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FO.I'. I'puropneB, A.C. CamoiisioB 5G-cTaHIapT COTOBOH CBS3H.

CymmapHas  paguoOHWONIOTHYECKash ~ OICHKa  OMAcHOCTH  IUIAHETapHOTO
3JICKTPOMArHUTHOTO 00JydeHuss HacedeHus.- M-:®I'BY THI[ ®MBIl wuwm.
bypnazsna ®PMBA Poccun, 2021-200c

B kHure paccmarpuBaroTCsi BOIPOCH! BHeApeHus craniapra 5G B
cHcTeMy COTOBOH CBsi3u. TexHonorust 5G paboTaeT ¢ MUIITMMETPOBBIMU
BorrHamu (MMB) ¢ ofHOBpeMeHHBIM pacTpocTpaHeHHeM mporpamms 10T
(Internet of Things) — wWHTepHET CBA3b MEXIY «BEIIAMHY», Kak
JIOMAIIIHETO yHOTpeOIeHNs, Tak U JAPYTUMH OOBEKTaMH, HamlpuMep, Ha
TpaHcnopre, Ha npousBoacTee. MMB Jierko skpaHupyrorcs. Y4uThiBast
3T0, 10J] BO3/IeiicTBHEM Oy TyT HAXOIUTHCS TOJIBKO KOXKa U CKJIepa Iias.

IIpencraBneH HOBBIA pagnOOMOIOTMYECKHH MOAXOJ K OILEHKE
onacHoctH 5G-cTanmapra. PaccMoTpeHa 3HaYMMOCTb pajmoOHoIoTnyIe-
CKUX KPUTEPHEB U CTEIIEHb PUCKA C YIETOM IOSBICHHS HOBBIX KpUTHYE-
CKHX OPTaHOB M HATPY3KH Ha YK€ CYIIECTBYIONINE KPUTHIESCKUE OPTaHbI
W CHCTEMBI IIpU MOKU3HEHHOM ob0mydennu DMII Hacenenus. Ota Touka
3pEHUsI aBTOPOB MCIOJIb30BAHA IIPU OIIEHKE CyMMapHOW pajrodnoIorn-
YECKOW OMACHOCTH IIAHETAPHOTO 3JIEKTPOMArHUTHOTO OOJydeHHsS Ha-
CeIeHNsI.

IIpennoxkeHsl MyTH BO3MOXHOIO CHUXKEHUS 3JIEKTPOMArHUTHOM
Harpy3KH Ha HaceJIeHHe.
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G834 Yu.G. Grigoriev, A.S. Samoylov 5G-cellular standards. Total
radiobiological assessment of the danger of planetary electromagnetic radiation
exposure to the population — M.: SRC — FMBC, 2020.

The book discusses the implementation of the 5G-standard in the
cellular communication system. 5G-technology works with millimeter
waves (MMW) with simultaneous distribution of the 10T (Internet of
Things) program — Internet connection between «thingsy, both for home
use, and other objects, for example, in transport, in production. MMW are
easily shielded. Given this, only the skin and sclera of the eyes will be
affected.

A new radiobiological approach to hazard assessment of the 5G-
standard is presented. The significance of radiobiological criteria and the
degree of risk are considered, taking into account the appearance of new
critical organs and the load on existing critical organs and systems during
lifetime exposure to EMF in the population. This point of view of the
authors is used to assess the total radiobiological danger of planetary
electromagnetic radiation exposure to the population.

Ways of possible reduction of the electromagnetic load on the
population are suggested.



«MBI 10JIKHBI COXPAHUTD KU3Hb U
o0ecnmeYuTh 0€30MACHOCTh HAILMX JIIOACH»
B.B.Ilyrun



AKTYAJIBHOCTb KHUT'H

KaK B Poccun, Tak u B crpaHax 3a pyOeXoM Ha MPOTSIKEHUU

HECKOJIbKUX TOCJIEIHUX JIET UAYT AKTUBHbIE JTUCKYCCHH O
HNEPCHIEKTUBHOM TPEIJIOKEHUN ONTHMM3ALUU COTOBOM CBS3M —
IUITAHETAPHOM BHeZIpeHuH HoBoro S5G cranjapra, 4To OyAeT rapas-
TUPOBaTh OBICTPYIO Iepeaauyy OosibLIOro oobeMa JaHHbIX. B aTux
Hensax OyayT UCHOIb30BATHCS AIEKTPOMArHUTHBIE BOJHBI MUJIITUME-
TpoBoro auamna3zona (MMB).

TeXHOIKOHOMUYECKOE MPEUMYIIECTBO ATOrO MPEIOKEHUS
OUYEeBUIHO U HHMpoko uHpopmupyercss CMU Bo MHOIMX CTpaHax.
OpnHako ocTaercst HE SCHBIM BONPOC O CTENEHH ONAaCHOCTU 3TOrO
BUJA 3JEKTPOMAarHUTHOTO M3JIyYeHMs JUIsl 370POBbsl HAcENeHHs U
9KOJIOTUYECKOH Cpe/ibl.

K coxanenuto, oOpaiieHus] y4eHbIX U METUIMHCKUX padoT-
HukoB B OOH u EBpocoro3 o Heo0X0AMMOCTH IMpeBapUTEIbHOTO
IIPOBEJCHUSI MEIUKO-OMOJIOTMYECKUX HCCIIEI0OBaHUI Iepesl BHe-
npenueM SG-cTaHAapTa OCTAlOTCS BHE peaslbHOM peanuzanuu. Psn
CTpaH OTKa3bIBaeTCsl OT pasMemieHuss SG-crapmapra Ha UX
TEPPUTOPUH.

Knura O.I'. I'puropsesa u A.C. Camoiinosa «5G-CTAHIAPT
COTOBOM CBA3U. CYMMAPHA S PAJTMOBUOJIOT MYECKA S
OLIEHKA OITACHOCTHU IIJTAHETAPHOI'O  3JIEKTPO-
MATHUTHOI'O OBJIYYEHUA HACEJIEHUS» paccmarpuBaer
BOIIPOCHI BHEJpEHUs cTaHaapTa 5G B cucteMy coToBoil cBsi3u. B oT-
JMYUE OT yXe CYHIECTBYIOMNX OecrpoBOAHBIX TexHomoruil 2G, 3G
u 4G, r11e UCTIONB3YIOTCS AIIEKTPOMArHUTHBIE OIS PaJAH0YaCTOTHO-
ro auana3ona, cranaapT 5G paboTaeT ¢ MUJLUTUMETPOBBIME BOJTHAMH
C OJTHOBPEMEHHBIM pacrnpoctpanenueM nporpammel 10T (Internet of
Things) — uHTEpHET CBA3b MEKAY «IIPEAMETaMU», KaK IOMAIIIHETO
YIIOTpeOIeHHsI, TaK ¥ JIPYTMMH OOBEKTaMH, HallpUMeEp, Ha TpaHC-
MIOpPTE U Ha IPOU3BOJICTBE.

Jns crabunbHo# noctaBku MMB Ha Bcio TeppuTopuio Haiei



MJIaHEThl HUCIOJNB3YIOTCA COyTHUKKA 3emun. g peanuzanuu
[IporpamMMbl MTOBCEMECTHOI'O JOCTyNa K HMHTEPHETY IUIAHUPYETCS
3amycTuTh 4 425 CIyTHHKOB, HO yX€ celyac B KOCMOCE IO 3TOMH
nporpamme Haxoautes 800 ciyTHUKOB. Heo0X01MM0 OTMETHTD, YTO
B HAcToOsllee BpeMs Ha OpOUTE HAXOIUTHCS HECKOJIBKHX ThHICSY
CITYTHUKOB, YTO BBI3bIBAET 00JIbIIIHE OECIIOKOWCTBA Y ACTPOHOMOB U
CIIy’kObI 0€30MacCHOCTH MUJIOTUPYEMBIX KOCMUYECKUX MoJieToB Poc-
CuH.

DaKTUYECKH BCe HAceIeHHE OyJIeT HaXOIUThHCS TOKU3HEHHO B
AJIEKTPOMArHUTHON CETKE MUWIJTUMETPOBBIX BOJIH M HM30€XaTh HMX
BO3JICUCTBUS HUKTO HE CMOKET.

MMB nerko 3kpaHupyroTcs. EcCTecTBEHHO, ISl HOKPBITUA
OTIPE/ICIICHHOW TEPPUTOPUU MILTUMETPOBOM COTOH, mMOTpedyercs
yBenuueHue konudectBa 0azoBbix cranimili (bC). Hampumep, mpu
pamuyce coThl ToJibKO 20 MeTpoB moTpedyetcst okosio 800 6a30BbIX
CTAaHUM{ Ha IUIOLAAb OJUH KBaJPATHBIA KUJIOMETP U PACIOIOKEH-
HBIX B 3-5 MeTpax OT moTpeduresns. ITo pe3Ko KOHTPACTUPYET, Ha-
npumep, co cranaapramu 3G u 4G, KOTOpbIE UCTIOIB3YIOT OOJIbIINE
AYEUKU U UMEIOT paJnuychl JE€HUCTBUS CBOUX COT B JMaIa30Hax oOT 2
1o 15 xm u Ooutee.

VYuuteiBas, uto MMB nornomarorcs B OM0TKaHsIX Ha TTyOHuHE
10 2 MM, TO O] UX BO3JCUCTBUEM OYAYT HAXOAUTHCS TOIBKO KOXKa
u ckiepa ria3. [loatoMy aBTOpBI cripaBeIMBO CUUTAIOT, YTO MPHU
orieHke ornacHoctu MMB HeoO6xoauMo 00s13aTeNIbHO YUUTHIBATH I10-
SBJICHHE HOBBIX KPUTHUYECKUX OPraHOB — KOHU U Taza. Koxa siB-
JISIETCSI OUEHBb CIIOKHON OMOCTPYKTYPOU, UMEET OOJIBIIIOE YUCIIO pe-
HENTOpPOB U (HaKTUYECKU ABISETCS «OHOPETPAHCIATOPOM») MEXKIY
BHEIITHEW cpeioit M PyHKIIMOHAIBHBIM COCTOSTHIEM OpTaHu3Ma.

EcrectBenHo, BHenpeHne 5G-TEXHOJOTMU CTAaBUT HOBBIE BO-
npockl. Bo-mepBhIX, TeXHUYECKast YacTh 00eCIeYeH s TaHHOTO BU/Ia
cBs3u. HeoOxoqumo 3HauuTENnbHO OOJIbIlIee YUCIO aHTEHH 0a30BbIX
CTAaHUMWA ¢ MUKPOAHTEHHAMM Ha €IMHMILY IUJIOIIAU C MOAECPKKON
yepe3 CIIyTHUKOBYIO CBsi3b. BO-BTOPBIX, OTCYTCTBHE COTJIACOBAHHOMN



METO0JIOTUN TUTUEHUYECKOT0 HOPMHUPOBaHUA. B-TpeTbux, UMeroT-
Csl JIMILB MPEIIOJI0KEHHU O BO3MOXKHBIX OMOJIOrHUecKUX 3(pdekTax
IIPU [T0’KU3HEHHOM Bo3elicTBud MMB Ha HaceneHue U 9KOCUCTEMBI.
OTCYTCTBYIOT JAHHBIE O BO3MOKHBIX OMO3(pPeKTax MNP MOCTOSHHOM
Bo3aeiictBun MMB Ha koXy u ckiepy rias. lleneHnanpaBieHHbIe
UCCJIEIOBAHMSI /10 CUX IOp HE MpoBojATcs Kak B Poccum, Tak u 3a
pyoexom.

HmeroTcs pa3nuyHble TOYKH 3pEHHs] HA OICHKY ONAacHOCTHU
9TON HOBOM TEXHOJOIMH. MeXyHapoaHasi KOMUCCHS I10 3aIIUTE OT
nHenonusupymomero uznyueHus (ICNIRP) u ®enepanbhas komuccust
o ces3u CHIA (FCC) oueHHBarOT OMAaCHOCTH TOJNBKO 10 KPUTEPHUIO
npubaBiieHUs] TMOIJIOMEHHOM J103bl  yXe K CYIIECTBYIOLIUM
cTaHaapTaMm. OTO MpUOaBIEHUE HE3HAYUTEIBbHOE U IOATOMY CYIIle-
ctByromue crannaptel FCC u ICNIRP, yrBepxknennsie eme B 1996
rojy, He mepecMaTpuBaroTcsi. MexayHapoaHbIE CTaHAAPThI, HECMO-
Tpsl HA KPUTUKY Hay4dHOH oOriecTBeHHOCTH M EBpocorosa, yxe Ha
npoTspkeHun 6osee 20 JieT ocTaroTes 6€3 N3MEHEHUI.

ABTOpBI pelieH3UpyeMOi KHUTH CUUTAIOT TaKOM MOAX0/1 OIIH-
OOYHBIM, T.K. B JJAHHOM CJIy4ae He YYUTBIBACTCs JlyyeBas Harpyska
Ha HOBbIE KPUTUYECKUE OPTaHbl — KOXKY U I71aza. OHU paccMOTpenu
3HaYMMOCTb PaJMOONOIOTHYECKUX KPUTEPUEB U CTENEHb PUCKA C
YUETOM ITOSIBIICHUS] HOBBIX KPUTUYECKUX OPTaHOB M HAarpy3KH Ha yKe
CYLIECTBYIOIIME KPUTHYECKHE OpPraHbl U CHUCTEMBI C y4€TOM IO-
*u3HeHHoro obnydenus DMII nHacenenus. C yyeToM 3TOH TOUYKH
3peHHsl, B KHUI'€ MPEJCTaBIeHa OLEHKAa CyMMapHOH pajnoOnoIoru-
YECKOM OMacHOCTU IJIAHETAPHOIO 3JEKTPOMArHUTHOTO OOIY4YEHHUS
HaCeJICHUS.

B kHHre mpesiokeHbl HOBBIE MYTH BO3MOXKHOTO CHMIKEHHS
DJICKTPOMArHUTHOW Harpy3ku ¢ yderoM 5G Ha Hacemenue. HeoO-
XOJJMIMO Pa3bsCHUTH HaceneHuto, yTo OMII oTHOCUTCS K BpEIHBIM
BUJAM M3JIY4YeHHUS U UX O0€30IacHOCTh HOPMHUPYETCSI OIpeJeseH-
HBIMU TUTHEHWYECKUMHU cTaHiapTamu. Bosaeilicteue DMII ¢ mpe-
BBIIICHHEM JTHUX CTaHIAPTOB MOXET OTPHIIATENHHO MOBIUATH Ha



37I0pPOBbBE IOJIB30BATENS COTOBOM CBSI3U. B CBSI3M C ATUM, HaceneHue
JOJIKHO CTPOTO COOJNIIO/IaTh YK€ CYLIECTBYIOIIME TMTHEHHUYECKHE
pexomenanuu. OnHako, OOJIBIIMHCTBO JIIOAEH BOCIIPUHUMAET raj-
JKETHl MPOCTO KaK AJIEMEHT YA0OHOr0 MOBCEIHEBHOIO 00IIeHus 63
OTpaHMYEHUS pa3roBopa M0 BPEMEHH, KaK UIPYIIKY AJs JeTeH, i
pas3BIIEYEeHHUs], UCTIOIB3Yysl COTOBYIO CBs3b Oe3 HeoOxommmoctu. Ha-
CeJICHHE JIOJKHO OCMBICIUTh, YTO, Hapylllas TMTHeHUYECKUEe PEKo-
MEHJIAI[H, OHO TIOJBEpraeT ceds onpeaeaéHHOMY PHCKY. DTy omac-
HOCTb HaJI0 HACTOMYMBO Pa3bsCHAITH U, NMPEke Bcero, uepes CMU.
PexomeH10BaHO BHEPUTH TAKOE MOHITHE KAaK «OCO3HAHHBIN PUCK).

Oto mepBoe o0000meHue 1o mnpobieme omacHoctH SG-
TEXHOJOTHH, Kak B Poccuu, Tak u 3a pyOexxoM. M3manue KHUTH
SBIISIETCSI CBOCBPEMEHHBIM.

Araoemux PAH
JI.A. Hnvun



RELEVANCE OF THE BOOK
Both in Russia and in countries abroad, there have been active dis-
cussions over the past few years about a promising proposal for
optimizing cellular communications — the planetary introduction of
a new 5G-standard that will guarantee fast transmission of a large
amount of data. For this purpose, millimeter waves (MMW) will be
used.

The techno-economic advantage of this offer is obvious and
widely reported by the media in many countries. However, the degree
of danger of this type of electromagnetic radiation to public health
and the environment remains unclear.

Unfortunately, the appeals of scientists and medical profes-
sionals to the UN and the European Union about the need for pre-
liminary medical and biological research before implementing the
5G-standard remain beyond real implementation. A number of coun-
tries refuse to place the 5G-standard on their territory.

Book by Yu.G. Grigoriev and A.S. Samoylov «5G-CELLU-
LAR STANDARD. TOTAL RADIOBIOLOGICAL ASSESSMENT
OF THE DANGER OF PLANETARY ELECTROMAGNETIC
RADIATION EXPOSURE TO THE POPULATION» considers the
implementation of the 5G-standard in the cellular communication
system. Unlike existing wireless technologies 2G, 3G and 4G, which
use electromagnetic fields of the radio frequency range, the 5G-
standard works with millimeter waves with simultaneous distribution
of the 10T (Internet of Things) program — Internet communication
between «objects», both for home use and other objects, for example,
in transport and in production.

For stable delivery of MMW to the entire territory of our planet,
Earth satellites are used. It is planned to launch 4 425 satellites for the
implementation of the universal Internet access program, but there are
already 800 satellites in space under this program. It should be noted
that there are currently several thousand satellites in orbit, which is of
great concern to astronomers and the security service of manned



space flights in Russia.

In fact, the entire population will be trapped for life in the
electromagnetic grid of millimeter waves and no one will be able to
avoid their impact.

MMW are easily shielded. Naturally, to cover a certain area
with a millimeter cell, you will need to increase the number of base
stations (BS). For example, with a cell radius of only 20 meters, you
will need about 800 base stations per square kilometer and located 3-
5 meters from the consumer. This is in sharp contrast, for example,
with 3G and 4G-standards, which use large cells and have ranges from
2 to 15 km or more.

Given that MMV is absorbed in biotissues at a depth of up to 2
mm, only the skin and sclera of the eyes will be affected by them.
Therefore, the authors rightly believe that when assessing the risk of
MMV, it is necessary to take into account the appearance of new criti-
cal organs — the skin and eyes. The skin is a very complex biostruc-
ture, has a large number of receptors and is actually a «bio-relay» be-
tween the external environment and the functional state of the body.

Naturally, the introduction of 5G-technology raises new ques-
tions. First, the technical part of providing this type of
communication. A significantly larger number of micro-antenna base
station antennas per unit area with satellite support is needed. Second,
there is a lack of a consistent methodology for hygienic rationing.
Third, there are only assumptions about possible biological effects in
the lifetime impact of MMW on populations and ecosystems. There
are no data on possible bioeffects with constant exposure to MMV on
the skin and sclera of the eyes. Targeted research is still not carried
out both in Russia and abroad.

There are different perspectives on the assessment of the dangers of
this new technology. The international Commission on non-ionizing
radiation protection (ICNIRP) and the Federal communications Com
mission (FCC) assess the hazard only by adding the absorbed dose to
existing standards. This is a small addition, and therefore the existing



FCC and ICNIRP standards, approved in 1996, are not being revised.
International standards, despite criticism from the scientific
community and the European Union, have remained unchanged for
more than 20 years.

The authors of the reviewed book consider this approach er-
roneous, because in this case, the radiation load on new critical organs
— the skin and eyes-is not taken into account. They considered the
significance of radiobiological criteria and the degree of risk, taking
into account the emergence of new critical organs and the load on
existing critical organs and systems, taking into account the lifetime
exposure of the population to EMF. From this point of view, the book
presents an assessment of the total radiobiological danger of planetary
electromagnetic radiation exposure to the population.

The book offers new ways to reduce the electromagnetic load,
taking into account 5G on the population. It is necessary to explain to
the population that EMF is considered harmful and their safety is
regulated by certain hygiene standards. Exposure to EMF that ex-
ceeds these standards may negatively affect the health of the mobile
user. In this regard, the population should strictly follow the existing
hygiene recommendations. However, most people perceive gadgets
simply as an element of convenient everyday communication without
time limits, as a toy for children, for entertainment, using cellular
communication without the need. The population should understand
that by violating hygiene recommendations, they are putting them-
selves at a certain risk. This danger must be persistently explained
and, above all, through the media. It is recommended to introduce
such a concept as «The conscious risk». This is the first generalization
on the problem of the danger of 5G-technologies, both in Russia and
abroad. The edition of the book is timely.

Academician of RAS
L.A. Ilyin
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BBEJIEHUE

xe Oosee 30 nmeT MpoaoIKAETCS B MUPOBOM COOOIIECTBE JTUC-
Kyccuss 00 OIacHOCTH 3JEKTPOMArHUTHBIX mojei (OMII) mis
3JI0pOBBS HACEJIEHHUs. 32 3TO BpeMs B CTPYKTYpPE COTOBOM CBSI3H YKe
ucnonb3ytorcst Texaonorun 2G, 3G u 4G, a B HacTosIIee BpeMmsl J10-
MOJIHUTENBHO ~ BHeApsieTcss  HoBasg  TexHojorus  5G. Ha
MEXIYHAPOJAHOM  YPOBHE, BO MHOTHUX CTpaHax  CO3JaHBI
oQuIanbHble KOMUTETHI, (POpYMbl U OOIIECTBEHHbBIE JTOBEPCHHbBIE
KOMUTETBI, HAYYHBIC alIbSHCHI U Jp. I PEIICHUS 3TOH MpoOIeMBl.
Hampumep, co3panbl  KoncynbratuBHbll komuteT BO3 10
Mexnynapoanoit mporpamme «OMII u 310poBbE  HaceneHUs,
MexayHapoaHasi KOMHCCHSL IO 3allldT€ OT HEHMOHU3UPYIOIIETO
uanyuenuss (ICNIRP), pabouas rpymma «Biolnitiativey, Mexmy-
HapOJIHAsT KOMHUCCHSI M0 dekTpoMarautHoi 3amute (ICEMS) u ap.
bonee 20 net pabortaer Poccuiickuii HallMOHAIBHBIN KOMUTET
1o 3amuTe oT HernoHusupyomux usnydennii (PHK3HU). Pemenus
KomuTteTa 00 omacHOCTH /U1 HaceTIeHUs, BKIItoUas IETeH, pa3ociaHbl
BO3 Bo muorue crtpanbl mupa. Ha ocHoBe 3THX peiieHuUd OBLIN
paspabotansl B 2003 rogy COOTBETCTBYIOIINE PEKOMEHIAINH, TIPE/I-
crasinennsie B CanlluH 2.1.8/2.2.4.1190-03 ot 2003 rox.
OpmHako A0 CuX MOp Mbl HE UMEEM aJIeKBaTHOW MH(POpPMAIINH,
KaK OCHOBBI ISl OLIEHKU pucka Boznedctust DMII cotoBoii cBsizu
(CC) Ha 3mopoBbe HaceneHus. [IpuumHaMu OTCYTCTBHSI €IUHOU
TOYKHU 3pEHUsI Ha OLIEHKY OrnacHocTu s Hacenenus DMII coroBoit
CBSI3U SIBJSIIOTCS, C HAIIe TOYKH 3pPEHUs, 3aWHTEPECOBAHHOCTH
TEJIEKOMMYHUKAITMOHHOW MPOMBIIIJIEHHOCTH B TMOJYY€HUH OTPHUIIA-
TEIBHBIX PE3yabTaTOB 00 omacHocTu i Hacenenus DMII coToBoit
cBs3u. Kak M3BECTHO, MPOMBINIJIEHHOCTHIO AHTAKUPYIOTCS MHOTHE



y4eHbIe, KOTOpPbIE MPOBOASAT UCCIIEOBAHUS IO 3TOH mpobiemMe u 3a-
HUMAIOT BEIYyLIUE MOCThl B HEKOTOPHIX aBTOPUTETHBIX MexayHa-
POIHBIX opranu3anusx. Kpome Toro, npoBouTCcss MHOTO JIOKAJIbHBIX
UCCJIEIOBAHUM C TOJyY€HUEM BTOPOCTEIICHHBIN Pe3yIbTaT.

Urnopupyercs NOHITHE «KPUTHUYECKUI opraH», Kak 0a3oBoe
HOHATHE Il paanoOuoornieckoit onenku onacaoctu IMII coro-
BOI1 CBSI3U, HAIIPUMED, FOJIOBHON MO3T, IIUTOBU/IHAS JKeje3a, KOKHbIE
IIOKPOBBI T€Jla, MMMYHHAas CHUCTEMa, PENpOAYKTHBHAs CHUCTEMA,
oHTorene3. He yuuTbIBaeTCs BO3MOXXHOCTb HAKOIUICHHSI He-
OsaronpusATHBIX Y3PPEKTOB, ONMpeIeTICHIEe 0CTaTOYHOTO yiepoa (oT-
JAJICHHbIE COMATHYECKUE U TICUXO(PU3NOIOTHYECKUEe TTOCTIEACTBUS),
COKpAILEHUE CpelHEN MPOIOKUTEIbHOCTU KU3HH, MOKU3HEHHbIN
paZualvOHHBINA PUCK, HATMYKE IeTEH B TPYIINE PUCKA U JIp.

PeanbHOe BHeipeHre B HalTy MOBCeAHEBHYIO )Ku3Hb CC 3HAUM-
TEJIbHO U3MEHUIIO CUTYAIHIO TEXHOT€HHOTO 3JIEKTPOMAarHUTHOTO 3a-
IPSI3HEHUS] BHELIHEW Cpe/ibl, 3HAYUTEIbHO YBEIMYUIIO BO3JEHUCTBUE
OMII Ha Bce rpymmbl HaceleHus, BKJIOYas Aeteil. OTCyTCTBYIOT
00001IeHNsT ¢ a/leKBaTHONH WH(pOpMAIUEH, MO3BOJISIONICH OICHUTH
CTENEeHb PUCKA JAJS 370POBbsI HACEIECHUS MPU CYMMAapHOM TMOXKHU3-
HeHHOM Bo3zeiicTBuu OMII paznuunbix yactor. ECTh ocHOBaHusA
YTBEPXkKAaTh, YTO J00aBJI€HHUE BHICOKOYACTOTHOTO S5G-M3Iy4eHUS K
YK€ CIIOXKHOMY COYETaHHMIO 0oJiee HU3KMX 4acTOT, OyJIeT croco0-
CTBOBaTh HETaTUBHBIM MOCIEICTBUSAM, KaK Al GU3HUECKOTO, TaK U
MICUXHUYECKOTO 3/J0POBbSI HACETICHHUSI.

Kubep-Bo3neiictBue munumerposux BoaH (MMB) 5G-tex-
HOJIOTUW 3HAYMTEIBHO YCJIOKHSET YXKE CYIIECTBYIOLINE MOAXO0IbI K
OIICHKE OIMAaCHOCTU U JIeNaeT MPOoOJIeMaTUYHON 3aaqy 3allUThl Ha-
CEJICHHUS OT IMOCTOSIHHOTO MOXKU3HEHHOTo o0nyuyenrns MMB.

Bo MHOrux cTpaHax mmeercs MOJHOE MpeHeOpeKeHUe MpUH-
IIUIIOM TIPEIOCTOPOKHOCTH, TpeanokeHHsiM BO3  (Precautionary
polies and health protection. 2007). D10 mpoucxoautr Ha ¢oHe
NEPUOANYECKU MOSIBIISIFOIINUXCS MyOJIMKAIUMi, 4YTO MOOUIIbHAS CBS3b
HE onacHa Juist 310poBbs HaceneHus. benbiit qom CILIA o6bsBuI 5G-
TEXHOJIOTMK0  INPUOPUTETHOM B  IpOorpaMMe  HAIlMOHAJIBHOU
6e3onacuoctu (Crichton D, 2017).

Heobxoaumo otMeTHTh, uTO BBeieHHe SG-CTaH apTa — 3TO HE



MIPOCTO CleAyIolee MoKojaeHue MoouibHON cBs3u nocie 2G, 3G u
4G B nemnsix KoMpopra Hamiel )KU3HU, HO NMapaJuIeIbHO U pa3paboTka
B CIIIA HOBOro THIIa BOGHHOM TEXHOJOIHMH, a TaK K€ BO3MOKHOTO
UCIIOJIb30BaHUs B «KOHTpOJe Haja Tomoi» (Active Denial Systems).

B CIIIA ®enepanbHasi KOMUCCHS TIO CBA3W BbIJEIUIIA CIEKTP
MUJUTMMETPOBBIX BOJIH i pabotel 5G- cranmapra (0,6 [T 24,25
ITa — 2525 ITw; 27,5 1T — 2835 I'T; 37 I'Tuy — 40 I'T'y u 64
[Ty — 71 I'T'm) 6e3 nmpoBeneHus: MpeaBAPUTEIBHBIX HCCIICIOBAHUN
Ha UX 0€30IaCHOCTb JIJIs1 HACEJICHUS.

K Gonpiiomy coxanenuro, yxxe 6onee yem 30 et mpoaoinKa-
I0TCS TIPOTHBOPEYHSI B OTHOILIECHUHU YIIepOa OT COBPEMEHHBIX Oec-
npoBoaHbIX TexHonorui 2G, 3G u 4G. Drta npobreMa ycIoxKHIETCs
B CBsi3u ¢ BHenpeHueMm SG-cranaapra. Ouenka BozjaeiictBus IMII
CC cranoBuTcs emie Ooyiee MpoOIEeMaTHIHON, OCOOCHHO B JIIHJIC-
MHUOJIOTUYECKOM TIJIaHe, MOCKONBKY Mociie BHeapenus 5G He ocra-
HETCsI KOHTPOJBHBIX TPYIMI HACENEHHUs, KOTOPhIE HE MOBEPraliiCh
OBl 2JIEKTPOMAarHUTHOMY BO3JIEHCTBHUIO, YTO HE MO3BOJIUT MOJIYYHUTh
naHHBIe O crenuduueckux 3PQexrax 3IEKTPOMATHHUTHOTO TOJIsS
paauoyactoTHoro auamnazona (OMII PH) u MHITUMETpPOBBIX BOJIH.
Kpome TOro, He06X0AMMO YUUTHIBATh, YTO HaOt0AaeMble 3P (HEKTHI
MOTYT yCWJIUBAaTbCSl U3-32 CHHEPreTUYECKOrO0 TOKCHUYECKOTO
BO3JICUCTBUS M JIPYTUX PACIPOCTPAHEHHBIX HEOIArONMPHUSTHBIX
(GaKkTOpOB BHEIIHEW CPEIbI.

S CTaHIAPT He TOJBbKO KOJMYECTBEHHO OTJINYaeTcs OT 2, 3
u 4G, HO U KavYecTBeHHO. OMMOOYHO CUUTATH, YTO BHEIpPEHHE
5G-cTtaHgapTa 3T0 MPOCTO MOBBbILIEHHE YPOBHSI 00Jy4eHHsI Ha-
cejieHusi. Mcnosib30BaHHe TEXHOJOTHMM MHWLIMMETPOBBIX BOJIH
MOKeT MPUBECTU K 3HAYUTEJIHbHOMY NMOBBIIIEHUIO YPOBHS onac-
HOCTH B CBSI3U C MOCTOSTHHBIM 00, Iy4eHHeM HOBBIX KPUTHYECKHUX
OPraHoB, TAKHX, KAK K0Ka M 1J1a3a. JTO HOBBI Paguo0uoJI0ru-
YyeCcKHi MOAX0/ K olleHKe onmacHocTH 5G.

ABTOpBI KHUTH YBEPEHHBI, YTO KOT/1a CMEHHUTCSI HECKOJIBKO T10-
KOJIEHUHM, CTaHYT M3BECTHbl UCTUHHBIE MOCIEICTBUS ISl 3JOPOBbSA
BCEX TPYII HACEJIICHHS U CYIIECTBYIOIIEro 00pa3a >KH3HHU.
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I'JTIABA 1. 5G-CTAHJAPT —
HOBOE IIATOE INOKOJEHUE COTOBOM CBA3U

1.1. OcHoBHbIE XapakTepucTuKu SC-cTaHaapra

BOTJII/I‘-II/IC OT Y€ CYIIECTBYIOIIUX OSCIPOBOIHBIX TEXHOJIOTHH 2,

3 u 4G, rae uCmoNb3yIOTCS AJIEKTPOMArHUTHBIE TOJS PaaHo-
gactotHoro auanazoHa (OMII PY), crannapt 5G paboraer ¢ Muim-
MeTpoBbiMH BojHaMu (MMB). TepMuH «MUUIMMETPOBBIE BOJIHBI
OTHOCHUTCS K Upe3BbluaiiHO BbIcOKO4YacTOTHBIM (30-300 I'T1x) snek-
TPOMAarHUTHBIM KOJIEOAHUSIM.

JlaHHast TEXHOJIOTHSI TO3BOJISIET PE3KO YBEIUYUTH 00BEM U CKO-
poctb niepenaun uHGopmammu. OTHAKO UMEETCs MPOoOIeMa TOCTaBKH
CUTHana 70 norpedutens. B cBsa3u ¢ aTuMm, ans obecriedyeHus cra-
OWJIbHOM CBS3M HA BCEW TEPPUTOPHUM HAIlEW IUIaHEThI, B HACTOSIIEE
BpeMsi B KOCMOCE YK€ HaXOJUTCSI OKOJIO OJTHOM ThICSUU CITyTHUKOB.

[IpoOneMHBIMU SBISIOTCS 33J]a4l OTCYTCTBUSI METOOB H3Me-
pernst MMB B «OnuxkHe# 30He», HET COTVIACOBAHHOM METOJOJIOTUHU
TUTUEHUYECKOTO HOPMHUPOBAHMUSI, UMEIOTCS JIUIIb MPETOJIONKEHUS O
BO3MOYKHBIX HEOJIArOMPHUATHBIX OMOJOTUYECKHX d(deKTax mpu mo-
JKU3HEHHOM Bo31elictBun MMB Ha HaceneHue v 9KOCUCTEMBI.

MMB HCOBITHIBaIOT CHIIBHOE 3aTyXaHUE IMPU PacHpoCTpaHe-
HUU B 3eMHOU aTMmoc(epe. 3aTyxaHue BbI3BAHO PE30HAHCHBIM I10-
TJIOIIEHUEM PHEPTUH BOJH B aTMOC(EPHBIX ra3ax, a TAKXKE 3aTyXxaHue
CWJIBHO 3aBHCHT OT MOTOJIHBIX YCIOBUH (10K/1b, TYMaH, CHET U Ap.).
B ocHOBe 3aryxaHusi CTOUT MaJIeHbKas JJIMHA BOJIHBI. Bcnemcrue
TOTO 3€MHBIE PATUOCUCTEMBI MHJUIMMETPOBOTO  JIHAIa30Ha
XapaKTEepU3YITCAd Malloll JalbHOCTBIO NEHUCTBUS (OT JECATKOB KH-
JIOMETPOB JI0 HECKOJIbKUX COTEH METPOB).

MMB J1erko noryaomaroTcsl TKAaHIMHU U TPOHUKAIOT MAKCUMYM
Ha 1-2 MM. YuuTbIBas 3TO, MO BO3JCHCTBHEM y yelnoBeKka OyIyT



HaxXOJUTBCS TOJIBKO KOJKHBIC ITOKPOBLBI TCJIa U MMOBCPXHOCTHBIC CJIN-
3uCThIe — cKJiepa ria3. [lo-HameMy MHEeHHIO, TPH OllEHKE omac-
Hoctd MMB ju1s1 3/10poBbsi HaceJIeHHSI HEOOX0IMMO YYHTHIBATH
HOBbI€ KPUTHYECKHE OPraHbl — KOXKY TeJIa H CKJIepy IJa3s.

EcrecTtBeHHO, mpu wucnonszoBanun MMB s mokpsiTus
OTIpeIeIEHHON TEPPUTOPUU COTOM, MOTpedyeTcs yBENUYEHHUE KO-
nuyectBa 6a30Bbix craniuil (bC). Hanpumep, nipu paauyce cotsi 20
MeTpoB moTpedyeTcst okoiio 800 6a30BBIX CTAHIIMI HA IUIOIIA/b OJTUH
KBaJIpaTHbI KUJIOMETP, PACIOJOKEHHBIX B 3-5 Merpax OT IO-
Tpebutens. Muorue 5G aHTeHHBI OyAYT HAXOAUTHCA B HECKOJIBKHUX
nrarax OT JIOMOB JKUTellel. ITO Pe3K0 KOHTPACTUPYET, HAIIPUMEp, CO
cragmapramu 3G u 4G, KOTOpBIE HCIOJB3YIOT OONBINNE STYCHKH U
UMEIOT PaJInyChl ICUCTBUS CBOMX COT B AMana3oHax oT 2 10 15 kM u
Oosee. DTO MO3BOJIAET OXBATHIBATH OOJIBIITYIO TEPPUTOPHIO U TPEOyeET
Menblee yucio bC.

BC ¢ mukpoanTeHHaMH OYyAyT OKpYKaTh HAac BCIOAY: OyIyT
pacrionaratecsi Ha yxe cymectpytonmx bC TexHonoruii 2, 3 u 4G,
Ha BCEX MEPEKPECTKAX, HA JIECTHUYHBIX KJIETKaX, B KBAPTUPE, U T.1.

Mo nanueiM Moskowitz J.M. (2017) [273] tonbsko B Kamudop-
HUM notpedyercs gonoiaHurenabHo 6osee 50 000 BC. B mkoiabHBIX
WM OQUCHBIX 3JJaHUIX Ha Ka)XJI0M 3TaXke TUIaHUPYETCS pa3MeCTUTh
HECKOJIBKO MUKPOBOJIHOBBIX AHTEHH, TaK Ha3bIBAEMBIX «MaJICHbKUX
A4eek». AHTEHHbBI MOTYT UMETh pa3Mepbl OKOJIO HECKOJIbKUX MUII-
JUMETPOB, a aHTEHHbIE TUeHKH — Majble rabaputhl. bC naroro mo-
KOJIEHUS! OyZIeT CIIEMTH 3a MOJIb30BaTelleM 3a c4eT (pa3upoBaHHON
pemetku, kak B PJIC, a He u3aydarh mpocTO B MPOCTPAHCTBO. ITO
OyZeT JIOTIOJIHEHUEM K YK€ CYIIECTBYIOLIUM TeXHoJorusm. Yto ka-
CaeTcsl «TaJKETOB», TO OHU TOXE OYIyT NOJJEpKUBATh OJHOBpE-
MEHHO HECKOJIbKO CTaHAAPTOB U CHHXPOHHO CMOTYT paboTaTrh JUis
pa3HBIX 3ajay.

[Tnanupyercs, 4TO NATOE MOKOJIEHUE TEIEKOMMYHHUKAIIMOHHBIX
texHojoruii (5G) Oymer umerh (pyHIAMEHTAIbHOE 3HAUCHHE IS



CO3aHUsI €BPOMEcKOoro rurabutHoro odmectsa yxe k 2025 romy.
Jns «Oonee ymoOHOTO M JIETKOro o0pasa JKHU3HHW», Ipeajaracetcs
TaK)Ke pealn30BaTh HOBOE IMOKOJCHHE 00Jiee KOPOTKHX BBICOKO-
4acTOTHBIX BOJIH 5G 15 cBsizu mo nporpamme «MHTepHET Beriei»
(Internet of Things — 10T). Dtu ceTr AODKHBI OyIyT CBSI3BIBATH Pa3-
JUYHBIE 00BEKTHI ¢ MHTepHETOM. CornacHo oneHkam, s 10T gomx-
HO ObITh OT 10 10 20 MUUTHAPIOB TTOAKITFOYCHUH K XOJI0IMJILHUKAM,
CTHpAJIbHBIM MAalllMHAM, KaMepaM HaOJI0/ICHHsI, aBTOMOOMIISIM C aB-
TOMAaTUYECKUM YIpaBlIEHUEM, aBTOOycaM, K IOPOKHOMY MOJIOTHY U
T.1. AHTCHHBI U YCTPOUCTBA OYyIyT MOCTOSHHO HAXOIUTHCS B HETO-
CpeICTBEHHOI OIM30CTH OT Tela mojb3oBaTeneil. Bece aTo mpusener
K JKCIIOHEHIIMAIILHOMY YBEJIIMYCHHUIO OOIIEro JOJTOCPOYHOTO BO3-
nericteust DMII Ha HaceneHue.

s obecnieuenus riobanbHOM cBs3u B MapTe 2018 roma dene-
panbHas komuccus o cesizu CLHA (FCC) yrBepauia mian Gpupmsl
SpaceX o 3amycke Bokpyr 3emiun 4 425 cinytHukoB. B 2020 yxe 3a-
nymeHo 6osiee 800 cnyrHukoB. B Hacrosiee BpeMs pupma SpaceX
obparunace Kk FCC ¢ npoch00il yBeIHMUUTh KOJIMYECTBO CITYTHUKOB
10 12 000, 9yTo0bI 00ecTeunTh U3 KOCMOCa Ha KA bl KBaIpaTHBII
METp 3eMJIM «CBEPXOBICTpHIN, O0e3 3ama3apiBanus SG-UHTepHeT —
MHTEPHET B JII000H TOYKE MUpA.

[Tornouienre ynucTor arMochepoil MOXKET YMEHBIIUTh MOII-
HocTh MMB nouti B fecsath pa3. OCHOBHBIM MPENSTCTBHEM OyIyT
obnaka u jgoxau. [loaToMy yke Hadalaw HCIIONB30BaTh (ha3upoBaH-
HBIE PEIIETKH JI1 TOTO, YTOOBI B JOCTATOYHOW Mepe CKOHIEHTPH-
pOBaTh IYYKH JIydel ¢ TeM, YTOOBI OHHM HAJCKHO JOCTHUTIIU 3E€MIIH.
CrnyTHHKY OyAyT HaXOJIUTHCSA B JIBYX OpOUTAIBHBIX TUIOCKOCTSIX Ha
BbicoTe 1100 kM u 340 kM. BoeHHbIE CIyTHUKH YK€ HCIONB3YIOT
¢daszupoBanHble pemeTkd. CeroaHs CIyTHUKHA CYUTAOTCS HEOTHEM-
JeMol yacThio 3amycka ctanaapta 5G u 10T, kak cneacTue, UHTEp-
HEeT OyJeT AeMCTBOBATH 10 BCEH TIIIAHETE.

HeobxonmuMo oTMeTuTh, UTO ceiiyac Ha OpOUTE OKOJIO He-
CKOJIBKUX THICSIY CITYTHHKOB, YTO BBI3BIBAET OOJIbIINE OECIIOKONHCTBA



y aCTPOHOMOB U Y CIIY’KOBbI pagualiMoOHHON 0€30MacCHOCTH MHJIOTH-
PYEMBIX KOCMUYECKHUX IOJIETOB.

DaKTHYECKHU BCe HaceJleHHe 0y/1eT HAXOAUThCS MOKNU3HEH -
HO B DJJIEKTPOMATHHUTHOW CeTKe MHJLIMMETPOBOr0 H3JIy4YeHHs,
BBICKOYHUTH U3 KOTOPOii HUKTO He cMOoxkeT (puc. 1)

Puc. 1. Abcmpaxmnoe éocnpusimue ecemuprnozo unmepruema 5G.

OnHOBpEMEHHO, caMa TEJIEKOMMYHUKAIIMOHHAS! OTPACHb MPH-
OeraeT K HeJOOPOCOBECTHOMY JIOOOMPOBAHUIO M AKTUBHO IBITAETCS
dopmupoBaTh MHEHHE 00 OTCYTCTBHM OITACHOCTH TeXHONoruu 5G
JUISL 3I0pOBbsI HaceneHus. [IpeanaraeTcst mogoXkIaTh U ¢ MEPECMO-
TPOM HOpMaTHBOB: «CHavajga HaM HYXHO TOCMOTPETh, KaK Oyier
MPUMEHSTBCS 3Ta HOBas TEXHOJOTHS, U KaK OYyAyT pa3BHBATHCS
HayuHble nanubie» (Foster K.R., 2019) [184]. DT1o BbicKa3bIiBaHUE
NPU3BIBACT, 10 HAIIEeMy MHEHHIO, K MPOBEJICHHIO T.H. «MaccoBOro
5G-3KcriepuMeHTay.

Hayunoli 00111€CTBEHHOCTH HAl0 OBICTpEE «IOTPYXKAThCS» B
sty npobnemy (I'puropses 10.I'., 2020) [51]. B 2015 roxy 6omnee 260
yueHbIX U Bpadeil obpatminuck B OOH ¢ mpock6oii 00BSBUTH MO-
paropuii Ha pa3BepThiBaHue 5G 10 TeX MOp, MOKa HE3aBUCHMBIE OT
OTpaciId yYeHbIE CMOTYT MOJTHOCTHIO B OOBEKTUBHO OIICHUTH PUCKH
JUTSL 3JI0pPOBBS, CBSI3aHHBIC C 3TOM HOBO# TexHojoruei (International
appeal, 2015) [234]. Oaun U3 aBTOPOB 3TOM KHUTU TOCTaBHII CBOIO
MOJNKCH TOJ ATHUM oOpamenneM. [IpuBoguM TeKCT-000CHOBaHUE
3TOr0 OOpalleHus:



«MHoOTOYHCIICHHBIC HEJaBHUE HAYYHbIC MyOIMKAIMU MOKa3a-
au, yto DMII Bo3aelcTBYeT Ha KMBbIE OPraHU3Mbl HAa SHEpPreTUYe-
CKHX YPOBHSIX, 3HAUUTEIILHO HUXKE OOJIBIIIMHCTBA MEXKTYHAPOIHBIX 1
HAI[MOHAJIBLHBIX peKoMeHAaui. D deKThl BKIIOYAIOT MOBBIIICHHBIN
PHCK paka, KJIETOYHBIA CTPECC, YBEIMYCHHE BPEIHBIX CBOOOIHBIX
pajuKalloB, TE€HETUYECKUE  IOBPEXKACHHUS, CTPYKTYpHbIE U
(GyHKIIMOHAIbHbIE U3MEHEHHUS PEIPOAYKTUBHON CUCTEMBI, AEPUIIUT
00y4eHHUs U MaMATH, HEBPOJIOTUUYECKHE PACCTPOICTBA U HETAaTUBHOE
BIUSHUE Ha 00Illee caMOYyBCTBUE YeJIOBeKa. YIIepO BBIXOAUT Jia-
JIEKO 3a IPEEIIbl YEIOBEUECKOT0 PO/a, NOCKOJIBKY IOSBIISETCS BCE
0oJbIlIe CBUAETEILCTB O BPEAHOM BO3ACHCTBHUM, KaK HAa PAaCTEHUS,
TaK M Ha KU3Hb )KUBOTHBIX.

B 2018 romy wuccnenoBaHue, cTOUMOCThIO 30 MHUIUTMOHOB
JOJUTApOB, TMpoOBeAeHHOe HanumoHambHOM  TOKCHKOJIOTHYECKON
nporpammoit CILIA, coobmmiio o «4eTKUxX J0Ka3aTeIbCTBAaX) TOTO,
YTO J1Ba r0JIa BO3/ICHCTBUS paJuallii COTOBOTO TenedoHa yBeTUIHIN
pHcK paka y camiioB kpbic v noBpenuiau JJHK y kpbic u Mbiieit 06oux
nonoB. Muctutyr Pamasz3unu nmoBTopuil kitoueBoe oTkpeitue NTP,
UCIIOJNIB3YSl TOpa3no Oojee ciaboe paaualOHHOE BO3JCHCTBHE OT
COTOBOTO TeneoHa Ha NPOTSHKEHUH KU3HU KPBIC.

MexnynaponHoe areHTctBo BO3 no usyuenuto paka B 2011
roJly KJIacCU(pUIUPOBATIO PaJUOYACTOTHOE H3IYyYEHHE KaK «BO3-
MOYKHO KaHIIepOTre€HHOe Ul 4YesoBeka». Mbl HalOIr0AaeM pocT omy-
XOJIeH TOJIOBBI M LIEH B OHKOJIOTMYECKUX PEECTpPax MHOTUX CTpaH,
YTO MOXET OBITh CBSI3aHO C PACIPOCTPAHEHHEM HCIOJIb30BaHUS
OECIIPOBOJHBIX YCTPOWCTB. DTO YBEIWYEHHE COTJACYeTCsl C OIIH-
JIEMUOJIOTHYECKUMH UCCIEAOBAaHUSIMU CIy4ail-KOHTPOJIb, KOTOpPbIE
BBISIBWJIN TIOBBILLIEHHBIN PUCK OMYXOJIEH Yy JIO/IeH, JJIUTENBHO MOb-
3YIOLIMXCS MOOUITbHBIMU Tese(OHaMHU.

bonee Toro, cymecTByIOT CEpbE3HBIE HAYYHBIE JOKA3ATEIbCTBA
TOT0, YTO PalMOYaCTOTHOE M3TYYEHHUE BBI3bIBAET HEBPOJIOTUUYECKUE
paccTpoiicTBa U Bpell PENPOAYKTUBHON CHCTEME.

OO0BeM peleH3upyeMbIX Hay4HBIX JTaHHBIX O 0oJjiee paHHHX



TEXHOJIOTHUAX Hpe,unonaraeT, qTo B03,Z[€I>'ICTBI/IC MI/IKpOBOJIH n MUJI-
JUMETPOBBIX BOJIH, UCIIOIB3YEMBIX B 5G, BEpOSITHO, BPETHOY.

OnHako BHEAPEHUE B CTPYKTYPBI COTOBOM cBsi3u SG-cranmapra
BO MHOTHX CTpaHax MJIET HACTOWYMBO M OBICTPO MPHU MOJTHOM OTCYT-
CTBUH I'OCYIApPCTBEHHBIX HAYYHBIX IIPOrpaMM II0 OLIEHKE OIIACHOCTHU
JUIS1 3T0POBbsI HACEJICHHUS.

IIpoOsema 3ak/r0o4aercsi B TOM, UTO B HACTOsIIIee BpeMs
HEBO3MOKHO TOYHO CMO/JeJMPOBATH WJIM M3MEPHUTH peajibHble
Bo3aeiicteBuss MMB, 10cTOBEpHO OLIEHHUTH ONMACHOCTH — OTCYT-
CTBYIOT /UIUTE/IbHbIE MHOTOJIeTHHE HAOJII0IEHUsI, Mbl He 3HAaeM
BO3MOKHbBIE OT/JaJIeHHbIE MOCJIeACTBHUA.

1.1.1. ®opmuposanne MMB mnoJisi

DNEKTPOMArHUTHBIE TOJSI MUJUIMMETPOBOTO jauara3oHa 5G-
CTaHAapTa CUJIBHO OTIUYAIOTCS OT IMOJICH MPEIbIIYIIUX MOKOJICHUN
13-32 UX CIIOKHOCTH ¢ ()OPMHUPOBAHUEM JTyda JUIS IIepeadd B 000uX
HaIpaBIEHUSX — OT 0a30BOM CTAHIIMK K TEPMHUHATY KIUEHTA U JUIS
BO3BpaTa CHUTHaJIA. XOTh IMOJISI U CHIHLHO COKYCHPOBAHBI, HO OHHU
OBICTPO U3MEHSIOTCS ITPH CBOEM JBW)KCHHUH KaK BO BpEMEHH, TaK H B
MPOCTPAHCTBE, ¥ IOATOMY HEIPEICKa3yeMBbl.

5G UCIoNB3yeT TEXHOJIOTUH, TPU KOTOPHIX €IIe MPEICTOUT U3-
yuuTh Bo3zaeiictBue OMII Ha 370poBBhe HaceneHus, BKIOYas (op-
MHUPOBaHUE JTyda U MaCCUBHBIH METO]I IPOCTPAHCTBEHHOT'O KOJIUPO-
Banus curHaga (MIMO). DTi HOBbIe TEXHOJIOTHH MOTYT MOBBICHUTh
PHUCK TepeoOTyIeHHsS] OT KOPOTKHUX BCIIBIIICK WHTEHCHBHOTO H3JTY-
4yeHus. MHOTHE y4eHbIe 00€CITOKOEHBI KPaTKOCPOUYHBIMU Y dheKTaMu
HarpeBaHusl.

Hanpumep, pu BO3IEHCTBHSX, CBSI3aHHBIX C UCTIOJIB30BAHUEM
MoOupHOTO Tenedona, FCC onpenenuiio KOJIMIeCTBO JOKATLHOTO
SAR Ttkanu 1,6 Br/kr mis omHoro rpamma TkaHu tena. CpenHee



3Hauenue 0,08 Br/kr B 1 T TkaHM Tena OBLJIO yCTAHOBJICHO ISt
00JsydeHust Bcero Tena. DTH orpanndeHus st SAR Oblin ycTaHOB-
JICHBI JUIS HACEJCHHsI, YTOOBI M30€KaTh TEIUIOBOTO CTPECCa BCETO
Tela U YpPEe3MEPHOTro JIOKAIBHOIrO HarpeBa TKaHel. [IpecnenoBanace
1eNnb n30eKaTh OMOJIOTHYECKUX IMOCJICACTBUN B OTBET HA WHAYIU-
poBanHOoe MMB mnoBsimenne temnepatypsl Tena Ha 1°C nnm 6onee
Npu yCpeaHEHHOM BpeMeHu B 6 muH. Onnako MMB renepupyrot
3HAYUTEIBHO 00JIee BBICOKYIO TNIOTHOCTH MorHocTH (PD) u yaens-
HYyI0 CKopocTh morjomienus (SAR), yeM CyIIeCTBYIOIIHE COTOBBIE
TexHojoruu — crauaapthl 3G u 4G. DTta MoBbIMICHHAS YKCITO3UITUS
MO’KET OBITh BBI3BaHA HE TOJBKO HCIOJIb30BaHUEM 00Ji€€ BBICOKHX
gacToT B 5G, HO Takke ¥ BO3MOKHOCTBIO OOBCIUHEHUS PA3TMUHBIX
CUTHAJIOB, UX TUHAMHYECKON TPUPOJION U CIIOKHBIMH d(dexTamu
MOMEX, KOTOpbIe MOTYT BO3HUKHYTh, OCOOCHHO B I'YyCTOHACEICHHBIX
TOPOACKHX paliOHaXx.

[TpoGiema 3akiroyaercs B TOM, YTO B HACTOsIIEe BpeMs He-
BO3MO>XHO TOYHO HE TOJIEKO CMOJICITUPOBATH WITU U3MEPUTH BEIOPOCHI
5G B OKpyXarollyto cpeay, HO U XapaKTepru30BaTh B3aUMO/ICH CTBHE
MMB ¢ OHOTOTHYECKUMH CTPYKTYPaAMH.

B xone moxenuposanus Kim S. u Nasim 1. (2020) [249] o6-
HapYXHUIIU, YTO UCHIOIB30BaHUE cOTOBOrO Tenedona 5G Ha yacToTe
28 I'T'y mosxet mpeBbiiath ycranosieHHbIe ICNIRP mexmynapo-
HBIE CTAHIApPTHl PaAMOYacCTOTHOTO Bo3AeHcTBUs, eciu aepxarb CT
Ha PACCTOSIHUM OJIMKE YeM 8 CM K TOJIOBE UJTH K TeTy. DTO O3HAYAET,
gyro s cobmonenus: npeaena BozaeiictBus ICNIRP motpebyercs
OoJIbIIIee PACCTOSIHHE, HAIPUMED OT TOJIOBHI, 4eM 8 cM. Ecim mois-
30BaTelb Pa3roBapUBAET MO TOJIOCOBOMY BBI3OBY, ATO OyIeT MpsIMOe
00y4eHHe rOJIOBBI.

Gandhi O. and Riazi A. (1986) [190] nocesTuin cBOM HcCIie-
JOBaHMsI XapakTepuctuke abcopoimun MMB Tenom yenoBeka u



OIICHKE 3HAYUMOCTH OHMOJOTHYECKHUX MociencTBui. [lomydeHHbIe
J 3HAYeHUS BeCbMa 3HAYUMBI JIJIsl TPOTHO3a
OMACHOCTH IS  HACeleHUs  TpH
HOXXKWU3HEHHOM Bo3nerctsuu MMB. C
y4eToM IIyOuHBI poHUKHOBeHHss MMB
B KOXY ObuH paccuuTaHbl
MOBEpPXHOCTHBIE 3HaueHuss SAR o 65-
357 BT/kr nmns TUIOTHOCTH MOITHOCTH
Ma1a10IIEero U3ITy4eHus, co-
OTBETCTBYIOIIICH  JUPEKTUBE  AMepH-
KaHCKOTO  HAallMOHAJILHOTO  HHCTUTYTA
Gandhi Om — npogheccop naCTaHAAPTOB (ANSI), pasroii 5 MBt/cM2.
kageope snexmpomexnuxu ul IToCKOIBKY OOJBINAsT YaCTh TOTJIONICHHS
BBIYUCIUMENBHOU  MEXHUKU, MUJUTAMETPOBBIX BOJIH HAaXOAUTCS B 00-
Vuusepcumem FOmo JIACTH KOKHBIX TEIIOBBIX PELENTOPOB OT
(0,1-1,0 Mm), OLIYIIEHUS TIOINIONIEHHON SHEPrUM, II0 MHEHHIO

aBTOPOB, OYIYT MMOXOKH HA ONIYIICHUS OT
BO3/IeiiCcTBUS MH(ppaKkpacHOro u3nydeHus. s mocienHero mopor
BOCIIpMATHS TerIa cocTaBiaseT okono 0,67 mBr/em? Tlpu IIID
nopsiaka 8,7 MBT/cM? MOTYT TIOSIBUTBCS ONTYIICHHS «OYEHb TEIUIO-
xKapko» ¢ 3anepxkkoi 1,0+0,6 cexyHn.

B onuceiBaemoii Bbllie paboTe aBTOPBI TAaK)KE YKa3bIBAalOT Ha
HEOOXOUMOCTh OILIEHKH «TJ1a3HBIX d(PPEKTOBY» OOTYyUSHHUS] MUILIIN-
METPOBBIM H3Ty4eHHEM HU3-3a BhICOKOTO SAR B porosurie. HTEH-
CHBHOCTH 001mydeHnst B 7 MBT/cM? MOXET BBI3BIBATH OIIYIICHHUS
HarpeBa pPOTOBHUIIBI — «OYCHb TEIUIO HITH JKapKO», C 3aJCPKKOM
1,0+0,6 cek.

[IpencraBnsieTcss BaKHBIM OLIGHUTH BIIMSIHUE OACKIBI U Ma-
TEPHAJIOB OJCKIBI Ha ITOTJIONICHUE MIITUMETPOBOTO H3ITydeHUS,
MOCKOJIBKY ATH MaTepuanbl MOTYT W3MEHATh Biusaue MMB Ha
koky. Gandhi O. and Riazi A. (1986) [190] mony4uau qaHHBIE O KO-
s dunmente nornomenus MMB 1 yenoBedeckoro teia ¢ OJekK-
noit u 6e3 omexanl. Ot 90 1o 95% mamaromieit SHEPTrUU MOKET




TIOIJIOIATHCS KOXKEN C CyXOU OJEXKIOU, C
MIPOMEKYTOUHBIM BO3AYLIHBIM 3a30pOM
win 0e3 Hero, NEHCTBYsS Kak TpaHcdop-
MaTop, T.€. cyXas OJeXJa IMOTJIOIAeT
Toibko 5-10%. Bjarnason J. ¢ coaBropamu
(2004) [160] wu3mepwiu 3aryxaHue B
BOCHbMH PacHpOCTPAHEHHBIX MaTepHayiax
oeXapl (LMIEpCTh, JICH, KOXa U JIp.)
TOJIIIMHON MeHee 2,2 MM B Juaria3oHe
gactot oT 100 I'T'y go 1,2 TT'u. 3aryxa-
HUE, BBI3BAaHHOE KaXIbIM M3 00pa3loB
MaTepuaia, HUKOr1a He mpeBbimaio 3 nb Hpogheccop Lin J.
JUISL BCEX M3MEPEHHBIX 4acToT Huxke 350
I'Tu. Gatesman A. ¢ coaBropamu (2006) [200] usmepriu 3aTyxaHue
B IIECTH PA3IMYHBIX MaTepUaIax OJCSKIbI (XJIOMKOBas pyodarrka,
JUKMHCOBasi TKaHb, JAPAlUpOBKA, KOXa, CBUTEP M TOJICTOBKA) C
TOJILIMHON MeHee 2,1 MM /s napauieabHON U MepHeHAUKYISPHON
noysipu3anuu. Marepuanbl CHOBa HE OCIAOWIM TEepeaaBacMyro
MOIIHOCTBH Oosiee yem Ha 3 nb npu yactorax Beimie 350 [T,
Pe3ynbrathl mokaszanu, 4To 0CiIabIeHNEe MIJLTUMETPOBBIX BOJIH
B OOJIBIIMHCTBE MAaTEpPHAIIOB OJECK bl He3HaUNTeNbHO. Oexaa, He-
MOCPEACTBEHHO KOHTAKTHPYIOIIAs C KOKEH, MOXKET JISHCTBOBATh KaK
TpaHcGopMaTop UMIIEIaHCa, YTO MPUBOIUT K YCHIICHHUIO Mepeaadu
SHEPrUM B TeN0. BakKHO IS OICHKW OMACHOCTH, YTO PacipocTpa-
HEHHOE MHEHHE, 4TO CyXas OJIeXk/1a MOJHOCThI0 noriomaer MMB u
BO3MOXXHO OOJTydeHHE TOJHKO MaJBIX YYaCTKOB KOKH, HE HAXOJUT
CBOETO MOATBEpKAeHHs. EcTecTBEeHHO, OOMbIIIHE pazMepsl 00TyUueH-
HOM KOXU OyIyT 3HAYMMBI TIPU OIIEHKE OMACHOCTH JJIsi OpraHu3Ma.
[Tonsoas uroru pasneny «@opMUPOBAHUE MOJISI», CHUTAEM HE-
00X0IUMBIM OOpaTUTh BHHUMAaHUE Ha TOYKY 3pEHHUS TIaBHOTO
penakTop BCEMHUPHO M3BECTHOTO KypHaa
«BLOELECTROMAGNETICS» npodeccopa Lin J. (2019) [258] na
nocroBepHocTh cyxkaeHus FCC o ¢opmupoBannu mons MMB B
koxe: «llpu eo030eiicmeuu o6onee evicokux uacmom (I'Tu,




Munnumempossle 60auvl, 5G) nozrowenue paduouacmomuoi
IHepeUU umeem meHOeHYUu Obimb 00/1ee KOHUYEHMPUPOBAHHbBIM.
Omanosicenue Inepzun Moxcem ObICIMpPo NPOUCX0O0UMb 6 MEeHbUiell
naowaou uau macce MKAHU, 6bI3blEASA CUIbHOE HOBbIUECHUE
memnepamypol 6 meueHue 04eHb KOPOMKO20 NEpuood 8pemeHu
6030eiicmeus.

1.1.2. Jlo3aumerpusi

N3mepenne momHoCcTH miorsomenHon 10361 (MITZl) B TexHo-
noruu 5G mMeer pemaroliee 3HaYCHUE IS ONPEICICHUs TUTHCHU -
4yeckoro cranaapra. HoBbie TEXHOJIOTHH, B KOTOPBIX MCIOJIb3YIOTCS
TaKUe METOJIbl, KaK a/JalTHBHBIC aHTCHHBIC PEIICTKH U (OPMHUPO-
BaHHUC JIMarpaMMbl HaIpPaBICHHOCTH, CO3JIAIOT CJIOKHBIC 3JIEKTPO-
MarHUTHBIC TI0JIsI, KOTOPbIC OOYCIaBIUBAIOT MPOOIEMBI ISl COBpE-
MEHHBIX METOJIOB M3MEPEHHs PaauodyactoT. Vcroib30BaHue HOBBIX
HOJXO0J0B B jo3uMeTpur SGeTanaapra oOyCIOBJICHBI, HAIpPHUMED,
peanu3anyen TOil TEXHOJIOTHH HOBBIMU THITAMH YCHIIMBAIOLIUX aH-
TEHH JUIsl TOYHOTO (POPMHUPOBaAHUS JTyda BMECTe ¢ 00see BHICOKUMH
YaCTOTHBIMH IOJIOCAMH, YTO, B CBOIO OYepEellb, MOXKET MPUBECTH K
3HAYMTEILHO 3aBBIILICHHBIM PE3yIbTaTaM.

[Moka juIIb MpeIaraloTesl aTbTePHATHBHBIC METOIbI JI03UME-
tpuu MMB, KoTOpBIE OCHOBaHBI TIOKA HA pacueTax W MOJEINpPOBa-
uuu (Pawlak R. et al., 2019) [295]. beuia npencrasieHa TeopeTuye-
CKasi MOJIEJb ISl OLIEHKH YCPEIHEHHBIX 110 BPEMEHU PEATMCTUYHBIX
ypoBHel MakcumanbHOH MorHocTr st BC 5G (Thors B. et al.,
[328]. Hampumep, omucanbl Onu3kas H3MEpPHUTEIbHAs CHCTEMa M
METOJl PEKOHCTPYKIIMH TPEXMEPHOTO TOJNS JUIs ONpPEACTICHUS
wiotHocTH MotHOcTd MMB B 6mmkHem nonte (DouglasMM. et al.,
2018) [178]. bbun mpoBeneHbI TEOPETHYECKHE U TIEPBHIC dKCIIEPH-

MEHTaJIbHBIE UCCIENOBAHMS IO U3MEPEHUIO ypoBHS MMB, uznyya-
embIx Oa3oBbiMu craHimsmu 5G (Adda S. et al., 2020) [128].



1.1.3. HopmupoBaHue

[IpoGnema HopmupoBanusi Bo3zaeiicteus MMB ¢ yuerom Ho-
BBIX KPUTUYECKUX OPraHOB KOXKU U IJ1a3a HE PElIeHbl, OTCYTCTBYIOT
COTJIACOBAHHBIE METO/I0JIOTUYECKHE TIOAXO0/IbI, HE MPOBEACHBI COOT-
BETCTBYIOIIME dKcriepuMeHThl. HopMupoBanue BozneiictBuss MMB
Ha POTOBHILY IJ1a3a TIOKA OCTAETCS BHE BHUMAHUSI.

Hauunas ¢ 2016 roga, FCC nmnanupoBasia mpuHSTH MTpaBuja ¢
Y4ETOM HCIIOJIb30BaHUSI OECHPOBOJHBIX IIUPOKOIOJIIOCHBIX OIle-
pauuii Beie 24 I'T'u. Hakonen, B xoHue 2019 rona 6pumn ony6usiu-
KOBaHbI HOBBIC «PYKOBOJSIIUE MPHUHIIMIIBD, KOTOPbIE, IO MHEHHIO
Komuccun, obecneuar 3ammury moaei or OMII PU u uznydenus
crangapra 5G (IEEE C95.1-2019/Cor 2-2020) [232]. DTu ctanmapThI
ObUTM MPUHATHI MOJ JaBiieHueM lleHTpa ycCTpoWCTB W paauosio-
rudeckoro 3710poBbst CIIIA (CDRH) u YrpasieHus mo caHUTapHOMY
Ha/J30pYy 32 KAUeCTBOM IMUILIEBBIX NPOAYKTOB U MeaukameHToB CIIIA
(FDA). Ognako FCC moarBepauia nmpeskHUE Ipeaesibl BO3ACHCTBUS
PaZo4YacTOTHOTO U3IIy4EHUs, XOTS MPOLUIO yxKe 24 roja, Kak ObLIu
OpuHATHL TiepBbie  HopMmatuBbl. CnemoBatensHo, FCC  couna
BO3MOXXHBIM COXPaHUTH CYIIeCTBYIomUe cTanaaptel mis OMII no
100 I'Tm, T.e. u st MMB 5G-crannapra.

BbI3biBaeT BOMpPOCHI M MHEHHUE 3aMECTUTENs Mpelceaarens
ICNIRP van Rongen, KOTOpbIif cuuTaeT, 9YTO HOBBIE PYKOBOJISIIIE
MPUHIIMIBI, Ha Ppa3pabOTKy KOTOPBIX YIUIO CEMb JIET, SIBIISIOTCS
Oosee MOAXOISANIMME, Y€M TEPBbIE PYKOBOJSIIME MPUHIUIBI Op-
TaHW3alliH, MOCKOJBKY OHHU BKIIOYAIOT 0OJiee BBICOKHE YacTOTHI,
ucnonbpzyembie g yeiuyr 5G. «Msbl 3HaeM, 4TO 4acTh cOOOIecTBa
obecrokoeHa Oe3omacHOCThI0O 5G, U HageeMcs, YTO OOHOBJIEHHBIE
PYKOBOJSIINE MPUHITUIBI IOMOTYT JIOJSIM YyBCTBOBATh ce€0sl KOM-
dbopTHO», — cKazan oH. «PykoBOACTBO ObLIO pa3paboOTaHO TOCIE
TIIATETFHOTO aHalN3a BCEH COOTBETCTBYIOIIEH HAyYHOU IUTEepa-
TYpbl, HAYYHBIX CEMHHAPOB M MIMPOKOTO MpoIlecca OOIIeCTBEHHBIX
KoHCynbTanuii. OHM 00ECTICUNBAIOT 3aIIUTY OT BCEX HAy4yHO 000-



CHOBAHHBIX HEOJIATOMPHUSTHBIX MOCIECICTBUN JIJIS 37I0POBbS, CBSI3aH-
HEIX ¢ Bo3aercTtBueM DOMII B quanasone ot 100 xI'; mo 300 I'T 1.

B npecc-pennsze ICNIRP roBopurcsi, 4T0 OCHOBHBIMH U3MEHE-
HUSIMU B HOBBIX peKOMEHAANMIX, Kacaomuxcs 5G u cnekTpa Bblle
6 I'T, sBnstrorest: (1) «mobaBiieHre OrpaHUYCHHS HA BO3/ICHCTBHE HA
BCe Teno»; (2) «1obaBieHHE OTPaHUYEHUsS AJISI KPAaTKOBPEMEHHBIX
(MeHee 6 MUHYT) BO3JICMCTBUI Ha HEOOJBITHE 00acTh Tenay; u (3)
«CHIDKEHHE MAaKCHUMAaJIbHO JIOIMYCTUMOTO BO3JIEUCTBUS Ha He-
OOJIBIITYIO 00JIACTh TENIaY.

Opnako ueiHemHue pykoBomsume npuniunsl ICNIRP mo
OMII ocHOBaHbBI Ha yCTapeBIIeH TUIIOTE3€ O TOM, YTO KPUTHUECKUM
spdexkrom BozneicTBuss OMII PY, wuMmerommMm OTHOIICHHE K
3/10pOBbIO U OE30MACHOCTH YEJIOBEKA, SBJSETCS HarpeB TkaHen. Kak
cnencteue, ICNIRP Ha ocHOBe 3TOro moaxoga yxe OECATKU JIeT
PEKOMEHAYET CTaHAapThl, KOTOPbIE HE JIOJIKHBI IPUBECTU K IEpe-
rpeBy TKaHel opranu3ma. Kpome Toro, 3Tu HOBbIE IpaBuia ObLIN
YCTaHOBJICHBI TOJIBKO B YCJIOBHUSX OJHOKPATHBIX M KPATKOBPEMEHHBIX
Bo3aeiicTBuil MMB, 6e3 yueTa 3HaYMMOCTH KOXH B MOJAJEPKaHUN
CTaOUIILHOTO KOM(OPTHOTO COCTOSTHUM OpraHu3Ma yenoseka. [lo
HalleMy MHEHUIO, UTHOPUPYETCS HEO0OXOAMMOCTb OIpeesieHus
HOpMaTHBa JJIsi KPUTUYECKOTO OpraHa riasza (ckjepsl riasza). He
YYUTHIBAIOTCSl OTIUYHS B YYBCTBUTEIBLHOCTH PA3TUYHBIX OOacTeit
KOXH, a Takke OCOOEHHOCTH KOXH jAeTedd. BaxHo, yTo Omonoru-
yeckue PexThl XpoHudeckoro BozaeicTeuss MMB Ha koxy wim
00JbIIYI0 00JIaCTh TeJla HE MCCIENOBAIUCh NPU OJHOBPEMEHHOM
ob6nyuernn OMII PY u texnonoruit 3G, 4G u 5G.

ABTOpPCKHI KOJIIEKTUB Tpou3BoAcTBeHHOTO mpoduis CIIA
(COMAR), koTOpBIii pa3padaThIBacT U MPOJAET CBOM aHTCHHBI, ObLT
MOAKIIOUEH K pa3pabotke HopmatuBoB |EEE. Ot umenu storo
KOJJIEKTUBA OIMYyOJMKOBAHO 3asBIIEHUE, Kak Obl CBOW B3IJISA IIO
BOIPOCAaM 3/I0pPOBbsl HAcEJIeHUs] U 0e30MacHOCTH IMPH BO3JIEHCTBUHI
5G crannmapra, XOTs 3TOT B3TJIs1/1 BecbMa criopHbiid (Bushberg J. et al.,
2020) [162]. B »TOM 3asiBICHUH MPEACTABICHO KOHKPETHO YEThIPE
MO3UIUN B OTHOILIEHUH BO3MOYHBIX MOCIEICTBUN ISl 3J0POBBS OT



BozeiicTBuss MMB (5G-texHonoruu). Mbl cautaeM HEOOXOAMMBIM
MPUBECTH UX «ONTHUMU3HPOBAHHYIO» MO3MUIHIO, T.K. OHa CIOCO0-
CTBOBAJIa COCTABJICHUIO HbIHE JAECUCTBYIOLIMX CTaHIapTOB, YCTAHOB-
JIeHHBIX eme B 1996 roay. «Bo-niepBbIX, B OTIIMYME OT HU3KOYACTOT-
HBIX 1tosieii, MMB He IpOHUKAOT 3a IpeIeiibl BHEIIHUX CI0EB KOXKHU
U, CII€J0BATEIbHO, HE MOABEPraloT O0IyUEHHUIO BHYTPEHHUE TKaHU.
Bo-BTOpBIX, TEeKyIIME UCCIEeT0BaHUS MMOKa3bIBAIOT, 4To 5G Bpsia 11
CYILIECTBEHHO HM3MEHHUT oOuue ypoBHHM BozuedctBus PY, u BO3-
neiicTBue OyAeT, Mo-NpexHeMY, UCXOAUTh B OCHOBHOM OT CUTHAJIOB
«BOCXOISIICH JIMHUU CBSI3U» OT COOCTBEHHOTO YCTPOMCTBA (KaK 3TO
JeNalT ceifuac). B-TpeTbux, ypoBHU BO3JEHCTBUS B OOIIEAOCTYII-
HBIX MECTax OCTaHYTCSl 3HAUMTEJIbHO HUXKE IIPENIETIOB BO3AEHCTBHS,
YCTaHOBJICHHBIX MEXKIYHAPOIHBIMU PYKOBOISIIIMMH IPUHIIATIAMUA U
opranusaisamu (ICNIRP u IEEE). B-ueTtBepThix — BO3AEHCTBHS
OCTalOTCS HM)KE YCTAaHOBJIEHHBIX HOpPM. Pe3ynbpTaThl HMccie10BaHUM
Ha CErOJHSIIHUMA JeHb HE MOATBEPXKAAIOT, YTO OTMEeUaeMble Hebma-
TOTPUSITHBIC BO3JICHCTBUS HA 37I0POBbE CBS3aHBI C BO3JCHCTBUSIMU
PY, B Tom uncne ot cuctem 5G. XoTs NMpu3HaHO, YTO HAYy4YHAsl JU-
Teparypa 1o ucciiejoBanuio ouonoruueckoro a¢ppekra MMB Gornee
OrpaHMu€Ha, YeM Hay4Hasl IUTeparypa 1y 00j1ee HU3KUX YacTOT, MbI
CUMTAEM, UTO OHA UMEET CMEIIaHHOE KauyeCTBO U MOJAYEPKUBAET, UTO
B OyIylMX MCCIEAOBAHUAX CIEIYEeT HCIOJb30BATh COOTBET-
CTBYIOIIUE MEPBI MPENOCTOPOKHOCTH AJI TOBBIIMIEHUS JOCTOBEP-
HOCTI.

CropoHHUKaMu OoJiee CTPOTUX PEKOMEHJAIUil 1O paauo-
yactotaMm ToJibko oT CIIIA Obumn: AmepukaHckas akaJeMus TeIu-
aTpuu, AMEpUKaHCKas akaJeMHsl SKOJOTrhueckod meauuuubl, Ka-
nudOpHUICKas accolMaIus OIMyXoJied TOJIOBHOrO Mo3sra, LleHTp
CEMEMHOro 1 OOIIECTBEHHOI'O 3/I0pPOBbs, a TAK)KE€ MHOTHE (OPYMBI
Ipyrux ctpad u EBpocoro3. Hama crpana Tak ke Ha NPOTSHKEHUH
MHOTHX JIET TOJJepkuBasia 3Ty TO4Ky 3penust (I'puropseB FO.I'.,
2001, 2006, 2014, 2018) [44,45,50,53].

2 cenTs6ps 2020 roga Komurer Cosera 3apaBooxpanenust Hu-
nepnannoB mo DMIT (Netherlands' Health Council EMF Committee,



2020) ony0siMKoBa MHEHHE O BO3MOXKHOM BIIMsiHUK 5G Ha 3/10pOBbe
HaceneHus. KoMuTeT cuurtaer, 4yTo «UCCIEeIOBaHUS MO OMAaCHOCTU
BO3/JEHCTBUS 4acTOT 0K0J0 26 I'T'11 mpakTUuecKH He MPOBOIUINCDH, U
HE PEKOMEHYeT UCMOIb30BaTh 3TY MOJOCY YaCTOT JI0 TEX MOp, MOKa
He OyayT MccieI0BaHbl MOTEHIUAIBHBIC PUCKU IS 310pOBbsi». 110
€ro MHEHHIO, Helb3s HCKIIoYaTh, 4YTO 3a00JI€BAEMOCTh PAKOM,
CHI)KEHHE MY>KCKOU (DepTHIIBHOCTH, MJIOXUE UCXO0/Ibl OEpEeMEHHOCTH
U BpOXKIEHHBbIE Je()EeKThl MOTYT OBITh CBS3aHBI C BO3JEHCTBHEM
OMII. B To)e BpeMsl OHM yKa3blBalOT Ha TO, YTO M B3aUMOCBS3b
Mexay BozaerictueM OMII u aTumu 3a0051€eBaHUAMHU HE 10Ka3aHa.

JHanee, KoMmuTeT peKOMEHyeT HCIONB30BaTh MOCIEAHUE PY-
koBosimue npuHuibl ICNIRP B kauecTBe OCHOBBI 711 TIOJUTHKHU
onenku Bosaencteud MMB B Hunepnannax. Tem He menee, Komurer
JIaeT cieayronme pekoMmenaanuu: «I[lockonbKy Helb3si UCKIIOYHUTD,
4yT0 Bo3aercTBue MMB B COOTBETCTBUY C MOCIEAHUMH CTAHAAPTAMU
ICNIRP taxxe MOXeT MOBIUATH Ha 3I0POBbE, KOMUTET PEKOMEHyeT
NPOSIBJIATE  OCTOPOKHOCTh W TOJJICP)KMBAaTh BO3JCHUCTBUE HA
pPa3yMHO JOCTHKHUMOM HU3KOM YPOBHEM.

[TpuBeeHHBIE BHIIIE BRIACPKKH U3 3asBieHHss Komurera sicHO
MOKa3bIBAIOT cymiecTByromyo auiemmy Komutera. C  onHoit
croponsl, Komuter 3asBiser o cornacuu ¢ MmHeHussMu ICNIRP, Ho, ¢
JPYroil CTOPOHBI, OH MPU3HAET, YTO HE MMEET JIOCTATOYHBIX I0-
Ka3aTeNbCTB, YTOObI MCKIIOUUTH BO3MOJKHBIE MOCHeACTBUS. Takyro
JBYJUKYIO TTO3UIMIO MOKHO OOBSCHHTH HalmuueM B coctaBe Ko-
MHUTETa SPBIX CTOPOHHHUKOB MPOJIBUTAEMON B TE€UEHHE MHOIMX JIET
KOHIIETIIIMH O TIOJIHOM Oe30macHoCTH Bo3aeicTBust DMII Ha 310poBbe
yenoBeka. Tak, B coctaB Komutera Bxoaut E. van Rongen, kotopsrii
eme B 2004 rony B s)xypHaie Bioelectromagnetics omyomikoBan cBoe
MHEHHE O ITOJHOH Oe30macHOCTH Aisa JeTel BosaelcTBus OMII
cotoBoii cBs3u (van Rongen, 2004). ITpodeccop 1O.I'. I'puropres Ha
CTpaHHIIAX ATOTO K€ KypHaJia BBICTYITUIJI C KPUTUKON TOUYKH 3PCHUS
E. van Rongen, koTopas nmpoTuBopeumnsia yxe B TO BpeMs. MHEHHIO
BO3 006 ys3BuMocTH jeTeit k dakTopam BHemHel cpeabl (Grigoriev

Yu., 2004) [210].



HeoOxoguMo OTMETHTH, YTO BO
BpeMs MOATOTOBKHU 3akitoueHus Hupep-
JAH/ICKOTO KOMHUTETAa IIOCTOSIHHO IIpH-
CYTCTBOBaJ HabOJroJareiab OT TOJUIaH.-
ckoii komnanuu «Agentschap Telecomy,
BXOJSILEA B COCTaB MUHHUCTEPCTBA HKO-
HOMUKH U KJIMMara. OTO TUIIWYHAS CUTY-
anusl IPUCYTCTBHUE MPEACTABUTENS TeEIle-
KOMMYHHUKAIIMOHHBIX (PUPM NPU MHOTUX
JTUCKYCCHSIX, OTHOCSIIMXCS K OLCHKE
onacHoctu OMII nna nacenenus. I[lpo-
deccop HO.I'. I'puropreB MHOTO pa3 UMe nayk,  advionkm-npogec-
koHTakT ¢ E. van Rongen, paboras B cop Guoxumuu Xenvcuni-
Mex1yHapOIHON 3JIEKTPOTEXHUYECKON ko020 yrusepcumema
komuccun (MOK) u B KoncynbraruBHom
Komurere BO3. OgHako nonsITKa OTCTOATh TOUKY 3pEHUSI YUEHHBIX
Poccun w gpyrux 3apyOeXHBIX CTpaH O 0o0jee BBICOKOM
panuouyBcTBUTENbHOCTH Jereil k OMII Obuta  Ge3ycrneurHoi.
[IpencraBnsercss crpanHelM, uyto E. van Rongen, He wumes
MEAMIIMHCKOTO UM OMOJIOrMYecKOro 00pa3oBaHusi, ObLI HA3HAYEH B
2020 roxy 3amectutenem npenacenarens ICNIRP.

C nameld Touku 3peHHsi, pacxoxkaeHue MHeHuil B Komurere
HunepnannoB 06 onacHoctd OMII 1 00 ypOBHSAX TMTHEHHMUYECKUX
CTaH/IapTOB, HE CIIOCOOCTBYET pealbHOMY pELICHHIO MpoOiieM, Kak
[0 HOPMHMPOBAHUIO, TaK M MO 3JIEKTPOMArHUTHON O€30MacHOCTH B
LIEJIOM JIJIsl HaceJIeHUSI.

W3BecTHBIN crienuaiucT B 007acTH pajualiioHHON Oe3omac-
HOCTH, MEXIYHApOJIHBINA 3KcrepT no BiausHuio OMII Ha 370poBbs
Hacenenust D. Lesczynski 9 okrsopst 2020 roma oOpartuiics ¢ ot-
KpBITBIM ITHCbMOM K pykoBojicTBY ICNIRP co 3nHaunmMeiM Bompocowm,
— Ha KaKOM HAayYHOM OCHOBaHUHM cTaHJapThl 1996 roma ocranucek
NPEeXHUMHU U HE y4IIU BHeJlpeHne 5G B 0eCipOBOIHYIO TEXHOJIOTHIO.

D. Lesczynski BeipakaeT CBOIO 03a00YCHHOCTh, YTO B PYKO-

D. Lesczynski, odoxmop



Bosinmx npuHnunax ICNIRP 2020 yrepxkpaercsi, 4To oHu 00e-
CreynBaloT 0€30MacHOCTh JIsi 3/I0POBBSI JTFOOOTO TOJIB30BATENS,
noxasepriierocs Boznerictsuio EMF RF, ne3aBucuMo ot Bo3pacra,
HE3aBHCHUMO OT COCTOSIHUSI 3J0POBbsI, HE3aBUCUMO OT TOT0, OY/AET JIH
BO3/ICHCTBUE OCTPHIM WJIM XPOHUYECKUM, U KOTOpPOE OYAET IIUThCS
BCIO JKH3Hb [142].

ABTtop nucema cripammubaeT: «Ha kakom ocHoBanuu ICNIRP
rapaHTHUPYET, YTO KaX/IbIi OJIH30BATENb OJTHOCTHIO 3aIIMIICH, B TO
BpeMsl KaKk HeT JOCTaTOYHBIX HCCJIEeIOBAaHUN 3aBUCHUMOCTH OT
BO3pacTa M COCTOSIHUS 370poBbs Ipu BozjaeiictBuu DMII PY. Kak
ICNIRP mosxer rapanTupoBaTh, 4T0 KOI(DPHUIIMEHTHI CHUKEHUS, 3a-
JIO’)KEHHBIC B PYKOBOJICTBA, BEPHBI, KOT/1a TAKMX IKCIIEPUMEHTATLHBIX
UCCIIeJIOBaHUM HeT, a Oe3omacHocTh, olOecneunBaeMasi pPyKOBOJS-
IIUMH TIPUHIUIIAMH, SBISETCS MCKIIOUUTEIBHO MPEINON0KEHUEM.
Kak mosip3oBarenb, KOTOPBI HAYMHAET IOJIB30BATHCS MOOMIILHBIM
TeneOHOM B MOJIOJIOM Bo3pacte 5-6 JeT u OyIeT UCIOJIb30BaTh €ro
B TeueHue cieayrommx 80+ Jer, ¢ ToAaMu Pa3IudHOrO COCTOSHUS
3JI0pOBBSI, BHI3BAHHOTO 3a00JIEBAaHUSMU U CTAPEHHEM, MOXKET OBbITh
yBEepeH B TOJHOI 0€30MacHOCTH NpPU OTCYTCTBUH HCCIEIOBAHUH, a
JWIIh HAJIMYAW 3aBEPEHUH, OCHOBAHHBIX TOJIBKO Ha TIPEAIIOIIONKE-
HusX van Rongen. CymiecTBYIOT BOMPOCHI, Kacaroliuecs HayYHBIX
naHHbIX, KoTopbie ICNIRP ucmonp30Baa 11t 000CHOBaHUS PYKOBO-
JSIIUX TPUHIUIIOB 0€30MacHOCTH JUIsl TIPUMEHSIEMO B HACTOSIIEe
Bpems TexHosorun 5G.» [142,143]

ChoxuBliasicss CUTyalusi aKTUBHO CIOCOOCTBYeT «Iepe-
BO/Y CTPEJIOK» K MHOTOJIETHUM JHCKyCCHsIM. MBI CYUTAaeM, YTO
3aMeHa pellleHUs] KOHKPETHBIX 32124 MHOTOJIETHUMM TUCKYCCH -
sAMHU (y’ke Ha MPOTSKeHUHU 0oJiee 25 JieT) ABJsIeTCsl cTPpaTernei
TeJIEKOMMYHHUKAIHOHHO# NMPOMBIIIIEHHOCTH U 3aHHTEPeCOBaH-
HBIX B NpuoOBLLIAX KPYHNHBIX (puHaHCOBBIX
cTpykryp.[41,43,215,242,271].

B nHacrosiee Bpemst umeetcs psaj paboT, onpeneNsonux He-
oboxomumocth mepecmotpa Pexomennammii ICNIRP. IIposenen psin
MUOHEPCKUX UCCIIeIOBAHUH, TAIONTIX BO3MOKHOCTb MPEAINONaraTh O



NPEBBIIICHUH TOTJIOIEHHBIX 103 Koxkel, pekomennyembix ICNIRP.
PaccmaTpuBaercs, 4To MOT YeI0BEKa MOXKET CO3/1aTh JIOTIOTHUTEIb-
HYIO CIHPAIbHYIO aHTeHHY B cyO-TlI-amama3oHe W TPUBECTH K
HEeTerIoBbIM OnonorndeckuM 3ddexram (Betzalel N. et al., 2018)
[159]. OrpanuveHust pOCTPAHCTBEHHOTO M BPEMEHHOT'O YCPEIHCHHSI
B paMKax O0€30MacHOCTH HJIEKTPOMArHUTHOTO BO3JCHCTBHUA B
nuana3zoHe yactoT Beime 6 Ty Obuin paccMoTpeHbl B pabote
Neufeld E., Samaras T. u Kuster N. (2020) [281]. ABropsI moka3aiu,
YTO NPUMEHEHHE NPEeIaracMoro HOpPMaTHBa Ui HMITYJIbCHBIX
MOJICH MOYKET MPUBECTU K MOBBIICHHUIO Temrepatypsl Ha 10°C ms
KOPOTKUX UMIYJIbcoB M YacToT oT 6 no 30 ['Tu. Ilpennoxennas
obnacTh ycpemHeHus 4 cM?, KOTopas 3HAYUTENHHO yMEHBIIEHA 10
CPaBHEHMIO C IpejeiaMU TOKA, HE IPENATCTBYET BbICOKOTEMIIEpa-
TYpPHOMY YBEIIMYECHHIO B Cy4ae y3kux my4dkoB. [Iydok ¢ pagumycom 1
MM MOJKET IPHUBECTU K YBEIMUEHHUIO TeMIlepaTypbl IpuMepHo B 10
pa3 Bbilie, yem ypenudenue Ha 0,4°C, xoTtopoe Takas *e ycpen-
HEHHAasl MIOTHOCTh MOILIHOCTU MOTJIa Obl JaTh JUIsl IJIOCKOM BOJIHBI.

beutn npoBeneHbl Uccneq0BaHus MPEAeoB OE30MacCHOCTH TS
paarodyacToTHOro oOmydeHuss 5G Ha OCHOBE aHAIMTUYCCKUX
mozeneir u TemoBor no3el (Neufeld E., Kuster N., 2018) [280].
UpesBblyaiiHble MIHUPOKONOJIOCHBIE OECPOBOAHbBIE YCTpOIiCTBa, pa-
Ooratonue Ha yactorax Bbime 10 [T, Mmoryt nepenaBarh JaHHBIE B
BUJIE TIAKETOB OT HECKOJIBKUX MMJUIMCEKYHJ 10 CEKYHI. OJTHU BBI-
OpOoChl MOTYT IPUBECTH K KOPOTKUM CKauKaM TEMIIEpaTypbl Ha KOXKE
JI0JIed, TOABEPTIINXCs BO3AeHCTBHUIO, 10 10°C.

[TonpoGHO 00CyXI€HBI JONMYIIEHUS U OTPaHUUYEHUSI MOJEIIEH.
PesynbTarsl mokasain, 4To OTHOLIEHHE MTUKA K CPETHEMY 3HAUEHMUIO,
JIOITYCTUMOE B COOTBETCTBUHU C PEKOMEHIaUsAMU MeXTlyHapOIHOTO
COBETAa M0 3aIIUTE OT HEMOHU3UPYIOILIETO U3TyUEHHS, MOXKET IPUBE-
CTH K HEOOpaTMMOMY MOBPEXJICHUIO TKaHEH JaXke MOociie KOPOTKOTO
00Jy4YeHUsl, YTO MOJAYEPKUBAET BaXKHOCTh MEPECMOTpPA CYILIECTBYIO-
LIMX PEKOMEHALMI 10 HOPMUPOBAHUIO.

Jl1si HOpMHpOBaHUS, IPEXKAE BCETO, BAXKHO YCTAHOBUTH MakK-
CUMAaJIbHOE JIOKAJIbHOE TOBBIIIEHUE TeMIIepaTyphbl KOXKH U CKIIEpPbI



rinaza. B paborax, ucnonp3ys aHaJIUTHUYECKHE MOJIEIH U TepMHUYe-
CKHeE J103bI, OBIIO IPOBECHO OIpPEIEICHHIE MPEeIOB 0E30MacHOCTH
JUIsl BpeMEeHHOTo 5G paino4acTOTHOrO TEIJIOBOIO BO3JECHCTBUS Ha
koxy (Neufeld E., Carrasco E., Murbach M. et. al., 2018; Neufeld E.,
Kuster N., 2018) [279,280].

[Tpu otcyrctBuu orpanmuenuii co croponsl ICNIRP, naxma-
JIBAEMbIX Ha OTHOIICHHE MMKOBON MOIIIHOCTH K CPEHENH MOITHOCTH
UMITYJBCOB, MPEAOCTABISAETCS BO3SMOXKHOCTD JIOCTABIIATH OPTaHU3MY
OoJblIee KOJIMYECTBO HHEPrUM B TEYCHHE OUYEHb KOPOTKOIO
WHTEpBaJia BpeMeHH. UTo KacaeTcs MpoCTPaHCTBEHHOTO YCPETHEHUS,
aBTOPHI MOKA3aJIM, YTO JOJDKHA ObITh BBEACHA IJIONIA/b YCPEIHEHUS
MeHbIIas 4 cM?, 4ToObl M30€KaTh IHKOBBIX MOTTIOMEHHH B Y3KHX
Jy4ax, koTopeie Mory neperpers Tkanu (Neufeld E., Kuster N., 2018)
[280].

ICNIRP He yunTbIBaeT, 4T0 SKCTpeMalibHbIE IIMPOKOIIOJIOCHBIE
OecnipoBOJHBIE yCTpoMcTBa, pabotatomue Bbime 10 [T, moryr
nepeaaBaTh JaHHbIE B MaKeTax OT HECKOJIbKUX MHJUTHCEKYHI 10
HECKOJIBKUX CEKYHJ. DTH BCIUICCKH MOTYT IMPUBECTH K KPATKOBpE-
MEHHBIM CKa4yKaM Ha KOKe 00JIydeHHBIX Jitosied. bout pa3paboran u
MPUMEHEH HOBBIN aHAIUTUICCKUH TTOJIX0]] K UMITYJIbCHOMY HarpeBy
KOXKH. YUTEHbl HEKOTOpPble OCOOEHHOCTH BO3JCHCTBHSI, HAMpUMeED,
MPUMECHEHUE MOJICIH JUIS TOBPEXKICHHONW TKaHHW, OJHOPOIHOCTH
KOkH. PaccMoTpeHa cUTyalusi TOKaIbHOTO OOJY4YeHUS KOXH U pa3-
JUYHOE BpeMsl BO3JCHCTBHs. Pe3ynbTaThl MoOKa3alid, 4To JOIYyCKa-
€MO€ OTHOILEHHE «IHUK-K-cpeq», paBHOe 1000, MOXET MpuUBECTH K
MOCTOSTHHOMY TIOBPEXKJICHUIO TKAHEW KOXH JIaXKe IMOCIIe KOPOTKHUX
BO3/ICHCTBUI, YTO MOJYEPKUBAET BAKHOCTH MEPECMOTPA CYIIECTBY-
IONUX PYKOBOJSANIUX TPUHIUIIOB Bo3nehcTBus. [loarBepikmaercs,
4TO, B CIy4ae MCIOJIb30BAHUS TEXHOJIOTHH S5G HarpeB KOXKHBIX TO-
BepxHocTeit Oyner 6ombiie (Silva H., 2020) [230].

Betzalel N., Ben Ishai P. u Feldman Y. (2018) [159] npexrmo-
JararoT, 4to Ooyiee BBICOKHE 4acTOThl 5G cTaHgapT WHTEHCHBHO
«BCACBIBAIOTCS» M3 BO3/yXa BOJIHON COCTABIISIONICH YEITOBEYECKOTO
MoTa B KOXE, YTO MOXXET MPUBOJUTH K TOpa3io Oojiee BBHICOKUM
YPOBHSM TIOTJIOIICHHUS, YeM B JPYTHX OHMOJIOTHUECKUX CTPYKTYpax
KOKHOT'O TTOKPOBA.



ICNIRP mpennaraer u3mepsTh TOJIBKO «CPEIHHE 3HAYCHUS
paguoyacTOTHOro u3nydeHus. OAHako MoMexu U dPPEeKTbl MEXTy
UMITYJIbCAaMHU OT PA3JIUYHBIX HCTOYHHKOB PAMOYaCTOTHOTO H3IIY-
YEHUs MOTYT IPUBOJUTH K KPATKOBPEMEHHBIM MMITyJIbCaM ¢ Oolee
BBICOKOW IUIOTHOCTBIO, Y€M CpPEIHHME PEKOMEHIyeMbIe 3HAaYCHUs
ICNIRP — 10 Br/cm? (Puranen L., 2018) [299]. Brito ueTko mpo-
J€MOHCTPUPOBAHO, YTO MCIIOJIb30BAaHUE CPEIHUX 3HAYCHUH JUIs
paIuaMOHHOTO M3JYyYeHUs MOXKET IMPUBECTH K HEJIOOLEHKE pPHCKa
ux BosneiictBus (Chavdoula E. et al., 2010) [166]. lHTeHCHBHOCTB,
4acToTa,  IMPOJOJDKUTENBHOCTE  BO3JIEHCTBHS,  TOJSIpU3AINS,
yJabCalls M MOAYJIALUS SIBJISIOTCS KJIFOUEBBIMU IapaMeTpamu JUis
oneHku omonornyeckor akruBHoctd DMII (I'puropses F0.I°., 1996;
Grigoriev Y., 2017) [48,204].

Panee ObUIM IOSTyYeHBI JaHHBIE O CYLIECTBOBAaHMM TaK Ha3bl-
BaeMbIX OKOH MMB, B KOTOpBIX Iuana3zoH 4acTOT OMOJOTMYECKH
oonee aktuBeH ([lesarkoB H.J., beukwuit O.B., 'omant M.b, 1986;
DOiim B., 1980) [67,125]. OxgHako mosy4eHHbIE pe3yiibTaThl BO3ICH-
cTBUs He ObuTK yuTeHbl U B HOBbIX Pexomennausax ICNIRP.

B pamkax nmpoekrta moj HazBaHueM «MacCoOBBI SKCIIEPUMEHT
5G» rpynma xypHaIMCTOB-paccienoBareneil u3 EBpomeiickoro co-
103a (EC) m3yunna pucku pasBepTeiBaHuss 5G U ajeKBaTHOCTb py-
KOBOJSIIIIMX YKa3aHHUM 10 0€30MacCHOCTU 3JEKTPOMArHUTHOTO MOJI,
BeliBUraemele ICNIRP. Bouto ony6nukoBaHo 22 cTaThd B KPYIHBIX
raserax M )KypHajlax B BoCbMHU cTpaHax: ®pannuu, ['epmanun, HUra-
muu, Hunepnannax, Hopserun, Ilonbwre, Ilopryranuun u Benuko-
Ooputanuu. 10 EBpomeiickoe paccienoBanne — «MaccoBbIil dKc-
nepuMeHT 5G» — MNpHUIUIO K BBIBOAY, YTO CYILIECTBYET «KapTellb
ICNIRP». XypHamucTsl omnpenenuiav TPyNIy U3 YeTbIpHAALATH
YUEHBIX, KOTOPBIE IMOMOTJIM CO3[aTh WM 3alIUTUTh PYKOBOJISIIHE
npuniunsl ICNIRP, xoropast siBiseTcsi HENPaBUTENbCTBEHHON Op-
ranuzanueii (HIIO), 6asupyromieiics B I'epmanun. CymiecTByromne
PEKOMEH/IAlMU JOJDKHBI 3aIMIIATh JIIOJEH TOJIBKO OT TEIJIOBOTO
BO3JECHCTBUSL BcCienCcTBUE ocTporo BozaerctBus OMIL. Unensr



ICNIRP ynopHO yTBep:kIaioT, YTO THICAYH PELEH3UPOBAHHBIX HC-
CJIeIOBaHMM, KOTOpble OOHAPYKUIM BPEIHBIE OMOJOTHYECKHE WU
MEJWIIMHCKUE TOCIEACTBUS OT XPOHHUYECKOTO BO3JCHCTBHUS HETe-
I0BbIX ypoBHeW DMII, SBASIOTCS HETOCTATOUHBIMU, YTOOBI rapaH-
TUpOBaTh Ooisiee cTporue mpasmia OezomacHoctu. Takum oOpazom,
AHTOKUPOBAHHBIC YUEHHBIC, YTO OCOOCHHO BaXKHO, WieHbl Komuccuit
U Ipyrux (OHAO0B, KOTOPbIE OTBEYAIOT 32 HOPMUPOBAHUE, HAXOIATCS
B 3aBHUCUMOCTH OT (DMHAHCOB TEJICKOMMYHHKAIMOHHON TIPO-
mbiinuteHsocTy [13,41,127,271].

B crarse mBenckux ydenbix Hardell L. u Nyberg R. (2020)
[223] pe3ko moasepraercs kputuku nocieauss myosukamnus ICNIRP
U €€ UCXOJHOE MHEHHUE Npu orpeaeneHuu pekomenanuii 2020 roga:
«YactoTsl, Ha KOTOPBIX paboTtaeT 5G, HE HECYT Yyrpo3bl HU IJIS KOTO,
Oyb TO YETIOBEK, MTUIIA WIH JJa)Ke HACEKOMOE).

D10 muenne ICNIRP mo3Bosser HaM cYUTaTh, YTO MBI HaXO0-
JUMCSI JTaJIeKO OT CaKpaJIbHOTO PEIIeHHs] HOPMUPOBAHUS BO3ZCH-
ctBusi MMB Ha opranusm HacesieHUs, ONPEEICHUs CTEIEHN PUCKA
ATOTO OOJTyYEeHHS.

1.2. K oueHke OMaCHOCTH JJIsl HACEJICHUS

MMB noJHOCTBIO MOIIOMIAKNTCA KOXKEN M CKIEpOW a3 Ha
riyOuny 10 2 MMm. C Haiel TOUYKH 3peHHs], yYUThIBasi 3TH 0coOeH-
HocT MMB, HE0o0X0UMO ONpeaeNnuTh KOXKY U IJla3 KaK KpUTHYE-
CKUe (PYHKIMOHAIbHbBIE CHCTEMBbl >KU3HEICATEIBHOCTH OpraHu3Ma
yesoBeka npu Bosaenctenn MMB.

1.2.1. Koxka u raa3 (ckiaepa) —
HOBbIE KPUTHYECKHE (PYHKIHOHAIBHbIE CHCTEMbI

Koxa — 5T0 criokHas (QyHKIMOHAIbHAsI CHCTEMa, KOTopas
(aKTHYECKU SBISIETCS] PEMPAHCAAMOPOM MeHCOY 8HEUIHEl CPedoll U
Op2aHU3MOM HenogeKd, obecneuusas e2o KoM@popmuoe cocmostue.



W3BeCTHO, YTO CTPYKTYpPHBIC U TKAHEBBIE KOMIIOHEHTHI KOXKH HAXO0-
JSITCSL B COTJIACOBAaHHOM B3aMMOJICHCTBUU HAIPSIMYIO WM OIOCpe-
JIOBaHO, ()OPMUPYIOIINE EANHYI0 CHUCTEMY, BOCIHPHHHMAOIIYIO Ha
cebe Bce BHEIIHHE BO3/ICHCTBUS OKPYKAIOIIEH Cpeibl.

Koa yenoBeka COCTOUT U3 JIByX OCHOBHBIX CJIOEB: BHEITHETO
snuaepMuca U jaepMbl. TomMHA 3MHAEpPMUCAa U JIEPMbI YEIOBEKa
kojneonercs B npenenax 0,06-0,1 u 1,2-2,8 MM, cooTBeTCTBEHHO. Po-
TOBOW CJION MMeeT Hu3Koe cojepkanue Boubl (15-40%), a obOmas
KOHIIEHTpAIUsl BOJABI B OCTAJIbHON YacTH 3MHAEPMHCA U AEPMBI CO-
craBisier 70-80%. Tak kak 3Heprus MUUIMMETPOBOTO JIMAIa3oHa
OuYeHb OBICTPO 3aTyXaeT BO BIAYKHOM BOJHOI TKaHU, TAKOE BHICOKOE
COJIep’)KaHUE BOJBI MPUBOJHUT K BBICOKUM KO3(DHIIMEHTaM TOTIIO-
HICHUS JIEKTPOMATHUTHON HEPTrUY MUJUTMMETPOBOTO JMAIa30HA B
TKaHu. Takum oOpa3oMm, SHEPTUs. MIJLTUMETPOBBIX BOJIH JIETKO MPO-
HUKAeT B POrOBOM CJIOH, HO OBICTPO TOTJIONIAETCS 00JIee TITyOOKHMHU
CJIOSIMU SIUAEPMUCA U JIEPMBl U HE PACIPOCTPAHSAETCS AaJbIIe B
TEJNO.

Koxa siBisiercss caMbIM OOJIBIIUM TIO II01aau opraHom. I1no-
1a/1b KOXKH Y B3pOCIJIOT0 uejioBeKa qocturaer 1,5-2,3 M.

Koxka nmeeT camyro 60oraTyro HHHEPBAIUIO, TPHUYEM HE TOJIBKO
YyBCTBUTEIbHYIO, HO U 3 depentHyro. Koxka sSBIseTCS TOTAIbHBIM
peuenTopHsiM mojieM (puc. 2). DTH PeuenTopbl OCYIIECTBISIOT
oOunbpHyI0 WHHepBanuio, cBs3aHHyo ¢ [IHC. MuHepBanus koxwu
OCYIIECTBIISIETCS KaK BETBSMHU 11epeOPOCTTMHAIBHBIX HEPBOB, TaK U
HEpBaMH BEreTaTHBHON HepBHOU cucTtemsl (puc. 3). BereratuBHas
s depeHTHass UHHEpBALMS XapaKTepHa JJIsi COCYIOB, TIaJKON My-
CKYJIATYPhI U TTOTOBBIX KEIE3.
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Puc. 2. Peyenmoput Koxcu
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Puc. 3. Cxema nomoka
UHopmauuu om peyenmopos
KOXHCU 00 207108H020 M0324

Koxa npuHMMaeT y4yacTue B PEryJSIlIMM MMMYHUTETa, IO-
BEPXHOCTh KOXH SIBJISICTCS CPENOM Ui ThICSY HICHTH()HUIIUPOBAH-
HBIX BUJOB MUKPOOOB.



Bakna 3amutHas QyHKIMS KOXKH OT JACUCTBUS MEXaHUYECKHX
U XMUMHYECKHX (DAKTOPOB, yIbTPaUOIETOBOIO H3IIyYEHHs], MpO-
HUKHOBEHHUSI MUKPOOOB M BUPYCOB B opranusm. Ilpu 3anpenenbHbIx
JKCTPEMAJIbHBIX BO3JEHCTBUAX HA KOXKY MOT'YT BO3HHKAaTh KaTacTpo-
(ugeckue mocieaCcTBUS.

Kosxa BBINONHSET SHAOKPUHHBIC (YHKIIUU — BBIpAOATHIBAET
BuTaMuH D npu BozzelicTBuu conHeyHoro ceera. Koxka BKitoYeHa B
psin Ipyrux (GyHKIMHA OpraHu3Ma: TEPMOPETYISATOPHYIO (YHKIIHIO,
JKCKPETOPHYIO U Ip.

B Hacrosmee Bpems TpyAHO IIPOrHO3UpoBaTh BiausiHue MMB
Ha TeYEHUE MHOTUX 3a00JIeBaHUl KOXH (3K3eMy, Icopuras, adCcrecchl
U J1p.), HA pPa3BUTHE OIYXOJIEBBIX IPOLECCOB (MEITaHOMBI, Oa-
3aJIbHOKJIETOYHOI'0 PaKa, MJIOCKOKJIETOYHOW KapLUMHOMBI U JIp.).

Hano He 3a0bIBaTh O CYIIECTBOBAHUU U T.H. Pe(IEKCOr€HHBIX
30H (BAT).

Takum 00pa3oM, Koka SIBJISIETCS BaKHBIM KPUTHUYECKUM Op-
TaHOM MPH MOCTOSSHHOM NOKM3HEHHOM Bo3jerictBun MMB Ha Ha-
cenenure. OJHAKO 10 CHX IOpP Y HEKOTOPBIX 3apYOEKHBIX YUCHBIX,
0COOEHHO TEXHMUYECKOTO MPOodUIs, UMEETCs IPYroi Moaxoa K KoxKe
IIPU OLIEHKE OMACHOCTH MPHU B3aUMOJEUCTBUHM MHUKPOBOJIHOBOIO M3-
JTy4yeHHs U uenoBeka. Koxka MMM TpaJuIIMOHHO pacCMaTpUBAETCs KaK
MPOCTO MOTJIOLIAOLINI CI0M I'yOKH, 3al10JIHEHHBIH BOAOH.

Crnenyer 0ocob0 00paTUTh BHUMaHHE Ha TO, YTO KOXa y B3pOC-
Joro u 'y pebeHka OyzneT UMEeTh CYIIECTBEHHOE pa3iudue B pajuo-
4yBCTBUTEIbHOCTU. KpoMe TOro, Koka Ha pas3HbIX y4dacTKax Tela
OyJeT UMeTh CBOM OCOOEHHOCTH M (YHKIIMOHAIbHYIO 3HAUMMOCTD.
CTpyKTypa U 4yBCTBUTEIBHOCTb KOXH CYIIECTBEHHO M3MEHSETCS C
BO3pacToM. Ha KoKy MOCTOSTHHO BO3/JICHCTBYIOT pa3inyHble (PaKTOPHI
BHEIIHEH cpeapl € pa3IU4YHBIMH BPEMEHHBIMU MEPHOJAMH, YTO
MOYKET U3MEHUTHh HOPMaJIbHbIE (PU3NOJIOTHUECKUE TTapaAMETPhI KOXKH.

Ckuiepa rjaza — 3TO HeENpo3padyHas HapyXHas 000J0YKa
rnaza. Ckiepa 3aHUMAeT caMyro OOJIBIIYIO IUIOIIA/b IJ1a3a U UMEET
IJIOTHBIN cocTaB. Ha pa3HbIX ydacTkax CKiiepa ria3a UMEET pa3sHylo
IUIOTHOCTB. TOJIIMHA CKIIEPHI TaKKE€ HEOJAMHAKOBA U COCTABJISET OT



0,3 no 1 MM, y nerell oHa OYEHb TOHKAasl U YBEJIIMYUBAETCS CO Bpe-
MEHEM.

cknepa
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Puc. 4. Cxnepa 2naza

Ckiepa uMeeT TpU cJlosl. DTO HAPYKHBIM CIOW, TO €CTh 3IHU-
CKJIepa, COOCTBEHHO CKiepa W Oypas IUIaCTHHA WM BHYTPCHHHH
cioif. Hapy»xHblii cioit (snuckiiepa), UMeeT Xopoliee KpoBocHa0xke-
HUE, COCY/IUCTYIO CETh Pa3eiisiioT Ha MOBEPXHOCTHYIO U TITyOOKYIO.
Jlyuiie Bcero KpoBOCHAOXKEHHE MPOUCXOAMUT B MEPEIHUX OTHeNaXx,
IIOTOMY KaK COCYABI IMOAXOIAT K MEepeAHEMY OTAENy IJia3a, paco-
Jarasch B TOJILE NPSMBIX IN1a30[BUraTeIbHBIX MbII. CoOCTBEHHO
CKJIEpa COCTOMUT U3 KOJUIAr€HOBBIX BOJIOKOH, IPOCTPAHCTBO MEXKIY
KOTOPBIMHM 3aHUMAIOT (DUOPOLUTHI, BbIpaOATHIBAIOLINE KOJIIATEH.
Buytpennuii cnoif niam Oypast IUIaCTMHAa COCTOMT M3 MCTOHYEHHBIX
BOJIOKOH CKJIEPBI U 3JACTUYHOW TKaHW. Ha MOBEpXHOCTH BOJIOKOH
HAXOJATCS KJIETKH, CojepiKalllie MUTMEHT — XpoMaTo(opsl. ITu
KJIETKN TPUIAIOT BHYTPEHHEH IOBEPXHOCTHU CKJIEPHl KOPUUYHEBBIN
OTTeHOK. Tomma CKIepbl CONEPKUT HECKOIBKO CKBO3HBIX KaHAJOB,
KOTOpBIE UIPAIOT POJIb IMPOBOAHMKOB JUISI COCYIOB M HEPBOB, KAk
BXOJIAIINX, TaK U BBIXOSIINX W3 ria3a. [lepennuii kpail BHyTpEHHEN
CTOPOHBI CKJIEPbI UMEET TaK Ha3bIBaEMBbIH ke000K pazmepoMm B 0,8
MmM. K 3anHeMy kparo xkeno0ka MpUKperuiseTcss HUIMapHoe Tejo, a



€ro TmepenHUl Kpall TpuiIeraer K JECIIEMETOBOH 000J0uKe.
OCHOBHYIO 4YacTh XKelnoOKa 3aHMMAaeT TpaOeKyIsipHas auadparma,
HaJl KoTopou Haxoaures [llinemmoB kanan. B cumy Toro, 4to ckiiepa
rJ1a3a MpeACcTaBiIsieT cO00H COSMHUTENBHYIO TKaHb, OHA TIOJIBEPIKE-
Ha PA3BUTHIO MATOJIOTHYECKUX IPOLECCOB, KOTOPBHIE BCTPEUAOTCS
IIPH CUCTEMHBIX 3a00JICBaHUSIX COCIUHUTEILHON TKAHU WM KOJIJIa-
TreHo3ax.

IIpu ouenke onacHoctu Bo3naecTeuss MMB Ha kputnyeckuit
opras ria3, He00OX0JIMMO YYUTHIBATh OCOOCHHOCTH 3TOT'0 OpraHa —
OTCYTCTBHE ONTUMATBHBIX (PU3HOJIOTHUYECKUX MEXAHU3MOB IO CHSI-
THIO U3JIMILIHErO TeIJIa B yCIOBUSIX Nieperpesa. B 3Toil cutyauuu rias
npu BozzaeiictBun MMB craHOBUTBCS 0COOCHHO YsI3BUMBIM. K
COXKAJICHUIO, MIMCIOTCS JIMIIh CIUHUYIHBIC NCCICIOBAaHUS BIUSIHUS Ha
ckiepy a3 MMB, HO OHU BBIIIOJIHEHBl NMPU KPAaTKOBPEMEHHBIX
OJIMHOYHBIX OOJYyYEHHUSAX U MPHU TEIJIOBBIX YPOBHSIX MHTEHCUBHOCTH
OMII (Rosenthal S. et al., 1977; Kojima M. et al., 2009; Chalfin S. et
al., 2000) [307, 251, 165]. Dtu pe3ynbTaThl HE MOIYT OBITH HC-
I10JIb30BaHbI IIPU OLIEHKE OMACHOCTH Bo3aeicTeus MMB Ha ckiiepy.

C Hamieil TOYKH 3peHHsl, YYUTHIBAsA 0COOEHHOCTH TOIJIO-
menusi MMB, Heo0X0a1uMo0 onpeneuTh KOXKY M I71a3, KaK KpH-
THYecKHe (PyHKIHMOHAJIbHbIC CHCTEMbl KH3HEIeATeJIbHOCTH Op-
raHu3Ma 4ejioBeka npu sosaeiicrsun MMB.

1.2.2. Bo3moxHoe Biaussnue MMB Ha 310poBbe HaceJeHUsI

B nacrosmee Bpemst mpo0iieMa onacHoctd 5G craHgapra Ha
(GYHKIMIO OpraHu3Ma TOJbKO TUCKYTHPYETCS HaydHOW MHPOBOM
0OIIECTBEHHOCTHIO, TIPOBOMIATCS €AMHUYHBIC KPATKOBPEMEHHBIE HC-
CIICZIOBAHMUSL.

KonuuectBo myOnukanuii mo 3Toil mpobiieMe B MPUKIATHOM
3HaYeHUU Hayallo YBEJIMYMBAThCA 3a pydexoM ¢ 1996, xoraa Oblia



IpoBe/ieHa Crenuanu3upoBanHas ceccusi OOmecTBa OMO3JIEKTPO-
maraeTrkoB (BEMS) o tematnke MMB. Bropoit BcemupHbIii KOH-
IPEecC MO IEKTPUIECTBY U MATHETU3MY B OMOJIOTUU U MEIHUIIMHE ObLT
nocssmeH MMB (1997 1.). Cemunap «MMB u 6uno3¢gdexTsi» ObLT
npoBeJieH Ha BoeHHOU 0ase bpykce, mrar Texac, B 1997 rony. Onun
U3 aBTOPOB ATOW KHUTH MMENl BO3MOXKHOCTh Y4acTBOBaTh B pabote
3TOT0 CEMHUHAapa.

OnacHOCTh ISl 3/I0POBbSI HACETICHUS MPH MOKU3HEHHOM 00-
nyyeHun MMB kou u ckiiepsl ria3 He scHa. MUKpOBOJIHOBOE W3-
Jy4EHHUE, CKOPEE BCEr0, MOXKET MOBJIUATh HA HEPBHBIE KJIETKU U JIpY-
TUe CTPYKTYpHl B BepxHeil nepme. [loToBble xkene3bl Tak ke OyayT
nojaBeprarbes o0ydeHuto. He MCKIIIOUeHO, YTO MPHU BO3JIEHCTBHUH
MMB MokeT W3MEHUTHCS YyBCTBUTEIBLHOCTh KOXH K YIbTpaguo-
JETOBOMY H3JIy4eHUI0. OCTAaIOTCS HEU3BECTHBIMU M ONOCPEIOBAH-
HbIE peQIIEKTOPHBIC PEaKIMH OpPraHU3Ma, YYUTHIBas pasHOOOpas3ue
pelenTopHbIX 30H KOxku. Oco0oe BHUMaHUE TPU OIIEHKE OMacCHOCTH
nerictust MMB HeoOX0AMMO YAEIUTh KOXKE MOIPACTAIOIIETO IO-
kosenust. Opranusm jaereit Oonee ys3BUM K pusndeckum (hakTopam
BHemHel cpensl (Healthy environments for children, 2003) [224].

B CCCP B 60-80-¢ roas!l mpommioro CTOJETUs! BIEPBhIC MPH-
MeHuIM MMB B KMHHYECKOH NpakTHKe («MUJUTMMETPOBYIO BOJIHO-
Byto Tepanuio (MMBT) Huzkoli nHTEHCUBHOCTH»). B ocHOBY 3TOi
Tepanuu ObUI IMOJIOKEH MPUHIMII pe30HaHCHOro jeWctBus MMB,
MCIOJIb30BAIM KPaTKOBPEMEHHBIE U JIOKaJIbHbIE 00myueHus ([leBsT-
xoB H.JI., Tomant M.B., Beukwuii O.B., 1991)[68]. bosbioii Bkian B
MEUIIMHCKHUE acTeKThI 3Toi mpobaemsl BHeC O.B. benkuii.

bbun monydeHbl TMONIOKHUTETbHBIC Je4eOHbIe 3(PPEeKThl OT
KpaTtkoBpemeHnHoro Bo3aeicTeust MMB (berkuit O.B., Kucnos B.B.,
Jlebenera H.H., 2004; beukuii O.B., Korosckas T.U., Jlebenena
H.H.,2009) [6,7]. Ognako orMeuanuch u mobouHbIe aeiicTBrus MMB,
BKJIIOYasl yCTaJI0CTh, COHJIMBOCTh, aHOMaJIbHbIE OLLYIIEHUS,



MO-BHJIMMOMY, BBI3BaHHBIC JIaBIICHUEM WJIH TOBPEXKICHUEM
nepudeprudeckux HepBOB MPU BO3IEHCTBUU
MMB. Hexotopsie COMAaTUYECKUE
6uosddexTrl mpu Bo3aeiictBun MMB ObuH
onucaHbl eme Oojee IBAALATH JIET Ha3ajd
(JIebenera H.H., 1998) [76]. K coxainenuto,
B MyOnMKauy He ObUIO YKa3aHO, HU Kakas
TUTOMIATh KOXH MO/IBEprayiach
BO3/ICICTBHIO, HU cama o0yacTb
00JTydaeMon KOXKH.

beut npeanioxkeH psa TEOPETHUECKUX
Mojesei st 00bsICHEHUs 0cOOeHHOCTEN U beykui Onee Bradumu-

OCHOBHBIX MEXaHM3MOB OHMOJOTHUECKOro POSUY — OOKmop pus-

neiictus MMB (Frohlich H., 1980; T'onanT M4 ;pogb()eccop, aay-
peam [ ocyoapcmeennoll

M.B., 1989) [36,187]. npemuu P® 2000 200a

Pagnodusnyeckne mpuHIUIBI BO3ICHCTBHS
OMII kpaiiHe BBICOKMX 4acTOT Ha JKHUBBIE OPraHU3Mbl B MHTEpECAxX
MeIuIuHbl Ob1TH paccMoTpersl I.I1. Paesckum B 1997 roxy [95].

OTCyTCTBYIOT pe3y/ibTaThl MCCJIEJOBAHUH C Y4€TOM XpO-
HHYeckoro Bo3aeiicteusi MMB Ha KoKy M porosuny riasa. to
0YeHb Ba’KHOE 00CTOATEJBCTBO, KOTOPOE He MO3BOJIsIeT HAaM Ha
CTPOro 00bEKTHBHBIX JAAHHBIX OLECHUTH ONACHOCTH IOKHU3HEH-
HOro Bo3jAeilicTBHA Ha Hacedenue MMB. Ognako paccMoTpum
HEMHOTI'0YMCJICHHbIC Ppe3y/bTaThl paHee
ony0JMKOBaHHBIX PadoT, MOJY4YEHHBIX —
NPH KPATKOBPEMEHHBIX BO31eHCTBHAX W H Hodatees
MMB.

B cBs131 ¢ IUPOKUM UCIIOJIB30BAHUEM
MMB B KMHHYECKOW IIpaKkTHUKE, B
HECKOJIbKUX  KPYNHBIX HMHCTUTyTaXx H
yauBepcuretax CCCP ObUIM TpOBEAEHBI
MHOT'OYMCIIEHHBIE UCCIEL0BAHM IN VItro, in —
VIVO ¥ Ha OpraHU3MEHHOM YPOBHE IO e

MUNNUMETPOBLIE BOMNHbI
N HUBbLIE CUCTEMbI




O6uonornyeckomy aeictruio MMB B yclnoBHAX KpaTKOBPEMEHHBIX
obmyuennii (Muctutyt 6nodusuku kietkn AH CCCP, TaBpuueckuit
HalMOHaJIbHBIA yHUBepcuTeT uM. B.M. Bepnanckoro, MI'Y u np.).
AHanornuHbie paboThl OBUIH MPOBEACHBI U 32 PYOEIKOM.

Ot uccnenoBaHus ObUTH MPOBEIEHBI HE TOJIBKO B YCIOBHUAX
KpaTkoBpeMeHHoro obmydenns MMB, HO Taike MMenach 3ajgada
MOMCKA ONTUMAJIbHBIX PEKUMOB ISl UCIIOIb30BAHMS B MEJUIIMHE.
ABTOpPOB ATON KHUTH CMYIIAET TO, YTO, KaK IIPaBUJIO, BO BCEX HCCIIE-
JOBaHMSIX OBLTU HallIeHbI ONTUMAJIbHBIC PEKUMBI JIJISI KITMHUYECKON
NpakTUKU. B mHTEpecax Ipyrux MpUKIaIHBIX 3a7a4 ObUIM MpOBEae-
HBI OJIM3KHE IKCIIEPUMEHTATbHbBIC UCCIEAOBAHNUS.

B cBoem 0030pe Pakhomov et al.,(1998) [291] paccmoTpenu
HauOoJiee 3HAUMMBbIe TyOJMKaIuu, Kacaromuecs BiusiHuss MMB na
KYJIbTUBUPYEMbBIE€ KIIETKH, U30JMPOBAHHBIE OPraHbl >KMBOTHBIX, Ha
OpraHM3M  4eJoBeKa. PaccMOTpeHHble  MCCIElIOBaHUS  IPO-
JIEMOHCTPHUPOBAJIN BIUSHUE KPaTKOBPEMEHHOI0 Bo3aelictBus MMB

- me

Ha npueme y Axaoemuxa J.A. Huvuna. Cresa Hanpaeo:
A. Ilaxomos, B. Cmenanoe, IO. I puzopves, M. Mopgpu, JI. Hnvun
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Hu3Kkoit uatencusHoctH (10 MBT/cM? 1 MeHee) Ha pocT U mpoude-
paIuio KJIeTOK, aKTUBHOCTh ()EPMEHTOB, COCTOSTHUE T€HETHYECKOTO
anmapara KJIeTKH, (YHKLIHIO BO30yIMMBIX MeMOpaH, nepudepude-
CKHX PELENTOPOB U APYrUX OMOIOTUYECKUX CUCTEM. Y JKUBOTHBIX U
JII0JIEN KPaTKOBPEMEHHOE, HO MECTHOE BO3eiicTBE MMB ctumynu-
pPOBaJI0 BOCCTAHOBJICHHE U PETeHEpAINIO TKaHEH, o0yeryano crpec-
COBBIC PEAKIINH, IPUBOJIUIO K JeMHEITUHU3AIMU HEPBHBIX KIIETOK.
Simko M. u Mattsson M. (2019) [323] npoananuzupoBaau 94
yOJIMKAIIMH, TOCBSAIICHHbBIC HCCIIEIOBaHUAM BiustHuss MMB in vivo
U iN VItro B ocTphIX ombiTaXx. ITOT 0030p B OCHOBHOM OXBAaThIBACT
HCCIIeIOBaHMS, MPOBEICHHBIE B 11ana3one 4yactoT oT 30,1 mo 65 I'T'w.
Kaxnoe wuccinenoBanne OBIIO BBIIOJHEHO C YYETOM YacTOTHI,
IPOIOJDKUTEIBHOCTBIO BO3JICHCTBHS, IIOTHOCTHIO MOIIHOCTH U
IPYTUX PaJInOOUONIOTMYECKUX KPUTEpUEB OICHKH On0d(h(HEKTOB.
BocembiecsT MITh MPOIEHTOB B MUCCIEAOBAHHIX IN VIVO TOKa3aiu
peakiio Ha Bo3ueicTBue, a B 58% ObL1 monydeH addekr in vitro.
Onnako He ObUIO OTMEYEHO CBSI3M MEX]Y TUIOTHOCTBIO MOIIHOCTH,
JUTATENBHOCTHIO uin yactoroi MMB. [lo MHeHHIO aBTOPOB, TpO-
aHAJTM3WPOBAHHBIE MCCIICIOBAHNS HE JAIOT a/IEKBaTHOW M JIOCTATOY-
HOU MH(pOpPMAIIH JIJIs 3HAUUMOM o1leHKH Oe3omacHoctd MMB.
BriBon 00 OTCYTCTBUM MyTareHHbIX 3(G(EKTOB U3TydeHUS
MMB 6511 caenan B konie 1970-x rogos (Dardalhon M. et al., 1979,
1981) [169,170]. B 1O e Bpems psja MCCIEAOBAHUEN TMOKA3al, YTO
MMB MoryT BIUATh Ha CTPYKTYPY U QYHKIIUIO XPOMOCOMBI.
Zhadobov M. et al. (2006) [338] mpeamonoKuiIu, 4TO BO3-
JefiCTBHE MWJIJIUMETPOBOro Auamna3zoHa Ha yactore 60 I'Tu mpu
YPOBHSIX, OJIM3KUX K TUIIMYHBIM cUcTeMaM OecripoBoaHoit cBs3u (0,9
MBT/cM?), MOXKET BBI3BIBATH YBEIMUEHHE OOKOBOTO JIABJIEHHS B
HUCKYCCTBCHHBIX MeMOpaHax.
B paborax Ramundo-Orlando A. et al. (2007, 2009, 2010) [302-
304] ObLT cHoemaH aKIEHT Ha BO3JACHCTBHE HHU3KOTO YPOBHS
Bo3zeiicteus MMb Ha knetounsie MmemOpansl (Menee 10 MBT/cm?).
[To MHEHHIO aBTOPOB, OOJIBIIIOE KOJTUIECTBO KIETOYHBIX MCCIEO0-



BaHMM IOKa3biBaeT, 4T0 MMB MOryr H3MeHATH CTPYKTYpHBIE U
2 . (QyHKIMOHAIBHBIE  CBOICTBA  MeMOpaH,
BIIUSITH HA IJIa3MaTHYECKYI0 MeMOpaHy 00
IIyTEM M3MEHEHUS] AKTUBHOCTH HOHHOIO
KaHama, Jmb0 myTeM  MOIU(UKAIUH
dbochomunmuma. MMB moryr U3MEHATH
BHYTPHUKJICTOUHYIO AKTUBHOCTH KalbLUS U,
KaK CJEACTBUE, HEKOTOpbIE KJIETOYHbIE W
MOJIEKYJISIPHBIE TIPOLIECCHI, KOTOpPbIE CaMU
KOHTPOJIUPYIOTCS JTUHAMUKOM Ca?+,

N Bo3zaeiictBue nznyuennss MMB Ha noHHBIN
M. Markov — 6oreap- tpapcriopr  MokeT  OBITH  CICIACTBHEM
cruil yuenitl, yoce 30 MPSIMOTO  BO3JICUCTBUSI HAa MEMOpaHHbBIC
nem padomaem ¢ CLIA Oenku, a TaKkKe Ha  OpraHU3aIUIo
dochomunumaHOTO ToMeHA. MOJIEKYJIIBI BOJIBI, TO-BHIUMOMY, HTPAOT
BaXHYIO POJIb B 3TUX Ononorndeckux agdexrax uznydenuss MMB. K
COKAJICHHUIO, aBTOP JICJIAET 3aKIIOUCHHUE, YTO JACTAIbHBIC KICTOYHBIC
U MOJICKYJSIpHBbIE MEXaHU3MbI, OMOCPEAYIOUINe (PU3NOIOTHUECKUE
peakuun Ha BoszgedctBue MMB, ocTalTC B OCHOBHOM
HEW3BECTHBIMH.

TakuMm 00pa3om, pe3ynbTaThl SKCIEPUMEHTAIBHBIX paboT Jie-
MOHCTPHUPYIOT BBICOKYIO YyBCTBUTEIBHOCTH KJIETOUYHBIX MEMOpaH K
MMB Hu3koii “HTEHCUBHOCTH. MMB HeTerioBbIX HHTEHCUBHOCTEN
CIOCOOHBI MHIAYIIMPOBATH CTPYKTYPHBIE TIEPECTPONKH B MEMOpaHax,
YTO  CONPOBOXKIAETCS W3MEHEHUEM HOHHOW  IMPOBOAMMOCTHU
KJIETOYHBIX MEMOpaH U OBICTPBIM 3aKPBITUEM MPOOONHBIX KaHAJIOB
MOHHBIX yTeueK. EcTh OCHOBaHMS Ipeanoarath, 470 OMOIOTHUYECKUE
MEMOpaHbl SBISIIOTCSI OJHUM M3 CBOEOOPA3HBIX «JIETEKTOPOB)
W3IIYYCHHS B )KUBOU KJIETKE.

Ha ocHoBe cBOMX cOOCTBEHHBIX OMO(PHU3NIECKUX IKCIIEPHUMEH-
TOB 110 BiMssHUI0 MMB Ha 6uonornueckue o0bextsl, Markov M., Bo
BpeMsl IMCKYCCUH Ha CIIEIUAIIEHOM pad0yeM CeMUHApEe CUMITO3UyMa
BEMS (2017 r.), oOpaTiyii BHUMaHHE Ha CJICIYIOIIHNE AaCIEKTHI
MexaHu3Ma Ouosioruyeckoro neictsue MMB:




1. Huzkoe nponnkHoBenue MMB B Gnonoruyeckue TKaHu 00-
ycnaBiauBaeT 3P GeKThl MPEeUuMyIIECTBEHHOTO 00TydeHUs Ha
YPOBHE KOKHOTO TIOKPOBA.

2.9 heKTsl ABOMHOTO AJICKTPUUYECKOTO CIIOS, OKPYKAIOIIUE
OTJIeNIbHbIE KIIETKHU, CBA3aHbI CKOPEE BCETO KJICTOYHOU MEM-
OpaHoii.

3. O deKTrl 3apsaIHOTrO pacupenesieHus M0 KICTOYHOH MeM-
Opamne.

4. W3menenue MeMOpaHHOW MPOHUIIAEMOCTH.

5.Bmusane MMB Ha nunua-0eIKoBbIe B3aWMOJCHCTBUS Ha
YPOBHE KJIETOYHON MeMOpaHBbl.

Markov M. (2018, 2019) [265,266] cuuTaer, uTO
«HCCIIEIOBAHUS OMOJIOTHYECKUX A(PPEKTOB MUUIMMETPOBBIX BOJIH
JIOJ>KHBI IPOJOJIKATHCS HA YPOBHE NOCYAApPCTBEHHBIX OPraHU3aLMil
C IIEJBbI0 HAXOXKICHUS  IOTCHIMANIBHBIX  oIlacHocTe  5G-
TEXHOJIOTHI.

B HexotopbIx HccnenoBaHusx Obuio oOHapyxeHo, yto MMB
HU3KOW MHTEHCUBHOCTH MHTUOMPYET MPOTPECCUPOBAHUE KIETOYHO-
ro nukia (Le Drean Y. et al., 2013) [255].

O060011as pe3ynbTaThl UccienoBanuii Bnusaus MMB Ha kiiet-
KM U KJIETOYHBbIE MEMOpaHbI, MOXHO CJIeJIaTh BBIBOJI, YTO OMOJIOTH-
yeckue 3()QeKThl, TOoTyuyeHHbIE YKCIIEPUMEHTATBbHO Ha Pa3IUYHBIX
MHUKPOOPTraHU3MaX M KJIETOYHBIX KYJIbTypaX, UMEIOT MHOIO HIECH-
TUYHBIX 3aKoHOMepHocTel. [Ipu obnyuenun kierok MMB Habro-
JAIOTCs, Kak (PYHKIMOHAJIbHBIE, TaK M CTPYKTYpPHbIE W3MEHEHHUS.
MemOpaHbl MOTYT UTpaTh INIaBHYIO poJib B 3()()EKTUBHOM BOCTIPHS-
TUU U JalbHEHIeM mposiBieHuu aeiictsuss MMB B ¢yHKIIMOHAD-
HBIX U3MEHEHHMSIX Ha YPOBHE BCEU KIETKU. MOXKHO MPEANOJIOKHUTD,
4yTO nepBu4HOE AerictBue MMB coctout B M3MEHEHHH NpOHHULIAC-
MOCTH MEMOpPAH U UX TPAHCTIOPTHBIX CBOWCTB.

TakuMm 006pa3oM, HEOOXOIMMO U3YUYEHHE HE TOJIBKO EPBUYHOMN
peueniuu MMB, Tak U caeayromero 3a Hel BOCIPUATHS U OTKJIMKA
HAa YpOBHE (U3MOJIOTMUYECKUX peakUuid I[eJoro opraHu3Ma.



Bocnpusitue  uadopmammonnsix  OMU
o BO3HUKAET Ha YpOBHE
CJIO)KHOOPTaHM30BAHHBIX  OMOJIOTHMYECKUX
CUCTEM U IMOJIHOCTHIO MPOSIBISETCS TOJIBKO B
unenoctuom opranusme (IIpecman A.C.,
1968; IlnexanoB [.®., 1990; Jlymnukos
K.B., I'anieeB A.b. u np., 2001) [94, 92, 80].

Hauunas ¢ 1992 roga, Belyaev LY. et
al. mpoBenu GoJbIIyI0 cepui0 paboT 1o
orneHke omacHoct MMB, a Takke uccie-
JIOBaHMsI, CBA3aHHBIE C MEXaHU3MOM HX
bensies U.Al. — ooxkmop neiicTBUs Ha KiieTouHOM ypoBHe (Belyaev |
buon. Hayk,  3a6. 1992 1993, 1994, 1996, 2000 rr.). [152-157]
omoenenueM  paouo- gy pacemoTpensl Guodbders in Vitro,
ouonoeuu Hncmumyma N
sKCnepuMeHmaTbHOT JEHCTBHE HAa COCTOSIHME T'e€HOMa, BIUSHUE
onxonosun  Buome MMB Ha xoH(popmMamuio XpoMaTHHa B TH-
Ouyunckozo  yenmpa MOUHUTaX Kpbic. [loydeHbl raHHbIE O 3aBH-
Cnosaykoti  akademuu cumoctTh KBY-MHIyIMPOBAaHHBIX H3MEHE-
Hay* HUil KoHpopmaru xpomatunHa E. Coli ot

psia TEHeTUYECKUX, (PU3MOTOTHUYECKUX U
buznyecKux O0COOCHHOCTEW H3y4yaeMoW KyJIbTYphl. ABTOpP MOIYYH
pe3oHaHcHbIe 3¢ dexTs. Bo MHOrMX paboTax aBTopa HaliroAanIach
cuibHast 3aBUCUMOCTh MMB-3(ppexToB 0T 4acTOThI U MONIAPU3ALUU
IIPU HETEIUIOBBIX IJIOTHOCTSAX MOIIHOCTH.

Ha xnaccuueckoit mojaenu apo3oduiie ObLTH TMPOBEIEHBI HC-
CleIoBaHMs, KOTOpbIE MOKa3anu, 4To Bo3neicTtBue MMB (wactorta
— 37,5 I'T'u, npu 10CTaTOYHO BBICOKOM MOLIHOCTH M3iaydeHus: 250
MKkBT) Ha BUpruHHbIX camok Drosophila melanogaster, mpuseno k

! Ynen Poccuifckoro HAMOHAJIBLHOTO KOMHTETA 110 3alIUTE OT HEMOHM3H-
pyromux u3nydenuii, [1IBejckoro HalMOHAIILHOTO KOMUTETA 110 UCCIIEIOBAHUSM B
obnactu paaumonayk (SNRV), Mexnynapoaroro mpoekra DMII BcemupHoi
OpraHu3aluu 3/ipaBoOXpaHeHus, EBponeiickoro MHCTUTYyTa UCCIEI0BAaHUM paKa U
okpysxkaroneit cpenst (ECERI), EBporeiickoii akajeMuu MeUITHHBI OKPYKAFOIICH
cpenst (EUROPAEUM), MeskayHapoIHOrO areHTCTBa 10 MCCIEI0BAaHMIM paka
(IARC). ABtop 15 ny6nukanuii mo duonorunyeckomy aercreuo MMB.



YBEJIMUYEHHUIO BBIXOJIa CAMIIOB MMAaro, pa3BHUBILUXCS M3 CO3PEBIIMX
ramMeT caMoK M K YBEITHMYEHHIO rHOenu ocobel Ha cTaauu KYKOJIKH.
D¢ dexr 3aBucen ot renoruna ('openckas O.B. u np., 2017) [37].

Llenblii psa 9KCIIEPUMEHTOB, MPOBEJCHHBIX B OCTPBIX OIBITAX
Ha JKMBOTHBIX, MPOJIEMOHCTPUPOBAI BBICOKYIO UYBCTBHUTEIBHOCTD
Pa3IMYHBIX 3JIEMEHTOB HepBHOU cucteMbl K MMB (Akoes I'.H. u n1p.,
1991; CazonoB A.IO. u ap., 1995; Cayna A., Kuxaii B., 2003)
[2,100,103].

3anHTepeCOBaHHBIA YUTATEIh MOXKET IOJIYYUTh JOTOIHHU-
TEIbHYI0 MH(GOPMAIIHIO TI0 ATOM Ipo0JIeMe B IPYTrux 000OIIAIOIIHNX
nyonukanusax (Le Drean Y. et al., 2013; Frohlich H., 1980; Gandhi
0., 1996; Postow E., Swicord M.L., 1986; Temypbsuiy H.A. u mp.,
2012; Torgomyan H., Trkhunin A., 2013; Foster K.R. et al., 2016;
Simko M., Mattsson M., 2019; Wu T. et al, 2015)
[255,187,189,297,105,329,185,323,334]. OpHako He OIUH U3
pe3yNbTAaTOB, OMUCAHHBIX B BBIMICYIOMSHYTHIX 0030pax, He ObLI
BOCTIPOM3BEJICH B HE3aBUCUMBIX J1Ta0OpaTOPHsX, MOSTOMY OHU HE
MOTYT paccMaTpHUBAaThCS KaK YCTAHOBJICHHBIE OHMOJIOTHYECKHE
3pdexThl. AHanU3 (uznoaorudeckux 3pGEeKToB NpU BO3JIEHCTBUU
MMB Ha koxy ObLT IpejcTaBlieH B 0030pHOU cTaTthe Leszczynski .
(2020) [256].

Beljaev I. et al., (2000) [154] oOparatoT BHEMaHKHE Ha TO, YTO
CYIIECTBYET 3HAYUTEIbHOE KOJINYECTBO UCCIIeI0BaHUM,
NoKa3bIBalOUIMX Ononorunueckue 3¢dextsl mpu Bo3aeiicteun MMB
OpA  HETEIUIOBBIX HMHTEHCUBHOCTSX. OIHAKO B  HEKOTOPHBIX
PEIIMKAIMOHHBIX ~ HCCIIEJOBAHUSAX  COOOMIATIOCH O  HHU3KOM
BOCITPOM3BOAUMOCTH 3TUX 3¢ dekToB. [lo MHEHHIO aBTOPOB, OJTHUM
U3 BO3MOXHBIX OOBSICHEHUN MOXKET OBITh 3aBUCUMOCTH 3(PEeKTOB
MMB 0T HEKOTOpBIX MMapaMeTPOB, KOTOPBIE HE KOHTPOJIUPOBAINCH
MpH peruuKauy. BakHbl 1 HEKOTOpBIE IpyTrHe PaKkTOPhl, TAKUE KaK
TEHOTHIl HCCIIEAYeMOro ITaMMa, CTaJusi pocTa OaKTepHaIbHBIX
KYJBTYP W BpEMsI MEX/y BO3JICHCTBHEM MHUKPOBOJIH M 3aIHCHIO (-
¢exra. [IpuBeneHHbIE COOOPaXKEHUS YKA3bIBAIOT HA UCKIIIOUUTEIHHO



BBICOKYIO TPeOOBATEIbHOCTh K METOJIMKAM IPOBEICHUS UCCIIEeI0Ba-
Huii ¢ MMB HeTennoBoi HHTEHCUBHOCTH.

Cunraem nenecooOpa3HbIM OOpaTUTh BHUMAHUE €IIEe Ha P
(bakTOpoB, KOTOpPbIE MOTYT CYIIECTBEHHO BJIMSATH Ha KOHEUHBINH pa-
nuobunonorndeckuii 3dexr. MHOrHE 3KCIIEPUMEHTHI JeNaloT CBOE
3aKIoYeHne 0e3 ydeTra MOAYISIUH, UMITYJIbCHOTO PeKUMa, IMyJibca-
un B HecymeM curHaine (I'puropses H0.I'., 1996) [48]. IToxasisiro-
miee OOJIBIIMHCTBO SKCIEPUMEHTATOPOB HE YUUTHIBAIOT CHHEPTeTH-
yeckue modounbie 3P (HEeKThl APYrUX TOKCHUECKUX pa3fpaxuTenei ¢
MMB (Kostoff R., Heru P., Ashner M. et al., 2020) [251].

HNmeercs psin UCCIEIOBAHMM, YKa3bIBAIOIIMX HA OMNOCPEAO-
BaHHBIC CIIO)KHBIE CHCTEMHBIE PEaKIMW (PYHKIUH OpraHu3zMa Ipu
00nyuenun koxxu MMB. B cratbe «CoBpeMeHHbIE ITPEICTABICHUS O
MexaHu3Max (U3HOIOTMYECKOTO JEHCTBUS MHJIJTMMETPOBBIX BOJH
(0630p sureparypnl)» (Temyppsnu H.A. u np., 2012) aBTopsl
IpeiaraloT paccMaTpUBaTh YEThIpE dTana KIACCUYECKUX COOBITUH,
IPUBOSALINX K OTBETY Opranu3ma Ha Bozaeiicteue MMB Ha koxy: |
— mepBuyHas penenuus, || — mepemgaua curxana B IEHTPAIbHYIO
HepBHyto cuctemy (LIHC), |1l — ananu3 nomyuennoi uapopmarmn
[HHC u IV — anexBaTHBIN CUCTEMHBIN OTBET.

CazonoB A.1O. (1998) [99] ucciemoBan BO3MOKHOE BIIHSHHE
MMB Ha nepudepuueckie HepBHbIE CTPYKTYPbI J1a0OPATOPHBIX KU -
BOTHBIX (37-55 I'T'u, menee 10 MB/CMZ). ITokazano, uro MMB moryt
BOCIPUHUMATBCS PELENITOPHBIMU anrapaTamMH, KOTOpblEe MO CBOEH
MOJAJIbHOCTU HE IMpeJHa3HAYeHbI JUIsl BOCHPUATHS 3TOro ¢usnde-
ckoro ¢akropa. MMB moryt oka3biBaTh BO3JEHCTBHE HA HEPBHBIC
CTPYKTYpBI HE TOJIBKO HEIOCPEACTBEHHO, HO U YEPE3 OKPYXKAIOLIHNE
UX TKaHU. JTO CBUIETEIBCTBYET O JOCTOBEPHOM OTIWYMU BIUSHUS
MMB Ha uccneayembie OMOOOBEKTHI OT OOBIYHOTO TEIJIOBOIO BO3-
JIEHUCTBHUS.

Peaknuro HepBHOW cucTeMsl IpU Bo3aeictBun MMB mMoxHO
OLICHUTH, U3y4as U3MEHEHUE MOBEACHUYECKUX PEAKIUI MIIEKOINTA-
romux. B vactHocTH, MokazaHo, ¥to MMB cioco6Hbr Mogubumpo-
BaTh YCJIOBHO-PE(IEKTOPHYIO JesTeabHOCTh Kpbic (Xpomona C.B.,



1989) [113].

B skcnepuMeHTax yCTaHOBJIEHO, YTO HEUPOIHIOKPUHHAS CH-
CTeMa >KUBOTHBIX MPOSBIISIET OOJBIIYIO YYBCTBUTEIHHOCT K MMB.
B nepByto ouepenn, pearupyroT runorajamyc u runopus, npuyem
TpeOyroTcs Hebonbimue Benunaunbl [1115 (Cmopomauenko A.T., 1998)
[104]. HaGromaaoch MOBBIIICHHE YPOBHEH KOPTH30Ja M TECTOCTE-
pOHa B KpOBHM, HOpMaJM3alusl MoKa3aTeseil TOpMOHOB IIUTOBUIHON
xene3bl (Anackeud B.I'., 1995; Jlucenkoa JI.A. u ap., 1995) [1,78].
HeticteBue MMB Ha 06:1acTh IpO10JITOBATOTO MO3Tra MOIU(DHITUPYET
YPOBEHb MOHOAMHMHHOTO KOMIIOHEHTa HMMYHHBIX OpraHOB —
tumyca u cenesdeHku (Cmopoauenko A.T., 1998) [104].

B paborax Anekceesa C.U. u ap. (1987) [3] 6b110 HcciienoBaHo
BinussaHue MMB (61,22 u 75,0 I'T'11) Ha CIOHTAHHYIO YJEKTPUUECKYIO
aKTMBHOCTH MEHCMEKEPHBIX HEMPOHOB MoJUTIOCKa Lymnaea stagnalis
U TI0KAa3aHO pa3BUTHE JIHUHAMUYECKOH pPEaKUUU TOPMOKCHHS
ANEKTPUYECKON aKTUBHOCTU HeHpoHOB. OOHapyXeHbl BIUSHUS
MHUKPOBOJIH HE TOJBKO HA KOHIIEBbIE HEPBHbIC OKOHYAHMS, HO U Ha
HEPBHbBIC BOJIOKHA.

DKcrieprMEeHTAIbHBIE HMCCIIEI0BAHNUS, MPOBEJICHHBIE HA H30-
JMPOBAHHBIX HEPBHBIX Ipernaparax (aKCOH KalbMapa, CeTaIUIIHbIA
HEpB JIATYLIKUA U JIp.), TPOJIEMOHCTPUPOBAIN BO3MOXHOCTbH HEIO-
cpeacTBeHHoro BosnelictBus MMB Ha nepudepuueckue 31eMeHTbI
HepBHOU cuctembl (AkoeB W.I'. u ap., 1991; CazonoB A.1O., 1995)
[2,100]. B uccrnenoBanusix C.®. Bopomaera ¢ coasrt. (2004) [16]
OTMEUAIUCh U3MEHEHUs aMIUIUTYAbl anbda-purma O30 B 3aBUCH-
MOCTHU OT YacTOThI 00yueHus npu Bozaeiictsun MMB.

B paborax C.U. I'epamenko u ap. (1991, 1997) [34,35] ycra-
HOBJICHa 3aBHCHMOCTh HIKHETO aOCOJIOTHOTO IOpOra 4yBCTBH-
TEJBHOCTH KOXXHOTO aHAJIM3aTopa OT YaCTOThl MUKPOBOJIHOBOTO H3-
JY4YEHHUs, YTO MOXKET MPUBECTU K MOBBIIICHUIO UYBCTBUTEIBHOCTU
KOXKH K BHEIITHUM Pa3JIPAXUTEISIM H, B CBOIO OUY€PE/lb, K IIOBBIIICHHUIO
YPOBHsI 00JPCTBOBAHUSI.

Bnusnue MMB Ha xoppekiuio ncuxopu3noioruiyeckoro co-



CTOSIHUSI MOXKET IPOSIBIATHCS B 3aBUCHMOCTH OT BO3pacTa MCIBITY-
€MBIX M CBOMCTB HEPBHOI CHCTEMBI, B YaCTHOCTH, CHJIbI HEPBHBIX
IPOIIECCOB, MPEOOIaAaHNsl CUMIIATUYECKOTO WM TapacuMiaruye-
CKOTO 3BE€HA BEreTaTUBHON HEPBHOW CHUCTEM, THIa TEMIIEPaMEHTa,
MexnonymapHoi acummerpuu (Yysa E.H., 2011) [120].

B xone skcniepumenta (Eaun JILJ. u ap., 1991) [69] yuensie
obHapyxwmwm, yto DOMU uacroroit 55,61 m 73 I'Tu ymeHbmarT
TAaKTWJIBHYIO YyBCTBUTEJIBHOCTh KOXH Kpbic. MccnemnoBanus
Alekseev S. et al.( 2010) [136] moka3anu, uto MMB uactoroii 42,25
T u3MeHseT 3JIEeKTPUYECKYI0 aKTUBHOCTh MKPOHOYKHOIO HEpBa
MbIU. [Topor MYHTEHCUBHOCTH, IPU KOTOPOM BO3HUKAET YBEIHMUYCHUE
CIIOHTAaHHOM HWMITYJIbCHOM aAKTHMBHOCTHM HWKPOHOKHOM  MBIIIIBI
JI0CTATOYHO BHICOK — 160 MBT1/cM?,

IIpennonarator, yro MMB BoClippuHUMAarOTCS Ty4YHBIMU KJIET-
kamu (IToroB B.W. u ap., 2001) [93]. [To MHEHHIO aBTOPOB CTaThu
(Alekseev S. et al., 2010) [136], oOHapy)KeHHbBIC M3MEHCHHUS IICK-
TPUYECKUX XapaKTEPUCTUK HepBa Ipu Bo3aeiictBun MMB moryr
OBITH CJIEICTBUEM JCUCTBUS MEIUATOPOB, BBLACISIOIIUXCS TMpPU
JETPAaHYJSIUN TYYHBIX KJIETOK, KOTOpPBIE PACIONIaraloTCsi BOKPYT
HEPBHBIX OKOHYaHUH. OCBOOOKIAIOIINECS TP JACTPATANNN TYTHBIX
KJIETOK MEUATOPbI JOCTUTalOT HEPBHBIX PELENTOPOB U BO30YKAAIOT
ux. BeigeneHwe rucramMHHa TP ACTPAaHYISIIHH TYYHBIX KIIETOK
MOXET OBbITh NPUYMHOM M3MEHEHUS MHOTIKOMIIOHEHTa COCYIOB
mukpouupkyisauuu (Tpubpar H.C., 2010; Yysn E.H. u np., 2011)
[108,120]. Takum 00pa3oM, BBIACISAIOMIMECS W3 TYYHBIX KJIETOK
CyOCTaHITMM MOTYT OKa3bIBaTh, KaK JIOKAaJbHOE JEHCTBHE, TaK W
BJIMATH Ha Jpyrue pyHKIUU OpraHu3Ma.

Yepusikos .M. u 1p.(1989) [115] cMmoriu BeI3BaTh U3MEHEHUS
CEP/IEYHOTO pUTMA Y JIATYIIeK TTyTeM ooydeHuss MMB oTnaneHHbIx
y4acTKOB KO>KU. C TOUKHU 3pEHUs KJIACCHUECKON (PU3NOTIOTHH BAXKHO,
YTO 3aJepKKa HM3MEHEHMI cocTaBuia OKOJIO0 | MuH. ABTOpBI
OpeanonaraloT  peduIeKTOpHbI  MexaHuzM jelictBus  MMB,
BO3MOXXHO, C  y4YaCTHEM  OTpEACICHHBIX  MepudepruecKux
peuenTopoB. OTH JaHHbIE COrJacylTcs ¢ Oosee MO3IHUMHU



paboramu. Jlamee OBLIO TOKA3aHO, YTO HEKOTOpPHIE YacTOTHI B
nuamnazone 53-78 ITi sddekTuBHO H3MEHSIM €CTeCTBEHHYIO
BapHabeIbHOCTh CEPJCUYHOTO0 PUTMA y AHECTE3MPOBAHHBIX KPBIC.
OO6nydyeHre NpUKIaIbIBAId K BEpXHUM IPYAHBIM IIO3BOHKAM B Teue-
Hue 20 mun npu 10 MBT1/cM? mim menee. Yactorst 55 u 73 I'T'i BbI-
3BIBAJIM BBIPAKEHHYIO apUTMHUIO: KO (DUIIMEHT BapUallii HHTEpBa-
na R-R yBenuumiics B ueTolpe-nsaTh pa3. BosnelictBue Ha yactore 61
umn 75 I'T'n He OKa3amo HMKAKOro BIIMSHMUS, & IPYTHE UCIBITAHHBIC
YacTOTHI BBI3BAJIM NPOMEXKYTOUHble u3MeHeHus. [logo6Has vacTot-
Hasl 3aBUCHMOCTb HaOJI0IaNlach B IOTIOJIHUTEIIBHBIX SKCIIEPUMEHTAX
¢ 3-4acoBbIM BO3JEHCTBHEM; OAHAKO OKOJO 25% 3KCHEpUMEHTOB
ObUTM TpepBaHbl M3-32 BHE3AMMHOM THOENU >KUBOTHBIX, KOTOpas
pou3onuia nocie 2,5 9 Bo3aeicTBus Ha yactorax 51, 61 u 73 I'T'w.

bnuskue pe3ynbTaThl OBUIM TMOMYYEHBI HA MOJAENTU HM30JIU-
POBaHHBIX cepjeln Jarymku npu oomydennn DMII 9,3 I'Th, kak B
HENPEPBIBHOM PEXHUME, TaK U MPH UCIOJIb30BAHUHU CIOXKHOTO CHUT-
nana (Adpukanosa JI.A., I'puropses 10.I'., 1996) [5]. B onbiTax 6611
UCIIONIb30BaH CJOXHBIA PEKUM MOAYJSIUU TPU HHU3KOM YpPOBHE
WHTCHCUBHOCTH. bBBUT TPUMEHEH TPHUHIUIN W3MEHSIOMEHCS BO
BPEMEHU YacCTOThl MOAYJISALMA MPU MOCTOSTHHOM CYy>K€HHU Habopa
gacTtoT. OOmyueHne MpOBOANIN Ha SKCIIEPUMEHTAIBLHOM YCTaHOBKE,
reHepHupyroleld MUKpOBOIHBI ¢ yacToToi 9,3 I'T'w. Tak kak pazmepbl
cepana JSATYIIKA COMOCTaBUMBI C JJIUHOW BOJIHBI HW3Iy4eHUS,
00JyyeHre NPOBOAMIN B YCIOBMSIX, MPUOIMKAIOMIKUXCS K MaKCH-
MaJbHOMY MOTJIONIEHUIO O0OBEKTOM JHEPTUU H3IydeHus. Momynu-
poBanHoe OMII no amMmiauTyne XapakTepu30BalOCh MEHSOIIENCs
gactoTor Mmoaynsuuu ot 1 1o 100 I'n mpu rmy6une moaymnsiiuu 30 u
100%; dopma ummynbca npsMoyrosbHas, meanap, S = 0,016 mBt/
cM?. PaccTostHME 10 06BEKTa BEIOHPANOCh TAKUM, YTOOBI 00TydeHHe
ero ObUI0 paBHOMEpHBIM. OOIIasi cxeMa YCIOBUH IKCIEPUMEHTOB
npuBeseHa B Tad. 1.



Tabnuya 1. O6masa XapaKTepPUCTUKA YCJIOBHI IKCIIEPUMEHTOB

Uucno xuBotHeIX |11, | Pexnm renepannu SMII n OGmee
5 MB”E/ BpeMs 00JIyueHHs B MUH BpeMs
§ ™ o0ydeHus,
s MUH
% OnsiT | KonTpons ITocto- | Ummynse- Bpewmsi B
§ SIHHBIM | HBIN, 111 KaXIOM
= pexxume,
MUH
1| 28 28 0,016 - 6-10 1 5
2| 32 32 0,016 - 1-10 1 10
3| 20 20 0,016 1 19
1-10, 20,
30, 40,
50, 60,
70, 80,
90, 100
4] 10 10 |oo018 * - 5 5

HccnenoBanus MpOBOIMIA BO BpeMsl 00JTy4eHHs, U TIOCIIE BO3-
neiicTBus B TeueHue 24 yaco. Beero Obuio ucnonszoBano 180 cep-
Je1] JIATYIIEK.

OneHuBaJIM YacTOTY OUEHMSI cep/Iia B TEUEHUE KaXK0T0 MOJy-
yaca Ha MPOTSHKEHUU 6 4acoB OT MOMEHTa U3rOTOBJICHHUS Npenapara
M30JIMPOBAHHOIO CEP/IIIa, BO BPEMsI BO3JIEHCTBUS, a TAK)KE B TEUCHUE
CyTOK mociie o0mydenust. OJHOBpeMEHHO HAOII0IEHUS TIPOBOIUIIH B
KOHTpOJIe (JIO)KHOE BO3JCHUCTBHE) B T€ K€ CPOKU. BaKHBIM IS
OIICHKH peaKkIliy Ha 00JIydeHue SBISETCS TO, UTO CEep/lie B PacTBOPE
PuHrepa MoxeT cokpamarbcsi B TEYEHHE JIBYX CYTOK.

UccnenoBaiu  MOpGOJIOTHIECKOE COCTOSIHUS BO30YIMMBIX
TKaHe# cepaua. BuranpHoe OKpalmMBaHHUE CTPYKTYpP MEXIpPeIcepa-
HOU MEPEeropoKy MPOBOIUIOCH KPACUTEIEM a3UHOBOM TPYIIIIbI
HelTpanbHbiM KpacHbIM (HK). MeTton npuxku3HeHHOro OKpaluBa-
HUS JaBaJT BO3MOXKHOCTb CY/IUTh O KU3HECMIOCOOHOCTH CTPYKTYP IO



KPUTEPHIO IPaHyI000pa30BaHus, a TAKXKe O COCTOSIHUU MX MPOHHUIIA-
€MOCTH (110 CTENEeHH M JAMHAMMKE OKpaliumBaHus). Jlpyroi BUTaib-
HBIA KPacUTENb — METHJICHOBBI CHHUM — OBLI MCIOJIB30BaH IS
OLIEHKU COCTOSIHUS XOJIMIHEPIrUTUYECKUX CHHAIICOB Ha aBTOHOMHBIX
HelpoHax y3ia Jlroasura.

HHurakTHBIE HEOKpalIeHHBIE cep/la 3a 24 yaca HaOI0IeHUA
3aMeJIsUIA CBOM TeMII B cpeiHeM Ha 7%; OCTaHOBKHU cep/ilia He OblIo
(puc. 5). IlomyyacoBele TpeOBIBAaHHS H30JIMPOBAHHOTO Iperapara
cepAlla B pacTBOpe Kpacurens camMo Mo cebe MpPUBOAWIO K
U3MEHEHHI0 ero (yHKIMU. YHCIIO COKpAIIeHHWH YMEHBIIAIOCh Ha
30%, a 14% cepnen nepectaBanu cokpamatscs (puc. 5). [lpu ctu-
MYJISILUN OCTaHOBUBIIMXCS CEPJEL] CUJIbHBIM CBETOM MJIM MEXaHU-
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BapuaHTu IKCNIePUMEHTOB
Puc. 5. H3zmenenue uacmomal cepouedueHuii u 0CmanoB8oK

U30TUPOBAHHBIX cepOely aAzyuieK, 00.1yuennvix IMII 6 nenpepvienom
pexcume (HP) u ¢ paznuunoi umnyavcuou mooyaauueii om 1 0o 100 I'y
YeCKUM pasJIpakuTeneM OO0JacTH meiicMekepa (BEHO3HBIH CHHYC)
OueHne BOCCTaHABIMBAIOCH. [lo TIpekpamieHnu mporecca OKpalim-
BaHUS CepAlUa IOCTEIEHHO HApAIIMBAJICA TEMII COKpalIEHUW, 10-
CTUTrasg UCXOJHOr0 ypoBHsS. M nuib K KOHILy OomnbITa yepe3 24 yaca



YUCIIO cepAneOneHm CHIKAIOCh B cpenHeM Ha 20%.

Peaknus cepaelt, 00JydeHHBIX B HEMPEPHIBHOM pexXHUMeE, Oblia
HE3HAYUTENIbHON M Majo OTJIMYaJlach OT OKpAllleHHBIX HEOOIy4YeH-
HBIX CepJell.

[Tpu o6nyyeHun B MOIYJIMPOBAHHOM PEKHUME OBLIIO OTMEUYEHO
pe3Koe YMEHBIIICHHUE YHClia CepIlcONeHN, YBETUYUBAIOCh TAKKe
YUCJIO cepell, mepecTaBmmx Outbes (puc. 5). Hanbonbmmii addext
OBLIT MOJyYEH MPU U3MEHEHUU YaCTOThl MOJIYJISIIIUU B TMaIla30HE 6-
10 T'u u BpeMeHnu Bo3aecTBus 5 MUHYT. [Ipu 3THX yCIOBUSIX BO3-
JEICTBUS MPOUCXOJWIO 3aMEUIEHHE pUTMa C IOCIEAYIoUIe ocTa-
HOBKO#1 cepana y 85% cepaerr (npu HenpepbIBHOM pexumve — 38%).
D} deKTr 3TN OBUM YACTUYHO OOPATHMBL.

OTMBITBIE OT Kpacku OOJydyeHHBIE cep/illa BOSOOHOBISUIN CO-
KpallleHus1, HapaluBaIu TEMII, OJHAKO, B TEUCHUE 2-3 MOCIEIYIOIINX
4acoB B OOJIBIIOM MPOIIEHTE CIIy4aeB OTMEUAIHU PE3KOE YypeKeHHE
cepAneOMeHnid ¥ BTOPUYHYIO OCTaHOBKY cepiana. B aTux cimywasx
CTUMYJIUPYIOIIHE MPOIEAYPhl BEIH JIHIIb K HENPOAOIKUTEILHOMY
BO300OHOBJICHHIO CEPJICYHBIX COKparmieHuid. Yepes 2-3 gaca mocie
BozzaeicTBuss MOMII B HeilpoHaxX W MBILIEYHBIX JIEMEHTaxX cepla
HaOJII0JlaJIM HapyIIeHHe Tporiecca rpanyiaoo0pa3zoBanus. bombiioe
KOJIMYECTBO HEWPOHOB MPHOOpETano yrioBbie (OPMBI M HMENO
nudPy3HYI0 OKpacKy siipa U IUTOIIa3Mbl. B MBIIIIEYHBIX BOJIOKHAX
YHCIIO TPaHyJ KpacuTels ObUIO YMEHBIICHHBIM, ITUTOIIa3Ma Oblia
CJIeTKa MOJKpalieHa 1 MHOTHE MBIIIEYHBIC Spa Takke ObLTH OKpa-
[IEHbl B UHTEHCUBHO KpacHbIN 11BeT. OJTHOBPEMEHHO C 3TUM OBLIH
OTMEYEHBI SIBJICHUS >KEJIATUHMU3AIMM CHHAIICOB Ha KIETKaX Y3Jja
JronBUra U MHTEHCUBHOE MOJKPAIIMBAHUE IIBAHHOBCKUX KJIETOK B
30HE KOHYCa akcoHa. Takoro poaa pe3yiabTaTbl MOT'YT FOBOPUTH O
HAPYIICHUH YXU3HECMOCOOHOCTH OONYYEHHBIX CTPYKTYpP CEpAla, O
pa3BUTHE IIpOIEcca TUIIA TapaHEeKpo3a.

TakuMm 00pa3zom, BO BCEX CEpPHUSAX OIBITOB OOJyde€HHUE cepJiel]
MoayiupoBaHHbIiMH DMII co cMenstolelics 4acToTOl MOAY SN B
npeaenax ot 1 mo 100 I'm oka3piBamo CyIieCTBEHHO OOJIBIIOE BIHU-
ssHUE Ha (QYHKIIMIO Cep/illa, HeXeNU O00IydeHHEe B HEMTPEPHIBHOM pe-
KM€ TeHEpaIiu.

HccnenoBanu 3HaueHre B (GopMUpoBaHUU 003 deKTa KOppensuu



MEXAY  HUCXOAHBIM  COCTOSIHUEM  CHUCTEMBbl  OpraHu3Ma H
cooTBeTcTByIOIIEeH Monymsuuern DMIT (Adpukanosa JILA., I'pu-
ropeeB F0.I".; 1996) [5]. B aTux 1emnsx Takke ObLIa MUCIIOJIL30BaHA
MO/JIeIb M30JIMPOBAHHOIO CepAlla JIATYIIKU. M30omupoBanHoe cepaie
narymka o6ayganmu DMIT 9,3 T, ITI1D 0,016 mBt/cm? ¢ Mmomyns-
el B Tpex pexxumax: (a) 20, 22, 24 u 25 T'n; (6) 32, 34,36 u 38 I'iy;
() 40, 42, 44, 46 n 48 I'tl. B iCXOTHOM COCTOSIHUHM TIO YacTOTe Oue-
HUIA cepina oHu ObutH paszaeneHsl Ha 3 rpynmsl: (1) 20-30 Ouenuii B
1 mun; (1) 31-40 u (1) 41-50. PexxuMbl BBIOMpAIH B COOTBETCTBHH
C MCXOJIHOM 4acTOTON OMeHUs u30aupoBaHHOoro cepana. [Tpomgomku-
TEIBHOCTh KAXKIO0ro 00myueHus Obi1a paBHa 1 munyte. Taxoke ObLI1O
BO3JIeiicTBUE ¢ HenpepblBHBIM peskumoM DMIT (rpymma 1V) u «iox-
HOe» oOnydenue (rpymnmna V). BeauunHy u3MEHEHUH OILCHUBAIH TI0
OaIbHOM CHCTEME.

[Ipu xKaXa0M U3 TpeX PEKUMOB MOIYJISIIIUM HAUOOJIBIINE U3-
MEHEHHS B pUTMHUKE Cepilla OT UCXOJAHOTO YPOBHS ObLIN MPH YCIIO-
BUW COBNAJCHUS WX BenwuuH (Tabn. 2). HamOombime w3MeHEHUS
ot mpu BozzaeiictBuu DMII B pexume moxyssiiuu 20-28 ' B
rpy1re cepien ¢ yactoror cokpamennit 20-30 ynapos B 1 MunHyTy.
CrenoBaTelbHO, MBI MOTYYWIN (PEHOMEH CHHXPOHH3AIUU PEKUMA
monymsauuu OMIT 9,1 TTu ¢ KOHKpETHON NeATeNbHOCThI0 (hHU3HO-
JIOTUYECKON CHUCTEMBI.

KoneuHo, 3acnyxuBat0T BHUMaHHUE UCCIIEI0BAHUS, TPOBEICH-
HbIE Ha UCIBITaTeNsIX. BBIIO TPOBEIEHO BOWHOE CIIETOE MCCIEe0-
BaHue oOmydeHus koxu MMB mrozeii-nodposombiieB. OneHuBanu
BIIMSIHME 3TOTO BO3JICHCTBUSA Ha OOJEBYIO UYBCTBUTEIBHOCTH KOXHU
(Radzievsky A. et al., 1999) [301]. Koxy B HUXHEW TPETH TPYTUHBI
noaBepraiau BozjaeiictButo MMB ¢ vacroroit 42,25 I'Tu npu 25+£5
MBt/cM? B Teuenme 30 MHUHYT, NHOO €€ TIOABEPTANTH JIOKHOMY
BO3JICHCTBUIO OT HepaboTaromiero nepenatunka MMB (Hu oauH u3
TIOOPOBOJIBIIEB M SKCIIEPUMEHTATOP HE 3HAIM, pabOTAIOMNNA UK HE
paboTaronuii nepeIaTIrK ObLT UCIIOIB30BaH).



Tabnuya 2. I3MeHeHHs 4YaCcTOTHI COKPALlEHHH cepala JATYIKA
B 3aBUCUMOCTH 0T Moayasiuuu CBY nmoJist 1 MCXOAHOM 4aCTOTHI
COKpalleHull cepaua

% ° " Konnuectso 6anmos
5 é = g = (cpemHee 10 TPyIIIaM) Beero
— O =
2 2 % 3 S 2 Ucxonuas yacrora | KOIMIECTBO
S E o o) § Ouenwmii cepaua banos
o
B 20-30 | 31-40 | 41-50
I 23 |20, 22, 24, 25, 28, 50 3 3 56
I 28 (30, 32, 34, 36, 38 11 12 9 32
| 22 140, 42, 44, 46, 48 9 1 16 26
\V; 26 HenpepsiBublii 1 - R 2
pexuM
Vi 30 «IOXKHOE - - - 0
o0y4yeHne

3atem pyKy 10OpOBOJIbIA TIOMEIIATN B BAHHY C XOJIOHOM BOJION U
cmecbto  Ttaromero  Jgpaa  (1+£0,5°C).  [Jluamazon  OosieBoi
YYBCTBUTEIBHOCTH W TOJEPAHTHOCTh OLIEHUBAIM, HWCXOAS U3
CyOBEKTUBHBIX OlIylIeHUi nqoOpoBoibia. C MoMeHTa, Korjaa 00b
CTAaHOBUJIACh HEBBIHOCUMOM, MCCIIEI0BaHUE MpeKpamaiu. B nenom,
Bozaeiicteue MMB yBennuuBano Teprnumocts Kk Oonu Ha 37,7%
(p<0,05). Y cemu 100poBOJBIIEB (M3 ABEHAAATH ) UHIUBHUIYaIbHBIN
IPUPOCT TOJEPAHTHOCTU K O601M BappupoBai oT 120% no 315% mo
CPaBHEHHIO C UX COOCTBEHHBIMU YPOBHSIMH TME€PEJ BO3ICHCTBUEM.

B apyrux uccrnenoBaHusx, METOJIOM JIa3€pHOM JONIUIEPOBCKON
doymeTpun OBIIO BBIABICHO ompejaeneHHoe BiusHue MMB nHa
MEXaHU3M PETYJSAIMA TKAaHEBOTO KPOBOTOKAa Y MOJIOABIX HCIIBI-
tareneit B Bo3pacte 18-23 ner (89 cryaentok-ucneitareneit). [lo
MHEHUIO aBTOPOB, Npu Bozaeiicteue MMB Ha kOXy, B U3MEHEHUU
MHUKpPOT€MOJIMHAMUKH KOXKH YeJIOBEKa, OCHOBHYIO POJIb UTPAIOT H-



JIOTEINM-3aBUCUMBbIN, MHOTCHHBIN YHI0TEINN-HEe3aBUCUMBIN U HEl-
POTEHHBI KOMITIOHEHTBI PETyNslUUd TKaHEeBOro KpoBOTOKa (AHaH-
yenko M.H., Uysua E.H., 2011) [4]. beuia BbIsiBIIeHa KOppemsIus
napameTpoB OKI' ¢ ko3ddunmentom orpakenust cyo-TI'm koxu
yenoBeka (Betzalel N. et al., 2018)[159]..

ITokazano, 4To, MCNOJB3ysl MoayaupoBaHHble MMB u nene-
HAIpPaBJIEHHO BO3/CHCTBYS Ha cUCTEMbI ()EPMEHTATHBHBIX PEAKIIHIA B
KJIETKE, XapaKTePUCTHYECKUE YaCTOThI KOTOPHIX OJIM3KH K 4acTOTe
MOAYJISIMNA, MOKHO TOJNyduTh 3HaYMMbIA dpdekt (["ameeB A.B. u
ap., 1994; Gapeyev A. et al., 1998, 2001) [30,199,198]. Nmetorcs
cBeZieHHsI U 00 MHruOupyroueM 0uoJorudeckoM >Pdexre Bo3Iei-
ctBusi MMB B pexume monynsauuu (I'aneeB A.b., Yemepuc H.K.,
2000) [29 ]. DddekT «IneKTpocHa» 3aperuCTPUPOBAH Y KPBIC MPH
Bo3zeiicTeun MMB (37 I'T'w; T119<0,3 MBT/cM?), MOyTHPOBAaHHO-
ro 4YacTOTaMH JIebTa-PUTMA FOJIOBHOI'O MO3Ta.

B omnowenuu neonazonpuamnozo eozoeiicmeus MMB na
CKaepy 2na3 — mul He Hawiau 6 Poccuu u 3a pydescom Kakux-1uoo
nyoauxkayuit no Imoit npooneme.

HcxoaHoe cocrosiHMe OHOJIOTMYECKON CHCTEMbl MOKET
NOBJIUATH Ha O0uodpdexthl Bo3aeiictBuss MMB. Dxcneprumen-
TaJdbHBbIC JaHHBIC, MONyYeHHbIE Ha CYOKJIETOUHOM, KJIETOYHOM U
TKAaHEBOM YpPOBHSX, YKa3bIBalOT Ha 3aBUCUMOCTb 3(pdexta DMU
KBY oT ucxoaHOro ypoBHsSI aKTHUBHOCTH OHOJOTHYECKOTO OOBEKTa
(Pakhomov A.G. et al., 1998; Geletyuk V.I. et al., 1995; Rojavin M.A.
et al.,, 1997.) [291,201,306]. OtraenbHbIe JHila WM TPYIIIbl Ha-
CEJIEHHUS, KOTOpPbIE OOBIYHO CUMTAIOTCSI OJHOPOIHBIMU, [0 MHEHUIO
aBTopoB ctatbu (Pakhomov A.G. et al., 1998) [291]. moryT pearu-
poBaTh Ha MMB 10BOJIBHO pa3IMYHBIMU WM JaK€ MPOTHUBOIOIONK-
HbIMU cniocobamu. Hampumep, B cBoeii paborte (Temypbsian H.A. u
ap., 1992, 1993) [106,107] aBTopsl Ienwiy MOMYISIIUIO BUBApUS Y
KpBIC IO aKTUBHOCTH B OTKPBITOM I10JIE 0 MPOBEACHUSI BO3/IEHCTBUS
MMB. Peakuuu >XUBOTHBIX C HU3KHM, CpPEIHHUM M BBICOKUM
YpOBHSIMU akTUBHOCTH Ha MMB Obimn O4yeHb pa3HBIMH. 3aBUCH-
MOCTh XapakTepa MUKPOLUPKYJIALUU Ipu Bo3aeiictBun MMB Obuia



II0JIy4€Ha OT MCXOJHOI'O COCTOSIHUSI KUBOTHOIO (AHaHueHko M.H.,
Yysa E.H., 2011) [4]. CnenoBarenbHo, mpeHeOpeKeHHE BHYTPEH-
HUMH Pa3IMYUsIMH B TOIMYJISIMA MOTYT 3aMacKHpPOBAaTh BO3ZMOKHBIE
o6uodddextst MMB, mru6o npuBecTH K OMIMOOYHBIM BBIBOIAM.

1.2.3. Ummynutrer 1t MMB

C navana 70-X T0/10B IponuIoro Beka B IHCTUTYTE OMOGU3NKH
kietku PAH (wpiHe — o06ocobnenHoe moapaszaeneane OI'BYH
«DenepanbHbId UCCIIEN0BATENBCKUN HEHTP «IlyIMHCKUI HAay4dHBII
LEHTP OMOIOrNYEeCKUX uccienoBaHui Poccuiickoil akageMun HayK»)
IPOBOJSTCS MHTEHCHUBHBIE HCCIIEIOBaHUS MEXaHM3MOB OMO-
noruueckux 3¢dexror MMB, nocpsiieHHble, B TOM YHCIIE, BbISIB-
nenuto mapamerpoB MMB, criocoOHBIX OKa3bIBaTh OMOPE30HAHCHOE
nercreue. MccienoBanns NpoOBOJWINCH TP aKTUBHOM ydactuu ['a-
neeBa A.b., Uemepuca H.K., AnekceeBa C.1. u decenko E.E.
IIpoBeneH SKCHEPUMEHTAIBHBIM W TEOPETHYECKMM aHAIN3 Me-
XaHU3MOB OMOJIOrMYECKOro NeHCTBUS HU3KOMHTEHCUBHBIX MMB Ha
kietouyHoM ypoBHe (I'aneeB A.b., Capponona B.I"., Uemepuc H.K. u
ap., 1996; Gapeyev A.B., Safronova V.G., Chemeris N.K. et al.,
1997; Gapeyev A.B., Yakushina V.S., Chemeris N.K. et al., 1998)
[27,197,199].

B cBoux pabotax (I'ameeB A.b., Cadponosa B.I'., Uemepuc
H.K. u np., 1996; Gapeyev A.B., Safronova V.G., Chemeris N.K. et
al., 1997; Gapeyev A.B., Yakushina V.S., Chemeris N.K. et al., 1998)
[27,197,199] aBTOpHI HUCMOJB30OBATH  IKEJTOOKOBYIO  aHTCHHY
(>kes0OKOBasi aHTEHHA, B OTJIMYME OT JUDJICKTPUUYECKOM U pyIOPHOI,
o0OecrieunBaeT OJHOPOAHOE MPOCTPAHCTBEHHOE paclpeaeeHue
YZ€IbHOU NOTJIOUIEHHON MOITHOCTH B UCIIOJIB3YEMOM JUana3oHe 4ya-
CTOT U IIUPOKOIIOJIOCHOE COTJIACOBAHUE C 0OBEKTOM, KakK B OJIMIKHEH,
TaK M B JaJbHEH 30HaX u3inydarens). BrepBbie ObUIO MOKa3aHO, YTO
OTBET KJIETOK UMMYHHOH CHUCTEMbI — HEUTPO(QHIOB MBIIIK — Ha



neiicTBIe HU3KOMHTEeHCUBHEIX MMB (1-150 MxBT/cM?) nMeer peso-
HAHCHOIIOJAOOHBIN XapaKTep 3aBUCUMOCTH KaK OT HECYIIEH, Tak U OT
moayaupyromieit yactor uanydenus (I'anees A.b. u np., 1996) [27].
BriepBbie ObUH MONTyY€HBI JaHHBIC, YKA3bIBAIOLIUE HA 3aBUCUMOCTD
sbdekroB MMB 0T WHAYKIHMU TOCTOSIHHOTO MAarHUTHOTO TIOJIS,
CPaBHUMOTIO IO BEJIMYMHE C reOMarHuTHBIM nojieM 3emin (["ameen
A.B. u 1p., 1999). [31]. Ha ocHOBe MONIy4YEeHHBIX 3KCIIEPUMEHTAIIb-
HBIX PE3yJIbTATOB M C IPUMEHEHUEM METOJIOB TEOPUHU YCTOHYHUBOCTH
U TEOPUU JETEPMUHUPOBAHHBIX XaOTHUYECKHUX KOJeOaHUM, TPOBEICH
aHaJIN3 U3MEHEHHUH KaJIbIIUii-3aBUCUMBIX MTPOIIECCOB BHYTPUKIICTOY-
HOWM CHUTHANM3alUW NpPU ACHCTBUM HU3KOMHTEHCHUBHBIX MOJYIHPO-
BanHbix MMB (Gapeyev A.B., Chemeris N.K., 2000; Gapeyev A.B.,
Sokolov P.A., Chemeris N.K., 2001) [193,198].

BriepBbie ¢ eIMHBIX TO3UIINIA YAATOCh O0BSICHUTH 3aBUCUMOCTh
Oounonornyeckoro 3ddexra OT (YHKIUOHATBHOTO  COCTOSHUS
00BeKTa, HATMYKE aMIUTUTYIHO-YaCTOTHBIX «OKOH» B OTBETE CHUCTE-
MBI Ha BO3JICHCTBHE, MOPOTOBBIN XapakTep dPdeKra u poyib IIyMo-
BOTO BO3JICWCTBUSA, KaK YIPaBISIOLUIET0 curHana. bbuia mokazaHa
B2XHOCTH (POPMBI IEHCTBYIOIMIETO HA CHCTEMY 3JIEKTPOMAarHUTHOTO
CHUTHAJIa [T KAYeCTBEHHBIX U KOJMYECTBEHHBIX XapaKTEPUCTHK I -
¢dexTa. DTOT pe3ynbTaT SABISIETCS MPUHIMINAIBHBIM C TOYKH 3PEHUs
BO3MOKHOCTH YTIpaBJIeHUS (DYHKIUSMH KJIETOK pa3IMYHOTO THIIA
IyTeM BO3JEMCTBUS BHELIHUM 3JIEKTPOMArHUTHBIM IOJIEM CO CIie-
LMAJIBHBIM 00pa30M M0100paHHBIMU NTApaMETPAMH.

[TpoBeneHo wuccnenoBaHWE BIMSAHUS HHU3KOMHTEHCHBHBIX
MMB Ha pa3znuyHble 3BE€HbS UMMYHHOH CHCTEMBI J1a0OpaTOPHBIX
XKHUBOTHBIX. [I0Ka3aHo, 4TO MpPU TOTATBHOM OOIYYEHUH KHBOTHBIX
MMB He BiHsIA Ha TYMOPAJIBHBI UMMYHHBINM OTBET, OLICHUBAEMBIi
10 KOJIMIECTBY aHTUTEII000PA3YIOIINX KIETOK B CENIe3eHKE U THTPAM
reMarrIIOTUHUPYIOMIMX aHTUTEN, HO CHUXKAIM BBIPAXKEHHOCTb
KJIETOYHOTO IMMYHHOTO OTBETa B PEAKI[UH TUIIEPIYBCTBUTEITBHOCTH
samemernnoro Ttumna (I'3T) (JlymuukoB K.B., T'aneeB A.b., Ca-
noBaukoB B.b. u np., 2001; JIymaukoB K.B., I'aneeB A.b., [llymu-
muna FO.B. u ap., 2003) [80,82].



Tak, B pabore JlymnukoBa K.B., I'aneeBa A.b. u ap. (2001)
[80] 6bL10 HCCeOBaHO BIMSHUE TOTAILHOTO OOMYYCHHUS 3I0POBBIX
Mmbiteid muard NMRI HuskonaTeHcuBEbiIME MMB (42,0 I'T, 150
MKBT/cM?) Ha TIOKa3aTenu TyMOpalbHOrO MMMYHHOTO OTBETa Ha
TUMYC3aBUCUMBIN aHTUTeH. JKUBOTHBIX 00Jy4anu B JajbHEH 30HE
aHTEHHBbI B TeueHue 20 MUH B pa3HbIX peXUMax: OJHOKPATHO U €Ke-
JHEBHO B TeueHHe 5 U 20 CyTOK 10 MMMYHH3ALUU 3PUTPOLIUTAMHU
OapaHa ¥ B TEUEHHUE 5 CYTOK I10CIIE UMMYHU3AIUU HA MPOTSKEHUN
pPa3BUTUS UMMYHHOTO OTBeTa. MIHTEHCHMBHOCTH I'yMOpalbHOIO UM-
MYHHOI'O OTBETA OLEHUBAJIM Ha 5-€ CYTKM IIOCJIE UMMYHHU3ALMH I10
KOJIMYECTBY AHTHUTENIO00Pa3yIOMIUX KIETOK CENe3eHKH W THUTpam
reMarrifoTHHUPYIOIUX aHTuTesl. Onpenensan Maccy CeJe3eHKH,
KJIETOYHOCTh TUMYCA, CEJIE3€HKU U KPACHOTO KOCTHOro mosra. Jlo-
CTOBEPHBIX OTJIMYUM YKa3aHHBIX [TOKa3aTeslel MoCcae OAHOTO U IISITH
00yuyeHui npu GopMHUPOBAHNN UMMYHHOI'O OTBETa OOHAPYKEHO HE
ob10. Tlocne cepun Bo3nmelcTBuil B TeueHue 20 CyT KJIETOUHOCTD
THMYCa JIOCTOBEPHO CHUXanach Ha 17,5%, a KIIETOYHOCTh CEIe3EHKHU
Ha 14,5%. ABTOpBI CUMTAIOT, YTO MOIYYECHHBIE PE3YJILTAThl CIIyXkKaT
JI0Ka3aTeNbCTBOM TOIO, YTO MHOTOKpPAaTHOE OOIy4E€HHE 3J0pPOBBIX
JKUBOTHBIX HU3KOMHTEHCUBHBIMU MMB MOXET BIUSTH HA TPOLIECCHI
UMMYyHOTeHe3a. bbbl copmympoBaH, ¢ Hallel TOYKH 3peHH,
Yype3BbIYaiiHO Ba’KHbII BbIBOJ O KYMYJSITUBHOM Xapakrepe
orBera nejaoro opranudma Ha MMB, T1.e. Ha Hainyue B
OpraHu3Me MeXaHM3MOB HAKOIJICHHS] U COXpPaHeHUs MHpopMa-
nuu 00 o0ydeHunn.

[na ouenkn BimstHus MMB Ha KI1€TO4YHO-0IOCPEIOBAaHHBIN
MMMYHHUTET aBTOPBI HCIIOJIB30BAJIM PEAKIMIO TUIEPYYBCTBUTEIb-
Hoctu 3ameienHoro tuna (I'3T). [ns mocranoBku peakuuu 3T
MBIIIIeH CeHCHOMITI3NpOoBay BeneHreM 1x107 spurponuToB 6apana
(OB). )KMBOTHBIX OMBITHOM IpyMIIbI TOTAILHO oOyyanu MMB (42,0
I'Tn, 100 MxBT1/cM?2, 20 MUH/C) B TedeHHE 5-TH CYTOK 1o 20 MHH/CYT
1ocja€ CEHCHUOWIM3MPYIOUEH HMHBEKUUH U 10 pa3pelnarouiei
unbekin (Jlymuukos K.B. u ap., 2003) [82]. beuio mokaszano, uTo
MMB npakTHuecKd TOJHOCTHIO TMOAABISAIOT HecTenupuIecKoe



BOCIAJICHUE, BBI3BAHHOE IOJKOXHBIM BBeleHUEM Ob, W CHMXKArOT
BBIPA)KEHHOCTh NMMYHHOI'O BOCITAJICHUSI.

b0 oOHapyKeHO, YTO peakiuy HecTIeHU(pUIECKOTO UMMY-
HUTETA SBJISIIOTCA BBICOKOUYBCTBUTEIBHBIMU K JCHCTBUIO HU3KO-
nateHcuBHBIX MMB (KonowmsbirieBa M.I1., 'aneeB A.b., CaioBHUKOB
B.b. u gp., 2002) [75].

OO0nyyeHne WHTAKTHBIX Mbimedr MMB npuBoawino k cyiie-
CTBEHHOMY YMEHBIICHHIO KOJIMYECTBA aKTUBHBIX (haromurtoB (TIpo-
HeHT (arouuTo3a) B nepudepuueckoil KpoBu. BriepBeie ¢ UCHONb-
30BaHUEM 3JIEKTPOo(ope3a HHANBUAYATbHBIX KIETOK B I'elie arapo3bl
(merona IHK-komeT) Ob110 00HApYKEHO, YTO BO3JAEHCTBUE HHU3KO-
MHTEHCUBHBIMM MMB NpUBOAUT K U3MEHEHUIO MIPOCTPAHCTBEHHOM
OpraHM3ali XpOMaTHHa KJIETOK UMMYHOTE€HHBIX OpPIaHOB >KMBOT-
HBIX (TUMyca u cenezenkn) (I'ameeB A.b., Jlymuukos K.B., [llymu-
muna FO0.B. u ap., 2003) [25].

bbI0 MOKa3aHO, YTO JIOKAJIBHOE BO3/IEUCTBUE HU3KOMHTEH-
cuBHBIME MMB NpuBOAUT K JErpaHyiIs iUy TYYHBIX KJIETOK JEPMBI.
ABTOpBI cleNanu NPEANoI0KEeHUE, YTO PEaKIUsl TYUHBIX KJIIETOK
KOH MOXET OBbITh BaKHBIM YCHJINTEIbHBIM MEXaHU3MOM B IIETIOYKE
COOBITHM, BEAYUIMX K CHCTEMHOMY OTKJIMKY OpraHM3Ma Ha BO3JEH-
CTBUE HM3KOMHTEHCUBHbIX MMB ¢ yyactueM HEpBHOM, dHIOKPHH-
HOM 1 ummyHHOM cuctem (Ilonos B.U., Porauesckuit B.B., ['anees
A.B. u np., 2001) [93].

[TosryueHHbIE pe3ynbTaThl AEMOHCTPUPYIOT, YTO peaiu3alus
nevcteus  MMB  Ha ypoBHEe oOpraHusMa IPOUCXOIUT  IIpU
HEINOCPEJICTBEHHOM YUaCTUH PETYJIATOPHBIX CUCTEM, OTBETCTBEHHBIX
3a moanepxkanue romeoctasa (JlymmukoB K.B., TI'amee A.b.,
Yemepuc H.K., 2002) [81].



C  ucnonb3oBaHUEM  MOJIENEH  OCTPOro
Hecneuu(pu4eckoro BOCHAJIEHHSI  BIIEPBBIE
IIPOJIEMOHCTPUPOBAHO, YTO HU3KOMHTEHCHUB-
ueie MMB (42,0 I'T1, 100 MmxB1/cM?, 20 MuH)
OKa3bIBAIOT  BBIPAXEHHOE IPOTHUBOBOCIIA-
JTUTENbHOE JIeHCTBUE. BBiIo 00HApYX)EHO, YTO
KMHETUYECKUE IapaMeTppl M BEIMYMHA
NPOTHBOBOCHIATHTENbHOTO d(dexkta MMB
10JJ00HBI TAKOBBIM NP JEHCTBUU OJHOKpAT-
HOM TepaneBTHUYECKOW J03bl HECTEPOUIHOTO
I'anee¢ A.b. — npo- TPOTUBOBOCHAIUTENHLHOTO Tpernapara Ju-
peccop, doxmop 95“3': kinodenaka HaTpusi. CoBMecTHOE [eiCTBHE
mam. HAyYK, 21A6HblU

- muknopenaka Hatpus u MMB  BbI3BIBalo
HAYUHBIL  COMPYOHUK N N
Ihywuncroeo nayuno- JACTUUYHBI aJlTHTHBHEIH 3G dEeKT CHUKEHUS

20 yenwmpa Ouonoeu- SKCCYNALMHU u TUIIEPTEPMHUH oyara

yeckux Uccie0o8anull BOCIIAJICHUSAL.
PAH

Pe3ynbTaThl CpaBHUTENBHOTO aHAINW3a JAKOT
OCHOBAaHHME MOJararb, 4YTO IIPOTHUBOBOCHAIUTEIBHOE JEHCTBHE
HU3KOMHTEHCUBHBIX MMB MoeT peann3oBbIBaTbCS NMOCPEACTBOM
MHTHMOMPOBAHUS KIIIOUEBOTO ()epMEHTAa BOCHAIUTEIBHOW peaKuu
LUKIOOKCUT€HAa3bl €  MOCJIEIYIOIIMM  CHW)KCHMEM  CHHTE3a
npocrarnaaanaos (Lushnikov K.V., Shumilina J.V., Yakushev E.Y.,
Gapeyev A.B., Sadovnikov V.B., Chemeris N.K., 2005) [262].

BBL10 1OKa3aHO, 4TO KJIETOYHbIE MEXAHU3MBbI pEaTu3aliN
IIPOTUBOBOCIIAINTENBHOTO AekicTBusl MMB cBsi3aHBI ¢ M3MEHEHHEM
(GYHKIIMOHATBHOW AKTUBHOCTH (DArolHUTUPYIOMIUX KIETOK ouara
BocrajieHusi (CH>keHue (aroluTapHO aKTUBHOCTU U MPOTYKIIMH
aKTUBHBIX GopM Kuciopoaa). COBOKYITHOCTh MOJTYYEHHBIX Pe3yib-
TaTOB MO3BOJIMJIa aBTOPAM BBIABUHYThH «TUCTAMHUHOBYIO» THIIOTE3Y
peanuzanuu Omosormueckoro aeiicteus MMB Ha ypoBHe 1emoro
opranusMma (I'aneeB A.b., Jlymnukos K.B., Hlymununa 10.B., Ye-
mepuc H.K., 2006) [26].

OTU JaHHBIE MOTYT CIYKUTh O0OBsiICHEHHEM 3((eKTHBHOMY
nucrojip3oBannio MMB gnsa neuenus 3aboneBaHH, B HaTOreHeE3e



KOTOPBIX OTMEUAIOTCS BBIPAXKEHHBIE BOCHAIUTENbHBIE TTPOLIECCHI.

BriepBeie B yCIOBUAX KOPPEKTHOTO JO3MMETPHUECKOro ole-
CIieUCHHUs OBLTU HWCCIICIOBAHBI MPOTUBOBOCIAIUTEIBHBIC U MPOTH-
BooImyxosebie 3¢ dextst MMB B minpokom auamna3oHe napameTpoB
U3JIydeHHs] (MHTEHCUBHOCTEH, HECYIIUX U MOIYJIUPYIOIIHUX YacTOT,
JUIMTEIbHOCTEN M KpaTHOCTEW sKcro3uuuun). B pesynbrare onpene-
JICHbl ONTUMAJIbHBIE PEKUMBI BO3JICHCTBHS, CIIOCOOHBIE OKA3bIBATh
BhIpaKeHHBIE Ononorndeckue 3¢dexTsl (MpOTUBOBOCTIATUTEIbHBIH,
IPOTHBOOIYXOJIEBBIN,  reHomporekTopHbii)  (Gapeyev  A.B.,
Kulagina T.P., Aripovsky A.V., Chemeris N.K., 2011; T'anieeB A.b.,
JyxesiHoBa H.A., 2015; Gapeyev A.B., Aripovsky A.V., Kulagina
T.P., 2015; Gapeyev A.B., Aripovsky A.V., Kulagina T.P., 2019)
[194,23,191,192].

bblna moaTBepKaeHa BO3MOYKHOCTB IMPOSIBJICHUSI CUHEpPIrUye-
ckoro 3¢ dexTa MOTyTUPOBAHHOTO AIEKTPOMATHUTHOTO U3TYUCHHS
IpU IPUMEHEHUHU CIEeUUATbHON KOMOMHAIIMKM HECYIeH U MOIYJH-
pYIOIIEH 4acTOT, 0COOEHHO SIPKO BBIPAKEHHOTO TP YACTOTaX MOIY-
asmam 0,07-0,1, 0,5-2 u 20-30 T'ip (Gapeyev A.B., Mikhailik E.N.,
Chemeris N.K., 2008; Gapeyev A.B., Mikhailik E.N., Chemeris N.K.,
2009) [195,196].

Cpenu KIIOUEBBIX 3BEHBEB, OTBETCTBEHHBIX 3a pPEAIU3AIUIO
aJJIMTUBHBIX U CHUHepruueckux ’pdexroB MMB Ha kierouHoMm u
OpraHM3MEHHOM YPOBHSX, CJIEAYET BBIACIHUTH BBIPAKEHHYIO peak-
U0 XpOMaTHHA JTUM(OUTHBIX KJIETOK, UMEIOIIYI0 HAIIPaBICHHOCTh
TEHONPOTEKTOPHOIO JIEUCTBUSI M3IYYEHUsT NPH BOCHATUTEIBHOM
mpoliecce; akTUBAIUIO T-KJIETOYHOTO WMMYHUTETA, MPOSBISIOINIY-
10Cs B OBICTPOY MOOMITU3AIIUY 3PENbIX | -TUMQOIUTOB U3 CEIe3CHKU
U TUMyca OOJTYYEHHBIX KMUBOTHBIX; 3HAUMTEIHLHOE YBEITUYECHUE CO-
JIEpKaHUs psiia OMera-3 u oMmera-6 MoJMHEHACHIIIEHHBIX KHUPHBIX
KHCTIOT B TUMYCE OOTYUSHHBIX KUBOTHBIX, TPUBOJISIIEE K CO3TaAHHIO
crienu(uIeckoro IMUTOKUHOBOTO Tpoduiis, 00yCIaBIMBAIOIIETO
npoTuBOBocnanuTeNbHbl  3pdpexkr MMB. C wucnons3oBaHueM
peakuy 00paTHOM TPAHCKPUIIIIMK W TOJIMMEPA3HOU IEMHOM peak-
[[MU B pEalbHOM BpEeMEHHU ObLIO OOHApYXKEHO, UYTO y OO0Iy4EeHHBIX



MMB xHBOTHBIX yBennuuBaetcs skcrpeccus reHoB IL-1b u IFNg B
TUMOIIMTAX U CYIIECTBCHHO YCHJIMBAETCs dKcrpeccus renos IL-1b,
IL-10 u TNFa B cimenonutax (I'aneeB A.b., Cupora H.IL., Kynapss-
e A.A., Yemepuc H.K., 2010) [28].

[Tony4yeHHsle pe3ynabTaThbl CBUJETEILCTBYIOT O TOM, YTO OC-
HOBHBIC MEXaHU3MbI peanu3anud 3()PEeKTOB HU3KOMHTECHCHUBHBIX
MMB cBsi3anbl ¢ MOAM(UKAIIMEH UMMYHHOTO CTaTyca OpraHu3Ma B
pe3yJIbTaTe CUCTEMHOM peakuuMu Ha BO3AEHCTBHE u3inydyeHus. [lo-
CPEICTBOM BKJIIOYCHHS ONpPEAEICHHBIX 0003HAUEHHBIX BBIIIE CHI-
HaJbHBIX CHCTEM MOJKET OCYILECTBIIATHCS HAIpaBICHHBIM OTBET
opranu3Ma Ha crenupuiyeckyro KoMOMHaNI YPGEKTUBHBIX Mapa-
METPOB JIEKTPOMATHUTHOTO U3JIy4EHHUSI.

TakuM 00pa3oM, HEOOXOAMMO M3y4YEHHE KaK MEPBUYHON pe-
LENIUA OMOJIOrMYeCKOM cucTeMbl Bo3jaercTBust MMB, Tak u cie-
IYIOIIEro 3a HEW OTKJIMKAa Ha YPOBHE CHUCTEMHOTO HMMYHHOTO
orBeta. D(P(PeKT okazaics JOCTATOYHO 3HAYUTEIHLHBIM MPH BO3JICH-
ctBuu MMB Ha K03y, 4TO ABIISETCS MOATBEPHKICHUEM POJIM KOXKHU B
MexaHu3max ouonoruyeckoro aeicteust OMU (Pommrar U.B., 1985;
Wnbuna C.A., berkuit O.B., 1989; ITonos B.U. u 1p., 2001; Alekseev
S.1., Ziskin M.C., 2009) [98,72,93,137].

Ha ocHoBe uToros pador cneuuanucros Uncruryra 0uo-
¢pusuku kiaerkn PAH u apyrux ucciaegosareneit B CCCP (Poc-
CcUM) U 3a py0exoM, MOKeT ObITh C(POPMYJIMPOBAHO Cieayloliee
3aKiavYeHne: «PaccMOTpeHHbIe HAMH MAaTEPHAJIBI MO3BOJSIIOT
NPUHTH K BBIBOJY O TOM, YTO HMMYHHYIO CUCTEMY MOKHO OTHe-
CTH K KPUTHYECKOH CHCTeMe NMPHU OLeHKe OMOJI0TrH4ecKoro aei-
crBusi MMB majioli MHHTEHCUBHOCTH. DTOT BHIBOJ MpHOOpeTaeT
0co00e 3HaAYeHHE B CBSA3M C NMOBBIIICHHON POJbI0 MMMYHHOI
CHCTEMbI, KaK B NePHO/I, TAK U NOCJIe NAHIeMUH KOPOHABHPYCA».

1.2.4. Peakuus 3apy0e;KHbIX CTPAH
Ha BHeJpeHHe 5SG TeXHOJIOTHHU

Ha ¢opmupoBanue BriBosa 00 onmacHoctn 5G cranmapra s



HACEJICHUs BJIMAIOT PEAKUUU MHOTHX CTpaH Ha 3Ty HOBYIO TEXHO-
JOorui0. P cTpaH He JaroT corilacue Ha pa3BepThIBAHUE HA UX Tep-
puropusix 5G cranmapra. Ha cocrostune 2020 roga MyHunmnanu-
teThl llIBelinapuy HacTaMBarOT Ha J1O0Ka3aTeNbCTBE OE3011aCHOCTH
5G-cranaapTa, mpexae 4eM, MOKHO OyJleT BBIAATh pa3pelieHue Ha
BHeApenue 5SG texnonoruu. [locne pacryimeld 00eCITOKOEHHOCTH 10
HOBOAY IOCIEACTBUI Ui 340pOBbsl HaceleHus cetu 5G, mpasu-
TesbcTBO HUrepuu He BhIao IMLEH3UH Ha pa3BepThiBanue cetd 5G
B crpaHe. ClIOBeHHs OCTaHOBWJIA BHeApeHue TexHosoruu 5G B
OKUJIaHUH PEe3yJbTaTOB UCCIEIOBAHUN MO OE30MaCHOCTH M OXpaHe
310poBbs HaceneHus. bonee 140 UTambIHCKUX TOPOJOB HPUHSIIN
peleHue o mpeKpameHny pa3BepTeiBanus 5G crangapTa. MUHUCTP
OKpY’Karomien cpeasl benbrum, 3asBui, 4To UX TpaKAaHe «HE OyIyT
MOPCKUMH CBUHKaMH, 3/10pOBbE KOTOPHIX MOXKHO IPO/aBaTh C MpH-
ObuTBI0». BenmnkoOpuranus (UK) TpeOyeT cpouHO#t OLeHKH 3/10pOBbS
u OezonacHoctu Ha 5G.

B ABcrpanuu n HoBoli 3enanauu MEIUIIMHCKOE COOOIIECTBO
HaXOJIUTCSI IPOCTO B IAHUKE B CBA3M C OTCYTCTBUEM KaKOW-1100 UH-
dopmanuy 0 BO3MOKHOM HEOJIArompusTHOM BIMSHUHM Ha 37J0POBHE
Hacenenus TexHosnoruun 5G (Bandare P. et al., 2020) [151]. I'pynmna
BEAYIIUX CIIELUAIUCTOB 3THUX JIBYX CTpaH OMyOJIMKOBaJa CTAaThIO B
utone 2020 roga mojn Ha3zBaHueM «Pa3BepThiBaHHe OecHpOBOAHOMN
cetd 5G M PUCKH IS 3A0POBBS: BpeMsl Il MEIUILIMHCKOTO 00CYX-
neHust B ABctpanuu u HoBoit 3enanaum». ABTOpBI 3TOM CTaTbM Tak
BBIpa3WJId CBOIO 03a00ueHHOCTh: «JkcnepTHas rpynna ARPANSA,
NPY OTCYTCTBHUHU KJIMHUIMCTOB U OMOMEIMIIMHCKUX KCIIEPTOB B CBO-
€M COCTaBe, BBIJACT 3aK/II0OYeHHUs O 0e30MacHOCTH TexHoJoruu 5G,
BBOJII TEM CaMbIM B 3a0JIy’KICHHE aBCTPATUICKYIO MEIUIIUHCKYIO
cucreMy. JI7s TOYHOW OIEHKM PHUCKA JUISL 3IOPOBBS HACETICHHS
HE00X0/IMMO MPOBEJICHHUE KECTKOW HayYHOU DKCIIEPTU3bD). YUEHbIe
ABcTpasiud  oOpalaloT  BHUMaHUEe, 4YTO HE NpoduiIbHbIE
CHELMAINCTBl  pemarT mnpobinemy OesomacHoctd OMII  ans
nacenenus. [IpuBoaurcs mpumep, koraa nmpodeccop R. Kraft (moxrop
ncuxoiyorun), npenacenarens padouedt rpymnmbsl ICNIRP, kotopas



koHcynbTHpyeT BO3, BbIiiAs 32 paMK1 CBOMX 3HAHUM, TPOBEI aHATIU3
JaHHBIX 00 OmyXxoJsiXx Mo3ra B ABCTpaJIMM U TpUIIENT K
OTPHULIATEIILHOMY BBIBOJLY.

«IInan pa3epteiBanus 30 000 cmyTHMKOB B KOCMOCE M MUJI-
JTMOHOB TepenaTunkoB 5G Ha 3emie 6e3 Kakon-In60 opUIHATHHON
OLICHKH Ha 3/I0pOBbE HACEJEHMSI U OKPYKAIOUIYIO CPENy, SIBISIETCS
6e3paccyaHbIM. Mbl o0paiaemMcsi K METUIIUHCKOMY cOOOIIeCTBY AB-
ctpanuu 1 HoBoll 3enanauu ¢ Npu3bIBOM aKTUBHO 3aHUMAThCsl 3TOM
Ba)KHOU TEMOI#1 B IIEJIAX 3alUThI 370pOBbs HaceneHus» (Bandare P. et
al., 2020) [151].

B nos6pe 2020 roma omyOnukoBaHo «KoHceHCycHOE 3asiB-
JeHHe OPUTAHCKUX W MEXKIYHAPOIHBIX MEIWIWHCKUX W HAYYHBIX
HKCIEPTOB U NMPAKTUKOB O BO3JEHCTBUU HEHOHU3UPYIOLIETO H3IIY-
gyenus Ha 3p0poBbe Hacenenus (NIR)», koTopoe BbIpakaeT O4YeHb
TPEBO’KHOE MHEHHUE OOJIbLIMHCTBA HacesneHus Ha Havyaio 2021 roga
0 OIIEHKE OMAacHOCTU BHeApeHus 5G cranapra:
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Physicians' Health Initiative
for Radiation and

JCx nr/ -
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ior of

2020 Consensus Statement of UK and International Medical and
Scientific Experts and Practitioners on Health Effects of Non-lonising
Radiation (NIR)

«/la’xe He3HAUWTENbHBIE HApPYIIEHWS OIPEACICHHBIX Iapa-
METPOB 37I0POBbS MOTYT OBITH NMPHPABHEHBI K OYEHb CEPbE3HOMY
yiepOy Ais 370pOBbsl HAcEJIeHHs, KOrja HapylleHHeM (QyHKUuH
OpraHu3Ma CTpajaeT OoJbIIOe KOJIWYECTBO JitoJei. B aTom ciydae
IIOCTPAJIa€T BCE HACEIEHHE, U TO MOYKET UMETh OYEHb pPa3pyLIU-
TeJIbHBIE TOCIEACTBHSI KakK JUIsl OOIIEro COCTOSHUS 3/10pOBbsI HALIUM,
TaK U, BIOCIEACTBUM, U1 SKOHOMHKH.

HeobxoauMbl 1eiCTBUTETHFHO MMPOTPECCUBHBIC CPEJICTBA, CIIO-
COOCTBYIOIIME TEXHOJIOTUYECKOH HBOJIOIMH, HO CIOCO0aMH, KOTO-
pble He HaHOcAT yuiepba OumosornyeckuMm cucremam. OHU MOTYT



OBITH peaan30BaHbl TOJIBKO MOCIE TMPOBEACHHS] OObEKTUBHBIX HAYY-
HBIX HccienoBaHui. [IpsMo 3/1ech U ceilvac aabTepHATHBBI C MPO-
BOJIHBIM TIOJIKJIFOUEHUEM TIPEJCTABISIIOT cOo00i Oosiee Oe30macHbIH,
YCTOMYUBBINA U IOCTYIHBIN MyTh BOEPE/I.

Mpebl, HUKenoanucaBmmecs, 3asBiseM, 4TO <«lIyHKTBI He-
OTJIOKHBIX JIEHCTBUI» OJKHBI OBITH HEMEJICHHO PACCMOTPEHBI
[IpaButenscTBOM BenukoOpuTaHUU U APYTUMHU MEXKIYHAPOIHBIMU
MPABUTEILCTBAMHU, YTOOBI TMPEJOTBPATUTH UYEIOBEUECKUE TPABMBI,
00Je3HU, CMEepPTh U MOTEHIMAIILHO HEOOpaTUMBINA yiiepd OKpyKa-
o1ieit cpene. JIroau H0KHBI UMETh MPABO HE MOABEPraThCs Orac-
HOCTHU MPOTUB UX BOJH. MBI IPOCUM JAepkaTh OTBET MUHUCTEPCTBO
3/IpaBOOXpaHEHUs] AHTIIMU U TIpaBUTENbCTBA Ee BenmmuecTa, 4T00bI
00BSCHHUTH, KaK OHU OyayT oOecnieunBath 310 (Consensus Statement,
2020) [126].

Orot npu3biB ObUT ogIHCaH Oonee 300 BpayamMu M y4eHBIMU
U, B TOM YHCIIe, OJTHUM U3 aBTOPOB 3Toi KHUTH (TIpodeccopom HO.T.
['puropbeBbiM).

[Tpu3siB ObLT 0100pEH caenyrIUMH 00bEAMHEHUIMU Bpaden
U ¢popymamu y4eHbIX: HUIIMAaTHBA Bpaued B 00JacTH pajvaliy U
okpyxkaromierr cpeasl  (PHIRE); bpuranckoe o00miectBo 9Ko-
gorndeckoir memunuubsl (BSEM); ®oun Anwsbopana (Mcmanus);
AMepHKaHCKasi akajgeMus dKoJjorudeckoi Menuimuel (AAEM);
ABCTpaJIMHACKHUI KOJIJIEMK TUETOJIOTUU U MEIUIIUHBI OKpYKarolei
cpeast (ACNEM) EBporeiickast akageMust SKOJOTHUSCKOW METUITH-
uel; (EUROPAEUM) HranbsiHcKasi accolMaIiisi Bpaydeii-5K0J0roB
(ISDE Italia); HarmonanbHast accomuaius SK0JIOTHIECKON MeIHIIN -
uel (NAEM USA).

3a pybescom ymoit cumyayuu yxyce oano nazeanue «Camolit
001611011 IKCNEPUMEHM 8 UCIOPUU MUPAY.

1.3. Cy:xaeHune aBTOpPOB 00 ONIACHOCTH

B ycnoBusax kpaTkoBpeMeHHBIX Bo3zzaeiicTBuii MMB ¢ manon



MHTEHCUBHOCTBIO, Mbl MOKEM CUUTATh HAIMYHUE JBYX KPUTHUUECKHUX
OpraHoOB — KOXY M IJ1a3.

OueHuBasi pe3ynbTaThl MPEBAPUTEIBHBIX HCCIIEIOBAHUN IO
BO3MOXKHOMY BIUsiHHIO ToJbko MMB (5G cranmapt) Ha 310pOBbe
HACEJICHUsI, TPAaBOMEPHO OXHUIATh HEOIArONMPUSTHOTO BIUSHUS
MMB: HapymeHuss HOpMaJIbHOTO (YHKIMOHUPOBAHUS CO CTOPOHBI
KPUTHYECKUX OPraHOB KOXKHU M IJI1a3, a TaK K€ ONOCPEAOBAHHBIX CH-
CTEMHBIX PEaKLMi BCEro OpraHu3Ma, u, MPEkKJe BCEro, HEPBHON U
MMMYHHOM CHUCTEM.

Bo3nelictBue HU3KOMHTEHCUBHBIX Bo3aeicTBue MMB Ha xu-
BbI€ CHCTEMbl HOCHUT YHHBEPCAIbHBIA XapakTep: OUOIOTHYECKHE
3¢ (deKTh HAOIIOIAFOTCS B CHCTEMaX Pa3IMYHON CTETICHH CIIOKHOCTH
— OT MHUKPOOPTraHU3MEHHOTO U KJIETOYHOIO YPOBHEHW, 0 YPOBHSA
LEJI0T0 OPraHu3Ma.

HaydHbIX HaHHBIX O BO3MOXXHOM HEOJIArOMPHUSITHOM BO3/ICH-
CTBUU MUJUTUMETPOBBIX BOJIH HEIOCTATOYHO JIJIsl pa3pabOTKU HAy4YHO
000CHOBAaHHBIX TUTMEHUYECKUX HOPMATHUBOB U JIJIsl OIpPEIENICHUS
rOCYJapCTBEHHON MOJUTUKH B COXPAaHEHHH 3/10POBbSl HACEIICHMS.
IIpu BO3geiictBun MMB Ha HaceneHune, BO3MOKHO IPEBBILICHUE
MOTJIONICHHBIX 7103, pekomeHpoBanHbIX FCC u ICNIRP.

Heo0OxoaumMo mporHo3upoBaHre BO3MOKHOTO H3MEHEHHsI Tpa-
JULIMOHHOTO YKJIaJa dKU3HU MHOTOHAIMOHAJIBHOTO HaceneHusi PO.

Baustnue MMB Ha Ouocdepy siBisieTcst pealbHOM CUTyallen.

I''TABA 2. CYMMAPHASA OHEHKA OITACHOCTH
INVIAHETAPHOTI'O 3JIEKTPOMATI'HUTHOI'O
OBJIYUEHUSA HACEJIEHUA

ECTeCTBeHHO, B HACTOAIICC BperI Hpe)IHpI/IHI/IMaI-OTCH ITIOIIBITKH

CYMMapHO OIEHUTh OMACHOCTh 3JCKTPOMArHUTHOTO TUIaHETap-
HOTO BO3JICHCTBHS Ha HACCIICHHE C y4ETOM OJHOBPEMEHHOTO HC-
nonb3oBanus TexHonoruit 3G, 4G u 5G corosoit cBs3u. Mcxonsa us



MOCTABJIICHHOW 3a/1a4M, MPEXJIE BCEro, CUUTAEM LEIecO00pa3HbIM
CUCTEMATHU3UPOBATh PaHEe MOTYUEHHbIE PE3YIbTAThl PU UCIOIB30-
Banuu Texnonoruu 3G u 4G ¢ uenpro onpenencHus 6u03PHEKToB,
aJIeKBaTHBIX JUIsl OLICHKM HX OMACHOCTH U B IOCJEAYIOIIEM IaTh
CYMMapHYIO OLEHKY IUIAHETApPHOU 3JIEKTPOMATHUTHOMN OIACHOCTH C
y4eToM BceM Tpex cranaaproB — 3G, 4G u 5G.

PaccmoTpum ceifdac cymiecTByromue ABa HcTouHMka OMII
cotoBoii cBs3u cranaapToB 3G u 4G: 6a30BbIe CTAaHIMKM U A0OHEHT-
CKHE TepMHUHaJbl — MOOWJIbHBIE TeJIe(POHbI, KOMIIBIOTEPHl U Jp.
raJuKeThl. DTH UCTOYHHUKH CYIIECTBEHHO OTJIMYAIOTCS MO pa3Mepam
00JyyaemMoro Tena, Mo UHTEHCUBHOCTH U BPEMEHH BO3JICHCTBUS Ha
HaceJIeHUE: JUIMTENIbHOE U NMPUHYAUTEIbHOE XPOHUUECKOE 00Jyue-
HHUE BCETO TeJa WU JOOPOBOJIBHOE JIOKAILHOE M KPAaTKOBPEMEHHOE
BO3/ICIICTBIE KPUTHUECKOTO OpraHa, Ho 6ojee MHTEHCUBHOE. B cBsi3n
C 9TUM, KPUTEPHUH OIICHKH ONTAaCHOCTH JIOJDKHBI OBITH HHBIMHU U UMETh
pa3nyYHbIe BETUYMHBI THTHEHHYECKUX CTaHIapTOB.

bC ocymectBisitor Bo3geiictBue OMII PU Bcero tena
yenoBeka (oOmee oOmydyeHHE) U YTO BaXHO, C  Mayoi
MHTCHCUBHOCTBIO, a aOOHEHTCKHE TEPMHHAIBl  IPOHU3BOIAT
JIOKaJbHOE 00JydeHue, HO ¢ 0O0JIbIle HHTEHCUBHOCTHIO, HAIIPUMED,
TOJIOBHOTO MO3Ta M aHAIM3aTOPOB, HAXOJSAIIMXCS BO BHYTPEHHEM
yXe, a TaK >X€ IMTOBHJAHYI xene3y. BozmpeiicteBue DOMII BC
KPYTJIOCYTOYHOE U TOCTOSHHOE, a A0OHEHTCKUX TEPMHHAJIOB —
nepuoAnYecKkoe U KpaTkoBpeMeHHoe. Kpome Toro, BakHO
YUUTHIBAaTh, KaK BpEMEHHBIE TTapaMeTPhI MOIb30BAHUS Ta/I)KETOB, TaK
U KOHKPETHBIC YCIIOBHSI WX MPUMEHEHHUs rosib3oBaTteneM. C TOUKH
3peHuss pPaguoO0uoNIora, MOTYT OBITh Pa3IUYHBl BO3MOXHOCTH
HaKoIUIeHUs Ouoddekra, XapakTep CamMoro CHUrHajga, Harpumep
MOJIYJIAIIAA U HEKOTOPBIX JAPYruX (pu3udeckux (HakTopoB BHEUTHEH
cpeasl. Henmomyctumo oneHHMBaTh OMAcCHOCTh MOOWIIBHOHM CBSI3H,
OTPAaHWYHUBASCH JIUIITH OIICHKON O0NTNX (PU3UUECKHUX MTapaMeTPOB.

OTH JIBa UCTOUYHHMKA — 0a30BbIC CTAHIIUU U PA3TUYHBIE TaJl-
JKETHI, B TOM YHCJIe MOOMJIbHBIE TelIe(OHBI, TpeOYIOT CIEraIbHOTO,
MMEHHO Pa3/IeJIbHOTO JIONOJHUTEIBHOTO PACCMOTPEHUSI.



2.1. XapakTepHCTHKa CylIeCTBYHOIe
3JIEKTPOMATHUTHOI 00CTAHOBKH

2.1.1. Ba3sosblie cranuuu, Wi-Fi

YBenuyeHne TeXHOT€HHOTO 3JIeKTPOMArHUTHOTO (POHA OKpY-
JKaroUle cpeapl MPOUCXOJUT B T€OMETPUYECKOM IPOrpeccuu H,
MpEeKIe Bcero, 3a cuet 0azoBbix cranIiwmii (BC).

JIeWiCTBUTENBHO, CETOH UMEETCs EIblii Habop UCTOYHUKOB
OMII, nanpumep, 0a30Bble CTaHLUHU, KOTOPHIE OCYILECTBISIOT
KPYIJIOCYTOYHOE U TOXKU3HEHHOE 3JIEKTPOMATHUTHOE TOTAJIbHOE
o0nyuyenue Bcero tena HaceneHuss DMII PU kak oxHol Hecymiei
YacTOTOM, TaK U OJJHOBPEMEHHO COBOKYIHOCTBIO Pa3IMYHbIX YaCTOT
U C Pa3IYHBIMU MOJYJSLIUSAMU. DTO BO3/AEUCTBUE CYMMUPYETCS 3a
cyeT psiioM pacnionoxenHbix bC apyrux nposaiiaepos. Emle nakna-
JbIBatOTCSl HOBble MCTOYHUKH BC — 3TO cranuoHapHblEe NpHUEMO-
nepesaroe paauoTeXHUYECKUE O0ObEKThI, U3JIydalolIue 3JIEKTPO-
MarHUTHYIO SHEPrui0 B pagauoyactoTHoM auanazone (OMII PY) u
o0ecreuynBaroIue CBsI3b MEX1y A0OHEHTCKUMH TepMUHAIAMH.

B pabote coToBOI CBSA3M NMpUMEHSIETCS IPUHLUN JeJICHUs He-
KOTOPOU TEppUTOPUU HA 30HBI, 00buHO OT 0,5 10 40 kM. Ceituac B
Poccun 6onee 500 thicsiu BC. Antennsl BC nomKHBI ycTaHaBiIM-
BaThbCs B Hallel crpa”e Ha BbicoTe 15-100 M OT MOBEpXHOCTH 3eMIIN
KaKk Ha CYLIECTBYIOUIMX MOCTpOiKax (3JaHMsIX pa3IM4HOTO Ha-
3HAYEeHHUs, JBIMOBBIX TPyOax MPOMBIIUIEHHBIX MPEINPUATUN U T.11.),
TaK U Ha CIEHUAIBHO COOPYKEHHBIX MadTax. MOLIHOCTD U3ITy4EHUS
bC (ee 3arpy3ka) 3aBUCHT OT BPEMEHHU CYTOK M KOJIMYECTBA TOJIb30-
BaTeJen.

[To pesynpratam u3mepenuit DMII 347 06a30BbIX CTaHIUN
COTOBOM CBsI3U, MPOBEAECHHBIX 0/ pykoBoacTBOM O.A. I'puropnesa,
JMana3oH u3MepeHHbIX 3HadeHwil [I[19 B mecTtax BO3MOKHOTO
noctyna mojei (Hacenenus) coctaBui ot 0,17 mo 471 MKBT/cM?
(Grigoriev Y., Grigoriev O., Merkulov A., 2005; I'puropses 10.T".,



I'puropses O.A., 2013) [203,57]. MakcumanbHble ©3MEPEHHBIC 3Ha-
YyeHUs (PMKCUPOBAINCH HA KPOBJIE 3/1aHUI, HA KOTOPBIX ObLIN pa3Me-
mensl anTeHHbl bC. 3navenus, npesbimaromue [IY — 10 mxBt/
cM?, OBUIM 3aperuCTPUPOBaHbl TAKKE B MOMEIIEHUAX 3[1aHMH, yaa-
neHHbIX He fanee 100 M OT aHTEHHBI U PACIIOJIOKEHHBIX 110 a3UMYTY
IIPOEKIIMH IVIaBHBIX Jy4€ll IrarpaMMbl HallpaBJIeHHOCTH aHTeHH. Ha
TEPPUTOPUH JKUJION 3aCTPOMKU IPU U3MEPEHHSIX Ha BBICOTE 2 M OT
YPOBHS 3eMJIM He ObUIO 3aduKcHpoBaHO mpeBbiieHue [1J[Y Hu B
oJlHOM 13 Touek. OJHAKO B HapyllIEHUE TMTMEHUYECKUX 3aKOHOAA-
TEJIBCTB U NPH OCTA0JICHUU KOHTPOJSI CO CTOPOHBI COOTBETCTBYIO-
mux opranuzauuii, bC MOHTUPYIOTCS YK€ B HECKOJBKUX JIeCSTKax
METPOB OT JKUJIBIX JIOMOB, Ha YpOBHE 2-3 3Ta)keH, «3arjsiibiBasi» B
OKHA JKUJIBIX MOMEUIEHUH M0 a3uMYTy MPOEKIUH [JIaBHOIO IydYKa
(puc. 6).

Takum obpazom, BC peaslbHO (GOPMUPYIOT CIOXKHO Opra-
HU30BAHHBIM, M3MEHSIOLINICA BO BpPEMEHHU, MOAYJIHMPOBAHHBIA U
MHOTOYAaCTOTHBIA PEXUM OOJTyYeHHS B OTHOCHTEIBHO HEOOIBIION
MHTEHCUBHOCTH, HO UMEIOIUH JIOKAJIbHbIE TPAJUEHThI, HHOT/IA IIpe-

BBITIIAIONTME MakcuMalibHble 3HaueHus 1113 DMII, npubmkaro-
L. SRR

Puc. 6. Pacnonoscenue BC na ypoene oxom rxncunozo ooma Ha



paccmoanuu HeECKOJbKUx 0ecamKos mempoe 1IIHUECA K TCIIJIOBBIM
ypoBHsM. CpenHue 3HAYCHHS WHTEHCUBHOCTH Ha CEIUTEOHOM
TEPPUTOPHUH U B )KHUIIBIX IOMEIICHHUAX, IO IAHHBIM PA3JIMYHBIX CTPaH,
He TIPEBBIAIOT eAUHUL MKBT/CM?, HO MOT'YT IOCTUraTh HECKOJIBKUX
coten MKBT/cM?.

Wi-Fi oTHOCHTCS eliie K OTHOMY TOTIOJHUTEIbHOMY HCTOYHH-
Ky OMII ¢ wactotoit 2,4 I'n. [lo TeXHUYECKUM MPUYMHAM UMEETCS
OrpaHMYEHUE II0 PACHPOCTPAHEHHUIO 3IIEKTPOMATHUTHOW BOJIHBI,
o0ecreunBaroTCsl «TOYEUYHbIE» BO3MOXKHOCTH ISl 110JIb30BATENs U,
yTt0 BaxkHo, [IIID B necars pa3 menblie, yem uzinydenus ot bC. C
HaIlel TOYKH 3peHHs, onacHOCTh u3nyuenus Wi-Fi cienyer yauTsi-
BaTh B couetanuu ¢ DMII npyrux 4actoT, ¢ pa3iuuHbIMH MOMIYJIS-
LUSMU B Cpe/ie OOMTaHMSI HACEJIEHHUS, a TAK)XKE C YUETOM pacrosoxkKe-
HUS UCIIOJIb3YEMOT0 TaJ)KEeTa, HallpUMep, Ha KOJIEHSIX M0JIb30BaTeNs
(Markov M, Grigoriev Y., 2013) [268]. Nmeercst yTBEep:KIACHUE O
BO3MOXXHOCTH Pa3BUTHs CEPhE3HON MATOJOTUHM MPU BO3ACHCTBUHU
ToJbKO u3nyueHus Wi-Fi: «OKHCIUTETBHOTO cTpecca, HOBPEKICHHE
CIEpPMAaTO30M/I0B, HEHPOINCUXHATPUUECKHE JPQPEKThI, BKIIOYAs
anonros, nospexacHue kinerounoi JIHK, sHT0KpHUHHBIE H3MEHEHUS
(Avendano C. et al., 2012; Pall M., 2018) [148,292].

CIoKHBINM CUTHAJ 10 YaCTOTE U MOAYJISILIMM MOKET IPUBECTH
K OoJsiee cepbe3HbIM HEOJAronpuATHBIM MOCIEICTBUAM. B Hamieil
nabopaTtopuy, B IKCIEPUMEHTAX Ha KPOJMKAX, Pa3BUBAJICS CYAO-
POKHBIN CHHIPOM NPU KOMIUIEKCHOM OJIHOBPEMEHHOM BO3/AE€HCTBUN
HECKOJIbKUMH Hecylmumu OMII ¢ pa3nuyHbIME YacTOTaMH U MaJloi
unteHcuBHocTH (I'puropses 10.I'., Cunopenko A.B., 2010; I'puro-
peeB FO.I"., I'puropees O.A., 2013) [63,57].

2.1.2. AGoHeHTCKMe TepMHHAIbI. MOOMIbHBIE TeJ1e(OHBI

MoOwibHbli Tenedon/cMapTGoH — 3TO 0COOBIH BUA H3ITY-
yatensi. MooOunvHble menegonvt u cO6PeMEHHblE CMAPM@POoHbI,



Komopbule npeocmasiaion camu no cede MouiHvle KOMNbIOmepHbsle
ycmpoiicmea, HeodX00uMo OmHecmu, no AHA0ZUU C UOHUZUDYIO-
WAUM U3TTYYEeHUEM, K OMKPOIMbIM U He KOHMPOJIUPYEMbIM UCHIOY-
HUKAM I]IEKIMPOMAZHUMHO20 U3NYYeHUA, K UCHOYHUKAM 3HAYU-
MO020 6030€licmeus u NOGbIUEHHOI ONACHOCHU. MU UCHOYHUKU
Haxoo0amcsa 6 OMKPLIMOU nPooasce U OOCHYNHbBL 014 6cex ZPYynn
Hacenenus, 6K104an 0emeil.

[Tpu ucnonb3oBanun MT mpoucxoaut JokanbHOE 00TydeHHE
MO3ra, a TaKkKe BOCIPUHUMAIOIIUX HEPBHBIX CTPYKTYP PELEHTOPOB
CJIyXa, BECTUOYIISIPHOTO M OTOJIMTOBOTO aIllapaToB, KOTOPbIE HAXO-
JSITCS BO BHYTPEHHEM yX€, HEMOCPeICTBEHHO «mof aydom» (I'pu-
ropee 10.I"., 1997, 2001) [52,20]. [TpoucxomuT MHTCHCUBHOE 00-
nydenue muToBuaHOM *kene3nl (I'puropnes FO.I'., Boponiosa 3.A.,
VYakos 1.b., 2020) [56].

Ouensp yacto HaceneHue ucnoiaszyer MT HeonpaBnanHo, pas-
TOBOP MPOJIOJKAETCS IOCTATOUYHO ATUTEIILHOE BpPEMS.

Bo Bpemsi OepeMEeHHOCTH BO3MOXKHBI CamMbleé pa3HOOOpa3HbIC
BAPUAHTHI PACIOJO0KEHHUSI NMEPCOHANBbHbIX MCTOYHUKOB OMII PY:
JKEHIITUHBI HOCAT COTOBBIN TenedoH BOIM3U MaIoro Ttasza (puc. 7, A);
BEyT MEPETrOBOPHI 110 COTOBOMY TelIeQOHY, HE OrpaHu4HMBas cels;
UCTOJNB3YIOT  MOPTAaTHBHBIE KOMIIBIOTEPHl C  OECHPOBOJHBIM
HIMPOKOMOJIOCHBIM A0CTYIIOM K VHTEpHETY, B TOM YHCie MJIaHIIeT-
HbIE€ KOMITbIOTEPBI, HOYTOYKH (puc. 7, B). MHoraa cotoBslii Tenedon
MCIIOJIB3YIOT JUIsl TAK HAa3bIBAEMOW MpEeHaTaIbHON My3bIKOTEpay —
JUId TIepeflauyd MY3bIKaJbHBIX MpPOTpaMM pPa3BHBAIOILEMYCS HM-
opuony (puc. 7, b).

V3ke B epBbIe JHU U MECSIIBI ITOCIIE POXKICHUS peOSHOK TaKkKe
MOXeT nepuoandecku odmyudatsest OMII, T.k. poauTenu B 3TOT me-
pPHOJI aKTUBHO MOJIB3YIOTCS MOOMJIBHBIMU TeleOHAMU M, KaK Ipa-
BIJIO, BO BpeMsl KopmileHus1 peOenka. Kpome toro, eciau poxaaercs
HEJIOHOILIEHHBIH PeOEHOK, TO MPHU €ro HaXOKJIECHUH B MHKYOAaTOpe OH
TaKXe MM0JIBEpPraeTcs IEKTPOMAarHUTHOMY 00Jy4eHHI0. 3a4acTyio, B
camble IEepBbI€ TO/bl )KMU3HU POIUTENN B KauecTBE CBOEH 3a0aBbl



3HAKOMST JIeTel ¢ COTOBBIM TEJIE(POHOM, NPH ITOM JE€TH BOCIPUHU-
MaroT €ro Kak ouepeanyro urpymxky (puc. 7, I').
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Puc. 7. Bapuanmul pacnonocenus nepcoHanvhvlx ucmounuxkoe IMII
PY, cnocoocmeyrowue 030eiicmeuto IMII na écex cmaousnx
GHYmMPUYmpoOHO020 pa36umus U ¢ PAHHEM 603Pachie pedeHKa

e

2.1.3. T'urueHu4vecKue CTAaHAAPTHI
npu TexHonoruu 2G, 3G u 4G

OcHOBHBIM TapanToM Oe3omnacHoctu DMII coToBol cBsi3u st
37I0pPOBbsl  HACENIEHUS SIBISIIOTCA TWTMEHUYECKHE HOPMAaTHUBBHI.
BBeneHre HOBOTO MCTOYHHKA JJICKTPOMArHUTHBIX moieir 5G, pa-
OoTarolero mapauuiebHO C YK€ CYIIECTBYIOIIMMH MOOWJIBHBIMU
texHojorusmu 2, 3 u 4G, MOXeT MOOYIUTh MTPOMBIIIIICHHOCTh CO-
XPaHUTh CYIIECTBYIOIIME HOPMATUBHL. B 3TO# cBs3M HEOOXO0AMMO
paccMoTpeTh 60s1ee o IPOOHO COCTOSIHUE 3TOM TTPOOIEMBI Ha CETOI-
HS U TOHATHh MPUYUHY UTHOPUPOBAHMS COOTBETCTBYIOIIMMH MEX-
JTYHApPOAHBIMH CTPYKTYpamMu MOSIBIEHUE JOMOJHUTEIBHOTO MCTOY-
arka MMB.

B nacTosiiiee Bpemsi, ¢ y4eTOM MOSBICHHS HOBBIX KPUTHUECKUX
OpraHOB — KOYKHOTO TOKPOBAa M POTOBHWIIBI TJIa3a, OTCYTCTBYIOT
HOopMaTuBbl s MMB. Her u 0a3pl HayuyHBIX MaHHBIX IS WX
o0ocHoBanusa. OOmyuyenue HaceneHus MMB 0e3 HOpMaTHBOB,



€CTECTBEHHO aMOpaJIbHO, MTOX0)KE Ha INPOBEIEHUE «IKCIEPUMEHTa
HaJl HacelleHMeM» C HaOI0IeHUEM BO3MOXKHOT'O pa3BUTHUS IaTOJIO-
ruyeckoro mporecca no npuHoumny «llonabnromaem. YUro Oyner?
[Totom nmpumem HOpMmanbHBIe cTaHnapThly (I'puropres 10.I°., 2018;
['puropees 10.I'., 2018; Grigoryev Yu.G., 2018) [43,45,209]. ITo
JIOTHKE, 3TO OyJIeT CIUIIKOM IO3/THO.

OCHOBHBIM TMPENATCTBYIOIIUM (PAKTOPOM Ul IEepecMoTpa
paHee PEeKOMEHIOBaHHBIX CTaHAApTOB sBisgeTcs cama Komuccus no
sammre  OoT HewoHmsupyromero wusiaydenuss  (ICNIRP).  Dra
MexayHapoaHas Komuccns, co3nanHas B I'epmaHuu, sBII€TCS HE
roCyJapCTBEHHON OpraHu3alueil 1 HCTOYHUKH ee (PMHAHCUPOBAHUS
He sicHbl. B HacTosiee Bpemsi uMmeroTcst obpaieHus k ['epmanun
mumuth ee punancuposanus (Hardell L., Carlberg M., 2020) [216].
Tem He MeHee, Ha poTshkeHun O6onee 20 et wiensl 3Toit Komuccun
Ipu ornpeaeneHuu ctanaapTos A OMII ocHOBBIBaIOTCS TONBKO Ha
OCTPbIX, OYEHb KpAaTKOBPEMEHHBIX M TEIUIOBBIX BO3AECHCTBUAX
pPaAMoOYacTOTHOIO  M3JIyY€HHUs, 4YTO IPOTUBOPEUUT  PpeaibHO
CYLIECTBYIOILEH pagualMoHHON oO0cTaHoBKe. OJTHAKO MX PEKOMEH-
JAMy UCToNB3yoTest OonpmmHCcTBOM crpaH mupa. ICNIRP mpu
noanepxkke BO3 u kpynHEeWIUX TeIeKOMMYHUKAIIMOHHBIX KOMIIa-
HUH, MPUKIIAABIBACT 3HAYUTEIbHbBIC YCHIIUS, YTOOBI yOEIUTh CTPaHBbI
BCEro MUpa CJeJ0BaTh UX PYKOBOISAIIMM NpuHIMNaM. Ha 3To yka-
3pIBaeTcd MHOIMMU OTEYeCTBEHHBIMH M 3apyOEKHBIMH YYEHBIMU
(Grigoryev Yu.G., 2017; Hardell L., 2017) [205,215].

MHorue cTpaHbl CaMOCTOSTENIBHO BBOJIAT Oojiee >KECTKUE
HOpPMAaTHBBI, 1aXke Mo cpaBHeHUIO ¢ Poccuiickumu crangapramu (10
MK B1/cM?), KOTOpBIE SBISUIUCH OoNee KECTKMMH Ha TIPOTSKEHHH
6onee 30 net. Ha ceroans Gonee 12 ctpan BBenM B jeiicTBue Oonee
KECTKHUE HOPMATHUBBI, ueM, HanipuMmep, B Poccuu: ABctpus, Utanus,
Kanana, bensrusi, Kurtait, Ucnanus, bpazunus, bonrapus, [lonsia u
ap. (puc. 8). DTH pemIeHus] OCHOBBIBAIOTCS Ha MPU3HAHUHU YYCHBIX
ATUX CTPaH HETEIUIOBBIX MEXaHM3MOB OHOJIOTMYECKOTO JeHCTBUA
OMII PY nuskux yposHeil. Paz6poc IIJY, wucnonb3zyembix B
pa3IMyYHBIX CTpaHax, B HacToAllee Bpems BecbMa Benuk — ot 0,006



1o 1000 mxBt/cm? (Grigoriev Yu., 2018) [204]. Hayunas pa6ouas
rpymma «Biolnitiativ», cocrosBmas u3 29 yuensix u3 10 crpan, Ha
OCHOBE aHalM3a MHOTOYMCIIEHHBIX COOCTBEHHBIX paboT W
OITyOJIMKOBAaHHBIX PE3YJIBTATOB Psijia APYTHX UCCIIEI0BaHU (0KOIIO 2
000 myOnukanwmii), pekoMeHaoBana ycraHoBuTh [IJIY Ha ypoBHe
0,0006 MxBT/cM?, T.e. pas6poc TIJTY DMII PU ysemuuuics emie Ha
HECKOJIbKO MOPSIIKOB.

ICNIRP mpennaraer u3mepsTh TOJBKO «CPETHUE 3HAYCHHS
pammoYacToTHOTO M3My4eHus. OJHAKO MOMeXH M dPPEKTH MEXKIY
UMITYJIbCAMU OT PA3JIMYHBIX MCTOYHUKOB PAJMOYACTOTHOTO W3-
JY4YCHUsT MOTYT MPHUBOJIUTH K BO3HUKHOBCHHMIO KPAaTKOBPEMEHHBIX
UMITYJIBCOB € 0OJiee BBICOKOW TUIOTHOCTBIO, YEM PEKOMEHIyeMbIe
ICNIRP cpennue 3Ha4eHUs TUIOTHOCTH MOIITHOCTH O 3Ha4YeHueM 10
Br/cm? (Puranen L., 2018) [299]. B0 4eTKo mpo1eMOHCTPHPOBAHO,
YTO MCIIOJIb30BAaHHUE CPEIHUX 3HAUCHHUH JUIS PaJHalliOHHOTO
pW/cm?

1000

o 200 MHZ
— # 1800 MHz ICNIRP: 1000
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[1J Precautionary recommendation. 12 Sensitive areas
[3] Maximum threshold per antennae. [4] Maximum per operator & per antennae system. (SJ For all antennas taken together. (6/ Periodical & short stay areas
©Dr. Isaac Jamieson

Puc. 8. Yocecmouenue zocydapcmeennvix cmanoapmos é paziuiHsix
CMpanax mupa npu xpoHudeckom ozoeiicmeuu IMII PY 3a nocneonue
17 nem (Jamieson 1., 2014).

U3JTY4SHHs MOXKET TIPUBECTH K HEIOOLEHKE PHCKa UX BO3JEHCTBUS
(Chavdoula E.D. et al., 2010) [166]. MaTeHCHBHOCTB, YacTOTA, MPO-
JIOJDKUTEIBHOCTh BO3/ICHCTBUS, YCIIOBHSI UCIIOJIb30BAHUS TaJKETOB,



MOJISIPU3AIUS, TYIbCAUS U MOMYJISIIHSL SIBJISIFOTCS] KITFOUEBBIMU T1a-
pameTpamMu Juisi OolleHKH Ouojornyeckoi aktuBHOCTH DOMII (I'pm-
ropeeB 0., 1996) [48], a miioTHOCTH MrHOBEHHOTO 3(dekra MoxKeT
OBITH HAMHOTO CUJIbHEE, YeM cpennue 3HadeHus (XKaBoponkos JLII.,
[Terun B.I'., 2018) [70].

CriopHast mpo6yemMa 0 TEeIUIOBOM HJIM HETEIJIOBOM MEXaHU3Me
ouonorunueckoro aercteust OMII PU npuMeHUTEIBHO K HOPMHUPO-
BaHUIO UMEET pelIalollee 3HaU€HUe, HO HaXOAUTCS B CTAJIUU «yIOp-
HOro oOcyxaeHus» yxe Ha npotrsbkeHun 30 ser. bouin co3manbl
paziauunble Komucenu, npoxoania MHOTOYUCIIEHHbBIE MEKTyHApOI-
HBIE BCTPEYH, KPYIJIble CTONbI, Heoduimanbubie hopymel. Bee oHu,
K COXQJICHHUIO, 3aBEpIIAINCh NPU3HAHUEM TEIUIOBBIX MEXaHH3MOB
ounonornyeckoro neiictBus OMII PU. Oto 6bu10 00yCIOBIEHO TEM,
YTO 9Ta TOYKA 3PEHHS aKTUBHO IMOJJIEPKUBATIACH TEIEKOMMYHHKA-
[IUOHHOW TPOMBIIIJICHHOCTHIO. [IpOMBIIITIEeHHOCTh (PMHAHCHpOBaa
TOJILKO T€ HCCIEAOBaHUA, TAe ObUI MpeICKa3yeM OTPHIATEeIbHBIN
pe3yabTaT — OTCYTCTBOBAJIO BiIMsiHUE HU3KUX ypoBHEeH DMII PY na
o6uocuctembl. CriennaabHO MOAOUPATUCEH OMpeeNIeHHbIE METOIUKH
MIPOBEICHUS DKCIIEPUMEHTA M CTATHCTHYECKOW 0O0pabOTKU Pe3yiib-
tatoB. HekoTopblie yueHble ObUTH aHTaxupoBaHbl [215,243,271].

Kouncynwsratusnasiii Komuter BO3, ICNIRP, IEEE u ANSI, 3a-
IIUIIast TOJBKO OAHY KOHIIETIINIO TerIoBeIX dddexrtoB DMII PY B
TE€YEHHE MHOTHUX JIET, CTAIM MOJIHOCThIO HAYYHBIMU OaHkpoTamu. Ha
9TO yKa3bIBaeT, Hanpumep, Pesomonus EBpokomuccun ot 2011 rona
¢ TpeboBaHueM mepecMOTpeTh cranmaptel [96]. Bo muormx pe-
[EH3UPYEMBIX 3apyO0eKHBIX )KypHaIax ObUTH OMYyOJIMKOBAHBI CTAThU
¢ TpeOOBaHUEM IIEPECMOTPA CTAaHAAPTOB, C PE3KOM KPUTUKOM pabOTHI
STHX OpTaHHU3AIIHA.

MHorouucieHHble TpeOoBaHUs epecMoTpa MeKyHapoJHbIX
pexomennanuii 3actaBwio ICNIRP nawate sTOT Tporecc. beuio
o0elaHo B TeueHue nepBoi nojaoBuHbI 2018 roga moAroToBUTH Bep-
CUI0 OOHOBIIEHHBIX PYKOBOJSIIUX MPUHIIUTIOB. JJOKYMEHT MIIaHUPO-
Banu 3aBepmnTh B cepeaune 2018 roma. OgHako, Kak HE CTPaHHO,



nosiBUjach MH(OpMAIUs, YTO H3-32 HEJOCTATOYHOCTU (PHHAHCH-
pOBaHUs MpOLECC MEPEeCMOTPa HOPMATUBOB OTJIOKeH. Heobxoaumo
OTMETHTb, YTO B 3TO BpEMsI HACEIEHUE MPOI0JKAET KPYIJIOCYTOUYHO
obmydarbcst OMII PY ¢ yuerom craporo crangapra ICNIRP 1000
MKBT/cM?,

B 2017 rony B MioHxeHe COCTOSUICSI CUMIIO3UYM 10 3JIEKTPO-
MarHuTHOM paJualMoHHON Oe30macHOCTH. B coBemanuy npuHsm
ydacTHe JBE MEKIyHApOJHbIE OpraHW3alllid, OTBETCTBEHHBIC 3a
pa3paboTKy CUCTEM paJiMallMOHHON Oe30nacHOCTU: Mex1yHapoJHas
KoMuccus 1o paguonorudeckoit 3amure (MKP3) u Mexnynapoinas
KOMHUCCHS 10 3amure oT Hewonmsupyromei pamuanuu (ICNIRP).
®DakTUYECKH, OCHOBHOM TeMOW OBbUIO ompenereHue MOJIXOAO0B K
MEXIYyHAPOJHBIM CHCTEMaM pPaJuallMOHHON 3amuThl. bbul oOMeH
uHpopmanuell, MHEHUSMH OO0 S3THYECKMX M Hay4YHBIX OCHOBax
NPUHIUIIOB 3aIUTHl HaceneHus. OHAaKO Ha/eX/1a He ONpaBIaiach,
ICNIRP ne yuen OGorareiimuii onsit MKP3 mno pernamenranuu
MOHU3UPYIOMIETO U3ITyYSHHS U OCTAJICSA Ha TUIATGOPME «TETIIOBOTOY
nevicteust OMII.

B I'epmanuu B 2020 roay Oblia co3faHa rpymnina, B OCHOBHOM
IOPHCTOB, JUISI PACKPBITHSI CKPBITOW WH(POPMAIIMU O PUCKAX JUIS 3/10-
pOBbsl HaceleHuss M 0e30IacHOCTH MOOWIIBHBIX TelaepoHOB. OTa
rpynna no WHQOPMUPOBAHUIO O MOOWJIBHBIX TelepOHaX — HHH-
nuatuBa Whistleblowing International — mnpusbiBaeT rpaxias,
0COOCHHO HBIHEIIHUX M OBIBIIUX COTpyaHHKOB Motorola u apyrux
KOMITaHUH MOOMJIBHON CBSI3U, COOOIIATh MH(MOPMAIIUIO «O MOIIEH-
HUYecTBe, 0O0MaHe, KOPPYNIUH WJIU APYrHX HeNpaBOMePHBIX
AeiiCTBHSIX B OTPacam». DTa rpymnmna ycraHouia, uto Motorola, kak
HU CTpPaHHO, YIpaBisja paJuovYacTOTHONH HCCIeI0BaTeIbCKON
nabopatopueii B mrtad-kBaptupe Plantation, mrrar ®aopuaa, ¢ 1993
no 2009 roxa. «OtkpeiB naboparopuro, Motorola nauana gpopmupo-
BaTh HalpaBJICHHE UCCIIEOBaHMI B 007aCcTH MOOMIIbHBIX TEIE(POHOB
U MyOJIMYHBIX BBICTYIUIEHHH ¢ BbIBojamu o OezomacHoctH CT.
«KoMnanwus cpIrpana 3HaYATENBHYIO POJIh B (PUHAHCHPOBAHUH HaY4-
HBIX UCCIIEIOBaHUH, peliasi, Kakue Hay4yHbIe HCCIIeIOBAHUS CIIelyeT



MPOBOANTH, paboTasi B peAAKIMOHHBIX COBETaX HAYYHBIX KYPHAJIOB
U HaOmo/as 32 HOPMOTBOPYECKUMHU OPraHU3AIMsIMH, OMpPEeIeisio-
MKUMHU OpHUIHMATIBHBIE TPEAebl paJuaoHHOro obmyyenus». Hau-
Oosee BIMATEIbHONW opraHuszanueil Obul MHCTUTYT MH)KEHEPOB IO
anekTpoTexHuke u ekrponuke (IEEE).

Orta cutyanusi, HaunHas ¢ 1995 roxa, Op1a 10CTaTOYHO MOTHO
ocseniena B MoHorpaduu Kane R. «Pycckas pynerka» [242]. Kane
R., ObBIIMi BuUlle-TIpe3uJIeHT KoMranuu «MoTopoiia», B NepBbIC
TOJIbl pean3ally MPOrpaMMbl COTOBOM CBSI3U, IMOCJIE OCTaBIICHUS
CBOMX IIOJTHOMOYMH, TaK OICHWJ CUTYAIMIO BBIMOJIHEHUS 3aa4yd
ne3rH(opManuy HacelIeHusi 00 OMTACHOCTH COTOBBIX Tene(OHOB AJist
310pOBbsI MTOsTb30BaTeneil: « HuKora B HCTOPUH Ye/IoBeYecTBa He
OBbLII0 TaKOH NMPAKTHKHU, ¢ KOTOPOil MbI CTAaJKHBaeMcs ceiiuac
NPH MapKeTHHIe M PACHPOCTPAHEHUM MPOAYKIUH OTPACIBLIO B
0MO0JIOTMYECKYI0 CHUCTeMY 4eJIOBeKa, 3apanee 3Has 00 Imux
Ippexmax».

K Hamemy 605bIIOMY COXKaJICHHUIO, B HACTOSIIIIEE BPEMSI, YIKE B
21 Beke, HA OCHOBE MHOTOYMCICHHBIX myOnukanuii B Poccuu u 3a
pyOexoM, M TPH HEMOCPEICTBEHHOM YYaCTHH OJHOTO M3 aBTOPOB
OTOH KHUTH B T.H. OJHOHANPABJICHHBIX JHMCKYCCHAX, MOXHO C
YBEPEHHOCTBIO 3aKIIOYHUTh, YTO CTpaTerus ae3uH(opmamuu Hace-
nenus npogomkaercs. B CIIA c¢ unrepBamom B yeThipe roga Ok-
c(hOpJCKUM YHUBEPCUTETOM U3JaHO 1Be MoHOorpaduu (2018 u 2000
roJibl), KOTOPbIE MOCBSIIEHBI Ie3UHPOpMAIMK U 0OMaHEe B HayKe, 00
HCKXEHUHM BaXXHBIX HAYYHBIX JAaHHBIX B YIIEpO OOIIECTBEHHOMY
310pOBbIO (pHC. 9).



Puc. 9. D. Michaels. Doubt Is Their Product: How Industry's Assault on

Science Threatens Your Health. «Comnenue — smo ux npooykm: xax
HanaoeHnue NPOMbIMIEHHOCIU HA HAYKY YZPOAHCACH 6aUieMy

300possbion. Oxford University Press, 2008.
D. Michaels. Triumph doubt. Dark money and science of deception.
«Tpuymep comnenusn. Temusie oenveu u nayka oomanarn. Oxford
University Press 2020.

ABTop 3THX IBYX MOHOrpadwuii D. Michaels mpopabdoran cemb

JICT B KAUCCTBC I'NIaBHOI'O pCryisiTopa 0e30macHOCTH AMepI/IKI/I.

Bocnopustue conepkaHus KHUTH HayYHOH O6H.[CCTBCHHOCTBIO.

«Hogas xuura David Michaels «Tpuymep comnenusy — 3to ne-
MOHCTpAIHsl TOTO, KaK 9acTO W JIETKO MaHUIYJIUPYIOT HAyKOW,
9TOOBI JUCKPEAUTHPOBATH SKCIIEPTHBIC 3HAHUS.

«Mano k1o crenman Oonblue JUIS JOKYMEHTUPOBAHUS J1Ee3UH(OP-
Mmanuu o Hayke, uem David Michaels. Ero HoBast kaura — BaxkHoe
JOTIOJIHEHHE K pAacCTYIIeH JHMTepaType O COMHEHUSX, Je3UH-
dbopMaruu u oOMaHe.

David Michaels narmmcan ydeaurensHOe M McYepHbIBaroIiee 00-
BUHEHHUE B TOM, YTO OOJIBIION OM3HEC UTHOPHPYET, CKPBHIBACT WIIN
UCKa)KaeT Ba)KHbIC HAYYHbBIC JAHHBIC B YIIEpO OOIIECTBEHHOMY
3JI0pOBBIO.



C Hameil TOYKU 3peHHs, YTBEP)KIECHUE TOJIHKO O TEIUIOBOM
Mexanusme aeiicteus OMII PU — 310 npeqHamepeHHOe HCKakeHNE
MPEACTABICHUS O MeXxaHu3Me Ouosiornueckoro aevicteust OMIT PY.
HeyauBurenbHo, dYTO pPYKOBOJSIIME TMPUHLHUIBI  PATUOYACTOT
ICNIRP ocrarorcst y:xe MHOTHE JECATHICTUS HEaIeKBATHBIMU IS
3alIMThI 310poBbs YenoBeka (Grigoriev Yu., 2017, 2018) [204,205].

CrnenoBatenbHO, Mbl uMeeM paziauunbie [11Y ans SMII PY ot
0,0006 mMxBt/cM? 1o 1000 mxBt/cM?, B TO BpeMsl KaK HaceJIeHHe
MMEET KPYIVIOCYTOUYHBIN IMOCTOSIHHBIM KOHTaKT C BPEIHBIM BHUIOM
M3JIy4EeHHS, KOTOpPOE MO BCEM KaHOHAM T'MTHEHbl JOJDKHO HOPMH-
poBaThCsA. DTy CUTYalMI0O MOXKHO XapaKTepU30BaTh KAK HKCKIIIO-
3UBHYIO, (DAKTHUECKU MPOBOJUTCS OECKOHTPOJBHBIN SKCIIEPUMEHT
HaJl HACEJICHMEM B OTCYTCTBMM FapMOHHU3UPOBAHHBIX CTAaHIAPTOB U
MIPOTHO32 MPU YYACTHU AHTAKUPOBAHHOM I'PYNIbl YUEHBIX U aIMUHU-
CTPaTUBHOM 3JIUTHI.

Mpr yxe panee ynomunanu, uto ICNIRP sro «uacTtHbIi
aJbSHC», B KOTOPBIM HOBBIC YJICHBI BBHIOMPAIOTCS CAMUMH YJICHAMHU
ICNIRP, nomyckaroTcst K y4acTHIO TOJBKO YYCHBIE, TPUICPKHBAIO-
IIHECS TOTO ke MHeHHUs, uTo U HeIHemHue wieHbl ICNIRP. Kak caen-
ctBue, B ICNIRP HacTosmas HaydHas TUCKYCCHS HE MTPOUCXOJTUT, a
KOHCEHCYC HE SIBIISIETCS PE3YJIbTaTOM pPEealbHBIX HAayUHBIX J1€0aTOB.
Taxkum o0pa3zoM, co3maercs TsKeNnas aMopalibHasi CUTYaIlus, Koraa
BCEMHUPHO 3HAUYUMbIE€ PEKOMEHIALIMHU JIJIS 3allIUTHI 3I0POBbs Hacese-
Hus (ruruennueckue crannaptel OMII P u MMB) onpenensitorcs
(haKkTHYeCKu caMOW TEJIEKOMMYHUKAITMOHHOW MPOMBIILIIEHHOCTHIO,
CTpeMsCh K MaKCUMAalbHOW (PMHAHCOBOW MPUOBUIH U B TIPOTHUBOBEC
MHEHUIO HayYHOU OOLIECTBEHHOCTH.

HeobxonuMo o0paTtuTh BHUMaHUE, YTO PACCMOTPEHHBIE BBIIIIE
HOPMATHBBI KIMEIOT OTHOIIIEHHE TOJIBKO K 0a30BbIM cTaHiusM u Wi-
Fi, xorma oOmyueHuto mojBepraercss Bech opraHu3Mm. OJHAKO,
dakTryecku npu xpoHuueckom Bozzaelictun OMII PY B pexomen-
nyembix ICNIRP mornmoménnueix mo3ax st BC, Moryt pa3BuBaThCs



CEpbE3HbIE MATOJOTUYECKUE IPOLECCH. IJTO MOATBEPKAAIOT pe-
3yabTathl Poccuiicko-®paHily3cKoro 3KCrepuMeHTa, IPOBEIECHHOTO
B 2009 romy na ©Oaze Mucturyra Omodusukum M3 (I'puropnes
1O0.T".,I'puropseB, O.A.,liBanoB A.A. u np., 2010;I'purop6es 1O.T.
I'puropeeB O.A. MepkynoB A.B. HBanoB A.A. u ap. (2010),
Grigoriev Yu., Grigoriev O.. lvanov A/A et al. (2010), Grigoriev Yu
2011) [59-61,212,206].

Takum o0pa3oM, ¢ 01HOI CTOPOHBI, HACEJeHHE MOABepra-
ercsi 0ecKOHTPoJbHOMY Bo3aeiicTtBuio DMII PY B orcyrcrBUM
rapMOHM3MPOBAHHBIX CTAHJAPTOB, a C APYroil CTOPOHBbI, NPO-
AOJIKAKTCH 0eCII0HbIe TUCKYCCHH O TEIJIOBbIX U HETEIJIOBBIX
mexanuzmax jaeiicreusa IMII PY Hu3KuxX ypoBHeiH, XOTHl yxKe
KOHCTATHPYeTCsl onpe/iesIeHHAs] NMATOJOTHSl 'y MOJib30BaTeJiel
COTOBOI CBSI3bI0 NpH cylecTBYIUX HopMaTuBax INCRIP.

2.2. KpnTn'{ecmle COMATUYECKHE OPraHbl U CUCTEMBI

2.2.1. T'0JI0BHO# MO3TI M pPeleNTOPHI CIYXOBOIO,
BeCTHOYJISIPHOTO ¥ OTOJMTOBOI0 AHAJIU3ATOPOB

TepMUHATIBI SBISIOTCS HEOTHEMIIEMBIMH DJIEMEHTAMH  MO-
OMIIBHOMN CBA3HM. DTO pa3jMyHble I'aJKEThl U, B YACTHOCTH, MOOUIIb-
Helil Tenepon (MT). Ilpu ucnonb3oBanuu MT o00s3aTenbHO TOJ-
Bepraercs obnyudenutro OMIT PY ronoBHOW MO3T, €ro >KW3HEHHO
3HauYMMbIe CTPYKTYpHI (puc. 10).



Hypothalamus Thalamus

Hypophyse  Glande Pinéale

Puc. 10. Obnyuenue rcusHeHHO 6AIHCHBIX CHIPYKHLYD 20106HO20 MO324
IMII P MT

ITox obmydeHHeM HaXOIUTCsS M BHyTpeHHee yxo (puc. 11), B
KOTOPOM PACIIOJIOKEHBI PEIICTITOPHBIE 30HBI TPEX aHAIN3aTOPOB M UX
NPOBOJSIIINE MyTH — BECTHOYISPHOTO, CIYXOBOTO M OTOJIMTOBOTO
anrmaparoB, U OHH MOJBEPrarTcs npsMomy odaydenuto (I'puropbes
10.T"., 2006, Grigoriev Y., 2006) [53,211].

BecTuOynsipHBIi aHATM3aTOP OLIEHUBACT ITOJI0)KEHUE T'OJIOBHI U
BCEr0 TeJla B TPOCTPAHCTBE M W3MEHEHHS JTOTO IOJIOKEHHS B
YCIOBHSX TpaBUTAMU. TeM caMbiM BeCTHOYJSPHBIH aHAIH3aToOp
BHOCHUT CBOM BKJIA]] B OPUEHTAIIMIO B MIPOCTPAHCTBE M TOJIEPIKAHUE
paBHOBECHsI KaK B IOKOE, TaK W TpHU NepeMenieHnu. PenentopHas
4acTh ATOTO aHAJTHM3ATOPa, KOTOPAsk HAXOJUTCS TIOJ] ITy9YKOM



CTtpoeHue yxa

Hapyxu Cpenn Buytpen
o
Koc

IHAOTIEREL

CrniupanbHelil (KOPTHEB) OpraH
Puc. 11. Buympennee yxo. Hepenvie cmpykmypot mpex
ananu3zamopos (peyenmopsl u Ux nPoeodAuLUe HepeHvle NYmiL)
BozaeiictBus OMII PY, ornuyaercs O0NbIINM YHCIOM pelEenTOPHBIX
nonei. J[Jig1 3HaYMMOCTH ATUX CTPYKTYpP IPUBOJIMM HEPBHYIO CETh
BECTHOYIISIPHOTO aHAJIU3aTOPa U €€ CBSI3b C TOJIOBHBIM MO3TOM (pHC.
12).

BaxXHbIM MOMEHTOM SBJISETCS TO, YTO PACHpPENETIEHUE TOIJIO-
LIEHHOW J103bl B MO3I€ ITOJIHOCTBIO 3aBUCUT OT BO3pacTa IOJIb30Ba-
tens (puc. 13).

TakuM 00pa3oMm, MBI MMEEM IOJIHOE MPaBO OTHECTH MO3T U
HEPBHBIE CTPYKTYPHI TPEX MEPEUNCIEHHBIX aHAIU3aTOPOB U UX IPO-
BOJAIIME HEPBHBIE ITYTU, HAXOISIIUECS BO BHYTPEHHEM yX€, K KpU-
TUYECKUM HEPBHBIM CHUCTEMaM IIpu oleHKe onacHocTd MT s Ha-
CEJICHUS.



Puc. 12. Becmubynapustii ananuzamop: 1 — amnynapuote zpeonu, 2 —
NAMHA chepunecKo2o U IUTUNMUYECK020 MEUIOYK08, 3 —
secmuoynsapnutii yzen (1), 4 — eecmubdynapnas wacmo npeddsepHo-
YIUmMK06020 nepea, 5 — secmubynapuste aopa (11), 6 — axconwt
emopuix Heiponos, 7— cpedunnvie aopa manamyca (111), 8 —

mManamoKkopKoeulii nyme, 9 — Kopa memeHHoI u (uiu) 6UCOUHOIL 0oJiell
(V)

How mobile phone radiation penetrates the brain

5-year-olcl 10-year-old Adult
Skull thickness; Vamm Skull thickness; Imm Skull thickness; 2mm

Degree of penetration
Absorption rate: 4.49W/kg Absorption rate: 32IW/kg Absorption rate: 2,93W/kg
Source. Ir..! = = .| Electron” Engineers'journal on M.. m < <y and Techniques

Puc 13. Pacnpedenenue noziouiennoil 003vl 8 207106H0M Mo32€e y Oemeii 5
u 10 1em u y é3pocnozo nonvzoeamens MT (Gandhi O. et al., 1996) [189].



Tem ne menee, FCC paccmarpuBaroT yIIHble paKOBUHBI Ha-
paBHE ¢ KOHEYHOCTsIMH Tena nipu onpenenenuu [1IJIY OMIT PY. Kak
YW KOHEUYHOCTH, YIIHBIE PAKOBHHBI BMECTE C PYKaMH, 3aIsICThSIMH,
CTYMHSMU U JoJbDKKamu, nmo MHeHuio FCC, moryt umerh MeHee
JKECTKHE HOPMATHUBBI, UYEM OCTaJIbHAs YacTh Teja. BaXHO OTMETHUT,
YTO, MPUPaABHUBAS YIIIHbIE PAKOBUHBI K KOHEYHOCTH, paccMaTpuBa-
€TCsl UCKITIOYUTENILHO JIOKAJIbHBINA TEII0BOM 3 (deKT. Y TUBUTENBHO,
HO FCC He xo4eT mpu3HaTh, YTO YIIHBIE PAKOBUHBI PACIIOIATAFOTCS
B caMOil OJMKHEH 30HE TOJIOBHOTO MO3ra, B OTJIMYUE OT PYK, 3a-
IIICTUM, CTYITHEH M JIOABDKEK, YTO IIPUBEJIO K YCTAHOBIICHUIO MEHEE
xecTkux ypoBHeil [1/Y. XoTts npenenabHO sICHO, 4TO JH000€ pajuo-
YaCTOTHOE IOJI€ B ATUX YCIOBHSIX HEMOCPEICTBEHHO BO3JECHCTBYET
Ha FOJIOBHOM MO3T.

[Ipu ucnonwszoBanuu MT BozaeiictBue OMII PY Ha rosoBHOM
MO3T MOKET OBITh C Pa3JIMYHOMN MEPUOANIHOCTHIO, C TPYAHO MIPOTHO-
3UpYEMOl CyMMOM BpPEMEHHU IPHU Y4YET€ CYTOUYHOI'O U KU3HEHHOIO
[IMKJIa W, HAKOHEI], 3aBUCUT OT BHIOPAHHOTO BHJIA rajpkera. BaxHo
TaK e, 4YTO BO3ACHCTBHE MPOUCXOIUT B OMMKHEH 30HE, B KOTOPOM
BECbMa CJIO)KHO JaTh TOYHYIO XapaKTEPUCTUKY JEUCTBYIOIIEMY
daktopy. Takum 006pa3om, yCI0BHUSI BO3JACUCTBUS HA TOJIOBHOW MO3T
nonb3oBarens MT, mo HalieMy MHEHUIO, MOTYT OBITh JIUIIb YCIOBHO
nporuo3zupyemsie. [IporHo3 3aBUCHUT OT MHOTHX OOCTOSITENBCTB H,
MPEXJIE BCET0, OT CaMOT0 MOJIb30BATENS.

Brnepsrie 3a Bech nepuoj NUBUIN3AIMN, TOJTOBHOM MO3T CTall
KPUTHYECKUM OpraHOM, paHee OH He mojaBeprayics oomyderno IMII
PY. HeoOxomumMo OTMETHUTHL, YTO IorjoménHas go3a OMII PYU B
Mo3re nerer B Bozpacte 5-10 jeT yBenuumBaercs 10 ABYX pa3. ITo
BaXHBI apTyMEHT JJIsi 0COOO0T0 MOAX0/1a K OIEHKE OMAacCHOCTH BO3-
nevicteust OMII CC gug nereit — moabp3oBareniei MT.

Bo3moxno nu Bnusinue DMII PY HHM3KOW MHTEHCUBHOCTH Ha
¢byHK1MIO rojoBHOro Mo3ra? HayuHble vccnenoBanus 1Mo 3ToH mpo-
6neme B CCCP/Poccun u B psje 3apyOeXHBIX CTpaH UMEIOT 00JIb-
IIYI0 UCTOPHIO.

Eme B 1960 rogy 8 CCCP B skcniepuMeHTe Ha KpOJIHKaxX ObUIH



IIOJIyYEHBl JaHHbIC, YKa3bIBAIOIME HA IOJABJICHUE JEATEIbHOCTH
TOJOBHOIO MO3ra Ipd €ro  JIOKaJbHOM
obmyuenun OMII, Ha HemocpeaCTBEHHOE
BO3/ICHCTBUE HA CTPYKTYphl Mo3ra (JIuBaHoB
M.H. u np.,1960) [77]. B 1961 rony Frey A.
(CIIIA) Bbickazan npeamnooxenue, yto IMII
PY MoryT oka3biBaTh NIpsIMOE BO3/ICHCTBHE HA
KJIETKU TOJIOBHOTO Mo3ra. [186].

PaccmatpuBas npo0ieMy BIUSHUS
OMII PY na Mo3r, HEOOXOIMMO OTMETUTh
3HAYUTEIIBHYIO poiib IIMOHEPCKUX
HCCJICIOBaHUM, BBIIIOJIHCHHBIX I0.A.
XonomoBeiM B 70-x TOHAX  MPOIIOTO
cronerusi. MIMm Obl1 mpoBeseH OONBLION UK MCCIEIOBAaHUN IO
Brussauio MII, T1eMII u DMII PY na ronoBHoii mo3r. [lonydyeHHbie
JAHHbIE TIO3BOJIMJIM  aBTOPY C(HOpPMYIUpPOBaTh THUIOTE3bl O
KyMyJSILMM HapylIeHWH OpHU MOBTOPHBIX BozaeictBusix OMII, o
BO3HUKHOBEHUU aJalITAlIMOHHBIX ITPOLIECCOB, O 3aUHTEPECOBAHHOCTU
IIMAIBHBIX KJIETOK B Pa3BUTUM PEAKUUH TOJIOBHOIO MO3ra IIpHU
qrtenbHoM aerictBun OMII, o ponu penentopoB B peanuzaluu
61orpdexTa, 0 BO3SMOKHOM BIUSHUU HA TIOBEJCHYECKHE PEAKIIMHU, O
Pa3BUTHUU CYJOPOKHOTO CHHIPOMA B YCIOBHUSIX KOMOMHUPOBAHHOTO
neiictBust OMII u npyrux gpusnueckux GakTopoB BHEIIHEH cpelibl, O
Hamnuuu npsmoro nerctust IMIT na mo3r (Xomomos H0.A., 1964,
1975, 1996) [109-111].

Heo0xonnMo OTMETUTH 3HAYUMOCTH OOJIBLIOTO YHCHA 3JIEK-
Tpodusnogornueckux padot YmxenkoBoil P.A. mpu usydeHun Heit-
pobuoddpdexror IMII. B nmpuoputeTHBIX ee UCCIeTOBaHUIX ObLIN
paccMOTpeHbl OMOMOTEHLHUANbl PA3JIMYHBIX CTPYKTYp MO3ra IMpu
neiicteun OMU CBY. ABTOp A€naeT 3aKJIIOUEHUE, UTO «II0TYyUEHHBIE
paHee M3MEHEHMsI OMO3JIEKTPUUECKON aKTUBHOCTH MO3Ta SIBISIIOTCS
pe3yibTaToM HerocpeacTBeHHoro neiictBus CBY oOmyuenus Ha
KOpY OOJBIIMX MOJIYIIAPHIl, YTO MOXET MPUBECTH K HAPYIIECHUIO
nepeaaronel nHGopMauu B 0ojee CI0XKHBIE CTPYKTYPhl MO3Tra

IIpogeccop
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(LII/I)KCHKOBa P. A ,2003) [116]..

- B 3T0oM paszzene riaBbl Mbl IpOAHAIU3UPYEM
HEKOTOPYIO cepuio paboT mo BiustHu0 DMIT
PY na mo3r, xotopas Oblia BBINOJIHEHA B
Wncruryre buodmsuku M3 PO, B
naboparopuu npodeccopa ['puropsesa FO.I.
¢ 1977 u no Hacrosiee Bpems, T.€. B TCUEHUE
6ounee 40 ner.

[Tpu akTUBHOM COJIEHCTBUU AUPEKTOPA
Wucturtyra onodusuku M3 PO akanemuka
Wnbuna JI.A. Oblna co3iana coBpeMeHHast
TeXHUUYecKas 0a3a JJis IPOBEICHUS KaK IKC-
MEPUMEHTAIBHBIX Pa0OT C JKUBOTHBIMH, TaK
U 175 HabmoieHuit 3a 100poBosbIIaMu pu BozzaeiicTBun DMII
pa3IMYHBIX 9acTOT. bpiIr 000py10BaHbI HECKOJIBKO 0€39X0BBIX
KaMmep, KOTopble ObLTN OCHalIeHbI TeHepatopamu DMII paznudHbIx
4acTOT C BO3MOXHOCTBIO CO3/JaHUsI CJIOKHBIX PEKUMOB CUTHAIA
(yacTOTHAsl M aMILTUTYIHAS MOJYJSALUS, TAY€YHO-UMITYJIbCHOE
BO3zelicTBue U 11p.). [IpeaycmarpuBaiach BO3MOKHOCTD
OJIHOBPEMEHHOTO BO3/1€HCTBUS HECKOIBKUMHU HECYIIIUMHU
yactoTamu. Bece kamepsl MenH 00JMIIOBKY PaIHoNOTIONIAIONITIM
MaTepuaioM ¢ kodpduuentom nornouienus 30 1b. SMII. Bee
0e37X0BbIe KaMepbl OBLITH OCHAIIEHBI COBPEMEHHBIMU KOMILIEKCaMH,
PEruCTPUPYIOIIMMH (PU3UOJIOTUYECKUE PEAKIINH.

OpHoM W3 MOCTaBICHHBIX 3a/1a4 OblIa 3a/1a4ya MOJTYYUTh JIaH-
HbIE, XapaKTEePU3YIOIIME OCHOBHBIC TEHACHIIMU B PAa3BUTHUU OTBET-
HBIX peaKIui roJoBHOro mo3ra Ha Bo3zaeictBue OMII PY nuszkoii
WHTEHCUBHOCTH, JI0Ka3aTh, YTO TOJIOBHOM MO3T — KPUTHUYECKHUI
OpraH TPH 3TUX YCIOBHUSAX BO3JEHCTBUSI, YTO JIOJDKHO YUHUTHIBATHCSA
[P HOpMUPOBaHUU U oueHke onacHoctu OMII PU g Hacenenus.
O06o0menuss >TUX pe3ynbTaToB OB  mpeacTaBiaeHsl  FO.I.
['puropreBeIM B JIBYX MOHOTpadusX, a TAaKKE B MHOTOUYHCICHHBIX
OTEUYECTBEHHBIX M 3apYyOEKHBIX CTaThsX, JOJOKEHBI HA 3apyOeKHBIX
KOHTpeccaX, KOHQEpPEeHIHSIX ¢ MNPOPWIbHBIX CHUMIIO3UyMax
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(I'puropees 10.I"., I'puropses O.A., 2013; I'puropses O.I'., Xopcesa
H.1., 2014) [57,65].

HccnenoBanust  ObUIM  MPOBEJACHBI,
MpEeKIe BCEro, ¢ OLEHKOM 31eKTpodu3noo-
rudeckux 3¢ (HeKToB BO3MOKHOTO BIMSHUS HA
Mo3r OMII PY Hu3Kkol HHTEHCUBHOCTH.
bonbuioit 00bEM  37eKTPOGU3HOTOTHIECKUX
UCCIIEIOBaHMI OBLT TPOBEIEH Mpodeccopom
JlykbsinoBoii C.H. B ycCloBHUSIX BO3JCHUCTBUSA
OMII PY ¢ manoii ”HTEHCUBHOCTBIO. Bo Becex
ciyvasix ObUIM MOJY4YeHbI OTBETHBIE PEaKIINH,
BbIPaXCHHbIE B U3MEHEHUU OMOTOKOB MO3ra.
Pesynbratel  3TUX  McchaeAOBaHUN  ObUIH
MIPEJICTaBICHBI B MHOTOUYHCIIEHHBIX myonukanusx Jlykesnosoii C.H.,
B kuure ['puropseBa H0.I'. u ['puropeeBa O.A. (2013) [57] u B ee
MoHorpadpuu  «OnekrpomaruutHoe 1one CBY  nuanazona
HETEIJIOBOM MHTEHCHUBHOCTH KaK pa3JIpa’kuTeNlb JUIsl LIEHTPaJbHON
HepBHOM cucteMbl» (2015) [79].

bbulo moka3zaHo, YTO HMMEIOTCS peaklUUu CO CTOPOHBI OHo-
AIIEKTPUYECKOW AKTUBHOCTH MO3ra YK€ NpU KPaTKOBPEMEHHOM
ob6nyuyennn OMII PY ouens HU3KOM MHTEHCUBHOCTH. OTHAKO CIBUTH
B OMOTOKaxX MO3ra HE BBIXOAWJIU 3a IpPEeesbl HOPMAJIbHOTO YPOBHS
¢yHkunoHupoBaHus. BaxHo, uro HauOojee  BBIpaKEHHbBIE
M3MEHEHUs OTHOCWIMCH K JeJIbTa-AMAarna3oHy M BO3HUKAIU OHHU B
runnokammne. Kak npasuio, ObU1a mojydyeHa mpsiMasi 3aBUCHUMOCTb
mexay BennunHod IIIID m oTBeTHON peaknueil B YCIOBUSAX I0-
BTOpHBIX 00my4yeHuid. [lpy m3yueHun peaknuu HEHPOHOB MO3ra Ha
Bozaeiicteue OMII PY wame Bcero perucrpupoBaiv TOPMO3HOMN
XapakTep peaKkuu.

beimn nonyyeHsl gaHHbIE, YKa3bIBaolue Ha To, yTo DMII PY
MOTYT OKa3blBaThb CHHXPOHHU3UPYIOIIEE JEUCTBHE. Y CTaHOBJIEHA
npsiMasi cBsA3b Mexay BosaelictBueM OMII ¢ onpeneneHHbIM BUIOM
MOJYJIALIMA WIM C emle Ooyiee CI0XKHBIM PEXKUMOM 3JIEKTPO-
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MarHUTHOTO CUTHaJa U Pa3BUTHUEM CyI0pOKkHOTO cuHapoma (['puro-
pees IO.I'., Cunopenko A.B., 2010) [63].

Ha wmopmemn «MmpuHTHHT», TpH OOJIYYEeHHUH SMOpPHUOHOB
UBILIAT HU3KUMU ypoBHsiMH OMII PY, npoucxoanno nojaBiieHHE
«3areueTIICBaHms», T.€. CTpajana panHss GyHkus namsatu (I'puro-
preB FO.I'., 1996; I'puropses 10.I'., Crenanos B.C., 1998; I'puropnen
10.T"., I'puropses O.A., 2013; I'puropses F0.I'., 2014) [48,64,57,44].
[Ipu »sToM OblTa MOJTy4YeHA 4YETKas J030Bas 3aBHCHUMOCTh. B
MOCHEAYIOIUX OINbITaX C MMIPUHTUHIOM U B JKCHEPUMEHTE «C
00paTHOM CBS3BIO» MOKa3aHa BO3MOXKHOCTH MPSMOH (hPUKCAIIUU MO3-
TOM oTpeAeNeHHOM YacToTHOU Moy siuu DMII, T.e. dhakt npsiMoro
nevicteust OMII na mo3r. Ha ocHoBanuu 3Tux paboT ObUI cenaH
BBIBOJI, UTO MO3I' HE TOJILKO OTBEYaeT Ha Bo3ueiictBue DMII manoit
WHTEHCUBHOCTH, HO M CIOCOOEH 3apUKCHUPOBATH PEXKHUM DIEKTPO-
MarHUTHOTO BO3/ICHCTBHS.

[To3aHee ObuIM HMCCTEIOBaHBI aIalITUBHOE TOBEJICHUE U HEM-
poxummdeckue peakimu [ITHC y Menkux 1ab0paTOpHBIX KHBOTHBIX
(MbIIIEH W KPBIC Pa3HOTO BO3pAcTa) MPHU BO3JIEHCTBUU MOIYIHPO-
BaHHEIM DMIT oueHp HU3KOM HHTEHCHBHOCTH — I1T19 15 MK BT/ cM?
(IItenbepr A.C. u ap., 2000) [124]. OGnydeHue TPOBOIUIN B
YCIIOBUSAX UX CBOOOJHOTO TMEpeMEIIeHHs MO JTHY IJIaCTMAacCOBOTO
muMHapa guametpom 250 u Beicotoit 350 MmM. BozneiicTBue ObLio
OCTPBIM, TMPOJOJKUTENBHOCTD JJIsi Pa3HbIX TPYII MEpBOHAYAILHO
coctasisuia 15, 30, 60 u 120 muHyT, a B JadbHEHIIINX OMBITaX BpEeMsI
o0nyyeHus: ObUIO cTaHgapTHBIM — 30 muH. [l uccnemoBaHus
CTPYKTYPHI U TUHAMUKH CITIOHTAHHOTO MTOBEICHUS )KUBOTHBIX aBTOPBI
UCIIONIb30BAIM METOJIUKY «OTKPBITOTO TMOJIsS». B mepBbIX 3Kcme-
pUMEHTax OblLIa MCCIEeNOBaHA CTPYKTypa CIIOHTAHHOTO TOBEIEHUS
IIPHU Pa3IMIHON IPOJOJIKUTEIbHOCTH BO31eUCTBUS — OT 15 1 10 120
MuHyT. [Ipn Bcex pexumax BO3ICHCTBHS MPOCIEKUBAIACH TEH-
JICHITUS K CHHKCHHIO/TOPMOYKEHUIO OPHUEHTHPOBOYHO-HCCIICI0BA-
TEIHCKOW aKTUBHOCTH, HA0II0/1a7I0Ch YTHETEHHE OPUEHTUPOBOYHOTO
pednekca. Y KOHTPOJIBHBIX >KHBOTHBIX («IOKHOE OOJydeHUE»)
HaOM0lanach CTEPEOTUITHAS JBYXBOJIHOBAsST KapTHHA JUHAMHKHU



AKTUBHOCTH B OTKPBITOM II0JI€, XapaKTEPU3YIOIIAsACs CMEHOW Ha-
YaJbHOW pPEaKIUU CTpaxa MCCIEAOBATEIbCKON aKTUBHOCTBIO C TO-
CJICAYIOIIMM yTalleHHEeM 3TOH peakuuu. Y OOIyudeHHBIX KHUBOTHBIX
JTOMUHHUPOBAHHME PEAKIUU CTpaxa COXPaHSUIOCh B TEUEHUE BCEro
OIbITa, YTHETAsl OPUEHTUPOBOUYHO-UCCIIEA0BATENBCKYIO AaKTUBHOCTh
Y 3aMeJUIsIsl IPOLECCHl aJalTalluy K SKCIIEPUMEHTaIbHOW 00CTaHOB-
Ke. YeTkol 3aBUCHMOCTH OT BPEMEHHU BO3JCHCTBUS HE ObLIO MOIY-
yeHo. [Ipunumast Bo BHMMaHue, 4To 3¢ ¢dekTsl Bo3aencTBus DMII
BBISIBJSUIACH YK€ MPHU 15-MUHYTHOW SKCIO3UIIMHU, @ CTATUCTUYECKU
3HaYMMbIe U3MEHEHUSI OCHOBHBIX TOKa3aTesel MmoBeieHus ObUIN 3a-
PErUCTPUPOBAHBI MPU MPOIOJDKUTEIBHOCTH BO3aeiicTBus B 30 Mu-
HYT, B IOCIEAYIOLIUX ONbITaX aBTOPBI UCIOIb30BAIN TOIBKO BPEMS
30 muH.

B pa6ote Iten6epra A.C. u ap. (2000) [124] 6wu10 mccie-
JIOBaHO COJEepKaHNE MOHOAMUHOB HOpaJpeHalIMHa, JodaMuHa U
CEpPOTOHHMHA M HEKOTOPBIX X META0OIUTOB JUOKCU(DEHUITYKCYCHOM
(AODPYK) u S-okcuunnonykcycnoit (5-OUVYK) kucnor B nBura-
TEIBLHON KOpEe MO3ra MOJAONBITHRIX KpbIc TTpu DMII 970 MI'. ¥V 06-
JyYEHHBIX )KMBOTHBIX OBLIO OTMEUYEHO IOCTOBEPHOE 4-KpaTHOE CHU-
JKEHUE YPOBHS HOpPAJIpEHAJINHA 10 CPABHEHUIO C KOHTPOJEM (OMIBIT
0,131+0,014; xourposs 0,484+0,047; p<0,01). D10 KOppenUpyeET C
paHee 3aperucTpupOBaHHBIM CHUKEHUEM JABUTATEIbHON aKTUBHOCTH
y O0OJy4YeHHBIX >KMBOTHBIX. V3MeHeHue conepkaHus nodamuHa,
CEepOTOHMHA U UX METa0OIUTOB ObLIO HETOCTOBEPHO.

Panee, B Hawane 80-ronos, no pemenuto CoBeTCKO-AMeEpH-
kaHckoit Komuccun no npo6neme «3yuenue 6uonornyeckoro Jiei-
CTBHSI PU3UUECKUX (PAKTOPOB OKPYKAIOLIEH Cpeibl», ObLT MPOBEIEH
cunxpoHHbIl 3kcriepumeHT B CIIIA n CCCP no onieHke BO3MOKHOTO
BIUsSHUS ofHokpaTHoro Bozaeiicteus OMII PU na ITHC (Mutuen
K.JIL u np., 1989) [88]. OmnbiT mpoBoIuIICs Ha KpbICaX, KOTOPBIC



MOJBEPrauch OTHOKpaTHOMY o0syuenuto DMIT 2,45 I'T ¢ ITI13 10
MB1/cM? B Teuenme 7 wyacoB. OleHHWBAIH
MOBEJICHUE JKUBOTHBIX B TECT€ «OTKPHITOE
mojie» W Tpouecc o0ydeHUs: — BbIpaOOTKa
ycioBHOrO pedrnekca wusberanums. Kak B
skcnepuMmente, nposeaeHHom B CIIA
(HarmonanpHbIM Nuctutyt TUTUEHBI
okpyxatoten cpenbl), Tak 1 B CCCP (Kues-
ckuii HM o6mieit 1 KOMMyHaTbHOW TUTHEHBI
uM. A.H. Map3eeBa) He ObLJIO MOJTYUYE€HO KaKUX-
nub0 OTKJIIOHEHWH OT IOoKa3aTreneil KOH-
TPOJIbHBIX )KUBOTHBIX.

B psne 3apyOeKHBIX pabot
3apEruCTPUPOBAHBl PEAKLUU CO CTOPOHBI TOJOBHOTO MO3ra IOCIie
KpaTKoBpeMeHHbIX BozaeicTBuii OMII PU Hu3Kol MHTEHCUBHOCTH.
Lai H. et al. [252] eme B 1994 roay moka3sajiu, YTO MPOUCXOJIST
HApYIICHHEC KOTHUTUBHBIX (YHKIIMHA B OKCICPUMEHTE IOCIe
oaHokpatHoro BozaeiicTtBus OMII PYU manoit mnrencuBHoctH. [lo
muenuto Lai H., Singh N. (1995, 1997) [253,254]. Bo3aeiictBue DMIIT
PY okazeiBaeT BimsiHue Ha coctosinue JIHK B Mo3re, Bemer k
KHCIIOPOJIHOMY HAMpPsDKEHUIO B OMOJIOTHYECKUX CHCTEMaxX MO3ra U3-
3a yBETWYECHHUS CBOOOJHBIX pPAJUKAIOB W  HM3MEHEHHH B
AQHTUOKCHJIAHTHBIX CUCTEMAX 3aIlIUTHI.

Ha npotsoxennn 20 net, HaunHas ¢ 1988 roaa, moa pykoBo-
ctBoM nipodeccopa Salford L. 6putn poBeens! uccaenobanust [ Ob
no BrusHui0 DMII MmobubHOTO TenedoHa Ha TOJTOBHOM MO3T KPHIC.
Bce 5Tu onbITHI OBUTH TIPOBEACHBI HA KPhICaX, KOTOPBIX MOJBEpraliv
BozzericTBuio OMII PY B ogHUX U TeX ke YCIOBUSIX: B CIEIIMATIBHBIX
6e39x0BbIX Kamepax (TEM-cells). B kaxmoit kamepe moMeranu 1mo
JIBE€ KPBICHI, OJIHA KpbICAa B BEPXHEM OTCEKE, a Apyras — B HUKHEM
(puc. 14). Kaxxmoe KUBOTHOE HAXOIWUJIOCh B OTCEKaxX B YCIOBHSIX
CBOOOHOTO TTOBE/ICHUSI.

Bo3zaeiicteue DMII npoBoamim B TeUeHHE ABYX YacoB C 4Ya-
croroid OMIT 900 u 1800 MI'11 oT HanpaBIEHHOW aHTEHHbI, HAX O/~
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mieics B BepxHel yactu 06e33X0Boil kamepsl. Pe3ynbTaThl nmpoBesieH-

’

Puc. 14. TEM- cells (Salforl L., nyoruxayuu 1988-2008 z0008)
HBIX SKCIIEPUMEHTOB MTOKa3aJH, 4To, KaK cpa3y nocjue o0aydeHus, TaK
u uepe3 7, 14 u 50 gHe#, mpoUCXOAUT MOBBIIIEHUE TPOHUIIAEMOCTH
['DOb nns anpOymuHa. ATbOYMUH MPOHHKAET B TKAHU TOJIOBHOTO

MO3ra M aKKyMyIupyercs B HeilpoHaX, B
KIETKaX TJHH, BOKPYT  KPOBEHOCHBIX
kamuuisipoB.  I[lepBoe  o0oOmieHne 3THUX
pe3yibTatoB ObUIO caenaHo B 90-x ronax
npomutoro Beka (Salford L. et al., 1994, 1997)
[311,312].

Yactb HWCCIIENOBAHUI  OBUIM  HAYaThl
aBTOpPaMH C KPATKOBPEMEHHOTO BO3JICHCTBHS
OMII PY xak B HeNpepblIBHOM pexUMeE
reHepaluy, Tak 1 ¢ 00Jiee CI0KHOTO peKuMa
AJIIEKTPOMArHUTHOTO UMITYJIbCA M B YCIIOBHSIX
paznu4HOro BpemeHH oOnydeHus. Cpoku
HaOJroIeHNsT OBUTM HE3HAYUTEILHBIMH, J10 2

IIpogeccop
Salford L.



gacoB. Bcero ombiTel Obutm mocTaBieHbl Ha 1 002 xpwicax (630
ONBITHBIX U 372 KOHTpONbHBIX). Pexxum obmydenus SMII 915 T'n
OBLT Pa3JIMYHBIM: HETIPEPBIBHBIN U ¢ Monysauuei 4, 8, 16, 50 u 217
['m. B OOJBIIMHCTBE HKCHEPUMEHTOB  MPOJOJIKUTEIBHOCTD
BO3JICHCTBUS OblIa 2 4, B HEKOTOPBIX ONBITaX ABTOPHI W3MEHSIIN
BpeMs oOxydenust ot 2 10 960 munyT. )KUBOTHBIX 3a0MBaIN yepes
20-120 wmunyT mocie oOmydeHus. bBbutM MomydeHBl JaHHEBIE,
yKa3bIBaIOIIKE, YTO cpa3y nocie BosnectBus IMII ¢ HenpepbiBHOI
4acTOTOU npoHuIaeMoctsh I'Db ycunuBanack. 9Tu u3MEeHEHUs ObLITH
oTMmeueHbl 6osee, yeM y 50% 001ydeHHBIX JKUBOTHBIX.

Craructuueckass 00paboTKa MOTYYEHHBIX PE3yJIbTaTOB B I10-
clenyroleM sKcriepuMenTe (48 o0ydeHHbIX KpbIC U 48 KOHTPOJIb-
HBIX JKUBOTHBIX, Monymsiuusa 217 I'u, crangaptr GSM, SAR 0,20,4
MBT/KT) moKka3ana, 4To 3Ha4MMbIe H3MEHEHUs npoHuIaeMoctu ['0b
OBLIM MOTY4eHbI ¢ JocToBepHOCTHIO P<0,001.

B nanepHeiimumx uccnenoBanusx, Salford u ero koseru oneHky
cocrosiHus mporumaeMoctr ['Ob B OoJiee mo3aHMUEe Cpoku: Ha 7, 14,
28 wium Ha 50 neHwb mociae OoJHOKpaTHoro Bo3aehctBus OMII B
teuenue 2 ygacon (Salford L. et al . , 2003; Nittby H. et al., 2008;
Nittby H., 2008; Eberhardt J. et al., 2008) [310,284,283,179]. O6-
nyuenue ocymiecTBisuiock OMII ¢ wactoroit 915 MI't ot MT B panee
OMHCAaHHBIX ycnoBHsX. [IukoBas MOIIHOCTH B 0€39XOBOM Kamepe
ob1a paHa 1, 10, 100 wmu 1000 MBT1/cM?, a SAR 6bit pasen 0,12;
1,2 wmm 12 u 120 mBT1/kr. JIuHamMuka n3aMeHeHUH MPOHUIIAEMOCTH OT
IpPOILEAIIEr0 BpEMEHH Tocie OOMydeHHUs MMesa BOJIHOOOpa3HBIN
xapakrtep: Ha 7 u 14 cytku nponuniaemocts I'Ob ycunnBanacs, Ha 28
JIeHb H3MEHEeHHH B TpoHuIiaeMoctu ['9b He Ob1710 0TMeueHo, a Ha 50
CYTKM TPOHUIAEMOCTh JUIsl albOyMHHA 3HAYUTENIBHO YBEIH-
YUBaIach.

Takum 00pa3zom, MHOTOJIETHHUE MccaeaoBanus mpodeccopa L.
Salforda u ero kosier B CBOMX TOBTOPHBIX 3KCIIEPUMEHTaX Ha
OOJIBIIIOM YHCIIE KUBOTHBIX IMOKA3alH, YTO IO/ BIMSIHHEM OCTPBIX
OJIHOKpaTHbIX Bo3jeHcTBUN DOMII MOOMIBHBIX TEIEPOHOB MPOHU-
aemocth ['Ob yBenuunBaercs. Bennunna atoro adpdexra He umeeT



IPsIMOM 3aBUCUMOCTH OT BelnnuuHbI SAR 1 mposiBisieTcss B pa3inud-
HOM cTeneHu OT BPEeMEHHU, IPOLIEIIETO OT 3aBEPIICHUsI O0TyUESHHUS.

bbulo noka3aHo, YTO IJI00YJIMH MOXET OKa3blBaThb HEMPOTOK-
cuueckoe aeiicteue. Ero BBeeHNne B MapeHXUMY MO3Tra KPBICHI TIPU-
BOJUT K MOBPESKACHHIO HEHWpoHOB. B skcmepumenrtax Salferd L.,
Brun A., Eberhardt J. u mp. (2003) [310] 6buiH mosTyueHbI pe3yibTa-
ThI, [TOKA3bIBAIOILME, YTO IOCJIE OJHOKpPATHOro BozaencTus DMII
MT GSM (SAR 2, 20 u 200 mBT1/kr) B Teuenue 2 dac Ha 50 cyTku
MOKHO KOHCTaTHpOBaTh MOpPakeHHWE HEWPOHOB B KOpE MO3ra, TUIl-
nokamIe u 0a3anbHBIX TaHMIUAX. OMBITEI OBLTU MOCTaBJICHBI Ha 32
Kkpbicax jauHuM Fischer B Bospacte 12-26 Henenb. Y 0O0Iyd4eHHBIX
YKUBOTHBIX ObLIIa OTMEUYCHA MOJIOKHUTEIbHAS ATbOYMHHOBAST PEAKITUS
BOKPYT' MEJIKMX COCYJIOB B O€JIOM U cepoM BelecTse Mo3ra. [Ipume-
HSUTHCh aHTUTEINa albOyMHHA MTPU TUCTOXMMHYECKOM aHanu3e. Peak-
1M TPOSIBIISUIACH KaK KOPUYHEBATHIC NI THUCTHIE 00pa30BaHUs UM B
BU/JIE pa30pOCaHHBIX 0OECIIBEUNBAHUMI. AJTHLOYMUH pacipOCTpaHsIICS
B TKaHU MEXIy HeHpoHamu, oKkpyxkas ux. Kpuasomn-duosue- ToBoe
OKpalllMBaHWE [I0Ka3ajJ0 HalU4Yhe TOBPEXKICHHBIX HEHPOHOB,
KOTOpbIE€ OBUIM TOMOTEHU3UPOBAHBI C MOTEPEH 3aMETHBIX BHYTPEH-
HUX CTPYKTYp KJIETKH, ObUIM CMOPIIEHBI U OKpAIIE€Hbl B TEMHBIN
1BET. ABTOpBI Ha3BAJIU UX «TE€MHbIE HEUPOHBI». HekoTopbie U3 ATHX
TEMHBIX HEUPOHOB OBUTM aIbOYMUH-TIOJIOKHUTEIBHBIMA UM COJIEP-
JKaIM LUTOIIa3MaTHYECKUe MUKPOBAKYOJIH, YTO, IO MHEHHUIO aBTO-
POB, YKa3bIBAJIO HA HAJIMYKE aKTUBHOTO MATOJIOTHYECKOTO MpoIiecca
(puc. 15 u 16). IlponeHT «HEHOPMATbHBIX HEHPOHOB» MpPH TPyOOit
OIIEHKE COCTABJISUI MAaKCUMAIBHO OKOJIO 2%, HO B HEKOTOPBIX Orpa-
HUYEHHBIX 00J1acTAX OHU JOMHHHUPOBAIU B TOJie 3peHus. M3meneH-
HBbIE HEHPOHBI OBLTM BO MHOTHX CTPYKTypax MO3ra, HO Yalle BCEro
OHH BCTPEUYAIUCH B KOPE TOJIOBHOTO MO3Ta, TUIITIOKaMITe, 0a3abHbIX
TaHTIUSAX U ObLUTH Pa30pOCaHbl cpeAr HOPMAIbHBIX HEHPOHOB. DTH
U3MeHeHust ObUTH ctaTucTryecku 3HaunmMeie (p>0,002).



A . & 4
Puc. 15. Cpe3vt yenmpanwvhoii wacmu Mo32a Kpvicol.
A. Konmpons. B. Oonyuennvie IMII P kpuicel.

A. B Koumpone euden anvOymuH 6 UEHMPAIbHOU GHYMPEHHEll
yacmu mo3za (2unomanamyc) — 3mo Hopma.

B. Anvoymun euden 6 6ude maneHbKux PoKycos, npeocmas-
AAOWUX npoHuyaemocms mnozux cocy/los. Yeenuuenue *3
(Salford L. et al., 2003 [310]).
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Puc. 16. Kopa 2010681020 mo32a. Cpe3zvl M032a KOHMPOJIbHBIX U
0071yueHHbIX KPbIC.

A. Pacceannbie nepenvle KiemKu 6 paiione noaocsl NUPaAMudaib-
HBIX KJI€MOK ZURNOKAMAA; CPEOU HOPMAIbHBIX HEPEHBIX K1eHOK
(601bUtUE KNIEMKU) GKIIIOUEHBL YEPHDLE U «(CMOPULEHHbBLE) HEPBHbBIE
KJ1emMKU — MaK Ha3vléaemble YepHble HellPOHb.

B. Hopmanvnuvie nepenvie KiemKu ¢ HeHOPMATbHBIMU HEUPOHAMU
YEPHBIMU U CMOPUCHHBIMU MEMHBIMU HEUPOHAMU 8 MKAHU KODbl,
HO ¢ MUHUMANbHBIM DACHPOCMPAHEHUEM Ha pa3pese. Yeenuuenue
*180 (Salford L. et al., 2003) [310].



Salford L., o0oOrmiast 3Ti pe3ysabTaThl, CAEIal CIEIYIOICe
pestome: «Mbl BEpBble IPEICTABISEM 3/1€Chb CBUIETEIbCTBO HEM-
POHAIBHOTO MOBPEXICHHS, BBI3BAHHOTO HETEIUIOBBIM MHKPOBOJIHO-
BbIM Bo3zelcTBueM. Kopa, Takxke Kak M TMIIIOKaMIl M Oa3ajibHble
TaHIJIMM MO3Ta OOJIYYEHHBIX KpBIC, COJEPKAINM TOBPEKICHHBIC
HelpoHbl. MBI IOHUMaeM, YTO Hallle MCCIEJOBAHUE HCIOIb30BAJIO
MaJIO€ YHMCIIO KUBOTHBIX, HO 00BbEIMHEHHbIE PE3YIbTAThl 3HAYMMBbI U
MOKAa3bIBAIOT SIBHYIO JI030BYIO 3aBUcHMOCTb». Salford L. Beickaszain
IIPEIIOI0KEHNE, YT y noJib3oBaTeneit MT moxer ObITh OoJiee paH-
Hee «cTapeHne Mo3ray. C TOUKH 3peHHs paano0uosora, i OLEeHKA
onacHoctd DOMIT MT aBTOpBI NOJYYUIIN OYEHb BaXKHYIO 3aKOHOMEP-
HOCTB: TIPSIMYIO 3aBUCHMOCTHh MEXIY KOJIUYECTBOM «TEMHBIX HEM-
POHOB» B TKaHAX Mo3ra 1 BenmunHoit SAR.

Kesari K. u Behari J. (2009) [246] mocne obmydenus: mo3ra
KpBIC Ha MPOTsDKeHUHU 45 cyTok 1o 2 4yaca B aeHb (SAR 0,8 Br/kr)
OTMETHJIM HU3MEHEHHE B THUIINOKaMIle YPOBHs (epMEHTOB, Oelka,
yucina aBorHbIX paszpeiBoB JJHK. Ammarin M. et al. (2010) [141]
obnyuanu onHy rpymnmny kpbic OMIT 900 MI'ny B TeueHue 45 MUHYT B
nenb (SAR 1,5 BT/kr) u B TpyIIIbI )KUBOTHBIX B TCUCHHE 15 MUHYT
B 1eHb (SAR 6 B1/kr) Ha ipotsbkennu 8 Heenb. Ha 3 u 10 auu mocie
OKOHYAHUS Kypca 0oO0JydeHUs ompenessuii ypoBeHb Oenka GFAP,
CoJiep’KaHuEe KOTOPOTo OBbLIO YBEIMYEHO B acTPOLUTaxX BO BCEX
ONMBITHBIX Tpynnax. Ilo MHEHMIO aBTOPOB, 3TO YyKa3blBaJO Ha
HeOnaronpusitHoe Biusinue SMIT MT na mo3r.

Maskey D., Kim M. et al. (2010), Maskey D., Brdhan J. et al.
(2010) [269,270] uccrnemnoBanu Bo3mosxkHoe Biusaue IMIT 835 MI't
MT Ha kanblIMii CBA3aHHBIE OCJIKU U ararl- To3 B TUIIOKaMIIe MO3ra
Mbliy. BozaericrBue OMIT npoBoanim no § 4acoB B I€Hb B TEUCHHUE
3 wmecsaeB (SAR 1,6 BT1/kr). ABTOpBI MOJYYHJIH CHIDKCHUE
aKTUBHOCTH KaJIbIIMH-CBSA3aHHBIX 0emKoB, yBEIUEHHUE
nmmyHopeakTuBHOCTH GFAP, Hammume amanro3a KIETOK B
OTJENBHBIX 00JaCTAX TUINOKaMIa. B npyrux cepusix skcrieppumMeHTa
aBTOPBI 00JTydaJI )KUBOTHBIX IO PYTOM MTPOTpamMMe: OJTHA CEPHST —
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1 gac B neHb B Teuenue 5 cytok (SAR ot 1,6 no 4,0 Br/kr); npyras
cepusi — oOnydeHue Mbliiei mo 1 4acy B J€Hb B TE€UYCHHE OJIHOTO
mecsiia (SAR 1,6 Br/kr). 1o okoHUaHHHM MECSYHOTO BO3JCHCTBHUS
ObLIO 3aperucTpUpoBaHa MOTEPS MUPAMHUIATIBHBIX KIETOK B 00J1aCTH
CA-1 runnoxkama.

Ha ocHoBe pe3ynbTaToB 3THUX NPOBEACHHBIX HMCCIIEIOBAHUN
Mexnynaponnas skcneptHas Komuccuss B pamkax IlIBeackoro
Komurera o paauarnmonsoi 3amute (SSM) npuiiuia k ciaeayromemMy
3aKJIIOUEHHUIO: «JTH MCC/IeI0BAHUS YKA3bIBAKOT, YTO Y IPHI3YHOB
e’KeCyTOYHOe BO3/1eliCTBHE B TeUeHUE HeCKOJIbKHUX Heleb 1o 45
MHHYT B JleHb W NpH 0osee JIuUTeJbHOM o00aydennu IMII
MoouiabHOro Ttejgedona (SAR 1,5 Br/kr W Bblllie) MOXKeT
NMPUBECTH K OTBETHOH MOBPEKIAIIECH peakuuu HEHPOHOB
TUNNoOKaMma. JTO MOKeT HMeTh BJIMSIHHME HAa NaMATb H
KOTHUTHBHBbIe pyHKIum» [144]. 3a nocneaHue roipl 3a pyoexom
OIyONIMKOBAaH PSAJl JOMOJHUTENBHBIX pPa0OT, yKa3bIBaIOMIMX Ha
OOJIBIIIYI0 YYBCTBUTEIBHOCTh TOJIOBHOI'O MO3Ta IpU €ro Oojee
JUTUTEIbHOM/XpOoHUYEeCKOM o0nyuennn DOMII PY manoli uHTEH-
CUBHOCTH.

Dasdag S. et al. (2015) [171] nonyunin gaHHBIE, 4TO O0ITyUe-
HUE MO3ra KpbIC B TedeHue ojgHoro roaa SMII 900 MI'T[ no 3 u B
neHsb (7 nHel B Henento) npuBoauT K n3menenusM PHK B mosre. I1o
MHEHHIO aBTOPOB, 3TH HAPYILLIEHUS MOT'YT IPUBECTH «K U3MEHEHUIO B
pocte, nuddepeHmanuu, npoiudepanu U THOETU KIETOK, IO-
JaBJIsisl OJIMH WJIM HECKOJIBKO T€HOB-MUIIIEHE.

Deshmukh S. et al. (2016) [172] ony6mukoBanu B 2016 romy
JaHHBbIE O BJIMSHUM HU3KOrO YpOBHA cyOxpoHuueckoro CBY-
W3ITy4yeHUs] HA KOTHUTUBHBIE (DYHKITUH, HA OEJIOK TEeTIOBOro IIoka 70
(HSP70) u yposens noBpexxaeanii JIHK B mo3re kpbic

B aTOT Xe mepuon BpeMeHU ObLTH ONMyOJHMKOBAaHBI JIBA CO-
oOmIeHHs 00 M3MEHEHHSX B KOPEe TOJIOBHOTO Mo3ra y Mermeid C57BL
KaK TpU OCTPOM OOJIYY€HHHU, TaK MPHU JBYXMECSYHOM BO3JACHCTBUU
DMIT 835 MTI'tt (Kim J., Yu D., Kim H., 2017; Kim J., Yu D., Huh
Y. et al., 2017) [247,248]. O6ny4enue ObLIO €XKEIHEBHBIM IO 5



gacoB, SAR 4,0 Br/kr. Llens cocrosuia B TOM, 4TOOBI M3Y4YHTh
aKTHBALMIO ayTO(aruy B KOpe roJIOBHOI0 MO3ra Mocje JJIMTETbHOTO
obmyuenust OMII PY manoii uaHTeHCHBHOCTH. Pe3ynbraTsl mokasanu,
gto OMII PY B »9TUx yclooBusx OOJydYeHUsS BbBI3BIBACT
TMIIEPAKTUBHOCTb, ayTO(aruio M JAEMUEIMHU3ALUI B KOPKOBBIX
Heilponax y welmeil. HaOmromanoch ycuieHue ayToinu- 3032 B
HEHpOHAJBHBIX KJIEeTKax. bbuin  oOHapyKeHbl MOBPEKIACHUS
MHUEIMHOBON 000JOYKH. ABTOPBI MPEANOIAraloT, YTO «ayTrodarus
MOKET BBICTYNaThb KakK 3allUTHBIM MEXaHU3M, a JEeMUEIU3aLus,
WHIYUUPOBAaHHAs B KOPKOBBIX HEHpOHAX IpHU NPOAOIKUTEIBLHOM
Bozaercteun OMII PY, yka3biBaeT Ha BO3MOXHYIO NPHUYHUHY KOT-
HUTHBHBIX pacctpoiictBy. Nittby H. (2018) [283] nabirogana y Kpbic
yxyauenue namaru nocie Boszaeiictsuss OMII CT B Teuenue Oosee
OJIHOT'O roJia.

Takum o0pa3om, B cucTeMe COTOBOH CBSI3M MMEIOTCSl HC-
TOYHHUKH HEIMOCPEJICTBEHHOr0 00JIy4eHHs] HEPBHBIX CTPYKTYP
BHYTpeHHero yxa u mosra. IlpeacraBiieHbl JaHHbIE, YKa3bIBa-
wime Ha HeOaronpusitHoe Biaussuue IMII PU coroBoro teJie-
¢oHa Ha QYHKIHOHAJIBHYIO [eSITeIbHOCTH T'OJOBHOIO MO3ra,
BJIMSIHHE HA er0 HepBHbIe CTPYKTYPbl KU3HEHHO BA’KHBIX LIeH-
TpoB. [losry4ensl nannbie 0 Hapymenun I'9b. Hame maenue, 4yro
UMeeTcsl J0CTATOYHO Pe3y/bTATOB, M03BOJISIIOLIIMX NPUHATH UX B
KAa4YecTBe CYIIECTBEHHOI0 KPHUTEPHS OLECHKH ONACHOCTH IpPH
Bo3aeiicreun IMII PY 3G u 4G.

Onnako Baussane IMII PY Ha mo3r, Kak Ha KPUTHYECKHIT
OpraH, NpH OLlEHKe PAJANAIMOHHOM ONACHOCTH He YUYUThIBaeTCH,
MOJIHOCTHI0 UTHOPUpYeTcsl U npu HopmupoBanuu. He paccma-
TPUBAeTCA TOJOBHOM MO3I M KaK 3HAYMMBbI OpPraH, IoJy4ao-
LU IOTMOJIHUTEIbHYI0 QYHKIIMOHAIBbHYIO HATPY3KY, MYLIYIO OT
peuenTopoB KO:KM npu Bo3aeiicrsuu MMB.

JIOTIOJTHUTENBHBI  PE3YyNbTAaThl HUCCIETOBAaHUN KOTHUTHUBHBIX
¢byHkuuit y gereit OyaeT pacCMOTPEHBI B 3TOW KHHUI'e HUXKE, B COOT-
BETCTBYIOILIEM pa3Jiee.



2.2.2. llluToBUIHAA XKeJjie3a

CoToBBIE aHTEHHBI y MHOTHUX CMapT(OHOB PACIIOIOXKEHBI B
HwkHeld yactu MT u peanbHO 00NydeHUE peaau3yeTcs B 001acTH
ureu (Carlberg M. et al., 2016) [163]. YuurbiBas 3T0, BOSHHKAET PUCK
obmyuenust muroBuaHOW kenesbl (LK) u, xak cieacrtBue, Ha-
pymennii ¢pynknuu DK u pasButne omyxoneBoro mporecca. Ilo
HaIlleMy MHEHHIO, TIOBBIIICHHBIN PUCK OyIyT UMETh JACTH, YUUTHIBAS
MeHbIee pacctosaue mexay LK u antennoit MT (puc. 17).

Puc. 17. Pacnonosicenue anmeHHbl CMapmgoH08 no OMHOULEHUIO K
wumosuonou xneenesze (Carlberg M. et al., 2016).

bbun npoBenieHbl 103UMETPUYECKUE UCCIIEIOBAHMS B 001acTh
IICH U TOJIOBBI BO BPeMsi HCIOJIb30BaHus cOTOBOro Tenedona (Lu M.
atal., 2016) [260]. Pe3yabTaThl OKa3au, 4TO MOTJIOIICHHAS SHEPT U
(SAR) B III)K ropasmo OGosbliie, uem B 00jacTu rojioBbl. OHAKO,
3HadeHuss SAR B 11K meHble npenenbHO TOMYyCTUMBIX YpOBHEH
[TV, yeranosnenssix B8 CLIA (1000 mx Br/cm?).

[osiBUnMCH MyOMUKAMKM C pe3ylbTaTaMM HCCIEIOBAaHUN O
HapyuieHusx mMopdodyHkironanbHoro cocrossHus DK mpu Bo3-
neiictBun OMII MonyIMpOBaHHOIO MMITYJIBCHOTO PEKHUMA Y TOJIb-
3oBaresield MT. bputn BbIABIIEHBI H3MEHEHNS HA YPOBHE MTAPEHXUMBI
u crpombl (Bergamaschi A. et al., 2004; Djeridane Y. et al., 2008;
Mortavazi S. et al., 2009) [158,177,272]. Bo3zneiicTBue paauo-
qacToTHbIX (RF) MMITyIbCHO-MOAYIMPOBAHHBIX MOJEH C YaCTOTON
900 MI'u, SAR 1,35 B1/kr 1o 20 MUH B CYyTKH Ha IPOTSDKEHUH TPex
Henenb BeI3Bao B DK koMmeHcatropHOoe BO3pacTaHHWE BBICOTHI



(GOIUKYISIPHOTO AIUTENHUsI, U3MECHEHHE KOHCHCTCHIIUU KOJUIIOWA
(OJUTHKYIIOB, aMONTOTHYECKYIO THOENh THUPOIHUTOB. C TOMOIIBIO
TPAHCMUCCHUBHOM 3JICKTPOHHOW MUKPOCKOIIMU TIPU BBISBICHUU CO-
JepKaHUsl Kacmas3bl-9 M Kacmas3bl-3 — MapKepOB aroNTOTHYECKOM
ruOeN KJIETOK ObLI MOATBEpkACH dP(HEKT CHUKCHHUS 3aIIUTHI OT
ruOeI TUPOIUTOB. ABTOPBI CUMTAIOT, YTO MMITYJIBCHO-MOYJINPO-
BaHHOe BozzercTBue DOMII MoXeT BbI3BaTh MATOJIOTUYECKUE W3-
menenus B LK na ¢one Bo3pactanusi kacraza-3aBUCHUMBIX ITyTEH
amonrroza (Mortavazi S. et al., 2009; Esmekaya M., 2010) [272,181].

Bbeut ipoBeicH aHAIUTHYECKUI 0030p MyOIMKaIuii 10 AeKaops
2018 roma, moOCBAIIEHHBIH HccaenoBaHuo BiausHugs MT Ha
CTpYKTYpy mmroBuaHo# sxene3nl (Asl J. et al., 2019) [145]. Uccie-
JOBaHHSI THCTOJIOTMYECKUX U3MEHEHUH B (POJUTUKYJIAX IIMTOBUIHON
JKeJIe3bI MOKa3allv, YTO 00BEM ITHX KJIETOK ObLT YMEHbBIIIEH. ABTOPBI
CYHTAIOT, YTO 3TO MOXKET HETaTHBHO MOBJIMATH Ha MOTJIOIIECHUE o1
B IIUTOBHUHOM JKEJIEe3€¢ WJIM YBEIWYHUTH BIHMSHUE TEMIICpATypbl Ha
ITUTOBUTHYIO JKEJe3y.

[Tonmy4yeH ¥ OTpHUIIATEIILHBIA PE3YIbTAT C KICTKAMU IIUTOBU/I-
HOM kene3sl in vivo (Silva V., 2016) [321]. Oanako HaZO OTMETHTD,
9TO B OTBITE OBLIN HCITOJIH30BaHBI OYCHD MaJTBIE ITOTJIOMEHHOE 036,
ke cymectBytommx [IAY — 0,08 u 0,17 B1/kr.

Ony6nukoBansl naHHble 0 auchynkuuu DK y crynenTos,
JUTUTEIbHO Hcmob3yromux MT 6e3 orpannuenus (Baby N. et al.,
2017) [150]. Bweibopka coctaBmia 83 cryaeHta. KimHuueckoe
oOcnenoBanue mokasaino, uro 13,6% ucneitareneit nmenu orek 1K,
3,6% — cumrnromer auchyaknun K u 3,6% nmenn cuMmToMbl
machyakmun DK ¢ npusnakamu  oreka. [lpm stom, 53%
OTIPOIIIEHHBIX B CPETHEM €KEHEBHO pPAa3rOBapHBaIIH MO TeledOHY IO
0,5 gaca; 28,9% — 1o 1,5 yaca B genp u 10,8% onponieHHbIX — 110
3,5 yaca.

B myOnmkamusx OTEYeCTBEHHBIX YYEHBIX TaKKe HMEIOTCS
nanHbele o Hapymenusx ¢ynkuuu DK npu BozaeictBun OMII Ha
KpBIC, TIEpEeMENIaronuxcsi B cBoOo1HOM pexxume (Bopontosa 3.A.,
2004) [15]. IToce MATUMECSYHOTO BO3JACHCTBUSA MMITYIbCOB DMII



ObLi1a BRISIBIICHA aKTHBU3AIMsI TOPMOHOOOPA30BAHUS 110 MTOKA3ATEIISIM
CTENEeHN HOIMPOBAHUS aMHUHOKHUCIIOT B Koytonae dosmukyn DK u
yTHETEHUE TPOIECCOB WX BBIBEJACHHS B KpoBb. Hawmbomee
BbIpakeHHBIH dPdekt yraerenus ¢ynkiuu DK 01 oOHapyxeH
nocie aecsTuMecsuyHoro BosaeicTus DMII. Habmomanocs ¢oin-
JTUKYIIO00pa30BaHUE C BO3PACTAaHUEM 4YHCIA NPOTH(EPaTUBHBIX
COCOYKOB, HO TUIOCKMW TUPEOUJIHBIA SMUTEINI yTpauuBall (yHK-
[IMOHAJILHOCTG. BbIsiBIIeHa M30UpaTelibHasT 3JCKTPOMAarHUTHAS YYB-
CTBUTEJIbHOCTh OTAENBHBIX THIOB TY4YHBIX KJeTOK cTtpombl LXK,
PEryJIupYIOIIMX MPOLECCHl MECTHOTO TOMEOCTa3a U OMPEIEISIONINX
ux ydactue B Mmoaupukanuu 6uosddexron Ha Bozaeiictsue IMII 3a
C4éT M3MEHEHHUs KOJMYeCTBAa M KAadyecTBa, a TakkKe crocoba BbI-
CBOOOXKICHUSI OMOJIOTUYCCKN aKTUBHBIX BEIECTB, IPHYEM, B 3aBU-
CUMOCTH OT MPOJOJIKUTEILHOCTHA BO3ICHCTBUSI.

AHanu3 onmyOJIMKOBAHHBIX PE3YJIbTaTOB UCCIIEOBAHHI MO3BO-
JIIeT KOHCTAaTHUPOBATh, UTO AJIEKTPOMATrHUTHBIE TTOJISI MOTYT IIPUBECTH
K BBICOKO JI0JIE pUCKA Pa3BUTHS TUIEPTUPEO3a WM KaHIIEpOTreHes3a,
WHIYIUPYS U3MEHEHUSI HA YPOBHE BCETO OPraHU3Ma.

Ycunenue HebnaronpustHoro Biusaus Ha 1K mMoxHO 0%ku-
naTh MpHU cliokHoM Bozaercteur OMII PY, manpumep, npu yactoT-
HOW u ammutyaHoi moaynsauusax (I'puropses FO.I'., 2003; Yepka-
coa O.b. u np., 2011; I'puropres FO.I'., I'puroprer O.A., 2013)
[38,114,57], a taxxe npu Bo3zaeiictBun MMB 5G crangapra.

2.2.3. IMmMyHHas cucTeMa

Bonee yem 3a 50 neT OBLIO BEITOJHEHO OOJILIIIOE YHCIIO HCCIIE-
JIOBaHUH MO OLIEHKE BO3MOKHOrO BiausHus OMII PU Ha nMmyHHYIO
cucteMy. B OCHOBHOM, 11€JIbIO 3THX UCCJIEIOBAHUN SBIISLIOCH MOJY-
YeHUE JAHHBIX JJII HAY9HOU 0a3bl MpH pa3pabOTKe THTHEHUYECKUX
CTaHJapTOB.



BosbmmHCTBO paboT OBUTO BBHITOTHEHO
¢ 1973 nmo 1987 rr. xomneramu Kuesckoro
HUWU o6muieii 1 KOMMYHAJIBHON TUTUEHBI WM.
A.H. MapzeeBa 1oa  pyKOBOJCTBOM
akagemuka PAH M.I'. Illagganer. B wrore,
Obu1 chopmynupoBad BbBOA, uro DMII PYU
HU3KOM HMHTEHCUBHOCTH MOXKET OKa3bIBaTh
HeOJIaronpusATHOE BIUSHUE HA UMMYHUTET.

B ycnoBusix XpoHHUYECKOro 001ydeHus

OMII PY B Teuenue aByx mecsues npu 1119
500 wmkBt/cM?  GbuH MOJy4eHbl  3Ha- ¥
YUTENbHbIE HEONaronpusTHbIE OTKIOHEHUS Axademui PAH
CO CTOPOHBI (DYHKIIMOHHPOBAHUS UMMYHHOU M.I". lanoana
cuctemsl ([Ilangama M.T"., Bunorpamos I'.1.,
1982, Bunorpanos I'.1., [lymanckuii FO. /., 1974; Bunorpanos ['.1.,
Haymenko [I''M., 1986) [121,11,13]. DOtu HebOiIaronpusTHbIC
MPOSIBJICHUSI KacaluCh ayToaiepruueckux 3(QexkToB, n3MeHeHHne
AQHTUT€HHBIX CBOMCTB TKaHEW M MX BIMUSHUA HA TUIOJ ¥ TOTOMCTBO, Ha
HEKOTOpBIE TOKa3aTead KIETOYHOr0O HMMMYHHTETa B YCJIOBHSIX
XPOHHUYECKOTIO BO3ACUCTBUS.

Jl1 BOCIIPOU3BEACHHUS 3TUX, PaHEE MOJIIYYEHHBIX PE3yJIbTaTOB
[0 CYIIECTBEHHOMY BIIMSIHUIO INPOJIOHTHPOBAHHOIO BO3JEHCTBUS
OMII PY na ummynnyto cuctemy (Illangana M.I'., Bunorpanos I'.I.,
1982; Bunorpanos I'.1., Aymanckuii FO. /1., 1974; Bunorpanos I'.1.,
Haymenko I'.M., 1986) [121,1.13], Obl1 mpoBeIeH MO Hallel
uHunuaTuBe U npu nojaepxkke BO3 coBmecTHhIE Poccuiicko-
@panny3ckuil s3kcniepuMeHT Ha 6aze Muctutyra buodpuzuku M3 /
OI'bY THL OMBIl um. A.M. bypnazsna ®MBA Poccuun. B
SKCIIEPUMEHTE ObUIM  HCMOJb30BaHbl IPOTOKOJBI M3  paHee
BBITIOTHEHHBIX PA0OT BBIIIE YIIOMSHYTHIX aBTOPOB. J{OMOTHUTENBHO
ObUTH CO3/IaHBl COBPEMEHHbIE ycioBus Bo3aercTBus OMII PY, me-
TOJBI JO3UMETPHUH, a TaKkKe Obllla UCMOJIb30BaHA COBPEMEHHAs Me-
TOJIMKAa UMMYHHO(EpMaTaTUBHOTO aHanu3a — meto Elisa.

HeoOxonumMo ObL1O MOATBEPAUTH WM OTBEPrHYTh, uTo DMII




PY nHereruioBoil MHTEHCUBHOCTHU BIIMSET HA YPOBEHb aHTUTEN K aH-
TUT'€HaM PA3JINYHbIX OPraHOB (MO3ra U MEYEHU) B YCIOBUSAX XPOHU-
YECKOI'0 BO3/ICUCTBUS.

B panee ynoMmsHyTbhIX paboTax ObUIM BBIOpaHBI JBE MOJEIH,
KOTOpBIE JIEMIM B OCHOBY BBIIIOJHEHHOTO IIOJ PYKOBOJCTBOM
npogpeccopa  FO.I'.  I'puropseBa  Poccuiicko-®paniry3ckoro
JKCIIEPUMEHTA.

IIporokoa Nel. OnbITHY!O Tpymiy KpbiC IPOJOHTHPOBAHO
ob6mydanu OMII wactoroii 2450 MI'tt B Teuenne 30 nueii ¢ ITI19 500
MkB1/cm?. Ha 7 u 14 cyTku nocie o6aydeHns sKMBOTHBIX 3a0MBaIH,
OpaJiu KpOBb M TOTOBWJIM CHIBOPOTKY, OJHOBPEMEHHO MOJydalln
AHTUIEHbl W3 TOJOBHOIO MO3ra M Ie4eHH. MeTogoM peakuuu
CBSI3bIBAHUSI KOMILIEMEHTA OMNPEEIISIIN CTENEHb COAEPIKAHUS IIPO-
TUBOTKAHEBBIX KOMIUIEMEH()UKCUPYIOIIUX AaHTUTEN B CBHIBOPOTKE
KpPOBH K BOJIHBIM 3KCTpaKTaM TKaHU MO3ra U EYEHHU.

IIporokosa Ne2. CbIBOPOTKY KPOBU OT OOITYYEHHBIX KPBIC, TT0O-
nydeHHyIo Ha 14 cyTtku mocie okoHdaHusi oomyuenus DMII gacro-
Tou 2450 MI'n B Teuenue 30 mueit ¢ 111D 500 MKBT/CMZ, BBOIWJIU
BHYTPHUOPIOIIMHHO HHTAKTHBIM KpbicaM Ha 10 cyTku GepeMeHHOCTH
Y B TMOCTEAYIONIEM HaOII0aIH 3a TeYeHUEM OEpEMEHHOCTH, Pa3BHU-
TUEM IUIO/IA U IOTOMCTBA, C OLIEHKOW IJIIOJJOBUTOCTH.

[ToaroroBurenbHast paboTa 3TOro 3KCHNEpUMEHTa Oblia HavaTa
B 2005 rony. beutn paspaboTtaHsl mporpamMma u IpOTOKOJI 3KCIIEpH-
MEHTa C JIeTaJbHBIM OMMCAHUEM IPOBEJIEHUSI BCEX 3TAIlOB HUCCIIE-
JIOBaHUsI, KOTOpBIE B IMOCenyromeM Oblin coriacoBansl ¢ BO3 u
0/100peHb! He3aBUcUMBbIM HayunbiM HaOmonarenbHbiM Komurerowm,
B KOTOpBIN BonuH yueHble-3KkcnepTsl u3 CIIA, Utanuu u ['epmanun.
HccnenoBatensckoit Tpynmnoid coBmecTHOo ¢ HayuneiM HaGumio-
natenbHbIM KoMuTeTOoOM ObUIM COTIacOBaHbI YCIOBHS BO3JIEHCTBUS
OMII PY, xoTopsle B ocieayroneM ObTH peaTn30BaHbl, YTO OBLIO
MOATBEPHKICHO JO3MMETPUYECKHUMH HCCIEAOBAHUSIMH HEMOCpei-
CTBEHHO Ha CTEHJe OOJIy4eHHUS C ydacTheM (paHIly3CKHX CHelH-
anuctoB. Co37aHHBIE YCIOBHSI 3JEKTPOMAarHUTHOTO BO3EHCTBHS
rapaHTUPOBAIN PABHOMEPHOE I10JI€ 00JTyUeHUs BCEX IPYII ONBITHBIX



KUBOTHBIX B PaBHBIX TOMIOMICHHBIX J03aX. bbutn mom00paHb
KOJUIEKTHUBBI CIIELUATUCTOB MO MPO(UIIIO 3alIaHUPOBAHHBIX UCCIIE-
JIOBaHUH.

K pabote ¢ )kxMBOTHBIMU BO BpeMsl KapaHTUHHOTO niepuosa (14
CYyTOK) M BCEro mnepuoja oOmydeHus >KHBOTHBIX (30 cyTok) py-
KOBOJICTBOM JKCIIEPHUMEHTa Oblila MPHUBIICYECHA «HEHTpanbHas» (He
3aMHTEpPECOBaHHAs B pe3yJibTaTax) paauoOuosiornyeckas 1adboparo-
pust Macturyra 6uodusuku (3aB. mpodeccop H.I'. apenckas). Co-
TPYIHHUKHU dTOH Jaboparopur Mb® He ObUTM 03HAKOMIICHBI C 3aja-
YaMM 3KCIEPUMEHTA, YTO O0ECHEeYMBAJIO OCYILECTBICHHUE CIIEHOrO
METOJIa TIPU MOCIIeayIoNel padoTe ¢ IKCIIEPUMEHTAIbHBIM 3alIu(-
POBAHHBIM MATEPUAIIOM YXKE IPYTUMHU HUCTIOTHUTEIISIMHU.

[IpoBeneHune Bcero MuUKIIa SKCIEPUMEHTA, BKITI0Yast 00padoTKy
MOJIYYEHHOT0 MaTepualia, aHaJlu3 pe3ylbTaToB U (OPMUPOBAHUE CO-
OTBETCTBYIOLIETO 3aKJIIOYEHMSI, IPOBOAMIN IPU aKTUBHOM yYacCTHH
Mesxnynaponnoro Hayunoro nadmoaarensHoro Komutera, a Takxke
IPU aKTUBHOM YYaCTHH OBIBIIETO PYKOBOAHMTEISI MexXTyHapoTHON
nporpammbl BO3 «OMIT u 3m0posse» M. Repacholi.

BeinonHenue sKkcnepuMenTa B MOJHOM 00beMe M0 MPOTOKOIY
BO3 u B pamkax MeXIyHapOJIHOH Nporpammsbl MOTpeOOBaio OT
HAy4YHOT'O KOJUJIEKTHBA, KOTOPhIM pykoBoauia mpodeccop FO.I". I'pu-
ropeeB, Tpu roja padotsl (2005-2007 rr.). OT4er mo pe3yinbTaram
JKCIepUMEHTa U odliee 3aKkimoueHre Obltu o100peHsl BO3 n Mex-
JYHapOJHBIM HayudHbIM HaOmroparenbHbM KomuretoMm. OCHOBHBIE
pe3yabTaThl ATOr0 SKCIEepUMEHTHl OblTM OmnmyOnMKOBaHBI B 5 co-
oOmenusx B xypHaie «Panuanrionnas Ouonorusi. Pagmnoskonorus»
(2010) (I'puropwer IO.I'., T'puropeeB O.A, WBanor A.A. u map.;
I'puropses 10.I"., I'puropses O.A, Mepkynos A.B. u 1p.; ['puropses
10.I". Muxaiinos B.®., IBanoB A.A u np..; UBanoB A.A., ManbieB
B. H. u np.; Jlarunckas A.M., I'purposes FO.I'., Ocunos U.A. u ap.)
[59,60,71,61,83], a Taxxe 3a pyoexxom (Grigoriev Y., Grigoriev O.,
Ivanov A. et al., 2010; Grigoriev Y..2011) [212,206 ].

DKCIepUMEHT I10 UCCIETOBAaHUIO UMMYHOJOTHUYECKOTO CTaTy-
ca rpu npoJjionruposanHom aeiictsur DMII PY 6bu1 mpoBeneH Ha 48



KpbIcax-camuax auHun Bucrap. TepaTonornueckue MCCieI0BaHUS
ObLH BeIosHEeHB! Ha 120 kpeicax (90 camok u 30 camIioB).

JlmurenbHOCTh 00mydeHust kpeic OMII PY ¢ TIITD 500 mxBTt/
cM? coctansana 30 cyTok 1o 7 yacos B AeHb. Kpbic mocie Kakaoro
OOJTy4YCeHHSI U JIOKHOTO BO3JCHCTBHSI OTHOCHJIM B BUBAPUH, IJIe OHH
HaXOJWJINCh B OTAENIbHOM ClleluaNibHON KOMHATE MpU TeMIiepaType
Bo3ayxa 21-23°C, oTHOCHTENBHOI BIaxXHOCTH Bo3yxa 40-60%, npu
HCKYCCTBEHHOM OCBEIIEHHHM 12 4acoB B CYTKH M CKOPOCTHU BO3-
nyxoobmena 100 m®/uac.

OcymecTBisiioch o01iee (TOTalbHOE) BO3ACUCTBUE AJUIUITH-
yecku nonsipuzoBanHoro OMII PY vactoroit 2450 MI'1 (HenpepbIB-
Has reHepanus), 1113 cocrapisna 500 MxB1/cM?.

B 5TOM sKkcneprMeHTe MCTUHHOE U <JI0’KHOE» BO3/EHCTBHE
OMII PY ocymiecTBisauch B 2 3KpaHUPOBAHHBIX 0€33XOBBIX KaMe-
pax. Jlns pasMenieHus: SKCIePUMEHTAIbHBIX KUBOTHBIX HCIIOJB30-
BaJI CHEIMAIBHO U3TOTOBJICHHBIE KJIETKU B BUE KoJibla (puc. 18).
B «xonbue» pazMemnianuch 16 3KCHEepUMEHTANTbHBIX KUBOTHBIX 10
OJTHOM KpbIce B Kaxk10i1 kieTke. Kpbickl He pukcupoBanuch. Kiet-




Puc. 18. O6uuii 6uo IxkcnepumeHmanbHoil yCmanoeKu npu 00ayuyeHuu
Kpblc 6 6e32x0601l Kamepe
KM OBLIM CHAOXKEHBI MPO3PAYHBIMU KpbIIKaMu. Pa3mepsl Bcex 16

Kamep ObUTH OAMHAKOBHI ¥ ObuTH paBHBI 0,32 M ' 0,15 M.

HUctounukom OMII PU sBnsuics anmapar uisi JUaTepMHUU
«JIYY-11». I'eneparop co3naBajl HEMPEPHIBHBIC JIEKTPOMArHUTHBIC
koJjiebanust yactoror 2450+50 MI1. MI3amepenus cpeHUX 3HAYCHUIN
III1D OblIk BBIMONHEHBI ¢ moMombio ammapata Narda EMR-20
(®PT'), moaxmouennoro k I1K. 3adukcupoBannsie 3naueHus [1119
BapbUpoBaIN oT 429 10 593 MKBT/cM? IpU ycpeHEHHOM 3HAUCHUN
495 MxBt/cMm?,

Pacuers untencuBHoctn OMII PY Obutn BhINONHEHB! odu-
[UaJbHBIM JKCIIEPTOM IMpoekTa 1o no3umerpun Levek F. (mabopa-
topusi XLIM, . Jlumox, @pannus). Benmuunner SAR n3mepsuuce ¢
HCIIOJIb30BAHUEM METO/JA KOHEYHBIX PAa3HOCTEM BO BPEMEHHOU
oonmactu (FDTD — finite-difference time-domain). Ludposas mo-
JIeTTb KPBICHI ObLIa pazpaboTaHa B UCCIIEIOBATEIBCKON JTabopaTopuu
6a3s1 “bpykc” BBC CIIA (Can Anronmo, CIIIA), cocrosuia u3 36
Pa3IMYHbIX TUIIOB OMOJIOTMYECKUX TKaHel ¢ paspemeHueM 0,75 MM.
YcpennenHoe mo Bcemy tenny 3HadeHue SAR cocrasmiio 0,16+0,04
Br/kr npu IIIID napmatomero moms, pasroit 500 MKBT/ cm?.
YcpenHeHHOe MO TKaHsSM Mo3ra 3HadeHne SAR mpubmmkamochk K
0,16 Bt/xr. MakcumanbHoe 3HaueHHe SAR B TKaHSX TOJOBHOIO
Mo3ra pasHsiock 1,0 Br/kr. U3menenus cpequux 3naueHnit SAR He
npeBbIany 5% i pa3HbIX MOJI0KEHUI KPBIC B KIETKaX.

Ha 7-i1 u 14-i1 nenp Bo3aetictBus DMII PY tkanu kpbic ObLTH
MpenapupoBaHbl ISl TOCIEAYIOIIET0 UCIOJIb30BaHUSI B UMMYHOJIO-
THYECKUX M TEPATOJIOTHIECKUX TECTaX.

Bauanue IMII P4 nemennogoit unmeHncueHocCmu Ha yposeHs
KOMN1eMEHMPUKCUPYOUUX RPOMUGOMKAHEEHIX AHMUM el
OTOT paszzen ucciegoBaHUs ObUI BBHIOJHEH Ha 48 KpbIcax.
Bcero 6bu10 3 rpynmel mo 16 kpeic B Kaxao0i: 1-s1 rpynmna — 6uo-



KOHTPOJIb, 2-51 TPYIINa — <JI0KHOE» 00yueHue; 3-s1 rpymmna — o00-
nydennbie OMII PU HerernnoBoit mHTEHCHBHOCTU. M3y4anmu obpa-
30BaHUE AHTUTEN K TKaHSIM MO3ra U II€YEHU B PEAKLUU CBSI3bIBAaHUS
KOMILJIEMEHTA.

Ha 7-e cytku oOiydeHus copepKaHHe aHTUTET K 00OUM HC-
I10JIb30BAHHBIM aHTUI€HAM HE3HAYMTEJIbHO OTJIMYAIOCh OT IIOKa3a-
Tenel rpymnmbl OnokoHTposist. Ha 14-e cyTku mociie okoHYaHus 00Ty-
YEeHUs BO3pACTajO COJACpKaHue aHTHTeN K Tkanu mo3ra (Ig mumpa
1,19+0,07). DbdexT ObUI CTATUCTHYECKU 3HAYMM IO CPABHEHHUIO C
TPYIIION «I0XKHO» 00ydeHHBIX )UBOTHBIX (Ig TuTpa 0,89+0,05) 1 ¢
rpymmoi 6uokontponst (Ig turpa 0,69+0,08). YpoBeHb MPOTHBO-
TKAHEBBIX AHTUTEJN K TKaHU MeYeHHU Ha 14-e CyTKU 10ciie OKOHYaHUs
BozzeiictBust OMII PY HeTerioBo MHTEHCMBHOCTH IOBBITIAJICS
HE3HAYUTEIBHO.

[TosnydyeHHble JaHHBIE TIOATBEPANUIIN PE3YJIbTAThI MPEABLAYLINX
ucciaeaoBaHUl o ctuMyinupytomeM BiusHuM OMII PYU  wmanoii
MHTCHCUBHOCTH Ha BHIPAOOTKY MPOTHBOTKAHEBBIX aHTHTEN. OJHAKO
B 9TOM OIBITE 3JEKTPOMATHUTHOE BO3JCHUCTBUE MPHUBEIO K MEHEe
BBIPKEHHOMY YBEJIMYEHHUIO TUTPOB aHTHUTEN, YEM B OIBITAX yIIOMS-
HYTBIX BBIIIIE€ aBTOPOB.

bbun mpoBeeHbl AOMOJIHUTENBHBIE UCCIEN0BAaHUS C UCIIOJb-
30BaHHUEM COBPEMEHHOI'O METO0J1a UMMYHHO(EpPMaTaTUBHOTO aHaJIU-
3a ELISA. OuenuBanu ypoBHU aHTHMTEN Ha Pa3IMYHbIE aHTUTEHBI.
N3yvanace Takke BO3MOXHOCTh BO3HHUKHOBEHHS BHYTPHKJIETOY-
HBIX CTpPECC-PEaKIMH, CBS3aHHBIX C OOpa30BaHMEM CHUTHAJIbHBIX
MOJIEKYJ akTHBHBIX opM kuciopozaa (ADPK) u okenp azora (NO9 B
OTBeT Ha MpoJioHrupoBanHoe Bo3aeiicTBue DMII PU nHuzkoii
WHTCHCUBHOCTH IN VIVO.

I[pononruposarnoe Boszaeiictue (I 500 mMxBt/cm?, 06-
Jy4yeHUE B TeueHue 7 yacoB Ha NpoTshkeHuH 30 1HelH) OKa3bIBaJIo
BIIUSIHUE Ha (HOPMHUPOBAHHME BHYTPHUKIETOUHBIX CTpPECC-pEaKIIUd,
O0JIyueHHBI OpraHu3M pearupoBaj BbIPAOOTKOW aHTUTEN Ha 00-
pa3oBaHUE NPOAYKTOB BHYTPUKIJIETOUHBIX PEAKIMI, CBSI3aHHBIX C



o0pa3oBaHMEM aKTHBHBIX (POPM KHCIOpOAA M OKCHJA a3oTa. Mak-
cumyMm b dexTa HabmogaeTcs yepe3 7 nuer Bo3aeiicteus OMIT PY.
Bripaxkxennocts sddexra cHmxkanach Ha 14 qHEH mocne 3IeKTpo-
MarHUTHOTO OOJy4YeHHs. AHTUTENAa K H3YYCHHBIM COETUHEHHSIM
OTIpEeEIISINCh, B OCHOBHOM, cpeau IgM, 3HaunTensHo pexe cpeau
IgG, 1 ux He O6bU10 cpenu anTUTEN IgA, 711 KOTOPBIX BO BCEX CITydasx
ONTHYECKas TUIOTHOCTH P06 Obuia meree 0,1 OD.

Bauanue cvieopomku Kkpwic, oonyuennvix IMII PY,
Ha meuenue depemMeHHoCmu, pazeumue nio00a U HOMOMCmea

B 1982 r. Oputa omybnmukoBaHa paboTa MO OILEHKE ayToal-
nepruyeckux 3¢QQGeKToB BO3AEHCTBUS 3JIEKTPOMATHUTHON SHEPruu
CBY-auanazona Ha o u noroMctBo (Illangana M.T'., Bunorpanos
I''M., 1982) [121] Beuto mokaszaHo, 4to chiBOpoTKa KpoBu CBY-
001ydeHHBIX KpbIC (1Tociie Bo3aerictBus OMII B Teuenue 10 cyTok 1o
7 wacoB B cytku, 111D 500 MKBT/CMZ) MOCJIE€ BBEJCHUS MHTAKTHBIM
OepeMEeHHBIM KpbICAaM HETAaTHBHO BIHMSET Ha pa3BUTHE Oepe-
MEHHOCTH, IUI0Jla U TOTOMCTBA.

[lenbro HACTOAIIErO NCCIIENOBAHMS IBUJIOCH BOCIIPOU3BEICHHE
ATUX PE3ylbTaTOB B 0OJiee CTPOrMX pexuMax OONydeHUs H, TEM
caMbIM, MOATBEPKICHUE BO3MOXKHOI'O IOBPEXKAAIOIIEr0 ACUCTBUS
CBIBOPOTKH OT JUIUTENbHO oOnydeHHbIXx OMII PY kpbic B TeueHue
onnoro Mecsmna (I 500 mxBrt/cmM? mo 7 uWacoB B CyTKM) Ha
IJI0JJOBUTOCTh, T€UEHUE OEpEeMEHHOCTH, pa3BUTHE IUIOJa M IIO-
TOMCTBA.

Hccnenoanue BoinosnHeHo ¢ 20 okta6ps 2006 r. o 10 ¢pespa-
a5 2007 r. Ha 59 OepemeHHBbIX Kpbicax JuHUK Bucrap. bepemennsie
KPBICHI OBLIM TOJIENeHBI Ha Tpu rpymmsl (Tabmn. 3). IlepBoii rpynme
Kpbic (21 camka) Ha 10 neHb GepeMEeHHOCTH BBOJWIM BHYTPHOPIO-
IIMHHO OJHOKPATHO 1 MJI CBIBOPOTKHM KpOBH OT 0OiydeHHBbIX DMII
KpBIC (JaJiee Mo TeKCTY «rpymna ¢ 00Jy4eHHOM ChIBOPOTKOID»). BTo-
poii rpymme kpbic (21 camka) Ha 10 1eHb OEPEeMEHHOCTH BBOIMIIN
BHYTPHUOPIOIIMHHO OJHOKPATHO 1 MJI CBIBOPOTKU OT HEOOTYyUEHHBIX
KUBOTHBIX — TPYIIa C «JI0KHBIM BO3JIeHCTBUEMY. 17 GepeMeHHBIX



CaMOK COCTaBWJIM IPYMITYy OMOJIOTHYECKOr0 KOHTPOJIS.

Tabauya 3. Pacnpenenenne KpbIC 10 TPYINIIaM M CPOKH

Ha0/II0IeHU S
Xapaxkre- Yucio
pHCTHKA | GepemeH- Cpoxku | PacnipeneneHue Kpbic 110 CpoKaM
S TPYIIIBI HeIx | BBEIE- HaOIIOACHUS
= CaMOK HHA
2 CBIBO- . .
— 3a00i1 Ha | 320011 HA | OCTaBIICHEI
pOTKH,
JleHb 15 neur | 20 meHp |Ha OKOT I
OepeMeH- | OepeMeH- | MoTy4YeHuUs
HOCTHU HOCTHU IIOTOMCTBA
Bpenena
1 CBIBOPOTKA OT 21 10 S 4 12
00JTy4CHHBIX
OMII kpbic
Bsenena
2 [CBIBOPOTKA OT 21 10 6 4 11
HEeoO0Ty-
ueHHbIX DMII
KpbIC (JIOXKHOE
BO3/IeiicTBHE)
3 buonoru- 17 _ 6 _ 11
JeCKUI
KOHTPOJIb
59 20 17 8 34
Bcero

N3 xaxmoi rpynmsl o 5-6 6epeMeHHBIX CaMOK OBLITH 3a0UTHI
Ha 15 neHp OepeMEeHHOCTH (ISl OIEHKHM YMOPUOHATBLHOM THOENTH U
0COOEHHOCTEH pa3BUTHUS TUIOJA), TT0 4 camMku ObuTH 3a0uThI Ha 20
JIeHb OEpEMEHHOCTH ISl OLIEHKH O0Iel BHYTpUYTpOOHOM rudenu u



no 11-12 6epeMeHHBIX caMOK OBLIM OCTABJIEHBI JIO OKOTa C IIEINBIO
MOCJEYIONEro HaOar0AeHUs 32 OCOOCHHOCTAMU PAa3BUTHSI M BBIKH-
BAaE€MOCTH ITOTOMCTBA.

CocrosiHMEe MOTOMCTBA HCCIEAO0BAIN OT IEPHUO/a HOBOPOXK-
JOeHHOCTU 710 30-X CYTOK KM3HHM IO Psily OOIIENPHUHATHIX HMHTE-
TPAIbHBIX M CIEIU(PHUECKUX MoKa3aresei. Maccy miuoja u rubenb
OLIEHUBAJIU B IMHAMUKE B CJIEYIOLME CPOKH: HOBOPOXKIEHHbBIE, 7-¢€,
14-e, 21-e u 30 cyrku. PerucrtpupoBaiu NOSBIEHUE HIEPCTHOIO
[IOKpOBA, OTJIMIIAHUE YIIHOM PaKOBUHBI, OTKPBITHE TJa3, IPOpPe3bl-
BaHUE PE3LI0B, CPOKHM Hayajla CaMOCTOSITENILHOTO MpuKopMa. Beero
noJi HaOmoieHrueM 6610 133 HOBOPOKIEHHBIX TOTOMKA.

IToGouHast peakiysi KpbIC Ha BBEACHUE CHIBOPOTKM Oblja MHU-
HUMalbHOM. Peakiusi mociie BBENIEHUSI CHIBOPOTKHM HaOIOAANIaCh
yepe3 1 yac TOJIBKO Y O/IHOM KPBICHI U3 TPYIIIBI KPBIC C JIOKHBIM BO3-
neiicteueMm (4,8%) n y 3-x kpoic (14,3%) u3 rpynmsl ¢ 001y4eHHON
CBIBOPOTKOM. Peaknus npojomkanack 10 1 vaca.

I'nGenu cpeau GepeMeHHBIX MOAOIBITHBIX U KOHTPOJIBHBIX Ca-
MOK B T€YEHHUE BCETO IKCIIEPUMEHTA HE OBLIO.

Xapaxmepucmuka nepuooa IMOPUOHATLHO20 PAZGUMUS

IInooosumocme Kpvic u macca HoopodcoeHHvix. [lmonoBu-
TOCTb CaMOK, PacCUMTaHHAs M3 YUCIA >KMBBIX IJI0J0B Ha 20 neHb
O0EepeMEHHOCTH M YHCJIa JKUBBIX HOBOPOXKJEHHBIX, B TPYIIE C JIOX-
HBIM BO3/€MCTBHEM HE OTIMYAIach OT IJIOJIOBUTOCTH KOHTPOJIbHBIX
#*uBOTHBIX (8,1+0,7 u 8,2+1,1 cooTBercTBeHHO). B rpymme kpwic,
MOJYYHMBIIUX OOJIyUEHHYIO CBIBOPOTKY, 3TOT MOKa3aTelb COCTaBUII
3,2+1,1 u ObUI CTATUCTUYECKH JOCTOBEPHO HUXKE C BEPOSTHOCTHIO
99% (p<0,01), yem y caMOK KOHTPOJIBHON I'PYIIIBI U TPYIIIBI C JOXK-
HBbIM Bo3zelcTBUeM (Talia. 4). Paznuuuii B Macce Tena y HOBOPOXK-
JICHHBIX BO BCEX TPEX IPyIIax caMOK He ObLIO.

['ubenb moToMCTBa KpBIC OT poskaeHUs 10 30 CyTOK KU3HH J10-
CTOBEPHO HE OTIMYAJIAcCh OT TMOEIN MOTOMKOB B IPYIIIE C JOXKHBIM
BO3JICHCTBUEM M B KOHTpoOJbHOU rpymme (35,5+8,6%, 42,7+5,2; u
38,9+5,1 COOTBETCTBEHHO).



Tabnuya 4. I110A0BUTOCTH KPbIC Pa3HBIX IPYNN HA0II0eHUSA

I'pynmna OxoTsI i [InonoBurocTs
3a0HTHI HA E
20 neHb 5
S
OepemeH- %
w | HOCTH 2
: 2 5
g ” Jam okor | & & =
% S|% |5 |abe.] % |[g )
o S| S |z A s <
ANEIERE 3255 | Z
D) = g ) E é g
= =3 Edo|&H =
L =@ |3 52 2|¢o o b
I Sl = | I SEE|E s 4
© % |8 > < B|F 2=
clelEle |8 SZZ|28 =@
5|88 |E SERIEE R
m Aol |O SEI|F8 F8
30|12| 4 |333*| 61 3,2+1,1%*
C 00y4yeHHOH 16 (43 438
CBIBOPOTKOM
b 154 3 |33 9 1900 8,1+0,7
OJKHOE 11 122 80
BO3/EHCTBHE
Kontpoib 111 1 - (121 11 | 100 90 100 | 8.2%1,1
Ilpumeuanue:

* — MOCTOBEPHOCTH PA3IMUUi IPYMIIBI ¢ O0JTYISHHOH CHIBOPOTKOM MO OTHOIICHUIO
K KOHTPOJIIO ¥ ¢ TPYIIIO JTOXHOTo 00myueHus coctaBuia 99% (p<0,01)

CpaBHeHHe cyMMapHOW rubear NOTOMCTBA B MEPUO/1 BHYTPH-
YTpOOHON M TMOCTHATalIbHOW >KM3HHM IOKAa3bIBaeT 0o0Jiee BBICOKYIO
ru0elb TOTOMCTBA B TPYIIIE ¢ 00JyYeHHOH CHIBOPOTKOM C OU€Hb BbI-
cokoi BeposATHOCTHIO 99,9% (p<0,001) mo cpaBHEHUIO C IPyNIoOH C
JIO’)KHBIM BO3JIEHCTBUEM M C KOHTPOJIBHOM TPyIIoii (Tadi. 5).



Tabauya 5. CymmapHasi ruéeib IOTOMCTBA B MEPHO/T
BHYTPUYTPOOHOI U MOCTHATAJIbHOM KU3HH, Yo

['pynmbl HabmroteHUs
CpOKH HbeTH KonTpoms C noxubiM | C 00ry4eHHOI
p M+m BO3JICUCTBHEM | CBIBOPOTKOM
M=+m M+m

CymmapHas

BHYTPUYTPOOHAs 4,3+2.9 11,7+43,3 55,6+4,0*
ruoenn, %

CymmapHas

noctHatanbHas rudens,|  39-9%3,1 42,7+5,2 35,5+8,6
%

Bcero, % 43,244,3 54,4+4,1 91,14+2,3*
Illpumeuanue:

* — Ipu CpaBHEHHM TI'MOenH SMOPHOHOB M CyMMapHOH rubenu 3MOPHOHOB U

MOTOMKOB pa3fU4uMs CTATUCTHUECKH JIOCTOBEPHBI € BeposSTHOCTHIO 99,9 %
(P<0,001), xax 1o cpaBHEHHIO ¢ KOHTPOJIEM, TaK U 110 CPAaBHEHHUIO C IPYTIION J0XK-
HOT'O BO3ACHCTBHUS.

Junamuxa maccel mena nomomkos. Macca Teaa IOTOMKOB B
IpyIIe caMoK ¢ OOJIyueHHOH CBIBOPOTKOM OKa3ajach JTOCTOBEPHO
HI)KE MacChl TeJIa MOTOMKOB KOHTPOJILHOU TPYIIIBI U TPYIIIBI CAMOK
C JIOKHBIM Bo3zelcTBHeM. OTcTaBaHHE NMPHUPOCTAa Macchl Tena y
MMOTOMKOB CaMOK ¢ OOJTy4eHHOU CHIBOPOTKOM, MO CPABHEHHIO C TIO-
TOMKAaM{ KOHTPOJIBHOM IPYIIIIBI U TPYIIIBI C JIOKHBIM OOJIyuYeHHEM,
HabmoAanock ¢ 14 qHS U yBEIMYMBAJIOCh C BO3PACTOM (B MEPUOT €
21 no 30 cyTKM AOCTOBEPHOCTH PA3NIMUNN YBEIMYHUIIACH U COCTaBUIIA
99,9% (p<0,001). MakcumanbHOE OTCTaBaHUE IPUPOCTA OTMEUEHO B
MIEPUOJI TIepexo/ia Ha CaMOCTOATENIbHOE KOpMIIeHHE (Ta0I. 6).



Tabnuya 6.
JluHaMuKa Macchl TeJla MOTOMKOB Kpbic 10 30 1HS KH3HH

Cpoxku Fpvimna
HaOJIFOICHUS, Py
AHU KOHTPOIIE JloxkHoe C olOmyueHHOM
BO3/ICUCTBUEM CBIBOPOTKOU
~ = ~
o - o - o) -
[~a) < ) < M o]
T = < T = < T = <
5 © o 8 X © o 8 X ° S g
S5 24|55 44 |55 4
g g S5> |2E 5S> |2 E s >
Hoopoxaennsie | 90 | 5,7£0,5 | 89 | 5,5£0,5 | 31 5,5+0,9
7 87 | 12,9+0,6 | 69 | 13,5+0,4 | 30 11,9+0,5
14 86 |21,3£0,7| 69 | 22,1+0,9 | 30 | 19,0+0,4%*
21 68 | 33,6£0,9 | 65 [29,6+0,7*| 26 |20,4+£1,2%*
28 57 |53,3+1,2 | 51 [58,6x1,6%| 20 | 36,7+£2,3**
30 55 163,1£2,2 | 51 | 66,5£1,8 | 20 | 47,5+£3,4**
Koadpurnment .
pupocTa  Macchl 11,1+0,6 12,1+0,7 8,6+0,6
Teaa k 30 aHro0

Ilpumeuanue:

* — paznuuus cTaTUCTUYecKH HocToBepHs P<0,05;

** — paznuyus JOCTOBEPHBI 110 CPABHEHHUIO C KOHTPOJIEM M JIOKHBIM BO3-
JeicTBHEM ¢ BepOsSTHOCTEIO 99,9% (P<0,001)

JlaHHBIE O CTAHOBJICHHH HEKOTOPBIX APYTUX MMOKa3aTeei pas-
BUTHS IOTOMKOB OBLITH HE JIOCTOBEPHBI.

Cymmupys pesynomamul uccieooganus eiuanus OMIT PY
Manol UHMEHCUBHOCMU HA M.H. MePamozeHHble P peKmbl, MONCHO
3aKAI0UUMb, UMO OOHOKPAMHOE BHYMPUOPIOWUHHOE 68e0eHUe
Kkpvicam Ha 10 Oenv GepemeHHOCMU CLIBOPOMKU OM OOYUEHHBIX
OIIM PY sicueomuuix (30 OHetl 8030eticmaus, no 7 4acos 8 Cymku ¢
IIIID 500 mxBm/cm?) okazano necamugHnoe éuusHue Ha SMOPUO-



HanbHOe pazeumue niooa u nomomcmea. B epynne camok c¢ obny-
YEeHHOU CbIBOPOMKOU, NO CPABHEHUIO C 2PYNNOU CAMOK C JIOHCHbIM
8030eticmeuem U KOHMPOIbHOU ePYNNoLl, HabI00aIu 6ojiee 8bICOKYI0
IMOPUOHANLHYIO 2Ubenb, CHUJICeHUe NI0008UMOCMU, A MAKICe
omcmasanue nNomomMcmed 6 uzuiecKkom pa3eumui.

Ilonyuennvie pezynomamsl oaom npago coeiams 6bl600 0
eocnpouszeedeHuu pamnee noayueHuvix pesyavmamos (Illanoana
M.I., Bunozcpaoos I'.H., 1982 [121]), o eo3moixcnom nebnazo-
NPUAMHOM GIUAHUU CbIGOPOMKU KPbIC, NPOJIOHZUPOBAHHO 00J1y-
yennwvix IMII PY (30-onesnoe so3oeiicmeue IMII PU no 7 uacos
6 cymku c¢ ITIID 500 mxBm/cm?), na meuenue depemennocmu,
pazeumue niooda u HOMOMCmaad.

Ml 014/ pe3yabTaThl, NOATBEPAAIOIIME TPABOMeEP-
HOCTH MCIOJIb30BAHNUS PaHee MOJYy4YeHHbIX JaHHBIX JJ51 000CHO-
Banus cragaapros OMII PU B CCCP, kotopsblie 0e3 u3MeHeHUs
AeHcTBYOT 10 cux mop B Poccuu ¢ 1984 rona. Takum oOpasom,
HMEIOTCS OCHOBAHHS PAacCMATPUBATH MMMYHHYI0 CHCTEMY KaK
KPUTHYECKYI0 CHCTeMY MPHU MOKM3HEHHOM 00J1y4eHHN OPraHu3-
ma IMII PY man0ii HHTEeHCHBHOCTH.

PaccmoTtpennbie paHee pe3ynbTaThl B IIaBe | MO BIHMSTHUIO
MMB Ha UMMYHHTET MO3BOJISIFOT PACIIPOCTPAHUTD HAIIy TOUKY 3pe-
HUST 00 UMMYHHOU CHCTEME, KaK KpUTHICCKON CHUCTEMBI, M Ha OIICHKY
OITACHOCTH IIPH MCIIOJIb30BaHUH 5 G-TEXHOJIOTHH.

2.2.4. PenpoaykTHBHasl CHCTeMa
Psin aBTOpuTEeTHBIX KIMHUK Oecriionus B ABctpanuu, Maaun,
CIIA u Hpane coobmaioT, 4To T€, KTO PEryaspHO MOJIb3YyeTCsS MO-

OMJILHBIMU TeJ'Ie(l)OHaMI/I, UMCIOT TCHACHINIO K CHMXXCHHIO KOJIMYC-
CTBA U Ka4€CTBa CIICPMEI.

B teuenne Oonee ABYX AecATUIETHH 00CYyXIaeTcs mpobdiema



Brusiauss DMII PY coToBo#l CBs3H Ha pENPOIYKTHBHYIO (QYHKITHIO Y
MY>KYHUH.

AHanmu3 JMTepaTypHBIX JaHHBIX MOKa3al, YTO IPOBEACHO
00JIbIII0E YKCIIO UCCIIEIOBAHUM Ha JOOPOBOJIBLIAX U B SKCIIEPUMEHTE
Ha KUBOTHBIX. B Monorpaduu Bepemako I'.I'. (2015) [8] nan mox-
pOOHBIN aHANINM3 Pe3yabTaTOB OoJiee MATHAMIATH MyOJHUKAINH, BbI-
noHeHHBIX B 1980 rogax u paHee B OCHOBHOM 3apyOCKHBIMU HC-
ClIeZIOBATENSIMU Ha UCIIBITATENAX — J00poBoJbIax. OnHAKO 10 CHX
MOp HET €AUHON TOYKHU 3peHus O BiIusiHUU DMII coTOBOM CBsI3U HA
PENPOAYKTUBHYIO CHUCTEMY MYXYHH. AHAJIOTHYHAs CUTYaIHs CJIO-
KHUIJIOCH U 110 Pe3yJIbTaTaM dKCIEPUMEHTAIbHBIX paboT.

Taxxe Ob1I0 IpOBeZIeHO pedepupoBaHre 0030pOB 3a MOCIE-
HUE 5 JIET 110 M3MEHCHHIO ()ePTUILHOCTH MY>KYUH TIPU BO3JICHCTBUU
OMIL

B pa6ore Osman K. et al. (2019) [139] crpykTypHbIi U u-
3MOJIOTHUECKHUI aHaJIU3 SMYEeK MOKa3al pPa3BUTHE JEreHEepaTHUBHBIX
W3MEHEHHUs, CHI)KEHUE YPOBHS TECTOCTEPOHA, YBEIMYEHHUE KOJIHYE-
CTBa amonToTHUYecKuX KieTok u mospexiaeHue [IHK. Opnako stu
3¢ (}eKThl OBLTH B OCHOBHOM CBSI3aHBI C MOBBIIIEHUEM TEMIIEPATYPHI
SIMYEK.

B 0630pe Kesari K.et al. (2018) [245], mocBsiieHHOMY OIICHKE
BiussHus OMIT cotoBeix TenedoHoB, HOyTOyKOB U Wi-Fi, aBTOpHI
chopmynupoBanu BeiBoJ, uTo DMII PY «oka3biBalOT BpeaHOE BIIHS-
HUE Ha IapaMeTpbl ciepMbl (KOJIMYECTBO CIIEPMATO30M10B, MOP(O-
JIOTHSl, TIOJIBU’KHOCTD), BIUSIOT HA POJb KWHA3 B KIETOYHOM METa-
0onM3Me W SHIOKPHUHHOM CHCTEME M BBI3BIBAIOT T€HOTOKCHYHOCTH,
TeHOMHYIO HECTaOWJIBHOCTh M OKHCIHTEIBHBIN CTPECC, YTO MOXKET
MIPUBECTH K OECIIIIOTUION.

B 0630pe Altun G. et al. (2018) [139] memaeTcst BBIBO, YTO
mmutensHoe BosaencTBrue OMII CC cHmMkaeT MOJBMKHOCTB CIep-
MaTO30UJI0B U OII0I0TBOpeHUE. OKHUCIUTENbHBIN cTpecc MoIaBiseT
AHTHOKCHIaHTHBIC MEXaHU3MbI B TIOJIOBBIX KJIETKAX.

Houston B. et al. (2016) [227] cuctemaTtu3upoBanu 27 my-



OnMuKaIuii, TOCBSIIEHHBIX u3ydeHuto BnusHus DMII PU nHa penpo-
NYKTUBHYIO CHCTEMY MYX4MH. HeratuBHblEe MOCHENCTBUS BO3JEH-
CTBUS ObUIH 3aperucTpupoBanbl B 21 uccnenoanuu. B pamkax aTux
21 uccnenoBanuii: 11 u3 15, koTopble uccaen0BaId MOABUKHOCTD
CHEpPMaTO30MI0B, COOOIIANIN O 3HAYUTEIIbHOM MX CHUXEHHUH; 7 U3 7,
KOTOpBbIE HM3MEpsUId TMPOU3BOJICTBO AKTUBHBIX (OpPM KHCIOPOJa,
MOATBEPAWIIO HAIMYUE MOBBILICHHBIX YpOBHEH; 4 u3 5 uccienona-
HUMH, B KOTOPBIX U3ydanoch nospexaenue JJHK, BpisiBuiIM yBenuue-
Hue ymepOa crepmarozougaMm. B 60ibIIMHCTBE HCCIeI0OBaHUN ATO
MOBPEXKICHUE XapaKTEPU30BAIOCh MOTEPEH MOJBUKHOCTH U KU3HE-
CIOCOOHOCTH CIEPMaTO30U[IOB, a TAKKE HMHIYKIMEH 00pa3oBaHUs
A®K u nospexkaenueM JHK.

[TpoBenenusbie uccnenoBanus Ha aroasix (Adams J. et al., 2014)
[127] mokaszamu, 4YTO UIMTENBHOE MCIIOIB30BAHHE MOOUIBHOIO
TerneoHa MPUBOJUT K CHIDKEHUIO TOJBIKHOCTH, KOHIICHTPAIIHU
CIEpMaTO30MI0B, MOP(OIOTrHUECKMM H3MEHEHUSIM, a TaKXKe HX
YKU3HECTIOCOOHOCTH, YTO TMPEIOJIaraeT BEPOSTHOE BIUSHHE Ha
beprunpHOCTh. M3yuanu mokasarenu kadecTBa CIEpMbl, Hanbolee
94acTO UCIONB3YeMbIe ISl OLIEHKH (EePTUIBHOCTH B KIMHUYECKUX
YCJIOBUSIX: TMOJIBYKHOCTh (CIIOCOOHOCTH MPAaBWIBHO TEPEMEIIaThCst
0 KEHCKOMY PENpOAYKTUBHOMY TPAKTY), )KU3HECTIOCOOHOCTH (CIO-
COOHOCTH OIUIOAOTBOPATH SWILIEKIETKY) U KOHLEHTpauus (Koiuye-
CTBO CIIEPMAaTO30HI0B B MUJUTMIIUTP ISIKYyJsATa). BbUIo McciaenoBaHo
1492 oOpa3ua criepMbl 4enoBeKa. Y CTAaHOBJIEHO, YTO BO3JICHCTBHE
MOOUITBHBIX TeNe(OHOB CBS3aHO CO 3HAYUTEIHHBIM CHUIKEHUEM
MOJABUKHOCTH CIIEPMATO30MI0B B CPEIHEM HA BOCEMb MPOIEHTOB U
3HAYUTEJIbHBIM CHIDKEHUEM >KU3HECITOCOOHOCTH CIEPMaTO30HI0B B
CpeIHEM Ha JEBSTh MPOLEHTOB. BiusiHME HAa KOHIIEHTPALUIO CHEep-
MAaTo030110B OBLIIO 00JI€€ COMHUTEIBHBIM.

Ctporo mo paanoOMOIOTHYECKHUM KaHOHAM OBLIO BBIMTOJHEHO
uccnenosanre Avendano C. et al. (2012) [148]. ABTopbl oreHMIH
BIIUSIHUE OECIPOBOTHOTO TOJKIIOUEHUS! MOPTATUBHBIX KOMITBIOTE-
poB Kk JokanbHbIM ceTsiM Wi-Fi Ha mMoJBHKHOCTD CIIEPMATO30H/I0B,
WX KU3HECTIOCOOHOCTh M MOJIy4YrJin aHHbie o (parmenTaruu JJHK.



JIBaauate AeBSITH 00OPa3IOB CIIEPMBI OBLTH COOpaHbI MacTypOanuei y
3JI0POBBIX JIOHOPOB MOCJE 2-5 THEW CEeKCyaabHOro BO3JepxaHus. B
TEUEHUE BCEro IMEpUOo/ia BO3JCHCTBUS PACCTOSHHE MEXKIAY KOM-
MBIOTEPOM U KaXKJIbIM 00pa3iioM ObUIO MOCTOSIHHBIM U PaBHSUIOCH 3
CM. OTO paccTosiHHE, MPUMEPHO, COOTBETCTBOBAJIO PACCTOSHUIO
MEXy KOMIBIOTEPAMHU, JICKAITUMHU Ha KOJICHSX, U stmukamu. [{nu-
TEIBLHOCTH 00JTydeHusI cocTtaBmiia 4 yaca. Perucrpupoamm SMIT PYU
u MMB ot 0,5 MI'n no 3 I'Tn. fIBnsercs BaXKHBIM, YTO B DTOM
uccnenoanuu [111D Owma paBra 0,001-2000 MkBT1/cM2. Uccnemno-
BaHMS MMOKA3aJIM 3HAUYUTEIBbHOE CHUKEHUE MOJBUKHOCTH CIIEPMATO-
3oun0B U yBenuueHue ¢parmentanuu JIHK. Paznuuuii B BDKHBa-
€MOCTH CIEPMAaTO30HI0B B OIBITE U B KOHTPOJE HE OBLJIO. ABTOPHI
M0JIararoT, YTO PACIOJIOKEHUE HOYTOYKA Ha KOJICHSIX BO3JI€ CEMEH-
HUKOB MOKET IIPUBECTU K CHUKECHHUIO MYKCKOU (DepTHIILHOCTH.
Simaiova V et al. (2019) [322] mocTaBuin 11€/1b OLICHUTD BIIH-
ssHUE ToTalbHOrO Bo3aekcTeua OMII 2,45 I'T'y Ha cTpyKTYypy U yiIb-
TPaCTPYKTypy siMuka y toHbIX kpbic Wistar (cpeansis I111D 2,8 MBt/
cM?). Bo3pact kpbic 5 u 6 Henenb. OOe TPYIIIBI KPbIC HENPEPHIBHO
obnyganu OMU PY B Teuenue 3 Hemenb (2 yaca B CYTKH) MOCHE
MOCTHATANBHBIX MHEH 14 u 21 cooTBercTBeHHO. Boznetictue DMII
B MPUBEICHHBIX BbIlIEe yCI0BUsAX OMMU BhI3pIBasia HENMPABUIBHYIO
(hopMy CeMEHHBIX KAaHAJBIIEB C JIECKBAMHUPOBAHHBIMU HE3PEIBIMU
3apOJIBIIIEBEIMU KJIETKAMU B MPOCBETE, OONBIIUM KOITUYECTBOM ITY-
CTBIX MPOCTPAHCTB BIOJIb CEMEHHOTO AMUTEIHS U PACIIMPEHHBIMU U
Meperpy>KEHHbIMM KPOBEHOCHBIMHU COCY/IAaMH B MHTEPCTULMATbHON
TKaHu suuka. llurommasma kimerok Sertoli mposiBisiia CHIIBHYIO
BAKYOJM3AIMIO U TIOBPEKJEHHBIC OpraHEUIbl C IHUTOIJIa3MOM, 3a-
MOJIHEHHOW Pa3MYHBIMU TeTepodaruaibHbIMU U JTUMUIHBIMU BaKy-
OJIIMH WJIA IUTOIJIA3MOM CIIEPMATOIIUTOB C HAOYXIIUMH MHUTOXOH-
JIpUSMH B 00erX OOJYYCHHBIX TPYIIax. 3HAYUTEILHOE YBEINYCHHE
oOmieit TpyO4aTol 00J1aCTH CEMEHHBIX KaHaJIbIIEB HAOJIOJAIOCH B
obeux rpynnax MU no cpaBaenuto ¢ konTposem (P<0,001). 3na-
yutenbHoe yBenanueHue TUNEL-monoXuTenbHbIX anonTOTHYECKUX
saep (P<0,01) compoBOKIamoch 3HAYMTEIBHBIM YBEIHUYEHHUEM Kak



MOJIOKUTEIbHBIX KiIeTok Cu-Zn-SOD (P<0,01), tak u Mn-SOD
(P<0,001) B 6-HeaCTIEHOM KCIIEPUMEHTE Ha KPBICaX IO CPaBHEHHUIO
C KOHTPOJIbHBIMH KUBOTHBIMU. ABTOPBI JI€TAIOT BBIBOJ, YTO IOJIY-
YEHHbIE PE3YJIbTAThI MO3BOJISIOT CUMTATh, UTO Bo3aeiicTBue DOMII PYU
B JIaHHBIX YCIIOBHUSIX OIIbITA OKa3bIBaIOT BPEAHOE BO3JCHCTBUE HA
CTPYKTYPY U YIABTPACTPYKTYPY JIE€TCKOTO KPHICHHOT'O CEMEHHHKA.

3acnykMBaeT BHHMaHue paboTa, B KOTOpOW OBLIO HCIIOJIb-
30BaHO Oosiee amuTenbHoe Bozzeiicteue DMIT (Oh J. et al., 2018)
[287]. Llens pa®oTHI: W3ydUTHh BIMSHUE IUTEIHLHOIO TOTAIBHOIO
BO3JEHCTBUSA JIEKTPOMAarauTHOro noyist MT Ha criepMaToreHes Kphbic.
ABTOpBI TMIpeAyCMATPUBAIN IMOJYYUTh JI030BYIO 3aBUCHMOCTb.
JIBaauath B3pOCIBIX KPBIC Pa3Aeauid Ha 4 TPYMIbI B COOTBETCTBUU
C WHTCHCHUBHOCTBIO W JUIMTEIBHOCTBIO BO3AeHCTBHs. [pymma 1
(moxxHoe obOmyuenwue), rpynmna 2 (pacctosHue 3 cM + 6 4acoB 3Kc-
MO3ULMH B JIeHb), rpynmna 3 (paccrosHue 10 cm + 18 4 BbiepKKHU B
CyTKH), ¥ rpynna 4 (pacctosnue 3 cM + 18 4 SKCIO3UIUHU B JICHB).
JUintenbHOCTh OOJMy4YEHMs AJI BCEX TPEX IPyNI — OJWH MECHL.
Cpa3y nocie Bo3eicTBUS ObLIO MPOBEACHO CPaBHEHUE MTaPaMETPOB
CIepMbl M PpEe3yJbTaThl THUCTONATOJIOTMYECKUX JAHHBIX SHYKA.
Cpennee xonuuecTBO criepMatuioB (x 106/mi) coctaBuno 398,6 B
rpynne 1; 365,40 B rpynne 2; 354,60 B rpynne 3 u 298,60 B rpymnme
4 (p =0,041). Bo BropoMm 3Tare HcciaeJOBaHNH cpeiHee KOJTNIECTBO
CIIEpMaTOTrOHUM B ONbITHOM rpymie 4 66110 43,00, 4TO 3HAYUTENBHO
HIDKE 110 CPaBHEHHUIO C KOHTpoJbHOU rpynmoit 1 (57,00) u rpymnmoii 2
(53,40). Paznuuust cTaTUCTUUECKOM TOCTOBEPHOCTHU IO CPAaBHEHUIO C
KOHTpoJibHOM rpymmnoi Opir P<0,001 u p = 0,010 cooTBETCTBEHHO.
Cpennee xonmuuecTBO Kierok Jlelaura Obulo Takke 3HAYUTEITHHO
MEHBIIIE B ONBITHOH rpymme 4. OTMEYEHO YMEHBIIEHUE KOJIUYECTBA
3apO/IBIIIEBHIX KIJIETOK B TOH K€ ONBITHON TpymIe 4 M0 CPaBHEHHIO C
rpymmamvu 1, 2 u 3 (p<0,001). [TosydeHHbIe pe3yabTaThl MO3BOIMIH
aBTOpaM cjejaTh JOCTaTOYHO BAaXKHBIA BBIBOJ, YTO YMEHBIICHHE
CriepMaToreHe3a 3aBUCUT, NpPEXIEe BCEro, OT JUIUTEIbHOCTH
BozaercTeus OMII.



Atarod M. et al. (2017uccrnenoBanu BausiHue moaeMoB 3G +
Wi-Fi Ha kauectBo criepmbl deioBeka. C mMapra mo ceHTsiops 2015
rojga O0w10 coOpano 40 0OpasioB CIEPMBI OT 3J0POBBIX B3POCIBIX
Myx)4uH. OOpa3ipl criepMbl ObUIM pa3/iesieHbl Ha JBE TPYIIbl —
IPYIIIBI ¢ OTKPBITHIM JIOCTYIIOM U KOHTPOJIbHAsI 3KPAaHUPOBAHHAS OT
3G + Wi-Fi. B a10ii rpymie o0pa3ibl SKpaHUPOBAIN AIFOMHUHUAEBON
(Gobroit B Tpex ClI0sIX U NOMEIIATIN B MHKYOATOp MpHU TemIeparype
37°C B Teuenue 50 MuHyT. Bpiienennas rpynna Oblia HOMelEHa B
IPYTyI0 KOMHATy B MHKyOaTope mpu Temmnepatype 37°C B TeueHue
50 munytr. Mogem 3G + WIi-Fi Obul moMemieH B OJWH U TOT Ke
UHKY0aTop, HO B KOHTPOJBHOMW IpyIIe OH He ObUT BKJIOYEH (Sham-
KOHTpOJIb). B ONBITHON rpynme MOpTaTUBHBIM KOMIIBIOTEP ObLI
MOJIKITIOYEH K MOJIEMY M paboTall C IMOJIHOW Harpy3Koi B TeueHue 50
MUHYT. AHaIU3 Uil KaXJoro odpasna NpOBOJWICS B CpaBHEHUU
MEXy apaMeTpaMH JIBYX TPYIII U BBIIOJHSUIICS C UCIIOJIb30BaHUEM
cratuctTuyeckux mnporpamm Koamoropos-CmupHoB u mapubsiii T-
tecT. CpeHUI MPOLIEHT CIIEpMATO30UI0B C MOJBUKHOCTBIO Kilacca
A u B cymectBeHHO He pasnudaics B aByx rpymmax (p=0,22 u 0,54
COOTBETCTBEHHO). B kiacce C oH OblT 3HAYUTEIBHO HUXKE B TpyIIIe
obnmyuenust (p=0,046), a B wimacce D — 3HaYuUTEIBLHO BHIIIE
(p=0,022). CkopocTHasi KpUBU3HA, CKOPOCTHas MpsMasi, CpeAHHH
MyTh CKOPOCTH, CPEHEE YIIIOBOE CMEIICHHE, TIONIEPEYHOE CMEILIEHNE
U TOonepeyHas YacToTa OWEeHMH ObUIM 3HAYUTENIBHO BBILIIE B
HEIKCIIOHUPOBAHHOM rpyme. OrpaHndeHneM ObLT Tu3aiiH in VItro.

IIpuBenennas pabota mokazana, yro IMII, uznyuaemsie Mo-
nemamu 3G + Wi-Fi, BbI3bIBAIOT 3HAUYUTEIBHOEC CHU)KEHHE TTOJIBUK-
HOCTH U CKOPOCTHU CIIEPMATO30U]I0B, OCOOEHHO B MPOTPECCUPYIOIINX
MOJIBUKHBIX crepMmax. [[pyrue mapamerpbl aHaiu3a CIEPMBI HE
MPETEpIIed CYMIECTBEHHBIX M3MEHEHHWH. ABTOpPHI CYHTAIOT, YTO
OMII coTOBBIX KOMMYHHUKAIUI MOTYT SIBJISITHCSI IPUYMHON MYXKCKO-
ro Oecruioaus ¥ BAMATH Ha pepTUiIbHOCTE. MccrenoBanue nokasano
3HAYUTENbHOE CHIDKEHHME KauecTBa CIIEPMBI YelloBeKa IOCiIe BO3-
nevicteust DMII 3G + Wi-Fi-monemos.



3a mocienHue 6 Jer 3a pyoeskoM ObUIO OIyOJIMKOBAHO ere 00-
nee 20 crareil 1o pe3yabTaTaM IKCIIEPUMEHTOB Ha J1A0OpaTOPHBIX
JKUBOTHBIX W HCCIeoBaHUN Ha mroaax 1o Biausauioo DMII CC nHa
CIICPMATOI'CHES. ABTOpBI BCEX DOTUX pa60T TaK KC IIOATBECPpIAUIIN
BBIBOJZI, 4YTO MMCCTCA He6J'IaFOl'IpI/I}ITHOG BJIMAHHUE JOTOI'0O BHIA
usnydenus Ha cnepmatorenes (Liu K. et al., 2014; Adams J. et al.,
2014; Agarwal A. et al., 2008, 2009, 2011; Akdag M. et al., 2016; Al-
Bayyari N. et al., 2017; Al-Quzwini O. et al., 2016; Chetkin M. et al.,
2017; Fatehi D. et al., 2018; Houston B. et al., 2016, 2018; Kamali K.
et al., 2017; Nakatani- Enomoto S. et al., 2016; Narayanan S. et al.,
2018; Oyewopo A. et al., 2017; Pandey N. et al., 2017; Radwan M. et
al., 2016; Saigin M. et al., 2016; Seperimanesh M. et al., 2017;
Sokolovic D. et al., 2015; Solek P. et al., 2017; Wang D. et al., 2015;

Zang Z. et al., 2016) [259,127,130-
132,134,135,138,164,183,226,227,241,275,277,290,293,300,314,31
5,316,325,326,333,337].

Mps1 XoTUM 00paTUTh BHUMAaHHME HA MCCIEA0BaHNUs, IPOBEICH-
HbIE B paMKax ['oCcy1apCTBEHHBIX IPOrPaMM Hay4YHBIX UCCIIET0BAaHUN
B ['omenbckom HWHcTuTyTe paanobuonorun BAH benopyccuu B
2011-2020 rr.

B Tedenue nocneaHux Tpex JieT ObLI MPOBEIEH LIUKI UCCIE10-
BaHUI Ha OenbIX Kpbicax (oOiee KoinyecTBO KUBOTHBIX — 2000) ¢
LEJIbI0 KOMITJIEKCHOM OlIeHKH MOP(odyHKIIMOHATIBHBIX U3MEHEHUI B
penpoayktuBHoit cucteme (PC) B ycnmoBusix BO3IEHCTBHS HU3-
KOMHTEHCUBHOI'O 3JIEKTPOMArHUTHOTO H3IY4YeHHS OT MOOHMIBHOTO
tenedona (897 MI'n, 1745 MI'n, ITI13 0,2-20 MxBT/cM? 1 pasznuunas
MIPOJOJIKUTENIHOCTh BO3JIEHCTBUSI) Ha 3Talax aHTEHATalIbHOIO WU
noctHaTanbHOro passutusi (Bepemako I'.I'., Uyemosa H.B. u np.,
2014; Bepemako I'.I'., Uyemosa H.B., 2017; I'puropses FO.I'., Uye-
moBa H.B., Bepemako I'.I'.; 2018; Uyemona H.B., Bucmont ®.H.,
2019; Yyemea H.B., HoBuxor P.U., Ko3nos A.E. u np., 2019)
[10,9,66,117,118].



Uccnenosanusa Yyemesonn H.B. Bouuu B
ton 10-tu pesynpraroB yueHeix HAH
benopyccun 3a 2019 ron.

[Ipynumast BO BHUMaHuE TOT (aKT,
YTO PENpOAYKTHBHAs CUCTEMa IpeTepre-
BaeT 3HAUUTENIbHbIE N3MEHEHUS C MOMEHTA
POXKJIEHUSI KUBOTHOTO U JI0 COCTOSIHUS €TI0
MOJIOBOM 3PENIOCTH, B MEPBOM CEPUM DKC-
MIEPUMEHTOB JKMBOTHBIX, HaunHas ¢ 50-52
JTHEBHOT'O BO3pacTa U /10 JOCTUKEHUS UMU

Bo3pacta 140-142 ngHel, Kpbic OABEprain
HB. UYyewesa — ge- .
Oyuuii | Haywnwiii - co- Bo3zeiicteuro DMU or MT Ha yactorax
mpyonux  Tomenvckozo 897 u 1745 MI'l. KOMIICKCHBIA aHaiu3
Huemumyma paouobuo- coctosiaust PC caMI1oB KpbIC TPOBOIUIN HA
nozuu BAH 1,7, 30, 60 u 90 cyTkn.

Bropas cepus skcrepyMMEHTOB Obula TOCBSILEHA U3YyYEHHUIO
xporndeckoro BiaustHES DOMU ot MT Ha poxxaaemMocts U MOpdo-
¢bynkunonanpHoe coctosinue PC kpbic-camioB B mokosieHuu Fi1 B
Tpex mokoseHusx (Fi-F3).

TperbuM 3TanoM ucclieJOBaHUN SBUJIOCH M3yYEHHE IOCIE[-
crBuil BozzeictBust OMU or MT (1745 MI') Ha MopdodyHKIH-
oHanpHOE cocTtosiHue PC moToMcTBa KpbIc-CaMIIOB B BO3pacTe 2 U
4 Mmecsa, poKICHHBIX OT poJuTeNeil, OlMH U3 KOTOPHIX WK 00a
ObUIM MOJIBEPTHYTHI BO3JIEMCTBUIO HcCiIeayeMoro (akropa Ha Mpo-
TSYKEHUE TPEX MECSIEB MX MOCTHATAJIbHOIO Pa3BUTHUS, HAUMHas C
Bo3pacta 50-52 aus.

B chiBopoTKe KpOBHU ONpEENsiiN coAepKaHe TECTOCTEPOHA U
KOPTHKOCTEpOHA. B TkaHu runoransamyca NpoBOININ aHAIU3 HEWPO-
MEINaToOpOB. B KIETOYHON CyCleH3nH, TOIY4YeHHOU U3 TECTUKYIISIP-
HOM TKaHU, MPOBOJAMUIIN KOJIMYECTBEHHBIN aHAIIN3 Pa3IUYHBIX TUIIOB
CIEpPMAaTOTeHHBIX KJIETOK METOJ0M NpOoTOYHOW nuromerpuu. Ocy-
LIECTBIISJICS MOJCYET KOJIMYECTBA AMHUAUIUMAIBHBIX CIEPMATO30M-
JIOB U UX )KM3HECTIOCOOHOCTH, a TAK)KE YHCIIO AalIONITOTUYECKUX (POPM.




Pe3ynbTarthl mokazand, 4TO XapakTep BBISBICHHBIX MOPQO-
(YHKIIMOHATBHBIX M3MEHEHUN B PEMpOIYyKTHUBHOW CHCTEME KphIC-
CaMIIOB, ITOJIBEPTHYTHIX BO3/IEHCTBUIO HU3KOMHTEHCUBHOTO DOMMU ot
MT B 3HaUMTENBHON MEpE, 3aBUCUT OT JUIMTEIIBHOCTU HKCIIO3UIUU U
BO3pacTa *KUBOTHBIX. Tak, Bo3zaeiicteue OMU or MT Ha opranusm
KpbIC-CAMIIOB B TIEPHOJ] HUX IOJOBOTO CO3PEBaHUsl MPUBOJIUT K
HamOojee 3HAUUTENbHBIM  HM3MEHEHUSIM B  pa3BUBAIOLICHCS
PENpPOAYKTUBHOM cUCTEME. YBEIMYUBAETCS Macca SMUAUIMMUCOB U
CEMEHHBIX MY3bIPbKOB. Pa3BUBaIOTCS U3MEHEHMS B MPOLECCE CIEp-
MaToreHe3a, KOTOPBIC MPOSIBIIIOTCS] YTHETEHUEM MPoaud)epaTuBHON
AKTUBHOCTH (CHUKEHHE KOJMYECTBA CIIEPMATOTOHUI) U aKTHBAIIHEH
G hepeHIIMPOBKU KJIETOK CIIEPMATOT€HHOTO SIUTENNs — CIepMa-
TUJ, CONPOBOKJAEMOE 3HAYUTEJIbHBIM YBEJIMYEHHEM KOJIMYECTBA
AMUAUIMMANIBHBIX CIIEPMATO30UI0B (paHHEe MOJIOBOE CO3PEBAHMUE),
MIPY CHIMYKCHUU WX JKU3HECIIOCOOHOCTH Ha (JOHE CHIDKEHUS KOHIICH-
TpalUU TECTOCTEPOHA B CBIBOPOTKE KPOBH.

VYCTaHOBIEHO HapyIIEHUE IPOLIECCOB CHUHTE3a CTEPOUIHBIX
TOPMOHOB, a TaKK€ HEKOTOPBIX HEHPOMEINATOPOB, KOTOPOE MOMKHO
OOBSICHUTH YYBCTBUTEIHLHOCTHIO PEIENTOPOB THIOTATaMO-THIO(HU-
3apHO-TECTUKYJISIPHON OCH TIPH JJIUTEIIEHOM BO3JIEMCTBUU HU3KOMH-
teHcuBHoro MU ot MT.

Xponnueckoe Boznerctsue MU ot MT (exxenneBHo, 8 yvac/
JI€Hb) Ha OPraHU3M KpbIC-CaMIIOB U CAMOK B MEPUOJ] UX MOCTHATAJIb-
HOTO U aHTEHATAJIIBHOTO TIEPUOJIa, HA MPOTSHKEHUH TPEX MOKOJICHUH,
MPUBOAUT K MAJEHUIO POXKIAEMOCTH KUBOTHBIX M U3MEHEHUIO CO-
OTHOIIEHHUS TOJIOB B CTOPOHY YBEIMUYEHHUS JIOJIU CaMIIOB. Y KpbIC-
CamIIOB IMOJIy4eHHOTO moTtomcTBa Fi1-3 B Bo3pacte 2, 4 u 6 mecsiiies
BBISIBIICHBI M3MEHEHUSI B COCTOSIHUM PENPOAYKTHUBHON CHUCTEMBI,
Hau0oJee 3HauuTeIbHbIE B BO3PACTE 2 MECSLIEB.

[lonyyeHbl yHUKalbHBIE JaHHBIE, KOTOPBIE XapaKTEPU3YIOT
OMMU PY kax daxTtop, ciocoOHBII BbI3bIBaTh OTJAJICHHbIE (TpaHC-
TeHEepAIMOHHbIE) U3MEHEHUsI B MOPPO(YHKIIMOHAITEHOM COCTOSIHUU
PC moxonenumst KphIC-CaMIlOB, POXKJIEHHBIX OT POJHUTENEH,
nojseprapmuxcs BoznaencTBuio OMII PU Ha nporsbkeHun ux



MOCTHATAIbHOTO pa3BUTUA. [laHHBIE M3MEHEHMsSI MPOSBISIOTCS B
HapyLUIEHUH HOPMAJIBHOTO (PYHKIIMOHUPOBAHUS CIIEPMATOT€HHO- TO
AMUTENNS, & UMCHHO HMMEJIO MECTO WHTCHCH(HUKAIUS HAYAIbHOTO
JTana CrepMaToreHesa mpyu 3HAYUTEIIbHOM €0 YTHETCHUH Ha CTaIuu
TpaHcopMaIi crepMaTHa. Y CTaHOBICHO CHU)KEHHE KOJIHYECTBa
3peNbIX TOJIOBBIX KJIETOK — CIEPMATO30MJAOB U BBIPAXKEHHOE
YXYALIEHUE UX >KU3HECTIOCOOHOCTH, a TAaKKe YCHJICHHE CEKpeluu
TECTOCTEPOHA.

Komruiekc BBISBIEHHBIX HapylleHUH B MOpPOodyHKIHOHAIIb-
HOM coctosiHuu PC KpbIc-CamMIIOB CBUIETEILCTBYET 00 YTHETCHHH €€
(GYHKIIUM B YCIOBHUSIX BO3JEWUCTBUS HU3KOMHTEHCHBHOrO OMU ot
MT, 4TO MOKET peaabHO BIUATH Ha CHWKEHHE MYKCKOU (hepTHIIb-
HocTH. OTMEUYEHHBIC HAPYIICHUS 3aBUCENU OT IJIUTEILHOCTH JKC-
MO3UIIUU U BO3PACTA KUBOTHBIX.

Takum o0pa3om, HA OCHOBAHUM YK€ UMEKIIUXCH pe3yJib-
TATOB, Mbl MOK€M 3aKJIIOYUTh, YTO PeNPOAYKTHBHbIE OPraHbI
MOIYT ObITh OTHeCEeHbI K KPUTHYeCKHMM opraHam. Pazamunoe
pacnosio:keHue rajJ:KeToB M0 OTHOLIEHHIO K PenpoayKTHBHBIM
OpPraHaM CyleCTBEeHHO BJIHSET HA BeJIMYMHY MOTJIOLIEHHOM 103bI
u, COOTBETCTBEHHO, HAa  BBIPAKEHHOCTH NaToJIOTHH
PenpoayKTHBHOM CHCTEMBI.

2.2.5. OT1najieHHBIE TOCJIECTBHUSA.
Onyxoyi M0O3ra ¥ IUTOBUTHOI Kejle3bl

OteuecTBeHHas: pajAnOOMONIOTHYECKAsT IIKOJA TPAJUIIMOHHO
OTJaeT MPEANOYTEHNE IIPU OLIEHKE PUCKa IPU BO3JIECUCTBUM HA HAce-
neHue Qu3ndeckux (pakToOpoB cpeabl OTJAIEHHBIM MOCIEICTBUSM.
Ilo HameMy MHEHHIO, MTOKa €IMHCTBEHHBIM YOEIUTEIbHBIM U 00b-
€KTUBHBIM KpUTEpUEM JUIsl OLIEHKH HeOJaronmpusTHOTO JeHCTBHS
OMII PY na Hacenenue sBusieTcs (pakT pa3BUTHs OIMyX0Jeld MO3ra u
LIUTOBUIHON KeJe3bl y nmonb3oBarenet MT.

Onyxoim mo3ra. MexayHapoJIHOE areHTCTBO HMCCIIEI0BaHUS



paka (IARC) mpu BcemupHnoii opraHuzamum 3apaBOOXpaHCHHUS
(BO3) B mae 2011 roga Ha OCHOBE PaCCMOTPEHHBIX PE3YJIbTATOB
SKCIIEPUMEHTAIBHBIX U 3MUJIEMHUOJOTMYECKMX HCCIEA0BAHUN Clie-
nano ouumanbHoe COOOIIEHUE I [e€4aTH, B KOTOPOM KIaccu-
duyuposano paououacmommuvie INEKMPOMAZHUMHbBIE NOAA KAK
603MOICHO KAHUepozeHHblil pakmop 015 nHacenenusn (I pynna 2B),
YUMo C6A3AHO C UCHONBL30GAHUEM MOOUNbHO20 menedona. ITo
penieHre ObIJIO OCHOBAaHO Ha YBEIMYEHHOM PHUCKE Pa3BHTHUS paka
MO3ra — TJIMOMBI, paka BbICOKOH 31okadecTBeHHOCTH. |ARC 0co60
OTMETHJIO, YTO JaHHOE pPEUICHHE WMeeT OOJbIIoe 3HAYCHHE IS
3JIpaBOOXpPaHEHMsI, OCOOCHHO s mosib3oBareneil MT, mockoiabky
YHCIIO MOJb30BaTeNell MMEeT TEHJAEHLMIO K MOCTOSIHHOMY pOCTY,
0c0o0EHHO cper MOJIOICKH U JieTei. B mpecc-penuse ykazaHo, 4ToO
oipoOHOE UCCIIeIOBaHKE MOTYyYeHHBIX MaTepuaioB a0 2004 r. mo-
Ka3aso, 4to Ha 40% MOXeT yBEJIMYUTHCS PUCK PA3BUTHUS OIYXOJIH
Mo3ra (IJIMOMBI) IPU «TSDKEIOM» UCTob3oBaHuu MT: B cpeHeM 1o
30 MuH B eHb Ha NpoTspKeHuu cBeie 10 net. Cnexyer OTMETUTD,
YTO B MNPUHIATHUM 3TOr0O peuieHus ydactBoBaiu 31 yueHbll u3z 14
cTpaH. B TeueHue mocnenyromiero Mmecsmna ObUIO JOMOJHUTEIHHO
onmybmukoBano obocHoBanue pemenus IARC (IARC, 2011) [228].
Mexnay Ttem, Ha 3acenanusix KoncynbratuBHoro Komwurera
BO3 no Mexaynaponnoit Ilporpamme «OMII u 31m0poBbE Ha-
ceneunsi» B 2011 u 2012 romax OOJIBINMHCTBOM 4uieHOB Komurera
aKTUBHO ()OPMHMPOBAIIOCH MHEHHUE, YTO HE MMEETCS JIOCTATOYHBIX
nansbiX y IARC miist atoro pemenusi. Tem He MeHee, rpynmna mBea-
ckux yueHbix Bo riase ¢ Hardell L. (2013, 2015) [220,218] mposena
KOMIUIEKC SIMUJEMHOJIOTHYECKUX HCCIE0BaHUN B TeueHHe Oojee
yeMm 15 jer mo pa3BUTHIO OIyXxosed Mo3sra y nosb3oBareneii MT.
ABTOpBI BBISIBUWIM YBETMUEHHE PUCKA PA3BUTHUS OIMyXOJIed Mo3ra y
nosib3oBareneit MT ¢ «nepuonom oxuaanus» 10 ner. beumm otme-
YeHbl YBEJIIMYEHHBIE PUCKU PA3BUTHUS ACTPOLUTOMBI H aKyCTUYECKOM
HEBPOMBI Ha UTICHJIaTepaJIbHOM CTOPOHE MO3ra. PUCK pa3BUTHS MO3-



TOBBIX OIIYXOJIEW YBEJIIMUUBAJICA 10 5 pa3 'y
JIOAeH, KOTOpbIE Hayalld HCIOJIb30BATh
MT B nerckom Bo3pacte, a uMeHHO §8-10
net. Pa3Butue omyxoiu 3aBUCENO OT MPO-
JOJKUTENIBHOCTH Hcnoib3oBaHus MT.

[TpoBeeHHBIC MCCIIEOBAHNUS IIBE-
CKUX YYEHBIX MOATBEPAUIIN YBEIUYEHHBIN
PUCK JUI MO3TOBBIX OITyXOJeH NIpu HC-
110JIb30BaHUH MOOMIIBHBIX U OECHIHYPOBBIX
TeneoHOB.

B wnauane 2016 r. 6buio omyOmnu-
Hardell L. [Illseockusi KOBAHO COOOIIEHME O CTaTHCTUYECKUX

yuenvili —  oukonoz, JAHHBIX, MoiaydeHHbIX B CIIJA Ha ocHOBe
npogpeccop. O usée- matepuanoB HaumonansHoro MHcTuTyTa
cmen ceouM UCCned0=  Oyyyoorm (NCI), HarnuonansHoM
BAHUSAMU 8 OYEHKEe OHKO- n

JIO2UYEeCKOU  ONAcHOCMU pOrpaMMbl  pCTUCTpallMK  paka M
gozoeticmeuss IMII. 9HHI[€MI/IOJ’IOI‘H‘I€CKOI/I [nporpamMmmbl  Ha-

omonenns (SER) 3a meproa 2008-2012 rr.
3akitoueHus ObUIM CeTaHbl OTHOCUTEIBHO YBEIMUYEHMS pHCKa
pazButusa omnyxosned wmosra y Hacenenust CIIIA pasnuusbIx
BO3pacTHbIX Ipynn B TeueHue nepuonaa 2000-2012 rr. ABTopsl 3THX
MaTepUajoB TIOJaralT, 4YTO YBEIMYEHHE 4YacTOThl MO3TOBBIX
OIyXo0JieH OBIJIO 3HAYMMO U CBSI3aHO C MCIIOJIb30BAHUEM HaceleHHEM
mobubHO# cBsizu (CBTRUS. Statistical Report, 2015) [289]. B 2018
rofy OIyOJMKOBAaHbI YyXe JaHHble yueHbIX BenukoOputaHuu B
peructpe UK National of National Statistics (ONS) o moBbieHIn
TeMIIa POCTa 37I0KaYE€CTBEHHOTO paka roJIOBHOI'O MO3ra Y HacelleHus
Benukobputanuu ¢ 1995 mo 2014 roapl, 0ocOOEHHO B JIOOHBIX U
Bucounsix jgonsax (Trends in  Brain Tumor, 2019) [330].
HccnenoBanue BBISIBUIIO «yCTOMUMBOE M CTATUCTHYECKHU JIOCTOBEPHO
3HAYUMOE» YBEJIMYEHHE YaCTOThl MYJIbTHU(MOPMHONU TIIIHOOIACTOMBI
(GBM) mns Bcex Bo3pacToB. YpoBeHb passutusi GBM ynsowcs ¢
2,4 mo 5,0 mva 100 000 uwenmoBek. B 1995 roay kommyecTtBoO 3I10-
Ka4eCTBEHHBIX OITYXOJICH JTOOHBIX WIJIM BHCOYHBIX JIOJIEH TOJIOBHOTO



Mo3ra cocraBisuio 41%, a k 2015 roxy Obuto ycranoBierno 60%
onyxoneir GBM. ITo utoram sToro peructpa caemnad BeiBoj: «Hawu-
Oosee yOeauTeNbHBIM OOBSICHEHHEM pOCTa 3a00JE€BAEMOCTH STHMHU
CMEpTEIbHBIMU OMYXOJIIMU TOJIOBHOT'O MO3Ta, OCOOEHHO B JIOOHBIX U
BHUCOYHBIX JOJSX, MOTYT OBITh UIUTEIbHBIC BO3ACUCTBUS MHKPO-
BOJIHOBOTO M3JTYYCHHSI MOOMIILHBIX TelIe(hOHOBY.

B o6o61maroiem 0630pe 3NUAEMHOIOTMYECKUX UCCIeI0BaHUN
UCTIOJB30BAHUS COTOBBIX TENEPOHOB W PUCKA BO3HUKHOBEHUS
OIyXOJIeH MOKa3aHO, YTO HCIIOJIb30BAHHE COTOBBIX TeNe(OHOB C
obmmM BpemeHeM pasroBopa Oosiee 1000 yacoB 3HAYUTETHHO
yBesnumBaeT puck omyxosei (Yoon-Jung Choi et al., 2020) [167]. «B
11e710M, OOHOBJICHHBI KOMIUIEKCHBIH MeTaaHallu3 HCCIIeI0BaHUMN
«CIIy4al-KOHTPOJIb» OOHApYXMWJI CYIIECTBEHHbIE JI0Ka3aTEIbCTBA
CBSI3M HCIIOJIb30BAHUS COTOBOTO Tele(OHA C MOBBIIMIEHHBIM PHUCKOM
OITyXOJI€H, 0COOCHHO CPe/IH TI0IH30BATENICH COTOBBIX TeNIE(OHOB MIPH
CYMMapHOM HCIIOJIb30BaHUK coToBoro tenedona 1000 wmu Goinee
4acoB B CBOEH KHU3HU (UTO COOTBETCTBYET IPUMEPHO 17 MUH B JIeHb
B TeueHue 10 7eT), ¥ 0COOEHHO Cpeay HCCIeIOoBaHUi, B KOTOPBIX
HCIOJIb30BAJINCh BHICOKOKAYE€CTBEHHBIE METO/IBI».

Tem He MeHee, HECMOTpS Ha ONYOJIMKOBAaHHBIE PE3YNIbTATHI
JIOHTUTIOHBIX AMTHIEMUOIOTUYECKUX HAOTIOICHHI, O4eHb BAXKHBIMU
JUI TIOATBEP)KJIEHUS BO3MOXKHOTO Ppa3BUTHS O3TOM IATOJIOTUU
SIBIIIIOTCST KJIACCUYECKHE PaJnOOMONIOTHUECKUe IKCIEPUMEHTHI Ha
KUBOTHBIX.

Tak, B 2016 roay ObUTO COOOIIEHO O pe3yabTaTaxX KpymHOMAcC-
mTabHoOro SKcrepuMenTa, mpoeaerHHoro B CIIA mo HannonansHoM
nporpamme Tokcukosoruu [318]. DkcneprMeHT ObUT BBINOIHEH
HarmonansHbIM HHCTUTYTOM UCCIIEJIOBAHUS 3/I0POBBS OKpYKatoIIen
cpenst  (NIEHS). Drta mnporpamma ¢uHaHCHpOBANIaCh IPaBH-
tenbcTBOM CIIIA, cToMmMocTh 3TOro sKkcnepuMeHTa coctaBuia 30
mutronoB $ (Wyde M., 2016) [225]. Kpsic 2 roga obmyuamn DMIIT
PY kaxnpie 10 munyTt ¢ 10-MUHYTHBIM epepbIBOM B TedeHue 18 ya-
COB B JIeHb. B KadecTBe oOiydaTeneil uCmoib30Bal JIBa CTaHAapTa
cortoBoii cBs3u GSM u CDMA. Yactora curnanoB DMII Obiia paBHa



900 MI'u. bbLio ueThlpe rpynmsl KpbIC: TpH ONbITHBIE 110 180 WT. U
OJIHA TPYIINAa — <«JIOKHBIA KOHTPOJIb» — 90 KpbIc. bbimo BeIOpaHO
TPH BEIMYHMHBI MaJIOW HeTeruioBoi mHTeHCcHBHOCTH SAR 1,5; 3 u 6
BT/kr, KOoTOpbIEe HE BBI3BIBAJIM HArPEB TKAHEH, TO €CTh MCKIIOYAIH
T.H. TEIJI0BOH 3 (PeKT.

OTO HccIel0BaHUE MOKAa3aJI0 CTATUCTUYECKH 3HAUUMOE YBE-
JUYEHHUE YacTOThl Pa3BUTHUS paKa CPey OIBITHBIX KPbIC B TEUCHUE
IByXJeTHero obmydenus (omyxonu paspuinck y 30 u3 540 kpoic). B
nanpHelieM, Oojiee JeTallbHOE PACCMOTPEHHUE PE3YyJIbTaTOB OBLIO
nponoipkeHo (Smith-Roe S., 2020) [324]. [Tony4eHHbIE pe3yabTaThl
nokasaJi, 4yTo HereroBble ypoBHH OMII PU MoryT ObITh NpH4KMHOI
pa3BUTHUS OIyXOJIed Mo3ra. DTO 3aKIIOYEHUE MPOTUBOPEUYUT pe-
komeHganmsiM INCRIP, koTopble peKOMEHIYIOT TOIYCTHMBIA YPO-
BeHb noromenHon 10361 SAR mis MT 2,0 Bt/kr.

Takum 00pa3oM, pe3yabTaTbl YHHKAIBHOTO KJIACCHYECKOTO
PaaoOONOIOTHYECKOTO JBYXJIETHETO SKCIIEPUMEHTA YBEIUYMUIN Ha-
JEKHOCTb 3aKJIFOYEHHsS] OTHOCUTENIBHO 3HAUMMOI'O PUCKA PA3BUTHS
OITyXOJIei MO3ra y HaceJeHus nonb3oBareneit MT npu onenke onac-
HOCTH BJIMSHUS Ha opranu3M OMII MoOMIBbHOM CBA3H.

[Tosznuee, B 2018 romay ObLTH OMyOJMKOBAHBI PE3YJILTATHI €I1IE
OJTHOTO TaKKe 3HAYMMOTO PaTUOOHOJIOTHMUYECKOrO 3KCIEPHMEHTa,
BBIMOJIHEHO B nHCTHTYTe Pamaszsunu (Mramus) [182]. Heobxomaumo
OTMETHTb, yTo MHcTuTyT Pamas3unu ¢ 1971 roga 3aHumaercs u3-
YYE€HHEM TOKCHUYECKOTO BO3AECUCTBUS XMMHUYECKHUX BEIIECTB U (u-
3u4yeckux (akTopos, ¥ B ToM uucie, SMII PY.

[Tonyuensl pe3ynbTaThl, OJIM3KHE K pe3ysbTaTaM IPOBE/IEH-
HOTO 3KclepuMeHTa no HanmoHaneHON mporpaMMe TOKCHKOJIOTHH
NIEHS, Ho emie Oonee mpuOIMKEHHBIE K peaIbHBIM YCIOBHIM —
MIPOBOAMIIOCH 0OyYeHUe HCUBOMHBIX (KPbIC) OmM NepUHaAmanlbHO20
nepuooa u oanee 00 eCmecmseeHHoU cmepmu (CMouUMoCmy IKCnepu-
menma 15 man. €). UTanbsHCKUE ydeHBIE TTOCTAaBUIIN TEpe]] OO0
3amauy emie Oosiee TPYIHYIO — OLIEHUTh BO3MOXKHOCTH Pa3BUTHS
omyxoJiet ipu BozaencTBur DMII mpu HHTEHCUBHOCTSIX, OJTM3KUM K



0a30BBIM CTaHIUSM. JTH YPOBHU BO3JCHCTBUS HAXOIWIUCH B Ipe-
nenax cymecTByromux ceiuac pekomenaanuii ICNIRP.

2448 cam10B U caMOK KpbIC nojasepranu aerctauto OMII co-
TOBOro TenedoHa 19 yacoB B IeHb OT NMEPUHATAIBHOIO MEPUOA 10
€CTECTBEHHON cMepTHU. VIHTEHCHBHOCTbh W3JIy4YeHHUS B JIaHHOM UC-
CJIGIOBAaHWH COOTBETCTBOBAJIA TOW, YTO MOXHO MOJYYUTh OT OJIU-
Jaillel BBIIKK COTOBOM cBsizu. EcTecTBeHHO, sKcmo3uius Oblia
ropas3zo Hike, ueM B uccienoBanuu NIENS. B atom nccnenosanuu
3HaueHuss SAR BapeupoBasuchk ot 0,001 Br/kr mo 0,1 Br/kr, a B
uccienoBanmsx NIENS CHIA ¢ 1,5 mo 6,0 Br/kr. YpoBHH BO3-
JEHCTBUS B UTABSIHCKOM DKCIIEPUMEHTE HAXOAMIUCH B CAMBIX HIDK-
HUX TpeJesax TeKYIUX CTaHIapTOB MPHU BO3JEHCTBUH Ha TOJIOBHOMI
mo3r INCRIP (2,0 Br/kr).

[TonydeHsl pe3yabTaThl, CBUAETENHCTBYIOIIHUE, YTO I0JITOCPOY-
HOE HCIOJIb30BAaHUE COTOBOrO Tejie(poHa CBSI3aHO C MOBBIIICHHBIM
PHUCKOM pa3BUTHUS BECTUOYISIPHOTO paKa IIBAHHOMBI 1 aKyCTHUECKON
HEBPUHOMBI CIIYXOBOT'O HEpBa. AKyCTHYECKass HEBpPOMa TaKXKe
BO3HUKala u3 kieTok [lIBaHHa, HO B OTJIMYME OT CBOETO aHAiora B
Cep/Ie, 3TO OOBIYHO MEAJIEHHO PacTyIllas OMyXolb, a HE PaKoBasl.

HecMoTpst Ha 9Tu paznuuusi B ypoBHAX oOJydeHHs, oba Hc-
CJIEIOBAHUSI BBISIBUIM CTATUCTUYECKU 3HAYMMOE YBEIIMUEHUE PUCKa
pPa3BUTHUSL 3JTOKAYECTBEHHBIX OMYyXOJIEM OJHOTO W TOTO K€ THMa
LIBAaHHOMBI B MO3T€ Y CAMOK U B CEP/ILIE Y CAMIIOB KPbIC TP YCIIOBUH
TOTAJILHOTO OOJIy4EHUS.

SIBnsieTcss MPUHIMIHAIBHO Ba)KHBIM, C HAlllel TOYKH 3pPECHHS,
YTO B 9TOM IKCIIEPUMEHTE OBLIO OTMEUEHO Pa3BUTHE OMYyXOJIEH MO3-
ra pu UHTEHCUBHOCTX u3nyyeHuss OMII 6a30BbIx cTaHIUI.

Heo0x0amMo 0TMETUTD, YTO Pe3yJbTAThl ITUX ABYX JKCIIe-
PUMMEHTOB MOJIyYeHbI MPH 001eM 00JIy4eHUH BCEro Teja opra-
HHM3MA IPH HCN0JIb30BaHuM ypoBHeH II/1Y, pexkoMeH10BaHHBIMH
ICNIRP. Ba:kHo oTMeTHTB, YTO YCJIOBHSI MPOBEIEHHBIX JKCIIe-
PYMEHTOB ObLIM NPHPABHEHbI K PeajbHbIM YCJIOBUSM BO3/ei-
creust ot BC, Wi-Fi, T.e. oT Bcex HCTOYHMKOB, 00eceYnBaAIOIINX
HHTepHeT U oT TepmuHaoB CC.



bonee pannue wuccienoBaHus Ha >KHUBOTHBIX MPEIOCTABHIN
JI0Ka3aTeNIbCTBA TOTO, YTO HEXODKKUHCKas JIMM(pomMa MOXKET ObITh
BbI3BaHa BozjeiictBueM DMII PY (IlIBenckuil peructp HEXOMKKUH-
ckori sumdomsl). Tlepeuunas mumdoma [THC — penkoe 3mokaue-
CTBEHHOE 3a00JIeBaHUE Y JIIOJICH U C IIJIOXUM IpOorHo3om. B mocrnen-
HUE TO/Ibl OTMEYaeTCs pocT 3aboneBaeMocT. Ha ocHOBaHMM OoTueTa
NTP u IlIBeackoro peructpa Hardell L. et al. (2020) [219] npuruiu
K BBIBOJTY, YTO UCIIOJIb30BaHHEe MT MOKeT OBITH PAaKTOPOM pUCKa JIJIsSt
HHC. Hexomxkunckas aumdoma (HXJI) sBisercs pacrpo-
CTpaHEHHBIM PAKOM CpEI¥ MAIHUECHTOB C TMOJABICHHONH UMMYHHOM
cucteMoit. B aTom nokymenrte obcykaaeTcsi ciydail ¢ O4eHb TsKe-
JBIM TOJIb30BaTeNleM MOOWIBHBIX Teae@oHoB (13 200 coBOKYMHBIX
yacoB 3a |5-netHuil nepuoj). 10 paBHAETCS, IPUMEPHO, 4 yacaM B
JIeHb OOJIy4eHHUs TOJIOBBI/MO3Ta M 3Ta OMYyXOJb HaXOAMJIACh HA TOU
K€ CTOPOHE T'OJIOBHI, YTO M PyKa MOJIB30BATEIs.

[Tocne 3aBepiieHust IByX KPYMHBIX UccieqoBanuii — Haru-
oHaJIbHOU mporpammoi Tokcukonoruu B CIIIA u Uucturyrom Pa-
Ma33uHU B MTanmuum — MHOTHE y4YeHbI€ CUMTAIOT, YTO TENeph eCTh
«SBHBIE TOKA3aTEIbCTBA» TOTO, YTO PaJAMAIMOHHOE OOJIydYeHHEe CO-
TOBOTO TenedoHa MOKET BbI3bIBaTh pak Mo3ra. Hardell L. B 2018
TOJy, C Y4€TOM PEe3yIbTaTOB 3THUX JIBYX IKCIIEPUMEHTOB, MPEIIOKIIT
MoaepHu3npoBarth kinaccudukanuio IARC u nepesectu SMII PU B
I'pynny 1, «kak peasbHbIN KaHLEpOreH A HaceneHus» [217]. Poc-
cHiicKue ydeHble coiuaapHbl ¢ 3TuM peuienueMm (Camoitnos A.C.,
I'puropses FO.T'., 2020) [101].

BecpMma cTpaHHO BBITJISIIUT peakiysi Y IpaBiIeHUs 110 CAaHUTap-
HOMY Ha/130py 3a Ka4eCTBOM ITHIIEBBIX MTPOIYKTOB U MEIUKAMEHTOB
CIIA. Ynpasienue ObICTpO OMyOIMKOBAJIO 3asBICHHE, B KOTOPOM
MOJIBEPTAIOTCSI COMHEHHIO C(OPMYIMPOBAHHBIC BBIBOJBI B OTUETE
NTP u ykaszsiBaercs, uto «llomoOHbIe MCCIeTIOBAaHUS HA )KHUBOTHBIX
BBI3BIBAIOT HEOOXOIMMOCTh y HAC OOCYIUTh 3Ty TeMy. MBI JOJKHBI
MTOMHHTb, YTO UCCIIEIOBAHUE HE OBLIO CIJITAHUPOBAHO ISl IPOBEPKHU
0€30MMacCHOCTH UCTIOIB30BAHMSI COTOBOTO TeeOHa Y JII0/IEH, 03TO-



MY MbI HC MOXEM CIcJ1aTb BBIBOIbI O pI/ICKaX HUCIIOJIB30BAHUS COTO-
BOTO TenedoHa U3 ATOTO IKCIIEPUMEHTA.

Pe3yJbTaTbl MHOTOJIETHHUX 3MHIEMHOJJOTMYECKUX HCCJIe-
noBanuii (IlIBemusi, CILIA, BenunkoOputranusi), nmpoBeJeHHbIE
paanodmnosornueckue 3xcrnepumedtbl B CIIIA mo mporpamme
NTP u pe3yabrarsl, noaydyenuble UHcturyrom Pama33unu, a
takxke pemieHue |ARC mo3BosisiloT HaM CYMTATh, YTO Pa3BUTHE
omyxoJieii M03ra B OT/AAQJIEHHbIN MePUO ABJISETCS HATEKHBIM
KpuTepueM 115 oueHke onacuoctu IMII coroBoii cBsi3m.

OnHako Ha pa3BUTHE ITOr0 KaHIEPOreHe3a MpodJjieMaTny-
HO CMOKET BJHMATH JAONMOJHHTEIbHOE Bo3aeiicreue MMB (5G),
XOTS Mbl B NpaBe O:KUIATh Pa3BUTHUS B ITHX YCJOBHUSX 0oJiee
IIMPOKOIr0 CIEKTPa OMYX0JIEBOI0 MPOIECcCa KOMKHU.

OnyxoJi M TOBHIHOM kKeJie3bl.

3aboneBaeMoCTh pakoM muToBHAHOM *xene3sl (LK) pacreT Bo
MHOTHX CTpaHax, OCOOCHHO MaNWUIIPHOTO PaKa THUIA KapIIMHOM.
Psan yuensix cBsa3bIBalOT Takoi 3ddexT ¢ BozaeiictBuem DMII mo-
ounbHOM cBs3u Ha LIDK. B 2014 r. 6buin onmyOauMKOBaHbI JaHHBIE,
MO3BOJISIIONINE CENATh BBIBOJ 00 YBEITMYEHUHU 3a00JIEBAEMOCTH pa-
koM IIK B FOxnoit Kopee, naunnas ¢ 2002 roga (Ahn H. etal., 2014)
[133]. CootBercTByromasi auHaMuKa <onuaemMun» paka DK
IIpesicTaBlIeHa Ha puc. 19.

ABTOpBI YKa3bIBAKOT, YTO IO JTAaHHBIM ATEHTCTBA I10 UCCIE0-
BaHuto paka LK, yto 3a0oneBanus Gonee yeM B JIBa pa3a BO3POCIH
Bo ®pannun, Utanuu, Xopsatuu, Yemickoit Pecniy6nuke, M3panre,
Kutae, Asctpamuu, Kanage u CIIA, HO 0€3 COMYyTCTBYIOIIETO
BO3pACTaHUsI CMEPTHOCTU. ABTOPBI ATOW pabOTHI CUUTAIOT, YTO ITO
TOJIBKO «BepXyIka aiicoepra» paka LK.

B 2017 u 2018 romax Takxke OBLJIO CIIETaHO JBA 0000IIEHUs O
pocte pa3BuTusa nanwuisipHbix omyxoded LK, cBsizaHHBIX ¢ WH-
TeHCUBHBIM Bo3eiicTeueM DMIT (Lim H., 2017; Luo J. et al., 2018)
[257,261].
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Puc. 19. /lunamuka 3a0601e6aemocmu paKom wiumosuoHol jcenesnl 6
FOxcnoii Kopee (Ahn H. et al., 2014).

Bospocna 3aboneBaemocTs manmuuisipabM pakom LK u cmepTHOCTH
cpenu naruenToB B Coequnennbix [ltatax ¢ 1974 mo 2013 rr. u ee
r0JIOBOH MPOLIEHT, B cpeaHeM, cocTaBuid 4,4%. CMEepTHOCTh B IEPHOT
¢ 1994 no 2013 rr. Ha ocHoBe 3aboneBaemoctu I1[DK Bo3pocna Ha
1,1% B rox.

bbln moaBeeH UTOT MPEAIIECTBYIOIUM HCCIEI0BAHUSM, T10-
CBAIIIEHHBIM YCTAHOBJICHUIO CBSI3M MEXIy HcCmojb3oBaHueM MT u
pazeutuem paka II[DK B CIIHA (Luo J. et al., 2018) [261]. Uccnemno-
BaHHS OBLIM TIPOBEICHBI Wenbckoit koot MenuiuHel U [enap-
TaMeHTOM 31paBooxpaHeHus mrara Konnektukyt, CIIIA. ABTOpBI
CUMTAIOT, YTO C OOJIBIION J10JIed TOCTOBEPHOCTH U MpPHU HAIUYHH
BBICOKOT'O PUCKA Y «TSDKEJIBIX» IMOJIb30BaTeNeil (pa3roBop mo Telne-
¢dony Oosiee IBYX 4acoB B JI€Hb) U JOJITOCPOYHBIX IMOJIb30BaTEICH
MT (Gonee 15-Tu 1eT) MPOTHO3UPYETCS 3aBUCUMOCTH C OYEHb BbI



COKHMM pHCKOM. JKeHIIMHBI, KOTOpble ncnoiab3oBaan MT Gosee 1Byx
4acoB B JICHb, IMEJIM OOJIbIINN pUCK pa3BuTHs paka [I[JK mo cpas-
HEHHIO CO IIHYpOBBIMU Teseonamu. Koncratuposano, uto pak LIDK
SBIIAETCS caMbIM ObIcTpopacTymum 3aboneBanueM B CIIA, ero
4acToTa BO3pocia MoyTu B Tpu paza: B 1980-x — 4 ciyyas na 100
000, a B 2014 rony — 15 ciyuaes na 100 000. Poct HOBBIX ciyuyaeB
paka K yBenuuwiics B cpeneM 110 3% B roj 3a MociaeaHuE JeCATh
JeT 1o  JaHHBIM  snuaeMuonorudeckoi  mporpammbel - NCI
Surveillance, Epidemiology And Results-9 (SEER-9) u peectpy
Haunonansnoro uncturyra onkosioruu CIIA «Pak umumroBumgHOM
xesnes3b» (NCI) (puc. 20). ITo orienkam storo peructpa B 2018 roay
nuarHoctupoBaHo 53 990 nosbix citydaeB paka XK, uto gemnaer ero

JBEHAIIATBIM W3 HauOoJIee paclpoCTpaHEHHBIX 3a00JE€BaHUN B
CHIA.

- =
R aasat iy

Number Per 100,000 Persons

1975 1880 1985 1980 1985 2000 2005 2010 2015

I NewcCases-SEER9 W Deaths-U.S.

Puc. 20. /lunamuxa pazeumus paka wiumosuoHoll ycene3vl u
cmepmuocms ¢ CLIA

Takum oOpa3om, aHamM3 OMyOIMKOBAHHBIX PE3yJIbTATOB IO-
3BOJISIET KOHCTAaTHUPOBATh, YTO AJIEKTPOMAarHUTHBIE MOJISI MOTYT MPH-
BECTH K BBICOKOH J10J1€ PUCKA PA3BUTHUS THUIIEPTUPEO3a UM KAHIIEPO-
reHe3a, MHAYLHUPYs U3MEHEHMsI Ha YPOBHE BCETO OPraHU3Ma.



CBOeBpeMEHHBIN MHIUBUAYAIbHBIA JOHO30JIOTMYECKUN KOH-
TPOJIb B XPOHOAWHAMHUKE >KU3HEACATEIBHOCTU ITO3BOJIMUT CBOEB-
PEMEHHO BBIIBUTH U OLIEHUTH BO3HUKIIME m3MeHeHus B LK. Oto
JTUKTYET He0OXOAUMOCTb OoJiee MUPOKOTO U PEryJIsIpHOrO AUCIAH-
CEpHOro HaOJIIOIEHUS U IPUMEHEHUSI COBPEMEHHBIX METOJIOB PaHHe-
rO BBIBJICHHS HapyIICHUH (QYHKIUI U paka NIMTOBUIHOW KEJE3bl.
JlanHas mpobaema TpeOyeT JanbHEHIIero KOMIUIEKCHOTO HCCIe10-
Banus (I'puropses 10.I'., Boponmosa 3.A., Ymakos 1.b., 2020) [56].

VY4uTHIBas BHICOKYIO UyBCTBUTEIBHOCTD IIUTOBUIHON JKEJIE3BI
K (usznyeckuM (akTopam, BO3MOXKHO Pa3BUTHE HEOIATOMPHUSTHBIX

otnaneHHbIX nocieactsuii B LIDK npu moxu3HEHHOM BO3/CHCTBUH
MMB.

2.2.6. Jerckmuii opranusm. Ysa3Bumoctb k IMII

BO3 onpenenuna cBOO TOYKY 3pEHHUSI Ha BOCIPUUMYHUBOCTH
JeTel K BO3ACHCTBUIO (PAKTOPOB BHEIIHEH Cpenbl: «/[emu omauua-
1omcs. om 63pocavix. JIeTn MMEIT YHUKAIbHYIO YSA3BUMOCTb, KOT/Aa
OHU PACTyT U Pa3BUBAKOTCS; UMEIOTCS «OKHA BOCIPUUMYUBOCTH:
MEePUOJIbI, KOTJIAa UX OPraHbl U CUCTEMBI, BO3MOXKHO, TIPUOOPETAIOT
0COOYI0 YYBCTBUTEIBHOCTh K BO3JEHCTBHUIO OIMpPENEICHHBIX IKOJO-
THYECKUX yrpo3».[224]. B mocnenyronmx myONuKausIx IelarTcs
AQHAJIOTUYHBIE BBHIBOJBI O PA3IMYHON PaJMOUyBCTBUTEILHOCTH MEX-
Ny 1€TbMU U B3pOCIBIMU TTOJIb30BaTensiMu MT.

K coxanennto, Koncynsratusasiii Komurer BO3 no Mexny-
HapoHoH nporpamme «Ouenka onacHoctr DMII nis HaceneHus» He
AKI[EHTUPYET BHMMAHHUE Ha 3TOM BAXXHOM IIOCTYJIaTE€ O BBICOKOW
paauouyBcTBUTENbHOCTH aAeteid k DOMIL. Ha ¢one pesynpraroB
MHOTOYMCJIEHHBIX HCCIIEIOBAHNM, YKA3bIBAIONIMX HA U3MEHEHUS B
TOJIOBHOM MO3re moJib3oBareneil nereit MT, amopallbHO BBITJISAIAT
MOMBITKH TEJIEKOMMYHHKAIIMOHHON MPOMBIIIJIEHHOCTH YTBEPKIaTh,
9TO MOOWIJIbHASI CBSI3b HE MOXKET OKa3bIBaTh OTPUIIATEIHHOTO BO3-



JecTBUSL Ha JieTeld. AKTUBHOMY MpPOABIKEHHIO Mep Mo Oe3omac-
HOMY HCHOJIb30BAaHUIO MOOUJIBHBIX Tele(OHOB MPEMITCTBYET Ha-
nuuue (UHAHCOBOTO JIOOOM ATOM NMPOMBIIUIEHHOCTH, CBSI3aHHOU C
BHEJIPEHUEM COTOBOM CBSA3H, IMPONAraHJAUpPYyIOUIEe KOHIEIIHUIO O
MOJTHOW 0e30macHOCTH i Beex rpynn Hacenenuss OMII coToBoii
CBSI3U, OCOOEHHO s jaereil. Opranu3oBaH paxe «MOOHIBHBIN
npomsbiiuieHHbIH Gpopym (MMF) storo n1066u. ®oux huHaHCHPYET
TOJIBKO UCCJIEI0OBaHUS, TJI€ 3apaHee MPEeyCMOTPEHBI JKeIaeMble IS
HEro orpuuareiabHbie pe3ynabrarbl. Hampumep, MMF omyGnmkoBan
CIeUUANbHYIO OpoIopy 1oj HazBaHueM «lIpoMbIIuIeHHBIH opym
MMF, Touka 3peHus Ha MpodsIeMy — MOOUIIbHBIE TeNe(hOHBI U IETH
[332]. Ilo muenuto »storo Komurera, cywgecmeyem cunvnasn
HayuHasa 06aza 0na 6cex nompeodoumeneii, 6CenANOULAA YEEPEHHOCHb
6 O0e3zonacnocmu moounbHBIX menegonos. bonee abcypIHOTO BBI-
BOJIa HE TPEICTABISICTCS BOSMOXKHBIM COPMYIIHPOBATH, TEM OoJjee
YTO TaKOM Hay4HOU 0a3bl HET, aJIeKBATHBIC SKCIIEPUMEHTAIbHBIC HC-
CJIeIOBaHUs B YCJIOBHSX XpoHuueckoro BozxaeictBusi OMII PU na
dbopMupytromuiics Mo3r pebeHka 3a pyOekoM 10 HACTOSIIEro Bpe-
MEHU HE MPOBOJATCS.

CrnoxuBiIasicss cuTyalus MoJ, KpbJIOM T€IEKOMMYHUKAIIMOH-
HOTO MPOMBIIUIEHHOTO JIOOOM TOPMO3UT UCCIIeI0BaHUs 110 Ipodeme
U, N0 HalleMy MHEHHIO, LEJICHAHANPaBICHHO NEPEeBOAMUT IpaK-
THYECKOE pelIeHHe MpoOJeMbl JIEKTPOMarHuTHON 0e30MacHOCTH B
pyClIO TIOCTOSIHHBIX JucKyccuit. MMeroTcst dakThl Oe3HaKa3aHHOTO
CKpbITHsI HeOnaronpusTHoro aevictsus DMII coToBoit cBs3M Ha Je-
Tell U, MpexkJie BCEro, CO CTOPOHBI J0OOM TEIEKOMMYHUKALMOHHON
MIPOMBIIIIJIEHHOCTH.

B Poccunm mnpenycMOTpeHO Haka3aHHME 3a YKpPBIBATEJIbCTBO
nH(pOpMallUK OT TEAaroroB, CO CTOPOHBl YHMHOBHUKOB M3 CQepbl
oOpa3zoBaHMsi 00 OMACHOCTH Ui 370POBbS YYacCTHUKOB 00pa3o-
BarenbHOro nporecca (ctatbs 237 YK PO «CoxkpriTre nHbopManuu
00 00CTOATENBCTBAX, CO3AAIOLIMX OMACHOCTh JUIA JKU3HU WIH
3M0pOBBsl  JHOAEH». «JlOMKHOCTHBIE JuIa 00pa3oBaTEbHBIX



opraHm3anuii 00s3aHBl COOOIIATH O JAHHOW yrpo3e OOIIECTBEH-
HOCTH, a TaK)XK€ HE3aMe/UINTEIbHO MPUHUMATh MEPbl pearupoBaHUs
[0 YCTPAaHEHHWIO OMACHOCTH B OTHOIIECHHHM YYacTHUKOB 0Opa-
30BaTEIbHOIO MPOLIECCay.

PeanbHo, BriepBbIe 3a BeCh NEPUO LIUBUIU3ALUH, IPOUCXOIUT
MaccoOBO€ IIOCTOSHHOE 3JIEKTPOMAarHuTHOE OOJIy4eHHE TOJIOBHOTO
Mo3ra pe0eHKa/OIPOCTKA U, B TIEPBYIO OUepeb HEPBHBIX CTPYKTYP
BHYTPEHHEIO yXa U >KMU3HEHHO BaXKHBIX LIEHTPOB I'OJIOBHOTO MO3ra.
[Ipu nmopnepkke poautenel, pedeHOK cTan objaaarereM MOOUIIb-
HOTO Tesie()OHa, KOTOPBIN SBJISIETCS OTKPBITHIM, HEKOHTPOJIHPYEMBIM
ncrounrnkom OMII.

Hecmotpst Ha Gomnbiioe yucio myOIuKaluid 1Mo BO3JEHCTBUIO
OMII PY moOuiibHBIX TenedOHOB Ha OpraHU3M YEJIOBEKa, OLEHKU
OMACHOCTH JaHHOTO BUJA U3IMy4YEHHUS HA OpraHu3M JeTel U Moj-
POCTKOB MaJIOYMCIICHHBI ¥ OMUPAIOTCS B OOJBIIMHCTBE CIIy4aeB Ha
SMUAEMHUOJIOTHYECKHUE JaHHbIE, MOJyYeHHBIE C MOMOIIBIO OIMpOC-
HUKOB. Pe3ynpTaThl 3TUX HCCIEI0BaHUMN YKa3bIBalOT HA HAPYLICHUS
MICUXOCOMATUYECKOTO 3/I0POBbS IOHBIX MOJIb30BATENEH: MOBBIIICHUE
YPOBHS YTOMJIIEHUSI, arPECCUBHOCTH, TPEBOKHOCTH, BPaXKACOHOCTU U
COLIMAJILHOTO CTpecca, CHUKEHUE YPOBHEW YCTOMUMBOCTHU K CTpeccy
(Van den Bulck J., 2007; Inyang I., Benke G., Dimitriadis C. et al.,
2010; Inyang I., Benke G., McKenzie R. et al., 2010) [331, 235, 236].
OpnHako, Y4YHWTBIBas, UYTO OTH HUCCIEIOBaHHUS MPOBOJISATCS JHUC-
TaQHIMOHHO U C MMOMOIIBIO 3al0JHEHHS] BOIPOCHUKOB CAMUMHM POJIU-
TEJSIMM, BO3HHMKAIOT CEPbE3HBIE BOIPOCHI K JOCTOBEPHOCTH IIOJY-
YEHHBIX Pe3yJIbTAaTOB.

3acnyKMBalOT BHHUMaHUS TPOBEACHHBIE AKCIIEPUMEHTHI Ha
MOJIO/IBIX MBIIIAX U KPBICAX, BBHIIIOJHEHHBIC TOJBKO 32 MOCIETHUE
HECKOJIBKO JIET.

Narayanan S, Kumar R., Kedage V. et al. (2014) [276] cuuTarot
BO3MOKHBIM Pa3BUTHE OKUCIUTEIBLHOTO CTPECCca M aHTHOKCHIaHTHOU
3alUThl B JUCKPETHBIX OOJIACTAX MO3Ta MOJPOCTKOBBIX KPBIC MPHU
BozneiictBun OMII 900 MI'm Ha ypoBHAX THOOApOUTYpO- BBIX
kuciaot (TBARS), obmux antnokcugantoB (TA) W TayTaTHoH S-



tpancdepaszpl (GST). Tpunuare mecTb Kpbic — CaMIOB JIMHHU
Bocrep moapocTkoBoro Bo3pacta 6-8 Henenb ObUTH pa3eIeHbl paH-
JOMHU3UPOBAHHOW BBIOOPKOW Ha TpU Tpynmbl 1Mo 12 KMBOTHBIX B
kaxnoi rpynne. KonrponsHas rpynna (1) ocraBanachk B CBOCH KJIeT-
ke. I'pymmy kpeic Sham-konTpostst (2) moaseprain BO3ACHCTBHIO MO-
OUIIBLHOTO TenedoHa B PEKUME BHIKIIOUECHHUS B TEUCHHE YEThIpEX He-
nenb. Kpeichl onbITHOM Tpymmbl (3) ObLIM MOABEPTHYTHI O0TYyYEHHUIO
SMII no 1 yacy B seHb ¢ nukosoii I1I1D 146 MxkBT/cM? OT aKTHBH-
pOBaHHOM I00aIbHOM crcTeMbl MOOMIBHOM cBsizu (GSM). Bkiro-
yeHHblidi MT B TeueHue yeTbipex Heaedb ObUT B peXKUME MOITYAHHMSA,
0e3 3ByKOBOI'O CHTHaja U B OTCYTCTBUU BuOpanuu. Ha 29-it neHn
ObUTH OIICHEHBI MOBEJECHYECKHE PEaKIMu M BCIEA 32 3TUM, LIECTh
YKUBOTHBIX U3 KaXIOW TPYIIbI IEKATUPOBAIA U MIPOBOAUIN OUOXH-
MUYECKHUE UCCIIeIOBAaHUS B MUHAANIMHE, THIIIIOKaMIIe, TOOHOM Kope U
B MO3K€YKe. ABTOPHI OTMETHJIM W3MEHEHHsI B IIOBEJCHHUU OOIIy-
YeHHBIX )KUBOTHBIX. [loBbIlIeHHBIN ypoBeHb T BARS ObL1 HalineH BO
BCEX HCCIEAYEMBIX CTPYKTypax MO3ra, COKpaTtwiock [TA B MHH-
JaJIiHE U MO3KEUYKe, HO B APYTUX 00JIACTSAX MO3ra €€ YPOBEHb CyIIe-
CTBEHHO He m3MeHmIcs. GST-akTHBHOCTh 3HAUUTENHHO CHU3UIIACH B
runmnokamiie. B maHHoW paboTe cienaH BBIBOJ, YTO BO3JIEHCTBUE
OMII PY B TeueHne Mecsina MHAYLIMPYET OKUCIUTEIbHBIA CTPECC B
TOJIOBHOM MO3I€ KpbIC, HO €ro BEJIMYMHA OTJIMYAETCS B Pa3HBIX
M3Y4YEHHBIX CTPYKTypax Mo3ra. PazBuTHhe OKHMCIMTENIBHOTO CTpecca
MOXET OBITh OJHOW U3 OCHOBHBIX NMPUYNH MOBEIEHYECKUX HapyIIe-
HUH y KpbIc nocine Bo3aeiicreus MU PY.

beimu monydeHbl JaHHbIE O HEOJArONPUATHOM BIUSTHUU DJICK-
TpomMarHuTHOTO 1ot 900 MI' Ha runmokami 60-1HEBHBIX KPbIC —
camiioB mojpocTtkoBoro Bo3zpacta (Kerimoglu G., Hanci H., Ba§ O.
etal., 2016) [244]. T'unmmokami ©MeeT 3HAYCHUE TS TAKUX (PYHKITHA,
KaKk MpuoOpeTeHne NaMsITH, WHTErpamusi W MPOCTPAHCTBEHHOE
MaHeBpUpOBaHHe. B MaHHOM HcclienoBaHUM TOKa3aHo, uTo OMII
MOTYT IIPUBECTH K CEPbE3HOMY MOBPEXKICHHUIO B TUIIOKAMIIE KaK K
MOP(OJIOTHYECKUM, TaK U (PYHKITHOHATHHBIM. ABTOPBI HCCIICTIOBATH
rUNoKaMIl y 60-THEBHBIX KPBIC - CAMIIOB TOciie Bo3aecTBust DOMII



900 MI'y Ha TPOTSAXKEHUH BCETO OIPOCTKOBOTO IEPHOJA, UCTIOIb3YSI
CTEPEOJOTUYECKUM, TUCTOJIOTHYECKUH U OMOXUMUYECKUM METOIbI
ananu3a. Bocemuaiars camiioB kpbic Sprague Dawley B Bo3pacte
21 mHst 6bUTH OTOOPaAHBI B 00IIIE KOHTPOJIbHYIO, ShaM- KOHTPOJIbHYIO
u onbITHYI0 — OMII rpynnel Ha citydaiiHoi ocHOBe. KpbIc ONBITHOM
rpynnsl noaseprainu Bozaenctsuto OMII B reuenue 1 yaca B 1eHb OT
Hayaja JI0 KOHIIa MOJPOCTKOBOro Bo3pacTa. Beex kpbic 3abuBaiu B
Bo3pacte 60 mueii. JleBble mosymapusi Mo3ra ObUTA BBIACIEHBI IS
OMOXMMHYECKUX aHAJM30B, a Ha NPaBbIX MOJYyLIApUIX ObLIN
MPOBEACHBI  CTEPEOJOTUUECKHE U  TUCTOJOTMYECKHE  OLEHKH.
['ucronaTonoruyeckue UCCiIeI0BaHUs MOKa3ald yBEIMUEHUE YHCTa
MMKHOTHYECKUX HEUPOHOB C YEPHOU MIJIM TEMHO-CHHEH [TUTOILIa3MBbl,
OKpAIICHHBIX C KPE3WJIOBBIM (PHOJIETOBBIM. CTepeo- JOTHYCCKUi
aHaJIM3 MOKa3aJl MEeHbIIIee KOJTNYECTBO MUPAMUIATbHBIX HEHPOHOB B
OTBITHOM TPYIIE, YeEM B JIBYX APYTHMX KOHTPOJIBHBIX rpymnmax. beuio
OTMEYEHO VYBEJIIMYCHHE YPOBHEH MaJOHOBOIO JHANbJETHIa U
[IIyTaTHOHA, CHUKCHHE YPOBHS KaTaja3bl B MO3re OOIydeHHBIX
KpbIc. Pe3ynpTaThl yKa3blBalOT Ha TO, YTO OKUCIUTENbHBIN CTpecc,
CBSI3aHHBIN ¢ MOP(OTOTHUECKUM MOBPEXKICHUEM U MUPAMUAATBEHOM
MOTEpe HEMPOHOB, MOXKET HAOJIIOIATHCS B TUIIIIOKAMIIE KPBIC MTOCIIE
BozzeiictBuss OMII 900 MI'm B TeueHue BCEro MOAPOCTKOBOTO
nepuoa.

bbinu uccnenoBanbl BO3MOXHBIE MATOJIOTHUYECKUE W3MEHEHHUS
MO3XeUKa y KpbIC-TIOJPOCTKOB, MOABEprmuxcs Bozaeiicrauo 900
MTI'y DMII exxenneBno B Teyenue 25 nueit (Aslan A., ikinci A., Ba§
O. et al., 2017) [146]. Vcnonp30Banu TpU rpymmbl U3 mectd 21-
JTHEBHBIX KpbIC-caMIIoB: rpyria obmiero koutposs (OK EG), rpymna,
nojnBepraytas oomany (Sham-K) w rpymnma, mnoaBepruyras
oonyyennto EMF (EMF-oneiTEG). Kpeic rpynnst EMF-oneiTEG
noasepranu Bo3aeicTeuio DMII B Teuenue 1 yaca exxeqneBHo ¢ 21
1o 46 nocnepoAoBbIX JTHEW. MO3KEUKH BCEX )KMBOTHBIX YJAJSIN B
nociepo1oBoit 47 aeHb. Cpesbl OKpalIMBaIu Kpe3uii-(hroseTOBBIM
JUTSI THCTOTIATOJIOTHYECKOTO U CTEPEOJIOTHYECKOTO aHaIu30B. bbiio
00HapyKEHO 3HAYNTEIHLHO MEHbBIIEEe KOJUIECTBO KIETOK [lypkuHbe



B rpynnie EMF-onbiTEG, uem B rpynnax OK EG u Sham-K. I'ucro-
NaTOJIOTMYECKasl OLIEHKA BBISBUIIA U3MEHEHHS] HOPMAJILHOTO PACIo-
J0)KeHus Ki1eToK [lypkuHbe 1 naTonoruueckue u3MeHEHUs!, BKIII0Yast
MHTEHCUBHOE OKpAIIMBAaHUE LUTOIIa3Mbl HEHPOHOB TOJBKO B
OIBITHOM Tpymnmne. ABTOpbl OOHAPYXHIIM, YTO BO3JCICTBHE HEIpe-
peiBHOI 900 MI't ODMII B Teuenue 1 4/cyT B MOAPOCTKOBOM BO3pacTe
MO’KET HapyIIUTh MOP(OJIOTHI0 MO3KEYKa U YMEHBIIUTh KOJIUYe-
CTBO KJIeTOK IIypKrHbE y OAPOCTKOB-KpPBIC.

[renbepr A.C. u np. (2000) [124] momy4mim 10CTOBEpHOE
YBEJIMUEHUE YKCIIA TPYMUUTOBBIX PEAKIMM y MOJOJABIX KPBICAT IO
CPAaBHEHMIO CO B3POCIBIMH JKMBOTHBIMU I0J1 Bo3zaekcTBueM OMII
CIIO)KHOTO CHUTHaia, oyeHb HU3Koil wactorsl u III1D. YKuBoTHBIX
o6myuanu DMII 4 200 u 970 Mr ¢ ITI1D 15 mxBt/cm? B Teuenue 30
MUHYT. Pe3ynbraTsl MOKa3aau, 4To MOJIOJIbIE )KUBOTHbIE ObLIM OoJee
paguouyBCTBUTEIbHBIMUA TpU BoznercTBuu OMII co cioxHbIM
CUTHAJIOM.

3acnyXMBalOT BHUMaHHE pe3yJIbTaThl HaOMoJaeHHWd BsiTiie-
Boit O.A. u Kyprauckum A.M. (2019) [20] 3a mkonbHuKamu 6-15 et
B TeueHue Tpex JieT. Onpoc 2 137 pocCUICKUX NIKOJIBHUKOB 6-15 sier
(2008-2010 romsr oOyueHusi) o mapamerpax mojb3oBanus MT u
MoKa3aTessxX 30pOBbs (4acTOTa FOJOBHBIX 00JIeH U HapyIlIeHui CHa,
KOJMYECTBO MPOCTYAHBIX 3a00JIeBaHUI B r'0Jl) MO3BOJIUIM aBTOpam
BBISIBUTH BO3PACTHBIE KPUTHUYHBIE pEXKUMbI NoJb30BaHus MT,
CBSI3aHHBIE C PUCKAMH YacThIX (HECKOJBKO pa3 B HEJENI0) kajao0 Ha
camouyBcTBHE. Y gere 6-10 5er exeaHEBHOE KOJIMYECTBO
pasroBopoB >2 U UX 00mIas JUIMTEIbHOCTh >6 MUHYT OBLIO cOmps-
KEHO C IMePeX00M B pa3psJl 9acTo Oojeronux. Y moapoctkos 11-13
JIeT, eKeTHEBHO TOBOPSIIMX 110 TeseoHy 6 u Oosiee pa3 B A€Hb, yBe-
JUYMIIACh YacTOTa TOJOBHBIX Oosiel. Y moapoctkoB 14-15 net npu
€KEHEBHOM KOJIMYECTBE PA3rOBOPOB >6 U UX OOIIEH JUIUTENbHOCTH
>10 MMHYT BO3pacTaj PHUCK YacThIX Kajlo0 Ha roJIOBHbIE OOJIH U
HapyLICHUs CHa.

B Gonee moapoOGHOM HccienoBanuu 125 Miaagmmx MIKOJIHHU-



KOB T. MockBbl, mpoBeneHHOM B 2017-2019 rogax, aBTOpBI onpejie-
JIWJIW YPOBHHU U3JTYYEHHUsI MHAUBUYAIbHBIX M T, 31€KTpOMarauTHyo
Harpys3Ky, CBS3aHHYIO C HUX MCIOJb30BAaHHEM, a TaKXKe BIUSHUE
napaMeTpoB MOOWIJIBHOM CBSI3M Ha 0oJjiee MIMPOKHI CIEKTp MoKaza-
Telnel caMOYyBCTBUS M 23JekTposHIedamorpammy (Bsarimea O.A,
Kypranckuii A.M., 2018) [19]. Usmepenue IIIID MT y ronoBbl
MOJIL30BATENS MOKA3aJI0, YTO €€ 3HaueHus BapbupyroT oT 0,1 1o 300
MKkB1/cM?, puuem y 43,5% neTeii OHM MPEBBIIIAIOT HOPMATHB LIS
B3pocabix (100 mxBt/cM2, CanlluH 2.1.8/2.2.4.1190-03). Onnako
BBICOKUH YPOBEHb M3ITy4eHHsI OBbLIT XapaKTEpeH IS CTaphIX MOJAETeH
MT ¢ KHOIIOYHOM KJIaBUATYpOM.

C momomplo pa3paboTaHHON aBTOpamMu (HOPMYIBI Ui TPHU-
ONMU3UTENFHON OICHKH €KETHEBHON 3JEKTPOMAarHUTHOW HArpys3KH,
CBSI3aHHOM C Hcnonb3oBanueM MT, ObUIO MOKa3aHO, YTO y OTENb-
HBIX JIeTeH ee MaKcuMaibHbIe 3HaueHus (273,4 MxBru/cm2) co-
nocraBuMbl ¢ [IJIY mist mepcoHana paaMoOTEXHUYECKUX OOBEKTOB
(200 mxBt"u/cm2, CanlluH 2.1.8/2.2.4.1383-03).

[Tpu ananuze xxano6 Ha camouyBcTBUe y 80 neteit 7-10 net 6e3
HEBPOJIOTUYECKUX OCIOKHEHUI B aHamHe3e Oblla YCTaHOBIEHA
TOJIOKUTEIbHASL KOPPEJSIIIUS YacTOTHI Kajo0 Ha TOJOBHBIE OOJH,
TOJIOBOKPY’KEHUS, TPEBOTY U CHM)KEHHOE HACTPOEHUE C YPOBHEM
W3JyYEHHS U pexuMmamu ucnosb3oBaHus MT. Puck nosiBieHus ro-
JIOBOKPYKEHUI OBLJ MOBBIIIEH Y JIeTel, KOTOpbIe UCToIb30Ban MT
¢ makcumanpHoi I3 >100 mxBt/cm2 (OR 4,44; 95% CI 1,159,27),
exeHeBHO pasroBapuBanu no MT >6 munyt (OR 8,55; 95% CI 1,74-
7,11) m UMenu eXeTHEBHYIO SJIEKTPOMAarHUTHYIO Harpy3kKy Ooliee
3,62 mMxBtu/cm2 (OR 5,25; 95% CI 1,33-10,05). [eru, pas-
roBapuBasiime nmo MT Gonee 2-X pa3 B A€Hb, OTIUYAIUCH TTOBBIIICH-
HBIM PUCKOM YacThIX (HECKOJIbKO pa3 B HENEII0) Kajao0 Ha TPEBOTY.
Hcnons3oBanne MT ¢ KHONOYHOW KJIaBUATypoW (B CpaBHEHHMH CO
cmapTdoHamu) OBUTO COMPSHKEHO ¢ PUCKOM YacThIX KaJIo0 Ha CHH-
xeHHoe HacTpoenue (Bsarnesa O.A., Kypranckuit A.M., 2019) [21].

AHanmM3 W3MEHEHHWH JJIeKTPOdHIIeaorpaMMbl TMPU  OJHO-
KpaTHOM BO3/I€UCTBUM U3InydeHus y 13 nereit 6-13 ner nmokaszai, 4ro



3-Xx-MUHYTHOE Bo3zelicTBue ¢ MakcumanbHOW III1D oxomo 100
MKB/cM? BBI3BIBAIO OOIIMPHOE CHIKEHIE MOITHOCTH alb(ha- pHTMa,
Oosiee BBIpOKEHHOE B MIICHIIATEpalIbHOM mnosymapun (Bstie- Ba
O.A., Tekmesa JI.M., Kyprauckuit A.M., 2016) [22]. [lo mHeHHUIO
aBTOpPOB, OTMEYAJIOCh YTHETEHHE MNapOKCHU3MaJIbHON aKTUBHOCTH
ctBosioBoro mpoucxoxiaenus (Bsarnesa O.A., Kypranckuii A.M.,
2017) [18]. 2D3I'->¢dexr uznyuenus ¢ IIIID menee 1 mxB/cMm2 B
1[eJIOM TI0 Tpymire He oTmdancs oT dddekra mianedo (MT B aBua-
pexume). Jlumb y geteit Monoxke 10 JeT oH BhI3BIBAI OTIUYHYIO OT
Ianebo peakiuio B BHUJE JIOKAIBHOTO YTHETEHUs alb(da-putMma B
BHUCOYHON Kope wuncuinatepaibHoro mnoiymapus (Bstnesa O.A.,
Texmesa JI.M., Kyprauckuii A.M., 2016) [22]. DTo oTiiMyaeTcs OT
pe3yibTaTOB paHee IPOBEICHHBIX IMOBTOPHBIX HccienoBaHui Jly-
kbsiHoBOM C.H. (2015) [79].

Bbutn mpoBeieHb! AIeKTPO(hU3NOIOTHIECKHAE UCCIIEJOBAHUS Y
JIETe C pa3HbIM YPOBHEM €KETHEBHOM AJIEKTPOMArHUTHOW HATPY3KHU
(Bsatnesa O.A., Kypranckuit A.M., 2019; Bsatnesa O.A., 2019) [18,
17]. Xapaktep OMO2IEKTPHUUECKUX U3MEHEHHUI OTINYAJICS Y JIeTe co
cpennuM ypoBHeMm Harpy3ku (ot 0,31 mo 12,86 mMxB1/ cm2) mo
CPaBHEHHIO C POBECHUMKAMHU, UMEIOLIMMHU HU3KYI0 Harpysky (<0,31
MKBT1/cMm). Ilpu BbicokoM ypoBHe Harpy3ku (>12,86 MxBT/ cm2)
m3meHenus D01 (oBkIlIEHHE MOITHOCTH O€Ta-BOJIH) HOCHIIM O0Jee
JIOKAJIbHBIA  XapakTep M HAOMIOAANUCh B JIOOHO-IEHTPAIbHO-
BHCOYHOI 30HE MPaBOro MOJylIapus, KOTOpoe Haubojiee 4YacTo
nojBepraercss oOnydyenuto MT. V nereil ¢ Gonbliueil exenHeBHOM
Harpy3koil u oOmei JIMTeabHOCThI0 nonb3oBaHust MT oTmeueHo
TaK)kK€ M3MEHEHUE MEXIOJNyIIapHOH acUMMETpUH alb(da-puT™Ma B
BUJIE €r0 YCUJICHHMs B TMOJIyIIApUHU, KOTOPOE Hanbosee 4acTo MoA-
Bepraercs Bo3zaecteuio MT.



B Poccumn Xopcesa H.W. u ['puropses
FO.I'. mpoBoasar ¢ 2006 r. 1 1o Hacrosiee
BpeMs  MHOTOJICTHHE  (JIOHTHTIOIHBIC)
MICUX0(U3HOTIOTHICCKHE uccle0BaHus
IIKOJILHUKOB, ITOJIb30BaTeNIei MOOUITBLHBIMU
tenedoHaMu. B oriamume oT 3apyOeKHBIX
SMUAEMUOJIOTMYECKUX  HCCIEeIOBaHUN ¢
HCIIOJIb30BAHUEM AQHKETHBIX
JIMCTAHIIMOHHBIX u HEJI0CTATOYHO
00BEKTUBHBIX METOJHK, B JIAHHOH pabote
MIPOU3BOJUTCS OLIEHKA PEaKIMi IIeHTpalb-
wuii nayansiii compyo- HOW HEPBHOMW CUCTEMBI JAETEN U MOJIPOCTKOB
v HAW sueuenor u ox- H& OTMCKTpoMarauTHoe usinyderne MT c
panvl 300poebs demeti u  TIOMOLIBIO MICUXO(QU3HOIOTMIECKHX TECTOB,
nOOpPOCMKO8 ®PI'AY wuMess HEMOCPEACTBEHHBIH  IMOCTOSHHBIH

«HMHUI 300posbs e~ yoprakT ¢ PeGEHKOM M POLUTEISIMA. JTO
meuy, Kawouoam Ouo-

N102UHYECKUX HAYK

Bamaesa O.A. — sedy-

€IMHCTBEHHOE «HETIOCPEJICTBEHHO
KOHTaKTHO€» MHOTOJIETHEE HCCIIe0BaHNE
XPOHUYECKOTO  BO3ACUCTBUSI  AJIEKTPOMArHUTHOTO  H3JIy4EHUs
MOOMJIBHBIX TeJde(OHOB Ha OpraHu3M JieTel U TMOAPOCTKOB.
Opranu3zanys MOHUTOPUHIOBBIX MCCIIEJOBaHUM MOAPOOHO ONucaHa
B kaure ['puropnesa FO.I'. u Xopcesoit H.U. (2014) [65].
[Tonmy4yeHHble pe3ynbTaThl YKa3bIBAalOT HAa BO3MOYKHOE HeOua-
TOIIPUATHOE BO3AeHcTBHE M3nydeHust MT Ha HEpBHYIO cuUCTEMY Je-
Tel U MOAPOCTKOB. Y CTAHOBJIEHBI: YBETMUEHNE BPEMEHU PEAKIINH Ha
3BYKOBOM W CBETOBOW CHTHaJI, HapylieHHe (POHEeMAaTHUeCKOro
BOCIIPHUSATHS, CHUXEHHE paboTOCIOCOOHOCTH, POCT YTOMIISIEMOCTH,
CHIDKEHHE IOKa3aTesled NMPOAYKTHBHOCTH NPOM3BOJIBHOIO BHUMA-
HUSl, yBETTMYEHNE BPEMEHH BBITIOJIHEHUS 3aJJaHUsI C OJTHOBPEMEHHBIM
ymenbliienneM TouHoctu (I'puropreB HO.I'., Xopcesa H.U., 2014;
Grigoriev Y., Khorseva N., 2019; Grigoriev Y., 2019) [65, 213, 204]
u 6osiee 30 myOnuKanuii B pelieH3UPyEMBIX JKypHaJIax.
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Crenyer OTMETHUTh, YTO BCE MOJYYEHHBIE NMCUXO(U3HOIOTH-
YeCKHe MOKa3aTeI ObUIM HUKE HOPMBI I HaXOAMIIMCh HAa HUKHEH
IPaHULE HOPMBI.

BaxHO NmOJYepKHYTh, YTO MOJYYEHHBIE PE3YJIbTaThl YUUTHI-
BaIM JAaHHbIE MHAMBUAYAJIBHBIX OINPOCOB JAETEHl M MOJPOCTKOB IO
pexxumMy paboTsl ¢ MOOMIIBHBIMH TeJe(OHAMH U XapaKTepy UCIOIb-
30BaHHbIX I'aJKETOB.

B 9T0M1 ¢BsI3U, MpenCTaBIsAeT UHTEPEC aHAIU3 JUHAMHUKUA U3-
MEHEHHUs pe’KuMa I0JIb30BaHUsI MOOMIIbHBIMU Tele(oHaMM 3a BECh
nepuon HaOmoneHus. [IpoBeneHa oneHka ATUTETLHOCTH MOJIB30BA-
nus MT, exxeqHeBHOW Harpy3ku (MUH/IEHB), crioco0a MOIb30BaHUs
(momHOCHUT peOeHOK amnmapar K yXy, JIepKHUT OKOJIO yXa, UCIOJIb3YeT
TPOMKYIO CBSI3b U IIp.). YUUTBIBAs, 4TO B 3TUX HaOmoneHusx (2006
rofl) He y Bcex JAeTel, KOTopble ObLIM 0] HAOII0IeHUEM, UMEIHUCh
MOOWIJIbHBIE TeNe(OHbI, MMeNach YHHKalIbHash BO3MOXKHOCTh HE
TOJIBKO IPOCIEAUTh TUHAMUKY U3MEHEHUS NCUXO0(U3NO0IOTHIECKUX
ToKasaTese ¢ HadajmoM mojb3oBanus MT (T.e. B Hayaie uccieno-
BaHUS MMeJach Ipymnia KOHTPOJs — 67 IIKOJIBHUKOB, KOTOPbIE HE
noJsib30Banuck MT), HO ¥ OLIEHUTH N3MEHEHNE PEKUMa MT0JIb30BaHUS
MT.

Tak, B Hauase ucciae0BaHUM y BCeX LIKOJbHUKOB ObUIN KHO-
MOYHbIE MOOWJIbHBIE TEIE(POHBI C JIOCTATOYHO OTPAaHUUYEHHBIM Ha-
60opoM (GYHKIMHA: MOXXHO OBIJIO cZenaTh 3BOHOK, OTIIPABUTh CO-
OOlIeHHE WU «IIOMTpaThy» B NMPOCTEHbKHE Urpbl. B uccnenoBanum,
nposeneHHOM ¢ 2006 no 2009 roapl, neproa Hayana MoJIb30BaHUS
MT npakThyecku coBMajal ¢ IPUXO0JIOM pebeHKa B MEpBbIM Kiacc,
M03TOMY JIJTUTENIbHOCTh MOJIb30BAHUS HE MPEBbIIIala, KaK MpaBuio,
0,5 rona uinu 7 mecsueB. JUIMTENbHOCTh €KEAHEBHBIX Pa3rOBOPOB
Kosebanach B cpeHeM B npezaenax 2-10 MuH/neHs 11 nepBoKiIacc-
HUKOB U 4-16 Mun/nens /Ui ydamuxcs 2-4 xkinacco. Bee ywammecs
B 3TOT [IEPHUOJ] BpEMEHH IIpU Moab30BaHNN M T moHoCcHIN €ro K yXy.
Uro kacaercs IIKOJIBHUKOB CPEIHErO0 3BEHA, JUIMTEIbHOCTH
1oJib30BaHus Obu1a 1-3 rofa, a exxeJHEBHOE BPEMsI ITOJIb30BAHUS yiKe
noxonuio 10 25-27 mus/neHs. HecMoTpst Ha TO, 4TO B 3TOT MEPUOJT



BPEMEHU Ha POJUTEIHCKUX COOPaHUSIX HEOJHOKPATHO TOBOPUIIOCH O
MOTEHIMAIBHON yrpo3e u3nydeHuss MT nus 300poBbst JeTe u
MOJIPOCTKOB, 3Ta WHGOpPMAaLUs BOCHPUHUMANIACH DPOAUTEISAMHU C
OonbmMM ckercucoM. OIHAKO 3TO MPOJIOJKATIOCH A0 TEX MOp, IOKa
JMHAMUYECKHUEe HAOIIOACHUS He CTalU BBIABIATh U3MEHEHUE IICUXO-
(bu3HONIOTHYeCKHUX IMOKa3areneil. B mepByo ouepenb 3TO Kacaioch
U3MEHEHHs BPEMEHU PEaKLIMHM HA 3BYKOBBIE M CBETOBBIE CTHMYJIbI,
YBEIUYEHUS] YWCIIa HapymeHWH (HOHEMAaTHUYECKOTO BOCHPHUSATHS,
CHIJKEHMsI IOoKa3aTesiell paboTOCIIOCOOHOCTH M yBEJIMYEHHUE Iapa-
METPOB YTOMJISIEMOCTH.

C pa3BuTHEM MOOMIIBHON CBSI3U U C MOSIBIEHUEM «IIPOJABHHY-
TBIX» I'aJUKETOB, C PACHIMPEHUEM UX (PYHKIIMOHAIBHBIX BO3MOXHO-
CTEH, UBMEHUJICA U PEKUM NoJIb30BaHusA MT. B mepByro ouepean 31o
KOCHYJIOCh Haudajna nosib3oBanus MT. Hanpumep, ankerupoBanue
nepBokiiaccHUkoB B mepuos 2009-2013 rr. BBISBUIO TEHICHIIUIO
YBEJIIMUCHUS 4UCIa JETeH, KOTOphle Hadainu nonb3oBaTbess MT ¢
LIECTUJIETHETO U JJaXKe C MATUIIETHEro Bo3pacTta. M3mMeHuscs u exe-
JTHEBHBIM PEXUM MOJIb30BaHUs: 2-15 MUH/JeHb Ul NEePBOKIACCHU-
KOB, @ C YBEJIMYEHUEM BO3pACTa €KEIHEBHBIN PEXXUM COCTABIISI YXKE
11-18 mun/nens (pexe Oonee 20 Mus/nens). C MosiBIEHUEM TapHU-
TypBl ydalyecs CTaJld MUCIOJIb30BaTh €€ yalle, HO TOJIbKO JUIS Mpo-
CIIyIIMBAHUSI MY3bIKU WM ayJUOKHUT, a He A pasroBopa. Kpome
TOT0, B 3TOT NEPUOJ BPEMEHU BBIACHUIIOCH, YTO POJUTEIH HUCIIOJIb-
3YIOT MOOMJIbHBIE Tesle(hOHBI 1eTel B KadyecTBe KOHTPOJIs (TIOMOIIH,
00BsSICHEHUIT) BHIIOJIHEHUS TOMAIIHET 0 3a/1aHus. A BCII€ACTBUE TOTO,
yro He Bce MT umenu (yHKIUM TPOMKOW CBSA3HM, PEOCHOK OBLI
BBIHYJICH JIepKaTh TenedoH, IpUKaB ero miedoM K yxy. B 3aperu-
CTPUPOBAHHBIX CIy4asX JUIMTEIBHOCTb TAKOI'O IOJIb30BAHUS MOIJIO
IOXOINUTH 10 1,5 HacoB B JIeHb.

[Tocnennue 6 ner Ha 6a3e «XuMkuHCKoro Jlunes» (panee Jlu-
et Nel7) MOHUTOPHUHT ITpooibKaeTcs Ha (oHe MPOPUITAKTHUECKUX
Mep, MpeaycMaTpUBaOIINX (HOPMUPOBAHHUE KYIbTYPbI OJIB30BAHUS
MOOUJIBHBIMU TeJIe(OHAMH, UTO KpaiiHe BaXKHO B MEPHOJ] aKTUBHOTO



CTaHOBJICHUS JTUYHOCTH pebeHKa. JTOMY CIocoOCTBOBajIO M pac-
mpeHue QyHKIMOHala CaMUX TaJKETOB: BO3MOYKHOCTb HCIOJIb-
30BaHUs TOJIOCOBBIX COOOIICHUMN, BHJICO3BOHKOB, KOMIUICKTAIUS
TapHUTYPOH U Tp., MO3BOJISAIONIAS] BECTH Pa3roBOpP, HE MOIHOCS Tajl-
KET HEMOCPEACTBEHHO K yXy. Kpome Toro, ¢ mepBbIx AHEH OpraHu-
3allMd MOHHUTOPHHTA, TUPEKTOP, aAMHUHHCTPAIHS, MEAarorndecKuit
KOJUIeKTUB JIuilest U poAuTenn ydauuxcs aKTUBHO BKJIIOYHIIUCH B
npodunakTudeckyro padory. B dactHOocTH, Ha oOmieM coOpaHuu
obut0 mpuHsTO «lloNokeHue o pexume MOIH30BAHUS MOOMIIBHBIX
YCTPOMCTB B MEPHO]] 00Pa30BaTEIHLHOTO MPOIIECCay.

B Jlunee pa3pa®oTan U BHEOPEH LUK MPOPUIAKTHUECKUX
MEpPOIPUATHI, HaNpaBIEeHHBIX Ha (GOPMUPOBAHUE KYIBTYPHI MOJb-
30BaHUS MOOWJILHBIMH TeJIC(POHAMU CPEeIU YYIaCTHHUKOB 00OpazoBa-
TEJIBHOTO Mpoliecca, OMUPAIOIINIICS Ha HOPMATUBHO-IIPABOBOM OJIOK
(B COOTBETCTBUHU C HOBBIM 3aKOHOJATEILCTBOM, PEKOMEHIAIUSIMH
BBIIIECTOSIIIUX HWHCTAHIMI U JIOKAIBHBIMHU TOJIOKEHUSIMH YUPEkK-
JCHUS) ¥ YCTAHABJIMBAIONIMN PEKUM W TPaBHIa HUCIOJIb30BaHUS
YCTPOMCTB BO BpeMsi 00pa3zoBaTesbHOrO mpouecca. [loaHast mukio-
rpaMMa MEpOTPUSATHI BKIIIOUAET B ce0sl pean3alfio Ha BCeX YPOB-
HSX: QJMHHHCTPATHBHOM (IIPaBOBasi M METOAMYECKAs TOJICPIKKA,
BBIPa0OTKA CTPATETUN ), TEJArornyeckoM (MEpONpHITH B KJIaccaxX U
MapajuIelisax, pa3HOBO3PACTHBIC MEPOTIPUITHS U HCCIICTOBATEIIbCKAS
NeSTeNbHOCTh, TUATHOCTHKA M  KOPPEKIHUs), YYCHHUYECKOM
(paBHOTIpaBHOE ydYacTHE B peallM3aldd 3a]a4, WHUIIMATHBHOCTH,
yueOHO-HUccleIoBaTeNnbckas padoTa), B TOM YHCIIE C MPUBJICYECHUEM
opuIMaIbHBIX TpeAcTaBUTeNe oOyuatromuxcs. s peanusanuu
OTJICIIBHBIX MEPOIPHUATHI BO3MOKHO YJIacTHE MPHUTJIAICHHBIX CIIe-
[[UATHCTOB.

3a Bech mepuojl HAOMIOIEHWH OTMEUYaeTCs POCT Yucia yda-
mmxcs (B MepBYrO o4yepe/lb B HadadbHOM 3BeHe — 1-2 Kiacchl), He
MOJTB3YIONTUXCST MOOMIIBHBIMU Tenedonamu: ot 3,6 mo 14,9% nns
Pa3HBIX TOJIOB POKIEHUS, YTO MOXKET OBITh CBS3aHO C TeMH Mpodu-
JAKTHICCKUMHU MEPOTIPHUSITHIME, KOTOpbIe TTpoBoAsTcs B Jluree. [1o
pe3ylibTaTaM MOHUTOPWHTA PekUMa Toib3oBanus MT ycTaHOBIIEHO,



yTOo BO3pocio uucno yvamwmxcea (¢ 16,9% no 33,6%), kotopsbie
HCTIONB3YIOT 0€30MMacHbIN pexuM moas3oBanus MT (rpomkas CBs3b,
rapHutypy, SMS, meccenmkepbl, BUICO3BOHOK U 1p.); ¢ 13,4% no
19% yuammxcs HaxOJsATCS B peKUME «Iepexo/ia K 0e30macHOMY pe-
KUMY» (AEPKHUT OKOJIO yXa Ha PACCTOSTHUU 2-5 CM, Yallle UCIIOJIb3YeT
IPOMKYIO CBs3b). UuMCIO ywammxcs, KOTOpblE€ IPU pa3roBOpax
nogHocAT TenaedoH K yxy, cHuxkaetrcs ¢ 68,2% no 46,3% c omgHo-
BPEMEHHBIM COKPALEHUEM €KEAHEBHOI'O BPEMEHM I10J1b30BaHUs. B
YaCTHOCTH, OBLJIO YCTAHOBJIEHO, YTO B MEPBBIIl IO/l OpraHU3aluy MO-
HUTOPHHTA YUCIIO YyYaIlIUXCsl, KOTOpbIe pazroBapuBaiu mo MT Goree
30 MuH/neHb, HaxX0AWJIOCh B mpenenax 18-38% wu mocreneHHO CHH-
KaJloCh TOJ OT rojia U ocraBanoch B mpenenax 10%. JlanpHeimuit
aHaJIM3 eXeIHEBHOro nosb3zoBanus MT mokaszan cienyronme 3axko-
HoMmepHOCTU. Cpey Y4eHUKOB MEPBBIX KIACCOB, YHCIO YUAIUXCS C
©XKEIHEBHOM Harpyskoil 6onee 30 mun/meHs cocrasisuio ot 10 mo
35%. Ilocnenyromue HaOIIOACHUS MO3BOJIUIN YCTAHOBUTH CHUKE-
Hue 3Toro nokazarens 10 9,5-11%. Kpome toro, npu nepexone u3
HAYaJlbHOTO 3BEHA B CPEJIHEE, B pa3Hble TO/bl HAONIOIEHUH OTMeua-
JIOCH MOBBILIEHUE YUCIIA YYEHUKOB C JUIMTEIBHOCTBIO €KEAHEBHOIO
noJib3oBanus oosiee 30 mub/neHp 10 18,3-24,9%. D10 MOXKET OBITh
CBSI3aHO KaK C TMCHUXOJOIMYECKMMH OCOOEHHOCTSIMH IOJIPOCTKOBOTO
BO3pacTa, TaKk U, 3a4acTylo, CO CMEHOM rajpkera Ha 0oJiee «IIpojBHU-
HYTBI». B nenom, 6e3 ydera akTuBHBIX noib3oBareneid MT (Gonee
30 MuH/nIeHB), eXelHeBHOE BpeMs 1mosib3oBaHus MT cHu»kanoce 110
8,3-12,5 Mun/neHs.

Taxum oOpa3om, 00beKTUBHAsE MHPOPMAIUS POAUTETEH U UX
JIeTe, a TaKXKe MeIarorn4eckoro nepcoHana 0 BO3MOKHON OMacHO-
CTH JUI 3/I0POBbsI IKOJBHUKOB NP HUCHOJIB30BAHUU TaKETOB 0e3
PEKOMEHIYEMbIX OTpaHUYEHUI TMO3BOJMIA TOJYYUTh OIIYTHMbIE
pe3yabTaThl. AHAJIM3 MOHUTOPHHTA MCUXO(PHU3UOIOIHYECKHX MOKa-
3aTreneil BBISIBWJI, YTO Y Y4YalllUXCs, KOTOpbIE MEPEeXOAMSIU Ha
6e3omacHblil pexxum mnonb3oBaHuss MT, ncuxodusnonoruyeckue
MOKa3aTelau TMPAaKTUYECKH BO BCEX CIy4asX BO3BpalllaiCh B
Bo3pacTHble HOpMbl (MapaxoBa B.A., Xopcesa H.U., 2015;



MapaxoBa B.A., Xopcea H.U., 2015;
Marakhova V.A., Brimova L.A., Khorseva
N.I., Andrianova L.A., 2016; Mapaxosa
B.A., Xopcea H.U., 2016; Ma- paxosa
B.A., Xopcesa H.I1., 2017) [85, 87, 264, 86,
84].

[Ty6mukamus Xopcesorr H.U., I'pu-
ropseBa FO.I'. u I'puropseBa I1.E. «Ouenka
omacHoct DOMII MOOWIBHBIX TenepOHOB
JUIst Aeted u moapoctkoB. Mtorm emun-
CTBEHHOro B Mmupe l4-nmetHero mncuxou-
3MO0JIOTHYECKOro uccienoBanus» [112] Ha
XIX MexayHapogHOM KOHKYpCcE Hay4HO-
uccaenosarenbckux pador PTSCIENCE
2020 r. ynoctoena Jlumnoma | crenenu.

B MocJeaHee BpEMsI u
rOCyJapCTBeHHble  CTPYKTyphl ~ Poccum
oOparunu  BHHMMaHue Ha  mpoldiemy
HETraTUBHOIO BIIMSIHUS U3ITyYeHUs

H.U. Xopcesa, kanou-
oam 6UOI02UYeCKUX
HAYK, cCmapuiuti Hay4Hbolil
compyonux Uncmumyma
ouoxumuyeckol usuxu
um.  HM.  DOmawnysns

PAH, Hncmumyma
KOCMUYECKUX uccie-
oosanunt PAH
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14 aBrycra 2019 roga e «MeToIMUECKHE PEKOMEHIAIINT
00  HCHOJB30BAHMU  YCTPOWCTB  MOOWMJIBHOH  CBS3M B
0011e00pa3oBaTeIbHbBIX OpraHU3alUsAX», YTBEP)KIECHHBIE PYKOBO-
nutensMu PenepalibHOM cIy>KObI IO HA30py B cepe 3aluThl IPaB
norpebuteneii u Omarononyuus uenoBeka (Ne MP 2.4.015019) u
@enepanibHOI City>kObI IO Hag30pY B chepe oOpa3zoBaHUs U HAYKH
(Ne 01-230/13-01). 10 ssuBapst 2020 roja Ha caiite Pociorpednaazopa
Poccutickoit ®eneparuu onyOIuKOBaHbBl PEKOMEHIAIMH POIUTEISIM
1o 6e30MacHOMY UCTIOIb30BAHUIO0 MOOMIIBHOTO Tene(oHa.

Hame nopgpacraroniee mnokojeHue BIEPBBIE 32 BECh NEPHOJ
LMBUIIM3AIUY C Y4eTOM MoBbieHHOro ¢hora OMII PY Bo BHemiHei
cpene 0JKHO ObITh BKItoueHo B I'pynmy pucka (I'puropses 0.1,
2004, 2005, 2008, 2009; Grigoriev Y., 2019; Markov M, Grigoriev
Y., 2015) [54, 55, 40, 42, 204, 267]. 3T0 HEOTHOKPATHO OTMEYAJIOCH
B pewenusix Poccuiickoro Komurera 1mo  3amure  OT
HenoHusupytomero uznydenus (PHK3HU) ot 2001, 2004, 2007,
2008 1 2009 rogoB. TekcThl 3TUX penieHui npuBeaeHbl B kaure FO.I'.
I'puropreBa u H.U. Xopceoii (2014) [65].

K coxanenuto, B HacTosilee BpeMs OTCYTCTBYIOT THTHEHH-
yeckue periameHTsl Boznercteus OMII PYU Ha geTckuii ronoBHOM
mosr. Emié B 2001 r. Poccuiickuii HarimoHaaIbHBIA KOMUTET 110 3aI[UTE
or HenoHmsupytomux wusnyuenuit (PHK3HU) pexomenmoBan He
UCII0JIb30BaTh MOOWJIbHBIE TeNe(OHBI JAETAM M MOJIpPOCTKaM A0 18
JIET, a TaKXKe OepeMeHHBIM, HAYNHAs C MOMEHTA YCTaHOBJICHUS (haKTa
oepemennoctu (Pekomenmanmun PHK3HU, 2002) [97]. DOtwm
PEKOMEHIAallUM B TIOCIEAYIONMEM OBUTM YYTE€HBI MPU TMOJATOTOBKE
CanlluH 2.1.8/2.2.4.1190-03. Kpome TOro, akTyaabHOCTb 3TOU
po0GsieMbl HEOJAHOKPATHO OcBellanach B padoTax y4yeHbIx Poccum
(Grigoriev Yu., 2004; I'puropses 10.I"., 2004; I'puropses 10.T".,
2005; I'puropees [O.I'., I'puropee O.A., 2013; I'puropses HO.I°.,
Xopcesa H.W., 2014) [210, 54, 55, 57, 65].

Bo muorux crpanax (CLHA, Kanana, Unaus, WU3zpauns, ['ep-
MaHusi, BenukoOpurtanusi, benbrusi) Takxke ObLIM BBIPAOOTAHBI



pa3IMyYHbIE BPEMEHHBIE PEKOMEHJALMU 10 PEKHUMY IMOJIb30BAaHUS
MOOUJIBHOM CBA3BIO AETbMU U MOJPOCTKaMU B 00pa30BaTEIbHBIX
yupexaenuss (American Academy of Pediatrics: Protect Children
from Cell Phone & Wireless Radiation 2013.) [140].

B 2017 rony B PelikbsiBuKke cocTostiack MexayHapoaHast
koHpepenimst «Children, Screen time and Wireless Radiationy, na
KOTOpPOM yueHHbIe 27 cTpan nojanucanu [lerunuto o0 onacHocTH asst
JeTe MCIOJIb30BaHUs OCCIPOBOJHON TEXHOJOTHH B IIKOJIAX. DTO
oOpamenue mnonanucanu yuenole [lIBeunu, BenukoOputanuu
ABcrpanuu, @panunu, Poccun — Beero u3 27 cTpaH U B TOM 4HCIIe
ot Poccun aBTOp 3101 MOHOTpadum (I'puropses FO.I'., 2017) [47].

Hayunasi oOIIECTBEHHOCTh CIIMIIKOM JajeKO HaXOIUTCS OT
pereHus mpoOaeMbl olleHKH onacHOoCcTH o0ayuenus DMII PY mosra
nereil. Kak 3a pyOexxom, Tak u B Poccum OTCYTCTBYET COOTBET-
CTBYIONIAas Hay4YHas paguoOHoiornyeckas 0asa Juis yCTAaHOBJICHUS
noporoBoro Oe3zonacHoro ypoBHsi OMII PYU npu apoOHOM MHOrO-
JIETHEM BO3JIEHCTBUU Ha MO3T peOeHKa.

C Hameldl TOYKH 3peHHMsl, PacCMOTPEHHbIe BbIIIE
pe3yJbTaTbl B OTHOIICHMH PAIHOYYBCTBHTEJILHOCTH [eTei,
HOJIKHbI ObITH HCIOJIb30BAHBI KAK aJeKBaTHasi MHQopmaunus
AJIA CYMMAapPHOM OLIEHKHU ONACHOCTH COTOBOM cBA3U. Briouenune
JAeTell B rpyNiy pucKa J0JKHO ObITh PACCMOTPEHO B OTHOILIEHUH
5G  craHaapra, TMpekae BCero, Y4YHMThIBas  BBICOKYIO
YYBCTBUTEJIBHOCTH KOKH aerei. Be3sycioBHoO, npu
ucnoab3oBanum MMB 5G- crangapra, OyaeTr A0NOJTHHUTEIbHAs
HArpy3Ka Ha Mo3r pe0eHKa 3a cueT MHGpOpPMAaLUH, OCTYNAKO LU
OT OOIIMPHBIX BBICOKO PaJHOYYBCTBUTEJIbHBIX peleNTOPHbIX
30H KOXKHU JeTeil.

[MpencraBnsiem mueHne Markov M., KOTOpbIi HEOHOKPATHO
JlaBaJl CYMMapHYIO OLIEHKY COBPEMEHHOM CHUTyalluH, CBA3aHHOU C
rJ100abHBIM MpEeAIIeCTBYIOMUM Bo3ielicTBueM DMII Ha HaceneHue
(2015, 2018, 2019) [268, 265, 266]. «/IBaauars nepBbIil BEK OTMEUEH
SKCIIOHEHIIMAJIBHO PACTYLIUM pa3BUTHEM TEXHOJIOTUH Oecrpo-



BOAHOM cBsA3U. K HenpepbIBHOMY NEHCTBUIO CIOXKHBIX U HEU3BECT-
HBIX (II0 UICTOYHUKAM, aMIUINTYyJaM, 4acTOTaM) 3JIEKTPOMAarHUTHBIX
MoJIeH moBepraeTcs mnoyiHas ouocdepa u KKl OpraHu3M, KUBY-
LU Ha TOU IJIAHETE.»

OnacHOCTh BBICOKOYACTOTHBIX JJEKTPOMAarHUTHBIX IOJIEH,
UCroib3yeMbIx B coobmenuun XXI| Beka, yacto obo3HagaeTcs Kak
«IIPOTUBOPEUUBAs», TEOPUS T.H. TEIJIOBOTO AEUCTBHs abCOJIOTHO
HEBEpHA. DTO HE CHOPHBIN BOIMPOC, 3TO KOH(PIUKT UHTEPECOB MPO-
MBILIJICHHOCTH € OJHOM CTOPOHBI, M LMBWIH3ALMKU TPakJaHCKOTO
o0IIecTBa U OKPYKAIOIICH Cpellbl — C APYTOH.

Ocoboe BHHUMaHHE CIEAYeT YIENUTh IOTEHLUUAIBHOMY
yepOy, kotopslii obmectBo XX| Beka BbI3bIBaecT y jaereil. JT1o
peayiuy Hallel >KM3HU U TeHepb HEBO3MOXKHO 3alUTUTh JIeTEd OT
«KOKTeHIel» anekTpoMarHuTHbIX u3inydeHuil B XXI Beke. Jletn —
camasl arpecCUBHasl 4YacTh 110JIb30BaTeleil 0eCIIPOBOAHBIX YCTPOMCTB
— OT UTPYIIEK J0 IUTaHIIeTOB U cMapTdoHoB. U camoe xynuiee To,
YTO KX TeJIO U MO3T ctaiu nojasepxenbl OMII PU noutu ¢ MmomeHTa
UX POKIEHUS, B OOJIBIINHCTBE CITy4aeB OHM HAYMHAIOT UCIIOJIb30BATh
KOMIIBIOTEPHBIE ~WIPYLIKM YK€ B  BO3pacTeé OAHOIO roja.
Bozneiicteue OMII PY Ha HOBOpOXXAEHHBIX M JETEM cTapiiux
BO3pacToB Oyner Oojee NPOJOKUTENbHBIM M CHIBHBIM, YeM
BO3JICHCTBUE HA UX POJUTEIIEH».

2.3. K cymmapHnoii onenke onacuoctu 3G, 4G u 5G

PammonanbHoe perynupoBaHue Oyaymield TeleKOMMYHHUKa-
[IUOHHOW WHUIIMATUBBI, TPEOYeT TIIATEIbHOM OIIEHKH PHCKOB JUIs
3/10pOBbsl YEJIOBEKA U OKpYyXKaromel cpenpl. CeromHs HacCTOMYMBO
BHepsieTcs Ay rinobanbHON cotoBoit cBs3u 5G- CTAHJIAPTA,
pabotatounii c MMB. BaxxHo naTh cyMMapHYIO OLIEHKY ONacCHOCTH
JUIL HaceleHuss He Toibko 5G, HO M yKe paHee HCHOIb3yeMbIM
CTaH/lapTaM BMECTE.



Bo3Hukia coBepiieHo HOBas MP00JieMa B CBA3M € MCIOJIb-
30BaHHeM COTOBOH cBs3M SC-mokosneHusi. KakoBbl 10/KHBI
OBITH COBpeMeHHbIEe MOIX0/IbI K OlleHKe ONACHOCTH /ISl 3/I0POBbSA
HacCeJIeHUus1?

Cranngapt 5G ucnons3yer SMII MUIITEMETPOBOTO JTHAITa30Ha,
T.€. CYyIIECTBEHHO HHYIO 4acToTy, 4eM TexHnosnoruu 2G, 3G u 4G. Ot0
MIPUBOJIUT, C OJHON CTOPOHBI, K JOMOJHUTEIBHOMY BO3JCHCTBHUIO
OMII Ha HaceneHue, HO, C JApPYroll CTOPOHBI, BO3MOJKHBIE
o6noadexTrl OyayT coBepieHHO Apyrue. Kpurrnueckumu opraHaMu
CTaHOBSTCS KOXa U CKjepa ria3. B cBsi3u ¢ 3TUM, SIBIISIETCS OIIMOKOIA,
C Halled TOYKM 3pEHHs], KOIrJa MPH OIEHKE OMAaCHOCTH U MpH
HOPMHUPOBAHUM HCIIOJIB3YETCS TOJIBKO MPOCTOE apudMeTHUIecKoe
npubapnenue noryomeénHoi 10361 5G-CTAHIIAPTA x yxe cyie-
ctByromuM crangapram 2G, 3G u 4G. [lo HamieMy MHEHUIO, 9TO HE
MPABUJIBHBIA M KOHTPIPOAYKTUBHBIM MOAXOJ. DTUM BO3MOXHO
OOBSICHUTH HE MPHU3HAHUE HAYYHOU OOIECTBEHHOCTHIO CYIIECTBYIO-
X rurueHndeckux craanaproB FCC, pa3paboranusix eme B 1996
rony. boJsiee axexkBaTHOM OyJeT OLEHKA OMIACHOCTH C Y4€TOM CyM-
MAapHOH J3JIEKTPOMATHMTHOH HArpPy3KH Ha YiKe CYLIEeCTBYIOLIUE
KPUTHYECKHEe OPraHbl U CHCTEMbl, BO3MO:KHOE UX HedJaronpu-
ATHOE B3auMoJeicTBHe NpH (opMHPOBAHHMH 310POBOI0 CTATyCA
opraHusma.

C Haweil TOYKH 3peHus, IBJIseTCA Han0oJ1ee MPOTYKTHBHO
NPOBOAUTH OIIEHKY OMACHOCTH € YYeTOM CYMMAapHOW 3JJIeK-
TPOMATHUTHOM HATPY3KHM HA yKe CyHIeCTBYIOIIME KPUTHYECKHUE
opraubl u cucrembl. Heo0x011uMo y4uThIBaTh 3HAYMMOCTH BJIH-
SIHUSI BO3MOKHBIX HAPYIIEHHBIX (DYHKIHUH 00/ 1y4eHHbIX KPUTH-
YeCKHUX OPraHoB M cucTeM Ha popMHUpoOBaHMe 310POBOIO CTATyCA
OpraHu3Ma npu noxkusHeHHoMm ooayuyennu IMII nacesenus.

Kpumuueckumu opeanamu, npu eozoeiicmeuu IMII como-
eoil ceasu, exntouas SG-CMaunoapma, Mo}CHO cuumanms, no Haule-
MYy MHEHUIO, 20106HOIl M032, CEHCOPHbIE CUCHIEMbL 3PUMEIbHO20,
CYX08020 U 6eCMUDYNAPHOZO0 AHATUZAMOPOS, WU OBUOHYIO
Jcenesy, KOHCHBLIL ROKPO8 mend, CKaepy 21a3, PenpooyKmugHyo u



UMMYHHYIO cucmembl. Ocodyio 3HauuUMocms 0151 OUEHKU ONACHO-
cmu IMII 6 ycnosusax XpoHuueckozo 00ayueHus 3acayiHcuearom
OmoaieHHple nOcae0cmeus, makue KaK 310KauecmeeHHble Ony-
xonu. besycnoeno, oonscna yuumuoieamovca 001buiasn yA36UMOCHb
odemeii K 6030eticmeuro IMII comoeoit céasu.

Taxoi moaxoa K oleHKe CyMMAPHOM paino0H0I0rn4eCKOM
OIIACHOCTH INIAHETAPHOI0 3JIEKTPOMATHUTHOIO 00JIy4YeHHs Ha-
cesleHHs1 0oJlee a/IeKBaTeH, OH YYMTBHIBaeT BO3MOKHOe HedJaro-
NPHUATHOE BJMAHHE KOMILICKCHOro odaydenus IMII Beex Tpex
cranapToB — 3G, 4G u 5G Ha HanbGos1ee paAno1yBCTBUTEIbHbIE
(GyHKOMH opraHmsMa, 4TO, 0€3yCJI0BHO, YBEJIHYHMT PHCK
OIIACHOCTH /IS 310POBbS HACEJICHUS.

Mo:kHO POrHO3UPOBATh U3MEHEHHe Hallero TPaJIMIHOH-
HOI'0 00pa3a »KU3HU.

ABasiercs BaKHBIM Ha4yaTh B Poccmm Macmra0Hble Hay4yHbIe
HCCJICJOBAHMS 1O OUEHKE 6UAHUA HA 300posbe Hacenenus IMIIL
COTOBOM CBfI3M. JTO0 JOJKHBI ObITh ['ocymapcTBeHHBIE
NPOrpamMmBsl. Heo0xonumo OLIEHUTh cTeneHb
PAAMOYYBCTBHTEJBHOCTH Pa3IHYHbIX OPraHoB M CHCTEM
OpraHu3Ma B pa3jiM4YHble NepHOAbl ero pa3BUTHA H BJIHMSAHHUE
3TUX HM3MEHEHHH Ha  JKM3HeIeATeJbHOCTb  OpPraHHM3Ma.
Heo0xonnMo onieHMTH BO3MOKHbIE He0JIaroNpHUsTHbIE pPeaKkuuu
CO CTOPOHBI KPHTHYECKHX OPraHOB, TAKHX, KaK TI0JIOBHOIO
MO3ra,  3pUTEJIbHOr0, CJIYXOBOTO W  BeCTHOYJISIPHOIO
AHAJIN3aTOPOB, IIUTOBHMIHOM ’Kesle3bl, KOXKHBIX NOKPOB TeJa,
CKJIepbI IJ1a3, PeNpOAYKTUBHOI M MMMYHHO#H cucteM. Ocodyro
3HAYUMOCTh JJsi omeHKH omacHocthn JOMII B yciaoBusix
XPOHHYECKOro 00/ 1y4YeHH s 3aCAYKHBAKOT H3YUYEHHUIO OTAAJIeHHbIEe
NMOCJIEACTBUS, TaKHe KaK, 3J0Ka4eCTBEHHbIC  OIyXOJIH.
Be3ycii0BHO, 10/1kHBI ObITH NMPOBe/ieHbI CleNUATU3UPOBAHHbIE
HCCJICJOBAHNS 10 OLICHKE CTeNeHHM ONACHOCTH K BO3JEHCTBHIO
IOMII cotoBoii cBsi3m aereii. Heodxoqumo co3nats HayuHyl0 0a3y
AJIsl pa3padoTKM ONTHMAJIbHBIX THTMEHHYeCKHX HOPMATHBOB C



HaJeKHbIM «K03(duunuenTom 3amaca». Ilpodiaema mexaHusma
omosgornueckoro aeicresusg IDMII manoii HHTEHCHBHOCTH 0 CHX
MOp He 3aBeplleHa.

2.4, IIyTH BO3MOKHOTO CHHKEHUSI
3JIeKTPOMATHUTHOW HATPY3KH HA HACeJIeHUe

CotoBast cBsI3b SIBISETCS HEOTHEMJIEMBIM aTpUOYTOM Hallei
KU3HU, B PA3BUTUU COLIMATBHBIX KOMMYHUKALUM, B pelIeHUH Lud-
POBOIl TEXHOJIOTMH YKOHOMHUYECKUX MpobieM. Bo3BpaTa K HCIOIb-
30BaHHIO0 OOBIYHOMN KaOeNbHOI CHUCTEMBI CBSA3H HET.

B nacrosiiee Bpemsi Mbl HE BUJIUM BO3MOXHOCTU CHUYKEHUS
3JEKTPOMArHUTHOM HArpy3kH JUIsl HaceJIeHUsi NpU BO3JEHCTBUU
MMB (5G-CTaHgapT). 3a pyOexom Tak K€ HE HMEEeTCs
COOTBETCTBYIOIIMX MyOIuKanuil u npennoxkennit. Kimaccuueckue B
PaaroOHOIOTUH JIBa METO/IA 3aIUTHI OT BCEX BHUJOB M3ITYYCHUNH —
3alMTA PACCTOSTHHEM M BpeMeHeM B JIaHHOM CUTyalluud He
npumenumbl. Cama wuges TtexHonorun SG mpemycMaTpuBaer
o0ecrnieyeHre IMOCTOSIHHOTO MPUHYAUTENbHOro KoHTakta MMB c
HACEJICHUEM, HE3aBUCHUMO OT MECTa €r0 HaXOXKICHMS U SKEIaHWs
n30eKaTh 3TOr0 KOHTAKTA.

be3ycnoBHO, HEOOXOAMMBI KapAWHAJIbHbIE TEXHUYECKUE pe-
LIEHMSI JUIsl CHUKEHMS 2JIEKTPOMAarHUTHON HAarpy3Ku Ha HacelICHUE.
BaxxHo pacmuputh HayuyHbIe HCCleoBaHUs MO ['ocynapcTBEHHBIM
nporpammam. ['no6anbHOe 1060MpOBaHNE MHTEPECOB MPOMBIIIIICH-
HOCTH JIOJKHO OBITH MPEKPAIEHO.

Heo6xoauMo rapMOHHM3MPOBaTh TUTHMEHUYECKHUE CTaHIapThl,
YTOOBI OHM COOTBETCTBOBAIHM UMEIOIIUMCS pe3yIbTaTaM MHOTOYHC-
JIEHHBIX HAy4YHBIX HCCIIETOBAHUM M OBLIM CBOOOJHBI OT aHTAXHPO-
BaHHBIX JKCIIEPTOB U UCIIOIHUTEIbHBIX KOMUTETOB MEXAYHAPOIHBIX
YPOBHEM.

Jlnst mosryyeHus ouyTUMOro 3¢ (dekra B CHUKEHHU 3JIEKTPO-
MarHMUTHON Harpy3ku Ha HaceJieHUe, MO HalleMy MHEHHIO, HeoO-
XOJUMO IPUBJIEUEHUE HACEJEHUS K ITOMY CEPbE3HOMY IpOIECCY.



BaykHO MOMEHATH CYIIECTBYIOLIEE OTHOLIEHUE HACEIEHUS K COTOBOM
CBSI3U, OHO HE JIOJDKHO OBITh TOJBKO OOBIYHO MOTPEOUTENHbCKHUM.
JloiokHa ObITh 0OBEKTUBHAS MH(POPMALUS O CYIIECTBYIOIICH omac-
HOCTH JUI 370POBbs, KaK 3TO ObLIO CEJaHO B OTHOIIEHHHM HOHU-
3upyonier paauanuu nociae aBapun Ha YADC. Bce Bo3pacTHbIE
IpyNIbl HACEIEHUs JODKHBI YETKO 3HaTh, yTo DOMII coToBOil cBA3M
OTHOCATCS K BPEJHBIM BUAAM M3JIy4€HHUs U Hepa3yMHoe U Heo0o-
CHOBAHHOE HCII0JIb30BAHUE ATON CBS3M (JJIUTENIbHBIE Pa3roBOPHI HA
ObITOBBIE TeMBbI, OecripeaAMeTHast «OOJITOBHSA», MOJHBIM OTKa3 OT
IIHYPOBBIX JIOMAIIHUX TeI€()OHOB U MP.) MOTYT OTPHUIATEIBHO I10-
BIIUSATH HA 310POBBE.

MBI 1OKHBI KApAVMHAIBHO U3MEHUTD Y HACEJICHUsI OTHOLLICHHE
K COTOBOH cBsi3U!

[Tonyyennas nnpopmanus, yto DMII oTHOCATCA K BpEeIHBIM
BUJIaM U3JIy4eHUI U TpeOyeT CTPOroro coOI0AEHUS TUTMEHNUYECKUX
PEKOMEH AN, JOJDKHA AKTUBHO U TIOCTOSIHHO JOBOJUTBCS 10 BCEX
IpyII HacelleHus U, mpexie Bcero, uepes CMU. B Hacrosiee Bpems
B CMU B Poccuu u 3a pyGexoM HIET MOTOK HMH(POpPMAIUHU, YTO
obmyuenne DMII cotoBoii cBs3u Ge3zonacHo. Kak npaBuio, 3TH 3a-
KJIFOUEHUS JIEJal0T 3KCHEepPThl HE MPOPUIBHBIX CHEIUAIbHOCTEH, a
UMEIOIIME TOJIBKO TEXHUYECKOe 00pa3oBaHME U HE MOTPYKEHHbIE B
npoOsieMy, HE OCO3HaBasi BO3MOXKHbIE IOCIEACTBUS ISl 30POBBS
HACEJICHUS.

Hacenenue nomxno OCO3HATD, uro OMII MoryT otpura-
TEJIbHO BJIMATH Ha 3/I0POBbE B YCIOBUSAX HECOOIOAECHUS PEKOMEH-
JIOBaHHBIX HOpMaTUBOB. HaceneHue Bcex BO3pacTOB JIOJKHO CTpe-
MUTBCS CHU3UTH 3JIEKTPOMArHUTHYIO HAarpy3Ky Ha CBON OpraHHU3M.
Hanpumep, BpIOMpas TOT WJIM MHOM rajker i ceds u peOeHka,
YCTaHABIIMBATh BPEMEHHOM PEKUM HCIIOIb30BaHUSI MOOUIBHOTO Te-
nedoHa, yBeITUYNBATh PACCTOSIHUE MEXKIY T'OJIOBHBIM MO3IOM M HUC-
touHukoM DMII, T.e. caMoCTOATENBHO BHIOMPATH U COOJIOIaTh ONTH-
MaJIbHbIE ITYTH CHUKEHHSI YPOBHS 3JIEKTPOMAarHUTHOTO BO3/I€HCTBUS.

Mpl npeuiarany BBECTH AJII HACEIEHMSI KaTETOPHUIO «100po-
BOJIBHOTO PHUCKa», T.€. HE3aBUCHUMBIM CaMOCTOSITENIbHBIN BBIOOD



BHJIa UCIIOJIB30BAHMSI COTOBOM CBSI3H, MOJIB30BATHCS WIIM HET JBYMSI
KJIACCUYECKMMH METOJIaMHU 3aLUThl — «BPEMEHEM» U «PACCTOSHU-
eM», T.e. HE0OXO0IMMO COKpaIlaTh BpeMs Pa3roBopa M yBEIUYHBATb,
10 BO3MOXKHOCTH, paccTosiHue Mexay ucrouynukom DOMIT (MT) u
rosioBHbIM Mo3ToM (I'puropses FO.I'., 2003, 2017, 2020) [38, 44, 51].
Opnako ¢ Halel TOUKH 3peHus ObLJI0 ObI ONITUMAJIBHO 1aTh Ha3BaHUE
3TOMY NPOPUIAKTHUECKON ToMUHAHTEe «OCO3ZHAHHBINH PUCK».

o

HpHHﬂTI/Ie «Oco3HaHHOTO puca) mo3BOJHUT PE3KO CHUSUTH

eKe/IHEBHYIO JJIEKTPOMATHUTHYI) HArpy3Ky Ha HacejeHue. B
HACTOsIlllee BpeMsi Bce HacejleHHe, BKJIIOYAS JieTeil, J0JIKHbI
NPUHUMATH AKTHUBHbIE OCO3HAHHbIE NPOQUIAKTHYECKUHE M
3allMTHBIE MePbI JAJIsl CHHKEHUS 3JIeKTPOMATHUTHOMH HArPYy3KHU
HA OPraHMU3M.
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