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[lpo uccriedosaHuUs poru ariekmpu4Yyeckux cobbimuu
8 XXU3HU KriapuesbiX COMO8

A3uamckuu com Clarias macrocephalus



['enepanys aNEeKTPUIECKUX
pas3psIOB COIIPOBOXKIAAECT
OOJIBIIMHCTBO 3aMETHBIX

IOBEJIEHYECKUX aKTOB KJIAPUEBBIX
COMOB — arpeccuto, 0OXOTy, HEPECT.

Hepect




['eHepanust 0co00# MauKU PIAESKTPUIECKUX
Pa3psIOB SBIISIETCS] 00s13aTEILHBIM
AIIEMEHTOM KECTKOTO HEPECTOBOTO

pUTyana ClIapuBaHUS A3UATCKUX
KJIAPUEBBIX COMOB




«nekmpu4veckue op2aHbl pbib
npedcmaesisirom ... UCKJII0YUMeJsibHY o
mpyoOHOCMb, MOMOMY 4YmMo MmpyoHO
npedcmasumb cebe, KakuMu wWa2amMu MO2Js10
udmu obpa3zoeaHue amux UusymMumeJsibHbIX
op2aHoe. Ho amo HeydueumernibHO, MakK Kak
MbI He 3HaeM daxke, Osfisl 4e20 OHU CJlyXam.

Y Gymnotus u y Torpedo OHU, KOHEYHO,
npedcmasrisitom cobor MoWwHbIe cpedcmea
3awumel, a Moxxem 6bimb, U rpecsie0o8aHuUsi
00b6bI4u, HO y ckama Raja aHarno2u4HbIl opaaH 8
xeocme rnpou3eooum Marsio ariekmpu4yecmaa,
Oaxke Koza0a XueomHoe pa3dpaxeHo, mak Mario,
4Umo OH e0d8a riu MOXem CrlyXXumb OJis yKa3aHHbIX
ueneu.»

Y.[lapsuH «[1poucxoxdeHue s8u008...»
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ON THE FUNCTION AND EVOLUTION OF
ELECTRIC ORGANS IN FISH

By H, W, LISSMANN
Department of Zoology, Cambridge
(With Platus 5 und 6)

(Received 2 Ocrober 1987)

I, INTRODUCTION

The inadequacy of functional and evoluttonary theories of electric organs in
fish has been appacent for a long time. Fish are the only class in the whole
animal kingdom known to possess specific clectric organs, This fact appears
noteworthy because (1) the material from which these organs are derived, muscular
tissue, 1 commaonly present in other groups of animals; (1) in fish these organs
must have evalved several times independently. Thia latter conclusion is based
first on the occurrence of clectric organs in widely unrelated families, and secondly
on the fact that clectric organs are developed from different parts of the body.

Although it is frequently stated that electric organs are remarkable adaptations,
eg. in having the eectric clements sitably asranged in parallel or in series 10
conform to the conductivity of either fresh or sea water, very little has been known
until recently of the biological significance of these organs—apart from a subjectively
experienced defensive action and a surmized offensive role. This is probably the
main reason why the problem of their evolutionary history, clearly stated by Darwin
{r872), still awnits a satisfactory answer. Dahlgren (1g10), after a detailed examina-
tion of “the origin of the electricity tissues in fishes’, comes to the conclusion * that the
impulse to evolve this tissue is a real inner stimulus working indepeadently of outer
conditions. . . . The evolution of these structures was most probably not based upon
2 basis of natural selection.’

It haa been customary to distinguish between strong electric argans and pseudo
or weak electric organs. Most workers in recent years have been concerned with
physiological sspects of electric tissue, and have availed themselves mainly of
Torpedo and Electrophorus, both fish giving off strong electric discharges. It appears
that an investigation of the weak electric fishes is more hkely 1 revesl possible
evolutionary starting points. Apart from the fact, established towards the end of last
century, that the weak electric ongans are capable of giving off weak clectric dise
charges (Babuchin, 1877; Sandenon & Gotch, 1888; Fritsch, t8gr) very litthe new
information has come to light, and the functional significance and evolutionary
history of the weak electric organs have remsined obscure.  Sugpestions, which
have been put forward in the past, about the role and mode of action of weak
electric organs appeat implausible; e.g. that weak electric fish, feeding on insect
larvae, worms and crustacea may be able to stun their small prey before swallowing
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[[aHC JluccmaHH 3apeructpupoBan paspsaabl OT NnpeacraBUTeENen
KIMHOBOPbINTO0OPAa3HbIX N TMMHOTOODPAa3HbIX

Ko BpemeHu JluccmaHHa y YyenoBe4vecTtBa
y>Xe NosiBUNOCb MHOXECTBO
NCKYCCTBEHHbIX 3N1EKTPNYECKNX OpraHoB
N Mbl NPeACTaBAEeM KaKyto Mosib3y
MO>XHO »XOaTb OT CUTHaNoB, NOXOXNX Ha
CUHYycounay, U UMMyribCOB CTabUNbLHON

doOpMbl.

Gnathonemus petersii



«lMNpencraBnsaeTca BaXKHbIM paccMaTpmBaTbh 3MNEKTPUYECKME OpraHbl, HE Kak
opraHbl MHTEPECHble caM No cebe, a kak Ha YacTb 0bLien opraHm3aLuum pbibbi,
nrparoLLeEN posib B ee B3auMMOAENCTBUM C OKPYKatoLwmmM MUPOM»

[MpuHUMN 3nekTponokauun: B ogHopoaHon BogHOW cpeae pbiba co3gaeT none,
HanoMMHatoLlee none anekTpuyeckoro amnons. Jltodbon o0BLEKT, aNEeKTPONPOBOAHOCTb
KOTOPOro OTNMYaEeTCs OT 3MEKTPONPOBOAHOCTU BOAbI OYAET OTKNOHATL NUHUK MOMS U,
Haxo4dsiCb B BOAE, UCKaXaTb NepBOHa4varnbHyt KoOHdUrypauumo nomns.
[Mpeanonaraetcs, 4To pbiba cnocobHa YyBCTBOBATb 3TO UCKaXKEHME nong




[lokaszatenbctBa JlIuccmaHHa

YcnoBHopeiekTopHble akcrnepmmMmeHTbl ¢ Gymnarchus niloticus n Gymnotus
carapo nokasanu, 4to 3Tu pblbbl MOryT 06HapyX1uBaTb NPUCYTCTBUE
cTaumMoHapHOro MarHMTa U OHM MOTYT OTNNYaTb MPOBOAHUKM OT N30MATOPOB.
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OpraHusaums crnaboanekTpnyeckon polbbl No JInccmaHHy

«[pencraengaercsa, 4YTo Nepsoun
3Ha4YMMON O0CODEHHOCTbLIO B
npouecce 3BOMOLUN
ANEKTPNYECKNX OpraHoB BObINo
npnobpeTeHne peLenTopos,
YyBCTBUTESbHbIX K
ANEKTPNYECKUM CTUMYNAaM.

Ha paHHuX cTaguax aTa
4YyBCTBUTENbHOCTb MOrna obIThb
cllydyanHomn, nosxe
OOMONHUTENBHOW N B KOHLE —
OCHOBHOW (PYHKLMEN TaKNX

CEHCOPHbIX OpPraHoB.»
Lissmann, 1958




KornnyecTBeHHbIE OLIEHKMN
AJNIEKTPOYHYBCTBUTESIbBHOCTH

«Mbl 0OHapyxunu, 4to
Gymnarchus mor oteBevyaTtb Ha
ctumynsl 0.15 mkB/cm»

(Lissmann, Machin, 1958)
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(u3 cmamwpu Lissmann, Machin, 1958)
Bun pe10b1 [1OTHOCTH TOKA Cchuikn
(uA/cm?)

Phoxinus phoxinus

Cyprinus carpio 10 Scheminzki (1931)

C. auratus 60 Adler (1932)

Parasilurus asotus 16 Regnart (1931)

Gasterosteus aculeatus 8 Abe (1935)

Gymnarchus niloticus 110 Johnson (smunoE
COOOIIICHNE)

2*10° Lissman, Machin, 1958




O MexaHnam n pusmndeckmne

npegeribl 3rekTpopeuenynn
‘:> m ¥ DPOLUOCCOPY
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KAMAN

CEHCOPHBIE KNETKWA

We have found that Gymnarchus can respond CTERTAHHAS MATIONKA
to a continuous direct-current electric stimulus

of about .15 microvolt per centimeter, a value

that agrees reasonably well with the calculated

sensitivity required to recognize a glass rod

two millimeters in diameter. This means that an

individual sense organ should be able to

convey information about a current change as

small as .003 micromicroampere. Extended
over the integration time of 25 milliseconds,
this tiny current corresponds to a movement of
some 1,000 univalent, or singly charged, ions.

Lissmann, 1974



«lNpencraengaercs, 4To bonee
TulaTenbHOe uccrnegosaHne COMOB
OyaeT NnogoTBOPHbLIM, MOCKOMbKY Noka
He obHapyXeHO nepexoaHbIX opMm
MeXOy CUNbHOINEKTPUYECKMM COMOM U
ocTasibHbIMWU COMaMu — CUTyaLus
HanoMmMHaroLLaa HeaBHIOK CUTYyaLMIo C
rmMmHoTuaammn» (JinccmanH, 1958)

B 1963 r. JlInuccmanH n Man4vunH
Aokasarnm, 4YTo KnapueBble COMbI
NMELIOT INEKTPOPELIENTOPbLI U YTO OHU
ny4yiie Bcero BOCNPUHNMAKT CTUMYIbI
ONUTENBbHOCTBLIO 25 MC 1 BbILLE.

B Ha3BaHuuM nx nyonukaumm B Nature

NnoaYepKMBaETCS, YTO KrapueBble
coMmbl - HEanekTpuyeckue pbibbi.

«INEKTPUYECKME PELIENTOPLI Y
HEe3NeKTPU4eCcKon pbidbI»
Lissmann, Machin, 1963
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THE ELECTRIC SENSE OF SHARKS AND RAYS

By A.J. KALMIIN
Laboratory of Comparative Physiology, Usiversity of Utreckt, The Netherlande
Seripps Institution of Qceanography, La Jolla, Califormia®

(Recesved 18 March 1971)

INTRODUCTION

In 1917 Parker and van Heusen published their historic paper on the behavioural
responses of the catfish, Mmdurs mebuloms, to metallic and non-metallic rods, They
found a blindfolded Amiurus to be remarkably sensitive to metallic rods, regularly
responding to them even at a distance of some centimetres, whereas a glass rod did not
elicit & reaction until it actually touched the skin of the animal, When much of the
metal was exposed to the water, the fiah swam away from it; when linle was exposed,
the fish turned towards the rod and often nibbled it. Ina series of simple but convincing
cxperiments Parker and van Heusen demonstrated that these responses were due to the
galvanic currents generated at the interface between metud and aquarium water. The
same respanses could be obtained by sending a weak direct current into the water via
two electrodes, kept 2 an apart, In this casc approach and nibbling were called forth
by a current of a little less than 1 #A and the aveidance reactions by currents of 1 A

S

:E:;';r- {. -uﬁF

or More.

Parker and van Heusen did not realize the significance of their results, but in fact
they were studying the electrosensitivity of fishes that have - a5 we now know
distinct olectroreceptors, Curiously enough, the electroreceptors of Amiwrur were not

identified experimentally and investigated electrophysiologically until very recently
(Dijkgruaf, 1968; Roth, 1968, 1960) Even now, we can only speculate about the

lf?/’] ’F/ ST i TR Cd AT biological meaning of the electrosensitivity of the catfish,
J . i G ] ;- 4 h YT _ Tl oy 0 Long after the work of Parker and van Heusen, in the year 1951, a new impetus to

the study of the electrosensitivity was given by Lissmann, He examined the electric
discharges that Gymnarchus miloticns and other weakly clectric fish almost continuously

emit, and proposed the theory that they play an cssential role in an clectrosensory
mechanism for object location. These fish would be able to detect & nearby object of an
clectrical conductivity different from that of the surrounding water by appreciating the
distortion it causes to ther electric ficld, Later on, Lisamann proved Gymnarchus to be
indeed very sensitive to purcly clectrical stimuli as implied by his theory, and also
showed the fish to be able to discriminato between objects of only slightly different
conductivity (Lissmann, 1958; Lissmann & Machin, 1958)

Lissmann tentatively regarded the weakly electric fish as evolved from a pre-electric
fish without electric organs but already sensitive to electric fiedds. He suggested that st
this early stage the electrosensitivity might have been used to deteet muscular poten-

tials of prey, predators, members of the same species, and of the animal itself. Today,

® Present sddrees : Dapartment of Netirosciences, Scheol of Medicine, University of Califormia, San
Diego, La Jolla, Californis $5037.
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Akyna obHapyXnBaeT 3apbITyt0 B NECOK
kambany no e€ nonsam AbixaHus. Ecnn
BMeCTO Kambarbl B NeCOK 3apbITb
SNIEKTPUYECKMN OMMNOSb U Ha HEro noaaTth
noTeHuuarnbl, UMUTUPYIOLLNE OblXaHne
kambarnbl, TO akyna atakyeT AMnorb.
(Kalmijn, 1971)
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Electroreception in the Guiana dolphin
(Sotalia guianensis)

Nicole U. Czech-Damall, Alexander Liebschner2, Lars Miersch3, Gertrud Klauer4,
Frederike D. Hanke3, Christopher Marshall5, Guido Dehnhardt3 and Wolf Hanke3,*

Psychophysical experiments with a male Guiana dolphin determined a
sensory detection threshold for weak electric fields of 4.6 yV cm=1, which is
comparable to the sensitivity of electroreceptors in platypuses.
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B 1993 r. B 3¢pmnonun B.[1.bapoH, A.A.Opnos n A.C.l[onybuoB Bnepebie 0OHapYyXUnu
MOHOMOSSIPHLIE pa3psabl knapuesoro coma Clarias gariepinus, NposABNSOWMECSA TONbKO
B rnpouecce coumanbHbiX B3anMoOeNCTBUN.

African Clarias catfish elicits long-lasting weak electric pulses
V. D. Baron, A. A. Orlov and A. S. Golubtsov
Severtzov Institute of Animal Evolutionary Morphology and Ecology of the Russian Academy of Science,

Leninsky Prospect 33, Moscow 117071 (Russia)
Received | November 1993; accepted 25 January 1994
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DJIEKTPUUYECKUE PA3PAAbI
a3MATCKUX NMPECHOBOIHbIX PbIO

lady Akademii Nauk, Val. 334, No. 3, 1907, pp. 410422

GENERAL
BIOLOGY

Electric Discharges
in Asian Catfish Ompok bimaculatus (Siluriidae)
K. S. Morshnev and V. M. Ol’'shanskii

Presented by Academician D.S. Pavlov Apnl 29, 1005

Received April 30, 1996
IlepBasi perucTpanus dJJIeKTPUIECKUX Pa3psi/ioB
OT a3MATCKOM NMPECHOBOAHOM PHIOBI
(Mopwnee, Onvuanckuii, 1995)




Peter Moller

[o Hawwux paboT npegnonaranock, YTo
NPECHOBOAHbLIE 3reKTpUYeckne pbldbi
obutatoT Tonbko B Adppuke

n KOxxHom Amepuke

GLY ELECTRIC INTERMITTENIWJ__

Gt / . Py
Pt e Peris Ser "’\ (- \{?Mo

.. &

==t/ M'x

Malapterurus
(R
/

5 Gymnarchus “—"]

\Jx@—

\

nnia
: narhonemus
\ /( -\/ I'
= /\}_ pulse fish
~ - - WEAKLY ELECTRIC ~ =~

Moller 1995

Camm L



.

CuUnbHO3NEKTpUYeckme

DNCKTPHYCCKHH CKAT
(Torpediniformes)

10 50 Amnep
ATalIHTHKA

NIEKTPHIECKHH YTOPb
(Electrophoridae)

600 Boawr

IOxHas AmepHka

ArekTpuyeckme polbbl

CnaboanekTpuyeckmne

(Rajiformes)
BCC OKCAHBI

OOBIKHOBEHHBIE CKATbI

fTHOTOODpa3HBIC
(Gymnotiformes)
HOxnan AmepHka

7 Lo
- - i L
At 3& ’:x‘_‘

Kinosopeuioobpasubie
Mormyriformes)

ICKTPHYCCKHH COM
(Malaptirunidae)
Go.1ee 300 Boawr
Adpuka

KO)EHBIN 3BE3/109€T
(Astroscopus)

S Boabrt. 1 Amnep
OKCaHbl

NMEPETOPOAKA

UEPBRK |




ArekTpunyeckme polbbl

CunbHO3NEKTpUYeckne CnaboanekTpuyeckme

DNCKTPHYCCKHH CKaT
(Torpediniformes)

10 50 Amnep
ATalHTHKA

OObIKHOBEHHBIE CKATbI
(Rajiformes)
BCC OKCAHDLI

[MmvzoTo00pastsie
(Gymnotiformes)
HOxnas Ameprka

DNEKTPHICCKHIT YTOPD

(Electrophoridae)

600 Boawr

IO)xHaz Amepuka
KinosopsLioobpasubie
(Mormyriformes)
AdpHka

DICKTPHYCCKHH COM
(Malaptiruridae)
Bo.1ee 300 Boanbr
Adpuka

(Astroscopus)
5 Boast. 1 AMnep
OKCaHbI




Oco0ObIN NHTEPEC K ANEKTPUYECKNM pbibaM C 3NnM30anYECKUMU
SNEKTPUYECKMMUN paspsgamm nogyepkmBaeTcsl B nporpaMmMHON
ctatbe Teogopa bynnoka o Hanbonee nepcnekTUBHbIX
HanpaBneHMsaxX pasBUTUSA SNEKTPOIKONTOrnK

The Journal of Experimental Biology 202, 14351458 (1903
Printed in (Great Britain & The Company of Biologists Limited 1989
JEB2024

THE FUTURE OF RESEARCH ON ELECTRORECEPTION AND
ELECTROCOMMUNICATION

THEODORE HOLMES BULLOCK*
Department of Neurosciences, University of California, San Diego, La Jolla, C4A 92093-0201, USA

*e-mail: thullock{@ucsd edu

Accepted 2 March; published on WWW 21 April 1009

Summary

Bevond continuation of currently active areas, some less
studied ones are selected for predictions of marked
advance. (1) Most discoveries will he in cellular
components and molecular mechanisms for different
classes of receptor or central pathways. (2) More major
taxa, possibly birds, reptiles or invertebrates, will he found
to have electroreceptive species representing independent
evolutionary ‘inventions’. (3) Electric organs with weak
and episodic electric discharges will be found in new taxa;
first, among siluriforms. (4) New examples are ta be
expected, such as lamprevs, where synchronized muscle
action potentials sum to voltages in the range of weakly
electric fish. Some of these will look like intermediates in

the evolution of electric organs. (5) Ethological significance
will be found for a variety of known physiological features;
e.g. uranoscopids, skates and weakly electric catfish with
episodic electric discharges; electroreceptive ahility of
animals such as lampreyvs, chimaeras, lungfish, sturgeons,
paddlefish and salamanders with Lorenziman-type
ampullae; gymnotiform and mormyrid detection of the
capacitative component of impedance. (6) The organization
of some higher functions in the cerebellum and forebrain
will gradually come to light.

brain

Kev words: electroreception, electrocommunication,

organisation, complexity, cognition.
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anekTpuyeckme pbiobl

DNCKTPHIUCCKRIT CRAT
(Torpediniformes)
10 50 Amnep
ATannTika

DnekrpHacckuii yroph
(Electrophoridae)

600 Boiiwy

IOxHaz Amepuka

ICKTPHYCCKHH COM
(Malaptiruridac)
Goace 300 Boasy
Adpuka

IO®nwiit 3se31049eT
(Astroscopus)

S Boawr. 1 Amnep
OKCAHM

CnaboanekTpunyeckne

: .

OOLIKHOBEHHLIE CKATLI

(Rajformes)
BCC OKCUH M

MuMuOTOOOpasHEIC

(Gvmnotiformes)
O#cnan Amepnka

Kinosopeuioodpastbie

(Mormyriformes)
Adpuka

ComoobpaiHne
(Siluriformes)
Asus, Adpuxa

Mopckas kopoea
(Uranoscopus scaber)
Yephoe mope

Discovery of Specialized
Electrogenerating Activity in
TwoSpecies of Polypterus
(Polypteriformes, Osteichthyes)

V. D. Baron and D. S. Pavlov




MBI 3aperucTpupoBaliv JICKTPUIECKHE Pa3Psibl OT
npeacTaBUTENs aM(DUOUH.

Chinese salamander
Andrias davidianus



BasSTat Sat o A5 Bt

A AR AR AR AR R AR AR AN 220005

ittl-n-:-x-“-l---ll]lxxl

L AR AR AR R R AR AR R R AR RN

SRR AR AR R AR AAR AR RN

I‘*’III




BB 0

B W RN

UL

LR

' amn wovs
e v




EcTb N1 y HaAc WaHC CoOXpaHUTb MPUOPUTET POCCUNUCKOW LLIKOSbI
B 9TOM Hay4yHOM HanpasfiEHUN?

Dear Dr. Xue Wei

| am communicating with you because | have just been aware
about your finding of electric discharges in salamanders.

As you may know, | have more than 30 years of experience
studying EOs and electroreception in weakly electric fish (see
attached publications). | wonder whether we can cooperate
for studying some aspects of electrogenesis and
electroreception in these salamanders.

In particular, are there specialized organs? do they use
discharges for electrolocation? etc.

| am in Uruguay South America and | cannot travel abroad
because of family reasons. However we have a well setup
lab to address these questions.
Do you know whether there is a possible chinese-uruguayan
scientific cooperation framework in which we could set up a
research project?

| am copying this email to a friend from china now living in the
US. Perhaps he could gave us some advise.

Sincerely yours,

Angel Capulti

Angel Ariel Caputi

Skills and expertise (13)

74 2,489 1,609

Research items Reads Citations

Clemente Estable Biological Research
Institute

anartment
Jepartment

Jcpal uncun

Departamento de Neurociencias Integrativas
y Computacionales
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MopgenupoBaHue aNeKTPUYECKNX Pblb BbINo
KpanHe Ba)XHbIM U NNOAOTBOPHbLIM AN
CTaAHOBNEHUS KNAacCUYECKOWN ANTIEKTPOANHAMUKM

[>xoH Yonuu

[eHpun
Kasenguiu,

Otkpeitus JI.I'anbBanu e o
et Bees
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«Imom npudop, 0601ee cxo00Hbll O CyuLecmey, Kak s
noKaxcy oaibuie, C eCMeCmeeHHbIM I1eKMPUYECKUM
OP2aAHOM IJIEKMPUYECKO20 CKAMA WU INEKMPUULECKO20 YPA
U m. n., 4em ¢ J1elOCHCKOU OAHKOU U U36ECMHbIMU
INeKmpuiecKumu oamapeamu, 1 HaA308y UCKYCCHBEHHbIM
INEKMPUUECKUM OP2AHOM. )

>

A. Bonpra




Mbl OKpY>XE€Hbl MHOXKECTBOM
ANEeKTpMUYECKNX Npnbdopos,
BEOYLLUMX CBOK POAOCIOBHYHO
oT BonbTtoBa ctonba.

be3 anekTpn4eckoro MCToOYHUKa
HW OAVH U3 3TUX NprUdopoB

HEe MOXET paboTaTb

[axe Anokanuncuc
Mbl CEroHs accouumpyem
C OTKITHOYEHMEM ANEKTPUYECTBA




Bce 3Tn npubopbl KO BpeMeHun
BceoOLero npusHaHua 3acnyr Bonbrbl
He cyllecTBOBanu

He TONIbKO KaK TeXHU4YecKue peLueHus,

HO N KaK OCO3HaHHbIe 3aAa4iu

-

’
¥

!
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UL

B yem cocTosino yrtunutapHoe 3HayeHne BonbToBa cton6a?



MaBHbLIM yTUNUTAPHbIM 3Ha4Y€HMeM U300peTeHuns
BonbroBa ctonb6a nnu «Bonbranyeckoro annapara»
cTaria BO3MOXHOCTb NOCTAaHOBKU U OCYLLECTBINEeHUNA
MHOXeCTBa Hay4HbIX U MHXEHEePHbIX 3KCNEePUMEHTOB
BonkTtoB CTONG NPUBIEK K U3YYEHUIO INeKTpuyecTBa
BHUMaHMe npaBuTenen U y4eHblX

Ha co3paHue pa3Hoo6pa3Hbix BonbTroBbIX CTONGOB
TpaTUMUCb Cepbe3Hble cpeacTBa

TennoBble dusonornyeckKkue
ABNeHuA peakuumn
Xumunuyeckue OnTunyeckue
peakuumn ABNeHusA

ANeKTpoMarHeTusm

B mcropum mayx mmeorcs smOXH, OTMEHCHMHMIE NAOLOTBOP:
HBIMH OTKPBITHAME, BACKymaMH 3a cobolfi MHOMeCTBO Apyrmx
woesmx orkpwiThHH. Taxosoll O6miAa, Hanmpumep, snoxs B KOHpe

npeasiAymero sexa, koraa Boasra u3aobpear npubop, xoropnfl
CNpaABeAANBAN [PHSHATEADHOCTD YHYEHOrO MHPA MNOCBATHAA €ro
asTopy, NPHCBOMB €My HA3ZBAHHE BOAbTOBA croaba.




I'quemy Bonbra nbiTancs caenarb NCTOYHUK ANIEeKTpn4ecTBa
nyTeM NMPOCTOINo0 KOHTAKTa Pa3HbIX MeTannos?

OH B34n 3Ty UAEK M3 3KCNEePMMEHTOB [anbBaHw.
06paTVITe BHUMaHUe:. B JiAryuwke HeT pa3HbIX MeTallJioB.
Pa3Hble meTannbl ObINU B MeToAUuKe SKCNnepumMmeHTa FanbBaHwn.

26 ceHTabps 1786 T.
[[anbBaHW BnepBble
oOHapyxun
COKpaLLeHWe narku
NAryLwKn nog
JEUCTBUEM
Pa3HOPOAHbIX
MeTarnsnos

«Ecnu ecs Oyea orcenesnas unu Kprowox Hcele3Hvlil U eCiu maxkice npoeoosiuas niacmuna
JHCENIe3HAsL, MO Yauje 8ce20 COKpaujeHus iubo omcymcmayom, 1ubo 6ecoMa He3HAYUMENbHDL.
Ecnu, oonarxo, ooun uz smux npeomemos sicenesuvlil, a Opy20u - MEOHBIU UL JHce, YUMo 20pa300
Jydule, cepebpsHblil, Mo COKPAULeHUsl HeMEeOJIeHHO CIMAHOBUNIUCH 20Pa300 DOobuLe U 20PA300
NPOOONNCUMETIbHEES )

JI.T'anbBanu «Tpakrar 0 Criiax 3JIEKTPUYECTBA ITPU MBILICYHOM JIBHKCHUN))



Quella, non tu, che novo ardor vitale
In rana ignuda a disvelar pur giunse.

«He Tebe, a e B npenapnpoBaHHOW NAryLLKe
Ynanocb OTKPbITb HOBbIN XXaHP KU3HU»

"...2allbBaHUYECKOE 3/IeKmMpUYeCcmeo U OCHOBaHHbIU Ha HEM
3IeKmpomagHemu3M HacmorsibKO YyXKO0bl rMpexxHeu u3uke, 4mo oaxe
cambIl 80CMOPXKEeHHbIU MOKITOHHUK cmapou HayKu He mo2 bbl yKkazamb
8 pabomax epedeckux unu puMcKUux gbU3UKO8 KaKko2o-/1ubo HaMeka Ha
rnpedcmaesrieHue o 2allb8aHU4eCcKoM arieMeHme usnu ob
arniekmpomazHume. Ho euwe saxHee mo obcmosimeribCmeo 4mo
2allbeaHU4YeCcKoe arieKmpu4yecmeo ece cusibHee 8/uUsiio
npeobpa3syruwum obpa3om Ha ece ocmaribHble Yacmu OU3UKU, MEXXOY
meMm Kak repebil 80cmope, ¢ KomopbiM bbiru ecmpeveHsl 8 hu3uke
Oelcmeus ariekmpu4yecmea om MmpeHuUs, ucrapurics, Kak ObIM. ...

To MupoB0o33peHUe, Komopoe Mbl cHumaem Hauboriee xapakmepHbIM U
r171000mMeopHbIM 0111 hU3UKU COBpeEMEHHOCMU, y4YeHuUe 0 eQuHcmee
cus rpupoOkl, HawWys1o 8 2anbeaHu3me Hauboriee cusbHyH U HaarsOHYo
MoAOEpPXKKY ...«

@.Po3eHbepaep Micmopusi chusuku

“Toz0a 5 3adceacsa He6epOAMHbIM ycepouem U CmpacmHbIM JcelanHuem
A S 1.CCTIe006aMb 9MO AGIEHUE U BbIHECIU HA C6EM MO, YMo Obli0 6 HeM CKpblmo2o
pakrar JI.I'aneBaHu JI.Tanveanu “Tpaxmam o sxcueommnom snexkmpuiecmee’

—_ :;"\



[Touemy [anbBaHU He N300pern
«BonbToB CcTONOY»
nnn «l anbBaHUYECKNN SNEMEHT»,
€CI OH NepPBbIN OBHaPY KNI
OencTBMe KOHTakKTa AByx MeTannoB?

[[anbBaHU MHTEpPECOBAaNoO HEYTO ropasao
borbluee, YeM U300pPETEHNE NONE3HbIX
YCTPOWUCTB — TalHa XXU3HEHHbLIX CU-.

bnarogaps MNansBaHn mmnp yoeauncsi B TOMm,

4yTO B NtOOON KNeTouke, B NO6OM opraHe YyBCTB
No6Oro XXMBOro CyLLECTBA E€CTb ANIEKTPUYECKNE
SIBIEHMSA U OHU UTPaKOT CYLLLECTBEHHYIO POJSib.

A KOHTaKT ABYX METarnfoB BCEro nuLlb Oblis
OOHUM U3 OaKTOPOB, BNUAIOLLNX Ha pe3ynbTaThl.
ITOT pakTop ['anbBaHM BbIABUI, onucarn, u
NPOAOIKNIT CBOKD OCHOBHYHO paboTy.




BaxxHbIh MOMeHT: BonbTta cam HenocpeacTBEHHO BbIMOSTHUIT
MHO>XECTBO 3KCMEPUMEHTOB HaA XMBbIMU OpraHn3Mamum,
NOBTOPSAA U MoaANULUMPYA onbIThl [@nbBaHK

«71 genan nx He TonNbKoO HaA
NnAaryLKamu,

HO N Had YrpsaMu U Hag apyrumm
pbibamMun, Hag AlepuLamMu,
canamMmaHgpamm, 3MesiMn 1, YTo
Ba)xHee, Hag MenkKumm
TENNOKPOBHbLIMWU XXUBOTHbLIMMU,
MMEHHO Ha4 MblLLaMU U

{ L l{) nTUuLaMm»
{% Z A.Bonbta

Qur. 1. Opeirs [Faxneanwy.



Kakyro ngero Bonbta B3N y 3aNeKTPUYECKUX yrpen?
MeTarJsiudyeckme napbl Hago NpPokKnaabiBaTb MOKPbLIMU ANCKaMU

«H36ecmuo uz anamomuu, Ymo 1eKmpudecKuli Opeam
CKAMa u 1eKmpuiecko2o yepsi COCmoum u3
HEeCKOIbKUX NepenoH4amslx cmonb0o8, HanoIHeHHbLX
OM HAYALA 00 KOHYA OONbUUM KOTUYECHBOM
NAACMUHOK WU NIIeHOK 6 U0 OYEHb MOHKUX OUCKOS,
NONIONCEHHBIX OOUH HA OPY20l C 04eHb MANbIMU
NPOMENCYMKAMU MeAHCOY HUMU, 20e NpomeKaem,
NO-BUOUMOMY, KAKAS-MO HCUOKOCIb. »

_——
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[1>koH Yonu
(1726-1795)

4E SHOCKING

LECTRIC FISH |

FROM ANGIENT TROCHS TO THE
BIKTH OF MODERN WIURDFHYSIOLOGY

STANLEY FINGER
MARCO PICCOLING

Marco Piccolino

The Taming of the Ray

B XVIII Beke ObIno
BbICKa3aHO
npeanonoXXeHmne, 4To
Gymnotus u Torpedo —
9rIEKTPUYECKME PbIODbI
N OCTpPO obcyxaarcs
BOMpPOC:

A MOTYT N pbIObl ObITb
afiekTpu4eckumn?

Electric Fish Research in the Enlightenment, from
Walsh to Volta
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LLIok OT ckaTa unm oT CypmMHaAMCKOrO yrps
OY€Hb MOXOX MO OLLYLLEHUAM

Ha LLOK OT NenaeHCcKown DaHKW.
Leyden Jar

il (circa 1745)

[locTaTo4HO N1 3Toro, YTobbl yTBEPXKAATL
i' 00 aneKkTpuyeckon nNpupoae BO3OENCTBUSA Yyrpsa Unu ckara?

Yrpun n ckatbl 0buTtaloT B Boae. Boga - npoBoAHMK.
BHYTpW NpoBOAHUKOB 3fIEKTPUYECKNX ABNEHUN BbITb HE MOXET!

Electrical Eel (Gymnote) and Carapo Vinnioctpaums Peomtopa (1717) cTpoeHus
Gymnote ( George Shaw (1808). ANEeKTPUYECKOro opraHa ckarta.



[eHpn KaBeHauLL

OT4eT 0 nonbITKax UMUTaumMn Bo3aenctTeum Torpedo R N
C NOMOLLIbIO 3NEeKTpUYecTBa

Phil. Trans. Royal Soc., 1775, P.196-225 o Toapelo by Bty o b e, ey vy

dith, F. R. §.

R {:';s 15 AL THOUGH the proofs brought by Mr.

o WALsH, that the phenomena of the tor-
pexdo are produced by eleftricity, are fuch as leave little
room for doubr; yet it mult be confeffed, that there are
fome drcumflances, which at firft fight feem fearcely
to be reconciled with this fuppofition. 1 propofe, there-
fore, to examine whether thefe areumftances are really
incompatible with fuch an opinion; and to give an ac-
count of fome attempts to imitate the effelts of this ani-
mal by eleftrieity,

It appears from Mr. warsn's cxperiments, that the
wrpedo is not conftantly eleétrical, but hath a power of
throwing at pleafure a great quantity of elefric fluid
from one farface of thofe parts which he calls the elec-
trical organs to the other; that is, from the upper furface
to the lower, or from the lower to the upper, the experi-
ments do not determine which; by which means a fhock
is produced in the body of a perfonn who makes any part
of the circuit which the fluid takes in its motion to reftare
the equilibrium.

One

«XoTst gokasarenbcTBa Mr.Yomma, urto BosgeicTtBue TOrpedo  BEI3BIBacTCS
AJIEKTPUYECTBOM TAKOBBI, YTO OCTABJIAIOT Majl0 MECTAa COMHCHUSM, ITOKa CIEIyET
CO3HAThCs, YTO MMEIOTCSI HEKOTOPhIE OOCTOATEILCTBA, KOTOpPHIC HA IIEPBBIM B3IVIAJ
KaXYTCS C TPYAOM COIVIACOBBIBAKOTCS C TAKOW TUIOTE30M. S mpeajarard IMmodToOMy
MCCIIEIOBaTh ACHCTBUTENBHO JIM 3TH OOCTOSTENbCTBA PEAIbHO HECOBMECTUMBI C TAKUM
B3DJISIIOM M JaTh OTYET O HEKOTOPBIX IIONMBITKAX HWMHUTHUPOBATH JIEHUCTBUSA STHUX
HKHUBOTHBIX JICKTPUYECTBOM.)



The fecond difficulty is, that no one hath ever per-
‘ceived the fhock to be accompanied with any {park or

light, or with the leaft degree of attraction or repulfion.

* [loyemy TOK OT ckaTa NpOTEKAET Yepes TENO YeroBekKa,
ecrn ropasgo nerdye emy nporeyb Yepes Boay?

» [loyemy BO BpeMms paspsaga pblbd He HabnogaTcsa UCKPbI,
cBeveHune, NPUTSXKEHNS N OTTankuBaHus?

* MoxHOo N1 caenaTb Takylo MOAENb ckaTa, OT KOTOPOW Mbl bOyaem
YyBCTBOBATb 3r1IEKTPUYECKNe paspsaabl B Boge?

* Yen paspan cunbHee — HaTypasribHOro ckara unm nemngeHCcKou
BaHKK, 3apSKEHHOW OT 3NTIEKTPOFOPHON MaLLUUHbI U
coeanHEHHON C Moaenbto ckaTta?

It appears from fome experiments, of which I propofe
fhortly to lay an account before this Society, that iron
wire conduéls about 400 million times better than rain
or diftilled water; that is, the eledtricity meets with no
more refiftance in pafling through a piece of iron wire

400,000,000 inches long, than through a column of
water of the fame diameter only one inch long. Sea-
water, or a folution of one part of falt in 30 of water,
conduéts 100 times, and a faturated folution of fea falt
about 720 times better than rain water.



http://upload.wikimedia.org/wikipedia/commons/2/22/Leidse_flessen_Museum_Boerhave_december_2003_2.jpg
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Kak Te4yeT anekTpnyeckmm Tok?

organs than the-other. On the {fame principle, if the tor--
pedo is rmmerfed in water, the fluid will pafs through the

and thateven to greatdiftances from

as is reprefented in flg. 1. where the full lines
reprefent the fedtion of its body, and the dotted lines the
direttion of the eleétric fhuid; but it muft be obferved,

«ITo ToMy K€ MPUHIIUITY, €CIIM CKaT IMMOMEILICH B BOJY, SJCKTPUICCKHUI
(baron OyaeT IpoTeKaTh BO BCEX HAMPABICHUIX U AK€ Ha OOJIbILIMNE

pPacCTOSIHUS OT TeJla CKaTa, Kak 3TO MOKa3aHO Ha pUC. 1, IJie CIUIOIIHbIC
JTMHUU 03HAYAIOT CEUCHUE Tela CKaTa, a MyHKTUPHBIC — HAIPABICHUS
BIEKTPUUYECKOMN KHUIKOCTH.»




ONEKTPUYECKNI CKaT:

ToK — 30A,

HanpsaxeHne 50 B,
ONUTENbHOCTbL pa3psaaa — 3 MC.
R=U/l=1.50wm,

C = RC/R = 2000 mk®
Q=CU=0.1Kn

IlenpeHckaa baHka:

EmkocTb oaHon 6aHku 10 000 nd = 10 HO
EmkocTb 6aTapeun ns 50 6aHok — 500 HO
3apsig npu Hanpsxkennn 20 kB — 0.1 Kn

Bpemsa paspsaa batapen n3 50 6aHoK
Ha Harpy3ky 1.5 Om — 0.75 MUKpOCeKyHAabI

Pa3Huua emkocten 4 000 pas!



dusnyeckaa mogernb ckaTta, nsrotoeneHHad KaseHanwem.

QrekTpoabl caenaHsl U3 CrsiaBa CBMHLIA U Of0oBa (pewter).
[lepBaa mogenb caenaHa n3 gepesa.

Bo BTOpon bonee ygadyHon moaenu
«TErno» ckarta caenaHo 13 CloeB KOXWU,
BbIMOYEHHbIX B MOPCKOM BOJE.

Morna nn ata moaenb NpeacTaBnATb KOHOEHCATOP
c Tpebyemon emkocTbto nopsaka 2000 mkd?



MUXAVIA DAPAAEN
DKCIEPYMEHTAADHLIE Pasdea 23. 3axawonenue 0 xapaxmepe NANPASALKUR SALKMpuUsecKol
UCCAEAOBAHMY S CHAN Y IAEKMPUNECKO20 YIPA,

Mo SAEKTPUYECTBY fMocrynmao 15 woabpn, Nlonoxeno 6 gexnbpyu

rrrrr

MNSATHAAUATAS CEPUS

NEPFEDOA € AHTAMRACKOTO
AN, AKODAEDOA

S okcnepumeHTbl M.®apages
C 3NEeKTPUYECKUM YIrpeEM

SRR € TEM, NORRPME APRrEE YRR MR G, wOOAR O
CMUMS © WEPRI CRTTIMAE B © AN W TOTH MpNK, SOTO-
el & MECTOMEISA SOOEA AT O0C. SOURET BoeE W

Rl 1749, Kax HH YAHBHTE/bHH 3aKOHM W SIBACHHA 3nenguue- =
omsrescerse s <. CTB8, KOTAS OHH OTKPHBAIOTCH HAM B HEOPraHHYECKOMA, WM :

MEpPTBOH, MATEDHH, HHTEDEC HX €AB8 JIH MOXET HTTH B Cpas- :
HEHHE C TEM, KOTOpHH npucyvul TOf iK€ CHJAE, KOraa OHa
CBA3aHA C HEPBHOH CHCTEMOH M C XH3NBLIO; H XOTA MpakK, KOTO-
PHIR B HacTOsUlEE BpeMA OKPYXAET BONPOC, MOXKET MOKa 4TO
3aTMHTL H €ro SHAYEHHE, BCAKOE NNPOABHIKEHHE B HAIEM 3Ha-
HHE O0 STOH MOrYUWECTBEHHOA CH/JC B €€ OTHOLICHHH K HHEpT-
HHM NPEAMETaM HOMOracT HAM PACCEeATb STOT MPAK H BHABHTH
Goaee OuyTHMO Y peaBH AL HATEPEC 5TOH BaXHeHmed oTpacan
dusuyeckoll mayku. B camoMm nene, MW HaxOAMMCA TONBKO Ha
nopore TOro, 4Yro YEJAOBEKY AO3BOJACHO 3HATH 00 STOM mnpea-
METE;, H TE MHOI'HC BLJAOIHECS] YYCHBIC, KOTOPLIC NOMOI/H
BHSCHEHHID STOrO BONPOCA, A0 CAMOTO MOCACAHErO MOMEHTA
YYBCTBOBAJAH, K&K 5TO BeChbMa OMEBHAHO MO HX BHCKA3HBAHHAM,
4TO A€A0 OGCTOMT HMEHHO TaK.




NMOMOLLUHUKMN:
«C 3TuM yrpem npu Jiro0e3Hoi mnomowu r. bpaaiu u3 ykazaunou I'aniepen, r. I'accuo, a
UHOI/IA U APYIMX rocnoi, Kak-1o npogeccopos lanuensi, OyeHa 1 YUTCTOHA, S MOy YN
IOJIHOE 10KA3aTeJIbCTBO TOKIECTBEHHOCTH €ro0 CUJIbI ¢ 00BIYHBIM JIEKTPUYECTBOM

[bxoH Openepuk

n Puyapg OyaH — aHrmunnuckum
aHnanb

300107 1 NaNeoHTONNOr.
PbiLapb-komMaHgop opaeHa banw.
B 1888 rogy Harpaxa€H no4yeTHom

Mepanbto Kapna JInHHes.

[[anbBaHMYECKUN
anemeHT daHunans

Protopterus MOCT YUTCTOHA
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1792. OnbIT, KOTOPHI 51 UMEK CMEJI0CTh
MPEAJI0KUTh, COCTOUT B CJIEAYIOLIEM: eCJIN yropb
WIM CKAT ObLJ1 YTOMJIEH YaCThIM ICHCTBHEM
CBOECI0 YICKTPUUYECKOI0 OPraHa, T0 MOKHO JIH,
MPONYCKas Yepe3 Hero TOKH, o cuJjie moao0HbIe
TeM, KOTOPbI€ OH CaM UCILyCKAaeT, UJIU APYyrou
CTENEHU CHJIbI, IOCTOSHHBbIC UJIU MPEePbIBHBIC U
B TOM K€ HANIPABJICHUM, KAK U Te, KOTOPbI¢ OH
HCILyCKAET, BOCCTAHOBUTH €ro CII0OCOOHOCTH U
CUJIbI OBICTPEH, YeM eCJIM MPEeJOCTABUTH €ro
€CTeCTBEHHOMY OTAbIXY ?

M.Dapajaeu




MECTHAALIATASI CEPUS
e e —

Pasdea 24. O6 UCMONKUKE MOWNOCMU TAABIANUNECKO20 SALMENMA
Faaga L BoaGyxaa0uine SACKTPOARTH H T. A, ~— HPOBOANHKH TEPMO- ¥ BOOOWIE
caabux towon, Faama II. Heaxrnenwe npopoasuuie weny, cozepxamme wua-
KOCTH mam saexrpoant. Naapa 111 Axrusnue ueny, so30yxanemMue PACTEOPOM
CEPNRCTOrO KAANSA,

MNocrynwao 2 sumape, Nosoxeno 6 ponpuan 1840 r,

PA3AEJI 24

OO0 HCTOMHHKE MOMHOCTH rajbBaHHYeCKOro saeMesra

1796, Yo ABAAETCA HCTOYHHKOM MOILHOCTH B IabBaHHYECKOM
SAEMEHTE? —ITOT BONPOC B HACTORUIEE BPEMA HMEET YPE3Bhi-
yaflHoe 3IHaYeHHE A5l TCOPHH H MM DASBHTHA SAEKTPHYECKOMH
Hayxn. Muennsa OTHOCHTENLHO STOro PasAHvYHM, HO CaMBIMH
SHAYHTEAbHBIMH SIBANIOTCH ABa, H3 KOTOPHIX NEPBOE HAXOAWT
HCTOYHHK MOWIHOCTH B KOHTaKTe, a BTOPOE —B XHMHYECKOIl
cuae, Cnop Mexny HMMH KaCAeTCs CAMbIX OCHOBHHIX NMPHHIHMNON
SNEKTPHYECKOro Jjeficrnus, W60 MHEHMA HACTOALKO PASIHYHL,
9TO ABA YEJ0BEKa, COOTBETCTBEHHO NPHHABINIHE WX, NPHEYXKACHH
‘B JlaXbHefilIeM PACXOAHTHCR IO BCEM NYHKTAM, OTHOCHIULMMCH
K BOSMOXHOA ¥ rayGoxkoff nprpose areHTa, HAH CHAH, OT KOTO-
POl 3aBHCHT #BJEGHHE raJILBAHHYECKOro SJAEMEHTa.

1797. Teopus xkouvakTa npHHAZACKHT Boawre, Beamkomy
u3obperaTeno CaMoro SJAeMEHTa; C €ro BPeMEHH OHa nojuep-
MHBANACH UEAHM COHMOM YYEHHIX, CPEAH KOTOPHX B nocaepnce
speMs croat Takue soan, xak [lNpadbd, Mapuanunu, Pexuep,
3ambonn, Marreyuun, Kapcren, Bymapaa, a » oTHOmE#NH BO3-

[bxoH ®penepuk

[laHnanb
Kamoo

MG

Y
*
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Almapater44

[[anbBaHu4eckun anemeHT [JaHnans



Topscecmeo dOuoHuUECKO20 MOOETUPOBCAHUA ITEKMPUYECKUX
poulo

>

A. Bonpra

«Imom npudop, 0601ee cxo00Hbll O CyuLecmey, Kak s
noKaxcy oaibuie, C eCMeCmeeHHbIM I1eKMPUYECKUM
OP2aAHOM IJIEKMPUYECKO20 CKAMA WU INEKMPUULECKO20 YPA
U m. n., 4em ¢ J1elOCHCKOU OAHKOU U U36ECMHbIMU
INeKmpuiecKumu oamapeamu, 1 HaA308y UCKYCCHBEHHbIM
INEKMPUUECKUM OP2AHOM. )




BuoHnyeckoe moaenMpoBaHue anekTpuvecknx poid
(pblba Kak aneKkTpuyecKun mnorsb)
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BuoHuka — 3TO He Hayka U He TEXHUKA. 6"0“"%;;;“““

BuoHuka = 9TO METOA0MNOrMsa aKcnopTa MOTETHpOBaHHe

naen n3 bnonornMm B TEXHUKY MEKTPOCHCTEM
CTaD0INEKTPHYECKHYX

poid
W

|

~
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BVOHNYECKOE MOAEJIMPOBAHUE
IAJIEKTPOCUCTEM
CINABOJJIEKTPUYECKUMX Pblb

Jlaypear I'ocynapcrBennou npemun CCCP,
1.6.H., mpod. B.PIIpoTtacos

MOIETHPOBHKE
SNEKTPOCHCTEM
uuﬁowlenpmecm
y pblﬁ 4—-* “

BBEAEHME
B IAEKTPOIKDAOTHIO




OueBnaHaga c BMay noes
«B34Tb 13 NpUPOabI N cAenaTtb TakxKe» -
npu bonee BHMMATENbHOM PacCMOTPEHNUU
4acTO OKa3bIBaEeTCHA NOXHOMW.
B 6onbluMHCTBE CriyYyaeB Mbl ULLEM HE
npsAMyto MeTadopy, a 0OpaTHy!1o.

K npupoaHbiM o6bektam He npunaraeTcs
«TEeXHN4YecKasi OKYMEHTaUnsa».
UTo6bl pacno3HaTb kaky-nmbo ocobeHHOCTb
Hago obLlaTbeda co cneunanucTtaMmn nNo JaHHOMY OOBbEKTY .
[laneko He dakT, YTO cneunanunucTbl 3axXOTAT obLaTbCs.
[aneko He gakT, YTo Bbl X nonmeTe —
OHU BCE FOBOPSIT HA CBOMUX S3blKaX.

Kak npaBuno y npaktndeckon 3agayvm v npMpoaHoro aHanora
pasHble MacLuTaosbl.

[ns cornacoBaHns macwtaboB Hago NPONycTUTb naeto Yyepes Pusnko-
MatemMatndecknin aHannid. OTBET MOXET OKa3aTbCs OTPULATENbHbIM:
[axe o4yeHb TOYHas Moaesib MyXMu,

BbINOSIHEHHAs B MacluTabe cnoHa,
obnagaet NNoXnMMm NEeTHLIMU Ka4ecTBaMu.

baryglobo.ru



JIVINHHBIE JOPOTY OMOHMKU MPOXOASAT IO YY>KMM Oropoaam,
IpUYeM Iornepex 3a00pos.
Xo3s1eBa OrOpoI0B JAJIEKO0 He BCerjaa BaM pajibl.

DIIEKTPOANHAMUKA
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OKCAaHOJIOI'u

VANHXH.L

KOHTYKTOMETPUS duznyeckas

bUOJIOT'UA

MO/CJIb

19d LOWOHUINH]]

uniorodeodnare s [9dogud] |
raorr unrAdo srodriHON varowad
HESE9) UOHIT09IrO1I BIY ed41ou0dLd

DBOJIIOIIUOHHAS
TeOpus

CucremMaruka

ATOJIOTUS ®usnoo-
ruyeckas

Mopdonorus
MOJCJIb Texuuyeckas

I'ucronorus MOJEIb

Hewnpoanaromus



THAMITKA
TIOJE Bo=[l2n(c+jes] X1y Xcosbx(l +yrie™
KOPOTKCOI'O Be =[If4m(c +jwe)] X1 ) xein@x {1 +y r+(yr) Je ™
TMTHIION A Ho= (I/47) 3108 ) xsin @1 +yr)e™
KOHCTAHTA PACTIPOCTPAHEHUA  ¥= - sp0’ +iape

JJIEKTPHYE CKAA CPEJTA TIPOBOJTAIIAA CPE TA

Toxu npoeogumocty (i =0F) nperebpexumo | Toxu cMemeRuA (jou =dLYdimi @ £ )
MANEL 1O CPABHEHHIO C TOKAMH CMEIEHHA, T.¢. @ | IPEHEOPEXHMO MATE 10 CPABHEHMIO C TOKAMH
E>>0 Wiy 01=>1/T, =50 -Epema penaKcayuy. | NPOBONHMOCTH, T.6. & << /T

A1 \/E:i (27 A) ya Jfiepo =(1+) qﬁa},u

Xapaxrepurit Macntab — quuna ponme (1), Ha | XapaxrepHri Maciutab — TOMIHHA CKUH-CI0A

PACCTOAHUHE A HHEYKTHEHEE H EMKOCTHEIE (8. Ha paccToAHuH © pEsHCTHBHEIE H
CEOHCTEA CPEIH NPOABIAIOTCA B PABHOH MEpPE. MHIYKTHBHEE CBOHCTBA CPEAH NPOABIIOTCA B
PesHCTUEHEE CEOHCTEA CPERE Ha pACcCTOAHHHU COMSMEPHMOH CTEIEHH, 8 EMKOCTHEIE - HE
OOHOH ANMUHE BONHE HE CKA3HBAOTCA. CKa3 BEBatOTCA.

CyILECTEYET BONHOBAA 30HA, B KOTOPOH NEpEHOC

SHEPTHH ONPENENACTCA MOTOKOM BEKTORA £ CYLECTEYET BONHOBOH 2 0HEL Ha MobE

Ioftnrunra PACCTOAHMAR OT HCTOYHHKA MOTOK BEKTOPA
Poct 4acTOTH MOXET CYLIECTEEHHO YIYYILIATE wﬁ MeHBIIE [DKOYNEBEIR MOTEPE
PACTIPOCTPAHEHHE CHIHATA B 08 MOXHO
CYIECTEOBAHME VI HK JHACpAMM
HAIPARTEHHOCTH H HCIONB3OBAHHUE CYEHE
BEICOKHX 9acToT. L[enecoobpasio MpHMeHEHHE

HCCyU.IBﬁ HacTOTH H KBasHI ap MOHHYECKHX
CHI' HAIORE.

PocT 4acTOTH CYIECTBEHHO YXYALIAET
pacnpocTpaHeHHe CHr Hana. HeposMoXHO
CYL{ECTEOBAHUE V3KHX THArpaMM
HAMpPABIEHHOCTH H HCIONB30BaHHE OYEHE
BEICOKHX dacToT. HenenecoobpasHo npUMEHEHHE
HECYIL[E# YACTOTH H KBa3HrapMOHHY £CK X
CHTHANOE.




[lone B Oe3rpaHn4HOM Cpeje

YpaBHeHusa 3ommepdenbaa:

ITOJIE E, = [I1127(c + jwe)] x(1Ir3)xcosOx(1+yr)e

KOPOTKOI'O E,=[1/47(o + jwe)] x(1r3)xsinOx [1+yr+(yr)?]e”
\ ANTIOJIA H, = (I/47) x(1/r2) xsinOx(1+y r)e”
! KOHCTAHTA PACMIPOCTPAHEHMS = V(-eua?+i
y = \(-euwr+iouo)

Ctatuka (w = 0):

E = (/2 z0)/r

Ilpumep: | = 14,1 = 1 m, 0=4 Cm/m
E (mxB/m)

5| 10 15| 20] 25| 30| 40| 50| 60| 70| 8] 90| 100



B 70-x — Hayane 80-x rr. ObINn pa3paboTaHbl, NU3roToBJIeHbI U
MUCNbITaHbl 4EMCTBYHOLWME MAKeTbl ONA CBA3U MeXAay

BoAOOJ1a3aMMN.

PIAZIIOIME A0HAY 2SI IMN




WHXXeHepHble pa3paboTku conpoBoXaanucb nccnenoBaHUAMMU
dousnyeckon cneunmkmu anekKTPoaANHaAMUKN NPOBOAALLUX cpea

CtpykTtypa IMI1 Ha paccTOAHUAX, COUZMEPUMbIX CO CKUH-CII0eM, AnarpaMmmbl
HanpaBleHHOCTU, BCeHaNnpPaBneHHOCTb, BIUSIHUE rPaHnL, 3aBUCUMOCTb
COOTHOLLEeHUA CUrHan/wym v AanbHOCTU CBA3U OT BEJIUYUHbDI
3NEeKTPONpPOBOAHOCTM.




Bbinu npeanoXeHbl KPUTEPUU KONMMYECTBEHHOWU OLEHKN 3hp(PpeKTUBHOCTHU
AVNOSbHbIX aHTEHH, 3KCNepnMeHTanbHO UccnegoBaHbl KOMMNOHEHTbLI UMMNeAaHca,

npeanoXxeHbl CNnocoObl ONTUMN3ALUSA aHTEHH.
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Noapo6Ho uccnegoBanoch BAUsiHUEe B3aUMHOW OPUEHTaLUN aHTeHH Ha YPOBHMU
CUrHanoB.

Baanmuasn opueHTanms Mo e Byt jmar paMmel HanlpasienRoOCTH

MaremMaruueckoe ONHCAHHE
(YpasHEHHE B HOIAPHBIX
KOOp/IHHaTax)

['pacbmueckoe
H300paKenue

I'padmueckoe
H300paxenne

Cnosecnoe onucanne

Ock perucrpupyiouero aunons Ha-
ITPABJICHA HA LICHTP M YYAIOLIErO k(6) = cos @
JIION A ( pHAHATIBHAS KOMIIOHCHTA)

Ocsb perucrpupyiomero mnons mep-
NEH/MKYIIAPHA HAIPABIICHHIO Ha
HCHTP MATYUAIOLIErO [HTION 5

Perucrpupyommit aunons OPHEHTHPO- 1

BaH 110 MAKCHMYMY PErHCTPHPYEMO - v 1 + 3cos*0
S

ro  CHraala (MOIyls CHruaia) 4

Ocu PCIW(C!P”p\\"l“l[lt’l‘k) H H3JTVyaonue- ' - 2
- < : (3cos“f — 1)
10 JINloJien ”dp.l.l.'l(.'flbl!lal y

Ocu perucrpupyiomero i uanyvasore-
rO  JIHTIONEH NePIeHIHK YT APHEI

1
k(6)= —sin20




Bbina npeanoxeHa MeToauKa 3HepreTM4ecKoro pac4yeTta npegerbHbIX
BO3MOXHOCTEN NoaABOAHON CBA3M HA TOKaxX NPoBOAVUMOCTU U
NPouUNNICTPUpPOBaHa Ha NpMmMmepe cucTeMbl OJ1A nepeaayvn peyum m

NMOCTAHOBKA 3AAYM

TN U OCOBEHHOCTH PAMOH 3KCNNYATALWMU TPEEOVBAHMH K
OBBLEKTA CBA3HOW CUCTEME

> 4 4 2 & 4 2 & > 3

AONYCTUMBIE TPEBOBAHWUA K  3NEKTPO- ANEKTPO- ANEKTPO- TPAHUHHBLIE TPEBYEMAA TPEBYEMASR TPEBYEMARA
KOHCTPYKLMK KOHCTPYKUMAM MAMHUTHBIE MAMHUTHBIM  NPOBOAHOCTL YCNOBWUA FNYBUHA AANBHOCTE WHO®OPMA-
N TABAPUTBI W TABAPUTAM MOMEXW @®0OH B CPEAE CPEAbI TUBHOCTbL
AHTEHH ncxonsa us BBNU3N

YAOBCTB U OBEBLEKTOB

OCOBEHHOCTEW

SKCMNYATALMA

I —nRNV)

PACUET @, = L,/|Z.|
AHTEHH PA3IMYHBIX NPUMEPHAS OLIEHKA YPABHEHUE
AONYCTUMBIX OLlEHKA PEAIIbHOM PACMPOCTPAHEHUA
KOHCTPYKLM#A PABOMMX YYBCTBUTENb-

NACTOT CBA3M HOCTH

| — '_l—l— —

BbIABNEHUE OUEHKA OLIEHKA XAPAKTEPUCTUKN
HAVMBONEE TPEGYEMOTIO TPEGYEMOW NPUEMHOW
NPEMNEMOM nmnoanoro MOLHOCTH ANMNAPATYPbI
AHTEHHbI MOMEHTA




YpOBHM CUrHaANOB 419 pa3HbIX PaCCTOAHUN
N YPOBHU LLUYMOB A5 pa3HbIX rnyouH




B 80-x ObIfin N3rotoBneHbl U UCMNbITaHbl B
MOpE OEeNCTBYIOLLME MaKeTbl YCTPONCTB
KOHTPOJSIA opyaun fnosa
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B 70-x — 80-x rogax mMbl NAOTHO COTPYAHUYaNu

C NPUKNagHbIM1 opraHm3aumsmm ot

& KannHunHrpaga go BnagmuBocTtoka u

- [eTponaenoscka-Kamuyarckoro.
P - . Ho k koHuy 80-X y BCex aTux opraHnsaumn

* % - V_ Havyanuck 6onblune TPyaHOCTH
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K.T.H. Pyonés Buktop lNeTtpoBuy,

AOLEeHT Kadheapbl
MpubopoctpoeHus OBDY

KomnneKkT neperoBopHOro ycTponcTBa AN aKkBaraHrMcToB



3 coenaHHbIX Torga pa3paboTok Hanbonee MHTEPECHOM
NpeacTaBnseTcs cMcTeMa KOHTPONA NepPeKkocoB Tpana




[lpocTeniuaga cnctema KOHTPOsd CUMMETPUN B 0O4HOPOAHON BOAE

C I'IpFIMOI7I CBA3bO MexXay MCTOYHUKOM 1 NMPNEeMHNKOM.

178 H, W. Lissmann
Nevertheless, it is useful to keep this model in mind when considering the possible
anatomical and physiological counterparts in the fish body and the history of their
origin.
While there may not be a single simple answer to the problem of the evolution
of all electric organs, 3 number of unrelated forms have striking similarities in
common. A comparative survey may, therefore, yield valuable information.

Text-fig. v3. Diagrmm of the electric field about equsl charges of opposite sign. The lines of force
(solid limes) and the lnes of equipotential (dotted lines) are indicated. £ and E, correspond
to the discharging chectrodes in the model oc the electric organ of & fah; R and R, represent
the recording elecerodes oc the hypathetical recepton.

(a) The discharge mechanism

All available evidence suggests that independent evolution of electric organs in
fish has taken place at least seven times, In the majority of cases embryology and
innervation indicate clearly that the origin is from muscular tissue. As far as is
known there is nothing in fish muscles which may point to the resson why in this
class of animals alone muscle should be particularly predisposed to such a specializa-
tion. Although the regulanity of myotomic arrangement should make a reconstruc-
tion into senal electroplates perhaps more feasible, it must be remembered that not
only tail and trunk muscles have been incorporated into electric organs—as in the
case of Rajidae, Mormyridae, Gymnarchuws, the Gymnotidae, and probably also in
Malapterurus (Johnels, 1956)—but also hypobranchial muscles (Torpedinae) and
even cye muscles (Astroscopus) (Dahlgren, 1927). The origin and significance of
the electric organs in the sub I fil ts of Staetogenes elegans (Ellis, 1913;
Lowrey, 1914) remains obscure, In an inquiry about the causes of the eveolution of
electric organs it appears more profitable to consider the whole functional complex
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Cuctema KOHTpOnA NepeKkocoB Tpara no3BonseT dmnkcupoBaTth
Yrosn packpbITUA i4en ¢ YyBCcTBUTENLHOCTLIO 0.01°




RATHMK
HaNONHeHus
Tpana puibon

BATHHK
TemMnepatypbl E0ALI M
rnybuHe xona Tpana

RATHHK
yrna HaknoHa
cenexTHEHOW

LATHUKK QUCTIHUMMK
FOPMIOHTANbHOS
packpuTHe TRana,
ANWHA BAGPOB W NEPEKOC
X043 TRAN0SkX A0COK

RATHMKM
yrnos xpexa un andpepenta
TPanoskIX AOCOK




bUOJIOTI' A
VINHXH.L

o
Hayunas [IpakTHyecKas
HOBH3HA 3HAYMMOCTh

[MblITasck MPONOXUTb TYHHESTb N3 HAYKN B MNMPAaKTUKY OUMOHMK CTanknMBaeTcs C KOHd)J'IVIKTOM Luenen:
HayKa nweT HENPUCTYMNHbIE BEPLUNHDI, YTOOLI NOKOPATb UX,
a TEXHUKaA MbITAETCA MNMPOJIOXKUTb POBHbLIE MYTW.

Y HayKn N TEXHUKN pasHble CUCTEMbI OLLeHKN 3PP EKTUBHOCTM.



[Mpumep paspaboTok komnaHum Evolog
HarnsagHO 4EMOHCTPUpYeT -
9P EKTMBHOCTL ODMOHMYECKOTO noaxoaa
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Advanced Sweep Technology for Communication and 3D Navigation



Requires

careful Calibration
of the

Sensor positions

2010 by using
S2C Technology:

Accurac
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Uem BMoHn4yeckas manTta Pygonbga baHHoLa
OT/INYaETCH OT HACTOALLEN MAHTbI?




MHOroanekTpoAHOCTb — OYEHb BaXXHasi 0OCOBEHHOCTb MoaeNien aNeKTPUYECKNX pblo.
Bornbluoe KonnmyecTBo aNeKkTpopeLenTopoB npeBpaLlaeT Teno poiobl
B «3M1EKTPUYECKUN ras»

I Electroreceptors
Central nervous system
B Electric organ
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ELECTRIC ORGAN DISCHARGES AND ELECTRIC IMAGES DURING
ELECTROLOCATION

Eigenmannia Apteronoties Apteronotus  Brachyhypopomus Brachyhypopomiis Gymnons
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The electric organ discharge of pulse gymnotiforms: the transformation of a
simple impulse into a complex spatio-temporal electromotor pattern

AA. Caputi
Journal of Experimental Biclogy 1999 202: 1229-1241;
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An electric-eel-inspired soft power source from
stacked hydrogels

I'homas B, H, Schroeder’?*, Anirvan Guha®*, Aaron Lamoureux”, Gloria VanRenterghem?, David Sept*”, Max Shtein”,
S & Michael Maver™*
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MHOroanekTpoaHble CUCTEMbI
NO3BONSAT popMnpoBaThb
OVHaAMUYECKYH KPYroByto

| Aunarpammy HanpasSiEHHOCTH,
YTO MNOSIE3HO KakK AS1a CBA3N,
Tak U Ans opveHTaunu.
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AHanorn4yHeln noaxon opraHn3auun
CBSI3HbIX M OPUEHTALMOHHBLIX NOABOAHbIX
aKyCTUYECKNX CUCTEM MPaKTUKYET

KomnaHua Evologics

OpraHusaunsi cuctem
ranbBaHW4YeCKOW NogBOAHOW CBA3N
Ha 6ase peTpaHCNATOPOB
npeanaranacb Hamu ewle B 80-x
rogax. CerogHsi Takme cMCTEMbI BCe
yaLle obcyxgalTca B Hay4yHO-
TEXHNYECKOWN nutepaType.




[Ipumep pa3zpabOTOK KOMITAHUHU
EvolL0giCs HarsaaHO AEMOHCTPUPYET
3(hPEeKTUBHOCTh OMOHUKH




EBrennn BacunbeBuy PomaHeHko
[okTop BMoNorn4Yecknx Hayk,
KaHOMaaT U3NKo-MaTeMaTUYECKMX HayK,
npodeccop.

B M. AxyT|/|H

Dr. Rudolf Bannasch

Geboren 1952 in Berlin, 1971 Abitur mit Auszeichnung, 1971-1978 Studium Biologie, Tier-
und Humanphysiologie in Qonezk, Kiew u. St_Petersburg, 1976 Diplomarbeit: Neuronale

Verschaltung und Signalverarbeitung im motorischen System héherer Wirbeltiere.

E. B. POMAHEHRO

OU3UYECRUE
OCHOBBI E.B. PomaHeHKO
BUOAKYCTHURH
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Ha npasax pyxonmes

PyGnes Buxrop Merponirm

CHCTEME MHOTOABOHEHTHON DJEKTPOMATHWTHOR CBS3W H
VIPABIEHHA BHOORBEKTAMH B IEKTPOMPOBOIAUIMX CPEJIAX

Crewsamsnocts, 05,08.06. — Puxirseckie mong xopabas, oxeana o
arvocdepat 1 31X wRKNNoteECTINE

Antopedepar
AMCOSI AN 12 CcoRcRAInIe yHenoik crencia
KRILAINTA TEXMIMECKIE Bayx

Brunmocrox 2007




[1po aHrnuyaH, KoTopble

KEOYAL PYXbA KUPMNHOM HE HNCTAT

SOCIETY

[xoH Yonu

eHpn KaBeHauLL [[aHc JlnccmanH Mawnkn ®apagen
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HANS WERNER LISSMANN

30 April 1909-21 April 1995

Elected FR.S. 1954

By RMCON. ALEXANDER, FR.S

Department of Biology, University of Leeds, Leeds LS2 91T, UK

Hans Lissmann overcame extraordinary difficulties (o become one of the pioneers of ¢xperiments
A i I

on animal locomotion and the discoverer of the electric sense of fishes

THE RUSSIAN EMPIRE

He wias born on 30 April 1909 at Nikolayey, a Black Seua port near Odessi. Most of what we
know of his carly life comes from two typewritten memoirs, written in 1944 when he was

interned, He was the younger of the two sons of German purents, Robert Lissmann, an

exporter of grain, and his wife Ebba. A photograph taken in 1913 or 1914 shows a prosperous

family formally posed with the boys dressed immaculately and impractically, entirely in
white

Until Hans was five the Gunily hived in Nikolayey and in Novorossiysk, another port on the \ :
northern shore of the Black Sea. He spoke Russion with his purents and French with has
grandparents. Then, after the outbreak of the First World War in 1914, the family was sent to J,

Kargali, # village near Orenburg on the edge ol the Urals, 1100 miles north-cast of Nikolayes
There they were interned as pliens among a population of Tarturs, Bashkirs and Kirghis, Hans
leamed some Tartar, and was also taught German: Drawings that he made there show a village
of log buildings inhabited by men in turbans, and » nder on o Bactoan camel

Theéir mother taught the boys arthmetic and lunguages, and wrranged for them to be ¢
mtroduced 1o hiology by an interned zoologist and o botanst who ook them mto the
surrounding countryside on summer afternoons. She supported the family by teaching in the i
village school when her husband was arvested and taken away for several months The
Russian Revoluton came, and Kargala was captured and recaptured several times by the Reds
and Whites

In 1919, while fighting was still in progress, the family decided o try (o retum to Germiany




Cwmor nu 6kl MaHc JlncecmaHH npontn nepeatrtectauymto no npasunam PAHO?

[Ty6nmkauun NaHca BepHepa JlnccmaHHa
c 1951 no 1978 .
13 ctaten 3a 28 nert

1951 Continuous clectncal signals from the il of a fish, Chymmarcfuas nilocicus Cuy. Nanre
Lond. 167, 201

1958  On the function and evolution of electne organs in fish. J. exp. Biol 38, 156191
(with K. E Muchin) The mechanism of obwect Jocation in Gysmarchuy niloticus and
similar fish. J exp Biol. 35, 351486

| YHot) (with K.E. Machin) The mode of operation of clectric receptors in Gymnire i
niloticus. J exp. RBiod 37, 801 %11

1961  Zoology. locomotory aduptations and the problem of electric fish. In The cell and the
orgemism led. JA Ramsay & VB Wigglesworthy, m WI-317 Cambrydyse

Hans Werner Lissmann, 30 April 1909 - 21
April 1995

R. McN. Alexander, F R. S

Biogr. Mems Fell. R. Soc. 1996 42, 235-245, published 1 November
1996

Umiversity Press

Ecological studies on gymnotids. In Bioelectrogenesis (ed. C. Chagas & A Paes Je

Carvalho), pp. 215226 Amsterndam: Elsevier
1964 (with J. Gray) The Jocomuobon of nematodes. J. expr, Biol 41, 135-154
1065 (with HO. Schwassmaunn) Actuvity rhythm of an clecine fish, Covmaorfampluchny s
hyvpoxtoenes Ellis. Z vergl Physiod. §1, 153171
1968  (with A M. Mullinger), Organization of ampullary electne recepiors in Gymnotidae
(Psces). Proe. R, Sov Londd B16Y, 345-378
T8 Jammes Gaay, Biogr. Mem. Fell. R Soc. Lond. 24, 55-7)
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UTo Xyxe?
He noHMMaTh, YTO aHrMM4yaHe pPy>XbA KUPMMYOM He YNCTAT
NN He 3HaTb KTO Takon MaTbio BonToH?

Ckaxume 2ocydapto, Ymo y aHaru4aH
PYXKbS KUPMUYOM HE Yucmsim: rnycmsab
ymobhkl U y Hac He Yucmursiu, a mo, XpaHu
602 80UHbI, OHU CMPESISIMb HE 2005IMCH.




M. W. MNonayHos

Mepsbie yHuBepCcansHbie
AeWCTBYIOWME NapoBbie MalUHbI
Obiny NOCTPOEHBLI AHT NNIACK UM
nzobperarenem [1xeiimcom
Yatrom u pyccmm maﬁﬁpevarenem
3 81 :
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Puc. 1. Boictpoxoausiit Typ6oneranzep (cxema):

1 — porop: 2 — mopmHuHHKH; 3 — Kopnyc; 4 — paGouee KoJaeco;
5 — TOPMO3-KPLI1bYaTKa; 6 — MACASHLIN TOPMO3-NOLUIHNBUK

B paspabotke getaHaepos BegyLuyto ponb B CCCP ¢ 1936 roga urpan
akagemuk Kanvua, B YaCTHOCTU NPeaSIOKNBLLMIA YCOBEPLLEHCTBOBAHHYHO
KOHCTpyKuMto TypboaetaHaepa, nossonusLuyto nogHsTe ero KM c 0,52—
0,58 oo 0,79—0,83, TO ecTb B 3 pa3a CHMU3NTb NOTEPU NO CPABHEHUIO C i
NyYWMMK OO Toro B Mupe TypboaetaHaepaMn HemeLKon pupmbl JIuHae). .. .-~
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