BeBenexnue

MoMUMO pasnnyHbIX HbIX NPUIOXEHUI Ana cMapTdo-
HOB, MHOTMe oupMbl paspaboTanu cneumanbHble 3MeKT-
POHHbIE YCTPOMCTBA, MO3BONSAOLLNE MYyCYyfibMaHaM ornpe-
JensaTb HanpasneHne Ha Mekky. B ka4yecTBe Takux ycT-
poncTB MOryT ncnonb3osartbcs GPS-npn6opbl, MoO6UIb-
Hble TenegoHbl, pagmMonpmeMHuKn u 1.n. OQHUMU U3 3TUX
YCTPOMCTB SABMSAOTCA TaK Ha3bIBaeMbIE 3/IEKTPOHHbLIE KOM-
nacei.

Ha MMpOBOM pbiHKE MOABUIOCH [OCTATOYHO MHOIO MO-
JOenen aNeKTPOHHbIX KOMMNACOB, BbIMyCKaEMbIX Pa3fNYHbI-
MU Npou3BoauTenamMu. 3T MOLENN UMEIOT KaK pa3Hble Xa-
paKTepUCTUKK, Habopbl PYHKLMIA, TaK N KOHCTPYKTUBHOE
odhopmMneHue.

CTOMMOCTb Takux YCTPOWCTB pasfninyHa, OfHako Be-
POSITHO, YTO HamMbonee AeLleBbiM MOXET 6bITb YCTPONCTBO
TUNa Tak Ha3blBAEMOro KBa3uaNeKTPOHHOrO Kommnaca,
onucaHue KoToporo npueegeHo B [1].

KBa3nanekTpoHHbIA KOMNac npeacraBnseT cob6on co-
YyeTaHve TPaguLMOHHONO MarHMTHOroO KoMnaca v gatynka
yrna noBopoTa CTpenKu. Takoe codeTaHne No3BOSSET KOH-
TPONMPOBATb C OCTATOYHOW TOYHOCTLIO (Nnopsaka 1...0,5°)
nepeMeLLeHe MarHMTHOM CTPENKK KoMmnaca B npegenax
HebonbLMx yrnos eé nosopoTa x(1...10)°.
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Mpu6opHas peanusauusa maem

Ons npoBepkn BO3MOXHOCTU peanu3auum gaHHoW
naen 6b1n pazpaboTaH U U3roTOBMEH MakeT KBa3U3reKT-
POHHOro onpegenuTens HanpasfeHUs C UCMONIb30BaHU-
€M CTPYKTYPHOM CXeMbl, MpuBedeHHON Ha puc. 1.

B npubope ncnonb3oBaH OTe4ECTBEHHbIA XUOKOCTHOW
TypucTtckuin komnac tuna DC45. LleHa geneHuns kpyrosow
WwKanel coctaenseT 5°, Bpems yCNOKOEHWss MarHUTHOWN
CTpenkn — He 6onee 7 cekyHA. BHewHun Bua komnaca
npuBedeH Ha puc. 2.

BenuvunHa nHAyKUMA MarHUTHOro Mnons nog OCTPbIMU
KOHLLaMM CTPenku komnaca coctasnseT npumepHo 0,5 mTn,
YTO Ha NOPSAAOK NpeBbILlaeT HANPSAXXEHHOCTb MarHUTHO-
ro nons 3emnu.

CxemaTnyeckoe yCTPONCTBO CEHCOPHOW rOfIOBKM Npu-
BefdeHO Ha puc. 3. B kavyecTBe MCTOYHMKA MarHUTHOro
nons UCrnonb3yeTcs MarHWTHas cTpefika komnaca, a B
Ka4yecTBe 4aTYMKOB MarHUTHOrO NONs — ABE MarHUTOYyB-
CTBUTENbHbIE MUKPOCXEMbI, KOTOPbIE pa3MeLLeHbl Ha ne-
yaTHoW nnarte, B ogHy nuHuio. Jatymnk DA1 pacnonoxeH
nop “ceBepHbIM” KOHLIOM MarHutHowm cTtpenku, a DA2 —
nop “roXXHbimM”.

C o6paTHOM CTOPOHbI MevYaTHOM nnaTbl pacnanBaroTcs
BbIBOAbI MUKPOCXEM U yCTaHaBNUBaKTCA 6€CKOPMyCHble
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Puc. 3. Cxemartumyeckoe yCTPOMNCTBO CEHCOPHOWM FONIOBKM
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pe3ncTopbl U KoHAeHcaTopbl. Komnac
ycTaHaBnMBaeTCs Ha ne4vaTHOW nnarte
npu NOMOLLKX NPO3payHoro nnacrtmac-
COBOrO Komnbua u 4-xX NaTyHHbIX BUHTOB
M1,6 MM. KOHCTPYKLMA nevaTHOM nna-
Tbl MO3BONSAET NOBOpPa4YMBaTh €€ BOKPYr
CBO€I OCU, OTHOCUTEJNIbHO Ha4asnibHOro
(HyneBoro) nonoxeHwus — B MHTepBane
+90°. lNMpn 3TOM 3a Hynesoe Mosnoxe-
HVe NpUHUMaeTCHA HanpaBneHue Ha
“CeBep”.

BHelHWI BUA CEHCOPHOW ronoBKK
npueefneH Ha puc. 4 n puc. 5.

Puc. 4. BHeLwHW BUA CEHCOPHOW
rONIOBKW (BMA C NTULEBOM CTOPOHBI)

H M3IMEPEHINA U

Puc. 5. BHelHWn B1A ceHCopHOM
roNIoBKW (BMEA C 06paTHON CTOPOHbI)
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“YeraHoBka
nopora
cpabarbiBanms’”

DA1, DA2 - marautouysctButenbHas MC tuna AD22151;

DA3 - uncTpyMeHTanbHbI yeunutens Tuna AD620;

DA4 - crabunusarop Hanpspkenust tamna 78L05;

DD1 - mukpocxema K176JIA7 (uetsipe snementa 211-HE);

R6, R7 - noacTpoeyHbie pe3HCTOPBI HPEIHA3HAYCHBI ISl yCTAaHOBKHU [OPOTa CpabaThIBAHMs;
HL - cBeronnon KUII01-1K.

Puc. 6. anIHLI,MI'IVIaJ'IbHaﬂ QJIeKTpU4eckasa cxema MakeTa KBa3uUaNeKTPOHHOro onpenennutensd HanpasneHusa

MpuHuMnManbHasa anekTpuyeckas cxema MakeTa Kea-
3N3NEKTPOHHOrO OnpegenuTens HanpaefeHus npveege-
Ha Ha puc. 6 1 He TpebyeT 0COObIX NOACHEHUN.

B ceHcopHoW ronoske NCNonb3yTcsa ABE MarHNUTO4yB-
cteutenbHoie NC tuna AD22151 (cdupmbl Analog
Devices). B kayecTBe ycunuTens curHana ncrnonb3yeTcs
NC nHcTpymMeHTaneHoro ycunutensa tuna AD620 (cup-
Mbl Analog Devices), a B ka4ecTBe NoporoBoro ycTpou-
cTBa — OTeyecTBEHHasa form4yeckas MukKpocxema
K17611A7.

B kayecTBe 3BYKOBOro mHaukaropa mMcnonb3oBaHa
nnara 3BOHKa OT 6yAuNbHMKA KUTANCKOro NpoM3BOACTBA,
KOTOpasi yCTaHOBMEHA B HMXXHEW 4acTun kopnyca. 3ByKO-
BOM MHAMKATOP (3yMMeEpP) MOXET MCMONb30BaTbCs OIS
cnaboBuasaLLMX NoONb3oBaTeNen.

MHcTpymeHTanbHbii yeunutens (DA3) n noporosoe
ycTpowncTeo (DD1) ycTaHOBNEHBI HA OTAENBHOW NeYaTHOW
nnate. BHewHWn BuA nnatel npuBefeH Ha puc. 7.

Bce anemeHTLI MakeTa KBa3nanekTPOHHOr o onpepenuTe-
1A HanpasneHus pasMeLleHbl B M1acTMacCcoBOM Kopryce ¢
MakcuMMarbHbIMU rabaputHeIMK padMmepamm 152x78x52 Mm.
Macca makeTa npu6opa, He 6onee 200 r.

Puc. 7. BHewHuin Bug nnatbl yeunurens
1 NOPOroBOro ycTponcTea
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Ha nuuesoi noBepxHOCTW npubopa pacrnonararTcs
BbIKMOYaTenb NUTaHWsa M CBETOAMOM KpacHOro uBeTa,
MUKCUPYIOLWNIA OOCTUXEHNE 3aJaHHOro HanpasfeHus.
Komnac 3akpbiBaeTca HeNnpPo3payHOW KPbILLIKOW.

Bce aneMeHTbl KOHCTPYKUUM MaKeTa BbIMOMHEHbI U3
HEeMarHUTHbLIX MaTepuanos, T.K. Ha MOMOXEeHNe MarHuT-
HOWM CTpenku BNusaeT nobas getans N3 eppoMarHuTHoO-
ro maTtepuana, pacrnonoxeHHas B6n3u.

KoHCTpyKUMNA MakeTa KBa3manekTPoOHHOro onpegenu-
Tens HanpasfeHns cneymnansHo He oTpabarbisanacs. Uc-
nonib3oBanunch NOAPY4YHbIE N OOCTYMHbLIE aBTOPY MaTepu-
anbl 1 KOMMMEKTYoLWWe anemMeHTol. [posepsanca TonbKo
NPUHLMN paboThl.

BHeLlHWI BMA MaKeTa KBa3nM3NeKTPOHHOro onpepenu-
Tens HanpasneHus NpuBefeH Ha puc. 8.

Mopanok pa6oTbl ¢ Nnpu6opom

Monb3oBaTens NomeLlaeT KOMNac B NIEBYIO PYKY, CBe-
TOAMOAOM Brepen 1 NoBopayMBaeT nN1acTMaccoBoe Kofb-
L0 C OKHOM Ha Heo6xoauMbI yron (cm. puc. 4). Yron no-
BOpOTa KonbLa onpepgensaercs MeCTOMONOXEeHNEM
nonb3oBaTens N cocTasngaeT, Hanpumep, Ansa Mekku 21
rpagyc ceBepHon WwWnpoTsbl, 39 rpagycoB BOCTOYHOW 4OM-
roTbl = NONpPaBKa Ha MarHUTHOE CKITOHEHWe, KOTOpoe Oor-
pegenseTcs cneunanbHbIMK Tabnanuamm nnu KapTon.

3aTem nonb3oBaTenb BKNOYAET NMUTAHWE U MeffeH-
HO NoBOpayYMBaeTCs Mo KPyry — 4o 3aXuraHus CBeTOAMO-
ga n cpabaTbiBaHUS 3BYKOBOrO CUrHana, Kotopble CBU-
OEeTeNnbCTBYIOT O AOCTUXEHUN 3aJaHHOMO HanpaBneHus.
lMocne yero BbIKNOYaeT NMTaHne npmoéopa.

MepcnekTuBbl pa3paboTkm

lMpu onpegeneHHOM TBOPYECKOM NOAXOAE KOHCTPYK-
Lns KBA3M3MEKTPOHHOI0 ONpeaenuTens HanpasneHns Mo-
XeT 6bITb 3HAYUTENBHO YNPOLLEHA N MUKPOMUHMATIOPH-
3uposaHa. [pn aToM 3apaya CBOAMTCA K PELLUEHUNIO ABYX
OCHOBHbIX Npo6neM: pa3paboTke (M1 UCMONb30BAHMIO FO-
TOBOr0) MMHMATIOPHONO MAarHUTHOroO kommnaca wu npume-
HEHMIO B KayecTBe AaTYMKOB MarHUTHOMO MOl BbICOKO-
YYBCTBUTENbHbIX MarHUTOYnNpasBAsieMbIX MHTerpasbHbIX
cxewm [2, 3].

OCHOBHbIM 311IEMEHTOM Takoro npuéopa AsnsaeTcs on-
TUMasnbHO CMPOEKTUPOBAHHbBIA XWOKOCTHON MarHUTHbIN
komnac.

OcHoBHas npo6nema — BbiI60p KOHCTPYKLUM MUHU-
aTIOPHOro MarHMTHOro Komnaca.

ABTOpPOM 6bINU UCCNefoBaHbl He-
CKONbKO TWUMOB MarHUTHbIX KOMMacoB
pas3nmM4yHOn KOHCTPYKUMWU. NaBHbIM
KpuTepuemM SBAANUChL BenMyuHa mar-
HUTHOrO MOMSA NOoA CTPeKoW Komnaca
N pe3KoCTb rpaHuubl nepexoga Mnosto-
COB. BHelwHuWIi BUA HEKOTOPbIX TUMOB
XMOKOCTHbIX KOMMacoB NpuBedeH Ha
puc. 9.

Komnac ¢ HeCMMMETPUYHOM MarHuT-
HoW cTpenkon (puc. 9, Tmn 1) umeet
OQWH HaMarHu4eHHbIM Nonc (OCTPbIR).

H M3MEPEHINGA H

Puc. 8. BHelwHun Bug makeTa
KBa3M3NEKTPOHHOIO
onpepenuTens HanpaeneHus

BenuunHa MHAYKUMN MarHUTHOrO MOMS NOJ MarHWTHOW
cTpenkou coctaenset 0,4...0,5 mTn.

Komnac ¢ CMMMETPUYHO MarHUTHOM CTPENKo (puc. 9,
TMN 2) umeeT o6a HamarHu4YeHHblx nontoca. BennunHa
WHOYKUMW MarHMTHOro Mons noj nostocamMyv MarHUTHOW
cTpenku coctasnset 0,5...0,6 mTn.

BennyvHa MarHMTHOM MHAYKLMM MUHNATIOPHBIX KOM-
nacos ¢ “ANCcKoBOW” cTpenkown (puc. 9, Tun 3) coctasnseT
nopsgka 0,1 MTn. Npu 3TOM ANCK NMeeT pacnnbiBYaTthble
rpaHunL bl NOMOCOB.

MpakTnyeckn, Bce CTPENKN UCCNegoBaHHbIX KOMNacos
6bININ M3rOTOBMEHbI U3 MarHUTOMSAITKOW CTann U nmenu
HEBbICOKYO BENIMYUHY MarHUTHOM MHAYKUMW. [invHa mar-
HUTHOW CTPENKWN ANa PasnuyHbiX TUNOB KOMMNACOB NEXUT
B npegenax ot 16 go 40 mm.

[ns co3gaHns MMHMATIOPHOMO U AELLEeBOro KBa3nanek-
TPOHHOIrO OnNpefennTens HanpasneHns Heo6xogmma pas-
paboTka crneunanbHON KOHCTPYKUMW XUAKOCTHOrO Mar-
HUTHOro Komnaca. Hanb6onee onTUManbHOW, HA MOW
B3rnsg, ABNAETCA KOHCTPYKLMUS Komnaca ¢ 3a0CTPEHHON
W HaMarHM4eHHOM CTPENKOM ¢ 06enx CTOPOH.

Puc. 9. BHelHUn B1A HEKOTOPLIX TUMOB XWUAKOCTHLIX KOMNAcoB
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[na BO3MOXHOIro UCMONb30BaHNA B Ka4yecTBe faTyu-
KOB MarHMTHOro Nonsi MarHMToynpasnsemMbiX MUKPOCXEM
Heob6xoAMMo, 4YToObl BennynHa MHOAYKUUN MarHMTHOro
nons nof cTpenkown coctasnsana 6bl nopsgka 10 mTn. B
3TOM cny4ae, cTpernka komnaca f[ofmkHa 6blTb N3roTos-
fleHa U3 MarHMToTBephoro marepuana (Tuna: anbHUKO,
MarHuKo Man MarHuTHas kepamuka). BoamoxHo ncnonb-
30BaHMe MUKPOMAarHUTOB, YKPEenIeHHbIX Ha KOHLaxX cTpen-
KW UMK NAEHOYHBLIX MarH1ToOB.

BHyTpeHHsA NonocTe Komnaca [ofxHa 6bITb 3anon-
HeHa XWAKOCTbIO, Hanpumep, rmuuepuHoMm.

B aToM cnyvae ceHcopHas ronoska fosxHa npeacras-
NATb CO60M YCTPOMCTBO, MHTErPUPOBAHHOE C KOMIMAaCcoM.
B03MOXHbIN BapuaHT yCTpoOncTBa “MHTErpnposBaHHoOn”
CEHCOPHOM ronoBKM CXxemaTuyeckn npueefeH Ha puc. 10.

BenunuuHa nHaykuumn marHmtHoro nons (BM4a) Ha mar-
HUTOYYBCTBUTENLHOM 31IEMEHTE MarHUTOynpasiseMon
NC (DD1, DD2) 3aBUCUT OT paccTosiHUA OO0 MarHUTHOWM
cTpenkn d n NpuénmManTenbLHO MOXET onpeaensaTsca no
cnepyowlen popmyne:

Bmys = Be/d?

roe Bc — nHOyKUWA MarHUTHOW CTpenku, MTn.

JaHHble pacyeTa cBefeHbl B rpaduk, npuBeaeHHbIN
Ha puc. 11.

M3 puc. 11 cnepyert, 4T0 BENNYMNHA

(1),

H M3IMEPEHINA U

Kopnyc komnaca
3al0JHUTH NNTUIEPUHOM

Puc. 10. Bo3MOXHbIV BapuaHT “UHTErpMpoBaHHON”
CEHCOPHOW rofI0BKM

25
MHOYKUMM MarHuTHoro nons Ha M43

AN npefenbHOro paccrosHua 5 Mm
cocTtaenset ot 4,5 0o 9 mTn. 20

B atom cny4ae B ka4ecTBe gaTyu-
KOB MarHWTHOrO Mofs MOryT OblTb UC-
nonb30BaHbl AOCTATOYHO AelUeBble
mMarHutoynpasnsiemsie NC, ¢ nHgyKum-
el cpabatbiBaHuA nopsagka 6...10 mTn.
Hanpumep, Tuna AS134ELL, A3197LLT
(dbnpmbl Allegro Micro-Systems),
AN48800A3 (pupmbl Panasonic), 5
HAL103 (cmpmbl Micronas Intermet),
SS111A (dwupmbl Honeywell) n gp. [2,

Wnpykuus ctpenku ,B, MmTn

4,14213562

8,9442

4,4721

—&—VIHAyKUMS MarHUTHOTO
0NN Ha KOHLE CTPEnKM,
paBHas 10 MTn

== VHayKuMs MarHuTHoro
NONA Ha KOHUE CTPenkM,
paeHasa 15 MTn

=t HAYKUNS MarHTHOrO
1ONA Ha KOHLE CTPErKM,
paBHas 20 MTn

7191

6,70820p932

3p955

3]. Takne MMKpoCxeMbl B PO3HUYHOM 1
npogaxe B P® npogatTcs nNo LeHe ot
1,5 po 2 gonnapos.

[nana3oH KOHTponupyeMmsbix nepe-

3
Paccrosinne o M43, mm

Puc. 11. 3aBNCMMOCTb MHOYKUMM MarHUTHOMO NOAsA OT paccTtosHusa oo M43

MeLLeHNn Npu NOBOPOTE MarHUTHOWN L
CTpenkn onpepensieTcs no opmyne: 09
h=1L-sinao/2 (2), 08
roe h — gnvHa xopAsl, MMm; o

o — Yron nosopoTa CTpenku, rpag.

JaHHble pacyeTa cBefeHbl B rpa-
UK, NPUBEAEHHbIN Ha puc. 12.

3 puc. 12 cnegyet, 4TO gManasoH
KOHTPONMpPYEMbIX NepemeLLeHnin mar-
HUTHOM cTpenkn B npepenax 1...5° 3a-
BUCUT OT AJINHbI CTPENKM U COCTaBNsA-
et o1 0,09 go 0,87 mm. 0.1

0,6

Anuxa xopAbl, h, MM

523094484

0,87111

,697211676
0,65333]

5706

53

0,435558353

—&—[InuHa cTpenku 20 mm
—&—[InuHa cTtpenku 30 Mm
—¢—[InnHa cTpenku 40 Mmm

Mpwv BNONHE NpUrogHoOM Ans MaccoBo- 0
ro nonb3oBartens TOYHOCTY onpeaeneHuns 1

3

4 5

Yron noBopota cTpenku, O, rpaa

HanpaBneHus B 5°, MOXHO cuuTaTb gua-

NasoH KOHTPONMUPYEMbIX NepemeLLeHnin B Puc. 12. 3aB1McUMOCTb AIMHBI XOPAbl OT yriia noBopoTa CTPesiku

] Pammoniobuens — 08/2015



npegenax 0,5...0,9 MM BNofHe peanudyemMbiM C UCMOSb-
30BaHMEM COBPEMEHHOM 31eMeHTHOM 6a3bl.

BoaMoxHas npyHumMnuanbHas cxemMa KBa3nuaneKTPOoH-
HOro onpefenuTens HanpaefneHns NnpmeegeHa Ha puc. 13.

Cxema onpegenutens (puc. 13) coaepXuT CEHCOPHYIO
rONoOBKY C ABYMS MarHuMToynpasiseMbiMM MUKpOCXema-
mu (DD1, DD2), noporoBoe yCTpOMWCTBO HA MUKPOCXeEME,
BbinonHsawowen dyHkunio “U” (DD3), a Takxe CBETOBOM U
3BYKOBOW MHAMKATOPBI.

MpuHUMN paboTbl KBA3NINEKTPOHHOIO oNpeaenuTens
npegenbHoO NpocT. [1pn TOYHOM CoBNageHUN NOSIOXKEHUA
MarHuTHOM cTpenku ¢ gatumkamm “N” n “S”, npoucxogut
cpabaTbiBaHne o6enx mnkpocxem (DD1 n DD2), 4yto npu-
BOOUT K cpabaTbiBaHMIO Noporoeoro yctponctea (DD3),
BK/IOYEHMIO CBETOANOQHOMO MHAMKAaTopa u 3ymmepa.

Bce petanu, anekTpopagnoanemMeHTbl U UCTOYHUK MK-
TaHus npubéopa MOHTUPYIOTCA Ha OOHOW MUKponnaTe, Ko-
Topas MOXeT MoBOpayuMBaTbCA BOKPYr CBOEW OCM Ha
+180°. [Ins o6ecrne4YyeHns MUHMMaAIbHbLIX Pa3MepoB UC-
Nonb3yTCA 3N1eMeHTbl B 6€CKOPMYCHOM WUCMOMHEHUN,
N3roTOBJIEHHbIE N3 HEMAarHUTHbIX Matepmanos.

OnpepeneHHble TPYAHOCTU MOrYT BO3HUKHYTb Npu
nog6ope NCTOYHUKA NUTaHus, 60NbLUMHCTBO KOPMYCOB KO-
TOPbIX N3roTaBAMBAIOTCA U3 MarHUTHbIX Matepuarnos.

Mpu ncnonb3oBaHu 605ee COBEPLUEHHbIX 2-X 3NIeMEH-
THbIX BbICOKOYYBCTBUTENbHbIX MarHMTOynpasBnisieMbIX
MUKpocxem, Hanpumep, Tuna A1230 (cdmpmbl Allegro
MicroSystems) [3], cxema, npmsefeHHas Ha puc. 13, mo-
XeT 6blTb NPefensHO ynpoLyeHa.

B sTom cnyyae Heo6xoanma TOMbKO Of4Ha MarHUToyn-
pasnsemas NC, paamelyaemasn nogd 0AHMM U3 KOHLOB Mar-
HUTHOW CTPEenkn U napa MUKPOMOLLHbIX CBETOANOAOB.
Mpw aTOM OTNagaeT HeO6XOAMMOCTb UCMONMb30BaHNSA 0O-
nonHutensHon norukn (DD3).

B cnyyae BO3MOXHOI0 NOBTOPEHMA paguontobutens-
MU aHanoru4yHoW KOHCTPYKLMM C LEenbio peannsayuu

Jintepatypa
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S DAL1, DA2 - maruurtoynpasinsemas C tuna AD22151;

DDI - mukpocxema K155JI11 (1Ba anemenra M),

Puc. 13. BoamoxHas npuHumnuansHas cxema
KBa3W3NIEKTPOHHOIO onpeaenuTens HanpasieHus,
C 1CMnonb30BaHWeM MarHuToynpasnsembix NC

MakcMManbHO NPOCTOr0 U SKOHOMUYHOIO MOXHO paccMart-
pvBaTh ABa BapuaHTa:

BapwuaHrT 1.

C cduKcmMpoBaHHbIM faT4MKOM yrna nosopoTa. B atom
crnyyae jaTyvK yrna noBopoTa (MKCMpyeTCs U3roToBu-
Tenem Ha KkoopamnHaTax Heo6XxoANMOro o6beKTa + Nonpas-
Ka Ha CKIIOHEeHue.

BapuaHT 2.

Ha noBOpOTHOM gaTynkKe HaHOCATCA Ha3BaHWA CTpaH
(vnun ropopos), U NonNb3oBaTENb CaMOCTOATENbHO YyCTa-
HaBNMBaET N PUKCUPYET CBOE MECTOMONOXEHME (Yron no-
BOpOTa AaTyunka).

MpenBaputenbHas KanuépoBka gat4ymka npu o60mx
BapuaHTax KOHCTPYKLMM MOXET NPOM3BOANTLCH N3roTO-
BMTEJIEM C UCMOMb30BaHNEM MUPOBOIN KapTbl MarHUTHbIX
CKJIOHEHMI U HEOBXOOUMBbIX pacHeToB.

1. BapaHo4HukoB M.J1. Heckonbko cnoB 06 3fieKTPOHHOM Komnace. - Pagmnoniobutens, 2006, Ne2, cTp. 35-37; Ne3,

cTp. 18-21; Ne4, cTp. 25-27.

2. bapaHo4yHukoB M.J1. MukpomarHmtoanekTpoHmka. Tom 1 (2-oe usg. ucnp.). AMK lMpecc, r. Mockea, 2011 r., -

544 c. Pa3melleH Ha canTe xypHana “Pagnonobutens”:

http://www.radioliga.com/Books/Mikromagnitoelektronika_T1-pdf.zip

3. bapaHo4HukoB M.J1. MukpomarHntoanekTpoHuka. Tom 2. CnpaBo4Huk. (U3g. 2, gononHeHHbin). AMK lpecc, r.
MockBa, 2014 r. - 887 c. PaamelleH Ha canTe XxypHana “Paguoniobutens”:
ttp://www.radioliga.com/Books/Mikromagnitoelektronika_T2-pdf.zip

4. YcTpoWCTBO Ang onpepeneHus HanpasneHua Ha Mekky. lNMaTeHT Ha uszobpeTteHne Ne2327108 no 3asBke

Ne2006134557 ot 29.09.2006 r. AsT. M.J1. BapaHo4yHukos, B.H. Mopgkosuy, A.HO. Opnos.

https:/ /www.

OdunumansHbi KaHan XypHana «Paauonioburens» Ha YouTube:
outube.com/user/RadiolubitelMagazin

Bupeo pabortsl ycTpoiicTs,
ONMUCcaHue KoTopbIX OHY6J1MKOBOHO Ha CTPAHULUAX HALWIero XxXypHana.

Pamvonio6urens — 08,/2015]]
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