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Biisiane 21-MHEBHOTO yYMEPEHHOTO AIIEKTPOMATHUTHOTO JKPAHMPOBAHMS IMOMABISAET HCCIEI0BATENBCKOE
MOBEJEHHE Y OECHOPOIHBIX KPBIC-CAMIIOB B TECTE «PEAKIMs HA MBIIIb», MPOSBIAIONIEECS B CHUKEHUH
KOJINYECTBa 3arjsabiBanuil B Hopku Ha 43 % (p<0,05) mo oTHOmIeHHO0 K KOHTpoo u Ha 53 % (p<0,05) mo
CPaBHEHHIO C M3HAYAIbHBIM (JOHOBBIM YPOBHEM. [[aTTEPHOB arpecCHMBHOIO IOBEACHNUS BBISBICHO HE ObLIO, a
W3MEHEHUS B TIOKA3ATENSX COUATBHOTO B3aUMOICHCTBHUSI KPBIC C MBIIIAMH — HEZIOCTOBEPHBL.

Knrouessie cnosa: MexBuioBas arpeccus, MypHLK, SJIEKTPOMArHUTHOE SKPAHUPOBAHKE, HCCIIEA0BATEIBCKOE
[IOBE/ICHHE, KPBICHL.

BBEJAEHUE

Arpeccusi — SBOJIOIMOHHO JPEBHEE TOBEAECHUE, KOTOPOE SBIAETCS HEOOXOIUMBIM
HHCTPYMEHTOM, 00CCIIEUMBAIOIINM BbDKHBAHHE KaK KOHKPETHOM 0coOW, Tak W BHIA B
neiaoMm [1]. OmHako 3TO TakKe OJHA M3 CEPhE3HBIX MPOOJEM 31PaBOOXPAHEHUS, T. K.
arpeccusi ABJISAETCS CHMIITOMOM Pa3IMYHBIX HEBPOJOTHYECKHMX W  MCHXHYECKUX
pacCTpOWCTB y JeTel U B3POCIBIX, B TOM YHCiIe O0e3HH AJblreiiMepa u apyrux Gopm
cnaboymusi, MHU30PPEHUU M YEPermHO-MO3roBeiXx TpaBM [2]. K Tomy ke mpobiema
arpeccud akTyaJbHa M B COIMAIHHOM KOHTEKCTE. OHA CTajda OJHHUM U3 OCHOBHBIX
Croco00B BBIPAKEHUS MPOTHBOPEUMIA, BO3HUKAIOIINX KaK MEXAY JIOJbMH, TPyIIaMu
JFOJICH, TaK U HEMOCPEACTBEHHO B caMoM obiectse [3]. Erte HU 01HO MOKOJICHUE JTFOIEH
He of0omioch 03 BOWH, MAacCOBBIX YOWHCTB, HAacWIWH, Trpabexeld, YHUUITOXCHUS
MaTepHaJbHBIX W IYXOBHBIX IeHHOCTEH [4]. IMEHHO MO3TOMY MPEACTABISETCS BaKHBIM
H3yuYeHne mpoOIeMbl arpecCuy, a UMEHHO TOTO, KaKUM 00pa3oM MOXKHO MPEAOTBPATHTH
Pa3BUTHE MATOJOTHYECKOM arpeCCHBHOCTH MM CKOPPEKTHPOBATh ee [5].

Meauko-01oIOrHIeCKUMU UCCIICIOBAHUSIMU JI0Ka3aHO, YTO KUBbIC OPTaHU3MbI HE
MOTYT HOPMAaJbHO (QYHKIHOHHPOBATHL 0€3 €CTECTBEHHBIX JJIEKTPOMATHUTHBIX TONEH
(OMII) [6]. B To xe Bpems ectecTBeHHoe reomarHuTHoe mone (I'MII) B coBpeMeHHBIX
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ropoAax MpeTepeBaeT 3HAUYMTENPHOE HMCKAXEHUE IIOA ICHCTBHEM MHOI'OYHCIIEHHBIX
KeNe300€TOHHBIX KOHCTPYKIUH M TeXHOreHHBIX DMII: BO3HUKAIOT JOKaNbHBIE TUIIEP- U
TUIIOMAarHUTHBIE TI0JIsI, KOTOPBIE OKA3bIBAIOT HETATUBHOE BIMSIHUE HAa ()yHKIMOHUPOBaHHE
KUBBIX opraHn3MoB [7, 8]. B Hamm JHM TOBBIICHHBIA HWHTEPEC K BIHSHHIO
ocmabnmenHoro [I'MII Ha opraHu3M dejoBeKa M JKMBOTHBIX TaKXe MPOAUKTOBAH
CTPEMHTENIEHBIM Ppa3BUTHEM adpPOKOCMHUYECKOW O0JacTH M pPeanbHOW MepCIeKTUBON
peryIsapHBIX KocMudeckux mojetos [9, 10].

[Ipenpinymue wucciaegoBaHUS Hamiedl 1abopaTopuu TOKa3add YBEITHUYEHHE Kak
BHYTPHUBHIOBOMW, TaK U MEKBUAOBOW arpeccuu noj aelctsueM 10-1HEBHOTO yMEpEeHHOTO
BOMD, KOTOpoe XapaKTepHu3yeTcs 0Co00H PUTMUYECKOW M3MeH4YnBOCThIO [11-14]. B TO
e BpeMs psax aBropos [10, 15, 16] ykassiBaeT Ha 1eeco00pa3HOCTh IPOBEACHHS U Gojee
JUITUTENBbHBIX HCCIIEJIOBAHUN C HCIIOJIb30BAaHHUEM THUIIOMArHUTHON Cpeabl AJS JIyYIIero
MOHUMAaHUs TOro, kak OMD Bo3AeiCTBYeT Ha JrOAEH, MOIBEPKEHHBIX XPOHUYECKOM
9KCIO3UINH JaHHOTO (haKTOpa, HaIpUMep, BO BPeMsA KOCMUYIECKUX IT0JICTOB, HAXOXKICHUS
B OKPaHHUPYIOIIUX YCIOBHAX — METPO, KAI0TEe MOPCKUX CYJ0B, BOCHHOW TexHuKe [17-18].
[TosTOMY WLENBI0 HAWIETO HMCCIEAOBAHMSA SIBISIETCS ONpeeNieHne BIUsSHUS 21-mHEeBHOTO
OMD Ha MEXBHUIOBYIO arpecCUIO Y KPBIC.

MATEPHAJIBI 1 METO/IbI

UccnenoBanns npoBoauirchk Ha 16 Oenbix OecOpPOAHBIX KphICax-caMIlax Maccoiu
220-250 r ¢ coOmroieHueM TPUHIUIIOB OHOSTHKH B COOTBETCTBHH C MEXAYHAPOIHBIMH
NpUHOUNAMH  EBpONEHCKON KOHBEHIMH O 3allUTe€ MO3BOHOYHBIX  JKUBOTHBIX,
UCIIONIb3YEMBIX Ul SKCIIEPUMEHTOB WJIHM JIPYTUX HaydHbIX meield. [locme Toro, kak y
JKUBOTHBIX 3apETUCTPUPOBAIM (OHOBBIH YPOBEHb MEXBHIOBOH arpecCMBHOCTH U
HCCIIEIOBATENIBCKOTO MOBEACHHUS, MX Pa3eNWId Ha IBE TPYHIbL. KKOHTPOIb» U «OMD»
(n=8 B kaxmoii). 3arem rpynma «OMD» mnoxasepraigack 21-IHEBHOMY yMEpEeHHOMY
9KPaHUPOBAHUIO, €KETHEBHO Ha MPOTSDKEHUU BCeX 24 4acoB, KpoMe TexX clydaeB, Korua
NpOU3BOIMIACE YOOpKa KIeTOK (pa3 B HE/IeNo BO n30ekaHHe JOTOIHUTEILHOTO CTpecca)
B TeueHne 30 MHH. BHE 30HBI AEHCTBUS T'MIOMAarHMTHOH cpensl. KoHTpombHas rpymma
coJiepkajach B CTaHJapTHBIX YCIOBHUSIX BuBapus. Ha 21 neHs mpoBojuiach MOBTOpHAs
perucTpanus moBeIeHHs KUBOTHBIX.

IloBenenne KpbiC OLIEHUBAIU B TECTE «PEAKLUs Ha MBIIIb». )KUBOTHBIE TOMEIIAINCH
B MPOTUBOMOJIOKHBIC KOHIBI Kpyrioro «OTkpeiToro mois» (97x42 cm, «OTKpbITast
Hayka») Ha 5 MHH., B TEYEHHE KOTOPHIX OBUIO IMPOM3BEACHO BHICOHAOIIONCHHE 3a
KOHTAaKTOM O3KCIIEPUMEHTAIBHOW KpPBICHI C MBIIBI0. PerncTpupoBaguch KOJIUYECTBO
yOUICTB U ApYyTrHe NPOSBICHUS arpecCUBHOIO MOBEICHMS, TAKHE KAaK YKYChl U HOILLICHHE
MBIIIM B 3ybax, ecimu TakoBele mpucytcTBoBaim [11,15].  JlomonHuUTENBEHO
(UKCUPOBANIOCH COLMANBHOE B3aWMOJCHCTBHE KPBICHI C MBIIMIBIO. JIATEHTHBIA MEPUOL
nepBoii peakimu oouroxuBanus (OJII, ¢.), obmiee koauyecTtBo obHOXUBaHui (OK, mT.),
obmiee Bpems, 3arpaueHHoe Ha oOHioxuBanusi (OB, c.), KOIMYECTBO aKTOB
npecaenoBanus (I1E, wt.) u ux obmas npopomkutensHocTs (I1E, ¢.). Takxke onpenensiiu
HCCIIEIOBATENIBCKOE TOBEJICHUE KPBIC MO OTHOLICHHIO K OKPYXKamomed oOCTaHOBKE:
obmuree kommuectBo croek (CK, mir.) u 3armsnsiBanuii B Hopku (HK, mit.).
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Ocnabnenue gonoBoro SMII mocTuramoch MpUMEHEHHEM SKPAHHUPYIOMIEH KamMephl
pasmepoM 2x3x2 M, U3TOTOBJICHHON U3 IBYXCIOWHOTO Xene3a «/lunamo». Koapduunent
9KpaHHPOBaHUS Bpc, W3MepeHHbI ¢ moMouplo  (Geppo30HAOBOrO MarHUTOMETPA,
COCTaBIIICT I BEPTHKAIBHOW coctaBisromend 4,4, mis topuszoHTanpHOW — 20.
Koaddunuent skpanupoBanus kamepbl Ha uactotax 50 u 150 I'm mopsimka tpex. B
obnactu yactot ot 150 ' mo 100 k['11 mpoucxoaut cnaboe SKkpaHUpOBaHKE, TOTJa KaK Ha
gacrorax 6oibiine 1 MI'1 uMero MECTO MOJTHOE SKpaHupoBanue [14].

Craructryeckass 00pa0OTKa TMOJNyYEHHBIX JIAHHBIX IPOBOAWIIACH KPUTCPHIMH
Manna — YutHu u BuiikokcoHa aiisi CBS3aHHBIX BBIOOpOK B mporpamme Statistica 10,
nojicueT U Bu3yanusaius qanaeix — Noldus Ethovision 12 u GraphPad Prism 7.

PE3YJIbTATBI U OBCYKJIEHUE

JKuBOTHBIE 00EUX HMCCIIELYEMBIX IPYII MOKA3aIH MOJHOE OTCYTCTBHE arpeCCHBHOIO
HOBEJICHUST BO BpeMsi (POHOBOM PErHCTPAllM, OTIMYMSA IO MMOKa3aTeIsIM COLUAIBHOTO
B3aMMOJICHCTBUS M HCCIIE0BATENLCKOTO TIOBEACHUS HEJOCTOBEPHBI, 38 HMCKIIOUCHHEM
CK: B KOHTpOJIE MX KOJHMUYECTBO MPEBBIIIAET TaKOBOE B rpymie «IMD» Ha 98 % (p<0,01)
(puc. 1). Takum 00Opa3oM, Ul TEKYLIETO HMCCIECIOBAHMS BIHSHUS DMD Ha MOBeIeHHE

JKHBOTHBIX OblIa OTOOpaHa JOCTATOYHO OJHOPOJHAS BBHIOOPKA HEArPECCHUBHBIX KPBIC
(Tabum.).

Tabéamnna
Pe3yabTaThl TeCTa «peaknusi Ha MbIIIb»
Cytku don 21-i1 neHp
JKCIIEpUMEHTA
Kontposs OMD Kountposs OMD

OJIII (c.) 19,45+8,293 28,23+12,15 31,45+18,23 31,65+10,92

OK (mir.) 13,38+1,68 11,00+5,58 12,25+1,05 9,88+1,17

OB (c.) 25,86+4,99 30,21+8,09 23,21+3,07 21,87+3,87

CK (mur.) 12,25+1,81 6,19+1,15** 12,25+2,63 5,5+1,92*

HK (mT.) 6,63+0,60 7,50£1,30 6,13+0,58 3,5+0,53*

I1E (wT.) 4,88+0,77 3,88+1,82 3,25+0,73 2,00+0,42

I1E (c.) 5,00+1,27 5,80+2,82 3,76+1,16 2,44+0,58
Ilpumeuanue. 3BE3JOYKAMH OTMEUYEHbl [OCTOBEPHBIC pa3jIMyvsl MEKIY KOHTPOJIBHOH U

JKCIIEPUMEHTAIbHO rpymmamu npu *p<0,05, ** p<0,01.

Bozneiicteue 21-mHeBHOTO ymepeHHOTOo DMD mpHBENO K 3HAYMMOMY CHHKCHHIO
xkomuuectBa HK ma 43 % (p<0,05), a Taxke COXpaHEHHIO MCXOIHBIX pPa3IHudil B
xommyectBe CK, yBenmuuBas ux g0 123 % (p<0,05) (puc. 2).
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Puc. 1. ®oHOBHIN ypOBEHb UCCIICTYEMBIX TTOBEACHUYCCKIX MTOKA3aTeNeH.
IIpumeuanue: 3BE3N0YKaMU OTMEUYEHBbI JOCTOBEPHBIE DPA3JIMUUSA MEXKIY KOHTPOJBHOM U
SKCIIEPUMEHTANIBHOI rpynnamu rmpu **p<0,01.
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Puc. 2. BennuuHa ucciieyeMbIX MATTEPHOB MOBEACHUS B KOHTPOJILHOW IpyIIe U
npu Bo3JeiicTBUH 21-1HEBHOTO yMepeHHOro DMD.

Ipumeuanue: 3Be3NOYKaMH OTMEYEHBI JOCTOBEPHBIC Pa3IMYUsl MEXKAYy KOHTPOJBHOH H
AKCIEPUMEHTANBHON rpymmamu mpu *p<0,05, ** p<0,01.

Taxxe HaOmomanuch orminuus B BenumunHe OK Ha ypoBHE TEHICHIMH: B TPYIIIE
«OMD» naHHbBId MOKa3aTendb ObUT HWKE, yeM B KoHTpose, Ha 19 % (p<0,16). Ilpu
MOMAapHOM COIMOCTABJICHUH [IAHHBIX [0 MPHHIMIY «10/Tocie» BBISIBICHO, 4To DOMD
JocToBepHO cHmKaerT koimdectBo HK ma 53 % (p<0,05) mo cpaBHeHMIO ¢ (HOHOBBIM
YpOBHEM [aHHOTO mapameTpa. B To ke BpeMsi B KOHTPOJIbHO# TpyIIe HE BBISBICHO
JOCTOBEPHBIX PA3IMYMi TAKOTO XapaKTepa HU MO OJHOMY W3 mokasateneid. [TogoOHbIe
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pe3yNIbTaThl MOTYT CBHJICTEIHCTBOBATH O HAIMYUH TPEBOXKHOTO ITOBEACHHS B TpYIIE
«OMDO». JIns mpoBepKH ITOH IMITOTE3bI HEOOXOIUMBI JAllbHEHUIINE UCCIeIOBAHUS.

B wurore 21-nHeBHOe ymepeHHOe DOMD He BIMSET Ha CTENEHb BBIPAKCHHOCTH
MATTEPHOB arpeCCHBHOTO MOBEACHHS M COIMAIBHOTO B3aUMOJICHCTBHS B TECTE «PEAKIIV
Ha Mblmb» B orTiauuue 10-gHeBHOro DOMD, yBenuumBaromero arpeccuto [10-14].
Bo3moxHBIM ~ 00BsSCHEHHEM JaHHOMY (QeHOoMeHy ABJISEeTCS aKkTHBHas pabora
KOMIICHCATOPHBIX MEXaHHW3MOB aJanTalMd K HOBBIM ycioBusM cpensl [10], pasBurtue
KOTOPBIX OKHJAaeMO IPH CTOJb IJTUTEIHHOM BO3JEHCTBUU cTpecc-pakTopa. K Tomy ke
H3BECTHO, YTO MEKBUAOBAs arpeccusi SIBIAETCs Ooyiee CIOKHBIM W HEOJHO3HAUYHBIM
THIIOM TIOBEJICHUs, YeM, HampuMep, Mexcammosas arpeccus [19]. Onmpasce Ha
pe3ysIbTaThl MHOTOJIETHHX HCCIIENOBaHUH KOpH(eeB B M3Y4YEeHHH SIBICHHS MYpPHIHIA
(yOwmiicTBa KpbICaMH MBIIIICH), €CTh BCE OCHOBAHHS TOJIaraTh, YTO TPUITEPOM ISl TAHHOTO
THIA TIOBEJCHUS 3a4acTylO CIy)KaT MOIIHBIE 3KCIEPHMEHTAIBHBIE BO3JICHCTBHSA, TaKue
KaK XpOHHMYECKas WHTOKCHKAIMs TsDKedbiMH MeTawiamu [20] wiam  ynaneHue
O0OHSITENILHOI JIYKOBHIIBI U IPOYHE XUPYPrUYECKHe MOBPexIeHus: Mo3ra [21], Toraa kak
Oonee crnabble (MMIIEBas JEMPUBALNS, COLHANBHBIN CTPECC) HEPEIKO HE JAIOT HHUKAKOTO
sbdexta [22, 23]. 3HAUUT, TEOPETHYECKH BEPOSITHOCTh BO3HUKHOBEHUS MypHIHIa Oyaer
TEM BEIIIIE, YEM CHJIbHEE CTeeHsL DOMD.

Bmecte ¢ 3THM criegyeT axkIEHTHpOBAaTh BHUMAaHHUE Ha TOM, 4YTO CYIIECTBYIOT
NPUHLUIUATBHEIE Pa3IHYis B IOAXO/JaX K OLEHKE arpecCHBHOTO IMOBEACHHS B TECTE
«peakiys Ha MBI — OaJTbHAs CUCTEMa aHau3a rnoseeHus [15] He oTaensier arpeccun
KaK TaKOBOW OT COLMAJIbHOTO B3aWMOJEHCTBUS, B pe3yibTaTe 4ero 3a (hopMyJIHUpOBKOM
yBEIIMYCHUE arpeccHu» Mo (aKTy MOXKET CKPBIBAThCS JIMIIL TIOBBIIICHUE YHCIIA
COLMANBHBIX KOHTAKTOB MEXIY >KHBOTHBIMH, peajii3yeMoe, HampuMep, MOCPEICTBOM
THIICPAaKTUBHOCTH. B TakoM ciyyae 3HAYMMOCTH TIEPUOJMYECKUX  IPOSBICHUI
«peanpHOI» arpeccMd B BHIE YKYyCOB M MypHIHga OyIeT HHBEIUpPOBaHA IIPH
OTIpEICNICHUH CPETHETO Oallia arpecCu Mo TPyIIe.

3AK/IIOYEHUE

XpoHHUECKOE BO3IEHCTBHEC yMEpeHHOTO OMD MNpUBOAUT K  YXYANICHHIO
HCCIIEIOBATENILCKOTO TIOBEACHHUSI Y KpPBIC-CAMIIOB, TPOSBISIIOIIEECS B CHIDKCHUH
KOJIMYeCTBa 3ariisapiBanuil B Hopku Ha 43 % (p<0,05) mo oTHOLIEHHIO K KOHTPOJIO U Ha
53 % (p<0,05) 1o cpaBHEHHIO ¢ (HOHOBBIM YPOBHEM JAHHOTO TOKAa3aTelsi. ATPECCUBHOTO
MIOBE/ICHHS 3apETHCTPUPOBAHO HE OBUIO, a IMapaMeTphl COIHAIBHOTO B3aMMOACHCTBU
KPBICHI C MBIIIBIO JOCTOBEPHO HE H3MEHUIIUCH.

Paboma  evinonnena  na  obopyoosamuu LKl ®DIAOY BO  «KQY
um. B.U. Bepnaockoeo» «Dxcnepumenmanvras pusuono2us u 6uoguzuxa.

Paboma evinonnena npu GuHaHCO80U NOOOEPIICKE 8 PAMKAX UHUYUAMUBHOU YACMU
2ocydapcmeennozo sadanus No 6.5452.2017/8.9 Munobpnayxu Poccuu 6 cghepe nayunoi
OesmenvHOCMU membl <Bpemennas opeanuzayus Qu3uoI0cUHecKUX CUCTHeM Hel06eKd U
HCUBOMHBIX. (DEHOMEHONO2USI U MEXAHU3Mbl 2eHepayuu U pesyrsiyuu MuKpo- u
Me30pUmMMO8».
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Aggression is an evolutionarily ancient behavior, which is an indispensable tool for
survival, both for a particular individual and for the species as a whole. However, this is
also one of the serious health problems, because aggression is a symptom of various
neurological and psychiatric disorders in children and adults, including Alzheimer's and
other forms of dementia, schizophrenia and craniocerebral trauma. In addition, the
problem of aggression is also relevant in the social context — it has become one of the
main ways of expressing contradictions that arise both between people, groups of people,
and directly in the society itself. Still no generation of people has not managed without
wars, massacres, violence, robbery, destruction of material and spiritual values. That is
why it is important to study the problem of aggression, namely, how to prevent the
development of pathological aggressiveness or correct it.

Medico-biological studies have shown that living organisms cannot function normally
without natural electromagnetic fields (EMF). At the same time, the natural geomagnetic
field (GMF) in modern cities undergoes considerable distortion under the influence of
numerous ferro-concrete structures and technogenic EMFs: local hyper- and
hypomagnetic fields appear that have a negative impact on the functioning of living
organisms. Nowadays, the increased interest in the effect of weakened GMF on the human
and animal organism is also dictated by the rapid development of the aerospace area and
the real prospect of regular space flights.

Previous studies of our laboratory showed an increase in both intraspecific and
interspecific aggression under the effect of a 10-day moderate electromagnetic shielding
(EMS), which is characterized by a particular rhythmic variability. At the same time, a number
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of authors point out the advisability of conducting longer studies using a hypomagnetic
surroundings to better understand how EMS affects people exposed to chronic exposure of this
factor, for example, during space flights, being in shielding conditions — the subway, the cabin
of sea vessels, military equipment. Therefore, the purpose of our study is to determine the
effect of 21-day EMS on interspecific aggression in rats.

The studies were carried out on 16 white outbred male rats weighing 220-250 g.
After we were recorded a background level of interspecies aggressions and exploratory
behavior, rats were divided into two groups: "control" and "EMS" (n = 8 in each). Then,
the EMS group underwent a 21-day moderate shielding, every day for 24 hours, except
when the cages were cleaned (once a week to avoid additional stress) within 30 minutes
outside the hypomagnetic environment. The control group was kept in standard vivarium
conditions. On the 21st day, the behavior of the animals was re-registered.

The behavior of the rats was evaluated in the "reaction on mouse™ test: the animals
were placed at opposite ends of the round "Open Field" (97x42 cm, "Open Science") for 5
min, during which the video was monitored for the contact of the experimental rat with the
mouse. The number of murders and other manifestations of aggressive behavior, such as
bites and the wearing of the mouse in the teeth, were recorded [11, 15]. In addition, the
social interaction of the rat with the mouse was recorded: latent period of the first sniffing
reaction, total numbers of sniffing, total time spent in sniffing, number of acts of
persecution and their total duration. Also determined the exploratory behavior of rats: the
total number of rearings and peeking in the minks.

The chronic effect of moderate EMS leads to a decrease research behavior in male
rats, which manifests itself in a decrease in the number of mink peeking by 43 % (p<0.05)
with respect to control, and 53 % (p<0.05) compared with background level of this
indicator. Aggressive behavior was not founded, and the parameters of social interaction
of the rat with the mouse did not change significantly.

Keywords: interspecific aggression, muricide, electromagnetic shielding, exploratory
behavior, rats.
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