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MAGNETIC DEMULTIPLEXER CIRCUIT WITH FOUR CHANNELS

A. Mouadili, A. Akjouj, E. H. El Boudouti, L. Dobrzynski

MpencTaBneH MarHUTHLIE AEMYNBTUMNIEKCOP, KOTOPbIA MO3BOJISIET NEPefaBaTbh MarHOH U3 OQHOrO MPOBOAHWKA
B OpYroii, He BHOCS momex B Apyrue nposogHuku. lNpeanaraemoe ycTpoiicTBo 0b6pa3oBaHO C NMOMOLLBIO BBE-
LEHNSI PE3OHAHCHOI CMCTEMBI MEXAY ABYMsi BECKOHEYHbIMU NpOoBOAHUKaMuK. Pe3oHaHcHas cuctema coeguHsieT
NPOBOAHUKM, YTO MO3BOJISET MAarHOHaM C YeTKO OMpefesieHHON YacTOTOW NepexofnTb C OLHOrO NPOBOAHMUKA B
Apyroii. Ta 4acToTa 3aBUCUT OT AJIVHbI PAa3/INYHbIX 3JIEMEHTOB, COCTABSIOLNX KOHCTPYKUMto pesoHaTopa. C
MOMOLLbIO aHANNTUHECKNX PACHETOB NOKAa3aHO, Kak BbIbpaTh reOMeTpUYEcKe pa3Mepbl 31EMEHTOB PE30HATOPa,
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1. BBEAEHUE

Nudopmarnus, 3aKoIupoBaHHasl B CIUHOBOI BOJIHE,
MOXKET IIe€pe/IaBaThCsd U 00pabaThiBAThHCA 6e3 mmepeme-
MICHUS 3JICKTPHYECKUX 3apafoB. DTOT IPOIECC OCY-
mecTBUM B MarHoHHbIX Kpucramtax (MK), rae ksa-
3UYACTULIAMUA SABJISAIOTCA MATHOHBI. DTO CBOWCTBO Jie-
nmaer MK mofxomamumm Jjisi epeiadn W BBIICICHUST
urdopMau B pa3audHbIX ycrpoicrBax [1-9] u o,
YTO 9aCTOTHI CIIMHOBBIX BOJIH BBIIIE HA TUTATEPIIBI, YeM
YACTOTHI 3JIEKTPOMATHUTHLIX BOJIH, TIO3BOJISAET YMEHb-
HIATH pa3Mepbl yCTPOICTB, UCIOJIL3YEMbIX IJid 0Opa-
GOTKH TEeJIEKOMMYHUKAIIMOHHBIX CHTHAJOB U B JPY-

* E-mail: mouadilia@yahoo.fr

IrMX aHAJOTHIHBIX 06sacTaX. CIMHOBBIE BOJHBI MO-
YT MCIOJB30BAThCS B YCTPOWCTBAX Pa3MEPOM MeHee
10 aM [3]. Kpome TOro, 9acTOTHI MAIHOHOB OXBATHIBAIOT
OYeHb IMUPOKUil jauarna3oH oT menee 1 I'T'y mo secst-
koB TT'm. Ilporpecc B obacTt TPOU3BOJCTB, MCIIOJIb-
3YIOIIUX HAHOTEXHOJIOTUH, [I03BOJIsIeT 00ECIIEUNTh Pac-
IPOCTpPaHeHne CIIMHOBBIX BOJH B OJHOMEPHBIX U JIBY-
mepabix MK [10-19]. DT sxcnepumenTaabHbie pabo-
TBI IOJTBEPXKIAIOT TEOPETUIECKUE UCCIIEOBAHNS AHNU-
30TPONUY JMCIEPCUH B MArHOHHBIX KPUCTAJLIAX IS
MEPUOJINIECKUX UM KBA3UIIEPUOIUIECKAX CUCTEM C JIE-
dexramu nm 6e3 mux [3,14,20-25].

ChuHOBBIE BOJIHBI HUCHOJB3YIOTCA B Pa3JIAIHBIX
yCTPONCTBAX, TaKMX Kak Iepekiodarenn [6, 25, 27],
oreerBuTesn [28-30], JATUMKN M JIEMYJIBTHIIIIEKCODBI
[13, 16]. YTo kacaercss 3THX JBYX TOCHETHUX PaboOT
[0 JIeMyJIbTHUILIEKCOpaM, B pabore [13] ucrosnb3oBaHo

1020



MIOT®, Tom 157, BoImm. 6, 2020

Cxema MarHuTHoro AEMYNbTUNNEKCOPA C HETbIPbMA KaHanaMu

Puc. 1. CxemaTuyeckoe nsobpaxeHne ogHOMEPHOrO MarHOH-
HOrO MyNbTUMIEKCOPA

MATHUTHO€E II0JI€ JIsl KOHTDPOJISI HAMATHUYIEHHOCTH U
JIACIIEPCUU CIIMHOBBIX BOJH B Y-0Opa3HON CTPyKType
¢ BHEIIHUM MATrHUTHBIM [oJieM wiu 6e3 uero. Tam ke
ONMCAHA BO3MOXKHOCTH TEPEIABATH CIIUHOBBIE BOJIHBI
U3 OHOI BETBU CTPYKTYPBI B Apyryio. B pabore [16]
ObLIO IIPOJEMOHCTPUPOBAHO, YTO MOXKHO CO37aBATh
U U3MEHATh KOHMUTYDAIWI0 HAHOKAHAJA C TTOMOIIBIO
MArHATHOU HEOJHOPOJHOCTH, YIIPABJIAEMON IIOTEH-
muasioM. IIpeicTaBiieH  NEPEKJIIOYATEb, KOTOPBIi
SIBJISIETCST OCHOBOM JIIsl CO3MAHUsI IEMYJIbTUIIIIEKCOPOB
C HECKOJBKAMH BBIXOJAMH, KOTODBIE IPOIYCKAIOT
CIIMHOBBIE BOJIHBI C OJMHAKOBLIMU WJIM PA3HLIMU Ya-
CTOTAMHU B 3aBUCHMOCTH OT TOTO, YTO HEOOXOJMMO, C
BHEITHUM MATHUTHBIM TIOJIEM WUJH (€3 Hero.

Hamra rpynma mposesia HECKOJBKO HCCIIEIOBAHMIA,
KaCaIOIUXCA PA3JINIHbIX KOHCTPYKIM IeMy/TbTHILICK-
copos B ¢oronuke [31-33], dononuke [34,35] u marHo-
auke [36-38]. B macrosmeit pa6ore mMbl npucnocobu-
JI KOHCTPYKITUIO, N3y9IeHHYIO paHee B [33] auis sekT-
POMAarHUTHBIX BOJIH, JJIS CO3JAHUS JIEeMYJIbTUILIIEKCOPA
JIUTSl CTIMHOBBIX BOJIH. MBI IPUBOIUM HEOOXOUMBIE TIa-
paMeTphl JJI U3TOTOBJICHHA 3TOTO YCTPOHCTBa, KOTO-
poe obecreanBaeT MOJHYIO TlepeIady CATHAJA U3 OJIHO-
ro KaHaJa B JIpyroii.

Wccieyemasi KOHCTPYKIMS IIPeJICTaBJIsieT cobOit
DPE30OHAHCHYIO CHCTEMY B BHJ€ 3aMKHYTOTO KOHTYDa
12341, coenuHeHHOrO C YeTHIPbMS MOJIYOECKOHEIHBIMU
BosiHOBOjaMHU (puc. 1). Pe3oHaHCHBIH KOHTYD BBIIIOJI-
HEH M3 CEIMEHTOB M Pe30HATOPOB. Paccrosinus diz, da3
paBHbI dg u d14 = dosg = 4d;, re di — paccrosinue, Ko-
Topoe HeobxoMMO onpeesuTb. Ha npoBonnukax (1, 4)
u (2, 3) yCTaHOBJICHBI OJIMHAKOBDIE PE3OHATOPBI JJIAHOM
ds Ha paccrosauu dy oT y3y0B 1, 2, 3 u 4. B cepeaune
IPOBOJHUKOB d14 U da3 TIpucoeuHeH BosHOBOL (5, 6)
auHOR dsg = 3dy U HA HEM YCTAHOBJIEHBI JIBA PE30HA-
Topa JIuHON do Ha paccToaHuu di OT y37a b u y3ja 6. B
yanax 1, 2, 3 1 4 K KOHCTPYKIIUU TPUCOETMHEHDI TTOJTY-
GeckoHeUHBbIE BOJTHOBOBI. CHucTeMa, COeIUHSIONAs y3-
JIBL 5 1 6, UTpaeT pPob BCTPOEHHOTO PE30HATOPA, MOJIBI
KOTOPOTI'O TIONAJIAI0T B UHTEPBAJ PE30OHAHCHBIX YaCTOT
CHCTEMBI.

CraTbst MMeeT CIeAYIONIyI0 CTPYKTYpy. B paza. 2
[IPEJICTABJIEHBI KPATKHUI 0030D TEOPETUIECKOIl MOIeIH,
UCIIOJIb3YEeMO B HACTOAIIEH paboTe, n 00CyKIeHUE TI0-
JIVIEHHBIX aHAJUTHIECKUX W IUCJICHHBIX PEe3yIbTaTOB.
Paznen 3 nmocesiiieH BBIBOIAM.

2. TEOPETIYECKAAd MOJE/JIb,
AHAJINTNYECKHUE 11 YNCJIEHHBIE
PE3VYJIBTATHI

Xopomo uszsectHo [39, 40], uro cBoiicTBa crMHO-
BBIX BOJIH B OCHOBHOM OIIPEIEISIOTCS JBYMST BAYKHBIMU
B3aMMOJIEHCTBUSAMU MEXKJY MATHUTHBIMA MOMEHTAMU:
MAaTHATHBIM JIATIOJIGHBIM ¥ OOMEHHBIM B3aMMOJIeHCTBY-
smu. TlockobKy BKJIaJ, OOMEHHOTO B3aWMOIEHCTBUS
3aBHCHT OT BOJHOBOTO BEKTOpa KakK k2, I OTHOCH-
TeJILHO MAJIbIX BOJIHOBBLIX BekTopos (k < 10% em™1) nu-
HAMWKa CIIMTHOBOH BOJIHBI TIOYTH [TOJIHOCTHIO OIIPEIeIsi-
€TCsl MArHUTHBIM JIUIOJIbHBIM B3auMoieiicrsuem. 3-3a
AHU30TPOIHON MPUPOJIGI MATHUTOUIIOIHLHOTO B3AMMO-
JefCTBUSA 9aCTOTa CHUHOBOW BOJIHBI 3aBUCUT HE TOJIb-
KO OT abCOJIIOTHOT'O 3HAYEHWsI ee BOJIHOBOTO BEKTODA,
HO ¥ OT OPUEHTAIIUU BOJHOBOI'O BEKTOPA OTHOCUTEIHHO
craTudeckoil HamaramaeHHocTr. OJTHAKO TP OOJTBITHX
3HAaUYeHUSAX BOJHOBBIX BeKTOpoB (k > 10% cm~1) obmen-
HOE B3aWMOJIEHCTBUE JIOMUHUPYET. 3/1€Ch MbI UCIOJIb-
3yeM KJIaCCUIECKYIO (peppOMArHUTHYIO MOIe b [eitzen-
Gepra, riae raMUJIbTOHUAH COIAEPXKUAT TOJIHKO Ty YaCTh,
KOTOpasi IpeICTaBIsgeT oOMeHHOe B3anmozeiicreue. [1o-
9TOMY TIPHU OIleHKe MCKOoMOit dyHKImn ['puna ymo06HO
HCIOJIb30BATH KOHTUHYAJIBHOE TTPUOJIMAKEHIE. JTO [IPU-
GJIMKeHUe CIIPABEJINBO [IPU YCJIOBUHU, YTO JIJIMHBI BOJIH
BEJIUKH 10 CPABHEHUIO C MOCTOSTHHOW PEIETKH U oI~
PEYHBIM Ppa3MepOM BOJIHOBOA. B 9TOM citydae pacupo-
CTpaHeHHe CTAHOBHUTCH OfHOMOJOBBIM [41]. Ha pue. 1
MBI TIOKA3aJI1, KaK IIPU [TPOEKTUPOBAHUNA MOYKHO Pac-
[TOJIOXKUTH U OTJEIUTH JIPYT OT JAPYTra BOJHOBOJIBI U De-
30HATOPHI, YTOOBI N30EXKATH JIFOOOTO MATHUTHOTO B3a-
UMOJIECTBUST MEXKJIy PA3JIMIHBIMUA JIeMEHTAMU KOH-
CTPYKIMH, CJIEJOBATEJIHHO, MPUBEICHHBIE HUXKE CITeK-
TPBI MPOIYCKAHUs HE OY/IyT MCKa’KEHbl TAKUMU B3aHd-
MOJENCTBUSIMU.

Hna pacgera K03DPUINEHTOB MPOMYCKAHUA U OT-
pPaXKeHUsT Mbl IIPUMEHsIEM TEOPUI0 OTKJINKA HA B3aUMO-
JeiicrBue ¢ ucnoJib3oBanuem Gyakmuu ['puna. Korma
CIIMHOBAs BOJIHA IIPUXOJIUT B TOUKY 1, MbI OOHapYKUBa~
eM, 14T0 Ko3ddunuent orpaxkenusi R n koabduueHTot
npoxoxkaenus T1; (i = 2,3,4) cBa3aHbl ¢ 3j1eMeHTaAMA
dyukun Tpuna g(i, j) ciaepyomuMu COOTHONIEHUSIMU
[41,42]:

R=|1+2jFg(1,1)] (1)

Ty; = [2Fg(1,0)°, i=2,3,4, (2)
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vie F = jDk/yMy, j = v/—=1, D = (2Ja*M)/(vh?).
3necs k, My, J, v u h 0603HAIAIOT COOTBETCTBEHHO BOJI-
HOBOI BEKTOP CIIMHOBOM BOJIHBI, CIIOHTAHHYIO HAMATHU-
YEeHHOCTb, 0OMEHHOE B3aMMOJIEHCTBIE MEXKJLY COCEIHU-
MH MArHUTHBIME Y3JIaMH B PENIETKE C IMArOM PENTeTKH
a, obpazyioreit heppoOMATHUTHYIO CPeTy, THPOMATrHUT-
HOe oTHOIIeHNe u nocTostauyo [Tnanka [41,42]. Boaro-
BOI BEKTOD Kk 33/1a€TCsI JIUCIIEPCHOHHBIM COOTHOIIIEHUEM

rie w u Hy — coOTBeTCTBEHHO yTJIoBasl YacTOTa CIH-
HOBOIt BOJIHBI U CTATHYeCKOe BHeIIHee IoJIe.

Cileyer oTMeTUTDb, YTO HAMATHUYEHHOCTb U IIPH-
JIO?KeHHOe MarHUTHOE MOJIe JOJKHBI ObITh IepIeHI-
KYJISIDHBI IJIOCKOCTH Ha, puC. 1 (T. e. OTKJIOHEHUE OT CTa-
THYeCKOl HAMATHUYeHHOCTH IPOUCXOIUT B HAIIPaBJIC-
HUU BOJHOBOMOB). Beipaxkenust nyist Ru T, (i = 2,3, 4)
MOZKHO 3aIlICATh B CJIEAYIOIEM BHJIE:

R:|21+22+23+Z4|2, (4)
T12=|2’1—|—2’2—23—Z4|2, (5)
T13=|2’1—2’2+23—Z4|2, (6)
Ty = |21 — 22 — 23 + 2%, (7)

rae .
2= S+ n=1234  (9)
Y1 = Y2 —
2B}
A+ (34, 2B B Y
e Y2444, 241+A; + By
g (TR 4 B (10)
22N LToA + Ay
. - +A By (11)
Y3z = g b\ 1 24, + Ay’
Ya = Y3 —
4
- 2312 2 9 (12)
(241+A,)? (3A __ 2B By )
! 2 ! 2A1+A; 2A1+A2—B;
A; = [tg(kd;)) 7, (13)
B; = [sin(kd;)]™', i=1,2. (14)

Yro0bl peam30BaTh IOJIHBIA MEPEHOC HA OJHOM
9acToTe ¢ pacupocrpaHenueM BekTopa kg ot 1 k 3 (a
umenso, T13 = 1u R = Ty2 = T14 = 0), JyuHBL pa3nd-
HBIX CeI'MEHTOB U PE30HATOPOB B CTPYKTYPe, IPE/ICTaB-
JIEHHOU Ha pUC. 1, TOKHBI YIOBJIETBOPATH PABEHCTBAM

1 1
yr=ys=-——=——. (15)
Y2 Ya
JlanHoe BbIpaKeHUe MPUBOJIUAT K CJIEIYIOIIEMY pelle-
HUIO:

kdo = (1 + 47%)%7 (16)
kdy = (1+4ny + 5)% (17)
kdy = (2n2 F 5); (18)
rae
1/2
5 [30L+4m +2ny) ni=0,1,2,3,... (19)

TQ ’
31echk Ko3pduimeHT KayecTsa (), CBA3AHHBIN C MUKOM

epeIaBaeMoro CUTHAJA, — JOOPOTHOCTh — OIIPEJIeIsi-

€TCd KaK
wo

2(w' — wg)’

IJle Wy — PE30HAHCHAA YacToTa, w' — 9acToTa, Ha KO-
ropoit T'(w')13 = 0.5.

Kosddumument xkavtecrBa MoxKeT ObITH U3MEHEH ITy-
TeM U3MEHEHUs [IJINH 3JIEMEHTOB KOHCTPYKINH, T. €. d,
d1 u dg. OTMeTHM, 9TO § UMEET MPOTUBOIOJIOXKHBIE 3HA~

Q= (20)

Ku Jist di 1 do, T.€. —0 JJist di COOTBETCTBYET —+0 JIJIst
ds m HaobOPOT.

Kak BunHO n3 ypasrennii (16)—(19), mauHBl IIPO-
BOJHUKOB 1 JIOOPOTHOCTD 3a/IaHbI KaK (DYHKIIUH TIEJIBIX
9UCeNt Ny, N1 U Ny, ITO HO3BOJISIET BRIOUPATDH ITapaMeT-
pbI HaIlell CTPYKTYPbl B COOTBETCTBUU C STUMHU pa3-
JINIHBIMH T[eJIOYUCIIEHHBIMI 3HAYeHusIMU. B cirydae Jie-
MYJIBTHILIEKCOPA, MPENOYTUTETHLHO BBIOUPATH JT0CTA~
TOYHO OOJIBININE 3HAUECHUSA TOOPOTHOCTH, ITOOLI m30e-
JKATh BJIMSHUST COCEIHUX JJINH BOJIH, 9TO BO3MOXKHO
JUId TAKOU KOHCTPYKIIMHU, IIOCKOJIbKY €CThb IIMUPOKUN
BBIOOD IEJIOYNCTEHHBIX 3HAYEHUI.

Ha puc. 2a npeacrasiien mpuMep CIEKTPOB TPOILYC-
KaHUsI ¥ OTPAXKEHUS B 3aBHCUMOCTH OT He3pa3MepHOii
gactoror ) = H + (kdo)?, rae H = yHod?/D, nns
ng=n1 =n9 = 1ud=0.1. MoxKXHO OTMETUTH IOJI-
HyI0 Tepesiady ¢ Beixoga (1,2) ma Beixosn (1,3) 6e3 Bo3-
MYIIEHUH J7Ist oTparkenus u st Boixona (1,4). Kpome
TOTO, CJIyvail Ha pUC. 20 Ja€T Te XKe Pe3yIbTaThl, YTO U
ciiydait Ha puc. 2a, HO g § = 0.2; JIst 9TUX CIIydaeB
pe3oHaHCHBIE YacTOTHI iepegacin omn3ku. [[Iupuna mu-
Ka 3aBUCHUT OT HECKOJIbKUX IMapaMeTpoB. B atom ciydae
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8,9 3.0 3.1 3.2 3.3 3.4
Q

Puc. 2. (B ugete onnaiin) 3aBucumoctu ot 2 kosadbpuum-

eHTOB npoxoxaeHust T' n oTpaxkeHust R Ha pasHbIX BXofax—

BbIXOfax MysbTuniekcopa: R (kpacHbie Toukn), Tiz (wrpuxo-

Bble nuHuK), Th3 (cnnowHbie cunne nudun), Tha (cniowmbie

depHble auHun). MapameTpbl KpuBbIX: @) no =n1 =ng =11

§=0160no=n=n2=2ud=01;8)ng=n1=n2 =1
no=0.2

MBI U3MEHSIIU JJTUHBI U BEJIMIUHBI § MEXKJY JIJIMHAMU
dy u dy. CpaBHeHue puc. 2a 1 26 TOKA3BIBAET, UYTO MUKH
[IPOITYCKAHUSI CTAHOBSITCS O9€HDb Y3KUMU DU yBeJIIe-
HOAU JIJINH 3JIEMEHTOB KOHCTPYyKImu. OHU CTAHOBATCH
[MIUPOKUME, €CJIM MBI YBEJUYUM 0, KaK MOKa3aHO Ha
puc. 2s.

Hpyrass muTepecHas dusndeckas BeJUUNHA, KO-
TOpasi MOXKeT 3HAYUTE/bHO MOBJIMATh HA KAYECTBO
JEeMyIbTUILIEKCOPA TIpu (DUIHTPAIUN PE30HAHCOB, —
910 3aryxaHuve. B deppoMarHuTHON cuCTEMe UHA-
MUKa CIIMHA OIUCHIBAETCS C WCIIOJIb30BAHUEM ypDaBHE-
uug Jlanpay — JIudbmuna —Cunbepra (JIJIT), B KoTO-

T R
1.0 e

———

2.9 3.0 3.1 3.2 3.3 3.4
Q

Puc. 3. (B ugete onnaiin) 3aBucumoctu ot Q Koapdbuumen-
ToB npoxoxgeHns T n oTpaxeHnsi R Ha pasHbIX BXOAAax—Bbl-
xofax femynbTunnekcopa ¢ addekTom 3aTyxaHus: R (kpac-
Hole Touku), Tiz (wrpuxosbie Aunun), Ti3 (cnnowHbie cu-
Hue nunun), Tha (cnnownbie YepHble Annun). MNapameTpbl Ha
puc. 3a,6,6 Takne e, Kak Ha puc. 2a,6,6 COOTBETCTBEHHO

poM (bEHOMEHOJIOTHIECKU Oe3pa3MePHBIi TapaMeTp o
omnpeiessier 3aTyxanne HamarandeHHocTn [43]. Yrobbr
y4IecTb 3TOT 3 deKT, Mbl BBeJ (PEHOMEHOIOTTIECKU
ko3 dunment 3aryxanus [', Torga BogHOBOI BEKTOD k
B dopmyse (3) craHoBuTCS KOMIUIEKCHBIM: k = kg +
+ jkr, vae

b — w —vHy b T
R=\—F » ki=—F—7F——r
D 2y/D(w — vHo)

— JIefiCTBUTEJIbHA U MHUMAas JaCTU BOJIHOBOT'O BEKTO-
pa B pa3ubix BoHOBOmax. [lapamerp JIJII' o cBazan ¢
I ypasuenuem o = I'/vHj.

Ha puc. 3 npencraBieHs! Te Ke Pe3yJIbTAThI, YTO U
Ha puc. 2, HO npu ydere 3hdeKTa MOTepb B MaTepHUa-
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Puc. 4. 3aBucumoctu ot § BOBPOTHOCTY, PErNCTPUPYEMOii Ha
Bbixoge (1,3), Be3 saTyxaHus (cniowHas NMMHNS) 1 C 3aTyxa-
Huem (KpyXKu) ansi ng =ni =ng = 1

sgax. Ilpesgmonaraercst, 9YT0 BOJHOBOJbBI M3TOTOBJIEHBI
u3 nepmasios (Py), Marepuasna, XapaKkTepu3yIOIero-
€S HUBKUM 3aTyXaHUEM M OJIHOPOJHBIMU MATHUTHBIMU
cBojicTBamu ¢ mapamerpoM « = 0.007 [6]. Buno, uro
Ha pesoHaHcHOW wacrore ({), = 3.18) koaddunuent
nepemadn 113 He JOCTUTAET €IUHUIBI, a KOIPPUIHEH-
ThI nIepeaun Tho u Ty, a TaKKe oTpakeHus R Bcerna
OCTAIOTCs PABHBIMU HYJIO. TakuM 00pa3oM, B pe30HAH-
ce 3HAYUTESbHAS YaCTh SHEPIUH IOTJIONIAETCS CHUCTe-
MOM.

OrmeruM, 9TO JIJIsl YBEJIMYEHUS ITUPUHBI 30HbBI TIe-
peHoca MBI yBeJUYuBaeM §. DTO Pa3audue HAIPIMYIO
CBSI3AHO C MIMPUHON IHKA, T.€. ¢ JJOOPOTHOCTHIO. DT
3aBUCHUMOCTD OOBSICHSIETCS HEIOCPEICTBEHHO (HOopMy-
goit (19), rme @ obparno uponopuuonasbaa 0. Ha
puc. 4 moxkasaHo W3MeHeHue 06poTHOCTU () B 3aBU-
CHMOCTH OT 0 JIJIsl YACTOTHI MIEPEJTAHHOIO MArHOHA, KAK
Ha puc. 2a u 3a, 6e3 a3pderra 3aTyxanus u ¢ 3PdHeKToOM
zaryxanust coorBercrserno. Ha puc. 4 BuaHo, 910 j106-
POTHOCTD () yMEHbIIAeTCs ¢ yBeJIMYeHneM ¢ U 3aBHUCHU-
MOCTB PaCXOJIUTCs, KOra § npubnxkaercs K Hysro. Or-
METUM, 9TO JOOPOTHOCTH 3HAYUTETHLHO CHUKAETCS TIPH
ydere 3aTyxaHusi. KpoMe TOro, pu JIeMyJIbTATLIEKCH-
POBAHUU MPEJMOYTUTEIbHEH BHICOKME 3HAYEHUsT 1100~
POTHOCTH JIJIsl YBEJIUYEHUsI PA3pEIIeHUs yCTPORCTBA.

3. BBIBOAbBI

Mpbl TpescTaBUIN  YCTPOWCTBO JIEMYJIbTUILIEKCH-
pOBaHMS MArHOHOB Ha OCHOBE JBYX KOHTHHYYMOB,
COEeIMHEHHBIX IIeNbI0 IPOBOJHUKOB W PE30HATOPOB.
Hama wmojenb 1mo3BoJsieT MPOBECTH TIOJHOE aHAJIU-
TUYECKOE WCCJIEIOBAHUE YCJIOBUU JJI BBIOPAHHOTO

IIyTH TepexXoJa COCTOSHUS W3 OJIHOTO KOHTHUHYYMAa
B JpYyroii IpU HEU3MEHHBIX OCTAJIbHBIX COCTOSHUSX.
DTO yCTPOUWCTBO OOBEIUHEHUsI OTJ/IEJIbHBIX KaHAJIOB
obecrieqnBaeT IOJIHYIO IIe€pejiatdy MArHOHOB 3a/[aHHOM
9acTOThl HA OJHOM BBbIXOJle. Kpome Toro, Mbl pac-
CMOTpEeJIU reoMeTpUYecKue I1apaMeTphl, II03BOJISIONINe
HaACTPAWBATh PAa3JUYHble 3HAYEHUs] JOOPOTHOCTH.
Tak>ke 006CyKIAI0CH BIUSTHUE 3aTyXaHUs HA PE30OHAHC
ITPOXOKJIEHUSI.

Baarogaproctu. Asropsl 6utarogapsar Mman Ax-
xkyx (Imane Akjouj), acuupanra Yuausepcurera Jlui-
Jid, 3a MOArOTOBKY puc. 1.
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