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HccnenoBaHo nusMeHeHKe 6OJIEBOM YyBCTBUTEILHOCTU KPBIC IIPU U30JIMPOBAHHOM M KOMOMHUPOBAHHOM
NEeCTBUM HU3KOMHTEHCUBHOTO 3JIEKTPOMAarHUTHOIO M3JIyYeHUs] MULIMMETPOBOTO nuarnazoHa (7.1 mw,
0.1 MBt/cM?; TOKanu3anusi — 3aTbUIOYHO-BOPOTHUKOBASI 00J1aCTh, SKCIO3ULMS 30 MUH, MPOLOIKUTEb-
HOCTb — 21 CyTKM) U YMEPEHHOTO 3JICKTPOMAarHUTHOTO 3KpaHUPOoBaHUs (KOG GULIMEHT SKpaHUPOBAHUS
MMOCTOSTHHOM KOMITOHEHTBI MAarHUTHOTO IOJIS [0 BEPTUKAILHON cocTaBisolleii — 4.4 pa3a, 110 TOpU30H-
TasibHOM — 20 pa3; aKcno3unus 22 4/CyTKU, IPOAOKUTEIbHOCTh — 21 cyTKH). O1ileHKY 60JIeBOi YyBCTBU -
TEJIbHOCTHU XXUBOTHBIX MPOBOAMIN C UCITOJIb30BAHUEM KOMILIEKCA aJITOMETPUYECKUX TECTOB — «TOopsdast
IUIACTHUHA» , «OTIEePIrUBaHUSI XBOCTA», «aJITe3UMETP—IIUITIIbI», — KOTOPbIE MTO3BOJISIIOT pACCMOTPETh IPOBE-
JIeHue 00JIeBOTr0 NMITYJIbCA Ha Pa3HbIX YPOBHSIX peryisunu. [TokasaHbl anrojgornyeckue 3(p@GeKThl U301~
pPOBAaHHOTO M KOMOMHMPOBAHHOIO BO3JEMCTBUS HU3KOMHTEHCUBHOIO 3JIEKTPOMATHUTHOTO W3JIyYEHUS
MUJUTUMETPOBOTO U YMEPEHHOTO 3JICKTPOMArHUTHOTO 3KpaHupoBaHus. [Ipr KOMOMHUPOBAaHHOM BO3/Ei-
CTBMU JAHHBIX GU3NYECKIX (PaKTOPOB IT0Ka3aHa CITOCOOHOCTh HU3KOMHTEHCUBHOTO 3JIEKTPOMAarHUTHOTO
U3JIydeHUs] MUJIMMETPOBOIO AUAala3oHa OKa3blBaTh AaHTUHOLIMLICIITUBHOE ACUCTBUE U MOMYJIMPYIOLIUIA
a(ddexT nmpu rurnepaire3nuy, BbI3BAHHON 3KpaHUpOBaHMEM. B To Xe BpeMsl 3KpaHUPOBaHME YMEHbIIAET
BBIPAXKEHHOCTh aHTUHOLIMLIENITUBHOIO AEMCTBUS 3JICKTPOMATHUTHOIO U3JIyYeHUsI MULIMMETPOBOIO AUa-
ra3oHa.

Karoueswvie cnoea: boaesas YyecmeumesbHocCnb, 3N1eKmMpPoMAaAcHUMHOE U3NYUEeHUEe MUANUMENTPOB020 6uanasoﬂa,

IKPAHUPOBaHUE.
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BonbmmmHcTBO abnoTnyecKnx (pakTOpOB Cpedbl
MMEeT 3JIEKTPOMAarHUTHYIO MPUPOAY, a Jirodass 00-
JIacTh CHEKTpa D2JeKTPOMArHUTHBIX M3IYyYCHUN
(OMMWN) wurpaer ompemeleHHYIO POJb B 3BOJIOLIUN
>KUBOY MPUPOBI U 00s13aTeIbHO MPUHUMAET y4acTre
B TIpoIieccax XXKusHeaesaTeapHocTn [1]. st monreep-
KIEHUS OTUX JAaHHBIX BaXKHOE 3HAYEHUE UMEIOT CBe-
JIEHUSI O BBICOKOI YYyBCTBUTEJIBHOCTU OMOJIOTHYE-
CKUX CUCTEM K ci1adbbiM ODMMU paxe HaHO- U TTHMKO-
TECJIOBBIX  WMHTeHCHMBHOCTeir  [2—4]. OpHako
3aKOHOMEPHOCTU DJIEKTPOMATHUTHBIX BO3AEMCTBUIA

Coxpawerus: DMU — 31eKTpoOMarHuTHbIC U3ydeHus:, SMU
MM — 3JeKTpOMarHUTHbIE W3JIyYEeHUS] MWLINMETPOBOTO
nuamnasoHa, OMB — 2JIeKTpOMarHUTHOE SKpaHUPOBaHUE,
JITIBPTOX — naTeHTHBIM mepuond 0OJeBOM peaklMM B TECTE
OTBeIcHUsI XBOcTa, Framr — 6oJieBOii MOpOr MexaHU4ecKoi
0oJieBoil uyBcTBUTEIbHOCTU, JITIBPTIIT — NaTeHTHBIN TTepro
00JIEBOI peaklUM B TECTE «ropstyasi IJIaCTUHA».

MPU HU3KUX WHTEHCUBHOCTSIX BO3IEHCTBYIOIINX
¢$aKTOpOB MPAKTUUESCKU HE N3YUCHBI.

Cpenn 3JeKTpOMarHUTHBIX (PAKTOPOB HU3KOM
MHTEHCUBHOCTU B HACTOsIIIEe BpeMsI IIIMPOKO HCCIIe-
nyeTcst omojiormyeckoe aeicrsue DMU MmmmmMer-
poBoro nuamnazoHa (MU MM), KkoToprkie, HE BbI3bI-
Basi CTPYKTYPHBIX U3MEHEHUI B OpraHU3Me, ITOJTHO-
CTBIO TIOTJIOIIASICh B KOXE, COIIPOBOXIAIOTCS
BBIpasKeHHBIMU OMOJIOTMYECKUMU oTBeTaMu [5—11].
B cBs13u ¢ mokazaHHOU OHonornyeckou aphekTuB-
HOCTBHIO DMU MM mmpoKo MpuMEHSTIOTCST B MEIN-
IIMHCKOM TIpaKTHMKE C 1IeJbl0 KOPPEKIIMU pac-
CTPOICTB pa3auuHoro rexesa [12, 13]. OnHaKo MHO-
re BOIIPOCHI, CBSI3aHHBIE C MEXaHU3MOM ICHCTBUS
HU3KoMHTeHcuBHOro OMMUW MM nuanaszoHa Ha 61o-
JIOTUYECKHNE OOBEKTHI, OCTAIOTCSI OTKPBITBIMMU.

Pa3Butnio KOHUEMUMM 3KOJOTUYECKON poJin
DOMMU ecTecTBEHHOTO TIPOMCXOXICHUS ITOJKHBI

594



U3MEHEHUWE BOJIEBOM YYBCTBUTEJIbHOCTHU KPbIC

CITOCOOCTBOBATh HE TOJBKO Pa3HOOOpa3HBbIE IKCIIE-
PUMEHTBI C aKTUBHBIM MX BO3AEUCTBUEM, HO U HC-
clienoBaHusI 3(p¢GeKTOB mernpuBauuu. MexXay TeM
9KCIEPUMEHTHI C 3JIEKTPOMAarHUTHBIM 3KpaHUpPOBa-
HueM (OMD) MpoBoOISATCI B OCHOBHOM MNpPU 3HAYU-
TEJBHBIX OCJIA0JeHUSIX KaK CTATUYECKOro, TaK U Iie-
PEMEHHOTO MAarHUTHBIX ITOJIE pa3IMYHbBIX JUAITa30-
HOB [14—16], Torma kax 3d@deKTHI craboro DMD He
n3ydyeHbl. Borpoc o Guonornyeckoil poau ocjiad-
JTeHHbIX DMMUW gBisgercss aKTyaJlbHBIM, ITOCKOJBKY
OHHU IIMPOKO PacCIIPOCTpaHEHbI, YTO OKa3bIBaeT He-
OGaronpusTHOE IefiCTBME Ha BCe 3JIEMEHTHI 01ocde-
pel. UccrmenoBanme adpdekTroB DMD mpuBIeKaeT
BHUMAaHME YYCHBIX pa3InMIHOro npoduis. DTo CBsI-
3aHO KaK ¢ HeOOXOAUMOCTBIO pelllieHUs psina pyHaa-
MEHTAJIbHBIX IIpO0JIeM, B YAaCTHOCTH, HOKAa3aTellb-
CTBa BAXXHOU 3KOJOTMYECKOM POJIM TEOMArHUTHOTO
I10JIs1, BBISICHEHUSI (paKTOPOB, OTBETCTBEHHbIX 3a 3(-
(beKTBl 3KpaHUPOBAaHUS, TaK U C pEIIeHUEM IIpPU-
KJIaMHBIX 3a/1a4, 3aKJII0YAIOIIMXCS B BBIICHEHUU HE-
0J1aronpUSITHHIX MOCJIEACTBUIT IIPeObIBAHUSI B TAKUX
YCJIOBUSIX, a TaKXKe MX IPeayIlpeskaeHus U KOppeK-
107078

B peanbHBIX yCIIOBUSIX peIKO HAOJIOZaeTCI U30-
JIMPOBaHHOE JENCTBUE OJHOTO KAaKOoro-to (hakropa,
KakK IIpaBUJIO, UMEET MECTO KOMOMHUPOBAHHOE BO3-
JIeificTBUE pas3IMYHBLIX (PAKTOPOB, CYMMAapHBIA (-
deKT BO3ICHCTBUS KOTOPBIX MOXET OBLITh pa3iny-
HbIM. Kpome Toro, mpu KOMOMHUPOBAHHOM eii-
CTBUM 3TUX (PAKTOPOB, peakUUUd OUOJIOTUYECKUX
CUCTEM Ha JIeficCTBUE BTUX CUCTEM 3HAYUTEIbHO MO-
INUILAPYIOTCS.

Takum oOpa3zom, I pelIeHUsT aKTyaJTbHbBIX TTPO-
6J1eM coBpeMeHHOI (hU3MOJOTMU U OMODU3UKHU, Ka-
calollIMXcsd U3y4YeHUs1 OUOJIOTUYECKOTro JeHCTBUS
MUKpono3 DMU, HeoOX0aMMO BBISIBJICHUE MEXaHN3-
MOB JIe{iICTBUSI KOMOUHUPOBAHHBIX MAarHUTHBIX TO-
neit, Monudukauum 3pPeKToB cBepXCcIadbbix (aKTo-
pPOB, YTO MO3BOJUT 3KCIEPUMEHTAIBLHO 10Ka3aThb
CMOCOOHOCTH c1abbix OMMU BIMATH HA PYHKIIMU Op-
raHM3Ma v pelinTh QyHIaMeHTaAJIbHYIO HAyYHYIO 3a-
mayy — chopMyInpoBaTh HENIPOTUBOPECUYMBYIO 0O0-
IIYyI0 KOHUEMIMWI0 MeXaHW3Ma JeUCTBUS CIa0bIX
2JIEKTPOMATHUTHBIX (DAaKTOPOB HA OPTAHU3M.

B cBsI3u ¢ 3TUM 1ieJibl0 JaHHOI PabOThl SIBUJIOCH
BhIsIBIICcHUE 3P (peKToB MonudpuKaum 00JIeBOil 4yB-
CTBUTEIBLHOCTH y KPBIC C TTOMOIIBbIO HU3KOWHTEH-
CUBHOTO MWJJIMMETPOBOTO W3JIYYEHUS U DJEKTPO-
MarHUTHOTO 3KpaHNWPOBaHUS.

MATEPUAJIBI U METOJbI

DKcIiepuMeHTaIbHAasl YaCTh Pa0OThI BHITIOJIHEHA B
IleHTpe KOJIIEKTMBHOIO MOJb30BaHUSI HayYHbIM
o0opynoBaHUEM «DKCIepUMEHTaIbHAs (DU3NOJIOTHST
u ouodusuka» Kadeapbl (pU3MOJOTUU UYeOBEeKa U
XHWBOTHBIX U Ouodu3nku TaBpuyeckoil akageMuu
Kprimckoro ¢enepanpHoro ynusepcurera um. B.A.
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Bepnanckoro Ha 120 B3pocnbIx 1a00paTOPHBIX KPBIC-
camiioB JuHuU Bucrtap (ITuToMHMK J1aGOpaTOPHBIX
XKUBOTHBIX «PammonoBo», Pammonoso BceBonoxk-
cKoro paitoHa JIeHMHTpaacKoi 001aCTH) CO CPETHUM
YPOBHEM [OBUTaTeJIbHOM AaKTUBHOCTU M HM3KUM
YPOBHEM OMOLMOHAJIBHOCTU. JlJIST oIpenciacHUs
YPOBHSI IBUTaTEJIbHOM aKTMBHOCTU M SMOIIMOHAJIb-
HOCTH XXHNBOTHBIX MCTOJIb30BAIY CIEIIUATU3NPOBAH-
HYI0 pab0o4yIo CTAaHIIMIO pa3MepoM 45 X 45 cM ¢ TIpo-
3pauyHBIMU TTOJIUIIPONIMICHOBBIMUA CTEHKAMM BBICO-
toit 20 cM, mpeacTasisolIyio coboii aktumerp (IR
Actimeter, Pan Lab Harvard Apparatus, Mcnanus) c
IByMsI MH(MppaKpacHBIMA paMKaMHW, BBIIOJIHSIOIIN -
MU POJib NaTYMKOB ABMKeHUi. [11s1 ympaBiaeHus pa-
Ooueil craHLMell M cOopa JaHHBIX MCIIOJIb30BaJIU
nporpamMmMmHoe obecrnieuenue Actitrack 2.0 (Pan Lab
Harvard Apparatus, Mcrianust).

ZKUBOTHBIX, y4aCTBYIOIIUX B 3KCIIEPUMEHTE, CO-
JIepXKaJii B CTaHJApPTHBIX YCJIOBUSIX BHUBapusl IpU
temrepatype 18—22°C Ha noactuie «Pexopukec MK
2000» (Ha oCHOBE MOYATKOB KYKYpPY3hl) C €CTECTBEH-
HBIM JBEHAIlIaTUYACOBBIM CBETO-TEMHOBBIM IIMK-
JIoM, cBOOOoaHBIM moctyrioM K Bome (I'OCT 33215-
2014 «PykoBoACTBO MO COmEpKaHUIO U YXOMy 3a Jia-
OopaTopHbIMU XMBOTHbIMU. [lpaBuna obGopymoBa-
HUSI IOMEILEHWI 1 OpraHU3allMy IIPOLEIYP» ) U II0JI-
HOIIEHHOMY TpaHyiaupoBaHHomy Kopmy (I'OCT P-
50258-92).

BBuay Toro, 4yto peryssiiusi 00J€BO UYBCTBU-
TEJIBHOCTU OOECNEeUYMBACTCSI WHTETPATUBHBIM KOM-
IUIEKCOM MEXaHU3MOB, MMEIOIIUX U30UpaTesibHYIO,
JTUHAMUWYECKU W3MEHSIOUIYIOCS HEMPOXMMUYECKYIO
U HelpoMopdOIOruYecKylo CTPYKTypy, KoTopas
oIpeessieTcss BUAOM JIeicTByIolIero hakropa, 00b-
€KTHBHYIO OLIEHKY 00JIEBOI UyBCTBUTEJBHOCTU 1IEJIE-
COO0pa3HO MOJYYUTh, UCIOJIB3YST KOMITJIEKC aJITOMET-
PUYECKUX TECTOB.

B Tecte «tail-flick» (TecT «OTAEprUBaHUS XBOCTA»)
OILICHUBAJIN TTepLUETITYATbHBIIA KOMITOHEHT 0011. Oc-
HOBHBIM TOKa3aTejieM JaHHOIo TecTa CIYyXKWJI Ja-
TEHTHBIN TTepro 6OJIEBOI peaKIIMKU OTBEICHUS XBO-
cta (JITIBPTOX) B OTBET Ha CBETOTEpMaJibHOE pa3apa-
KeHMEe, KOTOpBIM OmpeAessyii 10  BpeMeHU
MIPOSIBJICHUS PEaKIIMK OTOePTUBaHUS XBocTa. M3me-
peHus npoBomuian Ha tpubope LE7106 Tail-flick
Meter (Pan Lab Panlab Harvard Apparatus, Mcna-
Hus1). Ha xBocT Kaxkmoii KpbICHI, CUAsIIE B (pUKCca-
TOpPE, OCYIIECTBIISITN TPU TIPEABSIBICHUS CBETO-TEP-
MaJILHOTO pa3ApakuTesIsl ¢ TIOCIeAYIOIIM PacyeToOM
cpennero 3HayeHus JITIBPTox B cekyHmax mist Kax-
JIOTO XXMBOTHOTO. [IaHHBII TECT OCHOBaH Ha CITHM-
HaJlbHOM (bJIeKCOpHOM pediekce, BOZHUKAIOIIEM B
OTBET Ha JIOKAJIbHOE BO3ICHICTBIE Ha XBOCT BBICOKOIT
TEeMITepaTyphl, M TTO3BOJISIET CYIUTh O OOJIEBOI UyB-
CTBUTEJILHOCTU XXWBOTHBIX IPEUMYIIECTBEHHO Ha
COUHAIILHOM ypoBHe [17—19].

Tect «anresumerp—inunibl» (Tect Panmania-Ce-
JINTTO) Ha 3KCIepUMeHTaIbHOI ycTaHOoBKe BIO-RP-
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Puc. 1. Dnekrpuueckast cxema annapara «PAME]L DKCITEPT—01».

R Rodent pincher — analgesia meter (Bioseb, ®pan-
1) oToOpaXkaeT MPUIIOKEHHYIO CUJIy B IpaMMax
(Fram) — 0oJyIeBOII ITOPOTI MEXaHWYECKOU 00JIeBOit
YyBCTBUTEILHOCTUA, MPU KOTOPOM MPOUCXOIUT OT-
BETHAsl peakiysl JKUBOTHOIO Ha MOCTENEHHO YBEIU-
ypBalolieecsd o CUJIe COABIWBAHUE XBOCTA IIUIILIA-
mu [19]. OcyliecTBsIn 110 TPU MEXaHUYECKUX CxKa-
TUS IIUIMLAMU XBOCTa KaXKAOH KPBICHI, CUISIIEH B
dukcarope, ¢ MOCIEAYIOIINM PACUeTOM CpPEIHETO
3Ha4YEeHUS 6OJIEBOTO MOPOTra B rpaMMax JIUIST KaXKI0TO
>KMBOTHOTO.

B TecTe «hot plate» (TecT «ropsidasi miaacTUHAa») Ha
sKkcnepuMeHTanbHOM yctaHoBke Cold and hot plate
CHP (Bioseb, ®paH1nst) perucTpupoBaiu JaTeHT-
HbII nepuon 6oaeBoii peakuuu (JIIIBPTrm) xxusot-
HOTO, KOTOPBII OMpeaessiiii 0 3HAYEHUIO BpeMEHH
MPOSIBJICHUST peaKlMU OTASPruBaHuUs U JIU3aHUS KO-
HEYHOCTeM M/WN BoKaau3zaluuu (B cekyHmax). Tect

Puc. 2. DkcnepUMeHTaIbHOE BO3IEiiCTBIUE HU3KOUHTEH-
CHBHOTO 3JIEKTPOMAarHUTHOTO M3JTy4eHUs] MULIUMETPO-
BOTO IMara3oHa Ha XXUBOTHBIX.

MMO3BOJISIET CYANUTH O 60JIEBOM UyBCTBUTEILHOCTH K1~
BOTHBIX Ha CyIIpaclMHaJIbHOM ypoBHe [19, 20].

borutn mpoBeneHBI TpU cepyuM SKCIEPUMEHTOB C
MPpUMEHEHHUEM BBIICIICPEYMCICHHBIX TEeCTOB. B
KaXXI0l CepuM 3KCIEPUMEHTOB KUBOTHBIX pa3Ieisi-
JIM Ha YeThIpe TPYIIIHI MO AECITh 0CO0ei B KaxKIOM.
IlepBast Tpymma XWBOTHBIX IIPEACTaBIISLIa COOOIt
OMOJOTUYECKUI KOHTPOJb W HaXOAWIach B CTaH-
ITapTHBIX J1a00OpaTOPHBIX YCIOBUSIX. BTOpylo sKkcme-
PUMEHTAIbHYIO TPYINILY KPBIC IMOABEPrajy BO3OCH-
CTBMIO HU3KOMHTeHCUBHOro YMMHW MM c moMonibio
anmnapata «PAMEJI-OKCITEPT — 0l» (Ilentp pa-
IMOMU3NIECKUX METOAOB IMArHOCTUKU M Teparuu
«PAME]Jl» HWHcTUTyTa TEXHUYECKOH MEXaHUKU
HAHY, r. IHenponeTpoBCK, pErucTpalluOHHOE CBU-
nerenbeTBO Ne 783/99 ot 14.07.14, BeimanHoe KHMT
MO3 YkpanHBI 0 IpaBe Ha IIPUMEHEHNE B MEIUITTH -
CKOM mpakThKe B YKpauHe), NPUMCHSS JIMHY
BoaHBI 7.1 MM (dactota usnmydyeHust — 42.3 I'T) u

IUIOTHOCTH IMOTOKa MoLIHOCTU — 0.1 MBT/CM2. Jnsa
BO3ICUCTBUSI MIWIIMMETPOBOIO M3IyYCHUsI 3KCIIe-
PUMEHTAJIbHBIX 3KMBOTHBIX (PUKCUPOBAJIM B IIPO-
3pavyHOM MeHaJle U3 oprcrexkia. JAnmHy u mmupruHy Ka-
MEpbl PETYJIMPOBAIA B 3aBUCHUMOCTUA OT pa3MepoB
KpbIchl. M31ydaTenb MoaABOAWIN K 0OydyaeMoit 0b-
JIaCTU XHWBOTHOTO 4Y€pe3 OTBEPCTUE B TIE€HaJIE, COOT-
BETCTBYIOIIIeE pa3zMepy M3JIydaTeslsI, U IUIACTBIPEM
IUIOTHO (PMKCHUPOBAIM Ha 3aTBUIOYHO-BOPOTHUKO-
BOIi 00J1aCTU, T.€. OCYIIECTBIISZIM OOJIydeHHE KOH-
TaKTHBIM crocoboM. Cxema ycTpoiicTBa M OOJTyde-
HUSI XUBOTHBIX IIpuBeAeHa Ha puc. 1 u 2. Bosneii-
CTBHME OCYILECTBIISLUIU ¢ 3Kcno3ulueit mo 30 MUH Ha
3aTBIJIOYHO-BOPOTHUKOBYIO obJyacth [10], exxeqHeB-
HO B TedeHHre 21 CyTOK HAOIIOmeHHSI.

TpeTbs rpyniia XUBOTHBIX (DM B -Tpymiia) Haxonu-
J1ach B TedeHue 21 cyTok 1mo 23 4/CyTKH B KaMepe, 3Kpa-
HUpyIolieil BIUSHUSL (DOHOBBIX MAarHUTHBIX TIOJICHA.
DKpaHUpyIomas Kamepa pa3MepoM 2 X 3 X 2 M OblI1a

BUODU3NKA Ttom 65 Ne3 2020
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3aBUCHUMOCTD KOC—)(I)(l)I/IHI/IeHTa OKpaHUPOBaHUA KaMEPhbI OT YaCTOThI ICPEMEHHOTO MarHuTHOTIO ITOJIA

£, Tu Sg £iTn SB f, T SB £ Tu SB
16 3,7 50 2,5 95 3,8 160 1,0
20 2,4 51 2,3 100 2,9 200 1,0
25 1,9 70 2,4 102 2,8 250 1,0
30 2,6 75 2,8 105 2,8 255 1,8
35 2,3 80 2,5 125 2,2 350 0,9
40 2,7 85 2,4 130 1,6 400 L1
45 2,4 90 2,7 152 1,4 500 1,0

IMpumevanue. Sg — KO3(G@PULIMEHT SKpaHUPOBaHMs KaMephl, f — YacToTa IMEepeMEeHHOro MarHuTHoro moist. Kamepa Gbuia

M3TOTOBJIEHA U3 ABYXCJIOMHOTIO XKeJie3a MapKu «JluHaMo».

HN3TOTOBJIEHA U3 HBYXCHOﬁHOFO 2KeJae3a MapKu «[[I/I—
HaMO».

N3mepenne KoadpuiimeHTa 3KpaHUPOBAHUS Ka-
MEpPBI, CBSI3aHHOTO C OCJ1abJIeHeM MarHUTHOTO I10-
151 (Sg), BBULY HEOOJIBIIOI BETMUUHBI Sg OBLIO IIPO-

BEACHO OKCIICPUMMEHTAJIbHBIM ITYTEM.

151 TOro OCYIIECTBIISIIN U3MEPEHUE BEIMUMHBI
MarHUTHOTO T10JISI BHE KaMephbl U BHYTpU Hee. M3Me-
PEHMS IIPOBOIMIIN KaK C TIOMOIIBIO (DEPPO30HI0OBOIO
MarHuToOMeTpa, TaK U C TOMOIIbI0 MHAYKIITMOHHOM
KaTtymiku. KoadduumneHT 3KkpaHUpPOBaHWSI MarHUT-
HOTO IIOJIS Ha YaCcTOTE f BRIYMC/ISUIM KaK OTHOIIICHHE
3HAY€HUsI MAarHUTHON WHAYKIMU BHE KaMephl
Ha 3HaYe€HME MATrHUTHOM MHAYKLWU BHYTPU Hee
(Tabnuia).

Jas naMepeHus B 001acTU HU3KUX 4acToT (OT

10°4r o go 100 I'n) ucrmonb3oBam OMHOKOMITOHEHT-
HBIA ¥ IBYXKOMITOHEHTHBI (heppO30HI0BbIE MATHUTO-
METpPHI, TMO3BOJISIONINE OTHOBPEMEHHO ITPOM3BOIUTH
U3MEpEHVE IBYX B3aMMHO MEPIEHIUKYISIPHBIX MTPOEK-
LIVii BEKTOpa MArHUTHOTO TToJIs. [Topor 4yBCTBUTETLHO-
CTU MarHUTOMETPOB cocTaBiisteT 1 HTJ1 o Kaxkmoi KoM-
TMOHEHTE, TOYHOCTh N3MepeHus +3%.

KMG)MS — H3M3+}MIM — HMM
MM

b

rae KM — xoadpunmeHT Mmogudukanum, H — nmoka-
3aTe/lM HOLMLEINIUU TPU BO3AEUCTBUM CJIabOTO
OMDB n HuU3KoMHTeHCUBHOro ®MMU MM nuamnazoHa
cooTBeTCcTBeHHO. KoaddunueHT MoguduKauum pa-
BEH HYJII0, €CIM MoauduIIMpyIolee BAUSHUE u3ydya-
eMoro (pakTopa OTCyTCTBYET.

ITonyyeHHble OaHHBIC TOMBEPraJIM CTaTUCTAYEC-
CKOM 00padoTKe. JJOCTOBEpPHOCTh pa3INiMii CPeIHUX
BEJIMUMH HE3aBUCUMBIX BBIOOPOK MEXIy 3KCIepu-
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M3mepeHurst TMITOMarHUTHOIO ITIOJISI B 0OOJacTu
BeicokuX yacToT (ot 15 I'u no 100 kI'1r) mpoBoauiu B
JJabopaTopru B BKpaHUPYIOIlIeil Kamepe ¢ TIOMOIIbIO
M3MEPUTEIbHOMI KAaTYIIIKH! CO CASAYIOIINMM XapaKTe-
puctukamu: 500 BHMTKOB, BHYTPEHHUI OUaMETp
10 cM, BHewrHUM — 10.6 ¢cM, COBMECTHO C CEJIEKTUB-
HBIM ycuimiTelieM Y2-8. KoaddulmeHT s3KpaHIpoBa-
HUS MIOCTOSTHHOM COCTaBJISIIOIIECH MAarHUTHOIO TMOJs,
M3MEPEHHbII ¢ TIOMOIIBIO (heppO30HI0BOIO MAarHMTO-
METpa, COCTABJISUI MO BEPTUKAJIBHOM COCTaBIISIONICH
4.375, 110 ropu3oHTaIBLHOM cocTaistionieit — 20.0.

N3Mepsnm Takke Kak B 00JIaCTH YIbTPAHMU3KUX
4acToT, TaK U B 00JIACTH paIOYacTOT CEKTPaTbHYIO
IUIOTHOCTh MAarHMTHOTO IIIyMa B 9KpaHUpPYIOIIeii Ka-
Mepe (puc. 3).

YeTBepTylo Ipyniy >KMBOTHBIX MOABEPrajn KOM-
OMHUPOBAHHOMY OEHCTBUIO HU3KOUMHTEHCUBHOIO
MWUIMMETPOBOTO U3IYyYeHUS U 3JICKTPOMAarHUTHOTO
sKkpaHupoBaHusa (DMBD+MM) B teueHue 21 CyTOK,
AHAJIOTUYHO KUBOTHBIM BTOPOU U TPETHEH IPYII CO-
OTBETCTBEHHO.

st oueHKY MOIUGULIMPYIOLIETO ASHCTBUS CJia-
6oro OMD cpenbl Ha BO3IeiiCTBIE MIJLIMMETPOBOTO
U3JIy4YEHUST UCHOJIb30BaAIM KOB3(PPULIMEHT Moanubu-
Kalluu:

KMMM — H3M3+}MIM — HSMC—)
HMD

MEHTAJIBHBIMU TPYITIIAMU OLICHWBAJIN C TIOMOIIBIO He-
mapaMmeTprdeckoro Kpurepust Kpackemma—Yommmca.
715 cTaTUCTUYECKOTO aHATU3a Pe3yIbTaToOB UCCIIEeNO-
BaHUS MCITOJIb30BaIM IporpaMmy Statistica 10.0.

PE3VJIbTATbI NCCIIEJOBAHWA

Kak mokazanu pe3yabTaThl KCCIIEAOBAHUS, TIPU Pe-
rucTpanyy (POHOBBIX 3HAYEHMT GOJIEBOM UyBCTBUTE b~
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Puc. 3. 3aBucumocTb CIIEKTPAJILHOM MJIOTHOCTU MAarHUTHOTO LIIyMa BHE KaMepbl U BHYTPU KaMepbl OT YaCTOTHI B obnactu

yacTtoT oT 15 I't mo 100 xI'11.

HOCTHM MEXKTPYMIIOBbIC Pa3InuMsl Y KPbIC He ObLIM 00-
HapyXeHbI. [TokazaTenr HOIUIIETTIINN B KOHTPOJILHOI
IPyIIe XMBOTHBIX HA MPOTSLKeHUM 21 CyTOK HaOIIo-
NEHWST U3MEHSUTMCh HE3HAYWUTENIbHO M COCTAaBWIN B
cpenHeM B Tecte «hot plate» 3.48 & 0.20 ¢, B Tecte «tail-
flick» —4.00 £ 0.23 ¢, B TecTe «are3nMeTp—IIAIIIE» —
35396 £ 64.31r.

YV XKUBOTHBIX BTOPOI TPYMIIbI, IOABEPTHYTHIX BO3-
JIeNCTBUIO HU3KOMHTEHCUBHOTO DM MM, Ha npo-
TSKEHUW HAOJII0JaeMOro Mepruoia OTMe4aaoch 3Ha-
YUTEIbHOE ITOBBLIIIEHNE YPOBHSI aHTUHOLIMLIETIIIAN
110 CPAaBHEHMIO C COOTBETCTBYIOIIMMHU 3HAYECHUSIMU,
3aperucTPUPOBAHHBIMU Y KPbIC KOHTPOJIBbHOM TpyII-
ITbI, YTO CBUAETEIBLCTBYET O PAa3BUTUM BBIPAKECHHOI
TUMOAJITE3UN MIPU BO3IEHMCTBUN HU3KOMHTEHCUBHO-
ro ¢pusnyeckoro ¢akropa.

Tak, B Tecte «hot plate» y KpbIC BBIABIEH BbIpa-
KEHHBIN aHaabreTM4IecKnii 3(peKT, BhIpaKaBIIii-
cs B yBeanueHuu JITIBP,,, oTHOCUTEIbHO KOHTPOJIS
B TEUEHME BCETO Teproja HaOMIOAEeHUS, UTO CBUIC-
TEeJIBCTBYET, corslacHO padoraM [19, 20], 06 ygactun
CyIpacluHaIbHbIX MEXaHU3MOB B pEryJsiliuu 0oJjie-
BOIi UyBCTBUTEIBHOCTU. Tak, ero MakcUMaJlbHbIi
MPUPOCT ObLI 3aPETUCTPUPOBAH Ha CEAbMbIE U OJUH-
HaJlaTble CYyTKU BO3IEHCTBUSI TaHHOTO (PU3NYECKO-
ro ¢akropa u coctaBuia 53.93% (p <0.01) u 81.92%
(p <0.005) cCOOTBETCTBEHHO B CpaBHEHUM CO 3HAYE-
HUSIMU 3TOTO MOKa3aTesisl, 3aperucTpupOBaHHBIMU B
KOHTPOJIbHOI IpYyIIIe SKMBOTHBIX (pUC. 4a).

B Tecrte «tail-flick», saBisrommMcsT TepMHUIECKOM
MOAENbIO ocTpoii 6ou [17—19], Takske ObLI BBISIBJIEH
BBIpaxKeHHBII aHabreTuueckuii adpdexr. Haubdosee
Boicokue nokasatenau JITIBP, , 6b1n 3apeructpupo-
BaHbl Ha TEepBbIe, CeIbMble U NSITHAALATBIE CYTKU
BO3JCUCTBUSI MUJIJTUMETPOBOTO M3JIYYEHUS — OTMe-
yajoch yBenmaeHne Ha 30,56% (p < 0,05), Ha 37.94%
(p <0.05) 1 Ha 38.54 % (p < 0.05) COOTBETCTBEHHO,

OTHOCUTEILHO 3HAYEHU Y JKMBOTHBIX, 3aPETUCTPU-
pOBaHHBIX B KOHTpoJjie (puc. 40). DTO CcBHUACTEIIb-
CTBYET 00 YJaCTHUM TIepIIeNITyaTbHOTO KOMITOHEHTa 1
CMIMHAJIBLHOTO MEXaHU3Ma B PETYJISIIIMY 00JIeBOM UyB-
CTBUTCILHOCTH TION BIUSHHEM MUJUITUMETPOBBIX
BOJTH.

B Tecte Panmanma-Cenntro (TeCT «ajlre3mmeTrp—
LIUITLBI»), CAyXKallleM s OINpeacjeHUsl MOpPOroB
MeXaHU4eCKOI 00JIeBO UyBCTBUTENbHOCTH [19], pe-
TUCTPUPOBAJICS OTBET Ha 0OJIeBOE MeXaHUYeCKoe
BO3JICMCTBYE 1 OTMEYaach aHAJIOTUYHAsT TMHAMMKA
roxasatejieil 60J1eBOil YyBCTBUTEIILHOCTH, KaK U B
JIPYTUX aJITOMETPUYECKUX TeCTax IMPU BO3ACHCTBUU
MUWJIJTUMETPOBBIX BOJIH. MaKcuUMabHOE yBeIUUEeHUE
Frain ObIJIO 3apervCTPUPOBAHO Ha OJMHHAIIATHIC
CyTKU 3KcnepuMeHTa (Ha 68.75%, p < 0.005) otHO-
CUTEJIbHO 3HAYeHUI COOTBETCTBYIOIIMX TOKa3aTe-
JIeii, 3aperuCTPUPOBAHHBIX Y XKUBOTHBIX KOHTPOJIb-
Ho1 rpyTIel (puc. 4B).

Takum o0pa3oM, MO JaHHBIM Pa3IMYHBIX MOJE-
JIeit ocTpoit 60JIM HUBKOMHTEHCUBHOE MUJUTUMETPO-
BOE M3JIyYeHUE MpOSBIIsieT aHaJbre3upylollee aeii-
CTBME, YTO COIVIACYeTCs C HaIlUMM MPeAbIIyIINMU
nccaenoBanuaMu [ 10] 1 IOTIOTHSIOT MX TEM, UTO aH-
TUHOLULIENITUBHBIN 3ppekt DM MM npossisieT-
CSI B YCJIOBUSIX MHOTOKPATHOTO BO3IEICTBUS B TEUe-
Hue 21-X CyTOK.

V >KUBOTHBIX TPETheii TPYIIIbl, HAXOAUBIIUXCS B
YCJIOBUSIX JJIMTEIbHOTO DM3D, B OTJIMYUE OT KUBOT-
HBIX, €XEIHEBHO IIOABEPraBIIMNXCS BO3ICUCTBUIO
MM -u3znydyeHusi, oTMeYaIuch (pa3Hble M3MEHEHUS
YPOBHSI 00JI€BOM YyBCTBUTEIILHOCTU B pa3HBIX aJiro-
JIOTMYECKMX TECTaX.

Taxk, B Tectax «tail-flick», «hot plate» u «anre3n-
METPp—IIUIIIBI» C NEPBBIX IO CeIbMbIC CYTKM 3Kpa-
HUPOBAaHUSI OTMEYAIOCh CHIIKEHIE MToKa3aTtelieit 60-
JIEBOM YYBCTBUTEJILHOCTA OTHOCUTEILHO COOTBET-

BUODU3NKA Ttom 65 Ne3 2020
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Puc. 4. lunamuka nokasaresieit Houuueniuu (JINIBP — nareHTHOro nepuona 60JieBoii peaklnu) Mpy U30JIMPOBAHHOM U
KOMOMHMPOBAHHOM BO3IEMCTBUM HU3KOMHTEHCUBHOTO 2JIEKTPOMAarHMTHOIO U3IyYeHUSI MUJUIUMETPOBOro nuamnazona (MM)
U 2JIGKTPOMArHUTHOTO 3KpaHUpoBaHUs (DMD) y KpbIc B TecTax «ropsiuas IuiacTuHa» (a), «OTAepruBaHue XxBocrta» (0),

«aJIre3uMeTp—IIMUILEB (B).

CTBYIOIIMX 3HAYEHUI Y KPbIC KOHTPOJIbHOMN TPYIIIbI
(puc. 4), 4TO CBUACTEIILCTBYET O CHUKEHUU 0OJIEBO-
ro Iopora U pa3BUTUU TUTIEPAITe3UN B CPaBHEHUU C
KOHTpojieM. MaKcuMalbHOE CHIKeHUE B TecTe «hot
plate» oTMmedanoch Ha mepBble cyTku (Ha 13.81%,
p <0.05), B Tecre «anre3uMeTp—IIMUIILEI» 3aperu-
CTpUpPOBaHO Ha TpeTbU cyTKU (Ha 27.90%, p < 0.05
COOTBETCTBEHHO), B TecTe «tail-flick» — Ha msTEHIe
Ne 3 2020
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cytku (Ha 7.30%, p > 0.05) Bo3meiicTBUS THITOMATr-
HUTHOU Cpeabl OTHOCUTEJIbHO 3HAYEHUI Y XXUBOT-
HEIX B KOHTpOJIE.

C [eBSTHIX CYTOK BO3AccTBISI DM D 0oTMEeYaIoch
HUBEJIMpOBaHMEe 00JIEBOI peaKIMM B MCCIEIYyEMBIX
OoJIeBBIX TecTaX. Tak, HaOIIoZAIOCh ITOCTEIIEHHOES
yBEeJIMUEHME IIoKasaTejeil HOLMLENIUA OTHOCH-
TeJIbHO (DOHOBBIX 3HAYEHUII M 3HAYEHUU COOTBET-
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CTBYIOLLIMX T[lOKa3aTresjieil, 3aperucTpupoOBaHHBIX B
KOHTPOJILHON TPYIINE >XWUBOTHBIX, UTO CBUIETENb-
CTBYET O BO3pacTaHUU GOJIEBOTO MOPOTa U Pa3BUTHH
runoanre3uu: MakcumaibHoe yenudyenue JITTBP .,
JIIBP,,, n F,, 3aperucTpMpoBaHO Ha OJMHHAILA-
TBIE CYTKM 3KpaHMPOBaHWUS, 4TO BhIle Ha 23.12%
(< 0.01), va 22.71% (p < 0.01) n Ha 35.35%
(p <0.01) cOOTBETCTBEHHO OTHOCUTEILHO 3HAYCHUIA
JNaHHBIX TOKazaTeJell y >KUBOTHBIX KOHTPOJIbHOM

TPYIIITBL.

C mATHAAUATBIX CYTOK HAXOXIEHUS KUBOTHBIX B
TUIIOMAarHUTHON cpelie 3aperMcTpupoBaHa TEHIEH-
1S K IIOCTEIIEHHOMY CHMXKEHMIO MoKa3aTelieil HO-
LULEMINN U TIPUOTIKEHUIO NX K 3HAYEHUSIM COOT-
BETCTBYIOIIUX TTOKa3aTesIeii, 3aperuCTPUPOBAHHbBIX Y
KPbIC KOHTPOJILHOM T'PYIIIIHI.

Takum 00pa3oM, y KpBIC, IOABEPTHYTHIX BO3/IECii-
CTBUIO ci1aboro OMD, oTMeuaoch TpexdasHoe n3me-
HeHMe 00JIeBOI YyBCTBUTEIIBHOCTH, TIE TIOCE TIepBOii
rurnepairerndeckoit ¢asspl (1-e — 7-e cyTku) pa3Bu-
BaJICSI aHTUHOLIMICNITUBHEIN 3(h¢deKT — BTOpas dasza
(11-e — 15-e cytku). B Tpertbeii paze mokazareau HO-
[ULEHIINY ITOCTeNIeHHO CHIDKaMCh (17-e — 21-e cyT-
K1), TIpUOMIEKASICh K 3HAYEHWSIM HOLULEIIIINT, 3ape-
TUCTPUPOBAHHBIM B KOHTPOJILHOM I'PYTINE >KUBOTHBIX.

ITonydyeHHBIE HAMU JaHHBIE O Pa3BUTUU (Pa3HBIX
M3MEHEHUIT 00JIEBOI YYBCTBUTEIBHOCTU B YCIIOBMSIX
DOMD cornacyroTrcs ¢ pesyJibTaTaMUu HCCIeIOBaHUMA
npyrux aBTopoB [21, 22]. OgHako TPOAOKUTETb-
HOCTh BBIICJICHHBIX HaMM (pa3 M3MEHEHUI OOJIeBOI
YYBCTBUTEJILHOCTU KPBIC TOPa3ao OOJbIIIE, YTO MOXKET
OBITb OOBSICHEHO MEHBIIIUM OCJIabJIeHUEM KaK CTaTu-
YeCKOro, TaK 1 IIepEMEHHOr0 MarHUTHEIX ITOJICH B Ha-
IIIMX UCCJIEIOBAHMUSIX B CPABHEHUU C JIUTePaTypPHBIMU
JTaHHBIMU.

Pesynbrarhl ucciaenoBaHusl Y SKMBOTHBIX, HAXOIS -
IIUXCSI B YCJIOBUSIX KOMOMHUPOBAHHOIO NEUCTBUS
OMBD 1 MUJJTMMETPOBOTO U3JIYYCHUS ITOKA3aIU, UTO
YPOBEHb HOULMIUEIIUM Y KPbIC JAHHOW TPYMIIbI
(OMD+MM) ObLI BHILIE TTOKAa3aTeIeii O0JIEBOI YyB-
CTBUTEJILHOCTHU Y )KMWBOTHBIX KOHTPOJIbHOM IPYMIIbl U
rpynnbsl OMD U HUXXe MpU CpaBHEHUU C JaHHBIMU,
MOJIyYEHHBIMU Y KPBIC, MOABEPTHYTHIX BO3IEHUCTBUIO
n3oJupoBaHHoro YMU MM.

Tak, yxe ¢ TpeTbUX CYyTOK 9KCIIEpUMEHTA B IPyTI-
e XKUBOTHBIX OMB+MM ormeuanoch 3HaYMMOeE
yBenuuyenue JITIBP,, oTHocuTenbHO 3HAYEHUU Yy
KPbIC KOHTPOJILHOH Tpynbl. MakcMMaibHOE YBEJIU-
YeHUE 3apeTMCTPUPOBAHO Ha CelbMble U TPUHAIlIA-
Thle cyTKU HabmoneHust (Ha 32.79%, p < 0.01 u Ha
45.14% p <0.01 coorBeTcTBEHHO). MakcHMaJIbHOE
yeesmueHud JITIBP, , otMedaeTcs Ha ofTMHHAILaThIE
cytku (Ha 29.72%, p <0.01), F,,, — Ha nepBbie (Ha
42.94%, p<0.01) u cemnHamuatele (Ha 37.41%,
p <0.01) cyTku HaOIIOAECHUSI OTHOCUTEJIBHO COOT-
BETCTBYIOIIMX 3HAYEHU Y KPbIC KOHTPOJIbHOM IpyIi-
bl (CM. puc. 4).

YVAH u np.

JanHbBIe TOKa3aTelIM CTaTUCTHYECKU 3HAYUMO
W3MEHSUJIMCh U TIPU CPAaBHEHUU C COOTBETCTBYIOIIN-
MM 3HAYCHUSMHU Y KUBOTHBIX BTopoili (MM) u Tpe-
Theil (OMOD) rpynn. Tak, nokazanus JITIBP,., mak-
CUMaJIbHO YBEIWYWINCHL Ha 1aTble (Ha 36.23%,
p<0.01) u ceapmbie (Ha 37.64%, p<0.01),
JIBP,,, — Hanarsle (Ha 32.36%, p < 0.01), F,,, —Ha
nepsbie (Ha 45.57%, p <0.01) u cemHanuaTeie (Ha
33.45%, p < 0.01) cyTky HaOIIOJEHUST OTHOCUTEIBLHO
ToKasartejieif, 3apeTUCTPUPOBAHHBIX Y KMBOTHBIX,
MOABEPrHYTHIX N30JIMPOBaHHOMY DM D.

ITo cpaBHEHUIO ¢ JTAaHHBIMU Y KUBOTHBIX BTOPOit
rpynnbl (MM), HammpoTWB, OTMEYAJIOCh 3HAYMMOE
yMeHbllleHue 3HayeHuit: JITIBP,,, — Ha TpuHanua-
Thle cyTKU (Ha 26.16%, p < 0.05), JITIBP,,, — Ha cenb-
Mble cyTku (Ha 21.15%, p < 0.05), F,,, — Ha ceabMbIe
cytku (Ha 38.78%) HabmomeHUS.

ary

Ilpu paccMoTpeHMU AWMHAMUKU KO3(ddUIIMEHTa
MonudUuKalu TpU KOMOMHUPOBAHHOM BO3MEii-
ctBun OMO u MM-uznydyeHus (puc. 5) B pa3HBIX
0O0JIeBBIX TeCcTaX HAMISIAHO JEMOHCTPUPYETCS CII0-
COOHOCTb HU3KOMHTEHCUBHOTO DM MM nuamaso-
Ha OKa3bIBaTb aHTMHOLMIIETITUBHOE JEMCTBUE U MO-
IyIUpyoLnit 3pdeKT Mpyu TUNepaare3uu, BbI3BaH-
HOli  BKpaHupoBaHuemM. B To ke  BpeMs
9KpPaHUPOBAHHWE YMEHbIIAET BbIPaXXEHHOCTb aHTH-
HOLMILIETITUBHOTO neiicTBrust OMU MM.

OBCYXIEHWE PE3VJIBTATOB

Takum obpazoM, pe3yabTaThl JAHHOTO MCCIIEIO-
BaHUS CBUIETEILCTBYIOT O TOM, UYTO Y JKUBOTHBIX IIPU
BO3JEMCTBUM HU3KOMHTEHCUBHBIX 3JICKTPOMATHUT-
HBIX pakTOpoB (DMU MM n DMD, a TakKe X KOM-
OUHALMSI) OTMEYAIOTCS M3MEHEHUsST OOJIeBOil UyB-
CTBUTEJILHOCTU, KOTOPHIC, B 3aBUCUMOCTHU OT Jeii-
CTBylOIIEeTO (akTopa U  UIMTEJIbHOCTU €TI0
MPUMEHEHYS, BEIpaXXEeHbBI B pa3HOM CcTerneHu. BhisaB-
JneHbl 3ddekTl MoguduKauy O00JIeBOM YyBCTBU-
TEJIBHOCTU Y KPBIC C TIOMOIIBIO HU3KOUHTEHCUBHOTO
MUJIJTUMETPOBOIO U3IYYEHUS U JIEKTPOMATHUTHOTO
3KpaHUPOBaHUA: IpuMeHeHre DM MM B KoMOM-
Hauuu ¢ DMDO HuUBeIUpyeT 3KpaHUHAYIIMPOBAHHBIC
U3MEHEHUsT 60JIeBOII UYBCTBUTEIBHOCTH, a MpUME-
HeHne DMD B komOmHanuu ¢ DM MM cHuxaet
AHTUHOILIULIETITUBHYIO aKTUBHOCTbH U30JIMPOBAHHOTO
DMU MM.

CorrocTaBieHMe MOJTYYSHHBIX B HACTOSIIIIEH pabo-
Te MaHHBLIX C pe3yJabTaTaMM HAaIIUX HNPEIbIIYyIINX
9KCIEPUMEHTOB 1 UCCICAOBaHUIA, OITyOJIMKOBAaHHBIX
B JIUTepaType, IO03BOJWIO BBIIEIUTH OCOOEHHOCTU
MOCJICICTBUII MPeObIBAHUS >KMBOTHBIX B YCJIOBUSIX
YMEPEHHOTI0 OCIa0JIeHUsI CTATUYECKOI 1 ITepeMeH-
HOM KOMIIOHEHT T'€OMAarHUTHOTO IIOJISI, NEMCTBUS
OMM MM u ux KoMOMHALIUU, a TaKXKe IPEANoJIo-
KUTb OCHOBHBIC (DM3NOJIOTNIECKIE MEXaHU3MBI, JIe-
Xallye B OCHOBE NEMCTBUS HAHHBIX (DU3MISCKUX

BUO®U3NKA TomM 65 Ne3 2020
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Puc. 5. Jlunamuka Ko3hbHIIMeHTa MOIUMUKAIINM 3JIEKTPOMAarHMTHOrO 3KpaHUpoBaHMsI (DMDBD) U HU3KOMHTEHCUBHOTO
9JIEKTPOMAarHUTHOTO M3JIyYeHUs] MWUIMMETpOBoro auamazoHa (MM) mipy KOMOMHMPOBAHHOM BO3IECHUCTBUM HAaHHBIX
dusndeckux (aKTOpOB B TECTAX «Topsivyas IUTACTUHA» (a), «OTIEePTUBaHUS XBOCTa» (0) U «ajare3uMeTp—IIUIIIIbI» (B).

d)aKTOpOB Ha 6OJI€BYIO YYBCTBUTCIIbHOCTL 2KHM-
BOTHBIX.

B Mmexanu3max neiictBust (paKTOpPOB 3JIEKTpOMAar-
HUTHOM IIPUPOALI, B TOM 4mciie DMD 1 HU3KOUH-
TeHcuBHOTO DMMW MM, Ha 00JIeBYI0 YyBCTBUTEIIb-
HOCTb BaXXHYIO pPOJIb UTpaeT OMUOUIHAsI CUCTEMa,
YTO OOHAPYXKEHO B 9KCIEPUMEHTAX ¢ MPUMEHEHUEM
HeCeJIeKTUBHOTO OJioKaTopa OMUOWIHBIX PELETTO-
POB HaJloKCcOHa. B yacTHOCTH, BBeJieHEe HAaJIOKCOHA
KpbICaM MPUBOIMIIO K YMEHBIICHUIO aHTUHOIIULIETI-
TUBHOTO 3(pdekra DM MM npu TOHNYECKOii, BUC-
HepajJbHOM 1 OCcTpoit TepMudeckoii 6onu [10]. OmHa-
KO Ha pa3HbIX 3Tallax IIPOJAOJLKUTEIBHOTO NEHCTBUS
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OMHU MM akKTUBHOCTBH 3TON CUCTEMBI HEOOAUHAKO-
Ba. Tak, mpm neicTBUM 3TOrO (pakTopa Ha MOJIIIOC-
KOB C JIOMMOJIHUTEIbHBIM BBeJIECHMEM HAJIOKCOHA B TE-
YyeHMe MEePBbIX-TPEThUX CYTOK Habmonaics 3deKT
TUIepaire3ui, YTo yKa3bIBaeT Ha 3aBUCHMMOCTb aH-
TUHOLMLENTUBHOro neiictreug DMU MM B s3TOT
BpeMeHHO! 1eprof oT onnonagoB. C 4eTBEpTHIX I10
BOCBMBIE CYTKHM THUHoOaJreTudeckuii appext DMU
MM mNoJIHOCTBIO OJOKUPYETCS HAJOKCOHOM, T.€.
TakKe 00YyCJIOBJIEH omuoaepruueckoii cucremoii. C
JIEBATOro AHsI 3 @EKT JUIIb YACTUUYHO OIMOUI00Y-
CJIOBJICH, TaK KaK OH PeayLIMpyeTCs, HO HE aHHYIU-
pyeTcs HecreHn(UIeCKUM 0JIOKaTOPOM OIMMOMIHBIX
penentopoB. CremoBaTeNnbHO, pPOJb OMNHNOWIOB
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YMEHBIIAETCS C YBEJIMYSHHEM 4YKClia BO3IEHCTBUIA,
YTO, IO-BUAMMOMY, CBSI3aHO C Pa3BUTUEM TOJIECPAHT-
HOCTHU OIMOMIHON CHUCTEMBI K IIPOIOJLKUTEILHOMY
nevictBuio OMU MM [22]. AHanormyHEBIT 3PdeKT
oImycaH U npu aeictBun DMMU npyrux nuana3soHoOB
[23]. BBenmeHue HalIOKCOHA >KMBOTHBIM, HAXOIUB-
MMMCSI B TeueHne 21 CyTOK B 3JIEKTPOMAarHUTHOM
9KpaHe, 10 Kaxaoro Bo3aeiicteuss DM MM ycunn-
Bajlo TurepaireTudeckuii adpdexr DM, HO Ha
YPOBHE TEHICHIIMM, B T€YSCHUE IIEPBBIX TPEX CYTOK
9KCIEPUMEHTA, a 3aTeM ero TMIlepajireTudeckas ak-
TUBHOCTb CHIKanach. Ha neBsiThle-OOMHHALAThIE
CYTKM Pa3BUBAIOIIMNIICS TUMOAITETUUYECKUN 3 DEKT
KOMOWHUPOBAHHOTO AeicTBus ODMD u OSMU MM
MOJIHOCTBIO HUBEJIUPOBAJICS HAJIOKCOHOM, T.€. OBLIT
OOyCJIOBJIEH OIMOMIOHOM CHCTeMOIi, a HadYMHasa C
JIBEHAIIAThIX CYTOK IIPOTPECCUBHO CHIKAJICS, HO HE
JIMKBUAUPOBAJICS, T.€. TUNOAJTETUYECKU 3PdheKkT
JIUILIB YaCTUYHO OBLJI CBSI3aH C ONMMOUIHOMN CUCTEMOM
[22].

Takum o6pa3zoM, ONMMONIOOYCITOBIEHHOCTb CHU-
XKajach C yBEJIIMYCHUEM IIPOAOJIKUTEIBHOCTH BO3-
JEACTBUS 3JIEKTPOMAarHUTHBIX (DAKTOPOB, UTO, MO-
BUAMMOMY, CBSI3aHO C DPa3BUTHUEM TOJIEPAHTHOCTU
ONMOUIHOI CUCTEMBI K 3TUM Bo3aeiicTBusIM. [1o-Bu-
IVMOMY, B 3TOT Meprona 06e300auBaromnii 3ppekT
3JIEKTPOMATHUTHBIX (haKTOPOB 00ECIIeUnBACTCS APy~
TMMM aHTUHOUMLEIITUBHBIMY CUCTEMaMU OpPraHM3-
Ma. DTOT BBIBOJ, ITOATBEP>KAAIOT HAILIM OoJiee paHHUE
nccaenoBaHus [10], coramacHO KOTOPBIM TMIOAITeTU -
yeckoe neiictBue 9MU MM obGecneunBaeTcs pas-
JIMYHBIMM 3HIOTEHHBIMU cUcTeMaMu. B yacTHoOCTH,
BEIYILILYIO POJib B MeXaHU3MaX aHTUHOLIUIIENITHUBHOTO
neiictBust MM-usnydeHUsI uUrpaeT MeJIaTOHMH.
BriepBple HaMM OBIJIO YCTAHOBJICHO, YTO TIPU NIEH-
ctBur OMU MM yBennuuBaeTcsi coaepXaHue Mesia-
TOHMHA B CLIBOPOTKE KPOBU XUBOTHHIX [24]. 3BecT-
HO, YTO ONUOUTHBIE MENTUIBI BHICTYIIAIOT B KAYECTBE
GbUBMOJIOTMYECKUX MeAUaToOpoOB BAMUdU3apHOTO U
9KCTpaIlMHeaaIbHOro MeJIaTOHUHA [25], OTBETCTBEH-
HBbI 32 YHUBEPCAJIbHYIO KOOPAUHAIIIO HEPBHBIX, 9H-
JOKPUHHBIX 1 UMMYHHBIX MEXaHU3MOB, a TaKXKe 3a
obecreyeHre 3aMKHYTHIX IIMKJIMYECKMX CBSI3eiT MeXK-
Iy HUMHU U 31midusom [25]. Kpome aToro, HaMu ycTa-
HOBJICHO, YTO HU3KOMHTeHCUBHOe DMU MM n 3k-
30T€HHBII MEJIAaTOHMH OKa3bIBAIOT CXOMHOE Jeli-
CTBUE Ha OSKPaHOMHAYLUPOBAHHBIE W3MEHEHUA
HOLMLIETIIIUY Y MOJUTIOCKOB, 3aKJII0UalONIuecs] B HU-
BEJIMPOBAaHUM TUIMEpaareTndeckoro addexra [22].
DTH JaHHBIE COTJIACYIOTCS C “MeJIAaTOHMHOBOIM TE€O-
pueil JeCTBUS 2JEKTPOMArHUTHBIX (DaKTOPOB, CO-
IJIJaCHO KOTOpOil mocjieqHre B HadaJbHBIA ITEPUOI
CBOETO IEeHCTBHUS YyTHETAIOT CEKPENI0 HEMPOropMo-
Ha [26]. D10 BiieueT 3a cO6O0I yMEHbBIIEHNE MPOIYK-
UH B-3HI0op(PUHA 1 YyBCTBUTEIILHOCTH OTTMOMITHBIX
penenTopoB [27], T.e. CHIDKEHNE aKTUBHOCTU OITHO-
unHou cucrembl. ClieACTBUEM 3TOTO SIBJSIETCS pa3-
BUTHE TUNEPAITe3U, YTO UMEET MECTO U B IIpOBE-
JIEHHBIX MCCJIEIOBAHMSIX B YCIOBUSIX N30JIMPOBAHHO-

YVAH u np.

ro OMBD. MoxXHO TIPeONoJIOKNTh, YTO TIPH
KOMOWHUPOBAHHOM JCHCTBUU IBYX DJICKTPOMArHUT-
HEIX (pbakTOopoB (DMD 1 DMU MM) He IpOUCXOTUT
CHIVDKEHUS CEKpelIMU MeJIaTOHWHA GJarogapst MOV~
dunupyoiiemMy aeicTBuio MM-u3inydeHus, 4To U
ABJISIETCSI TIPUYMHON HUBEIMPOBAHUS 3KpaHOOY-
CJIOBJIEHHOI TUIMEPAJITe3U C IMOMOIIBIO JTOIOTHU-
TEJBHOIO BO3IEUCTBUS Ha XUBOTHBIX DMU MM,
YTO U BBISIBJICHO B HACTOSIIIIEM MCCIIETOBAHUM.

Hcxonst u3 mpuBeaeHHBIX (paKTOB, MOXHO yTBEp-
XKIaTh, 4TO (PM3HUOJIOTUYECCKHUE MEXaHU3MbI ACCTBUS
HM3KoMHTeHcuBHOTrO OYMMU MM nuanaszoHa Ha op-
TraHU3MBbI, HAXOISIIUECs] B YCIOBUSIX OCIa0JIEHHOTO
2JIEKTPOMATHUTHOTO I10JIsI, CBSI3aHbI C U3MEHEHUEM
COCTOSIHUSI OMUOUIIEPITUUECKON CHUCTEMBl U COIEP-
>KaHUs MeJaToHMHA. [To3ToMy eCTeCTBEHHO MPeIo-
JIOXWUTH, YTO aKTUBALAS HAHHBIX SHIOTEHHBIX CHU-
CTeM SIBJISIETCS HecIlelM(pUUecKoi peaklmeil opra-
HU3Ma Ha  HU3KOMHTEHCHUBHBIE  BO3JEUCTBUS
dusngeckux (PakKTopoB.

Takum obOpa3oM, pe3ybTaThl JAHHOIO MCCIIEO0-
BaHUWS TO3BOJIMIIM BBISIBUTH 3(PPEKTHI MoandpuKa-
UK 00JIEBOII UYBCTBUTEIbHOCTU KPBIC C TTOMOIIBIO
HU3KOMHTEHCUBHOIO MWLUIMMETPOBOTO M3JTy4CHUS
M 3JIEKTPOMArHUTHOIO 3KpPaHUPOBAHUSI, IPOBEPUTH
U CYILLIECTBEHHO MOIIOJHUTh TUIIOTE3Y O KOPPUTUPY-
omeM aeictBun ODMMUW MM Ha 3KpaHUHIYLIMPO-
BaHHBIC IIPOIIECCHI, a TakKKe SKCIIEPUMEHTAJIbHO
MOATBEPAUTDH TEOPETUUECKUE MPEACTaBICHUSI 00 OC-
HOBHBIX (DU3MOJIOTUYECKIX MEXaHN3MaX, JIeXKallluX B
OCHOBE OMOJIOTUYECKOTO ASMCTBUS TaHHBIX (pr3mde-
CKUX aKTOPOB.

BBIBO/IbI

1. BergBiaeHsl 3¢pPeKThl MOTUPUKAIIIN 00JIeBOM
YyBCTBUTEJILHOCTA Y KPBIC C MOMOIIBIO HU3KOMH-
TEHCUBHOTO MWLUIMMETPOBOTO U3JIYYSHUS U DJIeK-
TPOMArHUTHOTO  BKPaHUPOBaHWS: IPUMEHEHHUE
OMHU MM B koMOuHauuu ¢ DMD HUBEIUPYET
9KpaHUHAYIUPOBAaHHEIE U3MEHEHUSI OOJIEBOM UyB-
CTBUTEIBHOCTH; MpUMeHeHNne DMD B KOMOMHAIINH
¢ OMU MM cHuXaeT aHTUHOLUIENTUBHYIO aKTUB-
HOCTb 1U30JIMpoBaHHOTO YMHU MM.

2. Ilpu BO3IeiiCTBMM HU3KOWHTEHCUBHBIX 2JIEK-
TPOMarHUTHBIX (pakTopoB (OMU MM u DMD n ux
KOMOWHAIUM) Y KMBOTHBIX OTMEYAIOTCS U3MEHEHUSI
00JIeBOI1 YYBCTBUTEJILHOCTU, CTENEHb BbIPAsKEHHO-
CTU KOTOPBIX 3aBUCUT OT JEHCTBYIOIIEro pakTopa 1
JJTUTETBHOCTU €TO TIPUMEHEHMS.

3. Y KphIC, ITOABEPTHYTHIX BO3IEHCTBUIO CI1ab0To
3JIEKTPOMArHUTHOTO 3KpaHUPOBAHUSI, OTMEYaloCh
Tpexda3Hoe U3MeHeHNe 00JIEBOI YYBCTBUTEILHOCTH
BO BCEX MCMOJIb3yeMBIX B HACTOSIIIIEM UCCIIeTOBAHUUI
aJIrOMeTPUYECKUX TecTax: NepBasi (paza — rumnepajre-
3ust (1—7 cytkum), Bropas ¢aza — rumnoanre3uu (11—
15 cyTkm), TpeThs paza — HOpMaIM3aus U IIPUOJIN-
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U3MEHEHUWE BOJIEBOM YYBCTBUTEJIbHOCTHU KPbIC 603

JKeHWe ToKasareaeil HOIUIENIINA K KOHTPOJIBHBIM
3HayeHusM (17—21 cytkn).

4. Y XUBOTHBIX, IIOJBEPIHYTBHIX BO3AEHCTBUIO
HU3KOUHTEHCUBHOTO 3JIECKTPOMArHUTHOIO W3Jydye-
HUSI MWUIMMETPOBOTO AMaria3oHa, Ha IPOTSKEHUU
Ha0II01aeMOro Mepruoa BO BCEX aJITOMETPUUECKUX
TeCTax OTMEYAJIOCh 3HAYUTEIbHOE IIOBBIIIIEHUE
YPOBHSI aHTUHOLIMLIEITLIUY IO CPAaBHEHUIO C COOTBET-
CTBYIOIIMMU 3HAYECHUSIMU, 3aPETUCTPUPOBAHHBIMU Y
KPBIC KOHTPOJBHOM TPYHITbI W TPYMIThI XKUBOTHBIX,
HaxoJuBILIENCI B YCJIOBUSX CjabOro sKpaHUpOBa-
HUS.

OPUHAHCHUPOBAHUE PABOTHI

Pa6ota BeImoyiHeHA Tpu (PUHAHCOBOM MOIJIEPIKKE
B paMKax WMHMIIMATUBHOU 4YacTU TOCYAapCTBEHHOTO
zamaHmsa Ne 6.5452.2017/8.9 Muno6pHaykun Poccun
B cdhepe HAayIHOM NesITeIbHOCTH TeMBl «BpeMeHHas
opraHusanust (pu3noJornyecKrx CUCTeM YeaoBeKa 1
KUBOTHBIX: (DEHOMEHOJIOTUS I MEXaHW3MBI TeHepa-
LM U PETYJISIIUU MUKPO- U ME30PUTMOB».

KOH®JIMKT UHTEPECOB

ABTOpBI 3asIBIISTIOT 00 OTCYTCTBUM KOHQJIMKTA
MHTEPECOB.

COBJIIOAEHUE STUYECKHNX CTAHIAPTOB

HMccnenoBanue npoBeeHO B COOTBETCTBUU C
T'OCT P-53434-2009 «ITpuHLIMITEI HaJIEKAalIei J1a-
OopaToOpHOI MpakKTUKW» U TIpaByiaMu EBponeiickoi
KOHBEHIMU MO 3allUTe TMO3BOHOUYHBIX >KMBOTHBIX,
KCIIOJIb3YEMBIX I SKCHEPUMEHTATbHBIX U WMHBIX
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Changes of Pain Sensitivity in Rats after Exposure to Low-Intensity Millimeter-Wave
Radiation with the Use of Electromagnetic Shielding

E.N. Chuyan, E.R. Dzheldubaeva, and N.S. Tribrat

Vernadsky Crimean Federal University, prosp. Vernadskogo 4, Simferopol, Republic of Crimea, 295007 Russia

This study focuses on the detection of changes in pain sensitivity in rats after exposure to single low-intensity
electromagnetic radiation (7.1 mm, 0.1 mW/cm2; location — the occipital-collar region, exposure time
30 minutes, duration of exposure 21 days) in the millimeter range and after exposure to the combined action
of the abovementioned radiation and moderate electromagnetic shielding (EMS; screening coefficient of the
constant component of the magnetic field along the vertical component of the magnetic field — 4.4 times,
horizontal field component — 20 times; exposure time 22 hours/day, duration of exposure 21 days). The pain
sensitivity of animals was evaluated using a complex of algometric tests: “hot plate”, “tail pulling”, “tongs-
algesimeter”, that made it possible to consider the pain impulse at different levels of regulation. Algological
effects from single low-intensity electromagnetic radiation in the millimeter range and after combination of
it with moderate electromagnetic shielding are shown. After exposure to the combined action of these phys-
ical factors it was shown that low-intensity electromagnetic waves in the millimeter range exert an antinoci-
ceptive effect and modulating effect in hyperalgesia caused by screening. At the same time, shielding reduces
the severity of the antinociceptive action of the electromagnetic radiation in the millimeter range.

Keywords: pain sensitivity, millimeter-wave electromagnetic radiation, electromagnetic shielding
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