Khorseva N.I., Grigoriev P.E.
Effects of Radiofrequency and Millimetre Range Electromagnetic Fields...

Kypran meanko-6monorndeckux nccnenoBanmid. 2025. T. 13, Ne 3. C. 363-378. ®
Journal of Medical and Biological Research, 2025, vol. 13, no. 3, pp. 363-378. m

O0630pHAast CTaThst
VIK 612.8:57.042
DOI: 10.37482/2687-1491-7256

¢ dexTnl BO3a€iicTBUIL IJIEKTPOMATHUTHBIX MOJIeH
Paaro4acTOTHOIO0 U MUJUIMMETPOBOIO IMANA30HOB
HA HEPBHYI0 CUCTEMY: KOTHUTUBHbIE NPOLECChI
U MICMX03MOLMOHAJIbHOE COCTOsTHUE (0030P)

Haranus Uropesna Xopcesa* ORCID: https://orcid.org/0000-0002-3444-0050
IMagea EBrenbesuy I'puropses™®*/*** ORCID: https://orcid.org/0000-0001-7390-9109

*Nuctutyt Onoxmmmdeckoit pusuku um. H.M. Dmanyans Poccniickoli akaneMun HayK
(Mockga, Poccus)

**(CeBacTOIONBCKUH TOCyTapCTBEHHBIN YHUBEPCUTET

(Cesacroroinb, Poccust)

*¥* AxaIeMIIeCKI HayIHO-MCCIICIOBATSIIECKUI HHCTUTYT (PU3UIESCKUX METOIOB JICUCHHS,
MEIUITTHCKOW KITMMAaTONOTUH 1 peadmmutanuy nmeHn 1.M. CeueroBa

(Anra, Pecrrybmuka Kpemm, Poccus)

Annomayusa. JlanHas cTatbs SBISETCS NPOAODKEHHEM CEpUU 0030pOB M0 U3YUYESHMIO BIMSHUS dJIEKTpOMar-
HUTHBIX TOJIEH pajnoyacToTHOro auanazoHa (OMII PYU) Ha HEpBHYIO CHCTEMY MOJIOIBIX JKUBOTHBIX in Vitro
in vivo'. B nepBoM 0030pe paccMOTpPEHbI H3MEHEHHE MOTEHIIHANA JACHCTBHS, IPOHUIIAEMOCTH reMaTosHIedanu-
4ecKkoro 0apbepa, MOp(oIOorHIecKie TpaHCHOPMAIIMU KIETOK U MHEIHHOBOH OOOJIOUKH, a TaKKe MaTepHAIbI,
YKa3bIBaIOILIUE HA Pa3sHOOOpa3ue MOAX0n0B K u3ydeHuto Bozaeiicteus OMII PU. Bo Bropom 0630pe naH aHanus3
MOP(hOTUCTONIOTHIECKIX M3MEHEHUH CTPYKTYpP IEHTPAIBHOW HEPBHOW CHUCTEMBI, B IIEPBYIO OUEPe/lb THITIOKAM-
1a, KOTOPBIA y9acTBYeT B (POPMHUPOBAHIH SMOIMI U TIPOCTPAHCTBEHHOH MaMATH, HEOOXOANMON ISl HABUTAIlHH,
a TaKke B KOHCONMIAIMU NaMsATH (Ilepexoie KpaTKOBPEMEHHOM B 10JAroBpeMeHHYI0). [10CKOJIbKY BBISBJICHHBIE
M3MEHEHHUs B THIIIOKAMIIE MOTYT OTPa3UThCS HA KOTHUTHBHBIX IPOIECCAaX U MOBEIECHUHU, B HACTOAILIEH CTaThe
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D¢ dexTsl BO3ASHCTBUI IEKTPOMarHUTHBIX TIOJICH PaJo4acTOTHOTO M MUJUTMMETPOBOTO JANAITa30HOB. ..

M3y4YeHbl HKCTIEPUMEHTAJIbHbIE JaHHBIC, TOJTYYCHHBIE C TOMOIIBIO MOBEIEHYECKHX TECTOB, 0 BiIusHuM DMII PY,
Wi-Fi u 5G Ha KOTHUTHUBHBIE MPOLIECCHI ¥ TICUXOAIMOLIMOHATIBHOE COCTOSHIE MOJIO/BIX JKUBOTHBIX (KPBIC U MBbI-
mreit). [Ipoananm3upoBaHbl METOIB H3YUCHHS KOTHUTHBHBIX MPOLECCOB M IICHXOIMOIMOHAIBFHOTO COCTOSHUS Y
TPBI3YHOB, a TaK)K€ U3MEHEHUS NMPOCTPAHCTBEHHON MaMSTH, YPOBHEH TPEBOXKHO-IO00HOTO MOBEIEHUs, cTpaxa,
cTpecca U JenpecCUBHO-TIOA0OHOTO MoBeAeHus pu Bo3aelicTBUU DMII PY pa3nuyHbIX YaCTOTHBIX JHAra30HOB
(ot 900 MI't o 10 I'T'r), Wi-Fi u 5G. IlpeacraBieHHbIC pe3yibTaThl MO3BOJISIOT CUUTATh JTOKA3aHHBIM HeEra-
TUBHOE€ BIIMSHHUE JIEKTPOMArHUTHBIX MOJEH COTOBOM CBSI3M HA HEPBHYIO CHUCTEMY MOJIOJBIX >KHBOTHBIX U JaTb
OIIOCPEOBAHHYIO OLIEHKY BO3MO)KHBIX HEIraTUBHBIX U3MEHEHUI B OpPraHu3Me JIeTel U IOAPOCTKOB KaK caMoil ys3-
BUMOI K JIFOOBIM (hakTOpam BHEUIHEW Cpeabl YaCTH HacelleHHs. DTH JaHHbIE CIIeNyeT YUYUTHIBATh PU pa3padoTke
OTJCNBHBIX PEIIAMEHTOB UCTOIb30BaHust DMIT PY mi1s MOIo0T0 HaceIeHUs 1/HITH KOPPEKTUPOBKE CYIIECTBYFO-
LIMX CTaHAAPTOB B KOHTEKCTE BO3PACTAIOILET0 MIEKTPOMArHUTHOIO 3arpsi3HEHHUS.

Knrouegwie cnoea: snexmpomacnummnoe noie paouoiacmomuozo ouanasona, Wi-Fi, 5G, npocmpancmeennas
Namamy, MpegoOHCHOCHb, MPEBOHCHO-NOO0OHOE NoGedeHUe, 0enpecCU8HO-N000OH0e NosedeHue, MOL00ble HCU-
80MmMHbvIE
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Abstract. This paper is a continuation of a series of reviews of research into the effect of radiofrequency
electromagnetic fields (RF EMF) on the nervous system of young animals in vitro and in vivo. The first review
considered changes in the action potential and permeability of the blood—brain barrier, transformations in
cell and myelin sheath morphology, as well as materials presenting various approaches to studying the
effects of RF EMF. The second review analysed the morphological and histological changes in the central
nervous system, primarily in the hippocampus, which is involved in the formation of emotions and spatial
memory (necessary for navigation) as well as in the consolidation of information from short-term memory
to long-term memory. Since the identified changes in the hippocampus can affect cognitive processes and
behaviour, this paper examines experimental data obtained using behavioural tests looking into the effects
of RF EMF, Wi-Fi and 5G on the cognitive processes and psycho-emotional state of young animals (rats and
mice). The article analyses methods for studying cognitive processes and psycho-emotional state in rodents,
as well as changes in spatial memory, levels of anxiety-like behaviour, fear, stress and depressive-like
behaviour when exposed to RF EMF of various frequency ranges (from 900 MHz to 10 GHz), Wi-Fi and 5G.
The presented results allow us to consider the adverse impact of cellular electromagnetic fields produced
by cellular networks on the nervous system of young animals proven and to give an indirect assessment of
possible negative changes in children and adolescents as the cohort most vulnerable to any environmental
factors. These data should be taken into account when developing specific regulations for the use of
RF EMF among the young population and/or adjusting the existing standards in the context of ever-increasing
electromagnetic pollution.

Keywords: radiofrequency electromagnetic field, Wi-Fi, 5G, spatial memory, anxiety, anxiety-like behaviour,
depressive-like behaviour, young animals
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JlokazaHO HETaTMBHOE BO3JEHUCTBUE DJICK-
TPOMarHUTHBIX TOJIEH Paguo4YacTOTHOrO JHa-
nazoHa (OMII PY) Ha CcTpyKTypbl TOJIOBHOTO
MO3ra, B YaCTHOCTH Ha runmnokami [ 1], koTopbiit
y4acTByeT B (OPMHPOBAHWH SMOLMA W TIPO-
CTPAHCTBEHHOM MaMsTH, HEOOXOAUMOMN IS Ha-
BHUTAIINH, a TAK)KE€ B KOHCOJTUIAIINN MTaMsITH (T1e-
pexoze KpaTKOBPEMEHHOM B TOJITOBPEMEHHYIO).
CnenoBaTenbHO, U3MEHEHHUS B TUIIIOKAMIIE MIPH
BozneiictBun OMII PU moryTt oTpa3utbcsi Ha
KOTHUTHBHBIX MpOoIlieccax U MOBEJACHUH.

JUist olleHKH BIUSHMUS (DAKTOpOB BHEUIHEH
cpeabl Ha JKUBOTHBIX HCIONB3YIOTCA pa3iny-
HbBIE TTOBEJICHYECKUE TECThI, CTPATETHs BBIOOpaA
KOTOPBIX 3aBUCUT OT 1] dKCIiepuMenTa [2, 3].
Onenka »¢p(}eKToB BO3AEHCTBUSA IIIEKTpOMAr-
HUTHOTO M3Jy4YEHHUs Pa3IUYHBIX PaguovyacToT-
HBIX TMAa30HOB Ha KOTHUTHUBHBIC MPOILECCHI U
MCUXOAMOILMOHAIBHOE COCTOSIHUE HE SIBISETCSA
HCKJTIOYEHUEM.

B Hacrosmei myOoaukanuy npeacTaBlieH aHa-
JIU3 SKCTIEPUMEHTAIIBHBIX JTaHHBIX, ITOTYYEHHBIX
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3(1)(1)€KTBI BO3H€ﬁCTBHﬁ SJICKTPOMArHUTHBIX oJjei Paano4acTOTHOTO U MUJUIMMETPOBOI'O JUAIIA30HOB...

C MOMOIIbIO MOBEACHYECKUX TECTOB, 00 HM3Me-
HEHUSAX KOTHUTHUBHBIX IPOLECCOB M ICHUXOIMO-
[HOHAJILHOTO COCTOSIHUS Y MOJIOJIBIX >KMBOTHBIX
(kppic 1 MbImel) nmpu BosaerictBun DMIT PY
pa3HBIX YaCTOTHBIX JUANa30HOB, a Takxke Wi-Fi
n 5G. DTO MO3BOJISIET paccMaTpUBaTh JAHHbBIC
pe3ynbTaThl KaK MOJENH, OMHUCHIBAIOIIHNE YK
CYIIECTBYIOIIUE M3MEHEHHUsI B IO3HABATEIbHOU
U HMOIIMOHAJBHON cepax y AeTed U moapocT-
koB pu BozaencTBun OMII PY [4, 5].

AHalu3 OCHOBBIBAJICS Ha MaTepuaiax IIy-
OnMUKanMid, B3ATBHIX U3 OTKPBHITHIX HMCTOYHUKOB:
https://www.emf-portal.org, https://pubmed.ncbi.

nlm.nih.gov/, https://cyberleninka.ru/, https://

sci-hub.ru, https://www.ncbi.nlm.nih.gov/pmc/,
http://scholar.google.com/.

MeToabl M3y4YeHHs] KOTHUTHBHBIX IIPOLECCOB
U NICUX0OIMOIHOHAJIBHOIO COCTOSIHUA
y I'PBI3YHOB

B mHacrosiimee Bpems CyHIECTBYET J0CTa-
TOYHO OOJBIION apceHajl TeCTOB, C MOMOIIBIO
KOTOPBIX MOXHO OIICHUTh M3MEHCHHS Tapame-
TPOB MaMsTH, OOyYEHHS, IMOIMOHAIBLHOTO CO-
CTOSIHUS J)KMBOTHEIX [2, 3, 6]. B wactHOCTH, A
pEruCTpallud paccMaTpUBAEMBbIX IOKa3aTesen
MPUMCHSIIOTCS Pa3JIUYHbIC TUIIBI JIAOMPUHTOB.

[Tonasinstolee Yucao ucciea0BaHUI POBO-
JATCS C TIOMOIIBIO BOJHOTO JTabupuHTa MoppH-
ca [7-31]. D10 00BACHSETCS TEM, YTO JAHHBIHA
MOBEJICHYCCKUN TECT, SBJISSCh YHUBEPCATbHBIM
1 3 PEKTUBHBIM CITIOCOOOM U3YUYEHHUSI KOTHUTHB-
HBIX (DYHKIIMH Y TTOJOTBITHBIX TPHI3yHOB, TI03BO-
JS€T TPUMEHATH MPOTOKOJBI, TOIXOASIINE MO/
pasHble 3amauu uccieaoBareneil [32], XoTs oH
¥ UMeeT HEeKOTOphle HeAOCTaTKu. B wacTHOCTH,
ATOT TECT MCIOJB3YeTCs MPEUMYIIECTBCHHO B
9KCTIEPUMEHTAaX C KPhICAMHU, MOCKOIbKY MBIIIH
IJI0XO TUTABAOT, & TaKXKe, IO MHCHHUIO HEKOTO-
PBIX aBTOPOB, CJIOKHO J10Ka3aTh, YTO PETUCTPH-
pyeMbie M3MCHCHUS B TIOBEJCHUU >KUBOTHBIX
CBSI3aHBl MMEHHO C MPOCTPAHCTBEHHOW Mamsi-
Th10 [33]. OmHako, Ha HAII B3IV, IOCJICIHEE
yTBepKIEHHUE, caenanHoe B 1996 rony, Becbma
COMHUTEJIBHO, MOCKOJIBKY C TOTO BPEMEHH caMa

npoleaypa nperepriesia 3HauuTeIbHbIE YCOBEP-
IEHCTBOBAHUA.

Hcnonb3yroTess Takke JaOUPUHTBI C pas-
JTUYHOU KOH(UTYypamuei: paanaibHbIi ¢ § py-
KaBaMu (kiaccuyeckuid nabupunrt) [13, 34], B
T. 4. ¢ IpUMEHEHHeM BujaeoaHanusza [35, 36];
MPUTIOIHATHIA KpecToobpas3usiii [9, 17, 19, 23,
28, 37]; Y- [34, 38] u T-o6pa3ssrii [39, 40]. Ha-
psay ¢ naOUpPUHTAMH TPUMEHSIOTCS U JpyTHE
TECTBHI: «OTKpbITOE Tose» [13, 19, 24, 34, 37,
39, 41, 42]; Tectsl maccuBHOTO M30eranus [34,
43]; «Bpamaromnuiicsi crepxkenby [34]; mecTo-
nonoxxkeHue oodwnekra [23, 38]; panee paszpabo-
TaHHBIA B cTartbhe [44] TecT HA JJOCKE C OTBEP-
ctusiMu [37]; TeCT Ha 3MU30UYECKYIO MaMSTh
[24] u naxxe aBTOpCKHME BapUaHTHI (HOBBIA TECT
Ha pacrno3HaBaHue o0beKToB) [45]. M3meHenus
AMOITMOHAIBHBIX COCTOSTHUH (Jempeccusi, Tpe-
BOXKHOCTb, CTpax, CTpecc, OECIOKONCTBO) BBbI-
SBJISIIOTCSI C MCIIOJB30BaHUEM TECTOB: MPEATIO-
YTeHUs caxapo3sl [19], moaBemmmBanus 3a XBOCT
[19, 28, 42], BeinyxaeHHoro nnasanus [19, 39].
B HEKoTOpBIX HCCIETOBAHUAX JIJIsI OLIEHKH BO3-
neiicteust DOMIT PU Ha MONOABIX >KMBOTHBIX
MPUMEHEH HE OAWH METOJ, a UX coueTaHue [9,
13,17, 19, 28, 34, 38, 39, 42].

HNanee OynyT omucaHbsl Ouosioruyeckue 3¢-
¢dexTer BozaeiictBust OMII PU B mmpokom ya-
crotHoM auanaszoHe (ot 900 MI'm go 10 I'T),
a taxke Wi-Fi u 5G, 3apeructpupoBaHHBIE C
MOMOIIIbI0 apceHaja TeCTOB, MEPEeUMCICHHBIX
BBITIIE.

HN3meHeHne KOTHUTHBHBIX NIPOLECCOB
U noBeaeHus npu Bozaecreuu IMII PU
Pa3HOI HHTEHCHBHOCTH H YaCTOTHI

[IpoananuszupoBano Boszaeiicteue DMII PYU
B IIMPOKOM JIMAIa30HE YacTOT NP Pa3HbIX HUH-
TEHCHUBHOCTSIX, 32 HCKIIOYEHHEM >(PPEKTOB OT
Wi-Fi u 5G, koTopsie OynyT pacCMOTpEHBI B CO-
OTBETCTBYIOILEM pa3zele.

Kak BugnO w3 mabnuywt (cMm. c. 368-369), Bo3-
neiicterue DMII PY pa3nnuHbIX 4acTOTHBIX Juaria-
30HOB C Pa3HOM NHTEHCUBHOCTBIO U JUIUTEIEHOCTHIO
B OOJIBLIMHCTBE CITy4aeB NMPUBOAWIO K YXYIIICHUIO
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MPOCTPAHCTBEHHOM MaMATH SKCIIEPUMEHTAIbHBIX
JKHUBOTHBIX.

NuTepecen muka padot H. Wang et al., mpoBe-
JICHHBIX Ha KpbICaX, TAe Bpems skcrozuiun DMIT
PY cocrarmsuio 6o 5 u 6 MUH/CYT., THOO TOJIBLKO
6 MHUH/CYT. B TeueHue 6 Hen. VccnenoBanus npo-
BOJWJINCH ISl Pa3sHBIX YAaCTOTHBIX IHANa30HOB
(¥ Ipu UX COYETaHHOM BO3/ICUCTBHH), C pa3HOU
MHTEHCUBHOCTHIO. Kpome Toro, Obliia mpoaHaiu-
3UpOBaHa yCTOWYMBOCTH IMOJYYEHHBIX 3((EeKTOB
II0CJIe OKOHYaHWA BO3IelcTBHA. Bo Bcex mccne-
JOBAaHMSIX TPUMEHSJICS BOTHBIN MabupuHt Mop-
puca. Crnenyer 0co00 MOAYEPKHYTh, YTO U MpPH
9TOM KpPaTKOBPEMEHHOM BO3JCHCTBHH OBLIN 3ape-
THCTPUPOBAHBI U3MEHEHHS B CTPYKTypax THIIIO-
kamma [1]. Tak, quchyHKIMS TPOCTPAHCTBEHHOM
namsATH OTMEUYEHA NpU O-MUHYTHOM IKCHO3HULIUN
OMII PY gns pByx uacror: 1,5 u 2,856 I'Tm.
B mepBoMm ciydyae MCIONB30BAIUCh TPU BapHaH-
Ta TUIOTHOCTH MOIIHOCTH MHKpoBONH: 5, 30 u
50 mBt/cm? (SAR B Mmosre — 1,85; 11,1 u 18,5 Br/kr
COOTBETCTBEHHO). bplna oOHapykeHa mpsimMasi 3a-
BHUCHMOCTH CTETIEHH HAapyUICHUs IPOCTPAHCTBEH-
HOW MaMSATH OT WHTEHCUBHOCTH BO3/EHCTBHA,
HauOoJIbIIINEe U3MEHEHHUS HaOI0OAAIUCh B TPYIIE
50 mBt/cm? (SAR = 18,5 Br/kr). Craructuuecku
3HAQUUMBIC HW3MEHEHHUS IPOCTPAHCTBEHHOM Ta-
MSITH COXPAHWIHNCH B ATOM Tpymme depe3 6 4, 1 u
2 mus (p < 0,01) mo cpaBHEHHIO C TpynnaMu 5 u
30 mBt/cm? [29]. Bo BrOpoMm ciydyae Takxke
IUISL TpEeX TPYMI (TUIOTHOCTh MOIMHOCTH 5, 10 u
50 mMBt1/cm?; SAR mis romoBHOro mosra 3,5; 7
u 35 BT/Kr cooTBETCTBEHHO) 3PP EKT coxpaHsii-
cst uepes 6 4, 1 u 3 gus nociue BozaekcTBus 10
u 50 MBT/cM?, Gosiee BhIpaKEHHBIM OH OBLT IIPU
50 mBt/em? (p < 0,01) [10].

Amnanoruunslii 3¢pdexr ooHapyx)eH npu 0 HO-
KpaTHOM 5-MHMHYTHOM BO3JEHCTBUM Ha 4acTOTe
2,856 I'T (mmotHocts MorHOCTH 30 MBT/CM?;
SAR mst Bcero Tena 14 BT/kr), KOTOpBIH, Tak ke
Kak U B uccienoBanui [ 10], peructpuponaics ue-
pe3 1, 2, 3 u 7 gHeii mocne Bo3nencTBuUs, Oosee
BBIpaXCHHBIN — Ha 2-¢ cyTkH (p < 0,01) [12].

Takum oOpazom, ocTpoe BozaeicTBue DMII
PY BrI3BIBacT M3MEHEHHE MTPOCTPAHCTBEHHON Na-
MaTH. OJHAKO 3TOT 3((eKT, XOoTs U HabIrogaeTcs

HEKOTOpOE BpeMs MOCJIe OKOHYaHUS BO3ACHCTBUS,
MMEEeT OTPaHUYCHHYIO MPOIOJIKHTEIHHOCTh II0-
CIIEECICTBHS.

Hapymenuss mpocTpaHcTBEeHHOT0 OOydeHUS
W TIaMSTH BBISBICHBI IS 6-MHHYTHOTO BO3-
JIEUCTBUA B TeueHwe 6 Hen. skcrozuiuu OMII
PY paznbix yactot (2,45 u 2,856 I'T) u pasnoit
IJIOTHOCTH MOIIHOCTH 'y Kpbic. BoznelicTBue
2,45 I'Tu (6 muH, 3 pa3a B HEAENIO B TEUCHUE
6 men.; wiotHocTh MormHOCcTH 30 MBT/cM?, SAR
Ut Bcero Tena 15 BT/kr) yBenmuumBaio 3aaepik-
Ky mpoOera BO BpeMs HAaBHTAaIlAOHHOTO TeCTa
(» < 0,05). O10T >pPeKT coxpaHscs B TCUCHHE
6 IHEH moclie OKOHYaHMS BO3JCHCTBHSA, 3a HC-
KmroueHueM 1-ro m 4-ro gas [22]. B ommuwme ot
BosnericTBusa 2,45 I'TH, ucmoib30BaHuE YaCTOTEI
2,856 I'T'y (nnst 4 Tpynm, BIIEACHHBIX IO TUIOT-
Hoct MoiHocth 5, 10, 20 u 30 mBt/cm? (SAR
HE yKa3aH)) NPUBOIUIIO K HAPYIIIEHUIO POCTPaH-
CTBEHHOTO OOYYCHHMS U MaMSITH BO BCEX IPyIIax.
Coycta 14 et >pdexT coxpansics s Bcex
rpymn, a yepe3 28 IHEeH — TOJIBbKO IS Py, UC-
neitaBmux Biausitnue OMIT PU ¢ motHOCTBIO
motHoctd 10, 20 u 30 MBt/em? (p < 0,05). OnHa-
KO, TaK ke Kak u s Bo3aehicTeusa 2,45 I'T, cko-
pPOCTh TUIaBaHUSI HE M3MEHAJACh Ha MPOTSHKEHUH
BCero neprosa HaomoneHwuii [ 14].

AHanoruuHbIe Pe3yabTaThl ObUIA MOJYYCHBI B
uccnenosanuu [20] npu Bo3aeiicteuu 2,856 I'T1 B
TpeX rpynmnax ¢ INIOTHOCTbKO MOLIHOCTHU 2,5; 5 U
10 mB1/cm? (SAR = 1,75; 3,5 u 7 B1/kr coOoTBET-
cTBEeHHO). OJIHAaKO BBIpaKEHHBIE U3MEHEHUS TPO-
CTPaHCTBEHHOIO OOy4EHHUs U MaMsATU ObLIU 3ape-
THCTPUPOBAHBI TONBKO Ui Tpynmbsl 10 MB1/cm?
(» <0,05). Dddext coxpansiics yepes3 7 qHei, 1, 3
1 9 Mec. moclie OCIeIHEeTO BO3ICHCTBHUS.

CpaBuenne dpdexro SMII ABYX 4acTOTHBIX
nuana3oHoB — 2,856 1 9,375 I'T'1 — ¢ IIIOTHOCTRIO
moitHoctd 10 MBT/cm? (6 MuH/CyT., 5 mHElH B He-
JIeNto, 6 Hell.) BBISIBUJIO Pa3HbIE CTENEHU Hapyle-
HUW IPOCTPAHCTBEHHOTO OOydeHHus U namstu. B
YaCTHOCTH, HapylIeHUs ObLIM 3apUKCUPOBAHBI
Ha 5-i 1 6-1 IeHb TOCJe TOCIEHEN IKCIIO3UITI
kak st 2,756 I'Tu (p = 0,012, p = 0,045 coort-
BeTcTBeHHO), Tak u jiusa 9,375 I'T (p = 0,002,
p = 0,005 coorBercTBenHO0). Tem He MeHee Ooree
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BBIPOKECHHBIC CTATUCTUYCCKH 3HAYNMbIC M3MEHE-
HUSl TIPOCTPAHCTBEHHON MaMSTH BBISBICHBI TPU
BoznerictBun 9,375 I'T'n. OgHako cKOpoOCTh Ia-
BaHUS B IIEJICBOM KBaJIpAaHTE U KOJUYECTBO Iepe-
CeUCHHH MIaTgopMbl B TeCTe OB OJIMHAKOBHI B
obeux rpynmnax kpsic [27]. Takum oOpa3om, yBe-
JTUYeHHe JUITeNbHOCTH 3kcrio3uiun DMII PY yu-
auHseT 3G (GEKT NOCIeICHCTBHUS.

B paGotax [21, 25-27] u3yyanoch coueTaH-
Hoe BozueirictBue DMII nByx uwacror (2,856 u
1,5 TTw; 1,5 u 4,3 I'Tn) npu oqHOKpaTHO# 6-MuU-
HYTHOW SKcno3unuu. Bce uccnmemoBaHusi mpo-
BOJIMJIUCH IO OJMHAKOBOW CXeMe: OIEHUBAJIUCH
WU3MEHEHHMs] MPOCTPAHCTBEHHOM MaMsITH, CKOPO-
CTH TIEPEMENICHHSI M TIEPECEUCHU TIaTHOPMBI B
TEeCTe JUISl KaKJIOW YacTOThI OTACIHHO U MPU UX
COYETAaHHOM TIOCJIEIOBATEILHOM BO3JIEUCTBUU
(cHauama oJHOM, a 3aTeM Ipyroii yacToThl). Kpo-
M€ TOTO, OMpeAeNsiiach YCTOWUYNBOCTh MOTy4YeH-
HBIX U3MECHEHUH MOCIe OKOHYAHUS SKCTIO3UIIHH.

O1eHKa COYEeTaHHOIro BO3acHcTBUA 2,856 u
1,5 I'T'u npencraBineHa B AByx paborax S. Tan
etal. [21, 25]. B mepBOM HcCiieTOBaHUY BO3/EH-
creue OMII PU mpoBoaunoch ¢ MIOTHOCTHIO
MomHocTd 5 1 10 MB1/cM? s KaX a0l 4acTo-
THI OT/ICJIBHO U MPU UX coueTaHuu. Hapymenue
MPOCTPAHCTBEHHON MaMsITH 3apETHUCTPUPOBAHO
JUIE BCEX BAapUAaHTOB, HO 3HAUMMbIE W3MCHEHMUS
BBIsIBIIEHBI uepe3 1,2, 7, 14 u 28 et mocie BO3-
JNEUCTBUS C IJIOTHOCTHIO MotHOCTH 10 MBT/CcM?
(p = 0,005; p =0,012; p = 0,007; p = 0,018 u
p = 0,022 coorBercTBeHHO0). Tem He MeHee
MOMapHOE CpaBHEHHE BCEX BapUAaHTOB BO3-
JEHCTBUH M CTENEHM HapyLIeHHs IPOCTpPaH-
CTBEHHOW MaMSTH MO3BOJMIIO aBTOPAM CJeNaTh
BBIBOJI, YTO YaCTOTHO-3aBUCUMBIH 3P(HEKT OT-
CYTCTBYET, & MHKPOBOJHOBO-WUHYIIUPOBAHHOE
CHIDKEHHE KOTHUTHBHBIX (YHKIHMH BO MHOTOM
omnpenensetcs cunont DMII, a ve wacroroit [21].
[ToaTOMy BO BTOpOM HCCIIE/IOBAaHUU TIJIOTHOCTH
MOIIHOCTH cocTaBisuia 10 MmBt/cm?. 3Haunmoe
yXy[IUIEHWE TPOCTPAHCTBEHHON MaMsaTH ObBLIO
BBISIBJICHO TOJIBKO MPU COYETAHHH JIBYX HaCTOT
yepe3 6 4 mociie Bo3JelcTBUS (TIOCIeI0BaATEIb-
Has JKcIo3unusa: cHadana 2,856 I'T'u, a 3arem
1,5TT) (p =0,001) [25].

Couerannoe Bnusaue IMII npyrux gactor-
HbIX nuama3zoHoB (1,5 u 4,3 I'Th; mioTtHoCTh
motHocTH 10 MBT/cM?) u3ydeHno B padote [26]
(SAR mnsa 1,5 I'Tu — 3,7 Br/kr; qosa 4,3 [T —
3,3 BT/kr; U a8 COYETAHHOTO BO3JECHCTBUS —
7 (3,3+3,7) Br/kr. ODMII PY BrI3BIBaIO M3MEHE-
HHE MpOocTpaHCTBeHHOW mamsitu: npu 4,3 [T —
yepe3 1 genp nocne BozaeiicTeus (p = 0,035), a
npu 1,5 I'T'u —uepe3 1 u 2 nus (p = 0,003, p =
= 0,012 coorBeTcTBeHHO). [Ipn coueTaHHOM BO3-
JeHCTBUM MPOUCXOAWIO Oosiee AIUTENbHOE Ha-
pyuieHue mokasarenst — uepe3 1, 2, 3 u 7 gHe#
(» = 0,003; p =0,012; p = 0,013 u p = 0,032
COOTBETCTBEHHO). ABTOpPBHI JI€JAIOT BBIBOJA, YTO
3¢ (}EeKTs HEeraTMBHOTO BIWSHUS Ha TMPOCTpPAH-
CTBEHHYIO IIaMsATh BapbUPYIOTCS B 3aBUCUMOCTHU
OT YaCTOThl MUKPOBOJIHOBOTO U3JIy4YEeHHUS.

[Toxoxkue pe3ynabrarhl ObUIM TONYYEHBI B pa-
6ote [27] mpu SAR mna 1,5 I'T — 3,3 Br/kr; mns
43 I'Ty — 2,5 Br/kr; miis cCO4eTaHHOTO BO3IEl-
ctBus — 5,8 BT/kr. Bo Bcex BapuaHTax ombITa BbI-
SIBICHO HApYLICHHE MPOCTPAHCTBEHHOW MaMSITH,
OJTHAKO OHO OBUTIO HambOoJee BBIPAKEHHBIM TIPU
1,5 ITu. OnHoBpeMEeHHOE MHUKPOBOJHOBOE BO3-
JeicTBHE TPUBOIMIO K 0oJiee Cepbe3HBIM Hapy-
LIEHUSIM POCTPAHCTBEHHOM MaMsITH, YeM BO3/IEH-
CTBUE OIHOW MHKPOBOJHOBOW YaCTOTHI, dPPeKT
KOTOPOTO BBIABIIEH yepe3 1 u 3 qHA mociie 3KCIo-
suru (p = 0,029 u p = 0,038 coOTBETCTBEHHO).
TeM He MeHee B OTJIMYHE OT JAHHBIX MCCIIEOBa-
HUA [26] coueTaHHOE BO3/CUCTBHE JABYX YacTOT
BBI3BIBAJIO MEHEE JUTUTENbHOE HapyieHue. He uc-
KIIIOYEHO, YTO Takoi 3(peKT cBA3aH ¢ pa3HULIEH B
pacuete SAR (3HaueHue mokasarens ObLIO 0OJb-
mie B pabote [26]).

Cnenyer 0co00 OTMETUTH, YTO BO BCEX IKC-
MepUMEHTax MpH 6-MUHYTHOM 3Kcro3uiun DMII
PY B npencraBieHHbIX YaCTOTHBIX JHMAINla30HAX U
C pa3HoOM MIOTHOCTHIO MotHOCTH [10, 12, 14, 20—
22,24,26,27,29, 30] n3MeHEeHUH B CKOPOCTH I1J1a-
BaHUS U KOJIMYECTBE MEpEeCceueHuil iaThopmbl B
TecTe OOHapy>KEHO He OBLIO, YTO YyKa3bIBaeT Ha
OTCYTCTBHE HApYIICHUI JJOKOMOTOPHBIX CHOCO0-
HOCTEH y SKCIIEpUMEHTaNbHbIX rpynn. Takum 00-
pa3oM, coueTaHHOE MUKPOBOJIHOBOE BO3JCHCTBHE
nByx gacToT (2,856 u 1,5 ['T; 1,5 u 4,3 I'T') BBI-
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3bIBaeT 00JIee Cephe3Hble HApyIIEHUS MPOCTpaH-
CTBEHHOM ITaMSTH, YeM BO3JICHCTBHC OJHOU MH-
KPOBOJHOBOM 4aCTOTHI.

DKCIEPUMEHTHI 110 COYETAHHOMY BO3ICHCTBUIO
OMII pa3HbIX YacTOT, Ha HaIl B3I, MOTYT CIIy-
YKUTh IMUTAINEHN BIIUSIHUSI COTOBBIX BBIIIIEK, T7IE Pac-
HOJIAraloTCsl HECKOJIBKO HCTOYHHUKOB, CO3/1aBast CII0XK-
HBI YaCTOTHBIN CIIEKTP.

N3MeHeHHe KOTHUTHBHBIX MPOLECCOB
npu so3aeiicreuu Wi-Fi u 5G

Ceronus yxe MOXKHO KOHCTaTHPOBAaTh, UTO HE-
ratuBHoe jaeiictBue DMII PY 3apeructpupoBano
Ha BCEX YPOBHSIX — OT MOJIEKYJISIPHOT'O JI0 LI€JI0CT-
HOro opranusma. B Hactosmee Bpems mpodiema
BoszeiictBus Wi-Fi u 5G ocobeHHO akTyanbHa B
CBSI3U C aKTUBHBIM M IOBCEMECTHBIM HCIIOIb30-
BaHUEM JIaHHBIX TeXHOJOrui. OHAKO 10 CUX MOp
MIPOIOJKACTCS TUCKYCCHS O TIONYYEHHBIX Pe3yIlb-
TaTax, 0coOeHHO B oTHomeHnH dddexroB Wi-Fi,
MOCKOJIbKY HCCIIEZIOBAaHHS €r0 BIUSHHS Ha KOT-
HUTHBHBIE MPOLIECCH] U MOBEIECHUE €AMHUYHBI, a
yCTaHOBJIEHHbIE () ()EKThI HEOTHOZHAYHHBI.

Oco0oe BHUMaHHE CIIeNyeT 0OpaTUTh Ha 0030
T.A. Attah et al., e cyMMHpOBaHBI Pe3yIbTaThI
HKCIIEPUMEHTANIbHBIX UCCIIEJOBAHUN BO3IEUCTBUS
Wi-Fi Ha KpbIC M NpeacTaBieH MIHPOKUHA CHEKTP
BBISIBJIICHHBIX 3((EKTOB, BKIFOUAsi N3MEHEHHUE TI0-
BEJICHUSI U KOTHUTUBHBIX MPOIIECCOB [46].

Hapymenue npocTpaHCTBEHHOM MaMsATH KPbIC
ObUIO 3aperucTpUpoOBaHo Npu aeicteun 2,45 I'T:
no 4 4/cyt. B Teuenue 45 nueit (7,88 Bt/m?) (yBe-
JMYEHHE BPEMEHH 3aJepKKH Ui JIOCTHKCHHUS
LeNu Kak B (pase oOydeHusi, Tak ¥ B (a3e TecTH-
poBanus (p < 0,05 u p < 0,01 cOOTBETCTBEHHO))
[23], mo 1 9/cyT. B Teuenne 28 aueii (p < 0,05) [37]
U TIpU TIOCTOSTHHOM BO37eiicTBUU (24 4/CYT. B Te-
yenue 6 mec.; p < 0,05) [23]. OaHako y MbIIIei
IIPYU IIOCTOSIHHOM BO3JEHCTBUM B TeueHHe 36 nHel
C pa3HOH ynajJeHHOCTHIO OT uctounnka Wi-Fi (0,5
U | M) He BBISIBICHO 3HAYMMBIX HApYyIICHHHA TPO-
cTpaHcTBeHHOM mamstu (p > 0,05) [39].

B 2020 rogy B mpecce nosiBUIOCH COOOIIEHHE,
YT0 crenuanucTtel HaydHo-mccnenoBarenbeKoro

MHCTUTYTAa MEAMLUHBI TpyJa HUMEHM aKaJeMHKa
H.®. M3mepoBa namu 3akioueHue o Oesomnac-
HOCTH BO3ICUCTBHS 3JIEKTPOMATHUTHBIX IIOJIEH,
co3naBaeMbIx TexHoiorusMu 5G?. Bmecte ¢ Tem
B MCCIIEJOBAaHUAX APYIMX aBTOPOB YCTaHOBJIEHO,
yro BozaeucTue 2,65 I'T'11 HA MEBITIEH B TeUeHHE
28 nHeW 1o 4 4/CyT. BBI3BIBAIO HE3HAYUTEIILHOE
yXyAIlIeHUe MPoCcTpaHCTBeHHOH mamsitu (p > 0,05),
OZJHAKO OHO HE SIBJISUIOCH CTAaTUCTUYECKH 3HAYM-
MbIM, a BozzeiicTBue 4,9 I'T (1 9/cyt. Ha mpoTs-
KeHuu 21 THs) — He M3MEHSUIO ee TapameTpsl [28].
3aperucTpupoOBaHbl U IPyTHUe U3MEHEHHS, KOTOphIE
Oy/IyT pacCMOTpPEHBI B CIIETYIOILEM pa3Jiele.

Wzyuenue Bo3aeiicTBus 2,4 I'Tn Ha KOTHUTUB-
Hble (YHKIIUH KPBIC PA3HBIX BO3PACTHBIX TPYTII
(roBEHWJIbHBIE, B3POCIbIE, IPECEHUIIbHBIE) HE BbI-
SIBUJIO CTaTUCTUYECKU 3HAYUMBIX Pa3IMuuil Mex-
JIy ONBITHBIMHU U KOHTPOJBHBIMU TpynmaMu. Tem
HE MeHee OBbUIO YCTaHOBIEHO, YTO IOBEHUJIbHBIC
KPBICHI 00y4Yajnch ObICTpee, YeM MPECEHUIIbHBIE,
MIPU ATOM MAaMSTh Yy B3POCIBIX U MPECEHUIbHBIX
KUBOTHBIX COXpaHsUIach Jydllle, OJHAKO Y HUX
ObUT HIKE A (deKT maccuBHOTO TuTaBaHus [31].

Kak noka3zaHo BbllIe, eTUHUYHbBIE paOOTHI yKa-
3bIBAIOT Ha BO3MOXKHOCTh M3MEHEHHH B MpOTEKa-
HUM KOTHUTHUBHBIX TPOIIECCOB MMOJ] BIUSHUEM Wi-
Fi u 5G. CnenoBarensHO, BOIPOC O HETAaTHBHBIX
MOCJEACTBUSIX JAHHOTO BIHMSIHUS TpeOyeT Mpoao-
JKEHUSI UCCIIeIOBAaHUM, KOTOpbIE CJEqyeT MPOBO-
JMTh TPH KPYIIIOCYTOYHOM BO3ICUCTBUH C PA3HbI-
MH CPOKaMHM 3KCIO3WLUHU. FIMEHHO Takou Iomxoxn
Oynet Gosee MPUOIMKEH K COBPEMEHHBIM PEaTHsIM,
B YaCTHOCTH K IOBCEMECTHOMY HCIIOJIb30BAHUIO
Wi-Fi. [1pu u3ydenun Bo3neiictBusa SG He0OXoaum
AQHAJIOTMYHBIN TIOIXOJ, IOCKOJIBKY €ro KpUTHYe-
CKMMH MUIIEHSMHU SBJISIFOTCS KOXKa M CKJIepa Iv1as.

Ilcnxo3mMonuoHaNbHbIE COCTOSTHUS
npu aeiicteun IMII PU, Wi-Fi u 5G

Ananu3 nuTeparypbl 10Ka3ajl, 4To BO3/EHCTBHE
OMII PY, Wi-Fi u 5G Hapsy ¢ HapyIIeHUsIMHU TIpo-
CTPAHCTBEHHOM MaMsTU OOYCIIOBIMBAET U3MEHEHUS
TICUX03MOIMOHAIILHOTO cocTosiHMSL. Heperko Bropbie
HaOTIONANICh TIPH OTCYTCTBUH TIEPBBIX.

[Iposepeno: 5G 6e3spenen // HoBoctHoit mopran «MockoBckuii komcomoner». URL: https://www.mk.ru/so-
cial/2021/01/28/provereno-5g-bezvreden.html?ysclid=mf{6p93iij3703795426 (nara obpamenus: 18.09.2025).
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Tak, yBenuyeHHe ypoBHSI TPEBOKHOCTH 3ape-
TUCTPUPOBAaHO B ciyuae BozaedcTtBun 900 MI'ng
OpU Pa3HBIX JKCMO3UIMAX: 4 4Y/CyT. B TEUCHHE
15 nueii (SAR ans mosra — 0,231 Br/kr; p < 0,05)
[13]; 2 y/cyT. mo 5 AHEW B HEAENIO B TEUEHUE
30 mgueit (p < 0,05) [9]. Ananoruunsie >PPeKThI
ObUTH TIONydeHbl Tipu BozaeiictBun 1,8 T (mo
6 4/cyT.Ha npotspkeHuu 4 He.; p < 0,05) [19].

W3MeHeHus B moBeICHUH KUBOTHBIX, OTpaXka-
IOIIME Pa3BUTHE IETTPECCUBHOTO COCTOSHHUSI, ObLITN
YCTAHOBJICHBI IIPU KPYIIIOCYTOYHOM BO3/1€HCTBUU
Wi-Fi (2,4 u 5 I'T) B Teuenue 36 aueit (3pdexr
3aperucTpupoBaH Ha 25-if aenb; p < 0,05) [39] u
npu skcnio3unmu IMIT gacroroii 4,9 I'T'n (5G) mo
1 9/cyt. B Teuenne 21 gus (p < 0,05) [42]. Onna-
ko mpu BozzaewcTBuu 1,8 I'T'x (4 Hen. mo 6 4/cyT.)
[19], npu 30-munyTHOM BO3zaeiicTBuu 2,856 I'T1y
[41], a Takxe mipu OoJiee UTUTEITHHON SKCIIO3UITUT
2,64 I'T (5G) (28 mueii o 4 u/cyT.) [28] nemnpec-
CHBHO-TIO/IOOHOE TIOBE/IEHUE HE OOHAPYKEHO.

TpeBoxkHO-TI000HOE MOBeneHue 3apUKCUpPO-
BaHO nipu 30-MuHYTHOM Bo3zeiicTBuu 2,856 I'T1
(p < 0,05) [41], mpu Gonee ATUTETLHOM IKCIIO3H-
uu 2,64 I'T1 (5G) (28 aueii o 4 v/cyT.; p < 0,05)
[28], a Taxxe npu Bo3nercTBuu Wi-Fi Ha yactorte
2450 MI'm Ha npotspkenuu 28 mHeit mo 1 4/cyT.
(p <0,05) [37] m 45 mueit o 4 d9/cyt. (p < 0,05)
[23]. Onnako skcrio3urus 4,9 I'T1 (5G) mo 1 w/cyT.
(21 nenp) He OKa3bIBajla BIMSHUSA Ha TPEBOXKHO-
moJJ00HOE MOBeIeHNE Y MbIeit [42].

JlocToBepHEBIN POCT YPOBHA CTpecca BBISBICH
npu aerictun Wi-Fi (2,4 u 5 I'Tu) Ha npotsxe-
HuM 36 nueit (24 4/cyt., p < 0,05) [39], a kpyrio-
cyrouHoe BozneiictBue Wi-Fi B Teuenue 6 mec.

BBI3BIBAJIO YBEJIIMYEHUE YPOBHS OECHOKONCTBA U
CTpaxa y JKCIEPUMEHTAIbHBIX XKHBOTHBIX (p <
<0,05) [24].

Taxum 00pa3oM, MOKHO KOHCTaTHPOBATh, YTO
OMII PY He TONBKO BBI3BIBAIOT HAPYLIEHHE KOT-
HUTUBHBIX TPOIECCOB, HO M BIUAIOT HA TCUXO-
SMOLIMOHAJIEHOE COCTOSHUE.

3akiouenune

Pesynbrarel uccienoBanuil, mpeacTaBIeHHBIX
B JIaHHOM 0030pe, MO3BOJSIOT CHENaTh BBIBOJ,
yto BozaeictBue DMII PU pa3Hbix 4acTOTHBIX
nuarazoHoB (ot 900 MI'm go 10 I'Tm), Wi-Fi u
5G B OOJBIIMHCTBE CIy4yaeB BBI3BIBACT Hapyllle-
HUE MPOCTPAHCTBEHHON MaMATH M CHOCOOCTBYET
YBEJIIMUEHUIO YPOBHEH TPEBOXKHOCTU (TPEBOXKHO-
oJo0HOro MOBEJEHUs), CTpaxa, cTpecca U Je-
Mpeccuu (JIeNPEeCCUBHO-MO0OHOIO MOBEICHUS).
[TomyueHHble HaHHBIE MOTYT OBITH CIPOEIHMPOBA-
HBI Ha JIETeH U MOJIPOCTKOB, OITOMY UX HEOOXO-
JIMIMO YYUTHIBATH MIPH pa3pabOTKe OTAEIbHBIX pe-
nIaMeHTOB HcIoiab3oBanus DMII PYU gna gaHHbIX
TPyNIl HACEJEHHs] W/WIN KOPPEKTHPOBKE CyIIe-
CTBYIOILLMX CTaHIAPTOB.

[TpoGnema Bo3neiicteus DMII PY, Wi-Fi u 5G
MO-TIPEXKHEMY SIBIISIETCS aKTyallbHOM M Tpelyer
pelIeHus1, MOCKOIbKY pPe3yJbTaThl MHOTOYMCIIECH-
HBIX MCCIIEA0BAaHUN JEMOHCTPUPYIOT, YTO MPEEIIBI
BO3JCHCTBHS, M3JIOKEHHBIE B TokyMmeHTax Federal
Communications Commission u International
Commission on Non-Ionizing Radiation Protection,
HezjocTaTouHo ctporue [47], a 3To npenonpenenser
HEOOXOIMMOCTh KapAMHAIBHOIO OOHOBJIEHUS Kak
MEXTyHapOJIHBIX pekoMeHnanuii [48], Tak u u oT-
€UECTBEHHBIX HOPMATUBHBIX aKTOB.
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Conflict of interest. The authors declare no conflict of interest.

372



Khorseva N.I., Grigoriev P.E.
Effects of Radiofrequency and Millimetre Range Electromagnetic Fields...

Cnucok JiuTeparypsl

1. Xopcesa H.U., [pucopves ILE. DPdekrTbl BO3NCUCTBUIA PaTUOYACTOTHBIX JIICKTPOMATHUTHBIX IOJICH Ha
HEpBHYIO cuCTeMy. DKCIIEpUMEHTHI in vivo (0030p) // Kyph. men.-omon. nccnen. 2024. T. 12, Ne 3. C. 383-398. https:/
doi.org/10.37482/2687-1491-72195

2. Amukuwiuesa A.B. TloBeneHdeckoe (heHOTHIMPOBAHUE: COBPEMEHHBIE METOABl M obopymoBanue // WHDOpM.
BecTH. BOI'uC. 2009. T. 13, Ne 3. C. 529-542.

3. Benaxoeé B.U., Ipomosa /].C., Ilonosa H.P., Maxuwesa FO.B. COBpeMEHHBIE METOJbl M3yUCHHs IOBEACHUS
IPBI3yHOB B MOZEJIBHBIX OMOMEINIIMHCKUX HCCieoBaHusIX (0030p rnpodiemsl) / CoBpeM. Bonp. Onomeauunsl. 2022.
T. 6, Ne 4(21). Cr. Ne 1. https://doi.org/10.51871/2588-0500 2022 06_04 1

4. Xopcesa H.H., I pucopweg [1.E. DNEKTpOMATHUTHEIC ITOJIS1 COTOBOH CBS3H KaK (PaKTOp PHUCKa IS 370POBbS ACTEH 1
moApOoCTKOB (0030p) // AHamu3 prcka 3mopoBbro. 2023. Ne 2. C. 186—193. https://doi.org/10.21668/health.risk/2023.2.18

5. Xopcesa H.H., I pucopwves I1.E. K olieHKe prcKa HETAaTUBHOTO BO3JACHCTBHS JIEKTPOMATHUTHBIX TMOJIEH COTOBOM
CBSI3U Ha IICHTPAJIBHYIO HEPBHYIO CHCTEMY JeTeil U MoApocTKOB (0030p). YacTs 2. [TapameTpsl KOTHUTHBHBIX TIpoLiec-
coB // Ananmu3 pucka 310poBbio. 2024. Ne 3. C. 146—154. https://doi.org/10.21668/health.risk/2024.3.15

6. Lai Y.-F,, Wang H.-Y., Peng R.-Y. Establishment of Injury Models in Studies of Biological Effects Induced by
Microwave Radiation // Mil. Med. Res. 2021. Vol. 8, Ne 1. Art. Ne 12. https://doi.org/10.1186/s40779-021-00303-w

7. Narayanan S.N., Kumar R.S., Potu B.K., Nayak S., Mailankot M. Spatial Memory Performance of Wistar Rats
Exposed to Mobile Phone // Clinics (Sao Paulo). 2009. Vol. 64, Ne 3. P. 231-234. https://doi.org/10.1590/s1807-
59322009000300014

8. Fragopoulou A.F., Miltiadous P, Stamatakis A., Stylianopoulou F.,, Koussoulakos S.L., Margaritis L.H.
Whole Body Exposure with GSM 900MHz Affects Spatial Memory in Mice // Pathophysiology. 2010. Vol. 17, Ne 3.
P. 179-187. https://doi.org/10.1016/j.pathophys.2009.11.002

9. Deshmukh P.S., Banerjee B.D., Abegaonkar M.P., Megha K., Ahmed R.S., Tripathi A.K., Mediratta PK. Effect of
Low Level Microwave Radiation Exposure on Cognitive Function and Oxidative Stress in Rats // Indian J. Biochem.
Biophys. 2013. Vol. 50, Ne 2. P. 114-119.

10. Wang H., Peng R., Zhou H., Wang S., Gao Y., Wang L., Yong Z., Zuo H., Zhao L., Dong J., Xu X., Su Z.
Impairment of Long-Term Potentiation Induction Is Essential for the Disruption of Spatial Memory After Microwave
Exposure // Int. J. Radiat. Biol. 2013. Vol. 89, Ne 12. P. 1100-1107. https://doi.org/10.3109/09553002.2013.817701

11. Sharma A., Sisodia R., Bhatnagar D., Saxena V.K. Spatial Memory and Learning Performance and Its Relationship
to Protein Synthesis of Swiss Albino Mice Exposed to 10 GHz Microwaves // Int. J. Radiat. Biol. 2014. Vol. 90, Ne 1.
P. 29-35. https://doi.org/10.3109/09553002.2013.835883

12. Qiao S., Peng R., Yan H., Gao Y., Wang C., Wang S., Zou Y, Xu X., Zhao L., Dong J., Su Z., Feng X,
Wang L., Hu X. Reduction of Phosphorylated Synapsin I (ser-553) Leads to Spatial Memory Impairment by
Attenuating GABA Release After Microwave Exposure in Wistar Rats // PLoS One. 2014. Vol. 9, Ne 4. Art. Ne €95503.
https://doi.org/10.1371/journal.pone.0095503

13. Saikhedkar N., Bhatnagar M., Jain A., Sukhwal P, Sharma C., Jaiswal N. Effects of Mobile Phone Radiation
(900 MHz Radiofrequency) on Structure and Functions of Rat Brain // Neurol. Res. 2014. Vol. 36, Ne 12. P. 1072—-1079.
https://doi.org/10.1179/1743132814y.0000000392

14. Li H.-J., Peng R.-Y,, Wang C.-Z., Qiao S.-M., Yong Z., Gao Y.-B., Xu X.-P, Wang S.-X., Dong J., Zuo H.-Y,,
Li Z., Zhou H.-M., Wang L.-F., Hu X.-J. Alterations of Cognitive Function and 5-HT System in Rats After Long Term
Microwave Exposure // Physiol. Behav. 2015. Vol. 140. P. 236-246. https://doi.org/10.1016/j.physbeh.2014.12.039

15. Narayanan S.N., Kumar R.S., Karun K.M., Nayak S.B., Bhat P.G. Possible Cause for Altered Spatial Cognition
of Prepubescent Rats Exposed to Chronic Radiofrequency Electromagnetic Radiation / Metab. Brain Dis. 2015. Vol. 30,
Ne 5. P. 1193—1206. https://doi.org/10.1007/s11011-015-9689-6

16. Tang J., Zhang Y., Yang L., Chen Q., Tan L., Zuo S., Feng H., Chen Z., Zhu G. Exposure to 900 MHz
Electromagnetic Fields Activates the mkp-1/ERK Pathway and Causes Blood-Brain Barrier Damage and Cognitive
Impairment in Rats // Brain Res. 2015. Vol. 1601. P. 92—101. https://doi.org/10.1016/j.brainres.2015.01.019

17. Deshmukh P.S., Megha K., Nasare N., Banerjee B.D., Ahmed R.S., Abegaonkar M.P, Tripathi A.K.,
Mediratta PK. Effect of Low Level Subchronic Microwave Radiation on Rat Brain // Biomed. Environ. Sci. 2016.
Vol. 29, Ne 12. P. 858-867. https://doi.org/10.3967/bes2016.115

373


https://doi.org/10.37482/2687-1491-Z195
https://doi.org/10.37482/2687-1491-Z195
https://doi.org/10.21668/health.risk/2023.2.18
https://doi.org/10.21668/health.risk/2024.3.15
https://doi.org/10.1590/s1807-59322009000300014
https://doi.org/10.1590/s1807-59322009000300014
https://doi.org/10.1016/j.pathophys.2009.11.002
https://doi.org/10.3109/09553002.2013.835883
https://doi.org/10.1371/journal.pone.0095503
https://doi.org/10.1179/1743132814y.0000000392
https://doi.org/10.1016/j.physbeh.2014.12.039
https://doi.org/10.1007/s11011-015-9689-6
https://doi.org/10.1016/j.brainres.2015.01.019
https://doi.org/10.3967/bes2016.115

Xopcesa H.U., I'puropwes ILE.
D¢ dexTsl BO3ASHCTBUI IEKTPOMarHUTHBIX TIOJICH PaJo4acTOTHOTO M MUJUTMMETPOBOTO JANAITa30HOB. ..

18. Sharma A., Kesari K.K., Saxena V.K., Sisodia R. Ten Gigahertz Microwave Radiation Impairs Spatial Memory,
Enzymes Activity, and Histopathology of Developing Mice Brain // Mol. Cell. Biochem. 2017. Vol. 435, Ne 1-2. P. 1-13.
https://doi.org/10.1007/s11010-017-3051-8

19. Zhang J.-P, Zhang K.-Y., Guo L., Chen Q.-L., Gao P, Wang T., Li J., Guo G.-Z., Ding G.-R. Effects of 1.8 GHz
Radiofrequency Fields on the Emotional Behavior and Spatial Memory of Adolescent Mice // Int. J. Environ. Res.
Public Health. 2017. Vol. 14, Ne 11. Art. Ne 1344. https://doi.org/10.3390/ijerph14111344

20. Wang H., Tan S., Xu X., Zhao L., Zhang J., Yao B., Gao Y., Zhou H., Peng R. Long Term Impairment of Cognitive
Functions and Alterations of NMDAR Subunits After Continuous Microwave Exposure // Physiol. Behav. 2017.
Vol. 181. P. 1-9. https://doi.org/10.1016/j.physbeh.2017.08.022

21. Tan S., Wang H., Xu X., Zhao L., Zhang J., Dong J., Yao B., Wang H., Zhou H., Gao Y., Peng R. Study on Dose-
Dependent, Frequency-Dependent, and Accumulative Effects of 1.5 GHz and 2.856 GHz Microwave on Cognitive
Functions in Wistar Rats // Sci. Rep. 2017. Vol. 7, Ne 1. Art. Ne 10781. https://doi.org/10.1038/s41598-017-11420-9

22. Zhi W.-J., Peng R.-Y, Li H.-J., Zou Y., Yao B.-W., Wang C.-Z., Liu Z.-H., Gao X.-H., Xu X.-P, Dong J.,
Zhao L., Zhou H.-M., Wang L.-F, Hu X.-J. Microwave Radiation Leading to Shrinkage of Dendritic Spines in
Hippocampal Neurons Mediated by SNK—SPAR Pathway // Brain Res. 2018. Vol. 1679. P. 134-143. https://doi.
org/10.1016/j.brainres.2017.11.020

23. Varghese R., Majumdar A., Kumar G., Shukla A. Rats Exposed to 2.45 GHz of Non-Ionizing Radiation Exhibit
Behavioral Changes with Increased Brain Expression of Apoptotic Caspase 3 // Pathophysiology. 2018. Vol. 25, Ne 1.
P. 19-30. https://doi.org/10.1016/j.pathophys.2017.11.001

24. Sharaf N.E., Galal A.F.,, EI-Sawy M.S., Shalby A.B., Sayed A.H., Ahmed H.H. Role of Designed Bio-Geometrical
Forms in Antagonizing Neurobehavioral Burden of Wi-Fi Radiation: Evidence-Based Experimental Study // Biomed.
Pharmacol. J. 2019. Vol. 12, Ne 3. https://dx.doi.org/10.13005/bpj/1751

25. Tan S., Wang H., Xu X., Zhao L., Zhang J., Dong J., Yao B., Wang H., Hao Y., Zhou H., Gao Y., Peng R. Acute
Effects of 2.856 GHz and 1.5 GHz Microwaves on Spatial Memory Abilities and CREB-Related Pathways // Sci. Rep.
2021. Vol. 11, Ne 1. Art. Ne 12348. https://doi.org/10.1038/s41598-021-91622-4

26. Zhu R., Wang H., Xu X., Zhao L., Zhang J., Dong J., Yao B., Wang H., Zhou H., Gao Y., Peng R. Effects of 1.5
and 4.3 GHz Microwave Radiation on Cognitive Function and Hippocampal Tissue Structure in Wistar Rats // Sci. Rep.
2021. Vol. 11, Ne 1. Art. Ne 10061. https://doi.org/10.1038/s41598-021-89348-4

27. Wang H., Liu Y, Sun Y, Zhao L., Dong J., Xu X., Wang H., Zhang J., Yao B., Zhao X., Liu S., Zhang K.,
Peng R. Changes in Rat Spatial Learning and Memory as Well as Serum Exosome Proteins After Simultaneous
Exposure to 1.5 GHz and 4.3 GHz Microwaves // Ecotoxicol. Environ. Saf. 2022. Vol. 243. Art. Ne 113983. https://doi.
org/10.1016/j.ecoenv.2022.113983

28. Zheng R., Zhang X., Gao Y, Gao D., Gong W., Zhang C., Dong G., Li Z. Biological Effects of Exposure to
2650 MHz Electromagnetic Radiation on the Behavior, Learning, and Memory of Mice // Brain Behav. 2023. Vol. 13,
Ne 6. Art. Ne €3004. https://doi.org/10.1002/brb3.3004

29. Wang H., Song L., Zhao L., Wang H., Xu X., Dong J., Zhang J., Yao B., Zhao X., Peng R. The Dose-Dependent
Effect of 1.5-GHz Microwave Exposure on Spatial Memory and the NMDAR Pathway in Wistar Rats / Environ. Sci.
Pollut. Res. 2023. Vol. 30, Ne 13. P. 37427-37439. https://doi.org/10.1007/s11356-022-24850-4

30. Wang H., Liu Y., Sun Y, Dong J., Xu X., Wang H., Zhao X., Zhang J., Yao B., Zhao L., Liu S., Peng R. Changes
in Cognitive Function, Synaptic Structure and Protein Expression After Long-Term Exposure to 2.856 and 9.375 GHz
Microwaves // Cell Commun. Signal. 2023. Vol. 21. Art. Ne 34. https://doi.org/10.1186/s12964-022-01011-1

31. Krivova N.A., Kudabaeva M.S., Zaeva O.B., Borodina S.V., Lepekhina TB. Pavlenko O.A.,
Makhmanazarov R.M., Kokin D.S., Shipilov S.E. The Effect of Exposure to RF-EMF from the Laboratory Simulator
of 5G NR Base Station on Physiological Parameters and Cognitive Abilities of Male Wistar Rats of Different Ages //
Sci. Rep. 2024. Vol. 14, Ne 1. Art. Ne 10283. https://doi.org/10.1038/s41598-024-60862-5

32. Yepniox J.II., Bonvwakosa A.B., Bnacosa O.JI, besnposzéannviii M.5. BO3MOXHOCTH WM TIEPCIICKTHUBBI
ToBeIeHYecKoro Tecta «Bomueiit madupuat Moppucay // Poc. ¢msuomn. xxypH. mm. 1.M. Ceuenosa. 2021. T. 107, Ne 3.
C. 267-287. https://doi.org/10.31857/S0869813921030043

33. Unmouwes A.M., ITopuna A.B., Jlonamuna O.JI., Komnesa FO.K., Yepuvix A.U., benosa O.A., Carmuna A.B.
CpaBHeHne TecTOB «BOCBMHUpYKAaBHBIN paauanbHBIA TaOupuHT» W «BomHbli mabupwHT MoOpprca» TpH OIEHKE
MIPOCTPAHCTBEHHOH MaMSTH y SKCTIEPUMEHTAIBHBIX ’KUBOTHBIX B XOZI€ HEHPOTIOBEICHYECKOTO TeCTHpOoBaHus // DyHaaMm.
u xkauH. meguimaa. 2017. T. 2, Ne 2. C. 62-69.

374


https://doi.org/10.1007/s11010-017-3051-8
https://doi.org/10.3390/ijerph14111344
https://doi.org/10.1016/j.physbeh.2017.08.022
https://doi.org/10.1038/s41598-017-11420-9
https://doi.org/10.1016/j.brainres.2017.11.020
https://doi.org/10.1016/j.brainres.2017.11.020
https://doi.org/10.1016/j.pathophys.2017.11.001
https://dx.doi.org/10.13005/bpj/1751
https://doi.org/10.1038/s41598-021-91622-4
https://doi.org/10.1038/s41598-021-89348-4
https://doi.org/10.1016/j.ecoenv.2022.113983
https://doi.org/10.1016/j.ecoenv.2022.113983
https://doi.org/10.1002/brb3.3004
https://doi.org/10.1007/s11356-022-24850-4
https://doi.org/10.1186/s12964-022-01011-1
https://doi.org/10.1038/s41598-024-60862-5
https://doi.org/10.31857/S0869813921030043

Khorseva N.I., Grigoriev P.E.
Effects of Radiofrequency and Millimetre Range Electromagnetic Fields...

34. Keles A.L, Yilduim M., Gedikli O., Colakoglu S., Kaya H., Bas O., Sonmez O.F., Odaci E. The Effects of
a Continuous 1-h a Day 900-MHz Electromagnetic Field Applied Throughout Early and Mid-Adolescence on
Hippocampus Morphology and Learning Behavior in Late Adolescent Male Rats // J. Chem. Neuroanat. 2018. Vol. 94.
P. 46-53. https://doi.org/10.1016/j.jchemneu.2018.08.006

35. Hao D., Yang L., Chen S., Tian Y, Wu S. 916 MHz Electromagnetic Field Exposure Affects Rat Behavior and
Hippocampal Neuronal Discharge // Neural Regen. Res. 2012. Vol. 7, Ne 19. P. 1488-1492. https://doi.org/10.3969/].
issn.1673-5374.2012.19.007

36. Hao D., Yang L., Chen S., Tong J., Tian Y., Su B., Wu S., Zeng Y. Effects of Long-Term Electromagnetic Field
Exposure on Spatial Learning and Memory in Rats // Neurol. Sci. 2013. Vol. 34, Ne 2. P. 157—-164. https://doi.org/10.1007/
$10072-012-0970-8

37. Gupta S.K., Patel S.K., Tomar M.S., Singh S.K., Mesharam M.K., Krishnamurthy S. Long-Term Exposure of
2450 MHz Electromagnetic Radiation Induces Stress and Anxiety Like Behavior in Rats // Neurochem. Int. 2019.
Vol. 128. P. 1-13. https://doi.org/10.1016/j.neuint.2019.04.001

38. Gokgek-Sarac C., Akcay G., Karakurt S., Ates K., Ozen S., Derin N. Possible Effects of Different Doses of 2.1
GHz Electromagnetic Radiation on Learning, and Hippocampal Levels of Cholinergic Biomarkers in Wistar Rats //
Electromagn. Biol. Med. 2021. Vol. 40, Ne 1. P. 179-190. https://doi.org/10.1080/15368378.2020.1851251

39. 3ubapes E.B., Apanacves A.C., Cnrocapesa O.B., Bynasuna M. J]. UccnenoBanus nusaus Wi-Fi o6opynoBanus
Ha OpraHm3M J1a0OpaToOpHbBIX XMBOTHBIX // I'mruena m cammrapus. 2017. T. 96, Ne 7. C. 661-664. http://dx.doi.
org/10.18821/0016-9900-2017-96-7-661-664

40. Sharma S., Shukla S. Effect of Electromagnetic Radiation on Redox Status, Acetylcholine Esterase Activity and
Cellular Damage Contributing to the Diminution of the Brain Working Memory in Rats // J. Chem. Neuroanat. 2020.
Vol. 106. Art. Ne 101784. https://doi.org/10.1016/j.jchemneu.2020.101784

41. Jiang S., Ma Y., Shi Y., Zou Y., Yang Z., Zhi W., Zhao Z., Shen W., Chen L., Wu Y., Wang L., Hu X., Wu H. Acute
Exposure of Microwave Impairs Attention Process by Activating Microglial Inflammation // Cell Biosci. 2024. Vol. 14,
Ne 1. Art. Ne 2. https://doi.org/10.1186/s13578-023-01162-9

42. Qin T-Z., Wang X., Du J.-Z., Lin J.-J., Xue Y.-Z., Guo L., Lai P-P, Jing Y.-T, Zhang Z.-W., Ding G.-R. Effects
of Radiofrequency Field from 5G Communications on the Spatial Memory and Emotionality in Mice // Int. J. Environ.
Health Res. 2024. Vol. 34, Ne 1. P. 316-327. https://doi.org/10.1080/09603123.2022.2149708

43. Narayanan S.N., Kumar R.S., Potu B.K., Nayak S., Bhat P.G., Mailankot M. Effect of Radio-Frequency
Electromagnetic Radiations (RF-EMR) on Passive Avoidance Behaviour and Hippocampal Morphology in Wistar Rats
// Ups. J. Med. Sci. 2010. Vol. 115, Ne 2. P. 91-96. https://doi.org/10.3109/03009730903552661

44. Murai T, Okuda S., Tanaka T, Ohta H. Characteristics of Object Location Memory in Mice: Behavioral and
Pharmacological Studies // Physiol. Behav. 2007. Vol. 90, Ne 1. P. 116—124. https://doi.org/10.1016/j.physbeh.2006.09.013

45. Kim J.H., Chung K.H., Hwang Y.R., Park H.R., Kim H.J., Kim H.-G., Kim H.R. Exposure to RF-EMF Alters
Postsynaptic Structure and Hinders Neurite Outgrowth in Developing Hippocampal Neurons of Early Postnatal Mice //
Int. J. Mol. Sci. 2021. Vol. 22, Ne 10. Art. Ne 5340. https://doi.org/10.3390/ijms22105340

46. Attah T A., Ayantunji B., Adamu A., Omede A., Leleji J., Hussiani S., Enemali J.-P, Suleiman Z.1.,
Dumbiri C., Bwala I., Polok C. Biological Effects of High Radiofrequency Radiation on Wistar Rats: A Literature Review //
J. Public Health Int. 2022. Vol. 5, Ne 2. P. 1-31. https://doi.org/10.14302/issn.2641-4538.jphi-22-4197

47. Belyaev 1., Blackman C., Chamberlin K., DeSalles A., Dasdag S., Fernandez C., Hardell L., Héroux P,
Kelley E., Kesari K., Maisch D., Mallery-Blythe E., Melnick R.L., Miller A., Moskowitz J.M., Sun W., Yakymenko I.
Scientific Evidence Invalidates Health Assumptions Underlying the FCC and ICNIRP Exposure Limit Determinations
for Radiofrequency Radiation: Implications for 5G // Environ. Health. 2022. Vol. 21, Ne 1. Art. Ne 92. https://doi.
0rg/10.1186/512940-022-00900-9

48. Uche UL, Naidenko O.V. Development of Health-Based Exposure Limits for Radiofrequency Radiation from
Wireless Devices Using a Benchmark Dose Approach // Environ. Health. 2021. Vol. 20, No 1. Art. Ne 84. https://doi.
org/10.1186/512940-021-00768-1

375


https://doi.org/10.1016/j.jchemneu.2018.08.006
https://doi.org/10.3969/j.issn.1673-5374.2012.19.007
https://doi.org/10.3969/j.issn.1673-5374.2012.19.007
https://doi.org/10.1007/s10072-012-0970-8
https://doi.org/10.1007/s10072-012-0970-8
https://doi.org/10.1016/j.neuint.2019.04.001
https://doi.org/10.1080/15368378.2020.1851251
http://dx.doi.org/10.18821/0016-9900-2017-96-7-661-664
http://dx.doi.org/10.18821/0016-9900-2017-96-7-661-664
https://doi.org/10.1016/j.jchemneu.2020.101784
https://doi.org/10.1186/s13578-023-01162-9
https://doi.org/10.1080/09603123.2022.2149708
https://doi.org/10.3109/03009730903552661
https://doi.org/10.1016/j.physbeh.2006.09.013
https://doi.org/10.3390/ijms22105340
https://doi.org/10.14302/issn.2641-4538.jphi-22-4197
https://doi.org/10.1186/s12940-022-00900-9
https://doi.org/10.1186/s12940-022-00900-9
https://doi.org/10.1186/s12940-021-00768-1
https://doi.org/10.1186/s12940-021-00768-1

Xopcesa H.U., I'puropwes ILE.
D¢ dexTsl BO3ASHCTBUI IEKTPOMarHUTHBIX TIOJICH PaJo4acTOTHOTO M MUJUTMMETPOBOTO JANAITa30HOB. ..

References

1. Khorseva N.I., Grigoriev P.E. Effects of Radio Frequency Electromagnetic Fields on the Nervous System. /n vivo
Experiments (Review). J. Med. Biol. Res., 2024, vol. 12, no. 3, pp. 383-398. https://doi.org/10.37482/2687-1491-72195

2. Amikishieva A.V. Povedencheskoe fenotipirovanie: sovremennye metody i oborudovanie [Behavioral
Phenotyping: Up-to-Date Methods and Equipment)]. Informatsionnyy vestnik VOGiS, 2009, vol. 13, no. 3, pp. 529-542.

3. Belyakov V.I., Gromova D.S., Popova N.R., Myakisheva Yu.V. Modern Methods for Studying Rodent Behavior
in Model Biomedical Studies (Problem Review). Mod. Iss. Biomed., 2022, vol. 6, no. 4. Art. no. 1 (in Russ.). https://doi.
org/10.51871/2588-0500_2022 06_04_1

4. Khorseva N.I., Grigoriev P.E. Electromagnetic Fields of Cellular Communication as a Health Risk Factor for
Children and Adolescents (Review). Health Risk Anal., 2023, no. 2, pp. 186—193. https://doi.org/10.21668/health.
risk/2023.2.18.eng

5. Khorseva N.I., Grigoriev P.E. Assessing the Risk of Negative Effects Produced by Electromagnetic Fields of
Cellular Communication on the Central Nervous System of Children and Adolescents (Review). Part 2. Indicators of
Cognitive Processes. Health Risk Anal., 2024, no. 3, pp. 146—154. https://doi.org/10.21668/health.risk/2024.3.15.eng

6. Lai Y.-F., Wang H.-Y., Peng R.-Y. Establishment of Injury Models in Studies of Biological Effects Induced by
Microwave Radiation. Mil. Med. Res., 2021, vol. 8, no. 1. Art. no. 12. https://doi.org/10.1186/s40779-021-00303-w

7. Narayanan S.N., Kumar R.S., Potu B.K., Nayak S., Mailankot M. Spatial Memory Performance of Wistar Rats
Exposed to Mobile Phone. Clinics (Sao Paulo), 2009, vol. 64, no. 3, pp. 231-234. https://doi.org/10.1590/s1807-
59322009000300014

8. Fragopoulou A.F., Miltiadous P., Stamatakis A., Stylianopoulou F., Koussoulakos S.L., Margaritis L.H.
Whole Body Exposure with GSM 900MHz Affects Spatial Memory in Mice. Pathophysiology, 2010, vol. 17, no. 3,
pp. 179-187. https://doi.org/10.1016/].pathophys.2009.11.002

9. Deshmukh P.S., Banerjee B.D., Abegaonkar M.P., Megha K., Ahmed R.S., Tripathi A K., Mediratta P.K. Effect
of Low Level Microwave Radiation Exposure on Cognitive Function and Oxidative Stress in Rats. Indian J. Biochem.
Biophys., 2013, vol. 50, no. 2, pp. 114-119.

10. Wang H., Peng R., Zhou H., Wang S., Gao Y., Wang L., Yong Z., Zuo H., Zhao L., Dong J., Xu X., Su Z.
Impairment of Long-Term Potentiation Induction Is Essential for the Disruption of Spatial Memory After Microwave
Exposure. Int. J. Radiat. Biol., 2013, vol. 89, no. 12, pp. 1100-1107. https://doi.org/10.3109/09553002.2013.817701

11. Sharma A., Sisodia R., Bhatnagar D., Saxena V.K. Spatial Memory and Learning Performance and Its Relationship
to Protein Synthesis of Swiss Albino Mice Exposed to 10 GHz Microwaves. Int. J. Radiat. Biol., 2014, vol. 90, no. 1,
pp- 29-35. https://doi.org/10.3109/09553002.2013.835883

12. Qiao S., Peng R., Yan H., Gao Y., Wang C., Wang S., Zou Y., Xu X., Zhao L., Dong J., Su Z., Feng X.,
Wang L., Hu X. Reduction of Phosphorylated Synapsin I (ser-553) Leads to Spatial Memory Impairment by
Attenuating GABA Release After Microwave Exposure in Wistar Rats. PLoS One, 2014, vol. 9, no. 4. Art. no. €95503.
https://doi.org/10.1371/journal.pone.0095503

13. Saikhedkar N., Bhatnagar M., Jain A., Sukhwal P., Sharma C., Jaiswal N. Effects of Mobile Phone Radiation
(900 MHz Radiofrequency) on Structure and Functions of Rat Brain. Neurol. Res., 2014, vol. 36, no. 12, pp. 1072—-1079.
https://doi.org/10.1179/1743132814y.0000000392

14. Li H.-J., Peng R.-Y., Wang C.-Z., Qiao S.-M., Yong Z., Gao Y.-B., Xu X.-P., Wang S.-X., Dong J., Zuo H.-Y.,
Li Z., Zhou H.-M., Wang L.-F., Hu X.-J. Alterations of Cognitive Function and 5-HT System in Rats After Long Term
Microwave Exposure. Physiol. Behav., 2015, vol. 140, pp. 236—-246. https://doi.org/10.1016/j.physbeh.2014.12.039

15. Narayanan S.N., Kumar R.S., Karun K.M., Nayak S.B., Bhat P.G. Possible Cause for Altered Spatial Cognition
of Prepubescent Rats Exposed to Chronic Radiofrequency Electromagnetic Radiation. Metab. Brain Dis., 2015, vol. 30,
no. 5, pp. 1193-1206. https://doi.org/10.1007/s11011-015-9689-6

16. Tang J., Zhang Y., Yang L., Chen Q., Tan L., Zuo S., Feng H., Chen Z., Zhu G. Exposure to 900 MHz
Electromagnetic Fields Activates the mkp-1/ERK Pathway and Causes Blood-Brain Barrier Damage and Cognitive
Impairment in Rats. Brain Res., 2015, vol. 1601, pp. 92—101. https://doi.org/10.1016/].brainres.2015.01.019

17. Deshmukh P.S., Megha K., Nasare N., Banerjee B.D., Ahmed R.S., Abegaonkar M.P., Tripathi A.K.,
Mediratta P.K. Effect of Low Level Subchronic Microwave Radiation on Rat Brain. Biomed. Environ. Sci., 2016,
vol. 29, no. 12, pp. 858-867. https://doi.org/10.3967/bes2016.115

18. Sharma A., Kesari K.K., Saxena V.K., Sisodia R. Ten Gigahertz Microwave Radiation Impairs Spatial Memory,
Enzymes Activity, and Histopathology of Developing Mice Brain. Mol. Cell. Biochem., 2017, vol. 435, no. 1-2,
pp. 1-13. https://doi.org/10.1007/s11010-017-3051-8

376


https://doi.org/10.37482/2687-1491-Z195
https://doi.org/10.51871/2588-0500_2022_06_04_1
https://doi.org/10.51871/2588-0500_2022_06_04_1
https://doi.org/10.21668/health.risk/2023.2.18.eng
https://doi.org/10.21668/health.risk/2023.2.18.eng
https://doi.org/10.21668/health.risk/2024.3.15.eng
https://doi.org/10.1186/s40779-021-00303-w
https://doi.org/10.1590/s1807-59322009000300014
https://doi.org/10.1590/s1807-59322009000300014
https://doi.org/10.1016/j.pathophys.2009.11.002
https://doi.org/10.3109/09553002.2013.817701
https://doi.org/10.3109/09553002.2013.835883
https://doi.org/10.1371/journal.pone.0095503
https://doi.org/10.1179/1743132814y.0000000392
https://doi.org/10.1016/j.physbeh.2014.12.039
https://doi.org/10.1007/s11011-015-9689-6
https://doi.org/10.1016/j.brainres.2015.01.019
https://doi.org/10.3967/bes2016.115
https://doi.org/10.1007/s11010-017-3051-8

Khorseva N.I., Grigoriev P.E.
Effects of Radiofrequency and Millimetre Range Electromagnetic Fields...

19. Zhang J.-P., Zhang K.-Y., Guo L., Chen Q.-L., Gao P., Wang T., Li J., Guo G.-Z., Ding G.-R. Effects of 1.8 GHz
Radiofrequency Fields on the Emotional Behavior and Spatial Memory of Adolescent Mice. Int. J. Environ. Res. Public
Health, 2017, vol. 14, no. 11. Art. no. 1344. https://doi.org/10.3390/ijerph14111344

20. Wang H., Tan S., Xu X., Zhao L., Zhang J., Yao B., Gao Y., Zhou H., Peng R. Long Term Impairment of
Cognitive Functions and Alterations of NMDAR Subunits After Continuous Microwave Exposure. Physiol. Behav.,
2017, vol. 181, pp. 1-9. https://doi.org/10.1016/j.physbeh.2017.08.022

21. Tan S., Wang H., Xu X., Zhao L., Zhang J., Dong J., Yao B., Wang H., Zhou H., Gao Y., Peng R. Study on
Dose-Dependent, Frequency-Dependent, and Accumulative Effects of 1.5 GHz and 2.856 GHz Microwave on Cognitive
Functions in Wistar Rats. Sci. Rep., 2017, vol. 7, no. 1. Art. no. 10781. https://doi.org/10.1038/s41598-017-11420-9

22.Zhi W.-]., Peng R.-Y., Li H.-J., Zou Y., Yao B.-W., Wang C.-Z., Liu Z.-H., Gao X.-H., Xu X.-P., Dong J.,
Zhao L., Zhou H.-M., Wang L.-F., Hu X.-J. Microwave Radiation Leading to Shrinkage of Dendritic Spines in
Hippocampal Neurons Mediated by SNK—SPAR Pathway. Brain Res., 2018, vol. 1679, pp. 134—143. https://doi.
org/10.1016/j.brainres.2017.11.020

23. Varghese R., Majumdar A., Kumar G., Shukla A. Rats Exposed to 2.45 GHz of Non-Ionizing Radiation Exhibit
Behavioral Changes with Increased Brain Expression of Apoptotic Caspase 3. Pathophysiology, 2018, vol. 25, no. 1,
pp- 19-30. https://doi.org/10.1016/j.pathophys.2017.11.001

24. Sharaf N.E., Galal A.F., El-Sawy M.S., Shalby A.B., Sayed A.H., Ahmed H.H. Role of Designed Bio-
Geometrical Forms in Antagonizing Neurobehavioral Burden of Wi-Fi Radiation: Evidence-Based Experimental
Study. Biomed. Pharmacol. J., 2019, vol. 12, no. 3. https://dx.doi.org/10.13005/bpj/1751

25. Tan S., Wang H., Xu X., Zhao L., Zhang J., Dong J., Yao B., Wang H., Hao Y., Zhou H., Gao Y., Peng R. Acute
Effects of 2.856 GHz and 1.5 GHz Microwaves on Spatial Memory Abilities and CREB-Related Pathways. Sci. Rep.,
2021, vol. 11, no. 1. Art. no. 12348. https://doi.org/10.1038/s41598-021-91622-4

26. Zhu R., Wang H., Xu X., Zhao L., Zhang J., Dong J., Yao B., Wang H., Zhou H., Gao Y., Peng R. Effects of 1.5
and 4.3 GHz Microwave Radiation on Cognitive Function and Hippocampal Tissue Structure in Wistar Rats. Sci. Rep.,
2021, vol. 11, no. 1. Art. no. 10061. https://doi.org/10.1038/s41598-021-89348-4

27. Wang H., Liu Y., Sun Y., Zhao L., Dong J., Xu X., Wang H., Zhang J., Yao B., Zhao X., Liu S., Zhang K.,
Peng R. Changes in Rat Spatial Learning and Memory as Well as Serum Exosome Proteins After Simultaneous Exposure
to 1.5 GHz and 4.3 GHz Microwaves. Ecotoxicol. Environ. Saf.,2022,vol. 243. Art. no. 113983. https://doi.org/10.1016/].
ecoenv.2022.113983

28. Zheng R., Zhang X., Gao Y., Gao D., Gong W., Zhang C., Dong G., Li Z. Biological Effects of Exposure to
2650 MHz Electromagnetic Radiation on the Behavior, Learning, and Memory of Mice. Brain Behav., 2023, vol. 13,
no. 6. Art. no. e3004. https://doi.org/10.1002/brb3.3004

29. Wang H., Song L., Zhao L., Wang H., Xu X., Dong J., Zhang J., Yao B., Zhao X., Peng R. The Dose-Dependent
Effect of 1.5-GHz Microwave Exposure on Spatial Memory and the NMDAR Pathway in Wistar Rats. Environ. Sci.
Pollut. Res., 2023, vol. 30, no. 13, pp. 37427-37439. https://doi.org/10.1007/s11356-022-24850-4

30. Wang H., Liu Y., Sun Y., Dong J., Xu X., Wang H., Zhao X., Zhang J., Yao B., Zhao L., Liu S., Peng R. Changes
in Cognitive Function, Synaptic Structure and Protein Expression After Long-Term Exposure to 2.856 and 9.375 GHz
Microwaves. Cell Commun. Signal., 2023, vol. 21. Art. no. 34. https://doi.org/10.1186/s12964-022-01011-1

31. Krivova N.A., Kudabaeva M.S., Zaeva O.B., Borodina S.V., Lepekhina T.B., Pavlenko O.A.,
Makhmanazarov R.M., Kokin D.S., Shipilov S.E. The Effect of Exposure to RF-EMF from the Laboratory Simulator
of 5G NR Base Station on Physiological Parameters and Cognitive Abilities of Male Wistar Rats of Different Ages.
Sci. Rep., 2024, vol. 14, no. 1. Art. no. 10283. https://doi.org/10.1038/s41598-024-60862-5

32. Chernyuk D.P., Bol’shakova A.V., Vlasova O.L., Bezprozvanny I.B. Opportunities and Prospects of the
Behavioral Test “Morris Water Maze”. Russ. J. Physiol., 2021, vol. 107, no. 3, pp. 267-287 (in Russ.). https://doi.
org/10.31857/S0869813921030043

33. Iptyshev A.M., Gorina Ya.V., Lopatina O.L., Komleva Yu.K., Chernykh A.I., Belova O.A., Salmina A.B.
Sravnenie testov “Vos’mirukavnyy radial’nyy labirint” i “Vodnyy labirint Morrisa” pri otsenke prostranstvennoy
pamyati u eksperimental’nykh zhivotnykh v khode neyropovedencheskogo testirovaniya [Comparison of Radial Arm
Maze and Morris Water Maze for Evaluation of Spatial Memory in Experimental Animals During Neurobehavioral
Testing]. Fundamental 'naya i klinicheskaya meditsina, 2017, vol. 2, no. 2, pp. 62—69.

34. Keles A1, Yildinnm M., Gedikli O., Colakoglu S., Kaya H., Bas O., Sénmez O.F., Odac1 E. The Effects of
a Continuous 1-h a Day 900-MHz Electromagnetic Field Applied Throughout Early and Mid-Adolescence on
Hippocampus Morphology and Learning Behavior in Late Adolescent Male Rats. J. Chem. Neuroanat., 2018, vol. 94,
pp. 46-53. https://doi.org/10.1016/j.jchemneu.2018.08.006

377


https://doi.org/10.3390/ijerph14111344
https://doi.org/10.1016/j.physbeh.2017.08.022
https://doi.org/10.1038/s41598-017-11420-9
https://doi.org/10.1016/j.brainres.2017.11.020
https://doi.org/10.1016/j.brainres.2017.11.020
https://doi.org/10.1016/j.pathophys.2017.11.001
https://dx.doi.org/10.13005/bpj/1751
https://doi.org/10.1038/s41598-021-91622-4
https://doi.org/10.1038/s41598-021-89348-4
https://doi.org/10.1016/j.ecoenv.2022.113983
https://doi.org/10.1016/j.ecoenv.2022.113983
https://doi.org/10.1002/brb3.3004
https://doi.org/10.1007/s11356-022-24850-4
https://doi.org/10.1186/s12964-022-01011-1
https://doi.org/10.1038/s41598-024-60862-5
https://doi.org/10.31857/S0869813921030043
https://doi.org/10.31857/S0869813921030043
https://doi.org/10.1016/j.jchemneu.2018.08.006

Xopcesa H.U., I'puropwes ILE.
D¢ dexTsl BO3ASHCTBUI IEKTPOMarHUTHBIX TIOJICH PaJo4acTOTHOTO M MUJUTMMETPOBOTO JANAITa30HOB. ..

35. Hao D., Yang L., Chen S., Tian Y., Wu S. 916 MHz Electromagnetic Field Exposure Affects Rat Behavior and
Hippocampal Neuronal Discharge. Neural Regen. Res., 2012, vol. 7, no. 19, pp. 1488—1492. https://doi.org/10.3969/].
issn.1673-5374.2012.19.007

36. Hao D., Yang L., Chen S., Tong J., Tian Y., Su B., Wu S., Zeng Y. Effects of Long-Term Electromagnetic
Field Exposure on Spatial Learning and Memory in Rats. Neurol. Sci., 2013, vol. 34, no. 2, pp. 157-164. https://doi.
org/10.1007/s10072-012-0970-8

37. Gupta S.K., Patel S.K., Tomar M.S., Singh S.K., Mesharam M.K., Krishnamurthy S. Long-Term Exposure
of 2450 MHz Electromagnetic Radiation Induces Stress and Anxiety Like Behavior in Rats. Neurochem. Int., 2019,
vol. 128, pp. 1-13. https://doi.org/10.1016/j.neuint.2019.04.001

38. Gokgek-Sarag C., Akcay G., Karakurt S., Ates K., Ozen S., Derin N. Possible Effects of Different Doses of
2.1 GHz Electromagnetic Radiation on Learning, and Hippocampal Levels of Cholinergic Biomarkers in Wistar Rats.
Electromagn. Biol. Med., 2021, vol. 40, no. 1, pp. 179-190. https://doi.org/10.1080/15368378.2020.1851251

39. Zibarev E.V., Afanasev A.S., Slusareva O.V., Bulavina [.D. Exploratory Studies of the Influence of Wireless
Equipment on the Body of Laboratory Animals. Hyg. Sanitation, 2017, vol. 96, no. 7, pp. 661-664 (in Russ.). http://
dx.doi.org/10.18821/0016-9900-2017-96-7-661-664

40. Sharma S., Shukla S. Effect of Electromagnetic Radiation on Redox Status, Acetylcholine Esterase Activity and
Cellular Damage Contributing to the Diminution of the Brain Working Memory in Rats. J. Chem. Neuroanat., 2020,
vol. 106. Art. no. 101784. https://doi.org/10.1016/j.jchemneu.2020.101784

41. Jiang S., Ma Y., Shi Y., Zou Y., Yang Z., Zhi W., Zhao Z., Shen W., Chen L., Wu Y., Wang L., Hu X., Wu H.
Acute Exposure of Microwave Impairs Attention Process by Activating Microglial Inflammation. Cell Biosci., 2024,
vol. 14, no. 1. Art. no. 2. https://doi.org/10.1186/s13578-023-01162-9

42.Qin T.-Z., Wang X., DuJ.-Z., Lin J.-]., Xue Y.-Z., Guo L., Lai P.-P,, Jing Y.-T., Zhang Z.-W., Ding G.-R. Effects
of Radiofrequency Field from 5G Communications on the Spatial Memory and Emotionality in Mice. Int. J. Environ.
Health Res., 2024, vol. 34, no. 1, pp. 316-327. https://doi.org/10.1080/09603123.2022.2149708

43. Narayanan S.N., Kumar R.S., Potu B.K., Nayak S., Bhat P.G., Mailankot M. Effect of Radio-Frequency
Electromagnetic Radiations (RF-EMR) on Passive Avoidance Behaviour and Hippocampal Morphology in Wistar Rats.
Ups. J. Med. Sci., 2010, vol. 115, no. 2, pp. 91-96. https://doi.org/10.3109/03009730903552661

44. Murai T., Okuda S., Tanaka T., Ohta H. Characteristics of Object Location Memory in Mice: Behavioral
and Pharmacological Studies. Physiol. Behav., 2007, vol. 90, no. 1, pp. 116-124. https://doi.org/10.1016/].
physbeh.2006.09.013

45. Kim J.H., Chung K.H., Hwang Y.R., Park H.R., Kim H.J., Kim H.-G., Kim H.R. Exposure to RF-EMF Alters
Postsynaptic Structure and Hinders Neurite Outgrowth in Developing Hippocampal Neurons of Early Postnatal Mice.
Int. J. Mol. Sci., 2021, vol. 22, no. 10. Art. no. 5340. https://doi.org/10.3390/ijms22105340

46. Attah T.A., Ayantunji B., Adamu A., Omede A., Leleji J., Hussiani S., Enemali J.-P., Suleiman Z.1., Dumbiri C.,
Bwala I., Polok C. Biological Effects of High Radiofrequency Radiation on Wistar Rats: A Literature Review. J. Public
Health Int., 2022, vol. 5, no. 2, pp. 1-31. https://doi.org/10.14302/issn.2641-4538.jphi-22-4197

47. Belyaev 1., Blackman C., Chamberlin K., DeSalles A., Dasdag S., Fernandez C., Hardell L., Héroux P,
Kelley E., Kesari K., Maisch D., Mallery-Blythe E., Melnick R.L., Miller A., Moskowitz J.M., Sun W., Yakymenko 1.
Scientific Evidence Invalidates Health Assumptions Underlying the FCC and ICNIRP Exposure Limit Determinations
for Radiofrequency Radiation: Implications for 5G. Environ. Health, 2022, vol. 21, no. 1. Art. no. 92. https://doi.
org/10.1186/s12940-022-00900-9

48. Uche U.I., Naidenko O.V. Development of Health-Based Exposure Limits for Radiofrequency Radiation from
Wireless Devices Using a Benchmark Dose Approach. Environ. Health, 2021, vol. 20, no. 1. Art. no. 84. https://doi.
org/10.1186/s12940-021-00768-1

Tocmynuna e pedaxyuro 23.10.2024 / Ooodpena nocne peyensuposarus 27.01.2025 / Hpunama k nyonuxayuu 31.01.2025.
Submitted 23 October 2024 / Approved after reviewing 27 January 2025 / Accepted for publication 31 January 2025.

378


https://doi.org/10.3969/j.issn.1673-5374.2012.19.007
https://doi.org/10.3969/j.issn.1673-5374.2012.19.007
https://doi.org/10.1007/s10072-012-0970-8
https://doi.org/10.1007/s10072-012-0970-8
https://doi.org/10.1016/j.neuint.2019.04.001
https://doi.org/10.1080/15368378.2020.1851251
http://dx.doi.org/10.18821/0016-9900-2017-96-7-661-664
http://dx.doi.org/10.18821/0016-9900-2017-96-7-661-664
https://doi.org/10.1016/j.jchemneu.2020.101784
https://doi.org/10.1186/s13578-023-01162-9
https://doi.org/10.1080/09603123.2022.2149708
https://doi.org/10.3109/03009730903552661
https://doi.org/10.1016/j.physbeh.2006.09.013
https://doi.org/10.1016/j.physbeh.2006.09.013
https://doi.org/10.3390/ijms22105340
https://doi.org/10.14302/issn.2641-4538.jphi-22-4197
https://doi.org/10.1186/s12940-022-00900-9
https://doi.org/10.1186/s12940-022-00900-9
https://doi.org/10.1186/s12940-021-00768-1
https://doi.org/10.1186/s12940-021-00768-1

