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Abstract. Recently, the number of published works devoted to the processes of
synanthropization of fauna, is growing like an avalanche, which indicates the extreme urgency of this
theme. In our view, the process of forming devices to coexist with human and the results of his life
reflects the general tandency of the modern nature evolution.

Urbanization is characteristic for such a specific group of animals like amphibians, the evidence of
which are numerous literature data. Many researchers use this group to assess the bioindicative quality of the
environment. For this aim a variety of indicators are used: from the cellular level of life of organization up to
the species composition of the group in different territories. At the same time, the interpretation of the results is
not always comparable for different areas and often have significantly different interpretations by experts.

Urban environment, primarily due to the contamination is extremely aggressive to amphibians.
As a consequence, the urban populations of amphibians may be a change in the demographic
structure, affecting the reproductive ability of the population, the disappearance of the most sensitive
species or individuals, resizing animals, the appearance of abnormalities in the development, etc. At
the same time play an important amphibians in the ecosystems of cities, and some species in these
conditions even feel relatively comfortable. Therefore, it is interesting to understand the mechanisms
of self-sustaining populations of amphibians in urban environments.

To assess the impact of natural and anthropogenic factors on the development of amphibian
populations were used cognitive modeling using the program Vensim PLE. Cognitive map of the
model for urban and suburban habitat conditions were the same. The differences concerned the
strength of connections between individual factors (migration, fertility, pollution) and their
orientation. In general, factors like pollution, parasites, predators had negative impact on the
population, reducing its number. The birth rate, food and migration contributed to raising number of
individuals. Some of the factors affected on the strength to of each other as well: the majority of the
factors affected the structure of the population, had an influence on the fertility. Thanks to it the
model reflects the additive effect of complex of factors on the subsequent status of the population.

Proposed and analyzed four scenarios differing strength and duration of exposure. In the first
scenario, a one-time contamination occurs and not subsequently repeated. The second and third
scenario assumes half board contamination, 1 year (2 scenario) and two years (scenario 3). In the
fourth scenario, the pollution affected the population of amphibians constantly.

In accordance with the results of simulation, much weaker than the natural populations respond
to pollution — have them as an intensive population growth and its disappearance at constant pollution
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is slow. Changes to other parameters of the model showed that this pollution is the decisive factor —
only the constant action leads to a lethal outcome for the populations. All other components of the
model have a corrective effect on the population dynamics, without changing its underlying trand.

In urban areas due to the heavy impact of pollution maintaining the population is only possible
thanks to the migration process — the constant replenishment of diminishing micropopulations of
natural reserves. This confirms the assumption that the form of existence metapopulations lake frog in
the city. In order to maintain the number of amphibians in urban areas at a high level it is necessary to
maintain existing migration routes and the creation of new ones.

Insular nature of the placement of suitable habitats in urban areas causes the metapopulation
structure of the types of urbanists. Therefore, the process of urbanization is much easier for those
species whicht are capable of migration in conditions of city.

In the initial stages of settling the city micropopulationis formed by selective mortality of the
most susceptible individuals to adverse effects. In future, maintaining the categories of individuals is
provided mainly due to migration processes metapopulisation form of the species of existence is
supported). It should be noted that the changes in the previous levels are always saved in future. In the
case of reorganizations of individuals we of morphology can assume the existence of extremely
adverse environmental conditions that threaten the extinction of the micropopulations.

Key words: marsh frog, urbanization of fauna, metapopulation, cognitive modeling, pollution.
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YPBAHI3ALISI ®AYHU HA MPUKIALI O3EPHOI XXABU
(PELOPHYLAX RIDIBUNDUS)

AHoranig. OTprMaHi HaMH PE3yNIbTaTH UL 3alOpi3bKOr0 PErioHy CBiT4aTh MPO HAsSBHICTH
CYTTEBUX BIIMIHHOCTEH SIK Y CTAaT€BOMY CHIBBiIHOIICHHI, TaK i B MOp(}0]i3i0I0rivHuX MOKa3HUKAX
03epHOi >kabM 3 TEpUTOpii, IO 3a3HaIM aHTPONOTEHHOi TpaHchopMmalii pi3HOTO CTymeHsd. Aue,
HE3BAXAKYM HA IIe, BCI JOCHIKCHI OCOOMHH TO CYTi MPEACTABISIOTH €IWHY TMOMYJIAIIO:
BCTAQHOBIICHI HaMH TIeBHI BIAMIHHOCTI B po3Mmipax Ta iHAEKCax OpraHiB jxab € IOKa3HUKOM
KOMIIEHCATOPHOI peaKiii OKpeMOro opraHi3My, a He CBITYEHHSAM MIXKITOMYJISAIHAX BiAMiHHOCTEH.

BinnoBigHO X0 KOTHITHBHOI MOJENi BIUIMBY €KOJOTIYHUX (aTKopiB Ha am}ibiid, y MICBKHX
yMOBax 4epe3 OibLI IHTEHCHBHHMI BIUIMB 3a0pyJHEHHs 30€pekeHHs IOIyJIsnii 03epHOI xadu crae
MOXJIMBUM JIMIIE 3aBASKM MirpamiinuM mnpomecaM. Lle minTBepakye mnepenOadeHHs Mpo
METaromyJIsiifHy GopMy iCHyBaHHS 03epHOI Ka0u B yMOBax MicTa. [ 3a0e3rmeveHHs MiATpUMaHHS
YHCEIBHOCTI 3¢MHOBOJHUX y MICBKHX YMOBaX Ha BHCOKOMY piBHI BHHHUKAae MOTpeda 30eperkeHHS
ICHYIOUHX MirpanifHuX IUISXiB Ta CTBOPEHHS HOBUX.

Knwuoei cnosa: o3zepna oicaba, ypboauizayis  @paynu, Memanonyisayis, KOSHIMUHe
MoO0ent08ants, 3a0pyOHeHHs.
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YPBAHU3ALIUA ®AYHbI HA MPUMEPE O3EPHOW NAMYLLKA
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AnHoTanus. [TosyuyeHHble HAMH Pe3yJIbTaThl U1 3al0POXXCKOTO PErHOHa CBUJIETEIBCTBYIOT O
HAJINYUU CYIIECTBEHHBIX OTJIMYMI KaK B ITOJIOBOM COOTHOIICHHH, TaK U B MOP(HOQU3HOIOrHIecKux
MOKa3aTeNsX 03CPHOM JITYIIKH C TEPPUTOPHUH, MOJIBEPrarOIlUXCs PAa3HON CTENEHH aHTPOIOTeHHON
TpaHchopmarmy. OfHAKO, HECMOTPsI Ha 3TO, BCE HCCIEAOBAHHBIE OCOOU IO CYTH MPEACTABISIOT
eIIMHYIO MOMYJISILHIO: YCTAHOBJICHHbIE HAMU HEKOTOpbIE OTIMYHUS B pa3Mepax W MHJIEKCax OpraHoB
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JSTYIIEK SIBIISIOTCS TOKa3aTelIeM KOMIEHCATOPHON peaKkmuy OTAEeIbHOTO OpraHu3Ma Ha HMEIoIuecs
HETaTHBHBIC BO3IEHCTBHUS, @ HE CBHAECTEIBCTBOM MEXKITOITYIAIMOHHBIX OTIHIHNA.

B cooTBeTCTBHM ¢ KOTHUTUBHOW MOJETBIO BIMSHUS SKOJOTHUECKHX (aKTOPOB Ha aM(pHOHU B
TOPOJICKUX YCIOBHSX M3-3a 0OoJiee HMHTEHCHBHOTO BO3ACHCTBHS 3arpsi3HEHHs IOJJICpIKaHUE
TOMyJISAIMH  O3€PHOM JIATYHIKM CTAHOBHUTCS BO3MOXKHBIM JIMIIb  ONAarofaps MHIPALHOHHBIM
mporeccaM. OTO MOATBEPXKAAST MHPEANOI0KEHHE O METANOMyISIIHOHHOH (opMe CyIIecTBOBaHUS
JTAHHOTO BH/A B YCJIOBMSX Topona. st obecriedeHus Moiep>kaHnsl YUCICHHOCTH 3eMHOBOIHEBIX B
TOPOJICKUX YCJIOBUSIX Ha BBICOKOM YPOBHE BO3HHKAET HEOOXOIMUMOCTh COXPAaHEHHS CYILIECTBYIOLIMX
MHTPALMOHHBIX MyTeH U CO3/IaHUsI HOBBIX.

Knroueevie cnoea: osepnas nazywka, ypoanuzayus ayHvl, Memanonyasyus, KOZHUMUSHOE
Mooenuposanue, 3azpasHeHue.

BBEAEHUE

B nocniennee BpeMst KOMM4ecTBO padoT, MOCBAIIEHHBIX MPOLEccaM CHHAHTPOIH3AINN
(ayHsbl, pacTeT JaBUHOOOPa3HO, YTO CBHJETEJILCTBYET O KpaiHEeH aKkTyanbHOCTH MOJOOHON
Tematuky. Ha Ham  B3mIAg, npouece (OPMHpPOBAaHMS — IPUCIIOCOOJICHMH K
COCYIIECTBOBAaHUIO C YEIOBEKOM M PE3yJbTaTaMH €ro JKU3HEEATENFHOCTH OTpPakaeT
00IIIyT0 TEHACHIMIO COBPEMEHHOTO 3BOJIIOIIMOHUPOBAHUS IPUPOIBI.

VYpOaHm3anuss CBOHCTBEHHA M TaKOH CIENU(QHUUECKONW TpyNIe >KABOTHBIX Kak
amdubuu, 0 4eM CBHETENLCTBYIOT MHOTOUYHCIICHHbIE JuTepaTypHble aaHubie (Akulenko,
2009; Nekrasova, 2002; Fayzulin, 2012; Fayzulin and Zaripova, 2013; Fayzulin, Zaripova
and Khusainova, 2013; Fayzulin, Chihlyaev and Kuzovenko, 2013 u ap.).

MHorue uccieoBaTeNny HUCIOJIb3YIOT 3Ty IPyIy Juisi OHOMHIMKALMOHHOW OLEHKU
KavyecTBa cpeibl. J[ist 3Toro npruMeHsieTcst OlieHKa Pa3IMYHbIX IT0Ka3aTelleii: 0T KIETOYHOTO
YPOBHSI OpraHW3allly XXU3HU U J0 BHIOBOTO COCTaBa IPYHIBI Ha Pa3HBIX TeppuTopusx. B
TO K€ BpEMs, WHTEPIIPETallMi II0Jy4aeMbIX pe3yJNbTaToB HE BCEraa SBISIOTCS
COIOCTaBUMBIMH JUISl Pa3HBIX TEPPUTOPUI M 3a4acTyI0 MMEIOT CYIIECTBEHHO OTIMYHBIC
tonkoBaHus cnenuanuctamu (Korzh, Zadorozhnyaya and Mosyeyko, 2012).

T'oponckas cpena, B EpBYIO OUepeb U3-3a 3arPA3HEHMI, OKa3bIBAETCS YPE3BbIUANHO
arpecCHBHON 110 OTHOLICHHUIO K aM(uOusM. B yacTHOCTH, ypOBEHb COAEPIKaHMS TKEIBIX
METAIJIOB B WJIOBBIX OTJIOKECHUSIX MalbIX PEK, MPOTEKAOIIUX Ha TEPPUTOPUH TOpoAa
3anopoxbe, 3HAUUTENBHO MPEBBIIIACT CeIbCKYI0 MecTHOCTD (Savchenko and Korzh, 2011).

Kak ciencreue, y ropoJCKUX HOMYJSIUKA aMpUOHiA MOKET HaOIIOAThCsl N3MEHEHHE
MOJIOBO3PACTHON CTPYKTYPHI, BIMSIONICE HA PEHPOMYKTHBHBIC CIIOCOOHOCTH MOIYJISIIUH,
HCYC3HOBCHHE HAMOOJIee UYyBCTBHUTCIBHBIX BHJOB WM OCOOCH, HM3MEHEHHE pa3MEpOB
JKUBOTHBIX, TOSIBICHHE OTKIOHEHWH B pa3BuTHu M T.A. (Zamaletdinov, Bielawski and
Mikhailova, 2005; Zaripova, 2012; Nekrasova, 2002, 2008 u ap.). K stromy mnobaBnsercs
OCTPOBHOM XapakTep pa3MelIeHUs] OMOTOIOB OOMTAHMS, YTO MOXKET YCIIOKHATh MUTPALIN
MEXIy OTAEIBHBIMH CyOIOmy siuusiMH. B To ke BpeMsi aM(puONK UrparoT BaXXHYIO POJIb B
9KOCHCTEMax TOpOJOB, @ HEKOTOpHIE BHUIBI B ATHUX YCIOBHAX JaK€ UyBCTBYIOT ceOS
OTHOCHTENBEHO KoM(popTHO. OHAKO 3TO HE MEHSeT TOro (akra, YTO HKOIOTHUECKHH
KpHU3UC BIHUsEeT Ha (ayHy B ropojgax Tak ke, KaKk B KUBOTHOM wmmupe B menoMm (Luniak,
2004). ITosToMy TIpeacTaBiseTCss MHTEPECHBIM BRIICHEHHE MEXaHU3MOB CaMOIIO AP KaHMS
OIS aM(UONI B TOPOJICKUX yCIIOBHSX.

Lenbto paboTel ObUT aHATH3 MEXaHU3MOB OOECIIEUEHHsI CYIIECTBOBAHUS TOMYJISLUNA
Pelophylax ridibundus B TOPOACKUX YCIIOBHSIX.

MATEPWAIbI U METOObI

boumn obcnenoBanbl Manble pekd pycia JlHenmpa U 3eneHas 30Ha I. 3allOpOXKbe,
o. Xopruiga, npuroponHas 3oHa (c. ManoekarepunoBka, [Ipumopckoe, benenskoe, Manoza-
XapbUHO M JIp.). AHATIM3UPOBAIMCH MopdodH3HoIorniecKre (Macca 1 JUTHA Tejla, aCHMMETPHY-
HOCTb MOP(OMETPHYECKHX CTPYKTYP, WHJAEKCHI BHYTPEHHHMX OPraHOB), M IeMaTOJOIMYEeCKUe
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TOKa3aTeNn (CoAep)kaHue JICHKOIUTOB, SPUTPOLTOB, T€MOIVIOOMHA; YUWTHIBAIM HAIMIHC
remamnapasuToB), y 6omee 150 ocobeit ozeproit ssrytku (Pelophylax ridibundus).

JUIi OIEHKHM BIUSHUS TPHUPOAHBIX U AHTPOIOTEHHBIX (DAKTOPOB HAa pPa3BHUTHE
nomyJisiiuy aMm(puowii OBIJIO UCIIOIB30BAHO KOTHUTUBHOE MoenupoBanue (Axelrod, 1976),
IpU KOTOPOM CIIOXHEHIIINe Po0JieMbl U TEHICHIIMH Pa3BUTHSI CUCTEMbI OTOOPaXKatoTcs B
YOPOUICHHOM BHJAC B MOJCIHU, 4YTO IIO3BOJIACT HCCICAOBATH BO3MOKHBIC CICHApHUU
BO3HHMKHOBEHHS KPH3HMCHBIX CHTYallMid, HAWTH IMyTH M ycioBus ux peuienust (Gorelova,
Zakharova and Ginis, 2005; Zabolotski, Polyakova and Tikhonin, 2005).

Jlnst mpoBeseHMsT pacueToB B KOTHUTHBHOM MOJICIHMPOBAaHMM ObUIa HCIOJb30BaHA
nporpamMma Vensim PLE. Beima mpoBeneHa ceprisi HMITYIbCHBIX KCIEPUMEHTOB, TIPH KOTOPOH
TIO/IaBATICh BO3JCHCTBHS HA HEKOTOPBIE BEPIINHBI (3arpsi3HEHNE, MUTPALIH, XUIITHUKA H T.1.)
Y OTCIISKHBAJIOCH COCTOSTHUE PE3YIbTHPYIOIIEH BEPIINHBI — COCTOSTHHE TOITY AL,

IIpennoxkeHo ¥ MpoaHANM3UPOBaHO 4 CHEHApHsd, OTIMYABIIHECS CHIOH U
JUIMTENBHOCTBIO BO3/eiicTBUs. B mepBoM clieHapuu 3arps3HeHHe ObIIIO OZHOPA30BBIM H B
MOCJIEAYIOIIEM HE MOBTOPAIOCh. BTOpOil U TpeTuii cueHapuu Npearosaraii IByXpa3oBoe
3arps3HeHue, aeictByromee 1 roxa (2 cuenapuii) u no asa roaa (3 cuenapuit). B uetsepTom
CIIEHapUH 3arpsi3HEHHE BO3JICHCTBOBAIO HA MOMYJISIIUI0 aM(pHOHii TOCTOSIHHO.

PE3YINbTATbI U OBCYXXAEHUE

B cootBercTBuM ¢ panee nosyyeHHbIME pe3ynbratamu (Korzh, Zadorozhnyaya and
Mosyeyko, 2012a; Korzh and Zadorozhnyaya, 2013), o3epHble JIATYIIKH T. 3alI0POXKbE U
MIpUJIeXKAIIEH CeIbCKOM MECTHOCTH HMEIOT CYIIECTBEHHBIC OTIMYHMS KaK B II0JIOBOM
COOTHONICHHH, TaK U B MOP(HO(U3NOIOTHUECKUX TOKA3aTENAX, B 3aBUCUMOCTH OT CTEIICHU
AHTPOTIOTEHHOW TpaHC(OpMAaMK COOTBETCTBYIOIIMX TeppuTopuii. HabmomatoTes Taxke
OTNIMYMS B TEMATOJOTHYECKMX TIOKa3aTelsiXx M JaXe B  PacHpOCTPAaHEHHOCTH
TeMOMNapa3uToOB JIATYIIKH Ha pa3Hbix Tepputopwsix (Korzh and Zadorozhnyaya, 2012;
2013a). OmHako, HECMOTpPA Ha 3TO, BCE HCCIEAOBaHHBIE 0COOM Kak Ha TEPPUTOPUH T.
3anopokpe, Tak M 3a €ro MpelellaMH JI0 HECKOJIBKHX AECSTKOB KHIOMETPOB, MOTYT
paccMaTpuBaThCs Kak €JUHas MOIyJIsus. B yacTHOCTH, 0gHO(AKTOPHBIN ANCTIEPCHOHHBIA
aHanu3 nonuMmop¢u3Ma JISryniek, npoBeaeHHbI 1o ganHeiM B. 0. 3anopoxneii (2013),
MOKa3al, 4TO M3y4YeHHbIE €0 BBIOOPKM OTHOCSTCS K OJIHOHM momyisiiuu. boiee Toro,
BHYTPUTPYIIIOBasi U3MEHYMBOCTh MOpd cocTtaBuna 99,7 %.

ITo Bceil BHOMMOCTH, yCTaHOBJICHHBIE HaMM HEKOTOpPBIE OTJIMYMS B pa3Mepax M
MHJIEKCAaX OpPraHOB JIATyIIeK (Kak M HaOJlloJaeMble APYrue OTIMYMs) Ha TEPPUTOPHIX C
pasHOil  CTENeHbIO  AHTPONOTEHHOTO  NpPeoOpa3oBaHMsl  SIBISIIOTCS  IIOKa3areseM
KOMIICHCAaTOPHOW pEaKIMM OTACIBHOTO OpraHu3Ma Ha WMCIOIIMECs HETaTUBHBIC
BO3/ICHCTBUS, @ HE CBUICTEIHCTBOM MEXKITOTYJISIIMOHHBIX OTJIMYHH.

Crenenp ypOaHM3alMM TEX WM WHBIX MHUKPOIMOIYJISIIMA O3E€PHON JIATYIIKH MOXET
HPOCIIKUBATECS B €€ OTACIBHBIX MOy IIIUOHHO-3KOIOTHYECKHX B MOP(PODH3HOIOTHISCKHUX
XapakTepucTikax. Ha oCHOBaHMM HaIMX M JIMTEPATypHBIX JaHHBIX MOJKHO IOCTPOUTDH CXEMY,
OTPAKAOIITYIO MPOLIECCH ypOaHW3aIMy y JaHHOTO BHUza (puc. 1).

Ha nepBbIX ABYX CTYNEHSX MHUKPOIOIYJISIIUS GOpMHUPYETCs 3a cueT u30upaTeabHON
CMEpPTHOCTH HanOOJee BOCHPUHUMYHUBBIX 0COOCH K HEOJIArONPHUATHBIM BO3ACHCTBHSIM. B
JlaNbHEHIIEM T0JIepXKaHue TPYIITUPOBKH 0co0eil obecreunBaeTcsi NPEMMYIIECTBEHHO 32
CUET MWIPAIMOHHBIX IPOIECCOB  (MOAJECP)KUBACTCS  METAlONyJISIMOHHAs  (dopMa
cymecTBoBaHus Buaa). Cieayer ydecTb, YTO W3MEHEHMs NPENBIAYIINX YpOBHEH
00s13aTeIbHO COXPAHAIOTCS M B JanbHeWmeMmM. B ciygae mnepectpoex Mopdomorun
OTAEIBHBIX 0COOEH MOXKHO IpeAroJiaraTb HaJM4YUe KpaiHe HeOJIaroNnpHsATHBIX YCIOBHH
OOHMTaHMS, TPO3SIIINX BEIMUPAHHEM JTaHHOW MUKPOIOMYJISIINH.

OcCTpoBHOI ~ XapakTep pa3MEIIEHHs IOAXO[IIUX OWOTONOB B  ropojax
00yclIaBIMBaeT METAINOIYJISIMOHHYI0 CTPYKTYpY BHIOB ypOaHucTOB. [loaTomy mpomecc
yOpaHH3aLuK TPOUCXOAWT 3HAYUTENBHO JErde Yy TEX BHUJOB, KOTOpPBIE CIIOCOOHBI K
MHTPAIMOHHBIM MIPOIIECCaM B YCIOBHUIX TOPOAA.

ISSN 1726-1112. Ecology and noospherology. 2015. Vol. 26, no. 3—4 119



s

e IMEHEH}
o Hamenenns

“’r)\\',/ sopihonoriu
s
oz
3 \}Q~ Hamenenne
‘\c\”\,/' mopodmznonoru-
% e HECKHX HHICKCOB &
) | L
S IR ‘_‘\v“
Cg‘b"/ Hamenenne & o
'XQ%"'/ FeMATONOTHYECKHX ¥ Q\\\\"
N " R
oY nokazarenei
| Tpeotnananne N ¥
~ oM ¥
e OnpeneneHHbIX DO
- Mopd o
T
IMCHCHHE e ) .
NONC-BO3PATCHOT o Jlokanuter Ha rpann
CTPYKTYpPEL | s““.‘\v BLIMHPAHHA

\*‘6\\

Puc. 1. U3MeHeHNs 0TAEIbHBIX XaPAKTEPUCTHK 03€PHOI JIATYNIKH B COOTBETCTBHH
¢ BO3PACTAHHEM CTeIeHH YPOAHU3AIUHU ee MUKPONOMYJIS LU

KorunutusHas kapTra MOJenH Ui TOPOACKUX U 3aTOPOJHBIX yCIOBHH 0OMTaHMS Oblia
onuHakoBas (puc. 2). OTIMYMs KacajauCh CHIIBI CBSI3€l MEXIY OTAENbHBIMH (haKTopamu
(Murpanum, poxIaeMoCTb, 3arpsA3HEHNE) U X HAIPaBICHHOCTH.
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Puc. 2. KorHuTHBHAs1 KapTa MoJeJIu

B nenom, Takue (akTopbl Kak 3arpsA3HEHHE, Mapa3HThl, XUIIHUKA HETaTHBHO CKA3bIBAIIICH
Ha TIOIyJIIIUH, YMEHBIIAs! €€ YUCICHHOCTh. POXIaeMOCTh, NHIA M MHUTPALOHHBIC TIPOIIECCHI
CIIOCOOCTBOBAJIM TOBBIIICHHIO YHCIEHHOCTH 0co0eil. Tak ske HeKoTopble (haKTOphl CKa3bIBAINCH
Ha cuiie JECTBHA ApYr Jpyra: OCHOBHas Macca (haKTOpOB BIMSUIA HA CTPYKTYpPY HOIYJISILIY,
CKa3bIBasICh Ha POXKIACMOCTH. braromapst 3ToMy MoZenb OTpakaeT aaAWTHBHOE BO3IEHCTBHE
KOMILTEKca (JaKTOpOB Ha MOCIIEAYIOIIEE COCTOSIHUE MOIYIIALUH.

Heckonbko paccMaTpuBaACMbIX B OKCIICPUMEHTE CIICHAapUECB OTJINYAJIUCh
MHTCHCUBHOCTBIO BO3JEHCTBHMA 3arps3HeHuil. OnHOpa3oBoe 3arps3HeHue (MepBblil
9KCIIEPUMEHT) OYEHb OBICTPO OBUIO KOMIEHCHPOBAHO — IOIYJISILMS CIIPABISIETCS C HAM U
HauMHACTCSl €€ AKCIIOHEHIMAIBHBIH pocT (puc. 3). OTimuns Mexay Tpynrnamu KacaroTcs
Gosree GBICTPOTO POCTA MPUPOAHON TOIYIISIIH.

Bropoii u TpeTuil SKCIEPUMEHTHI MpeNayCMaTpUBajId ABYKPATHOE BO3IECHCTBUE
3arpsi3HEHUsT B TEYEHHWE OJHOTO Toja M JBYX JIET COOTBETCTBEHHO. IlomyueHHbIE
pe3yabTaThl TOKAa3ald CXOXKYI0 KapTUHy s o0emx mnomymsmuid (puc. 4) — naxe
JUTUTENBHOE 3arpPA3HEHHE B 9TOM CIIydae HE UMEJI0 HEraTHBHOTO BO3JCHCTBHSA Ha aM(puoOnii.
HabGmronaercst TOIbKO 3aMeTIEHHE CKOPOCTH POCTA MOMYIIALIUH.
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B coorBercTBHM ¢ pe3yJbTaTaMH  MOCIMPOBAHUS, MPUPOJHBIC MOMYJISIHA
3HAUUTEJBHO cjabee pearupyroT Ha 3arps3HeHHe — y HUX KaK pOCT TOMYJISLHA
OCYIIECTBIISICTCS. WHTEHCHUBHEM, TaK U €€ HCYE3HOBEHHE IMPH MOCTOSHHOM 3arps3HEHHU
IMpOUCXoauT MEI[HCHHeﬁ. HN3menenus Apyrux mnapaMeTpoB MOJCIIN MMOKa3ajinu, YTO UMCHHO
3arpsi3HCHUE OKAa3bIBACTCS PEINAONIMM (aKTOPOM — TOJIBKO €ro MOCTOSHHOE JeiCTBHE
OPUBOJUT K JICTAIBHOMY pe€3yJibTaTy Uil IONyJsauuid. Bce ocranbHbIE KOMIIOHEHTBI
MOJICJIA OKAa3bIBAIOT JIMIIL KOPPEKTHPYIOMIEE BO3IACUCTBUEC HA JUHAMUKY MOIYJISAIUH, HE
MEHsI €€ OCHOBHOM TpeHI.

3AKIIOYEHUE

Takum 00pazoM, MOXKHO crenarh cieayromue obo0menus. B ropoackux ycinoBusx
n3-3a Oojiee MHTEHCHUBHOIO BO3JCHCTBMS 3arps3HEHUS IOJJIEPXKAHUE IOMYJISLHA
CTaHOBUTCS BO3MOXHBIM JIMIIb OJarofapst MUTPAllMOHHBIM MpOLEccaM — IOCTOSTHHOMY
TIONIOJTHEHUIO ~ YOBIBAIOIIEH MUKPOIOMYJISAIMK M3 HPUPOJHBIX  PE3epBaToB. ITO
MOATBEPXKAAET MPEIIIOJIOKEHUSI O METAIOIy IIMOHHON (hopMe CyIIECTBOBAHUS O3E€pPHOU
JSCymIKM B yclnoBusix ropoxa. Jlis oOecrmedeHWss MOIJEpPKAHUA —YUCICHHOCTH
36MHOBOJIHBIX B TOPOJCKHX YCIOBHSX Ha BBICOKOM YPOBHE BO3HHKAET HEOOXOAMMOCTBH
COXpaHEHMs CYIIECTBYIOIINX MUTPALMOHHBIX ITyTeH U CO31aHNS HOBBIX.
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