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Annoramms. Metuidapaezoar (M®P) urpaer posb IOBEHUIBHOTO TOPMOHA Y BET-
BHCTOYCBIX paKooOpa3HbIX. M3BecTHO, uTo M® ydacTByeT B peryJsiyu nojJoBoro pas-
MHOKEHHS CaMOK Pa4yKOB, B YACTHOCTH, BBI3BIBACT OTPOJKIICHHUE CAMIIOB M 00pa3oBaHKe
TpeOyIOIMX OIUIOJOTBOPSHUS MOKOSAIIMXCS siuLl. [Ipu 5TOM Kak MOsBJICHHE B [IOTOM-
CTBE CaMIIOB, TaK M 00pa30BaHKE MOKOAIIMXCS SHI Y BETBHCTOYCHIX PaKOOOPa3HBIX
KOHTpONHUpYyIoTCcs (pakTtopamu BHemiHel cpeapl. COBMECTHOE ACHCTBHE K30I€HHOTO
M® u ¢pakTopoB BHEIIHEW CPeibl, BIUAIOLUIMX HA IOJIOBOS Pa3MHOKEHHE BETBHCTO-
YChIX Pa4yKOB, HE HCCIENOBaIOCh. B pabore oneHuBanu coBMecTHoe BiusHiue MO B
koHueHrpaimu 400 HM u cyOonTuManbHON 00eCIeYeHHOCTH THILeH Ha PENPOTyKTHUB-
HbIE IapaMeTpbl CaMOK JIBYX BUIOB posa Moina. Ilpu Bcex UCCIIeIOBaHHBIX KOHICH-
TpaLMsIX MUK B CPeZie C FTOPMOHOM Y caMOK HaOmrofanack 0ojiee BbICOKas Mpeapac-
IOJIOXKEHHOCTh K IOJIOBOMY Pa3MHOXCHHUIO (IIPOLEHT CaMILIOB M KOJIMYECTBO IOKOS-
LIMXCA UL B IIEPBOM IIOTOMCTBE), 4eM B KOHTpoJsie. B cpene ¢ ropMOHOM y caMok
TaKoke HaOJro/anack MOHMWKEHHAS 110 CPABHEHHIO C KOHTPOJIEM ILI0JJOBUTOCTb, KOTO-
pasi IPaKTUYECKH HE YBEIMYMBAJIACH C POCTOM KOHIEHTpauuu mvmy. [TnogoBurocts
CaMOK B KOHTPOJIBHOI cpejie pociia ¢ yBeJIMYeHHEeM KOHIIEHTpaly nuiy. Bospact o1-
POXKACHUS NIEPBOMH KJIa KK HE3HAYUTEIILHO YBEJIMYMBAJICS C YMEHBIICHUEM KOHLICHTpa-
LMY [MILK ¥ CYLIECTBEHHO BO3pacTall Ipu JoOaBKe B cpey ropMoHa. Takum o6pasom,
nof nericrBueM M® caMky HaUMHAIK Pa3MHOXKATBCSI TI03KE, CHIKANACh UX IJI0I0BU-
TOCTb, YBEJIMYMBAJIACH JIOJISI CAMLIOB B IIOTOMCTBE M POCIIO KOJIMYECTBO IOKOSIIUXCS
sui. HaOnionaemble M3MEHEHUsS B PENpPOJYKTUBHBIX IApamMerpax CaMoOK IOJ Jel-
ctBreM M® aHanoruuHbl TaKOBBIM IPU JIMMHUTHUPYIOIISH 00eCIeYeHHOCTH MUIIeH U
NPUBEIYT K PE3KOMY CHIKEHUIO CKOPOCTH POCTa HOIYJIALHH.
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Summary. Cladocera are mass representatives of zooplankton in freshwater eco-
systems, which are of great ecological importance. To be aware of the dynamics of
cladoceran populations in nature and to control the abundance of animals in artificial
conditions, for example, in aquaculture, it is important to understand the reaction of the
reproductive system of animals to external stress factors. Adverse environmental con-
ditions trigger a chain of neurohormonal changes that largely determine the rate and
type of reproduction (parthenogenesis or sexual reproduction) in Cladocera. With the
discovery and isolation of methyl farnezoate (MF), one of the key hormones involved
in the regulation of growth and reproduction of crustaceans, it became possible to study
the combined endogenous and exogenous effects of this hormone on crustacean repro-
duction. In this work, we assessed the effect of MF on the reproductive parameters of
two species of cladocerans of the genus Moina at suboptimal (for these species) food
concentrations. As a working hypothesis, it was assumed that the combined effect of
the external stress factor and MF would have a more pronounced effect on the growth
and reproduction of animals than each of these factors separately.

We used females of two species of cladocerans Moina brachiata (Jurine, 1820) and
Moina macrocopa (Straus, 1918). In all experiments, a non-sterile culture of the green
alga Chlorella vulgaris was used as a food, and aged tap water - as a culture medium.
Animals were grown individually under conditions favourable for parthenogenesis (the
volume of cultivation medium was 20 ml per animal, temperature (26°C), and photo-
period (16 hours of light, 8 hours of darkness); the concentration of food was 2*10°
cells/ml per day for M. macrocopa and 5*10° cells/ml per day for M. brachiata). To
start the experiment, one-size juvenile females (body length 0.6-0.7 mm) from the first
offspring of third-generation crustaceans were placed individually in 40-ml beakers
containing 20 ml of the medium. The medium was updated daily. When studying the
effect of MF on growth and reproduction, the following food concentrations were used:
for M. brachiata — 0.1; 1; 2 and 4*10° cells/ml per day; for M. macrocopa — 0.5 and
1*10° cells/ml per day. The differences in food concentrations are due to the fact that
these two species have a different food threshold, at which females begin to produce
resting eggs. For each food concentration, the development of females in the medium
with MF and in the control medium was compared. The concentration of MF (Echelon,
USA) in the medium was 400 nM. For each exposure, at least 10 animals were tested.
The experiments were carried out until the females gave birth to the second offspring.
For each female, the day of birth of the first offspring, the type of reproduction (parthe-
nogenetic offspring or resting eggs), the number and sex of the hatched parthenogenetic
offspring were recorded. On Day 1 and 4 of the experiment, the linear size of the ani-
mals’ bodies was measured. Based on the body length, the specific rate of somatic
growth of animals was calculated.

95



Okonozus / Ecology

Experiments showed that MF stimulated females of both species to sexually repro-
duce at all tested food concentrations (see the figures). The proportion of males in the
parthenogenetic offspring of females of both species for each of the tested food con-
centrations in the medium with MF was higher than in the control. Both MF and food
concentration affected the proportion of females of both species that produced resting
eggs. The proportion of females with resting eggs increased with a decrease in food
concentration and with the addition of MF to the culture medium. MF and food con-
centration had a significant effect on fecundity, the age of the first reproduction, and
the specific somatic growth rate of females of both study species (see the figures). Both
species in the medium with MF gave birth to fewer offspring than in the control, while
fecundity increased with increasing food concentration in the medium. In the medium
with MF, the females hatched the first clutch later than in the control medium. The age
of the first reproduction also increased with a decrease in the concentration of food.
Both species in the medium with MF had a lower specific somatic growth rate than in
the control, while a significant increase in the specific somatic growth rate with increas-
ing food concentration was recorded only for one of the species. Thus, the study showed
that the concentration of the juvenile hormone MF 400 nM in the culture medium leads
to a decrease in the specific rate of somatic growth, a delay in the hatching of the first
clutch, a decrease in fecundity, an increase in the proportion of males in the offspring,
and the production of resting eggs by females of Moina brachiata and Moina macro-
copa. Changes in the studied parameters of growth and reproduction of Moina brachi-
ata and Moina macrocopa females with a decrease in the food concentration below the
optimum had a similar pattern but were less pronounced. The combined effect of MF
and low food concentration leads to the strongest changes in the studied parameters of
growth and reproduction of the studied females. Such changes will lead to a sharp de-
cline in the population growth rate, which indicates the possibility of controlling the
number of natural or laboratory populations of cladocerans by interfering with the sig-
nalling pathway of juvenile hormone receptors.

The article contains 3 Figures, 24 References.
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BBenenne

BetBucroycreie pakooOpa3zHbIe — MACCOBBIE MPEICTABUTENN 300IUIAHKTOHA B
MPECHOBOIHBIX HJKOCHCTEMaX, HMMEIOIINE Ba)KHOE HSKOJOTHYCCKOE 3HAUYCHUE.
[IpencraBuTeNN TAKMX POJIOB BETBUCTOYCHIX, Kak Daphnia u Moina, Takxe 4acTto
HCTIONB3YIOTCS B 9KOTOKCHKOJIOTHUECKUX HCCIICIOBAHMUSX, @ B TIOCIICAHEE BPEMSI
W B KayecTBE MOJEIHHBIX OOBEKTOB B paboTax IO SBOJIOIMH W reHetuke [1].
Baxnas sxomornyeckas poib B IPUPOJE U IMIHPOKOE MCHONIB30BaHME B rabopa-
TOPHBIX HCCIEIOBAHHUSX BETBHCTOYCHIX PAaKOOOPa3HBIX BO MHOT'OM CBSI3aHBI C
0COOECHHOCTAME UX pa3MHOKeHHS. [Ipr OnaronpusTHEIX YCIIOBHUSX CAMKH BETBH-
CTOYCHIX paKOOOpa3HBIX Pa3MHOKAIOTCS MaPTEHOTCHE30M, OTPOKAAs IIPH KaxkK-
oW JIMHBKE MHOTOYMCIICHHBIX OJIM3KOPOICTBEHHBIX CaMOK. biaromapst aTomy
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MOITYJISIIIAN BETBUCTOYCHIX JOCTATOYHO OBICTPO TOCTHTAIOT OOJBIION YHCIICHHO-
ctu. lpn yXyAmeHun yciaoBA OKPYKAIOMIeH cpeipl B TOTOMCTBE MOSBIISIOTCS
caMIIbl, a TI03Ke CaMK{ 00pa3yloT TpeOYIOIINE OIUIOJOTBOPEHHUS MTOKOSIIACCS
stima [2].

Poct 1 pazMHOKEHIE BETBUCTOYCHIX PaKOOOPa3HBIX BO MHOTOM KOHTPOIUPY-
FOTCS ACUCTBUEM Psijia SHIOKPUHHBIX TOPMOHOB [3—4]. Cpenn Hanboiee n3yveH-
HBIX IOBEHWIBbHBI ropMoH MeTwmiihapHe3oaT (M®). MHTEepec K UCCIieI0BaHUIO
M® Bo MHOTOM CBSI3aH C €TI0 BOBJICYCHHOCTBIO B PETYJIILHUIO TIOJIOBOTO Pa3MHO-
KECHHUS y BETBUCTOYCHIX pakooOpaszHbIX. CHHTE3 3TOr0 TOPMOHA SIBIISETCS HE00-
XOAVMBIM YCIIOBHEM TOSBIICHHUS CAMIIOB B MMAPTEHOT€HETHUECKOM ITOTOMCTBE Ca-
MoK [5]. K HacTosimieMy BpeMeHU HaiiIEHBI T€HBI, 3a/ICHICTBOBAHHBIC B aKTHBAIINN
ero cuaTe3a [6]. [Tpu BeicoKoM KOoHIIEHTpaIuun M® Takke CliocoOeH CTUMYITUPO-
BaTh CAMOK BETBUCTOYCHIX PAKOOOPa3HBIX K 00Pa30BaHUIO TTOKOSIIMXCS SHII [7].
[lon BiMsSHWEM 3TOTO TOPMOHA TaKKe H3MEHSAETCS CIHOCOOHOCTH >KHBOTHBIX
HaAKaIUTBATh JKUP B TEIIE, 9TO, B CBOIO OUEpeb, OKAa3bIBACT BIMSHAC HA WX TUIO-
JnoBHTOCTH [8]. Takum oOpa3oM, o neiictBueM M@ mpoucxonsaT N3MEHEHHUS B
KU3HEHHOM NUKJIC PauKOB (CHIDKEHHE TUIOJOBUTOCTH, POXKICHHIE CaMIIOB, 00pa-
30BaHME MOKOSIIUXCS SUI), KOTOPHIE CHIDKAIOT CKOPOCTh POCTa MOITYJISIIHH.
To ecTh MOHMMaHWE B3aMMOCBs3EH Mexay aeiicTBueM M® 1 ocoOGeHHOCTAMH
Pa3MHOKEHHsSI BETBUCTOYCHIX PaKOOOPa3HBIX KpaifHe Ba)KHO IS IpeIcKa3aHus i
VIpaBICHAUS UX YUCICHHOCTHIO B IPUPOAHBIX U HCKYCCTBEHHBIX YCIOBHUSX.

OO0b1yHO Bo3feiicTBUe M® Ha mapaMeTpbl pocTa W pa3MHOXKEHHS BETBUCTO-
YCBIX PaKOOOpa3HBIX MCCICIYIOT MPH ONArONPHUATHBIX YCIOBHSIX OKpY>Karomeit
cpempl. [Ipu 5TOM OHUKIMYECKOE Pa3MHOMKEHHE BETBHCTOYCHIX HAXOAUTCS TIOX
CpEeIOBBIM KOHTPOJIEM CHTHAIBHBIX (hakTOpoB. Bo3neiicTBie Takux HebIarompu-
SATHBIX (DAaKTOPOB, KaK KOPOTKHUI CBETOBOH NICHb, HU3KAsl TEMITEpaTypa, HeJoCTa-
TOK TIHIIH, BEICOKAs! KOHIICHTPAINS IPOIYKTOB JKU3HEISSITEIHHOCTH, 3aITyCKaeT
nenouky cuate3a M® B opranmsme [S]. Takum oOpa3om, 3K30TeHHOE BO3ZCH-
ctBie M® Ha opraHu3M IpH OJATONPUATHBIX BHEITHUX YCIIOBHUAX SIBISICTCS WC-
KYCCTBEHHO CO37[aHHOW KOMOWHAIIMEH, He BCTpeYaroleiicst B mpupoae. MoxHO
MIPEITOJIOKUTD, YTO IPH YXyIIICHUN YCIIOBHH CpeIbl 0OOUTaHH, KOTOPHIE BBI3HI-
BaIOT SHAOTEHHBIH cuHTEe3 M®D, U OIHOBPEMEHHOM 3K30I'€HHOM MPUMEHEHUHI
3TOT0 TOPMOHA 3P GEeKTH OyayT OOJIee BRIpAXKEHBI B CHITy OoJiee BHICOKOH KOH-
HEHTPALIH JeUCTBYIOMIETO COCIIHEHHS.

B nanHoi#t pabote oneHuBany neiictBrue M® Ha penpoayKTHBHBIE ITapaMeTPhl
IIBYX BUOB BETBHCTOYCHIX paKooOpa3HBIX U3 pona Moina npu cyOONTHMATBHBIX
IUTSL 9THX BHUIOB KOHIICHTpAIMSX IHIIH B cpene. B kadecTBe pabodeii rHITOTE3bI
MIPEITOJIOKEHO, YTO COBMECTHOE IEHCTBHE BHEUTHETO CTPECCOBOTO (pakTopa m
M® Gyzaer okas3piBaTh 0OJiee BBIPaXKCHHOE JCHCTBHE Ha POCT M Pa3MHOKCHHUE
PAdYKOB, 9YeM Ka)KIBIH U3 3TUX (PaKTOPOB MO OTHEITHHOCTH.

97



Okonozus / Ecology

MartepuaJibl U METOABI

B pabote ncrnonp30Bany caMOK JABYX BHIOB BETBHCTOYCHIX PaKoOOpa3HBIX —
Moina brachiata (Jurine, 1820) u Moina macrocopa (Straus, 1918). ITokosmmecs
siiia M. brachiata w M. macrocopa ¢ TIOYBO# U3 BPEeMEHHOTO MPYJia, Pacioio-
KEHHOTO pszoM ¢ MHcTuTyTOM OHONTornu BHyTpeHHNX Boj PAH (c. bopok), mmo-
6e3H0 mpenoctaBwil Bnamumup YyryHos. [lociie BbIXoia )KHBOTHBIX U3 TIOKOS-
MIUXCS SUT TIepe]] SKCTIEPUMEHTAMH UX HECKOJIBKO MECAIIEB COAEPIKaI B 1a00-
PaTOpPHBIX YCIOBHSIX. PaHee oIiH 13 COaBTOPOB JaHHOU pabOTHI BMECTE C KOJIIe-
raMu UCCIIeI0BaN BIISHUE KOHIICHTPAIIMH KOpMa Ha POCT B Pa3MHOKEHHE ITHX
BunoB [9-10].

Bo Bcex skcmepuMeHTaX B KauecTBE KOpMa HCIIONB30BajM HECTEPUIIEHYIO
KynbTypy 3esieHor Bomopociu Chlorella vulgaris. Bomopocis BBIpalMBalid B
kobax oobemoMm 500 M B HaKONUTENLHOM pexume Ha cpene Tammst (KNO; —
5 mr/i, MgSO04 7TH,O — 2,5 mr/n, KH,PO4 — 1,5 mr/n, MukpodsinemenTs! U Fe B
HE3HAYNTEIBHBIX KOJMYECTBAX) IPH MOCTOSHHOM OCBEIIeHUH 1 a’parmu. [lepen
WCIIONB30BAaHAEM B KadecTBE KOpMa BOIOPOCIH IEHTPH(YTHPOBAIH IIPH
3 000 06/muH. TToy4eHHYFO KOHIICHTPHUPOBAHHYIO CYCIICH3MIO XPAHUIIHA B XOJIO-
IUIIFHAKE U UCTIOIB30BANIN B KaUeCcTBE KOpMa He Ooliee 2 HeIeNb TOCIIe IIEHTPH-
¢yrupoBanmst. KoHIIEHTpanio KIETOK XJIOPEIUTHI B CPEIE TIOCIIE Pa3BEeCHUS CYC-
TIEH3WH OTpeNeIIsIN ¢ ToMombio cuetunka yactul] CASY TTC (T'epmanus).

B ompITax BCHONBE30BaNN CAMOK TPETHETO TIOKOJICHHS, BRIPAIIMBAEMBIX HHIH-
BHIIyaJIbHO B YCJIOBHSAX, OJIATONPUATHBIX Ul MapTeHOreHe3a (00beM cpeibl
KyJbTHBHApOBaHus — 20 MJI Ha )KHUBOTHOE, TemrepaTtypa — 26 °C, goromepro —
16 9 cBer, 8 4 TeMHOTa, KOHIIEHTpAIHS KJIIETOK XJIOPEJUIHI B cpejie — 2+ 10° xte-
TOK/MIT B CYTKH 1n1st M. macrocopa u 5-10° knetok/mn B cyTku 11s M. brachiata).
Panee uccienoBatensmu nokazaso [11], 9To aBa 5TUX BHUIa MOWH UMEIOT Pa3HBINA
MUIIEBON TOPOT, TPH KOTOPOM CAMKH HAYHMHAIOT OOPa30BBIBATH ITOKOSIINECS
stidria. Cpeny KyJbTHBHPOBaHHs OOHOBIISUTH €XKEITHEBHO. B kauecTBe cpesbl Hc-
TTOJIE30BAJIH OTCTOSTHHYIO (He MeHee 24 4) BoJonpoBoaHyto Boxy (pH —7,3; xkecr-
KocTh — 62,9 wmr-akBuBaneHT CaCOs/m; ofImmee coiepkaHWe KAaTHOHOB —
26,4 mr/im). Panee uccirenoBatelssMu 1mokaszano [11], 9To Takue yclioBus OJyiaro-
MPUATHEI TSI TAPTEHOTCHETHIECKOTO Pa3MHOKCHHUS M HE BIHSIOT Ha YIEIBbHYIO
CKOpPOCTh COMATHYECKOTO POCTA M IJIOIOBUTOCTH N3YUYEHHBIX BHIOB PAYKOB.

J7is Hagana SKCIIepUMEHTa OTHOPAa3MEPHBIX IOBCHIIIBHBIX CaMOK ([UTHHA TeJa
0,6—0,7 MM) 13 ITEpBOTO TTIOTOMCTBA PAYKOB TPETHETO ITOKOJICHHUS, KYJIbTHBHUPYE-
MBIX B OITACAHHBIX BBIIIE YCIOBHUSX, TOMEIIATN HHINBHIYAIEHO B 40-MIJUTAIAT-
POBBIE cTakaHbl, coaeprkarime 20 MII cpelibl. Y CIOBUS KyJIbTHBHPOBaHUS (TEMITS-
patypa, GoToneproa) COOTBETCTBOBAIN OMMCAHHBIM BhIme. Cpelly 0OHOBIISITA
exeaneBHo. [Ipu n3yuennn Busiaust M@ Ha pocT v pa3MHOKEHHIE UCTIONB30BaTN
CIeIyIOIINe KOHIIEHTpauu kopma: aiust M. brachiata — 0,1; 1; 2 u 4-10° ie-
TOK/MIT B CyTKH; 11si M. macrocopa— 0,5 u 1-10° kneTok/mn B cyTKu. JI1s Kaska0it
KOHIICHTPAINH KOpMa CpaBHUBAJIH pPa3BUTHE CaMOK B cpere ¢ M® u B KOHTPOIIb-
Hoit cpene. Konnenrparmus M® (Echelon, CIIIA) B cpene cocrasisuia 400 HM.
PactBopst M® n3HavanpHO TOTOBUIIH B 3TAHOJIE, KOHIICHTPAIHS STAaHOJIA B CPEJIC
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KynbTuBUpoBaHus coctasisuia 0,01%, yTo He oka3pIBaIO BO3AEUCTBUS HA POCT U
pa3sMHOKeHHE paukoB. KOHIIEHTpaIus TopMoHa, HCIIONIb3yeMast B JaHHOM Hcce-
JOBAaHWH, TIPUBOJMIIA K MaCCOBOMY OTPOXKACHHUIO CaMIIOB y KIOHOB D. magna
[12—13], a Takxe BBI3bIBAJIA OTPOXKICHHUE CAMIIOB U SMTU30INYECKOe 00pa3oBaHue
TTOKOSIIITUXCS ST y caMOK M. macrocopa [14]. JIns KaXXIoro BO3IEHCTBUS MPO-
TecTHpoBaHO He MeHee 10 JKUBOTHBIX.

OTBITHI TPOBOIIIIHN IO OTPOXKICHUS CAMKaMH BTOPOTO TIOTOMCTBa. Iyt Kax-
oK caMKH (PIKCHPOBAIN IEHB OTPOYKICHHUS IIEPBOTO TOTOMCTBA, THIT pa3MHOKE-
HUS (TAPTEHOT€HETHIECKUE TIOTOMKH MITH MOKOSIIITHECS SHIIa), KOITMIECTBO U O
BBLUTYTUBIINXCS TAPTEHOTCHETHIECKUX TOTOMKOB. B IepBBIe 1 UeTBEPTHIE CYTKH
SKCIIEPUMEHTA U3MEPSUTH O OWHOKYJISIPHOW JIynol (X16) TUHEWHBIA pasMep
TeJa KUBOTHBIX KaK PACCTOSHHE MEXIY BEPIIMHOM TOJIOBBI U KOHIIOM CTBOPOK
nmaHnups. Ha ocHOBe MMHEHHBIX pa3MepoB Tea PACCUUTHIBAIM yIEIBHYIO CKO-
POCTh COMaTHYECKOTO pOCTa KUBOTHBIX [15].

Hnst onerkn BIustHAS. M@ 1 KOHIIEHTPALUH AN Ha KOIUYECTBO BBUTYIIHB-
IIMXCS CaMIIOB MCITOJIb30BaM KpuTepuit xu-kBaapat (Chi-square test). Biusaue
KOHIIEHTparmu kopMa 1 M® Ha KONMMYIECTBO caMOK, 00pa3yIOIINX MTOKOSIIACCS
sTiAIIa, OLICHUBAJIH C TIOMOIILI0 0000IeHHO JHEeHOH Monenn (Generalized Lin-
ear Model), mpennonaras OMHOMHANBLHOE pacrpeneieHue. YToObl MPOBEPHUTH
BIIHSIHUE KOHIIEHTpAaIuH nuiny 1 M® Ha IJI0ZOBUTOCTH CAMOK, BO3PACT IIEPBOTO
Pa3sMHOKEHHSI M yICIEHYIO0 CKOPOCTh COMAaTHUECKOTO POCTa, HCIIONB30BaIH (hak-
TOPHBINA TuciepcoHHbIN aHaym3 (factorial ANOVA). Bee cratrctudeckue pac-
yeTsl TpoBourch B iporpamme STATISTICA 6.0.

Pe3yabTarhl ncciiefoBanns U 00CyKIeHUE

J1J1s MOHMMaHW S TPUYHH H3MEHEHU S YACIICHHOCTH TOITYJISIIAI BETBUCTOYCHIX
pakooOpa3HbIX B IPUPOJIC U JUTA YIIPABICHHUS YHCICHHOCTBIO B HCKYCCTBEHHBIX
YCIIOBUSX, HAITPUMED B aKBAKYJIbTYpE, BAXKHO ITOHUMAThH 00IITHE 3aKOHOMEPHOCTH
peaKIuy penpoAyKTUBHONW CUCTEMBI Ha BHEIITHHE CTPeCcCOoBbIe (akTopsl. Hebmna-
TONPHUATHBIC BO3JCHCTBUS 3allyCKAIOT IENOYKY HEHPOTOPMOHAIBHBIX H3MEHE-
HUH, KOTOPBIC BO MHOTOM OIPEIEIISIFOT CKOPOCTh ¥ THI pa3MHOKeHHUS (TTapTeHO-
reHe3 Ui TT0JI0BOe pa3MHokeHHe). C OTKPBITHEM U BBIICTICHHEM B YHCTOM BHJIE
OJIHOTO U3 KITFOYEBBIX TOPMOHOB, BOBJICUCHHBIX B PETYJISIMIO POCTA U pa3MHOXKE-
HUS pPakooOpasHbIX, MeTWI(hapHe30aTa, CTAIO BO3MOXHBIM HCCIIEI0BATh COB-
MECTHOE HJOTCHHOE M DK30TCHHOE BO3JICHCTBHE 3TOTO TOPMOHA Ha Pa3MHOXKE-
HHE PaKooOpa3HbIX. B MpeaplIyIuX HCCIIeIOBaHUSAX MPOBOAMIIACH OICHKA OT-
KITMKa MapaMeTpoB POCTa M Pa3MHOXKEHUsS caMok M. macrocopa v M. brachiata
Ha M3MCHEHUE IMUIIEBBIX yCIOBUH. BEISBICHO, YTO JaHHBIC BUIBI Pa3IHYAIOTCS
MTOPOTOBBIMU KOHIICHTPAIMSMH TIHIIH, TIPH KOTOPBIX Y CaMOK CHHIKAeTCS CKO-
POCTh COMaTHUYECKOT'O POCTa, U OHH HAYMHAIOT PA3MHOXKATHCS MTO3KE, CHIKACTCS
IUIOJOBUTOCTD, B KJIAJKaX IOSBISIOTCS ToKosmmecs sima [16]. To ects aBTo-
pamu onpeieNieHbl TOPOTOBbIE KOHIIGHTPAIIWH ITHIIH, TTPA KOTOPHIX B OPTaHU3MeE
paYKOB TI0 BCell BUIMMOCTH 3amyckaeTcsi cuaTe3 M®. B qanHOoM mccnenoBannn
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BBITIOJTHEHA OIIEHKA AK30TeHHOTO JeicTBUS M® Ha pocT W pa3MHOXKEHHE ITUX
BHJIOB IIPH CyOONTHMANBHBIX ¥ BUAOCTIENU(DHIHBIX KOHIICHTPAIMSX MTUIIH.

M® ctumynupoBail caMOK 00OMX BHJIOB K ITOJIOBOMY Pa3MHOKECHUIO MTPH BCEX
MPOTECTHPOBAHHBIX KOHIEHTpaIusax i (puc. 1). o caMIioB B mapTeHOTe-
HETHYECKOM ITOTOMCTBE CAMOK 000OHX BHAOB JUIS KXKIOH U3 IIPOTECTUPOBAHHBIX
KOHIICHTpaIui iy B cpene ¢ M® Brime, yem B koHTpoe (p < 0,01, kputepuit
X#-KBazapar). Jlons caMIoB B MapTeHOTC€HETHYECKOM TIOTOMCTBE caMOK M. bra-
chiata nipn Bo3nekcTBIH M® Tarkke yBemM4MBajlach ¢ YMEHBIICHHEM KOHIICH-
Tparmu man| (p < 0,001, kputepuid Xu-KBaapat). B KOHTpOIBHOI cpee HebOoITb-
mroe KOMm4ecTBO caMIoB (5%) (GHUKCHPOBANIOCH JIWIIb MPU CaMOM BBICOKOW W3
MPOTECTHPOBAHHBIX KOHIIEHTPALMH UK. B mapTeHOreHeTHIeCKOM TOTOMCTBE
caMoK M. macrocopa 1ons caMIIOB ¢ YMEHBIIICHHEM KOHIIEHTPAIINH ITHIIH B KOH-
TPOJBHOU cpeze yBesmumBaiach (p < 0,001, kputepuit Xu-kBajapart), B cpeie ¢
M® — He3HauuTenpHO yMeHbIanach (p = 0,02, kpuTepuit Xu-KBaapar).

Kak M®, Tak 1 KOHIIEHTpAIUS MU BIMSIN Ha JIOJO CAMOK 000MX BUIOB
MOWH, OTKJIAIBIBAIOIINX IOKOSIIHECS sima. J[ons caMoK ¢ IMOKOSIIMMUCS STi-
[IaMH YBEJIMYMBAJIACH C YMEHBIIIEHHEM KOHTIeHTparuu muiu (p < 0,05, nByxdax-
TOPHBII IUCTICPCUOHHBIN aHAJIM3) ¥ TIpH T00aBKe B Cpelly KyJIbTHBHPOBaHUI M D
(» < 0,01, nByX(haKTOPHBINA JUCTIEPCUOHHBIN aHAJIN3).

o =
E E‘ I - M brachiata 1 - Mmacrocopa
S gBa
; ge 081 0.8 A
e -
E 523 0.6 4 0.6 1
BELE
=552 04 4 0.4 A
= =g
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SSEE oo
g= gﬁ 21 0.2 4 -
E 2 0 . 0 —
s E T r J T |

MF Cont MF Cont MF Cont MF Cont MF Cont MF Cont

50 100 200 400 50 100
Boszeiictsuie
[Treatment]
Konuentpauus Chlorella vulgaris, 10° KIeTok/MI
[Concentration of Chilorefla yulgaris. 10° cells/ml]

Puc. 1. [lons caMIi0B B TAPTEHOTEHETUYECKOM MTOTOMCTBE (Cepble CTONOIbI)

u o715 caMok Moina brachiata v Moina macrocopa ¢ OKOSIIMMUCS STALIAMA
(uepHbie cTonOLIBI) B cpenie ¢ nodaBkoi MetumidapHezoara (MF) u B KOHTpoJIbHOU cpesie
(Cont) mpu pa3HBIX KOHIIEHTPALUSIX THIIA
[Fig. 1. The proportion of males in parthenogenetic progeny (grey bars) and the proportion of females
of Moina brachiata and Moina macrocopa with resting eggs (black bars) in the methylfarnesoate
treatment (MF) and control (Cont) with the different food concentrations]

[Tepexon k MOJIOBOMY pa3MHOXKECHHUIO Y BETBHCTOYCHIX paKOOOPAa3HBIX U CBSI-
3aHHOE C HUM PE3KOE YMEHBIIICHHE CKOPOCTH POCTA TOMYJISIITUH POUCXOAT TIPH
VXYAIMEHUH YCIIOBUI cpelbl OOMTAaHUS B BHJIE TOCIICIOBATEIIBHOCTH COOBITHI:
TIOSIBJICHUE B MAPTECHOTEHETHYECKOM TIOTOMCTBE CaMIIOB, ITOSIBIIEHUE B KJIA/IKaX Y
CaMOK TTOKOSIIITUXCS S, TPEOYIOIIUX OIJI0O0TBOpeHUs. [Ipr 3TOM 17151 pasHBIX
BHJIOB M JIaXK€ MMOMYJISIHUKA OJHUX BHIIOB 3HAYCHUS HEOIArONMPHUATHBIX ()aKTOPOB
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U UX KOMOHMHAINH, BRI3BIBAIONINE MEPEX0I K MOJIOBOMY Pa3MHOKCHHIO, MOTYT
CYIIECTBEHHO BaphHPOBATH, YTO CBSI3aHO C MPHCIIOCOOIEHHOCTHIO MOMYIISIHN K
KOHKPETHBIM yCJIOBUSM CpeIbl OOUTaHUSI.

Kak BumHO Ha mprMepe IBYX MPOTECTHPOBAHHBIX BUIOB MOWH, BUA M. bra-
chiata Goree YyBCTBUTEICH K MUIIEBHIM YCIOBHSIM M HauWHAET 00pa30OBHIBAThH
MOKOsIIIIHecs sifa mpu 0ojiee BHICOKMX KOHIICHTPALMIX MU, 9eM M. macro-
copa. J1ns MHTEpIpETAINN Pe3yIbTaTOB, OJHAKO, CYIIECTBEHHO, YTO I 000MX
BHJIOB CKIIOHHOCTH K TIOJIOBOMY Pa3MHOKCHHUIO PE3KO BO3paCTacT IMpH T0OaBKE B
cpeny MO, Taxke OHa yBEIMYUBACTCS C YMEHBIIEHHEM KOHIICHTPAINH MTUIIN B
cpene. HecMoTpst Ha To, 9TO 9K30T€HHAs N0OaBKa TOPMOHA BBI3BIBACT BBIPAKEH-
HBIH 3()(eKT, C yMEHBIICHHEM KOHIIEHTPAIINH MTUIIN OH yBenmauBaeTcs. To ecTh
MOJKHO TIPEANOI0KUTH, IYTO C POCTOM KOHIIEHTPALWH TOPMOHA JIOJIS CAMIIOB B
MTOTOMCTBE CaMOK H JIOJISI CAMOK C ITOKOSIIIIUMHECS STHIaMu Oy yT pacTa. JleiicTBr-
TENbHO, paHee MCCIIeIOBATENSIMHA TTOKa3aHo [14], uto momns camok M. macrocopa
C TOKOAIIUMUCS SWIIAMH C YBEIHWYeHHeM cojepxkanneM M® B cpene mo
1 600 aM BbIpacTaer npakrtuuecku 10 100%.

bmmzkue xoHneHTpanun M@, CTUMYITUPYIONINE BRUTYIIJICHUE CaMIIOB, TOITY-
YCHBI paHee ISl APYTUX BUIOB BETBHCTOYCHIX PakooOpa3HbIX. Tak, B mapTeHore-
HETHYECKUX Kiaakax Daphnia magna camibl MOSBISIOTCS TPU KOHIICHTPAIHH
M® 50 HM, a npu 500 HM M® B cpene madHUM TAIOT TOIBKO MY>KCKOE TIOTOM-
ctBO [12]. [Ipu aTOM neiicTBHE TOPMOHA TIPOSIBIISIETCS B KOHIIE ITUKJIA Pa3BUTHSA
SIMYHAKA TIepe OTKIIAIKOH SIUI] B BRIBOJKOBYIO KAMEPY, UYTO XOPOIIIO COTTIACyeTCs
C JaHHBIMH IT0 BPEMEHH OIpEIeIICHs [T0JIa B IIOTOMCTBE [UISL APYTHX BETBHUCTO-
yCBIX, Harpumep Moina [17]. DHIOTeHHBIN CHHTE3 MeTmiIhapHe30aTa HE0O0X0-
UM ¥ B CITlydae CTUMYJIIIUN TMPOHU3BOACTBA CAMIIOB CPEIOBHIMH CTUMYJIAMH.
Hampumep, mons camiioB mpy KOPOTKOM CBETOBOM [HE B MOTOMCTBE CaMOK
D. pulex MOXET yMEHBIIATHCS WM YBEIMYHUBATHCS 33 CUET ITOIABICHHS FITH CTH-
MYJIAIUU CHHTE3a MeTHII(apHe30aTa COOTBETCTRYIOMIM hepMmenToMm [18].

Mertnndaprezoar, BUANMO, CBS3BIBACTCS C TPAHCKPUIIIIMOHHBIM (PaKTOPOM
[19], perynupyeT TpaHCKPHUIIIUIO psiia TEHOB, B TOM HYHCIIE B CO3PEBAIOIIEM
oonute [5]. Takum 0Opa3om, MmoJ1 TOTOMCTBA TIPEITIONIOKUATEIBHO OMPEICIIIETCS
HEHPOSHIOKPHHHBIM CHTHAJBHBIM IIyTEM, IPH KOTOPOM YyBCTBUTEIBHEIC
HEWPOHBI BOCIIPHHUMAIOT COOTBETCTBYIOIIMI CPEIOBOM CTUMYJI, TIEPEIAIOT CUT-
HaJI CEKPETOPHBIM HEHpoHaM, BBIICILIONMM HEHPOIENTHIBI, KOTOPBIE PeryIiu-
PYIOT cHHTE3 MeTI(apHe30aTa U3 GpapHe30eBOH KUCIOTH pepMeHTOM O-METHIT
TpaHcdepaszoii ¢aprezoeBorr kuciothl (FAMeT). B cBoro ouepenp, MeTHII-
(hapHe30aT, CBA3BIBASCH C TPAHCKPUTIIIMOHHBIME (pakTopamu Met u SRc, peryiu-
PYET TPaHCKPHITIINIO MHOXKECTBA TEHOB, B TOM YHCIIE ONPEACIIIONIIX MTOJ Pa3BH-
Barorieiics ocoou [20].

DaKTOPHBIN TUCTIEPCUOHHBIN aHAIIN3 TTOKa3al 3HaunMoe Biustane M® u koH-
HEHTPaluy WM Ha IUIOJOBUTOCTH M BO3PACT OTPOXKICHHS IIEPBOM KIIaIKH
(puc. 2), yIensHy0 COMAaTHYECKYIO CKOPOCTh pocTa (prc. 3) caMOK 000HX HcClie-
JOBAaHHBIX BHIIOB.
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Puc. 2. [1010BUTOCTH ¥ BO3PACT OTPOXKISHUS NepBoii kinaaku (cpenuee + S.E.) camok
Moina brachiata u Moina macrocopa B KOHTPOIIbHOI cpefie (Oerble CTONOLBI) U B Cpefie,
coneprkaiiei 400 HM merundapnesoara (depHbIE CTOIOLDI).

* — pa3HuUIla MKy KOHTPOJIBHOU cpeoii u cpenoit ¢ M® nocrosepHa mpu p < 0,0001
[Fig. 2. The fecundity and the age at the first reproduction (mean + S.E.) of females of Moina brachiata
and Moina macrocopa in the control (white bars) and 400 nM methylfarnesoate treatment (black bars).
* The difference between control and methylfarnesoate treatment is significant at p < 0,0001
(post-hoc Tukey test)]
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Puc. 3. YenbHast ckopocTs coMatuueckoro pocta (cpensee + S.E.) camok
Moina brachiata u Moina macrocopa B KOHTPOIIbHOI cpefie (Oesbie CTONOLBI) U B Cpelie,
coneprkamie 400 HM merundapnesoara (depHbIe CTONIOLBI). * — pa3HHUIA MEKILY
KOHTPOJILHOM cpenoil u cpenoii ¢ M® nocrosepna npu p < 0,0001
[Fig. 3. The specific somatic growth rate (mean = S.E.) of females of Moina brachiata
and Moina macrocopa in the control (white bars) and 400 nM methylfarnesoate treatment (black bars).
* The difference between control and methylfarnesoate treatment is significant at p < 0,0001
(post-hoc Tukey test)]
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O06a Buma B cpene ¢ M® oTpokIaid MEHBIIEC MOTOMKOB, YeM B KOHTPOJIC
(M. brachiata: F = 23,59, p <0,0001; M. macrocopa: F =10,95, p <0,001), npu
3TOM IIIOAOBUTOCTH YBEIMUMBAJIACH C POCTOM KOHIICHTPAIMK KOpPMa B cpele
(M. brachiata: ¥ = 71,31, p < 0,0001; M. macrocopa: F = 154,99, p < 0,0001)
(puc. 2).

B cpene c M® camku oTposkaany MepByIo KIaAKy IMO3KE, 4eM B KOHTPOIHHON
cpene (M. brachiata: F = 42,46, p < 0,0001; M. macrocopa: F = 111,46,
p <0,001). Bo3pacT oTpoXaACHUS TIEPBOM KIAJIKH TAKXKE YBEIHIUBAJICS C YMEHB-
IICHHEM KOHIICHTpAaIMu Kopma B cpene (M. brachiata: F = 2,88, p = 0,0385;
M. macrocopa: F =17,84, p=0,0057) (cm. puc. 2).

O06a Buma B cpene ¢ M® uMes MEHBINYIO YICIBHYI0O COMAaTHYECKYHO CKO-
pocTh pocTa, 4eM B KoHTpoute (M. brachiata: F = 8,13, p =0,007; M. macrocopa:
F =35,29, p <0,0001), mpu 3TOM JOCTOBEPHOE yBEIIMYCHUE YACITHHONH COMATH-
YEeCKOH CKOPOCTH POCTa C BO3pacTaHMEM KOHIIEHTpAIWH KOpMa B cpele 3a(uK-
CHPOBAHO JIMINb JUIT OJHOTO M3 BUIOB (M.macrocopa: F = 68,97, p < 0,0001)
(puc. 3).

Panee B ombrTax ¢ M. macrocopa B.K. UyryroB mokazan [21], 9To pu KOHIIEH-
tparmu MO B cpeae 400 HM 3amemisieTcst TMHEWHBINA MTPUPOCT CAMOK M YBEITHYH-
BAaeTCs JIOJISl CAaMIIOB B TIOTOMCTBE. B manHO# paboTe mokazaHo, 9TO CaMKH JIBYX
BUIOB MOWH, ITO/IBEPTIINECS BO3NEHCTBUIO TOPMOHA, HE TOJIHLKO MEIUICHHEE PacTyT
(cM. prc. 3), HO TaKXKe MMO3XKEe MPHUCTYIAIOT K pa3sMHOKEHHIO (cM. puc. 2). Takxke
3aperuCTPUPOBaH CHHEPTETHIECKHH A(P(HEeKT yMEHBIICHHUS KOHIIECHTPAIINH KOpMa B
cpene n 1o6aBkn M® B cpely, KOTOPBII MPOSBIISIICS B YBEIMUSCHUH BO3pacTa OT-
POKIIeHHsI TEpBOM KiTaIku. MI3BeCTHO, YTO y HACEKOMBIX TTOJT IEHCTBUEM FOBEHHITb-
HOTO TOPMOHA B IMIMHOYHBIN IEPHOJT OCIIa0eBaeT akKTHBHOCTH TOPMOHA SKAN30HA,
CTUMYJIHPYIOIIETO POCT JIMYMHKA M YCKOPSIFOIIETO ee MHBKY [22]. M® y BeTBu-
CTOYCBIX PaKOOOpa3HBIX MOKET BBHIONHSATEH T e (VYHKIMH, YTO ¥ IOBCHIIIGHBIH
TOPMOH Y HACEKOMBIX; KOT/Ia €ro KOHIICHTpPAIIXs BRICOKA, OH 3aMeJUISIeT pa3BHUTHE
KUBOTHBIX. B 3KOJIOTHH BETBHCTOYCHIX PAKOOOPa3HBIX BPEMS JTOCTIKEHHSI ITOJIO-
BOI 3PEJIOCTH SIBISIETCS OJHUM W3 KIIIOYEBBIX MTApaMETPOB JKH3HEHHOTO IHKIIA,
OKa3bIBAIOIINX CYIICCTBEHHOE BIMSHUE HA TMHAMUKY rormyJsiiun [23]. Takum 00-
pa3oM yBeIMYEHHE BO3PACTa OTPOKACHUS TIEPBOH Kia Ik 1o AckictBueM M® Oy-
IIET CITIOCOOCTBOBATE CHIKEHHUIO CKOPOCTH POCTA TOMYJISIIHH.

Xapakrep BrustHASI M® 1 KOHIIEHTpAIMH MU HA TUI0JJOBUTOCTh CAMOK JBYX
WCCJIEIOBAaHHBIX BUIOB CXOXK C BIIMSHUEM Ha IPyTHE TApaMeTphl )KU3HEHHOT'O [TUKIIA.
Kak no6aBka B cpery M®, Tak 1 yMeHBIIIEHUE KOHIICHTPAITMH TTHIIA CHIDKAITH TUTO-
JOBUTOCTb. [Tpr 7TOM MUHHMAITLHBIE TIOJIOBUTOCTH 3a(pUKCHPOBAHBI B cpenie ¢ MD
TIpY HAMEHBIIIEH W3 MMPOTECTHPOBAHHBIX KOHIIEHTpanwuii mumy. CTOUT OTMETHTB,
9TO IDIONOBHUTOCTE B cpene ¢ M®P maxe ¢ poCTOM KOHIIEHTpPAIMH MHIIN OCTAaeTCs
JoctarouHo HU3KOW. HemaBHO mccnmemoBaremm mokaszamy [§], ato M®, kak u psia
IPYTUX COSMHEHUN, OKa3bIBAIOIIMX BIFSHIC HA SHAOKPUHHYIO CHCTEMY, BIUSET Ha
HaKOIUICHHE JKUPOB, UTO CKAa3bIBACTCS Ha PEIPOAYKTUBHOM ycIexe caMok Daphnia
magna. CHIKEHUE TUIOIOBUTOCTH oA AekicTBiieM M@, kak 1 Habro1aeMble n3Me-
HEHHSI B IPYTUX OIICHUBAEMBIX B JAHHON paboTe mapaMerpax, OyIayT TakkKe MpHBO-
JTINTh K CHIKEHUIO CKOPOCTH POCTa TOMMyJisitmu [24].
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Takum 00pazom, TOKa3aHO, YTO IK30T€HHOE BO3CHCTBIE IOBCHIIIBHOTO TOP-
MOHa MeTriIapHe30aTa Ha MapaMeTPpBl POCTa U Pa3MHOKEHHUS CAMOK IBYX BHIIOB
BETBHUCTOYCHIX paKoOOpa3HbIX pojia Moina IpUBONT K KOMITJIEKCHBIM d(deKTam
(CHMKEHHE YyASIEHONH COMaTHIEeCKOH CKOPOCTH POCTa, OoJiee Mo3IHEE OTPOXKIE-
HUE TIEPBOM KIAIKH, CHIDKCHHWE IUIOZOBHTOCTH, YBEIMUEHHE IIOJHM CaMIIOB B
MTOTOMCTBE, TOSBJICHHE MOKOSIIUXCS SHI]), KOTOPHIE CYIIECTBEHHBIM 00pazoM
CKXXYTCS Ha YUCIICHHOCTH MONyJsaiud. JPPeKThl, 3aQUKCHPOBaHHBIC TIPH JI0-
0aBke 400 HM MetmidapHe3oata B cpely KyJIbTHBUPOBAHHS, CXOIHBI C TAKO-
BBIMU TIPH KOHIIEHTPALMSX ITHIIH, TUMATHPYIOIINX POCT M Pa3MHOKCHUE HCCIIe-
JOBAaHHBIX BAJIOB PAYKOB. Pe3ybTaThl HCCIIeOBaHMS TOATBEPIKIAIOT, UTO BEIIe-
CTBa, BOBJICUCHHEIE B PETYJSINIO YHIOKPHHHOW CHCTEMBI M CHTHAIBHBIN ITyTh
PEIenTOpOB IOBEHUIILHBIX TOPMOHOB, OYIyT OKA3hIBAaTh CYIIECTBEHHOE BO3IEH-
CTBHE Ha MOIMYJISIIMN BETBUCTOYCHIX PAaKOOOPa3HbIX.

BriBoabI

1. KonrneHTpanus 10BeHWIEHOTO ropMoHa MeTiihapre3oata 400 HM B cpeje
KyJIbTHBHPOBaHUS CaMOK BETBUCTOYCHIX paukoB Moina brachiata w Moina mac-
rocopa MPUBOANT K CHIDKEHHIO YACITHLHOW CKOPOCTH COMATHUYECKOTO POCTa, 3a-
JICPXKKE B OTPOXKIACHUH ITEPBOM KITAJIKH, CHUKEHHUO TUIOIOBUTOCTH, YBEITHUCHHIO
JIOJTM CaMITOB B IIOTOMCTBE, TIOSIBJICHHIO B TIEPBOM KJIaJIKE TIOKOSAIIUXCS SHII.

2. V3MeHeHUs B UCCIIEIOBAaHHBIX MapaMeTpax pocTa W Pa3MHOXKEHHUS CaMOK
Moina brachiata w Moina macrocopa ipu yMEHbBIIIEHHH KOHIICHTPAIMA MTUIIN B
cpeJie HIKE ONTHUMATIBLHON HOCAT CXOXKHIA XapaKTep, HO MEHEE BhIPasKEHBI.

3. CoBMecTHOE JieiicTBHE MeTHII(apHe30aTa U HA3KOW KOHIIEHTPAITMH TTHIIH
MIPUBOJUT K HanOOJIee CHIIbHBIM N3MEHEHHUSIM B MCCIICIOBAHHBIX MTapaMeTpax po-
cTa ¥ Pa3MHOKCHUS CaMOK HCCJIeIOBAaHHBIX BUIOB. [10100HbIC M3MEHEHHS TIPH-
BEIyT K PE3KOMY CHHIKEHHIO CKOPOCTH POCTA TIOMYJISAIMH, YTO YKa3bIBACT Ha BO3-
MOKHOCTH KOHTPOJIMPOBATH YHCICHHOCTh IPUPOIHBIX HITH JJA0OPATOPHBIX MOITY-
JISAUA PAYKOB ITyTEM BMEIIATEIBCTBA B CHTHAJILHBIN ITyTh PEIIEITOPOB FOBEHUITb-
HBIX TOPMOHOB.
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