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iccnepoBaHume aghekTa N3MEHEHUSA Nonspusaunm
MWUKPOBO/THOBOIO N3/TyYEHUS CKPbITbIMUA 0ObEKTaMU

Ha TeJ1e YEJ/IOBEKa

PaccmMoTpeHa BO3MOXHOCTb MAeHTUMUKALUN CKPbITbIX MeTannnyecknx o06bekTOB Ha Te/fie Yenoseka no
M3MEHEHWIO MIOCKOCT Y NOAApU3aLum MUKPOBOMHOBOTO W3/y4YeHWs, OTpaxXeHHOro oT pebep n BepwmnH o6bek-
Ta. CchopmMynvpoBaHo MaTpUYHOe ypaBHEHWE AN aMNANTYL OCHOBHOI M Kpoccrnonspusauuii. MNpusefeHbl pe-

3yNbTaThbl U3MepeHnii Ha cneynanbHoli ycTaHoBKe. Mokas3aHo, 4TO aMnNAnTyaa Kpoccnonspusaumm oT paxeH-
HOTO CUrHana MoXxeT CAYXUTb AN MHAWKALUMN CKPbITbIX MeTannyeckux o6bekToB.

MUWKPOBO/IHbI, AeN0ASPU3ALNOHHBIN 3EKT, LOCMOTPOBbLIE CUCTEMBI

B coBpeMeHHOM Mupe npo6nemam 6e30macHocTU
nwopaen N TeXHUYECKUX O06BLEKTOB yaensieTcs Bce
6obllee BHMMaHue. B cBA3KM ¢ 3TuM 6biiun paspabo-
TaHbl M YCMELHO 3KCNyaTUPYHTCA pas/iInyHble [0-
cmoTpoBble cucTtembl (AC), nossonswouwune obHapy-
XXMBaTb CKpPbITble onacHble 06beKThl. K coxxaneHuio,
60NbWINHCTBO 3TUX AC He MMeeT BO3MOXXHOCTU OCY-
WecTBNATb AUCTAHLWOHHbIA CKPbITHLIA  J0CMOTP,
No3BONAKLWMNI 3a6N1aroBpeMeHHO 06HapY>XUTb U J10Ka-
N1M30BaTb ONACHbIV 06BEKT Ha Tesle YesloBeKa Uan B ero
6araxxe. MoaToMmy pa3pabaTbiBalOTCA HOBble METOAbI
06Hapy>eHUsi onacHbIX 06bEKTOB Ha Tefle YesiloBeKa.

OfHVMM M3 NepCneKTUBHbIX HamnpaBfieHUA TaKnx
pa3paboToK SIBASAKTCA MHOrOMo3ULMOHHbIE MUKPO-
BOJ/IHOBble AO0CMOTpOBble cuctembl (MMAC), dop-
Mupyrume nsobpaxeHne 06beKTa C MOMOLLbIO BOS-
HOBbIX 3/1EKTPOMarHuUTHbIX noseii [1]. Takne cucTte-
Mbl COCTOSIT U3 MPUEMHOI0 MOAY/SA 1 N pelleTKn ne-
pegarownx mogynein 2 (puc. 1) . NpegHasHa4vYeHHble
AN noucka B3pbiBYATbIX BELLECTB, OHW He MOryT
YBEPEHHO O06HapyXXuBaTb CKpbITble MeTaa/nyeckme
06bEKTbI Ha Tesie YenoBeKa, NOCKO/IbKY B MUKPOBO/I-
HOBOM AunanasoHe oTpakawlias CrnocobHOCTb €ro
Tena 61un3Ka K oTpaxkawLliein cnocobHoCTN meTanna.
3T0 NpUBOAMT K CUMbHOW 3aBUCMMOCTU BEPOSITHO-
CTN 06Hapy>XeHus oT popMbl 06bEKTA, ero nosioxe-
HUS 1 paspelwlatowen cnocobHoctTn MMAC.

O4VH 13 NyTel pelleHUs yKasaHHOM npobnemsbl
COCTOUT B UCMO/b30BaHUN 3hheKTa AenonspmusaLnm -

1 JIeHTOUHb I/ Maepuiar Mo 60KaM PELLETK MPEHaBHAYEH [ YMEHb-
LLEHVIS! YPOBHS MPSIMOVA 33CBETKA ABYX GOKOBbIX MPVEMHVIKOB 3.

© Npuropees A 1, Mewepskos B B, CemeHos C H, 2015

M3MeHeHUs nongpmusaunmn 31eKTPOMarHUTHOW BOJIHBbI,
paccessHHOW ocTpbIMK pebpamu 1 BeplIMHAMW MeTan-
nnyeckoro npegmeta. Peructpupys 3Tu WU3MeHeHUs,
MOXHO CYLLEeCTBEHHO MOBbIWATb BEPOATHOCTb 06Ha-
PY>XEHUSA CKPbITbIX MeTal/InyecKnx 06bEKTOB Ha Tene
yenoseka [2]. OpgHako Ans co3gaHunst aheKTUBHbIX
anropuTMoB O06Hapy>XeHus TpebyeTca onpefesnTb
BE/INYMHY AaHHOro ayhekTa B pas/IMUHbIX YC/0BUAX.
OTa 3ajava ABNSETCA NepBOCTENEHHOW ANSA AanbHel-
Lero ycoseplieHcTtsoBaHna MM/C.

PasnnuHble mMogenu Teopuu paccesHUs ANA wUc-
cnefoBaHUA MOMAPU3ALMNOHHON CTPYKTYpPbl OTPaXKeH-
HOro m3nyyeHusa onucadbl B [3], [4]. Tak, B meToae
KpaeBbiX BOSIH [3] paccmaTpuBaeTcsa Mogenb, npeg-

Puc. 1
1



CTaB/ieHHasa Ha puc. 2, rge 1 - 06/1y4yaemblii 06bEKT,
2 - To4yka HabnwogeHus; R, 0, ¢ - chepunyeckme Ko-
opAvHaThI

TOYKK HabnwgeHnsa; xH =R sin0cosd;

yH =R sin0sindg; zn =R cos0 - npsAMOYrofibHble
KOOpAMHATbI 3TOW TOYKW, MPUYEM Ha4vasio CUCTEMBbI
KOOpAMHAT NeXxxut B6an3m tenam R N a (a - xapak-

TEepPHbIi pasmep oTpaxkawlliero tena). Mogenb onu-
CbiBAeTCA CNeaylwmmMmmn BbipadKEHUAMU ANa 9/1eKTPU-
YEeCKOro Mosisi OTPaXKEHHO BOJTHbI B AasibHe 30He:

0 )+
+ Eoy”i (y, O, op)_]l( X /a); El%
Eo = (ia/2)_Eox"2 (y, 0, ¢) +

Edh = (ia/ 2) [ 0xE1(

N+ EoyS2(Y, 0, d )T (KA ),

rae Ed, EO - npoeKumy Hanps>keHHOCTU 3/1eKTpU-

yeckoro nons paCCEﬂHHOVI TENOM BOJIHbI;

Eox = Eocosa un Eoy = Eosina - npoekuuun Bek-

Topa Eo napatouieli BoMHbI, fexaline B Na0CKOCTH

xoy; S 2(y, 0, d) m Si2(y, 0, d) - HeusBecTHble

yrnosble yHKUumMn; y=5a—0 - yron mexay Hopma-
Nbl0 K QPOHTY BOJTHbI U OCbHO Z.

AHanuTuuyeckoe pelleHue AUGPPaKLVNOHHON 3a-
nayn ans 06beKTOB C/I0XKHOM (JOPMbl HEBO3MOXXHO,
nosToMy [A/11 pelleHUsi NMocTaB/IeHHOlM 3ajaun uene-
coo6pa3HO MCNOMb30BaTb MNporpaMMHbie  MNakeTbl
3M1eKTPOMarHUTHOro mogenuposaHus [2]. Pesynbtathl,
nosly4yeHHble NpPU MoAenMpoBaHuUKn, TpebyT 3Kcne-
PUMEHTANbLHOI0 NOATBEPXKAEHUS.

[Ana BbINONHEHUA MNOATBEPXKAAOLLEro 3Kcnepu-
MeHTa 6blia cobpaHa u3MepuTesibHas YcTaHOBKaA,
dyHKUMOHaNbHAA cxema KOTOpPOW npeacTaBsieHa Ha
puc. 3. YcTaHOBKa COCTOMT U3 BEKTOPHOr0 aHau3a-

Topa uenei Agilent 5230~ aHTeHHbl Ha MOBOPOTHOM

N3nyyaroLasn

cteHae (puc. 4), doKycupyluiein mnsnydyeHne B 06-
nacTb focMoTpa, NPUeMHOM aHTEHHbI C HEOH6X0AUMbI-
MW NpMBOAAMM  BpaLleHWUs, MWKPOKOHTPO//1epoB
ynpasfeHusa ¢ 61o0kamy NUTaHMa U NepcoHanbHOro
KoMnbloTepa. A8 MUHUMN3ALUN BAINSHUS BHELIHUX
haKTOpoB Ha 3KCMEPUMEHT CTeHbl MOMELLEHUSA U
3NeMeHTbl KOHCTPYKLUUM 3aKpbliTbl MaTepuanom, no-
rowanLWwmnm 3N1eKTpoMarHUTHOE N3JyyYeHune.

3mepeHna npoBoannnCbL B AManasoHe 4acTtoT
8...12 Ty, uenb obny4danacb SINHENHO-MONAPU30-
BaHHOW BOJIHOW, a NpueM curHana ocyu,ecTBNSACA B
ABYX OpTOroHasbHbIX Nosspusaumax. Aas nsnydaiowlen
aHTeHHbl M3Mepsanocb pacnpegeneHme nons B [BYX
OpTOroHasIbHbIX M0AAPM3AUMAX Ha MJ0CKOCTU, nep-
NeHANKYNSPHOM ONTUYeCKOl ocuM U Haxoaswelics B
MecTe pacnofioXKeHusi npegnonaraemMoit uenu. Cucrtema
NNHelHbIX NepeMeLLeHU obecneynBana n3MepeHus B
o6n1acTu ¢ paamepamm 20 X 20 CM € LLIArom B 2 cMm.

Ha puc. 5 nokasaHbl M30/IMHUN MOLLHOCTU pac-

Puc. 4
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CEAHHOr0 CUrHasa Ha LeHTpasbHOW YyacToTe paboue-
ro guanasoHa, MnoslyyeHHble Mo pe3dynbTatam U3Me-
peHnin. 3a Hyneson ypoBeHb (0 aAB) npuHATO 3Hauve-
HWe MaKCMMasibHOM MOLLHOCTW OCHOBHOW nonspusa-
umn. Kak BMAHO, pasmepbl (QOKasibHOro nATHa Mo
YpPOBHI0 -3 b He npeBbiwawT 10 cM, YTO COOTBET-
CTBYeT 3HauyeHuU 3Toro napametpa ana MMAC.
KpoccnonspusaynoHHasa passsaska (OTHOWeEHWE awm-
NAMTYA NoasA Kpoccrnonsipusalmm n 0CHOBHOW nons-
pusaynmn) B NATHE cocTaBnsieT He MeHee 25 ab.

Mcnonb3oBaB o6paTHoe npeobpasoBaHue dPypbe
M AONYCTUB COBMELLEHHOe pacrnosioXkeHne npueMHom
N nepepawuleii aHTeHH (puc. 6), Kak B 3ajadye, pac-
CMOTpeHHO B [6], nccnegoBann 3aperncTpupoBaH-
HbllA CMrHaN BO BPeEMEHHOM o61acTu [5], npuHaB ans
Hero BblpakeHue

S(t)=3—4[c (v)r(v)e i(4™/c)z° 2)

rae Al onepaTtop o6paTHOro npeo6pasoBaHus

®ypbe; C (V) - 4acTOTHO-3aBUCUMBbIN OTKAUK NpPU-

eMHON 1 nepepawwen aHTeHH; r(v) - Koagduuyn-

€HT OTpaXKeHMA OT LUeNn; V - 4acToTa; c - CKOpPOCTb
ceeTa B Bakyyme; Z0 - paccTosiHMe [0 LUenu BAo/b

oNTUYeCKoWn ocu MsnyqaroLu,eVl aAHTEeHHBbI.

Ana cpaBHeHUS TeopeTUYEeCKUX U 3KCMePUMEH-
TaNbHbIX AaHHbIX UCMO/1b30BasicA 06pa3eu, M3 BOCKa
Ha Tese yenoseka. B 3aTom cny4dae npu HopmasibHOM
nageHnn BOJSTHbI

r Abod i2 kh
wax + ~bodye
r(v) = . ®3)
i2 kh
1+ rw
rae
1—ys ' Nsbody
1 body
VAwaX + -ysbody
27V
k = -

h - TonwwuHa obpasuya, npuyem swax u sbody -

KOMMJIEKCHblIE ~ OTHOCUTENbHbIE  AN3NIEKTPUYECKUE
NPOHMLLAEMOCTN BOCKa W Tesla 4YesloBeka COOTBET-
CTBEHHO. BeTBM KOMMJEKCHbIX KOPHel (ukcuposa-
Hbl TaK, 4TO UX MHUMbIE HaCcTU NOMOXNTESNbHbI.

[ANna BblUUC/IEHNA MPOCTPAHCTBEHHOro pacrpe-
JeNneHnsa amnanTyflbl OTPaXeHHOW BOJIHbI HanucaHa
cneynanbHaa nporpamma Ha MATLAB, yuuTbiBalo-
Lasi CBA3b MeXXAy BPEMEHEM U ONTUYECKUM MYTEM B

BaKyyMe Zz =ct/2, a Takxe OrpaHuuyeHuem paspe-

LieHna no ganbHOCTU ANA I/I3MepI/ITEI'IbHOI‘/Jl CUCTEMBbI:
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B
Puc. s

rge e - OTHOCUTesNibHasA AuaneKTpuyeckas MpoHuua-
eMOCTb BO3ayXxa; AV - LIMPUHA NOA0Cbl YacToT U3-
MepuUTesnIbHO CUCTEMDbI.

AmMnnnTyga n asa paccessHHOro nossg perncTpmpo-
Ba/IMCb C NMOMOLLbI0 BEKTOPHOr0 aHasn3artopa B Mosioce
yactoT 8.12 I'T'y B LLI24 TouKax Ha paccToAHUU 0.7 M
0T Tena Kak napametp S21. Odanee pesynbTaTrbl U3Mepe-
HUS obpabaTtbiBanmcb no (2) n (4). 3atem, nocne nepe-
xofa OT MepeMeHHOM BpeMeHW K MPOCTPaHCTBEHHOM
KoopAuHaTe BL0/1b HarnpaseHNs pacnpocTpaHeHUs BoJl-
Hbl, ¢opmMupoBanacb 3aBUCMMOCTb pacnpegeneHms
amnnanTyapl ypbe-obpasa ana 6710ka Bocka ToAWM-
Holi 5 cM Ha Tesne yenoBeka (puc. 7, CNIOLWHAS JIMHWSA).

Ha 3ToM »Ke pucyHKe HaHeceHbl TEOpeTUYecKne faHHble,

paccunmtaHHble no (2), (8) ana swax =2.2 n

sbody ~ 28.7 + 8.23i (NyHKTUpPHaA NUHUSA).

3anuwem BblpaxkeHue (1) ANnsi OpTOroHasIbHbIX
npoekumnii BekTopa E paccesiHHOM BOMIHbI B MpPSAMO-
YroNibHOW cucTemMe KoopauHaTt Ans cnydas 06sydyeHus
06beKTa SINHENHO-MoNSAPU30BaAHHOM BOSTHOM C FOPU30H-
TaNIbHO OPUEHTUPOBAHHOM MJIOCKOCTbIO MNoAspusaLunm
(Eoy =°’

Eox = Eoh). BBegem KBagpaTHyK MarT-

puuy paccesHusa S [7], onucbiBaloLUyo nonspusam-
OHHYIO CTPYKTYPY OTK/IMKA UccneayeMoro o6bekra:

e- X
Eh Shh  Shv  Eoh

[Ev] 2M%R [svh sw] ©

NHdopmaumsa o6 addekTe M3MEHEHUS MONSpU-
3auMn MUKPOBO/THOBOF0 M3/TyYeHUSA CKPbITbIMU 06b-
eKTaMW Ha Tesle YyesioBeKa COAEPXXUTCA B aNemMeHTax
Shh 1 Svh mMaTpuubl paccesHus.

WccnepoBaHme NpoBOAMIOCL Ha rpynne nwojeli B
noBcefHEBHOW opexae,
LWKMXCA Ha MPOM3BOJIbHOM paccTosiHuM 1.5.2 ™M ¢
obpasuyamm n 6e3 HUX.

nooyepegHo pacnosiara.-

Ha puc. 8 npeactaBneHbl pe3ynbTatbl pacyeTa am-
nanTyabl ypbe-obpasa (2) BAOAb OMTUYECKOW ocu
n3nyyarwuleii aHTeHHbl AN OCHOBHOW nonsipusauuun
(cnnowHble NMMHKUKM) KU Kpoccronsipusaunmn (NyHKTUP-
Hble IMHUWN) N0 U3MEPEHHbIM AaHHbIM A58 Pa3/INYHbIX
06pa3uoB Ha Tene Yenoseka: a - o6pasel, ¢ MeTanInye-
CKMMM MOpakalolWnMn 3NneMeHTamun; 6 - oTCyTcTBUE
obpasua; B - obpasey, U3 AnanekTpuka2. Kak BugHo Ha
puc. 8, a, 3HaYeHMe MakKCcMMyMa aMnauTyAbl B KpPOCC-
nonspusaumn gna obpasua ¢ 60/bLLINM KOMNYECTBOM
MeTaNI/INYECKNX 3/IEMEHTOB Ha Tesie YesioBeKa 3Hauu-
TeNbHO MPEBOCXOAUT MaKCuMaslbHble 3HA4YeHUs B
0CTasIbHbIX Cyvasix.

Ha puc. 9 npeactaBneHbl pe3ynbTaTbl pacyeTa am-
nanTtyg no (2) n (4) 0OCHOBHOW W Kpoccnonsipusaumnii

Puc. 9

2 A5 HarNIsYAHOCTIA pashiaXx Kpooerio/ISpH3aLIVoHHb X 3aBMCUMIOCTEN
YBe/IYEH B LLECTb [es.



B MECTE HaxX0XAeHWs 06bekTa, Ha 0CHOBaHWU MU3Me-
PEHHbIX [aHHbIX, A7 NATU Pas3/INYHbIX 06BHEKTOB:
1 - YesioBeKa B MOBCEAHEBHOW 0feXAe; 2 - AN3NEKTPU-
yeckue obpasuybl (conb, BOCK, dTOpONAAcT); s - UMuUTa-
TOp C MajibiM KOJINYECTBOM METasI/INUYECKUX Mopaxka-
IOLWNX 3/1EMEHTOB; 4 - UMUTATOP CO 3HAYUTESIbHbIM
KO/IMYECTBOM MopaXkawlnx 3/1eMeHToB; s - MUCTO-
net. VisamMepeHus pans Kaxkaoro ob6bekTa HaxoasTcs
BHYTPU cooTBeTcTBylOWero annunca. Kak cnegyet
M3 3TOr0 PUCYHKA, Aenonsapusaumns 3/1eKTPOMarHuT-
HOFO  M3/ly4eHUs  MeTa/l/INYeCKUMU  06beKTamu
CNOXXHOM hopMbl (NopadkawLWwmMmmy afieMeHTaMn 1 nu-

CTO]'IETOM) npoAasnsAeTca B 60onbLUE cTeneHm

(Ap/4 cH>16), yem genonapusauunsa oT Tena yesose-

Ka Uan gnaneKTPUYecKUx 06beKTOB Ha HeM.

Takum o6pasom, NpoBefdeHHble wccnefoBaHUA
Mo3BONAIOT cAenaTb BbIBOL O BO3MOXHOCTU NMpuMe-
HeHUA adhekTa genonspusaummn 8 MMOC Tena Je-
noseka C LUesblo 06HApy>XXeHUss MeTalsInYyecKunx
npesmMeToB Ha HeM. Tak)Ke MOryT 6bITb paspaboTaHbl
anropuTMbl AN 3ajad Knaccudukauum 1o aHanusa,
KOTOpble MO3BOMIAT 06HapyXXMBaTb CKPbITble MeTas-
nunyeckne 06bEKTHI Ha Tesle YesoBeka.
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Investigation of polarization changing effect by hidden objects placed on a human body

Possibility of identification of the hidden metal objects on a human's body based on changing of the reflected wave
polarization sharp edges and vertexes of the object is considered. The matrix equation for the main and cross-polarizations
amplitudes is formulated. Results of measurements are given in special installation. It is shown that amplitude of cross-
polarization of the reflected signal can serve for indication of the hidden metal objects.

Microwaves, depolarization effect, inspection systems
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