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Annomayus. Pa3zpaboTka METOIOB TIOBBIMICHHUSI UYyBCTBUTEIBHOCTH HWHTEP(HEPOMETPOB,
IpeJHa3HAuYeHHbIX JJIS MCCIIEJOBAHUS CIOXKHBIX (Da30BBIX Cpell, KOTOpbIE XapaKTepHU3YIOTCS
PE3KUMHU M3MEHEHHUSMHU BHYTPEHHHUX HEOAHOPOJHOCTEH, SIBJISETCS BeChbMa aKTyalbHOM 3aj1adei.
Llenpto mccnenoBaHus, pe3yJIbTaThl KOTOPOTO NPEACTABICHBI B CTAaThe, SBISETCS TEOPETUUCCKUN
aHaJIN3 BO3MOXKHOCTH YJYYIIEHHS YyBCTBHTEIBHOCTH BBIXOJHBIX TaHHBIX TOJOrpaduIecKoro
uHTephepoMeTpa ¢ UCHOIb30BaHUEM LU(POBHIX METOIO0B 00pabOTKH ONTUYECKOH HH(pOpPMAIMH.
PesynbraThl HMccieoBaHUHM IMOKa3ald, yTo Hainuuue LudpoBoil mHpopmanuu 00 OOBEKTHBIX U
OIIOPHBIX BOJIHAX, 0 3auxcupoBanHoi [13C-Marpuueil MHTEpPEPEHLIIMOHHON KapTUHE MO3BOJISET
MPOU3BOJIUTH HAJl ATHMMHU JaHHBIMH Pa3IMYHbIE MaTEMaTHYECKHE OIepaliH, MOcie KOTOPBIX HX
CHOBA MOYKHO BBIBECTH Ha 3KpPaH, T. €. BU3yaJIU3UPOBaTh. Y Ka3aHHBIE ONepalii MOKHO NTPOBOANUTh
KaKk Ha YydYacTKaXx OT OOBEKTa JI0 BBIXOJHOM IIOCKOCTH, TaK W Ha BBIXOJE CHCTEMBHI,
HETIOCPEICTBEHHO C paclpeeeHueM HHTEHCUBHOCTH, kotopoe ¢ukcupyer I[13C wmatpwuia.
[IpemioskeHa  MOCNIEIOBATENPHOCTh  YUCIEHHBIX  ONEpanuid,  IO3BOJISIONIAS — YBEIUYUTH
qyBCTBUTEIBHOCTB rojorpaduueckoi cucremsl B 2" pa3, tae m =0, 1, 2, 3, ... . Takxke moka3zaso,
YTO YBEIMYEHHE UYYyBCTBUTEIBHOCTH IO YKa3aHHOH CXeMe OrpPaHHYE€HO TOJBKO BO3MO>KHBIMU
CHEKJI-IIyMaMH, KOTOpbIE MOTYT YXYJIIUTh KOHTPACT TMOJOC HHTEPPEpEeHIIMOHHON KapTHHBI.
[TpetoskeHHBIE  METO/A TOBBIIICHUS YYyBCTBHTEIBHOCTH WHTepPEpoOMeTpa, B OTIMYHE OT
W3BECTHBIX, HE OIUpPAETCsl Ha anmapaTHbIE W3MEHEHUS HWHTEPPEPOMETPUYECKHX CHCTEM, UYTO
CONPSDKEHO C OONBIIMMHU 3aTpaTaMu, a LU(GPOBBIMH METOJaMHU YIYYIIAeT XapaKTepUCTHKH
BBIXOJIHBIX JaHHBIX HU3KOUYBCTBUTENBHBIX MHTep(epoMeTpoB. Pe3ynbTaThl pabOThl MOTYT OBITH
WCTIOJIH30BaHBI TTPH UCCIIEIOBAHUAX CIIOXKHBIX (Da30BBIX CpE]I.

Abstract. The development of methods for increasing the sensitivity of interferometers
intended for studying complex phase media, which are characterized by abrupt changes in internal
inhomogeneities, is a very urgent task. The aim of the study, the results of which are presented in
the article, is a theoretical analysis of the possibility of improving the sensitivity of the output data
of a holographic interferometer using digital methods of processing optical information. The
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research results showed that the presence of digital information about the object and reference
waves and about the interference pattern recorded by the CCD matrix allows performing various
mathematical operations on these data, after which they can again be displayed on the screen, i. e.,
visualized. These operations can be carried out both in the sections from the object to the output
plane, and at the output of the system, directly with the intensity distribution, which is fixed by the
CCD matrix. A sequence of numerical operations is proposed, which makes it possible to increase
the sensitivity of the holographic system by a factor of 2", where m =0, 1, 2, 3, ... . It is also
shown that the increase in sensitivity according to the indicated scheme is limited only by possible
speckle noise, which can worsen the contrast of the fringes of the interference pattern. The proposed
method for increasing the sensitivity of the interferometer, in contrast to the known ones, does not
rely on hardware changes in interferometric systems, which is associated with high costs, but
digitally improves the characteristics of the output data of low-sensitivity interferometers. The
results of the work can be used in studies of complex phase media.

Kniouesvie cnosa: rojorpapudeckas UHTEphEpOMETpHUs, qyBCTBUTEIBHOCTb
ronorpaduueckoii cucremsl, [13C marpuna, nuppoBbie MeTonbl, TpeoOpasoBaHue DpeHerns,
npeobpazoBanue Oypbe, 00BEKTHAS BOJIHA, OTIOPHASL BOJIHA.

Keywords: holographic interferometry, holographic system sensitivity, CCD matrix, digital
methods, Fresnel transform, Fourier transform, object wave, reference wave.

Beeoenue

Jlis u3MepeHusi ONTUYECKUX IUIOTHOCTEH JUHAMUYECKHX (ha30BbIX CPel, MOJOOHBIX IIa3Me
WIHA CIIOKHBIX a’pOJUHAMUYECKHX MOTOKOB, XOPOLIO TOAXOISAT MHTEP(HEPOMETPUUESCKHE METOIBI
[1-3]. Onnako, yuuThiBasi TaKyl0 OCOOCHHOCTh MOAOOHBIX CpEll, Kak, B OOJBIIMHCTBE CIIy4acs,
HaJIMYME TOJILKO HEOOJBIIUX IPaJUCHTOB MOKA3aTelis MPEJOMIICHHS, MOKHO CHIeNaTh BBIBOA, UTO
qyBCTBUTEIBHOCTh  KJIACCHUECKHUX  MHTEp(EpPOMETPOB  HENOCTAaTOYHA JJIS  PErucTpanuu
pacrpeneneHus MIOTHOCTH B MOMOOHBIX (ha30BBIX cpenax [4—6]. B mpuHIume, 4yBCTBUTEIBLHOCTh
KJIACCMYECKUX METO0OB HMHTep(EepOMETpUM MOXET MOBBICUTh. Hano yuuTheIBaTh, 4YTO B
KJlaccuyeckoil uHTepdepomeTpun 000€ M3MEHEHHE BOJHOBOTO (DPOHTA  OMNpeessercs
ONTUYECKUM METOJIOM, YTO TO3BOJSAET MCIOJIb30BaThb MMEHHO ONTHYECKHE METOIBI MOBBILICHUS
YyBCTBUTEIBLHOCTU. B mepByro oyepenb, 3TO BO3MOXKHOCTh YBEIUYUTH YHCJIO MPOXOAOB BOJHBI B
uHTepdepomerpe. MoXKHO HCIOJIB30BaTh CIOXKEHHE PA3IMYHbIX MHTEP(PEPEHIIMOHHBIX MOPSAIKOB,
Kak 3TO CJAEJaHO B MHOTOKAaHAJIbHOM rosorpadguueckoM uHTEeppepomerpe [7-9]. MoxkHO
HCIOJIb30BaTh METOJIbl MHOTOBOJHOBOM HMHTEep(hEpOMETpUH, pa3ivuHble HeTUHeWHble 3PQeKTsl n
ap. [10-12]. IlpuueM Bce 3T METOIbI MOTYT OBITH HUCIHOJB30BaHbl, KakK Uil YBEIMUYEHUS
YYBCTBUTEIBHOCTH KJIACCUUECKUX METOAOB MHTEPPEPOMETPUH, TaK U Uil yMEHbIIEHUS uX [13—
15]. Opnako pa3BuTHE HMH(POPMAIIMOHHBIX TEXHOJOTUN TIO3BOJSET J0OMBAaTbCA MOAOOHBIX
pe3y/IbTaToB  MOCPEJACTBOM  PA3IUYHBIX TpaHC(GOpPMALMH 3aMUCAHHOTO M OLU(POBAHHOTO
n3o0paxeHus: HHTephepeHUUOHHOW KapTuHbl. Ilepexog k 1UpPOBBIM MeToAaM 00pabOTKH
uHtepdeporpamMm ocobeHHo 3pdexkTuBeH B rojiorpaduueckoil MHTEpPEpOMETpPUHM, TaK Kak
1 poBbIe METOIBI ToNorpaduu O4E€Hb XOPOIIO OTPabOTaHBI, & CaMH METOAbI rojorpagpuueckon
UHTEpPEPOMETPUM  OKa3bIBAIOTCS 3HAYUTENIBHO Oojiee YyBCTBUTEIbHBIMH. T.e. T0OUTHCA
HauOombIed SPPEKTUBHOCTH YYBCTBUTEIBHOCTH HHTEPPEPEHLIMOHHBIX METOJOB H3MEpEHUs
napaMeTpoB (ha3oBbIX CpeJ MOXHO, HCIONb3yS, B IEpPBYIO O4Yepeldb, MeToAbl LudpoBoi
rosiorpaduueckoit uHTEpHEepoOMeTpHUH.
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Ienbro nccienoBaHus, paccCMaTpPUBAEMOI'O B CTAThE, SIBJIAETCS TEOPETHUECKOE 0OOCHOBAaHHE
BO3MOYKHOCTH  yJYYIIEHUS  YyBCTBUTEIBHOCTHM  METOAOB  LU(pPOBOM  rosorpaduueckoin
UHTEPPEPOMETPHH, YTO MO3BOJHMT ONPEACTATh OYECHb Majble KOJIeOaHUS HEOJHOPOAHOCTEH
uccieayeMbix (a3oBBIX Cpell.

Teopemuueckoe 060CHOBAHUE 803MOINCHOCIU NOGBIUUEHUSL YYECMEUMENbHOCIIU
Memooa 08yx dKCNO3UYULL

PaccmorpuM  kiaccudeckyro cxemy 3anucu KBasu-Ddypbe rosorpaMMmbel. B 3TOM cxeme
BHEOCEBOW TOUYEYHBIN OMOPHBIM HCTOUHUK U OOBEKT, KOTOPBI B 00IIeM cilydyae MOXeET ObITh THOO
HENpo3payHbIM, JHOO0 MPO3pauHbIM, pa3MeEIlEeHbl B OJHOW IUIOCKOCTH, KOTOPYIO MOKHO Ha3BaTb
BXOJHOM IIJIOCKOCTBIO cHCTeMbl. B KadecTBe BBIXOAHOH IUIOCKOCTH, B Cciliyyae LU(ppPOBOH
rosorpaguu, o0braHO OepyT mIockocTh AaTunkoB [13C (mpubop ¢ 3apsioBOi CBSA3BIO) MATPHUIBL.
O003HaUMM pacCTOSTHUE MEXKIy BXOAHOH IUIOCKOCTBIO CHUCTEMBI M IIocKocThio [13C marpuibt
yepe3 |. CucteMy KOOpIMHAT BO BXOJHOW IIOCKOCTH 0003HAYMM (Xo, Y0), B BBIXOJHOW IJIOCKOCTH
(X, y). MaremaTH4ecKy BXOAHYIO IFIOCKOCTh MOYKHO MPEICTABUTD KaKk

V(% Yo 2) = (% = X, Yo =Y ) +U(X,, Y. @
3,HCCB (X,Y ) —_— KOOp,I[I/IHaTBI TITOJIOKCHUSA TOYCYHOI'O UCTOYHHKA BO BXO)IHOI71 IIJIOCKOCTH,

U(Xo,yo) =anIO[I9(X0, yo)] - BOJIHA, UAYIIAs OT OOBEKTa, 5()(0 -X\Y, -Y) — nenbra-(QyHKIus,
ONMCHIBAIOIIAS TOYCYHBIA MCTOYHUK. PaccTossHue Mexay BXOAHOM M BBIXOJHOW IJIOCKOCTSAMU
Takoe, 4TO TIOCKOCTh, B KoTopoit Haxoxutcs [13C marpuna, 3amaer oomacte @penens. T. e. mone
cBeTOBOM BONHBI B Mmiockoctd [I3C MaTpuubl MOXXKHO HaxXOJUTh, HCIONB3YS NpUOTMKEHHE
Openens.

i i 2
000,20~ 2202 [Tty 2 exp 22 - (v - 0 ] “

Bripaxkenue (2) — npezcrasisier co0oil AudpakIMOHHBINA HHTETpal B BUE peoOpa3oBaHus
@penensi, KOTOPHI TOJTy4YaeTcss KaK MapaKkCHAIbHOE NPUOIMKEHHE OO0IIero Tu(PaKIHOHHOTO
uHTerpaina [9].

2z N
3nech k === — BOJIHOBO€ YHCIIO, A — JUIMHA CBETOBOW BOJIHBI, Z — KOOPJAMHATA HA OCH,
A
BJIOJIb KOTOPOM pacIipocTpaHsiercs cBeroBast BonHa. [IpeoOpa3oBanue @peHenss MOXKHO CBECTH K
npeodpazoBanuo Oypwe [16-17]

| | ,
v(x.y.2) = 2B v(xo,yo,zo>exp{%[(x—xo)z+(y—yo)2]}dxodyo - ©

_ exp(ikz) exp iz(x*+y?)

iz (X§ + y§) 127 (XX + Yo Y)
00 0 exp{-——=— 227 dx d
ikz Az Az yexpt %o

IiV(XO’ Yo, Z,) exp{ e

Takoli mepexoj; MO3BOJIMT MCIOJIB30BaTh XOPOIIO HM3BECTHBIE CBOMCTBA IpeoOpa3oBaHUs
®dypne, a B cirydae uppoBoi rojorpaduu UCMOIb30BaTh aJTOPUTMBI ObICTPOro mpeoOpa3zoBaHUs
Dypse.

Pacnpenenenue unTeHcUBHOCTH, 3aduxcupoBanHoe [13C maTpuueii, npencrapiusioiiee coooi
UHTEepPEPEHIIMOHHYIO0 KapTUHY, 110 CYTH, ecTh IHdpoBas ronorpamma. Eciu k Takoii ronorpamme
MPUMEHHUTH ONepalrio odpaTHoro mnpeoOpazoBaHus dpeHens, a B HalleM cllydyae 3TO JeiCTBHE
CBOJIUTCS K OoOpaTtHOMY mpeoOpazoBanuio dypbe, TO MBI MOKEM MOJYyYUTh BOCCTAHOBJICHHbBIE
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MHHUMOE U JIEHCTBUTEILHOE N300PKEHUSI HICXOAHOTO O0BEKTA U, TAK)KE, HYJICBOW NU(PPaKIIMOHHBIN
MOPSIIOK. AHAIUTUYECKH ATa MIPOIIETypa MOXKET OBITh OMUCaHA CJIEIYIONUM 00pa3oM

i i 4
0t v5,20) = 22D [y oy z>exp{—'fz[<x—xo>2+(y—yo)2]}dxdy= @
_ eXFi)iEizi:ZO) exp{— iﬂ();oz': Yo )}J‘ivz (X, Y, 2) exp {_ |7Z'(Xﬂ;‘ y )}exp{iZH(X(ﬁ(z‘f‘ yoy)}dxdy

Ecnu peus uner o pacnpeneneHud MUHTEHCUBHOCTH B MIJIOCKOCTH T'OJIOTPaMMBbI HJIM, B HAIlleM
ciydae, B mockoct I13C maTpulbl, To pacnpeneneHie MHTEHCUBHOCTH CBETOBOTO I0JIs, KOTOPOE,
10 CYTH, TPEACTABISIET cOOO0W HMHTEephEepeHIMOHHYI0 KapTuHy, (pukcupyemyro [I3C matpuiei,
UMeeT BUJI

1%, y) =v(x y)[ ©)
Ucxons uz popmyis (1), MoxkeM 3amucathb JJ1s1 UHTEHCUBHOCTH
I(X’ y):lu(X, Y),rne Iu(X' y) :|U(X1 y)|2 (6)

PaccMoTpuM  mpUMEHHMMOCTh  yKa3aHHbIX ¢opmynl B 1udpoBoil rojorpaduyueckoit
uHTEpPEepOMeTpHUH.

W3menum ¢a3y oOBEKTHON BOJIHBI Ha AQ(XO,VO). Torna oOBeKTHas BOJHA BO BXOIHOM

[JIOCKOCTU UMEET BUJL U,(XO, yo) = anp[iH(Xo, yo) + iA@(XO, yo)]. B atom ciryuae 0ObeKTHasE BOJTHA

B IINIOCKOCTH 3aIllMCHU I'OJIOTpaMMbl UMCCT B

v(x,¥,2) = "
= OO o Y N 1, o) L expliOg, yo) +iA006, Yo
ikz Az oo

xexp{_w}exp{w}dxodyo

Ecnu paccmatpuBaTh ciay4ail JABYX OKCIO3MILMH, HUCHONb3yeMbI B Toorpaguueckon
UHTEpPEPOMETPUHU, TO MaTEMaTHYECKH 3TO O3HA4YaeT BOCCTAHOBJIEHHE CYMMBbI JABYX BOJH —

UCXOJHOM u(x,y) U ¢ u3MeHeHHou ¢azoir U (X,Y). Tax xax uHTep(PEpEeHIIMOHHAs KapTHHA

¢bukcupyercs B BUJE pacpeeeHus HHTEHCUBHOCTEH, TO

L%, y) =[u(x, y) +u (6 NI, y) +u'(x, y)] = (8)
={aexp[-i0(x, y)]+aexp[-i0(X, y)]exp[-iAO(X, y)]}x

x{aexp[id(x, y)]+aexp[ié(x, y)]exp[iAb(x, y)]} =

=2a” +a’{exp[iAO(x, y)]+exp[-iAO(x, Y)]}

Bocnonszyemess  opmynoit  Diinmepa s mepexoga OT KOMIUIEKCHOHW (OpPMBI  3amucH
WHTEHCUBHOCTH K €€ JICUCTBUTENbHON hopMe

1(x,y) =22’ +2a° cos[AH] 9)

—G)
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Hcxons u3 cootHomeHuit (6) BeipaxxeHue (9) MOKHO MPEJCTaBUTh B BUJIC

, =1, Y)BfL+ cos[AO(x, )T} (10)
rae Bz — HEKOTOpPBIA JIEWCTBUTEIBHBIA KOI(P(UIIMECHT, ONMUCHIBAIOIIUNA TOJHYIO, T.C.
CYMMapHYI0 SIPKOCTh H300pakeHMUs, Iz — H300pakeHUE BOCCTAHOBJIEHHOTO OOBEKTa,

MOJYJIMPOBAaHHOE TMOJOCAaMH  HHTeppepeHlnuu, B ciydae OOBIYHOW, He yIy4dlIeHHON
YyBCTBUTEJIHLHOCTH.

[Ipy HEOOXOMMMOCTH HAXOXJCHUS IO OTIEIBHOCTH 3HAYCHUH WHTCHCHUBHOCTH |2 u

COOTBETCTBYIOLIETO €l 3HadeHus (a3oBoro caBura A@(X,y) MOXKHO BOCIOJIb30BaThCA

CJICAYIOIUMHU COOTHOUICHUAMU

1, (X, Yo) =l F V(X )} (11)

Fv (% y)} (12)

exp[iA@(xO, yo)] = F_l{V(X y)}

3necs F " osnauaer orepaTop oOpatHoro mnpeoOpasoBanus Dypoe, a F , coorsercraento,
OIMCBIBACT OTIEpaTOp MPsIMOTO MpeodpazoBanust Dypre.

Kak Bugno u3 cootnomenuii (11) u (12) oHM comepxar CylecTBEHHYIO HHPOpMAIUIO 00
aMIUTUTYAaxX U (Da30BBIX XapaKTEPUCTHKAX BOJH, 00pa3yONMX UHTEPPEPEHIIMOHHYIO KapTHHY.

PaccMoTpuM BO3MOKHOCTB MOBBIIICHUS! 9yBCTBUTEIBHOCTH UHTEPPEPEHIIMOHHON CUCTEMBI.

Hamnune nngpooit mHGOopMaimu 00 0OBEKTHBIX M OMOPHBIX BOJHAX, O 3a(UKCHPOBAHHOM
[13C-matpuneit uHTEpGHEPEHIIMOHHONW KapTHUHE IO3BOJSET IMPOU3BOJIUTH HAl ATHMH JaHHBIMU
pa3InYHbIe MATEMaTHYECKUE OTIEPAIIMH, ITOCTIE KOTOPhIX MX CHOBa MOKHO BBIBECTH Ha JKpaH, T. €.
BU3YaJIM3UPOBaTh. YKa3aHHBIC OINEpAllMd MOXHO TPOBOJWTH KaK Ha Yy4acTKax OT OOBEKTa [0
BBIXOJTHOW TIIJIOCKOCTH, TaK M Ha BBIXOJE CHUCTEMBI, HEMOCPEJCTBEHHO C paclpe/ieiieHueM
MHTEHCUBHOCTH, KoTopoe ¢ukcupyer II13C matpuma. OTo Takue omepauuu, Kak LuppoBas
¢bunbTpanus, CBEpTKU U Jp.

[IpoBeneM MoCIETOBATENFHOCTD CIEAYIONMX MaTEMAaTHYECKUX OIepaluidi HaJ JTaHHBIMHU,
MOJTyYSHHBIMH Ha BBIXO/IE HAIIeH HHTEP(HEPOMETPHUECKON CUCTEMBI:

1. IlpousBeneM omnepanuio BEIYUTAHUS CBETOBBIX IMOJIEH OT MCXOJHOrO OOBEKTa U 0ObEKTa C
M3MEHEHHOM (a30ii B BBIXOIHOW MIOCKOCTH. [lomyyeHHbIH pe3yasTaT BOCCTAaHOBUM, T. €., B HallleM
cllydae 3TO orepanusi oopaTHoro npeodpazoBanus Dyprwe, U, 3aTeM, IPEACTABUM PE3YJIbTAT B BHUJIE
pacripeielieH|s] HHTEHCUBHOCTH JJISI PAa3HOCTH CBETOBBIX TTOJICH.

AV(XO’ Yos Zo) = (13)

S | LGSR lexp |- [(x-n) (-, Ty -
_exp(ikz,) iz(Xs +Ys) y
- ikz, expt Az, }

< [V, %, .2) v, (. y, D]exp {—W}exw{iz’f(x‘ﬁ+ YoV iy
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PacnpeencHre MHTEHCUBHOCTH HalIEM B BUIE COOTHOIIEHUS
|1(X01 yo) =] AV(Xoa Yor Zo) |2: [AV(Xov Yor Zo)][AV(Xm Yo Zo)]* (14)
Tak kak B obmem cayaae AV(Xy, Yy, Z,) komrutekcHoe Boipakenue. JUist BBIXOAHOM IIIOCKOCTH
BeIpaxkeHue (14) MOXHO IIPENCTABHUTh, 110 aHAIOIMHU C BhipakeHueM (10), B CIIeAyIOIIEM BUIE
1,(x,y)=1,(x, y)B{1—-cos[AO(x, y)I} (15)

2. Beruutaem u3 cootHomieHus (10) Beipakenue (15). [TomydeHHBIN pe3yibTaT BO3BOAUM BO
BTOPYIO CTENEHb

o =6 Y) =L V)] = (16)
={1, (X, ¥)B{L+cos[AO(x, y)I} - 1, (X, ¥) B {l—cos[AO(x, y)]}}* =
={21,(x, y)B; cos[AO(x, )]} =
= 17(x, y)Bi{2cos[AO(x, )]} =
=212(x, y)BZ{1+cos[2A6?(x )} =

=12(x, y) {1+ cos[2A0(X, )1} = 12(x, y)B,{L+cos[2A8(x, y)I}

N3 cootHomenus (16) BUAHO, YTO MOCIENOBATENbHOCTh IPOBEACHHBIX ONepaluil
YBEJIMUUBAET CABUT (a3 MEXKIY MCXOJHON M MCKa)KEHHOM BOJIHAMU B JIBa pa3a, UYTO HPUBOIUT K
YBEJIMYEHUIO YaCTOThl HHTEP(HEPEHIIMOHHBIX 110JIOC B BBIXOJIHOW IJIOCKOCTH TaKXKe B /1Ba pasa. T. e.
YyBCTBUTEIBHOCTh  Tojiorpaduyeckoro uHTephepoMerpa  yBelIMYMBAEeTCs B JBa  pasa.
HuTepdepomMerp MOXKET YJIOBUTH HEOIHOPOJHOCTH B (ha30BOM Cpefe, BEIWYMHA KOTOPHIX B JIBa
pa3a MEHbIIIE, YEM JI0 IPOBEJIEHUS PACCMOTPEHHBIX MAaTEMATUYECKUX ONEPALIUH.

[Tepemuoxxum cootHomerus (10) u (15)

Iy =1, (% Y)1,(x ) = (1, (%, ) BeAl +cos[AO(X, Y)]}) * 7)
(1, (X, Y)Bg{l —cos[AO(x, Y)]}) =

=15 (x, y)BI{L—cos’[AO(x, V)I} = 15 (X, Y) {1 cos[2A0(x, )1}

IIpoBenem nocnenoBaTeabHOCTh AEMCTBUM aHAJOTUYHBIX TE€M, YTO IIPOBEIM JJIS MOJIY4YECHHUS
cooTHoteHus (16), T. e BerureM u3 BoipaxeHus (16) cootnomenue (17), ¥ monydeHHbIN pe3yabTaT
BO3BEJIEM B KBaJpat

+ = (X Y)—l x I = (18)

=(1;(x, y) {1+COS[2A49(X I 15(x, y) {1 cos[2A0(x, Y)I})* =
=11(x, y) B; 4cos’[2A0(x, Y)] = 1} (x, y) {1+cos[4A0(x 1}

Ecnu cootnomenue (16) yBenuuuBaeT 4yBCTBUTENBHOCTh MHTEPPEPEHIIMOHHON CHCTEMBI B
7iBa paza, To U3 BeIpaxkeHus (18) BUIHO, YTO B 3TOM cllyyae pa3HOCTh (a3 OIMOPHOM, T. €. HCXOTHOU
00BEKTHO! BOJIHBI, U BOJIHBI C U3MEHEHHOH (ha30ii yBenuuuBaeTcs B ueTbipe pasza. Kak ciencrsue, B
YeThIpe pa3a YBEIMYMBAETCS TMPOCTPAHCTBEHHAs 4YacTOTa WHTEP(PEPEeHIIMOHHON KapTUHBI,
JIOKaJIM30BaHHON Ha BOCCTAHOBIIEHHOM JIEHICTBUTEIBHOM M300paKeHUH UCCIIEyeMOro 00beKTa.
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B 0606IIeHHOM BHJE HpeaioxkenHyo as |, u |4 CXEMY YBEIUYEHUS YyBCTBUTEIBHOCTH

rosiorpaduyeckoil UHTEp(HEPEHIUMOHHON CUCTEMBI, MOKHO MPEJICTABUTH B CIEAYIOLIMM 00pa3oM
» BY (19)
- ) m
L =13 T{1+cos[2 AO(X, Y]}
3necy M=0.1,2,3,...
N3 coorHomenus (19) BHAHO, UYTO YHMCIEHHOE YBEIMUYEHUE UYBCTBUTEIBHOCTH
rojiorpapuyeckoro uMHTEphEepoMeTpa OrpaHUUYMBAETCS, MO CYTH, TOJBKO BO3MOXXHBIMH CIIEKJI-
IIyMaMHU, KOTOpbIE MOTYT YXYJIINUTh KOHTPACT MOJ0C MHTEPPEPECHIIMOHHON KAPTHUHBI.

Bu1600wb1

[Tokazano, yto Hanmuue HUPPoBON WHPOPMALUMU 00 OOBEKTHBIX M OMOPHBIX BOJHAX, O
3adukcupoBanHoi [13C-marpunieli nHTEpPEPEHIIMOHHON KapTHHE MO3BOJISIET MPOU3BOAUTH HAJl
STUMHM JAHHBIMU pa3jM4YHble MaTEMaTHYeCKHE OIEepallH, IOCIEe KOTOPBIX UX CHOBAa MOXKHO
BBIBECTH Ha JKpaH, T. €. BHU3YyalIU3HpPOBaTh. YKa3aHHBbIC OMNEPAllMd MOXKHO IPOBOAUTH KakK Ha
y4acTKax OT OOBEKTa /10 BBIXOJHOW IUIOCKOCTH, TaK W Ha BBIXOJE CHUCTEMBI, HEIIOCPEICTBEHHO C
pacmpeeieHueM HHTEHCUBHOCTH, KoTopoe (ukcupyet [13C marpua.

[Ipennoxena MOCIENOBATENbHOCTh YHCIEHHBIX OIEpalyii, MO3BOJSIOMIAs YBEIUYUTh
YyBCTBUTEJIHLHOCTh TOJIOrpauuecKkoil cucTeMbl B J1Ba pasa. [loka3aHo, 4yTO MpeasiokeHHas cxema
YBEIIMYCHUSI IyBCTBUTEIBHOCTH TOJIOTPaUIecKoro MHTEphepoMeTpa MOKET ObITh 0000IIeHa Ha
cllyyail yBeJIMUYCHHsI YyBCTBHTEIbHOCTH B 2" pa3, rae m=0,1,2,3,... Takke mnoKa3aHo, YTO

YBCIIMUCHUC YYBCTBUTCIIBHOCTH IIO YKa3aHHOfI CXEMC OrpaHHU4YC€HO TOJIbKO BO3MOXHBIMU CIICKII-
mryMamMu, KOTOPBIC MOTYT YXyAIIUTH KOHTPACT IIOJIOC HHTCp(prGHL[PIOHHOfI KapTHUHBI.
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HAXOJIKHY Micrasterias JIJIS1 3SAITAJTHOM CUBUPH
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FIRST DATA ON Micrasterias IN WEST SIBERIA (RUSSIA)
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Nizhnevartovsk State University, Nizhnevartovsk, Russia, Olnics@yandex.ru
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Annomayus. Lenbto paboThl siBisieTcs 00001IeHHE pe3yIbTaTOB MHOTOJIETHUX HCCIIEI0OBAaHUIMA
U BbIJENEeHUE BUAOB Micrasterias HOBBIX Juist 3amagHoit Cubupu. JlanHas myOnaukamus sBiseTcs
IIPOAOJDKEHUEM CEPUM CTaTe O COCTaBe OTAENBHBIX TIPYyNIl IMPECHOBOAHBIX BOJOPOCIEH B
ceBepHBIX mHUpoTax 3amagHod Cubupu. IlpuBomsTcs, pe3yabraTsl H3Y4YEeHHUS MPECHOBOIHBIX
Bojlopocieil pona Micrasterias 25 BOnHO-00M0THBIX 00bekTOB OOb-UpThimickoro Oacceiina, B
nepuoa ¢ 2005 mo 2019 rogsl. Bomopocnu otoOpaHbl B pe3ylbTare MOJEBBIX MapUIPYyTHBIX U
CTAllMOHAPHBIX MCCIIEN0BAaHUM, C IPUMEHEHUEM CTAHJAPTHBIX, IPUHSTHIX B aJIbIOJIOTMH METOJOB.
JlaGoparopHo-KamepaibHbIE HCCICIOBaHUS TPOBEIEHHl HA JKUBOM M  KOHCEPBHPOBAHHOM
dopmamuHom Mmarepuane. OIeHKa TeMIepaTypbl, MPO3PAYHOCTH, AKTHBHOCTH BOJOPOIHOTO
MOKa3aTelid W DJIEKTPONPOBOAMMOCTH  IIOBEPXHOCTHBIX BOJ IPOBEACHA  CIEUAIbHBIMU
nopTatuBHBIMU npubopamu. Ilpu naeHTHGUKaIMKY BUJOB YYTE€HbI COBPEMEHHbBIE TAKCOHOMHUYECKUE
oOHoBiieHHs. Ha opurmHaibHOM Marepuajie ¢ TOMOILIBIO CBETOBOM MHUKpPOCKONHU HailIeHbI
8 BUJ0B, pazHoBUAHOCTEH U (opM poma Micrasterias, 2 M3 KOTOPBIX OTMEYAIOTCS AJIi pErnoHa
BriepBble (Micrasterias pinnatifida Ralfs u M. radiosa Ralfs). Pesynbratsl uccrnemnoBaHuit
JIONIOJTHSIIOT BUAOBOW CIUCOK popa Micrasterias Afisi BOIOEMOB M BOIHBIX OOBEKTOB 3amaJHON
Cubupu, No3BOJISIOT ONPENETUTHh UX TOJIEPAHTHOCTD K YCIOBUSAM OOUTaHUS.

Abstract. The aim of this work is to summarize the results of many years of research and to
identify Micrasterias species new to Western Siberia. The publication is a continuation of a series of
articles on the composition of individual groups of freshwater algae in the northern latitudes of
Western Siberia. The results of a study of freshwater algae of the genus Micrasterias from 25
wetlands of the Ob-Irtysh basin, from 2005 to 2019, are presented. Algae were selected as a result
of field route and stationary studies, using standard methods adopted in algology. The assessment of
temperature, transparency, activity of the hydrogen index and electrical conductivity of surface
waters was carried out with special devices. When identifying species, taxonomic updates were
taken into account. Using light microscopy, 8 species, varieties and forms of the genus Micrasterias
were found on the original material, 2 of which are recorded for the region for the first time
(Micrasterias pinnatifida Ralfs and M. radiosa Ralfs). The species list of the genus Micrasterias for
water bodies of Western Siberia has been supplemented.
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Knrouesvie cnosa: Desmidiaceae, B, MpeCHOBOIHBIE BOAOPOCIH, PEAKHUE.
Keywords: Desmidiaceae, species, freshwater algae, rare.

Beeoenue

Bopopocnu urpatror orpoMHOe 3Hau€HHE B BOJHBIX dKOCHCTeMax. B cBfA3M C yaaneHueM OT
OpPraHM30BAHHBIX LIEHTPOB M HEIOCTYIIHOCTbIO MECTHOCTH, 3KOCHCTEMbl CEBEPHBIX MIHPOT
OCTalOTCAd B  QIblOJIOTUYECKOM IUIAHE HE U3YYEHHBIMH WJIM M3YYEHHBIMHU JIOKAJIBHO.
DKcTpeMallbHbIE YCIOBUS M pa3BUTHE MPOMBIIIICHHBIX KIACTEPOB B BHICOKHMX LIUPOTAX 3araJHoN
Cubupu onpenensoTr 0co0yr0 Ba)KHOCTb U3YUYEHUS ITOM IPYIIIbI )KUBBIX OPraHU3MOB, KaK C TOUYKH
3peHuss OMoOpa3sHOOOpa3us, TaKk ¥ MOHHMTOPHMHIA COCTOSHHUS TIPECHOBOJHBIX  BOJOEMOB,
NPOTHO3UPOBAaHMSA W  pa3pabOTKM  PEKOMEHJAIMil M0 COXpaHEHHI0 H  CTabWIM3anuu
(GYHKIMOHMPOBAaHUS  NPUPOAHBIX  OmoueHo3oB.  [loaToMy — akTyalbHOCTb  IIPOBEAEHUS
(bIIOpUCTHYECKUX UCCIIEA0BAaHUM 1 aHaIKM3a aJblOJOTMUYECKUX COOOIECTB OCTAETCS BBICOKOM.

Buger  Micrasterias oTHOCSTCS K  OJHOKJICTOYHBIM  3€JICHBIM  BOJOPOCIISAM, Kiacca
Conjugatophyceae (Zygnematophyceae), mopsinka Desmidiales, cemeiictBa Desmidiaceae. Ouu
(GOpMUPYIOT YHUKAJIBHYIO TPYIILY, C HU3KOW YMCIEHHOCTBIO, BCTpeUasCh B TOPQSAHBIX 00J0Tax U
3apacTarolMX 03epax ¢ KUCION peakueil cpesbl.

W3 25 n3ydeHHbIX BOIHO-00JIOTHBIX 00BEKTOB BUJIbI Micrasterias BCTpeyanuch B 4.

[Tnockobyropuoe carnoBoe 6omoro Hampimckoro paiiona SImano-HeHerkoro aBTOHOMHOTO
okpyra (SIHAO) 3anumaer LeHTpajJbHYI0 4acTb ceBepa 3anajHo-CHOUpPCKOW HHU3MEHHOCTH
64°18'37" N, 70°41'30" E, oxBarbiBaeT OacceiiH peku HanpiM u 3amagHyto 4yactb Ta30BCKOTO
MOJyOCTpOBa. 3amajHas TpaHUIAa palioHa MPOXOTUT MO Bopopasneny OacceitHoB pexk Hampim u
[Tonyii. Ha rore u roro-zamaje paioH rpaHuduT ¢ XaHTbI-MaHCHMCKMM aBTOHOMHBIM OKpPYI'OM
(XMAO-HOrpa).

Osepo KapaceBo pacnonoxeHo Ha Tepputopun [lokayeBckoro razoHOCHO-HEQTSIHHOIO
MECTOPOXKACHUSI, KOTOPOE HAXOJUTCS B LEHTpajbHOM udacTu 3anagHo-Cubupckoil paBHUHBL. B
aAMUHUCTPATUBHOM OTHOIIEHUHU PAOH HAaXOAWUTCS B 3alaJHON 4acTH HuKHEBapTOBCKOro paiioHa,
rpannuuT ¢ Cypryrckum paifoHom (XMAO-KOrpa). MectHocTh c€1abo mnepecedeHHas, CHIIBHO
3a00JI04eHHasl, MPUYPOUYCHHAs K LIMPOTHOMY KoJieHy pekun OO6u. XapakTepHOHl 0COOEHHOCTBIO
pailoHa siBisieTcst 00JIbIIOE KOJMYECTBO 03€P U JIOKAJIbHOE Pa3BUTHE MHOTOJIETHEMEP3JIbIX MOPOA Ha
miyoune 170-230 wmerpoB TommmHoi a0 60-80 wmerpoB. B reomopdonornueckoM OTHOLIEHUH
TEPPUTOPUST MECTOPOXKICHUS pacliojlaraeTcs, B OCHOBHOM, Ha IpaBoM Oepery p. AraH (IPHUTOK
p. O0n).

Taexnas peuxa AN-KbIpThITBAX MPOTEKAET MO KXKHOM IpaHulle My3elHO-3THOTpapu4ecKoro
u sKosormueckoro mapka lOrpa, otHocutTcs k Oacceriny p. Barunckuit Eran (XMAO-IOrpa).
Koopaunats! pexu: 61°2028" c. m. 76°05'50" B. a. OOuiast NpoTs)EHHOCTbh peku 16 KM, pycio
W3BWIMCTOE IIUPUHON B MexeHb 1,5-5,0 M, rybunoit ot 0,3 mo 0,8 M. YpoBeHb mafeHus peKu B
OTMeTKax BojocOopa Haxomutcs B mpeaenax or 106 no 50 m. Iloiima peku IBYXCTOpPOHHS,
3a00/04eHHasl, MeCTaMU TPYJHOIPOXOAUMasi, 3apociias yrHETEHHOW Oepe3oil ¢ MpHUMEChIO
TasbHUKa U cocHbl. [llupuna moiimel uzmensierca ot 50 mo 200 m. bepera mosorue, ymepeHo
MOJIOTHE M KPYThIE, JHO PEKH Bs3KOe, CKOpocTh TeueHHst 0,3 M/c, YKJIOH BOJHOM MOBEPXHOCTHU
paBen 1,63% [1, 2]. OcHOBHBIM IHUTaHHEM pEKU sBIsSETCS CcHeroBoe. Boabsl Oacceifna
rUIpokapOOHaTHbIE, cTabOMUHEpaIN30BaHHbIE, MUHEpAIN3allisd B TIEpUOJ OTKPBHITOH Bonbl 12,6—
87,7 mr/m [3].
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bonora EpmoBoro MectopoxaeHus B aJIMHHHUCTPATUBHOM OTHOUICHMM HAaXOJUTCS Ha
tepputopun XMAO-FOrper B 50 kM K ceBepo-BOCTOKy OT TI. HmxkneBaptoBcka. B ¢usuko-
reorpa)i4ecKoM OTHOIIEHUH MECTOPOXKICHHE PACIONOKEHO B IEHTpanbHOW Yactu CpemHero
[Tpno6rsi, Ha mpaBom Oepery pekum Bax. B mpemenax mmomanaw penbed CHUIBHO pacuICHEH
JNOJMHAMM, JIOTaMH M OBparaMu. TeppUTOpUs MECTOPOXKACHHUS B CEBEPHOW YACTH CHIIBHO
3a00/I04€Ha, PACTUTENBbHBII MOKPOB MPEACTABIEH CMEHIAHHBIM JIECOM M KyCTapHUKOM.
HccnenyeMblil y4acTOK BEPXOBOTO TPSIOBO-MOYKHHHOTO 00JI0Ta MMeeT koopauHatel 61°10'13,4”"
N, 77°45'02,1" E, cpok naBHOcTH HedTssHOTO 3arps3Henus 10 et [4].

Lenbto paboThI sBiIsIETCA 000011IeHNE Pe3yIbTaTOB MHOTOJIETHUX MCCIIEIOBAaHUI U BBIJEICHUE
HOBBIX BUI0B Micrasterias nyist 3anagnoit Cuoupu.

Mamepuan u memoowvl ucciedosanus

AHanu3 AOCTYNHBIX MyONIUKaluid Mo 00Cyk/1aeMOoi TeMe U 3KOJIOTUYEeCKas MPUYPOYEHHOCTh
BBITIOJIHEHBI C ITOMOIIBIO KPYITHBIX CBOJOK Bomopocieit nopsaka Desmidiales [5, 6]. MccnenoBano
2344 opuTrHHANBHBIX AJBIOJIOTWYECKUX IMPOOBI, OTOOPAaHHBIX M3 PEK, 03ep M C(arHoBBHIX 0OJOT
XMAO-IOrps1 1 Hapsimckoro paitona SHAO, B nepuoa otkpbiToit Boasl 2005-2019 ronos.

OUTOIUIAHKTOH OTOOpaH MPOCTHIM 3a4epIbIBAHUEM C MOBEPXHOCTHOTO ciosi Boabl (20-30
cM), pyubeB B emkoctd | 1. JloHHBIe M BOmOpociau oOpacTaHWil — METOIOM COCKOOOB C
MIOBEPXHOCTENW KaMHEH, KOpAL, OT)KUMaHHs CIUIaBUH, cOOpa JOHHBIX IUIEHOK, MPUMEHEH METO[
uHTerpupoBanus npod [7]. ObOpasubl Bogopocield 0ToOpaHbl MapUIPyTHBIMU M CTallMOHAPHBIMU
Metogamu. B mepuoa or6opa mpo6 auckoM Cekku U3MepeHa Mpo3pavyHOCThb BOJbI, MOPTATUBHBIM
npubopom (Oakton Eco Testr Ph 2 Waterproof Rocket pH Tester) — Temmneparypa Boabl H
aKTUBHOCTH BOJIOPOAHOrO TMoOKazarens [8]. DnexkrporpoBoguMocts OonoTHbix Box SAHAO
orpejieNieHa MOPTaTUBHBIM KOHTIyKTOMETp-coneMepomM WTW Cond 3110.

KoncepBupoBanue npo6 BBITIOTHEHO (HOpPMajIbAECTHAOM M JTOBEICHHUS €ro KOHIEHTPAlluu B
npob6ax n0 4%, crymieHne mpod — OCaJO0YHBIM M METOAOM LeHTpudyrupoBanus (meHTpudyra
5424R eppendorf ag barkhausenweg). BunoBas umaeHTHduUKanMs OCYIIECTBIEHA C IMOMOUIbIO
ceeroBblx MukpockonoB Nikon ECLIPSE E200 u OLYMPUS SX4 wu o0TeuyecTBEHHOro
onpeaenuTens [9], ydTeHbl COBpeMEHHbBIE ccTeMaTuueckue npeobpazosanus [10].

B pabote npoanamu3upoBaHbl YCIOBUS OOMTaHMSI, KOJIOro-reorpapuueckue Mnapamerpsl,
CanpoOHOCTh, ONMCAHBI BUJIbI, BHISIBJICHHbBIE HA UCCIIEIOBAHHON TEPPUTOPHH.

Pesynomamot u o6cyscoenue

B nepuoa noneBsIxX MccaenoBaHUI TemnepaTypa Bojbl Kosebanach B IIMPOKOM JHara3oHe: B
o3epax ot 4,0°C mo 25,0°C, B pekax 0,2°C pmo 25,8°C, B OGomorax 2,0°C mo 31,0 °C.
IIpo3paunocTs Bozmbl 1o aucky CeKkM B O3epax M pekax Haxomwiack B npexpenax 15-100 cw,
IIBETHOCTh KONe6aIach OT OMIOME30- 10 HOJIUryMo3HbIX (210 mMr/am?), pH B o3epax 3,3-7,1, pekax
5,3-8,7, 6onorax 2,4-6,4. Bona B BomoeMax peruoHoB o4eHb msrkas 1,15-1,8 mr-sks./m [11].

Bcero B u3yuyeHHbIX NpPecHOBOAHBIX BOAHBIX 00bekTax XMAO-IOrpsr u AHAO HaiineHo
8 BUIOBBIX U BHYTPUBHUIOBBIX TaKCOHOB (Tabnura).

bonee monoBunb! (75%) BBISABIEHHBIX BOAOPOCIEH OTHOCATCA K auuaopuiaM, OOMTalOT B
HU3KOMUHEPAJTN30BaHHBIX Bojax (ramodoObl), B OCHOBHOM OOHWTAlOT B BOJAaX C MaJbIMH
CKOPOCTSIMU TE€UYEHHSI, HaXOJATCSA B 30HE CApOOHOCTH TMOJIHON MHHEpalU3allii, C COAEpKaHUEM
KHCIIOpOJia U YIJIEKUCIOTHl MEHSIOIUMCS B 3aBUCUMOCTH OT BPEMEHH CYTOK (M30BITOK KHCIOpOJa
THEM, 1e(DUITUT YIIIEKUCIIOThI; HOYBIO HA000POT).
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Tabnuma
COCTAB POJIA Micrasterias C. Agardh ex Ralfs,
OTMEYEHHABIE B ITOBEPXHOCTHBIX BOJAX XMAO-IOI'PbI U IHAO

Buo, pasnosuonocms, popma Obvexm M r A C
M. crux-melitensis f. simplex (Borge) H. Croasdale Bomoro SIHAO —_ = = —
M. fimbriata Ralfs Osepo Kapaceso B i az B
M. mahabuleshwarensis var. wallichii (Grunow) Osepo Kapaceso —_ = = —
W. West & G. S. West
M. papillifera Bréb. ex Ralfs Peka A#-KbIpTHITIBAX B hb az B
*M. pinnatifida Ralfs Ozepo Kapaceso PB — az B
*M. radiosa Ralfs Pexa Aii-KpIpThImbsix B — az B
M. rotata Ralfs Osepo Kapaceso, B hb az B

Bonora EpmioBoe mM/p

M. truncata Bréb. ex Ralfs Osepo Kapaceso P-B hb az o
Ilpumeyanue: “*” — BHEpPBBIC OTMEUCHHBIE BOJIOPOCITH B PErHOHE, M/p — MECTOpOXJcHHe, M —
mecrooburanue: B — 6entoc, P-B — minankTonHo-0eHTOCHBIC; [T — ranoOHocTs: | — unmuddepent, hb —
ranogoOsr; A — amunoduabHOCTE: aZ — anuaoduisl;; C — canmpoOHOCTE: 3 — Oera-me3ocanpo0, o-f —
onuro-6era-me3ocanpoo, “—" — He BBISICHEHHAS HKOJIOTHYECKast TpyIa

Micrasterias crux-melitensis f. simplex — nanHas pa3HOBUJHOCTb Haii/leHa B Ha4aje aBrycra
2019 1., B IUTAHKTOHE MOYQXXHMH IUIOCKOOYTPHCTOTO, OCOKOBO-c(harHOBoro 00J0Ta, B TOA30HE
cesepHon Tanru HazgesiMckoro paiiona SImano-HeHenkoro aBTOHOMHOIO OKpyra, KOOPIHMHATHI:
64°18'37" N, 70°41'30" E, ¢ 4uciaeHHOCTBIO 1 TBIC KI./JI, 3JEKTPOIMPOBOIAUMOCTh BOIbl — 7,0,
pH —5,79, Temneparypa Bogst — 23 °C.

M. fimbriata u M. truncata — unbel Habmronamm 20 uronst 2017 1., B CEBEpHOM CEKTOpE 03epa
Kapacegro (IlokadueBckoe HeTerazoBoe MECTOPOXKICHHE), B CKOIUICHUSIX HATYATHIX BOJAOPOCIEH Ha
noBepxHoctH Bofsl, pH Boasl — 5,61, Temneparypa — 17 °C, npo3paunocts — 70 cm.

M. mahabuleshwarensis var. wallichii — 1) paznoBugHocts orMmedeHa 20 wurons 2017 r., B
mankToHe o3epa Kapaceso (ITokaueBckoe HeTera3oBoe MECTOPOXKICHHE), C YUCICHHOCTHIO 1 ThIC
ki./m; pH Bomer — 5,31, Temneparypa — 17°C, mpo3paunocts — 70 cm. 2) 20 utons 2017 r., B
OeHToce ceBepHOro cekropa ozepa KapaceBo, oroOpanHom B OeperoBoii 3one, pH Boasl — 5,61,
teMneparypa — 17 °C, npo3zpaunocts — 70 cM.

M. papillifera — Bun BoisiBneH 17 utonst 2016 1., B nepu@UTOHE BOAHBIX PACTEHUI Majoi
pexku  AW-KvIpThimbsix  My3elHO-3THOrpaguueckoro W 3Kkojormueckoro mapka FOrpa
(HuxueBaproBckuil paiion), nmpu pH Bogsl — 5,30, temneparype — 14 °C, mpo3padHOCTb —
30 cm.

*M. pinnatifida — Bun BriepBble OTMe4aeTcsi Ha Tepputopuun 3amagHoi Cubupu 20 urons
2017 r., B mpobax TUTaHKTOHA IeHTpaidbHOM yacTu o3epa Kapaceo (IToxaueBckoe HedTerazoBoe

MECTOPOXKIEHHE), C 4YucieHHocTbio 1 Thic Ki./m, pH Bomer — 5,31, temmneparypa — 17 °C,
po3padHoCcTh — 70 cM.
*M. radiosa — Buj BHepBble OTMe4aeTcs Ha Tepputopuu 3amagHoi Culupu, 17 urons

2016, B nmnepuduToHE BOAHBIX pacTeHUl Manod pekn ANW-KbIpThimbsx  My3elHO-
STHOTpaduueckoro M s3xojorunyeckoro napka FOrpa (HuwxneBapToBckuii paiion), npu pH Boabl —
5,30, remneparype — 14 °C, npo3paunocts — 30 cM.

M. rotata — Bua nHaugen 20 wuronma 2017 r., B ceBepHOM cekTope o3epa KapaceBo
(IToxaueBckoe HedTEra3oBO€ MECTOPOXKIEHHE), B OEHTOCEe, OTOOpaHHOM B OEperoBOl 30HE,
pH Boger — 5,61, temneparypa — 17 °C, mpospauHocts — 70 cM; BUJA TakXke €JUHUYHO
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Habmonanu 29 urons 2019 1., B Bogax carHoBoro Xopomio 0OBOTHEHHOTO BBITIOJIOKEHHOTO 00JI0Ta
Ha TeppuTopun EpmioBoro HEPTIHOTO MECTOPOXKICHHUS, Ha ydYacTKe Mo wucTtedyeHuud 10 et
He(TAHOTO pa3iMBa, PEKYIBTUBUPOBAHHOTO, HAXOMASIIETOCS B CTAJWH YIOBJICTBOPHUTEIHHOTO
BOCCTaHOBJIeHUs B MouaxkuHe npu pH Boast — 4,10, remneparype — 14,9 °C.

3axnouenue

Bonopocnu pona Micrasterias BCTpEHarOTCS HEPETYISPHO, OTMEYAKOTCS PENKO, C HU3KOU
YHCICHHOCThIO. HaiieHo 8 BHMIOBBIX M BHYTPHUBHIOBBIX TakCOHa, 2 W3 KOTOPBIX B 3amagHoi
Culbupu BcTpeuaroTcs BIIEPBBIE.

TemmeparypHblii UHTEpBaJl pa3BUTHUS IpPEICTaBUTENICH JAHHOTO PO/JAa HAXOJUTCS B Y3KUX
npenenax ot 14 no 23 °C, aunamazon pH ot 4,10 mo 5,79, npo3padnocTs BojsI Konebercs oT 30 1o
70 cM, YTO COOTBETCTBYET HPUPOAHBIM IapaMeTpaM CeBepHbIX MmmpoT 3amagHoii Cubupu. B
3arpsiI3HEHHBIX BOJAHBIX OO0bEKTax BHAbI He HaOmomganu. Takum oO0pa3oM, MOXHO crelaTh
MIPEIIONIOKEHHE, UTO 1IeHO3 poja Micrasterias HyXJ1aeTcsl B JIeTaIbHOM U3yYE€HUU U MIPUMEHEHUU
OXpaHHBIX Mep.
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ENDEMIC PLANTS OF THE SUMGAYITCHAY RIVER BASIN (AZERBAIJAN)
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Abstract. In the course of the study, endemic plants of the flora of the Sumgayitchay River
basin were studied. A total of 265 species of endemic plants were studied, of which 215 species are
characteristic of the Caucasus and 50 species are naturally distributed in the endemic zone of
Azerbaijan. Endemic plants of the flora of the Sumgayitchay River basin are systematically
analyzed for the presence of taxa. Of the 215 Caucasian endemic species, 36 species belong to
the family Asteraceae, 27 to Fabaceae, 17 to Brassicaceae, 16 to Rosaceae, 14 to Poaceae, 14 to
Caryophyllaceae and 10 to Ranunculaceae. Of the 266 species of higher plants listed in the Red
Book of Azerbaijan, 62 rare and endangered plants are common in the Sumgayitchay River basin.
Plants with a new habitat were taken into account, a new distribution area of 14 plant species was
determined. The Ministry of Ecology and Natural Resources of the Republic of Azerbaijan has
submitted proposals for the conservation of the region’s biodiversity and the protection of flora.

Annomayus. B xone uccienoBaHus ObUTH U3Y4YEHBI YHIEMUYHbIE pacTeHUs (ropsl OacceiiHa
pexku Cymraut. Beero Ob110 M3ydeHO 265 BUIOB SHIAEMUYHBIX PACTEHUMN, U3 KOTOPHIX 215 BUAOB
xapaktepHbl 111 KaBkaza u 50 BUIOB ecTeCTBEHHBIM 00pa3oM paclpOCTPaHEHBI B DHIEMHYHOU
30He AszepOaiimxana. DHAeMUYHbIe pacTeHust ¢uopbl O6acceiiHa pekn CyMraut CUCTEMaTHYeCKH
aHATM3UPYIOTCS HA HATMYUE TaKCOHOB. M3 215 BUIOB KaBKAa3CKUX DH/IEMUKOB 36 BUIOB OTHOCSTCS
K cemeiicTBy Asteraceae, 27 x Fabaceae, 17 x Brassicaceae, 16 k Rosaceae, 14 k Poaceae, 14
Caryophyllaceae u 10 x Ranunculaceae. 13 266 Bu0B BICIINX pacTeHUM, 3aHeCEHHbIX B KpacHyto
kHUTy A3epOaiipkaHa 62 peaKkux U MCYe3alolIMX PacTeHUs paclpocTpaHeHbl B OacceilHe peku
Cymraut. VYuTeHbl pacTeHHs C HOBBIM MECTOOOMTAaHHMEM, OINpeAelieH HOBBIM  apean
pacnpocTtpanenus 14 BunoB pacteHuil. B MUHHCTEPCTBO SKOJOTMM M MPHUPOIHBIX PECYPCOB
AzepOaiimxanckoi PecnyOnuky mpencTaBieHbl MPEIOKEHUST TI0 COXpaHEHUI0 OMopa3zHooOpa3us
peruona, 3amure GIopshI.

Keywords: endemic, subendemic, flora.
Kniouesvie cnosa: snaeMuk, cy03HaeMuUK, Giopa.
Introduction
The main reason for the richness of the flora of the Sumgayitchay River basin and the spread
of phytocenoses is explained by the influence of physical and geographical conditions of the area,

as well as natural and ecological factors. Research has been carried out to study the flora of the
Sumgayitchay region by studying factual materials, numerous geobotanical works and literature [1].
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For this purpose, a biomorphological and systematic analysis of the modern flora of
Azerbaijan and the Kurakchay River basin, as well as the flora of the studied Sumgayitchay River
basin was conducted [7, 10].

In the research work, plant life forms, ecological and geographical area, endemism, rare
endangered and new distribution areas included in the Red Book and phytomeliorant plants were
studied on a scientific basis.

The article examines the endemic plants of the flora of the Sumgayitchay River basin, the
number of endemic plants found in the region is compared with the number of endemic plants found
in the Kurakchay River basin.

It should be noted that the solution of problems related to the study of endemism provides a
basis for a detailed explanation of the development and evolution of flora, which is the sum of plant
species. In particular, the classification of endemic taxa (season, genus and species) was considered
one of the main criteria used in floristic and geobotanical zoning to identify geographical elements
(habitat types and classes).

The main purpose of the research was to study the endemic plants found in the Sumgayitchay
River basin flora and to compare them with the number of endemic plants of Azerbaijan and
endemic plants of the Caucasus. The article also includes a table comparing the endemics of the
Sumgayitchay River basin with the endemics of the Kurakchay River basin.

Materials and Methods:

For conduction of the relevant research, materials from several scientific kinds of literature,
namely the eight-volume monograph “Rare trees and shrubs of Azerbaijan”, “Azerbaijan
Dendroflora” were used [4, 5].

Inspected endemic species of Azerbaijani flora and determined the distribution of 262 species
belonging to 39 families and 116 genera [6].

Noted that it is not enough to specify endemics by their habitats [11]. Because this creates
confusion and controversy, these authors consider it important to determine endemics not by
habitat, but by criteria that are more objective. In this regard, they propose a criterion or criterion
for grouping endemics according to their origin. As noted in the works of many researchers and
botanists, the analysis of endemism depends on its indicators, and according to their research,
1153 species of endemic plants were formed in the Caucasus and 240 in Azerbaijan.

Results and Discussion
The analysis of the flora of the Sumgayitchay region shows that 265 species of endemic plant
species are naturally distributed in the flora of the Sumgayitchay region. Of these, 215 species
(81.1%) are endemic to Caucasus and 50 species (18.9%) are endemic to Azerbaijan (Table 1).
Endemics in the flora of the Sumgayitchay River basin were compared with endemics in the
flora of the Kurakchay River basin, and the results obtained are given in Table 1.

Tablel
COMPARISON OF ENDEMICS IN THE FLORA OF THE SUMGAYITCHAY RIVER BASIN
WITH ENDEMICS IN THE FLORA OF THE KURAKCHAY RIVER BASIN

Area of endemics In the flora of the Kurakchay River In the flora of the Sumgayitchay River
basin basin
Number % Number %
Caucasus 108 85.7 215 81.1
Azerbaijan 18 14.3 50 18.9
Total: 126 100 265 100
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As a result of the research, it was found that there are 108 species (85.7%) of Caucasian
endemic plants in the Kurakchay River basin and 18 species (14.3 %) of endemic plants with
Azerbaijani habitat [9].

According to this indicator, the number of endemic plants in the Kurakchay River basin is
2.1 times less than in the Sumgayitchay River basin. In the flora of the Sumgayitchay River basin,
endemic plants of the Azerbaijani habitat consist of 20 families, 36 genera and 50 species of plants.
Based on ecological-geobotanical descriptions recorded in the vegetation of the Sumgayitchay
region, as well as referring to several literature sources on its flora, the identification and
distribution of Caucasian and Azerbaijani habitats in the area were revealed. In particular, the
species of phytocenoses include Caucasian species: Populus *canescens, Quercus iberica, Acer
trautvetteri, Rubus buschii, Astracantha denudata, Astragalus onobrychioides, Trifolium fontanum,
Medicago *caucasica, Salsola nodulosa, Thymus collinus, Cirsium lappaceum, Artemisia
szowitziana, etc. species are encountered.

In the flora of the region, it is possible to note the distribution of endemic species of
Azerbaijan: Acantholimon schemachense, Thymus hadzhievii, Onobrychis vaginalis, Astragalus
maraziensis and others.

According to research, 800 species of endemic plants are distributed in the flora of Azerbaijan
(endemic to the Caucasus and Azerbaijan) [1] (Table 2). Of these species, endemic plants of the
region belong to 215 Caucasian species (65.6 %) and 50 species (15.3 %) are endemic to Azerbaijan
(Table 2).

Table 2
COMPARATIVE ANALYSIS OF ENDEMICS, RARE, ENDANGERED PLANT SPECIES
IN THE FLORA OF THE SUMGAYITCHAY RIVER BASIN AND INCLUDED IN THE RED BOOK
WITH THE “FLORA OF AZERBAIJAN” [2, 8]

Area of endemics In the flora of Azerbaijan In the flora of the Sumgayitchay River basin
Number % Number %
Caucasus 560 52.5 215 65.6
Azerbaijan 240 22.5 50 15.3
Red book 266 25.0 62 19.1
Total: 1066 100 326 100
Conclusion

In the flora of the Sumgayitchay River basin, research has been conducted on rare and
endangered species and included in the Red Book of Azerbaijan.

It should be noted that 266 species of higher plants are included in the Red Book of
Azerbaijan.

The protection of rare, endangered species listed here in the Red Book is important in terms of
environmental protection in the implementation of phytomeliorative measures.

Previously announced endemic plants of the Caucasus and Azerbaijan were recorded during
geobotanical surveys of forests, summer and winter pastures, as well as Altiagaj National Park, as
well as municipal pastures in the Sumgayitchay River basin.

Altiagaj National Park was established on August 31, 2004, in the Khizi and Siyazan districts
for the protection of flora and fauna in the Sumgayitchay basin [3].

The protection of the dendroflora of the basin allows the use of natural resources, and the
results of geobotanical research allow the protection of forest phytocenoses in the area.
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In this regard, recommendations based on scientific sources on the protection of endemic, rare
and endangered species recorded in the forest phytocenoses, as well as the flora of the basin,
included in the Red Book of Azerbaijan are offered.

It should be noted that the Red Book lists plants belonging to the relevant categories of
extinction, including rare species (species that are declining in number and found in small areas).
Endangered species, on the other hand, become extinct because of adverse factors, shrinking in
number and range and reaching crisis levels.

Because of the study, it was found that the flora of the Sumgayitchay basin includes
62 species of rare and endangered plants belonging to 30 seasons and 50 genera.

At the same time, out of 1493 species of higher plants distributed in the basin flora,
215 species (14.3%) are Caucasian, and 50 species (3.3%) are endemic plants with Azerbaijani
habitat, the protection of which is an important problem. Therefore, due to the spread of rare and
endemic plant species in the flora of the area, grazing cattle in the rocky areas of the mountainous
areas of the basin (to protect pteridophytes) should be prohibited. At the same time, when carrying
out phytomelioration measures in the area, it is expedient to protect endemic, rare and endangered
species in the vegetation.
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INTRODUCTION OF Caragana aurantiaca Koehne, Caragana microphylla Lam. SPECIES
IN AZERBAIJAN AND USE IN LANDSCAPING
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Abstract. This article analyzes the research on the introduction of Caragana aurantiaca
Koehne, C. microphylla Lam species at the Institute of Dendrology on the Absheron Peninsula in
Azerbaijan. Effective ways of introduction of these species, practical directions of application of
their results are shown. As a result of the study, it was determined that the germination rate of
scarified seeds of C. aurantiaca Koehne, C. microphylla Lam. species is higher than non-scarred
seeds and is 56.02-69.09%. The seeds of the studied plant species are adapted well in the dry
subtropical climate of Absheron. This gives us reason to believe that the introduction of the studied
plant species corresponds to the dry subtropical climate of Absheron. It is expedient to use these
plants in landscaping.

Annomayus. B naHHOM cTaThe aHAIM3UPYIOTCS MCCIEJOBAHUS MO HMHTPOJYKLIHH BHUJIOB
Caragana aurantiaca Koehne, C. microphylla Lam. 8 UuctutyTe neHaposiornu Ha ATIIEPOHCKOM
nosyoctpoBe B AsepOaiimkane. Ilokazanbl 3(@exTUBHBIE MyTH HMHTPOAYKIUH O3TUX BHUJOB,
NPAaKTUYECKHE HaNpaBiIeHUs TPUMEHEHUS HUX pe3yJbTaTOB. YCTAHOBJIEHO, YTO BCXOXECTb
ckapuduimpoBanubix cemsH BugoB C. aurantiaca Koehne, C. microphylla Lam. Bbime
HeoOpaboTaHHbIX U cocTaBisteT 56,02-69,09%. Cemena u3y4aeMbIX BUIOB PacTEHUIl XOPOIIO
aJanTUpPYIOTCST B YCIOBHUSIX CYyXOro cyOTpomuueckoro kimMara AmnmepoHa. Pacrenus
PEKOMEHIyEeTCs UCTI0JIb30BaTh B 03€JICHEHUH.
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Keywords: Caragana aurantiaca Koehne, Caragana microphylla Lam., sprouting,
stratification, introduction, photosynthesis, sepals.

Knioueswie cnosa: Caragana aurantiaca Koehne, Caragana microphylla Lam., npopacranue,
cTpaTuuKalnys, UHTPOAYKIHUS, (POTOCHHTES, YAIISTUCTHKH.

Introduction

World plant cultivation was first created as a result of joint cultivation of local and introduced
species. Decorative gardening has also emerged due to the introduction of more promising species.
As a result, the local flora has undergone significant changes in a short period of time. Over the past
decade, the expansion of landscaping to prevent air pollution due to the construction of large
industrial facilities and residential buildings has become more urgent. Also, one of the important
conditions for studying the bioecological characteristics of ornamental and economically important
plants and researching about their applications to the economy is to determine the methods of their
reproduction [4].

As we know, in higher plants, including trees and shrubs, ontogeny consists of two main
stages: Stage 1 is the formation of the root system, trunk, leaves and all other vegetative organs. In
this case, the plant carries out the processes necessary to perform all vital functions - nutrition,
respiration, photosynthesis and other metabolic functions. The second stage is the formation of
generative organs and, as a result, the formation of seeds [7]. Seeds are an important organ in the
life of plants. Seeds are a means of preserving the gene pool of plants in nature and further
expanding the range of these plants (Figure 1, 2).

One of the main goals of the research is to propagate the plants under study through seeds.

Figure 1. Caragana aurantiaca Koehne Figure 2. Caragana microphylla Lam.

Materials and Methods
The seeds of the research material were imported from the Kyrgyz Republic in 2021 by
exchange. These seeds were sown in the open and closed pavilion, spring and autumn seasons in the
experimental field of the Introduction and Acclimatization of Tree-Shrubs laboratory of the Institute
of Dendrology of Azerbaijan NAS.
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The Institute of Dendrology, located on the Absheron Peninsula in the western part of the
Caspian Sea, was selected as a research area. During the study, it was found that the temperate
warm climate of the semi-desert and dry steppes is typical for the Absheron Peninsula. The average
temperature is 13,5-13,7 °C in winter, the average temperature in July is 24,6-25,8 °C, and
sometimes the maximum temperature reaches 40-42 °C.

The average temperature in January is 2 °C to 3-3,5 °C. Annual precipitation varies between
150-310 mm. The number of strong winds on the peninsula during the year reaches 139-142. In the
east of the Absheron Peninsula, the degree of mineralization of groundwater varies and is often
close to the surface. The climate of Absheron is dry subtropical.

During the study, Caragana aurantiaca Koehne, Caragana microphylla Lam. species were
propagated by seeds, their sowing time was determined, and seed quality was determined by I. K.
Firsov, seed propagation by V. I. Nekrasov, and study of seedling morphology by I. T. Vasilchenko
[3, 6, 8].

Results and Discussions
Caragana aurantiaca Koehne, Caragana microphylla Lam. belong to the genus Caragana
Lam., Fabaceae family (Figure 3, 4).

Figure 3. Caragana aurantiaca Koehne Figure 4. Caragana microphylla Lam.

Caragana aurantiaca Koehne is a tree or shrub which is 2—-7 m high. Its root system consists
of a large number of long and branched roots located in the deep layers of the soil. Root bacteria
live in the fists on the side roots. Caragana aurantiaca Koehne leaves are double-feathered,
consisting of 5-8 pairs of opposite — lined up leaves. The bright green leaves are 5 cm long,
oblong and inverted ovate. The leaves are full-edged and densely hairy. The flowers are bisexual,
the flower crown is yellow, clustered in clusters. The fruits are soybeans, ripen in July-August. This
plant blooms and bears fruit at the age of 3-5 [1, 2].

The natural habitat of the plant is the Southern Urals, Siberia, Transcaucasia, and it is found in
river forests and sandy soils. Usually, Caragana aurantiaca Koehne is light-loving, drought-
resistant, less demanding on soil (Figure 5).
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Figure 5. Caragana Lam.

The influence of different sowing times and seed storage conditions on seed germination has
been studied on a scientific basis by us. The seeds were collected in paper bags and stored at a low
temperature of 3-5 °C.

The developmental dynamics of the first seedlings of Caragana aurantiaca Koehne,
C. microphylla Lam. species were determined (Figure 1, 2) [5].

Seeds of Caragana aurantiaca Koehne, C. microphylla Lam. were sown at different times of
the year. Seeds of some trees and shrubs germinate in the first year after dormancy, and some
species in the second year, depending on the species. With this in mind, the seeds are pre-scarified
and sown in the fall and spring. The seeds of Caragana aurantiaca Koehne and C. microphylla
Lam. species have a thick shell, so the germination process may be slow (Figure 5).

In order to determine the effect of the scarification process on seed germination, the seeds of
these plants were planted under relatively different conditions. Thus, in the first variant, the seeds of
Caragana aurantiaca Koehne, C. microphylla Lam. were sown in a special substrate (soil, peat,
sand mixture 1: 1: 1: ratio) in open and closed conditions without scarification.

In the second variant, the seeds of these plants are scarified. For this purpose, the water is
heated to 80 °C, the seeds examined are immersed in water and kept in water until they cool. The
seeds that remain on the surface of such water have a weak ability to germinate.

It should be noted that the seeds left on the surface of the water need to be re-scarified.
The seeds that have sunk to the bottom, that is, the ability to germinate, are placed in a pre-soaked
petri dish, covered with another petri dish, and then placed under a table lamp and lit continuously
(Table 1).

Table 1
COMPARATIVE ANALYSIS OF SEEDS OF SCARIFIED AND NOT SCARIFIED SPECIES
Caragana aurantiaca Koehne, C. microphylla Lam.

Species Scarified Not Scarified
@ el OQ () he) §
= 25 5 £ 2% 5
=2 = © =2 == ©
1%} o) 3 D [e) 8
C. aurantiaca Koehne 04.03.2022 19.03.2022 56.2 28.09.2021 16.10.2021 25
C. microphylla Lam. 05.03.2022 21.03.2022 69.9 29.09.2021 15.10.2021 37.5
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The seedlings consist of hypocotyl, epicotyl, root parts and two sepals. The hypocotyl part is
greenish, cylindrical, 9-10 cm long. They are bright green, oval, 8-10 cm long and 4-5 cm wide.
After 25 days, the real leaves begin to appear.

According to the literature, the presence of a large number of useful mineral elements in
Caragana aurantiaca Koehne, C. microphylla Lam. depends on the soil and climatic conditions in
which it is distributed [9].

During germination, the embryonic crust rises to the surface and leaves the first assimilation
organ, the petals. The sepals are oval, small, dark green. The first sprouts were observed 14-15 days
after sowing in the studied plants. The height of the seedlings was 0.2-0.3 cm. After emergence, the
seedlings were planted on a specially prepared substrate (sand, ordinary soil, peat — in a ratio of
1:1:1 (Table 2).

Table 2
MORPHOLOGICAL CHARACTERISTICS OF THE FIRST SEEDLINGS
OF Caragana aurantiaca Koehne, C. microphylla Lam. SPECIES
Species Sepals The length of the The length of the
Width (cm)  Length (cm) hypocotyl (cm) epicotyl (cm)
C. aurantiaca Koehne 4-5 8-10 9-10 2-3
C. microphylla Lam. 5-6 9-11 6-8 3-4

It can be said that under the influence of high temperatures, the shell of scarred seeds is
damaged, easily detached from the embryo, does not interfere with the germination process and
accelerates the germination process of seeds.

Conclusion
The process of seed scarification is proposed, which creates more favorable prospects for the
introduction of the studied species Caragana aurantiaca Koehne, Caragana microphylla Lam. Two
main issues were considered: 1. The introduction of the studied species corresponds to the dry
subtropical climate of Absheron in Azerbaijan. 2. It is expedient to use these species in landscaping.
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©bapamos K. Y., Camapranockuii 20cyo0apcmeeHublll YHUgepcumen 6emepuHapHoll MeouyuHul,
ACUBOMHOBOOCMBA U Ouomexnonozuu, . Camaprano, Ysoexucman

DISTRIBUTION OF HYDROBIONTS IN BIOTOPES
IN THE MIRZAARIQ CANAL AND ECOLOGICAL GROUPS

©Boymurodov H., Dr. habil., Samarkand State University of Veterinary Medicine, Animal
Husbandry and Biotechnology, Samarkand, Uzbekistan, boymurodovi97 Il @mail.ru
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Annomayusa. OgHUM U3 HauOoJee aKTyalbHBIX BOIPOCOB B KaHale Mup3aapuk sBiseTcs
U3yYCHHE paclpelesieHus] M OSKOJOTMYECKUX TIpyNIUPOBOK TUAPOOMOHTOB B Ouortonmax. B
pe3yabTare HCCiaeloBaHUi BbIABIEHO 16 BHIOB ruapobuoHToB. Cpeau HuUX — 6 BHUIOB
JIBYCTBOPYAThIX MOJUIIOCKOB, 8 BH/IOB OpIOXOHOTHMX MOJUIIOCKOB, 1 BHJ pakoB M | BUA NHSBOK.
Kanan Mup3zaapuk omim4aercds OT JAPYTHX KAaHAIOB CPEIHEro TEYEHWs PEKU 3apaBllaH
KOJIMYECTBOM BHUIOB. [IpyumHa 3KOIOTMUECKOro M OHMOJIOIMYECKOr0 pazHOOOpa3uss — BO3pacT
OMOCHCTEM 3TOTr0 y4acTKa KaHasa.

Abstract. One of the most pressing issues in the Mirzaarik Canal is the study of the
distribution and ecological groups of hydrobionts in biotopes. As a result of our research in the
Mirzaariq canal, we found 16 species of hydrobionts. From them we learned that 6 species of
bivalve mollusks, 8 species of gastropod mollusks, 1 species of shrimp and 1 species of leeches
were distributed. The Mirzaariq canal differs from the middle-flowing canals of the Zarafshan River
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in the number of species, which can be explained by the fact that the canal was built a long time
ago.

Knioueeswvie cnosa: xamanbl, Bomuble dkocucrteMmbl, Unionidae, Corbiculidae, Corbicula
fluminalis, Corbicula tibetensis.

Keywords: Canals, aquatic ecosystems, Unionidae, Corbiculidae, Corbicula fluminalis,
Corbicula tibetensis.

MupoBoii crnpoc Ha OHMOJOTHMYECKHE pPEecypchbl BOJIHBIX JKOCHCTEM, B YacTHOCTH Ha
MPOAYKIMIO THUAPOOMOHTOB, pacTeT W3 ToJa B Troi. Pa3BUTHE CEIbCKOTO XO3sICTBA U
MIPOMBIIIIJICHHOT'O TTPOM3BOICTBA TAK)KE MIPUBOUT K YBEITUUYCHUIO CIIPOCA HA BOJHBIC PECYPCHI.

B sTtoM koHTekcTe 0coboe 3HaueHHWE MMEIOT TUAPOOUOHTHI, SIBISIONIMECS HEOThEeMIIEMOMN
YacTbIO BOAHBIX IKOCHCTEM, U B PE3yJIbTaTe HEPALIMOHAIBHOIO UCIIOJIb30BAHUS BOJIbI B IOCIIEIHUE
roael MX pasHooOpasue cokpamaercs. [ MapoOMOHTHI KaHAJIOB HMMEIOT OONBIIOE HAydyHOE U
MIPAKTUYECKOE 3HAYCHHE B OIPEICIICHUH BHIOBOTO COCTaBa, BHISIBJICHUN (DaKTOPOB, BIUSIOIINX HA
WX MOMYJSIUY, U pa3paboTKe MEPONPUATUN IO COXPAHEHUIO PEIKUX BHUJIOB.

BunoBoii coctas, 5K0JI0rHUYecKre OCOOCHHOCTH, MEKBUIOBOE PACTIPOCTPAHEHHE U 3HAUCHUE
PYCIOBBIX TUAPOOMOHTOB JIO CETOJHSIIHETO JTHS U3YYCHBI HEIOCTATOYHO ITOJTHO.

Ha cerogusmuuii geHb OJHMM U3 HauOoJiee aKTyallbHBIX BOINPOCOB B Mup3aapuKCKOM
KaHaje SBIISETCS HM3yYeHUE PACHpPENeNIeHUs U SKOJOTHYECKHX TPYNIHUPOBOK THIPOOMOHTOB B
ouoronax. Omy0IMKOBaHO psi paboT MO U3YYEHHUIO MMIPOOHOHTOB pek Y30ekucrana [1-8, 15].

Hayunbie paboThI IO COCTaBY M PACIPOCTPAHCHHIO, CHCTEMATHU3AIMH, OXPAaHE PETUOHATBHBIX
BUJIOB THIPOOMOHTOB MPOBOIMINCE 3apyOexkHbiMU yuenbimu J. H. Thorp., A. Covich (1991), D. C.
Aldridge (1991, 1999), P. Bouchet (2017), H. A. F.Bogan (2010), A. Cuttelod (2011) u ap. [18-28],

HccnenoBanus 1o BBIPALIUMBAHUIO M3 HUX JKEMYyra B OTpacisiXx HapOJHOTO XO3scTBa, B
YaCTHOCTH B MCKYCCTBEHHBIX BOzoemax, mpoBoaminck M. Haws (2002), N. F. Mamangkey (2009)
u npyrue [29-37].

[Io BBISBICHHIO TEPPUTOPUANBHOTO pa3HOOOpPa3Usi, TAKCOHOMUYECKOM CTPYKTYyphl U
MPU3HAKOB M3MEHUYMBOCTH TUApoOHOHTOB B cTpanax CHI' pgannble oTpaxensl B paborax B. B.
boraroBa, . M. CrapoboratoBa, MO OILIEHKE COCTOSHUS NOMYJSIIMA U PpacHpoCTpaHEHUs
JI00abHBIX BUIOB-BCeNieHIIeB — B pabortax . I1. Anexuna, M. A. MuceroBa, A. A. bo6ko, . H.
Manaxosa, C. B. Mexxepuna, JI. H. SIlnoBuua, E. W. XKanaii, M. M. Ilamnypa, JI. A.BacunbeBoit
[9-14].

O 3HaveHWW TUAPOOMOHTOB B ONMPEIEICHUH CTEIICHU 3arps3HCHUS BOJ JIAHHBIC UMEIOTCS B
paborax A. JI. Pwxunamsmwmm, C. C. IBapu, A. B. fA6nokos, E. A. Birge, J. H. Brown, J. F.
Gillooly, A. P. Allen, V. M. Savage, G. B. West, Y. Carmel, R. Kent, A. Bar-Massada, L. Blank, J.
Liberzon, O. Nezer, G. Sapir, R. Federman, F. C. Egerton [38-45].

Mamepuansi u memoOouvl uzyuenus
Nzyueno 156 o6pa3iioB u3 kanaina Mup3aapuk, BeISIBICHO 381 THAPOOMOHTOB.
OmnpeneneHre TPOBOIUIOCH MO PSAAY CHCTEMaTHYeCKHX paboT u ompenenuteneit [9, 10, 15-
17].
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Pezynomamui uccnedoganus.

Kanan Mup3aapuk — pacnosokeH B CpeIHEM TeUEHHH peKu 3apadIluaH U NOoJIydaeT BOAy U3
kanana Tysaroprap. Kanan Mup3aapuk craGxaet Bonoil yactu BymyHrypckoro u [[xambaiickoro
parionoB. Kanan Mupsaapuk 3akanuuBaercs B cene SIkanuuk I[lalisspukckoro paioHa.

B HEKOTOphIX HCTOpPHMYECKMX KHHUrax 3amucaHo, 4To Mup3zo VYayrOek mnpopbul
Mup3zaapukckuii kanai Mmexay 1430 u 1438 ronamu. OTcrozia U €ro Ha3BaHUE.

Boma »srtoro xananma yBenmumBaerca oOT JDxambalickoro paiioHa 10 TOpUOBITHS K
[Taliapukckomy paiioHy. DTO CBSA3aHO C T€M, YTO HACHIIICHHbIC MOA3EMHBIE BOJHBIC IYTH PEKU
3apaBlIaH SBISIIOTCS POAHMKAMH, KOTOPBIE YBEINYMBAIOTCS B PE3YJIbTATE MX HMPUCOCIUHECHHS K
Mup3aapuk (Pucynok 1).

Pucynoxk 1. Kapra-cxema p. 3apadmian (Y30exkucran)

@dayHa TUAPOOMOHTOB ATOrO pycla [0 HACTOSIIEr0 BPEMEHU CIENHAIU3UPOBAHHO
MOJIHOCTBIO HE M3yueHa. B pe3ysibTare MpOBEACHHBIX HCCIEAOBAHUN OBLIO YCTaHOBJIEHHO, YTO B
KaHaJe pacupocTpaHeHo 16 BUIOB THIPOOHOHTOB.

N3yueno pacmpoctpaHeHue 6 BUIOB JIBYCTBOPUYATHIX MOJUTIOCKOB, 8 BHJIOB OpPIOXOHOTHUX
MOJUTIOCKOB, 1 Buj pakoB u 1 Bua nusiBok (TaGnuma).

B BepxHeil yacTu kaHasia Ha BelcoTax 10 869 M B koopauHartax N 39.55531321289915 u E
67.40021812885021 ObUTO BBISBICHO PACIPOCTPAHEHHE JBYCTBOPUYATHIX MOJUTFOCKOB Anodon
orbicularis 1,2 3x3., A. puerorum 0,9 5x3. u3 cemeiictBa Unionidae, Colletopterum ponderosum
volgense 0,7 3x3. u3 pona Colletopterum = Anodonta, Corbicula fluminalis 0,3 3x3., C. tibetensis
1,3 9x3., C. ferghanensis 1,4 5x3. ponga Corbicula u3 cemeiictBa Corbiculidae (Pucynox 2).
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Tabnuma
PACITPOCTPAHEHUME U DKOJIOIT'MYECKUE I'PVIIIIbI THAPOBMOHTOB
B BUOTOITIAX KAHAJIA MUP3AAPUK (n=10, 3k3./m?)

No Buow S buomonwi Oxonozuueckue epynnul
]
S
3 N
0 )
S S 3 3 3 3
= Q5 S 8
S s = S
S T o 59 Q.4
S LV » ) N
= = Q
S S =
N 2
Kiacc Bivalvia — JIBycTBOpUaThie MOJUTIOCKH
CewmetictBo Unionidae
1 Anodon puerorum = Sinanodonta 0,9+0,1 - - + Tlenopeodun
woodiana
2 A orbicularis = Sinanodonta 1,2+0,2 - - +  Ilenopeodui
woodiana
3 Colletopterum ponderosum volgense  0,7+0,1 - - +  TlemomumHOGHUT

= Anodonta anatina

CewmetictBo Corbiculidae

4 Corbicula fluminalis 0,3+0,1 - + +  Tlemopeodun
C. tibetensis 1,3+0,2 + - —  Ilenopeodun
6 C. ferghanensis 1,4+0,3 + - —  Tlenopeodun

Knacc Gastropoda — BproxoHOTHE MOJUTFOCKH
Cewmeticto Hydrobiidae

7  Martensamnicola hissarica 1,44+0,3 - + —  Ilenopeodun

8  Bucharamnicola bucharica 1,7+0,4 - + —  Ilenopeodun
CemeticTBo Lymnaeidae

9 Lymnaea stagnalis 0,7+0,1 + - —  @urodpun

10 L. thiessea 1,2+0,4 - - + Peodun

11 L. oblonga = Galba truncatula 0,8+0,1 - + —  ®urodun

12 L. auricularia = Radix auricularia 1,2+0,1 - —  @uropeodun
CewmeiictBo Planorbidae

13 Planorbis planorbis 1,1+0,1 - - +  ®urodua

14 P. tangitarensis 0,9+0,1 - - +  ®urodua

Knacc Malacostraca — Briciue paku
CewmeiictBo Astacidae

15 Pontastacus leptodactylus 0,9+0,1 - + —  @urodpun

Knacc Clitellata = Oligochaeta
— TosickoBbIe UyepBU
CewmeiictBo Hirudinidae

16 Hirudo medicinalis 1,3+0,1 - + —  ®urodun

16 4 6 6

—®
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Pucynok 2. Touka o0opa B BepXHe YacTH KaHaa

Temneparypa Boasl pek LleHTpanbHOW A3uMM U3MEHSETCS OT BBICOKOM JO HHU3KOH MpH
pacxoje BOABI IO pEruoHaM, W 3TO H3MEHEHHE BIMSIET Ha TEMIEpaTypy eCTECTBEHHBIX U
UCKYCCTBEHHBIX BOJOEMOB U pacCHpOCTpaHEHHWE B HHUX THUIPOOMOHTOB. TemmepaTypa BOJBI
KOJICOJIETCS 1TOJT MHTEHCUBHBIM BO3JICHICTBHEM COJIHEYHOH pajvaliiy, W STH JIBA SKOJIOTMYECKHX
(dakTopa MPUBOAAT K Pa3HBIM M3MCHCHHSM YPOBHS Pa3BUTHS THIPOOHMOHTOB B TECUCHHE r0Jia B
PaBHUHHBIX U TOPHBIX paliOHAX.

B cpemneii dyactm kaHaia Ha  BbIcoTax 652-760 MeTpoB B KOOpIMHATax
N 39.626647658687865 u E 67.19449324938257 u3yyanu pacnpocTpaHeHnEe OPIOXOHOTHX-BOIHBIX
MOJUTIOCKOB Martensamnicola hissarica 1,4 3x3., Bucharamnicola bucharica 1,7 3x3. U3 cemeiicTBa
Hydrobiidae, Lymnaea stagnalis 0,7 3x3., L. thiessea 1,2 3x3., L. oblonga 0,8 3x3., L. auricularia 1,2
9K3. U3 ceMeiicTBa Lymnaeidae (PucyHok 3).

Pucynok 3. Touka o0opa B cpeiHEl 4acTH KaHala

(e
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B HwxHell yactu Boj Ha BbicoTe 727 meTpoB B koopauHarax N 39.67660743071852 u E
67.13054107761386 6vutn pactipoctpanensl Planorbis planorbis 1,1 3x3. u P. tangitarensis 0,9 3k3.
u3 cemerictBa Planorbidae pona Planorbis (PucyHok 4).

Pucynoxk 4. Touka o6opa B HUKHEH YacTH KaHana

OCHOBHBIM HCTOYHUKOM KHCJIOPOJA B BOJOEMAaX SIBIISIOTCS 3€JICHBIE PACTEHHS, PacTyIUe B
BoJe. B BOOHBIX SKOCHCTEMax 3e€JeHbIe pacTeHUs OOWJIbHBI B pailOHaX, 7€ MHOTO COJIHEYHOTO
cBeTa BOAM3M mobOepexbss. B Bomax 3TUX pailoHOB pacnpocTpaHeHbl paku M3 (puroduibHON
9KOJIOrn4ecKoil rpynmnsl Pontastacus leptodactylus 0,9 3x3. u u3 nusiBok Hirudo medicinalis 1,3 3K3.
Paku u nusiBKM pacripocTpaHeHbl B pailoHax ¢ BBICOKUM cojepkanueM kuciopona (O2 3,9 +£4,6) B
BOJIE.

[InoTHOCTH pakoB M MNHIBOK B BEpXOBbiAX KaHanoB KapamyuH, Muénkon-Xartupuu,
Mup3zaapuk u Jlapram Ha Oeperax peku 3apadiuaH Bblllle, YeM B HU30BbsX. Hampumep, eciu B
BepxHell yacTu Mupszaapuka Ha 1 M? 0GHApyKeHO pacrpocTpaHeHue pakoB 1,1 5K3., a NUABOK —
1,3 9k3., TO B HIKHEW YacTu pakoB — 0,6 7k3., a muaBok — 0,9 3k3. ITO CBSA3aHO C T€M, UYTO
MaKCHMaJbHOE BIIMSHHE OKa3bIBACT KOJMUYECTBO KUCIOpOJa B Boje. /IHO KaHAJIOB UIpaeT BaXKHYIO
poib B JKM3HM THAPOOMOHTOB, UX POCTE, PAa3MHOXXEHWHU, PACHPOCTPAHEHHMH U (POpMUpPOBaAHUU
sKojorudeckux rpynmn (PucyHok 5).

Kanan Mup3aapuk chopMupoBaITl CIIEAYIONIUE YKOJIOTHICCKUE TPYIITBI IO MECTY OOUTaHUS
TMJIPOOMOHTOB M BOJHOMY CTOKY. Mbl oOHapyxuiu obuTtanue 7 BUIOB mnenopeopusnoB 44%
(Anodon  puerorum, A. orbicularis, Corbicula fluminalis, C. tibetensis, C. ferghanensis,
Martensamnicola hissarica, Bucharamnicola bucharica) B Tps3u TPOTOUYHON BOABI, | BUI
peodmnoB 6% (Lymnaea thiessea) B mpotouHoii Boze, 1 Bux nenosmMHOPmoB 6% (Colletopterum
ponderosum volgense) B Tpsi3u He NMPOTOYHON BOIbI, 6 BUAoB Qurodunos 38 % (L. stagnalis, L.
oblonga, Planorbis planorbis, P. tangitarensis, Pontastacus leptodactylus v Hirudo medicinalis) n 1
Bu peropeodunos 6 % (L. auricularia) npoxxuBarolIie BMECTE C PACTEHUSIMHU.
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Pucynoxk 5. I'napoOGuoHTHI, BEIABICHHBIE B KaHajie Mup3aapuk

Wzyuena BcTpedaeMocTh 16 BHIOB THAPOOMOHTOB B KaHalle MuMp3aapuK: YCTaHOBIIEHO
pacripocTpaHeHue 6 BUJIOB JIByCTBOpPYATHIX MOJUIIOCKOB, 8 BUJOB OPIOXOHOTHUX MOJUIIOCKOB, 1 BHJ

PaKoB nU 1 BU/ ITUABOK.

(e
Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0)



http://www.bulletennauki.ru/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 8. Ne6. 2022
http://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/79

Cnucok aumepamypbi:

1. boitmypono X. T., AmueB b. X., XKa66aposa T. X., Cyspos C. A., Kammos ®. C.,
Mupzamypono O. X. ®@ayHa ¥ IKOJOTHUECKUE TPYIIHI MOJUTIOCKOB BOJIOXPAHWIHIL Y30eKHUCTaHa
/| Bronnmerenb Hayku u mpaktuku. 2022. T. 8. Ne2. C. 75-80. https://doi.org/10.33619/2414-
2948/75/09

2. Uzzarynaes 3. U., bolimyponoB X. T. MomIocKku Kak MHIMKATOPBI COCTOSHUS TOYB U
Boabl Y30Oekucrana // bromrerenp Hayku u npaktukd. 2021, T. 7. Ned. C. 22-27.
https://doi.org/10.33619/2414-2948/65/02

3. Boymurodov K., Khasanov N. Influence of abiotic factors on biodiversity of the
populations of bivalve molluscs of the Lower Zarafshan reservoirs // E3S Web of Conferences.
EDP Sciences, 2021. V. 265. P. 01012. https://doi.org/10.1051/e3sconf/202126501012

4. Baymuradov K., Zhabborova T., Tuinazarova I., Otakulov B., Egamkulov A. Aquatic
ecosystems of the lower reaches of the Zarafshan River. Diversity and ecological groups of
molluscs // E3S Web of Conferences. EDP Sciences, 2021. V. 262. P. 040009.
https://doi.org/10.1051/e3sconf/202126204009

5. Wszarymnaes 3. WM., boitmypomoB X. T. Pe3ynbrarel BbIpaliuBaHus >KeMdyra
JIByCTBOPUYATHIX MPECHOBOJAHBIX MOJUTIOCKOB (Bivalvia: Unionidae, Anadontinae) Y36ekucrana //
bromterenp MockoBckoro obiiecTBa ucnpltaTeneit npupoasl. Otaen ouonorudeckuid. 2016. T. 121.
Ne5. C. 16-19.

6. Uzzarymnaes 3. U., boitmyponos X. T. buopasHooOpaszue KpyNHBIX ABYCTBOPYATBIX
MoiuTrockoB  (Mollusca: Unionidae, Corbiculidae) Bomoxpanwmm VY30ekuctana // Bomgabie
ouopecypchl u akBakybpTypa FOra Poccun. 2018. C. 94-97.

7. boitmyponoB X. T., XomxkaeBa H. XK., Oramkynos A. H., Anue b. X. buonornueckoe
paszHooOpasue u pacrnpocTpaHeHre MoJunockoB cemeiictBa Unionidae u Corbiculidae B HH30BBSIX
peku 3apadman // bromterens Hayku u mpaktukd. 2021. T. 7. Nell. C. 57-62. https://doi
.0rg/10.33619/2414-2948/72/07

8. boiimyponos X., M33arymnaes 3., OramkynoB A., Otakynos b., Xoxues M., bobomypoioB
3. buonorumueckne OCOOEHHOCTHM JBYCTBOPYATBHIX MOJUIIOCKOB 3epaBliaHa // AKTyasjbHbIE
po0GJIeMbI 3KOJI0TUH U npupoaonosb3oBanud. 2020. C. 52-55.

9. Anexkcees B. P. Onpenenurens mpecHOBOIHBIX 0€CIIO3BOHOYHBIX Poccun U conmpenenbHbIX
teppurtopuit. CII6., T. 6: Mommtocku. [Tonuxetrsl. Hemeptunsl. 2004. 526 c.

10. Crapo6oraroB . U., IIpozoposa JI. A., boraros B. B., Caenko E. M., Xne6osuu B. B.,
UYepnbimieB A. B. Onpenenutens NPEecHOBOJIHBIX Oe€crO3BOHOYHBIX Poccum M compenenbHbIX
tepputopuit. 2004. CII6., 528 c.

11. Anéxuna I'. II., MuceroB U. A. XapakrepucTuka (UIbTpallMOHHON CIIOCOOHOCTH
MIPECHOBO/IHBIX JIBYCTBOpYATHIX MOJUIIOCKOB cemeiicTBa Unionidae cpenHero teueHus pexu Ypan //
Bectauk OpenOyprckoro rocyaapctsenHoro yausepcureta. 2013. Nel0 (159). C. 34-36.

12. Anéxuna T. H., Bo6ko A. A., Maaxos W. H. Tsokenbie MeTayuTbl B JIOHHBIX OCAJIKaX PEK
WHIYCTPHALHBIX perHoHOB // JIoBKULIA Ta 3m0poB’°st. 2007. Ne3 (42). C. 9-13.

13. Mexokepun C. B., Snosuu JI. H., Kanait E. U., [lammnypa M. M., BacunbeBa JI. A.
PenpoaykTuBHast M30JIALUS IBYX BUKapHBIX (opM nepioBuilsl oBaibHOM Unio crassus Philipsson,
1788 (Bivalvia, Unionidae) ¢ HH3KUM ypoBHeM reHetnueckoil auddepenunanuu // Jlomosiai
HallloHanbHOI akagemii Hayk Ykpainu. 2013. Ne2. C. 138-143.

(@O
@ BY Tun nuyenszuu CC: Attribution 4.0 International (CC BY 4.0) 47


http://www.bulletennauki.ru/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 8. Ne6. 2022
http://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/79

14. lnmkxoBuy E. /1., Ctagauuenko A. I1., SInoBuu JI. H. Bausiaue O6moTndeckux Harpy3ok
Ha cepauebuenue 6e33y0ku (Mollusca, Bivalvia, Unionidae, Anodontinae) / YueHsle 3amucku
Kazanckoro yauBepcurera. Cepus ecrectBeHHble Hayku. 2016. T. 158. Ne2. C. 239-246.

15. boitmyponoB X. T., XacanoB H. X., Tyiinazaposa 1., XKa66oposa T. X., [[xanunoB O.
C., YpaoB VY. b. CoBpeMeHHOE COCTOSHUE MONYJUISIIMA pEeIKUX M HSHAEMHUUYHBIX BHJIOB
JIBYCTBOPYATHIX MOJITIOCKOB Y30ekucTana // HoBbie BbI30BbI B HOBOH Hayke. 2020. C. 263-267.

16. [aperit-Oon M. O., Ky3menkun /. B. JlononaHenus x QayHe MENKHX JIBYCTBOPYATHIX
moumtockoB  (Bivalvia:  Pisidioidea: Euglesidae) Turupekckoro 3amoBemnuka //  Tpynsl
Turupexckoro 3anopeannka. 2015. Ne7. C. 52-55.

17. Ky3menkus /. B. HoBble 1aHHBIC 110 COCTaBY M TAKCOHOMHYECKOM CTPYKTYpE 3000€HTOCA
BogoéMoB Turupekckoro 3anoBenuuka / Tpyasl Turupexckoro 3anoBeanuka. 2017. Ne9. C. 78-83.

18. Thorp J. H., Covich A. P. Freshwater invertebrates // Ecology and Classification of North
American Freshwater Invertebrates. 1991. C. 1.

19. Aldridge D. C. Development of European bitterling in the gills of freshwater mussels //
Journal of Fish Biology. 1999. V. 54. Nel. P. 138-151. https://doi.org/10.1093/mollus/65.1.47

20. Aldridge D. C. The morphology, growth and reproduction of Unionidae (Bivalvia) in a
fenland waterway // Journal of molluscan studies. 1999. V. 65. Nel. P. 47-60.
https://doi.org/10.1111/j.1095-8649.1999.th00618.x

21. Bouchet P., Rocroi J. P., Hausdorf B., Kaim A., Kano Y., Niitzel A., Strong E. E. Revised
classification, nomenclator and typification of gastropod and monoplacophoran families //
Malacologia. 2017. V. 61. Nel-2. P. 1-526. https://doi.org/10.4002/040.061.0201

22. Cowie R. H., Regnier C., Fontaine B., Bouchet P. Measuring the sixth extinction: what do
mollusks tell us // The Nautilus. 2017. V. 131. Nel. P. 3-41.

23. Bouchet P., Fryda J., Hausdorf B., Ponder W., Valdés A., Warén A. Classification and
nomenclator of gastropod families. 2005.

24. Breure A. S. H. Systematics, phylogeny and zoogeography of Bulimulinae (Mollusca).
1979. https://www.jstor.org/stable/2097291

25. Klishko O., Lopes-Lima M., Froufe E., Bogan A., Vasiliev L., Yanovich L. Taxonomic
reassessment of the freshwater mussel genus Unio (Bivalvia: Unionidae) in Russia and Ukraine
based on morphological and molecular data // Zootaxa. 2017. V. 4286. Nel. P. 93-112.
https://doi.org/10.11646/zootaxa.4286.1.4

26. Bogan A. E. Freshwater bivalve extinctions (Mollusca: Unionoida): a search for causes //
American Zoologist. 1993. V. 33. Ne6. P. 599-6009.

27. Bogan, A., Mandryka, O., Punin, Y., Raley, M. & Levine, J. Preliminary taxonomic
examination of the Unio and Anodonta species from the Baltic region based upon molecular data //
XVI Conference of Study of Mollusks. 2006. C. 56-59.

28. Cuttelod A., Seddon M., Neubert E. European red list of non-marine molluscs.
Luxembourg: Publications Office of the European Union, 2011. P. 97.

29. Clement M., Posada D., Crandall K.A. TCS: a computer program to estimate gene
genealogies // Molecular ecology. 2000. V. 9. Ne10. P. 1657-1659.

30. Conrad T. A. Synopsis of the family of Naiades of North Ameica; with notes and a table
of some of the genera and subgenera // Proceedings of the National Academy of Science,
Philadelphia. 1853. V. 6. P. 243-269.

—®
Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 48


http://www.bulletennauki.ru/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 8. Ne6. 2022
http://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/79

31. Darriba D., Taboada G.L., Doallo R. Posada D. jModelTest 2: more models, new
heuristics and parallel computing // Nature methods. 2012. V. 9. Ne8. P. 772-772.
https://doi.org/10.1038/nmeth.2109

32. Froufe E., Gongalves D. V., Teixeira A., Sousa R., Varandas S., Ghamizi M., Zieritz A.
Lopes-Lima M. Genetic diversity of the pan-European freshwater mussel Anodonta anatina
(Bivalvia: Unionoida) based on COL1: new phylogenetic insights and implications for conservation
/" Aquatic Conservation: Marine and Freshwater Ecosystems. 2014. V. 24. Ne4. P. 561-574.
https://doi.org/10.1002/aqc.2456

33. Froufe E., Gongalves D. V., Teixeira A., Sousa R., Varandas S., Ghamizi M., Zieritz A.
Lopes-Lima M. Who lives where? Molecular and morphometric analyses clarify which Unio
species (Unionida, Mollusca) inhabit the southwestern Palearctic // Organisms Diversity &
Evolution. 2016. V. 16. Ne3. P. 597-611. https://doi.org/10.1007/s13127-016-0262-x

34. Haws M. The basic methods of pearl farming: a layman's manual. Hilo, HI : Center for
Tropical and Subtropical Aquaculture, 2002. P. 5-13.

35. Mamangkey N. G. F., Acosta-Salmon H., Southgate P. C. Use of anaesthetics with the
silver-lip pearl oyster, Pinctada maxima (Jameson) // Aquaculture. 2009. V. 288. Ne3-4. P. 280-284.
https://doi.org/10.1016/j.aquaculture.2008.12.008

36. Bogatov V. V. Pearl Mussels (Bivalvia, Margaritiferidae, Dahurinaia) from the Amur
River Basin // Biology Bulletin. 2012. V. 39. Ne§. P. 672-675.

37. Bogatov V. V., Kijashko P. Freshwater mussels of North and Northwest of Russia //
Bivalvia. Identification guide of zooplankton and zoobenthos of fresh waters of European Russia.
2016. V. 2. P. 285-335.

38. Pwxunamsuau A. JI. Bogoem kak «Ouonorudecku 1enoe»: B. M. PeutoB (1889-1942) u
3apOXKIACHHUC OSKOCHUCTCMHBIX Hpe,[[CTaBJ'IeHI/Iﬁ B BO,HHOﬁ skojioruu  // BOHpOCBI HCTOpUH
€CTEeCTBO3HAHUS u TEXHHKH. 2021. V. 42. No2. P. 205-227.
https://doi.org/10.31857/S020596060015087-7

39. PwxunamBumu A. JI. Pa3BuTue HKOCHCTEMHBIX TMpEACTABICHUM B SKOJIOTHMH H
MPOIYKIIMOHHBIE aCTIEKTHI MccaeaoBanus ouochepsl // cTopuko-OMOI0THYECKHE WCCIIET0OBAHMUS.
2021. V. 13. Nel. P. 133-158.

40. HIeapiy C. C. Teoperuyeckue OCHOBBI M TPHUHIUIBLI 3Konoruu // V' Bcecoro3Has
sKosornueckas konpepenmus. M.: M3n-so MI'Y, 1973. C. 21-31.

41. SI6n0okoB A.B. O MexaHH3Me IBOIIOIMU HA DKOCUCTEMHOM YPOBHE OpraHU3aIluy KU3HU //
XKypnan obmeit 6uonorun. 2017. T. 78. Ne 2. C. 74-80.

42. Birge E. A. The respiration of an inland lake // Transactions of the American fisheries
Society. 1907. V. 36. Nel. P. 223-245. https://doi.org/10.1577/1548-
8659(1907)37[223:TROAIL]2.0.CO;2

43. Brown J. H., Gillooly J. F., Allen A. P., Savage V. M., West G. B. Toward a metabolic
theory of ecology // Ecology. 2004. V. 85. Ne7. P. 1771-1789. https://doi.org/10.1890/03-9000

44. Carmel Y., Kent R., Bar-Massada A., Blank L., Liberzon J., Nezer O., Sapir G., Federman
R. Trends in Ecological Research during the Last Three Decades — a Systematic Review // PLOS
One. 2013. Vol. 8. Iss. 4. €59813. https://doi.org/10.1371/journal.pone.0059813

45. Egerton F. Changing concepts of the balance of nature // The Quarterly Review of
Biology. 1973. Vol. 48. P. 322-350. https://doi.org/10.1086/407594

—®
Tun nuyensuu CC: Attribution 4.0 International (CC BY 4.0) 49


http://www.bulletennauki.ru/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice T. 8. Ne6. 2022
http://www.bulletennauki.ru https://doi.org/10.33619/2414-2948/79

References:

1. Boimurodov, Kh., Aliev, B., Jabbarova, T., Suyarov, S., Jalilov, F., & Mirzamurodov, O.
(2022). Fauna and Ecological Groups of Mollusks in Reservoirs of Uzbekistan. Bulletin of Science
and Practice, 8(2), 75-80. (in Russian). https://doi.org/10.33619/2414-2948/75/09

2. lzzatulaev, Z., & Boimurodov, Kh. (2021). Mollusks as Indicators of the State of Soil and
Water in Uzbekistan. Bulletin of Science and Practice, 7(4), 22-27. (in Russian)
https://doi.org/10.33619/2414-2948/65/02

3. Boymurodov, K., & Khasanov, N. (2021). Influence of abiotic factors on biodiversity of
the populations of bivalve molluscs of the Lower Zarafshan reservoirs. In E3S Web of Conferences
(Vol. 265, p. 01012). EDP Sciences. https://doi.org/10.1051/e3sconf/202126501012

4. Baymuradov, K., Zhabborova, T., Tuinazarova, ., Otakulov, B., & Egamkulov, A. (2021).
Aguatic ecosystems of the lower reaches of the Zarafshan River. Diversity and ecological groups of
molluscs. In  E3S Web of Conferences (Vol. 262, p. 04009). EDP Sciences.
https://doi.org/10.1051/e3sconf/202126204009

5. lzzatullaev, Z. 1., & Boimurodov, Kh. T. (2016). Rezul'taty vyrashchivaniya zhemchuga
dvustvorchatykh presnovodnykh mollyuskov (Biv