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O 3peHnn XUBOTHbIX

EBreHnii bobyx

BHuMaHume! Cepsep tung-sten.no-ip.com nepeexan Ha www.bobukh.com. HoBbIli agpec 3Tol cTpaHuubl -- http://tung-sten.no-
ip.com/Texts/Popsci/VisionOfAnimals.htm. [locTyn yepes cTapbii JOMEH B KaKOM-TO MOMEHT npekpaTtutcs. Moxanyicra, o6HoBuTe Bawn
3aKnagku.

HauHy c HebonbLWOro NpeancioBus, Aabbl MEHS HE COYIM CyMacCLUeALnM,

3HauMTENbHYIO 4YacTb MOMELWEHHOro 34ecb Matepuana s cobpan UCKAKYUTENBHO
pagu ynoBfieTBOpeHMs cobcTBeHHOro ntbonbiTcTBa. pocTo ogHa)XAbl MHe CTano
WHTEPECHO: a KaK BUAST MUP pa3Hble XWBOTHble? Pblbbl TaM, N4yénbl, KOWKKN? A
npuHANca konatbcsd B WHTepHeTe. [0 Mepe MOrpyXeHums Tema, K YAUBAEHWUIO,
CTaHoBWNAacb BCE rnybxe m obwmnpHee, Tak 4YTO 9 Hayan BeCTU Kakue-TO 3anucu,
NpoOCTO 4YTOb6bI CaMOMy He MNOoTepsATbCs. Maes ynopsaaoyumTb BCE 3TO M BbUIOXUTb B
XK BO3HMKMIA Ha 6osiee nNo3gHeM 3Tane -- Korda S MOHAA, YTO nopa MPUHATb
BOJIEBOE peLUeHNne M OCTAaHOBUTbCSA, YTOObl He MNOTOHYTb B Ae6psAX 4yXAOWM MHe
300/10TUN.

K TOMy MOMEHTY Ha pyKax Yy MeHs uMenacb Hacrtoswas "Konnekuuss Mapok"
Habop pa3pO3HEHHbIX, HO 3aHATHbIX (hakToB. [puyecaB ero n cnerka ynopsaoums,
S U NPeACTaB/Iso TO, YTO MNOJYYMUSIOCb, BHUMAHMUIO MOYTEHHON MYy6ANKMN.

Cpa3y ckaxy, 4YTO OCHOBHas LefNlb 3TOro TekcTta —- pasBnekaTtesnbHas. CKobKO-
HNMOyAb Cepb&3HbIM UCCefOBaHMEM OH He SABNSAETCH, XOTH O6bl B CUY TOro, 4to S
coBceM He O6uonor. [lo3TOMy KOMMEHTapuu OT CreunmanmcTtoB aKTUBHO
npmBeTCcTBYIOTCA :). UTak, noexanun!

[MogacHeHne TepMUHOB 34€eCb, eC/iM KOMY Haao

1. Cobakm - cnaboBblpaxeHHble AMXpOMaTbl. MNX UBETOBOW MUP COCTOUT U3
6neKknbiX OTTEHKOB CUHe-(pUONeToBOro u XEnto-zenéHoro. OCTpoTa MX 3peHusd
npumMepHOo B 3.7 pasa XyXe 4YenoBeyeckom, TO eCTb MO3BOSSIET BUAETb
MWUANMMETPOBLIE AeTanun C pacCcTossHUS B MeTp. ECTb yKasaHus, 4To MHOorne cobaku
61130pYyKHN.

3aTo cobaku ropasgo nydwe nwgen BuaAAT B TeMHoTe (K COXaneHUKo, He Hallén
KO/IMYECTBEHHbIX 3aMepPOB), N BOCNPUHUMAKOT n3obpaxeHuns, cMeHsawowmecs go 70-
80 pa3 B cekyHAy, KaK pasgenbHble. [5, 7]. 2To, BO3MOXHO, OAHA W3 MPUYMH, NO
KOTOPbIM OHWM MPOSIBASIOT Maso MHTepeca K Tenesusopy :). Ana nwogen 24 kagpa B
cekyHAy npu Hebonbwon ApKOCTU, U okono 70 Npu CUNBbHOW YyXe CNMBalTCS B
ABVXYLLYOCS KapTUHY.

2. Kowkun -- TOXe cCnaboBbipaXKeHHble AMXpoMaTtbl, U WX BOCMpPUATUE LBETA,
CKOpee BCero, 3KBMBaANeHTHO cobaubeMy. B [7] npuBedeHbl KapTUHKU
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npeanosjiaraeéMoro BUAEHNA MMpa KOoLLKaMN.

Bnpouem, no apyrum ceegeHmnam [8] kowkn — cnabble TpuxpomarThl.

Kak n cobakum, oHM npekpacHO BMAAT B TeMHoTe. CBeTocuna uX rnas AocTuraer
F/0.9 [9], a cnocobHOCTb BMAETb cnabblh CBET B 6 pa3 NpeBbllLAET Yesl0BeYecKyto

[8].

OcTpoTa Kowaybero 3peHuns, oaHako, pa3 B 6 pa3 HMxe 4denoBeyeckom [8, 9]. To
€CTb, C pacCTosiHMa B 1 MeTp KOWKKM BUAAT A€eTanm pasMepoM Nuuwb B Mnapy
MUNIMMETPOB UNIN KPYMHee, a nNaTHa Ha JlyHe Ans HMX, CKopee BCero, NpocTo He
CYLEeCTBYIOT.

3peHue TUrpoB U, BEPOATHO, 60NbLUIMHCTBA KOWAaYbnX — NMPUMEPHO TaKOeE Xe, KaK "
y Kowek [9a].

3aHATHO TakXe, 4YTO Yy MHOMMX KowaybuMX Haubonblas ocCcTpoTa 3peHus
HabnogaeTca He B UeHTpe nons ob63opa (Kak y Hac), @ B Y3KOW rOPU3OHTasIbHOWM
nonoce, ero nepecekatwuwen [9b]. To ecTb, KOWKN B CpeAHEM flyylle BUAAT TO, YTO
HaXoAUTCHA CcnpaBa MNM CleBa OT HUX, HEXENN CBEPXY UM CHU3Y.

3. Jlowagm.

OTO Cny4vYanl MHTEpecHbI. Bo-nepBbix, rnasa sowain pacnofioXeHbl TakK, 4To eé
0630p coctasnseTr 350 rpagycoB, M3 KOTOPbIX OKOMO 65 — BUMHOKYNsSspHOE 3peHune

[8].

Bo-BTOpbIX, OCTpOTa NOWAANHOIO 3pEHMS MOYTM paBHA YeNOBEYECKON, YCTynas ewn
nvwb B nontopa pasa! Kak 3ameyeHo B [10], "ecnn Bbl xoTa 6bl cnerka
6nnsopyku, TO, CKopee Bcero, Bawa nowaagb BuAUT nydwe Bac" :) Bot wu
YAVBASANCS, OTKYyAa Takoe y TpaBOSiAHOro?

Jlowaan Takxe obnagatoT pa3BUTOM CMOCOOBHOCTbIO BUAETb B TEMHOTE U OLEHUBATb
Ha rnas pacCTosiHMs A0 npeaMeToB. YTO, BNpoOYeM, HeyaAMBUTENbHO, pa3 UM
NPUXOANTCS MHOIO MpbIraTh.

EanHcTBEHHOE, B 4éM JloWAAMHOE 3peHue YCTynaeT u4esioBeYeCKOMy - 3TO
uBeTtoBocnpusaTMe. Jlowaaun... Toxe cnabosBblpaXxeHHble AWXpoMaTbl, XuBylme B
Mupe Xénto-ronybbix ToHoB [11, 10, 12 (eCTb KapTWHKM IOWAaAMHOI0 BUAEHUS
mMupa)]. B [11l] npuBOoAATCA pe3ynbTaTbl 3KCNEPUMEHTOB, rAe nowanku 6bICTpo
Hayyanmcb OT/INYATb CUHWUN U XENTbIK OT Ceporo; C HEeKOTOpbIM TPyaOM --
3eNéHbIN; U HUKAK He MOrnu CrpaBuUTbCA C KpacHbIM. [1OX0Xe, KpaCHbIWM LBET OHMU
COBCEM He BUAAT.

4. BamM ewé He Hagoenu 3STU CnaowWwHble cnabble AuxpoMaTbl Ccpeau
MiekonuTarwmx? Tak BOT, 3TO He cnydYamHocTb. Cnaboe uBeTHOE 3peHune uau
BOBCE €ro OTCYTCTBME BeCbMa XapaKTepHbl ANS 3TOW rpynnbl XWUBOTHbIX. B [4]
AOBOJIbHO BHATHO MOSICHAETCS, KaK e TaK BbILWJIO.

[eno B TOM, 4YTO MJieKONuTalLLMe BO3HUKAN Ha 3eMsie aBHO, YyTb JIN HE BMeECTe C
AVHO3aBpaMun. Ho, NOCKONbKY AOMUHUPYOLWEN (POPMON XU3HU OHU TOrAa OTHHOAb
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He CcTanuM, MM NpUWJIOCb BECTM B OCHOBHOM HOYHOM 06pa3 >XW3HW. 3@ COTHIO
MWASIMOHOB N1E€T OHM K 3TOMY MPEKpPACHO NpUcnocobunucb — B 4YacTHOCTU, yTepsiB
LBETHOE 3peHune, KoTopoe TpebyeT ApKOro ceeTa M NOToMy 6ecnosiesHo B TEMHOTE.
Ho «koraa [AMHO3aBpbl, HAKOHEL, BbIMEPAX, MJIEKOMUTAOWMM  MPULLIOCH
"m3zobpetaTth" uUBETHOe 3peHMe 3aHoBO! [Jo TpUXpOMATUYECKOro AOpOoCan Nullb
BbICLULME nNpuMaTbl M 4YenoBek; O60MbLIMHCTBO e 3BepylweK Tak M O0CTalucCb
CNaboBOCNPUNMUYNBLI K LIBETY.

[a, uBeTHoe 3peHue, Kak Hu obuaHo, kyaa 6onee pas3BUMTO Cpeau CyLLecCTB,
KOTOPbIX Mbl MoaaraeM MpPUMUTUMBHEE HAac: MTUL, YJIE€HUCTOHOrMX, 3eMHOBOAHbIX,
pbl6. HO 06 3TOM NogpobHee No3Xe, a Noka ewé napa CNoB NPO MAEKOMUTAKOLMUX.

5. F'pbI3yHbI (B OCHOBHOM peyb NOMAET 0 Kpbicax) [13].

HeyamBuTenbHO, OHM TOXe AmXpomaTbl. HO aABa 6a30BbiX LBeTa, BOCNPUHMMAEMbIX
UMK -- 3TO 3eéHbin (0.51 MKM) u... 6anxkHnM ynbtpaduonetosbin (0.359 MKM),
BoobLwe HEeAOCTYMHbIM 4yesiloBe4YeCKoMy rnasy! MpennonoXxuTenbHo,
YYBCTBUTENIBHOCTb K yabTpaduonety BbipaboTtanacb Yy HUX B KadecTse
npucnocobneHnsa K cymepedHoMmy obpasy Xu3Hu (B CyMepkax cuHe-duoneToBble
KOMMNOHEHTbI ocBeleHusa npeobnagatoT). Kpome Ttoro, MHorve obbekTbl (HanpuMep,
LIBETbI) BbIMSAAAT COBEPLIEHHO MHA4ye MU ropasfao KoHTpacTHee B 6mxHeM YO, Tak
4YTO, HABEepHOe, eCTb CMbIC/T UM MNOJIb30BaTbLCS.

YnbTpadroneToBoe 3peHMe TakXKe XapaKTepHOo Ans 60/blUMHCTBA HACEKOMbIX U
MHOIMX NTUL,.

OcCTpoTa KpbICMHOIO 3peHUst CUIbHO YCTynaeT 4yenoBeyeckom -- NpuMepHO pas B
30. To eCTb, C METPOBOro pPacCTossHMS O06bEKTbl MEHbLUE NPUMEPHO 1 CaHTUMeTpa
AN HuUX nnbo He BMAUMBI, NNMBO KaxyTcs NpPoOCTo "ToykamMn". A 3peHue KpbiC-
anbbMHOCOB eLé NpMMepHO BABOE XYyXe.

Hy n Kkak MOXHO OXwuaaTb, B TEMHOTE OHW BWUAAT ropasfo Jsydwe nwgen -
NPMMEPHO Ha NOPSAOK.

6. MpuMaTbl, 1 XBaTUT 0 MNEKOMUTAOLWMX.

MpumaTbl 6biBatoT pa3Hble. Llenas Kyya ux paccMaTpuUBaETCs B AOBOJIbHO KPYMHOWM
paboTe [14]. YCcBOEHHble U3 HEE MHOI BbIBOAbl TAKOBbI:

6.1. [la, KpoMe NpMMaToB, BCE HAa3EMHbIE MNIEKONUTAKOWME — AUXPOMAThI.

6.2. Nx obwunii npenok 6bl1, BEPOSATHO, TETpaxpoMaToM; HO JABa LBETOBbIX
MUrMeHTa ObIJIN HAUYMCTO YTEpPSIHbl B XOAEe 3BOJIOLUMW, KOrAa MpULLIOCh XUTb
HOUbIO.

6.3. TpuxpoMaTMyeckoe 3peHune BblpaboTanocb, NOX0XE, UCKIUYUTENBHO C LENbIO
BUAETb KPacHbI LUBET M, TakuM 06pa3oM, oT/inyaTb crnesnble dpyKTbl OT HE3pPesbIX

)

BONbWKWMHCTBO MpuMaToOB - AMXpoMaTbl. HekoTopble — MOHOXpoMmaTtbl (T.e. Kpome
MPOCTOM SPKOCTU, OHM BUAAT ewé Kakon-Hubyab OAMH XKENTbIM LBET).
TpuxpoMaTnyeckoe 3peHue MNPUCYTCTBYET JIUWb Y CaMbIX BbICWKMX 06e3bsH WU
BblpaboTanocb OHO OTHOCUTENbLHO HeAABHO, MeHblwe ~40 MUINIMOHOB NET Ha3aa.
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7. MTnubl.
MHorme nTuubl BUAAT KyAa fiydlle yenoseka, U C 3TMM Hag0 CMUPUTLCA.

LiBeToBOE NpPOCTPaHCTBO 6O/MbWIMHCTBA AHEBHbIX MTUL, — TPEX, 4YEeTbIpéX U Jaxe
NaTUMepHO. O6bLIKHOBEHHbIM rAynbi ronybb obnagaet [15], noxoxe, NATUMEPHbIM
LBETHbIM 3peHMeM, BOCMpPUHMMas, TakuM obpa3om, Hemsmepumo 6osiee CIOXKHYH
ramMmMy LBETOB, YeM Mbl C BaMU. 3aHSATHO, YTO LBETOBbIX peLenTopoB B rnasax y
Hero nuuwb 4; HO MCNoJb30BaHMe 0cobbix cBeTodunbTpoB ("oil drops", kneTkn c
onpenenéHHbIM KpacuTeneM) yBemymBaeT 3TO YMCIo A0 5.

MHormne nTmubl cnocobHbl BUAETL B 6/IMdKHEM ynbTpaduonete (~0.36 mkm) [15].

OcTpoTa 3peHuMs No KpanHen Mepe Yy AHEBHbIX XMUUWHbIX NTUL MHOMOKPaTHO
NpPeBOCXOAUT 4YefIoOBEYECKY: B MOMTopa pasa Yy nycrenbru [16], B 4-5 pa3s - y
opna [17], v po 8 pa3 -- y sAcTtpeba (N0 He o4YeHb HAAEXHbIM, NpaBAa, AAHHbIM,
BpoAae [18, 19]).

MpaBaa, B ogHon paboTe [1l6a] 3Tn undpbl onpoBeprarTcsa. TaM HaMepsanu, 4YTo
OCTpOTa 3peHus gactpeba v nycrenbrm nuwb 6nmM3ka K yenosedyeckom. Ho wmx
SKCMEPUMEHTbI BENNCb NPN YMEPEHHOM U CNaboM OCBELLEHWN, @ B TaKUX YCIOBUAX
BCE BMAAT XYyXe.

8. CoBbl, B NMPOTMBOMNOAOXHOCTb NONYASApHOMY MUy, BMNOSHE CNOCO6HbI BMAETb
AHEM. Houblo e 4YyBCTBUTE/IbHOCTb MX 3peHus K craboMy CBETy NpeBbllIAET
yesioBe4yeckyt 4YyTb M He B 100 pa3! [cnyyanHO noTepsin CCbiKY; NIeHb UCKaTb]
Mo KpanHen Mepe HekKoTopble 13 coB 06/1a4al0T U LBETHbIM 3peHuem [20].

9. 3peHne yepenax TOXe LBETHOE, HO He o4yeHb ocTpoe [21]. KpoMe TOro, oHwu,
NoOXoXe, He BNASAT CMHe-(OMONETOBbIX TOHOB.

10. HekoTopble 3Meun, Takue Kak rpeMmyuduve, nUToHbl U yaaBbl, CNOCO6HbI "BnaeTh"
B AANEKOM MHMpakpacHOM gmanasoHe (8-12 MKM; B ogHon paboTe yrnoMmHaeTcs
TakKXXe 4YyBCTBUTENbHOCTb B 3-5 MKM). Takon "cBeT" OTCTOUT O4YeHb Aaneko OT
obnacrein, B KOTOpPbIX BUASAT BCE OCTasibHble XWBble cywecTtBa Ha 3emne (0.3 - 1
MKM), U COOTBeTCTBYeT 061acTn, B KOTOPOM "CBeTATCHA" TernJOKPOBHbIE XXUBOTHbIE.
[21, 22, 23]. To ecTb, 3T 3Men 060pyAOBaHbI CaMbIM HAaCTOSAWMM "TennoBU30poM".
OcTpoTa Nogo6bHOro 3peHnsa He CAMLWKOM BbICOKA, COCTaBAs BeNMUYMHY nopsiaka 10
CAaHTUMETPOB Ha PacCTOSHUM MOJSIyMEeTpa, HO 3TO MMEHHO HacTtosuwee "3peHune",
cnocobHoe oTcnexmBaTb ABMXKYLLYIOCA LeNb AaXe BO BpeMs npbbkka 3Men. Hy a
AN HOYHOM OXOTbl HA MblLen 60MbLIEro N He HYXHO :).

Boob6asok k 3ToMy, 3Men obnagatot ewé n obbl4HLIM 3peEHMEM, NpaBAa, BEPOSATHO,
HecnoCcobHbl BUAETb CUHUIA U DUONETOBLIN.

11. BONbWKMHCTBO AAryweK BUAAT UBEeTa; pa3MepHOCTb LLBETOBOIro NPOCTPAHCTBA Y
HEeKOTOpbIX AOoCTUraeT 4 — TO eCTb, bonble, YeM y Hac :) [24]

12. Pa3 yx paxe Narywkm BOCMPUHUMAOT uBeToB 6onblue, YEM Mbl, TO BO3HMKAET
3aKOHOMEPHbIN BOMNPOC: a KTo Boobuie BbiIxoanT nobeamntenem B aTon obnactmn? Yos
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pagyra camasi, MOHMMaellb, paayXHasa?

Tak BOT. M3 wnccnegoBaHHbIX Ha cCerogHsa CywecTB CaMbiM pa3BUTbIM LBETOBbIM
3peHneM  obnapaer... KpeBeTka-6oromon (mantis  shrimp) [25]. VY
"NpUMUTUBHOrO" pakoobpasHOro MMeeTcs He MeHee YeM BOCEMb TUMOB LBETOBbIX
peuenTopoB, MAC ABa UX TuUNa ANS BOCMNPUATUS nongpum3aunmm ceeTta, nstoc oil
drops, AOMOSIHUTENbLHO YBENMYMBaKLMe pa3MepHOCTb LIBETOBOrO MpoCTpaHcTBa. B
obLeM, 3ToO NPOCTO KAaKOM-TO XOASUMN CcrieKTporpad; HUKTO Aa)ke He 3HAET TOYHO,
CKONbKO 6a30BbIX LBETOB BMAWUT 3TO CYLWECTBO, HO MoJsiaratT, 4To He MeHee 10. U
BCe 3TM LBETa BMeLWatTCsa B Y3KUIM AnanasoH oT npuMepHo 0.4 ao 0.65 MKM - 4yyTb
yXXe 4yenoBeyeckoro.

KoMnNoOHOBKa rnas 3TOM KpeBEeTKM ToXe BecbMa HeobblyHa (COBETYl MOCETUTb
CCbINIKY, TaM eCcTb KapTuHKa). na3 aBa, oHU daceTouHble, KaXkablh pa3aenéH Ha
BEPXHIOIO UM HMXHIOK nonycdepy wm stakmm "nodc” mexay Humn. K uBeTty
YyBCTBUTENEH ToNbkKo "nosc”. MNMpeaMeTt, HabnwgaeMbll KpeBETKON, BUAST BCe TPU
yacTu rnasa; TakuM o06pa3oMm, Kaxablh rnas no oTAaeNnbHOCTM obnapaer
TPUHOKYNAPHbIM 3peHneM (B NPOTUBOMOSIOXHOCTbL MAacCOBO PacnpoCTpaHEHHOMY
Ha 3eMne 3peHUto BUHOKYNSApHOMY), U crnocobeH 6narogaps 3TOMY O4Ye€Hb TOYHO
OLEeHMBaTb PaCCTOSAHUS.

CnpawmnBaeTcsl, a HaxpeHa MasieHbKOoM KpeBeTKke BCE 3TO HyXHo? OTBeT: OHa -
XULWHNK, obmuTaloWmMn B KOpannoBblX pudax, rae pasHOUBETHbIX CYLECTB XOTb
oTtbaBnan. He yMeewb 0TAMYaTb UX OT pUEPOB — OCTaHELWbCS FOSIOAHBIM :)

13. B oTAanumm OoT KpeBETOK OCbMMHOIM LBETOB, MOX0XE, COBCEM HE passin4yatoT,
T.K. XXUBYT N OXOTATCA NMpeEnMyLLEeCTBEHHO B nosiympake [28]. Ho 3aTo nocToBepHO
M3BECTHO, YTO OHM BUAAT NONSPM3aLUNIO CBETA — BEPOSITHO, KaK Bapuaumm Kakoro-
To cneumdpuyeckoro "useta". OCbMUHOIM MOryT OTAMYATb 'MOSAPU3ALMOHHBIN
KOHTpacT" Mexay obbekTamm, He npeBbiwatowmn 20 rpagycos [26]. Yenoseveckui
rnas K nonspusaumMm cBeTa MNoYTU HEeYyBCTBUTENEH, MO3TOMY JI0AAM TpyAHO
npeactaemTtb cebe, Kak 3TO MOXeET "BbIrNsaeTb" AN OoCbMUHOra. MHorme u3 Hac
BoobLle Aaxe He B Kypce, YTO BOCApUATME MONsSpuU3aumnMm CrocobHO AaTb BaXKHYHO
nHpopMmaumio 06 okpyxawowem mupe :). Ha camom pene, nonapusaums O4YeHb
BaXXHa, M €é BAMSHME Ha BHELWHWW BWUA MHOMMX MNpeaMEeTOB XOpOoLO 3HAKOMO
doTorpacdpam (cM. npumMep).

OcTpoTa 3peHnss OCbMUHOIOB HE OYEeHb BbICOKA U COCTaB/SET, NO pa3HbIM AAHHbIM,
oT 10 ao 65 yrnoBbIX MUHYT, YTO COOTBETCTBYET npeaMeTraMm pasmepoM oT 3 go 20
MM, pacCMaTpuMBaeEMbIM C paccTosHus B 1 MeTp [26,27]

Na3 oCbMMHOra BO MHOIFOM MOXOX Ha YefloBeYeCKUn: nmnH3a (Xpycranuk), rnasHoe
a6noko, cetyatka (retina). Ho, B oT/inunme OT HAc, Y OCbMMHOroB HeT "cnenoro
nsaTHaA", T.K. KPOBEHOCHble COCyAbl M HepBbl MOAXOASAT K CeTyaTKe C3aau, He
nepekpbiBas NyTb CBETY.

3aHATHO, YTO Yy O6LIMX 3BOTOUMOHHbBIX NPeAKOB OCbMUHOIOB M MO3BOHOYHbIX [1a3,
cKkopee Bcero, He 6bino Boobuwe. T.e. cxoxee yCTpoUCTBO 6bIN0 "M30b6peTeHo"
3BOJIOUMEN ABaXAbl :).

14. 3onoTblie pbIbkn — TeTpaxpomaTtbl [28] n BUAAT AAUHBI BOAH OT 0.3 MKM (M
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Aaxke HMXe) Ao npuMepHo 0.73 MKM — TO eCTb BECb YesiloBeYeCKni amanasoH, ntc
XOpOLWMUN KyCOK ynbTpaduonerta, nNakC NorpaHNYHyo ¢ MHppakpacHbiM 06nacTb.

15. JlatTuMepuma (UenakaHT) — ApeBHSs, A0J/IF0e BpeMs CUYMTaBLUASICS BbIMepLUEN
pbiba, obutatowasas Ha rnybuHe okono 200 M. CBeTa TaM MOYTU HET, a Te ero
OCTaTKM, 4YTO BCE-TAKM TyAa MNpPOCAYMBAKOTCA — WUCKAKUYUTENIbHO CUHME. TeM He
MeHee, oHa Toxe obnagaeTt UBETHbIM 3peHMeM, C Hallen TOYKW 3peHuss BecCbMa
YHUKanbHbIM. JlatTumMepusa - AuxpomaT, HO BCE 60raTcTBO BOCMPUHMMAEMOWM €lo
ramMbl yKagblBaeTcs, NO HAWWUM MepKaM, B NOYTU HEOT/IMYMUMbIE OTTEHKMN CUHETO B
y3€HbKOM AuanasoHe asanH BonH Bo3ne 0.48 MkM [29]. MakCMMyMbl LIBETOBOIMO
BOCMPUATUA €€ peuenTopoB OTCTOAT APYr OT Apyra Bcero Ha 7 HaHoMeTpoB: 0.478
n 0.485 MKM.

16. O6bIKHOBEHHbIN Kapmn MOXeT BMAETb B O6AMXHEM MHBpaKpacHOM AMana3oHe
(0.865 mkm) [30] — TaM Xxe, rae paboTatoT NynbTbl yNpaBNeHUsa TENEBU30POM U rae
paccesiHMe cCBeTa B BOAE M BO34YyXE CYLLECTBEHHO HUXE.

17. Mo cnocoby co3aaHnsa nsobpaxeHuns BCe rnasa Ha 3emsie MOXHO pasaenuTb Ha
4 knacca [3]:

17.1. Kamepa-obckypa - BCTpe4daeTcs TONbKO Y MOJUIIOCKA Mo Ha3BaHUEM
HayTtunyc.
17.2. Kamepa C /AMH30M - WUCNONb3yeTCs BCEMM MO3BOHOYHbIMUY, MAyKamu,

60/1bWNMHCTBOM MOJTFOCKOB U HEKOTOPbLIMUN APYTUMU CyLLECTBaMN.

17.3. Kamepa-pedpaktop (n30bpaxeHne co3aaércs 3epkasioM) — M3BECTHA TOJIbKO
y O4HOro BMaa cyuwecTts — MOpckux rpebewkos (scallops) [31, 3].

17.4. ®aceTouYHbIM rnas — COCTOUT M3 MHOXecTBa (A0 AECATKOB ThbICSAY) MaN€HbKUX
"rnaskoB", KaXAblh W3 KOTOPbIX BMAUT NUWb Y3KWA Y4aCTOK MPOCTPaHCTBa.
Ncnonb3yeTcs HAaCEKOMbIMU U paKkOobpasHbIMK.

18. BONbWMHCTBO NAYKOB BUAAT O4YEHb MJI0X0, XOTS U MMEIT, Kak npaBuno, no 8
rnas. BnnoTb 4O TOro, YTo eaBa OT/IMYAKOT AEHb OT Houum [32].

HO eCTb HeEMHOrme 13 HUX, KTO He MJeTyT CeTu M Tyno XAyT, noka Aobbivya NpuaéT
camMa, a BeAyT aKTMBHYK OXOTy. DTO npbirarowme naykum m net-casting spiders
(pycckoro nepesoaa He Hawén, BO3MOXHO, noTtomy, 4to B CCCP OHUM He BOAATCSA).
Y 3TUX CO 3peHneM BCE B Nopsigke :)

Mpobirarowme nayku, 6yayum aTakywWMMM XULWHWUKaMU, B YEM-TO 6aM3KK
KowaybuMm. OHKM 3amevatoT A06bi4y M3paneka, NOAKPAAbIBAKOTCA K HEM U 3aTeMm
HacTuratoT €eé B npbhkke. Wx 3peHune oxBaTbiBaeT 6onee 300 rpaaycos
OKpyXatLwero rnpocTpaHcTBa; Npu 3TOM GpPOHTanbHOE 3peHue OWHOKYNSpHO,
obnapaeT AOBO/ILHO BbICOKMM pa3spelleHneM, U Mo3BOoSSET C BbICOKOWM TOYHOCTbHO
OoueHMBaTb paccTosiHMe Ao 6yayuwien xepTBbl. MpbIraldT 3TM NAayKW Ha AUCTaHUMU
Ao ~10 caHTMMeTpoB. VX MO3r 40BOMILHO BefIMK B 06bEMe, foCTUras B NPOLEHTHOM
OTHOLIEHUN K BeCy Tena TOW Xe BeSIMYUHLI, 4YTO U Yy naen. lNpbiraowme nayku
cnocobHbl BuaeTb B YynbTpaduonete. oyt [OCTOBEPHO, 4YTO OHW obnagarT
LBETHbIM 3peHmeM [XOoTa Obl NOTOMY, 4YTO UWX Tesla WMEeKT pPa3HOLBETHYIO
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"pa3meTky"]. HedAcHO, npaBaa, KakoBa pa3MepHOCTb LBETOBOro MpOCTPaHCTBA
3TOro 3peHuns; Ha3blBalTCa yncna ot 2 ao 4 [33, 34, 35, 32].

Net-casting spiders - HO4YHble XUMWHWKN N 0bnagatoT Hambonblien CBETOCUION
ONTUKWM T[Nasa cpeau BCeX M3BEeCTHbIXx Ha 3emne cyuwecrts: F/0.58 [32].
®oTorpacdamM npeanaraeTca MUHYTKY MOMeAUTUPOBATb B TUXOM 6n1aroroBeHumn
nepea aTon undpon :).

19. OT naykoB K HaCeKOMbIM, KOTOpPbIX, KaK WM3BECTHO, Ha 3em/jie KaKk MUHUMYM
MUNJIMOH BNAOB — 60/blle YeM BCEX OCTasibHbIX, BMEcCTe B34TbIX :).

ObwmMM xapaKTepncTMkaMmn 3peHmns HacekoMblx sBnstTcs [36,37]:

A. ®aceTouHble rnasa.

B. BocnpnMumMBOCTb K ynbTpaduosieToBOMYy CBETY.

B. TpuxpoMaTtmam Cc uBetamum ynbTpadmoneTtoBbiM, CUHUM U 3€NEHLIM.

. HeBOCNPUMMUMNBOCTb K KPaCHOMY.

[. YyBCTBUTENBbHOCTb K Nonapusaumm ceeTa.

E. CnocobHoCTb pa3nuuyaTb KakK pasfenbHble o4YeHb 6bICTpPO CMeHswmecs
n3obpaxeHusa (oo 300 "kaapos" B ceKyHAYy Yy HEKOTOPbIX BUAoB) [43].

Cneumndunyeckme ocob6eHHOCTU B OCHOBHOM CBOASAATCSA K pa3NnmMunsaM B paspellatoLlen
cnocobHoCTU rnas:

19.1. Y cTpeko3, BeposTHO, CaMOe OCTpoOe 3peHune cpeau BCex HacekKoMbiX. WNX
rnasa coctoaT u3 npuMmepHo 30 TbICAY 3/71€MEHTOB, a BM3yasibHOE paspelueHue
pocturaet 0.24 rpagyca [38]. 210 cooTBeTCTBYyeT CnocobHOCTM pasnumyaTb
npeamMeTbl pa3MepoM B 4 MUIJIMMETPaA C PacCTossHUA B 1 MeTp — TO eCTb NPUMEPHO
BLAECATEPO XYXe, YeM y yesloBekKa.

19.2. Muyénbl BNAAT CpegHe Mo MepKaM HaceKoMbIX — TO eCTb npuMepHo B 60-100
pa3 Xyxe, yeM 4yenosek [39, 40]. [Ba-Tpu caHTUMETpa C pacCcTossHUA B 1 MeTp -
BOT XapakTepHbli pa3mep ux "Touku". OHM He BMAAT KpacCHOro CBeTa, HO
passinyatoT TpuU UBeTa, OAMH U3 KOTOPbIX — ynbTpaduoneToBbin. BCcaknn, KTO XOTb
HEMHOro MHTEpecoBancsa ynbTpaduonetroson doTorpadmen, 3HaAET, 4YTO MHOrue
LUBeTbl BbIMMAAAT KyAa gApye U KOHTpacTHee B 3TOM AManas3oHe, Tak 4YTo n4yénam 3To
O4YeHb Aa)ke rnomoraer.

19.3. XXyKM [OeMOHCTpupYOT He 0cobo BneyaTnsawowyo paspellatoLllyto
cnocobHoCTb rna3 B npegenax ot 1 go ~7 rpaaycos [37, 40]. 3aTo HekoTOpble U3
HUX, MOXO0Xe, TOXe HadeseHbl CNOCOBHOCTLIO "BMAETH" UMM YYyBCTBOBATb AasiéKoe
WHppakpacHoe (TennoBoe) M3ny4vyeHue, XOTS HAWAEHHble CCbIIKM Ha 3Ty Temy
NOBOJ/IbHO HEBHATHLI [41, 42].

19.4. Xusywure noa 3emMnén MypaBbM 3aHMMAOT HU3LWYKO CTYMEHb B Mepapxumu
HacekoMmoro 3peHusa. Obnagasa 6ykBanbHO eaMHMUAMKM daceToK, OHU CroCO6HbI
pasnuyaTb NMWb NpegMeTbl, UMerLWmMe He MeHbLUEe HECKOJIbKMX AeCATKOB rpagycos
B BUAMMOM pa3Mepe — Takume, HarnpuMmep, Kak 3aHeCéHHbIM Haa MypaBbéM Halumak
[43].

19.5. Babouku, No KpamHem Mepe HeKOTopble, CNOCObHbI BUAETb KpaCHbIA CBET
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[44], uTO BOOGLLE-TO HEXAPAKTEPHO A1 HACEKOMBbIX.

20. Mopckue 3BE€3abl, oOKa3biBaeTcs, obnagatoT 3peHmem [45]. Ux "rnasa"
NMOKPbIBAOT BCE TeNOo M Aa)xe o06naaatoT NIMH3aMM, HO BpSA /1M CMOCOOHbI Ha
6onbluee, HEXENN NPOCTO pearnpoBaTb Ha CBET/TbMY.

21. Jo>xaeBOM YyepBb TOXe CrocobeH oTM4YaTbh A€Hb OT HO4YM, HO He 6onee Toro
[46].

22. Ho Haubonee yamBUTENLHOM 3pUTENBLHOM CUCTEMOM Cpeaun MPUMUTUBHbLIX
cywects o6nagatoT, noxoxe... Mmepy3bl! 1o KpaliHen Mepe, Te W3 HUX, 4TO
nMmeHytotca box jellyfish [Ha pycckuin 3TO nepesBoasaT M Kak "Kkybomepysa", wu
"mMeny3a-kopobouka", n "aBctpanunckaa meaysa'] [47, 48].

HayHéM C TOro, 4to MO3roB Yy 3TOM TBapu HeT Boobuwe! Tak 4YTO B HalleM
NOHMMAHMM OHA B NMPUHUMNE He MOXeT "BumaeTb'. TeM He MeHee, oHa obnagaer
24-M4 rnasaMmu, M BOCEMb U3 HUX AOCTATOYHO CJ/IOXXHO YCTPOEHbl: UMEIT JIMH3Y U
Aaxke paayxHyto 060s5104Ky, CrOCOOHYIO COKpallaTbCs Ha ApKOM cBeTe. HecMoTps
Ha Haln4yme NUH3bl, ceTyaTka 3TuUX "rnas" HaxoamTca He B doKyce M crnocobHa
dopMumpoBaTb NULWb OYEHb pacn/biBYaTOE U306paxeHune.

OTO NpUMUTUBHOEe 6e3MOo3rsioe A0BOJIbHO aKTUBHO MOJSIb3yeTCs CBOMMM [/la3aMu,
nsberas cONMXEHUN C KPYMNHbIMU TEMHbIMW NMPeaAMETaMn N C BbITAHYTbIMU TEMHbIMU
obbekTamu wWupuHon 6onee ~1 cM - oyeBmMAHO, C "npenarcTeuamu” n "nankamn",
CTOJIKHYBLUNCb C KOTOpPbIMKU, Meay3a MOXeT noBpeanTbcs. CBeT/ble npeaMeTbl OHa
He "Bnaunt". Moxoxe HerpaM, ocob6eHHO C naskaMmn, Meays3 MOXXHO He 60ATbCS ).

23. [Jaxke HEKOTOpble OAHOK/ETOYHbIE, HAanNnpuMmep, aBraeHa, obnagatoT "3peHunem”,
NO3BONSKOWMM MM YyBCTBOBaTb HanpaBfeHue cBeTa. Ero mexaHum3M O KOHUA He
saceH. MNpeanaratoTca MoNeKynspHo-mexaHudeckme obbsicHeHus [49].

24. /N Ha 3aKyCcKy — napa MasloM3BECTHbIX (DaKTOB O YeJIOBEYECKOM 3PEHUM.

24.1. Yenosek BrnonHe crnocobeH BmaeTb ynbTpadumonetr C ANMHON BOJIHblI CBbIlIE
npumepHo 0.3 MKM [B 4acTHocTu, 53], HO C BO3pacToOM 3Ta CNOCOBHOCTb 6bICTPO
TepsieTcs 3a CYET NOXeNTeHUs XpycTanuka rnasa. B 20 net 9 caM nn4Ho Habnwgan
Ha cnekTporpade OAHY W3 JUHWUKA PTYTU C AJAUMHOW BOJSIHbI 0.365 MKM, HO
COMHeBaloCb, 4YTO CMOry pasrnsgetb eé cerogHsa. Kcratu, Ha BMA OHa Kasasnacbh
Cepomn, a He CUHEN.

24.2. YenoBek cnocobeH BuAeTb NONSApM3aLUI0 CBeTa; HEeKOTOopble CeBepHble
HapoAbl Aa)e NONb3YKTCA 3TUM AN HaBuraumu. Ho 3T1o TpebyeT 3HauuTeNbHbIX
HaBbIKOB, [OOCTUraemblX /uWb TPeHUpPOBKOW. [1OCKONbKY e nogasnsouee
60NbLUMHCTBO HaceneHus njaHeTbl He 3HaeT 06 3ToM CBOEM CNoCOoBHOCTM, TO OHa
ocTaétcsa Hepassuton B noaax [50]. A, Ha cBow beay, Hayduncsa, n Tenepb C
TpyaoMm mory pabortatb ¢ LCD-MoHUTOpaMn, nb6o mx CBET CUIbHO NMONSpU30BaH. Tak
yTo, ecnm BaM ToXe XOo4yeTcsa HayuuTbCa BMAETb MOMSApuM3auMio -- nogyManTe
TPUXAbl, LENCTBUTENBHO /I BaM TaK yXX HY>XXeH 3TOT HOBbIW "opraH 4yBcTB"? :)

24.3. Y HeKOTOpbIX N0Aen, Noxoxe, NpUCYTCTBYET 4YeTBEPTbIM TUN Konbouek wu,
TakuM o06pas3oMm, 3adyaTku TeTpaxpomaTnyeckoro 3peHusa [4,51,52]. YeTsépTbin
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peuenTop WMeeT MakCUMMyM B >XENTo-OpaHXeBOoWM o06nactTm W oTBevyaeT 3a
BOCMpuATHE "Apyroro opaHxesBoro" uBeTa, No C/ioBaM 3TUX NIIOAEN.

O6bsicCHEHME TEPMUHOB:

* OcTpoTa 3peHusa (paspelwatwas crnocobHocTb; visual acuity) - cnocobHoCTb
rnasa pasnuMuyaTtb Menkume paetann. B TekcTe BbipaxaeTcsa B Yr/IOBOM pa3Mmepe
MUHUMANbHbLIX NpPeaMETOB, KOTOPpble BOCMPUHUMAETCS [/1a30M  YyXe Kak
NPOTSAXEHHbIE 06BEKTLI, @ HE KaK TOYKM.

Ana 4yenoseka 3Ta BennuymHa coctasngeTr npumepHo 1/3000 pagmaHa, nan oaHy
YyrnoByt0 MWUHYTY. DTO COOTBETCTBYeT npeametry pasmepom B 0.3 MM,
pasrnaablBaeMoMy C pacctodHusa B 1 MeTp. [OTMeuy, 4yTOo B y4dyebHukax no
HabnaaTeNbHONW aCTPOHOMUKM npuBOoAMTCA undpa B 2 YrAOBbIX MWHYTbl Kak
MWHMMaANbHO Heobxoaumasi, 4Tobbl pas3rnsgeTb AMCK MaHeTbl. S He 3Haw, KTOo
npas.]

YacTto a 6yay OCTpOTY 3pEHMS XXUBOTHbIX BblpaXaTb B CPAaBHEHUM C YeNoBEeYeCKOMN.
To eCTb, ecnu HanwucaHo, yTo OCTpoOTa 3peHunsd CunbHonNxas
3aZ0MpMBONaKMBalOWEro BTPOE HWXKE 4YesloBEeYEeCKOW — 3TO 3HauuUT CnoCOBHOCTb
pa3nunyatb 1 MM C pacctosHug B 1 MeTp.

* Pa3MepHOCTb LBETOBOro MpoCTpaHCTBa -- KonmyectBo "6a30Bbix" LBETOB B
LBETOBOCMPUATUM CYyLLEeCTBa, CMeluMBasi KOTOpble, MOXHO MNoayymTtb (NO4YTM) BCe
uBeTa, BOCMPUHMMaAeEMble UMM. YacTo 3TO COOTBETCTBYET KO/IMYECTBY TUMOB
YYBCTBUTENbHbIX K LBETY peLenTopoB B rnasy.

Ona JenosBeka Takumx "6a30BbiX" LBETOB TPWU: KpacCHbl, 3eNéHbll U CUHURA.
CMewmBada nx, MOXXHO nosiyyaTb BCe UBeETa, B NpUHUMMNE BUAUMbIE YENOBEKOM (TyT
€CTb CBOM TOHKOCTU, N60 OHO He COBCEM TaK; HO A4S HalIMX LUenen 3TO OonucaHue
BepHo). [lo3TOMy 4esioBeyeckOe LBETOBOE MNPOCTPAHCTBO TPEXMEPHO, a Mbl
Ha3blBAaeMCsl TpMXpoMaTaMu.

AHaNoOrM4yHoO, 4esioBeK, HeCnoCObHbIN OTNMYaTb KpacHbI OT 3e/EHOro, sABMseTcH
ANXPOMATOM: ANS HEero BCS ramMma LBETOB COCTOUT M3 CMecU "KpacHO3enéHoro" m
cuHero. Ero uBeTtoBOe MpOCTpaHCTBO ABYMepHo. Cobakum — TOXe AuxpomaTbl. Y
cywiectBa e, LUBeTOB Boobwe He pasnyawllero, pasMepHOCTb 3TOro
NpocTpaHcTBa byaeT HyneBow.

MOHATHO, YTO 4YeM BbllWe pa3MEepHOCTb LBETOBOro MPOCTPAHCTBa CywecTBa, TEM
6onbwe 60raTcTBO LBETOB, MM BOCNPUHMMAEMbIX, U TEM pa3HOObpa3Hee ANA Hero
OKpYy>arowmnmn Mmp.

* CBeTocuna, OHa Xe MUHMManbHasa anepTtypa, oHa Xxe F-number. 3anucbiBaeTcs
06bblyHO Kak F/umcrno, Hanpumep F/2.0, n xapaktepusyeTr 3PEHEKTUBHOCTb
cobupaHusa ceeTa 06bekTMBOM rnasa unu npubopa. HYeMm HuMXe 3TO YMC/1io, TEM apye
nony4yaeMmoe rnasom wmsobpaxeHue. Y 6onblIMHCTBA 06beKTUBOB (oTOoannapaToB
cBeTtocunia nexut B npegenax F/1.5 ... F/4.0. Y yenoBe4yeckoro rsasa oHa MOXeT
aocturatb F/2.1 [1].
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* Yenosek BuMAUT cBeT ¢ AnamHamu BosH oT 0.4 go 0.7 MKM (B HeEKOTOpPbIX
MCTOYHMKAX yKa3blBaeTcs amanasoH 0.38 ... 0.76 MKM -- BUAMMO, 3aMepbl BEUCb
npu 6onblien cune ceeTa).

* HecKoNbKO MHTEpPEeCHbIX CTaTeEN U CaNnTOB NO TeMe, rae U3NOXEeHbl He OTAes/bHble
dakTbl, @ Kakue-To cmMcTteMaTuyeckme maTtepuasnbl U3 HAayKuM O 3PEHUWN XMUBOTHbIX.
PekomeHAayto XxenatowmMm ob6bsaTb U yNopsaounTb HEOOBATHOE:

1. http://www.eyedesignbook.com/ch3/eyech3-b.html [2] - kpaTkas aHHOTauus
YCTPOWCTB INa3 M 3PEHUS Y OCHOBHbIX TUMOB, KIAacCOB, U HEKOTOPbIX OTPSAOB
YXMBOTHbIX.

2. http://soma.npa.uiuc.edu/courses/bio303/Chlib.html [3] -- nepeyncneHnbl
BCTpeyatowmecss B Npnupoae TUMbl a3, C YepTeXaMu.

3. http://www.talkorigins.org/fags/vision.html [4]-- OTAMYHO NpoyMLLAIOLLLAS MO3MU
cTaTbsl MpPO UBETHOE 3pPEeHMEe Y DIKMBOTHbIX, €ro 3BOAKLUMIO, U MeCTo
MNIEKOMUTAOLWMX B 3TON KapTUHE.

KommeHTapun? http://eugenebo.livejournal.com/45235.html

MuncaHo rogy npumepHo B 2005-M.
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