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Ha ocHoBe 3BONIOIMOHHO-MOP(OIOTNIECKOTO aHANN3a NEPEJHNX U 3aJHUX KOHEYHOCTE! COBPEMEHHBIX
U UCKOTIa€MbIX ITUI] IpefJjaracTcsl 3BONIONUOHHbIN ClIeHapUil HOBOI KOMIIPOMUCCHON T'MIIOTE3bI MPOUC-
XOXJIEHUSI MOJIeTa y IITHI] ¥ TEPONIOAHBIX AUHO3aBPOB. KiltoueBbIME ajlanTalusiMu A1 OOpETEHNs MoJIeTa
MOCITY>KIJIN OUIEaNbHOCTh U YHUBEpCcajbHas aHU30aKTWIbHAS cTona. bunefganusM ocBo6oaun nepen-
HHE KOHEYHOCTH OT (PYHKIUH OIOPBI U CIIOCOOCTBOBAJ MPEOOPA30BAHMIO MX B KPBLIbsI IPH NIEPEMEIICHIN
IO BETBSIM [IEPEBLEB U IIPHU CITyCKe ¢ AepeBbeB. CUIIbHBIE 3a[JHIe KOHEYHOCTU 00ECIeYniId Ha IEPBBIX 3Ta-
Iax BO3MOXKHOCTb B30UPaThCS BCIPBITNBAHNEM Ha I€PEBbs, KyCThI WIIM BO3BBIIICHNUS, 2 aHU30AaKTUIIbHAS
cTona oOycJI0oBIIa BO3MOXKHOCTh HaJIe>KHOH ONOpHI, KaK Ha 3eMJie, TaK U Ha fiepeBbsix. HagexHas onopa
Ha TaKylo CTOIy IpPHBEJa K PEAYKIUHN XBOCTAa U3 JUIMHHOTO Psifla XBOCTOBBIX MO3BOHKOB. [Ipn aToM st
PpaHHUX UL HE ObIJIO HEOOXOAUMOCTH NPOXOAUTD CTAUIO INIAHUPOBAHUS Ha YT K HACTOSIIIEMY HOJIETY.
PDyHKIMOHANBHBIE TPEOOPa30BaAHNUS IEPEJHUX KOHEYHOCTEN B KPbLIbsI IPOUCXOMIMIIN Y BCEX IIEPHATHIX Ia-

paJICJIBHO U IO IOYTHU CXOAHOMY CIICHApUIO.

ITpo6nema mTpPOUCXOXKACHUS TOJIeTa MTHI] IITUPO-
KO JUCKYTUPYETCS CO BpeMEHHN OTKPBITHS apXeOomnTe-
PUKCOB. Y3Ke NepBble TUIIOTE3bI €€ PEeIIeHNs OKa3bl-
BaJIUCh MOJISIPHBIMHU, 4 UMEHHO: TUIIOTE3a IPEBECHO-
ro unu “c gepeBbeB BHU3 (arboreal unu trees down)
(Marsh, 1877) u runore3a 6eraTejbHOrO WA “‘C 3eM-
nu BBepx” (cursorial umu ground up) (Williston, 1879)
BO3HUKHOBEHU nosieTa y ntutl. COOTBETCTBEHHO Ta-
KUM TIPEACTaBICHUSIM TPAKTOBAJIOCH M MMPOUCXOXKE-
HUE CaMUX MTHI — OT TEKOJOHTOB MPH IPEBECHOM TH-
MoTe3¢e WA OT GEeraroluX TePOIOIHBIX THHO3aBPOB
[IpY HA3€MHOM TunoTese. B nocnennue roppl, B CBSA3U
C OTKPBITHEM Pa3HOOOPA3HBIX APEBHEWINX MTHUI] U
OTNEpPEeHHBIX TEPOIOJ, 2Ta MAWUCKyccHus elle Ooiee
ob6octpuiack (Shipman, 1998; Chiappe, 1999; Padian
etal., 1999; Ji et al., 2001; Feduccia, 2002; Paul, 2002;
Prum, 2002, 2003; Witmer, 2002; Homberger, 2003;
Xu et al., 2003; Zhou, 2004; Feduccia et al., 2005; Ky-
poukuH, 20060).

Hamu mnpoBopmiicsi cpaBHUTETHLHO-MOPGOIOTH-
YeCKHH 1 (PYHKIMOHATLHBIN aHANHU3bI CKEJIETHO-MbI-
MIEYHON CHCTEMbI JIOKOMOTOPHOTO ammapaTta OKOJIO
70 BHUIOB NTHI[ Pa3IMYHBIX 9KOJOTUYECKUX TPYIII
(Kypoukus, 1971; borganosuy, 1997). Ha atoit oc-
HOBE MBI MOMBITAJIUCH TPUIOXKHUTH MONTYYCHHBIC JlaH-
HbIE JUISl ONpefeIeHNs] BO3MOXKHBIX (PYHKIIMOHATb-
HO-MOP(OIIOrMUECKIX 3aKOHOMEPHOCTEN (POPMHUPO-
BaHUsI afjanTaliil B 9BOJIOIMK 3aHAX U TEPETHUX
KOHEYHOCTEH Y TITHIL U MX TPEIKOB B CBSI3M C MIPOMUC-
XO3KJICHHEM TOJIeTa, UCIOJb3ysl COOCTBEHHbIC JaH-
HbIE 10 COBPEMEHHBIM NMTHUI[AM W YYUTHIBAsT OOIIUP-

HbII TAJIEOHTOJIOTUYECKUI MaTepuall, He Bcerna jio-
CTATOYHO aHAJTU3WPOBABIINICS ¢ (DYHKIMOHAIBHBIX
TO3UIINA.

KPATKHI OB30P I'MITIOTE3
O ITPOUCXOXIEHNU ITOJIETA

O6cTosdTenbHbIA 0030p BCEX B3IVISIOB HAa IPOMC-
XOXJIeHNe ToJieTa BbIMOJMHEH B KHUrax lllunman
(Shipman, 1998) u Ilona (Paul, 2002). IIpo6aema
MPOUCXOXKJCHUS TOJIeTa TPUHIUIUAILHO CBS3aHa C
npobiemoii mpoucxoxaeHus ntul. Ceiyac o6CyK-
[alOTCsl ABE OCHOBHbBIE THUIOTE3bl IMPOMCXOXKIAEHUS
IITHL; OT IOPCKUX TEPOIONHBIX IUHO3aBPOB WU OT
TpHUacoBbIX apxo3aBpoMopd. Ilpwuem, amHO3aBpO-
Basl TUIOTE3a 3aHssa JOMUHUPYIOIIEe MOJ0XEHUE U
MHOTHM KasKeTcs 3aBEepIIICHHON Teopueil. B pamkax
9TOH TUMOTE3BI MOJIET NTUIL cC(hOPMUPOBAJICS yepe3
OBICTPBINl Oer Ha3eMHBIX TEPOIOJ, MOCIEAyIollee
MOAIIPLITUBAHUE, 3aTeM IUIAaHUPOBAHUE, KOTOPOe, B
KOHIIE KOHI[OB, mpuBeno K mosety nrur (Ostrom,
1976, 1979, 1997; Caple et al., 1983; Muller, Streicher,
1989; Padian, Chiappe, 1998a, b; Czerkas et al., 2002).

HeoxupanHuyro Bepcuio Ha3eMHOM TUIOTE3bI BbI-
nBunya Muan (Dial, 2003b). Habnatogass KeKIUKOB,
B30MpABIINXCS [0 HAKJIOHHOM INIOCKOCTH, OH OTME-
THJI, YTO, IPY YBEIIMUEHUN yTJila CKIIOHA, OHM HaUYlHAa-
1 MaxaTh KPbUIBSIMU W TOTJ[a YCIIEIIHO MPOJIBUTA-
JUCh BBEPX Jla’kKe MO MPAKTHUYECKH BEPTHUKAIBHON
miockocTd. OCOOEHHO 3TO OBLIO XapakKTepHO [JIs
nTeHyoB. Tak u npegku NTull, B30upasch 6eroM no



6 KYPOYKHWH, BOITAHOBNY

CKJIOHaM, MOTJIM NOMOTaTh NMPOMYJbCUU ABUXKEHUS,
Maxasi IepeJHIMH JlallaMi, U3 KOTOPBIX MO3/IHEE U
Pa3BIIIUCh KPBIIbsl C COOTBETCTBYIOIIUM OIIEPEHU-
eM. Takas Bepcust oOpeTeHus noJyieTa Noly4yuia Im-
POKYIO IOJIIEPKKY. B HEKOTOpOII cCTeneHn OHa COOT-
BETCTBYET U JIOTHKE HalllUX pacCyKeHull, pa3puBae-
MBIX fajee.

ITo knaccuyeckoil APEBECHON MMIIOTE3€ TPHUACO-
BbIE apX03aBPOMOpP(HBIE MPENKN NTHUI] 3a6UpauCh
Ha JIepeBbsi, OOXBATHIBASA WX KOTTUCTHIMHU JIAMlAMH,
OTKyJla CTajyl CIyCKaThCsl, IUIAHUPYS, W BIIOCIEN-
CTBUM OT IUJIaHMpOBaHuUs nepeuu K nonety (Heil-
mann, 1926; Bock, 1965, 1986; Tarsitano, Hecht, 1980;
Feduccia, 1999; Martin, 2004). ITo npyroii Bepcuun
IPEeBECHOM TUIOTE3bI MOJIET NMTHI, OPOPMIIICS Uepe3
MIJIaHUPOBAHUE IPOMEO3aBPH]], 3a0MPaBIITNXCS Ha Je-
peBbs (Chatterjee, 1999; Chatterjee, Templin, 2004).

T'apnep c coaBt. (Garner et al., 1999) orBepriu B
YUCTOM BHJIE KaK Ha3eMHYIO (OT 6era), Tak u ipeBec-
HYIO TMIIOTE3bI IPOUCXOX/eHus noiera. OHM npen-
JIOKUJIU TUTIOTE3y MPBITAIOIIEro aTaKyIoLero mpo-
aBmca (“pouncing proavis”). ITo aTakyromei Mmoaean
o0peTeHne NMojeTa Havyanoch ¢ OPOCKOB Ha JOObIUY
XHITHBIX TPEJKOB NTHI C KAKUX-TO BO3BBIIICHAN U3
3acafbl. Y aTakylOIIMX MPOABUCOB YIPaBICHUE Te-
JIOM TIpH NIPBIKKAX Ha XKEPTBbI CTAJIO TOUYHEE, KOINa
Ha J[MCTAIBHBIX YaCTSAX TNMepeJHUX KOHEYHOCTeH W
XBOCTA MOSIBUIMCH MPOCTHIE NMEPbsl C CAMMETPUYHBI-
MU onaxanami. B nocienyronmieit 9BoIOLNN JOIKEH
OBLJI IeiicTBOBATh OTOOP Ha 0cOOell ¢ MaXOBbIMH ITe-
PhSMHU a3POAMHAMUYECKOTO MO BEMHOTO MPOQUIIS.
B nccnenoBaHusax KiIagucTOB OCHOBOM JJIsl IOCTpOe-
HUS 9BOTIOIMOHHON THNOTE3bI CIIYKUT (PUITOTEeHETH-
yeckas kiagorpamma. M y 'aprepa c coasrt. (Garner
et al., 1999) tecHasa mpuBsi3Ka WX aHaNW3a K Kiagu-
CTUYECKOi1 rpebeHKe Sinosauropteryx—Protarchaeop-
teryx—Caudipteryx—Archaeopteryx—Iberomesornis—
Enantiornithes—Ornithurae o [Ixu ¢ coaBT. (Ji ef al.,
1998) He mo3BoNMIIa TORHATHCS BBIIIE MPOCTOrO
OPWIOXKEHUS] OTHEIBbHBIX HM3BECTHBIX HCKOMAEMBIX
NEPHATHIX K CMEHSIOIINMCS CTaiusIM B THIIOTETUYe-
CKOI1 3BOJIFOL[UY MPOUCXOXKICHUS TOJIeTa.

ITerepc (Peters, 2002) 060CHOBAaHHO 3aKJIIOYMII,
YTO Jla3aTesIbHbIE ajanTalud NEePETHNUX JIall HeCOB-
MECTHMBI C TIOCTIEAYIOMNMU JieTaTeIbHbIMA. OH BbI-
ABUHYJI BEPCHIO Ha3eMHOW THIIOTE3bI MPOUCXOXKIE-
HUSI TIOJIeTa Yepe3 NMPHIKOK C BO3BBIIMICHHBIX MECT
(co ckan, OOpBIBOB UJIM C IEPEBLEB) C MOCAEAYIOIIN-
MU IIJIaHupoBaHueM u nosjetoM. “IIpennTuna’ no ero
3aKJIFOUCHMSIM JIOJKHA Oblla OBITH 3HIOTEPMHBIM,
OunenanbHbIM, OEraroIM W ONEPEeHHBIM JKUBOT-
HBIM.

Y Bcex aTHUX BEpCHil APEBECHON TUIIOTE3bl €CTh
[Ba OOIIMX 3aKJIIOYEHUS: HATMYKE CTaJuyl IIaHNPO-
BaHMs, TPEIIESCTBOBABIIEH YCTOSBIIEMYCS TOJIETY,
1 OOIIMI MPEAOK Al BCEX NO3HEHIINX ITUL] — TO3/1-
HEIOPCKMII apXeOoNTepUKC U3 jarepmreTToB basa-
pun.
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OpuruHanabHYIO TUIOTE3Y NPOUCXOXKAEHUS MoJIe-
Ta OTAL BeIBUHYN Jlomapes (1996), anamu3upys
CTPOEHUE Ta3a JUHO3aBPOB U IITUL, U OHTOTE€HE3 CO-
BpeMeHHbIX nTull. ITo runorese Jlonapesa moset y
paHHEX (pOpM NTUL (POPMHUPOBAIICSI B MPUOPEKHBIX
MEJIKOBOJHBIX OMOTOIAX C 3apOCisMU HaJBOJHOM
pactutensHOCTH. IIpu KOpMeskke Ha METKOBOJbSIX
[JISL CO3[laHUsl TEHH, 3TU XHUBOTHBIE MCIOJIb30BAIH
pa3BepHyThble NepefHUuE KOHEYHOCTH, Ha KOTOPBIX
MEpBUYHBIN NEPLEBON MOKPOB IMpeoOpa3oBalicsd B
mpokue nepbsi. CKpbIBasiCh OT XUIHUKOB, OHU Oe-
’KaJlu 110 BOJie, CAHXPOHHO Maxasl IIepeJHUMU KOHeY-
HOCTSIMU. ber 1o Bojie ¢ rmuccrupoBaHreM B JajbHE-
LIEM Pa3BWICS B MOJIET HAjl 9KPAHOM, B CHJIy pa3BU-
THS IEpbeB Ha IepeJHUX KOHEYHOCTSX, a IIOTOM U B
TpaH3uTHbIA noneT (cruising flight). Hago 3ameTuTs,
YTO THUINOTE3y BO3HMKHOBEHHUS ‘“‘TIPOTONTHLBI” Ha
MEJNKOBOMBSIX paHee BbIABUHYJI Jlakaca-Prowus
(Lacasa-Ruiz, 1993), o60cHOBBIBasi BO3HUKHOBEHNE
OIEpEeHNsI OKOJIOBOAHBIMHU ycioBusiMu. He3aBucumo
OT 9THUX aBTOPOB K FMIIOTE3€ NPOUCXOKACHUS ITUL| U
UX TMOJieTa B OKOJIOBOHBIX MECTOOOMTAHUSIX NpH-
e CasesbeB (2005), 060CHOBBIBas €€ UCIOIb30Ba-
HHUEM IIpeKaMy ITUL O0raThIX IUIEBLIX PECYPCOB B
BOjie, Oera Mo BOfie M IJIaBaHUs MOJ BOJON ¢ IOMO-
LIBI0 EPEeJHNX KOHEYHOCTEH, MMOBJIEKIINX COOTBET-
CTBYIOLYIO [IEPECTPONKY LIEHTPAIBLHON HEPBHOM CH-
CTEMBI.

Jlo HeJTaBHUX NMOP CTOPOHHUKY ANHO3aBPOBOM T'H-
MOTE3bI MPOUCXOXKAEHUS NTHL, YIIOPHO OTCTaNBAJIH
Ha3eMHYI0 cxeMy IpoucxoxaeHus nojaeta. C oTKpbl-
THEM JPEBECHOTO JIETAIOLIETO ‘‘“4ETBIPEXKPHLIOTo”
apomeosaBpuaa, Microraptor gui, (Xu et al., 2003;
Kypoukwun, 2004), HazeMHas runoTe3a MPOUCXOXKe-
HUSI IOJIeTa y MePHATHIX C JIETKOCThIO ObllIa OCTaBJIe-
Ha €e CTOPOHHMKAMH M CTaJla 3aMEHSIThHCS IPEBECHOM
runote3oint (Zhou, 2004; Xu, Zhang, 2005; Longrich,
2006; Zhou, Zhang, 2006b).

B Hacrose craTbe npeiaraeTcss KOMIPOMHUCC-
Has TUNOTEe3a Ha3eMHO-IPEBECHOTO IPOUCXOXKACHUS
nojieta, 000CHOBbIBa€Masl CUCTEMHBIMU II€PECTPONA-
KaMM JIOKOMOTOPHOTO almnapara 1 TOKpOBOB B HICTO-
PUYECKOM pa3BUTUH apX03aBPOMOP( U paHHUX HEp-
HaTBIX, OCHOBaHHasi Ha MOP(O-(PYHKINOHATHHOM
aHaJIn3e CKeJNEeTHO-MYCKYJIbHON CUCTEMBI COBPEMEH-
HBIX NTUI U WX NpefkoB. PaspaboranHas runoresa
OJMHAKOBO IPUJIOXHMa K OOpETEHUIO IOJeTa, Kak
MITALAMH, TaK ¥ TEPONOAHBIMI IUHO3aBPAMHU, XOTS U
C HEKOTOPBIMH pa3i4MsIMU B KaKAOW W3 ITUX
CPYIIL

BUITEJAIIN3M

ITpexne Bcero, oOpamaeT Ha ce0s1 BHUMAHUE CO-
yeTaHNe y OunefaibHbIX TEPONOJ U Y Psifia OPHUTHC-
LIKXEBBIX AUHO3aBPOB ‘“‘4epT s Oera” (cursorial) u
nmuHHOrO TsKenmoro xBocta (Coombs, 1978). Ero
¢yHkuus, Kak 6anaHcupa npu 6ere, Oblaa onpepaesne-
Ha, HanpumMmep, eie B padore Homua (Nopsca, 1907)
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U C TeX Mop He ocnapuBaiack. [leficTBUTENBHO, Y Oe-
IyIIero OWIENabHOTO KUBOTHOTO TSKEIBIN XBOCT
ypaBHOBEIINBAJ IEPEHIO0 YacTh HAKJIOHEHHOTO
TYJIOBHIIIA.

bunepanusm ¢ mapacaruTTanibHON MOCTAaHOBKOWM
3aJIHUX KOHEYHOCTEeH, OCBOOOMIMBIIINY TEepefHuE KO-
HEYHOCTH OT (PYHKIMH OMOPHI U MO3BOJMBIINNI pa3-
BUTbCA TaKxke NpbLKKOBOM Jokomouuu (Nopsca,
1907; Caple et al., 1983; Hecos, SdpkoB, 1989), Mmox-
HO MPUHSATH NEPBAYHON KIIIOUYEBOW ajanTaluen s
CHEUUANTN3APOBAHHON BO3YIIHON JOKOMOLUY ITHUL.
B xaudecTBe npeAnochbUIKY epexoyia K ornope Ha 3aji-
HU€ KOHEYHOCTH MOT CTaTh BLIHOC I'OJIOBBI BBEPX AJIST
Jy4IlIed OpUEHTALMY CPEAY OOUIIBHOM BBICOKOM pac-
TUTEeNbHOCTH. Ecniu cuntaTh, YTO TEPOMOABI M NMTH-
1Bl NOSIBIJINCH B cpefiHeM — BepxHeM Tpuace (Kypou-
kuH, 2006a), TO AT 3TOTO BpEMEHH XapaKTEepHO Ha-
JINYME HE TOJBbKO BJIAXXHBIX OMOTOIIOB C OOMJILHON
PaCTUTENLHOCTBIO MO Nepudepuu Toraa eule pakTu-
yecku effuHoi [TaHren, HO U OTKPBITHIX APUAHBIX Y-
CTBIHHBIX JIAHAIIA(TOB B INIyOMHE 3TOIO OTPOMHOTO
koutuHeHTa (ScamanoB, 1985; Golonka, 2000). B
YCIIOBUSAX OOMIMPHBIX CYXMX OTKPBITHIX JAHAIIA(TOB
(Upucos, 1992) u xcepodurnsix penkonecuii (He-
coB, SIpKkoB, 1989), Kak CUMTAIOT 9TU aBTOPHI, U BO3-
HUKJM JBYHOTHE HpeAku nTuil. [[edicTBUTENBHO,
MOKHO COIJIaCUThCS, UTO (pOpMUPOBaHUE OHUIIEATb-
HOI JIOKOMOLIMHU, CKOPEEe BCEro, CleAyeT Mmpeanona-
raTh B OTKPBITHIX JIaHAMIA(TAX, TPeOYOMHX OOITb-
IIUX CKOPOCTEN TMepefBIKEeHUs] M IPEOfOIeHUs
OOJBIINX PACCTOSIHUI 32 BO3MOXKHO 00Jiee KOPOTKOE
BpEMS U C MEHBIIMMU 3HEPreTUYECKAMHU 3aTpaTaMu,
XOTsl MMEIOIINecs] JlaHHble CBHUAETENBLCTBYIOT, YTO
ABYHOTOCTh HE XYK€ M HEe JIy4yllle YETBEPOHOTOCTHU
(IDmupt-Huenscen, 1987). bonee cymecTBEHHbBIM
KasKeTcsl TO, YTO Oumnefanu3M OCBOOOXKAeT Tpya-
Hbl€ KOHEYHOCTH OT (PYHKIUHU OMOPHI, HATPYKasl UX
ApyruMA (PyHKIUSIMU.

INEPEJHUE KOHEYHOCTHA

7151 0cBOOOKIEHHBIX OT ONIOPbI NEPEJHUX KOHEY-
HOCTEM yKa3bIBaJINCh pa3Hble (PYHKIMOHAIBHBIE OT-
MpaBlIeHN. Psji TMIoTe3 OTHOCUTENBHO 00pa3a XKu3-
HU TEPOIOAHBIX JUHO3aBPOB NpuBefieH B padore [1o-
as (Paul, 1988). B Goinblieil niiu MEHbBIIIEN CTEIIEHU
MepeHNM KOHEYHOCTSM OTBOAWJIACh MAHMITYJISIH-
OHHas (PYHKLUS, XOTSI TAKUE YepThl Kak pepykuus IV
u V najbleB U UX MEeTaKaplnaaui, a TaK>XKe INIOTHOE
MpUJIeraHie OCTaBIIMXCS MaNbIEB APYT K APYry, Ha-
000pOT JOJKHBI ObLIH OBl CYLIECTBEHHO OFPaHAYH-
BaTh UCIOJIb30BaHUE TAKOH JIaMnbl 7151 MAaHUITY IS,
ITo runotese Octpoma (Ostrom, 1976) nepeguue Ko-
HEYHOCTH CIIY>KWJIM Ha3eMHBIM IIpeJKaM ITHUI B Ka-
yecTBe “JOBYUX ceTell” 71l HaceKOMbIX. B aToM ciy-
Yae NCIOJIb30BAINCE IEPOOOpPa3HbIe CTPYKTYPbI, KO-
TOpbIE, BEPOATHO, MUMEJNCHh yXE y TEKOJOHTHBIX
pentunuit. IlpepcraBuTh 3axBaT MOOBIYM TaKoOM
“7oBYEH CETHIO” TOBOJIBLHO TPYAHO, TaK KaK KepTBa
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HaoO0OpOT BbITAJKUBaJach Obl BO3AYLIHBIM IOTO-
KOM, NP CBEICHMUHU JBYX IJIOCKOCTell BMecTe. [la u
cam Octpowm (Ostrom, 1997) BocnepcTBum, HIOX0Xe,
OT 3TOM ufen oTkaszancs. [loctaTouHo yoeauTeabHast
KpPUTHKA 3THX B3IJISIIOB IpeficTaBilieHa MapTHHOM
(Martin, 1983), KOTOPBIN PUYUHY pa3feeHUs en-
HOH JIOKOMOTOPHOM CUCTEMBI Yy IPEIKOB NTHUI] BUIUT
B IPUCIOCOOJICHUN K NIEPEABIKECHUIO 1O ACPEBBSIM U
BETBSIM IIOCPE[ICTBOM IIPbIXKKa M OOXBaTbIBaHUS
cTBOJIOB fiepeBbeB (leaping and clinging). IIpucno-
coOJieHNe TPYAHBIX KOHEYHOCTEH K JIa3aHHUIO IO
CTBOJIaM C OOXBAaTbIBAHUEM MX IEPEJHUMHU JIallaMu
TPYAHO MpPENICTaBUTh B KauecTBe NMpeajaiTUBHOTO K
npeoOpa3oBaHuto B Kpblibd (Peters, 2002), kak mpepn-
[I0JIarar0T CTOPOHHUKHU “IPEBECHOr0” MPOUCXOKJE-
HUSl ITUYbETO MoseTa. [l ApeBecHbIX MO3BOHOY-
HBIX XapaKTEepHO (pOpMHUpPOBAHNE XBAaTATEILHON KO-
HEYHOCTU C INPOTUBONOCTABIEHHEM [BYX IaJblLIEB
OCTaJIbHBIM WJIM TOJNBKO NepBoro nanbna (KoBTyH,
1984). OnuH U3 TakKuxX TUIMOB KOHEYHOCTEN OBbLI Xa-
paKkTepeH Mg JpeBecHoro tpuacoBoro Megalanco-
saurus (Renesto, 1994). YuutniBas, 4TO NIsITHAINAJIas
CTOINOXOJAIAS KOHEYHOCTD ObLia NCXORHOM ISl ap-
X03aBPOMOP(HBIX IPEKOB PENTUINIA U ITHLL, & TAK-
K€ CXOMIHYIO0 (PYHKIMOHAJIBbHYIO OOYCIIOBIEHHOCTD
ee epecTpoeK (B JAaHHOM Cllydae y MIIEKONUTAOIIUX
U IITHL), MOXKHO IIPEAINIONOXUTD apajulelIbHOE B OC-
HOBHBIX YepTax pa3BuTHe MopdoTuna “ApeBecHon”
KOHEYHOCTH B 3THX Ipylmnax, u3 KOTOPOro He BO3-
HUKJIO Kpblia.

TenpeHMM nepecTpoek nepeaHeil KOHEYHOCTH B
NITAYbE KPBUIO MPEACTABISAIOTCS HAaM HHBIMHU. XOpO-
UM 00pa3noM NEPEXOTHOTO COCTOSTHUS MOXKET CITy-
>KUTb TaKOBOE y Protoavis, ONMCAaHHOTO U3 TO3HETO
tpuaca CIIA (Chatterjee, 1991, 1999). IIpexne Bce-
ro, 3aMETHM, YTO JJIsI OCYIIECTBIICHHWS MAIIyIIEero
HaIpaBJIEHHOTO MOJIETa TOAbKO AIMHHBIX MAaXOBBIX C
aspOoiMHAMUYECKUM IpocuineM HegocTaTouHo. [1o-
clie Maxa BHI3, KPbUIO JOIKHO OBITH IIOAHSITO BBEPX,
XOTs ObI HEMHOT'O BBIIIE CIIMHLI. TaKoi MOALEM CTa-
HOBUTCSI BO3MOXHBIM JIMIIIb IPH COOTBETCTBYIOLIEN
OPHEHTALNN TTIEHONU/IAa KOPaKOUAO-TONAaTOYHOTO Cy-
cTaBa. Y apXeolTepukca U axe Y KOH(YLUYCOpHU-
COB OpHEHTAlMs INIEHOMAHON BIAJWHBI HE MO3BOJIS-
Jla TIOJHWMATh KPbUIO BhIMIe cnuHkbl (Senter, 2006).
Ho y nporoaBuca, XOTsl OH 10 HaIIINM 3aKJTIOYEHUSIM
1 He ObLI CIOCOOEH JIeTaTh, CTPOCHUE KOPaKOWIHO-
JIONATOYHOTO COWIEHEHMS MO3BOJISIIO BBIHOC IIeYa
BBbIIIIE CIIUHBI (COOCTB. HabmroeHus). B kuctu npo-
TOaBHCa HAOIIOAAIOTCS PEAYKINS YHCia MajlbleB 10
TpeX, HayajbHOE cpacTaHue 3-i u 4-i MeTakapnaaui
1 YaCTUYHOE CpacTaHHe MeTaKapHajiuil ¢ Kapraaus-
mu (puc. 1). Ilpu aTom crubanme u pa3rubaHue B 3a-
MSICTHOM CYCTaBe MEPEBOAUTCS B INIOCKOCTh KHUCTH.
dopmupoBaHre NOJOOHBIX OCOOEHHOCTEH CTPOESHUS
KUCTH, Ha HAall B3IJISIl, HE MOIJIO OBITh CBSI3aHO C
MPOXOXJICHUEM 3TOI KOHEUYHOCTBIO APEBECHOM (“1a-
3atomieii”) cragum, xoTa Yarrepmxku (Chatterjee,
1999) 060CHOBBIBAET MMEHHO TaKylO CTAHIO Jla3a-
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Puc. 1. Kucts (a) u crona (6) mporosuca Protoavis texen-
sis (Chatterjee, 1995, c uamenenusimu): cd2 u cd3 — carpale
distale 2 u 3, rad — radiale, uln — ulnare, tdIV — tarsale dis-
tale IV, I-1V — manbusl.

HUS TI0 CTBOJIAM y MaHHUPAITOP C MCHOIH30BaHUEM
YIJIMHEHHBIX IIEPEHUX KOHEYHOCTEH P Ollope Ha
SKECTKUI XBOCT. XapaKTep COWICHEHUSI KOPaKOuja u
JOMATKN y TMPOTOABHCA YKa3bIBaeT HA BEPOSITHOE
pa3BuTHE m. supracoracoideus — HaJKOPaKOUTHOTO
Myckyaa (Chatterjee, 1995, 1999; Kurochkin, 1995;
Kypoukus, 2001), TpafHIIHOHHO CYNTABUIETOCS OM-
HUMATEJIEM nepenHef/’I KOHCYHOCTHU HpI/I B3Maxe
BBepX. OJJHAKO 3KCHEPUMEHTAIBHO U JIIEKTPOMUO-
rpaduuecKkd YCTaHOBIIEHO, YTO OCHOBHAs (PyHKIUS
HaJIKOPAaKOUTHOTO MYCKyJla — ObICTpasl CyMuHaIUs
IJieua W BCETrO Kpblja B HaYaJbHON (pa3e momgbema
kpbina BBepx (Ostrom, 1997; Ostrom et al., 1999).

3AJHAA KOHEYHOCTDb M XBOCT

B mepuop craHOBieHUS! IBYHOTOl JIOKOMOIIWH,
COIIPOBOXK/aBLIEIICS U3MEHEHNEM I103bI >KUBOTHBIX U
penyKuueil nepefHuX KOHEYHOCTeH, MPOUCXONUI
CABHUI OOLIETro HEeHTPa TSLKECTH Tejla B KaygalbHOM
HanpaplieHUU. B 3TUX yCIOBUSAX TSKEJbIA >KECTKUN
XBOCT Ha NEPBBIX 3Tanax B IONOJTHEHNE K U3HAYalb-
HOU (pyHKIUHU OajaHCHPA MOT HUCIOJHATH POib (a-
KyJIbTATUBHON OMOPBI. DTO CyIIECTBEHHO obJierya-
710 GBI COXpaHEHUE PaBHOBECHS TIPH MEPEBOJIE BCETO
TYJIOBUIIA B BEPTUKAILHOE MOJIOKEHUE U ONOpe Ha
HallpaBJI€HHbIE BIEpe] MNajblbl Jal HpH OOIIeM
VIIMHEHUN 3aflHAX KOHEYHOCTEW M YacCTUYHO! pe-
AYKIMKA HanbleB. Mbl cunTaeM, 4TO [ajJbHEHIINN
[Iporpecc B HaIlpaBJIEHUM K OPHUTYPOMOP(HBIM
NTALAM ObLI CBSI3aH C COBEPIIEHCTBOBaHMEM OIOpP-
HOH (PYHKIMHU CTOIIbI, Yepe3 pa3BUTUE aHU3OJAKTH-
auu (borpanosuy, 2000). [JaHHbIE MO IPOTOABUCY
OmpefielIEeHHbIM 00pa30M NMOATBEPKAAIOT TaKyIO TH-
noTe3y. [1715 ero cTonbl XapakKTEpHO XOpOIllee pa3Bh-
THe | nanpua, KOTOPbIl MPOTUBONOCTABIEH TPEM IIE-
PEeAHMM ¥ PACIOJIOKEH Ha OJHOM YPOBHE C HHUMHU
(puc. 1). CnepoBaTenbHO, 7 YPOBHS NMPOTOABUCA
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XapaKTepHa aHU30JaKTHIINS (TPU Mayblia Hampasiie-
HBI BIIepel, OJMH Ha3ajl), YTO MPUHIUIUAIBHO BaX-
HO, TaK KaK MPOTHBOINOCTAaBICHHOCTh | manbia Ha
MEPBbIX ITANax OUNENaTBHON JIOKOMOIUH YBETNYH-
BaJla CTATHYECKYIO YCTOMYNUBOCTh SKHBOTHOTO ¥ pa3-
rpyxana XBOCT, 00yCIOBINBasi BO3MOXKHOCTB €T pe-
nyKiuud. Peaykimio XBocTa, KaK U3JIMIIHETO MPOTH-
BOBeca Tpu Oere MPeAKOB MNTHI[ MO CKIOHAM TOp
npepmnonarai, B yactHoctu, Mpucos (1992).

Eme [lementneB (1940) yka3piBajn, yTO 3amHss
KOHEYHOCTh IITHUIL C UCXOTHO aHU30JaKTUIBHOM CTO-
oil re’HepajbHO Oosee mpucnocoOlieHa K Xopaboe,
YyeM K ja3aHuio. Ho mpoTHBOMOCTaBIEHHOCTD XOTS
ObI OJJHOTO XOPOIIIO PAa3BUTOrO Majblia CO3[AET BO3-
MOXKHOCTb BBIIIOJIHEHUSI U OOXBaThIBarOLIECH (DYHK-
nuu. I1o3TOMy COBpEMEHHBIE NTHLBI C UCXOJHOMU
AHU30IaKTWIHLHON CTOIMON JOCTAaTOYHO YBEPEHHO Te-
PEOBUTAIOTCS U MO 3eMJe, U MO BeTBIM. TO ecTb,
MMEHHO 3TOT THII CTONBI OOJaflaeT ONpeAeIeHHbIM
YHUBEPCATIU3MOM.

Ha nuxHue BeTBU runoreTuyeckas “npegnruna’
MOTJIa 3aMpbITUBATh C 3eMJIM, KaK 3TO MENaroT (1o
MIOJIyTOpa METPOB, HE B3JIETAs) KPaKChbl — HauboIee
MIpUMHUTHUBHBIE KypooOpa3Hble (Bent, 1932) u MHOTHE
Apyrue TMPEelCTaBUTEN 3TOr0 TeHepaJIn30BaHHOTO
OTpsifia — UHACHKMY, Llecapku, (a3aHbl, UKHE KYpbl
(coOcTB. HAOMIOAEHMUS), KOTla B30UparoTCs Ha fiepe-
BB 17151 HOUeBKU. Hajo 3aMeTnTh, 9TO MPBIKKA Ha
IepeBbs WIN BO3BBILIEHUS 1O MyTH MIPOUCXOXKACHUS
nojeTa BeIBOIMINCH U paHee ([leMenTbeB, 1940; Co-
wen, Lipps, 1982; Caple et al., 1983; Hecos, Spkos,
1989), HO 00 MCXONHON aHU3OJAKTUINHM HUKTO HE
cBUfieTeNLCTBOBAI. 1o aHamoruu ¢ cOBpeMEHHbIMUI
NTALIAMA JIOTUYHO TPEATONOKATH, YTO MaHEBPEH-
HBI Oer 1o 3eMJe, IPbIXKKHU 110 BETBSIM U OCOOEHHO
MPBIXKKY MPU CITyCKE BHU3 COMPOBOXK/AINCH JIJISI IOJI-
mep>KaHusl paBHOBECHUS MAITYIIIUMU U TPETIETIYIIAMA
(flattering) ABMKEHMSIMH TEpPENHUX KOHEUHOCTE,
pd 3TOM Ba3KHO, YTO OHM PabOTaIU CHUHXPOHHO
(Long et al., 2003). Bo3MOXHO, 4TO Ha JUCTAIbHBIX
CerMeHTax MepeHNX KOHEUHOCTEe! Y MpeKOB MTHUI]
y>Ke MOSIBUJIUCH YIJINHEHHbIE KOHTYPHBIE MePbs, pas3-
BHBIIIFECS B KAYECTBE JIEMOHCTPAIIMOHHBIX OpaUHBIX
CTPYKTYp, TOAOOHO TaKOBBIM Vy KayaulTepukca
(Caudipteryx) wumm y mnpoTapxeonrepukca (Pro-
tarchaeopteryx) w3 pannero mena Kwras (Ji et al.,
1998, 2001).

AHU300aKTUIbHAY J1ala BO MHOI'OM JOJIXKHA ObI-
Jla 3a/iaTh HaIMpaBlieHWE JajbHEWINel SBOIONUU Y
OunenaNbHbIX MPEJKOB HACTOSAIMUX NTUI] (M yKe
nrun). Takas skcanTanus obecneunna CliocCOOHOCTh
CTaOUIBLHO TEpPEefBUTaThCA 10 3eMJie W YBEPEHHO
mep>KaThCs Ha BETBSIX [IEPEBbEB 0€3 MCIOIL30BAHUS
XBOCTa M3 JIJTMHHOTO psjia TO3BOHKOB B KayecTBe Oa-
nancupa. Crnenyromue ITaJleOHTONIOTHYECKUE J[aH-
HbIe BepuUIIPYIOT TaKyIO TUIIOTE3y. Y3Ke Y paHHe-
MeJIOBBIX KUTalCKuX opHUTYp (Yixianornis, Archaeo-
rhynchus, Hongshanornis, Gansus) XBOCTOBO! OTHEN
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MPEeACTaBICH PSIOM U3 5—7 KOPOTKUX CBOOOMHBIX
MMO3BOHKOB M KOPOTKOT'O MUTOCTUJIS, YIIJIOMIEHHOTO
MenoaTepalibHoO, a | manel ganbl OTYETINBO MPO-
TUBOMOCTABJICH OCTAJbHbIM, TaK YTO MepBasi MeTa-
Tap3anus flaxke 3aXOAUT Ha IUIAHTAPHYID CTOPOHY
witocHbl (Gansus, Liaoningornis, Yanornis, Yixianor-
nis) (Hou, 1997; Zhou, Zhang, 2001, 2005, 2006b; You
et al., 2006). OT™MeTuM, 4TO ciaedpl MO3IHETPUACO-
BbIX nitHll U3 Aprentunsl (Melhor ef al., 2002), oTme-
YaTaHbl yKe MOTHOCTBIO aHU30IaKTUIIBHBIMY Jlana-
M.

Y Teponof, apxeonTepukca U y 3HaAHIUOPHUCOB
SBOJIIOLUS 3alHAX KOHEYHOCTEN U XBOCTA I1IJ1a UHBI-
MU MyTSMH. Y TEPOINOJ, B YACTHOCTH y IPOMEO03aB-
pun (Norell, Makovicky, 1997), He npou3sonuio npo-
THBONOCTaBneHNs | manbia, OH TOABKO HECKOJIBKO
CABHHYT MEAMAIBHO U NPU 3TOM BBICOKO MOJHST
IpoKcUManbHO. [laxe y, ckopee BCero, JETaroLEro
Microraptor gui, HaCKOJIBKO MOXHO CyAUTH IO ONy0-
JIMKOBaHHBIM u300paxkeHusiM (Xu et al., 2003), I na-
jen Jlanbl He IMpoTHBONOCTaBjeH. OOLIENPHHATO
CUMTaTh, 4TO y apxeonTepukca | mamern mamnbl GbLIT
NPOTHBOIIOCTAaBIEH oOCTalbHbIM. Ha camom pemne
[IOJIHOT'O €0 IMPOTUBOIOCTABIIECHUS] Y apXEONTEPUK-
COB He Ipoucxoaur (puc. 2). Ilepsas meTaTap3anus y
HUX JIEKUT Ha MEAMAIBHON OBEPXHOCTU BTOPOIT Me-
TaTap3anuy, BeieacTeue yero I manen nanel ObLT Ha-
MpaBJIeH MEANAIBHO M MOT TOJBKO HEMHOI'O OTBO-
muThesa Hazag (Mayr et al., 2005, 2007; naGaroneHust
aBTOpOB). [IoaTOMy OnepeHHbIe TEPONOAbI U APXEO-
MITEPUKC HE CMOTIM U30aBUTHCS OT AJIMHHOT'O XBOCTA,
OH ObLI UM HEOOXOAUM KaK OallaHCUp IPU HEYCTOM-
YUBOCTH Ha TpeX NEepefHuX Haibliax Jalbl Ipu Ha-
3eMHOIl TOKOMOIIMM U TPU TEPEBIKEHUN 0 fiepe-
BbsiM. CKOpee Bcero, o 3TO Xe MPUIMHE y HUX Ha
KPbUIbSIX COXPAHSJIUCh JJIMHHBIE Nalblbl ¢ OOJbIIN-
MU H30THYTBIMU KOTTSIMHU, MCIIOJb30BaBIIMECT [JIs
LEIUISTHAS IPY TIEPEABIKEHUN 110 BETBSM [I€PEBLEB.
HMeHHO Takyro (PyHKIHIO KPBUIOBBIX HalbleB HOJ-
TBEPXKAAIOT YKOPOYEHHbIE NMPOKCUMalbHbIe (hanmaH-
I'fl KpbUIOBBIX NMAJIbLIEB ¥ HAIPABIEHHOCTH UX KOTTEH
HapyXy y KoHyumycopuucos (Zhou, Farlow, 2001) u
y apXeonTepuKcoB. Takas HanpaBIEHHOCTb KOITEN
Ha Hanblax Kpblla Bcerja cMyllaja HcciefoBare-
Jell, MOCKONBbKY B NMOAOOHOW OpHUEHTALlMA OHU HE
aflafTUBHBI JJIs1 J1a3aHKS 110 BEPTUKAIBHBIM CTBOJIaM
c 0O0XBaThIBAaHUEM UX NEPEAHUME KOHEeUHOCTMU. Ho
OHa OyJeT BBITJISETh €CTECTBEHHO, €ClU IPUHSATD,
YTO OHM CIYKUJIU JJIsl UETUISTHUS 32 OKpYy>Karouue
BETKM, PACCTABICHHBIMU B CTOPOHBI IEPEJHIMHU KO-
HeyHOCTsAMU. [laHHOE NpeIoaoXKeHne IOATBEPKaa-
€TCsl HapY>KHOI OpUEHTAlMEl U30THYTOCTH KOI'TEH
Ha aJUTIOJISIPHOM U OOJNBIIIOM MajblaX KpbLia y ITeH-
11oB roanuHa (Opisthocomus), KOTOpbIE 1a3af0T, eT-
JSACh 32 BETKU JIEPEBHEB PACCTABICHHBIMHU B CTOPO-
Hbl KpbeUibiMu (Heilmann, 1926). IIpumedaTtensHo,
YTO YK€ y PAaHHEMEJIOBBIX OPHUTYPHBIX ITUI (Am-
biortus, Yixianornis, Archaeorhynchus, Hongshanor-
nis) KOrTeBble (pajlaHru Ha HajbliaX KPbLIbEB ObLIU
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Puc. 2. 30nbHTO(EHCKAN 9K3eMIUIIp apXeoNTepuKca:
CTPEJIKH K IPaBOM Jiare — IepBasi MeTaTap3aius 1 Iep-

BbIil Majel, CABUHYTble Ha MEJUANbHYIO CTOPOHY,
I-IV — nmanbupl.

MaJIeHbKIMH ¥ TOJIBKO clierka n3orHyThiMu (Kypou-
kuH, 1982; Kurochkin, 1999; Zhou, Zhang, 2005,
2006a).

Y paHHEMEIOBbIX 3HAHUUMOPHUTHA U3 Vcnanuu u
Kuras HabntogaroTcst pa3Hble COCTOSIHUSL XBOCTOBO-
ro otraelia no3BoHouHnka u I mamena (hallux) mamsl.
Hoepomesopuuc (Iberomesornis) U3 HUKHETO Mena
Hcnannu umen 8 MOBOJMBHO IMIMPOKUX U YATUHEHHBIX
CBOOOJIHBIX XBOCTOBBIX ITO3BOHKOB, OrPOMHBIA U
JUIMHHBI IUTOCTWIb, PACIIUPEHHBIA U INJIOCKUHA C
BEHTPAIBHOU CTOPOHBI, cocTaBiacHHbIN 10-15 cau-
THIMHU NO3BOHKaMu, U hallux, HanpaBieHHBIA Meu-
albHO, HO CHOCOOHBIN oOOpamaTbcs Hazap (Sanz,
Bonaparte, 1992; Sereno, 2000). ¥ panHeMen0BOro
koHKopHuca (Concornis) n3 Vicnanum nepsast MeTa-
Tap3ajus JIEKUT Ha MEANAJbHOW CTOPOHE BTOPOU
MeTaTap3ainu u popMa MPOKCUMAIBLHON CyCTaBHON
MOBEPXHOCTHU | manbya cBUAETENBLCTBYET 00 OFpaHu-
YEHHON BO3MOXKHOCTH €ro MOJHOTO oOpalleHus Ha-
3ayt (Sanz, Buscalioni, 1992; mabmroneHnst aBTOPOB);
OT XBOCTOBBIX MTO3BOHKOB Y HET'O COXPAHUIUCH TOMb-
KO JIBa IEPBbIX CBOOOIHBIX NO3BOHKA, YTO HE MTO3BO-
JIET OLIEHUTH 00IIlee CTPOEHUE XBOCTOBOI'O OTAEA.
Y ManeHbKOro (JyIMHa yepena 2 cM) 9HaHIUMOPHUCA
Dalingheornis n3 popmanuu Vcsns, JIssonun, Kuraii,
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XBOCT HPEJCTABJICH JNIMHHBIM psiioM u3 20 MO3BOH-
KOB, JITTUHOM 0K070 2 cM, a [ u Il masmeisl 661U OpH-
€HTUPOBaHbI MeauanbHO (Zhang et al., 2006). dpyroi
MaJIeHbKWI KUTAWCKWN HAHIUOPHUTHUJ] — KaTanop-
nuc (Cathayornis) umen 8 OTHOCUTENBHO KPYIHBIX
XBOCTOBBIX TO3BOHKOB U YJIMHEHHBIN (15 MM) uro-
CTUJIb, JOPCOBEHTPANbHO YIUIOMIEHHBI U C IIAPO-
KIM pa3[BOEHHBIM OcHOBaHHUeEM (Zhou, 1995). K co-
>KaJIeHUI0, CTPOEHUE €ro JIambl OCTAeTCSl HETOHST-
HBIM, TaK Kak (pajlaHT! MaJbIEeB JIalbl PACUWICHEHBI
1 pa3OpocaHbl. Y MENKHUX U KPYIHBIX SHAHIUOPHHU-
COB U3 HIDKHero MeJa Kuras, mist KOTOphIX m3BeCTHA
MUCTallbHAsI 9YacTh 3aiHeNl KOHeYHOCTH (Protopteryx,
Sinornis, Eoenantiornis, Vescornis), nepast MeTaTap-
347U JIEXKUT HAa MEUAIIbHOI CTOPOHE BTOPO METa-
Tap3aliud, 9TO CBUJIETEIBLCTBYET O HEMOIHOM obpa-
mennn hallux nazapn (Zhang, Zhou, 2000; Sereno et al.,
2002; Zhang et al., 2004; Zhou et al., 2005). Y coBpe-
MEHHBIX OPHHTYPOMOP(HBIX NITHUI] IEpBasi METaTap-
3a7us JIeXKUT B OOJILIIMHCTBE CIy4aeB HA MEJUO-
MJIaHTapPHOM Kpae BTopoy MeraTtap3anuu. CiiegoBa-
TeJLHO, Y OHAHIWOPHUTHJ] YHCIO CBOOOTHBIX
XBOCTOBBIX MO3BOHKOB COKpAIEHO [0 5—8, HO OHU
UMEIOT KPYIHBbIE pa3Mephl, paclIupeHbl U YAJINHe-
HbI, 2 XBOCT BEHYAET MOIIHBIN, JOPCOBEHTPAIHLHO
VIUIOWIEHHBIN U JIMHHBINA MUTOCTUIb. DTO 3aCTaBJIsI-
eT CYUTaTh, YTO XBOCT y HUX OB OBOJILHO TSXKe-
JbIM, HE BeepOoOoOpa3HbIM, a YIIMHEHHBIM, H XBOCTO-
BbI€ TIEPbS CUJIEIN HAa HEM B MOCJIEOBATENbHBIX Ce-
pusiX, IO KpaHel Mepe, Ha JUCTAJbHOU MOJIOBUHE
xBocta. TakmMm o6pa3om, B Jame paHHEMEIOBBIX
9HAHIMOPHUCOB | masen 6bUT HE MOTHOCTHIO MPOTH-
BOIIOCTABJIEH OCTaJbHbIM HajbllaM, a CTPYKTypa
XBOCTA, IO KpaiiHedl Mepe, HAallOIOBUHY ObLIIa CXOAHA
C TakoBo#l y apxeontepukca. CTpoeHHE XBOCTa y
MO3JHEMEJIOBBIX SHAHIIMOPHUTHUJ] HEU3BEeCTHO. JIuib
[t HaHaHTUyca (Nanantius) n3 BepxHero mejaa MoH-
TOJINH TPENTIONIaraeTCsl PyAUMEHT ITUTOCTUIIS B BUE
KOPOTKOTO NMaJIoukoBuiHOTro obpazoBanus (Kuroch-
kin, 1996). Bo3aM0OXHO, 4TO K MO3THEMY MENY JITH-
HBIIl XBOCT U3 TIO3BOHKOB Y 9HAHIIMOPHUTH]] PEIYIIH-
poBalics y>Ke MOYTH MOJTHOCTBIO.

Ha sBonronuro XxBocTa OT yAJIUHEHHON JTUCTOBU/-
HOI K YKOPOYEHHOH BeepoOoOpa3Hoil CTPYKType IMO-
BIIMSIJIU M 3pOJuHAaMUYecKiie ocHoBaHus. Kak noka-
3anu ['efitcu u [uan (Gatesy, Dial, 1996), Beepoo6-
Pa3HBI XBOCT COBPEMEHHBIX MNTHUL IPU IPOYUX
PaBHBIX YCIOBUSAX (BEC, INIOLIAlb IOBEPXHOCTH) CO3/1a-
€T B pa3bl OOJBIIYIO TOABEMHYIO CUTY, YeM YIJIUHEH-
HBI{ JINCTOBUTHBII XBOCT, IIOIOOHBIN TAKOBOMY apXeo-
nrepukca. Onu xe (Gatesy, Dial, 1996) pazpadoranu
KOHIIETIIIIO O TPEX JIOKOMOTOPHBIX MORYJISIX — Mepef-
HUX KOHEYHOCTEH, 3aJJHUX KOHEYHOCTEH M XBOCTa,
KOTOpbIE OTIAUYAIOT JETAKOIIKUX NTUL, OT OJHOMO-
AOYJAbHOU KOHCTPYKLUU MX HA3eMHBLIX OUIENaTbHBIX
npeakoB. Ho oHM cyuTaroT, 4To Kaxkaas u3 NTUYbUX
MOAYJBHBIX CUCTEM 3BOJIOLUOHUPOBANA CAMOCTOSI-
TeNIbHO. B OoT/Imune OT HUX, MBI CBSI3LIBAEM 3BOJIIO-
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LUIO 3TUX TPeX MOAYJEN B TECHON KOPpPEISIINU IPyT
C APYTOM.

OBCYXIEHUNE

Takum oOpa3oM, BhIjBUraemasi cxema Mopgo-
9KOJIOTHYECKOI 3BOJIONUU NPEAKOB NTHI TPEny-
CMaTpHUBAET NMPEALIECTBYIONIYIO HA3eMHYIO HX CIle-
uanu3anuio, oumneganusM, GpopMIpPOBaHUE PHIKKA
CHHU3Y (C 3eMJIN) — BBEPX Ha BETBU JIEPEBbEB MU Ha
KYCTbI, TEPEABIKEHNE IO BETBAM IPBIKKAMH H
CIyCK BHM3 IIOCPEJCTBOM TPENEeIyIIeTo NapalloTh-
poBanus (puc. 3). Mcnonb3oBaHue HOT U JJIs1 Ha3€eM-
HOM, ¥ JJIsl APEBECHON JIOKOMOLUY Y NMPEAKOB ITHII
CTaOMIN3NPOBANO WX (PYHKIMOHATIBHBIA YHUBEpca-
JU3M, BbIpaXKE€HHBII B aHW30JaKTHIBHOM CTPOEHUH
Janbl U CUJIBHBIX KOMIUIEKCaX CeJalIMIIHO-OefipeH-
HBIX MYCKYJIOB 1 MYCKYJIOB I'OJIEHHOI I'pYyIIIBI, pa3-
rubarolux 1IeBKy.

OcraeTcd BBIIBUHYTH TNPUYNHBI, 3aCTABHUBIINE
apx03aBpOMOP(HBIX MPENKOB MTUI TOJHATHCS Ha
pepeBbs. Ckopee Bcero, 3To ObLIU HE TpOoUIeCcKre
MMOCBIJIKM K OCBOCHHIIO HOBOH 3KOJOTHUECKON HUIIIH,
a cTpemieHue wu30exaTh Ha3eMHBIX XUIHUKOB,
o6e30macuTh ceOst OT HUX BO BpeMsT HOUEBKH 1 OT/IbI-
Xa WU Jla’ke HadaTh CTPOUTH THE3/Ia Ha JEePEBbSIX
WK KycTax, 4To Oosiee 0e30MacHO, YeM Ha 3emiie
(Bock, 1986; Hecos, SIpkos, 1989; Dial, 2003a). [1pu-
YyeM, cKopee BCero, NepBOHAYaIbHO 3TO OBLIN Mell-
KHe XUBOTHbIE, KOTOPbIE MPHU MPBIKKAX C IEPEBLEB
BHI3 OIyCKAJINCh C OTHOCUTEILHO MEHBIIIEl CKOPO-
CTBIO, UTO CIIOCOOCTBOBAJIO MOCIENYIOIEMY (POPMH-
poBanuto noneta. bok (Bock, 1986) gaxke cuuraer,
YTO caMO pPa3BUTHE APEBECHBLIX afjalTallWil y Tpef-
KOB IITHUI], BEJIO K UX u3MellbuaHuto. OCBOeHHE HO-
BBIX TPO(PUUECKUX HUII MPUILIO yXKe MO3[HEee, MOo-
CJie BO3HUKHOBEHMS HACTOSIIETO MOJIETA.

BrIcinil ypoBEHb OCBOEHHS BO3YIIHON CpPENbI —
aKTHUBHBII NOJNET TaKkKe ObLI peain30BaH yepes pas-
BHUTHE Ha TEPEJHUX KOHEUHOCTSX CIUIOIIHOHN mepe-
MIOHKU B IBYX I'PYIIIIaX MO3BOHOYHBIX: Y ITEPO3aBPOB
u eTy4ux Mblei. Ho cnepgyet 3aMeTuTh, 4TO B 00€-
WX TPYIIAX 32 3TO “3amjavyeHo” BbIPakKeHHON peflyK-
[MEN annaparta HazeMHou JJokomouuu. Hanpumep, B
OJTHOM U3 CEMENCTB PYKOKPBIIbIX (Y HOTKOBOHOCHIX)
u3 22% cymMapHO# Macchl (OT Macchl Tella) MbIIIII]
MepeHNUX U 3alHUX KOHeuHocTel 19.7% npuxoputcst
Ha MBbIIIIbI IEPEIHUX KOHEYHOCTEN, B TOIABKO 2.3%
Ha 3agHue KoHeuHocTu (KostyH, 1984). Pykokpsl-
Jble MPAKTUYECKN YTPATUIU CIOCOOHOCTHL K Mepe-
ABUKEHHUIO IO 3eMile. Y HEKOTOPBIX NTEPO3aBPOB
oHa coxpansutack (Padian, 1983), HO ckeneTt ux 3an-
HUX KOHEUYHOCTEHN HECOPa3MEPHO MaJl IO CPABHEHUIO
C TAKOBBIM IIEPEHUX.

ITosBnenne nepooOpa3HbIx OOpa30BaHMil Ompe-
[EJIUIIO UHYIO CTPATEruio Pa3BUTHS IOKOMOTOPHOI'O
amnmapara y npeakos ntull. Kpsuio, BepumHy KoTo-
poro o0pa3oBbIBANIN NOABIKHBIC PAa3ABUHYTHIC Ie-
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Puc. 3. [TocnenoBaTenbHOCTL THIOTETHIECKHX CTaAUil OOpETeHNs oJIeTa HAaCTOSIIIUMHY NTHnamMu: [ — GureaabHbIN Ha3eM-
HbIIl apxo3aBpoMopd, II — Bo3HuKHOBeHue aHusopgakTunuy, III — 3anpeiruBaHue Ha HUXKHHUE BETBH €PEBbEB M KYCTOB,
IV — HapexHast mocaika Ha BETBSX MPU OKOHYATEIHHOM (POPMHUPOBAHUN aHU3OAKTUIINN U HAYAIBHON PENYKIMN AITUHHOTO
XBocTa, V 1 VI — BO3HUKHOBEHNE NEPLEB C CAMMETPUYHBIME OllaXajlaMy Ha IUCTAJIbHBIX CECMEHTAX XBOCTA U EPEJHUX KO-
HEYHOCTeH Npu OpavHbIX AEMOHCTPALMIX U NapauoTuposanuy, VII — ¢popMupoBanre acuMMeTpUYHBIX IEPLEB HA Epef-
HUX KOHEYHOCTSX W PEeAYyKIHs JIMHHOrO XBocTa, VIII — ¢popMupoBaHue HACTOAIIErO NOJNEeTa Y OPHUTYPOMOP(HBIX IITHII.

Puc. O. OpexoBoit-CoKOJIOBOI1.

pbsl (pa3pe3Hasi BEpIINHA), JONYCKAJIO 3HAUYUTEIbHO
0oJsee KpyTO# yrodi aTaku 0e3 cpbiBa MOTOKA, 01aro-
mapst yeMy obecneymBajach HOCTAaTOYHAs MO BEM-
Has cuia AJisl MOfiep>KaHusl Tejla B BO3AYyXe, laxke
MIPU HA3KHUX CKOPOCTSIX KpbliIa OTHOCUTEIHHO BO3/Y-
xa (Ixobwu, 1966; Anekcangep, 1970). Ho otkyna u
[IOYEMY Ha AUCTAJIbHBIX CEIMEHTaX ePEAHUX KOHEeY-
HOCTEH M XBOCTa BO3HMKJIO NEPBUYHOE ONEPEHHUE C
CHMMETPUYHBIMHE ONlaXaJIaMH Y IPEKOB NTHUIL 1 Y Te-

N3BECTUSA PAH. CEPUS BUOJIOTNYECKAS Ne 1

ponoaubix auHo3aBpoB? Bcenen 3a Kosen m Jlumnmc
(Cowen, Lipps, 1982) MbI cunTaem, 4TO Takoe onepe-
HUE MOTJIO c(pOpMHUpPOBATHCA Y HUX B Ka4yecTBE fe-
MOHCTPAlMOHHBIX CTPYKTYp OpayHOro IMOBEJECHHUS.
DTO HOBONPUOOPETEHNE OKA3aJI0Ch OYEHDb YIAUHBIM
U s GajaHCUPOBAHUS NP NEPEJBUKEHUN 10 BET-
BSIM JIepEeBbEB WU KycTapHUKOB. IloseT, 3apoxkpuas-
LIUACS Ha JEPEBbIX U3 MOPXAOIUX JBUXKECHHN Nep-
BUYHO ONIEPEHHBIX NEPEIHUX KOHEUHOCTE, BO3MOX-
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i il il

Puc. 4. Taz: A — Ornithosuchus (Walker, 1977), b — Tpna-
COBbI ITHIETa30BbId guHO3aBp Fabrosaurus (Thulborn,
1972), B — teponon Tyrannosaurus (Pomep, Ilapconc,
1992), I' —mporoasuc Protoavis (Chatterjee, 1995), I1 — co-
BpeMeHHbIi Kpakc Crax: il — ilium, iltr — mm. iliotrochan-
terici, is — ischium, pisf — m. puboischiofemoralis, pu — pu-
bis. CTpenku — TpH He3aBUCHMBbIE IBONFOLMOHHBIEC JTMHUN
oT apxo3aBpoMopd (A) K NTHLETA30BbIM JUHO3aBpaMm
(b), simepoTra3oBbiM guHO3aBpaM (B) n k opHuTYpOMOp-

Gam (I, [I).

HO, HE CTOJIb 3HAaYUTEJIBHO “OTTATUBaJ’ MBILICYHYIO
Maccy OT ajJbTepPHATUBHON CHCTEMbI 3aJHIX KOHEY-
HOCTEN (KaK 3TO MPOUCXOAUIO MPU CINIOIIHOMI JIeTa-
TEJILHOI MEPENOHKE Y PYKOKPBIIBIX), YTO OJaronpu-
SITCTBOBAJIO JlalIbHEHIIIEMY TapajiieTbHOMY COBEp-
IIEHCTBOBAHUIO 00EMX CHCTEM. 37eCch HEOOXOTUMO
3aMETHThH, YTO Y PAHHEMEJIOBBIX OPHATYPOMOP(HBIX
IITHL JIeTaTEeIbHOE ONEepeHNe Ha 33aJHNX KOHEYHO-
cTsiX Hem3BecTHO. Ho y jeTaromux qpoMeo3aBpoB, y
SHAHIMOPHUCOB M y apXeOINTepHUKCca Ha 3alHUX KO-
HEYHOCTSIX OBUIM Pa3BUTHI NEPhsl, KOTOPbIE YBENH-
YuBalX OOIIYIO IUIOWIAAb JIeTaTeJbHON MOBEPXHO-
CTH NPU UX HECOBEPIIEHHON BO3IYIIHON JJOKOMOLUI
(Feduccia, 1999; Xu et al., 2003; Christiansen, Bonde,
2004; Zhang, Zhou, 2004; Xu, Zang, 2005; Longrich,
2006). OMOpuoaOruYecKue UCCaeqOBaHMs NTHLL 110-
Ka3bIBAaIOT, UYTO CTOMNA W KUCTh MPEKPaIIaloT pa3Bh-
THEe KakK MSTHNalble (B pe3yibTaTe CIUSHUS CKe-
JIETHBIX 3JIEMEHTOB) NPWMEPHO Ha OJIHOM 3Tale
(KomtyH 1 fip., 2003), 94TO TaksKe MOXKET CBUIETEIb-
CTBOBATh O CPABHUTEIHHO CHHXPOHHON ClleMann3a-
UM MOAYJIEN IEpPEeJHUX U 3aJHUX KOHEYHOCTEN B
SBOJIIOLUU BEEPOXBOCTBIX NTHI. M XOTS cpepu co-
BPEMEHHBIX IITHI] IPU Y3KOW Clielaanu3anuu K Hbl-
PSHUIO WX TIOJIETY OTMEYAtOTCS MOJSIPHBIEC BETNYH-
Hbl OTHOIIICHUN MEXJy MaccOW MEpPEeTHUX W 3a{HUX

HN3BECTUSA PAH. CEPUS BUOJIOTUYECKAS Ne 1

KOHEYHOCTEH, [JIsl MpefiCTaBUTENIeH OTHON 13 Hanbo-
Jiee TeHepaTn30BaHHBIX TPYIII — OTPsiia KypooOpas-
HBIX — XapaKTepeH ONpPENICICHHbIN TapuTeT MEXKITY
atumu nokaszarejsasmu (IToramos, 1985; Ceiu, 1985;
borpanosuy, 1997).

IIpepnonaraeTcsi, YTO HayaJbHbINA 3Tall 3BOJIO-
LUU OT apX03aBPOMOPGHBIX IPEAKOB ObLI NPOWAECH
CXOHO MJIS NTHUI] U SIIEePOTa30BbIX AUHO3ABPOB
(Romer, 1923; Walker, 1977; Kypoukusn, 2006a), uto
WUIFOCTPUPYET B YAaCTHOCTH KayJOBEHTpaJbHas
opueHTanusl pubis. [I71s1 TeX U APYTUX BEPOATHbIMU
npefikamMu ObUIN pa3Hble TPYIIBI OPHUTO3YXH/, Cpe-
¥ KOTOPBIX paHO c(hOpMHUPOBaATIACH ONIIEAATIBHOCTD.

W3 mpepmaraeMoii HaMH LENOYKH AAJIbHEHUIINX
9BOITFONIMOHHBIX COOBITHN, ONPENISIUBIINX CIICTH(H-
Ky (pUIIEeTUYECKON IMHUU OPHUTYPOMOP(MHBIX NTHII,
BIIOJTHE BEPOSITHBIM TPEJICTABISETCS CIeyIolIee.
Pepykuust xBocta v HapalyBaHue CPygJHON MyCKyia-
Typbl OOYCIIOBWIN KpaHUAJIbHOE CMEIlleHNE IeHTpa
TspKecTd. OHUM U3 CIOCOOOB BOCCTAHOBIICHUST €O
ONTUMAJIBHOT'O NOJI0XKEHUS (Y ITUI] OH pacloyiaraet-
sl HaJ] KOJIEHHBIM CYCTaBOM U ONIOPHOH CTOMOM) cTa-
710 U3MEHEHNE OCHOBHOM no3unun 6efipa. B otnmune
OT TEKOIOHTOB U IUHO3aBPOB, OEAPO NTUL, OPUCHTH-
POBaHO rOpU3OHTAIbHEE, HA YTO 0€3 pacCMOTPEHUs
OpPUYUH TaKOro pas3lMyusl YKa3blBAJIOCh paHee
(Walker, 1977; Chiappe, 1995) u ¢yHKunoHansHO
o0wsacusuiock leiitcu (Gatesy, 1990) meob6xoguMmo-
CTBIO BBIHOCA JIallbI MOA LEeHTp Macchl. [loutu ropu-
30HTAJILHOE MOJNOXEHUE OEJpPEHHBbIX KOCTEl 00y-
CIIaBJIMBAET HEOOXOANUMOCTh UX OONBIIEN aOayKIuu
[JIsl OTBEICHUSI B CTOPOHBI OT Teda (“oO0xoxnueHus”
Tejaa ¢ OOKOB), a TakKxKe TpPeOyeT YCHJIEHUS MBIIIILL,
OTPaHMYMBAIOIINX MPOTPaKIUIO—CYIUHAIMIO Oefpa
[JIsL IpeiynpesKAeHUs “MpOBaIuBaHus” TeJla MEXKAY
KOJICHHbIMU cycTaBamu. CynuHanus (BpallleHue Ha-
PYXy) OepeHHO! KOCTH OJHOBPEMEHHO C €ro Mpo-
Tpakuyel (IBI>KEHUEM BIEpel) — OUH U3 MEXaHM3-
MOB, 00€CIIeYNBAIOIIUX IPUBEJCHUE ONMTIOPHOU CTOIBI
K IPOEKINH LEHTPA TSKECTH ISl COXpaHEHUs! paB-
HOBecus B (pase onopbl Ha OTHY KOHEYHOCTH (Stolpe,
1932; Hutchinson, Gatesy, 2000). [TpoTpakmuto 6efn-
Pa KOHTPOJMPYIOT MOIIIHbIE 3aJHEGEIPEHHbIE MbIIII-
bl (peTpakTopbl Oefjpa MO OCHOBHOH CBOEi (PYHK-
L[1H), CXO{HbIE Y ITHUI U PYI'UX OUIefaIbHbIX apXo-
3aBpoOB. UTO KacaeTcs orpaHUYeHUs] CyIMHAINN, TO
pelIeHneM 3aaui IS ITHIL ITIOCIYXKIIIA JopcalbHas
murpanus mm. iliotrochanterici mo maTepanbpHO# MO-
BEPXHOCTH T'OJIOBKHM Oefipa u oblee ux ycuinenue (y
OOJBIIMHCTBA NTULl UX TpH) (pHUC. 4). DTU MBIIIIIBI
romMoJsioru3upytorcs ¢ m. iliofemoralis w mm. pubois-
chiofemorale y TexoponToB 1 guHo3aBpoB (Hutchin-
son, Gatesy, 2000; Hutchinson, 2001). ¥ nTun ux ne-
peMeleHne (KpaHualbHO WX JOPCOKPAHUAIBHO CO-
OTBETCTBEHHO) U YCWJIEHHE NPHUBEJIO K YBEINUECHUIO
npeaneTadyaspHOro OTAeNa MOAB3AOIIHON KOCTH,
XapakTEpHOMY yKe [J1sl MpoToaBuca (puc. 4). Ysenu-
YEHME ITOW YacTU MOAB3/[OLIHON KOCTH HEKOTOPbIE
WCCIIEIOBATENHN CBSI3BIBAIOT C CYMMHATOPHON U MPO-
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TpakTopHO# (yHkumsMu mm. iliotrochanterici mpu
KayaTeJbHBIX JIBIKEHHUsIX Oefpa BO BpeMs Oera
(Hutchinson, 2001). Opnaxko ux Tonorpadus 1 BHyT-
PEHHSSI apXUTEKTOHHMKA Y COBPEMEHHBIX IITHI]
(cmokHOMEpHUCTasA CTPYKTYpa ¢ HEOONBIION AINHON
BOJIOKOH WM 3HAYUTEJBbHBIM YIJIOM MNEPUCTOCTH), a
TakxXKe pe3yJbTaThl 3JIeKTpOMuOrpacun, onpeaens-
FOT 3TH MBIl KaK MPOHATOPHI WA pa3rudaTenn
Oeqpa mpu MOBOPOTAX M KaK CTaOMIIM3aTOphI Oefipa B
cratuke (Gatesy, 1999; Hutchinson, Gatesy, 2000), a
OCHOBHYIO (DYHKIIIO — IS OTPAHWYCHHS CyTMHALIIN
(Cobru m ap., 1985).

3AKIIIOYEHUE

O0630p CyIIECTBYIOMMX THNOTE3 MPOUCXOKACHUS
nosietTa 1 MOp(O-(PyHKIMOHATLHBIN aHAU3 HA3eM-
HOH W BO3AYIIHOW JIOKOMOIIMM NTHUI], TaK Xe KaK UX
JIOKOMOTOPHOTO ammnaparta, MO3BOJSIIOT cPOPMYIIH-
pOBaTh KOMIIPOMHUCCHYIO TUIOTE3Y MPOUCXOXKAEHUS
MoJIeTa, COYETAIOIIYI0 OT/ENIbHbIE 3JIEMEHThl pa3-
JIMYHBIX BEpCUil ““Ha3eMHOI” U “IpeBecHOil” ruIoTe3
C HOBBIMU OPHUTHMHAJILHBIMHU BBIBOJAMHU W JIOKa3a-
TeJIbcTBaMU. DTa THIIOTe3a OCHOBaHA Ha CUCTEMHOM
MOAXOfI€ B OLICHKE CKOPPEIUPOBAHHBIX 3BOJIOLMOH-
HBIX U3MEHEHUIA B IOKOMOTOPHOM CUCTEME U NOKPO-
Bax y IpeAKoB NepHaThIX. OT “Ha3eMHON” THIIOTE3bI
B YHCTOM BHUJE€ NPHUHUMAETCS TONBKO OuNenanb-
HOCTB, KaK KJII0UeBasi ajjantanusi, 0CBOOOUBIIIAS TIe-
peAHre KOHEYHOCTH OT (PYHKIMK ONopbl. B oTnnune
OT “IpeBecHOil” TUIOTE3bl B UYUCTOM BUJIE, JOKA3bI-
BaeTcs epexof] MPEAKOB NTHUI Ha IEpPEeBbs HE yepes
Jla3aHue 10 CTBOJIAM C IIeTUISTHIEM U 00XBAaTOM UX ITe-
PEAHMMH KOHEYHOCTSIMH, a Yepe3 BCIPbITUBaHNE Ha
HUXKHUE ¥ CIEfyIolue BETBU C MCIOIb30BAaHUEM
ONOpPbI Ha 3aJHIEe KOHEYHOCTU. Y MPEKOB HACTOS-
LIUX IITHUI] 3TO CTAJI0 BO3MOXKHBIM OJ1arofiapsi paHHe-
My NOSIBJIEHUIO aHU30[aKTUJIBHON JIallbl U UCTHUHHO-
o MHTEPTApP3aJbHOr0 MSTOYHOI'O cycrasa, obecIe-
YUBIIMMU HAe>KHYI0 ONOpPY, Kak Ha 3eMHOM
MOBEPXHOCTH, TaK U HAa HACECTaX C INIOTHBIM UX 00-
XBAaThIBAHUEM C ITOMOILBIO IOJHOCTBHIO MPOTHUBOIIO-
craBieHHoro | nansna. ITlepegHue KOHEYHOCTH B Ta-
KOM acCIIeKTe COXPaHSIU CBOOOY MalIyIIUX ABIKE-
HUIl s OanaHcUpoBaHWMS U JjIsl (DOPMUPOBAHHS
MallyIIero Kpblja NpU CHOyCKe C JiepeBbeB. AHU30-
JNaKTWIbHAS Jlala, AaBaBIlasl HaJeXXKHYIO ONOpPY Ha
4 paccTaBleHHBIX Hajblia, TOCTY>KWJIa OCHOBAaHUEM
[JIS peAyKIUH JUIMHHOT'O XBOCTA U3 psAfa NO3BOHKOB,
WCMOJIL30BaBIIEr0Cs PAaHHUMU NITHLIAMH JIJIS OfIep-
’KaHWs paBHOBECHS! NP HA3EMHON U JPEBECHOM JIO-
koMouuu. ITogoOHBI 3BOMFONUOHHBINA CIEHAPUH UC-
KJIFOYAEeT HEOOXOAUMOCTh NIJIAHUPYIOLIEH CTaluy Ha
OYyTH K MallyleMy HOJIETY, IIOCKOJBKY KpbLIO H
a3pOoAMHAMHUYECKAsl SBOJIIOLMS €ro ONEePEeHHOCTH
(popmupyroTcst yepe3 OGanaHCHpOBAaHHE IEpPEeTHIMHA
KOHEYHOCTSIMH TP NIPbIKKaX Ha BETBH U Yepe3 Tpe-
NEUIYyIINA CIyCK CBEPXY — BHUS3.

N3BECTUSA PAH. CEPUS BUOJIOTNYECKAS Ne 1

PazpaboTka mnpemyiokKeHHOTO 3SBOJIOIUOHHOTO
CIIEHapUsl MPOUCXOXKCHUS MTOJIeTa HEU30EKHO BeeT
K YCJIOBHOMY BBIJICJICHUIO IOCIIEJOBATENbHBIX CTa-
Uil BOBHUKHOBEHUSI OYEPEHbIX abeppanuii, ceaek-
U KOTOPBIX MPUBOJUT K KaXKIOMYy HOBOMY 3Tamy
SBOJIIOMOHHO  alallTUPOBAHHOIO  PABHOBECHS
(Immkun, 2005). Ho B AeficTBUTENHLHOCTH MeXa-
HU3M 3TOrO0 Mpolecca 3aKI0YEH HE B OJTHO3HAYHbBIX
aKTax, a B CONPSI’KEHHBIX CUCTEMHBIX M3MEHEHUSIX
(I0umikusn, 2006), B KOTOPBIX KOPPENSITUBHO OBLLIN
CBS3aHbI HOBOOOPA30BaHUS B CUCTEMAX MEPEAHUX U
3alHUX KOHEYHOCTEN, XBOCTOBOT'O MOAYJIS, AbIXaHUS,
MMOKPOBOB, TOBEJICHUS 1 B KOHEUYHOM UTOTE BCEl Op-
FaHW3alMU XXUBOW CUCTEMBI, IIPU MIEPEXOfie Ha Kaye-
CTBEHHO HOBBI YPOBEHb UCIOJIb30BAHUS OKPYXKak0-
LIEA CpebL.

DKoJornyeckasl CTOpOHa Halleidl TUnoTe3bl 3a-
CTaBJISIET 3aAyMaTbCs: B KAKUX YCIOBUSIX U OYEMY
MPOUCXOAWIN 3alpbITMBAHUE HA [JEPEBbSl WU KY-
CTapHUKM, 6aJTaHCHUPOBAaHME C TOMOIIBIO TEPBUYHBIX
KPBUILEB U CHYCK BHU3 MOCPEACTBOM TPEMEIIyIIEro
MaxaHUs KpbUIbSIMU, a HE INTaHupoBaHus? B Tpuaco-
BOM U B IOPCKOM NEpUOfiaXx B KYCTapHUKOBOH U Jipe-
BECHOH PacTUTENLHOCTU TOCHOJICTBOBAIM Pa3HOO0-
Ppa3HbIE TOJIOCEMEHHbIE — XBOWHbIE, OCHHETUTTOBBIE,
MITePUAOCIIEPMOBbIE, CarOBHUKOBBIE, THETOBbIE W
TUHKTOBble. MHOTHE U3 HHUX XapaKTepHU3yIOTCs Ty-
CTBIM BETBIICHUEM WIIM ONEPEHUEM OT CAMOTr'O YPOB-
HS 3€MJIM ¥ IJIOTHBIM pa3MellleHreM MYTOBOK BET-
Bel BHonb cTBOJIOB (TaxTagxksH, 1956). Ha Takue ge-
PeBbs M KYCThl 3alie3aTh BOJb CTBOJIOB BECbMa
3aTPYAHUTEIBHO, a MPOIIe 3aNphITUBaTh HAa BBICTY-
naromue no nepupepuu BETBU WU TEPbS, TaK XKe
KaK ¥ MPbIXXKKaMU IEPEMELIATHCS IO TAKUM PACTCHHU-
SM BbIIIE. MOXHO MONYTHO 3aMETHUTH, YTO HA TAKUX
TYCTBhIX BETBSIX, OUYEBUJIHO, ObUIO JIETKO CTPOUTH
NPUMHATHUBHBIE THE3[a, pacnoyaras UX K TOMY Ke
BECbMA CKPBITHO. A XBOWHBIEC, TMHKI'OBbIE U THETO-
BbI€ MPEJOCTABISIA TaKxke OOraTblil aCCOPTUMEHT
MUATATENbHbIX CeMSIH U IUTofoB. Ilpu cmycke BHU3
CIIPBITMBAHUE MO TEM K€ BETBSIM IPEACTaBISETCS
yke MeHee pallMOHAJILHBLIM, a IUIAHUPOBAaHMUE HA 3a-
YaTKaxX KpbUILEB HEBO3MOXHBIM, a U HEYTOOHBIM,
€ClU JiepeBbs pacTyT cauMiukoMm rycro. Hawmbosee
MOIXOMISIIINM MyTEeM B TaKOW CUTyallul MpeCcTaBIsi-
€TCsl IOYTHU BEPTUKAIBLHOE TpeIelyiee napauoTh-
pOBaHKe, ¢ MallyIIUMU BIDKEHUSIMU NIEPEIHUX KO-
HEYHOCTEH — 3a4aTKOB KpbuUibeB. [Ipu sTOM Takue
KPbUIbSI JOJXKHBI ObLIIA pabOTaTh C AKTUBHBIM B3Ma-
XOM BBEpX W Hazajl, 4TO CIOCOOCTBOBAJIO MpOTpec-
CHUBHOMY pa3BUTHIO m. supracoracoideus. TakoB aKko-
JIOTHYECKUN 1 JjasKe elle OAnH (PyHKIIMOHATBHBIN ac-
MEeKThl MpefyiaraeMoil THIOTe3bl MPOUCXOXKACHUS
MOJIeTa y HACTOSIIIIAX BEEPOXBOCTHIX MITHII.

Y TepoHOAHBIX AWUHO3aBPOB NPOTHBOIOCTABJIE-
Hus | manbia Janel He MPOM3OILIO, KaK M Y UX MO-
TOMKOB apXeONTEPUKCOB 1 MUKPOPANITOPOB. DTO HE
MO3BOJIAJIO UM OCBOOOIUTECS OT AVIMHHOTO XBOCTA U3
MO3BOHKOB, TaK Kak IMOf00Has J1ana He o0ecnevynBa-

2008



14 KYPOYKHWH, BOITAHOBNY

Jla HafIe>kHOW ONOpPbI HU Ha BETBSIX, HA NMPHU NPU3EM-
nennu. [1o3ToOMy OHM HE CMOTJIM EPEUTH K HACTOSI-
LIeMY T0JIETY, TONBKO HEKOTOpbIE CTaId XOPOLIUMHU
IaHepamu, Y KOTOPBIX oOIas IIIoIaAb Hecylie
MOBEPXHOCTU YBEJIMYUIACH 32 CUET IJIOCKOCTEN U3
[ephEB Ha 3a/IHUX KOHEYHOCTSX ¥ Ha XBOCTE. Y UX Be-
POSITHBIX TOTOMKOB — SHaHUMOpHUCOB | mamen y
OonbMHCTBA (POPM HE OBLT HOJHOCTBIO MPOTUBO-
IIOCTABJIEH, & XBOCT OCTAJCd YAJIMHEHHBIM 3a CUeT
KPYIHBIX BBITSHYTBIX CBOOOJHBIX XBOCTOBBIX IIO-
3BOHKOB ¥ JNINHHOT'O MOIHOT'O MATOCTUJIS, HA KOTO-
POM Ilepbs CUJENHN IIOCIE0BATENbHO, a HE BEEPOM.

Astoper  Omaromapsat JI.II. TarapuHoBa u
H.B. 3enenkoBa (IlaneoHTOIOrM4ecKuil MHCTUTYT
PAH), A.H. Ky3renosa (3oonornueckuii Mmysein
MIY), xymoxanka O. OpexoBy-COKOIIOBY 3a XyO-
SKECTBEHHOE BOIUIOLIEHNE HAIllel TUIOTE3bI.

Hccnepgosanus noppepxanbsl rpantamu POPU
04-04-48829 u Ilpesupnenta PP gna Bepymeit nayu-
Hoti mkonsl HII-6829.2006.4, a Taxske [Tporpammoii
Ne 18 Ipesuguyma PAH “IIpouncxoxaeHue u 3BOIO-
st 6uocdepsnr’”.
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On the Origin of Avian Flight:
Compromise and System Approaches

E. N. Kurochkin® and I. A. Bogdanovich?®

¢ Paleontological Institute, Russian Academy of Sciences, Profsoyuznaya 123, Moscow, 117997 Russia
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b Institute of Zoology, National Academy of Sciences of Ukraine, ul. Bogdana Khmel nitskogo 15, Kiev, 01601 Ukraine
e-mail: ibogdanovich@rambler.ru

Abstract—Based on evolutionary morphological analysis of the fore and hind limbs of extinct and extant birds,
a new compromise hypothesis of the origin of flight in birds and theropod dinosaurs is proposed. The bipedal-
ism and anisodactylous foot suitable for various functions were key adaptations for the development of flight.
The bipedalism freed forelimbs from the supporting function and promoted transformation into wings, as ani-
mals moved from one tree branch to another and descended from trees. At the initial stage, the strong hind limbs
provided the opportunity to climb and leap onto trees, bushes, or eminence, while the anisodactylous foot pro-
vided a firm support on both dry land and trees. The support provided by this foot allowed the reduction of the
tail, which was initially composed of a long row of caudal vertebrae. Thus, a stage of gliding flight was not
necessarily passed by early birds. In the other lineages of feathered creatures, functional changes in forelimbs
that resulted in the formation of wings developed in parallel and followed almost the same scenario.
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