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THE FEATURES OF ELECTRIC ACTIVITY REGULATION OF THE
HEART IN BIRDS IN THE CONDITIONS OF THE EXPERIMENTAL
DESYNCHRONOSIS MODEL

AHHOTaUuumA

OcCOBeHHOCTM  perynaumm  anekTpuye-
CKOM aKTUBHOCTWU cepjua NTuL, N3y4veHbl rno
COMPSPKEHHOCTN  ANEKTPOPUINOSTOrMYECKMX
KOpPPENATOB akTUBHOCTN MUOKapAa M LEHT-
panbHbIX IYOUHHBIX CTPYKTYP MO3ra B yCro-
BUSIX JKCMEPUMEHTANbHON MOAENN AECUH-
XPOHO3a — CKYYEHHOCTM.

YcTaHOBMNEHO, YTO CKYYEHHOCTb BbI3bIBAET
y NTUL, YCTOMYMBOE NaTONOrM4YEecKoe Hanps-
XeHne PYHKUUA CO CTOPOHbI NepegHero oT-
Aena runotanamyca u peTukynsipHon oopma-
LUn cpefHero mosra npv nojasrieHnUn ToHyca
3ajHero oTaena runortanamyca U BbICOKOW
PYHKUNOHANbHON aKTUBHOCTWU runnokamna,
ONPEAENAIOLLNX NEPEKIIOYEHNE IEKTpUYE-
CKOW MPOBOAMMOCTU XENYA0YKOB cepaua Ha
oonee 3KOHOMHbBIN PEXUM (PYHKLMOHUPOBA-
H1S. Of4HOBPEMEHHOE MPOABEHME BO BTOPOM
MOMOBUHE CKYYEHHOCTW Y MTUL 3aMefeHNs
UYCC c BospacTtaHuem 3ybuos P u ynnoLye-
Huem 3youoB T CBUAETENbCTBYET O BbICOKOW
akTuBHocTn oboux otgenos BHC, npu atom
napacnmnaTtuyecKoe eé 3BeHO BO3AENCTBYET
Ha 3NEKTPUYECKYIO MPOBOANMOCTb aTPUOBEH-
TPUKYSNAPHOro y3na, a CMMnartuyeckoe — Ha
aHepreTuyeckoe obecneveHme JaHHoON PyHK-
LU Muokapga.

Knroueebie cnoea: perynaums anexkTpu-
YECKOW aKTMBHOCTU cepaua; AEeCMHXPOHOS;
3NEKTPOPU3MOITOTMYECKNE KOPPENSATLI CTpeCca.

Abstract

The authors study some features of reg-
ulation of electric activity of the heart in birds
on the basis of association of electrophysio-
logical correlates of myocardial activity and
central deep structures of the brain in the
condition of the experimental model of desyn-
chronosis crowding. It was established that
overcrowding causes in birds a sustainable
pathological stress in functions of the anterior
part of the hypothalamus and midbrain reticu-
lar formation in case of suppression of hypo-
thalamic adjustable tone and high functional
activity of the hippocampus which determine
the switching of electrical conductivity of the
heart ventricles to a more economical mode
of operation. The simultaneous manifestation
of slowing heart rate with increasing P wave
and T wave flattening in the second half of
crowding in birds indicates a high activity of
both departments ANS, with the parasympa-
thetic link acting on the electrical conductivity
of the atrioventricular node, and the sympa-
thetic link acting on the energy supply of the
myocardial function.

Key words: the regulation of electricity
activity of heart; desynchronosis; electrophys-
iological correlates of stress.
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Mpobnema nOBbILEHUA MNPOAYKTUBHO-
CTVM B NTULEBOACTBE aKTyarnuaupyeT aKcne-
PUMEHTaNbHOE UCCIEef0BaHNE MEXaHNU3MOB
ajgantaumMm nTUL K cTpeccopam. B atom
acrnekte cosjaHve 3KCNepUMeHTanbHbIX
MOJENEeNn HEeMPOreHHOro cCTpecca, Bbi3blBa-
IOLNX HanpaBnEeHHbIA CABUI CYTOYHbIX 3H-
AOTEHHbIX U MPUOBPETEHHbLIX PUTMOB MOBE-
AEHUYECKMX N pn3nonornyecknx npoLeccos
opraHu3ama — JEeCUHXPOHO3, faeT peanbHYylo
BO3MOXHOCTb M3y4yaTb LEHTparnbHble Mexa-
HU3Mbl aganTauun K N3MEHEHUAM YCITOBUM
cpegbl [1, 2, 3]. CKy4eHHOCTb, Kak 300CoLu-
arnbHbIA CTPECCop, HapyLlaeT PUTMUYHOCTb
BCEX NPOLIECCOB XU3HELEATENbHOCTN opra-
Hu3ma [4]. CABUMM ANEKTPUYECKON aKTUBHO-
cTn (BA) muokapga u rmybuHHbIX CTPYKTYpP
rONMOBHOMO MO3ra SIBMAITCA OOBEKTUBHbIMM
dPU3NONOrMYECKUMI NoKasaTenaMmmn pearu-
poOBaHWUs OpraHnu3ma Ha CMOJAENMPOBaHHbIE
YCrOBUSA [ECUHXPOHO30B WU OTpa)alT Ha-
NpaBneHHOCTb M YCMELHOCTb MEXaHW3MOB
perynaunn agantauuu [5, 6, 7, 8].

Llenb nccnegosaHna: usyyeHue peryns-
uun 3A cepaua Nty K yCNOBUAM 3KCnepu-
MEHTaNbHON MOAENU AECUHXPOHO3a — CKY-
YEHHOCTW, MO COMPSPKEHHOCTU 3AneKkTpodu-
3MOSOrMYECKNX KOPPENATOB aKTUBHOCTU MU-
oKapAa v UeHTparbHbIX IMYyOUHHbIX CTPYKTYP
Mo3ra — nepegHen u 3agHen rmunotanammye-
ckux obnacten (Hpt u Hpt,), runnokamna
(Hip) n petukynapHon dopmaumm CpeaHero
mo3ra (RF).

MaTtepuanbl U MeTOAbI UCCNEAOBaHUS.
CKYYEHHOCTb, UMM YNMOTHEHME MOoCagKu
NTUY, SBMASETCA OAHUM M3 pacrpoCTpaHeH-
HbIX B NTULEBOACTBE CTpecc-dakTopos, Mo-
AEnb XPOHUYECKOrO HENPOreHHOro cTpecca
co3jaBanacb 3a CYEeT nepesoja B3pOCrbiX
NeTyxoB pycckon 6enoun nopoabl U3 NHAUBK-
AyarnbHbIX KMNETOK Ha rpynnoBoOe COoAepKa-
HWe ¢ ynnotHeHuem (270 cm?/ron). MNpn Ta-
KOW BbICOKOW MIOTHOCTU NOCAaAKN NTULbI HE

MOrnn cBOOOAHO nepeaBuraTtbCa — OHU UMK
croanu, unu cungenu [4]. B ykasaHHble BbiLe
CTPYKTYpPbl MO3ra MeTyX0OB CTEPEOTAKCUUECKN
OVNONAPHO BXUBNANM 3MEKTPOAbI. 3anuch
93l n OKI' ocyuwecTtenann A0 MOAENUpPO-
BaHNA AecuMHXpoHo3a (PoH) n Ha 1-e, 3-u,
7-e, 15-e, 23-n n 30-e CyT CKY4YEHHOCTN. ITN
TOUYKWN KOHTPOMS YCTAHOBIIEHbI C YYETOM pPUT-
MWYHOCTU BUCLIEpanbHbIX YHKLUNNA Y XKUBOT-
HbIX [9]. OueHuBann KOppenaLUNOHHYIO CBA3b
mexay nokasarenamu OKIT (yactoTbl cep-
AEuYHbIX cokpaijeHun — YCC, annTenbHOCTH
ANEKTPUYECKON CUCTONMbI Npeacepann — P-Q-
NHTEpBarn, U 3NEeKTPUYECKON CUCTOMbI Xeny-
AOYKOB — Q-T-UHTEepBarn, ANMTENBHOCTU Ana-
cTonuyeckoun naysbl — T-P-uHTepsarn, amnnu-
Tyabl 3ybua P un 3ybua T) n 33l (obwen ya-
CTOTbl NnoTeHuuanos — Ull, a- u 6-MHAeKCcoB)
npyM 3Ha4YeHUN KOIPPULUMEHTOB NapPHbIX
Koppensaunin He meHee 0,66 (p<0,05; n = 10).

PesynbTaTtbl nccnegoBaHus U Ux ob-
cyxaeHue. B tabn. 1 npeacraesneHa BbiiB-
neHHasa 30-cyToyHasa gMHaMunkKa BpemMeHHbIX
nokasatenen J3KI-akTUBHOCTM MUOKapAa
CTpeccupyembIxX NTUL.

BusyanbHbln  aHanu3  3aperucTtpupo-
BaHHbIX OKIT nTULY B ycrnoBusx )oHa U B
30-cyTOYHOM nepuoje CKy4yeHHOCTU Bbls-
BWM OCHOBHYIO TEHAEHUMIO B AuHamuke JA
cepaua — ycuneHne oTpmuarenibHOro XpoHo-
TponHoro apdekta. HapacTtatowlee ¢ 1-x cyT
CKYYEHHOCTW YPEXEHNE CEPLEYHOIO pUTMa y
neTyxos ¢ 3-x cyT no 30-e cyT 6bIN0 f0CTO-
BEPHO 3HaumMmbim (p<0,05) (tabn. 1). YCC,
CHU3MBLLUCb B NepBble 3-U CyT CTPECccUpo-
BaHua Ha 13,5% (p<0,01), nposiBnsaAnacb Ha
yCTaHOBUBLLEMCSH YPOBHE Ha 7-e 1 15-e cyT,
HO 3aTeM OHa eLlé Oonee ymeHbLuMnach u
Ha 30-e cyT Obina Huxe oHoBOM Ha 24,3%
(p<0,001). YannHeHue Kapamoumnknos rS—rS
¢ 1-x no 30-e cyT cTpeccuposaHns Obino [0-
CTOBEPHbIM N B LUENOM cocTtasuno ot 11,2
(p<0,05) po 33,0% (p<0,001) cooTBETCTBEH-
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Ho. WNHTepBanbl P-Q, Heckonbko yAnNUHWB-
LMCb Ha 1-e 1 3-M CyT CTpeccupoBaHus, Ha
7-€ CyT COOTBETCTBOBASIM MO 3HAYEHUIO UC-

MEHHO YAMVHANNCL U ObIIM MakKCUMarnbHO
BblpaxeHbl Ha 30-e cyT — Ha 25,0% (p>0,1)
BblLle POHOBbIX.
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XOAHOW BENUYMNHE, HO C 15-X CYT OHM nocTe-

Tabauua 1

Jlunamuxa epemernvix IKI-xapaxkmepucmux A cepoya nmuy
6 ycaoeusix ckyueHnocmu (M+m; n=10)

VeI0BHUA ITokazareau, ea. H3M.
OIBITa YCC, Mmun™ rS-rS, c P-Q, c Q-T,c T-P, ¢
don 337,5+7,4 0,17840,004 | 0,028+0,002 | 0,133+0,003 | 0,017+0,001
CxyvuenHoCcmb N=10

1-e cyT 305,0+10,3 0,197+0,008* | 0,031+£0,001 | 0,147+0,007 0,018+0,002

3-H CyT 285,1+£10,5** | 0,210£0,000** | 0,031+0,002 | 0,1644+0,006*** | 0,015+0,001

7-€ CyT 277,6+13,2** | 0,216+0,012** | 0,028+0,012 | 0,171+0,013** | 0,017+0,002

15-€ CyT 285,7+13,6** | 0,2154+0,011** | 0,0304+0,002 | 0,162+0,010** | 0,0184+0,002

23-U CyT | 264,1+8,45%** | 0,227+0,007*** | 0,034+0,003 | 0,175+0,008*** | 0,018+0,002

30-e cyT | 255,4+£29,1%** | 0,235+0,010%** | 0,035+0,003 | 0,179+0,01*** | 0,020+0,002

3dech u danee: *— p<0,05, **— p<0,01, ***— p<0,001

C 1-X CyT CKy4YyeHHOCTU mHTepBanbl Q-T
yannHanuce u ¢ 3-x no 30-e cyT ux gnutenbs-
HocTb Bo3pocrna ot 20,0 (p<0,01) po 37,8%
(p<0,001) cooTBeTCTBEHHO. [NUTENbHOCTb
UHTepBanoB T—P B TeyeHne nepsbiX 7-X CyT
cTpeccupoBaHua konebanacb B npeaenax
dooHa, HO B nocneayrLwuin Nnepnog oHa no-
CTeneHHo yBenununeanacb 1 Ha 23-u n 30-e
CyT B cpeaHem Ha 17,6% (p>0,1) npesblLwa-
na ero (cm. Tabn. 1).

Amnnutyga 3ybuos P Bospocna npoTtus
doHa Ha 1-e cyT Ha 50,0% (p<0,05), Ha 3-n
CYT. OHa CHM3MUNacb K UCXOAHOMY YPOBHIO,
HO Ha 7-30-e cyT. goctoBepHo (p<0,01) ero

npesbiwana (tabn. 2). Ha 23-n cyt senuuu-
Ha 3ybuoB P Oblnia MakCcumarbHO BblpaXeH-
HOW NPOTUB POHOBOMW — Ha 66,2% (p<0,01).
Casurn amnnutyabl 3yOUOB rS umenu craTtu-
CTUYECKN HEA,O0CTOBEPHbIN XapaKkTep, HO B Te-
YeHne BCero nepuoga CKy4eHHOCTM UX BENU-
ynHa Obina Bbiwe ¢ooHoBOM M Ha 7-30-e cyT
npesbilana eé B cpegHem Ha 14,5-15,9%
(p>0,1). AHanorM4yHo WN3MEHANCH BONbTaX
3ybuoB T: Ha 1-e n 7-e CyT OH NpPOSABNANCS
B npegenax goHa, a Ha 3-u n 15-30-e cyT
Obin HMXe ero B cpegHem Ha 17,1% (p>0,1)
(Tabn. 2).
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Tabauua 2

Jlunamuxa koauwecmeeHHovix IKI-xapakmepucmux A cepouya nemyxoe
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68 COCMOoAHUU CKYUYeHHOoCcmu
P-Q - anexmpuueckas cucmoaa npedcepduil,
Q-T - anexmpuueckas cucmoaa xceayoouxotl, T-P — obwas duacmoana
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BpemeHHaa cTpykTypa KapaumouHTepBsa-
NOB 3HAUMTENbHO M3MEHWNacb B TEYEHUE
nepBon Hepenu cTpeccupoBaHusa. Tak, B
nepBble TPOE CYTOK CKYYEHHOCTU MPOLEHT-
Has BblpaXXE€HHOCTb UHTEpBanoB P—Q coxpa-
HANacb Ha MCXOAHOM YPOBHE; WHTEPBAarioB
Q-T yBenuuunacb n Ha 3-e CyT cocTasuna
78,1%; wvHTepBanos T—P ymeHbwwMnacb B
cpegHem Ao 7,1%. lNpoueHTHas ponsa WH-
TepsanoB P-Q u T-P Ha 7-e cyT cKyu4eH-
HOCTW CHM3unacb B cpegHem go 13,0um 7,9
COOTBETCTBEHHO, HO A0nA UHTEepBanos Q-T
Bo3pocna 40 79,1%. Ha 15-e cyT ckyuyeHHo-
CTW BPEMEHHBAs CTPYKTypa KapAWOLMKIIOB
yCTaHOBWNach B Npeaernax MCXoO4HOM U B No-
cneayroLwmn NepNo OHa NPakTUYECKN HE U3-
mMeHsnacb 1 Ha 30-e cyT coctasuna: P-Q —
14,9%, Q-T —76,5%, T-P — 8,6% (cm. puc.).

B ¢poHOBbIX yCrnoBuax nonyyeH pajg Kop-
penaunin OKI-nokasatenen ¢ SA CTPYKTyp
ronoeHoro mo3ra: UCC ¢ uHaktnsaumen Hip,
ANUTENbHOCTU MHTEepBanos Q-T — C TOHYy-
com Hpt_, nHTepeanos P—Q — ¢ akTUBHOCTbIO
Hpt v Hip; amnnutyabl 3y6uos P — ¢ Hanps-
XEeHnem yHkumn Hpt v 3ybuos T — ¢ ak-
TUBHOCTbIO Hpt 1 nHakTuBaumen Hip.

CKYYEHHOCTb U3MEHWNa xapakTep pery-
NATOPHbIX CBA3EW. YASIMHEHNE NHTEpBarnoB
T—-P Ha 1-e cyT cTpeccnposaHusa Obino co-
NpsXeHo ¢ uHakTusaumen Hip. Ha 3-u cyt
yAnNuHeHue uHTepsanoB Q-T Koppenupo-
Bano C aKkTUBHOCTbIO Hpt 1 HanpsxeHuem
¢pyHKUMn Hpt,; ymeHblueHne WHTepBanos
T—P — ¢ akTuBaumen Pdcm, ynnowjeHue 3y6-
uoB T — C HanpskeHnem yHKUMA Hpt,. Ha
7-€ CYT CKYYEHHOCTU ANUTENBHOCTb UHTEP-
BanoB P—Q koppenvpoBana C akTusauuen
Hip n nHaktnBauven Hpt,, AnuTenbHOCTb
WHTepBanos T-P — c ycuneHnem akTUBHO-
cTn Hpt,, a BonbTax 3y6uoB T — ¢ €€ uHak-
TnBauuen. Ha 15-e cyt xapaktep koppens-
U 6bin Gonee BblpaXeHHbIM: YASIMHEHNE
UHTepBanos P-Q conpoBoXAaanocb akTu-
Baumen Hip n Pdcm, a T-P — ¢ HanpskeHu-
eM ToHyca Hpt , nosbileHne 3y6uos P — ¢
WHakTMBaumnen Pdcm, ynnoweHne 3y6uos
T — ¢ nHakTMBauuen Hip. Ha 23-n cyTt cky-

yeHHocTn ypexeHne YUCC koppenuposano
C aKTMBHOCTBbIO Hpt u Pdcm, yannHeHune
nHTepsanos P-Q — ¢ aktnsauunen Pdcm, n
Q-T - c nosbleHnem ToHyca Hpt B aToT
nepuog, poct 3ybuos P 6bin conpsxeH ¢ ak-
Tneauuen Pdcm. Ha 30-e cyT 3amegneHne
UCC Obino ceA3aHO ¢ UHakTuBaunen Hptn,
yAnNUHeHue nHtepeanos P-Q — ¢ akTuesaum-
en Hpt,, POcm n HanpsxeHnem ToHyca Hip;
yAnNuHEHne nHtepsanos Q—T — C aKTUBHO-
CTbto Hpt,, pocT 3y0uoB P — ¢ pyHKUMOHanb-
HbIM HanpskeHnem Hptn n aktusauunen Hpt,,
Hip, P®cm; ynnoweHne amnnuTtyabl 3y6LoB
T — c nogasrneHnem akTMBHOCTU Hip.
AHann3 paHHbIX KOppenauuu no3Bo-
NAeT OTMETUTb OMpejensiowee 3HadeHne
perynupytowen aktmBHoctu Hpt, koTopas
peanua3yeTca Ha OCHOBE akTUBauuWn ero Be-
reTaTuBHbIX OTAEMNOB N UX CUHEPTU3Ma B Op-
raHM3aunn ajeksaTHOro npucnocodneHus
OA MuoKappa cepaua OnbITHbIX METYXO0B K
YCIOBUAM XPOHUYECKOrO CTPECCUPOBaHNS.
Xapaktep U3MEHEHUA BPEMEHHON CTPYK-
TYpbl KapAWOLUWNKIOB OMbITHLIX METYXOB NO-
3BONSAET MPEeAnonoXnTb, YTO OTCYTCTBUE
BO3MOXHOCTW pe3ynbTaTUBHO MCMOMb30BaTh
B CO3JaHHbIX 3KCTpaKkapaunanbHbIX YCNoBUAX
BPOXAEHHbIE (POPMbI afanTUBHOIO NoBese-
HWS BbI3BasO CUTbHOE HEPBHO-IMOLMOHAsTb-
Hoe HanpskeHume B LIHC ¢ nepsbix yacos
CKYYEHHOCTU. 3TO ONpPeAenuno BbICOKYLO
akTmsauuo Hpt — runepcumHxpoHm3aumio ero
OA 1 ycuneHue ero perynartopHbIX TOPMO3-
HbIX BAUAHWA Ha BUCLEpParnbHbIE CUCTEMBI, B
TOM 4YNCME U Ha aKTUBHOCTb cepaua, ycTpa-
HUB BO3MOXHOCTb WX MEPEHANpPSXXEHUs |
TEM CambIM, CO34aB YCNoBUA ANSA pasBUTUS
peanbHO BO3MOXHbIX KOMNEHCaTOpPHO-ajar-
TUBHbIX peakuuin B opraHu3me. YBenuyeHue
NPOLEHTHON AOMN 3MNEKTPUYECKON CUCTOSMbI
XEnyAo4uKOB BO BPEMEHHOWN CTPYKTYype Kap-
anounknos ¢ 3-x No 30-e CyT CKYYEHHOCTU
MOXHO OL€HMBaTb Kak CUHAPOM rMnojuHa-
MUM MUOKapaa — 3KOHOMMU3auun ero pyHk-
UUA MOj4 YCWIEHHbIM MapacumMnaTU4ecKnm
KOHTpPONIEM B COCTOSIHUN XPOHUYECKOTrO
ctpecca [3, 10]. BTn pesynbraTtbl MO3BO-
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NAT NPEAnonoOXuTb, YTO MPOSABMEHME B
3KCTpakapAunarnbHbIX YCNOBUSAX Y MNTUL Bbl-
pakeHHON Opagukappun SBNAETCA OAHUM
N3 KOMMEHCATOPHbIX MEXaHM3MOB MPUCHO-
cobneHns cepaua K runokcum npu XeCcTKoMm
OrpaHUYeHUn ABUraTeNbHOW aKTUBHOCTU
[11]. MMo-BuaMmMOmMYy, €€ MmexaHU3m reHeTuye-
ckn obycrosneH HeobxoaMMOCTbIO ObICTPOW
ajgantaumm cepaua K NoaaepXaHuto BbICO-
KX 3Hepro3aTtpar opraHu3ma, CBA3aHHbIX C
MbILLUEYHbIMW Harpy3kamu [12] n ux akoHoOMu-
€l B YCNOBUAX OTHOCUTESTbHOIO MOKOS MTUL.
OueBnAHO, 3TO COMPSKEHO C CYLYECTBEH-
HbIMW CABWramMn B CTEMEHU LEHTpanusauum
yrpaBreHnss CepaedHbiM pUTMOM WU nepe-
XOA0M Ha aBTOHOMHYIO €ro perynsuuio [13,
14]. Tak, cmeLjeHne nencmekepa CUHYCHO-
NpeCcepAHOro y3na B HanpasneHun MeHee
YYBCTBUTENBHOWN K 4EUCTBUIO aLETUNXONMHA
HWXHEN Yactn muokapga [15] orpaHmnumsaet
YpEXEHNE CEPAEYHOrO pUTMa U onpeaensaer
BO3MOXHOCTb €r0 HOpManusauuu no ycrpa-
HEHWIO AKCTpaKapananbHon cutyauum [11].

3akntoyeHune. CKy4eHHOCTb BbI3bIBaET Y
NTUL, YCTONYNBOE NATONOrMYEeCKOE Hanpsxe-
HUe PYHKLMIM CO CTOPOHbI NepeaHero otaena
rmnotanamyca n peTuKynapHon dpopmauumn
CpeAHero mosra npu noAaBneHUn TOHyca
3ajHero otaena runotanamyca u BbICOKOW
JPYHKLMOHANbHON aKTUBHOCTM runnokamna,
ONpeaensioLWmnX NEPEKIOYEHNE AreKTpuYe-
CKOW NPOBOAUMOCTH KENyL04KOB cepaLa Ha
oonee 3KOHOMHbIN PeXnmM PYHKLNOHMpPOBA-
HUS.

OpHOBPEMEHHOE NMPOABNEHNE BO BTOPOU
MOMOBWHE CKYYEHHOCTW Y NTUL, 3aMeANEeHNS
UCC c Bo3pacTaHuem amnnntyabl 3y6uos P
n ynnoweHnem 3youos T CBUAETENBCTBYET
O BbICOKOW akTUBHOCTU obounx otaenos BHC,
npy 3TOM MapacumnarMyeckoe €€ 3BEHO
BO3AENCTBYET Ha 3NEKTPUYECKYIO NMPOBOAU-
MOCTb aTPUOBEHTPUKYNAPHOroO y3na, a Cum-
naTnyeckoe — Ha 3HepreTuyeckoe obecne-
YeHne AaHHON PYHKLUMW MUOKapAa.
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