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Bricokast UBMEHUYMBOCTh Y aMMOHUTOB BO MHOT'OM OOYCJIOBJIEHA pa3HOOOpa3ueM coueTaHU BHYTPUBUIO-
BBIX TeTepOoXpoHUii (6pamuMopduu, TaxumMopGuu, OpagurepOHTUN U TAXUTE€POHTUN) Y MOIYJISIPHOCTBHIO
paszButusi. Ha mpumepe pona Arcticoceras mokazaHo, YTO T€TEPOXPOHUM Pa3HOIo 3HaKa MOTYT COYETaThCs
10 JIIOOOMY YMCITY IIPU3HAKOB, IIPY 3TOM BHYTPUBUIOBBIE T€TEPOXPOHUM OTINYAIOTCS OT (PUIOTeHEeTIe-
CKHMX MEHBbIIEH IUPOTOit U OOJIBIIMM YMCIOM codyeTaHuii. M3yyeHne Takiux cOYeTaHUM MO3BOJIMUIIO Bble-
JINTh BHYTPUBUOOBEIE MOP(BI X IIPOBECTH PEBU3UIO IIPUTOTHBIX BUIOB Arcticoceras. Ha ripoTsokeHUuM paH-
Hero U cpenHero 6arta aBomolus ceMmeiicTBa Cardioceratidae mpoucxoauia Ha OCHOBE pPa3JIMUHbBIX TTEJ0-
Mopd030B, IOCJIEe YeTo, IIPH ITOSIBJICHUH KaIollepaTUH, IIOIIIA 110 ITyTU aKCeJIepallim.

Karoueesbie cro6a: TeTEpOXPOHUN, MO3aMIHOCTh Pa3BUTHUS, TaKCOHOMMSI, aMMOHUTHI, Cardioceratidae, 6at-

CKUI XpOH
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B mocnemHee BpeMsi HaOiogaeTcss o4yepeaHoe
BO300HOBJIEHNE UHTEpeca K aHaIn3y TeTepOXpOHUit
Y COBPEMEHHBIX M MCKOMAaeMbIX OpraHu3MoB. Bo
MHOI'OM 3TO CBSI3aHO C pa3pabOTKOI KOHLEITIIHA MO-
IYISIPHOCTU — OTHOCHUTEIHLHO HE3aBUCUMOTO (MO3a-
WYHOTO WJIN TUCCOLIMUPOBAHHOIO) pa3BUTHS B OHTO-
reHe3e OpraHoB, IIPU3HAKOB M MX COYETaHUI1, KOTO-
pBIEe paccMaTPUBAIOTCS KaK MOIYJIU, OMPeIelISIIOIINX
CTPYKTYPHYIO CJIOKHOCTh opranusMa (Mcaesa, 2014).
ITpu MonynsspHOM pa3BUTHUU IeTEPOXPOHUHU IO pas3-
HBIM TMpU3HAKaM (POPMHUPYIOTCI C Pa3HOl CKOpO-
CThIO, UYTO CYIIECTBEHHO YCIIOXHSET NMePpUOIN3ALIIO
MopdoreHesa (OHTOreHe3a) U NUArHOCTUKY TaKCO-
HOB, KaK MUHUMYM, BufoBoro paHra. I[1o stoit mpu-
YUHE U3ydeHUEe U3MEHUYMBOCTU CKOPOCTU Pa3BUTHUS
10 KOMILIEKCY ITPU3HAKOB UMEET He TOJILKO TEOPETU -
YecKoe, HO M MpaKTUdecKoe 3HaueHue. B ocHOBHOM
OHO JIa€T BO3MOXHOCTb OCYIIIECTBUTDH PEBU3UIO TAKCO-
HOMUYECKOI0 pa3HOOOpa3usl, OIpeaeuTh 0ojiee 00b-
€KTUBHbIE TPAHUILI TAKCOHOB U COKPATUTh YMUCIIO
MMPUTOIHBIX BUIOB, €CJIM OHU MPEACTABJISIIOT Pa3HOTO
pola Mopdbl WM BapuaLliy BaJIUIHBIX BUIOB.

HeonnHakoBOCTh TEMIIOB M3MEHEHMM pa3iny-
HBIX IPU3HAKOB OAHOTO U TOTO Xe OpraHM3Ma B OH-
TOoreHe3e WM uiIoreHe3e — (QyHIaMeHTaJIbHBIN
MPUHIMI KOHLEIIINY I'eTePOXPOHMI1, KOTOPHII I10-
CTYJIMPOBAJICS B OOJILITMHCTBE pabOT TEOPETUYECKO-
ro 1aHa Ha 3ty TeMy (Cope, 1868; CeBepuos, 1921,
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1939; IlImanwraysex, 1938; 1939; De Beer, 1940;
Gould, 1977, McNamara, 1986 u ap.). Ha ocHoBaHUM
9TOr0 MPHUHLMNA IIPEMIOKEHO pa3indaTh OOIIYIO
(MU 1I06aIbHYIO) TeTePOXPOHUIO, OCYIIECTBIISIIONTY-
IoCsl B MaciTabe BCero opraHm3Ma, U JUCCOLIMUPO-
BaHHYIO (JIOKAJIBHYIO, MO3aW4HYI0) TeTEPOXPOHUIO,
KOTOpasi MPOSIBJISIETCSI JIMIIb Y OTAEIbHBIX TPU3HAKOB
(McKinney, 1984; McKinney, McNamara, 1991).
DTOT XK€ MPUHLUII IIPUMEHSIETCS IIPU aHAIU3€e OPY-
IMX Pa3HOBUIHOCTEN rerepoxpoHuii. B yacTtHocTH,
BO3MOXHOCTh OUCCOLUMPOBAHHOTO Pa3BUTUSI IIPU-
3HAKOB IIPEMOoJaracTcs B OOIbILIEI CTEIIEHU IS He-
OTEHUU, MNOCTAUCIUIaficCMEeHTa, akKcelepaluu, Ipe-
IUCIUIAICMEHTA M, B MEHbIIICH CTeNeH!, IS IIpoTe-
Hesa u runiepmopdosa (McNamara, 1986). B kpaitHem
BBbIpaXX€HUU TaKasli MO3aMYHOCTh MOXET MPUBECTH K
CUTyalluH, KOTJa B OHTOI€HEe3¢ OMHOIO 1 TOTO Xe Op-
raHu3Ma 1o OOHUM IIPHU3HAaKaM IPOMCXOAUT 3adePK-
Ka pa3BUTUS, a IO ApyruM — ycKopeHue (JleoHoBa,
2012; McNamara, 2012).

AMMOHUTEHI KaK OOBEKT IIJISI U3YYEHUSI TeTEPOXPO-
HUIi, pacCMaTpMBaeMBbIX B KaTeropusx nepaMmopgosa
Wwin neaoMopdo3a WM UX MOHSITUMHBIX aHaJIOTOB,
HWCHOJB3YIOTCs yXe Oonee crta jer (Pavlow, 1901;
Schindewolf, 1925; Spath, 1932; MBanosB, 1945a, 0,
1976; Landmann, 1988; Korn, 1992, 1995; Land-
mann, Geyssant, 1993; JleoHosa, 2012, 2016; Leono-
va, 2015 u np.). OCHOBHBIM IIpEeIMETOM M3y4YEHUS B
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TaKUX paboTax SIBJISIIOTCSI TeTePOXPOHUHU, MPUBOISI-
e K GUIOreHETUIECKUM U3MEHEHUSIM U MOsIBJIE-
HUIO HOBBIX TAaKCOHOB. ['opasno pexke MmyOJIUKYIOTCS
pe3yNIbTaThl U3y4eHUsI BHYTPUBUIOBOM M3MEHUYNBO-
CTH 3aJiep>KeK WJIN YCKOPEHMST Pa3BUTHUST OTACIbHBIX
MPU3HAKOB WM LIEJIOr0 KOMITJIEKCa, HabIIogaeMble B
OHTOTeHe3e OTHEIbHBIX ocobeil. Takasd M3MEHYU-
BOCTb M3y4Yajlach KakK y IaJec030iCKUX aMMOHUTOB
(Schmidt, 1924; Korn, Vohringer, 2004), Tak u y Me-
3030iickux (Muxanbckuii, 1890; MBanos, 1945a, 0,
1976; Dommergues et al., 1986; Landmann, 1988;
Murtra, 1990; Courville, Crénier, 2003; Kucenes, Po-
ros, 2018).

SBiaeHre MOAYISIPHOCTH Jydllle TIPOSIBJISIETCSI BO
BHYTPUBUIOBOW M3MEHUYMBOCTA OHTOT€HETUYECKUX
MPOLIECCOB, HEXeJu B (hUjoreHese, Iiae yXXe BUICH
KOHEYHBII pe3yabTaT TaKuX u3MeHeHui. Auccounm-
POBaHHOCTb Pa3BUTHUSI MPU3HAKOB PAKOBUHBI aMMO-
HUTOB MOXHO HaOJ10aTh B TOM cllydae, KOraa usy-
yaeTcst MOp¢hOoreHe3 OTHOBPEMEHHO 0 HECKOJIbKUM
Tpr3HaKaM, IMpU YCIOBUM YETKOH (puKcalium usme-
peHUii mapamMeTpoB MPU3HAKOB K TMAMETPY PaKOBU-
HbIL. Yxe A.H. UBanoBbIM (1945a, 1976) Ha ipuMepe
pona Kepplerites ObUIO MOKa3aHO, YTO OCHOBHBIC
MPU3HAKKU, WCTOJb3YyIOIIMECs ISl Mepuoau3aluu
MopdoreHesa [AMamMeTp pakOBUHBI, TTPU KOTOPOM:
a) ncye3alT OOKOBbIE OYropku, 0) yCTbeBO€ OTHO-
IIIEHUE PaBHO €IWHUIE U B) OOKOBbIE OYrOpKHU IO-
KPBIBAIOTCS MOCIEAYIOIIUM 000pOTOM | pa3BUBaIOTCS
pa3HBIMU TeMITaMM, BCIEACTBUE YETO Y pa3HbIX OCO-
Oeil rpaHulla MOP(MOTreHeTUYECKUX CTaauii MOXKeT
BBIIEJISIThCS 110 OJHOMY MPU3HAKY WJIM COYETAHUIO
JIBYX UJIU TpeX ITpu3HaKoB. TeM He MeHee, pa3rpaHu-
yeHue craauii MmopgoreHesa y Kepplerites (cyokoc-
MOIIEPOCOBOM M KelIiepuToBoit) MBaHOBBIM TpO-
BOJIMTCSI IO COYETAHUIO BCEX IPU3HAKOB, KOTOPbIE
CPEeIHECTaTUCTUYECKN W3MEHSIIOTCS TIOUTU CHUH-
XPOHHO.

Eciu pasnuuHas cKOpoCcTh pa3BUTHS OTAEIbHBIX
MPU3HAKOB CTAHOBUTCSI (PMIOTCHETUYSCKUM TPEH-
JIOM, TO 3BOJIIOLIMSI TAKCOHOB TTPOMCXOAUT ITyTEM 3a-
JIEPXKKU WIM YCKOPEHUS Pa3BUTHS OJHOIO WIM He-
CKOJIBKUX MomyJeil. s mpolieccoB (uaoreHeTu4ye-
CKOTO0 3aMeJJIeHs pa3BUTUS TAKOK BUII TETEPOXPOHUU
61 HazBaH MBaHoBBIM (1969) yacTmuHOM Opammre-
Hueli. BriocnencTBum MNomoOHbIE Pa3HOBUIHOCTU,
OTMEYEHHbIE U Y IPYTUX T€TePOXPOHUIA, ObLJIU Ha3Ba-
HbI JIoKanbHbIMU (McKinney, McNamara, 1991).

OgHUM M3 CIEACTBUII MOAYISIPHOCTU Pa3BUTUS
pPaKOBUHBLI Y aMMOHUTOB MOXET OBITh IOSIBJIEHUE
BBICOKOTO pa3HOO0pa3usi MOpGHOJIIOTUUYECKUX TUIIOB
B IIpeleliaX OOJHOTO BHUIA. DTO CO3JAeT OIpelesieH-
HBI€ TPYIHOCTHU IJIsI CUCTEMATUKM, TIOCKOJILKY op-
MBI C PA3JIMYHBIM COYETAHUEM Pa3BUTUS MIPU3HAKOB
Ha pa3HbIX CTaAUsIX MOpGOreHe3a MOTYT BBIIESITHCS
B CAMOCTOSITEJIbHbIE BUIbI. DTy MpoOIeMy IIpeajiara-
eTCSI PaCCMOTPETh Ha MpUMeEpEe IOPCKUX aMMOHUTOB
pona Arcticoceras Spath, 1924, BaxxHeiiiero crpaTu-
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rpagudeckoro pernepa ajist 60peaibHOTO HUXKHETO U
cpenHero 6ara.

O BUAOBOM PASHOOBPA3MHN
B POAE ARCTICOCERAS

Pon Arcticoceras Spath, 1924 [Turm pona A. ishmae
(Keyserling, 1846)] aBnsieTcst BaKHEMIIIMM CTpaTU-
rpaprmyecKuM pernepoM i1 00peaaTbHOTO HUKHETO 1
cpelHero 6aTta, MO3TOMY BOIIPOCHI €T0 CUCTEMATUKU
M OLIEHKU BHAOBOTO pa3HOOOpa3us MMEIOT MpaKTH-
yeckoe 3HaueHue. B HacTosIIee BpeMs1 OH BKJIIOYaeT
10 mpurogHbIX BUIOB U IMMOABUIOB, a TAKXKe 4 HEITPpU -
TOJHBIX BUIA U 2 TIOAPOIa, ONUCAHHBIE TOJIBKO B PYy-
KormicH. B cTtpaturpadmaeckoit mpakTUKe 3TH BUIBI
MIPUHSITO HCIIOJIb30BaTh KakK CTpaTturpaduueckue
WHIEKCHI 111 pa3IMYHbIX 30H WIM MHPPa30HAIbLHBIX
noapasaeeHuil. Mexny TeM, eCTh BECKME OCHOBa-
HUSI CUMTATh, YTO OOJILIIMHCTBO BBIIEJIEHHBIX BUIOB
OTHOCSITCS K Mop(daM BHYTPUBUIOBOII M3MEHUYNBO-
CTHU 1, COOTBETCTBEHHO, SIBJISIOTCS HEBAJIUIHBIMMU.
D10 TpebyeT cneuuajabHON PEeBU3NM CUCTEMATUKU
polla Ha OCHOBE aHaJIM3a BCEX BUIOCIIELIM(PUIECKUX
MIpU3HAKOB. Bompockl peBU3nM JaHHO IPyIIIBL aM-
MOHUTOB OOCTOSITEJIbHO Pa300paHbl B MpeabIaylIeii
cratbe aBTOopa (Kucemes, 2020), rme 1mokasaHo, 4TO
OOJIBIIMHCTBO TIPUTOAHBIX BHUIAOB M MOOBUIOB —
A. ishmae (Keyserling), A. ishmae tenuicostatum Re-
pin, A. kochi Spath, A. pseudolamberti Spath, A. ste-
pankovi Tuchkov, A. excentricum Voronez, A. harlan-
di Rawson u A. pseudishmae (Spath) sBisiroTcs
MJIAAIIMMKA CUMHOHMMaMu A. ishmae. BHyTpuBumo-
Basi M3MEHYMBOCTH A. ishmae HACTOJBKO BBICOKA,
YTO OCOOM C KOHTPACTHBIM MOP(MOTUIIOM MOTYT
OIMOOYHO pacCMaTPUBATHCS KaK CAMOCTOSITeILHEIC
Buabl. HamMm Takue pa3HOBUIHOCTH 0003HAYEHBI KaK
MOpGBbI, OTIMYAIOLIMECS Pa3IUYHBIM COYETaHUEM
MIPU3HAKOB, B IIEPBYIO o4yepenb opMOii 000pPOTOB U
yacTtoToii pedep. [IpennonoxurebHO, OCHOBHOI Me-
XaHMU3M 3TOI U3MEHUYMBOCTH CBSI3aH C TeTePOXPOHUSI-
MU, YTO 1 OyIeT pacCMOTPEHO B HACTOSIIIIEIT CTaThe.

METOAUNKA

MN3MeHYMBOCTb CKOPOCTH pa3BUTUsI Y Arcticoc-
eras, Kak 1 y Ipyrux aMMOHUTOB, BBIPAXKaeTCd HEO/-
HOBPEMEHHBIM TTOSIBIICHUEM Y Pa3HBIX 0COOCi XxapaK-
TEPHBIX MPU3HAKOB, IT0 KOTOPHIM MOXET OCYIIECTB-
JIIThC Mepuoau3aiys MmopdoreHesa (oHToreHesa). K
TaKUM NpPU3HAKaM B IIEPBYIO o4epelb OTHOCUTCS KO-
HEYHBIIl TMaMeTp PaKOBWHBI, CIJIaXKMBaHUE peOpu-
CTOCTH HAa KOHEUHO XXUJTON Kamepe, U3MEHEHUeE T10-
Kazartessl BEeTBIIEHUsSI pedep B MopdoreHese M IUIOT-
HOCTb IIEPBUYHBIX pedep. DTU IpU3HAKM WHOTIA
paccMaTpUBAKOTCI KaK JUATHOCTUUYECKUE TSI HEKO-
TOpbIX BUIOB Arcticoceras (Menenuna, 1973, 1987,
Poulton, 1987; Callomon, 1993). TepmuHanbHas pa-
KOBMHA (KOHEUHas Xujasl KaMepa) y apKTUKoliepa-
COB JIETKO pa3jinyaeTcs 10 HAJIMUMIO psiga crieuurdu-
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YeCKMX OCOOEHHOCTEM, K KOTOPBIM OTHOCSITCS CIIEy-
IOIIIMe: KOHEYHOE YCThe C BHIPOCTOM Ha BEHTPAJIbHOM
CTOPOHE; TITYOOKUIA TTPeAyCThEBOI MEPEXKUM, 3aMeT-
HBII, B OCHOBHOM, Ha sipax; HeOOJIbIION pa3BoOpOT
YMOUJIMKA U TIOCTETIEHHOE WJIN PE3KOoe CTIakMBaHUE
CKYJIBIITYPHI BILIOTH IO TTOJTHOTO €€ NCUe3HOBEHUS.

st u3ydyeHus: UIBMEHYUBOCTU B KayeCcTBE YHU-
BEpPCaAJIbHOTO XPOHOMETPA Pa3BUTHS HCHOJIb3YETCS
IuameTp pakoBuHbl (rmo: MUBanos, 19456, 1976), oT-
HOCHUTEIBHO KOTOPOTO (PUKCUPYETCS MOSIBICHUE WU
WCYE3HOBEHME TOTO WJIM WHOIrO IpHU3HaKa. 3amen-
JIECHHOE pa3BUTHUE MPU3HAKOB MPUBOIUT K TOMY, UTO
MoOp(dOTHUM, XapaKTepHblii B HOpMe IIJIsl 6ojiee paH-
HUX 000pOTOB, HAOMIOMAETCSI Y HEKOTOPBIX OCOOed
pu OOJIbIIEM AUAaMETPe PaKOBUHBI (OpanuMopdus;
Schmidt, 1926). B oTebHBIX c1ydyasx 3aaepKKa pas-
BUTHUSI MOXET IIPUBECTU K YBEIUICHUIO TEPMHUHAJIb-
HBIX pa3MepoB uiu opanureponTuu (Teisseyre, 1889,
emend. Mutta, 1990). YckopeHHOe pa3BUTHE TIPU-
BOIUT K IIOSIBJICHUIO XapaKTEePHBIX IIPU3HAKOB IIPU
MeHbIIeM auaMmeTpe [Taxumopdusa (Schmidt, 1926)]
WIX YMEHBIIEHUIO TUaMeTpa TepMUHAJIbHON paKo-
BUHHI [TaxurepoHtus (Teisseyre, 1889, emend. Murt-
Ta, 1990)]. CooTBeTCTBEHHO, B BHIOOPKE MOXHO pa3-
JINYaTh, C OMHOM CTOPOHBI, OpaIUTePOHTHBIC, HOP-
MOI'€POHTHBIE 1 TaXUTECPOHTHBIE BK3EMILISIPBI U, C
Ipyroit — opaguMopdHbBIe, HOPMOMOPQHBIEC U TaX1-
MopdHbie. HopMma pa3BuTus orpeneaseTcs: o cpe-
HECTaTUCTUYECKUM ITOKA3aTEeIISIM.

OcTajibHble TIpU3HAKW PaKOBUHBI (MapaMeTpbl
MPOTIOPIIMiA MOTIEPEYHOTO CEUeHMsI, OTHOCUTEJIbHbII
IuaMeTp yMOWJIMKa U yacToTa pedep) Takke MOTYT
WCIIOJIb30BaThCs JJIs1 MepUoau3aliuu MopdoreHesa.
Tem He MeHee, aHAIM3 FeTEPOXPOHUI MO HUM 3a-
TPYAHEH, IIOCKOJbKY WMEIIIUICS Martepual He
MPUTONEH [Jis W3y4yeHUs STUX MPU3HAKOB Ha BCeX
000poTax y KaxIoro 3K3eMIUIsipa B KauyeCTBEHHOM
BbIOOpKE. B OCHOBHOM, M3MEpPEHUSI 3TUX NPU3HAKOB
yaaeTcs cesiaTh Ha OMHOM-IBYX COCETHUX 000pOTax.

st oueHku addekTa 3ameaeHrs] Wi yCKope-
HUS pa3BUTHS MCIIOJB3YeTCS TTOHSTHE WUpPOMbl ee-
mepoxponuu. Jyis1 BHYTPUBUIOOBBIX TETEPOXPOHUI
OHa BBIYMCJISIETCSI KaK BpeMEHHasl W pa3MepHasi
MIPOOOKUTENILHOCTL MoOpdoreHe3a (OHTOreHe3a)
0co0M, COOTBETCTBYIOIIAS BETUUMHE FeTEPOXPOHHO-
ro CIBMra OTHOCUTEJIbHO TOM CTaIuU WJIM MOMEHTA B
MopdoreHe3e, KOTOPbIE XapaKTepU3YIOTCS CPeIHU-
MU BeJIUYMHAMMU TIpU3HaKa IJis1 Bceit Beioopku. Ilep-
BOHAaYaJIbHOE 3HAUYEHUE IIIUPOTHI FT€TEPOXPOHUU BbI-
YUCIISIETCS B pa3MEePHBIX BEIMUMHAX (IMaMeTp paKo-
BUHBI), ITIOCJIE YEro OHO TIEPEeBOIUTCS B YHMCIIO
000pOTOB pakKOBUHBI. 715 (proreHeTHYeCcKux rere-
POXPOHMI IIIMPOTa BEIYUCIISIETCS KaK MHTEPBATl MEXK-
Iy TEeMU MOMEHTaMUu B MopdoreHese npeaka u 1mo-
TOMKa, TJe 3a(DpMKCUPOBaHbI CPEIHECTATUCTUYECKIE
3HaYCHUS TTpHU3HaKa.

MartepuanaoMm i U3ydeHus: Arcticoceras Ha Tep-
MUHAJILHOM CTaguy pa3BUTUS TTOCTYKUIIN 23 KOHEY -

HBIE XXWIble KaMephl, U3 KOTOPBIX 12 3K3eMILISIPOB
TIPOMCXOIAT U3 pa3pe3oB bacceitHa p. ITeyoprnl. Boi-
OopKa IS M3MEPEHUI MPU3HAKOB Ha BHYTPEHHUX
oboporax coctasisieT 102 3K3., 13 KOTOPBIX OKOJIO
MOJIOBUHBI ITpoucxoniaT u3 Tumano-Ileyopckoit Tep-
pUTOpUM, a OCTaJbHBIE U3 Pa3JINYHBIX PETMOHOB
Apxktuku (CeBepHas u Bocrounas Cubups, HoBas
3emns, IlnunoepreH, Bocrtounas I'pennangus,
Apktunyeckasi Kanana). U3aMepeHus cienaHbl Kak Ha
caMUX 9K3eMIULSIpax, Tak 1 110 ¢poTorpadusM OpUri-
HaJIOB M3 MyOJIUKalIWii.

N3MEHYMNBOCTb CKOPOCTH
MOP®OT'EHE3A ¥ ARCTICOCERAS

Koneunwtit duamemp paxosunwvt (KJ1), uamepsieMbliii
BOJIM3M KOHEYHOTO YCThSI, XapaKTEepH3yeT MOMEHT
€CTECTBEHHOTO 3aBEpIIEHUSI OHTOTeHe3a (CeHUJIb-
HYIO CTaguio). ¥ apKTUKOLIEpAacOB OH BapbUpPYET B
IUPOKUX mpeaeinax, oT 110 go 161 mm. CpenHee 3Ha-
yeHue, pUKcUpyloliee HOpMy, coCTaBisieT 128 MM.
Bce sk3eMIuisipbl, UMeIOIINE MEHBIINKM KOHEUHBIIA
IuaMeTp, clienyeT paccMaTpuBaTh, KakK OBICTPO CTa-
peroiye, WiM TaxurepoHtHeie (tadmn. III, ¢wur. 4;
cM. BKJeliKy). CoOOTBETCTBEHHO, HSK3EMILISIPBI C
OOJIBIIMM KOHEUYHBIM JUAaMETPOM SIBJISIIOTCS Opamm-
repoHTHbeIMU (Tada. IV, ¢ur. 1, 5; cM. BKIelKy).
O6nacTh HOPMOTEPOHTHOCTU (IMMPEUMYIIECTBEHHO
HOpMaJIbHBIX 3HAaUCHUI BOJM3M CPEIHET0) oIpeae-
JISIETCSI CTAaTUCTUYECKH U JJIsl TAaHHOM BEIOOPKU COOT-
BETCTBYET WHTEpBaJly 3HaueHWil or 123.7 MM 1o
149.5 mM. B 31011 o6mactn HaxognTces 13 3K3., U3 KO-
TOPBIX 9 IPOUCXOIST U3 pa3pe3oB OacceiiHa p. [levo-
pol (Tadm. 111, dwur. 2, 3), 2 k3. u3 CeBepHoit Cuou-
pu, 2 3k3. u3 BocrouHoit I'peHnanmuy U onuH M3
IOxona (puc. 1). K TaxurepoHTHOI 0071aCTH 3HAYe-
Huii (K MeHbiie 123.7 MM) OTHOCSITCS 9K3EMILISI-
pbI, B OCHOBHOM, 13 T€X XK€ PETMOHOB, 3a UCKIIIOUE-
Huem Cubupu. B OpamurepontHoii obnactu (K]I
6osblie 149.5 MM) Me4opcKue 3K3EMILISIPbl OTCYT-
CTBYIOT, HO ITOSIBJISIIOTCSI 9K3E€MILISIPEL M3 OKPECTHO-
creit CaparoBa, a Takke n3 CesepHoit Cubupu 1 Bo-
CTOYHOI I'peHmaHIum.

B nanHoO#1 KapTuHE He HAOII0AAETCS HUKAKOM Cy-
LIECTBEHHOM 3aKOHOMEPHOCTH, B OCOOEHHOCTH, €CJIA
Y4EeCTb HETOCTATOUYHOCTh BBIOOPKHU TI0 OOJIBITNMHCTBY
peruoHoB, KkpoMe TumaHo-Ileyopckoro. M3meH4u-
BOCTH IT€UOPCKUX apKTUKOLIEPOCOB MOXKHO CUMTATh
yMepeHHoM (koaddunuent sapuanuu 8.2%). Oue-
HUTh W3MEHYMBOCTb TMOMYJSLUNA IPYrUX pPerMoOHOB
Ha MMEIOIIEMCs MaTepraie 3aTpygHUTeIbHO. OmHa-
KO, €CJIY IIPUHSITh MaciuTad M3MEHUYMBOCTU MEYOp-
CKOI MOMYJISIIIUM KaK €CTeCTBEHHYIO IJIsi Arcticoc-
eras, TO JUamna3oH U3MEHUYMBOCTU apKTUIECKUX I10-
MYJISIIUAA JOJKEeH OBITh CYIIIECTBEHHO I PE.

Cenaxcueanue pebpucmocmu Ha KOHEUHOU MHCUAOU
kamepe. Y Arcticoceras, Kak 1 y OOJILIIMHCTBA apKTO-
nedaluTuH, Ha TepMHUHAJIBHOM O0OpPOTEe M KOHEY-
HOM XMJIOM KaMepe MPOUCXOIUT PeAyKLMs CKYJIbII-

MAJTEOHTOJIOTMYECKUM KYPHATT  Ne 1 2020
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¢ A. lenaense Voronetz [MS]

Apkruueckas KaHnana
A A.ishmae (Keys.) sensu Poulton

Puc. 1. PacrnipeneneHue 3k3eMIUIsIpoB Arcticoceras HUXKHETO 1

CesepHast u Boctounast Cubupb

Bocrounas I'pennanaus
® A. kochi — PT
X A. cranocephaloide Callomon — HT, PT

cpeaHero 6ara mo pasMepy 30HbI peOPUCTOCTU HA TEPMUHAIb-

HOM OGODOTC 1 KOHCYHOMY INMaMETPy paKOBUHBI. CruIoIIHOM 3aJIMBKOI ITOKa3aHbI 00J1aCTH HOPMBI )1 KOHEYHOI'O 1uaMeTpa

Y COXPaHHOCTH pebep.

TYpPHI BILUIOTh JIO TIOJIHOTO €€ MCUEe3HOBEHMUSsI, BCIEI-
CTBME YETO HACTyIlaeT CTaausl TJaJdKoil paKOBUHEIL.
IIpu sTOM 0GJaCTH TEPMUHAIBLHOTO 0O0OpOTa, MO-
KpbITast cKyabITypoii (L,), o paamepy MOXeT OT/Iv-
4YaTbCsl Y Pa3HbIX BUJIOB, IO3TOMY yIJI0Bas JJIMHA 3TOK
00J1aCTH MOXET UMETh IMarHOCTUYECKOe 3HaueHue. B
yactHoctr, C.B. Menenunoit (1987) mnpenrnonara-
JIoCh, 4yTO A. harlandi otnmyaercs ot A. ishmae, momu-
MO KOMIUIEKCA OPYTUX OTJIIMYUTEIBHBIX IIPU3HAKOB,
OoJlee TIO3MHUM CIJIaKWBaHUWEM pedep. BeposiTHO,
BTOT MPU3HAK AEUCTBUTEIBHO MOXET OBITb BUIOCTIC-
LHUGUYHBIM MIPY YCIOBUU CTAOUJILHOCTU €T0 MPOSIB-
JieHus1 B MopdoreHese, 00yCJIOBIEHHO HU3KOM 13-
MEHYMBOCTHIO.

J1J1s1 mMpoBEPKM 3TOM T'MIIOTE3hl M3yYeHa BhIOOpKaA
9K3EMILLIPOB Arcticoceras Ha CTaauK TePMHUHAJIBHOMI
PaKOBUHBI, Y KOTOPBIX M3MEpEHa JIJIMHA TJIAAKON U
CKYJIBIITYPUPOBAaHHOM YaCTH B YIJIOBBIX BEJIMYMHAX.
HaunGompimyro 9acTh BEIOOPKM COCTABIISTIOT 9K3€M-
IUISIpEL U3 OacceitHa p. Ileyopbl, HA OCHOBE KOTOPOIA
MOXHO CYyIUTh O MacllITabax 1 Auarna3oHe U3MEeHY M-
BOCTHM 3TOTO IpU3HAKa.

TMAJTEOHTOJOTUYECKUM KYPHATT  Ne 1 2020

Cpeau apKTHKOLIEPDOCOB IIEYOPCKOM BBIOOPKU
BCTPEYAIOTCS SK3EMIUISIPHl COBEPIICHHO TJIagKue
(L, = 0°, ta6n. 111, dur. 4, 5) 1 yacTUIHO peOPUCTHIE
(360° > L, > 0°, Ta6m. 111, dwur. 1-3, 6), npu 3T0M OT-
CYTCTBYIOT 3K3EMIUISIPBI, IIOJJHOCTBIO TOKPBITHIE
ckynpnTypoit (L, = 360°). nuHa peOpucToii yacTn
TepMHUHAILHOTO 060opoTa n3MeHsiercs ot 0° mo 169°
rpagycoB, cCpedHee 3HAYeHHWE COCTaBJISIET OKOJIO
77.7°. U3MeHYUBOCTb 3TOI'O IIPM3HaKa OYeHb BHICOKA
(koaddunuenT Bapuaunm 64%).

TaknMm o0pa3oM, ITOTOXKEHHE TOUYKM CIyIaXKHBa-
HUSI CKYJIBOTYPHI y ITeYOpCKUX A. ishmae nusMmeHsieTcs
B HACTOJILKO IIUPOKUX MpeAeaax, 4To BPSI JIM 3TOT
MMPU3HAK MOXET paccMaTpuBaThbCs KaK TaKCOHOMMU-
yeckuii. Haubosnee BeposiTHOE OOBSICHEHUE CTOJIb
CYLIECTBEHHBIX KOJIeOAHUI TTpU3HAaKa CBSI3aHO C U3-
MeHeHHeM ckopocTi MopdoreHe3a. ITockombKy pe6-
PUCTOCTh CBOMCTBEHHA OoJiee paHHUM CTaaUsIM pa3-
BUTHSI (CpeIHMe OOOpOTHI), a INIaaKas paKOBMHA —
TePMUHAILHON CTaguM, TO KolecbaHUe TOYKU CrJia-
XKUBaHUS pebep oTpaxKkaeT 3aMeJIeHUEe WM YCKOpe-
HUE pa3BUTHUS. YBeJIMYEeHUE pa3Mepa peOpUCTOl ua-
CTU KOHEYHOTO 000pOTa CBUACTEIBCTBYET O 3aMell-
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JICHWUW pa3BUTUS, WIN OpagmMopdnn, 1 HA0OOpPOT,
YBEJIMUEHMM CEKTOpa IIAAKOM pPaKOBUHBI SIBJSETCS
MIPU3HAKOM YCKOPEHHOT'O Pa3BUTHUS — TaXUMOP(PUN.

Jwvara3oH M3MEHYMBOCTH BCEX paHHEOATCKUX
Arcticoceras, BKJTIodas TaKxKe 9K3eMIUISIphI A. ishmae
13 okpecTtHocTeir CapaToBa M pa3jIUYHbIX PETHOHOB
ApKTHUKHN, HECKOJIBKO IIPEBHIIIAET TAKOBOM II€YOP-
ckoif momryssiimu: L, = 0°—215°, Mexay teM Koadh-
dULMEeHT BapualMu UIsI BCE BHIOOPKM HEMHOTO
MeHbIIe — 53.5%. DTO CBUIOETENILCTBYET O TOM, UTO
M3MEHEHHE CKOPOCTH Mop(oreHe3a y BCeX paHHE-
0aTCKMX apKTUKOLIEPACOB IPOUCXOIUT IPUMEPHO B
OIHUX U TeX XXe TpaHUlIaX.

B oTtmume ot A. ishmae, apKTUKOLIEpachl CpeaHe-
ro O0ara (A. cranocephaloide) oTimuyaloTCs OTCYT-
CTBHMEM CTalNM TaaKoii pakoBuHbI (L. = 360°). Eciiu
BKJIIOUMTH B BBIOOPKY Arcticoceras 3K3eMILUISIPbI KakK
W3 paHHETo, TaK 1 CpemIHEero 06ara, TO KapTUHA W3-
MEHUYMBOCTU HECKOJIBKO MEHSIETCS: ITOBBIIIACTCS
cpenHee 3HAYCHUE MOJIOXKEHUS TOYKM CIVIa>KMBaHUS
pebep (129°) u crangapTHOE oTKIIOHeHUe (58%). O6-
JIaCTb HOPMOMOPMHBIX 3K3EMILISIPOB HAXOAUTCSI B
nuanazoHe L. = 70°—231.7°. bosee HU3KKE 3Haue-
HUs, BIUIOTH 10 L, = 0°, XapakTepu3yroT 00J1aCTh Ta-
XUMOP@PHEBIX 0c0o0eii, 601ee BEICOKIME — 00JIacTh Opa-
nuMopdHbIX. PaHHe6aTCKMe MONYJISIUA HE TIEPeX0-
IST B OpamuMopdgHYy0 o0lacTh U IIpeodiagaroT B
HopMoMopdHOIi (63% 3K3eMIUISIpOB).

Bemeaenue pebep. Y apKTUKOlIepacoOB BETBJICHUE
MEPBUYHBIX pedep MPUBOIUT K TMOSIBJICHUIO IBYpa3-
NeJIbHBIX WU TpeXpas3dejbHbIX BTOPUYHBIX peodep,
MpU 3TOM OJHO M3 BTOPUYHBIX pedep MpU HETJIOT-
HOM TIpWIeraHuM K TOYKE BETBJECHUSI MOXET pac-
cMaTpuBaThecs Kak BcTaBHoe. Ha cpemHux obopoTax
(D = 30—60 MM) peob1agaoT IBOMHBIE peGpa, MHO-
rla 4Yepenylolimecss ¢ MPOCTBIMU, YTO BbIpaxkaeTcs
HU3KUM KoadduimeHToM BeTBieHus (ot 1 no 2). Ha
B3pOCbIX o6opoTax (rmpu D > 50—60 MMm), Ha TTocen-
HeM obopote nepen KXKK, mpocTteie pedpa 0ObIYHO
3aMEHSIOTCSl ABOMHBIMU, TOSIBJISIIOTCSI TPOIiHbIE peod-
pa, 4To yBeIMYMBaeT KOA(P(PULIMEHT BETBIICHUSI MTHOTIA
1o 3. Takum obpa3oM, HU3KHUI TToKa3aTeb BETBJISHUS
XapaKTepu3yeT 0osiee MOJIONIble CTaIUU Pa3BUTHS, a C

BO3pacToM OH yBennuuBaeTcss. COOTBETCTBEHHO, U3-
MEHYMBOCTh B CKOPOCTM pa3BUTHUS II0 IIPU3HAKY
BETBJICHUIO peOep MOXET NPOSBISTHCS WIN B IOHU-
KEHUM Kod3(h@ UILIMEHTa BETBIEHUS Ha B3POCIBIX
obopoTtax (Opamumopdus), WK B TOBBIIIEHUU KO-
s puieHTa BETBJICHUS Ha CPEIHUX M PAaHHUX 000-
portax (Taxumopdusi).

Jlas aHanmm3a pa3sBUTHS CTUISI BETBJIEHUS pedep B
MopdoreHese B JaHHOM pabdOTe MCITOJIL3YeTCs CIIe-
LIMAJIbHBII MOKAa3aTellb — KyMYJISTUBHBIN KO3 DU~

£
UMEHT BETBIEHUA R ;). OH BbIYUCIAETCA ISl KaX 10~
ro pebpa Kak cpemaHee apupMeTnIecKoe Koaddumm-
enToB BeTBaeHus R Bcex mpemiecTByomumx pedep:

R{i) = 1/n(R(fl) + ..t R(fn)). Kaxnplii aK3eMIusp
npencTaBlIeH MOp(dOTreHeTUIYECKON KPUBOM, IJIMHA
KOTOPOI COOTBETCTBYET YMCITY HAOII0AAaEMBIX pedep.
DK3eMIUISIpbl  Pa3HOTO MOP(MOreHeTUYeCKOTo BO3-
pacTta MOTYT OBITh COITOCTABJICHBI JIPYT C APYTOM II0
IaMeTpy PaKOBUHBI METOIOM IIPOIIOPLIMMA C BO3-
MOXHOM oIMOKOM 0KoJIo 4—5 pebep. Bribopka mio-
0oli Momnyasiuuu TMPencTaByisieT COBOKYMHOCTb OCO-
Oeil ¢ pa3TMYHBIM YPOBHEM TaXUMOPMUU WJIN Opaar-
Mopduu (puc. 2).

MN3meHeHne CKOpOCTU pa3BUTUSI paccMaTpUBae-
MOTr0 MpU3HAKa XOPOIIO MPOSBISIETCS Ha ABYX ITO-
cliemHUX 000poTax Iepel CcTagueil IJIagfKoi pakKoBY-
HBI. Ha B3pocioii ctanum (mociaemHuit o000poT nepex,
cTagueil riaaakoil pakoBUHBI) OpaauMOpgHBIE K-
3eMIUISIPEl XapaKTePU3YIOTCsS IOKa3aTeJIeM BETBIIC-
HUS MeHbIe 2.1, HopMOoMOpP(HBIE 3K3eMIIIIphl Ha-
XOIATCS B MHTepBajie 2.1—2.6 u TaxuMop¢HBIE — BbI-
mre 2.6. Ha cpemHux cTagusix pa3BUTUSI 3TU TPAHULIBI
ONpEeIeIISIIOTCS MEHBIIMMI 3HAUYSHUSIMU ITOKa3aTes
BETBJIEHUS: OpanuMopdHbIE 0COOU HAaXOAATCS B 00J1a-
CTU 3HauYeHUuil MeHbile 1.2—1.6, HOpMOMOp(dHBIE —
1.8—2.1, u TaxumopdHBIE — 60JIee BEICOKMMM 3Hade-
HusiMU. Pacrnipenenenre MopgoreHeTUYeCKuX Kpu-
BBIX IIOKA3bIBACT CJICOYIOIICE:

A. BOTBIIMHCTBO 9K3eMIUISIPOB XapaKTePU3YIOTCS
WUHIWBUIYAJILHBIM TPEHIOM pPa3BUTUSI BETBIICHUSI,
KOTOpBIA, B 1LIEJIOM, ONpENCsieTCs WJIM BBICOKMMU
3HAYECHUSIMHU 110 Bceli MOpPOreHeTUIeCKOil KpUBOM

f . .
Puc. 2. IaMeHeHUE KyMYJISTUBHOTO KO3(h(hUIIMeHTa BETBICHUS Ry B MopdoreHe3e 3K3eMILTIpoB Arcticoceras ishmae (Keys.)
13 pa3IMYHBIX peroHoB bopeansHoit o6macTu. [1o ropu3oHTanbHO# 0cu 0TiI0XKeH N — OPSIIKOBBIIT HOMep pedep, Ipy 3TOM
MUHHAMabHOE 3HaueHre (N = 0) COOTBETCTBYET IocaeHEMY pedpy nepel crananeil rmagkoit pakosuHsl. HT — ronotun, LT —

nekrotull, PT — mapatur. BepTukaabHbIMM MYHKTUPHBIMU JTUHUSIMU TTOKa3aHO YCPEeIHEHHOE TTOJIOKEHUEe TPaHUIl 000pOTOB
(KO — koHeuHbIIT 000pOT). 3Be3004YKO0M 0003HAYeHO Havya10 KOHeYHOI Xu1oit Kamepsl. 1| — Murtra, Cenblep, 2002, Tabi. 3;

2 — k3. ApI'T1Y, Ne Dr/2-2; 3 — ak3. ApI'T1Y, Ne Dr/2-1; 4 — Mitta et al., 2015, ¢ur. 6-2; 5 — Mitta et al., 2015, ¢ur. 6-3; 6 —
ak3. ApI'T1Y, Ne Dr/2-4; 7 — Mitta et al., 2015, ¢ur. 5-1; 8 — Peniun u np., 2006, taéi. 8, ¢pur. 5 (=A. ishmae tenuicostatum
Repin — HT); 9 — Peniun u np., 2006, Ta6a. 13, ¢ur. la—r (=A. ishmae ishmae (Keyserling) — HT); 10 — Mitta et al., 2015,
¢wur. 5-2; 11 — aka3. SAApI'T1Y, Ne Dr/2-5; 12 — ak3. ApI'T1Y, Ne AII3-7; 13 — aka. SApI'T1Y, Ne AJ13-2; 14 — sk3. SIpI'TTY Ne A/13-10;
15 — ok3. ApI'TTY Ne A13-13; 16 — ak3. AApI'TTY, NeAJ13-11; 17 — ak3. SpI'T1Y, Ne AI13-12; 18 — Poulton, 1987, Ta6:x. 20, ¢wur. 1;
19 — Poulton, 1987, Ta6. 20, ¢ur. 5—8; 20 — Poulton, 1987, Ta6:. 19, ¢ur. 5; 21 — Poulton, 1987, ta6:. 19, ¢pur. 2; 22 — Poulton,
1987, Tabu. 20, ¢wur. 3, 4; 23 — Poulton, 1987, taba. 21, dwur. 5; 24 — Rawson, 1982, tadx. 2, ¢wur. 2; 25 — Rawson, 1982, tab. 2,
¢dwur. 4 (=A. harlandi Rawson — HT); 26 — Rawson, 1982, ta6. 2, ¢ur. 7; 27 — Rawson, 1982, ta6:. 2, ¢ur. 5.

MAJTEOHTOJIOTMYECKUM KYPHATT  Ne 1 2020
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Taomma 1. CoyeTaHus pa3IUIHBIX MOTYCOB U3MEHEHUSI CKOPOCTH pa3BUTHs Y Arcticoceras Imo IByM IpU3HaKaM — pa3-
MEpY 30HBI peObprcTOCTU Ha KoHeYHOM obopoTte (P3P) u KoHeuHOMYy nuameTpy paKOBMHBI (psii cBepxy). B BrIOOpKe

peaCTaBJICHDBI TOJIBKO 9K3EMILIAPLI C MOJIHOM KOHEUHOM XKUJIOH KaMepOﬁ. HI/I(I)paMI/I 0003HAYEeHO YUCIIO OK3CEMILIAPOB
B KaXIOM COYE€TaHUU

TaxurepoHTHOCTH HopmorepoHnTHOCTD BpamurepoHTHOCTH Bcero
Taxumopduocts o P3P 2 3 0 5
HopmomopdHuocTs o P3P 2 9 3 14
BpagumopdHocTs mo P3P 1 1 1 3
Bcero 5 13 4 22

Ta6auma 2. CouetaHust pa3IMYHbIX MOIYCOB U3MEHEHMUSI CKOPOCTU pa3BUTUS y Arcticoceras 1o TpeM Ipru3HaKaM — pas3-
Mepy 30HBI peOpucTOCTH Ha KoHeYHOM obopoTte (P3P), koHeunomy nnamerpy pakoBuHbI (K) 1 xoadduiimeHTy BeTB-
nenwust (KB). B hopmyiie couetanus nepBoii 6ykBoii ykazaH Mmoayc o P3P, Bropoii 6ykBoii — nmo KB, u Tpetbeit — mo KJI

Taxurepoutrocts (KJI) Hopwmorepoutaocts (KJI) BpamurepontrocTs (KJI)
/M /M s
5 > g 3 ¥ v, S > ¥
S o S o S o
= = = = = E e = =
= = = = = = E = X
= S 2 = = 2 = S B
g S 2 g S 2 g S 2
= ) g = 9 g = o) <
= = =
= T Q@ = T ) &= T v
Taxumopdus o P3P TTT THT TBT TTH THH TBH TTh THB Tbb
Hopmomopdusa mo P3P| HTT HHT HBT HTH HHH HBH HTB HHB HBB
Bpagumopdus o P3P BTT BHT BBT BTH BHH BBH bTh BbHB bbb

(m1s1 ocobeii ¢ TaxuMOpP(hHBIM pa3BUTUEM) WUJIN HU3-
KMMHU 3HaYeHUSIMU (IJ1s1 OpaarMOp@HBIX 0Cco0eit).
DTO CBUIETENLCTBYET O TOM, YTO YCKOPEHUE WM 3a-
MeJICHHUE pa3BUTHUS 110 JAHHOMY ITPU3HAKY TIPUCYIIE
JUIST OOJIBIIIEH YacTW M3YYEeHHOI'O ceKTopa Mopdore-
He3a, a He IJTs KaKUX-TO OTIEe/IbHBIX ero cramuii. Kaxk-
J1ast 0coOb XapaKTepu3yeTcsl COOCTBEHHBIMM HAYaJIb-
HBIMU YCJIOBUSIMU MOpQOreHe3a, OmnpeaeisiioiiMu
JallbHEeIIIee pa3BUTUE, IIO3TOMY OTHOCUTEIIBHOE I10-
JIOKeHEe WHIWBUIYAJBHBIX KPUBBIX, IPAKTUYECKU,
He SIBJISICTCS BUAOCTICU(UIECKAM MPU3HAKOM.

b. Bribopka u3 6acceiiHa p. Iledopbl o4eHb U3-
MEHYMBA; TeM HE MeHee, OOJIbIIMHCTBO M3yUYEeHHbIX
ak3eMILIsIpoB (78 %) oTHOCHTCST K HOpMOMopdam. K
9TOM K€ TPYIIIe MPUHAMLIEKUT U IEKTOTUTT A. ishmae
(puc. 2). OcranbHble TPyNIbI — OpaguMopdHasI U Ta-
XUMop(dHas, 3aHUMAIOT MOAYMHEHHOE IOJIOXKEHUE
(5 u 17%). PasnuyHble MOMYJISIMN 3TOTO PEerrMoHa
HECKOJIbKO OTJIMUYAIOTCSl IIUPOTON M3MEHUUBOCTU:
BBIOOpKA C pa3pe30B AI3bBHI BKIIIOYACT TOJBKO K-
3eMIUISIpbl M3 TaxuUMOp(hHOM U HOpMOMOpPdHOIt
TPYIIIbI, B OTJIMUME OT BbIOOPKU € p. Mxxmbl. To ke
caMoe OTHOCUTCSH K BBIOOpDKE apKTUKOILIEPAcOB U3
okpecTHocTeli CapaToBa. BeposiTHO, 3TU pa3inyust
He OTpaXKaloT peajibHble MTPOBUHIIMAJIbHbBIE PA3INYUS
M HOCST CIIyJalfHBIN XapakTep, OOyCIOBJICHHBIN He-
0OJIBIIIMM pa3MepOM BBIOOPKH.

B. BONBIIMHCTBO 3K3eMIUISIPOB TUIIOBOM CepUU
A. harlandi HaxonmsaTCcsT B HIMKHEH 00J1aCT HOPMO-

MOpP(dHOIT rpynIThl ¥ MOYTH MOBTOPSIIOT MOpdoreHes
Jekroruna A. ishmae. JIuinb HaMMEHBIIUN 3K3€M-
wisip (Rawson, 1982, ta6i. 2, ¢ur. 5) 4yaCTUYHO OT-
HOCHTCS K OpammMopdHOif rpyIie. ApKTUKOIepachl
¢ FOxoHa xapakTepu3yloTcsi, B OCHOBHOM, 3HAYEHU -
SIMU TaxuMoOpdHOIi rpynmnkl. B 3Toi1 rpymnmne oHu 3a-
HHUMAaIOT BBICOKOE IMOJIOXKEHUE, MaJI0O CBOMCTBEHHOE
A. ishmae. Bo3aMoXxHO, 3TM OTINYUS YK€ MOXKHO
TPaKTOBaTh KaK TAKCOHOMUYECKHUE.

Couemanus 6Hympusudosuvix eemepoxponuii. Coro-
CTaBJIeHUE KapTUHBI U3BMEHUMBOCTH T10 TPEM MPU3HA-
KaM (KOHEYHBbII TuaMeTp, pasMep 30HbI peOPUCTOCTHU
Ha KO m mapamMmerp BeTBIeHMSI pebep) MOKA3BIBAET,
YTO U3MEHEHHE CKOPOCTU Pa3BUTHUS TIPOTEKAeT He-
OIMHAKOBO MO pa3HbIM mpu3HakaMm. ITo nBym mnpu-
3HaKaM MOXHO BBIIECIUTh HECKOJIBKO TUIIOB TaKUX
COYETAaHUM Yy pasIMYHBIX 3K3eMILUISIpOB (Tadm. 1).
HaubGobliiee 41cio 3K3eMIUISIPOB HAXOOsITCSI B 00-
Jlactid HopMbl (N = 9), omHaKo cyMMapHO BbIOOpKa
13 MapTUHAJIBHBIX 00JIacTel YMCIIEHHO NMpeodiagaeT
(N = 13). DT0 03Ha4aeT, 4TO B TOIYJSILIMM MHOTO
YKJIOHSIIOIIMXCST (hOPM, KOTOpPBIE MOXHO, B 3aBUCU-
MOCTHU OT CYOBEKTUBHBIX IPEANOYTEHUM, MPUHU-
MaTb 32 CAMOCTOSITEIbHbIE BUBI.

CoueTaHue pa3IUYHBIX CKOPOCTEil pa3BUTUS IO
TpeM NIpHU3HAKaM HMMeeT 0oJjiee CIOXKHYIO KapTUHY.
MO:KHO BbIASJIUTH 27 BUAOB TAKUX COYETaHUI, OT CO-
CTOSTHUSI MOJIHOM TaxuMopduu 10 IIOJIHOI Opamu-
mopduu (Tadi. 2).

MAJTEOHTOJIOTMYECKUM KYPHATT  Ne 1 2020



N3MEHYMNBOCTb CKOPOCTU MOP®OTEHE3A 27

OnpenenuTh YaCTOTHOE COOTHOIIIEHHNE 3TUX COYe-
TaHUN 3aTPYOIHUTEIBHO, TIOCKOJbKY B IOJHOI Mepe
TUII COYETaHUS MOXHO JUAarHOCTUPOBATH HE y KaxX-
JIOIf paKOBUHBI, a TOJIbKO Ha IIPUTOTHOM I Pa3BO-
padyrBaHMs 3K3EMILUISIpE C KOHEYHOI >XWUJIoi Kame-
poii unu, B oTaedabHbIX ciaydasx, 6e3 KXKK, Ho ¢
MIPEeAOoceTHUM 000POTOM, COXPAaHUBIINM (pHMHATIb-
HbIe Teperopoaku. K coxaaeHu1o, UMEIOIIUICS Ma-
TepuaJl He MO3BOJISIET 3TO OCYIIECTBUTh Y OOJIbIINH-
CTBa 3K3EMIUISIPOB, IO3TOMY PAaCCMOTPUM TOJBKO
HEKOTOpbI€ IPUMEPHI COUEeTaHUI.

HHB-mopda: 3x3. A/I3-2 13 pa3pe3a Ha p. An3bBa
[TaGn. 1V, ¢wur. 4, puc. 2(13)], u3yyeH Ha ABYX II0-
clIefHUX o0opoTax, BKJIIoYasi KOHeYHbIA. OO0OpOTHI
YMEPEHHO BBICOKHE, OJIMKEe K M30METPUUYSCKUM,
CKYJIBIITYpa peabedHas.

BTH-mopda: ak3. AII3-7 u3 pa3pesa Ha p. An3bBa
[Ta6n. 111, ¢ur. 3; Tada. IV, dur. 1; puc. 2(12)]. Xa-
pakTepu3yeTcs U3SIIHBIM MOP(OTHUIIOM — BBICOKU-
MU 00OpOTaMM, TIOKPBITBIMM CJIa00 penbeHON

o f
CKyJbNTYpOii. 1o R ;) 3TOT 3K3eMIUISIp HAXOOUTCS Ha
rpaHuiie HopMoMop@HOI 1 TaxXUMOp@PHOI 00JIacTH,
a o KJI — TaxurepoHTHOI 1 HOPMOTEPOHTHOIA.

BHB-mopda: ak3. Dr/2-1 u3 pa3pesa Ha p. [dpe-
manka [ta6n. 111, ¢wur. 6; puc. 2(3)], HalineHbI B
HIDKHEN 4acTH CJI0s1 apKTUKOLEPACOBBIX ITeCUaHU-
KoB. O0OpPOTHI BLICOKHE, CKYJIBIITYpa YMEPEHHO pe-
JbedHasl.

BBb-Mmopda: sk3eMIUISIpBI  TIOJTHOCTBIO Opamm-
MopcdHbIe, MHOIIAa pacCMaTPUBAIOTCSl KaK TUITMYE-
ckue misa A. ishmae. IIpennoioXuTenbHO, K 3TOMY
TUITYy COYEeTaHUI MOXET OBITh OTHECEH SK3EeMILISIP U3
OacceitHa p. Ileyopwnl, M300pakeHHBI B padoTe
JI. Cnoara (Spath, 1932, ta6u. 15, dur. 7). M3 Haieii
BBIOOPKHM K 3TOMY THUIIYy OTHOCHUTCSI DK3EMILUISIP U3
pa3pes3a Ha p. Apemanka Dr/2-5 [ta6n. 1V, ¢ur. 3,
puc. 2(11)], npeacraBiaeHHbIN MOJHBIM (pparMoKo-
HOM ¢ MocjemHel rmeperoponkoii. Jiekrorun A. ish-
mae BechbMa OJIM30K K 3TOMY THUITY, XOTsSI U OTHOCUTCS

K HopMoMopdam no R(fi) [puc. 2(8)].

BTb-Mmopda: 3k3eMIUISIpBI 9acTO XapaKTepu3y-
FOTCSI BeCbMa Ipy0oii CKyIbIITYPOiA Ha B3POCBIX 000-
portax. OHU U3BECTHHI U3 OacceitHa p. MIXKMBI 1 yalie
Bcero ormpenenstiorcss Kak A. harlandi (Menennna,
1987, Tabm. 29, ¢ur. 1; Murra, Cenbuep, 2002, Tad. 3,
¢ur. 1) mmm A. aff. cranocephaloides (MenenuHa,
1987, tabu. 28, ¢wr. 1).

BbHH-mopda: 3k3. ¢ moutu notHoi KKK, Hait-
IeHHbIA B okpecTHOCTssx CaparoBa (Murra, Cenb-
uep, 2002, Ta6a. 3, dwur. 1).

Kak BHIHO, CKOPOCTH pa3BUTHUS IO BCEM TpeM
IMpU3HAKaM BeCbMa PEIKO M3MEHSIETCS B OMHOM Ha-
MpaBJIeCHUU — B CTOPOHY OpaauMopduu WU Taxu-
Mopdwuu. Yale Bcero pa3Butre MOpMOTHUIIA TIPOMC-
XOIWUT OMHOBPEMEHHO 10 IBYM TTpU3HAKaM.
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OBCYXIEHUNE

Pesynbrarhl MOKa3bIBAIOT, 4YTO M3MEHYMBOCTH
CKopocTu MOp(oreHe3a BKI04aeT He TOJIbKO Bapra-
OEJIbHOCTh Pa3BUTHUS OTAECIbHBIX IMPU3HAKOB (BHYT-
puBHIOBas rerepoxpoHus, 1mo Reilly et al., 1997), Ho
U M3MEHYMBOCTb COYETaHUIA BHYTPUBUIOBBIX I'€TC-
poxpoHwuii. [TocnegHee oTpaxaet sIBJIeHUE MOAYJISP-
HOCTM pa3BUTUs. Y Arcticoceras OHO BBISIBJICHO I1O
HEMHOTMM IIpU3HaKaM, HO, BEPOSITHO, BCe IIPU3HAKA
PaKOBUHBI B TOM WJIA MHOM CTETIEHU MOTJM pa3BU-
BaThCs MO3aUYHO (IMCCOIMAaTUBHO). B ocobeHHOCTH
9TO KacaeTcsl MPU3HAKOB, M3MEHEHHE KOTOPHIX B
MopdoreHese MPOUCXOIUT MO BHIPaXXEHHOMY TPEH-
ny. Y Arcticoceras cpeay oCTaJbHBIX IIPU3HAKOB pa-
KOBHMHBI TAKUM TPEHIOM XapaKTePU3YeTCs Pa3BUTHE
TJIOTHOCTH TTIEPBUYHEBIX pedep. OHa 3aMETHO YMEHbBb-
11aeTCsI MO CTENEHHOM 3aBUCUMOCTU OT CPETHMUX K
no3gHuM obopotam (Kucenes, 2020), moaTomy Opa-
IuMOpGHBIE 3K3eMIUISIPEI Ha B3POCJBIX 000pOTax
JIOJDKHBI XapaKTepU30BaThCsI YaCTOM peOPUCTOCTHIO,
a TaxuMop@HbIe — penkoil. B HacTosIee BpeMs 3Ty
TEHICHLIMIO yIAJIOCh BBISIBUTH TOJBKO CTaTUCTHUYE-
cKU (B OCHOBHOM, IT0 BbIOOpKe OacceiiHa p. Iledo-
pbI), TIO3TOMY 00 U3BMEHUYMBOCTHU PAa3BUTUS apKTUKO-
LIEpaCOB MO JaHHOMY IPHU3HAKy MOXKHO JIe/IaTh TOJIb-
KO MpelBapuTesIbHbIe BRIBOALI. OMHAKO yKe ceifgac
MBI MOXEM MoJjiaraTh, 4TO 3TOT IIPU3HAK BeOET ceO0s
MO3aWYHO MO OTHOIIEHUIO K JAPYTMM. DTO XOPOIIO
BUIHO Ha JBYX 9K3EMILIsIpax U3 6acceitHa p. [Tevopsl
(ta6a. 111, ¢ur. 3, 6). OHu gBasIOTCS GpagUMOpPd-
HBIMM IO CTEIIeHU CIJIaXuBaHWUs pedep, HO IIpHU
5TOM IIO IUTOTHOCTH peOep OOUH 13 H1uX OpagumMopdeH
(ta6mn. 111, dwur. 6), a mpyroit Taxumopden (tabm. I1I,
¢wur. 3). be3 yuera Takux coueTaHUA U3BMEHUYMBOCTHU
9TU 3K3EMIUISIPBl MOXXHO ObLIO ObI OTHECTU K pa3-
HBIM BUJIaM, UTO YaCTO IIPOMCXOIUT B OMOCTpaTUTpa-
¢duyeckoi IIpakTUKe.

Bnuskue pe3ynbTaThl OBIIA HOMYYSHBI U Ha APY-
FMX TPYIIIaX aMMOHMTOB. B yacTHoOCTH, Mo3auu-
HOCTB Pa3BUTHUS TPU3HAKOB PAKOBUHBI OTMEYAETCS Y
JIBYX BUIOB popa Titanites, y KOTOpBIX TaKxKe HaOJIIO-
JalOTCS pa3IUYHbIE COYETAaHUSI Opaau- W Taxure-
POHTHOCTH C Opaau- U TaXUMOPGHOCTBIO MO He-
ckonbkuM Ttpu3HakaMm (Kucenes, Poros, 2018).

Bonbiie mepcrieKTUBEI B U3Yy4EHUH TeTEPOXPO-
HUI1 y aMMOHMTOB TaeT aHAJIN3 CJIOKHOCTH JIOIACT-
HOI JIMHUU, KOTOPBIN TpeKpacHO cebs1 3apeKOMeH-
JIoBaJl B UCCJEIOBAaHUM MaJe030MCKUX aMMOHUTOB.
BEI10 MoKa3aHo, 4TO OTAENIbHbIE 3JIEMEHTHI JIOMACT-
HOI JIMHUM Pa3BUBAIOTCS MO3aUYHO, T.€. C Pa3HOil
ckopoctbio (JIeonona, 2012 u ap.). DTa 0COOEHHOCTH
paccMaTpuBaeTCsl Ha OCHOBE aHAJIN3a TOJIBKO (DUIoTe-
HETUYECKUX FeTepOXPOHUit, HO, BEpPOSITHO, OHA IIPUCY-
1Ia ¥ BHYTPUMBUIOBBIM TeTepoxpoHusiM. K coxaie-
HUIO, y Arcticoceras U3ydeHUIO N3MEHIYUBOCTH (DOPMBI
TeperopoaK Ha MacCOBOM MaTepualie TpernsITCTBYET
MaJIOIIPUTOIHAS COXPAHHOCTh 9K3EMILJISIPOB.
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Tab6auna 3. CpenHsisi LIMpOTa MHAMBUAYAJIBHBIX reTepoxpoHuii (bm, tm, bt, tt) y Arcticoceras ishmae (Keys.) u ¢punore-
Hetnyeckux rerepoxpoHuit (Rl, R) y Arcticoceras. Bce 3HaueHUs1 IIMPOTHI JaHbl B KOJIWYECTBE 000pOTOB. OTHOIIEHUE
IUPOTHI (DWIOTEHETHYECKUX TeTePOXPOHUIT K MHANBUAYAIbHBIM TTOKa3aHa B HIDKHel yacTu Tabaunbl. [ITpuxoBKoOii

MoKa3aHbl 00JIACTU HEBO3MOXKHBIX COYETaHUI

ITnoTHOCTB N

. Koneunsrii nmamerp Pasmep 30HBI Koadpdpument

Pa3sHOBMIHOCTHM TeTEPOXPOHUIA | TTIEPBUYHBIX pebep
(TTTTP) pakoBuHbl (KI) | peopucroctu (P3P) | BerBmenus (kB)

Bpamumopdo3 (bm) 0.31 0.1 0.48
Taxumopdo3s (tm) 0.43 0.17 0.43
Bpamurepontus (bt) 0.08
TaxureponTtus (tt) 0.12
YactuuHas petapnaius (RI) 0.8
Perappauus (R) 0.41 0.19 0.76 1.16
R/(bm, tm, bt, tt) 1.14 1.9 5.63 2.55

ITo M3yyeHHBIM TTpU3HAKaM HaubOojee HameXXHO
MOXHO OTJIMYaTh JIUIIb MPEUMYIIECTBEHHO paHHEe-
0aTCKUX apKTUKOLEPOCOB OT IIPEUMYILECTBEHHO
cpenHebarckux. Tak, A. cranocephaloide (cpenHuii
0ar) oTaMyaeTcss OT cCTpaTUrpaduyecku Tpeae-
cTBylo1Iero A. ishmae (paHHUI 6aT) KapIUHAJIBHO, B
MEPBYIO OYepeab OTCYTCTBUEM CTaAWM TJAAKOU pa-
KOBMHBI Ha KOHEYHOM obopore. KoHeuHas xumas
Kamepa 3TOro Bua MOKpPhITa BhIpakeHHBIMU pedpa-
MU, yallle BCEro ¢ HU3KUM Koa(ppUuinmeHToM BeTBIIe-
Hus. BeposiTHO, mpoucxoxnaeHue A. cranocephaloide
00yCJIOBJIEHO peTapaalueii (pa3HOBUIHOCTDIO TTe10-
Mmopdo3a). Ha 310 yKa3pIBaeT NMpUCyTCTBUE Ha Tep-
MUWHaJIbHOM CTay pa3BUTUS MPU3HAKOB, XapaKTep-
HBIX JJ11 paHHUX U CPETHNUX 000POTOB paHHEOATCKMX
aHIIeCTpaJIbHBIX APKTHUKOILIEPACOB — COXpaHEHUE pe-
06ep ¢ HU3KUM K03 GUILIMEHTOM BETBJIEHUS T10 Beeit
JIJIMHE KOHEYHO XXKWI0i KaMephl 1 OOJIBIIIUM OTHO-
CUTEJIbHBIM auaMeTpoM ymoOunuka. Illupora perap-
Ay U1 BCeX U3YYEHHbBIX MPU3HAKOB MPEBBIIIAET
LIUPOTY BHYTPUBUIOBBIX T€TEPOXPOHUIA, HO IIJISI pa3-
HBIX MMPU3HAKOB JaHHOE TPeBbIlIEeHNE HEOANHAKOBO
(tabn. 3). B Haubonbllel cTeleH 3TO XapaKTepHO
ISl pa3Mepa 30HBI CTJaXXUBaHUsI pedep, BeJIUYnHA
3amepxKu Kotopoit (0.76 o6opoTa) mpeBhIIIAET MH-
IUBHUIyaJIbHBIE KOJIEOAHUST CKOPOCTU MOpdoreHe3a y
A. ishmae B 5.63 pasza. OgHako 110 3Ha4YEHUIO ILIUPO-
ThI 3aIEPXXKKW CPed OCTAIbHBIX MTPU3HAKOB Ha Tep-
BOM MecCTe HaxoIMTCsl KO3(PGUIIMEHT BETBICHUS —
1.16 o6opoToB (puc. 3).

IMpoucxoxnenue cpemHedbaTckux Arcticoceras
00yCJIOBJICHO peTapialiveii, B OCHOBHOM, MO JBYM
npu3zHakaMm cKyabnTypbl (P3P u KB). OTo cBUneTeb-
CTBYEeT O HE3HAYMTEIBHOI MO3aMIHOCTH ITOM TeTepo-
xpoHnu. Bo3aMoxkHO, peTapmalivst, CBsI3aHHasI C TIOSTB-
neHueM A. cranocephaloide, coueTaeTcst c mporeHeTH-
yeckuM runomopdosom (IlImanwsrayszen, 1939, sensu
Reilly et al., 1997) unu npenucruiaiicMeHToM. Ha aTo
YKa3bIBaeT CPEIHECTATUCTUIECKOE YMEHBIIIEHNE KO-
HEYHOTO IMaMeTpa PaKOBUHBI 3TOTO BUIA, OTBEYAIO-

mee mupote 0.19 o6opora. OHO NpeBbIIIAET KOIeha-
HUA WHIWBUAYAJIbHBIX 3aJ€P>XKEK U yCKOpCHl/Iﬁ 1o
5TOMY MPU3HAKY Yy NPeAKOBOTo Buaa A. ishmae 1mo-
YTHU B JIBa pa3a.

HenocpeacTBeHHBIMM MOTOMKaMM apKTUKOLIEpa-
COB SIBJISTIOTCS KaIOIIEPATHHBI, BPEeMsI ITOSIBJICHUSI
KOTOPBIX OTHOCUTCS K TTo3mHeMYy OaTty. JambHeiast
SBOJIIOLMS BTOM TPYIIBI UACT 3a CUET M3MEHEHUS
MopdOTHTIa KOHEUHOM KMJIOM KaMephl U OYepeaHO-
TO TTOSIBJICHUSI CTAAWM TIIAnKoW pakoBWHBI. [lepBbie
npeacraButenau KagouepatuH [Cadoceras (Cataca-
doceras) variabile Spath] xapakrtepu3syloTcsi, KaKk "
cpenHebaTCKMe apKTUKOIIEpachl, COXpaHeHHWEM Ha
KKK peb6ep. Tem He MeHee, CKyJIbIITypa Ha KOHEYHOM
000poTe yxKe HeceT TTPU3HAKN peayKIIi. MBI BUIMM
HEe3HAYNTEIbHOE (DMJIOHTOTEHETUYECKOe YCKOpEeHUE
pa3BUTUS, KOTOPOE HE TIPUBOIUT K MOSIBJICHUIO HOBOIA
MOPdOJOTMIECKOM CTamuy B KOHIIE OHTOTreHe3a. Ta-
KOt THIT TeTepOXPOHUN COOTBETCTBYET YACTUIHOIM aK-
cenepauuu. JlanbHEeNIINi Ty Th 9BOIIOLIMH, YXKE B paH-
HEKEJUTOBEIICKOM XpOHE, KOT/Ia B3pOCIIbIe 000POTHI Y
KagollepaTUH CYIIECTBEHHO WJIM TIOJIHOCTBIO CTJjia-
>KMBAIOTCSI, TPOMCXOAUT 3a CYET HAJACTABOK, T.€. Ty-
TeM TI0JIHOM akcesepaluu (puc. 4).

Jng BeIOOpKM Arcticoceras paHHero 0Oara aBa
Mpu3HaKa — pasMep 30HBbI CriakMBaHUs pebep Ha
KOHEYHOM 000pOTE€ U KOHEYHBII JUaMETP PAaKOBU-
HbI, TAKCOHOMMWYECKOTO 3HAYCHUS HE UMEIOT KaK JIJIsT
BBIAECJICHUSI BUJOB, TaK U JJis1 Oojiee ApOOHOI, TOI-
BUAOBOI, nuddepeHunanu. [1o 3TUM mpU3HAKaM
OTJINYUSI MEXIY TIPUTOTHBIMU BUIAMU CIYYalHBI U
OTpaxKaroT JIUIIb PAHAOMHOCTb BEHIOOPKU. AHAJTOTUY-
HbIe pe3yJbTaThl ObUIY MOJIYYEHBI paHee MO JAaHHBIM
U3Y4EHUs] U3MEHYUBOCTU APYTUX MPU3HAKOB PaKo-
BUHBI — MTPOTIOPLIMIA TOTIEPEYHOTO CEYSeHUST, TUaMeT-
pa ym6mwiika u miorHoctu pebep (Kucenes, 2020).
IToaToMy GOABIIMHCTBO M3 3TUX BUAOB (A. stepan-
kovi, A. kochi, A. pseudishmae, A. excentricum,
A. harlandi) caenyeT cuurath HeBaIUIHLIMU. Bce BbI-
LIeTIepeYrCIICHHBIE BUIbI pACCMATPUBAIOTCS 31€Ch KaK
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Puc. 3. U3meHeHMne ycpeTHEHHOTO KyMYJISITUBHOTO KO3 dUIneHTa BETBICHUS R B mopdorenese Arcticoceras ishmae 6ac-
ceiina p. [1edopsl, FOkona, LlInundeprena u A. cranocephaloide Bocrounoii 'pennananu. MopdoreHetrnueckue KpuBble Mo-

f
CTPOCHBI 110 CPEIHUM 3HAYCHUSIM R j) KaX10ro pebpa Bcex 3K3eMIUISIPOB (Ha puc. 2) BBIOOPKUM COOTBETCTBYIOIIETO PETMOHA.
Cepoii TuHMEH MoKa3aHa JUHUS TpeHaa (TUHUS Gpuabrpanun). BepTKaaibHBIMY ITyHKTUPHBIMY JIMHUSMU TTOKa3aHO yCpel-
HEHHOE TTOJIOXKEHE TPaHUIl 000POTOB, TOPM3OHTAJIBHBIMU — IIMpPOTa egoMopdosa st A. ishmae 1 A. cranocephaloide.
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(5]
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Puc. 4. Posnb rerepoxponuii B punoreHese panuux Cardioceratidae. O0bSICHEHMSI CM. B TEKCTE.
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CMHOHUMEBI Buma A. ishmae. Ero Bapmanmm mpen-
CTaBJISIOT MOPp(MBI BHYTPUBUIOBON M3MEHUYMBOCTH,
crreurduKa KOTOPBIX B TOI WX MHOI Mepe CBs3aHa
C BHYTPUMBHUIOBBIMM TeTepoxpoHusiMu. K Opamu-
MOPGhHBIM Pa3HOBUIHOCTSIM OTHOCSITCSI DK3EMILISI-
pBI C peIKOPEOPUCTON B3POCIIO PaKOBUHOM, OIM3-
Kue K A. stepankovi m A. excentricum (A. ischmae
morpha stepankovi). K taxumMopdHBIM Bapuanusm
II0 IIJIOTHOCTU pedep OTHOCITCS 4acTOpPeOpPUCTHIC
¢opMBI, KOTOpPEIE MHOTAA paccMaTpUaBaIOTCS KaK
CaMOCTOSITeIbHBIN TToaBua A. ishmae tenuicostatum
Repin (ronotun: Penun u np., 2006, Tadi. 8, ¢wur. 5).
Ara Ke popma 110 Ko3hGUIIMEeHTY BEeTBICHUS OTHO-
CUTCS K HOpPMOMOP(HOM TpyTITe.

ITo ocobeHHOCTSIM BeTBIeHUSs pedep (puc. 3) cpe-
I paHHE0ATCKUX MOMYJISIIIAN JTydIle 000COOIISTIOTCS
apkrukonepachel FOkona (Poulton, 1987), B BeIOOpKe
KOTOPBIX TIpeodIagaoT TaXxuMop@HbIe pa3HOBUIHO-
ctu. CpenHecTaTUCTUUECKU OHU XapaKTepU3YHTCS
Oojiee BBICOKMM KO3((UIIMEHTOM BETBJICHUS Ha
BCeX M3YUYEHHBIX cTagusix MopdoreHesa (2.5 mocuen-
HUX 000poTa) Mo cpaBHeHMIO ¢ A. ishmae TumaHo-
INeuopckoii obyiacTr. 3aMeTHbIE OTIMYUST FOKOHCKUX
ApKTUKOILIEPACOB OT MEYOPCKUX HAOII0AAI0TCS U 10
npyruMm npusHakam (Kucenes, 2020), nmostomy, Be-
POSITHO, OHM TaKCOHOMMWYECKU OJIKHBI pa3inyaThb-
¢ Ha ypoBHe mnoaBuaoB. IlokazaHo (ibid.), uTto
IOKOHCKUI MOoABUA ApeBHee, yeM A. ishmae ishmae,
MO3TOMY TIOC/IeNHUI cieayeT paccMaTpuBaThb Kak
duIIoreHeTUYECKU TIpeeMCTBeHHBIN. Ero mpowuc-
XOXIIEHUE CBS3aHO C 3aJAePXKKOM 1Mo KO3(hbULIMEHTY
BETBJICHUSI, IIMPOTa KOTOpoii cocTtaBisieT 0.8 060po-
Ta. [TocKoJIbKY pU 3TOM HE MPOMCXOAUT BbINaJAEHUE
TepMUHAILHON cTaguu MopdoreHesa (TJaakoi pa-
KOBHMHBI), TO TaKyl0 T€TePOXPOHUIO CJIeayeT OTHO-
CUTb K YACTUYHOM peTapaaliuy Wiv OpaaureHuu.

He ucxmioueHo, 4yTo Ha OOJBIIMX BBHIOOpPKaX W3
pa3HBLIX PETMOHOB MOTYT OBLITH IOJIy4eHBI CpeaHUE
BEJIMYMHBI C YCTOMUMBBIMU CTATUCTUYECKUMU OTIIN -
YUSIMU, HO Ha CETOIHSIIITHUI MOMEHT JIJISI TTOJTYyYSHUST
TaKMX JAaHHBIX MaTepuaja IBHO HeJIOCTATOYHO.

BbIBO/1bI

MonynsipHOCTh B MHAUBUIAYILHOM MOpQOTeHe-
3¢ paKOBMHBI aMMOHMTOB IIPOSIBIISICTCS B COUETaHUU
BHYTPMBUIOBBIX I€TEPOXPOHMIA Pa3HOIO 3HakKa, T.C.
3aMEUVICHU W YCKOPEHWI pa3BUTHUS IIEJIOTO KOM-
IUIEKCa MpU3HAKOB. Kpurepuem Takmx 3aaepkeK Wil
YCKOpEeHUI B MOpGOTeHE3e 0COOU SIBJISIETCS OTKITOHE -
HUE Pa3BUTUSI IPU3HAKOB OTHOCUTEILHO CPETHUX BE-
JIMYMH, XapaKTePHbBIX IS ITOIIY/ISIIMK B 1IEJIOM, a He
NPpUYPOYEHHOCTb MPU3HAKa K TO WU UHOM CTaauu
MopdoreHesa, Kak 3TO XapaKTepHO IJisI (hUjIoreHe-
TUYECKOI TeTepoxpoHuu. Takke BHYTPUBUIOBBIE
TETEPOXPOHUU OTINYAIOTCS OT (PMIIOTeHETUUECKUX
CYILLIECTBEHHO MEHbIIIE MO3aUYHOCTBHIO U IIMPOTOM
MO OTOEJAbHBIM MpU3HaKaM. ¥ Arcticoceras BHyTpHU-
BUIIOBBIE T€TEPOXPOHUM OTMEYEHBI Ha CpemHEl U

MMO3MHUX CTAANSIX Pa3BUTUSI, KOTOPBHIM IIPUCYIIN BU-
Jocrneurduyeckue npusHaku. MU3MeHUYMBOCTh coYe-
TaHWII BHYTPUBUIOBBIX TE€TEPOXPOHUI SIBJISIETCS
MIPUIMHOI BBHICOKOTO MOP(OJIOIrNIECKOro pa3Hoo0-
pa3us B TIpefenax Buaa A. ishmae, 94TO MO3BOJISIET
CBECTU B CUHOHMMUKY OOJIBIIYIO YacTh paHHeOaT-
CKMX BHIOB apKTUKOIlepacoB. DuoreHeTUUECKOE
pa3BuTHe Arcticoceras Ha TIPOTSKEHWM paHHETO M
cpenHero 0aTta IMPOMCXOIMUT IO ITyTU CTYIEHYATOTO
nemoMopdo3a, CHadgajla 9aCTUIHOM, a 3aTeM OOIIeit
peTapaauuu, YTO B KOHEUHOM HUTOI€ MPOSIBISIETCS B
BhINafgeHUU (a00peBHAlUM) CTaOUM IJIaAKOM paKo-
BUHBI Ha TEPMHMHAJIBHOM OOOPOTE Y IIOCIECIHUX
npeacTaBUTENICii JaHHOTO poaa.

PaGora BeinosHeHa mnpu nomuepxke PODOU
(rpanT 18-05-01070).
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O60bsgacHeHUue x Tadbnuue 111

®ur. 1-6. Arcticoceras ishmae (Keys.): 1 — 6GpagurepoHTHbIIF HOpMoMopd; 3k3. LIHUTP Myseit, No 6/1370 [sk3eMILIsIp,
n300paxkeHHbIN ¢ mpoTuBOMNON0XHOM cTopoHbI JI. H. CokonoBeiMm (1912, Tabn. 1, ur. 1) mon HazBanuem Macrocephalites ish-
mae Milach.]; 2 — HopMorepoHTHBIIT HOopMoMopd; 3k3. AApIl'TIY, Ne A/13-8; 3 — HopMmorepoHTHBII 6pamumopd (BTH-Mop-
da); ak3. ApI'TTY, Ne AJI13-7; 4 — TaxurepoHTHbIN Taxumopd; 3k3. Apl'TIY, Ne A/I3-3; 5 — GpangurepoHTHBII TaxuMopd; IK3.
SApI'T1Y, Ne AJ13-1; 6 — 6paaureponTHbI oOpagumopd (BHB-Mopda); ak3. ApI'TTY Ne Dr/2-1.

Bce ak3eMIuisipbl peacTaBaeHbl KOHEUHBIMU KWJIBIMU KaMepaMu ¢ TEpPMUHAJILHBIM YCTheM; dur. 1—5 — p. Ana3bBa, pa3pes
Huxudoposa Llenbs; dur. 6 — p. Apemanka, pazpe3 Ne 5. Bce n3o6pakeHHbIE 3K3eMIUTSPHI IIPOUCXOIST U3 HIKHETO 6ata,

30HbI Arcticoceras ishmae.

Oo6o03HaueHus: KXKK — koHeuHas xuiast Kamepa, SIpI'TIY — Il'eonornueckmii myseit um. A.H. MiBanoBa (SIpociaBckuii rocy-
apCcTBeHHBIN nemarormdyeckuii yH-T); LIHWUTP Myseii - LleHTpanbHBIiI HaydYHO-MCCIIEI0BATEIbCKUI Te0JIOropa3BeI0YHBII
my3eit um. @.H. Yepneiiesa (C.-IletepOypr). 3Be3104K0i 0603HAUYEHO HAYAJIO KON KaMephl.

Pasmep MacirabHoit muHeiku 10 M.
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KNCEJIEB

O0bsacHeHue K Tabanuue IV

®ur. 1—4. Arcticoceras ishmae (Keys.): 1 — HopmorepoHTHBII 6pagumopd (BTH-mopda); k3. ApIl'TlY, Ne A/13-7 (c npyroii
cTOopoHBI n300paxkeH Ha Tad. 111, ¢ur. 3); p. An3eBa, pa3pe3 Hukudoposna Illenbs; 2 — 6pagureponTHbiit Opamumopd (BTh-
Mopda); 3k3. LIHUTP Myaseii, Ne 5/274, xomn. A.H. 3amsaruna; p. Mxxwma, mopor PaznuBHoit; 3 — GpaaurepoHTHBIN Gpagu-
Mop®d (BBb-Mopda); k3. SApl'T1Y, Ne Dr/2-5; p. Apeiianka, pa3pe3 No5; 4 — 6pangurepoHTHbI Hopmomopd (HHB-mopda);
ak3. ApIl'TTY, Ne AJ13-2; p. An3bBa, pa3pe3 Hukudoposna Llenbs.

®ur. 1, 4 npeacraBieHbl KOHEYHBIMU XUJIBIMA KaMepaMy C TEpMUHAJIBHBIM YCTheM. Bee n300pakeHHbIE 9K3eMILISIPbI IPO-
UCXOOAT U3 HUXKHETOo 0aTta, 30HbI Arcticoceras ishmae.

O603HaueHus cM. Tabu. 111. Pazmep macimtabHoM TrmHEeKU 10 MM.

Morphogenesis Rate Variability and Modularity of Development
in Jurassic Ammonites of the Genus Arcticoceras Spath, 1924

D. N. Kiselev

The high variability of ammonites is largely due to the diversity of combinations of individual heterochronies
(bradimorphy, tachymorphy, bradygerontie and tachygerontie) and the modularity of development. Using
the example of the genus Arcticoceras, it was shown that heterochronies of a different sign can be combined
according to any number of characters, and individual heterochronies differ from phylogenetic ones by their
smaller spread, and large number of combinations. The study of such combinations allowed us to identify in-
traspecific morphs and conduct an reassessment of Arcticoceras species. During the Early and Middle Batho-
nian, the evolution of the family Cardioceratidae took place on the basis of various paedomorphosis, after
which, with the appearance of the Cadoceratinae, followed the acceleration path.

Keywords: heterochronies, mosaic development, taxonomy, ammonites, Cardioceratidae, Bathonian
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