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AHHOTALUA

Ipeamet uccaenopanusi. OTHUM U3 aKTyalbHBIX HAallPaBICHUN MCCIIEIOBAaHUN B 001acTH OECIIPOBOAHON CBSI3U
SIBISIETCS] Pa3pabOTKa OJIVKHEIONBHBIX MAarHUTHBIX CHCTEM U CPEACTB Iepenadyn cooOIIeHu B cpefax WM CKBO3b
CpelIbl, 3HAYUTEIBEHO MOMIONIAIOIINE IEKTPOMAarHuTHOE noie. K TakuM cpeam OTHOCSTCS: BOAA, TPYHT, CTPOCHHMSI.
B npoBosinmx cperax ociabieHne MarHUTHOTO TIOJIsl BO3pAcTaeT C yBeIIMYEHHEM 4acToThl. J[jist opraHu3aiy KaHaJioB
CBSI3U CKBO3b MPOBOSIIYIO CPEly, HAIPUMEP MOPCKYIO BOAY, IPUMEHSIOT AJIEKTPOMArHUTHOE M3JIyueHHe KpaiiHe
HU3KUX M CBEPXHU3KUX 4yacToT oT 3 10 300 ['u. [IpuMeHeHne n3aydeHus B TaKUX AMANa30HAX 4aCTOT COMPSIKEHO C
OOIBIIMMH pa3MepaMHy MePeafolIuX 1 MPUEMHBIX aHTeHH. MeTon OIMIKHEMOIbHON CBSI3H TMO3BOISIET CYIIECTBEHHO
YMEHBIIHUTH Ta0apHUTHI TPUEMHBIX U U3IIyYAIONINX aHTEHH U MOTPeOIsIeMyI0 epefaTInKOM MOITHOCTh. CyIeCTBEHHBIM
OTpaHHYCHHEM OIIKHEIIOIBHON JATMHHOBOJIHOBON CBS3U SIBISIETCS HEBBICOKAs CKOPOCTH MEpefadul COOOIIEHHH 1
HeOoIbIIas, 10 AECATKOB METPOB, HaTbHOCTH CBI3H. MeToa. IIpuHINT nelCTBHS NPEUIOKEHHON CUCTEMBI CBS3H
OCHOBaH Ha HCIIOJIb30BAaHUU MarHUTHOH KOMITOHEHTHI 3JIEKTPOMAarHUTHOTO IMOJIsL. [lepenaromum »I1eMeHTOM TaKoi
CHCTEMBI CIIY)KHT KaTyllKa HHAYKTUBHOCTH C CEPJICYHUKOM. [Iprem ocyIiecTBiseTcs JaTuMkoM MarHUTHOTO T10JIs B
BHUJIC MarHuTa, 3aKPerIeHHOT0 Ha TOPCHOHHOM I0/iBece. MarHUT COBMEIICH C 3epPKajoM, OTPAXKAIOIIUM JIa3epHbIi
ayd. Ilox neiicTBHEM BHENIHErO MarHUTHOTO IOJIS MAaTHUT COBEPIIAET KPYTUIbHBIE ABMKEHHS, KOTOPbIE MPUBOAAT
K M3MEHEHHUIO yIJIa OTPa)KeHHs JIA3epHOTO JIyda OT 3epKalbHOW MoBepXxHOCTH MarHuTa. OTpakeHHBIH CHUTHAI
peructpupyercst THHEHHBIM (oTonpueMHukoM. OneHKa ocnabieHus U 3aTyXaHHus MarHUTHOTO TIOJIS TP Iepesade
W3IY9EHUS U3 AUAICKTPUUCCKOI B MPOBOJSIIYIO Cpely BBIIOIHEHAa Ha OCHOBE PEIICHMs ypaBHEHHH Makcseruia.
Pa3paboTaHbl Tpexno3nunnoHHas OnHapHast (ha30Bast MAHUITYIISIIUS 1 MOAU(HIIPOBAHHAS TPEXITIO3UIMOHHAsT OMHApHAS
(dazoBast MaHUIYIALUS, 00SCIECUNBAIOIIHE IIPOTUBOIIOJIOKHOE PACIIONOKEHNE CUTHAIBHBIX CHMBOJIOB, BHICOKYIO
MH()OPMALMOHHYIO IUIOTHOCTh COOOIICHNUH, JIOKAIM3AIHIO SHEPTHH M3JTy4aeMOro CUrHajla B HU3KOYAaCTOTHOW 00J1acTH
U HOBBILICHHE JAIbHOCTH CBsI3H. OCHOBHBIE Pe3yJIbTAThI. DKCIIEPUMEHTHI TI0Ka3aJIH, YTO B PE3yJIbTaTe HCIIOIb30BaHUS
MOAU(UIIMPOBAHHOTO BUJAa MAHUIYJISALUN B CPAaBHEHUM C TPEXMO3ULMOHHONW OMHAapHOH (Pa30BOi MaHUMYISALUEH
yAaloCh yBENUYUTh AANBHOCTH CBsi3U HA 10 % mpu HEM3MEHHOH BBHICOKOW HAAEKHOCTH AOCTABKH COOOLICHHMN.
MonenbHbIE OIIEHKH, BBIIIOIIHEHHBIE B COOTBETCTBUH C MPENIOKEHHON METOAMKOIN pacdyeTa OCIabIeHus U 3aTyXaHHs
MarHUTHOTO TIOJISI IIPU PAcIIPOCTPAHEHHN B CIOHCTBIX CPEax, MOATBEPHKICHBI SIKCIEPUMEHTAIBHBIMI N3MEPEHHUAMH.
IIpakTHyeckast 3HAYUMOCTD. Pe3ynbTarTs! HCCIIEI0BaHUH MOTYT HAUTH MPUMEHEHHE IIPY PELICHHUH 33/1a4 JIOKAIEHOTO
pa3BepTHIBAHMS 3AIMUIIEHHBIX CHCTEM OJIM)KHEIIOJIBHOM CBSI3H IPH 00ecriedeHnH OecipOBOAHOI KOMMYHHKALIUY Yepe3
Cpe/ibl, MONIOMIAOIIHIE NIEKTPOMAarHUTHOE MOJIe.
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Abstract

The development of near-field magnetic systems and means of transmitting messages through media that significantly
absorb the electromagnetic field is one of the topical areas of research in the field of wireless communication. These lossy
media include water, soil, buildings. The attenuation of the magnetic field in conducting media increases with increasing
frequency. To organize communication channels through a conductive medium such as sea water electromagnetic
radiation of extremely low frequencies and ultra-low frequencies from 3 Hz to 300 Hz is used. Traditional communication
methods due to electromagnetic radiation in that frequency ranges require large sizes of transmitting and receiving
antennas. The near-field communication method makes possible significant reduction both the dimensions of receiving
and emitting antennas and the transmitter power consumption. A significant limitation of near-field long-wave
communication is the low bandwidth and small, up to tens of meters, communication range. The operating principle
of the proposed communication system is based on the use of the magnetic component of an electromagnetic field.
Transmitting element in proposed system is a solenoid with a magnetic core. Receiving magnetic field sensor is a
magnet fixed on a torsion suspension. The magnet is combined with a mirror reflecting the laser beam. Rotation of
the magnet under the action of an external magnetic field leads to a change in the angle of reflection of the laser beam
from the mirror surface of the magnet. The reflected signal is recorded by a linear photodetector. The attenuation of
the magnetic field during the transmission of radiation from a dielectric to a conducting medium was evaluated with
the solution of Maxwell’s equations. A three-position binary phase shift keying and a modified three-position binary
phase shift keying are developed and substantiated. The proposed solutions provide the opposite arrangement of signal
symbols, high message information density, localization of the emitted signal energy in low-frequency region and an
increase in communication range. Experiments had shown that usage of modified keying type shown an increase the
communication range by 10 % with the same reliability of message delivery in comparison with three-position binary
phase keying. The estimates of the weakening and attenuation of the magnetic field during propagation in layered
media obtained from the simulation are confirmed by experimental measurements. The results of research could be
used in solving problems of local deployment of secure near-field communication systems through media that absorb
an electromagnetic field.
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BBenenune

OnHO M3 aKTyaJbHBIX HANpaBICHUN HCCIEAOBaHUH B
obiacTu cucteM OecripoBOIHOM CBSI3M — pa3paboTKa METo-
JIOB U CPEJICTB Iepe/iadl COOOIIEHHI B Cpe/laX MM CKBO3b
Cpe/bl, 3HAUUTENIBHO MOMIONIAIOIINE MIEKTPOMArHUTHOE
nosie. B wactHOCTH, MOAOOHBIE peIeHNUs] BOCTPEOOBAHEI
JUISL OpTaHM3AMK OeCIIPOBOIHON Nepenadn HHPOpManuu
CKBO3b TOJIILY BOJIBI, B TOM YHCJIE MOPCKOM, TpyHTa, Oe-
TOHHBIX COOPYXEHUU U SKPAaHUPYIOIUX KOHCTPYKIIHH.
MarHuTHOE SKpaHHPOBAaHHE PEATU3YETCS 3a CUET PA3HOO-
Opa3HbIX KOXKYXOB U 3KPAHOB, M3TOTOBICHHBIX U3 MaTepH-
aJI0B, MAaTHUTHOE COTIPOTHBIICHHE KOTOPHIX MEHBIIE, YeM
MarHuTHOE COMPOTHBIICHKE BHeMIHEH cpefp [1]. B mpoBo-
JUSIIUX CpeJax ociabieHue MarHUTHOTO MOJIsl BO3PacTaeT
C YBEIMUEHHMEM YacTOThl U IMPOUCXOAUT 3a CUET UH]Y-
LHUpoBaHHBIX TOkOB Dyko [2]. IToaHOe skpaHUpOBaHUE
MarHUTHOTO I10JIs1 00ECTICUNBAIOT CBEPXIIPOBOAHUKH. JIist
OpraHu3aI{i KaHAIIOB CBsI3U! CKBO3b POBOMIAIILYIO CPELLY,
HaIpuMep, MOPCKYIO BOAY, OOBIYHO MPHUMEHSIOT KpaiiHe

I Pexomenganus MCD-R V.431-7* Homenknarypa aua-
[1a30HOB YacTOT U JUIMH BOJIH, UCIOJIBb3YyEMBIX B JJIEKTPOCBS3H
[Dnexrponnsriii pecype]. URL: https://www.itu.int/dms_pubrec/

HU3KHE 4acTOThl B nuana3one ot 3 10 30 'y u cBepXHU3-
kue yactotel — oT 30 10 300 I'u. B HexoTOphIX ciaydasx
UCIIONB3YIOT 4acTOThl MeHee 3 I'm. [yt opranusanuu cBssu
Ha CBEPXHU3KUX M KpaliHe HU3KUX YacTOTaX C BO3MOXKHO-
CTBIO TTEpefauy COOOIECHNI 00BEKTaM, HAXOSIIHMCS 110
BOJIOH, MPUMEHSIOT MPOTSHKEHHBIC AHTCHHO-(UCPHBIE
CHCTEMBI, rabapUTHBIE pa3Mepbl KOTOPBIX MOTYT BapbUpPO-
BaThCs OT COTEH METPOB JI0 EMHUIL KUIOMeTpoB. IIntanue
TaKUX aHTEHHO-(DUJIEPHBIX CUCTEM TpeOyeT 3HaUUTEIbHON
SHEPIruH, UCUUCIIEMON COTHAMHU KHJIOBATT U MeraBarTa-
MU B 3aBUCUMOCTH OT Peaju3ali ¥ PEKUMOB pabOTHI.
W3znydaemble paMOBOIIHBI MOTYT HECKOJIBKO pa3 Orudarb
€CTECTBEHHBIN BOJIIHOBOJ, 0OpPa30BaHHBIN TOBEPXHOCTHIO
3emui ¥ HOHOC(HEPOH, TIPEXKAC YeM OyIyT MOTIOIICHEI,
W WX dHeprus TpaHchopmupyercs B terio [3]. [Ipu Ta-
KOM BHJIe nepenaun nHGopMmanuu He obecreunBaeTcs
JIOKAJIBHOCTB Pa3BEPTHIBAHUS W JICHCTBUS CUCTEM CBSI3H.
ANBTepHATUBHBIE METO/IBI CBS3U 3a CUET IIEKTPOMAarHHT-
HOTO M3JIy4YEHUS C JIOKAJIbHBIM JACHCTBHEM, B TOM HHC-
Jie 33 CUeT MArHUTHON KOMIIOHEHTBI JIEKTPOMArHUTHOTO
MOJIsA, TIPEJIaraloT OTEUYeCTBeHHBIE pa3paboTyuku. Taxk,

itu-r/rec/v/R-REC-V.431-7-200005-S!!PDF-R.pdf (nara obparie-
must: 03.12.2022).
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A.1O. lNpuweHues, B.A. lopowkos, P.N. YepHoB

Hanpumep, AO «HayuHo-npou3BOACTBEHHOE MpeIIpus-
THe «PasnocBsa3py» mpeiaraeT KOMILIEKC OJIMKHEIONb-
HOM MAarHUTHOM CBsi3u! JUist pelieHns 3a1a4 B HHTEpecax
MunncrepctBa 000poHs! Poccniickoit Penepannu B mpo-
MBIIIIEHHOCTH, MEUIIMHE U JIp. 3apyOeKHbIE KOJJICKTHBEI
1 OT/ICJIbHBIC MCCIIEI0BATENN MTPEIaraloT CBOU PEIICHHS B
00ITacTH MarHUTHOMW CBSI3H, HAIPAMEP B [4] peacTaBieHa
MarHUTOMHIYKIIMOHHAs CHCTEMA CBSI3H, 00 CTIeUNBAIOIIAs
cKkopocTh nepenaun coobmenuit 100-300 6ut/c u manb-
HOCTh cBs3u 10 400 M. B pabore [5] paccMoTpeHa MarHuT-
Hasl CUCTeMa CBsI3H, JICHCTBYIOIIAs B Cpe/iaX BO3/LyX-BOJa
(mpecHas), ¢ fambHOCTHIO AekcTBUA 10 30 M. B [6] BbIOIN-
HEeH 0030p CUCTEM MarHUTOMHIYKIIMOHHOW OJIMKHENOJb-
HOU CBSI3M, OTMEUYEHBI €€ 0COOCHHOCTHU U IIPEUMYIIECTBA.

ens HacTosiel paboThl — pa3paboTKa METOAOB MOJI-
JICPYKKH ¥ 00SCTICUEHHSI CUCTEMBI CBSI3H 32 CYET MarHUTHOMN
KOMITOHEHTHI JIEKTPOMAarHUTHOTO TIOJISI.

[Ipennoxen Bua Moan(UIUPOBAHHON TPEXITO3UIINOH-
HOV OnHApHOH (Pa30BON MAHUITYISAIINHN, 00 CTICINBATOIINI
MIPOTUBOIIOIOKHOE PACHIOIOKEHHNE CUTHAIIBHBIX CHMBOJIOB
1 BBICOKYIO HH(POPMAIIMOHHYIO TJIOTHOCTH COOOIIECHHUH.
JaHHbIil BUA SIBASETCS HOBU3HOM JIJIsi CUCTEMbl MArHUT-
HOM CBsA3H, B KOTOPOI UCIIOJIb30BaH B KaU€CTBE AETEKTOPA
MarHUTOONTHYECKUHN JaTYHUK.

B pamkax paboTbI IpeCcTaBICH METO OTEPaTHBHOM
OLICHKH OCIIalJIeHNsI ¥ 3aTyXaHHUsl MarHUTHOTO TIOJISL TIPH
pacnpocTpaHeHUN M3IyYeHUS U3 JANUIICKTPUIECKON cpe-
JBI B IPOBOASIY0. OTIHYUTENbHBIE 0COOCHHOCTH pas3-
paboTaHHON CHCTEMBI CBS3H: JOKAJIBHOCTD JCHCTBUS 1
pa3BepTHIBaAHMS; OTHOCUTEIBHO HEOOIBIIOE IHEPTOIO-
TpeOienue. Hanpumep, skcriepuMeHTaIbHAsT yCTaHOBKA
uMeeT 00beM PUEMHOTO yCeTpoiicTBa He Gonee 0,25 qm3,
00BEeM MepearoIiero ycTpoicTna (YCHINTENb i MaTHUTO-
UHIYKIMOHHBINA u3jyyareib) — He Gosee 4,5 qm3. Tpu
mortHocT u3nydaressi 100 Bt obecrieunBaeTcst 1abHOCTh
CBSI3M B BO3/YILIHOI cpejie 110 25 M, B cpeax BO31yX-Bojia
(Boma Mopckas coctaBiseT 95 % oT AIUHBI BCell Tpacchl)
10 16 m. [Ipu 3TOM AaabHOCTB JEUCTBHSI MOYKHO YBEJINYH-
BaTh 3a CYET HAPAIIMBAHUS MOIIHOCTH W3JIydarelsis U Hc-
TIOJTb30BAHUS M3ITydaTesiell ¢ Ooree «y3Koi» anarpammoit
HalpaBIeHHOCTH.

IpuHuMNI 1eiicTBUA MATHUTHOM CUCTEMbI CBSI3U

Cucrema MarHUTHOH CBSI3M 00pa3oBaHa MepeiaTInkoM
1 IPUEMHUKOM. B CBOIO ouepenpb repenarduk COCTOUT M3
MotyJist ipeoOpa3oBaHyst OMHAPHBIX COOOIECHUH B MOJYIH-
POBaHHBIN CUTHAJI, YCHITMTEIIS] MOAYIMPOBAHHOIO CHTHAIA
Y MarHUTHOTO U3JTy4areJis, BBIIOJHEHHOTO B BUJIE CIIBOCH-
HOH KaTyIIKH WHIYKTHBHOCTH C CEpACYHUKOM. [IpreMHIK
BKJIFOYAET JIATYNK MAarHUTHOTO TOJISL, ONITHYECKUH YCHIIH-
Telb, (OTONPHEMHHK, CUCTEMY JIETEKTHPOBAHUS Ha MHU-
KPOKOHTpOJUIepe U HHTepdeiice, BHIIAIOMIYIO OJIyYCHHBIE
coobmmenus B 6mHapHoM Buje [7]. B kagecTBe marumka
MarHMTHOTO TI0JISl HCIIOJIb30BaH MArHUT C 3€pKajbHOM I10-
BEPXHOCTBIO HA TOPCHOHHOM IT0jiBece (He BUTOM W Hepa-

I CucreMbl ONIMKHETIONBHOM MATHUTHOM CBSI3U. AKIMOHEPHOE
obrrectBo «HayuHo-npou3BoacTBEHHOE MpeAnpusitue «Pamno-
cBs3b» [Dnexrponnsiii pecype]. URL: https:/krtz.su/node/286
(mara obpamenus: 21.11.2022).

CTSDKUMOI! keBrapoBoit Hutn). [Tagaronuii Ha 3epKaabHyIO
MOBEPXHOCTD JIA3€PHBIN JIyd U3MEHSET CBOE MOJI0KEHUE
(yros oTpakeHUs) B 3aBUCHMOCTH OT ITOJIOKCHUSI MarHUTA.
OTpakeHHBII OT MATHUTA JIA3EPHBIN JTyd IPOXOAUT CUCTE-
My 3epKaJl, HO3BOJISIIOIIYI0 B OTHOCHTEIILHO KOMITAKTHOM
o0BbeMe T0OUTHCS 3HAYUTEIILHOTO M3MEHEHNS B MOJIOKCHUH
ayqa. TakuM oOpa3om, peanusyeTcs yCHUICHHE OTPaKeH-
HOTO curHana. OTpakeHHBIN JTa3epHBIA JTyd peTUCTPH-
pyetcst (hOTOPUEMHOM JTMHEHKOH, KOTOpast OTCICKUBACT
CMEIIeHNE TIITHA OT JazepHoro nyda. C ¢oTompueMHoit
JIMHEWKYU aHAJIOIOBbIM CUTHAJ MIOCTYIAeT Ha MUKPOKOH-
TPOJUICP, BBIMOJHSIONIMNA QYHKIUIO aHAIOTO-IIU(PPOBOTO
npeoOpa3oBaHus U JETEKTUPOBaHHS MH()OPMAIIMOHHOTO
COOOIIEHHMSI.

MeToa OEHKH I'PAHHUI] TPUMEHEHUS
M MeTOAbI MOAYJISIUU B cUCTeMe OJIMAKHeNoJILHOM
MATHHUTHOH CBSI3HU

I[J'IH OLCHKH! I'paHUI] IPUMEHUMOCTHU CUCTEMbI MAarumT-
HOM CBSI3U U 0COOCHHOCTE! PacpOCTpaHeHUs IEKTpoMar-
HUTHOW BOJIHBI CKBO3b HEOJJHOPOJHBIEC CPE/Ibl B KAYECTBE
MCTOYHMKA M3JIyYCHHS MCIIOIb3YeM €INHUYHBINH BUTOK C
TokoM (puc. 1). MarauTHas MHAYKIHS BUTKA C TOKOM Ha
TOpIIAX YKBUBAJIICHTHA MHIYKLMU Ha TOPLIAX HUHIYKIMOHHO-
ro M3JTyyaress. 3amuieM ypaBHEHHE, BRIpaXKaroee Ipu-
pareHne BeKTopa MarHUTHOM MHAYKINHU dB, 00yciioBneH-
HOE IPOTEKaHHEeM TOKa I, Yepe3 y4acTOK IpoBoxHHKa dl:

4B = & _[dl x1] )
an  |rf
Tae Uy = 1,257-10-% T'H/M — MarauTHas TOCTOSHHAS; [l —
OTHOCHTENIbHAS MarHUTHASI IPOHUIIAEMOCTD CPENIbL; I' —
pagnyc-BeKTOp, MPOBEACHHBIA U3 ydacTKa MPOBOJHUKA
dl B maHHyI0 TOUKy mpoctpaHcTBa. Ha geprexe (puc. 1)
MIPUBENIEH BUTOK C TOKOM B IpsIMOYrojibHOU 0x)yz cucreme
KOOpAMHAT. R — paguyc €JUHUYHOIO BUTKA, KOTOPBIH
HATPaBJICH B CTOPOHY AJIEMEHTAPHOTO COHAIPABICHHOTO
C TOKOM i y4JacTka dl; ¢ — yroJ1, OTJIOKEHHBIH 0T ocu 0y u
onpenensomuil nonoxkenue yuactka dl; B(x,y,z) — BexTop
MarHMUTHON MHIIYKITUU B TOUKE C KOOPJIUHATAMH (X,),2).
Y4uThiBast 0CEBYyI0 CUMMETPHIO (pHUC. 1) MarHUTHOTO
M0JI1 BUTKA C TOKOM, OTMETHM, YTO aHAJOTHYHON CUM-
MeTpueit Oyner o0nanarb 1 MHOTOBUTKOBBIH COJICHOM]I.

~ |4

Rdl/y

B(x,y.2)

z

Puc. 1. ENMHUYHBIA BUTOK C TOKOM B IPSIMOYTOJIbHOM cHcTeMe
KOOpAMHAT

Fig. 1. Single circular current loop in Cartesian coordinate
system
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SanureM perienue (1) s 4aCTHOTO CiTy4Yasi B IJIOCKOCTH
0z, mpemoxenHoe B padore [8], B BuE:

IRz m sin
B0y~ O,
0(R°+y"+2z7— 2Ry cos(9))
B.(0g.z) = PuttIRz n cos(¢) )
e 4n 0(R®+)*+ 2~ 2Ry cos(g))*
B.(0..2) = IR 2" R —y cos(a)
FASEVES

4n o (R*+y* + 22 — 2Ry cos(9))*?

Pemenne ypaBHeHnit MakcBemna B 00IIeM BHJE IT0-
3BOJIIET HANTH 3JIEKTPOMAarHUTHOE TIOJIE B JTIO00H TOUKE
npoctparcTBa [9]. UucneHHOe pelieHne 00BIYHO pean-
3yeTcs METOJJaMH KOHEUHBIX Pa3HOCTEH, KOHEUHBIX MIIN
TPaHNUYHBIX 3JIEMEHTOB. {7151 COBPEMEHHBIX TPOTPAMMHBIX
CPEJICTB, PEeaIN3YIOMNX MOAO00HBIE METOBI, Ul KOTOPBIX
paspabarbIBaeTCs CUCTEMa MAarHUTHOM CBSI3HM, HE BCETAA
JOCTYTIHO NMPUMEHEHHUE TaKUX PEIICHUN B MOJEBBIX yCIIO-
BUAX. 715 pelieHus JTaHHO 3a/1auil BHIBEIEM BBIPAKECHUE
JUIsl OLICHKH OCJa0lIeHHs ¥ 3aTyXaHHsT MarHUTHOTO ITOJIsS
IIPY TIPOXOXKJCHUN M3 JMDJICKTPUKA B MPOBOJHHK U pac-
IIPOCTPAHEHHUsI 10 IPOBOJHHUKY.

PaccmoTpum cityuail miiockoi 31eKTpOMAarHUTHOM BOJI-
HHI (puc. 2). Beidepem cucremy xoopamHat (0xyz) Takum
oOpa3omM, uTo HampaBieHus BekTopos: E m H — mHamps-
KEHHOCTH 3JIEKTPUIECKOT0 M MAarHUTHOTO TIOJNIEH, a TaKkKe
u S = [E x H] — Bextopa YmoBa—IloiiTiunra, coBImagaoT
¢ 0a3UCHBIMU BEKTOpPaMH CUCTeMbI KoopauHaT. Ha puc. 2
MpeacTaBIeHbl 0003HAUEHUS IJIsl TIEPBOM U BTOPOU Cperl:
€], & — IOUDIEKTPUUECKHE MPOHULAEMOCTH; [y, Hy —
MarHUTHbIE TPOHULAEMOCTH; V|, Y, — Y/JEIbHBIE JIEKTPO-
MIPOBOJHOCTH.

Torna u3 ypaBHeHuit MakcBenna s rmocﬁcoﬁ JJIEK-

OH
TpoMarHuTHOHN BOJHBI TotH = YE 1 rotE = — = —p—,
CIIEyeT: ot ot
OH,
=T
) 3)
oE.__ oH,
oz ot
X
€ W
E
71=0
0 H y
& M2
S
12#0
z

Puc. 2. PacnpocTpaHeHHe TI0CKON 37I€KTPOMAarHUTHOH BOJTHBI
4yepes TPaHuIly pasziena IByX Cpes

Fig. 2. Propagation of a plane electromagnetic wave through the
interface between two media

TJie { — BpeMs.
Penrenue cucteMsl ypaBHeHHI (3) H3BECTHO U3 PaOOTHI
[10]:

Hy =H Oeszefjkze—jmt

“)

o1 . S
E . =—(1 + j)kE e kzeTkze-jot
Y

e Hy u Ey — KOMIUIEKCHbIE HANPS)KEHHOCTH MarHUT-

. opy
HOTO M 3JIeKTpuyeckoro moneit mpu z=0; k= [—.

Muoxurens e 2 onpenenser 3aryxanue, a e7kZ — (asy

BOJIHBI B CpeJie OT Z.
Ha ocnoBannu pemrenus (3), onpeaeanM OTHOLICHNE

MEKIY TaTaFOIIMU (E(pl , Hq)]) 13 TUAJICKTPUKA HA ITOBEPX-

HOCTb MIPOBOJIHMKA BOJHAMH, OTPaKCHHBIMH (Ew1> le)
U TIPeIOMICHHBIME (E), H)) BOTHAMH, MPOLICLIN-
E,
MU B NpoBoJsiUyr cpeny. [lpumewm, urto: Z, = i
O, ’
= (1 +/) [ — KOMIIIEKCHOE BOJIHOBOE COTIPOTUBIICHNE
2y,
HPOBOAALICH Cpenbl; Z; =

92

0
=L BonHOBOE COIIPOTHUBIIE-
€

HUE ISl NaJlalollei U OTpa)KeHHON BOJIH B IM3JIEKTPHUKE.
Torna 3anumiem:

P
” oz+z, "
.2z )
Hyp=———H,
2o zvz,

Ha noctaro4no OOJbIIOM PACCTOSIHUH, BUTOK C TOKOM
MOYKHO CYMTATh TOYSYHBIM HCTOYHHUKOM 3JICKTPOMATHUT-
Horo mons. Mcmone3ys ypaBuenus (2), (4), (5) 3anumem
o011ee BbIpaKEHHE OI[CHKHU 3aTyXaHHs M 0CIa0IeHUs Mar-
HUTHOT'O MOJIA IIPU MMPOXOXKIACHUU U3 AUDJICKTPHUKA B IIPO-
BOJSALIYIO Cpely U JBMXKCHUU IO IPOBOJSILEH cpele B
MIPETOJIOKCHUH, YTO UCTOUHUK MArHUTHOTO TTOJIsI Ml 110
CPaBHEHHIO C pacCCMaTPUBAEMBIMU PACCTOSIHUSIMH z. Torna
MOJTYYHM, YTO B JIaJIbHEH 30HE BUTKA C TOKOM:

-2 ety (6)
= o2k — .
” z+z, 2%

Pemnm cremyrontyto 3a1ady: pazpadoraeM MeTo MaHHU-
MyJISIIAU MarHUTHOTO curHaia. [Ipu pa3pabotke criocoba
Manumyssinad [ 10, 11] npegcrasiieHs! clienyronme Tpedo-
BaHMS M PEKOMEHIAIHH!

1) c ydyerom KpaiiHe HU3KOH 4acTOTHI Iiepeaayn cooole-
HHI HEOOXOMMO BBIOpATh BHJ] MAHUITYIISIIIAH, KOTOPBIH
o0ecreunT BBICOKYI0 HH(POPMAIMOHHYIO TNIOTHOCTD
MaHUITYJIUPOBAHHOTO COOOIICHHUS;

2) KenaTeIbHO UCTIONB30BaTh BU MAHUITYIISLINHI, KOTOPBIH
CMOXeT paboTarh 0e3 SBHON CHHXPOHHU3AIHH Tepe-
JaT4vKa ¥ IPUEMHUKA U IIPH HEKOTOPOM HM3MEHEHUHU
Hecyllel 4acTOThl;

3) HeoOXOAMMO yuecTh KOHCTPYKTHBHBIE OCOOCHHOCTH
[IPUEMHOI0 YCTPOUCTBA [UIsl CHUIKEHUS BEPOSITHOCTU
OIIUOKH MIPU TIPUEME COOOIICHHI.

B pesynbrare aHanm3a pa3inyHbIX BUJIOB MAHUITYIISIIIAN
C y4eToM TpeOOBaHMH U pEKOMEH/IallNii, B KaueCTBE OCHO-
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BBI BeIOCpEM crioco0 OuHapHO (ha30BON MAHUIYISAIUN
(b®M). BOM nopabdoTaH B BUJL — TPEXNNO3UIHOHHON
6unapHo#t (azosoit manunyssinuu (TBOM), 3anaBaemoit
BBIPaKCHUEM:

. t
A paxsin (27‘[f (t - \—JT )) ,s[n]=1

T

Xrpom() = ; - ()
—A paxSin | 27f | — {—JT ,s[n]=0
T

rae o = 2nf — Hecymasg yactora; n = 1, ..., N — HHIEKC
JUCKPETHOTO COOOMICHHUS S[71], BBIIAaBAEMOTO KaHAJIbHBIM
KOAEpOM; T— JIINTCIIBHOCTDh OAHOI'O CUTHAJIBHOI'O CUM-

Boia; A

t
max — AMIUTMTYJA CUTHAJILHOTO CUMBOJIA; {?J —

OKpYIVICHHE B MEHBIIYIO CTOpOHY. [Iprmep MaHUITy 1M
MIpUBEJIEH Ha pHC. 3.

Paspaborannsriii Bug ThOM ynoierBopsieT TpeOoBa-
HUsM 1 pekomermarmsm (1)—(3), Ho B To ke BpeMs conep-
JKUT TOUKH C PE3KOH CMEHOM (ha3pl, 0003HAUYCHHEIE Kpac-
HBIMH OKPY’KHOCTSIMH. BuaHO pes3koe n3meHenue (asbl,
KOTOpOE 00pa3yeT yCTpaHUMBbIH pa3pbIB IEPBOTO PO/a, UTo,

B CBOIO OY€pe/ib, B COOTBETCTBUH ¢ TeopeMmoi Jupuxie
[12, 13], npUBOAUT K 3HAUUTEIBHOMY PACIIMPEHHUIO CIIEK-
Tpa Dypbe curHana Xppgpp(¢). OTMETHM, YTO pa3phIB MPO-
MCXOJHUT B KPUTHYECKHU 3HAUMMOM o0nacTH 1y1st odecriede-
HUSI IPOXOXKAEHUS TISITHOM JIa3€PHOTO JIyda HEHTPaIbHOTO
MOJIO’KEHUS Ha (POTONPUEMHON JTHHEIKe. YCTaHOBIICHO,
YTO 3aTyXaHHE MarHUTHOTO CHTHAJIa C POCTOM YacTOTHI
Bo3pacTaeT. CeKTp CUrHaJIa, COAEPIKAIIETO Pa3phIBbI, BO3-
pacTaeT HaCTONBKO, YTO 3HAYMMBIE TAPMOHUKH IIPEBBIILIAIOT
YaCTOTHBIM MaNa3oH, peruCTpUpyeMblil JaTuukoM. B pe-
3yJIbTaTe BEPOATHOCTH HEAOCTIKCHHS IISATHOM JIA3€PHOTO
JIy4a HEUTPaJIbHOTO MOJIOKEHHUS 3HAYUTEIIEHO BO3PACTAET,
CJIEIOBATEIbHO, BO3PACTACT BEPOSITHOCTh OUIMOKH MPH
pueMe COOOIIeHUIA.

Jlia ycTpaHeHMs IepeunCIIEHHbIX HEJOCTATKOB Mpe-
JOKeH MOAM(UIIMPOBAHHBIN BHUJ TPEXIO3UIIMOHHON Ou-
HapHOU (azoBoit manumysiun (MTBDM), ocHOBaHHBII
Ha CIITUBKE TapMOHUYECKHUX QYyHKIHI sin(wf) u sin(0,5w7)
B TOUKE PaBEHCTBA 3HAYCHUH (PYHKIMIA M TIEPBOM MPOM3-
BOMHOH. JlaHHBIE yCIOBHUS 00ECIEYIIA KOHIICHTPAIIHIO
SHEPrHM CUI'Hajla B HU3KOUYacTOTHOH oOnacTu.

-0,5 — 0,5sin(wt — 0,57), a(f) <N, s[a(t)] = 0, s[b(£)] = 0

Xrpom(?) =

—0,5 — 0,5sin(wt — 0,57), s

+0,5 + 0,5sin(wf — 0,57), s

—sin(0,5w0f + n(a(f)mod2)), a(f) <N, s[a(£)] = 0, s[b(t)] = 1
+sin(0,50¢ + m(a(f)mod2)), a(f) < N, s[a(t)] = 1, s[b(£)] = 0
+0,5 + 0,5sin(wt — 0,57), a(?) <N, s[a()] = 1, s[b(1)] =1

; ®)

1+

V
1+]|—
T

]=0,t§

]:

-0,5 — 0,5sin(wt — 0,57), a(f) = N, s[a()] = 0

+0,5 + 0,5sin(wt — 0,57), a(?) = N, s[a(?)] = 1

t

rnea(t)=1+ ? - O,SJ; b(t)=2+

t
—-03|
T

OcHOBHBIE pe3yJIbTAThI

B mnockoctu y0z U3 BeIpaxeHus (2) KOMIIOHEHTA BeK-
Topa MarHuTHON MHAykuuu B,(0, y, z). OT™MeTHM, UTO B
M000H MII0CKOCTH, NapajuienbHoit ocu 0z, HopMasbHas
KOMIIOHEHTa BEKTOpa MarHUTHON MHJIYKIIMU PaBHA HYJIIO

Xreom(?) a

(puc. 1). Mcxons u3 3Tor0, perieHne TpPeXMEPHOH 3a1auu
(1) cBomUTCS K peLICHUIO IIOCKOH 3anauu (2), KoTopas
B CHJTy LIEHTPAJIBbHOW CUMMETPUH OTHOCHUTEIBHO Hadasa
KOOPJMHAT IPUBOJIUT K HEOOXOJUMOCTH IIOUCKA pele-
HUS B OJTHON 4EeTBEPTHU IJIOCKOCTH. B pesynbrare pacuera
(2), nns 3HaueHuit paanyca Butka R = 0,05 M u Toka B
BUTKE | KA, MIOCTPOUM MOAYJIb BEKTOpAa MarHUTHOH MH-
nyknun B mockoctu Y0z (puc. 4, a) n no ocsim Oy u 0z
(puc. 4, b).

Xteom(?) b

£\
NG L

slal 10 s[n]1,0
0,6 » 0,6:
0,2 » 0,2+F

0 5 10 15 20 n 0 1 2 3 n

Puc. 3. Tpexno3uionHas OuHapHas (Ga3oBas MAaHUIYISLHUS Xppqn(f) 1 OMHAPHBIA cUTHAI cOOOIIEHH s S[#1] JTUTENLHOCTBIO
cooOmenust: 22 cumBoIa (a); 4eTsipe cuMBona (b)

Fig. 3. Three-position binary phase shift keying xygpgx and binary message signal s[n]
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B(0, x, y)|/max|B|, n1b
o B, . ) max Bl 16

04

—40

0,2
-80

0,4

-0,2 0 0,2 04 zwMm

10°

——[B(0, y, 0)l/max|B]|

——|B(0, 0, z)|/max|B]|

104

10°¢

0 0,2 04  yzm™m

Puc. 4. HopmupoBaHHBII MOIYJIb BEKTOpa MATHUTHOW MHAYKLIUH B TUIockocT 10z (@); Tpaduk HOPMHUPOBAHHOTO MOAYJIS BEKTOpa
MarHuTHOU MHAYKIuH 1o ocsim Oy u 0z (b). Ha puc. 4, b o BepTHKaIbHON OCH yKa3zaHa Oe3pa3MepHasi BeIHUINHA

Fig. 4. Distribution of the normalized modulus of the magnetic induction vector in the y0z plane («); graph of the normalized
modulus of the magnetic induction vector along the axes Oy and 0z (). On fig. 4, b the dimensionless value is indicated along the
vertical axis

[Moxydennas xapTuHa mons (puc. 4, b) mo3BoimIa
CHeNaTh BBIBOJ, YTO MPU PACCTOSHHIX OT LIEHTPa BUTKA,
6onpImx yem 4R, COOTHOIICHHUS MEKIY BEKTOPHBIMHU KOM-
NOHEHTaMH By(x, y, z) 1 B.(x, y, 2) pUOOpETaloT onpeie-
JICHHYIO TCH/ICHIINIO, KOTOpasi COXpaHsieTcs aainee. Takum
00pa3oM, JanbHEH 30HOH /I CIUHUYHOTO BUTKA MOXKHO
CUUTATh PACCTOsIHMUSA, OoJIbIIHe YeM 4R, a u3 puc. 4, a BUJI-
HO, 4TO TPH JOCTATOYHO OOJIBIINX PACCTOSHHSIX OT CIH-
HUYHOTO BHUTKA €T0 MOXKHO PacCMaTPHUBaTh KaK TOUCUHBIN
HCTOYHUK.

oo [Blmax(B)

120 ! 60

0,8

i ——

180

240 300
270

Puc. 5. lnarpamma HarpaBIeHHOCTH MArHUTHOTO HU3JTyYaresis
B nansHel 30He (100R), kpacHo# nHHEH 0003HAYCH
ypoBenb ociabnenus B 0,71 pas (-3 nb), cuneir — moaynb
HOPMHPOBAHHOTO BEKTOPa MArHUTHOM MH/YKIIUH
Fig. 5. The radiation pattern of the magnetic emitter in the
far zone (100R), the red line indicates the attenuation level of
0.71 times (—3 dB), the blue line indicates the module of the
normalized magnetic induction vector

JlnarpaMma HarpaBI€HHOCTH €AMHUYHOTO BUTKA, KaK
W3JTydareliss MarHUTHOTO T0JIsl B TTOJISIPHBIX KOOPJIMHATAX,
mpuBesneHa Ha puc. 5. Ochk eAMHUYHOTO BUTKA COOTBET-
ctByet ¢ = 0°.

Ha ocHoBaHuM monydeHHBIX BhIpaxkeHUuu (2) u (6)
MIPOM3BE/IEM OLICHKY 3aTyXaHHUsl U OCJIA0JCHUS UHYKIUH
MarHUTHOTO NOJIs B HanpasieHnu ocu 0z, mpu Mpoxox-
JICHUU W3 TUAJIEKTPHUKA B TIPOBOJIIYIO cpeay (MOPCKYIO
BOLY, 1104BY) (puc. 2) u B Bo3ayxe!. [Ipu mocTpoenuu rpa-
¢ukoB (puc. 6) B KauecTBe MCTOYHUKA MATHUTHOTO OIS
UCTIONIb3YEM EIMHUIHBIA BUTOK, PAcIOIOKEHHBII Ha pac-
CTOSIHUM R OT T'paHMUIBI pa3ziena, Py yCIOBHH, YTO TOUKA
HadaJia KOOPANHAT PacloJIOKeHA Ha TPAHMIIE pa3/ena cpes.

IIpakTrueckas peanu3zaius CUCTEMbl MArHUTHOM CBSI3U
BBINIOJTHEHA C MCIIOJIh30BAaHUEM B Ka4eCTBE M3TydaTess
aJeKTpoMarHuTa B Buje conenouna [14]. Conenonn co-
CTOUT M3 ABYX Karyllek, kaxkjas nmo 600 BUTKOB, MPOBO-
JIIAX CHHYCOUJAJIBHBIN TOK C aMIUIMTYI0M 5 A, paBHBII
6 KA -BuTKOB. CucTeMa B BO3YIIHOW Cpelie MPU CKOPO-
ctu niepenadn 20 OUT/c P 3KCHEPUMEHTAIBHBIX HCCIIe-
JIOBaHMSIX TTOKa3aJia YBEPEHHBIA IpHUEM COOOIICHUH Ha
paccrostHuu 25 M, 4To cooTBeTcTBYeT 135 b 3aTyxanus
(puc. 6). Takum 00pa3zom, IpH 3aJaHHOM PEKUME PaOOTHI
M3IydaTess U CKOpocTH mnepenadu 20 6uT/c, paccTosHUE
YBEPEHHOTO MPUEMa OLIEHEHO: Il MOPCKOH BOBI OKOJIO
16 M; 111 TTIMHUCTOM OYBBI — 17 M.

B ciygae MarHUTHOTO SKpaHUPOBAHMS IS OLIEHKHU OC-
na0ieHnss MAarHUTHOM COCTaBIISAIONIEH 2IEKTPOMAarHUTHOTO
TIOJISL TIPE/JIAraeTCsl UCIOJIb30BaTh YK€ MMEIOIUECs MO-
nenu, Hanpumep [ 1, 9], mpenocTaBiIstoNe OTHOCUTEIEHO
MPOCTBIE METO/IbI OLEHKH OCJIa0JeHNsI MarHUTHOTO T1OJIS
IPYU pa3InuHBIX (POPMaxX M MaTepHaioB SKPaHOB.

I Pexomennarus MCO-R P.527-4 Dnekrpuueckue xapak-
TepUCTUKU 3eMHOU nosepxHocTH. Cepust P Pacnpocrpanenue
pannoBoiH. DiekTponHas myonukanus JKenesa: MCD-R, 2018
[Dnexrponnsiit pecype]. URL: https://www.itu.int/dms_pubrec/
itu-r/rec/p/R-REC-P.527-4-201706-1!'PDF-R.pdf (nara obparie-
Hus: 10.12.2022).
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Puc. 6. I'padux ocmabaeHUsT MATHUTHOTO MO (@) ¥ hparMeHT rpaduka B yBelTHUICHHOM Maciitabe (b)

Fig. 6. Attenuation of magnetic field induction in air, sea water and clay soil

W3 (8) Bugno, uto cmmBka GyHkuui fi(7) = £0,5 £
+ 0,5sin(wt — 0,57) u f5(¢) = sin(0,50¢) nTpoucxoauT B
TOYKaX PaBEHCTBA 3HAYCHUI TAPMOHUYECKUX (YHKIIHH.
JlaHHbBIE TOYKH OJHOBPEMEHHO SIBJISIOTCS MUHHUMYMaMH
1 MaKCHMyMaMH TapMOHUYECKHX (DYHKUHUIT cos U sin, rae

szcpM(l) a
1
0
-1
0 400 800
t, MC
[Xtsom(®)], 15 b
0
-1
0,5 0 0,5
®, pan/c

BCe HEYETHBIE [IPOU3BOHBIE PaBHbI HyIto, ipu: fK(f) =
=L®@)=0,mpuk=1,3,5,....

CpaBnHurenbHsblil aHanu3 cnekrpos MTBOM u TEOM
(puc. 7) mokasza, 4To B pe3yJabTare MOAU(DUKALNH YIATI0Ch
CYIIECTBEHHO CHU3UTh aMIUTUTY/y BEICOKOYACTOTHBIX KOM-

Xvrsom(?) ¢
1 \/
0 /\/
-1
0 400 800
£, MC
d

[Xmrsom(®)], 1B
0

i Il H HHI | l“l MH"AWH i h,

Puc. 7. CpaBHEHHE CUTHATIOB: TPEXIIO3UIIHOHHON OMHAPHON (ha30BOH MAHHUITYISIINH Xppq\(?) (@), MomudumupoBaHHON
TPEXIO3UIIMOHHOI OnHApHOU (Pa30BOM MAHUIYISIIHN Xy ppanm(?) (€) ¥ HX HOPMHPOBAHHBIX 10 YACTOTE MOJLYJICH CIIEKTPOB
Xrpom(@)] (b) 1 [Xyrpom(@)l (4)

Fig. 7. Comparison of signals: xgpgk (#) — three-position binary phase shift keying () with xypppsk () — modified three-position
binary phase shift keying (c) and their frequency-normalized spectrum modulus [X1ppgk(®)| (b) 1 | Xyrepsk(®)] (d)
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noHeHT. M3 (8) BUIHO, YTO MaHUIYJUPOBAHHBIA CUTHAI
00pa3oBaH rapMOHUYECKUMHU (PYHKLIUSAMHU JIBYX HECYIINX
yactoT: ® u 0,5 . B pesynsrare ucnonszoBanus MTbOM
YAaJI0Ch OBBICUTb Ha/I€2KHOCTb CUCTEMBI MAaTHUTHOM CBsI-
31 3a CYET TOTO, YTO JIA3€PHBIN JIyd IMPOXOAUT HEUTpaIb-
HOe TIoNIoKeHue Ha (oronmuneiike. 13 Beipakernit (7)—(8)
MOJIy9EHO, YTO pa3paboTaHHBIE METOABI MAHUITYISIIUN
HCTIONIB3YIOT MPOTHUBOIIOIOKHBIE CUTHAIIBI, KOTOPBIE 00e-
CTIeYMBAIOT MAKCHMAIBHOE eBKIHI0BO paccTosiame 2VE
CpEIU CUTHAJIOB C paBHOM sHepruel £. JlaHHbI pe3ysbTar
ompenensieT MaKCUMaJIbHO BO3MOXKHYIO TOMEX0YCTOHYH-
BOCTB IPH OMHAPHOW MaHUITYJISIIIMK CUTHAIBHBIMU CHUM-
BOJIAMH PaBHBIX YHEPTHUI.

Brranciienne MTEOM (8) MOXXHO BBITIOJIHHUTE Cpel-
CTBaMH JI0OOT0 MUKPOKOHTPOJUIEpa, HMEIOIIETO amia-
paTHbIC WJIN NIPOTPaMMHbIC (QYHKINHU ISt apu(METUKHU C
TUTABAIOIIEH TOUKON M CIIOCOOHOTO BBIYMCIISATH TAPMOHH-
yeckue (GpyHKIUH. AJIBTCPHATHBHBIM BapHAaHTOM MOMKET
OBITH NCTIOIHb30BAHNE BEIYHUCICHHBIX TAOMMYHBIX 3HAUCHUH
rapMOHMYECKNX (YHKINH B 3aaHHBIX TOUKAX.

[Honmyuernnas MTB®M ynosieTBopsieT BceM TpeboBa-
HUSIM ¥ PEKOMEH/IALIUSIM K CIIOCO0Y MaHUITY ISIIUK OMHap-
HOTO CHTHAJIa JJIs pa3padarhiBaeMOil CHCTEMbI MArHUTHON
CBSI3H.

3akJjoueHne

B xone uccnenoBanui pa3pa60TaH MCTOJ OLICHKHU 3a-
TyXaHUs U ociaabaeHus MAarHUTHOM KOMIIOHEHTEI QJICKTPO-
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MarHUTHOTO TOJISI IPU TPOXOXKICHUH U3 JIUDIICKTPUKA B
MPOBOJISIIIYIO cpety. Ha ocHOBe BBIBEIGHHOTO BBIPaYKEHUSI
(6) mpousBeneHa CpaBHUTENIbHAS OIICHKA OCIA0IeHUs U
3aTyXaHUsi MAarHUTHOTO TOJIS IPH PacipoCTpaHEHUH B
CJIONCTBIX Cpeax: BO3/LyX-BO3/yX; BO3LyX-MOPCKas BOJIa;
BO3/lyX-1104YBA. BBHITTOIHEHBI SKCIIEPUMEHTAIBHBIC HCCIIe-
JIOBAHMUS, TIOATBEPK/IAIOIINE aJeKBAaTHOCTh YHUCIEHHBIX
pacueToB.

Paspabotans! 1Ba BUa MAaHHUITYIIAINH IU(PPOBOTO CUT-
HaJla: TPEXMO3UIUOHHAs OnHapHas (pa3oBasi MAHUITYIISIHS
1 MOAM(HULIMPOBAHHAS TPEXIIO3UIIMOHHAsI OMHApHast (az3o-
Bast MaHuMy IsIHs. O0a BHU/Ia MAaHUITYJISIMI O3BOJISIIOT 0e3
SIBHOM CHHXPOHM3AIIUH ITPOU3BOIUTH NIEPEiady COOOIICHNMH
3a CYET BO3BPAILCHHS YyBCTBUTEIBHOIO SJIEMEHTA JIaT4H-
Ka M JIA3EPHOTO JIyda B HEHTpaIbHOE MOJIOKEHHE TT0CIIe
nepeadn Kaxj0ro oura. 3a c4er pa3pabOTaHHOTO MOJH-
(hUIMPOBaHHOTO BH/a MAHMITYJISILIUN 3HAYUTEIILHO CY)KCH
CHEKTP MAHUITYJIMPOBAHHOTO COOOIICHUS U YMEHBIICHBI
AMIUTUTY/IBI BBICIINX TAPMOHHUK B CIIEKTPE CHT'HAJA, 9TO
MPUBOANT K KOHILEHTPALUH 3HEPTHU CUTHAJIAa B HU3KOUa-
CTOTHOH 00;1aCTH U CTIOCOOCTBYET BO3BPAIICHHUIO TaTIHKa
MarHUTHOTO TIOJISt B HEWTpaJIbHOE MOJIOKEHUE MTOCIIe Iepe-
JIa4¥ KaX10ro oura.

IIpakTuyeckuil HSKCIIEPUMEHT [10Ka3aJl, 4YTO B PE3YJib-
Tare MCHOJIb30BaHMSI MOAN(DHUIIMPOBAHHOTO BHJIa MAHUITY-
JSIMK YJIAJIOCh TIPU HEM3MEHHON BBICOKOW HaJeKHOCTH
JIOCTaBKH COOOINEHUH YBEJIUYHUTH NaJbHOCTH CBSI3HM HA
10 % 1o cpaBHEHUIO C UCMIOIb30BAHUEM TPEXIOZULIMOHHOMN
OmHapHOI (pa30BOW MAHUITYIIALINH.
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