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OO0wmas xapakrepucTuka padorsl

AKTYaJIbHOCTh WCCJIEOBAHMS. ODHJIOCKEIET TOJIOBHOW KamlCyidbl W TPYAHBIX CErMEHTOB
umeercs y OonpinnHcTBa Arthropoda n odecriednBaeT He CTOJIBKO OMOPY, CKOJIBKO YBEIUYCHUEC
IJIOIIAIM IPUKPEIUIEHUS MYCKYJATypbl 4YacTe€d pPOTOBOIO ammapara M KOHEYHOCTEH. Y
NPUMHUTUBHBIX TPEJCTABUTEICH BCEX OTPSAJOB UWICHUCTOHOTMX pPa3BUT TaK Ha3bIBACMbIN
«COCTUHHUTEIBHBIN» THI  DHIOCKENETa, HWMEIOIUNA  Me30JepMabHOE  MPOUCXOKICHHE
(Bourdeaux, 1979; Bitsch, 2002). KyTukyaspHBI# 3HIOCKEIET, 00pa30BaHHBIN BISTYHBAHUSIMU
IKTOJCPMAIBHBIX IOKPOBOB B TE€MOLCNb, T.C. aloJeMaMH, IMOSBISICTCS Hapsay C
COCIMHUTENBHBIM Yy TiporpeccuBHbIX popm Crustacea u Myriapoda, tak xe kak u 'y Hexapoda
(Apterygota). vV Pterygota, u Coleoptera B 4acTHOCTH, KYyTHKYJISIPHBIH 3HIOCKEIET BBITCCHSCT
COC/IMHUTENBbHBIN U TPEJICTABIICH B FOJOBHOW KaICylie TCHTOPUYMOM, @ B TPYIHBIX CErMEHTAaX -
HAaOOpOM amojieM, KakK TMpaBWiIO TWApPHBIX. ODHIOCKENET TPYyad HMMaro >KeCTKOKPBUIBIX
OTHOCHUTEJIBHO XOPOIIO HM3Yy4YeH, Kak Ha ypoBHE oTaenbHbIX rpymn (Joshi, 1976), tak u s
orpsma B 1enom (Crowson, 1938, 1944). PesymbraThl 3THX HCCJICIOBAaHUI OKa3au
3HAYMTEIBHOC BIIMSHUC HA pPa3BUTHE MpeICTaBieHuit o ¢uioreHnu u cucreme Coleoptera, u
NPU3HAKK JHJIOCKENIeTa B3pOCIbIX (OPM HIMPOKO NPHUMEHSIOTCS B COBPEMEHHBIX pPadoTax
(Baehr, 1975, 1979; Beutel, 1992; Friedrich et al, 2006, 2009). B To xe BpeMsi aHaJOTHYHBIC
NPU3HAKA TPEUMArHHAIBHBIX CTAJNH HKECTKOKPBUIBIX M3YUeHBI (hPArMEHTAPHO M KpailHe peiKo

HCIIOJIB3YIOTCA B paboTax Mo (PUIOTEHUU U CUCTEMATHKE.

Henr m 3amaum ucciaenoBanusi. llens Hacrosimel paOoOThl - HM3YyYUTh OCHOBHBIE ITyTH

ABOJIIOIHOHHBIX TPE0OPa30BaHUI IHIOCKEIETa TPYAN JIMYMHOK pa3indHbix rpynn Coleoptera n

OLCHUTDH 3HAYCHUC €TI0 IMPU3HAKOB MJIA ITO3HAHUA CUCTCMATHKU U (bI/IJ'IOFCHI/II/I oTpsdaa. I[J'ISI 3TOI'0
OBbUIN IOCTABJIEHBI CIEAYIOIINE 3a0a4H:

1) u3y4uTh CTPOCHHE SHIOCKEJEeTa TPYyId Y JUYMHOK MpPEJCTABHUTENICH pa3HBIX CEMEHCTB

KCCTKOKPBUIBIX, BBIABHTH TI'OMOJIOTMYHBIC DJICMCHTHI, MMpeaACTaBUTH FeHepaJ'II/I?;OBaHBII\/II

IUIaH CTPOEHUS SHIOCKEJEeTa TPyIu JUIsl OTpslia;, YCOBEPILIEHCTBOBATH M JOIOJIHUTH

HOMEHKJIATYpY aroeM;

2) CpaBHUTH CTPOCHHE HIOCKEIETAa U MYCKYJIATyphl TPy Y JIMYMHOK, ITEPEABUTAFOIIUXCSI

IIPU MOMOIIIM KOHEYHOCTEH, U Y a0 JHBIX (GopM;

3) OlCHUTh WM3MCHEHHs OJHIOCKENIeTa TPYyId B XOJA€ JHUYMHOYHOTO poOCTa U IPH

MeTtamopdo3e;
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4) BBIABHUTL CiIydad MapalyICJIbHOI'O PasBUTHA B CTPOCHHU JSHAOCKCIICTA I'pyau JIUMYHWHOK,
OLICHUTH MOp(bO-aI[aHTI/IBHOC 3HAYCHUE €I0 MPHU3HAKOB W BBIACIWUTH OCHOBHBIC THIIBI

sHZIOCKeseTa rpyau mnanHok Coleoptera;

5) Ha OCHOBE CpaBHCHHMS C OTPSJaMH HEBPOITEPOUJIHOTO KOMILUIEKCA BBIICIUTH
wiesnoMophHBIA  THI SHAOCKenera rpyau JuuunHok Coleoptera u  mpociaeauTs

BO3MOXHBIE ITYTH €T0 3BOJIIOLUOHHBIX TPEO0OpPa30BaHU;

6) BBISBUTH OCHOBHBIC MYTH W BO3MOXHbBIC NPHIMHBI MOP(HOJOTHYESCKON IBOJIOIHMU

sH7OCKeseTa rpyau mmanHok Coleoptera

Hayunasi HoBu3HA. BriepBeie n3y4eHO cTpoeHHe dHAOCKeneTa rpyan JmanHok 202 BugoB 90
CEMEHCTB JKECTKOKPBUIBIX, YCOBEPIICHCTBOBAHA M JIOTIOJHEHA HOMEHKIIATYpa IPYIHBIX alloJIeM.
BbIsSIBIICHBI TOMOJIOTHYHBIE JIEMEHTBI, HA OCHOBE KOTOPBIX ObLIa MOCTPOCHA FeHEPATM30BAHHASL
cxema. [IpemioskeHa THITOJIOTHS SHIOCKENETa TPYAU JIMYMHOK JKECTKOKPBUIBIX. Y CTaHOBIICHBI
rpynnbl  perneHTHbix Coleoptera ¢ Hawbosiee OJM3KMM K HCXOJHOMY IUIAHY CTPOCHUS
JHJIOCKEJIETOM TPYAM JIMYMHOK, KOTOPBI CXOJEH C TaKOBBIM Y POJCTBEHHBIX OTPSJIOB
Neuropteroidea. /lanubie 00 M3MEHEHHHM CTPYKTYphl SHaockenera rpyau Coleoptera B xonme
OHTOT€HE3a MOJTBEPXKIAI0T THIIOTE3y O MPOUCXOKAeHuH JruunHok Holometabola B pesynbrate
nporiecca J1e39MOPUOHM3AIMKM HA4YaldbHBIX CTaauil pa3BuTus. [IpoBeleHa OICHKA 3HAYCHUS
NPU3HAKOB JHIOCKENeTa TPYAM JTHYMHOK JUISi U3YYCHUsS] CHCTEMAaTHKH M (DUIOTCHUHM OTpsja.
[Toka3aHbl HEKOTOPBIE 3aKOHOMEPHOCTH JBOJIIOIIMOHHBIX MPEOOPA30BAHUI IHIOCKEIETa IPY/IH

JIMYMHOK PAa3JIMYHBIX HaHCGMeI\/’ICTB KCCTKOKPBIJIBIX.

Teoperuueckoe W MpakTHYeckoe 3HaueHHe. JleTaTbHOE HCCIEAOBAHHE PHIOCKENIETa TPYIH
MO3BOJIUT PACIIUPUTDH MPEACTABICHUS 00 0COOEHHOCTSIX OpraHU3alMy U Pa3HOOOpa3uu IIAHOB
crpoenust auunHok Coleoptera. [lonydeHHble JaHHBIE MOTYT OBITh HCIIOJB30BaHBI B
HUCCIICIOBAHUAX (bl/IJIOFGHI/II/I oTpdaaa, KpoME€ TOro € HUX IOMOMIBKO BO3MOXHO YTOYHCHHUC

IOJIOYKEHHSI CIIOPHBIX TAKCOHOB, YTO IMO3BOJIUT YCOBEPIIEHCTBOBATEH crctemy Coleoptera.

B xoxe BeimomHeHHs paboThl OblT coOpaH OOJBIION MaTepual MO JIMYMHKAM KCUJIO- U
MULIETOOMOHTHBIX KYKOB, KOTOPBIM MOCIIY>KUT OCHOBOHM JJISi CO3/IaHUSl WIUTIOCTPUPOBAHHOTO

onpenenuTens 3Tux rpynn gayssl Poccun.

Anpobanus padorsl. MaTtepuansl JuccepTaliii OblUId MpeacTaBieHbl Ha KoHpepeHuusx: X||
cbe3n  Pycckoro sHTOMONormyeckoro oomiectBa (Kpacmomap, 2007); Xl European

Carabidologists Meeting, (Blagoevgrad, 2007), a Takxke IOKIAIBIBAINCH Ha €KETOIHBIX
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Hay4yHBIX UTEHUAX Ouosoro-xumuueckoro ¢akyinprera MockoBckoro Ilemarormyeckoro
I'ocynapcTBeHHOTO YHUBEpCUTETA.

IMyoaukamuu. [lo Tteme auccepranuu OmMyOJIMKOBaHO 6 paboT, B TOM 4YHuClIe 3 CTaTbH B
XKypHanax, u3 Hux 1 —u3 pekomengoBanHoro BAK crniucka nmeuatHeix u3nanuii; 1 myonukamus B
MEXTyHApOJAHOM COOpHHKE HayYHBIX PadOT U 2 — Te3UChl KOH(EPEHIHH.

CtpykTypa u 00béM padoThl. [[uccepTariusi COCTOUT U3 BBEIEHUA, / TJIaB, BBIBOJOB U TPEX
npwioxkennid. Pabora m3noxkena Ha 189 crpanmmax, comepxut 4 tabmuiel 1 196 pHCYHKOB.

Crnincox nureparypsl Bkitodaer 160 HazBaHuid, n3 HUX 145 Ha HHOCTPAHHBIX SI3bIKAX.

BaaromapHocTu. ABTOP BBIpaKaeT UCKPEHHIOK MPU3HATEIBHOCTh CBOEMY HAYYHOMY
pykoBoutento MakapoBy K.B. (MII'Y) 3a mocTtosiHHbIE KOHCYJIBTAIUH U TIOMOIIIb B
MOJroToBKe paboThl. ABTOp Onaronapen Maranuny A.B. (MIII'Y) 3a koHCTpyKTUBHBIE
3aMeyaHMs 10 PYKOIMCH M MOMOIIb B CTATHCTUYECKON 00pabOTKe MaTepuraa, a TAak)Ke BCeM
KOJUIEraM, MPeI0CTaBUBIINM MaTEpUalIbl Ul HACTOSIIIETO UCCIIEI0BAHUS, 0COOCHHO
Kommanuesy A.B. (UI193), Mensauky U.B. (Mockga), [TerpoBy A.B. (MI'VJI), [Ipokuny A.A.
(BI'Y), CaBunxomy B.1O. (MI'Y), Kazaunuesy C.B. (Mocksa), buouny A.P. (AI'Y), KoBaito
A.l'. (BU3P), Killian A. (Wroclaw University, [Tonsma), Pollock D.A. (Eastern New Mexico
University, CIIIA), Slipiaski S.A. (CSIRO Entomology, Asctpanus), Horak J. (Uexus), a Taioke
coTpyaHuKam aboparopuu cucremaruku Hacekombix 3MH PAH (Cankr-IletepOypr):
Anppeesoit C.B., KataeBy b.M., Kupeituyky A.I'. u KopotsieBy b.A. 32 BO3M0OKHOCTb pabOTHI C

KOJIJICKIMOHHBIM MaTCpHaJIOM.
OcHoBHOE coaep:xkaHne padoThI

Beenenne. CdopmynupoBaHa axkTyaldbHOCTh TE€Mbl palOTHI, H3JararmTcs LEIM M 3ajauu

UCCIIEIOBAHUSL.
I'naBa 1. O630p JuTepaTypsbl
1.1. MHcropus u3ydeHusi IHI0cKeTeTa JuunHok Coleoptera

PaboThl, B KOTOPBIX ONUCHIBAIUCH OCOOCHHOCTH CTPOEHHS TPYAHBIX CErMEHTOB M MBIIICYHON
CHCTEMBI UMaro HaCEKOMBIX, U, B YaCTHOCTH, JKECTKOKPBUIBIX, M3BECTHBI C IIEPBOM IOJOBUHEI
XI1X Beka (Eschscholtz, 1820; Baer, 1826; Audouin, 1828; Mac Leay, 1830; Faivre, 1861), u
JIOBOJIHO MHOTOYHCIICHHBI B Hactosiiee Bpems (Baehr, 1979; Ge et al, 2007). KomnuectBo
NyOJMKAUi aHaJOTMYHOTO XapakTepa JUId JHYHHOYHBIX CTaJdd 3HAYUTEIBHO MEHBIIIE.

BriepBbie 3HIOCKENET TPyau JIMYMHOK ObLI mojapoOHO paccmorpen bepnese (Berlese, 1909),
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KOTOPBIH TIPETIOKMI TaK)Ke W HOMEHKJIATYpPY OOJBIIMHCTBA €r0 JJIEMEHTOB. MHOKECTBO
HETOYHOCTEW TMOCIYKWJIM OCHOBOW Uil KpUTHUKUH paboTsl bepnese mnocnenyromumu
uccienoparensmu. Hanbosee 3naunmoit crana crathst Kpamnrona (Crampton, 1918), B kotopoit
paccMaTpuUBaIMCh OCOOEHHOCTH CKEJIETHBIX OOpa3oBaHMW TPYAM JIMYMHOYHBIX —CTaJHi
pasnuunbix Pterygota. On npemioxui 0osiee yToOHYI0 HOMEHKIIATYPY JI€MEHTOB SHIOCKETIETa,
KOTOpasi YaCTHYHO HCIIOJIb3YETCS W B HACTOSIIEE BPEMsI, M TIEPBBIM TPEANIPHHSIT MOIBITKY UX
WCTIOJIb30BAHUSI B CHUCTEMAaTHYECKUX HCCICIOBAHUAX Ha YPOBHE OTpSAIOB. B OonbImMHCTBE
HnoCieAyomux padoT, MOCBAIICHHBIX JHAOCKeneTy suunHOK Coleoptera, kak mpaBuio
OIMCHIBAJIOCH €0 CTPOCHHE y KaKOTO-IM00 OJTHOTO BHIA, O€3 CPaBHUTEIBHOTO aHanmu3a (Speyer,
1922; Crome, 1957; Marvillet, 1960; Jaboulet, 1960; Barlet, 1992). EauHCTBEHHBIM
HCCIIEIOBAaHUEM SH/IOCKENIeTa JTMYNHOK JKECTKOKPBUIBIX, UMEBIIUM CPaBHUTEIBHBIN XapakTep,
obuta padota Ilompsina (Paulian, 1944), B xoTopodl HpWBEACHBI JaHHbIC 1O JUYMHKAM 14
CEeMEUCTB W OCOOCHHOCTSIM CTPOCHHUS SHIOCKENeTa TPYAW TNPEeUMardHAIBHBIX CTaTuil psa

JOPYTUX OTPSAJ0B HACEKOMBIX.

B nenom, nmo cpaBHEHHMIO ¢ UMAaro *ECTKOKPBUIbIX, OYE€BUIHA HEIOCTATOYHOCTh M3YyYEHHOCTH
sH0CKeneTa rpyau auunHok Coleoptera. Bosee Toro, B HEMHOTOYHCICHHBIX MMyOIMKAUAX HA
3Ty TEMY aBTOPHI 3a4acTyI0 IPHUBOIAT pPa3IMYHYI0 HOMEHKIATYpy amoJeM, 4YTO CO3JacT
JOTIOJTHUTENbHBIE TPYAHOCTU. HenooneHka CTPYKTyp SHIOCKENETa NPEACTABIAECTCS SIBHBIM
YIYyIIEHUEM, IIOCKOJBKY ApPYrue JapBajIbHBIE IIPHU3HAKH, B TOM 4YHCIE U aHATOMHUYECKUE,
WCIIOJNB3YIOTCA B (DMIIOTEHETHYECKUX M CHUCTEMATHYECKUX HCCIETOBAHUSX PA3THYHBIX TPYIIT

Coleoptera oTHOCHTEIBHO YaCTO, 0COOCHHO B MOCIICIHES BPEMSI.

1.2. Ucnoan3oBanue NPpU3HAKOB JHYUHOK B (l)I/IJIOFeHeTI/I‘IeCKI/IX H CHCTEMATHYECCKHUX

ucciaenopanusix Coleoptera

Ko BTopo#i uerBept XX Beka B paclopsiKEeHUU CIIELUATMCTOB Y)K€ MMellach o0mupHas Oasza
3HAHMI 10 JIMYMHKAM pa3inyHbiX cemeiictB Coleoptera, B ocHoBHOM Ouaroapsi psay 00beMHBIX
monorpadwuii (Chapius, Candéze, 1853; Perris, 1877; Schiodte, 1862-1883; Saalas, 1917, 1923;
Verhoeff, 1923). Ilpu onucaHuu NpeUMardHaIbHBIX CTAIWH B TIOJABISIONIEM OOJIBIINHCTBE
CJIy4aeB HMCHOJIb30BAINCH PA3IMYHbIE MAKpOMOP(OJIOTHUECKUE MMPU3HAKU, TaKhe Kak Gopma u
CTPOCHHE TOJIOBHOM KalCylbl M €€ NPHUAATKOB, KOHEYHOCTeH, yporomd, T.1. 31O
CIOCOOCTBOBAJIO MOSIBJIEHUIO pPA0OT, AaBTOPHl KOTOPBIX IMBITAIUCH MPEJICTAaBUTh CXEMBbI
¢uoreHesa OTpsila M YTOYHUTh CHUCTEMY TAaKCOHOB pa3jMYHOTO paHra, PYKOBOJCTBYSCH

ocobeHHOCcTsIME cTpoeHus inanHOK (Boving, Craighead, 1931).
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[TepcrieKTUBHOCTh MCIOJIb30BaHMS IPU3HAKOB JTHINHOK B cuctemarike Coleoptera He BbI3bIBacT
COMHEHHH U TOITBEPIKIAETCSI MHOTOYHCICHHBIMU pab0TaMH, TaHHBIE KOTOPBIX HHTETPUPYIOTCS
B COBPEMCHHYIO CHCTEMY OTpsiia. TaKCOHOMHYECKOE IOJIOKEHHE MHOTHX CIIOPHBIX TPYIIIT
’KECTKOKPBUIBIX OBUIO YTOYHCHO WMEHHO IPH MOMOIIM H3YYCHHUS MPEHMArHHAIBHBIX CTaIUi
(Crowson, 1955; Rozen, 1960; Viedma, 1966; Doyen, Lawrence, 1979; Young 1976, 1985;
Lawrence & Slipinski, 1999). B mnocuemmee BpeMms MOJOOHBIE HCCICIOBAHHS CTAHOBSTCS
O0COOCHHO aKTyalbHBIMH B CBSI3M C [EPEXOJOM OT HCIOJIB30BAHHUS  KIACCHUYECKUX
MakpoMOpP(OJOTHIECKHUX MPU3HAKOB (B OOJIBIIMHCTBE CBOEM IMOIBEPKCHHBIX MMApaUICIBHOMY U
KOHBEPreHTHOMY pa3BUTHIO) K aHanu3y xetotakcuu (Bousquet, 1984; Kovarik & Passoa, 1993;
Makarov, 1996; Delgado, 1996; Solodovnikov, 2007) u ocobennocreii anatomuu (Ruhnau,
1984; Beutel et a, 1993, 1998, 2000; Kiselyova, McHugh, 2006; Zaitsev, 2005, 2008).

B To ke Bpems, 3HaYCHHUE JapBANbHBIX MpHU3HAKOB sl Guiorennn Coleopera oreHuBaercs
HEOJHO3HAayHO. YacTp CHEHNUAINCTOB  NPHUACPKUBACTCA MHEHHS O  HE3aBUCUMOCTH
(GUIOreHeTUYECKUX CHUCTEM, MOCTPOECHHBIX MO MPU3HAKAM MMaro M JMYUHOK, IPYTHe MPOCTO
UTHOPHUPYIOT nocienHow. OnHaKo, BIOIHE 0YEBUIHO, YTO HCIOIb30BaHUE MPU3HAKOB JIMYMHOK
B M0JI00HBIX HUCCJIEIOBAHUSAX UMEET HE MEHbIIee 3HAUE€HUE, TIOCKOJIbKY JIMUYMHOYHAS CTAAUs BO

MHOT'UX CliydasaX IPOAOJIKUTCIBHECC MMAarvHaIbHONH W BBIIOIHSCT OCHOBHYIO TpO(bI/I‘-IGCKYIO

dbyukuio (van Emden, 1957; Hinton, 1955, 1966).

dusoreHeTHvecKUe MccaenoBaHUs pa3Hbix rpymn Coleoptera, B KOTOPBIX paccMaTpUBAIUCH
HCKITIOYUTEIILHO OCOOCHHOCTH MPEeUMarnHaIbHBIX cTaiwii, u3BecTHBI ¢ 80-x romoB XX Beka.
OpHuM W3 NEepBBIX TaKUX HCCeNoBaHUM craja paborta Pronay, mocpsiieHHas (QuIOreHuu
Hydradephaga (Ruhnau, 1984). Cpeau KCIoJIb30BaHHBIX aBTOPOM MPHU3HAKOB OBLIH B OCHOBHOM

MakpoMOp(oJIOTHYECKUE U AHATOMUYECKHUE.

[Tocne sro#t mybnukanuu Beimiea psg padot boitrens u ero yuenukos (Beutel, 1988, 1991;
Beutel et al, 1999a, 1999b, 2000, 2006) o ¢urorennun Coleoptera, B KOTOPHIX aHATOMHYECKUM
0COOEHHOCTSIM JIMYMHOK YAEISUIOCh Ooubiioe BHUMaHue. OJHAKO BO BCEX ITHX CIydYasx
JTOMHHHPOBAIH MaKpOMOP(OIOrHIecKre MPU3HAKH, OCOOCHHOCTH XETOTAKCHH, KaK MPaBHJIO,
YUUTBHIBATUCH HE3HAYUTEIILHO, 2 AHATOMUIECKHE - CBEJICHBI K CTPOCHHUIO TOJIOBHOM Karcyisl. J[o
HACTOSIIETO0 BPEMEHH HHU B OJHOM (PUIIOTEHETHYECKOM HIJIM CHCTEMATHYECKOM HCCIICIOBAHUH
Coleoptera He HCMOJIB30BATKMCH MPHU3HAKU SHIOCKENCTa TPYAM JHYMHOK. B TO ke Bpewms,
aHajorn4Has pabora Ha ypoBHe umaro (Crowson, 1938) oka3zanma OoJblIOe BIMSHHE Ha

pa3BUTHE COBPEMEHHBIX MPEJCTABICHUN O QUIOTEHUH OTPSA.
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I'maBa 2. MaTtepuaJibl 1 MeTOIbI

B xoie paboThI OblIa H3ydeHa CTPYKTYpa SHIOCKEIeTa TPYIHBIX CerMeHTOB JTHInHOK 202 BUI0B
90 cemeiictB Coleoptera sz noporpsimos Archostemata, Adephaga u Polyphaga, uto cocrasnser
6oee 70% ot oOmiero ymcna cemeicTB oTpsaa. s cpaBHEHHs OBLIIM PACCMOTPEHBI JIMYMHKH
Ascalaphus sp. (Neuroptera, Ascalaphidae), Myrmeleon sp. (Neuroptera, Myrmeleontidae),
Osmylus sp. (Neuroptera, Osmylidae), Chrysopa sp. (Neuroptera, Chrysopidae), Inocellia sp.
(Rhaphidioptera, Inocelliidae), Salis sp. (Megaloptera, Sialidae), Panorpa communis L.
(Mecoptera, Panorpidae), Tenthrediniidae gen. sp. (Hymenoptera), Allotrichia sp. (Trichoptera,
Hydroptilidae).

HccnenoBanue cTpyKTypbl SHIOCKeNETa MPOBOAWIOCH MO IMpernapaTaM, OUYUIICHHBIM OT MSTKUX
TKaHed pacTBOpoM Mi€noun. [[ns 3Toro apemancs paspe3 Ha JOPCAIbHOM CTOPOHE TPYIHBIX
CerMEHTOB, JIMYMHKa ToMemmanack B pactBop NaOH 1o mosHOTO OTAeneHus MyCKylaTypsl U
KUPOBOTO Tela OT KYTHKYJbl. 3aTe€M IOKPOBbl OKPAIUIMBAIUCH (DYKCMHOM WJIM PacTBOPOM
METHJIOBOTO 3€JIEHOr0 Uil 00Jiee YETKOrO BBISBICHUS PA3IMYHBIX JJIEMEHTOB JH/IOCKEIIETa.
[Mpenapatel uW3y4anuch TMOJA CTepeoMUKpockorom Leica MZ6.5 u MZ16.5 u 3arem
3apUCOBBIBAJIMCH IIPU MOMOIIM PUCOBaJIbHOIO ammapara. Ha 3aBepiiatoriem 3tarne moAroToBKU

WJLTIOCTpAIHii Bce n300paxkeHus oopadareiBainch B mporpamme Corel Draw 12.

Craructudeckass o0pabOTKa MAaHHBIX MPOBOJMIACH MPH MoMoIK mporpammel tatistica 8.0.
[lockonbKy 3Ha4eHHMs] PACCUMTAHHBIX MHJEKCOB  XapaKT€PU30BaJINCh HEHOPMaJbHBIM
pacnpeziesieHueM, pa3inuus MeXIy BbIOOpKaMH OLIEHMBAJIUCH C UCIOJIb30BaHUEM U-Kkpurepus
ManHa-YutHu (Hemapamerpuueckoro axamora T-kputepus CTbIOJICHTA) IS HE3aBUCHMBIX

nepemeHHbIX ¢ 95% noBepurenbHbiM HHTEpBaIoM (boposukos, 2001).
I'nasa 3. O6mas Mmopdosorusi u pa3BuTHE IHI0CKeIeTa JHunHoK Coleoptera

3.1. reHepaJII/II}OBaHHbIﬁ IJIAaH CTPOCHUHA IJSHIAOCKEJIE€TAa TI'PYAHBIX CErMEHTOB JUYMHOK

Coleoptera

CTpyKTypHOU eIUHUIEH SHAO0CKETETa SBJSETCS anojieMa - BHyTpEHHEe BIISIYMBAHUE KYTHUKYIIbI,
CIyXallee MECTOM MPHUKPEIUICHHs MyCcKyaTypsl. Beero y mnunnok Coleoptera Obuio BISIBICHO
10 AMCKPETHBIX 3JIEMEHTOB, IS MIECTH M3 KOTOPBIX BO3MOXHO TOTIOJIOTMUYECKOE YCTaHOBJICHUE
rOMOJIOTHH B mpenenax oTpsana. FIMEHHO 3TH rOMOJIOTHYHBIE CTPYKTYphl ObUIM HCIOJIb30BaHbBI

[PU TIOCTPOCHUHU FeHEePATM30BaHHOM CXeMbI 3HIOCKeseTa rpyau (puc. 1).
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Puc. 1. ] BHEpAIMEOBAHHAR CXEMA CTPOSHMA BPHIOCKEDETA [pyaM nuannor Coleoptera

DHoockenem nepeonezpyou B TCHEPATM30BAHHOM BHJE COCTOMT W3 MAPHBIX 3JIEMCHTOB.
Amnonema smuctepHa (aesl) pa3Burta JOBOJIBHO €1a00 y OOJIBINUHCTBA JIMYMHOK KECTKOKPBLIBIX
U TMpeaCTaBiIsseT co00#t HeOOoJbIION rpedeHp ckiepuTa. Amnojaema snumepa (aeml), koTopas
HUMEET CXOJIHBIN BH] U TaKKe OBIBAET IOBOJIBHO IUIOXO BBIPAXKCHA y psa TaKCOHOB. PopMa ITHX
amojieM y OospinuHCTBa JurHOK Coleoptera nmpubiInM3uTensHO OMHAKOBAs, HO B HEKOTOPBIX
ciydastx HaONfofaeTcsi WX 3aMeTHas Moaudukanus Wi peaykius. [lieBpanbHas amnojgema
(apll), oOpasyercst B MecTe COCAMHEHHs SIUCTEPHA M 3mUMepa U (GOPMUPYET KOKCATbHBIH
mbImesok. CHapykd ee pacroJioKEHHE MapKHPOBaHO IUICBPAIBHBIM IMBOM. JTa amojema
NPUCYTCTBYET MPAKTHUCCKH Y BCEX JTMINHOK )KECTKOKPBLIBIX C PA3BUTHIMUA KOHCUHOCTSIMHU, XOTSI
ee (opma 3HAUMTENBHO BapbupyeT B mpezenax otpsaa. Dypka (fl) - crepHanbpHas amojema,
Pa3IMYHOrO pa3mepa W (OpPMBI, Yalle BCEro JOBOJILHO y3Kas W BBITSAHyTas. Bepmuna (ypku
COC/IMHCHA CBS3KOHM C IUICBpaJIbHOM amojemMoii (Ha puc. 1 moka3aHo CTpeINKoii), oOecreunBas
NPUKPEIICHHE TUICBPO-CTEPHATBHON MYCKYJIAaTypbl M MBI MEPEIHEH Mapbl KOHEYHOCTEH.
MeskcermenTHas amojgema (@isl), pacrosiokeHa Ha TpaHHUIE HPO- M ME30TOpaKca, OOBIYHO

HeOOoJIbIIIas], UMEET TPEYroJIbHYI0 (popMmy.

Cpeone- u 3a0HezpyOb. DHIOCKENET OJTHX OTACJIOB, KaK TPaBWIO, HUIACHTUYCH H B
rCHEePaAJTN30BAHHOM BH/IC TAK)KE COCTOUT M3 arloJeM SMHMCTEPHA M dIUMepa (3a4acTyr0 Pa3BUTHIX

3HAYMTEIBHO JIydllle, YeM Ha TepeaHerpyan), GypoKk U MeKCEerMEHTHBIX amojeM. [lineBpanbHas
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armojieMa, HalpOTUB, OOBIYHO pa3BHTa 3aMETHO XY)XKe, YeM Ha MEpeJHErPYIH M HEPEIKO MOXKET
ObITh penyuupoBaHa. B cBsi3u ¢ 3TuM, QYpKH COCIMHEHBI HE C HEH, a C MEKCErMEHTHBIMHU
anoieMamMu (NP MX HAJIMYMM) WIK C amoJeMaMH SIUCTEPHUTA CIEAYIOIIEr0 CEerMEHTA.
XapakTepHO HAJIMYUE HEMApHON CTEpHAIBLHOHN amojaemMbl (SPiNa), pacroyioKEHHOW B MepeaHei
YacTH Me30- M METacTepHHTa - KaK IPaBHJIO OKPYIJIOH, HEOOJIBIIOro pa3Mmepa, OJHAKO Y

HCKOTOPBIX JTUIYNHOK CHUJIBHO YBGJ'II/IT-IGHHOI\/’I.

B psine ciyuaeB (kak mpaBuiio, y CHIBHO CIICIHAIU3UPOBAHHBIX (JOPM) pa3BUBAIOTCS YHUKAIbHBIC
aroJieMbl, HE BCTpEYaIolUecss y JPYrMX TaKCOHOB. OTH CTPYKTYphl HE BKJIIOYEHBI B

MIPEJICTaBICHHYIO T€HEPAIU30BAaHHYIO CXEMY.

3.2. CooTHoOIIEHHE CTPYKTYP JHAOCKeIeTa U MyCKyJaTypsbl imunHok Coleoptera ¢ pasHpim

CIocod0M JTOKOMOLIUH
3.2.1. JInunuHKH ¢ pa3BUTHIMU KOHeuHocTAMH (Ha npumepe Calosoma auropunctatum Herbst)

Dupockener rpyau tuunHok Carabidae xapakrepusyercst o JHUM U3 HanOoJIee MOJIHBIX HAOOPOB
armojieM. JTo, B COYETAaHUH C KPYITHBIMH pa3MepaMH M JOCTYIMHOCTBIO MaTepHaia, OIpeIeniio
BbIOOp nmumHkn Calosoma auropunctatum Herbst B kauecTBe MomenbHOro 0oOBEKTa IS
M3y4YEHUsI MYCKYJIAaTypbl TPYIHBIX CETMEHTOB M MECT MX IPUKpEIUIEHUSA. BBIACHWIOCH, 4TO K
SHJIOCKEIETHBIM CTpyKTypam Cal0osoma mpuKperuiseTcs MOAaBIsAIONas 4acTh MBI TPY/IH,
oOecreunBarOMX KaK pPa3sHOOOpa3HBbIC JBIKCHHS KOHEYHOCTSH, TaK U MOJJIEp)KaHUe
MOCTOSIHHOM (opMbl Tena WM ero usrubanue. Yucino Tpymnm MbIll, HE CBS3aHHBIX C
armoJieMaMH, HEBEIMKO - 3TO TPOJOJIbHAS M Kocas TeprajbHas MYCKylaTypa H JIOpCO-

BEHTPAIbHBIE MYCKYJIBI-IIPOMOTOPBI B PEMOTOPHI KOKCHI.
3.2.2. JINYMHKH ¢ peAyuMpoOBaHHBIMH KoOHeuHocTsiMu (Ha mpuMepe Cerambycidae)

JIMuMHKM psna Tpynn pa3BUBAIOTCS B 3alLUIIEHHBIX OT XMIIHUKOB MECTax, HallpUMeEp, B TOJILE
JPEBECUHBI WJIM B TKaHSX JKUBBIX pacTenuil (Buprestidae, Curculionidag, Cerambycidae). B takux
YCIOBUSAX C CHJIBHO OTPAaHMYEHHBIMM BO3MOKHOCTSIMM JJIsi [E€PEIBUKEHUS, OCHOBHAs
JIOKOMOTOpHasl (PYHKIUS MEpeXOAUT OT KOHEYHOCTEW, KOTOpble YAaCTUYHO WM MOJIHOCTHIO
pEeAyLIPOBaHbl, HEMNOCPEACTBEHHO K TYJIOBHMIIHBIM CEerMEeHTaM. J[BU)KeHHE B 3TOM ciydae
OCYILIECTBIISIETCSl 332 CYET IMEePUCTAIbTUYECKOW JedopMaluyu IPYyAHbIX U OCOOEHHO OpPIOIIHBIX
CErMEHTOB. Y TakKuUX JIMYMHOK OSHAOCKEJIET TpyId pa3BUT OYEHb CJ1ab0 U JIOKOMOIIMS
OCYILIECTBJISIETCSl MPEUMYILECTBEHHO 3a CYET KOMIUIEKCHOTO B3aMMOJAEWUCTBUSA TPYyIHOH U

OpIOLIHOM MYCKYJIaTyphl, Ubsl TONOrpadus 1 GyHKIMOHAIbHBIN HA0Op BO MHOIOM COBIA/IAIOT.
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JIMYMHKY ¢ OTHOCHUTEILHO XOpomo pa3BUTBIMKU KOHCYHOCTAMH, HO ci1abo CKIICPOTU30BaHHBIMU
nokpoBamu (Oedeomeridae, Melandryidae, Peltidae) crocoOHbI MEHATH CITOCOO JIOKOMOIIMH B
3aBUCHMMOCTHU OT HaIIpaBJICHUSA AOBHXXCHUA WM THUIIA CY6CTpaTa - HepI/ICTaJ'IBTI/ILIGCKI/Iﬁ npu
O6paTHOM ABMXKCHUM H, NPCUMYIICCTBCHHO, C IMOMOIIBIO KOHEYHOCTEH Inpru IMIMPOABHUKCHUHN
Brepen. B aToM ciydae SHIOCKENET TPYIH, Kak MPaBHIIO, COXPAHSETCS W Pa3BUT JIOCTATOYHO

XOPOIIIO.

3.3. HOCTC)MﬁpI/IOHaJILHOB Pa3BUTHE JHA0CKeEJIETA

3.3.1. U3menenus IHAOCKEIETA B X0/1€ JIMIUHOYHOI'O Pa3BUTHUA U IIPHA MeTaMop(bo:se

Y OOJIBIIMHCTBA >KECTKOKPBUIBIX B XOJI€ JIMYMHOYHOTO PA3BHUTHS TPOXOIUT 3-S5 CTamuid,
pa3nelieHHbIX JHHbKamMu. Y guunHOK Coleoptera, ocoOeHHO O0OWTAOUMX B IUIOTHOM
HEOJHOPOJAHOM CyOcTpaTe, IO Mepe YBEIUYEHHUS pa3MEpPOB MOXKET MEHAThCS THII
B3aUMO/JICHCTBUS C HUM: MEJIKHE JIMYMHKHU IEPBOr0 BO3pacTa CIOCOOHBI IBUTaThCs, HUCIIOIb3Ys
€CTECTBEHHbIE MOJIOCTU M CKBO)XHHBI CyOCTpaTa, a C pOCTOM OHHM BBIHYXICHBI NEPEXOIUTh K
aKTUBHOMY PBITbIO WM pa3JABUIaHUIO 4acTHI. B cBs3u ¢ 3TuM Oblla H3ydyeHa CTENeHb
U3MEHEHUsSI CTPYKTYp OSHJIOCKEIETa B XOJ€ MNOCTIMOPHUOHAIBHOIO pPa3BUTHUS Y JIMYHMHOK C

Pa3IMYHbIM 00pa30M KU3HHU.

beun uccaemoBanbl THUMHKK Beex Bo3dpactoB Calosoma auropunctatum Herbst., Ophonus
asureus Fabr., Carabus granulatus L., Anisodactylus binotatus Fabr., Platynus assimilis Payk.
(Carabidae) u Cucujus haematodes Er. (Cucujidae). B pesymnbraTe BBISCHHIOCH, YTO IIPH
JMHEHHOM pOCTE pa3MepoB JIMYMHOK B OHTOTeHE3e B OOJIBIIMHCTBE CiIydaeB HaOJI0IaeTcs
JIOCTOBEPHOE YBEIMUYCHHE OTHOCUTENbHBIX pa3mepoB apll, aes2-3 u f1-3 y crapmux (2-3)
BO3pacToB. [1i1 HEKOTOPBIX CTPYKTYP JHAOCKeNeTa, Hanpumep, aiSl-3 10CTOBEpHBIX pa3inunit
00Hapy>XeHO He ObLIO, YTO, TO-BHAUMOMY, OOBSICHSETCS UX MaJbIM pa3MepoM. B To ke Bpems,
dopma u, Tem Oonee, HAOOp amojeM OCTAIOTCA HEWM3MEHHBIMU Ha TMPOTSHKCHHH BCEH

JIMYUHOYHOM CTaIUH.

Ha cnenyromiem stane paboThl ObLIO TPOBEIEHO UCCIIEIOBAHUE U3MEHEHUM CTPYKTYP
SHJIOCKEIIETa B X0/ MeTaMop(03a )KeCTKOKPBUIBIX pa3inyHbIX cemeiicTs: Carabus nemoralis
Muller, C. granulatus L. (Carabidae), Stenagostus undulatus Deg. (Elateridae), Dorcadion sp.
(Cerambycidae), Hylecoetus dermestoides L. (Lymexylidae), Schizotus pectinicornisL.
(Pyrochroidae), Calopus serraticornis L. (Oedeomeridae). N3yuenue npeaKyKooK MoKa3aao

MOJHYIO HACHTHUYHOCTD UX SHAOCKEJICTa TUMUMHOYHOMY COCTOSHHIO. B 10 )2 BpEMs, Ha CTaAuun
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panHel Kykoaku Senagostus u Carabus (erie YacTHYHO CKPBITON B 9K3yBUU JIMUHMHKH)
CTPYKTypa dHJOCKEJIeTa yXKe TIOBOJIBHO CHIILHO OTIIMYACTCS OT JIMYMHOYHOM. Tak, rieBpaibHbIe,
MEKCETMEHTHbIE aIll0JICMbI U CITUHBI (IIPU UX HATUYUH) TIOJIHOCTHIO JTM3UPYIOTCS, QYPKU WU
oOpa3yrorcs de Novo (B citydae ux OTCYTCTBHSI y JIMYMHKH, HapuMmep, y Yenagostus) uiu
cooTBeTCTBYIOT JisspBaibHbIM (Carabus). [Tpu atom 3 craHOBsATCS 3aMETHO TOHBIIIE U JJTHHHEE.
Takast CTpyKTypa 9HJOCKENIETa COXPAHSETCS 10 MO3AHEH KYKOJO4YHO# cTaauu (T.e. 10 MOMEHTA,
KOT/Ia YK€ BhIpaKEHA CKJICPOTHU3ALIMSI TPUIATKOB TOJIOBBI M PAKTHYSCKHA CPOPMHUPOBAHBI
KOHEYHOCTH MMarnHaIbHOTo TUIa). Ha 3ToM 3Tarne npoucxosiT AaibHeHIe NepecTpOKu
9HJIOCKEJIETA, TIPUBOISIIKE K TOSBICHHUIO alloJIeM, MTPUOIMKEHHBIX 10 (opMe K UMarnHaIbHBIM:
xapakrepHas popma f1-2, cpacranue f3 u 00pa3oBaHue MMU HEAPHOI CTPYKTYPhI
(MeTanmOCcTepHUTA TI0 Kpoycony), hopMupoBaHue mieBpaibHbIX anojaeM. [lo-Buagumomy,
(dbopMupoBaHHE YHIIOCKETIETA TPY/IH 3aKAaHUYUBACTCS y)Ke Ha CTaJl UMaro, B Iporecce

3aBCPUICHUA CKICPOTU3ALUMHU ITIOKPOBOB.

TakuMm o00pa3oM, NPEEeMCTBEHHOCTh B CTPOEHUM DSHJOCKENIeTa Tpydd JIMYUHOK U HUMaro
MUHHMMaJIbHA, W IO HAIIMM JaHHBIM YCTAHOBJICHA TOJIBKO JUIs (Gypok (MpH HMX HATHYHH Y

JMYUHKH).

3.3.2. TlpencraBiieHne 0 NMPOMCXOKIEHHHM JMYMHOUYHOW cTaguu Holometabola B cBere

JAAHHBIX 00 H3MEHEHHH CTPYKTYPHI YH/I0CKeIeTa IPyAu B Xo/ie oHTorenesa Coleoptera

K HacrosimeMy BpeMeHH CYIIECTBYET JABE OCHOBHBIC TOUKH 3PCHHS HA MOSBICHHUE JIMYMHOYHOM
craqun 'y Holometabola. Tlepsas mnpenmosaraer HuMbalbHOE POUCXOXKICHHE JIMYHHOK
roiometabon (Poyarkoff, 1914; Hinton, 1955; Sehnal et al, 1996). Ilo HamwmMm JaHHBIM,
SHJIOCKENET rpyau HUM(bI (HasAbl) ¥ MMaro CTPEKO3, HECMOTPS Ha PE3KO OTIMYHBIN 00pa3
KU3HU OTHX JIBYX CTaJHi, XapaKTCPU3YeTCs HICHTHYHBIM HAOOpOM amojeM, a BCE pasjIndus
CBSI3aHBI JIMIIB C UX pa3MepoM U ¢dopmoii. Takum oOpa3oM, eciii MPUHUMATh TOYKY 3PCHHS O
HUMaILHOM IPOUCXOXKAeHUN TnurnHOK Holometabola, To ctpoenune sum0CKeneTa TOHKHO OBITH
BO MHOTOM CXOJHO y JTHUMHOK 1 umaro Coleoptera. OnHako pasianune B CTPOSHUH SHIOCKEIIETa,
yKa3aHHOE paHee, CTABUT 10 COMHEHUE «HUM(ATbHYIO» TEOPUIO POUCXOKIACHUS JTMIHHOTHOM

craguu Holometabola.

CyTh JApyroil TUHOTE3bl COCTOMT B TOM, JIMYMHOYHAS CTajus TOSBISACTCS B pe3yjbTare
J€39MOpHOHM3AIMKA PA3BUTHsI, TaKUM O0Opa3oM, COOTBETCTBYS SMOPHOHAIBHOMY COCTOSHHIO
npenkoBoii Gopmel (Lubbock, 1883; Berlese, 1913; Exuxos, 1929; Henson, 1946, Tuxomuposa,
1991).
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[MonyueHHBIC TaHHBIC O TIEPECTPOMKAX HIOCKENIETa TPYAU B XOJ€ MHIAUBUIYAIHHOTO Pa3BUTHUS
MO3BOJISIIOT C/IENATh MPEBAPUTEIILHBIC 3aKIIFOYCHUS O COOTBETCTBUU OHTOTCHETUYECKUX CTANN
y Hemi- u Holometabola (puc. 2). «HumdanbHas» cTpyKTypa 3HIOCKENIETa, UIACHTUYHAS T10
HaOOPy AIIEMEHTOB ¢ uMaro, Habmomaercs y Coleoptera TobKo Ha MO3IHUX CTAAUSX PA3BUTHS
KyKoJikd. ClieZioBaTeNbHO, MMOATBEPKIACTCS TOUKA 3PEHUSI O COOTBETCTBUU HUM( reMUMeTado
MO3MHUM KYyKOJIOYHBIM ¥, BO3MOXXHO, pPaHHAM HMMardHaJbHBIM CTaJIUsIM TOJIOMETa00
(Poyarkoff, 1914; Henson, 1946). PanHue KyKOJOYHBIC CTaIUH, MPEAKYKOIKA W JTHUYNHKA BPSIT
JIM MOTYT CUUTATHCSI AaHAIOTUYHBIMU HUM(E, TaKk Kak 001aaf0T HHBIM CTPOCHHEM YHJI0CKEIICTA.
Ha 3Tux cTramusx OpOMCXOAAT aKTHBHBIC MPOIECCHl MEPECTPONKH ISHIOCKeneTa (M Ipyrux
CTPYKTYP), IO MacuTady cpaBHHUMbIC ¢ MOP(POTEHE30M Ha CTaIuH siilia. Bee 3To moaTBepkaaeT
MPEIOJI0KEHHE O TOM, YTO JIMYMHKA MPEICTaBISET CO00M «MOpP(HOTeHETHYECKYIO CTaaHIo,
COOTBETCTBYIOIIYIO IMOPHOHAIBHOMY cocTOsiHMIO mpeaka» (Hosak, 1961) , T.e. mpoxo syt B

sie y Hemimetabola

I'naBa 4. Dupockener rpyau Juuunok Neuropteroidea, Mecoptera, Hymenoptera,
Lepidoptera m Trichoptera B cpaBHeHMM ¢ TreHepaJM30BAHHBIM KOJIEONITEPOUTHBIM

IJIAHOM CTPOCHMUSA

VCTaHOBICHO HAIWYHE PA3BUTOTO W BO MHOTOM CXOJHOTO 3HJIOCKEIETa TPYIAHBIX CETMEHTOB
mnunHok Neuropteroidea (Neuroptera, Rhaphidioptera u Megaloptera) u Coleoptera (na ypoBHe
IrCHCPAJIM30BAHHOI'O ITJIaHa CTpOCHI/Ifl), YTO SABJIACTCA JONOJIHHUTCIBHBIM CBUACTCIBCTBOM BEICOKOH
CTENEHH POJCTBA MEXIy STHMHU TakCOHaMH. HeoOXOAMMO OTMETHTh OCOOEHHOE CXOJCTBO
BHYTPCHHCTO CKCJICTa I'pyad JIMYUHOK XYKOB MW BHUCIOKPBLIOK. He HUCKIKOYCHO, 4YTO IIJIaH
cTpoeHus dHIocKenera SaliS BO MHOTOM MOXET COOTBETCTBOBATH aPXCTUIIMYHOMY COCTOSIHHIO

s Coleoptera

CreneHb BBIPaXCHHOCTH BHYTPEHHETO CKeJleTa TPYAW JIMYMHOK JPYTUX H3YYEHHBIX OTPSIOB
3HAYUTENIIBHO BapbUPYET: OT MPAKTUYECKH IIOJIHOTO €ro OTCyTcTBUs y Hymenoptera u
Lepidoptera, pa3ButHs JHIlb CTEPHAILHOM TPYIIILI amogeM y Mecoptera, u HakoHelr, 0 MOJHOTO
Habopa amozem y Trichoptera. Dupockener Panorpa u Allotrichia merxko otauumm oT

KOJICONITCPOUJHOTO THIIA, HCpBBII\/’I - OTCYTCTBHUEM IJICBPAJIbHBIX AIllOACM IIpH BBICOKOH CTEIIeHHN
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Homimetakola
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Holometabola

Puc. 2. CooTHomeHHe oHTOreHeTHUeCcKHX cTajgiid Hemi- w Holometabola Ha ocHoBe HaydeHus
nieckeaeTa rpyan Odonata 1 Coleoptera.
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Pa3BUTHS CTEPHAIBHBIX 3JIEMEHTOB, a BTOPOH — crienupuaHoi Gpopmoit aes2-3 u cMerieHnemM Sp3
K MEKCErMeHTHOH pparme. B To ke Bpemsl, Oobllias yacTh IpyAHbIX anojeM JuuruHok Mecoptera
u Trichoptera romonoruyna cootBercTByrommM y Neuropteroidea: sto ¢dypku, CHOuHBI U

MECXKCEIMCHTHBIC aIl0I€EMBI.

Takum 00pa3oM, OCOOEHHOCTHM CTPOCHHUSI DHIOCKEJIETa TPYyAd JUYMHOK TIOATBEPKIAIOT
dmrorenetnueckyro 6au3octs Coleoptera ¢ Neuropteroidea, ocooenrno ¢ Megaloptera, uto 6su10

MOKa3aHO paHee Mo JAPYruM aHatomuuyeckuM npusnakam (Crampton, 1914; Beutel, 2007).

I'maBa 5. Oco0eHHOCTH CTpPOeHHSl JHAOCKeJeTa JIMYUHOK H3YYeHHBIX CceMelCTB

KECTKOKPBILJIBIX

B aroii rmaBe moapoOHO paccMaTpPUBAIOTCS CTPYKTYPHBIE OCOOCHHOCTH DHJOCKENeTa Tpyau
HU3YUCHHBIX JIMYUMHOK KCCTKOKPBIJIBIX. JII/I&FHO?;BI IMPUBOJATCA HA YPOBHC CCMCI\/IICTB, IMOCKOJIbKY, B
OOJIBIITMHCTBE CITy4aeB MEXPOJIOBBIC PA3IUYUS B €TO MPE/IeiiaX HEBEIUKH WIH JaXKe OTCYTCTBYIOT.
B ciydae OTKIOHEHHS NPHU3HAKOB O3HIOCKEICTa HEKOTOPHIX TAKCOHOB OT THIWYHBIX JIJIS

KOHKPETHOT'O ceMencTBa IMPHU3HAKOB 3HAOCKECJICTA, OTU OTIIMYNA YKA3bIBAKOTCA 0c000.

I'aasa 6. Tunbl 3H10CcKe1eTa rpyau Juunnok Coleoptera
6.1. Pa3HooOpa3ue 3H0CKeeTa rpyau JuuuHok Coleoptera

[Toka3aHo, YTO BO3MOXKHBIC BapHaHTBl CTPOEHHS OJHJIOCKeneTa Tpyau auuuHOk Coleoptera
TEOPETUYECKH MOTYT OBITh JOBOJBHO Pa3HOOOpasHbI BCiEACTBUE: 1) OTCYTCTBHSI WM HAIWYHS
OTIPEICTICHHBIX 3JIEMEHTOB U CBSI3aHHOTO C 3TMM MHOT000pa3usi X KOMOHHAIW, U 2) Oosiee Wim

MCHEC 3HAUYUTCIIBHOIO U3MCHCHUA OTHOCHUTCIIbHBIX PasMCPOB U (bOpMBI altoIeM.

JlnunHKM ONM3KUX POJIOB, OOUTAIOUIMX B CXOJHBIX YCIIOBHUSAX, OYEHb 4acTO 00JaJar0T MOYTH
UJICHTUYHBIM 3HAOCcKeneToMm. Hanpumep, mmunnku Schizotus, Dendroides, Pyrochroa u apyrux
poaoB Pyrochroidag, sxuByiine B MOJOCTSAX MO KOPOH, MPAKTUIECKH HEOTIHUUUMBI IPYT OT Jpyra
[0 CTPOCHHIO SHIOCKENETa;, TO K€ camoe XapakTtepHo i juuunHok Melandrya u Orchesia
(Melandryidag) u np. Bosee Toro, muuuHKE pasHbIX cemericTB Coleoptera, )uByIue B yCIOBHUSX,
CYILIECTBEHHO OTPAHUYMBAIOIINX BO3MOXHBIC CIOCOOBI JIBMKCHHS, 3a4acTyl0 OOJaalT He
TOJIBKO CXOJHBIM Ia0UTYCOM, HO U OJM3KUM CTPOEHHEM 3HAOCKeneTa rpyau. Tak, oburarwomiue B
y3KHX TOJIOCTSAX 107 KOpOW JMYMHKK HajacemeiictB  Tenebrionoidea wu  Cucujoidea,

XapaKTCPpU3IYIOTCA PAIOM CXOAHBIX 4YCEPT OHIAOCKCICTA TIPYyIU. B pe3yiabTarte y JUYUHOK
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HCPOJACTBCHHBIX POJOB MOXKECT Pa3BUBATLCA NOBOJIbHO CXOAHAA CTPYKTYpa SOHAOCKEIICTA.

Takue cimyyau napajuiesIbHOTO pa3BUTHS SHJIOCKENIETa IPYAU Ha YPOBHE POJIOB U J1aXKe€ CEMEHCTB,
a TaKKe PEeAyKLHUs €ro 3JEeMEHTOB, OObIYHAS Ul JTUYUHOK >KECTKOKPBUIBIX, COKpAllaeT YUCIIO
BO3MOXHBIX KOMOMHammii amogem. B pesynbrate, pa3sHooOpasue »SHAOCKENETa TPYAHBIX
CETMEHTOB CBOJUTCSI K OTHOCHUTEIBHO HEOOJIbIIOMY YMCIY YAaCTHBIX IIJIJAHOB CTPOEHUS,
COXPAHSIOIINX CBOE MOCTOSHCTBO HA YPOBHE CEMEHCTB (pexke — MOJCEMEICTB) U MO IAOIIUXCS

TUIINU3AaIluN.
6.2. TumoJiorusi 3H0cKeNeTa rpyau JuunHok Coleoptera

[Ipemytaraemast TUIIOJIOTHS SHIOCKENETa TPYIU JIMYMHOK OCHOBAHA HA BBISBICHUU WICHTHUYHBIX
KOMOHMHAIMI arnojieM, CIyXalluX MeCTaMHi IPUKPEIICHUS] MyCKYIaTypbl KOHEYHOCTEH, U HOCUT
MIpeBapUTENbHBIN XapakTep. Beero BelieneHo 8 OCHOBHBIX THIIOB CTPOSHUS SHIOCKEIETa TPYAn
Y JIMYUHOK € XOPOIIO Pa3BUTBIMU KOHEYHOCTSMM, KaK/IbI U3 KOTOPBIX, KaK MPAaBWIIO, BKIKOYAET

B ce0s1 HECKOJIBKO MOATHUIIOB (Tabuuia 1).

Turnsl BbLAEIEHBI MO TONOJIOTMYECKOMY IPHUHIMIY M PACIOJIOKEHBI B IOPAJIKE JErpajaluy
sHjocKeneTa. Ha3BaHue Tumy pgaBajioch 1O CEMEWCTBY, 00JaJarollMM HamOojee IOJIHBIM
HabOpOM arojieM; €ciau TaKuX OKa3bIBAJIOCh HECKOJIBKO — TO MO caMoMy KpynmHoMy. [loaTurnsl
MMEHOBAJIIUCh II0 CaMOMYy KpYyIHOMY cemeicTBy. W3 mnpuBeneHHON TaOIWIBl BUIHO, YTO
HauboJIee YacTo pelylUpyIOTCs CIIHUHBI U MEKCETMEHTHbIE alloJIEMbl, @ CAMBIMU KOHCTaHTHBIMU
JJIEMEHTAaMHU DHJIOCKENIETa OKa3bIBAIOTCSA IUICBPAJIIBHBIE aloOJEMbl IIPOTOPAKCa, AaroJeMbl
snucTepHa U Qpypku. JlOMONHUTENHHOTIO MOSCHEHUS 3aCIyKUBAET MOCIEIHUI THUI, Ha3BaHHBIN
«MUHUMHU3UPOBAHHBIM». Y OOJBIIOrO YKCiIa TaKCOHOB (MurHKM 19 CeMEWCTB) amojeMbl, K
KOTOPBIM HPUKPEIUIAETCS MYCKYJIaTypa KOHEUHOCTEeH, peacTaBieHs! Tonbko apll u aesl-3. Io-
BUJIUMOMY, 3TO MHUHUMAJIbHO BO3MO>KHOE CTPOEHME BSHJOCKeNIeTa Tpyad, HEoOXOAUMOe JUis
obecrieueH sl MOJHOIICHHON JIOKOMOIIMK (HE 3aBUCHMMO OT Pa3MEpPOB JHYMHOK) MPH MOMOIIH

Pa3BUTBIX KOHG‘IHOCTeﬁ, B CBSI3H C YEM TaKOM THUII CTPOCHHA U IOJTYUMJI CBOC Ha3BaHUC.

Hamo oTmeruTs, uto Hapsay ¢ (QYHKIMOHAIBHO OYEBHAHBIMH MapajjieU3MaMH B Ipeesiax
OJIHOTO THITA, a HEPEIKO - M TMOATHIIA, CXOJHAS KOMOHMHAIMSA JJIEMEHTOB 3HIOCKEIeTa MOXKET
OBITh Pa3BUTA y JUUYUHOK C CHJIBHO PA3IHYAIOIIMMCS 00pa3oM KHM3HH U CIIOCOOOM JIOKOMOITHH.
Hanpuwmep, B cuitb(houIHBINA TOATHIT MOMAIAI0T AKTUBHO MEPEIBUTAOIIMECS HEKPO-canpodaru
Silphidae, mamonoaswkubeie BogHbie auunHkd Eulichadidae, murnerodarn Endomychidae u

noYBeHHbIE (uTo-canpodarn Scarabaeoidae. Paznuuus ux o0pasza >KM3HU CTOJIb BEJIHMKH, YTO
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DeMeHTHl DHI0CKEETa
apll |aesl-3| f2-3 | apl2-3 | $p2-3 | ais2-3 | aisl

Tun [Toarun [IpencraBurenu

Trachypachydae, Carabidae, Hydrophilidae,

Kapaoonanbrii Erotylidae

Silphidae, Eulichadidae, Endomychidae,

cuboudnbil Scarabaeoidae, Endecatomidae

Cuabdouanblii | ramnupudnolil Lampyridae

koxyunenuonsiti | Coccinellidae

°
°
Ho300enopuonsiti | Nosodendridae ° °
Ho3onenapouanblii | oumuckouonbwlil Dytiscidae, Gyrinidae, Lucanidae °
5 Onbri Byrrhidae, Dascillidae, Scirtidae,
UppoucHbsit Psephenidae, Helophoridae, Passalidae, etc
°
°

numexcunouonsiti | Lymexylonidae, Cerophytidae

Jlumexkcunouannlii | cmagumunouonwui | Staphylinidae, Scaphidiidae

eemepoyepoudnvii | Heteroceridae, ElImidae

. Cantharidae, Callirhipidae
KAHMAapouoHwlll

Kanrapouaubiii Elateridag, Drilidae, Lycidae, Ptinidae, vacts

onamepoudHbilL | b e medtidae, Haliplidae
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i Zopheridae, Oedemeridae, Pythidae, . . . .
3 | sodepoudneu Monotomidae, Monommatidae, Othnidae
OpepomHbIi | Sdpingidae, Synchroidee, Niticulidee, . . .
CaTbnuneouoneitt 1 eiodidae, Corylophidae, Pyrochroinae
kpunmoyegpanuonwui | Cryptocephalinae ° ° ° °
Kaepouausbri
KIEPOUOHbLIL Cleridae, Peltidae, Trogossitidae, Silvanidae ° ° °
Y R —— Noteridae, Rhysodidae, Anobiidae, . .
P Malachidae, Cucujidae, Byturidae, Ciidae, etc

Ta6muua 1. Tunonorus sHA0CKeNeTa TPYIHBIX cerMeHToB JrnunHOK Coleoptera

HpuMeuaHue. ® —anoJicMa pa3BUTa; OKPAIICHHBIC STYCHKH ITOKA3BIBAIOT XapaKTCPHYIO IJId KAXKXKA0TO TUIIa KOM6I/IHaIII/IIO aroacMm. HGOKpaIHGHHI)IG

STYCHKHU C ® B npeaciax Kaxa0ro TUIla IMMOKa3bIBalOT BO3MOIKHBIC MOZ[I/I(i)I/IKaIII/II/I, XapaKTCPHBIC JIA IOATUIIOB
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MO3BOJIAIOT MCKJIIOYUTH TUIOTE3Y (OPMUPOBAHUS OAHOTHUITHOTO DHAOCKENETa MO/ BIUSHUEM
CXOJHBIX YCJIOBUH KU3HH. MOXHO Tpeanoiaratb, 4YTO BBIJICICHHBIE THIBI CTPOCHUS
SH/IOCKEJIETa TPYIU OTPaxaroT CKOpee 0OIINi ypOBEHb OpPraHu3aluu JUYUHOK, TO €CTh CTEIEHb

SMOpPHOHU3ALMU OHTOT€HE3A.

6.3. Hcnouan3oBanue NMPU3HAKOB HJHIOCKEJIECTAa TPyJAd JHYUHOK B PEHICHUM CIIOPHBIX

BonpocoB cucrtemaruku Coleoptera

Ha ocHoBaHuM cpaBHEHMS CTPYKTYpPHBIX THIIOB 3HJIOCKEJETa B MpejAesax OTpsja MOKa3aHo, 4To
€ro H3Y4eHHE Yy JIMUYMHOK, OTHOCAIIUXCA K OJIM3KOPOJCTBEHHBIM CEMENHCTBAM  WJIU
noJiceMeiicTeaM, M OOMTAOUMX B 0OOJiee WM MEHEe OJMHAKOBBIX YCIOBUAX (XOTs Obl mpu
YCIOBUU CXOJHOTO THIA JIOKOMOI[MHM) MOKET MMETh 3HA4€HHE Ui CUCTeMAaTHKU. Paszmuuus,
(bukcupyeMble B 3TOM Cllyyae, BEPOSTHO, MHAJIANTUBHBI U MOTYT OTpa)kaThb POJCTBEHHbBIE CBSI3U
TakcoHOB. Kak mpaBumiio, OHM HE CTOJb MaclITaOHbI, KaK PacCMOTPEHHbIE BBILIE, U OOBIYHO
CBOJATCA K PEIyKIHH WIA TOSBIECHUIO KAaKoro-imubo oJHOro TUma amojeM. B pesynbrare
IIPOBEJIEHHOTO HMCCJIEI0BAaHUS ObUT MPEATIOKEH Psiil U3BMEHEHUN U YTOUHEHUH CUCTEMaTHYeCKOTO

MOJIOKEHUSI HEKOTOPBIX CIIOPHBIX TakcoHOB Coleoptera (Tabnuiia 2).

TakuM 00pa3oM, JNaHHbIE, MOJyYEHHbIE MPU U3YyYEHUH CTPOCHMS DHIOCKeNeTa TPy JIMYMHOK
KECTKOKPBUIBIX, B PSAE CIy4acB IPOTUBOPEYAT TPAJAUIIMOHHBIM TPAKTOBKaM, HO COBHIAJAOT C
IIOCJIETHUMHU U3MEHEHMSAMU B CUCTEME OTpsiia. BeposATHO, MpU3HAKKU dHIOCKEIETA JIMYNHOK MOTYT
ObITh MCIOJIb30BAaHbl M JJISl €€ JalbHEHIIEero yrOYHEHHs, HO C PSIOM OrpaHUYEHHM, KOTOpbIe

CJICAYIOT U3 HallIUX OAHHBIX.

Bo-nepBbIX, BbICOKOE MM0J00ME SHAOCKENETa OMU3KMX BUAOB M POJIOB JEJIAIOT HEBO3MOKHBIM
HCI0JIb30BAHME €r0 MPU3HAKOB B CUCTEMAaTHKE TAKCOHOB PaHIOM HMXKe TpuObl. Bo-BTOpHIX,
3HAYUTENbHbIE PA3INYMsl CTPYKTYpPhI SHAOCKENIETa B Ipe/ieNax OTAEIBHOIO ceMeiicTBa He Bcerja
CBUJETEIBCTBYIOT O COOPHOM XapakTepe TpyHIbl — HEOO0XOAMMO YYUTHIBaThb BO3MOXKHOCTb
aIANITUBHBIX U3MEHEHUH, 00YCIIOBICHHBIX CMEHOM cpeibl OOMTaHUs U/WIIK CII0co0a JIOKOMOLIUU
JUYMHOYHOM cTaauu. B-Tperbux, 061acth 3QQPEeKTUBHOTO NMPUMEHEHHUS OrpaHHuYeHa HabopoM
CEMEMCTB ¢ XOpOILO Pa3BUTHIM IHJIOCKEIETOM, IOCKOJBKY PEIYKIIMOHHBIE IPOLIECCHI TPUBOJAT K

(bOpMI/IpOBaHI/IIO CXOJHBIX MUHUMHU3UPOBAHHBIX BAPUAHTOB Yy 3aBCIOMO HEPOACTBCHHBIX I'PYIIIL.
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Takcon

ITonoxenne o Lawrence, Newton, 1995

AHLTepHaTI/IBHLIe BapHUaHTBI CHCTEMATUYICCKOT O ITOJIOKECHUSA

ITonoxxeHne TakcoHa 1Mo TpU3HaKaM dHJOCKEIIETa Irpyan
JIMYUHOK

Rhysodidae, Adephaga (6:m3ku k

m\cem. Carabidae (Bell, 1998);

cectpunckas rpymnma Carabidae (Beutel, 1990, 1992);

Rhysodes Carabidae) HesasucuMeble i npumutnBHble Adephaga (Ponomarenko, 1995); e aoTes Carabidae wm wx cecTputckoli rpymmoii
[IPOMEXKYTOUHasl 'pyIa ¢ psigoM npusHakos Archostemata (Makarov,
2008)
Nodinus Apateticinae, Staphylinidae Apateticinae, Silphidae (Madge, 1980) Apateticinae, Staphylinidae, 6:msku x Scaphidiidae
Drapetes Lissominae, Elateridae Lissomidae (Burakowski, 1976 ) Lissominae, Elateridae
Orphilus Orphilinae, Dermestidae Nosodendridae (1vie, 1985, 2002) Orphilinag, Dermestidae; 65m3ku k Thylodriinae
Lagria Lagriinag, Tenebrionidae Lagriidae (Boving, 1931; Crowson, 1981) Lagriinae, Tenebrionidae
Elacatis Othniinae, Salpingidae Othniidae (Boving, 1931); Elacatidae (Crowson, 1981) Othniinae, Pythidae (panee He npemnaranocs)

Inopeplus, Diagrypnodes

Inopeplinae, Salpingidae

Inopeplidae (Sato, Hatta, 1988)

Inopeplidae

Aglenus

Adgleninae, Salpingidae

Adleninae, Colydiidae (Dajoz, 1977)

Agleninae, Salpingidae

Pedilus

Pedilinae, Pyrochroidae

Anthicidae (Abdullah, 1969); Pedilidae (Lacordaire, 1859)

Pedilinae, Pyrochroidae

Mor pholycus, Temnopalpus

Pilipal pinae, Pyrochroidae

Pythidae (Watt, 1987);

Pilipal pidae (Nikitsky, 1986)

Pilipal pidae

Colydiidae, Zopheridae,
Monommatidae

Colydiidae, Zopheridae, Monommatidae

non\cem. B Zopheridae (Lawrence, Slipinski, 1997)

Zopheridae (Colydiinae + Zopherinae), Monommati dae

Meryx, Ulodes

Ulodidae

Ulodinae, Zopheridae (Doyen, Lawrence, 1979)

Ulodidae, 6:rmsku x Archeocrypticidae u Mycetophagidae

Tabmuma 2. Vcmone3oBaHue TNPH3HAKOB OSHIOCKeNeTa TpyaM JUYMHOK B cucrematnke Coleoptera. LlTpuxoBKO# mMOKa3aHbl COBIAJICHUS C
TpaauimoHHbM (Lawrence et al, 1995) BapuaHTOM CHCTEMAaTHUECKOTO MOJIOKECHHUS TAKCOHA; B PAMKU OOBEJICHBI PaHee He Mpe/IaraBIiinecsi BAPUAHTHI.
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I'naBa 7. DBosonus YHA0CKeNeTa rpyau JuunHok Coleoptera

HpeHCTaBHGHl/Ie O HaYaJIbHBIX 3Tarax 3BOJIIOIHWHU 3HAOCKECIICTA JHYMHOK C0|e0ptera BO MHOI'OM
3aBUCUT OT HpI/IHflTOI\/’I TOYKH 3pCHHA Ha MIPOUCXOXKICHUC 3TOM craguu. OcHOBBIBAsICh Ha
TAIIOTE3€C MPOUCXOKACHUA JIMIYNHOK FOJ'IOMeTa6OJ'I, KaK IIPOJIOHTMPOBAHHBIX HAYAJIbHBIX CTa)II/II\/II
Mop(boreHe3a, CTAaHOBHUTCS BO3MOXHBIM COOTHECTHU IIYTH 3BOJIIOLUH SHAOCKCEIICTA UX I'pyau C

npoueccamMy 3MOPHOHU3ALMHY U 1€39MOPHOHU3ALINN PA3BUTHSL.

Kak cumraercs, pa3nmuuus B CTPOSHHHM JIMYMHOK JKYKOB pa3HBIX TPYHNI MOTYT OBITH B
3HAYUTENILHON Mepe 00yCIOBIIEHbI U3MEHEHUEM UX YPOBHA JU(PGEPEHLUPOBKHU MPU BBIXOJE U3
siina (Tuxomuposa, 1974, 1976). [1ogo0HOE M3MEHEHHE JTOCTUTACTCS CMEIICHUEM B (DHIIOTeHE3e
MOMEHTa BBUIYIUICHUSI Ha OoJiee paHHHUE (Ie39MOPHOHM3AIINS) WM MO3AHUE (IMOPHUOHU3AINS)
craguu Mopdorenesa. C MO3UIUHN 3TOW TEOPUU PA3BUTHE WIIPEIEIBHBIX» BAPUAHTOB CTPYKTYPHI
SHAOCKENeTa OOBsCHSAETCS J0cTaToyHO JornyHo. Tak, Haubosee mModHas CTPYKTypa
9HJIOCKEJIeTa, XapakTepHas Juis xulHbix nunHok Adephaga, Staphylinoidea u Hydrophyloidea,
peann3yeTcsl B CBSI3U C BBIXOJIOM U3 siilla CHIIBHO AU (epeHIInpOBaHHBIX JIHINHOK, CIIOCOOHBIX
K aKTHBHOMY IOMCKY 100buu. [TpOTHBOMONOXKHBIN TpollecCc — 3HAYMTENbHAs WU TOJTHAS
pEeAyKLHs 3JIEMEHTOB 3HJIOCKEIIETa, CBSA3aH C 1€33MOpHOHM3AIMEeN pa3BUTHSI U BBIXOJIOM IIPOCTO
OpPraHU30BaHHBIX JIMYMHOK. JTO XapaKTEpHO, B IMEPBYIO ouepelb, Uil Kcuio- U (urodaros
Buprestidae, Cerambycidae, Curculionidae, koTopble OOMTalOT B 3alMIIECHHBIX YCIOBHIX C
JIETKO JTOCTYITHBIMU THIIEBBIMH pecypcamu. VX KOHEYHOCTH, KaK MPaBUJIO, 3HAYUTEIHHO HITH

IMMOJHOCTBIO pEAYLHIUPOBAHBI, @ 9HAOCKEJICT I'PyAX HE BBIPAXKCH.

Y OGOJBIIMHCTBA KECTKOKPBUIBIX BBUIYIJICHHME JIMYMHKA MPOUCXOJUT HA MPOMEKYTOUHBIX
cTanusax JU(PpQPEepeHUUpPOBKHU, C Ppa3IUYHONW CTENEHBIO YHOPOUICHUS WM  YCIOXKHEHUs
OpraHu3aliy, YTO MPUBOIUT K OOJIBIIOMY Pa3HOOOpa3HIo peann3yeMbix MOpoTUIoB. B cBs3u ¢
3TUM LIEIeCO00pa3HO PaCCMOTPETh IyTH HBOJIIOLMOHHBIX NPe00pa3oBaHUN SHAOCKENIETa Ipyau
Ha ypoBHe uacTHbIX rpynn Coleoptera. Omnako mpexie HEOOXOJAMMO YCTaHOBHUTD, JIMYUHKU
KaKUX TPYNI U3 COBPEMEHHBIX KECTKOKPBUIbIX 001aat0T HauboJiee MPUMUTUBHBIMU YEpTaMU

opraHusaluu, U SHAOCKEJICTAa I'PyAu B TOM YUCIJIC.

[MpuHuMas TpaauIMOHHBINA B3l Ha Megaloptera kak Ha mpeAKOBYIO TPYIITY JKECTKOKPBLUIBIX
(Crampton 1918; Wheeler et al, 2001, demopenko, 2006), MOKXHO MpeanoaaraTb, YTO
9HJIOCKEJIET JTMYMHOK Hanbosiee npumutuBHBIX Coleoptera momkeH ObL OBITH XOPOIIO Pa3BHT.
PerienTHbIC THYMHKKA HanboJee APEBHETO M3 M3BECTHBIX MOIOTPSIOB KyKOoB — Archostemata
SIBJISIFOTCSI BBICOKOCIIEIIUAIN3UPOBAHHBIMU OOUTATEISIMU TOJILIH IJIOTHOW JPEBECUHBI, U, CKOpee

BCEro, Majio COOTBETCTBYIOT MpPeaKoBoO# Gopme 3toit rpymmsl (Beutel, Hornschemeyer, 2008).
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CWIbHO PEIYIMPOBAHHBIN SHIOCKENET MX TPYIHBIX CETMEHTOB B JIAHHOM Cily4ae JIOTMYHO
CUUTATh MPOM3BOIHBIM COCTOSIHUEM. TakuM 00pa3oM, MPEACTABICHHS O MPOTOTUITUYHOM IUIAHE
CTPOCHHSI FHIOCKEJIeTa TPY/AN KECTKOKPBUIBIX Mbl OCHOBBIBAIM HA M3YYCHHH JIMYMHOK TPYIII,
YbU TICPBBIC MPEICTABUTEIM, KAK CYMTACTCS, HE3HAYMTEIBHO OTIMYAIMCH OT CYIICCTBYIOIIMX
ueiae ¢opm. [To ganueiM maneontonoruu 3o Adephaga (B nepsyro ouepens Trachypachidae u
Gyrinidae) u mpencraBurenn Hydrophyloidea uz Polyphaga (ITonomapenko, 1969, 1995;
Grimaldi, Engel, 2005). Takum oOpa3om, B HallleM HCCIICIOBAHUU CTPOCHHE SHJIIOCKEIeTa
maurHoK Trachypachidae (Geadephaga), Dytiscidae, Gyrinidae (Hydradephaga) u Hydrophilidae

u3 Polyphaga npunimaeTcst kak OCHOBA JUTs YCTAHOBJICHHUS TIC3HOMOP(HOTO COCTOSTHHSL.
7.1. Pa3HooOpa3ue u IBOJTIONHS JHI0CKeeTa JnunHoK Coleoptera

Ha ypoBHe HancemMelcTB pacCMOTPEHBl OCHOBHBIE IIYTM M BO3MOJKHBIE ITPUYMHBI

MOP(OIOrHIE€CKON IBOJIOLNHN IHIOCKENIETA IPYIU JTUUNHOK KECTKOKPBUIBIX.

VYCTaHOBJICHO, YTO B LIEJIOM, B Ipejeiax OTpsaa ¥ OOJIbIIMHCTBA HAJICEMEHCTB BOJIIOIMOHHBIC
npeoOpa3oBaHusl SHAOCKENICTa MPOUCXOAT HA (POHE MOCTEIEHHOTO YIPOIICHUS €ro CTPYKTYP,
MHOT/IA JIO TIOJHOM PEIyKIUH TOYTH BCeX MeMeHTOB. OCOOCHHO SIPKO 3Ta TCHICHIIHS BHIPAXKCHA
y Hydrophiloidea u Elateroidea. ®yHkumroHanbHbIM 0OBSICHEHHEM IMPOIECCa PEAYKIIUH MOMKHO
CUUTATh MEPEX0] K MEePUCTAIBTHYCCKOMY MEXaHHU3MY JBHXKCHHUS, KaK MPAaBUIO — B CBS3H C
obutaHueM B Tojie cyocrpara. Bo MHoOrmx (XoTs M He BceX) CiydasX Takas 3BOJIIOLUS
sujpockenera rpyau Coleoptera coBmagaer ¢ ympoiieHHEM YpPOBHS OpPraHU3allMH JIMYHHOK,
HACTYMAIONIUM B CBS3U CO CMEHO MX MHIIEBOH CHICHUAIU3AIMH TIPH MIEPEX0JIe OT XUITHUIESCTBA K
carpo-, MUIIETO- U Kcuiodaruu, K Gutodaruu u napasuTuMy. BTopudHbIN epexo/ K XHUITHOMY
00pa3y xu3Hu JTUIMHOK B psje rpynn Polyphaga (6onsmmactBo Cleroidea, Drilidae, nekotopsie
Elateridae u Tenebrionidag) compoBokaaeTcs MpuOOPETCHHEM BHEHIHUX MOP(HOIOrHISCKUX
NPU3HAKOB, XapaKTePHbIX JUIS XUIIHUKOB. OJHAKO MX 3HJOCKEJET OKa3bIBACTCS PAa3BHUT
3HAUUTENIbHO cjabee, yem y wucxomaHo xuiHbix Adephaga. Ilo cyru, creneHb peayKuuu
JHJOCKENIETa B MacliTabax oTpsiia OTpakaeT B OOJbIICH Mepe CTelneHb SMOPHOHHM3AIUH
OHTOTCHE3a, HEXEIUW OCOOCHHOCTH o0Opasa u3HH. KpaitHee yIpoOIIEHHE 3HIOCKEIETHBIX
CTPYKTYp (UKCHpPYETCS TIPU COBMAJCHUU (HUTO- WK KCriiodaruu, 1e33MOpHOHU3AINNA PA3BUTHUS
U JIOMAHUPOBAHHH MEPUCTAIBTHYECKOrO crocoba BWKEHHs. TakoBbl, HAlpUMEp, JTHYUHKH

Buprestidae, Cerambycidae u Curculionidae.

VkazaHHbele 00CTOSTEIBCTBA OMpCAC/IAIOT BBICOKYIO JOJIO IMapauICIM3MOB B 3BOJIIOIIUA

SHJIOCKENeTa TpyaHbIX cerMeHToB Coleoptera n orpaHMYMBAIOT BO3MOYKHOCTH MPUMEHEHHS €TO0
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MPU3HAKOB B (PMIOr€HETHUUECKUX PEKOHCTPYKUUAX. OJHAKO YIPOIIEHUE CTPOEHUS SHAOCKEIeTa
rpyad HaONIOAAETCS U Y JUYMHOK OJM3KHX CEMEHCTB, OOUTAIOUIMX B OJIMHAKOBBIX YCIOBHUAX, U
UMEIOLUX CXOAHbIM rabutyc. Kak mnpaBuiio, KOHEYHBIM BapHaHTOM TaKHX MpeoOpa3zoBaHUil
ABJIAETCS pPa3BUTUE MHHHMAJIbHOTO Habopa amojeM, HeoOXoIuMoro s olecrneueHus
MIOJIHOIICHHON JIOKOMOLIMM B KOHKPETHBIX YCIOBUAX 0OMTaHMs. Takod BapHaHT IpeoOpa3oBaHuit
MOXXHO O0O3HAYUTh KaK «MHUHHUMH3AIUSA», [0 AHAIOTMH C NEPECTpOMKaMH XeToma JIMYUHOK
(Makapos, 1996). B ciyuae coxpaHeHHs €IMHOTO THIIA JIOKOMOIMH, CIIOCO0a MUTAHUS U YPOBHS
SMOPUOHU3AIMH 3TAIlbl U MYTU OJIMTOMEPHU3ALINHU SHJIOCKEIETa MOKHO TPAKTOBATh KaK OTPaKEHUE
¢uIoreHeTUYECKUX OTHOLIEHWM B Impenenax rpynmnel. B guccepranmuu  3TH  MpoOLECCH
paccMOTpeHbl Ha TMpUMEpPEe JIMYMHOK TIPYIN CEMENUCTB MHUPOXPOUIHOTO M KYKYHHIHOTO

KOMIIJIIEKCOB.

Ciyyan BTOPUYHOIO YCJIOXHEHHS SHJIOCKEJeTa TPYAU JIMYMHOK, B CBSI3M C IEPEXOJOM K
OOMTaHHIO B CHENU(UYCCKHX YCIOBUAX, TPEOYIOIIMX 3a4acTyr0 KapJMHAIbHBIX M3MCHCHHU B
XapakTepe JIOKOMOIIMH, OTHOCHUTEIbHO HEMHOrouucicHHbl. TakoBwl, Hampumep, Cicindelini B
Carabidae, Clytrini B Chrysomelidae, Callirhipidae, Eulichadidae u nexotopeie apyrue. Kax
NPaBUIIO, YCIOXKHEHUE MX JHIOCKENeTa TPYAHM COMPOBOXKIACTCS TOSBICHUEM CIEM(pUISCKUX

anoJeM, He IMEIOIIUX aHAJIOTOB Y POACTBEHHBIX IPYIIIL.

B menom, ocHOBHOE HaIpaBIIEHHE YBOJIIOIMOHHBIX TIPe00pa30BaHMi SHIOCKEIETa TPYAH JTMINHOK
Coleoptera — penykiusi, 4To COBIagaeT ¢ OOIIEH IS )KECTKOKPBUIBIX TEHACHIIMEH K YIIPOIICHUIO
OpraHu3alliil JIMYMHOK BCIIEACTBUE J1€39MOpHOHM3aMK pa3BuTHs. [Ipemmonaraercs, dro
OCHOBHBIM (PaKTOPOM 3TOTO TpoIlecca SBISIETCS YMEHBIICHHE OTHOCHUTEIBHOTO pa3Mepa siuIl U
o0emHeEHNE UX JKEIITKOM (E)KHKOB, 1929, 1939). HeGoubIiio#t pa3mep suIl cAeaal BO3MOKHBIM HX
OTKJIQJIKy B TKaHH PACTCHUH, MPOCTPAHCTBA MEXIY BOJOKHAMH JIPEBECHHBI WM B IMOJIOCTH TO
KOpO#. Brutymsttomuecs: THYMHKA OOUTAIOT B OTHOCUTENHHON O€30MaCHOCTH B TOJIIIE cyOcTpaTa
M HE HYKJIAIOTCS B aKTUBHOM IIOMCKE MHIIA. Takum o0pa3oM, pa3BHTHE CO CIabo
nudpdepeHInpOBaHHON JIMYMHKOM SHEpreTHuecku 6ojee BhIrogHo. Kpome Toro, mainele pasmepbl
SIAI] TIO3BOJISIIOT YMEHBIIUTH BEC TeJla CAMKH U JIeTIal0T BO3MOKHBIM €€ IepesieT Ha OoJiee JanbHue
paccTosiHUS B TIOMCKaX MECT ISl ONTHMAJIbHOM OTKIAAKK sull. JIMumHKa, pa3BUBAIOMIAsCS B
YCTIOBHSIX M30BITKA MUIIEBBIX PECYPCOB, MOXKET IOJHOCTBIO 00eCreunTh (DYHKIMIO HAKOTUICHUS
TUTACTUYECKUX BEIIECTB, YTO YacTO MPHUBOAMT K adaruu HMMaro, KOTOpBIE, TakUM 0Opas3oM,
BBITIOJTHSIOT UCKITIOUUTENHHO (YHKIIMK Pa3MHOXKEHUS M pacceneHus. Takoe mepepacrpeneneHne
¢yuximit, kak cunraerca (Exwukos, 1939; Tuxomumpona, 1991), o6ycioBHIO TIporpecc

KecTKOKpbUIbIX 1 Holometabola B mienmom.
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BrIBOAbI

1. DHpockeneT TpyAHBIX cerMeHToB JimunHOK Coleoptera ciaraercsi mapHbIMH U HEMApHBIMHU
arojieMaMy, OOECIHEeUMBAIOIIUX HEOOXOJUMYI0 IUIOIIAAb MPHUKPEIUIEHUS U TOIOJIOTHIO

MYCKYJIATYpBHI.

2. Y JMYAHOK C XOpOIIO pa3BUTBIMH KOHEYHOCTSAMH K arofeMaM OJHJOCKeJeTa TpyIu
MPUKpeIIsieTcs: 00JIbIIasi YaCcTh KOKCAIbHOM MYCKYJIaTypbl, 00pa3ysl €IMHbIN JOKOMOTOPHBIN
KoMIieKkc. JluumHku co cnabo pa3BUTHIMM WIM PEIYyLUPOBAHHBIMU KOHEYHOCTSIMU
MIEePEJIBUTAIOTCS IPEUMYIIIECTBEHHO MTPU MOMOIIY EPUCTAIBTUKH TYJIOBUIIHBIX CETMEHTOB. B
3TOM Cilydae HabOp MBI TPYAHOTO U OPIOIIHOTO OTJEI0B BO MHOTOM CXOJIEH, & DHJIOCKEIET

IPyAH HE Pa3BHUT.

3. B xome muumHOouyHOro pasButus Coleoptera HaOrOMal0TCS HE3HAYUTENIbHBIC H3MEHEHUS
SHJIOCKEIIETa TPY/IH, TOTa KaK Mpu MeTaMopdo3e MPOUCXOIAT KapAHMHAIbHbBIC TEPECTPOMKH,
TaK YTO MPEEMCTBEHHOCTh €r0 CTPYKTYp Y JIMYMHOK M MMAaro MHHHUMAaJlbHA U MOXET OBITh
yCTaHOBJIEHA TOJBKO It (Gypok. OHTOr€HETHYECKHE HM3MCHEHHS CTPOCHHUS DSHIOCKENeTa
rpyau, xapakrepusie s Coleoptera u, no-suaumomy, apyrux Holometabola, moarsepsxaaror
TOYKY 3pPEHHS, COTIACHO KOTOPOH JIMYMHKA TPEACTaBIIeT CO00H MOP(OreHETHUECKYIO

CTaJIHIo, MPOXOISIIYI0 B siitie y Hemimetabola

4. Pa3HooOpa3me SHAOCKENeTa TPYIHBIX CErMEHTOB JIMYMHOK JKECTKOKPBUIBIX CBOIHMTCA K 8
OCHOBHBIM TPyIIaM YaCTHBIX TIAHOB CTPOEHHSI, COXPAHSIONINX CBOE TIOCTOSIHCTBO Ha YPOBHE

CEMEICTB U, pekKe — MOJCEMEICTB

5. YCTaHOBJIEHHAas KOHCEPBAaTHMBHOCTb YACTHBIX IIJJAHOB CTPOCHMsI DJHJOCKEIETa JellaeT
BO3MOKHBIM  HCIIOJIb30BAHME 3TOr0 IPHU3HAKa B CUCTEMaTHKE TAKCOHOB  paHra
ceMeiicTBa/loIcCEMECTBA W YTOYHEHHS TOJIOKEHHS CIIOPHBIX TPYII KECTKOKPBUIbIX B
cucreme oTpsana. Vcnonb3oBaHue NpU3HAKOB SHJOCKENIETa HA YPOBHE TAKCOHOB HMKE TPUOBI
3aTPYIHEHO BCJIEACTBUE MHOTOYMCIIEHHBIX CIIy4aeB €ro mapajulelbHOro passurusa. OmHako
P COXPAaHEHUHU EJUHOrO TUIA JIOKOMOLMH, CIOco0a MUTaHUS U YPOBHS 3MOPHOHU3ALNU
KOHKpETHBIE 3Tallbl U CIOCOOBI OJUTOMEpHU3allMUd SHJIOCKEJIEeTa MOXHO TpPaKTOBaTh Kak

OoTpakeHHe (PUIOTreHEeTUUECKUX OTHOLLIEHUH B MpeAeaax rpymibl

6. Ha ocHOBaHMM TIPU3HAKOB SHAOCKENETAa TPYOH JIMYMHOK TPEIIOKEHO YTOYHEHHE

CHCTEeMAaTHUYECKOro TIOJIOKeHHss psga TakcoHoB Coleoptera, B wactHoct  Nodynus
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(Staphylinidae, Apateticinae); Lagria (Tenebrionidae, Lagriinae); Inopeplus, Diagrypnodes
(Inopeplidae); Elacatis (Pythidae, Othniinae); Pedilus (Pyrochroidae, Pedilinae);
Mor pholycus, Temnopal pus (Pilipalpidae) u mp.

7. VcxOomHBI THI SHAOCKEIETAa IPYAH JUYMHOK, MMO-BUAMMOMY, OJIM30K K OOHapyKEHHOMY Yy
Carabidae, Trachypachidae, Dytiscidae, Gyrinidae (Adephaga), u Hydrophilidae (Polyphaga).
OH xapakTepu3yeTcs MOJIHBIM Ha0OPOM 3JIEMEHTOB U BO MHOTOM CXOJIeH ¢ TakoBbiM y Salis,

YTO MOATBEPKIACT BBICOKYIO cTerneHb poacTBa Coleopteran Megaloptera

8. OcHOBHOE HaIpaBlIeHHE SBOJIIOIMOHHBIX TPEOOPA30BaHUA HSHAOCKENETa TPYAH — €ro
MUHUMU3ALMs, B KpallHEM BBIPQKEHUU MPUBOJIAS K IMOJHOM PEayKUHMHU. DTOT IMpolecc
COBIAJAeT ¢ 0OOILIeH Ul JKECTKOKPBUIBIX TEHACHLHUENH K YIMPOILIEHUIO OpPraHu3aluy JUYUHOK
BCJIE/ICTBUE J€33MOpHOHM3aN pa3BuTusa. Cilydaun BTOPUYHOTO YCIOKHEHHUS 3HJIOCKENIeTa
IpyAd JIMYUHOK B CBSI3M C TEPEXOJOM K OOUTaHUI0 B cCHEHU(UYECKHX YCIOBUSX

HCMHOTI'OYHMCJIICHHBI U, KaK IIPAaBUJIO, COITPOBOXAAIOTCS IMOABJICHUEM YHHUKAJIIBHBIX allOACM.
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