3D-mozenu oncuH-mog00HbIX 0€K0B Rotaria magnacalcarata (MOCTPOCHBI KaK Ha pHC. 3)

Fig. 5. 3D models of opsin-like proteins of Rotaria magnacalcarata (constructed as in Fig. 3)

— 198 —



Ekaterina V. Rud’, Maria A. Tarasova...

Response of the Rotifer Philodina cf. megalotrocha (Ehrenberg, 1832)...

Bun cooxy

CAF2034451.1 CAF4003680.1

CAF2099745.1

Bupn ceepxy

Cynepno3unusi CBSI3bIBAHUI

Puc. 6. JIOKHHT peTHHAJIIS C ONICHH-TT0I00HBIMHU OeJIKaMu KOJIOBPaTKU Rotaria magnacalcarata, 0CyeCTBISHHbIH
Ha cepBepe SwissDock (Bitencourt-Ferreira, de Azevedo, 2019): o -ciupanu n3006pakeHbl MaJIHHOBBIM IIBETOM,
[-ciou — KEATHIM, MOJICKYJIa PETHHAJIS U UX CYIEPIO3UIINS — OCIbIM

Fig. 6. Docking of retinal with opsin-like proteins from the rotifer Rotaria magnacalcarata, performed using the
SwissDock server (Bitencourt-Ferreira, de Azevedo, 2019): a-helices are shown in magenta, B-sheets in yellow,
the retinal molecule and their superposition in white

Tabnuua 3. DHepreTHUeCKHe XapaKTePUCTUKU CBSI3bIBAHUSI PETHUHAJS C POJOICHH-NIOAOOHBIMU MPOTEHHAMU
Rotaria magnacalcarata, pe3ynbraThl mosty4deHsl ¢ cepepa SwissDock (Bitencourt-Ferreira, de Azevedo, 2019)

Table 3. Energy characteristics of retinal binding to rhodopsin-like proteins of Rotaria magnacalcarata; results
obtained from SwissDock server (Bitencourt-Ferreira, de Azevedo, 2019)

[onoxenne Pacuérnoe AG,
Unentuduxarop
KJjlacTep DJIEMEHT KKaJ1/MOJIb
CAF4003680.1 5 1 -8,22
CAF2034451.1 6 3 7,79
CAF2099745.1 5 1 -7,62
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u R. magnacalcarata, HO OOHAPYXWUJIH aHHO-
tupoBaHHBIA Piezo-mporemn RNA19458.1 y B.
plicatilis, a Taxke HEAaHHOTHPOBAHHBIH OeEJI0K
CAF1000900.1 n em¢ 14 npyrux Piezo-nporenHos
y R. magnacalcarata (1aHHBIC HE TIPECTABIICHBI).

Takum oOpaszom, B pe3ysibTaTe aHajausa re-
HOMHBIX IOCJIe/IOBATEIILHOCTENH KOJIOBpPATOK B.
plicatilis w R. magnacalcarata o0HapyXeH psij
OIICHH-TIONOOHBIX OEJIKOB, T'OMOJIOTH KOTOPBIX
MOT'YT OBITB 3a/IeHiCTBOBaHbBI B peaJin3aluu CBe-
TOYYBCTBHTEIBHOCTH KOJOBPATKH, OOMTAIOIIEH
B TOPHBIX 03epax Kpwima, ompeneneHHONH HaMu

Kak P. megalotrocha.

OO0cy:x1eHne pe3yJbTaTOB

HccnenoBanus HEpBHOU CHCTEMBI KOJIOBpa-
ToK Havanuch B XVIII Beke ¢ moMompro Kiac-
CHYECKUX THCTOJOTHYECKUX METOAOB, KOTOPBIE
BBISIBUJIM TIOCTOSIHHOE YHUCJIO KJIETOK B MX MO3TE,
Tororpaduio pacronoxeHus 1 MopQoIIoruio pe-
nenTopoB. C nosBiaeHneM B XX BeKe dJIEKTPOH-
HOW MHUKDPOCKONHH, KOH(MOKATBHOH Ja3epHOU
CKaHUPYIOIeH MHUKPOCKOIIMU U Helpodapma-
KOJIOTMUECKHX METOA0B INPOSBUIUCH JaHHBIE
0 JeTaJIsIX HEpBHOW CHCTeMBI KojoBpaTok. Oka-
3aJI0Ch, YTO UX F'OJIOBHOI MO3I COCTOHUT U3 COMa-
THYECKON KOPBI 6€3 ITTHaTbHBIX KJIETOK, OKPYyKa-
fomeit puOpo3HbIi Heliponib. CoMaTHUECKUE
YaCTH TOJIOBHOTO MO3Tra OTJIMYAIOTCS MO COJep-
JKQHUIO KaTEXOJaMHUHOB, CEPOTOHUHA U HEUpPO-
nentu0B. [epeOpanbHblil Hefponuib 1 HelpH-
Thl, HTHHEPBUPYIOIHE HEPBHBIE IIHY PbI, MACTaKC
U CEHCOPHBIC PENENTOpPhl, TAK)KE HCIIOJIB3YIOT
pasnuuHble HeilpomenuaTopsl. CEHCOpHBIE pe-
HENTOPBl BKJIIOYAIOT IpearojiaraeMble XeMo-,
MEXaHO- U (DOTOUYBCTBUTEIBHBIC OPraHbl, KO-
TOpbIE YYacTBYIOT B IEPEABI)KEHUHU, MUTAHUU
u pasmHoxenun (Rick, 2015). OTmeueHo MHOTO-
o0Opa3ue peakTUBHOCTH KOJIOBPATOK Ha BHEIITHUE
paznpaxenus (3enkeBud, 1968). Ceer urpaer
pemaronIyo poib BO MHOTHX acmeKkTax Omoio-

'l KOJIOBPATOK. Haan/IMep, HEKOTOPLIC BHUbI

KOJIOBPATOK CIIOCOOHBI K (POTOTAKCHUCY, KOTOPBIN
3aBHCHUT OT JUINHBI BOJIHBI 1 HHTEHCHBHOCTH CBe-
Ta. IIpu onpenen€éHHOM OCBELIEHUH KOJIOBPATKHU
HETIPEPHIBHO IIABAIOT, HE MPUKPEILISSACH K CYyO-
crpary (Kim et al., 2018). IlpeacraBisiio uH-
Tepec cBA3aTh (U3HOJIOTHYECKHE HAOIIONCHUS
C MOJICKYJIAPHBIMHU JaHHBIMH, IOJYYCHHBIMH
Ha OCHOBE CHKBEHCOB M3 OTKPBITHIX HCTOYHHKOB.

OTMCTI/IM, YTO B IMPECHOBOJIHBIX BOI[OéMaX
KpbimMa oOHMTaeT MHOXKECTBO MENKHX OpraHH3-
MoB (SIkoBenko, 2003; Ilosramns, Iletposa, 2023).
B macrosmeit pabore m3 ropHbx 03¢p Kpeima
Oblila BbIJIEJICHA KOJIOBPATKA, HE MMEIOIIasi OKpa-
CKH ¥ 110 (popme HaroMuHaromast 6okai. OHa cro-
coOHa MepeBUTaThCs MO CyOCTpaTy ¢ MOMOIIBIO
TTAJIBIEBUAHBIX BHIPOCTOB HA HOI'C M TEJICCKOIH-
YECKOI'0 OTPOCTKAa Ha TOJIOBHOM oTxene. Takoit
CrIoco0 TepeABMKEHHS XapaKTepeH Il MHOTHX
npeacTaBuTeNe OIeTIONIHBIX U OB TaKKe 3a-
MEUEeH y APYroro OpraHm3Ma MEHBIIEro pa3Mepa,
KOTOpBIIl HE CTaJl 00BEKTOM HAILlero MCCIIe0Ba-
Husl. JlaHHAs KOJIOBpaTKa MPUBOIUTCS B OIpesie-
nutene JI. A. KytukoBoii Ha puc. 222 (Kytukosa,
2005), Ho He ynomuHaeTcs B paborax (SIkoBeHKo,
2001, 2003). OnHa U3 CIOKHBIX 3a/1ad 3aKJIIova-
eTcs B IPOBEPKE KOJIMYECTBA MAJIBIIEB, TIOCKOIIb-
Ky OHHM OOBIYHO BTAHYTHI B cromy. bonee Toro,
TIAJIBIBI ¥ LITIOPHI HE SBIISIOTCSI TOMOJIOT MYHBIMH
CTPYKTYypaMH y OJEJUIOUITHBIX W MOHOTOHOH-
ToB. HalineHHass KkoyioBpaTka MOP(OIOTrHYECKH
COOTBETCTBYET 00pa3ily M3 OHJalH-KaTajora
n3zobpaxxennii Michael Plewka «Life in Water»
(https://www.plingfactory.de/Science/Atlas/
KennkartenTiere/Rotifers/01RotEng/source/
Philodina%?20megalotrocha.html), omnpenencuue
OIEIONIHBIX KOJIOBPATOK B KOTOPOM 0Oasupy-
ercst Ha onpenenurtene (Donner, 1965). K otnu-
YUTENbHBIM Tpu3HaKaM poxaa Philodina y umccie-
JlyeMOr0 OpraHu3Ma MO)KHO OTHECTH IIHUPOKOE
TYJIOBHIIE, KOPOTKYIO HOTY, TOHKHE W TJIaJKuC
HOKPOBBI, KOPOHY HIMPE TOJIOBbI, IHPOKYIO BEPX-

HIOIO I'yOy, pa3/ieéHHyI0 Ha IBe JyacTu. | TaBHbIN
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BUJIOBOM IpPH3HAK — Ba3000pa3HOE TYJIOBUIIIE,
pe3ko 000CcoOIEHHOE OT Y3KOi OeIPeHHON YacTH.
Jlcku KOpPOHBI y ATOH KOJOBpAaTKHU 03 Mamuiul
u pecuuuek. Jnuna tena 300 MKM Tak:ke OYeHb
xXapakTepHa ans Buaa P. megalotrocha, XoTs BHY-
TPH JTAHHOTO BUJA BCTPEUAIOTCS Pa3iIHyus B CO-
OTHOIICHWH JUTMHBI HOTH U TYJIOBHUINIA, B (hopme
U IIUPUHE TYJOBHIIA, B YEM MOKHO yOEIUTHCS,
U3y4MB M300pa)XeHUs Ha AIIEKTPOHHOM pecypce
iNaturalist (https://www.inaturalist.org).
[MokazaTenbHO, YTO WACHTH(HUIIMPOBAHHbIC
KOJIOBPaTKH HE PearupyloT Ha OOJBIIMHCTBO HC-
KYCCTBEHHBIX DPa3JIpa)KUTe]el CBETOBOH, Mexa-
HUYECKOM M 3JEKTPHUYECKON IPHPOABI, OIHAKO
OYeHb YYBCTBUTEJbHBI K CHI'HAJIaM, HAllOMHHA-
IOIIMM €CTECTBEHHBIE HCTOYHHMKH OIACHOCTH,
KaK, Halpumep, JETKUN yJap IO IIOBEPXHOCTH
BOJBI MJIM HEJOBKOE IPUKOCHOBEHHE K PECHHY-
kaM. HeoxxumanHo# OblTa U peakus KOJIOBPATOK
u3 TopHBIX 03ep Kpbima Ha cuHUi nasep (Tadum. 1).
B oTiunuune oT 001yd4eHUs] MOHOXPOMATHYECKHM
KpPacHBIM M 3€JIEHBIM CBETOM, IIPU HCIIOIb30Ba-
HUH (HOJIETOBO-CUHEr0 UCTOYHHMKA MaJIOH MOII-
Hoct (1 BT) nccnegyemast kojoBpaTka BTSATHBAIA
PECHHYKH, 3aKpbIBaJla BOPOHKY M CIKHMAJIach.
[lpu nanpHelmeM OOXyYEeHUM XHUBOTHOE aKTH-
BUPOBAJIOCh W HAYMHAJIO IOJ3aTh C ITOMOIIBIO
X000TKa M HOXKKH 0 CyOCTpary, a IpH UCHOJIb30-
BaHUU OoJiee MOTHOrO Jiazepa (50 BT) win gans-
HEHIell CBEeTOBOM HKCIO3MULMH, OTKPEIISIOCh
0T cyOCTpaTa M yIUIBIBAJIO OT MCTOYHHUKA CBETA.
OOmy4€HHBIE KOJIOBPATKN aKTUBHO IJIABAJIN B Te-
YEHUE HECKOJIbKUX JIECSTKOB MUHYT, HE HaXOJs
cebe mecra, uto cormacyercs ¢ (Kim et al., 2018).
JIuib 10 MPOIIECTBUH ITTUTEIBHOTO BPEMEHH KO-
JIOBPAaTKH YCHOKAaHBAJINCh, OCEalli Ha IPHUBBIY-
HBIH CyOCTpaT, OTKPHIBAJIN BOPOHKY U HAYMHAIN
TIOATOHATH PECHUYKAMH BOLY K POTOBOMY OTBEp-
ctuto. MoxeT ObITh, OOHapy)KeHHas B j1abopa-
TOPHBIX YCIIOBHSIX PEaKIHs KOJOBPATKH U3 03€ep
ropHoro Kpsima Ha uosieToBo-cHHUIi CBET MOJIe-

JIMPYET €CTCCTBEHHOC MMOBEACHUC )KUBOTHLIX IO/

MaJSIIIMMKA JIy4aMH FO)KHOTO COJIHI[A B Topax’?
B03MOXKHO TakiKe, 4TO O0SI3HB CHHE-(HOJIETOBOTO
CBETa €CTh CICACTBHE M30eraHus yibTpaduose-
Ta, CBOMCTBEHHOTO MHOT'MM BOJHBIM JKHBOTHEIM
(MawmonToB 1 ap., 2021; XaBpoHtok u ap., 2021;
I'purIOB U N1p., 2022).

Y  OOoNBIIMHCTBA KOJOBPAaTOK B 00Ja-
CTH HAATIOTOYHOrO TaHIIUS UMEIOTCS 1 Wi
1981),
a CBET BIUSET Ha (DM3HMOJOTHIO ITUX KUBOTHBIX
(Sawada, Enesco, 1984; Yoshimatsu, 2013). Ilo-

cnenoBarenbHocTh JIHK reHoma BeIfeneHHOM

2 ¢gomopeyenmopa (2naza) (Jorens,

KOJIOBpaTKH HE M3BECTHA, TI03TOMY MBI TI0JIb30-
BAJIMCh OOLICNOCTYITHBIMU JTAHHBIMH O TCHOMY
B. plicatilis u R. magnacalcarata (Schoch et al.,
2020), mpenrmoiaras ompeneIEHHOE POICTBO MEXK-
Jly U3y4aeMbIMU opranuzmamu. OT™MeTHMm, uto P.
megalotrocha u R. magnacalcarata npuHaIeKaT
k ogHoMy cemeiictBy Philodinidae, Torna kak B.
plicatilis m R. magnacalcarata oTHOCATCS K pas-
HbIM moakiaccam Monogononta u Bdelloidea
cooTBeTcTBeHHO. Y B. plicatilis anHOTHpOBa-
HO J1Ba ONCHH-TIOA00HBIX Ocnka (puc. 3), a y R.
magnacalcarata — 12 ONCHH-TIONOOHBIX OEIKOB,
COCTOSIIIMX U3 7 TPAHCMEMOPaHHBIX O-CIIUpaJIei,
KOTOPBIC MOT'YT CBSI3bIBaTh MOJICKYJTY PETHHAJIS
(puc. 6, Tabi. 3). 3HaUUTENbHbIE OTINYHUS KOJIOB-
patok B. plicatilis w R. magnacalcarata, BbISB-
JICHHBIE C ITOMOIIIBI0 OMOMH(OPMAIIMOHHOTO aHa-
JI13a, BO3MOYKHO, CBSI3aHbI C 0COOCHHOCTSIMH MECT
u ycioBuil ux oouranus (Rios-Arana et al., 2019).
[MoguepkHEM, 4YTO KOJIOBpAaTKaM CBOMCTBEHHA
mIMpoKasi MopoJornyeckas reHeTH4ecKas H3-
meHunBocTh (Walczynska, Serra, 2022; Deng et
al., 2022). Y OuensionHbIX KOJIOBPATOK UMEETCs
0OJIBIIOE YHCIIO KPUITHYCCKHX BHIOB, BO3MOXK-
HO, M3-32 MX CBOGOOPA3HOro IapTeHOreHeTHYEe-
ckoro pa3muoxkernus (Fontaneto et al., 2009).

Tak kak KoyoBpaTka, HaiiJIeHHas B TOPHBIX
o3epax KpbiMa, pearupyet Ha (pHOJIETOBO-CHHHI
CBET, MOYHO MPETIOJIONKHUTH, YTO Y HEE UMEIOTCS

YYBCTBUTCJIBbHBIC K CHHEMY CBCTY OIICHHBI 1100
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KPUIITOXpOMBI, Harrpumep opTosor RNA16403.1
B. plicatilis. Cnenyer OTMETHTB, YTO U ApPYyTHE
JKUBOTHBIE, TAKHE KaK TPUXOIIJIAKCHI (XaBPOHIOK
u 1p., 2021), maemuoncucsr (Silakov et al., 2023)
u amounons (Drozdova et al., 2020; I'punios
u 1p., 2022), Toxxe AEMOHCTPUPYIOT KaK MHHH-
MyM TMOJOXUTENbHBIH (OTOKMHE3UC TON Jeii-
CTBHEM cuHero csera. [Ipm4ém TpHXOIUIAKCHI
YU MHEMHOIICUCHI 00JIaIal0T 4yBCTBUTEIBHBIMU
K cHHeMy cBeTy oncuHamu (Schnitzler et al.,
2012; Xampontok u ap., 2021; Cepreesa u ap.,
2022). OmHaKo CBETOBBIC PEaKIUH, a TAK)KE IBO-
JOLUS U QYHKIIMH JaHHBIX OCIIKOB y 3THX JKH-
BOTHBIX OTJIIMYAIOTCSL.

B 3akmroueHne oTMETHM, YTO OOHAPYIKEH-
Has HaMU B TOPHBIX 03épax KpbimMa KomoBparka
HE pearupoBaa Ha IEKTPOCTUMYIISIUIO B OT-
nuuue ot Tpuxorakcos (Kysueros u np., 2020).
HampoTus, oHa MIHOBEHHO OTBEYaJia HA MeXa-
HUYECKHUE pa3/IpakUTeNn, HECYIIHe ONacHOCTb.
Bc€ 9T0 cBHAETENBCTBYET O CMOCOOHOCTH OT-
HOCHUTEIBHO MPUMHUTUBHBIX MHOTOKJIETOYHBIX
OpPraHu3MOB — KOJIOBPATOK OJEJION] pacIo3-
HaBaTh MOCTYMAIOIINE U3 OKPY KAIOWIEH CpeJibl
CJIOXHBIE CHTHAJIBI M OTBEYaTh TaK, KaK He-
00X0IUMO JIJIsl BBDKMBAHHS B WM3MEHSIOLIEHCS
MukpoobcTanoBke. KonoBpaTku, kak mpaBuio,
Onn

HE OTBEYAIOT HAa MCKYCCTBCHHBLIC pa3JIpaKuUTC-

HE pearupyloT Ha 3BYKOBBIE CTHUMYJIBI.

74 U OOJIBIIYIO YaCTh BPEMEHU MPOBOJISIT B CO-
CTOSIHUH TIOKOSI, TPUKPEIJIEHHBIC K MOIJIOKKE.
DTO 00CTOATENHCTBO ACNIaeT UX YAOOHBIM 00B-

C€KTOM HCCIICOOBAHHUA.

3akjrouenne

B ropubix ozepax Kpbima oOHapyxeH Mop-
¢dboTun kosoBpatku okojo 300 MKM B IJIMHY,
C LIMPOKOM I'0JIOBOM U TyJIOBULIEM. BbiieeHHbII

MopdoTun otHocutcs kK noxaknaccy Bdelloidea

U MOXeT ObITh uaeHTHGuuupoBaH kak Philodina
cf. megalotrocha (Ehrenberg, 1832). B cumy
TOro, 4YTO KoJoBparka P. megalotrocha siBnsieT-
Csl pacrpoCcTpaHEHHBIM BUIOM B IPECHBIX OHO-
TOMax ¥ MOXKET BCTPEUaThCs B Pa3HbIX CTPaHaX
n permoHax EBpoOIbI, HE MCKIIIOYEHO, YTO OHa
obutaet 1 B Kppimy. OHaKO OKOHYATEIBHOE yT-
BEp)KJCHUE U JeTanu3aunusi TpeOyloT HajbHEeH-
miero yriayOnE€HHOro aHaiu3a ¢ MpHBJICYCHUEM
MOJIEKYJISIPHO-T€HETHYECKNX METO/IOB.

C NOMOIIIBI0 MUKPOCHEMKH MOJTBEPIKICHO,
YTO KOJIOBpaTKa Omaromaps OHMEHHIO pecHHUYEK
JIBOMHOTO BEHYMKa CO3/1a€T JiBa MPOTHBOIIO-
JI0>)KHO HAITPaBJICHHBIX KOJIBIIEBBIX OTOKA BOJIBI,
C KOTOPBIMHU B €€ POTOBOE OTBEPCTHE IOMAAAI0T
YaCTHIBI TUILH.

Haiinennass kojioBpaTka He pearupyer
Ha HCKYCCTBEHHBIC MEXaHUYECKNE BO3ACHCTBHS,
HO MTHOBEHHO OTKJIMKAE€TCsI Ha YCJIOBHO OIlac-
HBIE Pa3IpaKUTENIN, HAIPUMEp Pe3Koe KacaHue
pPECHUYEK MMOCTOPOHHUM mpeameroM. OmucaHa
peakiusi M30eraHusi KOJIOBPAaTKOH (hHoIeToBO-
cuHero cBeta (405 um).

v KOJIOBPATOK B. plicatilis
u R. magnacalcarata metogamu Onoundopma-
TUKM HaWJEeHbl OICHH-TION00HBIE OENKH, Co-
OTBETCTBYIOIIME MO CTPYKTYpE OICHHAM JIpY-
IUX MHOTOKJIETOYHBIX Opranm3moB. Ilokaszano
BCTPaWBaHUE MOJIEKYJIbl PETHHAJSI BHYTPb MO-
Jeneil orncuHoB. Bo3MokHO, 0OHapysKeHHas KO-

JIOBpaTKa UMECT COOTBETCTBYIOUIUE I'OMOJIOI'U.

JlonojiHNTEIbHBIC MaTePUAJIbI /

Application
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Abstract. Mercury belongs to the substances of hazard class I, and even in small amounts, it can disrupt
the functions of various organs and tissues. Data reported in numerous studies indicate the pro-oxidant
effect of mercury. Brain tissue is particularly sensitive to the disturbance in the redox balance. The
antioxidant protection system of the cell plays an important role in maintaining the parameters of the
internal environment constant. Changes in the parameters of the antioxidant system and lipid peroxidation
after low-dose chronic poisoning with inorganic forms of mercury have not been studied sufficiently.
Therefore, the aim of the present work was to study changes in the parameters of the antioxidant system
and lipid peroxidation in rat brain tissues after chronic low-dose poisoning with mercury acetate. After
30 days of administration of mercury acetate at a dose of 4 mg/kg, mercury content and parameters

of the antioxidant system and lipid peroxidation were determined in rat brain homogenate. Chronic
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administration of mercury acetate led to the accumulation of mercury in the brains of animals in the
treatment group. The mercury content in the treatment group increased by 402.5 times compared with
the control group. In the group of rats exposed to mercury acetate, the activity of superoxide dismutase
increased by 23.4 %, glutathione peroxidase by 13.6 %, and glucose-6-phosphate dehydrogenase by
13.9 % compared with the control group. The content of reduced glutathione was 33.4 % lower compared
with the control parameters. A 30-day administration of mercury acetate led to a 20 % increase in the
content of malonic dialdehyde in the brain tissues of rats in the treatment group compared with the
control group. The results demonstrated the disruption of the homeostasis of the antioxidant system,

which suggested the development of oxidative stress.

Keywords: brain, antioxidant system, lipid peroxidation, mercury acetate, chronic poisoning.

Citation: Shchepetkova K. M., Batotsyrenova E.G., Kashuro V. A., Khalchitskiy S.E. Biochemical aspects of E

mercury neurotoxicity in an experimental study. J. Sib. Fed. Univ. Biol., 2025, 18(2), 206-215. EDN: FTZRHQ o

buoxumunyeckue acneKTbl HEMHPOTOKCUYHOCTH PTYTH

B JKCIICPUMECHTAJIBHOM UCCJICAOBAHUH

K. M. llenerkoBa?, E.I. BaTtoupipenoBa™?,

B.A. Kamypo™ ™', C. E. Xanbuunkuii*

“ Canxm-Ilemepoypeckutl 2ocyoapcmeenHulil neouampuyecKuil
MeOUYUHCKULL YHUepCUmem

Munucmepcmea 30pasooxpanenusi Poccuiickoti @edepayuu
Poccuiickas ®eoepayus, Cankm-Ilemepoype
SHayuno-KauHu4ecKutl YyeHmp moKCUKoL02UU

umenu akademuxa C. H. I'onuxosa @edepaivhoco
MeOUKO-OUONI02ULECKO20 a2eHMCmEd

Poccuiickas ®eodepayus, Cankm-Ilemepoype

‘Poccutickutl 20Cy0apcmeenHulil neda202uiecKull yHusepcumem
um. A. U. I'epyena

Poccuiickas ®eodepayus, Cankm-Ilemepoype
*Cankm-Ilemepbypeckuii 20cyoapcmeenubvill ynusepcumen
Poccuiickas ®eoepayus, Cankm-Ilemepoype

*HayuoHanbhvlil MeOUYUHCKULL UCCIe008aMEeNbCKUTL YEHMP
oemckou mpasmamonozuu u opmoneouu umenu I A. Typnepa
Munucmepcmea 30pasooxpanenusi Poccuiickoti @edepayuu
Poccuiickas ®eoepayus, Cankm-Ilemepoype

AnHoTanus. PTyTh OTHOCHTCS K BemecTBaM | Kilacca OIMacHOCTH U Ja)Ke B HEOOMBIINX KOJTHIECTBAX
CIIocoOHa HapyIIaTh PYyHKIIMK Pa3IMYHBIX OPraHOB M TKaHEH. JlaHHBIE MHOTHUX MCCIICIOBaHU I

CBUJCTCIBCTBYIOT O IPOOKCUAAHTHOM Bq)(i)eKTC pTYTH. TkaHb FOJOBHOI'0 MO3ra 0COOEHHO YYyBCTBUTCIJIbHA
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K HApyIHICHUIO OKUCIIUTEIbHO-BOCCTAHOBUTEIBHOrO O0asiaHca. CucreMa aHTHOKCH/IaHTHOM 3a1UThI
KJIETKU UTPAET BAXKHYIO POJIb B MOEPIKAHUH TOCTOSIHCTBA MTAPAMETPOB BHYTPEHHEH cpe/ibl. I3MeHeHre
NoKa3aresiell aHTHOKCHIAHTHOM CHCTEMbI U IIEPEKMUCHOTO OKUCIICHHUSI JIMTINIOB [T0CJIe HU3KO01030BOT0
XPOHUYECKOI0 OTPABJICHUS HEOPraHUYECKUMHU (HOPMAMU PTYTH U3YUEHO HEIOCTATOUHO, [T0ITOMY
LEJIbI0 pabOThI SIBUIIOCH U3Y4YEHHE N3MEHEHHI IToKa3aTesell aHTHOKCHIAHTHOW CUCTEMBbI M IIEPEKUCHOTO
OKHCIICHUS JIUITUJIOB B TKAHSX FOJIOBHOTO MO3Tra KPBIC MOCIIE XPOHUYECKOIO HU3KO[030BOI'0 OTPABJICHHSI
arieraroM pryTH. [Tocne 30-1HeBHOrO BBe/IeHNUsI alieTaTa pTYTH B 7103€ 4 MI/KT OIIPE/IeIIsiIN COJePIKaHUE
PTYTH, IOKA3aTEIM AHTHOKCUIAHTHON CUCTEMBI M NIEPEKUCHOT'0 OKUCIICHHS JINITU/I0B B TOMOT'€HATE
TOJIOBHOTO MO3ra KpbIC. XpOHUYECKOE BBE/ICHHE alieTara pTYTH IPUBEIIO K HAKOIUICHHIO PTYTH B TOJIOBHOM
MO3re )KHBOTHBIX OMBITHOM rpyIibl. CofepiKkaHue PTYTH B OIBITHOM TPYIIIE )KUBOTHBIX YBEIUIHIOCH
B 402,5 pa3a mo cpaBHEHHIO CO 3HAYCHHUSIMHU KOHTPOIBHOH Ipynnsl. B rpymmne Kpeic, MOABEPTIINXCS
BO3JICHCTBHIO al[ETAaTa PTYTH, OTMEYAJIOCH YBEINYECHHE AKTUBHOCTH CYIEPOKCHIMCMYTa3bl Ha 23,4 %,
rIyTaTHOHIIepOoKcuaas3bl Ha 13,6 % u rroko30-6-docharaeruaporenassl Ha 13,9 % B cpaBHEHUHU
C TIOKA3aTeIsIMU KOHTPOJILHOMN TPy TIibl. BRISBICHO CHIDKEHHE COJIEPIKaH s BOCCTAHOBJICHHOIO TIIy TATHOHA
Ha 33,4 % 1o cpaBHEHHUIO C MOKa3aTeasIMu KOHTpoJis. 30-THEBHOE BBEICHHE alleTaTa PTYTH MIPUBEIIO
K MOBBIIICHHUIO COACPIKAHIS MAJIOHOBOTO JIMAJIBJCTHU/IA B TKAHSIX FOJOBHOTO MO3ra KPBIC OMBITHON
rpynnsl Ha 20 % B cpaBHEHHUHU ¢ KOHTPOJIBHOH I'pynmnoi. [lomydeHHbIe pe3yasTaThl BRISBUIN HApYIICHHE

roMeocTrasa aHTHOKCHZ[aHTHOﬁ CHUCTCMBbI, YTO CBUACTCIBCTBYCT O Pa3BUTHU OKCUAATUBHOT'O CTpPECCA.

KuroueBble cj10Ba: roj0BHOMI MO3I, aHTUOKCUAAHTHAad CUCTEMA, IICPCKUCHOC OKUCJICHUC JIUTTU 0B,

alreTar pTyTH, XPOHHUYECKOE OTPaBJICHUE.

Iuruposanue: lllenetkoBa K. M. Broxumuueckne aciekTsl HEHPOTOKCHYHOCTH PTYTH B 3KCIICPHMEHTAIEHOM UCCIICIOBaHUY /
K.M. lenerkosa, E.I". Baronsipenosa, B. A. Kamrypo, C. E. Xansunnxuii / XXypu. Cub. deznep. yn-ta. buonorus, 2025. 18(2).
C.206-215. EDN: FTZRHQ

BBenenue

3arpsizHEeHNE OKPYXKAIOIIEH cpeibl SBIIsIeT-
Csl IIMPOKOMACIITA0HOM MTPOOIEMOM, BIHSIOLICH
Ha Ka4eCTBO U MPOAODKUTEIBHOCTD KU3HHU. K BBI-
COKOTOKCHYHBIM 3arpSI3HUTENSIM, OKa3bIBAIOIINM
naryOHOe BIMSIHUE Ha OpPraHU3M, OTHOCSITCS TS-
JKenble MeTaiibl. Hanbomnee pacnpocTpaHeHHBI-
MM TOKCUKAHTaMH SBISIOTCS TAKHE METaJIIbI,
Kak pTyTb, KaJIMUi, CBUHEL. B HacTos11ee BpeMs
OCTpBIE OTPABJICHUS BCTpedaroTcst pefko. Ocolyio
OIIACHOCTb /ISl HACETICHU S TIPEICTABISET ATUTENb-
HOE TOCTYIIJICHNE MaJIbIX KOJIMYECTB TSIKEIBIX
METAJUIOB C 3arpsI3HEHHBIMH [TPOAYKTAMH TUTAHUS
n Boztoi. O0naarormune KyMyJIsTHBHBIM 3(h(eKToM
U XapaKTepU3yOLIHECs HU3KOH CKOPOCTHIO BbIBE-

JACHHA U3 OpraHu3mMa, OHH CIIOCOOHBI CYHICCTBECHHO

BJIMSTH Ha ()YHKIIMOHMPOBaHUE MHOTMX CHCTEM,
B TOM YHCJIE ¥ IEHTPAJIBHYIO HEPBHYIO CHCTEMY
(ITHC). Tak, nccnenoBaHus Ha )KUBOTHBIX IIO-
Ka3alii, 4TO BBEJICHHE HU3KUX /103 METHIIPTYTH
BBI3BIBAJIO HEWPOJIETeHEPATUBHOE MTOBPEKICHHE
THIIIOKaMIIa y KPBIC, YTO MPOSBISIIOCH B HApYIIIe-
HHH [IepeXojia KPaTKOBPEMEHHO MaMsITH B JI0JITO-
BpemeHHYO (Bittencourt et al., 2019), a Hakorute-
HUE PTYTH B MOTOPHOI KOpe KPbIC 00YCIOBUIIO
HapylIeHHe JABUTaTeIbHON GyHKIMM (Santana et
al., 2019). OTmMeuaeTcst CHHYKEHHE CITIOCOOHOCTH
K 00Y4EHHIO KaK I10CJIe BO3CHCTBHSI CBUHIIOM, TaK
U B pesylibTare nocryrienus kaamus (bypskos
u 1p., 2013; CyryHnkosa u ap., 2023).

Lenplit  psig  B3aUMOCBSI3aHHBIX  (haKTO-

PpoB (I/IHTeHCI/IBHOCTb OHEPreTUICCKOro oome-
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Ha, BBICOKOE COJIep)KaHHE B MeMOpaHaX KJIETOK
TOJIOBHOTO MO3ra IIOJMHEHACBHIIIEHHBIX JKUP-
Heix kucnot (ITHXK), nerko monsepraromux-
csl epekrcHoMy okucnennio jununos (I10JI),
CPaBHUTEJIBHO HHU3Kas aKTHBHOCTH (hepmeH-
TOB AHTHOKCHJIAHTHOM 3alIMTHI 110 CPABHEHMIO
C IpyrUMHU TKaHSMH W T.J.) JA€NaeT TOJOBHOM
MO3T' BOCHIPUUMYMBBIM K HApyIICHHIO OKHCIIH-
TeapHOro romeocrasa (Camandola, Mattson,
2017; Jaganjac et al., 2021; Galkina, 2013). He-
CMOTpsI Ha pa3Hble I[aTOrCHETUYECKHE IIyTH
TOKCHYHOCTH, B KadecTBe 00miero Hecrenupu-
YECKOr0 MEXaHHU3Ma PacCMaTPHUBAETCSl BHICOKAs
ah(GUHHOCTH TSHKETBIX METAJUIOB (B TOM YHCIIC
U pTyTH) K SH-Tpynmam MoJieKys opraHn4ecKux
COEIMHEHUH (B TOM 4HcIe OENKOB, HU3KOMOJIE-
KYJISIPHBIX COCAMHEHMH (TaKUX KaK TIyTaTHOH)
W aMUHOKHUCJIOT (LIUCTEHMH)), CIIOCOOHOCTh I'eHe-
pupoBath akTuBHBIE Gopmbl Kuciopoaa (ADK),
a TaKKe pa3BUTHE OKCHAATHBHOTO cTpecca
(Amadi et al., 2019; Slivinska et al., 2020; Balali-
Mood et al., 2021).

HecMoTpst Ha 0OIIMPHOCTH HAYUYHBIX UCCIIE-
JIOBAHUI, CBSI3aHHBIX C U3yUYECHHEM TOKCHYHOCTH
TSDKEJIBIX METaJUIOB, MPOBEACHUE KIMHUYECKOM
n 1abopaTOpHON [MArHOCTUKH 3a00JIeBaHU,
BBI3BAHHBIX JUJIUTEJbHBIM HHU3KOJ030BBIM BO3-
JEWCTBUEM PTYTHIO, OCTACTCSI OJHUM M3 Haubo-
Jiee CIOXKHBIX BOIpocoB. Kpome Toro, Tpaaunu-
OHHas Tepanus mpernapaTaMy ¢ XeIaTHPYIOUM
MEXaHU3MOM JICUCTBHS, IpUMEHsieMas Mpu
OCTPBIX OTPABJICHHUSX TSDKEIBIMH MeETaJlJIaMH,
IpU XPOHUYECKHX BO3JeHCcTBUAX Manodddek-
tuBHa. [Ipencrasnsercs neaecoodpasHeiM Oosee
JIeTalIbHOE M3y4YEeHUE aHTHOKCHIAHTHOW CHCTe-
MBI (AOC) KaKk BepOsSITHON MUIIEHH 115 (hapMma-
KOJIOTMYECKOr'0 BO3/IEHCTBUSI.

B cBs13u ¢ BBIIIEN3I0)KEHHBIM LIEJIBIO Hallle-
IO HCCIICIOBAHUS SIBUJIOCH W3YyYEHHUE BIIMSHUS
XPOHHUYECKOT0 HU3KO/I030BOI'0 OTPABJICHUS alle-
taToM pTyTH Ha noka3atenu AOC u I1O0JI B Tka-

HAX T'OJIOBHOI'O MO3T'a KPBIC.

MarepuaJibl U METObI

HccrenoBanue MpOBOAMIIOCH HA IIOJIOBO3-
penbix camiiax kpeic Buctap maccoii 160-200 1.,
BEIPAIICHHBIX B MUTOMHUKE «PanmonoBoy» (Poc-
cus). DKCIEepUMEHTAIbHBIE JKUBOTHBIE COAEP-
Kaiuch Ha 0ase «lcmpITaTeNBHOTO IIEHTpa J0-
KJIUHAYeCKuX wucciaeaoBanuity ®I'BY HKIT
uM. C.H. T'onukoBa ®MBA Poccuu B cooTBet-
CTBHH C MEXIYHAPOAHBIME TpeOoBaHUsIMHU ([]1-
pekrtuBa..., 2010). B TeueHme BCcero sSKCIepuMeH-
Ta KPBICBI UMEIU CBOOOMHBIN JOCTYH K KOPMY
U NUTHEBOM BOZE, COAEPKAIUCH B KJIeTKax 1o 10
ocobeii. [Iporokon uccnenoBanus OblI 0JJ00peH
JIOKaJIbHBIM  3THYeCKUM KomutetroM OI'BOY
BO «Cankr-IlerepOyprekuii rocymapcTBeHHbBIN
MeINATPUICCKII MEIUIIMHCKUH YHUBEPCHTET)»
Mumnsnpasa Poccuu (Ne 03/03 ot 20.10.2021).

[lepen HagaoM HCCIENOBAaHUS >KUBOTHEIC
OBLITH paclpeeICHbI Ha ABE TPYIIIbI: KOHTPOJIb-
HYIO U ONBITHYIO, TIO AECATH KUBOTHBIX B KaXk-
JI0i rpynne. XpoHUYECKOe OTPABICHUE MOAECIIU-
pPOBAJIOCH ITyTEM BBEICHUS TOKCHYHBIX, HU3KIX
1103 oTpasJstoniero arenra. CoriacHoO macmopTy
TOKCHYHOCTH aIeTara PTYTH IOJNyJIeTalbHas
71032 TPU BHYTPHOKEIYAOYHOM IYTH BBEIEHUS
IUTS JTAOOPaTOPHBIX KpbIC cocTaBisieT 40,9 Mr/kr
(National Center for Biotechnology Information,
2025). [losToMy HA3KOTOKCHYHASI 1032 IS BBE-
JIEHUS KUBOTHBIM OTBITHOW TPYIIIBI COCTaBUIIA
4 mr/kr (0,1 JIJ150).

KonTponbHas rpynmna moiydajia BHYTPH-
JKEIYIOYHO | MJI AUCTHILTHPOBAHHOM BOJIBI €Ke-
JTHEBHO B TE€UEHHE BCEro CpPOKa MCCIIETOBAHMSI.
Beenenne 0,08 % BomHOro pactBopa amerara
PTYTH OIBITHOU IPYIINE B 103¢ 4 MI/KT BHYTPH-
JKEeNyJI04uHO B TeueHue 30 gHel Mo3BOIUIO CMO-
JeTUPOBaTh XpOHUUYEcKoe oTpasienne. Ha 30-e
CYTKH )KHBOTHBIX TIOABepraiu 3BTaHazuu B CO,-
Kamepe c¢ mnocieayromeid aexkanuranuen. [Ipo-
mexypa Oblila BEITIOTHEHA COTJIACHO MEXIYyHa-
ponHeM TpeboBanuaMm (Hdupextusa..., 2010;

PribakoBa, Makaposa, 2015) u craHmapTHBIM
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OIIEPalMOHHBIM MpOIeAypaM, pa3paboTaHHBIM
B «/cnpITaTebHOM IEHTPE AOKIMHHYECKUX HC-
caenoBanuity ®I'BY HKIUT um. C.H. lNonukoBa
OMBA Poccun 1nos KOHTpPOJIEM BETEPUHAPHOTO
Bpaya UCIBITATEIBHOIO LeHTpa. ['0J10BHONM MO3T
Ka)KJOH KpPBICHI HEMEJIEHHO HM3BJIEKAIN U TI0-
rpy’Xajii B XOJIOAHBIA (pusnosorunyeckuii pac-
TBOop Ha 35-50 cekyHn, Aajnee 3amMOpa)KuBaIu
U XpaHUJIH B MOPO3MIbHON Kamepe npu —70 °C
JI0 MOMEHTA HCCIIC/IOBAHNSI.

Jlns TpUTOTOBJIEHHS TOMOTEHAaTa TOJIOB-
HOro Mo3ra Kpeic ucnonbzoBain 0,1 M kanuit
dhocharusiii 0ydep ¢ pH 7,4 B cooTHOmmeHuu 1:9.
W3 monmydeHHOro roMoreHaTa oToupasin mpoosl
JUISL  ONPEIENCHUS CHEKTPOPOTOMETPUUYECKIM
METOZOM KOHLIEHTPAI i BOCCTAaHOBJICHHOT'O TITy-
tatuoHa (BI'), manoHoBoro quansaeruna (M/A)
" nueHoBeIX KoHbioraToB (JIK). KornenTparuio
BI' onpenensnu ¢ ucnonb3oBaHueMm 5,5 JUTHO-
(ATHB)
o meronuke G.L. Ellman (Ellman, 1959), ¢ 06-

Omc(—2-HUTPOOCH30MHOM)  KUCIOTHI
pa3oBaHHEM 5-THO-2-HUTPOOCH30IHON KACIOTHI
C MaKCUMYyMOM OINTHYECKOH TIIOTHOCTH IpH 412
uM. Konuenrpauuio MJIA onpenensiiau no Meto-
ny M. Uchiyamau M. Mihara (Uchiyama, Mihara,
1978), ocHoBaHHOMY Ha B3anmopeicTeun MJIA
¢ THOOAPOUTYPOBOU KHCIOTOM, ¢ 00pa3oBaHUEM
MPOAYKTa, UMEIOMIET0 MaKCHMYM IOTJIOIICHUS
Ha JIiauHe BONHBI 532 HM. OmnpeneneHue KOH-
uentpauuu JJK B romorenare TkaHei rojoBHOrO
MO3Ta OCYIIECTBIISAIN IO CIEKTPY MOTJOMICHHS
C MAaKCUMYMOM IPU AJIMHE BOJIHBI 233 HM 1O Me-
tonuke U. 1. CranwpHoii (CranbHas, 1977).
[locne 3TOr0 HEOUYHIICHHBIC MPOOBI TOMO-
reHata TOJIOBHOI'O MO3ra KpbIC LEHTpUyru-
poBaim npu 20000 o6/mMuH B TeueHme | daca
L8-M («Beckmany,

CHIA). TlomyuyeHHBIH cynepHAaTaHT HMCHOJIB30-

Ha yJBTpaleHTpudyre

BaJIu A OMPEACTICHNA aKTUBHOCTHU INTyTaTUOH-

S-tpancdepazer  (I'T),  cymepokcuagucmy-
tazpl  (COJl), rmyraruonnepoxkcumasbl (I'TI),
W TIK030-6-pocharnernaporenassr  ([-6-

ONI'). AxtuBHOCTh ['T M3MeEpsiiu MO METONY,
ocHOoBaHHOMY Ha peakuuu BI' ¢ I-xjop-2.4-
nuHuTpoOeH3onom B mpucytcteuu [T (Habig,
Jakoby, 1981). AxrtuBaoctn CO/, I'll u I-6-
OJII" onpenensiin Ha OMOXHMUYECKOM aHaJHM3a-
TOpe «A-25» C UCIIOJIb30BAHUEM KOMMEPUECKUX
HabopoB ¢upmbl RanDox (BenukoOpuranusi).
KoHueHnTpamuio uccieayeMbix cyoOCcTpaToB U ak-
THUBHOCTH (DEPMEHTOB B TOMOI€HaTe TKaHH Tepe-
cunTeiBasIM Ha 1 rpamm Oenka (Kamrypo u mp.,
2006). Konnenrpanuwo obmiero 0ejiaka omnpeje-
asitn Habopamu ¢upmel BioSystems (Mcnanns)
Ha OMOXMMHYECKOM aHAIN3aTope «A-25».

Kpome Toro, B TroMoreHare TOJIOBHOTO
MO3ra KpbIC OIpENeNsyii COepIKaHHE PTY-
TH Ha aTOMHO-a0COPOIIMOHHOM CHEKTPOMETpE
«PA-915+» (ConoBeeB u np., 2011; Kamrypo,
I'mymkos, 2020).

Cratuctuyeckyo o06paboTKy pe3ysbTaToB
MIPOBOJIMJIA C HCIIOJIB30BAHUEM IPOTPaMMHOTO
obecneueHus AtteStat 15.0 (OGmast oOiecTBeH-
Has nuneHsuss GNU Bepcuu 3.0 (GPLv3)). Bei-
YUCJICHBI CPE/IHNE 3HAUCHHS U OLIMOKU cpeliHe-
ro (M#m). U3-3a HeO0IBIIOTO pa3Mepa BEIOOPKU
U HaOJI0JJaeMbIX OTKJIOHEHHUH OT HOPMAaJbHOI'O
pacripeniesieHusl JaHHBIX (OLEHEHHBIX C IOMO-
mpto Kputepus [anupo — Yunka), a1t OneHKH
JOCTOBEPHOCTH PA3IMIMHA MEXIY HCCIEAYyeMbl-
MH  XapaKTepUCTHKAMH SKCIEPHUMEHTaIbHbIX
rpynn OblT BBIOpaH HelapaMeTpUYecKHi KpH-
tepuii U-kputepuil Manna — YUTHHU C ypOBHEM

3HaYUMOCTH, paBHbIM 0,05.

Pe3yabTaThl U 00CYKIEHHE

Cunraercs, 4TO, B OTJINYHE OT OpraHUdYe-
CKOH pPTyTH, Heopranmdeckue (opmbl PTYTH
nnoxo BcackiBaroTcst uepe3 JKKT u MmennenHee
MIPOXOSAT Uyepe3 reMaTodHIehaTaecKuii 0apbep
(Park, Zheng, 2012; Raj, Maiti, 2019; I'naasi-
meB, 2021). HecMOTpst Ha HU3KYIO CIIOCOOHOCTH
HeopraHuueckux (opM pTYTH IPEOOJIEeBAThH

remMaTodHIedaTNIeCKuil  Oapbep, Ppe3yNbTaThl
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MPOBEICHHOTO HCCJIEJOBAHUS TIOKa3aldu, 4YTO
30-mHEeBHOE BBEICHHE aleTaTa PTYTH MPHBEIO
K YBEJIHYCHUIO CONCPIKAHUS PTYTH B TOJIOBHOM
MO3re SKCIEPUMEHTANIbHBIX KUBOTHBIX B 402,5
pasza mo CpaBHEHHWIO CO 3HAYEHHUSMH IOKa3aTe-
JIe KOHTPOJIBHOM T'PYIIIEI (Tabnuma).

CornacHO JaHHBIM JTUTEPATYPHI, U3 TKaHEH
TOJIOBHOTO MO3Ta PTYTh BBIBOAUTCS MEJICHHEE
Bcero (Carocci et al., 2014). Ha ¢one 30-gHeBHO-
T0 BBEACHHUS alleTaTa PTYTH B ONBITHOH T'pyIIIe
JKUBOTHBIX PETHCTPUPOBAIUCH U3MCHCHHS KOT-
HUTHBHBIX (YHKIUH, 9TO TMOATBEPKIAIOCH Ha-
pyIICHHEM BOCIPOU3BEICHHS MaMSTHOrO Clie/a
B Tecte YPAU (IlleneTkoBa u ap., 2023).

[IpoBeneHHOE McClieIOBaHUE TIOKA3aJI0, YTO
HAKOIUICHHE PTYTH B TOJIOBHOM MO3T€ KPBIC CO-
MPOBOKIAJIOCH U3MECHCHHSIMHU HCCICIYEMbIX T10-
kazareneir AOC u I[10JI (tabnuna).

MHOroypoBHEBbII KOHTPOJIb
OKHCIIMTEJIBHO-BOCCTAHOBUTEILHOTO paBHO-
BECHs B KJIETKAaX TOJIOBHOI'O MO3ra MOIICPIKHU-
BaeTCs CJIIOKHOM CHCTEMOM aHTHOKCHIAHTHOM
3aIMUTHI, COCTOSAMICH W3 (PePMEHTATHUBHBIX
1 HepepMEHTATUBHBIX MyTeil. B mpoBeneHHOM

uccinenoBanun COJl, katanusupyromas JIuc-

MYTalllI0 CYNEepPOKCHIAHHOHA B TEPOKCHU] BO-
JI0poZia U MOJIEKYJISIPHBIM KHCIIOPOA, TPOsBUIIA
B OINBITHOI T'pYyIIE >KUBOTHBIX IOBBIILICHHYIO
aktuBHOCTB Ha 23,4 % (p<0,05) no cpaBHEHHIO
C KOHTpOJIbHOU rpynmnoi. [lonyuyeHHble naHHbIe
YKa3bIBalOT Ha HM30BITOYHOE 00pa3oBaHHE Cy-
MIEPOKCUIHOTO aHUOH-PAUKala U COTJIaCyIOTCS
C IUTEPATYPHBIMU JTAHHBIMH O TOM, YTO PTYTh,
CBSI3BIBASICH C THOJIOBBIMU T'DYIIaMHU, WHIHUOU-
pyeT akTuBHOCThH [-IV KOMIJIEKCOB 3JIEKTPOH-
TPAHCIIOPTHOM LIENU MUTOXOHJPUH, YTO IIPUBO-
ouT K ycwteHHoi npoxykinun ADK (Oliveira et
al., 2018).

Hanuuwme cynb(runpuiabHOil rpynmnsl Iu-
CTeMHa TpPUJAeT TIyTaTHOHY CBOMCTBa BOC-
CTAaHOBHUTENSI M CIIOCOOHOCTH 00E3BPEKHUBATH
n30bITok ADK U apyrux HecTaOMIIBHBIX MOJIe-
KyJn B peakiuu, katanusupyemoit I'Tl (Kamrypo
u ap., 2006). ITocne 30-n1HEBHOTO BO3AEHCTBUS
aneTaToM pPTYTH OBLIO BBISBICHO CHM)KCHHE
koHeHTpanuu BI' B onbiTHO#M rpynme Ha 33,4 %
(p<0,05) mo cpaBHEHHIO C TOKa3aTEISIMH KOH-
TPOJIBHOM TpymIbl. OHOBPEMEHHO 00OHAPYKEHO
yBenuuenue aktuBHocTH I'Tl Ha 13,6 % (p<0,05)

B CpaBHCHUH C IIOKa3aTCIsIMU KOHTpOJ’II;HOfI

Tabnuua. ConepkaHue pTyTH, OKA3aTEIN aHTHOKCHAAHTHON CHCTEMBbl M IEPEKUCHOTO OKHUCIICHUS JIMIUI0B
B TOJIOBHOM MO3T'€ JTa0OpaTOPHBIX KUBOTHBIX (cpenHee+SE)

Table. Mercury content and parameters of the antioxidant system and lipid peroxidation in the brain of laboratory

animals (mean+SE)

9KCl_lepl/lMeHTaJ'[l>Hble prﬂﬂbl
Hccnenyemsic okasarenn, ei. H3M. KonTponbsHas rpymmna OmneITHASA Tpynna
(n=10) (n=10)
PtyTh, MKT/KT 0,12+0,06 48,30+3,40*
BoccTaHOBJICHHBIH Iy TaTHOH, MKMOJIB/T OeKa 2,93+0,19 1,95+0,11*
MaJtoHOBBI# UAIbICT}/I, HMOJIB/T OeliKa 246,14+10,47 307,46+9,14*
JlMeHOBBIE KOHBIOTAThI, HMOJIB/T OeIKa 92,84+1,76 94,44+1,13
CynepokcuaaucmyTasa, En. akT./mMr 6enka 79,67+6,63 104,14+8,78*
I'nyrarnontpancdepasa, En. akt./r 6enka 177,58+9,15 194,32+7,44
I'nyrarnonnepokcuaasa, En. akt./mr Oenka 2,99+0,05 3,46+0,12%*
['mrok030-6-hocharaeruaporenasa, En. akt./r 6enka 48,89+1,16 56,78+3,89*

* — IOCTOBEPHO 110 CPABHEHUIO ¢ KOHTPOJIBbHOU rpynmnoi (mpu p < 0,05; kputepuit Manua — YUTHH)
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TPYMIBI 9KCIIEPUMEHTAJIBHBIX KUBOTHBIX. CHU-
JKeHue KoHUeHTpauuu Bl ¢ onHOBpeMeHHBIM
yBenuueHuem akTuBHocTH I'l1 cBumerenscTByeT
0 HapacTaHUM KOHUEHTPALUM MEPOKCUIA BOJIO-
polla B TKaHW TOJIOBHOTO MO3ra OTPaBIEHHBIX
>KUBOTHBIX. CHUKeHue KoHueHTpauuun BI' Tak-
JKE MOXKET OBITh CBSI3aHO CO CIIOCOOHOCTBIO PTY-
TH CBSI3bIBAThCS € ero SH-rpynmnoi.
Penokc-romeocras riayTaTHOHa B TKaHIX
TOJIOBHOT'O MO3ra MOAAECPKUBAETCS PHU MOMOIIU
HAJI®H-3aBucumoit

peakuuu, T.€. 3aBUcUT OT mnoctaBok HAJIOH

IJIyTaTUOHPEAYKTa3bl B

U aKTUBHOCTH (epMeHTa neHTo30(ochaTHOro
nytu [-6-®/I. B npoBeaeHHOM HcCIEI0BaHUU
HaOJII01AJI0Ch IOCTOBEPHOE yBEJINYCHUE aKTHB-
Hoctu [-6-D/II" Ha 13,9 % (p<0,05) B cpaBHEHNH
C HoKa3aressiMu KOHTpouist. CBSI3bIBAsICh C OCTAT-
KaMHM [IUCTEHHA, PTYTh CIOCOOHA HHIHOMPOBAThH
AKTHBHOCTh (DEPMEHTOB TJIMKOJIN3a, H3MEHSs
CKOpOCTh 3Hepretnyeckoro obmena (Notariale
et al., 2021). ITonyueHHbIC HaHHBIC MMO3BOJISIIOT
MIPEANONIOKNTh, YTO YBEIMYCHHE aKTHBHOCTH
I-6-®JIT" cBsA3aHO ¢ ycuiIeHHEM MeTaboJau3Ma
TIIIOKO3BI 4yepe3 neHto3odocdarusiii myTh. O0-
pazoBanue HAJI®H cnocoOGcTByeT pereHepa-
nun SH-rpynn riyTatnoHa, 4To CHOCOOCTBYET
YCUJIGHUIO AaHTHUOKCHJIAHTHOH 3alllUThl KJIETOK
TKaHE# roJIOBHOr0 Mo3ra Kpsic. TakuM o6paszom,
yBeauuenue cootHomenuss HAJIOH / HAJI®
HOPMAJIN3YeT PEIOKC-TOMEOCTa3 B KJICTKE.
Beicokoe coxpepxkanune [THXK B memOpa-
Hax KJIETOK T'OJIOBHOI'O MO3Ta, B YaCTHOCTH JIET-
KO OKHCIISIEMBIX apaxHJIOHOBOW M JJOKO3arekca-
€HOBOH KHCIIOT, JIeNaeT UX OUCHb YSI3BUMBIMHU
10 CPaBHEHUIO C KJIETKaMH APYTUX TKaHEeH st
MOBPEKJAIONIETO  JICHCTBUS  THIPOKCHIIBHBIX

panukanoB. HedepMmeHTaTHBHOE MEPEKUCHOE

Cnucoxk autepatypsl / References

oxucienue [THXXK npuBomut k 0o0pazoBaHuUIO
PCaKIIMOHHOCIIOCOOHBIX AJIBAETHI0B, TAKMX KaK
MJIA. BBenenue anerata pryTu B TeueHue 30
JIHEW yBenuuyuio KoHueHTpauuo MJIA B Tka-
HSIX TOJIOBHOT'O MO3ra KPbIC OINBITHOH TI'PYMIIbI
Ha 20 % (p<0,05) B cpaBHEHNHU C KOHTPOJIHHOM
rpynnoit. Takum o6paszom, aucbananc AOC
U YCHJICHHE IIPOLECCOB JIMIIONEPOKCH ALY
CBHJICTEJILCTBYIOT O PA3BUTHUU OKCHUIATHBHOIO
cTpecca, YTO MOXET BHOCUTH CYIIECTBEHHBIN
BKJIaJl B Pa3BUTHE IIUTOTOKCHYECKUX IPPEKTOB
oTpaBiieHUsl HelpoTokcukaHTamu (Shvetsov et
al., 2015).

3akJouenne

Pe3ynbraThl IpOBENEHHOrO  HUCCIEIOBa-
HUS TI0Ka3ajii, YTO CyOXpOHHYECKOE BBEICHHE
alerara pTyTH HNPUBEJIO K 3HAUUTEIBHOMY Ha-
KOIUICHUIO PTYTH B TOJIOBHOM MO3I€ ONBITHOI
rPYHIbl KPBIC MO CPAaBHEHUIO C KOHTPOJbHOMI
rpynnoi. Bo3zneiicTBue pTyTH CONPOBOXKIAIOCH
HapymenueM Oamanca AOC, 4TO IPOSBUIIOCH
B CHM)KEHUHU KOHLIeHTpauuu Bl yBennuenuu ax-
tuBHocTH COJL, I'TI, I-6-®/IT". YBenuueHnue KoH-
neHTpauuu MJ{A B OBITHOM TPyTIIE JKUBOTHBIX
110 CPaBHEHUIO C KOHTPOJIbHOM CBUJIIETENbCTBY-
et 00 akruBauuu [10JI B IIHC. Takas kapTuna
CBUJIETENICTBYET O Pa3BUTHU OKCHAATHUBHOTO
cTpecca. YBeJIMYEeHHE AaKTHBHOCTH (hepMeHTOB
AQHTHOKCUJIAHTHOM 3alllUThl, BBISIBIEHHOE B MIPO-
BE/ICHHOM HCCJICJIOBAaHUH, BEPOSTHO, OTOOpa-
JKaeT aJallTUBHBIM OTBET aHTHUOKCUJIAHTHOHN CHU-
CTEMBI KJIETKH Ha HAKOIUIGHHWE PTYTH B TKaHAX
roJIOBHOro Mo3sra Kpseic. IlonydyeHHble NaHHbIE
MOT'YT OBITh HCIIOJIb30BaHbI [IJIs TIOMCKa d(hdek-
TUBHOW T€PANUU JJIUTEIbHBIX TOKCHYECKHUX BO3-

JNIEUCTBUM TSIKEIILIMUA METAJIJIaMU.
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Abstract. The studies were carried out on Aberdeen-Angus bulls with Zn and Se deficiency in blood
serum. In experimental Group I, animal basic diets were supplemented with organic forms of Zn and Se. In
experimental Group II, similar doses of Zn and Se were complemented with methionine (Zn+Se+Met
complex). The control group received no supplements to the basic diet. The duration of experimental
feeding was 90 days. At the end of the experiment, an analysis of the element profiles of blood serum
in Group I showed a significant increase in the levels of Zn and Se but a decrease in the levels of Mn,
Cu and Fe. Group II showed an increased concentration of all these elements along with a decrease in
the level of malondialdehyde and an increase in the levels of superoxide dismutase and catalase activity
in blood serum. In terms of average daily gains, bulls in Groups I and II outperformed the animals in
the control group by 5.9 (P<0.05) and 8.4 % (P<0.05), respectively. The bulls in the control group were
inferior to the animals in the experimental groups in terms of pre-slaughter live weight, weight of hot
and chilled carcasses, weight of flesh and bones in carcasses; the maximum difference was observed
between the control animals and the ones receiving Zn+Se+Met complex. The element profiles of the
longissimus dorsi muscle changed in proportion to the changes in the elemental composition of the
blood serum. The supplements improved the nutritional quality of the longissimus dorsi muscle. It
manifested itself in a significant increase in the concentrations of amino acids (arginine, phenylalanine,
methionine, valine, alanine, glycine, tryptophan) and polyunsaturated fatty acids along with a decrease

in the concentrations of saturated fatty acids.
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Biansinue HOﬁaBOK CeJICHA U IUHKA B KOMIIJICKCE
C METHOHMHOM Ha 3JIEeMEHTHBIH COCTAaB KPOBH,
MSICHYIO IPOAYKTUBHOCTh U KAa4€CTBO MsICa ObIYKOB
aﬁepzmn-anryccxoﬁ mopoabl ¢ BbIABJICHHBIM
}IHCﬁaJIaHCOM cejicHa 1 MHKA B OPraHnmu3mMe
0. A. 3aBbsiii0B, E. C. Meneros, 5. 5. Kypuiakun
DedepanvbHblil HAYUHBIU YEHMP OUOLOSUYECKUX CUCTEM

u aepomexuonoeuti Poccutickoti akademuu Hayk
Poccuiickaa ®eoepayus, Openoype

AnHoOTanus. VccienoBanus BHIIONTHSUINCH Ha ObIYKax aO0epJuH-aHTyCCKOM ITOPO/IBI C BBISBICHHBIM
nedunnTom Zn u Se B cbIBOpOTKE KpoBH. C 1IENIbIO TPOBEACHM S HCCISA0BAHU I OBIYKHU ObLITH pa3/eeHbl
Ha TPU TPYIIBL: KOHTPOIBHYIO U JIBE ONBITHBIE. OCOOEHHOCTHIO KOPMIICHUSI JKUBOTHBIX | OTTBITHOM TpyTITIBI
ABJISLIIOCH TO, YTO IOMHUMO OCHOBHOT'O PAIlMOHA XUBOTHBIM BBOJMIINCH TOTIOJIHUTEIbHBIE HCTOYHUKH
oprannyeckux Gpopm Zn u Se. JKuBoTHble 1 ONBITHOH TpynIibl HOMyYaan 3TH Ke J0OABKH B aHAJIOTHIHBIX
JIO3UPOBKAX, HO B KOMILIEKCE C aMUHOKHUCIOTONH — METHOHHHOM. KOHTpoNbHAS T'pyIa nojyyana
OCHOBHOI paninoH 0e3 BKIIIOYEHU S KaKuX-TH00 100aBoK. [IpogomKHTeTbHOCTh SKCIIEPUMEHTAIBHOTO
KopMJIeHHs cocTaBuia 90 nHe#. YCTaHOBIEHO, YTO B KOHIIE SKCIIEPUMEHTA JIEMEHTHBIN COCTaB
CBHIBOPOTKH KPOBH OBIYKOB | OIIBITHOM I'PYIIIIBI XapaKTEPH30BaJICS JOCTOBEPHBIM yBEIHMUEHHEM YPOBHEH
Zn, Se u cHmwkeHueM ypoBHeir Mn, Cu, Fe. )KuBoTHble, mony4asmue KoMiieke Zn+Se+Met, HAampoTuB,
OTJINYAJIMCh MOBBINIEHHON KOHIEHTPALUEH 3TUX 3JIEMEHTOB, YTO CONPOBOXK/JAJIOCH CHUIKEHUEM
YPOBHS MaJOHOBOTO THANBACTHAA U TIOBBIIICHUEM YPOBHEH aKTUBHOCTHU CYNIEPOKCUITUCMYTa3bl
1 KaTasasbl B CBIBOPOTKE KpoBH. [1o BennunHe cpeqHecy TOUHBIX MPUPOcTOB Obruky I 1 11 ombITHBIX
TPYII IPEBOCXOIMIIN CBEPCTHUKOB U3 KOHTPOJIBHOH rpynmsl Ha 5,9 (P<0,05) u 8,4 % (P<0,05). berukn
KOHTPOJILHOM I'PYTIIBI yCTy AN >KHBOTHBIM OIBITHBIX I'PYIII 110 TIpeay00iitHOI K UBOI Macce, Macce
NIapHOM U OXJIAXKAEHHOH TyIIl, MacCe MSIKOTU U KOCTEH B TyIlIaX IPU MAKCUMAJIBHON pa3HULIE MEXIY
JKUBOTHBIMH, [TOJy4aBIIUMU KOMILIEKC Zn+Se+Met. DneMeHTHBIM cOCTaB NIMHHEHILEH MBIIIILBI CITMHBI
U3MEHSUICS ITPOIIOPLMOHAIBHO HU3MEHEHHSIM 3JIEMEHTHOT'O COCTABa CBIBOPOTKH KPOBH OBIUKOB. YCTaHOBJICH

MOJIOKHUTEIIHbHBIN 3(1)(1)6KT oT BOSHGﬁCTBHH HCIBITYEMBIX Z[O6aBOK Ha Ka4YCCTBCHHBIC XaPAKTCPUCTHUKHN
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JUTMHHEN e MBIl CHIMHBI, KOTOPBIHM BbIpakajics B JOCTOBEPHOM YBEIMYEHNH KOHLEHTPALIUH psaia
AMHIHOKWCIIOT: apTHHIHA (PeHUIIATaHUHA, MCTHOHUHA, BAJIMHA, AJAHIHA, TIIHIUHA, TPUIITO(haHa, a TAKKe

KOHHCHTpaHI/Iﬁ MOJIMHCHACBIIICHHBIX Ha Q)OHC CHWXCHUA KOHHCHTpaHI/Iﬁ HaCBhIIECHHBIX )XUPHBIX KUCJIOT.

KaroueBbie cJI0Ba: MSCHOI CKOT, 3JIEMEHTHBIH CTaTyC, KOPPEKIIHs, ceieH (Se), HUHK (Zn), aMHHOKHUCIIOTA,

MeTHOHMH (Met), MsCHast TPOLYKTHBHOCTB, KAYECTBO MsCa.

Baarogapuoctu. VccnenoBanusi npoBeieHbl Ipu GHUHAHCOBON MOIepIKKe POCCHIICKOro HayYHOTO
dhonma no mpoekty Ne 23-26—-00045

Iurtuposanue: 3aBpsuioB O. A. BiausHue 106aBOK cesieHa U IIMHKA B KOMIUIEKCE C METHOHHHOM Ha DJIEMEHTHBIH cOCTaB KPOBH,
MSICHYIO IPOAYKTHBHOCTD U Ka4e€CTBO Msica OBIYKOB a0epIMH-aHTYCCKOM TOPOJBI ¢ BBISBICHHBIM JUCOAIAaHCOM CelieHa
u unHKa B opranmsme / O. A. 3aBbsuios, E. C. Meneros, 5. S1. Kypunkun // XKypu. Cu6. dpenep. yn-ta. buonorus, 2025. 18(2).

C. 216-235. EDN: MLRYFV

Introduction

An imbalance in trace elements has a negative
impact on health and production traits of farm
animals. A range of pathologies is associated
with a deficiency of trace elements in animal
diets (Miroshnikov et al., 2019). Correction
of metabolism of essential trace elements and
elimination of toxic elements reduce the risk of
these diseases and may have a stimulating effect
on farm animal production traits, which has been
demonstrated for zinc (Abdelnour et al., 2021),
copper (Wen et al., 2022) and multimineral
supplements (Humer et al., 2019). Thus, increasing
the supply of essential micronutrients in cattle diets
is an effective strategy for increasing profitability
of beef cattle breeding. Until recently, it has been
assumed that the existing mineral feeding protocols
for cattle were designed to prevent imbalances
in trace element and to maintain optimal animal
growth. However, recent studies have shown that
assessing mineral feeding levels based solely on
chemical element contents in diets is not always
informative. This method does not consider
bioavailability of these minerals that can vary
due to several factors, including the presence
of antagonistic elements in the feed and poorly

digestible forms of trace elements (Sycheva et

al., 2022). In addition, the increased production
potential of modern breeds and crosses of farm
animals requires balancing the diets with a broader
range of trace elements than before. Consideration
must be also given to the toxic elements present
in the feed as their consumption can significantly
hinder growth and development (Miroshnikov
et al., 2019). Since previous studies have shown
a direct correlation between the concentrations
of individual chemical elements in blood and the
production traits of cattle (Sychyova et al., 2022),
in order to assess accurately the level of mineral
feeding in farm animals the elemental status can be
evaluated by determining the content of elements
in body fluids, such as blood.

To be absorbed in the body, metals interact
with a variety of small organic molecules (e.g.
citrate, oxalate, amino acids) and macromolecular
ligands (e.g. proteins, nucleic acids) (Pace and
Weerapana, 2014; Mocchegiani et al., 2006;
Twomey et al., 2005). Thus, chemical forms of
selenium compounds may be inorganic (selenite
and selenate) and organic; the latter include low
molecular weight selenoaminoacids (selenocysteine,
selenomethionine) and specific selenoproteins
(selenoprotein P, glutathione peroxidase,
thioredoxin reductase, etc.) (Abuelo et al., 2016).
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These selenium compounds are absorbed in
different ways and have different effects on the body
(Muiiiz-Naveiro et al., 2007). Many trace elements
can compete for ligands and be antagonistic like
zinc and copper, thereby disrupting body functions
(Sandstead, 1995; Miroshnikov et al., 2022). Thus, a
deficiency of trace elements in an animal organism
can be caused not only by the lack of a particular
element in the diet but also by the competition
between different elements for metal-binding
(chelating) agents, especially amino acids (Garcia-
Vaquero et al., 2011). It has been shown that amino
acid-chelated trace elements are transported by
amino acid transporters, so they do not bind to
metal transporters, are not affected by antagonists,
and are readily absorbed to enter the bloodstream
(Stark, 2020).

Literature research has shown a lack of
studies aiming to assess the effect of elemental
correction through supplying essential elements
combined with limiting amino acids, in
particular methionine, on meat production and
physiological parameters of cattle exhibiting
imbalances in chemical elements. Besides that,
the data on how this correction impacts the
qualitative characteristics of the longissimus
dorsi muscle, which most accurately reflects
the overall muscle quality of the entire carcass
(Kuranov, Khrutskaya, 1972), is extremely scares.
Despite the availability of open source data on
the effects of chelated forms of trace elements
on the production traits of beef steers, they did
not consider standard concentrations of chemical
elements in blood (Kharlamov et al., 2024).

In view of all that, we aimed to evaluate the
effects of feeding selenium and zinc supplements
in combination with methionine on the elemental
status and production traits of Aberdeen-Angus
bulls exhibiting imbalance in selenium and zinc
in the body. To achieve this aim, we evaluated
the effect of elemental status correction on (i) the

content of chemical elements in the blood serum,

(i1) antioxidant status and lipid peroxidation

indicators in the blood serum, (iii) meat
production and meat quality indicators obtained
at slaughter at 18 months of age, and (iv) mineral,
amino acid and fatty acid composition of the

longissimus dorsi muscle.

Materials and methods

The studies were carried out on Aberdeen-
Angus bulls (age — 15 months; n=36) with
identified deficiency of Zn and Se in their serum.
All animals were physiologically healthy and
gained at least 1000 g/day during the rearing
and fattening period from 8§ to 15 months. The
animals were kept on a leash in fixed premises.
For research, the bulls were divided into three
groups: control (n=12) and two experimental
groups (n=12). In Group I, the main animal diet
was supplemented with commercial preparations
of Zn and Se: Plexomin Se 2000 (Phytobiotics
Futterzusatzstoffe GmbH, Germany) at a dosage
of 2 g/head-day and Plexomin Zn 26 (Phytobiotics
Futterzusatzstoffe GmbH, Germany) at a dosage
of 1.5 g/head-day. The animals in Group II
received the same supplements at similar dosages,
but in combination with methionine supplied as
the product ‘MenoMet’ (MISMA, Russia) at a
rate of 25 g/head-day. The control group received
a basic diet without any additives. The duration of
experimental feeding was 90 days.

Plexomin Se 2000 is a feed additive designed
to enrich the feed of farm animals with selenium.
Plexomin Se 2000 contains at least 2000
mg/kg of selenium as part of selenium-containing
inactivated  yeast culture  Saccharomyces
cerevisiae. The content of harmful impurities
does not exceed the maximum by the standards
applied in the Russian Federation. Plexomin
Zn 26 is a feed additive designed to enrich the
diets of farm animals with zinc. One kilogram
of Plexomin Zn 26 contains at least 26 % zinc.

‘MenoMet’ provides methionine resistant to the
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aggressive environment of the fore stomach,
which is absorbed in the small intestine. Its active
ingredient is DL-methionine with an activity
of at least 45 %. The doses of the elements
and amino acids added to the diet to correct
nutritional imbalances were calculated based
on the producers’ guidelines. The composition
of the main ration was identical and complied
with the feeding standards established for bulls
during the fattening period of 15 to 18 months
(National Academies of Sciences, Engineering,
and Medicine, 2016).

Blood samples were collected from all
animals (n=36) at 15 months of age and before
slaughter at 18 months of age. Blood was
collected from the caudal vein into vacuum tubes
with a coagulation activator supplied by Hebei
Xinle Sci&Tech Co. Ltd in the morning. Three
tubes (9 ml) were collected from each animal.
Blood serum was separated by centrifugation of
samples for 10 min at a speed of 1000 rpm. The
serum was frozen at a temperature of —18 °C and
stored until the analysis. The enzyme activities
of superoxide dismutase and catalase were
determined by the rate of hydrogen peroxide loss
in the incubation medium (Engelbrecht et al.,
2023). The concentration of hydrogen peroxide
was determined by the reaction with ammonium
1965). Malondialdehyde

content was assessed by a spectrophotometric

molybdate (Fedotov,

method using the reaction with thiobarbituric
acid (Aguilar Diaz De Leon, Borges, 2020).

An analysis of the content of essential and
toxic metals (Na, Mg, P, K, Ca, Mn, Co, Cu, Cr,
Fe, Zn, Se, B, Ni, Ga, Ag, In, Ba, TI, Bi, Al, Sr,
Cd, Hg, Pb, As) was carried out by inductively
coupled plasma mass spectrometry using the
Dynamic Reaction Cell technology (ICP-DRC—
MS) on a NexION300D instrument (PerkinElmer
Inc., USA) equipped with an ESI automatic
dispenser SC-2 DX4 (Elemental Scientific Inc.,
USA). When describing the results of chemical

analysis, we followed the classification of
chemical elements proposed by Barashkov G.K.
(2011). Application of the Dynamic Reaction Cell
technology in the analysis allowed for a reduction
in interferences without loss of sensitivity.
Calibration was performed using Universal Data
Acquisition Standards reagent kits (PerkinElmer
Inc.) atfinal concentrations of 0.5,5,and 50 pg/mL.
To stabilize and retain ions of certain elements
(As, Cd, Co, Cr, Cu, Mn, Pb, Se, Tl, Zn, Ba, Bi,
Hg, Ni), 1-butanol (Merck KGaA), Triton X-100
(Sigma-Aldrich, Co.), tetramethylammonium
hydroxide (Alfa-Aesar, USA), and EDTA (Sigma-
Aldrich, Co) were added to all standard solutions
at final concentrations 7.5 %, 0.75 %, 0.019 %,
and 0.019 %, respectively. Due to incomplete
substrate matrix matching, internal online
standardization was performed throughout all
analyzes using a pure yttrium (Y) and rhodium
(Rh) single-element standard (PerkinElmer Inc.).
Yttrium was used for internal standardization
of lighter elements (with a lower atomic mass),
rhodium for elements with a higher atomic mass.
The detection limits according to the 3o criterion
were in the range from 2 to 6 ng/dm?® over the
entire mass range.

Average daily gain of steers was calculated
according to the formula:

W0 -w1
A=—x1000,

where A — average daily gain (g); W, — live
weight of the animal at the beginning of the
experiment (kg); W, — live weight of the animal
at the end of the experiment (kg); t — duration of
the experiment (days).

The bulls were slaughtered at 18 months
of age (State Standard 34120-2017, 2020).
Pre-slaughter live weight was determined by
individual weighing of animals after 24 hours
of starvation. Hot carcass weight and internal fat

weight were determined after slaughter. Based on
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the results obtained, carcass yield and slaughter
yield were calculated according to the following

formulas:

C ield, % few 100
=——X

arcass yield, % = o )

where HCW — hot carcass weight, kg; PSW — pre-

slaughter weight, kg

HCW + IFW><

100
PSW ’

Slaughter yield, % =
where HCW — hot carcass weight; IFW — internal
fat weight; PSW — pre-slaughter weight.

Then the carcasses were cooled for 48 hours
at a temperature of + 4 °C, weighed again and the
cold carcass weight was determined. After that,
the flesh was separated from bones, tendons and
ligaments, all carcass parts were weighted, and
their yields were calculated.

Based on the obtained data, the ratios of
edible and non-edible carcass components were

calculated according to the following formulas:

Fleshto b tio = —,
esh to boneratio =z

where FW — flesh weight, kg; BW —bone weight, kg

Flesh to bone and connective tissue ratio =
FW
~BW+TLW’
where FW — flesh weight, kg; BW — bone weight,
kg; TLW — tendon and ligament weight, kg.

The flesh of the left half-carcasses was
passed through an industrial meat grinder. The
resulting minced meat was mixed well, and five
samples from different parts of the mixture were
collected and combined into one average meat
sample (400 grams) (Kuranov, Khrutskaya, 1972).
From the same half-carcass, before deboning, a
sample (200 g) of the longissimus dorsi muscle
was taken in cross section from the back at the
level of the 9th to 11th ribs.

The moisture content in carcass flesh was
determined according to State Standard 33319—
2015 by drying the samples in an oven at 100 °C
(SPU ShS-80-01, Russia), pH — according to
State Standard 51478-99. Fat was determined
State Standard 23042-2015,
protein —according to State Standard 25011-2017,
ash — according to State Standard 31727-2012 by
ashing the dried sample at 550 °C.

according to

To determine the water-holding capacity
(WHC), the prepared samples weighing 5.00 +
0.01 g were evenly applied with a glass rod to the
inner surface of a 10 ml centrifuge tube (Antipova
et al., 2001). The tube was tightly closed with a
stopper and placed in a water bath with the narrow
part facing down and kept at a boiling point for 15
minutes. The mass of the released moisture was
calculated by the number of divisions on the scale
of the test tube. The WHC of the samples, %, was

determined by the formula:
WHC = M-MRA,

where M — mass fraction of moisture in the
sample, %, MRA — moisture-releasing ability of
meat, %.

The mass fraction of moisture in the samples
(M) was determined using State Standard
R51479-99. The process involved dehydrating
the sample until it reached a stable weight at a
temperature of (103 + 2) degrees Celsius. The
difference in weight before and after the drying
procedure was calculated.

The moisture-releasing ability (MR A) of the

samples was determined by the formula:
a
MRA = —x 100,
m

where a — amount of moisture released, ml; m —
weight of the sample, g

Energy value of flesh was determined
according to the formula of V.M. Alexandrov
(1951):
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Energy value of 1 kg of flesh,
MJ = ((P x 4.1) + (F x 9.3)) x0.04187,

where P — protein, %; 4.1 — coefficient for protein;
F — fat, %; 9.3 — coefficient for fat; 0.04187 —
conversion coefficient from kcal to MJ

To determine the amino acid composition
of the longissimus dorsi muscle, arginine, lysine,
histidine, leucine

tyrosine, phenylalanine,

and isoleucine, methionine, valine, proline,
threonine, serine, alanine, glycine, oxyproline,
tryptophan contents were measured. Test samples
were subjected to acid or alkaline (only for the
determination of tryptophan) hydrolysis at a
temperature of 110 °C for 14—16 hours. At the end
of the acid hydrolysis, the samples were filtered
(blue ribbon filters, Melior XXI LLC, Russia). No
filtration was performed after alkaline hydrolysis.
The hydrolysates were mixed with reagents
(sodium carbonate, JSC Bashkir Soda Company,
Russia; phenylisothiocyanate, Shandong Hailan
Ltd, China), then

evaporated to dryness in a stream of warm air at

Chemical Industry Co.,

a temperature of 60—70 °C. The dry residue was
diluted in distilled water (0.5 ml) and centrifuged
(5 min, 5000 rpm). The resulting supernatant
liquid was studied by capillary electrophoresis
using the Kapel system (Lumex-Marketing LLC,
Russia; State Standard 55569-2013). Tryptophan
content was determined according to State
Standard R70149-2022, oxyproline — according
to State Standard 23041-2015.

The fatty

longissimus dorsi muscle was determined by gas-

acid composition of the
liquid chromatography on a ‘Kristall-4000 Lux’
chromatograph (Russia).

Analyses were carried out at the shared
facilities of the Federal Research Centre for
Biological Systems and Agricultural Technologies
of the Russian Academy of Sciences, Orenburg.

The normality of the data distribution was

assessed using the Shapiro-Wilk method. It was

found that the data followed a normal distribution;
therefore the reliability of the
was evaluated using the Student’s T-test. The

differences

significance level (P) was accepted as less than or
equal to 0.05. The tables show the average values
of the indicators and the errors of the arithmetic
averages. The Statistica 10.0 application package

was used for data processing.

Results and discussion

To form groups of purebred Aberdeen-
Angus bulls with established imbalances in
chemical elements, we conducted preliminary
research to assess the elemental status of beef
cattle raised on three farms located in Orenburg
Oblast and Samara Oblast (Russia). The data on
concentrations of chemical elements in the serum
were compared with previously established
standards for highly productive Aberdeen-Angus
bulls (Zavyalov et al., 2024). The criterion for
including animals into the study sample was
the established deficiency in essential marker
elements (Mn, Zn, Se, Cu) in the serum associated
with production qualities of fattening young
animals (Zavyalov et al., 2023). It was found that
the entire micropopulation of bulls raised in the
Peasant (Farm) Enterprise of Kyaram Naboyan
(Samara Oblast) was deficient in Zn and Se. This
fact determined the choice of the location for the
experiment.

A preliminary assessment of the element
profiles of the serum from bulls aged 15 months
revealed that the concentrations of Zn and Se
were below the physiological norm; an excess of
the toxic element Pb was identified (Zavyalov et
al., 2024) (Table 1).

An analysis of the element profiles of the
serum obtained from bulls aged 18 months showed
that feeding animals in Group I with the Zn + Se
mineral complex resulted in a significant increase
in the levels of Se and Zn by 21.6 (P<0.05) and
11.5 % (P<0.05), respectively. This fact confirms
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Table 1. Chemical elements contents in the blood serum of Aberdeen-Angus bulls, mg/L

Elements Star_t of End of experiment Physiological
experiment Control Group I Group II standard****
Essential elements

Na 3272.3+23.17 3309.1+25.51 3277.3£25.13 3304.3+24.28 3235-3339
Mg 21.29+0.488 21.98+0.373 22.04+0.425 23.03+0.447* 21.42-23.07

P 94.4+1.59 99.0+2.24 96.7+1.81 96.6+2.34 92.28-101.60
K 210.9+3.95 209.3+2.84 211.4+3.99 208.842.73 202.3-216.9
Ca 122.14£2.15 122.8+1.95 123.9+2.31 127.0+1.11* 119.9-126.7
Mn 0.040+0.0011 0.038+0.0074 0.031+0.0022* 0.045+0.0014* 0.0376-0.0456
Co 0.0087+0.00035 |0.0087+0.00041 | 0.0088+0.00043 | 0.0085+0.00033  [0.0079—0.0094
Cu 0.532+0.0186 0.541+0.0289 0.481+0.0126* 0.580+0.0132 0.513-0.638
Cr 0.0540+£0.00244  |0.0504+0.00179 | 0.0512+0.00228 | 0.0532+0.00212 | 0.0469—-0.0575
Fe 4.39+0.159 4.48+0.599 3.83+0.214* 4.79+0.105* 3.62-4.83

Zn 0.739+0.0261 0.691+0.0216 0.824+0.0197* 0.971£0.0172%%* 0.815-0.968
Se 0.0356+0.00148 0.0335+0.00155 0.0433+0.00305* | 0.0587+0.00305%*%* | 0.0414—0.0601

Conditionally essential elements
B 0.693+0.1051 0.706+0.0863 0.732+0.0827 0.666+0.1064 0.484-0.776
Ni 0.139+0.0033 0.139+0.0072 0.141+0.0070 0.149+0.0024* 0.127-0.157
Ga 0.0070+0.00019  |0.0070+0.00017 | 0.0070+0.00019 | 0.0074+0.00018 | 0.0066—0.0074
Ag 0.0018+0.00032  |0.0014+0.00036 | 0.0016+0.00032 | 0.0016+0.00037 | 0.0009—0.0018
In 0.0215+£0.00053  |0.0216+0.00056 | 0.0219+0.00054 | 0.0212+0.00052  |0.0229-0.0275
Ba 0.0839+0.00528 | 0.0821+0.00421 0.0793+0.00549 | 0.0868+0.00352 | 0.0705—0.0960
Tl 0.0004+0.00009 | 0.0005+£0.00005 | 0.0004+0.00005 |0.0005£0.00008 |0.0003—-0.0005
Bi 0.0031+£0.00058  |0.0025+0.00049 | 0.0032+0.00062 | 0.0023+0.00041 |0.0015-0.0039
Toxic elements

Al 1.4+0.216 1.4+0.358 1.2+0.209 1.6+0.349 0.902-1.710

Sr 0.253+0.0010 0.241+£0.0072 0.246+0.0075 0.249+0.0101 0.221-0.267
Cd 0.0029+0.00017  |0.0032+0.00018 | 0.0032+0.00015 | 0.0029+0.00019  |0.0029—-0.0033
Hg 0.215+0.0986 0.201+0.0537 0.21140.0539 0.205+0.0986 0.0619-0.2610
Pb 0.0281+0.00111 0.0290+0.00131 0.0241+0.00131* |0.0229+0.00112* | 0.0084—-0.0186
As 0.0554+0.00394  |0.0568+0.00379 | 0.0558+0.00422 | 0.0564+0.00349 |0.0476—0.0636

Note: * P0.05; ** P0.01; *** P0.001 compared to the control group (Student’s T-test)

Feeding regimen: control (n=12) — basic diet; Group I (n=12) — basic diet + Zn, Se; Group II (n=12) — basic diet + Zn+Se+Met
**%* The reference intervals are presented according to the data published by Zavyalov et al. (2024)

the hypothesis that the elemental composition
of blood serum is primarily determined by the
intake of minerals in the diet. Similar results were
obtained in previous studies, which reported an
increase in Se content in the serum of cattle when
fed selenium-fortified cereals (Zarczynska et al.,

2013) and complexes containing Se in organic

and inorganic forms (Juniper et al., 2008). At the
same time, a comparison of the results with the
reference interval limits showed that, despite a
significant increase in Se and Zn levels in blood
serum, their concentrations — although within
the physiological norm — remained close to the

lower limit. Furthermore, a decrease in the levels
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of several essential elements was observed.
Specifically, Mn content decreased by 22.5 %
(P<0.05), Cu by 9.6 % (P<0.05), Fe by 12.8 %
(P<0.05). Conversely, in the control and Group II
animals there was no decrease in the level of
these elements. Considering that no element in
the body acts in isolation and that its influence on
metabolic processes in the body is determined by
the intensity of element interactions, the reduced
concentrations of these elements in Group I may
have resulted from the increased intake of Se and
Zn supplied in the mineral complex.

The observed pattern may also reflect the
antagonistic relationships between elements
(Miroshnikov, Zavyalov, 2020; Georgievsky et
al., 1979). As stated above, many trace elements
can compete for ligands and be antagonistic
like Zn and Cu, thereby interfering with body
1995; Miroshnikov et

al., 2022). The deficiency of trace elements in

functions (Sandstead,

animals may, therefore, be caused not only by
the lack of specific elements in the diet but also
by the competition between different elements
for metal-binding (chelating) agents, particularly
amino acids (Garcia-Vaquero et al., 2011). This
hypothesis is indirectly confirmed by the data
on the elemental composition of the serum
from the animals in Group II that received Se
and Zn complemented with methionine. Thus,
it was found that inclusion of the Zn+Se+Met
complex was accompanied by an increase in the
concentrations of Mn by 18.1 % (P<0.05), Cu by
7.2 %, Fe by 6.9 % (P<0.05) as compared to the
control group, while the difference compared
to the animals of Group I was even higher and
amounted to 44.1 % for Mn (P<0.01), 20.6 % for
Cu (P<0.01) and 25.1 % for Fe (P<0.01). Based
on the above results, it can be assumed that
methionine is a common ligand for all examined
elements (Se, Zn, Cu, Mn and Fe).

Regarding the

limiting elements, the

corrective treatment not only significantly

increased Zn and Se levels in the serum by 31.5
(P<0.05) and 64.9 % (P<0.001), respectively, but
also normalized their concentrations relative
to the physiological standard (Zavyalov et al.,
2024). Another interesting result was that while
the upper limit of the physiologically normal
concentration of Pb (0.0186 mg/l) (Zavyalov et
al., 2024) exceeded by 51.1 % at the start of the
experiment, it dropped to 14.2 % (P < 0.05) and
18.5 % (P < 0.05) in Groups I and II, respectively,
after supplementing the diet with the tested
complexes. This pattern can be explained based
on previous studies that have demonstrated a
significant inverse correlation between Pb levels
and concentrations of other chemical elements
in different body tissues (blood, bone tissue), as
shown for Ca (Hwang et al., 2001), Mg, Fe (Lidsky
and Schneider, 2003), Zn (Patra et al., 2008), Se
(Wang et al., 2012) and Co and Cu (L6pez Alonso
etal., 2004). It can be inferred that the decrease in
Pb concentrations in the blood serum of animals
in Groups I and II is a natural outcome resulting
from the competitive effects of Se and Zn on Pb
metabolism. Moreover, the excess of Pb in the
body partly accounts for the deficiency of Se and
Zn in animals fed on a standard diet assumed to
be balanced in essential micronutrients prior to
start of the experiment.

The use of trace element complexes had a
positive effect on the production traits of bulls in
the final fattening period (Fig. 1). In particular,
it was found that in terms of average daily gains
over the period from 15 to 18 months, bulls in
Groups I and II outperformed animals in the
control group by 5.9 (P<0.05) and 8.4 % (P<0.05),
respectively. The data obtained in our experiment
are generally consistent with the results of earlier
studies and can be explained by the fact that Zn
deficiency negatively affects the immunity of
animals by impairing the migration of neutrophils
and macrophages, which leads to inhibition of the

phagocytosis function. In addition, zinc status
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Fig. 1. Average daily gains of Aberdeen-Angus bulls during the final fattening period (15-18 months). * P0.05
compared to the control group (Student’s T-test). Feeding regimen: control (n=12) — basic diet; Group I (n=12) —
basic diet + Zn, Se; Group II (n=12) — basic diet + Zn+Se+Met

plays an important role in regulation of hormone
synthesis, in particular, in the production of
testosterone, which is necessary for animal growth
and male reproductive function (Sobhanirad et
al., 2010; Enjalbert et al., 2006). Some authors
suggest that Zn promotes animal growth by
functioning as a cofactor for insulin, transcription
factors and metabolic enzymes
et al,, 2006, Maret, 2013). Zinc also plays an

important role in the macrophage synthesis of

(Hedemann

nitric oxide, which is an important molecule for
killing pathogenic bacteria. Zn supplementation
has been shown to reduce Enterobacteriaceae
and increase acetate and butyrate levels, thereby
improving gut function, which has a positive
effect on livestock performance (Wo et al,
2022; Hou et al., 2023). Selenium is an integral
component of selenoproteins involved in a
variety of physiologically important processes
(Mehdi and Dufrasne, 2016). It is also crucial
for thyroid hormone metabolism and functions
as key regulators of growth, development and
differentiation. Se metabolic pathways involve
numerous proteins, including metallothioneins
(Horky et al., 2012), which play a role in

detoxification of heavy metals. Se deficiency in

young beef cattle manifests itself in the white
muscle disease or nutritional muscular dystrophy.
Clinical symptoms include weakness and muscle
cramps (Radostits et al., 2000). The disease
involves hyaline degeneration of muscle cells in
various skeletal muscles, including the diaphragm
and heart (Sobiech and Kuleta, 1999). Insufficient
Se status is associated with poor health due to
infectious diseases in young animals and the
development of acute heart failure (Enjalbert et
al., 2000).

However, one of main properties through
whichSeandZnindirectlyaffectcattleproductivity
is their ability to lower oxidative stress by
participating in the antioxidant defense system.
Zinc has been identified as a potent antioxidant,
serving as a structural component of superoxide
dismutase (Zn-SOD), an enzyme found in the
cytosol and mitochondrial intermembrane space
that converts superoxide radicals (O,) to hydrogen
peroxide (H,0,) (Bonaventura et al., 2015).
Selenium also has antioxidant properties directly
associated with the activity of enzymes such as
superoxide dismutase and catalase (Schnabel et
al., 2008). The development of oxidative stress

via the accumulation of reactive oxygen species
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leads to a depletion of antioxidant defenses.
Consequently, the antioxidant responses of bulls
to oxidative stress require energy that could
otherwise be used for growth and development
(Sordillo and Aitken, 2009).

In our study, the reduction of oxidative
stress in animals in Groups I and II is
confirmed by a significant decrease in the level
of malondialdehyde, one of the most reliable
and widely used markers of oxidative stress
in animals (Table 2). The inclusion of the
Zn+Se and Zn+Se+Met complexes resulted in a
decrease in serum malondialdehyde levels by 9.1
(P<0.05) and 14.5 % (P<0.01), respectively. This
decrease occurred alongside increased activity
levels of primary antioxidant defense enzymes:
superoxide dismutase, which increased by 8.6 %
(P<0.05) and 12.5 % (P<0.01), and catalase,

which increased by 5.3 % and 11.4 % (P < 0.05)
as compared to the control.

The results of control slaughter of
experimental bulls at the age of 18 months
showed that the elemental status correction had a
significant impact on meat production indicators
(Table 3). Bulls in the control group were inferior
to the animals receiving a complex of trace
elements without methionine and the Zn+Se+Met
complex in pre-slaughter live weight by 1.9 %
(P<0.05) and 2.4 % (P<0.05), hot carcass weight
by 2.1 % (P<0.05) and 2.9 % (P<0.01), sum of hot
carcass weight and internal fat weight by 2.0 %
(P<0.05) and 2.6 % (P <0.05), respectively.

It is widely recognized that an increase
in total weight does not give a comprehensive
understanding of the ratio between edible and

inedible parts of the carcass. As the animal grows

Table 2. Indicators of antioxidant status and lipid peroxidation in the serum of experimental Aberdeen-Angus

bulls
Indicators Control Group | Group 11
Malondialdehyde, pM 37.65+0.868 34.21+0.915*% 32.18+0.755%*
Superoxide dismutase, units/mg protein 39.834+0.990 43.2441.012%* 44.81+1.073**
Catalase, units/mg protein 37.21+0.814 39.19+1.241 41.4741.153*

Note: * P0.05; ** P0.01 in comparison with control group (Student’s T-test)
Feeding regimen: control (n=12) — basic diet; Group I (n=12) — basic diet + Zn, Se; Group II (n=12) — basic diet + Zn+Se+Met

Table 3. Control slaughter data for Aberdeen-Angus bulls

Indicators Control Group | Group 11

Pre-slaughter weight (PSW), kg 558.7+£3.52 569.44+3.27* 572.6£3.72*
Hot carcass weight (HCW), kg 321.3+1.98 328.1+2.33* 330.9+£2.15%*
Carcass yield, % 57.52+0.283 57.63+£0.305 57.79+0.215
Internal fat weight (IFW), kg 16.32+0.198 16.41+£0.277 15.73+£0.261
Internal fat yield, % 2.92+0.135 2.88+0.153 2.74+0.124
HCWHIFW, kg 337.6+2.05 344.5£1.90* 346.6+1.88*
Slaughter yield, % 60.43+0.352 60.51+0.299 60.54+0.357

Note: * P0.05; ** P0.01 in comparison with the control group (Student’s T-test)

Feeding regimen: control group (n=12) — basic diet; Group I (n=12) — basic diet + Zn, Se; Group II (n=12) — basic diet +

Zn+Se+Met
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and develops, there is a significant change not
only in the total amount of muscle, fat and bone
tissue, but also in their ratios. For this reason,
it was necessary to study the morphological
characteristics of animal carcasses, which
largely reflects their meat qualities. Studying the
morphological characteristics of steer carcasses
among the studied groups revealed a general
tendency toward increase in both absolute and
relative indicators characterizing their nutritional
value (Table 4). Namely, the correction of the
elemental status of bulls by the Zn+Se+Met

complex was accompanied by a significant increase
in the cold carcass weight by 5.1 % (P<0.05), flesh
weight by 5.5 % (P<0.05), bone weight in the
carcass by 3.2 % (P<0.05). No similar changes
were observed when corrected with a complex of
trace elements without methionine.

The composition of the average minced
meat samples obtained from the carcasses of
bulls exhibited significant differences (Table 5).
Feeding the Zn+Se+Met complex (Group II)
produced a maximum effect on the chemical

composition of the average meat sample. The

Table 4. Morphological characteristics of the carcass of Aberdeen-Angus bulls

Indicators Control Group I Group 11
Cold carcass weight, kg 311.843.49 317.94£3.19 327.84£3.65*
Flesh weight (FW), kg 249.7+£2.79 255.142.55 263.4+3.12*
Flesh yield, % 80.12+0.314 80.24+0.283 80.35+0.244
Bone weight (BW), kg 55.71+0.675 56.194+0.524 57.52+0.692*
Bone yield, % 17.86+0.121 17.67+0.113 17.55+0.155
Tendon and ligament weight (TLW), kg 6.39+1.784 6.61+1.592 6.88+1.455
Tendon and ligament yield, % 2.05+0.174 2.08+0.168 2.18+0.194
FW/BW 4.48+0.130 4.54+0.136 4.58+0.125
FW / (BW+TLW) 4.02+0.121 4.06+0.148 4.09+0.151

Note: * P0.05 in comparison with the control group (Student’s T-test)
Feeding regimen: control (n=12) — basic diet; Group I (n=12) — basic diet + Zn, Se; Group II (n=12) — basic diet + Zn+Se+Met

Table 5. Nutritional properties of an average meat sample of Aberdeen-Angus bulls

Indicators Control Group I Group I1
Dry weight, % 33.28+0.153 33.70+0.131* 34.46+0.232%*
Protein, %oww 19.51+0.144 19.74+0.192 20.01+£0.158*
Fat, %oww 12.85+0.161 13.01+0.172 13.334+0.153*
Ash, %oww 0.920+0.0743 0.952+0.0852 1.120+0.0881
Protein per carcass, kg 48.73+1.182 50.35+0.951 52.70+1.393*
Fat per carcass, kg 32.09+0.374 33.18+0.313 35.11+0.397**
Energy value of 1 kg of flesh, MJ 8.35+0.072 8.45+0.064 8.63+£0.085*
Energy value of the entire carcass flesh,
MJ 2086.1+18.01 2156.3+23.04* 2271.5+29.02%*

Note: * P0.05; ** P0.01 in comparison with the control group (Student’s T-test)

Feeding regimen: control (n=12) — basic diet; Group I (n=12) — basic diet + Zn, Se; Group II (n=12) — basic diet + Zn+Se+Met
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effects included a significant increase in the dry
weight by 1.18 % (P<0.01), protein by 0.50 %
(P<0.05) and fat by 0.48 % (P<0.05) compared
to control. When recalculated per carcass, the
difference from the control group was more
significant: 8.1 % (P<0.05) more protein and 9.4 %
(P<0.01) more fat. This enhancement resulted in
a superior energy value of 1 kg of flesh and total
carcass flesh, which were higher by 3.4 (P<0.05)
and 8.9 % (P<0.01), respectively. The comparison
between the control and Group I (Zn+Se complex
without methionine) revealed a significant
difference only in the dry weight and energy value
of the carcass flesh, which were 0.42 (P<0.05) and
3.4 % (P<0.05), respectively, favouring the group
that consumed the Zn+Se complex.

In terms of chemical composition of the
carcass, special attention was paid to examining
individual muscles. As a rule, the longissimus
dorsi muscle is analyzed, which more accurately
reflects the qualitative characteristics of the
muscle tissue of the entire carcass (Kuranov,
Khrutskaya, 1972). The chemical composition of
the longissimus dorsi muscle of Aberdeen-Angus
bulls in the studied groups is presented in Table
6. An analysis of the obtained data showed that
the bulls receiving a complex of trace elements
in combination with methionine (Group II) were
superior to the animals from the control group in
terms of dry weight by 1.3 % (P<0.01), protein by
0.62 % (P <0.05) and fat by 0.34 % (P<0.05). In

turn, bulls receiving the mineral complex without
the inclusion of amino acids (Group I) showed a
0.47 % (P<0.05) increase in dry weight only.

The element profiles of the longissimus
dorsi muscle also changed significantly under
the influence of the tested complexes (Table
7), typically in proportion to the changes in
blood elemental composition. In particular, it
was found that muscle samples obtained from
animals in Group II contained more essential and
conditionally essential elements: Ca, Cu, Fe, Zn,
Se, I, Ni, In, T1. The longissimus dorsi muscle of
animals in Group [ contained more Zn and Se; it was
registered along with relatively low concentrations
of Mn and Cu. The muscle samples from both
experimental groups showed a consistent trend
toward a significant decrease in the concentrations
of toxic Al and Pb. Considering the similar data
obtained for blood serum (Table 1), we can regard
Zn and Se supplements as potential antidotes to
excessive intake of Al and Pb in beef bulls.

The nutritional value of meat is largely
determined by amino acid and fatty acid
composition. In this regard, a complete
description of meat quality requires assessing
these indicators. Our experiment established that
the amino acid composition of meat was affected
by the fed mineral complexes and differed from
the control (Table 8). In the bulls receiving the
Zn+Se complex, the longissimus dorsi muscle

contained more amino acids: phenylalanine by

Table 6. Nutritional properties of the longissimus dorsi muscle of Aberdeen-Angus bulls

Indicators Control Group | Group 11
Dry weight, % 25.31£0.119 25.7840.148* 26.56+0.183%*
Protein, %oww 22.14+0.222 22.37+0.187 22.76+0.195*
Fat, %ww 2.22+0.112 2.43+0.124 2.56+0.107*
pH 5.63+0.142 5.54+0.093 5.45+0.085
Water-holding capacity of meat, % |54.23+£0.512 54.64+0.430 54.51+0.354

Note: * P0.05; ** P0.01 in comparison with the control group (Student’s T-test)

Feeding regimen: control (n=12) — basic diet; Group I (n=12) — basic diet + Zn, Se; Group II (n=12) — basic diet + Zn+Se+Met
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Table 7. Chemical element contents in the longissimus dorsi muscle of Aberdeen-Angus bulls, pg/g

Indicators Control Group I Group 11
Essential elements

Na 2989.3+11.99 2946.6+17.31* 2952.8£16.02*
Mg 1097.4+16.01 1087.4+13.87 1069.9+20.85

P 8637.8+135.81 8501.1£128.04 8326.5+204.25

15801.1£352.32 15568.9+307.57 15317.4+518.74

Ca 295.1+7.37 319.6+13.23 347.8+19.05%
Mn 0.877+0.0119 0.795+0.0278* 1.170+0.2660
Co 0.0211+0.00180 0.0227+0.00310 0.0238+0.00421
Cu 3.02+0.0245 2.88+0.0451* 3.31+0.0442*

I 0.318+0.0075 0.366+0.0254 0.435+0.0402*
Cr 2.09+0.207 2.15+0.114 2.18+0.121

Fe 200.5+6.79 181.249.53 224.1+9.89*
Zn 225.1+2.22 241.3+2.65* 243.54].78%*
Se 0.675+0.0318 0.815+0.0455* 0.926+0.0633**

Conditionally essential elements

B 1.62+0.043 1.48+0.023 1.57+0.019

Ni 0.619+0.0725 0.816+0.0981 0.992+0.1010*
Ga 0.012+0.0021 0.014+0.0020 0.013+0.002
Ag 0.009+0.0032 0.007+0.0022 0.006+0.0005
In 0.002+0.0001 0.002+0.0001 0.003+£0.0002*
Ba 0.111£0.0092 0.110+0.0053 0.105+0.0053
Tl 0.022+0.0003 0.023+0.0004 0.024+0.0004*
Bi 0.006+0.0002 0.006+0.0003 0.006+0.0005

Toxic elements

Al 33.9442.401 26.89+2.113* 24.75+1.882%*
Sr 0.465+0.0638 0.446+0.0324 0.424+0.0172
Cd 0.004+0.0002 0.004+0.0002 0.003+0.0002*
Pb 0.090+0.0066 0.068+0.0059* 0.065+0.0016%**
As 0.035+0.0025 0.027+0.0041 0.028+0.0034

Note: * P0.05; ** P0.01 in comparison with control group (Student’s T-test)
Feeding regimen: control (n=12) — basic diet; Group I (n=12) — basic diet + Zn, Se; Group II (n=12) — basic diet + Zn+Se+Met

0.14 % (P<0.05), methionine by 0.12 % (P<0.05),
valine by 0.11 % (P<0.05), alanine by 0.11 %
(P<0.05). The difference in amino acid content
in the longissimus dorsi muscle in the bulls
receiving the Zn+Se+Met complex was even
more pronounced, with notable increases of
0.49 % (P<0.01) for arginine, 0.27 % (P<0.05) for
phenylalanine, 0.25 % (P<0.001) for methionine,
0.12 % (P<0.05) for valine, 0.22 % (P<0.01)

for alanine, 0.32 % (P <0.05) for glycine, and
2.9 % (P<0.05) for tryptophan. To gain a more
comprehensive understanding of the nutritional
value of meat from the bulls in our experiment,
we calculated the protein quality indicator, which
is assessed by the ratio of the essential amino
acid tryptophan to oxyproline. We found that the
protein quality indicator for the longissimus dorsi

muscle from the bulls of experimental group I was
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Table 8. Amino acid contents in the longissimus dorsi muscle of the Aberdeen-Angus bulls, % dw

Amino acid Control Group I Group 11
Arginine 5.30+0.104 5.54+0.126 5.79+0.095%*
Lysine 7.224+0.067 7.30+0.080 7.38+0.147
Tyrosine 2.59+0.041 2.63£0.048 2.67+0.091
Phenylalanine 3.09+0.025 3.23+0.036* 3.36+0.099*
Histidine 2.60+0.023 2.60+0.047 2.60+0.102
Leucine+Isoleucine 10.02+0.116 10.16+0.119 10.31+0.190
Methionine 1.93+0.006 2.05+0.056* 2.18+0.024%**
Valin 3.89+0.023 4.00+0.041* 4.01£0.030*
Proline 3.62+0.067 3.66+0.070 3.70+0.134
Threonine 3.51+0.019 3.53+0.028 3.54+0.059
Serin 3.23+0.033 3.27+0.038 3.31+0.068
Alanin 5.08+0.018 5.19+0.045* 5.30£0.047**
Glycine 4.06+0.080 4.224+0.085 4.38+0.072*
Tryptophan, mg/% 361.2+3.77 368.5+3.08 371.8+2.99%*
Hydroxyproline, mg/% 56.89+0.524 55.26+0.742 55.53+0.507
Protein quality indicator |6.35+0.113 6.67+0.134 6.70+0.118*

Note: * P0.05; ** P0.01; *** P0.001 in comparison with the control group (Student’s T-test). Feeding regimen: control (n=12) —

basic diet; Group I (n=12) — basic diet + Zn, Se; Group II (n=12) — basic diet + Zn+Se+Met

Table 9. Fatty acid composition (% of total fatty acids) in the longissimus dorsi muscle of the Aberdeen-Angus bulls

Acids Control Group I Group II
Saturated fatty acids (SFAs)
Palmitic (Cyg) 24.09+0.292 22.03£0.303%* 21.72+0.375%*
Stearic (Cig,) 19.78+0.294 19.43+0.234 19.01+0.201*
Myristic (Ciu) 2.51£0.078 2.68+0.054 2.75+0.069*
Monounsaturated fatty acids (MUFAs)
Myristoleic (Cy.) 2.98+0.169 3.12+0.157 2.87+0.148
Palmitoleic (Cy4.;) 3.56+0.071 3.41+0.054 3.39+0.072
Oleic (Cyg.1) 42.17+0.422 44.02+0.554%* 44.78+0.512%*
Polyunsaturated fatty acids (PUFAs)
Linoleic (Cig.) 2.97+0.069 3.22+0.054* 3.31+0.071*
Linolenic (Cyg;3) 0.469+0.0491 0.501+0.0505 0.519+0.0313
Arachidonic (Cy4) 1.47+0.036 1.59+40.040 1.65+0.048*

Note: * P0.05; ** P0.01 in comparison with the control group (Student’s T-test)

Feeding regimen: control (n=12) — basic diet; Group I (n=12) — basic diet + Zn, Se; Group II (n=12) — basic diet + Zn+Se+Met

significantly higher by 5.5 % (P<0.05) compared

to the same indicator in the control group.

determined by feeding the examined additives
(Table 9). Thus, feeding the Zn+Se complex to
The variability of fatty acid composition in  the bulls in Group I was associated with a higher

the longissimus dorsi muscle of bulls was largely  content of oleic and linoleic acids in lipids in the
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Saturated fatty acids Monounsaturated fatty acids Polyunsaturated fatty acids

Fig. 2. Total fatty acid content in the longissimus dorsi muscle of Aberdeen-Angus bulls. Feeding regimen:
control (n=12) — basic diet; Group I (n=12) — basic diet + Zn, Se; Group II (n=12) — basic diet + Zn+Se+Met

longest muscle tissue compared to the control
group. Complementing the mineral complex with
methionine increased the synthesis of myristic,
oleic, linoleic, and arachidonic acids. In both
experimental groups, feeding with the examined
complexes was accompanied by a slowdown in
the unsaturated palmitic acid synthesis. The
difference in the content of some fatty acids
determined the differences in total accumulation
of unsaturated and polyunsaturated acids in the
meat (Fig. 2). A comparative analysis of the data
showed that the longissimus dorsi muscle in the
bulls from both experimental groups contained
04 % (P<0.05) and 0.6 % (P<0.05) more

polyunsaturated fatty acids and 2.3 % (P>0.05)
and 2.9 % (P<0.05) less saturated fatty acids.

Conclusion

Thus, it can be concluded that to correct
effectively the Zn and Se deficiencies in the blood
serum of beefbulls, organic forms of these elements
combined with methionine can be recommended.
This approach yields greater benefits, as evidenced
by the significant improvements in meat production
and quality. In addition, feeding Zn and Se
combined with methionine can be considered as a
tool for reducing the levels of toxic elements (Pb,

Al) in the blood serum and meat.
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Abstract. Of late, high demands have been placed on the quality of biotechnological products alongside
with the extremely rapid development of the biotechnology industry and ever growing demand on its
products. To guarantee the safety and maintain high quality of biotechnological products, it is vital to
create a microbiological monitoring framework that adheres to both Russian and international standards.
This paper presents an approach to developing a monitoring system for the pilot microbial polymer
(polyhydroxyalkanoate — PHA) production facility at Siberian Federal University. Based on regulatory
documents, a protocol for conducting the biotechnological process under aseptic conditions has been
established, along with control mechanisms for enforcing this protocol. These include sanitary monitoring
of indoor air, surfaces in clean rooms, personnel hygiene, and biotechnological process from the pre-
fermentation stage to the final polymer product. Evaluation of the effectiveness of these quality control
measures has identified key sources and pathways of potential microbial contamination at all critical
control points. A systematic risk analysis not only assesses the condition of the operational environment
but also facilitates planning of the corrective actions to enhance the effectiveness of microbiological
control. The findings show that the established microbiological monitoring regulations ensure strict
compliance of the microbiological status of the pilot PHA production facility with the safety standards

and requirements set forth by both international and Russian regulations.
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AHHOTanus1. bruorexHonornyeckas MpOMBIIUICHHOCTD — OJJHA M3 Han00JIee aKTUBHO Pa3BUBAIOIINXCS
1 BOCTPeOOBAaHHBIX OTpACiel, B TO kK€ BpeMs K Ka4eCTBY MPOAYKIUHN OMOTEXHOIOTHYECKOT O
IIPOM3BOJICTBA ITPEABSIBISIIOTCS BEICOKHE TpeboBanus. J{ist obecnieuennst 0€301acHOCTH M CTaOMIIBHOTO
KauecTBa OMOTEXHOJIOIMYECKOM MPOAYKIIMU HEOOX0IMMa OPraHU3aLUs CHCTEMbl MUKPOOHOJIOrHYECKOTO
MOHHTOPHHTIA IPOU3BOJICTBA B COOTBETCTBHH C POCCUHCKUMU U MEXIyHapPOAHBIMHU TPEOOBaHHUIMHU.
B pabore onucaH 1moaxo/| K CO3AaHHI0 CUCTEMBbI KOHTPOJIsl Ha puMepe OINBITHOI'O MPOU3BOJICTBA
MHKPOOHBIX HOJIUMEPOB — nonurugpokcuankanoatos (I1I'A), pynkumonupyromero 8 Cudupckom
(denepanbHoM yHHUBepcuTeTe. Ha OcCHOBaHMHM JEHCTBYIOIIMX PETrJIaMEHTOB pa3paboTaH KOMILIEKC
MEPONPHUATHH 110 MUKPOOHOIOTHUYECKOMY KOHTPOJII0 00BEKTOB IIPOU3BOJCTBEHHON CPEABl Ha BCEX
cTagusX OMOTEXHOJIOIHYECKOTO MPOU3BOACTBA, BKIIOYAss CAHUTAPHBIA KOHTPOJb BO3/1yXa,
MMOBEPXHOCTEH YMCTHIX MoMenmeHnii ONBITHOrO TPOU3BOCTBA U TUTHEHBI IIEPCOHAJIA, a TAKKe
HEMOCPEJICTBEHHO OMOTEXHOJIOTHYECK U IIpoliecc OT npeAdepMeHTAMOHHOM CTaAu1 10 Oy YSHHU S
rOTOBOTO NpoAyKTa — rnosmMepa. Onenka 3pHeKTUBHOCTH MEPONPUSATHH 110 KOHTPOJIIO KauecTBa
BBISIBUJIA OCHOBHBIE HCTOUHUKH U ITYTH BO3MOXXHOW MUKPOOHOW KOHTAMHHAILMH BO BCEX KPUTUYECKUX
KOHTPOJIBHBIX TOUYKaX. AHAJIN3 PUCKOB I103BOJISIET HE TOJBKO OLIEHUBATH COCTOSHHUE ITPOU3BOJCTBCHHOMN
Cpelibl, HO M TIJIaHUPOBATh KOPPEKTUPYIOIIHE MEPOIIPHUSTHS ISl MOBBIICHUS 3P (HEKTUBHOCTH
MHUKPOOHOIOrn4ecKoro KOHTposs. [lokazano, 4To pa3paboTaHHBIN peryiaMeHT MUKPOOHNOIOTHIECKOT0
MOHHUTOPHUHTA 00€CIeUnBAET CTPOroe COOTBETCTBIE MUKPOOHOIOrHYecKkoro craryca OmbITHOrO
npoun3sBozcTBa [II'A HopMam 0e301macHOCTH M TPEOOBAHUSIM MEKAYHAPOJHBIX U POCCHHCKHUX CTaH/IapTOB

U HOPMATUBHBIX TOKYMCHTOB.

KutoyeBble cji0Ba: MUKPOOHOJIOTHYECKUI MOHUTOPHHT, aHAJIN3 PUCKOB, KPUTHYECKHE KOHTPOJIbHBIC

TOYKH, OHOTEXHOJIOIHYECKOE MMPpOU3BOACTBO, YUCTHIC IOMCIICHUS, BO3AYX pa60qel71 30HBI.
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Baaropapuoctu. McciienoBanue BEIOTHEHO IIPU MOAASPKKe IpanTa Poccuiickoro HayuHoro ¢onaa

Ne 23-64-10007.

Hutuposanue: [Ipynauxosa C. B. Mukpobuonoruueckuii craryc OnbITHOr0 OHOTEXHOJIOTMYECKOTO TPOU3BOACTBA P3Py IIAEMBbIX
nonuruapokcuankanoatos / C.B. [Ipyauuxosa, E.T. Kucenes, A.B. [lemunenxo, T.T. Bonosa / XKypu. Cub. dpenep. yH-Ta.

Buonorus, 2025. 18(2). C. 236-248. EDN: DWHHDI

BBenenne

Hapnexarmuii MEKpOOHOTIOrMYeCcKHil cTaTyc
SIBJISIETCS] BAXKHBIM (DAKTOPOM ycriexa OMOTEXHO-
JIOTHYECKUX TTPOU3BOACTB. PeXXUM KyIbTHBUPO-
BAHUS MUKPOOPTraHU3MOB, TUII HCIOJIB3YEMOTO
yIJIepOAHOro cydcTpaTa, CBOHCTBa U 00JaCTH
MIPUMEHEHUs [10Jy4aeMOro IpOJyKTa BbIBUTAIOT
pasinuHble TpeOOBAHMS K OPraHU3aIlK U CTPOro-
CTH COOJIOAEHHMS YCIIOBHH 3aIIUILIEHHOHN (hepMeH-
taruu. TpeOoBaHUS K CTEPUIIBHOCTH, YKECTKOCTH
MHKPOOHOJIOTMYECKOT0 KOHTPOJISI TOMEIICHHU S
1 000py0BaHU, TIOCEBHOTO MaTepHaia, ImuTa-
TEIBHBIX CPE/ U BO3/yXa SIBISIOTCS 00s3aTeb-
HBIMU KOMIIOHEHTaMHU, 00€CIIeYMBAIOLIMMHU MEPBI
JUIS ACKJIFOYEHHS] KOHTaMUHALMHU TIOCTOPOHHEN
MHKPOQIIOPOii TPON3BOICTBEHHON KYJIBTYPBI U T10-
aydaemoro mpoaykta. Cornacuo npuanunam Good
Manufacturing Practice (GMP), nocrosaHOMY
MHUKPOOHOIOrHYECKOMY KOHTPOJIIO MOJJIEKAT BCE
KOMITOHEHTHI, 00BEKTHI M MaT€PHAJIbI TEXHOJIOTH-
YEeCKOro Impoliecca, BKJIo4asi MUKPOOHoIornye-
CKHI aHaJIn3 MUKPOOHOI'O CTaTyca orneparopoB
(Commission Directive 2003/94/EC..., 2003). Tns
HCKJIIOYEHHU S BO3ZMO)KHON KOHTaMUHAIIUN HE00XO0-
JMMO BBISIBIIEHHE NOTEHI[UATIBHBIX HCTOYHUKOB
U Iy TeH MUKPOOHOTO0 3apa’keHu s, BKJIIOYas aHATIN3

BCEX CTa,Z[I/Iﬁ TEXHOJIOTUYCCKOr'o Imporuecca.

Opraﬂmaunﬂ CAHUTAPHO-TUT'MEHUYIECCKUX
yCJIOBl/Iﬁ ONIBITHOI'0O MPOM3BOACTBA

MOJIUMTUAPOKCHAJIKAHOATOB

OmnertHoe mpousBoacTBo (OIT) TIT'A BkitO-
YaeT CHeIHaTH3UPOBAHHEIC OJIOKM MOATOTOBKHU
HHOKYJISATA, BO3yXa, MUTATCIbHBIX cpel, dhep-

MCHTaI_[I/IOHHHﬁ 3all U 0JI0K BBIJACIICHUSA U IIOJTY-

YEeHHS TOTOBOTO MpoayKTa. DepMeHTalHOHHBIN
3aJ1 HAXOAUTCS Ha IEPBOM ATaXKE CIICITHATH3UPO-
BAaHHOTO KOpITyCa, IPOEKT U CTPOUTEIBCTBO KO-
TOpOro BhIMONTHEHO 10 cTtanaapty GMP, TOCT
P 52249-2009 («ctaHmapT SBISETCS WUICHTHY-
HBIM mepeBogoM mnpaBui GMPy»). Marepuansl,
HCTIOTB30BAaHHBIC NI H3TOTOBIICHUS TIOJIOB, TI0-
TOJIKA, TUI CBETUJIBHUKOB, OKPHITHS CTE€H TaK-
K€ OTBEYAIOT TPEOOBAHUSM STOTO CTAHIAPTA.
Jlns T'OCT
P 56638-2015 k BO3ayXy NpPOM3BOACTBEHHBIX

peanu3anuu  TpeOOBaHMIA
MOMEIICHUH Ha OIBITHOM MPOHM3BOACTBE (DyHK-
OHOHHUPYET TPUTOYHO-BEITSKHAS YCTAHOBKA,
oOecneunBaromas MpPeABAPUTEIBHYIO IOATO-
TOBKY BO3[[yXa B CHCTEME KOHIUIIMOHHPOBAHUS
M €r0 OYUCTKY OT MEXaHWUYECKUX YaCTHUIl U MU-
KPOOPTaHW3MOB B CHCTEME TPEXCTyICHUYATOU
¢unprpanuu. [IpeaBapuTenbHyl0 OYUCTKY Ha-
PY’KHOTO BO3IlyXa OT ITBUTH MPOBOMISIT HA TIEPBOM
CTYyICHH — BO3AYWIHBIX (uibTpax Tuma dskK,
kaacc F 5 nu ®@aBb. Ouuniennslii Ha nepBom
JTare BO3AyX Ha BTOPOI CTYNEHH OYUCTKHU MPO-
XOMUT (QUIBTPAIIUI0 uYepe3 (QHUIBTPBl TOHKOU
ounctku (OsK u ®saC xnacc F 8). Ha tperneit
CTYIICHH OYHCTKHU BO3AYX (PUIBTPYIOT HA (QUIIB-
Tpax TpeTbei cTyneHu kmacca HI1l. lns cHu-
JKCHHSI YpPOBHS MHUKPOOHOW 0OOCEeMEHEHHOCTH
B TIOMELICHHUSIX JITA0OpATOPUHU HCHOIB3YIOT OUYH-
CcTUTENN — obe33apaxkuBarenu Bozgyxa THOH
A50, TUOH A100 B xonudecTBe, 00eCIIeYnBar0-
mieM JBYKpaTHBIA BO3AYXO0OMEH B 4ac.
KinroueBbiM  (paKTOPOM  KOHTAMHHAIIHH
YUCTBIX ITOMEMICHUH, KaK MPaBWIIO, SBISCTCS
nepcoHasn. KoHTaMHHaIUs YeTOBEKOM IIPOM3-

BO,I[CTBCHHOﬁ Cpeabl IMPOUCXOAUT BO3AYLHIHO-
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KaneJIbHBIM IIYyTEM, B JaHHOM CJiy4da€ JbIXa-
TeJThHAs CUCTEMA YEIOBEKA CIYKUT HCTOYHHKOM
MHUKPOOHBIX a3p030Jiel, U BO3/1YIIHO-ITBUIEBbIM
MyTEM C YYaCTKOB KOXKH, HE 3alIUIICHHBIX CIIe-
[UAJIBHON OO0, YTO OOYCIOBJICHO CTPYKTY-
PO KOKU YeJI0BEKa i THHAMUKOH e¢ M3MCHEHUS.
BXO}I MMOCTOPOHHUX B INMOMEIICHUEC OrpaHUYCH.
JexypHble anmapaTyukd, 3acTylas Ha CMCEHY,
NPUHUMAIOT AYII, IOCJ]E MOCEIEHUS KOTOPOro
B YHCTOM IIOMCUICHHH HAJICBAIOT CMEHHYIO 00-
YBb, KOMILJIEKT YUCTOM OJEX[bl, BKIIOYAOLIECH
[IATI0YKH, 3aIIUTHBIC MACKH U TICPYATKH.

MuKpoOHbBIE 3arps3HEHHUs] TBEPIbIX I0-
BEPXHOCTEH MPOU3BOACTBEHHBIX U JabopaTop-
HBIX TIOMEIIEHUH, TEXHOJOTHYECKOro 00opy-
JOBaHHS W TPHOOPOB SBIISIIOTCS BTOPHYIHBIMU
HUCTOYHHUKAMHU KOHTAMHUHAITUN 6I/IOTGXHOJ'IOFI/I'-IG-
CKHX ITpoIeccoB. MIcTouHNKaMu UX 3arpsi3HEHUH
ABJIAKOTCA KOHTAKTBI YCJIOBEKA C O TUMH IIOBEPX-
HOCTSIMH WJIM 3arpsi3HCHHS, OCa)KJarOIIHecs
H3 BO3ayXxa. KOHTaMI/IHaHI/IH TAKXKE NPOUCXOIUT,
€CJIM TIPH CTPOUTEIBCTBE YHCTOTO ITOMEIICHHS
HCIIOJIB30BAJIUCh KOHCTPYKTUBHBLIC JJIEMCHTHI
HH3KOT'0 Ka4eCTBa, KOTOPHIE, pa3pyIIasiCh, BBIIC-
JIAKOT 4aCTHULbI INTYKATYPKH, BOJIOKHA U ITPOYCE.
Bo3MOXKHOCTH TIepeHOCa 3arpsi3HCHHH C IOJIOB,
CTEH, MOTOJKa U JPYTrUX MOBEPXHOCTEN CHUXKa-
eTCs 3a CUeT YOOPKH M Ne3UHPEKIHH. 3arps3-
HCHHS, HCTOYHMKOM KOTOPBIX SIBJISICTCS 000pY-
JIOBaHHE, MOKHO CBECTH K MHHHUMYMY 3a CHUET
OIITUMAJIBHOI'O IIPOCKTUPOBAHUA YCTaHOBOK
Y TIPABHIIBHOW UX OYUCTKH.

[Tomewienue, BKJIroUas CTEHbI, MOTOJIOK, BCE
pabourie TOBEPXHOCTH 00OPYIOBAaHUS U TIPOYHE
OJICMCHTBI TOJABEPraroTCA nepmonnqecxoﬁ T'€HEe-
panpHOI yOOpKe ¢ IPUMEHEHUEM CICIIHAIBHBIX
U AC3MHPHUIUPYIONIMX CPencTB. Biaxxuas yoop-
Ka (DepMEHTAIIMOHHOTO 3ajla MPOBOAUTCS IBAXK-
bl B CYTKH.

[IpuroToBICHNE TOAMUTHIBAOIINX PACTBO-
POB, MATOYHBIX PACTBOPOB U MUTATCIIBHBIX CPE

AJis Impouecca q)epMeHTaL[I/II/I MMPpOU3BOAUTCA

B OTIEIBHOM CIHELMAIU3UPOBAHHOM IOMEIIe-
HUHU, OOOPYNOBAHHOM aBTOKJIABaMHU, OOKCOM-
mamuHapom 2-ro kjacca 3amutel (N-BIOTEK
602WSL). CrepunbHble pacTBOPbl XpaHATCA
B XOJOAMJIBHUKE, UX MPUTOTOBJICHNUE TPOBOJIUT-
cs1 B Ookce-nmaMmuHape nox akenoM. st MBIThS
MOCYABl HMMEeTCs MOEUHBIH ammapar, mocyna

XPaHUTCS B TEPMETHYHOM IIKaQy.

IIpuroroBneHue HMHOKYJIATa MPOBOIAT
B OTAEIHHOM HOMEIIEHUH, O0O0OpYJOBAHHOM
XOJIONMJIBHUKOM JJIsl XPAaHEHUs My3€UHOI

KyJbTYpHI, MHIelikepoM-uHKyOatopom (Innova
44), 3amacoM CTepUJIBbHOI MOCYBl M MUTATEIb-
HBIX cpex, Ookcom-mamuHapoMm (N-BIOTEK
602WSL). KoHmeHTpupoBaHHE MOJYYECHHOTO
MHOKYJISITa OCYIIECTBIISIETCS HEHTPU(DYTHPOBa-
HueMm (Avanti J-E) ¢ npumeHeHnemM cTepriIbHbBIX
CTAaKaHOB M CTPOTHM COOJIIOJICHHEM IpaBHII
CTEpUIIBHOCTH.

B cocraB ¢epMeHTAaMOHHOW JIMHUK BXO-
nut naporenepatop (HYO SEUNG SP8) npous-
BoauTenbHOCTHIO 50 K1/4. [ToceBHOM pepmerTEp
NLF30 nepexn 3aceBOM HHOKYJIATA, HOTYUYEHHO-
ro B OJIOKE pecyCIeHIUPOBAHUS M Pa3MHOXKe-
HUSI MY3E€MHOU KYJBTYpbl, CTEPUIU3YETCA IIPU
121 °C u naBieHuu 1 aT™., 0OBsI3Ka U 3arOpHAs
apMaTypa 00palaThIBAIOTCS OCTPBIM MApOM.
[locne HapammBaHUS WHOKYIATAa B ITOCEBHOM
dbepMeHTEpe 1O CTEPUJIBHON IOCEBHOW JiH-
HUN €r0 NMEepeKauynBalOT B MPOU3BOJCTBEHHBIN
¢depmentep P150. B xoxe mpomecca depmen-
TallMM 110/1a4a ITOANUTHIBAIOIINX CTEPUIBHBIX
pPacTBOPOB OCYINECTBISAETCA aBTOMATHYECKU
MIEPUCTAIBTHYECKUMH HacocaMu; OTOOp Mpod
KYJBTYPBI IS IPOBEICHU S aHAJIN30B IIPOBOAST
C HCIOJb30BAaHUEM HPOOOOTOOPHHUKOB, KOTO-
pBI€ MPEABAPUTEIBHO CTEPUINU3YIOTCA OCTPBIM
napom. Ilopnepskanme mapaMeTpoB mporecca
KyJbTUBHPOBAHHUS TNPOAYIEHTAa B MPOU3BOI-
CTBEHHOM (epMEHTEepEe OCYIIECTBISETCS aB-
TOMAaTHYECKH C HCIOJIB30BAHHEM IPOTPAMMBI

BioSCADALab.
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MartepuaJibl U METOABI
Cxema MukpoobUoI02U4ecK020 KOHMPOLs
OI1 u nocredosamenvHocms omoopa npodo

Ha cMaousix GUOMEXHON02UUECKO20 npoyecca

Ha pucynke | mpenacraBieHa cxema pacrio-
JIO)KEHH S TPOU3BOJICTBEHHBIX MTOMEICHUH, TOU-
KM 0TOOpa mMpod ST MUKPOOHOIOTUYECKUX HC-
CJEeIOBaHUM BO3YILUHOM Cpeabl, IOBEPXHOCTEH
MOMEIIEHNH M TEXHOJIOTHYECKOro 00opyaoBa-
HUsI, BKITIOYas: 1) OTAeIeHre My3eHHOH KYIIBTY-
PBI; 2) OTAENCHHE CPEJONOATOTOBKH U aBTOKJIA-
BUpOBaHUS; 3) (EPMEHTAIIMOHHBIN 3a7 H OJIOK
00paboTku O6ruomaccel; 4) OJIOK JEKYpPHBIX OIe-
patopos; 5) 610k akcTpakiuu [IT'A u3 cryies-
HOW MHKpPOOHOW OMOMAacchl U MOJYYEHHUsS TOTO-
BOTO IPOIYKTa (IOJTUMEPA).

OcHOBHBIE OOBEKTHI OINBITHOTO MPOU3BOA-
CTBa, SBISIONINECS HMCTOYHMKAMH KOHTAaMHHa-
UMY U TOJUIeXKANIMEe MHKPOOHOIOrHUECKOMY
KOHTPOJIIO, IPEACTABIICHBI Ha PHC. 2.

OmnpeneneHne  CTEPHJIBHOCTH  BXOSIITUX
Ha CTa/MI0 KYJBTHBUPOBAHUS IOTOKOB — ITUTa-
TENBHBIX Cpel, TOANUTHIBAIONINX PACTBOPOB,
TEXHOJIOTMYECKOT0 BO3/lyXa ITPOBOAAT B Tperdep-
MEHTALMOHHYIO CTAJHI0O B IENAX HCKIIOYECHUS
KOHTaMHHAIIMH 11eJIEBON KYJIBTYPBI B X0l TEXHO-
sorugeckoro nporiecca. CocTosiHEE BO3AyXa B IPo-
M3BOJICTBEHHBIX MOMELICHHSX, YACTOTa OOBEKTOB
BHEIIIHEW Cperbl, PyKH U OfeK/]a MepcoHana, cTe-
PHIBHOCTH (hepMEHTAIMOHHOTO 000PY/IOBaHUS TIe-
pel MHOKYJISIUUEN KyJIBTYPOU-IIPOLYLIEHTOM TaK-
Ke TIOJUIeKAT MUKPOOHOJIOTMYECKOMY KOHTPOJTIO.

[lepBas hasa nmonyueHust HHOKYJISITA Peasu-
3yeTcsl B OT/IEJICHUH MY3€iHOHM KyJIbTYyPbI OITBIT-
HOTO TPOM3BOACTBA. MHUKPOOHOIOrHYECKUI
KOHTPOJIb TOCEBHOTO MaTepuaja IPOBOJUTCS
JI0 TUTAHUPYEMOT0 3aceBa MOCEBHOro (pepmMeHTe-
pa oovemoMm 30 1. Ilepen momadeil moxy4eHHO-
ro B [OCEBHOM (pepMEHTEepe WHOKYJIATA 110 CTe-
PUABHON OCEBHOM JIMHUY B IPOU3BOJCTBEHHBIH
dbepmenTep oobeMoM 150 71 MPOBOASAT €ro MHU-

KpO6PIOHOFPI‘IGCKHI>i aHaJIn3.

Ha cragun depmenTanmu 4epes yac mocie
3aceBa MPOM3BOJCTBEHHOrO (hepMEHTEpa 1 Ha 3a-
BEpIIAIONIECH CTaINH Mporecca OTOMPAIOT MPOObI
1 aHAJIN3UPYIOT IPON3BOJCTBEHHYO KYJIBTYPY.

[To 3aBepuicHUH 1HKIa HEPMEHTALUU [TPO-
BOJST Cr'YLIEHHE M JHOQIIBHOE BHICYIINBAHUC
MHUKPOOHOI Onomacchel, U3 KOTOpPoii gasee B GIio0-
K€ SKCTPaKLUHU BBACISIOT noiaumep. OuniieH-
HbIl WU BBICYLUCHHBIN IOJIMMEDP YIAKOBBIBAIOT
¢ cOoONIOICHNEM ITPaBUJI ACENTHKU C MpeIBapH-
TEJIBHBIM 0TOOPOM MPOO MPOAYKTA IJISI MUKPO-
OMOJIOrMYECKUX HCCIICIOBAHNN CTETIEHN KOHTa-
MHUHALMKA TPOAYKTa a’dpoOHOH MuKpodopon
Bo3ayxa. [laptum ymakoBaHHOro IOJIMMEpa,
nNpE€AHAa3HAYCHHBIC [JId MCEIUIMUHCKHUX ueneﬁ,

NOABCPraroT I[OHOJ'IHPITGJ'ILHOﬁ CTCpUIM3alluu.

Memoowr mukpobuonozuueckozo anaiusa
KPUMU4eckux KOHMpOIbHbIX MOYeK

OUOMEXHONI02UUECKO20 npoyecca

OrneHKy OakTepuaibHOH OOCEMEHEHHOCTH
BO3AYILIHOM Cpeasl B TIOMELIEHUSX ITPOBOJIU-
JIM aCIUPALMOHHBIM METOJIOM B COOTBETCTBHUH
¢ MeToan4ecKkuMHu ykazanusimu MVYK 4.2.2942—
11 «MeToasl CaHHTapHO-0AKTEPHOIOTHUECKHUX
HCCIIeIOBAaHUN OOBEKTOB OKpPY KAIOLIEH Cpebl,
BO3/lyXa W KOHTPOJIS CTEPUJIIBHOCTH B Jieueld-
HbIX opranuzauusax». uas sroro 100 1 Bo3-
JyXa B TO4Kkax orOopa mpod aHaIW3WPOBAIH
¢ nomoursto acruparopa I1Y-1b (Xumko, Poc-
cus). YWCIEHHOCTh OakTepuil Ompeaensin
Ha MSICONENTOHHOM arape, YHCICHHOCTH ILIeC-
HeBbIX rpuboB — Ha arape Cabypo. Waentu-
(UKanuIo BBIJCICHHBIX H30JATOB OakTepui
MPOBOJIUIIM METOJIOM BPEMSAINPOJIETHONH Macc-
CIIEKTPOMETPUN C MaTPUYHO-aKTHBHPOBAHHOU
nasepHor nmecopoOumeii/monusarueir (MALDI-
TOF), BBITIONTHEHHOH € WCIOIH30BAaHUEM MAaccC-
cnekrpomerpa Bio Typer Microflex LT/SH
(BrukerDaltonics, I'epmannst) 8 KI'BY3 «Kpac-
HOSIPCKUM KpaeBOU KJIMHUYECKUN LIECHTP OXPaHbl

MaTepruHCTBA U ACTCTBaA».
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MonyueHue
MHOKyNaTa

MpeadepmenTauus

®epmeHTaL A MoctdpepmeHTayma

MoBepXHOCTU NOMELLEHUA U

I MocesHoi maTepuan
obopysoBaHue

Boszyx B nomeLLeHum 1 npobbi
- BO37lyXa, NOCTYNAIoLLEro B —
depmenTepbl

WHOKyNAT B Konbax

|| NMuratenbhble cpeapl v p 1 T8

Y
ANA NOANUTKU depmentepe (30 n)

|| ®depmeHTep-UHOKYNATOP U
NpoU3BOACTBEHHbIV hepmeHTep

«{ MepcoHan

JinodunbHo
BbiCylIEHHaA
6uomacca

Kynbtypa s
Npon3BOACTBEHHOM
depmenTtepe (150 n)

loTOBbIV NPOAYKT
(cyxoit nonumep)

KpuTtuueckne KOHTpONbHbIE TOYKU Ha
Pa3HbIX CTaanAX 6MOTEXHONOrNYECKOTO
npouecca

Puc. 2. OcHOBHBIE OOBEKTHI
npousBoxctaa [1TA

Ml/IKpO6I/IOJ'IOFI/I‘IeC](OFO MOHUTOPUHIA OHMOTEXHOJIOTMYECKOT'0  OIBITHOI'O

Fig. 2. Main targets of microbiological monitoring at the pilot PHA production facility

KoHTponh YHCTOTHI OOBEKTOB BHEUTHEH
cpenbl — pabodyux TOBEPXHOCTEH, TEXHOJOTH-

pyx
NEPCOHANA NIPOBOJUIN B COOTBETCTBUHU C METO-

4eckoro o00opyJoBaHUS, (EPMEHTEPOB,
Juueckumu pekoMmennauusmu MP 4.2.0220-20
«MeTonbl CaHUTAaPHO-0AKTEPHOJIOTHUECKOTO
HCCIICIOBAHUSI MHUKPOOHOH 00CEMEHEHHOCTH
00BEKTOB BHEIIHEH Cpeibl». YUUTHIBAIU 00-
Iy 0akTepHalbHyI0 0OCEMEHEHHOCTh Ha M-
COTIENITOHHOM arape, YHCIEHHOCTh JPOXKKEBBIX
1 IUIeCHEBBIX TpuboB — Ha arape Calypo, Ha-
augue OakTepuil T'PyNIbl KUIIEYHOM MaJouKu
(BI'’KII) — Ha cpene Keccnepa.

CTeprIIbHOCTh MUTATENBHBIX CPed U pac-
TBOPOB U151 KyJIbTUBUpOBaHuUs npoayuenTa [ITA
Cupriavidus necator B-10646 nipoBepsiii mocJe
CTEpUIIN3alliH, BBIAEPKUBas B TeueHUe 48 4acoB
npu 37 °C (MVYK 4.2.2942—11), a 3ateM BbiceBast
1 ma cpenbl unu pactBopa B uyamku ¢ MITA.
Mukpobuosornyeckuif  KOHTPOJIb  IITaMMa-
MpOAYLEHTa NPOBOJUIN B JUHAMHUKE B XOJ€
MacmTabupoBaHusi OT IOCEBHOI'O Marepuasa

U3 MY3€HHOM KYJBTYpBbl 0 MPOU3BOACTBEHHOMN

KyJlbTypel B (epmentepe. Hannume koHTamu-
HAIlMK BBISIBIISLIA METOJIOM BBICEBA Pa3BeICHUN
KyJIbTypanbHO# skuakoctu 10°-10'? Ha yamku
¢ MITA. MukpoOHYy0 KOHTaMHUHAIHIO JINO(UITb-
HO BBICYIIEHHOH OMOMAcCHI M CYyXOro IoJuMepa
aHaJIu3upoBany, BeiceBas Ha MIIA cycmneH3uro
1 r o6pasma B 100 M cTepuirbHO# Boabl. Yammku
C M0CceBaMU MHKYOHMpOBaJIM B TEpPMOCTATE MpPHU

30 °C B Teuenue 3—5 CyTOK.

Pe3yabTaThl U 00CYKIEHHE

MuUKpOOHOJIIOTMUECKUH MOHUTOPUHT BO3-
qyXa W OOBEKTOB BHEHIHEH Cpenbl SIBISETCS
KPUTHYECKH BAXKHBIM aCIIEKTOM KOHTPOIISI CO-
CTOSIHUSI YUCTOTO NOMelleHus. Takoi KOHTPOJIb
OLICHMBAET YUCTOTY MPOU3BOJACTBEHHON CpeJibl,
3¢ (HEeKTHBHOCTh OYHCTKHU U JC3HMH(EKIINU U CO-
OunrozieHre TPeOOBAaHUIl ACeNTUKHU MPU IKCILTY-
aTalluy TexHoJorndyeckoro odbopynosanus (bor-
naHoBa u 1p., 2024; Sandle, 2016).

3a mepuox 2017-2022 rr. OBIIO IPOBEICHO
34 KOMIUIEKCHBIX aHAJIN3a MUKPOOHOJIOTHUYECKIX

rnokasaresei KaKJ 10l KpUTUUECKON KOHTPOIbHOM
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TOYKH B COOTBETCTBUH C pa3pabOTaHHOI cXxeMoii
uccnenoBanus (puc. 1, 2). B tabnume 1 B kagecTBe
npuMepa IMpHBEACHbI MOKa3aTead MHKPOOHO-
JIOTUYECKOT0 MOHHTOPHHIA BO3IYIIHOH CpPEIbI
U 00bEKTOB BHEUIHEH Cpe/ibl MPOU3BOJCTBEHHBIX
nomemieHnid. KadecTBO BO3ayXa COOTBETCTBY-
€T PEKOMEHAYEMbIM TMpEIeIbHbIM 3HAUCHUSIM
MHUKPOOHOTO 3arps3HEHHs /il YUCTBIX IIOMe-
mennii kareropuu D (<200 KOE/M?), otnenenue
MY3€HHOH KyJIBTYphl COOTBETCTBYET KaTErOpHH
C (<100 KOE/™®) (GMP, TOCT P 52249-2009).
Ecnu B mporiecce MUKPOOHOJIOTHYECKOr0 MOHH-
TOPHHTA BBISIBIISIETCS HAJIMYUE OTJCIBHBIX MOKa-
3arenield, MPEeBBIIAIONINX JIOMYCTHUMbIE ypPOBHH,
JUIsL YCTPaHEHHsI 3TOr0 M IIPUBEACHHS TNOKa3a-
TeJIel K HOPMaTHBaM IMPOBOASTCS KOMIIJICKCHBIC
CaHHUTApHO-TUTHEHNYECKUE MEPOIIPHSITHSL.
YucneHHOCTh OakTepuil Ha TOBEPXHO-
CTSIX pabouuX MOMENIEHUH M TEXHOJIOTHYeCKO-
ro o0OpyIOBaHUSI HUXKE Ipesesia JAOIYCTHMOH
KOHTaMUHAIMK JUJIsl nomenieHnid kareropuu C
(£ 5 KOE/ 25 cm?) (MY 44-116, MYK 4.2.734—
99). JIpoKKEBBIX U IUICCHEBBIX TPUOOB, a TAKIKE
OaKkTepuil TPyNNbl KUIIEYHOH MaJOYKH B CMBI-
BaxX BCEX HCCIEIyEeMBbIX MOBEPXHOCTEH BO BCEX
nomenieHusix OIT He oOHapy keHO.
HccrnenoBanue oTmnevyaTkoB pykK (B mepyat-

Kax) y JIeKYpPHBIX OIEpaTopoB HE BBISBHIJIO MU-

KPOOPIr'aHM3MOB, YTO CBS3aHO C 00s3aTeabHON
00paboTKOM PyK OmepaTOpOB U IMEPUYATOK aHTH-
CENTUKAMHM, IPEIHA3HAYCHHBIMHU 11 00paboT-
KU KOX.

3a mepuon wuccnemnoBanuii 2017-2022 rr.
OBUIO TIpoaHATM3UpOBaHO 5184 m3omara noMmu-
HUPYIOIIUX OakTepuil u3 Bo3ayxa um 728 wu3o-
JATOB OAKTEPHIl B CMBIBaX MPOO C TIOBEPXHOCTH
MoMeIIeHui paboueir cpensl. Cpeaud MHUKPO-
OpraHU3MOB, IMPUCYTCTBYIOIIUX B BO3IYIIHON
cpene pabovuX MOMEIICHUH MPOU3BOACTBECHHON
30HbI OIl, GONBIIMHCTBO HM30JATOB OBLIM OT-
HeceHbl K Tpem Tumam: Actinobacteria (54 %),
Firmicutes (36,1 %) u Proteobacteria (7,3 %).
CooTHollIEHHE POJIOB OAKTEPHil OBLIO CXOJHBIM
B Bo3ayxe pasHbIX nomemeHui OIl. Haumboiee
4acTO BBIACISJINCh OaKTCpHUH, MPHHAIICKA-
me K poxam Bacillus, Micrococcus, Kocuria,
Microbacterium, Arthrobacter n Pseudomonas
¢ TmpeobOnagaHWeM IPEACTABHTENCH  POIOB
Bacillus v Micrococcus B POIEHTHOM COOTHO-
menuun 36,1 u 28,2 % cCOOTBETCTBEHHO, OT 00IIIe-
T'0 YUCJIa BBIACIEHHBIX U30JATOB. J[0Js1 OcTamb-
HBIX TIPENCTAaBUTEICH MHUKPOOHOTHI BO3AyXa
coctasisiia ot 7,3 10 9,6 % (puc. 3a).

B cMpIBax mpo0 ¢ MOBEPXHOCTH pPadOvMX
MMOMEIICHUH W TEXHOJOIHYECKOro 000pyI0-

BaHMS ObLIU NOJIyUCHBI CXOXHUC PE3YyJIbTAaThbl —

Tabnuna 1. Tlokazarenu ypoBHs OaKkTepHabHOW KOHTAMHHALIMKM BO3AYIIHOW CPelbl U OOBEKTOB BHEIIHEH
Cpezbl OMELICHHU T TPOU3BOACTBEHHON 30HBI Nepes YOOpKoii (IpuMep 0JJHOTO U3 IITATHBIX aHAIH30B)

Table 1. Bacterial contamination of air and surfaces on the premises of the pilot PHA production facility before

cleaning (routine analysis)

UucneHHOCTh OaKkTepuit

Touku or6opa n1pod Bo3nymnas cpena, OOBEKTHI BHEITHEH

KOE/m? cpensi, KOE/25 cm?
DepMeHTAIIMOHHBIN 3a71 149 £ 43 1,7+0,3
OrtzneneHue CpeaoNnoATrOTOBKY U aBTOKJIABUPOBAHU S 142 £48 1,6 0,4
Brok nexxypHBIX omepaTopoB 142 + 55 1,4+04
Ortznenenne My3eiHON KyJIbTypbl 47 +26 0,4+0,2
Brok 06paboTku Onomaccsl 95+ 63 1,0+ 0,6
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Apyaue2.6__

Pseudomonasspp. _____——
7.3

Arthrobacter

spp. 7.5
Bacillus spp.
.1
Microbacteriu/ E¢
spp. 8.7
Kocuria spp.
9.6
a Micrococcus luteus

28.2

Brevibacterium spp. ﬂp‘yzue 1.6
4.3

Propionibacterium spp.
5.6 ¢

Arthrobacter spp.— 4

6.5 Bacillus spp.
27.3
Corynebacterium—|
spp. 8.3
Acinetobacter
spp. 12.1 Micrococcus
luteus 19.1
5 Sarcina

spp. 15.2

Puc. 3. CootHomrenue (% oT o01ero yrcna uACHTUPUITIPOBAHHBIX H30JISITOB) HAUOOJIEE YaCTO BCTPEUAOIIMXCS
MHUKPOOPraHU3MOB, IPUCYTCTBYIOMIUX B BO3AYyXe (a) U HA MOBEPXHOCTAX PabOYnX MOMEIICHHH (0) OMBITHOTO

Ipou3BOACTBA

Fig. 3. Ratio (% of total number of identified isolates) of the most common microorganisms in air (a) and on
surfaces (b) on operational premises of the pilot PHA production facility

yamie BCEr0 PErHCTPHpPOBATUCH Actinobacteria
(43,8 %), Firmicutes (42,5 %) u Proteobacteria
(12,1 %). BonbIIMHCTBO HpEACTABUTENCH IpH-
HajuIeXkKam K pomam Bacillus w Micrococcus,
coctaBisisa 27,3 u 19,1 % ot obrmiero yncia 6ak-
tepuid (puc. 36). Kpome Toro, na pabouyux rmo-
BEPXHOCTSIX 0OHAPYKEHBI T'PAMIIOJIOKATEIFHBIC
KOKKH pona Sarcina — 15,2 % u rpamoTpuna-
TeIBHBIC MAJIOYKU pofa Acinetobacter — 12,1 %.
OcrasibHble  UACHTHU(GULIUPOBAHHBIE H30JSTHI
OTHOCIJIHCh K aKTHHOOAKTEPUSIM U COCTABIISIU
ot 4,3 1o 8,3 %.

WneHTHUUKAIIUS BBISIBICHHBIX OaKTEPHIA
MO3BOJISIET YCTAHOBUTh UX MCTOYHMK, YTO UME-
eT 3HAa4YCHHE I KOHTPOJIS KadecTBa W Mpel-
yHpexaeHus: KoHTaMuHauu (tabda. 2). [lokasa-
HO, YTO YacTO MCTOYHHKOM MHUKDPOOPTaHH3MOB
SIBJISIETCSI TIEPCOHAII, TaK KaK OOJIBIIMHCTBO 00-
Hapy>KCHHBIX OaKTepHil MPUCYTCTBYIOT Ha KOXK-
HBIX MOKPOBax. J[pyrumM MCTOUHUKOM 3arpsizHe-
HUSI BO3AyXa SBISCTCS MBLIb, CKAILIHBAIOIIASICS
B TPYAHOJOCTYIIHBIX MECTaX, TaK Kak OakTepuu
pomoB Bacillus, Pseudomonas, Arthrobacter,
Microbacterium TpPEeUMYIIECTBEHHO OOUTAOT

B ITOYUBC U MOT'YT COXPAHATHCA B IIbLJIU.

OmHUM U3 aCIEeKTOB 3KOJIOTHYECKOTO HOP-
MHPOBaHHSI OHOTEXHOJOTHYECKOTO IPOU3BOI-
CTBa SBISETCA KOHTPOIb MHUKPOOPTraHHU3MOB-
OPOAYLIEHTOB B BO3AyXe paboueil 30HBI
3arps3HEHUE TPOU3BOJICTBEHHOW CpEObl MH-
KPOOHBIMH a3pO30JISIMU CTAHOBUTCSI (haKTOPOM
pHUCKa IS 3T0pOBBs mepcoHana (Aymuauk u ap.,
2017). UccnenoBanne MUKPOOHOTHI MIOMEIICHHI
OnbiTHOro npoussoactsa [II'A He BbIABUIO Ha-
nuuud mramma-nponyuenTa C. necator B-10646
KaK B BO3JyXe, TaK M Ha MOBEPXHOCTIX pabodmx
MOMEIIEHNNH W TEXHOJOTMYECKOro 000py/I0oBa-
HHSL.

[lonydeHHbIe pe3yJbTaThl TAKCOHOMHUYE-
CKOTO pa3HOOOpa3uss MHUKPOOPTaHWU3MOB IIO-
Menieanit OmnbiTHOrO mpomsBoacTBa [IA co-
TJIACYIOTCS C aHAJOTHYHBIMHU HCCIICIOBAHUSIMU
MUKpO(DIIOpbl YUCTHIX TOMeuleHni. bakrepun
ponoB Micrococcus n Bacillus sBISrOTCS TH-
NUYHBIMH OOMTATEISIMU BO3IYIIHOW CpEIbl
MTOMEIICHUH, B TOM YHCIIE MEIUITUHCKUX y4-
PeXACHUHN, anTeK ¥ (PapMaIeBTHUECKOrO MPOU3-
BoacTBa (Wu, Liu, 2007; Park et al., 2014; Cabo
Verde et al., 2015). BoJbIIMHCTBO BHIOB, U30-

JIUPYCMBIX HAa NUTATCIBHBIX CpeAaXx, OTHOCATCA
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Tabnuua 2. [IpeanonaraeMplii HCTOYHHK MHUKPOOPIaHW3MOB, BBISIBJICHHBIX B BO3JyXe M Ha IOBEPXHOCTSIX

pabounx MOMEIICHUH OIBITHOI'O TPOU3BOJICTBA

Table 2. Potential sources of microbial contamination in air and on surfaces on operational premises of the pilot

PHA production facility

Mukpoopranu3mMbl XapakTepucTHKa Hcrounuk
Bacillus I'pammnonoxurensHbIe Manoyku, oopasyroniue | [louBa, mbIIb
9H/IOCTIOPEI
Micrococcus luteus | I'paMIION0OXKHUTEIIbHbIE a9POOHbIE KOKKH [louBa, nbLIb, KOKHBIE TTOKPOBBI
U IbIXaTeJIbHbIC IYTH IEPCOHAIA
Sarcina I'pammonoxnTeNnbHBIC aHAPPOOHEIE [ouBa, MBLIB, KOKHBIE TOKPOBEI
adpPOTOJICPAHTHBIE KOKKHU nepcoHana
Arthrobacter I'pammonoxxuTenbHble adpobHbie nanouky uin | [lousa, mpuib
KOKKH
Microbacterium I'pammnionoxutensHbie a3pOOHBIE TATIOYKH ITouBa, nbuTL
Corynebacterium I'paMmonoxuTeNBEHBIC a9POOHBIC WITH IlouBa, nbLIb, KOKHBIE TTOKPOBBI
(haKyIBPTaTHBHO aHAPPOOHEIE TATIOUKHT nepcoHaa
Kocuria I’'paMIOnoKUTENBHBIE A9POOHBIE KosHbIE MOKPOBBI TEpPCOHATA
U (aKyIbTaTHBHO aHA3POOHBIE KOKKU
Propionibacterium | I'paMIIon0XHUTEIBHEIC aHAPOOHBIE KosxHble TOKPOBBI IEpCOHANA
W MHKPOadpOQHUIbHBIC TAJIOYKN
Brevibacterium I'paMmONoKUTENBHBIE a39POOHbBIE TATOYKH KosxHbIE TOKPOBBI TEPCOHATA
Pseudomonas I'pamorpunarensHbie a3poOHBIE MATOYKH Ilousa, nbUIb
Acinetobacter I'pamoTpumarensHbie a9poOHbIE KOKKOOAKIEI | [lodBa, MBITh, KOXKHBIE TIOKPOBBI
nepcoHana

K TPaMITOJIOKUTEITBHBIM OAKTEPUSM, CPEIH KO-
Tophix Oonee 70 % SABISIOTCS 4acThIO HOPMaJlb-
HOI MUKpoOHOTHI yenoBeka (Trsan et al., 2019).
MukpobuoTra BO31yXa TNOMELICHUH Xa-
paKTepu3yeTCss BBICOKUM COJCP)KaHHEM TpaM-
MOJIOXKHUTEIIBHBIX ~ KOKKOB:  Staphylococcus,
Micrococcus u Streptococcus, KOTOPBIE TECHO
CBSI3aHBI C YEJIOBEKOM, Ybsl KOXKa SIBJIICTCS OC-
HOBHBIM HCTOYHUKOM MHKPOOHOH KOHTaMH-
naruu (TrSan et al., 2019; Kumar et al., 2022).
B wuccrenoBaHUAX HEKOTOPBIX aBTOPOB IIOKa-
3aHO, 4TO A0Js OakTepuit poma Staphylococcus
MoxkeT gocturatb 50 % oT 00IIero 4mciaa Bbl-
JIEJICHHBIX U3 BO3yXa U30JsTOB OakTepuid (Wu,
Liu, 2007; Park et al., 2014; Cabo Verde et al.,
2015). HecMoTpst Ha TO YTO OMUCAHHBIE U30JISThI
XapaKTepU3YIOTCA KaK HEeMaTOreHHbBIE cTaduiIo-
KOKKH, B IICJIOM TaKasl TCHICHIIMS YKa3bIBacT

Ha BO3MOKHBIC pPUCKHW KOHTAMHWHAIUN yCJIOBHO-

MIATOT€HHBIMU BHJIAMH 3TOTO poaa. B ycioBusx
ombITHOrO mpou3BoacTBa [II'A He ObLIO OOHAPY-
XKeHo Oakrtepuit pona Staphylococcus, 4To cBU-
JIETEIbCTBYET O KA4eCTBEHHOI OUMCTKE BO3/1yXa
U Mepax NpPeAyIpekICHUS pPacHpOCTPAHEHUS
MHUKPO]IOPbI BEPXHUX ABIXATENBHBIX Iy TEH.
JIist BBISIBIICHHUSI BO3MOXKHBIX MCTOYHHKOB
MUKPOOHOI KOHTaMMHALIMK MPOU3BOACTBEHHON
KYJIBTYPbl MHKPOOPIaHH3MOB KOHTPOJHPYIOT
MaTO4YHbIE PACTBOPBI, UCIIOIb3yEMbIE JJIs IPUTO-
TOBJICHUSI TUTATEIbHBIX CpeJl, CTaJNN IOyde-
HUsI MHOKYJISITA, KOH/IEHCAT, 00pa3yeMblii mocJe
crepuian3aiuu (pepMeHTepoB, a TaKKe HOTOKH
BO3/1yXa, IOCTYMAIIue B (EepMEHTALHOHHYIO
JIMHUIO BO BPEMSI TEXHOJIOTMUECKOT0 Ipolecca.
KoHTponb KOMITIOHEHTOB MUTATEIBHOHN Cpe-
Jbl — PacTBOPOB MHHEPAJIBbHBIX COJEH, MCTOY-
HHUKOB a30Ta (MOYEBHHA) U yriepoaa (TJIF0K03a),

MHUKPOIJICMCHTOB — IMOATBEPANIT CTECPUIIBHOCTDH
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MaTOYHBIX pacTBOpoB. [lajee mpu wuccremoBa-
HUU CTEPHIIBHOCTH BHYTPEHHUX IoJocTel dep-
MEHTAIIMOHHON YCTaHOBKHM aHAIM3UPYIOT TII0-
CJIC/IHIOIO ITPOMBIBHYIO BOJY M (pUIBTPOBAHHBIN
BO3AYyX, IMOCTYNAIOIIUNA B TEXHOJIOTMUYECKUM
nporecc. MUKpOOHOIOTHYEeCKHI KOHTPOIb 3(-
(DEeKTUBHOCTH CTEPUITH3AIMH TEXHOJIOTHYECKOTI0
BO3yXa M BHYTPEHHHUX HosocTell pepmeHTepa-
uHokysstopa (V=30 11) u mpombIIeHHOTO (hep-
meHTepa (V=150 1) Takxe 1mokasaj OTCYTCTBHUE
JKUBBIX MUKPOOPTaHU3MOB.

Ot6op mpod T MHUKPOOHOIOTHIECKOTO
aHaIu3a YHUCTOTHI MPOU3BOJCTBEHHOW KYJBTYPBI
OCYIIECTBIISIETCS Ha BCEX ATamax rpomuecca Qep-
menTaruu (puc. 2). Kyasrypy 6aktepuii C. necator
B-10646 BbiceBann Ha MSCONENTOHHBIA arap
Ha CTaJIMU BBIPAIMBAHUS B Kojbax, pepMeHTepe-
HWHOKYJIATOpPE, TPOMBIIIUIEHHOM (hepmeHTepe (de-
Pe3 Jac 1moce 3aceBa) U B KOHIIE KYIbTHBUPOBAHUS
Ha 3aBepluarolieil craguu npouecca. KoHTpoib
CTENeHN YHCTOTHI MPOM3BOJACTBEHHONW KYJBTYPBI
6akrepuii C. necator B-10646 noareepani oTcyT-
CTBHE [TOCTOPOHHEH MUKPO]IIOpHI (pHC. 4).

MUKpOOHOIOTHUECKUI  aHAJIN3  TOKa3all
MOP(]OJIOTHYECKH OJTHOPOJHBIE KYJIBTYpalbHbIC

MPU3HAKK OaKTepUabHBIX KOJOHWH Ha arapu-

7’1

30BaHHOM Cpejie U OIHOPOAHYI MOP(OJIOTHIO
KJIeToK B Kynbrype C. necator B-10646 npu mu-
KPOCKOITMPOBAHUH, YTO CBUJICTEIBCTBYET 00 OT-
CYTCTBHH KOHTAaMUHAIUH.

DTOT MOJOKUTENbHBIA pe3ynbTar obecre-
YeH CIEAYIOUIMMH MEPaMH M TEXHOJIOTMYECKH-
MH Iporenypamu, npuHATEIME Ha OI1:

1) Bce cTaguy TEXHOJIOTHYECKOTO IMpOIec-
ca TPOBOJAT B HCXOJHO MPOCTEPUIM3OBAHHOM
1 TepMETHYHOM 000PYAOBaHHUH, NCKITIOUAIOIIEM
BO3MOKHOCTH KOHTAKTa KyJIbTYPaJIbHON KHIKO-
CTH C OKpY>Kalollel cpesoif;

2) BO3yX, MOCTYTAOIHI B (DepMEHTEPBL, TTPO-
XOZIUT TPEXCTYNEHUYATYIO (DHIBTPALMIO U OUHCTKY;

3) muTaTenbHbIC cpeabl U (HEPMEHTALMOH-
Hasl INHUS TIPEIBAPUTEIBHO CTEPUIIU3YIOTCS.

Puck xoHTamMuHAIMKU UCCIEAYEeMOU KyJib-
TYpPBI CYIIECTBYET TOJIBKO B CIIydae HAPyIICHHS
TEXHOJIOTHH TPUTOTOBJICHUS HHOKYJISATA, Ipa-
BUJI CTEPHIIM3ALNN NTUTATEIBHBIX CPEJ, MOCYIbI
Y TEXHOJIOTHYECKOT0 000PYI0BAHUSI.

3aBepuaromuii 3Tan MUKpOOHOIOTHYeCKO-
ro mMoHuTopuHra craryca OIl Bkirodaer Mu-
KpOOHOJIOTHYECKOe HCCIeIOBaHNE JINO(UIBHO
BBICYIIEHHOH OMOMAacChl ¥ I'OTOBOTO NPOAYKTA

(00pa3uoB BEICYIICHHOTO HOJIMMEPA).

Puc. 4. MukpoOuonoruueckoe MCCIeJOBaHHE YMCTOTHI MPOM3BOACTBEHHOU KynbTypbl Cupriavidus necator
B-10646 (A — xononunu 6axTepuii Ha nutarensHoit cpene (MITA), b — mukpockonuposanue kieTok, X1000)

Fig. 4. Microbiological purity study of Cupriavidus necator B-10646 industrial culture: A — bacterial colonies on

a nutrient medium (MPA); B — microbial cells, x1000
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Tabnuua 3. Mukpodiopa nuopriibHO BeicyeHHON 6uomaccsl Cupriavidus necator B-10646

Table 3. Microflora in lyophilized biomass of Cupriavidus necator B-10646

Mukpoopranu3mbl

KonnuecTBo (B % K 00mmemMy KOIH4IeCcTBY
JKU3HECHIOCOOHBIX MHKPOOPTaHU3MOB)

Cupriavidus necator B-10646
Bacillus
Micrococcus

[1necueBbie rpubdbI

96,3
2,1
1,6

He oGnapyxeHbt

AHanu3 nMO(QUIBHO BBICYILICHHOW OHO-
Macchl OakTepuil € OCTaTOYHON BIIAKHOCTBHIO
nopsiaika 3—5 % mokasasn Hajaudue MUKpPOQIIO-
PBI, TIPEICTaBIEHHON a3pOOHBIMI ME30(HIIEHBI-
MU T'PaMIIOJIOKHUTEIbHBIME OaKTEpUsIMU poOja
Micrococcus n criopoBBIMH OaKTEpHsIMH Poza
Bacillus. T1necueBbix rpuOOB B Oromacce He 00-
HapyxeHo (Ta0n. 3). BrlsgBieHHBIE MUKpOOpTra-
HU3MBI SIBJISIFOTCSI TUIIMYHON a’3pOOHON MHUKPO-
¢opoii, TpUCYTCTBYIOLIEH B BO3ayxe OIoka
00paboTKH GOMaCCHI.

MukpoOHOIOTHYECKUH ~ aHANW3 TMapTHH
BBICYIICHHBIX 00pa3l0B MOJIMMEPa HE BBISIBHII
MHUKPOOPraHU3MOB, YTO, MO BCEH BHIUMOCTH,
CBsI3aHO ¢ TUApopOOHOI MPHUPOIOI MPOAYKTa,
a TaK)Ke IIPUMEHEHHEM B IIPOLIECCAX HKCTPAKIINN
JIETePreHTOB, KOTOPbIe HCIOIb3YIOT ISl MOJY-

YCHHS BBICOKOOYHMIICHHOI'0 HNpOAYKTa, W yHa-
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Abstract. This article presents the results of a study on the potential of microbially degradable poly-3-
hydroxybutyrate P(3HB) synthesized from waste fish oil (WFO) for the production of food packaging
films. A technology for manufacturing single-layer films was developed using flat-slot extrusion of
a polymer melt with a laboratory-scale Brabender E19/25 D extruder. Batches of film samples were
produced and subjected to comprehensive testing in accordance with the current GOST standards in the
Russian Federation and international ISO standards. The study evaluated the films’ physico-mechanical
properties, structure, surface characteristics, moisture and vapor permeability, resistance to liquid
environments, and antibacterial activity against microflora associated with meat and dairy products.
The experimental samples were found to meet the requirements for food packaging films, demonstrating

suitability for practical applications in this field.

Keywords: microbially degradable poly-3-hydroxybutyrate, WFO, extrusion, melt, film, structure and
properties, packaging.

Acknowledgements. This research was funded by the Russian Science Foundation, grant number

23—-64-10007. The authors extend their sincere gratitude to the Krasnoyarsk Regional Center of Research

© Siberian Federal University. All rights reserved

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).
*  Corresponding author E-mail address: alex15-96@mail.ru

ORCID: 0000-0001-9392-156X (Volova T.); 0000-0002-6797-7751 (Demidenko A.); 0000-0003-4873-126X (Dudaev A.);

0000-0003-4472-7087 (Kiselev E.); 0000-0001-8990-3043 (Prudnikova S.); 0000-0002-5412-8267 (Sukovatyi A.); 0000-

0001-7967-243X (Shishatskaya E.)

— 249 —



Tatiana G. Volova, Aleksey V. Demidenko... Biodegradable Poly-3-Hydroxybutyrate-Based Film Packaging Synthesized...

Equipment of Federal Research Center “Krasnoyarsk Science Center SB RAS” for providing access

to laboratory equipment.

L1
Citation: Volova T.G., Demidenko A.V., Dudaev A.E., Kiselev E. G., Prudnikova S. V., Sukovatyi A.G., E E
Shishatskaya E.I. Biodegradable poly-3-hydroxybutyrate-based film packaging synthesized from waste fish

oil: production and properties. J. Sib. Fed. Univ. Biol., 2025, 18(2), 249-266. EDN: GQIQND

Ili1ieHoYHast yHaKOBKA U3 pa3pyliaeMoro
NOJIN-3-TUAPOKCHOYTHPATA, CHHTE3HPOBAHHOI'0
HA 0TX0aX pbidonepepadoTKM:

MOJIYYCHHME N XaPaAKTECPUCTUKU

T.T. BojioBa* %, A.B. JlemuaeHko™ 5,

A.E. lynaes™?®, E.I. Kucesep*?,

C.B. lIpyauuxosa®, A.T. Cykoarslii*®, E. . Iumankasn®™ °
“Uncmumym ouoguszuxu CO PAH

@UL] «Kpacnoapckuu nayunwvii yenmp CO PAH»

Poccuiickaa ®@eodepayus, Kpacnospck

SCubupckutl ghedepanvhblil yHusepcumen

Poccuiickaa ®@eodepayus, Kpacnospck

AnHoTanus. [IpencraBieHsl pe3ynbTaThl HCCIIEIOBAaHUH MMOTEHIINAIA MUKPOOHOT'O pa3pyiaeMoro
nonu-3-ruapokcudytupata [1(3I'B), CHHTE3upOBaHHOIO Ha OTX0AAaX PhIOONEPePadOTKH, IJIsl H3TOTOBJICHHUS
MJICHOYHOH yIaKOBKH MTHIIEBBIX MPOAYyKTOB. OTpaboTaHa TEXHOIOTHS MOTYy4YEHUS OTHOCIOHHBIX
IJIEHOK METO/IOM TTOCKOILEJIEBOH 3KCTPY3HUH TOJIMMEPHOTO PACIIaBa C MPUMEHEHNEM J1ab0paToOpHOTro
akcTpynepa Brabender E19/25 D; HapaGoTaHbI mapTiu 00pa3moB MIICHOYHOH MPOAYKIIHMH U TPOBEICHBI
KOMIUJIEKCHBIE HCCIIeOBaHUs ¢ ydeToM AeicTByromux B PO 'OCT u MeX1yHapOAHBIX CTAaHAAPTOB
ISO. o pe3ynbraram uccienoBaHus PU3NKO-MEXAHUYECKUX CBOMCTB, CTPYKTYPbI U XapaKTEPHUCTUK
MOBEPXHOCTH IJICHOK, BJIATO- ¥ MApOIPOHUIIAEMOCTH, CTOMKOCTH K BO3ACHCTBHUIO )KUIKUX CPEN
1 aHTHOAKTEPUAJIEHON aKTUBHOCTH 110 OTHOIIEHUIO K MUKPO]IIOpPE MSICHBIX ¥ MOJIOYHBIX ITPOAYKTOB
MOKa3aHO COOTBETCTBHE MOJYUYCHHBIX SKCIIEPUMEHTAIbHBIX 00pa31ioB TPeOOBAHUSIM, IPEIbIBIISIEMbIM

K IUICHOYHOM YIIAaKOBKE AJISI MAIIEBBIX MTPOAYKTOB.

KuroueBbie cj10Ba: pa3pymaeMblii MOJIU-3-THAPOKCHOY THPAT, OTXOABI PhIOONIepepaboTKH, SKCTPY3us,

pacIiias, IJIEHKa, CTPYKTYpa U CBOMCTBA, yaKOBKA.
Baaronapuoctu. Mccnenosanue BoinoiaHeHo B pamkax rpanta PHO Ne 23—64—-10007. ABTOpBI BBIpaXkaoT

oco0yto OaropapHocTh KpacHOSPCKOMY PErHOHAIBHOMY LEHTPY KOJUIEKTUBHOTO Tosib3oBaHusT DL

KHII CO PAH 3a npenocTtaBiieHHOE 000pyI0BaHHE.
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Iutuposanue: Bomopa T.T". IneHouHas ynakoBKka U3 pa3pymniaeMoro moju-3-rupoKCuOyTHPaTa, CHHTE3UPOBAHHOTO
Ha 0TX0Jax pribonepepaborku: nonyuenne n xapakrepuctuku / T.I. Bonosa, A.B. Jlemnznenko, A.E. Jlynaes, E.I". Kucenes,
C.B. IIpyauukosa, A.I. CyxoBarsiii, E. 1. lnmankas // XKypn. Cu6. denep. yu-ta. buonorus, 2025. 18(2). C. 249-266. EDN:

GQIQND

BBenenue

Homuruapokcudytupat [1(3I'6) — pa3pymia-
€Mblil TEPMOIIIACTUYHBIH IIOJUMED U3 CEMENUCTBA
MHUKPOOHBIX MTOJIMMEPOB MOJIUTHAPOKCHATKAHOA-
toB (IIT'A), nerpagupyemslii eCTECTBEHHON MpH-
poxnoit Mmukpogopoii 1o CO, u H,O, He HaHOCS
Bpea OMoTe M OKpYIKaIoIIel cpe/ie, IepCleKTHBeH
JUTS TIPUMEHEHHU S B pa3auyHbIX cepax (Sudesh et
al., 2000; Chen, 2010; Volova et al., 2013; Chen et
al., 2016; Koller, 2019; Koller, Mukherjee, 2020;
Kumar et al., 2021). [TorenuuanbHas u BocTpedo-
BaHHas o0nacTe npumeHeHus [1I'A — pa3pymae-
Masi ynakoBka. CBsI3aHO 3TO C TEM, YTO MUPOBOE
IIPOM3BOJICTBO TAPhI M YIAKOBKH SIBJISICTCS CAMBIM
KPYIHBIM HallpaBJeHHEM [epepadoTKH CUHTETHYE-
CKHX IUTACTMAcCc, 00beMbI IIPOM3BOJICTBA KOTOPBIX
npesbicusin 400 MITH TOHH B To/. Jl0 MOJTOBHHBI
MIPON3BOAMMBIX CHHTETHUECKHX IIACTHKOB HC-
MoJIb3yeTcst B cepe ymakoBku u nopsiaka 40 %
OT 3TOMH JIOJH UJIET Ha IPOU3BOJCTBO YIAKOBKH
MUIIEBBIX MPOIYKTOB B HAMUTKOB. OKoio 60 %
BCEX IJIACTHUKOB, UCIIOJIb3yEMbIX B HACTOSIIIIEE
BpeMsI ISl YITAKOBKH, — 3TO TTOJIMITHIIEH, OJ1aro-
Japsi ero Hu3Koi croumoctd. CrieioM uayT yra-
KOBOYHBIE MAaTE€PUAJIbl HA OCHOBE IOJIHITPOITUIICHA,
TIOJIMCTHPOJIA ¥ TOMUBHHMIIXJIOpHAa. OOBEM mpo-
M3BOJICTBA YIIAKOBKU B MHPE COCTABJISIET OKO-
10 500 mapx gonn. CIIA; B pa3BUTBIX CTpaHax
yHaKOBOYHAs OTPACIb 110 KAUTAJIOBIOKECHUSIM
orepexaeT MalImHocTpoeHue (Yxapuesa u ap.,
2016, 2019). ITpu 3TOM CPOK Ci1y»KObl MHOTHUX BH-
JIOB YIIAKOBKH HCYHCIISIETCS HECKOJIBKUMU CYT-
kamu. Vcronb30BaHHas YIIAKOBKA U €€ OTXOMbI
TIOTIOJIHSIOT COAEPKaHNE CBAJIOK, 3arPSI3HIIOT
HPUPOAHBIE SKOCUCTEMBI U BOJIBI MUPOBOTO OKe-
ana. HaxorieHue niacTHKOBBIX OTXOJIOB, TIPEKIE
BCET0 32 CUET F’MTaHTCKUX OTXOOB IIACTUKOBOU

YHIAaKOBKH, ITPEBPATUIIOCH B FJ'IO6aJ'ILHyIO 9KOJIOTHU-

YECKYI0 IPOOJIeMY, TaK KaK CPOKH, HEOOXOIUMBIC
IUTSL Pa3JIOKCHUS] CHHTETHYSCKUX MaTepPHaJIOB
B €CTECTBEHHBIX YCIIOBUSX, COCTABIISIOT JIECATKH
u cotuu yieT (Lebreton, Andrady, 2019; Quecholac-
Pifia et al., 2020; Sohn et al., 2020).

J171s1 yIakOBKH IMUIIEBBIX TPOAYKTOB BECbMa
3HauMM (ropsinka 16—17 %) cerMeHT NIeHOYHON
ynakoBKu. OJHOCIIONHAsI 1 MHOTOCJIOMHAS I1JIEHOY-
Hasl yIIaKOBKa MCIOJIb3YeTCs Jist (paCOBKH U JJTHU-
TEITBHOTO XPAHEHUS CYXHX CHIITyYHX ITPOTYKTOB,
KPaTKOCPOYHOI'0 XPaHEHU ST MSICHBIX, PhIOHBIX,
MOPETPOAYKTOB H JUISI JUTMTEIFHOTO XPaHCHUS
MIPOLYKTOB I71yOOKOT0 3aMOPaXKUBAHHUSI, @ TAKIKE
JUISL TEPMOCTOMKON YIIaKOBKHM FOTOBOM MUILH,
npejHa3HaueHHoW 1uisi pasorpeBanus (Jenkins,
Osborn, 1992; IIBap u ap., 2005; Yxapresa u ap.,
2020a). Pacimmpenue npon3BOACTBA Pa3TUIHBIX
BHJIOB ITHIIEBON MPOAYKIIUH, HAaOIFOIaeMoe B Ha-
CTOsIIIIee BPEMsI, BHIBEJIH TAPOYIIAKOBOYHYIO HH/Y-
CTPHIO Ha YPOBEHB BEAYIIUX MUPOBEIX OTpacIei,
KOTOpasi CTPEMUTENILHO Pa3BUBACTCSI.

[MumeBast MPOAYKITUS — 3TO MHOTOKOMIIO-
HEHTHbIE aKTUBHBIE CUCTEMBbI, B KOTOPBIX MPO-
TEKAIOT MHKPOOHOIOT HUSCKHE, YH3UMATHICCKIEC
1 QUBUKO-XMMHUUYECKHE PEAKLMH, BIUSIONINE
Ha BKYC, TEKCTYPY U CPOK TOJHOCTH MPOIYKTA.
[Iporexkanue naHHBIX peakLUi IPUBOAUT K YXYI-
[MICHUIO TOTPEOUTEINBCKIX CBOMCTB M MOTEPSIM
npoaykuuu (Yxapruesa u ap., 2016, 2020a, 202006;
Epmonernko, @ypcona, 2018; Prasad, Kochhar,
2014). YnakoBKa M03BOJISAET COKPATUTD NMOTEPU
MPOAYKIIUH, TAPAHTUPOBATH €€ Ka4eCTBO, yBEIIH-
YUTh CPOKU XpaHeHus1. C OMOIIIBIO COBPEMEHHBIX
BHJIOB YITAKOBKH MOJKHO PETyJIHPOBATh TEMIIEpa-
TYpY NPOIYKTOB B YCIOBHUSIX MUKPOBOJIHOBOT'O
Harpesa, CO3/1aBaTh ONTUMAIBHYIO Ta30BYIO aT-
Mochepy BHYTpH 000JI0UKH ITPH XPaHEHUH TIPO-

AYKTOB IMTAaHUS, HAITPABJIICHHO U3MCHATL COCTAaB
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MPOAYKTa, UCIOJIb3Ys OMOJOTHYCCKH aKTHBHBIC
Marepuabl C UMMOOUIM30BaHHBIMU (DepMEHTAMU
(Yxapuesa u ap., 2019). Marepuasl, HCIIOIB3Y-
€MbI€ B Ka4eCTBE YIAKOBKH JUIsl MUIIEBBIX MTPO-
JyKTOB, JOJKHBI 3aIIHUIIATH POAYKTHI OT [TBLIH,
BJIaru, 00€3BOKUBAHKSI 1 MUKPOOHOTO 3apayKeHUSI;
obecrieunBaTh COXPAHCHUE MUIIEBBIX KAYSCTB
MPOAYKTOB; MOJJIEPKUBATH UX CTAOUIBHOCTD
B 3KCTPEMAaJIbHBIX YCIOBHSIX XPAHCHH S, BKIIIOYAS
HU3KHUE TEMIepaTypbl; 00JIaAaTh CIIOCOOHOCTHIO
K OuopasyokeHuro/KkomnoctupoBanuio (Prasad,
Kochhar, 2014; Masood, 2017; Tan et al., 2021;
Koller, Mukherjee, 2022; Adak et al., 2024).
Cpenu OHOMOTUMEPHBIX MAaTEPHAJIOB MIH-
POKO HCHOJB3yEeMBIMH B KayecTBE paspylia-
€MOi yIAaKOBKH JOMHUHHUPYIOT TMOJIMIAKTH]IBI,
MOJIUTTUKOJIMABl U WX CMECH; B HACTOsAIICE
BpeMsI aKTHBHO PACCMATPUBAIOTCS MUKPOOHBIE
nonurunpokcuankanoatsl (Plackett, Sird, 2011;
Bugnicourt et al., 2014; Israni, Shivakumar,
2019; Pati et al., 2021; Popa et al., 2022). W3-
BECTHBIC MIPOMBINIICHHBIC KOMIIaHHH — Tianjin
GreenBio (Kuraii), Kaneka (SImonust), Danimer
Scientific (CIIA) u TianAn Biologic Material
Co (Kwuraii) Hanenensl Ha mpou3BoacTBo [1I'A
TEXHUYECKOTO HA3HAYEHHUS, B TOM YHCIE IS
ynakoBku (Pratt et al., 2019; da Cruz Pradella,
2020). Otnensubie Tunsl [IIA ceprudunmpo-
BaHbl YIPaBIeHHEM [0 CAHUTAPHOMY Haa30py
32 Ka4eCTBOM IIHINEBBIX IPOAYKTOB U MEIH-
kamerToB CIHA must ynmaxoBku mumiu (https://
www.fda.gov/media/155034/download). B psinme
nyOJMKAIUi ONMHUCaHa MPUHIIMIHAIbBHAS BO3-
MOXHOCTb npuMeHnenus: III'A nnst usrorosie-
HUsI YIIAKOBKH B BUJIC KOHTCHHEPOB M KOPOOOK
(Keshavarz, Roy, 2010). ITakeTel ¥ €MKOCTH
n3 comonumepa I[I(3I'b-co-3I'B) uccnemoBanbl
JUISl YIIAKOBKU MOJIOKA, MAHHOW KPYIbl U pac-
tutesnbHoro macia (Kanekar et al., 2012). B pa-
Dukalska, 2006)

mwiactuduuupoanusii romononumep I1(3I'B)

6ote (Muizniece-Brasava,

HCIIOJIb30BAH IJI YIIAKOBKH CMCTAHBI.

K mnonoxurensHbiM kauectBam IIT'A Tak-
KE OTHOCAT paJUAIlMOHHYI0 YCTOWYHUBOCTH
U BO3MOXXHOCTb HPHUMEHEHHUsS ISl CTePUIIH3a-
nuu ramMma-u3nydeHuem (Hermida et al., 2008;
Divyashree, Shamala, 2009; Grzesiak et al.,
2024; Zhou et al., 2024).

Poinounas uena IIIA BapepupyeT ceros-
Hs oT 2,0 1o 6,5 moiur. CHIA/Kr B 3aBHCHMO-
CTH OT Crocoda u 00bEMOB MIPOU3BOACTBA. ITO
3HAYUTEIBHO IMPEBOCXOAUT CTOMMOCTBH MOJHO-
Jne(UHOB, COCTaBIAIONIYIO Topsiaka 1,0 most.
CIHIA/kr. Beicokasi CTOUMOCTH — caMOe 00JIbII0E
HPEMsITCTBUE K HIMPOKOMY IpuMeHeHuto [IT'A,
IUISL CHIDKCHHUS KOTOPOH COBEPIICHCTBYIOTCS
TEXHOJIOTMM OWOCHUHTE3a, HCCIEAyeTCsS BO3-
MOXKHOCTh Hcnojipb3oBanus III'A He B ymcTom
BUJIC, & B CMECH C JOCTYITHBIMH MaTepHalaMu-
HanonHuTesIMHU (Masood, 2017; Tan et al., 2021;
Popa et al., 2022; Koller, Mukherjee, 2022; Bano
et al., 2024; Adak et al., 2024).

BO3MOXHBI IyTh CHUXKEHUS CTOUMO-
CTH — 3TO HCHOJIb30BaHWe O cuHTe3a IIT'A
B KauyeCTBE POCTOBOTO CyOcTpaTa HE WHIUBHU-
IyaJIbHBIX YTIIEPOITHBIX CYOCTPATOB, OIS KOTO-
pbix coctaBisier 10 40—-45 % ot o0wux 3arpar,
a TIPUBJICYCHHE OTXOMOB. [ 3TOr0 HEOOXOAMM
MOUCK U TMPUMEHEHHE IITAMMOB C MIHPOKHUM
OpPraHOTPO(MHBIM TOTCHITNAIOM, TOJIEPAHTHBIX
K TOKCHYHBIM MPUMECSIM, BXOMISIIUM, KaK Ipa-
BHJIO, B COCTaB OTXOOB CIOKHOTO COCTaBa. Tak,
B KOJUIEKLIMU TponyleHToB Muctutyra dnodu-
suku CO PAH conepxarcs mraMMBbI, CIIOCOOHBIE
yCBaMBaTh IJIs1 POCTA B KAUECTBE CAUHCTBEHHOIO
C-cyOcTpaTa THAPOIHA3ATHl PACTUTEIBHBIX OHO-
Macc, TJIHULEPUH, JKUPHBIC KHCIOTHI, 1aJbMOBOC
MacJyo, OTXOIBI peroomnepepadoTku u ap. (Volova
etal., 2019, 2020, 2022, 2025; Kiselev et al., 2022;
Zhila et al., 2023a, 2023b, 2024).

D70 000CHOBAJIO BO3MOXHOCTh pacIIHpe-
HHUSI MCCIACAOBAHUM MOTEHIIMAILHBIX OOacTeit
npumenenus III'A, B ToM yucie i1 ynmakos-

ku. Lleap paboThl — IKCTPY3NOHHOE TIOTYyUCHHE
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nneHoyHoi npoaykiuu u3 I1(3I'b), cuatesnpo-
BAHHOTO C HCIOJIb30BaHUEM OTXO/OB pHIOOIIE-
pepaboOTKH, M HCCIIEOBAHUE XapaKTEPHCTHUK,
BKJIIOYasi CTPYKTYpY, CBOHCTBAa MOBEPXHOCTH,
MEXaHMYECKHE CBOMCTBA, YCTOWUYMBOCTb K BO3-
JEHCTBHIO )KUJIKUX Cpel U MUKpOQIIope Nnuiie-

BBIX ITPOAYKTOB.

MarepuaJibl U METObI

Jl1s M3roTOBJEHMS TUICHOYHOW YIaKOB-
K HCIIOJIB30BaH MOJHU-3-THAPOKCUOYTHUPAT,
I[I(3T'B) — camblif pacHpOCTpPaHCHHBIH W JO-
ctynsbiit Tun [I1I'A, CHHTE3UPOBAHHBIN B KYJIb-
type Oakrepuit Cupriavidus necator B-10646
C HCHOJb30BAaHUEM B KAuyeCTBE YIJIEPOJHOIO
cyOcTpara KHpPOBBIX OTXOJIOB pbIOOIEpEpa-
oorku (Kiselev et al., 2025) mo aBTOpcKOit
2012).

Onpenensin MOJIEKYJIIPHO-MAcCOBBIE Xapak-

texHojgorun (Bomoma, Illmmamkas,
TEPUCTUKHU TOIMMEpPa — cpeaHeBecoByio (M,)
(M,)

NMOJIM AUCHICPCHOCTD

U CPEIHEYHUCIOBYIO MOJICKYTIIPHY IO

(D).

CKMM aHallM3 BBINOJHEH C HCIOJb30BAaHUEM

maccy, Tepmuue-
auddepeHnnanbHO-CKaHUPYIOIIETro KalopruMe-
tpa DSC-1 (Mettler Toledo, IlIBeiinapusi), Ha-
xonunu temneparypsl miasienus (T,,) n Tep-
muueckod perpagauuu (T,,). Pentrenosckue
WCCIICZIOBAHUS BBINOJHEHBl Ha IOPOIIKOBOM
nudppaxkromerpe DSADVANCE (Bruker AXS,
I'epmanns), crenens kpuctammnuHoctu (C,)
OIpe/IesIsiIN KaK BEJIMYUHY OTHOILIEHUS TLIOMIa-
JIY TIOJI PEHTT'€HOTPaMMOH € BEIYTCHHBIM (DOHOM
K rtonaau 0e3 BeiauTaHus aMmopduoro ¢hoxa.
[lnenkn B KadecTBE YIMAKOBOYHOIO Ma-
Tepuaja TOJY4YEeHbl DKCTpPY3HEH paciiiaBa
[I(3T'b) ma mabopatoproMm 3kcTpyaepe (E19/25
D, Brabender, I'epmanus) ¢ HCHOIb30BaHUEM
IIJIOCKOIIENEBOH (HIIBEpBl C pa3MepaMu 3eBa
mrpuHoi 100 MM u BeicoTOM 0,2 MM mpH cre-
OYIOIUX TeMIlepaTypax I0 30HaM JKCTpyZepa:
175:182:180:180 °C. JIas BBITSDKKH U OPHEHTH-

PpoBaHUA IJICHOK HCIIOJIb30BaJIN na60paT0prH7I

TpaHcnopTepHbIil KoHBeitep (846102, Brabender,
Tepmanus).

MHUKpPOCTPYKTYPY MOBEPXHOCTH TJICHOK HC-
CJIE/IOBAJIM METOJIOM CKaHUPYIOIIEH AJIEKTPOHHOM
mukpockornuu (S5500, Hitachi, SInonus); mepo-
XOBAaTOCTh — ATOMHO-CHUJIOBOM MHKPOCKOIHEH
(ACM) B nomy-koHTakTHOM peknme (DPN5000,
Nanolnk, Skokie, IL, CIIIA). [ToBepxHOCTHBIE Xa-
PaKTEPUCTHKHU 00pa31oB OLIEHMBAJIM Ha IpUdope
JUTs n3Mepenns Kpaesbix yrioB (DSA-25E, Kriiss,
I'epmanus), M3 BENUYMHBI KOTOPBIX METOIOM
Oymnca-Benara-Pabens-Knenn0ne paccuntsiBanim
CBOOOIHYIO TIOBEPXHOCTHYIO SHEpruio, ee IHc-
MIEPCHYIO U MOJIIPHYIO cocTaBisttonue (MH/m).

DuU3MKO-MEXaHUYECKUE CBOMCTBA IIJICHOK
(Momynp KOHTa, MPOYHOCTH MPH pa3pbiBE U yI-
JIMHEHHUE TPU pa3pbIBE) MCCIETOBAHBI C IOMO-
IIbI0 YHUBEPCAJIBHOW DIIEKTPOMEXaHUUYECKOH
pa3peIBHOM MamuHsI (5565, Instron, Bennkobpu-
TaHWsl); TOJIIMHA — IU(POBBIM MUKPOMETPOM
EDM-25-0.001 (Legioner, 'epmanusi); napompo-
HuaeMocth — Ha yctanoBke PERMATRAN-W®
3/31 (Ametek Mocon, CIIA); kuciopomomnpo-
HunaemMocth — Ha ycranoBke OX-TRAN® 1/50
(Ametek Mocon, CIIIA).

TecTnpoBaHne XUMHUECKOW OE30M1ACHOCTH
U CTOWKOCTH TOJIMMEPHBIX IJICHOK B JKHMJIKHUX
cpenax BKJIOYAIO IPOBEACHHUE CaHUTApHO-
XUMHUYECKUX UCCIICIOBAaHUI BOJHBIX BBITSIKEK,
MOJyYEHHBIX  9KCIOHMPOBAaHHEM  00Opa3IoB
B CTEPHIIBHOM aucTumupoBanHoi Boae (1 cm?:
1 MuT) MUIM €IMHALBI MAcChl K €AMHMIIE 00beMa
BOABI (IMr: 1MiT) mpu CTAaOUIH3UPOBAHHON TEM-
nepatype 37 °C B ITUHAMHYECKOM pEKUME, Ue-
pe3 3, 7 u 10 cyTOK dKCIIOHMPOBaHUSI 00pa3LoB
(Muctpyxums Ne 88071, 1972; Yxapuesa u ap.,
2005; dpomnona, 2020). M3mepsin B JTUHAMUKE
sKcniepuMeHTa pH, KOIM4ecTBO OpraHMYecKuX
npuMeceld, HaJIU4YUEe TNPOAYKTOB OKHUCICHHS
1 OpOMHUPYIONINXCS BEIIECTB, a TaK¥Ke COlep-
JKaHUE CBOOOIHBIX MOHOMEPOB 3-THIAPOKCHOY-

THpaTa.
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Tabauua 1. CocTaB MOZIENBHBIX CPEl, UMUTHPYIOIIUX HHUILEBbIC TTPOIYKTHI

Table 1. Composition of model media simulating food products

HaumenoBanue npoaykToB

MonenbHble pacTBOPBI

Mssico, peiba cBexas

Juctunnuposannas Boaa, 0,3%-HbIi pacTBOp
MOJIOYHON KHCIIOTBI

Msico, perba coeHast U KOImueHas

JuctunnupoBannas Boaa, 0,5%-Helil pacTBOp
MOJIOUHOM KUCIIOTHI

MOJ'IOKO, MOJIOYHBIC ITPOAYKTHI U MOJIOYHBIC
KOHCCPBbI

JluctunnupoBaHHas Bozia, 3%-HbII pacTBOp
MOJIOYHOH KHCIOTHI

Jns TecTUpOBaHUSA XUMUYECKON CTOMKOCTH
MOJTUMEPHBIE MJICHKU 3KCIIOHUPOBAIH B MOAEIb-
HBIX Cpelax, MMHTHPYIOUIMX MHUIIEBBIC IIPO-
nyktel (tadi. 1) (MuacTpykius Ne 880-71, 1972;
VYxapuesa u 1p., 20200).

HccnenoBanue  pe3ynbTaToB — KOHTAKTa
MIJICHOK ¢ OakTepusMH MPOBOAMIN TEXHHUKOH
NPUHYJUTENbHON KoHTamMuHaiuu (Penorona,
Msutenko, 2016), s 4ero Ha MOBEPXHOCTH 00-
pasIoB MIeHOK auameTpoMm 1 cm Hanocuau 200
MKJI CYCIICH3HH TECTOBBIX KYJIBTYp OakTepui.
ONTHYECKYI0 TIIOTHOCTb CYCIIEH3WH OmMpenes-
nu ¢ momotmbo neacutomerpa (DEN-1, Biosan,
JlaTBHS), ¥ JOBOIMIIHN IO CTAHAAPTY MYTHOCTHU
Maxk®apnanga 10 0,5 e1uHUL, YTO COOTBETCTBO-
Bano 1x10%® knmerok/mi. B KadecTBe TECTOBBIX
KYJIBTYD HCIIOJIB30BaJIM TUITMYHBIE BU/IbI OaKTe-
pHiil, pa3sBUBAIONIUXCA HA MHUINEBBIX MPOTYKTaX
npu xpaneHuu: Bacillus subtilis, Micrococcus
luteus, Pseudomonas fluorescens. Kynprypanb-
Hble 24-IIyHOYHbIE TUIAHIIETHI C 00pa3naMu HH-
ky6uposau npu 30 °C. HucieHHOCTh OaKTepuit
aHanusupoBaiu uepes 24, 48 u 72 4, BbiceBas
cMBIB ¢ TieHOK Ha MITA u yuuThIBas Konuue-
CTBO BBIPOCIINX KOJIOHUH.

Craructuyeckyro 00pabOTKy pe3ysbTaToB
9KCIIEPUMEHTOB, BBIIIOJIHEHHBIX B TPEX IIOBTOP-
HOCTSIX, IPOBOIIJIM C HCIIOJIB30BAHMEM CTaH-
JapTHOro maketa mporpamm Microsoft Excel.
PesynbraTsl mpeicTaBiIeHbl Kak cpeHue apudme-

TUYCCKHUEC CO CTaHAAPTHBIM OTKJIOHCHUCM. I[OCTO-

BCPHOCTH PE3YJIbTATOB OIIPECACIIAIN 110 KPUTCPUTO

CroeronenTa (ypoBeHb 3HaunMocTH p<0,05).

Pesyabrarhbl u 00cyxkaeHne
Cesoticmea ucxo0H020 u SKCMpPyOuUpoO8aAHHO20

noaumepa

Haunbonee pacrnpocTpaHeHHBIM B IIPOM3-
BOJICTBE IUIEHOK W3 TEPMOIUIACTOB SBISACTCS
METOJ AIKCTPY3HH, Uil Pealln3allid KOTOPOro
UCIIOJb3YyEeMbI ITIOJMMEPHBIII Marepuan JoJ-
KEH OBITh YCTOHYMBBIM K TEPMOOKHCIUTEIBHON
JECTPYKIIMH MPHU Hepexoie B BAKOTEKyUYee CO-
CTOSIHME IpHU IUIaBleHUU. McxonHble cBolicTBa
HOJIM-3-TUAPOKCUOYTHpATa U MOJTYUYSHHBIX JKC-
TPY3MOHHBIX IUICHOK IPEJCTaBICHBI B TaOi. 2
U Ha puc. 1.

PesynbraThl mokasaiu, 4To B IpoLEcce Ie-
pepaboTKK U3 PacCIIaBOB MOJIUMEP MOABEPIKEH
Jerpajialiiy; 00 3TOM CBHICTEIbCTBYET 3HAUU-
TEJIbHOE CHUXKEGHUE CPEJHEBECOBOI U cpelHe-
YUCIIOBON MOJIEKYJIsIpHON Macchl. Takke oOHa-
PY’KE€HO CHIKEHHE CTENEeHU KPUCTAJUIMYHOCTH,
YTO SIBJISIETCSA CIIEACTBHEM BBIPABHHBAHHS CO-
OTHOLICHUsI aMOp(HOH W KPUCTAIINYECKOU
¢da3 B cTpyKType nosnMepa. BaxxHO OTMETHTH
COXpaHEHHE pa3pblBa MEXKJIy TeMIepaTypoil
IJIABIECHHUS U TEMIIEPATypoll TepMUYECKOH ne-
rpajganuy y o0pasioB [0JyUeHHbIX IIEHOK. JTO
TOBOPUT O COXPaHEHHWH TEPMOCTAOMIBHOCTH
MNOJUMEPHOTO0 MaTepuajia U HMPUTOTHOCTH IS

nepepadOTKH U3 PaCIIaBOB.
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Tabnuua 2. CpoiictBa ucxonnoro I1(3I'B) 1 skcTpyAHPOBAHHOTO B IJICHKY

Table 2. Properties of initial P(3HB) and P(3HB) extruded into film

Cpenneunciionasi | CpenneBecoBas Tonuenep- Crenenn Temmeparypa TeMnepaTypf
MOJIEKYJISIpHAsT | MOJIEKYJISIpHAsI CHOCTD. B T TEPMUYECKON
l\lf,clf;fa I\I;Idiclf)a_}[’a b HOCTH, C, 0, °C Hel{iiafg "
CBolicTBa HCXOHOTO TIOJIMMEpa
12,3 | 530,7 | 47 | 65 | 173,1 | 279,1
CBoiiCTBa SKCTPYAUPOBAHHOI'O B IIJICHKY MTOJIUMEpa
36,9 | 102,5 | 2.8 | 44 | 168,6 | 283,3

®doto

CoM

Puc. 1. doto-, COM- u ACM-CHIUMKH 3KCTPY3HOHHBIX m1eHOK u3 [1(3I'B)

Fig. 1. Photo, SEM, and AFM images of extruded P(3HB) films

Ceoticmea sKkcmpy3UOHHBLX NIIEHOK

Dxcrpys3ueit pacnnaBa [I(3I'b) momyueHbr
IIJICHKH, BHEITHUH BUJ ¥ XapaKTEPUCTUKH KOTO-
PBIX WILTIOCTPHUPYIOT puc. 1 u Tabm. 3. O6pasiis
MpeaCcTaBisian co0oi Oe3nedeKTHhIE IUIOTHBIC
MIpO3payHble MIEHKH C INIAJKON MOBEPXHOCTHIO,
JIMLIEHHBbIE NTOp U HepoBHOCTeH. Tonmuny mnie-
HOK 3aJaBajli PEryJMpOoBaHUEM 3€Ba (DPUIIbEPBL,
KoTopas Morna BapsupoBaTs oT 100 1o 300 MkM.
HapaGoraHbl mapTuu IJIEHOK B KOJIMYECTBaX,
00ecreunBaoNNX MPOBEICHNE HEOOXOIUMOro
Habopa TECTOB U METOAOB, HCHOIb3YEMBbIX IS
XapaKTepu3alnuy yMAaKOBKH IHUIIEBBIX MPOIYK-
toB, cormacio ['OCT P® u mexayHapOgHBIM
crargapram [SO.

BaxxHbIM CBOHCTBOM NOJUMEPHON yHaKOB-
KM CIIy’)KHT COCTOSIHHE IOBEPXHOCTH. B cBs3m
C DTUM BO3HUKAET HEOOXOIUMOCTb ONpeeIeHUS]

TaKHuX HOKa3aT€J'IeI7[, KakK mepoxoBaToCTh U CTEC-

MIEHb aKTUBAIIMH ITOBEPXHOCTH, CMAYHBAEMOCTb,
perucTpupyemasi Mo BeJIHMYHMHE KPAaeBOTO YIJa.
PesynbraTel m3MepeHUsT KPaeBhIX yTIOB CMadH-
BAaHMS NOBEPXHOCTH IKCTPYAUPOBAHHBIX MIIICHOK
U pacCYUTaHHBIC TOKA3aTEIH MOBEPXHOCTHON
SHEpPruU, AUCIHEPCHON U MOJAPHONW COCTABIISAIO-
IIUX ITpeCTaBIeHbI B Ta0II. 3. KpaeBble yrisl cMa-
YUBAHUS BOJOW TUIEHOK OIIPE/ETICHBI HAa YPOBHE
72—76°, 9TO CBUICTEIBCTBYET O €€ THAPOPOOHOI
npupojie. 3HaYeHU s TOJISAPHON U TUCTIEPCHOM CO-
CTaBIISIONINX, PACCYNTAHHBIC TIO BETUIMHE YTIIa,
cocraBuu 5,2+0,1 u 42,6+0,3 mH/M; moBepx-
HOCTHOI sHepruu 47,8+0,4 MH/M. DTn Bemman-
HbI OJIM3KU K M0KA3aTessiM MJICHOYHOH POy K-
nuu u3 apyrux III'A — yron koHTakTa ¢ BOJOU
noBepxHocTeil u3 noauinaktuaa (I1JIA) o6braHO
cocrasisieT ot 70 1o 80° ans HeoOpaboTaHHOTO
IJTA (Janorkar et al., 2004; Kudryavtseva et al.,
2017; Luque-Agudo et al., 2021), monusTHICHA
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Tabauua 3. XapakTepucTUKU SKCTPY3HOHHBIX MieHok u3 [1(3I'F)

Table 3. Characteristics of extruded P(3HB) films

HOBerHOCTHO-3HepFeTl/I‘leCKI/Ie MoKa3aTeJiv o H3AMEPEHUI0 KpaeBoro yrjia

KonTakTHBI KpaeBoit JucnepcuHas Tonsipuas
DOTO KAy BOAbI [loBepxHOCTHAas
yroj CMauKuBaHUs COCTaBJISIOIIAS, COCTaBJISIOILAS,
HAa IJICHKE N sHeprusi, MH/m
BOJIOH, mMH/m MH/™M
CA74.9
74,9+2,1 47,8+0,4 42,6+0,3 5,2+0,1

IlepoxoBaTocTh MOBEPXHOCTH MO pe3yabratam ACM

Cpenneapudmernieckas CpenHekBapaTHIHas
peareapud e AP MakcumanbHas BeicoTa (Sz), HM
HIEPOXOBATOCThH (S,), HM IIEPOXOBATOCTH (S,), HM
10,4 13,1 135,5

IMoka3aTresiu MeXaHHYeCKOI NMPOYHOCTH

Monyns FOnra, MIla

Hanpsisxenue npu paszpeise, MIla

YanuHeHnue npu paspeise,%

2629,06+187,95

19,30+2,18

1,02+0,09

loka3atesan NMPOHUIIAEMOCTH

IIponunaemocts O,
(cm3/m*cyT.)

ITpoHHIIaeMOCTH BOJISTHOTO TTapa
(r/m>cyT.)

10

50

ot 90 mo 110° (Drnovska et al., 2003; Conceig¢do
et al., 2019).

[Tokaszareny IIEPOXOBATOCTH TOBEPXHOCTH
MJICHOK, TMOJIy4yeHHbIe ¢ mnpuMeHeHuneM ACM,
BKJIIOYAJIN cpetHeapudmeTndeckyo (S,) u cpen-
HEKBAJPaTHUHYI0 (S,) IIEPOXOBATOCTH IJIEHOK
1 MaKCHMAJbHYIO BBICOTY (S,), KOTOpbIE cocTa-
Buau coorBeTcTBenHo 10,4; 13,1 u 135,5 am. D10
MOATBEP)KIACT OTCYTCTBHE HEPOBHOCTEH U TO,
YTO MOBEPXHOCTH IUICHOK IIAJKasL.

HeoOxonumoe CBOMCTBO YHAaKOBOYHBIX Ma-
TeprajIoB — MEXaHMUEeCKast MPOYHOCTh. Pe3ynbTa-
TBI W3MEpeHHs (PU3MKO-MEXaHWYECKHX CBOWCTB
SKCTpy3uoHHBIX TueHOK u3 II(3I'b) moxaszamnm,
4TO 3Ha4eHMst MOAyst FOHra M HanpsHKEHUs! IpH
pa3pbIBe TOCTATOYHO BBICOKHE, COOTBETCTBEHHO
2629,06 + 187,95 u 19,30 + 2,18 MIla, Ha ¢oHe HI3-
KOW 3JaCTUYHOCTH, IOKa3aTeleM KOTOPOW CITy-
JKUT yIITMHEHUE TIpH paspbise (mopsaka 1,0 %).

OnyOJIMKOBaHHbBIE JaHHBIE 110 MEXaHW4Ye-

CKUM XapaKTCPUCTHKaAM yHaKOBO‘IHOﬁ IIJICH-

ku, nonydyeHHod wu3 II['A paznuyHbIX TUIIOB
[I(3T'b-3I'B), [I(3I'b-4I'B), I1(4I'b) u ap., mo3BO-
JAIOT 3aKkao4yuTh, 4To [IT'A neMOHCTpUpPYIOT
BECh CIEKTP MEXaHNYECKUX CBOWCTB OT KECTKUX
JI0 MJIACTUYHBIX B 3aBUCUMOCTH OT UX COCTaBa,
MOJIEKYJIIDHOM Macchl U CTPyKTypbl. B uact-
HoctH, y I1(3I'B) mpenmen mpoYHOCTH Ha pa3phIB
MOXeT gocTurarh 3HadeHuit 40 MIla, B To Bpems
kak [1(4I'b) umeeT mpeet mpoYHOCTH Ha pPa3phIB
104 MIla u Bbre (Shaikh et al., 2021). [Tonoonas
TEH/ICHIIHS HAOJIOAAETCS U [T IBYX JIPYTHX Me-
xaHn4eckux cBoicTB. I[I'A ¢ BbICOKO MIacTHy-
HOCTBIO, B 9acTHOCTH conoumeps! [1(31'6-3I'B),
uMeroT Monysb FOHra, coctamstomuii -5 I'Tla,
Toraa kak B cinydae skecTkux III'A, B uact-
Hoctu II(3I'B-3I'T), HaOmroarOTCS 3HAYCHHS
no 800 I'Tla (Masood, 2017). Ynnunenue npu
paspeiBe s [I['A pa3nuyHBIX THIIOB TaKke
HaIpsIMyIO 3aBUCUT OT MX COCTaBa, HAIPUMED,
eciau nasa [1(3T'B) aTor mokasarenb cocTaBiseT

CANHUIBI MPOLUCHTOB, IJIs1 BBICOKO3JIACTHYHBIX
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9KCTpY3HOHHBIX MieHoK u3 II(3I'b-4I'b), yanu-
HEHUE NpHU paspeiBe MoxeT pocturars 100 %,
st II(3T'B-3I'B) — 50 %, nnst II(4T'B) — 950 %
u BhImre (Yousefi, Wnek, 2025).

[Tpu cpaBHEHUU MOJyYEHHBIX PE3yJIbTATOB
C TIOKA3aTeJISIMH 3KCTPY3NOHHBIX IUIEHOK U3 JIPY-
TUX OMOMOTNMEPOB MOYKHO 3aKJIIOUNTh, YTO Me-
XaHMYECKHE XaAPaKTEPUCTHKHU JEMOHCTPHPYIOT
CXOKHe TeHJCHIINH. B yacTHOCTH, JI7151 TOJIUIIaK-
THJA, JOCTaTOYHO XPYIKOro MaTepHuala, Ipe-
JIeJT TPOYHOCTH Ha pa3phlB JICKHUT B Ipenenax
oT 40 1o 70 Mlla ¢ yniuHeHHEM IpPHU pa3pbiBe
menee 10 %, T.e. momumakTHI 0ONamgaeT BBICO-
KO MEXaHMYEeCKOW NPOYHOCTBIO, HO HH3KOMI
9IaCTHUYHOCTBIO M BBICOKOH IKECTKOCTBIO, YTO
OI'PaHUYMBACT €ro MPUMEHUMOCTh U (YHKIIHO-
HasbHbIe cBoiicTBa (Malek et al., 2021). B cBoro
odepesb, ISl SKCTPY3MOHHBIX IUICHOK M3 II0-
JMoe(UHOB (TMOJMATHIICHA M TOJIMIIPOIUIICHA)
BEJIMYMHA TpeJieia MPOYHOCTH JISKHUT B IpeJe-
nax 20MTIla (Dziadowiec et al., 2023), a moka3za-
TEJIb JIACTUYHOCTH JocTHUTaeT 3HaueHui 700 %
s nmonunponuieHa u 900 % s moamdTHIIE-
Ha (MatWeb https:/www.matweb.com/Search/
MaterialGroupSearch.aspx? GroupID=15).

BaxxHoll xapakTepuUCTUKOW MUILEBOM yma-
KOBKH SIBIIAIOTCS OapbepHbIE CBOWCTBA. 3HAUEHUE
KHCIIOPOIOIPOHUIIAEMOCTH YTAaKOBOYHOT O MaTe-
pHaia UTpaeT PEeualoyo POIb B KAUECTBEHHOM
COXpPaHEHUH CBEXHX IMPOAYKTOB (MsAca, (pyk-
TOB, OBOIIIEH, @ TAKKE FOTOBBIX K YIIOTPEOICHHIO
npoaykToB). [lonuMepHasi yrmakoBka ¢ HU3KHM
KO3 GHUIIMEHTOM  KHUCIIOPOAOIPOHUIIAEMOCTH
MIOA/ICP)KUBACT HHU3KOE JIABJICHHE KHCIOpoJa
BHYTPH YIAKOBKH, TEM CaMbIM 3aMEJIsIsl OKUC-
JICHNEe W yBEJIINYMBasi CPOK TOJHOCTH 3aTapeH-
HBIX IPOJLYKTOB NIpU XpaHeHUU. OKUCIUTENbHAS
JeTpaJialiisl yIaKOBaHHbIX MTUIIEBBIX IPOTYyKTOB
MOXKET BIIMSITh HA UX I[BET, BKYC U yCTOUYUBOCTh
K MHKpoopranusmam. lccrenoBaHust 1moka3ajin
(tabu. 3), uTo OapbepHBIC CBOMCTBA 3KCTPY3UOH-

HbIX TU1eHOK 13 [1(3I'B) BricOKMe. 3HaUeHUS TTPO-

HHUI[AEMOCTH KHCJIOPO/ia SKCTPY3UOHHBIX IJICHOK
u3 [I(3I'b) HaMHOTO HIKE, YeM Y TTOTUOICPHHOB
(Yaptenco et al., 2007), u HHXKE, YeM y IUICHOK
IJTA (Arrieta et al., 2014). [Tory4yeHHBIC pe3yIib-
TaThl OJIMKE K 3HAYCHMSIM ISl aPOMATHUYECKUX
noaM3(GUPOB, TaKWX KaK MOIMITHIEHTepedTa-
nar (IT9T) (Paszkiewicz et al., 2016).
AHanornyHasi TEHJAEHIMS HaOII0naeTCs
U B cilydyae CKOPOCTH IPOIYCKaHHUS BOJISHOTO
napa. [1T'A, 6yny4u runpodoOHBIM, TEMOHCTPH-
pPYET BBICOKHE OapbepHble CBOWCTBA JUIsl BOJSI-
HOT'O T1apa HapaBHE C MOJIMBUHIIINICHXJIOPUIOM
(ITBAX), MOTMITHUICHOM BBICOKOH IJIOTHOCTH
(IT9BII) n JMHEHHBIM MOJUAITHICHOM HU3KOH
mnotHocTH (JITIOHIT). ®aktuyecku II(3I'B) ne-
MOHCTpPHUPYET CBOWCTBa Oapbepa IUIsl BOISHO-
ro mapa B JuWana3oHe JAPYTUX TPaJulHOHHBIX
TEPMOIIJIACTHKOB HAa OCHOBE HEe(TH, TAaKMX Kak
nosnuatuieH (Fabra et al., 2014). B nenom o uz-
MEpPEHHBIM II0KA3aTeJsIM IOJIYyUYCHHBIE 3KCTPY-
3uoHHble TIeHku u3 [I(3I'B) cooTBeTCTBYIOT
MI0Ka3aTessiM YIIaKOBOYHOT'O MaTepuaa s M-

LIEBBIX TPOIYKTOB.

CaHumapHO—xumulteCKue uccnedo6aHus

IKCMPY3UOHHbIX NI1EHOK

HeoOxonumbIM  3TamoM TpH  KOHTPO-
JIe KayecTBa YNAKOBOYHBIX MaTe€pHasoB JJIs
MUIIEBBIX MNPOAYKTOB SBISIETCS IMPOBEICHUE
CAaHUTAPHO-TUTUEHUYECKUX HCCIICIOBAaHUM.
YnakoBOYHBIN MaTepuall He J0JKEH U3MEHSTh
(U3HONOTUYECKHE WA  OPTaHOJICIITHYCCKUE
CBOMCTBA yNaKOBAaHHBIX MPOJYKTOB, BbIJICISATH
B HUX BpEAHBIE BEIIECTBA B KOJUYECTBAX, Ipe-
BBIIIAIOIIMX JONMYCTUMbIE HOpPMBI. BaXxHOCTH
onpeeseHus KOJIMYeCTBA BBIMBIBAEMBIX U3 Ma-
Tepualia YINaKOBKH BEHIECTB HMEET OOJIBIIOEe
3HAUYEHUE MPU ONPENCIEHN U KauecTBa MMUIIEBOM
YMaKOBKH, TaK KaK MPU MUTPALMU XUMUUYECKUX
BEIIECTB B MPOAYKTHI BO3MOXXHO HEOIIarompu-
SATHOE BO3/eHCcTBUE Ha desoBeka. CaHUTapHO-

XUMHUYCCKHUE HCCICAOBAHHUSA BKJIOYaAJIH 06]].[6-
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Ta6nm1a 4. CaHl/lTapHO-Xl/IMl/l'-leCKl/le IOKa3aTeJiu BOAHBIX BBITAXKEK, NOJIYUYCHHBIX U3 OKCTPY3UOHHBIX IJICHOK

T1(3T'B)
Table 4. Sanitary and chemical parameters of aqueous extracts obtained from extruded P(3HB) films
loxasarens Bpewms or6opa mpob (cyTkH) JlomycTuMBIi
3 7 10 YPOBEHb CIIBHTA
pH (ApH/pH usp) +0,08/6,90 | +0,13/7,0 | +0,30/7,05 +0,3
Cnsur ontuueckoit minoTHOCTH (A D/Dyyry) 0 +0,053 +0,058 +0,3
OxwucisieMmocTs (MT O,/m) 0 0 0 2,0 mr O,/n
Bpomupyemocts (mr Br,/m) 0 0 0 1,0 mMr Bry/n
CBobGoaubie MmonoMepsl 3I'b 0 0 0 0,1 mr/n

HNPHUHATBIE HWHTErPaJIbHbIE METOJbl OLEHKHU
BO3MOKHOW MHUTPAIMU U3 MOJIUMEPHBIX 00pas-
IIOB B MOJEIBHYIO Cpely XMMHYECKHX COEqU-
HEHHH, a TaK)Ke ONpEeAeNICHHEe OCTaTOUYHbIX KO-
JUYECTB BEUIECTB, Bxoasmux B coctas I1(3I'b)
(MoHOMEpOB 3-THApOKCHOyTHpaTa). [1o pe3yis-
tataM pH-meTpum, 3aperucTpUpoOBaHHBIC 3HA-
yeHHs! caBUra pH BOAHBIX BBITSDKEK Ha BCeX
CpOKax HaOJIOJeHHs ObLIM 3HAUUTEIBHO HHXKE
MTOPOTOBBIX 3HAYECHHM, JOMYCTUMBIX JJIS MaTe-
pHaJoOB MUIIEBOr0 M MEAMIIMHCKOTO Ha3Haue-
HUsA (TadI. 4).

CrexkTpocKomusl BBITSKEK B JUANA30HE
YJIBTPa(HOIETOBBIX BOJH, ITO3BOJISIONIAs OIpe-
nensaTh Hanuuue cBoOoaubiX C=C cBsi3el, Mu-
TPUPYIOIINX U3 U3ETIHUs B CPEY, T0Ka3aa, 4To
miaeHku w3 [I(3I'B) orBeuaroT TpebOOBaHUSIM,
MPENBSBISIEMbIM K YIIAKOBOYHBIM MaTepHaIaM
MUIIEBbIX MPOAYKTOB. B BBITSDKKax He OOHa-
PY’K€HO MOHOMEpPOB 3-TUAPOKCHOYTHpATa, YTO
MOJATBEPKJAET OTCYTCTBHE IPOIECCOB THAPO-
nu3a nonuMepa. [lokazaTenw OKHCISIEMOCTH
BBITSKEK TaKKe OBIITM 3HAYUTEIBHO HUXKE YPOB-
HEH, JOMYCTUMBIX I MaTE€PHAJIOB ITHILEBOTO
Ha3HAYCHHUS, HPHUCYTCTBUS OpPOMHUPYIOLIUXCS
BEIIECTB HE 0OHApYXKEeHO. Pe3ynbraThl H03BOIIS-
10T 3aKJIIOUNUThH, YTO IO U3MEPEHHBIM MTOKa3aTe-
JSIM TIOJTyYEHHBIE 3KCTPY3HOHHBIE TJICHKH ITPH-
TOJHBI B KauecTBE YMAKOBOYHOTO MaTepuala

MHUIICBbIX HPOAYKTOB.

Yemotiuusocmo IKCMPY3UOHHbIX NJIEHOK

8 JHCUOKUX cpedax

BaxxHOoe CBOHCTBO yNaKOBOYHOW NPOILYK-
LHUU — 3TO CTOMKOCTh B XKUJKUX cpenax. Pe-
3yJIbTAaThl U3YUEHUsT XUMHUYECKON CTOMKOCTH
MOJIUMEPHBIX IJIEHOK M BO3MOXHOCTU IpHU-
MEHEHHS I KOHTAaKTa C MHIIEBBIMH IIPO-
JyKTaMH, BBIIOJIHEHHBIE SKCIOHUPOBAHUEM
NJIEHOYHBIX 00pa3moB B TeueHue 10 cyTok
B MOJENBHBIX CpelaX, HUMUTUPYIOMIUX MHU-
HIeBBIE NMPOAYKTHI, MPEICTABICHBl Ha pHC. 2
u B Tabn. 5. VI3mMeHeHus 1BeTa WJIM MOMYTHE-
HUS MOJICTIbHBIX cpell He 3a()MKCHUPOBAHbI, 4TO
MIOKA3bIBAET OTCYTCTBHE BBIMBIBAHUS U3 IJIE-
HOK KaKuX-T100 BeuecTs. BHemHnuii Buj mie-
HOK OCTABAJICS HEU3MEHHBIM; IJICHKH OBLIH
NPO3paYHBIMU U 3IACTUYHBIMH. YMEHBIICHU S
Beca 00pa3loB TakKe He 00HAPyKEHO; TOBEPX-
HOCTh OCTaBajach YMCTOM W IJIaJKOM, O€e3 mo-
sIBJICHUS e(DeKTOB B BHJIE MOP WM TPELIMH,
YTO TOATBEPKACHO MaHHBIMH 3JICKTPOHHON
MUKpOCKOHH (puc. 2).

CBolicTBa MOBEPXHOCTH MJICHOK MOCTE IKC-
MO3ULUU B MOJENIBHBIX CpeJax HpH KOMHAT-
HOH TeMmIepaType MNpPaKTHYECKH HE MEHSJINCh
(Tabm. 5).

[Tokazarenu MOBEpXHOCTH y 00pa3loB HC-
cneqyeMbix mieHok u3 [1(3I'B) mocie sxcnoHu-
pOBaHUSA B MOJENBHBIX Cpelax, UMHUTHPYIOIINX

pAa IPOAYKTOB, 3HAYUTCIIBHO HEC U3MCHAJIUCH.
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1

Puc. 2. COM-cuumkHu 9KcTpy3uoHHBIX IuieHOK u3 [I(3I'B) mocie skcrnoHMpoBaHMSI B MOJENBHBIX Cpejax,
UMHUTHUPYIOLWIUX NPOAYKTHL: | —MsCO, ppiba cBexast; 2 — MsCO, pplOa COJICHAs M KOITYEHast; 3 — MOJIOKO, MOJIOUHbIE

IIPOAYKTBI, MOJIOYHBIC KOHCEPBLI

Fig. 2. SEM images of extruded P(3HB) films after exposure to model media simulating food products: 1 — fresh
meat and fish; 2 — salted and smoked meat and fish; 3 — milk, dairy products, and canned dairy products

Tabnuna 5. XapakTepUCTHKU MOBEPXHOCTH IKCTPY3HOHHBIX IuieHoK u3 [I(3'B) mocne skcroHumpoBaHus
B MOZEJIBHBIX CPEIaX, MMUTHPYOIIUX MHUIEBbIC IPOLYKThI

Table 5. Surface characteristics of extruded P(3HB) films after exposure to model media simulating food products

KonrtakTHbIl KpaeBoi JucniepcHas Monsipuas
IToBepxHoCTHas
MopenbHbie cpebl YTOJl CMAauHUBaHHUS COCTAaBIISIIOIAs, | COCTAaBISOLIAS,
oo sueprusi, MH/mM
BOJIOM, MH/™M MH/m
Msico, peiba cBexast 79,5+1,9 42,6+0,6 38,3+0,5 4,3+0,1
Msco, peiba coneaz 72,5+0,3 47,9+0,4 41,6+0,3 6,340,1
U KOITYeHast
MoJ10K0, MOJIOYHBIE
MPOIYKThI, MOJIOYHBIE 79,3+1,4 45,3+0,5 41,6+0,4 3,7+0,1
KOHCEPBBI
AUCTHIIMPOBAHHAS BOLa 74,7423 48,0404 42,9+0,3 5,140,1
(KOHTPOJIB)

Bzaumooeticmeue skcmpy3uoHnbIX NAEHOK

C MUKpOOp2caAHUIMAaAMU

YakoBKa JOJDKHA IPENSTCTBOBATh Pa3BU-
THI0 MUKPOQIIOPHl Ha 3aTapEHHBIX MPOIYKTAaX.
Oco0CHHO TO Ba’KHO AJIS MSCHBIX U MOJIOYHBIX
MPOOYKTOB, KOTOpPBIE OJaroiapsi BBICOKOMY CO-
JCPXKAHUIO OeJiKa U BJIATH MPEACTABIISIIOT COO0M
Ooratelii cyOcTpar ISl pa3BUTHSI MHKpPOOpra-
HU3MOB. MUKPOOPraHU3MBbI, pa3BUBAsICh HA I10-
BEPXHOCTH IIPOAYKTOB, MOT'YT YXYAIIATh UX Op-
TaHOJIENTHYECKHUE CBOICTBA U BBI3BIBATH MOPYUY,
MOATOMY OJHO M3 BOKHEHIIMX M HEOOXOTUMBIX
CBOMCTB yIIaKOBOYHBIX MaTE€PUAJIOB 3aKJII0YACT-

Csl B CHMDKCHMH CKOPOCTH MUKPOOHOW KOHTaMu-

HaIMK [T TIPOJJICHHS] CPOKOB XPaHEHU S TTHIIE-
BeIX npoxykToB (besnaeBa m mp., 2019; Konuk
Takma, Korel, 2019; Ponuonos u ap., 2021; Zhou
et al., 2021). ITonumepHbIe MaTepuabl, UCIIOTb-
3yeMble ISl M3TOTOBIICHHS YIAKOBKH, B OTJIH-
4ye, HallpUMep, OT OyMaru M KapToHa, CO3Jat0T
JIOTIOJTHUTEJIbHBIN Oapbep M CHOCOOCTBYIOT 3a-
IIUTE MPOJYKTOB OT MUKPOOHOIH KOHTAMHUHAINH
u nopuu (Illanaesa, denorosa, 2012; Mlalila et
al., 2018; Grzebieniarz et al., 2021).

BonbimiMHCTBO  MyOJIMKALMK, MOCBSIICH-
HBIX noreHuairy npumenenus I[1I'A B xkauecTse
YHNAKOBKH MHILEBBIX MPOAYKTOB, OIUCHIBAIOT

(U3UKO-MEXaHUYECKUE CBOHCTBA JTHX MaTe-
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puanoB u ux Ouopasnmaraemocth (Bhardwaj et
al., 2014; Koller, 2014; Masood, 2017; Israni,
Shivakumar, 2019; Tan et al., 2021; Vaithanomsat
et al., 2021; Koller, Mukherjee, 2022; Adak et al.,
2024), mpu 3TOM OYEeHb MajiO CBEIEHUH O B3aH-
MozeiicTBin ynakoBku u3 [1T'A ¢ Mukpodmopoi.
B mpencraBneHHON paboTe HCClEZOBaHa CIIO-
coOHOCTh 3KCTpy3uOHHBIX TieHOK w3 [I(3'b)
HNPOTUBOCTOATh ~MHMKPOOHOH  KOHTAaMHUHALIMU
MIPEICTABUTEISIM THIIOBOM MUKPOQIIOpHI, HH(DHU-
LUPYIOIIEH MSCHBIE U KHCIOMOJIOYHBIE TTPOTYK-
THI IIPU XpaHEHUH (Tab1. 6).

AHanu3 KonuuyecTBa OakTepUi, BBIKHB-
IIMX Ha MTOBEPXHOCTH IUICHOK B TedeHHWe 72 d,
nokasai, uto ruapodooHsie mienku u3z [1(3I'6)
C TJIaJIKOW TIOBEPXHOCTHIO U HU3KUMU a/Ir€3U0H-
HBIMH CBOMCTBAaMH HE CIIOCOOCTBOBAIH POCTY
1 pa3BUTHIO TecTOBHIX OakTepuil. Ha Beex cpo-
Kax HaOI0/1alli CHUYKEHUE YUCICHHOCTH OaKTe-
pHii, IpH ATOM CTENeHb HHIHOMpPOBaHUs OaKTe-
pHii 3aBUCeNa OT BUJIa TECT-KYIbTYp. Tak, depes
24 9 KOMUYEeCTBO BEKUBIINX OakTepuit M. luteus
6b110 Ha ypoBHe 10,3 %; yepe3 72 4 — Ha ypOBHE
2 % ot ucxonHou. bosiee HU3Kas BEIKUBAEMOCTh
KJICTOK ObL1a y B. subtilis: uepe3 24 4 4uCICH-
HocTb ynaja a0 0,11 % oT ucxonHoii cycnensuu,
yepes 48 1 cHu3MIIach enie B 4 pasa, a yepe3 72 4
6buta Ha yposae 0,01 %. I'mbGenp rpamoTpuna-
TeNbHBIX OakTepuit P. fluorescens Ha OBEPXHO-

CTH IJICHOK Oblila CIe Oonee BBIpa)KCHHOﬁ, T.K.

K KOHILY 3KCIIepHMeHTa ocTasock okoio 0,002 %
OT MICXOJTHOTO KOJIMYECTBaA.

[TonyueHHbIC pe3yabTaThl HHTUOUPOBAHUS
MHUKPOQIIOPEI COTTACYIOTCS ¢ Oy OIMKOBAHHBI-
MU JIaHHBIMH HCCIIEIOBAHHUSI aHTUMHUKPOOHBIX
CBOMCTB NOJMMEPHON MUIIEBON yNaKOBKH, MO-
JIyYeHHOW W3 pa3iMYHBIX MaTepHalioB, BKIIIO-
qas [1(3I'B). B pabote (Ma et al., 2018) mokazano
cHIOKeHue B 1,4 paza oOriero konnyecTBa 0akTe-
puii Ha KyOMKax JIOCOCs, YITaKOBaHHBIX B IJICH-
ki n3 cmecu [I(3I'B) ¢ mommmakTuaom, mia-
CTU(QUIIMPOBAHHBIE TIUIEPUH-MOHOJIAYPATOM.
Kommnosutnas mnnenka I1(3I'B) ¢ Gaktepuans-
HOW HAHOIEJUIION030i M HAaHOYACTHIIAMH OK-
cuJla IUHKa MojaaBisiia pocT Staphylococcus
aureus M Escherichia coli Ha 44 % u 63 % co-
orBeTcTBeHHO (Panaitescu et al., 2018). Mcnonb-
30BaHMUE IUICHOK U3 MOJUATHIICHA HU3KOHU TUIOT-
HOCTH, 00pabOTaHHBIX KOPOHHBIM pa3psiOM
(be3naesa u ap., 2019), a TakKe ICHOK XUTO3a-
Ha WM MOJUAITUIICHTepe(TazaTa, GyHKIIHOHA-
JTU3UPOBAHHBIX AHTUMHUKPOOHBIMU MENTUAAMHU
(Gogliettino et al., 2020; ITonumryk, KoteHko-
Ba, 2021), CHIKAI0 KOJTUYECTBO ME30(PIITHHBIX
adpoOHBIX ¥ (aKyJIbTaTUBHO aHA3POOHBIX MHU-
KPOOPTraHU3MOB, OaKTepuil TPYIIBl KHIICYHOH
NaJO4YKU W JPOXIKEBBIX TI'pHOOB B 00pasiax
Msca, YIaKOBaHHBIX B Takue IUleHKH. Komrio-
3UTHI TIOJIMITUIICHA C XUTO3aHOM U aJbI MHATOM

OpOABIAIN aHTI/IMI/IKp06HyIO AKTHUBHOCTH B OT-

Tabauua 6. BbpkrBaeMOCTh MHKPOOPraHM3MOB IIPU KOHTAKTE C IOBEPXHOCTHIO 00PA310B MOJIMMEPHBIX [ICHOK

(B % OT MCXOAHOW YMCICHHOCTH)

Table 6. Survival of microorganisms upon contact with the surface of polymer film samples (as a percentage of

the initial population)

BpeMx OKCIIO3UIUHU, U

Muxpoopranu3zMbl 0
(ucxomHOE 24 48 72
3HAYCHHE)
Micrococcus luteus 10,3+24 12,3+ 0,4 2,0+0,7
Bacillus subtilis 100 0,11 £0,05 0,03 + 0,01 0,01 £0,01
Pseudomonas fluorescens 0,028 + 0,012 0,003 + 0,001 0,002 + 0,001
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HomeHuu Staphylococcus aureus v Escherichia
coli (Konuk Takma, Korel, 2019).

3akaoueHne

[lomyyeHbl TMOTUMEpHBIE IJIEHKH  IKC-
Tpy3uel paciiaBa OHOpa3pyIIaeMOro IOJIu-3-
THJIPOKCHOyTHpaTa — HauboJee pacipocTpaHeH-
HOTO U JIOCTYITHOTO THIIA ITOJMMEPOB CEMeNCTBa
MUKPOOHBIX HonUruapokcuaigkaHoatos (I1TA),
KOTOPBIH OBLII CHHTE3UPOBAH C HCIIOIH30BAaHHEM
HOBOT'O M JIOCTYIHOrO cyOcCTpara, — >KHPOBBIX

OTXOJIOB pBIOOTIEpEepabOTKH. BhINoTHEHHbIE KOM-

IJIEKCHBIE MCCIIEJOBAHMU S, BKIIIOUAIOIIUE (PH3HUKO-
MEXaHWYEeCKHE CBOWCTBA MCXOIHOTO IOJIMMEpa
1 B TpOLIECCe TUIABJICHUS U 3KCTPY3UH, CTPYKTY-
Py MOBEPXHOCTH IIOJYYEHHBIX 3KCTPY3HOHHBIX
IIJICHOK, TOKAa3aTeNld MEXaHH4YECKON MPOYHOCTH,
0apbepHBIX CBOICTB, CTOHKOCTH K BO3ICHCTBHIO
KUAKUX CPEd M aHTUOAKTePHaIbHON aKTHBHOCTH
110 OTHOLIEHUIO K MUKPO(]IOpe MPOIyKTOB, CBU-
JIETETIBCTBYIOT O COOTBETCTBUHU MOy YEHHBIX IKC-
MIePUMEHTAIIBHBIX 00Pa3LOB IUIEHOYHOH IPOAYK-
LMY TIOKa3aTessIM, HEOOXOMMBIM JIJISl YIIAKOBKH

MUIICBBIX ITPOAYKTOB.
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