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Mpepucnosue

EBpaswuiickuii COBET N0 CTaHaapTusauum, metponorum u ceptucpukauumn (EACC) npeacraenset cobon
peruoHanbHoe obbeMHeHUe HaLMOHATIbHBIX OPraHoB NO CTaHAApPTU3aUMmu rocyaapcTs, BXoAAWMX B Coapyxe-
crtBo Hesasucumbix Mocyaapcts. B ganbHeiiem Bo3moxHoO BctynneHme B EACC HauMoHanbHbIX OpraHoB
no cTaHzapTM3auum Apyrux rocyapcrs.

Llenu, OCHOBHbIE NMPUHLMMBLI U OCHOBHOW NOPSAOK NpoBeAeHUsi paboT No MeXTocyAapCTBEHHOW CTaHaap-
Tusaumu ycraHosneHol FOCT 1.0-92 «MexrocyaapcrseHHas cuctema craHaaptu3daumn. OCHOBHbIE NOMO-
xeHusi» u TOCT 1.2-2009 «MexrocyaapcrBeHHasas cuctema craHgaptu3auuu. CtaHgaptbl mexrocyaap-
CTBEHHble, MpaBuiia U peKOMEeHAALMN MO0 MEXIOCyAapCTBEHHONW cTanaaptusauuu. Mpaesuna paspaboTku,
NPUHATUSA, NPUMEHEHUS, OOHOBINEHUS U OTMEHbIY.

CBepneHus o ctaHpapTe

1 NOArOTOBNEH Hay4yHO-NPOM3BOACTBEHHLIM PECNYONMKAHCKUM YHUTAPHBIM npeanpusatuem «beno-
PYCCKMI rocyapCTBEHHbIW MHCTUTYT CTaHaapTusauuu u ceprudukauumn» (benlMCC)

2 BHECEH lNoccranpgaptom Pecnybnukn Benapych

3 MNMPUHAT Espasuiickum COBETOM MO CTaHAapTusauuu, MeTporiorum u ceptudukaynm (NpoToKon
Ne 43-2013 o1 7 uioHs 2013 r.)

3a npuHATHE CTaHAapTa NPOronocoBarny:

KpaTKoe HanMeHoBaHWe CTpaHbl KO,CI CTpaHbl COKpaIJ.lEHHoe HaunMeHoBaHue

no MK (MCO 3166) 004-97 no MK (MCO 3166) 004-97 HaLMoHanbHoOro opraHa no ctaHjapTusauuu
ApMeHus AM MuHakoHOMUKM PecnyGnukn ApmeHusi
Benapycb BY Foccranpapt Pecnybnuku Benapych
Kblproisctan KG Kbipreiacrangapt
Monaosa MD Monposa-Ctanaapt
TagxumkucraH TJ TapxukcraHgapr
Y3bekucran Uz Y3crangapt

4 Hacrtoswmn ctangapt naeHTudeH mexxayHapoaHomy craHgapty IEC 62311:2007 Assessment of elec-
tronic and equipment related to human exposure restrictions for electromagnetic fields (0 Hz — 300 GHz)
[OueHKka 3MEKTPOHHOIO U SMEKTPUYECKOrO0 060PYAOBAHUA B OTHOLLEHWUM OFPaHUYEHUN BO3AENCTBUA HA Yeno-
BEKa anekTpomarHuTHolx nosnen (0 My — 300 Mu)]

MexxayHapoaHbIii cTaHaapT paspaboTaH TeXHUYeCKMM KOMMUTETOM no cranaaptusauum IEC/TC 106
«MeTobl OLEHKM 3NEKTPUHECKUX, MArHUTHBLIX U 3NEKTPOMArHUTHLIX NOMEN, BOSAENCTBYIOLLMX HA YenoBeKay
MexxayHapoaHON anekTpoTeXHM4eckon kommuccun (IEC).

MepeBog ¢ aHrNMICKOro s3blka (en).

OdomumaneHbie 3K3EMNISPbl MEXAYHAPOAHOrO CTaHAAPTA, Ha OCHOBE KOTOPOro NOArOTOBMEH HACTOALLMI
MEXrOCYAapCTBEHHbI CTaHAAPT, U MEXAYHAPOAHOrO CTaHAApTa, HA KOTOPbIN AaHbl CCbIKK, MMeloTcA B Haumo-
HaneHom dhoHge THMA Pecnybnuku Benapyceb.

B pasgene «HopmaTuBHbIE CChINKM» U TEKCTE CTaHAAPTA CCbINIKM HA MEXAYHAPOAHLIN CTaHAAPT akTya-
TIM3NPOBaHBI.

CrteneHb cOOTBETCTBUSA — uAEHTMYHAA (IDT)
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BBeneHue

Hacroawumin crangapt npeactaBnseTr coboi npaAMoe MNPUMEHEHME MEeXOYHApPOAHOro craHgapra
IEC 62311:2007 «OuEeHKa 3NEeKTPOHHOr0 W 3MEKTPUYECKOro 06OpYyAOBaHUSA B OTHOLUEHMU OrpaHWYEHUin
BO34ENCTBUS HA YernOBeKa aNekTpoMarHuTHeix nonew (0 'y — 300 Mw)».

B HacTofiLem cTaHaapTe MCNOnb30BaHbl cneayloLime WpudToBbIe BblAENeHUs:

— TpeboBaHUsi — OCHOBHO;

— MeTOAbl UCTbITAHWI — KYpCUB.
TepMuHbI, NPMBEAEHHbIE B pasaene 3, B TEKCTE CTaHAapTa BblAeneHbl NONYXUPHbLIM LLUPUETOM.



rOCT IEC 62311-2013

FOCYOAPCTBEHHbLIA CTAHOAPT PECNYE/WKWN BENAPYCb

OLIEHKA 3NEKTPOHHOIO U 3NEKTPUYECKOIO OBOPYOOBAHUA
B OTHOLUEHMN OrPAHMYEHUN BO3OENCTBUA HA YEJNTOBEKA
ANEKTPOMATHUATHBIX MONEN (0 My — 300 IMTu)

ALEHKA 3NEKTPOHHATIA | SNEKTPbIMHATA ABCTANABAHHA
Y AOHOCIHAX ABMEXABAHHAY Y3O3EAHHA HA YANABEKA
ANEKTPAMAIHITHbLIX MNANEY (0 My - 300 Mwy)

Assessment of electronic and equipment related to human exposure restrictions
for electromagnetic fields (0 HZ — 300 GHZ)

JAara BBegeHus — 2014-03-01

1 Obnactb NpUMEeHeHUs1

Hacroswumin ctaHaapT pacnpoCTpaHAETCs Ha ANEKTPOHHOE U dnekTpuyeckoe obopyaoBaHue, ans KOTo-
poro OTCYTCTBYET CreumanbHbld CTaHAapT Ha NPOAYKUMIO UNU TPYMMny MPOAYKUMM B OTHOLUEHWUU OrPaHUYEHUS
BO3/EWCTBUS HA YeroBeKa 3MeKTPOMarHUTHLIX Nonen.

CraHgapT npumeHsieTcs ans obopyaoeaHus, paboTatowlero B guanasoHe vacrot 0 My — 300 M.

Llenbio HacTosLero oCHOBOMOMarawLero craHgapTa sIBNsIeTCA YCTaHOBMEeHWe MeTO40B U KpUTepues
OLieHKM 060pyA0BaHMA B YaCTU OCHOBHbBIX OTPAHUYEHUIA UM KOHTPONbHbLIX YPOBHEN BO3AEWCTBUA HA MIOAEN,
06YyCrnOBMNEHHOIO 3MEKTPUYECKUMU, MArHUTHLIMU U 3MEKTPOMArHUTHLIMU NOSSAMU, UHAYLIMPOBAHHLIM TOKOM U
TOKOM NPUKOCHOBEHUS.

MpuMmedaHue — HacToAWwMil cTaHAapT PacnpocTPaHAETCH Ha UCTOMHUKWA WU3MYYeHUs KaK MoNiesHblX, Tak u
MeLLaIOLLMX AMeKTPOMarHUTHBIX curHano. Ecnu oGopyaoBaHue COOTBETCTBYET TpeGoBaHUSM [pYroro COOTBETCTBYIOLLErO
cTaHfapTa, Hanpumep EN 50371, pacnpocTpaHstolerocs Ha ManoMoLlHoe o6opyAoBaHue, To TpeboBaHUA HacTosLero
CTaHAapTa C4UTarOTCS BBINOMHEHHBIMU U €ro NPUMEHEHUE B OTHOLLEHUM 3TOro 06opyAoBaHus He TpebyeTcs. CM. Takke 7.2.

2 HopmMaTUBHBbIE CCbINKN

Onsi npyMeHeHUs1 HACTOSILLEro cTaHgapta Heobxoaum cneaywoowmin ctaHaapt. [na HeaaTUpPOBaHHbLIX
CCbINIOK NPUMEHSIIOT NOCHEHEE N3JaHUE CCbINIOYHOTO CTaHgapTa (BKIYas BCE €10 USMEHEHUS).

IEC 60050-161:1990 International Electrotechnical Vocabulary — Chapter 161: Electromagnetic compat-
ibility (MexxayHapoaHbIii 9aNeKTPOTEXHUYECKUIA cnoBapk. 'naea 161. SnekTpomMarHutTHasi COBMECTUMOCTb)

3 TepMmuHbI 1 onpeaeneHus

B HacTosiLeM CTaHZapTe NPUMEHSIOT CneayloLwwme TEPMUHbLI C COOTBETCTBYIOLLIMMI OMpeaerneHnamu.

3.1 BpeMs ycpeaHeHus f,g (averaging time f,g): Bpems, B Te4eHne KOTOPOro BO3ENCTBUE YCPEAHS-
€TCA ANA onpefeneHns CoOTBETCTBUS.

3.2 ocHOBHOe orpaHuveHue (basic restriction): MakcumarnbHbIli YpOBEHb BO3AEWCTBUA, KOTOPbIi
HE JOIMKEeH ObITb NpeBbILLEH HX NPU Kaknx yCrioBUsX.

MpumedaHUue —MNpuMepbl OCHOBHLIX OrpaHUYEHW NpuseneHbl B [6] " (npunoxenue 1), [1], [2] v [3].

3.3 ToK npukocHoBeHus (contact current): Tok, NpoTeEKaOWMI Yepes Teno Yernoseka B pesynbTaTe
NMPUKOCHOBEHUA K TOKONPOBOASLLEMY OOBLEKTY B 9IEKTPOMAarHUTHOM nonie. 3TO NI0KanbHO MpOoTeKatoLwmnii
Yyepes Teno YenoBeka TOK (Kak MpaBuno, Yepes pyky npu HenpeaHaMepeHHOM CONPUKOCHOBEHUM).

3.4 nnoTtHocTb Toka J (current density J): Tok, npoTekaloLwmin Yepes eanHuLy nnoLaan BHyTpuU Tena
YyenoBeKa B pe3ynbTaTe BO3AENCTBUA HA HEro 3NEKTPOMAarHUTHbLIX MOeNn.

Y Lncbpbl, ykasaHHbIe B KBafipaTHLIX CKOBKaX, OTHOCATCS K CCLINOYHLIM AOKYMEHTaM, ykasaHHsIM B Gubnuorpaduu.

M3paHune ocpnumanbHoe



roCT IEC 62311-2013

3.5 koadpPpuumneHT 3anonHeHun; padoumnn uukn (duty factor; duty cycle): OTHOLEHWE ANUTENBHOCTU
MMNynbCca K Nepuoay CrieaoBaHUsl UMIYIbCOB B MEPUOANYECKON MMIYTIbCHOW nocneaoBaTensHocTu. Kpome
TOr0, 3T0 BPEMEHHAA XapakTepUCTUKa NEpUOANYECKOro usnydeHus paguodactorHoro (RF) ucrtouHuka tuna
AHTEHHbl CUCTEMbI MOMCKOBOIO paAMOBLI3OBA, NPEACTaBNAOLIAA COOOW OTHOWEHWE cpeaHEen NPOAOIHKMU-
TENbHOCTM W3Ny4YeHust K cpeaHemy nepuopy usnyydenus. Koadpduumuent 3anonHennsa 1,0 coorseTcreyeT
HEeNpepbIBHOMY U3NYYEHUIO.

3.6 HanpsXKeHHOCTb AnekTpuueckoro nons E (electric field strength E): BektopHas BenuynHa, xapak-
TEpU3yloLWAasa CBOWCTBA 3NEKTPUYECKOrO NOMsi B AAHHOW TOYKE U YUCIIEHHO paBHAs OTHOLWIEHWUIO Cunbl F,
OENCTBYIOLWEN HA TOYEYHbI BECKOHEYHO Marnbli 3apsa q, K BENMYKMHE 3TOro 3apsaaa:

e-L.

q

3.7 ucneityemoe ob6opyanosanue; EUT (equipment under test; EUT): Snekrpuyeckan nnu anekTpoHHas
annapartypa, KOTOPYIO UCMbITBIBAIOT HA COOTBETCTBUE NPEAENbHO A0NYCTUMbIM YPOBHAM BO3AEUCTBUSA.

3.8 Bo3gencTBHe (exposure): Bosgencraue anekTpuyecKoro, MarHUTHOrO MNWU 3NEeKTPOMAarHUTHOro nons
nmMbo ToKa NPUKOCHOBEHUS HA YErnOoBeKa BO BCEX Cry4asix, 3a UCKIIoYeHUem 00yCnoBneHHbIX husnonoruye-
CKMMM NpoLeccaMu B OpraHu3me YernoBeka UM NpUMpoAHLIMU SIBNEHUSIMU, U B MOOOM mecTe, rae Obl Yenosek
HU Haxoguncs.

3.9 ypoeeHb Bo3aencTBuA (exposure level): 3HayeHne HU3MYECKON BENUYMHBLI, NPUMEHAEMOW AnA
OLleHKW BO3ENCTBUA.

M pnmeyvyaHune - duanyeckoit BeNUUMHONU MoxeT OblTb MMOTHOCTb WHAYUMpOBaHHOIO TOKa, yAernbHaA Norno-
LieHHaA MOLHOCTb, NIIOTHOCTL NOTOKAa 3Heprunu, HanpsAXXeHHOCTb 3N1eKTpU4EeCKoro U MarHUTHOro NoJsisA, TOK B KOHe4YHO-
CTAX UNKU TOK NPUKOCHOBEHUA.

3.10 npegenLHO OONYCTUMBIA YPOBEHbL BO3gencTBuaA (exposure limit): 3HaueHue anekTpu4eckoro,
MarHUTHOTO WU 3MEKTPOMAarHUTHOIO MOJIA, YCTAHOBMEHHOE UCXOASA U3 OCHOBHOTO OFpaHUYEHUst C y4eTOM
AONYLLEHWA Hauxy[llero BapuaHta Bosgeincrteusi. Ecnu npeaenbHO AONYCTUMBbIA YPOBEHb BO34EWCTBUSA
He MNPeBbILLEH, TO B 3TOM CIly4ae U OCHOBHOE OrpaHUYEHUE HUKOTAA He ByAeT NpeBbILLEHO.

3.11 npsimoe Bo3pencTBue (exposure, direct effect of): Pesynbtat HenocpeaACTBEHHOrO BO3AENCTBUSA
SNEKTPOMAarHMTHbIX NOJIEN Ha OPraHU3M YenoBeKa.

3.12 KocBeHHOe Bo3gencTBue (exposure, indirect effect of): Peaynbtar BTOPUYHOro BO3AEMCTBUS Ha opra-
HM3M YerioBeKa 3MEeKTPOMArHUTHOrO NONSA NPU BO3HUKHOBEHWUM TOKA MPUKOCHOBEHUA, yaapa unm oxora, o6ycnos-
NEHHbIX CONPUKOCHOBEHUEM C TOKONPOBOAALLMM OO BEKTOM.

3.13 Bo3geiicTBME HA YacTb Tena (exposure, partial-body): NlokanbHoe BO3aelcTBME Ha YacTb Tena
yernoseka, npuBoasLLEe K BO3HUKHOBEHUIO COOTBETCTBYIOLEN NOKanbHON SAR unu HAyUMpOBAHHOTO TOKa,
B OTNUYME OT BO3AENCTBUA Ha BCE TENO YenoBeka.

3.14 Bo3pgencTBME Ha Bce Teno (exposure, whole-body): Bosgelcrene Ha Bce Teno venoseka (Mnum Ha
TYFOBHLLE YENOBEKA B Crly4ae, koraa y4uTbiBaeTCs NNOTHOCTb UHAYLUMPOBAHHOIO TOKA).

3.15 nuayumpoBaHHbIi Tok (induced current): Tok, HaBeAEHHbIN B Tene YenoBeka B pesynbraTe BO3ael-
CTBMSI HA HEFO BNEKTPOMAarHUTHOTO MOsIA.

3.16 Tok B kOHe4YHocTsix (limb current): Tok, NpoTekalOLWWit N0 pyke MUK HOre M NpeacTaBnsowmi cobon
TOK MPUKOCHOBEHWS UIN XK€ UHAYKLIMOHHBIN TOK, UHAYLUUPOBAHHDIA BHELUHWUM MOJIEM.

3.17 HanpsxeHHOCTb MarHuTHoro nona H (magnetic field strength H): BektopHas BenuuuHa, xapak-
Tepu3yloLlass CBOMCTBA MArHUTHOIO MONA B AAaHHOW TOYKEe, KOTOpas OnpeaensieTca, ¢ kakon cunoun F none
OEWCTBYET Ha 3apaj g, ABMXKYLLMINCS CO CKOPOCTLIO V:

F = q(v x pH)
(MnNK KaKk OTHOLLEHUE UHAYKLUMM MArHMTHOrO NosA K MarHUTHOW NPOHULIAEMOCTU cpeabl, cM. 3.18 — «MHAaYKLMA
MarHUTHOrO NONA»).

3.18 unaykuma marnutHoro nonAa B (magnetic flux density B): BektopHasa BenuuuHa, XapakrepusyioLasi
CBOWCTBA MarHWTHOIO NOMSA B AAHHOW TOYKE W YUCNEHHO PaBHAs MPOU3BEAEHMIO HANPSHKEHHOCTU MAarHUTHOIO
nona H v MarHMTHON NPOHMLIAEMOCTHU Cpeabl .

B=puH.
3.19 MHoroyacTtoTHbie nona (multiple frequency fields): Cynepno3uuus aByx unu 6onee anekrpomMar-

HUTHbIX NONEN PasfMYHON YacTOThl.

MpumedyaHue — 310 MOryT ObiITh pasnUYHbE UCTOMHUKWA WU3MYYEHUs] BHYTPU OAHOrO yCTpOCTBA, Hanpumep
MarHeTpoHa U TpaHchopMaTopa MUKPOBOSTHOBOW MEYW, UMM FrapMOHUYECKME COCTaBIISIIOLME NONSA, CO34aBaeMOro UCToY-
HUKOM C OHON HOMWUHASBbHON YacTOTON U3NYYEHUSA, HanpuMep TpaHchopMaTopOM.
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3.20 nnOoTHOCTbL NoToka 3Hepruu S (power density S): MOLHOCTb HA €AWHKULY NNOLLAAN NOBEPXHOCTH,
PacnonOXeHHOW NepneHANKYIAPHO K HanpaBreHuio pacnpoCTPaHEeHUS 3reKTPOMAarHUTHbIX BOSH. [na nnockux
BOJTH NNOTHOCTb MOTOKA 3HEPrUU S, HANPSPKEHHOCTb AMEKTPUYECKOro NomnsA E u HanpsiXXeHHOCTb MarHUTHOrO
nons H cBsisaHbl Mexay coboi BOMHOBbLIM CONPOTUBNEHNEM CBOBOAHOIO NPOCTPAHCTBA, T. €. 377 Om:

2
s-E =377 =ExH,
377

MpumedaHue 1 — Ona MHOMMX U3MepUTENbHbIX NPUOOPOB YKasbiBaOT efWUHULY NIIOTHOCTU MOTOKa SHEeprum,
X0TA cpalcrw-lecr(m naMepAaemMbIMU Cpl/laW—leCKVIMVI BeNUYMHamu sienawTces £ nnn H nnbo KBajpat 3TUX BEJNTUYUH.

E v H BblpaxaloTca B eguHuyax nsmepeHusa B/m u A/m coOoTBeTCTBEHHO, a S — Br/m>.

MpumedaHue 2 — CneayeT OTMETUTb, YTO 3HaveHWe 377 Om ABNsAeTCA AeHCTBUTENbHBIM TONBKO Ans cBobog-
HOro MPOCTPaHCTBA M YCMNOBUIA N3MEPEHUS NOoNs AanbHeil 30Hsbl.

3.21 cpeoHsAs NoO BpeMeHU NNOTHOCTb NOTOKa 3Heprum [power density, average (temporal)]: MrHo-
BEHHas MMOTHOCTb MOTOKA SHEepruu, UHTErpUpOBaHHan No nepuoay CneJoBaHUs UMMNYNbLCOB. 3TO yCpeaHEHUe
He cneayeT nyTaTb C yCpPeAHEHHbIM BpEMEHEM U3MEPEHUS.

3.22 NNOTHOCTb NOTOKA 3HEePruu NIIOCKOW BOSHbI (power density, plane-wave equivalent): O6bl4HO 3TOT
TEPMUH OTHOCUTCSt K NIOGON 9NEeKTPOMAarHUTHOM BOSIHE, UMEIOLLEN OJMHAKOBYIO C MSIOCKOW BONHOW NnoT-
HOCTb NOTOKA SHEPIUM U OOHO U TO XKE 3HAYEHUE HANPSHKEHHOCTU SNEKTPUYECKOro £ unm MariuTHoOro H nons.

3.23 koHTpONnbHbIEe YpoBHMU (reference levels): 3HavyeHns HaNPSHKEHHOCTU NONS UAK NSIOTHOCTU NOTOKA
SHEepruun, yCTaHOBMEHHbIE NUCXOAS U3 OCHOBHBIX OrPaHUYEHUI C YYETOM AONYLWEHUA HauxXyaLwero BapuaHTa
BO34ENCTBUA. ECNN KOHTPONbHBLIE YPOBHU HE NPEBLILIEHBI, TO U OCHOBHBIE OrpaHU4eHns ByayT cobnioaeHs!,
HO €CNnu KOHTPOIIbHbIE YPOBHU NPEBbLILUEHBI, TO 3TO HE 06A3aTENbHO 03HAYAET, YTO OCHOBHbIE OTPAHUYEHUA
He OyAyT BbINOMHEHSI.

3.24 cpegHeKBagpaTU4HOe 3HavyeHue; r.m.s. (root-mean-square, rm.s.): 3ddpeKkTuBHoe 3Ha4YeHue unu
AeicTByloLlee 3HaYeHne, COOTHECEHHOE C KONMYECTBOM BbIAENEHHOW TEnnoThl, NEPUOAUYECKON INEKTPO-
MarHUTHOM BOMHbI. CpeaHeKkBagpaTUYHOE 3HAYEHUE ONPEeAEensIoT NOCPeaACTBOM U3BNEYEHUA KBAAPaTHOro
KOPHSI U3 CpedHero KkBaapara 3HauyeHUst PYHKLUK:

-

2

F= % [ (F{t)xF(f)* dt) (dbopmyna ans BpeMEHHOro MHTepBanay);
T

2

X= [f}(X,,)2 (bopmyna anst 4aCTOTHOIO MHTEpPBAana).
1

MpuMmedaHue —HecMOTPs Ha TO, YTO MHOTVE M3MepUTENbHEIE MPUGOPLI B BHICOKOYACTOTHOM AWana3oHe cpasy
onpedensitoT r.m.s, Gonee AOCTOBEPHOE 3HaYEHWE MOMyYatoT, UCTONb3ys KOpeHb KBafpaTHLIA U3 CyMMbl KBafpaToB (Iss)
(3KBUBANEHTHas HaNPSHXKEHHOCTb NONS).

3.25 kopeHb KBaApaTHbI U3 CYMMbI KBaApaToB; rss (root-sum-square; rss): 3HayeHue KOpHs KBaa-
paTHOro u3 CyMMmbl KBaapaTOB MOMy4aloT UCXOAS U3 TpeX OTAENbHbIX CpeAHEeKBaAPaTUUHbLIX 3HAYEHWU
HanpsXKeHHOCTU NONs, UBMEPEHHBIX NO TPEM OPTOroHanbHbIM 0cAM 6e3 yyeta a3 konebGaHwmii:

X= X2+ X2+ X2 .

3.26 ynenbHasa norrnouweHHas aHeprus; SA (specific absorption; SA): SHeprust, NOrnNoLWeHHan eauHuuen
Maccbl GUONOMMUYECKON TKAHU W BbIP@XEHHAsi B JKOynax Ha kunorpamm ([Di/kr); yaenbHas nornoweHHas
3Heprusa npeacraBnaeT cobon UHTErpan no BpemMeHu OT YAENbHO NOTNOLLEHHOW MOLLHOCTH.

3.27 ypenbHasa nornoueHHasa MouwHocTb; SAR (specific absorption rate; SAR): MoLwHoOCTb, NOrno-
waemas (paccensaemas) 91EMEHTOM Macchbl, CoAepKalMMCsl B anemMeHTe o6beMa GUonoruieckon TKaHu,
npu BO3AEWCTBMU SNEKTPOMArHUTHOro nons. SAR Bbipaxaetrcs B BaTTax Ha kunorpamm (Bt/kr). SAR
MCMONb3yeTCs Kak Mepa BO3AENCTBUA Ha BCe TENO YenoBeka, a Takke Kak nokansHoe Bo3encTeue.

3.28 oueHka Bo3aenCcTBUA (exposure assessment): B HacTosiLem cTaHAaapTe nog TEPMUHOM «OLIEHKa
BO3JE€MCTBUA» MOHUMAETCA OLEHKA COOTBETCTBUSA NO OTHOLLUEHMIO K TpebyeMoMy npeaensHO A0NYyCTUMOMY
YPOBHIO BO3AENCTBMS.
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4 Kputepun cooTBeTCTBUA

KOHTpOnbHbIE YPOBHM (Hanpumep, 3Ha4YeHnsa npeaenbHo AONYCTUMbIX YPOBHEW BO3AENCTBUSA, YPOBHEN
uccrneaoBaHus) AnA odLero BO3AENCTBUS ANEKTPUYECKUX, MArHUTHBIX U SNEKTPOMArHUTHLIX NONen ABMSAIOTCA
NPOU3BOAHbLIMA OT OCHOBHbIX OFPAHUYEHUN U YCTAHOBIEHbl UCXOAA U3 OCHOBHbLIX OrPaHUYEHUI C y4eToM
JONyLUEHUI peanbHbIX HauXyALuMX BapuaHTOB BO3AENCTBUA. ECNKM KOHTPONbHbIE YPOBHU HE MPEBbILLEHDI,
TO OCHOBHblE OrpaHuyeHust OyayT Takke COOMNIOAEHbI; €CMM KOHTPOSIbHbIE YPOBHW MPEBbLILLEHbI, TO 3TO
He 00sA3aTenbHO 03HAYaET, YTO MPEBBILLIEHbI U OCHOBHbLIE OrpaHMYeHUsl. B HEKOTOPLIX CryyYasx aT0 MOXET ObITb
BO3MOXHO, 4TOObI MOKa3aTb COOTBETCTBME HEMNOCPEACTBEHHO OCHOBHbIM OrpaHuyeHusiM. COOTBETCTBUE
KPUTEPUSM MOXHO TaKKe MONy4YnTb U3MEPEHUEM UMM PACHETOM, YTOOLI NPOAEMOHCTPUPOBATL COOMoAEHNE
OCHOBHbIX OrpaHuyeHuin. Yacto aTm Kputepum COOTBETCTBUS MOTYT ObITb NOMy4YEHbl UCXOAS U3 pearbHbIX
AONYLUEHWI OTHOCUTESNBHO YCNOBUI, MPU KOTOPbIX MOXET MPOM30NTW BO3AEWCTBME CO CTOPOHbI YCTPOWMCTBA,
a He U3 AoMNyCKaeMblX 3aHMKEHHbIX 3HAYEHWIA, KOTOPbIE ABMNAIOTCA OCHOBOM AN KOHTPOSbHbIX YPOBHEN.

I puMmeyvyaHune — I'Ipe,qeano JJ,OI'IyCTVIMbII?I YpOB€Hb BO3JENCTBUA ABNAETCA OCHOBHBIM orpaHu4eHunemMm.

ECnn TEXHUYECKNE pPeLUeHus], Ha OCHOBE KOTOPLIX CO34aH0 06opyaoBaHue, nNpu 0BbIYHOM PACTONOMKEHNM
Nonb30BaTesisi He NPUBOAAT K BO3MOXHOCTM U3NYYEeHUS SMEKTPUYECKOTO U MarHUTHOTO MOSMEN UMM BO3HUK-
HOBEHMSI TOKA MPUKOCHOBEHUS MPWU YPOBHSIX, NPEBLILLIAIOLLNX KOHTPONMbHLIE YPOBHW, HANpUMep Npu OTCYyT-
CTBMI TOKOMPOBOASALLMX AOCTYMHbIX YaCTei UMM B Criy4ae, KOraa 9TM TOKOMPOBOASLUME AOCTYMHLIE YaCTU
MOCTOSIHHO 3a3eMJIEHbI, TO 060pyAOBaHWE PacCMaTPUBAIOT Kak COOTBETCTBYIOLLEe TPeBGOBaHNUSAM HACTOSILLETO
cTaHAapTa B OTHOLUEHWM IMEKTPUYECKOTO M MArHMTHOTO MOMEN UMM TOKa NPUKOCHOBEHUA 6e3 aanbHenLued
OLIEHKN COOTBETCTBUS.

5 MeTtoabl OLUEHKU COOTBETCTBUSA

[nsa oueHkM COOTBETCTBUS MOXET NMPUMEHATLCS OAUH uUnu 6onee MeToaoB, YKa3aHHbIX B 7.2.

OLEHKM JOIDKHbI ObITb CAenaHbl B COOTBETCTBUM C OCHOBHbLIM CTaHAapTOM. ECnn MeToa OueHKu B OCHOB-
HOM CTaHAapTe NPUMEHSIETCA He MOMHOCTbIO, TO OTKMOHEHWEe AONYCKAETCs, ECnu:

— OnucaHue NpUMEeHAEeMOoro MeToa OLEeHKWN NPUBOAUTCS B 0T4eTe 06 OLieHKe COOTBETCTBUS;

— OLEHMBaHNE CyMMapHON HEONpeaeneHHOCTN U3MEePEHUS yKa3biBaeTCA B 0T4eTe 00 OLeHKe COOTBET-
CTBUA.

Ona nepefatyukos, nNpeaHasHaYeHHbIX AMA UCNOMNb30OBAHUA C BHELUHUMM aHTEHHaMM, AOIKHA ObiTh
npoBeaeHa oLeHKa COOTBETCTBUA NO KpaiHen mepe ogHON KOMOUHALMKM nepeaaTymka U aHTeHHbl. TexHuYe-
CKoe onucaHue (B yCnoBusiX Nons AanbHEN 30Hbl) 9TOW aHTEHHbl A4OMKHO ObiTb HACTONLKO NOAPOOHBLIM, YTOObI
MOXHO ObINo onpeaenuTs rpaHully co6nioaeHUa OCHOBHBLIX OFpaHUYEHMIA, HAaNpUMep, C NOMOLLBIO AUarpaMMbl
HanpaeneHHOCTU U3MYYEHUS.

ns annapartypsbl, He NpeaHasHaYeHHOW ANA Nepeaayu paguoCUrHanoB, OLEHKY COOTBETCTBUSA M3NMyYeHUs
3MEeKTPUYECKOro U MarHUTHOIO NONEeN NPOBOAAT UCXOAA U3 HauBbICLLEN COOCTBEHHON YaCTOThI, UCNOMb3YEMON
B annapartype, unu 4actoTbl, NPpK KOTOPOI annapatypa paboTaeT, yuuTbiBas CriegyoLme ycroBus:

— ecnu Hauebiclaa cobCTBEHHAs YacToTa annapatypbl coctaBnsieT MeHee 100 MIMl, TO oLieHKa CoOoT-
BETCTBUA A0MKHA ObiTb CaenaHa Tonbko A0 Yactotbl 1 ML

— ecnu HausbiCWan coOCTBEHHAs YacToTa annapaTtypbl HaxoauTcsa B npeagenax ot 100 go 400 MIu,
TO OLUEeHKa COOTBETCTBUA AOMKHA ObITb CAENaHa TONbKO A0 YacToThl 2 IMy;

— ecnu HauBbICLIAA COGCTBEHHAA 4YacToTa annapaTtypbl HaxoauTcsa B npeaenax ot 400 My go 1 M,
TO OLeHKa COOTBETCTBMA AOMKHA ObITb CAenaHa ToNbKO A0 YacTtoThl 5 M.

Ecnu Hausbicluiaa cob6CTBeHHas Yactota annapartypbl npesbilwaeT 1 [T, TO u3MepeHue BbINOMHSIOT
npu 4YacTore, B 5 pa3 npesbilLaOWENn MaKCUMANbHYIO YacToTy.

6 OueHka COOTBETCTBUSA NpeaenbHO A0NMYCTUMbIM YPOBHSM BO34AENCTBUA

Annapartypa cooTBeTCTBYeT TPebOBaHWUAM HACTOSILLETO CTaHAApTa, €CNU 3HAYEHUA U3MEPEHHbIX BENUYUH
MEHbLUE UMN paBHbl NPeaenbHO A0NYCTUMBIM 3HAYEHUSIM M ecnu (pakTuyeckas HeonpeaeneHHOCTb OLEHKU
MEHbLUE MaKCUManbHON HeonpeaeneHHOCTU U3MEPEHUS, YKa3aHHOW Ans NPUMEHAEMOro (biIX) MeToaa (OB).
OueHnBaHue HeonpeaeneHHOCTU NPUMEHAEMOrO METOAA OCYLLECTBISIOT NYTEM pacveTa pPacLUMpPeHHON Heor-
peaeneHHoCTn Ana ypoBHA aosepus 95 %.

Kak npaBuno, ana 605bLUMHCTBA METOAOB OLIEHKU NapaMeTPOB 3NeKTPOMarHUTHOro nons (3AMM) ucnonb3y-
€TCA 3Ha4YeHUe OTHOCUTENLHON HeonpeaeneHHocTu, pasHoe 30 %. Mo3ToMy 3TOT YpOBEHb OTHOCUTENbLHOMN
HeonpeaeneHHOCTU B HACTOSILWEM CTaHAApTe NPUMEHSETCS KaK MAaKCUMAaTrbHOE 3HAYEHue.
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Ecnu 3HaueHue OTHOCUTENbHOW HeonpeaeneHHocTn coctaBnser meHee 30 %, TO 3HAaYEeHWEe U3MEPEHHOW
BENMWYMHbI L, Heo6XoAUMMO CpaBHMBaTh C COOTBETCTBYIOLUMM NpeAernbHO AONYyCTUMbIM YPOBHEM BO3AEW-
cTBus Ly,

Ecnu otHOocuTenbHaa HeonpegeneHHoCTb npesbiwaeTr 30 %, To dakTuyeckasa HeonpeaeneHHOCTb
AOIKHA ObITb BKIIOYEHA B OLIEHKY NMPU CONOCTABINEHUU C NpefenbHO AOMYCTUMbIM YPOBHEM BO31ENCTBUSA.

Ecnmn ¢hakTuyeckasn oueHka HeonpeaesieHHOCTH DonbLue, YeM YCTaHOBMEHHOE NpeAenbHO A0NYyCTUMOe
3HaYEHME HEeONpPEeAEeneHHOCTH, U €CNK K TOMY >Ke OHA NpeBbILLaeT MakCMMarbHOEe 3HaYeHue Heornpeaenex-
HocTu 30 %, TO nepea CpaBHEHUEM C NpeAenbHO A0MyCTUMbIM YPOBHEM BO3JENCTBUSA B pe3ynbTaTr uime-
peHust AomkHa ObiTb BHECEHA COOTBETCTBYIOLLAA nonpaska. C Apyron CTOPOHbI, MOXHO Takke YMEHbLUMTb
npeaesnbHo A0NYyCTUMBIN YPOBEHb Ly, Ha 3Ty e NONpaBKy U CPaBHUBATL (DAKTUYECKOE 3HAYEHNE N3MEPEHHON
BEMNUYMHbI L, C YMEHBLLEHHBIM NPEeAEenbHO AOMYCTUMBIM YPOBHEM BO3aencTBUSA. INpaBasa yacte copmynbi (1)
NnoKasbIBaEeT, KAk YMEHbLLAETCS NpeAenbHO A0NYCTUMBIN YPOBEHb Ljm B CriyyYae, Koraa 3HadeHue cakruye-
CKOW OTHOCUTENbHOW HeonpeaeneHHOCTH npesbiwaeT 30 %.

MpumMmevaHue — HeonpegenenHocTs MeToAoB oueHkn SMI, kak NnpaBuno, ykasbiBaeTcsa B npoueHTax (%). Ecnu
HeonpeAeneHHOCTb YKasbiBaeTcs B HENUHEHBIX eAnHMUAX, HanpuMmep, B aeunbenax (4B), To Toraa 3sHadeHue, Bblpa-
KEHHOE B HENUHENHbIX eAUHMLAX, JOIXHO BbITb Npeobpa3oBaHo B 3HAYEHWE, BbIpaxXeHHoe B npoLeHTax (%).

dopmyny 1 MCNonb3yioT AN ONpeaeneHus Toro, COOTBETCTBYET NU U3MEPSAEMasn BENUYUHA L, yMEHb-

LIEHHOMY NpeAenbHO AOMYCTUMOMY YPOBHIO BO3AENCTBUA, €Cnu pakTUYeckan U3MepPeHHaa HeonpeaeneH-
HOCTb MPUMEHAEMOro MeToaa oueHku cocrasnseT 30 % unu sbiwe.

1

RS

L, M

rae L — U3MepaemMas BenuuuHa;
Lyn - npeaenbHO AONYCTUMBIN YPOBEHbL BO3AEWCTBUS;
U(L,) — abconioTHas pacluMpeHHan HeonpeaeneHHOCTb.

TMpumep — [lMpednosioxumM, YMo omHocumesibHasi HeornpedesieHHOCMb ofnpedesleHHO20 Memoda OyeHKU
OMI1 cocmaensiem 55 %. Toe0a

Ulw) _ g ss,

3amewm, npumeHssi popmyny (1), onpedensaiom Kpumepuii Ans1 usmepsieMoll 6eNUYUHbI:

1 1 1
Lm < U(L ) Llim =(0 7+0 55) Llim = 1.25 Llim = 018 Llim'
o’7+ m £l £l E

L

m

lMonpaeka K 3Ha4YeHUIo HeonpedesleHHOCMU (3HaYeHUe yMeHbUWeHHO20 NpedesibHO AonycmuMo20 YpoeGHsl)
@ 3MoM cilyyae paccyumsiéaemcs 1o gpopmyne

U =L

nonpaexa fim

-0,8L

lim

=0,2L,,.

3HaveHua HeonpeaeneHHOCTH, yKa3aHHble AN KaXxaoro metoaa oueHkn SMI, aBnsioTcs MakCMMarnbHO
AOMNYCTUMbIMU 3HAYEHUSAIMU HEOonpeAeneHHOCTU. Ecnu 3HaueHne HeonpeaeneHHOCTU He yKasaHo, TO No yMor-
YaHUIo MCNornb3yeTca 3Ha4YeHue, pasHoe 30 %.

MpumeyaHune —PykoBoacTBa No BbipaXeHUO HeoNpeaeneHHOCTU N3MepeHUs npuseaeHsl B [8] u [9].

7 NpuMeHeHne MeToA0B OLEHKU COOTBETCTBUA

7.1 O6wue nonoxeHusn

UToObI BLISICHUTL, Kakue Yactu obopyaosanus uany4qaot SMM, HeobxoaAUMO NPOBECTU COOTBETCTBYIOLLMUIA
aHanu3. PekoMeHAyeTca OnUCbIBaTb HEKOTOpble 4YacTu 06opyaoBaHusi, YTOObI onpeaenuTb, kKakne U3 HUX
nanyyaiot SMI. B Tabnuue 1 npuBeAeHbl XapakTEPUCTUKM U napaMeTpbl 060pya0BaHUA, KOTOPbLIE AOMKHbI
ObITb paccMoTpeHbl. B Tabnuue 2 npueBegeH nepeveHb BO3MOXKHBIX METOA0B OLIEHKU.
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Tabnuya 1-PaccMaTpuBaeMble XapakTep1MCcTUKM U napaMeTpbl 06opyaoBaHus

Heobxoaumas uHgopmaums

MoapobHoe onucaHue Heobxoaumoi nHgopmaumn

Yacrorta

YacroTa nsnyyeHus

dopma BOMHbI

dopma BOMHbI U Apyras uHdopmauus, Hanpumep Ko3achdULUMEHT 3anon-
HEHWUa AN onpeeneHns NMKOBOro W/unm cpeaHero usny4yeHus

MHOro4acToTHblE UCTOMHUKMN
n3ny4veHuns

M3nyuyaet nu obopyaosaHue nonsi 6onee Yyem Ha OAHOM 4acToTe UMK
nonsi, COAepPXalLmMe BbiCLLUUE FAPMOHUKN?
£BnaOTCA N M3NYYEHUA OAHOBPEMEHHBIMU?

N3ny4yeHne anekTpu4eckoro
nons

PasHoCTb NOTEHLMArioB U CoeauHEHUE MoDbIX YacTel, Hanpumep meTan-
NIUYECKUX MOBEPXHOCTEN, HAXOAALMXCSA NOJ HANPSDKEHNEM

N3ny4yeHne mMarHUTHOro Nons

[NpotekaHue Toka U coeauHeHne nobbix Yacten 06opyaoBaHUs, HAaNpUMEpP
KaTyLleK, aTYMKOB UMM KOHTYPOB

N3nyyenne SMI

MpoxoxaeHue unu nepegada BbLICOKOYACTOTHBIX CUrHarNoB U nobbie usny-
yarome 4Yactu 0bopya0BaHMS, HANPUMEDP aHTEHHbI, KOHTYPbI, AATYUKU W
BHeLHUe kabenu

TOK NPUKOCHOBEHUS

B03MOXHOCTb MPUKOCHOBEHUSA K TOKOMPOBOASALLIMM MOBEPXHOCTSAM, KOTAa
NOBEPXHOCTL UMW YENOBEK MOABEPraloTcs BO3AEWCTBUIO dMeKTpoMar-
HWTHOTO Nons

Bosaencreue Ha Bce Teno
Yyenoseka

Mons, cospaBaemMble 0GOPYA0BAHMEM, KOTOPbIE PACMPOCTPAHSIIOTCA B TOW
o6racTu NpocTpaHCTBa, rae HaxoAMTCs BCe Teno Yernoseka

YactuyHoe Bo3aencremne
Ha Teno Yyenoseka

Mons, co3pnaBaemble 06GOPYAOBaHMEM, KOTOPbIE PaCMPOCTPAHAITCA
TONbLKO B TOM 06NacTM NPOCTPAHCTBA, rAe HaXOAWTCA TYNOBULLE YENO-
BEKA UMM 1€ PACNOMOXKEHbI €70 HOMU

MpoaomKuTENbHOCTL/ Pabouuit uMkn usny4eHuin, Bpems BKNIOMEHUS/BLIKMIOYEHUST MCMONb3YeMON
M3MEHEHUE BO3AEUCTBUSA unu uany4aemon o6opyaoBaHUeM SHePruu. N3mMeHeHne UCronb3yemon
BO BpEMeHU MIKn M3ny4yaemon 3HepruuM B NpoLecce NPpoM3BoACTBa

OfHOPOAHOCTL BO3AENCTBUA

O6nactb nons, B KOTOPOW HaNPsPKEHHOCTb NOMA M3MEHSETCA B opra-
HM3ME YenoBeka UNKU Ha yyacTke Tena, noaBepraeMoro BO3AeNCTBUIO.
MoxeT ObiTh n3MepeHa 6e3 NPUCYTCTBUS YENOBEKA

[MNone ganbHel/6nuxHen 30H.bI

Haxoaatcs nu nanyvenus B none 6nmxHen 30HbI? (CM. Npunoenue A)
PacnpoctpaHsieTca nu B none 6nnkHen 30HbI?
PacnpocTtpaHaerca nv B none ganbHewn 30HbI?

MmnynbcHoe/nepexoaHoe none

#ABnsAeTcs MM n3nyy4eHne MMnynbCHO-MOAYNUPOBAHHbIM?
MmMetoTca nu cnyyanHble unu nepuoanyeckne nepexonHble Npouecehbl
B none?

dusnyeckme napameTpsbl

ABNATCS N pa3mepbl 060pyAOBaHUS HACTONbKO HE3HAYUTENbHbLIMU,
yTto nOBOE CyLIECTBEHHOE BO3AEUCTBUE OyAeT NPUXOAUTLCA TONbKO
Ha YacTb Tena yenoseka?

COOTHOLLUEHNE C ANMHON BONHbI (paboyas yacroTa).

fAsnsiorca nu pa3mepel 000PyA0BaHUS HACTONBKO BOMbLUMMU, YTO pa3sHbIe
ero vactu OyayT noasepratbCs BO3AEWCTBUIO KHE3ABUCUMO APYr OT
apyra»?

MowHoCTb

KakoBa MOLLHOCTb U3ny4eHus?

KakoBa notpebnsemas MOLHOCTb?

Ecnn nmeetca aHTeHHas cucrema, T0 4YTO0O B 3TOM Cnyvyae ABNAETCA
APPeKTUBHON U3Ny4aEMOW MOLLHOCTbIO?

PaccrosHue (0T ncTouHuka
M3Ny4YeHUs 40 Nofb30BaTens)

KakoBO npOCTpaHCTBEHHOE COOTHOLUEHWE Mexay 00opyaoBaHUEM WU
onepatopoM WUNW nonb3oBarenem, Korga OHO 06bI4HO I'Ipl/IMeHﬂeTCFI?
Paccm;mme, ncnonb3yemoe Ana OUEeHKUW COOTBETCTBUA, AOIMKHO OblTb
yKasaHO W3rotoBuTENem, M 000pyAOBaHUE [OMKHO MCMNONb30BAaThLCA
COMfIaCHO €ro Ha3Ha4YeHMIo
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Heobxopumas uHdopmMayms

MoppobHoe onucaHne HeobxoaUMOR UHOPMaLMK

Mcnonb30BaHUE NO HA3HAYEHUIO

Kak 00bIMHO NpuMeHsieTca o6opyaoBaHue?

YCnoeus MCNONb30BaHUA NPeAHa3HayYeHbl AnNs NPou3BOACTBA MaKCu-
ManbHOro N3My4eHUs UIn NOrNoLEeHNs?

Ycnosus akcnnyaTtauun?

Kak npumeHeHue COrmacHO MHCTPYKLMUM BAWUSET HA NPOCTPAHCTBEHHbIE
COOTHOLLEHUS Mexay 060opyaoBaHWeM 1 Nonb3oBaTenem?

MoxeT nu NPUMEeHeHUe COrNacHO MHCTPYKLMKU BIMATH HA U3NyYaeMmble

Xapakrepuctuku obopyaosaHusa?
MoxxkeT nu 06opyaoBaHue ObiTb YaCTblO CUCTEMbI?

B3anmogencreue UCTOYHUKOB/

nonb3oBaTtend

YyenoBeka BO BpeMsi paboTbl?

Kak mameHsieTcss muanyyaemoe norne, ecnm o6opyaoBaHue GyaeT Haxo-
anTbcs 6nusko K Yyenoeeky? Conpukacaetcsi nn 060pyaOBaHUE C TENOM

Tabnuya 2 - lNepeyeHb BOZMOXHbBIX METOLOB OLIEHKU

MeToabl oLeHKu

Obnactb NPUMEHEHUA N OrpaHUYEHNA

Cchbinka

PacyeT nonsa ganbHen
30HbI

OneKTPOMAarHUTHLIE MOJIA HAXOAATCA Aaneko OT MCTOYHMKA
usnyyeHus. Mpnbopbl CBEPXBLICOKOW 4acTOTbl HEDOIBLLLOIO
pasmepa He UCMOoMb3YTCA PAAOM C TENOM YerioBeka, Kak u
HU3KOYaCTOTHbIE NepeaaTynkm GOrbLUMX PasMepoB HE MC-
MOMnb3yOTCS HAa BOMbLUMX PACCTOSHUSIX.

OTa 06nacTb NMONSA aHTEHHbI, T4e YroBOe pacnpeseneHme
Monsi NPaKTU4ECKU He 3aBUCUT OT PaCCTOAHUS A0 aHTEHHbI.
B aToii obnactu (HasbiBaemon Takke obnactblo cBobOA-
HOrO MPOCTPAHCTBA) MOMe MMEET XapakTep npeuMyLle-
CTBEHHO NIIOCKMX BOJSIH, T.€. NOKanbHO PaBHOMEPHOrO
pacnpeaeneHnss HanpsHXKEHHOCTU SNEKTPUYECKOro W mar-
HUTHOTO NONEN B NMOCKOCTAX, PACMNONOXEHHbIX NEPNEHAN-
KYNSIPHO HanpaBfeHUo pacnpocTpaHeHus

CM. npunoxxexHme A

Pacuet nonst 6nmxHen | SnekrpomarHuTHble MONsi HAXOAATCA B HENOCPeACTBEHHoW | CM. npunoxeHue A
30HbI GnM30CTU OT UCTOYHMKA M3NyYeHUsi. B 31Ol 30HE BO3MOXHO
B3anMHO€ BnuaHUe Mexxay MCTO4YHMKOM U3nyvyaemMbixX nonem
1 NONb30BATENEM
MogaenuposaHue OueHuBaHne pesynbTaToB U3MEPEHUSA BHYTpU dhaHToMa, | CM. npunoxeHue B
UMUTUPYIOLLIErO TENO YENoBeka
Lincpposoe mogenupo- | Tonbko pacyet CmM. npunoxexHune C
BaHUe
Tok Tena/koHe4yHOCTb | MiamepeHue u pacyet CM. npunoxexusa C
nD
SAR PacueT n nsamepenus; 100 kl'y — 10 My, CM. npunoxexue E
[na moaenupoBaHus CwM. npunoxenue C
MamepeHua Eu H Mone GrwkHen wunu pancHen 30Hbl. HenocpeacteseHHoe | CM. npunoxexue F
U3MepeHne Ans CPaBHEHUS C KOHTPOSIbHbIMWU YPOBHSAMM
UMW B Ka4eCcTBe UCXOAHbIX AaHHbIX Ans Bonee aetanbHON
OLEHKU
McTouHuk mogenupo- | MporHo3npoBaHue BO3AENCTBUS Ha OCHOBE pacdeTa usny- | CM. npunoxexue G

BaHUA

YeHUii Ha onpeaeneHHOM PacCTOsHUM

HenocpeacrteeHHoe

nsmMepeHne puanyecknx

napameTpoB.
TOK NPUKOCHOBEHUSA

CM. npunoxeHua D,

EunF

dusnyeckune XapaKkTepuUCTUKN N npeagnonaraemoe npuMeHeHue o6opy,qosava MOryT OKa3aTb BITUAHWE Ha Bbl60p
MeToda OLEeHKM COOTBETCTBUA. HaanMep, uany4yarenun 3MIT, npejHasHa4YeHHble ANA NPpUMEeHEeHUA B Henocpen-
CTBEHHOI Bnn30CTn OT YeroBeka, OLUeHNBaKT Apyrum oGpasoM, 4YeM nepejaTynkun, npejHasHa4veHHble 4na crtauno-
HaPHbIX YCTAaHOBOK B NMOMELUEHUAX.
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7.2 O606WweHHas npoueaypa OLeHKU COOTBETCTBUA 060pyaAOBaHUA

Cnepyiowasn o6o6LeHHas npoleaypa oLeHkU COOTBETCTBMSI 060pyAOBaHUSA BKNOYaeT cxeMy nogbopa
HeobxoanMOi MHOpMaLun cornacHo Tabnuuam 1 n 2:

1) O6opyaoBaHne JOMKHO ObITh OXapakTEPU3OBaHO TaK, YTOBObI ONpefenuTs XapakTep uanydernuin MM
(cm. 8.1), a Takke npegnonaraeMble ycnoBus akcnnyartauymuu. OueHka OMMKHA OCYLLECTBNATLCA CreayoLwmMM
o6pa3om: Mofs U TOKM, MpoTeKatoLiMe Yepe3 Terno Yenoseka, JOJKHbI BbiTk onpeaeneHbl AnsS 06bIMHOMO
MONOXEHNs1 MNonb3oBaTens npu HOPMarnbHLIX YCMOBUAX 9KCNAyaTauum U MakCUManbHOM U3MNyYeHWUM
(cM. nMpumedaHue), HanpUMep Ha OCHOBAHWW PE3ynbTaToOB NPEABapPUTENbHLIX UCMbLITAHUA, NPOBEAEHHbIX
npu HOPManbHbIX YCNOBUAX 3KCMyaTaumn, ykadaHHbIX U3rOTOBUTENEM.

MpumeyvaHue — No npakTudeckum coobpaxeHUssM foMycKaeTcs NpoBefeHUe oLeHkM obopyaoBaHus, paboTta-
foLLlero ¢ MakcuMarnbHbLIMU HacTporkamu (HanpuMep, ¢ MakcuMarbHOW HOMUHAMNBHOW Harpy3kol, MakcuMarnsHOW HOMM-
HanbHOW NoTpebnseMon MOLHOCTLIO, MakCMMarbHbIM BbICTPOAEACTBUEM WK AP.), B COOTBETCTBUM C YKasaHHLIM U3ro-
TOBUTENEeM UCnosnb3oBaHWEM MO Ha3HaYeHWHo. O6opy,qoaaH|/|e AOMXHO pa60TaTb onpefeneHHoe BpemMa A0 Tex nop,
noka ycrnoBus paboTbl He CTaHyT CTaHAapTHLIMU ANS ero HOpManbHOW| aKcnnyaTauuu.

2) MocpencteoM namepeHusa unu pacyeta (cm. 8.1). ECnn 3HaYeHWs BENUYMH HUXKE COOTBETCTBYIOLLUX
KOHTPOJIbHbIX YPOBHEN C Y4eTOM (POPMbI/MACTOTbI CneKTpanbHOro cocraea (8.1) u no6oro AonycTtuMoro
BPEMEHHOIr0 UNuM NPOCTPAHCTBEHHOIO ycpeaHeHusl, TO 060pyaoBaHMe COOTBETCTBYeT TpeboBaHUsIM HACTO-
ALero craHgapTa. B npoTuBHOM crniyyae Heo6X0AMMO NEPENTU K Nepedncnermto 3).

3) NsMepeHHble 3HayYeHna napamMeTpoB U3NyvYeHus crnegyeT cpaBHMBaTb C KPUTEPUSMUM COOTBETCTBUA,
OTHOCSLLMMUCA K KOHKPETHOMY 060pyZAOBaHUiO (HanpuMmep, TUM usnydyeHusi, paboyas yacrora (guanasoH
4acToT), NPEeAENbHO A0NYCTUMBIE YPOBHU), KOTOPbIE MOTYT ObITb ONpeaeneHsbl Ans obopyaoBaHus (CM. pas-
aen 5). Ecnu sHavyeHnA napaMeTpoB USNMYYEHUS HUXKE KPUTEPUEB COOTBETCTBUS ANA KOHKPETHOro obopyao-
BaHUS, TO CHMTAIOT, YTO 9TO 0OOPYAOBaHME COOTBETCTBYET TpeGOBaHMAM HacTosLero ctaHgapTa. Ecnu ans
3MEeKTPUYECKOro Norsi, MarHUTHOrO MOSA UMK TOKa NPUKOCHOBEHMUS, KOTOPbIE A0SHKHBI ObITb OLEHEHbI, KPUTEPUM
COOTBETCTBUS HE yKasaHbl (Hanpumep, U3roTOBUTENEM) WUMW €CAN KPUTEPUU COOTBETCTBUA YKa3aHbl, HO
He cobmoaloTes, TO HEOOX0AUMO NEPENTU K MEPEUNCNEHNIO 4).

n puMmevaHune -— TexHonorus U3roToBneHus HEKOTOporo OGOpyAOBaHMH MOXeT AonyCKaTb Hanudue Boaneﬁ—
CTBUA U3Ny4YeHUA Ha 4YenoBeka, HanpuMmep, MarHUTHOro nons, OGJ'Iy‘-IeHMG qactutTena uT. a. Ha ocHoBaHMK 3TOro MOXHO
BbLIBECTW KPUTEPUN COOTBETCTBUSA 15 KOHKPETHOro 06opyAoBaHWUS UNK onpefeneHHoro Tuna o6opyAoBaHusi, HanpuMep
«ecnun HanpsXXeHHOCTb MarHUTHOro NoNA HUXKe» UNu «ecnu MOWHOCTb HUXKE».

4) Ytobbl CpaBHUTL YPOBHU BO3AENCTBUS CO BCEMU COOTBETCTBYIOLLUMMMU OCHOBHBIMW OFpPaHUYEHUAMU
Ha BO3deNCTBUE, HEOBX0AMMO NPOBECTM AanbHENLLYIO OLUEHKY, Npeanonaraowlyo 6onee aetanbHble n3Me-
peHus, pacyeTbl U MOAENUPOBaHME UCTOYHMKA BO3aencTBuA (Cm. 8.2). Ecnu ypoBeHb BO3AENCTBUS HUXKE
3HaYEHUI OCHOBHBIX OFpaHUYeHuit, To 060pyaOBaHUEe COOTBETCTBYET TpeBOBaHUSM HACTOALLErO CTaHAapTa.
B npoTuBHOM Crniy4ae cyuTaloT, 4To 060pyA0BaHNE He COOTBETCTBYET TPEOOBaHMAM HACTOALLErO CTaHaapTa.

Brnok-cxema 3Toro npouecca npueeaeHa Ha pucyHke 1.

PelueHne «manas MOWHOCTL/NO CBOEN CYTU COOTBETCTBYETY JOIDKHO ObiTb OCHOBAHO HA OLEHKE B TOM
cnydyae, korga TpeboBaHua K napameTpaMm U3ny4eHuss yCTaHOBMEHbl B CTaHAapTax, HanpuMmep B cTaHaapTe
Ha TexHW4eckue xapakTepucTuku nepegatumka, U KOraa BbIXOAHAs MOLLHOCTb OFPaHUYUBAETCA YPOBHEM,
KOTOPLI HE MOXET NPEBLILLATH OCHOBHOE OrpaHnyeHne. 3TO Takke MOXET ObiTh Moo CTaHAApT, KOTOPbIN
ycTaHaBnueaet TpeboBaHUA K OrpaHUYEHUIO YPOBHA u3nyyeHus, Hanpumep EN 50371. OnpeagenenHas anna-
paTypa co3faeT YPOBHM U3MYYEHUS, KOTOPbIE HE MPEBLILLAIOT OCHOBHLIX OrPaHUYEHWA, Hanpumep annapa-
Typa, He MpedHasHavyeHHas AnA nepegayu paguoCUrHanoOB, TakasA KaK HapyyHble yacol, ADSL-moaembl,
KOMNbIOTEPLI, TENEKOMMYHUKALMOHHOe obopyanoBaHue u Hi-Fi-cucrembl. 310 Take AOMKHO YUUTLIBATLCA
npu NpoBeAeHUN OLIeHKN COOTBETCTBUSA.

BrbiGop MeToAa OLEHKM COOTBETCTBUS COrMacHo TpeGOBaHMAM BbILLENPUBEAEHHLIX nepeuncneruin 3) u 4)
SIBMAETCA MPOU3BOSIbHLIM, HO METOA AOIDKEH ObiTb NPUrOAEH ANS OLEHKM BENUYMHbLI BO3AENCTBUA U YacTOTbl
uany4eHus. Ecnm ang KOHKPETHON BENUYUHLI BO3AEWCTBUA CYLLECTBYET HECKONMBKO PABHOLUEHHLIX METOA0B
OLEHKM COOTBETCTBUA, TO AOMYCKAETCA NPUMEHATbL TONbKO OAWH METOA OLEHKU ANS 9TOW KOHKPETHOW Benu-
YuHbI. ECnn BEIOUPAIOT TONMBKO OANH METOA OLIeHKU COOTBETCTBUA, TO 00 3TOM AOIDKHO ObiTb YETKO YKA3aHO,
¢ 060CHOBaHMEM NPUYMH 3TOrO BbiGOpa.
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OnpeaeneHue xapakTEPUCTUK UCTOUHMKA
(4acToTbl/cpopMbl BOMHbI, MOLYHOCTU, HOPMaNbHbIX
YCNOBMIA 3KCnnyaTauum u T. 4.)

Manas
MOLLHOCTb/NO CBOEN
CYTU COOTBETCTBYET?

OueHka nonemn/TokoB Anst 06bIMHOTO pasMeLyeHUst
nonb3oBarens

CooTtBeTCcTBYET NMK
KOHTPONbHOMY YPOBHIO

C AOMYCTUMBIM yCPeAHEeHUeM

No BPEMeHW 1 NMPOCTPaHCTBY?

Ha

CooTBeTCcTBYET NN ApYyruMm
KpUTEpUAM COOTBETCTBUA AN
KOHKpeTHOro obopyaoBaHuA?

Oa

HanbHeliwmne namepenus/pacyeTobl/
MoZenupoBaHue ANsi CPaBHEHUA C OCHOBHbLIMU
orpaHuyYeHUaMU

CooTtBeTcTBYET 1NN
OCHOBHbIM
orpaHuvyeHusmM?

Oa

A 4

CooTBeTcTBYET ] [ He cooTtBeTcTBYET ]

PVIcyHOK 1 — brnok-cxema npouecca oLUeHKN COOTBETCTBUA
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8 MHOro4acToTHbIE€ UCTOUYHUKU U3NYYEHUA

8.1 OOwume nonoxeHus

OCHOBaHHbIE Ha TEXHWYECKMX XapaKkTePUCTMKax annapaTtypbl NMPUMEpPHI, MPUBEAEHHLIE HWXE, AailoT
npeacTaBneHue o TOM, Kakas npoueaypa senserca Hanbonee noaxoasuwein. He sce npoueaypel MOryT ObiTh
npUMEeHWMbl Ana annapaTypbl. ECNK UCTOYHUKM U3NYYEHUA SABNAIOTCH HE3aBUCUMbIMU (HEKOrepPEHTHbIEe
UCTOYHUKW M3Ny4eHust), He0OX0AMMO PacCMOTPETb BO3MOXHOCTb TOrO, UTO UX BO3AeicTBUs OyayT Aonon-
HAIOLWMMM o cBoeMy adhdpekTy. Anst Toro 4tobbl 3dhekTbl OT HECTabUIbHbIX CUrHANOB B AMANa3oHe HU3KUX
YacToT ObINK yYTEHbI, HEOOXO0AUMO, YTOObI U3MEPEHUS BLINMONHANUCL B TEYEHUE AO0CTATOYHO ANUTENbLHOro
BpemeHu. PacuyeTbl, OCHOBaHHbIE HA TakOM aaAWTMBHOCTU U3NYYEHUs, cneayeT NPOBOAUTL OTAENLHO ANA
Kaxgoro agpdekta. Moatomy AN TENMOBLIX U 9NEKTPUYECKUX BO3AEWCTBUIA HA Teno YenioBeka AOJPKHbI
ObITb ONpeaeneHbl 0TAENbHbIE OLEHKU.

B Tex cnyyasx, Korga UCTOYHUKM He SABNATCA HE3aBUCUMbIMU (KOTEPEHTHLIE UCTOUMHUKU U3ITYyYEeHUs)
UM YacToTamu ABMAAIOTCS FAPMOHMKM TOMbKO OAHOr0 MCTOYHMKA M3NyyeHus, nHdopmMauusa o dhase usnyda-
eMbIx konebaHuit JomkHa ObiTb y4TeHa. B kauecTtBe npumepa MOXHO MPUBECTU ABA Pasnu4HbIX cnocoba
CYMMMWPOBaAHUA 3HAYEHUI (PU3NYECKUX BEMUYUH NPU COBMECTHOM BO3AENCTBUM MNOSIEW, YCTAHOBIEHHbIE
MexxayHapoaHoW KOMUCCHER No 3awumTe OT HenoHusupytowero usnydeHna (ICNIRP) u MIHCTUTYTOM MHXeHepoB
no anekTpoTexHuke n anektpornuke (IEEE). na apyrux orpaHnveHnin MoryT NPUMEHATb T€ XKe NPUHLUMbI.

ICNIRP ycTaHoBneHbl ABa pa3nuyHbIX CNocoba CyMMUPOBAHUSI 3HAYEHUI (PU3UYECKUX BENUYUH B Anana-
30Hax 4actot 1 'y — 10 MMy ana adodpekToB anekTpuyeckor ctumynsaumm u 100 klMy — 300 My ana TennoBbix
adhpekToB. AQAUTUBHOCTL M3NyYEHMs creayeT paccMmaTtpuBaTtb OTAENbHO AN 3PAEKTOB TENMOBOIO U
3NEKTPUYECKOTO BO3OYXKAEHNS, NPU 9TOM OCHOBHbIE OrPaHNYEeHUs AOIKHBI ObITb COONIOAEHDI.

IEEE Takke yCTaHOBMEHbI ABa Pas3NUYHbIX Cnocoba CyMMMPOBAHUA 3HAYEHUN (PU3UYECKMX BENUYUH
B AuanasoHax yactoT 0 'y — 5 My ana adpdpekTos anekTpudeckon ctumynaumum v 3 klfy — 300 My ana
TennoBbIX aPPEKTOB.

8.2 lIvana3oH vyactot 1 'y —10 My (cornacHo ICNIRP)

8.2.1 OueHKa YyacTOoTHOWU obrnacTu

[na nccnegoBaHuin B 4acTOTHOW oBnactu uenecoobpasHo nNpyu CyMMUPOBaHUKN 3HAYEHUI PU3NYECKNX
BEINWYUH YYUTbIBATL OTHOCUTEMbHLIA CABUr ha3 uanyyaembix konedaHuii. 310 MOXET OblTb AOCTUTHYTO
NoCPeACTBOM MPUMEHEHUA aHanu3a Pypbe Ans pacyeTa NonyyYeHHbIX AaHHbIX 06 n3nyyaemeix nonsx. 3Ty
npoueaypy NPUMEHSIOT, TONbKO €CNM UMEETCA MUHENYaTbil CNEeKTP CUrHana, Hanpumep Ans MarHUTHbIX
nonen, UMeLLMX OCHOBHYIO YaCTOTY U HEKOTOPbIE rapMOHUKN.

B 9TOM AnanasoHe 4acTOT OCHOBHbIE OrpPaHNYeHUs YCTaHaBUBAIOT AMNSA NNOTHOCTU UHAYLMPOBAHHOTO
TOKa UMM NOKanbHOro anekrpuyeckoro nons. OCHOBHbIE OrPaHUYEHUs HA OCHOBE CYMMMPOBaHUSI BO3AEn-
CTBUI MOTYT YYMTbLIBATb UMW HE YYUTLIBATb BRMSAHWUE Dasbl n3nydaemMbix konebanuii. Haubonee npymMeHsemMbIm
BapWaHTOM SIBNSETCA BapWUaHT, MpU KOTOPOM MHpopmauuma o dase nsnyvyaembix konebaHuii He NPUHUMaeTCA
BO BHUMAaHMe.

Takum 06pasom, C y4eTOM AONYLLEHUS HauxXyALLero BapuaHTa BO34ENCTBUA OrpaHuyeHue nnoTHOCTU
TOKa/MOKanbHOIO 9NEKTPUYECKOro NOMsA NPU PasnuyHbIX YacToTax UMM U3MEpPEHHbIe napaMeTpbl Nons Heob-
XOAMMO OLIEHMBATL MO crneaytoLlen popmyne:

10MIy Ji

—1 <y
=1y JL/’

rae J; — NNOTHOCTb TOKa Npu 4YacToTe i,
J|j— OCHOBHO€E OrpaHu4eHune nNnoTHOCTM TOKa Npu 4acToTe i.
Mpn nsmepeHnn HanpsHXKEHHOCTM SNEKTPUYECKOrO MU MarHUTHOrO MOSIEN 3HAYEHUS BENWYUH BO3AEWCTBUN

AOJKHBI CYMMUMPOBAaTLCA B COOTBETCTBMM CO CReayoWmMMu hopMmynamu:

My oMMy £
I

S —+

=y B, i-ivny @

IA

1

65 KTy Hj 10Mry H/
> =+ ¥ —<1,
= HLi j-65kry b

rae E; — HanpshKeHHOCTb 3MNeKTPUYECcKOro nonsi ¢ 4acToTon i
E| j— KOHTPOMbHbLIN YPOBEHb HANPSXKEHHOCTM 3NEKTPUYECKOrO Nons ¢ 4acToTon f;

10
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H; — Hanps»KeHHOCTb MarHWTHOTO MOJIsA C YacTOTOM

H\ j — KOHTPOrbHbI YPOBEHb HANPSHXKEHHOCTU MarHUTHOro MO C YacTOTON J;
a—-87 B/wv;

b-5A/m (6,25 mKTn).

[na Toka NPMKOCHOBEHWUA NPUMEHSAIOT creayowme popMynbl:

2 2 2
1omry [ f 1omry( f soomry (|
| <1, nl o<1, nl o<1,
k=10Mry /L’K n=try \ la =100 kry | Ig ,
rae I, —TOK B KOHEYHOCTSIX NP 4acToTe K;

ILx — KOHTPOMbHBIN YPOBEHb ANA TOKA B KOHEYHOCTAX NPU YacToTe K;
I, — TOK NPUKOCHOBEHMA MPU 4acToTe n;
lc., — KOHTPOSbHbIA YPOBEHb AN TOKA NPUKOCHOBEHUSA MPU 4YacToTe Nn.

BONbLIMHCTBO BbllLEyKa3aHHbIX 3HAYEHUIA BEMUYUH U POPMYN NPUBEAEHbI B COOTBETCTBUM C YCTAHOB-
neHHbiMu B [1].
MpumeyaHune 1—3HadeHus a u b npvBeeHbl TOMBKO B Ka4ecTBe NpuMepa.

Takoe cymMMupoBaHue 3Ha4YeHUin BenuyuH BO3AEWCTBUIN BCEraa NPMBOAMT K NEPEOLEHKe BO3AENCTBUA U
LUMPOKOMOJIOCHbIX MONEN, COAepXKaLUMX rapMOHMYECKne cocTasnsome 6onee BbLICOKON YaCTOTbl MK LLYM.
3HayeHne orpaHuyeHusi, OCHOBAHHOroO Ha d)opMynax CYyMMUPOBAHUA, SIBNSAETCHA 3aHUXEHHbIM, Tak Kak
COCTaBMALLNE KOMMOHEHTbI B 3TUX (hOpMyrnax He YYUTLIBAKOT pasnuuune as nsnyvyaemoix koneGaHui.

MpumeyaHue 2 — Bonee noapobHble pekoMeHjaLuu No CYMMUPOBAHUIO COOTBETCTBYHOLLMX has usnydaembiX
konebaHuit npuBeaeHsl B [7].

TeM He MeHee Mpu UCMOoNb30BaHUM 000PYAOBAHUSA, YaLLe BCEro NPUMEHSIEMOrO Anst U3BMEPEHUI, COOT-
BETCTBYIOLUME (has3bl U3NydyaeMblX KonebaHWn He M3MEPAITCA (HanpuMEp, ecnu NPUMEHSIIOT aHanu3aTop
CneKTpa), HO B 9TOM Crny4ae MOXeT ObITb BbIMOJNIHEHO CPeAHEKBAAPATUMHOE CYMMMUPOBAHME YaCTOTHbIX
cocTasnsawmux. ATO 00bIYHO AaeT Bornee AOCTOBEPHbLIN pe3ynbTar, YeM NOSIHOe UTHOPUPOBaHUE UHCpOpMAaLIMK
0 hbase nanyyaembix konedauun. Npumepammn cpegHEKBAAPATUYHON OLIEHKMN SIBNSIIOTCSA

rae H, E, -—3HauyeHus Pypbe-kOMMNOHEHTOB N-ro nopsgka Ansa BO3AEWCTBYIOLLEro CurHana, COOTBEeT-
CTBYIOLLME 3HAYEHNAM BENUUUH H\ , n E ;
Hy n, ELp — 3Ha4YeHMa MakcumasnbHO A0NyCTUMOrO BO3AEMCTBUA SMEKTPUYECKOrO U MarHUTHOIO Nonewn
AN cUrHana cuHycouaansHon hopMbl YacToTom f;
k — paccmaTtpuBaemMast MakCMmMarnbHas 4acroTa.

8.2.2 OueHKa BpeMeHHOM obnactu

B uenom Ans BCex TMMOB CUrHaNOB (HanpuMmep, LUMPOKOMONOCHBLIX, HECUHYCOMAATNbHbLIX) MPUMEHSIIOT
cuctemy u3nM4EeCKoro uamepeHust (OLieHka BpeMeHHON 06nacTu), KOTopas BKMIOYaAET CXeMy BECOBOW 0bpa-
60TkM curHanoB. MamepeHue BbINOMHAIOT BO BPEMEHHOW 06nacTu, Npu 3TOM OLeHKa U3MEPSIEMOrO CUrHana
3aBUCUT OT 4acCTOTbl. TUMMYHBLIMU NPUMEPAMMU UCTOYHUKOB LLUMPOKONOMOCHBLIX CUrHAMNOB ABMSAIOTCA ANEKTpo-
ABuratenu u MOLHbIE NPOBOSIOKOLUBEWHbIE MALLUMHBI.

OnAa cpaBHeHUs C YCTaAHOBJIEHHLIMU YPOBHAMM BO3AENCTBUA CXema BeCOBOW 0OpaboTkM cMUrHanos
OOMKHA UMETb YaCTOTHYIO XapakTepucTuky (nepeaaTtovHasn yHKUMA A), koTopasi COOTBETCTBYET YaCTOTHOM
XapakTepucTuke craHaapTHOro Bo3aencTBua (dbyHkumsa V), 4ToObl B3BELLMBAHUE U CYMMUPOBAHME CMEKT-
panbHbIX KOMMOHEHTOB NPOUCXOAUINW BO BPEMEHHOW o6nactu.

MpumedvaHue 1 — [JononHutencHble CBEAEHUA NO OFPaHWYEHWUIO B3BELWEHHBIX 3HAYeHWId MapameTpoB Nons
npueefeHsl B [7]. 3TOT noaxof OCHOBaH Ha OrpaHUYEHUU B3BELUEHHOrO NWKOBOMO 3HAYEHWUSI LUMPOKOMONIOCHOro NONS.
OYyHKUMNA B3BELUMBAHMA NONyYeHa ANA 3HAaYEHNIA KOHTPONbHBIX YPOBHEW KakK pyHKUUA YacToThl. OrpaHudeHne B3BELUEH-
HOMO MWUKOBOMO 3HAYEHUS] MOXKET NMPUMEHATLCA ANA NEePUOAUHECKUX CUrHaNoB HecUHycouaanbHoi opMbl, B KOTOPbLIX
cooTBeTCTBYOW NS (paabl rapMOHUYEeCKUX COCTaBNALUX CYLLECTBEHHO HE USMEHAKOTCA.

BecoBas o6pa6oTka curHanos

N3mepeHHble 3Ha4YeHus ——p| [Mepepatounan CbYHKLlMFl — B3BelleHHble 3HaYeHUs
napamMeTpoB nons AN~{V(HY napameTpos nons

PucyHok 2 — Cxema «BecoBoi 06paboTku curHanos»

11
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Mpumep - MocTpoeHne nepefaTouvHOl (YHKLUWN, WUCXOAS U3 3aBUCUMOCTMU 3HAYEHWUWA KOHTPOJbHbIX
YypPOBHEW 0T YacToThl f.

V(fco) = Vo, V(fc1) = Vi n kpyTusHa cnaga

PucyHok 3 - paduk 3aBUCUMOCTN 3HAYEHWI KOHTPOJIbHBLIX YpoBHENR \/
OT 4aCTOTbl CO CTIAXMBAHNEM 3HAUYEHMWIA

MepefgatouHas yHKuMs A, NpuBeAeHHAs Ha pUCYHKe 3, sBNsieTCcAa 06paTHOl, NPOHOPMUPOBAHHOK no VO
pyHKLMEW KOHTPONILHOTO YpOoBHA V. HopMupoBaHne npoBoAMTCS Ha 4acToTe fco, KoTopas siBAseTcs maclTa-

6upoBaHHON YacToTol o6opypoBaHusa (Hanpumep, 50 unu 60 Iu).
MepepatoyHas yHKUMSA A, NPpUBEAEHHAS HA PUCYHKe 4, Ao/XHA 6biTb peann3oBaHa Ha OCHOBe hunbTpa

nepBoro nopsjgka M WMeTb CAeAYLLYyl0 XapakTepucTuky (npepcTaBneHa B ABOWHOM forapudMuuyeckom

maclwTtabe):

Ons nepefatouHoi YHKUUM AO/DKHBLI BbINMOMHATLCA Cleayiouine ycnoBus:

N(coy=n = A =1 A c)=n =

w -
Idf)n
Mpumepbl AN W3MEPEHWss MArHUTHON WHAYKUMW (AN APYTMX BEAWYUH NPUMEHSIOT aHaflornyHble

npoueaypbl):
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KoHTponbHbIl ypoBeHs Bri(f) cornacHo ICNIRP MOXeT GbiTb UCMONb30BaH AN pacyeTa nepeaaTouHom

YHKUMK cneayowmmM obpasom:
V(f)=B, (F);

Bey (- = 50 L) %MKT” f
(=10 Tu) < < (for = 800 M): A(F) = = S;L(f) 5000 T Sory
f
£ =80T 5000 MKTN
(for = 800 ) < < (f, = 150 kIL): A(1) = BRL(E;L_«) 2= s
B, (£, =50 ') %MKT” f
(=150 KT < £ < (fros = 400 KTL): A(F) = =2 CE;JRL h m 92k

daKTUYECKN NSMEPEHHOE 3HAYEHWEe MarHUTHOW MHAYKUMM B N0 CPaBHEHMIO C MAKCMMArbHO AONYCTUMbIM
3HauYeHuem BosgencTeus Br () Npu YacToTe foo (Ag = 1) AOMKHO BbITh:

iﬁ'],

Ba
roe B — chaktudeckn maMepeHHoe 3HayeHwe, agekBaTHO HOPMUPOBAHHOE, C MepeaarovHOn (pyHKLMen
(CM. PUCYHOK 2);
BrL — MakcumanbHO A0MYCTUMOE 3HadYeHue BO3EWCTBUA MNPU YacToTe fop, COOTBETCTBYIOLLEE 3HAYe-
HUo B. Ecnu B npeactaBnsieT coboii cpeaHekBaapaTUYHOE 3HAYeHue, TO U 3HauyeHue Bgr.
JOIMKHO ObITb CpeaHeKBaapPaTUYHbIM, B MPOTUBHOM Cryvyae OHO AOJKHO ObITh BbIOPAHO paBHbLIM
NMMKOBOMY 3HAYEHMUIO.
MpumeyaHune 2 — [OnA usMepeHUa nonei manoi AMUTENbLHOCTU (MeHee 1 ¢) peKOMeHAyeTCs UCnonb3oBaTb
npuGopel, NpefHasHavyeHHbIe ANS PErMCTpaLMK NUKOBBLIX 3HAYEHWHA. [pW BLINOMHEHNU U3MEPEHUIA He AOIHKEH UCTIONb-
30BaTbCs aBTOMaTUYECKWiA BLIGOP AManasoHa, ecru TakoBol UMeeTcs.

8.3 Anana3sox yactot 100 kMy — 300 'y (cornmacHo ICNIRP)

B aTtom guanasoHe 4acTtoT TPebOBaHUA K OrpaHUYEHUIO BO3AEUCTBUSA OPUEHTMPOBAHbLI HA NpPeaoTBpa-
LeHne TennoBbiX adekToB. OCHOBHbIE OrpaHMYeHnsa yctaHasnusawTca And SAR W NAOTHOCTU MOTOKa
3HEeprumn, a CyMMUpPOBaHWE 3HAYEHUI 3TUX BEMUYUH JOMKHO COOTBETCTBOBaTL hopmyne

10y SAR. 300MMy S
Ly 2

i=100kry SAR i»10Try S,
rae SAR — pesynbTaT BO3AEWCTBMA Ha BCE TENO UMM HA YacTb Tena yernoseka. 3HadyeHusa SAR 4dacren
Tena 4yenoBeka CyMMUPYIOT; 3Ha4yeHna SAR Bcero Tena 4YenoBeka Takke CyMMUPYIOT BMECTE.
3HadeHua SAR vacTeln Tena YyenoBeka He AOMKHbl CYMMUPOBATLCA COBMECTHO CO 3HAYEHUSAMM
SAR Bcero Tena 4ernoBekKa;
SAR; — 3Ha4eHune SAR B pesynbTaTe BO34AEWCTBMA MO C 4aCTOTOMN i
SAR| — O0CHOBHOE orpaHuyeHue no SAR;
S, — NMOTHOCTb NOTOKA SHEpruu B pe3ynbTaTe BO3AEHCTBUSI NONS C YacTOTON f;
SL — OCHOBHOE OorpaHuyYeHue no NAOTHOCTM NOTOKA SHEPTUN.
CyMMa 3HaYeHUn HaNPSHXKEHHOCTEN BO3AEHCTBYIOLLErO MOSst U 3HAYEHWI KOHTPOSbHbIX YPOBHEN, BbIMUC-
neHHas Kak KOpeHb KBagpaTHbIi 13 CyMMbl KBAApaToB, A0SKHA YAOBMNETBOPATL CNeayloLmM TpeOoBaHUAM:

2 2
wry (E. 300 Ty _
> —/ | + > i <1
i=100kry\ C i>AMMy EL'/.

1M 2 a00rT 2
> [ij R L
i=100kry\_ d i>inry\ H;

13
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rne E; — HanpspbKeHHOCTb 3NeKTPMYeCKOro Nons ¢ 4acTtoTom i,
E.; — KOHTPObHbIN YPOBEHb ANSI ANEKTPUYECKOr0 NONs;
H; —HanpspKeHHOCTb MArHUTHOTO MONS C YacTOTOMN i
H_; — KOHTPONbHbIN YPOBEHb ANt MAarHUTHOTO NONA;
¢ —87/f? B/m (f-vactota, MIL);
d -0,73/f Am (f-vacrorta, MI'w).
CyMMUPOBaHUE TOKOB B KOHEYHOCTSAX [L0MKHO NPOBOAMTLCH B COOTBETCTBUM C BbIPAXKEHUEM

11(%ML| [ IL J < 1,
k=10Mry IL,k
rae Iy — cocraBnsalowWwan Toka B KOHEYHOCTSX NPU BO3AEWCTBUM NMOSIA C YACTOTOM K;
Ik — KOHTPONbHLIN YPOBEHL TOKA ANA KOHEYHOCTE, 45 MA.
Bce Bbileyka3aHHble 3HaYeHWUs1 BeNM4YuH U popmynbl NPUBEAEHLI B COOTBETCTBUU C YCTAHOBNEHHBLIMK B [1].
MpumMmedaHune — 3Ha4veHns c U d npuBefeHbl TOMBKO B Ka4eCTBE Npumepa.

Mpu TakOM CyMMUPOBAHUM TEMMOBLIMU PEXUMAMU U OTHOCUTENbHBIMU ha3aMm CreKTparnbHbIX COCTaB-
NSAOLMX MOXHO NpeHebpeyb.

8.4 Inana3soH yactot 0 kl'u — 5 MI'y (cornacHo IEEE)

8.4.1 OLleHKa 4YaCTOTHOM obnacTu

CyMMupoBaHue 3HayYeHuin HU3MYECKMX BEMNWYUH OCYLLECTBAAIOT OT CaMOW HM3KOW 4acTOTbl BO3AeWn-
CTBWA A0 MaKCMMasnbHOW 4acToThbl, paBHoOM 5 M.
5Miy N
>y —=<1
i=ory ME;
roe ME; — npegenbHO A0MyCTUMBIA YPOBEHb BO3ENCTBUS UMW OCHOBHOE OrpaHUYEeHue roKasnbHOro nons,
06pa3oBaHHOro CUHycoMaanbHbLIM CUrHanoOM ¢ 4actoTowm fj
N; —BenuuyuHa i-ro koMnoHeHTa Pypbe B pesynbTare BO34enUCTBUA CurHana, aHanormyHoro ME.

[TpuMmedaHue —Popmyna B3aTa U3 [2]. JononHutensvHasa noscHAOWAn MHopMaLusa npusedeHa B ykasaHHOM
OOKYMeHTe.

Heobxoanumo yuntbiBath, 4TO N; u ME; BOMMKHBI OTHOCUTLCS K MU3MEPEHUIO OAHOM U TOM XK€ BEIUYUHDI U,
KpOMe TOro, JOJKHbI BbITb BbIP2XKEHbI B OAHUX U TEX XK€ eANHULAX U3MEPEHUSI.

Hanpumep, ecnu N, npeacrasnsiet coboil 3Ha4eHue NNOTHOCTU NOTOKa aHepruu, To ME; aomkHa 6biTb
MEpOI NNOTHOCTM NOoToKa 3Heprun. Kpome Toro, N; u ME; moryT ObiTb NPOU3BOAHLIMU MONSA MO BPEMEHM,
Hanpumep WHAYLUPOBAHHOIO NOKAaNbHOIO SMEKTPUYECKOro NOMsA UKW NMOTHOCTU MHAYLMPOBAHHOTO TOKA.

8.4.2 OueHKa BpeMeHHOI oGnacTu

OueHKy BpeMeHHOn o6nactu no 8.2.2 MOXHO Takke NPUMEHATbL B COOTBETCTBUM C METOAMKAMMU, yCTa-
HoBneHHbiMKU |IEEE. B aTOM cnyyae nepefaTtodHas (pyHKUMA WMCXOAS M3 KOHTPOSMbHbIX ypoBHeW Bg (f)
cornacHo |[EEE moxeT 6bITb paccuuTaHa cneayowmmMm obpasom:

(=10 ML) < 75 (s = 20 Fu: Ay =Rl 20T 0,900 weTn 7

Br () 1_6;,1 wkTn 20T
(for = 20 TW) < £ (1, = 750 T): A(r)= o =00TW _ 0,904 meTn _,
Be () 0,904 MKTn
(h =759 W) <7< (f, = 3,35 kI: A(f) = Rulleo =60TW _0.904mkTn £
Br () g wkTn 7591y

_ Bru (fp =60 W) _ 0,904 MKTn _

f;=23,35 k) < F<(f, =100 klL): A(f 4,41,

(3 Wers W: A Bey (F) 0,205 kTn

(Fa = 100 KLY < F < (F,c = 400 KF1: A(F) = B0 =60TW 0904 mKkTn _ __ F
B (1) 205 226840

MpumeyaHune — Bce BbilleykasaHHble YACTOThI f BbipaxeHs! B repLax.
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8.5 lnana3oH vyactoT 3 kl'u — 300 I'Ty (cornacHo IEEE)

Koraa B OKkpyXaloLlein cpefie MMeeTCst HECKONbKO UCTOYHUKOB WU3NyYeHUs, BO3HUKAET HEOOXOAMMOCTb
pPaccMOTPETb 3T UCTOYHUKM BO B3aMMOCBA3U APYr C APYrOM B OTHOLLEHMM 00LLEero BO34eNCTBUSA B onpeae-
NEHHON TOYKe, TaK KaK KaKabli UCTOYHMK ByaeT BHOCUTL CBOWM BKNaj B ycraHoBneHne ME. Cymmy OTHOLLEHWI
BO3/€iCTBUSA OT KaXAOro UCTOYHMKA U3nydeHus (B BUAE NMOTHOCTU NOTOKA SHEPTUM IKBMBASNEHTHOW MIIOCKOW
BOJIHbI) K COOTBETCTBYIOLLEMY 3HAYEHNIO ME Ana 4acTOThl KaXA0ro UCTOYHKUKA U3Ny4eHus oLeHnBatoT. Bosaen-
cTBue ygoenetsopsaet ME, ecrnim cymma 9TUX OTHOLLUEHWUIA MEHbLUE €4UHULBI:

285 -(KoadhpuymneHt 3anonHeva)/MPEE/ <1,

iSH -(koadhpuumeHT 3anonHenusa)! MPE,, < 1.
=1 i

MpumeyaHue — CooTBeTcTBYIOLEE 3HAYeHWe ME npu Bbllleyka3aHHOM CyMMWUPOBaHUW AOMKHO ObITb Bbipa-
XEHO B eiNHWLaX U3MepeHUst MNOTHOCTW NOTOKa SHEPrun UNW efuHULaxX U3MepPeHUsT HanpsKEHHOCTW MONs, 3HadYeHue
KOTOpOIi BO3BEEHO B KBaApaT.

MpumMedaHue — dopmyna B3ATa u3 [3]. JononHuTeneHasa noscHALLWas MHDopMaLus npuBejeHa B ykasaHHOM
LOKYMeHTe.

9 OTY4eT 06 OLIEeHKe COOTBETCTBUSA

9.1 O6wWwKe NoNoXxeHunA

PesynbTaTbl Kaxagow NpoBeAEHHOW OLEHKUM COOTBETCTBMS, WUCMbITAHUNW, PacyYeToB WUMNU U3MEPEHWN
JOMKHbI ObITb TOYHLIMW, YETKUMM, OAHO3HAYHLIMU W OOBLEKTUBHBIMU W OPOPMMEHLI ANA NPUMEHSEMOrO
meToAaa (0B) B COOTBETCTBUU CO BCEMU CNeLManbHbIMU MHCTPYKLMAMM.

PesynbTaThl AOMKHBI ObITE OTPaXKEHbl, KAk NpaBumo, B oT4eTe 06 OLeHke COOTBETCTBUSA W BKIOYaTb
BCIO MH(pOopMaLMO, HeOOXOANMMYIO AN UHTeprnpeTauun pe3ynbTaToB OLEHKM COOTBETCTBUSA, UCNLITAHWIA UMK
kanubpoBKM, a TAKKE BCIO HEOOXOAMMYIO MHAOPMALIMIO MO NPUMEHSIEMOMY METOY.

Bca uHdopmauus, HeoOxoauMas Ansa NOnyyeHus BOCMPOU3BOAMMEBIX PE3YNbTATOB MPU NPOBEAEHUM
OLEHKM COOTBETCTBUS, UCNbITAHWIA, PACYETOB UM M3MEPEHMUI, AOIMKHA ObITb yKa3aHa.

JononHutenbHaa wHgopmaumMa O npeacTaBneHMU pe3ynbTaTOB OLEHKM COOTBETCTBUSA MpUBEAEHA
B ISO/IEC 17025 (noapasaen 5.10).

9.2 [laHHble, perucTpupyembie B oTyeTe 06 OLleHKe COOTBEeTCTBUA

9.2.1 MeToa OLEHKN COOTBETCTBUSA

MpuMeHseMbIii METOZ, OLIEHKU COOTBETCTBUS AOIMKEH ObITb OTPaXKEeH B OTYETE, BKIOYasi 000CHOBaHUE
(cm. pasgen 5) Bbibopa aToro metoga.

9.2.2 NpeacraBneHue pesynbTaTtoB

MpeacTaBneHHble pesynbTaThl AOMKHLI COAEpXKaTb creaylowme JaHHbIe:

— onucaHue 060pyA0BaHUS/CEPUIHBIN HOMEP, €CNU NPUMEHUMO;

— YCIOBUSA NPOBEAEHUS UCNbITaHWiA (TemnepaTypa U T. 4.), €Cnn NPUMEHUMO;
— YCrnoBusa 3Kcnyatauuu;

— pesynbTaTbl NPOBEPKU METOAA OLIEHKU COOTBETCTBUS;

— HEeonpeaeneHHOCTb U3MepPEeHUs;

— pe3ynbTaThl KaXa0n NPOBEAEHHON OLEHKU COOTBETCTBUS.

9.2.3 O6opyaoBaHMe ¢ BHEWWHUMMN aHTEHHaAMM

TexHU4YEeCKMe XapakTepUCTUKW BHELLUHEN aHTEHHbI A0MKHbI BbITb 3a40KYMEHTUPOBAHbI, YTOBbI MOXHO
ObINoO onpeaenuTb fPaHuLy COOMIOAEHUS OCHOBHbLIX OFPAaHUYEHMI, Hanpumep, ¢ NOMOLUBIO AuMarpaMmbl
HanpaBnEHHOCTM M3MNy4YeHusl. XapakTepuUCTUKM nepedaTymka AOIkHbl OblTb Takke 3aJ0KYMEHTUPOBAaHbI
(Hanpumep, BbIXOAHASA MOLLIHOCTb, YacToTa, MOAYNALUA U T. 11.).

10 NHpopmaumsa 06 ncnonb3yemom obopyaoBaHUM

M3roToBUTENb AOSMKEH MPELOCTaBUTL BCIO Heobxoaumyo uHopmaumio o6 oBopyaoBaHWM OTHOCH-
TENbHO ero Ge30nacHOro UCMNomnb30BaHus. ECnv MMeeTcst JOKyMEHTALMA MO PEMOHTY U TEXHUYECKOMY 0GCHy-
XUBaHWIO 060PYAOBaHUS, TO OHA JOMKHA COAEepKaTb, B Criydyae HE0BX0AUMOCTM, 0cobble Mepbl NpeaocTo-
POXXHOCTY NP NPOBEAEHUU PEMOHTA/TEXHUYECKOTO 0OCNY>KMBaAHMS.
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MpunoxeHne A
(cnpaBoyHoe)

PacueTt anieKTpoMarHMTHOro nons

Al Uenb

HacTosilee nNpuaoxeHue COAEPXUT OCHOBHblE CBEAEHUS O pacyeTe 3/IEKTPOMArHUTHOIO Mojs, B TOM
yncne o60CHOBaHME FpaHuL, MexXxay 30HaMu Mo U HEKOTOPY AOMOMIHATENbHYIO UH(OPMAaL W0 KacaTesbHo
bopmMyn, NpUMEHsSEeMbIX B MeTofax pacueTa.

A.2 30Ha gasibHero noss

Mpy pacyeTe MOMS He YYUTHIBAOTCSH pPa3Mepbl aHTEHHbl, KOTOpasi NpegnosiaraeTcsi TOYeUYHbIM UCTOYHUKOM
n3nyyeHus. MpeanbHas M30TPONHas aHTEHHA WCNOMb3yeTCs B KauyecTBe 3TasioHa A1 CAUYEHUs TexHuue-
CKMUX XapaKTepUCTWK C peasbHOM aHTEHHOMN: MOWHOCTL P, BT, paBHOMEpHO W3fyyaeTcs W3 TOUYKM 4epes
NOBEPXHOCTb Cepbl pajuycom T.

BekTop MoiiTuHra onpegensieT NJOTHOCTb NOTOKA 3HEPTUK:

2 >
S=E*H =— =m ,,
47T
Ans cBo6oAHOro npocTpaHcTea
E=nH=£
rae G - KO3 dULUMEHT YCUNEHNS U3OTPOMHO aHTEeHHbI;
0,® - nonAapHas u asumyTanbHasa yrnoBble KOOPAMHATbI TOUKM HabnwgeHus;
r - paccTosiHMe OT TOYKM HabMAEHUA [0 aHTEeHHbI;
70 - BONHOBOE COMPOTMBAEHWE CBOGOAHOrO NPOCTPaHCTBA.

A.3 30Ha n3ny4yaemoro 6/mkHero nosns

PeanbHble aHTEHHbl UMEKT KOHEeYHble padmepbl (He ABNSAKTCA TOYEUYHbIMU UCTOYHUKAMW U3NYUYEHUS).

PucyHok A.1 - MeomeTpuyeckne xapakTepuUCTVKN aHTEHHbI C MakCUMasbHbIM JIMHERHbIM pasmepom D

Pa3HocTb (has mMexay curHanamm OT KOHLEBOW 4YacTu aHTEHHbl U OT ee LeHTpasbHOW 4YacTu ABnseTcs
dyHKunel pasHocTu xoga 5 (cm. pucyHok A.1l). Mpu 3HavyeHun 5 60nblwe 3HavyeHua kputepusa Panes Ne\6
3Ta pas3HocTb pa3 byaeT CylL,eCTBEHHO U3MEHATb ypOBeHb CUrHana B Touke HabnwogeHus. MMoaTomy npu

2D2
r< - napameTpbl CBOG60OAHOrO NPOCTPaHCTBA A/151 TOYEYHOT0 UCTOYHUKA W3NYYEHUSA HenpuMeHumbl. Mpn

OYeHb MasiblX 3HAYEeHUAX I BISAHNE pPeakTUBHOIo GAMXHEro Nnonis ABMSETCA CYWeCcTBEHHbIM (CM. pUCYHOK A.3,
yKa3aHHbI HUXe).
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3T0 NPUBOAUT K HEOGXOAUMOCTU TOTO, UYTOGbI rpaHWLbl M3nydalouwero 6AMXHEro nons onpegensnuch

X 2D2
KaK —< T < -
4 X

2D2
Ecnn aHTeHHa o4yeHb KOpoTKas, TO —“)-E“ MOXeT OblTb MeHblwe X/4, 1 B 3TOM C/yyae 30Ha M3nyvawuwero

61MXHEro nons 6yaeT HAXO4UTbLCA BHYTPU PeakTUBHOIO MNONS.

A.4 30Ha peakTUBHOro 6/1MXKHero nons

YpaBHeHUs 371eKTPOMArHUTHOIO NOMS 41 C/IOXKHbIX @HTEHHbIX CUCTEM MOTYT 6bITb MOSIyYeHbl U3 NONEN,
co3faBaeMblX OCLUNNUPYIOLW UM TOKOM / Sincof B KOPOTKUX NUHERHbIX 3/ieMeHTax (CM. PUCYHOK A.2):

0=0°
0=90°
® = 90°
®=0°
=t (1-«),
Ee=rlp(l- a +a2),
Er = 2r|o\|/cot(0)(a - a2),
roe lc/isin0 -Mi—) i
Y = e cna=—;
2Xr 3

Hd - mardutHoe none;
Ee - anekrtpuueckoe nore,
Er - pagnanbHoe afiekTpuyeckoe none;

|/ - OCHOBHOW TOK, A;

dl - 3anemeHT gnnHbI, M

©= 21 pag/c (f- vactoTa, Iu);
P=2q/X, m-1.

PucyHok A.2 - DnemeHT Toka /d/sin(cot) B Hauane cthepuyeckoli cucTeMbl KoopamHaT
a oTpaxaeT cob60i MHAYKUMIO MNONA, a2 - 3nekTpocTatnyeckne 6AMKHME NONSA PeaKTUBHOTO GAMXHEro

nona. dHeprua umpkynupyet (OTTOK/MPUTOK) BOKPYT UCTOYHUKA W3/TyHEHUA, T. €. OHa He pacnpocTpaHaeTcs
[0 6eCKOHe4YHOCTH.
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[nsa onpefeneHns pasHoOCTU MexXAy HeussydarwmMm U n3nyyawwmMmy 3aneMmeHTamm MOXeT 6biTb npo-
BeJleH crefyowmnii aHanms.

Tonbko AN 3HadeHuii H2. CymmupyoT AeiCTBUTENbHbIE Y MHMMbIE COCTaBAAKOWME U NOCNeAYyOWNUM
AeNneHVeMmM Ha U3/lyyaemyr COCTaB/ALWYO NonyyarT

y(1-d2 1-/1e,y =1+ e
2nr 4n2-2'

Tonbko AnA 3HavyeHuin E2 Mpu O — 90° (T. e. OCHOBHOE W3/yYeHUEe OT LEeHTPasibHOro 3nemeHTa
HanpaBfeHHON aHTeHHbl) N Er — 0 geneHnem AeicTBUTENbHON U MHUMOW cocTaBnsowmx EO Ha n3nyyaemyto
COCTaB/IAOLWYI0 MoyYaT

yd-a+a2) _ ., ..., » x2 . X 4 X X4

L 4n2r2 \1% r " 4022 16n4-4

Ons 3HaveHuin E x H. Mpyu 0 —90° (T. €. OCHOBHOE M3/ly4YeHNe OT LLeHTPalbHOro 3/ieMeHTa HanpaB/ieHHOM
aHTEHHbl) NET-»0 geneHvem OeNCTBUTENbHON M MHUMON cocTaBnsowmnx EOn H9 Ha nsnyyaemyi coctaB-
NALLWY0 nosyyaroT

nj2(l- a)(1-a +a2 X2 X X3 X6
uya(- a)( ) 1-2a +2a2-a3
w 2 ~2n2/2 A+ 8n3n3 64n6n6"

Kak BMAHO, B BblLENPUBELEHHbIX COOTHOLEHNAX 4 UY cokpalwalTcs, 6narogapa YeMy OKOHYaTesibHble

BblpaXeHUs He cogepxaT Be/IMYMH, 3aBUCALLMX OT BPEMEHN 1 MMnegaHca.

Bce cocTasnstowme nons 1 6<///M3nyyaemble COCTaB/SIOLLEE MOMS B 3aBUCUMOE™ OT PacCTOsHUS

PaccTofiHMe OT LeHTpasbHOro 3/ieMeHTa aHTeHHbl B J/INHax BOJIHbI
PucyHok A.3 - CooTHOWeHe KOMNOHeHTOB nonst E2, H2ZWE * H

A.4.1 TunnyHada aHTeHHa

Ha pucyHke A.4 npuBefeHO COOTHOWeHue ana E * H mexay BceMn coCcTaBnAwLWMMN NOMA U ulnyyae-
MbIMW COCTaBASAKLWMMN MONSA ANA TPeX TUMUYHbLIX aHTEeHH. padukn 6blIM NONYyYEHbl C UCMNO/b30BaHMEM
MOAesnM, OCHOBaHHOM Ha BEKTOPHOM CYMMWPOBAHUW BOJIHOBbIX YpaBHEHW/ GECKOHEYHO MasibiX BOSTHOBbIX
3/1EMEHTOB. AHTEHHasA pelleTka M3 7 CMMMETPUYHbIX BUOPATOPOB M aHTEHHasA pelleTka M3 12 cuMMeTpUUHbIX
BMOGpaTopoB OblAM CMOLENUPOBaHbl C WUCMO/b30BAHMEM annpoKCUMUPOBAHWUA OfHOV GEeCKOHeYHO Masioin
yactTu Aunonsi. AHTEHHa C OJHUM Aunonem (CMMMETPUYHbIA BubpaTop) 6Gbina pasgeneHa Ha 15 pacnono-
XEHHbIX C NPOMEXYTKaMN GECKOHEYHO MasiblX YacTei.
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A.4.2 TloacHeHune

N3 pucyHka A.4 cnegyeT, uTo ANA TPEX TUMUUYHbIX HamNpPaBfeHHbIX aHTEHH Ha PAcCTOSHUM OT MX LLEHT-
panbHoro afieMeHTa 6onee 1/4 3HaYeHUE OTHOLLIEHUS BCeX COCTaBASAWLMX MOMSA K U3lyYyaeMblM COCTaB/sA-
loWMM nons paBHo 1,1 unm meHee. Takum 06pa3oM, €CM MUHMMAaA/IbHOE PacCTOsiHMe OT LIeHTPasibHOro
3aNiemMeHTa HanpaB/IeHHOW aHTEeHHbl cocTaBnseT 1/4, TO MakcumasibHas pPa3HOCTb MeX/ay BCEMWU COCTaB/s-
IOWMMM NONS U U3NyYyaeMbiMK COCTaBNAKOWMMY NoNs 6yaeTt nopsigka 10 % mnm meHee.

Bce coctaBnaoLme nons £*M/M3nyqaeMble cocTaB/islowme nons E*H Ans Tpek TUNOBbIX aHTEHH,
B 3aBNCMMOCTN OT PacCToAHUA

——1800 MTlu-12 gunonei

—3-900 Mrly - 7 gunoneii
160 Ml'y — 1 gnnonb

PaccTtosiHne OT LeHTpasibHOro 3fieMeHTa Hal'lpaB]'IeHHOI7I adHTEeHHbI B AJ/INHaX BOJIHbI

PucyHok A.4 - CooTHOLLEHMEe KOMMOHEHTOB nona E * H ana Tpex TMNoB aHTeHH

A.4.3 BbiBOp

Ansa HanpaBne»roi/’l aHTeHHbl OTHOLWEeHne BCeX KOMMOHEeHTOB MNoJjiA K nasiydaemMmbliM KOMMNOHEHTaM MNoJiA

A®
ona E x H paBHO J1 + — - npv 6/IM3KOM PacCTOAHMM OT aHTEHHbI, YTO AaeT Mpu PacCTOSAHUN OT aHTEHHHbI,
V 64rr

paBHOM HAZ/C 3Ha4YeHMe OTHOLUEHUS BCEX KOMMOHEHTOB MOMSA K U3/ly4aeMbiM KOMMOHEHTaM Nosis, paBHoe 1,41.
B oT/inume OT aHTEeHHbl C OAHUM AWMNOJIEM, O/1A AHTEHH C HECKOJIbKUMUKU OUNOMIAMU yBEeNIMYeHNne pPacCTosaAHuA
OT aHTEeHHbl Ha /25 OT ueHTpa APYrUX AUNosAein BHOCUT BKNaZ B OTHOLLIEHME BCEX KOMMOHEHTOB MOASA K U3nyya-

eMbIM KOMMOHEeHTaM nonsa (pagnanbHoe E-none), Ho, Kak BUAHO M3 pucyHKa A.4, 3TO yBe/nnyeHue sBnAsieTcs
npeaenbHbIM.

PekomeHAyeTCsi MCMNONb30BaTb paccTosHue $/4 kak rpaHvuy Mexay uasyvyaembiM GVKHUM MNofeM U
peakTUBHbIM GAMXHUM MOseM ANA OLEHKN COOTBETCTBMA RF-usnyyeHus.

MpumeyaHue - 3TO Takasl CUTyaUmsl, Koraa Heo6Xxo4MMo COMOCTaB/IeHNE C HEOMNPeaeIeHHOCThLIO OLeHBaHus SAR.
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A.5 lMpumep pacyeTta o6nactu nonsa npm yactote 900 MIy (cm. pucyHok A.5)

Mpumep BepTUKa/IbHO NOMSAPU30BAHHON aHTeHHbI A/IMHON 2 M, paboyeli yactoTol 900 My 1
MOLLHOCTbIO n3nyyeHns 100 Bt

7

5

104

103

MnoTHOCTL NOTOKa aHep mu, Bt/m

10

01
0,01 0.1 1 10 100

PaccTosiHie OT aHTeHHbI (M)

PucyHok A.5 - [lanbHee none - npsiMas /iMHUsl, n3niyyaemoe G/inKHee Nose - HUXHAS KpuBasi NNHUS,
6nnXKHee none - Apyras HUWKHAS KpuBasi NHUS
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MpunoxeHve B
(cnpaBoyHOE)

OueHka cooTBeTcTBUA SAR

B.1 SAR Bcero tena 4yenoseka

B.1.1 BBegeHue

Hacrosawwmi ctaHgapT He CoaepHUT TeXHUYECKUX TPEOOBaHUI K BbIMOSTHEHUIO n3MepeHunii SAR anst BCero
Tena vyenoseka. Takme U3MEpPeHUa ABNAIOTCA NpeaMeToM AarnbHenLwmnX nccrneaoBaHuin u 6yayt npMBeaeHsl
B CrieflyloLLeii BEPCUM HACTOALLEro cTaHgapTa.

M3mepeHuss SAR BCero Tena 4yenoBeka He TpebyloTCs AnA paguonepeaarolimx YyCTPONCTB, KOTOpble
MMEIOT YPOBEHb MaKCUMAasIbHOW BbIXOAHON MOLLUHOCTU HUXeE, YeM YPOBHU BO3AENCTBUS, COOTBETCTBYIOLLME
npeaensHoO A0NYyCTUMbIM YPOBHAM, YCTAHOBIEHHbIM B OTHOLWEHUU SAR Bcero tena npu niodbiX yCroBUsIX.
B 9TOM NpUnOXeHWN YCTaHOBSEHbI KPUTEPUM OLEHKN BO3AENCTBUS B OTHOLIEHUU SAR BCero Tena.

CooteetcTBue SAR yCTAHOBMEHHbIM TPeOOBAHMAM MOXET OblTb OLIEHEHO TakXe MOCpeaCTBOM MOAe-
nupoBaHua (cM. npunoxexue C).

B.1.2 Npeononaraemoe cooTBeTcTBUE SAR BCero Tena

Ecnu makcumanbHas adpekTMBHass MOLLHOCTb, u3nyvyaemast EUT, MeHbLUe 3Ha4YeHui, ykasaHHbIX B Tab-
niuye B.1, To makcumManbHOe BO3AeWCTBME He ByaeT MpeBbiwaTb Npeaenbl COOTBETCTBUA YCPEOAHEHHOTO
3HaveHuss SAR Bcero Tena npu nmobbix YCNOBUSIX, U, CNEA0BATENbLHO, B BbINONHEHUN 3MepeHuii SAR Bcero
Tena HeT HeoBGXxo4UMOCTH.

Tabnuuya B.1 - YpoBHW NpegnonaraeMoro COOTBETCTBUS MpU onpegenieHun SAR Bcero Tena

KaTeropus nitofeid, nogsepraroLmMxcs Bo3geACcTBMIO MakcumanbHas aghekTUBHan nanyvyaemas MOWHOCTb, BT
Hacenenue Puarc = SARyarc X 12,5
MpodeccnoHanbHble paGoTHUKN Pyarc = SARyarc X 42

OBGocHOBaHNE YPOBHEW MOLLHOCTW NpeanonaraemMoro cootTeseTcTamsa SAR Bcero Tena:

YpoBHW npeanonaraemMoro COOTBETCTBUS Npu onpeaeneHun SAR Bcero tena Gbinu nosyveHbl Ha OCHO-
BaHUU CNeayoLwmX A0NYLUEHWUN:

a) BCA U3ny4yaemasi aHTEHHOW MOLLHOCTb MOFMOLLAETCS OPraHu3MOM (HaUXyALUMiA BAPUAHT);

b) macca Tena 4-netHero pebeHka u 16-netHero paboTHUKa GblNU NPUHATLI PABHBLIMM COOTBETCTBEHHO
12,5 1 42 kr. 3T0 3-1 NPOLIEHTUIb BECOBLIX AAHHbIX AN TENa AEBOYEK U XKEHLUMH (3aHUXKEHHBbIE UCXOAHbIE
[aHHbIe) (Chél). BEC Tena no AaHHbIM AMEPUKAHCKOro HaLUMOHANbHOrO LIEeHTpa CTaTUCTUKK B 06nacTu 3apaso-
OXpaHeHus “).

B.2 lokanbHana SAR

B artom pasgene onucbiBaeTcs npouesypa U3MEepeHUs MAaKCMManbHOrO 3HAYeHWA nokanbHou SAR
B MoAenu, KkoTopas UMUTUPYET Tero 4enosBeka, noasepraemoro Bosgenctsuio RF-nons, usnyvyaemoro
aHTEeHHOW. 3TO 3HaYeHue AOMMKHO ObITb YKa3aHO B NPOTOKONE M3MEepeHUM, KOTOpbii OyaeT ucnonb3oBaH
Ana noartsepxaeHna Toro, yto EUT npu ero pasmeLueHnn Ha COOTBETCTBYIOLLEM PACCTOAHWUU OT YenoBeka
yAOBNETBOPAET NpeAenbHO A0NYCTUMbIM YPOBHAM fnoKanbHON SAR.

370 3Ha4YeHue nokanbHon SAR MOXeT ObiTb TaKke UCNONbL30OBAHO ANA ONpeaeneHus COOTBETCTBYIO-
LLIEro paccToAHUA Mexay YerioBeKOM U M3nyyatowmm yCTPOMCTBOM C ONpeAeneHHbIM YPOBHEM MOLLHOCTU
Unu Ans onpeaeneHus MakCMmasnbHOW BbIXOAHOW MOLLHOCTU U3My4aloLLEero yCTPOICTBA NPU €ro pasmeLleHun
Ha TpebyeMOM pacCTOsiHUM OT YernoBekKa.

Tak kak umelowanca nHdopmaLms 0 MeToAax U3MepPEeHUs NokanbHoi SAR orpaHuyeHa, To NpuBeaeHHas
npoueaypa u3mMepeHus NPUMEHUMA TOMNbKO NPU CREAYIOWMUX YCIOBUSIX:

a) paccrosiHue Mexay MOAEnbIO Tena U BHELUHEW NOBEPXHOCTbIO U3My4aloLero ycTpoicTea AOMKHO
ObITb 40 CM UNK MeHee;

3 http:/Mww.cdc.gov/nchs/about/major/nhanes/growthcharts/charts.htm.
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b) nnowaab NOBEPXHOCTU M3NY4YAIOLLETO YCTPONCTBA AOMKHA ObiTb MeHee 60 x 30 cwm;

C) yacroTta aomkHa ObiTh B Ananasone ot 30 go 3000 MIru.

Ecnu 3Tn ycnoBus He BbLIMOMHSAIOTCA, TO AOMMKHA ObiTb NPOBEAEHA OLIEHKA HANPSHKEHHOCTU NOMSA UMK
NMNOTHOCTM NOTOKA 3HEPrUn B BO3AYXeE.

B cBA3n ¢ Tem, 4TO pekomeHayeMble npeaensHo A0NycTUMble 3HaYeHnss SAR KOHEYHOCTEN B NATL pa3
BbILLIE, YEM A1 TONOBLI U TYNOBULLA YEroBeKa, TO usMepeHue SAR B KOHEYHOCTSAX HE pacCMaTpuBaeTCA.
B kauectBe Moaenu 4yenoseka, ONMCaHHOW B 3TOM pasaene, 6bio BbIGPaHO TyrNoBULLE B3POCNOr0 MY>XHUHBI.
B uensax ynpoLieHUs U3rotToBMEHUS W BbIMOSIHEHUS U3MEpPEHuN Moaenb umeet hopMy NpPsIMOYronbHOTro
naparnnenenuneaa. YpoBeHb NorfoLeHns 3HEPrun y Takon MOAENU BbILLE, YEM Y aHATOMUYECKON MOAENMN.

Te >xe TkaHu, UMUTUPYIOLLME HUIKOCTH, YKasaHHble Ana usmepeHua SAR mobunbHoro TenedoHa (cm. [1] 3’),
Obinu BLIOpaHbl Ans HacTosAwero craHaapra. OCHOBaHMEM AN 3TOT0 ABMSIETCS TO, UTO AUINEKTPUYECKUe
napameTpbl KOXM U MbILLEYHbIX TKAHEN, KOTOPbIE, KaK NPaBuno, Hanbonee cUNbHO 0BnyyeHbl, 6rM3kK K napa-
MeTpaM, YCTaHOBJIEHHbIM AfA TKaHEeW ronoBbl. 3TO Takke 03HAYaeT, YTO pe3ynbTarbhl U3MEPEHUs1 NpaBo-
MOYHbI U Ans OONYYEHHbIX TKAHEW FONIOBbI U YTO TOMNbKO U3MEPEHUE CTeneHu obnyyeHust OJHOW U3 ITUX
TkaHen TpebyeTtca aAna SAR-TeCTUpoBaHUsA MOOUMBHBIX, NOPTATUBHBLIX U CTauMOHapHbIX EUT.

Ccobinka Ha [2] ykasbiBaeT, YTO y OAHOPOAHbLIX (PAHTOMHbLIX MOAENEN, YKa3aHHbIX B HAaCTOALIEM CTaH-
Aapre, nokanu3oBaHHble 3HaYeHUs SAR MOTyT 0KasaTbCA MeHbLUe, YeM MaKCUManbHOe 3Ha4YeHUe B reTepo-
reHHOW U aHaTOMMYeCkn peanbHOW MoAenu Tena yenoseka. Heo6xoanMmbl gansHelwmMe nccneaoBaHna Ans
NPOBEPKM ITUX pe3ynbLTaTOB W pa3paboTku paHToMma, KOTOpLI obecneunBaeT Gonee TOYHYIO OLEHKY UCTUH-
HOro MakcUMyma fnokanu3oaHHou SAR.

B.3 CcbInoyYHbIe O0KYMEHTbI

[1]1 IEC 62209-1:2005 Human exposure to radio frequency fields from hand-held and body-mounted

wireless communication devices — Human models, instrumentation, and proce-
dures — Part 1: Procedure to determine the specific absorption rate (SAR)
for hand—held devices used in close proximity to the ear (frequency range
of 300 MHz to 3 GHz)
[BosgeiicTBMe Ha 4enoBeka pPaganoyacTOTHbLIX MOSIE OT PYYHbLIX M Haxoas-
LMXcA Ha Tene ycrtpoictB 6ecnpoBoaHoNn cBasu. Mogenu 4enoseka, usmepu-
TenbHbIe Npubopbl 1 Npoueaypbl. Yactb 1. Mpoueaypa onpeaeneHus yaenLHoro
KO9hULMEHTA MOMMOLLEHUS OT PYYHbIX YCTPOWCTB, HAXOAALUMXCA B HEMO-
CpeaCTBEHHON BNM30CTK OT yXa (4aCTOTHLIM Anana3oH ot 300 MMy ao 3 Mw)]

[2] Geddes, L. A. and Baker, L. E., ICRP 66 (1994), International Commission for Radiological Protection,
1994. The Specific Resistance of Biological Material = A Compendium of Data for the Biomedical

Engineer. Medical and Biological Engineering, 1967, Vol. 5, pp 271 — 293
(YoenbHoOe conpoTuBrieHne 6Monorn4yeckoi TkaHm)

3
) Lindpl B KBaAPATHLIX CKOGKAX B HACTOSILLIEM MPUMOKEHUM OTHOCTCA K CCLINOUHLIM LOKYMEHTaM, ykasaHHEIM B B.3.

22



FOCT IEC 62311-2013

Mpunoxexune C
(cnpaeo4Hoe)

UHdopmayusa o uncpposom moaenmpoBaHun

C.1 BeBegeHue

B HacToALwEeM NPUNoKEHUM NPUBOANTCA MHpOopMALIMA O Liensax LudpoBoro MoAENMPOBaHUA.

B C.2 - C.4 npuBeaeH kpaTkun 0630p mogeneli Tena, a Takke uudpoBbIX MoAENeNn UCTOUYHMKA NONS.

B C.5 — C.6 npuBeaeHbl MeToAbI LMPOBOro pacHeTa, KOTopble MOTYT ObITb UCNOMNBb30BAHbI ANA PA3NUYHBIX
BbIYMCINEHUA W ANA NOATBEPHAEHUA COOTBETCTBUA KOHTPOMbHBLIM YPOBHAM W OCHOBHbLIM OrPaHUYEHUAM
(Hanpumep, NIIOTHOCTb MHAYLMPOBAHHOIO TOKA, NAIOTHOCTb NOTOKA 3Hepruu, SAR) B coMETaHMKn C NPUMEHS-
eMbIMU MOAENSIMU TENa U UCTOUHMKA NONs.

Mpumepsbl TakMx BbIYMCAIEHUI NpuBEAEHbI B NOCNeaYIOWmMX noagpasaenax npunoxeHus C.

Bbin npoBefeH CpaBHUTENbHBLIN aHaNU3 MeXay pasnuYHbIMKM MOAENSAMU U MeToAaMu C PasnUYHbIMKU
creneHsmu koppensaum (11, [2] ¥).

C.2 AHaToMMnyecKkue Mogenun Yenoseka

Bo Bpems paspaboTku HacTosiwero ctaHgapTa 6bino paccMOTPEHO BONbLIOE KONMYECTBO aHaTOMMUYe-
ckux moaenen. B ucrouHukax mHdopmauum, rae onucbIBalOTCA 3TW MOAENU, OTCYTCTBYIOT AaHHbIE 00 MX
NpeanoYTUTENbHOM NPUrOAHOCTM B CPABHEHUW C APYTMMU MOAENAMU UMM O TOM, YTO OHW Gonee AOCTOBEPHO
oTpaxatoT pearbHble 00bEKTbI, Yem Apyrne mogenu. NapameTpol n pasMepbl MoAENen MOryT CyLEeCTBEHHO
OTNUYaTLCS, NOITOMY DOMBLLUMHCTBO MoAenein MacwTabupylor B COOTBETCTBMU C TPEOOBAHMAMM, YCTAHOB-
NeHHbIMK K CTaHaapTHOMY yenoseky ([3]).

C.2.1 NpoekT «Buaumbiin YyenoBek»

COBOKYNHOCTb MOMAYYEHHbIX AAHHbLIX NO NPOEKTY «BuauMbIN YenoBek» — 3TO NEPBbIN pe3ynbTaT nnaxa
passuTua HauymoHanbHOW mMeauumHckon oubnuorteku (CLUA, wrat MapuneHa, Betecaa, Poksunnb 8600).
3710 co3gaHMe aHaTOMUYEeCKW noapOOHOro LUMMPOBOro TPEXMEPHOTO U300paXKeHUsi Tena MyXMWHbI, NOJy-
YEHHOro NOCPeaCTBOM KOMMbIOTEPHON TOMOrpachum m MarHUTHOTO PE30HAHCA, a TaKkke U300paXKeHUIt KpMo-
ceKumi.

C.2.2 Npoekt «MEET 4yenoBek»

3T0 yCcoBepLUEHCTBOBAHHAsA Bepcus npoekTa «Buaumein yenoeeky, pa3paboTaHHas ¢ Lenbio nonyyeHus
Habopa JaHHbIX TPEXMEPHOro M300paXKeHUs1 C NOMOLLbLIO 3NEMEHTOB 0OBLEMHOro M306paXKkeHusi, KoTopoe
3ateM ObINo CerMeHTMpoBaHO M KnaccuduumpoBaHo Ana 40 pasnuuyHbIX TUNOB TKaHel opraHuama. 3T1a
pabota 6bina nposegeHa MHctutytom BruoMeauLIMHCKON TeXHMKM yHuBepcuteTa Kapncpya (Caiserstrasse 12,
D-76128 Kapncpys, Mlepmanus).

C.2.3 Mopgenb «Hugo»

Ota aHaTtomuyeckaa 3D-mopenb Takke pazpaboTaHa Ha OCHOBE [AaHHbLIX, MOJNYYEHHbIX B pe3ynbTare
peanusauumn npoekta «Buaumbli yenosek». Pe3ynbTarbl UCCNea0BaHUI, NPOBEAEHHbLIX HA 3TON MoAenw,
B HacTosLLiee Bpems knaccuduumuposaHbl Ana 40 TUNOB TKaHel opraHu3mMa. [JaHHble npeacTaBrieHbl B pas-
NUYHBbIX hopmax, BKMOYas anemMeHTbl 00 bLEMHOIO U300paxKeHUs, NpUMeHumble Ana fosumetpun (OpraHu-
sauua ViewTec, Schaffhauserstrasse 466, CH-8052 Liiopux, LLBenyapus).

C.2.4 Mogenb «Norman»

31a Mogenb npeacraenseT coboi 3D-CTPYKTYpy, COCTOSLLYIO U3 SNEMEHTOB 00 bEMHOI0 U3006paXxkeHus,
KakabI U3 KOTOPbIX COAePXUT MHAopMaLmio 06 onpeaeneHHOM TUMe TKaHU opraHuamMa. [aHHsle, NofyYyeHHble
C MOMOLLBIO PEHTrEHOrpahuYecknx n ToMorpaurieckux n3obpaxkeHnii, knaccupuumuposaHbl Ans 37 pasnuuyHbIxX
TUMOB TKaHei opraHuama. Mogenb macwrabupoBaHa B COOTBETCTBUM C TPeBOBAHWUAMU, YCTAHOBMEHHbIMU
K cTangaptHomy venoseky ([3]). 3ta pabota Obina npogenaHa HaumoHanbHbIM KOMUTETOM PaauoNorn4eckon
sawutbl (NRPB) (MuntoH, Onakot, rpadctso Okcchopawump, Benukobputarus).

Y Lincbpsl B KBAAPATHLIX CKOBKAX B STOM MPUIOXEHUM OTHOCSTCS K CChIMOUYHBLIM 1OKYMEHTaM, ykasaHHbIM B C.8.

23



FOCT IEC 62311-2013

C.2.5 Mopens, paspab6oTaHHas B yHuBepcuteTe wraTa lOta (CLUA)

3T0 aHaToOMMYeckan Moaenb, npeacraBnatowas cobon obbeMHoe nsobpaxkeHune Tena yenoseka. aHHble
Gbinu NONy4YeHbl NOCPEACTBOM MAarHUTHO-PE30OHAHCHONW ToMorpadhum U knaccudumuyupoBaHel ans 31 Tuna
TKaHel opraHmama. Mogenb maclutabupoBaHa B COOTBETCTBUM C TPEOOBAHMSIMU, YCTAHOBIEHHbIMU K CTaH-
aaptHoMy yenoseky ([3]).

C.2.6 Mogenb, pa3paboTaHHaa B yHuBepcuTeTe wrarta Bukropus

310 TpexmepHasa 06beMHas MOAENb. [laHHbIe, MONyYeHHbIE N0 pesynbTaTtam UCCNeA0BaHWS STOW Modenu,
knaccuduumposaHbl AnA 128 pasnuyHbIX TKaHen opraHnama. 3Ty paboTy npoBoAuna rpynna npuknagHom
3NEKTPOAMHAMMKM (PaKynbTeTa NEKTPOTEXHUKM U KOMMbIOTEPHOW TEXHWUKW YHMBEpPCUTETa WraTta Bukropus
(BputaHckas Konymbus, Kanaaa, V8W 3P6).

C.2.7 Mopgenb, paspaboTtaHHasa Ha 6a3e BBC Bpykc (CLLA)

TpexMmepHas aHaTOMWU4Yeckas MOAenb, CO34aHHaa Ha OCHOBE M300PaXKEeHUI, NOMYYEHHbIX B pe3ynbTaTe
peanu3auuu npoekta «Buaumbii yenoseky (HauuoHanbHas meauuuHckaa 6ubnuoteka 6asbl BBC Bpyke,
wraT Texac, CLLUA).

SnemMeHTbl 0GBEMHOIO M300PaKEHUA UMEIOT LIBETOBYIO MapkupoBky Gonee yem ans 40 TUNOB TKaHeN
Tena yenoseka ¢ yCTaHOBMEHHbIMU 3HAYEHNAMN OTHOCUTETNbHOMN p,usnek'rpmquKon NPOHULIAEMOCTH.

C.2.8 Mogenu Tena cpeaHero My>X4uHbl U XXeHWUHbl ANOHCKOW HALIMOHANIbHOCTH

3Tu TpexMepHble MOAENU Tena NpeacTaBnsAlT co0or aHaTOMUYECKUE MOAENN, KOTOpble Obinu pa3pabo-
TaHbl HA OCHOBE UCCNEA0BAHUIA MOCPEACTBOM MAarHUTHO-PE30HAHCHON ToMOrpadum AOOPOBONBLLEB MY>XHUHbI
W KEHLLMHBI ANMOHCKOW HaumoHanbHocTu [4]. JobposonbLbl Obinn BbIOpaHbl ANs TOro, 4Tobbl onpeaenvTb
CPeAHUIn poCT YernoBeka ANOHCKOW HaLMOHAanNbHOCTU. [onyyYyeHHble AaHHble KrnaccuduumpoBaHbl ana 51 tuna
pa3nuyHbIX TKAHE opraHusmMa.

3710 pabota 6bina npogenaHa HayyHo-uccnegosarennckon naboparopuen no KoMmyHukaumam (CRL),
HAaUMEHOBaHNE KOTOPOI HE ObINO eLe U3MEeHEHO Ha HaumoHanbHbIA MHCTUTYT MHCPOPMALMOHHLIX U KOMMY-
HUKaumoHHbIX TexHonorun (NICT) (4-2-1, Nukui-Kitamachi, Koraneu, Tokuo 184-8795, Anonus). UHcbopmauua
00 3TMX MOAENSAX HAXOANTCA B OTKPLITOM goctyne (cMm. hitp://www.nict.go.jp).

C.2.9 Mogenb Tena YyerioBeKka KOPeMCKOM HaLMOHANbHOCTHU

Moaenb 6asupyeTtca Ha uccneaoBaHUM NOCPEACTBOM MarHUTHO-PE30HAHCHOW TOMOrpachum u YacTUYHO
KOMMBIOTEPHOW TOMOrpadum Tena A0OpOBONbLIA MY>XHUHbLI U COOTBETCTBYET HALMOHANBLHOMY CTaHAapTy
Tena ([5], [6], [7]). PaspelwieHne nsobpaxeHust ronoebl, B TOM Yucne weun, coctasnaer 1 x 1 x 1 MM, a paspe-
LIeHMe n3obpaxkeHns ocTanbHbiX Yactei Tena — 3 x 3 x 3 mm. [laHHbIE U3MepeHuii knaccuduumMpoBaHbl Ans
29 pasnuyHbIX TUMOB TKaHeW opraHuama. Mogenb pa3paboTaHa uccnenoBaTenbCKONM rpynnov No paauoTEXHUKE,
Hay4yHo-uccnegoBaTenbCKMM UHCTUTYT 9NEKTPOHUKU u aanbHen ceasn (ETRI) (161 MaxeonrgaoH, KOCoHry,
TapxoH, 305 — 350, FOxHaa Kopes).

C.3 YnpoleHHble 0gHOPOAHbIE MOAENM TENAa

Ans mMogenuMpoBaHuA MHAYLUMPOBAHHOW NMOTHOCTU TOKA UM APYrUMX NnapameTpoB, Takux Kak NMOTHOCTb
noToka sHeprun, SAR n BO3AENCTBUE MONEN, MOXKHO TaKKe UCMONb30BaTh YNPOLLEHHYIO )OPMY OAHOPOAHOIO
Terna ¢ paBHOMEPHON yAenbHOM 3MEeKTPONPOBOAHOCTbLIO. [MoaxoasaLmmmM Ana MOAENMPOBaHKA Tena YenoBeka
SIBNSAIOTCA BbITAHYTbIE Cchepouabl U OAHOPOAHbIE MOoAenu Tena. [pocTble Aucku u Kybouabl Takke 4acTto
UCNONb3YIOTCA B KayeCTBE METOAO0B AN NOATBEPXAEHUS] BbIYUCIIEHWUN, TaK KaK reOMETPUI0 U CUTyaLMIo
BO3JEWCTBUI nerye CMOAEnNUpPoOBaThb, a 3aTeM CPaBHUTb C U3BECTHbIMU pe3ynbTaTaMu U TEOPETUUYECKUMU
OaHHbIMM.

[unanexkTpuyeckue CBOMCTBA TaKoi MOJIENM YaCTo SBNSIIOTCA YCPeAHEHHbIMU ANS BCEro TeNna Ha paccMaTtpu-
BaeMbIX YacTOTax, HO MOryT, HANPOTMB, ObITb TUNUYHLIMKU AN OTAESNbHBIX YacTel Tena unKu TUNOB TKaHEW
opraHusma, KoTopble yxe Obinu uccrniegoBaHbl. Pe3ynbTar CyLIeCTBEHHO 3aBUCUT OT pa3Mepa MOoAenu, u 3T
MOZenu, Kak npaBuno, UMEIOT TEHAESHLMIO K 3aBbILLEHUIO 3HAYEHUI NMOTHOCTU TOKA B NOMe OGNMXKHENH 30HbI.

C.3.1 Chepoungpi

[Ana pasnuyHbIX Lene NPUMEHEHUS MOAENEN HEKOTOPbIE MX Pa3Mepbl MPUMBEAEHBI B KA4ECTBE npuMepa.
3Tn pasmepbl MOryT ObITb M3MEHEHbI B 3aBUCMMOCTU OT KOHKPETHON CUTyauuu BO3AencTBus. Bbicota u
LUIMpUHa MoAenen ykasaHbl B Munnumetpax (CM. pucyHok C.1).
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MonoxeHne mMogenu, Hanpumep BbICOTA OT YPOBHSA 3EMJIM, LO/MKHO COOTBETCTBOBATb 3KBMBA/IEHTHOMY
MOMOXEHMIO Tenla YesioBeka A5 OLEeHUBAEMOil cuTyauun Bo3geiicTeus.

Tynosuuie: 600 * 300 mm;
ronosa: 300 * 200 mwm;

ronosa + tynosuuie: 1000 * 350 mm unamn 1800 * 400 mm, 1800 * 80 mm, 1200 * 60 MMm.

PucyHok C.1 - Uwncdposas mogenb ogHopogHoro chepounga
C.3.2 Ky6oungabl

B kayecTBe Mojenu Tena uyenoBeka MPUMEHSAIOT OAHOPOAHbIE Ky6omabl (CM. pucyHok C.2) ¢ A/IMHOI
pe6ep dx=dy=0,4 M, dz= 1,8 M, 3HaueHnss pa3aMepoB KOTOPbIX NPUBEAEHLI B KauecTBe npumepa A8 pacyeTa.

[na pasnuuHbIX Uueneii NpUMEHEHUsI Mogeneil nx pasmepbl MOryT 6biTb U3MEHEHbI B 3aBUCMMOCTM OT KOHKpET-
HOI cuTyauum BO3AeNCTBUS.

PucyHok C.2 - LUudpoBas mogenb o4HOpPOAHOro Kybonaa
C.3.3 OgHOpoAHble MOAeNIN Tena 4vesioBeka

Bonee cnoXxHbiMyu MoAenAMU ABAAIOTCA MOAENU, KOTopble 6onee TOYHO OTO6pa)KaPOT d)opmy Tena win

yacTu Tesa 4yesioBeka, Hanpumep ofHopogHas Mogenb Tena, npusegeHHas B DIN 33402-2:1986 5 u noka-
3aHHasa Ha pucyHkax C.3a u C.3b.

5 DIN 33402-2:1986 Pa3mepbl aHTponomeTpuyeckne. 3Ha4eHus.
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ONns pas3nuuHbiX ueneli NMpMMEHeHMs Mogesieli HeKoTopble UX pasMepbl (eAuHULA M3MEPEHUs - MM)
npuBeAeHbl B KayecTBe npumepa. Pasmep HwkHeil vactu (600 mm) npepcTaBnser co60i MOMOBUHY OCK
annaunca.

Bce pa3mepbl MOryT 6biTb U3MEHEHbI B 3aBUCUMOCTW OT KOHKPETHOW CuTyauuu BO3AENCTBUA, T. €. pasmep
HWKHEN YacTn MOXeT 6biTb n3meHeH ¢ 600 mm go 150 mam 200 mm.

MonoxeHve mogenn, Hanpumep BbiCOTa OT YPOBHSA 3eM/IN, [O/IKHA COOTBETCTBOBATb 3KBUBAJIEHTHOMY
MOMIOXEHUI0 Tena YyenoBeka AN OLEeHMBAEMON cuTyalum BO3AeNCTBUS.

PaBMepr B MunaunmeTpax

PucyHok C.3a - M306paxeHune Tena yenoseka

Pa3mepbl B Munammertpax

PucyHok C.3b - [leTanbHbllii YyepTex MoAenu ronoBbl U nnaey

PucyHok C.3 - LUudposas mogenb o4HOPOAHOrO Tesia yenoBeka
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C.4 JnekTpuYeckne CBOMCTBA TKaHeMn

Bbin NpoBeAeH psa UCCNea0BaHUii NO SMEKTPUYECKUM XapaKkTepucTukam pasfnyHblX TUMOB TKaHU opra-
Husma ([9], [10], [11]). B GonblUMHCTBE CrydaeB pesyrnbTaThl MCCrEAOBaHMIA Gbinu OMyBNMKOBaHbI € yKa3aHUEM
KOHKPETHbIX 4acTOT UMK JManasoHoB 4acToT. Beino nokasaHo, 4To 9TU XapaKkTePUCTUKN 3aBUCAT OT YacTOThl,
1 NpU MOAENUPOBAHUN 3HAYEHUSA STUX XapakTepPUCTUK AOIKHbI ObITb MHTEPNONUPOBAHLI C YYETOM YacTOTbl
M TUNa TKaHei opraHMama. Bo3amMoxHO, Takke noTpebyeTcs AanbHenlas NHTepnonaumsa umnu ycpegHeHue
3HAYEHUI JNEKTPUYECKUX XapPaKTEPUCTUK TKAHEH opraHuama Ans UX COOTBETCTBUS XapaKTepucTukam
KOHKPETHOW aHaTOMUYECKON MOAENN.

labpuenb n gpyrue uccnefosaTtenu B CBOMX ONyGnMKOBAHHbIX CTaThaX M oT4eTax 3a 1995 — 1996 roasl
NpPOBENM BCECTOPOHHUI aHanu3 3NEKTPUYECKNX XapaKTEPUCTUK TKaHen opraHmama. B atux pabortax cogep-
XKaTCA aHHble, MOJNyYEHHbIE B PE3ynbTaTe HOBbIX U3MEPEHWIA, UX CPABHEHWE C AAHHBIMU, NPUBEAEHHBLIMU
B CyLLECTBYIOLUMX NyBnuKauuMsX, U anrOpuTM BbIYMCNEHNS SMEKTPUYECKMX XapaKTepUCTUK PasfMyHbIX TKaHEN
opraHusMa B LUMPOKOM AuanasoHe vactot ([12], [13], [14], [15]). OTu paboTbl NpusHaHbl Hanbonee nNOSHO
OTPaxkaloLMMKN AAHHbIA BONPOC HA MOMEHT BBEEHWA B AeliCTBME HACTOSALLEro craHgapra. 3HauMTenbHas
YyacTb CMNEeuUManucToB, 3aHUMAIOLLUMXCA B HACTOSILLEE BPEMs MOAENMPOBaHWEM, WCMOMb3yeT pesynbTaThbl
aTUx paboT Kak OCHOBY, AOMOJSHAS UX MHpopMaUmMen M3 npeaLecTByOWmMx paboT, rae 910 Heobxoaumo.
HeonpeaeneHHoCTb U3MEPEeHUsi HAMHOrO BO3PACTaEeT NPU KOHEYHbIX 3HAYEHUSX 4acTOThl paccMaTpuBaembIxX
AManasoHOB YacCTOT, YTO AOMKHO ObITb NPUHATO BO BHUMaHUE. [JononHUTeNnsHasa nHpopmaumsa no JaHHOMY
BOMPOCY NPUBEAEHA B CCbINIOYHbIX AOKYMEHTaX.

PaboTbl B 37Ol 06n1acTU NPOAOIMKAIOTCSA, YTO MOXET B ByAyLLEeM NPUBECTU K HOBbIM pPe3ynbTaTam.

CnefyeTr OTMETUTb, YTO HEKOTOPbIE TWUMbl TKAHEN SABMAIOTCA aHW3OTPOMHBLIMU (T. €. UMEIOT pasHble
CBOWCTBA NO Pa3nUYHbIM HaMpaBrneHnsM). B CBA3M C 9TUM He BCeraa MOXHO CMOAENMPOBAaTh 3TOT 3hdekT,
1 NOSTOMY B MOAEIIM UCMOSb3YIOT YCPeAHEHHOE 3Ha4YeHne (Mnn Brnmskoe K Hemy).

3Ha4YeHns BENWYMH, NpeacTaBneHHbie B Tabnuuax HacTosLWero craHaapTa, Obinm nonyyYeHsl B pesyrb-
TaTte nNpoBeAeHHbIX pacyeToB ([15]) Ha OCHOBaHUKM anropuTMOB, YKa3aHHbIX B oT4eTe Mabpuens (6asa BBC
«Bpykey», CLUA). 3Tn 3Ha4eHus moryT GbiTb HEMOCPEACTBEHHO UCMONb30BAaHbI MMM UHTEPMNONUPOBAHbI ANS
LucpoBOro MoAenMpoBaHus. Bonee ToYHbIE 3HAYEHWA NPU KOHKPETHBIX YaCcTOTax MOryT ObITh Takxke nony-
YeHbl U3 MPUBEAEHHBIX CCbINOYHbIX AOKYMEHTOB Mnu paboT aHaNorMuYHOro Xapakrepa.

Tabnuya C.1-YaensHas aneKTPONpoBOAHOCTb pasfMYHbIX TUMOB TKaHN

______________________________________________________ YAenbHas anekTponpoBoAHocTy (Cmim)
YacToTa 10y | 100y | 1My | 10Ky | 100 kTy| 1 MMy [10MIMY 100 MMyl 11Ty [ 101y
Tune Tkanen | | 7T T T T T T T T T T
ObixaTenbHble NyTU 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Aopta 0,25 0,28 0,31 0,31 0,32 0,33 0,34 0,46 0,73 9,13
MoueBoli ny3bipb 0,20 0,21 0,21 0,21 0,22 0,24 0,27 0,29 0,40 3,78
KpoBb 0,70 0,70 0,70 0,70 0,70 0,82 1,10 1,23 1,58 | 13,13
Koctu (rybuartbie) 0,08 0,08 0,08 0,08 0,08 0,09 0,12 0,17 0,36 3,86
Koctu (Tpybuarbie) 0,02 0,02 0,02 0,02 0,02 0,02 0,04 0,06 0,16 | 2,14
KOCTHbIV MO3r 0,00 0,00 0,00 0,00 0,00 0,00 0,01 0,02 0,04 0,58
Mosr

(cepoe BeLecTBo) 0,03 0,09 0,10 0,11 0,13 0,16 0,29 0,56 0,99 | 10,31
Mosr

(benoe BeLLECTBO) 0,03 0,06 0,06 0,07 0,08 0,10 0,16 0,32 0,62 7,30
XXuposas TkaHb rpyam | 0,02 0,02 0,02 0,02 0,03 0,03 0,03 0,03 0,05 0,74
Xpsawy, 0,16 0,17 0,17 0,18 0,18 0,23 0,37 0,47 0,83 9,02
Mo3xxeuok 0,05 0,11 0,12 0,13 0,15 0,19 0,38 0,79 1,31 9,77
CnuHHOMO3roBas

XXMAKOCTb 2,00 | 2,00 [ 2,00 [ 2,00 2,00 | 2,00 | 2,00 [ 2,11 2,46 | 15,38
LLlenka maTtku 0,30 0,41 0,52 0,54 0,55 0,56 0,63 0,74 0,99 | 10,05
Toncras kuwka 0,01 0,12 0,23 0,24 0,25 0,31 0,49 0,68 1,13 | 11,49
PoroBasi o6onouka

rnasa 0,41 0,42 0,42 0,44 0,50 0,66 0,87 1,04 1,44 | 11,33
[BseHaguarunepcrHag

KULLIKA 0,51 0,52 0,52 0,53 0,54 0,58 0,78 0,90 1,23 | 13,31
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OkonYyaHue mabnuupi C.1

YaensHasa anekTponpoBogHocTL (CM/M)

Mactota | 10Ty | 100y | Ty | 10Ky 1100 kY| 1 MMy | 10 My 1100 MIu| 11Ty | 10 7Ty |
Twvnbl TKaHeW

Teepaasa mosroBas

obono4ka 0,50 0,50 0,50 0,50 0,50 0,50 0,54 0,74 0,99 8,58
Cnusucras obonoyka

rnasa 0,50 0,50 0,50 0,51 0,52 0,62 0,80 0,90 1,21 | 11,31
Kup 0,01 0,02 0,02 0,02 0,02 0,03 0,03 0,04 0,05 0,59
YKen4Hbii ny3bipb 0,90 0,90 0,90 0,90 0,90 0,90 0,90 1,01 1,29 | 12,53
Kenyb 1,40 1,40 1,40 1,40 1,40 1,40 1,40 1,54 1,88 | 15,36
Cepaue 0,05 0,09 0,11 0,15 0,22 0,33 0,50 0,73 1,28 | 11,84
Moykn 0,05 0,10 0,11 0,14 0,17 0,28 0,51 0,81 1,45 | 11,57
XpycTanuk rnasa 0,26 0,26 0,26 0,27 0,28 0,30 0,43 0,56 0,83 8,53
MNe4yeHb 0,03 0,04 0,04 0,05 0,08 0,19 0,32 0,49 0,90 9,39
Jlerkne, He HaAMOJHEH-

Hbl€ BO3AYXOM 0,20 0,21 0,22 0,24 0,27 0,33 0,44 0,56 0,90 | 10,12
Jlerkne, HanoONHEHHbIE

BO34yXOM 0,04 0,07 0,08 0,09 0,11 0,14 0,23 0,31 0,47 4,21
Cnusncrasa obonoyka 0,00 0,00 0,00 0,00 0,07 0,22 0,37 0,52 0,88 8,95
Mbiwya 0,20 0,27 0,32 0,34 0,36 0,50 0,62 0,71 0,98 | 10,63
HepBbl 0,02 0,03 0,03 0,04 0,08 0,13 0,22 0,34 0,60 6,03
Muuweson 0,51 0,52 0,52 0,53 0,54 0,58 0,78 0,90 1,23 | 13,31
ANYHUK 0,31 0,32 0,32 0,33 0,34 0,36 0,46 0,75 1,34 9,82
MoaxenyaouHas

xenesa 0,05 0,10 0,11 0,14 0,17 0,28 0,51 0,81 1,45 | 11,57
Mpoctata 0,41 0,42 0,42 0,43 0,44 0,56 0,78 0,91 1,25 | 12,38
Koxa (cyxas) 0,00 0,00 0,00 0,00 0,00 0,01 0,20 0,49 0,90 8,01
Koxa (BnaxkHas) 0,00 0,00 0,00 0,00 0,07 0,22 0,37 0,52 0,88 8,95
TOHKas KMLIKa 0,51 0,52 0,53 0,56 0,59 0,86 1,34 1,66 2,22 | 12,69
CNUHHOI MO3T 0,02 0,03 0,03 0,04 0,08 0,13 0,22 0,34 0,60 6,03
CeneseHka 0,04 0,10 0,10 0,11 0,12 0,18 0,51 0,80 1,32 | 11,38
XXenyaok 0,51 0,52 0,52 0,53 0,54 0,58 0,78 0,90 1,23 | 13,31
Cyxoxunus 0,25 0,30 0,38 0,39 0,39 0,39 0,41 0,49 0,76 | 10,34
My>xckne nonosble

Kenesbl 0,41 0,42 0,42 0,43 0,44 0,56 0,78 0,91 1,25 | 12,38
BunoukoBas xenesa

(TUMyC) 0,51 0,52 0,52 0,53 0,54 0,60 0,72 0,79 1,08 | 12,13
LLuToBuaHas xenesa 0,51 0,52 0,52 0,53 0,54 0,60 0,72 0,79 1,08 | 12,13
A3bIK 0,26 0,27 0,27 0,28 0,29 0,39 0,57 0,67 0,98 | 11,08
Tpaxes 0,30 0,30 0,30 0,31 0,34 0,37 0,46 0,55 0,80 8,54
MaTtka 0,20 0,29 0,49 0,51 0,53 0,56 0,75 0,94 1,31 | 12,49
«BakyyMHas TKaHb» 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
CTEKNnoBUAHOE TENO 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,50 1,67 | 15,13

Tab6nuuya C.2 — OTHocuTenbHas AUaneKTpudeckas NpoHUL@eMOoCTb pasnyHbIX TUMOB TkaHel

_l_—l_a_(_:Tg)_Tg __________________________________ 100 kl'y 1My | 10 My, 100 MMy 11Ty 10 My,
Twvnbl TKaHew

ObixatenbHble NyTu 1,0 1,0 1,0 1,0 1,0 1,0
AopTta 930,0 218,0 109,5 59,8 44 6 32,7
MouyeBoWi ny3bipb 1231,0 343,0 51,5 22,7 18,9 14,0
KpoBb 5120,0 3026,0 280,0 76,8 61,1 451
Koctu (ry6yarble) 4720 2490 70,8 27,6 20,6 12,7
Koctu (Tpybuateie) 228,0 145,0 36,8 15,3 12,4 8.1
KOCTHbIN MO3r 111,0 40,0 19,3 6,5 5,5 46
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BTt e 100Ky | My ] 10Mfy | 100MPy | 17Ty | 01Ty
Tunbl TKaHe#n

Moasr (cepoe BeLLecTBO) 3222,0 860,0 319,7 80,1 52,3 38,1
Moar (6enoe BeLLeCTBO) 2108,0 480,0 175,7 56,8 38,6 28,4
YXuposas TKkaHb rpyam 71,0 24,0 7.9 57 54 3,9
Xpsw, 2572,0 1391,0 179,3 55,8 42,3 25,6
Mo3axxe4ok 3515,0 1141,0 4647 89,8 48,9 34,6
CNMHHOMO3roBast >XMaKoCTb 109,0 109,0 108.,6 88.9 68,4 52,4
LLeiika maTku 1751,0 448,0 179,7 60,3 49,6 37,7
Toncrasa Kuwka 3722,0 1679,0 271,5 81,8 57,5 41,9
Porosas o6onoyka rnasa 10567,0 2878,0 259.4 76,0 54,8 40,3
[BeHaguaTunepcTHas Kuwka 2861,0 1678,0 246.4 77,9 64,8 48,9
Teepaast Mosropasi 0605104Ka 326,0 253,0 194,9 60,5 442 33,0
Cnuaucras obonoyka rnasa 4745,0 2178,0 208,3 67,9 55,0 41,5
Hup 93,0 27,0 13,8 6,1 54 46
YKenyHblin ny3blpb 107,0 100,0 98,8 79,0 59,0 47,2
YKen4vb 120,0 120,0 119,5 95,0 70,0 55,9
Cepaue 9846,0 1967,0 293,5 90,8 59,3 422
Moyku 7652,0 2251,0 371,2 98,1 57,9 40,3
XpycTanuk rnasa 1704,0 829,0 212,5 55,8 41,8 30,7
MeveHb 7499,0 1536,0 2231 69,0 46,4 32,5
Jlerkue, He HanonHeHHbIe BO3ayxom | 5145,0 1171,0 180,3 67,1 51,1 38,0
Jlerkue, HanoNHeHHbIE BO3AYXOM 2581,0 733,0 1237 31,6 21,8 16,1
Cnusucrasa obonouyka 15357,0 1833,0 221,8 66,0 457 33,5
Mbiwua 8089,0 1836,0 170,7 66,0 54,8 42,8
Hepsbl 5133,0 926,0 1551 47,3 32,3 23,8
Muuweson 2861,0 1678,0 2464 77,9 64,8 48,9
ANYHUK 1942,0 678,0 293,6 87,2 49,8 32,8
Mop)xenypo4vHag xenesa 7652,0 2251,0 371,2 98,1 57,9 40,3
Mpocrarta 5717,0 2683,0 246.,9 75,6 60,3 45,2
Koxka (cyxas) 1119,0 991,0 361,7 72,9 40,9 31,3
Koxa (BnaxkHas) 15357,0 1833,0 221,8 66,0 45,7 33,5
TOHKas KMULLIKA 13847,0 5676,0 488,5 96,5 58,9 42,0
CMWUHHOI MO3r 5133,0 926,0 155,1 47,3 32,3 23,8
CeneseHka 42220 2290,0 440,5 90,7 56,6 40,6
XXenynok 2861,0 1678,0 246.4 77,9 64,8 48,9
Cyxoxunus 4720 160,0 103,2 53,9 45,6 29,3
My>ckne nonosble Xenesbl 5717,0 2683,0 246,9 75,6 60,3 452
Buno4dkosas xenesa (TMMyc) 3301,0 1433,0 162,7 68,8 59,5 45,2
LuToBMAaHas xxenesa 3301,0 1433,0 162,7 68,8 59,5 452
A3bIK 4746,0 2178,0 208,3 67,9 55,0 41,5
Tpaxes 3735,0 775,0 146,1 53,0 41,8 31,1
Martka 3411,0 1168,0 321,6 80,0 60,8 45,3
«BaKkyyMHas TKaHb» 1,0 1,0 1,0 1,0 1,0 1,0
CTEeKnoBUAHOE TEmNo 98,0 84,0 70,0 69,1 68,9 57,9

C.5 LncbpoBbie moaenun UCTOYHMKa NONA

HwxenepeuncneHHble NpocTble LUUdpOBbIE MOAENM UCTOMHWKA NOMS MMUTUPYIOT NpuBNMaMTEnbHOE
pacnpeaeneHue HeOAHOPOAHOrO MarHUTHOTO Nons paccMatpueaemoro EUT. B 3TOM nepeyHe ykasaHbl He Bce

npocCTbie MoAEeNn UCTOYHUKA NonA, TEM HE MEHee, OHU AaloT oﬁmee npeacrasnexune:

— MPSAMONUHENHbIN NPOBOAHMK;
— KOHTYP Kpyrnou ¢oopmbl;
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- KOHTYp NpsIMOYro/ibHOl thopmbl;

- MarHWTHbIA 31eMEHTapHbIl AMNONb.

B HacTosiLem cTaHAapTe KOHTYP KPYr/ioi (QopMbl U NPSAMOSIMHENHbIE NPOBOAHNKN (HanpaBneHus Y unZ)
MCMNOb3YTCA 4718 NPOCTbIX LMGIPOBbIX MOAENEN UCTOUYHMKOB NoNsi. Kpome Toro, Ans umutauumn Tpebyemori
HEOAHOPOAHOCTN MarHUTHOrO NOJASA UCMONb3YIT MOAENb 3KBUBA/IEHTHOrO MCTOYHMKA MONS.

C.5.1 MpAMONNHERHbIN NPOBOAHUK (HanpasneHns Y un Z)

Ha pucyHke C.4 nokasaH OAWHOYHbIA NPSAMOMAVHENHbIA NPOBOAHVK B HanpaBfeHusax Y u Z, KOTopbli
uMeeT AAUHY L 1 no koTopoMy npoTekaeT Tok /Q Hanpumep, ecnv npsiMONMHERHbIA NPOBOAHWK ANMHON L
(HanpaBneHne Z, NexuT Ha ocn Z 1 NOMELLEH B Ha4ya/bHYK TOYKY) MOXHO annpokCMMMpOBaTb Kak 6ecko-
HEYHO A/IMHHbLINA (A = *»), TO 3HaYeHne marHuTHoro nons (Hxu Hy, H2=0) B Touke (X, Y, Z) MOXeT ObITb paccuu-
TaHO cornacHo 3akoHy Amnepa no gopmynam ([17]):

H - ~Iq y .
X 20 (x2+y2)'

H - ~/q %
y 2n (x2+y2)

q
» g j1
L
a MNpsAMONVHeRHbINA b MpsiMONUHENHBII
NPOBOAHVIK NPOBOAHNK
(HanpaBneHue Y) (HanpaBneHune!)

PucyHok C.4 - Cxematuyeckoe 1u3obpaxeHne npsiMoro nposoja
C.5.2 KoHTyp Kpyrnoi chopmbl

Ha pwucyHke C.5 nokasaH KOHTyp Kpyrnioii ¢hopmbl, KOTOpbIi MMeeT paguyc rKHyp 1 pacnonoxeH
B NaockocTM YZ (NoMelleH B HayabHYl TO4YKy) M NO KOTOPOMY npoTekaeT TOK |Q 3HauyeHue MarHUTHOro
nons (paguansHoe Hr un BepTukanbHoe HX B Touke (X, Y, z) B6/IM3KM 3TOr0 KOHTYpa Kpyrioin opMbl MOXeT
ObITb paccunTaHo no gopmynam ([17]):

1Ckx r2 _ +r2+x2

Hr == (~K(K)+ OFp 0E(K)-
4nrit oy -1 2) X
2
[
= Nk + = (K),
anth; (OTR- > + X
npn aTom
A, 4

rKOHTypll—

Feormp *TF +X2

r=Jy2+z2;
\2 1
K(k)=1} ]

do;
o M1—A sin O)
T.J2 mmmmmmmmmm—meeee
E(k)= J M1—AXin20)dO,

rae K n E - annuntuyeckne nHterpassl 1-ro n 2-ro nopsigka.
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PucyHok C.5 - CxemaTuyeckoe n3obpaxeHne KOHTypa Kpyrnou ¢opmbl

C.5.3 Mogenb 3akBMBasIeHTHOINo UCTOYHMKA NOoNs

C npumeHeHWeM 3aKOHOB Teopuu nonsi u npuHuuna loireHca mMoxeT 6bITb HalifjeHO pacnpefeneHue
(P UKTUBHbLIX (3KBUBAMEHTHbLIX) UCTOYHWKOB Nonsa (HanpuMmep, 31eMeHTapHbIX MAarHUTHbIX Aunonei) Ha (Mau
BHYTPU) NOBEPXHOCTM 06beEMA AN1A UMUTALUN peasibHbIX UCTOYHUKOB MONS.

Moaenb 3KBUMBANEHTHOrO MCTOYHMKA NOMSi NO3BOJMSET BOcnpousBecTu BOGAM3M EUT pacnpepeneHue
CNOXHbIX HEOAHOPOAHbIX MArHWTHbIX Nonei (Hanpumep, TpexMepHble BeKTOpHble nonsa). Ha pucyHke C.6
nokasaHa 6/10k-cxeMa npepsiaraeMoro mertoga.

MnotHocTb
Vcnbityemoe MarHuTHas 3KBUBANIEHTHbIE SNEKTPUYECKOTO
yCTpOIiCcTBO VHAYKUMSA VUCTOYHMKM nons ToKa
M3mepeHune b Mpeo6p aso- b- PacueTt
> (ckaHuposa- W. BaHNe W uMchpoBoro
Hue 3D) nons
Ha 3aKpbITOW B/Ha 3aKpbITOA B TKaHu Tena
10 Be PXHO CTN NOBEPXHOCTH uenoseka
"V

Mopgenb 3KBMBANEHTHOrO MUCTOYHMKA

MNpeo6pasoBaHue B 3NEMeHTapHbIe PasmelieHune Ha
MarHuTHble AUnonu LI,VII'IVIH,D,pI/IHeCKOVI NnoBEpPXHOCTH

PucyHok C.6 - bnok-cxema metoga

Bo-nepBbiX, MarHuTHass WMHAYKUMA (amnauTyga u asza) u3mepseTcss Ha NOBEPXHOCTU (Hanpumep,
umnuugpa) B6an3m EUT Ha cooTBeTCTBYHLU e YyacToTe, HanpumMmep, ¢ NOMOLWbID aBTOMaTU4YeCKoil M3mepu-
TenbHON cuctembl «30-ckaHupoBaHune» ([18], [19]), koTopaa namepsAeT BEKTOPbl MArHUTHOTO MO/ C BbICOKOWA
TOYHOCTbIO.

Bo-BTOpbIX, LM poBoe npeobpa3oBaHWe MNOMAS OCyWecTBAAWT Ha ocHoBe ¢opmynbl (C.1). Ana nony-
YeHUss MHGoOpMauUuM O MarHUTHOM MoJsie 3/1eMeHTapHble MarHuTHele aunonum N pacnonarawT, Hanpumep,
Ha MNOBEPXHOCTWM UuAuHApa. B pe3ynbTaTe 3TO NPUBOAMT K MNOSIBIEHUK HEW3BECTHbIX 3/1eMeHTapHbIX

MarHWTHbIX Aunoneil T BMECTO M3MEpPEHHbIX MAarHUTHbIX nonei H,3w(r). B cneaylowmux NMHelHbIX ypaBHe-

HUSAX T npefcTasBnseT co6oii Touky Ha6naeHNUs, B TO BpeMsa Kak r0, ro/ oto6paxatT KoopanHaTbl MarHUTHbIX

ANNOJNIbHbIX MOMEHTOB.

1712 —ol) T(r —To)

Huwm(ry - -grad ¢ Ha(r) = grad
4a|n0|r-To,/| 4nu0\r —'o

(C.1)
/

Pewas 3Tu nuHeliHble ypaBHEHUS, ONPeAensitoT MOMEHTbl HEU3BECTHbIX MArHUTHbIX gunonei [77. 3Tu
AVNNONbHbIE MOMEHTbl (MOAEeNb 3KBUBANEHTHOTO MCTOYHMKA NOJISI) CO34alT Takme Xe TpexMepHble BEKTOPHbIe
MarHuTHole nonsi B61nM3u ucneiTyemoro npubopa (3a npegenamu mMamepseMoro uunuHapa). Metoabl npeo6-
pasoBaHusA UM pPoBOro Nonsa npueseneHsl B [20].
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N B KOHEYHOM cyeTe MOJeNb 3KBMBAMIEHTHOIO MCTOYHMKA NOMA MCNOMb3yeTcA ANA LUDPOBOro pacuerta,
C MOMOL b0 KOTOPOro ONpeAenstoT, Hanpumep, NAOTHOCTb WHAYLMPOBAHHOIO 3/1€KTPUYECKOrO TOKa BHYTPU
Tena 4yenoseka.

C.6 MeToAabl UNpPOBOro MogennpoBaHuA

Nob6ble undpoBble MeToAbl U NWbble nakeTbl NPUKNafHbIX NporpaMMm ANsS pacyeTa nonen, KoTopble
noaxoAsT AN mMopAenen, ykaszaHHbIXx B C.3, MOryT 6biTb MCNONb30BaHbl AN NOATBEPXAEHWUS COOTBETCTBUSA
KOHTPOJIbHBIM YPOBHAM W OCHOBHbIM OFpPaHUYEHUAM.

Kak npaBuno, NnpuMeHsAT cnegyowme Metoabl:

- MeToj rpaHuyHbiX anemeHToB (boundary element method - BEM);

- KOHEYHOpPa3HOCTHbI MeTog B YacToTHol o6nactu (finite difference frequency domain method - FDFD);

- KOHEeYHopa3HOCTHbI MeTog Bo BpeMmeHHol o6nactu (finite difference time domain method - FDTD);

- MeToj KoHeuHblXx 3nemeHTOB (finite element method - FEM);

- mMeToj KoHeuyHoro mHterpuposaHua (finite integration technique - FIT);

- metoq MmomeHToB (method of moments - MoM);

- KOHEeYHOpPa3HOCTHbI MeTo[ ckanspHoro noteHuuana (scalar potential finite difference method - SPFD);

- meTog umnegaHca (impedance method - IP).

Mpu ncnonb3oBaHMM RF nporpammHbiX KOAOB ANA pacyeTa NAOTHOCTU MHAYLUPOBAHHOIO 3/nekTpuye-
CKOTO TOKa MOXEeT O6blTb MPUMEHEH MeTOoJ 4acTOTHOro macwTtabupoBaHusa ([21]).

Ona nw60ro MarHUTHOTO WUCTOYHMKA W3NyYeHUss pacyeT MOXeT ObiTb BbINO/IHEH Ha 60/see BbICOKON
yactoTe f (< 500 kl'y, Ana obecnevyeHnsa kKBasucTauuMoHapHOCTM nons). Ans 3TOro pacyerta yfenbHas 3/ek-
TPONPOBOAHOCTb C(/) TKAHEW opraHMama AOJKHA y4YuTbiBaTbCs AN 4YacToTbl f (a He gna vactoTel f). dTOT
pacyeT faeT 3HAYeHMe HaNpPsAXEeHHOCTU 3nekTpuyeckoro nona E Ha yactoTe I 3atem nytem macwTtabupo-
BaHWS HANPSXEHHOCTW 3/1eKTPUYECKOro Nonis ¢ y4yeTom TOro, 4To

E(r) =fr *E'(r), (C.2)

onpeaensoT 3HayeHne 4yactoTbl f. B pe3ynbTate 3TOro HanpPsXXEHHOCTb 3/1EKTPMYECKOTro MoAsi MOXeT 6biTb
paccumMTaHa ¢ NnpuMeHeHueM 3akoHa Oma:
J(r) =a(r)xE(r). (C.3)

Ona Banupgaunm mMeToA0B MOXET 6biTb MCNOMb30BaH npumep pacuyeta, npusegeHHoro B C.7.1.

C.7 Npumepbl pacyeToB

C.7.1 PacueT NI0OTHOCTY TOKa C NpUMeHeHneM Kybouaa n TOKOBOro KOHTypa

Heob6xoAnMMO paccMoTpeTb CXeMy, n3o6paxeHHy Ha pucyHke C.7. B kauecTBe MOAeNn Tena yesioBeka
Ha yacTtoTe f= 50 'y MCcnonb3ywT OA4HOPOAHbBIA Ky6ouna ¢ agnmHoi pebep dx=dy=0,4 M, dz= 1,8 M U yaenbHOW
3f1eKTponpoBoAHOCTbIO ¢ = 0,1 Cwm/Mm.

MpumeyaHune - MoxeT 6biITb NPUMEHEH TaKXe MEeTO 4acTOTHOro MaclwrtaéuposaHus ([21]).

MICTOYHNKOM NoNsA ABNAETCS KOHTYp KBagpaTHoi chopmbl ¢ Tokom / = 1,0 A ¥ ANNHOA CTOPOHbI 50 MM,
pacnonoxeHHbln nepeg kKy6bomaom Ha pacctosHuM 10 MM (cMm. pucyHok C.7).

MNOTHOCTb 3NEeKTPUYECKOro Toka, MHAYLMPOBAHHOTO B MOAENU Tena, pacCuYnuTbiBalOT C NOMOLbIO UHCT-
pyMeHTaNbHbIX MPOrpamMmMHbIX CPeCTB, NCNONb3YEMbIX A1 Npouefypbl NMPOBEPKY.

PucyHok C.7 - Cxema gns Banvgaunvm MeToaoB. TOKOBbI KOHTYP nepes Ky6omaom
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VICTOYHUK MarHuTHOro nosif co3faeT MaKCUMasibHYH Be/IMUUHY NIOKaSIbHOTO 3/1EKTPUYECKOrO MO Un
NNOTHOCTU 3N1EKTPUYECKOro nosid BHYTPU TKaHW B npeaenax nHrepesasa:

o EM 62 ¥XB _gud KA 00, (C.4)

3HayeHne J u3 dopmynbl (C.4) oTobpaxaeT cpefHee 3HauyeHWe pe3y/nbTaTtoB pacyeTa no copmynam
(C.2) - (C.4), nonyyeHHbIX C MPUMEHEHNEM Pa3NNYHbIX METOAOB pacyeTa.

JonycTmoe oTknoHeHne +10 % BkAwuyaeT B cebA BCE BO3MOXHbIE OTK/IOHEHWUS WCXOAHbIX A@HHbIX
B NPUMEHSIEMbIX Pa3/IMYHbIX NakeTax NpPUKNagHbIX Nporpamm (Hanpumep, MUHMManbHOE paccTosiHWe A0
NOBEPXHOCTN Ky6omAaa, npyv KOTOPOM BO3MOXEH pacuyeT noss).

KOHTpO/IbHbIE 3HaYeHusA

B kayecTBe KOHTPOJIbHbIX 3HAYEHUIA NpeAcTaBeHbl pe3ynbTaTbl, ONpeAeneHHble C MOMOLLbI Pa3/INYHbIX
nakeToB MpuKNagHbIX NPorpamm:
- metog IP ([22)):

J =05"*63 N =63 8 - C5
NEC ZEM % S g (C5)
- metog FDTD ([23)):
J.,,=0,1~*63,2"~=6,32"; (C.6)
M M M
- metoq SPFD ([24)):
Jyge =01— *6-1 3— =6135] C.7
NeC M M M 35 (€7

Kpome Toro, pacnpegeneHue MI0THOCTU 3NEKTPUYECKOro Toka J ykasaHo Ans MiaockocTeil x = +0,2 m
(pucyHok C.8, neBas yacTb pucyHka) my = 0,0 m (pucyHok C.8, npaBas yacTb pucCyHKa). Vicnonb3yemoe
LUBeTHOe MacliTabupoBaHue ABASEeTCA 0rapuMmMyYeckuM, 1 OHO HOPMUPOBAHO MO KaXAOMY Makcumasb-
HOMY 3HayeHulo B AnHamun4yeckom guanasoHe 30 gb.

MpumeyvyaHue - bbin npumeHeH metog FDTD ¢ nakeTamu npuknagHeix nporpamm EMPIRE ([23]).

PucyHok C.8 - PacnpegeneHue niaoTHOCTU 3N1€KTPUYECKOro Toka J B NJ/I0CKOCTAX
X = +0,2 M (neBas yacTb pucyHka) ny = 0,0 m (npaBas 4YacTb PUCYHKa)

C.7.2 PacyeT N/I0OTHOCTU UHAYLMPOBAHHOIO TOKa ANS pa3/InyHbIX pa3MepoB BbITAHYTOro cchepounga

OnpegeneHve MI0THOCTU MHAYLUMPOBAHHOIO TOKA BbIMOJIHAKT C NOMOLLbIO TPeX BbITAHYTbIX CMOWHbIX
ctheponoB pasnmyHblx pasmepos: 60 * 30 cm, 120 x 60 cm 1 160 x 80 cm (MakcumaibHas WMpWMHA U BbicoTa
cthepounga). MogenvpoBaHue NpPoBoAUAOCL MetogoM FEM ¢ ncnonb3oBaHMeM AOCTYMHOrO Ha pblHKE Mporpam-
MHOro o6ecneveHus.

OgHopogHoe nosne 6bi10 CMOAENNPOBAHO C UCMO/Ib30BaHWEM KOHTYPOB 60/bLIOIO pasMepa OTHOCK-
TeNbHO paccMaTpuBaeMblX BbITAHYTbIX ccheponoB. Hwxe npuBefeHbl pesynbTaTbl BblYUCAEHUSA 3HAYEHUI
C03[aHHOr0 MarHMTHOTrO NOAS W NJIOTHOCTY MHAYLMPOBAHHOIO TOKa, MOJlyYEHHON B pe3ynbTaTe ero Bo3fei-
CTBUSI, NPW 3HAYEHWUN YyAeNbHON anekTponpoBogHocTn 0,2 CMm/m (cM. pucyHkm C.10 - C.12). 3TK 3Ha4veHus
He ABMAITCS XapakKTepHbIMU [ANA KaKOro-TO0 KOHKPeTHOro o60opyAoBaHUs WAM HOPMAaTWMBHOIO [OKYMeEHTa.
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CoOTHOLWEHNE MexAay pe3ynbTaTamMu pacyeToB MoKa3biBaeT, Kak MOXHO OCYyLW ecTBASiTb MOAenupoBaHue,
npuMeHaa TONbKO OAWH pa3mep ceponpa v npeobpasosbiBas ero B gpyroii pasmep cepouja C¢ UCNonb-
30BaHueM koadpduumeHTa COOTHOWEHNSA pa3mepoB cdepongoB. B Tabnuue C.3 npuBeneHbl 0606w eHHbIE
pe3ynbTaThl pacuerta.

C.7.2.1 NCTOYHUNK OAHOPOAHOTO0 MarHUTHOro nons

OueHb 6onbWON Habop kaTywek MenbMronbua, obwaa naowagb NONEPEYHOro CeYeHUss KOTOPbIX COCTaB-
nana 5 M2, npumeHsanca gna obecnevyeHns OAHOPOLHOrO0 MarHUTHOro nons Ha yactote 58 kly. CTeneHb Heoa-
HOPOAHOCTW MarHMTHOro nona 6bina B npepenax 1 % wnnm meHee. Ha pucyHke C.9 nokasaHbl reomeTpuye-
CKne pasmepbl kaTywek Fenbmronbua u BbITAHYTOro cdepounja.

PucyHok C.9 - KaTtywku FenbmMronbLa v BbITSHYTbI cchepoung,

C.7.2.2 Pe3ynbTaTbl MOL4ENNPOBAHNA ANA BbITAHYTOro chepounga pasmepom 60 x 30 cm

3anpoc: Bbibepute komaHay

Bbixog, | | CeTka | Ocb | MpOCMOTp| Bﬂdﬂﬂ]

PucyHok C.10a - MarHutHoe nosne
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PucyHok C.KOb - TINOTHOCTb MHAYLMUPOBAHHOTO TOKa

PncyHok C.10 - Pe3ynbTaTbl MOAENMPOBaHWUA ANA BbITAHYTOro cdpeponga pasmepom 60 x 30 cm

C.7.2.3 Pe3ynbTaTbl MOAeNnnpoBaHnusa ANA BbITAHYTOro cpepomga pasmepom 120 x 60 cm

Psj.3fc- OTocha-
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PrvcyHok C.11 - TINOTHOCTb UHAYLWPOBAHHOTO TOKa
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C.7.2.4 Pe3ynbTaTbl MO4eIMpoBaHNA ANA BbITAHYTOro cpepounga pasmepom 160 x 80 cm
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PucyHok C.12b - MAOTHOCTb MHAYLMPOBAHHOIO TOKa

PucyHok C.12 - PesynbTaTbl MOAENNUPOBaHUA ANA BbITAHYTOro cpeponga pasmepom 160 x 80 cm
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C.7.2.5 O6006LWeHHble pe3y/bTaTbl pacyeTa

Tab6nunua C.3- O606ueHHbIE pe3ynbTaTbl pacyeTa

MakcumasibHoe MarHutHoe MakcumasibHas NA0THOCTb
Pa3Mep BbITAHYTOrO akcumasibHasA M10THOCTL Koadh(puumeHT COOTHOLLEHNA pa3MepoB

ciheponaa, cm nog(inézcél?/li;:)i}l/f_moe MH,CI,yU,VIp(zABAa/HMHzoro TOKa, ctheponzios gop??gg?:&m ctheponga
60 x 30 17,3 60,0 1,0
120 x 60 17,5 119,8 2,0
160 x 80 17,6 156,7 2,6

C.7.3 PacyeTt N/I0OTHOCTU UHAYLMPOBAHHOIO TOKa AJ/1 BCEro Tesia 1 rofioBbl YesioBeka
C.7.3.1 OpgHOpoAHOE MarHUTHoe noJsne

Ha pucyHke C.13 noka3aHo ofHOpoAHOe mMarHUTHoe none bef= 100 mkTn npu yactoTte f= 50 Iy, npume-

HEHHOe K mMogenu ofHopoAHOro Tena 4venoseka (pucyHok C.3) npum ¢ = 0,37 Cwm/m. PacuyeT nposogmncs
meTogom MoM ([25]).

£50 Iy
NnnockocTs X-Z 7=Jut wTn

PucyHok C. 13 - PacnpegeneHune nioTHOCTU UHAYLUMPOBAHHOIO 3/IEKTPUYECKOTO TOKa

C.7.3.2 HeogHopogHble MarHUTHbIE MOAS N pacyeT KoadhpurumeHTa CBA3N K

B kauecTBe WMCTOYHWMKOB NONs ANs pacyeta KoadPULUMEHTOB CBA3M 6bIM UCNOMb30BAHbl KOHTYPbI KPYrioi
hopMbl C MpoTeKawwWwmUmM Mo HUM TOKOM. B CBS3M C 3TMM KOHTYpbl, KOTOpble MMENU pas3finyHbLIN gnameTp,

pasmeuianucb B Hanbonee He61aronPUATHOM MOJIOXEHUN MO OTHOLWEHUIO K LU POBLIM MOAesAM. DTO MNokKa-
3aHO Ha pucyHke C.14.
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PucyHok C. 14 - Cxema pa3meLlLeHns UCToYHMKa Q no oTHoLeHuo K mogenm K

KoathpnumneHT cBA3N K ycTaHaB/MBaeT COOTHOLIEHNE MeXAy MakKCMMasbHOW MAO0THOCTbIO WHAYLUPO-
BAHHOrO anekTpuyeckoro Toka JMkc(r) BHyTpU LMPOBOIM MoAenu Tena U MakCUMMasbHOW MarHUTHOW WHAOYK-
Luuen, N3MepeHHON Npu TakoM Xe pacnosioXeHnn. 3HavyeHne Toka MCToYHuKa IQ MoxeT 6biTb BbIGpaHO Npons-
BOJIbHO, HO OHO AOJ/IXKHO COOTBETCTBOBATb pacyeTHbIM 3HadyeHusam JMKCu BrvaCloarume MoaTomy pesynbtar
pacyeTa KoaduumeHTa cBA3N /(3aBUCUT OT NCNOMb3YEMOro AaTunka.

[na npon3BonbHO BbIGpaHHOW nnowaan gatymka AJEMKA0MKHA OblTb BblUMCEHA CPefHAS MarHuTHas
MHAOYKLUWA Bmako,partuvk-

Mnowaab gatumMkos Anraul BbibupatoT paBHol 3 1 100 cm2.

MonoxeHne KOHTYpa MCTOYHMKA OTHOCUTENLHO AaTyuka U MOAenu Tena nokasaHo Ha pucyHke C.15.

B uenax ynpouweHns 6b1/10 B3ATO ABYXMepHOe u3obpaxeHue, 4yTobbl NokasaTb pasmelleHne KOHTypa
Ha paccTosAHMM T U pacnosioXeHne gaTtumMka Ha COOTBEeTCTBYLW el naowaam mogenu tena.

PucyHok C.15 - PacnonoxeHue uctodHunka Q, gatuvka v mogenu K

MockonbKy YactoTa fv\ yaenbHas anekTponpoBOAHOCTL a JIMHEMHO CBA3aHbl C KOS((ULMEHTOM K, €ro
MOXHO BbIYUCAUTL MO popmyne

k{r,f,n) =- 7 (C.8)

°Makc, gatuuky' j'* patumk/

Ana yaenbHoOn 31eKTponpoBOAHOCTM LMGPOBO/ O4HOPOAHON MOLenu pyku 6bin0 BblbpaHO cpefHee
3HayeHue a = 0,1 Cwm/m.
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[ns yaensHOW aneKTponpoBOAHOCTU OAHOPOAHON Moaenu Tena 6bino BbiOpaHo 3HadyeHue ¢ = 0,2 Cm/M.
Tem He MeHee HEOAHOPOAHOCTL MOMEN U UX OYE€Hb HE3HAYMTENBLHOE NMPOHUKHOBEHME B TENO AenaoT BO3-
MO>XHbIM UCMOSb30BaHKe TaKkxke 3HayeHus ¢ = 0,1 Cm/m.

Ina onpeaenenuns koaduumeHTa CBA3n k B HaCTOALLEM NPUMOXKEHUM B KavecTBe LMdpoBOro Metoaa
ObIn npumeHeH metog MoM [20].

Mpumep 1

Jinsa KOHTYpa Kpyrnoi opMbl C PagnyCcoM fiomypa = 20 MM Ha paccTosaHumn r = 10 CM U TOKOM UCTOYHUKA
Iq = 100 A nony4yaem ana mogenu tena yenoseka (¢ = 0,1 Cm/m n f= 50 'u) NNOTHOCTb UHAYLIMPOBAHHOTO
ANEKTPUYECKOT0o TOKA Jyarc = 14,956 MKA/MZ. CpeaHee pacCHMTaHHOe 3Ha4YeHMe MarHUTHOM MHAYKUMK ANnA

Aarumka nnowaabio 100 cm? Bhuarc garunka=100 om2 = 5,4683 MKTN. Ucxoan u3 aTux 3Ha4YeHnin koadpPuumeHt
CBS13M K BbIMUCTIAIOT NO hopmyrne

MKA
_ _ _ cm. 14,956—“,12 _ AW
k(r=10cm,f=50I"y,6=0,1—)= —>—=2,735 . (C.9)
M 5,4683 MkTn T

Mpumep 2

AN KOHTYpa Kpyrnoi hopMbl C PaaNYCOM fiomypa = 20 MM Ha paccTosaHumn r = 10 CM U TOKOM UCTOYHUKA
Io= 100 A nonyyaem Ans MOAENM rofioBbl Yenoseka (cdepa C rupepa = 10,5 ¢M, 6 = 0,15 Cm/M 1 f= 60 Tu)
NNOTHOCTb MHAYLMPOBAHHOIO 3MEKTPUYECKOro TOKA Jyax = 19,17 MKA/M?. CpegHee paccuuTaHHOe 3HaYeHne
MarHUTHOW UHAYKUMM Ans Aatymka nnowaabio 100 CM” Byage narumk=100 o> = 3,46835 MKTn. Ucxoaa u3 atux
3Ha4YEHUN KOIPPULMEHT CBA3M K BLIMMCASAIOT NO hopmyne

. 1e17MA A2
k(f=10CM,f=60 ru,6=0,15_) =—M=3,505627 M
M 5,46835 MKTn
n
2
K(r =10 cm, =60 Ty, 5 =0,155M) 3 508627 2/M B/m
- M- c N =23,370847—. (C.10)
0=0,15—M 0,15—M n
M M

OO6bIYHO PpEe3ynbTaTOM YMUCIIEHHBIX PACUYETOB SIBIISAETCS HAMPSDKEHHOCTb 3nekTpuyeckoro nomns E;
B MOAEnu Tena 4yenoseka. PacyeT HaNPsXKEHHOCTU FI0KarnbHOro ArieKTpuyeckoro nons E; (B COOTBETCTBUM
¢ IEEE Std C95.6™") nposoast nytem AeneHns koadduLMeHTa k Ha COOTBETCTBYIOLLIEE 3HAYEHUE Y/IENbHOI
3MeKTPONPOBOAHOCTH G, MCMONbL3YEMOE A11A OLeHKH K.

Mo3TOMY HanpsiXXeHHOCTb NMOKAaNbHOrO SfIEKTPUYECKOrO NOMNS E;max PaccYnThLIBAIOT NO hopMyne

K(r =10 cm, f =60 My, o = 0,15SM)
E. .= M_xB

imakc CMm MaKc, 1aTuuK (r

c=0,15—
M

=10cm, A

AaTUMK

=100 cm?) =

= 23.3708472/M
n

x5,46835 mkTn=127,8 MkB /M.

C.7.3.3 NoaTtBepxaeHne COOTBETCTBUSA NOCPEACTBOM UCNONb30BaHUA KO3 duumneHTa cBasm k

Mcnonb3oBaHue koahduLUMeHTa CBA3M k AN NOATBEMKAEHUSI COOTBETCTBUSI OCHOBHBLIM OrPaHUYEHUAM
OCYLLECTBIISIETCA B TPX 3Tana:

a) ornpeaeneHne pasmepa 9KBUBANEHTHOrO (MCTOYHUKY NOMs) KOHTYPA;

b) onpeaeneHue 3HaveHua koadPULMUEHTA CBA3M K;

C) NOATBEPXAEHNE COOTBETCTBUSA OCHOBHBIM OrPAHUYEHUSM.

3T1an 1. OnpegeneHue pasmepa 3KBMBaNeHTHOro (MCTOYHUKY MOJIA) KOHTypa

Ha atom atane gomkeH ObiTb OnpeaenieH pasMep 3KBMBANEHTHOTO (MCTOYHUKY MOSIst) KOHTYpa Ans UCTbI-
TYEeMOro yCTponcTaa.

M3MepsIloT MarHuTHy0 MHAYKUMIO B(rp) No KacaTenbHOW K NOBEPXHOCTU BAOSb NUHUU HANMMEHbBLLEro
rpagueHTa ot TOYKU ro = 0 ¢ MakCMmManbHbIM 3HaYEeHUeM MHAYKUUKU. N3MepeHus npekpawaioTt npu rp = X, rae
3HaYeHNe MarHUTHOW MHAYKUMK CHMXKaeTCA Ha 10 % OT ee MakcMmarnbHOro 3HavyeHus. [loCTaTouYHbIM cuuTa-
€TCA paccTosiHue Mexay Toukamm usamepenus ot 0,5 o 1 cm.

Mnowaab NPUMEHSIEMOrO 1St U3MEPEHUS AaTUMKa MOXET COCTaBNATh, HAaNpUMep, 3 CM, HO U3MEpPeHNs
MOTYT ObITb TaKXKe BbINOJIHEHbI C AaTYMKAMWU MEHBLLKUX Pa3MepOB.
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1 Ni3amepeHne No KacaTesibHON MA0CKOCTM BOGAN3M TOUKM C MaKCUMasbHbIM 3HAYEHWEM MarHUTHOW MHAYKLMWK.
2 Mopgenb 6bITOBOrO Npmnbopa B BUAe cdepbl.
3 KaTylwka Kak 3KBMBasieHT UCTOYHMKA NONS.

PucyHok C.16 - O6n1acTb NOBEPXHOCTU C HAUBONBLLIVMUN 3HAYEHUAMU MArHUTHOW UHAYKLMUK

(C.11)

(0] X

PucyHok C.17 - T'pafieHT MarHUTHON MHAYKUUKU 1 nnowadb G

Pe3ynbTaTbl M3MepeHWss MCNONb3YKTCA AN OnNpefefieHus gnameTpa 3KBMBANEHTHOrO KOHTypa, KOTOpbIN
co3gaeT aHaNOrMMUHbIA rpagMeHT MarHUTHOW MHAYKUMM M COOTBETCTBYO WY nnowaab G. Ana ganbHehwero
pacyeTa JonyckaeTcs, YTO 3KBMBA/IEHTHbIA KOHTYpP pacnofioXeH nof TOYKON C MaKCUMasibHbIM 3HAa4YeHueMm
MarHUWTHOW WHAYKLWW Ha PacCTOAHUM c/kOHryp, KOTOPbIA CnepyeT oueHuBaTb, 3HaAsA, F4e HAXOAUTCH MCTOYHMK
nond, N NCXoAs U3 KOHCTPYKLMKN o6opynoBaHUA.

MpumeuvaHne - [JaHHaa npouegypa NPUMEHSAETCA TOJILKO A/ JIOKa/IbHbIX WMCTOYHMKOB nonsd. PacnpepeneHuve
noast OTTOYKM C MakCUMasibHbIM 3HAYEHWEM MarHMTHOM nHAyKuMn Byvacfo 0,1BMEKCA0/MKHO BbiTh HENPEPLIBHBIM.
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r0=0 ro=X

AKOHTM3a

PucyHok C. 18 - OKBMBaNIEHTHbI KOHTYP

VNHTerpmpys HOpMUPOBAHHbIE M3MEpPEeHHble 3HAYEHUS MarHUTHOW MHAYKLWW No ocu X, Nosy4vyarT efuH-
CTBEHHOEe 3HauyeHue napameTtpa G, KOTOpPOe WCNOMbL3YIT ANA onpefeneHns paguyca TKHyP 3KBUBaANIEHTHOrO
KOHTypa (cM. Tabnuuy C.4). NMocpeACTBOM NIMHEWHOW MHTepnonauMyM onpeaensawT Apyrue 3HauvyeHua paguyca
Foutyp- N8 oNpefeneHns pagnyca rkoHtyp PacCTossHUE C/MOHTYP LO/IKHO OblTb HE MEHEE nKoHryp.

MpumevaHune 1- PaccTosiHMe c(kamyp ONpPefenstoT UCXOAA M3 PacCTOSHUS UCTOYHMKA Mofs BHYTpU obopyao-
BaHUSA NOJ, TOYKOW ¢ MaKCUMaslbHbIM 3HAYEHMEM MarHUTHOM MHAYKLMU [0 NOBEPXHOCTU kopnyca. [ns He6onblioro o6opy-
[0BaHNA 3TO pPacCcTosiHMe cocTaBnseT Npuban3uTesibHO NOSIOBUMHY AnameTpa obopyposaHus. [na 6onee KpynHoro o6opy-
[OBaHUS - 3TO pacCTosiHMe, Hanpumep, OT ABuraTesnss A0 MOBEPXHOCTW. IDTOT NnapaMeTp He SIBMSIETCS KPUTUUECKUM,
Tak Kak OH MPUBOAMUT K Pas3/iMyHbIM pajuycaM KOHTypa, HO B Tabnuue C.4 paccTosiHue T yxe yuyteHo B dKOHIW MoaTomy
pesynbTar OTIMYaeTcs He3HauMTesbHO.

= oo £ A dfC'L)

Ta6nuua C.4- 3HaueHusi napameTtpa G 415 Pa3fIMUHbIX KOHTYPOB C PafMyCoM rHyp U PACCTOSIHUEM d R, Typ

3HayeHne napameTpa G, M

PaccTtosHue PANYC reonryr, MM
"KOHTYP, MM 10 20 30 50 70 100
10 0,01354
15 0,01562
20 0,01848 0,02703
25 0,02168 0,02880
30 0,02511 0,03117 0,04051
35 0,02861 0,03390 0,04217
40 0,03222 0,03689 0,04429
50 0,03955 0,04334 0,04941 0,06750
70 0,05448 0,05718 0,06164 0,07535 0,09444
100 0,07711 0,07905 0,08219 0,09213 0,10644 0,13493
200 0,15317 0,15415 0,15573 0,16085 0,16844 0,18420
300 0,22953 0,23012 0,23119 0,23461 0,23971 0,25054
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PucyHok C.19 - MpagueHT U3MEepeHHON MarHUTHON UHAYKUMW U MarHUTHOW WHAYKUWKM, CO3A4aBaeMoii KOHTYpPOM

OTan 2. OnpegeneHne KoapduumeHTa cBA3N K
MapameTp pagunyca KOHTypa FrkoHyp MCNob3yeTcsa ANa onpegenenHnsa koadduynenta ceasm K (r, rmmw, f, d)
(cm. C.7.3.2) MexAay 3KBMBANIEHTHbIM WCTOYHMKOM MoNs (KOHTYpOM) M TeNIOM 4Ye/nloBeka Ha paccTtosHuu r. OH
nokasblBaeT COOTHOLWEHNE MeXAY MarHUTHOW MHAYKUMelh, 06yCNOBNEHHOW UCTOYHUKOM NOAS, U NJOTHOCTbIO
TOKa, BO3HMUKAK L Eero B Tesie YesioBeka.
r=r,+d (0.13),

1 KOHTYp'

roe rj - U3MEpPEHHOEe paccTosaHue (paccTosHue A0 onepaTopa);
KOHTYp- BHYTPEHHEee paccTosiHMe OT 3KBMBAJ/IEHTHOIO KOHTypa A0 NMOBEPXHOCTW 060pyAOBaHUS.
K (T, omtyp, F<°) vare oommetow) (C.14)
Amakc, gaTumk (O OOHTyp 'CpaTtuunk )
roe JHKC - makcumanbHas NAOTHOCTb TOKA B Te/Nle Ye/l0BeKa;
JaTtuuk - namepeHHas nnowanb gaTyuka.

B tabnuue C.5 yka3zaHbl 3HauyeHus KO3(h(PWLMEHTOB CBA3M K ANA BCero tena npu vacrtote 50 Iu,
yaenbHon anektponpoBogHoctu 0,1 Cm/M u nnowagan partymka Jiggrak = 100 cm2. KoadpuumeHT cBA3n K
3aBUCUT OT PaccTOAHUA I MexXAy KOHTYpOM U TenoM 4yenoBeka, a Takxe OT Bbl6paHHON mopenu Tena
(cm. pasgen C.3), yaenbHON 31eKTPONPOBOAHOCTM @ O4HOPOAHON MOAeNu Tena u pasmepa gartuuka.

MpumeuaHue - B cnyyae HeoQHOPOAHLIX Noneit NpumeHeHue 3HauveHus a = 0,1 Cm/M Haubonee Lenecoo6-
pasHo Mo NpuyMHe TOro, YTO MakCUMasibHOe BO3AeiCcTBME No/s NPUXOANTCA Ha MOBEPXHOCTL TeNa YesnoBeka.

Tab6nunuya C.5-3HauveHunsa koadhdumymeHTa cBA3N K Bcero tena npu /= 50 Iy,

3HaueHue koachduumeHTa cBA3m K, [A/MZ]
PaccTosHue Tn

f, cm Paguyc la,ypg Mm
10 20 30 50 70 100
1 21,354 15,326 8,929 5,060 3,760 3,523
5 4,172 3,937 3,696 3,180 2,858 2,546
10 2,791 2,735 2,696 2,660 2,534 2,411
20 2,456 2,374 2,369 2,404 2,398 2,488
30 2,801 2,735 2,714 2,778 2,687 2,744
40 3,070 2,969 2,933 3,042 2,865 2,916
50 3,271 3,137 3,086 3,251 2,989 3,040
60 3,437 3,271 3,206 3,429 3,079 3,134
70 3,588 3,388 3,311 3,595 3,156 3,216
100 3,940 3,659 3,601 4,022 3,570 3,604

MpumeuaHune - KoadppuumeHTbl K onpeaensatoT nytem NpUMEHEHWUs KOHTypa B KauecTBe WCTOYHMKA MOSsi C COOT-
BETCTBYIOLLEN LMGIPOBO/ MOfENbI0 TeNna YenoBeka, kak onucaHo B C.8. ATO MPUMEHMMO TOMbKO NS 30HbI, 6M3KON
K UICTOUHUMKY NOSIS, a He ANsi OAHOPOAHLIX MOSeil.
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KoadpdhmumeHTbl cBA3M K* Ana ApYyrux 3HavyeHuii yacTtoT f n ygenbHoO 371eKTponpoBOAHOCTM a paccuu-
TalT NCXoAA U3 3HAYeHWi K, ykasaHHbIX B Tabnuue C.5, no dopmyne

B *K. (C.15)

[ —
>f KOHTypj\ 50 FLJ, n,‘!lCM
nim
Otan 3. [NoaTBEPXAEHNE COOTBETCTBUA OCHOBHbLIM OrpaHUYeHnsam
KoaphuumeHT cBS3M K NOKasbiBaeT COOTHOLIEHNE MEXAY MarHUTHOW MHAYKLMER, 06YCNOBEHHO MNCTOu-
HWKOM NOMA, W NNOTHOCTbIO TOKA, CO3[4aHHOr0 B Tefe 4YenoBeka B TOM Xe MNosioxeHun (cM. pucyHok C.16).
Takum 06pa3oM, HAa OCHOBE M3MEPEHHOW WHAYKUMM MarHMTHoro nons BVBVED MOXHO BblUMCANTL COOTBET-
CTBYIOLW Y MAOTHOCTb TOKa J C UeNbio NOATBEPXAEHNSA COOTBETCTBUA OCHOBHOMY OFpaHUyYeHuto, NnpuBeaeH-
HOMY A1 NJIOTHOCTU TOKa.
J = Kk mBi1avEn (C.16)
3HauyeHne NAOTHOCTM TOKa CpaBHMBAKT C OCHOBHbIM OrpaHuyeHnem cornacHo ICNRP.
Kpome TOro, COOTHOLWEHNE CO 3HAYEHUAMMU, yCTaHOBNeHHbIMK |IEEE, MOXeT 6biTb MONY4YEHO MUCXOAA U3
cdopmynbl
E=/a. (C.17)
MpumeyaHne - 3HAYEHUE 6 vevep MOSyHAIOT UMEPEHNEM HA PACCTOAHUM R MeXy NOBEPXHOCTLIO 060PYA0BaHUSA

1 HOPMasibHbIM MONOXeHNeM onepatopa (cM. pucyHok C.20). UTobbl npasuibHO BbibpaTh KoadduumeHT K 13 Tabnumubl C.5,
HeobXoAMMO BbIYMCIUTL paccTosiHue  no goopmyne (C. 13).

PucyHok C.20 - PaccTosiHMA MexXay WCTOYHMKOM NOJisi, KOpnycoM npubopa 1 NoBEPXHOCTLIO Tefa vyenoBeka

C.8 CcblNOYHbIE OKYMEHTbI

[1] DIMBYLOW, P.J. Induced Current Densities from Low-Frequency Magnetic Fields in a 2 mm
Resolution, Anatomically Realistic Model ofthe Body. Phys. Med. Biol., 1998, Vol. 43, pp. 221 -230
(MNOTHOCTb MHAYLMPOBAHHOFO TOKA OT HWU3KOYACTOTHbIX MAarHWTHbIX MOJeli € paspeleHnem
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MpunoxeHue D
(cnpaBoyHoe)

N3mepeHne cnsnyecknx napamMeTpoB U TOKOB, NMPOTEKAKOLWMNX Yepes Tero YenoBeka

D.1 3amepeHune TOoKa, NpoTeKaoLwWwero Yyepes Terno YyernoBeka

Annapartypa ans usmMepeHusi Toka, NPoTeKatoLLEero Yepes Teno, nogpasaensercd Ha aBa Buja:

— annapartypa Ans u3aMepeHusi Toka, NPOTEKaloLLIero Yepesa Teno YenoBeKa Ha 3eMITI0;

— annapatypa Ans u3mMepeHusi Toka NPUKOCHOBEHMUS.

CrneanyeTt OTMETUTb, YTO annapatypa ob60ux BUAOB MOXET Takke NPUMEHSITLCA ANA U3MEPEHUSA BbICOKO-
YACTOTHOrO TOKA, NPOTEKAIOLLEro Yepes Teno yenoseka. Korga moau noasepraiotcs AONyCTUMOMY YPOBHIO
BO3AENCTBUA B HOPMaSbHLIX pabovnx Unm BbITOBbLIX YCIOBUSIX, TO BbINOMHEHUE AOMNOMHUTENBHbLIX M3MEPEHUIA
C NMPMMEHEHWEM TaKkoW annapaTypbl He TpebyeTcs, Tak Kak BNUsHME 3TOr0 BO3AEWCTBUSA Ha YenoBeka yxe
ObIno n3yyeHo. OQHAKO B TEX CNyyasix, KOraa HOBbIE W/UNM BHOBb OOHAPY>XEHHbIE BO3AENCTBUS U3YYEHbI U
€Ccnu, Hanpumep, U3MepPEHUs BbIMOSHAOTCS TPETbEN CTOPOHOW B 30HaX U CUTyauMsX, KOTOpble OObIYHO
He BCTPEYalTCH, AOMKHbI ObiTb BbIMONHEHbI NpeABapUTENbHble U3MEPEHUS C NPUMEHEHMEM YCTPOWCTB
6ECKOHTAKTHOrO M3MepeHus Toka, YToObl onpeAenuTb OTCYTCTBME OMACHOCTWU. TOMbKO 3aTeM HubKenpuBe-
OEeHHble METOAbI CrieayeT NPUMEHATb Ana 6onee TOYHOro onpeaeneHns 3Ha4YeHul pearnbHbIX TOKOB, NpoTe-
KaloLLMX Yepes Teno 4Yenoseka.

Takon noaxoa LenecoobpaseH AnsA BbICOKOYACTOTHLIX TOKOB, MPOTEKAIOLMX Yepes TENO YernoBeka, Tak
KaK Mpu OLEeHKe COOTBETCTBUA MpeAefibHO AOMYCTUMOMY YPOBHIO BO3AEWCTBMA TakMe TOKM YYUTbIBAKOTCA
C ycpeHeHuem no BpemeHu. KpaTkoBpemMeHHOe (MrHOBEHHOE) BO3JAENCTBME HA YenoBeKa, NpesbilaioLlee
yCpeHEeHHOe No BPEMEHN 3HAYEHME ToKa, AOMYCKAeTCsa TONLKO B TOM CMy4ae, eCnu 9T0 BO3AeiCTBME COOT-
BETCTBYET YCTaHOBNEHHOMY NnpeaesibHO 4ONYCTUMOMY YPOBHIO.

Ha yacrorax, npu KOTOPbIX YCPEAHEHUE MO BPEMEHU MPOTEKAIOLLMX YEPE3 TEMNO YErloBEKA TOKOB HE JOMYyC-
KaeTcs, BO3AENCTBUE B LIENSIX NPOBEPKU COOTBETCTBUA NPEAENLHO AOMYCTUMOMY YPOBHIO HE AOIDKHO BKMIOYATb
NoTeHUManbHO BO3MOXHOE BO3AeNCcTBMe, 06yCnoBNEHHOE NPOLIECCOM U3MEPEHUS.

B atux cnyyasx, a Takke B Cryvasx, KOraa 3Ha4yeHWs yCpPeAHEHHbIX MO BPEMEHU BbICOKOYACTOTHbIX
TOKOB, NPOTEKAKOLMX Yeped TeNo Yenoseka, Mornu 6ol ObITb CPAaBHUMbI MU NPEBLICUTL COOTBETCTBYIOLLMNA
npeaenbHO AOMYCTUMbINA YPOBEHb, HEOOXOAMMO CMOAENUPOBAaThL MOMHOE COMPOTHUBIIEHME Tena YernoBeka
nocpeaCTBOM YNOPAAOYEHHOW NOCNEA0BAaTENBHOCTU AMIEKTPUYECKMX KOMMOHEHTOB N OM3NYECKOI Moaenu
Tena 4venoseka C MoOJIHbIM CONPOTUBNEHWEM, paBHbIM WA MEHbLUUM, YEM TO, KOTOPbIM o6na,c|aeT TENO
YenoBeka Ha COOTBETCTRYIOLLEH 4YacToTe.

D.2 N3mepeHne MHAYLMPOBAHHbIX BbICOKOUYACTOTHLIX TOKOB, MPOTEKAIOWMUX Yepes Teno
YyerioBeka

Toku, npoTekaloLwme 4Yepes Terno YenoBeka, ABNAITCH WHAYLMPOBAHHBLIMU TOKaMW, BO3HMKAIOLLMMU
B pe3ynbrate BO3AENCTBMA HA YenoBeKa pagmoyvacTOTHLIX NMOMen npu OTCYTCTBMU KOHTakTa ¢ obbekTamu,
3a WCKIMIOYEHWEeM KOHTaKTa C NMOBEpPXHOCTbIO 3emnu. [lBa OCHOBHbIX BMAA annapaTtypbl, UCNOMbL3yeMon Ans
M3MEPEHMS TOKOB, NPOTEKAIOLLMX Yepe3 Teno YenoBeka, cogepaT TpaHCcdopmaTop Toka KMneLeBoro tuna
(coneHonaHbIN) ANA U3MEPEHNA TOKA B KOHEYHOCTAX U YCTPOMCTBO C MockonapanmnensHbiIMW nNnacTuHamu,
KOTOpOE MO3BONSAET U3MEPATb TOKU, NPOTEKAIOLLME YEPE3 HOMM YENOBEKA Ha 3EMMIO0.

PaspaboTtaHbl npucnocobneHns Anst KpenneHus KnewesbiX TpaHchopMaTopoB Toka. MameputensHoe
YCTPOWCTBO NUOO MOHTUPYETCH HEenoCpeACTBEHHO Ha TpaHcdopmaTtope, nubo NOACOeAMHSAETCA 4epes
BOMTOKOHHO-OMNTUYECKYIO NIMHUIO CBA3W K MHAUKATOPY, PETMCTPUPYIOLLEMY TOK B KOHEYHOCTU, BOKPYr KOTOPOM
3aKkpenneH TpaHcopmaTop Toka. TOK, UBMEPEHHbIN STUM YCTPOMCTBOM, MOXET ObITb MpoaHanu3MpoBaH
C MCnonb3oBaHUeM nMBo y3KOMOMOCHOW annapaTypbl, HanpuMep aHanu3aTopa cnekrpa unv nNpueMHUKOB
NpSAMOro YCUNEHUs, KOTopble 06nagaiT TEM NPEUMYLLIECTBOM, YTO NO3BONAIOT ONPEAENUTL pacnpeaeneHne
YacTOT MHAYLMPOBAHHOIO TOKA MPW OAHOBPEMEHHOM BO3AEHCTBUM HECKONBKMX UCTOYHWUKOB W3My4eHUs,
nmBo LLUMPOKONOMOCHOW annapatypbl, UCNOMNb3YIOLWEN ANOAHOE AETEKTUPOBAHUE UMK TEMMOBOE npeobpaso-
BaHWe 3Hepruu.

PaspabotaHbl npubopbl, obecneunBaome U3MEPEHUE UCTUHHOTO CpefHEeKBaApPaTUYHOTO 3HaYeHus
Npu HanM4Mn HECKOMbKMX YacTOT U/UMK aMnMTYAHON MOAYNSLUKU CUTHAMOB.
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BepxHas rpaHuyHas 4acTtoTa nonock! NPonyckaHus TPaHCOPMaTOPOB TOKa 0ObIMHO COCTaBMSIET NPUMEPHO
100 My, oaHaKo TpaHCOPMAaTOpPbl C BO3AYLUHbIM CEPAEYHUKOM (B OTNMUME OT TpaHCcopMaTopoB ¢ deppu-
TOBbIM CEpPAEYHUKOM) MOTYT GbITb UCMONb30BaHbI AN PacLUMPEHUst BEPXHEWH rPaHWYHOI 4acTOTbl NOMOChI
nponyckaHusi 3Toi annapatypsl. K ToMy e TpaHcopmaTopbl C BO3AYLLHbIM CEPAEYHUKOM UMEIKOT HeBONbLLION
BEC, BCNEACTBUE YEero OHWU YAOOHbI NpU ANUTErNbHbIX U3MEPEHUSIX, OAHAKO 3HAUYUTENbHO MEHEe YyBCTBU-
TernbHbI, YEM YCTPONUCTBA C (DEPPUTOBLIM CEPAECYHUKOM.

AnbTepHaTMBON U3MEPUTENBHOMY YCTPOWCTBY KIELLEBOro TUNa SBMSETCA YCTPOWCTBO C nnockonapan-
nenbHbIMKA NNAcTUHaMKU. B 3TOM yCTpOICTBE TOK, MPOTEKAIOLLMIA Yepe3 TENO YeroBeka, NPOX0AUT Yepes ero
HOMM K TOKONPOBOASLLEN BEpPXHEN MIacTuMHe, 3aTeM Yepe3 AaTuuK TOKa, KOTOpbli UMEeeT OnpeaeneHHylo
PopMy U YyCTaHOBMEH MeXay NNnacTUHaMM, 1 Nocne aToro Ha 3eMnio. TOK, MPOTeKaloWUn MexXay BepxHeEN u
HWKHEN nnacTUHaMW, MOXET ObiTb OnpeaeneH MoCpeACTBOM W3MEPEHUSt MAAEHUA BbICOKOYACTOTHOTO
HaNPsXXeHUA Ha pe3ucTope C ManbiM MOMHbIM conpoTuBneHweM. Kak BapuaHT Kneweson TpaHcdopmatop
BbICOKOYACTOTHOrO TOKa C Maron aneptypor (pacKpbiTUEM 3aKMMOB) UMM BAKYYMHYIO TEPMONApy MOXXHO
ncnonb3oBaTh ANA U3MEPEHUs Toka, NPOTEKAIOLLEro Yepes NPOBOAHUK MEXAY ABYMSA NnacTUHAMU.

MmeeTca annapaTtypa C NNOCKOW amnnMTyAHO-4aCTOTHOM XapakTepuCTMKOW B MONOCE NPOnyckaHua
ot 3 klMy ao 100 MIy. Mpu BLIGOPE Npubopa AN U3MEPEHUA UHAYLMPOBAHHOIO TOKa HEOGX0AUMO Y4eCTb
HEKOTOpPbIe acneKThbl.

Bo-nepsbix, nameputensHbie Npubopbl ¢ NNockonapanmnenbHbIMU NNacTUHaMKU NOABEPraloTCA BAUSHUIO
3NEKTPUYECKOro NOMA, CO3AaBaeMOro TOKAMU CMELLEeHUs!, KOTOpble 0OYCNOBIEHbl NMHUAMM NOMS, OKAHYU-
BaOWMMUCA HA BepxHel nnacTtuHe. MccnepoBaHus nokasanu, YTo OYeBUAHbIE OWMOKKM, BO3HUKAlOLLME
npu OTCYTCTBUU YENOBEKA, HE ABNSIOTCA CYLLECTBEHHbIMU ANs (DYHKLMOHUMPOBAHUSI U3MEPUTENbHBIX NpuBopoB
B TOM Cfny4ae, ecnun 4enoBek NpMCyTCTBYET.

Bo-BTOpbLIX, CyMMa TOKOB B 06eux noabbkkax, M3MepeHHbIX NOCPEACTBOM U3MEpUTENbHLIX NpuGopos
KNeLweBoro TMna, kak npaBuIio, HECKONbLKO O0rbLUe, YeM COOTBETCTBYIOLLEE 3HAYEHUE, U3MEPEHHOE NpubopaMu
nnacTtuHyaroro Tuna. Bennunna artoro addpexra, KOTOpbIN SBNSETCS PyHKLUMENH pagnoyvactoTbl U reoMeTpu-
YECKNX XapaKTepUCTUK M3MEPUTENbLHOrO Npubopa, He ABMSAETCS CYLLUECTBEHHOW. TeM He MeHee 6onee TOYHbIM
METOA0M OLIEHKM TOKOB B KOHEUHOCTSIX SIBJISIETCS UCNOSb30BaHUE TpaHcdopmaropa Toka. TOYHOCTL meToaa
nsMepeHusa onpegensietca TpeboBaHusaAMu no oBecneyeHuio 6e30NacHOCTU, HA COOTBETCTBUE KOTOPBLIM
NPOBOAAT OLEHKY COOTBETCTBUA.

B-TpeTbnx, He06X0AUMO YYMTbIBaTb BO3SMOXHOCTb U3MEPEHUS UHAYLMUPOBAHHbLIX TOKOB B KOHEYHOCTSAX
ANA peanbHbIX rPYHTOBLIX YCMOBUIA, TakMX, KOTOpbIE CYLUECTBYIOT HA npakTuke. B yacTtHocTu, pa3nuyHas
CTeneHb 3MeKTPUYECKOro KOHTaKTa Mexay 3€MNEn U HUXKHEN NNacTUHOM YCTPOMCTBA C Nrockonapannesb-
HbIMUW NaCTUHAMU U paKTUYECKas NOBEPXHOCTb PYHTA MOTYT BIUATL HA UCTUHHOE 3HAYEeHMe TOKa, TEKYLLEro
Ha 3eMnio.

M3amepeHnsa MoryT ObiTb BbIMOMHEHbI C UCMONb30BAHUEM @HTEHH B KA4YeCTBE 3KBMBANEHTa Tena JernoBeka.
310 oBecneynBaeT NPUMEHEHUE CTaHAAPTU30BaHHLIX METOAOB pacyeTa U MO3BOMSET BbIMNOJHATL U3MEpPEHUs]
ToKa 6e3 HanMuus NIOAEN, KOTOPbIe MOTYT NOABEPraTLCA BO3AEHCTBMIO NOTEHLMANBHO ONACHbLIX TOKOB U MOMeil.

D.3 3amepeHune TOKa NPUKOCHOBEHUA

MamepuTenbHbiii Npubop AomkeH ObiTb YCTAHOBINEH MEXAY PYKON YEroBeKa U TOKONPOBOASALLMM 06 bEKTOM.
M3amepuTtenbHelii NpuBop MOXeT coaepkaTtb MeTannuyeckuii LWyn (onpegeneHHasn nnowagb KOHTakTa), OauH
KOHEL| KOTOPOTO YAEPXMBAETCA PYKOMN, TOrAA Kak APYyroi CONpMKacaeTcs ¢ TOKONPOBOAALLMM 00beKTOM. JaTymk
TOKa B BMAE TOKOM3MEPUTENbHLIX Krewen (TpaHcdopmarop Toka), Kak ykasaHo B D.2, MOXeT ucrnonb3o-
BaTbCA ANA U3MEPEHUSA TOKA NMPUKOCHOBEHUS, NPOTEKAIOLLEro Yepes pyKy YenoBeka, KoTopas ConpukacaeTcs
C TOKOMPOBOAALLMM 0OBbEKTOM.

B cny4ae ype3aMepHO BbICOKUX TOKOB MpeAarnonaraeTcs, YTo SnekTpuyeckas Lemnb, COCTosLIast U3 pesu-
CTOPOB U KOHAEHCATOPOB, MOXET MMUTUPOBATL 3KBMBANIEHTHOE MOSIHOE COMPOTUBIIEHNE TENa YEnoBeKa.

AnbTepHaTUBHLIMU METOAAMU ABMSAOTCS:

— U3MEpPEHNe pasHOCTM NOTEHLManoB (NageHne HanpPsXKeHWs) Ha HEUHAYKTUBHOM PE3nCTope (amanasoH
conpoTuenenus pesucropa— 5—10 OM), NOAKNIOYEHHOM MexAy OOBLEKTOM W METanfMYeCcKUM LIyNnoM,
YAEPXKUBaAEMbIM B PYKE;

— UCMONb30BaHNE NOCNEeA0BATENLHO BKMIOYEHHOH TEPMONAPHI.

CoeaunHAoLWMEe NPOBOAHUKM U U3MEPUTENDb TOoKa AOMKHbI ObiTb pasmMelleHbl Takum o6pasom, YToObl
NMOMEXu 1 MorpeLiHoCTH, 0ByCNOBEHHbIE NX BO3AENCTBUEM HA YYBCTBUTENMbHbIE SMEMEHTbI, ObINU MUHUMU-
31POBaHbI.
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D.4 N3mepeHue Hanpsi:keHUA NPUKOCHOBEHUA

Hanps»keHne nNpuKOCHOBEHUSI (HanpsXeHWe XOMnoCToro xXofa) U3MepsiloT C NMOMOLLBbIO COOTBETCTBYIOLLEIO
BONbTMETPA unu ocuunnorpada B TpebyemMoM guanasoHe 4actor. M3ameputenbHylo annapatypy noakmio-
YalT Mexay TOKONPOBOASALUMM OOBLEKTOM, HAXOASALMMCA MO HanpsbkeHUEM, MHAYLMPOBAHHLIM NOMIEM, U
OMOpPHLIM NOTEHUManoM (3emnen). BxogHoe nNonHoe COMpOTMBNEHME BONbTMETPA AOIMKHO ObiTb HE MeHee

10 kOm.

D.5 CcbinoyHble fOKYMEHTbI

(1]

2]

3]

4]

3]

(8]

(9]

[10]

[11]

48

DIMBLOW, PJ, Induced Current Densities from Low-Frequency Magnetic Fields in a 2 mm Reso-
lution, Anatomically Realistic Model of the Body. Phys. Med. Biol., 1998, Vol. 43, pp. 221 — 230
(AnaToMuyeckasn peanbHasi MOAENb Tena Yenosexa)

STUCHLY MA. and GANDHI OP. Inter-Laboratory Comparison of Numerical Dosimetry for Human
Exposure to 60 Hz Electric and Magnetic Fields. Publication data to be advised
(MexxnabopaTtopHOe crnuyeHue LudpoBON J03MMETPUM BO3AECHCTBUA HA YENOBEKa dneKTpuye-
CKOro M MarHMTHOrO nonew npu yacrote 60 My)

ICPR 66 (1994), International Commission for Radiological Protection, 1994
(MexgyHapoaHasa KOMUCCUA MO PaanoIIoONrMYecKon 3aLnTe)

GEDDES, LA and BAKER, LE. The Specific Resistance of Biological Material — A Compendium
of Data for the Biomedical Engineer. Medical and Biological Engineering, 1967, Vol. 5, pp. 271 — 293
(OnpeaeneHHoe conpoTuBneHne Guonornyeckoro matepuana. Kpatkoe pykoBoacTBO NO AaHHbLIM
aAnst ukeHepa 6MoMeaULIMHCKON TEXHUKK)

FOSTER, KR. And SCHWAN, HP. Dielectric Properties of Tissues. In: Handbook of Biological
Effects of Electromagnetic Fields, Second Edition, Ed. E. Polk and E. Postow, CRC Press, Boca
Raton, Fla., USA, 1995

(AvanekTpuyeckue CBOMCTBA TKAHEN OpraHn3ma)

DURNEY, CH., MASSOUDI, H. and ISKANDER MF. Radiofrequency Radiation Dosimetry Hand-
book., 4" Ed. USAF/SAM, Brooks AFB, TX, USA 1986
(PykoBOACTBO NO pagno4acToOTHON pagnaumMoHHOW 4O3MMETPUN)

STUCHLY MA. and STUCHLY SS. Dielectric Properties of Biological Substances — Tabulated.
Journal of Microwave Power, 1980, Volume 15(1), pp. 19 — 26
(OnanekTpuyeckue ceoiicTea BMONOrMYecKkMx BeLecTs. TabnuyHble JaHHbIE)

GABRIEL, C., GABRIEL, S and COURTHOUT, E. The Dielectric Properties of Biological Tisues:
I. Literature survey. Phys. Med. Biol. 1996, 41(11), pp. 2231 — 2250
(OnanekTpuyeckue ceoicTea Bronoruveckux TkaHein. Yacrb |. O630p nybnukauui)

GABRIEL, S., LAU, RW. and GABRIEL, C. The Dielectric Properties of Biological Tissues: |l. Meas-
urement in the frequency range 10 Hz — 20 GHz. Phys. Med. Biol. 1996, 41(11), pp. 2251 — 2269
(OnanekTpuyeckue ceoiictea Buonoruyeckux TkaHen. Yacrs Il. UI3amepeHue B 4actoTHOM aguana-
30He10 My — 20 'w)

GABRIEL, S., LAU, RW. and GABRIEL, C. The Dielectric Properties of Biological Tissues: lll. Para-
metric models for the dielectric spectrum of tissues. Phys. Med. Biol. 1996, 41(11), pp. 2271 — 2293
(OnanekTtpuyeckue cBolictBa Ouonormyeckux TkaHen. Yactb . Mapametpuyeckue moaenu
ANBNEKTPUYECKOrO CreKTpa TKaHew)

GABRIEL, C., GABRIEL, S. Compilation of the Dielectric Properties of Body Tissues at RF and
Microwave Frequencies. Report AL/OE-TR-1996-0037, Armstrong USA, 1996; (Internet Site:

— http://www .brooks.af.mil;

— http://www .brooks.af.mil/AFRL/HED/hedr/reports/dielectric/Title/Title.html)

(Komnunsiuus AuanekTpuyeckux CBONCTB TKAHEN Tena npu pagmo- U MUKPOBOJTHOBBIX 4acToTax)


https://meganorm.ru/Index2/1/4293814/4293814708.htm
https://meganorm.ru/Index2/2/4294853/4294853639.htm

FOCT IEC 62311-2013

[12] The Electromagnetic Wave Research Institute of the Italian National Research Council, Via Panciatichi
64, 50127 Florence, ltaly (Internet Site: http://www.iroe. fi.cnr.it; hitp://sparc10.iroe.fi.cnr.it/tisspro
(UcenepoBaTenbCkUii UHCTUTYT SNEKTPOMArHUTHBIX BOMH MTanbsHCKOro HauuOHansLHoro coseta
no nccnegoBaHnAM)

B Hacrosillee BpeMms aeincTeyeT BeO-CalT MO CBOWCTBAM TKaHen opraHuama UHCTUTyTa anektpomar-
HWUTHbIX BOMH UTanbsHCKOro HauuoHansHOro coseta no uccnegosaHusaM: http://niremf.ifac.cnr.ittissprop/,
XOTA TaKkke ewe aencreyet Beb-cant hitp:/sparc10.iroe fi.cnr.it/tissprop.

deaepanbHbiM areHcTBOM no ces3u CLUA cospaH BeO-CaiiT Nno CBOMCTBAM TKaHElW OpraHu3ma, OCHO-
BaHHbIN Takke Ha Gabriel/Brooks AFB, koTopblil pacnonoxeH Ha http://www.fcc.gov/cgi-bin/dielec.sh.

MpoekT «MexayHapoAHOe PYKOBOACTBO MO AO3UMETPUM SNEKTPOMArHUTHLIX NOME» HaxoAUTCA Ha:
http://www.emfdosimetry.org/
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1) pykoBoacTBY V4 no 03MMETPUM PaaUOYaCTOTHOW pagnaumu,

2) otyety Mabpuansa (6asa BBC «bpykcy, CLLA);

3) nHdhopmMaumm o TekyLein paspaboTke cneayioLein Bepcun pykoBoacTsa No A03MMETPUMN.
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MpunoxeHune E
(cnpaBoyHoe)

YaenbHasi nornoweHHas MowHocTh (SAR)

E.1 MeTtoauka usmepeHus SAR

E.1.1 MeToauka nsMepeHus HanpPsXXeHHOCTU 3NEKTPUYECKOro nonsa

SAR TaKke nponopuuoHanbHO KBagpaTty cpeAHekBaapaTUYHOro 3HaYeHUs1 HaNPs>KeHHOCTU ANEeKTpuYe-
cKkoro nons E, B/m, BHYTpW 06ny4eHHOW TKaHU OpraHn3mMa:
SAR =6E* I p,
rae o (Cm/M) — anekTpuyeckasi NpOBOAUMOCTb;
p (Kr/M’) — NAOTHOCTb MaccChbl TKAHM OpraHu3ma B paccMaTpMBaeMOM NOJSIOXKEHUN.

Mpu uccnenosaHMn 3NEKTPUHECKOr0 M3OTPOMHOMO NOMs C MOMOLLBLIO AaTyuMKa ONpPeaenstoT noKanbHy
SAR BHYTpU 06ny4YeHHOW Moaeny Tena yenoseka. lNepemeLyas Aartyuk U NOBTOPAS U3MEPEHUA HANPSXKEH-
HOCTM 9MEKTPUYECKOro Mons, BO3AENCTBYIOLLIEro HA BCE TErOo YenoBeKa unu ero oTAenbHy 4YacTb, onpeae-
nait pacnpeaenenme SAR u ycpedHeHHble 3HayeHuss SAR BCEro tena 4yenoBeka WUnu OTAENbHOM 4acTu
Tena. OgHOKpPaTHOE U3MEePEHUE HaNPSHKEHHOCTU SNEKTPUYECKOrO MONs 3aHUMAET BCEr0 HECKONbKO CEKYHA,
YTO O3HAYAET, YTO TPEXMEpPHbIE pacnpeaeneHns SAR MoryT ObiTe ONpeaeneHsl C BbICOKUM NPOCTPAHCTBEHHBIM
paspeLLeHneM 1 npuemnembiM BpemeHem nsMmepeHus (00bl4HO MeHee vaca). B npunoxeHun B onpeaenetol
npoueaypbl OLEHOK NOKarnbHbIX MakCMMarbHbIX 3Ha4eHun SAR nNopTaTuBHbLIX paguonepealomx yCTponcTs
1 6a30BbIX PaaNOCTaHLMIA.

E.1.2 MeToauka usmepeHus Temneparypbl

SAR nponopuuoHanbHa HavanbHOW CKOPOCTM BO3pacTaHusi Temnepartypbl d7/df, K/c, B TkaHu opraHusma
o6ny4yeHHoro obbekra:
SAR = cAT/ Af,

rae ¢ — yaenbHas TennoemMKocTb TkaHu, I/kr-K.

Mcnonb3ya onpegeneHHble TeMNepaTypHble AaTYMKW, ONpeaensioT nokansHylo SAR BHYTpU MOAENU
obnyyeHHoro Tena. OAUH UIW HECKONbKO AATYUKOB UCMONL3YIOT ANA ONpeAeneHus NoBblLLIEeHUsl TeMMepa-
Typbl AT BO Bpemsi KpaTKOBPEMEHHOTO BO3aencTBua Af (06b1MHO MeHee 30 ¢, 4ToObl NpeaoTBPaTUTL TENMMO-
oOmeH). HauyanbHas CKOpPOCTb MOBLIWEHUA TemnepaTypbl Npubnu3auTenbHO paBHa AT / Af, a 3Ha4eHue
nokanbHo SAR pacCuMTbIBAIOT ANA KAXKA0N TOYKU usMepeHua. MoBTopss namepeHus Temneparypbl BO BCEM
Tene unu B YacTu Tena, onpeaensioT cpeaHne 3HadeHusa SAR.

MN3mepeHua TpexMmepHoro pacnpegeneHns SAR 3aHMMAIOT OYEHb MHOIO BpeMEHU BereacTeme 6onbLIoro
KONM4YECTBA TOYEK M3MepeHUs. [Inst AOCTUXKEHUA NPUEMIIEMOTO NEPUOAA BPEMEHU KONMYECTBO TOYEK A0JDKHO
ObiTb OFpaHMYEHO. 3TO 03HAYAET, YTO OYEHb TPYAHO TOYHO U3MEPUTL HEOAHOPOAHLIE pacnpeaeneHus SAR.
TOYHOCTb U3MEPEHUs1 TEMNEPATYPbI TAKKE 3aBUCUT OT TENNONPOBOAHOCTN U KOHBEKLMKU BO BPEMSI U3MEPEHUM
Unu mexay U3MepeHUsIMU.

E.1.3 MeToauka BbINOSIHEHUA KANIOPUMETPUYECKUX U3MEPEeHUIA

CpeaHee 3HaueHne SAR Bcero Tena onpeaensiiot KanopumeTpuieckumm metogamu. Npu oBbIYHbIX Karno-
PUMETPUYECKMX U3MEPEHUAX MOSIHOPA3MEPHYIO UMK MacLITabMpOBaHHYIO MOAENb Tena Npu TENMOBOM PaBHO-
Becun o6Ny4aloT B TeYEHUe onpefenieHHoro nepuoaa BpeMeHu. Kanopumerp uUcnonb3yroT Anst usmepeHusi
TennoBoro NoToka oT Tena A0 Tex nop, noka MoAernb Tena YenoBeka CHOBA He AOCTUrHET TEMMOBOro paBHO-
Becus. MNMonyyeHHoe 3HayeHue obLLei NOrMOLLIEHHON dHEPruK AENST HA BPEMSA BO3AENCTBUSI U MACCy MOAEnU
Tena, uto agaet B pesynbrate SAR Bcero tena. [lpun npuMeHeHUun KanopuMeTpUYECcKon «ABYXKapMaHHOW»
METOAUKW MCMONb3YIOT ABA KanopuMeTpa v ABe OAMHAKOBbIe Mozenu Tena. OaHy u3 moaenei obnyuvaior,
a BTOPYIO UCMONb3YIOT B KAYECTBE TENNOBOW 00Pa3L0BOM Mepbl. 3TO 03HAYAET, YTO U3MEPEHUA MOTYT ObITb
BbINOSIHEHbI B MEHEE KOHTPOJIMPYEMBIX TENNOBbIX YCMOBUSIX, YEM ODbIMHLIE KANOPUMETPUUYECKUE U3MEPEHUS.

KanopumeTtpuueckue usmepeHus AaioT JOCTaTOYHO TOYHOE onpeaeneHue SAR BCero Tena, HO He AaloT
HUKaKOW MH(opMaLumM O BHYTpPEeHHEM pacnpegeneHuu SAR. [na nonyyeHus 6onee TOUHbIX pe3ynbTaToB
TpebyeTcsa [4OCTaTOuHO GONbLUOK YPOBEHb SHEPreTUUECKOro Bo3aencTBus. ObLLee BpeMsi UBMEPEHUSA, KOTOPOe
onpeaenseTca BPEMEHEM JOCTUXEHMUS TENNOBOr0 PaBHOBECUS MOCME BO3AENCTBUSA, MOXET COCTaBNATb
HECKONbKO 4acoB. SAR OTAenbHbIX YacTen Tena M3MepsiloT C NOMOLLLIO YacTel Moaernen Tena u HeGonbLnX
KanopuMeTpoB.
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MpunoxeHune F
(cnpaBo4Hoe)

MN3mepeHue anekTpuyeckon n MarHUTHOM
COCTaBMAOLNX INEKTPOMArHUTHOrO Nons

F.1 N3amepeHne BHELUHUX 3MeKTPOMarHUTHbIX Nnonemn

F.1.1 O0wmne nonoxeHusa

I/IsmepeHme BHELUHUX NOMNEN B OTHOLUEHUU OLeHKN ux B03,£|,el7ICTBVIF| Ha 4yenoseka 3aBUCUT OT KOHerTHOVI
3agauu. B nepsylo odyepeab, U3MEPEHUA MOTYT BbIMOMHATLCA NPOCTO AN OLEHKU COOTBETCTBUS YPOBHEWN
HanpsHKEHHOCTU BHELLHETO MONS 3HAYEHUAM KOHTPOMbHbIX YPOBHEN, YKa3aHHbIX B HOPMATUBHBIX JOKYMEHTAX.
B HeKoTopbIX HOPMATUBHbLIX AOKYMEHTaxX yCTaHOBMEHblI TpeOOBaHUA OTHOCUTENLHO HEOOX0AMMOCTU NPOBE-
[AeHNsA NpPOCTPAHCTBEHHOIO YCPEAHEHUS HEOAHOPOAHbIX nomew. B apyrux cnyvasx noapoGHble AaHHble
0 pacnpegeneHun nonst Moryt 6biTb HEOBX0AUMbI ANSE aHANUTUYECKUX UMM YUCNIEHHLIX METOAOB C LENbIO
OLIEHKM COOTBETCTBMA OCHOBHbLIM OrpaHUYEHUAM, YCTAHOBNEHHBIM B HOPMATUBHbIX AOKYMEHTAX. MCI‘IOJ1b3yeMbIe
UCXOJHbIE AAHHBIE U NPOCTPAHCTBEHHOE Pa3peLleHne NPUMEHAEMbIX N3MEPUTENbHBLIX NPUGOPOB ANA peLIeHUs
3TUX 3a4a4y MOryT CYLLIECTBEHHO pasnuM4yaTbCa.

[0 BbINOMHEHUA U3MEPEHUI HEOOXOAUMO OLEHUTb HanNpPsPKEHHOCTb BO3AEWCTBYIOLLErO MONsS U onpeae-
nutb TUN Tpebyemoro npubopa. [JononHuTenbHble UCXOAHbLIE JaHHbIE U YPABHEHUA ANA pacdeTra Hanps-
JKEHHOCTU MOJIA B PasfiMyHbIX CUTyauusax NpuBeaeHsbl B NpunoxeHun A. B 3aBUCMMOCTH OT UCTOYHUKA NONA
U UMEIOLLMXCA AAHHBIX MPOLEAYPbI BLINONHEHUS UBMEPEHUI MOTYT ObITb PA3NUYHLIMK.

Mpu Hanuuuu agekBaTHOM UHOPMALIMM U NOCIE OLEHKU OXMUAAEMOro YPOBHA HANPSXXEHHOCTU Nonsa u
BbIOOpa U3MEPUTENBLHOrO Npubopa NPUCTYNatoT K n3mepeHusM. Npu BbINONHEHUU U3MEPEHUIN HEOBX0AUMO
ucnonb3oBatb Npubop ¢ AaTYMKOM, NPeAHa3HaAYeHHbIM AN paboTbl NpU GONLLIOM YPOBHE M3NYyYEHUS, U
nepeknoyaTeneM AuanasoHOB, YCTAHOBMNEHHbIM Ha Haubonee 4yyBCTBUTENbHYIO wkany. K obnactu nons
C BbICOKOI HAaMpPsPKEHHOCTLIO, HAaNpUMEp rMaBHbI NenecTok AuarpaMMbl HANPABNEHHOCTU AHTEHHLI, HE0OXO0-
AUMO NpuBnNUXaTLCA NOCTENEHHO, YTOOLI U3bexaTh NeperopaHus aatiuka. Ansa npeaoTepalleHus Ypesmep-
HOrO BO3AEWCTBUA MONIS HA OMepaTopa, BLINOMHAIOLEr0 U3SMEPEHWEe, U U3MEpPUTENLHLIN Npubop cneayet
cobniogaTe 0CoByl0 OCTOPOXKHOCTb. MI3MepeHusi NOns BbIMOSHAOT NPU 06bLIMHOM MNOSOXEHUM MOJb30BaTENS.

C Apyrol CTOpOHbI, €CNU aHHble O npejnonaraemMoM BO3AEWUCTBMM MONSA ONMPEAEeneHbl He BMOSHE
KOPPEKTHO (Hanpumep, NpeanonaratTCcs CUNbHbIE NPEPbLIBUCTLIE MOMEXU), TO B 3TOM Cryyae TpyaHO CyauTb
0 HanMuuuM UCTUHHON onacHocTu 6e3 NnpoBedeHNA ee SMMMPUYECKO OUeHKKU. [Ons nccnenoBaHus NnoTeHUm-
anbHO OMAacHbIX MOSei C HEYCTAHOBMNEHHOW YacTOTON, MOAYNALMEi, pacnpeieneHnem BHYTPU Uccneayemon
obnactu u T. 4. MOXeT NnoTpeboBaTbLCA NCNOMNb30BAHME HECKONMbKUX NPMBOPOB.

Mpu BbIMNONIHEHUWN U3MEPEHUI CyMMapHas HeonpeaeneHHoOCTb 3MepeHns AoMmkHa BbiTb CNPOrHO3npo-
BaHa W OueHeHa. Bce BO3MOXHbBIE UCTOMHUKM HEOMPEAENEHHOCTH, B TOM YMCIE TEXHUYECKUE XapaKTepu-
CTUKM NpuBOPOB U NapaMeTpbl KOHKPETHOW CUTYaLMU, AOMKHbI ObiTb NPUHATLI BO BHUMAHUE.

F.1.2 HanpsikeHHOCTb IKBUBASIEHTHOro NONs

F.1.2.1 Hanps)>XeHHOCTb JSIEKTPUYECKOro NOsA

3nekTpuyeckas COCTaBMAIOLLAA 3EKTPOMArHUTHOrO Mons MOXeT GbiTh NEerko U3MepeHa C NOMOLLbIO
NPUrOAHBLIX aHTEHH, HAaNPUMEP GUKOHMYECKUX, NIOroNepUoanYeckux u T. 4. OfHaKo ANs OLEHKN BO3AEHCTBUA
Marble 9reMEHTapHbIE (TOYEYHbIE) AUNONMKU OGLIMHO UCMOMbL3YIOTCA B KAYECTBE AaTYUKOB ANs 06ecneveHuns
MWUHUMASIbHOMO BO3MYLLEHWS MOMS U XOPOLUEr0 NPOCTPAHCTBEHHOIO paspelueHns. HanpasneHHbIe AaT4UKKu
coepXarT ToNbKO OAWH LMMNOSb, TOTAa Kak U30TPOMHbLIE AaTYMKM COAEPKAaT TPWU OPTOrOHANbHbLIX AUMONS.

Ecnm ucnonb3yeTcs OAUH ANUMOMb, TO HEOOX0AUMO BhIMOMHUTL TPU N3MEPEHUA B TPEX OPTOrOHAMNbHbIX
HanpasneHusix, YToBbl NONYYUTb Pa3NMYHbIE COCTaBnALWME nons. OBLLYI0 HaNPSHKEHHOCTL 3MEKTPUYECKOrO

nonga onpeaensatot no yopmyne
E=E2+E2 +E2.

F.1.2.2 Hanps:>keHHOCTb MarHUTHOIO MOsA

MarHuTHyI0 COCTaBMAIOLLYIO 9N1EKTPOMarHUTHOTO Monsi 0ObIYHO M3MEPSIOT PAMOYHBIMU @HTEHHaMU, TaK Kak
TOK, MHAYLMPYEMbIA B KOHTYPE paMKy, NPONOPLMOHANEH HANPsHKEHHOCTU MarHUTHOTO MONs, NepPeceKaloLero
KOHTYp. Takke Ansi OLUEHKN BO3AEWCTBMS B Ka4eCTBE AATYUKOB OOLIYHO UCMOMb3YIOT KOHTYPblI HEGOMbLUMX
pasmepoB, 4TOObI 06ecneunTb MMHUMAanbHOE BO3MYLLEHWUE NOJIA U XOpoLLee NPOCTPAHCTBEHHOE paspeLueHme.
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LLIMpOKO MCNOMb3YKTCA HAMPABNEHHLIE AATHUKN (OAMH KOHTYP), HO CYLLIECTBYET TaKE MHOXECTBO U30TPOMHBLIX
[IaTYMKOB C TPEMSI OPTOTOHANBHLIMU KOHTYPaMU.

Ecnn Mcnonb3yeTcs OANH KOHTYP, TO HEOGXOAUMO BLIMOMHUTL TPU U3MEPEHUS] B TPEX OPTOrOHAMbHbIX
MMOCKOCTAX, YTOObLI NONYYUTL pas3finYHbIE cocTaBnsowme nons. O6LLYI0 HANPSPKEHHOCTL MArHUTHOO NONS

onpeaensaT no gopmyne
H=(H? +H? + H2.

F.1.2.3 lLUnpokononocHble u3mMepeHus

Ecnu B uccneayeMom amanasoHe 4acToT NPUCYTCTBYET HECKONbKO YacToT (M pasnuyHble Buabl MoAay-
naunm), TO HENOCPEACTBEHHO C NOMOLLLIO LUMPOKOMOMOCHOTO U3MEPUTENBHOMO 060PYAOBAHUS MOXHO U3MEPUTD
nm6o nukosoe, NMOO cpeaHeKBaAPaTUMHOE 3HAYEHNE curHana (He3aBuCUMO OT hOPMbI CUTHaNA).

B cny4yae, ecnun Bce CyLLECTBYIOLLUME CMEKTPAnbHbIE YACTOTbl COOTBETCTBYIOT OAHOMY U TOMY X€ YPOBHIO,
TO UCNOMNBL3YIOT LLMPOKOMOSOCHBIA AaTYUK C NAOCKON aMNMTYHO-4aCTOTHOM XapakTepPUCTUKON.

OpaHaKo ecnm MMEETCs HECKOMbKO 4acToT € PasfiMiHbIMU YPOBHSIMU, TO UCNOMb3YIOT LUMPOKONOSOCHbIE
AaTyYUKKN, KOTOpPbLIE LieneHanpaBneHHo U aBTOMATUYECKN B3BELLUMBAIOT BKIAA Kaaoi oTAenNbHON U3MepPEHHON
4aCTOTbl OTHOCUTESNLHO COOTBETCTBYIOLLErO KOHTPONbLHOIO YPOBHS.

B cny4ae HM3KOYACTOTHBIX CUTHANMOB MOXET ObiTb UCMOSIb30BAH BTOPOW BapUaHT U3MEpPEeHUs 3reKTpo-
MarHUTHbIX NOSIEeX, COAEPXKaLLMX HECKOSIbKO CNEKTPanbHbIX YAaCTOT C Pa3snuUyYHON ¢hOPMON CUrHaroB, KOTOPLIN
Ha3bIBAeTCA METOAOM aHanu3a BO BpeMeHHoW obnactu (cm. 8.2.2). Tem cambim, UCNONL3YA hunbTpyoLmue
yCTPOICTBA, CUrHan SABNAETCA B3BELUEHHbIM BO BPEMEHHOI obnacru.

[ns BCcex Tpex METOA0B AOMKHO ObiTb rAPAHTMPOBAHO, YTO NOJIOCA YaCTOT NpuBopa 1 AaTunka sBNseTcs
[OCTaTOYHO LLMPOKOW, YTOObI PErucTpMpoBaTh BCE NOTEHUMANbLHO BO3HUKAIOLLME CNEKTPANbHbIE YaCTOThI.

B 3aBUCMMOCTM OT UCNONb3yEMOro AaT4Mka MOXeET OblTb TaKke OTAENbHO OLIEHEH BKMNAA CNEKTPanbHbIX
comamzmlow,ux no kaxaom us Tpex ocen: X, Y n Z. Pasamep o6blMHO UCMONb3yeMOro AarymMka CocTaBnsiet
100 cm”.

F.1.2.4 Y3kononocHbie usmepeHusa

Ecnu Heckonbko 4actoT (M pa3nuyHbie BUAbLI MOAYNALUUM) NPUCYTCTBYIOT B MUCCIIEAyEMOM Auana3oHe
4acTOT U €Cnu Kaxaas U3 3TUX 4acTOT COOTBETCTBYET OAHOMY WU TOMY XK€ YPOBHIO, TO MUKOBOE U CpefHe-
KBaapaTU4YHOE 3HAYEHUSI HA KaXkAoW YacToTe MOryT ObiTb M3MepeHbl HEMOCPEACTBEHHO C UCNOMb30BAHUEM
YaCTOTHO-CENEKTUBHOTO U3MEPUTENBHOIO 000pyAoBaHuA. B aTOM cnyyae cneayeTr OTMETUTb, YTO C LIENbIO
onpeaeneHnss MakCuManbHOro NMMKOBOrO 3HAYEHUA MaKCUMaribHbIE 3HAYEHUS OTAESbHbIX YacToT (He3aBUCH-
MbIX APYr OT Apyra) AOMKHbI ObITb MPOCYMMUPOBAHbI NMMHEWHO, B TO BPEMS KaK 3HAYEHUA OTAENbHbIX 4acToT
AOMKHbI ObITb NPOCYMMWUPOBaHLI B FEOMETPUYECKOA NPOFPECCUM C LIENbIO ONpeaeneHus pesynbTUPYIOLLEro
CcpeaHeKBaapaTUYHOIO 3HaYEHUS.

B cnyyae namepeHus Bknaga TofbKO OJHOrO CNEKTPanbHOIO CUrHana M3 MHOro4aCTOTHOW COBOKYMHOCTU
CUrHamnoB MOXHO MCMONbL30BAaThL CENEKTUBHOE M3MEPUTENbHOE 060pYAOBAHUE C BO3MOXHOCTbIO UBMEPEHUSA
B PEXMME HYIEBOW NONOCLI 0630pa, KOTOPLIN OOLLEN3BECTEH NPY NPUMEHEHMM AHANM3aTOPOB CNekTpa.

PesynbTaT fomkeH GbiTh NpeaCTaBneH B BUAE CpeAHEKBAAPATUYHOTO UMM MMKOBOTO 3HAYEHUS.

M puMmevyaHue — MSMGPEHME MNUKOBOIo 3Ha4YeHUA He peKoMeHAyeTcA, NOTOMY YTO npeAaenbHO A0NYCTUMbIE 3HaYe-
HUA ABNAKOTCA cpefHeKkBagpaTUYHbIMU U BOSHUKaKOT 3aTpyaHEHNA C BOCNPOU3BOAUMOCTbLIO pe3yrnbTaToB I/I3Mep9HIr1I7|.

Ecnu ypoBHM ANA BCEX OLIEHNBAEMbIX YACTOTHbIX COCTABMAOLLMX ABNSIOTCA PA3NUYHBIMKI, TO AOJDKHA ObITb
BblOpaHa OOCTaTOYHO y3kasi Monoca nponyckaHusl, YToObl 06ecneynTb MUHUMAaNbHOE BNUsIHUE Ha pe3ynbrart
U3MEPEHUSA APYINX YaCTOTHLIX COCTABMSIOLLMX B AManasoHe Nonockl NponyckaHus npuéopa.

Ecnu nsmepeHuss BbINOMHSIOT BO BPEMEHHON 06nactu (C MCNonb30BaHUEM YCTPOWCTBA perucrpauuu
GbICTPONPOTEKAOLLMX NPOLIECCOB) U YaCTOTHbINA CMEKTP paccuMTLIBAIOT NOCPeACTBOM npeobpasoBaHus dypbe,
TO forkHa BbiTb 06ecnevyeHa paspeLaroLas cnocoGHOCTL Mo YacToTe, YToBbl 06nerunTh OLIEHKY NpeaenbHbIX
3Ha4YeHui (9TO HENPUMEHMMO, €GN YacTOThbl HE3aBUCHUMbI APYr OT Apyra).
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MpunoxeHue G
(cnpaBoyHOE)

MeTtoabl MogenupoBaHus

G.1 Unc¢poBoe moaenuposaHue

G.1.1 OnucaHue cywecTBYOIWMNX METOOOB

AHanuTn4yeckne Metoabl MOTyT NPUMEHATLCA ANA pacyeTa dNeKTPOMarHMTHbLIX CBOWCTB TOMbKO B HEKO-
TOPbIX CrneuuanbHbIX Cry4yasx U Ans onpeaeneHns reoMeTpudecknX XapakTepuctuk. Ona pewwenus obwmx
npobrnem NPUMEHSIIOT YMCEHHbIE METOAbI. Huke nepeuncneHsl Hanbonee pacnpoCTPaHEHHbIE YUCTIEHHbIE
METOAbl PacyeTa SNeKTPOMArHUTHbLIX MOMen OT M3My4aloLlero MCTOYHMKA M YAENbHON NOrMOLEHHON MOLLHOCTU
B Buonornyeckux Tenax. Takke JaeTcsa KpaTkoe onucaHue 3Tux MeToaoB. Hambonee noaxoasiias MeToauka
Ansi onpeAeneHHon 3agady 3aBUMCUT OT paccMaTpuMBaemoro AuanasoHa 4acTtoT, FeOMEeTPUYEeCKUX XapaKkTe-
PUCTUK OOBEKTOB, KOTOPbIE HEOOX0AMMO CMOAENUPOBATL, U TUNA BO3AENCTBUS (OrMXKHEE Unu JanbHee none).
CcblnoYHble okyMeHThI [1] = [7] coaepxat nogpoGHyo nHdopMaumio 06 3TUX METOAAX U UX NPUMEHEHUN.

MeTtoabl uMdpoBOro MOAENNPOBAHUS:

— MeToA dhmsnyeckor ontuku (physical optics — PO);

— MeTog dusnyeckon Teopuun audpakuun (physical theory of diffraction — PTD);

— METOA reomeTpuyeckon ontukn (geometrical optics — GO);

— MeToA reoMeTpuyeckoin Teopun andpakumm (geometrical theory of diffraction — GTD);

— MeToa oaHopoaHou Teopumn andpakuuu (uniform theory of diffraction — UTD);

— METOA 9KBMBaANEHTHbIX TOKOB (Method of equivalent currents — MEC);

— metoa momeHToB (method of moments — MoM);

— METOA MHOXECTBEHHbIX MynbTunonen (multiple multipole method — MMP);

— KOHEYHO-Pa3HOCTHbIA MeTOA BO BpemeHHou obnactu (FDTD);

— METOo/ KOHEeYHOro snemeHTa (FEM);

— MmeToa umnegadca (IP);

— MeToa ObicTporo npeobpasoBaHusi Pypbe/MeTon CONPshKEeHHbLIX rpaaueHToB (fast Fourier transform/
conjugate gradient method — FFT/CG).

G.1.1.1 Metog MoM

Metoa MoM sBnseTca WMPOKO pacnpoCTPaHEHHLIM METOAOM ANS PELUEHUS SNEKTPOMAarHUTHLIX 3aja4
U ANs BbINONHEHUs pacyeToB SAR B moaenax 6uonornyeckux Ten. NpumeHeHue 3Toro metoaa no3BonseT
BbIMUCNATL ANEKTPUYECKUE NONS BHYTPU GMONOrU4EcKoro Tena NnocpeacTBOM pelueHust dyHKuun puHa u
WUHTErpanbHbIX ypasHeHun Makceenna.

G.1.1.2 Metop FFT/CG

Metoa FFT/CG aBnsetca ycoBepLueHCTBOBAHHbIM MeToaoM MoM. NtepauuoHHble anroputMbl, OCHO-
BaHHble Ha GbicTpOM npeobpasoBaHun dypbe U rPaaueHTHON npoueaype, UCNOMNb3YITCA AN peLueHUus
NIMHENHbIX ypaBHEHUN, NONYYEHHbIX MeTogoM MoM.

G.1.1.3 Meton FDTD

Metoa FDTD — 3TO uucCneHHbili mMeToa Ana pewenna auddepeHumanbHbix ypaBHeHui Makceenna
BO BpeMEeHHOI obnactu. OH MOXET NPUMEHSTLCA ANA pacHeTa BHYTPEHHETO U BHELLHETO 3NEKTPOMAarHUTHbIX
nonen u pacnpeaenenna SAR B Guonormyeckux Tenax npu BO3AEWCTBUM Kak OnuxkHero, Tak U ganbHero
nonen. B ocHOBe 3TOr0 MeToAA Nexar AUCKPETHbIE BO BPEMEHU U NPOCTPAHCTBE nNpeobpa3oBaHus, u 6uono-
rMYECKoe Teno MoAEenUPYeTCa NyTeM 3agaHus 3HaYEHUI OTHOCUTENbHON AWANEKTPUYECKON NPOHULAEMOCTH
M yAenbHON 3neKTPOnpoBOAHOCTU NPOCTPAHCTBEHHBLIM AYelkam, U3 KOTOPbIX OHO cocTouT. Tpebyemasi KOMMbIO-
TEepHas Namsitb AOMKHA OblTb MPONOPLMOHANbLHA KONMYECTBY NPOCTPAHCTBEHHLIX siueek. [laHHblii MeToq,
paccMaTpuBaloT Kak MEepCcneKkTUBHLIM Anst BbluUCneHUa SAR, HO ANst TOYHbIX BbIMMCINEHUI HEOOXOAUMDI
04YE€Hb MOLLHbIE KOMMNbIOTEPLI.

G.1.1.4 MeTtog MMP

Metoa MMP ocHOBaH Ha aHaNUMTUYECKOM PELLEHUN YpaBHEHWIA NOsi, CO3AAHHOIO MyJbTUMONEM B OAHOW
TOYKE NPOCTPAHCTBA, M NPUMEHAETCA COBMECTHO C 0000LWWEHHbIM MYNbTUMNONbHLIM MeTOAOM (generalized
multipole technique — GMP). Metoa MMP oco6eHHO noaXoAUT ANst MOZIENUPOBAHUSA TEN C TaK Ha3biBa€MbIMU
noTepsiMn 3a CHET PacCessHUsA, KOTOPblE HAaX0AATCA BONU3N UCTOYHMKOB U3NYYeHUs, T. €. B npeaenax onmi-
Hero nons.
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G.1.1.5 Metoa IP

MeToa IP ycnewHo npuMeHseTca AN pelueHus 403uMeTpuYecknx 3aaay nocpeacTsoM KBasucraruye-
CKOW annpokcumauun. Onsa pacyeta SAR B Tene 4enoBeka NPUMEHEHWe 3TOro MeToda 0Kasanocb OYeHb
ahPEeKTMBHBIM Ha YacToTax Ao 40 My, B aaHHOM meToae Guonorudeckoe Teno MoaenupyeTcs TpexMepHoit
Lenbio KOMMIIEKCHbIX UMMNEeaaHCOoB.

G.2 Pacuet HanpsXXeHHOCTU Nons

BonbLUMHCTBO BbILLENEPEUUCIIEHHBIX METOA0B MPUMEHSAIOT ANA pacyeTa YPOBHEN HaNpsXXeHHOCTU NOnst
OT WCTOYHWKOB 9MEKTPOMArHWTHOrO W3Ny4eHusi. TOYHOCTb pPe3ynbTaTtoB BO MHOIOM 3aBMCUT OT TOrO,
HacKONbLKO XOPOLIO CMOAENMUPOBAH M3nyyatenb (Hanpumep, aHteHHa). Ecnu o0bekThl HaxoaaTca B6M3u
u3nyyaTens, Mexxay usnyvyatenem u pacHeTHOW TOYKONM Unu B6NU3KN pac4eTHOR TOYKM HaNPSXXEHHOCTH NONs
M MOTYT OKa3aTb CYLLECTBEHHOE BIIMSIHUE HA YPOBEHb HAMNPSHXKEHHOCTM MONIA, TO Takne O6bLEeKTbl Takke
OOMXKHbI ObITb CMOAENUPOBAHBI.

Kakon n3 aTux MetogoB ABNAETCA Hanbonee NoaAxoAALMM ANA PeLIeHUA KOHKPETHON 3aaa4ym, 3aBUCHT,
Hanpumep, OT YacTOoTbl, YCIOBMIA BO34eCTBUsA, pa3Mmepa obbekTa, noaBepraemoro Bo3aencrauio, Tpebyemon
TOYHOCTU U MAaKCMManbHOrO NMPUEMMEMOro BpeMeHu pacyeta. Kaxxabii metog TpebyeT Hanuumsa onbita npoBe-
AeHna 6nodrU3nYecKoro 1 LIMPoOBOro aHanmsa.

[ns npumeHeHusi NioBOro U3 aTUX METoA0B TpebyeTca Hanu4Uue TPEXMEPHOIN reOMEeTPUYECKON LMcpoBoM
MoJenu Tena unu Yactu Tena, noaBepraemMbiX BO3AENCTBUIO. DNEKTPUYECKUE XapakTepUCTUKU Ha JacToTe
BO3JEWCTBUA NONA A0MKHbI ObiTb M3BECTHbI AMNA pa3nuM4HbIX Yacten Tena. B 3aBucumoctu ot Tpebyemon
TOYHOCTU NPUMEHAIT MOAenNun pasnquoﬁ CINOX>XHOCTHU.

Takxke Heobxoauma TpexmepHas MHGOpMaLUs, KacaloLWasca reoMeTpuYecknx XxapakTepucTuk nepeaa-
IOLLEN aHTEHHbI, U NoAPOoBHasa MHOPMAaLUs, KacaloLancsa yCTPoucTea BO3OYXaeHUA nepeaaloweil aHTeHHbI.
YcrpoincTtea BO3OYXaAeHUSA nepegatroLleil aHTeHHbl MOryT ObiTb CNOXHbLIMWU B cny4Yae aHTeHH FM- unu TV-
BelLaHMsa unu nepegawwmx 6a3oBbIX CTaHUMI HA OCHOBe GSM, M 9TO B 3HAYUTENLHOW CTENEHU BRMUSET
Ha [O0CTOBEPHOCTbL MOAENM NepeatoLLei aHTEHHbI.

G.3 MNoppobHble pacyeTbl CKOPOCTU MOFTIOWEHUA dHEPrun

M3-3a TPYAHOCTU M3MEpPEHUs YCPEAHEHHOr0 WU NOKanbHOr0 NUKOBOrO 3HayeHuss SAR Bcero tena
BO MHOTMX CIy4yasx BO3AENCTBUSA MPU YUCHEHHBIX pacyeTax NPUMEHSIIOT HECKOMbKO BbILLEYNOMSAHYTbIX Lud-
POBLIX METOAOB ANl OLEHKU pacnpeaeneHus yaenbHON NOrmoLeHHON MOLLHOCTM B OMONOrM4eckoM Tene,
rnoaBepraeMomM BO3AECTBUIO NONA Kak BrivokHE!, Tak U AanbHel 30Hbl, HanpuMep metoabl FDTD, MoM u MMP.

Kakon us atux MetogoB ABnsetca Hanbonee NOAXOASALLMM AN PeLUeHUs KOHKPETHON 3a[a4m, 3aBUCHT,
HanpuMep, OT 4YacToThbl, YCNOBUIA BO3AENCTBUS, pasMepa ob6beKTa, NoaBepraeMmoro Bo3aencrauio, Tpebyemon
TOYHOCTM U MaKCUMAIbHOIO MPUMEMIIEMOrO BpeMeHu pacyeTa. Kaxabiii meTtoa TpebyeT Hanuuus onbiTa npoBe-
AeHunst bBuon3an4eckoro n LMdpPoOBOro aHanusa.

[ns npumeHeHus no6oro u3 aTux MeToaoB TpebyeTcss HanuuMe TPEXMEPHON reOMETPUYECKON LM pPoBON
MoZenu Tena unu 4Yactu Tena, nogBepraeMbiX BO3AENCTBUIO. DNEKTPUYECKUE XapaKTEPUCTUKU HA YacToTe
BO34€lCTBUSA NOSA AOMkKHbI OblTb U3BECTHLI ANA Pa3nuyHbIX Yacrei Tena. B 3aBucumoctu ot Tpebyemon
TOYHOCTU MPUMEHSAIOT MOAENN Pa3NUYHONA CMOXHOCTU. B HEKOTOPLIX Criyyasix Ans MoAenen Tena noaxoAsT
npocTbie hOpPMbI, aHanorndHble cepam u uunuHapam. [JaHHble 0 AUINEKTPUYECKMX CBOMCTBAX TKaHEN Yeno-
BeKka npueedeHsbl B [8]. Micnonb3ysa n3obpakeHUs Tena 4enoBeka, MofyyeHHbie NocpeACcTBOM MArHUTHOrO
pe3oHaHca (magnetic resonance — MR), pazpabarbiBaioT 04€Hb CHOXHbIE U AOCTOBEPHbIE LM(ppoBbLIE MOAENN
Tena. Mogenu, paspaboTaHHble HA OCHOBE M300pa)keHui, nony4YeHHbIX nocpeacTsom MR ana pasnuyHbix
TUNOB TKAHW U C MPOCTPAHCTBEHHLIM Pa3PELUEHUEM MEeHee HECKONbKMX MMUITNIMMETPOB, UCNOMb30BanNuCh
ans Beluucnenuin no metoay FDTD pacnpeageneHua SAR B Tene yenoBeka, NnoaBepraeMoro BO3aencTeuio
3NEKTPOMAarHUTHbLIX MOSEeN OT MOPTATUBHbLIX pagnoTexXHUnYeckux yctpoicts ([9], [10]).

Takke HeoOxoauma TpexMepHas MHopMaLmA, KacaloLasacsi reOMeTPUYECKMX XapakTepUCTUK nepeaa-
IOLLEN aHTEHHbI, U NoApoGHasA MHAOPMaLMS, KacaloLWasaca YCTPOCTBa BO3OYXAEHUA nepeaalowen aHTEHHbI.
YCTpoincrTea Bo30yxaeHus nepeatoLlen aHTeHHbl MOMyT ObiTb CNOXHbIMM B cnyyae aHteHH FM- wnu TV-
BeLLaHMsA uv nepegaowmx 6a3oBbiX CTaHUMIA HA OCHOBE GSM, u 3TO B 3HAUUTENBHOW CTENEHU BAMSET
Ha 4OCTOBEPHOCTb MOAENU NepeaatoLlen aHTEHHbI.
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