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MATHUTOKOMMYTHUPYEMASA MUKPOCXEMA
N JATUUK U3MEPEHUSA CKOPOCTHU BETPA HA EE OCHOBE

Paspabomannas macnumoxommymupye-
Mast MUKPOCXeMa Ha ocHose dghgexma Xon-
4 NO380JIUNA CO30AMb MAHUMHBLU Oam-
YUK CKOpOCMU 6empa.

HHTerpanbHbIe MUKPOTIPEOOPa30BaTENN PA3THIHBIX
(U3MUCCKUX BEIMYNH aKTUBHO pa3padaThIBAIOTCSA B 110-
cneanue pecsatuinetus. Cpe HUX BayKHYO POJIb UTPAOT
MarHUTOYYBCTBUTEIbHbIE MUKPOCXEMBI, TIOCKOJIbKY SIB-
JISIFOTCs1 OECKOHTAKTHBIMH M COXPAHSIOT paboToCIoco0-
HOCTH B YCJIOBHSIX BBICOKOW 3arpsS3HEHHOCTH W TNIOXOU
BUIIMOCTH, B KOTOPBIX HE MOTYT paboTaTh ()OTOTYBCTBH-
TeJIbHBIE TIPEOOPa30BATEIIH.

B Hacrosiiiee BpeMsi IPUMEHSFOTCS MArHUTOYYBCTBH-
TeJIbHbIE MUKPOCXEMBI KaK ¢ IU(POBBIM, TaK U C TUHEH-
HBIM BBIXOJIOM, U3TOTABIHBAEMBIC IT0 THOPUTHO-TUICHOY-
Hoit [1], GunomsipHoii [2, 3] 1 MOII-TexHonorusm [4,
5], a Tak)Ke C YaCTOTHBIM BBIXOIOM [6].

TunuyHbIe MATHUTOYYBCTBUTEIBHBIE KOMMYTHPYIO-
e mukpocxembl (MKM), BbilTyckaeMble pa3inyHbI-
MU pupMamu, coctosT u3 aardrka Xomia (AX), nudde-
peHnmagbHoro ycunurens (YY), moporoporo ycrpou-
CTBa U BBIXOAHOTI'O JIOTHYECKOTO KacKasa.

B kauectBe ycunmutens B [3] ucnosb3oBaH audde-
pEeHIMATBHBIN KacKaj Ha n—p—n-Tpansuctopax V11, V12
C pe3UCTUBHOM Harpyskoil R1, R3 u Toko3a1aromumM pe-
suctopoM R2 (pue. 1). K xoinekropam TpaH3UCTOPOB
J1Y noaxiroyeHa OMCTabMIIbHAS CXeMa, BHIIIOJIHEHHAS Ha
n—p—-n-tpanszucropax V713, VT4 c SMUTTEpHOH CBA3BIO.
Pesucrop R3 sBiisieTcss OIHOBPEMEHHO KOJIJIEKTOPHOM
Harpy3ko# TpaH3ucropa u npasoro rieda JIY. Harpys-
Kol TpaH3ucropa VT4 ciaykUT IpsAMOCMELEHHbIN p—i-
nepexoj 6aza—3MHUTTEP p—n—p-Tpansucropa V715, ¢ koi-
JIEKTOpa KOTOPOTO CHUMAETCs MHBEPTUPOBAHHBIH BBIXO/I-
HOW TOKOBBIM CUTHAJI, TPEJCTABIISFONINI cOO0M eTMHNY-
HYIO (PYHKIIUIO IEPEKITIOYCHUSI. BBIXOIHOM cuTHAT naee
YCHWJIMBAETCS SMUTTEPHBIM IOBTOPUTENEM Ha 7-—p—71-TpaH-
3ucrope V76 u uepes 1Ba pE3UCTUBHBIX AEIUTEN, Orpa-
HUYMBAIOUINX YMUTTEPHBIN TOK, TOCTYyMAeT Ha 0a3bl BbI-
XOAHBIX TPAH3UCTOPOB V17, VT8 ¢ OTKPHITHIM KOJIJICK-
TOpOM. MarHuTHast iHIYKIHS TEPEKITIOYCHHS TOA0OHBIX
MKM nexwur B npeaenax 10—50 mT.

J1J1s oBBIIIeHNS CTa0MIBHOCTH TTapamMeTpoB MKM u
pacipeHust Tuana3oHa MUTAOIIETo HAPSHKCHUS B Hee
BKITIOUCH BHYTPEHHHU CTAOWIM3aTOP HANPSOIKCHUS Ha
Tpanzuctope V79, crabunmrpone VD3 v Toko3aaaro1emM
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Puc. 1. Dnexrpuueckas cxema MKM 6e3 TepMOKOMIIEHCALIUU
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JI0

1

pesuctope R11. Crabunuzarop obecrieynBaeT BHyTPEH-
Hee MUTaHUe CXEMbI HanpshkeHueM 5 B HezaBucumMo ot
MPUIIOKEHHOT0 BHEIIHETO B Auana3oxne 9—30 B.

yCTpOiicTBaX aBUAIIHOHHOTO MTPUOOPOCTPOCHNS BBISIBH-

IIEHUsI MArHUTHOW YyBCTBUTEIILHOCTH M TEMITEPATYPHOU
CTaOMIIBHOCTH B IIMPOKOM JTUANIA30HE U3MEHEHUI BHEII-
HEH TeMIIepaTypsl, a TAKIKE BOZMOKHOCTH C ITOMOIIBIO
BHEIIIHUX ITOJICTPOCUHBIX PE3UCTOPOB PETYIHUPOBATH Be-
JTUYUHY THCTEPE3nca M MArHUTHOW WHTYKITHH ITEPEKITIO-
yeHus [7].

(pme. 2), coctout u3 1Y, Ko BX0Ly KOTOPOTO MOJKIIO-
geH JIX (Ha cxeme 0003HaueH B), COMIACYIONIETO YCH-
matenst (CY), BBIXOTHOTO KacKajia, BTOPHYHOTO CTaOu-
TM3aTOpa HAMPSDKEHUS | LIEH MTOJI0KUTEIBHOM 00paT-
HOM CBsI3M.

YBEIMUYCHUS CyMMapHOTo Ko durmenra ycmnenus /1Y
u CV. Koapdunment ycunenust /1Y obecrieunBaeTcs 3a
CUeT MPUMECHEHHS aKTHBHON Harpy3Kku ycunutesst (V718)
BMECTO naccuBHOH (pe3uctopos). B CY curnan ¢ sMur-
Tepa TpaHsucropa VT14 ycunuBaercsi TpaH3UCTOPHOM
Mapoil, BKIIFOYEHHON 1o cxeme J[apauHITOHa U Harpy-
JKEHHOMW Ha 3TaJIOH TOKa (KoJuTeKTop Tpanzuctopa V'118).

[Ipaktuueckoe npumenenne MKM B pa3indHbIX

HEOOXOMMOCTh JIOPAOOTKH CXEMBI C IEJBIO0 MOBbI-

VYayumennas MKM, pa3paboTaHHas aBTOpaMu

TloBbIIeHHE YYBCTBUTCIIbBHOCTHU JOCTUTHYTO ITYyTEM

Hcnonp3oBanue 3TajoHa TOKa 00ecreyrnBaeT MakKCUMallb-
HO BO3MOXKHBIN K09()(DUIIMEHT YCUIICHHS KacKaa.

Jlis moTyYeHHs TOI0KUTEITLHOW 0OpaTHOW CBSI3U
UCIIOJIb3YETCs PE3UCTUBHBIN AEIUTENb Ha pe3ucTopax R3,
R4, RS u R11, R13, R14. BoiBojibi 2 ¥ 3 OT pe3UCTUBHO-
T JIeIUTENS 1al0T BOBMOXKHOCTb CMELIAaTh XapaKTepHc-
THKH BIIPaBO WK BJIEBO OT HYJISI MHIYKINHU CpabaThIBa-
HUSL. B 3aBUCHMOCTH OT HampaBiieHHS CIBUTA BHEIITHIM
PE3UCTOPOM BBHIBOJ | CTAaOMIM3UPOBAHHOTO HATIPsIKE-
HUS COEAMHACTCS ¢ BBIBOJIOM 2 Wik 3. BennuuHa ciBura
00paTHO MPOIOPLUOHATbHA BEJIMYUHE CONPOTUBICHUS
BHEIITHETO pe3ncTopa. PerymnpoBka BEMUYINHBI THCTE-
pe3uca IpOU3BOIUTCS MTyTEM COCTUHECHHS Uepe3 BHeE-
ITHAHA Pe3UCTOpP BhIBOJA 4 C OOIIMM BBIBOJIOM CXEMBI.
Ecnu BeIBOJ 4 3aMKHYT HAKOPOTKO C OOIINM BBIBOJIOM,
TUCTEPEe3UC MUHUMAJIECH, a €CJIM PA3OMKHYT — MaKCH-
MaJIeH.

OKcnepuMeHTaIbHbIC UCCIEIOBAHMS IOKA3aIH, YTO
TeMIieparypHas crabriIbHOCTb J[X npy mUTaHuH CTaOWITb-
HBIM HaNPsHKEHUEM BBIIIIE, YEM MPU MUTAaHUH CTA0WITb-
HBIM TOKOM, ITI03TOMY ObLJ1a BeIOpaHa cxema nuTtanus X
MOCTOSTHHBIM CTAOMIM3UPOBAHHBIM HAIIPSHKEHUEM OT BTO-
PUYHOTO CTA0MITU3aTOPA.

BrixoaHoi kackan cocTouT u3 Tpansucropa V122 c
OTKPBITBIM KOJIJIEKTOPOM, & YPOBHH €T0 BBIXOJIHBIX Ha-
MPSKEHUI ¥ TOKOB COOTBETCTBYIOT ITapamMeTpaM CTaH apT-
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Puc. 2. Dnexrpuueckast cxema BbIcOKOUyBCTBUTEeNbHOH MKM ¢ Tepmoxommencanmeit
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Puc. 3. BeicokouyBctButensHas MKM ¢ TepMoxomneHca-
ueH

HbIX TTJI- naTerpansubix cxem. Hanpshxkenne nutanus
MKM cocrasmuster ot 9 o 27 B, Tox motpebineHns —
6 MA, MarHUTHAsI UHAYKIHS IEPEKITIOUSHUS JICKUT B [T~
anazone 5—25 mT.

OCHOBHO# Po0IeMOi MAarHUTOTyBCTBUTETHHBIX FIC
¢ IX siBnsieTcs TeMIepaTypHbIA U BpeMEHHOU Jper (bl
ocTtaroyHoro Hampsbkenus [1X, cBsizaHHbIe ¢ miepepac-
MpeJeIeHUeM YIPYTUX MEXaHHUECKUX HaMpsOKEHUH B
o0beme kpucramia X, BOSHUKAIOIUX IPU U3MEHEHUH
TeMIIepaTypbl U IPOTeKaHUH ToKa. 1 ycTpaHeHus Bpe-
MeHHBIX JpeiidoB JIX ObLIT CKOHCTPYHPOBAH B BHJIC Ue-
TBIPEX OPTOTOHATIBHO COCAMHEHHBIX XOJTOBCKHX JIEMEH-
TOB. Takoe coeANHEHNE O3BOJIIIIO 00ECIIEUNTh CHIXKE-
HUE BJIMSHUS MEXaHUUECKUX HAIPsDKEHUH Ha 0CcTaToyY-
Hoe Hanpspkenue J[X. [Tomumo 31010, A1 yMEHBIIECHUS
BIMSTHUS [ipeiia ITOJI0KUTETFHBIX HOHOB Ha TPAHUIIE Si—
SiO, Ha BeNMYMHY OCTATOYHOTO HATIPSKEHUS TPOBO/IH-
JI0OCh MOHHOE JIETHpOBaHUe pabouel moBepxHocTH JIX
aromMamu 60pa. TeM caMbIM Ha TIOBEPXHOCTH CO3/1aBall-
Cs1 TOHKUH CIIOU p-TUIAa IPOBOJUMOCTH, OTAEIIAIOUINN
00bEM 71-TUTIA IPOBOAUMOCTH OT rpanuibl Si-Si0,. Yka-
3aHHBIC MEPBI TIO3BOJIUIIN CHU3UTH JApeti(h) OCTaATOYHOTO
Hanpspkerus 10 0,02 MB/°C.

Muxkpodororpadus MKM Ha kpucTajie ¢ MOBHI-
IICHHOM TeMITepaTypHOIi cTaOMIIBHOCTBIO IIPUBE/ICHA HA
puc. 3.

CpaBHUTENbHBIN aHAIU3 MapaMeTPOB Pa3IUYHBIX
MKM, npuBeieHHbIX B Ta0/1MLe, TOKAa3bIBAET, YTO MUK-
pocxema coOcTBeHHO# pazpadorku (1159KII1) He ycTy-
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Puc. 4. Jlaryuk ckopocTu BeTpa

MaeT 3apyOexHBIM aHaJI0TaM, a 0 HEKOTOPBIM MapaMeT-
pam u npeBocxonuT ux [8, c. 197]. Dto no3Boser npu-
MEHSTB €€ B Pa3INYHBIX yCTPOHCTBAX aBUAIIIIOHHOTO TIPH-
00POCTPOCHNS C KECTKUMH YCIOBHUAMH IKCILTYaTaIlHH.

[To 3aka3zy 3A0 «AsepbaiiykaHCKIE aBUATMHUNY ObLT
pa3paboTaH JaTYUK CKOPOCTH BETPa JUIsl SKCILTyaTalUH
B YCIIOBHSX MOBBIIIEHHO 3abLIIGHHOCTH, OCHOBAHHBIH,
B OTJIMYHE OT TPATUIIMOHHO MPUMEHSIEMBIX YCTPOHCTB,
HE Ha ONITHYECKOM JIaTIHKE, & HA MAaTHUTOKOMMYTHpPYe-
Moit Mukpocxeme 1159KII1. Dto mo3soiuio, He yaopo-
JKasi KOHCTPYKIIMIO JJATYMKA JOTIOTHUTEIbHBIMH 3aTpara-
MU Ha 3aIHUTY OT MbUTH, IPUMEHUTH TUTIOBYIO KOHCTPYK-
LU0 YaIICYHOH BEPTYILKH.

MarsuTHBIN JaTIUK CKOPOCTH BETPa COCTOHT U3 Baja
C BEpTYIIKOH (puc. 4), Ha KOHIIE KOTOPOTO 3aKpericH
MHOTOIOJIFOCHBII KPYTOBOM MarHuT, ¥ N€4aTHOM I1aThl
¢ MKM u apyrumu sneMeHTaMu cXeMsbl (puc. 5).

IIpu BparieHnu BEpTYIIKH O] BO3AEUCTBUEM OIS
MarHuTa U3MeHsieTcst cocTtostaue Bbixoga MKM u ¢op-
MHUPYIOTCS CYETHBIC MMITYIbCHI, 9aCTOTa CJICTOBAHMS
KOTOPBIX MPOTIOPIIMOHATIBHA CKOPOCTH BETpa. DNEKTPHU-
YEeCKHUE UMIYIIbCHI ¢ BhIxoAa 2 DA2 mocTymaroT Ha BXO/
3 cereBoro apaiiBepa RS422 DA3, ¢ BbIX0Oa KOTOPOTO
CUMMETPUYHBIA CUTHAI MO CETEBOMY KaOero «BUTAsI
mapay 1mojaaeTcs B 6J0k 00paboTKH CUTHAIIOB, pa3pado-
TaHHBIN Ha 0a3e MUKPOKOHTpoiepa. B Giioke 06padoT-
KH 9aCTOTa UMITYJIbCOB IaTYHKa IpeodpasyeTcs B pusn-
YECKYIO0 BEJINUNHY CKOPOCTH BETpa U PE3yIbTaThl H3Me-

Ilapamempor MKM

Tur MKM I/IH;[yKuI/pI NIEPEKIIIOYEHMS, Wunyxnus Toxk morpedieHus Juanazox

min/max, MT rucrepesuca, MT Lions MA temreparyp, °C
K1116KII3 CCCP 20/35 5 6 —40—+125
1AV2A Honeywell, CILIA 40/45 10 13 —40—+150
SAS 22184, «Siemensy», OPI" 25/40 5 7 —-40—+125
TL172 Texas Instrument, CIIIA 10/60 40 — —40—+125
DGN 3203 «Spraquey, CILIA 10/35 20 — —40—+125
S6SS2 Microswitch, CIIIA 12/62 40 — —40—+150
MKM 1159KII1 Azepbatimxan 5/15 2 6 —-60—+125
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Puc. 5. Dnexrpudeckasi cxeMa J1aTudka CKOPOCTH BETpa:
DAl — KP142EH5A; DA2 — 1159KI11; DA3 — ceteBoii apaiiep RS422 MAX 488

peHuil mepesaloTcs Ha KOMIBIOTEp JUIsl JOCTaBKU HUX
TIOJTE30BATEIISIM.

Jlnama3zoH n3MepenHust CKopocTy BeTpa coctaBui 0,5—
50 m/c ¢ morpemHocThio £5%.
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4 [MoptHoB J. JI. [IpUHUUNBI NOCTPOEHUS MEPBUUHBLIX CETEW U ONMTUYECKHUE
KabeJsbHble JUHUM CBA3HU. YueOHoe nmocobue nas By3oB.— M.: lopsiuas au-

CucTeMaTH3HPOBAHBI CBEJIEHUS O MEPBHUHbBIX CETSAX CBA3H, MPHUHIMMAX POEKTHPOBA-
HHSl, CTPOUTENbCTBA, U3MEPEHUH W 3KCM/AyaTallud, O MeCTe BOJOKOHHO-OMTHYECKHX
JUHUH B 3THX ceTsiXx. PaccMOTpeHbl KOHCTPYKTHBHbIE OCOOEHHOCTH W TeXHUUECKHe
XapaKTEePUCTUKU CYLLECTBYIOUIMX THMOB ONTHUYecKUX BoJOoKOH (OB) W ontuueckux
kabesell, MIpUMEHsIeMbIX Ha B3aUMOYBsA3aHHON ceTu cBsi3W Poccuiickoin Penepaunn,
TeOpeTHUECKHE M PaKTHUECKHE BOMPOCHI, CBsi3aHHble ¢ ucnoab3oBanuem OK Ha pas-
JIUUHBIX JIUHHUSIX CETH C NMPUMEHEHHWEM ONTHYECKUX YCHUJUTEJeH U pereHepaTtopos.
Onucanbl 0CHOBHbIE MepefaaTounble xapakrepuctTuku OB u Henuneiineie 3pexTh,
BosHuKallue B OB npu nepegaye CUrHANOB MO JUHUK C YUETOM Pa3JHUHbBIX 9JI€MEH-
TOB, 6€3 KOTOPbIX JlaHHAs JUHUS HEe MOKeT (PYHKIHOHUPOBATh. PaccMoTpeHbl OCHOB-
Hble MPHUHILMNbBI U3MEPEHHUH, MPOEKTHPOBAHHUS, CTPOUTENbCTBA U SKCMJAyaTalluu Ka-

JLnst cTyaeHToB, 00ydalouuxcs no HanpapaeHuio «TemeKoMMyHUKaUUKU», OyIeT Mo-
JIe3Ha pa6OTHI/IKaM l'lpelll'lpl/lHTl/lf/,l CBSI3HU, MPOCKTHBIX OTACJOB U TEXHHUYECKUM CIEILH-
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