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Jnst MHOTMX (hOPM MOBEIEHUS XKMBOTHBIX XapakKTepHa (hyHKIIMOHAJIbHAsE aCUMMETPHUSI, WIN JlaTepan3aryst
MOBENCHYECKUX PeaKIIMii, KOTOpast MOXKeT OBITh 00yCIOBIeHa HATMYMEeM MOP(OJIOTUYECKO aCUMMETPUH Te-
J1a u/uau Mo3ra. YToObl IPOBEPUTH TUITOTE3Y O CBA3U (DYHKIMOHAIBLHON aCUMMETPUU TPYMUHTA ¢ MOPGhOJI0-
TUYECKOM acMMMeTpHei aHTeHH, U3MEePsUIM IJTMHY aHTeHH aMepUKaHCKOTO TapakaHa Periplaneta americana,
JIMaMETp cKallyca, IMaMeTp 1 JUIMHY Neaulie/uiyMa U CEeTMEHTOB (iarejuiymMa U aHaJIM3UPpOBaJIM UBMEHEHUS B
MOBENCHUY TapaKaHOB IPU MPEIbIBICHUN KOMITOHEHTA MOJIOBOTO hepoMoHa, TiepuruiaHoHa b. [MoryuyeHHBIS
JIaHHBIE CBUAETEIBCTBYIOT O CTATUCTUUYECKU 3HAUMMBbIX PA3JIMYUSIX B MOP(HOJIOTUM aHTEHH: JUIMHA CETMEHTOB
GoJTbIlle HA JIEBOM aHTEHHE, a IIMPWHA — Ha IMPaBoii, 32 UCKITIOYEHUEM KOPOTKOTO yJacTKa BOJU3U OCHOBAHUS.
KoppenasinuoHHbI aHaI1M3 MO3BOJIWII BbISIBUTH CAEAYIONIEe 3aKOHOMEPHOCTHU: 6oJjiee IJIMHHAsI ITpaBasi aHTEeH-
Ha COOTBETCTBYET OOJIbIIIEMY BpeMEHHM, 3aTpadeHHOMY Ha ee YMCTKY; TMaMeTp cKaltyca, OOJIbIINi Ha TIpaBoii
aHTEHHE, KOPPEJIUPYeT C YaCTOTOI UMCTOK aHTEHH, aCUMMETPUSI CETMEHTOB (hJ1arejijlyma He BJIMSIET HAa aCUM-
MeTpHIo YUCTOK. [IpenbsBiieHre TTOJI0BOTO (hepOMOHA B HAIIIOPOTOBOI 103€ YBEIMINBAIO aCUMMETPHUIO IPy-
MUHTa aHTeHH, MPU 3TOM aCUMMETPUsI [IJI1 YMCTOK HOT B 1IeJIOM He MeHs1ach. TakKuM 00pa3oM, aCUMMETPUST
IPYMUHTa aHTeHH, BO3HUKAIOIIIasI, 10 KpaifHeil Mepe, OTYaCTH, BCIASACTBUE MOPGhOIOTUUECKO aCUMMETPHH,
CYIIECTBEHHO U3MEHSIETCS B IIPUCYTCTBUU OMOJIOTUYECKU BaXKHOTO OOOHSITEILHOIO CTUMYJIa — TOJIOBOTO (e-

pOMOHa.
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BBEAEHWE

IToBeneHUYecKre aCUMMETPUM WJIM JiaTepaTu3aius
He SBJSIFIOTCSI YeM-TO HEOOBIYHBIM JUISI KMBOTHBIX,
BKJIIOUasi HaceKoMbIX. OHU U3 HUX SBJISIIOTCS TIPOU3-
BOIHBIMU JIEBO-TIPABbIX AaCUMMETPUIA 4YacTeil Tena,
BOZHMKIIUX KakK Buaocneuubuyeckue IpU3HAKU
(kpalkbl, NTULIBI, YIUTKHX) [1—5], Ipyrue BO3ZHUKAIOT y
BHEIIIHE CUMMETPUYHBIX XUBOTHBIX [6—8], omHako,
npu OoJiee TIIATEIbHOM M3YyYEeHUU, B HEKOTOPBIX CIIy-
yasgx OOHapyXHBalOTCS KOPPEISLMUA TOBENCHUS C
acCHUMMeTpHEl MO3ra, CEHCOPHBIX WJIM MOTOPHBIX Op-
raHoB [9]. B HeKoTOpbIX cllydasix TOCTOBEPHbIE KOppe-
NI MeXITYy MOp@OIOrMYecKoi M MOBEIeHYECKOM
acUMMeTpUsIMU OTCYTCTBYIOT [10]. AcuMMmeTpuu Tena
Y MO3ra MOTYT OBbITh B3aUMOCBSI3aHbl, HAIIPUMED, CEH-
CUJUIbl aHTEHH MEIOHOCHO Iuesibl TO-pa3HoOMY pac-
npenesieHbl Ha JIEBOW U MpaBoil aHTEHHE, YTO MPUBO-
JIUT K COOTBETCTBYIOIIUM PA3JIMUUSIM B CTPYKTypax aH-
TeHHaNBbHBIX poieir [11, 12]. ¥V camok TapakaHa

Nauphoeta cinerea 60ibllle OOOHSITEIILHBIX IJIOMEPYJI
(mepBUYHBIX 0Opa3oBaHUiT OOOHSITEIbHOTO HEMPOTIH -
JIsl, KaXnaasi U3 KOTOPBIX CBSI3aHA ¢ OOOHSITEIbHBIMU
HelpoHaMM, HECYIIMMU OOWHAKOBEIE PEILIETITOPHI) B
Heliponnie mpaBoro aeiTolepeOpyma, a aMITyTalds
MpaBoii aHTEHHbI IPUBOJIUT K HAPYILLICHUIO OTBETOB Ha
MOJI0BOM (hepOMOH, BhIAesIeMblit camuamu [ 13]. Cum-
TaeTcs, YTO 3TM ACUMMETPUU UMEIOT SBOTIOIIMOHHBIC
MPEeUMYyIIeCTBA Y TIOANEPXKUBAIOTCS €CTECTBEHHBIM
otoopoMm [14—18]. dpyroii BUI acCUMMETPUM Tejla U3-
BECTEeH KakK (IyKTyUpPYIOIas aCUMMETPHUsSI M paccMart-
pMBaeTCsl Kak CJAeNCTBUE HECOBEPIIEHHOTO KOHTPOJIS
OunaTepaTbHON CHUMMETPUU B TIpOIECCE Pa3BUTHS
[19—21]. ®nykTyupylolias aCUMMETPUsI XapaKTepusy-
eTcsl pacripeejieHrueM KoadduiimeHta acCuMMETPUU
10 HOPMAJBHOMY 3aKOHY, OTJIMYasiCh OT HaIlpaBJIeH-
HOI aCUMMETPUM M aHTUCUMMETPUM [22].

AHTEHHBI TapaKaHOB IPEICTABISIOT COOOM CIOX-
HbIE CEHCOPHBIE MTPUAATKH, HECYILIME MEXaHOUYBCTBH -
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MOP®OOJIOTUYECKAA ACUMMETPUA AHTEHH 113

Puc. 1. DxcniepumeHTaIbHAST YCTAHOBKA. | — 3aTEHEHHOE
YKpPBITHE, 2 — OCHOBHOII BOJIbEP C BOAOI, ITMIIEH U MHBEP-
TUPOBAHHBIM PEXXMMOM OCBellleHus 12:12 (cBeT : TeMHOTA),
3 — BKCIepUMeHTaIbHas KaMepa, 4 — rmojaya UCKYCCTBEH-
HOI BO3IyILIIHOI CMecH, 5 — IUCIEHCeD C ITepUIjiaHoHOM b
(rekcaHoM B KoHTpose). [TyHKTupoM 0003HauYeHbI ABEP-
LIbI.

TeJIbHbIe, BKYCOBbIE M OOOHSTEIbHBIE CEHCUJIBI, 0O-
Jiee TOro, MpUMEPHO MOJIOBUHA BCEX aHTEHHAIbHBIX
CEHCUJIT Y B3pOCJIbIX CaMIIOB aMEPUKAHCKOTO TapaKa-
Ha YyBCTBUTEIbHBI K TIOJIOBBIM (pepoOMOHaM CaMOK.
AHTEHHBI pa3BUBaIOTCS TMTOCTENEHHO, 100aBJIsIsI HOBbIE
CETMEHTBI TIPU KaxKI0i JTMHbKE TyTeM JIeJIeHUS MEpU-
CTOHA, NepBOro (GareUIIpHOTO CErMEHTa U HECKOJIb-
Kux cocenHux [23]. B uMarnHajabHbIX aHTEHHAX JTIMYU-
HOYHBbI1 MEPUCTOH CTAHOBUTCS YaCThIO Meaulie/iyMa
[24]. TapakaH 4uCcTUT (b1are/uTyM aHTeHHBI, 3aXBaThI-
Basl €ro JIaNKoi KOHTpajaTepaabHOI nepeaHeil HOTu.
ITocKonbKY TOJILKO TEpBbIE JBa CerMEHTa aHTEHHBI,
cKalyc Y TIeIUuLeJTyM, TIPUBOISITCS B JABMXKEHUE
MBIIIIaMu [25], a IIMHa 1 AUuaMeTp IMOABMXKHBIX Cer-
MEHTOB BJIMSIOT Ha TMOKOCTb aHTEHHBI, MOP(HOIOTU -
YEeCKUE XapaKTEPUCTHUKHU ITUX CETMEHTOB, Hapsmy C
JIPYTUMU TIapaMeTpaMu, TpeacTaBiIsiioTCd (PYHKIINO-
HaJIbHO BaXXHbIMU. Haiy nipenpiayiiye naHHbIE 10Ka-
3bIBAIOT, YTO YXOJI 32 aHTEHHAMU SIBJISIETCSI OU€Hb BaX-
HbIM ME€XaHU3MOM, 0OECIeurBalOIIUM BbICOKYIO UyB-
CTBUTEJILHOCTh U BpEMEHHOE pa3pelleHUe 3aITaXOBbIX
CHTHAJIOB y TapakaHa [26—28]. [Toka3aHo, 4To Tapaka-
HbI JOCTOBEPHO yallle YUCTIT JiarejiyMm npaBoid aH-
TEHHBI, YeM JIEBOU, a aCUMMETPUSI YUCTOK HOT Y OCHO-
BaHM aHTEHH ObLIa HEAOCTOBEPHOI [29].

Hacrosmas padora OblJIa CITaHUPOBaHA C LEIBIO
IIPOBEPKU NPEANOJIOXKEHUS O TOM, YTO JIaTepaan3alusl
TPYMMHTA aHTEHH MOXET OBITb CISACTBUEM MOP(HOI0-
TUYECKOl aCUMMETPHUM 3THUX MAapPHBIX CEHCOPHBIX Op-
TaHOB, a TaKXe BBISICHUTH, KakKue U3 MOp(doIoTHIe-
CKUX TIPU3HAKOB BHOCST HaMOOJBIINI BKJIad B MTOBE-
JIEHYECKME aCUMMETPUU.

METOJbI UCCIIEJOBAHWA

JIMYMHKM caM1IOB TTocienHero Bo3pacTta Periplaneta
americana L. ObUIM B3SIThl U3 KOJOHUU WHCEKTapUsl
NDDb PAH u nanee conep:Kaauch B TJabOpaTOpUM TIpu
MHBEPTUPOBaHHOM (hoTopeskume 12 : 12 (cBeT : TeMHOTA)
u temneparype 28 £ 1°C. ITocne uMarnHajabHOMN JUHb-
KM TapakKaHOB IMEPEHOCWINW B 3KCHEPUMEHTAIbHYIO
yCTaHOBKY (puc. 1), rme OHM HaxXOOWJINCh HE MEHee
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IIBYX HEJETh 0 HaYasia SKCIIEPUMEHTOB B TEX K€ YCITO-
BUSIX. DKCIEPUMEHTHI HAUMHAJIMCH B TIEPBOM MTOJIOBU -
He TeMHOBOM (a3npl. Boma u muina MpucyTCTBOBaIU
TTOCTOSIHHO.

YcraHoBKa cocTosiyia U3 3 KOMIIOHEHTOB: ITpo3pau-
HOTO IJIaCTUKOBOTO Bojibepa (35 X 25 X 11 cMm) ¢ nu-
el ¥ Bomoi, yKpbeitus (15 X 15 X 7 cMm), BHYTpH KOTO-
poro OBLJIO MOCTOSIHHO TEMHO, U CMEHHOM TeCTOBOM
kaMepsl (15 X 15 X 10 cm); mociaenHue 2 ObLIN OTIENE-
HEI OT BoJIbepa IUIaCTUKOBBIMU nBepuamu [29, 30]. B
Hayajie KCIepUMEeHTa ABEPb MEXAY YKPBITUEM U BO-
JILEPOM 3aKphIBajJik, a IBEPh B TECTOBYIO KamMepy OT-
KPBIBaJIM Ha KOPOTKOE BpeMsl, POIMyCKasl B HEe TOJIb-
KO OJHO Hacekomoe. WMCKyccTBeHHasl BO3AyIIHAsI
cmech (21% O, 1 79% N,), yBnaxkxHeHHasT 6ap6OTHPO-
BaHMEM 4Yepe3 JUCTUWLIMPOBAHHYIO BOMAY, MoAaBaiach
B TECTOBYIO KaMEpPY CO CKOPOCTHIO MoTOKA 3.5 MJI/MUH
JUTSI TIOAAEPKAHUS TIOCTOSTHHOM KOHIIGHTpAllMY Ta30B
1 BJIAXKHOCTU Ha MPOTSKEHUM BCETO MCCIIENOBaHMS,
HEOOXOAVMMBIX IS BOCIIPOU3BOAMMOCTU TOBEICHYC-
ckux peakuuii [31]. Bumeokamepa VSC-756 USB
(OBC, Poccus ¢ paspemienueM 740 X 576 nukceneit u
yacToToil 25 KampoB/C) pacrionarajach Ha BBICOTE
30 cM OT ToJIa TECTOBOM KaMephl. TeMHO-KpacHBII
cBeTOAMOIHBIN (poTooHaps PyOouH-3 co3maBan ocBe-
meHHocTh 0.13 MKBT/CcM2.

[Be mociienoBaTebHBIX CECCUU BUIEO3AITMCU ITPO-
JOJDKUTENIbHOCTHIO 30 MUH HauMHaIUCh nocie 10-mu-
HYTHOTO TepMoia amarTalliyi U CjlIedoBaju IpYyr 3a
npyrom ¢ 10-MuHYTHBIM TIepepbIBOM. [lepen Hagamom
BTOPOI1 CECCUM YBIAXXKHEHHYIO BO3MYILIHYIO CMECh Ha-
YMHAJW II0aBaTh Yepe3 IIMPUIl ¢ AUCIICHCEpPOM, Ha
KOTOPBIIA HAHOCUJIM PacTBOpeHHKIN B 10 MKJI rekcaHa
IJIaBHBIN KOMITOHEHT MOJIOBOro (pepoMoHa, TepurLia-
Hon b (I1B), B nmoanoporosoii noze 10~° r (PB-13,
n = 13) wiu B 1o3e, BRI3BIBAIOIIEH TIOBEIEHYECKUIT OT-
BeT y 6obinnHcTBa camuos 10~ v (PB-11, n = 7), kak
06110 onpenesieHo paHee [32]. B KOHTPOJIbHBIX 9KCIIe-
pUMEHTaxX Ha AucrieHcep HaHocwir 10 MK rekcaHa
(n=5). Ilocne aKcriepuMeHTa TECTOBYIO KaMepy you-
pajiu U TapakKaHOB B YCTaHOBKY HE BO3Bpalllajiid. DTa
cxema Obl1a BEIOpaHa, YToObI M30eXKaTh MEUeHUS Tapa-
KaHOB, ITOCKOJIbKY paHee OBLIO IMOKa3aHO, YTO OHO
BausieT Ha rpyMuHT [33]. Ilocite moBemeHYECKOTO Te-
CTUPOBAHUSI HACEKOMOE MOMEIIAIN B CIICLIUATbHBIN
neHal [34], aHTeHHBI 3aKpeIUISUIM Ha CTOJIMKe (puc. 2)
U U3MEPSUTU IITAHTEHLIUPKYJIEM, a 3aTeM UCCeA0BaIn
noj, GMHOKYJISIPHBIM MUKpocKoTioM Micromed Stereo
Zoom, COCAMHEHHBIM C 3-MeramnukceslbHON Luppo-
Boii kamepoit DCM 300 (ScopeTek, Kuraii). Ilpo-
rpaMMHoe obecrieueHue ScopePhoto, mpuiiaraeMoe K
KaMepe, MCIOJb30BajOCh ISl IPOBEASHUS CIIEAYIO-
X U3MEPEHUIi: TMaMeTp cKallyca, AMaMeTp U IJIMHa
neauieuiymMa, InaMeTp 1 inHa gaaremomepoB Ne 1,
2, 10, 50, 90, 130. Iy kaxXgoii aHTEHHBI ITOACYNTHIBA -
Ne 2
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Puc. 2. MopdoMeTpust 4ileHUKOB aHTeHHBI. [1oKa3aHbI 11~
HUU ¥ UX JUIMHA B MUKCENsIX. [ — cKamnyc, 2 — MeauLe/uiyM,
3 — nepBBIi YICHUK (iiarejiyma.

1 Konn4decTBo (aremoMepoB. [loBeneHueckue sKc-
MEepPUMEHTBHI C TTOCIEAYIOIIeH MopdoMeTpueii IIpoBeIn
IUIST 25 caMIIOB.

Buneodaiinel ¢ moBeaeHIECKUMU JaHHBIMHU 00pa-
0aThIBAJIUCh BPYYHYIO C MOKAJPOBLIM HPOCMOTPOM
IUISI TOYHOTO OIIpeAesIeHUsI Hadajla M KOHIIA IIOBEICH-
yeckux akToB. Onpenensui 4acTOThl U TAIMHUHT Ipy-
MMWHIa aHTeHH W Apyrux opraHosB. ITonydyeHHbIe 3HA-
yeHus nepeHocyii B MS Excel ni1s1 manbHeiein 00-
pabotku aaHHbIX. Koadduiment acummerpuu (K,,.)
paccuuThiBaIu ciaenytoumuMm obpasom K, = (R —
—L)/(R+ L), tme R u L — uaMepeHus 1js npaBoii u
JIEBOI CTOPOHBI T€JIa COOTBETCTBEHHO.

CraTucTYeCcKylo 00paboTKy MPOBOMMIN C TIOMO-
IbIo cTaTucTdeckoro naketa IBM SPSS statistics 22
¥ oHMaH-KanbKyssTopa (http://vassarstats.net). Boi-
OOpKM MPOBEPSIIM HA HOPMAIBLHOCTh UX pacrpeese-
Husi ¢ nomoubio Tecta KoamoropoBa—CmupHoBa.
IMockonbKy pacrpenesieHe He OTIWYaIOCh OT HOP-
MaJILHOTO, TIPUMEHSIJIA MapaMeTPUIECKYIO CTaTUCTH-
Ky — kputepuii CtbiogeHTa 1 ANOVA. C nomolibio
KOppesimmoHHoro aHanu3a CrupMmeHa OIleHWBAIU

(a)
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CBSI3b MOP(GOJIOTUUECKUX TTapaMeTPOB MEXIY co00it 1
C MOBEJACHYECKUMU JaHHBIMMU.

PE3YJIBTATbBI MCCIIEAOBAHUSA

MN3mepeHusi Mop¢oJIorMyecKux IapaMeTpoB aH-
TeHH OBbLIM TMPOBENCHbI JIsI 25 B3pPOCIBIX CaMIIOB.
JlanmHa TIpaBOM aHTEHHBI cocTaBisiia 42.3 = 1.2 MM,
snesoit 40.1 = 1.9 MM, pa3HULIa CTaTUCTUYECKU HEIO-
croBepHa (p > 0.05, kpurepuii CThlOIeHTA IJISI HapHBIX
JNaHHbIX). [JyinHa 1eBoii U TpaBoit aHTEHH OJTHOTO U TO-
ro Xe HaCeKOMOTO 3HAaYUTEILHO KoppeaupoBaia (Ko-
addutimeHT Koppensanuu panroB CrimpmeHa r = 0.6,
p <0.001), XOTS1 Yy HECKOJILKMX KUBOTHBIX ObLIa OTMeE-
yeHa OoJiblllasi pa3HUlla MEeXIy aHTeHHaMH (TadJr. 1).

K,., paccuuTaHHble 1Jis1 IJIMHBI aHTEHHBI, U KOJIU-
YeCcTBa CETMEHTOB Ha aHTEHHaX TOCTOBEPHO KOPpPEJIH-
poBanu (tabiu. 2). [IpennonaaraeMoii CBSI3N MEXIY KO-
a¢duIMeHTaM aCUMMETpUN UJIT 0a3aJlbHOTO Cer-
MEHTa W IJMHBI aHTEHHBI OOHApy>KeHO He OBLIO.
OnHako acuMMmeTpus JiaresiIIpHbIX CETMEHTOB aH-
TEHH U TIeU1IeTyMa MOJOXUTETBHO KOppeJIupoBaa,
a uMeHHo, K, 15 nuaMeTpoB iareJuioMepoB 10CTO-
BEPHO MOJIOXUTEIbHO KoppenupoBan ¢ K, mist aua-
METPOB Menulieiyma, a K, 11 ivHbl gaaremiome-
POB — COOTBETCTBEHHO C 3TUM IapaMeTPOM, paccuu-
TaHHBIM TSI TIEAMLEITYMOB. ACUMMETPUIO CKarmyca
yIaJIOCh paccUMTaTh TOJAbKO JJIsI AMaMeTpa 3TOro cer-
meHTa (K, = 0.014 = 0.008) u3-3a ero HenpaBUIbHOI
¢dopmel. YepenHeHHbIe 1o BbiOOpKe K, 1151 IJIMH aH-
TeHHaJIbHBIX CETMEHTOB ObLIM OTPULIATEIbLHBIMU JJIsI
0a3aJibHOU TMOJIOBUHBI aHTeHHBbI A0 50-TO cerMeHTa,
HayWHas ¢ eaule/IyMa, YTO O3HavaeT 0oJbline 3Ha-
YeHUsI IS JIEBOI aHTEHHBI 110 CPaBHEHUIO C MPaBOM.
HuameTp cerMeHTa ObLI B CpEIHEM OIMHAKOBBIM IJISI
MpaBoii U JIEBOI aHTEHH, 4YTO AaBajo 3HaueHus K,.,
onmskue K Hymo. Hebonbioit nogsem K, Ha KoHLe
aHTeHHBI, (haareamomepbl Ne 50 u Ne 90, He ObLI cTa-
TUCTHUYECKM 3HAYMMBIM (puc. 3a). Ham He ymanock
OOHapYXUTh AJOCTOBEpHBIE oTinuusl K,. or HyJIs HU
JJIST OHOTO U3 MOP(MOJOruvYecKux MnapameTpoB —
IJIMHBI WA IIUPUHBI aHTEHHAJIbHBIX CETrMEHTOB.

(b)
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Puc. 3. AcummeTpus cerMmeHTOB aHTeHHBI. (a) K, . ¢ yaeTom 3Haka. (b) AGcomornblie Beanuunbl K, .. D — nuamerp cermenra, L —
nivHa cermeHTa. S1-130 — mopsiAKoBbIiE HOMEp cerMeHTa (hiarejutyMma OT OCHOBaHUSI.
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MOP®OOJIOTUYECKAA ACUMMETPUA AHTEHH

Ta6amma 1. Mopdostornyeckue mapamMmeTpbl aHTEeHHBI

JInnHa aHTeHHBI, MM |Y1CIIO CerMeHTOB
Ne tapakaHa
R L R L
1 44.7 50.8 116 139
2 48.4 49.8 138 148
3 48 10.8 126 46
4 35 34 113 112
5 41 42 136 131
6 41.2 40.6 137 123
7 37.3 30.3 112 85
8 49.5 40 126 121
9 42.1 45.2 129 146
10 44 43.4 138 126
11 43.5 45.2 144 146
12 46.4 42.2 133 142
13 51 51.5 143 146
14 48.3 43.6 144 107
15 40.3 39.5 144 132
16 47.9 46.3 142 144
17 33 43.7 102 136
18 34.1 28 115 74
19 394 39.1 126 128
20 335 23.2 93 52
21 28.1 34.9 99 117
22 47.3 51.5 131 128
23 42.5 36.3 143 122
24 39.1 39.8 132 129
25 51 50.7 145 144
Cpennee + ommbka|42.3 £ 1.2|140.1 £1.9| 128 £3 | 121 £6

OnHaKo HECJIOXHO 3aMeTUTh, 4To K,. IIUpUHB U
JUTMHBI aHTEHHAJIbHBIX CETMEHTOB B 11€JI0M 1O aHTEH -
He pasnuvanach. [lapHbiii t-KpuTepuii, paccumTaH-
HBIA 111 cpenlHuX 3HadyeHuil K,, Mmexay IJavHoi u
IMaMeTpOM OJHOWMEHHOTO CerMeHTa, BbISIBUJ 3Ha-
yuTenabHylo pasHuiy (p < 0.01), T.e. 1eBass aHTEeHHa
ObLIa YyTh TOHbIIIE MpaBoOil, HO C HEMHOIO OoJiee
JUIMHHBIMU cerMeHTaMu. [losydyeHHbIe M3MepeHUs
MOKa3bIBAIOT HEOOJBIIYI0 HAIIpaBJIECHHYIO MOpQO-
JIOTUYECKYI0 aCUMMETPUIO aHTEHH Yy TapaKaHOB.
Hau6onee cuMMeTpuuHOI oKa3ajach TOJIIMHA aH-
TeHHBbI BOJIM3M ocHOBaHus — K, . nnameTpa ckaryca,
neauiesTyMa U TepBbIX dareyioMepoB ObLT OJIM30K
K HYJIIO.

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU
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AbOconoTHble 3HaueHus K,., paccuMTaHHbIe LIS
OLIEHKU (PIYKTYUpYIOIlElA aCUMMETPUU, ObLUIM BBILLIE
IUTST IUTMHBI CETMEHTA, 4eM 11 ero nuameTpa (p < 0.05,
puc. 3b).

IloBeneHyeckast acCUMMETpUsI, pacCUMTaHHas ISl
Yyucjaa YMCTOK aHTEHH, MoKa3ajla He3HAYUTeJbHOE
npeobaagaHre Yuca YMCTOK MPaBoii aHTEHHBI B TeUe-
HUe TosnydacoBoro HaomoneHus (K, = 0.08 = 0.04;
n = 22), cXomHO ¢ OOHApyXXeHHOIT paHee [29], omHaKO
B HACTOSIIEM UCCIIEIOBAHUY Pa3INUUsl OKa3aJIUCh He-
noctoBepHbiMU (p = 0.15, t-kputepuii CTbhloneHTa).
HocToBepHasi IpaBOCTOPOHHSISI aCUMMETPUSI TToKa3a-
Ha U1 4YacTOTbl M BPEMEHU UYUCTOK CPEAHUX HOT
(p <0.05). B uenom, yacrota (K,, =0.16 + 0.06; t-xkpu-
tepuit CtbiogeHra, p < 0.01) m cymmapHOoe Bpems
(K,. = 0.11 £ 0.04; t-xpurepuii Crbrogenrta, p < 0.05)
YHUCTOK MPUIATKOB IIPaBOil CTOPOHHI TeJla UMEIH J10-
CTOBEPHYIO ITIPAaBOCTOPOHHIOI aCUMMETPUIO.

Hanee, K,. MeHsjicl B 3aBUCUMOCTHA OT CTUMYJISI-
oy Bo BTopoit ceccum (puc. 4). OgHohaKTOpHBIA
muctiepcuoHHbI aHamm3 (ANOVA), paccumTaHHBIA
IUIST Tpex Ipymn (KoHTpoiab, PB-13 u PB-11) mokazain
nJoctoBepHble pasmuuud (p < 0.05) 111 BTOpBIX ceccuit
9KCIIEPUMEHTOB, B TO BpeMsI KaK MPEACYIIEeCTBYIOIINX
o K. pasnuuuii 1Jist nepBbIX CECCUIl HE HAOIIOAAIOCH
(p > 0.05). IMocnenywiinii anocTepuOPHbBII aHAIN3 1O
T'eiimc-Xoyaiy BBISIBUII, UTO aCUMMETPUS TIPU NPeab-
SIBJICHUM Haamoporonoii no3bl I1b Obl1a mocToBepHO
GoJbllle, YeM 11 noaroporoBoii no3sl I1b (p < 0.05),
TOTIa Kak 3HAYEHUS I KOHTPOJISI U TOAMOPOTroBOi
no3sl I1b He pasznuyanuce.

HecMmoTps Ha TO YTO MpU T'PYMUHIe aHTEHH MUC-
MOJIb3YETCS KOHTpajaTepajibHas nepenHsisi Hora, K,
JUJISI YaCTOT U JJIUTEIbHOCTY TPYMUHTa MEPEeIHUX HOT U
aHTEHH JOCTOBEepHO He Koppeimposan (r = —0.13 os
yacToThl U ¥ = —0.07 mist mmrtenabHocTH). ITOCKOIBKY
OCHOBaHUE aHTEHHbI TapakKaH YMCTUT JIANIKOW UTICH-
JlaTepajibHOM TepenHei HOru, Mbl OXKUIJIU KOppeJsi-
uuto wis K, nepegHux HOr 1 OCHOBaHUS aHTEHH, KO-
Topasi, oMHaKo, coctaBuia auiib —0.14 (p = 0.55).

KoppensiiinoHHbI aHAN3 CBUAETEIBCTBYET O TOM,
yTO MOp(OJIOTUYECKAsi aCUMMETPHUsI aHTEHHbI CBsI3a-
Ha C HEKOTOPbIMU IMOBEIEHYECKMMU aCUMMETPUSIMU
(puc. 5). Tak, K,, IJIMTETbHOCTU YUCTOK AaHTEHH TO-
JIOXKUTEIbHO KOPPEJIUpPYeT C ACUMMETPUEH IJIMHbBI aH-
teHH (r=0.75, p <0.001) 1 yncna cermeHToB (r = 0.73,
p <0.001). Hukakux 10CTOBEPHBIX KOPPEJSIIMii TTOBE-
JIEHYECKUX aCUMMETPHUI1 BO BTOPBIX CECCUSIX KCIIepU -
MEHTOB C MOPGhOJIOTUUECKUMU ACUMMETPUSIMU HE 00-
HapyKeHo.

OBCYXIEHHWE PE3VYJIBTATOB

MopdoMeTpHss aHTEHH aMepUKaHCKOTO TapaKaHa
oKasaja, 9To JUTMHA CETMEHTOB B IIEJIOM UMEET OOJTh-
LIYI0O aCUMMETpUIO, YeM ux auameTp. Ilpu 3Tom cer-
MEHTHI, pacloOXeHHbIE BOJIM3M OCHOBAHMSI aHTEH-
HBI, HanboJiee CUMMETPUYHBI. [10CKOTBKY cerMeHTHI B
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Puc. 4. K, yacToT rpyMuHra aHTeHH BO BTOPBIX CECCHSIX
aKkcrnepuMeHTOB. [lokasaHbl cpemHuMe UM CTaHOAApTHbBIC
OIMOKMU. 3BE3M0YKO 0003HAYEHBI TOCTOBEPHbBIE Pa3jiv-
qus (p < 0.05).

OCHOBaHWH aHTEHHbI HanboJiee Mojoabie [23], MOXHO
3aKJIIOYNTh, YTO YeM CTapllle HaceKoMoe, TeM OoJiee
3¢pHEeKTUBHO OHO KOHTPOJMPYET Hambojiee BaKHBIE
st yHKIMA aHTeHHBI napamMeTpbl. [TocKobKy KO-
JIMIECTBO JIMHEK, Yepe3 KOTOPOE TIPOXOMISIT CETMEHTHI,
YBEJINYMUBACTCA OT OCHOBaHUA K KOHYUKY, CﬂyqaﬁHbIC
MIPOIIECCHI TPU KaXIOM TMHBKE MOTYT BHOCUTD JOTIOJ-
HUTETLHBIN BKJIAI B BEJIMIMHY acCUMMeTpun. B Heko-
TOPBIX CTy4Yasix aHTeHHa OOpbIBAeTCS MPU U3BJICUECHUU
W3 9K3yBUs, YTO IPUBOAUT K PE3KOM acHUMMETpHU

INMHBL aHTeHH. C Ipyroil CTOpOHBI, U3BECTHO, YTO
ypOBeHb (MIIYKTYUPYIOLIEH aCUMMETPUU MOXKET KOH-
TPOJIMPOBAThCS TEHETUYECKH, a 3HAUUT, MTOABEPraTh-
cga otoopy [35, 36], T.e. cUMMeTpuUs OCHOBAHUIT aH-
T€HH, BEPOSITHO, BaXKHa 151 BBITIOJIHEHUSI CEHCOPHBIX
GYHKIIM aHTEHHBI, 0COOEHHO MEXaHOPELETITOPHOA,
MOCKOJILKY B MeAUIIe/ITyMe HaXOAsITCS CJIOXKHOYCTPO-
€HHble MEXaHOCEHCOPHBbIN JI>KOHCTOHOB U MEAUIIEN-
JIIpPHBINT XOPJOTOHAJBbHBIN OpraH, U3MepsIole OT-
KJIOHeHUs (Jiareiiyma v pearupyrolyii Ha BuOpaiuio
[24]. BepossTHO, DIyKTyHUpYIOIIast aCUMMETPUST MOXKET
paccMaTpuBaTbhCsl KaK MPUMUTUBHBIN ITPU3HAK, KOTO-
pbIii TIpU OJIArONpUSTHBIX OOCTOSITEIbCTBAX MOXET
5BOJIIOLIMOHMPOBATH B CTOPOHY MOMNYJISILIMOHHON (BU-
JIOBOI) acCUMMETPUU, MPOSIBISIONIECS Yy OOJbIIH-
cTBa ocobeil, UM aHTUCUMMETPUIO, KOIJIa MpeuMy-
11IECTBO MOJYy4YaloT HauboJjiee JaTepaiu30BaHHbIE UH-
IUBUAYYMBI, KakK, Halpumep, MOpU TMepecTynaHuu
npormacTtu y capanuu [37].

Heckonbko GoblIMii fuaMeTp CerMEHTOB aHTEHH
Yy CaMIlIOB C MpPaBOil CTOPOHBI MOXET ObITh CBSI3aH C
0OJIbIIMM KOJTUYECTBOM CEHCUJLI, B MEPBYIO OUYEPEb,
pearupymoIiimx Ha IOoJ0BOi (hepOMOH, BbIAEISIEeMbIit
caMKaMM aMepUMKaHCKOTO TapakaHa, Ha MpaBoOil aH-
TeHHE, CXOMHO C OTMEUYEHHBIM paHee IS CAMOK Mpa-
MOPHOIO TapakKaHa, aHTEeHHbI KOTOPBIX OTBEYaloT Ha
MoJ10BO# (hepOMOH, BbIAEIsIEMbIil caMIlaMU 3TOTO BU-
ma [13].

Mopdonoruueckass aCUMMETPHUSI, XOTsI X HE CTOJIb
BBIpaXXeHHasl, KaK y BHEIITHE aCUMMETPUIHBIX KUBOT-
HBIX, TAKUX KaK MaHsIIUe KpaObl WM pPAaKOBUHHBIE
YIUTKUA, UMECT HEKOTOphIe MOCJICICTBUS B ITOBEIE-
Hun. HanmpnmMep, KpacHbBIN O0JIOTHBIN pak Procamba-

Taomuua 2. KoahduimeHTh Koppeasiiiui MOp(OoI0rnyecKux rapaMeTpoB aHTEHHBI

KoadduimenT koppersiinu, r JImmHAa aHTeHHBI JwuameTp ckamyca |duamerp nemuiieiuryMa |mHa meguieryma
JIIMHA aHTEHHBI 1

JwameTp ckamyca 0.06 1

dunameTp neguuemuyMa —0.09 0.2 1

JlnHa neguiesryMa —0.4 —0.2 —0.03 1
Yucno cerMeHTOB 0.9%** 0.1 —0.1 —04
Dsl 0.02 —0.01 0.7%%* 0.01
Lsl —0.1 —0.3 —0.2 0.7%%*
Ds2 0.02 0.04 0.8%%* —0.1
Ls2 —0.01 —-0.3 0.01 0.6***
Ds 10 0.1 0.03 0.7%** —0.3
Ls10 —0.01 -0.4 0.01 0.5%*
Ds50 0.1 0.1 0.8%** —0.1
Ls50 —-0.3 —-0.3 —0.2 0.5*

IMpumeyanue: Ds — nuameTp cermeHTa; Ls — muiMHa cerMeHTa, 4YucjioM 0003HaYeH MOPSIIKOBBIM HOMep cerMeHTa (iarejutyma. B taGnuiie

MpeICcTaBIeHbI TOJIBKO JOCTOBEPHBIC Koppesiuuu nipu: * — p < 0.05; ** — p < 0.01; *** — p < 0.001.
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Puc. 5. K, . nnmurenbHOCTH ynCTOK aHTeHH. Koppeisauusa ¢ MopdoiorndyecKuMu napaMeTpamu.

rus clarkii meMOHCTPUPYET CHJIIBHYIO KOPPEISIIAIO
MEXIy acuMMeTpueil Tejaa (aHTUCMMMETpUEit) 1 Ha-
npaBjeHrueM Tipblkka n3deranus [3]. CKIOHHOCTH
aMepUKaHCKMX TapaKaHOB BBIOMPATh MPaBhIi PyKaB B
JIaOMpUHTE 3aBHCEJla B HEKOTOPOIl CTENEeHU OT CO-
XPaHHOCTU aHTEHH: MPU MHTAKTHBIX aHTEHHAX Hace-
KOMOE 4allle CBOpayMBaJIO BIIPABO, MPU aMMIyTalluU
npaBoif aHTeHHBI 30% HaCEeKOMBIX COXPaHUJIO TIPaBO-
CTOpOHHEE TIPEANOYTEHUE, B TO BpeMSI KaK aMITyTallUsI
JIEBOI aHTEHHBI ITPUBEJIa K TOMY, 4TO TOJIBKO 7% 0co-
Oeii cBopaumBanu HajeBo [38]. Hamwm manHbIe mon-
TBEPXKAAIOT BIMSIHUE MOP(OJIOTUYECKO aCUMMETPUU
AHTEHH Ha HEKOTOPbIE MapaMeTpbl aACUMMETPUU TPY-
MUHTrAa, B OCOGCHHOCTI/I JINTEJIBbHOCTb YUCTKM aHTCHH,
JOCTOBEPHO KOPPEIUPOBABILNE C AJIMHOM aHTEHHbI U
KOJIMYECTBOM €€ CETMEHTOB.

IMoBeaeHYECKMEe aCUMMETPUU Y HACEKOMBIX 4acTO
OKa3bIBaIOTCS CBSA3aHBI C aCUMMeETpHUeil CeHCOPHBIX
opraHoB [39, 40] unu (yHKIMOHAIbHOU’, pexe Mop-
doornyeckoii, acummeTpueit mo3ra [8, 41]. B nenom
MO3I' HACEKOMBIX — CUMMeETpPUYHAas CTPYKTypa, OIHa-
KO oIMcaHHoe y Apo3oduibl Drosophila melanogaster
aCMMETPUYHOE TEJIO B COCTaBe LIEHTPAJIbHOIO KOM-
riekca [42, 43], 3aTeM ObLIO OOHApPYXKEHO M y JIBYX
npyrux BunoB Myx — Neobellieria bullata v Calliphora
erythrocephala [44], onHako O HAaCEKOMBIX APYTUX
TaKCOHOMMYECKUX TPYIN MOAOOHBIE CTPYKTYpbl HE
ObLTM omucaHbl. HarmpabiieHHass MPaBOCTOPOHHSIS
acUMMeTpus, OOHapyXeHHasl B HACTOSIILIEM HCCIIe0-
BaHUM, JJIsl YUCTOK MPUIATKOB TeJla y aMePUKaHCKO-
ro TapakaHa, MOXeT ObITh CBsiI3aHa ¢ (PYHKIIMOHAb-
HOU acuMMeTpUeil Mo3ra 3TUX HACeKOMBIX. ACUM-
METPUSI HEPBHON CHUCTEMBI TO3BOJISIET YBEJIUYUTH
3¢ HEKTUBHOCTD pellIeHUs 3a1a4, B HEKOTOPOIi cTe-
MEeHU 3a CUET YMEHbIIIEeHUsI 00I11Ieit HaleXKHOCTH; SIB-
Hasi Mopdosoruyeckass acUMMETPUsl OTMedaeTcs
NPy MUHUATIOPU3ALIMM HACEKOMBIX CO CJIOXHBIM
nmoBeAeHUEM [45, 46]. dyHKIIMOHAIBHAS aCUMMeET-
pUst MOXET MPOSBIASITLCS U B MOP(POJIOTUYECKU CUM-
METPHYHBIX CTPYKTYpax, KaK, HallpuMep, B CAMMeET-
PUYHBIX HelipoHaX TPUOOBUIHBIX TEJI Y ITUENIbl Apis
mellifera B xone obyyeHus1 0OHapy>XHUBaeTCsl HEOIU -

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

HaKOBHIM YpOBeHb METUINPOBaHMS TucToHa H3 1o
n3uHy 4 [47]. Hellb3s1 NCKIIOUYNUTD, YTO JIaTepaJIi30-
BaHHOE IIOBEICHME B OTACIBbHBIX CIIydasX MOXKET
OBITh CBSI3aHO C ACUMMETPUYHLIM paclpeneieHueM
BHYTpUKJIIETOUYHOro cnMononTa Wolbachia, kKak 1o-
KazaHo y Myxu Drosophila paulistorum [48].

M3MeHeHus JlaTepaiu3aliui Y KOHTPOJbHBIX KM-
BOTHBIX, TaKMe KaK €¢ YMEHBIICHNE WM U3MCHEHUE
3HaKa C TeYEHHEM BPEMEHM, MOTYT OBITb CBSI3aHBI C
n3MeHeHneM (PYHKIIMOHAIbHOTO COCTOSTHUSI OPTraHU3-
Ma: OPUEHTUPOBOYHO-UCCIIEIOBATEIbCKOM peaKIneid,
cTpeccoM HOBU3HHI [49]. VBenuuenue K, rpymuHra
aHTEHH, OTMEYCHHOE B HAIIUX 3KCIIEpUMEHTaX, IIpU
OpeIbsBICHUN ITOJI0BOro (hepoMOHA JOTUYHO OBLIO
OBl CBSI3aTh C BLIOPOCOM HeliporopMoHa OKTOIlaMUHa B
reMojuM@y, KOTOpoe IIPOUCXOIUT Y CAMILIOB IPU MO-
JIOBOM BO30yxaeHuu [50], 11 mpoBepKu 3TOM IUIIO-
Te3bl TUNIAHUPYETCS OTACILHOE UCCIIeIOBAHUE.

COBJIOAEHME 5TUYECKUX CTAHOAPTOB

Bce mnpuMeHuUMBIe MeEXIyHapOAHbIE, HAllMOHAJIbHBIC
W/VIM MHCTUTYLIMOHAIbHBIE IIPUHLIMITHI YXO/a U UCTIOIb30-
BaHMSI JKUBOTHBIX OBLITN COOJTIONEHBI.

NCTOYHUKUN OPUHAHCHPOBAHNA

Pabota BeIMoONHEHA B paMKaX TOCYJapCTBEHHOTO 3aia-
Hust Ne 075-0152-22-00.

KOH®JIUKT MHTEPECOB

ABTOpBI IE€KJIApUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIIM-
AJIbHBIX KOH(MJIMKTOB MHTEPECOB, CBSI3aHHBIX C ITyOIUKaIH-
elf JaHHOM CTaTbu.
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MORPHOLOGICAL ASYMMETRY OF ANTENNAE
AND BEHAVIORAL ASYMMETRIES DURING GROOMING
IN THE COCKROACH PERIPLANETA AMERICANA L.

M. 1. Zhukovskaya“, and E. S. Novikova**

4 Sechenov Institute of Evolutionary Physiology and Biochemistry, the Russian Academy of Sciences, St. Petersburg, Russia
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Animal behaviors are often characterized by behavioral asymmetry, or lateralization, which is caused in part by
the morphological asymmetry of the body and/or brain. To test the hypothesis that functional asymmetry of
grooming is connected with morphological asymmetry of the antennae in American cockroach Periplaneta amer-
icana, we measured the length of the antennae, scapus diameter, pedicel diameter and length, and segment’s di-
ameter and length. The data obtained indicate statistically significant differences: segment length is greater on
the left antennae, and segment width is greater on the right antennae, except for a short region near the base. Cor-
relation analysis revealed the following relationships: longer right antenna corresponds to more time spent clean-
ing it; scapus diameter larger on the right antenna correlates with antenna cleaning frequency; asymmetry of fla-
gellum segments has no effect on cleaning asymmetry. Presenting sex pheromone at a suprathreshold dose in-
creased asymmetry of antennal grooming, while asymmetry for leg grooming was generally unchanged. Thus, the
asymmetry of antennal grooming, resulting at least in part from morphological asymmetry, significantly changes
in the presence of a biologically important olfactory stimulus, the sex pheromone.

Keywords: asymmetry, insect, Periplaneta americana, grooming, olfaction, periplanone
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