[lanbueBaga ayra,
XBOCTaTble amdpunouun,
nxTuocTtera un npobnema
NPOUCXOXAEHUSA
KOHEYHOCTEeW TeTpanos
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[lepBbIM NanbLeBYyO Oyry onucan B
1910 WMBaH /IBaHOBKUM
LLiImanbrayseH, nsy4dasa passutume
KOHEYHOCTEN CEMUPEYEHCKOrO
narywkosyba. OH He npugaBan en
Ba)XHOIo PUNOreHeTn4ecKkoro
3Ha4YeHud, nonaraqd 4YTo ayra
pa3BuUrachb yxe y tetpanos, 4Toobl
nonepeYvyHo YKPENUTb BaXXHY Me30- -
MeTanoauanbHy rpaHuuy



B 1986 roay Bbiwna ctaTbs
LLlybuHa n Onbepya B KOTOpPOU
aBTOpPbl BHOBb 0OpaTnnu
BHMUMaHMe Ha doeHOMEH
nanbuesoun ayrn. OCHOBLIBAsICb
Ha JaHHbIE MO Pa3BUTULO
KOHEYHOCTEN pasnnyHbIX rpynn
TeTpano, OHU BblABUHYIN
rmnoTesy o0 TOM, YTO NnarbLeBas
ayra siBnsieTcsl NpoAoImKEHUEM
aopeBHeW meTanTtepurmanbHou
OCW NPeaKoBOro nrnaBHUKa B

aBTONoOAmMnM KOHE4YHOCTH

30ecb U faree MetantepurnanbHas
OCb BblAeNeHa KpacHbIM LIBETOM,
npeakcmanbHble Ny4n — XenTbiM, a
nocTakcuarnbHble Jy4n — 3efieHbIM
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BaxkHbIM crieacTBUEM rMnoTe3bl
Onbbepya-LLlybmnHa asnsaeTcsa To,
4YTO NanbLlbl FOMOJIOrNYHBbI
nocTakcuarnbHbIM Jly4am
NpeaKkoBOro ninaBHUKA, KOTOPbLIN
Takum obpa3som, JOMKEH Obln ObITh
bucepuanbHbIM



Ecnn nanbuesada ayra —
MeTanTepurnanbHas oCb, TO B pe3ynbTaTe
TeTpanoansaunm oHa OoJmKHa bbina
M30rHYTbCS




OaHako, U3BECTHbIE HA TOT MOMEHT OaHHbIE
NarieoHTONIOMMN KaTeropnveckn npoTMBOpEevnUnmn
9TOMY NPEArnoOSIOKEHUIO




Hanbonee 611M3Kkn K YETBEPOHOTUM
ocTeonenndopmMbl U ANNMUCTOCTEranmn

OcTteonenudopmHas pbiba aycTeHonTeEPOH, obnagasLuas
YHUCEpPUanbHbIMU NiaBHUKaAMU



Y eule bonee 6M3KOro K TeTpanogam
naHgepuxTa napHble NaBHUKN TaKXKe
YHUCEepUanbHbl




OOuH 13 BapnaHTOB COOTHOLLEHUS
9/1EMEHTOB YHUCEpPUArbHOro niaBHUKa
C 3rIeMeHTaMn KOHEYHOCTMU




KoHe4YyHOCTW nepBbIX TeTpanoa coaepxat
ropa3go bornblle 35IEMEHTOB, YEM

YHUCEepPUarsibHble MniiaBHNKN X pOACTBEHHUKOB
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Acanthostega Panderichthys




[TocKorbKy nnaBHUKN Hanbornee ONNM3KNX K TeTpanogam
KNCTenepbiX pbid pacyneHeHbl ropasao cnabee HazeMHoOM
KOHEYHOCTHU, MOMbITKN HA4EeXXHOW rOMOSiorn3aumnm ee ckerneTHbIX
9NIeMEHTOB C 3NneMeHTaMu nnaBHUKa orpaHn4YmMBaroTCS
NpoKcnMmaribHoM obriacTblo, a AucTanbHble OTAEeNbl KOHEYHOCTU
(0CODEHHO Nariblbl) YacTO paccMaTpmUBaKOTCS Kak
HoBoobOpa3oBaHme. OgHako, aytornoanym (M1 nanblbl Kak
Ba)XXHEWLLAsA ero YyacTb), aBnseTcs Mopdosfiorm4eckn cambim
CIOXXHbIM OTAENIOM KOHEYHOCTU U BpA4 N obpasoBarncs
ObICTPbIM CKAa4YKOM MNpu rnepexoae ot pbld K TeTpanogam. Beskas
CTPYKTypa «0ONTCA» HOBU3HLI: C POCTOM €4MHOBPEMEHHO
nosiyd4aemMoun CUCTEMOUN HOBU3HLI pacTET BEPOATHOCTb
HeobpaTUMOro MNOHMXXEHNS YCTONYNBOCTN CUCTEMbI U
npekpawleHna JaHHOM NMHUM pa3BuTus (BeiMmpanue) (PaytuaH,
1988). NoaTomy, TeTpanogHas KOHEYHOCTb, CKOPeE BCEro, MMEET
OJIMHHYHO 9BOJTIOLMOHHYIO UCTOPUIO, yXOoasdLLyto rny0boKo B Heapa

npeagKkoBoro Arnd 4eTBepPoOHOIrmxX TakCoHa.



XBocTaTble aMmpndun ngasHa npuBrekanu
BHUMaHMe uccrnegoBsartenen nblTaBLLUUXCA
PELUNTb NPOBSIEMY NPOUCXOXKOEHNS TETPaNoa




[1na xBocTtaTblx amdunbuimm xapakrtepeH
YHUKAIbHbIW 0719 COBPEMEHHbIX TETparnon
nopagoK dopMUpoBaHMA NanbLeEB

FL Stage 44 HL Stage 45 HL Stage 46

Ant. «— Post,

Pa3BunTtue 3agHen kKOHeYHOCTN ambucTomel. [epBbiMM 0B6pasdyroTCAa NnepBble ABa NanbLa,
3aTteM no O4HOMY MOSABMAKTCA OCTanbHble (TPETUN, YETBEPTLIN N, HAKOHEL,, NATbIN)



Pa3Butne KoOHe4YHoOCTEen XBoCcTaTbIX
ampunoun (A) n amHuort (B)
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(Salamandrella)




Y XBocTaTbiX aMdundbun B oucTanbHOM
OoTAerie KOHEeYHOCTEN pa3BMBaAETCA TPU
MEe3EeHXMMHbIX KOMMMEKCa

1 — npeakcnanbHasa KonoHka (byaywne
nyyeBasi, paguarne, y-areMeHT)

2 — MegmnanbHaga KonoHka (byaywue
NHTEPMEOMNYM U ABa LieHTparibHbIX
afieMeHTa

3 — nocTakcuarnbHaga ayra,
BKIoYaroLLasi TIOKTEBYHO KOCTb,
yrbHape, Bce aucranumu u

nepsbIv Nanew



CxemMa OCHOBHbIX CKENEeTHbIX KOMIMIEKCOB
pa3BMBaKOLLENCA KOHEYHOCTH




Y psiga XxBocTaTbIX C paHHUX CTaAaun pa3BUTUSA
NPOCNEeXnBaeTCHa nNocTakcnanbHasa ayra, BrosiHe

CpaBHMMag C nanbLeBon Ayron aMHMNOT U NAryLleK

Pleurodelis waltl, 39 ctagus Ranodon sibiricus, 25 ctagus



,D,aHHbIe Nno paHHEMY Pa3BUTUIO

bonee NPUMNTUBHBIX
XBOCTaTbIX — Yrno3yboB — roBOpsIT B

Aod

KOHEYHOCTEN HauU
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NnoJib3dy naeun najlibueBon Ayrn Kak
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NpeBHEN
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N3Ha4YallbHOU
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MeTanTepurmasyibHoOm ocu

nepe,ﬂ,Hﬂﬂ KOHEYHOCTb CEMUNPEYHEHCKOIO

narywkodyoda. Ctagus 23. BugeH
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PacnonoxeHne cocygoB B
doopmupyroLLlENCA KOHEYHOCTH

[MocTakcu
anbHas
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Mapkepom meTantepurmanbHOU OCU MOXKET
ABNATLCA APEBHUN crMbaTenb nanbueBs




Ho ecnu nanbueBaa gyra —
MeTanTepurnanbHas oCb, TO B pe3ynbTaTe
TeTpanoansaunm oHa OoJKHa bbina
N30rHYTbCS




Cnenbl 3TOro npoLecca MoryT COXpaHATbLCS
B Pa3BUTUN caMbIX NMPUMUTUBHBIX
COBPEMEHHbIX YETBEPOHOIMX

K 6onee no3gHMM CTaansam pasBuUTUA NanbLieBas Ayra CEMUPEYEHCKOro naryLko3yba
NMOCTENEHHO 3arnbaeTcs npeakcunanbHO



CDOpMVIpyI-OLIJMeCFI 3aaHue narnbubl N Haxoaswunecs B X OCHOBaHUAX
3a4aTKN ANCTAalJIbHbIX 3J1IeMeHTOB Me3ornoanyma o6pa3yloT CHa4alJla He

nonepe4vyHbin, a CKopee NpoAaosibHbLIN PALA, Kak B bucepuarnbHOM MnnaBHUKe

Mg

e

3agHsa4
KOHEYHOCTb
cemMmmpeydeHcKor
O NAryLKosyoa,
ctagua 34









[lpeakcmnanbHblie Nyyn B Npouecce
doopmunpoBaHua nanbLEBON AYrn UCNbITanu
YaCTUYHYIO peayKLuio, ConpoBOXAaBLUYHOCS
CIIUAHMEM 3JIEMEHTOB Ny4Yen Apyr ¢ APYrom.

[Tony4aeTcs, 4TO Y Hanbonee ApPEBHUX
TeTpanog Mbl byaem HabnogaTth
MaKCcuMaribHOEe KOrmM4eCcTBO SJIEMEHTOB B
npeakcnanbHou obnactn. [laHHbie Mo
Pa3BUTUIO KOHEYHOCTEN rMHOBUMA N NO
KapObOHOBbIM TeTpanogam (CrneayroLnm

cnaung) noareepXxgarT 3TO NpeanosioXkeHue









[loCcKOMnbKY U3 rMNOTE3bl
nanbLUeBOU
Oyrm=mertantepurmanbHON OCWU
BbITEKAEeT, YTO NpeaKoBbIM ANA
TeTpanogHoON KOHEYHOCTU ObIs
bucepuarnbHbIN apXUNTEPUTUN,
BO3MOXHO, cylLlecTBoBana gasa
bucepuanbHOM NepexogHou nanbl
C ABYM4A rpynnamu nanbLeB —
npeakcuanbHOM U NOCTakCUarnbHOU



Y aMHuoT
3a4aTKku
KOHEYHOCTEN
OKaH4YMBatoTCA
3aKpyrieHHbIM
N onaToykamu

Y XBOCTaTbIX 3a4aTOK KOHEYHOCTU OCTPOKOHEYHbIN
N HANOMMHAET 3a4aTOYHbIN MMaBHUK
aosikoablwalmx poid




BepLwinHa 3a4aToO4YHOM KOHEYHOCTU Y
NMPUMNTUBHBIX POPM COXpaHAET 00NMK NnaBHUKa
Ha NPOTAXXEHUN HECKONbKUX CTagun pa3BUTUA,
MHorga CUnbHO YBENMYMBAACH B pa3mepax




[ns nnynHok cndupckoro yrrosyba
rMNepTpodPMpPOBaHHBLIN NNMAaBHUYOK, pacnonaratoLlmmncs
MeXay nepBbiM U BTOPLIM NanbuamMmu, CIyXuT
NIMYNHOYHBLIM MPUCNOCODNEHNEM




Y narywkosyba 9ToT naBHUYOK TakxKe
nmeeTcsa (NokasaH CUHUMUN CTPEernKamin)

N3-3a cBOUX MarsibIX
pa3mepos u
OOCTaTO4YHO ObLICTPOro
NCYE3HOBEHMNA B Xo4e
Pa3BUTUSA, NITABHUYOK
HEe MPUHOCUT NINYUHKE
NArywko3yda HMKoKom
Nosib3bl

HebonbLuion NnaBHUYOK ECTb
Ny npeacraBuTenen
OpeBHEro ceMeuncTaa
CKpbITOXXabepHUKOB



B cBeTe 3TOro ctaHoBATCHA Oonee
MOHSATHBLIMU CTPaHHbIE 3aJHNE KOHEYHOCTW

,EI,eBOHCKOI/I aMmdndunm nxTmocTeru

B 1987 roay B ' peHnaHanmn 6binu

” HaunaeHbl HOBble (PparMeHThl

. CKeneToB UXTUOCTEru, OOuH 13

. KOTOPbIX BKMKOYaAN NOYTN NOMHOCTHIO
COXpPaHMBLLYOCS 3aHI0H0
KOHEYHOCTb




KeMOpunaKCKmun aKaemnnsap




Ha oTneyaTke u
NpoTUBOOTMNEYaTKE
YyeTKO BUOHbI OBE

| rpynnbl NanbLUes
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OKOCTEeHeBaBLUUM
npeaxkcuasbHbIN

pynna s Tpex  anemeHT, CBA3AHHBIA

ManeHbKnx, Kak ¢ GONbLLOV] '

Obl cnUMWMXCs,  GepLIOBOM KOCTbIO

nanbLeB,

npuyem cambiun UeTblpe KpynHbIX

MasieHbKUI nocTakcnanbHbIX

TpeTnn nanbLa



3aaHaa nana nxTtuocrtern oobnagaer

bucepmnarnbHbIM CTPOEHUEM



















[locnegHee goecatTuneTue
NPUHECO MHOIo HOBbIX CBeAEHUN
O AeTandax CTPOEeHUa rpygHbIX
NraBHUKOB ONM>KanLLnX
POACTBEHHMKOB TETPANo. -
annucTocTerng



TunkTaanuk




CpaBHeHme rPyaHoOro rnjiaBHUKa TUKTaalinka “ 3aHen KOHEYHOCTUN NXTUOCTErU
[ oMOAMHaMHbIE 3NIEMEHTbI pacKpalleHbl OANHaKOBO







Geological institute of Tallinn, specimen number
GIT434-1
Panderichthys rhombolepis




PANDERICHTY Ve
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The pectoral fin of Panderichtys
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icxoasa u3 CTPOEHUNA KOHEHHOCTU NXTNOCTETN MOXKHO

PEKOHCTPYMpPOBAaTb NPEAKOBbLIN ANA TeTpano NnaBHUK




Mcxoasa n3 cTpoeHmnst KOHEYHOCTW
MXTUOCTErM MOXXHO NpeanosrioXnTb, YTO
npeaKoBbIN OS5 TeTpanod oucepuanbHbIN
nrnaBHWK obnanan:

1) HeanMHHOW, COCTOALLLEN N3 HEMHOIUX
(Ckopee Bcero 4-x) afieMeHTOB, OCbiO

2) YNeHUCTbIMU HEBETBALLUMUCH
npeakcunanbHbIMUN Ny4YamMu,
OTXOAUBLUMMU NO OOHOMY OT Ka)Ooro
9NEeMeHTa MeTanTepurmanbHON OCU U

3) YNEeHUCTbIMU HEBETBALLNMUCH
nocTakcuarnbHbIMU Ny4aMun, KOTOPbIE
MOrNIM OTXOOAUTb NO ABa 1 bonee oT
OJHOro aNeMeHTa OCu nnaBHUKaA.



[ MnoTeTn4yeckasa cxema TpaHcdopmMaumm
NpeaKoBOro nnaBHMKa B TETPanodHYo
KOHeYHOCTb. [1peakcnanbHble Nyyun BblOeNeHbI
TOYKaMM, NocTakcmanbHble NMyYn — LUTPUXOBKOW,
ocb benaga. Ctaausa 2 n 4 rmnotTeTndyeckue,
OCTaslbHbIE B TOM UM MHOM BUAE BCTpPeYatoTCs y

COBpPEMEHHbLIX UJTN NCKOMaeMbIX KNUBOTHbIX.




[ MnoTeTnyeckaa mogenb PopMMPOBaAHUS
TeTpanogHOW KOHEYHOCTU COBPEMEHHOIo TUNa

*Y NOCTAEBOHCKMX TETPANOA NPOUCXOAUT CUrbHasa peayKuus
npeakcmarnbHbIX JTy4EN — OT HUX OCTalTCA PaKTUYECKM NULLIb OCHOBAaHUS
[1Ba AncTanbHbIX Me3oMepa pacnagatoTcs Ha pAa 9NeMeHTOB Tak, YTo
KakObl nanew, nomny4yaeT cBoe COOCTBEHHOE CaMOCTOSATENbHOE OCHOBaHME



AKaHToOCTera




Humerus

Caput humer -

Deltoid process —

Ectepicondylar
foramen

Ectepicondyle

Entepicondyle

Entepicondylar
/  foramen

Ulnal facet
Uina

Intermedium
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TynepneToH
















3aaHAS KOHEYHOCTb TyrepneToHa







bnarogapHocTn

ABTOp BblpaxaeT rnyookyto onarogapHocts O.A.
JlebeneBy 3a npenocTaBfiEHHbLIV
NarieoHTONIONTMYECKNA MaTepuan u nutepartypy,
O.l1. OnbLIeBCKOWU, YbU KOMMEKLNMN CPEIOB MO
Pa3BUTUIO KOHEYHOCTEN Yrrio3yba nocnyxunu
o0bekToM uccriegosaHus, A.H.babeHKo 3a nomoLlb
N KOHCYNbTauun B OCBOEHNN MUKPOCKOMUYECKOM
TexHukn, 3.11.BopobbeBon, A.H.KyaHeL0BY,
A.KaHtoknHy, A.CokonoBy, ®.M.EpoOLLKNHY U
C.B.CmunpHoOBY 3a LeHHble COBEThLI U
npeaoCTaBNEHHYIO NUTeEpPaTypy, a TakKe CBOEN
XeHe CBeTe 3a BCECTOPOHHIO Noaaep Ky






