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AHHOTALMA

Llenb. Busyanusaumsa npouecca Bo30y>xaeHNs1 B HEpBaX NSryLUKM.

Matepuansi n metoabl. HabniogeHns 6binm BeinonHeHsbl Ha 30 00e3ABWKEHHbIX NArywKax. Y narywek Bbliaensnv Ba-
ro-cuMnaTuyeckme CTBOSbl U cefanuiHbIi HepB. Ha npaBbiii Baro-cMMNaTtUYecKMin CTBO HaknaabiBanu nuratypbl u ne-
pecekanu ero. Hag HepBamu ycTaHaBnNMBanu ckaHep kamepbl ra3opaspsaHon Budyanusaumm yctaHosku KSJ1CW, cospato-
LLIe BbICOKOYACTOTHOE anekTpomarHuTHoe none (1024 'y). CkaHepoM C BbICOKOYYBCTBUTENBHOW TENIEKaMepon CHUManm
60-ceKkyHaHbIN BuaeodunbM (YactoTa nokagpoon cbemkn Ao 1000 kagpoB B ceKyHAY), BO BPEMS KOTOPOro permcTpmpo-
BanuCb KpaeBoe CBeYeHue N ovarn cBeyeHus BHyTpu HepBa. CMHXPOHHO 3anuckiBanu anektpokapguorpammy (OKIN) B |
cTaHgapTHoMm oTBegeHnn. O6paboTKy NoNny4YeHHbIX pe3ynsTaToB NPOBOAWMM MO NMOLWAaAM oyara CBe4eHus, nnowanu Hau-
OonbLUe APKOCTM CBEYEHMS, HAanNpPaBeHNIO NEPEMELLEHNS 04aroB CBEYEHUS!, IMHENHON CKOPOCTM NEPEMELLIEHMS 04aroB
CBeYeHus.

Pe3ynbraTbl. B BbICOKOYACTOTHOM 3NEKTPOMArHMTHOM MOMe B CeaarnviiHOM HepBE NArYLLUKU o4aru BHYTPEHHENO CBeYe-
HWUS1 MOSIBNANUCH TONbKO NPV pasgpaXeHWU HepBa SMeKTPUYECKMMU MMMynbcamu, Npyu 3TOM OTMEYarnocb COKpalleHue
nanku NAaryLwkn. B ueHTpanbsHOM KOHLE nepepe3aHHoro Baro-cMMnaTMyeckoro CTBona nAryLku Habnogany ovarm ceeve-
HMSA MOCTyNatoLLMe U3 MO3ra, CUHXPOHHbIE CepAeYHOMY pUTMY, NpeaLuecTsytolime 3youy V Ha QKT narywwku.
3akno4veHune. Busyanusmpyemblie o4arv CBEHEHWS B HEPBE OTPaXKatoT HEPBHYIO aKTUBHOCTb.
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ABSTRACT

Aim. Visualization of the excitation process in the frog's nerves.

Materials and methods. Observations were carried out on 30 immobilized frogs. Vagosympathetic trunks and sciatic
nerve were allocated from the frogs. Ligatures were placed on the right vagosympathetic trunk crossing it. A scanner of
the gas discharge visualization camera of the CELSY device, which created a high-frequency electromagnetic field (1024
Hz), was installed above the nerves. The scanner with a highly sensitive camera shot a 60-second video (the frequency
of frame-by-frame shooting to 1000 frames per second), during which the edge luminescence (Kirlian effect) and the glow
spots were recorded inside the nerve. The electrocardiogram (ECG) was synchronously recorded in the | standard lead.
The processing of the obtained results was carried out according to the area of the glow spot, the area of the highest
luminescence brightness, the direction of the movement of the foci of the luminescence, and the linear velocity of the
movement of the glow foci.

Results. Foci of the internal luminescence appeared only in the high-frequency electromagnetic field in
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the sciatic nerve of the frog when the nerve was stimulated by electrical impulses, which resulted in the
contraction of the frog's foot. Glow foci of the brain synchronous to the heart rhythm and preceding the tooth
of the V-wave on the frog's ECG were observed at the central end of the cut of the frog’s vagosympathetic

trunk.

Conclusion. Visualized foci of luminescence in the nerve reflect the neural activity.

Keywords: visualization of the excitation process in the nerves; hierarchical system of heart rhythmogenesis

Beepenue

BaxHon npobrnemon dusmonorum aBnseTcs npo-
Lecc hopmmnpoBaHus putma cepaua. B Hem 6onbluas
ponb MPUHaANEXWUT 3KCTpakapAuanbHOW HepBHON
cucTeMe W, B YacTHOCTH, Gnyxaatowiemy Hepsy. Co-
rmacHo koHuenuuu B.M. MNokposckoro 06 mepapxu-
YecKkon cucteme puTMoreHesa cepgua no ényxgato-
MM HepBaMm 3arnmnbl MMMYNbCOB M3 rOSIOBHOrO Mo3ra
NnocTynalrT K aBTOMaTOreHHbIM CTPYKTypaM cepgua
M ycBamMBalTCH MNENCMEKEPOM CUHOATPUarbHOro
yana [1].

TpaavuMOHHbIE METOAbl BbISIBNIEHUS «Cepaeq-
HOM» 3annoBoW MMNynbcauun B bnyxaatoLiem Hepee
KpanHe TpyooeMmku Bcrneactene 60MbLIOro Korude-
CTBa HEPBHbIX BOMOKOH, MAYLLMX K Pa3nnyHbIM opra-
HaM 1 OYeHb Manoro Mx Konm4yecTBa NOCTYNatoLmMX K
cuvHoaTtpuansHoMmy y3ny [2].

[ns pelweHns aToro BONpoca BO3MOXHbI Crieayto-
Lme metoamyeckme nogxonpl. Bo-nepsbix — Bu3yanu-
3aums npouecca Bo3byxaeHns B Hepee B hopme ova-
FOB CBEYEHUS B BbICOKOYACTOTHOM 3NEKTPOMAarHuT-
HoMm none [3]. Bo-BTopbIX — perncrpauus npouecca
BO3OY>XAEeHNs B BETBM HepBa, NOAXOASALLEN K cepaLy.
Ona aTtoro uenecoobpa3Ha BM3yanusauus npouec-
ca BO30YXOeHWs Ha ydacTke Baro-CUMMaTu4eckoro
CTBOMa NAryLwKu, NOAXoAaLWEro K BEHO3HOMY CUHYCY.
B TpeTbux, TpagMLIMOHHO CYMTAETCS, YTO MYCKOBOE
(CMHXpOHM3MpYIOLLEee) BUSHWE OT Mo3ra nmoctynaet
Nno coMaTU4YecKUM HepBaM, a He NO BereTaTMBHbLIM.
B cBsi3n ¢ 9TUM HeOOXOQUMO CpaBHEHUE BU3yanusa-
UMM npouecca Bo3byXaeHus, nocTynatooLero no Ba-
ro-cMMMnaTU4ecKoMy CTBOMY Y NArYLLKW K cepauy C BU-
3yanu3auuen npouecca Bo3byxaeHus B ceaanuiHOM
HepBe NAryLwKn, ¢ paspyLleHHbIM CMIMHHBIM MO3roM,
npu CTUMYNSALMN HepBa MOPOrOBLIMU 3MEKTPUYECKU-
MW UMMYNbCaMM, BbI3bIBAIOLLIMMW COKpaLLEeHWe nanku.
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Puc. 1. MNprmep pacyeTta CKOpOCTU NepemeLLeHns odara V=
S/T =0,04/0,001= 40 m/c.
Fig. 1. Example of the calculation of the movement speed
of the foci V= S/T = 0,04/0,001= 40 m/c.

Lenb uccnedoeaHus: Bu3yanu3auma npouecca
BO30Y>XOEHMS B HEpBax NAryLUKM.

Marepuansi u meToabl

HabniogeHns Obinn  BbinornHeHbl Ha 30 obe-
30BWXKEHHbIX  pa3pyLleHMEM  CMMHHOMO  Mo3ra
NAryLKax.

Y narywek BbiAENsNn Baro-cCUMnaTn4eckne CTeo-
nbl U ceganuLHbIN HepB. Ha npaBbiin Baro-cumnatu-
YECKUI CTBOI HaknablBanu nuratypbl U nepecekanu
ero. Hag HepBOM ycTaHaBnvBanu cKaHep Kamepbl
rasopaspsigHon Bu3dyanusauum yctaHoBku K3IJICWU,
CO3JaloLlein BbICOKOYACTOTHOE 3MNeKTPOMarHUTHoe
none (1024 Mu). CkaHepoMm C BbICOKOYYBCTBUTENBHON
Ternekamepoun 3anucbiBanu 60-cekyHAHbIA BUOEOPO-
nvk (4acTtoTta nokagpoBow cbemkn 24 1 1000 kagpoB
B CeKyHAy), BO BpeMs KOTOpPOro perncrpmpoBanucb
KpaeBoe CBeYEeHNe U o4aru CBeYeHust BHYTPU HepBa.
CUWHXPOHHO  3anucbiBanuM  arekTpokapavorpammy
(3Kr) B | cTaHgapTHOM oTBEAEHMUM.

K BeHO3HOMY CHHVCY

OT BEHO3ZHOTD CHHYCY

Puc. 2. Ouarn cBeyeHusi B BbICOKOYACTOTHOM 3MEKTpW-
YeckoM rore B Baro-CMMNATUYECKOM CTBOME IAryLKW npu
COMoCTaBneHun dparMeHToB Buaeodunbma. HanpaeneHve
CMeLLEHNS ovaroB nokasaHo ctpenkamu. Ad — adpepeHTHbIN
ouar. 9 — ahdepeHTHbIN oyar. ManeHbkne odaru — hoHoBas
HelipoHarnbHas uMnynbcaums.

Fig. 2. The luminescence foci in a high-frequency electric
field in the vagosympathetic trunk of a frog when the fragments
of a video are compared. The direction of displacement of the
foci is indicated by arrows. Ad — afferent focus. 3 — efferent
focus. Small foci — background neuronal impulses.



Puc. 3. Ouarv cBeyeHVss B MIHTAKTHOM Baro-CcvMnaTU4eCckoM CTBOMNE cepaLa NAryLku
(BHM3yY), cooTBeTCTBYIOLWME NO BpemeHu 3ybuam SKI (cBepxy).

Fig. 3. Foci of the luminescence in the intact vagosympathetic trunk of the frog's heart (bottom) corresponding to the time of

the ECG teeth (top).

Tabnuya / Table

MapameTpbl o4yaroB cBeYeHUs1 B Baro-cumnaTtuyeckom cteone nsarywku (Mzm)
Parameters of glow foci in the vago-sympathetic trunk of a frog (M+m)

MapameTpbi AddepeHTHbIN AddepeHTHbIN
ovar ovar
1,36+0,01
2 ’ ]
Mnowaab oyara cBeYEHUsI B MM 1,40 0,01 <0,001
Mnowagb oqalz'a Hanbonee Apkoro 0,86£0,03 0,59+0,01
BEYEHUSA B MM p<0,001
HanpaeneHue nepemMelleHms oyara om cepdya K Mo3ay om Mo3z2a K cepouy
CKOpOCTb pacnpocTpaHeHus oyara B M/C 16,6%0,2 5,6+£0,3

OB6paboTKky Nony4eHHbIX pe3ynsraTtoB NPOBOAMIM
no nrowaan oyara CBeYeHus, nnowiaam HanbonbLuen
SAPKOCTM CBEYEHUSl, HanpaBfeHU NepemMeLLeHNs
o4aroB CBeYEHUs, NMMHENHON CKOPOCTWU nepemelle-
HWsi oyaroB ceeveHus (puc. 1). PesynbsraTel uccnego-
BaHMs o6pabaTtbiBanu Npy MOMOLLM KOMIMbIOTEPHOWN
nporpaMmmsbl «Statistika 6,0».

Pe3synbratbl M 06cyxpaeHue

Bbina ocyulecTeneHa BM3yanu3aums o4aros cBe-
YeHMs1 B Baro-CUMMAaTUYECKUX CTBOMax MNArywek, B
TOM YacTu HepBa, KoTopasd NOAXOAWUT K BEHO3HOMY
CUHYyCY cepaua.

B BbICOKO4YACTOTHOM 3NEKTPUYECKOM MOfe B UC-
XO[HOM COCTOSIHUM B Baro-CMMnaTU4eckom CTBOMe
narywkv Habnogany aga oyara cBeveHus (puc. 2).

Ovaru otnuyanucb no nnowaan. MeHbLUnA odar
cBeYeHus Habntogarncs nepesd Bo30yXaeHNEM BEHO3-
HOro cuHyca cepgua nsarywku (3ybeu V) (puc. 2). Ha-
nu4yve ero nepepn Bo30Yy>XAEeHWEM BEHO3HOTO CUHyca
cepaua narywku, nepemMeLleHme ero K cepaly nosso-
NNNO MEHbLUMI ovar cBevyeHuss 0603HauUnNTL Kak ad-
doepeHTHbIN. CKOpoCTb NpoBeaeHust aphepeHTHOro
curHana 6bina 5,6+0,3 m/c.

Bonblwnin no nnowiagn odvar ceedeHus Habnto-
Jancsi nocrie Bo3byxaeHus cepgua narywku (nocne
3ybua R) (puc. 3). MNepemewanca Gonbwnin o4ar no
Baro-cumnaTuMyeckomy CTBony OT cepaua K mosry. OH
ObIn 0603HaveH kak addpepeHTHbIN. CKOpOCTb pac-
npoctpaHeHna adepeHTHOro curHana coctaBuna
16,6+0,2 m/c (Tabnumua).

Mnowaab adpdepeHTHOro oyara cBeYeHUss npe-
Bbllana nnowagb agdepeHTHoro Ha 15,0%, a nno-
Wwagb Hambonee Apkoro ceedeHnsi — Ha 31,4%.

Heobxoommo 6bIno gokasaTb, YTO BHYTPEHHME
ovary CBeYeHus1 B Baro-CMMMaTtuU4yeckom CTBOSE OT-
paxawT He BMWSHUE BbICOKOYACTOTHOIO MOMs Ha
HepB, a npouecc Bo30yxaeHusi. ObLLen3BecTHO, YTO
B COMaTU4YECKNX HEPBAX MHOIMO BOSTOKOH, MO KOTOPbIM
MyCKOBbIE CUrHasnbl pacnpoCTPaHSIOTCS K CKENETHbIM
Mbiwyam. Moatomy cnegyowmm aTanom nccnegosa-
HWS IBUNOCH N3yYeHne BU3yanv3aumm npouecca Bos-
Oy)xoeHus B cefanvHOM HepBe NSAryLUKN.

B BbICOKOYACTOTHOM 3MEKTPUYECKOM TOfe BHe
pasgpaxeHus cedanuLiHOro Hepea NAryLwKu B HepBee
Habnoganu kpaeBoe cBeveHne — adpekT KupnuaH.

Mpu cTUMyNSAUMM HepBa OAUHOYHBLIMWU UMMNYyNbCa-
MU B HEpBe MOSIBMSINIMCL O4arM BHYTPEHHEro ceeve-
Hus. Mpu NpekpaweHn CTUMYNALUM OHW Ucye3anu.

Mpun pasgpaxeHnn LeHTpanNbHOro KOHLUA HepBa Ha
OOMH CTMMYN BO3HMKano 4 o4ara CBEYEHWsi, KoTopble
nepemMeLLanicb B CTOPOHY Nanku 1 NpUBOAWMM K ee
cokpawleHuto. CKOpoCT NepemeLLeHNst o4aroB pas-
nuyanace.

3akniouenue
ToT chakT, YTO B cepanuuiHOM HepBe o6e3nBu-
KEHHOW paspyLleHMeM CMMHHOMO Mo3ra NSAryLwKkn B
BbICOKOYACTOTHOM 3fIEKTPOMarHUTHOM Mofe UMeeT
MECTO TOSbKO KpaeBoe CBeYeHMe, a Npy CTUMYNALUN
HepBa 3NeKTPUYECKMMU MMIMYFbCaMin, Bbl3biBaOLLM-
MW COKpalleHue Mnanku MArywKku, BO3HMKAT o4varu
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BHYTPEHHEro0 CBEYEHUS B HepBe, CBUAETENbLCTBYET,
YTO 3TW O4arm oTpaxatoT npoLecc Bo30yXaeHUs u sB-
nattca acpdepeHTHbIMN.

Ecnun 3T0 uHTEpnonupoBaTtb Ha o4arn CBEYEeHMUs
B LEHTpanbHOM KOHUE nepepesaHHoro Baro-cumna-
TMYECKOro CTBOMa NAryLwKn, TO ecTb nocTynarowme
M3 MO3ra, CUHXPOHHbIE CepgeyHOMy puTMmy, npeg-
wecTtsyowme 3youy V Ha OKIT narywkmn, To MOXHO
NpeanonoXuTb, YTO OHU OTpaxarT 3dPdEepeHTHYIO
HEPBHY aKTUBHOCTb.

YcTaHOBMNEHO, YTO cepaue ycBavBaeT puTM napa-
CMMMAaTMYEeCKOro HepBa, Korda odar nepBoHavanbHo-
ro Bo30yxaeHust B NENCMEKEPHON 30He cepaua nog
OEeNCcTBNEM HEPBHOIO BIUSIHNSA CTAHOBUTCSH LUMPOKUM
3a CYeT OAHOBPEMEHHOro Bo30yXaeHus 6onbLioro
KonuyecTBa NencMeKkepHbIX KIeTok [4].

[aHHble Halwero uccrnegoBaHnst 0 TOM, YTO B Ba-
ro-CUMMNaTU4eCKkom CTBOME NAryLWKN B BbICOKOYa-
CTOTHOM 3MIEKTPOMAarHUTHOM More 3aperncTpupoBaH
oOVH 3 epEeHTHLIN o4ar CBEYEHUs1, BO3MOXHO 00b-
SICHSIIOTCA TeM, YTO Y MAryLUKWA, B OTNNYME OT Tenno-
KPOBHbIX >XMBOTHbIX [6], aKTUBHOCTb MENCMEKEpPHbIX
KNEeTOK pasfnyHbIX y4acTKOB BEHO3HOIO CMHyCa pas-
nn4yaeTca He3HauuTenbHo [5] u Ans nx ogHOBpPEMEH-
HOro BO30y>XaeHWst 4OCTaTOYHO Of4HOW 3dohepeHTHON
HEepPBHOW NOCHLINKN N3 MO3ra.

Takum oBpasom, NonyyYyeHHble B HACTOSLLIEM WUC-
cnegoBaHUM oakTbl MO BM3yanusauu npouecca Bo3-
Oy)xOeHus B HepBax MOTYT CNyXuUTb ANst MHTepnpe-
Tauum npouecca nepefavm HEPBHbIX MNOCHIIOK» OT
rOfioOBHOIO MO3ra K cepfuy Mo Baro-CUMMNaTU4eCKum
CTBOaM Kak nepefaToyHOMY 3BEHY MepapXMYeCcKOm
CUCTEMbI pUTMOreHesa cepaua.
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