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OBIIASA XAPAKTEPUCTUKA PABOTbBI

AKTYaJIbHOCTH NMPO00OJaeMbl. ATPEraTUBHOE MOBEJICHUE KUBBIX OPraHU3MOB
MOXHO paccMaTpHuBaTh Kak OJWH M3 BO3MOXHBIX MEXaHU3MOB IOJJIEpKaHUs CTa-
OWJIBHOCTH TPUPOJHBIX MOMYJISIIIUNA U CIIOCOO 3alllUTHI OT BO3JACHCTBUI HeOaro-
npUATHBIX (hakTOpoB BHemHed cpeabl (MuneiikoBckuit, 1967; Cemnukos, Ky-
tuies, 1976; Buss, 1981). B a3ToM oTHOIIEHUU OCOOBIN MHTEpPEC MPEICTaBISIOT
’KUBOTHBIE, 00pa3yroIue MOCTOSHHBIE CKOTUICHHS, HO BMECTE C TEM COXPaHSIOIINe
crocoOHOCTh K mepemenieHnto. OMHUM U3 HanboJjee U3BECTHBIX MPUMEPOB TaKUX
OpraHU3MOB SIBJISIIOTCS ABYCTBOpYAThIe MOJUTIOCKU MuAuu (cem. Mytildae).

Munuu criocobHsl (OpMUPOBATH JAOJTOBPEMEHHBIC arperaiuu, COCTOSIIIUE
13 3HAYUTEJILHOTO Ynciia oco0er — MEeTKH, Apy3bl U 0aHku. Pazmep Takux arpera-
IIUHA BapbUPYET OT €JUHUII 0 MHOTHX ThICSY MOJUIFOCKOB. B coBpeMeHHOM nuTe-
paType CyIIeCTBYET 3HAUUTEIbHOE YMCIIO MCCIEAOBAaHUMN, MOCBAIICHHBIX (OpMHU-
POBaHUIO M CTPYKType MUaueBbix noceneHuit (Maas Geesteranus, 1942; Canpixo-
Ba, 1970; Burman, 1983; I'oroses, 1985; Bertness, Grossholz, 1985; Okamura,
1986; Svane, Ompi, 1993 u MH. np.). Tem He MeHee, OCTaeTCsl OTKPBITHIM IIEJIbIN
PSI BOIIPOCOB, CBA3AaHHBIX C MIPOCTPAHCTBEHHOM OpraHu3aiuei u popMupoBaHrueM
OTJICJIbHBIX arperaiui.

CoOCTBEHHO MPOCTPAHCTBEHHAs CTPYKTypa arperanuii Ha HACTOSIIHA MO-
MEHT uccieoBaHa BechMa ciabo. [logasisioniee OONbIIMHCTBO U3BECTHBIX PaldoT,
MOCBAIICHHBIX MPOCTPAHCTBEHHONU CTPYKTYpE APY3 MHAWM, HOCUT YHUCTO OIHCA-
tenbHbIN XapakTep (CanpsixoBa, 1970; Cenun, 1981; Burman, 1983; IloBuyH u ap.,
1988; 3auka u mp., 1990).

Jlns aHanm3a pa3IuvHBIX TUIIOB arperanuid MUJIWN, KaK MPaBHIIO, HUCIOJIb-
3YIOT TaKHU€ MOJXOJIbI KaK BBIJCICHUE OTACIBHBIX CIOCB-IPYCOB, OLICHKY pa3Mep-
HBIX XapaKTepUCTUK WJIM BHEIIHUX ocoOeHHocTel arperauuii (Cenun, 1981; Bur-
MaH, 1983; [ToBuyn u ap., 1988; 3auka u ap., 1990). Cnexyer 3aMeTuTh, YTO BCE
MepPEYUCIICHHbIE METOAbl HE MO3BOJIAIOT TOYHO OINPEASTUTh HU PACIOJIOXKEHUE

MOJUTIOCKOB BHYTPU arperauuu, Hu ee hopmy.



HecMoTpst Ha BHEIIHEE CXOJCTBO CHUCTEM KIacCHU(PUKAIMK, UCIOJIB3yEeMbIX
pa3HBIMH aBTOPAMH, OHU PEJIKO COMOCTaBUMEI JPYyr ¢ ApyroM. bojee Toro, mc-
MOJIb30BAaHUE OJTHUX M TE€X JK€ TEPMHUHOB JIJIT 0003HAYCHUS Pa3HBIX 10 XapaKTepH-
CTHKaM arperaiui, BHOCHT JOMOJIHUTEIBHYIO IMyTaHuIly. bojiee mHGOpMaTHBHBIM
B 9TOM IIAHE MOXET OKa3aThCs OMMCAHUE CTPYKTYPHI IPY3 MUIUHN C TOUKH 3PCHHS
UX TEOMETPHUECKHX OCOOCHHOCTECH.

Jlpyroii cTOpOHOM 3TOro BOIpoca SABJSETCS MpodiieMa MeXxaHu3Mma (popmu-
poBaHus arperaiuii. McciemoBanus arperatmBHOro mnoBeneHus Mytildae Obutn
HavaThl eme B cepeauHe 20-ro Beka. Ha MpoTssKeHWHM HECKONBKUX JECSITHICTUN
OBLIM TIPEANPUHATHI TOTBITKH MU3YYCHHS MOBEACHUYCCKOW M JIBUTATCIILHON aKTHB-
noctu muauii (Maas Geesteranus, 1942; Senawong, 1970; Uryu et al., 1996; Coté,
Jelnikar, 1999). IlpeasioxkeH psij TUNIOTE3, OMUCHIBAIONINX BO3MOXKHBIC MEXaHU3MBI
dbopmupoBanus arperaiuii (Senawong, 1970; Davis, Moreno, 1995; Coté, Jelnikar,
1999; de Vooys, 2003). B HacTosiiee BpeMs psii UCCEA0OBATENECH ToIaraeT, 4ro
MIPOIIECC TOT CIYYAHHBIM M OMPEIEIICTCS TOJHKO BEPOSTHOCTHBIMHU 3aKOHOMEP-
HocTsiMu (Senawong, 1970; Davis, Moreno, 1995; Uryu et al., 1996). CtoponHuxu
MIPOTHUBOITIOJIOKHOW TOYKHM 3PEHUS CUMUTAIOT, YTO (DOPMHUPOBAHHE JPY3 SIBISICTCS
CJICJICTBUEM aKTHUBHBIX MOBEACHUYECKUX peakiuii moiumockoB (Coté, Jelnikar,
1999; de Vooys, 2003). ITonpo6HOE M3ydeHUe mpoiecca o0pa3oBaHus arperamui
MOKET pa3pelInuTh CYIIECCTBYIONINE TPOTUBOPEUHS.

Heab u 3a1a4u uccjaeqopanusi. OCHOBHOM 1eNbIO JaHHON pabOThI SBISET-
Csl BBISIBJICHHE 3aKOHOMEPHOCTEH MPOCTPAHCTBCHHOW OpraHU3alMKk U (GOPMHUPOBA-
Hus qpy3 munuu Mytilus edulis L.

JlaHHas 11e1b ONpeAeIIniIa CICIYIONTNE 33 aun:

1. TlpoBectu AcTaIbHOE WCCIICIOBAHHUE MPOCTPAHCTBEHHON OpraHW3alliy arpe-
rarii MUIUl B TeX OMOTOIAxX, TJIe 3TH JKMBOTHBIE 00pa3yrOT JOJTOBPEMCH-
HbIC CKOILICHUS: Ha WIMCTO-TIECYaHBIX, CKAIBHBIX MMOBEPXHOCTSAX M HA MCKYC-

CTBCHHBIX CY6CTpaTaX, HCIIOJIB3YCMBIX JIA KYJIbTUBUPOBAHHA MPIJIPIﬁ.



2. BbIIBUTH OCHOBHBIE 3aKOHOMEPHOCTH pACIpPEACICHUSI MUJIUN B arperamusx,
KOTOPBIE MOT'YT MOCITY>KUTh OCHOBOM JIJISI pa3paO0TKU YHUBEPCATbLHOU CHUCTE-
MBI KJTacCU(UKAITUU arperaiuii.

3. IlpoBectu ucciaegoBaHuWE 3aKOHOMEPHOCTEN arperaTMBHOTO MOBEAECHUS MU-
MU B YCJIOBUSIX, KOTOPbIE MCKITIOYAIOT BIUSHUE CIIy4allHBIX (PaKTOpOB, Mac-
KUPYIOUIUX OCHOBHBIE MTOBEICHYECKUE PEAKIIMU MOJUIFOCKOB.

4. OreHuTh aganTUBHOE 3HAYCHHE (POPMHUPOBAHUS arperauii MUIWNA Ha TPU-
Mepe 3aluThl OT HarpeBaHus BO BPEMs OCYIIKH Y MOJUIFOCKOB, OOMTAIONIUX
Ha JIMTOPAJIH.

HoBu3Ha ucciieoBaHUA 3aKII0YAETCS B KOMIUIEKCHOM MOAXOJE K H3yde-
HUIO arperaTuBHOIO MOBEACHUA U CTPYKTYPBI APY3 MUJINH, 3aKITIOYAIOIIEMCS B CO-
YETaHUU TOJIEBBIX UCCIICAOBAHUN U TA0OPATOPHBIX SKCIIEPUMEHTOB.

BriepBble POBEIEHO AETAIILHOE UCCIIEI0BAHNE PACIIPENEICHUSI MUIUI B IIpe-
nenax oTAeNbHBIX apy3. [IpennoxkeHa yHuBepcalibHas cucteMa KiacCu(pUKaluu ar-
peranuii MUTHINA, 6a3upyromascs Ha 0COOCHHOCTSX paclpeieeHUs MOJUTFOCKOB.

B cepun nabGopaTopHBIX IKCIEPUMEHTOB BIIEPBBIC BBISBICHO CYIIECTBOBA-
HUE Y MUJIUM HECKOJBKUX Mojeneil moBeneHus (ctpareruii). [lokazana 3aBucu-
MOCTb THIIa OBEJACHHUS OT MJIOTHOCTHU MOCEIEHUS MOJUIFOCKOB.

TeopeTnueckoe U NMpakTHYECKOe 3HAYECHUE PA0OTHI 3aKII0YAETCA B pas-
paboTKe HOBOTO MOJXO0JAa K KiIacCU(UKAIMKU arperanui AByCTBOPYATHIX MOJIIIO-
ckoB. [IpennoxkeHHas kiaccudukaius MOXKET ObITh MPUMEHEHA B MCCJICTIOBAHUSIX
arperanuii MOJUTFOCKOB MU JPYTUX O€CIO3BOHOUYHBIX. Pe3ynbTaThl HMCClIeIOBaHUN
arperaTuBHOM aKTUBHOCTH MHUJIMM U pa3paOOTaHHbIE METOIMYECKHE TTOIXObI MO-
I'YT IPUMEHATHCS MPU U3YYEHUU 00pa30BaHUs CKOILJIEHUNH OECIIO3BOHOYHBIX. Ma-
TepHUasbl JAUCCEPTAIUU MOTYT OBITh MCIOJIb30BaHBl B JICKIIMOHHBIX U TMpaKTHYE-
ckux Kypcax BY30B 1o crnenuaibHOCTSM 300710THsI, TUIPOOHOIIOTHS.

Anpodanus padorTel. Pe3ynbTaThl AuccepTali U €€ OCHOBHBIE MOJIOKEHUS
ObUTH 0JIOKEHBI Ha | MexayHapoaHOW KOH(EpeHINU « IKOJIOTHUYECKUE HCCIIEI0-
BaHus Oernomopckux opranusmoB» (BbC 3MH PAH, 1997); cumno3uyme, mocBsi-

menHoM 100-netuto co gus poxaenus npodeccopa H.JI. I'epbunbckoro (C.-



[TerepOypr, 2000); V nayunoit koudpepenuuu bBC MI'Y (BBC MI'Y, 2000); co-
Belanun «Mopckue MoJTIoCKU: Bonmpockl TaKCOHOMUU, SKOJIOTUU U (DUITOTEHUNY
(C.-IletepOypr, 2000); VIII cve3ne ruapoduonoruueckoro oodmectsa PAH (Kanu-
Huurpan, 2001); nayunoit koHdepenuuun bBC MI'Y, nocssuienHoit 70-neTuto
ouoctaniuu (BBC MI'Y, 2008); OTUeTHBIX HAyYHBIX CECCHUSAX 300JIOTHYECKOTO
uncturyta PAH no utoram padot 2000 u 2005 rr. (C.-IletepOypr, 2001, 2006),
Hayunbix cemuHapax bbC 31IH PAH u xadenpsi 30010run 6€cro3BOHOYHBIX OHO-
noro-nouBeHHoro ¢gakynprera CIIOITY.

Iyoaukanuu. [To Teme nuccepranuu onyoaukoBansl 19 pabor, u3 Hux 7 B
M3JaHusIX, pekoMeHnoBaHHbIX BAK.

CtpykTypa m o0bem auccepraumu. J{uccepranus COCTOUT U3 BBEACHHUS,
IISITHU TJIaB, 3aKJIIOUEHHMSI, BEIBOJIOB M CIIMCKA LIUTUPYEMOM iutepaTypbl. PaboTa us-
noxkeHa Ha 112 cTpanunax u coaepxut 34 wumroctpanuu u 5 Tabaui. Cucok 1u-
TUPYEMOH JTUTEPATYphl HACUUTHIBAET 117 HaMMEeHOBaHUM, B TOM unciie 62 Ha UHO-
CTPaHHBIX SI3bIKAX.

baarogapuocTu. ABTOp BbIpakaeT UCKPEHHIOIO OJaroJapHOCTh HAYYHOMY

pykoBoauTento A.6.H. B.B. Xanamany 3a BCECTOPOHHIOIO MOMOIIb U MOJIAEPKKY U

CUMTAET CBOMM JIOJIFOM BBHIPA3HTh HpH3HATENbHOCTH 1.0.H. D.E. Kynakosckomyl,

MoJi YbMM PYKOBOJICTBOM Obljla HayaTa 3Ta pabota. S upe3BpluaiiHO OnaromapeH
npod. B.A. beprepy, npod. A.W. I'panouuy, npod. H.B. MakcumoBuuy u k.0.H.
A.A. CyxoTuHY 32 IICHHbIE KPUTUYECKHE 3aME€YaHus B MPOIIECCe MOJATOTOBKU Ma-
tepuana. OcoOyr MpU3HATEIBHOCTh MHE X0ueTcs BhIpa3uTh K.0.H. JL.II. dusauun-
CKOM 3a MOMOIIb B POTOJOKYMEHTUPOBAHUHU JAPY3 MUIUN U PE3YIbTATOB IKCIICPH-
MeHTOB. I GmaromapeH BceM coTpyaHHKaM bernomopckoill GuMoIorMyeckoi cTaH-

uun 31MH PAH 3a nomoiib 1 NOAAEPKKY.



COJEPXAHUME PABOTbI

I'maBa 1. O630p auTepaTypsbl

1.1. Xapaxmepucmuxa obvexma ucciedosanusi. PaccMaTpuBaeTcs cucTeMa-
TUYECKOE TIOJIOKEHHUE, reorpaduieckoe pacipocTpaHeHne U 0cOOeHHOCTH 00pasa
xKu3HU Mytilus edulis.

1.2. Ilpocmpancmeennas opeanusayusa azpezayui mumuaud. B paszgene
NpHUBEEH 0030p OTEYECTBEHHBIX W 3apyOCKHBIX IMyOJWKAllUN, TOCBSIIEHHBIX
MPOCTPAHCTBEHHOW CTPYKTYype MOCeNeHnid Muauil. PaccmarpuBaioTcs pa3HOBH/I-
HOCTHU arperamnuii MUTWIUA U TPEAT0KEHHBIE Pa3HBIMH aBTOPAMH TOIXOABI K UX
knaccudukanuu. OOCYXIAIOTCS WCHOJb3yeMble TEPMHUHOJIOTHS M OIpeAeICHUS
TUIIOB arperanum.

1.3. @opmuposanue acpecayuti mumuiud. HecMOTps Ha TPUKpETUICHHBIN
o0pa3 KU3HU, MUJNH COXPAHAIOT CIOCOOHOCTh K aKTUBHOM JIokoMonuu. Paccmar-
pHUBaeTCs 3aBUCUMOCTD JIBUTATEIIbHOM M arperaTUBHOM aKTUBHOCTH MUIUH OT BO3-
pacta (pa3MepoB) MOJUTIOCKOB. [IpuBoAsSITCS MaHHBIE psga aBTOPOB MO THUTMO- U
xeMoTakcucaM Muauii. OOCyXIalTcs B OCHOBHBIC THUIIOTE3BI (POPMHUPOBAHUS
npy3. IlepBas mpenmonaraer, 9To 00pa3oBaHUE arperamyii SBISIETCS CIEICTBUEM
CIIy4aliHbIX TIEPEMEIICHU U BCTped MOJITIOCKOB. CTOPOHHHMKH allbTEPHATUBHOMN
TOYKH 3pEHHUs CYHTAIOT (POPMHpPOBAHUE MUAMEBBIX IIOCEICHUN PE3yIbTaTOM
CJIO)KHOTO KOMIIJIEKCA HAMPABJICHHBIX TIOBEICHYECKUX PEAKITUH.

1.4. Aoanmusnoe 3nauenue opy3oobpasosanus y muoui. B paznene npuse-
JICHBI CBEJICHUS O TMOJIOKUTEIBHBIX M OTPUIATEIBHBIX MOCIEICTBUAX KU3HU MU-
IWi B arperanusx. PaccMaTpuBaioTcsi CyIIECTBYIOIINE B COBPEMEHHOMN JIUTEPATY-

P€ MHCHHA 00 aHaHTHBHOﬁ HCHHOCTH arpCraTuBHOI'O IOBCICHU.

I'nmaBa 2. Marepuasa u MeTOAbI

2.1. Xapakxmepucmuxa paiiona ucciredosanuti. Pabora Obuta BBINOJHEHA B
nepuoa ¢ 1996 mo 2003 rr. Ha benomopckoii 6uonorudeckon ctanuuu 3MH PAH
(Kanpganakmickuit 3anuB benoro mops). s orbopa marepuana u3 NpUPOAHBIX

MOCeJIeHU, ObIJI0 BHIOPAHO YeThIpe TOUKU B pailoHe ryObl Uyna (6yxra Kpyrias,



W BaHOB-HABOJIOK, PsiJi OCTPOBOB B YCTheBOW 4acTh I'y0Obl). C HCKYCCTBEHHBIX CYO-

cTpatoB Muauit oroupanu B Oyxre Kpuosepckas u rydoe Hukomnbckas (puc. 1).

]

0. Kepetb
. p

Puc. 1. Kapra-cxema paitona uccienoBanuii. 1 — 6yxra Kpyrnas, 2 — FIBaHOB-HaBOJIOK, 3
— Keperckue nyapl, 4 — rpyrma ocTpoBOB B pailone MBaHoB-HaBOJIOKa, 5 — OyxTa KpuBo3epckas,

6 — ry6a Hukomnbckast.

2.2. Memoouka ombopa mamepuana. Jlnsa otdbopa Marepuaina U3 JUTOPAb-
HBIX TOCEJICHUI BBIOMPAIUCH YYACTKH, TAE paclpeleicHue MHUIUNA ObUIO Tpe-
CTaBJICHO OTACIIBHBIMH JIPy3aMH, HE 00pa3yIOIIUMHK CIUIOIIHOTO TIOKpoBa. [Ipu oT-
Oope Ipy3 ¢ WINCTO-TIECYAHOH JIMTOPAIH, WX W3BIMAIM BMECTE C MOACTHUIAIOIINM
TPYHTOM U JIOCTaBIISIN B aboparopuro. [Ipu riccnenoBannu arperanuii Ha CKasb-
HBIX TTOBEPXHOCTSAX, IMETKH MHJIHKA JTOCTABJISUIM B JJAOOPATOPHIO BMECTE C KaMHSI-
MHU. B Tex ciaydasx, Korja arperaniy HaX0oJWIKCh Ha TTIOBEPXHOCTH CKaJIbl WIIH Ba-
JyHa, TPOBOIMIH JETATBHYIO0 MaKpOo()OTOCHEMKY 00BEKTA.

CTpyKTypa TMOCEJICHH MHJIMHM Ha MCKYCCTBEHHBIX CyOcTparax Oblia Ipo-
aHAIM3UPOBaHA Ha NPUMEpe 0OpacTaHW KAaHATOB W KI'YTOB W3 JICIH, IPUMCHsIC-
MBIX JUISI TIPOMBINIJICHHOTO BhIpanmuBanus muawi. [Ipu orGope marepuana cyo-

CTpAaThl U3BJICKAJIIX U3 BOAbI U N3 HUX BbBIPC3aJIn HCO6XOI[I/IMBIG Y4aCTKHU C arpera-



HUSMHA MOJUTIOCKOB. OTOOpaHHbBIE YacTU CyOCTPaTOB B €MKOCTSIX C BOJOW JOCTaB-
JISUTM B JTAOOPATOPHIO JJIs JAdbHEHIIEero UCCieI0BaHus.

2.3. Obpabomka mamepuana 8 nabopamopuu. B maboparopuu arperanuu
MUJUN OTMBIBAJIU OT TPYHTA, YAAJISIN COIYTCTBYIOUIYIO (hayHy U MPOBOAWIHN HE-
o0xoauMble u3MepeHus. s u3MepeHuil UCnoJIb30BaIMCh OPUTMHANIbHBIE YCTa-
HOBKH, C IMOMOIIBIO KOTOPBIX OINPEAENISIIA KOOPAUHATHI MOJIOKEHUS! KUBOTHBIX U
HEKOTOphIE YIJIOBbIE MapamMeTpbl. B arperamnusx onpenensuii KOOpAWHATHI MOJIO-
KEHUST KOKJI0M 0cOOM B JBYXMEPHOM WJIM TPEXMEPHOM CUCTEME JEKapTOBBIX KO-
opauHat. [Ipu HE0OX0IMMOCTH, IEKapTOBBI KOOPAMHATHI TPeoOpa30BbIBAIM B I10-
JSIpHBIE WM IWIMHAPUYECKUE MoNsipHble. JIJIg aHanmM3a OpueHTaluid MOJITIOCKOB B
arperamusx U3MepsuIu yribl MEXIy PaKOBUHON U TTOBEPXHOCTBIO CyOCTpara, yribl
MEXAY MIOCKOCThIO CHMMETPUU PAKOBHHBI U BHIOPAHHBIMU OCSIMU KOOPJIUHATHOM
cuctembl. B o6mieil cinoxxnoctu Obuto uccienoBano 6osiee 100 arperauuii JauTo-
panbHBIX MUK U 18 arperanumii ¢ 00pacTaHuii HCKYCCTBEHHBIX CYOCTPATOB.

2.4. H3mepenus memnepamypvl MAHMULHOU HCUOKOCHU MUOULL 8 TUMOPATb-
HbIX nocenenusax. B mepuon omiuBa ObUTH MPOU3BEIEHBI U3MEPEHUS TeMIIEpaTyphbl
MaHTHHHON KUJAKOCTH arperupOBaHHBIX U OJMHOYHBIX MUIWM Ha JTUTOPAIH B paii-
oHe VBaHoB-HaBoOKA. M3MepeHus MpoBOIMINCH C TOMOIIBIO TEPMUCTOPHOTO JaT-
yuka MT-54. [Ipu npoBeneHun U3MepeHuil, MUIUIO OTACISIN OT CyOCTpaTa U BBO-
WA JAaTYMK B MaHTHIHYIO mojocTh. [lapamiensHo gukcupoBanu Tun cyocrparta,
XapakTep pacrpeieseHust MUIUN U MOJI0KEHHE MOJIIIOCKOB B JIPY3€.

2.5. Memooukxa nocmano8xku 1ab60pamopHbIX IKCNEPUMEHMO8 NO UCCLe)0-
8aHUI0 A2pe2amugHol akmusHocmu muout. JlabopaTopHble HKCIIEPUMEHTHI MpO-
BOJIWJIA B T€YEHHUE JIETHUX CE30HOB 1997—-1998 rr. MOJIIOCKOB 1JIsl SKCTIEPUMEH-
TOB COOMPAU C UCKYCCTBEHHBIX CYOCTPATOB OINBITHO-ITPOMBILUIEHHOT'O X035 HCTBa
B aKBaTOpPUHU OMOCTAHLIHH.

Bce skcnieprMeHThI MPOBOMIIMN B IJIOCKOIOHHBIX aKBapuyMax U3 OpreTekia
¢ mromraaeio axa 0.1 M°. JKHBOTHBIX pAaBHOMEPHO PacIpeaesili 10 AHy aKBapHy-
Ma M 4epe3 OIpeiesieHHbIe MPOMEKYTKH BPEMEHU NPOU3BOIUIIN IUIAHOBYIO (OTO-

CbCMKY. ITo IMMOJTYYCHHBIM CCPUAM (1)OTOCHI/IMKOB Bl KaXKIA0T0 MOMCHTA BPCMCHU



OTMEUaJIH KOJMYECTBO CBOOOJHBIX W arperHPOBaHHBIX MUIUH, KOJIMYECTBO o0Opa-
3YIOIIUXCS arperaruii, a Tak)Ke YUCACHHOCTh MHUJIHH, BXOISAIINX B KaXIbIA arpe-
rat. [IpoloODKUTENNBHOCTh KaXKIOTO IKCIEpUMEHTa cocTaBisuia 24 4. Beero mpo-
BesieHo 10 cepwii SKCIEPUMEHTOB ¢ Pa3HOM TUIOTHOCTHIO TIOCEIICHUS MUJTHHA.

JIist uiccliemoBaHusT U3MEHEHUH, TTPOUCXOISIIINX ¢ 00pa30BaHHBIMU arpera-
IIUSIMH B TEUCHHE JUTMTEIHHOIO BPEMEHHM, ObUIM IMOCTABJICHBI JIBE CEPUHU JOJTO-
BPEMEHHBIX JKCIIEPUMEHTOB. B 11a00paTOPHBIX YCIOBHUSIX MHUAMH SKCIIOHHPOBA-
JUCh B CaJKax CICIUATBHOW KOHCTPYKIMH B TeueHue 21 mHs. Yepes omnpeneiieH-
HBIC TIPOMEXYTKH BPEMEHHU OMPEICIISIN KOJIHMUECTBO CBOOOTHBIX U arperupoBaH-
HBIX MU, KOJIMYECTBO U pa3Mep 00pa3yIoNIuXcsl arperaruii.

2.6. Mamemamuueckas obpabomka oanHwvix. JJis MareMaTH4eckon oOpa-
OOTKH JaHHBIX HCITOJIB30BAHbI CTAHAAPTHBIC CTATUCTUYCCKHUE METOIbI. B KadecTBe
MoKasarelisi BapbUPOBAHUSA B TEKCTE, TaOIWIAX W Ha WIUTIOCTPAIUAX IPUBEICH

95% noBepUTENBbHBIN HHTEPBAI.

I'naa 3. IIpocTpaHcTBeHHAsI OPraHU3ALMs arperanui

3.1. Ilpocmpancmeennas opeanusayus azpe2ayuil Ha MaeKux epyumax. Ar-
peranuyu MUIWNA Ha MATKUX TPYHTax (3auJICHHBIM MECOK) MPEACTaBIsINn COOOM
apy3bl u3 10-30 mosuttockoB. [Ipu or6ope maTepuana ObIO OTMEUEHO, YTO PACIIO-
JIO’)KeHUE 0coOel B arperaiuu MoxXoKe Ha Crupaib. Tak Kak JJis ONMUCAHUS TaKUX
KPUBBIX HCMOJIB3YETCSI CHUCTEMa TMOJSPHBIX KOOPAWHAT, JEKapTOBBI KOOPIWHATHI
MOJIOKEHUsI MOJUTIOCKOB B Jpy3ax ObUIM TpeoOpa3oBaHbl B MOJSpHBIC. AHaIU3
pacrpeiesieHuss MUIUNA B CUCTEME TMOJISPHBIX KOOPJWHAT MOKA3bIBAET CYIIECTBOBA-
HUE JTUMHEHHON 3aBUCUMOCTH MEXKY BEIUYMHON IMOJISPHOIO paguyca M MOJSIPHOTO
yriia. HalinenHast 3aBUCUMOCTb BU/JIA:

p =-ap + [, rne p— NonApHBIN paauyc (MM), a ¢ — MOJSIPHBIN yrod (pan),
COOTBETCTBYET YPaBHEHHIO, OMTUCHIBAIOIIEMY IPABO3aKPYUCHHYIO CIIUpaib ApXu-
Mena. /lanHas 3akOHOMEPHOCTh ObliIa OTMEUEHa JIJIsl BCEX UCCIEOBAaHHBIX arpera-

115058
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Muanu B TakuX JIpy3ax pacnoJiaratorcs B 2-3 ¢josi, IpU 3TOM BBICOTA pac-
MOJIOKEHUSI MUJIUM TaK¥K€ OMPENENAETCS] MECTOM, KOTOPOE 3aHUMAET MOJUIKOCK B
npy3e. B eHTpanbHON YacTy Ipy3 MOJUTIOCKA HAXOASATCS Ha BBICOTE OKOJIO 20 MM
HaJ TPYHTOM, M MPUKPEIJIEHBI OUCCycOoM K ApyruM muausMm. Ha mepudepun
JPy3bl MUJUU HEMIOCPEICTBEHHO KOHTAKTUPYIOT C TPYHTOM. Takum oOpa3zoM, Omnu-
CaHHOE pacIpesiesieHne uMeeT 0oJiee CIOKHBIM XapaKTep U MOXKET ObITh Omnpee-
JIEHO KaK TPEXMEpPHas CIupab.

3.2. Ilpocmpancmeennas op2anuszayus azpe2ayuti Ha CKALbHbIX NOBEPXHO-
cmsax. Ha TOpU30OHTANBHBIX M HAKJIOHHBIX TOBEPXHOCTIX KPYIHBIX KAMHEW U CKall
ObLIM HAMJIEHbI IETKH MUJIUNA, BHEITHE CXOJHbIE C JIPy3aMU Ha UIUCTO-TECUYaHON
JUTOpAJIA. AHAJIN3 pacIpeacsIeHUs] MOJUIFOCKOB C IPUMEHEHUEM CUCTEMBI IOJISIp-
HBIX KOODAMHAT TAaK)K€ BBIABUJI JINHEMHYIO 3aBUCUMOCTH MOJSPHOTO paanyca OT
MOJISIPHOTO yTjia, COOTBETCTBYIOIIYIO YpaBHEHUIO cnupain Apxumena. OaHako, B
OTJIMYME OT MHOTOSIPYCHBIX JIPYy3 HAa MSITKMX FPYHTaX, B arperaiusx Ha CKaJlbHBIX
MTOBEPXHOCTSAX BCE MOJUIKOCKH PACIIOIOKEHBI B OJHMH CJIOW M HENMOCPEICTBEHHO
KOHTaKTUPYIOT C CyOCTpaTOM.

JIJ1s1 HEKOTOPBIX IIETOK, COCTOSIIIMX M3 MOJIOJBIX MUAUN U HAXOIAIINXCA Ha
y4acTKaX C BBICOKOW NPHUOONHOCTBIO, XapaKTepHO HaJIW4he CBOOOJHOIO MPO-
CTpaHCTBa B LIeHTpe. Takue arperaiui UMeIOT KOH(OUTypalMIo KOJIblLA UM PO3eT-
KH. AHaJIU3 paclpeeseHuss MUIUIN C UCITOIb30BAHUEM CHUCTEMBI TOJIAPHBIX KOOP-
JMHAT TOKAa3bIBAET CYIIECTBOBAHWE JIMHEWHOW 3aBUCUMOCTH IOJISIPHOTO pajauyca
OT NOJISIpHOrO yria. OJHaKoO B ATOM ClIy4yae JIMHUS PErpecCUr NPAaKTUYECKH IMa-
paienbHa ocu abcuucce. ['eoMeTpUyecKUM BBIPAXKEHUEM TAaKOM 3aBUCUMOCTH SIB-
JsieTCsl OKpYKHOCTh. Heo0X0onMMo 3aMeTUTh, UTO OKPYKHOCTD SIBJISIETCS YaCTHBIM
Clly4aeM CHHUpajd, a arperaud MUIUN C KOJbLIEOOPa3HBIM paclpeieieHueM
MOYHO paccMaTpUBaTh KaK pa3HOBUIHOCTD MPEIBIAYIIETO TUMA IMIETOK.

Ha BepTHKaNbHBIX CKaJIbHBIX CTEHKaX U OOKOBOW MOBEPXHOCTH KPYIHBIX
KaMHEN 4acTO BCTPEYAIOTCS CKOIUICHUS MUAUM, PE3KO OTIMYAKOLIMECS OT ONUCAH-
HBIX BBIIIE arperaunii. MoJIIOCKM B TaKUX arperauusx pacrnojlaratroTcs Ha Io-

BCPXHOCTH KaMHA 0ojee WM MeHee MMpaBUWJIBHBIMHU pAdaMU, 06p8,3y5{ CIUIOIIHY}O
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MOJIOCY Ha TOBEPXHOCTH cyOcTpara. JKMBOTHBIE pacrlojaratoTcs B IIaXMaTHOM
MOpAJIKE TaK, 4TO CU(OHANBHBIA Kpall MUIUN HUKHETO psiJla BXOJAUT B MMPOMEXKYT-
KM MEXIy MaKylIKaMH BEPXHEro. MHIWM OpHEHTUPOBAHbl MAaKylIKaMH BHU3 U
MIPUKAThI K TOBEPXHOCTH KaMHSI.

3.3. Ilpocmpancmeennas opeanusayus azpe2ayuii Ha UCKYCCMBEHHbIX CYO0-
cmpamax. JIns uccnenoBaHus XapaKTepa paclpeiesieHUs] MOJIIFOCKOB Ha KaHaTax
M KT'yTax Jeiau Oblja UCTOIb30BaHa IIMIIMHIPUYECKas MOJspHas CUCTEMa KOOpIu-
HaT. 32 00pa3yoNIyI0 CUCTEMbI ObLIO IPUHSTO MONEPEUYHOE CeUeHue cyocTparta, 3a
HaIpaBIAIONIYI0 — €ro MPOJOJbHAs OCh. AHAIU3 BBICOTHI PACIIONIOKEHUS MUAUN
Ha cyOCTpare OT BEJIMYUHBI MOJISPHOIO yria MOKa3bIBaeT CYIIECTBOBAHUE 3aBUCH-
MOCTH BHJIA:

H =a@ + [, rne H — BbICOTa pacnoiioKeHUs] MOJUIIOCKOB Ha cyOcTpare, a —
Kod(pULIUEHT, @ - MOJAPHBIN yrod, pan, a / — ceoboaubIi wieH. [lonydyennas 3a-
BUCHUMOCTh B CHCTEME LWIMHAPHUYECKUX MOJSAPHBIX KOOPAMHAT COOTBETCTBYET
YPAaBHEHMIO TPEXMEPHOW KpUBOM — BUHTOBOM JuHUU. TakuM oOpaszoM, pacmpese-
JIEHUE MOJUTIOCKOB Ha CcyOCTpaTe MOKET OBITh OMMCAaHO BUHTOBOW JMHUEH — KpHU-
BOH, CriMpaibHO orubaroiei cyocTpar, Hamo1001e BUTKOB MPY>KUHBI. MOJITIOCKU
(GbOopMHpPYIOT JJIMHHBIN HEPEPBIBHBINA PsiJl U3 PACHOIOKEHHBIX 00K 0 00K 0cobeid,
00epHYThII BOKpYT cyOcTpaTa.

[Ipu uccrienoBaHNM UCKYCCTBEHHBIX cyOCcTpaToB U3 O0yxThl KprBo3sepckas 3a-
BUCHUMOCTb BBICOTHI ITOJIOKEHUSI MOJUIFOCKOB OT BEJIMYMHBI MOJISIPHOTO YIJIa, B HeE-
KOTOPBIX ClIy4asX, HOCUJIa MHOM xapaktep. Ha cooTBeTcTBYyIOIIEM T'padKe TOUKH,
OTpakarollMe pacrpenesieHue MU, He 00pa3yloT HEMPEPHIBHBIN s, KaK B Ipe-
JBIIYIIEM CIIy4ae, a COCTABIIAIOT OTAEIbHBIE MOCIEAOBATENIBHOCTH, KaXKaas U3 Ko-
TOPBIX MOKET OBITh OMKCAaHA OTNEIbHOM MpsiMoid. [TotoOHOE pacnipeneneHre MoKeT
OBITH OMHUCAHO MPEPHIBUCTON WM CTyneH4YaTol gyHkiuei. ['eomerpuuecku, Takas
CTPYKTYypa BBIPAKAETCS KaK MOCIEA0BATENIBHOCTD PACIIOJNIOAKEHHBIX OAUH HaJ JIpy-
UM KOJIBLIEBBIX PSAIOB MUAMIA.

3.4. Tunvl acpecayuti muouu u ux Kuaccuguxayus. B uccienoBaHHBIX TOCe-

JICHUAX BBIACJIICHO ILITH BAPHUAHTOB CTPOCHHA arperaum‘/’l MUJIUH: CIIMPAJIBHBIC
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HICTKH U JPY3bl, pO3€TKOBUIHBIC METKH, METKH MUIUI C JTMHEHHBIM pacmpeserne-
HUEM MOJUTIOCKOB M arperanyuyd MUAWA ¢ BUHTOBBIM WM KOJBIICBBIM THUIIOM pac-
npenencHus. Mexay pacCMOTPEHHBIMH Pa3HOBUIHOCTSMHU arperalii CyIecTByeT
OTIPEJICTICHHOE CXOJACTBO, B MEPBYIO OUYEPE/b, C TOUKU 3pEHUsT OCOOEHHOCTEN pac-
peiesIeHUs MOJUTIOCKOB.

B cnmpaneBUAHBIX ¥ PO3ETKOBUIHBIX arperanusx pacrpeneieHue MUAnn
MOJKET OBITh ONMCAHO C MMOMOIIBIO CIIUPAIT WA OKPYKHOCTA. MOJITIOCKH pacrio-
JararoTcs ApPYT 3a IPYroM IO JIMHUU CIIEOBaHUS BUTKOB KPWUBOW M OOJIBIICH da-
CThIO OPUEHTUPOBAHBI MAKYIIIKAMH K IEHTPY HMIETKH WK Apy3bl. O003HAYUM TaKou
THUII CTPOCHUSI arperaiuil Kak CRUpaIbHblil.

JIIst EeTOK MUAWIA C TMHEWHBIM PACIOI0KEHHEM MOJUTFOCKOB M arperarui
ATHX JKUBOTHBIX Ha MCKYCCTBEHHBIX CyOCTpaTrax xapakTepHa Ipyras 3aKOHOMEp-
HOCTb pacrnpeseneHus ocooei. Muauu pacnonaraiorcs 00k o 00K, 00pa3ys 1ocTa-
TOYHO JUIMHHBIC HEMpEepBhIBHBIC PSbl. MOJUTFOCKM OPHEHTHPOBAHBI MPAKTHUECKU
BEPTUKAIBHO. Takoi TUIT CTPOCHUSI arperauii 0003HaYUM KaK JIMHEHbLIL.

XapakTep pacrupeesieHuss MUIUN U ero BapuabenbHOCTh, 0 MHEHUIO HEKO-
TOPBIX aBTOPOB, OMNpeesieTcsi 0COOCHHOCTAMU KOHKpeTHoro Ouortona (Frey et al.,
1987). Tem HEe MeHee, B MCCIICIOBAaHHBIX IMOCEICHUSIX HE OTMEUCHO 3aBHCHMOCTHU
TUIA CTPOEHUS arperanuii OT XapaKTepUCTUK cyOcTpara (Tura rpyHta) (tadmn. 1).
Arperanuu MUIUH CO CIIMPAIBHBIM TUIAHOM CTPOCHHS OOHApY)KEHBI Kak Ha HIIU-
CTO-TIECUAHBIX TPYHTAX, TaK U HA CKAIBHBIX MIOBEPXHOCTAX. Arperaiuu JINHEHHOTO
TUTIAa HAlJCHBI Ha HCKYCCTBEHHBIX CyOCTpaTax M Ha CKAJbHBIX MOBEPXHOCTSX, XO-
TS, ¥ T€, U APYTUe, HECMOTPsI Ha UMEIOIIHECs crielupuIecKue 0coOEHHOCTH, MO-
ryT OBITh OTHECEHBI K TBEpIbIM cyOcTparaMm. PaccmarpuBas B3aMMOCBSI3b THIIA
CTPOCHHS HWCCIICIOBAaHHBIX arperanii ¢ TOMOJOTMYECKUMHU XapaKTePUCTUKAMHU
cyOcTpaTa MOKHO OTMETHTh, YTO arperaiiy, OpraHu30BaHHBIC MO TUITY CIHPATH
XapaKTepHBl TOJBKO IJs ITUIOCKOCTH. Torma Kak arperanuyd JIMHEWHOTO THIIA
BCTPEUAIOTCS KaK Ha IJIOCKHUX, TaK ¥ HAa UIUHAPUIECKIX MOBEPXHOCTAX (Tadu. 1).
BaxHOii OKa3bIBaeTCsl OpHEHTAIUsi CyOCTpara B MPOCTpaHCTBE. ATrperaiiu CIu-

PaJdbHOI0O TUIIA IIPUYPOUCHBI TOJIBKO K 'OPU30OHTAJIbHBIM CY6CTpaTaM. AFpeFaHI/II/I,
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OpraHM30BaHHbIC MO JIMHEHHOMY TPUHIIAIYY HAaWIEHBI TOJHKO HAa BEPTHUKAIBHBIX
MOBEPXHOCTAX (Tad. 1).

Takum 00pazom, Ha OCHOBAaHUHM XapakTepa paclpeleleHUus MOJUIIOCKOB,
MO>KHO BBIJICTIUTH JIBAa OCHOBHBIX THIIA CTPOCHHSI arperanuii Muaun. B mepBoM Tu-
e arperanyii MUJIMU pacrojiararoTcs Mo crnupaneodpa3zHoi KpuBOM. Arperamnuu co
CIUPATBHBIM TUTIOM CTPOCHHUS XapaKTEPHBI TOIBKO JJISl TUIOCKUX TOPH30HTAIBHBIX

IIOBEPXHOCTEM.

Tabnmma 1. B3aumMocBs3b 0COOCHHOCTENM CTPOEHUS arperaiuil ¢ XapakTepUCTUKaMH OHOTOA.

PasznoBugnoctu Tun OpuenTanus
N Tun crpoenus Cybctpar
arperanuu MMOBEPXHOCTH MMOBEPXHOCTH
o HAIINACTO-
CrupanbsHas mpy3a CITUPATIbHBIN N MIOCKOCTh FOPU30HTAJIbHAS
MeCYaHbIil TPYHT
o CKaJbHas
CrmpanpHas merka CITUPATIbHBIN MIOCKOCTh FOPU30HTAJIbHAS
MMOBEPXHOCTh
PoseTkoBumnas . CKaJIbHas
CITUPATIbHBIN MIOCKOCTh FOPU30HTAJIbHAS
meTKa MMOBEPXHOCTh
o . . CKaJlbHas
JInneiHas meTKa JIMHEHHBIN MIOCKOCTh BEpTUKAJIbHAS
MMOBEPXHOCTh
N HWCKYCCTBEHHBIN
Bunroas JIMHEHRHBIA IAJTAHIIP BEpTUKAJIbHAS
cybcrpar
N HWCKYCCTBEHHBIN
Konenesas JIMHEHHBIN IAJTAHIIP BEpTUKAJIbHAS
cybcrpar

JI1s BTOpPOrO, JIMHEWHOTr 0, TUIIA arperaluyid XapakKTepHO paclpeaeIeHue MU-
Ui B BUJIE TIOCIIEIOBATENbHBIX psAIOB. Takue arperanuu oOHapyXeHbI TOJILKO Ha
BEPTUKAIBHBIX IUIOCKUX WIM LHWIMHAPUYECKUX MOBEPXHOCTAX — CKAJIBHBIX CTEH-
KaX, OOKOBBIX MOBEPXHOCTSIX KaMHEH, MCKYCCTBEHHBIX cyOcTpaTax (KarmpOHOBBIN

KaHaT, CBCPHYTAasd B KT'YT I[CJ'I]':).

I'nasa 4. /lunamuxa popMmupoBanusi Apy3 MUAUN B J1a00PATOPHBIX YCJIOBHSIX
4.1. Pasmepno-pyHxyuonanvHvle munst 0py3. Pazmep dopmupyrommxcs B
XO0/Ie PKCIIEPUMEHTOB JIPy3 BapbUPOBaJI OT JBYX 0CO0EH 10 HECKOJIBKUX JCCITKOB
MOJUTFOCKOB. Ha ocHOBaHMHM TIpeBapUTEIbHBIX HAOIOIEHUI OBLIO BBIJEICHO Ye-
THIpE pa3MepHO-(YHKIIMOHATBHBIX TUIIOB PACIPEICICHNS )XUBOTHBIX: OJUHOYHBIC

MUJUM, nepBUUHbIe (1-ro mopsiaka) arperauuud U3 ABYX — TPEX MOJUIIOCKOB, BTO-
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puuHbIe (2-TO TOpsAKa) HECTPYKTYPUPOBAHHBIE arperaiuu, coctosmue u3 4-7
oco0eii u TpeTuyHbIe (3-ro mopsiaka) arperauu u3 8§ u 60jee MOJUTFOCKOB.

4.2. [Ipeemcmeennocms Opy3 u ckopocmu ux obpazosanus. Mexay onucan-
HBIMU THUIIAMU JIPy3 CYIIECTBYET MPEEMCTBEHHOCTh. OJUHOYHBIE MUIUU OOBEIU-
HSIOTCSI B IEPBUYHYIO arperanuio. Jlajgee oHa MOXKET pacTH, BKJIIOYasi B ce0s U HO-
BBIX 0COOCH, M MEePEXOJIUTh B arperanuu 0ojee BhICOKOro mopsiaka. [lpu Hu3KuX
IJIOTHOCTSIX TOCAJAKA MHJAUN BpeMsi, HeoOXoaumMoe Jjisi 00pa3oBaHus ApPY3, TeM
Oosbiie, yeM KpyrHee arperaius. OIHAKO TP JOCTHKEHUH TUIOTHOCTU MOCAJKU
1000 53./M> Apy3bI TI060T0 HOPSAKA 0OPA3yIOTCS B TCUCHHE HECKOIBKUX MHUHYT.

Arperanuu MOTYT pacTH, pa3pylIaThCs WM HaXOAUTHCA B CTAOWIHLHOM CO-
ctositHun. Hanmenee cTaOMIBHBIMH SIBISIFOTCS JIPY3bl 1-ro mopsiaka, a Haubosee
cTabuibHBIMU — 3-T0. Pa3pymienue apy3 1-ro u 2-ro mopsiAKOB HaOJIIOAAIOCH BO
BCEM JIMana30He UCCIEAOBAHHBIX IUIOTHOCTEN MOCaAKU MHUJIMM, TOT/Ia KaK arpera-
MU 3-TO MOPSAKA MPU BHICOKOM TNIOTHOCTU HE PACIaIalIUCh.

Korna Gomnbinas yacth MUIMM TIpEKpallaeT CBOM MEPEeMENICHUs U U3MEHe-
HUN B pacnpeiesieHnn 0co0eil He MPOUCXOIUT, MOXKHO CUUTATh, YTO CUCTEMA CTa-
OMIM3MpoBaIach, a MOJYUYEHHAs] KapTUHA SBISETCS KOHEUHBIM PE3YJIhTAaTOM JKC-
nepuMenTa. Hrwke OyayT paccMOTpEeHbl HMEHHO KOHEYHBIE Pe3yJIbTaThl Mpoiiecca
dhopMupoBaHUs arperaiui.

4.3. Bausnue naomnocmu nocaoku MONNIOCKO8 HA KOJIUYecmeo obpaz0sas-
wuxcs Opy3 U Yuclo azpecupo8anHbix Muoull. 3aBUCUMOCTb MEX]y YUCIIOM JIpYy3 U
IJIOTHOCTBHIO MOCAJKU MUJUN TaKOBa, YTO YUCIIO APY3 JUHEHHO PacTeT A0 IUIOTHO-
ctu 1000 3K3./M2, a Jajiee BBIXOJUT Ha TUIaTO. AHAJIOTMYHAS KapTHHA HAOJ01aeTcs
U C YHCJIOM arperupoBaHHbIX Muani. Takum oOpaszom, miotHocTh nocenerust 1000
3K3./M” MOXKHO PacCMaTpHBATh KaK IIOPOrOBYIO, BBIIIE KOTOPOH HH yBEINUYCHHUS [0-
JIM arperupoOBaHHBIX MUAUHN, HU OTHOCUTEJIBHOTO YKCJIa JIPY3 HE MPOUCXOIUT.

4.4. CoomnoweHnue munos o6pazo8asuiuxcs opy3 6 3a8UCUMOCHU OM NJON-
Hocmu nocaoku muouti. C yBeIMYEHUEM IJIOTHOCTU TOCAJIKH MHUAMM JTOJIS Tep-
BUYHBIX arperanuii cpeid o0pa30oBaBIIMXCS UMEET TEHJICHIIMIO CHUXKAThCS, TOTa

KaK J0Jisl arperauuii 3-ro nopsiaka Bozpacraet (puc. 2). OZHOBPEMEHHO yMEHbIIa-
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€TCsl J10Ji1 BTOPUYHBIX arperauuid. /[aHHBIN mpoliecc HE MOHOTOHHBIM, a UMeEEeT
sHaunTenbHble GuykTyanun. [pu mmotroctsx 200, 400 u 1000 5k3./M> npeobira-
AT arperanuu 1-ro mopsiaka, Torma kak npu miotHocTsax 300, 700 u 1300
3K3./M’ MPEHMYIIECTBEHHO 00PA3yIOTCs CTAOHIbHBIC arperaldd 2-ro U 3-ro Io-
psaakoB (puc. 2). IIpu BBICOKHX MJIOTHOCTAX AOJS arperaiuii 1-ro u 2-ro nopsiakoB
CTAaHOBUTCSI HEBEJIMKA, 1 B OCHOBHOM (popMUpYIOTCS Ipy3bl 3-T0 nopsiaka. Cuemy-
€T TaK)K€ 3aMETHUTb, YTO YBEIIMYEHUE JIOJM TPETHUUHBIX arperaiuii NpoucXoIuT He
TOJIBKO 32 CUET CHMIKEHUS YUCIIa arperamuii 6ojiee HU3KOro Mopsiika, HO U 3a CUEeT
YMEHBIICHHS Yhcia OIMHOYHBIX MUAMi (puc. 2 b).

4.5. H3menenus oonu azpecupos8aHuvlx ocobeti u 00au 0py3 pasHo2o pasme-
pa npu oaumenvHol dxcnozuyuy. Kak nokasaiu JaHHbIE TOJITOBPEMEHHBIX HKCIIe-
PUMEHTOB, B T€YEHUE BPEMEHH SKCIO3UIUH, J0JS arperupoBaHHBIX 0cOOEi Bapb-
UpyeT He3HAUUTeNbHO. OJJTHAKO COOTHOUIEHUE arperaluii pa3Horo Mmopsijka MOXKET
U3MEHSTHCS 332 CUET YaCTUYHOTO Pa3pyUICHUsI KPYITHBIX APY3.

4.6. Cmpamezuu xononuzayuu cyocmpama. IloaydeHHble pe3yabTaThbl MO-
3BOJISIIOT MPEANOIOKUTE CYIIECTBOBAHHE TPEX OCHOBHBIX CTPATErHil KONOHM3a-
uuu cyocTtpara MUIUAMH. Peanuzanus TOW WIM MHOW CTpaTErwu OMNpeNeiseTcs
MJIOTHOCTBIO 00Pa3yIoIIerocs NOCENeHuUs.

1. KonnuecTBO MUIMI 3HAYUTENHHO MEHBIIE HEOOXOAMMOTO ISl TOTO, YTO-
OBl py3bl MOKPBUIM BCIO MPEIOCTABICHHYI0 MUAMSAM IUIOWAAs. B 3ToM ciydae
HaOmonaeTcsi 0Opa3oBaHue OOJBIIOTO KOJWYECTBA LIEHTPOB arperaiuuu (OAMHOY-
HBIX MUJUN U Apy3 1-ro mopsigka). Arperanuu 0ojee BBICOKOTO MOpPsiAKa HE pas-
BUBAIOTCS U3-32 HU3KOM MJIOTHOCTHU MOCEIEHUS MOJUTIOCKOB. DTy CTPATErHI0 MOXK-
HO Ha3BaTb cmpamezuell 3axeéama Makcumaivhou naowyadou. OHa, TIO-
BUJIUMOMY, AT MPEUMYILECTBO MUIUSIM B KOHKYPEHTHONU OOpHOE ¢ APyrUMH ce-
JCHTApHBIMU OpraHU3MaMH M «PACCUMTAHa» Ha MOCIEAYIOIIEe MONOJHEHUE MHU-

AUAMHAU JaHHOI'O IIOCCJIICHUA.

* o
TepMI/IH «CTpaTerus» B JaHHOH pa60Te HCIOJB3YETCA 1A 0003HaYCHHS MOJCIHN MMOBEACHUA, HAIIPABJICHHOI'O Ha
OINITUMAJIBHOC ITPU UCXOAHBIX YCJIOBUAX MCIIOJIB30BAHUC CBOGOZ[HOFO IIPOCTpaHCTBA.
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Puc. 2. CooTHo1ieHust MCXKIY arperagusaMy pasHoro nopsaaka B 3aBUCUMOCTH OT IIJIOTHOCTHU
MTOCAJIKU MUANN: A — A0Sl APY3 PA3HOTO TMOpsAKA OT OOIIEro Yucia py3; b — oIt MUHA,
BOLICAIIMX B arp€raiyu pasHoro rnopsaika, ot O6IIICFO qucia MHI[PIfI, a — ICPBUYHBIC arpe-
ranuy, 0 — BTOPUYHBIC arpcraiun, 6 — TPCTUIHLIC arperaiuvu, ¢ — OJMHOYHBIC MUJIWU. Ilo

2
ocd OX — IUIOTHOCTB ITOCAJKH MOJIJIFOCKOB, DK3/M".

2. KonnuectBa Muauii JOCTaTOYHO JIJISl TOTO, YTOOBI 0Opa3oBaBIINECs arpe-
raiy 3aHsUId BCIO NPENOCTaBleHHYIO Iiomaas. CHauana oOpasyeTcs 0oJiblioe
YHUCIIO arperaiuuii 1-ro nopsjika, KOTOpbI€ 3aT€M YKPYIHSIOTCS, B TOM YHCJIE 34 CUET
pa3pylLICHHs] YacTH MEPBUYHBIX arperamuii. Yucino KpymHbIX APY3 CO BPEMEHEM
YBEJIMYMBAETCS, TOTA KaK KOJIUYECTBO MEPBUYHBIX arperaiyii MOCTENEHHO CHUXA-

eTcsl. DTy CTPATErHi0 MOKHO OIPENeNUTh Kak cmpamezuto pacmyujux opy3. Ee
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MO>XHO pacCMaTpHUBaTh KaK CJCIYIONIUI 3Tal pa3BUTHS MOCEICHHUS MHUIUHN IOCIIEe
3axBaTa UMH ITOBEPXHOCTH.

3. Konmn4yecTBO MOJIITIOCKOB 3aBEIOMO IIPEBBIMIACT YUCIIO, HEOOXOAUMOE IS
TOTO, YTOOBI JAPY3bl MHJIHWHA 3aHSUITM BCIO NPEIOCTABICHHYIO MM IUIONIanb. V3Ha-
YJaJIbHO TTOCEJICHUE MHUJIUN MPEACTABISIET COO0H HECTPYKTYPUPOBAHHOE CKOTIJICHUE
oco0Oeii. BriociencTBuy M3 HEro BBIYWICHSIOTCS OTIEIBHBIC arperamyu, KOTOphIC
OBICTPO pa3BHBAIOTCS. YK€ B TCUCHHE IMEPBBIX MHUHYT IOSBISIOTCSA JAPY3bI 3-TO
nopsiika. YuCiI0 MepBHYHBIX arperaiuii CPaBHUTEIBHO HEBEIIMKO, H OHU B 0OJIb-
IITMHCTBE CBOEM ITOTJIOIIAOTCS 00Jiee KPYITHBIMHU JIpy3aMu. Takasi MOJIelb ITOBeIe-
HUs ObLIa HA3BaHA cMpamezueii MampuKca.

KoHKpeTHbIE MEXaHWU3MBI, YIPABIISAIONINE MPOIeCCOM (HOPMHUPOBAHUS MHU-
JTUEBBIX TTOCCIICHHUI, B HACTOSIIEE BPEMS OCTAIOTCS MaJloM3ydeHHbIMH. CyIect-
BYIOT JIB€ THIIOTE3bI O MPHUPOJIC BO3MOKHBIX MEXaHHW3MOB, OTBEUAIOIIHMX 3a (op-
MHUPOBaHHUE JIPY3 MUTUH.

Psn mccrmenoBateneld paccMarpuBaeT (popMHpOBaHHE arperanuii Kak pe-
3yJIbTaT KOMIUIEKCA HANpAaBIICHHBIX IMOBEJICHUYSCKUX peakiuii. [Ipemmonaraercs,
YTO MOUCK MUJIMSIMU APYTHX 0COOCH HIIH YXKE CYIIECTBYIOIHUX CKOIJICHUH OCYIIe-
CTBJIsIeTCS ¢ oMolibio xemoTakcuca (de Vooys, 2003; Erlandsson et al., 2008).

C apyroii CTOpOHBI, BhICOKasi BapraOEIbHOCTh IpOIlecca arperaiud U OT-
CYTCTBHE HANPABICHHOCTH B IMEPEMEIICHUSAX MHJIHA MO3BOJISIOT PaccMaTpUBATh
arperanuio Kak ciy4aissiil npouecc (Senawong, 1970; Uryu et al., 1996). C stoit
TOYKHU 3pCHHUs 00pa30BaHWE arperamuii MOKHO CYUTATh COBOKYITHOCTBIO CITydaii-
HBIX TTEPEMEIICHUN MOJUTFOCKOB.

B monp3y JmaHHOrO MeXaHHM3Ma MOTYT TakKKe CBHJICTEILCTBOBATH
MIPEICTAaBIICHHBIC B pa00TE TaHHBIC O 3aBUCMOCTH JUHAMUKH MPOIIecca arperainuu
OT IUTOTHOCTH IOCAJKA MOJUTFOCKOB. OnqHako oOpamiaeT Ha ce0s BHHMaHHE TOT
dakT, YTO TPHU BO3PACTAHWU ILIOTHOCTH TIOCAJKH MHUIUH TPOUCXOIUT HE
MOCJICIOBATEIIbHAs CMEHA, a YepPEJOBaHHWE CTPATETMi KOJOHM3AIMH CyOcTpara.
CaMoO CyIIeCTBOBaHUE Pa3IUYHBIX CTPATETHMil KOJOHM3AIMU CyOCcTpaTa W 4epeio-

BaHHUC JOTUX CTpaTeI‘I/Iﬁ HC TTO3BOJIAIOT CYHUTATH IIPOLICCC (I)OpMI/IpOBaHI/IH Apy3 HUcC-
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KITFOUYUTEBHO CTOXAaCTHYECKHM TPOIeccoM. MOXKHO MPEANOI0KUTh CYIIeCTBOBA-
HUE Y MUJUH HECKOJBKHX MPOTPaMM TOBEICHHS, PeaU3alysl KOTOPBIX OMpe/es-
€TCS JICHCTBHEM BHEIIHHUX (PaKTOPOB.

HecMoTpst Ha paHHBIE O CITOCOOHOCTHM MHJIMK Ha PACCTOSHUHU pas3indyaTh
ckorieHus ocooeit ceoero Buma (de Vooys, 2003), ecTh OCHOBaHUSI CUUTATh, YTO
KITFOUEBYIO POJIb XEMOTAKCUC MTPACT TOJIHKO Ha 3aKIIOUUTEIBHBIX dTalax arpera-
MU, KOTJIa PAcCTOSHHE JI0 OOBEKTAa HE IPEBBIIMIACT HECKOJBKHMX CAaHTHUMETPOB
(Maas Geesteranus, 1942; Coté, Jelnicar, 1999; Xamnaman, Jlesun, 2008). C stux
MO3UIIUH MOYXHO pacCMaTpUBaTh MPOIECC arperaud Kak KOMIUICKCHBIA, COCTOS-
U U3 IBYX CTaauid. B mepBoi U3 HUX MUIUU IEMOHCTPHPYIOT HECHAPABICHHOE
MTOMCKOBOC JIBHKCHHUE, XapaKTep M Pe3yIbTaThl KOTOPOTO MOTYT ONPEACIATHCS Be-
POSITHOCTHBIMHU 3aKOHAMH. DTO TOJATBEPKAACTCS JTMHCHHBIM XapaKTEPOM 3aBHUCH-
MOCTH TaKHX IapaMeTPOB KaK KOJHMYECTBO JIPY3, JIOJI arperHPOBAHHBIX OCOOEH,
BpEMs TIEPBOTO TIOSBJIICHHS arperamnyii OT CTapTOBOW IUIOTHOCTH TocelieHus. Ha
BTOPOH CTaIuU MPOUCXOJIUT COOCTBEHHO aKTUBHBIN BBIOOP KUBOTHBIMU MECTA JJIS
OKOHYATEIPHOTO MPUKPETUICHUS C IIOMOIIBIO TUTMO- B XeMoTakcuca. [Ipu Beidope
MeCTa, MUJUH CIIOCOOHBI HEOTHOKPATHO MPHUKPEIUIATHCS, 3aTEM OO0pBIBaTh OUCCYC
u nepemematbcss Ha HOoBoe MecTo (Lesin et al, 2006). Ortoit daze mporecca
COOTBETCTBYIOT 3aMETHbBIE KOJICOaHHWS YHCICHHOCTH JIpy3 M arperupoBaHHBIX

MOJUTFOCKOB, OTMCUCHHLBIC B IICPBBIC YAaChl aIpCraliuu.

I'naBa 5. BiusiHMe arperupoBaHHOCTM Ha TeMIEpPaTypy MaHTHHHOH
JKUAKOCTH MUIUI, OOUTAIOIIUX HA JIUTOPAJIHN

B mporiecce uccienoBanuii Obuta U3MepeHa TeMIiepaTypa MaHTHHHOM YKHJIKO-
cti 144 Munuii ¢ WIKCTO-NIECYAHOUW JTUTOPAIIM U CKAJIbHBIX MTOBEPXHOCTEN B pailoHe
NBanoB-HaBosoka. M3MepeHus: mpoBOIUINCH B (pa3y MOJHOTO OTIWBA, B COJTHEYHYIO
6e3BeTpeHHyto noroay [lomydeHHbIe pe3ysbTaThl JEMOHCTPUPYIOT MIMPOKYIO Bapua-
OCbHOCTh 3HAUEHUN TeMIepaTypbl MaHTUWHOM JKUAKOCTH MUAUN. B OTHEenbHBIX

cllydasix pa3mMax BapbupoBaHUs 3Toro nokaszarens nocturaet 10-18°C (taba. 2).
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Tabmuua 2. Cpenssisa, MakcuMallbHasi © MUHUMaJIbHas TeMieparypa (C°) MaHTHIHOM Kua-

KOCTH arp€rupoOBaHHbBIX U OAMHOYHBIX MI/II[I/II\/’I Ha CKaJIbHOM M WIINCTO-IICCUYaHOM JIMTOpAJIN.

ArperupoBaHHBIC OnuHOYHBIC
ocobun ocobun
Ckana
Cpennsisi TeMreparypa 28.0£0.8 334£1.0
MaxkcumanbHas TemrepaTrypa 34.0 43.0
MuHnumanbHas TeMieparypa 24.5 30.4
O6beM BBIOOPKH, IK3. 40 34
3aunennwiii necox

Cpennsisi TeMieparypa 26.4+0.9 26.6 £ 1.2
MaxkcumanbHas TemrepaTypa 33.7 30.2
MuHnMmanibHas Temneparypa 20.9 21.9
O06beM BBEIOOPKH, IK3. 42 28

Ha ckasibHBIX TTOBEPXHOCTSIX JIMTOPAJIM OOHAPYKEHBI pa3inuus B CTEIICHU Ha-
rpeBa OAMHOYHBIX U arperupoBaHHBIX ocodel (f = 5.43, p < 0.05). PazHuiia B Temmne-
paType MaHTHIHOM KHUJIKOCTH arperupOBaHHBIX U OJIMHOYHBIX MUJIUN, COCTABIIsIA, B
cpenHeM 5-6 rpamycoB (Tabm. 2). Ilpu 3ToM Hambosee BhICOKas TeMIepaTypa OTMe-
YeHa y OJJMHOYHBIX ocoOel. KpoMe Toro, usmepeHus TeMreparypbl MAHTUIHON JKU/I-
KOCTH arperupoBaHHBIX MOJLTIOCKOB MOKa3aJl HEPABHOMEPHOCTh HarpeBa MUIUN B
npenenax oTASNbHBIX Ipy3. B moceneHusx Muauii Ha CKaJIbHOW MOBEPXHOCTH Cpei-
Hee 3HaYeHHe TeMIepaTypbl MAaHTHIMHOMN YKUKOCTH MOJUIFOCKOB B IIGHTPE JPY3 OBLIO
paBHo 26.5+0.8°C, Torga kKak Ha mnepudepur arperalyii 3Ha4eHUs TEeMIIEPaTyphl
MaHTUIHON KUJAKOCTH COCTaBIISUIH, B cperHeM 29.4+0.7°C (puc. 3A).

Ha unucro-necuanoit utopanu, B OTIMYKUE OT CKaJbHBIX IMOBEPXHOCTEH, HE
OTMEYEHO Pa3IN4Hil TeMIEPaTyphl arperUPOBAHHBIX U OJIMHOYHBIX Muaui (1 = 0.13,
p = 0.44) (Tabn. 2), 4TO MOXKET OBITH CJIEICTBUEM BBICOKOW OOBOJTHEHHOCTH CYyO-
ctpata. OgHAKO B 3TOM OMOTOIE OTMEUYaeTCs 0oJiee CIOXKHBIN XapakTep pacrpese-
JICHUs TEMIIEPaTypPHBIX T'PAJIUEHTOB BHYTPU JPY3, CBSI3aHHBIA C MX KOHCTPYKTHB-
HBIMU 0cOOeHHOCTSIMHU. Kak u B Jipy3ax Ha CKaJIbHBIX MOBEPXHOCTSIX B arperamusx
MUJIUNA Ha MATKUX TPYHTAX HAOJIOJAIOTCS pa3udusl B TEMIIEpaType MUIUM, pacrio-

JIO’)KEHHBIX Ha mepudepun u B 1eHTpe arperanuid (¢ = 3.73, p < 0.05) (puc. 3A).
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KpOMC TOTI'O, Y ) KUBOTHbBIX, HAXOIAIIUXCA B HUKHEM SPYCC NPYy3, OTMCUYCHBI 0oiee
HHU3KHC TCMIICPATYPhI MaHTHUHHOMN KUOAKOCTU, YCM Y 00066171, PAacCIIOJIOKCHHBIX B

BepxHeM sipyce (1 =4.13, p <0.05) (puc. 3b).
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Puc. 3. Cpennsis Temneparypa MaHTUHHOM KUIKOCTH MUJUHN U3 pa3HbIX YacTed apy3 Ha
MOBEPXHOCTH cKan (A) u wimcto-necuanoit smropau (b). a — B ienTpe npys3, 6 — Ha nepude-

pHH, 6 — B BEpXHEM sIpyce, 2 — B HIKHeM sipyce. [1o ocu OY — temneparypa, C°

dopMupoBaHUe arperaiuii y MUTHINJ OOBIYHO paccCMaTpUBAETCs Kak ajari-
Tals 3TUX MOJUIIOCKOB K LIENIOMY Psily (PaKTOPOB BHEIIHEH Cpeibl: K BOTHOBOMY
1 JISIOBOMY BO3JIEHCTBUIO, MPECCY XUIHUKOB WU KOHKYpeHTOB (KyTtuies, 1976;
Cemun, 1981; Witman, Suchanek, 1984; Bertness, Grosholz, 1985; Okamura, 1986).
B uccrienoBaHHBIX TOCENEHUSIX Ha CKABHBIX MMOBEPXHOCTSIX, MUJIUU, HAXOISAIINECS
B LICHTPE arperanuii, HarpeBaJIuCh B MEpUOJ OTIAUBA B cpenHeM 1o 25.4+1°C. Torna
KaK Cpe/HsIsl TEMIIEpaTypa OJMHOYHBIX 0COOEH Ha MOBEPXHOCTH CKajbl COCTaBIIsIIA
33.4+1°C. HabGmiomaemble pa3inuuus B TeMIlepaType MaHTUHHOW >KMIKOCTH OJIM-

HOYHBIX U aIrpCTUPOBAHHBIX MI/IIII/Iﬁ IMO3BOJIAIOT TOBOPUTH O TOM, 4YTO o6pa303aHHe
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APY3 MO3BOJIACT MOJUIFOCKAM IIOAACPKUBATH Ooiee HHU3KYIO0 TCMIICPATYpPY TCJIa U

n3oeraThb TCMIICPATYPHOI'O CTPECCAa B IICpUOA OTIINBA.

1)

2)

3)

4

S)

6)

BuIBOABI
BolsBlIeHBI W OMHUCaHbI MATh BapUAHTOB OpraHu3aluu arperanuid Mytilus
edulis: arperalliii CO CHUPAIBHBIM TUIIOM pacIpejeieHus, PO3ETKOBUIHbIC
LIETKH, IMIETKU C JIUHEMHBIM THUIIOM PACIPEIEIIECHUS, arperaMu Ha [UJIMHIPU-
YECKHX CyOCTpaTax ¢ BHHTOBBIM THIIOM pacIpeiesiCHUs] U arperaiuy Ha IH-
JUHIPUYECKUX CYOCTpaTax ¢ KOJBIIEBBIM TUIIOM paclpe/IeIeHUsI
Bce pasnooOpasue BbIJCICHHBIX BapUAHTOB arperanuii MOXKHO pa3JeluTh Ha
JIBa TUIIA MO XapaKTepy paclpeiesieHus U OpUEHTaIMK MOJITIOCKOB. K mepBomy
TUNY OTHOCATCSL arperamuv, B KOTOPBIX MOJUIFOCKH CIEAYIOT IPYT 3a APYIOM,
obOpasys ¢urypy knacca crnupaieit. Ko BTopoMy THUITy OTHOCSATCS arperaiuu, B
KOTOPBIX MOJUTIOCKH CIICIYIOT APYT 3a APYyrom, o0pasyst HempephIBHbIE MIPSMbIC
PAIBI.
Tun opranuzanuu arperamnuii He 3aBUCUT OT XapakTepa I'pyHTa U OCOOCHHO-
cTel OMOTOIA U ONpeeNsieTcs TOILKO OpUeHTalnel cyocTpara.
IIpu oOpa3zoBanuu arperanuii y oJJHOpa3MEPHBIX MUIUN KOJIUYECTBO APY3, J0-
7. arpeTUPOBAHHBIX O0COOEH, BpeMs MEPBOTO IMOSBICHUS arperaiuil JIMHEHHO
3aBUCST OT IJIOTHOCTHU MOCAJKU MOJUTIOCKOB. COOTHOIIEHHE arperaiuii pa3Ho-
ro pazMepa M JUHAMHKa UX (OPMHUPOBAHUS U3MEHSIOTCS CKAYKOOOpa3HO MpHU
BO3PAaCTaHUM TUIOTHOCTHU MOCAJIKHU.
BrineneHo Tpu OCHOBHBIE CTpAaTeTUH KOJIOHU3AIMU CyOCcTpaTa MUIUSIMU: CTpa-
TETUS 3aXBaTa MAKCUMAJILHOW IIJIOIIAJIM, CTPATErUs PACTYIIUX APY3 U CTpaTe-
TYsl MaTpPHUKCA.
B nuTopanbHBIX MOCENEHUSIX MUJIMM Ha CKAJIbHBIX MMOBEPXHOCTAX 00pa3oBaHUE
arperainuyi MMeeT aJalnTHUBHOE 3HAYEHUE JJISl CHHXKEHHUS TEMIIEpaTyphl Tejla B

Iepruoa OTJIHBA.
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