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Y HaBYanbHOMY TOCIOHHKY BHCBITICHO [eski (yHIaMEeHTalbHI Ta TMPAKTHYHI aCTEeKTH 3araibHOl
EHTOMOJIOTIi: MaKpocucTeMa KOMax Ta X Micie B cucteMi Ty UnenucroHori (Jiekuisi 1), OyzoBa MOKpUBIB
Ta OMOPHO-PYXOBOi CUCTEMH, O0COOIMBOCTI JTokoMotii (Jrekiii 2 i 3), 6ymoBa TpaBHOI CHCTEMH 1 0COOIUBOCTI
JKUBJICHHS (JIeKIis 4), MeTaloii3M, OCMOPETYJISIis Ta eKCKpelis (JIeKIis 5), KpOBOHOCHA Ta IHWXajbHa
cUcTeMHU (JIeKiis 6), cTaTeBa CHCTeMa, PO3MHOXKEHHs 1 PO3BHTOK (JICKIis 7), opraHu 4yTts 1 Mopdo-
(hizionoriyHi OCHOBY MOBEIHKHY (JIEKIIis §), HEPBOBa Ta €HAOKPHUHHA 1HTeTpallis opranizmy (Jekmis 9). Koxxna
JIEKIIist 3aKIHUYEThCSI TUTAHHIMH JIJISI CAMOKOHTPOJTIO Ta TIEPEIIiKOM JIITepaTypHUX JKEPEd, sIKi JOTOMOXKYTh
e po3idparucss B OKPeMHMX MNHUTaHHIX Jekiii. Okpemi TemH, fKi J00Ope BHUCBITJIEHO Y KIACHYHHX
HiJPYYHUKAX 3 SHTOMOJIOTi, 3aIIPOIIOHOBAHO OTIPAIIOBATH CAMOCTIIHO.

Bupmanns mnpusnauene st cryaeHtiB HHIL «Inctutyr Oiororii ta memunman» KwuiBcbkoro
HaIllOHAIILHOTO yHiBepcuTeTy iMeHi Tapaca IlleBuyenka.



HEPEIMOBA

CBiT KOMaxX € HAaCTUIbKM HE3BUYHHUM, CBOEPITHUM 1 3aXOIUIMBHM, IO
CIIOCTEpEXKEHHS 32 HUM HApOKy€ B IJIIOJWHI IIMPOKHUHA CIIEKTP MOYYTTIB.
Komaxn moctaroth ab0 HeOe3MeYHHMH TOTBOPHUMH YYIOBHCHKAMH, SKUMH
JIEXTO BBa)XKa€ TapraHiB, oc a00 KPOBOCHUCHHMX KJIOIIB Ta KOMapiB, abo
HayapiBHIIMMHU iCTOTaMH, SKUMH OUIBIIICTH JIOAEH chpuiiMae sSCKpaBHX 1
MOBUTBHUX JCHHUX METeNnKiB abo cTpiMkux 06abok. JlrogmHa BHKOPHCTOBYE
KOMaxX B CUIbCHKOMY TOCHOJApCTBI JJIsi ONMWICHHS POCIUH 1 y OOpOThOi 3i
IIKITHUKAMH (SKMMH TakoXX d4acto € komaxu!). Komaxu € mepeHOCHHKamu
30yIHUKIB HeOe3meyHnX XBOpOoO JIOAMHM, TBAPHH 1 pociuH. KoMaxu HaAnXaroTh
Ha CTBOpeHHs OIOHIYHMX MPHUCTPOIB Ta TMOIIYK HOBHX MaTepiamiB, Ha HUX
MPOBOJSATH JOCIIN HAYKOBIIi, 3 HUX OTPUMYIOTh BOXKJIUBI JIJIsI TPOMHUCIIOBOCTI i
MEIWIMHA XiIMIYHI CIONYKH, 1X pO3BOAATh Ha (epMax Ta KOJNEKIIOHYIOTh.
[IpoMucnoBe yTpuMaHHS KOMax CTBOPWJIO OKpeMi Tally3i ToOCIOoAapchKOi
ISUTBHOCTI JIFOJUHU: HIOBKIBHUIITBO, O/UKITEHHUIITBO, JKMUTLHHIITBO.

Komaxu cknagarore Oinsg 80% Bumie TBapuH Ha 3emui. Skmo npuOIM3HO
omiHUTH O6ioMacy KoMax, Ha KOXHY JIFOAUHY Ha 3emuri npunagatume Big 200 kr
0 2 TOH IMX TBapUH. DbBiIbIICTE KOMax € HEBEJIUKMMHU, a I1HOAI |
MIKPOCKOTIIYHUMH Ha36MHUMH OpTraHi3MaMH, JKUTTA SKAX TICHO MOB’S3aHO 3
pocnuHaMu. BibIIicTh — KHBE y CBITI 3aMaxiB i CMaKiB, KEPYIOUNCHh IEPEBAKHO
XIMIYHIMH CHTHAJIaMH Yy CBOIW B3a€MOJIii 3 HABKOJMWIIHIM CBiTOM. /[MBOBIIKHA
PI3HOMAHITHICTP KOMAax 3HaMIuIa BiMOOpaKeHHS y CKJIagHIA, 1 HaBiTh —
HalcKIafHId B 3000Tii — Kiacugikamii. | monpu akTuBHE BUBUEHHS, SIKE
TpUBa€ BXKE KiJIbKa CTOJITh, OaraTo AacreKkTiB JKUTTS KOMax 3aJdIIAIOThCS
HEBIJJOMHUMHU 1 YEKaIOTh HA CBOE BIJKPUTTSI.

Y mpeincTaBiieHOMY Kypci JICKIiH BHCBITIICHO OKpEMi IUTAHHS 3arajibHOI
E€HTOMOJIOTIi — 3/1e0UIbImIoro Ti, 0e3 3HaHHS SKUX PO3YMIHHS CBITY KOMax Ta
HOro JIOCHTI/DKEHHS € HEMOXXJIMBUM. ABTOpKa CTaBWJIa 3a METY O3HAHOMHTH
CTY/ICHTIB 13 TOJIOBHUMH 3aKOHOMIPHOCTSIMU OyJJ0BY ¥ (PyHKIIIOHYBaHHS KOMaX i,
OJTHOYACHO, 3 JISIKUMH HalpsMaMH Cy4acHol eHToMouorii. [neTbes, Hacammnepen,
mpo Mopdooriro gopociux (HopM Ta ITUYMHOK, (Hi310J0Ti4HI OCOOIHUBOCTI,
PO3MHOXCHHSI Ta MHUTTEBI IUKJIM, 3arajbHi PUCH TMOBEIIHKH, 3B’SI3KM KOMax 3
poCIMHAMH Ta IHIIMMH S>KUBUMH OpTaHi3MaMmH, OCOOJIMBOCTI €KOJOTii Ta
NpakTUYHE 3HAYeHHs KoMmax. Marepian BHUKJIaAeHO y (HOpMi OKpeMHX JIeKLiH,
KO)KHA 3 SIKHX 3aKIHUYETbCS INHTAaHHAMHU JUIS CAMOKOHTPOIJIIO Ta TEpeNlikoM
JTepaTypHUX JDKEepel, SKi JOMOMOXYTh IJIHOIIE po3iOpaTucs B OKpEeMHX
NUTaHHAX Jekii. Jleski Temu, siki JoOpe BUCBITIEHO Y KJIACHYHUX HiAPYYHUKAX
3 EHTOMOJIOTii, 3alPOIIOHOBAaHO OINpAalfOBaTH caMmocTiiHo. Ilepenik ocHOBHOI
JmiTepatypu, SKy PEKOMEHJOBaHO JUIsi O3HAWOMIICHHS, HAaBEJCHO B KiHII
NociOHMKA.

ABTOpKa BHUCIIOBIIIOE TIIMOOKY BASYHICTH cBOIM HacTaBHHMKaM: [uni BopuciBHi
apuukogiii, Jleoniny IBanoBuuy ®panneudy i CranicnaBy MukoiaiioBuay
I'opOy — 3a To¥i He3racHUI iHTEpEC 0 BUBUYCHHS KOMaX, SIKU BOHU 3alaJIAIIN B
ii mymmi.
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Jexmia 1
MAKPOCHUCTEMA KOMAX TA IXH€E MICIE
B TUIII YIEHUCTOHOI'I

[T MY B30~ o MdMisj i3 bl vdj ddhMissdse’ . 1 6H°

KOMaXI/I CKIIQ[aloTh OKpemuii kimac Ttuny YnenucroHori (Arthropoda),
JATUHChKA Ha3Ba SKOro — Insecta, TOXOAWTH BiA JATHHCHKOTO CJIOBa
«@nsectum» — «Hapi3aHUN», KITOCIYCHHI, IO MMOKA3YE CETMEHTOBAHICTH TiJIa IIUX
TBapWH. 3a KUIbKICTIO BUJIB KOMaxW MEpeBa)xaroTh YCl TPYNH KUBUX ICTOT Ha
Harnii rianeri. Hapasi onucano 611t 1 MITH. cyyacHUX BUJIB (OUTBIIICTD 13 HUX —
KYKH), TIPOTE pealibHa KUIBKICTh ICHYIOUMX BHUJIB 32 PI3HUMHU OLIIHKAMU BYEHHX
cknagae Big 6 mo 10 muH. Takum yumHOM, aOCOIMIOTHA OIIBIIICTE BHUIIB KHUBHX
OopraHi3MiB Ha 3eMJIl € KOMaxaMH.

Pazom 3 Tphoma I1HIIMMH KJacaMd 4YJIEHUCTOHOTHX: nBoxBicTkamu (Diplura),
HoroxsicTtkamu (Collembola) 1 6e3BycukoBumu (Protura) — xoMaxu BXOASATH J0
niatuny (3a geskumu pkepenamu — Hanaknacy) Illectunori (Hexapoda)., YV
JiTepaTypl 4acTo 3yCTpi4aeThCsd M 1HIIA Ha3Ba KOMax — BiJKpuToOIlEenHi
(Ectognatha), siky BOHM OTpuUManM Yepe3 BIJKPUTE PO3TAIIyBaHHS POTOBUX
opraniB. Ha BiAMiHY BiJ] KOMax pellTa MEeCTUHOTHX, 0 SIKUX 3aCTOCOBYIOTh Ha3BY
[TpuxoBanomenenni (Entognatha), mMaroTh poTOBI OpraHu MpUHANWMHI YacTKOBO
CXOBaHI BcepeArHI ToJoBHOI Karcynu. 1le oqHier0 BIAMIHHICTIO KOMax BiJl pELITH
HIECTUHOTUX € Oy/l0Ba iXHIX BYCHKIB: MEPII JIBa WICHWKA KOMAIIMHOTO BYCHKA,
K1 PO3TAIIOBaHI OJMXKYE JI0 TOJOBU, MOXKYTh PyXaTHCA 3a JOMOMOTOI0 M f31B, a
pellTa — He Ma€ BJIACHOI MYCKYJIaTypH (ZleTajbHille npo Oy/l10BY BYCHKIB JUB. Y
po3aum 3.2 «lonoBa»). Y NBOXBICTOK 1 HOTOXBICTOK BCi UJIEHUKH BYCHKIB
OCHAIIEeH1 M s3aMH, a O€3BYCUKOBI, SIK BUJHO 3 HAa3BU, BYCHKIB HE MalOTh.

[Iectunor1 OIU3BKO CTIOPIAHEH] 3 PAKOMOAIOHUMU, 3 IKUMH YTBOPIOIOTH CIIIbHY
eBOIIOLIMHY TuUIKy Pancrustacea. YsBieHHs Mpo Te, sika came Tpyna pakonoi0Hux
€ HahOmmx4oro (y OloJIOTIYHIA cHCTeMaTHulll ii Ha3WBaIlOTh CECTPUHCHKOIO) 0
KOMaxX, OCTaTOYHO He c(OpMOBaHe, ajie¢ HalyacTillle HEI0 BBAKAIOTh PEMUIEIN
(Remipedia). Tlonpu 1e, koMaxu MarOTh HU3KY aHATOMIYHUX Ta (1310JOTTYHUX
ajanTalii 10 HA3eMHOTO CIOCOO0Y JKUTTS, 110 HE3aJEKHO BUHUKIW M y THIIUX
HA3eMHHUX YIEHUCTOHOIMX — OaraToHDKOK. Came depes 1€ KoMax 1 0araToH1X&oK
paHime o0’enHyBanu B oauH miatun TpaxeitHonumHi (Tracheata), icHyBaHHs
KOO0 HE MIATBEP/DKYETHCSI MOJICKYJSIPHUMHU JIOCHIUKEHHSAMH. 3a PpI3HUMHU
OIIHKAaMH, IIECTUHOT1 BHHHKIM B OPJOBUIILKOMY ab0 JI€BOHCHKOMY TIEpiojax
NaJe030iChbKOI epu, TOOTO Ha CBITAHKY MOSBH IEPIIMX HA3€MHUX EKOCHUCTEM.
EBomroniist komax BifOyBanacs y TICHOMY 3B 3Ky 3 PO3BUTKOM Ha3€MHUX POCIIHH,
0COOJIMBO — KBITKOBHUX.



Komax moainsroTh Ha aBa HepiBHI miakmacu: [lepsunnobe3kpuni (Apterygota) ta
Kpunari (Pterygota). IlepBuHHOOE3KpHMIII TPEACTaBICHI TIIBKH JBOMAa PsJIaMHU:
HaBabomenenoBi (Archaeognatha) Ta IlletunkoxBocTku (Zygentoma) — B
KOKHOMY 3 sikux oncano 61151 500—600 Buais. Lle crapogaBHi CBOEPIIHI TBAPUHU,
Kl BEAYTh MNPUXOBAHUM CMOCIO KUTTA HEBEIUKUMH KOJIOHISIMHU, JUHSIOTH Ha
cTajii iMaro 1 MaloTh AY>K€ CKJIQJIHY PENPOAYKTUBHY MOBEIIHKY (IOKJIAHIIIE PO
Hei nuB. B po3aini 7.5 «Eramu crareBOro po3MHOXKEHHs»). Tu10 B OUIBIIOCTI
MEPBUHHOOE3KPUIINX KOMaX M’SIKE, 4aCTO BKPUTE JIYCOUYKAMH 1 MTOTAHO 3aXHUITCHE
Bi BUcCHXaHHS. JlOCTIHKEHHS TMOKa3ylOTh, IO IMIETMHKOXBOCTKH E€BOJIOIIAHO €
OMMKINMHU 10 KpUJIaTUX KoMax, HDK JO JaBHBOMIENENoBUX. Kpmimatnx komax
NOAUIAIOTh Ha ABa iH(paknacu: [[aBHpokpuii (Paleoptera), 1o sSKuX BITHOCSTH
psau Opnopenxku (Ephemeroptera; monan 3 tuc. BuaiB) Ta babGku (Odonata;
Maitke 7 tuc. BuniB), Ta HoBokpumi (Neoptera), 10 SIKMX HallekaTh BC1 1HI PAJIU
KpuJaTuX KoMax. JIaBHBOKPHII BIAPI3HAIOTHCS HacaMIiepe]l €BOIOLINHO JaBHIM
TUTIOM JKWJIKYBaHHS KpWJI Ta HE3JATHICTIO CKJIQJaTH KpuJjia HaJ YEepeBIEM Yy
rOpU30OHTANBHIN TUTomuKHI. | ogHOACHKH, 1 6a0Kku € amMbi0I0THYHUMH KOMaXaMH,
JUYUHKY SKUX MENIKaoTh y Boil. llle ogHi€eo CriibHOI0 PUCOI0 TABHBOKPUIIUX €
BIJICYTHICTh CIIEI1aJII30BaHUX HIOXOBHUX IEHTPIB (TJIOMEPYN) B HIOXOBUX YaCTKax
TOJIOBHOTO MO3KYy, IIO0 BB@XalOTh O3HAKOI JPEBHOCTI OYyJIOBU HIOXOBOTO
aHamizaropa. HoBokpuil KoMaxu MOJUISIOTHCS Ha JABa Haapsanu: Ex3onTepiroTu
(Exopterygota; 15 psaiB, monaa 130 THC BHIIB), 1O CKIAAy SKOIO BXOJATH yCi
HOBOKPWJII KOMaxu 3 HEMOBHUM IIEPETBOPEHHSAM, Ta EHmomTepiroTH
(Endopterygota, abo Holometabola; 11 psnais, Oinst 1 MuH. BUAIB), PEICTABHUKH
KOO pPO3BUBAIOTHCS 3 MOBHUM NEPETBOPEHHAM (IOKJIAAHINIE JUB. PO3ALT 7.8
«ITocreMOpioHaIbHUNA PO3BUTOK»). Cepell eK30NTepIroT HalyacTille BUJILISIOTH
nBi rpynu paniB. [lpencrasarku rpynu Polyneoptera (7 psanis, Ouns 40 Tuc. BUAIB)
MaroTh TPU3YyUYUd POTOBUM amapaT — I1€ KOHUKHU W [BIPKYHH, TapTraHU il TEPMITH,
najduduHuKd U OGoromosu Ttomio. IlpencraBHuku rpynu Paraneoptera (4 psmwm,
noHayx 100 Tuc. BUAIB) MatOTh KOJKOYO-CUCHUM a00 MOAIOHUN 10 HHOT'O POTOBHUI
amapaTr — I TIOTICJIMIN, [UKaJu W KIOMH, TPUIICH, CiHOimu ¥ Bomm Tomo. [[o
EHJONTEPITOT BIAHOCATh METENHKIB, MEPETUHYACTOKPHINX, ABOKPWIMX Ta OiX,
KYKIB, @ TaKOX IPIOHIII PSAM, TMPEACTABHUKU SKUX PO3BUBAIOTHCSA 3 MOBHUM
MIEPETBOPEHHSM.

MakpocucteMa KOMax OCTaTOYHO HE YCTaJleHa W 3alMIIAEThCS MPEIMETOM
YUCJICHHUX JOCTiKeHb. JlJIs 3’sCyBaHHS CHOPIJHEHUX 3B’SI3KiB 1 MOOYI0BU
(b1I0reHeTUYHOro JiepeBa Hapas3l BUKOPUCTOBYIOTHCS MEPEBAKHO MOJIEKYISIPHO-
TEHETUYHI JOCHII)KeHHS, aje W ChOrojJHI BaXKO TMEPEOLIHUTH I[IHHICTh
NOPIBHSIIBHO-MOP(OJIOTTYHHUX, eMOP10JIOTIYHUX, (b1310JI0TTUHUX Ta
MajJeOHTOJIOTIYHUX  O3HAaK  JUIsi  PO3YMIHHS  €BOJIIOLII  IOTO  «Mera-
PI3HOMaHITHOTO», SIK HOTO 1HO/II Ha3UBaIOTh, KJIACY KUBUX 1CTOT.



IIuTanHs 11 CAMOKOHTPOJIIO:

J1o sIKoro Ty 1 HaJIKJIacy HajiekaTb KoMaxu?

3 SIKOIO TPYIIO0 WIEHHUCTOHOTUX TBAPUH MIECTUHOT1 MAOTh HalOUIBIITY CIIOpiIHEHICTh?

SIKi qB1 TaTHHCHKI HA3BH 3aCTOCOBYIOTH JI0 Ki1acy Komax?

Yomy migrun TpaxeHHOAMIIHI Hapa3l BBAKAETbCs 301pHUM (TIOTI(IIETHYHUM) 1 B Cy4aCHUX

cucremax He ¢pirypye?

SIKi TOJIOBHI O3HAKH BiIPI3HAIOTH KOMaX BiJl pelITH KiaciB Hajkiacy llectunori?

Ha sxi migxiracu nonuiserses kinac Insecta?

UnmM nepBUHHOOE3KPIITI KOMaXH BIIPI3HAIOTHCS BiJl KPUIATHX ?

SIKi psiaM HaJeXaTh 10 IEPBUHHOOC3KPUIINX KOMax?

Sxi psau cknanaroth iH(pakiacu JlaBapokpuiti 1 HoBokpwi?

0. 3a gKOI0 03HAKOIO KUTTEBOTO IUKITY BIAPIZHAIOTHCA MK COOOI0 HAAPSIIM HOBOKPHIIMX KOMax?

Sk i HaaPSIM HA3UBAKOTHCS?

11. ki rpynm psuiB BUAULIFOTECS B MEXaxX HOBOKPWJIMX KOMax 3 HEIOBHUM Ta IOBHUM
MEePETBOPEHHAM?

12. Sk Ha3uBa€THCS TAKCOH KOMAaX, BCI MPEICTABHUKHU SKOTO MAIOTh MTOBHE TIepeTBOpeHHs? SKkuit
paHr Mae 1ei TakCoH?

13. TlopiBHsiiTe TakCOHOMIYHE MOJIOKEHHA psAdy Tapranis Ta psay Kyku B cCTeMi KOMax.
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Jexuis 2
IMOKPUBU KOMAX

] fsHjtedgBO, hC'tdz LOdsLd. m' &3 yded?2 MmE dzOH

B CtesMCbd fsktc® CkisdCbkdd. | OsOts dzj dadz” :

i toc

LdzgOyj dedz? o' L jtozdzaS &, o 0Ot OB j dz dz' Mls:

HOKpI/IBI/I KOMax CKJIaaroThes 3 TKanuau G ° f S H gkic sggfinse HazoBHi
HeKmTHHHME 1ap — § k2 IS X @odZnas 3Ha4HOIO MIpOIO 3YMOBITIOE
30BHIIIHIA BUIJISA TBApUHM, BU3HA4Yaouu (GOpMy Tija, po3MipHu Ta 3a0apBIICHHS.
KyTukyna 3axuinae BiJi MEXaHIYHMX Ta XIMIYHUX MOIIKOJKCHb, MPOHUKHEHHS
Napa3uTiB, BUIIAPOBYBAHHS Ta HAAMIpPHOTO HarpiBaHHsA. KyTHKYJISpHUN MOKPUB
komax ciayrye J € L B8 M¢ Jadzgrlsdsitukpimmororbes M’s3u. SIK 1 B 1HIINX
YJICHUCTOHOTHX, KyTUKYJSIPHUI TTOKPHB KOMaX € HEPIBHOMIPHUM — BiH YTBOPIOE
TBEp.i, BimHOCHO crtayol ¢opmu twiactuakun — ) C dzj tef IsngcTruni ToHki
nainsHkd — O34 d3B tc Q/fagfi BHYTpilIHI TOPOXXHUHH — EKTOJCPMAIBLHOTO
TIOXO/KCHHS TAKOX BKPUTI KYTHKYJIOIO, SIKY Ha3uBaioTh  dzls d €3 nepenniit
Ta 3aJHIM BIAJIIM KHUILIEYHUKA, Tpaxei, CTaTeBl NPOTOKM Ta BUBIJIHI MPOTOKHU
rinoiepMajgbHUX 3aJ103.

KyTukynspHuii nokpus y uijiomy (GOpMyeThCS 3a Ayke KOPOTKUN IMPOMIKOK Yacy
M1J1 Yac JUHSHHS. 3aBASKH 0COOIMBOMY XIMIYHOMY CKJIaJly Ta CTPYKTYp1 KyTHKYJIa
KOMaxX Ma€ MEXaHIYHl BJACTHUBOCTI, SKI € >KaJaHUMH B CYy4YacHI TEXHIIll Ta
MaTepiajlo3HaBCTBI — BOHA € TBEPJIOI0 Ta BOJHOYAC AYXKE €IACTUYHOIO, MIITHOIO
Ha PO3PUB Ta XIMIYHO CTiHKOI0. TOMy BHUBYEHHS KyTHKYJIH KOMax HaJEXHUTh IO
MPIOPUTETHUX HAMPAMIB Cy4yacHOT O10HIKH.

2.1 Tinoxepma. T'imogepma Komax 37€0UTBIIOTO MPEICTABICHA OHOIIAPOBUM
KyOl4YHMM a00 HWJIIHIPUYHUM eriTesieM. Y OUIBIIOCTI KOMaxX TiJ 4ac PO3BUTKY
rinojepMaibHi KIITHHHA TMOAUISIOTECS, YaCTO CTAIOTh IMOMIIUIOIIHUMU, 1 TUIBKH Y
JUYMHOK TEPETUHYACTOKPUINX Ta, WMOBIPHO, KPYTJIOMIOBHUX IBOKPHINX (10
OCTaHHIX HAJEXWUTh OUIBIIICTh MYX), TINOAEPMalibHI KIITUHU HE IUISTHCS, a
TUTBKM 30UTBLIYIOTH CBOI PO3MIpH Ta IUIOiAHICTH. llomimmoinHMMM yacto € W
crHeliagi3oBaHl KJIITUHU TIMOAEPMH, SIK-OT 3aJI03UCTI, TPUXOTE€HHI Ta TOPMOT'€HHI
KJIITUHU CEHCOPHUX BOJIOCKIB (AE€TalbHIIIE MPO HUX PO3IMOBIIAETHCS B po3au 8.
«Oprann 9ytTss 1 MOpdo-(}i310J0TidyHI OCHOBH TOBEIIHKW») TOINO. BepxiBku
rimojiepMaibHUX KIITHH HecyTh Kopotki 3 € t6 s 9 5 t8 MuchixizGipaficyThi
CJIEKTPOHHO-IIUIBHI TUIACTUHKU. BBaXkaroTh, M0 TYT MICTSATHCA BAXJIMBI JUIS
CHUHTE3Y KYTHUKYJIM CKJIaJ0BI — XITUHCHUHTETa3H, AaKTHUHOBI (iJTaMEHTH TOIIO.
OCHOBM TiMOJEPMAIbHUX KJIITHH CHJIBHO YTHYTI ¥ (OpPMYIOTh Tak 3BaHUM

BOL Odz! dzd 2, s Bataapmialsiia tpancnopry pedosun. 1 OL O dz! dz

d3d d3B tg @xdz@exuTh mia TINOACPMAIBHUMH KIITHHAMH, € HEKIITHHHUAM
YTBOPOM 3 KOJIATEHOBHX BOJIOKOH. BOHa 3apskeHa HEraTUBHO, TOMY € HE TUIbKU
«MEXaHIYHHUM CHTOMY», SKE MPOIYCKA€ YAaCTHHKH IIEBHOTO pPO3MIpy, aje i
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3aTpUMy€e 3apsKeHl mpoTeiHu remoiiMpu. I3 GOkiB Ta 3HHM3Y TimoJaepMaibHI
KJIITHHH OMUBaIOThCs Oz d3W 4%& siBsie 00010 BiadiabTpOBaHy Kpi3h Oa3aibHy
MeMOpaHy reMoaiMdy. OyHKIIIT TinogepMaIbHUX KIIITHH HE OOMEXYIOThCS CaMUM
TIIBKA TPAHCIIOPTOM TMPOTEIHIB ISl CHUHTE3y KYTUKYJIH — IIi KJIITHHH MAaloTh
BUCOKY OIOCHMHTETHYHY aKTHUBHICTh Ta MNPOJAYKYIOTh MOJIMENTHAN KYTHUKYJIU 1
0a3abHOI MEMOpaHH.

Creriai3oBaHUMH TiNOJACpMaJIbHUMHU KiniThHamMu € L O dzsL d Mis ', aki§ dz'
HaJEXKaTh J0 EK30KPUHHUX 3aJI03, ajle 3a MIaHOM OyaoBU MOMAIOHI A0 IHIIMX
KJIITUH TiMOoAEepMH. 3al031ucTa KIITHHA YaCTO MICTUTH BEJIMKY KUIBKICTh anapariB
Fompmxi, ae MOAU(DIKYIOTBCS TPOAYKTH CHHTE3y, Ta BE3UKYJIH, IO iX
TpaHCcTOpTyIOTh. (CeKpeT, IO YTBOPUBCSA, HAKOMUYYIOTBCS B OCOOIUBOMY
pe3epByapi ¥ TOTparuisie Ha30BHI uepe3 BHUCTEIEHY KYTHKYJIOK (1HTHMOIO)
BUBIJHY NPOTOKY. [lOMMIoigHICTh 3a703UCTUX KIITUH CHOpHSE IXHIA BHCOKIN
O010CUHTETUYHINA aKTUBHOCTI.

[cHyIOTH pi3HI MIAX0aU A0 Kiacudikallii 3a103UCTUX CTPYKTYp kKoMax. Hanpuknan,
3a JIOKaJi3alli€l0 3ajo3u OyBalOTh TOJIOBHUMH, TPYIHUMHU (TOpaKaJIbHUMH),
YyepeBleBUMU  (a0JOMIHAIBHUMH), JIAKOBUMH  (Tap3aJIbHUMH) TOHIO. 3a
MPUPOIOI0 CEKPETY Ta HOro (PyHKIIAMH ICHYIOTh IIIOBKOBI 3aJ103H (HI>KHBOTYOH1 Y
T'yCEeHl, Ha JUISTHKaX KOMYJSTUBHOIO arapaTy y CamIliB JaBHBOIIEIECTIOBUX KOMax
Ta JIyCKaTOK, Ha MEepPeHIX Jiankax eMOiif), BOCKOBI 3aJ103H (Ha YepeBIll MEJOHOCHOT
OKOJNM, PpI3HUX YaCTHHAX Tijda LIUTIBOK, NEPIIOMY YEPEeBHOMY CErMEHTI
O1TOKPWJIOK), TPUKPIMHI 3a7103u (Ha Jjamkax OaraThboX KOMax), 3MalllyBalibHi
3am03u (Ha TWIrAll TUIaBYHIS), BUUIAKYHOY1 3ai03u  (IepeIHbOTPYIHI 3aJI03U
MJIaBYHIIS, JJOOH1 3aj03u TepMiTiB) Toio. [IpoTe HalOUIbII BAAIMM MIAXOIOM 3
MO3UIIIN €BOJIOLINHOTO TAyMayeHHS BBAXKAECTHCS Ki1acudiKallis 32 0COOJIUBOCTIMU
mopdorenesy. } tetsfmls L OdztsL dMgusrt, a6 d@yaisse) dmepemoi
rinojiepMaibHOi KJIITUHU; BOHU MOXYTh OYTH TMOOJMHOKMMH ab0 yTBOPIOBATH
3amo3ucti mojs. [IpukimagoM OCTaHHIX MOXYTh CIYI'YBaTH BOCKOBI 3aJ03M Ha
YepeBlll MEIOHOCHOT OJDKOIM Ta YHCIACHHI 3aJI03M Ha Tl JaBHBOIICICITOBUX
KOMax, sKi BBaxalTh (epomonHumMu. | OdzsL d Mmils® OC tedzphydzy € M)
CHeIiaTi30BaHUX KIIITHUH, SIKI YTBOPHJIKCA IiJI Yac MITO3Yy OJHIET TinoaepMaIbHO1
KIiTHHA. Hampukiaa, mikipHi 3aJ103U JTUYHHKA OOPOIIMHSHOTO XpPYIIaka MaroTh
LHEHTpPaJbHy 3aJ03MCTy KIITUHY, AOAATKOBI 3aJIO3UCTI KIITHHU Ta KaHAJIbHY
KIiTHHY, 1m0 ¢opMye BHUBigHY mnpotoky. | O dztsL d fMmls ' pimpisate@ndzd
HabaraTo CKJIQJHINIOK OyJO0BOI: BOHM MalOTh y CBOEMY CKJIaal A0 S5 THCAY
3aJI03UCTUX KOMIUIEKCIB Ta NPOCTUX 3aJ03UCTHX KIITHH, MOXYTh MICTUTH
CriemiayibHi M’si3u. Y Takui croci0, 30kpemMa, moOyJ0oBaHO Maxydi 3ajo3u Ha
3aJHBOTPY/IIX UYEPBOHOKIIONA-MOCKaimuka Pyrrhocoris apterus ta depomonsi
TeprajibHi 3a5103u TepMiTy Kalotermes

BrmuuB cexpety rimojepMaibHOI 3a7103M HAa KOMaxX 3aJIeKUTh HE TUTHKU Bij
Horo XiMIYHOTO CKJady, ajie W Bim koHmeHTpamii. Hanpuxman, depomonn
TPYIHUX 3aJl03 KJIOMIB 3aJie)KHO BiJl KOHILIEHTpalii MOXYTb BHUKJIHUKATH
o0opoHHy peakmito abo BTedy. CekpeTd OTPYWHHMX 3ajJ03 MypaIIoK € He
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TUIBKM OTPYTOIO JUIsl BOPOTiB, aje W (epoMOHAMU AJIi CaMHUX MYpalloK i
BUKOPHUCTOBYIOTBCSI SIK CJIZIOBI MITKH NMPU MPOKIAJaHHI (QypaxKyBaJbHUX
cTexok. LlikaBo, mo OymoBa Ta po3TallyBaHHS 3aJI03UCTUX CTPYKTYpP 4acTO
MOKa3yI0Th 1 NUIAXU €BOJIOINii Tpynu. Hampuknan, gociimkenHs moHax 100
BU/JIIB JKYKIB-THOMOBHUKIB BUSBHUJIO, II0 OYyJ0Ba iXHIX 3aJ03UCTUX CTPYKTYP
YCKJIaTHIOBAJIACh TApaJIeIbHO 13 YCKIAAHCHHSM TOBEIIHKUA. Y E€BOJIIOIIIHO
IPOCYHYTHX TPYyI THOWOBUKIB )EPOMOHH TilMOACPMATBLHUX 3aJI03 HE TiTBKH
BUKOHYIOTh CBOIO TIEpBICHY (YHKIIIIO — TpHUBAOJEHHS CaMOK, ale U
MapKyIOTh CaMOK TIiCiIsI KOmyJisiiii (o0 10 Hel He 3aMIsUTHCS 1HII camIli),
MMO3HAYaI0Th OKpPeMi KYJIbKH THOIO (100 iX He BimiOpanw iHIN XyKH), 1
HaBITh BUIISKYIOTh KOHKYPEHTIB — JHYMHOK THOMOBUX MyX 13 POy

Calliphora

2.2 XimiuyHuil ckiaag KyTukyJam. KyTukyna — 1e cKiIagHuid NpOayKT BHUIIICHHS
KIiTHH. bioMmexaHiuHO BoHa siBiste coboro € S 3Y 5L d y ' 2 dzds2axoMigO Is §
KOMOIHaIli PI3HUX KOMIIOHEHTIB HaJa€ KyTHUKYJl TaKUX BJIACTUBOCTEH, SIKUX HE

Ma€ KOJIHA 3 OKpEeMHX ii CKJIaJ0BHUX. Y PI3HUX AUISHKAX MOKPHUBIB KOMOIHAIIS
PEUYOBUH € PI3HOI0, OTXKE€ M KYTHUKyJla Ma€ TEBHI <«JIOKaJbHI» BIIACTUBOCTI —
3Me01IBIIOr0 TEBHY TBEPIICTh Ta €JacTU4HICTh. (OCHOBOIO KYTHKYJIH €
MPOTETHOBUI MaTpPUKC, y SIKWWA BOYJOBaHI XITHHOBMICHI MikpodiOpmmm. YacTtka
XITUHY B PI3HUX AUISHKAX KyTUKYJIH MOxke caraTtd 60%, a 1HIIUX KOMIIOHEHTIB —
JOiaiB, (EHOJOBUX CHOJIYK, COJEH Ta BOAM — 3a3BHYail HE MEPEBUILYE KUIBKOX
BIJICOTKIB.

M IS dualzexxute 10 OlomosimMepiB 1 3a XiIMIYHOIO mMpUPOAO € mofi-N-
rmoko3aminoM. Moro aminorpymu (10 10 %) MoyTh GyTH HealeTHILOBAHUMHI —
caMe JI0 HHMX MOXE TPUKPIIIIOBATUCSA BOJAA, HAMAIOUA KYTHKYII TE€BHY
enacTUyHiCTh. YuMm Olnblie BOAM 3B’S3aHO 3 XITMHOM, THUM KyTHKyJla €
CIACTUYHIIIOKW. XITHH BIIKIAIA€ThCS Y BHUIJIAAI MYyYKIB AlaMeTpoM 2 HM, TaK
3BaHux § M Is O dzMdsgoa@ peHTreHO-CTPYKTYpPHOTO aHali3y BIAMOBIAHO 0
Opl€HTAIlli JIAHITIOKKIB Ta KIJTLKOCTI BYTJIEBOJHUX 3B’SA3KIB PO3PI3HSIIOTH O-, - Ta
Y-XiTUH. Y KOMax 3yCTpi4aroThCid yCl TPH TUIIM, MPOTE HAWYACTIIIE — O-XITHH,
JAHIIOKKHA SKOTO PO3MIIICHHI aHTUIApae]bHO, a BMICT BYTJICBOJHHUX 3B’SI3KIB
nyxe Bucokuil. Came yepe3 CBOIO CTPYKTYpy O-XITUH HE HaOpsKae y BOIi, €
CTIHKMM 1O Jii CIHUPTIB, CTAOKWX KHUCIOT Ta OPraHIYHMX po34MHHUKIB. CHUHTE3
XITUHY PpETyJIIO€TbCsl TOpMOHaNIbHO. Llel momimep mpoAyKyrOTh TinojaepMaibHi
KJIITUHHA, BUKOPUCTOBYIOUM AMCAXapuj TPerano3y, IO HUPKYJI0E€ B reMomimi.
TpuBanuii 4yac BBaXKaiu, L0 JO CHUHTE3Y XITHMHY 3JaTHI TUIbKA KJIITHHI
eKkToAepManbHOl mpupoau. Ili3Hime XiTUHOBI MikpodiOpunu Oynu 3HaiineHi
TakoXX y TmepuTpodiuHiii MemOpaHi, Ky BUIUISIOTH E€HTOACPMAaNIbHI KIITHHU
CepeaHbOT KUK (JOKIaaHIIIe AUB. po3aul 4.2.2 «CepeiHs KUIITKay).

XITUH HE € YHIKaJIbHOIO CHOJYKOIO WICHUCTOHOTHX. BiH MpUCYTHIN y riapoigHux
MOJIMIB, T'yOOK, MOXOBAaTOK, MOJIOCKIB 1 HaBiTh y XOpPJOBHX TBapUH — B
neputpodiuHii MeMOpaHi MOKPUBHMKIB, MDK3SIOPOBHX TMEPETUHKAX JAHIIETHUKA
Branchiostoma floridae mkipi xoctucroi pubu-codauku Lipophrys trigloides
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XITUH HIKOJIM HE 3YCTPIYAEThCS B MPHUPOJI SK OKpEeMa pPEYOBHHA, a 3aBXKIU
dbopmye acorrialiii 13 NpoTeiHaAMHU, K1 y JICKTPOHHOMY MIKPOCKOTI BUTJISIAIOTh K

B CtsW' Biddd.

1 totgls ,dzafBigminy Big XiTHMHY, € Haa3BMUYAiHO pisHOMaHITHHMHU. KoKeH BUJ
KoMmax, sk npasuio, Mae 50—100 pi3HHX TPOTEiHIB KyTHKYIH. DyHKI[IOHATIBHE
3HAYEHHS TaKOi PI3HOMAHITHOCTI J1ocl HeBioMe. CUHTE3 KyTHUKYJIAPHUX MPOTEiHIB
B1/I0YBa€THCS y )KUPOBOMY TIJII.

VY 1960 pomi nancekuii eaTomonor Topkens Baiic-dor, skuili BUBYaB MOJIT
capaH¥, BIJKPUB HOBUWM KYTHKYJIAPHUW TPOTEIH 13 HE3BUYHUMU
T'YMOITOIIOHMMH BJIACTHBOCTSAMH, SIKHE aBTOp HasBaB 16 J L d dz'llelets d3
HAJ3BUYAHO TMpPYKHUA OUIOK € 0e30apBHUM Ta MPO30PHUM, Mij
€JIEKTPOHHUM MIKPOCKOIIOM BHIJISIIA€ HECTPYKTYPOBAHUM 1 CKIAHAETHCS 13
TPUBUMIPHOI CITKM NPOTEIHOBUX JAHIIOXKKIB, SIKI 3’€IHAHI PIJKICHUMH,
3MaTHUMHU J10 (JIIOOPECHCHINT TOXITHUMU TUPO3UHY. Pe3usnin Moxke
po3rsaryBatucss Ha 200% Bix TepBICHOI JOBXHHM U IOBEpPTaTUCS [0
nepBicHOI QopMu 06e3 MOMITHHUX YIIKOJJKCHb, BIH HE 3MIHIOE CBOIi
BJIACTUBOCTI aHi MPHU CUILHOMY OXOJIOJKEHHI, aHl TpH HarpiBaHHi 10 125
rpamyciB, aHi Mg Jiel0 coupry uM (opmatiHy. VIMOBipHO, pe3miinH
NPUCYTHIA y 0araThb0X KOMax, OCOOJHMBO B THX MICIX, SIKI ITOTPEOYIOTH
0COOIMBOI €TAaCTHMYHOCTI Ta 3JAaTHOCTI 3amacaTd eHepriio. Moro G6yio
3HalIeH0O B Kpujax ©0aboKk Ta capaHd, B XOOOTKY METEJUKIB,
CTpUAYJALIIHOMY amapaTi [HMKaJ Ta CcTpuOalbHUX Horax OJix, y
MPUKPIMTHUX MOAYLIEUKaX (aposiiymax) Ha Jiankax nepetTuHdacTokpuinx. Ha
ChOT'OJIHI PE3WIIH 3aJIUIIAECTHCS HANOUIBII €PEKTUBHUM €J1aCTOMEPOM Cepel
yCiX BIJIOMUX JIOACTBY. BueH1 y>ke BUCOKO OLIHIOIOTh MOT0 MOTEHLIAI JIJIs
CIIOPTHUBHOTO B3YTTS, MIKPOEJIEKTPOHIKA Ta MEIUIIMHU — 30Kpema, s
CTBOPEHHSI HAHOTIPY>KHH, KapKacy JJII pO3BUTKY KJIITHH B XPOHIYHUX paHax,
y CYIUHHIN Tepamii Ta B CKaAil 610CeHCOpiB.

[HIIME  BaXIMBHHM KOMIIOHEHT KYTHKYJIM KoMax ckimagalote dz° ff, " s&id
CHHTE3YIOThCS ~ ocoOnuBUMHM  KiaiTmHamu | dzts y ( .Is Fdgdurn  maroth
eKTOJIepMalIbHE TOXOJDKEHHSI 1 3aKJIajaloThCs Y BUIUIAAI  CErMEHTapHO
pO3TAIlIOBAaHUX TPyH KJIITHH, JIOKami3allis SKUX B JOPOCIOi KOMaxu MoOke OyTu
PI3HOI0 — B TIMOIEpPM1, MK TIOKPUBAMH 1 M’sI3aMHU, CepeJl JIOMATel KUPOBOTO Tijia
Tomo. KyTukyJspHI JiMiau CKOHUEHTPOBAHI Y BEPXHbOMY IIapl KYTHUKYJIU —
enikyTukyni. LlikaBo, 1m0 B KOMax «4y>KOpLAHI» JIMIAA MOXYTh IMOTJIMHATHUCS
yepe3 KyTHKYITY, EPETBOPIOBATHUCS Y «BJIACHI» HOBI CIOJYKH, SIKI BXKE 3a KUJIbKa
XBWJIMH TPAHCTIOPTYIOTBCS Y 3BOPOTHOMY HAmNpsIMKy W BiAKTamaloThCs Ha
MOBEPXHI KYTUKYJIH.

Y BOCKOBOMY IIapi €HIKYTHUKYJIM (IUB. HI)KYE) MICTITHCS PI3SHOMAHITHI
Md ¢ dzOdz! dz', sxicgurpis/o1q dzdfy Hu3KYy BakiIMBUX (QYHKIIIH.
A J t6 s d3uadaraiots po3misHaBaTH OCOOWMH IHINOI CTaTi, @ B JESIKHX
KOMax — i MPeACTaBHUKIB IHIIUX BUIIB Ta KacT. 8 O 2 16 S dyisidzdiors y
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NapasuTHUYHUX KOMax TOLIYKOBY MOBEIIHKY Ta BIAKJIATaHHS s€nb. Z-9-
MIEHTAaKO03a, Ky MICTUTh JisJIEYKa WICPIIHS, BHUKIUKAE TEPMOPETYISAILIHHY
MOBEJIIHKY poOOYMX OCOOMH, SIKI 3a HEK HarjsaalTh. PedoBUHM 13
aHTUO10TUKOMOIIOHUMH BJIACTUBOCTSIMH 3HUINYIOTh MOCEJICHHS OaKTepiil Ta
rpubiB Ha KyTHKYJi, 0cOOIMBO y BoAHMX KoMmax. J[kminme Bombix mori
CEKpeTy€e HU3bKOMOJIEKYJISIPHI KUPHI KUCIIOTH, SIKI MPOTUIIOTH TPUOKOBIN
iHpekmii. XiMIYHUM CKIaJ KOMIIOHEHTIB KYTHKYJIH BHUKOPHCTOBYIOTH IS
PO3pi3HEHHs BUIB Ta BUBYECHHS CIOPIAHEHUX 3B A3KIB MK rpynamu. Lleit
HaIpsIM €HTOMOJIOTIT Ha3uBaeThcsi m § BB ISOE Msdzsdz” “ 8 € 53O

[Ipo 3aKOHOMIPHOCTI PO3MIIIIEHHS B KyTHKYI Komax ii dzj Ste ¢ Odz' ydzd -
BYCHI Ji3HAJHUCs TUIbKU HemiogaBHo. CTano BiAOMO, IIO YACTHHH KYTHKYJH, SIKI
3a3HAIOTh OCOOJMBUX MEXaHIYHUX BIUIMBIB, YacTO YKPIIUIEHI 3a JIONOMOTOIO
MmeTaniB. Hanpukiman, y nepeniTHoi capanu Locusta migratoria ska xapuayerbes
JKOPCTKOIO TpPaBOO, pi3ajbHUN Kpald MaHnuOysl BHABIYI TBEpAINIMA 3a I1HIII
JUISTHKA, TTPUYOMY PO3MOJUT MIITHOCTI KYTHKYJIM Ha TMpaBiil Ta JBIM mienenax €
HECUMETPUYHMM, W10 3YMOBIIOE €(EeKT «CcaM03aroCTPIOBaHHS»  ILIEJEI.
BusiBriioch, 1o TBEpAiNI JUISHKHU IS HE TIIBKU € OUTII CKISPOTH30BAHUMU

(mpo mpupoay ckiepotusaiii quB. po3ain 4.2. «JIMHIHHSAY), aje il MICTATh IUHK.

Bueni mpunyckaroTh, 1o miaBuiieHni Bmict \ J dzfa 3O dz” Wwazizmoynax
npUTaMaHHUN yCIM POCITUHOIAHMM Komaxam. Hampukinaa, ManauOynud 1HIIAX
CapaHOBUX, MAJIMYHUKIB Ta TYCEHUI[b METEIUKIB TaKOX MICTATh IIUHK, Y 0aratbox
KYKIB — MaHTaH, B MypallOK Ta JCSIKHUX >XXYKiB— 1 IMHK, i MaHran. | Odz' L ts
NPUCYTHE B mIeNienax OaraThoX TapraHiB Ta mmmaBku Forficula auricularia v
ImIejenax ycix JOCTIKEHHX Ha chorogaHi komax 3Haiaeno fd dz' IyZ 2dzj € d )«
C O dz! BimidtHUI y JTMYMHOK MYyX-KOJIOBOJHHIIb 3 ponuHH Stratiomyidae, e

Horo BMICT MoOXe cAratd 75% cyxoi Barm KOMaxH, a TakKOX Yy JESIKUX
MeTeTIBKOBUX KoMapiB 3 poauHu Psychodidae 1 B msmeukax npo3odi.

VY koMax, siKi CIIOKHUBAIOTh TBEPY 1KY (CapaHH, TUCTOIIB, BOAHUX JTUYUHOK
KOMax, K1 31IKPsAOYIOTh BOJIOPOCTI, OCOOJIMBO J1aTOMOBIi), pOTOBI OpraHu
MOCTYTIOBO CTHUPAIOTHCS 1 3/1aTHI BITHOBIIIOBATUCS TUTBKH ITiJ Yac JIMHSHHS.
[Ipu 1bOMy CuUJIBHE 3HOIIEHHS POTOBUX OpraHiB KOPETIO€ 3 OlIBIIO0
KUIBKICTIO  JIMHSHB. 30KpeMa, OJHOJCHKHU-3IMKpAOyBadl 3  pPOJIUHU
Heptageniidae marote 611t 50 TMUUHKOBUX CTaJliid, a MIPEACTABHUKHA POJIVH
13 IHIIUM CIIOcOOOM kuBJIeHHS — TUTbKH 10-30. JIMUMHKK BOJOXOKPUIIBIIIB
3 poaunu Glossosomatidae, siki >KUBISATHCS BOJOPOCTSMH, MarOTh 7—8
JIMYMHKOBHUX CTaJIH, a 1HII BUAA — 3a3BHYal TIJIBKH 5.

2.3 llapu kyTukyau. Kytukyna komax € 6araromapoBuM yTBOPOM. Po3pi3HSAIOTH

no30aBiacHud XiTuHy 30BHImHIA map — J § ° € & Is & RidzwsmicHuii
BHyTpimHIA — f 65§ Iz IS flkmlg dglaxyTukyna 3a3nae ckiepoTu3ariii, BoHa
NOJUIAETBCS  HA CKIEpOTH30BaHWiM 30BHImHIE map— J S L B8CEZIsg ¢ & d

HECKJICpOTU30BaHuil  BHyTpimHi — J OzH B¢ Iz Is d&simmizlz ex3o- Ta
CHIOKYTHKYJM 3HAYHO BapilO€ HE TUIbKU MIX BHUJAMH, ajle i B PI3HUX AUISHKaX
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TiJa Ta Ha PI3HUX CTAlIAX PO3BUTKY KoMaxu. barato nMUMHOK KOMax 30BCIM He
MalOTh €K30KYTHKYJIH, a KyTUKYJIA KYKIB CKJIQIA€ThCS MPAKTHYHO TLIBKH 3 Hel.

( §° € klsd failradn@iv mapom kyTtukyau. Bona mos0aBieHa XIiTHHY 1 3a
MEXaHIYHMMH BJIACTUBOCTSAMH Harajye jgak. EmKyTHKyIa BKPHBA€E BCE TLIO KOMaXx,
ame Moke OyTH ¥ BIJACYTHA B TMEBHUX HOro [iISHKAX, HAMpPUKIAd, B
XeMmopenenropax. Buminsiore 4 mapu emikytukymn: \ J 03] dzlsaag(fC tso d
Ltsodz hdgw J ' Clklsd Sreatallz I§ € 'Zhsdp€ Iz jddf ‘diisle s 9 Iz

A j d3j dzl8 d®2dgRxnanaeTscs Ha MOBEPXHI KYTHKY/IM Y BUTIISAL CYLIJIBHOTO a00
(GparMeHTOBAaHOTO CHJIBHO CKJIEPOTHU30BAaHOTO Iapy. BiH mpucyTHil B Oaratbox
Ha3eMHUX KOMax 1 BIJCYTHIM y BOASHMX KOMax, B JIMYMHOK JBOKPWJIMX Ta B
JEAKUX Ha3eMHUX BHAIB (HANpUKIad, B MEAOHOCHOI Oxoiu). [ 0J0oBHOIO
(YHKLIEIO IIEMEHTHOrO IIapy € 3aXUCT BHYTPIIMIHIX IIApIB KYTHKYJIHA Bij
MEXaHIYHUX MOIIKOKCHb.

l 8M¢ 59 JiBopde@dE i yac TUHIHHS MICIA IHITUX KyTUKYJISIPHUX IIapiB.
BBaxkaroTh, 1110 BiH CKJIAJIa€ThCs 3 JIMOMPOTEiHIB, Kl IMOCTadae rimojepma adbo
eHouut (AuB. po3ain 5.2.1 «Kupose Ti0»). KOMIOHEHTH BOCKOBOTO IIapy
TPAHCIOPTYIOTHCA Ha TOBEPXHIO KYTHKYJIM 4Yepe3 OCOOJIMBI KaHaiIM 1 Mij 4ac
TPaHCIIOPTYBAHHS BHJIO3MIHIOIOTHCS. JliMiin BOCKOBOrO IIapy B MPICHOBOJHHUX
KOMax TEpelIKO/HKAIOTh HAJAMIPHOMY OOBOJHEHHIO Tijla, a y Ha3eMHUX —
BHUCHUXAHHIO Yepe3 HaJMIpHE BUTIAPOBYBAHHS BOJIH.

BockoBuil map Ha kpwiax 0a0OK He TUIBKM 3amo0ira€ HaMOKAaHHIO Ta
3JIMIIAaHHIO KPWJI KOMaxH, fiKa MOoTpanwia y Boay. MOKIIMBO, BiH BiJIrpae
MEBHY pPOJb y KOMYHIKalli Komax, aj/pKe BiAOMBarouu yiabTpadioeToBi
MIPOMEH1, BOCKOBUI MOKPUB POOUTH MOMITHIIIMMHU MOAPATNMHA HA MOBEPXHI
KpWUJI, @ TAKUH BI3EPYHOK MOXKE CITYTYBaTH MOKAa3HUKOM BIKY OCOOWHHU.

1 sodz' hdzv | #066 € izlsd ¥ bz dir@dztk-enth nebinbioro imau ta
CKJIEPOTH30BaH1 OITKA 1 MaJlio PO3TATYEThCS, TOMY MpH MOTpPedi y 3HAYHIN
nedopmarlii KyTUKYJIM, HANpPUKIAL B YEPEBIll KOMax-KpOBOCOCIB, BIH YTBOPIOE
YHUCJIeHH] 3ropTku. KyTHKyniHOBUH 1Iap BUHHUKAE MiJl Yac JUHSHHS 3 amiKajibHUX
JOUISTHOK TINOJEPMAalbHUX KIITHH, TOMY MIKPOCKYJIBITYpa KYTHUKYJIH YacTo
MOBTOPIOE MO3AiKy TIMOAEPMAIbHUX KITITHH.

l dzlzlstc’ h dgw | 460 tf tztsly F 'z da®sifydus finkkie y Tpaxeomax
(muB. po3min 6.2.1 «[lnan OymoBu TpaxeitHoi cuctemu»). Jlo i ckimamgy BXOHISThH
CKJIEPOTHU30BaHl MPOTEIHM, MW, JIHNONPOTEIHM Ta (PEHOJbHI CIOJIYKH.
BBakatoTh, 110 BHYTPIIIHS E€MIKYTUKYJa MOXE CIyTryBaTH PE3€pBYapoOM pPI3HUX
MO3aKJIITUHHUX KOMITIOHEHTIB, HAIIPUKJIaJ, (EpMEHTIB.

bararo iHCEeKTHMLHM/IIB KOHTAKTHOI Jii, HAPUKIaA, XJIOPOPTaHiuHI CIOIYKH
(XOC0), sik-ot aquxnopaudenunrpuxioperan (JIT) 1 rekcaxaopuukIorekcaH
(I'XI1I"), 3maTHI pO3YMHATHCS B KYTUKYJISIPHUX BOCKaX 1 JIETKO MPOHUKATH B
OpraHi3M KOMaxH Kpi3b TOHKI JUISHKH emiKyTHKynu. Jlesski 3 HHX

15



BUKJIMKAIOTh MOPYUICHHS TPAHCHIOPTY BOAM Uepe3 MOKPUBH: OTPYEHI KOMAaXHU
IHTEHCHMBHO BTpAvyaroTh BOJY BHACIIIOK 1i BUIAPOBYBAHHS KpPi3b MOKPUBU Ta
TUXAJbIIA.

1 etsC s deknimaz®cess 3 mmactuHok, abo dzO dgj (damemns (mar.) —
miacTuHka), ki y J ¢ L 8¢ [z Is thfuimndz 'ta cnadkine BupakeHHMMH, HIX B
J dzH 58 € .1Kopr&azndactunka ckiamaeTbes 3 6araTboxX MIapiB XiTHHOBMICHHX
MiKpodi0puiI, TpPUIOMYy B KOXKHOMY Imapi MikpodiOpuiaun  po3TalioBaHi
napanenbHo. OpienTarliss MikpodiOpuI B CyCiiHIX IIapax Moke OyTH OJHaKOBOIO
(JiHiHE po3TallyBaHHs), aje 4acTO BOHA BIAMOBIJA€ TMOMIMPEHOMY B MPHUPOI
OPUHLUITY «(paHepu», 3a AKOTO HAMPSIMOK BOJIOKOH B CYCIAHIX IIapax 3MIHIOETHCS
1 KOHCTpPYKILisg HaOyBa€e 0COOIMBOI MIIIHOCTI (TBUHTOBE po3TalllyBaHHs). | BUHTOBE
Ta JIIHIMHE pO3TallyBaHHA MIKpO(QIOpHI MOXYTh KOMOIHYBAaTHCS B CKJIaJHIIII
cTpykTypu. [IpokyTuKynga KoMax MpOHHM3aHa MOPOBMMHU KaHamamu. Ilig wyac
JUHSHHSA KOXKHa TinojaepMaibHa KiiThHa (opmye mo 200 BUPOCTIB, SKi MICTS
JIMHSIHHS BTATYIOTHCS B KJIITHHY, 3aIUIIAI0YHM TOPOBUI KaHaN B KyTUKYJ1. [lopoBi
KaHAJIM MPOKYTUKYJIA MPOJAOBKYIOTHCS i B €MIKYTHKYJII — TYT BOHH Ha3UBAIOTHCS
BOCKOBUMH 1 BUKOPHUCTOBYIOTBCS JJIsi TPAHCIOPTYBAHHS PEYOBHH IO 30BHIIIHIX
mapiB KyTHKYJIA. Y JESKUX BUJIB KOMax (HampHKiIaa, JTUYUHOK KPOBOCHUCHHUX
KOMapiB Ta MyX) Ta Ha JACSIKUX JUISTHKAX Tija (HAMpUKIAJ, y Tpaxesx) MOpoBl
KaHAJIM MOKYTb OyTH BIJICYTHI.

Bumie #nocst nmpo Te, M0 MEXaHIYHI BJIACTUBOCTI KYTUKYJIH 3/1€OUIBIIOTO
3aJIe’aTh BiJ BMICTY BOJIM, sIKa MOKE€ YTPUMYBATHUCS BHACHIIOK KAMUIAPHUX
ab0 MOJIEKYJSIpHUX B3aemojid. Yum Ounbliie BOAM MICTUTh KyTHKYJa, TUM
M SKIIIOK (€IacTUYHINIO) BOHA €. BMICT BOAM 3aJ€XKWUTh TaKOX BIJI
CTYNEHsS CKJEpOTH3allli KYTHUKYJIM — TEMHAa, CWJIbHO CKJIEPOTHU30BaHa
KYTHUKYJIa 3a3BU4ail (ajie He 000B’sI3K0BO!) € TBepAilIow Ta MilHimo. I1ix
4ac  TOJOIYyBaHHA  KOMaxH EHJOKYTHUKYJa  MOXE  3a3HaBaTH
(epMEHTATUBHOTO PO3LICIICHHS 3 YTBOPEHHSIM MOKUBHUX PEUOBHH.

2.4 Jlunsuasa. Ilpouec JAMHSHHS CTUMYJIOETbCS TOPMOHOM JIMHSIHHS —
exau3oHoM (auB. po3ain 5.2.1 «Kupose Tinoy) i posmounHaerbes Of S dz—L B d3
BIJIOKpEMJICHHSIM CTapoi KYTHUKYJW BiJ TIMOJAEPMHU, a 3aKIHUYETHCA CKUIAHHIM
CTapuX KYTHUKYJISIpHHX MOKpuBiB — J § L EZIdepeW nuHsHHAM rinoaepMaibHi
KIITUHA 30UTBIIYIOTBCS B 00’€Ml W TOYMHAIOTH MITOTUYHO JITUTHCS (KpiM
JUYMHOK MYX — JIMB. BHUIIE). Y IIell MOMEHT y iXHIX aliKaJbHUX YacTHHaX
PEECTPYIOTHCSI YUCIIEHH] BAaKyOJl, fKi, K MPUIYCKaIOTh, MICTATh a00 (epMEHTH,
HEOOX1H1 JUIsl JII3UCY CTAapol €HAOKYTUKYJM, a00 Marepiai AJid MoO0y10BHU HOBOI.
[Tyxupii BUIMBAIOTh CBI BMICT y MPOMIXKOK MIX TINOJEPMOIO Ta KyTHKYJIOK0. B
OCHOBI CTapoi eHIOKYTHKYJM BHHUKa€ TOHKHHA mposopuii map — dzd dzV¥ dz! o
d3d d3B tesRalzdn0M cKIIepOTH3Y€EThCS 1 CTae CTiiKor 10 aii pepmenTiB. Kpisb
JUHSJIBHY MEMOpaHy TpPOPOCTAIOTh BIAPOCTKH TIMOAECPMAIBHUX KIITHH, a MK
JUHSUIBHOI0O MEMOpaHOI0 Ta CTApOI0 EHJIOKYTHUKYJIOI BHUHUKA€E MPOCTIp, SKUN
HasuBaloTh J S L 9o ' Odzt dzts® . [Ip teigywiqndrdi dzispokauan o

BIIPOCTKAX TIMOJAEPMAIbHUX KIITHH MOTpAIlisie eK3yBiajdbHa piAUHA, KA MICTUTh
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HEaKTUBOBaHI (pepMEHTH. Y eK3yBlajbHiil MOPOXHUHI (DEPMEHTH aKTUBYIOTHCS 1
MOYMHAIOTh, PYHHYBaTH CTapy CHIOKYTHKYJIY (CHJIBHO  CKJICPOTH30BaHY
CK30KYTHKYJy BOHH HE 3JaTHI PO3YMHHTH). [IpOAyKTH po3maay MOTJIMHAIOTHCS
KJIITHHAMK TINOACPMH 1 HaJall BUKOPUCTOBYIOTHCS ISl MOOYAOBH HOBOI
Kytukyad. [lepmuM mig yac JMHSHHS BUHUKAE€ TOHKWM KYTHUKYJIIHOBUH Imap, 3a
SKUM TIOYHMHAETHCS BIJOKPEMJICHHS HOBOi BHYTPIIIHBOI CHIKYTHUKYJIH Ta
pOKyTHKYIu. HoBa KyTHKy/a BUHHMKAE JOCHTH IIBHUIKO 1 MA€ YiTKY CTPYKTYpY.
BBakaioTh, 110 Opi€eHTAIil0 MikpodiOpuaaM HaIalTh pPYXOMi BOPCHUHKHU
rinoaepMaabHUX KITITHH.

dopMyBaHHS €HIOKYTUKYIM KOMAax IIANOPSAIKOBAHE LUPKAIHUM pUTMam’.
30kpeMa, TOKa3aHO, IO B TOMUIKaXx OaraThb0X KOMax 3aKOHOMIpPHO
YEPTyIOThCS IIApU 13 TBUHTOBOIO Ta JIIHIWHOIO Opl€HTaIi€l0 MikpodiOpui,
MPUYOMY y LBIPKYHIB Ta TapraHiB KOKHa Mapa IiapiB (TBUHTOBHH Ta
JMHIAHUNA), YTBOPIOEThCS MPOTAToM 24 roAWH. Y UBIPKYHIB CEKperis
€JIEMEHTIB HOBOI KYTUKYJIM 3aJI€KUTh BiJl CBITJIOBOTO PEXUMY, & B TapraHiB
UPKAJHI PUTMU MAIOTh €HJOTEHHY (BHYTPIIIHIO) MIPUPOY: aMIlyTOBaHa Ha
MOYaTKy JUHSHHS 1 pO3MillleHa B OCOOJMBUI PO3YMH HOTa TapraHa BUIUISIE
€JIEMEHTH KYTHKYJIM HE3aJIE)KHO BIJ 3MIHM OCBITJICHHS YU TEMIIEpATypH.
Camuil «1MpKaJHUM TOAWHHUK» TapraHa, MOXJIMBO, JIOKAJI30BaHUN B
rinojiepMajgbHUX KIITHHAX.

3aBIsSKU CKOPOUYEHHIO CKEJIETHOT MYyCKyJlIaTypu reMosimM¢a HarHiTaeTbCsa B rOJIOBY
Ta Tpyau 1 30uibliye ixHIA 00’eM. Crapl NOKpHBH JIyCKAalOTh Y NEBHHUX
HECKIEpOTH30BaHuX IinsgHkax — dzd dzV dz! dzd-sia civeu@ Hactuni ronosu
Ta TpyAed 1 CKUAATBCA Yy BUIJISAL CyHUIbHOT mKipku — J § L Z@mhoWacHo
CKUJAIOTh CBIA KYTHKYJSPHUWA TOKPUB €KTOAEPMalibHI BIAAUIM KHUIIEYHHUKA,
Tpaxei Ta BUBIJHI IPOTOKU TinoaepMaibHuX 3aj03. Komaxa, mo juHs€, KOBTa€e
noBIiTps abo Boay, ab0 MOYEProBo Mepekayye remMoiiiMpy B Pi3HI IIISHKH TiJa,
BHACIIJJOK  4YOrO  HOBOYTBOPEHI  3MOpPIIKYBAaTi  MOKPUBH  IOCTYIOBO
po3mpaBisitoThesA. TITBbKK TICHsA I[HOTO PO3MOuUMHAEThes mporec MG dzj tetsisd L
HoBOI J § L 8¢ Iz |lsHfidcniziokdsxoi M’ska KyTHKyaa HIOWHO TEPETHHSION
KoMmaxu TBepaHe. IIponec ckiepoTusailii KOHTPOIIOETHCS TOPMOHAIBHO 3a Y4acTi
ropMoHy B Iz t6 ) d Guts da€d cuHTE3yr0Th HEHPOCEKPETOPHI KIITHHHU 3aTHIX
TaHIIIIB YEPEeBHOIO HEPBOBOTO JaHIOkKKa (quB. po3ain 9.7 «EHmokpuHHA
cucremMa Komax»). JloBecTu, mo OypCHKOH BUAUISETHCS B 3aJHIA 4YacTUHI Tija,
MOJKHA MiJ Yac TPOCTOTO JAOCHTIIYy: SIKIIO TapraHy, SKHA IMIOWHO TEPETHHSB,
HAKJIACTH JIIraTypy MK TPYIbMHU 1 4epeBLIEM, TO TPYAU 3aJMIIATHCS M SIKUMH i
CBITJIUMH, a 4yepeBIle cPopMye HOpMaJIbHE 3a0apBiICHHS ¥ 3aTBepAHE. XiMidHA
CYTHICTb CKJIEPOTHU3ALll]l NOJIATAE y 3B’ A3yBaHHI1 BUIbHUX aMIHOTPYI KYTUKYJISPHUX
011k1B (peHoIpHUMU criotykamu. OKpiM (opMyBaHHSI MILHUX NONEPEYHUX MICTKIB
MDK OUTKOBUMU JIAHITIOKKAMH, (PEHOJIbHI CIIOTYKH 3allOBHIOIOTH MTOPOKHUHU MiK
OlIKaMM Ta KpPUCTAIITaMU XITHHY 1 CTaOUI3YIOTh KYTHUKYJIY B MEXaHIYHOMY
B1/THOIIIEHHI.

! upkagHi puT™MH HOB'A3aHi 31 3MiHOIO JHA 1 HOYI.
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Bimomo, mio ckuepoTusamis KYTHKYJId KOMax TICHO TIOB’si3aHa 3 il
d3d dzO dz' ,L TGO’ opMyBaHHSIM TEMHOTO 3abapBiCHHS 3a YydYacTi
MNIrMEHTY MeJaHiHy. XapakTep IbOTO 3B’SI3Ky W JOCI OCTaTOYHO HE
3’sicoBaHUil. BBakaroTh, 10 YTBOPEHHS MENaHIHIB Ta IXHE TOJANbBIIE
BIJIKJIQJICHHS B TIOKPWBAX € 3aXMCHOIO0 PEaKIli€lo, sika MpU3HAYCHA 3B’SI3aTH
OTpYyHHI ()EHOJIbHI CIIOJIYKH, 1110 BOHU YTBOPIOIOTHCS ITi/T Yac CKJIEPOTH3AIll].
MoxIuBO camMe TOMYy HaWMIIlHIIIA, HAHOUIBII CKIEPOTU30BaHA KyTHKYJa Y
KOMax Ma€ TeMHE 3a0apBIICHHSI.

2.5 Bupoctu i MIiKpOCKYJbNTYpa KYTHKYJH. KyTUKYISpHUII NOKPUB KOMax
3a3BUYall CKYJBITYPOBAaHUN Yy BUIJSAI SIMOK, MOPIIMHOK, OOPOJaBOK, KOMIPOK
TOIIO, 200 Hece MIMMHUKU Ta JYCOUYKH, YTBOPEHI CaMOIO TIIBKU EMiKYTHKYIOIO.
YacTto rekcaroHajibHa MIKPOCKYJBITYpa MOBEPXHI KYTHUKYJIM BIJOMBA€E MO3aiKy
rinofiepMajgbHuX KIITUH. KyTHKYJSIpHI BUPOCTHM KOMaX KJIACH(IKYIOTh 3aJ€kKHO
BiJI iX 1HHepBallii Ta GyHKIIIHA, ajie HalyacTile — 3a MOXO/KEHHSIM. PO3pi3HAIOTH:
(1)  OaraTokmiTUHHI ~ BHUPOCTH,  TiMOJEpPMalbHI  KJIITUHU  SKUX €
HeudepeHIiioBanuMy; (2) 0araTOKJIITUHHI BUPOCTH, TIMOJAEPMAaNIbHI KIITHHU
SAKUX € CIeliani3oBaHUMU; (3) OJTHOKIIITUHHI BUPOCTH; (4) CyOKIIITUHHI BUPOCTH.

Bupoctu 3 HeaudepeHuiioBaHUMU TNOJEPMATBHUMHU KIIITUHAMU MalOTh BUTJISL
rpe0HiIB, pOriB, 3yOIliB, IIUIIB, BUBEPTAIBHUX «3aJI03» TOIIO, SKI MOXYTh
CIIyTYBaTH PI3HOMAHITHUM LIJISIM: 3aXUCT, y4acTh y PO3MHOXKEHHI, KOIAQHHS.
SIKIo0 KyTHKylla B OCHOBI TaKOro BHUPOCTY € HECKJIEPOTH30BAHOI, BUPICT €
pyXoMuM (TaKMMH, HAOpHKIad, € KIFTUKM Ha Jankax KoMax). AHaJoriyHi
BrOPTaHHS MOKPHBIB BCepelnHy Tina € eneMmeHtamu J OzH 5§ jnadzgkdsoz
MPUKPIIUIIOIOTHCS M s13u. HaiicknaaHinie moOy1oBaHUN €HIOCKENIET MICTUTHCS B
TOJIOBHIM Karcysi KoMaxu 1 HasuBaerbes IS | dzls S,tea’ Mgk y rpymHux
CEerMEeHTaX KOMax, sIKl BIPaBHO JITAIOTh.

BupocTtamu, siki yTBOopeHi AH(PEPEHIIIHOBAaHUMU TIMOACPMAIBHUMHA KIIITUHAMH, €
9 5 dztsrh) &Hi moxiaHi. [TepBiCHO BOJIOCOK YTBOPIOETHCS 33 y4acTi TPHOX THITIB
kiithH: ISted » 56 J dzdzOBunkisdz kyskyogQ Is ts te d3ts G4 dbapPrace
TPUXOTCHHY 1 (hOPMy€ OCHOBY BOJIOCKAa Ta 34jCHIBHY MeMOpany, a fj j dzf tstc dz0O
npejcTaBieHa OIMOJAPHUM HEHPOHOM, aKCOH SIKOTO TSTHETHCS O LIEHTPAIbHOI
HEpBOBOi cucteMu. OTKe BOJIOCKHA KOMaxX IMEPBUHHO € CEHCOPHUMH CTPYKTYpPaMHU.
BiamosinHo 10 BiacTuBoi iM (yHKIIT BOJIOCKH MOXYTh OYTH PO3Taly’)KCHUMH Ta
NepUCTUMHU (SIK B 0araTboX OJUKLIT — Uit 30MpaHHs MUJIKY), CTPLIONOAI0HUMH (SIK
B JIMYMHOK YKIB-aHTPEHYCIB — JJIs1 3aXUCTY), PO3IIMPEHUMHU Ha BEpXiBLi (K Ha
HOTax BOJSHUX XYKIB — g OpukpiruieHHs). OcobnuBi rigpodoOHi BOJOCKU
3ano0iraroTh 3MOUYBAaHHIO BOJAHMX KOMaX (KJIOMIB-BOJOMIPOK, JKYKiB-BOAOIIOO0IB,
JUYMHOK KPOBOCHUCHUX KomapiB Touio). OTpylHI BOJOCKH, MpUTaMaHHI
TYCEHULISIM JIeIKMX METEIUKIB, YacTO € TOHKHMH, 3a3yOpeHUMH 1 JIETKO
BIJIAMYIOTBCS — BOHHM CIIOJYYEHI 13 3aJO3UCTHUMM KIITHHAMHU TINOAEPMH, IO
BUPOOJISIOTH OTPYTY.
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Bumomkeni i MOTOBIIEHI BOJOCKM KOMax HasuBawTh n J IS QO dy@h

h jIs d dz$ &dgdposmipu, ¢GopMmy Ta posramysaHHs, - j SBISOC iy

BHKOPHUCTOBYIOTH Y TaKCOHOMII KOMax JJI BU3HAQ4YCHHA KOMax, 3I[e6iJIBIHOFO
IMOIIC/INOb, MYX, IHNIYNHOK METEJINKIB Ta )KYKIB

| & s 1pkod sBistroTh cO00I0 BHIO3MIHEHI BOJIOCKH, MPOTE HA BIAMIHY Bif
OCTaHHIX, € HEPYXOMUMHU BHPOCTaMH KyTHUKYJH. JIyCOUKH BiirparoTh TOJIOBHY
pOJIb B CTBOPEHHI CTPYKTYPHOTO 3a0apBlIEHHS — IXHS TOBEPXHS CKJIATHO
CKYJIBIITYpOBaHa, M0 3a0e3neuye iHTepdepeHIlito ta/abo mudpakiito ITpPOMEHIB
cBiTia. Jlycouku BiacTWBI HE TUIBKM METEJIHKaM, aje W MepBUHHOOE3KPUIINM
KOMaxaM, a TaKOX )KyKaM Ta JIBOKpHIuM. Jlycoukwm 31e0iNbIIOro HE MarTh
3B’S13KYy 3 HEPBOBOIO CHCTEMOIO, MPOTE B JIYCKATKH ITyKpoBOi Lepisma saccharina
BOHU IHHEPBYIOTBCSI ~CEHCOPHOIO  KIITHHOK 1 MarOTh 3HA4YEHHSA  fK
MEXaHOPEIICTITOPH.

CBO€EpiAHMM PI3HOBHIOM JIycO4oK kKoMax € O dzH to t5 Ca@® daitaxyqix»
JYCOUYKH, SKI CIOJYyYeH1 13 3aJ03010, IO BHUPOOJsS€ cTaTeBl (PEPOMOHH.
AHJPOKOHIT po3TaloBaH1 MEPEeBaAXKHO HA Kpuiiax, ado pijiiie — Ha 4YepeBIll
Yy HOTaxX CaMIliB METENMKIB. 3amnax (epoMOHIB 1HOJI HACTUIbKU MOTY>KHUIA,
0 BiAYYTH MWoro 3maTHa ¥ mroauHa. Hampukman, TpomiyHUN MeETeTuK
Himdariga Prepona maxde BaHuuI0. MaroTh BITYYTHHH 3amax ¥ camiil
OLTaHIB Ta MaxaoHa, Kl 3yCTPIHarOThCA B YKpaiHi. AHAPOKOHII 3a3BUYaid
PO3MIIIIEH] TOJISIMH, 110 YacTO MOMITHI 30BHI SIK TEMHI IUIIMA W MarOTh
JIarHOCTUYHE 3HAYEHHS (SIK HAOpHKIaJ y TOJIOBYAKIB Ta caTupiB). [Hoxi
aHAPOKOHII (SIK 1€ HE JUBHO 3BYYHUTb, aJIPK€ AHJIPOKOHIT JIOCIHIBHO O3HAYae
«YOJIOBIUMNA MHIIOK») 3YCTpIYAlOThCAd M y CaMOK METENHKIB. 30KpeMma, B
camku nutpuHIg Gonepterix rhamnkuTuin 3amanHuX BOJIOCKIB PO3MIIIICH]
Ha OCTaHHIX CETrMEHTax YepeBlsl, BrOPHYTI BCEPEIWHY YepeBLs 1
BHUBEPTAIOTHCS HA30BHI TITLKH 32 TIOTPEOH.

OxpeMy Tpyrly HEPYXOMHUX KYTHUKYJSIPHHUX BHUPOCTIB, SIKI HE TIOB’s3aHl 3
rinoJIepMOIO 1 CKIIAJIAlOThCS 3/1E0UIBIIOTO 13 €Mi- Ta €K30KYTHKYJIHU, CTaHOBISTH
HECMpaBX HI BOJIOCKM — aKaHTU Ta MIKpoTpuxii. kim0 Hax OAHIEO

rinoJIepMaibHO  KJIITHUHOK YTBOPIOIOTHCS OJWH BHUPICT KYTHUKYJH, MOTO
HasuBaloTh O C O dzls 5 dgkimo  Garato — ix HasuBaroTh 3 S tBBlstc’ -

PosramyxeHi HecnpaB)XHI BOJOCKM Oisi CTUTM Tpaxed y 0Oararbox KomMax
3aXMINAOTH X Bijg 3a0pyIHEHHS a00 BTOPTHEHHS Mapa3uTiB. Y BOJHUX MEIIKAHIIIB
TaKl BOJIOCKH 4epe3 CBOI riipodoOH1 BIACTUBOCTI MEPEUIKOKAIOTH TPOHUKHEHHIO
BOJM B AuXalbHy cuctemy. TeHimii Tpaxed (auB. posain 6.2.1 «Ilman OynoBu
TpaxeHoi CHUCTeMH») — 1€ TaKOK BHMJIO3MIHEHI HECHpPaBKHI BOJIOCKH (THILY
MikpoTpuxiif). HecripaBkHi BOJOCKM Ha Jalkax pa3oM 13 CEKPEeTOM CHEIllaJbHUX
3aJ103 JIONOMAararoTh KOMaxaM YiIUISATUCS [0 PI3HUX TJIAJICHBKUX TMOBEPXOHb —
JUCTKIB pOoCiAWH ab0 BIKOHHOTO CKJa, O TUIa CaMKH TiJ] 4Yac KOMyJsIii, a
eKTomapa3uTaM — JI0 TiJIa Xa3siHa.
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2.6 3abapBaenns. Pazom 13 popmoro Ta po3mipamu Tina, 3a0apBIEHHS € OHIEIO 13
BOXUIMBHUX JIIarHOCTUYHUX XapaKTEPUCTUK KOoMaxX. Y CBOI OCHOBiI Oy/b-sike
3a0apBJICHHS BUHUKA€E BHACIIIJIOK IIPOIIECY B3a€EMO/Iil POMEHIB CBITJIa 3 00’ EKTOM.
Skio Bci poMeH1 CBITJIa BIIOMBAIOTHCS PIBHOMIPHO, 00’ €KT CHPUNMAETHCS SIK
Oinmit. SIK1I0 BCi MpOMEHI MOTJIMHAIOTECS 00’ €KTOM, BiH 3/1a€ThCSl YOPHUM. SIKIIO
MOTJIMHAIOTHCS MPOMEH1 TUIbKK TIEBHOI JOBXHHW XBHWJI, a IHIII BiJIOUBAIOTHCH,
00’€KT BUIAETHCS KOIHOPOBUM. KyTHUKYIApHUI TOKPHUB MOKE OyTH MPO30pUM (SIK
HampuKIag y OaratboX JUYMHOK JBOKPHIMX Ta >KyKiB), TOJl 3a0apBiieHHS
BU3HAYAIOTh TITMEHTH, SKI MICTATHCSA B Timoiepmi ad0 y BHYTPINIHIX OpraHax
TBapuHH. [IpoTe HaiiyacTime, camMe KyTHKyJa BiOMBae MPOMEHI CBITIA 1 TOMY
BIUTMBAE Ha (a 1HOII 1 3yMOBJIIOE) 3a0apBICHHSI KOMaXH.

3abapBieHHS MOKE MAaTH HE TUTHKWA CUTHAJIBHE 3HAYCHHS ISl TBAPHWHM, ajic
1 BUKJIMKATH MEBHY (Di310JI0TTYHY peaKiiio, HAIPUKIaJ, nociaadaoBaTi ado
MIJCUIIOBATH HArpiBaHHS TBapWUHU COHSYHUMHU TpoMmeHsMHu. HemomaBHO
BYEHI1 3’sICYBaJIM, 110 MIBHIUHI €BPOINENUCHKI MOMYJIALIl METEINKIB Ta 6a00K €
B CEpEeIHbOMY TEMHIIIMMHU 3a TiBJACHHI. TakoX 13 IUIMHOM 4dYacy B
cepeaHbOMY METENUMKH 1 0a0KH CTaBaM CBITIIIIMMH, IO MOXKE CBIIYHTH
PO peaKiIliio KoMax Ha IJIo0ajabHe MOTEIIIHHS B €BPOIT.

Jlxkepeno  3abapBieHHS  3a  JioKamizamiero  kiacudikyrorb  Ha: (1)
CYNPaKyTUKYJSIPHE — pPO3TAlllOBAHE HAa TOBEPXHI KYTHKYJIW (HaIpHKIaL,
BIIKJIAlaHHA  BOCKIB), (2)  KyrtukyjsipHe, (3) rimoaepManbhe,  (4)
cyOrinoaepManbHe — MICTITBCS MiJ TIMOAEPMOIO (HAMPUKIIA, B KUPOBOMY TiJi,
NOPOXKHUHI TUIa a00 B KHIIEYHUKY). 3a (DI3UYHOIO MPHUPOAOI0 PO3PI3HAIOTH
¢bi3uyHe (CTPYKTypHE, ab0 ONTH4YHE) 3abapBiieHHs, Ta XiMiuHE (MIrMEHTHE)
3a0apBIICHHS.

AN LdUgg oz € ol tietfidg d ydz] ) L @muddemadr jodatziiannx
MpoILIeCiB, sIKi BiAOYBalOThCS HA TOBEPXHI KYTHUKYJIM Ta I1HIIMX CTPYKTYPHHUX
CKJIQJIOBUX TOKPHUBIB. PIBHOMIpHE PO3CIIOBaHHS MPOMEHIB HA BITHOCHO BEIUKUX
KpHUCTajgax BOCKY CMIKyTHKYJIM BUKIIUKAE TOSBY O170T0 3a0apBieHHs (HAMPUKIIA],
Ha TOBEpXHI TiMa OUMOKpwiIoK 3 ponunu Aleyrodidae Ta MUIOKPWIIB 3 POAUHU
Coniopterygidae). Skmo kpuctaam BOCKY € JpIOHIIIMMHU, PO3CIFOBAHHS
BiIOYBA€EThCS HEPIBHOMIPHO 1 TBapwHa HaOyBae OJIAKUTHOTO 3a0apBIICHHSI.
Hanpuknan, camii Oaratbox 0abok 3 poxmie Orthetrum ta Lestes 3 Bikom
Ha0yBarOTh OJIAKUTHOTO 3a0apBJICHHS BHACHIAOK BIIKJIaJaHHS APIOHUX KPUCTAIB
BOCKY Ha MOBEpPXHI Tija.

OnTuyHi sIBUIIA HAa CTPYKTYpax, PO3MIPH SIKMX MEHII 3a JIOBKUHY XBWII,
3YMOBIIIOIOTh TIOSIBY METaJIeBO-OJIMCKYy4Ooro Ta TIepeIMBYACTOTO 3a0apBIICHHS
KoMax. BigOWTTS COHSYHHUX TPOMEHIB Bl PI3HUX, MOBEPXHEBUX 1 TIUOIIUX,
COpSAMOBAaHUX  TapajelbHO  TOBEPXHI, IMApiB  KYTUKYIH  CIPUYHHIOE
iHTep(depeHIito Ha TOHKHMX IUIIBKax, 1 SK HACIIJIOK, ITJCHICHHS BIIOUTTS
IPOMEHIB MEBHOI JOBXUHHU XBWIi. BaxiuBy poiib B ()OpMyBaHHI TaKOro THILY
3a0apBJIEHHSl BIJIITPalOTh TME€BHI TOKAa3HUKU KYTHKYJIH, 30KpeMa, TOBIIMHA
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IpOo30pHUX IIapiB, BIACTaHb MDK HUMH Ta IXHS KUIbKICTh. JloBenmeHo, 1110
iHTepdepeHIliiiHe MOXOMHKEHH Ma€e 3a0apBJiieHHs 0araTb0X METaJIeBO-OJMCKYUHUX
KyKiB, oc-0muckiTok 3 poaunHu Chrysididae Ta MerenukiB 3 poaunu Uraniidae.
InTepdepeniiitne 3a0apBieHHS YacTO BUIAETHCS MEPEIMBYACTUM, TOOTO BIATIHKH
KOJIbOPIB 3MIHIOIOThCS 3aJIEKHO B KyTa 30py crocrepirada. Judpakiiiine
3a0apBJICHHS BHHHUKA€ BHACIIJOK B3a€MOli IPOMEHIB CBITIA 3 KYTHKYJOIO,
BKPUTOI JyXe JApiOHMMHU pedepIsiMHU, PO3MIPH SKUX 31CTaBHI 3 JIOBKMHOIO
CBITJIOBOT XBWJII. YHACHIIOK BHHHKAE €(PEKT CBITIOBOrO (PUIBTPY 1 3 SBISETHCS
scKpaBe 3a0apBJICHHA, Ha TOH SKOTO HE BIUIMBAE KyT 30py CIOCTepiraya.
IIMoBipHO, sfickpaBe MeTasiuHe 3a0apBiIeHHs 6araThboxX KOMaxX BUHHMKAE BHACTIIOK
KOMOIHaIIii TeKITbKOX ONTUYHUX edekTiB. Hanmpukian, sickpaBe 3a0apBiaeHHS KU
TPOIIYHUX METENHKIB 3 poxy Morpho 3ymoBieHe oco0rBoO OymI0BOIO iXHIX
JYyCOYOK, Ha MOBEPXHI SIKUX MICTATHCA CKIIAJIHI, «ETAKEPKOMOAIOHD) CTPYKTYPH 3
napajieIbHUMHU pPSAaMu APIOHUX «ITOTHYOK.

[Ile ogHMM HEMIOJABHO BIJKPUTHUM THUIIOM CTPYKTYPHOTO 3a0apBJICHHS €
pPO3CIIOBaHHSI CBITJIa Ha HaHOc(hepax, sIKI MICTSIThCS B TIMOJACPMAIbHUX
NIrMEHTHUX KiIiTHHaX. Hanpukmnan, 6a0ku 3 HEMETalIlYHUM SICKPaBO-
OonakutHuM 3a0apmieHHsM (Enallagma Anax waroTh TinmoaepMmalibHi
KJIITHHU 13 MUIBHO PO3TAlllOBaHUMHU HaHOC(hepaMu, siKi pO3CIIOIOTH CBITJIO,
IPUYOMY Ti JIEKATh HAJ BKIIFOUEHHSIMH MITMEHTIB OMOXPOMIB (IMB. 1ani). 3a
3MIHM TEMIIepaTypy, TpaHyJd OMOXPOMIB 3JaTHI MITPYBAaTH MO KIITHHI,
3MiHIOIOUM 3a0apBiieHHs KoMaxu. llpumyckaroTe, MmO came Mirpauis
OMOXPOMIB MOSICHIOE ICHYBaHHS KOJLOPOBUX (POPM Y IE€SIKUX BUAIB 0a0OK.

m° d3" ydzy (f° G d3j dalsdrgkdne Bradd@TiEdc pegnzdziTIa 3
OKpEMHMH MOJIEKyIaMu — TmirMeHtamu. [ J 0zO dg/redpeprorees BHacTimOK
nosiMepusanii  GEeHOJbHUX CHOJyK (Ipo 3B’A30K MDK MeEJaHi3allern Ta
CKJIEpOTH3aIliero Oyso 3rajiaHo Buine). BoHM CHHTE3YIOThCS Ta BIAKIANAIOTHCS B
KyTUKYJl y BUIJISIAI TPYAOK PIi3HOTO PO3MIPY, fKI 3YMOBIIOIOTH pPYJyBare,
KOpH4yHeBe a00 4opHE 3abapBicHHS KoMax. PiBeHb MenaHizarlii BH3HAYAETHCS
reHeTndHo. OkpiM 3BUYaHUX (opM, B TPHUPOII 3yCTPIUAIOTHCS KOMAaXHu-
MeJaHicTH (4opHl, a00 MpUHANMHI y)XKe TEMHI KOMaxu 3 BHUCOKHM pPIBHEM
MenaHizamii), pydidicTa (pyayBaTi KOMaxu, TEMHUN KOJIp SIKMX 3aMIHCHHHA Ha
YEPBOHYBATHUI BHACIIJIOK HECTadl ACSKUX (PEPMEHTIB — YacTo IIe BiAOYBa€ThCS B
yMOBaxX 3HUKEHOI TeMIlepaTypd, B3UMKY Ta B Topax) Ta aibOiHOCH (KOMaxH,
pIBEHb MEJIaHIHY SKUX € JIyKe€ HU3BKUM). Y KOMaxX MPAKTUYHO OYJb-sIKE YOpHE
3a0apBJICHHS BUKJIMKAHE BiAKIagaHHIM MenaHiHiB. } IS | t6 dyozeproroThes 3
NTEPUIUHY — 11€ MAaKCHUMaJIbHO HAaCHYEH1 a30TOM MITMEHTHU KOoMax, Kl 3/1aTH1 J10
aBTo(IrOOpeclieHIlli B yiabTpadioieTOBUX MPOMEHAX. BOHM CHUHTE3YIOThCS B
YKUPOBOMY TUJII Ta BIAKIAAAIOTHCA TaM Camo, a TAKOX Yy TINoAepMI, KyTHKYJIl Ta B
ouax. [ITepuHn yacTo 3ycTpivaroThCs y METEIUKIB, HAJIAI0UHN KPHJIaM 3a0apBIICHHS
BiJl O1710T0 1 KOBTOTO /10 YepBOHOTO. JKOBTI IUIIMHU HA TUT MANepOBUX OC TaKOX
3yMOBIIEHI BIJKJIQJaHHAM MNTEpHUHIB. BHYTpilIHbOBUAOBA Bapiallisi 3a0apBieHHS
JESKNX METENHWKIB BHUKAE 4Yepe3 pi3HE CITIBBIJHOMICHHS NTEPHHOBHX (HOPM.
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BBakaioTh, 110 NTEPUHU BHUHHUKIM SIK EKCKPETOPHI MNPOAYKTH, aje Ii3HIIIe
MIrMeHTHa (QYHKIIS BHUTICHUJIA EKCKPETOPHY. APryMEHTOM Ha KOPHUCTh i€l
TIIOTE3U € CXOXKICTh OI0OXIMIYHHUX IMKJIIB, B PE3YyJbTaTi SKUX YTBOPIOIOTHCS
OTEPUHA Ta EKCKPETOpHI MPOAYKTH, a TaKOK HasBHICTh mHTepuHiB B 3] ¢ tS dz'
nesikux komax (muB. pos3nin 4.2.3 «3amns kumika»). [ O3S - to dmmgefyoThcs B
rinojepmi, BIAKIAMAIOThCA TaM ke 1 B oyaxX. Lli mirmeHTH 3B’s3aHi 3 OLIKaMu
XPOMOIIPOTEIHAMH, TIPUYOMY KOJIIp 3aJICKHUTh B O1IKa-HOCIS 1 MOYKE BaplloBaTu

BiJl )KOBTOTO /IO SICKpPAaBO YEPBOHOTO 1 KOPUYHEBOTO. 30KpeMa, YEPBOHHUM KOJIIp
0abok 3 poxy CrocothemissymoBieHHid BiAKJIagaHHIM OMOXpowmiB. 1 = dz' 9, ] t6H
KU HAJICKUTh 10 TPYMH TETPaIipoiiiB, 3HAIEHO y OOrOMOJIB Ta MAJIWYHUKIB.
3anexHO Bi cTaHy (OKHCIIEHHWH Yd BIJHOBIICHUI) OULTIBEpIUH MiHSI€ CBIHA KOJIp

BiJl KPEMOBOI'O JIO 3€JCHOTO 1 UM 3yMOBIIIOE 3MiHY KOJIBOPY Tijda komax. M ' dzts dzd
( O dzls tc O ~cuntziSIEELs) KoMaxaMu i3 POCIUHHUX TMOIEPESTHHUKIB. 30KpeMa,
MEKCHKaHChKa KolleH1J1b Dactylopius COCCUSika cce COKM Ha KaKTycax OIMyHIIIsX,

JUTSL 3aXKMCTY BiJl XMXKAKiB BUKOPUCTOBYE KapMiHOBY KucioTy. [Tirmentu O W °, aizd
SBJISIOTH COOOIO0 TMOJIIMEPHI AHTPOXIHOHHU, 3HAMIEHO y 3a0apBIICHUX B TEMHUU
KOJIIP MOTETHUILb.

HagiTh B epy CHHTETHUHUX HITMEHTIB, HaTypaibHUil mirMeHT & O te Ogkuidz
3100yBalOTh 13 KOIICHUII B MPOMHUCIOBUX MaciliTabax, BUKOPUCTOBYIOTH B
napdymepii, sik xapuoBy no6aBky E120 ta mis dhapOyBaHHS TiCTOJOTIYHUX
Mpenaparis.

OkpeMy Trpymny TMIrMEHTIB KOMax CTAaHOBIATh  CIOJAYKH  POCIUHHOIO
noxomkenns — § OQtotsils d dzats ™ H d , W diO of scRtic @il 5 ,d 5@ dzd
KOMaxu OTPUMYIOTh 13 i1 Ta HAKOMHYYIOTh B CBOEMY TLIl. 30KpeMa, YepBOHUI
KOJIp JIMYMHKH KOJOPAACHKOIO >KyKa 3yMOBJICHUW HAsBHICTIO B ii remoiiMi
KApOTHHIB Ta KCAaHTO(D1IIB. 3a0apBiieHI B YEPBOHUI KOJIP XWX KIOMU-PENyBIiIn
OTPUMYIOTh KapOTHHOIAM 13 CBO€EI 3100M4Yl — KOMaX, $5Ki, B CBOIO 4Yepry,
CHOXUBAIOTh KAPOTUHOIAM Pa30M 13 POCIMHHOIO 1KEI0.

B 2010 pomi 6yno mokasano, 110 ropoxosa nomnenuis Acyrthosiphon pisum
3/1aTHa CaMOCTIMHO CHHTE3YBAaTH KapOTHUHOINH, 110 BU3HAYAIOTH, IKUM Oye
KOJIIp KOMaxu — OLIUM, >KOBTUM a00 3eneHuM. [lonenuiri HaOyau 31aTHOCTI
CUHTE3yBaTU KapOTHHOIIM BHACTIZOK MepeHocy TeHiB Bij rpubdiB. Komaxu
BUKOPHUCTOBYIOTh 1Ii MIFTMEHTH B IMYHHHX PEaKUisfX, a TaKOXK JUJISI CUHTE3Y
NEIKUX BITAMIHIB.

2.7 Ownrorene3, BapiadeabHicTb Ta (yHKUii 3a0apBieHHs. 3a3BUYail TLIO
KOMaxu BKPUTE XapaKTEPHUM BI3EPYHKOM, SKHH MOXKE BapilOBaTU B MeXaX BHUIY
Ta BIIPOJIOBX >KUTTS TBapWHU. BizepyHOK aopociux komax (imaro) ¢hopMmyeThes
BIIPOJIOBXK PI3HUX €TaliB OHTOreHe3y. MIKpOCKyJNbNTypa KYTUKYJH, sfKa Oepe
y4acTh B (DOpMyBaHHI CTPYKTYPHOTO 3a0apBJICHHSI, 3aKJIaJA€ThCS Ha MOMEPEIHIMN
cTajli po3BUTKY (Ha CTajli JIMYMHKUA OCTAaHHBOTO BIKY — y KOMax 3 HEIOBHUM
NEPETBOPEHHAM, Ha CTafil JISJIEUKM — y KOMax 3 MOBHUM IEPETBOPEHHSIM), a
OCTAaTOYHOTO BUTJISAY HaOyBae B MpoIeCi CKJIEpOTH3allii MOKpUBIB. MenaHIHU
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BIJIKJIAJIAIOTHCS MI3HINIE 3a 1HIII MITMEHTH, YaCcTO BXKE B MPOIEC] CKISPOTHU3AIl]
MOKPHUBIB, TOMY KOMaxa, 10 IIIOMHO MepeNuHsIa, Ma€e OJ1ie 3a0apBiIeHHs, 1 TUTbKU
il o4l Ta pOTOBI OpPraHu € TeMHIUMHU. BijkiiagaHHs BOCKIB Ha MOBEPXHI KyTUKYJIU
BITPOJIOBXX IMariHaJIbHOTO XHUTTSI KOMaxXH MOKE 3yMOBIIOBATH 3MiHY 3a0apBIICHHS
3 BIKOM (JIMB. BHUIIIE).

Sk 1 B IHIIMX TBAapWH, BI3ePYHOK Ha TIJIl KOMaxyd MOKE MaTH MacKyBajbHE abo
curHanpHe 3HadeHHA. S t6 d f IS d tuaekfganpnnii) BizepyHOK mpH3HAUEeHHI
3poOUTH KOMaxy HEMOMITHOIO JJIs XIDKaKiB 1 MOXKe (PYHKIIOHYBAaTH 32 TaKUMH
roJIOBHUMH TpuHOUNaMHU: (1) KpUNTH3M — 1€ 3JaTHICTh KOMaxu Bi3yaJbHO
3MUBATUCS 3 HAaBKOJUIIHIM cepenoBuileM; (2) Iu3pynTuBHE 3a0apBIICHHS —
BI3yaJbHO DPO3WICHOBYE CUIIYeT KOMaxXd 1 YCKIQJHIOE CIPUUHATTA KOHTYpiB ¥
po3MIpiB ii Tila XxmxakoM; (3) 3abapBiieHHS 3a TPUHIMIIOM OOEPHEHOI1 MPOTHUTIHI
(mpuniuniom Teitepa) — mo30aBisie KOMaxy pi3KUX KOHTYPIB Ha MEBHOMY TJi 3a
MEBHOTO HANpPSIMKY OCBITIEHHS; (4) CXOXICThb 3 HEICTIBHUMH 0O0'€KTaMu —
YCKJIQJIHIOE PO3Ii3HAaBaHHS XM)KAKOM IMOTEHINNHOT 340014l cepell HaBKOJIMIIHIX
HEICTIBHUX OO0 €KTIB (HAMPUKIAJ, OUIBIIICTh MAJTUYHHKIB CXOXa Ha TIIOYKH 1
JUCTKH  pociiuH). d J 3O Is d y(degu@ibuuii) Bi3epyHOK  NpHU3HAYCHHIA
MPUBEPHYTHU YBary xmxkaka ado KoHcrenudiqHoi ocoOuHM 1 MOke (QYHKIIIOHYBaTH
3a TakUMHU TOJOBHUMHU mpuHiunamu: (1) amoceMaTtnyHuit (3acTepexHui)
BI3EPYHOK — MOMEPEIKY€E PO MOTEHIIIHY HeOe3MeKy KOMaxu, BIIJISIKY€ BiJ] HET,
(2) MromepiBcbka MIMIKpPISi — TPOSIBISIETBCS B CXOXKOCTI  HEICTIBHUX a0o
HeOe3NMeYHUX KOMaxX Mik CO0O0r0 (HampuKiIaa, OCH 1 OHKOJIHU, SIK1 JKaJISITh, MalOTh
CXOXHUH BI3EPYHOK Ha 4YepeBLl 13 CBITIMX 1 YOPHHX MONEPEUYHUX CMYT, IIO
yepryroThes); (3) OeHTCiBCbKa MIMIKPIS — TMIPOSIBISETHCS B CXOMXOCTI JACSKHUX
0e3MeYyHuX KOMax 3 HeOEe3NMeYHMMHU OpraHizMaMu (Hampukiaa, Oe3neyHl MyXu-
MOBUCIOXU 3 poauHU Syrphidae, moai0HO 0 *KaTKUX MEPETUHYACTOKPUINX, MAIOTh
BI3€PYHOK Ha YEPEBIIl 13 CBITIUX 1 YOPHUX CMYT, 1 HABITh MOBTOPIOIOTH XapaKTepHi
JUTSL OC Ta OJIKITT pyXH YepeBIIEM).

3MiHM 3a0apBiICHHS KOMaXxX IMOJUISIOTh, Ha MOBUIbHI Ta mBHAKI. [loBinbHA 3MiHA
3abapBicHHI € (BB oW 5 dzts Ba ap@lats Hipupoaoro, TOOTO sBiIsIE COOOKO
HEOOOPOTHI 3MIHH B KIJIKOCT1 IIITMEHTIB, 110 BUKJIUKAH1 30BHINTHIMA YUHHUKAMHU.
3a TakMuM MEXaHI3MOM BIJOYBa€ThCSl XpOMaTUYHA ajanTallis KoMax A0 3MIHEHOTO
HABKOJIMILIHBOTO CepeIOBUILA (HAMPUKIIAA, Y MEIIKAHI[IB MOXapHIll), GOPMYIOThCS
ce30HH1 (popmu (BHACTIAOK 3MIHH (POTOMEPIONY Ta CHEKTPATBHOTO CKJIaay CBITIIA).
Mop@donoriuyni 3miHu 3a0apBJi€HHS KOHTPOJIIOIOTHCS TOPMOHAIBHO, MPUYOMY
royioBHe 3HaucHHs MatoTh i t6 d dzj G dzus. pBHInR @ «ExnnokpuHHa cucTema
KOMax») Ta opranu 30py ((paceTkoBi 04i Ta JaTepalibHI BiUKa).

MaHinyniowun 3 TpUBANICTIO QOoTONEpiosy, BUSHUM BHAIOCA OTPUMATH B
nabopaTtopii pi3HI Ce30HHI (OPMHU LBIPKYHIB, IMKaJ, METEJUKIB Ta
MOTIENINIIh. 3MIHIOIOYM CITIBBIJHOIIICHHS PEYOBHH B KOPMOBIM POCIHHI
MOKHa BHMKJIMKATH YTBOPEHHS OJIHI€I 13 JIBOX CE30HHUX (OPM TyCEHHIl
metenuka-m’ ssgyna Nemoria arizonaria I'ycenunst nepmioi renepaiii, sKy
rOAyIOTh NWJIKOM Jay0a, BUPOCTAa€E B JKOBTYBATYy IyXHACTy TYCEHHI[IO
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BECHSIHOI TeHepallii, CX0Xy Ha CYIBITTS 1qy0a, SIKOIO BOHA >KUBHUTHCS B
npupoii. SIKIIO TYCEHUITI0 TOyBaTH 1’KEI0 3 BUCOKMM BMICTOM TaHHHIB Ta
KJTITKOBUHHU, BOHA TEPETBOPIOETHCS HA CIpO-3€lIeHYy TIAJCHBKY TYCCHHITIO
JITHBOI reHepallii, ssika B MPUPOJI1 CIIOKUBAE TyOOBE JIUCTS.

lBuaki W ° L ° S doSHEE 3aGpelicHHS € 00epHEHMMHM 1 BUHUKAIOTh BHACIIIOK
MepeMIIICHHS TpaHyJ MIMEHTY B KJIITHHI a00 3MIHM (POPMHU MIrMEHTHOI KITITHHHU.
Hanpuknan, nanuyHuK pearye Ha JOTHK, BOJIOTICTb, OCBITJIICHHS, 3MIHY JHS 1 HOUI,
3MIHIOIOYH CBiM Kojip. Ilpu 1ipoMy MIrMEHTH MITPYIOTH BiJi OCHOBH MITMEHTHOT
KJIITUHH JI0 11 BEPXiBKU Ta B 3BOPOTHOMY HANPSIMKY ¥ BHKJIMKAIOTh TOTEMHIHHS Ta
MOCBITIIHHS TBapwHH. Di3iojoriyHa 3MiHA 3a0apBICHHS TAKOXK 3HAXOIATHCS T
TOPMOHATBHUX KOHTPOJIEM.

BHyTpilIHOBHI0BA BapiaOENbHICTh 3a0ApBIECHHS KOMaxX € HACIIAKOM CKIJIAaJHOI
B3a€EMOJIIi HHU3KH EHJOT€HHHUX (T€HETUYHUX, (PI1310JOrIYHMX) Ta EK30T€HHUX
(abloTHYHMX Ta OIOTHYHMX) YHMHHHUKIB. Y Komax pospizusiore § S & dzv y
9 Otc’ OB | dabaplzicHlds (HasBHICTE KOJBOPOBUX MOpPG B MEKax OJHIET
nonyaiii), o  Hs9 2 9 O te(B me&ax azioy BufifylSHanpukiaz, craTeBuii
aumopdizm), G | SEC e OW * ydzz  o(Harteux@mB jneEeTidz TddsidoTHY
MmimmBicTh), M J L B dzdzlz  d3f/lodminafuanuxfpisitukis, ski BIUIMBAaIOTh Ha
3a0apBIICHHS KOMaX, OKpIM BXK€ 3raJlaHoro BHUIIe (OTONEpioay, HalIeKaTh
BOJIOTICTh, TEMIIEpaTypa Ta ocBiTIIeHHs. } 1S dz' d3ts yerwbmax Bigirpae BaxIuBy
poJIb MpHU B3aeMOJAIT KOHCHIEUUPIUYHUX OCOOMH (TOOTO OCOOMH OJHOIO BUAY), a
TAKOX — 3 XM)KaKaMH, apa3uTaMu Ta BUIAMH-KOHKYPECHTaMHU.

3aragpHOBIIOMUM MPUKIAIOM BHYTPIIIHBOBUIOBOIO MOJIMOPPI3MY €
HAasBHICTh TOOJMHOKOT Ta CTaJAHOI (POPM y IEIKUX CapaHOBUX (HANpPUKIA, Y
nepeniTHol capanu Locusta migratoriara mycrensHoi, a00 adpUKaHCHKOI,
capanu Schistocerca grega). [TooauHoka popma po3BUBAETHCS 32 YMOB
HU3bKOi IIUIBHOCTI MOMYJSAMIl 1 BiAPI3HAEThCA OUIBIIMMH PO3MIpaMH,
3eJIEHUM 3a0apBJICHHSM, B1JICYTHICTIO CXMJIBHOCTI /10 YTBOPEHHS KOJIOHIN Ta
HIYHOIO akTuBHICTIO. CTajHa GopMa YTBOPIOETHCA B TMOMYJISIISAX BHCOKOI
IIUTBHOCTI 1 BIAPI3HAETHCS APIOHIMIMMU PO3MIpaMHU, CTPOKATUM YOPHO-
KOBTUM 3a0apBIICHHSAM, SICKPABO BUPAKEHOIO arperaiiifHOI0 IMOBEIIHKOIO,
JIEHHOI0 aKTHUBHICTIO Ta 3JATHICTIO IIEpETiTaTH Ha BEJMKI BiJcCTaHi. 3MiHU
PO3BUTKY CapaHW BiIOyBaIOTHCS 3a TAKOK CXEMOIO: 3POCTAHHS IMILUTBHOCTI
NOMyJISALIi > 3MIHU B CEKpELlii TOPMOHIB > 3MiHM B (D1310JI0Ti1 1, IK HACHIJIOK,
B 3a0apBJICHHI 1 pOo3Mipax YacTHH TiJIa > 3MIHU B MOBeIiHII. K came 3MiHa
IIUIBHOCTI TOMYJALli BIJIMBae Ha (PI310J0TiI0 KOMAaxH, 3aJMIIAEThCA
He3’sicoBaHMM. MMOBipHO, Kackaja (i3iONOTiYHMX 3MiH 3aIyCKalOThCA
YaCTUMU BIAIITOBXYBaHHSMHU 3aJHIMHA HOTaMH, IO iX BUMYIIEHAa POOUTH
capaHa IpHu 3yCcTpidi 3 KOHCHENU(PIYHO OCOOMHOIO 3a YMOB IiJIBUIIICHOT
IIUTPHOCTI MOMyJisAMii, abo0 Ha PO3BUTOK CTAagHOI (OPMH BIUITMBAIOTH
Bi3yasbHi ctumynu. [loniMopdizm capaHOBUX HE Ma€e TEHETUYHOI MPUPOJIH 1
€ BITHOCHO JHCKpPeTHHM, TOoOTO € mpukimagom ff sSdz' W J demmmd3iz
MPUKIAIOM TMOMi(eHi3My € HasBHICTh KacT y Mypamiok (po0oul, COJAaTH,
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CTaTeBI OCOOWHM), PO3BUTOK SKUX 3aJIeKUTh B  OCOOIHMBOCTEM
BUTOJIOBYBAaHHS JIMUYMHOK, a HE BiJl TCHETUIHUX OCOOJIMBOCTEH OCOOMH.

IIuTaHHA I CAMOKOHTPOJIIO:

[TepepaxyiiTe mapu, 3 SKUX IIapiB CKIATAETHCS CTIHKA Tilla KOMaXH.

3a SIKUM MPUHIIUAIIOM KJIAcH(DIKYIOTh TioaepMaibHi 3a51031 komax? HaBeniTh nmpukiiaay.

Ha3BiTh T010BHI QYHKIIIT KyTUKYJIH KOMaX.

[TepepaxyiiTe mapu KyTukyau. Ski GyHKINIT mpUTaMaHHI KO)KHOMY I1apy?

3a paxyHOK SIKMX IPOIIECIB Ta SKHX CKJIAJJOBUX MOKE IiIBULITYBATHCS MII[HICTh KYTHKYIH?

[{o coboto sBsie pe3wtiH? Jle BiH MICTUTBCS?

OnunriTh eTany JMHSIHHSI KOMaXH.

[ITo coboro sBIIsIE IPOLIEC CKICPOTU3ALlIT KYTUKYIIH?

o coboro sBsie eHmockeneT? SIKi eHIOCKEICTHI CJICMEHTH BU 3Ha€eTe?

10. Sy ¢yHKIII0 BUKOHYIOTh aHIPOKOHIT 1 /16 BOHU MICTAThCS?

11.  Sxi ¢pyHKIIi MOXKYTh BUKOHYBATH OJHOKIIITUHHI Ta CYOKIIITHHHI BUPOCTH KYTHKYJIH?

12. Sxi ¢i3uyHi sgBUINA JIEKaTh B OCHOBI ONTHYHOIrO 3abapmicHHsS kKomax? HaemiTh
TIPHUKJIA]TH.

13. Ikl mirMeHTH, CHHTE30BaHi CaMOIO0 KOMaxo0l0, BU 3HaeTe?

14.  Slkwii 3B’SI30K iCHY€E MK MEJIaHI3aIli€l0 Ta CKICPOTU3AIIEI0 KyTUKYIH?

15. Slkorwo moxe Oytu mpupona Oinoro 3abapBieHHs komaxu? BinmoBigp mpoimrocTpyiite
MIPHUKJTAJIAMU.

16. Yum Bipi3HAIOTHCA KPUNTHUHUHN Ta CeMaTUYHUN BizepyHKU? HaBeniTh npuKIagm.

17. Bix 4oro 3anexuTh BapiaOenbHICTh 3a0apBICHHS KOMax?

18. HageniTh BU3HaueHH MolieHi3mMy y KoMax. SIkuM KomaxamM BIACTHBE 1€ SBHILE?

CoNoO~wWNE
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Jlexuisa 3
OINIOPHO-PYXOBA CUCTEMA
TA MOP®O-®YHKIHIOHAJIBHA CIHEHIAJIIBAIIA TAT'M

stcc Odz' L Oy~ BeMCkzdzOkkzted CtdBOR 1O L 0 H dzO da

ftedHOLSd, Wkdty' ' . JI1EzHsd@JIEO®ISKELEdS Yy 'j tegd thizn

Hsf sdisets® dg' @ IsO ftsdz' Is. 1 Oftewdsd jotsdzs y* ' €
sO WEkdSy' ' yjttjodedms HfttdHOIS 9.

MOOSIsjte Micdkj dzlsOy'~ SCsBOR, BEZHBOO MJc dgi dalsk
H
te

HK M 1HIIII YJIEHUCTOHOT1, KOMaxy € CETMEHTOBAaHUMHU TBapuHamu. BBaxkaroTh,
110 B KOMAIIMHUX MPEIKIB OUIBIIICTh CETMEHTIB TyJy0a MOTIJia MaTu Mo OJHIN
napl HoJi(pyHKIIOHAIbHUX ABOTUUISICTUX YJIEHUCTUX KIHIIBOK — TMOAIOHO 0
TaKUX y JESIKUX PAKOMOAIOHUX, XEMIEPOBUX Ta TPUII00ITIB. 30epirarouu CrijibHUN
mwiad OyJOBM Ta OKpeMi KIHIIIBKM CETMEHTH KOMax CIeliali3yBajucsa [0
BUKOHAHHS TeBHUX (GyHKUIA. ['pynu cermMeHTiB, M0 3a3Hajd CHUIBHOT
crieniaiizaiii, 00’exqHanucs y Bigaum tiia — IS O G .d§tkoMax po3pi3HSIOTH Tpu
tarMu: G 8 dztBotddz H\WfJ tc J BlayrdioBi CKOHIICHTPOBaHI OpraHW 4YyTTs Ta
MICTATBCSI POTOBI opraHu. ['pyam — 1€ JOKOMOTOpHMM BIJIUI, SIKMM Hece Tpu
napy HIr, a B KPWJIATHUX KOMax — IEPBICHO 1€ ¥ Bl Mapu Kpwi. Y 4YepeBIll
MICTATBCSI HyTPOLIl; 1151 TarMa Haikpaiie 30epirae 03HaKu MeTaMmepii — CErMEeHTU
yepeBllsl MPUOIU3HO OHAKOBI 1 SICHO PO3MEKOBaHI OJWH B1J] OJTHOTO B OUIBIIOCTI
koMax. Ha uepeBil komax 37€011b110T0 BIACYTHI CIIPaBXH1 KIHI{IBKH, TPOTE JIEAK]
MPUIATKU YEPEBIIS BBAXKAIOTh 3@ iXHI BUJO3MIHH.

3.1 3aranbHa oprasizamiss CKeJIeTHO-M’si30BOI cucremMu. CErMeHTH Komax
noOy10BaHi 3a CHJIBHUM IJIAHOM 1 CKJIQJAIOTHCS 3 OKPEMHUX IYTIKHUX TIACTUHOK —
M ¢ dzj to efdsHamd enmactuunumu 3] d3B to O dE@@ZGMMEU ckiepuTamu €
CIMHHUE mUTOK — IS | 16 gra d8peBHuit mutok — M Is | te aunismemOpaHo3Hi
CTIHKM CETMEHTa 1HOJlI MaloTh PO3TaIlllOBaHI MK TEPriTOM 1 CTEpPHITOM O14HI
wiactuakn — § dzJ 2 te)ds'dH dz0O dzdzV 3aiiicErozgsds o gsrnd crocio —
yepe3 TOHKY CMYXKy MemOpanu abo mapHipHuii cyrino6. Komu ckieputu
3pOCTAOThCA MK CO0O0I0, TPAHUIISI MK HUMHU YacTO 3QJIMINAETHCS MOMITHOIO Y
BUTIISAI miBa. PyxaroTbes ckiepuTd 31e01IbIIOTO0 32 PaxyHOK M s31B, Kl
CIOJIYYalOTh 1X M1k c00010. IcHYy€e 3aranbHe MpaBWIO: UMM OiIbIlIE CKIEPUTIB M€
KOMaxa, TUM CKJIQJHINIOW € ii CKeJlleTHa MYyCKyJaTypa. PscHa myckynarypa
3a0e3nedye CKIAAHICTh 1 TOYHICTh PYyXIB YAacTHMH TUIa KOMAaxu, OPOTE PyxX
CErMEHTIB MOXe BIIOyBaTHCs U TIAPaBIIYHUM CIIOCOOOM — 3a pPaxyHOK
Har”iTaHHs remomiMou (piAKoi TKAaHMHU TMOPOXHUHU Tina). YacTo rifpasiika
NPaBUTH 3a aHTaroHicra M’s3iB. OmucaHa BUIE KOHCTPYKILiS CETMEHTa JJ03BOJISE
HE TUIBKM pyXaTUCs CKJIEpPUTaM CYCIJHIX CETMEHTIB, aje i 3MiHIOBaTH 00’€M
CerMeHTa — JIMBHA OCOOJMBICTH JJIS TBApWH, IO MAalOTh 30BHIMIHIN ckener. Lle
BMIHHS € HEOOXIMHUM Il BEHTWJIAIIT JUXAIBbHOI CUCTEMHU (muB. po3ain 6.2.2
«BeHTHIIALIIN ).
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VY pesxux OUISTHKAX Tijla (HaNpuKiIag — y YiICHHKaX BYCHKIB Ta HIT ycCiX
KOMax, B 4ePEBILl MYpaIIKH), CKICPUTH (POPMYIOTh CYIiIbHI TBEP1 KUIBIIA,
SKI HE 3JlaTHI 3MiHIOBaTH CBiii 00’eM. [IpoTe pyX CYCIJIHIX KIJbIIEBUX
CETMEHTIB BiTHOCHO OJMH OJHOTO € MOXXJIMBHM B HACIHIJOK CKOPOUYCHHSI
M’s131B a00 pyxy remomimdu. Sk npukiaa, B XaTHbOT MyXH 3BY>KCHHUH KiHEIb
YepeBIs TEIECKOMIYHO BUCYBAETHCS TiAPAaBIIYHUM CITIOCOOOM, a XOBA€THCS
BCEPE/IMHI TiJIa BHACIIIOK CKOPOYEHHS M SI31B.

[ OwW L s9 O svpsdegnagtdcs Ha ckeneTHy (MOB’sI3aHY 3 €K30CKEIETOM)
Ta BicuepanbHy (y CKJaal BHYTpImIHIX opradiB). CkeleTHa MYyCKynatrypa, sK 1
CaMHil EK30CKENeT KOMaxu, € METaMEepHOI0, TOOTO TeBHHM Habip M s3iB
MOBTOPIOETHCSI B JEKUIBKOX CErMEHTax. 3a pO3TalllyBaHHSIM CKEJETHI M’SI3U
00’€THYIOTh B TPYIM TOJOBHUX, TPYAHUX Ta yepeBlieBuX. He MMBHO, 110 roM0BHI
Ta TPYyJIHI M’ 53U, SIK, BIACHE, ¥ caMi T'OJIOBHI Ta TPYAHI CETMEHTH, € HailOuIbIIe
CHeLlaJII30BAaHUMHU, a MEeTaMepisl YepeBLEBUX M S31B HaMKpalle BUpaxeHa. Ycl
M’SI31  KOMax MICTATh TUIBKM IIONEPEYHO-IIOCMYIOBaHI BOJOKHa 1 TOMY
BUPI3HAIOTHCS 3HAYHOIO CHJIOK0 Ta IIBUAKICTIO CKOPOYEHHsA. Jleski 3 HUX 31aTH1
BIJIMOBIJIATH KIJIbBKOMa CKOPOYEHHSIMU Ha OJIMH HEPBOBUH IMITYJIbC (JTUB. HUXKYE).

1 0° HdzOdzdzv 39 P dets:#nu BindyBacibzilsiepes rimogepmy. M’s30Bi
BOJIOKOHIISI (POPMYIOTH OCOOJIMBI KOHTAKTH 13 TIMOJAEPMATIbHUMU KIIITUHAMHU, SIKI
HA3UBAIOThCSI KOHIYHUMHU TreMijecMocoMamMu. Binm HHX Kpi3b TiNojepMalibHY
KITUHY TATHYThCS IS 5 dzts W °  Guigmhi@g@ouxu), mpoaosxkeHi gami BcepeanHi
MPOKYTHKYJIM K BUPOCTH TIMOAEPMAIBHUX KIITUH Yy TIOPOBUX KaHaiax, 1 Jaii, 3a
JIOIOMOTOI0 ~ CHEIIATbHOTO  OUTKOBOTO  «IIEMEHTY» MIIHO MPUKPIIUICH] 0
KYTUKYJI1HOBOro mapy. Came KyTUKYJIHOBUW IIap YTBOPIOETHCS MEPUIMM il Yac
YTBOPEHHSI HOBOI KYTHKYJH, TOMY CKEJIETHI M’SI3U CTAalOTh AI€3aTHUMHU OJpa3zy
nicast JUHSHHSA. Y MICISX MPUKPIIJIEHHS OCOOJMBO BEJIMKUX M SA31B KYTHKYJa
(dbopMye BHYTpIIIIHI BUPOCTH Y BHUIJISAI HamiBrpo3opux IS | dzH tcgirosxaunkis),
a00 MacuBHIIIMX BUpOCTiB — O § 5 Hrgl Ol 5 W. CucteMy BHYTPIIIHIX BUPOCTIB
KYTHKYJIH, 10 SIKAX MPUKPITUTIOIOTHCS M s34, Ha3uBawTh § OzH sMC J dzj Is 5 d3

3.2 TonoBa. Jlo ckiagy rojoBH KoMaxX BXOJSTh IIICTh CETMEHTIB, SIKI MIITHO
3pOCTAlOThCSI W YTBOPIOIOTH CKJIEPOTH30BaHy G B dzs 9 dzlz . Me®ilf Miplz dzlz
JESKUMH CETMEHTAMH TOJIOBU 3JIMIIAIOTHCS MOMITHUMHU y BUTJISA/I IIBIB, K1, Y
OUTBIIIOCTI BUTAJKIB, MPABISATH 3a pedpa KOPCTKOCTI W CTAOUTI3YyIOTh TOJOBHY
KarcyJ1y B MexaHi4HOMY BifHotmieHHi. KinmiBkamu rosioBu € mapa O dzls (Bydzkis)

Ta poTtoBUi anmapat. Kpim 11poro, Ha royioBi Moxe Mmictutucs mapa f) € dzO,m6kzd -
wOmJ Is§tsyg falrpu §f te s Mis d = Sam@xknoyEn@npsMyBaHHsS POTOBUX
OpraHiB PO3pI3HAIOTH Taki THIHU rooBHOI Karcynu: (1) § te 5 6 dz0O Is whe®@rrMu
opraHamu CHpSIMOBaHUMH BHepe]l (HanpuKiIal, Y NaIUYHHUKIB Ta BOJHUX KJIOIMIB);

(2) ¢ ' § 56 é&z3lpaefBumu opranamMu cripsIMOBaHUMH BHHU3 (HANPUKIAL, Y
oimpmmocti  konukiB) Ta (3) S ' Mis 5 cdz@Is pEp@BuMu  opranamu
CIIPSIMOBAaHMMU Ha3zaja (HANpUKIIal, y TapraHiB, [UKaJ, MONEIUIh 1 HA3eMHHX
kiomniB). ['imorHaTHa TOJIOBHA KamcCyJia BBAXKAEThCS  BHUXITHAM  THIIOM.
CropsiMyBaHHSI POTOBUX OPTaHiB € BaXKJIMBOIO O3HAKOIO, 3 TOUKH 30py XapuyBaHHS
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KOMaxH, SIKa MOYacTH 3aJTUIIAEThCSI KOHCEPBATUBHOIO (HE3MIHHOIO) B MEXaX ITUIAX
PAIB.

i slsso '  weMaxs vddzd Ham3Buuaiine (yHKIIOHAIbHE Ta MOP(OJIOrivYHEe
pizHOMaHITTS. Buxigaum THnoM BBaxkawTtsh G ted L &z yd 2 tetslstseo d
BJIACTUBUN XXMM 0OalOkaM, KOHHKaM, OOromoJjiam, POCIMHOIHMM CcapaHi Ta
NaJIMYHAKAM, BCSITHUM TapraHaM Tomio. [ pu3yunii poToBHi anmapaT MiCTUTh Taki
ckiaamoBi: (1) HemapHa BepxHs ryOa (0zO B 6 K2J3 mapui BepxHi IIenenu

(030 dzH d).B (E) dzepni Hmwxui menenu (30 € ), J(dechenapaa HmwxHsS Tyda

(izO BR.d3Yacto 1m0 ckiagy pOTOBUX OpraHiB BIAHOCATh W HEMAPHHMA

G ' ff sW (desefutrorionione Bum’ sayBaHHS, POSTAIIOBAHE MOpPYY 13 HIKHBOIO
ryooro. CrieriaibHa jKyBajibHa MYCKyJaTypa Ta M’si3U TJIOTKH, sIKi 3a0€3MeUyioTh

PYXH POTOBHMX OpPTraHiB i MOTIMHAHHS TKi, KPIIUIATHCS 10 €HIOCKEIETY TOJOBH —

Is § dzls ts te Cklzagg@uricy pa3zom, poToBi mpuaaTKu oOMexyrTh f | t6j H 6 SIS
i tstc 5y Oz dalbuni sikoi po3MimieHUT POTOBUE OTBIp 1 BIIKPHBAOTHCS
HPOTOKU CIIMHHKX 3aJI03.

| OB tcddMBxye mepenpoTOBY MOPOKHHUHY criepeny. lle HenmapHwii, mpocToi
bopMH, CKIEPUT, MOXOKEHHS SIKOTO 3AJIMIIAETHCA HESICHUM — abo0 K CKJIajKa
CTIHKHM T'OJIOBHOT'O CETMEHTA, sIKa B CBOEMY PO3BUTKY HE IOB’s3aHa 13 KiHIIIBKaMH,

a00 sIK BUJIO3MIHEHI KIHI[IBKM MEBHOTO CEIrMEHTY roJioBU. BHyTpiiHs, oOepHEeHa

JI0 POTa MOBEPXHS JJabpyMa € M KO0 i 1HOII BXOAUTh 10 ckiaany J § ° W O ted dzb fr
0COOJMBOTO BHPOCTY Haa poToBuMM oTBopoMm. [ O dzH d Bakigiodgs coboro
HaMMILIHIIII, CUJIBHO CKJIEPOTH30BaH1 €JIEMEHTH IPU3YyUOro anapary, siki HOXOASTh

BiJI KIHIIIBOK 1 MarOTh po3BuHeHi pixyuy (1 Oz ( 1a {Sy@ansay nosepxHi (A3ts ¢zO
Koxna wmanauOyna MNpUKpIIJIEHA [0 TOJIOBHOI KalCyld JBOMa IMIApHIPHUMHU
cyrio0amu, Kl Xxoya i 0OMEXYIOTh i1 pyX OJIHIEIO IUIOMIMHO0, MPOTE 30IBIIYIOTh
TOYHICTh 1 aMIUITYly PyXIB Ta 3a0e3MeuyloThb BHUCOKY MEXaHIYHY MIIHICTh
3ungeHyBaHHs. Cepen €JIeMEHTIB POTOBOTO amapaTy HaOUTbII CXOXKHMH Ha
kiHiiBku € 30O € ) H ke makcuia ckiagaeTses 3 ABOX OCHOBHHUX UYJICHUKIB —
COtHiglsd {, jnm@my m0 crumeca HpUKpimUIeHI BHIO3MIHEHI KyBallbHI
nomari — dzO Y didZ" @dzg Wakox uyrmusuit 30 C M d dzw toc dzdf 20 B fi liz i3
YTBOPUBCS BHACIIJOK 3pOCTaHHS APYroi Mapu MakCHJ, TOMY JIETKO MPOCTEXUTU
roMoJIorii MK CKIagOBMMHM #HOoro Ta BiaacHe Makcwr 1 tsfls d3j dzls 2
(cyOMeHnTyM+MeHTYyM) BiamoBimae kapmo,  toJ d3] dzls &ufgecy, G dztsy O
nanuHiaM, a f O tc O c—dztasdfgaeh, zOB ° O dz! dzg'omosbriztfi sfa&cdmaprum
HIyNnuKaM ¥ € opraHamu 4yyTTs (mepeBakHO cMaky). Sk 1 crajso HWXKHINA TYyOl,
1abiyMm oOMexye MepeapoTOBY MOPOKHUHY 3HU3Y 1 MiJ Yac >KyBaHHS MIATPUMYE
Xap4oBy Tpyaky. I makcwnm, 1 7a06iymM € BUAO3MIHEHUMHU KiHIlIBKamMu. OcCTaHHIN
elleMeHT poroBoro amapary — G ' {f S W O tasppzBedniz crepHiTiB TONOBHUX
cerMeHTiB. BiH Haramye co00i0 OMyKIUH S3MK, YACTO-TYCTO BKPUTHH BOJOCKaMHU

Ta MIETUHKaMHU, 1 O0OMEXye pOTOBUH OTBip 3HM3Y. llepeapoToBa MOpOKHWHA,
OTOYeHa 3 YCIX CTOpPIH POTOBMMH OpraHaMH, NPOJAOBXKYEThCS Aayli y JIBi
MOPOXXHUHU — BJIacHe poToBY, abo Y d B O faio fagnepexoauts y MOpoKHUHY
TPaBHOTO TPAKTY, Ta ciuHHy, ) © dz° 9, Psiey BigZIOBIETECS ciMHA.
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3anexHo Bl (YyHKLIOHAJIBHOI creniajii3alii, poTOBI OpraHM KOMaxX MOXYTh
BIIPI3HATUCS BIJl CXEMHU, Ky MH IIOMHO PO3IJISHYJIH. 37e01IbIIOT0 KOMIUICKC
POTOBUX OPTaHiB YTBOPIOE JOBTHI UM KOPOTKUI XOOOTOK, IKMM KOMaxa MOTJINHAE
piaky ixy. OOCIyroByroTh X000TOK JABa M’5130B1 KOMIUIEKCH — TaK 3BaH1 CIIMHHHM
mmpuI] (71 BIOOPCKYBaHHS CJIIMHU) Ta TJIOTKOBHW HAcoc (A1 3aCMOKTYBaHHS
piauHu). Y pi3HUX KOMaxX XOOOTOK yTBOPEHHUMU 3a PaXyHOK Pi3HUX YACTHUH — II€
CBIJIYMTH MPO TE, 110 BiH BUHUKAB HEOTHOPA30BO B MPOILIEC €BOJIIOIIIT.

VY mepeTMHYaCTOKPUIIMX KOMax 30epiraloTbCs BCl KOMIIOHEHTH POTOBOTO amapary:

€ ’KyBaJbHI MaHIMOYJIHM Ta 3BHYAHOI OynoBU emiapuHKC Ta TinodapuHKc, aje
pelTa eIeMEeHTIB MepeTBOpUiIach Ha YTBIp IS 3/IM3yBaHHA ab0 3aCMOKTYBaHHS
pimuHu (MEepeBaxHO HekTapy) 1 yrBopwia ZOB ' SBOS Md dzv te dzd 2
Haiikpamie BuBuenuii zOB ' S dBRO S Md dzv tc dagduocuéi siglfonkrj ¢ M
MaKCWIHA Ta JIablyM NOMITHO BHUJOBKEHI, a >KyBaJlbHI JIOMAaTl MakKCHJI, IJIoca Ta
HIKHBOT'YOH1 IIYNUKH, CKJIAJEHI pa3oM, YTBOPIOIOTh CMOKTaJIbHY TpYyOKy. I'oca
OJKOJIM BKpUTA YMCICHHUMHU BOJIOCKAaMH, JOBra, M’Ka, 13 PO3IIUPEHHS (I3UUKOM)

Ha KiHIi. Yepe3 oco0auBy Oy0BY KYTUKYJIU IJ10Ca YK€ PYyXJIUBa 1 3JaTHA MIHSATH

cBOIO (opMy ¥ BUIOBKYBAaTHUCh. 3aCMOKTYBaHHS HEKTapy BIJOYBa€ThCs IIO-
pi3HOMY. SIKIIIO HEKTap MICTUTHCS Y BIIKPUTHX HEKTapHUKaX, O/K0ja MepioJUIHO
BUCYBA€ 1 BTATYE SI3UYOK IJIOCH, 3araHslOud piIUHY B KaHaj, yTBOPEHUHN PELITOIO
Xx000TKa (111 pyXH TPOXU HAraAyroTh Te€, K XJieO4e CBOIM S3UKOM cobaka). SKio
HEKTAPHUKHU PO3TAIIOBaHI TJIMOOKO B KBITII W JICTaTHCS A0 HEKTapy BaxKo,
O/1’KOJIa BUTATYE TIJI0CY B TOHKY TPYOOUKY 1 3aCMOKTY€ HEKTap 4epe3 KaHall, IO
yTBOpHUBCs. PoToBuii amapat 0pxoiu BigHOCSTh 10 G 6 ( -dzdwitdz yisig. ts

]

VY OarathOX HECMOpIJHEHUX TIpyn Komax BuHHKae § 5 dzsfpgtdn dzd 2 ~ 5B
NpU3HAYCHUH JIJIsI 3aCMOKTYBaHHS PIAMHM 13 TIMOUHU TKaHUH. OCHOBY /ISl HHOTO
3a3BUYaAll CKJIaJae HWXKHS ry0a, sika Hadue QyTisip oroprae KOJIOYl CTHIETH 1 HE
3aHYPIOEThCS B TKaHWHU. BcepenuHi Xo0oTka € mapanenbHl KaHaiM, depe3 sKi
CIMHAa IIOCTyNa€ Ha30BHI, a 1Ka 3aCMOKTYETbCS BCepenuHy. [ 0JOBHUMHU
3aBJaHHSIMHU X000TKA € MPOKOJIOTH TKAHUHH, BUIIIUTH CIUHY 1 BCMOKTATH iKy. Y
pI3HMX KOMax IIl 3a/Ja4i BUKOHYIOTh Pi3HI eleMeHTH. Hanpukiasn, y KpoBOCUCHHX
KOMapiB MPOKOJIIOE TKAHWHM KOMIUIEKC OpraHiB (BepxHs ryba, BCepeauHi sIKOT
po3MilieHl MaHAUOYJIM 1 MaKCUIIH), TIPOBOJANUTH CIMHY TiMO(apuHKC, a BCMOKTYE
KpoB TpybOuacta BepxHs ryba. OTke, y KOMapiB Ta 4YacTMHA XO0OTKa, IO
3aHYPIOETBbCA B TKAaHWHH, MICTUThH IIICTh BHUTATHYTUX Hade TOJKa €JIEMEHTIB. Y
KJIOMIB BEpXHs Ir'y0a Ta rinodapuHKC BKOpOYeHi, ToMy (YHKIII pO3MOJAUIEHI MO-
1HIIIOMY: MaHIUOYJIH MPOKOJIOIOTH TKAHWUHH, & MAKCUJIM IPOBOISATE CIIMHY W PIIKY
Ky, OTxe poOoya yacTuHA X000TKa KJI0Ta MICTUTh YOTUPHU BHUIOBXKEHI €JIEMEHTH.

Komtouo-cucauii  Xx000TOK 13 M’SITH  €JIEMEHTIB OyB  BIIACTUBHM
najaeo30MchbKkuM Komaxam 13 Haapsay Palaeodyctiopteroidea, nmpeacraBHUKH
SIKOTO, SIK BB)XAIOTh, CIIOKUBAJIA POCIUHHI COKHU 1 OYJIM TIEPIIOI0 BEIUKOIO
IPYyNOI0 POCIMHOINHUX KpuiiaTtux komax Ha 3emui. [laneonukriontepu Oynu
KOMaxaMy CepeAHhOr0 ab0 BEIUKOTO pPO3MIpy 1 BEIW BIIKPUTUN CIIOCIO
KUTTSI, IEPENTITAIOuN 3 POCIMHHA Ha POCIMHY 3a JOMOMOIOIO IBOX Map KpHi,
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CHpSIMOBaHUMU B O0KHU. JlesIKi peCTaBHUKK MaJH JOJATKOBI O14H1 BUPOCTHU
Ha MepeIHBOrpyAax (MapaHOTyMH), SIKi HaraJyBajld HEpYyXOMi Kpuia, TOMY
HaJICOTUKTIONTEP 1HKOJIN HA3UBAIOTh CIIECTUKPUIMMU KOMaXaMui».

4 d3ts € Is © cdwoadad MeTenukiB € yHIKAJILHUM 3a CBO€I Oya0BOr0. Maibke Bci
YaCTUHU TIEPBMHHOTO TPHU3yuOro amapaTry B HbOMY 3a3HAIOTh PEAYKIIl —
3aJIMIIAIOTHCS TUIBKU MAKCHJIM Ta H>KHBOT'YOHI, a 1HOA1 1 MaKCUJIIPHI UTYyTIHKU. Y
MaKcHJaX HalOUIBIIOro PO3BUTKY 3a3HAIOTh rajiei (30BHIIIHI )KyBaJbHI JOMaTi) —
BOHHU JIy>KE€ JOBT1, HATOBHEHI TeMOoiiM(pOI0 1 MarOTh KIThbYACTI CTIHKH (32 CBOEIO
KOHCTPYKIII€I0 BOHU TPOXU HATaAyIOTh IIJIAHT Muiiococa). J(Bi ranei 3uirIroThes
pa3oM 3a JIOTOMOTOK KYTHKYJISIPHUX MIKPOBHPOCTIB W YTBOPIOIOTH 3aKpydeHUUN
cmipaito  X000TOK. 3akpydyBaHHS XO00TKa BHHHUKAE 4YEpe3 CIACTUYHICTh
KYTUKYJIH, 1110 MICTUTh PE3WIIH (AUB. po3auI 2.2 «XIMIYHUN CKIIaJl KYTUKYJIN»), Ta
3aBJSIKM CKOPOYEHHIO YMCIIEHHHX M’S31B, IO MICTIThCS BCEPEAMHI TaJeu.
Posropranns x000Tka BIIOYBAa€TbCs NUIAXOM Har”iTaHHsS TremoiaiMPu (SIK y
JTUTSYOL 1rpallikyd — CKIIaJIEHOT MarnepoBOi JAY/TOYKH, 110 PO3TOPTAETHCS, KOJIU B
Hei moayTH). JloOpe po3BUHEHMH TIIOTKOBUI HACOC BIJIMOBIIAE 32 3aCMOKTYBaHHS
piaKoi Txi.

| d & Wwdr@suit anapat 3ycTpivaeTbcs B JIEAKHX MyX (HAIpPUKIAA, XaTHbOI
myxu). JIabiym ckiamae ocHOBY amapara, emnipapuHkc Ta rinopapuHKC peayKoBaHi
710 HEBEJIMKUX BUJIOBKCHHX TUTACTUHOK, 1HII CKJIaI0Bi 3HUKaIOTh. HKHS 9acTrHa
MYIIMHOTO XO0OTKa pO3UIMpEHa y BUIJIANI NpucocKy. Bona yTBopummacs 13
HIDKHBOT'YOHUX IIYNMUKIB 1 Mae Ha3By BS16 O dz! dzd 2Zio mHcdufy SBecepenui
tstc O dz! dzd 2 Has®olsoo oTBtEy po3milieHi 3yOUnKH, SKAMH MyxXa 37aTHa
mKpsdaTu cyOcTpaT, 3a 3yOUuMKamMu poO3TalloBaHa CKJIaJHA CHCTEMa TOHKHX
TpyOouoK i3 mipoukamu — § ) J 9 H 1S S:€QiOyEBYpDIOTH IAUIBHUEI YTBIp.
Posropraioun mo-pi3HOMY OpaJbHUM JUCK MyXa MOXe U 3iKpsaOyBaTH, 1
3NM3yBaTH, 1 PUIBTPYBATH, 1 BCMOKTYBAaTH iKy. OTKe X000TOK MyX € CKIagHUM
NMOTI(PYHKIIOHAIBHUM OpPraHOM, MOMpPH Te, 10 B HOro moOyaoBi Oepe ydacTb
TIJTBKY HIDKHA Ty0a.

l & mdddddO dzls J gadax BBaXkaroTh BHIO3MIHEHMMH KiHIiBKamMH. [leprimii
(M S OXriipyruit (f § H d Y)Juwdfuly MaroTh BIacHi M 31, a PelITa aHTCHH
(W dzO G J) dztozdgeiena wmyckynarypu. o § Off ladg tSMhdzs o dzd 2

MPUKPITUICHU 70 TOJIOBHOI KaICyJIM 4Yepe3 IIApHIPHUU Cyriiod 1 TOMy € Jyxe

Y

pyximuBum. } § H d Y Ja@xy dBo St 5 Is dzd Mictipqz ) dzdfiAinls s dz'—o St

0COONMBUI OpraH 4yTTH, SIKWW ClipuiiMae MeXaHi4Hi MoApa3sHeHHs (AUB. po3aia 8.2
«MexaHOpeLenTopu 1 MexaHopeuernilis»). A dzO G J, &6 dg ) G Iz IsHfaupii
pyxaTHCsl TUIBKH TACHMBHO — BHACHIIOK PYyXiB MEPIIUX JBOX WICHUKIB BYCHKA.
BynoBa BycHKIB MOe€ BIAPI3HATUCA Yy PI3HUX cTaTeH (4acTO BYCHMKH CaMIliB JOBIII
ab0 OUIBII pO3randy»eHi), BOHA TaKOX MPABUTh 3a BAXKIIMBY JIIarHOCTUYHY O3HAKY
(3ramaiimo Ha3Bu IlnmacTuHuacToByCl KykH, bynaBoByci merenuku). ['onoBHOIO
(GYyHKIIIEI0O BYCHMKIB KOMax € 4YyTJHBa, a/pKe TMOpsSA 13 YK€ 3raayBaHUM
JI>KOHCTOHOBUM OpraHoOM, Ha BYCHKY MOXYTb MICTHUTHCS YHCJIEHHI HIOXOBI,
CMAaKOBIi, TAKTHJIbHI, BITPOUYTJIMBI CEHCUJIH, a 1HOJII i TEpMO- Ta TIrPOPELEITOPH.
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Jlesiki KOMaxu BHUKOPHUCTOBYIOTh CBOi BYCHKM Yy HETHUIIOBUH CIOCIO.
Hanpuknan, cammi >kyka-maiikm 3 poay Meloe cBoiMu Bycukamu-
IPUIINKAMHA YTPUMYIOTh CaMKy TIIiJI 4Yac KOMYJAIIi, JOpOCii KYyKH-
Bopomoon Hydrophilus piceusiepes Bycuku MOMOBHIOIOTh 3aIlacd MOBITPs
JUIS. TUXAHHS TI1J BOJIOIO, a IMaro >KyKiB-BepTsuok 3 poauHu Gyrinidae
BU3HAYAIOTh TIOJIO’KEHHS TiJIa Ha TIOBEPXHi BOJIH.

3.3 I'pyan. I'pynna tarma mictuth Tpu cerMentd: f jJ toj Hdz' (Fe kR B OC |

MdtejHd (BFtcteb ffta@Om dz' (B B O 5.dogemporpym
IPUKPITUICHI 10 TOJOBH MeMmOpanoro i3 coemianeaumu N d 2 dad d§d
Yd teo ' € @erépazad3doxen 3 rpyIHUX CETMEHTIB Hece IO Mapi Hir, sKi
MPUKPIIUTIOIOTECS HA MEX1 TUIEUPUTIB Ta CTepHITIB (auB. po3ain 3.1 «3arampHa
OpraHizallisi CKeJIETHO-M I30BO1 CUCTEMI)).

BynoBa HIir omHOTHITHA B Mexkax Kiacy. BuxigHnumu BBaxkarote B~ G O dz! , dzo
ckmamaroThess 3 Takux dactuH: (1) IS OL,dabo € B¢ Mm&Pes sxy Hora
NPUKPITUTIOETRCA 10 TuUTa; (2) OMHOWICHMKOBUHM (3piKa — JABOUJICHUKOBHIA)
9 Jols,dffodstctsn OdEY Nts | gade=sy | d3kzteit yacto e HalOiTBIIIMM
YJICHUKOM HOTH, (4) G S d3', a8 I©' B sxfuyacto Hece HA coOi mmmnu, ta (5)
dzO {f, @00 Is O te | dravoxe micTuTH W’ATh ab0 MeHIe wieHHWKIB. Ha kiHIii
JanKU MICTAThCS 2 (3piika — 1) KIFTUKH, MK SIKUMU MOXXYTh OYTH pO3TalllOBaH1
HemapHa mietuHka J O3Y 1S H Heapna moaymeuka O to t5,dz'ta? mapa
npucMokTyBanbHUX §f 2 dz! Apomnitth myneBiM BKpUTI CrielialbHUMU «YiITKAMUY
BoJjiockamu-O € O dzlsaGbdgefoth crierianbHy «IHIKYy» MeMOpaHy. Yci 11i yTBOpH
Ha Janmi n[oTpiOHI Komaci, MmoO 4YIMIATUCA [0 TJIaJeHbKUX IOBEPXOHb,
31€01IBIIOrO JIMCTKIB POCIMH, TOMY HalKpalle NpuYiliHi CTPYKTYpH PO3BUHEHI y
MEUIKAHIIIB POCIUHHOTIO MOKPUBY — KYKIB-JIUCTOI/IB, MyX, OC, IO KUBJISATHCA
HEKTapoM 3 KBITOK, KJIOMIB, MaJMYHUKIB TOIO. Bcepenuni camoi ianku HeMae
M’s131B, @ M’SI3U-3THHAYI, 10 OMYCKAalOTh KIFTHKH, MICTSTHCS B CTETHI Ta TOMIJIIII
HOTHU 1 CIIOJIYYEHI 13 KIHIIEBUM JIAIIKOBUM UYJIEHUKOM Yepe3 JIOBTUi CYyXOXKHIIOK Ta
crieniajibHy IUIACTHHKY, Z 026G 9 ' IS idIpifiiNgsriacs kirtuku 0e3 ydacti M’s3iB,
MACMBHO, BHACIIJIOK CKOPOYEHHS YK€ €JaCTUYHOI PE3UTIHOBMICHOI KYTHUKYJIH,
gKa OTOYY€ OCHOBY KITTHKIB. BirajibHi HOTM BIACTHBI TapraHam, MIBHIKICHUM

KykaM (HampuKiIaa, TypyHam), OSSKAM TMEepEeTHHYACTOKPHIMM Tomo. M S H ( dz! d

dzts Giyfke momiOHI 10 OiraJbHUX, MPOTE 30BHI € KPEME3HIMMMH (HAIPUKIAI, Y
KYKIB, 10 MOBLIBHO PYXarOThCA, SK-TO >KyK-OJ€Hb a00 TpaBHEBUU Xpyil). Y
BOJISIHUX MEIIKaHIIB po3BuHeHI ff dzO 9o Odz! ,dzi crudatewidu 1 rycro

BKPUTHUMH BOJIOCKaMHM JiallkaMH, TOMIJKaMH, a iHojai ¥ crerHamu. o Is te d B O dz

HOTHY PI3HATHCS BiJl IHIIUX CHUJIBHO PO3BUHEHUMH, 3yTUMHU CTETHAMU (3a7H1 HOTH
KOHUKIB, LBIPKYHIB), a00 piaiie — Ta3ukamu (3aJHl HOTM IIMKAJOK Ta OJiX).
bararo XxmkakiB MawTh HOTH, anantoBaHi Jo -~ O O daga¥u. Takumu e,
30KpeMa, BKPUTI MIITHUMU IIHAIIAMH TIePEH1 HOTH ACIKUX KOHUKIB, CIIeIiaai3oBaH1
XanajabHI HOTHM OOTOMOJIIB, JESKMX XIKUX KIJOMIB Ta MYX, 3a7HI HOTH JESKHX
MAJTUYHAKIB.
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[lim wac mepecyBaHHS 3 CEpPEIHBOIO IIBHUAKICTIO HOTH KOMaXH
dbyHKIIIOHATRHO 00’€HAH1 y JB1 TPIMKHU: KOMaxa HiOW IO 4ep3l CTOiTh Ha
TPHOX HOTax (SIK TPUHIT), TOJI K PEIITa HII' HE TOPKAaeThcs cyocTpary. JIBi
HOTH TPUHOTY PO3MIIlIeHI Ha OJHOMY OOIll Tija (MepeaHs Ta 3a7Hs), a OJlHa
(cepenHsi) — Ha IHIIOMY, TOMY TUIO KOMaxH, sIKa KpOKYeE, 3aBXKIU
CIIUPAETHCS HAa CyOCTpaT y TPhOX TOUYKAX 1 3HAXOAUTHCS y BIIHOCHO CTIWKIN
piBHOBA31 (BiJIOMO, III0 OTMOpa Ha TPU TOUYKM € HaKcTabuIbHIIIOW). Tapras,
KU MBUIKO O1KUTH, TOPKAETHCS CyOCTpaTy TUIBKH 3aAHIMH HOT'aMH, TOOTO
MEePEXOIUTh Ha IBOHOTE TIEPECYBAHHS.

OxpiM JIOKOMOLIIi HOTM KOMaxX MOXKYyTh BUKOHYBaTd ¥ iHIN (ynkuii. Hanpukian,
BOIIIl Ta MyXOIax MarlOTh IpUKpinHi dzts € @ Y ', stku1{BOHN MIIIHO YiMUISIOTHCS
3a BOJIOCMHHM Ta Iip’THU XassfiHa. [pyHTOBI MemIKaHIi (BOBYKHM, JIMUMHKU IMKAI,
iMaro TUX JKYKiB, JISUICUYKH SIKMX XHBYTh B IpyHTI) matoth & 51 O dzts dzigp
BUPI3HAIOTHCS HASIBHICTIO MIUPOKUX CIUIOMICHUX IMMOBEPXOHb, KPEME3HHX 3yOLIiB Ta
BHCOKOIO MIIIHICTIO KYTHKYJIH. Y BOBUYKAa TaKi HOTU HE TiJIbKU PUIOTH IPYHT, ajie i
nepepi3aloTh KOpeHi pOCIMH, Hade cekarop cajiBHMKA. Ha mepeanix Horax
OaraTboX KOMax € CIeIliaJibHi IITOYKW JAJIS YWIIeHHS BYCHKIB, a TEpEeIHI HOTH
METENUKIB-CATUPIB B3arajli BKOPOTWJIMCS 1 BHUKOPUCTOBYIOTBCS TIJIbKU JUIS

ydh Jj.comi L B d tc O dz! wighonodats Gneforn BKpUTI psgaMu MIMPOKUX

BOJIOCKiB 1 BHUKOPHUCTOBYIOTBCA I YTPUMAHHSA Ta IICPCHCCCHHA ITUJIKY.

3.4 Kpmwia ta mnogir. Kpuma BUHMKIM y CTapOJaBHIX KOMAax HAaNpUKIHII
JIEBOHCHKOTO a00 KapOOHCHKOTO TIEPIOAIB TMaJe030MChKOI €pu y 3B S3KY 3
HEOOX1IHICTIO TIEpeTiTaTh MK POCIMHAMH, SIKUMU KOMaxu >KUBUJIUCS, a00 B sIKi
BiAkIaganu s, Came 3 MOSBOK KPWUJI BUCHI TMOB’SI3YIOTh PO3KBIT KOMax Ta
OTTaHYBaHHS HUMH CyX010,y. Kpuiati komMmaxu MepBUHHO MArOTh I10 Mapi KPHIT Ha
CEpEeIHbOTPYASX Ta 3aTHBOTPYAsX. Uepe3 NPHUKPIIUIEHHS HII Ta KpWJI TPYHI
CErMEHTH BHPI3HSIOTHCS CEpeJl IHIIUX CETMEHTIB TUIa CHJIBHO PO3BHHEHOIO 1
CKJIQJHO TOOYZ0BaHOIO O14HOIO (TUIeHpaIbHOI0) NUISHKOI. Y KOMax, siki J1o0pe
JITAlOTh, KPWJIOBI CETMEHTHU TpyJded dYacTo 3pOCTAOThCS W  YTBOPIOIOTH
fIs] tctsls.sl@E fynn kpuwiaTux KomMax BTpadalOTh Kpuia 1 CTarOTh
BTOPUHHOOE3KPWJIUMUA — 116 poO0Yl OCOOMHM TEpMITIB Ta MYpAIIOK,
EKTONapa3uTH TBAPUH — OJIOXH Ta BOIII, ACSKI TApraHH 1 MATMYHUKH TOII0. YacTo
OC3KpPWIIMMH € TUIBKM caMKH (TIApTCHOTCHETHUYHI  IIOIEJIWIN, IIUTIBKH,
4epBOMOA10HI CAMKH JICSIKMX METENHKIB) a0o camiii (131111 3 poaunu Agaonidae).

Sk came BHUHUKIM Kpujia KOMax — MW Joci HeBigomo. BiamosigHo 0

f OtcOdzts s O dz! dzts 'kpunaG Buffiutenls j stk BEpOCTH CTIHKH  Tina —

f Otc O dzts lsxz dggfyBanu s maparnyTyBaHHS 3 POCIMHH Ha POCIHHY,

3roJIoM HaOyJIM PYXJIMBOTO 3’€JHAHHS 13 BIANOBIJHUMHU CErMEHTaMHu (3rajgaimMo

PO MapaHOTYMHU MAJICOTUKTIONTEP, Mpo sKi wnutocs Bume). 3a J §f ° € 5§ ) O dz!
G ' tsHYsgpwidSe BUIO3MIHEHUMH PYXJIUBUMH 3S0pOBHUMH MPHUIATKAMH, SIK Ti,

110 iX MaroTh JUYMHKH OJHOACHOK. [l03a CyMHIBIB TUIBKM TOM (hakT, 110 MosiBa

KPWJI € YHIKaJIbHUM B 1ICTOPIl YIEHHCTOHOTHX SIBUIIEM, TOMY KpHJIa yCiX KOMax €
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roMmosioriunuMu. [Ipo 1e cBimuuTh €IUHUHN TJIaH IXHBbOI OyIOBH, OJIHAKOBI MICIIE
Ta Crocid MPUKPITICHHS J0 Tila.

Ha mouatrky cBoro ¢opMyBaHHS B OHTOT€HE31 KpWJIO BUTJISAJAE SIK HAIOBHEHHI
reMojiiMoro, CIUIONIEHUH B CHUHO-YEPEBHOMY HamnpsMKy Mimedok. CTiHka
MIIIEYKa yTBOPEHA OJIHOIIAPOBOIO TIMOJEPMOIO, a B MOr0 MOPONKHUHY 3aXO0JATh
Tpaxei 1 HepBU. Konu Kpuio KoMaxu, 10 OKPUIIIOETHCS, PO3IPIMIISIETHCS, CTUHHA
(mopcanpHa) Ta YepeBHA (BEHTpalIbHA) CTIHKHA PO3POCIOTO MIIIeYKa 30IMKYIOThCS
1 37IMMAIOTHCA MIXK CO0010, a TinmoaepMaIbHI KIITHHU PyHHYIOThCS. [IpoTe Tam, ae
TATHYTBCSL Tpaxei Ta HEPBH, 3aJUINAIOTHCS HATIOBHEHI TeMONIM(OI0 KaHaIl — B
X MICISAX BUHHUKAIOTh JKUJIKU. [ 0IOBHI MO3I0BXKHI KUJIKH KpUJa YTBOPIOIOTHCS
Ha MICIIl BEIMKUX TPaXCWHHX TUIOK. TakuM YMHOM, O3piJIe KPHIO KOMaxXyd Mae
KapKac 13 MIIHUX JKAJIOK Ta TOHKI €TaCTUYHI MEMOpaHU, HATSATHYTI MK KHIJIKAMU
(IK TKaHWHA MDK METAJIIYHUMU MNpPyTKaMH Yy BIAKPUTIA mapacosibli). Taka
KOHCTPYKIIisl KpUJia Ma€ JIBl BaXJIMB1 y O10MeXaHIYHOMY BiHOIIEHHI repeBaru: (1)
BEJIMKY IpeOHy IUIOINIY 3a HE3HAUYHMX BHUTpATax Marepiaiay Ta Mi3epHoi Baru; (2)
BHUCOKY MEXaHIYHY MIIIHICTb.

KunkyBaHHsS KpUII € OJHIEIO 13 HAMOUTBIN Y)KUBAHUX JIIarHOCTUYHUX O3HAK KOMaXx.
Kpuna xomax 100pe 30epiratoTbcs y BUKOITHOMY CTaHi, TOMY 1HO/II BOHHU € €IMHUM
JpKepesioM iHopMarlii mpo BUKOMHI rpynu. | S dzts o dz' dzOf tew d3d |
HABEJICHO HIKYE.

s tsMis O dz'nepdanyoro” kparo Kpuiia — MEpeaHiil Kpail, mo 3ycrpivae
HalOUIBIIMKA CIPOTHB MOBITPS, CTA€ MIMHIIIUM 3a PaXyHOK 30JMKEHHS 1
MOTOBIIEHHS MEPEIHIX KUJIOK (HaNpUKIIa, y 6a0okK).

* Hassuicts §f IS | tc 5 ) Is-duerdgofienol »uiku 4m TPymu KUIOK MOPYY i3
NEepeIHIM KpaeM Kpuiia, sKa, KIMOBIPHO, 301IbIIY€E aMILTITYAYy pyXy Kpuia, ado
JI03BOJISIE YHUKHYTH TIOSIBU PYWHIBHUX AaBTOKOJMBAaHb KpWUJ Ha TEBHHUX
mBUIKOCTAX (y 0a0o0K, ACSKMX OJHOJCHOK, MEPETHHYACTOKPHIIMX, CIHOIIIB,
CITYACTOKPUITUX ).

* [ J H Iz Stegxkuxy mepeBakno f S J 6] Yded+ 3smeyyezEnky kpun
(HampuKIIa, MyXd, METEITUKU, IEPETUHIACTOKPHII).

* 3pocTaHHs BIAMIHHOCTI MK TMEpeAHIMH Ta 3aJHIMH KpUJIaMU SK TIPOSB
WlkdzC y' sdzOdz' dzts 3a sxei ardedsig ¢pozisyiyisibori GepyTh Ha
cebe abo mepeaHi kpuia  (MEPEAHHOMOTOPHICTH Y  JBOKPHIIUX,
NEePEeTUHYACTOKPUIIMX TOIO), abo0 3aaHl (3aJHBOMOTOPHICTH Y JKYKIB,
HIKIPSICTOKPHUIIHX).

* 1 Ud  dzj dzdzWonpdrifcsd fkoi xoopauHaLis PyXiB MEPEaHIX Ta 3aJHIX
KpUJI BiIOYBA€ETHCS MEXaHIYHO, 32 JIOMOMOTOIO TMOSIBH CHELIAIbHUX CTPYKTYD
(Y nepeTUH4YaCTOKPUIINX, KJIOMIB, METEIUKIB TOLIO).

» BUHUKHEHHS CIEIialbHOI 30HH B 3aJHBOMY Kpui, sika jqo3Boiisie I C dzOH Ols .
C tc dHizGiepeBIeM y TakHii CrIOCiO, 110 3aHI KpHjia IPUKPUBAIOTHCS 3BEPXY
nepeaHiMu (HanpuKiaa, y TapraHiB, IPIMOKPUIIHX ).

« o C dzj esls d L Oyrneperopetaia wdaHIX Kpui (y AEIKAX KOMaX —

TaKOX 1 IEPeIHHOI YACTHHM 3aHIX KpWJI) Ha >KOPCTKI HAAKPHIIA, K1 MOYacTU
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30epiraloTh CHiAM JKAJIKYBaHHS; y4acTh CKIEPOTH30BAHUX KpPUJI B MOJBOTI
MoOke OyTH piI3HOIO, MPOTE TOJIOBHUM iXHIM 3aBHAHHSIM € 3aXUCTHUTH 3aHi
KpuJia (TapraHu, IpsIMOKPUJI, KJIOIH, XKYKH TOIIIO).

e | O34 dzh j dzdzv  thudmichidox MinisTehelrAuii cocTepiraeThes y myxe
IpiOHUX KOMax — TpeOHa TMOBEpXHS Kpuiaa 30UIBIIYETHCA 3a PaxyHOK
00JIsIMyBaHHS KOHTYPY KpuJjia JOBTUMHU BOJOCKaMH (y TPHIICIB, MOJICH, KYKiB-
OTUT T, IpiIOHUX MEPETUHYACTOKPUIIUX ).

3ujieHyBaHHSA KpWja 13 CTIHKOIO Tijda BiJOYBa€ThCS Yepe3 CKIAJHY CHUCTEMY
cyrmobiB Ta MeMmOpaH, sKi ckiagaioth pasom OC fd dzw tc dzd 2 axkui® f Ot
3a0e3neyye MaKCHUMajdbHO INBUAKUMNA 3Max 1 OOMeXye pyx Kpuia 4YiTKO
BU3HAUEHOIO TpaekTopieto. Kpumo mpukpimieHe Ha Mexi MIEHPUTIB Ta TEPriTiB y

Takuil croci0, Haye BOHO JeKuTh Ha f dzj 2 tc O dz! dzts d3lz- THgpsiis satl U d
HErHYYKii NaJMYKOMOAIOHIM NUIAHLI IUielpuTa. Y OUIBIIOCTI KOMax JIiTajdbHa
MyCKyJaTypa HE IOB’si3aHa O€3MOCEepEelHbO 13 BJIACHE KPUJIOM 1 HAJIEKUTh [0
BzMC zdzOIskzted . dBefivic WioggpSsenTpatbii M’ 31 TakuX KOMax
CTUCKAIOTh CETMEHT B CIHMHHO-YEPEBHOMY HANPSMKY, TEPriT HAOIMKYETHCS IO
CTepHITa, THCHE HA OCHOBY Kpwi, 1 Ti migiiiMatorecs. Komu mpaIiororh
AHTArOHICTU — BEJIMYE3HI MO3J0BXKHI M SI3U, — BOHHU CTHCKAlOTh CEIrMEHT Y
NepeHbO-33IHHOMY HAINpPSIMKy TaK, IO TEPriT BUTUHAETHCS Bropy, a Kpuia
OIyCKarOThCs. Takuil TUI JTITaIbHOT MyCKYJIaTypy TaKoX Ha3uBalOTh f J t6J -t ] M)
d30 W L fSremgf dfo rosioBHI M’SI3U-aHTarOHICTH CKOPOYYIOTHCS B MPOTUIICKHUX
HanpsMkax. KpuiioBi M 31 MPUKPITIIEH] O MILHOTO €HJI0CKENETy rpyaei. Okpim
BEJIMKUX JITAJIBHUX M A31B, IO OMYCKalOTh Ta MiAHIMAIOTH Kpuia, B TPYIHHUX
CeTMEHTaxX € ¥ MeHIN M’si3u, M0 PyXalTh KpWja BIEpea 1 Hazal, a TaKoX
00epTarTh X HABKOJIO MO3/I0BKHBOI OCI.

Cepen ycix KpwIaTMX KOMax TIIbKU B 0a0OK OHYCKaHHH Ta MiJAiMaHHs Kpuja
3a0e3MeuyloThCsl  CIIPSMOBAaHUMH  MapajelbHO M’ sSI3aMHU-aHTAaroHICTaMH, SIK1
OPUKpIMJIEH] Oe3mocepelHbO0 10 OCHOBM Kpwia. Takuii TuUN MyCKylaTypu
HasuBaioTh § G W-dg& W L boddd3 Is O dz! dzts & Bz M ¢ £ dz@lselmits ts ¢
MPUITYCKAIOTh, 110 CTapOIaBHI 0a0KHW 37€OUIBIIOTO JIITAIN MO MPSMINA TPAEKTOPIl 1
CKOpIIIIe KOB3aJM BHUCXITHUMHU IMOTOKAMHU TOBITPS, SIK 1I€ pOOJIATH y HAIll YacH
BeJMKI XWki nTaxu. CydacHi 6a0Ku — 11e XWXKaKH, K1 MOJIIOI0Th Ha CBOKO 310014

y HOBITpi. IXHilf HOMIT CTaB Jy)e MaHEBPEHHM, X04a il JOBOJI «TPaBMAaTHIHHMY,

aJKe TIOBEPTAIOUM TUIO Yy MOJbOTI 0a0KM 0’ I0ThCS MEPEAHIMH 1 3aIHIMU KpUJIaMH,

BiJl YOTO BUHUKAE XapaKTEPHUM i 10OpE UyTHUN XPYCKIT.

KpunoBa myckynarypa KkomMax yMOBHO NOJAUIAE€TbCA Ha J1Ba MOPG0-(1310J0T1UHI
Tunu. Y 0aboK, TapraHiB, NPSIMOKPWINX W METEIUKIB KPUIJIOBI M’SI3M, SIK 1 1HIII
M’sI31, aKTHBYIOTHCS BUHSTKOBO HEHpOHAMH, TOOTO HEWPOTEHHO, BIAMOBITAIOTH
OJTHUM CKOpPOUYEHHSM Ha OJWH HEPBOBUH IMIYJIbC 1 TOMY Ha3HWBAIOTHCS
d dzr to ts déomgxd3 @@ HeliporeHHO CTHMYJISIIEIO JIITATBHOT MYCKYyJIaTypu
30aTHI pyxath Kpwiamu 3 dactotoro 10-30 3MaxiB Kpuia B CEKyHAY
(peKOpICMEHOM € METENHMK OpaKHUK-SI3UKaH, YaCTOTa 3MaxiB KPUJI SIKOTO csrae 58
B cekyHay). ¢ ) d dz~ t@’ssdzgriTHi ckopouyBaTUCs Yy BiINOBib HE TUIBKUA HA
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HEPBOBUHU IMIYyJbC, alle ¥ Ha mornepeaHe po3TATHeHHS. CKOpOYEeHHS M’s3a Y
BIJIMTOBIJIb HA HCPBOBHH IMITYJIbC BUKIIMKAE PO3TATHEHHS M’s3a-aHTaroHICTa, STKHMH,
B CBOIO 4Yepry, CKOPOYYEThCSA. ACHHXPOHHI M’SI3W 3HAWACHO y IPEACTaBHUKIB
psaniB XKykwu, IlepernHuacTokprti, JIBOKpmI Ta JesKuX IHIINX KoMmax. Yacrtora
3MaxiB y KOMax 3 aCHHXPOHHOIO MycCKyiaTyporo Moxe caratu 1000 3a cekynny (y
JeSAKUX Te/31B).

Kpuno xomax He Mae M’s31B BCEpEUHI, aJleé BOHO MOXKE 3MIHIOBAaTH CBOIO (hopmy
MaCUBHO, HA0yBAaIOUYH MEBHOTO a€pOJAUHAMIYHOTO MPOoQiIi0. 3HaYHy POJIb B I[LOMY
BIJIITPAIOTh CIICLIaTbHI 30HU, B IKUX KPHUJIO 3TUHAETHCA, a TAKOXK MICIS 3 OaraToro
Ha PE3WIiH KyTHKYJI0K0. PO3ropTanHs 1 3ropTaHHs Kpuiia BiIOYyBa€ThCS 32 PaXyHOK
M’sI31B, SIKI KpIMJIATBCS B JIUISHII aKCUJSIPHOTO amapary, Ta eJIacTUYHHUX
BJIACTUBOCTEN KYTHKYJIH Kpuia. Tpaektopis pyXy Kpuia BIAPI3HAETHCA HE TUIBKU
B KOMax 13 PI3HUX TAKCOHOMIYHMX TpYyIl, ajl€ i B OJIHIEI KOMAaXHU 3a PI3HUX THUIIIB
HOJIbOTY (AKTUBHUI MOCTYIAJIbHUMI, 3aBUCAHHSI, TACUBHUHN TOWIO).

[TomT KOMax KOHTPOJIIOETHCS PEQIEKTOPHO, 3a ydacTi HebaraThboxX HEHPOHIB
(meranmpHime auB. po3aul 9.3 «Koopaunamis po6otu raurmiB HHC Ta dyHkmii
rOJIOBHOTO MO3KY»). OCHOBa Kpujia Ta MOBEPXHS KPUJIOBOI IJIACTUHKH BKPHUTI
YUCJICHHUMH MEXaHOpEIENTOpaMH, sIKI TPaBJISITh 32 MIHIATIOPHI JAaTYMKH, SKi
CUTHAIII3YIOTh IIEHTPAJbHIA HEPBOBIMA CHUCTEMI MPO XapakTep pyXy 1 MOJOKECHHS
Kpuja, a TaKoX IPO CTaH TMOBITPSHOTO MOTOKY, B SKOMY 3JIIMCHIOETHCS MOJIT
koMaxu. Ha aepoamHaMiuHI MOKa3HUKH KPWIJIA, OKPIM HOro (popMH, BIUIUBAIOTh
pPI3HOMaHITHI IIMIHUKH, JyCOYKH, pedeplss W MIKpOTpUXIi, SIKI BKpPUBAIOTh
MOBEPXHIO KpHJIA.

3.5 YepeBue. YUepeBue BMillye OUIBIICTh BHYTPINIHIX OpraHiB Ta CTaTEBY
cucteMy koMax. L{g Tarma 30epirae HalOUIblIe O3HAK METAMEPHOCTI, 30KpemMa B
OyZOBl €K30CKEeJeTa, CKEJeTHIH MyCKynaTypl, AUXaJbHIA CHCTEeMi. 3araiabHa
KUIBKICTh CETMEHTIB uepeBIlI KOMax HIKOJIM HE TepeBHuIlye 12, mpoTe 30BHI
noMiTHUMU € Timbku 10 cermeHTiB. Jledki CErMEHTH YepeBIsl MOXKYTh
moaudikyBarucs. Hampukian, y crebenpyacTouepeBUX MEPETUHYACTOKPHIIAX
Apocrita (oc, MypaIlok, OJKiJI, JJKMEIIB TOIIO0) MEPIINi CeTMEHT uepeBlis (Horo
HasuBaioTh {f 6 S t5HIpuodgae 10 Tpyacit, a apyruii MOXe yTBOPIOBATH
crebenbiie. Y Myx Ta oc-Omuckitok Chrysididae ocTaHHI cerMeHTH dYepeBIIs
CXOBaHI BCEpEIWHI MEpeHIX, MPOTe MpH MOTPeOi BOHU 37aTHI TEIECKOIIYHO
BHCYBAaTHCS HA30BHI.

VY OiNBIIOCTI KOMaX THUIOBHHM CErMEHT YepeBIss Mae JBa ckieputhn — IS | t6 Gra Is
Mls j to dmi BoxyTs OyTH MOMOBHEHI HEBEIMKUMH OIYHMMH IUTACTUHKAMHU —
(emi)mediputamMu. Y TOPEACTaBHUKIB JIaBHBOIIEICIOBUX KOMax Ta JESIKUX
JYCKaTOK YepEeBHA YACTUHA CErMEHTa MICTUTh OUIbIIIEe CKIEPUTIB, 1110, KUMOBIPHO, €
NEPBICHOIO PHUCOI0 KOMAaxX — YAaCTUHY 13 LUX CKJIEPUTIB BYEHI BBAXKAIOTH 32
rOMOJIOTH KiHIIBOK. Ha BigMmiHy Bin rpynaeil, depeBlie KOMax HIKOJIM HE Hece
TUIIOBI JIOKOMOTOPHI KIHITIBKH, aJie¢ MOXK€ MaTH ixHI BUA03MiHW. Hampukman,
NEPBUHHOOC3KPHITI KOMaXy MalOTh MapHi TOHKOCTIHHI © IS W 3 dz' il madutc y
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KOMaxa TMOTJIMHAE€ BOAY, a TaKOXX MapHI YyTJIMBI Ta OMOPHI MaJIMYKOMOMI0H1
npugatkd — G to d W ', @ 1§ 1§/ d &oipimicTs koMax Mae cTaTeBi MPHIATKH —
w3 \yJ Y dndu (mepeTBOpeHMIA Ha KaJlo B )KAJTOHOCHUX IEPETUHYACTOKPHIINX )
TaC S &2 dzVv Is d 9 dadcammui i itekdM8 ocTaHHBLOr0 CerMeHTa YEPEBIIS €
Y d te (BficytHi y neskux Tpym, 30KpeMa, y KIOMIB) — TMapa 4WICHHCTUX
NPUJIATKIB, PSICHO BKPUTHUX CEHCHJIAMH, IO BUKOHYIOTh UYTIUBY (YHKIIIIO.
HonatkoBo, B oaHoneHok (Ephemeroptera) moBri i BojoxaTi LEPKH CIYTYHOTh
KepMOM y TIONBOTI, y mKipscTokpmwinx (Dermaptera) Ta JeskuX IBOXBICTOK
(Diplura) BurHyTi MillHI HEPKH BUKOPHUCTOBYIOTHCS JJISl 3aXOIUICHHS 3700HM4i, y
camiiB em6iii (Embioptera) 1 meskux mpamokpunux (Orthoptera) ciayryroTs s
yTPUMaHHSI CaMOK ITiJl 4yac KOMyJisALii. Y BOASHUX JHUYMHOK YEpeBIIE MOXe OyTu
OCHAII[CHE CICI[iAIbHUMU TUXAIBHUMH CTPyKTypamu — ISte On J 2 dzd d&3qd
JesKl 3 SIKMX BBa)KalOThCSA 3a BUJIO3MIHEHI KIHIIIBKM (HaIpUKIA, Y OJHOICHOK,
CITYACTOKPUIIUX KOMaX, KYKIB-BEPTIUOK).

Sk cBiAYaTh T€HETUYHI JOCIIKEHHS, PO3BUTOK KIHI[IBOK B YEPEBIIl KOMax
raabMyeThest ekcrpeciero Hox-reniB y ckmazi bithoraxxommiekc, 3okpema
Ubx ta abd-A. YV depeBili aeskux Komax €KCIpecis OAHOTO abo KiTbKOX
TeHIB 13 IOTO KOMIUIEKCY TMPUTHIYEHa, BHACIIJOK YOro Yy JHMYMHOK
3’ABJISIIOTBCS YEPEBHI MPUIATKHU, SK-TO HECHPAaBXHI HIKKA Y TYyCEHI
METeJNKa Ta MUJIBIIHNKIB, TPaXeiHi 3510pa y JMUUHOK KYKIB-BEPTIUOK. SAKIIO0
BUMKHYTH TeHH DithOraxkomrmiekcy IMOBHICTIO, Y eMOpioHIB apo3odiim
3aKJIQTAF0THCS 3a4aTKU HIT Ta KPWJI B YEPEBHHUX CerMeHTax. lle cBimuuTh Ha
KOPHUCTH TOTO, IO MPEOK KOMax MaB KiHIIIBKK Ha CETMEHTAaX YePEBIIS.

IIuTaHHAa I CAMOKOHTPOJIIO:

1. 3 AKUX TarMm CKJIafaeTbes Ti1o komaxu? Sk posnoaisieHi GyHKIT Mk HUMU?

2. Omumite OymoOBY TOJNOBHM KOMaxW. SIKi MpHIATKH MICTAThCS Ha roiioBi? SIki 3 HUX €

BUIO3MIHEHUMH KiHI[IBKAMHU?

Oxapakrtepu3yiite 0yJ0By ByCHKIB KoMax. SIKi ()yHKIIIT BOHM BUKOHYIOTbH?

Ski TuNM pOTOBUX amapaTiB BaM BigoMi? HaBeniTe mpukiiagy.

[Ilo co6oto sBIIIE€ TEHTOPIYM 1 SIKY (PYHKIIIIO BIH BUKOHY€?

Oxapaxtepu3syiite Oy10By rpyaei komaxu. SIKi npuaaTku Hece 11 Tarma’?

3 SIKUX €JIEMEHTIB CKJIAJIa€ThCA HOTa KoMaxu? SIKi TUIU HIT BUAULIIOTH Y KoMax? HaBemiTe

HPUKIIAIH.

Oxapakrtepu3yiite 0ynoBy Kpui koMax. LIlo co0oro SBISIFOTH KUIKK KpHiia?

SIKi OCHOBHI MpPOLIECH CIIOCTEPIralOThCsl B €BOJIONII JKWIKyBaHHS Kpui? Haenith

TIPUKIIA/IH.

10. Yum Bigpi3HAIOTHCA MPSIMO-M SI30BHH 1 MepexpecHo-M’ s130BUi KpriloBi anapatu? HaseniTh
TIPUKIIA/IH.

11. Komy BracTuBa aCHHXpOHHA MYCKYJIaTypa, YAM BOHA BiAPI3HAETHCS BiJl CHHXPOHHOI?

12. Sxi ¢pyHKIIi BUKOHYE YepeBIiie KoMax?

13. ki mpuaatku yepeBist Bam Bigomi?

14. Sxa tarma B TiJ1l KOMax Ma€ HaMOUTbIIIE 03HAK MeTamepii? BilmoBine apryMeHTyiTe.

No ok ow

© ™
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Jexkuisa 4
TPABHA CUCTEMA TA ’KUBJIEHHS

s sy doOdzdzy ' : MmMsdhikzdzd, tejekzdvy' w. 1L 0O0Cd
BjROd L. | ' HH' dd ktOodets’ MdMmlsj dsg. w dzd dac
vOo dzj dedz? k& MjtjHdz 2 Sdhy' . 1 jtedltes?' ydkd o

kO o tsHqudad SS.h j[ s &zdo sMls' BEHsod IStOo dats’

fi

mMfjy Odz LOYy" " . wddB Bdzlsd w¢ ftsMmlsOyodz

3HaTHiCTB KOMax CIOXXUBAaTH TMPaKTUYHO Oynab-Ki OpraHiyHi MaTepiaau
BBAXAIOTh OJHUM 13 KJIFOUOBUX YMHHUKIB 1X OlojoriyHoro ycmixy. biis 75%
BUJIIB KOMAax JKHUBIIATBCS POCIMHAMH, IO 3YMOBIIOE OCOOJIMBE EKOJOTIYHE
3HAUYEHHA UMX TBapUH y TEPEHECEHHI €HEeprii BlJ MPOAYUEHTIB (POCIUH) 10
KOHCYMEHTIB JPYroro mopsaky. JKUBJIEHHS KOMaxX € Takoxk c(eporo 0COOTUBUX
IHTEpECIB JIIOAUHU: TO-TIepIie, Yepe3 Ty IMIKOIYy, IO il CHPUYMHIOITh KOMAaXu
CUTBCHKOMY TOCTIOJIAPCTBY, 37I0POB’I0 CBINCHKUX TBApPHUH 1 JIIOAUHH, a MO-IPYyre —
yepe3 KOPHUCTb, 10 i MPUHOCATH KOMaxu-3aluiitoBadi, 00’€KTH MPOMHCIOBOTO
po3BelleHHd Ta areHtu Oiomeroay. OcoOiivBe 3HAYEHHS MAarOTh BHIM, SIKI €
MOJICIBHUMHM OpraHi3MaMu JyIs JOCIIKeHHS (i31010T1i Ta 610XiMIi TpaBJICHHS.

4.1 Peryasitopu ’KUBJIEHHS TA NMO3aKUIIKOBe TPaBJeHHs. POCIMHOITHI KOoMaxu
HIYyKaloTh 1Ky 3a XIMIYHUMH cTuMyjJdamu. Ha Benukiil BIACTaHI MpaliolOTh
31e01IBIION0 HIOXOBI CEHCOPH AaHTEH, a Ha ONU3bKIA — OpraHud CMaky, SsKi
MICTATBCSI Ha JIallKaX Ta pOTOBUX OpraHax, IEPEeBaAXHO MAaKCWIAPHUX Ta
nablanpHUX HIynukax. YyTIuBiCTh 10 1K1, IO 11 CMOKUBAE KOMaxa, 3aJeXKUTh BiJl
BiKy TBapuHH. Hampukian, y rHoioBoi myxu Phormia regina us uymimmsicts 3
BIKOM 3HIKYeTbcs Ha 50%, pasom 13 TuM, gk 50% ceHcopiB Ha ii XO0OOTKY
MEPECTAIOTh PO3PIZHATH IIYKPUCTI PEUOBUHU. XapyuOBl aTPAKTAHTU CTUMYJIOIOThH
XapuyBaHHS, a PEMeNIeHTH HOro rajibMylOTh a00 HaBiTh MEpPEpHUBAOTh. Peakiris
KOMaxu Ha 1Ky 3aJIeXKHUTh BiJ ii (p1310JI0TTYHOTO CTaHY, a TAKOXK BiJ KOHIIEHTpAIIT 1
CIIBBITHOIIICHHS PEYOBHH, IO MPUBAOIIOIOTH a00 BILIIKYIOTH KoMaxy. Cepen
TaKMX PEUYOBUH 0Oararo BTOPUHHUX METAOONITIB POCIMH — aMiHIB, aJKaJoiliB,
TepreHiB, PeHoiB Ta TIiK03UTIB. CIOXHUTI pa3oM 3 POCIUHOIO OTPYHHI PEUOBUHU
MOXYTh OyTH 6€3mocepeHh0 BUKOPUCTaHI KOMAaxO0 JJIS BIJUIIKYBaHHS XUKaKiB
Ta MapasuTiB, a00 TepeaHi HallaIKaMm.

[Tapa3uTn Ta XMWKaKu MOXKYTh BUKOPUCTOBYBATH Pi3HI CTHMYJIU JIIS TOIIYKY TXKi.
Hanpuxnan, Xwkakud, ocOOJMBO Ti, IO aKTHUBHO TMEPECTIAyIOTh CBOIO 3700UY,
HIyKaroTh i1 BidyanbHo. IIpo Te, sk UIyKaloThb CBOIO 3100MY KPOBOCOCH,
po3MnoBiAaeThes B po3aii 4.3.2.

[IpuUnuHAIOTH KUBJICHHS TAKOX PI3HI CTUMYJM — HaWYacTilie, Ti, 0 HAIXOIATh
BiJl PELIETITOPIB PO3TATHEHHS, BOYJOBAaHUX y CTIHKH TPABHOTO TPAKTy a00 B CTIHKHU
yepeBUs (y KpoBOcocCiB). Piaie XKUBIEHHS NPU3YMUHSAETHCS, KOJIM adanTyIOThCs
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XEMOCEHCOPH Ha POTOBUX OpraHax, a0 KOJM 3MIHIOIOTHCS OCMOTHYHHUMA THCK 1
CKJIaJ TeMoIiM(pHU BHACIIIOK BCMOKTYBaHHS TPOAYKTIB TpaBiieHHs. Ha ametut
KOMaxu BIUIMBAIOTh W IUpKagHi puTMu. CraOkuil ameTuT 3Ae0UIbIIOT0 MaloTh
CaMKHU Tepej] BiIKIaIaHHsIM s€lb. llepen NUHSHHSAM Ta Oapa3y MIiCIs HBOTO
KOMaxXH TaKOX HE iJsTh.

1 sLOCdh € 59 J B Tl teQ@mui papadiziipuramanne 6aratboM KoMaxam.
BoHO 103B0OJIsIE BCMOKTYBATH PO3PIKEHI HaIlIBIIEPETPaBICHI XapyoBl MPOIYKTH.
Hanpuknian, B iMaro kyKiB-TypyHiB, )KyKiB-CTPHOYHIIIB, KTUPIB, THIYMHOK >KYKiB-
CBITJISIKIB, TUIABYHIIIB, BOJOJNIO0IB, MypallMHOTO JieBa Ta 30JI0TOOYKH BIICYTHI
CIIMHHI 3aJI034, TOMY BCl Il KOMAaxd BIIPUTYIOTh BMICT CEpEIHBOI KHIIKH 13
TpaBHUMU (PEpMEHTaMH, IMOO0 HEBIOB31 BCMOKTATH HAIBIEPETPABICHY 1KY.
[Tapa3suTruHi KOMaxu TaKOXX CIIOKMBAIOTHh MEPETPaBICHY 1032 OPraHi3MOM ITKY.
Ak y XwKHX, TaKk 1 B POCIHMHOIIHUX KJOMIB B NPOLECI >KUBJICHHS Ha30BHI
BUJIIIIETHCS  CJIMHA. DBUIBIIICTh MyX MalOTh TO3aKUIIKOBE TpaBJICHHS 1 Ha
JOpOCIi, 1 Ha JMYUHKOBIA (a3ax po3BUTKY. JIMUMHKKH M SICOTIHMX MyX-
kanmipopua (omapuini) BHUIAUISIOTH 4Yepe3 3aJHI0 KHIIKY MpOTea3H, IIo ix
CUHTE3YIOTh CUMOI0THYH1 OaKTepii, a MOTIM CIIOKUBAIOTh 00po0OIIeHe (epMEeHTaMU
HariBpo3unHeHe M’sco. L{ikaBo, 1o cBiXke M’SCO TUUMHKUA MYX HE YilalTh, — Ha
[[bOMY IPYHTYETHCS 1 BAKOPUCTAHHS OMAPHUIIIB Y JIKYBaHHI TaHTPEHHU.

d dzd dzdzd d3d v @odeis LuOuBoTe Taki, SKi MOB’sA3aHi i3 POTOBUMH
opraHamu (MaHAMOYyIaMu, MaKCHJIaMU Ta J1a01yMOM) 1 O€pyTh y4acTh B TPaBJICHHI.
[IpoTOKM CIMHHHX 3a]103 KOMax 3A€OLIbIIOr0 He MOB’si3aHl 0e3mocepeHbo 13
TPaBHUM TPAaKTOM, a BIJKPHBAIOTBCSA uepe3 crenianbHuil mpoctip MO dz 9 ©te " L
MepePOTOBY TMOPOKHHUHY, SKa MICTUTHCS 330BHI BiJl POTOBOrO OTBOPY (AMB.
poszain 3.2 «I"onoBay). bynoBa 1 GyHKINT CAMHHUX 3aJ103 HAMPOYY]l PI3HOMAHITHI.
CnvHa pOCIMHOINHUX TYCEHHUIlb METEJIMKIB 3/1€OUIbIIOr0 MICTUTh PEUYOBUHH, SIK1
raJIbMYIOTh BUPOOJICHHSI POCIMHOIO PEYOBHUH 3 1HCEKTHIIMIHUMH BIACTHUBOCTSIMHU.
Cnuna momeNnuilb JIONOMAara€ pO3YMHATH POCIAMHHI TKaHWHM T 4Yac IiX
nmpokoJitoBaHHs. KpoBococu MawOTh y CIWHI aHTUKOAryJdssHTU (PEUYOBUHHU, SIK1
3YNUHSAIOTH 3TOPTaHHS KPOBI1), IO € MPUCTOCYBAHHSIM JI0 )KMBJICHHS Ha XpEOETHUX
TBapuHaX. L[ikaBo, IO SKIIO BUIAIUTH CIMHHI 3aJ03d MYCl Ie-1ie, 1l YKyCH
CTalOTh HEOOJIOYMMH, & BUCMOKTaHa KPOB 3TOPTAETHCS M 3aKyNOPIOE KUIIEYHUK
MyXd. Y JESKHX KPOBOCHUCHUX JBOKPHIIMX CJIMHA MAa€ TEMOJITUYHY Jit0, TOOTO
pyHHY€ KIITUHUA KPOBI.

Haiicknagninry CUCTEMY CITMHHHX 3a1103 MarOTh CyCH1IbHI
NepeTUHYACTOKpUIII KoMaxu. OKpiM 3BUYAHOTO HA0OPY 3aJ103, MOB’I3aHUX
13 IIeienamMd, BOHM MalwTh Ie W IOTKOBI 3ano3u. CycrniibHi
NEePEeTUHYACTOKPUIIl MarOTh JiBa (DYHKI[IOHAJIbHI PI3HOBHIIM 3aJ103: BJAacHE
CJIMHHI, sIKI OEpyTh y4acTb B TpaBJ€HHI, Ta aUIOTPOPiuHi, AKI BUIISIOTH
MOXKMBHI PEYOBUHM JJI1 BUTOJIOBYBAHHS 1HIINX 4YJICHIB KoJoHIT. Hampukiasm,
y Mypamiok MaHAHOYIApHI 3aJI03W BHIAUISIOTH Maxydl pEYOBUHU Ta
pPEYOBHHY, IO CKJICIE TPYHT MiJ Yac mOOyAOBH THI3na, jabiaibHI —
BUKOPHUCTOBYIOTHCSI JJII BUTOJOBYBAHHS LAPHII Ta JHYMHOK CTATEBUX
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0COOMH, a TTIOTKOB1 — JIJIs1 BATOJIOBYBaHHS JINYMHOK a00 TOPOCINX poOOUnX
MYpAIOK.

4.2 bynoBa Ta (QyHKIiOHYBAHHSI TPABHOIO0 TPAKTY. TpaBHHUI TpPaKT KOMax
PO3MOYUHAETECS POTOBUM OTBOpoM B rmbuui Y d B O to (mimd3gd3qgin 3.2
«l'onoBa») 1 3aKIHUYETHCA aHYCOM Ha OCTAaHHBOMY CETMEHTI uepeBHs. Bin
CKJIaJIa€ThCsl 3 TPHOX PI3HUX 3a OyJ0BOIO Ta CIIOCOOOM 3aKjaJaHHs BiJJIUIIB:
TIepeHs Ta 3aHs KUIIKH € Pe3yJbTaTOM BrOpTaHHS €KTOJECPMH, CEPEIHSI — Mae
CHTOJIepMabHE TIOXO/PKeHHS. IlepemHs Ta 3amHAd KWIIKA MalOTh BJIAcHE
KyTUKyJsipHe BucTHiIaHHsg,  OzlS ([ Bl Ha OimbimocTi IUISIHOK € JykKe
eJIaCTUYHUM, 0O MICTHTh HECKJICPOTH30BaHY CHIOKYTHUKYJIY Ta KUIbKAIIapoBY
CHIKyTUKYITY.

4.2.1 Ilepenns kuMmKa. Y TEeHEPai30BAHOMY CTaHI (HalpuUKIaA, y TapraHa)
HepeaHs KHIIKa rmojaiieHa Ha G dzts |sfifldztc O g 56 daiz6 W L 59 d 2 a6d dzlz «
f tetso | dzls tc qf zis tzfofinaeThcss 3a poTOBMM OTBOpPOM 1 OCHAIICHA
0arator0 MyCKyJaTypor. Y KOMax, sIKi CIOXHBAIOTh PIIKY 1KYy, MYyCKyJlarypa
IJIOTKM YTBOPIOE TJOTKOBUH Hacoc. YacTo mNpocBIT IVIOTKM TPUKYTHHUM, IO
3a0e3nedye MOTPIOHY I TPOCYBAaHHSA PIMHU IIUIBHICTG 3’€IHAHHS CTIHOK.
['moTkoBa iHTUMa MOKe OyTH BKPHTA INHWIUKAMHU a00 BoJOcKaMu. H ISt O 9 8~ * H
OuTBIIOCTI KOMax (hopMye po3HMpeHHs 9 S dB@KoMy Tka mepeTpaBIOETHCS i

Ji€r0 ciuHA ab0 (epMEHTIB CepeHbO1 KHUIIKU. Y MEIOHOCHOI O/KOJIM came y

BOJII, SIK€, IO Peyl, MICTUTbCS y YEpEBIl, HEKTap 3MILIYETHCSA 31 CIMHOIO, MICIs

4oro OjKoJjia BIAPUTYE 1[I0 CyMilll Y BOCKOBI KOMIPKH, JI€ 3rOJJOM CyMilI 03piBa€e

HAa Men. Y [eAKMX XWKakiB CTPaBOXiJ 3JaTHUH BHBEpPTAaTHUCS Yepe3 poT,
BUKUAAIOYM TBEpAl pewtku 3700u4i. CTIHKM CTPaBOXOJIy KOMax Maixe
HEMPOHMKHI JJI1 BOAM, BCMOKTYBaHHSI TYT HE€ BIJOYBa€ThCs. 3piAKa CTPaBOXIJ

MOX€ BUKOHYBaTW HeTunoBi ¢yHkuii. Hanpukman, mig yac JUMHSHHSA —BIH
HAIOBHIOETHCS TIOBITPSIM, THCHE 13 CEpeIUWHU Ha MOKPUBH ¥ JOMOMarae Komaci
po3ipBaTU CTapy KYTUKYJIYy. Y JOPOCIHMX KOMaX, SIKi HE JKUBIATHCS (OIHOJCHKH,

JIesIKl METEITMKH ), HATTOBHEHHH MOBITPSIM CTPABOXiJ YACTO BUKOHYE aepOCTATHUHY
GyHKII110, 3MEHITYIOYH TUTOMY Bary Tija.

CrpaBoxin iMaro MeETENWKIB 1 JBOKPHIMX HE Ma€ BoJia, mpote Gopmye OI1dHMIA
BupicT— n» Qtoytso d 2 . WQliuugkuc srdze@igs Ta NDUIBIIMKIB, IO
KUBJISITHCSI TOJKAMHU TOJIOHACIHHUX, B pe3epByapax CTPAaBOXOAY HAaKOMUYYIOThb
CMOJIy 1 4Yac BiJl 4Hacy ii BIIPUTYIOTb. Y MyXH-Kamidopu piaka Dka morparuisie
CIIOYaTKy B pe3epByap, 1 MOTIM IMOBOJII MEPEXOAUTh Y CEPEIHIO KUIIIKY. SIKIIO0 B TXi
€ TBEepJll YaCTOYKH, BOHA MOTpAruisge ojapaszy A0 HutyHKy. CkIagHiun BiZHOCHHU
MDK €JE€MEHTaMU MepeAHbOI KUIIKH CIHOCTEPIraloThCad Yy CaMKU MaJsipiiHOro
KoMapa. Sk BiJIoMO, caMKa 3/1aTHa CMOKTaTHU HE TUIbKU KPOB, ajie ¥ MOTJIMHATU
BOJIy, COJIbOBI M ITyKpHUCTI po3unHu. CamMKa Ma€ JBa MEXaHI3MU CCaHHS 13 PI3HOIO
pedIEKTOPHOIO MPUPOIOI0. SKIO caMKa KoMapa 1’€ PiIuHY Micls MONepeIHbOTO
IPOKOTIOBAaHHS (TOOTO KpPOB), CIIOXKHUTA PiWHA MOTPAIUISE B CEPENHIO KHIIKY.
SIkuio mpoxositoBaHHS He Oyno, piika iKa CHoyaTKy MOTparisie B pe3epByap
CTPaBOXOAY 1 Jaii MOBOJI HAIXOJUTh IO CEPEIHBOI KHUIIKHU. Y pa3l MOPYLICHHS
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HOpPMAaJIbHOI MOCIIAOBHOCTI >KUBIIEHHS, HANPHUKJIAJ, SIKIIO 3alpOMOHYBATH CaMIll
BUIIUTH BIAKPUTY KPAIJIMHY KPOBI, ISl KPOB HalilZe 70 Xap4yoBOTO pe3epByapy,
3rOPHEThCS, ¥ KOMaxa 3armHe. A Myxa Ile-1ie, HaBIakH, 30epirae KpoB came y
pe3epByapi.

[ OV L so (2, aod tzie tzts § dzls teififiskadescsnroscTimMu M’ s3UCTUMH
CTIHKAMHU Ta MILHOK I1HTHUMOIO 31 CKJIaJHUM KYTUKYJSIPHUM YCTaTKyBaHHSM Yy
TAKOXX PEryJI0€ aHTHUIEPUCTANBTUYHI (TOOTO 3BOPOTHI) PYXH BMICTY CEpPEIHBOI
KAIIKA. Y TUI0T HU3KM KOMaxX M’ S30BHHA TNUTYHOK HE BUPAKCHUA — II€
PUXOBAHOMIEINICTIOB], TEPBUHHOOE3KPHIIL, JOPOCI CIHOINM, KIIOMH, MESKl JKYKH,
TYCEHUI[l METEIUKIB, JMYUHKN MHJIBIINKIB, A€kl capaHoBi. HaToMicTh Haiikparie
MPOBEHTPUKYJIOC BUPAKEHUN y XWXKakiB Ta KcuiodariB (TOOTO CHOXHBadiB
JIEPEBUHMU), SIK1 CITO)KMBAIOTh MEXAHIYHO TBEPAY TKY.

Po3TamoBanuii 3a M’s130BuM IIyHKOM & Ot H © O dz! dathRe merdr@HfidBydz
dbopmy abo ckiamarucs i3 jomareil. Bin € aBomapoBuM (00 1€ CKJIajJKa CTIHKH
KUIIKK), TPUYOMY TpaHUIl MK IIapaMu BIANOBIAAE TPAHMIN MK MEPEAHIM 1
CEpelIHIM BIIJIJIOM KHIIIEYHUKA. Y JIBOKPUJIIUX KapAlaJIbHUM KiamaH MoKe OpaTu
y4acTh y IPOAYKyBaHHI EpUTPOD1uHOT MEMOpaHH (IMB. HACTYITHUIN PO3/ILI).

4.2.2 Cepeansi Kumka. Y TEPBUHHOOC3KPUIIUX KOMaX CEpeHs KHUIIKA Mae
BUIJISIT HE TMOJUICHOI Ha BIAAUIM NOpSIMOi TpyOKH, ajie Yy €BOJIIOIINHHO
MPOCYHYTIIIHUX TPyH KOMax BOHA MOK€ OyTH JOBIOIO i CHIPAJIbHO CKPYYEHOIO (Y
MyxH-KaltihopH, xyka-rHoroBuka COpris), ab0 HaBMAaKH, CUIBLHO BKOPOYYBATHCS
it MmaTu BUIA Mitika (y yepBeriiB). Bupoctu cepenunoi kumku (mosri f © dzts te d Y
i tc d H Oylsc@paun, muunHOK MmIactuHYacToBycHx XykiB, ) € dzOW Gugou,
yucieHHi 3ayTTs, abo § to d {fylavgfxu-kanidopu) 36imbiyroTh ii moBepxHIO 200
BMIIIYIOTb CHUMOIOHTIB (Y POCIMHOIJHUX KJIOMIB, JUYMHOK >KYyKIB-BycadiB Ta
JOBroHOCHUKIB). [limopuyH1 MpUIAaTKU capaHW CIYTYIOTh JIJIsl TPAHCIIOPTY 10HIB 1
Boau. Jludepeniialis cepeIHbO1 KUIIKK Ha BIJIUIA MOKe OyTH pi3HOI0. 30KpeMa,
KJIOMM 4YacTO MAaroTh JOOpE BIIOKPEMJICHI BIIUIM CEPEIHbOI KUIITKA MK SKUMHU
po3noauieHi neBHi QyHkii. Hanpukian, y KpOBOCUCHUX KJIOMIB MEPEIHIN BT
CepeHbOi KUIIKK (popMmye pe3epByap il 30epiraHHs KpoBi, a CepeaHs KHIIKa
POCIMHOIAHUX KJIOMIB Ma€ PO3IMIMPEHHS, B SKOMY BIJICYTHS CHHTETUYHA
aKTUBHICTh — Y HbOMY XUBYTh CUMOIOHTH (y JESKHX BUIIB KIIOMIB W BIIILT
HaBITh 130JIbOBAHMM BiJ PEIITH KHIICYHHKA, a OTXKE TpaBHa TpyOKa € CIIIo
3aMKHEHOIO).

OcHOBHUMHU (YHKIIISIMU €MITeNi0 cepeAHboi KUIKU €: (1) BUAUIEHHS TpaBHUX
COKIB, (2) BCMOKTYBaHHS MPOAYKTIB TpaBieHHs, (3) mpoaykiis nepuTpodiuHol
MeMOpaHu. BepXiBKkU KIITHH CepelHbO1 KUILIKK HECYTh YMCIECHHI MIKPOBOPCUHKH,
o 30UIBIIYIOTh IUIONLYy TOBEpXHI KUK B 40 pa3iB il 1HTEHCU(DIKYIOTH
TpaBJjeHHS. BaxIMBOIO BIACTUBICTIO EMITENII0 CEPENHbOI KUIIKH € TIOCTiiHA
JIETeHepallisi Ta pereHepais KITHH, TOMY MNOMDK (YHKIIOHYIOUMX KIITHH
MICTATBCS 0COONMMBI HeAudepeHuiioBani, ado CTOBOYpOBI KIITHHHU. BHHATOK
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CTAaHOBJISITh JBOKPWII, Yy SKUX 1 Ha JUYMHKOBUX CTadisIX, 1 B IMaro KJIITHHU
CEPEIHBOI KHIIKH HE MOUISIOTHCS, a TIIbKA POCTYTh. BCMOKTYBaHHS IIPOIYKTIiB
TPaBJICHHS B CEPEIHIN KHIIIl 3JeOUIBIIOr0 BiJIOYBAa€ThCS IMACHMBHO BHACIHIIOK
ICHYBaHHS TPaJIIEHTY KOHIICHTpAIli B TPABHOMY TPaKTi Ta TeMoJIiMdi.

1 jted IstetsW ' Yy dzOe npnyicEs @@ oe®Hs kiiTiH cepeHbOl KHIIKH,
KWW CKJIQJA€ThCs 3 XITHHOBUX MiKpo(hiOpui, po3TallloBaHUX B MaTPUKCI 3 OUJIKIB,
[VIIKOMPOTEIHIB Ta NPOTEOriKaHiB. Y Tik uu 1HHINA ¢dopmi nepurpodidHa
MeMOpaHa BIIaCTHMBa Maike yciM KomaxaM. TibKH y KOMax 13 TepeBa)KaHHSIM
MO3aKUIIIKOBOTO TpPaBJCHHS (KYKHM TypyHH 1 IUIaBYHIN), NESIKUX CIOKABadiB
HekTapy (imaro komapiB) Ta adariB (iMaro moBKOIPsAiB) BoHa 3HUKAE. [lompu Te,
IO 3JaTHICTH JO0 YTBOpPEHHS meputrpodiuHoi MeMOpaHH HE € BHUHATKOBO
BJIACTUBICTIO KOMAaX, TUIBKM B KOMax CTPYKTypa MNEpUTPOPIYHOI MEeMOpaHH €
BIOpsAJIKOBaHOO. Ile  TMOSICHIOITH  TUM, IO  XITHHOBI  MiKpodiOpuiu
BIJIKJIAJIAIOTHCS  3-TIOMDK MIKPOBOPCHHOK KIITHH cepenHboi kumku. [lap
cTabu130BaHUX MIKpOGhIOpHII MOCTYNOBO CIOB3a€ 3 KIITHH, BOJAHOYAC MMOYHHAE
BUPOOJIATHCA HOBHI IIap — y Takuid cnoci0d neputpodiuHa MmeMOpaHa, 1110 3BUCAE
y TIOpOKHUHY KHUIIKHA, cTae OaratomapoBoro. KiiTuHu, WO BUIUISIOTH
nepuTpodiuHy MeMOpaHy, po3MilleHl ad0 B3J0BXK BCI€l CEPEAHBOI KUIIKU, a0
TUIBKH B CHEIIaJIbHUX ii 30HaX — B MEPEIHIM YacTHHI MOOJH3Y KapaiaabHOTO
kiamnana (y 6araTbox ABOKPHIIMX), B 3aJHIM yacTuHi (y 60romosa) ToImio.

SAxoro Oyna nepBuHHA QPYHKIIA NEpUTPO(IUHOI MEMOPAHH, BCTAHOBUTH BaXKKO. Y
Cy4YacCHHUX KOMax ii MPU3HAYEHHS JIy>KE PI3HUTHCS:

1 Bona 3axumiae CTIHKM KUIIEYHHMKA BlJ MEXaHIYHUX MOIIKO/KEHb (MpoTe y
JUYMHKY KyKa-1IKipoijla aHTpeHyca ii HeMae, a B KPOBOCOCIB €);

1 Cayrye Oap’epomM s Mapa3uTiB Ta JEAKUX BIPYCiB, SKi HE B 3MO31
MPOHUKHYTH 13 BMICTY KUIIEYHUKA JJO MOTO CTIHKH;

1 V neskux JUYMHOK (HAmp., TOBrOHOCHKIB poay CiONUY mepeTBOPIOETHCS Ha
IIIOBKOB1 HUTKH JIJIS1 KOKOHA;

1 Perymtoe TpaBiieHHSI B CEpEIHIM KUIII[, PO3IIISIOUN MOPOKHUHY CEPEIHbOT
KUIIKK Ha (YHKIIOHATBHO PI3HI AUISTHKA — HEHTPAJIbHY Ta TepudepuyHy.
Husbskomonekynsipai depmentu, sik-or aminasu (50 kDa) ta mporeazu (60
kDa), BITbHO MPOXOJATH Kpi3b MepuTpodiuny MeMOpaHy 110 1%Ki, TOMY JIIOTh
NEepPeBaXHO Y  IEHTPaJbHIA  TMOPOXKHWHI, A  BHUCOKOMOJICKYJISIPHI
aminonentuaasu (120 kDa), kap6okcinentuaaszu (90 kDa), ranakrosigasu (80
kDa) He 31aTHI NPOHUKHYTHM Kpi3b MeMOpaHy 1 Ail0Thb B mepuepuuHiii
nopoxHuHI. YacTHa (PEepMEHTIB y HEaKTUBHOMY CTaHI aJCcOpOYyIOThCS Ha
MemOpani. [leputpodiuna MemMOpaHa TakKOX JI03BOJISE TOIOBXKHUTU IPOIIEC
TpaBJE€HHS: 30BHI BiJ Hel HamiBOEpeTpaBlieHI MPOIYKTU 13 (QepMeHTaMu
pyXaroTbcsl 3337y BIepell (aHTUMEPUCTAIHPTUYHO), YACTO HAKOMUYYIOTHCS B
1eKyMi (PO3IIMPEHI MepeaHid YaCTUHI CEPEeNHbOI KHUIIKH), e 13 i€l cyMminr
BUJIy4YaeTbcs Bojga 3 1oHaMu. Jleski ¢depMeHTH 3a pPaxyHOK TaKHX
AHTUIIEPUCTAIETUYHUX PYXIB € «OaraTopazoBUMMI», TOOTO 3/1aTHI KiJIbKa pas3iB
«MPOXOJIUTH MO KOIY», IUPKYITIOI0YN Y BMICTI KUILIKH.
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4.2.3 3aagus kumka. OcTaHHIA BT KHIIEYHUKA KOMax MPEICTaBICHUN
CKTOJICPMAIIBHOIO 3aJIHbOI0 KHINKOI, sIKa HaWJacTillle TMOMUIAETCS Ha TPH
B — §f * dzstlsdgl 2 ,Gaph Wi Efiztcw dzz , Qo G & Is 2 d3
['omoBHMUMHU  (QYHKIISIMH ~ 3a7HBOI KHIIKA € peadbcopOIlisi BOAM Ta 10HIB

(g € IsOdzy dzd d3d, saxinvsciyts Tr€n@udgd ioHHi Hacocu AT aKTHBHOTO
TPAHCIIOPTY PEYOBHH; AUB. po3ail 5.3.3 «PektambHi cocouku») Ta (HopMyBaHHS
CKCKPEMEHTIB. 3agHs KHUIIKAa BKpUTA 3CEPEIMHU I1HTHUMOIO, sKa TIPAIIOe SIK
«MOJIEKYJISIPHE CHUTO» 1 OOMEXYy€ pyX Kpi3h CTIHKY KHUIIKH PEYOBHH, MOJICKYJIH

AKX MalOTh HAJATO BENHMKI po3Mipu. Y KcuiodariB Ta ACIKHUX IHIIUX KOMax
(TepMiTiB, TMUYUHOK KOMAapiB-TUITYJI1], )KyKiB-pOTadiB, MIACTUHYACTOBYCHUX >KYKIB

TOII0) B OCOOJMBHUX BHPOCTAX 3alHBOI KUIIKH, B 6 B H d dz! dz(,Mem&aomwzj tc C
CUMOIOHTH, SIKI JIONOMAararTh aHaepoOHO pO3KIaAaTH Iemrono3y. YactuHa
BOJISHUX MEIIKAHIIB (JJUYMHKU OJIHOJECHOK 1 0a00K) BUKOPHUCTOBYIOTH 3aJHIO
KumkKy i G OL S t5,B myisd@k cxopmion perymoe coro ff dzOo kz,y' M
HAOMpar4Yu W BUITYCKAIOUW TMOBITPA 13 3aHBOT KHUIIKH, a PI3HOKpHIL 0aOKu 13
CWJIOIO BUTIOPCKYIOTh BOAY 13 33JIHBOT KUIIIKH 1 B PEAKTUBHUM CTIOCIO OJIMCKAaBUYHO

tclz m OF lsrepéyWCriHKHM 3a1HBOT KHMIIIKA MOXYTh MICTHTH 0c00MBl m AZS t6 d H

C d&z' Is gxiiaefpyrs yuacts B 1S fr) B3t to | qampdzdonginn 5.3.4 «IlormuHaHHs

10HIBY).

3piika EKCKPEeMEHTH BHKOPHUCTOBYIOThCS KoMmaxow i1 L On ( fis iz
HaMa HUKIB Ta JJI1 MacKyBaHHS. Hampwkiman, MTHYUHKY JKYKiB-JTHCTOINIB 3
nigpoanHu Cassinae, JIMUUHKUA ACSKUX CITUACTOKPWIUX Ta JESIKl KIJIOMU
MMOKPUBAIOTh CBOE TIJI0 €KCKPEMEHTAMH 1 TOMY CTalOTh MEHII MOMITHUMU
Ul XWKakiB. JKyKHU-TUIaBYHII HAKOMMYYIOTh CMEPIIOYl PiJIKI €KCKPETH Yy
HEMApHIM peKTAIbHIA aMmmylsli, a B MEPTBOIIIB 3aJ03U €l aMIyJu
CEKpEeTYIOTh OTPYHHI pedoBUHH. L{MKaAKU-TIIHHULI BUKOPHCTOBYIOTH PIJIKI
EKCKPEeMEHTH ISl MOOY/OBM NPUXUCTKY: IIMKAJKa CUIUTh Ha POCIHHI
TOJIOBOIO BHH3 1, BUIMXAIOUU MOBITPS, pOOUTH MIHY 13 PIIKMX €KCKPEMEHTIB,
SKI CTIKalTh IO CIEMiaIbHUM O0JIOOKaM Y3J0BXK YEpeBIld; IliHA, IO
yTBOpHIIacs, 3a0e3reuye 3axuCT HE TUIBKM BIJ BOPOTIB, aje ¥ BiI
BHUCHUXAHHS.

VY neskux BUMaaKax KOMaxW B3araji HE BHIUISIOTH eKCKpeMeHTH. Hampukimar,
0arato MepeTUHYACTOKPIIINX MTPOBOISATH TUYMHKOBE KHUTTS B KOMIpKax THi3/a, SKi
MOTJIM O IIBHJIKO 3aCMITHTHCS JIMYMHKOBHUMH BHUIIOPOKHCHHSMU. BuineHHs
CKCKPEMCHTIB €HIOMAPa3UTUYHUMH JIMYMHKAMH 13]II1iB TpU3BEI0 O 10 IIBHAKOL
3aruOeni xassiHa. EKCKpeMEeHTH JIMYMHKH MYPAITMHOTO JIEBa MOXKYTh MOTipIITUTH
CUITYYICTh MICKY B CTIHKax HOTO KWTJa, M0 MO3HAYUIOCH OM Ha €(EeKTUBHOCTI
MOJTFOBAHHSA. Y MHUX Ta JNCSIKUX IHIIUX BHUMAIKAaX CEPeIHs 1 3aaHsA KHIIKH Y
JUYMHOK KOMaxX 3alUIIAlOThCAd MEXaHIYHO 130JbOBAaHUMU (CIIMO 3aMKHEHHMH), 1
TITBKHM TICS 1X 3pOCTaHHS HAMepeIoJHI OKPWICHHS KoMaxa BUIUISE TPYIKY
0COOJIMBHX <«JIMYMHKOBUX» E€KCKpeMeHTIB — O3] § 1S Hakodm Ta meski ocu, siki
3UMYIOTh, MAIOTh HE aHATOMIYHO, a (PYHKII1I0HAIBHO 130JIbOBaH1 CEPETHIO Ta 3aHIO
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KAIIKA. EKCKpeMeHTH OUIbIIOCTI KOMax € CyXHUMH 1 BKPUTUMHU HEPUTPODIUHOIO
MeMOpaHOI0.

3a TPUCYTHICTIO EKCKPEMEHTIB MOXHA BHU3HAYUTH HASBHICTh KOMax-
IIKIIHUKIB. Hampukiaa, MiHIATIOpHI TPUIICH 3aJMINAlOTh Ha KIMHATHUX
pOCITMHAX CBOI €KCKPEMEHTH y BUTJISAI MAJICHBKUX YOPHUX LATOK, IIKiITHBI
MOJII Ta BOTHIBKA «BHJAIOTH» CBOK TPHUCYTHICTh B KOHIUTEPCHKHUX
NPOAYKTaXx Ta Kpymax JpiOHUMHU OIJISTCHHMMH IIOBKOM TpYyIOYKaMH Ta

TPYXOIO.

VY mepenHiid Bimain 3amapoi kumku (f ° dz tddxpigearoTecs 0co0mBI BUPOCTH
3agaboi kumkun — [ Odzt §f ' 6 ' ‘.9lle roppkoHodi@E] ab0 HuTUACTI
TpYOKOINOAI0HI MPUIATKH, AKI OEpyTh y4acThb B €KCKpELli a30TUCTUX MPOAYKTIB
oOMiny. IxHs KinbkicTh Bapiloe Bix 2 y kokuupiil mo momax 100 y Tapranis Ta
MEJIOHOCHOT O1K0J. 30BCIM HE MarOTh MalbmirieBux CyauH noneiui. JletaasHo
po BUAUIbHY (PYHKIII0 ManbmoirieBUX CyJauH WaeTbes B po3aim 5.3.2, a TYT MH
3rala€MoO TUIBKU TPO JesKl 1HII (YHKIIT IIUX CTPYKTYp. Y JUYMHOK Oaratbox
KOMax, Cepe/IHs Ta 3aJIHs KUILKH KX € TUMYAaCOBO PO3AUICHUMH (CITYACTOKPUIII,
JesIK1 )KYKH, TIePETUHYACTOKPIIIL), MasbIirieBl CyANHN BUPOOJSIOTH IIOBK, SIKAN
BUKOPDHCTOBYETbCA JJIsl MOOYAOBM KOKOHAa. Y KOMax, IIO MEIIKalTh B
MOCYIUTMBUX MICIIEBOCTSIX, MabIiri€Bi CyJIMHU MPUPOCTAIOTh CBOIMHU BUIBHUMU
KIHIIMH 10 33aHbO1 Kuikd, ytBopioroun § to d f Is ts dzj shdemnex’ goro
MOKpAIyeThCs peadcopOirisi BOAM Ta 10HIB 13 BMICTY KHIIEUHHKA (O1IBIIICTh
JUYMHOK Ta IMaro KyKiB, T'yCEHMIII METEIUKIB Ta JUYMHKU MUJIBIIUKIB, MypalInuHi
neBu Toio). IIpo Te, Ak npairorTh KpuntoHedpuali, HaeTbes B po3aui 5.3.2.

4.3 CunenianizoBaHi crparerii :xuBjenHs. TpodiuHa crnemiamizanis, Sk IpaBuio,
B1JIOMBa€ThCA Ha Oy/10BI TpaBHOI cucTeMU KoMax. [IpoTe mpuctocyBaHHs O HOBUX
YMOB KHUBJICHHS TPU3BOJSTh TUIBKM JI0 HE3HAYHUX 3MIH B OyJOBI TPaBHOIO
TpaKTy, IPUKIAJAOM JI0 3MIHU JIOBKUHU, HASIBHOCTI BUPOCTIB ToI10. YacTo OymoBa
TPaBHUX OPTraHIB € 3PYYHHM IHIUKATOPOM TaKCOHOMIYHOTO TIOJIOKEHHS TPYIIH,
gKa TOpsA] 13 1HIIUMU MOP(OJOTIYHUMHU O3HAKAMH MOXE OYyTH BHUKOpPHCTaHA
€HTOMOJIOTaMHU JIJIi BU3HAYEHHS KOMAaxX Ta BCTAHOBJICHHS CIOPITHEHUX 3B’SI3KIB
MDK TakcoHamu. Habip TpaBHMX (EepMEHTIB KOMax 3ajeXHUTh BiJ XapdoBOi
crneriaiizamii. 3po3yMisio, 1O B JOPOCIMX METEIHKIB, SIKI CCyTh HEKTap, HEMae
mpoTeas, a TOMeNHUIlb, SKI CIIOXKUBAIOTH «IIJCOJIOMKECHHI» JrcaxapuaamMu
(baoeMHMI CiK, BIACYTHS aminasa.

4.3.1 Pocaunoigni komaxm. CroXuBadiB pPOCIMHHUX COKIB 0Oarato cepen
npeactaBHUKIB psaxy Hemiptera (HamiBrBepmokpuii), 1 ocoOnmBO, MiApsIiB
Auchenorrhyncha  (Iluexo0otHi, ab6o  IlukamoBi) Ta  Sternorrhyncha
(I'pynoxo00THI) — 11€ ITUKaJAW Ta IUKAJKH, MOMENHI, IMUTIBKH, OLTOKPWIKU Ta
criopigHeHi rpynu. Komaxu mpoKOIIOITh POCTUHHI KOJTIOYO0-CHCHUM XO0OTKOM Ta
BUJIIJISIIOTH CITMHY, SKa JOMOMAara€ po3YMHUTH TBEPJI POCIWHHI TKaHWHH. [leski
npiOHI TPEACTAaBHUKA BHUCMOKTYIOTh KIITMHHUH CIK, TpOTe OLIbIIICTh
CTHIOXKHUBAIOTh a00 (rIoeMHHMI, a00 KCHIIEMHHUH CIK, SIK1 TPUHIIUIIOBO BIAPI3HIIOTHCS
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3a XIMIYHUM ckiaagoM. drnoemMHa piauHa — 1€ BOJHUN PO3YMH OpraHIgYHUX
pEYOBUH, 31eOUTBIIOr0 IMYKPUCTHX PEUYOBHH Ta AaMIHOKHCIOT, BOHa €
FIIEPTOHIYHOK IO BIJHOMIEHHIO JO TeMomMiM(U KOMaxu 1 3HAXOIUTHCS Y
MPOBIIHIA CHUCTEM1 POCIMHU BiJ TUCKOM. KcuiemHa piguHa — 1ie 301IHCHUI Ha
BYIJICBOM 1 AaMIHOKHCIOTH BOJHUW pO3YMH HEOPTaHIYHUX PEYOBUH, SKHUH
PYXa€eThCsl MO POCIHMHI BHACTIIOK KOpeHeBoro Tucky. Komaci, sika criokuBae
baoeMHUM ClK, HE MOTPIOHO BJIACHE CMOKTAaTH — TJIOTKOBHUM HAcCOC B I[bOMY
BUMAAKY MOTPiOHUI abu BUacHO nepekpuBatu (proemuuii notik. He nuBHO, 1110 BCi
TPyA0X000THI Ta JEsKi MIMEXO00THI CMOXKUBAIOTH came (PIIOeMHMI CiK, 1 TITBKU
rukanonoaioHi (Cicadomorpha) aganToBaHi 10 CIOKUBaHHS KCHJIEMHOTO COKY.

[Tomenuns cce pocnuHHI COKM 22 TOAMHM Ha A00y. Alle, K HE IWUBHO, CKJajl
piIUHHM, Ky BOHA BUILISAE HA30BHI — «3J H 8 W Oz, He niss fytpizHsaerbes
B1JI pOCIIMHHOIO COKy. Hampukian, ByrieBojiB 3acBorO€eThCs Becboro outst 10%, a
a30Ty — TUIbKH MOJOBHHA. BUeH1 nmpunyckaroTh, 10 MONEIULI BUIYYalOTh SKICh
IHII PEYOBHMHHU, fKI IM JKUTTE€BO HEOOX1JHI, 1 3aJs SKUX KOMaxu BHUMYIIEHI
CIOYKMBATH Tak 0araTo piivHH, ajie IPUPOTY LUX PEYOBUH HE 3’ SICOBAHO.

[IponykT BHAUIEHHS IHIIOTO BiJIOMOTO CIOKHMBada POCIMHHHUX COKIB —
TpomiuHol KOKIMIU-TpaOyTuHU Trabutina mannipara mo wMeimikae Ha
bmusskomy Cxomi Ta B IliBmeHHniit €Bpomi, Maii’ke Ha TIOJOBUHY
CKJIQZIAI0ThCS 3 TPOCTUHOBOTO LYKPY. MiclieBi xuTei 30UparoTh 111 BUCOXJ
COJIOZIKI BUAUICHHS, SIKI HaraayroTh MaJ€HbK1 OUTl TPYAKHU, 1 CHOKHUBAIOTH 1X
B XKy, Ha3MBAIOUU «MaHHOWO». [HOAI Mg «MaHHOK» PO3YMIIOTh TaKOXK
BUCOXJIMM CIK JEAKUX JAEpeB, IO BIH BUTIKA€ 13 MOIIKO/KEHb, IO iX
CIIPUYMHWIN KOMAaxXH, 1 3aCTUTa€ Ha CIIEKOTHOMY COHIII. 3a XPUCTHSIHCHKAUMHU
BipYBaHHSIMH caMe «MaHHOIO HeOecHOwo» ['ocroas rogyBaB Motlices Ta Horo
OJIHOTUIEMIHHUKIB MiJ1 yac 40-piuHOi MaHAPIBKU MYCTEIICHO.

I rpymoxoO6oTHMM, 1 IIMKaJOBUM BJIAcCTHBAa OCOOJIMBA CTPYKTypa CEpeIHbOT
Kumkn — W - ldzde z 9 O dz' dzQ@ka §8Bdgotadpo3pocTaHHs EpeaHBOTO Ta
3aJIHBOTO BIJIIUIIB CEPeHbOI KUIIKU. Bosa, 10 MICTUTBCS B POCIMHHOMY COII,
nudyHIye 13 TOYaTKOBOTO BIIUIY CEPEIHbOI KUIIKK 0€3MOCEPEeHBO 0 3aTHbOI
KHIIKK 1 BUBOJMTHCS HA30BHI, a «KOHIICHTPOBAaHA» 1’Ka MOTpAIUIs€ O CEPeIHbOT
KHIIIKH, JIe PO3MICTUTIOIOTHCA 3a ydacTi (epMeHTiB. [Hoai OyaoBa ¢iabTpyBalbHOT
KaMepu yCKJIQJHIOETHCS TUM, 10 B HE1 BPOCTalOTh MasbIiTi€Bl Cy/IMHU, a 3aHIN
BIJIJIUT CEPEIHBOT KUIIIKH CTA€ 3BUBUCTHUM.

Komaxu, siKi CHOXXHMBalOTh POCIHMHHI COKH, 3aBJal0Th 3HAYHOI IIKOIU
KyJIbTYPHUM POCIMHAM HE TUIBKM TMOCHa0Jsi0Yd OCTaHHI, ajie U K
NEePEeHOCHUKHU Hebe3neyHux BipyciB. [lonenuiri MoxyTh OyTu cenudiuHuMu
ab0 Hecnenu(pIYHUMU TIEPEHOCHUKAMHU BIPYCIB POCIUH. Y mMepiiomy
BUIIAJIKy TONENULS € MEPEHOCHUKOM BIPYCY BIPOJOBXK HETPHUBAIOr0 4acy
MIiCs 3apakeHHs, a 3B'A30K MDK IOMNEJIULEI0 1 BIpyCOM € MEHII TICHUM,
TOOTO OaraTo BHU/IB MOMENULb MOXKYTh IEPEHOCUTH OaraTo BHUIIB BIpyCiB. Y
ApYyroMy BHUIIAJIKy B3a€MO/isl MIXK KOMaxolo0 1 BIpyCOM € TICHIIIOIO, 1 KoMaxa,

45



SKa «IIXOMIIa» BIPYC, 3/JaTHA BpaKaTH POCIMHH YIPOJOBXK YChOTO CBOTO
KUTTs. barato BUAIB MOMENTUIs YIIPOIOBXK JKUTTEBOTO ITUKIY 3aKOHOMIPHO
3MIHIOIOTh CBOi TpodiuHI yHoJoO0aHHS — y TIeBHI NEpPioaM IUKITY
HApOJKYIOThCSl KpUjaTi OCOOMHH, SKI MITPYIOTh Ha 1HIII pOCiauHU. Tomy
BUBYCHHS XKUTTEBOrO MKy, TPO(IUHOI cremiamizaimii Ta ocoOIMBOCTEN
KUBJICHHS KOMaXx, IO CIIOKUBAIOTh COKH POCIIHH, € 000B’SI3KOBHM €TarioM
pPO3pOOKH €PEKTUBHUX METOIIB OOpPOTHOM 3 HEOE3MEYHHWMHM IIKITHUKAMU
KYJIbTYPHUX POCIIUH.

4.3.2 KpoBococu. I'emarodaramu € moHaliMenme 14 THC. BUIIB KOMax, sKi
HajeXatb 10 S5 psgiB (Bci Bomr, Bci Omoxu, AesSKi JBOKPHII, JEAKI
HAIMBTBEPAOKPIIII Ta MeTelmK-coBka poxy Calyptra). 3mamns mpo Tpodiuny
MOBEIHKY KOMaX-KpPOBOCOCIB BHKOPHUCTOBYIOTHCS JIFOAWHOIO Isi OOpOoThOM 3
HEOE3MEYHUMH TIePEHOCHUKAMH 3aXBOPIOBaHb JIIOJMHA Ta TBapuH. Komaxu-
remaToaru y mouryky ki MepeBa’KHO OPIEHTYIOTHCS Ha TEIUIO, 110 HOro BUIILISNE
TIJI0 Xa3siiHa, BYIJICKMCIUHN ra3 Ta MEBHI XapyoBi aTpakTaHTH. J[Ji1 KpOBOCHCHHMX
KOMapiB OCTaHHIMHU CIIYTYIOThb CTaTe€Bl TOPMOHHU, IIO BOHU MICTSTHCA Yy TOTI
JIIOJTUHM, a I KJIOMIB, JeIKHUX KOMapiB, MyxH 1me-1e Ta 01ix — 1e AT®D un AJ1D.
BizyasibHi CTUMYJIM MalOTh MEHIIIE 3HAYEHHS, TPOTE TAKOK BUKOPUCTOBYIOTHCS. Y
CJIMHI KPOBOCHUCHUX KOMax MICTATbCS PEUOBMHHU, K1 3amo0iraloTb 3rOpTaHHIO
KpOBI (aHTUKOATYJISIHTH), arperaiii TpoMOOIUTIB (AHTUTPOMOOIIUTAPHI PEYOBUHHN)
1 CTUCKaHHIO KPOBOHOCHUX CYJWH (Bazonuisitatopu). [loTpeba y i1 Moxe OyTH
Jy’)K€ BUCOKOK, TNPOTE€ KUIbKICTh BHCMOKTaHOI KpPOBI  KOHTPOIIOETHCS
CHeIiaJbHUMHU PEIENTOPaMH PO3TITHEHHS, BOYJOBAaHUMHU B CTIiHKY KHUIIICYHHKA.
Bona, sika ckiagae OUIbIly YacTKy KpOBI, JyX€ MIBUJIKO BWIYYaeTbCs 13 1Kl
MarnbmnirieBUMyd CyJMHaMH, Tak II0 KoMaxa TMOYMHAE BUIUIATUA 11 IIE T1J Yac
CMOKTaHH$ KpOBI.

4.3.3 CnoxuBaui 1e/1101034, BOBHU Ta BOCKY. CroXnBaviB JAEPEBUHU MOKHA
YMOBHO TIOAUIUTA Ha JBI TPyNu — THX, XTO Ma€ BiIacHl (epMeHTH s
NIepPETPaBIICHHS LIETION03H, 1 TUX, XTO iX He Mae. Cepel mepuux — KyKu-Bycadl,
KYKH-TOYMIIbHUKH, JTyckaTka Ctenolepismaa takoxx tepmitu poaunu Termitidae.
[IpenacraBHuku JOpyroi rpynud BUKOPHUCTOBYIOTH ()epMEHTH CHUMOIOHTIB (IesiKi
TEpPMITH, TapraHu), MEPETPaBIIOIOTh CaMHUX CHMOIOHTIB, IO PO3BUBAIOTHCS Ha
JIEPEBUHI y CIHEHIAbHUX OpPOIMIBbHUX KaMepax KHUIICYHHKA (JIMUYUHKHU JSSTKUX
MJIACTUHYACTOBYCUX KYKIB, HANpUKIal, OpOH3IBKH), CIOKHUBAIOTh BJIACHE HE
KJIITKOBUHY, a I1HINI BYIJIEBOAW JEPEBUHM, 30KpEeMa IIYKPUCTI PEUOBUHU 1
KpOoXMaJjb (JJMYUHKU METEJIMKa-ePEeBOTOUIS Ta JACSKUX BycauiB) a00 YKUBJISITHCS
rpubamu, siKi crielialbHO BUPOILYIOTh Ha IepeBUHI (5KYKH-KOPOiIn).

CaMku KyKIB-KOpOIAiB, JESKHX >KYKIB-JIOBFOHOCHUKIB Ta POTOXBOCTIB MalOTh Ha
TUTI cnemianbHi CTpykTypu — OF° € O dz@ikiix mictareest criopu rpubis. Koy
camMka Kcuiodara BIIKIAJae sille, BOHA 3apakae JIEPEBUHY CIIOpaMH TpuOiB, i
JUYMHKA, 10 HEBJOB31 HApOIKYETbCA, OTPUMYE 1KY JUIsl po3BUTKY. Haifuacrimie
MIKaHT1i MalOTh BUIJISI 3aTTTMOMH B KyTUKYJI, 1€ 30epiratoTbest ciopu. IHomi BOHM
OCHAIIIeH1 BOJIOCKAaMH, 5IKi, HEMOB UIITOYKH, 3IMIKPAOYIOTh CIOPH 3 JIEPEBHHHU 1
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CIPSIMOBYIOTh iX y MIKaHTIH, Ta 3aJI03U, CEKPET SKHUX JONOMAara€ yTpUMYBaTH
CIIOpM Ha TUIl KOMaxu. Y pOTrOXBOCTIB MiKaHT1l pPO3TallIOBaHI B CIEMiaIbHUX
3a7103aX Ha YEPEBIli CAMKH.

[lIxona, Ky 3aBIarOTh KOMaxW-Kcujodard JCIBHUITBY, 3HAYHOIO MIPOIO
3yMOBJICHA IIKOJOK Bil TpuOiB, SKAX BOHU PO3HOCATH. 30KpEMa,
HaliHeOe3neuHimui mkiaHuK cocHu y CIIA nmy6oin miBaeHHHMI COCHOBHI
Dendroctonus frontalisypaxye nepeBa rpubom-diTodarom, 0 BHKIHKAE
OnmakuTHY IUTiCHABY AepeBuHU. CyMicHa JIis &KyKa 1 rpuda 4acTo Mpu3BOIUTH
710 3aru0eri AepeB.

Bosnoccs, mip’st Ta BOBHA MICTSTh HEPO3UMHHUM, Oaratuil Ha TUCYIb(QITHI MICTKH
NpoTeiH KepaTuH, SKii MOXYTh pPO3KIAJaTH JUYMHKU TUIATTSHOI Mot Tineola
bisselliella >xyku-mxipoigu Ta myxoigu. Y KepaTuHi BiACYTHI JIesKi BaXKIUBI JIJIs
KOMax HE3aMiHHI CIIOJYKH, TOMY BCl CIIOXHBayl KEpaTHHY 3aJIeKaTh Bl CBOIX
cumOionTiB. JInunaku BockoBoi Mo Galleria mellonellanomkomkyoTs Bick 1
MOKYTb CYTTEBO IIKOAUTU OJKITbHULTBY, aj€ MEpETPaBICHHS BOCKY 3/11CHIOIOThH
CUMOI0THYHI OaKTepii.

4.3.4 CumbioTuuHe kuBJjieHHs. CUMOIOHTAMU KOMax € 4YKCIICHHI HEmaTOreHH1
MIKpOOpTraHi3MH, fKI HajJexarb J0 Oakrepid, rpubiB Ta TMPOTHUCTIB. 3a
JIOKaNi3alli€l0 BOHU MOXYTh OyTH po3mnojuieHi B ABl rpynu: (1) mo3akimiTHHHI
MOXXYTh OyTH PO3TaIIOBaHI 1M03a TUIOM — aMOpPO31€BI TPUOH, 110 X «PO3BOIATHY
Kyku-kopoinu ponunu Ipidae, neski mypamkud Ta TepmiTH (auB. po3ain 4.3.3
«Crno>kuBayi 1IeJII0JI03H, BOBHM Ta BOCKY»), Ta BCEPEAMHI TUIa — MEPEBAXKHO Y
MOPOKHUHI KHILIEYHUKA; (2) BHYTPIIIHBbOKIITUHHI — PO3MIIIEHI B KIITHHAX
KUIICYHHKA Ta )KUPOBOTrO Tisa (mepeBaxkHo, B kiithHax d3° Y J IS S Bedplsi@ik
d3' Y J Is SidghagHime mnpo MINETOIMTH PO3MOBiIAaeThCs B po3aim  5.2.1
«Kupose Ti710»).

Jlnst BUBYEHHS pOJi CUMOIOHTIB y (hi310JI0Tii KOMax BHUKOPUCTOBYIOTH METOI
HJ W Olk,dz@®aro 'mosdasiaeHHs xassgiHa BiJ CHMOIOHTIB  IIiJIBHUIIEHOO
TEMIIepaTypoI0, BUTPUMYBAHHSAM Yy KUCHEBOMY CEPEIOBHIII a00 3roJ0OBYBaHHSIM
anT6O10TUKIB. L€l MeTo 103BOMB CTAHOBUTH, 1[0 TOJIOBHOIO POJUTIO CUMOI1OHTIB
KOMax B JKMBJICHHI € TTOCTa4aHHsS (PEPMEHTIB (SIK JOMOMIXKHE ab0 €IMHE KEPEIIOo
dbepmeHTiB) Ta neskux BiTamiHiB rpynu B. Jleski cumOioHTH 31aTHI (iKCyBaTH
aTMocepHrii a30T (y TOMENHIlb) Ta BUPOOJSTH HE3aMiHHI aMIHOKHUCIOTH (y
xJbHoro ToumiIbHUKa). Hampukman, nomenuns Acyrthosiphon pisunmuae mae
BJIACHOI aMujla3d, a CHOXHUTHH KOMaxow KpoxMmajib MepeTpaBiItoloTh il
eHA0CUMOI0THYHI OakTepii. YnciaeHHl 1 pI3HOMAHITHI NPOTUCTH, IO HACEISIOThH
KHILIEYHUK TEPMITIB Ta I€pEBHUX TapraHiB 3 poay CryptocercusmneperpaBitoloTh
KJIITKOBUHY, TPUYOMY JI€Kl 3 HMX 3JIaTHI MOTJMHATU BIHOCHO BEJIMKI IIMATKH
nepesa. JledayHoBaHI TEPMITU JOCUTH JOBIO KMBYTh Ha CEPEOBHUILIL, 1110 MICTUTh
MOHOCaxXapyuja TJIIOKO3y, MPOTe BKE Habararo Ba)k4e 3aCBOIOIOTH JUCaXapujl
caxapo3y, 1 30BCIM HE€ 37aTHI PO3IIENUTH KIITKOBUHY. [CHYIOTH CIeIialibHi
MOBEIHKOBI MPUCTOCYBaHHS 70 mepenadi (Mo CyTi — 3apakeHHS) CUMOIOHTIB
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yCiM 4YJIeHaM KOJIOHIi: 30KpeMa, IIe € TOJIOBHHM Tmpu3HaueHHsM & B tc 5 WHKd G
IIMPOKO 3YCTPIUAETHCS Cepel KOJOHIAThbHHX Ta COIIalbHUX KoMmax. KuIKoBi
OakTepii KOMax poOJIATH CBili BHECOK HE TIIBKM B JKMBJICHHS Xa3sdiHa, aje H y
3aXMCT B1JI TAPa3UTIB 1 MaTOTEHHUX MIKPOOPTaHi3MiB, MOIYJIIOIOTh IMYHHI peaKiii

Ta BIMBAIOTh Ha KOMYHiKaIlito komax. OIHIEI0 3 MEePEIIKO/ Ui PO3BUTKY TiCHOTO
3B’S3Ky KOMax 3 KHUIIKOBHMH MIiKpOOpTaHi3MaMH MOK€ CTaHOBHUTH BiJICYTHICTh
HaJIIHHUX IUISIXIB 3apaKeHHsI 0COOMH OJIHOTO BHY. AJle CyCHiIbHI KOMaxH, sIK-OT
TEPMITH, Mypamikd 1 OKONM, € BUHSATKOM — COLIajdbHI B3a€MOJIi HaJIal0Th
MOJKJIMBOCTI ISl Tiepenadi KUIIKOBUX Oaktepiii. Came B CYCHIUIBHHUX KOMax
KUIIKOBI OaKkTepii yTBOPIOIOTH crieliuiyHi i cTajl yrpymnoBaHHS.

BHYTpIIIHROKTITUHHI JPKKI, aKTHHOMINETH Ta OakTepii MarTh OCOOIUBE
3HAYEHHA Y KMBJIEHHI OOJIraTHUX KPOBOCOCIB, /)K€ KPOB MICTUThH HYy>KE€ MAaJO
BiTamiHIB. Hampukian, mo30aBieH1 €HAOCUMOIOTHYHUX AKTUHOMIIIETIB JIMUUHKU
KpoBocucHoro kiorna Rhodnius prolixusiopocTaroTs 10 iMariHaiabHOT CTail, ane
yepe3 HecTady BiTaMiHIB HE 3/1aTHI po3MHOXKyBaTHCs. [1oi0HI siBUIIA TpUTaMaHH1
W IHIIUM KPOBOCHMCHHM KJIONaM, BOIIAaM Ta MYCl Iie-1le. BHyTpilIHbOKIIITHHHI
CUMOIOHTH KOMaxX MarOTh HU3KY CHUIBHUX ocoOimBocTel: (1) BOHM MENIKAIOTh Y
[UTOTIa3M1 CIICIiali30BaHUX KIITHH — MILETOIUTIB ab0o OaktepionuTis; (2)
NEePeIatThCsl BEPTUKAIBHO — BIJ] MILIETOIUTA JIO IIUTOILIA3MH HE3aIUIiTHEHOTO
SAI 1 Jami — Ham@aakam komaxu; (3) 3B’S30K MK Xa3siHOM 1 CUMOIOHTOM €
000B'sI3KOBUM, TOOTO 3a BIJICYTHOCTI CUMOIOHTA KOMaxa SIKIIO ¥ BUXKUBAE, TO CTAE
HE3JIaTHOIO JI0 PO3MHOXKEHHS, a CAMOIOHT Ma€ CIPOIICHUN TEHOM, Yepe3 M0 HOTo
HEMO>KJIUBO KYJIbTUBYBATH Ha IITYYHOMY CEPEIOBHIIII.

Binpmricte momenuils MarTh B SIKOCTI €HIOCUMOIOHTIB OakTepii 3 poay
Buchnera sixi MemkaroTh B OakTepionurax. BUeHi BBaXaroTh, 10 3B'SI30K
MDXK MONETUISIMU 1 OakTepisiMu TpuBae Bxe 150—250 MIIH. pOKiB; BOPOJOBK
[[bOTO Yacy IeHOM OyXHEpH paJuKallbHO CIIPOCTUBCS W agamnTyBaBCs [0
CHHTE3y HE3aMIHHUX aMiHOKHCIOT. bakrepis He 3aaTHa JKUTH I03a
KIIITUHAMU Xa3siHa, 3a OaraTbMa O3HAKaMHU CX0)Ka Ha KITHHHY OpraHeny,
AK-OT MITOXOH/pIi a00 MIacTuaAW, 1 ToMy € 00’€KTOM OCOOIMBOI yBaru
BUCHUX-CBOJIIOIIOHICTIB. BTOpMHHI CHUMOIOHTH TONEIUIb — 1€ OUIBII
pI3HOMaHITHa Tpyna OakTepiid, SKi BIIPI3HIIOTHECA BiJ OOJIraTHUX
CUMOI0HTIB TUM, 110 BOHU: (1) MOXyTb OyTH BIJICYTHI B ACSIKUX MOMYJISALIAX
nomnenuib, (2) MENIIKAalTh M03a MILETOUUTIB (HaiyacTile, B MOPOKHUHI
Tina), (3) MOXKYTh NepeaBaTUCS TOPU3OHTAIBHO (Yepe3 COJOJKI BUALICHHS
KOMaX — «MEIBSHY pocy»). BTopuHHI CMMOIOHTH 3HAYHO BIUIUBAIOTH Ha
€BOJIIOIIIO TOMENUIlh Yepe3 Te, 10 BOHU 3MIHIOIOTH XapuoBi YIOJ00aHHS
CBOIX Xa3siB, MIJBUIIYIOTh CTIMKICTh KOMax J0 BIUIMBY Napa3uTOiAiB Ta
KOJIMBaHb TEMIIEPATYpPH.
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IIuTaHHA I CAMOKOHTPOJIIO:

1.
2.

No ok

10.
11.
12.
13.
14.

SIKUMH CTUMYIIaMU KEPYEThCsl KOMaxa ITiJ] yac MomryKy Hxi?

VY saKuil BiAIII KUIIEYHUKA BiJKPUBAIOTHCSA CIWHHI 3a103u kKoMax? SIki QyHKIIT BUKOHYE
ixHil cexper?

Sk posmopineHi rojoBHI GYHKIIT MK TpbOMa TOJIOBHHMH BiJUTiJIaMH TPABHOTO TPAKTY
KoMax?

Sk BUBHAUUTH MEXi TPHOX TOJOBHUX BiJJIUIIB KUIIICYHHKA KOMaX ?

SIKkuii 3B’SI30K iCHY€E MK «MaHHOIO HEOECHOI0» Ta )KUBJICHHAM KOMax?

IITo Take nmepuTpodiuHa MmemOpaHa, ¢ BOHA YTBOPIOETHCS 1 AKUMHU € Ti TOJIOBHI (QyHKIIII?
SIxi aHaTOMi4HI Ta (i310JOTiYHI MPUCTOCYBAHHS Il CIIOKMBAHHS PIIKOT iXi ICHYIOThH B
Komax?

Sxi aganraimii 10 CIIO)KUBaHHS KPOBI MAlOTh KOMaxu?

SxuM MeToIOM KepyroThes (1310J0TH KOMAaX JJisi BUBYCHHS 3HAYEHHS CUMO10HTIB?

Jle came MOKyTh MEIIKAaTH CUMOIOHTH KOMaxX Ta SIKOIO € TXHS POJIb B )KUBJICHHI Xa3siB?
Sy ponb Bifirpae konpodarisi B )KUTT1 KOJIOHIAIbHUX KOMaXx?

Sxumu € 0cOOTMBOCTI MUTOIIA3MATUIHUX CUMOIOHTIB KOMax?

Sy ponb BifirparoTh 6akTepii B €BOIIOLIT TOMETUIIH?

Slkumu € 0cOOIMBOCTI CITOKMBAHHS KOMaXaMH LEJTI0JI031, KEPAaTUHY i BOCKY?

PexoMengoBana jiteparypa a0 Jekiii:

1)

2)

3)

Regulatory Mechanisms in Insect Feeding/Edited by R.F.Chapman, G.de Boer.—
Chapman & Hall, New York, London, 1995. — 398 p. ( 1 dyj teff dzgd 2 ° oMy
o' Ldzdr Mftsmtse' o Y dodzj dedgv € 5d@3OR)

Terra W.R. The Origin and Functions of the Insect Peritrophic Membrane and Peritrophic
Gel / W.R. Terra /I Archives of insect biochemistry and physiology. — 2001. — Vol. 47, Ne
2.—P. 476l ( JedzWHtsO O MIsOBIsw s BEZHBO Iz, Wz dz$

a3 d3B t O dzd )

Engel Ph. The gut microbiota of insects — diversity in structure and function / Ph. Engel,

N.A. Moran // FEMS Microbiology Reviews. — 2013. — Vol. 37, Ne 5. — P. 699-735.

(1 02MkzyOMmdz’ " ©, HBBEK] ' dz Mistctso OO SEdzZV HiS9 C
Cdh CthhagdiiB ' sdzls' 9 C B5BOR)

49



Jlekuis 5
METABOJII3M, OCMOPEI'YJIAILIA, EKCKPELIA

1 Oc0Odz dz' thBdzdotsMmis® tBd dez toj ysoddz. 1 kZHBe
[ MsB dzd o s fifiiss dz ottoHEIEEs B O dzOdzffkz IsO jSEMStejy' ~ . oL
SO WkdeSy' tsdelf 8 @dzded JFOdzH ddz. stedflstsdgj WtcdH "’
Gjekdvy W CBEBOR, w¢' &jhCOslk! o ¢ foshdslsd

yOcTaHIii, SKi TPOXOAATh KPi3h CTIHY KUIIKH (@ 1HOJ1I — ¥ MOKPHBIB, SK-OT

MEeBHI 1HCEKTHUIIWAM), 3piIKa B3aUIIAIOTECI HE3MIHCGHMMH B TreMojiMdi
BIIPOJIOBK TPUBAJIOrO IMepiony. 3AeOUIbIIOr0 BOHU IIBUIKO NEPETBOPIOIOTHCS HA
1HI11 pedoBrUHHU. CyKYITHICTh BCIX XIMIYHHMX PEaKIIiH, Kl BiIOYBalOThCS B KUBOMY
oprai3mi, Ha3uBarTh 03] IS O B t5 dBin selgtewy O dzO B s-dxedrodgeaxiii,
Kl MOTPeOyIOTh €Heprii W NPHU3BOAATH 10 YTBOPEHHS CKJIAAHIMIMX MOJIEKYJ, 1
C Ols OB Bdpeaxidl BHACTIIOK SKUX YTBOPIOIOTHCS MPOCTIII MOJEKYIH 1
BUNLISAEThCA  eHeprid. Ilpukimagom  aHaOOMIYHMX peakuiid €  yTBOPEHHS
CTPYKTYPHUX HPOTEiHIB Ta (PEPMEHTIB 13 aMIHOKHCIOT, a00 TMoJlicaxapHiB 13
MOHOcaxapuaiB. barato karaOomyHUX peakiil BUHUKIIN JIJIs1 BUPOOJIEHHS €Heprii,
AKy moTpeOye opranizM mid (QyHKIIOHyBaHHS. MeralOomi3M KOMax 3arajiom
CXOKMM Ha Takuil y ccaBliB, 4epe3 L0 KOMAaXu € 3pYyYHUMHU MOJEIbHUMHU
opraHizMam Jijisi 610XIMIYHUX JTOCHIIKEHb.

5.1 3aranbHi 0c00MBOCTI 00MiHY peyoBHH. B yCix TBapuH MpOCTI BYTJIEBOAH €
TOJIOBHUM CyOCTpaTOM, SIKUUA MOXe OyTH OKWCIICHUU JJi BUPOOJICHHs eHeprii. Y
KOMax TaKuM cyOcTpatoMm € nucaxapun IS t6 j 6 Q dz®uyvuoHocaxapuau, Ha
KIITaJAT TIOKO3W Ta (DPYKTO3U, MPUCYTHI B TeMOMIMP1 TIIBKA B MIHIMAIBHIN
KUIBKOCTI (BUKJIIOUEHHSI CTAHOBJISITH pPoO0OYl OCOOMHU MEIOHOCHOI OJKO0JIN).
PiBeHp Tperano3u B reMoaiMQi MNOCTIMHHMI 1 3HAXOAMTHCS B CTaHl JMHAMIYHOT
piBHoBarn 3 G dz' € s GllepaBofgHHSA TUIIKOTCHY Ha TpErajo3dy aKTHBYE
riNepriikeMiuyHuid TOPMOH, IKUH BUPOOJISAIOTh €HAOKPUHHI OpraHy — KapaAiaJibHI
Ta (auB. po3ain 9.7 «EHmokpuHHa cuctemMa komax»). OCKUIBKHM MOJIeKYJia
Tperajo3u He 3/JaTHa MPOUTH Kpi3b IUIa3MaTUYHY MeMOpaHy M’s30BO1 KIIITHHH,
BOHA IPSIMO HAa CTIHII KJIITHHH 32 y4acTi0 (PEpMEHTY Tperaja3u MepeTBOPIOETHCS
Ha JBl MOJIEKYJIM TJIIOKO3H. [JIIKOreH € rOJIOBHOIO 3allaCHOK PEUYOBHMHOIO KOMaX,
sIKa HaKOMMUYYETHCS TIEPEBAYKHO B JKUPOBOMY TLJII KOMax, aje TaKOX y M’s3ax Ta B
emiTenii cepeqHboi KUIKU. BiH CHHTE3yeThCsl 37€OUIBIIOTO 13 Tperano3u, ajie y
JeSKUX BUIIB — TaKOX 13 aMIHOKHCIOT. OKpiM MiATPUMAaHHS PiBHS TPETaao3u B
remoJiiM(i, TOJTOBHUMHU (DYHKIIISIMU TIIKOTeHY € Taki: (1) moKepeno mis CUHTE3y
KOMAIITUHOTO «aHTU(PpU3y» — TIIepuny, (2) 6e3nocepenHe JHKepeno eHeprii y
M’SI30BHX KJITUHAX, (3) BaXJIMBUU KOMIIOHEHT OBTKA SHIS, SIKMA IOCTAaydae
SHEPTilo JJIsI PO3BUTKY €MOpiOHA Ta IUIACTHUYHI PEYOBHMHU ISl TTIOOYIOBU XITHHY
(muB. po3ain 7.4.1 «)Kinoua ctareBa cucTeMa).
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| " wawoduuyroThcs B xHpOBOMY Tii y hopmi TpuriinepuaiB. Bonu MoxyTh
OyTH CHHTE30BaHi 0€3MMOCEPEHBO 13 JKUPHUX KUCIOT 1 TIIIEPOITy, SKi BHHHUKAIOTh
miJ 4yac TpaBJjeHHsS, a00 i3 aMiHOKHCIOT 1 MPOCTUX BYIJeBOMiB. Kup — 1€
HaANOUTBIII €eKOHOMHA JUTSI 3aIlacaHHs PeUOBHHA, a/ke HOro eHepreTUYHa I[iHHICTh
Maifke BJB1Ul MIEPEBUIIYE TaKy BYTJeBOIB. JIiMiu BUKOPUCTOBYIOTHCS KOMaXxaMu
SK JDKEpEeNIo CHeprii MiJ 4Yac MOBrOTPHBAINX «CHEPTOMICTKUX» TMOMIH, SK TO
eMOpIOHAILHOTO PO3BHUTKY, MeTaMop(}o3y, TOJO0IyBaHHS, TPUBAIHMX IEPEIIbOTIB.
3a3Buuai, JMiAM 3amMacarThCsd y JUYUHOK (0COONHMBO, KOMax i3 TIOBHUM
NEPETBOPEHHAM), Maike TIOJIOBMHA CyXOi Baru Tila SKUX MOXeE OyTu
MPEACTABIICHA JiMigaMu. Y BEIUKIA KUTHKOCTI JIMIAN HAKOTUIYIOTHCS B SHIIL TTiJT
yac BiTenoreHesy (auB. po3ain 7.4.1 «XKinoua crareBa cuctemay).

¢ d&3° dzts € (fakg slztjsigucs mix yac TpaBieHHs, BUKOPUCTOBYIOTHCS HAIAMI K
E€HEepreTU4H1 (JIs1 OTPUMaHHS €Heprii) 1 IIacTU4H1 (I MOOYI0BU CTPYKTYP Tija)
pedoBuHU. [lo110HO 10 XpeOETHUX TBAPUH, KOMaXy HE MOXKYTh CUHTE3yBaTH JICSIKI
aMIHOKHUCJIOTH — BOHHU MalOTh HAJIINTH 3 DKE0 a00 BiJ CUMOIOHTIB. Y KUPOBOMY
TiTI aMIHOKHMCIOTH TepeOynoByoThess B G | & ) O-e3 patmadni mporeinu, ski
CKJIQJAI0ThCA 13 MIECTH CYOOIUHHUIIb 1 € CTIEU(PIYHUMU JIJIST OKPEMUX BHUJIIB KOMaX
(po 11e CBiIYaTh HA3BM rekcamepiB — KamipopuH, Apo30(UIMH TOIIO). 3armacaHHs
BUIBHMX aMIHOKHCIOT B TUII KOMaXd € HEMOXIHUBUM, 00 1€ 3pymuio O
OCMOTUYHUHN TUCK TemodiMpu. OcobnmnBo 6araTo 3amacHUX O1IKIB MICTUTHCS B
remoiMpi niepen metaMopho30oM y KOMax, IO IJIETYTh IIOBKOBI KOKOHM (IIIOBK
Mae OUIKOBY MPHUPOAY), TMiJ Yac PENpOAyKTUBHOIO TMEpIiOAy B CaMOK, SKI
BIJIKJIa[Ial0OTh Oarato sienpb, ado B caMiliB, SIKI BUIUISAIOTH cnepmaTtodopu. [Hiry
Ba)XJIUBY IPyIy MPOTeiHiB remomimpu ckmagaore dz° §f W [ite dudzeByrorses
B JKMUpOBOMY Timi. LI MaKxpoMoseKynu BiIIrpatOTh BaXKJIUBY pOJib B MOTJIMHAHHI Ta
TPaHCHOPTI JIMIAIB, @ TAKOK — Y IPOLIECaX 3rOpTaHHA reMOoIIMQH.

5.2 Ocepeakun mMetadoJtizmy. XiMIuHI peakiiii 3M1HCHIOIOTHCS B KOXKHIN KIIITHHI,
ayie iXHS KUIBKICTh € OOMEXKEHOI0, a XapaKTep 3yMOBIICHUN (DYHKIIIEIO KIITHHHU.
Hampuknan, B emitenii cepeqHboi KHUIIKKH METa0oJi3M CIPSMOBAHUN 3HAYHOIO
MIpOI0 B HaIpsSIMKy CHUHTE3y CHEeIU(PIYHUX TpaBHUX ¢depMeHTiB. MeTraboizm
M’SI30BHX KJIITHH CIPSIMOBAaHUM Ha 3amacaHHs BEJUKOI KUIBKOCTI eHeprii y dhopmi
AT®, HEeoOXimHOI ISl TPOIECY CKOPOYCHHs. Y XIMIYHUX pEakiisX KIITUH
rinojiepMu  MepeBa)karoTh Ti, IO 3alyuyeHl JIO0 BHUPOOJEHHS KOMIIOHEHTIB
KYTUKYJIM — XITUHY 1 nporeiHiB. IIeBHI TKaHWHU, TPOTE, HE € HACTUIBKH
crierianizoBaHuMu. B HuUX BinOyBaeThcs 0€314 O10XIMIYHHUX PEAKIIIA, 0 SIKUX
3a]Ty4yalOThCsl yC1 TpPU TOJIOBHI THIIM OPraHIYHUX MOJIEKYJ — BYIJIEBOJIH,
aMIHOKHUCJIOTH 1 Jimigu. Y XpeOeTHUX Takl YMCJICHHI peakilii BUKOHYE IE€UlHKa.
AHaNOT14HOIO0 32 PYHKIISIMU TKAHMHOIO KOMaxax € >KUpPOBE TLJIO.

5.2.1 KupoBe Tino. KupoBe TiIO Mae Me3oJepMaibHE TIOXOJKEHHS 1
3aKJIAJIA€ThC K METaMEpH1 TPYNU KIITUH Yy CKIal IeJIOMIYHUX MIIIEUKiB, fKI
3TOJIOM PO3POCTAOTHCSA ¥ YTBOPIOIOTH OKPEMI CKYMYEHHS KIITHH 37e0UIBIIOTO Y

BUTJISAJII JIOTIaTel B TOPOXKHUHI Tiya. HanOinpmumu ckymaenasimu € © © Yy J te O dz!
dzd fn Is#mpororo Tima HaBkono kuineudwka Ta §f Ote' ‘' Is O dz' dzdu@ii  dzd
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pO3TAIlIOBAaHUM T TINOAEPMOI0. 3 YCIX CTOPIH >KHPOBE TIJIO OMHBAETHCA
remoiMdoro 1 Mae OaraTy Tpaxealliro, 10 BKa3ye Ha MOro BUCOKY METaOOJIuHYy
aKTUBHICTh. BiacHe, rooBHOIO (pyHKIII€0 skHpoBoro Tia € A3 Is O B s ézseny dzO
HAKOMUYCHUX B KHUPOBOMY TiJIi MO)KUBHUX PEUYOBUH BIUIMBAE HA IIBHIKICTH POCTY
KOMax, TepMiHH MeTaMop(o3y 1 PO3BHTOK S€Ib, & OTXKE XKHPOBE TLIO MUITXOM
HArpoMa/DKEHHs a00 BUIUICHHS B TeMOJIM(Y KIOYOBUX MOJICKYJ KOOPAUHYE

pict, Mmeramop(03 Ta pO3MHOXKECHHS KoMax. JKupoBe Tiio Takox BUKOHYe 1S § 1St dzlz
GyHKIIO, MATPUMYIOYM BHYTPINIHI OpraHW B TOpPOXKHHMHI Tima, € O3 Myd o3
3d M € Odedzv i) dusizacosts 2 & & ts B3 KopilAf ‘tetsH 2 € Is d Ta 5B d
Oepe yuactb Bix H j IstsC Mdu§r@te'j 'L j tco 5d3 § dz' |safedmeuge di3ts
cyorimogepmaibie L O B O te 9 igjjngzdz®s tc d3ts @zdils d d3' € tcts B .dZ' 1 J

Opranu CBITIHHS KOMax € BUJIO3MIHEHUMH AUITHKAMHU >KMPOBOTO TiIa, SIK1
pO3TalllOBaHl IMMiJi MPO30pOI0 KYTHKYJIOK 1 MaroTh OaraTy Tpaxeario.
Knitau opraniB cBiTiHHA — W SIS 5 Y § [sGfTaTe BcepenuHi mirMeHT
dz¢ yd W J txdiidz3a yduacti kucHio Ta Qepmenty oz8 ydw J tc O
okuciooThes a0 5§ iy d dz¥ y di Wippagxyedzpakrepre xoBTe cBiTIIO.
PosramoBani mig ¢poronutamu te | W dzj € Is 5t deinOusarales clsitofodzd
JOTIOMOTOI0  KPUCTAJIIB CEYOBOI KHUCJIOTH, SIKAHMH BOHHU 3allOBHEHI.
Jlrouudepun-monudepasHa cucreMa >KyKiB CBITJISIKIB 3aCTOCOBYETHCS Y
XapyoBid MPOMUCIOBOCTI JJi BHUABJICHHS OaKTepiadbHOro 3a0pyIHEHHS
MPOJYKTIB (OKUCIEHHs JouudepuHy BiaOyBaeTbcs npu HasiBHOCTI AT,
AKa BUPOOJIAE€THCA )KUBUMH OpraHi3aMaMH) Ta B MOJIEKYJISIpHINA 010J10T1T — SIK
MapKep NEBHUX T'€HIB Ta MATOJOTIYHUX CTaHIB KJIITHH.

TkaHUHU KUPOBOTO Tijla MOXKYTh MICTHUTH 4 OCHOBHI THNU KiiTHH: StetsW 5y d IS ©
ey dis dyd Is 5 ¢ lslas y.duldafs W 5 yapds@H * § S eedalmgrs
OUIBITY YAaCTHHY JKHPOBOTO Tija, a B JCSIKUX KOMax BOHU € €IMHUM THUIIOM HOTO
KiIiTiH. ['omoBHA (DyHKINSE TPOPOUMTIB TMOJNSITA€E B TIEPETBOPEHHI BYIJICBOJIIB Ha
3amacHi JIMiJId, CUHTE31 Ta MOAAJIBIIOMY 3amacaHHl PI3HOMAHITHUX PEUYOBUH,
cepell SKUX — Tperajgo3a (KOMalIuHUN «IIyKOp KpoOBi»), BiTeniH (OUIOK, IO
ckaagae 10 90% >xoBTKa SILIS), CTICiaIbHI TPOTETHU, 1110 BOHHU PETYIIIOIOTH BMICT
TOPMOHIB y reMostimMd1, 3armacHi OUTKOBI peYOBUHH, sIKI BAKOPUCTOBYIOTHCS 111 4ac
nianay3y Ta MeraMopdo3y, TeMorIo0iH (y JMYMHOK KOMapiB-XIPOHOMIJT), a TAKOXK
rJIiKoreH Ta Tpuriinepuau. [{ikao, mo moaiOHo 10 MPOIIECiB, MO BIIOYBAIOTHCS B
MEYiHIll JIFOJAWHU, TJIKOT€H >XHPOBOTO TiJla BUKOPUCTOBYETHCS KOMaxXamH JIJisi
HIATPUMaHHS IEBHOTO PIBHA «IIYKPY KpOB1» Tperano3u (AuB. po3ain 5.1 «3aranibHi
0COOJIMBOCTI OOMIHY PEYOBUHY). JleTokcuKailisi reMoiMpu TakoX 31HCHIOETHCS B
TpodouuTax. 3Ae0UTLIIOr0 OOMIH PE3epBHUX PEUOBUH 3AIMCHIOETHCS 32 €IMHOIO
CXEMOI0: CHHTe3 y TpodoluTax > BHAUICHHS B reMoiiMdy > 3amacaHHs B
KUPOBOMY TUIl > BUKOPUCTAHHS y «CKPYTHI 4acw». Monoai TpodoIuTH, SKUX
MOKHa CIIOCTEpIraTd B €MOPIOHIB, JIMYMHOK MOJIOJAIIOTO BIKY Ta y KOMax, IO
rOJOJYyI0Th, HaraayloThb 3a CBOE€I OYJOBOIO TE€MOLMTH, 3 SKUMH TPOQPOLUTH
MOXXYTh OyTH TMOB’SI3aHUMHU (UIOTEHETUYHO. Y JOpPOCIUX JTUYMHOK Ta 1Maro
TpoQorUTH 30UIBIIYIOTHCS, IXHE SAPO CTa€ JIOMATEBUM, a IUTOIIa3Ma
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BUPI3HIETHCSA 3HAYHOIO KUTBKICTIO 1 BEIMKMM PI3HOMAHITTAM Bakyosb. U e sy @ Is d
TUMIOBUMU KJIITUHAMHU >KUPOBOTO TiJla KOMAax 13 IOBHUM NEPETBOPEHHAM 1
3yCTPIYAIOThCS TMEPEBAKHO B JMYMHOK. Lli KIITHHM HAKOMUYYIOTH MPOIAYKTH
O011KOBOro OOMIHY Yy BHIJIAJI ypaTHUX TpaHyd 1 4YacTO CKyIYeHI B IIEHTPI
»upoBoro Tuia. ['panynu Ha 75% ckiamaroThes 13 C€40BOT KUCIOTH Ta HA 25% — 3
oinkiB. Hanepenoaui abo mia yac JsIbKyBaHHS ypaTH MEPEXOasITh 10 KUIICUYHHKA
1 TCII OKPWJICHHS BHAUISIOTHCS HA30BHI y CKJIaJl MEKOHi0 (auB. po3ain 4.2.3
«Bamgas kumkay). [ © Y J st B Y Is j to ' mismdgrd dsicfiennnx cumOioHTiB
KoMax — rpubiB Ta OakTepid, BIAMOBIIHO. Y TapraHiB BOHH PO3MIIICHI MOPYyY i3
YpaTHUMH KIIITUHAMH, 1110 HABOJUTh BUYCHHUX HA AYMKY PO Y9acTh CUMOIOTHIHHUX
OakTepii B a3oTHOMy OOMiHI. J[0BONI YacTO MILETOLMTH YTBOPIOIOTH OKpEMI
AHATOMIYHO HE IMOB’s3aHi 3 JKUPOBUM TLIOM CTPyKTYpu — O3° Y J Islmadggminy
BIJl PEIITH KJIITHH KAPOBOro Tina J dzts a1 exTomepmanbHe MOXOMKCHHS.
[le xmiTHU, gKi TOmOrpadiuHO MOXYTh OYyTH MOB’S3aHI 13 KUPOBHUM TIJIOM, aje
HEPIJAKO PO3MIIIEHI OKPeMO BiJ HbOro. BOHU CHHTE3yIOTh KYTHUKYJSPHI BOCKH, a
TaKO’)K TOpMOH JuHSHHA J § H ' (mus. dpos3nin 2.4 «JlunsaHs»). Brnpomomxk
PO3BUTKY KOMaxy €HOIIUTH 3a3HAIOTh CYTTEBUX MOP(OIOTIYHUX 3MiH, SIKI MAlOTh
MUKIIIYHUN XapakTep 1 MpUypoOYEHi J0 JUHSHHA — B HUX 3MIHIOEThCA (popma 1
po3Mipu szpa, Gopma KIITHHH 3 OKPYIJIOi MEPETBOPIOETHCA Ha 3ipyacty ado
jomareBy. [HOAI EHOIMTH PO3MHOXKYIOTHCS aMmiTO30M, a y JESIKUX KOMax —
BUpOCTalOTh 10 moHaa 150 Mkwm, cknagatouu 1/5 posmipy yciei tBapunu. Lli
KJIITUHA YacTO MOKHa 3HANTH B reMoyiM(i, MO MOPsA 13 IHIIMMU O3HAKaMHu
(3akyagaHHs, TICHUM (YHKIIOHAIBHUN 3B’SI30K) Jla€ IMIJICTaBy TOBOPUTU MPO
XKUPOBE TIIO 1 reMoliMy SK IpO CHUIbHY, €JUHY TKaHMHY BHYTPILIHBOTO
Cepe0BHINa KOMaXH.

5.2.2 Hedpountu. Hedpouutn, sxux inoai HaszupaioTh OIS te ts Yy d a6 d3d
fjtcdC OtcH' Odz' dzefiagth MmcGogzpMsngfueza@xBafxenns i posmimeni
B mopoxHUHI Tuma. OcobmuBo Gararo iX B TOpsAI 13 ceplieM Ta Ha CTIHKax
KHUIIIEYHUKA. XapaKTepHUMHU OCOOIMBOCTIMHU HedpouutiB € ToBcTa (M0 100 HM)
0azajpbHa TUIACTHHKA, IO OTOYY€ KIITUHHM, YUCICHHI BHUPOCTH IIa3MaTUYHOL
MeMOpaHu Ta TIIKOKAIIKC 13 penentopHumu Oinkamu. Hedpouutu BBakaroTh
BOKJIMBUAM €JIEMEHTOM IMIJTPUMAaHHS CTaJOCTI BHYTPINIHBOTO CEPEIOBUIIA
oprasizmy (romeocra3y) komax. Lli KJIITUHU 31aTHI CHHTE€3YBaTU 1 HAKOMUYyBaTH
JesKl  KOJIOIAHI PE4YOBUHM (NEpPEeBAXHO MPOTEIHW), MIATPUMYIOUM TIE€BHUMN
OCMOTHYHHUH THUCK y TemMosiMQi, a TAaKOXK HAKOMUYYBaTH B COO1 MaKpPOMOJICKYJIH,
OTpUMaHI1 13 TPOAYKTIB >KUBJICHHS (XJIOpO(dis, reMoriiodiH), 3HEMKOHKYBAaTH
OTpYHHI peyoBHHM Ta OakTepiil (3a ydacTi Ji300UMYy — MPOTEiHy, L0 PYHHYE
CTIHKY OakTepiaiabHOi KIITHHHU). BHUOIpKOBICTH HEPPOLUTIB 3yMOBIIOE Oa3anbHa
MJIACTHUHKA, SIKa Mpaltoe sk GUIbTP, Ta perenTopHi O1ku. ba3zanpHa miacTUHKa He
JIO3BOJIIE HEePPOLMTAM 3aXOIUTIOBAaTH BEJIWKI YaCTOUYKH, SK IIe¢ pOOJIATH,
MPUKIIAJ0OM, TEMOIUTH, a TUIBKK TMOTJIMHATHA PO3YMHHI PEUOBHMHU 13 TeMoJaiMpu
NUIIXOM THOIMTO3y. OTXKe, He3BaKaro4M Ha Ha3By, HEDPOIMTIB Kpale
BITHOCHUTH JI0 TPYNU METabONIIYHO aKTUBHUX KIIITHH, K1 MATPUMYIOTh TOMEOCTa3,
aH1K PO3TJISAATH K €KCKPETOPHI CTPYKTYPH.
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5.3 BoaHo-coaboBHii 0asiaHc i ekckpenisi. Peaxiii, mo BigOyBatoThCs B KIITHHI
3a y4acTio (DepMEHTIB, 3aBXKIU NPOXOJATh B JyXkKE BY3bKHUX MexXax (Pi3uko-
XIMIYHUX YMOB. ﬁﬂeTLCH, Hacamrepea, MPO KHCIOTHICTh Ta 10HHHUM CKJIaf
CepellOBHUIIA PeaKlilii, Ikl BIUTMBAIOTh HAa aKTUBHUM 1IEHTp depMeHTy. BiactuBocTi
KJIITHHHOI PIAWMHHU, B CBOIO Uepry, 3ajekaTh BiJ BJIACTUBOCTEH TremoiiMdu, sKa
oMmuBae KITHUHY. OTXe, repej; KoMaxoro MOCTa€E HEeMpOCTa 3ajayda: MiITpUMyBaTH
BIJIHOCHO CTajJy KHCJIOTHICTh TemosiMbu 1, OJHOYACHO, BHAAIATH OTPYHHI
PEUOBMHU Ta YyTPUMYBATH KOPHUCHI CIONyKu. Lle 3aBmaHHs yCKIaJAHIOEThCS IIe U
TUM, [0 KOMaxW MENIKAIOTh y pa3ioye BiIMIHHHUX cCepeloBUIIaX. MeIkaHil
CYXOJI0JTy BTpa4yaroTh BOJlYy Y€pe3 BUIIAPOBYBaHHs, IPICHOBOIHI KOMaxH OOPIOTHCS
3 HagMIpHHUM OOBOJHEHHSM OpraHi3My Ta BTpaToOl0 10HIB, a MOPCBHKI Ta
COJIOHOBOJIHI — HAaBIIaKH, 3a3HAIOTh 3HEBOJHEHHS 1 MarOTh MO30yTHCS 3alBUX
coiet (muB. po3ain 5.3.4 «loHHa perynsiis NPICHOBOJHUX 1 COJIOHOBOJHUX
koMax»). [liniTpuMaHHS BOJHO-COJBLOBOTO OallaHCy Ta BHIUICHHS TMPOJYKTIB
OOMIHY € TIOB’SI3aHMMH MDK COOOI0 MpOIeCaMH, sIKI BUKOHYIOTH E€KCKPETOpHI
opranu. Ha BigMiHYy BiJ CCaBIiB KOMaxXW MalOTh PI3HOMAaHITHI E€KCKPETOPHI
opranu, QyHKIT MK SIKUMH PO3MOJUISIOTHCS MO-PI3HOMY 3aJIEKHO BiJl CIIOCOOY
KUTTS 1 TPOPIUHUX yII0100aHh KOMaxH, MPOTE BC1 BOHU MAIOTh CH1JIbHI IPUHITUITN
po0OTH, TIPO SIKI WIIETHCA HIDKYE. Y MEepeBaKHOT OUIBIIOCTI KOMaxX IOJIOBHY POJIb B
UX Tpolecax BIAIrpaloTh ManbmirieBli CyJIWHA 1 3aJHS KHUIIKA, SKI TICHO
OB’ 513aH1 MIXK COOOIO SIK aHATOMIYHO, TaK 1 (PYHKL1OHAJIBHO. Perymsuist eKckperil
Ta BOJIHO-COJLOBOrO OOMIHY 3ailicHIOEThCS ropmoHaibHo: (1) H ' EZtej Isd yc
G 15 to dgtsidgiitoe BUpOOICHHS MEpBUHHOI cedi MaublirieBuMu cynuHam, (2)
OdzsdH " EZtc] Is d wrdathat naGibijsxdpis gaocopOIIifo B 3aaHIi KUIIIII.
CuHTE3yI0Th 00MABAa TOPMOHU HEHPOCEKPETOPHI KIITHHH, SIKI MICTSIThCS B
LEHTpaJIbHIM HEpBOBIM cucteMi Komax (AuB. po3aul 9.7 «EnagokpuHHa cuctema
KOMaxy»).

5.3.1 A30TOBMicHI NMPOAYKTH 00MiHY. YHAcCHIJOK KaTaOOMIYHUX peaKIlii, SK-OT
po3KJiafjaHHsl OUIKIB Ta HYKJICTHOBUX KHUCJIOT, BHHHUKAIOTh PI3HOMaHITHI
a30TOBMICHI TMPOAYKTH OOMIHY, SKHX MOJKHa OXapakTEepH3yBaTH 3a TpbOMa
BOKJIMBUMU JUIsi Opra”iaMy o3Hakamu: (1) CTpyKTypHa CKIAIHICTh, (2)
TOKCUYHICTB 1 (3) po3uMHHICTh. Mk MMM TphOMa MOKAa3HUKAMU ICHYE TIPSIMUMN
3B’A30K: HAMCKJIATHINI CIIOJYKH MalOTh HAaMEHIY TOKCUYHICTh 1 PO3UMHHICTD,
HANIPOCTIlll — HAWBUILY TOKCHUYHICTh 1 PO3YMHHICTH. llepenik pedoBuH, sKi €
KIHIIEBUMHU MPOJAYKTaMU a30THUCTOr0 OOMIHY B KOMaX, MO€ OyTH BEJIUKUM, ajie y
NIePEeBaKHOT OLIBIIOCTI BHIIB 3yCTpidaroThCcs I'sATh pedyoBmH: M j Yyso © ,€ d M
O dzdzO dzl®EHZdzt2 dzls t€ * d dgtsipdgy Q) s ordd @aR'. B Soznauenomy psi
Ce4oBa KHUCIOTa Ma€ HaWCKiIaaHimly OyaoBYy 1, BIANOBIAHO, HaWMEHIY
TOKCUYHICTh 1 PO3YMHHICTh, a aMiak — Halmpocrtimy OyJIoBy, HaWBUILY
TOKCHUYHICTb 1 HAWBHIIY pO3YMHHICTh. KOoMaxu, siki )KUBYTh Ha CyXOZOJIi, Ta Ti, K1
TUMYAacOBO HE BHUIIOPOXKHSIOTHCS, BUMYIIEHI BHUTpadyaTH €HEPril0 Ha CHHTE3
MaJIOTOKCUYHOT CEUOBOi KUCIIOTH, IKYy BOHU MOKYTh IIE€BHUM Yac HArpOMaj»KyBaTH
B CBOEMY TUIl Ta BHUAUIATH HA30BHI Maibke B CyXOMy CTaHi, 30epirarouu
JOPOTOIIHHY BOMy. Takux komax — abcomroTHa OUThIIiCTh. BomHi MemkaHI Ta
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MOMENUI[l MalTh MOXIIMBICTh BHUAUIATH PO3UYMHHUN y BOJI, aje TOKCHYHUUN
aMOHIl, HE BUTpAayalOYd CHEPril0 Ha CHHTE3 CKJIAJHININX  CIIOJYK.
3HENIKO)KYBAaTH aMOHIM TOTENUIISIM JI0TIOMaraloTh cuMOioTHyH1 Oaktepii. Kpim
EKCKPETIB, KOMaxu BUJAJIAIOTH 13 OpraHi3My KOHTaMiHAaHTH («3a0pyaHIOBAY») —
IIK1IJIMB1 200 «3aiiB1» PEUOBUHU, OTJIMHYTI 13 TKEIO.

5.3.2 MaasnirieBi cyauHu. ['0JIoOBHUMHU opraHaMH €KCKpelii MPOayKTIB OOMIHY
komax € [ OQdz! ' ¢ ‘-8 ‘rpyoduck pazdh 3amHBOI KUIIKK, BiIBHUI
KiHEI[b SKUX YaCTO € PYXJIMBHUM 1 OMUBAETHCS reMoniMdoro. CTiHKA CYyAUHU Pa3oM
13 M’S30BUMH BOJIOKHAMH MICTHUTh 3aJIO3UCTUN emiTenid pizHoi OymoBu. Yci
CEKPETOPHI KIITHHU MalOTh BKPUTI MIKDOBOPCHHKAaMHU BEPXIBKHU 1 € OaraTuMu Ha
BaKyoJIi Ta MITOXOHApIi Ta MOAUIAIOTBCS Ha ABI rpynu: (1) mormuHambHI, SKi
AKTUBHO TIOTJIMHAIOTh PEUYOBUHM IUISIXOM €HAOUUTO3Y, (2) BUIUIbHI, SKi
BUJIJISIIOTh PO3YMHHI W HEPO3YMHHI (y BUIJISI KOHKPEMEHTIB) MPOAYKTH. YacTto
emiTeManbHl KITHUHU ManbmirieBux cyauH AudepeHiliiioBaHi y MpOKCUMAaIbHO-
JUCTAIbHOMY HAmNpsIMKy, TOOTO BiJI OCHOBH CYAMHHM 1O ii BUIBHOTO KIHII,
MPUYOMY E€KCKPETOPHI (BUAUIbHI) PO3MIIlIEH] MOOJHU3Y BUIBHUX KIHIIIB CYJWH, a
IHKPETOPHI (MOTJIMHANIbHI) — MOOJIM3Y MICIS BIAJIaHHS CYJUHU B 3aJHIO KHIIIKY.
BBaxaroTp, 1o momioHa mpocTopoBa audepeHiamnis € HEoOX1THOK YMOBOKO
e(peKTUBHOTO (PYHKIIIOHYBaHHS CyIuHH. Bimomo, mo cedoBa KuCIOTa, sIKa €
HANMOLIMPEHIIINM NPOJAYKTOM BUAUIEHHS KOMax, € MaiyKe HEPO3UMHHOIO y BOJII.
i xpucranm, sKi BHAINAIOTHCS EKCKPETOPHHUMH KJIITUHAMU B IIPOCTIp IyXKe
BY3bKHMX ManbnirieBUX CyAuH, NEPETBOPIOIOTHCA HAa PO3YMHHI B BOJI COJMI
(30e0UIBbIIOrO KaieBi) 1 BXKE€ B PO3UMHEHOMY BHUIJISIAI TPAHCIOPTYHOTHCS [0
3aJIHbOI KHUIUKH. JIJIs1 yTBOPEHHS PO3YMHHOI COJl MOTPiOHI 0coOsuB1 (i3UKO-
XIMIYHI YMOBH, 30KpeMa BUCOKUM pH, BHCOKMH OCMOTHMYHMI THUCK Ta Boja. Y
JUCTaNbHUX (OJMKYMX 10 BUIBHOTO KIHLSA) BIJ1JIaX BCEPEAUHY CYIUHU MACUBHO
3aCMOKTYIOThCSl BOJIa, aMIHOKHCIIOTH Ta IMPOCTI BYTJIEBOJAM Ta aKTUBHO — 10HU
KaJlilo Ta, 1HOM1, HaTpito. [li7 yac TpaHCOPTYBaHHS PO3YMHEHUX COJIEH CEYOBOT
KHUCJIOTH B HANpsSMKYy 10 3aaHbol BUIIKM pH moctymoBo manae, 1 Onmkue 10
3aJIHBOI KHIIIKU Yepe3 BTPATY 10HIB 1 OPraHIuHUX CITOJIYK I1aJ1a€ OCMOTHYHUM THUCK,
a CoJll CeuyoBOi KHCJIOTHM BHUManalTh B ocaa. Kpucramm cedoBOi KHUCIOTH
NOTPAIUIAIOTH JI0 3aIHbOT KUIIKHU 1 BXOISATH JI0 CKJIay €KCKPEMEHTIB KOMax.

AnatomiuHO ManbmirieBi CyIuHH MOXYTh OYTH MO-Pi3HOMY MOOYJOBaHUMU —
pOo3ranyKeHUMHU, BOPCUCTUMH, 3AYyTHUMH Ha BEPXIBIIl TOII0. Y 0ararbox Komax,
OCOOJIMBO THX, XTO MEIIKAa€E B yMoBax JedinuTy Boau, ManbmirieBi CyauHH
BITBHUMH KIHIISIMH TIUTBHO «IPUJUMIAOTHY 0 3aJHBOT KHUIIKH W OrOPTArOThCS
CHUIBHOIO 000J10HKOI0. Taki komruiekcn HasuBaroTh § to6 d f Is ts dzj W dcixhiim
MPU3HAYEHHSIM € «I1IJIbOBE» BUKOPUCTAHHS BOJM, 10HIB T4 OpTraHIYHUX CHOJYK, SKi
MOTJIMHAIOTHCS B 3aJIHIM KUIIII 1 OApa3y MOTPAIUIAIOTh 0 MOYATKOBUX BIJUILIIB
ManbnirieBuxX CyauH, 1€ BUKOPUCTOBYIOTHCS JIJII CTBOPEHHS YMOB, HEOOXIJTHUX
JUISL TPAHCTIOPTY CEYOBOI KUCIIOTH.

5.3.3 PekranabHi cocouku. BaxmuBy poib y MOIATpUMaHHI BOJHO-COJIHOBOTO
Oamancy remoiiM(u BUKOHYIOTH PEKTalbHI COCOYKH, SKI PO3TAIlOBaHI B CTIHII
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HANOMMKUOTO 0 aHyCy BIIAUTY 3aJHBOI KHIIKH — MPSAMOI KUIIKH, a00 peKTyMma
(muB. posain 4.2.3 «3amHa KuIIKa»). PekTanbHI COCOUYKH SBISIOTH COOOIO
MOTOBIIEHHS CTIHKM KHIIKH Yy BUIVBIAL paJiajibHO PO3MIIICHUX TO30BXKHIX
BaJIUKIB a00 ropOKiB, III0 BIMHAIOTHCA B MPOCTIp KHUIIKUA. KIIITUHU peKTaabHOTO
COCOUYKa MICTATh PO3MIIIEHI B OCOOJMBHUX BHPOCTaX 10HHI HACOCH, TaK 3BaHI
B3 s~ BdzH t6° O dz'zadzgpaxyndfk adzifsdoro TpaHCHOpTYy CTBOPIOKOTH
PI3HHUIII0 OCMOTHYHOTO THCKY MDK KIITHHAMU 1 BMICTOM 3aJHbOi KHIIKH. Lle
BUKIIMKa€e Mu(y3ii0 (3BOPOTHE BCMOKTYBaHHs, a00 peabcopOIlito) BOAM 13 BMICTY
3aJHBOT KHUIIIKH Yepe3 eMiTeNii peKTaJIbHOr0 COCOYKa B TEMOTIMQY.

5.3.4 IonHa peryJsinis NPiCHOBOAHMX i COJIOHOBOJAHMX KOMaXx. Baxinporo
CKJIaIOBOI0  MeTaboii3My  MPICHOBOJHUX  KOMaX, fAKI  MEMIKaloTh Yy
TIOOCMOTUYHOMY CEpPEJIOBUII, € NMOTJIUHAHHS 10HIB — aKTUBHUN MpOLEC, SKUAN
B1IOYBAa€ThCS 3a YYacTIO 10HHHUX HAcociB. JlesIKUM BOJHUM JBOKPWJIMM Ta
JMYUHKAM  BOJIOXOKpWIIBIIB mpuTamanHi O dzO dz/ dz' — tr@rifocTiekzd
najgb4acTi BUPOCTU CTIHKU Tijla MOOJU3Y aHaIbHOTO OTBOPY, CTYIIHb PO3BUTKY
SAKUX 3aJIeKUTh B COJIOHOCTI BoaM. Hampukian, y MEMIKaHIIB COJIOHYBAaTHX
BOJIOWM, SIKI Mai’ke HE BiIUyBalOTh JAC(PIIUTY 10HIB, aHAJIbHI MAMIIN MPAKTUYHO
Hepo3BuHeHi.  [loogwHoki - dztSte d H dz' a@odz ' ristth dzdfo-pizHomy
nudepeHIifoBaHNX KIITHH y cKiIaai m 0zt te d H dzts G Snodpasapipmszgrics z
3-MOMIDK  KJIITHH  TINOJEPMH  YHUCICHHUMH  BE3UKYyJIaMHd Ta  JIPYaCTUM
KYTUKYJISIPHUM MOKPHUTTSAM y BUIJISIII TOHKOCTIHHHX OOpOAABOK 20O KBITOYOK Ha
3si0pax, Horax a0o CTEepHITaxX 4YepeBls KoMaxu. J[eski KOMaxu MarThb OKpeMi
JUISIHKY T1MOJEPMHM, CIelializoBaHl JJisl MOTJIMHAHHS COJied — 1€ Tak 3BaHUM
n Izste d H dzd 2, sxyiif Mod® jmiz'utdics Ha depeBili (Y BOJOXOKPUIIBIIB),
no6im3y anyca (y MyX) Ta Ha CTIHKax npsiMoi kuiiku (y 6adok). Heuncnenni Buau
KoMax (Aesiki BOASHI KJIOMHU, JUYMHKA KOMapiB-J3BIHIIIB Ta BOJOXOKPUJIBIIIB), SIKI
MEIIKAI0Th y TIMEPOCMOTUYHOMY CEpPEIOBHUIIl COJOHYBAaTUX O03€p, JIMMaHIB Ta
MOPIB, BUAUISIFOTH COJII 32 Y4acCTl EKCKPETOPHUX OPTaHiB, a Ne(IlUT BOAU JOJIAIOThH
K MENIKaHIll CyXOJO0Jly — 4Yepe3 3MEHIIEHHS MPOHUKHOCTI TIOKPHBIB Ta
BUJIIJICHHS CYXHUX €KCKPEMEHTIB.

IIuTaHHAa 1)1 CAMOKOHTPOJIIO:

[I{o aHaTOMIYHO CTAHOBUTH COOOIO KHUPOBE TLJIO?

Sk 3aKyala€Thes )KUPOBE TIIO MMiJ] YaC OHTOTeHe3y?

SIKi TUNU KJTITUH BXOJATH A0 CKJIaay KUPOBOIO Tijia, AK1 GYHKIII] BOHU BUKOHYIOTH?

Ilo Take mireTomu?

Slkuit ByrnieBo1 BUKOHYE (PYHKITIT KOMAITMHOTO «IYKpy KpoBi»? Jle BiH cuHTe3yeTbes? Jle

1 B sIKift popmi 3amacaerses?

Jle micTaTbeA Ta SIKY QYHKIIII0 BUKOHYIOTH HepouuTu?

7. I3 sKOro 3apoJKOBOrO JIMCTKA MOXOAATH MaubIirieBi cyaunu komax? SIki ¢pyHKuii BOHH

BUKOHYIOTH?

o Take kpuntonedpuaii? SIkum € ixHe Npu3HaAUYECHHS?

9. ki kiHHeBlI MNPOAYKTH OITKOBOrO OOMiIHY BHAUISIOTE KoMaxu? YuMm 3ymoBIcHa
MOYJIMBICTh €KCKpeLii amiaky?

10. Sxy ¢yHKIIIO BUKOHYIOTh PEKTAJIbHI 3AJ1031?
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11.
12.

13.

SIKy (yHKIIiI0 BAKOHYIOTH aHaJIbHI naminu? KoMy BiracTuBi i cTpykTypu?

Sxy QyHKIII0 BUKOHYIOTh XJIOPUIHI KIITHHHU Ta XJIOPUAHHUN emiteniin? KoMy BracTuBi 111
CTpyKTypu?

Ski cTpykTypu B TiJIi KOMax MOXYTh OpaTH y4yacTh y HIATPUMaHHI BOJAHO-COJHOBOTO
Oanancy?

PexoMengoBana jitepatypa a0 Jekiii:

1)

2)

Arrese E.L. Insect fat body: energy, metabolism, and regulation/E.L. Arrese,

J.L. Soulages // Annual Review of Entomology. — 2010. — Vol. 55.— P. 207-225.
([edzvH sz O B dkdotsMmisj2 Wkdty' tsdkzeo Od
$BBOR o ' tagthdsak dpnidz))

Gaede G. Regulation of intermediary metabolism and water balance of insects by
neuropeptides / G. Gaede // Annual Review of Entomology. — 2004. — Vol. 49. — P. 93—

113. (4 IlsOlslsw odfMme " Isdzs * B3 =~ Odz" L o3d tej eglzdzv 4y’
dzj 2 tc tsifHi ' ols. leny CBtedmdzO Is(d d3, ~nlss y' COodl
CdBOR)
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Jlekuis 6
TPAHCIIOPTHI CUCTEMM: KPOBOHOCHA I IUXAJIBHA

1 OcOdz dzgd?2 § d&zOdz BEHtsead SCtwtsotsdesmdes’™ MmdMmilsj dzd

Miteyw. stocottsB' 6. WLAdEORH ’G.Jdgllﬂngddjszsq’cjlslsGsG’ d C

1dJtcotsa® SO ckdBdstcOdz! d&zO tjeobkdzwy' w H' wWdz detsfls’
sO § zOdz BkHtsed HmROdz des’™ MmdMmisj i3q: fr]lso[Gd3q, I
Hdnr Odzdzv : o j dzlsd dzv y' YO, Misd{& @3z' dz'tc OB I Asdizv totdad @ ts IS
otsHWdzdr BINCOdzy o SO f OtcOLdIs' 9.

6.1 KpoBonocna cucrema. KpoBoHOCHa cucreMa KOMax € HE3aMKHEHOIO, IO
O3HaYae, IO B Tl I[MX TBAPHMH ICHY€E €IMHA MO3aKIITHHHA pimuHa — G J (ZS dz' d3W
sKa € 0COOJMBOIO PIAKOI TKAaHHMHOK BHYTPIIIHBOIO CEPEOBUINA, HAOBHIOOYU
&3’ € ) sygpakzibxkyn MiXk BHYTPIITHIMA OpraHaMH, — 1 TUIBKH YaCTHHY CBOTO
HUIAXY MPOXOJUTh MO KpPOBOHOCHUX CyaMHax. Ha BigMiHy Bl pemTH
YIEHUCTOHOTMX, KPOBOHOCHA CHCTEMa KOMax aHaTOMIYHO HE € €JUHOI0
CTPYKTYpOIO, & IIPEACTaBI€Ha CUCTEMOIO MYJbCYIOUUX OPraHiB B PI3HUX AUISTHKAX
TiJa, AKl, MPAlIOYU Pa3oM, >KEHYTh reMoiimM@y B MEBHHX HANpsIMKax, YUM
3yMOBITIOIOTH i1 IUPKYJsALito, To0To § 16 S 9 tSHaBBiNMiHY Bim XpeOCTHHX Ta
0araTboX IHIOUX IPYI TBApHH, y4acThb KPOBOHOCHOI CUCTEMHU KOMax B TPaHCIOPTI
ra3iB € oOMEXEHOI. Y 3B’S3Ky 3 LM, aHaTOMIYHE CIIPOIIECHHS KPOBOHOCHOI
CUCTEMU y KOMax KOMIIEHCYEThCSI PO3BUTKOM JMXaJIbHOI CHUCTEMH, sika Oepe Ha
cebe PyHKIIII0 TPAaHCTIOPTY Tas3iB.

6.1.1 3araapHuii miIaH OyJI0BM KPOBOHOCHOI cucremMu. lleHTpanbHUM
CJIEMEHTOM KpOBOHOCHOT cuctemu komax € jif d dz© , i wraed®z®r y3m0Bk
CIIMHHOTO OOKYy TiJla 1 MOJUIAEThCS Ha JUISHKY, 110 Mae kamepu — ) J 16 Thl
TIIHKY 0e3 kamep — O s te.ls Iz

4 j 16 ¥ JANHBOIO YACTHHOIO CIMHHOI cyauuu. Moro § O d3j—tei¢f posmmpeni
mimsakn cynuad 3 §f S J toJ ydzd d3d, sxb siz@sthr@rez@vgth onna Bin
oaHOi, Ta Oiunumu orBopamu S ) Is * . Kidggicts ceprieBux kamep Bapiroe Big 12
(y TapraniB) 10 ojiHi€i (B JIMUMHOK 0aOOK Ta BOIIEH), a B ACSIKUX APIOHUX KOMax
cepiie 30BCciM He BUpakeHe. KoxHa kamepa mMae oAHy napy Oi4HHMX OCTIiiB (piauie
HEeIMapHi CIUHHI a00 YepeBH1 OCTii), OCHAIIICHUX BJIACHUMM KJIallaHaMH B TaKUU
cnoci0, 110 Kpai OCTaHHIX 3arMHAIOTHCS BCEPEIMHY cepls. 3aiHii KiHElb cepls
3a3BUYal € CNINO 3aMKHEHMM. besnocepenHpo mia ceprieM po3MilIeHI MeTaMepHi
C tod dzts § tH3u BrplgkyTHOi QopmH, sKi BXOAATH 10 CKIAAY fr] i d dedats
H' OW tc @ubs.dzdmi). CriHka cepus MICTHUTh OJUH IIap KiITbLEBHX M SI30BUX
KJIIITHH, PIAIIEe TAaKOX TO3M0BXKHI 1 Koci M’s3u. OKpiM CKOPOTIMBHX €JIEMEHTIB,
CEpIIeBl KIITHHH MAalOTh BE3UKYJIH Ta M00pe po3BHUHEHHMM amapar [ oibmki —
O3HAKH 1X aKTUBHOI CHHTETHYHOI A1SUTHHOCTI, 10 TO3BOJISIE TIPUITYCTUTH, 1110 CEPIIC
KoMax (sIK, JI0 pedi, 1 cepiie XpeOeTHUX) — 1€ He MMPOCTO HACOC, IKUH Kayae KPOB,
asie ¥ BOXJIMBUN €JIEMEHT Yy MIATPUMII TOMEOCTa3y.
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Criepeny cepiie npoaoBxkyeTbes B O 1S t6 4s-rosioBHY, a iHOAI ¥ €quHYy CynHUHY B
KPOBOHOCHIM cucTeMi koMax. Ilim cepriem, MK HHUM 1 KUIIEYHUKOM, MICTHTHCS

MY d dzdz© H, 3@ Biterlds&@ dePoxuuny Haskoso cepust (f J tod §€,QéH * 2
fJted&s OtcH ' O)dah gadrid migptedalzM3nosx yepeBHOro 60Ky UepeBIs
TATHETBC U J t6j 9 dz0O H ' @it tc @guegosye f J tod dzi 9 tc Od
(maBkononepsosuii) ) d dalgnflf j tod 0 ° 4 (es»dakudaterdns) fyd dzkz i ©
UYepeBHa piadparmMa HalKpaiie pO3BHHEHA Yy KOMax 13 HEKOHIICHTPOBAHOIO
HEpBOBOIO cucrtemoro. OOuaBi  miagparMu  SIBISIOTH  COOOK0 M SI30BO-
CTIOJYYHOTKAHUHHI CTPYKTYPH y BUTJIAJI TUIIBOYOK, HATSITHYTUMU MK CTIHKAMHU

TiJla Ha KIOTAJIT TEHTY. Y MEpPeBaXHOi OUIBIIOCTI KOMaxX BOHHU KPIIUIATHCA A0
CTIHOK TUJIa TUTBKM B JNEKUTHPKOX AUISTHKAX, TOMY TemolliM$a MOXe MepeTiKaTH 3
OJHOTO B 1HIIMKA CHHYCH Kpi3b OIUHI IIUIMHH, a TAaKOX B MEpeAHiil 1 3amHii
IUISHKAaX TIa KOMaXu.

6.1.2 Kposoo®ir. [{upkynsiiss remoniMmbu BiIOyBa€ThCS BHACTIAOK IMyJbcallil
cepust Ta miadparMm, 1 MEHIIOK MIpOI0 — 3aaHbOI 4YacTuHu aoptu. [lim yac
CKOPOYEHHSI KPWJIOMOJIOHWX M’S31B CIMHHA JiadparMa OMYCKAEThCA OHU3Y,
00’eM TIepuKap11aJIbHOT TIOPOKHUHU 301JIbIIY€EThCS, TUCK PIAMHU B HiM majgae, 110
NPU3BOJIUTh JO 3aCMOKTYyBaHHs remonimM¢u. BoaHouac kamepu cepiist
PO3LIMPIOIOTHC (J1acTona), 1 reMoiiMda Kpi3b OCTii MOTpaIUIsie BCEPEAUHY CEPIISL.
HeBnoB3i cepue ckopouyeThes (cucTona), 1 reMoniMda nepeTikae BiJl 3aJHBOI 110
NMepeHb0i  YaCTUHM Tila. 3BOPOTHIA pyxX 13 cepus B NEepUKapIId
YHEMOKJIMBIIIOIOTh KJIAallaHW OCTId, a pyXy reMoiiM(@u HazaJ NepeliKoIXKarTh
KJlanaHu MK kamepamu. LlikaBo, mo B Aeskux koMax (y capaHd 1 TapraHa)
KpWIONOAIOHT M’SI3M HE CKOPOUYIOTHCS, a PO3IIUPEHHS ceplsd BiAOYBaeThCs
MACMBHO BHACTIJOK €JaCTUYHUX BJIACTUBOCTEH CeplEeBUX KIITHH. Jleski KoMaxu
3/1aTHI 3MIHIOBaTH HAMPSAMOK pyXy reMoiaiMpu.

XBUIII CKOPOUYEHHS Cepllsl KEeHYTh remoiiMQy Briepea. [lonepeny aopra Binkpura,
TOMY TemMoJliM(a BHIMBAETHCS MPOCTO HA TOJOBHUI MO30K a00 MOOIM3Y HBOTO.
Jam motoku remMoaiMPu OpSIMYIOTh Y TEpUBICHEPATBHUN Ta MEPUHEBPATBLHUN
cunycu. UepeBHa miadparmMa Takox 37aTHA JO XBUJICTIOAIOHUX PYXiB, IPOTE BOHA
pPO3BHHEHA TOMITHO cialilie HK CIHWHHA 1 y JIeIKUX KoMax (TaprasiB, 0a0ok,
BOJIOXOKPHJIBIIIB) PEIyKOBaHA JI0 KUIBKOX MOMEPEYHUX M si3iB. M’si3u uepeBHOT
nmiadparmMu  3B’si3aHI 3 UYEPEBHUM HEPBOBUM JIAHIFO)KKOM: iXHI CKOPOYEHHS
BUKJIMKAE KOJIMBAHHS JIAHIIO)KKa BCEpeIuHI TreMojaiMdu, 110, SK BBaXKAIOTh,
MOKpalllye TMepeMillyBaHHs piIuHU. Sk Oaunmo, XapakTep NyJbcallli OpraHiB
KPOBOHOCHOI CHCTEMHM KOMax TaKuM, II0 B 3aJHIA YacCTHHI Tijda CTBOPIOETHCS
HIDKYUWA THCK, HDK B TIEepefHid, 1 remojiiMdpa Teue B HANpsIMKy BIIEpel IO
CIIMHHOMY OOKY, a Ha3a/J — Y3JI0BXK KHIIICYHUKA Ta 10 YePEBHOMY OOKY.

binst ocHOBHM a00 BcepeauH1 pi3HUX BIAJUIIB Ta MPUIATKIB Tija (aHTEH, HIr, KpuJ,
BUJIOBKEHUX MPUIATKIB YEPEBIs) MOKYTh OyTH PO3BUHEHI JOMOMIXKHI ITyJIbCYIOUl
oprand, Tak 3BaHi H S H OIs ¢ 5o 'Y ndpepatengiV 6irbmocTi KoMax BOHH
aHATOMIYHO HE 3B’S3aHI 3 TOJIOBHHUMH €JIE€MEHTaMH KpPOBOHOCHOI CHUCTEMHU —
cepleM 1 aopToro, i MOXKyTh OyTH moOyznoBani sk §f 2z dzt iz ¥ Y (y syGiesy &z dzc
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TapraHiB, IPIMOKPUINX, sAIIEKIaal TpsaMokpminx) abo M & Stesilsdzd 9 " (B d3J C
HOTaxX KJIOMAa-paHaTpu, OIS OCHOBM KpWUJ MeTelHka-Opaxknmka). llyibpcyroua
amITyjia Ma€ BUTJIS CIIOTYYHOTKAaHWHHOTO MiIlIEYKa 3 OTBOPOM Ta CYAMHOIO, sKa
IpsIMy€ BiJl MillleuKa BCEPEIMHY MpuaaTKa Tina. Jlo aMimynu KpimuTbes M’si3, SKHA
abo ctuckae ammyiy (1 TOAl PO3LIMPEHHS BIJOYBA€ThCS IACMBHO BHACIHIJIOK
€JTACTUYHOCTI CTIHOK aMITyJIM), a00 PO3IIUPIOE 11 (TO/I €IACTUYHI CTIHKA TTACUBHO
CTUCKaIOTh amiryny). JlomaTkoBi cepisi Oi OCHOBHM KpPHJI, BJIACTHBI JICSIKUM
KOMaxaM, MOXYTbh PI3HUTHCA 3a OYyJI0OBOIO, IPOTE 3aBXKIU MPALIOIOTh 32 €IUHUM
MPUHIIAIIOM — Haue MINETKU «BIICMOKTYIOTb» remoiimMdy i3 kpui. KpoBooOir B
Kpujax Takdd, 1Mo reMomiMmda 3aX0IuTh B KPWIO 4Yepe3 MepeaHi MOTro >KHIIKH, a
BUXOJIUTh — uepe3 3aaHi. CKopoTiauBi MeMOpaHM — 1€ OCHAIIeHI M S3aMu
CIIOJIYyYHOTKAHWHHI TUTIBOYKH, KOJWBAaHHS Ta Jedopmariis SKUX TOTIOMAararoTh
MPOIITOBXYBATH TeMOTIM}Y B TICBHOMY HAIPSMKY.

YacToTa cepleBUX CKOPOYEHBb 3aJICKUTh BiJl (Di310JIOTTYHOTO CTAHY KOMaxXH: Y
CIIOKO1 BOHA KOJUBA€ThCsA B Mexax 30—70 MomToBXiB Ha XBWIMHY, B MOJBOTI —
nepesuirye 100 (MakcumanbHa MIBUAKICTh CKOpOoUueHHs csirayia 310 momrToBxiB Ha
XBWIMHY 1 Oyja 3apeecTpoBaHa y JMYMHKM TapraHa), a IijJ 4Yac jianay3u
nyJibcallisi MOXKE Maike 3ynuHATUCA. [307p0BaHe ¥ 3aHypeHe y (i310710TTUHUIMA
PO3YUH ceplle KOMaxXxH IMPOJIOBKYE CKOPOUYBATHUCS, MPU I[bOMY PUTM CKOPOYEHD
3QJIaf0Th caMmi CeplieBl M’S3M BHACIIJIOK TaK 3BaHOI MIOTEHHOI CTUMYJISINI.
Jociniay nokasaiu, o BOAINA pUTMy (eHCMeNKep) KOXKHOI OKPEMOI KaMepH ceplis
pPO3MIIllICHUN B HACTyHHIW 3aAHI kKamepi. TUIbKM B KOMax, $IKi 3[1aTHI MIHSTU
HaMpsMOK pyXxy reMoiiMmpu (Hampukiang, y TIOTIOHOBoro OpaxHuka Manduca
sextg, icHylTh SK mepenHi, Tak 1 3aaHl Boali putMmy. Cepue 1HHEPBYETHCS
CUMITATUYHOI) HEPBOBOIO CHUCTEMOKO (IuB. po3aul 9.4 «CuMmaTudyHa HEpPBOBa
CHUCTEMa») Ta YEPEBHUM HEPBOBHUM JIAHITIO)KKOM, IMIYJIIBCH 3 SKHX, SIK 1 B
XpeOeTHUX, HE BUKJIUKAIOTh, @ TUTBKH PETYJIOIOTh PUTM Ta aMILIITY/ly CKOPOUYECHb.
Ha poGoty cepuis BruuBae ¥ cnuHHa giadparma. ICHYyIOTH BIIOMOCTI PO T€, IO
pI3HOMaHITHI PEYOBMHU (FOBEHUIBbHI TOPMOHHU, CEKPETOPHI TMENTHUIU TOIIO)
BIJTMBAIOTh HA CEPIEBI CKOPOYEHHS, TPOTE ChOTOJIHI MEPEeBaKAE TOUKA 30pY, IO
Taki TOPMOHAJIbHI UYWHHUKM MalOTh TUIBKM OIOCEPENKOBaHY [0, sKa
MPOSIBISIETHCS Uepe3 3MIHY METa00II3My KOMaXH.

6.1.3 T'emoaimpa. Temorimdpa xomax ckmamaetbes 13 pigkoi f§ dzOL dgd
GJ BBsydls z&® L d3@O6inpmoro € mpo3oporo, 1HOAI  KOBTYBATOIO,
3€JICHKYBAaTOl, 1 TUIBKM B JIESIKUX KOMaX — $CKpaBO 3a0apBIEHOIO PIiJIMHOIO
(HampuKIIa, y 4YepBOHUN KOJIp — Yy JIMYMHOK KOMapiB-XipoHoMin). OKpiM BOJH,
saka ckiamgae 75-90%, BoHAa MICTUTH JUCOIIMOBAaHI COJi, TMOXXKHUBHI PEYOBUHU
(6inku, Tperanosa), (epMEHTH, TOPMOHH, CEYOBY KHCIIOTY, MITMEHTH TOIIO.
CriBBIJHOIICHHS [IUX PEYOBHH € YK€ MIHJIMBUM 1 3aJI€KUTh BiJ] CACTEMAaTUYHOTO
MOJIOKEHHST KOMaxH, ii parfiony Ta ¢i3io0oriuHoro crany. Cepell TOJIOBHUX O3HAK,
0 BHUPI3HAIOTH IUIA3My KOMax Cepea IHIIUX TBApPUH — BHUCOKUH BMICT
aMIHOKHCTIOT 1 OinkiB, mimiaiB (y caMOK Tepea BiIKJIAJaHHSAM S€Ib, M dYac
JOBrOTPUBAJIMX TMOJBOTIB, TMepe] JHHSIHHSIM TOILIO), Mi3€pHa KIJIbKICTh
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MOHOCAaXapuaiB (3ragaemo, M0 KOMAIIMHUM «IIYKPOM KpOB1» € OCMOTHYHO
IHePTHUN JMcaxapu]i Tperajgo3a), IJIIepruH Ta copOiT, K1 MPaIOI0Th B3UMKY SIK
anTudpusu (AuB. po3au 5.1 «3arajibHi 0COOIMBOCTI 0OMIHY PEUOBHH)).

I'emomimda GaraTboX KOMax MICTHTh AaHTHOIOTHKU Ta JII30ITUM, SIKHH, SK
BIJIOMO, pO34MHs€ OakTepialibHy 00OJIOHKY 1 3abe3mneuye HecnenudiaHui
imyHiter. [lonpu Te, mo B remMoiiMQpi KoMax aHTUTLIA HE yTBOPIOIOTHCS,
BaKIMHAIlSA TIOMIEPE/Kye OaKTepialibHe 3aXBOPIOBaHHS, SKE BHUKIUKAE
CHUHBOTHIMHA naymyka Pseudomonas aeruginQsShuyHiTeT BHHUKAE ITiCIsA
OJTHOPA30BOTO BBEJCHHS BaKI[MHHU, CATA€ MaKCUMyMy 3a 24 TOAWHH 1
30epIiraeThCs MPOTATOM KITBKOX JTHIB.

["onoBHMMH (pyHKIIsIME TUTa3Mu TeMomiMpu € Taki: (1) IS te O dzi § Grisus G

MOKMBHUX PEYOBUH, TOPMOHIB, MPOJAYKTIB 00OMiHy Tomo), (2) tej L J oo &

(TuM9acoBo Hakomudye Mertabomitu), (3) H Y J o dzts € dz' IsHfyolzekts

nedinury Bojoru, (4) B z W j e Ogfh 3miHax KUCIOTHOCTI cepenoBuina, (5)
G' HiO9 dz' axplzdu® uvaded® ~riza i, 30Kkpema, y4dacTb y JUHSHHI, (6)
Isj teddstcj G 2 dzW Is ts tc dzO

VY BenukuxX Komax, skl AoOpe JTaiTh (MpIMOKpUINX, 0a00K, METEIHUKIB,
JESKUX TIEPETUHYACTOKPUIINX), PyX TeMOTIIiM(pU HE TUIBKU CKOOPAMHOBAHUIMA
13 JUXaJbHUMH pyXaMd 1 TMOKpailye ra3000MiH, aje W jornomarae
OiATPUMATH  ONTUMAJIbHY  TEMIIepaTypy Tija: MAITPITH  JITalIbHY
MYCKYJIaTypy, SKIIO TEMIIepaTypa 30BHIIIHBOIO CEpEeIOBUIIA € HAJATO
HU3BKOIO («Teruiay reMojiMda HUPKYITI0E B MEKaxX IPyJieH 1 31rpiBae M’ si3u),
ad0 OXOJOIWUTH M A3U TiJ Yac IHTEHCHUBHOTO TOJIbOTY (IIpU ULBOMY
BEHTpaJibHa Jiad)parMa I1HTEHCUBHO CKOPOUYETHCS M KEHE «HArpiTy»
remoiM@y Jani B yepeBlie, 1€ BOHA OXOJOIKYETHCS ).

1 4 O3ts Yymhisre mezomepmanbae mOXomKeHHS. Y MOCTEMOPIOHAIEHOMY TIEpPioi
PO3BHTKY BOHH BiJITBOPIOIOTHCS B ocobmuBux G J BB Y 5] Is d y dzdde
0e3mocepeTHbO Y MIKCOIIeNi. ['eMOmoeTH4H1 CTPYKTYPH BiOMI B 6ararbox KOMax.
Hanpuknan, y usipkyHa Gryllus— e aBi rpynu KIiTHH y APYromy i TPETbOMY
CerMEHTaX YepeBIs, SIKI MOB’S3aHl 13 COUHHOIO CYIAMHO0. ['eMOonoeTHyH1 opraHu
[BIpKYHa HE TUIbKH BHPOOJIAIOTH JIEAKI TUIHM TEMOIIMTIB, ajie W € ocepelKamMu
darommro3y, npuuomy o0uaABlI GyHKIII (KpOBOTBOpYa Ta IMyHHA) MOXYTh
BUKOHYBATH OJIHI U Tl K caMi KJIITHHH, ajie HeoaHoYacHO. ToMy mia yac iHdekii
KOMaxa 3/1aTHa BUPOOJISATU MONEPEAHUKIB TEMOIUTIB 13 MEBHUM 3aIli3HEHHAM. Y
Oaratb0X KOMax BCl a00 Maii’ke BCl TE€MOIMTU PYXalThCA TIIOM pa3oM 13
reMoJiiMoro, MpoTe € Taki BUAH, TEMOIUTH SKUX 3aJTHUIIAIOTHCS MPUKPIIICHUMU
70 TKAHUH B MOPOXHUHI Tija Ta HE LMUPKYIIOIOTH 13 reMosiMoro (HampuKIa,
BUIBHUX I'€MOIIUTIB HEMAE Y JOPOCTUX KOMapIB).

Po3pi3HAIOTE TpY OCHOBHI THIU T'€MOLUTIB — MPOTEMOIIMTH, IJIa3MaTOIUTH Ta
TPAaHYJIOINUTH, 13 SKAX BUBOAATH YCI IHIN YHCICHHI TWUMU KIITHH, MO BOHU
3ycTpivaroThess B remoiimdi komax. } tets 6 j d3fsabpdiidsdis 0 B Iz to 5 9—
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— 11e ApiOHI OKPYIJIl KIITHHHU 3 BEJIUKUM SAPOM, SIKI JAOTh MOYATOK 1HIIMM
tunamM remouutiB. } dzOL B3O Is,sabod W @ G s Y- Isi€ wmitrHM pizHEX
po3mipiB Ta QopMH, SKI MaKTh OKpYIrJe SApO, CHIBHO BaKyOJI130BaHY
UTOIIa3My, 100pe pO3BUHEHHMI amapaT [ompIki Ta eHAoIIa3MaTHIHHNA
PETUKYJIOM, YUCIICHHI JTi30coMH. [l1a3mMaToUTH 3/1aTHI YTBOPIOBATH TICEBAOMOIIi
i ameboimHo pyxatucsa. [ tc O dzlz dztsa) 3isfiuaii  oxpyrimmmm  abo
JUCKOMOMIOHMMHU  KJIITUHAMH, SKI MaroTh JpiOHE SApO Ta IUTOIUIa3My 3
YUCJIICHHUMH TpaHyJaMu. Y OUIBIIOCTI KOMax TPaHyJIOIUTH HepyXOMl i 3anyqu1
0 METa0ONYHUX TPOIECIiB. Y IHIIMX -TPAaHYJIONUTH PYXJHMBI 1 37aTHI 110
darommMroly, TOMY BBaXalOTh, M0 III TEMOIHUTA MOXYTh TIOXOJUTH BIJ
wia3mMaronuTi. [ Ozts Y d Iss1e werbauki okpyrini abo stifmenoaioHi KITHHY 13
OJTHUM, piflIe, 1Boma sapamu. L{i KIITHHH JeTKO pyHHYIOTbCA, Maibke HIKOJIH He
cparounTyIOTb, B HHUX BIJCYTHI J30COMH, a amapar [oJbIKi € HEBETUKHUM.

W J to Iz dzts agidmisuTamanHi BUIIMM JBOKPHIIMM 1 METEIMKAM, JYXKE JIETKO
yII3HATH Yepes3 Te, 110 iXHE PO OTOUCHE YNCICHHUMHU BEIMKUMU BKIIOYCHHSIMU,
K1l 3aiiMaloTh OUIBIY YacTHUHY I[UTOIUIA3MH. [MYHOXIMIYHI JTOCIIJIKEHHS
noKasajau, o c@epylonuTn € ocobnuBow (opmoro rpanyiaouutis. oo
MOJIMBUX (DYHKIIM TEeMOIMTIB I[OTO THILY, €IUHOI AYMKH HE ICHY€ — BYEHI
MPUIMYCKaIOTh (haroluTyrouy, TPAaHCIOPTHY, CUHTETUYHY (CHUHTE3 NpPOTEiHIB) Ta
imyany. A d Mis s dots § s O 6 &z dzmapth Icdfepuuny dopmy 1 apidue
MOHETOIOI0HE AAp0. 3pYWHOBAHI IIUCTOLMTH BUKIIMKAIOTH IIBUAKY KOAryJslIo
HABKOJIMIIHBOI IUIa3MU.

['osoBHI (pyHKINT TEMOIMTIB MOB’SI3aHi 13 3aXMCTOM oOpraHizamy. B oCHOBI mux
(GyHKLIA JEXKUTh BAXKIMBA OCOOJIMBICT 0aratbox iX HUX — 3JAaTHICTh BIAPIZHATH
TI 00’€KTH, SIKI MalOTh OyTH 3HUIIEHI, SIK TO YY>KOPIJHI CTPYKTypHU a00 BIaCHI
cTapl KITHUHHU. SIKIIO YyXOpiJlHAa YacTouyKa Mae€ JApiOHI po3Mipu (MPOTHCT,
OakTepisi, BIpyC TOIIO), TEMOLUTH 3aKOBTYIOTh ii nuisixoM (aroruro3y. HaBkoso
OUTBIINX OaKTepiaIbHUX CKYITYEHb, BEJIUKUX KIITHH, ACSIKUAX €HIAONAPA3UTIB
yTBOPIOIOThC Karcynud. WdzS O f ) & craapinm? GaraToeTamHuM IPOIIECOM
3HEIIKO/DKEHHSI UYY>KOPIIHUX MIKIJUIMBUX €JIeMEHTIB B Tl komaxu. Crepiry
Yy>KOP1JIHY YaCTOUKY a00 mapa3uTa OTOYYIOTh IPaHYJIOIMTH, CIeIialbHI IPOTEIHN
1asMu ab0 MPOIYKTH, SIKI YTBOPWUJIMCS MICHs pyHHYBaHHS KoarynomnuTiB. Lleit
map HEPIAKO CTa€ MellaHi3oBaHUM. [loTiM HaBKOJO HBOTO 30MPAIOTHCS
TUTa3MaTOIMTH, SKi CIUTIONIYIOTBCS W YTBOPIOIOTH KIJIBKAIIApPOBY KarCcyly, IO
MOYacTH 30€epiracThCsi YIpoa0BXK YChOTO KUTTS KoMaxu. [HOM1 Karcyiu 30BCiM He
MICTSITh TEMOIIUTIB, @ CKJIaJal0ThCsl BUHATKOBO 13 HEKJIITUHHUX €JIEMEHTIB, SIK-OT
MYKOMOJIICaxapuaiB 1 MenaHiHy. [HKancynboBaHI OpraHi3MH 3a3BUYail THHYTH
yepe3 TOJoMA, 3aayXy, OTPYEHHsI XIHOHAMM, aHTUOAKTeplaJbHUMH IENTHIAMU
TOIIO. Y METENMKIB 1 BUIIUX ABOKPWIMX T€MOIUTH OEpyTh y4acTh y TICTOJII31
JUYMHKOBUX CTPYKTYp MiA 4ac MeTaMop(o3y: B JIMYMHKOBUX KIIITHHAX CIIOYATKY
BiIOYBAETHCSI aBTOJI3 (CAaMOIIEPETPABJICHHS), a 3r0JIOM aBTOJI30BaHI KJIITUHU
PO3MI3HAIOTHCSA 1 (DArOIUTYIOTHCS TEMOIIMTAMH.
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[Tpupona 3ropranHs remoiMpu KOMax OCTaTOYHO HE BijloMa. MOXIIMBO, MpUYHHA
CKJIQJTHOCTI il BUBUEHHS Y Til OJMCKaBUYHIN IIBUJIKOCTI, 3 SIKOI BOHA KOAryllio€.
[TpumyckarooTh, MO0 TPOIEC 3TOPTaHHS 3aBXKIAW TIOB’S3aHUM 13 ISIBHICTIO
KOaryJonuTiB. Y JesIKux Komax (NMPSMOKPUIIUX, JAESKUX KIOMIB, >KYKIB,
MEePETUHYACTOKPUIIUX) KOATYJOIUTH JY>KE IIBHUJIKO, BHOYXOMOIIOHO BUILISIOTH
Ha30BHI (hparMEeHTH CBOEI IIUTOIUIA3MH, MPOTE CaMi 3IUIIAIOTH HEYITKOKEHUMH.
HaBKkoj0 KJIITHH MOYMHAE 3ropTaTHCS IUTa3Ma, i YaCTHHKH, IO YTBOPIOIOTHCS,
MOCTYIOBO OUTBIIIAIOTH Ta TYCTIMIAIOTh. Y JESKHX TIACTHHYACTOBYCHX >1<y1<113 Ta
TYCeHI METEIWKIB KOAaryJOIUTH BHWAUISIOTH JIOBI TICEBAOMOMII 1 HUMHU
MEPETUTITAIOTHECSA MIXK COOO0I0: B TaKiil CITIN 3aTPUMYIOTHCS KIITHHU TemoiiMmpu, a
HABKOJIMIIHS TJIa3Ma CTa€ JParjucTOl0 W YTBOPIOE €IaCTHYHI CTPIUYKU MOMIXK
ncesaonoaisiMu. 1{ogo 610XiMIYHMX OCHOB 3TOPTaHHSA, I[N MPOIEC 3aTHIIAETHCS
MOYacTH CIa0KO JOCTIIKEHUM, OJHAK OCTAaHHIM YacOM 3HAaXOMASATh BCE OLIbIIE PUC
1oA10HOCTI KOaryJsiii reMoiiM(pu KoMax 3 TaKOI0 y XpeOETHHX.

He BukitoueHo, 1m0 TE€MOIMTH KOMax 3aydeHi 10 MeTabOJIIYHUX MpPOIECiB Ta
OIATPUMKKA  TOMeocTasy. HenpsiMuM MiATBEPKEHHSIM IbOTO  IMPHUITYIICHHS
CIYTYIOTh Ti PI3HOMaHITHI BaXKJWBI JJIsi METa0oJli3My PEUYOBUHH, SKHX OYIIO
3HAWJICHO B KJIITHMHAX TeMOJIM(PU — 1€ TJIIKOTE€H, MYKOIOJiCaXapuau, Iy,
MPOTETHU, aMIHOKHCIIOTH, crieliudiuH1 (epMEHTH.

6.2 /IuxanbHa cucrema. ['a3000MiH BCIX OpraHi3MiB, YHi KJIITHHH CIIOKHBAIOThH
KHCEHb 1 BUAUISIIOTH IBOOKUC BYTJICBOJIHIO, 3I1MCHIOETHCS 3a MPUHITUIIOM TU]y3ii.
I d W z(eig n4r. diffusio — po3moBCIOIKEHHS, PO3TIKAHHS, PO3CIIOBAHHS) — IIC
pyX dYacTOYOK CEepeOBHINA, IO TPU3BOAUTH JO TEPEHOCY pPEYOBUHU 1
BUPIBHIOBaHHS KoHIeHTparii. [IIBuakicTs nudysii 3amexuTh BiJ JBOX T'OJOBHUX
NOKa3HUKIB: (1) momi moBepxHi, Ha sIKIM BOHA BIIOYBAa€eThCs, Ta (2) rpagi€eHTy
KOHLIEHTpalii, AKUH 3pOCTa€e 13 HAOMMKEHHSIM OJIHA J0 OJHOI JBOX TOYOK 3
pI3HMMH KOHIIEHTpalisMu. ['a3000MiH Kpi3b MOKpUBM Tua BiactuBuit: (1)
IpiOHUM OpraHi3MaM, y SIKHUX CIIBBIIHOIIEHHS IUIONII MOBEPXHI TiJia JO HOTO
00’eMy € BUCOKHM, a BCl KJIITUHU PO3TaIIOBaH1 OJMU3bKO /10 MOBEPXHI Tiia, Ta (2)
OpraHizMam 13 HU3bKUM piBHEM MeTa0oi3My. [HII OpraHi3Mu MarTh JT0JAATKOBO
30UIBITYBaTH TOKa3HUKU Audy3ii. [HmmMu croBamu, MaroTh BHUHHKATH (1)
CreIiai3oBaHl JUXalbHI CTPYKTYpH 13 BEJMKOIO IUIONICI0 IMOBEpXHi, abo (2)
CHeIiajgbHl TPAHCIIOPTHI CUCTEMH, SIK1 MEPEHOCATh ra3u 10 KIITHH-CIOXKUBAYIB, 1,
BIJIMTOBITHO,  30UTBIIYIOTH  Tpadi€eHT  KoHIeHTparii. HazemMHi  TBapuHH
BUKOPHUCTOBYIOTh OOMJIBA NIISAXU MOKpamieHHs audysii, yepes 1e iXHs auxaiabHa
cUCTeMa fBJIg€ COOOI0 3ariubJieHl BCEpequHy TuIa CHeliani30BaHl CTPYKTYpHU 3
BEJIMKOIO IIOIIEIO TOBEPXHI.

6.2.1 Ilnan OymoBH Tpaxeiinoi cucremu. U .6 O rn j 2 dzO kdiyigk figisqpectgO
HAllOBHEHUMH TMOBITPSAIM TpyOOUKaMH, SIKI BUHUKAIOTh K BrOpPTaHHS MOKPHUBIB
BCcepeauHy Tuia. TpyOouku OaraTopa3oBO Taly3sIThCS, BHACIIJOK YOTO IIJIOIIA
KOHTAaKTy 13 TKaHMHaMH, Ha SIKii BinOyBaeTbcs AMPY3isl, CTAE BEIUYE3HONO. Y
KOMax HalapiOHINIl pO3Traly>KEHHSl CATAlOTh OKPEMHUX KIITHH, a OTXE came
TpaxeiiHa cucTeMa, a He KPOBOHOCHA, TPAHCIIOPTYE ra3u OPraHi3MOM.

63



Binomo, o audysis kuchio B moBiTpi B 300 000 pa3ziB mBuaIIa 32 AUPY3it0
y BOJIi, @ MO0 PO3UYMHHICT, — B 25 pa3iB OuIbIIa, HIXK Y BOAl. Po3paxyHku
HooGeneschkoro nmaypeaty 1920 poxky B ramysi meauuuHu ABrycta Kpora
nmoKazaiau, Imo sl Judy3ii KUCHIO MO TpaxehWHIM CHUCTeMl TYCEHMIN
MeTenrka-aepeBotoulis COSSUS COSSUSBHCTayae PI3HMIN TapIiiaibHUX
TUCKIB 2%, X04a 11e¥ MOKa3HUK y peasibHOoi rycenuini nepesuiinye 10%. Otxe
BXKE€ caMoi KOHCTPYKIIi JAMXajdbHOI CHUCTEMHM BHCTaya€ Komaxam, abu
3MiCHIOBAaTH Ta3000MiH. [Tonpu 11e, OLTBIIICTh KOMaX J0JIaTKOBO BEHTHUTIOE
CBOIO TPaxeiHy CHCTEMY, aKTUBHO MPOKAYYIOUH Kpi3b HET MOBITPSL.

TpaxeitHa cucTeMa BUHHUKIIA B MPOLIEC] €BOMIOINIT SK MPUCTOCYBAHHS O TUXAHHS
aTMoc(epHUM HOBITpsAM. 1i (yHKLIOHYBaHHS y HA3eMHHX UJIEHHCTOHOTMX CTAJIO
HACTIJIbKH BJAJIUM HaJI0aHHSM, IO Tpaxei B pI3HUX I'pylax BUHUKAIU HE3AJIEKHO
npuHaiiMH1 10 pa3iB. TpaxeiiHa cucteMa BiIacTHBa MPAKTHYHO BCIM KOMaxawm, 1 1€
OJIHAM 13 JIOKa31B HA3€MHOT'0 CIOCOOY KUTTS HaWOIMKUOTO TMpejKka BCIX KOMax.
BincyTHi Tpaxei TUIbKH y IESIKUX JPIOHUX JTUYMHOK MYX Ta i371iB. B oHTOrEeHe31
TpaxeiiHa cucTeMa 3aKJIaJIa€ThCs SIK HU3KAa METaMEPHUX BropTaHb MOKPUBIB (mMapa
BropTaHb Ha OJUH cerMmeHT). [lepBicHuil MaH OynOBU TpaxewHOi cucTeMu
BJIACTUBUI JTAaBHBOIIEJIECTIOBUM KoMmaxaMm 3 psany Archaeognatha, B sikux TpaxeiiHa
CUCTEMa CKJIAJA€TbCsl 13 MAapHUX, HE IMOB’SI3aHUX MK CO0OI0 MeTaMepHUX
TpyOOUOK, BrOpHYTUX Bcepenuny Tina. [licis mosiBU MO3MOBXKHIX 1 MOMEPEUHUX
CTOBOYpIB, IO €HAIOTh BCl Tpaxei OpraHiaMy B IUIICHY CHCTEMY, E€BOJIOIIS
TpaxehHoi cucTeMHu BifOyBamacs B Kilbkox Hampsmkax: (1) ¢ ° §f | to lokp&siiix’
BIIUUTIB Y 3B’S3KYy 13 MOCWICHHSIM JeAKMX QYHKUIA (B JUISHII KPHIIOBOT
MYCKYJIaTypH, MyCKYJIaTypH CTpUOaIbHUX HIT, OpraHax cBiTiHHs ToIo); (2) fsw o d

f so ' IsteV dzduEnpudzocysdus 1@ noasory (aus. gami); 3) 9 * H 6 to j d3dz,
sC e d3d » Tpaxeiie¥ @atsehu y 3B’sA3Ky i3 BUKOHAHHSIM CICIiabHUAX, HE
MOB’SI3aHUX 13 JUXaHHSIM (QYHKIINA (HaOpuKiIaa, 3aMKHEHl Tpaxei JesiKux
METEJIMKIB-COBOK YTBOPIOIOTh [IJSHKY CKJIQJHOTO OKa, IO BIJOMBA€ CBITIIO;
MOBITPSIHI MIMIKA CAMIIIB CITIBOYMX IIMKAJ] BUKOPUCTOBYIOTHCS SK PE30HATOPH,
PO3IIMPEHI Tpaxei B HO31 KOHUKA € CKJIaJIOBUMH TUMIIAHAJIHLHOTO OPraHy TOIIO);

(4)H § G J dzjptx&i¥f uxanems y 38 13Ky i3 0COOIMBUMH YMOBAMH ICHYBAHHS

Ta ApiOHUMH PO3MipaMHU.

>

OtBopu Tpaxeii HasuBatoThes M IS d 6 d3dDaZgfixanpusmu. HaiibinbIna KinbKiCTh
CTHUT'M, sIKa MOXKE 3aKjajaTucs B eMOpioHa, cTaHOBUTH 12 map (3 mapu rpyAHHUX Ta
9 map yepeBHUX), IPOTE B JOPOCIOi KOMaxu iX 3aBXKJIUW MeHIIe. 3aJIeKHO Bij
KUIBKOCT1 (DYHKI[IOHYIOUHMX CTUTM PO3PI3HSIOTH Taki THUIU TPaXEHHUX CUCTEM
KOMax:

| G Bz dzj ? fipdsudratlz® map crturm: 2 mapu rpynHUX (Ha

CEpEeNHbO- 1 3aJHROTPY/IAX) Ta & Tap YePEBHUX;

1 Od3W *  dzj 2 dyisdiondd@ 2 mapu cTurm — Ha CepeHbOTPYISIX

Ta KIHIII YepeBIIs,

1 d3d Is O figdg d: pEionye 1 mapa cTUrM Ha KiHIlI YepEBII,
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| Of dzd 2 mylepguryde@roui cturmu BiacyTHi (Y BOJHHMX JHYUHOK i3
LOSCtedlstss ISteOn j P dets® MdMmisj dztss

CTurMu MaroTh BUTJIS[ MPOCTUX OTBOPIB TpaxeW TUIBKH y OE3BYCHMKOBHX Ta
BECHSHOK. Y peImTH KOMax BOHHM SBJSIOTH COOOK CKIAAHI CTPYKTypu i3
ocoomuBuM L O dzd ¢ O ' dded Is4ds ggnomororo sSKMX KOMaxw 37aTHI
peryioBaTH pyX IIOTOKIB TOBITPS Kpi3b CBOE Tino, Ta w Oz SteOy "' 2
i tod MIs tg WVWuAZnbKH OYHIYIOTH TOBITPS BiJi CTOPOHHIX YacTOYOK, ajie i
3armo0iraroTh MOTPAIUITHHIO BOJW Ta IMapaswTiB BcepeauHy Tpaxei. LlikaBo, 110
KOHCTPYKIlI CTUTM JyX€ PI3HOMaHITHA, MPUYOMY I1HOJlI — B MEXax PI3HUX
TUISTHOK Tijla OJHIE] KOMaxW. 3aleXHO BiJ pO3TAallyBaHHS 3aMUKAIBHHX
IPUCTPOIB, BUILISIOTH JBa OCHOBHI TUMH cTUrM: (1) 13 30BHIIIHIM 3aMuKaueM (63
bineTpy) Ta (2) BHYTpIIIHIM 3amMukadeM (3 ¢iabTpoM). BHyTpimHiI 3aMukayi, B
CBOIO Uepry, MO>KHA MOJUIMTH HA OJTHOM SI30B1, €UHUN M 53 SIKUX € 3aMHUKa4YeM, a
BiIKpUBA€E CTUTMY TIPYXKHA KyTHUKYJa, Ta JBOM S30B1 — 3 M sS3aMH-aHTaroHiCTaMH.

Crinka Istc Of gk’ i criHKa Tinma, CKIamaerbes 3 0OasalbHOI MeMOpaHH,
OJIHOIIAPOBOTO emiTenito (rinojgepmu) Ta KyTukyau (iHTuMH). OctanHsa (popmye
cripaibHi (pijiie Kijblesi) MOToBIIeHHI — IS | Oz, 4Bpé3 HasBHICTH IKHX Tpaxest
HE 3JIMIAEThCS aHl MiJ 4ac BUAUXY, aHl 3a jgedopmamii. OcobnuBa OynoBa
KYTUKYJIH JTO3BOJISIE TPaxesM TPOXHU BHUJIOBKYBATHCS, a B JICIKUX BHITaJIKaX — W
po3mmpATHCs. Y Hi MOXKYTb OyTH NpPEACTABIICHI BCl IIapH, BIACTUBI MOKPUBAM:
CHJOKYTUKYJIA, €K30KYTHUKYyJia (B TEHIJISIX) Ta TOHKA EMIKyTUKy’Ja. Sk W iHm
MOX1/THI €KTOJIEPMH, KyTUKYJIa TPaXe CKUIAETHCSI ITi/T Yac JIMHSIHHSI KOMaXH.

Y TmNeBHHMX CBOiX JUISTHKaX Tpaxeli MOXYTh PpO3UIMPIOBATHCS, YTBOPIOIOYH
fso ' Istew dz' axi @8 Maforgfcst TeHimiiB i TOMY MOXYTh 3JIHMIIATHCS.
@dopMyBaHHSA TOBITPSHUX MIMIKIB 3TIACHIOETHCS 32 PAXYHOK TMO3IOBKHIX
TpaxeHux cToBOYpIB (y O/K0JHM), MONEepeYHUX CTOBOYpIB (Y KOHHUKA), 200 1 THX,
i iHmux (y Myxu). BUHUKHEHHS MOBITPSHUX MIIIKIB MOB’S3YIOTh 13 aKTUBHUM
MOJILOTOM KoMax. BoHu MOXXyTh BUKOHYBaTH Taki QyHkIii: (1) aepoctaTnuny —
3HIDKYBAaTU TUTOMY Bary KOMax B TOJIbOTI, (2) TIAPOCTATUYHY — 3HIKYBATU
MUTOMY Bary Tula y BOASHUX KoMmax, (3) 30uibinyBath 00'€eM MOBITPs, IO
IPOXOJUTh MO JUXalbHIM cuctemi, (4) mokpamyBatd Judy3ir0 BHACITIIOK
CKOpPOYEHHS NUIAXYy Tra3iB A0 TKaHWH, (5) nonomaratd y BeHTWIALI, (6)
JOTIOMaraTé PO3MOAUISITH TOBITPSI MK TPYJIbMU 1 YEPEBIIEM.

VY cmiBouux I[MKaJ TMOBITPSHI MIIIKK MPaBIATh 32 PE30HATOPH, SKi
N1BUILLYIOTh T'YYHICTh 3BYKIB, @ Y BOJSHUX JIMYMHOK KOMApiB-A3BIHIIIB —
BU3HAYAIOTh TJIMOWHY, Ha SIKIH 3HAXOUTHCS KOMaxa.

HaitnpiOHinm TpaxeliHi posranyxeHHs — IS 6 O m j—SMZgyTh csaraté oKpeMux
KIITHUH. BOHM BiApI3HSIOTHCS BiJ Tpaxel HE TUIBKK CBOIMU po3MipaMu (MarOTh
miamerp 1 MKM Ta MeHIIe), ajle W OCOOJIMBOCTSAMHU 3aKJIaJlaHHS: TPaxeoln
BUHUKAIOTh SK BHYTPIKIITHHHI YTBOPU OCOOJIMBOI 31p4acToi TpaxeoJsipHOl
KIITAHA, SKa TIOXOAWTH 13 TIMOJAEPMAIbHOI KIITHHU CTIHKM Tpaxei. Borum He
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JVHSIOTH, a 3aJTUIIAIOTHCS B T1JI1 KOMaxH 1 3’€THYIOTHCS 3a IOTIOMOTOI0 IIEMEHTHOT
PEYOBMHU 3 HOBUMH TpaxesMH, SKi YTBOPHWIHCS TiJ dYac JTUHAHHS. Tpaxeomn
HIUTBHO TPUTHUCKAIOTHCS 1O KIITHH-CIIOKHUBAYIB Tra3iB. TKaHUHU 13 BHUCOKOIO
MeTa0O0IIYHOI aKTUBHICTIO (JTITadbHI M 53, KUPOBE TLIO, IEYHUKH) BUMArarTh
0araTo KHMCHIO 1 TOMy MaloTh 30aradeny IS t6 O » J.BagHi HigpaxyBaiu, 110 IS
JIOCTaTHROTO TIOCTAYaHHS KUCHIO J0 JITAIBHUX M’S3iB MyX Ta OJKOJIM TPaxeon
MarTh OyTH pO3MIIEHI Ha BiJcTaHl 6—8 MKM ojHa BiJ ojHOi. Hacnpapni, BoHU
pO3TaIOBaHi IIe NIiIIbHIIIE — Ha BifcTaHl 2—3 MKM ojiHa Bix ogHoi. Came B TaKux
TKaHMHAX TPAXEOJM MOXYTh 3aXOIUTH BCEPEIUHY KIITHH 1 3aKIHIYBATHCS TIPOCTO
nopsa 13 MiTOXOHApiAMU. CTIHKM Tpaxeosn MOXYThb MICTUTH ApiOHI mopu. Y
0araThOX KOMax KIHIIEBI AUISHKH TpPaxeod MOXYTh OyTH 3alOBHEHI PIAMHOIO,
SKIIIO BOHU MICTSTBCS B PO3CIA0JICHMX M’s3aX, Ta MOBITPSIM — B M s3aX, SKI
CKOpOTWIUCS. BueHl BBakaroTh, IO Y TaKUM cHoci® 31MCHIOETBCA PEryJisiis
MOCTayaHHS KHCHIO JIO METa0OJIIYHO AaKTUBHUX TKaHUH (IUB. po3din 6.2.4
«Perynsiis quxaHHs» ).

6.2.2 Bentmiasimifa. Y KomMax 3 BIIKPUTOIO TPAaXEHHOI CHUCTEMOIO BEHTHIIALIIS
3MIICHIOETHCS] BHACIIJIOK CKOPOUYEHHS CKEJIETHUX M’5131B 1 BUKOHAHHS CTICIIAIbHUX
Hdn~ Odz! dzf ski 3d8HZ BUIIGNAOTE SK PUTMIYHE PO3IIUPECHHS YEPEBI
(HampuKIIa, sIK y KOHMKA) a00 TEJIECKOMIYHe HOTro BUIOBXKEHHS (HAMPUKIIA, K Y
Oomkomu). Jleaki kKomaxu B3araji He poOOJIATh JUXAIBHUX PyXiB (TyCEHHII
METEJIMKIB, TapraHd, Mypamku). Y OUIbIIOCTI KOMaxX AaKTUBHO 3/1HCHIOETHCS
TUIBKHM BUAMX (€KCHipallisl) — 3a paXyHOK CKOPOYEHHS M’5131B, @ BAUX (1HCHIpaLlis)
B1JIOYBA€ETHCS MACUBHO, BHACIIJOK MPYKHOCTI MOKPUBIB, CTUCHEHUX BHYTPILIHIX
OopraHiB 1 Tpaxe. Y TMOOAMHOKMX BHUMNAAKaxX (HAMpUKIaA, y OOroMoiB)
IHCIIIPATOpPHI 1 €KCHIPATOPHI JUXaJIbHI PYXW BUKOHYIOTHCS PI3HUMHU TIpYyNaMH
M’5I31B HE3AJIEAKHO.

[ToToku ra3iB y TiJ1i KOMaxyu MOXYTh MPSIMYBaTH 3a TAKUMH OCHOBHHMH CXEMaMHU:
(1) BcepenuHy 1 HA30BHI MO OJHOMY 1 TOMY X HUISIXY; (2) BCepeauHy 1 Ha30BHI
pPI3HMMH TUISIXaMHU 32 Y4acTl pI3HUX 3a (QYHKIISIMH CTUTM, 3 SKHX OJHI €
IHCIIIPATOPHUMH, a IHIIl — EKCHpaTOpHUMH (11€ HAWMOIIUPEHINHUA [UISIX Y
koMax); (3) iHcmiparist (BAWX) MOXe BiAOyBaTHUCS 4Yepe3 CTUTMH, a BUIUICHHS
BYTJIGKHCJIOTH, a30Ty Ta TapiB BOAM TICIS TOBHOTO TMOTJIMHAHHS KHUCHIO
TKaHMHAMU TPOXOIUTH MUIIXOM JAU(Y3ii Kpi3h TOKPUBH Ta KUIICUHHUK.

JUist BUBYEHHS (YHKIIOHAJIBHOI CHeliaii3aiii CTUTM BUKOPUCTOBYIOTh
npuctpidi ['ordpina dpenkens. Komaxy po3miiiyroTe B CKISHIN KoyOl1 3
IOPUBIIHOIO 1 BUBIIHOIO TPyOKaMu Ta pO3TalIOBAaHOIO MOCEPEIUHI TYMOBOIO
MeMOpaHoto. Yepe3 oTBip B MeMOpaHi NpOTaCKyIOTh TLJI0 KOMaxH Tak, 1100
Horo mepenHs: yacTWHA MICTWJIACS B OJIHI MOJIOBUHI KOJOW, a 3aJdHs — B
1HIIH. 3MiHY 00’€My MOBITPS B PI3HUX MOJOBHHKAX KOJOU PEECTPYIOTH 32
MepPEMIIIEHHSIM PIIMHHUX MEHICKIB B TpyOkax. Jlocmiam 13 3acToCyBaHHAM
npuctporo dpeHkens mokazaid, 10 y capaHH MepenHl CTUrMU (TpyAHl Ta
7IBa TIEPIIUX YEPEBHUX) € IHCIIPATOPHUMH, a 3aJHI — EKCHIpaTOPHUMHU. Y
MEJOHOCHOI OJKOJM 3arajbHUX HANPSMOK PYyXy MOBITPS MOMIOHUIL: Bif
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rpyael 10 4epeBllsd, ajie TPYIHI CTUTMH MOXYTb OyTH K 1HCHIPAaTOPHUMHU,
TaK 1 eKCIIPaTOPHUMH.

[1ix yac moapoTy poOOTa CTUTM YACTO 3MIHIOETHCS: BOHU a00 3aJIMIIAIOTHCS BECh
yac BIAKPUTUMH, a00 MPalIOOTh CHHXPOHHO 13 pyXamMu Kpwil. Y HalOUIbIINX
TpaxeMHUX CTOBOypax OHOBJICHHS TIOBITPS 3MIMCHIOETHCS OIMOCEPEIKOBAHO
BHACIIJIOK CKOPOUYEHHSI CaMOi JITaJIbHOI MYCKYJIaTypH, sIKa CIpUs€ HaKauyBaHHIO
MOBITPA B Tpaxei, a MOTIM — HOTro BHUITOBXYBAaHHIO 13 IMOBITPSIHUX MIIIKIB /10
M’s131B. 3MIHU 00’€MIB MOBITPSIHUX MIIIKIB MOXYTh OyTH BHKJIMKaHI MyJIbCAIIIE0
cepisi, miagparm 1 ITOAATKOBUX cepielb, abo K IMOYEProBOI0 3MIHOK THCKY
reMoyiMmpu B pi3HUX IUISHKAX Tija (y METENHKIB 1 MyX). B ycix onucanux Buiie
BUMAJKaX BEHTWIALIS TaKOX BIJOYBA€THhCS YHACTIAOK CKOPOUEHHS M’SI31B, TOOTO
aKTUBHO, ajie 0€3 TMOMITHUX 330BHI JUXaJbHUX PYXIB, 1 HAa3UBAETHCA

Qolstseo j dglsd dzw y' * &

6.2.3 I'a3000MiH BOJHHMX Ta eHAONAPAZUTHYHUX KoMax. BojasHi MemkaHIl
MOXYTh JUXaTH aTMOC(EpHHM TIOBITPSM, SKIIO MAalOTh BIAKPUTY TpaxewHY
cucreMmy, ab0 pO3UMHEHUMH y BOJII ra3aMu, MIPUUOMY PO3UMHEHHUH y BOJII KUCEHb
MOXe OyTH CTHOKUTHI KOMaxaMHu sIK 13 3aKPUTOI0, TaK 1 3 BIAKPUTOIO TpaxeHHUMHU
CHUCTEMaMH.

[Ilo6 nuxaty miJg BOJOK PO3UMHEHUM KHUCHEM, 0arato KOMax BUKOPHUCTOBYIOTb
OynbOalIKy MOBITPs, SKY 3aXOIUIIOIOTh 3 MOBEPXHI U MEBHUN 4ac yTPUMYIOTh Ha
cBoemy Tull. Ili1 BOJor0 KOMaxa MOTJMHAE KUCEHb 13 OyNIbOaliky, HATOMICTh BiH

3a 3aKkoHamMu AuQy3ii mocTynae i3 BoAW B OyJab0aliky, a Jerko po3uyMHHUN y BOJI
BYIJICKUCIIUN Ta3, 0 MOro BUAMXA€ Komaxa, 13 Oyiap0alliku oapasy MOTpaIvise y
BOMYy. 3aBISIKH IbOMY OyibpOaiika MoBiTps, sKy HasuBaroTh H d W [z L | abazts ©
WL d y dzts &, zamxuBvie1tBT: qocTaTHIO IS IMXaHHSA KUIbKICTh KHCHIO Ta
Majio BYTJEKHUCJIOro razy. AJjie 4epe3 3MiHy MapiiiaJbHOTO THUCKY OyJbOarika
IOCTYIIOBO MEHIIAae, LI0 MPUMYIIyE KOMaxy 4Yac BiJ Yacy CIUIMBaTH Ta
MOTIOBHIOBATH 3amac MOBITPs. Y OUIBIIOCTI BOASHUX MEIIKAHI[IB MOBEPXHS Tijia

Ma€e 0COOJMBI AUISTHKU KYTHKYJH 3 MIKPOCKOTIYHUMH CTOBOYACTHMMH BUPOCTaAMHU

a00 MiHIATIOPHUMHU TiApodoOoHUMU Bojockamu — H d ~ O dz! dzd 2 . Kipnelz©O ) IS
KOMaxa TMOTparii€e y BOJY, Taka MIKPOCKYJIBNTypa 3aTPUMY€ TOHKY TUTIBKY
NOBITPS HA KyTHKYJI1, HAJAI041 iii XapakTepHoro cpidyscTtoro Oaucky. uxanpHuii
MJIACTPOH HEPITKO (POPMYETHCS HABKOJIO CTHUTM (HAMPUKIAM, Y BOJASHHUX KJIOIIB)

ab0 Ha MOBEpXHI XOPIOHY s€lb (Y MyX, KOMapiB, BECHSHOK) 1 TaKOX MpaIloe 3a
OPUHIUMIOM IU(]y31iHuX 350€p.

3anns oTpuMaHHs aTMOC(HEpPHOro MOBITPS BOASHI KOMAaXu 13 BIIKPUTOIO
TPaxeHHOIO CHUCTEMOI0 4YacTO MaloTh cCremiaibHi cTpykTypu — H - O dz! d
Istc z Br& If d W Sleggfii B Tiji koMaxu iCHYIOTH CHEIialibHI pe3epByapu
(3a3Buuaid, mijg KpwiamMu abo dYepeBlieM), € TEeBHUN yac 30epiracrbes
noBiTpsa. Hanmpuknaz, ;xyku-Boaoar001 3aXOIUIIOI0Th MOBITPS 4Y€PE3 BYCHKH 1
CHPSMOBYIOTh HOT0 Ha HIDKHIN O1K CBOTO T1J1a, /1€ OBITPA  yTPUMYETHCS Ha
ANXaJbHOMY IUTACTPOHI. BosHI KJIONM 3aXOIUTIOIOTH TOBITPS 3aJHBOIO
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YaCTUHOIO YEPEeBIS, MPUUOMY Y JESKUX KIOIMIB (HAMPUKIAJ, BOISHOTO
CKOpITIOHA 1 BOJSHOTO TaJW4YHUKA) JJi1 LbOro (OPMYETHCS CIIeIiaibHa
nuxanbHa TpyOka. JKyKH-IUIaBYHIII TaKOX 3aXOILUIIOIOTH IOBITPS 3aTHIM
KIHIIEM YepeBls W yTPUMYIOTh ITiJ1 HaJKpHJIaMu a00 y BUTJISI OyIbOaIiKy.
3piika KOMaxu BUKOPUCTOBYIOTH ISl TUXAHHS TOBITPS, SIKE MICTHTHCS B
TUI1 pociauH. Hampukian, 1 JUYMHKH, 1 JsUIEYKa KPOBOCHCHOTO KOMapa 3
poay MansoniamaioTh BKPHUTI MIITHUMH 3YOLSIMU JUXaIbHI CH()OHU, IKUMH
BOHHM TPOMWIIOIOTH OTBIp B CTEOi, 1 CMOKMBAIOTH MOBITPS 13 aCpPEeHXIMU
BOJSIHOI POCJIMHU.

UicOn J 2 dz'spusibT¥ Bo®O BHpPOCTH TMOKPUBIB (HANPHKIAL, y JIMYHHOK
BECHSHOK Ta BOJIOXOKPHJIBIIIB) ab0 cremnianizoBaHl NpUAaTKu Tia (y JHYUHOK
OJTHOICHOK, PIBHOKPWINX 0a0OK, BEJIMKOKPHIIBLIB TOIIO), BCEPEANH] AKUX T'YCTO
rany3stbes Tpaxei. Kucenb 3 BoaM MpOHUKAE KPi3b TOHKY KYTUKYJY B reMOTiMQy 1
Jlani B Tpaxei, 1 BkKe M0 HUX NPAMYE A0 TKaHUH OpraHi3My 3a MPUHIUIIOM Ta30BO1
nudy3ii. Bumosminamu TpaxeiHux 3s0ep € t6 § € IS O dz/ gaE3HOKpuYMB GAGOK,
K1 SIBJISIIOTH COOOIO T'yCTO OIUIETEH1 TpaxesMU CTIHKM 3aJHbOI KUIIKHU. JIMumHKa
PI3HOKpUIIOT 6a0KM BCMOKTY€E BOAY B 3a/IHIO KHUIIIKY, a MOTIM 13 CHJIOI0 BUIIOPCKYE
CTpyMiHb BOJW. B Takuii cmoci® BOHA HE TUIBKM 3IIHCHIOE Ta3000MiH Ha
pEeKTaIbHUX 340pax, ajie i mepecyBaeThCsl.

['a3000MiH eHJOMmapa3uyHUX JUYMHOK T3/LIB 1 ABOKPUIMX I[OYACTU CXOXKUU Ha
JUXaHHS BOJSHUX KOMax — TBapHUHH TaKOX OTPUMYIOTh PO3UMHEHUN abo
aTMOC(EpHHI KUCEHb 13 HABKOJIMIIHBOIO CEPEIOBUIIA, IKUM ISl HUX € PIAUHU Ta
MOPOKHUHU Xa3siHa. Ha MmodaTkoBHX cCTamisix PO3BUTKY IMapasuTa IepeBaxkae
ra3000MiH 4Yepe3 CTIHKY Tia, SKUA MOXKE 3/IIMCHIOBATUCA KPI3b YC1 IOKPUBH, a00
OyTH 30CEepe’)KeHMM Ha CHellalbHUX CTpyKTypax. OcTaHHI 3a3BUYall SBISIOTH
c00010 MIMIKONOAI0HY a00 MaJlbuacTy BUBEPHYTY 3aJIHIO KHUILIKY (I1aM’ATaiiMO Mpo
T€, 0 €HOINAPA3UTH HE BUIIOPOKHIOIOTHCS Ha JIMYUHKOBIN (pa3i po3BUTKY, 1 iXHS
3aJIHS KUIITKA 3aJTUIIAE€THCS CIIMNO 3aMKHEHO0; TUB. po3Ait 4.2.3 «3aHs KUIIKaY).
Kpi3p CTIHKY 3a/lHbOi KHIIKM KHCEHb MOTpaIlisie B reMoaiMdy 1 BKE HEHO
PO3HOCHUTHCS MO TKAaHWHAX TMapasuta. Y Mapa3uTiB XpeOETHUX 3YyCTPIHarOThCS
CTPYKTYpH 1HIIOTO TUMy. Hampukiaa, MUTyHKOBHI OB MOPS 13 TpaxesiMd Mae
reMOoryIo0iH, KU y MOJOIINX JIMYMHOK po3urHEeHUuM B remomimdi. Ilizuime y
MOPOXKHHMHI Tia mapasuta (GopMyroThes ocobmuBuii Y J 69 5 dzd 2 saxuib tc G C
CKJIQZAEThCS 13 TYCTO OIUIETEHUX TPaxesiMu TPyl T'eMOTrI00IHOBMICHMX KJIITHH.
bynb0aiiku moBiTps, MO iX MPOKOBTYE Xa3siiH 13 1K€, MOXKYTh CIYT'yBaTH JJIs
eHJonapa3uTa JpKepesoM KucHio. CTapin JUYMHKH €HI0Tapa3uTiB XpeOeTHUX
TBapvH MNPOOYpPABIIOOTH Tpaxei Xa3siHa abo HWOro MOKPHBU 1 B TaKWUW CIOCIO
CIIO’KUBAIOTh KUCEHb 13 aTMOC(HEPHOTO MOBITPS.

6.2.4 Perynsinisi qAuxanHsi. [HTEHCUBHICTh JIMXaHHS KOMax 3aJICKUTh BT TPHOX
OCHOBHMX YMHHUKIB: (1) KOHIIEHTpallli KMCHIO B TKaHWHAax, (2) KOHIICHTpaIlii
BYTJICKHCJIOTO Ta3y B TKaHWHAX, Ta (3) IHTEHCUBHOCTI poOOTH M’s3iB. Y KOMax 3
BIIKPUTOIO TPAXEMHOIO CUCTEMOIO PEryJIsIlisl AUXaHHS BiIOYBA€THCS 32 PaXyHOK:
(1) 3mMiHM AUXaTbHUX PYXiB, (2) 3aydeHHS TOJATKOBUX MEXaHI3MIB BEHTUJIAIIT HA
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KIITAJIT 3MIHA 00’ €My IpyAHHUX MOBITPSHUX MIMIKIB MiJ] 4aC CKOPOUYECHHS JIITATbHOT
MyckyaaTtypu, (3) 3MiHM poOoTH cTUrM, (4) TpPaxeoJIpPHOTO KOHTPOJIO
ra3zooOMiHy.

tdGelzdzvy' W H dicpeBrpz axiizgdvOBITHEZEBEHBIAIIO, BIIOYBAETHCS
HEHpOHAMHU TIEPBUHHHUX 1 BTOPMHHHX AMXaJdbHHX LeHTpiB. } J t6 o d dzdz’ HJ
Y J 0zl tmgriisx yepeBHOro HEPBOBOIO JIAHITIOKKA BUKITMKAOTH JTUXaIbHI PYXH.
CrnemianpHi HEHPOHM B HACHIJIOK CIIOHTAHHOI AaKTUBHOCTI JalOTh Clajiax
IMIYJIBCIB, MPUYOMY PHUTM 33Jal0Th 33JAHBOTPYAHHNA a00 MepIIuid YepeBHHM
HEPBOB1 TaHIJi, J€ MICTATbCS HEHUPOHH, UYTIWBI JI0 pIBHSI KHUCHIO Ta
BYTJICKUCIOTH B TeMomiM]i. IMImynbcu MOMIMPIOIOTHCS MO BCHOMY HEPBOBOMY
JAHIIOKKY 1 BHKJIMKAIOTh CKOPOYEHHS CcKeneTHux M’s3iB. | IS tste d dzdz' HJ
Y J dzlspesdarioBani B TOJIOBHOMY MO3KY Ta TPYAHHX TaHINIIAX 1 PETYJIIOIOThH
(Hailyacrile, ralbMylOTh) POOOTY NMEPBHUHHUX LEHTPIB. BOHM € 4yTinMBUMU 10
PIBHSI BYTJICKUCIIOTH B reMOTiMdi.

tdebkzdzwvy' w tc ts mioOlgaeThca N iRPEE dFurmanbai  M’s3u,  sKi
BIJIKpUBAIOTh a00 3aKpPUBAIOTh CTUTMHU. PerymstopoM BHUCTYMAarOTh HEUPOHU
YepEeBHOTO HEPBOBOTO JIAHIIIOXKKA, a MyCKOBUM YMHHUKOM (peiizepoM) — 3MiHU
JIOKAIBHOTO XiMi3My reMotiMmbu. Po3pi3HSAIOTh aKTUBHUM Ta TACUBHUN MEXaHI3MU
perymsanii podotn cturm. ¢ € Isd o dzd 2 d3d ~ OgEiydkaegscsicgicGrbralzV
KOHIIEHTPAIIEI0 BYTJIEKUCIOTH Ta HU3BKOIO KOHIIEHTPAII€I0 KUCHIO B TKAaHUHAX,
BUKJIMKA€ 3MIHUM YacTOTH HEPBOBHUX IMIYJBbCIB y CTUTMalbHUX HepBax (Kl €
BiJITATYKEHHSM HEMapHOTO HEPBY CHUMIATHYHOI HEPBOBOI CHCTEMH; TUB. PO3IILJI

9.4 «CuMmatuyHa HEpPBOBAa CHUCTEMa») 1 MPU3BOAUTH 1O 3MIHM TPUBAJIOCTI Ta
CTyIeHs BiAKpHMBaHHSA Ta 3akpuBaHHsa cturm. 1} Ofd o dzd 2 B4 m» Odz’" L
BiIOYBa€ThCS 3a TaKOK CXEMOIO: BYIJIEKHCIIOTa TaJbMy€ HEPBOBO-M’SI30BY
nepegavdy IMMOyJbCiB 3 HEMApHOrO HEPBY > M’ s3M-3aMHUKaudl HE 3aKPUBAIOTH
JUXAJbIIS > PyX Ta3iB TPAaxeHOI CUCTEMOIO HE MpunuHsAeThCsA. Hecraua Boau B
OpraHi3Mi Tak0 MO>K€ BIUTUBATU HA POOOTY CTUTM. 3a TaKMX YMOB KOHIIEHTpAIlis

10HIB B reMojiiM(di 3pocTae > I1¢ BUKIMKAE aKTHUBAIlIIO LICHTPIB, IO PETYIIOIOThH
po0OOTy auxanenb > CTUTMH HE BIJKPUBAIOTHCS > 3HUKYETHCS BTpaTa BOJIHU
BHACIIIJIOK BUIIAPOBYBAHHS Yepe3 NUXAIbIIS.

UicOn | BdzV tc dzdGa3yelhcs dzlododautcTsx Oym0BH KiHIIEBUX TIISHOK
TpaxeoJ, sIKi MIXOIATh 10 M SI30BUX BOJOKOH. CTIHKA TPaXeoJu y MUX IITISHKAX €
JIpYacTor0, TOMY IUIa3Ma reModiM(u MOKe MOTPAIUISATA BCEPEIUHY TPaxeoJiu.
Komu M’s3 po3ciabneHuil, KamuigpHl CWJIM YTPUMYIOTh IJIa3My reMonimu B
KIHIIEBUX JIJITHKAX TPaxeoJ 1 MOBITPS 10 M'SI30BUX BOJIOKOH HE HAJIXOJUTh, a OTXKE
MOCTAa4aHHsA M’si3a KHUCHEM manae. Komu M’si3 CKOpOUY€ThCS, OCMOTUYHUN THCK
reMoiiM@u HABKOJIO HBHOTO 3POCTAE Uepe3 3POCTAHHS BMICTY HEIOOKHUCICHHUX
MPOAYKTIB, TPAaXxeoJIsIpHA PiJIMHA KP13b OPU BUXOJUTH 13 TPAXEOJIH 10 MOPOKHUHU
TiJa 1 BIAKPHWBAE MUISIX MOBITPIO JO M'SI30BHX BOJIOKOH, TOMY IOCTa4aHHS M’si3a
KUCHEM 3pocTae. MexaHi3Mu perynsuii AuXaHHS, SKI HE BUMAararTh y4acTl
LEHTPAJIBHOI HEPBOBOI CHUCTEMH, JO3BOJIIIOTH KOMaxam IPUCTOCOBYBATHUCS [0
3MIHHHUX YMOB 0€3 y4acTi pelienTopiB Ta HEHTPAIbHOI HEPBOBOI CUCTEMHU.
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HemonaBHo BueHi 3’sicyBany, IO MOTpeda KOMax B KHUCHI € HACTIIbKU
MI3EpHOI0, a TpaxelHa CUCTeMa — HACTIIbKH €(DEKTUBHOIO, IO 13 TIOBHICTIO
3aKpUTUMU JUXAJBISIMU TBapWHA 3[aTHA BIDKUTH KUTbKA TOIWH a00 HaBITh
nHiB. [Ippdomy 3akpuBaHHS TUXANIClb € PAJIIIe 3aXHUCHOI PEaKIler KoMax,
sKa TIpU3HaYeHa MO30aBUTH OPTaHi3M HAJTUIIKY KUCHIO, SIKHH, SIK BiZIOMO, €
TOKCHUYHOIO CTIIOJTYKOIO.

IuTaHHs 1J1s1 CAMOKOHTPOJIIO:

Ska pinuHa UPKYIIIOE Y TOPOXKHUHI TijIa 1 KPOBOHOCHIHM cHCTeMi KoMax?

Jle MicTUThCS 1 sIK TOOyIOBaHe cepiie Komax?

SAxi ¢yHKIIT BUKOHYE criMHHA Jiadparma?

Jle po3MinieHi i siki (yHKIi{ BUKOHYIOTh KPHIIOMOIOH] M’ 5131 ?

B sxomy HampsMKy Teue KpoB y KoMax? SIKi CTpYKTypH BiAIOBIaIOTh 3a CIPSMYyBaHHS

KpOBOOOITYy?

6 o Take MOIATKOBI ceplis, IK BOHU MOOYy10BaHi 1 siK1 (YHKIIiT BUKOHYIOTb ?

7 Bix 9oro 3anexuth 9acToTa cepreOuTTs y KoMax?

8.  Ski cmomyku 000B’I3KOBO BXOJISITh JIO CKJIATy IJIa3MHU TeMOTiMQpu?

9. ki ¢yukuii BuUKoHye remoinimpa komax?

10. Has3BiTh OCHOBHI I'pyIY T€MOLIUTIB KOMAaX Ta IXHi (yHKIIIi.

11. Jle BUHUKAIOTh FEMOLIUTH BIPOJOBK EMOPIOHAIIBHOTO 1 HOCTEMOPIOHAIIEHOTO PO3BUTKY?

12. Sk 3milCHIOIOTHCS 3aXUCHI peakii y reMomiMdi komax?

13. Sxi izuynHi mpolecu JeXaTh B OCHOBI IUXaHHS KOMax?

14. TlepepaxyiiTe OCHOBHI CTPYKTYpHi €IEMEHTH AUXATBHOI CHCTEMHU KOMaX.

15. Slke moxo/KeHHS B OHTOTEHE31 Mae AUXalbHa CUCTEMa KoMax?

16. Ywm moxHa Ha3BaTH Tpaxei — YHIKQIbHUM HaJ0aHHSIM KoMax? 3a SKUM TIPUHIMIIOM
BUJIUTSIFOTH TOJIONHEHCTUYHY 1 aTHEHCTUUHY TpaxehHi cuctemMu?

17. ki pyHKLIi BUKOHYIOTH CTUTMU?

18. SIxwmii map BUCTHIIA€ Tpaxero 3cepeuHn?

19. Mo coboro SBISAIOTH 1 sIKi PYHKIIIT BUKOHYIOTH TEH1Tii?

20. SIxi pucH BiIpi3HAIOTH TPAXEeOH BiJl Tpaxei?

21. Sk BimOyBa€eThCS BEHTHIISAIIS Ta aBTOBESHTIIISALIIS Tpaxei?

22. Ha3BiTh OCHOBHI aanTaiii y IMXaibHii CHCTEMI KOMaX — JOOPUX JIITYHIB.

23. SIxi aHaTOMiYHI MPUCTOCYBaHHS BOJHUX KOMax J0 IWXaHHS y BoJi Bu 3HaeTe?

24. Sk mpaioroTh TpaxeiHi i pekTanbHi 350pa komax? KoMy BoHM BiacTuBi?

25. Sk 3miiCHIOIOTH Ta3000MiH €HOMapPa3uTHIHI KOMaxu?

agrwpdE
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Jlexkuis 7
CTATEBA CUCTEMA, POSMHOXEHHSI I PO3BUTOK

Oljod?2 HOBSEY Ld [ jrOd Ldd Hjlkjtd doy
ofdzdeo BOCIkjtc' Oz degd” Mdcse ' Sdzls' & dzO 266 o' H
J fd ttsL Bdtsy § dedz? ¢ sBORIME z@de. B khtse dzd sk
fsojH" dSd. C2yd S dzOH" dzdzv, WwW2yjydotstetsH ' dzdzgV,
fsilsj et 5dOd dsets sLodlsSlk. rdlsls

B.’:DKJII/IBOIO TIePEIyMOBOIO €BOJIIOIIHHOIO YCIiXy KOMax € iXHsi BHCOKa
TJIOFOYICTh Ta MIBUAKUN PO3BHUTOK. 3a CIPUATIMBHX YMOB CaMKH 0aratbox
BUJIIB KOMax 3JIaTHI BIJIKJIAcCTH Oarato mopiiiil si€lb, sIKI HEBAOB31 JO3PIBAIOTH 1,
KOMaxH, 110 HapOJKYIOThCs, MBUAKO CATAIOTh CTaTEBOI 3puiocTi. Yepes Te, 110 y
OUIBIIIOCT] BUIAIKIB KOMaXH PO3MHOXKYIOTHCS CTATEBUM IIUIIXOM, BUHUKAE BUCOKE
PI3HOMAHITTS] TEHETUYHUX KOMOIHAIIIM, K1 OJIpa3y «IepeBIPSIOTHCI» Y ICHYIOUHMX
yMOBaxX MEIIKaHHSI. 3MiHA YMOB Bele JI0 J1000py TBapuH 13 BIIINOBITHUMHU
amanrtamisiMd. Yepes MIBUAKUN PO3BUTOK KOMaxu 37aTHI EKCIUTyaTyBaTH
TUMYACOB1 €KOJIOT1YHI Hillll, HAMPUKJIA]l, BAKOPUCTOBYBATH JJIsi PO3BUTKY TUIBKU
OJIHy KOPMOBY POCIMHY. YMOBHO KaXXy4H, JUJISl I[LOTO KOMaxa Mae€ «IpaBUIILHO
OI[IHUTHU» dYac, HEOOXITHUM [JI1 BIAKIAAAHHSA S€llb, E€MOPIOHAIBHOTO 1
MOCTEMOPIOHATILHOTO PO3BUTKY Ta CTATEBOTO JIO3PIBAHHSA, 1 «I1JIAIITYBaTUCD) J10
TPUBAJIOCTI KUTTS POCTUHHU.

KoMaxu — 1e po3aiibHOCTaTeBl TBapUHM (€IMHUN BUNAAOK TepMappOIuTUIMY
3apeecTpoBaHoO B yepBelliB poay Icerya). 4 s Ols j © d 2  H thagdsatednicts d3
30BHIIIHIX BIIMIHHOCTEH MIX CaMIIeM 1 CAMKOIO, Y HUX MOXKE MPOSIBISATUCS JYXKe
SACKpaBO — B po3Mipax 1 gopMi Tija, 3a0apBiIeHHI, HAABHOCTI Kpui, Gopmi U
po3mipax BycukiB Tomo. Camku OaraTbOX BHIIB € OUIBIIMMH 33 CaMIliB
(HampuKIIa, y MaJuYHUKIB 1 MPSIMOKPUIINX), ajlie y BUJIIB, CaMIll SKUX 3MararoThCsl
MDK 00010 200 OXOPOHSIIOTh TEPUTOPII0, BOHU € OUTHIIIMMHU 332 CaMOK (HAIPUKIIA],
y JKyKa-oJeHs). Y IJIOMy camIll 4acTO BIJIPI3HSIOTHCS OUIBIIOK PYXJIMBICTIO U
KOPOTIIIUM JKUTTSM, & CaMKH, BIJIITOBITHO, YACTilIe BEAYTh OUIBII MPUXOBAHUI
CHoci0 JKUTTS 1 JKUBYTh JIOBIIE. Y JESKHX BHJIB CaMKU € O€3KpPHIMMHU.
Hampuknan, y MeTenukiB-TiCMXeW CaMKH CXOX1 Ha TYCEHUIlb, HE >KHUBISATHCA 1
MEIIKAIOTh B 3aXUCHUX OYyJAMHOUYKAX, 3 SIKMX HIKOJIM HE BUXOMASATH, HABITh IiJ Yac
KOITYJIAIIIT, @ CaMIll MalOTh «TUIIOBY» JIJISI METEIMKIB 30BHIIITHICTb.

CrareBuii  gumop@di3M  1ikaBO  crHocTepiraTd y  OllarepajgbHuX
riHasipoMopdiB — 0cOoOMH, OJHa TMOJIOBHMHA TUJIa SKMX MOOyJ0BaHa SIK y
caMlld, a 1HIIA — SIK Y CAMKH. Y TBOPIOIOThCS OuTaTepalibHi THAHAPOMOpPU
BHACJIIJIOK TOPYIIEHb Y PO3MOJILII CTaTEBUX XPOMOCOM Mij] 4ac PO3BUTKY
emOpiona. Taki ocoOMHM € I[IHHUMH JUIsi MOP(OJOriB, $KI BUBYAIOTH
rOMOJIOTIi B Oy/10B1 CTaT€BOi CUCTEMH.
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7.1 Mexanizmu aeTepMiHaiii craTi. Y xomax nepeBakae » 6 5 dQ3ts Mts dzdzd 2
HJlsj tod3' dzOysa sxordndsddelSHamankis 3aaeKuTh Bif HAasSBHOCTI B
KaplOTHUIIl TEBHUX XpoMocoM. 3a yMmoBU XX/XY aerepmiHarlii cTaTi, sika BJIacTHBa
O1TBIIIOCTI KOMaXx 3 MIOBHUM IIEPETBOPEHHSIM, roMorameTHi ocoounu (XX) € caMku,
a rereporameTHi (XY)— camisiMu. Y METENUKIB 1 CHOPIAHEHUX 3 HUMH
BOJIOXOKPWIBIIB QyHKIIOHYe ZW/ZZ nerepmiHamis, 3a $SKOi TOMOTraMeTHI
ocobunu (ZZ) € camugsmu, rereporametti (ZW) — camkamu. 3a HasBHOCTI TUIbKU
OJIHIET CTAaTEBOI XpOMOCOMU criocTepiraroTb X0 JeTepMiHalliio CTaTi, SIKa BIACTUBA
0abkam, TapraHaMm, KOHHKaM, IBIPKyHaM, OUTBIIIOCTI MTOTENHITh: SIKIIO KOMaxa Mae
JBi KoITii cTateBoi XxpoMocomu (XX), BOHA € CAMKOIO, a SIKIO TUTEKH oHY (X0) —
camiieM (0 o3Hauae BIFACYTHICTh OJHIET CTATEBOI XPOMOCOMH). Y NESIKUX MOJIEH
HAsSBHICTh JBOX KOIMK cTaTeBOi XpomocoMu (ZZ) BiacTHBa CaMIIM, a OJHIET
(Z0) — camkam (ZO-gerepminaris crati). Bueni BBaxkarorh, mo 1 XO-
nerepMiHariis, 1 Z0-aeTepminaliisl BUHUKAE TO1, KOJIM B TIPOIIECI €BOJIIOIT 3HHKAE
OJlHa CTaTreBa XpoMocoMmMa. 3a YMOB XPOMOCOMHOI JeTepMiHallii CTarTi
CIIBBIJIHOIIEHHS HOBOHAPO/KEHUX CAMIIIB 1 CaMOK y MOMNyJisAiii Oyae OJU3bKUM
nol no 1.

BapiaGenpHicTh cHOCO0IB J€TepMiHAIl CTaTl € XapaKTEPHOK O3HAKOIO
koMax. OcoOIMBO SICKPaBO 110 OCOOJIMBICTH MOKHA CIOCTEPITaTH y KYKIiB-
ckakyHiB 3 poaunu Cicindelidae, y sxux 3ycrpivaerbes XX/XY, XX/X0 ta
XnY —mexaHi3zMu B Mexax oaHoro poay Cicindela MHOKXUHHICTD cTaTeBHX
XpOMOCOM, Ky MOYHa CHOCTEpIraTH y 0ararbOox HECHOPIIHEHUX BUIB, €
y’)K€ TOIIMPEHUM SIBHUILIEM Yy JKYKIB-CKaKyHIB 1 BHUHHUKJIA, WMOBIPHO,
BIJIHOCHO HEILIOAAaBHO.

IcHyIOTh TpyIU KOMaXx, y SIKUX CHIBBIJHOIICHHS CTaTel 1ICTOTHO BIAPI3ZHAETHCS BiJl
1:1. V mepeTMHYaCTOKpHIMX 1 4YepBeIliB crocrepiraioth sBuine G Of dzs H ¢ § dzt
ao 9 dB ' L Boatets 3@ wiog dits @Gajulzgetnk mumoinHUX
SUICKIIITUH PO3BUBAIOTHCS CAMKH, a 13 HE3aIUNJHCHUX TaIlJIOIIHUX — CaMIIi.
(moxyagHie mpo mapTeHoreHe3 AuB. po3aul 7.3 «CrocoOu pPO3MHOKEHHS).
CaMKu TepeTUHYACTOKPUIIUX MAIOTh CIICIiaIbHI M’ s34, K1 BIIKPUBAIOTh OTBOPH
ciM’simpuiimMadiB, nie 30epiraerbcst CiM’s TICIS MMapyBaHHS, BHACIIAOK 4YOTO
CIIepPMATO30iI1 HAAXOAATh JI0 SUICKIITHHH 1 3aIUIIHIOITH iX (IuB. po3ain 7.4.1
«KiHoua crareBa cuctemMay). [HIIMMU clIoBaMH, Ha BIAMIHY BiJl OUTBIIIOCTI KOMAax,
y SKAX TakuxX M’ S31B HEMae 1 3aIlliHeHHS SUIEKIITUHU BiJO0YBAEThCS
aBTOMATUYHO, CaMKa TEPETHHYACTOKPUIIOI KOMaxXW 37aTHa «IUIaHyBaTH» CTaTh
CBOIX HamaAkiB. barato mapa3uTUyHUX I3[1IB «BMIIOTH»  PEryJIOBaTH
CIIBBITHOIIIEHHSI CTaTel 3aJIe)KHO BiJ HIIJIBHOCTI MOMYyJslii, abo BiJ po3MIpiB
xa3siHa, Ha IKOMY, a00 B SKOMY PO3BUBATHMYThCS IMYUHKH. BUeHI PHUITYCKAIOTh,
[0 TalJIOAMIUIONIIST Morja OyTH BaKJIMBOKO TEPEAYMOBOIO TOSIBU COIIAIbHOI
opranizaiii y 6aratbox mepeTMHYaCTOKPHINX — CYCHUIBHUX OC, OJ[KLI, JHKMEIIB
Ta MypaIIoK.

Camiri, sIKi PO3BUBAIOTHCS 13 HE3AIUTIIHCHHUX SUICKIITHH, BIACTUBI BCIM TPHUIICAM
(psan Thysanoptera), meperunuacTtokpwmmM (psa Hymenoptera), Oimoxpuiikam
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(ponuHa Aleurodidae psimy Hemiptera) Ta geskum iHIIAM KoMmaxam. Y JESIKUX
nuTiBoK (poamHa Diaspididae psmy Hemiptera) camiii po3BUBaIOTBCS 13
JTUTUIOTAHOIT 3UTOTH, TTPOTE HA PAHHIX CTAiIX eMOpPIOTeHe3y CTaIOTh TarlIOlTHUMH.
V IHIMX KOMaX COMATHYHI KJIITMHH CcaMIld € IOUINIOITHMMH W MICTITHh TI'€HH,
OTpUMaH1 BiJ 000X OaThKiB, aje IIiJI Yac CIepMaTOreHe3y 4YacTHHA T'eHOMa
CIIMIHYETBCS W HalllaJkaM IepealoThCsl TIIbKHM MATEPUHCHKI T'eHU (OUIBIIICTh
yepgelliB rpynu poauH Coccoidea psay Hemiptera, neski >kyku 1 IBOKpHUIIL).

7.2 BniauB CcUMOIOHTIB Ha CHIiBBiIHOIIEHHSl cTaTeil y KoMax. 3pylIcHe
CHIBBIJHOILIIEHHS CTaTe Moke OyTH HACHIAKOM BIUIMBY H I1HIIMX YHHHUKIB.
Hampukinaz, i3aenb-Ha30HIS MOXKE BIIKJIAIATH MUTUIOTIHI SIS, 3 SKUX MArOTh
HApOAMTHUCSA CaMKH. AJie BHACIIIIOK EBHUX MPUYMH KIITUHUA eMOpiOHa BTPAyaroTh
OJIHY 13 CTaTeBUX XPOMOCOM 1 JAalOTh MMOYATOK TaIUIOITHOMY CaMIf0. Y JESKUX
BUMAJKax CIIIBBIJHOIIEHHS CTaTel y MOMyJAIll KoMaX MOXKe OyTH CHIIBHO
3pyIlIeHE B HAIPSIMOK MEPEBA’KaHHS CaMOK, aXK J0 HasBHOCTI MapTEHOTC€HETHYHUX
NOMYJIAIINA, B AKUX camill BiACyTHI. HemomaBHi AOCHIDKEHHS TOKa3alu, IO
HaBITh 32 YMOB BIIKJIaJIaHHA 13/IIEM-TPUXOTPaMOI0 HE3aILTIAHEHOTO U1, 3 HhOTO
HApOJKY€ETbCS JUIUIOIHA caMmMKa. 3’4CyBajiocsi, IO CTaTh «KOPETYIOTh)
CUMOIOTHYHI OakTepii, Kl MEIIKAIOTh B SHIIl — BOHM BHKJIUKAIOTH IOJABOEHHS
XPOMOCOM 1 IJIOIAHICTH BIJTHOBIIIOETHCSI.

B okxpemux mnomyndimisix KOMax CTaThb HaIaJKIB BH3HAYalOTh OakTepiaibHi
€HAOCUMOIOHTH, $KI >KMBYTh BCEPEIMHI CTaTE€BUX KIITHH 1 BIUIMBAIOTH Ha
pO3MHOXKEHHsI koMax. Haituacrimie taki 6akTepii MpU3BOJATH O YaCTKOBOrO abo
MOBHOI'O BUHMIIICHHS CaMIIiB, TOMY iX 4acTO Ha3uBaroTh «male-killersy» («BOuBIII
caMIliB») — Iie mepeBaxkHo 9 B8 dz! Ba@dxox 'te d € J,liftf ©* 'tc 5 § rdz@axidzd
iHir. EnpocuMmOioTnuHi  OakTepii mepenaroThCcs BII Marepli [0 HAIAJIKIB
TpaHCOBapiaJIbHO, TOOTO uepe3 sinekmTuHy. Bonu 3natHi: (1) BUKIMKATH y CaMOK
MEePETUHYACTOKPUIINX KOMax ocoOimBy (opMy mMapTeHOTeHe3y, 3a SKOTro
HAPOJKYIOThCS UIIIOINHI caMKH (y JESKUX i3AaiiB), (2) CIPUYUHSATH 3arudesb
eMOpIOHIB YO0JIOBIUOiI cTaTi (y MEAKUX JKYKIB, METEJIHKIB 1 MyX), (3) BUKIUKATH
dbeMiHizalliio, BHACTIIOK SKOi CaMili CTalOTh CXOXXKMUMH Ha caMOK (y HESIKUX
METEJHKIB), (4) BUKIUKATA IIUTOIJIA3MAaTUYHY HECYMICHICTh, 32 SKOI BUKHBAIOThH
TITBKM T1 HAIAAKW, SKI HAPOAWIWCSA BiJ] CaMOK 1 CaMIliB, 3apa)KeHUX OJHUM
mTamMoM BoJbOaxii (y aposzodinm). Yci 1i MexaHI3MH MPU3BOJATH 10 IIBUIKOTO
TOLIMPEHHS] eHIOCUMOIOHTIB B HOMyJIsLii KoMax. MIMOBIpHO, KOMaxy OTPUMYIOTh
NEBHY KOPHUCTh BiJ BOJIBOAXii, PO MO CBiAYaTh MEHINA ILJIOMIOYICTh 1 3HMKCHI
aJanTariifHl BJACTUBOCTI 3HE3apakeHMX KoMax. IIpumyckaroTh, mo OuIs JIBOX
TPETHUH YCIX WICHHCTOHOTHX 3apa’K€H1 HUTOIIa3MAaTUYHUMH €HJIOCUMOIOHTaMH,
nepeBaXxHo BoJibOaxiero. HemogaBHO BUeH1 po3MM(ppyBaiu reHETUYHI MEXaHI3MHU,
K1 COPUYMHIOIOTh HUTOIUIA3MAaTUYHY HECYMICHICTh, BUKIMKAHY BOJIbOAX1€0 — 11€
MOK€ JOTIOMOTTH CTBOPHUTH MPHUHITUTIOBO HOBI METOIM KOHTPOJIO UYHUCEIHHOCTI
KOMax-IIKITHHUKIB.

7.3 Cnocodu po3MHO:KeHHsl. PO3MHOXKEHHS KOMax 3IHCHIOETHCS TMEPEBAKHO

Ho tsMisOls j o d,dgne Malb¥enptSkdgkHOMYy psiii MOKHA 3YCTPITH pi3Hi
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BapilaHTH MAPTEHOTEHETUYHOTO PO3MHOXKEHHS — TOOTO PO3BUTKY HOBHX
OpraHi3amiB 13 He3amnigHeHuX seip. } Otels | dzts 6 j dzj Is d y dzfzy tcts
CKJIQJIOBOIO KUTTEBOTO LUKIY MOMEIUIb, (DiIokcep Ta O6araTboX 1HIIMX KOMaX, 1
MIPU3BOJAUTH 10 YTBOPEHHS OCOOWH BUHAITKOBO JKiHOYOI CTaTl (TUIbKH Y METEIUKIB
3 ZW-AeTepMiHaIll€l0 CTaTi BHACHIIIOK MapTEHOTeHE3y MOXKYTh HApOIKyBaTHUCA 1
caMmili, 1 caMku; auB. po3aun 7.1 «MexaHizMu nerepminaiili crati»). [lomenuisim
napTeHOreHe3 JOMoMarae JayXe IMIBUAKO CTBOPUTH KOJIOHIIO Ha HOBIM pociuHi. B
JeSIKUX BUMAAKaX, MapyBaHHS BiJOyBa€ThCs, ajie BOHO NOTPIOHE TIIBKU MJIs
IHAYKIi TapTeHOreHe3y, MpH I[bOMY CaMmIli 13 JBOCTATeBHX IOMYJISAIIN
KOMYJIOIOTh 3 CaMKaMU 13 MapTEHOTEHETHYHUX TMOMYJIALIA, M0 MOTPiOHO s
3aIyCKy TapTEeHOTCHETUYHOTO PO3MHOXKEHHS (IesAKi JKyKd TOUYMJIBHUKH Ta
JIOBTOHOCUKH, JIeAKI MeTeNUKH-MimeyHuni 3 poaunu Psychidae). Inomi,
MapTeHOTeHE3 BUHUKAE CIIOHTAHHO, BHACTIJOK HEBIIOMUX TPUYMH B OKPEMHX
ocobuH B momyusmii. Z ISz ydzep@ * dzH 2 G s Odzd 2 o p@redsymdzts G
MEXaH13MOM CEJIEKIIli IIIOBKOBUYHOI'O IIOBKOMPS/IA, Y SIKOTO MAPTEHOTEHE3 MOMKHA
BUKJIMKATH JI€I0 CIA0KUX KUCJIOT, BIUTMBOM HHU3bKOi a00 BHCOKOi TeMIlepaTypH,
BUTPUMYBAHHSAM Ha SICKpaBOMY COHSYHOMY CBITJI. Hampukiaza, sKio i3 camku
IIOBKOMIPsIIa OTPUMATH HE3AIUTIIHEH] siiIs 1 HarpiBatu ix g0 46°C ynpoaoBx 18
XBUJIMH, MOXXHA OTPUMATH JU-, TPU- Ta TETPAIUIOiHI KJIOHU T'YCEHUIlb KIHOYOT
CTaTl, Kl € TMOBHICTIO 1IEHTUYHUMH MaTEPHHCHKOMY OpraHizmMy. 3aCTOCOBYIOUH
1HITYy KOMOIHAIlll0 YMHHUKIB, MOXXHA OTpPUMATH KIJIOHU CaMIIiB, SIKi 3JaTHI
MPOAYKYBaTH IOBKOB1 HUTKHU Ha 20% AOBIII 3a Ti, 10 BUPOOJISAIOTHECS CAaMKaMHU.

1 s zdzwy' 2 dzd 2 Moficete @®/gu dzimig jbdzfiBEMM 1 OOMIraTHUM.
Hampuknan, y cinoigiB (psin Psocoptera) 1 3KyKiB-ZOBrOHOCHKIB (poJauHa
Curculionidae) MoxyTh iCHYBaTH SIK JBOCTATEB1 MOIYJIALII, TaK i OJJHOCTATEBI, SKi
YTBOPEHI CaMUMHU TUIBKA NapTEHOI€HETUYHMMH caMkamu. [lapTeHorenernyHi
MOMYJIAIIi KOMax 4acTo € €JIeMEHTaMH OCTPIBHUX ¢ayH. SIK BUHITOK y KOMax
coctepiratotb Y J H 5 G JTdBjoL mNapTeHOreHETHYHE PO3MHOXKCHHS  Ha
JUYUHKOBIN cTafli (B ranuilb miapoanHu Lestremiinae, )xyka MiKpoMaJIbTyca: JTUB.
po3ain 7.9 «'inepmeramopdo3 ¥ 1HII BapiaHTH YCKIIATHEHHS KUTTEBOTO ITUKITY»).
HecrareBe po3mHOKeHHS emOpiona y dopmi § S dz' | B3y teisutsxprimx i
JEeSKUX i3/11B TPU3BOAUTH 10 (HOPMYBaHHS KUIBKOX HAIIAQJKIB 13 OJHOTO SHIISL.
30kpema, B JEAKUX I3/I1IB 3 OJHOTO SUIISI MOKYTh HApOIUTHCS Ol TBOX THUCSY
HaIIa/IKIB — 1€ HalBHILINA piBEHb MOJIEMOpPIOHIi, 3apeecTpoBaHUI B TBApUH (JUB.
poznin 7.7 «kEMOpioHaTBbHUN PO3BUTOKY).

7.4 Ilnan OynoBu crateBoi cucremu. CtareBa cucTeMa camiliB 1 CaMOK KOMax
noOyioBaHa 3a OJIHAKOBHMM IUTAHOM: BOHAa MICTUTh B cBoeMmy ckiami MISOls j o
L O dztsieuguku abo cim’siaukm), MIs Ols j o if @IS Js ) EbieaczoBi)
L O dztBLeMppioHAILHOMY PO3BHUTKY MEPBHHHOOC3KPHIINX KOMAax CTATEBI 3aJI03H
3aKJIaJJAl0ThCS SIK METaMepH1 Me30/iepMalibHi 3a4aTKi B 1—7 cerMeHTax 4epeBlis, Yy
IPOCYHYTIIINX Py METaMEepHE PO3TAILyBaHHS 3a4aTKiB CTaTEBUX 3aJI03 MOXKE HE
OyTH sickpaBo BupakeHHM. CTaTeBHUil OTBIp Y KOMax BIAKPUBAETHCA HA MEX1 7 1 8
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CErMEHTIB 4epBIs (y CaMOK JesSKhX KoMax), 8 1 9 cermeHTiB (y caMOK OUIBIIIOCTI
KOMax) Ta Ha 9 cerMeHTi uyepeBis (Y caMIliB).

7.4.1 /Kinoua crareBa cucrema. JKiHoda crtaTeBa KomMax ckiamaerbes i3W ° Y dzgd §
fisOlsj o dnriO% dry H'se dggf '~y daPbpiv 2 yj o dBd Istelzs
abo 59 O tec '(is-dx@dgepMaibHUMK, IEPBUHHO METaMEPHHMH CTPYKTYypaMH,
BUXIJIHA KUIBKICTh SKHMX Yy KOMaxX CTaHOBUTh 7 Tap (3aJIHUINAEThCS TaKOK Y
JTABHBOIIIEJICTIOBUX 1 OJHOJACHOK). Y TIpoIleci €BOJIIOIII MO)Ke BiOyBaTHCS SK
3MEHIIEHHS KIUIBKOCTI siiiiieBUX TpyOouok — tSdz' ¢ 5 d3] & dMet@mKiBW
OUTBIIOCTI MEPETHHYACTOKPUIINX, Mapa3UTUYHUX Ta KUBOPOJHUX KOMax), Tak 1
30ibIIeHHS iX KimbkocTi — f S dz' d3j teyduaT@n@ ki1 Ta mapuili TEPMITIB).
KoxHna siitieBa TpyOOYKa OTOYCHA CITOJIYYHOTKAHHHHOIO 00OJIOHKOIO 13 TpaxesMu

i M’s130BuMHU BosIoKHamu 1 Mae 3 Bigmimm: (1) Is j o d3' dzO dz! dzd,2txkumy *  dz(
TPyOOUYKa KPIMUTHCS JIO CTIHKH Tina, (2) G | tc d3O-180oHa2yTBOPEHHS OOIMTIB, Ta

(3)9 ' IsJ dzezWopdiesh HaV 2 Yy J o * nmifakxal3he woffuty 103piBarOTh.

3anexHo Bl CHOCOO0Y HAAXOKEHHS IOKMBHUX PEYOBMH JO OOLMTA, IO
PO3BHUBAETHCS, PO3PI3HAIOTH Pi3HI THIHK sifieBuX Tpybouok. 1 O dzts = Mssinckmiy dz'
TpyOOUKH HE MaIOTh CHEIiali30BaHUX MOKUBHUX KIITHH, a MOXXWBHI PEYOBUHU
HAJXOJSTh JI0 OOIUTA uepe3 POoKYIIPHUM emiTeNii, 1o oro orouye (AUB. aani).
[ J tets’ Mmdsiigeighg60oukn MaroTh criemiaai3oBaHi MOKUBHI KIIITHHH 1, B CBOIO
yepry, moaulsitoTees Ha f S dz' IS to & WnoxupHE' KIiTHHU SKUX € B KOXHIM
UTeBid Kamepi, 1 IS J dzs Is t6 t5-W yci YoogiiBHI KIIITHHY SKUX MICTSATHCS B 30HI
repMapilo 1 yTBOPIOIOTH TYyT OaraTosiiepHy TpoQidHy Kamepy, a O KOXHOTO
OOIIMTa TATHETHCSA JOBTMHA IHUTOIUIA3MAaTUYHUN BIPOCTOK, IO TPOBOJHTH
MOKWBHI PEYOBHHHU. Y KOXXKHOI KOMaxW MOXKE€ OYTH TUIBKH OIWH THIT SIMIICBUX
TpyOOUOK, NMPUUOMY BBaXKAlOTh, IO L O3HAaKa A0Ope BimoOpa)kae €BOJIIOIIIO
koMax. IlpuHaiiMHI MaHOICTHYHI sAWLEBl TPyOOUYKHM BIIACTUBI MpEIACTaBHUKAM
CBOJIIOIIIMHO  JaBHIX PSliB — TEPBUHHOOE3KpUIUM, OaOkaMm, BECHSHKaM,
NaJTMYHUKAM, TapraHaM, TPSIMOKPUIINM Ta JACSIKAM THIITHAM.

r " detsy' Mis Ols § wokyTs Pyies f831808 draagHocti. Y 0OAHOACHOK
METaMepH1 SE€YHUKA 3 KOXHOTO OOKy Tila BMaJalOTh B TMpaBUil Ta JIIBHM
W Jjotftstgiimfi He3anme)KHO BiIKPHBAIOTHCS CTATEBUMHU OTBOPAMM Ha TpaHUI 7
Ta 8 cerMeHTiB uepeBid. OTKe CaMKU OJJHOJICHOK MalOTh Mapy CTATEBUX OTBOPIB,
SKUM BIJITIOB1JIa€ Mapa KOMyJATUBHUX arapariB caMIliB. Y PEIITH KPUIaTHX KOMax
f Otcdz" W 2 wgslfrdessies g tf O ieixkzd BAnkpuBaeThcs HazoBHIY * - O BB
VY 6uabpIIOCTI KOMaxX OTBIP MIXBU (CTaTeBUH OTBIP) CIYTYE 1 JAJISI KOMYJSALIL, 1 IS
BIIKJIaJaHHS sI€llb. AJie y OUIBIIOCTI METEJIMKIB KOMYJISITUBHUIN Ta SUIICBUBIAHUN
OTBOPHU PO3JIIEHI 1 MICTATBCS Ha PI3HUX cerMeHTax. JKUBOpOAHI BUAM MAaIOTh
30 Is &lzposmmpeny yacTuHy MmiXBH 0COOJMBOI OymOBH, A€ BiAOYBa€ETHCS
pO3BUTOK eMOpioHIB (auB. po3ain 7.5 «Eranmu cTaTeBOro pO3MHOKCHHS).
MimkononiOHa MOPOKHUHA, B SIKIH HAKOMUYYETHCSA 1 30€pITacThCsl CIM’S TICISA
Komyssmii, HasuBaerbes ) d30 W ff tc.daBodg@pygreigoro — BiH Moke OyTH
IOPUCYTHIM B Pi3HIH KIIBKOCTI.
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J1o ckjamy KiHOYOI CTATeBOi CHCTEMH YacTo BXOiATh H SH OIls 8080 ¢ Yy j Mistc
L O dztawi €fiainsioTh CEKpeT AJIss NPUKPIIICHHS s, GOpMyBaHHS OOTEKH a0o
PI3HHUX 3aXMCHHX OOOJIOHOK HABKOJO sidis (muB. po3nin 7.5 «Ertamm crateBoro
PO3MHOXKEHHS»). Piamne akmecopHi 3aj03d CEKPETYIOTh CTaTeBl (PEpPOMOHH,
pEYOBMHHU, IO CTUMYJIIOIOTH a00 MPUNUHSAIOTH  BiAKIaJaHHSA  SEIb,
aHTHOaKTepiaTbHI PeYOBUHU a00 OTPYTY (Y OJKOIM), IPOIYKYIOTh KHUPOIOAi0HI
pPEYOBMHU JUTsI 3MAlllyBaHHS CTYJIOK sIMIeKiIana abo jkama. Y YacTHHU KoMax
aKIeCOpH1 3aJI03M BIAKPHUBAIOTHCS HA30BHI Ha 9 CTEPHITI YepEBIs HE3aJIEHKHO Bif
CTaTeBUX NUIAXIB, B PEIITH — B Pi3HI TUJISHKA HETApHOTO ﬂﬁuenpOBoz[y Ha
BIIMIHY BIJT ME30JCPMAIILHOTO S€YHHKA, PEITa CTPYKTYP KIHOYOi CTaTeBOi
CUCTEMHU MAIOTh EKTOJepMalbHE TMPOXOHKCHHS 1, BIAMOBIAHO, BHUCTEJCHI
3CEepEeIMHU KYTHKYJIOI0 IHTUMOIO.

Oouut, 110 yTBOPUBCS B repmapii, 103piBae B sSIMLEBIM Kamepi, 1€ BIH OTPUMYE
MOXKUBHI PEYOBHHHM 1 MOCTYNMOBO 30UIBIIYEThCS B po3Mmipi. HaBkono ooruta
yTBOprOeThesl W S dz' € 2 dzv te dadskuit gpdnycismg wbxkuBHi peyoBuHHU 13
remoiiiMpu (TUIBKU B MAHOICTUYHOMY SI€YHUKY; MEPOICTUYHI SHIEBI TPYOOUKH
MaloTh BJAacHI MOXKMBHI KJIIITUHU — JIMB. BUIIE), a HA MI3HIX €Tanax OOreHe3y —
dbopMye 3axucHy O0O0O0JOHKY s — n tSt6." [lpaEcc 3amacaHHS MOXKHBHHX
peyoBUH (MPOTEIHIB, *KUPIB Ta TJIKOTEHY) B OOIUTI KOHTPOJIOETHCA TE€HAMU
MATEPUHCHKOIO OpraHi3My 1 HasuBaeThcsad 9 @ IS j dzts ¢ JVdzgocosisoagoi
OUTBIIIOCTI KOMax IIeH MPOoIeC 3aJeKUTh Bl XapuyBaHHS CAMKH 1 TIJIbKHA Yy KOMax,
IMaro SKMX J>KMBE HEIOBIO — BIJ XapuyyBaHHS Ha JIMYMHKOBUX CTafisiX.
Hanpuknaa, y KpOBOCHCHMX KOMax, SIK TO KOMapiB, MOIIOK, I€J31B TOII0, MIXK
CHOKMBAHHSM KpOBI, PO3BUTKOM S€YHUKIB 1 BIJIKJIQJAHHSAM MOPIIi S€Ub ICHYE
TicHui (Di3iogoriuHuil 3B’SI30K, SKMiA HasuBaeThcs G B dzSIstetsW © Yydz®
ToOTo 175 BiAKIaAaHHS OJHIET TMOPIi s€llb CaMKa IMOBUHHA CIOXHUTH OJIHY
HOPIIi0 KPOBI — I1ei Tepio1 B 11 )KUTTI Ha3uBaeThesa G S dzsIstetsW * . ydzad 2 Yy

M S t6 'y @tiaiocTi KoMax, sIKi BIAKJIAIAI0Th SIS BIAKPUTO, € TBEP/IOK, CXOMKOI0

Ha [IKAPIyIy, 000JOHKOI0, SIKa CKJIAJA€ThCs 3 JEKUIBKOX IIApiB 1 3aXUIIA€ sIe

BiJl BUCUXAHHS Ta MEXAHIYHOTO MOMIKOKeHHA. [IoBepXHs XOpioHY 4acTO BKpUTA
KOMIPYACTOI CKYJIBIITYPOIO, sIKa BIAMOBIJIa€ KOHTYypaM KIITHH (POJIKYJISIPHOTO
emiTenio, a0 Mae OUIbII CKIAAHY CKYJBITYpPY, YACTO HEBIJOMOTO MpPU3HAYEHHS.

Ta wvacTmHa sisg, ska OOCpHEHAa BCEpENUHY SUIEBOI TpyOouku (TOOTO, €
MOpGOJIOTIYHO  TEPEHbOI), Ma€ CHeliadbHy 30HY IS NPOHUKHEHHS
CIIepMaTo30i/liB Ta JUXaHHS eMOpioHy, M0 po3BuBaerbes — d3° G oS
CtpykTypa MIKpOIiJie MOKe OyTH CKJIQJIHOIO 1 B ICSIKUX PsiiaX BUKOPUCTOBYETHCS

K JIarHOCTHYHA O3HaKa. B sSHIIX NeIKuX KoMaxX € ¥ JOJAaTKOBI CIEIlaJIbHI 30HU,
yepe3 siKi BijOyBaeThcs ra3oo0min (O J to B)frd mizjiunanus Boqu (6 © H te)stf
Jo3pine siile mij yac npsiMyBaHHSI CTATEBUMU IILIIXaMU CaMKH HA30BHI OTPUMYE
MOPIIIO CIM’SIHOI PIAMHM 1 3alUTIHIOETCA. Y OLIBIIOCTI KOMax IIeM Mpolec €
ABTOMATUYHHM, 1 TITbKA MEPETUHYACTOKPUII Ta JIESKl KYKH MArOTh CIeEIlaJbHy
MYCKYJIaTypy, SKa BIJKPUBA€ TPOTOKU CIM SMpUAMaviB. 3aruliIHCHHS S€Nb Y
OUTBIIOCTI KOMaX BiI0OYBA€THCS HEBAOB31 MICIIA KOMYJISIIII.
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7.4.2 Yoaosiua crareBa cucrema. YoyoBiya cTareBa CHCTEMa MpEACTaBIICHA

" &30 W dadn® @3B dzd 3 el ®E B S QEgM dzd 3 Kokn@idzs L
' d30 Yreapefinit Tpyouactumu ) d30 W dzd d3d , Wicseezinal kizidd Orel3 d
AKUX CTaHOBUTh 7 map. Bcepeauni TpyOo4yok BigOyBalOThCS MPOIECH
criepMartoreHe3y. BepxiBkoBa aiasHKa Qojikyna (G JA3O t9 ‘Mi2TUTh 3apoaKOBi
krituan M j to d30 lseis@tis'df © dz! dzlz  f tsyCdepvdzbroni§ misixdsad dzlz
MITO3y mepeTBOproroThcs Ha aurutoigni M J t6 30 Isispyidrisighpsaxy, a Ti, B

CBOIO Yepry, ILIIXOM Meio3y yTBoproroTh rammoinui M J to d30 Gudpmaduiu,

SIKi yTBOPHIIKCS 13 OJTHOTO CIIEPMATOTOHII0, TPUMAIOThCS pa3oM y Burisiai f)° d3d W dzt
Y d M,lsack moxkm ne mospitore B MY j to dQ30O Is tdlosfsai HigpmaTosoinu
npssMyroTh HazoBHi ) d30 W dzd d3d , faomisyeid® @3tk posmupenHsx

(' d36 W dzd ~) i dfidpEgcicng3vpai uepes )’ dRZO W o g Qtcilzpd &2 € OO0

CnepMaro30igM KoMax 34€0LIpIIOr0 MarwTh 4YepBONOAIOHY (popMy 1 MarOTh B
JIOBKUHY BiJl IECSITKIB MIKPOMETPIB J0 KUTBKOM CaHTUMETPiB. 30KpeMa, IOBKUHA
cniepmaro3oina kiona Notonecta glaucaranosuts 1,5 cM, a y myxu Drosophila
bifurcata— 5,8 cMm, mo B 20 pa3iB Oijblle 3a TOBKHHY caMoro camiist. ['osiBka
criepMaro30i/ia 30BHI Maike He BUpaKeHa 1 MpUKpUTa miarnoukoro — O § t6 s .ts d3ts
By3bki cmepmaTo30iiM € ajanTaii€rd a0 3allliHEHHS SHIsM 4epe3 BY3bKi
MIKPOIIiJIE, @ MIKPOMUIE € BY3bKUM JIJIsi TOTO, 100 SIille HEe BUMApOBYBAJO HAJITO
Oarato Boau. TUIBKM TI KOMaxu, KIAIKH SKHX [JOJATKOBO 3axXHIIEHI BIJ
BHUCHUXAaHHS, MalOTh BIJHOCHO LIMPOKI MIKPOMLIE 1 «TUHOBOD» (POPMU IKTyTHKOBI
CIIEpPMATO30i/I1 13 OKPYTJIOI0 TOJIIBKOIO (MPUKIAI0M, TApTaHH).

VY Mexax 0aratbox psAiB, 3a3BUYail cepel] MPOCYHYTHX B E€BOIOLIAHOMY
IJIaHl TaKCOHIB, HE3AJIEKHO BHHHMKAIOTh O€3/KT'YTUKOBI U MEpPEBAXKHO
He3JaTHI A0 pyxy crnepMmaro3oind. OCTaHHIM dYacoM B EHTOMOJIOTIL
CIOCTEpITraloTh MIABULIEHUH 1HTEpeC A0 JOCHIKEHHS MOpQoorii
CIepMaTo30i/liB, 4Yepe3 MOTEHI[IHHO BHUCOKY (IIOr€HETUYHY I[IHHICTh Ta
NEPCIEKTUBHICTh BUKOPUCTAHHS O3HAK OYJOBU YOJIOBIUYMX CTATEBUX KIITHH
JUTst 3°siIcyBaHHS (DUTOTEHIT OKPEMHUX PSIIIB.

Y Sdzs ©FC Yy J Mis te dzkinpkict® dztdyaosa skux MOKyTh OyTH PI3HUMH,
BUKOPUCTOBYIOThCS camieM it moOymoBu M J tc 30 Ists WetetdddbHoi
Karcyiau, B sIKid 30epiraroThcsi crepmaro3oigu. Haigactime cnepmatodop
BBOJIMTHCSA B CTATEBl NUIAXW CAMKH IIiJl YacC MapyBaHHs, PIIIIe — BiIKIAIA€ThCA
Ha cCHemjajbHl MaBYyTUHKU (y NEpBUHHOOE3KpWINX Komax). Halickmagaimi
cnepMaTopopu € y KOHUKIB — BOHHM MICTATh HE TUIBKM CIIEPMATO30i[H, ane i
OUIKHM JUIsl CTIOKMBAHHSL CAaMKOIO TICHST KOMYJISIIl. Y NeIKuX KOMax pe4OBHHH, SIKi
BUJIIJITIOTHCS  AKIECOPHUMHM 3QJI03aMH Ta CIM SHUMH TPOTOKAMH, aKTHBYIOTh
CIIEpPMATO30ild — TUIBKKM TICAsA MAli IUX PEYOBHUH CIEPMATO30iIU CTaIOTh
PYXOMHUMH.

Sk Ha3eMHI TBapWHHM, KOMaxXW MAarOTh TIOJOJATH MBI HPOOIeMH —
3aIlTiAHEHHS Ta PO3BUTOK eMOpioHa B yMOBax Ae(ilUTy BoJjoru. PimeHHsIM
NepiIoi € BHYTPIIIHE 3aIUTTHEHHS, 3@ SIKOTO CIM’S MEPEHOCUTHCS 10 Tija
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CaMKd, a Jpyroi — QopMyBaHHS XOpiOHAa — IIUIBHOI BOJOHENPOHUKHOI
00O0JIOHKM HaBKOJIO siIsa. BomHOowac, HasSBHICTh XOpiOHA BHMAarae IOSBH
CHeLIJIbHUX CTPYKTYp 1 MEXaHi3MIB JUIs TOCTayaHHS BOJW Ta rasiB Ji0
3apojaKa, IO pPO3BUBAEThCA. YUepe3 Te, MO XOPIOH BHHHUKAE HABKOJIO
HE3aIUTITHEHOTO SISl Ie B CTAaTeBMX MIIAXaX CaMKHA, B HBOMY
3aKJIQAl0ThCSA  CICIiaibHI OTBOPH I TIPOHUKHCHHS CIEPMAaTO30i/iB
(Mikporie).

7.5 Etanu crateBOoro po3MHOKeHHs. PO3pi3HAIOTH Taki €Tamud CTaTeBOro
po3MHOXKeHHS Komax: (1) mepeHeceHHs ciMeHi Bij camis 10 camku (B ' d3l)dz’ dz
(2) L Of dz' Hcozpmazodinom siinexmituan, Ta (3) © © H € dzOH O (v W

BiJIPOJKEHHS TMYMHOK CAMKOIO).

[TogiOHO 10 IHIIMX HA3eMHUX WICHUCTOHOTUX, B Mexkax miarumy Illectunori
CIIOCTEPIraeThCs €BONIOLINMHMI nepexin Bim L 5o dz' N dg asdiisls o' b dz!
s’ d3d. Gamgizaedcux rpyn npuxoBaHOMICICOBUX IECTUHOTHX, HAIPUKIIA,
HoroxBicTok Orchesellara TomocerusxaoTu4Ho poO3MIIIYIOTh criepMaTopopu Ha
IPYHTI, a caMKa, KOJM 3HaXOJWTh, 3’iJa€ HECBLXKI cnepmaTodopu, a CBIKI —
BUKOPUCTOBYE IS 3alUTiTHEHHSA. 3a TaKWX YMOB CTareBl TMapTHEpU HeE
3yCTPI4aIOTKCS 1 TTapa HE YTBOPIOETHCS, TOOTO BIacHE MapyBaHHA HE BiI0YBAETHCS.
[Ipote y KoMax yTBOPIOIOTHCA HapH, 1 BiIOYBAETHCS MapyBaHHS, SIKOMY IEpeye
CKJIaJHa NUTIOOHA MOBEMIHKA. Y TEPBUHHOOE3KPUIMX KOMax, SIKI MENIKAIOTh Y
BIJIHOCHO BOJIOTMX YyMOBaX, camelb 3aJMIIAa€ KPaIuIMHYy CIM’SHOI pIAMHU abo
criepmarodop Ha cyOcTpari abo Ha creliaibHIi MaByTUHIN, SIKY BUAUISE CBOIMU
CTaTeBHUMH TMPHIATKaMHU, a CaMKa 3TO0JIOM MiJXOIUTIOE CBOIMH CTaTeBUMH
NpUAATKaMU YOJIOBIYl CTaTeBl MPOAYKTH. Y TakOMy pa3l KOIMyJSLii HeMae, aje
3aIUTITHEHHS BIJOYBA€ThCSI BCEpEAMHI MaTepuHChKOro opraHismy. [loyactu nmapu
BUKOHYIOTH JIOCHTH CKJIAJHI CTEPEOTHIHI pyxH, Tak 3BaHi N dz¢ B dz' , 58O dzy
JIOTIOMAararoTh PO3PI3HUTH KOHCTIENU(PIYHUX OCOOMH, BUSBUTH CaMOK, TOTOBUX JI0
KOITYJIAII1, CTUMYJIOBAaTH CAaMOK JI0 KOIYJISAIi, 3a0€3MeuyoTh epeHeCceHHs CIMEHI
TOILIO.

3ycTpid crareil BiIOYyBa€ThCS B MICISIX BUILIOAY CaMOK (TOII caMill 3a3BUYaid
OKPUJIIOIOTBCS PaHIIIE), B MICISIX XapuyBaHHS CAMOK, MOOJIN3Y MICIlb, € MOXYTh
OyTu BinKJIaJieHl AUl a00 Ha IHIIUX TepuTopisix. OCOOMHM MPOTHIICKHOI CTaTi
CHUJIKYIOTBCA 32 JOTIOMOTOI0 aKyCTHYHHX, XIMIYHUX (32 JOIMOMOTOI0 CTaTeBUX
(GbepoMOHIB), Bi3yaJbHHUX Ta TAaKTUJIBHUX CHUTHAJIB, YacTO KOMOIHYHOYH iX MIXK
coboro. Y 0araThOX BHMaJKaxXx TOTOBAa J0 PO3MHOXECHHS CaMKa Ma€ MPUHHATH
ted YyJ 4 Isd 9skaziozdpimis Eamiro posnovatu komysmiro. 106 3amobirtu
3aIUTITHEHHIO SI€Ib CIM’SIM IHILIKX CaMIIiB, CaMlll 3aCTOCOBYIOTh pi3H1 TakTHKU: (1)
OUUINAIOTh CTATEeBl NUISIXM CaMKH BiJl CIM’SIHOT PIAMHM TOMEPEAHIX CaMIliB
(Hanpukian, y 6abok), (2) 3ame4aTyrOTh CTATEBl IUISIXM CAMKU MICHSI KOMYJISIIT
CHeIiaJbHUM IIEMEHTOM (TIEPEBaXXHO Y JBOKPHIUX, TEPETUHYACTOKPHINX 1
METEJHKIB), (3) HArISIAAI0Th 32 CAMKOIO, @)K TIOKM BOHA HE PO3TOYHE BiJKJIANaTh
Al (Hanpukiaz, y 6a0ok Ta neakux Myx). TpuBaicTh mapyBaHHS PI3HUTHCS MIXK
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BUJIaMH 1 KOJIUBAE Bij KUTBKOX CEKYHJI y KPOBOCHCHOTO Komapa Aedesio 24 roauH
y MOJIEH, ajie B cepeHboMy ckiaaae 6t 10—15 xBuuH.

Miciie ® © H & dzO H ualiddz¥riimné Bu3NpiacThCs MiCIIEM MEIIKaHHS MaiOyTHIX
JVYMHOK. BinbmiicTe KoMax BiAKITanae sl B TPYHT, Omajie JUCTS, HAa KaMiHHS, Y
BOJy, BCEpEIMHY a00 Ha MOBEPXHIO pociuH. Tapranu, 60roMonu Ta aeski TepMiTH
1 Kionu Biakmagaote S SIS J—& dpynu senpb, BKPUTI CHUIBHOIO 3aXHCHOIO
obomonkoro. Crepmaro3oiny OesKuX KoMax 30epiraioTh IKUTTE3JATHICTh Y
ciM’simpuiiMadl CaMK{ BIPOJOBXK TMEBHOTO dYacy (iHOAI— pOKaMu), TOMY
BIJIKJIAJIaHHS SI€Ib HE 3aBXKAM CIIAY€E 3a KOMYJAII€I0, a MOke OyTH 3aTpuMaHe.
[MomenusaM Ta AesIKUM TapraHam npuramande W 2  j Y ( oztiz#atanero siime
3aTPUMYETHCSI B CTAaTEBHX IUIAXaX CaMKH, a eMOPIOH PO3BUBAETHCS 32 PAaXyHOK
NOKMBHUX PEYOBHH sinsg. Ha BIAMIHY Bl SMIEKUBOPOMIHHS, CIPABXKHE
3 d o 56 tS Heped@alzde po3BUTOK eMOpiOHA 3a PaXyHOK MOKUBHHX PCUOBHH,
K1 BIH OTPUMYE 13 OpraHi3My caMKu (BUJIJICHHS aKIIECOPHUX 3aJ103, CEKpETU
CTIHKHM MaTKH TOIIO). JKUBOPOIIHHS 3yCTPIYAETHCS Y JEAKUX MYX.

7.6. Peryasinisi po3MHoO:KeHHsl. ['OpMOHaNIbHA PETYJIsllisi PO3MHOXKEHHSI KOMax €

pe3yabTaToOM criibHOTO BBy Oz 2 tots M i § to J Is tviesdydfra §f & doelz jlscofods

Is * daus. posmin 9.7 «EnmokpunHa cuctema Komax»). [IpuHImIOBa cxema
B3a€EMOJIII € TaKOIO: KUBJIEHHS (a 1HOMI W TapyBaHHs) CTUMYJIIOE BUPOOJICHHS
TOPMOHIB HEMPOCEKPETOPHUMHU KIITHHAMU a00 CTUMYJIIOIOTh MEBHI 30HU MO3KY, a
HEHPOTrOPMOHHU 1 HEPBOBI IMITyJIbCH, B CBOIO Yepry, CTUMYJIIOIOTh IMPUJIErIl Tijia
BUPOOJIATH  TOHAJOTPONHUI ropmoH (Tounime, & o J dz' dz' dzd 2 3
TOHAQJOTPOMHOIO [Ii€10). Y caMIliB TOHAJOTPOIHUI TOPMOH BIUIMBAE€ HA CTaTEBY
aKTUBHICTh, PO3BUTOK aKIIECOPHHMX 3a103 Ta (QopMyBaHHA crepmatodopiB, a y
CaMOK — Ha PO3BUTOK SHLEKIITUH. HelporopMoHu, OKpiM BIUIMBY Ha MPHJIETII
TUJIa, YUHATH CAMOCTIMHUM BIUIMB Ha OOT€HE3 Ta CHUHTETUYHY aKTHUBHICTH
YKUPOBOTO T1JIA, @ TAKOK KOHTPOJIIOIOTH CTATEBY MOBEAIHKY CaMIIiB 1 CAMOK.

7.7 EmOpioHanbHuii po3BUTOK. Siflie kKoMax 3/1e0LIbIIOr0 MICTHTh Oarato

G S

’KOBTKY 1 OKpiM XOpioHa Moxe MaTh fojaTtkoBi J C Miste ©j 3B o' 5 dz0O dz!

(MJ e Odgllz’ tsls gkiypozkzdaroTecs 3a paxyHOK MaTepiany caMoro sis.
Tinpku y eHmonapa3suTUYHUX 13/IMIB SUIIEBlI 000JOHKU PEAYKOBaHI O TOHEHBKOT
HaIIBIPOHUKHOI MEeMOpaHH.

EmOpioHanbHul pO3BUTOK KoMax Mae Xapaktep f 59 J tom dzj 9 SG 1S
CYNPOBO/IKYETHCSI CYTTEBUMH MIrpallisiMU KIITUH. bractyna, mo yrBopuiacs
BHACJIIOK JAPOOIHHS, Ma€ BCEPEAWHI YKOBTOK, a il KJIITUHHU OUIbII IHTEHCUBHO
PO3MHOXKYIOTBCSI HAa BEHTpaJbHIA MOBEpXHI silsl, (OopMyodYM TOBCTIIIY
OsactoiepMy 3 OUIBIIOIO KIIBKICTIO KIIITHH. Came y 11 30H1, 1110 OTpUMaJia Ha3By
L Ote 8 H § S gpcud) AIETLDTHCS TiJIO KOMaXU — YTBOPIOIOTHCSI 3aPOIKOBI
JIUCTKH, BIIOYBA€THCS CETMEHTAIllsl, 3aKJIaJaroThCs KiHMIBKH. OOOJOHKH SIS
OepyTh yuacth B B 0zO M Is t5-& pyclizgmOpioHa, sikuii BU3HAa4Ya€e HOro mpaBUjIbHE
po3TalnryBaHHS B siimi. biacTokiHe3 BKIOYae 1Ba mocaimoBHI mporecu: (1)
O dzOIs tc j§ §o&) grbpranns emOpioHa Ha 3amHbOMY MoOJIOCI stims, Ta (2)
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C Ols OIs tg,jado felyrants emOpiona y Takuii croci0, 110 3a4aTKU KiHIIIBOK
BUSBIISIIOTBCA ~ CIIPSMOBAaHMMM JI0 TIOBEpPXHI SIS, TepeaHId KiHelb Tija
HAOMKCHUH 70 MEePEAHBOTO KIiHI SHIS, a COUHHUK OIK 3apojiKa 3ajIHIIaeThCs
3B’A3aHUM 3 JKOBTKOM.

VY  nedkux Tapa3UTUYHUX TEPEeTMHYACTOKpWIMX OyaoBa sdLg 1 paHHIN
eMOpioreHe3 TOKOPIHHO 3MIHMIKUCS: (1) 3HUKIIM 3amacy >KOBTKa, (2) po3MipH i1
3MeHIuIncs, (3) moBepxHeBe NPOOIHHS 3aMIHUIIOCS Ha MOBHE W piBHOMIpHE, (4)
BUHUKJIM OCOOJIMBI TIPOBI30pHI (TUMYACOBi) eMOPIOHANIbHI CTPYKTYPH, (5) 3B’ SI3KH
MK Ojactomepamu cTanu ciabmumu. BBakaerbcs, 10 came Tak 3’ SBHIIUCS
nepeyMoOBHA IS TOIEeMOpIOHIT — HECTaTeBOro pO3MHOKEHHS Ha CTafil
eMOpiona. [ B9 OWL 8680 BlsOy' sdaPtedzZOj d3B tedadsuda’ W
npeJCTaBHUKaM MIPUHARMHI YOTHPHOX HECIIOPITHEHUX poluH 131iB — Dryinidae,
Braconidae, Platygasteridae 1 Encyrtidae pany Ilepernnuacrokpuni. Camuii TepmMin
«moJyieMOpioHisn» OyB  3ampOBaPKEHUWHA TIO  BIIHOMIEHHIO IO  PO3BUTKY
napasutuanoro i3ams Ageniaspiduscicolliss ponunu Encyrtidae (Binkpus siBuIie
norieMOpioHii iTamificbkuii eHToMojor diminmo CinbBecTpi). [3emb-areniacic
BIIKJIAAA€ JTyKe APiOH1 SIS po3MipoM 25 MKM BCEpEIUHY S€Ib MaByTUHHOI MOJII
HyponomeutalloxuBHi pedoBUHM JJIsi PO3BUTKY MapasuTa MOCTYNAKOTh 13 Tila
Xa3siiHa 4epe3 OCOOJIMBY TMPOBI3OpHY CTPYKTypy — IS t6 5 W O d3cxuiissise
co00I0 YaCTUHY IUTOIUIA3MU SUIIA Mapa3uTa, sika MICTUTh YHUCICHHI MITOXOHJPII,
anapatu ['onblki, 1, HEMOB OOOJIOHKA, Oroprae coOOr0 i3/1eBl €MOpPIOHH, WIO
po3BuBaroThCsA. CIIOMYyYHOTKAHWHHA KarlCcyJsa, SIKy XassiiH GopMye HaBKOJIO SHIISI
mapasura, HE TIIBKH HE IIKOJWTh, a HABITh CHPHSIE JKUBJICHHIO 3apOiKa.
Hamnpukiniii eMOpioHaIbHOTO PO3BUTKY KUIBKICTH 3apOJIKIB Mapa3uTa 1HOJI csrae
180, a MO0/l TUYMHKKA MalOTh AOBXKUHY OU1st 1 MM. CrioyaTKy MOJIOZ] JIMYUHKH
341 XapuyloThCsl 4epe3 TpOo(pamMHIOH MOKMBHHUMH PEUYOBMHAMU TreMOMIMOpHU
Xa3sdiHa, a TOTIM BHUXOASATh Yy MOPOKHHHY TUIa TYCEHMIII MOJI 1 MOYMHAIOTH
noigatu 1 TkaHuHU. Y i3a1iB 3 poay Copidosomaski mapasuTyioTh B T'yCEHHUISX
MeTenrKa COBKHM-TaMMu Autographa brassicges omHoro sl pO3BUBAETHCS
OinbIe TUCAYl JIMYMHOK — CBIAYECHHS TOTO, IO IOJIEMOPIOHIS 1HOMI € JIyXKe
e(EeKTUBHUM CITIOCOOOM PO3MHOXKEHHS.

CBoepignuii BapiaHT TOJIEeMOPIOHIT 3HAWJEHO B IHIIOTO MpPEACTaBHUKA
ponunu Encyrtidae, Copidosoma floridanummo napasutye B KamycTsHii
copui Trichoplusia ni Bracmigok HepiBHOMIpHOrO TOILTY eMOpioHa
KOIIJIOCOMU yTBOPIOIOTBCSA JBI KACTH JIMYMHOK, 110 PO3PIZHAIOTHCS
MOP(OJIOTIYHO Ta MOBEAIHKOBO: (1) ManopyxiauBI MHPOJIOOHI «3BUYANHI»
JUYUHKK, SIKI 3TOJI0OM TIEPETBOPIOIOTHCS Ha JOPOCHMX 1311iB, Ta (2)
arpecMBHI MOTOpPHI «COJAaTH», $SKi, MONPH TE€, M0 PO3BUBAIOTHCS
NPUCKOPEHUMH TEMITaMH, HIKOJIM HE JA0Th MOYATOK JOPOCIHM i3[ISM.
Onpazy micist BUXOQy 3 UL «COJJIaTH» PO3MOB3aI0THCS MO TUTY TYCEHHII
COBKHM 1 MOYMHAIOTH MMOJIIOBAaTH HAa I1HIIMX JUYMHOK Mapas3uTiB, IO BOHU
MEMIKAIOTh B TUIl Xa3siiHa. Y Takuil Cchocid «cojmaTtu» MIATPUMYIOTh
YHCENBHICTh Mapa3uTiB Ha MEBHOMY PiBHI. Y BUMAJAKY, KOJU B TUIO OJHIET
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ryceHuIll Oyjo BIOKIAACHO JEKIIbKa SI€lb, «COJJATH» HAmMaJarTh
MEPEeBAKHO HAa «Uy)KaKiB». BioNOTiYHWI 3MICT yTBOPEHHS OKPEMOi KacTH
«COJIIATIB», SK BBaXalTh, IOJATAE y 3HUIKEHHI KOHKYPEHIUT MIXK
napasuTHYHUMU JIHYUHKAMU 32 TpodidHi pecypcu. Y BHIIAIKy MHOKUHHOTO
Napa3uTyBaHHS «COJJIATH» IMOKPAIIYyIOTh YMOBH IS PO3BUTKY JTUYHHOK-
«POIUYIBY» MUISIXOM BHHHIIECHHS HAIAJIKIB 1HITUX CAMOK.

7.8 IlocremOpioHabHUI PO3BUTOK. [locTeMOpiOHAIBbHUIM PO3BUTOK KOMax

BKIItoyae JBa mpomecn — to° fipls f | t6 ] IS o [Sd46q digfids O d3ts dl¥ptsL

[IUIBHY KyTHKYJYy PICT KOMaxX € MOXKJIUBUM TUIHKH BIIPOJOBXK HETPUBAJIOIO 4acy
micast nuHAHHSA. OKpIM  pOCTy, MEpIOJWYHI JUHSHHS JO03BOJSIIOTH TOHOBUTH
BTpaueHl MNpUAATKH Tida ab0 TMOUIKOKEHI JUISHKHA KYTUKYJIH, 3MIHUTH
3abapBiieHHST Ta (popMy Tina, i, B TaKMi cmociO, Kpalie aaanTyBaTUCA 10 YMOB
CepeoBUIIIA.

["oloBHMMH CcTaaissMU PO3BUTKY Komax € W 2 pogd y d az& vM@de Hemopo3BuHEeHI
CTaTeBl 3aJl03W 1 He3JaTHA JI0 PO3MHOXEHHS (OKpIM BUMNAJKIB IMEJOTCHE3Y, JHB.
po3nin 7.3 «CrnocoOu po3MHOKEHHs»), Ta gopocia ocobuHa = 30 &k mae
PO3BHHEHI CTAaTEBl 3aJI03M 1 3/1aTHA J0 PO3MHOXKEHHs. TPHUBATICTh JIUYUHKOBOTO
JKUTTS KOMaXx, sIK MPaBUjIo, € HabaraTo OUIBINO, HIXK iMariHaabHOro. Hanpukman,
BOJHI JINYUHKHU OJHOJIEHOK MOXYTh >KHTH BHIPOJOBXK KUIBKOX POKIB, a 1Maro —
TUIBKK BiJ KUIBKOX TOAWH 1O KUIBKOX THKHIB. JIMUMHKK 17-piuHOi ITMKaaM
Magicicada septemdecimtemkaroTs 1mia 3emieio 17 pokiB, Jie CIIOKHBAIOTh CIK 13
KOPEHIB JIEPEB, a IMAro >KMBE BIPOJOBXK KIJTbKOX THKHIB.

K0 AMYMHKA Ta IMaro OMaHOBYIOTh OJHY €KOJIOTIYHY Hilly, BOHH € CXOXXHMU
MIXK CO0010, i pICT IMYUHKH CYNPOBOKYETHCS MOCTYIOBUM HAaOYTTSIM JOPOCIHX,
ce0TO IMariHaJdbHUX O3HAK. SIKIIO JMYMHKA Ta 1Maro MarwTh pI3HI €KOJIOTIYHI
0CcoOMMBOCTI (MICLISI MEIIKaHHS, CIOCOOM IMepecyBaHHsA, Tpo(iuHI yHoJI00aHHS,
Croco0M KOMYHIKaIlii TOII0), BOHM Habarato OUIbINE BiAPI3HAIOTHCS MIXK COOOO:
30KpeMa, JIMYMHKa MOKe MaTH ocoOnuBi juuuHKOBl ff tet59 ' L 15 o daiki
BTpPAYarOThCs Mig4ac MEPEeTBOPEHHS Ha aopociy (opmy (Hampukiajn, TpaxeiHi
3s10pa BOJAHUX JJUYMHOK OJTHOJICHOK Ta PIBHOKPUIMX 0a00K, MaHAUOYIIM Ta YEPEBH1
HIKKH B TYCEHUIIb OUTBIIOCTI METEIUKIB). Y NEIKUX KOMax BIPOIOBXK KUTTEBOTO
UKy PICT Ta PO3BUTOK MOXYTh TUMYACOBO 3aTPUMyBATHCS, OOMIH pPEUOBUH
3araJbMOBYEThCS 1 komaxa Brajae B H ° O {f -© erankenokoro, sikuit qornomarae
NEPEeXKUTH HECTPUSATINBI YMOBHU. 3aleXHO BiJ (a3u PO3BUTKY PO3PI3HAIOTH
AWIIEBY, JINYMHKOBY, JIAJICYKOBY Ta IMariHaJIbHY Jianay3H, a 3aJIeKHO BiJ Mepioay
POKY — JIITHIO Ta 3UMOBY.

Metamopdo3 komax Moke BiIOyBaTuCs B pI3HUN crocid, aje HaWgacTiie
BUUISAIOTH TpU OCHOBHI Horo tunu: (1) Ote m * d3J IS 92 Bkt gho3B¥YITOK iMaro
CYIPOBOJUKYEThCS JIMHSAHHAM, (2) G J o' d3J Is &be ekl ¥ d Ists G L
i J o] Iso 5183 sepdavivdgro He TMHSAIOTH, a JTMYUHKH B IPOIECI PO3BUTKY
IIOCTYIIOBO CTalOTh CXOXXUMH Ha imaro, (3) G ts dzts d3j Is @B BadBuTEK 3
MIOBHUM TEPETBOPEHHSIM, 3a SKOTO iMaro He JHHSIOTh, a JIMYMHKU CHIBHO BiJl
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HBOTO BIJIPI3HAIOTHCS, @ TOMY YTBOPEHHIO I1Maro mnepeaye ocoOiuBa CTajis
po3BUTKY — OZW dz] Ak BinOyBaeThCsA MTOKOpIHHA IepeOymoBa Tijla KOMaXH.
ApxiMmeTaboJis BllacTUBAa HAWCTApOJABHIIIUM KoMaxaM — IEePBUHHOOE3KPHIUM
Ta OJHOJACHKaM (y OCTaHHIX € JIBl KpujaTi cTajii — cy0iMaro Ta imaro).
['emiMeTabOMIYHUMHU € TIPEJCTABHUKH O1IBIIIOCTI PAJIIB, K1 PO3TAIIOBaHI B OCHOBI
(GUIOreHETHYHOTO JiepeBa Komax — Ii¢ 0a0Ku, TapraHu, TEPMITH, MPSIMOKPHIII,
KJIOTIH, TIOTICNUIII TOIIO; B CYYacHIH JITEpaTypi TaKMX KOMaxX 4YacTO HA3HBAIOTh
J S L st Is] tc dExdptlay@atgyf uepe3 Te, 1m0 iXHI KpHWia pPO3BUBAIOTHCSA B
JUYMHOK y BUTJIAI 30BHINIHIX 3a4aTKiB. ['omomeTabomiuHl KOMaxu — 1€ JKYKH,
NEPETUHYACTOKPIIII, METEINKH, JABOKPWIL Ta AEAKl 1HIIN pAIU, 3a4aTKd KPUI B
SKUX 3aKJIaJaloThCs B TOMOMHI TiNla JIMYMHKK a0o0 JIAJNEYKH, TOMY B CydacHId
JiTepaTypi 10 IHUX KOMaX 3aCTOCOBYIOTh Ha3By J Hzis f Is j to (Eddtplerggota).
Bci eHmonTepiroTy CKIJIalaloTh MOHO(DUIETHYHY Tpymy, TOOTO PpO3BUTOK 3
YTBOPEHHSIM JISJIEYKA BUHHK TUTHKK OJIMH Pa3 B MPOIIEC] €BOJIIOIIT KOMaX.

Y1po10BK MOCTEMOPIOHATILHOTO PO3BUTKY OLIBIIOCTI MIECTHHOTUX: YCIX KOMaX,
HOTOXBICTOK Ta JBOXBICTOK — HOB1 CEIMEHTHU HE YTBOPIOIOTHCS, IIO € O3HAKOIO
J 15 d3ts telWrisHkHZ TpeIcTABHUKKM TTPUXOBAHOIICIICTIOBUX MICCTUHOTUX DSy
besBycukoBi (Protura), po3BUTOK sKHMX BinOyBaeThcs 3a TUnoM O dzO ZSteW 5L
CYNPOBOJKYEThCA  30UIBIICHHSAM  KITBKOCTI  CerMEHTIB. JIMUMHOK  KOMax
KJIAacU(PIKyIOTh 3a HASBHICTIO TOJIOBM (HAMpHUKIaj], O€3rojoBl JMYUHKH MYX),
HAsBHICTIO W KUIbKICTIO KIHI[IBOK (HAlpuKiIajg, OE3HOIl JIMYMHKH JKYKiB-
JIOBIFOHOCHKIB), ¢Gopmoro Tina (Hanpukiaza, C-moaiOHI JHMYMHKU TPaBHEBOIO
Xpyla) Ta 3arajbHOI0 PYXJMUBICTIO (HANPUKIAMA, JISJIEUYKO-TIOAIOH] JIMUYMHKA
TpunciB). Jlsyleyok kKoMax KiIacU(IKYIOTh 3a PYXJMBICTIO IIEJeN Ta HIr
(HampuKIan, JsUIEYKU-MyMii OaraTbOX METENHUKIB), a TaKOX 3a HAasBHICTIO
JOIaTKOBUX OOOJIOHOK (Hampukian, mynapii Myx). JIMUMHOK KoMax 3 HEMOBHUM
NIEPETBOPCHHSAM 1HOAI HasuBaroTh Oz' 3W ,Q@ dge HiMd, sKi MEIIKAIOTh Y BOII —
dzOW H.Bdgpgo BiAMITUTH, [0 PO3YMIHHS TEpMiHIB HIMOU 1 Hasau HE €
OJTHO3HAUYHUM, 1 MM YHUKATUMEMO iX 3aCTOCYBaHHSI.

7.9 I'inepmeramop@do3 Ta iHIII BapiaHTH YCKJIAJHEHHS KUTTEBOIO LUKJIY.
KuTTeBul UK KOMax € CKJIaJHUM 1 3aBXJIHM BiIOYBaeThCs 3 MeTamopdoszom.
[Tpote, B pi3HUX rpylax KOMax HE3aJEeXKHO BIIOYJOCA YCKJIAIHEHHS >KUTTEBOTO
IIUKITy 32 PaXyHOK TMOSIBU PI3KUX MOPQOJOTIYHUX Ta OI0JOTIYHUX BiAMIHHOCTEH
MIX JIMYMHKAMH pi3HOTO BiKy. Lle sBuine orpumano Ha3By G i J e d3] IS.O dzts to W

[TapazutuyHi KOMaxu 13 6araTbOX HECMOPITHEHUX TAKCOHOMIYHUX TPYI — XKYKIB,
MyX, 13/111iB, CITYACTOKPUIIUX TOILIO — MAIOTh PYXJUBUX JUUYMHOK MEPIIOTO BIKY 13
HIUTBHUMH TTOKpUBaMH, IKUX HasuBaioTh ff dzO dz' . AKyr# pgduan HapusHuku
(Meloidae) BinknamaroTh SHLS, 3 SKAX BHUXOJATh MOTOpHI IUIaHIAII 3 1g00pe
PO3BMHEHHMMH HOTaMH 1 FOCTPUMHU WIeNIeNaMM: IJIaHIJli Mapa3uTiB 4aTyloTh Ha
CBOIX Xa3fiB — OJKIT— Ha KBITKax 1, 3aja3dud Ha HBOTO, MOJOPOXKYIOThH IO
OJKOMMHOTO THI3/1a, a TUIaHIAll Mapa3uTiB CapaHOBUX CAMOCTIHHO MaHAPYIOTh y
MONIYKaX BIAKIAJACHUX S€Ib Xa3siHa. 3HAWIIOBIIM IUJIb, TUIAHIMIT HAPUBHUKIB
(akmx B Jitepatypi iHomi HasuBaoTh IS 6 d Iz dz6 B dzimdaowi( i
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MEPETBOPIOIOTHECS HA MAJIOPYXJIMBUX KOPOTKOHOTHX ab0 30BCiM 0O€3HOTHUX
JMYUHOK, SIKI AKTUBHO XKUBJATHCA. JKUTTEBUM UK HAPUBHIKIB MOXKE MICTUTH U
MaJIOpyXJIMBI JIMYUHKHU, K1 HE KUBJSATHCSA: BOHU MEPEHOCATh HECTIPUSATINBI YMOBHU
(YTBOpIOIOUH CTail0 «HECMPABKHBOI JISLJICYKW») ab0 IIyKalTh MicIe st
3asIbKOBYBaHHS. CX0XKy MU(epeHIialio JUMYUHOK MAIOTh CITYACTOKPUITT KOMaxu
3 ponuHu MantucnoBi (Mantispidae), siki mapa3uTylOTh B KOKOHaX IaBYKIB Ta
THI3/1aX OcC, a Takok OpeHiBKOBI Myxu (Bombyliidae), siki mapa3uTyroTh Ha pi3HUX
KoMaxax 1 maBykax. Bisumokpumi (psig Strepsiptera) € eHmonapasuTaMyu KoMax, 9l
HEPYXOMi CaMKH HIKOJIM HE BHUXOJATH 3 OpPraHi3My Xa3siHa 1 He XKUBJIATHCS (Y
IpECTaBHUKIB OUTBIIIOCTI BUIB PALY), POPMYIOTH SIMIISI B MOPOKHHUHI CBOTO TiJa,
3 SIKUX HApOJKYIOThCs TutaHifii. [Tmaninii MaHTUCH TIaBarOTh B MOPOKHMHI Tisa
MaTepi, BUXOASITh HA30BHI uepe3 CHEIialbHUA POAUIBHUN OTBIp — CTaTEeBY
HIUTMHY (CaMKa MpU HbOMY T'MHE) 1 YIIUISIIOTHCA 10 KOMaX-Xas3siB, K1 3aHOCATH iX B
CBO€ THi30. TaMm IUIaHiali ypaXyloTh JMYMHOK Xa3siB 1 NEpETBOPIOIOTHCS Ha
HACTYITHY MaJIOPYXJIMBY JUUUHKOBY CTaIIIO.

[Ninepmeramopd03 HEe 3aBXKIU MOB'SI3aHUN 3 MAPA3UTUYHUM CIOCOOOM KUTTS 1
PO3BUTKOM 3 MOBHHMM IeperBopeHHsM. Hampuknan, tpurcu (psa Thysanoptera)
PO3BHUBAIOTHCS 3 YTBOPEHHSIM 1IMAromnoi0HUX JIMYMHOK MEPIIOro Ta JPYroro BIKY
Ta KIJIbKOX JISUICUYKOIMOAIOHNX, HEPYXOMUX JTUUYMHKOBUX CTaJlld, sIKI KOHBEPTE€HTHO
noaiOHI JI0 CHOpPaBXHIX JISJIEYOK KOMaxX 3 TOBHHUM IEpeTBOpeHHsSIM. Cxoxi
JSAIEYKONOA1I0H1 JUYMHKY BigoMi y Outokpuiok (poauHa Aleyrodidae) Ta camuis
yepBeniB (poauHa Coccoidea) 3 psany Hemiptera. [ukimiyHuii mapTeHOreHe3
nonemuub (poauHa Aphidiidae  psagy Hemiptera) € 1HmMM npuKIagoM
YCKJIQAHEHHS JKUTTEBOTO ITMKITY, B SIKOMY 3aKOHOMIPHO YEPTYEThCS JIBOCTATEBI 1
apTEHOTe€HETHUYHI TTOKOJIIHHS, 1110 € 03HaKOW G J IS j tes G sdz”

HalicknmanHimmii ®KUTTEBUN LUK CEpell yCIX KOMax OIMUCAaHUW IS JKyKa-
mikpomanbtyca Micromalthus debiliss poauan Micromalthidae — B HeOMY
MOETHYETHCS TinepMeTamopdo3, SUIeKIaaiHHS Ta KUBOPOIIHHS, IUKITTUHAN
MapTEHOTeHEe3 Ta IIeJoreHe3, KaHi0almi3M caMIleM CBO€i Marepl Ta
MIHIMI3allis POJIl caMIlsl B penpoAyKIlli. MikpoMalnbTyC MEIIKAae B ACPEBHHI.
JIMuMHKa MepIIoro BIKY € PYXJIMBOIO, ajle HE KUBUThCA. JIMUMHKA Apyroro
BIKy € O€3HOrol, aKTHBHO >XMBHUTHCS 1 MOXE PO3BHUBATUCS 3a TpbOMa
cueHapisMu: (1) 3a1sIbKOBYETHCS i IEPETBOPIOIOTHCS HA TUIUIOIIHY CaMKY,
gKa MapyeThes 3 camileM; (2) HapoKye JUYMHOK MEpPHIOro BiKy (HUIAXOM
napTeHoreHe3y 1 neaoreHesy), (3) 3a HECIPUATIMBUX YMOB BiIKJIa/la€ OIHE
HE3aIUTiIHeHe fiille, 3 IKOTO BUXOAUTH O0€3HOTa JIMYMHKA MEPIIOTO BiKYy, sKa
3’imae  CcBOO Marip 1 uepe3 cCTaAll TNepeyBUICUKH Ta  JISUICUKHU
NEPETBOPIOEThCST Ha rarioinHoro camis. [lompu mapyBaHHS, 3aruiiIHEHI
camIleM SIIISI 4aCTO HE PO3BHUBAIOTHCS, a OTXKE JBOCTATEBE PO3MHOXKECHHS Y
MIKpOMaJIbTyCa BHUTICHAETHCA MapTEHOTreHe30M. TakuM YUHOM, Y
MIKpOMaJbTyca MOKE ICHYBaTH ITATh >KUTTEBUX GOpM, SKI 370aTHI [0
po3mMHOXkeHHS: (1) meroreHeTu4H1 THYMHKH, K1 HAPOIKYIOTh TUIBKH CAMOK,
(2) mnemoreHeTWYH1 JHWYUHKH, $KI HAPOIXKYIOTh TUIbKH caMmiiB, (3)
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MeA0TCHETHYHI JIMYMHKY, SKI HAPOPKYIOTh CaMIliB 1 caMok, (4) camku i (5)
camill. [IpuumHa MOSBM TaKOro CKJIAJHOTO XUTTEBOTO LMKIY HEBiIOMA.
[IpoTe, BUeHI BiAMIYAIOTh ICHYBaHHS JOTENEP HE3PO3YMIUIOTO B3a€EMO3B SI3KY
MDK TaKUMU O10JIOTIYHUMHU OCOOJIMBOCTSMU Y KOMAax, SIK CITOKHBaHHS
BIIMEPJIOT  JIEPEBUHM, 3aJCKHICTh BiJ €HAOCIMOIOTHYHUX OakTepii,
nosmidaris, rarIoAUIUIONIis, MUKIIYHUN MapTeHOreHe3, HasBHICTh O0ararbox
KUTTEBUX (OPM, JIMUMHKOMONIOHICTh i O€3KpHIiCT caMoK. VIMOBIpHO,
MapTeHOTeHEe3 MIKPOMaIbTyca CIPUIMHEHUI €HJ0CUMOI0TUYHOIO OaKTepiero
BOJIK0AXi€0, Ky HEMOJAABHO OyJI0 3HAWIEHO B JIMYMHOK JXKyKa (TIpO POJh
BOJIbOAXIi AUB. po3in 7.2 « BimuB ciMOIOHTIB Ha CIIBBIIHOLICHHS CTaTel y
KOMax»).

IIuTaHHAa I CAMOKOHTPOJIIO:

agrwbdE

©ooNe

11.

12.
13.

14.
15.

16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.

Ha3BiTh OCHOBHI MeXaHi3MHU JeTepMiHallii cTaTi y komax. HaBeaith npukianu.

V sKuii crocid caMKH AEIKHX KOMaxX MOXKYTh KOHTPOJIIOBATH CTaTh CBOIX HAINAAKIB?
KoMy BrnacTuBUi IUKIIIYHUN TAPTEHOTEHE3 1 IKY POJib BiH BiAIrpae y komax?

SIKuii BIUTMB CIPHYUHIOIOTH CHMOIOHTH Ha CITiBBIIHOIICHHS CTaTel y KOMax?

3a KMX YMOB CIIIBBIIHOILIEHHS CTAaTeH y KOMax Moxe OyTu 3pylieHe B OiK IepeBakaHHs
camok? HaBeniTe mpuKiIagy.

HasBiTh amanTariii, moB’si3aHi 3 pO3MHOKEHHSIM KOMaxX B yMOBax Je(illUTy BOJIOTH.

o coboro sBisi€ 1 AKi PyHKIIT BUKOHYE criepMaTtodop?

SAxi T po3MHOXKEHHsT KoMax Bam Bigomi? HaBemiTe mpukiagy.

ke emOpioyioriyHEe MOXO/KEHHS Ma€ cTareBa cucTema kKomax? Uum MokHa Ha3zBaTH i
MeTaMepHo1o? BiAmoBibs apryMeHTyiTe.

3a paxyHOK [ISJIBHOCTI SIKOI CTPYKTYpH YTBOPIOEThCS XOpioH? SKy ¢yHKUIIO BiH
BUKOHYE?

Sxi Tunu sineBux Tpyoouyok Bam Bimomi? UuM BOHM BiAPI3HAIOTHCS MIXK c000r0? SKuii
THUI BBa)KAIOTh MIEPBUHHUM?

Sxi pyHKIIT BUKOHYIOTH CTaT€B1 MPOTOKU KOMax?

SIxi MopdooriyHi 0coOGIMBOCTI BIACTUBI cliepMaro3oigam komax? SIKUMHU € TpUYMHU
(bopMyBaHHS TaKUX CIIEPMATO301A1B?

Oxapakrepu3yiite OyJ0BY sSiIIeBUX 000710HOK. SKki QyHKIIIi BOHU BUKOHYIOTH?

Ha3BiTh BIAMIHHOCTI MK SHIEKJIAIIHHAM, SHIEKUBOPOIIHHAM 1 >KUBOPOIIHHSIM.
Hagenite npukianu.

[ITo coboro sBIISIE 3apOIKOBA CMYXKKaA?

[I{o coboro sBIsitOTE eniMopdo3 1 anamodo3? HaBeniTe npukiam.

[Ilo coboro sBisie apximeTtadomia? Komy 13 cyqacHUX KoMax BOHA BJIacTUBA?

SIkumH € cTafii po3BUTKY MPHU rooMeTadoii?

SAxi amanrariifdi mepeBaru MaroTh KOMaxH 3 TOBHUM TIEPETBOPECHHSIM?

Ha3BiTs BiAMIHHOCTI MK TeMIMETA00JIICI0 1 TOJIOMETA0O0IIIETO.

1o o3nauae rinepmeramopdos? KoMy BiH BracTuBuii?

[I{o coboro siBNIsiE€ TUUMHKA TUIAHIAIHA i KOMY BOHA BilacTHBa?

OxapaxkTepu3yiTe JKUTTEBUM MUK KoMax. HaBemiTh mpukiaau.

Yu BiacTUBa KOMaxaM reTeporoHis? Binmosiae aprymenryiire.

Uwu BnactuBuii KoMaxaMm MeTtarede3? BiamoBigs apryMeHTyHTe.
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Jlexkuis 8
OPTAHU YYTTSA I MOP®O-PI3IOJOI'TYHI OCHOBHA ITOBEJAIHKH

tdydflssted SCtd3OR: § d&zOdz BkzHtsead, fHtddzydi tts

B nOdetstej Yy f Yy Mftegdpday @Y’ Y oBOEZ. mjdistej yjflsts

Lstekz: WOMjkSse' ty' , dOljteOd d' ' HBthhOdz &

[fisBd&dosmls' Ltk S(BEOR. Gttt 0 Gt ' dsoy' w
[ Ocdg Isstej yjfy' w.

}KHBi ICTOTM TOCTIHHO OTPUMYIOTh 1H(OpPMAIiI0 13 30BHINIHBOTO i
BHYTPILIHBOTO CEpPEeAOBUINA a0U 3HAXOAUTH W MIATPUMYBATH ONTHUMAabHI
YMOBH U1 PO3BUTKY Ta PO3MHOKEHHA. CHpuUMHATTS 1HpopMalli y KoMax, sK
BJIaCHE ¥ poOOoTa IXHHOI HEPBOBOI CHUCTEMH B LIJIOMY, Ma€ CBOi OCOOJIMBOCTI,
TOJIOBHA MEPUIONPUYNHA SKUX — HASIBHICTh TBEP/AOi KyTHUKYJIH Ta JIPIOHI pO3MipU
tina. [lepmuii YMHHUK MPU3BOJAUTHL JO HEMOXIJIMBOCTI IIKIPHOTO BIAYYTTS, Y
3B’SI3KY 13 YMM B KOMaX (SIK 1 B PEIITH YWICHHUCTOHOTMX) BUHUKAIOThH CHEIllaIbHI
JOTIOMDDKHI KYTHUKYJISIDHI CTPYKTYpH, IO TMEpeAaloTh EHEPril0 CTUMYIIB Ha
YyTJIMBI HEUPOHH, 1 (PYHKI[IOHYBaHHS SKMX MOXJIUBE TUIBKH 32 YMOBH, SKIIO
KyTUKyJa B HHMX € BIJIHOCHO TOHKOCTIHHOIO a0o mpoHu3aHa oTBopamu. OTxke
KOMaxa Mae€ MOCTIMHO OallaHCyBaTh MDK MIIHICTIO KYTHKYJIH Ta ii YyTJIUBICTIO,
TOMY KUIBKICTh PELENTOPIB HA Tl KOMaXW € OOMEXKEHOI0, a X PO3MIIICHHS —
JIOKaJIbHUM, TUIBKH Y MICISIX, /1€ ICHYIOTh HaWKpalll YMOBU [JIsl CHPUUHATTA
CTUMYJy. Y Wi OCOOJMBOCTI MPOSIBISETHCA W 1HINA TEHACHLIS B PO3BUTKY
HEpPBOBOI CHUCTEMHM KOMax: JpiOHI pO3MIpH TiIa pI3KO OOMEXYIOTh 3arajibHy
KUIBKICTh KJIITUH HEPBOBOI CUCTEMH, SIKa IPOTE€ BUKOHYE BC1 HEOOXITHI (PYHKIIIT, 1
HaBITh 3a0e3Mevye CKIAaIHy COIlabHy MOBEAIHKY AESKUX KOMax Ta iX HaBUCHHS.
Y KoMax CHocTepiraeTbCs «EKOHOMIs HEpPBOBUX KIITUH. Hampukinan, B
perenTopax 4yTJIMBlI HEUPOHH 1 CIPUMMAIOTh, 1 MepeAaoTh 1HPOPMAIIil0, TPUIOMY
CTUMYJIALIS OJTHOTO HEMpOHA MOXKE BUKIIMKATH CEpPito BiAMOBiAeH. barato peakiriii
3aMHKA€THCS Ha PIBHI YEPEBHOT'O HEPBOBOIO JIAHINIOKKA a00 HaBIThH nepudepiiHol
HEPBOBOI CUCTEMHU, «3BUTbHAIOUH Mictie» Yy [IHC mis cknaguimmx peakiiit. Jpi6Hi
pPO3MIpH MalOTh W IHINHN HACIIIOK: aKCOHM KOMax BiJHOCHO KOPOTKI, 1 OTXKe
MIBUKICTh PEAKIIii MOKe OyTH BKpail BUCOKOTO.

8.1 3aranbHi npuHOMNM opra”izaumii Ta kiaacudikamis peuenrtopis. Ilepen

THUM, SIK 0OTOBOPIOBATH OCOOJMBOCTI OpraHizallli perentTopiB komax, 3ragaiiMo mpo
OCHOBHI MPUHUUNU (PYHKI[IOHYBaHHS oOpraHiB uyTtd. Penentop Tpancdopmye
€HEprilo MojJpa3HuKa (CTUMYJIy) B HEpPBOBI IMIYJIbCH 1 TMPOSIBISIE BUCOKY
gyymmBicTh 10 OH ] € 9 Ols dzd =  ifuB3Hkic-O© modpduérn dgj OH | € 9 Ols
f SH tc OL B@EKHO Bing mpupoau MOApa3HUKA, SKHH CIPUAMAE PEIeNTop,
pospizustore B = O dzts t6 § Ygnpilsiisaesd MexaHiuHi CTUMYJIHM: JOTHK,
HATHCHEHHsI, PO3TATHEHHS, BiOpallito, 3ByK ToI0), IS j t6 d3ts te J Y (pefrizdssic d
Ha 3MiHy Temmeparypu), G € #8® G ' H tc 15 tc fpagrydfris matcafiiny
BOJIOTOCTI Ta Big4yBalOTh BOJOIY, BIAMOBIAHO), m J (BB tc | Y [cifplsisaiet)
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XimMiuHi cTuMynn) Ta W SIS tSte | Y J (felsymoie.dua cBiTIIOBI mOApa3sHUKN).
BiguyTTs kKomMax — 11e¢ 3ip Ta HIOX (€ TOJIOBHMMH), TaKTHJIbHE BITYYTTS, CIYX,
CMakK, TeMIlepaTypHe Ta OCMOTHYHE BIIUYTTS, I'paBiTalliiHe 1 PyXOBE BIIUYTTS.
[ §isj tetste ] Ycyplfidsid®oie ioapasHUKN 30BHIIIHBOIO CEPEIOBHINA; BOHH
OyBalOTh AMCTAHTHUMH 1 KOHTAaKTHUMH. W dzls | tc ts te J Apjaipris isdiomfariro
IIPO CTaH BHYTPILIHLOTO cepeaoBHINa opranizmy. } e 5§ t¢ ' 5 ywyrifaissisdesd
PO JisUIBbHICTH OMOPHO-PYXOBOT CHCTEMH Ta MOJIOKEHHS Tijia B TPOCTOPI.

Penenrropu  komax Hanmexatb g0 § J tc o d cadad ~cama HepBoBa KIiTHHA
cupuiiMae TOApa3HEHHS (BUAO3MIHEHOI BIMKOIO CEHCOPHOTO HEHpoHa),
TpaHchOpMy€e HOTO B HEPBOBI IMITYJICH 1 TMPOBOJUTH 1O IMEHTPAILHUX JIAHOK
HEPBOBOI cucTteMu. PerienTopn KOMax BHUSIBIIAIOTH JUBOBIKHO BUCOKY UYTJIHMBICTh
70 aJIeKBaTHUX MOApPa3HUKIB. IIpHKiIamoM, HIOXOBI PELIENTOPU AHTEH METENIMKIB
1HO/1 BIAMOBIAAIOTh HA OKPEMi MOJIEKYJIU CTaTeBOTrO pepoMoHa, a (HOTOpPELEnTOPH
(aceTKOBOro 0OKa — pearyroTh Ha OKpeMi KBaHTH CBITJIA.

OKpIM CEHCOPHOr0 HEWpoHa, M0 CKIaay OyIb-SIKOTO pelentopa KoMax BXOMSTh
JIOTIOMIDKHI CTPYKTYpH, sIKi TpaHChOpMyIOTh cTUMy. barato penenrtopis, sKi
OB’ s3aHi 13 MOBEPXHEIO TiNa, sIBJIsA0Th coboro ) § dzfii-d @rfientapni cencopni
OJIMHULIl OopraHiB uyTTs komax. CeHcuia Mae B cBoemy ckiafi: (1) KyTHUKyIsIpHI
JOTIOMDDKHI ~ CTPYKTYpH, (2) BHJIO3MIHEHI TINOACPMANIbHI  KIITUHU, IO
00CITyroBYIOTh perenTop, 1 (3) oauH abo JeKiIbKa CCHCOPHUX HEUPOHIB.

sklsdSCkzdzwtedzd 2 € tsdptkdsdzy pdzisy by dzfiiogrorebsy camiit
cencum: ISted - 5 '(H @&@iaai Bomocka), B OL d € ts (eonyaz&riona,
po3mmpeHa Oinst ocHoBW),  J dzts € S(eErype@lzr@ xyTukyny ceHcuia, ska
BUTJISIIAE K KOHYC i3 IpYacTUMH CTIHKaMHU Ta OTBOPOM Ha BepxiBii), f dzO G 5~ H ¢
(y ¢dopmi mponuzaHoi mopamu TuiactThHkH), & O d3f O dz' WeSHempda@omy
po3pi3i Haraaye A3BIHOYOK) Tomio. [lomiOHI 3a OyIOBOIO CEHCWIM HE 3aBXIU
BUKOHYIOTh OJIHaKoB1 (yHkiii. Hampuknan, TpuUxoimHi CEHCHWJIM MOXYTh OyTH
MEXaHOpEIENTOpaMH, KOHTAKTHUMH a00 JHCTAaHTHHUMH XEMOPELENTOpaMH, a
TaKOX pearyBaTH Ha Pi3HI CTUMYJH, TOOTO OyTH mojiMomanbHUMH. [HOMI TIpO
(GYHKITII0 MOXKE CBIIYMTH KUIBKICTh HEHWPOHIB, IO BOHH BXOMSTH JO CKIIAIy
CEHCWJIM — HAaINpUKIAJ, JUIsi poOOTH XeMopelenTtopa 00OB’SI3KOBa MPHUCYTHICTh
MpUHANMHI JBOX HEUPOHIB. SIKIIO K B CEHCHJI € TUIBKH OJIMH HEUpPOH, BOHA €
MexaHopeuenTopHor. OcTaTouHy BiAMNOBIAb PO (GYHKIT CEHCHI MOXYTh JaTH
TUIBKK  eneKkTpodizionoriudi  gocnigu. Haromicts, kammnaHiGpOpMHI CEHCHIIU
3aBXKIU € MEXaHOPEIENITOPaMHU, SIK1 pearytoTh Ha JedopMalliro KyTUKYJIH, a OTXKE €
MPOIPIOIENTOPAMHU.

8.2 MexaHopeuenropu i Mexanopeuenuis. U tod n t5° H dzO d3j -~ O dzts
fnJ dzimnhedz@poxuamcTril KyTUKYISApHUN BOJIOCOK 0€3 OTBOPIB, OCHOBA SIKOTO
pPYXOMO TPHUKpIIUIEHa 10 TOKpHWBIB. JI0 OCHOBM BOJOCKA MiAXOAUTH JACHAPUT
OIMOJIIPHOTO YYTJIMBOTO HEWPOHA 13 BUAO3MIHEHOIO BIMKOIO BCEPENMHI, a aKCOH
HEHpoHa MPOBOAUTH IMIYJILCH O HEPBOBOTO raHriiss. OkpiM HEHpoHa, 10 CKIaxy
TPUXOiTHOT CEHCHUJIM BXOMASATH HIOHAWMMEHIIEe ABI MOAU(DIKOBAHI TIMOAEPMAaIbHI
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KJIITUHU — TOPMOTEHHA KJIITHHA, SIKa yTBOPIOE MeMOpaHy HaBKOJO BOJIOCKA, Ta
TPUXOTEHHA KIIITHHA, sIKa yTBOPIOE BOJIOCOK. OCHOBA BOJIOCKA Ma€ CIIPSIMOBAHUI B
MOPOKHUHY BOJIOCKA 3yOOMOJIIOHUM BHPICT, SIKUH 3a BIIXWJICHHS BOJIOCKA THCHE
Ha JCHAPUT, aeopMye BHUIO3MIHEHY BIWKY HEHpOHA, BiJi YOTO BHUHHKAIOTh
IMITyJIbCH  (CITAiKK), SK1 TOMIUPIOIOTHCS MO akcoHy Ao ranriig. Il{o Oinbiie
BIJIXWJISIETHCS] BOJIOCOK — TO YACTIIIUMHU € IMITYJIbCH, a OTKE YacTOTa IMITYJIbCIB Y
CCHCOPHHMX HEHpoHaX KoMax Hece iHQopMmarllito mpo cuiy Ail moapasHuka. Llei
fteddzydy yYOMmlstsls dppmdarx inBibcir ai®wladd¥ penentopax
koMmax. [TooIWHOKI TPHUXOINHI CEHCHJIH, PO3MOPOIIEHI MO yChbOMY TUIy KOMaxw,
MOXKyTh cayryBatu IS OC Is d dz' dzd d3d f6 gxiy gatfylscisoter O @ggiTo
pedIEKTOPHUX PEAKIid — YHUCTKY Tija (TPyMIHT), 3HEPYXOMJICHHS JESKUX KOMax
BHACIIIJIOK TOPKAaHHS N0 HHUX (KaTajenciio), OpIEHTAIllI0 3a TaKTUIHLHUMHU
cruMmynamu (turmotakcuc). 1 © Isuddasls dzd o tecgrupgif e asipd pyxu
MOBITPSHUX MOTOKIB HABKOJIO TiJla KOMaXH, MPUYOMY Ti 3 HHUX, SIKI MICTATHCS Ha
roJioBi, OEpyTh y4acThb B KepyBaHHI mosboToM (auB. po3ain 9.3 «Koopaunariis
po6otu ranrmiiB [IHC Ta @yHKIIii ro10BHOTO MO3KY»). MexaHOCEHCOpH1 CEHCUIIH
Ha I[EpKax TapraHiB 1 UBIPKYHIB 1HOOPMYIOTh MNP0 IIBUIKE HAOIMKEHHS [0
KOMaxu SIKOrOCh 00’€KTa, a TaKOX 3/IaTHI CIIPUHAMATH CUJIbHI 3BYKH (JIMB. PO3JILIT
9.5 «OcobauBoCTI HEMpoXiMii KoMax 1 Kiacudikailisi HEHPOHIBY).

Jof ey to' tspyrrpdaris texa@operienTopu, ki pearyroTh Ha CKOPOUCHHS
M’5131B, MOJIO)KEHHSI TUIa y MPOCTOPI, 3CYBU CETMEHTIB TUIA Ta PyXH MPUIATKIB.
Haiinommpenimumu 3 HuX € & B dzs M ¢ tso ' |, SOy frfddy déCtsftc dyalz’
NS H SIS s dz0 dzil dg'dzts 5 & 6 © Gd—f Wiz Efyls throaSin@ux cencn,
K1 3a3BUYall PO3TAIOBAHI Ha MICUAX KOHTAKTy WIECHHKIB Ta YacTHH TuIa (MIXK
roJIOBOIO 1 MEPEIHbOrPYASIMH, O17s1 OCHOBU HIT, TIOMIX YICHUKIB MaKCHJISPHUX
HIYNUKIB @00 aHTEH TOIIO). 3pYLIEHUI CETMEHT UM YJIEHUK HATUCKA€E HA BOJIOCKH,
IPUYOMY YUM OUIBIIUM € 3CyB, TUM OUIbIIIE BOJOCKIB NeHOPMYIOTHCA, 1 TUM
CWJIBHIIINM € CyMapHHUI CUTHAJ BiJl CCHCOPHUX HEHPOHIB.

MopenbHUM TPUKITAIOM POOOTH BOJOCKOBUX TUIACTUHOK € T€, sIK OOrOMOJ
CIPSIMOBYE XarajibHI pyXH HIT BITHOCHO CBOE€T skepTBH. YaTyroun Ha 310014
OOroMOJI CTEXUTh 32 HEI MOIJISIZIOM 1 TIOBEPTAE TOJIOBY, SIKa MPH IOMY
TUCHE Ha BOJIOCKOBI IIJIACTUHKU TEpeAHBOTpYy/eld U nedopmye meBHY
KUIBKICTh BOJIOCKIB. HampsiMOk ynmapy XamaJbHHMX HIT, sIKI pO3TalloBaHI Ha
NEPETHBOTPYIAX, 32/1a€ThCS CUTHAJIAMH BiJl OUel 1 BOJIOCKOBHX IIJIACTHHOK.

S O Odz’ W tstc d3ako sxi Y ezfyehdzfpoxu Buile, curHaANI3YIOTH PO
nedopMmallito KyTHKYJH, 30KpeMa — 11 PpO3TATHEHHS Ta CTUCHEHHsA. BoHu
3yCTpIUalOThCA Maike M0 BChOMY TiTi, aje HaWOUIblIe iX € Ha Kpujax, HOrax,
sifriexaal 1 mananoynax. Yacrto kammanihopMHI CEHCUIIU PO3TAIlIOBaH1 rpyrnamMu
1 30pIEHTOBaHI Yy TEBHOMY HampsIMKy, IO JO03BOJISIE KOMaci OTPUMYBaTH
1H(}OopMaIrito sIK PO CUITY, TaK 1 PO HAMPSMOK J1i MEXaHIYHUX CTUMYJIIB.

MBS tcH SIS 5 dzO dzéxaziaroTiR 4616 0CERGBIX MEXaHOCCHCOPHUX CEHCUIT —
M < s dzts.f OcHoBy @Jtomiziss ckiajgae OIMONSPHUA HEHPOH 13  JIOBIOO
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BUJIO3MIHCHOIO BIWKOIO, 110 BOHA BKPHUTAa Ha BEPXIiBIN IIAMOYKOI0, a 3 OOKIB —
peopuctum N € 5 dzts PaytxeBus Helipona BiAOyBaeTbCs Imif 4ac THCHEHHS
IIaNOYKW Ha BIWKY. XOPAOTOHAJIbHI OpraHHM BHUKOHYIOTH IPOIPIOIEHITHBHI
byHKIi, a 1HOMl — Ie W CchpudHATTA BiOpamiii 1 3Byky. HaiiBimomimmmu
BHUJIO3MIHAMH XOPJAOTOHAJILHUX OPTaHiB € BIOpOPEIENTOPHUMN TiIKOJIHHUN OopraH
ta Jl>koHCcTOHIB opran. } * H € tsdz' dzdagisi? cod®is a@sezibiic abo Kijiblie
CKOJIOMIIIiB BCepeIMHI TOMUJIKH ITi/1 KOJIIHOM 1 cripuiiMae BiOparliro cyocTpary, 1o
nepeaaeThes uepes Horu. [ Y tS dzf Is ts dzts o micTsaiiscls 8 yaty wieHuKy
BYCHKA 1 CIIPUIMAIOTh YC1 pyXd JOKTYTHKA aHTEHH IO BIAHOIICHHIO JI0 ii OCHOBH,
npuuoMy 30y/DKEHHS PELETITOPiB BUHUKAE BHACIIIOK OMOPY CEpPEelIOBHUIIA i Yac
MOJIbOTY, Oiry, TuraBaHHsA. OTxe [[KOHCTOHOBI OpraHi KOHTPOJIOIOT JIOKOMOIIIIO
KOMaxH, a TaKOXX MOXYTh CIPUAMATH CUIY TSOKIHHS 1 3BYKOB1 IOJPa3HUKH
(HanpuKIan, y JBOKPUIIUX ).

tdud i lsstced topesmilgeting wlrppdadeitii Tina i MopdostoridyHo pasroue
BIJIPI3HSIIOTHCA BiJl 1HIIMX PELENTOPIB KOMaxX TUM, L0 HE MAalOTh KYTHUKYJISIPHUX
YacTMH 1 TOMY HE € CceHcuiaMu. PemenTtop pO3TATHEHHS CKIAJAEThCS 3
HATATHYTOT'O BUAO3MIHEHOTO M’S30BOT0 BOJIOKHA a00 CIIOJYYHOTKAHUHHOTO TSKa,
JI0 SIKOTO MIJXOIUTh MYJIbTUIIOISPHUM HEUPOH. JIeHpUTH OCTAaHHBOTO TT030aBJICH1
BUJIO3MIHEHHX BIMOK, @ aKCOH MPSAMYE J0 OJHOTO 3 TaHIJIIIB YEPEBHOTO HEPBOBOTO
naHiroxkka. [1ig gac po3TArHeHHs CTIHKH Ti1a 00 KUIIeYHUKa, CKOPOUCHHS M’ SI31B
ab0 pyxy NpHAATKIB 3MIHIOETHCS CTYIIHb HATSATHEHHS PELENTOpa PO3TSATHEHHS, 1
1o ITHC nagxoauts iH(dopmallis mpo CUily Ta IIBUIAKICTh PyXOBHUX PEAKIIH.

8.3 I'enepauisi Ta cHpPUMHATTA 3BYKY. BUIBIIICTP KOMax 3/aTHI T'€HEpyBaTH
3BYKHM Il KOMYHIKallli a00 aKkyCTUYHOI Opi€eHTalli. ¥ HaUmpOCTIIOMY BHUIAIKY

3ByK BHHHUKA€ BHACHiIok ymapy Y OMmls d dzts ¥ Is* dzO CtdB3ORd
Mz B MistcOlakz cninkyorbes MK €000 iMaro BOJOXOKPUJIBIIIB Ta
BEITUKOKPUJIBIIIB, TEPMITH, MYpPAIlIK{, JUYUHKNA CYCHIIBHUX OC, KyKH-KCUiodaru

Ta jgeski iHmi komaxu. [ L Y Y Qadpdi'in ¢ © dzdpezOdgdum enemenTom
CTaTeBOI MOBEMIHKU (HANpPUKIAA, y 13A11B Ta MyXu-aApo30dinn). ['yunimn 3ByKu
BUHUKAIOTh TPH POOOTI CKJ'IaILHIHII/IX crieniajgizoBanux yTtBopiB — IS d dzB O dz! dat
d3d 3B taD biplstcd H Iz dzv y ' 2 dzdHanpux@ayf, Asa{@iB’ odz! dz' 34
IIMKaJl PO3MIIIEH] Ha TEPIIOMY CETMEHTI uepeBlid. Jlo MmemOpaH MmiaxoasiTh MilHI
M’SI3M, a TiJI HUMU JIe)KaTh PE30HATOPU, YTBOPEHI BUAO3MIHEHUMHU TOBITPSIHUMH
MmimkamMu. CKOpOYEHHST M’S31B BUKIMKAE pI3KE BUTMHAHHA MeMOpaHu, IO
CYIIPOBODKYEThCS KiamaHHsM. Jlyke mBuaKa modeproBa nedopmaiiis mapu
MeMOpaH YTBOPIOE HEMEPEePBHUM 1 TyKe TYUYHHM «CHIB» ILMKAIW, IMJACUICHUN
pe3onatopamu. [IpoTe HalmomMpEeHIKMM CIIOCOOOM TeHepallii 3ByKiB Yy KOMax €
TEpPTs Pi3HUX YacTuH Tina, abo M Is t6  H kz Cepuaynaiiiinuii anapat yTBopeHwMii
«CKpeOayKoI», 110 KOB33a€ MO HEPYXOMIN «IUJIII», TPUIOMY PO3MIILLIEHHS 000X
CJIEMEHTIB MOXXE€ OyTH pi3HUM. Y JESIKHX MYpalIoK «CKpebauka) Mae BUTIIS
3yOIli Ha TPEThOMY CETMEHTI HYEpeBIls, a «IWJIKOK» € 3y0dacTte Tmoje Ha
YEeTBEPTOMY CETMEHTI. Y JKyKiB-BycauiB 3yOelb Ha MEPEeTHbOTPYISX TPEThCS MO
peOpucToMy TOJIO0 Ha cepeaHborpyasx. Halikpamie cTpumyssmiiiHi anapatu

90



PO3BUHEHI Yy MPSIMOKPUJIMX: BOHM pPO3MIIIEHI HA PI3HUX JUISIHKaX Tija, ae
HalyacTile y capaHOBHUX € Ha HO31 1 HaJKpWIaX, a y KOHUKOBHUX, IBIPKYHIB 1
BOBYKIB — Ha HAJIKpUJIaX.

CropuiiMaroTh 3Byku W 1S dzts § |5 5. Jeik| HezanexHO BUHMKAIM NpUHAWMHI 12
pa3iB  ympoJIoBX eBojromii komax. Halimpoctimumu ¢doHopenentopamMu €
TPUXOiJHI MEXaHOPEIENTOPHI CEHCHJIU, SIKI pearyroTh Ha BiOpariio moBiTps. Y
TapraHiB TaKi CEHCWIM Ha IepKax COPUHAMAIOTh HHU3BKOYACTOTHI 3BYKH, Y
MEJOHOCHOI O/KOJHM (HOHOPEIENTOPaMH € BOJIOCKA MK (DaCeTKOBUMHU OYHMMA, Y
TYCEHUI[b HIYHMX METENIMKIB — BOJIOCKM Ha TPYyIAX, Y MYyXHU-Apo30dian —
BOJIOCKH Ha JIOBTIH METHHIN (apucTi) aHTeHHU. J[>KOHCTOHOBI OpraHy TaKOX 37aTHI
cupuiiMaTé 3BYKU (HANpUKIad, Y KPOBOCHUCHHX KOMapiB, KOMapiB-XIpOHOMIJI,
pobOYMX OCOOMH MEIOHOCHOI O/PKOJMM TOIIO). YCl TepeiyeHl BHIIE
(doHOpenenTopyu CHPUNMAIOTh TIIBKH TPaieHT (TOOTO 3MiHY) TUCKY HAa BOJIOCUHY,
ajle He MOro BEJIMYMHY, 1 HpPAlIOOTh Ha BIIHOCHO KOPOTKHUX BIACTAHAX BiJ
JDKepena 3BYKY.

Haiicxnaanimumu  goHoperientopamu komax € IS d d3f O dz@@kz’ Bd® tc O B O dac
ts to G aEffieni y MeTenukiB, HUKaI i MPAMOKpWINX. BOHM 31maTHI cnipuitmMatn
3BYKH PI3HOI YaCTOTH, JUKEPENO SKUX 3HAXOAUThCA Ha 3HAYHIA BiJCTaHI BIJ
TBapuWHU. 3a OYyJOBOIO THUMIAHAIbHI OpPTaHH CXOXI HA XOPJOTOHANIbHI (3 SIKHX
1HO/1 ¥ BUHMKAIOTh), 30KpeMa TUM, IO iX (YHKI[IOHAIBHOIO OJIMHUIICIO TAKOXK €
CKOJOMIIA. Y capaHOBUX MO OOKax MEpIIOro CErMEHTa YepeBLsl MICTATHCA
TUMITAaHAJIbHI MeMOpaHHW, KOJIMBAHHS SIKUX naedopmye ckojomiaii. Y KOHUKIB,
LBIPKYHIB 1 BOBYKIB THMIIaHaJIbHI OpPraHW PO3MIILIEHI Y TOMIUJIKAX MEpPEIHIX HIT 1
BUHUKJIH 13 MIIKOJIHHOTO OpraHa, IpUuYoMy KOJIMBaHHS TUMIaHAIbHOI MEMOpaHH
CIIOYATKy MEPEeIacThCcsl Ha 3AYTY Tpaxero, 1 TUIbKK 3 Hel — Ha ckosomniaii. Oxkpemi
pEIEenTOpr OJTHOTO THUMIIAHAJIBHOTO OPTaHy € CHEIiadi30BaHUMH 0 CIIPUHHSATTS
PI3HMX 32 YaCTOTOIO 3BYKiB, TOMY NIEPBUHHUIN aHaJ13 3BYKOBUX MOJIPA3HUKIB MOXKE
3MIICHIOBATHUCS III€ B OpraHax ciiyXy KoMax. TuMmaHaiabHI OpraHu pearyroTh K Ha
BEIMYMHY THUCKY, TaK 1 Ha HOro TpajieHT, TOOTO 3/1aTHI 1HGOPMYBATH MPO
IHTEHCUBHICTh 3BYKY (TYYHICTh), HOTO YaCTOTHUN CIIEKTpP, TPUBAIICTh 3BYKOBHX
MOCWJIOK 1 3aKOHOMIPHICTh iX TOBTOpPEHHS. Y IIMKaJ THUMIIAHAIbHI OpraHd
po3MilieHl MoOJM3y TUMOATbHUX OpraHiB (SKi TEHEePYIOTh 3BYKH) 1 HE 37aTHI
po3pizHaTu yactotu. CIyXOBI OpPraHM HIYHUX METEIHUKIB MICTIAThCS B
3aIHBOTPYASIX a00 B KUJIBKOX OCTAHHIX CErMEHTaX YEepPEeBIIS. [XHBOIO 0COOTHBICTIO
€ 3JaTHICTh CNPUUMATH YJIbTPA3BYKH, IO iX TCHEPYE JIETIOYa MUIIA T dYac
MIOJIFOBAHHS Ha METEINKA.

8.4 Xemopenenmisi. 3a (QyHKIIOHAILHUMU OCOOJMBOCTSMH XEMOPEIENTOPHI
HEHPOHM MOKHA MOAUTUTH HA G J Oz] tc Orddh tnjs ‘9 QidepufidsinosigaroTs
Ha JI}0 IIUPOKOTO CIEKTPY PEYOBUH, IPOTE MAIOTh HU3bKY UYTIUBICTh, & APYIl —
pearyroTh TUIBKH Ha OJHY a0 KibKa CHOPIAHEHUX CHOJYK 1 BUSIBISIOTH BHCOKY
YyTIuBiCTh. HeWpoHHW-cemiamicT HaJalTOBaHI HA CHPUAHSTTS 3alallHuX
pEYOBHH, SKI MalTh BaXJIUBE O10JOTiYHE 3HAYCHHS (HAMPUKIAJ, CTaTeBI
dbepoMoHH, XapyoBl aTPAaKTAaHTU 1 PENENCHTH, BYTJCKUCIHMA Tra3), 1 3aMyCKaroTh
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NEBHI MOBEAIHKOBI peakuii. OT)ke MepBUHHUN aHaji3 HIOXOBUX MOJAPA3HUKIB y
KOMaxX MOKe BiIOyBaTHCS BXK€ Ha PIBHI XeMOPEIICITOPIB.

O00B’s13K0BOI0 MOP(OJIOTIYHOIO 03HAKOIO XEMOPEIIETITOPa € MPUCYTHICTH OJTHOTO
OTBOPY a00 YHCIEHHUX TOP B KyTHKYJi CEHCUJIH, J0 SKUX TATHYTHCS ICHAPUTH
JICKITBKOX YYTIMBUX HEHpOHIB. S 1S Ozls O &dsigxnentopn e Ste 6 O dzOdzd M
sIK1, SIK TIPaBUJIO, BXO/STH J0 CKIIATy TPUXOiTHUX MEXaHO-XEMOCCHCOPHUX CEHCHUII

13 BIJIHOCHO TOBCTOIO KYTHUKYJISIPHOKO CTiHKOIO. BOHM OIIHIOIOTH iCTIBHICTh
cyOcTpaTy abo MOro MpUAATHICTh TS BiAKIAAAHHS S€Ib 1 MOKYTh MICTHTHCS Ha
pPOTOBHMX OpraHax, JlalmkaxX, aHTeHax Ta sineknagi komaxu. [ ( Mls O dzls dz
xemoperentopu (5 t6 G O dzd) e Gifp BisHOMaHITHUME y MOpdosTorivHOMY
MIaHl, a iXHA KyTHKYJsSpHAa CTIHKA YacTO TOHKA W MPOHHM3aHA YHUCICHHUMH
nopamMu. BBa)karoTh, 10 OpraHW HIOXY BHHUKIHM y KOMax SIK IMPUCTOCYBAHHS [0
HA3eMHOT0 CHOCO0Y JKUTTSA, TOMY HIOX Y €BOJIOLIMHO JABHIMIMX KOMax € He
HACTIJIbKU PO3BUHEHUM, SK Y €BOJIOIIAHO OUIbII Mosoaux rpymn. HroxoBumu
MOXyTh OyTH IS t6 d - tScentmdr, B OL d & tscigvny dzincieHHrMMy opamu,

Y J dzts € tsazcrglz'f dzO € tsScenerdgi  (MicTATBCS Ha aHTEHaX JKYKIB,
BOJIOXOKPHWJIBIIIB, TIEPETHHYACTOKPHIINX TOIO). J Iz dzO 9 S ttdBann BaalEieHO

Ha OCTAaHHIX WICHHWKAaX MAaKCWISPHHX MIYNMUKIB y JESIKUX JBOKPHIIAX
(KpOBOCHCHHMX KOMapiB, MOCKITIB Ta T€/3iB) — CIPUUHATTS 3amaxiB HUMHU
3MIIHCHIOETHCS B TOHKOCTIHHOMY BHPOCTI, 3[yTOMY Ha BEPXIBIll Ta MPOHU3AHOMY
nopamu. Lli ceHcunm, Tak camMo, fK 1 J€AKl KOHTaKTHI XEMOPELENTOpH-
reHepaliCT, 3JaTHI pearyBaTy Ha BYTJIEKUCIIUN ras3.

8.5 Opraunm 30py i nepBuHHUI aHaJi3 30poBoI iHpopmanii. Komaxu MaroTe Tpu
roJIoBHI THIK opraiB 30py — w O j Is € sdzO s jstaO dz!, ao M lw ' dgdk ©
HistemOdz! ,dabo tsay'j WO@) J Is € 5 mnacTuBiSMaike yciM a0pocanM
KOMaxaM (30KpemMa, BOHH BIJICYTH1 y OJIiX Ta BISUTOKPWIIMX) Ta JIMYMHKAM KOMax 13
HENOBHUM INepeTBOpeHHAM. (dDaceTkoBe OKO CKIIAJAEThCsl 3 BEIMKOI KUIBKOCTI
okpemux (oropernentopiB — 5 B3O IS d HKUX BOKOKHOMY OIli € BiJ KUIBKOX
coteHb g0 Maibke 30 Tucsy. Omaruziii mae enementd, mo L O dzts djdzifa® Is
W sC Iz mksitde,’ L tsdzér4 filgtf tc d 2 d3ro. I€BiTI03a00MITIOBANIBHEI Ta
dokycuuii amapar mnpexacrtaBicanii € tod N Is O dzi& Bpdpopa KyTHKysIa
OMaTHJIis y BHUIJISIII IIECTUKYTHOT aBoomykiioi miH3u) Ta € te d M ls O dz'dalg dgdsdlz
(foro yYTBOPIOIOTH TMPO30piI 3EMIIEPOBI KIITHHH). [30JI00UMI amapatr — 1
rOJIOBHI TITMEHTHI (KOpHEAareHHi) KIITUHU Ta JOJATKOBI MIrMEHTHI (1pUCOBI)
KJIITUHH, SIK1 MICTSTh CBITJIO3aXUCHI MIMEHTH OMOXPOMHU Ta ITEPUHU (IUB. PO3JLI

2.6 «3abappieHHsi»). CaMe CBITJIO3aXMCHI MMITMEHTH YacTO BHU3HAYAIOTh
3a0apBlieHHs o4el kKomax. CBITJIOUYTJIMBOIO oauHHICI0 omaTHisa € t6 | IS d dzO dz
(30poBa) KIJITHHA, SKa SBJISE€ COOOI0 YHIMOJSPHUA HEUPOH 13 KOPOTEHBKUM
aKCOHOM (y KOMax TOJIOBHHH MO30K Mailke BIOPHUTYN MiAXOAWTH JO CKIaTHUX
oueil, TOMy aKCOH € KOpPOTEHbKHMM). PeTHHaIbHUX KIITHH B OJAHOMY OMAaTHIIi €
KUTbKa (3a3BUYail 7—8), 1 po3TaIlioBaHi BOHU 10 KOJIY HEMOB YaCTOYKHU areIbCUHY,
OpUYOMY OJIHA YM Bl PETHHAJIbHI KIITHHH 3CYHYTI A0 0a3aibHOI MeMOpaHHu.
PeTvHANBHI KIITUHH Pa30M YTBOPIOIOTH IMIIHIApUYHUN mydok — tg IS d,dalz
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HEeHTpi sKoi po3mimeHuii 16 © B H dRitBieHunit i3 okpemux t6 O B H 5.0dKp:t@1iio
pabomep € creliaabHO IUITHKOI PETUHAIBHOI KIIITHHHU, SIKa YTBOPIOE YUCIECHHI
TpyOUacTi BUPOCTH — MIKPOBOPCHHKH. Padnomepu OpI1EHTOBaHI1
MEePIEeHIUKYJISIPHO JI0 TMO3J0BXKHBOI oOcCi padaoMa 1 MICTATh BOyJOBaHUN B
MeMOpaHy 30poBuii mrMeHT 16 S H tS if sfuifi 4z OibIIocTi KOMax MOXOAUTH 13
3aMo3WYeHUX 3 1K1 KapoTUHOIAIB. [1i dAi€r0 CBITIIa POJIONICHH MEPETBOPIOETHCS Ha
METapOJIOICHH, IO BHUKJIMKAE 30y/HKCHHS PETHHANBHOI KIITHHH. OTXKE CBITIO
IPOXOJUTh KpPi3b KPHUIITATUK 1 KPUCTANIYHUN KOHYC OMATHIisA, MOTpaIuiie€ Ha
pabI0M 1 BUKJIMKAE MOSIBY HEPBOBOTO IMITYJIBCY.

Y KOMax PO3PI3HSIIOTH Off sLdysf &S shizy j toffrtasL d -
dzj 2tetsmizy j il BO fy s Rffay ' @agil@FicTuBi O1IBIIOCTI JEHHUX
KOMax, pabAoM poO3TallOBaHU BIPUTYJ A0 KPUCTAIIYHOIO KOHYCY 1 TOMY
OTPUMYE TUIBKH TE CBITJIO, IO CIPSMOBAaHE TOYHO B3/I0BXK OCI OMaTHis, a peuTa
CBITJIA MOTJIMHAETHCS MITMEHTHUMU KIiTUHAMU. CBITIO, IO TOTPAIUIsiE Ha OKpEMI
omatunii Mz j o 5L d  cnpuitEgempes © pizhrdi cnoci6. Y BiacTUBUX
HIYHUM 1 CyTiHKOBUM koMmaxaM B Isd € sz j toff ts mirdhayru 3nezdi
MITpyBaTH 1O KJIITHHAX 3aJIEKHO BiJl PIBHS OCBITJICHHS, a pabIoM BiITaICHUN B1JT
KOHYCY. YHACIiJIOK CBITJIIO MIDXK KPUCTaJIIYHUM KOHYCOM 1 pabJIoMOM MOXKe
OpsIMyBaTU 10 CIHEHIAJIbHUX MPO30PUX BOJIOKHAX, a TAaKOX MOIIMPIOBATUCS Ha
cyciiiHi oMatufli. TakuM YMHOM, B ONTHUKOCYNEPHO3UIINHUX O4yax Ha padoMu
NOTpAIUIsi€ CBITIO, SIKE HAAXOAUTH Bl KUIBKOX CYCIIHIX KPUCTaJIIYHHX KOHYCIB.
Taki o4l € YyTJIUBIIIUMH, ajie JAl0Th JEII0 PO3(hOKycoBaHE 300parKeHHS.

11
(1

OnTOBOJIOKOHHUN TPHUHIMI POOOTH € YK€ XapaKTEPHUM IJsl CKIATHUX
oueld komax. Came BIH J03BOJISIE TOSICHUTH, SIK MPALIOIOTh 3ITHYTI PETUHU
JESKHX MOIIIOK Ta XYKIB, a00 CIipajibHO 3aKPYyYEHI PETUHU MYypaILIOK.

1 4 2tetsmiz f §)tc§ GeiacTuds HesikuM ABOKPUIMM, SIKi IIBUAKO JIITAIOTh
(manpukian, apo3odini). Sk 1 B anmo3uiifiHuX 04ax, OMaTU/li B HUX MOBHICTIO
130JIbOBaHI MITMEHTAMHM BiJ CYCIJIHIX OMAaTHIIiB, NMPOTE OKpemi pabdaomMepu
pPETUHANBHUX KJIITHH HE CTUKAIOTBCA B IEHTPI OMATHis, a 3aJuIIaloThCA
130JJbOBAHUMHU JIBOMA IIEHTPAJIbHUMHU pabjomepaMu (Takuid padaoM Ha3UBAIOThH
BIIKpUTUM). AKCOH BiJl KOKHO1 NepuepruIHOi peTUHAIBHOT KIITUHUA TPIMYE 10
CYCIIHBOTO OMaTH/isl, € BiH 00’ €IHYETHCS B OJMH HEPB 3 aKCOHOM, IO TEepeaac
1H(}OopMaIlio mpo Ty X caMmy TOYKY MpOCTOpy. BHACHIOK Takoi JOBOJII CKJIAIHOT
CXeMHU mepepo3noauty iHdopmarllii, 0 HaIXOAWTh BiJ PI3HUX OMATHUIIIB,
3abesmeuyerhes peamizamis € S dzy J f YIS d dzts laits aie i B moauHwy,
BIJIMOBIJTHO /10 $IKOi MPOCTOpPOBAa OpraHizaiis KapTUHKW, IO CHPUHAMAETHCA,
NepPeaeTbCsl MPOEKIISIMU 30POBUX HEWPOHIB y TOJIOBHOMY MO3KY Y BHIJISAI
TOTOKHO1 30POBOI1 MaIlH.

[Mepunnnit O dzO dz' L L s to ts ani® nasshicdsWi EHeHEAITICHHS MOXKe
BiIOyBaTUCS HA PIBHI PETHMHAIBHUX KIITHH KOMax. AKCOHHM 30pOBUX HEHPOHIB
NPSAMYIOTh /10 30POBHX YacTOK TMEPEAHBOTO BTy TOJOBHOTO MO3KY —
npororepedpyma, 1€ 3IIACHIOEThCS 00poOka iH(opMmaii (auB. po3ain 9.2
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«bynoBa raurmiiB»y). OmZHUM 13 TOJOBHUX MapameTpiB, sIKI BUKOPHUCTOBYIOThH
KOMaxu JJig aHalizy 300pakeHHs, € MEpPEeXTiHHA. Y MpoTouepedpymi KoMax
3HANJEHO acolllaTUBHI HEMpPOHM, SKI BHUOIPKOBO pearyrTh Ha OKpPeMi O3HAKH
30pOBOTO CTHUMYITY — PO3Mip, hopMy, XapakTep pyxy abo 3a0apBiIeHHS TPEIMETY.
3o0kpema, y 06araTboX KOMax € HEMpOHH, SIKI pearyroTb Ha pyX TUIBKA B OJHOMY
HaIpsIMKY. Y METENUKIB € HEUPOHHU, SIK1 30yIKYIOThCS IPU PYyCi 00’ €KTIB IEBHOTO
KOJIbOpYy. MokHa BUIIIUTH TPHU acOLlaTUBHI LIEHTPU IpoToliepeOpyma, Ha piBHI
AKUX (DOPMYETHCS CBOE 300paxkeHHs 00’ €KTy (IUB. po3ain 9.2 «bynoBa rauriiiBy).
PiBeHb cy4acHHMX 3HaHb B Taly3i HEHPOOIONOTii KOMaX € TaKuM, IO IS JCSKUAX
MOJIEJIbHUX 00’€KTIB BUEHI 3/1aTHI pO3MIH(PYBATH 1 3MOJICTIOBATH 300paKEHHS Ha
yCIX JJaHKaX 30pOBOT0 aHai3aTopy.

Te, sk KOMaxw CHPHIMAaIOTh PyX, YacTO BUBYAKOTH 3a ixHBOW S IS5
B ls ts te dzts © EOM®)$ shgoro* € BKOMIICHCATOPHHUI TTOBOPOT YCHOTO
Tijla a0 TUIBKU TOJOBH Y BIJAIMOBIAb HA OOEpPTaHHS ONTHUYHOTO OTOYECHHS.
Tpaagumiiino OMP y komax BUBYAIOTh 3a JIOIMIOMOT'O0 CMYT'aCTOTO HITH/APA,
AKUW 00EpTaEThCS HABKOJIO apeHH 3 TBAPUHOIO; 3a TaKUX yMOB KoMaxa
MOBEPTAETbCSI HAa HEPYXOMIM apeHl y HampsIMKy pyxy LOHIIHIpA.
CumymioBatT pyX MOXKHA ¢ TOCHIJJOBHUM OCBITJICHHSIM OMATHU/IIiB
IPOMEHSIMH, K1 CHANAXYIOTh 13 MeBHUM (a30BUM 3pylieHHsM. Hanpukmian,
y KIMHaTHOI Myxu MoHa 3anmyctTutd OMP, sKimo TakumMu TpOMEHSIMHU
OCBITUTH JBa padAoMepa B OJHOMY OMAaTHil — 1€ CTa€ MOKJIMBHUM 4Yepe3
HAsBHICTh B MYyXHU HEUPOCYNEpPNO3ULIHUX ouel. [3051b0BaHMII TeMHUU
00’exT pHuBadIItOe OaraTtbox KomMax (HampuKIaJ, Mypamlok), siki, UMOBIPHO,
COpUIIMalOTh HWOro SIK YKpUTTA. HaOnMkeHHs TEeMHOro IUCKY 3aIlycKae
f sMOHC 59 d ¥ xoMmay, Widdzgrérin(Bonn BUTATYIOTH TEpEeHI HOTH
BIIEpea), a piske 3arineHHs — IS ° dz! s & (2], ‘dAij nposBaseThes B
cripo6i BTEKTH a00 3a4aiThCS.

JIMYUHKY KOMaX i3 MOBHUM NEPETBOPEHHIM MOXYTh Matu dzOIs | t6 O dz/, afw
M ls § &dpynu mooauHOKMX OMAaTHAITB, KUTBKICTh SKUX € HeBeaukoro (1-30) 1, sk
paBuiIo, OUIbINAE MMICHS JUHSHHA. bynoBa jaTepanbHOTO BiUKa BIIPI3HIETHCS Y
PI3HUX KOMax, aJjie 3aBXIU KOKHUHM OMAaTH/Ii B HhOMY Ma€ BijJ KIJTbKOX OJHHHIIH
JI0 KIJTBKOX TUCSY CEHCOPHUX HEeUpoHiB. DYHKIIT TaTepaIbHUX BIYOK MPUHIIUIIOBO
HE BIIPI3HAIOTHCSA BiJl QYHKIIN (PaceTKOBUX OYEH: JIMYUHKH CIPUHMAIOTH HUMHU
MEPEXTIHHS TEMHHUX 1 CBITJIUX IUISIM, IPOTE€ T'YCEHUIl METEJIMKIB TaKOX 3JaTH1
BIJIPI3HATH MPEIMETH 32 PO3MIpOM, (pOopMOIO 1 3a0apBICHHSIM.

[ BtemOdz! dzabo ® Judi@usi mepeBaXHO TUM KoMaxam, SKi J100pe
JTalOTh, 1 BUKOPUCTOBYIOTHCA SK JOMOMDKHI OpraHd 30py Ha J0AaTOK O
dacetkoBux oued. MoxyTb OyTH HasBHI TpPU PO3MIIMIEHUX TPUKYTHUKOM
JIOpcalbHUX BiuKa, a0 JIBa BIYKAa — IpaBe Ta JiiBe. Y KOXHOMY BIUKY MOXKeE OyTU
JI0 KITBKOX COT€Hb 30pPOBHMX HEUPOHIB. AKCOHU 30pOBUX HEHPOHIB MPSIMYIOTh Ha
CHellialibHl HEBEJUKI OIENApPHI TaHIJii, B SKUX KOHTAKTYIOTh 3 HEBEIHKOIO
KUIBKICTIO aCOIIaTUBHUX HEUPOHIB (OTXKE 30pOBI HEHPOHU MOPCATHHUX BIUOK
HaJIeXaTh 0 BTOPUHHUX perenTtopi). ONTuyHa cUCTeMa BiUKa Ja€ JOCUTh UiTKE
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300paXeHHsI TPEMETIB, ajie JTUBHUM € Te€, 1[0 Ha PiBHI CITKIBKU i€ 300paKeHHS
BUSIBIIIETHCS. TIOBHICTIO po3(okycoBannM. DYHKIIIT JOpPCATbHUX BIYOK OCTATOYHO
HEe 3’sCOBaHi, aJie¢ BUCHI MPHUITYCKAIOTh iXHIO y4acTh B OIliHIII OCBITJICHOCTI Ta ii
3MiH, OpI€HTALIMHUX peakiisfax 1 (HOTOTAKCHCI, PO3IMi3HABAHHI JIHII TOPU3OHTY
TOIIIO.

8.6 Oco0iamBocTi 30py Ta 30poBOi opieHTamii B mpocrtopi. KoHcTpykiiis
(dhaceTKOBUX 0YEH € TaKkolo, 10 00pa3 00’ekTy HOPMYIOThCS 13 OaraTb0X TOUKOBUX
300paKeHb, SIKI HAMXOAATh 0 MO3KY BiJl OKpeMHUX OMaTUA1iB. SAkio 00’ €KT HaATO
BEJIMKUI 1 PO3TAIIOBAHUN 3a0JIM3bKO, HOTO KOHTYpPU CIPUHAMAIOTHCS Bakue 1 HE
PO3MI3HAIOTECA KOMaxolo. Benuki BifaaneHl mpeaMeTH KOMaxH CIPHUIMAroTh SIK
PO3MMTI IUIIMHU 3 HEUITKUMHU KOHTypamu. | S M s te 5 Is Komax, 9@ dz3natHicTh
PO3PI3HUTH JIB1 TOUKU HA MEBHIM BIJICTaHI, 3aJIEKUTh BiJ IIIJILHOCTI PO3MIIICHHS
OMAaTH/IiB Ta iXHIX KyTOBMX po3MipiB. I1{00 1BI TOYKM HE 3IMBAIKCS B OJHY
UMY, BOHM MAalOTh MOTPANMTH B TI0JIE 30py MpPUHAWMHI JBOX OMATHIIIB,
PO3IUJICHUX NPUHANMHI OJIHUM OMATHJIIEM, SKHUH «HE 0auuTh» >KOJHY 13 IHX
TO4OK. TOMy y KOMax 3 BEJIMKUMH HE UIUIBHO PO3TAIIOBAHUMH OMATHIISIMU
roCTpOTa 30py € HIDKYOI0 HDK y KOMax 3 JApIOHMMU W IIUIBHO PO3MIIICHUMH
oMatuaisMu. daceTkoBi 04l yepe3 CBOK KOHCTPYKIIiIO He 31aTHI 10 O ¢ S d3s H Oy
T0OTO (oKyCyBaHHS Ha pI3HMX (oKaTbHHUX BifAcTaHsAX. Komax MokHa Ha3BaTu
BKpail KOPOTKO30pUMM TBapWHAMU: JaJIeKI TPEIMETH BOHU CIPUUMAIOTH SIK
HEYITKI PO3MHUTI IUISIMHM, a 13 HAOMMKEHHAM JI0 00’€KTa — pO3PI3HAIOTH BCE
OisblIe 1 OlbllIe HOTO AeTaNICH.

Myxwu, OJ)KOJIM 1 METEJTUKHU 3/1aTHI po3pi3HaATH W B tc 3z § teijobupBguls * o
0111 MpUBaOJIKMBI 0€3 MOMEPEAHHLOTO HABUEHHS: BOHU BOJIIOTH C1JaTH HA
¢Girypu 13 CKJIQJHUM KOHTYpPOM, BIAPI3HSAIOUM iX BiA MpoCTHX (Iryp —
TPUKYTHUKA, KBajpara YW Koma. [IpuHaliMHI JEsKi KOMaxX® OIIHIOIOTH 1
3araJbHUN O0OpUC TIpeAMeTa, 1 CTYIIHb PO34WICHYBAHHS HOr0 KOHTYPIB.
HemonaBHi gociipkeHHsT TOKa3aid, IO O/KOIM BMIIOTH PO3MI3ZHABATH
o0nuyus JTro/Iel 1 TPUMAIOTh 1X Y TTaM’ STl TPUHANMHI yIIPOJOBK JBOX JTHIB.

barato komax BukopucToBYlOTh CoOHIle myis opieHTalii B mpoctopi. CoHsuHE
CBITJIO YTBOPEHE CBITJIOBUMHM XBUJISIMH, KOXKHA 3 SIKUX KOJMBAETHCS Y CBOIH MEBHIM
IUIONIMHI, fIKa CIPSMOBaHA MEPIEHAUKYJISIPHO 10 HANMPSMKY MOLIMPEHHS CBITIA
(mexaii ¢i3uku BuOayaTh 3a TAKWW HAATO MEXAHICTHYHUNA OMHC KOJMBAHHS
BEKTOPY HAINpPY>KEHOCT1 eJeKTpUYHOro abo MarHiTHoro mosiB). Habip XBuib
TEIJIOBOTO BUIIPOMIHEHHS € BUMAJKOBUM, TOMY COHSIYHHMI MPOMiHb B KOCMOCI HE
Ma€ TIeBHOrO KyTa moJisipu3anii (Horo He MarTh TaKOXX 3BUYANHI JaMIU
HaKaJIIOBaHHS Ta JIIOMIHECUEHTH1 Jamnu). [1ig yac mpocyBaHHs Kpi3b aTMochepy,
CBITJIOBI XBWJII COHSIYHOTO CBITJa (PUIBTPYIOTHCSA: YacTHMHA 3 TUX, L0 MAalOTh
MEeBHUN KYT KOJMBaHHS, BiIOUBAeThCA. OTKE COHSIYHUN MPOMIHB, 110 MOTPATIISIE
Ha MOBEPXHIO 3eMJIi, Ma€ MEeBHUM KyT MOJSIpU3AIlii — CBITIO CTa€ YaCTKOBO abo
NOBHICTIO moysipu3oBaHuM. [lomsipusanis CBiTIa 3MIHIOETBCS TaKOX MICTS
BIZOWMTTS BiX HeEMeTaneBOi MOBEpXHI, Hampukiaa, Bigx Boam. d § tod 2 dzV IS Is
f sdzVv tcd L 59 O easopetsinommo odstz®icTio 6araTboXx WICHHCTOHOTHX,
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31e0UIBIIOT0 TUX, SIKI )KUBYTh y THi3Zax 1 TOMY MaioTh J00pe OpIEHTYBaTHUCS B
npocTopi (HampukiIaa, >KYKU-THOMOBUKHM Ta Mypamiku). L1 BracTuBicTh
KOMAIIIMHOTO 30pYy J103BOJIsie opieHTyBaTHCs 32 COHIIEM HaBITh TOJIi, KOJIH BOHO
MOBHICTIO CXOBaHE XMapaMu, a00 pos3mi3HaBaTH BOJHI 00’ekTu. OpieHTallis 3a
IUTOIIMHOIO MOJIIPHU3allii CBiT/ia Ma€ Ha3By §f 5 dzW te ts Is Bexnrofri) @o B ioro
OCHOB1  JIXUTh OCOOJMBICTh TMOTJIMHAHHA CBITJIOBUX XBWJIb 30pPOBHMH
NICMEHTAMU: MOJIEKYJIM MITMEHTY BIOPSAKOBAHO pO3TallloOBaHI Ha MeMOpaHax
MIKpOBUIEH pabaoMepiB 1 TOMYy BJBiUl CHJIBHIIIE MOTIMHAIOTH CBITJIO,
MOJIIPU30BaHE Y3J0BX, HDK YIOMepeK MikpoBuiei. [IpumyckaroTh MOMKIHBICTB
ICHYBaHHS 1 1HIIIMX MEXaHI3MiB pO3Mi3HaBaHHs MOJspU3alii cBiTia. MakcumalibHy
YYTIUBICTh JO TIOMIMHU TOJISIPU3AIii CBITIIOBUX NMPOMEHIB BUSBJISIOTH Oa3alibHI
KIITUHA OMATHIISA, SIKI BBAKAIOTHCS TOJIOBHUMH JCTEKTOPAMH TOJIApU3amii (IuB.
po3ain 8.5 «Opranu 30py 1 NEpPBUHHUM aHali3 30poBoi 1HPopMaIii»). Y neskux
KoMax (0aboK, MEepeTHHYACTOKPUIINX, JKYKIB, JTBOKPUJIMX Ta METEJUKIB) TUIBKH
BEPXHS YaCTHMHA OKa 3JaTHA PO3PI3HATH ToJisgpu3alito cBiTia. [ligTpumanHs
CTabUIbHOI Opi€HTAIlll BIAHOCHO CBITJIOBOTO MOTOKY B CIIOKOI Ta MiJ 4ac pyxy
(peakmiss W SIstslstc 9 B’ GineglocTi BumankiB MPOSIBIAETHCS K PyX B
HampsIMKy CBITJIa, abo Big HBOTO, B TempsaBy. I[linq wac HaBiraiii komaxa
HAMaraeTbCcsi JOTPUMYBATHCS TIEBHOIO KyTa TAJiHHSA CBITJIa Ha CITKIBKY.
P M., Tazle Ddpjeatiis 3a Connem, Micsanem Ta 3ipkaMu —
BJIACTUMBAa 0araTbOM KOMaxaM 1 MOTpeOye iCHYBaHHS O10JOTIYHOTO TOAUHHUKY.
TBapuHa TNOCTIMHO BIJICTIAKOBYE JIOOOBHIM pyX acTpOOPIEHTHPIB (HABITH B
TEMpsIBl) KEPYIOUWCh 1HAMBIAYaJbHUM JOCBIIOM (TOOTO 1Sl peakiiss HE €
BPO/IKEHOIO) 1, B TakWil cmocid, KOperye CcBId pPyX MO BIAHOLIEHHIO [0
aCTPOOPIEHTUPIB YIPOJOBXK JT00H.

MenoHocHa 61K01a OpPIEHTYEThCA B MPOCTOP1, BUKOpUCTOBYI0UM CoHILE 5K
koMmrmac. bmxona-po3BiHMI, IO MOBEpPHYJIACS 10 BYJHKA, «PO3IMOBIIAE
CBOIM CecTpaM NpO TMOJOKEHHS B3SATKY Yy MoOUTi3amiitHoMy TaHIi. SIKiio
B35TOK po3TalnoBaHuid Ha BijcTaHi 10 100 MeTpiB BiJ ByJnKa, O/pkoia Oirae
(TaHIO€) TIO KOMy. SIKIIO — MAali, pyX MO KOJIy YEPTYETHCS 3 BUXIISIOUUM
npoOiroM MO MpsSMii, TPUUYOMY KUIBKICTh BWISHb Yy MPOOITYy BKa3ye Ha
BIJICTaHb JI0 B3STKY, a BIIXWJICHHS HAMpsMKY MpoOiry BiJ BepTUKall — Ha
KyT MK HampssMkoM a0 CoOHIlE Ta HampsIMKOM BiJl BYJIMKa J0O B3SITKY.
[HbOpMaIIis TPO B3SATOK TAKOXK MEPEAAETHCS Yepe3 I3MKIaHHS, TKE TCHEPYE
O/kojla M dYac TaHI, BIOpalil0o KOMIPOK, 3arax pOCIUH, SKUU
3QJIMIIAETHCS HAa YEPeBIll, Ta HEBEJIMKI MOPILIi HEKTapy, SIKUM PO3BIIHUIIS
JTUTUTBCS 31 CBOIMHU POJMYKAMHU. YBaXKHO CTEXadud 3a MOOLMI3aliiiHuM
TAHUEM Yy BYJIHMKY, MOXHa JI13HATUCS, JI0 SIKOTO B3STKY JITaIOTh OJKOIU
came 3apas.

i sL ' L dzOo O deagxami 8 dzoami®BUA B ME)KaxX YChOTO BHAUMOTO
CIEKTPYy, a BIAMOBIa€ MaKCMMyMaM IMOTJIMHAHHS XBHJIb, IO iX MAarOTh TIEBHI
30poBi mirMeHTu. B oqHoMy omatuii pabgomMepu i3 MEBHUM 30pOBUM IMITMEHTOM,
PO3MINITYIOTECS 32 TEBHOI cXxemorw. Komaxu 3 OJHUM 30pOBHM ITITMEHTOM,
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A3 dzts n to [sud3€ddsHd pospizHsaTH KONbOpU (HAPUKIIAL, TEPMITH), 3 JBOMA i
TphoMa, B ' n t6 S dg@lic] ~ to t5 dg@ulssifino — 3maTHi Ha ne (Hampukiam,
MypallKy, >XyKH-OpOH31BKH, OJKOIMHI, Jeski MeTenuku). babku crpuiiMaroTh
KOJIbOPH TUIBKH HIKHBOIO JIIJITHKOIO OKa, OMATHII1 B AKIH € TIOMITHO JP1OHIIITUMU.
Jesixi metenuku (Oimanu Ta kocarii) € IS j IS te O n t6 5 d3Quigx® adgepoxnm
CIIEKTPOM PpO3Mi3HaBaHHS KOJBOPIB — BIJ YIbTPadioJeTOBOIO JI0 THMSIHOTO
gepBOHOT0. MyXHW TakoXX JoOpe pearyloTh Ha 4YepBOHE CBiTIO. barato kxomax
BUSBISIIOTH OCOOJMBY UYTIMBICTH N0 YAbTpadiolieTy — HANpUKIaA, MYpallkud
BUSBISIIOTh HETAaTHUBHUM (OTOTAaKCMC 1 OOHMpaloTh Miclisl, HE ONpPOMIHEHI
yIbTpadioNeTOBUM CBITIOM. Y CaMIlIB 1 CAMOK METENIMKIB TyCOUKU KPUI MOXKYTh
MO-pi3HOMY BiOWBATH yibTpadiosieT — B TaKWi CTOCIO BUSABISETHCS HEBUIUMUN
s Hac (Ta IHIIMX XpeOeTHUX TBapuH) crarteBuid aumopdizm. BminHs
pO3Ii3HaBaTH yJIbTpadiosieT BAKOPUCTOBYETHCS ¥ B HaBiraifii.

Komaxu maroTh «HalmBUANINNE» KOJIBOPOBHM 3ip cepen ycix TBapuH. BueHi
3’dCcyBalid, 110 JDKMENl OOpoOisioTh 30poBY 1H(OpMAIIO y II'STh pasiB
MIBUJIIIIE 32 JIFOAUHY, 110 JI03BOJISIE€ M HA BEJIUKIN IIBUIKOCTI IEPENITATU Bij
KBITKM /10 KBITKM B YMOBaX PO3CISIHOTO OCBITJICHHS M YHHKATH TMEPEIIKOJ.
Taky BJIacTUBICThH JPKMEITUHOTO 30py BUKOpHUCTANM 1HXeHepu ¢ipmu Nissan
JUTsI CTBOPEHHST pOOOTIB, SIKI CTEXATh 3a OTOYEHHSIM aBTOMOOLIIS 1, 32 YMOBH
MOSIBU HECTO/[IBAHOI MEPEIIKOIU Ha HOro HUISXY, aBTOMAaTUYHO 3MIHIOIOTh

Kypc.

[lepexkpuTTss TOJIB 30py MpaBoro Ta JIBOrO (haceTKOBHX OYEW CTBOPIOE
MOXJIMBICTE B © dzts € Iz dzW tcKiztmgnuts namai tederziekn orinroBatu BigcTanb
710 00’€KTa, 110 € XapaKTepHUM JiJisi 0araTbOX XHM>KaKiB-3aClAHUKIB — OOTrOMOJIIB,
XIDKAX BOJSHHUX KJIOMIB, JWYMHOK 0a0o0k, aje W BH3HAYaTH IIBUIKICTH
HaOJIMKEHHS 10 00’ €KTY Ta HOTO PO3MIpH.

8.7 Tepmopeuenuis Ta rirpopeuenuisi. [CHyBaHHS 32 ONTUMaJIBHOI TEMIIEPATYPHU
Ta BOJIOTOCTI € BaKJIMBOIO CKJIAJI0BOI0 BMKMBAHHS TaKUX MaJICHBKUX TBapHH, SIK
KOMaxu, OCOOJMBO THX CYCIUIbHHUX BHIIB, SIKI MEIIKAIOTh B THI3/Iax (TEPMITIB,
MypaIok, 0/okis, oc Ta pkMeniB). Perenropu temnepatypu (Is J e d3gtsted Y J f Is
Ta BojiorocTi (G © G t6 1S t6 § )gyid{3ismiBiisi B ycix komax, IKUX AOCITIIKYBaIH
3 1bOro muTaHHA. HaifyacTime BOHM pO3TAlIOBaHI HAa aHTEHAX, aje MOXYTh
3yCTPIYaTHCS ¥ HA IHIIUX YaCTUHAX Tija (HAMpUKIIaJl, Ha MAaKCUJISIPHUX [IyTTHKAX Y
aMepuKaHCbKoro Taprana). Yacto ogHa ceHcwia (QYHKLIOHYE SIK TEpMO- 1
rirpopenentop oxHodacHo. KyTukynspHa ckjiajoBa TEpMOpPELENTOpiB 1
TITPOPENENTOPIiB MOXE BUIJIAJATH MO-PI3HOMY, ajieé 3aBXKIU € HEPYXOMOIO
CEHCHUJIOIO 3 TOHKOIO 0€3/[ip4acTOr0 KYTHUKYJIOKO.

8.8. MarniTtopeuenuisi. /lesxi komaxu 31aTHI CIpUMMaATH MarHiTHE Toje 3eMii.
Haiisickpapimuii npuian Takoi 3410HOCTI JTEMOHCTPYIOTh TaK 3BaHl «MarHiTHDY,
a00 «xomrmacHi» TepmiT Amitermes meridionaljsaki memikarots B ITiBHIYHIM
ABctpanii. [[i MiHIaTIOpHI COIiaJIbHI KOMax®, JOBXWHOK BCHOTO KIUIbKa
MIJTIMETPIB, OyIyIOTh BEJIMYE3Hi, CX0K1 Ha BITPUIIA, CILIONICH] 3 OOKIB TEPMITHUKH
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BUCOTOIO0 10 4 merpiB 1 rmmuOuHOo0 10 1 Merpa. CTaOUIBHICTH TEMIIEpaTypH €
HEOOX1THOIO yYMOBOIO HOPMaJIbHOTO (DYHKI[IOHYBAaHHS KOJIOHIi  TEpPMITIB.
TepMITHUK 3aBXJW CIPSIMOBAHUM TOYHO 3a MEpHUJIIAaHOM, a TOMYy HOro Oi4HI
MOBEPXHI J0Ope MPOrpiBalOThCS COHAYHUMH IIPOMEHSMM Ha CBITAHKY Ta 3aXOJl
CoHIs, 1 Mai’ke HE OTPUMYIOTh COHSYHHUX MPOMEHIB BJIEHb, KOJM ICHYE BHCOKA
WMOBIpHICTh meperpiBanHsA. I[lpupoma MarsiTopeneniii Komax 3aIuIIacThCs
HEB1JOMOIO.

IuTaHHs 1151 CAMOKOHTPOJIIO:

1. Ski BimuyTTs BiacTuBl Komaxam? SIki 3 HUX € TOJIOBHUMH?

2. Sk Ha3WMBAIOTHCS PEUENTOPH, SIKi CIIPUIMAIOTh TOAPA3HUKHU 30BHIITHHOTO CEPeIOBHIIA?

3. Sk Ha3WBaIOTHCS PELENTOPH, SKI CUTHATI3YIOTh MPO AiSUIbHICTH OMOPHO-PYXOBOI CHCTEMU
Ta TOJOXKEHHA Tijla KoMaxw y mpoctopi? Sk BOHM MOXyTb Oyt moOymoBaHi 1 Jie
MICTUTHUCS?

4. JlaWiTe BUBHAYCHHS CCHCUJII. SIKi TOJIOBHI KOMITOHEHTH BOHA Ma€?

5. Sky ¢dyHKLiIO MOXXKe BUKOHYBaTH TpuxoinHa ceHcuin? UM BOHA BiAPI3HIETbCA Bif 1HIIUX
THUIIB CeHCHIT?

6. Sy QyHKIIiI0 MOXe BUKOHYBAaTH KaMmiaHipopmHa ceHcuna?

7. 1o coboro siBiIsie XOpAOTOHANBHUH OpraH? SIKi Xap0TOHAJIBHI Opranu kKomax Bu 3Haete?

8. UuM BiApI3HAIOTHCS PELHENTOPH PO3TITHEHHS BiJl CCHCHII?

9. JSIki cmocobm reHepaiii 3ByKy BiIacTuBi kKomaxam? HaBemiTe mpuKiaau.

10. o coboro sBisIOTH (hoHOpenenTopu? HaBeaiTe mpuKiIagy.

11. YV yomy mossirae 6ioyorivHe 3HAYCHHS XEMOPEIeTITOPiB-CIeniaIicTiB?

12. Sxi poTtopeuentopu Biactusi komaxam? IlepepaxyiiTe 1 HaBeniTh TPUKIAIH.

13. ki 060B’s13K0B1 (PYHKITIOHATBHI €JIEMEHTH BXOJIATH JI0 CKJIaay Goroperentopa komax?

14. 3 sxux eneMeHTIB CKIalaeThCcsl oMaTUAIN? Ski GyHKIiT BOHH BUKOHYIOTH?

15. TlopiBHsiiTe OynoBy Ta 0CO0JIMBOCTI (GyHKIIOHYBaHHS anmno3uLiMHUX,
OINTUKOCYNEPHO3ULIHHUX Ta HEHPOCYNEPHO3ULIHHUX OUeil.

16. Bix goro 3aJeKuTh TOCTPOTA 30py KOMaxu?

17. Ywu 3marHi o4l KOMax 0 aKoMoaarii?

18. SIki mapaMeTpu CBITJIOBHX MPOMEHIB 37[aTHI CIIPUIIMATH KOMaxu?

19. Sk koMaxu BUKOPUCTOBYIOTb CBil 31p [UId Opi€HTALil B IpocTOpi?

20. Sxumu € MOpdOoIOTiYHI 0COOTUBOCTI TEPMOPELIENTOPIB Ta TIrpOpeHenTOpiB?

PexomengoBana JiiTepatypa 10 JeKii:

1) ®pannesuy JI.U. 3purenbHplii aHamu3 npocTpaHcTBa y HacekoMbix / JI.W. @paniesuny.

Kues: Hayk. nymka, 1980. — 287 c. ( s &zOfd ydzO, o StcOMmMdats * dz¥ Mls
L' " tc Ctsdi3BOr o dHOIs dzts ¢ SscW ts@Zsdzip)) C s s o yj desc s

2) The evolution and development of neural superposition/E. Agi [et al.]//Journal of

Neurogenetics. — 2014. — Vol. 28. — P. 216-232. ( ¢ IsOIlslswv {§ oz dzj 2 tots dzdz

L sScsotsets OdzOdz' L Olststelz C s8d30R, o wg' 2

WldC Yy tsdglzo Odzgdzr dzj etz jefsLdy 2ddn suj2?)

3) Dyer A.G. Honeybee (Apis melliferg vision can discriminate between and recognise images
of human faces/A.G. Dyer, Ch. Neumeyer, L. Chittka//Journal of Experimental
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4)

5)

Biology. — 2005. — Vol. 208. — P. 4709-4714. ( & lsOlslsvw {ftcts o d3' dzda"
BHYBdzd L ' Ldz0saOIsd 2 LOfOdOvYIssolzo OlIsd B d

Hansson B.S. Evolution of insect olfaction/B.S. Hansson, M.C. Stensmyr // Neuron. —
2011. — Vol. 72, Ne 5. — P. 698-711. ( AdIstsdzt ¢ ' ydz' omy 4 CIsd my
CBdRBORr L fsLdy’ ™ Joeotdzy' )

[Tepconanpua cropinka Jlapca UYitku [Enmextponnmii pecypc]. Pexum  mocrymy:

https://www.researchgate.net/profile/Lars_Chittka ( 1 j te s dzO dz' dz© Miststc’ o
9 JHOIdtsG 5 HsfMdz Hded SO s jH' dgf B H ) t5dzd dzd
SLBO2BRIJIsdMYy L 2t8ets fkzedz COY' v did. rzxyd teyd
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Jexkuis 9
IHTEI'PATUBHI CUCTEMM: HEPBOBA 1 EHJIOKPUHHA

KJjdzstcOdz! dzO dzj cotso O MdMmMlsj GO S sBOR: § dzOdz B EZH
CGOdzgcdz' "9, BEZHBSO O IO WkdeCy' ' ctdzso desets dBsL ¢
MdMmilsj &3d. [ MeBdzdetsmis’' dgjQtetsn’' d@3' ° BHddn . G & Ht
“defnj SIsdydH e, wC' fotekhkrls! tosBBlskz dzj tco so-

CBOR: dzj2tetsfjCtojlststedy Sz sdded ' dzjteseSis
Stec Odzd, ctdtsod Cctokzfd cEtdRtsd o. }teddydf H'
¢ 5 &O

9.1 Ilnan OyaoBM LEHTPAJbLHOI HepBOBOI cucremu. llenTpanpHa HEpBOBa
cucrtema (LJHC) xomax moOyaoBaHa 3a TUIIOM HEPBOBOIO JIAHIIOXKKA, YTBOPEHOTO
NapHUMU METAMEPHUMH TaHIJISIMHU, SIKI CHOJY4YEHI MK €000 MapHUMHU abo
BTOPWHHO HETTAPHUMHU KOHEKTHBaMU. [lepiri Tpu ranriii 3MuTi Hal KUIIEYHUKOM U
yTBOpIOIOTh IZOH G dziS Is § 15 9 afo2G tscistacia]: PR2penlgifileimien MoKy,
f tetsls 5y J.loMaB tmltcdgannimy OymoBy 1 HaWOUIBIN PO3MIpH — BiH
obOciyroBye opranu 30py 1 (popMmye mo Ookax ayxe BeIuKi BUpPOCTH, L SS9
Y Omls @i Boputyn HaOmwkeHi 10 QacetkoBux oued. Jpyruit Bimmii,
HJ 2 IstsyY J,t@jepsi& @igan. bijas ocHOBH aHTEHHAJIBHUX HEPBIB MPHUCYTHI
HEeBeJIMKI BupocTH, Oz2¥ -~ 59 ° |, ® Qs higbTpyerbes iHpOpMalis, 10
HAJIXOJUTh BiJ XEMOCEHCOPHUX CEHCHWJ. Bix po3aiieHoro Ha JaBI CHMETPHUYHI
YacTHHU TpeThoro Bimminy, ISted Is 5y j G jrmutgrica3@peun 10 BepxHBOI
ryou. TpuronepeOpyM TakoX € BUILMM LIEHTPOM 1HHEpPBAI[li BHYTPIIIHIX OPTaHIiB y
KoMax. HaBKOJOTJIOTKOBI KOHEKTHBH, OTMHAIOYN KHIICYHUK 3 OOKIB, MPSIMYIOThH
BiJ TpuToliepeOpyma o f © H G dzts Is § 1S 9, BxdiitsyTB@pirted da’ pakyHok
MOBHOTO 3pOCTaHHS TPhOX METAMEpPHUX TAHIJIIB TOJOBU W 1HHEPBYE POTOBI
OpraHH Ta CIMHHI 3aJI03U.

Bix miarmoTkoBoro raHriis nmounHaethes Y J 6 9 dzd 2 dzj toc o, mmmitly?2 @ dz
EBOJIIOIIIHO JJaBHIX KoMax (0a0oK, TapraHiB TOIO) CKIAAETHCS 3 TPHOX TPYAHUX
1 BOCBMH YE€pPEBHHX TaHTJIIIB, KOXKEH 3 SKUX € MapHUM 3a MOXOpKeHHSIM. ['pyaHi
ra"riii OUThII 3a YEpeBHI, IO TOB’S3yIOTh 3 IHHEPBAIIEI0 HUMH HIT Ta KpUJL.
OcraHHIll TaHTIIH 4YepeBHs TaKOXK BIJIPIZHAETHCS OUIBITUMH pPO3MIpaMH depe3
IHHEpBAIlI€I0 HUM KIHIIEBUX MPUJIATKIB YEPEBIT — KOIMYJSITABHOTO amnapary
caMmIll 4Yd CTaTeBUX OPraHiB CaMKd, ILEpPKIB Tomo. B Mexax kiacy MOXHa
MPOCTEKUTU TMPUHAWMHI JBa 3arajibHi HalpsIMKH €BOJIOLIMHOIO PO3BUTKY
HepBOBOi cucTeMu: (1) 3pocTaHHs OKpPEMHX TaHTJIiiB Ta (2) BKOPOUYEHHS HEPBOBOTO
naHioxkka. Haitsickpagiiie 11 mpoliecu BUpa)KeHl B KoMax 3 KOMIAKTHUM TLIOM —
0araTb0X JTBOKPUIIUX, TEPETUHIACTOKPUIIUX TA KYKIB.

VYV komax 13 HenoBHUM mepeTBopeHHsM [[HC 30epirae 3aranbHuii miuaH OyqoBU
IPOTATOM YChOT'O IOCTEMOPIOHAIIBHOTO PO3BUTKY, HATOMICTh PO3BUTOK 13 IOBHUM
IEPEeTBOPEHHSAM YacTO CYNPOBOIXKYETHCS JOKOPIHHOIO IMepeOy10BOI0 HEPBOBOI
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cuctemu. Haituacrime mig gac metramopdo3y BiOYBarOTHCS MPOIIECH, MOAIOHI 10
(bUTOreHETUYHUX — 3MEHIICHHS KIJIBKOCT1 TaHIJIIiB, IXHHOT KOHIIEHTpAIlli Ta SK
HACJIJIOK — BKOPOUYEHHS HEPBOBOTO JIAHIIOKKA. [ ONOBHI eramu mepeOymnoBu
[MHC nix yac metamopdo3y Bi1OYyBaIOTHCS Y JIsUICUIIL.

9.2 ByaoBa ranruiiB. I ranriii, i KOHSKTUBH KoMmax MaroTh ocoomuBy fd Mls J d3kz
s B 15 0zfSikliziB&ir010Th HEPBOBI KIIITHHH BiJ] TeMOJIMGH, MiATPUMYIOTH TICBHHIA
CKJIaJl BHYTPUTAHTJIIOHAPHOI PIAWHM, 3a0e3Me4yl0Th BHOIPKOBE IPOHUKHEHHS
MOKMBHUX PEYOBUH JIO HEPBOBHX KIITHH, 3aXWIIAIOTh I1X BIJl MEXaHIYHUX
nomko/keHb. 3oBHimHEA J § Mis tc O dzj S8 BdizSdimpEHa wiitnHaMu
xupoBoro Tina. Bayrpimma G O dzG dz' 15 dzO tc dm@r 2 mBpis duBHizsH®
HEKJIITHHHUI 11ap Mae Ha3py Oz] 2 to d dzp dpdy@pimniii  kmiTHHHMT —

i J tod dzjCkpevizad§ponis, 10 cKIaay TaHrIisS BXOAATH IadbHI KIITHHH, SKi
yTBOPOIOTh Oz] 2 16 SiGpdEymtOroTh HATXOKEHHS MEBHUX 1OHIB Ta MOJICKYI
Oe3mocepeIHbO 10 HEeHpoHiB. [JianbHI KIITHHU TICHO MPUJISTAIOTH 10 HEPBOBUX
KJIITUH, a2 HaBKOJIO TOBCTUX HEPBOBUX BIJPOCTKIB OaraTopazoBO 3aKpyUyHOTHCS i
YTBOPIOIOTH OOOJIOHKM Ha KIITAJT IIBAHIBCHKUX KIIITUH y XpeOeTHUX TBapuH. Tina
ITiaJbHUX KIITHH Ta HEHPOHIB po3MimlieHi mija obojonkamMu y § B § 59 s d3kz
TaHrIis. YCIO IEeHTpaJbHy YacTUHY TraHriis 3aiimae dzj 2 t6 tSHf skalzy ticHo
MEePETUTTaIOTHCS BIIPOCTKU HEMPOHIB 1 30C€pEKEH1 CUHANITUYHI KOHTAKTH.

| t5dzts 9 dzd e nafdiRnajiBifiiMM BiAIIIOM HEPBOBOI CHCTEMHM Komax. BiH
MICTUTh acOLIaTHBHI LIEHTPH, fKi, 3A€0LIbIIOr0, KOOPJAMHYIOTH CEHCOMOTOPHY
JisUIbHICTE KoMmax. CTpykTypa aeutoniepeOpyma Ta TpuTolepeOpyMa BiANOBIIAE

cxemi OyJIOBM THUIIOBOT'O TaHIJIisl YEPEBHOTO HEPBOBOrO JaHItOkKa. HaTomicTh y
npoTolepeOpymMi  po3MillleHI  YUCJIEHHlI  (YHKI[IOHAJIBHO Ta  aHATOMIYHO
CHellaTi30BaHl AacolllaTUBHI ILEHTPU, SIKI MICTATh BIIPOCTKH aCOIL[IATUBHHUX
HEHpOHIB y  Hedpomim. HailBaxnMBIIIMMU  aCOLIATUBHHUMHM  LEHTPaMH
npoTorepedpyma komax € Y J Ozls tc O dz' dzd, B " Qyeaz§ tegs&H{, o ° B d
Misj B dz2 y@anlsstedd' z@  OMis ¢ d

Aj dzlstc ©Odz' dzd 20 e tsnigdfuxiz | v€iifppriing B IEHTpanbHIN YacTHHI
npororepedpyma, sika, K MPAaBUIIO, MICTUTh Bl BIOPSIIKOBAHI TPy HEPBOBUX
BifpocTkiB: Y J dzlstc Odz! dzgph ff stsldAsy j tc ] B tc Q dHedpgfaBui 3
JOCITIDKCHHS MMOKa3alld, 10 IEHTPAJIbHUN KOMIUIEKC BIIOBIJA€ 3a OPIEHTAIIIIO
KOMaxH B MPOCTOPi 3a JIOMOMOTOI0 Bi3yaJIbHUX CTUMYJIIB: BIH BIJITpa€ BaXKIHUBY

poOJIb B aHaji3l MOJISPU30BAHOTO CBITJIA, aCTPOHABIrallli, 1HTErpauli MpocTOopoBOi
iH(opMallii 11 KOHTPOJ0 pyXy, GOpMyBaHHI MPOCTOPOBOI Bi3yaJIbHOI IaMm’sITi,
KOHTPOJTI HATIPSIMKY PYyXY.

1 ydz zaisdBoded OiuHI JTUISHKH TPOTOlepeOpyMa TOpyd i3 30pPOBHMH
yacTKaMd. BOHM MICTSATh BIAPOCTKM HEWPOHIB, L0 MNPAMYIOTh BIJl HIOXOBUX
4acToK JedTorepedpymMa, 1 pa3oM 3 rpuOONoAiOHMMH TiJaMu BIANOBIAAIOTH 3a
o0poOky iHdopMmamii Big cnenudiyHuX (Hanpukiang, ¢GEpoOMOHHUX) Ta
HECHeIU(PIYHUX XEMOUYTIMBUX CEHCHI. Y OIYHMX porax 3/1HCHIOETbCS 1HTErpallis
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HIOXOBOI 1H(opMaIli, 1m0 HaAXOAUTh OO0 MO3KY, Ta (POpMyBaHHS MOBEIIHKOBOI
peakirii Ha MMeBH1 3amaxu.

J] tcdB 5,806 MbB gizb j dz' Y Qdnflsrkuisisy mdztda BBaxkaTn aHansorom
KOpH TOJIOBHOTO MO3KY CCaBIliB, /DK€ caMe TYT 3aMUKA€TbCs 0araro yMOBHHX
peduiekciB, MICTATbCS IIGHTPU 3amam’ sITOBYBaHHS 1 HaBUCHHS, Bi3yallbHOI
HaBiraiii, XiMi4HOi acolialli, pyXxoBOro KOHTPOJIIO Tomo. ['pubomosiOHi Tija
Hailikpamie (1 Bmepie) OyaM BHUBYEHI y CYCHUIBHUX IEPETHUHYACTOKPHIIMX.
BBakaroThb, 110 CKJIaHICTh OyZ0BH IpuOOMOAIOHMX TiJI TIOB’A3aHa HacaMIiepen i3
CKJIQ/IHICTIO TTOBEAIHKU KOMAaxXH.

Cxuagai rpubomno/1i6H1 Tijia NEPETUHYACTOKPIIINX KOMaX BUHUKIU TToHa 90
MJIH. POKIB TOMY Ha3aJ y NapazuTUYHUX Tpyn 1 Oyl ycHaJKoBaHI iXHIMH
CYyCNIUUIBHUMHM HAIllaJJKaAMH, & OTXKE€ caMe€ Mapa3uTu3M, a HE CYCIUIbHUN
cnocid XKUTTS, OyB MPUUYMHOK HAMOUIBIIOrO YCKJIAIHEHHS T'pUOOMOIIOHUX
TU1 y IEPETUHYACTOKPUIIUX KOMaX.

1 Stetso ' ynmpEPHSEBEMKi OiuHI BUCTYH IpOTOIepeOpyMa 1 MOB’sI3aHi 3
dacetkoBuMHU ounMa. B HHMX BiI0OyBarOThCA MEpII €Tary 1HTEpHpeTarii 30poBoi
1H(popmarrii. ¥ KoXKHIN 4acTIll MICTUTBCS 1O Bl 200 TpY HEUPOMUISIPHI MJIACTUHKH
(32 Cy4acHOI0 TEpMIHOJOTI€I0 HAONMKEHAa J0 OYell IJIacTUHKAa Ha3UBA€THCS
d3J H [zadetYynanena & dzts B )z ibb¥Ha 3 SKMX, B CBOIO Yepry, CKIAJaeThCs 13
IJIETUBA HEPBOBUX BIJIPOCTKIB Ta IIapy HEPBOBUX KIITHH. HEpBOB1 BIIPOCTKH Mixk
IUTACTUHKAMHU MEPEXPEIYIOThCS, YTBOPIOOYH OHY a00 1Bl m * O..3@tha yactka
3B’s3aHa  BIIPOCTKAMHU 3  I[EHTPAJbHUMHU  JUISHKAMH  MpOToLiepedpyma,
rpuOONOIIOHUMH TiJIaMU Ta 30pPOBOIO YACTKOIO MPOTUIIEAKHOTO OOKY Tijia.

9.3 Koopannauis poooru ranrJiiB HHC ta ¢gynkuii ro;ioBHoro Mmosky. ['anrmii
YyepeBlsl KOMaxX 0OCIYroBYIOTh a00 TUIBKM BJIACHUM CETMEHT, a00 CBIi Ta KUJIbKa
CYCIJIHIX CETMEHTIB. BOHM OTpuMYIOTH 1H(OpMaIIIO BiJl PEUENTOPIB 1 KEPYIOTh
M’si3aMH ¥ TIpUAaTKaMu, SKI MICTSThCS B 30HI 1HHEpBAIlii, SBISIOUYU COOOIO
f 4 tco d dzdz tc J W dzJ HslsmEdesdaepermyx) rdaisiigsdiinnopsakoana
olststod deded o5 toj W dzj € Is-tsiigrdedkdgomyy gardzidc @@gosHoMYy
MO3Ky. I3ompoBani Bim Bummx Biypaunie [IHC, wyepeBHi ranrmi 3maTHI
MIATPUMYBATH  HaWMpocTimi  O0e3yMoBHO-pediekTopHi  peakiiii. Hampuxman,
BIATSATE YEPEBIIE MEAOHOCHOI OJDKOIU TMPOJOBXKYE pyXaTH CTYJIKaMH >Kaida M
BUJUISITH OTPYTY, 00€3T0JIOBJIEHA CaMKa HIOBKOBHYHOTO IIOBKOMPSI/Ia MPOJAOBKYE
BIAKIAAaTH sdLs, a O€3rojloBUM camellb Komapa 3alliIIa€ThbCsl 3JaTHUM 10
KOMyJiALii. 3amycTUTH O0e3yMOBHO-PE(IIEKTOPHY CETMEHTApHY pEaklilo MOXKe
onvH 13 ynHHMKIB — (1) curHam 3 Mo3ky, (2) 30ymxkeHHs penentopy, adbo (3)
TOPMOH.

Cneundika peakiiii, Mo BIiAOYBalOTbCI B TPYAHMX TaHIIIAX, 3yMOBJEHA
IHHEPBAILI€}0 HUMH JIOKOMOTOPHUX NMPUIATKIB — HIT Ta KpWI. Y NeHCMEHKepHUX
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HellpoHax? TPyJHOrO TaHIVIS BUHMKAKOTh PUTMIuHI 30yIKEHHS, SKi IEPENar0ThCS
Ha pyXOBI HEHPOHM HOXXHHMX M’SI3iB 1 BUKIHMKAIOTh XOJWIbHI pPYyXH HOTH.
[30,1bOBaHMI TPYJAHHMIA TAHIJIIN 3MaTHUH CaMOCTIHHO KepyBaTH pyXaMH OKpPEMOl
HOTH, IIPOTE XOJIIHHS BUMAarae y3roJKeHOi Ail yCIX IIeCTH HIT, TOMY IIeH JT0BOJII
CKJIQJHUI JIOKOMOTOPHHM aKT 3/IIHCHIOETHCS TIILKH 32 YMOBH 30€pEKCHHS 3B'SI3KY
MDK TpyJIHHMH raHrmissMu. [ToaiT komax MOKHA 3allyCTHTH JBOMA MOCIiJOBHUMHU
pediekcamu — BigpuBaHHAM HIT Big cyoctpaty (pediekc Dpenkens) Tta
oOyBaHHSM TOJIOBU Ta OCHOBH KpWJ. PHUTM KOJIMBaHHS KpWJI 33Jal0Th
NelCMEWKEpHI HEHMPOHU B TPYAHUX TaHIIISAX, a KOHTPOJIOKTh — PEIEHTOpH
aHTCH, OPTaHM 30pY Ta, Y IBOKPHIIUX, J3MKYAIIBII.

["010BHUI MO30K Ta MIATIOTKOBUHM TaHTIIM MOXYTh BUCTYINATH 1 SIK IEPBUHHI, 1 K
BTOpHHHI pediaekTopHi mentpu. Sk § j tco d dzdz' tcJ W dzj SBdsuis te dz'
00CIIyTOBYIOTh TPUIATKH TOJIOBH, SKI BXOASTH JO 30HHU 'iXHLo'l' 1HHepBaIi —
poToBi opranu Ta anteHu. Sk 9 IS 5 tc d dzdz' tc j W dzj fadsii¥i tecdwBn  J
3J1aTHI TAJIbMYyBaTH a00 30y )KyBaTH CerMeHTapH1 pediiekcu, abo KOMOIHYBaTH iX

B CKJIQJIHI PYyXOBl aKkTH. ['albMiBHa cHUCTeMa MICTUTBCS B MpOTOlepeOpyMmi Ta,
MOKJIMBO, B TpUOONMOAIOHMX TUIAaX, 1 MPUTHIYYE BCl pedieKkcu TrpyaHuX Ta
yepeBHUX ranriii. Cucrema, 1o 30yaKye, Ma€e JiBa LEHTPU — Y MiATIIOTKOBOMY
TaHIIi Ta HEHTPaJIbHOMY KOMILIEKC ITpoToliepedpyma.

Cepen HIIMX BaXIUBUX (QYHKIIA MO3KY € TaKi:

1 KOHTpONb mMEpiOAiB AKTHBHOCTI Ta CIOKOI 3a YYacTi «O0i10JOT14HOTO

TOJIMHHUKA, AKUH, IMOBIPHO, MICTUTBCS B MPOTOLIEPEOPYMI;

peryioe pedIeKTOPHI peakIlii Ta y3roKye ix MK c00010;

dbopMye IHCTUHKT 13 MOCTITOBHUX Pe(IICKCiB;

perymoe TpodiuHy IOBEIIHKY KOMaxH, 30KpemMa, 3aIllyCKa€ I1HCTUHKTHBHI

peaxiiii, CmpsMOBaHi Ha MOMTYK 1XKi;

1  3amyckae ckiaHiil IHCTUHKTH: HAMPUKIIAA, CTUMYJISLIS TPUOOTONIOHUX T
camIisl 4epBOHOI KOOWJIKM BUKIIMKA€E IMOBHY KapTUHY HUIFOOHOI MOBEIIHKH
HaBITh 3a BIJICYTHOCTI CAMKH;

1  3yMOBIIIOE 37aTHICTH 10 HABYEHHS, TOOTO (POPMyBaHHS YMOBHUX PeQIIEKCIB
HAa OCHOBI Ha0yTUX Ta YCHAJKOBAHWX IOBEIIHKOBUX TMporpam. Baprto
3a3HAYUTH, M0 3a 3AATHICTIO O YMOBHO-PE(ICKTOPHOI IiSIIBHOCTI JESIKI
KOMaxu (30Kpema, O/1K0JIN) TIEPEBEPIIYIOTh ITYPIB 1 HAOTMKYIOTHCS 0 COOaK
Ta MaBIl.

= =4 =

9.4 CumnaTuyHa HepBoBa cucrema. CuMIaTHYHA HEPBOBA CHCTEMa 1HHEPBYE

BHYTpIIIHI opranu 1 npeacrasiena Mis s d3O Is s ¢ O Mfis defi] Is) clats hikox
sz @d @HBBH Odz! dzgd 3 © ' HH' dZOd3d dzj f Otcdzts G s

dIssBOIstse OMls tc d Micr@bcsp gaiplsi jotR@Horo MO3Ky 1 mepeaHbOT
KUIIKKM. BoHa yTBOpeHa KUIbKOMa HEMapHUMHU TaHTIISAMH  ((PpOHTAIBHUM,
MOTUJINYHUM, BEHTPUKYJSIPHHUM), SIK1 3B’s3aHI MDK COOOIO 1 3 TOJJOBHUM MO3KOM

2 TlelicMeiikepoM Ha3MBAKOThL HEMPOH, AKUI TEHEPYE IMITYJIbCH €3 CTUMYJISAIL.
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HEpBAMH 1 KOHEKTHBaMH. ['OJIOBHOIO (PYHKIII€I0 CTOMATOTaCTPUYHOI CHUCTEMH €
IHHEpBallisgd MepeAHbOI KUIIKU 1 cepls. 31 CTOMATOraCTPUYHOK CUCTEMOIO TICHO
MOB’s13aH1 €HJOKPUHHI 3aJ103W — KapAiaibHl 1 mpwierii Tijna (auB. posaun 9.7
«EHI0KpYHHA cHCTeMa KOMax» ).

U Iz dzz B t5 9 dupenceapneHuti epZaHp00 YaCTHHOIO HEMAPHOI'O HEPBa, SKHIA
TATHETHCS Y3JI0BXX YEPEBHOTO HEPBOBOIO JIAHITIOKKA MK HOTO KOHEKTHBAMH.
TynyOoBuii BiAAUI 1HHEPBYE AUXaNbIldl y TaKWUW CIOCIO, IO IMITYJIbCH, SKI
NEPEAlOThC HEPBOM, BUKIUKAIOTh CKOPOYEHHS [WXAlbLIEBUX M S31B. 3aaHs
YacTMHA HEMapHOr0 HEpBa PO3MANa€ThCS HA Bl TUIKH, IO IHHEPBYIOTH 3aHIO
KUIIKY 1 cTareBi opranu, 1 ckiagae § Oz H O dz/ dz@ridmarauytoll repBakd1
cucremu. OkpiM mnepenideHux GQYHKIH, HEMapHUIl HEPB pEryloe podoTy
CKeJIeTHOT MycKyIaTypu. Moro BHIMM acoIiaTUBHIM LIEHTPOM € TPHTOLIEPEOPYM.

9.5 Oco0smBocCTi HelipoximMii koMax i kaacudikanisa HelipoHiB. Bucokuii piBeHb
opranizanii I[[HC koMax 3HaxXoAuTh CBO€ BIIOOpaKEHHA Y PI3HOMAHITTI
HEHPOAKTUBHUX CHUTHAIBHUX PEUYOBUH, CEpel SKUX OKpIM alleTHIXOJIHY €
OloreHH1 amiHM (JI0MaMiH, TiCTaMiH, CEPOTOHIH, OKTOIIaMiH), aMIHOKHCJIOTH (Trama-
aMiHO-MacJIsiHa KHUCJIOTa, TJl0TaMar) Ta nenTtuad (aaimoKiHETHYHUH TOpPMOH,
nporopakoTponHuit ropmoH, FMRFamin, FLRFamin). 3a ¢yHkiisMu 11i pe4oBUHH
nonaisiiote Ha (1) dzd 2 tetsis tc O dzehpdz'd3ls H tc @ Isxistisrd nepenaaui
CUTHAJIIB ~MDK  HeWipoHamu, abo HelipoHamu Ta  edektopamu, (2)
dzj 2 to ts A3t H: pel¥sisiis taid BrMBalOTE Ha POOOTY CHHAICIB Y MEBHIM
TKaHWHI, TpyIax KJIITHH abo y MeBHUX CHHarcax, Ta (3) dzj 2 to ts ¢ ciodgtsaizd :
MeJIIaTOPU PEUYOBUHHU, SIKI BUIUISAIOTHCA B reMoiiMdy Oe3nocepeaHbo abo depes
0co0JIMBI HeWporeMasiabHl OpraHd (JOKJIaAHIIIEe MPO HUX HAeTbcs y po3aum 9.7
«EHmokpuHHA cucTeMa Komax»). DyHKII KOHKPETHHX PEYOBHH MOXKYTh
BIIPI3HATUCS 3aJI€KHO BiJ IXHBOI JIOKaji3allii — OJHA 1 Ta ) PEUOBHHA MOXKE
MpaIoBaTl SIK HEUPOTOPMOH, HEHPOMOAYISATOp a00 HEWPOTPAHCMITEP 3aJICIKHO
BiJl CBOT'O OTOUYEHHSI.

HepBoBi kiiTHHA KOMax OyBarOTh YOTUPHOX THUIIIB:

1T yklsdzd o ° e GajoRapeiiBaezabo My abTHUIONSIPHUMH: BOHH MOIIUPIOIOTH
30yI’KEeHHs Bij peuentopiB B Hanpsmky a0 [HTHC,

1 tclz A, ®00 U3ts ISHBIipOHY € YHINOISIPHUMHE: BOHU TIOIIUPIOIOTH 30y IKCHHS B
HanpsaMmky Bl HHC no edexropis,

1 9 Mlis Qaoez' dzlsueitponu, sk npaBuUiIO, € YHIMOJAPHUMH: BOHH ILIKOM 3
yciMa CBOIMH PO3TATy>KCHHSIMHU MICTITHCS BCEPEIWHI TAaHTJIIIB Ta KOHEKTHUB 1
nepesaloTh CUTHAIN MK HEHpOHaMHU,

1 dzd 2 tets M) Cxisguis Sidekglzh TposIBIATH THITOBI /IS HEHPOHIB GYHKIIT
reHepamii Ta Tmepenadi CUTHAIB, aje TaKoX 3JIaTHI CHUHTE3yBaTH,
TPaHCIOPTYBATH MO AKCOHY 1 BUJUISATHA HA30BHI HEMPOrOPMOHH — PEUOBUHH,
Kl BUKOHYIOTh (PYHKIi ropmoHiB (auB. po3ain 9.7 «EHpokpuHHa cuctema
KOMax»).
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Oco0muBHil THIT IHTEPHEHPOHIB KOMax CKiIaganTs G - G O dzls fidzde Heiiped M) ts

BEJIMKOTO JiaMeTpy 1 JOBXKWHH, AKi 0€3 CHHANTHYHUX MEPEeMUKaHb MPOBOISATH
30y DKEHHS B3JIOBXX YChOT'O YEPEBHOTO HEPBOBOTO JIAHIIIOKKA @) JIO0 TOJIOBHOTO
MO3Ky. ['IraHTChKI aKCOHHM BIJIPI3HSAIOTHCS BHCOKOIO IIBHJKICTIO TPOBEACHHS
CUTHaJIy 1 BIJITPalOTh BAXIWBY pOJb B IHTErpallii HEPBOBOI ISUIBHOCTI I
dbopMyBaHHI IeIKUX pedIIeKCiB.

VY amepukaHcbkoro TtapraHa Periplaneta americanarirantcbki aKCOHU
3B’A3YIOTh OCTAaHHIM YePEBHUM TaHTJiH 3 MIATIOTKOBUM T'aHTJIIEM 1 MO3KOM.
[Ipu xii moBiTps ab0 3ByKYy Ha MEXaHOPEIENTOPH IIEPKIB BHHHUKAIOThH
IMIyNIbCH, SIKI TPSAMYIOTh 10 TIFAaHTCHKUX aKCOHax J0 Tpyaed (TyT
MEPEeMHKAIOTHCS HA PYXOB1 HEMPOHM M’A31B HIT) Ta 10 MO3KY (10 PyXOBHUX
HEUPOHIB aHTEH). YHACIIJIOK IILbOTO 0O0AyBaHHS IIEPOK BUKJIMKAE Y TapraHa
IB1 ONMCKAaBUYHI PEQIEKTOPHI peaKilli — BTE4y Ta OPIEHTYBAJIbHI PYyXHU
aHTeH (auB. po3aun 8.2 «MexaHopenenTopy 1 MeXaHOPELEIIIs).

KibKicTh HEHPOHIB y MO3KY KOMaxW 3a3BHYail CKIIQJa€ BiJ COTEHb THCSY [0
KUTBKOX MIJIBHOHIB, II0 MPUOJU3HO BIATNOBITAE KUIBKOCTI HEHPOHIB y JpIOHUX
MpeacTaBHUKIB Oe3xBocTuX aM(dibiif 1 € Habarato MEHIO, HIK y JIOJUHU, SKa
Mmae 611t 100 Mip. HEHPOHIB.

HetipoGionorn TBapuH BUKOPUCTOBYIOTH MPOCTUM 1HICKC, SIKUW LIIOCTPYE
e(eKTUBHICTh POOOTH HEPBOBOI CUCTEMU: MOBEIHKOBUI pernepryap AUIATH
Ha KUIbKICTh HEMPOHIB Y FOJIOBHOMY MO3KY. BUsiBNsieThCs, L€l 1HAEGKC IS
Ipo30(isin € OUIBIINM, HIXK JIJIS JTFOJUHH, a OTKE MONPHU CBOI Ip1OH1 pO3MIpH
TOJIOBHHI MO30K KOMax MpaIroe 1yke eheKTUBHO.

9.6 IlpuHumn aii Ta 3aCTOCYBAHHS IHCEKTHULUHUAIB, AIKI BIVIMBAaOTh Ha podoTy
HEpPBOBOI cucTeMH KoMmax. [lepenava iMmynbCcy B IEHTPAIBHUX CHHAIICAX KOMax
37€OLIBIIOr0 3MIMCHIOETHCS 3a ydacTi Helporpancmitepa O j Is d dzaatsisx
depMenTiB: ~ S dz' dzO\,Jsaad0dp® Lywfcth B CcHHTE31 aneTHIXOMiHA, Ta
~n Bdz' dzj ) lsig tey@uyd| amerwnxosiH micas TOro, SK BiH TMOMAISB Ha
MOCTCHHAINITUYHE HEPBOBE BOJIOKHO.

barato " fgzl CIsdydH' ' 8 Odzls d ~ 5 dpurdzyyiris yossHEcreplzty 1
CIIPUYMHIOIOTh HEWPOTOKCUYHMK BIUIMB. Lle mnOpu3BOauTh CHoYaTky 10
«repe30yHKeHHS HEPBOBUX KIITUH (1 (a3a CyNmpoOBOKYETHCS CyIOMaMH 1
napajiiueM), MoTIM CHHANTUYHA TIepe/iada MOBHICTIO BUMHUKAETHCS 1 KOMaxa THHE.

[TpupoHUMHK 1HCEKTHIIMIAMHU aHTUXOMiHecTepasHoi il € § ' to j IS tad dad

XIMIYHOIO MPUPOJIOI0 CTAHOBIISITH COOO0I0 CKIIA/IHI €(ipu 1 MICTITHCS Y CXOKHUX Ha
pPOMAIIIKY KBITKax 0araTOpiuHUX CKJIAJHOLBITUX TpaB poay Pyrethrum,ski 3apas
BigHOCATH 70 poxy Tanacetum(ITwkmo). HaiiGinbmie mipeTpuHiB MIiCTUTHCA B
poMariii JganMaTchkiii Tanacetum cinerariifolium mo pocre B Adpuii.
CUHTETUYH] aHAJIOTH TMIpPeTpUHIB (HAOpUKIaA, LINEPMETPUH, TEPMETPHUH)
HasuBaroThes § © 6 | IS to Wliper@agchanexars 10 IHCEKTHIUIIB KOHTAKTHOT
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1ii%, AKi IIBMIKO OKUCIIIOIOTHCA HA MOBITPi, 0COONMBO Mij Hi€r0 ynbTpadionery.

[Tipetpoinu, B 1iIoMYy, € CTaOUIBHIIMMHU criojdykaMmu. [lipeTpuHu Ta MmipeTpoinu
BBAXKAIOTHCS MEHII TOKCHYHHUMHM [IJIsl TEIUIOKPOBHUX TBApUH, HIXK 0araTo 1HIIKUX
1HCEKTHUIIM/IIB, TOMY 1110 BOHH IIBUJIKO PYWHYIOTHCS B 30BHIIIHHOMY CEPEIOBHIII,
HE PO3YMHSIOTHCS Y BOJII M MalOTh HU3BKY JIETKICTh. Lli Criolyku BUKOPUCTOBYIOTh
JUIs OOpOTHOU 13 TOOYTOBUMH IIKITHUKAMH, SIK TO KOMapaMu i TapraHamu, BOHU
BXOJATh J0 CKJIaay 0aratbOX 1HCEKTHIIMIHUX cCIipayiei 1 aepo3omiB. [lepmerpun
BXOJUTh 10 CKJaAy MpenapariB ajig OopoTeOu 3 Bomamu. Jleski mipeTpoinu
(Hanpuknan, INEPMETPHH) BUKOPHUCTOBYIOTh TUTSL 00poOKH
CLIbCBKOTOCTIONAPCHKUX KYJIBTYp, HANpHUKIaA, KapTOIUll Ta IHIIUX KYJIbTYp
BIIKPUTOTO TPYHTY, 1HOJI Y KOMIUIEKCI 13 (hOCPOpOpPraHiuHUMHU 1HCEKTHIIHIAMHU.
Yepes meperiueHi BUIIE OCOOIMBOCTI, Il CIOJYKH Kpalle BHKOPHUCTOBYBATU
HaJBeuip y xMapHy noroay. CyTTeEBUM HEIONIKOM MIPETPOiJiB € iXHIi BIUIMB Ha
KOPUCHUX KOMax (30Kpema, OJKUI) Ta, SIK MpaBWiIO, HU3bKa €(PEKTUBHICTH Y
O00poTh01 13 MemKaHusIMH IpyHTY. [Ipo HaIeXHICTh I1HCEKTHUIUIY 10 TPyIHU
MIPETPOIIiB CBIIYNTh HOTO 3aKiHYEHHS Ha “-~TpuH’ abo Ha “-Bajepar’.

Mmzstetste e Odz' ydz' (mfgtppamdpiliguxnopmwefinmeran, ado /1T,
reKcaxjopaH, aJbIpUH) — 1€ 3A€OLIbIIOr0 KOHTAKTHI 1HCEKTHIMIN 3 TPUBAJIOO
MICTSIEI0 1 MUPOKUM criekTpoM Aii. [Ipu moTparisiHHl B OpraHiaM KoMaxu, BOHU
BIUIMBAIOTh HAa HEPBOBY CHCTEMY 1 MEPELIKOAKAIOTHh IMPOXOJKEHHIO HEPBOBUX
IMITyJIbCIB. OTPY€EHHSI KOMaxu CYIpPOBOKYEThCA TpeMOpoM 1 mapainiyem. [lonpu
CBOIO BUCOKY €(EeKTHUBHICTh y O0poThOI1 3 KomMaxamu-mKiAHUKaMu, XOC € myxe
CTIMKMMHU, YaCTO HE MiAJIaI0ThCS O10XIMIYHOMY pO3KJIaJaHHIO, CIPUYUHIOIOTH
KYMYJISITUBHUIN €(DEKT, BIAPI3HAIOTHCS BUCOKOIO TOKCHYHICTIO 1 TOMY 3a00pOHEH1 Y
0aratbOX KpaiHax 3 PO3BUHEHOIO €KOHOMIKOW. llopsn 13 mpsMUM OTpY€EHHSM
JIOJIMHU, BUKOPUCTAHHS LIUX PEYOBUH MOXKE BUKJIMKATH 3a0pyAHEHHS BOJOWM Ta
3arubenb pudu, 31HCHUTH KaHIIEPOTCHHUM Ta TePaTOTeHHUH BIUIUB Ha JIIOAUHY.

AN stetstce Odz' Ydz' e lyduis dedxdrdipmu  inc§xkaiymaamu i
BUKOPHUCTOBYIOTBCSI JIsI  OOpOTHOM 3 TOCTUIbHMMH Kionamu (kapb6odoc),
MIKITHAKAMH TIPOJIOBOJIBYMX 3araciB (MayaTioH), B JIICIBHUIITBI, CLIBCHKOMY
rocrofapcTBl Ta Ha MPOMUCIOBOCTI (Aia3iHOH, xJyopmipudoc). Y CBITI ICHYE
TEHJEHIIE 110 3aMmiHu  (HOChHOPOPTraHIYHUX  IHCEKTHIMAIB  Oe3MeUHINTUMU
nipeTpoigamMu.

1 4 Bdz' € lsdigztosmi ciiac iHCEKTHIUAIB, AKi BIUIMBAIOTH HA POOOTY
[HHC xomaxu. 3 kiHng 20 CTOMTTS BUHU € HAaWy>KUBaHIIIMMH B CBITI
1HCEeKTHUIIUIaMH, SIK1 3aCTOCOBYIOTHCS B CUILCHKOMY rocroaapcTsi. HaliBigomimmm
NPEJCTaBHUKOM IIOTO THITy IiHCeKTHIMAiB €  d3° H OGC.ddsd Gndfuye
HIKOTUHEPIiYHI HEHWPOHHI NUIAXM (HIKOTMHOBI aUETHUJIXOJIHOBI PEUEnTOpH),
BUKJIMKAIOUU Tapajiy, a 3rojioM — 1 3arubesns koMmaxu. HEOHIKOTHHOIN HaleKaTh
JI0 CUCTEMHUX 1HCEKTUIIU/IIB: BOHU ITPOHUKAIOTH B YC1 TKAHWHU 1 PIIMHUA POCIIUHHU.
[x mmpoxe 3acTocyBaHHS BBaKAIOTH OJHHM i3 TOJOBHUMX UYHHHHKIB MAacOBOI

8 IHCGKTI/IHI/IL[I/I KOHTaKTHO1 }_'Lll NOTPAaIUIIIOTL B OpFaHiBM KOMaxu 4€pe3 NOKPUBH.
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3arubeni OJKOMMHUX KOJOHIAW MO BChOMY CBIiTi. Hapa3i BuKOpHCTaHHA
HEOHIKOTHHOI/TIB 3a00pOHEHO B OaraThoX KpaiHax CBITY.

9.7 EngokpunHa cucremMa komax. Enementamu j OzH t5 € to d dzdztxomaxfig:d fls |

Q) dej 2t S] soic®@ ]St dsydjded B tc O dz!, d4f)?

|

ftoslststcOS Odza (dpY § tc @ dzf{dyiflf j oo " Myj tcOdz! dz

1 J2tismj Cto] Iststedz e Helgouds dseed BugingioTs peyoBHUHU
(dzj 2 tots G J5 toalgits dzapoTr Ha  BigmaneHi TkaHuHA.  HeliporopMoHwu
Oe3nocepelHbO BUIAUISIIOTHCS B remMoiimMdy abo momepeaHb0 HAKOMUYYIOTHCS B
ocobimBux Ozj 2 5 G | d30 dO ~daekrp a8 eedpQropMoniB Haa3BHYAHO
HIMPOKMIA: Hampukiaan, B Iz to fr) deéxisudae ckiepoTsaiifo KyTHKYJIH IiCIs

muHsHHSA (nuB. po3min 2.4 «Jlumsauas»), H © 2 t6 j Is d Yy dzcp&ymoe Gaimdgts dz

Bogu B opramismi, G © ff J t6G dz' € j O3 pardrde? pisessSrigedzi®az B
remoimiMpi Tomo. HelpocekpeTopHi KIITHHHM MOXYTh 3yCTpi4aTHCs B YCiX
rauraisasx  [HHC, ane wHaiOuibmi rpynu iX MICTATBCS B IPOTOIEpeOpyMmi
(HampuKIIa, monepeay MeHTPATbHOTO KOMIUIEKCY 1 B O1YHUX MOro JUISHKAX) Ta B
TpuTolepeOpyMi — BOHHM TOB’sI3aHi HEPBaMH 3 KapaiadbHUMHU TizamMu (H d 9 . ).
[ToonMHOKI HEUPOCEKPETOPHI KIITHHH 3yCTPIYAIOThCS B 30POBHX YacTKax
nporonepeOpymy, MiAMIOTKOBOMY TaHTJIIi, TaHTJIAX YEPEBHOTO JIAHIIOKKA Ta Y
BiCIlepajibHI HEPBOBIN CUCTEMI.

{ d BtetsyJd tcj B tc O dzmickacfres n&dsydgdfieyoo Mo3ky ta yrBopeHuit
napuumu € OtcH ° O dzff dzdf dpd dsdzddo@dikidy meskux kKomax MOKYTh
snuBatucsa. S Ot H ° O dz/oidginocriskoME@ naTHI HAKOMUYYBAaTH Ta BUAUIATH
B reMostiMmpy HEHpPOropMOHHU, OTPUMaHI BiJ] HEHPOCEKPETOPHUX KIITHH TOJIOBHOTO
MO3KY, TOOTO (DYHKIIIOHYBATH SIK HEMpOreMalibHi opranu (y 6ararbox KOMax — L€
rOJIOBHI HeWporeMasabHl OpraHu), a TaK0oXX BUPOOJISATH BJacHI TrOpMoHH. BonHu
pEeryJlol0Th ~ €HEpreTUYHUid OOMIH B OpraHi3Ml  HUISIXOM  BUIUJICHHS
OH' § 8¢ " dai Is d y diis@kiskapdais.id djmdg BiaNOBiIP Ha YHMHHUKH

H O

30BHIIIHBOTO cepeoBuia BUAULIIOTE o B IS 56 O ¢ 51 t6 t5, fixaitfaRkrus ts te O3

MPOTOpaKaidbHI 3a703u (IWB. Aaii) W 3amyckae mpoiiec JUHSHHSA (Y METEIUKiB

POTOPAKOTPOIHUI TOPMOH BUAUIAIOTH MPHIIETI Tija; auB. Aami). } te d dzj 6 dz'

pO3TaIioBaHi MOPYyY 3 Kap[iaJbHUMU TiJlaMH, 3 SKUMHU 3B’s3aHl HepBamu. BoHu
cuHTe3yI0Th ¥ 9 J Oz’ dz' dzd, 2akuiiG ia todsismpenx cragisx 3aTpumye
MeTaMopdo3, a B iMaro — CTUMYJIFOE PO3BUTOK TOHAI.

] eslststeOC Odz! dmicTareds OklzBdnmdit  wacTuHi TrOJOBM abo B
HEePEAHBOIPYAIX i mpoaykyroTh j § H  abdsdids tc d3ts dz |, daafiitzemipdatoc
nporiecu MetTamopdo3y 1 JIUuHSHHA. [[poTopakasibH1 3aJ1031 HalKpaIle po3BUHEH] Y
JUYUHOK 1 JISIJICYOK, ajie Ha MOYaTKy IMariHaibHOi (ha3u nereHepyrorb. CHHTE3
€KJIM30Ha 3aIyCKAEThCS MPOTOPAKOTPOITHUM TOPMOHOM (AMB. BUIIIE).

1 j tod Md o3 dbdf{djuadd] o "+ frplz| | tamddEsBazdops 3 ranraismu abo

Ha KOHEKTHUBAX Y€peBHOTO HEPBOBOTO JIAHITIOXKKA 1 [TOB’s13aH1 3 HETAPHUM HEPBOM.
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Ile HeiiporemanbHi OpraHd, $KI BHAUISIOTH B TeMOMIMQY HEHPOrOpMOHU
HEHPOCEKPETOPHUX KIIITUH YEPEBHOTO HEPBOBOTO JIAHIIIOKKA.

9.8 IlpuHmun paii iHCEKTHMHHUAIB, SIKI MOPYWIYyIOTHL MeTamMop(do3 Komax.
5 9 J dz' dztomlgpBonnuit) G St d3MSitzakoro BiZOMO MIICTh MPUPOTHHX
dhopM — 11€ TepIIeHOIIHA CII0JIyKa, SIKY BUPOOJISAIOTh IPUIIETIl Tija (quB. BuIe). B
cepii eKCepruMeHTIB OyJI0 TTOKa3aHo, 110 BUIAJICHHS MPUJIETIIMX T Y JUYUHOK 1,
K HacCNiJIOK, MPUIUHEHHS CEeKpelli IOBEHIILHOTO TOPMOHY, MNPU3BOAMUTH [0
IPUCKOPEHHS METaMOP(O3y 1 MOSIBU KapJIUKOBUX 1Maro, a IMIJIAHTALlisl IPUIICTIIAX
TiJT Bl MOJOMAMIUX JIMYMHOK JIO CTapIINX, HABIAKH, TAIbMY€E MEPETBOPCHHS Ha
iMaro 1 CTUMYJIIOE TIOSIBY JOJATKOBHX JIMUMHKOBUX CTaild. Y HH3I[l TOCIITOBHUX
JUHSIHb CEKpelis IOBEHUIPHOTO TOPMOHY TIIOCTYNIOBO 3MEHIIYEThCS 1 PI3KO
3arajibMOBY€ThCS HAa OCTaHHIA JUYMHKOBIN cTajli. TakuM YMHOM, FOBEHUIBHUMN
TOPMOH € aHTaroHICTOM €KJIU30Ha (JUB. BHILE) — BIH CTUMYJIIOE PICT Ta PO3BUTOK
JUYUHKOBUX CTPYKTYp 1 3aTpumye wmeTamopdo3. 3HUKEHHS KOHLEHTpaIli
IOBEHIJIbHOTO TOMOHY B TUTl JIMUMHKH OJTHOYACHO 3 CEKPEII€I0 €KIU30HA 1HIIII0E
JUHSHHSA 1 MeTamop(do3.

Cunretnuni QO dzO dztse d ¢ 9 | dz', déb das 5 dztevierdaderd3tiipalpen
TOILIO0) MOPYLIYIOTh HOPMAaJbHUI PO3BUTOK KoMax. Ilin ni€ro 1HCEKTHLMIIB L€l
IpyNH pIiBEHb IOBEHIIBHOTO TOPMOHY B JIMYMHLI KOMAaxd HE 3HIKYETbCH, 1
BHACJIIOK LIbOIO BOHA HE MOJXKE IMEpeTBOpPUTHCS Ha imaro. OcobmmBocTAMHU il
IOBEHOIIHUX 1HCEKTUIMAIB € Taki: (1) BOHM MiIOTh TIIBKM HA JIMYMHOK, (2)
BUSIBJISIIOTH BUCOKY ClieHU(IUHICTh Ta (3) HU3bKY TOKCHUYHICTD ISl JIIOAWHM, (4) He
BUKJIMKAIOTh (POPMYBaHHSA PE3UCTEHTHOCTI y KOMaX. 3aCTOCOBYIOTHCSI FOBEHOITU
IPOTHU KPOBOCUCHHUX KOMAapiB ([J1s1 BUHUILEHHS JINYMHOK Y BOJIOMMAX ), IIKIJHUKIB
CUIBCHKOTOCTIOAAPCHKUX KYJBTYP Ta IIKITHUKIB XapuOBUX MPOAYKTIB TOILO.

VYV neskux BHIIMX POCIWH BHSBJIEHI AHTAarOHICTH IOBEHUIBHOIO TOPMOHY —
i toJ € 5akyradadiyroTh PO3BUTOK MPHIICTIUX T (IMB. BUIIE) T4 BUKIUKAIOThH
nepeayacHuidi MmetaMmopdo3 JTUYMHOK Komax, OE3IUTiAi 1 aHOMallbHe TPOTIKAHHS
mianay3u. IIpexoreHn Ta X CHHTETHYHI AaHAJIOTH BBAXalOTHCS HOBOIO
MEPCIEKTUBHOIO TPYTIOI0 1HCEKTUITU/IIB.

IIuTaHHAa 1)1 CAMOKOHTPOJIIO:

1.  Onwumite rian 6ynosu IHHC xomax.

2. SIxi ronoBHi TeHAEHIT MOXkHA pocTexuTh B eBoirolii [LITHC komax?

3. 3 AKUX BIIIIUIIB CKIQJA€ThCS TOJOBHHHA MO30K KOMax? SIKi CTpYKTypH iHHEPBYIOTH Ii
Bim?

Jle micTarbes 1 K1 QYHKIT BUKOHYIOTh IprOonoAiOHi Tina?

3 SKMX BIAJUTIB CKJIAIA€ThCA CUMIIATUYHA HEPBOBA CUCTEMA KOMaXx?
Ha3BiTh TunM HEMpOHIB 1 iXHI MOP(OIOTiUHI OCOOIUBOCTI Y KOMaX.

o coGoro ABIAIOTH 1 K1 PYHKIIT BAKOHYIOTH TTaHTChKI aKCOHU?
SxuM € IpUHIUT A1l IHCEKTUIM/IIB aHTUXOJITHECTEPA3HOT TPyIH?

SxuM € mpuUHIUN Aii IHCEKTUIIUIB — aHAJIOTIB IOBEH1JILHOTO TOPMOHY?
0. 3 sKuX eleMEeHTIB CKJIAJa€eThCs €HIOKPUHHA CUCTEMA KOMaXx?

HBoOoo~No O R

108



11.
12.
13.

14.
15.

SIxuit ropMOH IPOYKYIOTh TpuiIerii Tina? SIkoro € Aist HbOro ropMoHy?

Sxuif TOpMOH CHHTE3YIOTh MPOTOPaKaIbHIi 3a103u? SIKoro € ioro ais?

[Ilo co0or0 CTaHOBIATH HeWporeMmanbHi opranu? SKi CTPYKTypH Yy KOMax BHUKOHYIOTh
HeliporeMaibHy QYHKIIFO?

Jle MicTaThed 1 Ky (QYHKIII0 BUKOHYIOTh HEHPOCEKPETOPHI KIIITUHH Y KOMax?

e cuHTe3yroThCs 1 K1 QYHKINT BUKOHYIOTh OYPCHUKOH, €KIi30H 1 IOBEHUIBHUI TOPMOH y
Komax?
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TEMMH JJ151 CAMOCTIHHOI'O OIIPAIIIOBAHHSI

Ornsan cydyacHUX psIiB KOMax: JiarHo3, Mopdo-010JioTiuHa Ta €KOJIOT14Ha
XapaKTEepUCTUKA, >KUTTEBUM IIMKJ, TMOIIUPEHHS, €BOJIOLIS, TPAKTHYHE
3HAYEHHS.

["ooBHI eTanu eBOIONIT KOMax.

Pi3HOMaHITTS crIOCO01B KUBJICHHS Ta TUIIIB POTOBUX OpPraHiB KOMax.

Tunu TOKOMOTOPHUX OpPTraHiB Ta CIIOCOOU JIOKOMOILIIT KOMax.

[TomT KOMaX.

Ornsan mMopdo-aHaTOMIYHMX Ta TIOBEHIHKOBUX aJamTalliii MpeacTaBHUKIB
PI3HUX PSAAIB KOMaX /10 PI3HUX CHOCOO1IB AKUBJIEHHS.

TEMMU JJIAA PE@EPATIB

«b10J10T19HI TOAUHHUKNAY) KOMaX.

CorrlanpHi KOMaxu.

B3aemonist poCiIvH 1 pOCIMHOITHUX KOMaX.

Komaxwu-3anumtoBaui.

Komaxu-nmapazuroinu.

KoMaxu-1kiTHUKHA KyJIbTYPHHX POCITHH.

KoMaxu-mKiJHUKH MPOAYKTOBHX 3aIaciB.

KoMaxu-niepeHOCHUKY 3aXBOPIOBAaHb  JIFOJWHU 1 CBINCHKUX TBapHH.
KoMaxu-30yTHUKY 3aXBOPIOBAHb JIFOINHHU.

[IpomucIiiOBI KOMaxHu.

KoMmaxu sik areHTu 610J0Tr1YHOro MeTo1y 00pOTHOU 31 IIKIAHUKAMH.
KoMmaxwu sik MOjIesTbHI OpTaHi3Mu ISl TOCIIIKEHb.

Komaxwu B GioHiIIi.

[cTiBHI KOMaxy Ta KoMaHHE GepMepCTBO.

Exonorigna posis koMax B Ha3eMHHUX Ta MPICHOBOAHUX €KOCHCTEMAaX IJIaHETH
Ta YKpaiHu.

Cy4acHi mpo06yieMu OXOPOHH KOMax B CBITI Ta B YKpaiHi.
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