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Abstract

A significance of different factors and mechanisms of the regulation of seasonal dynamics of bobac' reproductive
activity is discussed Analizing the biological importance of the activization of endocrine (Leydig' cells) and germinative
(convoluted seminiferous tubules) structures of testicles before hibernation, the authors consider this phenomenon is an
adaptive reaction of the organism directed for providing the reproduction behaviour. In authors' opinion the dinamics of
testicle structures reconstruction in the process of seasonal changes of the reproductive activity points to durable endogenic
circannual rhythms in the reproduction.
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Pesrome

B patome obcyscdaemcs 3uauenue paziuunblx (aKmMoOpOE U MeXAHUIMOG Pe2VASYUM Ce30HHOU OuNaMuKy
penpodykmuenol  akmugrocmy  cypkoe-baiibaxos. Ananusupys bGuonozuveckoe 3navenue henomena axmueusayuu
MOOKPUHHLIX (knemKu Sleliduza) u 2epmMunamMUGHbIY (U3EUMbIE CEMEHHbIE KAHANbYbI) CMPYKIMYP CeMERNUKOB REped HAYanom
eubephayuy, agmopsl paccCMampuealon e20 Kax OXWCuH U3 nPUMepo8 A0aNMUGHbIX PEKyull OP2aNUIMA, HARPAGREHHBIX HA
obecnevenue  penpodyxmuenon cmpamezuy. J{unamukd nepecmponku cmpykmyp CeMeHHUKo8 & npoyecce Ce3OHHbIX
UIMEHEHUT PenpodyKMUHON AaKMUGHOCMN, NO MHEHUIO (GMOPOE, YKAZLIGACM HA HAAUYUE CMOUKUX 3HOOSCHHBLY
YRPKARHYARBHOIX PUMMOE 6 DeRPOOYKYUU.
Kniouessie cnoga: cypxu _pumm PenpoOYKYUY, CEMEHHUK.

Résumé

Le rdle de différents facteurs et mécanismes de la régulation saisonniére de Vactivité reproductrice de bobac
sont discutés. L’analyse de Iimportance biologique de I'activation des structures endocrines (cellules de Leydig) et
germinatives (tubes séminiféres) testiculaires avant "hibernation a permis aux auteurs de conclure 3 une réaction
adaptative de l'organisme permettant l'expression du comportement reproducteur. La dynamique de reconstruction
des structures testiculaires au cours des saisons montrerait lexistence de rythme endogéne circannuel de
reproduction.
Mots-c/és : Marmota bobak, rythme reproductif testicules.
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The notion "seasonality of reproduction” is relatively sufficient for many species of vertebrates because
seasonal weather factors don't always retard or stimulate reproduction directly. These factors can act indirectly;
for example, via food. The possibility of hatching in cold seasons was described for some birds. In addition to
penguins, hatching in winter in negative temperature was described for pigeons (Columba livia) in Europe and
North America. The majority of rodents can breed all year in the presence of sufficient food; for example, while
inhabiting human dwellings or store houses (Starikov 1995).

Bobacs, spending a half year in hibernation, are an unique example of pronounced seasonality of
reproduction. Physiological and biochemical adaptations connected with hibernation were investigated from
CNS to cell membranes. However, neurochemical mechanisms regulating entrance into hibernation and
emergence from it were little studied (Wang 1989). Data about the morphofunctional description of
spermatogenesis and endocrine activity of the testes are lacking.

Available data about bobac hibernation under different conditions of the natural environment are mainly
fragmentary (Kalabukhov 1985, Bibikov 1989). Many aspects of hibernation phenomena are not studied in
nature at present. The possibility of hibernation, its duration, and prevelance are connected with the life cycles
of rodents and the necessity of the alternation of the energy accumulation and the energy expenditure periods.
These periods don't correspond to activity and hibernation periods.

Data about the seasonal changes in the fine structure of the interstitial endocrinocytes of bobac testes in
the process of reproductive activity are not numerous (Spivakova 1988, Hikim et al. 1991, Shevljuk 1997,
Shevljuk & Stadnikov 1997). In a number of papers the unique phenomenon of the activation of the endocrine
and germinative structures of bobac testicles before hibernation was described (Shevljuk 1997, Shevljuk et al.
1997, Rudi et al. 1997, Stadnikov et al. 1997). The activation of bobac testes reveals itself in relief because the
regressive stage in testicular development, coming after the breeding season, demonstrates the profound degree
of testicular depression comparable with the state of embryonic testicles.

Possibly, the activation of the endocrine and germinative structures of bobac and suslik testicles, revealed
by us, is the reflection of endogenous circannual rhythms in reproduction. According to data of Bibikov (1989)
and Mashkin {1996) bobac mating, pregnancy, and even the early period of lactation take place under conditions
of complete darkness inside the burrows before emerging on the surface. Consequently, the periodicity of these
processes can not be connected with the duration of photoperiod.

The phenomenon of the pronounced depression of the germinative function and the insignificant
reduction of the endocrine function of bobac and suslic gonads in the beginning of summer is very interesting.
The degree of the depression of spermatogenesis in bobac and suslic convoluted seminiferous tubules in the
beginning of summer is very high so that the structure of the convoluted seminiferous tubules of mature animals
doesn't differ from embryonic ones. It could be connected with the fact that in this period when young animals
in bobac families have grown, the care for progeny already is not significant. And the main purpose of animals
in this period is to utilise the food resources to the maximum and to increase organismal mass (by accumulating
fat) before hibernation. The provisional profound depression of the generative function of reproductive organs
could be an example of organismal adaptation.

Significance of the phenomenon of the activation of endocrine and germinative testicular functions in the
period before hibernation couldn't be explained fully by our own observations and literature data. Obviously that
the increased secretory function of endocrinocytes is one of the morphogenetical factors that activate the
spermatogenic activity of the convoluted seminiferous tubules. It is a fact that the increase of the functional
activity of Leydig cells precedes the activation of spermatogenesis.

In this connection the question arises about the causes of the activation of the morphogenetical processes
in the epithelio-spermatogenic layer of the convoluted seminiferous tubules before hibernation. We have
described first the phenomenon of the activation of the endocrine and germinative structures of the gonads for
ground-dwelling rodents (bobac, little suslik, and russet suslik).

Studying the morphofunctional description of bobac and suslik testes under conditions of natural
hibernation could shed some light on this problem. However, for us the practical solution of this problem is
connected with great insoluble difficulties at the present moment. And the possibility of establishing hibernation
under laboratory conditions is doubtful for us.

The activation of testicular endocrinocytes couldn't be connected only with testosterone production.
Available data (Tahka 1986, Sharpe & Cooper 1987, Gnessi et al. 1989, Drummond et al. 1989, Fabbri et al.
1989, Verhoeven 1991) indicate that Leydig cells produce over 20 biologically active substances; metabolic
meaningful ones for hibernation weren't studied.
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A possible meaning for the activation of testicular endocrinocytes is the preparation for hibernation.
Deltaopioids take part in the regulation of the beginning of the summer hibernation of susliks (Oeltgen et al.
1988). A number of papers (Clements et al. 1988, Fabbri et al. 1989, Verhoeven 1991) contain information
about opioid production by Leydig cells and the activation of Leydig cells could be connected with the time of
the beginning of hibernation.

Qur observed increase in argentophilia in some Leydig cells of bobacs before the beginning of
hibernation could be connected with the intensification of the production of serotonin that has hypometabolic
and hypothermic effects (Pastukhov & Afanasiev 1990).

Possibly the activation of endocrine and germinative functions of bobac and suslik testes before the
beginning of hibernation is the reflection of unknown evolutionary processes.

Analysis of the morphofunctional state of testicles of 200 squirrels caught in different years revealed an
interesting fact about functioning of the reproductive structures. The state of gonads of animals caught at the
beginning of April (animals took part in breeding in this season) was dependent on the calendar dates and was
not dependent on weather conditions in years with early and late spring. This fact confirms that these rodents
have endogenous circannual rhythms in the functioning of the endocrine and germinative structures of the testes.
It should be established that the range changeability of the morphologic parameters of testicular endocrinocytes
could differ from that of the germinative compartment. So in bobacs the greater range of the alterations had
been noted for the convoluted seminiferous tubules then for Leydig cells.
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Authors' original text in Russian
AemopcKull opuauHan Ha PYCCKOM A3bike

[Toustve '"Ce30HHOCTh pa3MHOKEHUA"IUIS MHOTMX BHWIOB IT03BOHOYHBIX SBJAETCH JIOCTaTOYHO
OTHOCHTE/IBHBIM, IOCKONBKY CE30HHBIE TOTOAHbIE (PAKTOPbI HE BCErJa caMH HENOCPEACTBEHHO TOPMO3AT Anbo
CTUMY/HPYIOT DPENpOAYKUHMIO, a AeHCTBYIOT OMOCPe/IOBAHHO, HANpUMep, uepe3 nuiuesbie Qakropel. [na
HEKOTODPBIX MTHL OTIHCAHA BO3MOXKHOCTH HACHKHBAHMA SHIl M BbIBEJCHHS 3J0POBOTO MOTOMCTBAZ B MECSLbI
(ce3oH®l) TOAa, KOria TeMIlepaTypa BO3AyXa He MoaHuManach Bbile Hyas, Jaxe eciau He GpaTh B mpumep
Pa3MHOXKAMOLUINXCA B YCNOBUAX AHTApKTH/bl MHHTBHHOB, (aKThl HACHXKMBAHWS AWl M NOABIECHMSA TOTOMCTBa
3UMOI NPH OTPHLIATEIBHBIX TEMIEpaTypax ONMUMcaHsl, HanpuMep,na cuselx ronybent Columba livia B ycrnoBusx
Esporniel # CepepHoi AMEpHKH.

BOABIIMHCTBO MBIIUCBH/IHBIX IPHI3YHOB MOXKET PA3MHOXKATLCA KPYIIIbIA MO MPH HAIMYKH JI0CTATOYHOTO
KONMYECTBA THILM B OKpYXaioliell cpene, Hanpumep, Npd oOMTaHMU B YeNOBEYECKHX JKWiauwax audo B
HHUBOTHOBOJYECKMX MOMEINEHUAX, B CKMAJax, a TaK)Ke Ha MOJNAX M Jyrax B Ciydae, €ClH TaM MO CHErom
OCTaHCh I0CTATOYHBIE 3anacel kopmoB (Ctapukos, 1995).

YHHUKaIBHBIE TPHUMEPBl SPKO BBIPAKEHHOM CE30HHOCTH B pA3MHOXKEHHH ABASIOT coboi cypkw,
MPOBOJIL LIHE HE MEHEEe MONYroaa B COCTOSHHH 3HMHEH CTIAYKH.

duzvonorvueckie U OMOXHMHYECKHE aflanTallHy, CBA3aHHbIE CO CIIMMKOM, uccnenoBanucs ot [[HC no
MeMOpaHHOTO YpOBHA KieTok. OjHaKo, HEHPOXMMHWYECKHE MEXAHH3MBI, PETryIUPYIOIIHE BXOXKAEHHE B
COCTOSIHME CIIYKH M BBIXOA W3 Hee, W3y4eHnl Mano (Wang, 1989). Uro xe kacaerca MopdodyHKIHOHAIBLHBIX
XapaKTEPUCTHK CIIEPMATOTeHe3a M SHAOKPHHHOH aKTHBHOCTH FOHaJL BO BpeMd CIIAYKH, TO [aHHBIE 10 ITOMY
BOMNPOCY NMPaKTHYECKH OTCYTCTBYIOT.

Hmerourecs cBeleHnd O CrSYKE CYPKOB B Pa3jIMUHBIX YCIOBMAX NPHPOIHOI cpedsl Bosbiueil yacTbio
¢parmenTapisl (Kanabyxos, 1985; bubukos, 1989). MHOr1He CTOPOHBI 3TOTO SBJIEHHA 0 CHX IIOP HE H3Y4eHb B
MPUPO/E, B YACTHOCTH, CPOKH M X0 COOCTBEHHO 3achiMaHus N npolyKaeHus 3BepbKOB, NEPEPHIBEI B Mpoliecce
CIAYKH, YCIIOBHA ee NMPOTEKAHUA MPH NPOMEP3aHHH TPYHTAa 3HMOBOYHOI KaMephl M BETMYHHA IHEPreTHYeCKHX
pacxoZoB. BO3MOKHOCTE CRAYKH, €€ MPOMOIIKHTENLHOCTE M TEYGHHE TecHeiimM 00pa3oM CBs3aHbl C
LMKJIHYHOCThIO JKH3HM TIPBI3YHOB, HEODOXOAMMOCTBIO YETKOrD YepenoBaHHA [EPHOJAOB JHEPreTHYecKoro
HAKOINEHUA ¥ pacxonoB. TIpHyeM, 3T NEPHOIbI He COOTBETCTBYIOT NIEPHOJAM aKTHBHOH KU3HEAEATEIBHOCTH 1
cnguKK 3BepukoB. HakonneHue HOBOTO *HMpa HAYMHAETCH BCETO 3a 2-3 MecAla N0 3alleraHus B CISYKY, a BeCHO#
- Mo KpaliHeH Mepe, B TEUEHHE 2 MeCALEB MOCJie BbIXOAA M3 CIAYKH - CYPKH ITPOIOJKAIOT PAcXON0BATH HKHP,
HakoIUTeHHsil B npeapiaymee nero (Bubukos, 1989). Taxoe npucrnocobleHHe CYPKOB K CYPOBBIM YCIOBHAM
BO3MOXKHO 6s1aroiaps BBICOKOH MUTATEIbHOCTH NOTPEOIAEMOro KopMa ¥ OYE€HL MHTEHCHBHOH, 110149aC HeB3Hpasd
Ha 110T0/Iy, KOPMEXKe 3IBEPLKOB, 00eCTICYHBAIOILMX MOBBILICHHLIH TEMIT HAKONIEHHA 3aMacoB XKHpa.

JlaHHble O TOHKOW CTPYKTYpe MHTEPCTHULMANbHBIX 3HIOKPHHOLMTOB CEMEHHHKOB CYPKOB B MpoLecce
CE30HHBIX W3MEHEHHH PEenpolyKTUBHOH AaKTUBHOCTH HEMHOIOYMCAEHHBI M BO MHOTOM JHCKYCCHOHHB!
(CnuBakosa, 1988; Hikim et al., 1991; lllesmox, 1996, 1997).

B page pabor astopos (llleBmok,1995-1997; Illesmox u ap., 1995-1997; Pyam n ap., 1993-1997;
CragHukoB W ap., 1997) onucaH yHMKanbHBIA (EHOMEH aKTMBM3AUWH 3HOOKPUHHBIX M TepMHHATHBHBIX
CTPYKTYp CEMEHHHKOB CypkoB OaiibaxoB mepel 3aeraHMeM 3THX XKHBOTHBIX B 3UMHIOIO CIIAYKY. AKTHBH3AUHA
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MPOSBIAETCA B CEMEHHHUKAX CYPKOB O4YCHbL penbedro. DTO CBA3AHO C TEM, YTO Y CYpPKOB HACTYIIAIOILAS [10CHE
Ce30Ha CIapHBaHHA PETPECCHBHAsA CTA/MA B Pa3sBUTHH TOHAJA JIGMOHCTPUPYET Ype3BLIMAiiHO [IyGOKYIO CTENEHD
YTHETCHHS CEMEHHHKOB, CPABHHMYEO C COCTOAHHEM CEMEHHHKOB Y SMOPHOHOB.

MOXHO NpeNoAOXKHTE, YTO OOHApYKEHHas HAaMM aKTHBM3alMA SHAOKPMHHBIX H TepPMMHATHBHBIX
CTPYKTYP CEMEHHHMKOB CYPKOB M CYC/IHMKOB ABJIAETCH OTPaKEHHEM JHIOTEHHBIX WHMPKAHHYANLHBIX PUTMOB B
penpoaykuuu, EciH TMO3BOHOYHBIE MENATCA Ha 'MpousBoauTesiel MIMHHOrO AHA" W "NpOM3BOAMTENEH
KOpOTKOro HHA", TO Cypkd BoOGiue HE YKJIaABIBAIOTCA B 3TY KnaccH(pukaumo. DTO CBS3aHO C TeM, YTO MO
nanueim JI.A. Bubukosa. (1989) m B.M. Mawxkuna (1996) cnapusanvie, GepeMEHHOCTh CaMOK M Jaxe YacThb
JIaKTAIMM TPOXOIMT B HOpPAax, euie A0 BbIXOJa Ha IOBEPXHOCTb, TO €CTh, B YCJIOBMAX MONHONW TeMHOTH. M
CNEeIOBATENBHO, NEPHOAMYHOCTE 3ITHX MPOHECCOB HHKAK HE MOMET ObiTh CBA3aHA C [UIHTENBHOCTBIO
(hoTonepHoaa.

UpesBbIyaiiHo HHTEpeceH H (heHOMeH rIy0OoKOro yrHETEHHS FepMHHATHBHON (yYHKIWMH FOHAI CYpKOB H
CYCIIMKOB B Hauajle Jieta, MpOoABNAKOMMACA Ha QOHE HEe CTOJb BBICOKOTO CHIMNEHHMA SHAOKPHHHON QYHKLMH.
[lpudem cTeneHb YrHETEHHA CMEPMATOreHe3a B M3BHTHIX CEMEHHBIX KaHaNbLaX CYpKOB H CYCJIMKOB B Hadase
AeTa CTONb BbICOKAs, YTO [0 CTPOCHMIO U3BHTHIE KaHAIbl(bl CEMEHHHKOB ITOJIOBO3DPENBIX JKHBOTHBIX HHMYEM
MPaKTHYECKH He OTIMYAIOTCS OT SMOPHOHANBHLIX. ITO MOXeT ObITh CBA3aHO C TEM, YTO B HTOT NEPHOJ, KOTAA B
CeMBAX CYPKOB MOAPOC MOJIOAHAK, 3a00Ta O NOTOMCTBE Y)KE He CTOJIb 3HauuTeNnbHa. M ocHOBHas uens
KHBOTHBIX B 3TOT MEPHON - 3TO MAKCHMANbHO TONHO MCIIONB30BAaTh KOPMOBBIE DPECYpPCHI, CYILECTBEHHO
YBENMYUTE Maccy OpraHu3Ma (3a CHET HAKOTUIeHHMA JKWpa) mepel 3uMHell crstakol. [IpumepoM omHoH u3
ajlanTHBHBIX peakiuil opraHu3Ma, HanpasleHHOH Ha 6osee IOJHYIO peaM3aluuio NepBOOYEPENHbIX 3ahady M
MOXET SABJIATLCA BpEMEHHOE NiyfoKoe YrHeTeHHE reHepaTHBHOH GYHKIMK peNpOYKTUBHEIX OPraHoB.

3HagenHe (heHOMEHA aKTUBM3ALMH JHIOKPHHHON M IepMHHATHBHOH (YHKLHI CEMEHHHKOB B TIEPHO,
[IPEALIECTBYIOIINIE 3AIETAHHI0 KHBOTHBIX B 3HMHIOW CISYKY, HE MOXKET OBITh MOJNHOCTHIO OOBACHEHO
HUMEIOTHMHCA COOCTBEHHBIMM HabNIOJCHWAMH M JAHHBLIMH JiuTeparypbl. OUEBHIHO, YTO MOBbiEHHAA
CeKpeTOpHas (YHKIMA IHAOKPHHOLMTOB ABJIACTCA OAHHM M3 MOP(OreHeTHIECKHX (PaKTOPOB, aKTUBU3MPYIOLLIMX
CMEPMATOTEHHYIO AKTUBHOCTb M3BHTBIX CCMEHHBIX KaHanbieB. Ha 3Ty 3aBHCcHMOCTE ykasbiBaeT TOT (haxT, 4To
aKTHBH3ALMU CMIEPMaTOreHe3a Ipe/illecTBYET NOBbILIeHHE (DY HKIHOHATBHOM akTHBHOCTH KieTok JleHura.

B aT0#t cBA3M cpa3y BCTaeT M BOMPOC O NPUYHHAX aKTHBM3aLMKM MOPHOreHETUYECKUX TNPOLECCOB B
3TUTENHOCTIEPMATOTEHHOM TUIACTE M3BUTHIX KaHA/bLEB Mepesl HauyauoM rubepHauuy. /il Ha3eMHBIX IPbI3YHOB
n3 cemelictBa Oenuubmx (CYypOK, Mablif M pbDKEBATHIH CyCNHKH) (peHOMEH AKTMBM3ALMH 3HAOKPHHHON M
repMHHATHBHON (QYHKUWI TOHajg HaMH OMHCaH BNepBbie. B nMTepaType NHUIE HMMEIOTCH CBEAEHHA IO
HEKOTOpbIM APYTHM XXHBOTHBIM,

Hexoropelft cBeT ©Ha 3Ty npobiaemy Morio Okl NpoauTh ulydeHue MophodyHKIMOHATEHEIX
XapaKTePUCTHK CEMEHHHMKOB CYPKOB M CYCIMKOB B YCHOBHMAX I'MOEpHALMH HX B ECTECTBEHHBIX YCIOBHAX.
OnHako, npakTH4eckoe pelieHye 3710 mpodnembl OKa3aloch CBA3AHHBIM ANS Hac ¢ GONBIIMMH, HA JTAHHBIA
MOMEHT HEpa3pellMMBIMH TPYAHOCTAMH. A BO3MOXHOCTb MOJIENIMPOBAHUA YCJAOBMIl ruOEpHALMH B
nabopaTOPHBIX YCIOBHAX BHI3BIBAET Y Hac Gonblune coMHenuA. [Ipexk e BCEro BCTAHET BONPOC 0 KOPPEKTHOCTH
CPaBHEHHA ECTECTBEHHBIX M JIaOOPAaTOPHBIX YCJOBWH 3uMHel crisidkd. M3 nureparypel ussecTHo,uto moGoe
M3MEHEHHE YCIOBMH Cpeilbl 0DUTaHHs XHBOTHOTO PAa3sBMBACT B €r0 OPraHM3Me CTPECCOPHYIO PeaKiio, NpH
KOTOpOH, COrNacHO HaHHBLIM JIUTEPATYPhl, @ TAKKE HAWUM COGCTBEHHLIM, CYILECTBEHHO MEHACTCH
rUCTO(U3NONOTNA 3HIOKPHHHBIX CTPYKTYp, IpEke BCEro, THIIOTANIAMO-THIO(H3APHO-HAANOYEY HHKOBOMH
CHCTEMBI, aKTHBH3ALIMA KOTOPOH HEMHHYEMO BiieYeT 3a COO0H TOPMOKCHHE ePMHHATHUBHOM M IHIOKPUHHOM
dyHKUMi roHa.

Heb3a Takke HTHOPHPOBATE M TOT (JAKT,4TO AaKTHBHM3ALMA SHIOKPHHOLMTOB CEMEHHHKOR MOXET OBITh
CBA3aHA HE TOJILKO ¢ mpoaykuued Tecrocrepona. Umerommecs nanneie (Tahka, 1986; Sharpe, Cooper, 1987;
Gnessi et al., 1989; Drummond et al., 1989; Fabbri et al., 1989; Verhoeven, 1991 u ap.) yka3sbiBaioT Ha TO, 4TO
kiaeTku Jledaura sripabateiBaloT Gonee ABYX JEeCATKOB OMONOTMYECKH AaKTHMBHBIX BEILECTB, Merabomuueckoe
3HAYSHUE KOTOPBIX /1A COCTOAHNA rufepHaluH He U3YUYEHO.

Crnepyer Takke paccMOTpeTh M TaKO€ BO3MOKHOE 3HaY€HNe AaKTHBH3ALUMH 3HIOKPUHOLMTOB
CEMEHHHKOB,KaK MX BO3MOXHas pojib B moarotoBke k rubepHaumu. Ilo mammeiM Oeltgen et al. (1988),
AENbTAONHUOHIB] NPHUHUMAIOT YYacTHE B PErylANMM HACTYIUIEHHA JeTHel ruGepHauMu y cyciamkos. Ecau
Y"ecTb, 4TO B psAjie paboT ecTh YKazaHUA Ha BbIpaboTKy omuouaoB B kinetkax Jleitnura (Clements, 1988; Fabbri
et al,, 1989; Verhoeven, 1991), To MoxHO HanpaAMYyio CBA3aTh aKTHBM3aLMio kaetok Jlelaura co BpemeHem
HacTynieHHs rubepHaLuH.
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OtmedeHHOe HaMM FOBBIIEHME ApreHTOQUNHM B 4acTH knetok Jleauwra CypKOB mepell Hauaniom
rubepHaui MOXeET ObITh CBA3AHO € TEM, YTO JAHHBIE KJIETKH YCHJIMBAIOT BoIpabOTKY CEPOTOHHHA, KOTOpKIi
obnanaer runomerabonuyeckum U rurnotepmuteckum aeiictsuem (Tlactyxos, Adanacses, 1990).

B0O3MOXHO, YTO aKTHBH3allWd 3JHIOKPHHHOH W TepMHMHATHBHOHW OYHKUMH CEMEHHHKOB CYPKOB H
CYCIHKOB [iepejl HayajgoM rubepHalMH ABJISETCH OTPAXKEHHEM KAKHX-TO HEM3BECTHBIX TMPOLECCOB,
MIPOHCUIEAIIKX B IBOMOUMHH BHAOB, KaK HanmpuMmep, HalIMuue IMOPHOHANILHOM AHAIAY3bl Y KOCYIbL OTPaXacT
(akT CiapuBaHuA OCEHBIO Y HEMOCPENCTBEHHBIX IPEAKOB KOCY/b. XOTA Y HbIHE XHBYLINX KOCYJIb ClIapUBaHUE
CIABMHYTO Ha Oonee paHHWe CpokH, 3MOpHOHANBHOE pa3BHUTHE, BHAWMO, OKAa3aloCk BO3MOXHBEIM TONBLKO B Te
CPOKH, 4TO M Y IIPEAKOB, YTO ¥ 00YCIIOBHIIO BO3HUKHOBEHHE IMOPHOHANBLHON AUanay3bl.

[lpoBenennbiit HaMu Ha OONBINOM CpaBHUTENHHOM Martepuane (cBbitle 200 rphLI3YHOB M3 cemelicTBa
bemmbux) anaind Mop(OPYHKIHOHAILHOIO COCTOSHUA CCMEHHHKOB JTHX TPBI3YHOB, OTJIOBJIEHHLIX B
pasNHYHbIE TOMIBI, BBIABMI HHTCPECHBIW (akT, KacaloIMUics BpPEeMEHHOH opraHusauMi (yHKIHMOHHPOBAHMS
penpoAYKTHBHBIX CTPYKTYp. Y KHMBOTHbLIX, OTNOBJICHHAIX B Hayase ampess (M3 Tex, 4TO YYACTBOBANM B 3TOM
CE30HE B Pa3MHOXEHMH), B Tofbl Kak C IO3jHeld, Tak W C paHHell BecHOl, COCTOAHME TrOHAal 3aBHCEN0 B
OCHOBHOM OT KaJEHJapHbIX CpPOKOB, @ HE OT MOTOAHBIX YCHOBHH. DTO MOXKET CHYXKWTh €lie OJHHM
MOJTBEPKACHNUEM HATMYHA Y 3THX TPbI3YHOB JHJOTEHHOTO IMPKAaHHYalIbHOrO0 puTMa B (PYHKUMOHHpPOBAHMU
IHIOKPUHHBIX ¥ FepPMHHATHBHBIX CTPYKTY]P CEMEHHMKOB.,

CrnenyeT  KOHCTaTUpOBATb, YTO  [AMana3oH  M3MEHYHBOCTH  MOpQONOTHYECKMX  [1apaMeTpoB
3HAOKPHHOLMTOB CEMEHHWKOB MOXET OTJMYaTbCd OT [ManasoHa M3MEHYMBOCTH TEePMHHATHBHOTO
KOMMapTMeHTa opraHa. Tak, y cypkop OOAbUIMA [OMAna3OH M3MEHEHHI OTMEYeH JUIA M3BHTHIX CEMEHHBIX
KaHanblleB, YeM Juid kinetok Jleitaura.
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