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Articles

Precision Nanoscale (Nanovoltmetric and Nanoammetric) Carrier
Wave Analysis for Quantitative Bioacoustics

Eugene D. Adamovich 2, Oleg V. Gradov 2~
aTalroze Institute of Energy Problems of Chemical Physics, Moscow, Russian Federation

Abstract

This methodical article describes the equipment for precision bioacoustic modulation
studies. Two types of indicators on the front panel of the head unit allow simultaneous tracking of
carrier and modulation index with nanovoltmetric and nanoampermetric accuracy, which is
sufficient for very weak signals, such as those of insects and some fish. The approbation was also
carried out on the signals of bottlenose dolphins and bearded seals. Due to the organizational
problems, there was no possibility of fine-tuning the equipment for serial implementation in
zoological bioacoustics, therefore, the described scheme can be considered only as a prototype.
The developments were stopped at the level of creating GUI connection interfaces in LabView and
similar to it in national SCADA (ZET developments, Zelenograd). The hardware and software
complex can work autonomously or when connected to a PC sound card via TRS. In stand-alone
format, it can be applied in the field expeditionary conditions, but only for real-time
measurements. If we talk about interaction with PC, then it becomes possible to control the
reproducibility of measurements of bioacoustic parameters obtained in the field and in laboratory
conditions, in the record. The applicability of the implemented approach is described in the
overview, which forms the initial part of the published article.

Keywords: bioacoustics, insect acoustics, marine mammals, ornithological acoustics.

1. BBegenue

IIpoGema aHa/IM3a HECYIIIEH B OMOAKyCTUKE

[Ipobnema aHasim3a Hecymled KaK 3JIEeMEHTAa STOJIOTHYECKONM KOMMYHHKAIlUUd U TOHKOU
OMOaKyCTUUECKOW CHUTHAJIM3AIUM >KUBOTHBIX SBJAETCA He MeHee BaAXKHOU JJIA psfa 3a7ad
300TICUXO0JIOTUM W MOJieJIel KOTHUTHBHON HAyKH, 4YeM aHaJIu3 (QOPMAHTHOTO CIEKTpa I
O0M0aKyCTUKH YeJI0BeKa U aHaIM3a HEHPOIICUXOJIOTHUYECKUX CBOHCTB, MPUHITUIIOB M MOJAAJIBHOCTEHN
IIOBEJIEHUS, BBIPAKAIOIIUXCA B HEH U OINpENe/IAEMbIX 10 JaHHBIM (POPMAHTHOUN CIIEKTPOCKOITHH.
JIJis1 MOPCKHUX >KUBOTHBIX HCCJIEIOBaHHE (PU3UUECKOH CTPYKTYPHI HECYIeH SIBJISETCA CII0COO0M
aHaJM3a He TOJIPKO CHUTHaJla KOMMYHHKAIIUM, HO M CHUTHajJa 30HAUPOBAHHUSA OKPYKAIOIIETO
nmpocTtpaHcTBa (YTO y psizla BHUAOB OIPENEsAeTcsl B paMKaX MOJIEJIM COHAapa; aHaJIOTHYHOe
CBOUMCTBEHHO M /IS JIETYYHUX MBIIIENA M HEKOTOPBIX HACEKOMBIX), HAPs/AY CO CIIEKTPOCKOIIHEN Psia
CUTHAIOB  xeMopenentopoB (ArapkoB, [I'mneBwu, 1979; CemenoB, TepexoB, 2008),
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SKCTPAOKYJIAPHBIX pernentopoB (Bacmieckas, Poman, 1983) u T.A., 4TO, HA JJAHHBIH MOMEHT
(Ipu cooTHeCeHUH ¢ MOP(HOJIOTHUECKUMH 0COOEHHOCTSIMH MO3Ta JaHHBIX BUIOB (ATapKOB U Jp.,
1973; ATapKOB U JIp., 1975)) AA€T BO3MOKHOCTb TOBOPHUTH 00 y4aCTUH MOZYJISIIUH CUTHAIA (BIJIOTh
J10 0OYeHb TOHKHMX 3HAUEHUH, aJIEKBATHBIX HAHOBOJILTOBOMY OTKJIUKY Psi/]a BHICOKOUYBCTBUTEIBHBIX
CEHCOPOB) U CBOYCTB HECYIIIEH B CKJIA/IFIBAHUH MaTTEPHA «BHEIIHETO MUPA» y JAHHBIX JKUBOTHBIX.
MopdoJiorusi opraHoOB 3ByKOT€HEpAITUH U 3BYKOBOCTIPUATHA Y AeabduHoB (Poamnonos, ConHIlEBa,
2009) TaK:Ke TOBOPHUT B I0OJIb3Y IAHHOTO TTOIX0/IA.

CymiectBeHHas mpobema «OnpenesnseTcs U CTpaTerus SX0J0KAIMOHHOTO PaclO3HABaHUS
1eJiell y /1eJIbUHOB CIYXOBBIM IMepudepruIecKuM KOAUPOBAaHUEM» MOKET ObITh peIllleHa TOJIBKO
MPU aJIEeKBaTHOW (DU3WYECKOW WHTEPIpPeTaiy KOoJla U XapaKTEPUCTHK JIOKAITMOHHOTO CHUTHAJIa
(Pumckas-Kopcakosa, /lyoOpoBckuii, 2006). B umeasne 310 mogpasymeBaer aHaaiu3 / MOHUTOPHHT
BCEX PEJIEBAaHTHBIX MO3UINH MOZYJIAIUU, YTO MOCTYJIUPOBAJIOCH €I€ B IIPOTPAMMHBIX paboTax
npoekTa «Mathematical Bioacoustics Group» (I'pagoB, 2012a; I'paios, 2012b; I'pagoB, HoTuenko,
2012; I'pazoB, 2016). Ho B /maHHOI paboTe MBI OCBEIIAaEM TOJBKO OJAWH M3 acCIeKTOB JaHHOU
npo6siembl. Ha JaHHBIN MOMEHT M3BECTEH MHAWUBHUAYAJIbHBIA perepTyap TOHAJIbHBIX (CBUCTOBBIX)
curtasioB Tursiops truncatus, cozep:kamuxcs B ycaoBusx usossanuu (Aradonos, [TaHoBa, 2012),
KOTOPBI paccMaTpPUBaeTCsl KaK CHUCTEMA IepCOHU(PUITUPOBAHHBIX aKyCTHYECKHX CBUCTOBBIX
KOMMYHUKATUBHBIX cHTHaIOB (AradonoB, IlaHoBa, 2017). HccieoBaHHsA CIyXa KHTOB H
JIeIbUHOB, KaK CYWUTAETCS, He IPOTHUBOPEYaT BO3MOXKHOCTSAM HWHJIMBHUAYAJIPHOTO aHAIN3a
CHUTHAJIA, XOTS BOIPOC TPeOyeT MaabHEHIIero MUccaefoBaHUA M 0Oosiee MOAPOOHOTO aHAIW3A, C
TOYKU 3PEHUS DBOJIOIUOHHON (DU3HWOJIOTUM M KOTHUTHUBHOU 3oorcuxosnoruu (Ilomos, CymuH,
2012). HecmoTpss Ha cmocoOHOCTh JIeJIbUHOB K KiIacCU(UKAIMU psfla HU3KOYACTOTHBIX
curHatoB (3aiiiieBa u Jip., 2016), pPsAA BOIPOCOB BBI3bIBAaeT IMpoOJeMa MHOTOKAaHAJIBHOTO
MMPOBE/IEHUS 3BYKa.

Y KHUTOOOpa3HBIX MHOTOKAaHAJIbHOE IIPOBEJEHUE 3ByKa K YJIUTKE Yy 3y0aThIX H3y4aroT C
HUCTOJIb30BAHUEM MHOTOIIMKJIOBBIX HECYIIUX, OTHOAIONINX «COHAPHbIE» WIH «30HAUDPYIOIINE»
curHasbl («HecyIas yacrora 8, 16, 32, 64 wiu 128 kI'1» ... «BoceMb ITUKJIOB Hecylel» (CpicyeBa u
Ip., 2011)). Takske BKJIaJ B MOMYJISALMIO BHOCUT 3ajieprkka (M — Kak cyienyeT u3 abCTpaKTHBIX
MoOJieield — BEPOSTHBIA (D3IUHT CUTHAJIA), TaK KaK Y JeJTb(UHOB UMEIOT MECTO WHTepaypasbHbIE
pa3inuus MO0 BPEMEHH W aMIUIUTYJaM CHTHajla MPHU CJIyXOBOM IIpHeMe HMITYyJIbcoB (PumMckasi-
KopcakoBa, [lyopoBckuii, 2003). VMmeer 3HaueHMe WHAEKC 4YacTOThl Hecyiied. Hampuwmep,
B aCIleKTe CJIyXOBOW 4yBCTBUTENBbHOCTU 11 Delphinapterus leucas omwmcansl oTuyeTIMBBIE
CUTHATYpPhl Ha YaCTOTaX CJIeAOBaHUS IOCHUIOK (Koza) 1000 I'm (mecymas 64 k['m) m 875 I'i
(45 xI'm) (CeicyeBa u ip., 2008), a IpU aHAINU3€ JIOKATU3AINN U «IEeJIeHTOBaHUA» adhaTMHAMHU
HMCTOYHHUKA aKyCTUYECKUX CUTHAJIOB B BEPTUKAJILHOU IVIOCKOCTH — OOHApYKeHA YyBCTBUTEIBHOCTD
C Ppa3JIMYHOM TOYHOCTHI0O Ha Pa3HBIX HECYIIUX dYacToTax (HampuMep, IOCJIeA0BaTEIbHOCTH
MMITyJIbCHBIX IIE€JTYKOB C Hecyllel 120 K[l W 5KcIOHeHIuaibHONM ¢opmoil ¢poHTOB ADR
JIOKUIN3YIOTCA JeNbGUHOM C PEKOPAHON TouHOcThio 1,5° (babymmuua, Ilosnsakos, 2008). 3to
MO’KHO BHECTU B 6a3bl JaHHBIX JECKPUIITOPOB OMOAKYCTUUYECKUX CUTHAJIOB KOMMYHHUKAIIHOHHOTO
noBefieHUs (771 TAaHHBIX TAaKCOHOB; HAPSy € MOKa3aTeJIsIMU, ONMHUCAaHHBIMU B pabote (IBaHOB,
2009)). MeToabl aKyCTHYECKOTO TEMHOTO I10JIs1 B OHOMUMETHYECKOM acIleKTe MOTYT ObITh BBEJIEHBI
B 00UXOJ] C JaHHBIM HA0OPOM JIECKPUIITOPOB; B OHOM U3 MEPBBIX pabOT IO 3TOMY HAIlPaBJIEHUIO
HCIOJIb30BAJINCH, BIIPOYEM, HU3KOUACTOTHBIE Hecymue (oT 1 k[ m 2 k[II; mociaegHee — mpu
HIMpUHe mosiockl 1 KI' U yTNTeIbHOCTU UMITyJIbca — 2 Mc (3BepeB, KopotuH, 2002). 113 MopcKux
MJIEKOITUTAIOIINX, KOMIUIEKCHO OmHcaHa (usuyeckass CTPYKTypa pPAas3/IMYHBIX KaTeropui
aKyCTUYECKUX CHUTHAJIOB — IIEJIYKOB, UMITYJIbCHBIX 3BYKOB U CBUCTOB — JJIsi 3y0aThIX KUTOB
(c mpuBs3KOI K MOpdoJIornueckuM AaHHbIM) (Punatosa, Ilysesxko, 2006); B IIUTHPYEMOI CTaThe
yKazaHO, UTO IIapaMeTPHUKa, K KOTOPOH OTHOCUTCS «d5Heprus (JOMMHAHTHAsA YacToTa),
COOTBETCTBYET HECYIIeH YacTOTe».

W3 HazeMHBIX MJIEKONHUTAIOIINX, HAa IIPHUMepPE 3BYKOBOTO HPEAYIPEKIAIIIETO CUTHAIA
CYPKOB (MOHTOJIbCKOTO CypKa, cypka MeH30upa, JIMHHOXBOCTOTO CypKa) IOKa3aHa CBSA3b MEKIY
aMIIuTYygHONU Monyssauuelr (AM) U CTPYKTYpOH CHeKTpa W3/1aBaeMbIX »KUBOTHBIMU 3BYKOB
(B cryuae AM BbIIIIE W HUPKE HECYIEH YacTOThI — T.e. YAaCTOTHI 3amloiHeHus — (OpMHUPYIOTCS
OOKOBBIE YACTOTHI; a B curHasiax 6e3 AM OOKOBBIE YAaCTOTHI OTCYyTCTBYIOT) (HuKOIBCKUHA, 2007;
Hukonwsckuii, PyTtoBckasz, 2007). J[lyisg Oosiee 00IIero kjgacca HEJIMHEHHBIX CHTHAJIOB
OMOaKyCTUYECKOTO TPOUCXOKEHUs TOBOPUTh O HECYI[EH OT/IEJIbHO OT KOMILIEKCA HEJTMHEHHBIX
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XapaKTEPUCTUK cUTHaa — He mpuxonutcsa (Bomoguu, Bonogmua, 2006). Tak kak B cucremy
HEJINHEHHBIX XapaKTEPUCTUK OHOAKyCTUYECKOTO CUTHAJa BXOJAT TaKXkKe CyOrapMOHUKH,
budoHnanum, caiiiebaHapl U T.J. — I STOTO Kjlacca ABJIEHUN IOKa HeT BO3MOXKHOCTH YKa3aTh
(UHTepIIPUHTEHI, COIePIKAIIe HECYIYI0 KaK aKTUBHBIN KOMIIOHEHT. B TOJIPKO UTO ITUTUPOBAHHOMN
CTaThe XOPOIIO YKA3bIBAETCS Pa3INUNe MeXIY PAIUOTEXHUUECKUM U KOJOBBIM OMOaKyCTUUECKIM
IIOHUMaHueM Hecyleld: «B paamoTexHuke cuTyanus OOpaTHAs: «IOJIE3HBIA CUTHAJI» 3TO —
He BBICOKAs HeCyIas 4acToTa ..., a HU3KasA MOAYJINPYIOIIAsi, B POJI KOTOPOH BBICTYIIAET ... TOJIOC
.... [IpueMHUK cpe3aeT HECYIIYIO YAaCTOTY, OCTABJIAA ... MOAYJIUPYIOIIYIO, KOTOPYIO MbI M CJIBIIIIFIM»
[Tbid].

Kak Hu ctpaHHO (WM BIOJIHE JIOTUYHO?), HO JJIs CIyXa U aKyCTUUYECKHX CIIOCOOHOCTEH
YeJioBeKa IOHATHE HECyIeld BHEAPSUIOCh HA CTaJUM CTAHOBJIEHUSI OMOAKYCTHUKU €Ié B TPETheu
yeTBepTu XX Beka. /[y ciyxa (TouHee, /11 n30HMpaTeIbHON TyBCTBUTEIHHOCTH CJIyXa YesloBeKa K
AMIUIUTYTHON MOZYJIAIMH PeYy) MPU aMILUIUTYJHON MOZY/IALIMHI HA TOT MOMEHT ObLTN U3BECTHBI
JlaHHBble 00 OIIpeZIeJIeHHON 3aBHUCHMOCTH IIOPOTOB OOHAapy:KeHUs IOocJaefAHedl OT aB-ypoBHA
HecyIlel; mO03TOMY /I WHAWBUAYAJIBHBIX HCCJIEJOBAHUM HCIBITYEMBIX B IIpPOrpamMMax
uccjieloBaHui Takux kopudeen, kak B.II. Mopo3os, u paboraBmias ¢ HuM T.B. UepHuUronckas,
YPOBEHDb HeCyIel CTaH/IAPTU3UPOBAJICA /ISl KOTOPTHBIX M MAaCCOBBIX M3MepeHUH (Hampumep —
YPOBEHB HecyIllel yCTaHABIUBAJICA PaBHBIM 50 A6 Haz moporoM (Moposos, YepHurosckas, 1975)).

JlocTaTOYHO XOPOIIO HCCIEA0BAHBI OMOAKyCTHYECKHE XapAKTEPUCTUKU, SIBHO CBS3aHHBIE C
HecyleH, 1y ntull. Tak, y iebeiell JTNTEeTbHOCTh CUTHAIOB-3BYKOB MOYKET MEHATHCS KaK 32 CUET
HAYaJIbHOW 4YaCcTU CUTHaJIA C Hecyllel yactotod 0.8 k['L, Tak u B pe3yJsbTaTe yAJUHEHUS €ro
KOHIeBOI yactu (Hecymas yactora 0.4 KI'm) (ITanos, ITaBioBa, 2007). Y jgecHoro koubka (Anthus
trivialis, Motacillidae) BbIABIEHBI TATTEPHBI, XapaKTEPU3YIOIIUECS WHIUBUAYAIHBHOH U
reorpapuueckol M3MEHYHUBOCTHIO, JJIA KOTOPBIX (/I caMIIOB, IO KpailHel Mepe) XapaKTepHBI
«y[IMHEHHBbIE TIOCBUIKM C IUJIABHO MEHSIONIeHcs Hecylel YacToTol, Majjamed ... Jymbo
HapacTaroIiel ... OT Hauayia K KOHIy curHasa») (ITaHoB u sip., 2006). Jlisa Carpodacus erythrinus
(Pall.) — yeueBUIIbI OOBIKHOBEHHOH — TaKKe ONMUCAHbI 3(PdEKTHI HECYIIEl; B YACTHOCTH, YKA3aHO,
YTO I JOCTH)KEHHs MaKCHMaJIbHO BO3MOXKHOU JUCTAHIIMU TIpU Iiepenade (dedyeBUIlEd B
(doHaMM KOMMYHHKAIINHI) aKYCTHYECKOTO CHTHAJIA BaXKHA €ro Hecymas yactora (3BOHOB, 2004).
«Broakyctuueckuii (pUHTrepIpUHTUHT» C BbiZieienrneM PCA mpemycMaTpUBaeT HCIIOJIb30BaHUE
YacTOT HECYIeH /I OIpe/ieJIeHHs ITUIL U (a3 UX STOJIOTUH.

W3BecTHBI TIpele/IEHThl H3Y4YeHHs Hecylled curHaja y amubuii (kak ciayxa, Tak H
CHUTHAJIU3aIuu). B HccieqoBaHMM MeXaHHM3Ma afalTallid  HEHPOHHBIX CEeTed  CJIyXOBOTO
aHaIM3aTopa OBUIM OCYIECTBJIEHBI IIPEIBAapUTEIbHBIE SKCIIEPUMEHTHI 10 HCCJIET0BAHUIO
aZlaliTAllMOHHBIX M3MEHEHWH B HEHPOHAX IIPOJIOJITOBATOTO W CPEIHEr0 MO3ra JIATYIIKH,
MIPOUCXOISIUX TIOCIe U3MEHEHUs YacTOThI HeCyIel U JacToThl Monyssanuu (bubukos, 2012).
ABTOp OZTHOU U3 3aMeuaTeJIbHBIX NOMYJIAPHBIX cTaTel B )kypHaJie «IIpupoza», E.H. [Ianos, nuier
(ITanoB, 2014): «CuuTtaercs, YTO MPOU3HECEHUE AVCTAHTHBIX CUTHAJIOB C 3aKPHITBIMU PTOM H
HO3/pSAMYU IPUBOJUT K CY?KEHUIO CIIEKTPA YaCTOT U, COOTBETCTBEHHO, K aKI[eHTUPOBAHUIO HeCyllei
4yacToThl. Tako# cUTrHAJI JIydllle BOCIPUHUMAaeMCs B IPHUCYTCTBUU (POHOBBIX IIIyMOB, U TEM CAMBIM
YBEJIMUUBAETCA JAJIBHOCTh €r0 JIeHCTBUA. PexsaMHyI0 BOKIM3ALUI0 HEKOTOPBIX BUJIOB MOXKHO
yCIBIIIATh Ha paccrosiHuM 6Gosiee kwiomerpa». U panee — «Camumbl ssrymku Leptodactylus
albilabris, o6uraromeit B8 Kapubckom 6acceline, BO BpeMsi BOKJIU3AIMH YACTUYHO MOTPYKAIOTCS B
MATKHUH TPYHT, TaK YTO CUJIBHO PA3BUTHII Pe30HATOP MPUXOAUT B TECHOE COIIPUKOCHOBEHHE C HUM.
B pesysnbrare, Hapsay CO 3BYKOM, PAacCIPOCTPAHSIONIUMCSA B BO3AyXEe, BOCIPOU3BOAUTCS TaKMKe
BHOparus, nepefgaBaeMas yepe3 MouBy. OTH WH(GPA3BYKOBBIE KOJIEOAHUS PACIIPOCTPAHAIOTCS HA
JIUCTAHITUIO 10 3—6 M, TO €CTh OXBATHIBAIOT BCE IIEPCOHAIBHOE ITPOCTPAHCTBO caMIia (OKOJIO 1—2 M
B JMaMeTpe) BHYTPHU XOPOBOTO CKOIUJIEHHS HECKOJIbKHX ocobeir storo mosa» [Ibid]. Taxum
00pas3oM, 3ToJIoTHYeCcKasi 3HAYMMOCTh Hecylel y aMpuOuil He MO/JIE?KUT COMHEHHIO.

Xopormio usydeHbl 3¢@eKThl Hecyled y HaceKoMbIX. CTaOMJIPHOCTb HECYIEH YacCTOThI
IyJIbCOB AKyCTUYECKUX CUTHAJIOB HACEKOMBIX B T.H. «KOHCHEIU(PUIECKOH KOMMYHHUKAI[UK»
sBasiercst kputepueMm sddektuBHoctu mnociaenHedr (Illecrakos, Bemenuna, 2013). CurHasbl
CBEPYKOB, MMOMHMO CKBR)KHOCTH, aMIUIUTY/IbI U JJINTEJIBHOCTH, XapaKTEPU3YIOTCA, C MO3UIUU
uccaeoBaHusA npobiieM epezadyu MHGOPMAIUU B SHTOMOJIOTHYECKON OMOAKyCTHUKE, Pa3INIieM
Hecyiied 4vactoTsl 1iedkoB (y Gryllus bimaculatus) g1 geTbipex Bo3pacTHBIX TPYIII, a TaK¥Ke
PaHTOB, COOTBETCTBYIOIINX OCOOEHHOCTSIM B yXaKMBaHUM y cBepukoB (OBiyHOBa, [TapamoHOB,
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2016). 3ameuaresnbHble paboThl O.C. KOpcyHOBCKOM U [ip. IO 3BYKOBOM CHTHAJIU3AIUU
KY3HEUHKOBBIX PACKPBLIU CYIIHOCTb Pa3IN4YUi (pOpM CHUTHAIA U YACTOT HECYIeH JiA JAHHOTO
TakcoHa. CTajio U3BECTHO, B YaCTHOCTH, UTO «BUoOcHeluduueckass HHPOpMaIusa KoJUpPyeTcs: He
TOJIbKO JIJINTEIBHOCTBIO U Hecyllel yacToToil curHata» (KopcyHoBckas, 2009a), 4To «y OoJee
KPYITHBIX HaceKOMBIX Hecymas uyactora Hmke» (KopcyHoBckas, 2009b), a Takke 4YTO
«HeCyIlas YacToTa HCIIOJIb3yeTcsA MpU omo3HaHuM KoHcneruduueckoro (KC) curHama Takke
Ky3Heunkamu» (KopcyHoBckass, 2005). Mbl choenuajabHO Ha CTauHM IIOJITOTOBKU JTIAHHOTO
BBEJIEHHUs YKJIOHIJINCHh OT TEPEeYrCIeHNs] U aHaIu3a 3apy0ekHbIX paboT, Tak Kak, B IPOTUBHOM
caydae, pasmep cmucka OumOsuorpadum BbIpOC ObI HAa TOJITOpPA-ABA TOPSAAKA IS KaXKIOTO
IepevyrcsieMoro TakcoHa. Hamu He cTaBUTCA 3ajlada TOJHOTO OmOIMorpaduIecKoro
000CHOBaHHA HEOOXOAWMOCTH aHA/IM3a HECYIIeHd W CBA3aHHOW C HEH CJI0KHO JETEKTUPYEMOU
TOHKOH MOJYJIAIMA B OHOAKyCTHUYECKOM CHUTHaJe. YK€ IIePEYHUCIIEHHOTO JOCTAaTOYHO JIJIst
I[eJIOCTHOTO O00OCHOBaHHUsA HEOOXOAUMOCTH B YCTPOMCTBE, XOTsI ObI YACTUYHO BBINOJIHAIOIIEM B
KomIutekce ¢ ABM cooTBeTcTBylolHe (PYHKIIMH aHaIU3a CUTHaa. MBI 3/1eCh, YTO JIOTUYHO, HE
o0cCy»K71aeM BO3MOKHOCTH aHAJIM3a CUTHA/Ia HECYIel Mepe/JaTYUKOB TeJIEMETPUH OHMOJIOTHYECKOH
nHdopmaruu (HampuMep, SBHO OecCMBICIIEHHBbIE I OMOAKyCTUYECKOTO WCCJIEIOBAHUS U
OBICTPOTO MYJIBTHIIAaPDAMETPHYECKOTO aHa/IM3a CIIEKTpAa HeCyllHe pPaJuoTesIeMeTPUIeCKOU
CUCTEMBI B JatniazoHe 26-51 MI'1 ¥, B 4aCTHOCTH, Hecyllled 4acToThl 45.5 ' (PomaneHko u fp.,
1980)), HO TOJIBKO COOCTBEHHBIE CHUTHAJIbI WJIM CUTHATYPhl CUTHAJIOB aKyCTHYECKU-aKTHBHBIX
OmocucTeM U, CJIeJIOBAaTEIbHO — JJIA WX YacTOTHOTO JiMala3oHa ONTHMHU3WPOBAaHHBIE
aHAJIU3aTOPHI.

2. MaTepuaJjibl 1 METObI

B pamMkax WHHUIMATUBHBIX (T.e. HEOIJIAUMBAEMBIX) OIBITHO-KOHCTPYKTOPCKUX pabOT B
OMCHU I'EOXU PAH (BUII TEOXU PAH) B 2010-2011 IT. TPYIIION oA pyKOBoAcTBOM ['pajsioBa
O6bL1 co3maH mpubop «HaHOBOJIbAMITIEPMETPUYECKUH OMOAKyCTUUECKUN aHAJIU3aTOp HeCyIen»,
MpeaHa3HAaYeHHbIA JUUIsT UCCIIEJIOBAHUN B MPUPOJHON Cpefie M II0 CTEPEOBBIOOPKAM one-to-one-
peructporpaMm (mpu coxpaHeHHU (Ha30BO-aMIUIUTYAHBIX XapaKTEPUCTUK CUTHAJAa B 3amucu 0e3
CEJIEKTUBHOT'O YCUJIEHUS).

Ha mnepennHeili maHesm mnpuOopa PacIlONIOKEHBI JBa CTPEJIOYHBIX HWHAWKATOpa — JUIs
BUBya/IU3alli W3MEHEHWH YPOBHS Hecymled (MHAWUKATOp C HAAINUCHI0 «HECyIlas») H
HAHOBOJIBTAMIIEDMETD, YJIABJIMBAIOIIUN TOHKHWE W3MEHEHUS CUTHajla (MHAUKATOP C HAIIHCHIO
«HaHOBOJIbTaMIlIepMeTp»). IlepBasi Bepcus cucTeMbl ObLIa BBITIOJIHEHA B KOPIIyCE B CTaHapTe
«Hazen», ABHO W30BITOYHOM /I JIAHHOTO TUIa mpubopoB. B 2014 roxy E.JI. AmamoBuu
BBITIOJTHWJI MOJIEPHU3AINIO MPUOOpa, BHEJIDUB B €r0 CXEMy BO3MOXKHOCTH IIpHEMAa CHTHajIa C
HECKOJIBKUX TOPTOB, a TaK)Ke IPOU3BEs KOMIIAaKTHU3AaI[UI0, BCJIEJICTBHE KOTOPOW MPUOOp cTas
pa3memaTbcsa B OOJIETYEHHOM ITIOPTAaTUBHOM IUIACTUKOBOM Koprmyce (C COXpaHeHHBIMH OT
MpeAbIIYINEeNd BEPCUU OPTaHAMHU UHIUKAINN).

Bo3MOKHOCTh perucTpanuyd CUTHaJIa C HampaBJIeHHBIX II0 JIBYM OCSIM MHUKPOMOHOB
MMO3BOJIMJIA QANITUPOBATh JIAHHBIM TPUOOp /I aHa/JM3a IPOCTPAHCTBEHHON JIOKAJTU3AINU
HCTOYHUKA CUTHAJIA (JIJ1A STOU IeJIu Ha 3a[Hel ImaHe I ObLIH BhIBeZIeHH ABa TRS-komMMyTaTopa).

Bosmoxknocty mozksmouenuss k AIIII-IIAII mocpeacrBom TRS mosBosimia YacTUYIHO
KOMITHIOTEPU3UPOBATh IUKJI-IIPOTOKOJI M3MepeHWd Ha mpubope. BrocneactBum, maa HYXK
OmoakycTUueckoro (UHTEPIpPUHTUHTA, ObLT peanu3oBaH BbIBOA B IO SpectraPLUS, EDSW,
LabChart u wuHCTpyMeHTapuWii YTHJIHT WMIIOPTa/KOHBEPTUPOBaHUsA (opmaToB GaiioB s
pacIIupeHHON creKTpaibHOoI 06paboTku B ITO AutoSignal.

3. O0cy:kaeHue u pe3yabTaThl

MHOro4acToTHbI€ ¥ CIHEKTPAJbHBIE HAHOBOJbTMETPUYECKHE TEXHUKU —
NPEPEKBU3UT MOAY/IAITHOHHO-HAHOBOJIBTMETPHYECKUX METOAOB

MerTpoJsioruyeckass TOUHOCTh aHaJIN3a Hecylleld He ompeiesiseTcs IUala30HOM BOJIbTaXKa U
TOKAa U3MEPEeHUU, OTHAKO CYIIECTBEHHO 3aBUCUT OT MOAYJIAIIMOHHBIX, B TOM YHCJIE CIIEKTPATIHHBIX
U HeJIMHEWHBIX ee MmapaMeTpoB. HaHOBOJbTMeTpUsA He CIOCOOHA 0OecrneunTh KOHHOTUPYEMOU C
Hell TOYHOCTH H3MEPEHUH, ecjld CHUCTEMA HU3MePEeHUIl He MOXKeT OBbITh OXapaKTepu30BaHa IIO
KOMILJIEKCY JIECKPHUIITOPOB, & HE TOJIBKO HE COOTHECEHHOMY C YaCTOTOU U MOJYJIAIUOHHBIMU
rmapaMeTpaMyd YpPOBHs BoOJIbTa)ka WM Toka. CrekrpasbHblil aHanmu3 (Witt, 1996, 1997), B
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YaCTHOCTH, CIIEKTPaJbHAsA IUIOTHOCTh MoImHocTH (Witt, 2000, 2001), [0OCTaTOYHO JABHO
HCIIOJIB3YIOTCA B HM3MEpPEHUSIX KaK CpPeZCTBA IOBEPKU U KBAJIMMETPHUHU JI1 HAHOBOJIBTMETPUH.
CrekTpasJIbHBIN aHAIU3 KaK CPEJICTBO KIMOPOBKU CYIIECTBEHHO JIydllle BCTPOEHHBIX ITPOIENYD
TECTUPOBAHUA U CAMOKAJIMOPOBKU KOHIENTYaJIbHO COBPEMEHHBIX IH(POBBIX HAHOBOJBTMETPOB
(Langstaff, 1990). Kak Hu cTpaHHO, IpUMeHEHNE 3TOTO aKTyIBHO U JJI HU3KHUX YaCTOT, YACTHIO
KOTODPBIX SABJIAIOTCA OMOAKyCTHYECKHE YaCTOThl 3BYKOBOTO (MM HMH(Pa3BYKOBOTO) AMANA30HOB
(Slabkii, Kosarin, 1968), Tak kak, 06e3 ydera MOMYJISLHMH, €CTh OMACHOCTb CIIyTaTh CHUTHAJ C
«IUIaBaHUEM » TIOKa3aHUH WM KPUBOH OTCIeKUBaHUsA curHasta (Sauer et al., 2008). B wactHoCTH,
9TO WMeeT aHAJIOTHUI0 B HAHOBOJIBTMETPUHN XOJIOBCKUX COIIPOTHUBJIEHUH, KOTOPbIE 00EeCIIeunBaOT
JIEBUALINIO U «KBAaHTOBAaHHYIO» MOMAYJANUIO BbIxoHOro Toka (Inglis, Wood, 2000). Tak kak
JaTyuk XOJUIa, WCIOJIB3YEMBIA [JI MU3MEpPEeHUs CHJIbl TOKAa B IPOBOJHHUKE, B OTJIMYHE OT
TpaHcopMaropa TOKa, H3MepsAeT TaKKe U IOCTOSHHBIA TOK, a MeETOJ, HAaHOBOJIBTMETPUU
HCIOJIb3yeTcA M JUI TOCTOSHHOTO TOKA, AQHAJOTUsA CTAaHOBHUTCA, C TOYKHU 3PEHUS
BJIEKTPOUHKEHEPUH, IBPUCTUUECKHU-I[EHHO.

MeTpoJiornueckue napaMeTpbl HAHOBOJIBTMETPUUYECKOU TEXHUKH.

KonnuecrBeHHbIE [IPENMYIIeCTBA HICII0JIb30BAHMUS HAaHOBOJIBTMETPUYECKOH u
HAHOBOJIbTAMIIEDMETPUYECKON TEXHUKHU JJI1 WHJUKALUK JIEBUAIUNU U MOJYJIAIUNA HA HeCcyIen
oueBHIHBL. CyIECTBYIOT HAHOBOJIBTMETPUYECKHE YCHUJIUTEIN CaMOTO PEKOP/HO-HU3KOTO
BosibTa’ka (Cannata et al., 2012), BBICOKOTOUHBIE HAHOBOJIBTMETPHI (TOYHOCTH HE SBJISIETCS 371€ChH
CHHOHUMOM YyBCTBUTEJIHLHOCTH, HO SIBJISIETCS CUHOHHMOM YPOBHA
KOPPPEKTHOCTH/ «aKKypPaTHOCTU» H3MEPEHHH, TO €CTh HeCeT KBAJIMMETPUUYECKUH, a He TOJIbKO
MeTposormdeckuii cmbic) (Sala et al, 2008), cuHXpoHHbIe ((a30UyBCTBUTEIIBHBIE)
nuddepeHnaIbHbIE HAHOBOJIBTMETPHI (KaK MIPABUJIO, I AaHAJIUTHYECKON XUMUHU, (PU3UIECKOHN
XUMUH,  2yeKkTpoxumuu, ontuku)  (Rozier, 1976), HaAHOBOJITMETPUYECKHE  HYJIb-
WHIUKATOPbI/HYJIb-METPBI € YJIyUIIeHHON KamnOpoBKOH «B HOIb» (Frenzel, 2006). TouHOCTS,
IIyMbI, HECTAOWJIBHOCTH U METPOJIOTHYECKH-3HAUMMBbIE JeBUALMH JAHHOTO Kjacca MpubOpoB
XopoIo usyueHsl (Strassberg, 2004), Kak Jiyig aHAJIOTOBOTO, TaK U I IU(POBOrO UX BapHUAHTA
(Ignat'ev et al., 2012); u3BecTHHI MHTEP(DENCH NEPEHUX MMAHETEH C peryaaropaMu rpybod u
TOHKOU HaCTPOUKH Jiyis 9THX Ienei (Epstein et al., 1981), BIUIOTh 710 UCITOJIb30BAHUS MOHOJIUTHBIX
IMOTEHIIMOMETPOB THUIA «XeJIMIOT», BKIYAKIINX B ce0s1 PyYKH rpyOOi B TOHKON HACTPOWMKHU Ha
Pa3IMYHBIX pajinycax BOKPYT eanHOM ocu Bpamenus (Vila, Hodgson, 2009; Stair et al., 1967; Siew,
Aubrey, 1985). 1 yxe, HauMHasA ¢ 1960-X IT., 3JIeMeHTHass 0a3a HAaHOBOJIPTMETPOB CTAHOBUTCS
YHCTO TBEPAOTEJHHOHM, TaK KaK JI0 TOTO PAJ (GYHKIMH Ha JIAMIIOBOH 0a3e peayim3oBaTh OBLIO
HEBO3MOXKHO.

Pa3BuTne HaHOAMIIEpPMETPUUYECKON TEXHUKH € 1950-X IT. 10 XXI Beka

JIpyTuM acIieKToM 3JeKTPO(PU3UUECKUX « HAHOMACIIITAOHBIX U3MEPEHUH » ABJISETCA TEXHUKA
HAHOAMIIEDMETPHUH, YacTO COBMeIllaeMas C HAHOBOJBTMETPUEH, Kak IPaBUJIO, B paMKax
dazouyBcTBUTENBHON cxeMbl u3MepeHuil (Adamovich et al.,, 2017). Bueapenme B cxemy
U3MEpEeHH CHHXPOHHOTO JETEKTOPA W HAHOBOJIBTAMIIEPMETPUYECKOTO (C MEPEKIIOYEHUEM OT
IIKaJIbl K IIKajle) UHAUKATOpPA BO3MOXKHO TOJIBKO IIPU IIOJHOM COOJIIOZIEHUM CTaHAAPTHBIX
MIPUHIIUIIOB 3JIEKTPOTEXHUKH, TaK KaK OJIMH U3 30HJOB MOJKIIOYAETCSA MapaleJIbHO, a APYrou
rnocsenoBaTesibHO. HaunHas ¢ 1960-X IT., BHeJ[peHHE TBepJOTEbHON (TPaH3UCTOPHOU U T.J.)
BJIeMEHTHON 0as3bl, IPUBEJO K PE3KOMY YJIYUIIEHUIO BOCIPOU3BOAUMOCTH U TOYHOCTU
HAHOBOJITAMIIEDOMETPUM U OCHOBAaHHBIX HAa HeW MeTPOJIOTUYECKUX NPWJIOKEHUH B
2JIEKTPOXUMHUH, aHAIU3€ BEIIECTB, KJIETOYHOH 3JIEKTPOPU3UOJIOTHH, MUKPOAKYCTUKE, S/IEPHOU
¢dusuke. Ha aHHBIE MOMEHT PETPOCHEKTHBHO OUYEBHUIHBI CJIEAYIOIINE MPUHIUITHAIBHBIE BEXU
HaHOAMIIEDMETPHU:

©1955 — JIOTPAH3UCTOPHBIM IO JW3aliHy TaJbBAaHOMETPHUYECKUN  CTPEJIOYHBIN
HaHOAMIIEPMETP, COBMEIEHHBIN ¢ MUKPOBOJIbTMETPOM (Pye, 1955);

© 1965 — TepBbI HU3KOWMIIEAHCHBIN TBEPAOTENbHBIN HaHoamiepmerp (Otte, Sullivan,
1965);

© 1967 — MEpMEHHOTOKOBBIH HaHOaMIIepMeTpP-MUKpoBobTMeTp (Bollen, 1967) (¢ 1968-ro
ro/la U3BECTEH IIPOCTOH MUKPOBOJIbT-HaHOaMIepMmetp (Bollen, 1968));

©1069 — TBepAOTeNbHBI HaHoamrepMmerp ¢ ¢ukcupoBanHoi mosocoi (O'haver,
Winefordner, 1969);




Central European Journal of Zoology, 2019, 5(1)

® 1971 — IEPBBIH «(POTOYMHOKUTEIbHBIN» HaHoaMmmiepmeTp (Kesselman, 1971);

© 1979 — CBEPXBBICOKOBOJIBTHBIN (5 KB) sorapudmudyeckuii HaHOAMIIEDMETDP C ONTPOHHOM
pas3BsA3Ko# (onmTHuyeckw M30JMpOBaHHBIN) (Sturman, DeLaat, 1979); onTHYecKu U30JIUPOBAHHBIE
HaHOAMIIEPMETPHI MPUMEHSIOTCA U pa3pabaThIBAalOTCA /0 CHX IOP, B YaCTHOCTH, B CBSI3U C
MOTPeOHOCTHI0 MUKPOCIIOBBIX U3MEPEHUH B peasibHOM BpeMeHH (Aplin et al., 2008);

©1994 — CO3/IaHUE CUCTEM I MeMOpPAHHBIX U3MEPEHUH IMOTEHIUAI-3aBUCHMONA €MKOCTH
Ha 0aze TeHepaTOpPOB IIOC/IEIOBATEIBHOCTEN CHUTHAJIOB/UMIIYJIbCOB ¥ HAHOAMIIEPMETPOB,
pa3paboTaHHBIX B TeHepaJIbHOM JIMHUU UCCIeA0BaHUH peariecTByioiero mepuoza (Fielder et al.,
1994);

©19098 — mnpuOJMMKeHHe K WAeaJIbHOH MOJeId HaHOoaMIlepMeTpa Jake B CaMbIX
cabopa3BuThix crpaHax (Wijesundara et al., 1994);

©2008-2009 — JIUCKyCCHUs O HaHOAMIIEpPMeTpax C IUIABAIOIIEH MapaMeTPUKOU B JKypHase
«Review of Scientific Instruments» (Aplin, Smith, 2008; Sauer et al., 2009).

PazpaboTku B 00/1aCcTH aHAIN3Aa HECylIell U MOAYIAIUA HA HEU

MoaynauoHHbIe UCCIEA0BAHUS SBJIAIOTCSA MPEAMETOM ITPUCTAIBHOTO (QyH/IaMeHTaJIbHOTO
¥ IPUKJIAHOTO MHTEPEca B Pa3BUTHIX CTPaHaX C 1930-X IT. McceiaenoBaHus B 00J1aCTH MO IAITNN
HU3KOYACTOTHBIX U/WJIN aKycTHYecKuX Hecymux sBysaooTcss B CIIA mpeameroM auccepTarui,
HaunHadA ¢ 1930-x IT. (Simons, 1933; Jackson, 1933). B ToT ke mepuoa HaUMHAETCA NMHTEHCUBHOE
IMaTEHTOBAaHHE CHCTEM JJIsI MOAYJISAIMU U TOJlaBjieHuss Hecymux BosiH (Werner, 1937; Henry,
Ernest, 1938; Rudolf, 1939). B nepuoa BTopoii MHPOBOI BOMHBI JaHHbBIE Pa3pabOTKH CTAHOBATCS
3aceKpeueHHbIMH KaK y COIO3HHKOB, TaKk W B [epMaHUM U CaATeJUIUTHBIX €l CTpaHax C
JIOCTaTOYHBIM YPOBHEM Pa3BHUTHsA. B 4acTHOCTH, 3TO CBSI3aHO C BO3MOKHOCTSMU HCIIOJIb30BAHUSA
JIAHHBIX pPa3pab0TOK B BOEHHBIX IejsaX (0COOEHHO — B IIeJIEHTallMd, KOJAHUPOBAaHUU U
JIEKOJTMPOBAaHUM IIU(PPOBOK, PAJNOJIOKAIINH, PAJUOYIIPABJIEHUH BOEHHON TEXHUKOW, BHEAPEHUU
MPOCJIYIINBAIOIEN U TepeAalollell TeXHUKU Ha TEPPUTOPUU MPOTHBHUKA U T.1.). C 1945 rozma
Pa3pabOTKKU YaCTHYHO MPOJIOJIKAIOTCSA B OTKPBITOM PEKHMeE, XOTS U C IOTEPSIMH, TaK KaK 4acTh
pe3yJIbTaTOB IIOCJIEBOEHHBIX Pa3pabOTOK, C MEPBBIX JIET XOJIOTHONM BOWHBI M JI0 1990-X IT., VBHI,
SIBJISIETCST 3aKPBITOM JI0 HACTOAINErO0 BpeMeHU. B 1940-e IT. maTeHTyIoTcs HOBbIe (OpPMAaThI
MOJIYJISAIIUA U CUCTEMBI JJIsI MYJIbTUIIAPAaMETPUUECKOU M MHOTOKaHAJIbHOU Moayssaiuu (Bennett,
1945; Henricus, 1949), OAHAKO eI€ UyBCTBYETCS JaBJIEHHE CPOKOB 3aCEKPEUYMBAHUS BOEHHOU
“HGOPMAIIUU C TEPBOUM IMOJIOBUHBI 40-X IT., IO3TOMY IE€PBBIN MOBTOPHBIN (mMociae 1930-X IT.)
BCIUIECK MHXKEHEPHO-TEXHUUECKHUX ITATEHTYEMBIX paboT B 3TOH obacTu UAET B 1950-€ IT. (Gerard,
1951; Ross et al., 1952; Julius, 1953; Wilfred, 1953; William, 1957; Gordon, 1958;).

[IpakTuuecku Bes paHHssA smtoxa actpoHaBTUKU CIIIA B acniekTe 371eKTPOHHOTO 0OecIieueHus
nepezaun nHGOpMaIuu 6a3upyercs Ha pa3paboTKax 3TOro nepuojia. EcrecTBeHHO, peub UIET 00
QHAJIOTOBOM CHUTH&JIE W AaHAJOTOBOM MOAYJAIMM, a He MaHUIYJAIUN, XOTSA YaCTHYHO
MPEATIOChUTKN €€ (OPMHUPYIOTCSA YKEe B T€ K€ ITOCJEeBOEHHBbIE TO/lbl. B 1960-e rr. popmupyercs
JBOMCTBEHHAs CUTyalUs, CBA3aHHAA C TEM, UTO IapaUIeJIbHO ¢ paboTamMu B 00J1aCTH aHAJIOTOBOM
MOZYJIAIUY Ha Hecyleld, HAUMHAITCA PaboThl (OOBIYHO MATEHTHI IO HUM JATUPYIOTCH HAavyaJIoM
1970-X IT., XOTA CTaTbH WAYT HAMHOTO paHbIIle) IO JIEMOAYJAIUN IUGPOBOH HHMOpPMAIUH C
HCIIOJIb30BAHHMEM PAa3HBIX TUIIOB MOAYJIAIUHM (B TOM 4YHce yrioBod u (a3oBoi) Hecylen
(Choquet et al., 1970; Wycoff, 1971; Bomke, 1976; Voles, 1979). B npuHIue, MOKHO CKa3aTb, YTO
3T0 GOpMHUPYeT MPEANOChUIKH JIJISI CUTyalMud 1980-X — 1990-X IT., KOTJIa I MOZIYJISINU Ha
Hecylleli HauMHAIOT NPUMEHSTh pasaudyHble andaputbl (Mak, 1987; Escartin, 1999). Tem He
MeHee, IIPIMeHeHNe aHAJIOTOBBIX THITOB MOIYJIAIIMY Ha HECYIel He IpeKpallaeTcs 1o HacTosIee
BpeMs, OJTHAKO, TaK KaK TEXHOJIOTUHM (ha30uyBCTBUTEIBHOTO / CUHXPOHHOTO JIETEKTHPOBAHUS U
CJIEKEHUS 3a dasoi JIOCTUTJIA 3HAYUTETLHOTO COBEpIIIEHCTBA, BJIMMUHAIUS
WHTEPMOAYJIAIMOHHBIX UCKaKeHUH pousBoauTcs ¢ yuerom dassl (Whittet, Kumar, 2010). toT
MPUHITAN yCTPAHsSET HEKOTepEeHTHbIHE, II0 TMPUPOZE ¢ IO ONpPEAeJeHHI0, IIyMbl U3
MOJIJIAITAOHHBIX TIAKETOB, YTO CYIIECTBEHHO IIOBBIIIAET UYBCTBUTEJIBHOCTh U YCTOUYHUBOCTD
JETEKTUPOBAHMUA, II0 CPABHEHUIO ¢ aMILIUTYAHBIMU TeXHUKaMu 1960-x rT. (Ducot, 1965) (mmepBbliit
pacnBeT (a30BbIX TEXHUK MOAYJIAIUN U AEMOYJISIIINNA HECYIled U CUTHAJIA Ha HeW MPUXOJIUTCA,
TeM He MeHee, Ha 1960-1970-¢ IT. (Emura, Takahashi, 1975)).




Central European Journal of Zoology, 2019, 5(1)

HaunHass ¢ ypoBHA HMIIYJIbCHOM ¥ BBICOKOYACTOTHOM TEXHUKH, Ha KOTOPOM CTaja
BO3MOKHOU addexTUBHAA MOJTYJIAIIIS B COOTBETCTBYIOIIUX eé JIMaTia30Hax
BpPEMeEH /JIUTeIbHOCTE /YacToT/ ckBaskHOcTel curHaimoB (CBY), moaynsamus BY-/CBY-curnasa
Ha HecylIleld U cCOOCTBEHHO HeCyIllell CTAaHOBUTCS BO3MOKHOM, PaBHO KaK M UMIIYJIbCHOTO CHTHaJIa
C TOH K€ CKBa*KHOCTBIO/IIUTENbHOCThI0O U BpeMeHaMu ADSR. Tak, ¢ QO-X IT. OCYIIECTBJISIOT
MHOTOYPOBHEBYIO MOJYJIAIUIO C KCIIOJIb30BAHUEM BEKTOPHBIX MOMAYIATOPOB MHJLTUMETPOBBIX
BoJiH (Ashtiani et al., 1998). C 2000-X IT. IPaKTHUKYeTCA MYJIbTHUIIMKIOBAsT MOAYJ/IAIUA BILIOTh [0
arrocekyHaHbIX mporeccoB (Yang et al.,, 2011; Xiang et al.,, 2012). Bueapsierca acMHXpPOHHAs
MOJYJISAIASL C HCIIOJIb30BaHHEM Heckosbkux Hecymux (Chen, 2003). B TexHukax ¢ ¢Ha3oBbIM
CIIBUTOM U IIEPEKPBITHEM HECYIIUX BOJH BHEJPSIOTCSA CUCTEMBI pacro3HaBaHust kKoMmoHeHT (Chen
et al., 2008).

K coxkaneHuioo, B HeHpOHAyKH U OHOAKyCTUKY JaHHbIe pPa3pabOTKH B TOT IEPHOJ
MpaKTUYeCKU He IMOCTYMaioT. Peaxkue McKIoueHus (Hampumep, paboThI 110 YCHJIEHHUIO BOJHOBOM
AKTUBHOCTH KOPTHKAJIbHBIX HeHpoceTeii W wux MopdoreHesa in vitro mnpu CTHMYJIAIINH
OT/IeJIBHBIMHM 4acToTaMH (Hampumep, 150 MII[ Hecymied mnpu Mojadye IIAKETOB CHUTHAJIOB C
vacroroir 10-16 I'm) (Gramowski-VoB et al.,, 2015) TOJBKO MOATBEPXKAAIOT IPABHJIO, TaK KakK
HEHPOsJIEKTPO(PHU3HOJIOTUUECKHE YACTOThI HE JIEXKAT B 9TOM JHMAalla30HEe Hecylllel, a BO3JeUCTBIE
SIBHO uMeeT (U3WYECKUH / (PUBUKO-XUMUYECKHH XapaKTep, a He MOJYJINPYeT aKTHBHOCTH
HelpoceTen.

Bc€ 5TO B COBOKYITHOCTH ITOATBEPIKAAET ITOTPEOHOCTD B CO3/IaHUH IMPUOOPOB JIJIST U3MEPEHUH
MOJIYJIAIUM W HWHAEKCOB Hecyllleld B OHMOAKyCTHKe, paBHO KaK M HaJIU4Yhe «CBOOOJHOMU
WHCTPYMEHTATIBHON HUIIIN» /IS TTOI00HOTO 000PY0BaHHA.

Bumeokazmpel paboThl IpuOOpa — OT TOAK/JIIOUEHUS [0 PETHUCTPaluy ITOKa3aHUH
WHAUKATOPOB — IOKa3aHbl HUKE HAa BUEO U PACKaJPOBKE «BU/IEOIMPOTOKOJIa», IPUBOUMON B
TEKCTe CTaTbU. ABTOPBI IIPOCAT MPOIIEHHA 32 KAYECTBO POJIMKA, 00YCIOBJIEHHOE, UTO OUEBHU/IHO,
BO3pPaCTOM BUIEOKaMepPHI 1 JAaTOK pa3pabOTKH OIMMCAHHOTO IIprbopa. MOKHO BHAETH, UYTO IIPUOOP
OTKJIUKaeTcss Ha OHOaKyCTMYeCKHWe CHTHaJbl Ha O0OOMX WHAMKATOpax — HeCcylled u
HaHOBOJIbTAaMIIEPMETPUYECKOM. DTO TOBOPUT O MEPCIIEKTUBE M BO3MOXKHOCTH BBOjla pubopa B
00ux0/T 6M0aKyCTHYECKHX, 300IICUX0JIOTHUYECKUX U aKyCTO-3TOJIOTUUECKUX U3MEPEHUH, a TaKKe —
KaCTOMU3AIINH 1101 KOHKPETHbIE 33/1a4H I10JIb30BaTeJIeH.
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Puc. 1. O6muii Buj npubopa, npucoeguuenHoro no USB k apTomaTusupyomemy ero I1IK
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Puc. 2. Konnekrop Bxoaut B TRS-pazbém, pacnosioxkeHHbIN psajgoM ¢ USB-Bxoom

Puc. 3. [Toso:keHue CTPEJIOK P OTCYTCTBUU BXOAHOTO CUTHAJIA
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Puc. 4. IlosoxkeHne cTpeyIOK IpU Mojave curHasia. IHANKATOp «Hecylas» HHEPTEH

Puc. 5. Uagukatop «Hecylas» HeCKOJIBKO CMEIAeTCs OTHOCUTENIHHO HyJId. OIIyKTyalunu,
u3MepsieMble TAKUM 00pa30M, XOPOIIIO BUAHBI B puibMe (27 cek. — 53 ceK)

Puc. 6. Ociiiyutsanuu CTPEJIKA HHAUKATOPa HAaHOBOJIbTaMIiepMeTpa (00:58-02:58)
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4. 3axJaoueHue

Takum ob6pazom:

¢ Bo-mepBbIX, aprymMeHTHpOBaHA IOTPEOHOCTh CO3/IaHUs OHOAKyCTUUECKUX IMPHOOPOB,
obecIieynBaIoNUX BO3MOKHOCTh OJTHOBPEMEHHBIX, CHHXPOHU3UPOBAHHBIX U3MEPEHHUIN HECYIIETO
CUTHAaJIa ¥ MOYJISIINY HECYIIeH BOJTHBI.

¢ Bo-BTOpBIX, IPO/IEMOHCTPUPOBAHA TEXHHUYECKAs PEJIEBAHTHOCTh JAHHBIX pa3pabOTOK,
ciaefyomas W3 YPOBHA TEXHUKA W HCTOPUM PA3BUTHA TEXHHUKA HAHOBOJIbTMETDPHHU,
HaHOAMIIEPMETPUH U MOYJISIIMOHHBIX U3MEPEHUH.

¢ B-Tpethux, pazpaboTaH u anpoOUPOBaH, KaK 5TO MMOKa3aHO B BUEONPUJIOKEHUU, TPUOOD
«HaHOBOJIbaMITEDMETPUYECKUN OMOAKyCTHUYECKUH aHAJIM3aTOpP HeCyllel» C JABYyMsl THUIIaMH
WHAUKAIIUY, JJIs UCCIIeIOBAHUN B IIPUPOAHON Cpejie HJIU 0 one-to-one-perucrporpaMmam (mpu
coxpaHeHHHU (Pa30BBIX U AMIUIATYHBIX XapaKTEPUCTHK CHTHaja B 3alHCH 0e3 CeJIeKTUBHOTO
YCHJIEHUS).

e B-ueTBepThIX, TIOATOTOBJIEH 3aJieJ1 U1 BO3MOXKHOCTH pETUCTpAIllUM CUTHaJIA C
HAIIPpABJIEHHBIX 110 PA3HBIM OCAM MHKPO(OHOB, TO €CTh aJlalTalliyd 3TOro IMpubopa /A aHaIn3a
MMPOCTPAHCTBEHHON JIOKAJIM3AIMA HWCTOYHHWKA curHaja (¢ mnpuMmeHeHuem ByX TRS-
KOMMYTAaTOPOB).

e B-iAThIX, onudpoBKa MAHHBIX C IOMOIIBI0  AHAJIOTO-IMGPOBOrO IpeobpasoBarers,
BMOHTHPOBAHHOTO B KOpPIIyc mpubopa Ha ypOBHE IaHENIW BBIBOZAA, ¢ mepezauveir Ha IIK mo
VHUBEPCAJILHON CEPUHHOUN IITWMHE, IIPUBOAUT K BO3MOXXHOCTH CHEKTPAJIbHOM ¥ HWHOU
(kemcTpasIbHOM, BEHBJIETHOH W T.A.) o0paboTku curHana (DSP) ¢ momomisio ITO SpectraPLUS,
EDSW, LabChart u LabView, a Takke MX DpUHIMIHAJIbHBIX aHAJIOTOB, B TOM YHCIE — JIA
MOC/IeAYIOIIEN PacIIMPEHHON CIEKTPpaIbHOM 00paboTku B I1O AutoSignal.

YuuthiBasgs pa3iuyHble  (OPMBI  MOAYJIAIIMU, KOTOpPble MOTYT HAOJIOAAaThCA B
OMOaKyCTHUECKOM CUTHAJIE, PAIMOHAIPHO KACTOMH3UPOBATh MPUOOP HE TOJIBKO I107] KOHKPETHBIE
33/1a4d, HO U TI0J] KOHKPETHbIE TUIIBI MOJYJISAINUA. B YacTHOCTU, BO3MOXKHBI CJIEAYIOIIHE
MoaudUKanuu npudbopa (ecTeCTBEHHO, UYTO B IMOJTHOCTHI0 AaBTOMAaTHYECKOM — HE CO CTPEIOYHBIMHU
WHAUKATOPAMU — UCIIOJTHEHUH):

1. Buoakycrrueckuii HaHOBOJIBT(AaMIIED)METPUUECKUHA aHAIN3ATOP AMIUIUTY/THOU
MOJTYJISAIIUYA, B YaCTHOCTH, BKJIIOUAIOIUN B ce0s (PYHKIIUU M3MepPeHUH ¢ OOKOBBIMH IIOJIOCAMHU,
OaslaHCHOU U KBa/IpaTYPHOH (C ABYMS HECYIITUMU) MO ISIIIFH.

2. Buoakycruueckuii HaHOBOJIbT(aMIEP)METPUUYECKUN aHAIU3aTOP YIJIOBOH (sensu
lato) momynsAnMY, B 4aCTHOCTH, BKJIIOYAIONUH B ceba GYHKIUH n3MepeHui (pa30BOM U YaCTOTHOU
MoAy AU (MOZYJIAIUN, IPU KOTOPOH IepeflaBaeMbI CUTHAJI U3MEHSET JINO0 YacTOTy w, JTUOO

HavaiapHyio Gasy @, aMIUIUTyZla He W3MeHsdeTcs), B TOM 4YHucjae — JIMHEHHOU YacTOTHOU
MOZYJIAIAM.
3. buoakyctuueckuii  HaHOBOJIBT(aMIIEp)METPUYECKUH  aHAJIU3aTOP  YaCTOTHOU

MOJTYJIAIIAY, B YACTHOCTH, BKJIFOYAIOIIUYA B ceOsl PYHKIIMU MOJTHOCIEKTPAJIbHBIX U3MEPEHUN ITpU
IITUPOKOIIOJIOCHOU YaCTOTHOU MOZYJIAIUU.

4. Buoakyctuueckuii ~ HaHOBOJIBT(AMIIEp)MeTpUYECKUHE  aHaIu3aTop  ($a3oBoi
MOJTYJIAIIUY, BKJIIOYAIONIMH B ce0sA, B YacTHOCTH, (YHKIUH aHaM3a KBaJpaTypHO-(a30Bou
MOJIYJIAIIUA HECYI[ero CHUTHajia WM (a3oBOM MOAYJAIUM, IOJIy4aeMOl W3MEHEHHEM 4YacCTOTHI
HECYIIero CUrHasIa.

Paziuune TUIOB «eCTECTBEHHOM MOJYJISAIUU» OHMOaKyCTUUYECKOTO CUTHAJIa, B TOM UHCJIE —
KpaiHe CHenu(PUUHBIX 3K30THYECKUX, ITO3BOJIUT YJIYUIIUTh YPOBEHb JIOCTOBEPHOCTU BHUOBOM,
IIOBe/IEHYECKON 1 OMO2KOJIOTHYeCKO UIeHTH(UKAIIMHA OPraHU3MOB 1 OMOIIEHO30B — UCTOYHUKOB
OMOaKyCTUUECKOTO CHUTHajia. I[Ipu 5TOM, BBHUAY BBEJIEHHS HOBBIX IIEDEMEHHBIX H HOBBIX
JIECKPUIITOPOB CUTHAJIA, & 3HAUUT — U HOBBIX THIIOB €r0 MOAYJIAIIMOHHON CIEKTPOCKONHH (B T.d.
He 110 Oypbe-0a3ucy) ¥ TUIIOB Pa3JIOKEHHUS CUTHAJIA I10 cenuduuecKuM ba3rcaM, YTO OYEBUIHO,
JlacT B pe3yJIbTaTe HOBbIE HECYPPOTATHbIE KJIIOUH /I UAECHTU(DUKAIIMA BUIOB, DKOCHUCTEM U T.J.
0 UX KOMILJIEKCHBIM CHUTHaJIaM. DTO YBEJIUUHUT OOBEKTUBHOCTh CUCTEMATHUK M (heHOTHUITUYECKUX
Ki1agucTuk (rae GeHOTHNI — MPAMOM OMOaKyCTMUYECKHMI CHUTHAJ HMCTOYHHKA, a KJIacCH(PHUKAIKA
MPOU3BOAUTCSA 1O (DEHOTHUITY WJI B COBOKYITHOCTUA C HUM, 0€3 ITPUBJIEUEHUs [TUTOTEHETUIECKUX U
MOJIEKYJIIPHO-TEHETUYECKUX JIAHHBIX — €CTeCTBEHHO, YTO JI0 TPEAEIOB, JI0 KOTOPBIX 3TO
OMOCTaTHCTUYECKH BO3MOXKHO). bBiaroylapsi  IIMPOKOMY BHEAPEHUI0 OHMOAKyCTUUECKHUX
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(HAaHOBOJIFTMETPHUYECKUX U/WJIA HAHOAMIIEDMETPUUYECKHMX) MOAYJISAIMOHHBIX aHAJIU3aTOPOB,
MPE/ICTABJISIETCS] B IIEPCIIEKTHBE BO3MOKHBIM MOJIYJIAIUOHHBIN (QUHTEPIPUHTUHT BHIOB U
SKOCHUCTEM B peaJlbHOM BpeMeHU. Pa3BUTHE COOTBETCTBYIOIIUX 0a3 JaHHBIX IOCPEICTBOM Kak
obyuenusa c yuntenaeM (supervised learning), Tak ¥ aHaAJIOTOBBIX IIOAXOJOB Ha 6a3e aHAJIOIOBOM
O6vonHGOPMATHKH C HECYpPOTaTHBIMHU KJIIOUaMH, CMOKET BOCKDECHUTh HEKOTOphlE HIEH U
HampaBjieHUs B OWOAKyCTHKe, 4YacTUYHO 3a0bIThle ¢ IIPOIIOTO BeKa — CO BpPEMEH
OCHOBOTIOJIArawIuX paboT BenmpuniieBa u Mopo3sosa.
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IIpenu3MOHHBIN AHAJTNU3ATOP HECYINEH I KOJTUYECTBEHHON OMOAKyCTUKH
Errenuii [leancosuu Anamosuu 2, Osier BasiepreBuu I'pagos 2-*
a THCTUTYT SHepreTUYecKux mpobieMm xummueckoil ¢pusmku, Mocksa, Poccuiickas ®eneparus

AnHOTanuAa. /lanHada MeTogu4YecKas CTaThsA ONMCHIBAeT allaparypy JIA IPeru3UOHHBIX
OMOaKyCTHUeCKNX MOAYJIAIMOHHBIX HCCIeI0BaHM. /[Ba TUIIa MHAUKATOPOB HA IepelHel aHean
rOJIOBHOTO NpuOOpa MO3BOJIAIOT OJIHOBPEMEHHO OTCJIEXKUBATh HECYIIyl0 U K03(hQPUIUEHT
MOZYJIAIUA C HAaHOBOJIbTMETPHUUYECKOU M HaHOAMIEPMeTPUUEeCKOH TOYHOCTBIO, UTO JOCTATOYHO
JUI BechbMa CJIa0bIX CUTHAJIOB — TAKUX, KaK CUTHAJIbI HACEKOMBIX U HEKOTOPBIX PhIO. Arpobarus
IIPOBE/IEHA TAKKe Ha CHUTHAIAX adalMH U MOPCKUX 3aiieB. [13-3a OpraHU3aIMOHHBIX IPOOJIEM,
BO3MOKHOCTH JIOBOJIKU 0O0DPY/IOBAHUS ISl CEPUITHOTO BHEAPEHUSA B 300JI0THYECKON OMOAKyCTUKE
He OBLIO0, TO3TOMY OIKCHIBAEMAs CXEMA MOKET PACCMATPUBATHCSA JIUIIH KAK OIBITHBIN SK3€MILIAP.
PazpaboTku ocraHOBJIeHbI Ha ypoBHe co3fanus GUI uHTepdeiicoB nmopxmouenus B LabView u
a"HasornyHoro emy B ortedectBeHHOU SCADA (paszpabotku ZET, 3enmenorpan). IIporpammuo-
ammapaTHBIA KOMILJIEKC CIOCOOeH paboTaTh aBTOHOMHO JIMOO IIPU IOJAKJIIOUEHUU K 3BYKOBOH
kapte IIK mocpencrBom TRS. B aBroHOMHOM (popMaTe OH MOKET OBITh IPUMEHEH B IOJIEBBIX
SKCHEJUIIMOHHBIX YCI0BUAX, HO TOJIBKO JJI U3MEPEHUS B peaJIbHOM BpeMeHU. Ecin :xe TOBOpUTH
o B3aumoieiictsuu c IIK, To cTaHOBUTCA BO3MOXKHBIM KOHTPOJIb BOCIIPOU3BOIMMOCTU U3MepeHUU
OMOaKyCTHUECKUX MapaMeTPOB, MOJIYYEHHBIX B IIOJIEBBIX U B JJAOOPATOPHBIX YCJIOBUAX, B 3AIHCH.
[IpuMeHUMOCTh HMIJIEMEHTUPOBAHHOTO IIOJIXOZ]a OIIUCHIBAeTCss B 0030pe, COCTaBJIAIOIIEM
HAYaJIBHYIO YaCTh ITyOJTMKyeMOU CTAThU.

KirroueBbie cjoBa: OMOAKyCTHKA, aKyCTHUeCKas CUTHAIU3AlUs HACEKOMBIX, aKyCTHKA
MOPCKHX MJIEKOIIUTAIOIINX, BOKAIN3aLlusd IITULI.
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Analog Non-Coherent Spectrozonal Lens-less Microscopy of Hydra sp. (Phylum
Cnidaria, Class Hydrozoa) with combined Raster Scan and Cross-Band Shifting

Oleg V. Gradov 2"
aTalroze Institute of Energy Problems of Chemical Physics, Moscow, Russian Federation

Abstract

This article discusses a new microscopic research technique for invertebrate zoology and
hydrobiology. The proposed method is based on the principles of lensless microscopy, carried out
in an analogous version (including in the presence of digitization at the peripheral link) using
monochrome devices with charge coupled and wavelength tuning at the source level. Previously
tested by the author options using tubes using an internal photoelectric effect such as
vidicon/plumbicon, as well as tubes using an external photoeffect such as superorticon and others,
were not considered as a worthy alternative to semiconductor matrix CCD detectors, due to the lack
of resolvometric characteristics, according to the criteria of the cellular resolution of the majority
hydrobiological objects, as well as by virtue of the "black orthicon halo" effect in the irradiated ROI
("black orthicon halo"), which displaces the frequency-contrast function of the detectors, caused by
excessive emission of photoelectrons, leading to the accumulation of charge. The article presents
some of the oldest data obtained personally by the author on an independently assembled
experimental setup (CCD), available for assembly by a layman; therefore, the article can also be
considered as a guide to DIY-making appropriate installations for zoological applications. At the
moment, installations of this kind can also be used in conjunction with laser sources (for example,
diode pumped lasers, DPSSL) and polarization components of the optical path. When using
standard means of analog video recording, it is possible to use a time, address-time code embedded
in the register, including in time-lapse mode, which is convenient for dynamic zoological research.
And in the case of digital recording with a variable flow rate, a similar code will allow using high-
speed modes with a time resolution down to microseconds.

Keywords: lens-less microscopy, Hydra sp., Anthoathecata, Hydridae, Hydrozoa, Cnidaria.

1. BBegenue

IIpencrasurenu poxa Hydra, cemetictBa Hydridae, ABJISIOTCA KJIACCUYECKUM «MOJIETbHBIM
oObeKTaM» 300JI0TUH M psifa WHBIX aucnuiuind. Kak cuopaseminBo otmeuaer I'asutunot (Galliot,
2012), MOJIEJIbHBIM 00BEKTOM THAP MOYKHO CUMTATh, HAUMHAs ¢ IIEPBOr0O MX HCCIeI0BaHUsA B 18 B.
Abpamom Tpambite; mocioBHas nurarta: «The freshwater Hydra polyp emerged as a model system
in 1741 when Abraham Trembley not only discovered its amazing regenerative potential, but also
demonstrated that experimental manipulations pave the way to research in biology». B HacTos1ee
BpeMsI THPa UCIIOJIb3YeTCsl KaK MOJIEJIbHBIN O0BEKT, KAK MUHUMYM, B CJIEAYIONIUX MOJATbHOCTSX:

* Corresponding author
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1. Kak mozgenp OGmosiormueckoro pasputus u popmoobOpaszoBanusi (Greier, 1974), B TOM
yucjae — THCTOTeHe3a u auddepenmuanuu kiaetok (Arndt-Jovin et al.,, 1976), obmas, kKak
MUHUMYM, 11 Becex Cnidaria (Koizumi, 2002) wiu s Eumetazoa (Bottger, Hassel, 2012). 9ta
MOJIaJIbHOCTh BKJIIOUAeT B ce0fA Tak:Ke aHaJIM3 CTBOJIOBBIX KJIETOK B Xoze auddepeHIuannu
(Schincariol, Habowsky, 1972), kak OHOJIOTMYECKHUH WJIH, KOHKpETHee, OHOTeHEeTHYECKHI
MIPEPEKBU3UT MopdoreHesa, Mo 3aBap3uHy, a TakKe abCTpaKTHBI aHaiMu3 (GopM B paMKax
MaTeMaTHUeCcKou 6rostoruu u bnodusudeckoii xumuu (Berking, 2003). B yacTHBIX ciiydasix, sensu
stricto, MoZEeIUPYIOTCA MPOCThIE M CBOMCTBEHHBIE TOJBKO JAaHHOMY TaKCOHY MOPGhOJIOTHYECKUe
ocobeHHOCTH (IIpUMepbl — HOra, THmocToM, Imymaibiia (Meinhardt, 1993)), B BBIIIEOMMCAHHBIX
6oJiee OOIIMX U HE OTPAHUYHBAEMbBIX TAKCOHOMHUYECKH C/IYUYasiX — PE3YJIbTAaThl SKCTPAIOIUPYIOTCS
Ha ypOBEHb OMOJIOTHYECKUX MMPUHIIUIIOB, TIO3BOJISIONIAHN MEPEHTH K YaCTHOCTSAM JIPYTHUX TAaKCOHOB,
B TOM YMCJe BbICIINX. Hampumep, Kak HU MapagoKCcaJbHO, UMEHHO THUJIPbI UCIIOJIB3YIOTCS JIJIA
MOJIEJTAPOBAHUSA JAUA0ETHYECKOH MHKPOAHTHUOIIATHU: YTOHEHHEM MeMOpaHbl «HOTH» THUJAPBI
MO/IEJTUPYETCSI COOTBETCTBYIOIINM PEaKTUBHBIN 3(P(dEKT B cocyax Ha BBEAEHHE JIUIITHEN TJTFOKO3bI
(Flower, 2000), x0T Mojiesii MopdoreHesa HOTH THAPHI (HampuMep, T.H. «zipper model»
(Fujisawa, Fujisawa, 2004)) BechbMa OTJHMYAIOTCI OT (QOPMAJBbHBIX MOJIeJIEll aHTHOreHe3a
(Darbyshire, 2015), 6a3upysch, TeM He MeHee, Ha TOHW >Ke peaKIHOHHO-IAHPIYy3HMOHHON Oasze
(akTuBaTop-uHrHOUTOP) (Shimizu et al., 1983 ; Shimizu, Sawada, 1984).

2. Kak Mozenp MeKKJIETOYHBIX, MEKTKAHEBBIX B3aumozercTBuii B opranusme (Day,
Lenhoff, 1981; Vogg et al., 2019), a Takke MO[e/J b BOCCTAHOBJIEHHUS TKaHEH, TO €CTb —
pereHepanuu, obmas mia Metazoa (Michael, 2019). /lanHaa MOAAJIbHOCTh OTPAKAET HE TOJIHBKO
mporiecchl (opMHUPOBAaHUS U KOOIIEPATHBHOTO THCTOTeHe3a TKaHel, Ho u ayTodarwuio (Galliot et al.,
2018). B acmexkTe pereHepaTMBHON OHOJIOTHH 34€Ch HEJIb3sl HE COIVIACUTHCA C AHOHUMHBIM
KOPPECIIOH/IEHTOM >KypHasa «Nature», TOBOPHBIIKM, YTO THApPA HE TOJHKO PEreHepupyer, HO U
perynupyer (a 3TO, ¢ TOUYKH 3peHHS MOjeau ThIOpHUHIA, IMPOTHBOIIOCTABJIEHHSA aKTHBaTOpa W
UHTHOWTOpA, obeclieuMBaeT TOYHBIE B3aKJIaJKH OpPraHOB M TKaHe#), obOecrneuwBasi (1iurara)
"positional information" to cells within the hydra. ITosHas murata 3ByunT Tak: «Hydra can
regenerate and regulate. If the head of a hydra is removed a new head regenerates at the anterior
cut surface. This regeneration does not require cell division, but stems from a reorganization of the
tissues of the hydra. Further, the presence of an extra head nearby can inhibit head regeneration at
a cut surface. The implication is that a head acts as a source of some substance that actively inhibits
head formation, and possibly also supplies "positional information" to cells within the hydra. When
a head is removed the gradient of inhibitor relaxes and, it is postulated, when the concentration of
inhibitor has fallen below a threshold value, which is a function of axial position, new head
formation is initiated» (Correspondent, 1972).

3. Kaxk mojzesib IIpOIECCOB CTapeHHsl, B TOM UYHCJIE — PEIIMKATUBHOTO «CEHECIIEHTHOIO»
crapenus (Tomczyk et al., 2015; Bellantuono et al., 2015; Schenkelaars et al., 2019), a Takxke
JIOJITOKUTEJIBCTBA, 110 KpaliHel Mepe, [J1A MOJ00HbIX el HU3IuX opranusMos (Bosch, 2019).

4. Kax Mmozmenp OMOXMMHYECKOTO CUTHAIJIMHIA, B YACTHOCTH — CBSI3aHHOIO C aKTHBHBIMU
dopmamu kwucmopoma (Suknovic, 2019), a Tak)Ke Kak HEHPOIUTOXHMHYECKAss MOZEIb
TPAHCAYKIMU CUTHAJIOB, JOKa3bIBaloIlas OOIMHOCTh MEXaHHW3MOB IIepe/laurl y THApD C
no3poHounbiMu (Fraune et al, 2014).

5. Kak mopess i vccyiefoBaHUNE OMOXUMUYECKHUX OCHOB CEHCOPUKH 0eCI03BOHOYHBIX, B
To uncie — poropernennuu (Santillo et al., 2005 ) 1 xemopeneniuu (cM HiKe). J[J1s OTICUHOB TH/IP
ITOKAa3aHO POJICTBO C OTICHHAMH BBICIIIHX II0O3BOHOYHBIX, YEJIOBEKA.

6. Kaxk mozesib B3aMMOJEHCTBHS OpPraHHU3Ma € OKPY’KaloIlell ero cpeioii B OHTOreHe3e B
HOpMeE U NPHU TEeXHOTEHHBIX BozzaeicTBusx (Vasseur, Pachura, 2006; Quinn et al., 2012), B Tom
YHncJIe B OKOTOKCUKosiornueckux acrnekrtax (Kim et al., 2010; Zeeshan et al., 2017; Ziuzina et al.,
2018; Chaves, Ruvolo-Takasusuki, 2018; Terracciano et al., 2019; Nykolay, Shahid, 2019). 3to
IIO3BOJISIET MCIIOJIH30BATh €€ KaK MPOCTYIO aJIbTEPHATHBY TOKCHKOJIOTHYECKOMY TECTUPOBAHUIO Ha
BBICIIIUX JKUBOTHBIX, XOTs 5TO U HEPENKO BBI3BIBAET pe30HHbIe Bo3pakeHusa (Murugadas et al.,
2019).

7. Kak Mozenp B3aMMOJEHCTBUI OpraHu3Ma M ero Mukpobuoma (Augustin et al., 2012;
Deines, Bosch, 2016), a TakXe MoOeJab B3aUMOIEHCTBUS ¢ WHOEKITUOHHBIMH JIHOO
3MU300TUYECKUMHU MUKPOOHO-TIapa3uTapHbIMH HOcUTEAMH (Stiven, 1973)
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8. Kak MosieKyJIsIpHO-TeHeTHYecKasi MO/IeJIb, BKJIIOUasi DKOJIOTHYECKY0 TeHOMUKY (Yum et
al., 2014), sxoTokcukoreHoMuKy (Murugadas et al., 2016), a Takke MOJIEKYJIAPHYIO (PUITOTEHETHKY
(Hemmrich et al., 2007).

9. Kak wiaccuueckuil yueOHBIH OOBEKT /ISl IIKOJBbHBIX M 3JIEMEHTAPHBIX WHCTHTYTCKUX
MPAaKTUK U IpakTUKyMOB (Bossert, 2009; Bossert, Galliot, 2012).

Hcxozs U3 U3J103KEHHOT0, JIOTHYHO TPeOOBaTh MAaKCUMAaJIbHO ITOJTHOTO BHEIPEHUS METO/IOB U
TEXHOJIOTHI MHUKPOCKOIINH, IIO3BOJISIOINIUX B PEKMMeE PeaIbHOTO BpeMeH! Ha0JII0/1aTh Pa3/IMYHbIE
aCIIEeKThI TIOBEIEHUs U MOJIEJIbHOTO HUCII0Ib30BaHUs THAPHI. OHAKO, B PEaIbHOCTH, MUKPOCKOITHS
HCIIOJIb3YeTCs JJIs aHAJIU3a THAP, KaK IPaBUJIO, TIOBEPXHOCTHAS ONITHYECKasi, KaK 30-40 JIET Hazas
(Campbell, 1983; Dansky, Johnson, 1985; Hunter, 1993) u paHee, HaunHas ¢ BpeMeH Tpamoiie,
00 HEZOCTYITHAs JIJIsi MOHUTOPHUHTA OMOJIOTHYECKUX CTPYKTYP (€C/IM He MCIO0JIb30BaTh METO/IbI
HHU3KOBAaKyyMHOU 2JIEKTPOHHON MUKPOCKOITHNH, KOTOPOH, BIIPOYEM, CTOJIb HEIKHBIE CO3/IaHUSA, KaK
MPAaBUJIO, HE BBIJIEPKUBAIOT) 3JIEKTPOHHASI MUKPOCKOIIHSA — TPAHCMUCCUOHHAS, IPOCBEYHBAIOIIAs
¢ 1950-X IT. 110 HacTosIee BpeMs (Wood, 1959, 1983a; Westfall et al., 1971; Holstein et al., 2010) u
CKaHHpYIoIIas ¢ 1970-X IT. o Hacrtosiee Bpems (Westfall et al., 1971; Beams et al., 1973; Wood,
1983b; Westfall, Epp, 1985; Takahashi-Iwanaga et al., 1994; Murate et al., 1996;). TexHosIOTHI
KOPPEJISIUOHHOU ONITUYECKOU U 3JIEKTPOHHOMH, MMOTEHIINAIbHOE Pa3HOOOpa3re KOTOPBIX CIIOCOOHO
U3MEHHUTH MPEJICTAaBIeHUs 0 MOP(OJIOTUH CUCTEM, 3a CUET BHE/IDEHHUs HOBBIX CJIOEB JIECKPUIITOPOB
(Gradov, 2019), 110 OTHOIIIEHUIO K THIPaM, HACKOJIbKO HaM U3BECTHO, HE UCII0JIb30BAIUCh, XOTS U3
BTOPHUYHBIX IIUTHPOBAHUIN MOKHO H3BJIedb HHGOPMAIHIO O TOM, UTO I1eJIecO00Pa3HOCTh MOAX0Aa
KOPPEJIAIMOHHON MUKPOCKOITMH B UX OTHOIIIEHUU OTMedasiach eIlé B 1980-e rr. KoMmimapaTuBHBIN
aHAJIN3 OTHOCWJICS K OT/IEJIbHBIM CTPYKTypam (Hanpumep — Heiiponam (Epp, Westfall, 1983)), a ue
COTIOCTABJIEHUIO M300pa’keHUU pa3HbIX MeTOOB. VHTerpamus ke MUKPOCKOIIUMH OITUYECKOH U
BJIEKTPOHHOH, ¢ U3BECTHBIMH JOMYIIEHUSAMH, MOXKET OBITh OTHECEHA JIUIIb K paboTaM, B KOTOPBIX
HCIOJIb30BAJIOCHh OJHOBPEMEHHO UMMYyHODIyopeciieHTHass MuKkpockomnus ruap (Shahkolahi, 1983)
¥ UMMYHO3JIEKTPOHHAsA MUKPOCKOIIHs (0/THAKO TaKHe PabOThl MHE U3BECTHBI TOJIBKO U3 «YaCTHBIX
COOOIIEeHU» TOCJIEAHETO0 BPEMEHH, HE IIUTHPYEMBIX B COBpeMeHHOM (opmare uzzganuii). To ecTh,
II0 CYILECTBY, TEXHUKO-MeTOAUUecKas 6asa A1 MyJIbTHAECKPUITOPHOTO aHAJIN3a 1 MOHUTOPHUHTA
ruzp in situ, B peaJIbHOM BpEMEHU, UCKJII0Yasi KJIACCUUECKHE METO/Ibl ONITHYECKON MUKPOCKOITHH,
otcyTcTByeT. Heo0X0AMOCTh CO3aHUsI U UCIBITAHUS TaKOW TEXHHUKU, MHUIIUUPOBaIa PaboTy Ha
9TOU CTAThEN, HAYUATOU 3a7[0JITO /IO TOTO, KAK METO/Ibl KOPPEJIAIMOHHON CBETOBOU U 3JIEKTPOHHOU
MMKPOCKOITMH BOIILIM «B MOJY», a MOJIEJTH Ha OCHOBE THP IMEPENLIX Ha YPOBEHb MOJIEKYIAPHOM
TeHOMUKHU U SIIUTeHOMUKHU. TeM caMbIM, B OIIPeZie/IEHHON Mepe, JJaHHAs CTAaThs MOKET SIBJISITHCA U
(dukcamueil 0TeueCcTBEHHOTO MPUOPUTETA B TON 00JIACTH TEXHUKHU.

2. Pe3yabTaTrhl

TexHnka 3KCIepuMeHTa

Kakue KpuTepuu JIOTUYHO MPEIbABIIATH K TAKOU TEXHUKE?

OueBHU/THO, UTO HEOOXOIMMA TEXHHKA, 0OeclieunBaIas paboTy Ha pa3HbIX IJIMHAX BOJIH, IO
KPUTEPUSIM OTIMYHS KOHTPACTUPOBAHUS PA3IMYHO MTUTMEHTUPOBAHHBIX 30H TH/IPHI KaK IOJIUATIA C
PA3JIMYHBIMHU TI0 CIIEIUATIU3AIUN CJIOAMH KJleToK. Ho, B TO ke BpeMsi, 0Y4EeBUHO, UTO JIOPOTOU
(0 aHA/IOTUH € TUIEPCHEKTPATIbHON MHUKPOCKOIHMENW WJIM MHOTOJIA3€PHON KOH(MOKAJIBHON) 3Ta
cxeMa OBbITh He Jo/KHA. OUeBUTHO, YTO HEOOXOAMMO 00ECTIEYUTH BO3MOKHOCTH OTHOBPEMEHHOTO
cbopa JJaHHBIX O MHOTUX TuApax (/JIf HAKOIUIEHUS TMOIYJIAIMOHHON CTaTHUCTUKH), HO TOJIe
3peHus, MPU 3TOM, He JIOJDKHO OBITH CJIMIIKOM ITUPOKHM, KaK Y OMHOKYJIIPHOM JIyIbI, TaK KaK
HeOOXOUMBI He 00IIie CHUMKH ITOITYJIAIUH, a UCCIe0BAaHNE OJUHOYHBIX TH/IP, PACCa’KEHHBIX TI0
MOJIYJISIM, TJIe, B COOTBETCTBHUU C TEXHOJIOTHENW HKCIIEpUMEHTa, MOKHO WU3MEHSATh TeMIIEpaTypy,
MOHHBIA COCTAaB WJIM TOKCHYECKYI0 KOHTAaMHUHHPOBAHHOCTH cpejibl, pH, ¥ T.A., ¥ T.II., BIUIOTH JI0
MHKPOOHOJIOTUYECKOTO U BUPYCOJIOTHYECKOTO KOHTAMHHHPOBAaHUS (CM. CIIUCOK BhIIe). To ecTh
Hy>KHa MHOTOKaHAJIbHAS U COJieprKallias MHOKECTBO YCTPOHCTB cOOpa JAHHBIX CUCTEMA, B KOTOPOU
MOKHO Oy/eT MOJKJII0YaTh Pa3UYHble KaHAIbl K AHAJIUTUYECKUM YCTPOHCTBAM, HE MeEHSs
rmapaMeTpbl Ha YypOBHE TIOMyJAIMM B IIeJIOM. BO3MOXKHO, I1e1ecO00pa3HO TOAIEPIKUBATD
MMPOTOYHYIO cucTeMy (MUKPOMIIIOUAHYIO WU Me30(IIIONIHYI0, KaK B CHCTEMaxX THUIIA «OpraH Ha
qume» (BeiBner et al., 2016; van Der Helm et al., 2016; Caballero et al., 2017; Kieninger et al.,
2018; Zhang et al., 2018; Cochrane et al., 2019; Cavero et al., 2019)) ¥ BO3MOKHOCTb YTJIOBOTO
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repeMeIeHust IIaT@OPMBI I aHAIN3a OPUEHTAIIMOHHBIX MEXaHU3MOB U Pa3MeITUBaHUS CPE/IbI,
KaK B cJIy4yae KyJIbTHBAIUH HEHPOHOB MOPCKUX *KUBOTHHIX (Gradov, 2015).

Jl1s1 aTOTO HaMu ObLIa BeIOpaHa I1aTdopma 6e3IMH30BOr0 MHKPOCKOIIA OHOU M3 IEPBBIX —
pa3paboTaHHBIX MHOTO JIET TOMY Ha3aJ aBTOPOM — KOHCTPYKITUH, U3HAYaIbHO aHAJI0roBBIX (¢ BNC
pa3bEMaMH /I BIBEIEHUS Ha MHOTOKAHAJIBHBIN ITPeoOpa3oBaTesib Yepe3 KBaAPOIPOIECCOPHYIO,
T.€. «KBaJ[PaTOPHYIO» CXEMY), OZTHAKO BIIOCJIEJICTBUH ONM(MPOBAHHBIX O€3 N3MEHEHHsI CEHCoPa, T.€.
¢ cOXpaHeHHeM IIpUOOopa ¢ 3apAA0BOU CBI3bI0. ITOT TUII OE€3TMH30BOT0 MUKPOCKOIIA KAYECTBEHHO
OTJINYAJICS OT KaMepOodOHHOU BepcHH, pa3paboTanHoii mosaHee (Nasirov et al., 2018a, 2018b), uto
BBIPAXKAJIOCh B aHAJIOTOBOM cxeMe cOopa JaHHEIX U ucnosb3oBaHueM 113C (mpubopa ¢ 3apsAmoBoi
CBSI3bI0) B KAUECTBE CEHCOPA, YTO IMO3BOJISLJIO HE CTPEMUTHCS 32 HanboIee BHICOKOPA3PEIIAIIMU
cospemenHbiMu CMOS-matpuniamu. [lociennuii pa3 pa3paboTKu B 5TOM HAIIPaBJIEHUU BEJIHCh HE
nosaHee 2011-2012 rojga (Gradov, 2012; Notchenko, Gradov, 2013a). Mcnoab30Baiuch JaHHbIE
MHKPOCKOIIBI JIJIS1 aHAJIN3a JUHAMUKH IIPOIECCOB CAMOOPraHU3aIuU, YTO TPeO0BaIO CTaAOUILHOTO
BH/IEOIIOTOKA C aJIpECHO-BPEMEHHBIM KozoM/TaM-koaoM (Gradov, 2011; Gradoff, 2012), uro, mo
TeM BpeMeHaM, He SIBJISJIOCH JIOCTYIIHBIM B OIO/I?KETHOM I poBoM (opmare. VI3MeHsA MUTaHUE U
BpEMS DKCIIO3UIIUH Ha CEHCOPE, MOKHO YIIPABIATh (DOTOMETPHUUYECKHUMHU U JEHCUTOMETPUUECKUMU
XapakTepucTHKaMu ¢peiiMa (4acTo oToOpakaeMbIMU Ha BEKTOPOCKOIIaX JIM00 MOHHUTOPAX (OPMBI
BoJiHBI B einHUIaX IRE). YacToTHO-KOHTpacTHASA (PYHKI[HSA MAaTPUIbI OTJIMYAETCS, B 3aBUCUMOCTHU
OT CIIEKTPAIbHOTO AMAalla30Ha/IJIMHbBI BOJIHBI, [I03TOMY 00€CIIEUHB IIEPECTPOUKY II0 JJIMHE BOJIHBI
(mampuMep, Jiazepa WiIH IIEPECTPAuBAEMOI IeJIN) WK CMEHYy Auarna3oHa HCTOYHHKA U3JIyUEHUS
(mampumep, LED) win puipTpa (Hampumep, Mpu IOBOPOTE NHTEPDEPEHITUOHHOTO (PUIIBTPA), MBI,
HCIIOJIb3YsI PACTPUPOBAHUE MPH IIEPEXO/IE OT MOAMAaNa30Ha K MOIIUaNa30Hy, MOKEM 00eCIIeunTh
O/THOBPEMEHHYIO PE30JIbBOMETPUUYECKYIO U JEHCUTOMETPUUYECKYIO KAJUOPOBKY U HCCIEIOBAHUE
(ce€ wucmosp30BaHMEM) COOCTBEHHBIX XapaKTEPUCTUK oO0BekTa. [[jia 3TOro He HYKHO
HCIOJIb30BaHUe IU(PPOBBIX MNpeoOpa3oBaHUN ONU(GPOBAHHOIO CHTHA/Ia, KaK B5TO ObLIO
peanmu3oBaHo HamMu B Oosiee mosgHux Bepcusx (Gradov et al.,, 2018). Bcé ocymiecTBisieTcs
QHAJIOTOBBIM IMyTEM. MHOTOYTJIOBOM/MHOTOOCHBIN XapaKTep JIOCTUTAeTCs He PeIleTKOU
MMO3UITMOHEPA BHYTPHU WHTETPUPYIOIIEN cdepbl, Kak 3TO CJIeJIaHO T037HEE B OJHOM U3 BepcHUit
metoma MPLM-UIS (Gradov, Orekhov, 2019), HO HeHOCpPEACTBEHHBLIM BpAaIlleHHEM CTOJIa
OTHOCHUTEJIPHO (PUKCHUPOBAHHOTO MCTOYHHKA H3JIydeHUsA. B pjeMeHTapHOM cIydyae, HCTOUYHUK
U3JIyYeHUs] MOKET OBITh IIPEJCTaBJIeH TPEX- JTUOO IATH- OCHBIM YHHBEPCAJIBHBIM MPEIMETHBIM
crosiom tuna Pemoposckoro (Notchenko, Gradov, 2013b), HO He mpezacTaBiseT TpyAa MOHTaXK
SKBHUBAJIEHTHOHM CXEMBI B HE OTKAUHBAEMOM CTeH/le Ha 6a3e OBIBIIETO 3JIEKTPOHHOTO MUKPOCKOIIA
C MHOTOOCHBIM CTOJIOM. Hamu wucIoJsib30Bajiach MeXaTPpOHHKa Ha 0a3e MIpeaMeTHOTO CTOoJia
mukpockora TESLA BS300, nokazannas Ha puc. 1 (Gradov, 2018a). Ha Tako# miatdpopme MOKHO
OBLII0 MHCTAJIMPOBATH MOJISIPU3AIIMOHHOE 3BeHO ontrdeckoro Tpakta CLEM (Gradov, 2018b), kak
Moka3aHo Ha Pucynke 2.
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Puc. 1. Tenemerpuueckas ycTaHOBKA Jj11 O€3IMH30BOM MUKPOCKOIINY Ha 6a3e Kos10HHBI SEM

IMocneanuii MyHKT ObLT OBI 1e71eC000pa3€eH, TaK KaK POJIb MOJISIPUMETPHU B 300THCTOJIOTHU
OIITUYECKU TeTEPOTreHHBIX paccewBaronux cBeT TkaHel (Ghosh, Vitkin, 2011; Macdonald et al.,
2014) IOCTOSHHO PAcTET ¢ Hauasia 2000-X IT. (Wang et al., 2002), oiHAKO HCCIIEAYIOTCS, B JIyUIIIEM
cJIydae, He3aBUCHUMbIE OT TEOMETPUU METPUKHU TKaHeBoU aHuzorporuu (Wallenburg et al., 2010),
a IOJIAPU3AIIOHHO-MHUKPOCKOIIMYECKUH  MOAX0A ~ MOr OBl  BbIZJaBaTh  I'€OMETPHYECKYIO
MOpP(OJIOTHIO, K KOTOPOU, KAaK K «IeOTATy», IMPUBA3aHbl OyAyT JaHHbIE O MOJIAPU3AIMH.
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B HacrosImee BpeMs, Kak IIPaBHJIO, 5TO SBJISETCA 3aTPYAHUTEILHBIM U TPOMO3AKHUM, TPEOYIOIIM
[IPOTPECCUBHON TEXHHWKH, KOTOpasdA y HMHUIMATHUBHBIX HCCaefoBaTesell B 00J1aCTH 300JI0THU
0eCII03BOHOYHBIX, KaK IIPaBHJIO, OTCYTCTByeT (Hampumep, KOH(MOKaJIbHASA MOJIAPUMETPHS
(Campbell et al, 2007)). CnektpasipHas ¥ MYyJbTUCIEKTPaIbHAs/TUIIEPCIIEKTPAIbHAS
MOJIAPUMETPHS, IIO3BOJIAIONIAS AaHAJIM3HUPOBATh JHUOO KapTUPOBAaTh MOP(QOJIOTHI0 TKaHEH,
B pPaHHHX BEpCHSX HM3BecTHa ¢ mepporo gecatwietus XXI Beka (Duncan et al.,, 2008), ogHako
IIMPOKOr0 paclpocTpaHeHusa He moJyuimaa. CieoBaTeIbHO, Hallla cXeMa JOJDKHA 00JafaTh
BO3MOKHOCTBIO  IOJIIPU3AIIMOHHO-MUKPOCKOIIMYECKOTO KapTHPOBAHUSA € H3MEHEHHEeM WJIN
IepexyIoYeHneM InH BoJH. CraHzapTHyoo mOpo0jeMy aHaau3a IIPEJACTaB/AeT JUXPOU3M
JByJIydenpesoMienre (HampuMep, B HAMPSKEHHBIX MOIEPEYHO-II0I0CATHIX MBIIIIAX ¥ BOJIOKHAX
kapauomuonuToB (Ushenko et al., 2015, 2017)), ciieoBaTeIbHO, MBI JOJIKHBI Y4ECTh BCE €ro
MIPOSIBJIEHUS IIPH IEPEXO/IE OT CIIEKTPATIHLHOTO AMAala30Ha K CIIEKTPAIBHOMY IHATIa30HY.

Puc. 2. 9i1emenTapHoe nosisapusanuontoe 3seHo PCLEM, nmoasoanmoe k okaHy SEM

Ecnu, HaunHas ¢ koHna XX Beka, peub UJET o JyiazepHod mossspuMmerpud (Ushenko et al.,
2000), MBI JOJDKHBI IIPEAYCMOTPETH BO3MOKHOCTh PACHOJIOMKEHHSA JIa3ePHBIX HMCTOYHUKOB
(c mepexyIOYaeMbIMH JIUIMHAMH BOJIH, HAIIpUMEP — OUCKPETHHIM BpallleHHEM PEBOJIbLBEPHOI
TypeJid, CHATOH CO CTaHAAPTHOTO MUKPOCKOIIA, B KOTOPOH YKpeIUIeHBI Jia3epHble IHUOIHbIE
moaysau wim ke DPSSL) Ha TpakTe wuttoMuHanuu obpasna. Tak Kak mpuoOperaer JlaibHeHIee
pacIpocTpaHeHHe CXeMa JIa3epHOM IIOJIAPUMETPHU TKAaHEW C HCIOJIb30BAHHEM YABOEHHOMU
YacToThl, T.€. TeHepalued Bropou rapmonuku (Yasui et al., 2002, 2005; Sasaki et al., 2004),
HUYTO HEe MelllaeT IPUMEHATh B JIa3ePHOM BapuaHTe cxeMbl oObruyHble DPSSL c reHeparueit

29




Central European Journal of Zoology, 2019, 5(1)

BTOPOU rapMOHUKHU. [IpIMepOM 3TOTO MOKET SIBJIATHCA 532 HM JIa3ep TBEPAOTETIbHBIHN C THUOTHOU
HAKaYKOU aJIFOMO-UTTPHUEBOTO T'paHaTa WM OPTOBAaHaJaTa UTTPHUS OT JIa3epHOro auoaa 808 HM.
Pesysibrar 808 HM Hakaykyd KpHUCTa/Ula — TeHepallus WU3JIydeHUs Ha JJIMHEe BOJIHBI 1064 HM,
KOTOpPOE IOCTyIIaeT Ha HeJIMHEWHO-ONTUYECKylo cucteMy u3 kpucrasuia KTP, rae unér yasoeHue
YacToThl (reHepalysi BTOpOH TapMOHHUKH) 532 HM. /IpyruM mpuMepoMm sBisieTcst sKeateiii DPSSL,
B KOTOPOM H3JIy4eHHe Ha JIJTHHE BOJIHBI 808 HM mpeobpasyercss B U3IyYeHUe 1064 HM, KOTOPOE
Jlasiee mpeobpasyercss B 1342 HM U TOJIBKO IIOTOM OCYIIECTBJISIETCS y/IBO€HHE 4YacTOThl. OcoObIi
WHTEpPeC TMPEJICTABISIET CTOKCOBA IOJIIPUMETPHsA, 10 OIPEAEIEHUI0/TI0 CYIIECTBY, SBJIAIOIIAACS
cunektponosipuMmerpueit (Wu and Walsh 2005), HO e€ wMerposiornueckyro crenuduky B
HU3KOOI/PKETHOW  ammapaTHOM  WMIUIEMEHTAllMd  BOCIIDOU3BECTH HE  IIPEJICTaBJIAETCS
BO3MOXKHBIM, ITOATOMY €€ MbI He 3aTparuBaeM. Tak wiu mHaue, misi Hydrozoa, oGiamaromiux
JIByMsI CJIOAMU (SKTOJIEPMOM H DHTOJIEPMON) u 0a3ayJibHOM IUIACTUHKOH, TEXHOJIOTUH
pa3paboTaHHOU 7151 60JIee CIIOKHBIX OPTraHU3MOB MOJIIPUMETPUY MHOTOCJIOMHBIX JKUBBIX TKAHEH,
B IIPeJIeJIbHOM CJIydae, MOAXO/ISAT JIUIID B IMOJISIPU3AIMOHHO-MHUKPOCKOITMYECKON UMILJIEMEeHTAI[UH
(Yermolenko et al., 2008). BodamokHa Tak:ke HHTerpaIus noIsIpU3aIuOHHON pedIeKTOMETPHH Ha
yune (aHajsoroBom 6e3nuH30BoM MuKpockore (Gradov and Nasirov, 2018)) u moJisspu3amuoHHON
0e3JITMH30BON MUKPOCKOIIUH Ha OE3JITMH30BOM MHKPOCKOITIE KaK TaKOBOM Kak 1o O3kany (Oh et al.,
2010; Zhang et al., 2016a,b; Lee et al., 2016; Ozcan et al., 2017), Tak u 110 aTbTEPHATUBHBIM THIIAM
cxeMm (Lei et al., 2013 ; Liu et al., 2017)).

OnHaKo, ¢ TOYKH 3PEHHs] HEMHOTOOCHOTO MTOJIAPU3AIMOHHOTO UCCIE0BAHUS, MOKET OBITh B
0O0JIbIIIEH CTEITEHH METOANYECKH IIPHUEMJIEMON BapHallus, peajn3yeMasi BHe KOJIOHbI MUKPOCKOIIA,
HO C COXpaHEHHEM TOTO K€ CeHCopa U TOT'0 Ke MoJisspu3aropa. [Ipenapar B TaKoii cxeMe HaXOUTCs
B TOPU30HTAILHOM T0JIOKeHUH (cM. PrcyHOK 3).

Puc. 3. beznunazossrii II3C-Mukpockon ¢ orudpoBKOH U MOIAPHU3aTOPOM Ha BXOJHOM TPAKTe
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Puc. g4a. Busyanuzanus DIAS [https://www.strainoptics.com/dias-1600-digital-stress-analyzer/]

IIpenmapaTsl 1 pacxXoaHbIe MaTepUaAJIbl (KpUTEPUHU BHIOOpA).

B Hacrosmei paboTe ucciaenoBaicss GUKCUPOBAHHBIHN ITpenapar ruphl, IOCKOJIBKY METOIOM
3D-meuaTy He yZayoch JOCTUTHYTD JIOCTATOYHOU CTOHMKOCTH lab-on-a-chip Mukpoduroninku ais
coJiep;KaHus TUZPHI B cyOkamepe B BojiHOU cpeze (Nasirov, Gradov, 2019). BnocienctBuu Ham
yZIaJIOCh TIOA/IEP:KUBATh THAPOOMOHTOB B KOMMEPUYECKHU JIOCTYITHBIX ITPO3PAYHBIX IMOJTUMEPHBIX
(B 4aCTHOCTH, JUATHOCTHYECKHMX) UHIIAX Ha Oe3IMH30BBIX MHUKpOCcKomax. OJIHAKO MOJIMMEPHbIE
YUOBbl A TOJIAPU3AIMOHHBIX W3MEPEHWH U HCCJIEIOBAHUN JUXPOU3Ma He SBJIAIOTCS
ONTUMAa/IbHBIMH — II0 TIPUYKMHE BBOJIa MCKA’KEHUH B aHAJUTUYECKUH CUTHAJI M3-3a COOCTBEHHOU
dorosnactuuHoCcTH, GOTOYIPYrOCTH, (OTOBA3KOYIPYTOCTH, [AOIMINX HCKA’KEHUsA 3a CUeT
COOCTBEHHBIX HAIpsDKEHWH. B KadecTBe NIPUMeEpPOB IMOCTAENHUX Ha PHCYHKe 3 TIPUBEIEHBI
BUByaJIU3allUA TIOJIEH [JaHHBIX HAINpsOKEHWH B TOJHMEPHBIX MaTepuasiaX, SBJIAIOIIUECS
KJIaCCUYECKUMH JieMOoHcTparnoHHbIME datiytamu B [10 DIAS (Pucynok 4a), LUCEO (PucyHnox 40),
BIREFRINGENCE s ANDROID (puc. 4B) 00 aHAJOTOBBIM ITOJIAPHUCKOIHUYECKUM ITyTEM
(Pucynok 5a, PucyHok 50). B mepBoM NporpaMMHOM cjlydyae BU3yaId3alds HE MOXKET OBITh
mpeobpa3oBaHa B KapTy BEKTOPHBIX ITOJIEH, HO MPeJICTaBIsieT cOO0M KapTy rpagueHTa. Bo Bropom
cJlydae CTPOUTCS KapTa BEKTOPHBIX IMOJIE — KaK B aJropuTMax motion compensation. B Tpetbem
cydyae MCroJib3ytotress kKapThl Patica-CopeHcena (Raith—Serensen chart), onpenenenune KoTOpbIX
3ByunT Kak direct representation of interference colour as a function of birefringence and sample
thickness. /lannasa kaprta (Raith—Serensen chart) mampsimyio BeIBoguTcsi u3 6Gojiee paHHHUX U
o0mux mpezcraBaeHui Muiiessi-JIeBu, pa3pabOTaHHBIX I T€0JIOTUUECKUX IIUTU(OB, U, BXO/IS B
WHTEPaKTUBHBIE 0a3bl JAHHBIX OIpe/ieIeHs] MUHEPAJIOB, HE TOJIBKO SIBJISIETCS CHelupUIecKOr B
OTHOIIIEHUH TTOJIMMEPOB, HO U JJAET OOJIBIIIKE TIOTPEITHOCTH IIPU UX OINPEEIEHUH, TaK KaK TOHKAas
CTPYKTYpa MOJUMEPOB HE COOTBETCTBYET OOBIYHBIM KPHUCTAJIOONTUUECKUM U TTOJISTPU3AITOHHBIM
KpucrasiorpadudeckuM mpezcrapiaeHusaM. OOIIeNpHUHATOE CPaBHUTEIbHOE OIpesiesieHre KapT,
B KOTOpOoM u3 KapT Murmensa-JleBu BbIBoAATcA KapThl Patica-CopeHceHa, Jyid Auama3oHa OT
200 HM /10 2500 HM, 3By4HuT Tak: «The chart can be offset by + or - A, + or - A/4. The chart can be
used as a traditional nomogram, or displayed in a "simple" mode without the clutter of radial lines
(which are no longer necessary on an interactive chart). Based on the methods of Serensen, the
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colors in the chart are a much truer representation of the colors seen at the microscope than
existing printed nomograms (includes optical physical characteristics of candidate minerals
including birefringence (minimum, maximum and mean), relief, optical character, pleochroism,
color and cleavage). The Raith-Sgrensen chart is a direct representation of interference color as a
function of birefringence and sample thickness (u3 annoTtamuu I1O; Andrew L. Barlow,
“Birefringence”).
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B ciryuae MuHepasipbHBIX (HanpuMep, KBapIeBbIX, CIIIO/IAHBIX etc.) HIOBEpXHOCTEH cali-unmna
— nHGOPMATUBHOU fABJIsIETCS HHTEpGhEPEHIIMOHHAA KOJIOpUMeTpruYecKkas KapTa, Tuna Michel-Lévy
interference colour chart (PucyHok 6), XOpomio coBMecTHMasi C TOJISIPU3AIUOHHO-
MuKpockonmueckuM 3BeHoM PCLEM, 1o mnpuyuHe HCXOAHOTO IpeJHa3HAYeHHd I
ueHTU(DUKAIIY MUHEPIBHBIX U, sensu lato, reosoruyeckux oOpasIOB € HCIOJIb30BaHUEM
reTporpauUecKoro MOoJISIPU3AIMOHHOTO MHUKPOCKONA (IpW M3BECTHOH TOJIIWHE NUTH(dA OHU
MMEIOT OIpe/ieJIeHHble U Ipe/iCKa3yeMble M0 KapTe I[BeTa B MOJISIPU30BAHHOM CBeTe, W JaHHAs
aarpaMMa MOXKET IMOMOYb HAEHTHU(UIIMPOBATh WX, TaK KAaK IIBETa CO3/AIOTCS Pa3HUIIEH B
CKOpOCTH OBICTPBIX M MeJJIEHHBIX JIyuyel, BeAylleld K [JABOHHOMY JIy4elpeIOMJIEHHIO,
crernuGUIHOMY I UAEHTUDUITUPOBAHHBIX CTPYKTYP).

\
”

o

Puc. 5. AHasI0TOBOE MOJIAPUCKOIIMYECKOE OIIpeZiesieHre HallPs>)KeHU N B IIJTACTUKOBBIX U3JIETUAX —
110 yueOHbIM JaHHBIM OperoHCKOro YHUBEPCUTETA; He IPEJCTABIIAET TPYZAA COTIOCTaBIEHNE TAKUX
AQHAJIOTOBBIX KaPTUH C NOJAPUMETPUUYECKUMHU KapTaMU U KapTaMH JAUXpOrU3Ma UiIn
HUHAYODHUPOBAHHOTO ABYJ/IyUYEIIPpEJIOMJIEHUA IIOJIMMEPHBIX MaTepHUaJiOB

URL: http://people.oregonstate.edu/~rochefow)
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Puc. 6. VnTepdepennyionHas koyopumerpudeckas kapra — Michel-Lévy interference colour chart
(dpparment uz Wiki-marepuano ZEISS MICROSCOPY, pacipocTpaHsieMbIX B OTKPBITOM JIOCTYIIE)
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JUisl ycTpaHeHUsI TIapa3uTHOTO JBYJIydellPeIOMJIEHHSI, MbI HE CTAJIN HCIIOJIb30BaTh CJIAM/IBI C
IJIACTUKOBOH TOJJIOKKOHN WJIH MOJIUMEPHBIE YHUIIbI JIJIA UCCIIeA0BAHMS TUAP. MBI UCIOIB30BAIN B
paboTe roToBbIe Tpenaparsl TuApHI (1o106HbIe paciipocTpanseMbiM Carolina® Microscope Slides,
HaIpuMep, 1oji HoMepamu {Item#} #306046, #306052, #306064, #306070, #306094, #306100,
#306118) U OTZEJIPHO U3TOTOBJIEHHBIN CaMO/IeJIbHBIN BpEMEHHBIH MperapaT Ha KBaplleBOM CTEKJIe
(KOTOPBIH HE IEMOHCTPUPYETCSA U3-3a HU3KOTO Ka4eCcTBA MTOBTOPHO HCIIOJIb30BAHHOU TOJJIOKKH).

Pe3ybTaThl pErucTpanyu Mo OTAEIbHBIM CIIEKTPO30HAJIBHBIM KaHAIaM MPUBE/IEHbl HAMU B
3aIUCAX HA CTPAHUIAX

1. Gradov O.V. The Hydra: Spectrozonal lens-less imaging in B-channel. Supplement to:
Lens-less microscopy of Cnidaria. Presentation (2019). [JmexkTponHbiii pecypc]. URL:
https://youtu.be/Xt6PNtE3RqQ — cuHUI CBETOIMOAHBIN CLIEKTPO30HAJIBHBIN KaHA;

2. Gradov O.V. The Hydra: Spectrozonal lens-less imaging in G-channel. Supplement to:
Lens-less microscopy of Cnidaria. Presentation (2019). [JmekTponHbIli pecypc]. URL:
https://youtu.be/bJHDAueSDVs — 3eyieHbIN CBETOANOHBIN CIIEKTPO30HATIBHBIN KAHAT;

3. Gradov O.V. The Hydra: Spectrozonal lens-less imaging in R-channel. Supplement to:
Lens-less microscopy of Cnidaria. Presentation (2019). [9nektponnsiii pecypc]. URL:
https://youtu.be/8C_eAp4ELvI — kpacHbI! ClIEKTPO30HATBHBIN KaHAT;

B YaCTHOCTH, Pe3YJIbTAThI 110 TAPHBIM KaHAJIAM:

4. Gradov O.V. The Hydra: Spectrozonal lens-less imaging in combined G and B channels.
Supplement to: Lens-less microscopy of Cnidaria. Presentation (2019). [9yiekTpoHHBII pecypc].
URL: https://youtu.be/Q4ywldrioaA — 3eeHbIl 1 CHHUH CIIEKTPO30HATBHBIN KaHAJIBI;

5. Gradov O.V. The Hydra: Spectrozonal lens-less imaging in R&B channels. Supplement to:
Lens-less microscopy of Cnidaria. Presentation. [Dnexktponubiii  pecypc]. URL:
https://youtu.be/4N3hKh2q68w — KpacHbBIH 1 CHHUI CIIEKTPO30HAIbHBIA KaHAJIbI;

B YaCTHOCTH, Pe3yJIbTAThI IBYXKAHAJIbHBIX BADUALIUH C TIOJIAPU3AIMOHHON HACATKOM:

6. Gradov O.V. The Hydra: Spectrozonal lens-less imaging in combined RG channels with
polarization system POLMI A (CARL ZEISS). Supplement to: Lens-less microscopy of Cnidaria.
Presentation (2019). [9nextponusiit pecypc]. URL: https://youtu.be/KNwswculkyE

7. Gradov O.V. The Hydra: Spectrozonal lens-less imaging in combined GB channels with
polarization system POLMI A (CARL ZEISS). Supplement to: Lens-less microscopy of Cnidaria.
Presentation (2019). [9nexktponusiit pecypc]. URL: https://youtu.be/UlOK9ljsvbw

8. Gradov O.V. The Hydra: Spectrozonal lens-less imaging in RGB sequenced channels with
polarization system POLMI A (CARL ZEISS). Supplement to: Lens-less microscopy of Cnidaria.
Presentation (2019). [9nextponusbiii pecypc]. URL: https://youtu.be/XhgytCf2Unl

OThesbHBIM  IYHKTOB  BbIZieJIeHA 3alUCh  CIEKTPO30OHAJIBHOU  IOCJIEZOBATEIHHOCTH
aBTOMaTHYecKu mepekaodaeMbix LED (mpoxoa ¢ pacTpupoBaHMEM MpU HU3MEHEHUH PeKUMAa
SKCIIO3UIINN):

9. Gradov O.V. The Hydra: Spectrozonal lens-less imaging in R,G,B-sequenced channels.
Supplement to: Lens-less microscopy of Cnidaria. Presentation (2019). [9seKTpoHHBIN pecypc].
URL: https://youtu.be/oyTFlognPJo .

[TosryueHHBIE PE3yJIBTATHI MOTYT OBITH HA/IEHBI IO CCHUIKE IIOKCKA Ha youtube

https://www.youtube.com/results?search_query=The+Hydra%3A+Spectrozonal+lens-less

¥, OTYACTU IPUBEJEHBI B TEKCTE HACTOSAIIEH CTaThH.

[IpuBeneHHBIE B TEKCTE HACTOSIIEHN CTaThU WLTIOCTpALH (cepus Ha PHUCYHKe 7) HJLUTIOCTPUPYIOT
U3MeHeHUsI KauecTBa 0Ee3JTMH30BOI0 MUKPOCKOITUYECKOTO CHUMKA IPU U3MEHEHUU JIJTHHBI BOJIHBI,
SIPKOCTA MCTOYHHKA M CTPOYHOH «CKBAXKHOCTH» pactpa. MOXKHO BHJIETh, YTO B KOPOTKOBOJTHOBOM
BapHaHTe paspellleHre JIydllle, HO, WHTETPAJIbHO, YaCTOTHO-KOHTPACTHASI XapaKTEPUCTUKA IIPSIMO
3aBUCUT HE TOJIBKO OT JTMHBI BOJIHBI, HO M OT €€ pacCesiHUs U IOIJIOIIEHUs TIPU B3aUMO/IEHCTBUH C
00beKTOM HccteioBaHuA. [103TOMy Ha OZHHX Kaj[pax MbI MOKEM Pa3/IMIUTh MUKPOAHATOMHUIO, a Ha
JIPYTHX HET; Ha OIHUX KaJ[pax BUIHbI CJION TKaHH, a Ha JPYTHUX HET.
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Puc. 7a. T'unpa. Buguel Haubosiee spKue TOYKH IPU OIPE/IeJIEHHON OPUEHTAI[UHA NCTOYHUKA

Puc. 76. 'mapa. BuaumocTs 6IM3KHUX TOUEK YBEIMUIIIACH, HO KOHTPACT CJIOEB HE N3MEHIJICS
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Puc. 7r. I'mapa. Ilepexon Mexay quana3oHaMU C yBeJIMUEHUEM pa3pelleHnsd
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Puc. 7. FI/I,Z[pa. KOHTpaCT YBEIMYUBAETCA IIPU IOBTOPHOM H3MEHEHUHU CIIEKTPpAa HCTOYHHUKA

Puc. 7e. I'mgpa. HacTOTHO-KOHTpACTHAA XapAKTEPHUCTUKA yJIydllleHa YMEHbIIeHEeM JJINH BOJIH
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Puc. 7:x. T'uapa. [loTeps pe3KOCTH U KOHTPACTA IIPU MEPEX0/Ie B KPAaCHBIH TMana30H (C pacTpoM)

Puc. 73. l'uapa. YiayumeHne onTuMu3anuei pactpa u sipKocTH 6e3 N3MeHeHU IJTMHBI BOJTHBI
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Puc. 7u. T'napa. O6paTHBIH 1epexo/t K BU3yaTn3au, T0TYePKUBAIOIIEN CJI0EBOE CTPOEHHE

3. baarogapHoctu
Pabora BhIoTHEHA B paMKax rpaHTta POOU 16-32-00914 Kak OTBETBJIEHUE HUCIIOJIb30BAHUS
pa3pabOTaHHOM B XOJI€ €TI0 BBITIOJTHEHUS TEXHUKH.
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AHaJIOTOBasi HEKOTE€PEeHTHAasA CIEKTPO30HAJIbHAsA O0€e3JIMH30Basg MHKPOCKOIIUSA
NPECHOBOJAHBIX KHUIIEYHONOJIOCTHBIX poaa Hydra: BapuaHTBI ¢ PacTPOBBIM
CKaHHPOBAHHUEM U CO CABUTOM JJINHBI BOJHBI U IEPEX0JaMU

MEKAY CHEKTPAIbHBIMH JUATIA30HAMU

Ouner BaneprseBuu I'pazioB 2 *
a THCTUTYT BHepreTUyecKux nmpobieMm xumuueckoil pusuku, Mocksa, Poccuiickas ®eneparus

AnHOTamuAa. B gaHHOU cTraThe paccMaTpUBaeTcs HOBAas TEXHUKA MHUKPOCKOIHUYECKOTO
HCC/IEIOBAaHUM JJIA  300JIOTHH OECIO3BOHOUHBIX W TujapoOmosioruu. IlpemyiaraemMblii MeTO[
OCHOBAaH Ha MpPUHNOHIAX OE3JIMH30BOM MHUKPOCKOIITHMHU, OCYIIECTBJISEMON B aHAJIOTOM BapHaHTE
(BTOM uYHce, mMpu HAIUYUK ONU(MPOBKU HA IepudeprUIecKOM 3BeHEe) C HCIOJIb30BAaHHEM
MOHOXPOMHBIX TPHUOOPOB C 3apsZ0BOH CBSI3bI0 U IIEPECTPONKOH JUIMHBI BOJIHBI HA YPOBHE
HWCTOYHUKA. ANpoOMpOBaHHBIE AaBTOPOM paHee BapUaHThI C TNPUMeHEHHeM TpPyOOK ¢
HCIIOJIb30BaHUEM BHYTpeHHero ¢doroaddekra TUMA BUAUKOH/IUIIOMOMKOH, a Tak)Ke TPYOOK C
HCIIOJIb30BaHUEM BHelltHero ¢oToaddeKTa THIIA CYyIIepOPTUKOHA U APYTUX He ObLIN PACCMOTPEHBI
KaK JIOCTOMHAs aJbTepPHATHUBA IOJYIIPOBOAHUKOBBIX MaTpUuHbIX [I3C-71eTeKTOpOB, B CHIIY
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HEJIOCTATOYHOCTH  PE30JIbBOMETPUYECKUX  XAPAKTEPUCTHK, TII0 KDPHUTEPHUAM  KJIETOUHOTO
paspelnieHuss OOJBITMHCTBA THAPOOHUOJIOTUYECKUX OOBEKTOB, a TaKyKe B CHJIy CMEIAOIIEero
YaCTOTHO-KOHTPACTHYI0O (DYHKIIUIO JIETEKTOPOB «d(PGdeKTa YEpHOr0 OPTUKOHHOTO Trajio» B
obmyuyaembix ROI  ("black orthicon halo"), o00ycioBieHHOTO U30BITOYHOU HSMUCCUEH
(oTO31EKTPOHOB, TPUBOAIIEH K HAKOIUIEHUIO 3apsaa. B craTbe MPUBOMATCS OHHU U3 HauboJee
CTapbpIX JaHHBIX, I[IOJIy4eHHBIX JIMYHO AaBTOPOM HA  CaMOCTOSITEJIbHO  COOpaHHOU
JKcIiepuMeHTaTbHON ycTaHoBKe Ha (I13C), mocTtymHON 7y1s1 COOPKHM HECHEHAIFICTOM; ITO3TOMY
CTaThs1 MOYKET CUHTATHCSA TakK:Ke mocobreM 1mo DIY-M3roTOBJIEHUIO COOTBETCTBYIOIINX YCTAHOBOK
300JIOTHYECKOTO TpHMeHeHus. Ha JaHHBI MOMEHT YCTaHOBKH TIIOJIOOHOTO pPoOjia MOTYT
MIPUMEHATHCA TaKKe B COBOKYITHOCTH C JIa3epDHBIMH HCTOUYHHUKAMH (HAIpUMep, Jia3zepamMu C
JuomHOM Hakaukod, DPSSL) u monsapu3aruOHHBIMH KOMIIOHEHTAMH OIITUYECKOTO TpaKTa.
[Ipu UCIIONTP30BAHUM  CTAHJIAPTHBIX  CPEJICTB  AHAJIOTOBOM  BHJIEOPETHCTPAIIUA  MOKHO
HCIIOJIb30BaTh BPEMEHHOW, aJ[peCHO-BPEMEHHOU KO/, BCTPAMBAEMbIH B PETHCTPOTPAMMY, B TOM
yucyie — BIedTpadgepHOM pekuMe, UTO VAOOHO JJIA JAMHAMUYECKHUX 300JIOTHYECKHX
HuccaeoBaHUN. A B ciydae IU(GPOBOM PErHUCTPAIUM C PEryJIUPyeMOH CKOPOCTBIO IIOTOKA
AQHAJIOTUYHBIA KOJI MO3BOJIUT HCIIOJIb30BaTh CKOPOCTHBIE PEKHMBI C BpEMEHHBIM pa3pelleHHueM
BIUIOTb JI0 MUKPOCEKYH/I.

KiaroueBbie ciaoBa: 6Ge3nuH30Bass Mukpockomnus, Hydra sp., Anthoathecata, Hydridae,
Hydrozoa, Cnidaria.
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Abstract

This study was conducted to investigate the effect of different doses injection of human
chorionic gonadotropin (HCG) hormone on blood biochemical parameters during artificial
spawning of African catfish (Clarias gariepinus). African catfish spawners were intermuscularly
injected with different doses of HCG (500, 1500, 3000, 6000 IU/kg female), and group is not
injected as a control; males were injected at half the female dose. In the present study, who
observed that hormonal injection by HCG hormone in male and female African catfish led to
disturbance in all biochemical parameters such as serum total protein, glucose level, liver enzymes
(AST and ALT activates), cholesterol, and (creatinine and urea) and cortisol concentrations. Serum
total protein that recorded in female decreased with increasing HCG dose than that in the control.
The lower glucose levels in female were observed with fish injected by 3000 and 6000 IU/kg
female. African catfish male that injected with HCG were recorded higher levels of glucose than
those obtained in the control group. The levels of serum glucose in male groups were higher than
those recorded in female groups. Cholesterol levels were showed relatively decreased in male
groups treated with HCG than that in the control group. The levels of ALT in fish that treat with
HCG significantly increased than that the control group. Serum cortisol levels were increased in
females and males after hormonal injection with HCG as compared to the control group. Under
this conditions (the disturbance in biochemical parameters) tested in this study, the highest
numbers of fertilized eggs/ female and fertilization rate, number of larvae/female and hatching
rate were observed with 6000 IU/ kg female. While the incubation egg with 500 IU/kg female
don’t showed any hatching larvae. It was observed, increased in reproductive performance with the
increase in HCG dosage.

Keywords: African catfish, HCG hormone, serum total protein, glucose, liver enzymes (AST
and ALT), cholesterol, creatinine, urea and cortisol, fertilization and hatching rate.

1. Introduction

African catfish (Clarias gariepinus) is one of the most widely produced food fish in the world
(Al Dohail, 2005; Sutriana, 2007) and it considered a native fish in all freshwater bodies of Egypt
(Saleh, 2007). The advantages that make this species a good choice to aquaculture including faster
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growth rate and its bigger maturity size, easy to reproduce, accepts artificial feeds, tolerates to high
stocking densities, adapting with poor water quality, high resistance to disease, lucrative in local
regional and international markets, and its economic feasibility in earthen pond culture systems,
the most common culture system in East African Community (Teugels, 1986). However, lack of
constantly available seed, low egg fertilization rate and low hatching rate are considered as the
main obstacles (El-Sayed, 1999). In Africa, by 2004 Clariid catfish production recorded
32077 tonnes and then increased to reach into 208013 tonnes by 2010 meanwhile, Egyptian total
production of African catfish increased from 459 tonnes in 2004 to 9719 tonnes in 2010 and then
reached into 36487 tonnes in 2016 with 2.13 % of total fish production (FAO, 2012; GAFRD, 2017).

The illustration of the physiological pathway controlling reproduction in fish requires a basic
conception of nutrient mobilization toward the gonads and hormonal changes that occur during
the reproductive cycle. These fluctuations are affected by nutritional, environmental and social
factors furthermore, the size and age of an individual teleost fish. During the reproductive cycle of
fin fish, macronutrients such as lipid and protein with high amounts should be transferred to
growing oocytes (Jerez et al., 2006).

Biochemical parameters are important for the enough monitoring and are reflection the
physiological status of the fish, particularly during artificial spawning of fish (Suljevic et al., 2017).
Furthermore, numerous studies have reported that the blood biochemical parameters in teleost
fish are affected by sexual maturation, age, species, feeding regime, temperature, reproductive
status, induction spawning, stress, diseases and anesthesia (Patriche et al., 2009; Yeganeh, 2012;
Shokr, 2020).

Shokr (2020) showed that the increase in the creatinine, uric acid, AST and ALT activities,
and level of plasma glucose due to stress in the fish as results of hormonal injection that used to
induce spawning, and reported that disturbance in all biochemical parameters such glucose level,
plasma total protein, AST and ALT activities and (creatinine and uric acid) concentrations as a
result of stress of GnRH injection on African catfish that reflect the disturbance in all metabolic
function.

The objective of the present study was, to evaluate the overall effects of different doses
injection of human chorionic gonadotropin (HCG) hormone on blood biochemical parameters
(serum total protein, albumin, glucose, cholesterol, liver enzymes (AST and ALT activates),
creatinine and urea and cortisol) of African catfish (Clarias gariepinus Burchell, 1822).

2. Materials and methods

The present study was carried out at the Fish Farm in Agricultural Consulting Center, Faculty
of Agriculture, El-Fayoum University, Egypt, in August 2019.

African catfish (Clarias gariepinus) broodstock used in this study were purchased alive and
in good condition from private fish farm, El-Fayoum Governorate, Egypt and then stock and
maintained the female fish separated from the male fish in rectangular tanks (3x2x1.2 m3),
supplied with aerated water, where tanks water was continually replaced for 14 days for fish
acclimatization to farm water conditions. Twenty five ripe females and Twenty five ripe males with
sex ratio (1:1 male J': female Q) were selected for the breeding experiment. Ripeness of females was
determined by external morphological characteristics the females had a soft, distended abdomen
and round swollen genital papilla and readiness to spawn. The females were ranged from
505-615 g/fish in body weight and 41.5-49.5 cm/fish in body length, while the males were ranged
from 420-670 g/fish in body weight and 42.5-51 cm/fish in body length.

The male and female brooders were grouped into four treatments with five replicates each.
African catfish (Clarias garipains) spawners were intermuscularly injected with different doses of
human chorionic gonadotropin (HCG) hormone, the commercial name is (choriomon®). The doses
were 500 (T:), 1500 (T:), 3000 (T3) and 6000 (T,) IU/Kg body weight of female and 250 (T,),
750 (T.), 1500 (T3) and 3000 (T,) IU/Kg body weight of male and group is not injected as a control.
The injection was made in the evening between 5 pm and 6 pm, and after that, the injected females
were returned into the containers until the checking for ovulation.

Water temperature around 29.5 °C, pH around 8.15 and dissolved oxygen concentration
6.37 mg/l approximately during the experimental period. Fish were held under natural
photoperiod condition throughout the experimental period.
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Blood samples were collected from the caudal vein (each female and male) at 12 hrs post-
injection without anticoagulant then transferred to Wasserman tubes. Blood was allowed to clot at
room temperature for 45 min then centrifuged at 3500 rpm for 20 minute to obtain serum sample
(Mehrim et al., 2014). The serum samples were pipetted into Eppendorf tube, labeled and stored in
deep freeze at -20°C till assayed. Serum total protein, albumin, glucose, cholesterol, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), urea, and creatinine were determined
enzymatic colorimetric using commercial kits by BioSystem BTS-302 device. Cortisol was
quantitatively analyzed using commercial kits by i-CHROMA™ Reader System.

Blood biochemical parameters were analyzed as mean + standard error of the mean (S.E.M).
The obtained data were subjected to one-way ANOVA. Differences between means were tested at
the 5 % probability level using Waller Duncan’s test. All the statistical analyses were done using
Statistical Package for Social Sciences program (SPSS) for Windows (SPSS, 2015) 23, released
version.

3. Results

Blood biochemical parameters of African catfish (Clarias gariepinus) female.

The results of blood biochemical parameters that recorded when induced spawning of female
African catfish C. gariepinus by different doses from HCG hormone were summered in Table 1.
The results showed that the induced spawning by different doses of HCG for African catfish had
significant effects (P < 0.05) on blood biochemical parameters (serum total protein, glucose,
cholesterol, AST, ALT and urea), while, its showed insignificant differences (P > 0.05) between
treatments in albumin, creatinine and cortisol.

The results in Table 1 showed that the highest level of serum total protein was observed in T,
(4.5+0.11 g/ dl), while the lowest level was recorded in T5 and T, (4.1+£0.08, 3.90+0.04 g/dl),
respectively, without significant differences (P > 0.05) between T; and T,. In the other hand,
treatment No. 2 reflected the highest level of serum albumin (1.77+0.04 g/ dl) followed by T,,
control and T;, respectively, while T; recorded the lowest level with (1.62+0.06 g/ dl) which were
insignificant differences (P > 0.05) between treatments in serum albumin.

The control recorded the highest level of glucose with (144+3.05 mg/ dl) followed by T., T,
and T, (102+2.08, 93+1, 93+1.15 mg/dl), respectively, while T, reflected the lowest level of serum
glucose (84+1 mg/dl). There were no significant differences (P>0.05) in cholesterol level between
all experimental treatments except treatment No. 3 which was recorded the highest cholesterol
level with significant (P < 0.05) differences compare other treatments with (325+1.15 mg/ dl).

Liver enzymes are substances produced by the liver that can be measured with a blood test.
Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) are two of the enzymes
central to test the health of liver function. In this study, the lowest level of AST was observed in T,
(13.8+1.53 U/L), while T, and T, reflected the highest level of AST without significant differences
between them (88.23+0.98, 86.1+2.35 U/L). In the other hand, treatment No. 3 reflected the
highest level of ALT followed by T», T, and T; (108+1.52, 66.4+0.88, 49.6+1.36 U/L), respectively,
while the lowest level of ALT was observed in control (40.1+1.62 U/L).

Serum creatinine showed the highest level in T, (0.40+0.07 mg/ dl) followed by control,
Ty and T,, while the lowest level of serum creatinine was presented in T. (0.34+0.01 mg/dl)
without significant differences between treatments. The results from table (1) showed that the
highest level of serum urea was observed in T, (4.8+0.29 mg/dl) followed by control, T, and T,
(4.3+0.21, 3.7+£0.10, 3.1£0.24 mg/dl), respectively, while T, reflected the lowest level of serum urea
(2.5+0.15 mg/dl). The results showed no significant differences between treatments in level of
serum cortisol, but the highest level was recorded in T, while the lowest level was observed in T;.
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Table 1. Effect of different doses of HCG on blood biochemical parameters of African catfish
(Clarias gariepinus) female

Control Treatments

. | T | Ty | T,
Serum total protein, g/ 4.2+ 4.5+ 4.13+ 4.1+ 3.90+
dl 0.152 0.112 0.032b 0.08P 0.04b
. 1.71+ 1.65+ 1.77+ 1.62+ 1.75+
Albumin, g/ dl 0.1 0.1 0.04 0.06 0.04
144+ . 102+ d 93+

Glucose, mg/ dl 3.05° 93+ 1 5 08b 84+1 115
223+ 226+ 224+ 325+ 241+

Cholesterol, mg/ dl gb 36.045 2.64b 150 173b
AST, U/L 75.2+ 88.23+ 54.1+ 13.8+ 86.1+
’ 2.37b 0.982 2.09¢ 1.534 2.352
40.1+ 49.6+ 108+ 131+ 66.4+

ALT, U/L 1.62¢ 1.364 1.52b 1.532 0.88¢
Creatinine, mg/ dl 0.39+ 0.40+ 0.34+ 0.39+ 0.37+
0.015 0.07 0.01 0.02 0.03

4.3+ 3.7+ 4.8+ 3.1+ 2.5+

Urea, mg/ dl 0.21% 0.10b¢ 0.292 0.24¢d 0.154
Cortisol, ng/ dl 13+ 12.5+ 13.7+ 14.6+ 14.1+
0.45 0.56 0.98 0.49 0.26

- (a, b, ¢) Average in the same row having different superscripts are differ significantly (P < 0.05).

Control: without hormonal injection, T;: female brood stock treat with 500 IU HCG/kg body
weight, T.: female treat with 1500 IU HCG/kg body weight, T;: female treat with 3000 IU HCG/kg
body weight, T,: female treat with 6000 IU HCG/kg body weight.

Blood biochemical parameters of African catfish (Clarias gariepinus) male.

The results of blood biochemical parameters of male African catfish C. gariepinus that
recorded 12 hrs after hormonal injection by different doses from HCG hormone were summered in
Table 2. The results showed significantly effects (P < 0.05) on blood biochemical parameters for male
(serum total protein, albumin, glucose, AST, ALT, creatinine, urea and cortisol), while cholesterol
showed insignificant differences (P > 0.05) between treatments.

The results in Table 2 showed that serum total protein was the highest in each of T,, T, and T,
(4.3+£0.10, 4.2+0.10, 3.98+0.14 g/dl), respectively, without significantly differences (P > 0.05)
among these treatments which were significantly (P < 0.05) higher than the control and T,
(2.74£0.12, 3.4+0.05 g/ dl), respectively. Data of serum albumin showed that the highest level was
recorded in T, and T, (1.81+0.07, 1.8+0.02 g/dl), respectively, followed by T. and T; while the
lowest level of serum albumin was recorded in control (1.53+0.03 g/dl).

Serum glucose was the highest in T; (128+1.55 mg/ dl) followed by T,, T, and T, (113+1.52,
107+1.0, 102+1.0 mg/dl), respectively, while the serum glucose was the lowest in the control
(82+2.08 mg/dl). The results showed that no significant differences between treatments in serum
cholesterol but the highest level was showed in the control (368.67+105.17 mg/ dl), while the
lowest level was observed in T, (227+1.155 mg/dl).

AST level was the highest in T. (106+1.73 U/L) followed by T5 and T, (86.3+1.82, 82.2+1.05
U/L), respectively, while the lowest was observed in each of the control and T, (81.1+1.01,
78.5+0.82 U/L), respectively. ALT was the highest in T; (75.5+1.50 U/L) followed by T, (58.3+1.30
U/ L), while the lowest level of serum ALT was observed in each of T,, T; and the control
(40.4+0.83, 35.8+3.10, 34.6+1.83 U/L), respectively, without significant differences between these
treatments.
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The results in Table 2 showed that the highest level of serum creatinine was showed in T,
(0.51+0.01 mg/dl) followed by Ts;, T. and T, (0.48+0.03, 0.47+0.02, 0.43+0.02 mg/dl),
respectively, while the serum creatinine was the lowest in the control (0.41+0.02 mg/dl).
The highest level of serum urea was recorded in T; (6.4+0.10 mg/dl) followed by T., control and T,
(5.1£0.36, 4.2+0.35, 3.7+0.15 mg/dl), respectively, while the lowest level was showed in T,
(0.53+0.01 mg/dl). Serum cortisol was the highest in T (14.6+0.47 ng/ dl), while the lowest level
was observed in the control (12.3+0.41 ng/dl).

Table 2. Effect of different doses of HCG on blood biochemical parameters of African catfish
(Clarias gariepinus) male

Treatments
Control T, T, T, T,
Serum total protein, g/ | 2.7+ 4.2+ 4.3+ 3.4+ 3.98+
dl 0.12¢ 0.102 0.10%2 0.05P 0.142
. 1.53+ 1.81+ 1.74+ 1.58+ 1.8+
Albumin, g/dl 0.03°¢ 0.072 0.062b 0.02bc 0.022
Glucose, mg/dl 82+ 1o2jfl 113ji 128+ 107+
2.08¢ 1.00 1.52 1.552 1.00¢
368.67+ 227+ 248+ 238+ 257.67+
Cholesterol, mg/dl 105.17 1.155 2.51 2.64 34.86
81.1+ 78.5+ 106+ 86.3+ 82.2+
AST, U/L 1.01¢ 0.82¢ 1.732 1.82P 1.05b¢
34.6+ 75.5+ 40.4+ 35.8+ 58.3+
ALT, U/L 1.83¢ 1.50% 0.83¢ 3.10¢ 1.30P
.. 0.41+ 0.47+ 0.51+ 0.48+ 0.43+
Creatinine, mg/dl 0.02b 0.022b 0.012 0.03% 0.022b
4.2+ 3.7+ 5.1+ 6.4+ 0.53+
Urea, mg/dl 0.35¢ 0.15¢ 0.36P 0.102 0.014
. 12.3+ 14+ 13.3+ 14.6+ 13.2+
Cortisol, ng/dl 0.414 0.362b 0.20b¢ 0.472 0.26b¢

- (a, b, ¢) Average in the same row having different superscripts are differ significantly (P<0.05).

Control; without hormonal injection, T;: male treat with 250 IU HCG/ kg body weight, T.:
male treat with 750 IU HCG/ kg body weight, T5: male treat with 1500 IU HCG/ kg body weight,
T,: male treat with 3000 IU HCG/ kg body weight).

Reproductive performance

Under the conditions tested for biochemical parameters in this study, the highest number of
fertilized eggs/ female was observed with fish group injected by 6000 IU HCG/kg female
(60848 fertilized eggs) and the lowest number of fertilized eggs/ female was presented in 500 IU
HCG/ kg female (3372 fertilized eggs). The highest number of larvae was observed with 6000 IU
HCG/ kg female (49657 larvae) followed by those 3000 IU HCG/ kg female (43177 larvae), 1500 TU
HCG/ kg female (12099 larvae), while the incubation egg in 500 IU HCG/kg female don’t showed
any hatching larvae are presented in Figure 1.

From the result in Figure 2 the highest fertilization rate was observed with 6000 IU HCG/kg
female (84.45 %) and the lowest fertilization rate was presented in 500 IU HCG/kg female
(10.15 %). The highest hatching rate was observed with 6000 IU HCG/kg female (81.45 %) followed
by those 3000 IU HCG/kg female (73.65 %), 1500 IU HCG/kg female (57.9 %), then 500 IU
HCG/kg female (0 %).
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4. Discussion

Blood biochemical analyses give important information related the health of fish in
hatcheries in which, strongly correlation between metabolism and reproductive strategies of fish.
From this point, it is important prepare the broodstock nutritionally before starting the spawning
season. Fish could use carbohydrates for metabolic requires, however lipids are the most important
source of energy for the different stages of maturation, and eventually, in the maturation phase,
proteins are active participants (Suljevic et al., 2017).

Serum total protein that recorded in female African catfish decreased in this study with
increasing in hormonal dose of HCG than that in the control, this similarly with Shokr (2020) who
reported decrease in plasma proteins under effect of GnRH injection in male and female of
C. gariepinus than that in the control group. This decrease in serum total protein may be attributed to
the effect of HCG injections on female African catfish to increase growing and development gonads.

In the present study, levels of serum glucose in female groups showed significantly effected
and the lower levels were observed with fish injected at 6000 IU HCG/ kg female and 3000 IU
HCG/kg female with (93 and 84 mg/dl) respectively, this decrease as compared to control, may be
due to the collection samples time. Cahyono et al. (2019) reported that under hormonal stimulation
increased glucose level is indicated release of glucose into circulation where, the fish need to
elevated energy requirements for oocyte maturation in gonad fish. However, treatments of male
African catfish that injected with HCG hormone were recorded higher levels of serum glucose than
those obtained in the control group. These results are similar to that recorded in grass carp by
Mousavi and Yousefian (2012) and African catfish by Shokr (2020) who reported that there were
relatively increased in levels of glucose under hormonal injection as compared to the control.
Furthermore, the levels of serum glucose in male groups were higher than those recorded in female
groups in this study. These results are in agreement with Mousavi and Yousefian (2012) and Shokr
(2020).

The levels of blood glucose have long been used in fish as indicators of stress as recorded by
Wedemeyer and Mcleay (1981) and Gross and Wood (1988) who recorded that under status of
stress, hyperglycemia may supply additional energy during times need to high metabolic (like
“fight or flight” response).

Cholesterol is a main component of formulation steroid hormones, such as progesterone,
estrogen and testosterone, which work as the major components of the basic constitutive of cell
membranes and energy reserves for reproductive activity (Cahyono et al., 2019). In the present
study, there were insignificantly differences in cholesterol levels among female treatments expect
Ts. While, cholesterol levels were showed relatively decreased in male groups treated with HCG
hormone than that in the control group.

Cholesterol acts as a precursor to synthesis of steroid hormones in ovarian follicles. Sex
steroid hormones play a vital role in vitellogenesis and maturation. So, increase growing the size of
the eggs caused reduced in level of cholesterol at vitellogenesis, but cholesterol level increased
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again during the maturation process, this fluctuation occur because of use cholesterol in
steroidogenesis (Reading, Sullivan, 2017).

In this study, the levels of serum alanine aminotransferase (ALT) in fish that treat with HCG
hormone significantly increased than that the control group. In addition, there was significantly
change in the levels of Aspartate aminotransferase (AST) in fish injected with HCG hormone as
compared to the control group. These results similar to Shokr (2020) who reported that injection
of GnRH alone at 4, 8 and 12 ug/kg was effective to induce ovulation in (C. gariepinus) and
observed that enzymes liver function (AST and ALT) had gradually increased with increase in dose
of GnRH injection also, as compared to the control group.

In teleost fish, cortisol is a major hormone that regarding with stress and its level increasing
in response to stress (Billard, Gillet, 1981; Sumpter et al., 1986). In the field of endocrinology,
working with fish and taking sample of blood to determine the biochemical composition is very
important because any handling or even using anesthesia induce stress in fish and affect hormonal
level in blood. In The present study, serum cortisol levels were increased in females and males
(Clarias gariepinus) 12 h after hormonal injection with HCG at 500, 1500, 3000 and 6000 IU/kg
female; 250, 750, 1500, and 3000 IU/kg male) as compared to the control group. These results
agree with Mousavi and Yousefian (2012) who reported that both male and female grass carp
injected with HCG recorded significantly increased in the serum cortisol levels as compared to the
control group during the induction period and the high level in female was recorded at 10 h with
13.2 ng/ml while, in male the high level was recorded at 8 h with 12.6 ng/ml. Furthermore, the
authors reported that the cortisol levels recorded in females were higher than those observed in
males. Tanck et al. (2001) also reported that the level of cortisol increased during the spawning
time and stated that in fish the primary stress hormones is cortisol.

Shokr (2020) reported that disturbance in plasma total protein, (AST, ALT activities),
glucose level and (uric acid and creatinine) concentrations as a result of stress resulting from
hormonal stimulation by GnRH hormone on female and male Claries garepinus reflect the
disturbance in whole metabolic function. This similar to the present study, who observed that
hormonal injection by HCG hormone in male and female African catfish led to disturbance in all
biochemical parameters such as serum total protein, glucose level, (AST and ALT activates),
cholesterol, and (creatinine and urea) concentrations. Under this conditions (the disturbance in
biochemical parameters) tested in this study, the highest numbers of fertilized eggs/female and
fertilization rate, number of larvae/female and hatching rate were observed with 6000 IU/kg
female. While the incubation egg with 500 IU/ kg female don’t showed any hatching larvae. It was
observed, HCG hormone has successfully and accelerate induced spawning in African catfish
(Clarias gariepinus) and increased in reproductive performance with the increase in HCG dosage
and as compared to group not injected.

Biochemical parameters are affected with hormone manipulation that used to stimulate
spawning in numerous fish species where, Shokr (2015) reported that administration of follicular
stimulating hormone (FSH) and luetinizing hormone (LH) (10, 20 and 40 pg/ kg body weight) in
Oreochromis niloticus increase blood constituents, plasma total protein, glucose level, creatinine
and uric acid level and AST, ALT activities, and increasing their white blood cells. Okoye et al.
(2019) reported that induction of spawning in Clarias gariepinus by using salmon gonadotropin-
releasing hormone analogue (GnRHa) and ovaprim leaded to significantly higher serum levels of
cholesterol, testosterone, as well as significantly higher ALT and AST activities at different time-
points after injection as compared to the control group.

Yeganeh (2012) illustrated that cholesterol, protein and 17B-estradiol increased significantly
during the period from autumn to spring in common carp fish and indicated that sexual
maturation can affect biochemical parameters of blood serum. Chatzifotis et al. (2004) reported
maximum levels of serum protein, lipid, triglyceride, and cholesterol during the spawning season
in comparison with vitellogenesis and the pre-spawning stage of Dentex dentex maturation.

4. Conclusion

From this results the hormonal injection by HCG hormone in male and female African catfish
led to disturbance in all biochemical parameters such as serum total protein, glucose level, liver
enzymes (AST and ALT activates), cholesterol, and (creatinine and urea) and cortisol
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concentrations. Serum total protein that recorded in female African catfish decreased with
increasing hormonal dose of HCG than that in the control. Levels of serum glucose in female
groups showed significantly effected and the lower levels were observed with fish injected by 3000
and 6000 1U/kg female, this decrease as compared to control. African catfish male that injected
with HCG hormone were recorded higher levels of serum glucose than those obtained in the
control group. The levels of serum glucose in male groups were higher than those recorded in
female groups. Cholesterol levels were showed relatively decreased in male groups treated with
HCG hormone than that in the control group. The levels of serum ALT in fish that treat with HCG
hormone significantly increased than that the control group. In addition, there was significantly
change in the levels of AST in fish injected with HCG hormone as compared to the control group.
Serum cortisol levels were increased in females and males after hormonal injection with HCG as
compared to the control group. Under this conditions (the disturbance in biochemical parameters)
tested in this study, the highest numbers of fertilized eggs/female and fertilization rate, number of
larvae/female and hatching rate were observed with 6000 IU/kg female. While the incubation egg
with 500 IU/kg female don’t showed any hatching larvae. It was observed, HCG hormone has
successfully and accelerate induced spawning in African catfish (Clarias gariepinus) and increased
in reproductive performance with the increase in HCG dosage.
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Russian Zoological Museum: the Replenishment of Mammals' Funds in 1895-1896
Valentina I. Brikonova 2~
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Abstract

The article considers the features of replenishment of the mammals' funds in the Russian
zoological museum at the end of the XX century. The attention is paid to the geography of funds'
replenishment, as well as to the personalities of benefactors.

There were used as materials the reports of the russian zoological museum for 1895 and
1896, published in the Yearbook of the zoological museum of the imperial academy of sciences,
as well as specialized literature on the subject of research.

In conclusion, the author notes that in 1895-1896, the Russian imperial zoological museum
had an active process of replenishment of funds. It is important to say that the replenishment took
place at the expense of almost all continents, except South America. The members of the imperial
family played an important role in replenishing of the rare funds, and they donated to these needs,
including their own funds.

Keywords: russian zoological museum, department of mammals, replenishment of funds,
Russian empire, 1895-1896.

1. BBegenue

Pycckuii 30osormyeckuii Myseid ObLI co3maH B 1822 roAy IyTEM  OTHEIEHUS
cooTBeTcTByIoIUX GOHIOB 0T KyHcTkameps! B ropojie Caukrt-IlerepOypr (Bbpauzar, 1865: 1-35).
CeronHs My3el pacmoJiaraer TpeMs BBICTABOYHBIMH 3aJIaMH: 3271 HACEKOMBIX, 3aJ1 II03BOHOYHBIX
JKUBOTHBIX M 3aJ1 MJIEKOIUTAIOINIUX. B MaHHOW paboTe Mbl XOTesqn Obl OOPAaTUTHCA K IPOIECCY
MOIOJIHEeHUsA (POH/IOB My3es 10 OTAEeJEHUI0 MJIEKOIUTAIOIIUX. BBIABUTH HANpaBJIeHUs OTKY/la
JIOCTABJISUTUCH SKCIIOHATHI, ONPEZIeIUTh KepPTBOBarTesiei. B kauecTBe paccMaTprUBaeMOro nepuoja
MBI BO3bMEM TOJIBKO ABa roga 1895 u 1896.

2. MarepuaJjbl 1 METOABbI

B xauectBe MarepuwasioB OBUIH IPUBJIEYEHBI OTUETHI PYCCKOTO 300JIOTHYECKOTO My3esl 3a
1895 u 1896 rr., omyOsMKOBaHHBIE B EjKErogHWKe 300JIOTHYECKOTO MYy3esl MMIIEPATOPCKOMN
akamemun Hayk (Otuer, 1896: 1-55; Otuer, 1897: 1-76), a TakKe CIeUATU3UPOBAHHASA
jaTepatypa 1o teme uccienosanus (bpauar, 1865; Haymos, 1980; Slepkova, 2000).

* Corresponding author
E-mail addresses: V.Briconova@gmail.com (B./. BpukoHoBa)
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3. PegyabTaTsl

B 1895—-1896 rr. 3aBemyoOImUM OT/IeJIEHHsA MJIEKOIHTAIONUX B PYCCKOM 300JI0THYECKOM
My3ee sABJsIcs crapmmii 30osi0or E.A. Buxaep. B 1896 1. oH ObU1 u30paH UIEHOM-
KOppecIoHIeHTOM JIOHIOHCKOTO0 300J10THYecKoro obmectBa (OTtueT, 1897: 3).

B 1895 r. paboThl B OTAEJEHUHM MJIEKOIUTAIONIAX IPOBOJWINCH C YYETOM TeKyIen
HeoOXOIMMOCTH, a TaKKe JIabOpPaTOPHBIX 3aHATHH. B 5T0 Bpems ObUIN IPUBEIEHBI B AKTyaJIbHOE
COCTOsIHUE KoJutekiuu cemelicts Felidae u Viverridae.

[TpupocT KoJUIEKITUN My3€s 10 IaHHOMY OT/ieJieHUIo B 1895 1. 6b11 3HauuTesteH (Tabsmma 1).

TaoGauna 1. [IpupocT KOJUIEKIIUK My3esl 10 OT/AEJIEHUSM MJIEKOIUTAIIINX U 0CTE0JIOTHYECKOMY
3a 1895 1. (OTtuer, 1896: 6)

Hazpanus B ciupty IIxyps1 Yepena CkeseTbl Pora
Marsupialia 2 1 - 1 -
Sirenia - - - 1 -
Cetacea - 1 1 3 -
Undulota 5 9 39 9 10
Artiodactyla

Undulota - 1 - 1 -
Perissodactyla

Undulota - 2 2 - -
Hyracoidea

Rodentia 65 27 4 4 -
Carnivora 3 25 88 7 -
Insectivora 19 1 3 - -
Chiroptera 77 - - - -
Primates - 7 8 2 -
NToro 171 74 145 28 10

[ToMrMO B5TOTO B OCTEOJIOTHUECKOE OT/eJIEHWe TIOCTYIUIO 429 HOMEPOB KOCTeH
MIOCJIETPETUYHBIX MJIeKoUTaomux. 3 yncia myiekonuramux. [loctynmuBmux B My3ei B 1895 T.,
0c000TO BHUMAHUSA 3aCITY>KUBAJIH CJIEAYIONTHE ITPEAMETHI TI0 OTPAZaM:

Marsupialia. CnuproBbii 3k3eMIuisAip Notoryctes typhlops; 5>ToT Bua, okasaics
IIPE/ICTAaBUTEJIEM HOBOTO CEMEHCTBA CyMYAThIX, OTKPBITHIM ITpodeccopoM CTUPJIMHTOM B CTEISIX
HenTpaspHOU ABcTpasinu B 1891 T.

Surenia. TlpakTuuecKu IIOJIHBIM CKeJIeT BBIMEPINEM MOPCKON KopoBbl (Rytina gigas s.
stellert) c octpoBa bepunra.

Cetacea. Kosekiusi KUTOOOpa3HbIX My3esi OblIa 3HAUUTEIbHO YBeJIMYeHa, OJaromaps
npuobpereHuo ckeneroB Hyperoodon rostratum wu Lagenorrhynchus eschrichti w3
ATJIaHTUYECKOTO OKeaHa, U CBeXKeyOUTOH O0KoJIO ycTheB p. HapoBwsl Mopckoii cBuHbu (Phocaena
communis). Kpome Toro, myseii nosyumn B gap or H.A. I'pe6Hunkoro uepen Orca c
KomaHzI0opCcKUX OCTPOBOB.

Ungulata. IIIKypsI 1 CKeJIETHI CAMIIA U CAMKH KaBKa3CKOTO 3yOpa, He UMEBIIIHECS JI0 CUX IIOP
B My3ee. TOT BeCbMa BOKHBIN ITPOOEJT B KOJUIEKITUU OBLT BOCIIOJIHEH 0J1aro1apsi BEJTUKOMY KHSA3IO
Cepreto MuxaitioBudy. [IJ1s1 TIOTIOJTHEHUST KOJUIEKITUN aHTHJION ObUTH MPHUOOpETEeHbI MKYypbl Oryx
Beisa u Gazella pelzelni n yepen opurunaibHoro Lithocranius walleri 3 Comanu (Otuer, 1896: 7).

Kosnexrus cemericta Cervidae oboraruiach mapoil poros 61aropoiHoro osieHs u3 Kpsima,
ZIOOBITHIX Ha oxoTe Benukum kHsA3em CepreeM MuxaiyIoOBHYEM, a TAKXKE AP0 UCKIIOYUTETbHBIX
II0 CBOMM pa3MepaM JIOCHHBIX POTOB, HaWJIeHHBIX Ha Oeperax p. O6u. ATH MOCIeAHUE pOTa
NoJiyueHsbl oT Benmkoro kHA3:A Muxania AjekcasZpoBuya.

Konnexknusa wMyses MONOJHWIACH TaK)Ke COBEPIIEHHO WCKJIIOUUTEIbHBIM Uy4deJoM U
ckesetoMm Oesoro Hocopora, Rhinoceros simus w3 MamyHananga B I0kHOW Adpuke. IT0
BBIMHUPAIOIINN HOCOPOT, KOTOPBIM IO HcCaefoBaHUAM KoHIAa XIX Beka yIleses JIUIIb B CAMOM
HE3HAUWTEJIbHOM 4Hcjae B Haubosiee OTJAJIEHHbIX U HEJOCTYIHBIX 4YacTAX o00JIacTh ero
pacrpoctpaHeHusi, ObUT J00BI B 4YHCIEe TpeX JK3eMIUIAPOB, OJarofaps TOJIBKO TOMY
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obcroATenbCeTBY, uTo bputanckum myseem u myseeMm B. Pormmiibza B Tpunre Oplyia HazHavueHa
OUYeHb BBICOKAs IIPEMUS 32 JIOCTABJIEHHE 9K3EeMILUISPOB 3TOT0 Hocopora. OMH M3 Ha3BaHHBIX TPeX
9K3EeMIUIIPOB ObLI TpeJJIoKeH 300JIOTHYECKOMY My3el0 U Mpe3uieHT AKaJeMuu HayK
II0’KEPTBOBAJI ETO MY3€I0.

Rodentia. B 1895 r. My3ero yzaaoch IpruoOpecTy HeOOJIBIIYI0, HO HHTEPECHYIO KOJUIEKITHIO
wiekonuraronux. CobpanHyoo B bupme n3BecTHbIM myTeriecTBeHHUKOM JI. ®ea; 6OJIBIIYIO YaCTh
STOM KOJUIEKIIVU COCTABJIsUIM IPHI3YHBI U MEXKY HUMU LIEJIBIN Psifi BUJIOB, HE MMEBIIUXCSA /10 CHUX
op B my3ee. [losmyuensl 01 Ha 00MeH oT I'. Muuiepa Takke 24 5K3eMIUISIpa IpeACcTaBUTeseN
ponoB Sitomys u Zapus u3 CeBepHOU AmepwKu. [[J1s1 MOMOJHEHUs OCHOBHOUM KOJUIEKIIUU
puoOpeTauch Ype3BbIYAaHO penkue B My3ee TpbisyHbl: Haplodon rufus (u3 CeBepHoi
Awmepukn) u Ctenodactylus massoni (u3 CeBepHoii Appuku) (Otuer, 1896: 8).

Carnivora. B my3eii 6bL1H 1OoCTaBJIeHBI U B MIKYphl 6apca (Felis pardus), camIia u camMKH,
nu3 KybaHckoll o6siacTy; 9TH 5K3eMIUIAPHI OBUIM IPUHECEHBI B J]ap MYy3€l0 OT BEJIMKOTO KHA3S
Cepres MuxaitioBuya. /[Ba mosHbIX ckesteta Otaria ursina, nocrasiennsie H.A. I'pebeHenkum.

Primates. Bapocasiii camen opaura (Pithecus satyrus), MOJIy4eHHBIH IyTeM OOMeHa OT
[MItyrraparckoro myses (Otuer, 1896: 8).

V3 yucsma OCTaTKOB MOCJIETPETUYHBIX MJIEKOMUTAIONIUX HEJIb3s He 00paTUTh BHUMAaHHE HA
cienyromye mpeaMeTsl. B 1895 r. mocTynmmiia B My3el ocTeoJIoThudecKas KOJUIEKIHsA, coOpaHHas
I1.C. IIpockypsAAKOBBIM B 1894 T., IpU MaTepUAJIbHOM CO/IEHCTBUY NMIIEPATOPCKON aKaieMUH HayK,
BO BpeMs pacKomok B TopramuHckon memepe 6s1u3 r. KpacHosApcka. 9Ta KOJUIEKIH, COCTOSIIA U3
398 HOMEpPOB KOCTE€H JKMBOTHBIX IIPE/CTABJIsIIa OOJIBIIION HAyYHBIH HMHTEpPEC; JOCTaTOUYHO
OTMETHUTD, YTO [IPOCKYPAKOBBIM ObLIN HaliZieHbl B ToprammnHcKol nemepe kocTu ruensl (Hyaena
spelaea), xotopas B Bocrounoii Cubupu 0 5TOoro ObLia HeuszBecTHAa. Cpeau OCTATbHBIX
HCKOIIAeMbIX KOCTEH, MOCTYIUBIINX B My3€H, BbIIEJISIOTCS CJIEAYIOIINe IPEAMEThI: BEJIMKOJIEITHO
COXpaHUBIIHUICA yepel peuHoro 6o6pa (Castor fiber) u3 pycna p. Atmuc (Hukae-JIoMOBCKOTO
ye3na, IleHseHckodl rybepHHU), AocTaBjieHHbIH M.A. JlomaTHHBIM; HEMOJHBIA 4Yepen calraka
(Saiga tatarica), nmoObITHI sKcnenuiueirr OapoHa J.®. Tonsa B cucreme p. OJeHeka, IO
72 rpaJlycOM CeBEPHOU IIMPOTHI, U YacTh JIOOHOHN KocTu ¢ ocHOBaHuWe pora Cervus megaceros,
HaiienHasa B MunycuackoM okpyre I1.E. Octposckum (Otuer, 1896: 8-9).

B 1896 r. KoJUIEKIIY OT/AEJIeHHUsI MJIEKOMUTAIONIIUX HCIOJIB30BAJIUCH JUUII HAYUYHBIX IesIei
akanemukoM /[.H. AnyunnsiM, noktropom batyeBsim u E. Fem6eprom (u3 IlIBerun).

ITpupoct muekonuTaronux B 1896 r. 6611 cepytomum (Tabmuma 2)

Tao6auna 2. [IpupocT KOJUIEKIUH My3€es 0 OTAEIEHUAM MJIEKOIUTAIOIINX U OCTE0JIOTHIECKOMY
3a 1896 r. (OTtuer, 1897: 5)

HaszBanusa B coupty IMIkypsl Yepena CkeneTsl Pora
Marsupialia - 1 - - -
Cetacea - 1 1 1 -
Undulota - 98 98 14 18
Artiodactyla

Undulota - 7 6 1 -
Perissodactyla

Rodentia 164 249 141 4 -
Carnivora 2 98 75 18 -
Insectivora 22 6 4 - -
Chiroptera 74 1 - - -
Primates - 2 1 - -
HToro 262 463 326 38 18

Ecin cpaBHuBaTth Tabsuiyy 2 c¢ Tabiumeir 1, To okaxkercs, 4yro 1896 TI. B OTAeseHUe
MJIEKOITUTAIOIIUX IOCTYIIIIO B 3 pasa OoJblile MpeaMeToB, yeM B 1895 I. TO 00BACHAETCA TeM
00CTOATENBCTBOM, YTO B 1896 T. mOCTynmIu 4epe3 uMIepaTopckoe Pycckoe reorpaduueckoe
o0IecTBO JBe OOMIMpPHBIE KOJUIEKIUH, coOpaHHble skcmemurusmu M.M. Bepe3oBckoro u
B.U. PobopoBckoro u II.K. KoznoBa. Komneknmsas M.M. Bepe3oBckoro Oblia cobpaHa B camou
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I0’KHOM YacTH KuTaiickoil mpoBuHIuu 'aHbey U B Chl-uyaHU, cBoeoOpa3Has (ayHa KOTODPBIX He
rMeeT HUYero obmrero ¢ ¢aynoit llenTpaspHON A3uH, U coziep:kaia B cebe OOJIbIIOEe KOJTUIECTBO
HOBBIX JIJI1 My3esl IIPEAMETOB BHICOKOUM HAayYHOU IeHHOCTHU. /[OCTaTOYHO YIOMSAHYTH 3/1€Ch, UTO B
STOM KOJUIEKIIUM IIPEJICTaBJIeHO OOJIbIIOE KOJIWYECTBO OTKPBITHIX Apmanj /laBuzoMm B
OKpecTHOCTAX MymnuHa BUJIOB, CpeZiyl KOTOPHIX ITepBoe MecTo 3aHuMainu: Ailuropus melanoleucus,
Budorcas taxicolor, Nemorhaedus edwardsi, N. griseus u apyrue (Otuer, 1897: 5).

Borateiit cbop skcnenunuii B.M. Po6oposckoro u I1.K. Koznosa. IIpekpacHo AomOJHAIN
3HAYUTEJIbHbIE KOJUIEKIIUM TI0 MJIEKOIUTAIONUM, BbIBe3eHHble wu3 lleHTpasbHOU A3uu
SKCIIEJIUIIMSIMHI  MMIIEPATOPCKOTO Pycckoro reorpaduyeckoro oOIecTBa W XpaHSAINIUMUCA B
aKaJIeMHUYeCKOM My3ee. B KOJUIEKIIUM 5TON JKCIEQUIIMHM BBIIEJSATCS II0 CBOEU I[IEHHOCTH
CJIeYIOIYe TIPeIMEThI: 6 IIKyp U JiBa MOJIHBIX CKeJIeTa JUKOTO BepOJIoia, TP IIKYPHI U CKEJIET
JIMKOTO sIKa, IKypa ¢ yepenoM Equus przewalskii, ckenerbl Equus kiang, Ovus hodgsoni, Gazella
przewalskii, Gazella picticauda u Tak fasee.

V13 ocTaIbHBIX MTOCTYIUIEHHUH B 1896 T. 0c060TO BHUMAHUS 3aCITYKUBAJIH:

Marsupialia. Yyueno Notoryctes typhlops u3 nieHTpaIbHON ABCTPaIIHH.

Cetacea. Ckener u uepen Phocaena dalli ¢ KoMaHAOPCKHMX OCTPOBOB U IIIKypa
Delphinapterus leucas ¢ HoBoii 3emtu.

Ungulata. Kosutekuusi aHTWION My3esd 3HAYUTEJbHO IOMOJHUIACH  Oiaromaps
MPUOOPETEHNI0 TTPEBOCXOAHBIX IIKYP U YepenoB cieayoomux BuaoB: Gazella kevella (camka u
camen) u Gazella loderi (camka u camen) u3 Tynuca. Gazella walleri (camern) u Bubalis swaynei
(camen) u3z Kamepyna u Nemorhaedus swinhoes (camerr) ¢ octpoBa ®opmossl. IIpruobpereHbl
Tak)Ke IIKypa W MOJHBIH ckeser THy (Connochaetes gnu). Kosutekiusi koseporo (Capra)
oboratuiach IIKypaMH U YeperamMu ctaporo u 6osee mosomoro camia Capra hispanica u3 Cuepa
HeBajnpl, BUZa, OBICTPO YMEHBIIAIONIETOCA C KaXKABIM TOJIOM B YHCIEHHOCTA. My3el Takke
yZiajoch TpruoOpecTy SK3eMILIAP PEAKON B My3esx 3e0pbl (Equus grevyi) u3 Comanu.

Rodentia. OO6mupHasg cnupToBas KOJUIEKINA MEJKHX MJIEKOIUTAIONUX, cobpaHHas
®.[1. Ilnecke B I'moBckoM yesze YU TIpeJICTaBJABIIAA INPEKPACHBIM Matepuan Jjid
IIPEATIOJIOKEHHBIX HA BBICTABKE TPYIIII POCCUMCKUX OOBIKHOBEHHBIX 3BEPEH; OOJIBIIYIO YaCTh 3TON
KOJUJIEKITUU COCTABJISLTA TPBI3YHBI, CPEAN KOTOPHIX HAXO/IMJINCh HECKOJIBKO SK3EMIUISPOB UEPHOMN
kpbIcel (Mus rattus), BuepBble HaijieHHOU B mpenenax CaHkT-IleTepOyprckoil rybepHUH.
VHTepecHBIH cimpTOBbIN 3k3eMIuisip Heterocephalus glaber u3 ceBepo-BoCcTOUHOU AGPUKHU; STOT
OPUTHHAJIPHBIN, IIOYTH COBEPIIEHHO TOJBIA TPBIBYH U3 ceMeiictBa Spalacidae mpeacraBist
OOJIBIIYI0 penKocTh. YepHBIH »sK3eMIUIAp Oenska u3 KazaHckoin ryboepHuu. CIHPTOBBIE
KOJUIEKIIMU M3 3aKacmUUCcKol obsactu, Typkecrana, OpeHOYpPrckoil ryOepHUHM W U3 BOCTOYHOU
ITepcuu (Otuer, 1897: 6-7).

Carnivora. dxk3emiuiap Canis holubi u3 10xHOW AQDpPUKH, TOCTYKUBIIUA THIOM JJIA
ycraHnoByieHus1 Buga. Felis lybica u Canis mediterraneus u3 Tynuca. IlIkypku 1 yepen BechbMa
penxoro Ptoteles ladandi n3 Comanu. Ckesner Trichechus rosmarus v HECKOJBKO CKEJIETOB H
YyepemnoB e3/10BOi cobaku, Mopckoro 6o6pa (Enhydris lutris), nepust (Phoca largha), kotuka u
Otaria stelleri ¢ KoMaH/IOPCKUX OCTPOBOB, IPUHECEHHBIX B Z1ap My3ero H.A. I'pebeHenkum.

I[Tomumo »3TOoro B 1896 Tr. MOCTYNWIO B My3ed 33 HOMepa HCKONAEeMbIX KOCTEH U
3HAYUTEJIbHAS  KOJUIEKIUS  OCTATKOB  IIOCJIETPETUYHBIX  MJIEKONUTAIONUX, coOpaHHas
N.T. CaBeHKOBBIM B OKpecTHOCTAX KpacHospcka. Cpesu CKOIMMaeMbIX KOCTel Heslb3sl He 00paTUTh
BHHMAaHHe Ha MATh KOCTEH M KyCOK KOXKH BhIMepIero Hocopora (Rhinoceros tichorhinus),
nmocraByieHHble B Akazemuio Hayk C. PabunHoBuueM u3 cena Kazaubero, YCThSIHCKOTO YJIyca;
OCTaTKH OT XOPOIIIO0 COXPAHUBIIIETOCS, €Ille MMOKPHITOTO KOXKEH 9K3eMILIsIpa HOCOPOTra, Hal/IEHHOTO
B 1895 1. mHOpOALIEM 1-To Hororckoro Hacsiera Tpogumom CaHHUKOBBIM B 60 KMJIOMETPax OT cejla
Kazaubero Ha BOCTOK, 10 Oepery pexku XapayJibl, Bragamoiieid B p. TOMCKYIO ¢ JIEBOW CTOPOHBI
(p. Tomckass — mpaBsl npuTok CemeHzioHa). biarogapss BHUMaHMI0 PabMHOBHYA, BCE OCTATKH
ATOTO HOCOPOTa BBIPBITHI M XPaHATCA HbIHE B ceie KazaubeM, a akajieMueil Hayk ObLIO CIEJIaHO
pacrnopsiKeHue 0 JIocTaBaeHn 3Tol Kosutekiuu B CankT-Ilerepbypr (OTuet, 1897: 7).

4. 3akJaoueHue

Takum obpaszom, B 1895-1896 IT. B PYCCKOM HMIIEPATOPCKOM 300JIOTHYECKOM MYy3€ee
MPOUCXOIWJI AKTHUBHBIA MIPOIlECC IIOMOJIHEHUA (POHA0B. BakHO OTMETHTH, UTO TMOMOJTHEHUE
MIPOUCXOWJIO 32 CYeT IPAKTUYeCKH BCeX KOHTHHEHTOB, kpoMme IOxHOU Awmepuku. BaxkHoe
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3HAYE€HHE B IIOIIOJIHEHHUU PEAKHX (1)OH,Z[OB HUTPpAJIA YJIEHBI HMHepaTOpCKOfI (I)aMI/IJII/II/I, KOTOpbIE
JKEPTBOBAJIX HA 9TU HYX/IbI, B TOM YHUCJIE CcOOCTBEHHbBIE cpeacrsa.
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Pycckuii 300/10THYECKHUN My3€ei: MOMoJIHEHNE (POHTOB MJIEKOITUTAIOIINX
B 1895—1896 1T.

Basnentnna MiBanoBHa bpukonosa 2:*
a He3aBUCUMBIH HCCJIE/IOBATENb, YKpPaUHa

AnHoTamusa. B pabore paccMaTpuBamOTCA OCOOEHHOCTH  TIOMOJIHEHWSA  (DOHJIOB
MJIEKONIUTAIOIIUX B PYCCKOM 300JIOTHYECKOM My3ee B KOHIle XX BeKa. YJeJeHO BHHMAaHUe
reorpaduu nonosHeHusA POH/IOB, a TAK}Ke JIMUHOCTAM 0JIarOTBOPUTEJIEH.

B kauectBe MarepuasioB ObUIM IIPUBJIEYEHBI OTUETHl PYCCKOTO 300JIOTHYECKOTO My3es 3a
1895 u 1896 rr., omyOsMKOBaHHBIE B EjKErogHWKe 300JIOTHYECKOTO My3esl MMIIEPATOPCKOMN
aKaZIeMUH HayK, a TAKXKe CIIelUaIN3UPOBAaHHAA JINTEPATYPA 110 TeMe UCCIeAOBAHUA.

B 3BakimoueHMM aBTOp OTMeYaeT, 4yro B 1895-1896 IT. B PyCcCKOM HMIIEPATOPCKOM
300JIOTUYECKOM MYy3€e IIPOHCXOAUJI aKTUBHBIM IpoIlece MOIMoJHeHUsA (HOH/I0B. BaXKHO OTMETHUTD,
YTO IIONOJIHEHUE IIPOUCXOAMJIO 32 CUeT NPaKTUUYEeCKU BCeX KOHTUHEHTOB, Kpome IOkHOU
Amepuku. BaxkHoe 3HaueHHe B MONOJHEHUU peAKUX (DOH/IOB UTPAIU YIeHbl UMIIEPATOPCKOU
dammny, KOTOpbIe KePTBOBAJIN HAa 5TU HYXK/IbI, B TOM 4HcJIe COOCTBEHHBIE CPE/ICTBA.

KiroueBble cJioBa: pYCCKUH 300JIOTHYECKUA My3eH, OT/AeJeHHEe MJIEKOIHUTAOIINX,
niorostHeHNE GOHIOB, Poccuiickasa nmmnepusi, 1895—1896 rT.

* KoppecrmoHAUPYIOIHUI aBTOP
Aspeca anekTpoHHOM OUTHI: V.Briconova@gmail.com (B.U. Bpukonosa)
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The Entomometry: from Sensu Stricto towards Sensu Lato
Sergei K. Pankratov 2
aDistributed Entomometic Stations Initiative, USA — Russian Federation

Abstract

The term “entomometry”, introduced earlier in the abstract of the conference “AART Physical
Education” Shaibani in 2010 in the narrow sense of the word (sensu stricto) can be expanded to a
broader interpretation (sensu lato) in the case of making some assumptions about it value. Its
instrumental side, in our opinion, has its origins in the works of the 19th century. Thus, Zenneck
entomometer (or Zenneck) is known, described in the nineteenth century in a publication
published in the “Polytechnisches Journal” (Der Entomometer, ein zu relativen und absoluten
Dimensionsbestimmungen der Insecten eingerichtetes Instrument). Relative, qualitative, species-
specific measurements carried out using this device, at the same time, were only a static version of
the general approach. We also consider the dynamic entomometric measurements, which can be
carried out using telemetry stations, costing up to $ 50-100 per piece, manufactured within the
framework of the Distributed Entomometic Stations Initiative (USA — Russia) before its closure
(in particular , the author of this article). The specific subdivisions of entomometry are proposed as
a classification and metrological system and a possible source of creating databases for data
mining; their possible names are indicated in the keywords to this article.

Keywords: entomometer, entomometry, coleopterometer, trichopterometer, dipterometer,
odonatometer, hemipterometer, isopterometer, lepidopterometer, orthopterometer, mellitometer/
apiometer, myrmecometer, vespometer.

IToHATHE «IHTOMOMETPHUH>» U MepBbIi s HTOMOMETP (XXI Bek, IIITyrrapr).

Tepmun «3HTOMOMeTpUA» ("entomometry") u MpoU3BOAHOE OT HETO «IHTOMOMETPUYECKUI»
("entomometric") BuepBble ynorpebsiensl B aberpakre koHMepennuu "AAPT Physical Education”
B 2010 1. (Shaibani, 2010). /laHHBII TepMWH, He HWMEIOIIUH AaHAJIOTOB B OIKMCATEIBHOU
SHTOMOJIOTMM ¥ OJIM3KUX JUCIUIUIMHAX, OTHOCWICA K HCCJIEIOBAHUI0 CTa0MIBHOCTU
JIMTHAMHYECKOTO TTOBEJIEHUs U BhIXKUBAHUSA HaceKOMbBIX. ABTOp mucai: « Empirical evidence shows
that houseflies and their ilk can avoid many of the standard attempts by humans to terminate their
existence by planar instrument. The ability to evade such demise was in turn counteracted by a
much more successful approach devised some time ago by this author. However, it had not been
possible until recently to establish the exact scientific basis for his large increase in efficacy because
values for key kinematic parameters were not available». B To ke Bpems, cchutasich Ha paboTy,
omyOJIMKOBaHHYIO B 2008 1. Ha crpanunax "Journal of Experimental Biology" (Card, Dickinson,
2008), UcIoIb3ys €€ JaHHbIE B COMOCTABJIEHUH C BRIUMCIEHUSIMH BhIKHUBaeMocTH («Experimental
data from contemporaneous research have now enabled computations to be performed here, and
the results explain both the survival rate against old techniques and the less favorable outcome for
housefly-like insects against the new strategy»), aBTOp orpaHuYuBaeT MPUMEHHUMOCTb AAHHOTO
MO/IX0/1a MCKJIIOYUTEBPHO JIUIIb 00JacThio 3amau Ay cryzeHToB («The methodology involved
provides an excellent tool for student learning of physics, and elements of this are presented to

60



http://www.ejournal40.com/

Central European Journal of Zoology, 2019, 5(1)

demonstrate the applicability of many concepts in a pedagogical setting that is interestingly different
from those in traditional textbook»). 9To 0OycioBMBaeTcsi 06pa3oBaTEIBHBIM KOHTEKCTOM (hopyma
(cM. ckaH ¢ ¢hparMeHTa CTPaHUIIBI IPOrPaMMBbI Ha puc. 1). OHAKO /jajiee aBTOP He UET, HECMOTPs Ha
TO, 4TO paboTa B 3TOM TPEH/IE B YCJIOBUSX JIakKe 00pa30BaTeIIbHbIX, pa3 YK Ha TO IOIILIO, Jab0PaTOPHi
u DIY-tomanok (“Citizen Science”) morsia ObI IPUBECTH K CYyIIECTBEHHOMY PacIPOCTPAHEHHIO
KOJIMUECTBEHHBIX METOZIOB W JUHAMUYECKUX/KUHEMAaTHUYEeCKUX TIOAXO/I0B B JIFOOUTENIHCKOU
SHTOMOJIOTHM. B JIOCTYIIHBIX HbBIHE IIPAKTHUECKU JIIOOOMY JKEJIAIOIIEeMYy TEXHHUYECKHX YCJIOBHSIX,
JII000H  yJarmuiicss MOXKeT O0eclieuuTh TpoBeZieHne Habsoennii  ypoBHa ®abpa, a Jro0oit
BJIA/ICIONINI WHKEHEPHBIM KJIBKYJIATOPOM U a3aMu (PU3MKU U MAaTeMaTHKU B O00bEMeE CpefHen
IIKOJIBI — PeaTM3aI[ii0 BBIUKCIIEHUH B OTpacisAx OMOMeXaHUKH Ha ypoBHe /[:koBaHHU Bopesu.
[ToaToMy, CTPOTO TOBOPs, HE MPEJCTABJISET TPY/A U JAJIbHEHIIee pacpOCTPAaHEHUE U PA3BUTHE
KOHIIEIITa SHTOMOMETPHUH, 3aZlaHHOe, 0 (akKTy, camoi mepBor myosukanued (Shaibani, 2010),
B CHOCKe K Koropou ykazaHo: «the final word in the title, and the associated adjective
“entomometric,” have been constructed by the author from the prefix and suffix for insect and
measuring, respectively». To ectb, J00bie GOpMBI U3MePEHUN B 00JIACTH SHTOMOJIOTUHU, Sensu
lato, moryT GBITH IOZIBEZIEHEI 11O/, OIIPeiesieHre SHTOMOoMeTpur. OTHAKO, KaK IMOKA3bIBAET IIOVCK B
CeTH U uepe3 MOWCKOBbIE CHUCTEMbI M3/]aTEJIbCTB, STOT TEPMHUH NPAKTHUECKU HE HCIIOJIb3YeTCs;
https://scholar.google.co.uk/ yka3zpiBaeT Ha HyJIeBOe KOJIMYECTBO IIyOJTMKAIMH C TEPMHUHAMH
"entomometry" u "entomometric" B Ha3BaHUH.

student-teacher relationship.

Session HB: Teaching Physics Around

HAO07: 9:42-9:54 a.m. Lessons in Physics from a the World - 1I
*
Study of Hexapedal Entomometry Location:  Washington 2
Saami J. Shaibani, Instruction Methods, Academics & Advanced Scholarship, Sponsor:  Committee on International Physics Education
Lynchburg, VA 24506; shaibani@imaas.org Date: Wednesday, Feb. 17
Empirical evidence shows that houseflies and their ilk can avoid many Time: 8:30-9:42am.
of the standard attempts by humans to terminate their existence by
planar instrument. The ability to evade such demise was in turn coun- Presider- TBA

teracted by a much more successful approach devised some time ago

by this author. However, it had not been possible until recently to es-

tablish the exact scientific basis for his large increase in efficacy because

values for key kinematic parameters were not available. Experimental HBO1: 8:30-8:42a.m. Space Science Initiatives for
data from contemporaneous research' have now enabled computations STEM Education Betterment

to be performed here, and the results explain both the survival rate

against old techniques and the less favorable outcome for housefly-like
insects against the new strategy. The methodology involved provides an
excellent tool for student learning of physics, and elements of this are
presented to demonstrate the applicability of many concepts in a peda-
gogical setting that is interestingly different from those in traditional
textbooks.

* 'The final word in the title, and the associated adjective “entomometric,” have
been constructed by the author from the prefix and suffix for insect and measur-
ing, respectively.

1. J. Exp. Biol. 211, 341-353 (2008)

Norma T. 0. Reis, Ministerio Da Educao - MEC BL, L, ED. Sedes, Brasilia/DF,
Brazil; normareis@mec.gov.br

We explore pedagogical benefits of two pre-college enterprises in space
science education: the Space Weather Action Center, from NASA, and
the Brazilian Olympics of Astronomy and Astronautics — OBA. SWAC
is a nationwide program that helps engage students in space sciences,
and promotes STEM learning in a meaningful approach. Students work
like real scientists, monitoring space weather by accessing NASA data-
bases. In teams, they collect, record, analyze, and communicate results

using educational technologies such as video and broadcasting. Basic

Puc. 1. CkaH nepBo# pabOTHI C IIPeIJIOKEHUEM TEPMHUHA «9HTOMOMeTpHsi» (Shaibani, 2010)

ITOT (HAKT KATErOPUYECKH IMPOTHBOPEYUT OUYEBHIHOMY CYIIECTBOBAHHUIO IPUOOPOB U
CHICTEM /ISl I3MEPEHUsI HACEKOMBIX, Ha3biBaeMbix sHToMOMeTpaMu («The Century Dictionary»,
BIIPOYEM, OIPEZEIsIeT SHTOMOMETP Kak «An instrument used to measure the parts of insects»,
a cripaBoyHUK  https://topmeaning.com/english/entomo- mnpuBoguT ero Ha3Banue 0e3
ompeziesieHus1). BriepBhle, 10 HAIIIUM JIAHHBIM, JIAHHBIH TEPMHUH HCIIOIb3yeTcs B « Polytechnisches
Journal» 3a 1841 rom — B pabore «Der Entomometer, ein zu relativen und absoluten
Dimensionsbestimmungen der Insecten eingerichtetes Instrument; von Prof. Zenneck in
Stuttgart». ABTOp 3aMeTKH JKaJyeTcs, UTO XOTfA «B OIHCAHUM BHUIOB U PasHOBUAHOCTEH
HACEKOMBIX  W3MEpDEHHS UX pa3MepoOB  JalTCsA  MPAaBWIbHO»,  «/[aHHbIE  U3MEpPEHUs
BcerjaabCcoOMIOTHBI », B TO BpeMs, Kak, II0 €ro MHEHUIO, «Tellepb, OJHAKO,
VMEHHO OTHOCHTEJIbHO e OIpesieJIeHNe 3TUX BEJIMYUH ABJIAeTcA Haubosiee BaXKHBIM», TaK KaK
«HX B3aHMOCBA3b OCTAETCS HEM3MEHHOMU /Ul OZTHOTO U TOTO K€ BHJ]A HACEKOMBIX» — HECMOTPSA Ha
TO, YTO «MOKET U3MEHATHCA aOCOIOTHOE UKCIIO». B psifie ciyyaeB aBTOP JJAHHOTO MaHYCKPHIITA,
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B BHJIE CKPHUHIIIOTA IPUBEJEHHOTO Ha PHCYyHKe 2, cuuTaeT IesecO0Opa3HBIM TaKKe YTJIOBBIE
U3MEPEHUS: «B HEKOTOPBIX CJIy4yasiX, 0COOEHHO B CJIyuyae KpPbUIbeB 0A0OUYKU, HY>KHBI YIJIOBBIE
U3MEPEHUS, TaK YTO B JOTIOJIHEHWE K OJJHOMY WJIM HECKOJIBKUM H3MEPHUTEIbHBIM CTEPXKHAM H
KPYTY JUIA JAHHBIX U3MePEeHUN He0OX0IMM KBaJPaHT U TPAHCIIOPTUP». PUCYHOK OITUCHIBAEMOTO
B paborte mnpubopa mnpuBoauTcs Ha Pucynke 3. Jlajiee OIUCHIBaeTCs €ro HCIOJIb30BaHHUE:
«HMcnosp30BaTh HUHCTPYMEHT JJI1 OTHOCUTEJIbHBIX I/I3MepeHI/II‘/JI Be€CbMa IIPOCTO: OJJUH OXBATbIBAET
HIUPUHY HACEKOMOTO KOHUYMKAMU JBYX KOPOTKHUX HOT (C KpaeM MeTaJUTMYeCKOH JIyTH, TIOBEPHYTOU
Ha3a/), a 3aTeM IepeMeIlaeT ero mo JyiuHe (¢ HEM3MEeHHON IMMPUHOU Kpyra) MeEXKAy IBYyMs
JJIMHHaA HOTa K TEM COOTBETCTBYIOIIHM TOYKaM HX pa3aejieHHuA, KOTOPbIE TOYHO COIIPHUKACAIOTCA C
ee TepeHed U 3afHed CTOPOHOM ». U najiee, «9TOOBI 3TH TOYKHU OBLIU YETKO BUIHBI, HHCTPYMEHT,
pasymeeTcs, ocBelaeTcs Haubosiee 0J1aroMpUATHBIM CBETOM, U T€, Y KOTO PYKH HeE JIOJI?KHbBI OBITH B
TO K€ BpeMs OYeHb CIIOKOHHBIMH, MOTYT JIHOO IIOCTaBUTh HACEKOMOE Ha IPHUIIOHSTYIO TOUKY,
60 WHCTPYMEHT Ha ero». ITUIIymui pyKOBOACTBO JIA€T KOHKPETHbIE PEKOMEH/IAIINU Ha YPOBHE
ONMCAHUs WMHCTUTYTCKOTO IIpakTUKyMa: «BcraBbTe IMapHUP MeEXKAY ABYMS ITPOOKOBBIMHU
CTEP)KHSAMU, KOTOpPbIE COEIMHEHbl C WIJVIOW, HHKHSS YacTh KOTOPOH TI/ie-TO MpPHUKJIeeHa, U
3akpenure». «Ecau TpH U3MepeHWU JIMHBI HaceKoMoro (Mexkay OOJIBIIMMU HOKKaMU
WHCTPYMEHTA) OHa JIOJI’KHA OBITh O0JIee YeM B YEThIPe pa3a O0JIbIle ero IMHPUHBI 110 OTHOIIIEHUIO K
€ro IIMPHHE, TO CBOOOJIHASA HOXKKA IOMEIAaeTCsl Ha pasjieJIeHHe MeTa/UTHUeCKOH JyTH, pa3Mep,
BUAUMBIA Ha HEW, YBEJUUYHBAETCA BABOE, Ta K€ HOMKKA BBINIPAMIISIETCA J0 STOTO pasmepa,
U3MEpPAET AJINHY HACEKOMOI'0 MEXAY ABYMA 6OJ'IBH_II/IMI/I HOraMu H, yMEHbIIad B/JIBOE€ pa3Mep,
ompezieJIEHHBIA TAKUM IIyTEM, IIOJIyIUTE IIPAaBUIbHbBIE OTHOIIEHUA K IIHNPUHE». J[ajsiee MpUBOAATCA
TIpUMePbI U3MEPEHUH /IJIsI KOHKPETHBIX BUJIOB HACEKOMBIX (ZJaHbI B TabswIe HA PrucyHKe 4.

T Y IITETY YT R mmMMBRTE . WA SGEEE . WY YRR

Riunen oder das Abgleiten vor deg gencigten Flade verbiitet.

LXXVI,

Dex Gnromomem, ein 3u velatioen und abfoluten Dimens
fionsbeftimmungen der Jnjecten eingerichtetes Snftrument;
von Prof. Senned in Stattgart.

Rt UshiRungen aufl Tas, V.

Mit Redyt roerden. in dem neueven Jeiten bei bden Defdyreibuns
| gen der Jnjectenarten und Bavietdten vou ihrer Girdfe Mef| ungen
gegeben, da biefe bei aller Bevdnderlidyfeit, die man mehr odber wes
niges antrifft, fip vody wifchen gewiffen Giedngen balt und fie daper
oft Defjer: ald die: nod weit mehr vevdnderliden Farben 3u Kenngeichen
bienen fann. - Allein dic gegebenen Maafbefimmungen find immer nue
abfolute, fo daf 3. B, dic Lange cined Kiferd = 5 Var. Linien
und, feine BVreite = 3%, Vav. Linien gefest wixd , und dicfe Beftime
mungen find in vevidicdenen Schriften nidt immer nad dem alten
Par. Fuf, fondern aud) nady andevem, und namentlich in neweren
frangdfijen Werfen nady Millimetern ausgedriift, - Run ifi - aber
gerade die velative BVefimmung diefer Grdfen, da ibr Berhdltnif
fihy bei devfelben Jnjectenart gleidy Bleibt, yenn aud dic abjolute
Qrdfie vody fo wandelbar ift, am widtigften, und (dft den Wunjd
fibrig, bafi biefe Veftimmung auf eine jur leidten Bevgleidung taugs
lige LWeife und obne nadtriglide Bevedynung gegeben fepn mddte,
wad offenbar ndthig ift, wenn man wiffen will, ob die BVerbaltnifie
ber Dimenfionen bei gwei vevidicden grofen Infecten - gleidy  ober
verfdicden find.  Weberdiel find nidyt aliejn Linearmefjungen bei
Jnfectenunterjudungen von Nuzen, fondern in manden. Fallen und
namentlidy bei ven Scdymetterlingdfliigein aud die Winfelmefjune
gen, fo baf man neben cinem ober mehveven Maafiftibenund einem
Ginlel gu jenen Meffungen nod cinen Duadranten oder Winfelmefice
T g legteven ndthig- bat.

Um nun theils fiie den Hauptyroef folder Meffaugen fdynelie
und fidere Kenntnif von den Grdfenverdiltniffen cines
Jnfects, theild qur Entbehrung mehrever dabei ndthigen Infirumente

Puc. 2. [lepBas crpanuria cratbu (1841) Der Entomometer, ein zu relativen und absoluten
Dimensionsbestimmungen der Insecten eingerichtetes Instrument; von Prof. Zenneck in Stuttgart
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Puc. 3. O6mas cxema saToMoMerpa npod. llenneka, llItyrrapr (von Prof. Zenneck in Stuttgart)
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Jum Shluf migen als Beifpicle nod folgende mit dem
Gatomometer angefielite Meffungen freben. .
Das Beehiltnif der Breite jur Linge war — bel — v
s (bie abfolute Breite =1,4 rhein. Qin.) bei Amara {amiliaris.

I'f . » . (: ’ '5) . . . » — - 'ﬁ'i.‘i‘.
|‘/m ... (=18 . « .« bl Ludiu holoseriocus.
:/:; o g "0 e (= ’ '5) o e a— s hOlo’- v.l’.
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R e %4 (=225 — )— '=— cupreus Var.
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TR R —_ Y= — -—9‘

e BRI Y A R Cicendela hybrida,
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famecfung: Man fieht, daf ma‘u bei bicfen Beflimmungen

. i (=27 .
gang fury 3 B, [dreiben Tann . 75 , um_bamit

7 Millimetee = 12,46 rhein, Linien.
B0 AN O S M:" :i ﬁill:'nu = 12,0 thela. Binien,
60) ©ie 13 vhein. Linien meined Metallbogend belragen beinabe 60 Grade
(56,59, alfo 4 Cin, = 5" umd '/, = 2,5%

Puc. 4. Tabnuna ¢ npuMepamMu UCIOIb30BaHUA Mpubopa ykazanHoro aBropa (Prof. Zenneck)
JU11 KOHKPETHBIX BUJIOB HACEKOMBIX

JlaabHelIee pa3BUTHE YHTOMOMETPHUYECKON TEXHUKH

B pasnpHeleM mpuOOPOB TAKOTO Pojia OBLIO CO37IaHO JOCTATOYHO HEMHOTO U, B OCHOBHOM,
B CWIy CHENMMUKA OTHOCUTEJHHBIX W YIVIOBBIX W3MEPEHUH, OHHU ObLIM CBSI3aHbI C HMEHEM
ennuke. Tak, B andaButHoM ykasarese Entomologische Zeitung (PrucyHOK 5) Ha 107 cTpaHHUIIE
yKasbIBaeTcs ero ¢paMUIHs CO CChUIKOUM Ha OIMMCAHKE CO3/TaHHOTO UM 3HTOMoMeTpa. OHaKO 3TO —
eIMHCTBEHHOE BO BCell pesieBaHTHON HEMEeIKON HTOMOJIOTMYECKOH JINTepaType yKa3aHue Ha 3Ty
pa3paboTky. Takoe mosioKeHHe JieJ1 He MOKeT He OecrmokouTb. [Tosyduaercsi, 4To, HECMOTpPs Ha
CYIIIECTBOBAaHME CJIOBA B CJIOBapsX, BKJIOYas »dK3oTuueckue (cm. PucyHoxk 6), Teopus
COOTBETCTBYIOIIUX IMPUOOPOB HE BHEAPEHA B HCIOJb30BAHHE CIENUATUCTAMUA M HE Pa3BUTA 10
BOCIIPOU3BOJMIMOTO COCTOSIHUA. boJjiee Toro, Ha mpuMepe, ¢ KOTOPOTO HAYaTO JaHHOE COOOIeHNE,
MOKHO BHUJIETh, UTO IO/ SHTOMOMETPHUYECKUMH TEPMHHAMH TO/IPAa3yMEBAIOTCSA KauyeCTBEHHO
pasHble CIocoObl U3MEPEHUH — JAUHAMHYecKue JIN00 KUHETUYECKHE U CTaTHUCTHYeCKUe, HO
abCoJTIOTHBIE, B COBpEMEHHOU (opMe, U cTaTUYECKHe, 00Jiee TOTO — OTHOCUTEIbHBIE CTaTHYECKUE,
HO KOMIIAapaTHBHO-MOP(OJIOTUYECKHE C TOHUOMETPUUECKOH (IIPOTPAKTOPHOI) NHPHUBA3KOU, B
panHell popme! Bo3aMOKHO I cKa3aTh IOCJIE TOTO, YTO METOZbI U MOAXOAbI B JAHHOW 00J1acTH
pa3paboTaHbl HCUEPITHIBAIOIIUM 00pa3oM?
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Puc. 5. Ccbuika Ha paboty Llennuke B asipaBuTHOM ykazaresie Entomologische Zeitung (XIX B.)
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eclass.uoa.gr»> modules > document PoF

H Z0vBeon e Aeopeupévo OEpa otnv AyyAKA Kal 1 ... - eClass

17 CEHT. 2011 1. - electrophotometer, electropyrometer, endosmometer, entermeter,
entomometer, ergometer, eriometer, eudiometer (eudiometric), evaporimeter,

archive.org » stream » b21935749 djvu =
Full text of "The medical vocabulary, containing a concise ...

Entomo'meter (evTopa, entoma, in- sects ;, perpeo), metreo, | measure). Entarm. An
instrument for measur- ing the parts of insects. Entomo'phagous (evropa ...

kupdf.net » download

Greek English:English Greek Derivative Dictionary - Free ...

5 AHE. 2018 1. - .. endometrial, endometry, endosmoneter, entomometer, ergometer,
eudiometer, evaporimeter, fathometer, fluorometer, focimeter, frigorimeter, ..

Puc. 6. IIpumepsl cJI0BApHOTO UCHOJIB30BAHUA JAHHOTO TEPMHUHA

Wcxopas us aroro, aBTOPOM HaCTOHHlefI 3daMETKH C COAaBTOpaAMHU B HepBOﬁ II0JIOBUHE 2010X IT.
OBLI HWHUIUHPOBAH KOMIIJIEKC MEDP I10 CO3JaHHUIO U1€0JIOTHH KOMILJIEKCHOH SHTOMOMETPHUU. Hamu
ObLIN MNpEeaJIONKEHDI CJIEAYIOIIHUE maccnquaunn BO3MOZKHBIX CPEACTB OHTOMOMETPHM:

1. ITo TakcoHOMUM, HAIIPUMED,

. ATIOMeTpHI — JIJIs1 UCCJIEZIOBAHUS U U3MePeHUs TMHAMUKHU T4En (Apoidea);

. BaarrronTepoMeTphl — A1 UCCJIEIOBAaHUSA U U3BMEPEHUS JUHAMUKY TapaKaHOB;

. JIUKTHONITEPOMETPBI — JJIsI HCCAENOBAHUSA U W3MEPEHUs JUHAMUKH OOTOMOJIOB U
TEPMHUTOB,;

. JlunTepoMeTpbl — JIUIST MCCJIEJIOBAaHUA M U3MEPEHUs JAUHAMHUKHU JABYKPBUIBIX (MyX U
Ap.);

. 'uMeHONITEPOMETPHI — JIJISI UCCJIEIOBAHUS U M3MEPEHHs MePernoHYaTOKPBLUIbIX (0C,
Hae3JHUKOB, MUJINJIbIINKOB, ITYEJ, MyPaBbEB);

. KoseonirepoMeTpbl — I UCCIIEIOBAHUSA U U3MEPEHUS JIMHAMUKH KECTKOKPBLIBIX
(’KyKOB); CHHOHUM — 1IepaMOUITUIOMETPHI (OT «IepaMOUIIHI0IOTHSI» );

. JlenumontepoMeTpbl — I UCCIAENOBAHUSA U U3MEPEHUs JUHAMHKU UYeNIyeKPBLIbIX
(6abouex);

. MupmekomeTpsbl ((pOPMHKOMETPHI) — JIJISI HUCCAENOBAHUSA U W3MEPEHHUs JTUHAMHKH
MYypPaBbEB;

. OnoHaTOMETPBI — JJI KCCJIEIOBAaHUSA Y I3BMEPEHUS JUHAMUKU CTPEKO3;

. OpTonTepoMeTpbl — JJIs HUCCAEAOBAHUS W U3MEPEeHUs JUHAMHKHU IPIMOKPBLIBIX
(Ky3HEUMKOB, CBEDUKOB, CAPAHYOBBIX);

. TpuxonTepoMeTpbl — /IS UCCIIEIOBAHUSA U U3MEPEHUS TMHAMUKYN PYYEHHUKOB;

Y TIp. ISl IOAYMHEHHBIX TPYIIIL.

2.  Ilo mpuHIUIY /IeNiCTBUS, HAIPUMED,
ONTHYECKUE;
OMOaKyCTHUECKUE;
3J1IeEKTpO(U3UUECKHE;
pasnodusuvecKue;

mp.
ITo moJieBo¥ MPUMEHUMOCTH, HAIPUMEDP,
BJIATOPE3UCTEHTHBIE;
BOJHBIE IIOTPYKHBIE;

o o (oK o o o o
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JUTsI aDUTHBIX YCJIOBHI;
KPHOCTAaOWJIbHBIE,;

[}
[}
U T.J.
4.  Ilo aBTOHOMUM HCIIOJIP30BAHUSA, HAIIPUMED,
o 3alOMHUHAOIIVE ABTOHOMHBIE (C 1aTa-J0TTepaMu,/KapTaMy aMsATH);
o ceTeBbIe IT0JIyaBTOHOMHBIE (IIepe/iava 1o nu@poBbIM KaHAJIaM CBA3HU);
o TeJIeMeTPUYECKHE IT0JIyaBTHOMHBIE (PaIi0YaCTOTHBIE AHAJIOTOBbIE KAHAJIbI);

o HeaBTOHOMHBIE (KabeJIbHbIE KaK I10 TIePeIavy TaHHBIX, TaK U 10 TUTAHUIO);

U /Ap. (BIOCJIEACTBUY, IO Mepe pPa3BUTHA TEXHUUYECKHX CPEZCTB, Kiaccudukarusa Obuia
U3MeHeHa).

5.  Ilo uTOroBOI BEpcUM UCIOJIH30BAHUSA NH(POPMAINY, HATIPUMED,

o KOMITapaTUBHO-MOpdoMeTpryeckre (KapThl IPU3HAKOB);
o KOMIIapaTHBHO-BEJIOCUMETPUYECKUE (BEKTOPHBIE TI0JIS);
o CTAaTUCTHUYECKHE (IO ISAIMOHHbIE GUHTEPIIPUHTHI»);

U T.JI.

=) Blogger |

Mowu bnoru

EMTOMOMETRY-2016 (Warkshap and Wehbinar)

060 MHe

Pernctpauma e
Blogger: wione 2016
r.

Puc. 7. Bsor BHTOMOMETPpUYECKUX CTAaHITUHA OT 2016 rosia
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Puc. 8. Ilocsemyroras mObITKA BOCCTAaHOBIEHHA HHUITTATHBHOTO O6s10ra HAa WORDPRESS

ENTOMOMETRY-2016

(Workshop and Webinar)

BocKpecaHse, 24 monn M6 1, 0o MHe

MHPOPMALIMA OT OPTKOMWTETA

B entomometric Stations (WSA-RL)
Npocmompate npodsns

Mo mmorovdcnesHeid  npoceBam  poccedcer:  chywatensd, ANA KOTOPslY  HELDCTYNEH

AMAPMEINCKHA CART HaleR koHbepewgms, AyERMpyen nedOpMAaLWD 0 MEPONPUATII HA LAHHOM AP GRoTa
PRCYPCE,

¥ XME)
C 27 wana 2016 r. no 31 mona 2006 r. g Berecga (Mzpunesg) Byger npoxogute nepeas ¥ wana (1)

coeMacTHaR (CWA-PO) koswdepeHyrs no duzwqeckod sHToMomeTpis fna yaolicTes poccuAcka:
CAFLIETENSA # AOERZAHHKDE ME OPFAHMIYEM BOIMOMHOCTE FYECTHA B MEPONpHaTHs B dopmans
pefinHapa,

TeMaTHEW NPUINELWEHHES | NOATESEESHHEN CEPHAHSIE REXLMA:
1) Bwodwavueckme METOAE  MOHWTOPHHTE  JHHGMHER  H
MENONE0BEHAEM MYDETHCNBKTRANEHEE FETIH0S0K H MEZ0YMN0E.
2) Matemareseckan B0aKYCTIES METOML SKFCTHYECKOR W YNETRAIKYCTHYRCKON WRRHTIGMEILMM
HACEKOMGIX ND CHrHanam

3‘:| PEELUHPEHHHE NpHHLHNS] 3H3NWEE MYNETHANEHTHEY CHCTEM B MOQENWPDESHKE KOONE0aTHEHER
SHEEKTOE MHPMEKINOrHA B 3NHONOIMH.

4) HoBrie roomMetpiyecka MaTofs B MOLEAMPOEGHME MOPDOraHaza HACAKIMEE ¥ BMIYANMIALMA
MHEARHAHTHEN MHOCEICTE,

5) OpyMepHse BexTOpHO-NONEEEE NOLIOAS K METO] AHATHAMM HANPEENEHHOCTY B KOONEPATHEHONA
HEAPORMIHON0IMA HECEKDMELE.

B) MuorohakTopHe KEPESPYLUSILMA KOHTPON: B BHOMEXSHHYECKDA IHTOMOMETEMH W NPMHLANE
COBMBLLIEHRA MAHMNYAALWA 10 YD M S

7Y Onmko- NokALR0HHLIE ¥ DALAOONTHYECKME METOLL B BHODUINYECEDN IHTORMOMETIHA
Mogeparop: B D= Muke

MHCAEHHDCTH  HACSKOMEE ©

Mo zaeepweHun koHGEpeHUMn Tesucel goenagos  BygyT cafme
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MouMu KoJuteraMmu ObLJIO peaIn30BaHO HEKOTOPOE KOJIMUECTBO PaboT B 3TOM 006J1acTH, B TOM
YHCsIe — 0CTATOYHO MPUMUTHBHBIE KOHCTPYKIUU, OITyOJIMKOBAaHHBIE B JJAHHOM JKypHaJIe 3a 2018
T., BKJIIOYasl Te, B KOTOPBIX BCTpeYaeTcss TepMHUH «3HTOMOMeTp» (Jablokov et al., 2018; Gradov,
2018). B mepBoii pabore (Jablokov et al., 2018) ykaspiBaetcs «article considers the novel method
and microdevice for entomometry», ¢ akieHToM Ha JenugonTepmomerpud («in lepidopterometry,
known as the laser spectrozonal lens-less holographic lepidopterometer ore lepidopterograph»).
B pa6ote (Gradov, 2018), pe/icTaBIIsOIeH KOMMEHTapHUi Ha MEPBYI0, TOBOpUTCs, 4To: «The lens-
less imaging/mapping station for the field-oriented entomological (particularly lepidopterological)
measurement from the above work can be used not only as a simple spectrozonal CMOS-
microscope, but also as a correlation-spectral analysis system based on the real time 2D Fourier
spectra acquisition from the CRT- or LCD- monitor memory. Consequently, we can provide a novel
technique for entomoscopy/entomometry aims, annotated as a correlation-spectral imaging and
morphometry». OHaKo 3T0, BO-IIEPBBIX, HE UCUEPIBIBAET 3HAUYEHUH TEPMUHA «9HTOMOMETPHS»,
a, BO-BTOPBIX, SIBJISIETCS JIUIIb CTATHYECKUM €€ BbhIpaskeHneM. [ MeHs jke HauOoJIbIast 3acryra
SHTOMOMETPUM COCTOUT B TOM, YTO OHA II03BOJIAET aHAIM3UPOBATD TE JKe IapaMeTPhl HACEKOMBIX,
YTO U CTATHYECKHE U3MEPEHHs], HO B JIMHAMUKE, C reorpadruecKoii MPUBI3KOH, C yKa3aHUEM BCEX
YCJIOBUIT MOHUTOPUHTA, C HAEHTH(DUKAIIHEN STOJIOTHYECKON PEaTTbHOCTH, B KOTOPOH MPOBOIMIIKCH
u3mepenus. To ecTh TO, YTO OMKMCAHO B IUTUPYEMBIX CTAThsIX, SIBJISETCS SHTOMOMETPUEH TOJIBKO B
caMOM HadvaJIbHOM CMbICJIe ¢10Ba (kak u sHTOMOMeTp LleHHeke), sensu stricto. ATo ycTymaer maxe
paHHUM paboTaM IMpeACTaBUTeEN TOTO ke KosutekTuBa (I'pazioB u Jp., 2014), T/i€ OCTUTAIIUCH,
B UTOTE, IUHAMHYECKHE PENPE3EHTAIINY SHTOMOCKOIIMYECKUX COOBITHIL. ONBIT paciupe/ie/IeHHbIX U
yOaJeHHbIX Bbluuc/ieHni (PUCYHOK 10) MO3BOJISUI DKCTPAIOJUPOBATH IOAXOABI CHHXPOHHOTO
aHaAJIM3a JAHHBIX O eIUHUYHBIX COOBITUAX (B c/lyuae, n300paskeHHOM Ha PUCYHKe 10 — SIIEPHBIX,
KOCMHYECKHX JIydax, YacTHUI[l KOTOPBIX B3aUMOJIEUCTBYIOT C JIETEKTOPOM) HAa 3HTOMOMETPHUIO
(HacekoMble TOTO WM HHOTO BH/a IIPOXOAT UYepe3 30HYy JIeTeKTHPOBAHHUA SHTOMOMETPA,
a pe3yJIbTaT, KOTOPBIM IIPH MHOTOKaHAJIFHOM cOOpe JaHHBIX MOJKET IIEpPeIaBaThCs 0 [UMPOBOMY
6o omudpoBbiBaeMoMy aHayoroBomy kauanmy (I'pamoB, HoTueHko, 2012), CpaBHHBAercs C
mozenbio (I'pagos, Hotuenko, 2013a; I'payioB, Hotuenko, 2013b)).

RADIOACTIVE@HOME [y4acTue B npoekTe 4,00p0BOAbHbIX pacnpeaeneHHbIX BbIYUCABHNA]  hup

Radioactive@Home is a polish science project using distributed computing capabilities of BOINC
platform. The main goal of the project is to create free and constantly updated map of radiation
available for all people, by gathering information about gamma radiation using using sensors
connected to computers of volunteers willing to participate in the project.

Pykneogurens HUP: Marcin Z.
yusctunkh HHP: Tpagoe 0., MaHkpatoe C.K.

Croponnss oprankzaiks: Fundacja BOINC Polska, Wroctaw (Poland) | Berkeley Open
Infrastructure for Network Computing, University of Berkeley (USA)

Gpok nenonnenns: 19 siHBaps 2016 r. - 19 avBapsa 2018 r.
Homep normoeopa (KOHTPAKTA, COMALIEHHA):
Homep LHTHG:

Tun: @YHAAMEHTaNBHAA

MNpHO pHTETHOE ¥ HCEne Apyroe
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29.03.85 ABTOMaTU3aLNs (hN3NYECKOro IKCNepUMEHTa ¢ NPUMEHEHUEM
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Puc. 10. [Ipumep MexXayHAPOIHOTO IIPOEKTA C pACIIpeZieIeHHBIM cO0POM U 00pabOTKOH JJaHHBIX,
HOJI/IEP’KUBABIIIETOCS, B YaCTHOCTH, HAIIIEH IPYNIION B IIEPUOJ, IPOCTOS BEIYUCIUTEIBHBIX CHCTEM

69




Central European Journal of Zoology, 2019, 5(1)

O BO3MOKHOCTH CO3JaHUA METPOJIOTHYECKUX JHTOMOMETPHUYECKUX CHCTEM.

MHo10 paHee OBLIIO TIPEJIOKEHO CO3JaHUE CETH METPOJIOTHYECKUX CHCTEM SHTOMOMETPHH C
HCIIOJIb30BAHUEM YCTPOKCTB, MTOJA00HBIX OITMCAHHBIM B TOJIBKO YTO IIUTHPOBAHHOU paboTe. 3areM,
B 2016 T., Obu1 co3maH mnpodmiab «Entomometric Station (USA-RU)» wu  6Gsor
BuieokoH(pepennnu/BebnHapa «kENTOMOMETRY-2016 (Workshop and Webinar)» (PucyHox 7).
B paspHelmeM cucreMa, ¢ pa3sBUTHEM TEMATHKHU, IUIAHUPOBAJach K IIE€PEBO/y HA ILIAaTOPMY
WORDPRESS (Pucynok 8), ogHako 3To caesaHo He ObLI0, ocTasach Tobko DOI-urupoBanHas
Bepcus 3azena (Pankratov, 2019). Ha maHHBIE MOMEHT BCE 3THU MPOEKTHI, KPOME OTPAHUYEHHOTO
yncaa «Oe3JTMH30BBIX BHUIEOJIOBYIIEK», IPEHA3HAUEHHBIX IS JIETEKTUPOBAHUSA HACEKOMBIX B
MPUPOAHON cpefe, MOoJepKuBaeMbIX (0e3 MCTOYHUKOB (UHAHCUPOBAHUSA W IPUKPEIUIEHUS K
OpTraHU3aIHN) MHOIO, MIPEKpAIEeHBbI. Ocrasicsa B ceTu ype3aHHbII oJ10T
BuzieokoH(pepennnu/Bebunapa «ENTOMOMETRY-2016 (Workshop and Webinar)» ¢
MOC/IETHUMH He y/IAJIEHHBIMH JJAHHBIMHU OT 24 UI0JIs1 2016 rona (puc. 9). Ha HeM ecTh cTpaHUIIa,
Ha KOTOPOU yKa3aHbI TEMATUKU IIPUIJIAIIIEHHBIX CEPUUHBIX JIEKIINH B X0/le BeOMHapa:

1. buodwusmueckre MeTONBI MOHUTOPHUHTA JUHAMUKA W YHCJIEHHOCTH HACEKOMBIX C
HCIIOJIb30BAHUEM MYJIbTHCIEKTPATHHBIX YCTAHOBOK U ME30UHIIOB;

2. Maremartuueckass OHOAKyCTHKAa: METOJbI AaKyCTUUYECKOHM U  YJIbTPAaaKyCTUYECKOU
UJIEHTU(DUKAIUN HACEKOMBIX 10 CUTHAJIAM.

3. PacmupeHHBIEe TPUHIOMIIBI aHAJIM3a MYJIbTHAT€HTHBIX CHCTEM B MOJIEJTHPOBAHUU
KOOTIEPATUBHBIX 3(P(HEKTOB MUPMEKOJIOTUH U AITHOJIOTHH.

4. HoBble TreoMeTpUUeCKHEe MeTOAbl B MOZEIUPOBAaHUU MOpQoreHe3a HACEKOMBIX U
BU3yaTU3aIisI MHBADUAHTHBIX MHOKECTB.

5. JIBymMepHbIe BEKTOPHO-IIOJIEBbIE IIOAXOABI M METOJ, JAHarpaMM HAaIlpaBJIEHHOCTH B
KOOIIePaTUBHON HEHPODU3UOJIOTHN HACEKOMbIX.

6. MHorodaKkTOpHbIA HEPA3PYIIAIIINA KOHTPOJb B OMOMEXaHUUECKOH SHTOMOMETPHU H
MIPUHIUITEI COBMEIeHUSI MAaHHUITYJISIUY in vivo U in situ.

7.  OUTHUKO-JIOKAaIMOHHBIE U PAIUOONITUYECKHE METObI B OMO(PHU3UUECKON S HTOMOMETPHH.

MHe He xoTesioch ObI BHHKAaThb B OpraHU3al[MOHHBIE MPOOJIEMBI, IIPUBEIINE TEMATUKY K
JIAHHOMY MapruHaJIbHOMY COCTOSTHUI0. Haxozsach 3a py0bekoMm, s JOCTATOYHO XOPOIIO MOHSIJI, YTO
o00HbIEe yZaJieHHbIE OT NPUKJIAJHON NPAKTUKU pPaboThl OoJiee He HYXKHBI TaM, I7le MHe
MPUIIUIOCh paboTaTh W YYHUTHCS — HA MacinTabax CTpaHbl, a He opraHusanuu. OJHAKO MHe
XO0TeJIOCh ObI 3a(pUKCUPOBATh IPUOPUTET JAHHOTO HAIIpaBJIEHUs 3a OO0 M KOJLIeTaMH, KOTOPbBIE
y4acTBOBAJIM B BeOMHAPE WJIU IIOMOTA/IH B YCTAaHOBKE MEPBBIX TECTOBBIX JIOBYIIIEK HAIIIEH CHCTEMBI
(T'pamoB u ap., 2014) U cOOpe MEPBUYHBIX JJAHHBIX. 1 X0Tesoch OBl OTMETHTDH, UTO IMpoOsieMa
HaIlpaBJIeHUsI COCTOUT He B JIeHbraX WM WHBIX pecypcax (HeoOXOoAuMOe OrpaHHYeHHOE HX
KOJIMYECTBO MOIJIM JIOCTaTh W IIKOJIBHUKH, W citizen scientists — BeOkamepsl U JAUOJHBIE
HCTOYHHUKHU CTOAT HEIOPOTO, MUKPOMOHBI ISl 3alHUCed MOTYT OBITH CJIeJIaHbl U3 OOBIYHBIX), a B
JIFOZISIX, KOTOPBIE IepecTajd CYUTATh WHTEPECHBIMU (payHy, B JAaHHOM cCIydyae — 3HTOMOQayHY,
npezanoynTasi 60Jiee JeTKre CIocoObl YAOBJIETBOPEHHs 3alpoca Ha B3aUMOJEHCTBUE C IIPUPOIOH,
He TpeOyoIre TUIYHOTO MHCTPYMEHTAJIBHOTO YIaCTHsI B 3TOM.
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JHTOMOMETpPHUA: OT YACTHOIO K 001IeMy?
Cepreit KupustoBuy ITankpaTos 2
a[TpoekT «Pacmpezenenasie dHTOMOMeTprYeckre CTaHIUI» (0 3aKPBITHA)

AnHOTamuAa. TepMuH «3HTOMOMETpHs» («entomometry»), BBeJIeHHBIH paHee B aOCTpaKTe
koHdepeniuu "AAPT Physical Education" Shaibani B 2010 rogy B y3xom 3HaueHnu cjioBa (sensu
stricto) mMoxkeT OBITH pacmvipeH /10 GoJiee MHUPOKOW TPAKTOBKU (Sensu lato) B ciiyuae npuHsATHS
HEKOTOPBIX JIOMYIIEHHUH O ero 3HaueHnH. MIHCTpyMeHTaIbHasi CTOPOHA €ro, Ha Halll B3IJISA/l, UMEeT
Hauaso B paborax XIX Beka. Tak, usBecreH sHTOMOMeTp lleHHeka (wim 3eHHeka) Zenneck
entomometer, OIMMCAaHHBIA B MO3AIIPOIIIOM BeKe B IMyOJIMKaIuM, BhImeanied B «Polytechnisches
Journal» («Der Entomometer, ein zu relativen und absoluten Dimensionsbestimmungen der
Insecten eingerichtetes Instrument»). OTHocuTe/IbHBIE, KauyeCTBEHHbIE BHUOCIEIU(PUUHBIE
U3MEPEHUS, OCYIIIECTBIISIBIIINECS C HCIIOJIH30BaHUEM JAHHOTO IIPUOOpPA, B TO K€ BPEMs, SIBJISIUCH
JIUIIb CTAaTHYECKMM BapHUaHTOM o0Imiero moxaxoza. HamMu paccMaTpuBaIOTCS U JIMHAMHYECKHE
SHTOMOMETPHUYECKHE U3MEPEHUS, KOTOPble MOKHO OCYIIECTBJISATH C MIOMOIIBIO TeJIEMETPUYECKHIX
CTaHIIMH, CTOMMOCTBIO JI0 50-100 $ 3a INT., W3rOTABJMBABIIUXCSI B paMKaX IIPOEKTa
«Pacmopezenentbie duToMOMeTpuueckre Craniuu» (Distributed Entomometic Stations Initiative,
USA — Russia) 10 ero 3akpbITHA (B 9aCTHOCTH, aBTOPOM HACTOSIIEH craThu). IIpeasararoTcs
KOHKDETHbIE TOJ[pa3fie/IeHus SHTOMOMETPHH KaK KJacCUu(UKAIHOHHO-METPOJIOTHYECKOH
CHCTEMBI M BO3MOIKHOTO HMCTOYHHKA cO3JaHus 6a3 maHHBIX /1A data mining-a; uX BO3MOKHBIE
HaMMEeHOBaHHs O3HAUYEHBI B KJIIOUEBBIX CJI0BAX K HACTOAIIEH CTaThe.

KiaioueBble cjOBa: 5HTOMOMETDPHA, DHTOMOMETD, KOJIEONTEPOMETD, TPUXOITEPOMETP,
JIUTITEPOMET, 0JIOHAaTOMETP, TeMUIITEPOMETP, HU30IITEPOMETD, JIETU/IOTITEPOMETP,
OPTOIITEPOMETP, AITHOMETP, MUPMEKOMETP, BECIIOMETP.
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