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NHEPLINAJIBHAA MACCA B OPTAHE PABHOBECUA POMACEA DIFFUSA.
OKCIIEPUMEHT HA BUOCIITYTHUKE “BUOH-11”
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NHepuunanbHyo Maccy B opraHe paBHOBecusi-ctatolucte Pomacea diffusa udydanyu ¢ MOMEHTa BbUIYILIE-
HUS YJUTOK U3 SIMIL U 10 3aBEPIIeHUs XXU3HEHHOTO uKia. OlLieHMBaIN MOCIeICTBUS BO3IEMUCTBUS HEBE-
COMOCTHM Ha MHEPLUAJIbHYIO Maccy B 14-CyTOYHOM OpOUTAJILHOM I0JieTe Ha 6uocnyTHuke “buoH-117.
ITo Mepe B3pociaeHUs YIUTOK IMAaMETP CTaToLurcTa Bo3pacTan ¢ 150 go 650 MKM, a comepxKallasics B HeM
WHeplIuaibHasi Macca yBeanuuBaiach ¢ 11—13 go 700 crarokoHUit. BHYTpeHHSISI CTPYKTypa CTaTOKOHUU
“MeJia CJIIOUCTYIO CTPYKTYPY C SIIPOM B €€ LIEHTPpaIbHOM yyacTKe. OCHOBHOI MUHEPaJIbHbBIN 2JIEMEHT, TIPU-
MAIONINIA CTATOKOHUSIM TSIKECTh, 3TO KapOOHAT KaJIbLIMsl, IPEeICTaBJIEHHBIM B BUAE KPUCTAJIOB aparoHuUTa.
14-cyTouHasi 9KCIO3UIMsI B HEBECOMOCTH MPUBEJIa K 3aMETHBIM U3MEHEHUSM MOP(POMETPHUUECKON KapTh-
Hbl MHEPIIMAJIbHOM MacChl B CTAaTOLIMCTAaX ITOJIETHBIX VJIMTOK B CPAaBHEHUU C KOHTPOJbHBIMU YIUTKAMU
CUHXPOHHOTO COMPOBOXAEHUsI. Y OOIbIIIEH YaCTU CTAaTOKOHUI BO3POCIY TTOKA3aTeNu TUIoIIaan, pa3Mepa,
nepuMeTpa, GopMdakTopa, JJIUHBI U IMMPUHBI, YTO MOIJIO YKa3bIBaTh HA CTUMYJIMPYIOIIEe BIUSHYE HEBE-
COMOCTHY Ha MHEPLIMAJIbHYIO Maccy B opraHe paBHoBecusi Pomacea diffusa.

Karoueesoie croea: ynutkKa, CTaTOLIUCT, CTATOKOHUU, HEBECOMOCTb, OMOCITyTHUK “bron-11"
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BBEAEHWE

Yenosek B Kocmoce. HeBecoMocTh. 3eMHOI opra-
HU3M MTHOBEHHO pearmupyeT Ha norepio Beca. Hemo-
CpEeICTBEHHBIE MUIIICHM JISI IIOTEPU Beca — BCE Te
(GYyHKIIMOHAIBHBIE CUCTEMbI, B OpraHM3alul KOTO-
PBIX MCKIIOUMTEJIbHYIO POJIb WUIpaeT TI'paBUTALIU:
CepAeYHO-COCYIMCTasi M OMNOPHO-IBUTaTeIbHasl
(mpeKIe BCero ee aHTUTPaBUTALIMOHHAS COCTABIISTIO-
111as1), a U3 OPraHOB YYBCTB — BECTUOYJISIpHAsI, TOUHEE
€e OTOJIMTOBHEINM ammapat. Ha mepBoM aTare KocMo-
TUIaBaHUS XXMBOTHBIX MCITOJIb30BAJIU UISI TOYyUYEeHUS
onepexaroiieii nHGoOpMalK IJIsI OLIEHKU 0e30Iac-
HOCTH 4eJIoOBEKa B HeBecoMOCTH. JIJIsT uccienoBare-
JIsI, 3aHMMalolIerocst rmpoonemoii “HeBecoMocTh —
3eMHOI1 OpraHn3M”, XKUBOTHBIC B KAYECTBE DKCIICPU-
MEHTAJILHOTO 00BEKTAa NI BO3MOXHOCTh U3YYUTH B
“yucTOM” BUAE COCTOSHHUE U ITOCIENCTBUS BO3LOEN-
CTBUSI HEBECOMOCTM Ha OpPTaHMW3M 3EMHOIO CyIIe-
ctBa. OCOOEHHO YCHEITHLIMUA IO CBOEU pe3yiIbTa-
TUBHOCTHU SIBIJIUCH MCCJIEIOBaHUS Ha O€CIIO3BOHOY-
HBIX XKUBOTHBIX 1, BOCOOEHHOCTHU, — UCCJIENOBAHUS,
MPOBEACHHBIE HA OPIOXOHOTMX MOJUIIOCKAX. Y TacTpo-
10/, OPTaH PaBHOBECUSI — CTATOLMCT, ITy3bIpYaToe 00-
pa3oBaHue, 3aII0JITHCHHOE BSI3KOM XXUJIKOCThIO — CTa-
TomMmdoii. BHYTpeHHsISI CTeHKa CTaTOLMCTAa BbI-

R
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CTJlaHa YyBCTBYIOILIUMMU KjieTkamu. B cratonumde B
CBOOOIHOM COCTOSTHUHM pacroJjiaracTcs TaK Ha3bIBae-
Masl MTHeplIMaiabHas uiu mpooHas Mmacca. OHa cocTo-
UT U3 OMOMUHEPAIOB 3HAOTEHHOTO MPOUCXOXKACHUS
U IIpeAcCTaBlieHa B BUIE EIMHUYHBLIX JOCTATOYHO
KPYITHBIX CTaTOJMTOB MO0 MHOIOYMCIIEHHBIX HE-
0OJIBIIIOTO pa3Mepa CTaTOKOHMIA, KOTOpbIE PacTyT
BOKPYT CBOMX SIJIEP CIOSIMU-TIPUPOCTAaMU MUHEPaJlb-
HO-OpPraHMYeCKOro npoucxoxkneHus: (BuoHukoB u ap.,
1971). Hapsiny ¢ 4yBCTBYIOLIMMMU KJIETKaMU, UHEP-
ajabHAas Macca — IEPBOCTEIICHHBIN 1 00sI3aTeIb-
HBI 3JIEMEHT IrpaBUpELEIINA. ¥ TacTPOIOI CTaTO-
LIUACT MpeacTaBlIsieT coO0 aHaJIOr BECTUOYJISIPHOIO
anmapaTa NO3BOHOYHEIX JKMBOTHBIX B TOM €I0 YacTH,
KOTOpasl SIBJISICTCS U3MEpUTESIeM IpaBUTALIMOHHBIX
CWI Y TIPSAMOJIMHENHBIX YCKOPEHUI — OTOJIMTOBOTO
anmnapaTta. OTHOCUTEIBLHO IPOCTasi CTPYKTYPHAsI Op-
raHu3aImusl CTaTOLUCTa racTPONO, JETKOCTh TOCTY-
1a U OCYIIECTBJIEHUSI COOTBETCTBYIOLLIMX MAaHUITYJISI-
Ui, maBajJy BO3MOXHOCTh IIPOBEACHUSI TOYHOM
Mop¢dOoMeTpUM MHEPLUATbHON MacChl, YCTaHOBJIC-
HUSI €€ CTPYKTYPbI U BJICMEHTHOTO cocTaBa Ha GOJb-
IIOM 4mclie XKUBOTHEIX. K 3TOMY ciemyeT 1o6aBUTh
HENPUXOTJIUBOCTb M BBIHOCIMBOCTh TacTpPONOd K
YCJIOBUSIM UX COJIep>KaHUS 1, UTO HEMAJIOBaXKHO, Jie-
IIEBM3HA TaKWX SKCIEepUMEHTOB. Bce BhIlIemnepe-
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Puc. 1. Pomacea diffusa.
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10 MM

a — pakoBuHa yiuTku. CTpesikoii 0003HaYeH operculum; 6 — yJIuTKa Ha CTEHKE akKBapryMa y TOBEPXHOCTH BOIBI C BHICTaBJICH-
HBIM C(DOHOM (OTMEYEH CTPENIKOI); 6 — Kiaaka ¢ ssiiiamu. (Poto aBTopa).

YUCJIEHHOE TIPEeIonpeaeuiIo BIOOp 3TUX MOJLUIIOC-
KOB B KaYeCTBE TECTOBBIX, MOIEIBbHBIX OOBEKTOB IS
W3yYCeHUS TPaBUPEIIEITUBHOM (DYHKIINH B U3MEHSIIO-
IIeMCsl TPaBUTALIMOHHOM T10JIe: HEBECOMOCTU M TO-
BhILIeHHOM BecoMmocTu (Pedrozo, Wiederhold, 1994;
Pedrozo et al., 1996; Wiederhold et al., 1997, 1999,
2000; T'oprunanze, 2001; 2002; 2020, T'oprunanze u
np., 2013). MHepuuaabHOil Macce CBOMCTBEHHA BHI-
coKasl TUTAaCTUIHOCTBD. I1ocite onepaTMBHOTO OIYCTO-
IIEHUST CTaTOLIMCTOB OHU JOBOJIBHO OBICTPO 3aIloJ-
HSUTMCh HOBBIMU cTaToKoHUsIMHU (Geuze, 1968).

B nacrosmeit pabore IpeacTaBlieHBI 3KCIIEpU-
MCHTAJIbHBI MaTepuaya 10 M3YYCHUIO MHEpIUAIb-
HOW MacChl B CTAaTOLIMCTE GPIOXOHOTOIO MOJUTIOCKA U
€€ UBMEHEHMS T10]1 BIMSIHUEM HEBECOMOCTHU B 14-cy-
TOYHOM OpPOUTAJILHOM II0JIeTe Ha aBTOMAaTUYE€CKOM
KOCMMYECKOM armapare — OMoctyTHuke “buon-117.

OINMCAHUE METOAWKH

Obsexm uccaedosarnus. TlpecHOBOOHAs TIepeIHe-
KabepHasl pakoBUHHasi yauTtka Pomacea diffusa u3
pona Pomacea, cemeiictBa Ampullariidae, otpsina Ba-
sommatophora, nonknacca Prosobranchia, xnacca
Gastropoda. CiupajibHO 3aKpy4eHHasl paKOBHHA CO-
CTOUT U3 5 CUJIBHOBBIITYKJIBIX 000OPOTOB MpenMYyIe-
CTBEHHO KeJITOI OKPacKHu. YCThe paKOBUHBI 3aKPbl-
BaeTcsl OKPYTIoil hopMbl TEMHO-KOPUYHEBOTO 11BETa
pOTroBOii MJIACTUHKOM-KphIIeukKoil (operculum),
CpallleHHOM C BEpXHEM MOBEPXHOCTU 3aJHeil yacTu
Horu. BUTku pakoBUHBI UMEIOT TJIOCKUE CKaThl, 00-
pasys yroa B 90° MexXay yCTbeM U TEPBBIM BUTKOM.
Takass 0cOOEHHOCTh PAKOBUHBI SIBJISIETCSI BUIOBOM
yeprtoit Pomacea diffusa, oTnuyaroliieii ee OT APyrux
amnyssipuii (puc. 1, a).

Ha ronoBe yauTKy pacnoioXeHbl ABe Mmapbl Ocs-
3aTeJIbHBIX U XeMOYYBCTBUTEBbHBIX IIyITaliell. Y oc-
HOBaHMUS 3adHeil mapbl Ha HEOOJBIIMX OTPOCTKaX
pacrojioXeHbl Iaza. YauTka aM@UOMOHTHAasl, MO-
KET BBIXOOWThL 3a mepenesibl Boabl. Ee MaHTHitHAs
MOJIOCTb pa3aesieHa eperopoaKoii: ¢ mpaBoii CTOpoO-
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HBI TeJla HAXOIMUTCS 3Kabpa AJIsl BOAHOTO JbIXaHUsI, C
JIeBOU CcTOpOHBI Jierkoe. st npixaHusi aTMocdep-
HbIM BO3yXOM YJIMTKA BbICTABIISIET AbIXaTEJIbHYIO
TpyOKy (crudoH) U3 MOABOAHOIO IOJIOXEHUS U PUT-
MUWYHBIMU JBUXKEHUSMU Tejla 3aKauyuBaeT BO3IYyX B
nerkoe (puc. 1, 6). I1o crioco0y nepemMereHust OTHO-
cUTCS K TOJ3alolluM yiauTKaM. PazaenbHoronast,
pa3MHoXaeTcst Kpyriblii roa. ITojioBast 3penoctb Ha-
CTYIaeT B 3aBUCUMOCTH OT TeMIIEPaTyphl BOJIbl B BO3-
pacte oT 4 1o 12 mec. CamMKa OTKJIaIbIBAET ONHY WU
JIBe KJIaJAKU, uMelolre ¢opMy rpo3abeB, Ha JIMCThSIX
pacTeHUid, CBUCAOIIMX Haa Bomoil. B kianke no
150 stu1r cepoBaTO-MOJIOYHOTO 1IBETA AUAMETPOM 2—
2.5 mMm (puc. 1, 8). Ilo Mepe co3peBaHusI OHU TEMHE-
IOT U TIpUOOpeTaloT 4YepHbIi 1BeT. Bbunymisiorcs
VIUTKU criycTsl 12—14 cyT nipu TeMmepaType BOIbI
24—-26°C u cniyctst 22—24 cyT npu TeMnepaType BOIbI
18—20°C u cpa3y nagaioT B Bony. IIpomoKurtesib-
HOCTb XXU3HU cocTaBisieT 14—18 Mec mpu Temriepary-
pe Boabl 25°C u 20—24 Mec 1Ipu TeMIiepaType BOIbI
18—21°C. Macca MOXeT JOCTUTraTh 25 T Ipu AruaMeT-
pe pakoBUHEI 45—65 mM. Pomuna Pomacea diffusa —
IOxHas Amepuka. OOUTaeT B CTOSTYMX WX MEIJICH-
HoTeKymx BogoeMax AMazonuu (Ghesquiere, 2007).

VimuTok nmpuobpeTanu B 3ooMarazmHax MOCKBHI,
colepXajn B OoJibllioM akBapuyme npu pH Boabl
7.1-7.3 u temneparype 20—22°C. CamKa OTKJIaabIBa-
Jia KJIAIKy Ha KPHIIIKe MO0 Ha CTEeHKaX aKBapuyMa
BBIIIIE TTIOBEPXHOCTU BOABLI. B KauecTBe Kopma uc-
TTOJTB30BAJIM 3aMOPOXKEHHYIO MOTBLIb, PHIONIT KOPM,
BapeHYyI0 MOpPKOBB, cajar. B skcrnepuMeHTe OBLIN
HWCMOJb30BaHbI 198 yIUTOK ¢ MOMEHTa UX BBLIYIIJIE-
HUS U IO B3POCJTIOTO COCTOSTHUSI.

Memoodbt uccaedosarus. YIUTOK HaApKOTU3UPOBA-
JIA CMechlo HeMOyTaysia U XJopucToro maruus. s
JOCTyIAa K CTaTOLMCTaM IIePEIHIOI YaCTh PAKOBUHBI
YOAJISUIM, KPBIIEYKY OTKMIBIBAJIM Ha3ad U SHTOMO-
JIOTMYECKUMU OyJlaBKaMU 3aKpervisid Ha IIpenapo-
BaJIbHBIN CTOJMK. KoXy Ha JopcajbHOI MOBEPXHO-
CTH TOJIOBHI U TIEpEIHEN YaCTU TYJIOBUIA pacCceKaau
BIOJIb MO CpeoHel JMHUM, OOHAXKMBIIYIOCS IIpU
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Puc. 2. KpuBast 3aBUCMMOCTH MacChl YJIMTOK OT BO3pacTa.

STOM IJIOTKY YOAJISUIM U B HEOOIBIINX YITTyOJISHUSIX B
MYCKyJIaType HOTM Ha YPOBHE IIOCJICTHETO 3aBUTKA
PaKOBUHBI PSIIOM C MedaJbHBIMU FaHIIMSIMU Haxo-
JWIA CUMMETPUYHO PACIIONIOKEHHBIE C(hepruecKoii
¢GOpMBI CTAaTOLIMCTHI, KOTOPLIE CBOMM OJIECKOM 3a-
METHO BBIAEIISITINCH Ha (DOHE OKPYKAIOIIUX TKAHEI.
CraToumrCcTh N3BJIEeKaIN 1 (poTorpadmpoBaJi B CBE-
TOBOM MMKPOCKOIIE, ITOCJIE YEeTO B Karule JUCTUILIN-
POBaHHOI BOJBI BCKPBIBAJIU MPEMapoOBaJIbHBIMU UT-
JlaMH. BeIchimaBIIMecss CTAaTOKOHUU TIpeIBapUTEIb-
HO (ortorpadupoBaii B CBETOBOM M (Pa30BO-
KOHTPacTHOM MUKPOCKOIIe. B psime cinydaeB mist u3y-
YeHUsI BHYTPEHHEI CTPYKTYPHI IIPYA IOMOIIM CIEIIN-
aJIbHOT'O YCTPOICTBA CTATOKOHUY MEXaHUYECKU pa3-
JIaMBIBaJIu Ha OTAeabHbIe pparMeHThl (I'oprunanse
U 1p., 2013). UHTaKTHBIE CTATOKOHUU U UX (pparMeH-
Thl MUKPOIITMIETKOI MEPEHOCHIN Ha TOKOIIPOBOMISI -
IIy10 TpaUTOBYIO IJICHKY, HAaKJIEEHHYIO Ha HE0OJIb-
111e TIpeAMETHbIE CTOJIMKM U3 aJTIOMUHUS, pa3Meliia-
JU B KaTOOHO-WOHHBIK wucraputenb ES5100 u
HambUISUIM 30JI0TOM B aTMoc(epe aproHa mpu Ha-
npsckeHun 2.2 KB, cuie Ttoka 20 MA, maBiaeHUU
0.1 atm. I1pu ckanHnpoBaHUM 0OPA3IOB B CKAHUPYIO-
ImeM 3JIeKTpOoHHOM MHUKpockorre (“CamScan”, Ox-
ford, BenukoOpuTaHus) NUCITOJb30BaJIA IBA PEKU-
Ma pabOThl JIETEKTOPOB 3JIEKTPOHOB: PEXUM BTO-
PWYHBIX DJJIEKTPOHOB M PEXHMM OTpPaXeHHBIX
3JIEKTPOHOB. Mopdoiiornyeckue mapamMeTphl CTaTo-
KOHUI (IIoianab, pa3Mep, ImepuMeTp, opmdaxTop,
JUIMHA, IIIUPUHA) OTIPEAEISIIA IPYU ITOMOIIM CHela-
Ju3upoBaHHo nporpammel “SSIMP”. B aTtom ciy-
yae oOpaslibl CKAHUPOBAJIU C YCKOPSIIOIIUM Hampsi-
xeHueM 20 kB, pabouum paccrossHueM 35 MM (pe-
xuM “Preset”) m 280-KpaTHbIM YBEJIUYCHUEM.
DJIEMEHTHBIIA COCTAaB CTAaTOKOHUWM ONpEeNesuid IIpu
MoMoIIM cucTeMbl MukpoaHanusa “ISIS” (Oxford,
BenukobpuTaHusi), OCHaILIEHHOM 1€TEKTOPOM PEHT-
TEHOBCKOI'O U3JIy4yeHHUs (TUII IeTEKTopa — C JUCIIep-
cueil mo sHeprusiM, MaTepuaa Kpucrajuia — repma-
Huii). Kpucrayumdyeckyio CTpyKTypy CTaTOKOHUIA
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Puc. 3. I'paduk 3aBUCMMOCTH pa3Mepa CTAaTOLIMCTa OT
BO3pacTa yJIUTKHU.

U3ydaii METOJAOM PEeHTreHoda3oBoro
(“IPOH-YM1”).

Ilooeomosrka K?. DkcnepuMeHT Ha aBTOMAaTU4E-
CKOM KOCMHYECKOM Kopabje “buon-11" (mocnen-
HUIl KOCMMYECKMI ammapar OWOCHYTHMK Cepuu
“BbroH”) mpoBOAMIN Ha YIUTKAX I0BEHAJBHOTO BO3-
pacta. 17 yIuToK cOCTaBWIU TIOJIETHYIO IPYIITy Mac-
coit 2.4—4.3 1, 15 yIUTOK — KOHTPOJBHYIO TPYMITy
CUHXPOHHOIO COIIPOBOXIEHUSI Maccoi 2.5—4.2 T.
ViuTok oGeux Tpynn pasMellaju B CHelHaTbHbIC
OMOKOHTEeHEPbl, CTCHKM U JHO KOTOPBIX ObLIN 00-
JIOXKEHBI YBIIaxKHeHHBIM [1B®. 3anyck 6MocIyTHHMKA
ObLT ocyulecTBieH ¢ KocMmoapoma Ilimeceuk (PD),
nocanka B paitoHe T. Kocranaii (Kasaxcran). I[Tapa-
MeTphl opouTHl (amoreii/mepureit, kM) — 375/216.
JnTeIbHOCTh OpOUTATBHOTO TojieTa — 14 CyT.

aHajm3a

PE3YJIBTATbBI UCCIEAOBAHUA

Cryctd Tpy HeAedu mocie MOSIBJICHUS KIaaKu B
aKBapuyMe W3 SIML Hadalu BBUIYIUISITHCS YIUTKMU.
Onu nMmenu maccy 2.5—3.0 Mr ripu nuaMeTpe pako-
BUHBI 2—2.5 MM. YJIUTKM cpa3y Imagajii B BOIY U Ha-
YUHAJIM aKTUBHO MepeMellaThes Mo akBapuymy. I1o
Mepe B3POCIIEHUS YIMTOK IMOKAa3aTelIu MacChl U pas3-
Mepa Bo3pacTajin. MakcuMalibHOE yBeJIMUeHe Mac-
CBl OTMEYAJIOCh B TE€UEHHUE ITEPBBIX TPEX MECSILEB C
MOMEHTa BBUIYIUJICHUSI, B CPEIHEM CO CKOPOCTBIO
50 Mr/cyT, HauMeHbllee — 26 MT/CyT Ha OTpe3Ke Bpe-
MeHu 8—14 mec (puc. 2). 50—60% ot o6I11eit Macchl
VJIIMTOK TIPUXOAUIINCh HAa PAKOBUHY BMECTE C KPhI-
LIIEYKOI, OCTAIbHBIE — HAa MSITKWE YaCTHU TeJa.

Cmamouyucm

Cohepuueckoii hopMmsl ctaTouuct Pomacea diffusa
OKPYXEH COEMUHUTEIbHOTKAHHOUW 000JIOUKOM, 00-
pa3ymolleil CBOeTO poaa THe3d0, KOTOPOE COCIUHM-
TEeJIBHOTKAHHBIMU TSKaMU MIPUKPEIUIEHO K OKpy»Ka-
IOIIUM ero cTpykKTypaM. CTaTOLMCT 3alO0JIHEH BSI3-
KOI XMAKOCThIO cTaTonuM(poii. B Heli B cBoOOOTHOM
COCTOSIHUM pacrojaraeTcs WHeplMajbHas Macca,
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Puc. 4. CBexxensBiieueHHbIE HEOKPAIIIEHHBIE CTATOIUCTHI C CTATOKOHUSIMU TIOCIIE BBITYTUICHUS.
a — cnycts 20 4; 6 — Ha YeTBEPTble CYTKU; @ — CIYCTS 1 TOI; ¢ — MOJIOXEHUEe CTATOKOHUI B CTaTOLIMCTE TMOCJIe ero HaKJIoOHa

BHU3 Ha 90°. CBeTOBOIT MUKPOCKOTI. YB.: X 125.
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Puc. 5. KoinyecTBO CTaTOKOHMIA B CTaTOLIMCTE MO MEpe
YBEJIMYEHUS AUaMeTpa CTaTOLIMCTA.

COCTOSIIIIasl U3 CTaTOKOHUN — 0Opa3oBaHUit OMOOp-
FaHUYECKOTO TTPOUCXOXKISHUS. Y TOJBKO UTO BBIITY-
MUBIINXCS YIUTOK AWAMETpP CTAaTOLMCTAa COCTABIISLI

0.3 MM

okoJjio 150 mxm. B reueHue mepBoix 50 cyT OH yBeIn-
YUBAJICSI CO CpeAHEl CKOPOCThIO 8 MKM/CyT. B maiib-
HEMIIeM POCT CTATOLUCTA PE3KO 3aMeISICS, CO-
cTaBiisisg ¢ 3-MecssuyHoOro Bo3pacta 0.5 MKM/CyT U K
KOHIIY XXM3HEHHOrO 1rKiaa gocturai 600—650 MkM B
nuametpe (puc. 3).

CmamokxoHuu

Ha ButanbHBIX mpemnapaTax B CTaTOLIMCTaXx, B OCO-
OEHHOCTHU y I0BEHAJIbHbIX YJIMTOK, XOPOIIIO IPOCMAaT-
PUBAJIMCH OTEIbHBIC CTATOKOHUU. B TeHb BBUIyILIE-
HMSI MOXKHO OBLIIO HacyuTaTh 10 13—15 cTaTOKOHUIA.
B ronnyHoOM Bo3pacTe YnCiIO CTAaTOKOHUM COCTaBUIIO
okosio 700. HakioH craronucrta Ha 90° mpuBoauI K
COBUTY cTaToOKOHMII. OHM HayMHaJIM OITyCKaThCs B
cratoauMde 1 TOBOJBHO OBICTPO BCSI Macca CTaTOKO-
HUIA ocelaia B HIDKHEM YaCTU CTATOLMCTA, 3aHUMas
2/3 ero npocBeTa (puc. 4).

Puc. 6. a — craroumct Pomacea diffusa, 3an10JITHEHHBI CTATOKOHUSIMHU; 6 — U3BJICYEHHbBIC U3 CTATOLIMCTA CTAaTOKOHMU. Bo3pact

ymutku 13 mec, macca 20 1. CBeTOBOIf MUKPOCKOIIL. YB.: X 125.
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Puc. 7. I1pocTeie 1 ciioXHBIE (POPMBI cTaTOKOHMI. CKaHUPYIOIINI 3JIeKTPOHHBIA MUKpocKoIl. [TosicHeHHe B TeKCTe.

HanbGonpmuii pocT KOJAMYECTBA CTATOKOHUIA
OoTMedaJics B TeUeHHME MePBOro Mecslia XXU3HU U 3a
OTOT NMepnoa KOJIN4YECTBO CTaTOKOHI/Iﬁ yBE€JIM4YMBa-
JIOCh B CPETHEM CO CKOPOCTBIO 7 CTATOKOHUIA/CYT.
B panbHeiillleM NOSBJI€HUE HOBBIX CTATOKOHWUIA

cHuXajnoch 10 0.5 cTaTOKOHMIi/CyT. 3aBUCUMOCTb
MEXIYy KOJUYECTBOM CTAaTOKOHUM U pa3MepoM
(nnaMeTpoM) cTaTOLMCTa XapaKTepru3oBaaach JU-
HEWHOI perpeccueil CUIbHOI CBSI3bIO C KOHCTAH-
Toii pocra 1.18 (puc. 5).

CEHCOPHBIE CUCTEMbBI  Tom 37 Ne 3 2023
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Puc. 7. OkoHyaHUE

Mopdoaornuecke napameTpbl CTATOKOHHUIA KO-
Jebannch B IMMPOKOM JHAIa3oHe: 0 JIMHE S5—
120 mxm, mo mmpuHe 3—80 MKM, I10 TOJIIUHE (BbI-
cote) 3—10 mxMm. CTaTOKOHUHM BCEX YKa3aHHBIX pa3-
MEPOB, KakK IMIpaBUJIO, MOIJIM MPUCYTCTBOBATHb B O/-
HOM U TOM K€ CTAaTOLMCTE KaK IOBEHAJIbHBIX, TaK U
Ie(UHUTUBHBIX yauToK. Ha puc. 6 mpencraBieHbI
3aMOJHEHHBII CTATOKOHUSIMU CBEKEHU3BICYCHHBIM
CTATOLMCT U3 Tejla B3POCIIOi TTOJIOBO3PEION YIUTKU
U U3BJICYEHHBIE U3 HETO CTATOKOHUMU.

KpynHble CTaTOKOHUM W CTAaTOKOHUM CPEIHETO
pasmepa nMmesr GopMy “KUPHIUINKOB” M “IIMIIWH-
npoB” (puc. 7, a—u).

CEHCOPHBIE CUCTEMBI Ne 3

ToM 37 2023

Y HEKOTOPBIX M3 HUX OOKOBbIE TOBEPXHOCTHU C OJ1 -
HOI UJIM 06erX CTOPOH ObLIN 1e(DOPMUPOBAHBI BMSI-
TuHaMu. KpoMe cTaToKOHU, ¢ TaKUMU (DOpMaMu B
CTaTOLMCTaX MMEJOCh JOCTAaTOYHOE KOJUYECTBO
MEJKUX U OYeHb MEJIKUX CTaTOKOHMI Yallle BepeTe-
HooOpa3Hoi (popMbl (puc. 7, K, 1), a TAKKe KPYIJIble
oOpazoBaHus guameTpoM 2.5—3.0 Mkm (puc. 7, m).
B nporecce pocTta yIUuTOK BO3pacTajio YUCIO KPyTl-
HBIX CTaTOKOHUM. B craTonucrax Bcex BO3PACTHBIX
TPYNIT BCTpEYaIUCh TakKXe CTPYKTYpbl, KOTOpbIE
MpPEeACTaBIISLIM COOO0I cpoclIrecss MeXIy coOOoii He-
CKOJIKO CTaTOKOHMM B OJHO 1ieJloe oOpa3oBaHUeE.
Bo MHorux ciiydasix rpaHULIbl MEXIy HUMU TOCTa-
TOYHO XOPOIIO MPOCMATPUBAJIUCH TIPU CKAaHUPOBA-
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10 MKM

N —

Puc. 8. BHyTpeHHsIs1 CTPYKTypa CTATOKOHUU.

a — CJIOUCTOCTh CTATOKOHWU B (pa30BO-KOHTPACTHOM MUKpOcKorie. CTpesikoif OTMEYEHO SIAPO CTATOKOHWU;, 6 — TIPOJOIBHO
pasoMaHHas CTaTOKOHUS. BuaHa ee KpucTajuinueckasi CTpyKTypa B BUZE Tskeil U3 aparoHuTa. Ha ee moBepXHOCTH OCKOIKU
OT pa3/IOMaHHbIX CTATOKOHUM. CKaHUPYIOIIUIi 3JIEKTPOHHbBIIT MUKPOCKOII.

HUM, OCOOCHHO B PEXUME OTPaKeHHBIX DJIEKTPOHOB
(puc. 7, u-s1). MopdomeTpryeckasi KapTuHa KaXXK10i
CTAaTOKOHMU VCKITIOUUTEILHO UMHAWBUIYyaIbHA U He-
MmoBTOpUMa. BHyTpeHHee CTpoeHME CTAaTOKOHUU
MPENCTAaBJISITIO COOOM CIOUCTYIO CTPYKTYpPY pas3iny-
HOW IIMPHUHBLI U ONITUYECKOM IUIOTHOCTU. B ee 1ieH-
TPaJIbLHOI YaCTH pacmojarajaoch siIpo TMaMeTPOM 2—
3 MKM, OKPY>KEHHOE CJIOSIMU-IIPUPOCTaAMU, TeM OOJIb-
111e, YeM KpyIHee ObUla cama CTaTOKOHUS (puc. 8, a).

Diaemenmmulii cocmas u KpucmaiiuiecKkas cmpykmypa
CMAamoKOHU

B cratrokoHMSIX 0OHApPY:KEHBI IPEUMYIIIECTBEHHO
KaJIbLIiA, yriiepond, KUcaopo. B 3HaunTe1bHO MEHb-
IIUX KOJIMYECTBAX IPUCYTCTBOBAIM XJIOP, HATPUIA,
Kannii, ¢pochop, cepa, KPpEeMHHM, KeJIe30, BECOBBIC
JIOJIN KOTOpBIX KoJyiebamuch B mnpeaenax 0.15—1.8%

Ca

Puc. 9. CriekTporpamMma 3JIEeMEHTHOTO COCTaBa CTaTOKO-
HUM.

C — yrnepon; O — xucnopon; Na — HaTpuii; Si — Kpem-
Huit; Ca — KabLMif; Au — HalmbUIGHHOE Ha TTOBEPXHOCTh
cratrokoHuu 30y10T10. [Tnomane ananu3za: 10 X 10 Mkm.

(U3 BTUX 2JIEMEHTOB TOJBbKO HATPUUN U KPEMHUI OT-
paXkeHbI Ha cieKTporpamme) (puc. 9).

CrpyKTypooOpa3syioliee XMMHUYECKOE COeIUHE-
HUe, Mpuialolliee CTAaTOKOHUSIM TSKECTb, 3TO Kap0o-
HAaT KaJIbIIYS B BUAE KPUCTAJUIOB aparoHura (puc. 8, 6).
B xucnbIx pacTBopax MUHEpaibHasI COCTaBJISIONIAs
CTaTOKOHUM pacTBOPSIAC.

Dkcnepumenm Ha opbume

Coyctd 9 4 mocJiie Bo3BpallleHns: OMOCIIyTHMKA Ha
3eMJII0 TIOJICTHBIM KOHTEeHHEp ¢ YJIUTKaMu ObLI J0-
cTaBjieH B JJabopaTopuio B MOCKBY U YIUTKU ObLIA
W3BJICYCHBI M3 TOJIETHOTO KOHTelHepa. 14-cyrou-
HBI OpOUTATBHBIN TTOJIET IIPUBEI K 3aMETHOM TTOTe-
pe o0l11ieii Macchl YIUTOK B CpPaBHEHUM C MCXOAHOM.
Heckonbko OoJiblliasi MoTepsi Macchbl OTMedanach y
VJIMTOK CUHXPOHHOTO COIIPOBOXIEHUS. YCThe paKo-
BUHBI TTOJIETHBIX ¥ KOHTPOJIbHBIX YIMTOK OBLIO MIOT-
HO 3aKpPBITO KPBIIIIeYKaMU. YIUTOK OITYCTUJIM B aK-
BapuyM IIpu TeMIieparype Bombl 27.5°. Coycta 20—
30 MUH y YeThIpeX ITOJIETHBIX YJIMTOK KPHIIIICYKN Ha-
Yayiu TpuoTKpbiBathes. Ele yepe3 1 4 y onHOM U3
HUX U3 00pa30BaBIIeiics 1IEJIN BBICTYITUIIN IIYITalb-
11a. 3aTeM KpbIllieukKa MOJHOCTBIO OTOIIIAa Ha3a1 U U3
OTKPBITOTO YCThsI PAKOBHMHBI BBICYHYJIAch IOJIOBA U
MepeaHsis 4acTh TYJOBUILA, U YJIUTKA Hadajaa MeJl-
JICHHO MOJI3TU MO JHY aKBapuyMa B TTOUCKaX MUIIH.
YV KOHTPOJIBHBIX YJINTOK KPBILIEYKN K 3TOMY BpeMe-
HH ellle 3aKpbIBaJIN YCThe pakKoBUHEI. CitycTs 13 9 Bce
VIIMTKHY, KaK IIOJIETHBIE, TaK U KOHTPOJIbHEIE, ObLIN
aKTUBHBI, M1 UX Macca 3aMeTHO BO3poOciia B pe3yJibTa-
Te TIONIOLIEHUS aKBapUyMHOI Boabl. C 3TOro BpeMe-
HU HAaYMHAJIOCh TPUTOTOBJICHUE TTpeTapaToB JIJIsl UC-
cJIeqOBaHUSI CTAaTOKOHUI (cM. pasznen “MeTonabl 1c-
clienoBaHus ).

CEHCOPHBIE CUCTEMBI Ne 3

ToM 37 2023
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Tabomuna 1. YcpenHeHHbIe MOpdoMeTpUUecKre TToKa3aTean

CTaTOKOHMIA B CTATOLMCTAX MOJIETHBIX U KOHTPOJIbHBIX YIMTOK

I[TapameTpsl CTAaTOKOHMIA [loner Konrponb
[iomans, MKM2 1035.76 (n = 1026) 797.43 (n = 956)
PasmMep, MKM 32.65 (n = 1026) 29.65 (n =956)
IMepumeTp, MKM 129.54 (n = 1026) 113.38 (n = 956)
DdopmbakTop 0.33 (n=996) 0.27 (n=956)
JnvHa, MKM 41.56 (n = 1026) 39.05 (n = 956)
IIvupuHa, MKM 24.70 (n = 1026) 20.66 (n =956)

MopdomeTpudeckass KapTUHaA U paclipeneeHne
CTaTOKOHMIA B CTATOIIUCTAX ITOJIETHBIX YIIMTOK 3aMeT-
HO OTJIMYAJIVCh OT TAKOBBIX YIUTOK CHHXPOHHOTO
conpoBoXaeHus (Tabu. 1).

%

i

0 0.20 0.30 0.40 0
0.05 0.15 0.25 0.35 0.45

0 0 18 24 48 204468 144 84 ©

0.1

[ [ | I A e
0 0 4 36 192 596 112 16 O 0

Puc. 10. PacnipenenieHue cTaTOKOHUIA 110 popM-pakTopy
B CTaTOLIMCTAX.

a — TIOJIETHBIX YIUTOK; 6 — YIUTOK CUHXPOHHOTO COMpPO-
BOXICHUS.

CEHCOPHBIE CUCTEMbBI  Tom 37 Ne 3 2023

612 cratokoHmit (61.4%) 13 996 cTaTOKOHUIA, N3-
BJICUCHHBIX W3 CTAaTOLUMCTOB MOJETHBIX YIUTOK WU
MONBEPTrHYTHIX MOpdoMeTpun, uMean popmpaxrop
B rTpanunax 0.3—0.35 mporuB 128 cratokoHWMIt
(13.4%) ipuMepPHO U3 TAKOI'O XK€ KOJMYECTBA CTATO-
KOHUIA B TeX K€ TpaHULIaX, U3BJICYEHHbBIX U3 CTATOLIU-
CTOB YJIMTOK CUHXPOHHOTO COIpoBOoXaeHUs (puc. 10).

402 (39.2%) n3 1026 cTaTOKOHUIA MTOJIETHBIX YIIU-
TOK UMeJIU JJIVHY B nipeaenax 44—77 mxm. s ynu-
TOK CMHXPOHHOTO COIPOBOXIEHUSI TAKUX CTaTOKO-
HMi1 OKa3zanoch B 2.5 pa3za MeHblie (160 cTaTOKOHMIA;
16.7%) (puc. 11).

ITo nokazarenio mwMpuHb 812 ctaTokoHU (85%)
13 956 cTaTOKOHUI, U3BJIEYEHHBIX U3 CTATOLMCTOB
YJIIMTOK CUHXPOHHOTO COIPOBOXIACHUS,, ObUTH CTPYII-
IMAPOBaHBI B JIEBOI MOJJOBUHE TMCTOIPAMMBbI 1 TOJIb-
KO HE3HAYUTEJIbHOE KOJMYECTBO OTHOCUTEILHO I -
POKMX CTaTOKOHUI OBLJIO TIPEICTABIIEHO B €€ IMPaBoii
MOJOBUHE. Y TIOJNIETHBIX YJAUTOK, HAIIPOTUB, B Mpa-
BOii IIOJIOBUHE TMCTOTpaMMbl OTMEYAJIOCh ITOSIBJIE-
HHE CTATOKOHUIT IIMPUHOMI, MOYTH B 3 pa3a IpeBOC-
XOJISIIIIe KOHTPOJIbHBIE 3HaYeHUS (puc. 12).

3AKJIFOUEHHME

HMHuepuuanbHas macca, ipeaHa3HaueHHas 1715 pe-
arupoBaHMs Ha 3eMHYIO CUJTY TSIKECTH, B OpTaHe paB-
HOBECHUS — CTaTOLMCTE NepeaHekadbepHOM paKOBUH-
Hoii ynutku Pomacea diffusa, npencrapjieHa MHOTO-
YHUCJIEHHBIMU OMOMUHEPATbHBIMU 00pa30BaHUSIMU
SHIOTEHHOIO IPOUCXOXIEHUSI — CTAaTOKOHMSIMM.
ITo Mepe B3pocieHUsT YIUTOK, C MOMEHTA BbLIYILIe-
HUS U3 SUILl U 10 3aBeplleHUs XKU3HEHHOTO LIMKIIA,
YBEJIMYWIIMCh TUAMETP CTAaTOLIMCTA U COoAepXKallascs
B HEM MHeplLMabHasl Macca ¢ HauOOJbIIIMM POCTOM
B TeUeHUeE IEePBBIX IBYX MecsleB XusHu. MHepLm-
aJTbHas Macca XxapaKTepHr30Bajiach OOJbIINM MOPGO-
JIOTUYECKUM pa3HooOpaszueM. B omHOM U TOM XKe
CTAaTOLMCTE YJIMTOK BCEX BO3PACTHBIX TPYIIN, KakK
IOBEHAIBHBIX, TaK U Je(UHUTUBHBIX, 3aBEPIINBIINX
CBOIf pocT 0cobeii, Kak TpaBwIo, HapsITy C KPYITHbI-
MU CTaTOKOHUSIMU BCeraa MPUCYTCTBOBAJIO MHOXE-
CTBO MEJIKUX CTaTOKOHWUI1, a TaKxKe caMble HeOOJb-
e oopa3oBaHus chepruyeckoii GopMbl TMAMETPOM
2—3 MxwMm. [MocaenHue, 04eBUIHO, TTPEACTABIISUIN CO-
00Ii simpa, BOKPYT KOTOPKIX CO BpeMeHeM (POPMUPO-
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Puc. 11. PacrtipeneneHue cTaTOKOHUIA 1O JUTMHE B CTATO-
LIUCTax.

a — TIOJIETHBIX YJIMTOK; 6 — YIUTOK CUHXPOHHOTO COIPO-
BOXKIICHUSI.

BaJIUCh HOBBIE CTaATOKOHUU. OUeBUIHO, TaKasi Bapy-
abebHOCTb WHEpPLUAJIbHONH Macchl MoIJla CBUIE-
TeJIbCTBOBATh O €€ MIACTUYHOCTH, BhIpaXKarollecs B
TIOCTOSTHHOM TeHepallud U OOHOBJICHWU B TeUeHUE
BCeM SKM3HW XWBOTHOTO. BHYTpEeHHSS CTpyKTypa
CTaTOKOHMU MMeJIa CIOUCTYIO CTPYKTYPY Pa3InIHOMN
IIUPUHBI U ONTUYECKON IIJIOTHOCTU C SIIPOM B ee
LIEeHTpaJbHOM yuyacTke. bosbllasi yacTh CTaTOKOHU
o0Jlagaqy OTHOCUTEJbHO MNPOCTHIMU TeoMeTpuye-
CKUMHU (OpMaMH C OTHUM SIIPOM B IIEHTPE, W TIO
9TOI IIPUYMHE HA3BaHBI “TIPOCTHIMU~ CTATOKOHUSI-
mu. OTHenbHBIE CTAaTOKOHWMM MOIJIM CPacTaThbCs
MeXIy co0O0i B OTHO 1IeJ10€ 00pa3oBaHUE U HOMOJ-

%
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32.6
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88.2

MKM

72.1

36 300 240 210 126 90 12 12 0

%

32.6 48.4
40.5 56.3

64.2

MKM

8.9 24.7

64 36 4 0 0

20 264 528 40

Puc. 12. PacnipeneneHue cTaTOKOHUI MO IIMPUHE B CTa-
TOLIMCTaX.

a — TIOJIETHBIX YJIUTOK; 6 — YIUTOK CUHXPOHHOTO COIMPO-
BOXKIICHUSI.

HHUTEJIBHO 00pacTaTh OOIIMMU IS HUX CIOSIMU-TIPU -
poctamu. Takme o0Opa3zoBaHUSI 00O03HAYEHBI KakK
“cyoxxHbIe” cTaTOKOHUU. OCHOBHOM MUHEpaTbHbI
5JIEMEHT, TPUIAIONINI CTAaTOKOHUSM TSKECTh, — 3TO
KapOoOHAaT KaJlbliMs, MPENCTaBICHHBIM B BUAEC KpU-
CTaJLJIOB aparoHuTa.

ITotepst Beca B 14-cyTouHOM OpOUTAJILHOM MOJIE-
Te Ha 6uocryTHUKe “BbuoH-11" conpoBoxaanach Ie-
pedopMaTpOBaHMEM TIaTTepHA WHEPIUATBHOI
Maccol B crarouuctax Pomacea diffusa. Ha tucro-
rpamMMmax MopgomMmeTpruueckue mokKa3arejam CTaToKO-
HUM TIOJICTHBIX VAWTOK CHBUHYJIWCH B CTOPOHY
06abIMX 3HayeHuii. Bo3pocau nokazarenu ¢opM-

CEHCOPHBIE CUCTEMBI
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dakTopa B CTOpOHY X “okpyrineHus” . CpegHne 3Ha-
YyeHMs IUIoLIAAu, pasMepa, IepuMeTpa, JJIMHBI U
IIMPUHBI CTATOKOHWII MPEBBICWIM TAaKOBEIC, MOJIY-
YeHHBIEe Ha KOHTPOJIbHBIX YIUTKAX CHHXPOHHOTO CO-
NpoBOXAeHMS. TakuM 00pa3oM, HEBECOMOCTh OKa-
3aj1a CTUMYJIMpPYIOIee BIUSTHME HAa MHEPLUAJIbHYIO
Maccy B opraHe paBHoBecust Pomacea diffusa.

ABTOp BBIpaXxaeT 6JarogapHOCTb HAYYHOMY CO-
TpynHUKY UMBIT A.M. HocoBckoMy 3a MOOTOTOBKY
rpacdpuyeckoro marepuana (puc. 2, 3, 5).
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Inertial mass in the balance body of Pomacea Diffusa. Experiment on the biosatellite
“Bion-11”
G. I. Gorgiladze**

¢ Institute of Biomedical Problems RAS 123007 Moscow, Khoroshevskoe shosse, 76a, Russia
*E-mail: gio119193@mail.ru

The inertial mass in the balance organ-statocyst of Pomacea diffusa was studied from the moment of hatching
from eggs until the end of the life cycle, as well as the effects of weightlessness on the inertial mass during
a 14-day orbital flight on the biosatellite “Bion-11". As the snails grew older, the diameter of the statocyst
increased from 150 um to 650 wm, and the inertial mass contained in it increased from 11—13 statoconia to
700 statoconia. The internal structure of the statoconia had a layered structure with a nucleus in its central
region. The main mineral element that gives statoconia heaviness is calcium carbonate, presented in the form
of aragonite crystals. A 14-day exposure in weightlessness led to noticeable changes in the morphometric pat-
tern of the inertial mass in the statocyst of flight snails in comparison with the control snails of synchronous
tracking. In most of the statoconia, the form factor, length, and width indicators increased, which could in-
dicate the stimulating effect of weightlessness on the inertial mass in the balance organ of Pomacea diffusa.

Key words: snail, statocyst, statoconia, weightlessness, biosatellite Bion-11
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