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BBEJAEHHE

Maruutabii komuac (MK) smisercs ofHHM U3 HamOoliee JPEBHUX
IpUOOPOB, KOTOPBIA YCTICIIHO MOMOTajl CyJZOBOJMTENAM PEIaTh HX MPO-
deccHoHaNBHbIE 33a® B T€IEHHE MHOTHX CToeTiH. Ero mo npasy Mo¥-
HO OTHECTH K KATErOpHH CaMbiX HAJAEXKHBIX M3JENUH, WCIOIb3YEMBIX HA
Mopckux cyAax. OIHako pasBHTHE aTbTEPHATHBHBIX, ONEE TOYHBIX METO-
JIOB ONpe/IeeHHs Kypca CyAHA HECKONBKO CHU3MIA €r0 3HAYUMOCTh. Tem
He MeHee, YKa3aHHOe 00CTOSTENbCTBO HE JaeT CKOJIbKO-HHOY/b BECKHX OC-
HOBAaHUH MpEANoararh, YT0 HCMONb3yEMbIe HM METOABI ONPECICHHUS Kyp-
ca cyaHa 6e3HagexHO ycTapean U B Gmbkaliinee Bpemsi KoMiiac OyjeT CHAT

C JKCIIyatauuu.

B KaHyH HacTyNalolIero cToleTus MexayHapoaHas MOpCKas OpraHu-
zanms (MMO) moAroToBHIA HOBBIE NpaBHIla, HANPABICHHEIE HA MOBBILIE-
HHs Ge30MacHOCTH CyRoXoAcTBa. 24 ceHTAOps 1999 r. na 45 ceccuu Ilox-
xomuTeTa MO 110 6€30IacHOCTH MOpEIUIaBaHNs 3aBepIinaack pabora 1o
TIO/ITOTOBKE B 3HAUMTENbHON cremenu nepecMorpenHo# I'naper 5 KoHseH-
mun COJIAC-74. HogeiM B oTOM rnase ssnsgercst llpasuno 15, B koTOpoM
U3OXKEHbI PHHIMIILL, CBY3aHHBIE C KOHCTPYKIHEH MOCTHKA H IOPANKOM
ero OCHallleHHsl HABHraHOHHBIMH CHCTEMaMH K obopynoBaHueM. B coot-
BETCTBHHM C STUMH TPaBHJIAMH MAarHHTHbIA KOMUAC II0-MPEXHEMY OCTACTCA
B cocTaBe 00OpYAOBaHUSA B Ka4ECTBE PE3EPBHOIO KypCOyKasaTesld, MO3BO-
JSIOILEro OCYIHIECTB/ISATh KOHTPOIIb 33 KauyeCTBOM paGoTh erOKOMhaca "

pelUaTh HaBUIAMOHHBIC 334a4H IIPH BBIXOJE MrMpoKOoMIIaca U3 CTpos.

Kak u Bce Apyrue npuGOpbl MArHMTHBIE KOMIACH! MOCTOSHHO COBEP-

HIEHCTBYIOTCS. Pa3pabaThiBaioTCs HOBBIC MX MOZENM, YIY4LIAeTCs KOHCT-
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PYKTHBHOE O(OPMIIEHHE OCHOBHBIX JJIEMEHTOB KOMIACA, BHEIPAIOTCS HO-
BBIE CIOCOOB! NOJyueHus, 06paboTKH W OTOGpaXeHHs HH(OPMAIHH, pa3-
BUBACTCS U YTOUHsETCs Teopus AeBnauumu MK, orpabareiBarorcs croco-

Obl aBTOMATHYECKOH KOPPEKLHH OIIMO0K KoMIIaca.

Bee 3To 10/KHO HAXOOHTh OTPaXKEHHE B YUEHHO-METOIHYECKOI JTHTe-
patype, ¢ TeM, 4T0ObI CHEUMAINCTHI, BBITyCKaeMble MOPCKHMH YYEOHBIMH
34BEJICHUSMH, a TaKXe LITYPMAHCKHM COCTaB MMeH Obl BO3MOXHOCTE I10-
JyYMTh OCTaTOYHbIE CBEJEHHS M/ TPAMOTHOH SKCIITyaTanuu npubopos
paccmarpuBaeMoro Tia. K coxanenuio, B mocieanee BpeMs HaMeTHICA
OTIpeIe/ICHHBII AeULMUT ¢ yHeOHO — METOIMYECKOH IUTEPATYPOH, 4TO Cy-

HIECTBCHHO YCIOKHACT NIPOLHECC ITOATOTOBKY TpaMOTHBIX ClICHAATHCTOB.

Hannoe yuebnoe nocobue mMMeeT CBOe LeENbIO B ONMpeeNeHHON CTe-
MEHN THKBUANPOBATE 3TOT Npoben. B mocobuu paccmarpuBaroTcst BCe oc-
HOBHBIC BOTIPOCHI, IPEAYCMOTPEHHbIE IPOrPaMMOii TIOATOTOBKH CYZOBO/IH-
teneil. Knura Bkmovaer B cebs 6 rnas, BBeAeHMe, 3aKIIOUYEHHE U NPUIIO-

KCHHUA.

B nepeoit rnaee nana obuias XapaKTepPUCTAKA MArHATHBIX KOMIIACOB
Ux Kinaccuuxanus. Bropas u TpeThs riaBbl MOCBAILEHB ONHCAHHIO Mar-
HHTHBIX KOMIIACOB C KapTymkoH (ctpemodnslXx MK) ¥ HMHAYKIHMOHHBIX
KOMIIacoB, COOTBETCTBEHHO. UeTBepTas ¥ NATad IMAaBbl OCBANICHB W30~
KEHHIO OCHOB TEOPHH ACBHALHMH H CIIOCOOOB CHH)KEHHS BIIHAHHS CYJOBOTO
Keneza Ha NOKa3aHUs KOMIAcoB. B miecToil riase M3naralotcst BOOPOCHI,

CBA3aHHBIE ¢ 3KCcIUTyatauped MK.



1.2. KpaTtkas ucropuyeckas cripaeka

I'nasa 1

OBIIAH XAPAKTEPHCTHKA MAIHHTHLIX KOMIIACOB

1.1. Kpamkasa ucmopuveckas cnpaska

CBOJHCTBO MATHHTHOTO CTEPHA, TIOABEMIEHHOrO Ha HUTH, OPUEHTHPORATECA B Ha-
npasaennn Cerep-IOr 66u10 H3BecTHO B KuTae 3a 2,5 THICIYH JIeT A0 HOBOM 3psl. Vime-
FOTCA CBELCHH, “ITO BNEPBELIC MATHUTHEIA KOMIIAac GbUT IPHMEHEH Ha cyfHe B 250 roay
HOBOM 9pbL. B EBpone on cran npuMensaTscs naurmas ¢ X1 Beka HOBOH IPBI U YCIIELIHO
MCIOB3OBANCA B LPOCTEHLIEM BHIE 0 BTOpOi nonosuHbl XIX cromemus. B ocHome
MK nesxarna nogsmkHad MarHutTHas CHCTeMa, CHa0eHHas UIKaoM, KOTopas, pacriosa-
TaiCh B IUIOCKOCTH OPH30HTA, CAMOYCTaHABIIHBATACH TAKMM 00pa3OM, YTO HYJIEBO ee
otcyeT Gbln oOpamied B CTOPOHY CEBEPHOTO MAFHHTHOTO HOTHOCA 3eMIH. B nocnencr-
BHH 3Ty TIONBHAHYIO CHCTEMY CTAITH Ha3BIBATS KAPMYUIKON,

IlosmteHne CynoB ¢ MEXaHWYECKVMHM TBHTATENSMH M METALTHYECKHMH 3j1c-
MCHTaMH KOHCTPYKLHH, IEPEBO3KA ()EPPOMATHUTHBIX TPY30B CYIIECTBEHHO YCI0MK-
HUH SkCiuTyaTanno MK H noTpe6oBaiu IpHHATHS MEp IS CHIKEHMS UX omxboK,
OOYCIIOBJNIEHHEIX BIMAHMEM CyIOBHIX MArHHTHBIX TOJeH. B pesysbTare 3Toro Oelia
yememHo paspaboTana TeopHa aesaid MK, ONMCHBAIOMWAA 33KOH H3MEHEHHS
YKa3aHHBIX OWHOOK H ONpeNeNnsiomas MyTH NOBBILEHHAS TOTHOCTH paboTsl KoMma-
ca. B ocHOBY 3710# Teopun Nernu ypapHeHus ¢panmysckoro yuenoro Ilyaccona ms
MArHHTHOTO MOJIA, CO3AABAEMOTO OHOPOAHO HAMATHHYEHHBIM TENOM, KOTOPHIE Ghbi-
1 ony6nvkoBarsl B 1824 rony. Bonwswoii sknan B pazpaSoTKy yKasaHHON TeopHH
BHECTH Halm coorevecTseHHuk# A.H. Kprutos, H.H. Orno6nenckuii, T1.A. Jomo-
rapos, H.IL. Kononr u mHorue npyrue. Ux ycmwmamu oTevectsenHas WKona eBHa-
TOPOB 3aHAJIa CaMOE 1EPEIOBOE MECTO B MHpE.

Hapsany ¢ paspabotkoit Teopun neBnanmn u BHEJPCHUCM €€ COBEPILCHCTBORAI-
¢4 1 caMm kommiac. Tak [4], B 1905 roxy H.H. OrnoGrnenckuii pa3spaGorai nepssiif oTe-
HECTBEHHBIH JKHIKOCTHBIN CTPEIO4HEI! KOMIIac ¢ MHAaMETPOM KapTYIOKH, paBHEIM 5
okimam, a B 1938 romy B.SL. IMarauHOR ¢ yyactiem B.B. Kaspalickoro cozman nep-

BEIH JHCTAHIAOHHBIHR KOMIIAC C ONTHYECKOH CHCTEMOi TEPEaayYy OKa3aHHit.



nasa 1. O6Lan xapaKTeprucTka MarHUTHBIX KOMAAacos

YcneuHad paspaboTka Teopuu gesHauuid MK no3BOJHNA COXPAHHTh €10 B Ka-
HECTBE KypcoyKasarens IO HacTOSHmIero spemesu. OmnHaxo s ofecredeHHus BHICO-
KO# TOYHOCTH PaboThl NPHGOPa HEOBXOIMMO CHCTEMATHUYECKH KOHTPOIMPOBATh €r0
OMIHOKY ¥ 1IPH HEOGXONUMOCTH KOPPEKTHpoBaTh MX. s aToro TpebyeTca 3Hamue

NapaMeTPOB Kak 3€MHOr0, TaK ¥ CYOBOT'O MarHMTHBIX OJIEH.

1.2. O6wast xapakmepucmuKa 3eMHO20 Ma2HUMHO20 NoJIA v

3eMHOe MarHuTHOE IT0NIE MOMKET ObITh MPUOIMXEHHO NMPENCTARIEHO KaK HOJE

EN HEKOTOpOro mocTosHHoro Marwuta I (puc. 1.1),
1] u

N

TIOSTFOCA KOTOPOTO PAcHONOXKeHB! BOIM3M MOMIOCOR
3emmu.” ITnockocTt 2, oGpa3oBaHHbIe MATHUTHBIMH
CHJIOBBIMHY JIMHUAMH, ABJIAIOTCH MIOCKOCTAMM Mae-
HUMHBIX MEPUOUAHO8, & KACATEbHBIE K MATHUTHEIM
CHUIOBBIM JIMHHMAM OIMPE/IENSIOT HANIPABJIeHHE BEKTO~

pOB T HanpasCEéHHOCMU MAZHUMHO20 NOAS Semau.

TnockocTe 3 maenumrozo skeamopa TepleH-
OMKYTAPHA OCH, COeIMHAIoe#d Mexmy coboi ce-
BEPHbBIH N, H 10KHBIA S, MATHATHEIE HOMOCKH*. OYeBUHO, YUTO H3-32 HECOBNANCHUS
reorpauIecKux momocoB N, H S, C MArHUTHEIMH NOTIOCAMH 3eMITH, MUIOCKOCTH
reorpapuyecKuX MEPHAHAHOB H 3KBATOPA TAKKE HE OYAYT COBIANATH C IUIOCKOCTS~

MM MarniTHBIX MEPWAHAHOB H 3K-
(2]

d BaTopa. Yron d, onpenensiomui

N OTKJIOHCHHE B ILIOCKOCTH FOpH-
£

30HT3d MarHATHOrO MepHjaHaHa oT-

E, HOCHTEJIEHO HCTHHHOTO (pHc. 1.2),

/1 HA3bIBACTCHS MAZHUMHBIM CKIOHE-

HueM B MOXET U3MCHATLCH B IIpe-

Puc.1.2 nenax +180°.

»

* TlpumepHEeie xoopauuarsl N, coctasmsior: ¢ =72° N, A = 9¢° W, a koopauHarel S, — ¢ =700 S
P
A=150°E.
* Bosice Crporo 3a MarHWTHELH YKBATOP IPUHUMAIOT JIHHHUIO, B K&K/IO0H TOUKe KOTOPOH 3HadeH e
p P po
MATHHTHOTO HAKTOHEHHA (CM. HIIKE) PABHO HYJTIO.
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1.2. O6Ujan XaPaKTEPUCTUKA 3EMHOIO MarHUTHOTO NS

Bektop 7 HanpsxE&HHOCTH MAarHHTHOTO MO 3eMITM NEKHT B INTOCKOCTH MAr-

HHTHOT'O MEpHIHAHA M COCTARMACT C ILIOCKOCTRIO TOPH30HTA HEKOTOPLIA yTon . DToT

YTOIT Ha3bIBACTCA MAZHUMNbLM HAKTOHEHUEM W MOKET M3MEHATHCA B ipenenax + 90° .
Hapsny ¢ ykasaHHbIM, paccMaTpHBaroT npoekiui H u Z BexTOpa 7 Ha mioc-
KOCTb TOPH30HTA H Ha MECTHYIC BEPTHMKANb, COOTBETCTBEHHO. DTH COCTABIAIONIHE
OTpEACIAIOTCH CEYIOMMMH PABEHCTBAMH: “
H=Tcosl, Z=Tsinl. (LD
Ha HaBHMrallHOHHBIX KapTaX MOFYT HAaHOCHTHCH JIHHHH PaBHBIX 3HAUEHHH yKa-
3QHHBIX NAPaMETPOB. H3020#aMu HA3BIBAIOT JIMHHUM PaBHLIX 3HAYEHHH MAarHHTHOIO
CKJIOHERHS. JINHHH PaBHBIX 3HAYEHHH MArHHTHOIO HAKJIOHEHH HOLYIMIM HA3BAHHE
u30KTUH. JIANUK paBHBIX 3HAUECHHH H M Z Ha3BIBAKOTCH 300uUHAMaviy.
3eMHOe MarmHMTHOE MOJE MPETEPIIeBaeT MEIUIEHHOE TONOBOE H3MEHEHMe, a
TAKKe JOCTATOYHO OBICTPBIE BapHally, 00yCIOBNEHHbIE, HATIPUMED, aKTHBH3AITAEH
npouteccor Ha Connue. Kpome TOro, Ha paBHOMEPHOCTh MArHUTHOFO TONS 3eMIM

CYLIECTBEHHOC BJIMAHHE OKa3hpiBaKOT MECTHBIC MarsuTHLle AHOM&THH.

1.3. Knaccugpukauus mazHUMHBIX KOMNacoe

Hapsny ¢ paseWTHeM TeOpHHM NeBMAIMM COBEPLICHCTBOBANCH M CaM npusop.
Bainu paspaboransl MK 171 pasmMaHOro Tuma CYIIOB, KOTOpPBIE OTAMYATUCE JPYT OT
ApyTa THIOM YyBCTBUTEBHOIO J/IEMEHTA, TOUHOCTHBIMH XapaKTEPHCTHKAMK, KOM-
TNEHCATOPAMH €ro ACBHALMH W YCTPOACTBaMH OToGpaxkenns HHpopmawiu. Heropu-
HECKH CTIOMHIIOCH Tak, 9TO Ha MOPCKOM (JI0Te NPEHMYIUECTBEHHOE PacHpoCTpaHe-
Hue nonydutH MK ¢ nodsuscrnoim yyecmeumensroim snemenmonm (kapmyuikoti), Ko-
TOpble HEPEOKO Ha3blBAIOT CTPENIOYHBIMH KOMMAcaMH. VX HeCOMHEHHBIM TOCTOMH-
CTBOM SBJIACTCA TO, YTO HANMIHE KapTYLIKH, CAMOCTOATENBHO YCTAHABMBAOLIEHCS
B MEpHIMAH, MO3BOJLICT CHUMATH 3HAYEHHE Kypca CYAHA HEMOCPEACTBEHHO C ec
IIKANEL, 970 0GECTIeYrBACT BOIMOKHOCTL OPHEHTALMH AaKE IOPH OTCYTCTBHY 31K~
TponHTaHiA. OTHOCHTENBHAA HPOCTOTAa KOHCTPYKUHMH Takoro MK ofecneunsaror
BBICOKYIO HAIEXKHOCTE KYPCOYKa3aHH .

B nociiennee BpeMa Ha cynmax cramm npHMeHST uHoyxyuonnste MK, KoTOpEIe
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Fnasa 1. ObLas XapakTepucTnKa MarHUTHLIX KOMMNacoB

HE MMEIOT KapTyUIKK. BMeCTO Hee HOnomb3yloTe ClIelHabHble AaTIUKH 1S IOy~
ueHNs MH(HOPMALIMH O KypCe Cy/IHA, OIPEAENICHHBIM 06Pa30M COPHEHTHPOBAHEIE OT-
HOCHTEJIBHO IHAMETPaNbHOH IUIOCKOCTH H HEMONBK)KHBI OTHOCHTENIbHO Hee. DTH
KOMIACE! ABJIAIOTCA IHCTAHUHOHHLIMH, HMEIOT MEHbIINE rabaprThl 9yBCTBUTENBHO-
FO 2/IEMEHTa, JOMYyCKaioT GOMBIIYIO c366o,:1y B BRIOOpE MECTa UX yCTaBvoBKH. OnHa-
KO, OHH TPeOYIOT MEKTPONUTAHMA ¥ HATHUNS CHELMATLHBIX yKa3aTenel Kypea, Ko-
TOPBIC HAa3hIBAIOTCA penumepami.

CoBpeMeHHbIe MATHUTHBIC KOMIIACH! ¢ KAPTYHIKOH, MpefHa3HAYEeHHbIe 1JiS HC-
TIONB30BaHM HA CyJlax JAnbHETO IUIABaHHA, TaloKe CHaOXKaloTCH YCTPOHCTRAMH UL
QUCTAHUMOHHOH nepenadn MHGOPMALMK. DTH yCTPOHCTBA MOTYT GBITh ORMIIYECKU-~
MU, 3NEKMPOMEXAHUHECKUMY WA INeKMPORHbIMU (Hudpossivu). VHpopmanus o
Kypce, MOCTynarwas OT HUX, MOXKET 0TOOpaXaThCs KaK B aHaloOrOBOM, TakK U B
1H(POBOM BHIE U, KaK TIPABMIO0, HA HECKOJIBKHX YKa3aTeNaX Kypca (penurepax).

Paznuualot 21asnsie n nymessie MK. ['aBHEIH MATHHTHBIH KOMITAC YCTAHABIH-
BA€TCA Ha BEPXHEM MOCTHKE B [(MAMETPANbHOH ILIOCKOCTH CyQHA WM, KaK HCKITIO-
YeHHe, BONM3M e M MOXKET MCTIONb30BAThCA VIS NEICHIOBAHMS PARTHUHBIX OpHEH-
Typoe. Hupopmamd ¢ rmasHoro MK MoKeT CHUMAThCH HETOCPENCTBEHHO C €r0
KapTyUIKH WM, IIPH HATHIHA CHCTEMbI JMCTAHIHOHHON Nnepenaun uadopMauuy, B
xomoBo# pybke. Eciii riiaBHbIf KoMnac He HMEET NMCTAHUMOHHOM nepenady, To B
X010BO# pyOKe ycTaHaBnuBaeTca IyTesoit MK.

pu pasmewennn Ha cyare MK juoGoro Tuma Heob6XoauMo o0ecneduTs erkui
JOCTYN K HX HHPOPMALWK, MUHHMANIBHOE BIHAHHE HA MX PaGoTy Kauky CyiHa M
CYZIOBOTO MAarHHTHOIO IOMA, NM03a0OTHTLCS O CIPOroll OpHeHTamHM kopmmyca MK
OTHOCHTENIBHO THAaMETPaNbHOM TUIOCKOCTH.

Ha puc. 1.3. & rpadugeckom e npusenena kiaccudukanus MK. 3aecs mon
CMCIAHHBIMU MCTaHIHOHHBIMY lepefladaMu IOHMMAIOTCS TaKHe, B KOTOPHIX obec-
[eYMBACTCS BEIPAOOTKA KaK HM(POBLIX Tak U AHATOTOBBIX CHTHANOB O KypCe CyaHa.
[lon umppoaHanoroBeMH penuTepaMH IOHMMAKOTCS PEMHTEPHI, OTOOPAKAIOMMUE

HH}OPMAUHIO KaK B aHANIOTOBOM BMAE, TAK H B LU POBOM.



1.3. Knaccudmkaums MarHUTHbIX KOMNacos

| MATHUTHBIE KOMIIACH! |

l
v
CrnoaBsbkHO#M KapTymkoh 7 L HHayKImoHHEIC l
R

C AMCTaHIIMOHHOM
C HenocpeaCcTBEHHBIM H i mepena C amcranuHoRHOHA
oTCUeTOM CHCTEMOH TICpeaaH CHCTEMOH nepenaun
HRGOpMALKH uHopManmK
| ]
2 Yy v yYv y
Onrryeckoit DNeKTPOMEXaHNHECKOH 1ndporoit CmemanHo i
T I
. ) - Ha un¢poananoro-
a aHAIOTOBLIE PEITHTEPDI a 1HGPOBBIC PEHHTEPH FRR—
Puc. 1.3.
1.1. B xakom ropoge Cankr-Netepbypre unu Hosopoccuicke
-2
‘% Gonblue HaknoHeHUe MarkNTHOTO Nons 3eMnu 1 noyemy?

1.2.  Tloyemy B BBLICOKMX LLMPOTEX YXYALBKOTCS NOKasaHWs mar-

% HUTHBIX KOMNACoB?
1 1.3.  Mbl HaxoAuMCs Ha W30roHe, NOMEYeHHOH LMGPON +30%. 0

YEM 3TO roBopuUT?

1.4, Mbl HAXOAVMCA Ha M3OKIAHE, COOTBETCTRYIOLIEH 60°. Yemy B 3TOU TouKe
paBHa HaNpPsDKEHHOCTb H rOPU3OHTaNLHOW COCTABJSIOWEN MarHUTHOro nons 3em-
nu (8 ponsx ot obero sektopa T) ?

1.5. T4e nokasaHna komnaca GyayT 6onee TOMHBIMM: Ha W3OKNMHE, COOTBET-
crayowed 60° unu 30°?




fnasa 2. MarHuTHbIE KOMNACk C KapTYLIKON

I'mapa 2

MATrHHTHBIE KOMITACBI C KAPTYHIKOH

2.1. Cocmas KoMniekma MazHUMHO20 KoMnaca

Kax yxe 0TMedanoch BHIIIE, MATHUTHBIE KOMIIACH! C KApTYINKOH B HAcToAIee
BpeMs HauOosee WHPOKO PacpoCcTpaHeHsl Ha (uioTe. OCHOBHBIM 3IEMEHTOM TAKOrO
KoMmaca fiBfisercd korenaok I (puc. 2.1), B KoTOopoM cobpaHa ero H3MepHTeTbHad
cucTema. [l9 ompenencHUs TMENEHIOB H
KyPCOBEIX YITIOB Ha KOTENKe KOMIaca yc-
TaH4ABIUBAECTCH nieNieHTarop 2. CaM KOTel1ok
pa3MenaeTcs B CHEUHAIBHOM IIOICTaBKE
(HakTOy3e) 7, B KOTOPO# TaKke pasMemia-
I0TCA YCTpo#cTBa 6 A KOMNEHCAUUMH Ae-
BHauun MK, oOycnoBneHHON BIHMSHHEM
cymosoro maruurHoro nois. C BHemued

CTOPOHBI HAKTOY3a yCTaHaBJIABAIOTCA KOM-

IIEHCATOPBI 3 ACBUAMKH MATrHUTHOIO KOM-
naca, nopoxcnaeMoﬁ [OJICM, CO3IaRaCMbIM
CYNOBBIMH MAarHHTOMATKHMHM MaTepHaia-

MM, @ TaKke kopobka 5, comepxaiias

TyMOIep BKIIOYEHHS TIOACBETKY IIprubopa U

peryastop e€ spkocTd. HenocpencrseHHo

Puc 21

110/l KOTE/IKOM YCTaHaBIUBAIOTCS KOMIIEH-
CaTopbl 4 JeBUALMH oT WHIyKIHH. Hapsny c YKa3aHHbBIM,
Ha HaKTOY3€¢ MOTYT yCTAHABIMBATHCA KOMICHCATOPH! IUMPOTHOH HEBHALMM M dfe-
MEHTBI CHCTEM IUCTAHIIMOHHOM Nepenadn uudopmaimy.

Ha puc. 2.2 8 ka4ecTBe npuMepa NPUBEAEH BHEWHUH BH HAKTOY3a JUCTAHIIH-
ousoro MK “Cekrop”, Ha KOTOPOM BHIIHBI YIIOMSHYTHIE Bbillle KOMIIEHCATOPHI 3, pe-
TYAATOP SPKOCTH NMOJICBETKH 5 M KOANAx /, KOTOPHIM HAKPHIBAETCA KOTENOK Ui 3a-

WMTEl €ro 0T Henoroabl. OTKUABIBAIOUIMECS KPBIIKH 2 TIO3ROJIAIOT IIPpOHU3BOIHTE
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2.1. CocTaB KOMIVIEKTa MarHATHOrO KOMNaca

H3MEPECHUA Ge3 YAa€HHUA KONIaka.

Croemuble KphIKU 4 3aKpHIBAIOT OKHA, 0Bec-
NEYHBAOMIME JOCTYI K 3IEMEHTAM, YCTAHORIEHHBIM
BHYTPH HaKTOY34.

B mmonounoM uam SXTEHHOM BapMaHTe KoTe-
JTIOK CHalXKaeTcs OCBETHTENbHBIMU yCTPOHCTBAMH,
PaCCIUTaHHbLIMH HA PabOTy IPH OTCYTCTBHH 6OpPTO-
BOW ceTH muTaHus. TakuMH ycTpoNCTBAMH MOTYT
ObITh MacnaHble (OHAPH M OCBETHTENH, norpeo-
JIAIOMIME TIOCTOSHHBIA TOK OT CYXHX 3AEMEHTOR MU

aKKyMyJISTOPOB. Y Ka3aHHBIE KOMIIACH! HCIIOTB3YIOT-

Puc.2.2

¢, KaKk NpaBHAo, 6e3 HakToy3a. B Puc.23
Ka4ecTBe NpUMEPa Ha PHC. 2.3 npUBeNeHb! (oTorpadpHy MATHHTHOIO KOMITAC — yKa-
3atesd kpena “T'anc”, KoTopeiil ycTaHABNHBaeTCa Ha TOPH30HTAIBHOM OTHOCHTEJILHO
CyIHa OCHOBAHHH M HApS/y C KYPCOM MO3BOJACT H3MEPSATH €r0 KPEH B JMANazoHe

+45° JxaMmeTp 1iKansl Takoro KoMiiaca coctapiier 48 MM, a ero Bec -- 470 rpamm.

2.2. Yempolicmeo Komernka MazHUMHO20 KOMNaca
YCTPOIKCTBO KOT€/IKA MarHuTHoro KOMIIaca, B CBOeif OCHOBE, 4BNACTCH TUITO-

BBIM M MOXET OBITh NpencrasieHo YUPOIIEHHOH KOHCTPYKTHBHOM CXEMO,

11



nasa 2. MarHuTHbIE KOMMACckl C KapTYLLIKOiA

NoKazaHHOH Ha pHC. 2.4. OTaMYUTENBHEIE OCOOEHHOCTH KOHKPETHEIX Mozeneit MK
ONPEIEIIOTCS HAJIMYMEM HWJIM OTCYTCTBHEM BCTPOCHHBIX 3JIEMEHTOB CHCTEM AHC-
TaHUKMOHHON Tepenaud uHOpMAaI, a TAaKKe TeOMETPHYECKMMH OCOOEHHOCTAMH

KapTYLUKH H IPYTHX /IEMEHTOB KOTEJIKA.

272

Puc.2.4
Kaprymka xommaca 6 MOXeT uMeTh 2,4, WK 6 [OCTOTHHBIX, JKECTKO C HEFO

CBA3AHHEIX, CTEPHHEBBIX MArHMTOB J, OCH KOTOPHIX NApaUIE/bHbI, 4 pasMepsl T1o-
HapHO OMHAKORHI.

HMmeroTesa KOMNacel, B KOTOPSIX BMECTO CTEP)KHEBBIX MArHHTOB HMCMONB3yeTCs
OAHH KONbLEBOH. DTO MO3BONAET YAYUIIHTE JHHAMHKY KapTywiku MK M cHu3uTh
YPOBEHB JIEBHALMH BBICIOHUX HOPSIKOB.

YcranasnuBaeTcs kapryluka Ha mimwieky /0 takum o6pasoM, 4ToOBl TOUKA
OTIOPbI HAXOIHMACH BBILE €€ LICHTPA MacC, 9T0 IeNACT MOABEC YCTOWIHBLIM MPH Ha-
JA4MH BHELIHUX BOSMYHIAIOUIMX BO3AEHCTBHH, NOPOMIAEMBIX, HAIPHMED, KAYKOH
cyana’. [l CHIKEHNUs JaBeHN KapTyliky Ha ONOPHYO WIHIbKY OHA CHaGkaeTcs
nonnaskom 7. Ha BepxHelt IU10CKOCTH KapTyIuKH pasMeliaeTca Kypcosad mkana 5.

B xotenok 9, xyna moMemieRa KapTyHIKa, 3a/MBAETCS MOPO3OCTOMKAA KHA-

*B otaensnuix MK, nanpumep, KM-145 ucnonnsyeres oSpaieHHas cxema 110B6Ca, B KOTopoif
UHIMIBKA CBA3AHA ¢ KAPTYMIKOH, 4 TONKA, B KOTOPYIG OHE YIHPAETCH, - C KOTEITKOM.
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2.2. YCTPOWCTBO KOTeNKa MarHUTHOO KoMraca

KOCTE. 372 KMIKOCTh JOJDKHA MONHOCTBIO 3AMONHATE €50 06bEM. OIHAKO B CUITY
PAHIHBIX IPHTHH MO CTEKJIOM KOTEJIKA MOryT OOpa3OBBIBATECA BO3MYLIHBIC [Ty-
ShIPbKH, MCMIAIOMIME CHAMATh HHbOpMauMIo ¢ Komnaca. JI1 yioaseHns JTHx my-
SEIPEKOB [0 NEPUMETPY KOTEKa VCTAHOBICHA IIEPEropoaka 2, BRACISIOMmAT HEKO-
TOpBIH OOBEM 3, 3anOTHEHHBIH BO3TYXOM, B KOTOPBIH ¥ NMEPEMEMANOTCSH My3LIPHKH
TIpH TIOKAYMBAHHK KOTENKA KoMItaca. 3Ta ke MONOCTh HCIOMB3YETCH MiA KOMIIEH A~
MM H3MeHeHus 06beMa XKUAKOCTH IPH WIMEHEHHH ee TeMIIEpaTypEL. '

Korenok komnaca ycTaHaBIMBaeTCH ¢ OMOLIBIO MOQIIMITHHKOR B KObIIe moJ-
Beca 4, KOTOPOE TaK e ¢ NOMOHIbIO [TOAMMITHHKOR MOHTHpYeTCA B HakToy3e MK. B
pesynpTare obpasyercs kapnaHos momeec. K HIKHell 4acTH KoTenka KpENnuTCH rpy3
12, Gnaronaps YeMy €ro LEHTp Macc CMEMAeTcs BHU3 OTHOCHTETBHO OCH moaBeca,
obecneqnBas, TEM CaMbiM, €r0 MOBBIIEHHYIO YCTORYHBOCTS OpH HATHYHY KauKy
Cyaua. 311eCh XKe yCTaHARIMBAETCA MHIYKUMOHHbIA IaTdkK, H3MEPSAIOIMH YITILI 110-
BOpoTa KapTyuiky, ecaum MK nmeer cucremy nucTaHUMOHHOM Tiepenaun undopma-
wnH. B BepxHeli yacTy KoTe/Tka HMEETCS a3MMYTATBHAA WKAIA 8, C OMOLIBIO KOTO-
PO¥ H3MEPAIOTCS KyPCOBBIC YIJIbI OPHEHTHPOB.

BepxHad 4acTh HaKTOy3a MOXKET NOBOPAYMBATECH OTHOCHTENHHO €I0 HUKHE:
acTH BMECTE C KOTENIkOM. KpoMe TOro, caM KOTE/OK MOKHO pa3BOPauHBATE OTHO-
CHTEJILHO BEPXHEH JaCTH HaKTOy3a.

B kawectBe npumepa na puc. 2.5
NIOKa3aRa BEpXHAA 4acTh HakToy3a MK
“CexTop™. 31€eCh, KOTENOK | COBMECTHO
C KapAaHOBbLIM HOIBECOM YCTAHOBJIEH B
HaKkToy3e 2 ¢ IOMOIbI NpPYKHH G,
[IPEAOXPAHAIOIINX €TO OT BIIMAHUA BHO-
paunu ¥ yaapos. Korenox cHabxen me-
Jenratopom 3. C moMoilso mkat 4 4 5

H3MCPIIOTCA KYpPC Cy/JHa M KypCOBBIE

Yriaet  OpUEHTHPOB, COOTBETCTBEHHO.

Puc. 2.5

Kak yxe 65010 ykazano shiic, 6pyckn 7
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[nasa 2. MarHMTHbIE KOMMACki C KapTYLIKOM

1 8 MCIIONB3YIOTCH I KOMITEHCAIMH AeBHauy MK,

PaccMoTpeHHEIf BapHaHT yeTpoiicTBa KoTenka MK sBisercs TunosbiM. OfHAKO

Hapsay C HUM [PUMEHAIOTCS W JPYTME KOHCTPYKTHBHBIC BapHaHTHL Tak, ¢ LENBIO

CHIACHUA BAHSHHU Ka9KH CyAHa Ha paﬁoty KoMnaca B piaae H3HCJ’[HI7[, HamnpuMmep, B

komitace KM-145 (puc. 2.6), normasok | cHa0KaeTcs TOTOMHUATENLEbIM KOXKYXOM 2,

cooSmarommMes ¢ pabodell KAMEPON KOTENKa, B Pe3YIBTATE 4ero OH OKA3HBACTCH

3ATTOJIHEHEBIM TOAEPXUBAIOIIEH KU~
KOCTBI0 3. Hamuune ykazaHHOro KOXy-
Xa MPUBOMUT K YBENWUEHHIO [EPHOAA
COOCTBEHHBIX KOMeOaHMH MONBHIKHOM
CHCTEMbI KOMIIACA, YTO IIOJIOKHTENRHO

CKa3piBaACTCA HA €ro pa60Te.

B ynomsuyTeIX panee xommacax “Tanc” (puc. 2.7) wia MaJIOMEPHBIX CYIIOB

KapTyImika 2, BKIIOYaIomas B ce0a [IBa MaruuTa /, He MMeeT nomiaska. LLixamsi ¢ me-

Hoit nenenns 5° HaHeceHs! Ha ee BHemHeH FOPH3OHTATEHON 3 1 GOKOBOM LWMAHHI-

Puc. 2.7

pH4ECKOH 4 [OBEPXHOCTAX. DIEMEHTHI
OTTIOPHOTO YCTPONCTBA, BXOAAMIHE B COCTaB
KapTyLIKH, BKIIOYAIOT B ce0d KOPYHHAOBHIM
TOATATHHK M KOHWMECKYIO HeTaib, Mpeno-
XPaHAIOUIY0 €€ OT DOKOBBIX NMEpPEMEINEHHI.
B Kopmyc kapTyiIkd BCTaBieH ymop-
yKasareqb 5, ¢ LIAPHKOM Ha CBOSODHOM
KOHIIE, C/IYXAIUMA N4 MPEeAOTBPAIICHHS €€
BEPTHKANLHOTO MEPEMEMIEHHS W OXHOBpe-

MCHHO BBITIOJIHAIOLIMH POJIb yKasared Kpe-

Ha u qudidepenta cynsa. Ilocnennee Bo3MOXHO NOTOMY, UTO KapTywka obsagaer

cBolcTBaMM PH3HYECKOro MasTHMKA.

MaruuTHsiit komnac KMC 160 (koMniac MarsuTHeIi cthepuueckuif) [4] npemna-

3HaYEH /L1 yCTAaHORKH Ha CTOJ NyNbTa B XoR0BOM pyGke cyasa. MareaTHas cHcTe-

Ma KapTywkHd (puc. 2.8) conepiHT 4 CTepKHEBBLIX MAarHWTA JUaMETPOM 3 MM,

14



2.2. YCTPOWCTBO KOTENKA MarHUTHOFO KOMMNaca

BBIMOMIHEHHBIX M3 CrulaBa 32
KOTM. [lea cpeanux Marsnta
HMEIOT JAIMHY 75 MM, a /iBa Kpaii-

HHX ~ 55 MM. JluaMeTp wikasisi Kap-

Puc. 2.8 TyUIKH COCTaB/AeT 125 MM, ee Lena
menenns — 1°, OCTaTO‘I}‘{bIFI BEC KapTyHiku B xuaKocTH [IMC-5 cocrasmster 0,035‘H.
Kaprynika ycranaenusaercs Ha mmnmnibke (puc. 2.9), KOTOpas BBUHIUBAETCA BO
BHYTPEHHIOIO paMKy / kapiaHosa noaseca. Onophl HAPYKHOTO KOMblA 3 KapaaHoBa
HOJIBECA YCTAHAB/IMBAIOTCA B KOpHyce 4 KOTelka Komiraca. 1'pys 5 ofecnieunBaer
BEPTHUKAIBHOCTS ocH
__§ |WIWIBKH B mpoticcce
Ka4KHU CyJIHa.
Paboyas kamepa ko-
-4 Tenka 3aKpwTa CcBepXy

.2 noaycdepudeckoit  mpo-

H 3PaYHON KpBIMIKOH 6 H
T
P & I e

7.1V w9 s

Puc.2.9 KUAKOCTHIO MMC-5.

NOJTHOCTHIO 3anoaHeHa

Benencteue 3toro BO3HH-
KaeT YBEJMICHHE M300PaKeHHA IIKATb] ¥ €€ BHMMbIH AuamMeTp Bo3pacTact 40 160 mm.
B HiKHel CTeHke KOPITyca HMEETCSA OTBEPCTHE 7, COEMMHSAIONIEE pabouyIo KaMe-
pY ¢ KOMIEHCAIIMOHHON KaMepoH. B KOMIEHCALMOHHOM KaMmepe BOIMYINHBIA 00beM
OTZEJIEH OT MUAKOCTH 3MaCTHYHOH nradparmoii 8. KoneGanus »KHAKOCTH, BRI3BAHHBIC
MEXaHMIECKHMH BO3ACHCTBIAMY Ha KOMIIAc, TacsTed Jamkoi 9 ¥ sxpadom /0. B ren-
Tpe AHA KOTETKA MMECTCS OTBEPCTHE |, 3AKPHITOC MPoOKOH [/, 474 3amonHeHns Ko-
TETKA KUAKOCTEIO. KO [IHY KOTe/Ka MOKET KPEIHThCH AeBUALHOHHBIH IPHGOP.
Kauecrso pabotsl MK CyIIeCTBEHHO 33BHCHT OT €ro AMHAMHYECKHX XapaKTe-
PHCTHK, KOTOpHIE OMPENE/AOTCSs NapaMeTpaMH COGCTBEHHOTO W BBIHYMXKICHHOTO

ABYOKEHUH ero KapTyIoKH. PaCCMOTpI/IM OCHOBHBIC M3 OTHX NapaMeTpoOB.
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naea 2. MarHuTHble KOMNACh! C KapTYLLKOiA

2.3. CobcmeenHoe deuxeHue KapmywKu Ma2HUMHO20 KoMnaca
CobcrBeHHOE ABHKEHHE kap’rymxn MarHMTHOTO KOMIIaca npeacTaBiieT coboil
npouece e¢ YCTAHOBICHUA B MEPUAMAH, €CH OHA B CHIIY KaKMX-NH6O IPHUHMH OT-
KJIOHHIACh OT HETO Ha HEKOTOPBIA yroa ¢ (puc. 2.10). OTo OBIGKEHHE NOMYYHAC Ha-
3BaHHE nepexodnozo npoyecca. OHO ONPENENIET 3aKOH H3MEHEHHUS yINia a BO Bpe-
MEHHM, M TEM CaMblM AACT BOSMOXKHOCTb OLEHATh ONIMOKHM, KOTOpHE mpuoOperaet
npHbOp B TeUEHHE MePEXOAHOTO Npotiecca K nodie ero
OKoHYaHus. [lapamMeTpsl MepexoqHOro mpouecca cylie-
CTBEHHO 3aBUCAT OT OCOOGEHHOCTEH yCTpolcTBa Kap-
TYIIKH KOMIIaca ¥ B YaCTHOCTH OT TOT'O MMEET JI OHa
HJIM HE MMCET NOIOJHUTENBHBIN KOXKYX, 3al0/THEHHBIH

NOANEPAHUBAOIIER KHAKOCTEIO. Hanuune ykasasHOro

KOAyXa HECKOJIBKO YCJIOXKHAET HCCIICHOBAHHE ACpexoa-

~pomH HOro Tipoliecca. [1o3ToMy BHauane paccMOTPUM IBHKe-
HHE KapTYLIK¥ KOMIaca B CiIydae, eCTH Ha3BaHHBIA KO-
Puc. 2.10
KYX OTCYTCTBYET.
2.3.1. Komnnac He uMeer AOCIONHATENBHOI'O KOXyXa
Ipy OTKNOHEHHH KaPTYWKKY MarHHTHOTO KOMITAca OT HAIPaBNEeHHs MEPHIHAHA
MArHMTHOE 1oJ1e 3emiin 0GyCIIOBHT NOsBAEHHE BOCCTAHABAMBAIOMIETO MOMEHTa M.
Kak usBectno [4], 3HaueHHe 3TOro MOMEHTA 3aBMCHT OT yIiia @, MaCHHTHOIO MOMeH-

ta M = 2ml xapryurkn, Hanpsx&HHOCTH H MArHETHOTO NONS 3eMIH M aGCOITIOT-
HOH MarHUTHOW MPOHHMIIAEMOCTH cpebt U :
M, =2umiH sinct = uyyMH sina = yMHc . .1
B saipaxenu (2.1) IpAAATO, YTO YIIIbI OTKIOHERHS KAPTYIIKH HE BEIUKN M
xonycTHMa 3ameHa GYHKIMY Sin O 8 aprymenTom .
[oa neiicTereM MOMeHTa M, KapTyIIKa HAYHET TIOBOPAYMBATHCS C HEKOTOPOH yrio-

BO#i CKOPOCTBIO (XM yckopenuem (X . [IpH 3TOM BOHHUKHYT MOMEHTHI CHJT COIPOTHB-

JIeHHA BPALIEHHIO KapPTYyLIKH, B HHCIE KOTOPbIX OyIyT:
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2.3. CobCTBEHHOR ABWXEHNE KAPTYLIKM MarHUTHOrO Komraca

* momenr M, = M, signct cun cyxoro TpeHns ¢ aMIuTHTY 1HBIM 3HateHHem My,
* MomeHT M,=x,( cnn nemMndupoBaHMi, BOIHMKAIOMMH 33 CuST TpeHUs Kap-

TYLIKH 0 JKHAKOCTE, 3a00JIHAOUIYIO KOTEJIOK KOMIAca (34eCh Ky — Koatdurment
ldemMAaQHpoBaHus);

* wmoment M, = [ cun unepumu (3mecs 1 - moment HHEPLMH KapTYIIKH OTHO-
CHTEJIBHO OCH €& BpaiieHus);

" NpoYMe MOMEHTHI M(?) BHEIIHUX CHUIL.

B cooteercTeHE ¢ npuHunnom [anamGepa CyMMa BCEX MOMEHTOB, JAeHCTBYIO-
I1X Ha BpallAlolIcecs TENO, B OGO MOMEHT BpEMeHH paBHa Hymo. Mcnons3osa-
HHE STOr0 NpUHLMNA B PaCCMAaTPHBAEMOM Cilydae NMO3BOIMT 3aMHCaTh ypaBHeHHe
ABMKEHHS KAPTYLIKH MATHUTHOIO KOMITAca B CIEAYIOIEM BHIE:

18 +k,c+uMHa =-M signa+M(r). (2.2)

B Hame# 3anaue MomeHT M(t) Gymem cuuTath PaBHBIM Hysr0. Toraa mogenus
BCE "WICHb ypaBHeHUs (2.2) Ha kO3 HULIMEHT DM NEPBOM CllaraeMoM 1 TIPHHAB Clle-

nywmye 0003HaYCHHS:

Ko 2h, Mﬁ = CUOZ, 2.3)
1 1
HaigéMm:
. ) M, .
a+2ha+w,o = I"’ signd. 24

MBsl HOAYHITM HEOAHOPOIHOE YpaBHEHHE BTOPOTO MOPSIIKA C TOCTOSHHBIMM KO-
sdpdurenTamy. Peluenne 57oro ypasHeHus OyneM NpeaCTABIATS B BHIE CyMMbI 06 iTe-
Fo pemenns ¢, OXHOPOIHOTO YPaBHEHHA, TIOyYCHHOTO M3 (2.4) TyTEM MPHPABHHBA-
HHS HYIIIO €ro NPaBOH YaCTH, M 9aCTHOTO pemerms (X, HEOMHOPOIHOIo YpaBHeHHA:

a=a,+a,. (2.5)
O1HOpOIHOE ypaBHEHHE NPHHUMAST BH:

dy+2ha, +wia, =0. (2.6)

" PeieftHan GyHkims Sigﬁd pasma+1 npu (>0, —1 pu (<0 une OMpeIcIeHa npu
a=0.
17



nasa 2. MarHuTHble KOMMAckl C KapTYLLKOM

EMy cOOTBETCTBYET Cleaylotce XapakKTePUCTHIECKOE YPABHEHHE:

r’+2hr+m; =0, 2.7

HMCIOMICE BA KOPHA 7' U F2, KOTOPBIE ONPERCIAIOTCA H3BECTHBIM BBIDOKCHHCM:

n,=—ht B’ -0l =-htiq, @8)
rae g = 1/60; ~h*.

Ha npakTuke napamerpe! KapTyIIKH H CTeNeHb JeMII(GHpPOBanua €€ ABHKEHUS
TOAOHMPAIOTCA TakuM 00pa3oM, 4TOOHI BBIMONHANOCH HEPABEHCTBO A < wg M KOPHH
XapaKTEPUCTHYECKOrO ypaBHeHHs Obuii Ol KOMILTeKCHBIME. Takoii BrIGOp oGecre-
4YHBAET JTyYIINE XAPAaKTEPUCTHUKH IEPEXOIHOro mpouecca. B yKasaHHBIX yCIOBHAX

32KOH U3MCHCHMA yI1d 060 TNMPHAMET BHll:

a, = (C,cos gt + C,sin gt)e™, 2.9)

rite C; u C; ~ IpOH3BOSTEHBIE NIOCTOSHHEIE, ONpE/eNsSeMbie Ha9aTbHBLIMH YCIOBASMA, Ec-

J¥ CYHTaTh, YTO B HAYATHEHBIN MOMEHT BpEMEHH KapTyllika KoMIaca Obia OTKIIOHEeHa OT

MepuIMaHa Ha yron Y, , ¥ He Bpauianack, T0 IPOH3BOIBHEIC IOCTOAHHbIE Gy AyT PaBHbL:

ho
C=a, C,=-——2% (2.10)
q
a McxoMoe oduiee pellleHHe IIPUMeET B
ha,, . -
oy = (o, cosgt — qH sin gt)e ht 21D

[HomyyeHHoe pelleHHe MOMKHO VIPOCTHTL H CHENaTh 0oJee HATIAAHBIM, eCiIH

BBECTH CIICOYIOIIHE 3aMEHLI:

ha .
o, =A-cosy, L= Asiny. (2.12)
q
Takoe npescrasiienne Beeryia BOIMOKHO, T.K. 3HaueHHs 4 1 Y/ onpenesens! fIpH

MoObIX 3Hadernax O, u g. JlelicTRUTENLHO, eCH BO3BECTH 004 paBeHcTBa (2.12) B

KBAJIPAT H 3aTEM HX CIIOXKHTB, TO HAHAEM BBIpaXKEHHE, ONPeesAIoLIee MapaMeTp A:

(2.13)
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2.3. CobCTBEHHOR ABWKEHME KAPTYLLKI MarHUTHOMO KOMIMaca

B cBoto ouepens, ecii BTopoe paBeHCTRO (2.12) pasnesuTs Ha epBoe, HOMYIIM:

h
Y = arctg —. (2.14)
q
C y4€TOM NpUHATHIX 0603HaYCHHI O0LLEe pellieHHe MOKHO TPELCTABHTE B BU/IE:

Uy = Ae™M cos(qt +y). (2.15)
HactHoe pelnenrie HeONHOPOIHOTO YpasHeHu s (2.4) GyeM HCKaTh IIPHHUMAA BO

BHMMAHHUC, YTO NPU HEW3MEHHOM HalpaBIICHHH BpallICHUA KapTyIIKK KoMmIiaca Mo-

MEHT CHJI CYXOTO TPEHHS OCTA&TCH MOCTOSHHBIM U PABHBIM M,,. DTO MO3BOJILET CUH~

TaTh B ycTaHosuBIIemca pexume O, = (¢, = (). Torna ypasrenue (2.4) npumer su:
y p » ¥ yp p

wio, =~ I"' ) (2.16)
OTKyZa HaXO[HM:
M
o, =——om (2.17)
u,HM

Obuiee pemenue HCXOAHOTO HEOAHOPOAHOTO YPABHEHHS C YHETOM MONydeH-
HbIX BhIpaxkeHuit (2.15) u (2.17) npumer sua:

M,
- (2.18)
HoHM

H3 HOJXY4CHHOI'O BBIPDROKEHUA BHAHO, YTO MPOLECC YCTaHOBIICHHUSA KAPTYIIKH B

a = Acos(qt +y)e™™

MEpHIMaH HOCHT KoJeOaTenbHbIH XapaKTep ¢ aMIUMHTYOM, 3aTyXaouleil Bo Bpeme-

HH 10 3KCHIOHEHIIMATBHOMY 3aKOHy (puc. 2.11).

G, Ae™
\\
@, >b<//
_,/‘/’ A2
. 7
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Inapa 2, MaruuTHble KOMNachl € KapTYLLKOiA

C ymeHbmeHHeM aMILTMTYAbl KoneGauui yMeHBIIACTCA 3HAYEHHE BOCCTAHAB-
AuBAIOIIETO MOMeHTa M;. Korma 3TOT MOMEHT CTAHOBHTCS PaBHBIM MOMEHTY CHII
CYXOTo TpeHUs OBHKCHHE KapTyIIKH ApeKpamaercs. [IpH 3TOM, MakcHMambHOe ed
OTK/IOHEHHE OT MEPUUaHa OyNCT ONPENEAATECA 3HAUCHHEM (X, . YOIl OTKIOHEHHS
KapTyLIKA KOMIIACa B KOHUE TICPEXOHOTO HPOLECCa HA3bIBACTCS Y210M 3aCMOs Kap-
TYIIKH, & JHaNa30oH BO3MOXHEIX €T0 3HAYECHHH ~ 30HO#H 3acmosn. KaK CAeAyeT U3 Bol-
paxeHW!1 (2.]7), BETMYUHE 30Hb! 33CTOS 33BHUCUT OT BE/TUYMHBI MO-
MEHTE CUJT TDERUA B OriOPax rogBEeCa KapTyLLKY, M3rHUTHOIO Mo-

MEHTE KAPTYLUKN U BEMMYUHBLI FOPHIOHTA/IBHOH COCTaBASIO-

wes MarHuTHOro 10715 3em/i. C Iebio CHIKEHNA 30HBI 3aCTOS Clie-
AyeT yMEHBHIaTh MOMEHT CHJI TPEHHA H YBEIMYMBATH COOCTBEHHBIH MArHHTHBIH
MOMEHT KapTyLKH,

Cam nepexonubIii TPOLECC XapaKTEPH3YETCA €ro WTATENBHOCTRIO, TEpHOAOM 7))
3aTyXarollMX koneGanni kapTyuku B GakTopoM f 3aTyXaHHs MM JIEKPEMEHTOM 3a-
TyXaHus h. JInuTenpHOCTD IEPEXOMHOrO MPOLECcca M3MEPAETCH OT ero Hadaia o
MOMEHTA OCTAHOBKH KapTYIUKH B 30HE 3aCT0s. DakTop 3aTyXaHUs ONpPENeNaeTca oT-
HOUIEHHEM COCEIHHX aMILTUTY ] KoJeOaumii:

poA A
4, A

Ecom yuecTs, 4o Goxaliiize aMIUTHTY TbI CBA3AHBI MEXKIY CoOO# ClEnyFOIIAM PaBEHCTBOM:

(2.19)

L

A4,=A4e *, (2.20)

TO HETPYIHO HalTH CBA3b MEKAY (PaKTOPOM 3aTYXaHHS U HCKPEMEHTOM 3aTyXaHUS:

2In f
= p=20)
4 T,

0
Bce nepeuncnexnple HapaMerphl XapakTepPH3ylOT Ka9eCTBO paboThi MarHHUTHO-

(2.21)

FO KOMIIaca M, Kak IMPaBUiI0, X KOJIMUECTBEHHBIEC 3HAUYEHHS TUPpHBOAATCA B 3KCIUTya-

TALIHOHHOW TOKYyMEHTalluH.

" OBKIMHO 10 DOCTHIAIOT 3 CHET CHIDKEHHS PaiyCca TPCHNA B OROPE H YMEHBIICHUS OCTATOYHOTO
BECa KapTYIIKM.
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2.3. CobcTBEHHOE BMKEHME KapTYLLKW MarHMTHOIO KOMMaca

3agava 2.1. OnpefeniTb BENMUMHY 30HbI 33CTON KapTYWK# MarHUTHOrO KOMMa-
€3, UMEIOWENt MarHUTHDIY MOMEHT M = 2 A M, ecnin HanpspkexHocs H 7 cynoso-
FO MarHUTHOTO MOAS COCTABNSAET 12 A/M, MOMEHT M, CWN CYXOro TpeHws paseH
1,5 107 H M, a MaruuTHas NPOHMLAEMOCTb cpelbl L = 1,26 10 H/AZ,

Pewenyre: B 30He 3acTos KapTylukm MK uMeeT MecTo HepaseHcTBo (2.17):

-7

< M, < 1,5 1(2
UMH 1,26 -.107°.2-12
Japgava 2.2. OnpenenvTs f/MTENLHOCTL £, NePEXOAHOND NPpOUEeCCa, ecnid U3BeCTHO, YTO Nepuoa
3aTyXalownx KoneGaHui kaptywsu 7, = 22 ¢, dakTop 3atyxamus £=2,7, HauansHoe OTKNOHeHue

KapTywku oT Mepuanana A, = 30°% a yran ee 3actost o = 0,3°,

a =5-10 "> pao =0,28°.

Y

Peivetine: MTeNbHOCTL NEPEXOLHOND NPOLLECCa OMPeAEnseTcs NPOMEXKYTKOM BPEMEHU, KOTOPOE
HeobX0oANMO AN Toro, UTOBLI HauabHas aMIIMTYAA KONEGarMit YMEHBLIWNACH [O 3HaUeHuUs yrna
3aCT08 KapTYWkH. TaK KaK TeKyilyas aMrinuTy4a onpeaenseTcs 3aBUCUMOCTbIO (2.15)

-k
A=Ad,e ™,
TO UCKOMOe BpeMs

Ans onpenenenns 3naueHns / BOCTIONL3YEMCS PaBEHCTBOM (2.21):

b= 2In f _ 2-lm2,7 = 0,09 _1_
T, 22 c
Tor@a
t, = 1 ln-3—0—=51,2c-
0,09 03

2.3.2. KoMnac MMeeT NonOIMHHTeNEBHELL XOXYyX

B paccMaTpuBaeMOM ciydae B HpOCTPaHCTBE MEKRY nomnaskoM 4 (puc. 2.12) n
KOXYXoM 3 GyJIeT HAXOMUTLCA KHIAKOCTE 2, YITIOBas CKOPOCTH B JNBHKEHNS KOTOPO#H
B TEUCHHE [IEPEXOHOrO Nponecca GyaeT OTIMYATBCS OT CKOPOCTH (! [OBOPOTA Kap-
TYHKH 1 B CKOPOCTH XHIKOCTH 5, 3anofHsommel KoTenok. B CBA3M ¢ 3THM HOSABUTCH
AONONHUTENBHEIH MOMEHT CHUT BA3KOTO TPeHHA, KOTOpBIH OYIeT BO3NEHCTRORATD Ha

KapTyuiky. YKa3aHHBI MOMEHT ONPENENAETCS CIEAYIOWMM PABEHCTBOM:

Ms=xy(c-B), (2.22)
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nasa 2. MarHurHbe KOMMNAckl C KapTyLIKOM

TAE Ky; — KO3 DHLUHEHT TPEHHA KUIKO~

CTH 2, HaXOMAMEHCA O KOXKYXOM, O

€ro  BHYTPEHHIOIO TOBEPXHOCThL U

BHEIIHIOW NOBEPXHOCTH nomnaBka 4. C

YYE€TOM 3TOr0 MOMEHTA YpaBHEHUE

(2.2), onpenensomee 3aK0H H3MEHEHRHUA
yIa a, NpUMeET CIICAYIomMui BUI;

100+ kytt + ko (& = B)+ pgMHa = M signcc + M(t). (223
Kax BuauM, B MIPMBEAECHHOM YPAaBHCHHH MOABHJIACH HOBAs MepeMeHHas B, Te-

KylI€€e 3Ha4E€HHe KOTOPOH JOIDKHO OBITh OTIpenesieHo. EC/IM CUMTaTh, 4To BCE YacTH-
Ubl AHAKOCTH, HAXOAAIEHCA [OA KOKYXOM, ABHXKYTCA HPAKTHUECKH C OXHHAKOBOM
CKOPOCTBIO, YTO BIIOJIHE AOIMYCTHMO IIPH PAcCMOTPEHHM COOCTBEHHOTO IBHKEHMA
KapTyIuky [4], T 3aKOH U3MEHEHHSA YTTIOBOH CKOPOCTH ﬂ MOET OBIThL OnpeneneH
CAeTyOLM YPABHCHHEM:
LB +ky(c-p)=0, (2.24)
rue [; — MOMEHT WHEPITHH XHIKOCTH, 3aKTIOUEHHO! BHYTPH KOXyXa.
TakuM o0pazoM, TOBENCHHE KAPTYIIKH KOMIACAa B PACCMATPHBAEMOM Cy4ae
ONpPENENseTC CHCTEMOH IBYX ypaBHEHHH BTOPOTO MOpAIKa:
10+ k0t + ki (0 — B )+ tigMHa = M, signa + M (1),
LB +ky(a—-B)=0. (2.25)
Pewmenre NaHHOW CHCTEMB! NIPH YCJTOBUH, 9TO M(t) =0, MOXKET OBITH 3alHCaHO B

cnemyomeM Buzae [4]:

“sin(ot + @)+ Mm_ (2.26)
HoMH

Ta€ dp — NOCTOAHHAA, 3aBHCAINAA OT HaYajlbHBIX yCHOBHﬁ,

= aoe_

Ky+K k
az——_—a 01+_(_)_l_,

2
HoMH _[(ky+ky Ky

I 22

w= 2.27)
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2.3. CobeTBEHHOE ABUKEHME KapTyWwKyt MarHMTHOro KoMnaca

CpaBHuBas BoipaeHus (2.27) u (2.3) 3ameuaem, 9T0 YacToTa COGCTBEHHRBIX KO-
Je6aHAi @ yMEHBIINIACE 38 CUET HAVHYMA Ky 1 I;, a 3HAYEHHE [10KA3aTeNs 3atyxa-

HHA — yBENIMUNIOCh. PaccMOTpUM B kadecTBe npuMepa ceyioLmye 3a1auu.

Petuum

3agava 2.3. Onpefenvb 3HaueHMe mnokasaTens 3aTyxaHus a  anm
Ku=K,=0,36 10* HMC u 5;=1,57 = 3 107 «r /.

Peurerne;
a:y‘i+~’“-i:2,7k—azo,49y
1 1,51 I ¢

Ecm yuecTs, uTo nokasatens 3aTyxaHus f = &l, TO CTAHOBUTCS OMEBUAHLIM, YTO g =
21
=54 h. OTQ0AA CNeAYeT, YTO UCNONL30BaHNE B KOMMACE AONONHUTENLHOM KOXYXa MOXET Cyue-
CTBEHHO MOBBICUTDL NOKA3aTeNlb 3aTYXaHUs aMIIMTYAbI KONe6aH!s KapTyLLKK KOMNaca,
Japaya 2.4. Onpenenvms nepuos 3aTyxalolux konebaHin KapTywxku MK ¢ AONOIHUTENbHLIM
KOXYXOM 4 63 Hero AN NPUMSITLIX paree napaMeTpos npubopa.
Peterme: TNOACTaBRAS YACTIEHHBIE 3HAYEHUS BO BTOPOE PABEHCTBO (2.27), Haigem:

2
1,26 .10 °°-2.12 (4.0,36 -10°*
Wy = 4|2 - ; =03 V"
: \/ 2-10* (3-2-10“‘ ] a4

TPy OTCYTCTBUM LONONHATENLHORD KOXYXa

. 2 . -6 . ) _4 \ 2
HoMH (ko)™ _ [1,26 -10 42 12 (036 10 . :0,37%
1 21 2-10 7 2:2-10° ¢

Mepuosibl konebarni koMNacos SyAyT COOTBETCTBEHHO paBHb:

2r 2m 2 2r
Ti=—=="=-=2lg¢, =—=—=16,9c.
w; 03 w 0,37
Kak BUAWM, nepuon KoneGaHui KapTYLWKu € AONONHUTENbHBIM KOXYXOM BO3POC Ha

57 =TT o0 2 21-16,9
T 16,9

MNyTeM WCIONL3OBAHKA AOMONHUTENLHOTO KOXyxa B koMnace KM-145 niepuoa xoneGawuii
€ro KapTywky yianoch ysenuuuTs 40 39 ¢ [4].
3agaya 2.5. OnpenenvTs AAMTENBHOCTD NEPEXORHOo MPOLIeCCa A8 PacCMaTpUBaEMbIX napa-
METPOB KOMNACa C AONO/HUTENBHBIM KOXYXOM Y KapTyLiKu.

‘100 =24 % -

Peuerme: T10 aHANOMMN € PABEHCTBOM, MCTIONBb3OBAHHbIM B 3afiaue 2.2, 3anuiieMm:

1., a 1 30
tn =—ln—=—ln~————-:
a o 049 03

Kak BUOWUM, BPEMS MNEPEXCAHOMO NpoLecca B PaccMaTpUBAEMOM Cityuae CYLLECTBEHHO COKpa-
TUNOCh NO CPABHEHMIO C ero 3HaueHueM, HaﬁAEHHbIM B YNIOMSHYTOW Bhille 3afiade.

9.4 c.
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I'nasa 2. MarHUTHbIE KOMNACh C KapTYLLIKON

2.4. BoiHywOeHHOe Q8uKeHUe KapmYyLWKU MazHUMHO20 KoMnaca

BriHyknensoe JBrbKkeHHe kapTymket MK npoucxoadt mon aeicTBHEM MOMEH-
TOB BHEUIHMX CHJI, H3MEHAIOMWMXCS BO BPEMEHH NEPHOAUYECKU WIH 1O CHydaiiHOMY
3aKOHY. OTH BO3IEHCTBUA BO3HMKAIOT B PCATBHBIX YCIOBMAX YKCIUTyaTalMH Mpu6o-
pa, HalipuMep, B Pe3y.IbTaTe KauKU CyIHA M MOTYT OKa3bIBaTh 3aMETHOE BIIHAHHE HA
KaueCcTBO ero padoThl.

JUia oLeHKH XxapaxkrTepa M CTEHEHM BIMAHHA YKa3aHHBIX MOMEHTOB BHEITHHX
cl1 obpaTHMcd K ypaBHeHHIO (2.2), B KOTOPOM MOMCHT TPSHUA B OMOPAX KApTYIIKH
Oyaem CHMTaTh UPCHEOPEKMMO MAbIM, 3 MOMEHT M(?) H3MEHAIOWEMCA 110 TapMo-
HHUYECKOMY 3aKOHY:

M(t)=M sinawr, (2.28)
rae M, — aMIUTMTY IHOE 3HAYCHUE BO3MYIHAIOIIETO MOMEHTA. IIpU yka3aHHBIX yCIio-
BUAX C yuéToM 0003HaueHMH, NPHHATHEIX B MpelplyueM mnaparpade, ypaBHeHue

(2.2) mpuMeT BUI:

. . M, .
O +2ha+wia = I" sinor. (2.29)
INockoneKy MoNy4YeHHOE ypaBHEHHE ARIIACTCA JIMHEHHBIM ¢ NOCTONHHBIMH KO-
saddunuentaMu, yron (X OymeT H3MEHATHCS N0 TapMOHMYECKOMY 3aKOHY C 94acTo-
TOA () BBIHYKIAIOWIErO BO3ZAEHCTBHA. JTO TIO3BOIAET HHTEPECYIOMIEE HAC PEHIEHHE
NPEACTABUTD B CJEAYIOLIEM BUAE:
o= A cosax+ A sinawt, (2.30)
rue Ay u A; — HCKOMbIC aMIUTHTY ipl KoneOaHUH KapTyHiKy.
Onpenenum npoussonnsie & u (f:
a =~ Awsin wt + A,@ cos wt,
! T 23D
¢ =-Aw’cos ot - A,w* sin ot
U TIOJICTABHM HX BMeECTe ¢ paBeHCTBOM (2.30) B ypasHeHHe (2.29). B pesvimrare mosmyysm:

- Aw? cos wr — Ay’ sin ot — 2 Ajh sin ot + 2A5hcos wf +
(2.32)

2 . M, .
+ ¢ A, cos W + W3 A, sin 0r = Ssin o,
Ilag9 ToTO, 9TO6B! BBIIOAHANOCH PABEHCTBO (2.32), ZOMKHEI GBITh PABHBI KO3(-

(UIMEHTH! IPH OAHHAKOBBIX N'aPMOHMKAX B €r0 JIGROH W NIPaBOil YacTAX. DTO HO3BO-
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2.4. BolHYX/IEHHOS ABMXEHME KapTYLLKW MarHUTHOrO KoMnaca

JIET HaM 3anMcaTte JBa CIeTyFOUINX PaBEHCTRA:

A(wg -w?)+2hwA, =0,
1(@g ) 2 M (2.33)
Ayw¢ -0 -2h0A, = 3
s onpenenieHHAs HCKOMBIX aMILIMTYZ A; u A, BOCHONB3yeMca GopMyaaMu
Kpamepa:
= éAA_I, 4, = .A.AAZ_, (2.34)

re A- XapakTepucTHdeCKHi OTIPENEITHTENb, COCTABTEHHBIH H3 koG uuHeHTOB Ne-

BO¥ YacTH paBeHCTB (2.33):

0, -0 2ho
~2h0 @)-o

= (@) —0*) + 4h°w?; (2.35)

A, - 4acTHBI ONpeNETHTENb, TONYYESHHBIH NMyTEM 3aMeHBI B ompeaenutene (2.35)
KO3 HUHEHTOB IPH A; NPABBIMH YaCTAMH paBeHCTB (2.33):

0 2hw M

A = R R =72 “haw (2.36)
M./l o!-0°

Al

1

A, - 4acTHBI} ONpeenHTeTh, MOTYeH A NyTéM aHaTOTHIHOM 3aMeHBl K03QH-

UHEHTOB TIpH A;:

2 _ 02
=[P 0 |_M, (@ —w?)- 237
- -2k M,JI I
Honcraenss 3Hauenns onpenenureneil B Bupaxenue (2.34), Hailném:
2M ho M (0! -w?)
A== 2 232 o A= 2 g 73y (233
I[(w, —w°) +4h'w*) (o, ~0")+4h°w°]

3anvmeM ypasHenns (2.30) B HeCKONbKO UHOM BHZe. JUI 3TOTO BBEOEM 060-

3HAYCHUA, aHANOTHYHbIC HCIIONB30BAHHEIM B openabplaymeM naparpaQ)e:

A =Bsiny, A, = Bcosy. (2.39)
C y4€TOM NPUHATEIX 0003HAYEHUH HAMAEM:
o = Bsin(wt —y), (2.40)

TI€ AMIUTHTY/a B BbIHYXACHHBIX KONEOAHHH KapTyIIKH KOMNAca ONpeaensercs my-
TEM BO3BE/ICHHA B KBAAPAT K&X/IOTO PABEHCTBA (2.39) M CIIOKEHMS TIOMyYEHHBIX pe-

3y/IbTATOB, a (ha3a ¥ - U3 OTHOWICHHA NMEPBOrO PaBEHCTBA KO BTOpoMy. C y4&Tom
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[naea 2. MarHuTHLIE KOMNACht C KapTyWwKol

BeIpaxkenuit (2.38), Oynem nMeTs:

B=- M. ., ¥ =arcig ———fhw _. 4D
1@~ 0™ + 4h’0* w; -~

[TomyuelHble BBIPDAXKEHUS TOKA3BIBAIOT, YTO TMOX JeHCTBHEM MEPHOANYECKHX
BO3MYILAIOMIMX MOMEHTOB KapTyllika KOMIIaca COBEpLIAET BBIHYKAEHHEBIE KoneGa-
HHA € 9acTOTOH BO3Myujaroulero Bo3ncit-
CTBHHA, aMILIHTYJa M (a3OBBI CIBMI KO-
TOPBIX 3@BMCHT Kak OT MapaMeTpoB BO3-
MyILIAIOIMX BO3AEHCTBHH, Tak H OT mapa-
MeTpoB Kommnaca. Jiis  cyaoBOgUTENd

OonLIIMI HHTEPEC NpeAcTaBIfgeT aMILIH-

B,
A2

TYAHO — 4acTOTHAs XapakTepUCTHKA Kap-

0 Tywky (puc. 2.13), nmoctpoenHas no mep-

3 Wo
Pre. 213 BOMY paBCHCTBY (2.41), T.K. OHa XapakTe-

pu3yeT BENUYMHY AMIUIHTYABI KOJeGaHMil KapTYIIK# [PH pPAzIMYHBIX HacTOTax
BHELIHHUX BO3NECHCTRUMN.

Ecmu yacrora Bo3Mymaromero BO3IEHCTBIA 3HATHTEIBHO MEHBIIIE PE3OHAHCHON
YacTOThE, TO, KaK 3TO ClieflyeT U3 paBeHCTRa (2.41), aMmutyaa B, (puc. 2.13) koneba-
H4s KApTYLIKH OyAeT OnpeenaThes CNEAYOLMM IPHOTIKEHHBIM PABEHCTBOM:

M M
B=—%2L=—0"_ (2.42)
lo, pHM
V13 nonyueHHo20 ebipaxeHust 8UOHO, YMO ykasaHHas aMniumyda

paccMampueaeMoM Criywae npakmuyecku He 3asucurmn om yacmo-

meo! so3mylaiowjezo sosdelicmeus u bydem meM MeHblue, Yem
60nblue Ma2HUMHbIT MOMEHM KapmywKy.

Ecnun 4acToTa BHEMIHEro BO3ACHCTBUA COM3MEPHMA ¢ PE3OHAHCHOH YacToToif,
TO MO Mepe NPUOJIDKEHHS €€ K YacTOTe COOCTBEHHBIX KONICOaHHH KApTyIIKH aMILTH-
TyZa KonedaHnil TocaeHell pacTéT ¥ JOCTUIaeT CBOEro MakCHMyMa IIpH pe30HaHce

(@ = ). Tlpu >ToM €& 3Hauenne Oyner OnpeensTbeA CSAY IOIMHMM PaBEHCTBOM:
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2.4, BelHYX(IEHHOE ABVKEHME KapTYILKW MarHUTHOrO KOMMaca

M, M, . (2.43)

Bp = =
2i1hw, 2h\[luHM
W3 mosmyueHHoro paBeHCTBa BUOHO, YTO MAKCUMASbHOE 3HAYEHUE amnnumyasel

3asucum om Kosghgpuyuenma h, onpedenswowezo cmeneHs demn-
huposarus deuxeHus kapmywku. Yem Gonsle cmeneHs Oemi-

huposaHus, mem MeHbllle OyOem BbIPaXeH PE3OHAHCHBIU MUK,

OdHako, CITULLKOM 8bICOKast cmeneHbs O0eminhupo8aHUs MoXxeg
NpuUBeCMU K B03HUKHOBEHUK GOMOMHUMENbHBIX SHEWHUX MOMEHIOS U K
anepuoOUYeCKoMy xapakmepy nepexodH020 Mpouecca Ymo, Kak npasusio,
HexenamersbHo.

Ecmu wacrora BO3MYUIANOLIETO BO3ASHCTBHSA 3HAYUTEILHO MPEBHIIIALT 4acTOTYy
W, TO aMINATYAa KonebaHuit ByaeT CymecTBeHHO YMEHBIIATEC ¢ YBEIHUYCHHEM
PasHHIIBI 9acTOT. JeHCTBHTENEHO, B PACCMATPUBAEMOM CiTyHae
Ma

(0%
H aMILTATyZia YOBIBaeT 06paTHo MPOMOPUHOHANIEHO KBAIPATy YaCTOThl BO3MYLUA0-

B=

(2.44)

LET0o BO3NEHCTBHA. B oT0if 06sacTH CYLIGCTBEHHO CKa3bIBAaeTCS MHEPHHOHHOCTE
KapTyNIKH KOMIIaca.

TaxuM 06pa3oM, P HPOEKTUPOBRAHYM MAFHUTHOTO KOMIIAca ClIeqyeT BEIOpaTh
TaKHe €ro NapaMeTpel, KOTOPhIe Gbl HCKIIOYATH BO3MOXHOCT BOHHKHOBEHHS pe-
30HAHCHBIX KOMeOanni Hin HIM3kUX K HUM. Tak Kak MepHOX COBCTBEHHRIX Koneba-
HHMH KapTYLIKH KOMIIaca, Kak IPaBiIio, IPEBHILAET MePHON KAdKH CYIHA, HCTIONb30-
BaHHE OMHCAHHOTO paHee JOMOMHMTEILHOTO KOXKYXA, 3allOHEHHOTO KHAKOCTHIO,

NpPHABOAMT K CHIDKCHHUIO aMILUTHTY bl €€ BBIHYKACHHBIX KoneGaHuil.

2.5. Cucmembl QucmaryuoHHol nepedayu ungpopmauuu

Kak yae 0TMeHanoch BRIIIE, cospemennbie MK cHabxaroTes cuctemoit muc-
TaHUHOHHOM mnepenadn wHdopmaunu. Haubonburee PacpOCTpaHCHHE TIOTYYHIU
OITTUYECKHUE " 3nemp0MexaHqucxne CHCTEMBI. HOCI!CIIHHG 60.]166 YHUBEPCA/IbHBI,
T.K. HO3BOJISKOT HE TOJILKO OTOGpa3HTI> I/IH(bOpMaHHIO Ha pCl‘[HTCan, HO M BBECTH Cé

B ApYTHE yCTpo#icTRa, HanmpuMep, PJIC, asropynessie u 1.1,
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Mnasa 2. MarHWTHLIE KOMITAChl C KPTYLLKOM

DileKTpOMeXaHHYECKHE CHCTEMB] IMCTAHIMOHHON nepeiaun nagopmaimy MK yacro
JOTIONHAIOTCA SNEKTPOHHBIME CHCTEMaMH C LEAbI0 NpeoOpa3oBaHMs aHATOTOBOIO
CHrHaa B UMQPOBOH U Nepesadu ero 10 TMHUAM CBA3M M OTOSPAKEHUS Ha Lid-
poBbIX penurepax. MOryT npuMeHITECA UM(POBBIE CHCTEMBI TUCTAHLMOHHOMN nepe-
Iauy HH(OPMALHH ¢ TIOC/IEAYIOLIHM IPoOPa3OBAHHEM e B aHAIOMOBBHI CHTHAT IS
Tex notpebutenel, koTopeie paboTAIOT € YKA3AHHEIM BHIOM CHTHama. PaccMoTpam

BKPATIIE OTACHBHBIC BHIABI CHCTEM.
2.5.1. Opruyeckas CHCTeMa IMCTAHIMOHHON NEPenavH HMHOOPMALHM

Onruveckas CHCTEMa AMCTAHHHOHHOMN [lepe/ady MO3BONIMET OTOGPasHTh B XOH0-
BOH pyOke HHQDOPMAIIMIO O Kypee CyHa, CHATYIO ¢ KapTYIIKH KOMIaca. DTO MOXKET
ObITh 00ECTIEYEHO MYTEM HCIOA30BAHMA CIIELHANbHOM ONTHYECKOM TPYGhI, CBA3BI-
saromedt MK ¢ xonoBoif pyOKoif, HIH ¢ TOMOLEIO BOIOKOHHOTO ONTHYECKOT0 Kabers.

CxeMa nepenaus MHQOPMALIMH 110 ONTHYECKOM TpyGe moKasaHa Ha puc. 2.14.
KoTenok 4 MarHuTHOrO Kommaca HMeer
KApTYIIKy 2 ¢ [po3padHodl mkaio# 3.
CBepXy KOTeNOK HakKpbIT cTekiioM / u yc-
TaHOBJICH B HakToy3e 5. lllkana kaprymxu
MOXET NOACBEYHUBATHCA HaMIOYKOH 7,
Gnaronaps 4emy OHa XODOIIO BHIHA B JIIO-
6oe Bpemi cyTok. Jlyd cBeTa mpOXOAUT
4epes Ipo3pauHoe CTEKT0 8, ONTHYECKYIO

cucteMy 9, crekno 10 u nanee momagaeT

Ha 3epkano /3, nosnokeHHe KOTOpPOro Mo-
XET MOACTpauBaThcd MOJ ITia3 Habmoxa-
Tens. OnTHueckas TpyOa IPOXOIUT CKBO3b
noaBosiok 12 xonoroit pyOKH, pacnonara-

€TCH Hal CTOHKOH aBTOPYNEBOTO H MMEET

Puc2.14 TOLOTPEB C LEMbK NPENOTBPAIIeHH] 3a-

NOTEBaHUA CTCKOI.
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2.5. CHCTeMbl AUCTAHUMORHOM Nepeaaun nHbOpPMaLm

Ha puic. 2.15 npusenen BHemmmil BUR onmuueckoi Tpy6sr MK “Cextop”. 3ep-
Kano | ¥ pyuKkH 2 €ro HACTPOHKA HAXOMITCH B HUKHEH ac-
TH TPyOrl. 31eCh e pacrnionararoTcs BKIFOYATeNb 3 OCBe-
HIEHUS IOKAIbl M PEryaarop 4 ero spkoctd. OnTHuyeckas
Tpy6a ycranapnuBaercd B Hakroyse MK.

Heckoneko HHaYe BLIBAMT ONTHYECKAd CHCTEMA Ile-
penagu MHGOPMaLMH 10 BOIOKOHHOMY Kabemo. OHa uMeeT
OGBEKTHB, TIO3BONIOMMIA HPOEKTHPOBATE HEGONBLION Cek-
TOp IUK&TBl KapTYymIKM Ha BXOOHOW KOHEI] CBETOBO.A.
BrIX0qHOM €ro KOHel COENMHEH C PermMTepoM, KOTOpHIH,

KaK NpaBuiio, MPOEKTUPYET H300paKeHue, NEPENABAEMOe O

o S AN

Kaemio, Ha 9KpaH B BHJIE MaTOBOro cTeksia. Takofi penurep
TO3BOJIAET BHICTH 3HAYEHHE TEKYIIEro Kypca CylHa He-

CKOJIbKMM HabJromaTesiaMm OHOBPEMCEHHO.

MOY}’T UMCTh MCCTO H HHBIC BAPHAHTEHI NIOCTPOCHHSA

- )
ONTHYIECKMX NHCTAHUMOHHBIX TI€penay, HO OHH HE HECYT B Puc.215

cebe KakuX MU0 TPUHIMITHANBHBIX OTIHYHL.

2.5.2. BSnexTpoMexaHMUecKas CHCTEMA IOHCTIHIMOHHON nepenaux
uupopMarpan

ONeKTpOMeXaHHIECKad CHCTEMa AMCTAHLMOHHOW Nepenatu uHdopmalmH, Kak
[paBuiIo, co31aéTcs Ha Gase HEIYKUMOHHOrO xarumka (M]I) opuenraimu KapTyLIKy
MK. DTOT maTIHK COIEPXHT fBa MIM TPH MArHWTHBIX 30HIa (4acTo WX Ha3LIBArOT
teppo3oHIaMM), KOKIBI M3 KOTOPBIX NO3BOJET ONPENETNTh 3HAYEHHE COCTAB-
JBoIed HaNPHKEHHOCTH H3MEPSEMOro MardUTHOTO IO/ BAOJE cBoeil ocu. CoBMe-
CTHOC HCTIO/IB30BAHME CHIHANOB 3THX 30HAOB JAET BO3MOXKHOCTH ONPENENHTh Ha-

[IpaB./iCHUC BEKTOpAa HANPKCHHOCTU MATrHWTHOIO oJId, CO3aBaeMOro KapTyHIKOH

KOMIIaca, OTHOCHTENBHO AHAMETPATHHOM [UIOCKOCTH Cy/IHA.
anHLan [EUCTBUA MarHUTHOro 30HAa
MarHuTHBIH 30H0 HMeeT /1Ba cepreuHuka [ (puc. 2.16), BHINOMHEHHbIE U3 Mar-

HHTOMATKOTO MaTepHana ¢ BBICOKOH MarHHTHOMN TIPOHULIAEMOCTBIO, HanpuMep, M3
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Inasa 2. MarHmTHbie KOMMachl C KapTyLLIKOM

nepMannos. Ha kaknelii cepaedHMK HaMaTHIBAIOTCS OOMOTKH 2 M 3, MMeIOLIHe
ONIHHAKOROE KOJMYECTBO BHT-
KOB. OTH OOMOTKH CcOeuHS-
0TCH  MOCNEAOBaTeNnbHO U
U,  BcTpedHo u nurawTesd Hanps-
skeuuem U, nepeMeHHOro To-

Ka. MaruutHeie TIOTOKH P u

@2, cozjaBaeMble YKa3zaHHbI-
Puc.2.16 "
<V, MH 00MOTKaMH, B /n0Goil puk-

CHpPOBAHHBIH MOMEHT BPEMEHH PaBHEI IPYT JPYTyY M IPOTHBONONOKHO HAMPABICHEI

(puc. 2.17 a). Benyurna 3THX NOTOKOB NOAGHPACTCA TAKMM 06Pa3oM, 4TOBE! CTepiK-

O] 02 HH Np# MOGOM 3HAYEHUH Ha-
a) P D2 OPMKEHHOCTH  M3MEPAEMOTO
(D/I: MarHuTHOTO NOSMS TAPAHTHPO-

Vi BAHHO [EPEBOJMINCL OBl B

COCTOAHME HaceimeHus. Ha

oba cepeyHHMKa HaMaTHIBaeT-

cq obimas odMoTka 4, ¢ KOTO-

pOH CHHMACTCA  BBIXOJHOM
cHrHal U, MaraMTHOTO 30H/2.

[TpuBumn pefictBus. 30u-
a2 COCTOMT B CENYIOHIEM.

[Ipy  oTCyTCTBHM BHEWIHErO

HaMargupuMBaromero noma X

(puc. 2.16) pesynsTHpyrOLIHH
MaruuTHEG notok D=0,

CBA3AHHLL ¢ 0OMOTKOH 4, 6y-

J€T paBCH HYMO ¥ Ha €€ BbIXO~

Puc.2.17 JI€ HUKAKOTO CUTHANA He Oyaer.
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2.5. CACTeMbl IMCTAHUMOHHOM nepesaun MHGOpMaLK

Ec/i HapOKEHHOCTE X M3MEPAEMOTO TIOTIS He PABHA HYTIO, TO MATHHTHBIA [IOTOK
@, ITOrO TION% B OHOM CTEPKHE GY/IET CKIIA[BIBATECA C TIOTOKOM NOAMArHHYUBAHKA, 4
B JIpyrOM BBIMHTATLCH M3 HEro. JTO MPUBEIET K TOMY, YTO 062 CepaedHUKa OyayT lie-
PEXOZHTL B POXHM HACHINEHHS HE ONHOBPEMEHHO (puC. 2.17 6), Kak 310 6hUIO TpH
X=0. B pesynsrate cyMMapHbIil MATHATHBIH 0TOK &, CLEEMIEHHBT ¢ 06MOTKORH 4, 6y-
JIET M3MCHATECA TaK, KaK 3TO TIOKA3aHO Ha puc. 2.17 6. I3MeHCHHE NOTOKa TIPHBELET K
TIOSBIIEHMIO Ha BLIXOIHOH 06MOTKe 4 HanpsskeHwst U, (puc. 2.17 2), IponopiroHaIbHO-
TO CTCTICHH aCHMMETPHH NOTOKOB P/ U D2, a ClenoBaTeLHO, 1 HANPAKEHHOCTH H3Me-
pAeMoro nojd. B cBA3uM ¢ TeM, 9TO 32 O/MH MEPHOI HANPAKEHHS [OMMATHHIHBAHIS
CTepxHH GY/YT NEPEXOANTE B HACHIIEHHOE COCTOSHME BA pasa, YacToTa HMITyJIbCOB
U, Gyner B nsa pasa Beme wacroTel Hanpsoxenus U,. B pesynrare nocneayrouen
wbTpaty HanpsxeHue U, 1peofpasyercs K rapMOHHMECKOMY BHIY /.

Crenyet OTMETHTS, YTO (hasa BBIXOAHOTO CHIHAMIA MATHHTHOTO 30HIA H3MEHs-
€TC: Ha IPOTHBOMONIOKHYIO, €CJ/IM BEKTODP HANPDKEHHOCTH M3MEPIEMOTO TIO/IA MEHS-
€T CBOi1 3HaK.

Crpyxrypa cucTeMil AUCTaHLUMOHHOI Nepeaaym UHGopMaLyumn

Kax yxe 6bl10 ykasaHo sbime, HJ MOXeT cogepkaTh B CBOEM COCTaBe 1Ba
WIH TPH (eppo30HIa, KAKABIH H3 KOTOPHIX HaMepser COCTABIIIOIIYIO MarHUTHOIO
TOJI% KapTyUWIKH BAOJE OCH CBOMX CepAeyHHKoB. OH pasmemaerci B kKoteike MK

TIOJ1 KAPTYUIKOA (puC. 2.4) K BMeECTE ¢ KOTENKOM OpUEHTHpYeTCS TpebyembiM o6pa-

Puc.2.18.
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'masa 2. MarHuTHbIe KOMNAchi C KAPTYLLKOM

30M OTHOCHTENBHO AMAMETPATHHOM ITIOCKOCTH CY/IHA.

Ecnu ncnonp3yetcs ayx3onza08siii U], TO 0ck YyBCTBHTEILHOCTH OJHOFO 30H-
/la YCTaHaBJIMBAETCH BONL MAMETPAILHON IUIOCKOCTH, @ IPYTOTO HepIIeHAMKYJIsp-
HO ei. B aTom ciyyae 30ua I (puc. 2.18) Gyner u3MepsTh NPORONLHYIO COCTABIAIO-
yo X Mmosis KapTYHWIKH, a 30HA 2 — nonepeunyto Y. CHrHaipHble 0GMOTKM 30H08
CBS3aHBI CO CTATOPHBIMHM OOMOTKaMM CHHYCHO-KOCHHYCHOTO BPAHIAIOMIErocs TPaHc-
dopmaropa (CKBT). [Mosyuas oT 30HAOR HanpsHKeHHe, IPONOPIHOHATEHOE yKa3aH-
HbIM KOMIIOHEHTaM MAarHHTHOTO MONA KapTYIIKHY, 3TH OOMOTKM CO3NAIOT BHYTDH
CKBT oproronanbueie MarHHTHple noToku &1 U P2, 06pasyiollde B CyMME Mar-
HUTHBIH TIOTOK, OPHEHTAlMd BEKTOpa ¥ KOTOPOrO BHYTPH CTATOpA OMNpenenscIcd
MOJIOKCHHEM KaPTYWKH OTHOCHUTENBHO NHAMETPATBHON IWIOCKOCTH CylHa. MarHuT-
HbIA NOTOK P MHAYKTHPYET B 00OMoTKax potopa CKBT HanpskeHus, KOTOphIE OYayT
3aBHCCTh KAK OT BEJIMYHHEI MIOTOKA, TAK W HANPABJIEHUS BEKTOPa D OTHOCHTEILHO
TIOCKOCTH POTOPHBIX OOMOTOK. EC/TH MIIOCKOCTE 06MOTKH POTOpA NapasuiesibHa BeK-
Topy @, To DJIC, HHAYKTMpOBaHHAA B HEH, IpH JFOOOM 3HAYEHHH ero Mooyl Gy-
net pasHa Hy/mo. Takum obpasom, ycranariusas porop CKBT B Takoe noioxeHue,
KOIZla Ha OHOH K3 ero O6GMOTOK CHTHAT MOCTOAHHO GYIET paBeH HyMo, MBI OyleM
OTCHIEXKMBATE H3MCHEHHE OPHEHTAMH KAPTYIUKM OTHOCHTENBHO IMAMETPANbHOM
FJIOCKOCTH CY/IHa.

C >10#i uenwio, curuan ¢ potopHoi o6Motkn CKBT nociie ero ychieRus ycH-
JureneM A NOCTYNAET HA ABHraTess /], KOTOPBIH uepes peaykTop P MOBOpauHBacT
porop CKBT. Korza curdan, nocTynaiomuil Ha JBUIaTeNs, CTAHET PABHBIM HYIIO,
BpalieHye POTOpa NPEKPATHTCA.

B Tp&Xx30HAOBOM AaTHMKE OCH 30HIOB 00Pa3yloT PABHOCTOPOHHHIH TPEYIOh-
Huk (puc. 2.19). Hx obMoTkH noAMarHHYMBAHKA (Ha PUCYHKE 3Ta HacThb CXEMBI He
TI0Ka3aHa) BKIIOYAKOTCS MOCIENOBATENBHO U MATAIOTCA OT CTIELHATBHOTO FeHepaTopa
nepeMeHHOro Toka. CHrHanbHbBIE OOMOTKH COCAMHEHbI B TPEYTONBHHK U MOMKIIOUe-
Hbl K CTATOPHBIM 06MOTKAM CenbCHua. B paccMaTpuBacMOM Ciyuae M3MEpSIOTCS TpH
cocrasngiowue /1, H2 u H3 MarguTHOro 1oss, 06pasoBaHHOro KapTyIIKOH KoMma-

ca. Hanpﬂnce}n/m, NpONOPHHOHAIIBHBIC H3IMEPCHHBIM KOMITOHEHTAaM, CO3JAI0T B CEJIb-
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2.5. CUCTEMbI ANCTAHUMOHHOM Mepefjadn MHbopMaLmu

CHHC TPH MarHWTHBIX TIOTOKa P/, P2 v 3. HanpasneHHe BEKTOpa HATIPKECHHOCTH
PE3YNBTHPYIOIEro foIA, 06pasOBAHHOIO yKA3aHHBIMH TOTOKAMH, OyaeT, Kak W B
TIPEABIAYIIEM ClTyHae, OMpenensThCs TeKyiled opuenTanMer kaprymku MK, Potop
CE/IBCHHA C TOMOIUBIO CTENAMIEH CHCTEMBI, AHAIOTHYHOM PACCMOTPEHHOH BBiiTe, Oy-

OET TIPUBOIUTLCA B COCTOSHUE, IIPH KOTOPOM CHIHATT, CHUIMAEMEHA C €ro oOMOT K4,

K yeunuiemo

Ceabcun

Puc. 2.19

Oyner paBeH Hymo. TakuM 00pasoM, OCyWIECTBISETCS OTCEKMBAHUE TIOBOPOTOB
KapTymIKH KOMIIaca , KaK CNeNCTBHE, H3MEHEHHS Kypca Cy/Ha.
Hapsany ¢ onncannsMH BapHaHTaMH, MOTYT HCTIONB3OBATECS JATHUKH, B KOTO-

1 PBIX MAarHHTHBIH 30HA UMeeT OHY O6MOTKy " AB-

JsieTed, o ¢ €CTB NEPEMEHHBIM HHIYKTUB-
L1 L2 L3 > Y Y, nep Ayl
HbIM CONPOTHBIIEHHEM. Bennuuna YKa3aHHOTO
COMNpOTHBJIEHUS 3aBHCHT OT CTENEHU MOJAMArHH~
UHBAHUS CEPACUHMKA [10JIEeM MarHHTOB KapTylu-

D) KH. 3ne1crpmecxaﬂ CXE€Ma TAKOTO JaTYMKa NOoKa-

l 3ana Ha puc. 2.20. Cepaeunuku 3oun08 L/...L3

16 20 3¢ ~ TOBEPHYTBI B MPOCTPAHCTBE APYT OTHOCHTCIEHO

Puc. 2.20 Apyra na yron, pasustit 120°, ananorsuno TOMY,
KaK 3TO MMEJI0 MECTO B PACCMOTPEHHOM BHIIE Tpex30HMoBoM MJI. CreneHr ux na-
MArH4CHHOCTH, a, CIENOBATE/bHO, U BEJIMTHHA HHAYKTHBHOTO CONPOTHBIEHHS 06-
MOTOK, OyZIeT 3aBHCETh OT OPMEHTALIMM 30HIOR MO OTHOWICHHIO K KapTymke MK.
Hanpsokerus na pesncropax RI...R3 onpenensiorcs pasHocTbio nanpsskeHust LUV u

nageHuit Hanpsokenuil Ha 0OMOTKax Geppo3oHIoR. B CBA3H ¢ TeM, 4TO HX BEKTODBI
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Tnasa 2. MarHuTHble KoMMachl C KapTyLLKOW

Pa3BEPHYTHI IPYT OTHOCUTENBHO Apyra Ha yron 120°% 1o B COBOKYTIHOCTH OHH Mpel-
CTaB/IAIOT coGOMH TpexhasHoe HanNpIKEHHE, KOTOPOE MOXKET GBITH HCIIOE30BAHO I
JMCTAHLIMOHHOM nepefayy HHPOPMaUMK CHCTEMOH, aHaTOrHWYHOM PaccMOTpEeHHON
BbILIE.

Ha sToM mipunumne  ¢upMoit AHIpOTH pa3paGoTaH MardWTHBIA 30H7 THIA
108-010, xoTophiit MOMKET OBITH CMOHTHPOBRH Ha OGO KOMIAC, He HMEIOMIHI
BCTPOCHHOR 3/1EKTPOMEXAHMYECKON AMCTaH-
UHMOHHOM nepenadn. 30H MoXeT ObITh ycTa-
HOBJICH Ha KOTeJlke 6 KoMMaca Kak CBEpXY,
Tak 4 cHu3y (Puc. 2.21). JI;9 ueHTpHpOBaHus
YCTaHOBOYHOHA MaHObl 3 OTHOCHTENBLHO HIKa-

Jbl KapTYHIKM HCIO/IL3YETCA ClieuManbHad

Hakmanka 4, KoTopas MNOC/Te HaKIEHBAHMA
wafibsr Ha cTeKo yganderca. K ycTaHoBod-
HOH makfe ¢ MOMOUIBIO ITMAEK 2 KPEMHTCA
MarHuTHeIH 3011 /. CaM KOTEnok pacrofara-
eTCd, Kak OOBIMHO, B KONBLE 5 KapHaHOBa
noaseca. OOMHUN BUI KOTENKa KOMIIAaca ¢ yc-
TZHOBJICHHBIM Ha HEM 30HAOM I TOKa3aH Ha
puc. 2.22.

CHCIIyCT HMCTb B BHOY, 9YTO BbIILIE OITH-

CaH JHIIb NPHHOUI [HOCTPOEHHA UCTAHIM-

Puc.2.21
OHHBIX ~ CHCTeM. PeambHBlIe yCTpOiCTBa

MMEIOT 60sice CIIOKHBINA COCTaB, MO3BONIAIO-
UIMA pellaTh 3aja4d YCTOHYHMBOCTH padoThi
CIIeAAIMX CHCTEM, KOMITCHCHPOBATh 4acTh
omndok MK, cpaBHUBaTE €ro cHMrHamBl ¢

CUTHANaMM, MOCTYMAIIAMH OT  JIpPYIHX

KypcoyKasarenei u T.1o. Puc.222
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2.5, CuCTeMBl AUCTaHUMORHOM Nepeaaqn MHQOpMaLIK

Kak 6buto ykazano Bemme, ommcaHHmle SreKTpoMeXaHHUECKHe CHHXPOHHBIE
CHCTEMBI NIEPEAadyl yIyia NOBOPOTA KAPTYIUKH HE ABJAIOTCH EIMHCTBEHHO BOIMONK-
HBIMI H 3aBENIOMO JIy4IIMMHM CHCTEMaMH, [IPEHA3HAUEHHBIMH JUIS PEMIeHHS pac-
CMaTPHBAEMOH 3a[jaqH. YMECTHO NPEIIONO0KHATE, YTO HA COBPEMEHHOM ypOBHE pas-
BUTH: 1#POBOIH TEXHHKH MCTIONB30BAHAE YUCTO SJIEKTPOHHBIX CHCTEM CBSI3H MOKET
OKa3aThCA Gosiee IpeMNOYTHTENBHBIM. ONHMM H3 TIPHMEPOB TAKOH CHCTEMBI SBIINET-
CA BAPHAHT [MCTAHUMOHHOH MepeNaws, MCHOB3YIOMMA EMKOCTHOM npeobpazosa-
TeIb yTila MoBopoTa kaptymku MK [6, 8].

Ha puc. 2.23 npencraenena GyHkumoHansHas cxemMa JAHHOrO yeTpoticTra.

JvcrarunoHHslt  Mar-
tH2H4HsHeMHs Mo

HHUTHBIA KOMHOac CONCPKUAT

I 7 K 7]
3 7 10 €pPBUYHLIH €MKOCTHBI

Puc2.23 npeoGpa3oBaTeNis  YIOROTo
NEPEMEIEHHS /; BTOPHYHBIH YaCTOTHBL npeodpa3oBatens 2; ONOpHE KBapLEBBIH
TeHepaTop 3; cMecHTeNs 4; (opMuUpoBaTeNs OIHOMOJIPHBIX MMITYAbLCOB 5; BEITUC-
AMTENBHEIA 070K 6, mporpammarop 7; ueTepdelic BBOZa-BHIBONA uHpopmaimu 8;
1 poBoH nHTHKATOP 9 U OydepHEIt peructp 10.

Hepauunbift npeoGpazoratent yrnoBoro mepememenus TpeAcTaBIseT CoGoi
KOHZICHCATOp NEPEMEHHOH EMKOCTH, POTOP KOTOPOTO JKECTKO CBA3AH C KapTYLIKON
komnaca. OH BK/IIOYEH B CXeMy KBapLEBOTO reHepaTopa 2, 4actoTa KOTOPOTO OfIpe-
AEJACTCA TeKYIIMM 3HAYCHHEM TOM eMKOCTH, 3aBHCAIICH OT Kypea cynHa. Takum
06pa3oM, YTIIoBOE MepeMemeHHe KapTyIKKH KOMIaca npeoOpa3syeTcs cHadana B u3-
MCHEHHE EMKOCTH, a 3aTeM B OTKJIOHEHME HacTOTHI KoneGanuil. KoneGanms pasnoct-
HOH YaCTOTEI, NOJyYaEMBIE B CMECHTErNE 4 MyTeM CMEINeHMS JacTOT yTIparasemMoro 2
H OMOPHOTO 3 KBApLEBLIX IeHEPATOPOB, MPeodPasyIOTCA dopmuposatenem ammyns-
COB 5 B NIOC/IENO0BATENBHOCTS OJHOMOAPHBIX HMITYTBCOB, NIEPHOA CAEAOBAHHI KOTO-
PBIX CONEPKUT HHPOPMALHIO O KOMIIACHOM Kypce CyaHa. JTa uHpOpMauus obpaba-
ThIBACTCA B BBIMMCITHTENEHOM GJIOKE 6, C yYETOM 3HAYCHHS MATHHTHON AEBHAIHH,
KoTopast BBOAATCA B MPOrpaMMarop INTYPMAHOM 4Hepe3 KIaBHAaTypy HHTepdeiica

BBO/1a-BbIBO/I2 HHOpMAaLHK 8. AHATOTHYHBIM 06Pa30M BBOIATCA 3HAYCHUS MAFHUT-
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I'nasa 2. MarH1THbLIE KOMMacht ¢ KAPTYLLIKOW

HOro cwioHeHus. IMocrennnii mpolecc MOKHO aBTOMAaTH3MPOBAThH, MOCKOABKY Ha-
3BAHHBIE 3HAYCHHUA 3ABHCAT OT reorpadi4eCKOro MECTOMONOXKEH A CY/IHA.

Brrancniennoe 3HaYeHHE MCTHHHOTO Kypca Cy[Ha OTOOpakaeTcs Ha LH(ppPOBOM
pHIuKaTope 9 m depe3 Oydepnbiii perucTp /0 BeizaeTca Ha BXOX CHCTEMBbI aBTOMa-
THYECKOH MPOKJIANKH KypCa, aBTOPYJIEBOrO, B M(POBBIE PEMUTEPH! H IPYrue OpH-
HUMAOLIHE YCTPOHCTBa.

U3 pcex 6nokoB QyHKUMOHANBHOM CXeMbI puc. 2.23 Hawbolnee cheuudHyeH
TIepBHYHBIH €MKOCTHBIH IPeo0pa3oBaTesb YIIOBONO NepeMEMIEHHS KapTyLuIKH KOM-
naca. K 40CTOMHCTBaM 3TOT0 Npeobpa30BaTeld MOXKHO OTHECTH BHICOKYHO JyBCTBH-
TEIBHOCTh, MAMY0 HHEPUMOHHOCTh, MAJIOE YCWIHE 3ICKTPHYECKOrO B3AUMOIEHCT-
BHS MEKJY 00KAaJKaMH KOHIAEHCATOPa, BOZMOKHOCTE TIOYYEHHS NPaKTHUECKH O~
G0l GpyHKUMOHATHHOH 3aBUCHMOCTH EMKOCTH OT H3MEpIeMOro yria IoBopoTa, npo-
CTOTY H TEXHOJOTWYHOCTE KOHCTPYKLIMM, MaTble radapursl W maccy. [NlaBHoe xe
DNOCTOHHCTBO EMKOCTHBIX NMEPBHYHEIX IPE0Opa3oBatencii — MpocToTa npeobpazosa-
HHY H3MEPAEMOH BXONHOH HEDIEKTPHYECKOH BENTHYHMHEI B 9acTOTY KOaeOaHuil BTO-
pUdHOTO TIpeoOpa3oBaTeis (aBTOTEHEPATOPA TAapMOHMYECKHX HIM HMMIYJTECHBIX
IICKTPHIECKMX KoJleOanui). M3ecTHO 7], 4TO 4aCTOTHBIA MeTOA npeobpa3oBanus
HETCKTPUHECKUX BE/IMYHH B 3ICKTPHIECKHE O0ECTICUHBACT 3HAUUTENBHO DONBIIYIO
TOYHOCTD, YEM AMIUTUTY IHBIH.

B paccmarpuBaeMoM npeoOpa3oBaTene YITIOBOIO IMEPEMEHICHHA KAPTYUIKH
KOMI1aca KCTIONB3YeTCs KOHACHCATOP C MEepPEeMEHHOH ILTOLANLIO NEPEKPhLITHA IUla-
crun. Ilpu 310M QopMa XapakTepHUCTHKH mpeobpasosanus 3anaetcs GHIypHO 00-
KIa/IKOH, 00pasyronias KOTOpoil BRIIOIHEHA B BHAE CIMpa/i ApXuMena.

Ha puc. 2.24, cxemarnyecky u300pakeH YIIPOIUECHHbIN BAPHAHT KOHCTPYKIHMH
npeodpa3oBaTelid YITIOBOTO MEPEMELIEHHS KApTYIIKKM MarHHTHOTO KOMITaca B 3Hade-
HHE eMKOCTH. 371ech | ~— AHAMIEKTpIYecKas IUTACTHHA COOTBETCTBYIOIEH KOH(HTY-
paud (porop MddepeHIHaTEHOTO KOHIEHCAaTOpa MEPEMEHHON eMKOCTH), 2 -
CTEPKHH, XKECTKO KpEMAIHE MIacTuHy / K HUKHeH 4acTH KapTyiikd KoMnaca 3; 4
— WITHIBKA, Ha KOTOPYIO OINHPAETCs TONKA KApTYIIKH KOMIACA; 5 - KOTENOK KOMia-

ca; 6 — NMANEKTPHHECKUH KPOHINTEHH [N KPErUleHUs METaUIM3UPOBAHHBIX CTa-
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2.5, CuCTeMbl IUCTAHUMOHHOIM nepefaum nHGOpMaLm

TOPHBIX 00K/1anoK AH((epPeHIMATBHOr0 KOHIEHCATOPA TIePeMEHHOH eMKOCTH 7, ocu
KOTOPBIX DPAacrhoiOXeHbl B OUAMETPANBHOIN
TUIOCKOCTH CyqHa; § — BBIXOIHBIC KOHTAKTEI
MIEPBHYHOrO [Peobpa3oBaTeId.
Hcnone3opanue nussiexrpuxa 118 usro-
TOBJIEHHS POTOpA HEPBHYHOIO npeo6pa30i3a-
TENA MO3BO/IET OOECTIeYUTh MMHUMANBHOE

YTXKEICHHE KapTyKd KoMnaca. HauBonee

MOAXOAHUT  BBICOKOUACTOTHBI HHIEKTPHK

roportact-4, oTTMYAKOLMIiCS TeMIepaTyp-

HOH YCTOHYHBOCTEIO, BBICOKOM CTOMKOCTBIO K

NEeHCTBMIO XUMHYECKUX pEarerrToB, He3HaA4YHU-~

Puc224 TENMBHEIM CTAPEHHEM H MallbiM KO3 (ULHEH-
TOM TpeHuA. OrTopormacTsl Mapok 4] u 42
NO3BOJLAIOT H3rOTAB,TMBATH NCTAIM MATON TOILIHHLI.

bnaronapst 4actotHOMy MeTogy npeoGpasoBaHus dusrdeckux BReSMYMH U 1MGPO-
BOH 00pabOTKe HHOPMAIMH NI0KA3AHHUA ONHCAHHON0 MATHHTHORO KOMIIACA MOTYT Tiepe-
AABATHCA TIO POBOJAM WM 10 PAIMO HA NPAKTHYECKH JTF0G0E YHCIO PENHIepos, Henpe-
PBIBHO BBOIMTBECA B NAMATE KOMITBIOTEPA, MCTIONB30BATECA MPH aBTOMATHUECKOH npo-
KIanKe Kypca cyama. Ilpi 3T0M porpaMMHBIM CIOCOGOM VUMTHIBAIOTCA OCTATOUHAS Ae-
BHALMA H MAarHUTHOE CKIOHEHHE. B OTAMYHE OT HMCTAHLMOHHBIX KOMITACOB C CollboMk-

HOH Nepeaavelt Moxkazauuii Ha PEIHTEPBI PACCMOTPEHHOE YCTPOHCTRO HeCHIyMHO.
Creayer uMerb B BHIY, YTO CHNEASIUKE CHCTEMBI nepenarnT uHGopMaIHIo OT
kapTymku MK K MOTPEOHTENIM ¢ HEKOTOPO# IIOTPELHOCTEIO, 9TO YMEHbIIaeT TOY-
HOCTb paboTel cHCTEMbI B HetaoM. OIHAKO UX coGCTREHHAs NOrpeuHOCTb, KakK Ipa-
BHJIO, 3HATHTEIBHO MEHBILIE OTrPeIiHOCTeH caMoro MK H ee BilnsiHMe Ha o6t pe-

3YJIBTAT HCCYIECTBEHHO.

2.6. JononrumensHbie yempolicmea komnaca

Hapsmy C Y&KC ONMUCAHHBIMH CUCTEMaMH MaTrHUTHBIE KOMITachl HMEHOT T0I0HK-~

TeIBHbIE YCTPOHCTBA, NO3BOJAIONWIHE PEHIATE P HEOOXOMMMEIX 2a7a4. OCHOBHLIMH
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Tnasa 2. MarHWTHbIE KOMMACH! C KapTYLUKOM

U3 HUX ABJIAIOTCA PEMMTEPB! W NejleHraTopsl. [1epBble MO3BONSMIOT OTOOPA3MThL CHH-
MaeMyt0 HH(OPMAIMIO O Kypce B Pa3IMYHBIX MECTAX CyJIHA H, TeM CaMbIM, obectie-
4uTE 60JIe¢ [IPOCTO# NOCTYN K Hel. BTopbie Ial0T BO3MOKHOCTS HIMEPATH MENEHIH
H KYPCOBBIE YIVIbl Ha OPHEHTHPbI, KOTOPHIE HEOOXOIWMBI [UIS PeLIEHHs Ofpenesn-

HBIX HABMTAIMOHHAIX 3a/1a4. PACCMOTPHM YKa3aHHBIE YCTPOHCTEA.

2.6.1. Penurepu

Penutepsl, HConb3yeMmsle 1714 0TOOpaXeHns HHPOPMAIMHE O Kypce CyIHa, IO
MX HAa3HAYCHUIO MOKHO PA3NeNUTh Ha nymesbie W Oin nerenzoéanus. [lepebie pas-
MELIAIOTCH B TEX CYNOBBIX MOMEIUEHHSX, IIe HeobXomuma HHGOpMaIHS, TocTapde-
Mas uMH. KOHCTDYKTHBHO MyTEBbIEC PEIIUTEPhl MOTYT BXOAMTH B COCTAB OTHE/BHBIX
NpuGOPOB KOMIUIEKTA koMniaca. PermMTepsl Ais TE/EHTOBaHMs DPa3MEIIAOTCA Ha
KPBLIBAX XOZOBOTO MOCTHKAE, CTPOI'O OPHEHTHPYIOTCS OTHOCUTENBHO IHAMETPANTLHOMN
IUIOCKOCTH CyOHa W CHabXKaioTcs MeneHraropamu.

B OonblIMHCTBE CBOEM PETMTEpHI YHHBEpCATbHBI H MOTYT paboTaTh Kak 110
CHIHANaM MarHMTHOTO KOMIaca, Tak W MO CHTHANAM OPYTHX KyPCOBBIX YCTDPOMHCTE,
HAMpyUMep, THPOKOMMNAca.

B 3aBucnMocTH OT BMIA, B KOTOPOM 0TOGpakaeTcs HHGOPMAUWA, perHTepsl
MOTYT OBITh ananozoevimMu B yugpossivu. Hepenko aHanoroByio udpoByo HH-
(hopMmaltHio 0 Kypee Cy/iHa BEIBOZIAT HA OTHOM PENMTEPE, YTO CO3AET ONpeeNEHHbIE
yRoOCTBA MpH €€ MCrob3oBaniK. UHOIIa Ha UMpPOBBIX PENHTEpax HAPAAY C HH-
dbopmanmeit o TeKymeM Kypce Cy[Ha OTOGpaKaeTCs Ta WM HHAS NOMOJHMTENbHAS
H(OpMAaUX, HapAMep, 00 OTIIOHEHWH CyIHA OT 3aJaHHOTO Kypca. Mubopmarms,
noctynaiomas or MK, Moxer TaKkke 0TOOpaskaTbCs Ha pasIMYHBIX CyTOBBIX HHTET-
PHPOBaHHBIX HHGHOPMALMOHHBIX THCTLIEAX.

Bosnpmoe pacnpocTpanenue Ha NpaKTHKe NOJYYHIA CHCTEMR CHHXPOHHOM
TMCTAHUMOHHOH Nepenays aHatorosoi nudopmarmy. Kak npasuno, oHa cTpoHTes
Ha CeNbCHHAX, ONMH W3 KOTOPHIX (C[) (puc. 2.25) MEXaHM4ECKH CBA3aH ¢
apuratenem J{ caensmeil CHCTEMBI 1 ABIACTCS CENLCHHOM JTaTIHKOM, a apyrue (CIT,,

C1l; ...) COCTaBIAIOT OCHOBY CaMMX PENHTEPOR.
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2.6. foronHuTentHble yCTpoitcTsa KoMmmaca

Asurarens /I noBopauMBaeT poToOp CeIbCMHA HATIHKA C/I B cooTBETCTBUY C M3-

MEHCHHEM OpHeHTAlMy KapTyuku MK. O6MoTka Bo30ykAeHHS 3TOro CeNIbCHHA, O~

Jydad TIMTAaHME OT MCTOYHMKA

TICPEMEHHOI 0 TOKa HaUupsAKCeHH-

» eM U, HHAyKTHpyeT B Tpéxdas-
Py

@ - A - @ HOH POTOPHOH 0OMOTKE Harmpsi-
e

A CA

7]

CrR /

Pnc. 225

KCHUSA, KOTOpEIE HNOCTYIIAloT Ha

A POTOpHBIE OOMOTKHM CETBCHHOB

l npu€MaMKOB C7I, BXOISIIHX B
permaTepsl. B pesynnrare B3au-

MOJICACTBHA [OMEH CTATOPHBIX

H POTOPHBIX OOMOTOK NPHHEMAKONINX CELCHHOB HOCIIENHHE OYIYT OTCNExUBATH

[IOBOPOTHI POTOpA CEIBCHHA JaTUUKA.

Ha puc. 2.26 nokasan omMH U3 BOSMOKHBIX BAPHAHTOB KMHCMATHYECKOR CXeMBl

paccMaTpHBaeMoro penmrepa. [IpuaHMarommii cenncuy 5 TIpH HOMOINH 3yGHaTo Te-

penaum 4 cea3aH co WKAIAMU rpyGoro 2 ¥ TodHoro / orderos. Kak TAPaBHJIO, LIEHA Je-

JICHHA UIKAIBI FPYGOro oTCuéTa COCTARNSET | rpayc, a MKabl TOYHOTO OTCUETa — 0.1°

B pemmrepax nng neneHroBaHus Hapaay ¢ OCHOBHOM LIKATOH B 3€pKaIBbHOM M300pa-

Puc.2.26

EHHH co caBurom Ha 180° Hamecena BCIIOMO-
raTe/ibHAA LIKaNa, NO3BOLAONIAs CHUMATEL 3Ha-
YEHHA MPAMOrO NENICHra Ha 00BeKT. B TeMHoe
BPEMS CYTOK NIKATLI [IOJCBEYUBAIOTCY.
OnucaHHas cucTemMa IWCTAHUOHMOHHON me-
penaud HHOOPMAUHKM He ABILETCS CAMOCHH-
XPOHU3UPYIOUMIEHCSH, T.€. NOCHE €€ BKIIYEeHUS
[IOKa3aHHA DATHYHBIX PEIMTEPOB MOTYT pac-
XOIMThCA Meskay coboft. [Tostomy TpeSyercs
HAYaNBbHOE COTJIACOBAHME ILKAN MPUHUMAIOUIHX
PCIIMTEPOB C© MOKa3aHUAMH KapTymxku MK wim

pernurepa  HCHTPAILHOTO NpUOOpa, KOTOpEIE,
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nasa 2. MarHUTHbIE KOMMACH! C KapTYLKOM

KaK TIPaBIIO, CAHXPOHHIUPYHOTCA MEXKIY COOOH aBTOMATHYECKH. DTO OCYHIECTBIS-
€TCH CICIHAIBHLIM KIFOUOM, C TIOMOUIBID KOTOPOrO Pa3phIBAeTCH LEMb UTAHHA
CeJIbCHHA NPUEMHHUKA U IIPOH3BOIMTCA [TIOBOPOT €ro poropa. Tak, Npu COrIacoBaHHU
penunTepa, HOKA3aHHOro Ha puUc. 2.26, KTIOYOM PasphIBAIOTCA KOHTAKTHL 6 M 7 M 1O-
BOPAYHBACTCA BATHK 8, KOTOPEIH, B CBOIO OUYepellb, Yepe3 PEAYKTOp NOBOPAaTHBACT
WKATBL penvtepa. B HEKOTOPBIX pemuTepax 3apy0eKHOTO NPOU3BOACTRA COTIACOBa-
HHE LIPOM3BOIHTCS ¢ 1IOMOIIBIO 00BIYHOM 0TBEpTKY (pHc.2.27). [Tocne cornacoBatms
OTBEPCTHE A/ OTBEPTKH 3aKPBIBACTCA KPLIUIKOM.

B nocnegree BpemA IIMPOKOE NPHMCHEHHE Ha IPAKTHKE
HOAY4WIM LATOBBIE [MCTAHIMOHHBIE CHCTEMbl MEpeiaud WH-
dopmain. B ocHOBE PENUTEPOB, HCTIOMBIYEMBIX ITHMH CHCTE-
MaMH, JICKHMT I0aroBbI MOTOp, MEXAHHYECKH CBA3AHHBLIL CO
KaTaMy. Kax st MMITyITBC, NOCTYNAFOIHI Ha OGMOTKY IIaro-
BOIO MOTOpA, NOBOPAYMBAET €TI0 POTOP HA ONPEeNEICHHBIN Yrou.
HauGonbiuee pacnpoctpaHeHne Ha MPAKTHKE TOXYWIM IIaro-

BBIC JUCTAHIMOHHBIE CHCTEMBI C paspemieHueM 192 inara ua

OZHH I'PaJTyC yTU1a IOBOPOTA LHKATH! H 6 LIAros Ha OIMH IPajyc.

Puc.2.27

B kayectse npuMepa Ha puC. 2.28 mpHBeleHa 3NeKTpH-
4eCKas CxXeMa OJHOTO M3 BO3MOMKHBIX BAPMAHTOB IMAroBOTO Moropa. OH comepx uT
TPH Napbi 0OMOTOK, OCH KOTOPBIX MOBEPHYTHI APYI OTHOCHTENBHO APYTa Ha yrod,
paemsiit 60°, Porop motopa BeimonHeH u3
¢epoMarHHTHOIO MaTepHaia i HMEET Kpe-
croodpasnyio dopmy. [onokenue poropa
3aBHCHT OT TOTO, Kakue 0OMOTKM B JaHHBIH
MOMEHT HAaXolATCH NOJ HampsxeHueM. B

TOM Cily4ae€, eClId HampsKeHHe noJaHo Ha

KJIEMMY 5 ¥ 00MOTKY /, OpHEHTALM pOTOpa

6}’116’[‘ COOTBETCTBOBATH (IOKA3AHHOH Ha pu-

cynke. [Tpy maHHON opHeHTauMK 3y6LBI po- Pisc. 2.28

Topa 4 B C pacnonaraloTea BAOTb OCH OOMOTOK CTATOPA H Pe3yNbTHPYIOWHH MO-
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2.6. [lononHuTenbHbie YCTPOMCTBa KoMRaca

MEHT, JCHCTBYIOUIHI Ha Hero, Oy/1eT NPaKTHYECK paBeH Hymo. [T TOro YTOBkI Mo-
BEPHYTH POTOpP Ha O/MH lIar HEOOXOOMMO MONATh HANPSKEHHE OIHOBPEMEHHO Ha
aBe oOMoTkH, Hanpumep ] u 2. B atom ciyuae npomsofizer rnosopor Ha 15° MIPOTHB
9aCOBOH CTPEsKH, B PE3yJILTaTe KOTOPOTO 3yOLib! PaCIONOKATCA CHMMETPHUHO OT-
HOCHTENBHO OCeH yKa3aHHBIX OOMOTOK (MHUA g — @ GyleT NPOXOMWTL 10 GUCcCek-
TpHCE YTNIa MEXUTY HUMH) U CHJIbI IPHTSOKEHHA POTOPA C HX CTOPOHBI GyIyT YpaBHO-
BENMBATh APYT Apyra. JUIs TOTO, 4TOGH! npom3oilell NOBOPOT Ha CIEAYIOMMi mar,
CNIeAYEeT MOAATh HATIPMKEHHE TOJIBKO Ha 0OMOTKH 2. B atom ciywae 3ySuw! B 1 D co-
BMECTATCA C HANpaBieHHEM OCH 06MOTOK 2.

Taknm obpasom, kaubIt WAT Y paccMaTpUBaeMoro MoTopa paseH 15°, a mosi-
HBIH 000POT ero potopa GyzeT NPOMCXOMMTS NOCHE NOAYH 24 HMIIYNBCOB VIIPaE-
JAIOMEro HANPAKEHH. POTOp MOTOpa CBA3aH CO IIKANOR C MOMOILBK PeayKTOpa ¢
nepenaTodHeM oTHOWeHMeM 1/90. B pesyaprate 3TOro mid N0BOPOTA LIKAMIL! PEliy-

Tepa Ha | rpaayc HeoOX0MMMO MOAATH Ha WIATOBLI MOTOP 6 HMITYJTECOB.

2.6.2.leneHrarops:

[leneHraTopsl ClTyKat 1714 NENEHrOBAHNA HPEMETOR M HEOECHBIX CBETHI C Le-
/ILIO OIPENIENICHHS MECTa CY/IHA, OUCHKH MONPABKM KOMIACa U PEleHUs pAna APYTUX
3ama4. C MOMOLIBIO TIeJIEHraTOPOB ONPEAENAIOT TAKXKE KYPCOBBIE YIJIbi OPHEHTHPOB.

TleneHToBaHAE MOXHO OCYIIECTBIATE KakK HETOCPEACTBEHHO C KOTENKAa Mar-
HHTHOTO KOMIAca, TaK H C PENuTepOB IUIA MENEHIOBaHHA. B nepsoM ciywae, kak
[PaBHIIO, CHUMAGTCA OTCHET OOPATHOTO HENIEHTa, T.€. TIEeHra C OPHEHTHPA HA CyX-
HO. DTOT MejieHr oTiHYaeTcs oT npsmoro Ha 180°. C PENUTEPOB 1UIA MECHIOBaHUA
TPH HATHYHM JOTIONIHUTENBLHON 3epKaIbHON IUKAIBI, CABHHYTOH OTHOCHTEILHO OC-
HOBHOH Ha yron 180°, CHHMArOTCA 3HAYCHHA NPSMOTO TieNeHra Ha OPHEHTHD.

[eneHraTopst MOryT OTIIHYATECA JAPYT OT JPYra Pa3sMePaMH, KOHCTPYKTHBHBIMH
OCOGEHHOCTAMH, HO BCE OHM HMEIOT OCHOBaHME 7 (pHC. 2.29). Iia3Hyl0 MHUILEHD 4,
TIPEMETHYIO MHIIEHb 2, 3epKato [ IUTA NeNCHIOBAHUS HEGECHBIX CBETH, Pacliono-
JKEHHBIX Ha BbIcOTe Gonee 20°, u Habop CBETO(HUNBTPOB 3, HCIONB3YEMBIX UL f1e-
nesrosanni ColHua. B KOMIUICKT [eNIEHTATOPOB, NpeaHa3HAYEHHBIX /UIA TeNIeHTo-

BaHHA ¢ KOTEJIKA KOMITACA, BXOAMT MepeMbIuKa 6 ¢ YAlKOR 8, Ha KOTOpoil ycTaHaB-

41



'masa 2. MarHuTHbie KOMMAChI C KapTYLLKOM

JIMBAROTCS IPUOOPE! NIPH IIPOBCAEHHH ACBHALIMOHHBIX padoT.

Puc. 2.29

I'nasnad MuLens npencTasaset coGoil IIaHKy ¢ UIHPOKOHR BEPTHKATBLHOM Npope-
3b10. Yepes 5Ty npopess MOKHO HalMIONATh IPEAMETEI TIPK TUIOXOH BHIMMOCTH. Ilpn
TIE/IEHTOBaHHMH JTHEM NPOPe3b NPHKPEIBAIOT OTKMAHOM LITOPKO# ¢ y3KOi WIETHIO.

Ha naHky naneta kapeTka, Hecylnas TPEXFpaHHyIO IDU3MY 5 B METa/LTHYECKOil
omnpase, KOTOpast O0CCIIEUHBAET HEOOIBIIOE YBENWIEHHE H30OPAKEHHS e leHuH Kap-
TYIKY. Yepes Npu3My CHHMAIOT 0TCYET 0GPATHOTO MArHHTHOCO TIENEHTa.

Ha cheMHOM MOCTHKE HaXOUTCS YallKa, HA KOTOPYIO YCTaHABIMBAIOT nedrex-
TOp - npubOp, HCHOMB3YEMbIA NPH IIPORENECHHU ACBHALHOHHBIX paboT, uMeruHx
CBOGH iLenbl0 YMCHBIIEHNWE OMHMOOK KoMIaca. MOCTHK 3aKpeILIeTCs Ha KOMIIAce
Apyms ramukamu 9. Jawka BeinosnHeHa B opme UAIMAIpa ¢ driaHieM, B KOTOPBIX
[IPOTCYCHBI TPH OTBEPCTHA IUIA KPENEKHBIX BHHTOB. B INUTHHIPHYECKYIO HacTh
HalKy BBHHYEH TOPH3OHTATBHBIA HANPaBIAIOMME ITHDT, NO3BONSIONIMI TPARKITE-
HO OPUEHTHPOBATE Ne(IEKTOP OTHOCHTENBHO BH3MPHOH MIOCKOCTH NENCHTATOpPA.

Ha nesiedratope umeeTcs MHAEKC 10 [U1% ero OPHEHTALMM OTHOCHUTENBHO a3v-
MYyTILHOH MIKANbl KOMITaca, ITOT MHICKC CMEIUEH, Kak M asuMyTalbHAs MKaTa, Ha
30° orHoCHTETBHO BH3HPHO#H IUIOCKOCTH IENIEHTaTopa.

Ilns nenesroBaHus ¢ KPbUIbER MOCTHKA Ualie HCHOIB3YIOTCA oree coBepiIeH-
HbI€ ONTHYeCkHe meseHraTopel. Ha prc. 2.30 npencras/ieH oTeuecTBeH b MTE/IeHTa-
top ITI'K-2 [2]. BHyrps xopriyca 5 onTuueckoro TIEJICHTATOPa pa3MelleHsl 2 OITH-

ueckue cucrtemsl. OcHOBHAA TENAECKONMHYCCKAT CHUCTEMA CTIYyXKHT IUId Ha6monemm H

TICTICHNOBAaHUA HAaBHTALHOHHBIX OPHEHTHPOB. HOHOJUIMTCHLHH.H CHCTEMa
12

MHKpO-



2.6. JononnurensHble yCTpoitcTBa KoMnaca

CKONl — TMpeaHasHa4YeHa UIA TOBBILEHMA TOYHOCTH CHSTHMSA OTCUETa [efeHra ¢
KapTywky penurepa. O6e CHCTEMBI MMe-
10T ofmmil okymap 4. Teneckorageckas
cacTemMa HMeeT cBetoMIsTpel. Haane-
Kawud QUIBTP BBHIGHPAOT MOCPEICTBOM
pbiyara 6. Ha kopryce onTu4eckoro ire-
JIEHTaTopa YCTaHOBJIEHBI rilasHas 3 H
npenMerHas 2 MUINEHM /19 DPEBapH-
TEJILHOH OPHMEHTALMH ONTHYECKOH OCH

TEJIECKOIMYECKONA CHCTEMBI B Hamnpagne-

HHH MEJIEHTYEMOTO OpHEHTHDpA. 3CpKaJ'[O

1 HUCTIONB3yeTC A U1 nesieHropanys ConHua 1 3BE31.

OnTnueckue xapaKkTepucTuku nenexratopa k-2

KpatHocTs yBenuuenus Tpybel  ................. 5,85
KpaTHocTe yBenuueHus mukpockona ........ 4
YyBCTBATENLHOCTD YPOBHA  .............

BHMMAHHC Mipeaen BusnpoBakms no Beprukany

3apyGerxHbie 06pasIbl ONTHYECKHX MENEHTATOPOB, MEs TIPAKTHYECKH TOT K€
) COCTaB, MOTYT OT/IMYaThCH CBOMMHM KOHCT-
PYKTHBHBIMM 0CcOOeHHOCTAMH. [{ns upuMepa
Ha pUC. 2.31 npuBeneH BHEUWIHUN BUT TIeeH-
raropa Tuna 143-021 ¢upMel AHULOTIL
3mech | u 2 - ri1asHas W IpeIMeTHAS MHUle-
HH, COOTBeTCTBEHHO. Pyuka 3 mcnomssyercs
VTS peryJIMpOBKH NOJIOKeHH:A 3epKana 4. [1a-
TPOH 5 COAEPHKHT KPHCTAIHYCCKHH OCYIIH-
Teb BO3OYXa, NPEIOXPAHSIOWMH ONTHKY OT

3anforesanns. OOBEKTHB 6 HCTIONbL3YeTCH Uis

Puc. 2.31 TOYHOTI'0 NEICHIOBAHUS OPHEHTHUDA, & pyvKa 7

— 1A PETYTUPOBKH TUIOTHOCTH OTITHYECKHX (l.)I’I.)'ILTpOB.
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nasa 2. MarHMTHbIe KOMNAChl C KAPTYLIKOWM
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2.1.  KakuM o6pasom kotenok MK ycraHasnusaercs s HaKToy3e?

?9% 2.2, CKOMbKO CTEDKHEBLIX MATHUTOB OBLIYHO MCTIONL3YETCS B KOMNAcax?

27.

2.8.

2.9.

2.10.
2.11.
2.12.

2.3. Ecnm nop crexnom xoTenka oSpasoBanmch BO3AYLLHbIE NY3biPbKK,
KaKuM 0Bpa3oM 1 Kyaia ¥x MOXHO nepeMecTuTs?
2.4,  OT 4ero 3aBUCHT Yron 3acTos KapTyliu MK?
2.5.  KakuMu NapaMmeTpaMy XapakTepusyeTcs NepexoaHblil NPoLecc Kap-
Tywku MK?
HTO ONpeAenseT BuIHYX/IEHHOE ABWKEHWE KapTyLuku MK?
KaK 3aBUCUT aMnAMTYLa BbiHYXKAEHHbIX KONE6aHKI KapTYLIKK OT YacTOThi () BHEWIHE-
ro BO3AENHCTBUS, ecrm:
3Ta 4acTOTa 3HAYMTENLHO MEHbIUE HACTOTHI (0 COBCTBEHHDIX KONEGAHUH KapTyLKu?
WoRW?
We>>0?
MoueMy B MHAYKUMOHHOM A3TUMKE CUCTEMBI AUCTAHUMOHHOM NEpefaym 4acToTa Bbi-
XOAHOrO CMMHANA B ABA Pa3a Bbilue YaCTOTbi NUTAHUS 3TOTO AATYMKA?
oueMy deppo3oHA VI NocTpoeH Ha ABYX cepaedHuKax?
YTO NEXUT B OCHOBE CMHXPOHHOTO W WAroBoro penuTepos?
C KaKoli Lenbio B8 NeneHraTopax UCTINb3YIOTCA 36PKAN0 1 ONTUUECKUE QUALTPLI?
Heobx0AMMO /i yCTaHaBNMBATL MOCTUK Ha NENeHraTop NpH NESIEHrOBaHNM C NaBHO-
O MarHUTHOro KoMnaca?




3.1. NprHUMN AERCTBUS MHAYKLIMOHHOIO MarHUTHOMO KOMMNaca

I'i1aBa 3

HHAYKIHOHHBIA MATHHTHBIF KOMIIAC

3.1. fIpunyun delicmeust UHOYKYUOHHO20 MaZHUMHO20 KOMriaca
Kax yxe ormeyanocs Bbiue, Hapsy co cTpenounsMu MK s MOpckix CyZIOB
cranu paspabaThiBaThCA MHIYKUHOHHBIE KOMITACH. OCHOBHBIMH MX AOCTOMHCTBAMH
ABIAIOTCA:
¢ OTCYTCTBHE KaPTYIIKH H, KAK CIICICTBHE, ONTHOKH H3-33 HANTHYMS YIIIOB & 3aCTOs;
¢ OTCYTCTBHE MOTPEUIHOCTY, OOYCJIOBIEHHOH YBIICYEHHEM KAapTYIUKH HOIACDKH-
BaloUle KMUIKOCTHIO, 3aTOMHAOMWEH koTenok MK

¢ MCHBIIHME BEIHTHHBI AUHAMHYECKHX NorpemiHocTedt MK;

¢ OTCYTCTRHE HEOGXOIWMOCTH YCTaHABNMBATL MATHWUTHBIA JATYHK OPHOOpA B IPo-
MO37IKOM HAKTOY3€, 4TO IT03BO/IYET Pa3sMEMaTs €ro B Hanbonee ONaroNpHUaTHBIX B
MarH¥THOM OTHOLUCHHH MECTaX Ha CyIHe;

* Masibie rabapuThl MATHATHOIO AATUHKA W KOMITAKTHOE JCBHALMOHHOE YCTPOHCTBO
WK €r0 OTCYTCTBHE.

UyYBCTBUTENBHLIM TIEMEHTOM paccMatpueaemoro MK semaercsa HHIYKLIHOH-
Helil garauk (M/I), comepsxamuii, kak u B 3MeKTpPOMEXAHHYECKOH CHCTEME JHCTaH-
[IMOHHOW Tiepenaud MHGOPMALMH, 1BA HIH TPH MACHMTHBIX 30HMAA, KK U3 KOTO-
PbIX TIO3BOJISET ONPEAENHTH COCTABJAIONIYIO HANpPDKEHHOCTH MAarHMTHOTO 10/
8/10/1b €10 COOCTBEHHOM OCH. TONMBKO Teneph H3MEPAETCA CYZI0BOE MArHHTHOE [OTe,
OCHOBY KOTOPOI'O COCTaBJINCT MarliTHOE fojie 3emitd. COBMECTHOE HCIOMb30BAHME
CUTHAJIOB 3THX 30HIOB NAaET BO3MOXHOCTb ONPEAE/HThL HANPABIICHHUE BEKTOPA TOPH-
. S 30HTANBHOA COCTaBIAIOHIEH CYAOBOTO MarHHMTHOTO

1
I0JI1 OTHOCHTEIARHO LIHaMﬁTpaJ'ILHOﬁ IUIOCKOCTH W,

[

KaK CJCICTRBUE, Kype CYAHa.

B nocnennee BpeMs BMECTO CrepiHeBbIX dep-
PO3OHJAOB CTAlH NIPUMEHATHECA KOJBLEBBIE, MMEO-
Puc. 3.1 LiHe oaHy o6MOTKy Bo36yxaenus 2 (puc. 3.1) u oa-
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I'nasa 3. UHAYKUMOHHBIM MarHUTHLIA koMniac

HY HJIM HECKOJIBKO CHTHANLHBIX 0OMOTCK /. JT0 06YCNOBACHO HAamMuueM Y Moclies-

HHX psilia IPEUMYILECTB, K YHCITY KOTOPBIX MOKHO OTHECTH:

® OJHOPOAHOCTh MEXAHWYECKMX M MArHUTHBIX TApaMeTPOB CepAEYHMKA, a TAKKe
napamMeTpoB Leny Bo30yKaeHHd, uTo obecneurBaeT HU3KHI YpoBeHs IIyMa u 60-
Jiee BBICOKYIO CTaOILHOCTS “Hya” Geppo3oHa;

® cuUMMeTpHYHas (opMa CEpACYHHKA [O3BONSET HCIONB30BATH HECKOIBLKO CHI-
HAIBHBIX OOMOTOK, OXBATHIBAIOLIMX CEPIETHMK H MMEIOLIMX pasHbie Hampasic-
HHJ OTHOCHTCTEHO BEKTOPA M3MEPAEMOTO 1051, YTC HCKIIOYAETCA IS CTEpKHE-
BbIX eppO30HIOR;

® pasMEphl KOJIBLUEBBIX CEPAECYHHKOB MOIYT ObITh 3HAYHTEIBHO YMEHBUICHBI IO
CPaBHEHUIO CO CTEPKHEBBIMH;

® OTCYTCTBYET HEOOXOAMMOCTB MOAOOPA CEPASUYHHKOB.

OrtevectBenHnbIe KOBUEBbIE HEPPOIOH/BI IS ABYXKOMIOHEHTHBIX H3MePEeHHUil
HMEIOT CEPACHHHKH B BHe HaGopa waib 13 JINCTOBOTO MaTepHaia. JIBe CHTHATbHBIE
OOMOTKHM pacTioararoTCs OPTOrOHAILHO APYT K APYTY, HpHYeM ¢ Lelblo obecnede-
HHMSA BO3MOXHOCTH TOYHOH OTHOCHTEJIBHOH OpHEHTaUMH OOMOTOK OFHA U3 HUX BEI-
MOJIHAETCS TTONBHKHOH.

Deppo30HIBl MOTYT MHTATECA CHHYCOHIATBHBIM MIH NPSMOYTO/LHEIM HArps-
wenuaMu. BTopoe npennoyTHTeNbHEE, TaK KaK [O3BOISET NMOJydHTh Goee yCTOM-
YHMBYIO pabOTy JAaTYNKa MM 3HAYHTENbHBIX KO3¢¢HIMenTax YCHACHHS €F0 CUrHATa,
JIaCT BO3MOXHOCTh MOCTPOUTH CUCTEMY B YAOOHOM MHKPOMOMYJIBHOM HCIIOTHCHMH,
KOTOpOe He TpedyeT CyWIeCTBEHHOH HAacTpOMkH [4]. B ofowmx ciydaix BBIXOJHbIE
3 CHIHAIBl YYBCTBHUTEILHOTO 3IIEMEHTa
%m OPENCTaBIAIOT COO0H HAPHKEHHS T10-

CTOSHHOIO TOKA, MONYYCHHBIE B pe-

4

-
7 3yNMBTaTe CUBXPOHHOTO NETEKTHPOBA-

HHA CapMOHHK BBIXOOHBIX CHTHA/IORB

(heppo30HAOB,  NPONMOPIHOHATLHBIX

HANPOKCHHOCTAM H3MEPACMBIX Mar-

HUTHBIX MOJEi.
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3.1. NpuHumMn AEACTBUS MHAYKUMOHHOMO MarHUTHORO KOMMaca

AJIrOPHTME! BBIYMCIIEHHS KOMIIACHOTO Kypca Cy[dHa 3aBMCAT OT cnocofa ycra-
Hoskn HJI xommaca. M 31ech BO3MOXKHBI ABA BapHaHTa. B HEPBOM HHIYKITHOHHBIH
matuuK 1 (puc. 3.2) ycraHaBamBaetcs B Kopryce NMpHOOpa 3 B KAPAAHOBOM TI0/IBECE
TaKMM 00pa3oM, YTOOBI LIEHTP Macc CHCTEMBI OBLT HIDKE LEHTPa NojBeca, COBIMa-
ABIOWETo ¢ TOIKOH 0. B 9T0OM Cyyae H3-3a HANMHYHA MasTHHKOBOCTH M pacrnionara-
€TCA B TIOCKOCTH FOPH30HTA # OCTAeTCA BOMM3M €€ BO BPEMs KAUKH CYIHA. DIEMCH-
TamH KapIaHOBOTO TIOMBECA ABITIOTCA HAPYKHOE KOJIBLO 4 W BHyTPEHHEE KOJIBLO 2.
IlepBoe MoxeT noBOpauMBaTLCA B KOPTyce NPHGOpa BOKPYT OCH 0y, a BTOPO€E OTHO-
CHTENBHO KosbUa 4 BOKPYr ocu ox. Kopmyc mpuGopa 3amoNHAETCS KUIKOCTSHIO,
obecnieyuBaromel 1eMIPUPOBaHKe KONEGAHMH HHAYKLHOHHONO NaT4HKa IIpH BO3-
TeACTBHA BHEWIHHX BO3MYLIAIOIHHX (aKTOPOB.

Taxnm 06pa3som, B cilydae HCHONL3OBAHNA TBYXKOMIIOHEHTHOO HHIYKLIMOHHO-

T0 JaTYHKa ero BHIXOMHBIE HAMPHKEHHS B PACCMATPH-

Ny BacMOM CiTyyae OyIyT ONpeleisTh cOCTaBNAIOMmMe X~

1 Y’ HaNpsKEHHOCTH CYAOROTO MATHUTHOLO TIOJA, Ha-
NIPaBACHHBIE BHONL IHAMETPAIBHON INOCKOCTH #
IUIOCKOCTH [INAHIOYTOB, COOTBETCTBEHHO. OTH CO-
CTaBJIOUIME CBA3AHBI C BEKTOPOM K’ TOpPH3OHTANE-

HOH COCTaBIAOUIEeH CYNOBOI0 MarHWTHOIO NOJs Cle-

OYHOIMMH paBeHcTBaMH (puc. 3.3):
X' =H'cosKK, Y’ =-H’sinKK. 3.1

Texywmii komnacHelit kype KK cyaHa onpesemercs TlyTEM BBIYHCIICHHS OT-
HOMIIEHHS BbIXOAHBIX CHTHAMIOB:
YI
KK =arctg —. (3.2)
X
3HaueHHe Kypca paccuuThiBaeTcs 8 npeaenax ot 0° zo 90° mna Toro KBaJIpaHTa,
B KOTOpPOM OH Haxoautcd. HoMep KBaIpaHTa yCTaHaBiHBACTCA MO 3Hakam X u ¥,
KOTOpBIE COOTBETCTBYIOT NPHBEOCHHBIM B Tabnmue 3.1,
s TOro 4T0BEI MCKILIOUUTE TOSBICHHE B 3HAMEHATENE BoipaxeHus (3.2) senu-
YHH, ONM3KHX K HYJO, 3HAYEHMA KYPCOB, exaumx B npenenax ot 0° mo 45°, pac-
CUHMTBIBAIOTCHA B COOTEETCTBHE C paBeHCTBOM (3.2), a fipy 45° < KK < 90° mnx pacuera
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Tnasa 3. MHAYKUMOHHBIN MarHMTHbIA KoMNac

HCTIONIB3YeTCs 0OpaTHOE OTHOICHHE

’

X
KK = arcctg 7 3.3)
Tabmuma 3.1.
VkazanHelil cIIoco0 ompeene- [° BAADAHT | o o] 90°- | 180°%- | 270°-
Iapaw 09071 180° | 270° | 360°
HUA TEKYLIEro Kypca CyAHa He ABJd- PAMETP
X’ + ~ - +
€TC C¢AMHCTBEHHO BO3MOKHBIM, OA-
Y’ + +

HAaKO €T0 HECOMHCHHBIM IOCTOMUHCT-

BOM SBISI€TCS TO, YTO OH MCKIIOYAeT B/MAHME Ha [OJYYEHHbBIA pe3yinTaT TaKHX
$aKTOopoB, KaK BapHAIIMH HANpPKSHHS IATAHMA (heppO30OHAOB, HECTAOWIBHOCTD MX
XapaKTCPHUCTHK, KOIEOAHNA TEMIIEPATYPhI OKPYKAIOIEH CPElb! | T.M. ITO NPOHCXO-
AUT [I0TOMY, 9TO Ha3BaHHBIE (AKTOPBI OKA3BIBAIOT BIAMAHHE OJHOBPEMEHHO KaK Ha
X,TakuHaY"

CTpyKrypHast CXeMa, B COOTBETCTBHE C KOTOPOH BhipabaThiBaeTcs HHGOPMALIHS O
KyPCe CyiHa, NIpecTaBiieHa Ha prc. 3.4. Geppo30HABl C OPTOTOHATBHEIM PacIoNoke-
HHEM OCel YyBCTBHTENBHOCTH, BXoAsitue B Komiuiext MJT 1, Belnator 3rauenns X u
Y’ B Buae HanpAKeHUH TIOCTOAHHOTO TOKA, KOTOPHIE Uepe3 KOMMYTATOp 2 TIOCe0Ba-

TE/IBPHO NOAKTIOYAIOTCS K BXOAY aHanoro-uidpororo npeodpaszosaresa (ALI) 3.

d
P X KOI[X,
My 2 3 > 4 136
/ Y' KOI[Y’
5
Puc. 3.4

Ilocne wx mpeoGpazosamus B UKPOBEIC KOLBI, HOCIHENHHE NOCTYHIAIOT B BHI-
YHCIHTENb 4. B BbIYMCIHTENE, KaK 3TO yXe GBUIO ONMCAHO BBINE, PACCYHTHIBACTCA

3na4enue KK M 0JTHOBPEMEHHO MOAYIH BEKTOPA

H = (X)) +(¥")? (3.4)
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3.1. MpyHUMN AENCTBUA MHAYKLMOHHOO MarHUTHOrO KOMNaca

3navenus /{* MCMIONB3YIOTCA 45is ONpeaeNneH s nonpasok MK, sHaHHE KOTOPBIX

NO3BOJIAET BEIYUCIMTE MArHHTHEIA Kype MK cyaHa:

Y'+AY X' +AX
MK = arctg ———— wm MK = arcctg ~———. (3.5)
X +AX Y +AY
Komnac MoxeT yka3eiBaTh H HCTHHHBIH Kype /K CyaHa, U3MepeHHbIH OTHOCH-
TEJIBHO reorpauueckoro Mepuanana. [lfi1 3Toro B Hero ClieayeT BBECTH HHOpMa-
LIMIO O TEKYIIEM 3HAYCHHH MarfiUTHOTO CKIIOHEHHA d, CHATYIO C KapTEl

HK =MK+d. (3.6)

BoIXozHbE CHTHAIE! OTOOPAKAIOTCE YCTPOHCTBAMH MHAMKAMK Kypea 6. [ede-
parop 5 BeIpabaThiBaeT HANPAKCHHE BO3GYHACHHA PEpPO3OHIO0B U POPMHUPYET TaK-
TOBBIE UMIYITBCHI [U15 BEIYUCIIMTE]IA.

OfHUM M3 CYNIECTBEHHEBIX HENOCTATKOB HHIYKLMOHHBIX KOMITACOB PaCCMaTpH-
BAEMOr0 THIIA ABJAETCA HANVYHE 3HAYMTENABHBIX NOIPEINHOCTEN, BOZHHKAIOMMX B
pe3ynsTare OTKNOHEHHA oced M/l oT MIOCKOCTH ropH30HTa, KOTOPOE UMEET MECTO B
npouecce Kauky CyaHa. [To3ToMy 5TH KOMNACH! PEKOMEHAYETCA MPHMEHATE TONBKO
Ha THHAMHIECKH yCTOWYHMBBIX Cyax.

Bo BTOpoM BapHaHTe BBINOJHEHHA HHIYKUHOHHBIX KOMIACOB, KaK IIPABHIIO,
HCTIONE3YIOTCA TPEXKOMNOHEHTHEIE W], KOTOpEIe MOHTHPYIOTCS B KOpITye 663 Kap-
JaHOBOTO MOABECA H OCTAIOTCA BCE BPEMS HENOABUKHBIMH OTHOCHTEILHO HETO. JTO
YIIPOILeT KOHCTPYKLIMIO NaTYHKa, HO 1A ONpeIesieHHs Kypea CyaHa TpebyeTcs HH-
$opmanus 0 NPOCTPAHCTBEHHOM €ro OPHEHTALMH. YKa3aHHad WHGOPMALHA ToNTyqa-
€TCA € IOMOLIBIO TPEX aKCENEPOMETPOB € B3AUMHO OPTOrOHATHHBIMH OCAMH YYBCT-
BUTEIIBHOCTH, COBIIANIAIOUIMMH TIO HANPABNCHHIO ¢ OCAMHE oxyz (puc. 3.3) dpepposou-
A0B W cymHa. B To Bpems kax K] BripabaThiBaeT HHGOPMALNIO O KOMIIOHEHTaX X,
Y"1 Z7 cyn0BOTrO MArHUTHOIO IOJIA, aKCEIEPOMETPB! M3MEPSIOT IPOEKIHH g, g ug:
BEKTOpA YCKOPEHHA CHJIb! TAKECTH 3€MIH Ha CyHZoBble ocH. M3 puc. 3.5 rerko 3ame-
THTB, YTO

gy =gsiny,a g, =gcosycosh. (3.7)

Yuytbias, 910 yrousl § quddepenta cynHa OOLIMHO HEBERMKH, MOXHO MPH-

ODKEHHO CHHATATH, 9TO
8, =gcosy. (3.8)
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I'naea 3. UHAYKUMOHHBIA MarHWTHbBI KoMnac

Torna BeIpakeHne ANs ONPENENCHHA YINIa i MOXKET OBITh 3alUCaHO B CCAYIO-
IeM BuIE:

W =arctg g_y_ 3.9

k4
<

MOKHO TakXke 3aMeTHTh, YTO
8, =-—gcosysin@, (3.10)
Y BEMYHHA yriia & Moxer
ObITh HalimeHa w3 cre-

OYHOIHEro COOTHOINEHH

z
Hcnoneays  3HadeHms
NOJTy4EHHBIX YTJIOB, MOXKHO

paccuMTrare TOPH3OHTAIL-

HEIE COCTABJSIOINME CYIO-

BOIr'0O MarsHMTHOTO 1TOMA:

Xr=X'cos0+Z'sm6, Y/ =Y cosy~Z cosOsiny , (3.12)
a TaKKe MOIyJlb BEKTOpa

" N2 7 \2
H =\(X7) +(¥7) (3.13)
¥ €T0 HaIPAaBJACHHE OTHOCHTEIBHO IlPIaMeTpaﬂLHOﬁ TUIOCKOCTH CyIHa:
Yr
-~ KK =arctg—— . (3.14)
Xr

Brok cxema GeckapIaHoBOro MHIyKIMOHHOIO KOMMaca MOKa3asa Ha pHc. 3.6.
Adanoro — ungpossie npeotpazoraresm (ALTl) npeobpa3yioT BHIXOIHBIE HanpsKe-
i M1 1 akce1epoMeTpoB B IMPOBOH KO, HCTOMB3Ys KOTOPHIM BBLIMUCIATENS B B
COOTBETCTBHH C BhIpakeHHeM (3.14) paccunThiBaeT komnacHsii kype KK cymua. Kak
U B KapJaHOBOM HHIVKUHOHHOM KOMIIACE HMEETCS BO3MOXKHOCTE JUIA OLCHKH IO-
npasok  4Y n 4X KoMnaca ¥ MOCAEAYIONIETO BBMUC/ICHHA MArHWTHOLO kypca MK
CyIiHa, UCMO/Ib3yd CNEIYIONIeE PABCHCTRO:
— (¥ +AY)

MK = arctg —-
Xr+AX

(3.15)



3.2. KpaTkas xapaKkTepucTuKa MHAYKLMOHHBIX KOMIAcoB

MOXHO TakKe YIecTh MarHHTHOE CKJIOHEHHE M BHITHCHUTE HCTHHHLIL Kypc HK

CyaHa. JIOCTOHHCTBOM PacCMOTPEHHON CXeMBI MPHBOPa ABJISETCH OTHOCHTENBHO Ma-

H
—_— XYz
1201 AT
R
7
d B KK MK
HK
A Sx By 82 AL
8
Puc. 3.6

Jiag 3aBUCUMOCTE €0 MOKA3aHUH OT YCIIOBHI IUTaBaHuA.

3.2. Kpamkas xapakmepucmuxa uHAYKLUUOHHbIX KOMINAcoe

B Hacrosmee BpeMA MHIYKLFMOHHBIE KOMNAChl JOJDKHBI COOTBETCTBOBATH CTal-
mapry ISO 11606 “Cyna n Mopckas TexHosiorus. Mopckse 3NEKTPOMATHUTHBIE KOMIIa-
CbI”. OCHOBHBIMU TPEGOBAHHIMH 3TOTO CTAHAAPTA CBOASTCA K HEOGXOMIMOCTY oGecte-
YCHHA MOTPEIIHOCTH H3MEPEHHA Kypca CyHa, He npessimatomeit 0,5°, oToGpaskeHuto
HH(OPMALMH HA HHIMKATOPAX, AHAIOMWYHBIX 10 BHIY MIKaNe KapTylllKK CTPEIOYHOIO
KOMTIaca ¥ K 0GCCCHEHHIO BBIIATH TEKYIHX 3HAYEHHE Kypca IPYTHM NOTPEOHTENsM.

OCHOBHEIE TEXHUYECKHE XapAKTEPUCTHKH HEKOTOPHIX 00pasioB HHAVKUMOHHBIX
KOMMacoB NPHUBE/ICHB! B TpUIOKeHH [1.4. B 1onosHeHHe K yKasaHHOMY HpUIOKe-
HHIO OTMETHM OTAE/bHbIE OCOOEHHOCTH, IPHCYIIHE PACCMATPHBAEMBIM O0pasLamM.

OreuecTsennslli koMnac “Aspan” [4] BKIIOYaeT B CBO¥ KOMILIEKT NATIHK Kyp-
ca uHaykunoHHsll (IKH), npubop usmeputensmpit ([TH), npUOOp BBIYKCICHHS U
uHaukauuy (BH) u uadporoit seHocHoit penutep (LIBP). B npubope KU conep-
KATCS TPH OPTOTOHAILHBIX JTHHEHHBIX (PEPPO3OHNA, [IBA U3 KOTOPBIX TOPHIOHTHPY-
YOTCA QU3MUECKMM MASTHHKOM, [TOMEIEHHLIM B KApAaHOB 110/1B6C. Tpubop cuabxen
KOMIICHCATOPAMH JIEBHALIMH, COCTOSLIMMHA M3 TPEX Map OPTOTOHAIBHBIX KBAIPATHBIX
karymex I'eAbMronsua  ABYX MOABKHGIX KOMIEHCATOPOB, BHIOMHEHHEIX B BUIC

NIPAMOYTOJBHOTO U UHIWHAPHYCCKOTr O 6pyc}(OB U3 Mar#sMTOMSITKWX MaTepUanos.



T'nasa 3. MHAYKUMOHHBIA MarHMTHbIM KOMNAC

B npubope /1/{ naxoauTcs YCHINTENb CHTHANOB GepPO3OHACE H QHIBTD /s
BBIACTICHHA (10JIC3HOM rapMOHMYECKOH COCTaBIAOMEN CUrHaoB. CTpyKTYypHas cxe-
Ma K2KIOrO U3 TPEX JAaTUMKOB, 00pa3yeMbIX IPH N0OYEPE/IHOM MOAKITIOIEHAN Qep-
PO30HOOB K YCUIHTENO ¥ GiIRTpY, cOoTBeTCTBYET pHC. 2.4,

[pubop B/ BBITIONHAET CICAYIOMHE QYHKIMM:

* BHIPadATHIBACT KOMAHIBI [UT TOOMEPEIHOTO TIOAKIIOUEHHA (EPPO30OHIOB K aHATO-
ro-1udporoMy npeodpasoBaTeno;

* npeoGpa3yeT NoNE3HbIC CHTHAIEI H3 aHANOrOBOTO BUa B LM PORO;

* BEIMONHAET pacieT KOMIIACHOr0 Kypca;

* BBIMHC/ISET NapaMeTpbl OCTATOMHOM NeBMAlldH M BBOAUT NMOTIPABKM B 3HAYCHUA
KOMIIACHOT'O Kypca CyAHa, T.€. BbipabaThiBaeT MarHHTHEIH Kypc;

* dopMupyeT MUTaIONIHe HANpsDKeHus it mpubopa T14;

* (opMupyeT Toku nuTanus o6MoTok DMK

* HHIMUHPYeT pacCYMTaHHbBIE 3HaUeHWs Kypca Ha LMQpoBoM Tabno (Ha 3TOM xe
Tabno MOryT WHAMUMpOBAThCA 3HAYeHHA X', V', Z° COCTARAAIOMX HEIYKIHA
BHeLIHero noii B odnactu nipubopa JJKH v 3HaueHus BBOAHMOTO CKIIOHEHHA);

* CONEPIKHUT BCTPOEHHBIA aKKyMy/IATOp 1A OOecrieHeHns KOMNAca IMeKTPONUTaHH-
€M B aBApMIHON CUTyaUMH IIPH OTCYTCTRHY IMHTAHUA OT CYJ0BOM CETH;

* MpY HATUYHM Ha CyNHe HasHrauvonHoro xomiuiekca (HK) obecneunBaer oOmen
nadopmanuedt ¢ HK, monmydast oT HETo JTIOHHOE 3HaYCHME MCTHHHOTO Kypca H
nepenasasd B HK 3nayenwe WCTHHHOrO Kypca, REIpA0ATHIBAEMOrO KOMIIACOM, B
CiTyqae 0TKa30B FHpoKypcoykasarene#, sxogauux 8 HK.

YernIpexsHaunoe Tabo npubopa [[5P noropsaer HHGOPMALIHIO, HEIHIApPYe-
Myi0 Ha Tabmo npubopa BH. Ilpn obpaborke uHopMaunu B npubope BH moxer
ObITH OCYLUECTBIEHO OCPEIHEHHE TOKA3aHMIT KoMIaca.

Henocratkom koMnaca sBngercs otobpaxenvie uudopmanu npubopom [[BP B
undpoBoH, a He B aHanorosoi Gopme, 4To He COOTBETCTBYeT cranmapty ISO 11606.

Komnac JIC — 83 “T'opu30HT” OTHOCHTCA K O€CKApAAHOBLIM HHAYKIHOHHBIM
KOMIacaM. B €ro KOMINIEKT BXOIAT U3MepHUTeNbHBIH npubop (IaTIHK MCXOTHON MH-

(opmaunn), mpubop MTypMaHa, penurep MyTeBOH M PEUTED C MEECHIATOPOM.
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3.2, KpaTkas XapaKTepucTuKa MHAYKUMOHHbIX KOMITacos

B n3meputentHOM mpH6ope ycTaHOBIIEHBI TPeXKOMIOReHTHbIH VT 1 TPH aKkce-
JISpOMETpa ¢ B3aUMHO OPTOTOHATLHBIMY OCAMH,
B nmpuGope mTypMaHa HaXOIMTCS MMKPOTPOLECCOp, Peliaiomii} 3a0auM Bbi-
MHCIICHHA YTJIOB KA4KH M KOMIACHOrO Kypca B COOTBETCTBHMM C PAaBEHCTBAMH 3.9,
3.11, 3.14). Iocne nepex/ouenns npuGopa B peKUM “KannbpoBKa” W BLITIOIHEHNS
CYIHOM LHMPKYIIALMM MHKPONIPOUECCOP PeIuaeT 3aiayy BBLIYACTEHHS MONPaBOK K
KOMIOACHOMY CYAHY M YYMTBIBACT HX B BHIpaKeHHH (3.15), onpenenss, Tem cambim,
MArHHTHBIA Kypc CyaHa. K 3HaYeHHIO MArHMTHOTO Kypca MOKHO, MONB3YACh KHO-
NOYHOM KIaBHAaTypoil mpubopa, N06aBHTE MATHUTHOE CKJIOHEHHE M HOSTYYHTE Ha
TPEX3HaTHOM H(PoBOM Tabo NpHOOpa 3HAUECHHE MCTHHHOTO Kypca ¢ IUCKPETHO-
creio 1% B ciryuae puxcaryu LITYpMAaHOM 3HAYCHHUA TeHEPATBHOTO Kypea, 3aCBedu-
BAlOTCA, PACNONOKEHHBIC Ha IePeaHel NaHeN !, CBETOAMOHbIE YKA3ATEH OTKIIOHE-
HYA Cy/IHA OT 3aaHHOTO Kypca.
o xemaHuio onepaTopa WHAMIMPYEMBIE 3HAUCHHS Kypca 3aMeHsFoTCH 3Haue-
HISIMM YTJIOB KHJICBOH MM 60pTOBOM Kaukd. HenmocpencTBeHHO ToCe BRIIOYEHNST
KOMIIaca OCYIECTBISETCH ero TECTHPOBAHNE, PE3yNbTATEl KOTOPOTO TAKKE WHIHIIM-
PYIOTCH Ha nepemHei madenu npuGopa.
Komriac He HMeeT KOMIIGHCATOPOB NEBHALHA.
K HemocTatkaM nputopa MOXHO OTHECTH:
® Ppasmemende B 0nHOM kopryce M u akcenepoMerpos, 9T0 NMPHBOIMT K HOBEI-
IICHHOMY B/MAHMIO HA NMOKa3aHWA KOMIACAa YCKODEHHE, MOPOMKTAEMBIX KagKOH
CyIHa, B CHIly TOTO, YTO M3MEPHTENbHEIH NpUGOp, Kax MPaBHIIO, pacloIaraercs
A0CTATOYHO JANEKO OT UEHTPA KAYaHHi;

¢ OTCYTCTBHC KOMINEHCALMM H yJeTa KPEHOBOH IEBHALIMH, UTO B OTIPEETEHHBIX YC-
IOBHAX MOXCT NPHBOJNTE K NOSBICHMIO HENONMYCTHMEIX OMMGOK Onpesenienus
Kypca cyana [4];

¢ OTCYICTBHE AITOPHTMA ANANTALMHM KOMIIAca K H3MEHEHWIO BANPLKEHHOCTH MaTHUT-
HOTO 10JiA 3EMIIH, UTO 3aTPyRHSET HCTIONB3OBAHME H3IEINA B BBICOKHX ITHPOTAX;

® OTCYTCTBHE BCTPOEHHOTO B IPHOOP PE3ePBHOTO HCTOUHMKA MUTAHWA, YTO HCKILO-
HAET BO3MOXKHOCTS HCNO/IB30BAHHA KOMIIACR IPH OTKIOYCHHH NUTAHHA OT 6Op-

TOBOH CETH.
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nasa 3. MHAYKUMOHHBI MarHWTHbIA KOMNAc

HauGonee THNHYHBIM NPEICTABHTENCM 3apyOe/KHBIX KapAGHOBBIX HHIYKIMOH-
HBIX KoMIlacoB spiserca magenue VDO Navpak dupmbr VDO BenukoGparaHus.
OHO COCTOXT 13 TPeX NPUOOPOB: TATIHKA C KONBLEBBIM ABYXKOMIIOHEHTHBIM eppo-
30HJIOM, 3JIEKTPOHHOrO 0oKa u OnoKa pHAMKaukM ¢ uubpouiM Tabio. Kommac
obecneunBaet:

* HHIHMKALMIO HCTHHHOIO Kypea Iocie BBOA CKIIOHEHH,;

* OCpelHeHHe 3HaYeHHI Kypca Py KadKe CyIHa,

* MHIHKALMIO CPENHETO 3HAYEHMA KypCa 3a JUTMTCIBHBIH IIEpHOJ BDEMEHM IIpH
paboTe COBMECTHO C J1aroM;

* MHHKALHIO OTKIIOHEHHHA OT 3a0aHHOTO KYpPCa M MHAMKAIMIO KaYecTsa yyera Je-
BHALIUH.

Mastoe GBICTpPONEHCTBHE peanu3aliy airopUTMa YUeTa ACBHALMHM MHKPOTIPOLIEC-
COpOM OTPaHHYMBACT MAKCUMATBHYIO CKOPOCTh WHPKYJIALIMM 3HAYEHHAIMH JI0 2°/¢.

JlocToMHCTBOM KOMITaca ABJIAETCS €ro aqanTalys K 3HaYMTe/IbHbIM H3MEHEHH-
AM FOPU3OHTANIBHOM COCTABIAIOMIEH BHEITHErO MarHHTHOTO fI0J - 0T 24 A/m (ycno-
B MArHUTHOIO 3KBaTopa) 10 4,8 A/M (ycnorus reorpadudeckoro nosuoca). Q6pa-
WAeT Ha Ce0d BHUMAHKE ¥ KOHCTPYKUMA AaTUHKa, COCTONIIAs, KPOME OCeH KapaaHo-
Ba ro/iBeca H Jeranel Gpeppo3onna, HCKMOUHTENRHO U3 I7TACTMACCOBLIX AETaNCH.

K HemocTaTkaM KOMIlaca MOXKHO OTHECTH;

* 110TEpPtO paboToCcnOCOGHOCTH He TONBKO MPH OTCYTCTBHH YIEKTPONHTAHMA, HO H
[PH CHUKEHHY HANpssKeHMs IUTaHud Oonee, yeM Ha 25% OT HOMMHAIBHOrO
3HAYCHUS,;

* yBEeTMHEHME IIOTPEIHOCTH KOMIlaca A0 +5° mpy HakioHaxX Jarumka Ha +15°, yTo
OOBACHAETCA HATMYKEM JIEO(TOB B MOALIANHUKAX CKOJIBKEHMA Kap[aHOBa II0/IBECa;

* JHAMKaUKHSA 3HAYEHUH Kypca Ha 1MdpoBoM Tablo, YTO HE COOTBETCTBYET CTaH-
naprty ISO 11606.

THnmaHeIM NpeAcTaBuTENeM GeCKapIaHOBEIX 3apYOERHBIX KOMIIACOB ABJISETCA
uztemue “Magtronic” paspabotaHHsIll amepHkaHckoil $upmoii Ritchie & Sons Inc.
Kommac paccuntas ua mofele KIacchl CYJ0B # IO CBOEMY YCTPOHCTBY aHATOTHYEH

oredecTBeHHoMy  komnacy JIC-83. [Tlpubop Kommiektyercds UHDpPOBLIMH
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3.2. Kparkas XapakrepucTuka MHAYKLUOHHBIX KOMMacoB

JKHIKOKDHCTAUTMYECKMMH M IipoasaioroBsmMu
JHcIUtesMA. BHEUTHMA By NOCIIeIHEro NpeCTaRiieH Ha
puc. 3.7. JlnameTp mKaibl 1POAHATOrOBOrO AUCIUICK
cocramaer 8,9 oM. [uamerp tmdpoBoro mucivies,
PAacTioNOKEHHOTO BHY TPH WKAHI paBeH 4,4 oM.

Hena npenenus umudpoBeix aucriees (puc. 3.8)

cocrammser 1°. Ha

3TOM JHUCIUIeE OTO-
Puc.3.7 OpaxkaeTcs He TOSBKO
KYpC CyAHa, HO M OTKIOHEHHE CYOHA OT 3aJaHHOrO
Kypca (mxana 1). :
Kpome mwcrmes B kOMILIEKT KOMIaca BXOIMT
WHIYKUMOHHBIH MaTauK (pUC. 3.9) M G/IOK 3neKTpo- |
HHKH. © Puc38
Komnac wumeer BmXoasi s ceisu ¢
BHEITHUMH NOTpeGUTENAME MHPOpPMAUHH TaKHMK
KaK pajapsl, aBTOpYJIEBbi€, IPOKIIANYMKH Kypca U
T.0. YNpaBieHHe KOMIIacoM KHOMouHoe. Kaxmas
KHOTIKZ BBITIONIHAET OOHY OMpeleNeHHYIO Olle-
pammo.  JIna  ofecriedeHns  yCTOWYMBOCTH
MOKAa3aHWH KOMMaca B PaVIMYHBIX YCTOBHSAX

TUIABAHUA KOMNAc uMeeT 6 ypoBHeH ¢uabTpauudu

BBIXOOHOT'O CHTHAJIA.

Puc.3.9 B npubope ocywecTrisercd aBTOMaTrHueckas

KOMIICHCALMSA BJHAHHA Ha €r0 MOKa3aHHuA CYOOBOTO MarHU¥THOTO MOJIA.

K HeocTaTkam KoMmaca crielfyeT OTHECTH ero HepaGoTOCHOCOBHOCTS TIPH Te-
PEpBIBAX IEKTPOTIMTAHHA.

3.3. MNozpewHocMu UHOYKUUOHHLIX KOMAacoe

OCHOBHBIE NOIrpEMTHOCTH HHAYKIHMOHHOI'O MAaruMTHOIO KOMIIaca O6yCHOBII€HHZ
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naBa 3. HAYKUMOHHBIA MarHUTHbIA KOMMac

® HaNMYHeM He CKOMIEHCHPORAHHOIO CYJIOBOTO MAarHHTHOIO HOJS;

® BIMFHHEM KAYKH CYIHA;

» OWHOKAMH CHCTEM JHCTAHLIMOHHOM repenadu HHGOPMaLHH;

® UHCTPYMEHTAILHBIMHU OLITHOKaMH,

® HETOYHOCTHIO OPHEHTALMH WHAYKIHOHHOTO JaTYHKa OTHOCHTENBHO IHAMETPAITh-
HOM IUIOCKOCTH CyAHA.

Brusisue He CKOMIIEHCHPOBAHHOTO CYJOBOTO MarHUTHOrO 1oy 6yneT noapob-
HO PacCMOTPEHO B MOCICAYIONIHX paznenax.

B pesynrrate xadyku Cyama, Jaxe NPH HATMYHH MAATHHKOBONH CTaGHIH3aIuy,
WHIYKUMOHHbIH JATYMK OTKIOHAETCA OT IUIOCKOCTH FOPH30HTA, M Ha HETO HAaUuHHACT
OKa3bIBATH BIAMAHHE BEPTHKAIBHAN COCTABIAOLIAA CYAOBOTO MArHHTHOIO 110414, DTO
NPHBOAUT K MOSBJICHHIO TIEPHOAWYECKON COCTARNAIOUICH MOrPEIIHOCTH KOMITAcCa,
KOTOpas MOXET 3aTPYAHATE ChEM nokazanmif. C LEJIBI0 YMEHbIUCHUA BIIHAHHSA TOMH
MOrPEHIHOCTH NIPOM3BOAMTCS OCPENHEHHE MTHOBEHHBIX 3HAYEHHH Kypca CymHa 3a
ofnpeen€HHsli MPOMEXYTOK BPEMEHH.

B tom ciy4ae, ecnu W/J] ve cTaOUIH3HpPOBAH, HA NOKa3aHHA akCeNEPOMETPOB
OKa3pIBAET BJIMSHHE HE TOJBKO MOJE CHIBI TAKECTH 3€MITH, HO M YCKOPEHHS KavKH
CyIHa, KOTOPbIE B CHITY HECOBEPIICHCTBA AITOPUTMOB BHIYHCIECHHS W HETOYHOCTH
uHPOpPMALHM O NIAPAMETPaX 3THX YCKOPEHHi He MOryT ObITh HOIHOCTHIO YYTEHBI B
[IpOLECcce pacyieTa TeKYIIero Kypea cyana.

Omubky CHCTEMBI THUCTAHIHOHHON IMepelayd ¥ MHCTPYMEHTAIBHBIE OHIMGKM
ABJAOTCS TPEHEOPEKMMO MATBIMH IO CPaBHEHMIO C BITMSHHEM CYIOBOIO MarHHTHO-
FO MOMA.

OwwubKyu H3-32 HETOYHOCTH OPHEHTALIMH YYBCTBUTEIEHOTO 3/IeMEHTa KOMIAca H
PelMTEPOB [UIA NIEJICHNOBaHMs OOBIMHO HE NIPEBLIMIAOT 0,2°.

3.1. Kakyio 3apavy peuiaet $eppo3oHa?
?'% 3.2. ins 4ero B MHAYKLMOHHBIX KOMNACAX MPUMEHSIOTCH aKCeNepOMETPLI?

3.3. Kakue AOCTOMHCTBA Y KO/bUEBLIX (DEPPO3OHAOB NO CPaBHEHMIa Co

CTepXKHeBbIMU?
‘é%l 3.4. MoueMy KauKa Bbi3bIBAET NOABAEHNE MOMPEIHOCTY ¥ KAPAAHOBBIX UH-
BYKUMOHHBIX KOMNAcoB?
3.5, Kakue [OCTOMHCTBA Y MHAYKUMOHHBIX KOMN3COB M0 CPABHEHHIO CO CTPE/IOUHBIMI?
3.6. NoueMy Npu KauKe CyAHa CHYKAETCA TOUHOCTL NOKA3aHMi 6eCKapAaHOBOro MHAYKUM-

OHHOIO KOMNaca?
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4.1. O6uias XxapaKTepuCTKa CY/I0BOFO MarHUTHOrO MoAs

Ti1asa 4

AEBHAIHA MAHHTHOI'O KOMIIACA

4.1. Obwas xapakmepucmuxa cy906020 MacHUMHOZ0 Mo

Cynoroe MarHuTHOE moje ofpasyercs B PE3ybTaTe COMEHNS 3EMHOTO Mar-
HHTHOTO N07s ¢ COOCTBEHHBIM MojyieM cyaHa (Gonee noxpo6HO 0 napamerpax mar-
HHTHOTO NOJIA CM. B nipunokeHnH [11 u I12). TocnenHee BO3HKMKAET 32 CUST Hanuqus
Ha ero 6OpTy (peppOMArHUTHEIX MATEPHAIOB, B KAYECTBE KOTOPLIX BHICTYNAKOT Jile-
MEHTBl KOHCTPYKIHM CYZHa, CIJIOBa’ YCTAaHOBKA U TIEPEBO3MMBIH Ha CylHe Ipy3.
DTH MaTepHansl MOTYT HMETh 3AMEMHYIO OCTAMOYHYIO HAMAZHUYEHHOCHb, TIPHOO-
PETCHHYIO B pe3yAbTaTe BO3AEHCTBHA Ha HUX JOCTATOYHO CHIIBHBIX MATHUTHBIX HO-
neH ¥ COXpaHAeMyH0 NPAKTHIECKH HEHIMEHHON BIIOCIENCTBHH. TakHe MaTepHaib!
TIONY9UITH Ha3BaHue maznumomesépowtx (eM. 112). flone, coznasaemoe marvurTor-

BEDABIMKU  MATEPHANIAMY, OCTAETCH HENIMEHHO OPHEHTUPOBAHHBIM

OTHOCHUTESIBHO CyAHa M TNPAKTUHECKH HE 33BUCUT OT 1apaMeTpos
Buxno! 3EMHOIO MArHETHIMA.

Hapany ¢ ykasanHEIMH, Ha Cy/IHe HMEIOTCS MAZHUMOMAZKUE MATEPHANTBL, KOTO-
pele HAMarHHYHBAIOTCS KaK 3¢MHBIM MATHHTHBIM TIOJIEM, TaK U IO/IEM CY/IOBBIX MAr-
HHTOTBEPBIX MaTepuasios. [Tocnennue, obnanad HeH3MEHHO OPHEHTHPOBAHHEIM OT-
HOCHTE/IBHO Cy[HA [OJIEM, HAMAarHHYMBAIOT MarHUTOMATKME MATEpHanbi TAKHM 00-
Pa30M, 9TO OHH CO3NAOT TAKKe HEW3MEHHO OPHEHTHPOBAHHBIE OTHOCHTEIBHO CYAHA
COCTaBAAIOM{HE NOJIL. DTO AAET BOMOXKHOCTh YCIOBHO BKJIKOYAaTh YKAa3aHHBIC CO-
CTaRIMIOLIME B TIONIE, CO3/1aBAEMOE MarHHTOTBEPIBIMM MaTepHATAMH,

KapTyHa BEITAAAMT MHAYE, €CIIH MArHHTOMSIKAE MATEPHAlbl HAMArHHHBAIOTCA
KOMITOHEHTAMH MarHHTHOTO MO 3eMiin. ByieM npeacTasasTh cynoBoe u 3eMHOe
MargHTHBIC MOJIA B BUAE COOTBETCTBYIOWUX coctapiswomux X,Y,Z’ u X Y.Z
(puc. 4.1) BeKTOPOB HaNPHKEHHOCTH (WM MHAYKIMK) 3THX MOJIeH 110 0CAM CHCTe-
MBI KOOPIMHAT 0XyZ, KECTKO CBA3aHHOH ¢ CynHOM. OCOBGEHHOCTH HaMarHHYMBAaHUS

MarHHTOMATKUX MATCpHANOB 3EMHBLIM MAFHUTHBIM NOJIEM 3aK/IOYAETCH B TOM, 49TO
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'nasa 4. [leBMauus MarHUTHOrO KoMmnaca

OHU EYaydn HaMrHUYEHHBIMM O4HOW M3 KOMIIOHEHT 3TOrO 10/,
HATPUMED KOMITOHEHTOU X, CO3[al0T CBOE I10/1E, uMelowee, B ob-

LeM Clyqae, BCE TDU KOMITOHEHTS], BE/IMYMHBI KOTOPBIX 1IPONOD-

Baxwuo!

LHOHA/TBHEI HGMArHNYNBAIOLUEMY T0ITIO.

Taknm 06pa3oM, npyu HAMarHWYMBAHHE MaTepuana KOMIOHEHTOMH X caM Hamar-
HUYCHHEIA MaTepHas Co34adT mone, uMerolee cocTarnstomue aX, dX u gX, Hanpas-
JICHHBIE IO OCAM 0OX, Oy H 07, COOTBETCTBEHHO (pHc. 4.1). 3mecs a, d ¥ g — ko3 duim-
CHTH! IPOTIOPLUHOHANBHOCTH, OMPENesiAIOLIHE BEMNUHHY YKAa3aHHEIX COCTABJISIOIHX
B OJIIX HAMarHHYMBAMOWIEro NOJA. AHANOTHYHO, MATepHai, HAMArHUYEHHbIH Co-
craysomiel Y 3eMaoro nond, 6yaeT co3nasaTh COOCTBEHHOE 1TONE ¢ KOMIIOHEHTaMH
bY, e¥Y u hY, a HaMarHAUEHHBIN cocTapastonielf Z ~ ¢ KOMIOHEHTAMH cZ, fZ u kZ.

YuuTeiBas CKa3aHHOE, Pe3YIbTUPYIOMINE HANPSKEHHOCTH CY/I0BOTO MarHHTHO-
O MOJIA BAOJB OCeH, CBI3AHHBIX C CyJHOM, MOXKHO NPENCTABHTE B BHIE CIEMYIOLINX

pareHCTB (pHe. 1.33):

bY ¢z , X'=X+aX+bY+cZ+P,
/ Y=Y+dX+eV +Z+0,  (41)
ax Z'=Z+gX+hY+kZ+R,
fz

rae H, 0 4 R — KOMIOHCHTH MarHHTHO~

To IoJd, TOPOXKIACMbIC NOCTOAHHBIM

¥ CYRAOBBIM ~ MArHETH3MOM. Y paBHEHUS
Prc. 4.1 ¢ (4.1) nmonyuyswnu HasBaHWE ypasHewuii
Ilyaccona, a xosbduimentsl a..x — koopduyuenmoe Ilyaccona. [lonydennbie
YpaBHEHMS X3pPAKTEPHIYIOT CTPYKTYPY CYIOBOIO MAarHMTHOTO HONS H AB/IAIOTCA HC-
XOAHBIMH JUIA TIPOBENCHAA PATHYHLIX OLEHOK Ha mpakrake. OnHAKO A1M npouecca
CYOOBOXAEHUS OCHOBHOM MHTEPEC NPEACTABIACT CBA3bL MAPAMETPOR CYHOBOIO TOMA
¢ omnbkamu MK, T.e. ¢ Tol neBnanvei, KOTOPas BO3HMKAET y KOMIIACA, YCTAHOB-
JISHHOTO B 331aHHOM MECTE Ha Cy/IHE. 3Ta IeBHAllUA ONpPENeIsSeTCS OTKIIOHEHHEM OT

TJIOCKOCTH MarHUTHOTO MEPHIIMaHa TOpPU3OHTANBHOH cocTasnstomeil H (puc. 4.1)

CYIOBOTO MarHMTHOr® Mo, 00pasyemoil reoMeTpH4ecKoil cyMMoi BekTopos X u
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4.1. O6uian xapaKTepUCTHKa CYA0BOIOG MarHUTHOIO NOAS

Y’, B HanpaBieHHH KOTOPOH YCTAHARIIMBAIOTCA OCH MATHHTOR KapTylIKH KOMIiaca.

Haiiném cootHomenns, onpenensiomue ykasaHuyio cB3b.

4.2 YpaeHenue desuayuu

PaccMoTpum puc. 4.2, otobpaxkarommmit B3aMMHYIO OpPHEHTALMIO BEKTOPOB Cy-
JAOBOIC H 3€MHOIO MarHMTHBIX MOJIei.
Kak cnemyer w3 pucynka, nesuainm
O MarHuTHOrO KOMMaca, paBHas pasHO-

CTH MarHuTHoro MK u komnacHoro KK

KypCOB CyaHa
0 =MK - KK, (4.2)
MOKET OBITh ONpefeiena CAEAYIOMAM
PaBEHCTBOM:
tgd = M . 4.3)
H'cosd

Puc. 4.2 y

B cBoto ouepenm, 13 pHcyHka Cienyer, 9To

H%ind =X'sin MK + Y'cos MK, a  H'cos& =X'cos MK — Y’sin MK. 4.4)
Hoacrasnas B nonydeunsie papencrea 3uavenus X u ¥’ us ypaBHenn# Ilyaccona
(4.1), Haliném:

H5ind =[(1+a)X+ bY + ¢Z + Pjsin MK + [(1+e)Y + dX + fZ +QJcos MK,
H'cos® ={(1+a)X + bY + c¢Z + P]cos MK — [(] + e)Y +dX + fZ = QJsin MK. (4.5)

B nocaenHMX paseHeTBax yaTéM, 9To

X=H cosMK, Y= - H sinMK. (4.6)
Toraa nonyqwm:
H'sin§ = H[(H a)cos MK - bsin MK + CZ; E]sin MK +

+ H[~ (L + e)sin MK + d cos MK +fz—[:g}cos MK,

cZ+P

H'cos$ = H[(l+a)cosMK—bsinMK+ }COSMK#—

“.7

-
+ Hl_(1+e)sinMK—dcosMK— fZI;QJsinMK.
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naBa 4. [leBnauns MarHMTHOro KoMnaca

PackpeiBas kBaapaTHble CKOOKM paBeHCTR (4.7), HalnéMm:

N
E"Ef;n*é 129 Gn oM -“(1-005 JUSTES

P sin MK -

~l¥s- 2MK +—(1+cos 2MK )+ I;Qcos MK,
H'cos 8 1+a

(1+ cos 2MK )——sm MK + 2P o5 MK +
H 4.8
(4.8

1’L€(1~c ZMK)———sm 2MK - fZH Q ¢in MK .
CpYNIHpYs YICHBI [0 TAPMOHHKAM, OYIEM HMETD:
H'sin 6 =d—b+CZ+PsinMK+fZ+QcosMK+

H 2 H 4.9)
+a*e5in2MK +d+bcos2MK,
Hicosé | ate cZ+P vk -2 o mk +

H 2 H H (4.9)

—ecos2MK ~d+b

sin 2MK .

&

< ate
O6o3naumM 1+ ——— = A M MOJENUM JIEBBIE H TIpaBble YacTH pareHCTB (4.9) Ha
2

A . B pesynsTtate noaydnM:

H~sm§ = dib+CZ+PsinMK +fZ+QcosMK +
AH 2A JH AH
a-e d+b
+ sin 2ZMK + cos 2MK
A A 4.10)
H'cos 6 =1+CZ+Pc0 MK - fZ+QsmMK +
AH AH
+ 27 %cos 2MK —d+bsin 2MK .
A A
Beeném crenyromie 0603Ha4SHHUA:
d-b , ¢Z+ P . + , a~e , d+b ,
— = A, =B,fZ 0 =, =D, ——=E 4.11)
24 AH AH 24 2A
4 NIOACTaBUM UX B paBeHcTra (4.10). B peaynbrate OyneM UMeThb:
HSNO _ 4ry B'sin MK +C”cos MK + D’sin 2MK + E'cos 2MK ,
AH (4.12)

H'cos§
AH
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4.2. YpaBreHve nesuaumm

IMopenns nepsoe pasencrBo (4.12) Ha BTOpOE, FOMYIMM HCKOMOE BBIP@KEHUE LI
TaHI'€HCA JEBHAIMH MarHHTHOIO KOMIIAca:

_ A"+ B'sin MK + C’cos MK + D'sin 2MK + E’ cos 2MK
" 14 B'cosMK —C’sin MK + D cos 2MK — E'sin 2MK
3T0 BhIpaKEHHE TIOTYYHIIO HA3BAHME ¢opmyel ApunGansna CMuTa Mo HMEHM aHTr-

1gd (4.13)

Jfickoro yugnoro X1X Beka. OHO ompenesster 3aBHCUMOCTS nespanud MK ot pa-
pameTpoB A”...E’ u MarHHTHBIX KypCOB CY/HA. [lapametpst A”..E’ noayunnu Ha3Ba-
HHE KO3()(DHLMEHTOB NCBHALIH.

Ha mpaxtuke vame npeacTapamoT nesuaumo MK B GyHKIMM KOMTIACHBIX Kyp-
coB cyzHa [5]. [lna Toro 910661 noMyunTH YKazaHHOE BBIPQKEHHE YMHOKHM pPaBeH-
c1B0 (4.13) Ha ero 3nameHatens. B pesynbtare OyaeM HMETE:

sind(1+ B’cosMK — C'sin MK + D' cos 2MK — E'sin 2MK)=
(A'+ B’ sin MK +C cosMK + D'sin2MK + E'cos2MK)cosd.

PackpbiBas ckoGKH H NEPEHOCH BCE WICHbI KPOMe HIEPBOTO B IIPABYIO YaCTh PABEHCT-

4.14)

Ba, HAHEM:

sind = A’cos S + B'(sin MK cos 8 ~cos MK sin & )+
+C’(cos MK cos& +sin MK sin 8 )+ D'(sin 2MK cos§ —
cos 2MK sin 8 )+ E’(cos 2MK cosS +sin 2MK sin 35) (4.15)
Yuureas, uto KK=MK - & , a 2MK-5 = 2KK+8 , oxonsarensHo TOTY9HM BBIPAKEHHE
IJId CHHYCA JICBHAIIMM MarHUTHOTO KOMIIACa Kak (pyHKIIH!O KOMITACHBIX KypCoB CyaHa:
sind = A’cosS + B'sin KK +C’cos KK + D'sin(2KK + 8 )+
+ E’cos(2KK +68)

TakuM 06pazom, onpenenenst BoipakeHus, XapaKTepPH3YIOIe 3aKOH H3MeHe-

(4.16)

Hus nesuati MK u nossonsromue mars eé YHCICHHYO OUEHKY B Pa3iHYHbIX yCIIO-
BHAX IUTaBaHKA. bosbiee pacnpocTpaHenye s pemeHus yKasanHoM 3anaun nosny-
40 paseHcTBO (4.16). OmHako, Kakoe Gbl PABEHCTBO He MCTIOMB30BATIOCH [IpH BBI-
TOJIHCHHH OUEHOK, CICOYET UMETh B BUIY (CM. COOTHOILEHHS 4.11), uto
Koagpgpuyuenmer deeuayuu A,D’ u E’ npakmuyvecku He 3asucsm

om mecma cyoHa, a koaghguyuenmsr B’ u C’ usMensiomes ¢ u3-

MEHeHUeM wupomsl Mecma CyGHa, mak Kaxk om YKal3aHHo20 na-
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'nasa 4. feBuals MarHMTHOTO KOMMaca

pamempa 3asucum 20pU30HMansHas cocmasnaiowan H HanpsxénHocmu
MazHUMHOo20 nons 3emnu. M3 mex xe epipaxeHud 8udHO, Ymo Koaghuyu-
eHMe! desuayuu He 3asucsim om Kypca cydHa.

4.3 Cydoebie MazrRuUmMHLIe CUMbI

Pe3ynbTUPYIOIHMI BEKTOP TOPH3OHTANBHON COCTABILNOUIEH HATIPKEHHOCTH
CYNOBOr0 MArHWTHOTO TOAA B padioHe KapTyIIKH MaIHMTHOTO KOMmaca yaoOHO
NPENCTABTIATh €r0 OTACHBHBIMU KOMIOHEHTAMH, KOTOPEIC MOTYYHIH HA3BAKKE CYOO-
soix vaznumusix cwi (CMC). CocTaB 3THX Cul M HX BI2UMHYIO OPHEHTALMIO MOXKHO
ONpPEAEIUTE, UCNONb3YS paBeHCTEa (4.12), B KOTOPBIX JIEBbie M MPABbLIE HX YACTH Clie-
nyet ymuoxuTh Ha AH . B pesynerare OyneM umeTn:

H'cosd = AH + B'AH cos MK ~ C'AH sin MK +

+D'AHcccos 2MK ~ E'AH sin2MK,

H'sind = A’AH + B'AH sin MK + C'AH cos MK +

+ D'AH sin2MK + E'AH cos 2MK.

VICKOMBIMH  CyNOBBIMH ~ MarHMTHBIMH CWIaMH  ABIAKOTCA Ko duLHMEHTHI

4.17)

AH, AAH..E’AH , xonsmme » romyueHHoe ypasHeHwe. AHATH3HpYS YKa3aH-
Hble KO3)HUMEHTE], 06paTHM BHEMAHHE Ha TO OGCTOSTENBCTBO (CM. PABEHCTBA
(4.9)), wro CMC AH, A'2H. D'AH u E’AH 338ucaT or napametpos u pac-
TI0/IOKEHHS HE CYAHE MarHMTOMATKHX M3Ttepuanos, a CMC

BAH n C'AH - Kax MarHWTOMArkmx, Tax 1 MarHHTOTBEp-

Baxno!

AbIX. TaK0Ke HETDYAHO 38METUTH, YTO NEPBas rpynia CMC sasmcur
OT BEJTUYUHBI Tt O,DMS’OHTaﬂbHOMV COCT¢ aBﬂﬂ/OLueﬁ H Harps>keHHOCTH MarHHTHO-
1O 110719 3eM/H, B TO BPEMSI KaK BTOPasl rpyiing — OT BEPTHKA/IbHON cOCTaB-
sarowest Z. Bce CMC He 3asncaT or Kypea cyana. lockossky CMC rnpegeras-
NS0T COBOH KOMITOHEHTb! BEKTOPA HANpPIXEHHOCTH CYAOBOI0 MarHUTHOMO
110/14, OHU 7aKKe AB/ISAOTCA BEKTOPHBIMM BE/INYUHAMU,
Mt onpenenenud opuenTanun CMC oGpatuMes K pasencTsam (4.17). Bynem
YCHOBHO Honarate, yro sce CMC, kpome AH u A LH » PaBHBI HymO. B 3Tom cay-

4ae YKa3aHHbI€ PaBEHCTBA IIPHMYT BHI:
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4.3, CynoBbie MarHATHLIE CHTTbi

H'cosé =AH, H’sind = A’AH (4.18)

W3 Hux cnenyer, uro Bextop AH pasen NPOEKUNY PE3yILTHPYIOLICTO BekTopa
HaNPKERHOCTH CYJIOBOTO MArHUTHOrO MONS HA HANpPABICHHE MArHHTHOrO Mepu-

Auana (puc. 4.3), a BekTOp AAH - ya ma-
\NM OpaB/cHUE, MEPHCHIUKYIAPHOE MArHHTHOMY

A Mepuauany. Ilpu atoM, ecim 6 > (0, To CMC
AI

/’
A'AH opuentnposana na BocTok, B npoTHe-
2% HOM CrTy4ae, KaK 3TO [0KA3aHO LITPUXOBHIMH
THHUWAMY, — Ha 3anai. O4eBHAHO, OYAYYH Ha-

ﬂpaBHCHHOﬁ BOJTb  MarHUTHOTO MEpHanaua,

Puc.4.3 ‘ CMC AH sBisercs NOJIC3HOH, CTpeMsiueiica
YCTaHOBHTbL KapTyIIKy MardMTHOTO KOMraca B
3TOT MepuaHaH. [1o3ToMy cneryet cTpeMuTbea cnenath koddduunent A > 1.

Jins Toro 4ToGr1 onpenenuTs Hanpasnenne CMC B'AH | ByAem yCIOBHO CuH-
Tarh, 4T0 B paseHcTBax (4.17) Bce CMC, xpome AH u B'AH , paBnb! Hy;r0. Torna,
YKa3aHHBIC BBHIPAKCHHS TIPHMYT BHI:

H'cosd = AH + B'AH cosMK, H’sind = B'AH sin MK (4.19)
OTrM PaBEHCTBAaM COOTBETCTBYET CXeMa BEKTOPOB, MOKa3aHHadA Ha pHC. 4.4. U3 pu-
cyHka crenyer, uro CMC B'AH HanpapjieHa HO Kypcy cyaHa. [lefcTBUTENBHO,
TOJIBKO B 3TOM CIY4a€ €€ MPOEKUHUS HAa HalPaBIeHWE MATHHTHOrO MEpHIOHaHA M Ha
TICPICHAMKYIAPHOE K HEMY HalpaBjicHue OyAeT ONpPeAensTLCA BhIpakeHaMu (4.19).

[loctynas ananornuno, onpenennm Hanpaenerie CMC C/AH. st aToro Synem
[ronarate HEPaBHBIMH HYJIO TOJBKO CHibl AH w C’AH. Toraa nomyuum:

H'cosé =AH -C'AHsin MK, H’sind = C'AH cos MK . (4.20)

CxeMa BEKTOPOB, COOTBETCTBYIONIAA PaBEHCTBAM (4.20), uMeeT BWJI, NOKa3aH-
HpIT Ha puc. 4.5. W3 pucynka crenyer, uro CMC CAH HanpaslIeHa 1104 YriIoM

90°+MK 1o oTHOWEHHIO K MarHHTHOMY MEPHIMaHY W, CNIENOBATEebHO, MePreHIH-

KynapHo CMC BAH.
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nasa 4. [leBualms MarHuTHOro KoMmriaca

}3’7»HsinMK

B’AHcosMK |

AH

Puc4.4 Puc.4.5

Yuureias, 4to Bhlpaxenus 11 DAH n EAH 0Ti14ai0TCA 0T PaCCMOTPEHHBIX
TOJIBLKO YABOCHHBIM 3HaueHueM MK, MOXKHO yTBepxkaars, wto CMC D’AH Hanpag-
N Jiena nog yriom 2MK x Ha-

I IMK NPaBICHHI0 MArHUTHOTO Me-

Ng puauana, a CMC EAH - non
yraom 2MK+90° o oTHomre-
HHMIO K MAarHHTHOMY MeEpH-
AH IUaHy WIA TIEPIEHIUKYAPHO
CYNOBOW  MarHuTHOH  cwie
Phc.4.6 DAH

TaxuM o0pazom, B OOuieM Cllydae OPHEHTALMA BEKTOPOB CyJOBBEIX MArHHTHBIX

cun OyldeT WMETH BHMA, NOKa3aHHBIH Ha puc. 4.6. Ha arom pucynke Ny
COOTBETCTBYET HalpaB/IEHUIO KOMIIACHOTO MEPHAHAHA, B IUTOCKOCTH KOTOPOTO HaXo-
AMTCS PE3YNbTHPYIOIHH BekTop /7 HanpsKEHHOCTH CYJOBOrO MAarHMTHOrO MOJA.
TIlpoextupys Bekropsl CMC Ha HaIllpaBlIeHHE KOMITACHOTC MEPHIMAHA, HAaHIEM Bbi-
paKeHHe, olpeaenaroiee 3HaueHHe Bekropa H”

H’=AH cos8 + A’AH sin 8 + B'AH cos KK — C'AH sin KK +

421
+D'AH cos(2KK +8 )~ E'ZH sin(2KK + ) @20
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4.4. [leBrauns, nopoxaaemMas CyA0BbIMY MarHUTHBLIMIA CUIaMu

4.4 [lesuayus, nopoxdaemas cy008bIMU MazHUMHLIMU CUTaMU

Jia onpeneneHus xapaktepa JAeRHALNH, nopoxaaeMoi otnesbHbiMd CMC, 06-
paTUMCA K paBeHcTBy (4.16):

sin & = A’cos § + B'sin KK + C’cos KK + D’sin QKK + 8 )+

+ E’cos (2KK +8)
Ec/m yC/IOBHO CUMTaTh, 4T0 B 3TOM PaBEHCTBE BCE KO3 PHIMEHTI JeBHAIHH KpOMe
A’ paBHEI HYMIO, TO OHO TPUMET BUT: ’

180, =A'nd, =arctg A" 4.22)

Orciona crenyer, YTO OTKIOHEHUE J; KapTYIIKH, MOPOAKIACMOE CYROBOH MarHMTHOM
3 cwioit A°AH, He 3aBUCHT 0T Kypca CyaHa (puc.
4.7), a ompenenserca TOAbKO 3HAYEHMEM KO-

shdmmenTa nepuaimm 4’. OTa cocrapimo-

S=arktg A’~A’ mas o0Wero OTKIOHSHHA & KapTymkhn MK
KK TIOJTyHITa HA3BAHHE Kpy2oeoH Oesuayuu. [Ipw
Puc. 4.7 OTHOCHTENBHO MATBIX 3HAYEHHSX [eBMALMM,

'ITO YacTO UMEET MECTO Ha NPAKTUKE, €€ BENHIHHY MOAKHO NPHOITIKEHHO CUHTATE, KAK
IT0 CriellyeT U3 BRIpakeHHH (4.22), parHOM caMoMy KO(OULIMEHTY JeBHaL Y.
B toMm cnyudae, ecim HMeeT mecto Toaeko CMC BAH wnu C ‘AH, neBnanum,
NOpOoKaaeMbie UMH GYIYT ONMPEneNnaThCs CACAYIOWMMH BhIPAKCHUAMHU:
sind, = B’sinkKK, sind; = C’cosKK. (4.23)
[Ipy OTHOCHTENEHO MaNTBIX 3HAYEHHSAX TIOYYEHHBIX JEBHALIH MOXHO HpUONAKEHHO

CUHTATh, 4TO 52 = B'sinKK,a 53 =C’cosKK. D COCTaBAAICINNE IEBHALMI

o) e P o0
LosIEK ) AH
n:B A,H N Q
R’sinKK o -
807 360° KK s N7
B=C [(E=
4 Q Q \ P
Puc. 4.8 Pac. 4.9



[naea 4. feBraunsa MarHUTHOrO koMnaca

MarHWTHOTO KOMIaca NOJyYHIH HAa3BAHME HOAVKPY206blx. 3aKOH HX W3MEHCHHA I10-
Ka3aH Ha puc. 4.8. 13 pucynKa BHIHO, 9TO aMAMHMTYAHBIC 3HAYECHHA ASBHALIMHN ITpH-
MEpPHO paBHbI CaMUM KOO QHIUEHTAM JEBUALIAN.

®usuyeckas CymIHOCTb NOAYKPYTOBOH A€BMAIMH JETKo obbacumMa. Jeiict-
BUTE/IBHO, ECITH NPHHATH BO BHUMaHHE TOT (haxT, 4TO, B OCHOBHOM, OHA TIOPOKAa-
€TCH TIOJICM, CO34aBaeMbIM MArHUTOTBEPABIMH MATEPHANIAMH, H €70 KOMIOHEHTHI
P u  He 3aBHCST OT KypCa CyliHa, TO, Kak 3TO CeAYET U3 pHC. 4.9, COCTaBAfIO-
luas P OyneT BBi3bIBaTH MAKCHMANbHOE OTKIOHeHHe kapTymkH MK Ha Kypcax
CyZHa, paBHBIX 90° u 270°, korma ona NEPNCHIUKY/IIPHA BeKTopy H HanpsxEHHO-
CTH 3eMHOTO MaruutHoro nois. Ha xypcax 0° i 180° nesmauus Oyaer pasHa Hy-
mo. B ceowo ovepeas, KOMMOHEHTa Q OyneT MakCHMANbHO BIHATH HA ITOKA3AHUS
MK Ha kypcax 0° u 180°.

Hesuanuy, 5, u &5, mopoxaaemeie CMC D’AH u E‘AH, no xapakrepy aHano-
FHYHBI HOMYKPYTOBBIM, HO HMEIOT BABOC MEHBLIHI IEPHON H3MEHCHHS:

8, = D'sin(2KK +68,). 85 = E'cos(2KK +85) (4.24)

Kakmas n3 HUX nonyunna Haspanue vemsepmuoii Oesuayuu. TIpu oTHOCHTEIb-
HO HM3KHX BeNnnumHax & ¢ ¥ & 5 32KOH MX H3MEHeHHs OyJeT BeChMa GITH30K K rapMo-
HUYECKOMY, @ AMIUTHTYAHBIC 3HAYEHUs [CBHALHUM - IPAKTUYECKHM paBHBl KO3 duim-
entam D u E”.

Hapsany ¢ paccMOTpeHHBIMH COCTABIAIOIIMMH, KOTOPBIE OOYCIOBIEHD! BITHA-
HHEM [10JI1, TOPOKIAEMOrO CYIOBLIM JKEIE30M, MOTYT HMETh MECTO COCTABIHAIO-
IHE, NOPOXK/IAEMbIE MOIMH 3TIEKTPHYCCKHX Lefiell C MOCTOSHHEIM TOKOM, a TAKKe
KauKoH, KpeHOM U I GepeHToM cyaHa. B meproM cilyyae nesnauus MOMyyHIa Ha-
3BAHHE DTCKMPOMUZHUMHOU W OHA MOXKET ObITh OCOBEHHO 3aMETHOI, €Cu CyAHO
HMeeT 0O0MOTKM Pa3MarHMMUBaHHUA M OHU BKIOUEHEL Bo BTOPOM cllydae feBHals
Ha3bIBAETCS KpeHOsOU U OHA 00YC/IOBIEHA H3MEHEHHEM IAPAMETPOR HAMATHHYUBA-
HUS CyJHA NpH HAIMYHH KpeHa, nudPepenTa U Kadki. B ONpelelleHHBIX YCIOBHX
Ha KapTYHIKy MOXKET OK43blBaTh BMHAHME U BEPTHKAILHAS COCTARIAIOMAT MArHHT-
HOro nosis 3eMiIH.

PaccMotprm 6ostee MoapodHO CYMHOCTL KPEHOROH ACRHALIUA.
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4.5. KpeHoBas AeBHALMS MarHUTHOIO KOMMaca

4.5 Kperoeas Oeeuayusi MacHUMHOZ0 KOMMIaca

Crienyet uMeThb B By, YTO KpEHOBAs A€BHALMS TIONBIISETCS KAk HpH HAIMYHHA
KauKi CyIHa, TaK W NPH €TO JBWXKEHMM CO CTATHICCKHM KpeHoM M muddepeHtom.
Kosr4ecTBeHHAT OLIEHKa AECBUALIH B TEPBOM CITy4ac WiIH TNPH HaHuuu o6enx dax-
TOPOB NPEACTABIACT ONPEACICHHYIO CIOXHOCTE. TO CBA3AHO C TEM, YTO B pesyis-
TaTe KA4KH Cy[HA BOIHMKAIOT CHIIBI HHEPLMH, KOTOPbIE BO3AEHCTBYIOT Ha KapTyluKy
KOMIIaca, BEIHY/KIaf €¢ COBEpIIATH KOJEOaHMA HE TONBKO B A3UMYTE, HO H OTHOCH-
TE/TBHO MIOCKOCTH TOPH3OHTA. B 3THX YCIOBHIX Ha Hee Gyzer neilCTROBATD BEPTH-
KajlbHas COCTaB/IAIOINAA HANPKEHHOCTH MAarHUTHOTO NO/A 3EMITH, 4TO [IPHBENET K
TIOABIICHHIO NOTIONHUTENLHBIX OTKIOHCHHH KapTYILIKH OT HAallPaBJIEHHA MEPHIHAHA.
B pesynbTaTe MarHMTHBI KOMNAc CTAHET He TOJMBKO [OKA3BIBATH KypC CyIHa ¢
OMIMOKOH, HO U €ro KapTymika HaYHET COBEPLIATh KONEOAHHS OTHOCHTEbHO Kypco-
BOH Y€PTHI, 3aTPyAHAA CHEM IOKA3AHHIA,

YYHTBIBAA CKA3aHHOE, Ha MPAKTHKE paccmarpuBaror Gonree mpocTod ciywait,
KOraa B IpoUECCe MBIDKCHHA CyIHA KapTYiKa KOMIIACA HE BBIXOIMT H3 TUIOCKOCTH
FOPH30HTA WM €€ OTKJIOHCHHS MPEHEOPEKUMO MaTbL. DTO MOKET MMETh MeCTo pu
HAMIMM TOMLKO CTATHIECKOrO KpeHa u M(Qepenta WM KOraa YCKOPEHHUS, BO3HY-
KalOlUE B pe3yNbTaTe KavKH, HECYUICCTBEHHBI B ITOM Cilydae BAMAHMEM BepTH-
KaTbHOM COCTABIAONMIEH MATHUTHOTO NMOJIA 3EMAH MOKHO npeHebpeds ¥ IeBHALHIO
pacCcMaTpHBaTL THIIE KaK pe3yNbTar
HM3MCHEHHA MapaMeTpPOBR HaMarHu-
YEHHOCTH CyaHa.

B onucandeix YOIIOBHMSIX CTaHO-

BUTCA OUYCBHAHLIM JOMYIIEHHE O Ma-
JOCTH yryioB KpeHa u nuddepenta,
Y0 NO3BOJIAET, B CBOIO O9epelb, pac-
CMAaTPHBATEL MX BIIMAHUE HE3IABMCHMO

ApPYT OT Apyra.

EylleM CHHTATh, YTO CyIHO HaeT

HPOU3BOJIEHEIM KYPCOM H HMEET HEKOTODBIH yCTAHOBHMBIIMHCE KpeH Y (puc. 4.10).
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'naea 4. [esvaums MarsuTHOrO KoMnaca

Cocrasmttomue X, ¥, 4 Z; CyNIOBOIO MAarHUTHOrO MO NPH HATHYMH YKA3aHHOTO
kpeHa Oy/IyT OnpeneaTscs ypaBHeHuamMH [lyaccoHa clIeayIomero siua:

X/ =X, (d+a)+bY, +cZ,+P,

Y/=dX;+Y,(0+e)+ fZ,+Q, (4.25)

Z=gX,+hY, +Z,(1+k)+R,
rae X, Yy, Z;- COCTaBIAIOMIAE 3EMHOTO MArHUTHOTO JI0JIA BAOJB OCEH ox; Vi % Ao K —
xoaduunentel lyaccoa, P, O, R — cocTapisowmue CyIOBOTO MarHWTHOTO ITOJIA,
IOPOJAEMBIe MArHHTOTBEPOBIMKH MaTepHanaMu. Jinsg KOMIaca, yCTAHOBIEHHOTO B
IMAMETPATBHOH [0CKOCTH CY/IHa, KO3 HUHEHTH b, d, £, 1 h IIpeHeOpeRIMO MaTHI,
H KX MOXHO OITYCTHTE W3 paccMOTpetns. He 6yneM takKe yauTsiBats Ko pumes-
THI C M g, KaK HE OKA3BIBAIONIME CYLICCTBEHHOrO BIIMAHMA HA TIONYUEHHBIE PE3ybTa-
Tol. B 3TuX ycnosusax papercrtsa (4.25) npumyT BuI:

X! = X (1+a)+ P, Yi'= Y(1+e)+Q, Z/= Z,{1+k)+R. (426)

Beipasum cocrasngiomue X, Y;u Z; vepes COOTBETCTBYIOIHE KOMIOHEHTHI X, ¥
# Z 1o, HAMarHHYABAIOLIETO CYAHO:

X=X, Yy=Ycosy+Zsiny, Z,=Zcosy—Ysiny. (4.27)
[Mogcrapnas paserctsa (4.27) B (4.26) HaiiieM napameTpsl CyAOBOTO MONA TIPH Ha-
JIMYHH KpeHa cyaHa:

X/=X({U+a)+P, Y/=cosy+Zsiny)l+e)+Q,

Z;=(Zcosy -Ysiny)l+k)+R.

J1 oUeHKKM BAMAHHA MOMYYEHHBIX COCTABIAIONUIMX CYIOBOIO MAIHMTHOTO IOJA Ha

(4.28)

KapTYLIKy MarHHTHOTO KOMIIACa CIPOEKTHPYEM MX HA OCH OX, M Oy, CBA3aHHBIE C
Heil. [lpoekiuts Ha OCh 0z,, OUEBHIHO, He GYHCT NMPEICTARIATE MHTEPECA, TAK KaK 3Ta
COCTABAAIOIIAA HE MOXKET OTKIIOHATE KAPTYUIKY B CHITY TOTO, YTO OCh 0Z, [epTIeH -

KY:;19pHA €€ [UIOCKOCTH.

X{=X({1+a)+P, Y/=Y'cosy—-Z/siny=[0,5Y(1+cos2y)+
+0.5Zsin2y](1+e)+ Q cos y —[0,5Z sin 2y — 0,5Y (1 - cos 2+ k) - (4.29)
- Rsin 24.

PackpbiBad CKOOKH H IPYIHPys YieHs! 10 TAPMOHMKAM, HAiZeM:

[ 1
X, =X{+a)+ P, (4.30)
e+

qk))’+Qcosy'~Rsiny+Zemk ek

-sin 2y + ¥

Y, =(I+ cos 27.
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4.5. KpeHoBast ieBMauMs MarHUTHOTO KoMnaca

M3 nosTyueHHBIX BhIpOXeHHH CremyeT, uTo KpeH CY[HA BBI3LIBAET H3MEHEHME
TOJIEKO MONEPEMHOH COCTABIIOIIEH HANpPDKEHHOCTH CyNOBOIO MArHUTHOMO rons,
KOTOpas, B CBOIO 0Y€penib, NOPOKIAET NONOIHHTENBHYIO JEBHALMIO MAFHUTHOTO
Komrnaca. QueBHIHO, YTO NPH HAIMYHH yria O Avddepenta CynHa HOMONHUTENTS-
HY!O NOTPEINHOCTE MArHMTHOrO KOMIAaca GyNeT BBI3bIBATH €€ NMPOAOIBHAS COCTAB-
nstomas. 1o ananoruu ¢ pasencrsamu (4.30) sta COCTaBNAOAL OyAET OMPENEIIATh-

CA CIICOYIOLMINM COOTHOLIEHMEM:
X; = 1+2§J_‘_ + Pcosf— Rsinf +~a;—stin29 +_q;_k Xcos20. @31)

Eciu umeet Mecto U kpen u maddepeHT cynna, obe coctapnromue 6ymyT nopox-
DaTh NeBHALMIO KOMIIAca, KOTOpas SBJIAETCS [OCTATOYHO CIIOMWHOL dyHxnueit gaun-

HBIX YTJIOB H 3aBHUCHT OT Kypca CynHa.

4.6 OnpedeneHue deeuayuu Ma2HUMHO20 KOMIIaca

Tekymylo DEBHAIMIO MATHUTHOTO KOMIACa MOKHO OLICHHTEL PA3NIHYHBIMH CIO-
cobamu. HanGornee gacto genarnms onpexessercs:

® MYTEM CIIHICHHS [10Ka3aHHH MATHUTHOTO U FTHPOCKONUYECKOTO KOMITACOR,

" TyTeM NEIEHTOBAHUA OTAANCHHOTO NPEAMETa UIH CTBOpa,

® [0 BEEpy CTBOPOB,

* [0 NeJIeHTaM HeGECHBIX CBETHIL.
3azava onpenenienns NEBHALMN CROIMTCH K CPaBHEHHUIO 3HAYEHHH KOMIACHOro Kyp-
ca KK cynna #1M KOMIaCHOro Tiestenra K17 (obparroro kommacHoro neneura OKIT),
CHATBIX ¢ MaTHMTHOTO KOMNACa, C MArHHUTHBIM KypcoM MK WM MarsMTHBEIM TeTeH-
rom MI] (oOpaTHBIM MATHHTHBIM TIEJIEHTOM OMIT), NOTY4EHHBIMH WHBIMH [y TAMH U
CUHTAIOIIUMHCA STANOHHBIMH;

0 =MII-KII, §=OMIT-OKI] &=MK-KK (4.32)
Ilepen onpeneneruem neBuaumn [5] Bce cynossie ycrpoiicrea momkHsl GETH

3aKpeILNeHbl NO-TOXOAHOMY. Ecii BOMH3M MarHUTHOrO KoMiaca pacrionoxenst dep-

POMarHHTHbIC YCTPOHCTRA H NPEIMETBI, TIONIOKEHNE KOTOPBIX BO BpEMH peiica Moxker

H3MeHSThCd (aHTenda PJIC, TIPOKEKTOp, CTANBHAA 4BEPL U T.NL.), 06 3ToM cnedyer
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[nasa 4. [leBvaiis MarHUTHOrO KoMnaca

ClenaTh CHELHANBHYIO OTOBOPKY B TaOmuue ACBHALMM, YKa3aB TO [TOJIOKEHHME Ha-
3BAHHBIX YCTPOKHCTB, B KAKOM OHH HAXOJU/IMCh BO BPEMA OINPENETeHHS JeBHAIHUH,

B kapMmaHe IeBHAaTOPa WM IITYpPMaHa, MPOROMALIEro paboThl, HE NOSDKHO ObITh
HuKakux (eppoMarHMTHIX npeaveros. OnpenencHHe ABHAMH CIIEAYET BBINO/-
HATH Ha MaIbIX XOJax Cy[HA, MPHCTYIAd K HaOMOASHUAM Yepe3 2-3 MHHYTHI f10Cie
OKOHYAHHA €ro Manespa. OTCHET ¢ KOMIIAca CieAyeT CHUMATh C TOrPEIHOCThIO, He
npessumaromedi 0,2°. Ha kaknom Kypce clelnyeT CHMMaTh 3-5 HabmoaeHuii ¢ mocne-
IOyIOIHUM OCpEIHEHHEM MOMyYEHHBIX Pe3yNbTaToB.

Haufonee npocto olpese/aTh NEBHALUIO MarHUTHOTO KOMIAca MyTeM ciye-
HUg ero nokasaeuid KK ¢ Noka3saHWAMY THpoxoMnaca. Jis 3TOro ciaeayeT THPOKOM-
nacuetii Kypc /KK MCHIpaBHTH NOMpaBKo# rHpokoMnaca AI'K ¥ y4ecTh 3HA4YeHHE
MarHMTHOIO CKIOHEHHA d U4 JaHHOTO MECTa Cy/IHa:

8 =TKK - KK + (ATK - d). (4.33)
Oanaxo, NonpasKa M'MPOKOMIIACA TIPH MAHECBPUPOBAHWH CYHA, KaK NPABHIO, HE HO-
crosnna. CTeneHp e pa3dpoca 3aBHCHT OT MApaMeTpoR MaheBpa. [t yMeHbIIeHHs
cTenenM HecTabwibHOCTH A/ K OTCUETHI CieAyeT CHUMATh NP H3MEHEHUSX Kypca
Ha 10 — 15 rpagycos.

Ja onpeneneHus JEBAALAN CIOCOOOM MENEHIOBAHMA CIIEAYET HAWTH 3HaYCHHUE
MarHMTHOTO MeJIeHra Ha TOT WIH HHOH OpyeHTHp. B TOM cilydae, eclii ¢ CyTHa MOX-
HO HabmoNaTh CTBOP, HCTHHHBIN NENEHT KOTOPOro H3BECTEH HIIH MOXKET GBITH CHAT C
KapThl, TO 3371294 NpeebHO YIPOMAeTcsa. B 3ToM cilydae crielyeT TONbKO H3MEpPUTh
KOMITACHBIH TIEJIEHT Ha CTBOP NMPH NEPECEYCHNHU €TI0 JIMHUH MoJ TpeGyeMbiM KypcoM
U CPABHUTL €r0 C MAarHHTHBIM TIEJIEHTOM CTBODA, KOTOPHNi ONpeleNfercsd Kak pas-
HOCTh MCTHHHOTO MeJIeHra 4 MarHUTHOTO CKJIOHEHMs B AaHHOH Todke.

B Tom ciydae, koraa ImeieHryeTcs eIHHUYHLIH OPUEHTHD, 3HaUYEHHE MArHHTHO-
ro MejeHra MOXKET OBITh ONpeleneHo NMyTeM BBIMHCIAECHASA CPEJHETO 3HAUEHUS BOChH-
MU KOMIIaCHBIX MEIEHIOB, CHITHIX HA Kypcax 0%, 45°...315°% Jleso 3a0eck B TOM, 9TO
BC€ COCTaBJIAIOUIHE ASBHALIMH MarHUTHOTO KOMIIaca, KpOME KpYroBOM, SBILIFOTCS Iie-
PUOIHHECKNMH DYHKUMAMH Kypca cymna. T109ToMy npy HaMeHeuwmu Kypca Ha 360°
HX CpeJHee 3HayueHue OyeT paBHO HY/HO M MATHUTHBIA neieHr OyaeT onpeneneH ¢
70



4.6. Onpegenenne AeBUALUM MArHUTHOTO KoMraca

TOUHOCTEIO IO 3HAMEHUS KPYTOBO} AeBHaly. Ha mpakTHKe Benvauna KpyToBoil ae-
BHALIMH OTHOCHTE/IbHO HE BEMHKA, TIO3TOMY 3HAYEHHE MATHMTHOTO MENEHTA HA OPH-
CHTHDP ONPENCISCTCA ¢ NPHEMIEMOH TouHOCTHIO. ECiu e kpyrosas neenanms moc-
TaTOYHO GOMbIIAsd, TO €€ MOKHO NPUGTHKEHHO YIECTD, BBIOpAB BETHYUMHY Ko3ddu-
LMEHTA NeBHALMM A U3 NpeBIAyIiell Ta0MMILI OCTATOUHOM AEBHALHH H BOCIIONb30-
BAaThCH CHCAYIOIMM PaBeHCTBOM [5]:

8

Y K11

MIT =1 4+ 4. (4.36)
8
Ilpu neneHroBaHHM OTAANEHHOTO OpHEHTHpa CACAYeT UMETb B BHAY, 4TO 3Ha-

e R YCHHME [IENICHTAa 3aBHCUT OT
Mecta cymna. IToatomy neoo-

XOAMMO TICJIEHTOBaTh OpPHEH-

THpP, 1O BO3MOXHOCTH, M3 TO-
Y€K, NIPHHALNTCKAIIHX OQHOH U

TOH K€ JNHHHM BU3HPOBAHMA

oD (Puc. 4.11). Ecnu yron o
OMpEeseT JONYyCTHMYIO NOTPEMIHOCTD NECJEHIOBAHMA, TO OUSBHIHO B MOMEHT IIe-
JICHTOBaHHA CyJHO NOJDKHO HAXOJMTBCA B 3aT€HEHHOM CekTope. JlomycTumoe mu-
HEHHOE OTKIIOHEHHE 7 Cy[IHa OT TMHMN BH3MPOBAHUA ONpEENseTcs CIIENYIONINM pa-
BEHCTBOM: 7 = (d), rie « CileflyeT NMOACTABIATh B pamuaHax. TOUKy [eNeHroBaHus
YROGHO OTIPENEAT N0 AHHBIM CIlyTHHKOBOIO NPHEMOHHIUKATOPA.

OleHKa NeBHALMH TPH HAIMYHH Beepa CTEOPOB aHANOrHYHA €& onpeneneH o
1o OfHOMY CTBOPY. OIHAaKO, B PaccMaTpHBAaeMOM Cilydae SKOHOMMTCH BpeMs Ha
TIPOBEJCHHE U3MEPCHHH 33 CUCT YMEHBIICHHA KOIHYECTBA MAHEBPOB, & TAKKE [I0-
BbILIAETCA TOTHOCTE H3MEPEHUIA.

B oTKphITOM MOpe [UIA OTpenesieHus eBHALIMH MOKHO TIEJIEHIOBATH HEOECHDIE

cBEeTHNA. DTO AYYII¢ A€naTh TOrAd, Koraa Belcora NEJICHI'YEMBIX CBETHJI HEBEJIMKA.
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[nasa 4. leBnaums MarHMTHOIO KOMMaca

4.1, Kakoil COCTaBNSIOWENR 3EMHOTO MATHUTHOIO NONA HAMArHWYeH Marte-
% puan, o6pasyloluii KOMNoHeHTL gX, bY, fZ u Q CyA0BOrO MArHWTHOTO nONs?
Mo kakuMm OCAM HanpaBnewsl 9T¥ CocTaBnNsoWmMe?
%’ 4.2, Kakne koahPUUNEHTLI AEBUALIMM 3ABMCAT OT LMPOTLI MECTA cyaHa?
2 4.3.  CyaHo namennno kypc Ha 20°. Ha CkonbKO TpajycoB M3MEHST CBOe
HanpasfieHne CyA0Bbie MArHUTHLIE CUMbI?
4.4, Yv0 onpenenser yrofn, 3aKmoHeHHLIN MEXAY MArHUTHBIM 1 KOMRACHBIM MepuanaHamn?
4.5.  Kakumu Matepmanami B MarHUTHOM OTHOLUEHWW NOPOXKAAIOTCS] nonyKpyrosas v yet-
BepTHas aesnauum MK?
4.6. Mouemy sostukaeT aesuaums MK npu Hanuuwit y cyana AandbpepenTa?
4.7. Y70 creayet ydecTb, ecnv Aesvauma MK onpenensieTcs NyTeM CrMYeHUs ero noka-
33HUNA C NOKa3aHWAMKU TMPOCKONMYECKOro KoMnaca?
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5.1, O6iue NPYHLMIBI YHUUTOXEHUS AeBraLnm

I'maBa 5

YHHYTOXKEHHE AEBHAIIHH MATHHTHOI'O KOMITIACA

5.1. O6wue npuHyunBLl yHUYMONeHUS desuayuu

Vunuroxenune nenanmi MK oCymecTBIseTCS MyTeM KOMIEHCALMHM CYAOBBIX
MarHMTHbIX CUJI, HOPOXIAIOIMMX €€, MaTHUTHEIM T0JIEM, CO31aBAeMBIM TIOCTOSHHbI-
MH MarHHTaMy, OpyCKaMi W LlapaMH M3 MarHUTOMATKHX MATEpPHAllOB, a TAKKE 00-
MOTKaMH C TOKOM, pacrioflaraéMbIMH OIIPENe/ICHHAM 00pa3oM B paifoHe KapTyUIKH
MarsuTHOro Komnaca. Takoe pa3HooOpa3sue CpeicTB, UCIONB3YEMBIX IS KOMIIEHCA-
LMH CyJ0BOr0 MAarHUTHOTO MOJA, OOYCITORIEHO TEM, 4TO B MPOLECCE NEPEMEIUCHUM
CyIHa B pa3nMyHEIe paiioHE! MIaBaHMA NAPAMETPB! €ro NOJS IPeTepHeBaloT onpeac-
JICHHBIE H3MEHEHNnd. JIig TOro 4Tofhi B 3THX YCIOBHAX CTEREHb KoMreHcaumn CMC
OCTaBI1aCh NCCTOSHHOH, MarHUTHBIC MO/, CO3ABAEMbIE MAarHUTOMATKHMH MaTte-
puanami, YCTPaHAIOTCS KOMITEHCATOPaMH, M3rOTOBACHHBIMY U3 TOFO K¢ MaTepHaia,
KOTOPBIA NOPOXIAET 3TH HOJIA, a A KOMIACHCANNH AEBHALMH OT MATHUTOTBEPILIX
MaTepHalioB IPHMEHAIOT [OCTOAHHBIE MarHUTEI HIH OOMOTKH ¢ TOkOM. OOMOTKH ¢
TOKOM TaKkKe HCIOIB3YIOTCA A1 YCTPAaHEHUs JSBHALMU, CO3[aBagMOil CpeicTRaMK
pa3sMarHMYHBaHMa CyqHa. MHBIMU CIOBaMM, TIpH OPOBENCHAH IEBUALHOHHBIX padoT
CJIERYIOT NPABWIY: YTO IOPOXKIAACT ACBHALMIO, TO M HCTIONb3YETCS UIA €€ KOMIeH A~
LM, “KIHH” BRIOHBAIOT “KJIMHOM™.

Kaxk npu onpeseneHuM AeBHAIMH, TaK U NIPH €€ YCTPAHEHWH BCE CY/IOBRIE MeXa-
HU3MB] YCTAHABJMBAIOT TO-MOXOAHOMY. JIeBHATOPhI HE JOJLKHBI HMETH B KapMaHax HH-
KaKuX (heppOMarHHTHBIX Bemed, a BOJIM3W KOMITACA He IOJDKHBL HAXOAMTLCS HOCTOPOH-
HHUE MPEeIMETH], CIOCOOHBIE 0Ka3aTh RIMSIHHE HA Pe3Y/BTAThl IPOBOXHMBIX PaCoT.

TNocne BHIMONHEHHS YKA3aHHBIX YCJOBUH MPOBOMAT MPOBEPKY TEXHHUUYECKOTO
coctoaHHa MK u mpuGopoB, HCHOMB3YEMBIX JUTA M3MEPEHUH, YCTPAHSIOT 3aMedeH-
HbIE HEIOCTATKH, OCYIIECTBIIAIOT HEOOXOMMMEIE PETYIUPORKH.

JleBMALMOHHEIC PabOoTHl 3aBEPUIAIOTCA COCTABIEHUEM TaGJUIbl OCTATOUHO
JEBMALMH MarHMTHOIMO KOMNAca, KOTOPYK) HCHONB3YIOT B pelce IUig OLEHKM f0-

npaekn MK.
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[naBa 5. YHuuroxeHue fesuaumm MarHUTHOTO KOMMaca

5.2. lpubopst, ucrons3ayemsie 05151 yHUYMOXeHus deauayuu

[lpn mpoBezeHMH NeBHAUMOHHEIX PaboT B pane ciydaer Tpebyerca H3MepeHHe
HaTPsXKEHHOCTH CyOBOrO WIH 3€MHOIO MarHHTHBIX MOJCH, a TAKKe WX MATHWTHOTO
HajioneHus. Jinsg 3TOro MCmonk3yloTes CHeLMaibHbie MPUGOPEL — dedhiexmop W
uNKAUHAMOp. PAcCMOTpUM TIPHHLHN NeHCTBHA M 0COBEHHOCTH YCTpOHCTBA YKa3aH-
HBIX NpuOOpOB.

5.2.1. Npusumn pesicTBMS Hepaexropa

Hedrexrop npennasHaueH I H3MEPEHHMS HANPSAKEHHOCTH CyHOBOTO HIIN 3eM-
HOTO MArHWTHBIX IoJiel, aeficTeyiommX Ha KapTymky MK. Mamepenue ocymectsia-
€TCsl KOMICHCAMOHHEIM MeTOAoM. CYHIHOCTE METOAA 3aK/OYaeTCA B TOM, YTO H3Me-
pPACMOC MarHMHTHOE MOJI€ YPARHOBEIIMBACTCA TIOJEM, CO3MABAEMBIM MAarHHUTOM WIH
MarHuTaMmu fedIekTopa B IIpH JOCTHKEHHH PaBEHCTBA ITHX MONeH ¢ HETo CHHMAeTCs
OTCYET. ITOT OTCHET COOTBETCTBYET HATIPSHKEHHOCTH MArHUTHOTO NOJ, CO3aBaeMO-
ro AeIeKTOPOM, KOTOPas B JAHHOM CITy4ae paBHa H3MEPReMOi HANPSHKEHHOCTH.

Ha npaktuKe MCNO/B3YIOTCA Ba BHIA YKa3aHHbBIX Npubopos — geduextop Ko-
JioHra ¥ IedueKTop ¢ pasHOMepHOH mixantoH. IIpunuun pelicteus aeduekropa Ko-
JTIOHTa 3aKJII0YacTCA B crexyromeM. Hax kaptymkoit 2 kommaca (puc. 5.1) Ha nexo-
TOPOM DAaCCTOAHHH 1 Pa3MCHIAeTCsd MOCTOSHHBIA MAarHut /, ¢ HOMOMIBKD KOTOPOro
IlyTeM €70 NEPEMCIICBMA BBEPX WIH BHH3 OCYUIECTBIAETCA KOMITEHCALMS HU3MEpse-
MOT0 MarHMTHOro moJis. JleaekTop HMeEeT Takke BCIOMOTATeLHEIH Maruur 3, ock
KOTOPOro HEPHEHIMKY/IAPHA 0CH KOMIIEHCALMOHHOTO MArHHTa. YXa3aHHbI MarHAT
MO3BONACT ONPEACTUTE MOMEHT [10/IHOH B3aMMHOH KOMIEHCAIUH Mmolielt. JelcTBH-
TEBbHO, KapTylika MarHUTHOTO KoMiaca
HaxXoOAUTCH NOA BO3JEHCTBHEM Tpex Mo-
JIeH: U3MEPAEMOTo, KOMIICHCAHOHHOIO H
BCTIOMOraTeNbHOIO MArHATOB.

Ilon aeHcTBUeM >THX MmoJell OHa OTKJIO-

HAETCA OT HampaBleHHs MCPUIOMaHa Ha
YTOJT X, KOTOPBIH OTPEAEseTcs CAeayro-

LUHM paBEeHCTBOM:
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5.2. Tipnbopbl, ncnonb3yeMbie Ans yCTpaHeHuns gesuagmm

(H-H M sina+H,Mcosa =0, (5.1)

rae H, H, w H,— HaOpsKeHHOCTH H3MEPAEMOr0 MarHUTHOIO HOJ4, a Takke Hosei

KOMIICHCALBOHHOT0 ¥ BCIIOMOTaTeAbHOTO MarHWTOR, COOTBETCTREHHO, M — MarHwT-
HbI# MOMCHT KapTymkH. 1o Mepe yBenmueHns cTerneH: KOMIIEHCRUHMA H3MEPAEMOro
[ONA yCWIIHBAETCA BJIMAHME TIOJIA BCIOMOTATENbHOTO MarHurta. Ilpu 3rom pacrer
YTOs1 & OTKJIOHCHHA KapTYWIKW OT MepHIMaHa W npa [{=f1,, xak 310 ciexyer us pa-
BeHersa (5.1), o pocturser 90°. Kaprymrka copueHTHPYETCS BIOH OCH BCIIOMOTra-
TensHOro Markuta. Takum 06pazoM, MOBOPOT KapTVIKA Ha 90° oTHOCHTENBEHO ocH
KOMIICHCAlIHOHHOTO MAarHuTa CBUIETEIBCTBYET O NOCTHIKEHMH TIONHONH B3aUMHOIM
KOMIIEHCAlMH NEPBLIX JIBYX HOMEA M BO3MOXKHOCTH CheMa [MoKasaHui ¢ AcdiieKkTopa.

Yerpoiictso aenexropa Konorra nokasaso Ha puc. 5.2 [5]. Komnencauuosn-
Hbli MaradT [ pasmepoM 95 x 10 x 10 MM M3TOTORIAETCS M3 BHICOKOKAUECTBEHHOTO
MardMTHOrO MaTepHata U UMEeT MarHUTHbIH
MOMeHT 1,7 A * u°. CeBepHbli KOHeI| Mar-
HUTA OTMeueH puckod. Ha Bpems Hamepe-
HUH MArHMT YCTaHABJIMBACTCA B KapeTKy 2,

MIEPEMECILAIOMIYIOCS [0 HaNpaBlsromeil au-

Helike co wkanoit 3. Huxuuii Konen nuueit-
i3 KA 3 NpUKpeEIUIed K OCHOBauwio 5. B cpomw

OYepeab, 5Ta A€Tallb KPENHTCH HYETRIPpEMSA

BUHTAMH K cTaxkany 8. OTBepcTus [UIA BHH-
i TOB UMEIOT 3JUTMATHYECKYIO GOopMy, Giaro-

1apA YEMy OCHOBAHME 5 BMECTC C JIMHCHKOI

3 M H3MEPHUTENBHBIM MAarHuTOM [ MOMHO

NOBOPAYHBATh HA HEOONBIUME YIVIbl BOKDYT
BEPTUKATBHOH OCH. Takad onepauus BHIIOJHACTCA BO BpeMs BHIBEDKH AedieKropa
AJ14 COBMEUIEHHS OCH M3MEPHTEIBROTO MarHUTa / ¢ BU3HPHOH TUIOCKOCTHIO ITejIeH-
raropa. [IoBopoT 3anaercs BuHTOM 6. CTakaH 8 Hed/IEKTOPa NPUKPETLIEH K OCHOBa-
HHIO 9, KOTOPOE TAIGKE MOMKET [OBOPAYMBATECA BOKPYT BEPTHKAILHON OCH, YTO He-

00X0IMMO U MOMIFOHKH AediiekTopa K fenenraropy. OcHoBaHHe 9 UMEET BepTH-

75



naBa 5. YHUUTOXEHKE ASBMALMKM MATHUTHOrO KOMMaca

KajgbHbIC BBIPE3B! JUIA TIPABWIBLHOH OPHUEHTHUPOBKH HE(JIEKTOPA OTHOCHTEIHLHO BH-
3UPHOM ITOCKOCTH TIPH YCTAHOBKE NMPHOOpPA Ha YAIKY IeeHraTopa.

ITpubSop crabxeH MPUCNIOCOGIEHHEM LIt MUKPOMETPHYECKOTO MEpEeMEIIeH s
M3MEPHTEILHOTO MarHuTa /, COCTOAMIHM H3 MaxoBuKa 7, 3y0uaroil ranku I2 u
wToka [3. Ha ocu Maxoenka 7 uMeeTcs HEGO/bLIas WIECTEPHS, CLEMTEHHAs ¢ 3y6ua-
TOH Inakoi. [Ipy Bpamesnin MaxoBHKa I1AHKA NOIHUMAETCS WIH OIyCKAETCs BMe-
CTe C BBHHUYCHHEBIM B HEE INTOKOM /3, KOTOPHIA C MOMONIEI BHHT2 /] MOXeT GBITh
COENMMHeH ¢ Kapetko# 2. Tlpu 3ToM KapeTka ¢ M3MEPHTENBHEIM MarHuTOM Gyer
MEJUIEHHO NEPEMEIIAThCA O JIHHCHKE.

BenoMoratensHeiii Marsut 10 umeeT WiHHY 66 MM H auamerp 5 MM. Ero mar-
HHTHBII MOMeHT paper 0,2 A + M°. DTOT MaruuT YCTaHaBJIMBA€TCA B THE3JIE O] OC-
HOBAHHEM JTMHEHKH H 3aKPEILIACTCA BUHTOM 4.

VismereHne el [, IOCTHIaeTCs 3a CHeT H3MEHEHMs paccTOsHUA 7 (puc. 5.1)

0T KOMIICHCALIMOHHOTO MarHWTa 10 KapTYIIKH. Kak H3BECTHO,

x 5.2)
rite M, — MarHUTHBIH MOMEHT KOMIEHCAIMOHHOTO MarsuTa. MarsyuT nepeMemaercs
BIO/Ib BEPTUKANBHON JIMHEHKH C JENEHMAMH, Ha KOTOPO#M OH ycraHomieH. CaM ke
Ae}IIEKTOp MPH H3MEPEHHH YCTAHABIMBACTCA Ha MOCTHKE Neienraropa MK.

B npouecce uamepenuii ¢ NOMOIBIO NedeKTopa CAYET IOMHHTD O TOM, 9T0
OCb KOMIICHCALIHOHHOTO MarHHTa JOJDKHA OBITh COPHEHTHPOBAHA TAKHM 00pa3oM,
4TOOBI BEKTOP HAIPSOKEHHOCTH €T0 MATHHTHOTO MO ObUT HATPaBJIeH CTPOTO [PO-
THBOTIO/IONKHO BEKTOPY HANPSIKCHHOCTH H3MepaeMoro noini. Tak, Npy OLEHKe BemH-
YMHbI FOPH3OHTANBHOH COCTABIIAIONIEH HANPKEHHOCTH CYyIOBOTO MArHWTHOTO NOJs
nepell yCTRHOBKOH AediekTopa Ha UeneHratop CIeAyeT MOA €ro HPU3MY NOZBECTH
otcuer, pasHsIi 180", BHe 3aBHCHMOCTH OT Kypca cynsa.

C nomowmto medexropa KonoHra MOXHO NPOM3BOAMTE M3MEpDEHHE W BEDPTH-
KabHBIX COCTAB/IAIOIIHX 3€EMHOTO M CYJOBOIO MarHHTHBIX noseit. OJHAKO, JUIX 3T0-
[0 JTy4LI€ HCHONB30BATh CYJOBOH MHKIIMHATOD, OMMCAHHBIH HUXKE.

Henocratkom tedrnexropa Konowra sBasercs 1o, 4TO OH HMEET HEIHHERHYIO

WwKay. B pesy;abTaTe UeHa OQHOTO IeNeHWs, HAHECEHHOro Ha HANPABMALOLIEH JTH-
76



5.2. Mpubops!, Ucrionb3yeMble 4N YCTPAHEHWSA JEBUBUMN

Helike 3, M3MEHAETCA TIPH M3MEHEHHH I10JI0KESHMS MarHuTd. JT0, B CBOK OuYepenb,

3aTpydHAET CheM nokazanuil ¢ Mpudopa. YKa3aHHbIA HEAOCTATOK OTCYTCTBYET B Je-
(rexrope ¢ paBHOMEPHOH WKAIIOH.

[Mpunuun neHcTryd nedaeKTopa ¢ paBHOMEPHOH LWIKANOH aHalOrHICH IPYHIH-

Ny nelcTBUS paccMOTpeHHoro npubopa. OTIHYHMTEIEHOH 0COOEHHOCTBIO ABJACTCH

TO, YTO HU3MCHEHUE KOMIICHCHPYIOIIECTO N0

\ N OCYILECTB/LACTCA H3MCHCHHUEM OTHOCHTEIL-

HOTO TTOJIOKEHHS JABYX MAarturor (puc. 5.3),

TIPH 3TOM PACCTOSHHME 7 OT MACHUTOR 10 Kap-

TYIWKH OCTAcTCa OCTONHHBIM, Komnenca-

LUHOHHBIE MalHHUTHI PACMONaraloTCs OJHH Ham
IPYTHM K MOTYT HOBOPAYMBATECA BOKPYT
BEPTHUKAIBHON OCH B pa3Hble CTOPOHBI Ha

paBHsle yriasl O. [Ipu HyTeBOM 3HAYEHHH YT-

Jla & 3T MareHThl pacniofioKeHbl TaKHM 00-

Puc. 5.3

pa3oM, 9TO HX OCH HapamienbHel, a NOJca
B3aUMHO NPOTUBONONOKHEL Hall ceBEPHBIM MOMOCOM HIKHETO MAarHHTa HAXOANTCH
FOKHBIA HOJIOC BepXHero. [IpH TakoM NOJIOKEHMH OHH CO3OAIOT B paliOHe KAPTYIIKY
MK 118a paBHBIX IPOTHBOTIONOXKHO HATIPABTIEHHBIX [OJIA, B PE3ybTaTe Yero BO3AeH-
cTeue AeAeKTOpa Ha KAPTYHIKY NPAKTHYEeCKH OyAeT OTCYTCTBOBAThH. Ecmu yron o
HE paBeH HyJIF0, TO MATHHTHbIE TOJA, HANPSKEHHOCTHIO [ i H,; K&KIOro MarHura
CKNaapBasch 06pasyloT pe3y.IbTHPYICIIEE Tone, BEKTOp H,  HANpPKEHHOCTH KOTO-
pOro Hampag/ieH BIOJb MEPHINAHA H KOMIIEHCHPYET H3MepseMoe nosie. O4cBuHO,
H,=(H  +H.,)sina =2H,,sina. (5.3)
Beripaskenue (35.3) nokassiBaer, 4TO APH U3MEHEHHMH YTTIa ¢ BevymuHa FH, Oyzxer us-
MCHSAETCA 110 CHHYCOMIANBHOMY 3akody. Jis npHiaHHs wkate aed.exkropa pasHo-
MEPHOCTH OHa MPHBOIHTCA BO BPAILEHHE HEPES CIIEUMATBHBIA CHHYCHBLH MEXaHMW3M.
Verpolictso nenekropa ¢ paBHOMEpHOH HIKanol HOKasano Ha pucynke 5.4 [5].
VsmepuresbHbie MareuThl 20 YKpeIUICHbl Ha IUECTEPHAX 8, KOTOPBIC IPMBOIATCS BO

BpaileHHe ¢ MOMOLIBEO YepBIIHOiT nepenaun 9, /0, sybuatoro koneca /1 v pyxosTkM /3.
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Mnasa 5. YRu4TOXEeHMe AEeBMaUMM MarHMTHOro KoMnaca

Bepxuuif MarHUT HMEET HECKOJILKO GOJBINHNA MATHHUTHBIH MOMEHT, 4eM HIK-
HHA. JTO HEOOXOAUMO I TOrO, YTOOH! BIMAHME OGEHX MArHHTOB HA KAPTYIIKY
KOMIIaca GpiI0 OJMHAKOBBIM. EC/H VKa3aHHOE YCIIOBHE, N0 KaKUM MO MpHYHHAM
HE BIIONHE BHITIOJHACTCA, BOIMOXKHA Pery/MHpoBka npudopa myTem nepeMemeHHs
OJIHOTO M3 MarH{TOB B BEPTHKATLHOM HANMPABRJICHHH.

3TO JOCTHraeTca TIYTEM BPAUICHHA TONTOBKH 4, 3aprmaemor‘ff KOSITAYKOM 5.

0

0 \ H b

n
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5.2. Npubopbl, HCNONL3yeMbie ANs YCTpaHeHus AeBnalnm

IpHu BpameHuy PYKOSTKH /3 OJHOBPEMEHHO C H3MEPHUTE/NLHLIMH MAarHuTaMH
TIOBOPAUYMBAETCA Ha OcH 6 anck /4 co mxanol. [ToBRopoT mHCKa CO IUKasiol 3azacTes
CUHYCHBIM MEXAHHM3MOM 7, CBA3aHHBIM ¢ BepxHe#t mecrepHeit 8 wrudrom . 3ro,
KaK ObL10 yKa3aHO Bbilie, 00ecneqBaeT paBHOMEPHOCTS IKanbl AedaexTopa.

W3mepHTenbHas CHCTeMa CMOHTHpOBaHa Ha mnate /8 B xopryce 2. Bepxmas
9acTh KOPIycCa 3aKphITa CTEKIMHHOH Kpbimkoil 3. Jlns ycraHoskm medrektopa Ha
YaluKy MENeHraTopa CIYKHT OCHOBaHHE /7. B HeM npope3aHo CKBO3HOE OBAILHOE
otBepcrye 1 Sans HaGMOAEHHS HUTH NIPEJIMETHOH MHIICHH TIEfCHTaTopa.

B ruesgax ocHoBaHMA !7 TOMeEIIEH BCIIOMOTATENbHBIA MarHUT /6. OaHo u3
THE3N MMEET KOJMayok /2 ¢ BHYTpeHHEH pe3bboil, Kyaa BBUHUMBACTCS KOHElL BCIIO-
MOTaTENbHOTO MarHHTa.

TMepen M3MEpEHsIME C TIOMOIIBIO IE(IEKTOPOB HEODXOAMMO NIPOBECTH WX MPO-
BEPKy ¥ NOIrOHKY K menieHraropy. ComepikaHye YKa3aHHBIX PabOT H METOIMKa MX

BBITIOJTHEHHA PACCMOTPCHSI B IVIaBE 6.

5.2.2. IpuHUHD JeHCTBHS MHKIHHATOPA

Cynosoil WHK/TMHATOP MpeJHA3HAYEH M/IA M3MEPECHHS HAKITOHCHUS CYAOBOFO
WM 3eMHOTO MArHMTHBIX nojiedl. OCHOBHBIMH 4acTAMH 3TOTo npubopa ABIAIOTCA
MarduTHas cucrema (puc. 3.5) [5], mxana, KopiyC H appeTHPYIOIIHE yCTPORCTBA.

MarHaTHas CHCTEMA COCTOMT M3 JBYX LMIMHAPHYECKHX MArHMTOB I3, 3KBMIIO-
MOCH] KOTOPBIX Pacloioxkenss NoA yriaoM 30° Kk MarHWTHOH OCH CHCTeMbl. Takoe
NOfOXKERHE MATHUTOB 00EeCTIEMBAET HEWYBCTBHTE/ILHOCTS CHCTEMBI K HEOTHOPOA-
HBIM MargWTHBLIM T10;19M, KOTOPBIE MOTYT AeHCTBOBATh HAa NPHGOP B CYIOBRIX YCIIO-
BHAX. MarHuTsl YKpeIIEHH B pamke /2, nMeroulell yeTblpe jionactd 2, nemn¢w-
pytowie koeGanns MarHHTHO| crctembl. Ha paMke ycTaHOBEHBl HaeKesl [] 1
OTcYeTa nokazaHuil nmpubopa no mxasie. Ha muiMHapMueckod 4acTH WHAGKCOB Ha-
pe3zaHa pe3n6a, Ha KOTOPYIO HABEPHYTH! radkn /4. TlyTeM mepeMeineHus 3THX ABYX
raex MarHMTHAs CHCTEMa OalaHCHPYeTCs OTHOCUTESBHO NomnepedHol ocu. [laa Ga-

JIAHCHPOBKH CUCTEMB! OTHOCHTC/IBHO HpOI.{OJ'XbHOFI OCH CJIyXKar IBC raikgd 3 Ha
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'nasa 5. YHUJTOXEHVe AeBraLi MarHUTHOrO KaMNaca
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Puc. 5.5

CTCPHKHAX, YKPCIUICHHBIX B MOMEPEYHON IUIOCKOCTH MAUHHTHOM CHCTEMBL V Hie-

T1bHO 0TOANAHCHPOBAHHOIO TIPHGOPA IIEHTP TSLKECTH MATHWUTHOM CHCTEMBI pacrio-

-1ara€TcA Ha €€ OCH BpaluCHHA.

B LenTpe paMKH ykpenneHa och 4 MArHHTHON CHCTEMBI, KOHIB! OCH BPRIIAIOTCA
B TOJIMATHHKAX 6, BMOHTHPOBAHHEIX B MOCTHK 9 Ha NPYXHMHHBIX aMOPTH3aTOpax 5.
Huck 15, Ha KOTOPOM HaHECEHA LWIKA/IA ANd OTCYETA HAKIOHCHHS, TAKKE HMeeT To-
PU3OHTANTBHYIO OCh, BpallAKOIIYIOCH B IIAPHKOBBIX HogwMnHukax. [kana pasoura
no wersepTaM or 0 mo 90°, npHdYeM Hynesble MENEHUA PACTONATAIOTCA B

FOPU3OHTANBHOM NNOCKOCTH JaXKe NPH KpeHe. Jlis 3TOro IHCK co LuKanoi cHabken
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5.2. MNpnBopbi, cnonb3yemble ANs YCTpaHeHWa AEBUaLIMK

JIaTYHHBIM TPY30M H AB.ISE€TCH CBOETO pojia MasTHUKOM. Llena nemenns mkans: 1°.
Kaxnaoe necatoe genexnue ommdpoBaHo.

Y wucnipasHoOro rmpudopa yrod 3acTos MarHUTHON CHCTEMBI HE TpeRbiwaer 0,2°,
MarHuTHas CMCTEMa M WKl JIOMEUIEHLI B JIATVHHBIA KOPAYC [, 3aKpHIBAEMBIH
CTEKIAHAOH KpBImKOH 7. Ha GOKOBBIX CTOpOHAX KOpITyca HAXOASTCS MPHIHBBL Ui
VCTaHOBKH CheMHbIX nHang /0, Ha KOTOPBIX HHK/IWHATOP MOIBELIHBAIOT B HAKTOY3
KOMIaca. *

[Tpubop cHabkeH ycTpolicTBaMu Ul appeTHPOBAHUS MArHUTHON CHCTeMBI W
IMCKa CO IIKanod. AppPeTHpPHI HPHBOIATCA B AelcTBHe, ecid Hangsl npudopa no-
BEPHYTBI Ha WAPHUPE K KOPITYCY H HAKUMAIOT Ha cTepskHM 8. Koraa uander nosep-
HYTBl B TOPH3OHTAILHOE MOJOXKEHHE (MPHOOP YCTAHOBJICH B HAKTOY3), MarHWTHAas
CHCTEMa M THCK CO IIKAIoH CHUMAlOTCs ¢ apperupa.

B KOMIUIEKT HHK/IHHATOPA BXOJMT HECKOJBKO fIap ChHEMHBIX Land pasmTHuHBIX
PasMEpoB, YTO NO3BONSET HCHONB30BATE €I'0 MIPH paboTe Ha KOMIAcaX PasHbIX CUC-
TeM. Kpome Toro, B KOMIUIEKT BXOAHT HECKOABKO BHIOB NOALAI(GEHHBIX ONOP.

B Bepxmel wyact# kKophmyca mpuOopa ycTraHOBIeHA BTyNKa 16 I KOM-
HEHCAHOHHOTO MarHWTa, ¢ TOMOIMIbIO KOTOPOTO MOMKHO KOMIICHCHPOBATh BEPTH-
KaJTbHYH0 COCTaBJIAIONIYI0O MATHHTHOTO TI0JiS B TOM CITydae, ec1i HHITHHATOP npe-
1I0/1araeTCd HCIOJIL30BaTh B PEXKMME MArHUTHBIX BecoB. BHyTpw BTY/IKM chenana
pe3s0a, Ha KOTOpYIO HABHHUMBAETCA MeHAl /7 ¢ KOMIEHCAINOHHLIM MATHHTOM.
OTHX MarHMTOB B KOMIUICKTE IIPpHOOpA YeThIpe, H KKIbIA U3 HHX UMEET Onpcae-
NEHHbIT MATHUTHEIA MOMEHT. B 3aBHCHMMOCTH OT BE/IMYMHBI MATHUTHOINO MOMEHTA
MarHuTel NPOHYMEPOBAHBI NMOPAAKOBEIMH HOMepaMHu. Maruut Ne 1 ofnanaer Hau-
BonbmuM MOMEHTOM, a No 3 — HauMeHbIIMM. MarHiThl MOIBOMAIOT KOMIIEHCHPO-
BaTh BEPTUKATHHYH COCTABJIAIOIIYI0 MATHUTHOIO N0S YaCTUYHO HIH HOMHOCTEIO B
700BIX BO3MOKHBIX Ha CY/IaX MarHUTHBIX YCTOBUSIX.

Ha 0110M 13 MPHINBOB KOpNyca HAHECEHA PHCKA, MO3BONSIOIAS pK padoTe ¢
npuOOPOM YCTAHAB/IMBATE €r'0 B OJIMHAKOBOC MOJIOKEHHE OTHOCHTENHLHO MEpHIHA-
Ha, 4TO MMEECT CYIISCTRCHHOE 3HAYEHHME B TeX CAydadX, KOFIa MHKIMHATOP nepell

paboToH He OBLT BhIBEpeH. B RiDKHeH 4acTW Kopryca VKpeiieH Ipy3 47 MprIaHHs
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Fnasa 5. YHUYTOXEHWE AEeBMALIMM MAarHWTHORO KOMNaca

MHKIHHATOPY YCTOWYMBOCTH B BEPTHKANBHOH ILTocKocTH. [Ipu6op XparHTCH B Je-
peBSHHOM QyTiape.

[Tepen u3MepeHUAMN HHKJMHATOP, KakK H Ne(IIeKTOp, CIIEAYeT BHBEPHTS.

5.3, YHuumoxexue nonykpyzoeoi desuayuu cnocobom 3pu
[Tonykpyrosas neBHAllHs MOPOXKIAETCA  CYHOBBIMM MArHMTHBIMM CHIZMH
BAH =cZ+P w C'AH = fZ + (. IlpenvyuecTsensoe susHue Ha BETHUMHY
ACBHALMM OKa3pIBAXOT COCTABILIIOWME P 1 O, 00YCIOBNICHHBIE HATHIHEM Ha GopTy
CyNHa MarHHTOTBEPAbIX MAaTEPHANIOB. ITO JA€T OCHOBAHHE YHHUTOXKATE MOJyKpPyTo-
BYIO [IEBHALHIO C TIOMOLUBIO TIOCTOSHHAIX MaruutoB. Cocrarnsmowmme cZ u fZ, nopo-
A IACMbIE MATHUTOMATKUMH MATEPUAIaMH, IIPOSBIAIOT ceBd, B OCHOBHOM, B OTHOCH-
TEMBHO BBICOKHX INUPOTAX H MPH HEOOXOMMMOCTH HX RITHSHHE MOKET ObITh yCTpa-
HEHO JOMOAHKTENBHO. MeTOANKA BHITIONHEHHA 3THX paboT paccMoTpeHa B It 5.5..
YHUMTOXKEHUE TIONYKPYTOBOM [eBHALMH NPOH3BOAHTCE HaA Yermbi-
Pex 2nasHbiX MazHUMHbIX Kypcax CyOHa. Tlopsamox npuBeacHHs

CyIHa Ha 3a/laHHbIC KyPCEl HE MMEET 3HAYeHHs. JleBNauHOHHbIE PaGoThE
MOKHO Ha9WHaTh ¢ JHOGOTO Kypca M B AanbHelllueM BERIGHpaTh HX HC-
XOIA M3 HMEIOUICHCA HABMIALMOHHON O6CTaHOBKM M YHOGCTBA MaHEBPHDOBAHII.

Cymuocts criocoba Dpu NPOHLTOCTPHPYeM Ha npuMepe ycrpadenus CMC

4 a~
C’AH . Komnencauus 3To#t CHIBI 11 OH3BOJHTCA HA MAarHWTHBLIX cax 0° u 180°.
Kyp!

Nn \ f
D’)HA H,

AH Q" ATH

Puc. 5.6
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5.3. YHUMTOXEHME NONYKPYTOBON AeBratmn cnocobom Spu

PaccMoTpuM B3auMHyI0 opreHTatmio CMC Ha ykaszaHHBIX Kypcax. Ecau cyaHo wner
Ha CEeBEpP, CXEM2 CYIOBBIX MAaTHUTHBIX CHJI IPMMET BMJ, NOKa3aHHEBIA Ha pHC. 5.6.
Kak cremyer M3 3TOr0 PUCYHKA, feBMaumsi Jy oOyCciloBneHa HammdaneM cun A'Af
C’All, E’AH. Hama 3a7a4a 3aK104aeTcA B KOMIIEHCAMH CYIOBOH MAarHUTHOH CHUIIbI
C’AH. Ho MbI He 3HAEM KaKyI0 4acTh HAbmooaeMoil eBHalHH Sy OHA MOPOAKNAET. A
[103TOMY C TIOMOIIBIO TIOCTOSHHBIX NONEPEUHBIX MarHHTOB, PA3MEILAEMEIX B [IeBHA-
LUMOHHOM YCTPOWCTBE, MPUBOIMM OTCUCT KAapTyLIKH Ha 0°, T.e. MONHOCTEIO yCTpaHs-
em HabmonaeMyro fesualuio. Culla, co3faBaeMas KOPPEKTUPYIOIUMMHU MarHHTaMH B
J@HHOM C/Tydae Oyret paeHa f (puc. 5.6).

Jlas Toro, 4ToObl OKOHYATENBHO OINPEAENIUTE MOI0KEHUE MATHHTOB, MPH KOTO-
poM ycTpaHseTcs ToAbKo chia C’A/] HeoOXOMUMO NMEPEBECTH CyIHO Ha MArHUTHBIA
xype 180°. Cxema Cyn0BBIX MAaTHMTHBIX CHUT, COOTBETCTBYIOUIAS YKa3aHHOMY KypCy,
nokasaHa Ha puc. 5.7. Kak 3T0 ciemyeT M3 pHCYHKAa PesylbTHPYIIas Cuia, co3-
Jaromias JeBHalinio, OyIeT onpeaesThes CIEAyIOHHM BhIPDAXKCHACM:

AAH - CAH+EAH +f =AAH-CAH+EAH +AAH + C'AH+ EAH=2(AAH+ E'AH) (5.4)
TMockoneky Ha kypce 0° 6blia HOMymIEHA TEPEKOMAEHCALMA HA BEMHIMHY

AAH+EAH, a CMC, nopoxpaaromas A€BHALNIO, PaBHA YIBOCHHOMY 3HAYEHHIO 3TOi
TIEpEeKOMITEHCALMH (CM. PaBeHCTBO (5.4)), I7A ee YCTPAHEHHA CHENYET YMEHBLIUTD
Hal1104aeMyio ICBHALIMIO HATIONIOBHHY . DTO JOCTAIA€TCA TyTEM H3MEHEHHA CTeNeHH
BIIMAHMS TEX K€ IIONEPEdHBIX MarHuToB. Cneayer UMeTh B BUAY, 4I0 NPH OTHOCH-
TeNbHO GOABINX 3HaYCHUIX AeBuauuy MK ymennnienne HaOmoaaeMol AeBUALME B
[Ba pa3a He BIOJHE COOTBETCTBYET YMEHBIIEHHIO HANOJOBHHY CYIOBBIX MATHUTHBIX
cun, ee mopoxaaromux. OaHako, B GOTBMHHCTBE MPAKTHIECKUX CTy4aes yKazaHHbIH
I[pAEM BIIOJIHE JCIYCTHM.

g yHHYTOXEHUS TIONYKPYTOBOH AeBHALMY, TIOPOMIAEMOM CYA0BOH MarHur-
Hoit cunoit BAH, crienyer Ha Kypee 90° (s 270%) ¢ NOMOILBIO APOJOTBHEIX MArHH-
TOB MOJIHOCTBIO YCTPAaHHTh HabroaeMyr0 AEBHAIMIO, a Ha Kypce 270° (wm 90°) -

YMEHBIUIHTE €€ BABOC.

* TlonepeunEie MArHHTEL CO3NAKOT 1071e, HAPABICHHOE NEPIEHAUKY!IIPHO AMaMETPAILHON FIIoC-
KOCTH CY/IHa.
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[naBa 5. YHUUTOXEHME IEBMALIMWA MArHWTHOrO KOMMaca

Cnoco® Opu 0CTaTOYHO MPOCTOH B peanv3alUM4 M MNO3BOJSET KAYECTBEHHO

BbINIOTHHTH TUTAHUPYEMBIE paGOTHI.

5.4. YHuumoxerue nonykpyaoeoit desuayuu criocobom Konmoxza
B orauume oT ciocoba DpH B paccMaTPHBAEMOM CTy4ae YHIUTOKE-

HHE [10JIyKPYTOBOH HEBHALIAM OCYIIECTBIACTCA Ha YETBIDEX [/1aBHBIX

KOMIIacHbIX KYPCax. IIpn ITOM NpHUMAETCS, Kak rpasniio, MMEK-
Baxio!  yee MECTO HA MPAKTUKE [OMYEHNE 06 OTHOCUTESILHON M3JIOCTH
CMC AZH 1 EAH.

[Tpy BBINOAHERHH PabOT YCTpaHACTCH WIM yMEHBINAeTCS He Habonaemas me-
BUauus, a HenocpencTeenHo CMC, ee BeipiBatoiHe. C 3TOH HENBIO Ha YKA3aHHBIX
BBIIIE KOMITACHBIX Kypcax CyqHa HPOM3BOIMTCH M3MEPEHHE OPH3OHTANLHOU COo-
crapsuiromeR {7 cyloBoro MarHUTHOro nosd. [IpH NPUHATBIX TOMYIIEHHIX 3Ta CO-
CTaBLAIOMIAd Ha Kypcax 0% 1 180° Oyzer onpenenaTsCa CYA0BBIMH MAarBHTHBIMH CH-
namu AH, B’AH n DAH (puc. 5.8). Kak crenyer u3 pucyska
Hy =AHcosdy + D'AH cosSy + B'AH,
H = AH cosSg + D’AHCosS¢ — B'AH.

COBMECTHOE HCHONB30BAHHE YKa3aHHEBIX PaBCHCTB IO3BOLICT OTAENUTH CHITHI,

(5.5)

Puc. 5.8

HOPOKMAOIME HHTEPECYIOWIYIO HAC TIOTYKPYTOBYIO JEBHAIIHIO, OT CHI €€ HE Iopo-
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5.4. YHUITOXEHME NONYKPYroBOW Aesualnm cnocoboM KonoHra

Aparomux. JIeHCTBATENLHO, €CIH BHIYHCIIUTD cpeanee 3naqenue 0,5(H'y + H's ) Ha-
MPSHKEHHOCTEH MardHTHOTO ToJis, M3MEPEHHBIX Ha IIPOTHBOMNONOKHBIX Kypcax Cya-
Ha, TO 3TO 3HaueHHe He Oyner 3asucers ot CMC BAH :

H,, =05(Hy +H§) = (AH + D'AH)cosd. (5.6)
C:ie/I0RATENBHO, 3HAYEHHE CHIbl BAH OyneT onpenefaiThes pasHOCTLIO Mexay H'y
wiu H's v Hp

HanpshkeHHOCTS CYJIOBOIO MArHHTHOIO TOJA M3MEPAETCS ¢ HOMOHIBKO jediiek-
TOpa, UYyTeM KOMIEHCALMH HW3MEpAEMOro TOJIA TOJIeM €ro MarsuToB. Ilpunumas 8o
BHHMAHHE CKa3aHHOE, CTAHOBUTCS OYEBHIHOW METONMKA YCTPAHEHHS IIOYKPYTOBOH
nesnaupd. [leHCTBUTENBHO, 3Had BETMUHHY H ', U BBICTABUB €€ 3HAUCHHE Ha nedrek-
TOpE, YCTAHOBJICHHOM Ha IIESICHTaTope KOMIACA, MBI C €r0 MOMOMIBI0 KOMIIEHCHPYEM
YKa33aHHYI0 COCTAB/LIONIYIO CYJI0BOr0 MarHHTHOTrO IONA Ha OJHOM M3 paccmaTpusae-
MBIX KypcoB (N wiu S). B 3THX YC/IOBHAX Ha KapTywky OyIeT AeHCTBORATE TONBKO
cuiaa B’AH, xotopas octanach He CKOMIIEHCHpoBaHHON. HasBaHnas CHila yeTpausercs
C TIOMOMIBIO TIPOZO/bHBIX OCTOSHHEIX MarHATOR, PAcioNokKeHHbIX B HakToyse MK.

Vumuroxenne CMC CAH npow3BOANTCA AHAIOTUYHO PAacCMOTPCHHOMY Ha
kypcax 90° 1 270°.

[lopsanok ycTpaHeHHs HEBHALMM NpeAcTaBieH Ha puc. 5.9. Jlnd onpejeneHus
MpasuIbHON MOCNENOBATEILHOCTH OTIEPAlMH ClIelyeT MEPEeMEINaTecs N0 PUCYHKY,

OPHAEPKUBAACH ONHOTHITHEIX JTMHHH.

5.5. YHUYmoxeHue wupomHol desuayuu

Tpu ycTpanesun NOMYKPYTOBOH NeBHAIMM OTIHCAHHBIMH Bbilie CrIocoGaMu Hc-
10/1b30BATHCH NIOCTOSHHBIC MATHUTEL. JTO HE BIIOIHE KOPPEKTHO, Tak kak CMC, no-
POAIAIOLME YKa3aHHYIO JEBHALMIO, ONPEACIMIOTCA HE TOMRKO NMapameTpamu P 1 Q,
HO ¥ COCTaBIAIOWIUMY ¢Z U fZ MardHWTHOTO 1104, CO34aBacMOIC CYJOBLIMM MartH-
TOMSTKHMH MaTepuasamMi. 3Ha4eHHs TIOCNIEIHMX 3aBUCAT OT BEJIHIHHBI BEPTHKATD-
HOIf cocTaRAsIoILEN Z MAaPHUTHOTO NOJIS 3eMIH H, CIIE0BATENbHO, OT HIHPOTH MECTA
cyana. TakyM o0Opasom, 6anaHc CHil, CO3AAIOIMX [IOYKPYTOBYIO JICBHALIHIO W KOM-

NEHCHPYHOLINX €€, ,HOCI'HFHyTLIﬁ B IPOUECCE NMPOBEACHNA ACBHATHOHHBIX pa60’r, 6)/
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5.5. YHUUTOXEHME LUMPOTHOW LEeBUaLmun

AeT HapyIeH TIPH MepEMENIEHHH CyHa B APYTYIO IIAPOTY. J{cBHaLMA, KOTOpas npw
ITOM BO3HHKACT, NONAY4YWIa Ha3BaAHUE wupomuoii desuayuu.

OuesunHO, 4TO YCTPAHEHHE LUMPOTHON NeBHALMNA, HEOOXOIUMO NPOM3BOIUTE C
NOMOMIBI0 MAarHHTOMATKMX MaTepHAIOB, KOTOPbIE XOPOIIO OBl HAMACHWUHMBA/IHCH
KOMIIOHEHTOH Z' cynoBoro MarHuTHOro nosid. [locnenHee 3aMedaHue OTHOCHTCS He
CTONBKO K BUAY Marepuana, KOTOpBI N0 CBOMM MArHMTHBIM CBOMCTBAM JOIDKEH
OBbITH OJM3KHMM K CROMCTBAM MATEDUANOB, MOPOXIAOINMX LIMPOTHYH REBHAUMIO,
CKOMBKO K (popMe komrieHcaTopoB. Hanbostee uenecooOpasHo MCIIONL30BATE B Kaye-
CTBE YKa3aHHBIX KOMIIEHCATOPOB CTEPXKHH NMPAMOYTOMLHOM WIH LHIHHAPUYECKON
¢GOpMBI, MPONOIbHAY OCh KOTOPBIX PACHONAraeTcs BepTHKAIBHO (pHc. 5.10) Takum
o0pa3oM, 4ToOH co3naBaeMad MU cila ¢;Z,' Obuta Obl HAlIPABICHA B CTOPOHY, IIPO-
TUBOTIONOKHYIO CHJIE cZ, NOPOXKIAEMOI CYIOBBIM JKETIE30M.

HeoGxonumele pas-

4 ‘ &z‘ ‘ L ¢ Mepbl Opycka, OvIeMm uc-
I cZ 08 o' g KaTh B TMPEAINONOKEHHH,
?rET, uto 3uauenue fZ << cZ,
9T0, KaKk NpaBuio, uUMeer
NS -
|~ Mlupompeiid .
ez Kﬂﬂgehb‘lllﬂop MECTO Ha npakTHKe. B
Maerumess
: ITOM  cy4dae, YCIOBHA
' N Hoe
—— KOMMNEHCAUNH  IECBHALMU
i === 1} a 10
I } MOXKHO IIpEeACTaBUTH B
L\ BUE:
Pnc.5.10
’ =
gl =-c Z. G.D

Tepenmmenm ycnosus (5.7) yautsigas, ato Z = (1 +k )Z +R:
all+k)Z+R]=~c Z. (5.8)
Cocrasnsromas ¢;R He 3aBHCHT OT [IMPOTHI MECTa CyJHA M HE MOPOXKAaeT MHPOT-

Hy10 JeBHauunro. T1osToMy, OyHydH YCTPaHEHHOM TIPH YHHUYTOKEHNE TONYKPYTOBOMH
JCBHALMH, OHA Donblie He NposiBsgeT ceds B Npolecce MIABAaHUA CyTHA. YUHTHIBAS

370, ycrnoBHe (5.8) npuMer RUA:

87



Tnasa 5. YHN4TOX eHWe AEBUALIMM M & HUTHOM O KOM raca

(+x)Z =-c Z. (.9)
Orciona cnenyet, uro o obecrieyens KOMNEHCAHH CWIsl ¢/ HEOGXOOHMO BbI-
Opate OpPyCOK, y KOTOPOr 0 napaMeTp

C

1+k°

Kax Bumnm, as onpenenenms ko3¢ duuwerra c; u Bui6opa 1o HeMy pa3Mepos

6.10

1 =

KOM I HCAMOHHOr 0 OpycKa HeOOXORMM O 3HATh MapaMeTpsl ¢ U k. DTH IapaMeTphl
MOKHO ompenesiuth, m3Mepus CMC BAH ¥ Z° B ARYX pa3HbiX mmpoTax. B s3ToM

ciydae OyIyT UIMETh MeCTO CJI¢ Iy IOUME PABEHCTRA:

BAH =cZ, +P, BAH =cZ, +P. G.11)
BeiuuTas U3 NMEPBOro pABCHCTBA BTOPOE, HAMKEM :
B/AH - B3AH = (2, - Z,). 6.12)
Orctoaa:
o= BiAH —ByAH (5.13)
Zl - Zz

AHANIOr IYHO MOXKHO ONPENEMTh 3HaueHne kKoo Gumenta k. 3Has BeawaMEy
BEPTHKAJISHBIX COCTaRALFOIMX Zl' " Z; CYZIOBOTO M ar HHTHOT O (101 B IBYX Pa3HBIX

HHpOTAX, M OXKHO 3afucath:

Z{=(1+k)Z,+R, Z,=(1+k)Z,+R. (5.14)
BEIuMTas U3 NEpPBOro PaBEHCTBA BTOPOE, 110CIIE HECIOKHBIX IPeoGpas OBa HHIA HAEM ;
k = Zl——'z_;’_ -1. (5.15)
zZ, -2,

Kak yxe 0TMe4anocs, no 3HaYEHHIO ¢ H k M 0XKHO [ON0GPaTh NApaMeTPsl KOM-
neHcaropa, ecin fZ <<cZ . B ToM xe ciaydae, KOr/ia HeOOXOIMM O Y9ECTb BIIMSHHE
CMC fZ(puc. 5.11), w12 BeIGOpa KOM IEHCATOPA PACCUHTHIBAOT BEJBTUUHY 17 , KOTO~

past ONpenenseTcs CICAYIOUM i PABEHCTBAM I

2 2
NC +
m = \/Clz +f12 WIH my = ————j;— (5.16)

1+k
[TapameTp f B BolpaskeHuH (5.16) pacCHUTHIBASTCS 0 AHASIOTHH C fnapameTpom

¢ no cnenywouleh hopMmyne:
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5.5. YHWYTOX eHue WMPOTHOW AeBuaunn
f= C{AH - CyAH
Zy =2,
[TonoGpaHHBI# 110 3HAYEHIIO 71, WMPOT HBIHA KoM nicHcaTop LK yeranasnusaet-

G.17

Cqd HC B JHaAM eTpam:Hoii IWIOCKOCTH, @ Pa3BOPAYMBACTCHA OTHOCUTECJILHO HCE HA YT O

o, 3HAYCHHE KOTOPOTO ONPEIICIACTCH CACIYIONMM BhIPAKCHHACM

f_f

o = arctg — = —, (5.18)

s C c .
K coxaleruro, ocie Toro, Kak OpycoK yCTAHOBSAT Ha IITATHOE M ECTO, OH OyIeT
HAM arHAMUBATHCH HE TOJIBKO CYIO-
BbLIM MarHHTHBIM [OfIEM, HO Y Mar-
mrraMu kaprymiku MK. 3to npuse-
JIeT K MOSBICHHIO JONOJHUTEIbHOMH,
YEeTBEPTHOH i€ BHALMM, KOTOpaA I0-
JIy4Ydla Ha3BaHUE Oesuayuu Om UH-

Ovkyuu, JnA ee HCKIIOYEHMs HC-

TOIB3YETCA MHPOTHBI W Komnesca-

Puc. 5.11 Top, IpeacTaBIAONI coGoH code-

TaHMe JBYX OJMHAKOBEIX BEPTUKAJIBHBIX OPYCKOB, VCTAHOBJICHHEIX BO B3@UMHO nep-
NEHIMKY/IAPHBIX BEPTHKAIBHBIX THIOCKOCTAX, IIPOXOASIMX Yepe3 LEeHTp KoMnaca

(puc. 5.12). Tlapamerper OpyckoB m; W m: TOACHPAIOTCA M3  yCNOBHA:

m, =1/m12+m§ =m1«/§, (5.19)

rIe n, —3HAYEHWE Pe3yNBTHPYIOLIET 0 IAPaM € Tpa, HeoOGXOaMM Or 0 U1 KOM ISHC A LH
N cocTasnsgowe mZ CynioBOrc MarHHTHOT O

nons. HeTpyHO NOKa3atk, 4ro

n
m, = 5.20)
I+k
W, CJIe JOBaTENbLHO,
m
7 — 5.2hH
' V20+k)

Hazpannble OpyCKH HaM ar HIUMBAIOTCA Kap-

Puc.5.12
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'nasa 5. YHUITOXEHWE AEBABLIAN MarHUTHOMO KOMNaca

Tyikod MK 0aMHAKOBO, B pe3y;IbTaTe 4Yero BINIHAE HA HEE MATHUTHBIX NONeH, BO3-
HUKAIOUWHX M3-33 YKa3aHHOTO HAMAarHMUUBAHMS, B3aHMHO KoMIEHCHpyroTes [5] u

A€BHAalIHA 0T HHAYKIHUH HC BO3HHKAET.

5.6. YHuumoxeHue yemaepm#oli desuayuu

YUeTBEpTHAA J€BUALMA BHI3bIBACTCH MATHHTOMATKAM CYIOBBIM KENE30M H, Cilc-
JIOBATENBHO, UT €€ YCTPaHeHHsa HeoOX0OMMO HCNOIb30BaTh MarHUTOMATKHI MATe-
puasl, pazMelliaeMsiil B paiione kaptyurku MK. DToT Marepnan, HaMarHHIHBasACh Cy-
JOBEIM MAarHMTHLIM [10JIEM, CO3[A€T CBOE COOCTBEHHOE MOJIE, KOTOPOE, Kak M CY/0-
BOS, BBI3BIBACT OTKIIOHEHHE KapTyku MK. 3agaua csomurcs k Hogbopy napameTpos
KOMIIEHCATOPOB M PAa3sMEIICHUIO MX TAaKUM 00pazoM, YTOOLI A¢BHAINA, HOpOXIae-
Mas uMH, ObL1a PaBHa 110 BeIMIHHE M POTHBONOIIOKHA N0 3HAKY JEBHALIMH, TOPOXK-
JaeMO# CYOBBIM NOJEM. DTO BO3MOMKHO TOJIBKO TOTAa, Koraa koadduiments D’ u
E’ 4eTepTHOH JcBMALMK, OOYCIIOBMECHHOH CYyNOBBIM TONEM, DaBHBI, COOTBET-
CTBEHHO, Koabuumentam D' u £’ NeBHAUMH, TIOPOXKIAEMON KOMIIEHCATOPAMH, |
HMEIOT [IPOTHBOIOIOKHBIC 3HAKH,

PacemotpuM BHawasle npuaipn komnencammn CMC DAH Koadduument D’
3TOM CHIbI ONPENENRETCH CIEMYIOMINM PABSHCTBOM:
a—e

24

Kak suzno U3 pauc. 5.13 [5] cynoBeie napaMeTps! @ ¥ ¢ HMEIOT OTPHUATENBHEIH 3HAK.

D = (5.22)

Ha mpakTyke, K TOMY e, UHC/IeHHOE 3HAUCHHE NapameTpa g MeHbile, YeM 1apaMer-
pa e. DTO CBHACTENBCTBYET O TOM, 4TO CYAOBON KOY((HUMEHT IETBEPTHOH JeBHa-
LIMU UMEET NOJIOKHUTENbHBIHN 3HaK. Clie10BaTensHO, Koadduument D’ fomken ObITh

MEHBILE HYNS.

B xayecTBe KOMIIEHCATOPOB MOTYT OBITH B3ATHI 3/1eMeHTHI IF0GOH HOpMBI, HO Ha
TIPAKTHKE Yallle BCEro MPUMCHAIOT NPOAOSIbHBIE U NONEPEUHbIE OPYCKH WM 1HaphL.
Kommetricarop ~ HamarHpuMBaeTcs mNpoZOibHOM (+X) M  monepedsolt  (+Y)
COCTaB/AIOWMMY 3eMHOTO mofid (puc. 5.14). B Touke O ( ueHTp KoMTaca) Takoii
KOMIEHCATOP co31aeT CUIbl (- a,X) u (+ .Y ). ITO 3HAYMT, 9TO MapaMeTp a, Oyzer

OTPHUATENBHBIM, a TIApaMeTp e, - OJ0KHUTENILHBIM. B pesyasrare koodipuument
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5.6. YHUMTOXEHWE YETBEPTHOM AEBUaLIAN

, _ —a —(+e )

) D =—%k K (503
24,

BCeraa 0yner oTpuHaTebHbIM.
Takum o0pasoM, 3HeMEHT U3
MsArkoro ¢eppomMarHeTHka, ycra-
HOBJICHHBbINf COOKY OT KOMmaca,
MOKET CTaTh KOMIEHCATOPOM

YETBEPTHOM AEBHALUU, €ciaH Oy-

Puc.5.13

’ /1
JI€T BHINOIHEHO YCIIOBHE lel = l D ’

JI1s KOMIEHCAUMH AEBHAITMH O0LIMHO
BepyT nBa Opycka WM UIapa U yCTaHaBJIH-
BAIOT HMX CHMMETPHAYHO OTHOCHTENBHO
npogonsHo# fwutockocTH MK.  Pasmepsl

GpyckoB HOAOHPAIOT MO CTICUMANBHOM Me-

TOOHKE, CYIIHOCTh KOTOpoO#l Oymer pac-
CMOTpEHa HHXKeE. Prc. 5.14

R GonbIIMHCTBE CAyYaeB YHUITOKEHHE YETBEPTHOM JAeBHAIIMM OMPRHHYUBAETCS
KoMIleHcatuer paccMorperHofl CMC, Tak xak cuna E°AH o6briHO Mana. OHako Ha
TIPAaKTHKE MOTYT HMETh MECTO CilyuaM, Korna BiusHueM EAH npeHeOpeus Helib3s.
Torna Hpou3BONHTCA YHHYTOXKEHME O0EUX CYIOBBIX MarHHTHBIX CHII. MIX yHuuTO-
AT TEMH € KOMIIEHCATOPaMH, KOTOPEIE MCHONB3YIOTCA [UIA YCTPAHESHUA CHIIbI
D’AH, npH 3TOM HECKOIBKO H3MEHAIOTCA pa3Mepht OPYCKOB WIH LIAPOB, 4 OHM CaMH
Pa3BopauyuBalOTCA B FOPH3OHTAIBHOH IUIOCKOCTH Ha OonpeneieHHbIi yroi. [Tapamer-
pat 6pyckor noaduparoT [5] mo BemmuuHe

D, = (DY +(E'), (5.24)

a yTo:1 pa3BoOpOTa O BBIYUCIIAIOT IO hopMyJie:

7

D

1g2a =



TnaBa 5. YHWUTOXEeHve AeBrualmi MarHWTHOrO KoMnaca

IIpaxTHieckoe YHMITOKEHHE YETBEPTHOH NEBHAUMH Nydllie IPOBOMUTH OHO-

BPEMEHHO C YHUYTOXKEHHEM JCBHALIUM OT HHIOYKUMH, KOTOpas BO3HHUKAET B PE3YITh-

TaT¢ HaMAarHMYUBaHHUA KOMIIEHCATOPOB YET BepTHOﬁ AEBHALMHK MArH#TaMH KapTyIIKH

KoMnaca. PaCCMOTpHM CYWHOCTH yKaSaHHOﬁ JCBHaALIH.

5.7. CywHocms deeuayuu om uHlykuyuu

Obparumea K cydaro, KOTia Iy KOMIIEHCAIMM YeTBEPTHON NEBHALMM HCTIONb-

3YIOTCS NPOJIOJbHEIE GPYCKM C TaKiMMH NapaMeTpaMH, ¥TO HX MONEPEYHOM HAMArHu-

Ny

Puc. 5.15

YEHHOCTHIO MOXHO HpeHeOpeus (puc. 5.15).
MarHyTHEIe CHITOBBIE JIMHWM IO/ KAPTYIIKH,
3aMbIKaACk Yepes 31U OpycKM, HaMarHHIHBa-
10T MX TaKUM 00pa3oM, YTO MX FOKHBIH Mar-
HUTHBLA TIOJBOC OKa3biBacTCs BOJIM3N ceBep-
HOFO MOMIOCA KAPTYIIKH, a CEBEPHEBI — BOMH-
30 HOKHOTO TOJTIOCa KapTyIKH. B pesymerare
TaKOH HAMATHHYEHHOCTH Opyckd 00pasyioT B
LEHTPE KAPTYIIKW MaTHHTHOE TOJIE C HAIps-
JKEHHOCTHIO /. B 3THX yCIIOBHSX, BEKTOp pe-
3YJILTHPYIOIIEHR HAMPSKEHHOCTH MarHWTHOro

-

nonst 17 GyeT OTKIOHEH OT IUIOCKOCTH Mar-
HUTHOTO MEpHIHaHa Ha Yrosi & ; KOTOpsif K

SIBISETCA JieBUALMEH OT HHAYKIHMH.

CreneHp HaMarHHYEBHOCTH 6pyCKOB W BEIHYHMHA [TOPOXKIACMON MU JIeBHALIHH

33BHCHT OT Kypca CynHa. Ha rnaBHbIX KOMNacHBIX, Kypcax OHa pasHa Hymmo. Jledcr-

Puc. 5.16
92

BHTETIBHO, €C/H CYIHO WNET Ha ce-
BEP Wi 10T, BekTopa H; u H’ (puc.
5.16) GymyT XolUIMHeapHBl M pac-
MOJIOKEHBI B IUIOCKOCTH KOMIIACHO-
ro Mcpumuana. B pesynwrare oHu
HE CMOTIYT OTK/IOHUTD KapTyllKy OT

3TOro MepuanaHa. I1pu BOCTOYHBIX



5.7. CYLWHOCTb AEBMaLUMN OT MHAYKUMA

M 3amaJHbIX Kypcax Cy/Ha KOMIICHCATOpbI He OyAYT HAMarHHUHBATHCH KApTYIUKOM
W, XaK CJiefACTBHe, JeBHAalA Takxke OydeT OTCyTcrBoBaTh.CBOEro MaKCHMyMa fie-
BHaLHA OT HHAYKLUHMKA OyaeT HOCTHTaTh Ha YeTBEPTHBIX KypcaxX CydHa H, CJicoBa-
TeNbHO, OyAET HOCHTL YeTBEPTHON Xapakrep. AMIUINTYIHOE 3HAYCHUE ICBUALIMH Ha-
3BIBACTCH HPUDAUNCEHHDIM KO3GhPuyuenmom uHOyKyuy, a ero TOMHOE 3HAYSHHE OIl-
peneasercs MakCHMaIbHBIM 3HAaYCHHEM CHHycCa JeBHalMH. 3Hak kodbduLHeHTa uH-
AyKUKH D; onipeaesioT o 3HAKy AEBHALMU Ha Kypce 45°. Ecrm neBmanms 045 >0, TO

u ko3 uuuent D; > 0.

Ny Ny

Puc. 5.17 Puc.5.18

Kaxk cnenyer u3 puc. 5.15 npogosibHele OpyCKH CO3Ia10T AeBUALHIO ¢ KO3 hu-
uuenToM D; > 0. HerpynHo yGenuteca B TOM (puc. 5.17), uto nonepedHsie 6pyckH
CO3JAI0T JEBUALIMIO C OTPHLUATENBHEIM KO3 DUIIMEHTOM HHIAYKUMH. TakiM obpasom,
TIOABJIAETCA BOZMOMKHOCTb YCTpaHEHHS JEBUALIMM OT WHAYKLMUA MYTE€M HCIOIb30Ba-
Hud obenx TUnoB OpyckoB. MX mapaMerpsl W pacroNiOKEHUE MOMKHO BHRIOpaTh Tak
(puc.1. 5.18), uToOBI pe3yabTHPYIOIIAs cHIa H; OT NPOROTBHEIX H;; B NONEpeyHBIX
Hj; xoMIieHcaTopoB Ha jo0oM Kypce Osbiila OBl HaIpaBjieHa BAOAb MArHUTHOIO Me-
puaMasa ¥ aeBuanud 6b1 HE BO3HUKANIA.

Ha mpaxThke B Kauyecrse HONEPeyHBIX SJIEMEHTOR, KOMICHCHPYIOLIMX BIUAHUE

NPONONBHEIX KOMIICHCATOPOB, MPUMCHAIOT HeOOITBIIME TIACTUHBI U3 MATKOTO
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nasa 5. YHUITOXEHWE AEBUAUMM MArHUTHOFO KOMMNaca

(eppoMarHeTHKa, YCTaHABIHMBAaEMbie BHYTDH HAKTOY3a, MOJ KOTEIKOM KOMIIAca.
VYKazaHHble IUIACTHHEI HA3BIBANOT UHOYKYuOHHbIMU. Hapamy C ITUM HMeeTcs BO3-
MOXHOCTH N0106PaTE MPAaBHABHOE COOTHOIUEHME UTHHHB! H IIMPHHLI KOMIIEHCATOPA
YeTBCPTHOH J€BHALMH, KOTOPOE HCKIIOYAeT BO3MOKHOCTH BOSHHKHOBEHHUS IICBHA-
UMM OT MHAYKIMH. Takne KOMIIGHCATOPbI TONYYHIN Ha3BAHHE Ge3uHOVKYUOHHBIX.
Yxa3zaHHble OpyCKH HAMarHUYHBAIOTCA KaK B TIPOJOJILHOM, TaK M B TOMEPETHOM Ha-
ApaBICHMAX U HX BO3JEHCTBME HA KOMINAC 3KBHBAICHTHO OOHOBPEMEHHOMY BO3fEii-
CTBHIO HNPOIONBHBIX H MOTICPETHBIX KOMIICHCATOPOB.

OrpeneneHie BETHIHHBI IEBHALIMH OT MHIYKUMH OPOM3BOAT C MOMOINEIO KOTEN-
xa MK ¢ “gerkoi” xapTymkoH. MareuTHBI MOMEHT ITOM KapTyIIKu TIPUMEPHO B 10
pa3 MEHLIIE, 9€M MarHUTHBIH MOMEHT Kapryioku O0BIYHOIO KOTeNnKa. 3TO MO3BOMSeT

NPUOTMIKEHHO CYHMTATh, YTO TAKAT KAPTYIIKa HE BHI3HIBAET JCBHALIMH OT HHIYKIMY.

5.8. CoemMecmnoe yHU4YmMoxeHue YemeepmHol desuayuu u fesuayuu
om uHOYKYuu

[IpaKTHyeckoe YHHYTOKEHWE UETBEPTHOW [EBMAIMM [POH3BOJMTCH MOCIE
YHHYTOXCHUS NOJIyKPYTOBOH AEBHALMH B TIOPTY, B KOTOPOM HMEETCA MAarHUTHAs fa-
Goparopus. PaboTy ciieqyeT OCymEeCTRIATE B CASAYIOMEl NOCeN0RATeNHOCTH [5]:
® B3arp 8 KOMIAcHBIX MEJCHTOB HA OCHOBHBIX M YETBEPTHBIX KOMIACHEIX Kypcax

CyIHa Ha OIIMH H TOT e HeperoBoil opHeHTHP.
*
* Hcnonesys nomydeHHble pe3yAsTaThI B paBeHcTRa (5.16)":
D =0,25(KIl g + KIT vy — KIT yg — KIT gy ),

E=025(KIl g+ K[y ~KITy —KI )
paccumTath Ko dHUHEeHTH fesHauun D u E .

(5.26)

¢ PaccuuTats Ko3pduLmeHT koMnencaropa D,
D, =~D*+E?, (5.27)
® CHATB KOTEIOK BMECTE € BepXHel yacThio HakToy3a MK 1 oTeesT Bee Ha Geper B
MarHuTHYIO nabopaTopu:o.
® YCTaHOBHMTH MAardMTHBIH KOMAAc Ha MOBOPOTHYIO naatdopmy. [Tomo6pats no D,

KOMIIEHCATOPhI ‘IeTBepTHOFI O€BHAUMM H YCTAaHOBUTE UX Ha LUTATHHIE MECTA B

* Teoperneckoe 000CHOBaHHE HCMOTB3YEMBIX il PACHETA 3ABHCHMOCTEH GYIET TaHO HIke.
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5.8. COBMECTHOE YHMUTOXEHME YETBEDPTHOM AEBMALIMM M AEBUALMK OT MHAYKLMN

HAKTOY3€.

3aMeHHTD IITaTHBIA KoTenoxk MK Ha KOTe/IoK ¢ “Ierkoi’” KapTymKoii.

Ha ueTBepTHBIX yTiiax B3ATh 4 MelieHra OeperoRoro OPUEHTHpA.

Hcnoas3ys nepsoe Beipakerye (5.26) paccuntats ko3 dmment D;.

Ecnu kosdduumesT D; otmmgaerca ot kosdguumenTta D; Gonsine, yeM Ha 0,4°,
crenyeT B3ATh ApPYTHE, OMIkaiine Mo napaMerpaM, OPycKH yCTaHOBHTDH HX BMe-
CTO pasee BHIOPAHHBIX ¥ BHOBB OINpENle/TATh 3Hauenue D;.

TloBTOpsTH ONEpAlMH A0 TeX NOp, IOKA Pa3HHIA 3HAYeHUH ko3(duIreHToR He
BO#IeT B TpebyeMele pamku. [locie. 3TOro ciefyer YCTaHOBHTh B HAKTOY3 LITaT-
HbI koTenok MK.

Ha derBepTHBIX YriIax B34Th 4 TeNeHra 6eperoBoro OpUeHTHpPA.

Hcnonu3ys neppoe paBeHCTBO (5.26) paccuprars kKoddduimeHt Di, KOTOPHIH
YUHTBIBAET IEBHALIMIO OT MHIyKLIMH.

Onpenenurs kosdpdmment nuaykumn D; = D, — Dy. Ecin xo3¢¢uuHesT HH-
HyKipy npessimaer 0,2°, 0 ero 3HaYEHHIO NOXOOPATh KOMIEHCATOPE! ACBHALMH
OT MEIYKIHH A YCTAHOBHUTH MX Ha MITATHHIC MECTA.

I1poBepHTH COOTBETCTBHE BEIOPAHHBEIX KOMIIEHCATOPOB YKa3aHHOMY TPEOOBRHUIO,
BHOBb ONpEJICINB 3HadcHHe KodbduuneHTa HHOYyKUHH. [Tocine OKOHYATENBHOTO
nog00pa KoMmeHcaTopos BepHyTs MK Ha cyaHo.

Y cTaHOBUTE BEPXHIOK 4YaCTh HAKTOY3a HA MECTO H PA3BEPHYTH €€ Ha Yroji

E
o =0,5arctg —. (5.28)
D
Pa3BepHyTh NpYKUHHBIA NOJBEC KOTEJKA OTHOCHTENBHO HAKTOY3a Ha yroja ¢ B
MPOTHBOITOJIOKHYIO CTOPOHY Ui TOTO, YTOOBI COXPAHUTE TPeOyeMyr0 OpHEeHTANHIO
azuMyTanbHOH WKamkl MK OTHOCHTEIBHO THaMETPanbHOM IUI0CKOCTH CyHa.

Ha stom 3aBEpuIacTCa yCTpaHECHHE ‘-IC’['BepTHOﬁ ACBHAITNM. PaCCMOTpCHHaﬂ 3ana-

4a HECKOJIBKO yIpOmIacTCa, €CJIH UCTIOSIB3YIOTCA 663[4}{11)' KIIMOHHBIC KOMIICHCATOPH!.

5.9. YHuumoxeHue KpeHoeol desuayuu

Panee Gbuin NQJIYHEHBI BBIPAKCHHUA, OUPCACTAONINC 3HAYCHHAA HpOJlOIIbHOﬁ u

nonepeytoit cocrapisomnx CMC B MpoekUMAX Ha TWIOCKOCTh kapTyuwkd MK npu
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Inaea 5. YHUUTOXEHME AEBMALMM MarHUTHOIO KOMMaca

HaIMYHH KpeHa Y u JuipdepeHTa O CynHA, KOTODHIE MMETH CIAEAYIONMH BHA:

X,;:(H‘”k]x+Pcose—Rsin9+“"k2sin29+“‘k)(cos 20.
’ k . _ . —_—
Yy :(1+e; )Y+QCOS}/*RSln‘y+Ze2k51n2y+Ye,>k0052y.

B cuny TOro, 4to B 3THX papeHCTBAX IPHCYTCTBYIOT UNEHBI, 3aBUCAIIKE OT YIJIOB
KpeHa W auGdepenra, nesnauma MK Gyner oTIn4HO# oT TOM, KOTOpas umena G
MECTO NpH IBWKCHHM CYAHA HA NpAMOM Kune. nd UCKTIOYeHHS JONONHUTETLHON

a 4 74
KpEHiOBOH JIEBHALMH HEOOXOAUMO MPHHATH TAKHE MEPHL, UTOGH! 3naderms X u ¥},

CTa/I# MHBAPHAHTHBIMU II0 OTHOIICHMIO K YTJIaM Ou Y, T.€. IIPH BCEX 3HAYECHHUAX YKa-

33HHBIX YTJIOB HOJDKHBI BRITIOTHATECS PABEHCTBA:

X;:(l+a+k)x +PcosB—Rsin9+a—klsin29+a—kXcos20=
(l+a)X + P,

Yk’:(1+e;k)Y+Qcosy—Rsiny+Ze-ksin 2y+Yf;—kcos 2y = (5.29)
(1+e)y +Q.

Herpynio BumeTs, 4TO NpaBble 4acTH paBeHCTB (5.29) onpenensroT 3HaYeHns X ,’( H
Yk, ApH OTCYTCTBHHM KpeHa U muddepenta.

Jasg Toro, yrodel 006eCeYnTh BBLINONHEHHE 3TOr0 YCJIOBHS, CIIEAYET, NpexKOe
BCEro, yCTPaHHTh NOMYKPYTrOBYO JesHaluio, [Ipu sToM yruaroxarotes CMC P u Q,

HOPOXIaCMbI€ MAarHUTOTBEPABIMU MaTeprHalaMu. 3arem HCOGXORHMO IIPOBECTH YCT-

. , ad—e
paHeHHe YeTBEPTHON AeBHalMU. B pesynbrate atoro kosddumenr D =

24

HET PaBHBIM HYIO M, CIICOOBATEJILHO, 6yIICT BBITIOTIHATBCA YCIIOBUE d = €. ITocre

CTa-

YCTpaHEHHS MOMYKPYIoBO# M YeTBEPTHOM EBHALINM PaBeHCTBA (5.29) IpuMyT BHI:

2

{1+a:k]X—Rsin9+a_stin29+%X00529=(1+a)X,
e+
2

Ot paBercTBa OyAYyT BLINONMHATECA NPH JHOGBIX yriax kpeHa u auddepenta, ecim

1+

k)Y—Rsin)/+Z—e—;]isin2y+Y%c052y:(1+e)Y. (5.30)

cuna R Oyner Beerna pasHa Hymo, a KodpQUUMEHT e—a=x. YKa3aHHBIE YCIOBHA
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5.9.YHUUTOXEHWE KPEHOBOM AAEBUALIAN

MOXKHO 00€CHeIHTh, €CITH TIPY ABIKEHHH CyAHa Ha BocTok W 3amnaj ¢ IOMOIIEBI0
KPEHOBBIX {C BEPTUKATHHOH OCHIO) HOCTOSHHBIX MArHWTOB YCTaHOBHTH HAKJIOHEHUE
CYIOBOTO MAarHWTHOTO TI0Ji1, PAaBHBIM 3¢MHOMY. YUYMTBIBAsA, YTO HA YKAa3aHHBIX Kyp-
cax Y = H (puc. 5,19), MOKHO 3anHCaTh;
Yew=Q0+e)H, Z'=Q1+k)Z+R. (5.31)

Kak 370 cenyeT 13 NOMy4eHHbIX 3aBHCHMOCTeH, PABEHCTBO HAKIIOHEHNH Cy/I0BOTO H
3eMHOTO MarHHTHEIX NoJieil:

N zZ Z
Yew H

6YLIST HMECTH MECTO TONIBKO B TOM

(5.32)
y

Y
cnyuae,ecm e =k, a R=0.

X \———— TaxkuM 00pasoM, Ans YHUUTONKe-

Puc. 5.19 HHS KPEHOBOM IeBAalMK HeOOXOANMO:

* [peABaPHTEIEHO YHHUTOKHUTE NOMYKPYTOBYIO H YETBEPTHYIO ACBHALMY;
*  OnpenenuTh HAKNOHCHUE MAarHATHOIO NOJIA 3€MITH B TOUKE MECTa Cy/Ha;
* eqs Ha kypc 90° mm 270°;
®  YCTAHOBHTH B HAKTOY3 BMECTO KOTEJIKA MAFHUTHOTO KOMIIaca CyJOBOH HHKIIMHATOP;
* TIepeMemas KPEeHOBbIH MarHAT YCTAHOBUTE HAKIIOHEHHE CYHIOBOTO MarHHTHOIO
10/1s, PABHBIM HAaKJIOHEHHIO 3EMBOTO MarHHTHOIO 110J11. 3aKperuTh KPEHOBEIH
Marsur.
HecmoTtps Ha TO, 9TO ONMCAHHAN METOAHMKA YCTPaHEHMA KPEHOBOH AeBHMalMH
OCHOBAHA HA MPHHATEIX BHIIIE JOMYIMEHMAX, OHA, KAK NPaBWIO, BIOSHE YIOBIETBO-

pAET TPCGOBaHI/IﬂM MNPAKTHKH K Ka4€CTBY MPOBEACHKA JCBHALIMOHHBIX pa60T.

5.10. CocmassneHue mabnuybl ocmamoyHoit Oesuayuu

[Mocne 3aBepieHUs BCeX AeBHAMOHHBIX paboTr cocrarmiercs Tabiuua ocma-
mouHol IEBHALMY, TIO3BOJAIOINA B pelice yTouHUTh nMoxasanua MK u ouenuTs ero
TIOTIPaBKy. YKa3aHHad TabIHLa COCTABAAETCA C AUCKPETHOCTBIO H3MEHEHHA KYPCOB,
paBHOH 10° wim 15°. Ml Toro aTobsi He TEPATH BpeMs Ha H3MEPEHHUC NEeBHALIMM Ha

36 i 24 xypcax cynHa, paboThl IIPOBOAAT B TPH NpHEMA:
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'nasa 5. YHWJTOXEHWe fAeBuaLMu MarHUTHOrO KoMnaca

> u3MepsAi0T nesraiio MK Ha BOCEMH T/IABHBIX M 9€TBEPTHBIX KOMITACHAIX Kypcax
cyHa;

» HCHO/b3ys NOJYYEHHbIC JaHHBIE, PACCUHTHIBAIOT KO3 pHIMEHTD! AEBHAIINY;

%

HCTIOJTB3YA 3HAYEHHS KOS(DOUIBICHTOB [IeBHALIMH, PACCUHTHIBAOT Tab/IHILY IeRHALIH.
Kak H3BecTHO, KO3QQHIMEHTH IERUALIMM CBA3aHB! CO SHAUCHUAMH CaMoit Jie-
BAAUMH CJIEAYIOIIHM COOTHOMICHHUEM:
sind = A’cos8 + B'sin KK + C’cos KK + D'sin(2KK +8 )+
+E’cos(KK +8)

Vuur bIBad, YTO NOCJIC YHHUTOXKCHHA NCBHALIHN €€ OCTATOYHAT BEIMUMHA AOCTATOYHO

(5.33)

MaJa, BhipaxKeHHe (5.33) MOKHO 3aMEHHUTE NPUSIHKCHHBIM:

0 ~A+BsinKK+CcosKK +Dsin2KK ++Ecos2KK, (5.34)

rae 4...E — npubnmxeHtble koddbuimeHTsr acenatky. [l yKa3aHHBIX BEIIE BOCEMM
KYPCOB CyIIHa 3Ha4YEHHs NeBMaLmii OyayT ONPENenaThCs Ceay oMMy PaBeHCTBAMMU:
Oy =A+C+E, Oyg=A+BS,;+CS,+D,
0p=A+B—-E, 84 =A+BS,-CS,-D,
8s=A-C+E, 84y =A-BS,~CS,+D,
Ow =A-B~E &yw= A-BS,+CS,—D,

rne S; — paBHO cuHycy 45°. Dru PABEHCTBA MO3BOIAIOT HAHTH BBIPAKECHUS, UCHONE-

(5.35)

3y’ KOTOPbIE MOMHO ONpeAe/UTh 3HaueHWs koddduimeHToB nesuaumu MK. Jlns
3TOrO CNeAyeT YMHOXKHTD JIEBbIE U IIPABHIC YACTH PaBCHCTB (5.35) Ha COMHOMXMTENMN
UCKOMOro KO3 duLMeHTa ACBHALMY W CIOXKHTE MOMYYEHHbIE 3aBHCUMOCTH,
YYHTEIBadA, YTO COMHOXHTETIEM K03 HIMEHTa A BO BCeX PABCHCTBAX ABJIAETCA
€IMHHUIA, CT0KKUM CaMu paBeHcTBa (5.35). B pesynpTtare Halizem:
Y5, =84, (5.36)
rae & — 3HauYeHHe ACBHAIHH Ha KaXaoM (i — OM) M3 BOCEMM KypcOB cynHa. M3

BeIp@KeHHd (5.36) cneayer, 4TO
4=
8

YMHOKNAM paBeHCTBa (5.35) Ha COMHOXHUTEAHN [pH KoabPuuneHTe AeBnauuy B.

(5.37)

B pesyabrare nojiyqnm:
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5.10. Cocrasnenue Tabmmiubi OCTATONHOM AeBHaLMMK

SyiSy = AS,+BS; +CS? + DS,

0 =A+B-E,

8¢pSy = AS, +BS; ~CS; -DS,,

~8gy Sy =—AS,+BS; +CSi~DS,,

-0y =—A+B+E,

~8ywS, =—AS,+BS; —CSZ2+DS,.
CransiBast HalJEHHbIE BBHIpAKEHUA, Oy1eM UMETh:

OTcr0a cliemyer, 4to

ITocnennee PaABCHCTBO MOXKET ObITh 3aMMCAHO HACKOIBEKO B HHOM BUIOC:

(5.38)

B =025Y5,sini, G4D

TJle MoA i Tak e cledyeT NMOMMMATh OHH M3 BOCEMM KoMmacHbix Kypco (0,
45°...315%. Mocrynas aHRNOrHYHO, HETPYIHO MOJYYHTh BLIPAKEHUS I/IA OCTABHBIX

K03 HIEeHTOR:

C= 0,25§,5,~ cosi, D= 0,2528:& sin2i, E= 0,25%5,. cos2i. (542
3HayeHus KOE)(i)(bMU,IfICHTOB nesnauim MOXHO Bmpamm,lu 4epe3 M3IBECTHRIE

KOMTIaCHBIE [IeNIeHTH, eclH yuects, uto O = MIT — KIT , rne MII - marnurnsrii
IeJIEHT HA OPHUEHTHP, KOTOPHIH He 3aBHCHT OT Kypca cynHa. Tak, Hanpumep, eciu
TIO/ICTABUTH 3HA49EHHE EBHALMH B PABEHCTBA, CTIPEACNAOmMHe KOIDHIMEHTE! yer-
BEPTHOM ACBMALMH, TO TOJIY9HM BBIPAXKEHH:, KOTOPBIE HCIONB30BATIUCH HPH OITHCa-
HHH c1Ioco0a YCTPaHeH A METREPTHOM nesralmu MK:

D =0,25(KI ¢ + KII yy — KIINE — KT g ),

E =0,25(KIT + KTy, — KIT, —KIT ).

Tlocne Toro, xak onpeneneHs! kK03(QOHULUMEHTH OocTaTouHOM aeBrHaund MK, ux

(5.43)

3HAYEHHA MOACTABRIAIOT B PaBeHCTBO (5.34) U RLIMHCIIAIOT HCKOMBIE BETHIHHLI OCTA-
TOYHOMN NICBHAIIHH HA PA3NHUYHbIX Kypcax cyiaHa. Eciu Ha cy/iHe OTCYTCTBYET BbIYHMC-

JIMTCJIbHAA TEXHHMKR, TO A PACHYCTOB MOXKHO BOCIIOJIB30BATHCA ClEUHAILHBIMHA
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TnaBa 5. YHUYTOXEHWE JeBUaLIMU MarHUTHOrO KOMMaca

Onankamu [3, 5], B KOTOPBIX C LIE6K) YMEHBUICHHS BEPOATHOCTH MOFBIICHUS OLIHGOK

‘Tabnuua ocTaTouHon AeBMaUNH S TR OO S N SO B
Kype (rpag) 0 45 W 1% 18 25 W0 35 2
Wawepertan nesvaum (tpaq) 03 08 P07 .02 04 .
‘Koacmmmﬁuneavax.w A B

Sraversi oxdxpapenToB (pag) - 019 050

Benmuuna ocTaTouNOM AesmaLM | R
KoMnacHIii Kype (rpag) 0 15 M 4 0 75 0 105 120 1B
Nesvauwn (pagn) 047 053 080 055 075 081 081 075 061 040
Komracsii kypc (rpag) 10 165 180 19 210 225-240 255 270 285
Jesvawym (rpan) © 015 011 035 052 061 060 051: 037 018 0,00
KomnacHuiv Xype (rpagn) 00 315 3\ 45

Aesvaum (rpap) 015, 027 036 042 L b

BBIYHCJIMTEIIbHBIE OTlepallid CBEAEHLI A0 OMHOIO apU(METHYECKOro AEHCTBHA: CO-
HKEHHA, BITUTAHHA, YMHOXEHHS Ky feieHnd. ONHako NPOLIE H Hae)KHEE PacyeThl
NPOM3BOJUTE Ha NEPCOHATLHOM KOMIbioTepe. [IpH OTCYTCTBHE CrielMaiu3HpOBaH-
HOW TpOTrpaMMbl pacuera yooOHO HCTIONB30BATH JUIS ITHMX LEjiEH M3BECTHYIO Mpo-
rpammy 06paboTkH 2IeKTPOHHBIX Tabanu Microsoft Excel. OnuH H3 BO3MOKHBIX Ba-
PHAHTOB pelleHH YKa3aHHO#H 3a/1ayH ¢ nomolibto Microsoft Excel nokasan B Tabnu-
ue 5.1. B npouecce MporpaMMHPOBAaHHA B A4EHKH TaGHIIBI CO 3HAUEHUSMH PacdeT-
HBIX BE/TM9HH BBOAATCA pacdeTHIie Gopmystsl. [Tocne Toro, kak GyayT BBeZIeHBl 3HA-
4EHHA H3MCPEHHON HA BOCBMH Kypcax nesHaumu MK, nporpamma mpouseenet Hoj-
Helil pacyeT OCTaTo4HOH Aesuauvy. B nameneiimem He motpefyercs mepenporpam-
MHpPOBaHUA TaOHLULL. [IpH H3MEHEHUH 3HAYEHHI H3MEPEHHOM JeBUAIMH OCTATOYHO
BBECTH MX B KaUeCTBE HCXOMHBIX JUIA pacyera AaHHBIX W 3HAYCHHI OCTaTOYHOH je-
BHauuu OyyT NPHBEIEHBI B COOTBETCTBHUE C 3TOH HCXOMHOM HH(OpMALIHEil.
3aBHCHMOCTB OCTAaTOYHOM JEBHALMI OT Kypca Cy[HA MOXKET ObITh TIpeACTaBIc-
Ha U B rpaduyeckoii opme. [TpH 3TOM B KaYeCTBE apryMEHTa MOKET OBITH HCIIOJNIb-
30BaH KaK MarHMTHBIH, TaKk H KOMOacHei# Kypc cyana. Ha npaktuke yxoGHO MMeTh
TakoH rpadux, KOTOPEIA MO3BOILT 6B Ge3 HOMOTHHUTENLHBIX BLIYHCIEHHH TIO Tpe-
OyeMOoMy KOMMACHOMY KypCy HAaXOJMThb MAarHHTHBIA M HaoGOpOT, no TpebyeMomy
MarHUTHOMY - KOMMackbid. OZIMH U3 BO3MOXHBIX BAPHAHTOR TAKOro rpadka noka-

3aH Ha puc. 5.20 {10].
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5.10. CocTanenme Tabnuubl OCTaTOMHOM AeBvaLvn

N AN / 5 Y
A/ 7 A\ Pavava % ) > 2
h ¢ N % / z,
4 . s % AR, /
4 4 7/ 4 4
7 s
?
X K X K

.&};" ‘ » “&.\s a%a (X Rk ’ S ;’ N /,,
T R '\‘.‘ ZK 250 3
MR S W

Puc.5.20

Bnone ropusoHTanbHO ocu Ha rpaduke OTKIANBIBAIOTCS 3HAYEHHS KYPCOB
cyaua. ['paduk uMmeeT CIUIOWHYIO U OyHKTHPHYIO ceTkU. Ecny JeBHauus onpenene-
Ha Ha KOMDACHBIX Kypcax, TO OoHa B TpeOyeMoM Macuitabe OTKJIAABIBAETCA BAOMDL
CIUTOLIHOM JIMHVH, a €C/TH Ha MArHMTHBIX, TO BJOJNL WITpuxoBoil. Hauboee yaobHoil
ABJISCTCA CETKA, HAKIIOHEHHas K OCH KypcoB mox yrioM 60°. B atom ciygae ofecire-
YHBAeTCA PABEHCTBO MacirtaboB oceH kypca cymHa M AeBHauMu. Ecrmu macmrad
IKANE! AEBAAUHMHM KeJaTeNbHO YBEIHIHTD, TO YTOJl MEXIY CIUIONMIHBIMH ¥ MYHKTHp-
HBHIMH JMHHAMH HeoOXOMMMO cheinare Gonce OCTphIM. KOMMIeCTBEHHYHO OLEHKY
3HAUYEHHA YI11a a epecetdcHNs CILTOUHbIX H IITPUXOBBIX JIMHUIA 1T XKeJaeMoro co-
OTHOIIIEeHHs MaciuTaborR aeBHALUH M ¥ Kypca M, MOXHO HalTH, MCIOMB3yd Clle-
Iylolliee paBeHCTBO!
M,
2M
[Tocne nocrpoeHua rpaduxa A ONpPERE/ICHUs KOMITACHOTO Kypca K’ IpH us-

sin 0,50 = (5.44)

BECTHOM MAarHWTHOM Kypce K, Ha OCH KypCcOB HaxXOAAT 3Ha4CHHME MarHMTHOTO Kypca U
fiepeMeNIasich BIOMb WITPHXOBOH JIMHNM [I0 [IEPECEYCHIS C KPHBOH JCBHALMH H Jallee
BJOJIb CIUIOMIHOM JIMHHH [0 TIEPECEYEHNd ¢ JIMHUEH KypCOB, ONPEHC/AFOT 3HAUCHUE
K’. Ecrm 3apan xype K, To nepeMemasce OT OCH KYPCOB BHaudase BIOJE CIUTOUIHON

JIMHHH, a 3aTEM BOOJIb lIITpPIXOBOP'I, HaXOIAT 3HAYCHHE MAarHUTHOTO KypcCa K.

5.11. OcobeHHOCMU ycmpaHeHUs Gesuayuu € UHOYKUYUOHHBIX KOMIacax
B oTAHuMe OT CTPENOYHBIX MArsHTHBIX KOMIACOB MHAyKIHOHHbIE MK moryr
ObITH YCTAQHOBJCHEBI B MECTaX, B KOTOPAIX BJIHAHHAEC CYOBOIO KCJIC3a Ha HX MOKasa-
HHS MHHHAMATLHBI. JTO MO3BOJISET YHPOCTHTL NCBHALIMOHHOE yC’I‘pOﬁCTBO KOMITaca
WM BooOUIE He UCIOIB30BATH €10, aBTOM2TU3HPOBAaTh HPOUCCC YHUHTOXKCEHHA €~
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I'naBa 5. YHUYTOXEHME AeBUaLMM MarHUTHOrO KOMNaca

BUALMH, @ IPH OTCYTCTBHH KOMIICHCATOPOB OTPAHMYMTHECH OLECHKOMN OIPAaBKH KOM-
11aca, MO3BOJIAIOIIEeH HCKIIIOUHTE BIHSHAE Ha €ro [I0Ka3aHHs CYHOBROTO JKEeJe3a.

Ans yerpaneHus BRUSTHEA TONYKPYTOBOM, KPEHOBOH M 371€KTPOMATHMTHON e-
BHAlLIMHY, KaK NPaBWIO, MCTIONE3YIOTCS TP Maphl KaTymiek ['ensMronsia ¢ B3auMHO
NEPNEHANKYPHBIMH OCAMH, B MOJIE KOTOPHIX HAXOAWTCH UHAYKIMOHHbLIA NATIHK.
YersepTHas A€BUALMS YCTPAHACTCH C MTOMOIIBK) KOMMIEHCATOPOB, BHINONHEHHEX 3
MarHuTOMATKMX Marepuanos. Onpee/ieHse BEMMMUHE COCTABMISIOLIMX TEKYINEH ae-
BHALUH OGBIMHO OCYLIECTBIIAETCSA MO NaHHBIM H3MEPEHUH, MONY4EHHBIX B PE3yIbTa-
Te UMPKYIALHH cynHa. M3MepsIoTcs 1o naTe 3HaveHUH HarpskeHHocTed X u Y cy-
JOBOr0 MarHHTHOTO NMOJ Ha PaBHOYNAICHHBIX APYT OT Apyra KypcaX. BeruncneHne
HHTEPECYIOIINX NApaMeTPOB IPOUIBOIHTCS [IPOLECCOPOM C HCIONBb30BAHUEM YpPaB-
Henn#t [yaccona (4.1).

N TMepBrle NBa M3 yKa3aHHBIX YPABHEHHH MOFyT
R

DBITE 3aNHCaHbI B CIEAYIONIEM BUIE:

X'=X({1+a)+bY+cZ+P,

5.45

P Y=dX+Y(l+e)+ fZ+0. 04
YuursiBag, 410

X=HcosMK, Y =-Hsin MK, (5.46)

(puc. 5.21), mepenuieM paBeHcTRa (5.45), ONCTABMB
BMecTO X 1 ¥ mx BRIpaxkenus (5.46):
X’ =H(l+a)cos MK —bH sin MK + cZ + P,
Y =dH cosMK — H(l+e)sin MK + fZ + Q.
Has ciiy4as, Korna JIeBUallHA OTCYTCTBYET

X' =HcosMK, Y =HsinMK. (5.48)
Bo3sozs sieBbIE M nIpaBble YaCcTH KOKIOTO Bhipaxenus (5.48) B KBaJIpaT H CKJa-

(547)

RBIBaS X, TIOTYUHM ypaBHEHHe, Onpeienstommee asucumocts ¥'(X):
XY+ Y=H (5.49)
HeTpynHo BuAeTs, 4TO 3TO ypaBHEHHE ABNACTCS YPAaBHEHHEM OKPYKHOCTH (pHC.

5.22), paauMyc KOTOpOH paseH TOPW3OHTANBHON COCTABIAIONIEH HaNpsSKEHHOCTH

MarHUTHOIO MO 3eMJIH.
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5.11. OcobeHHOCTY YCTpaHeH!s AeBUaLyy B MHAYKLIMOHHBIX KOMMacax

ECIH OTCYTCTBYET TOJBKO MOJYKPYroBas JEBHallus, TO paBeHCTBO (5.47) mpu-
obperaer creRyromIMi BUA:
X’=H(1-a)cosMK —bH sin MK,
Y’ =dH cosMK — H(1 + e)sin MK.

Ha nnockoctd napamerpoB X, Y 3TH paBeHCTBA ONPEACILAIOT 3JUIHIIC ¢ NOJTY-

(5.50)

OCAMH
A=H(l+a+d), B=H(l+b+e) (5.51) .

B sTom HeTpynHO yOeauTscs, eCild BAOJb TOPH3OHTAIBHOH ocH (puc.5. 23)
H300pasuTy, 3aBUCUMOCTE Y (MK), a BepTukanssol - X (MK) n nns xaxporo MK;
(i= 1,2, ..., n) w3z obnactu 0 — 360° ua wiockoctu X,
Y’ OTMETHTL TOYKY C KOOpIMHaTaMu X, Y; (Toukm
1, 2, ..., n). TeoMeTpHYeCKOE MECTO ITHX TO9eK obpa-
3yeT OrOBOPEHHLIH BEILIE AJLTHIIC.

Kak BHIMM, HATKWYMC YeTBEPTHOH IeBHAMH TTPH-

BEJIO K MPEOOPAZOBAHNIO OKPYKHOCTHU B JLTHIIC, IIPH-

Puc. 522 4eM B CHITY TOFO, 4TO YETBEPTHAA ACBHALMA BOCHT fe-
PHOIHMECKHH XapaKTep, €¢ CPelHEe 3HAYSHHE 3a IEPUOIT PaBHO HYJTO.
A 3TO CBUIETENLCTBYET O TOM, 9T0 AeOPMHpYS OKPYKHOCTH 3Ha1eHuit [, yeT-

BEPTHAA HOEBHALUA OCTaBACT

. MK -H{1+e+bjsinMK .
3 ee nIoLaAb Hew3MeHHo#i. Yka-
3 4
X ' 3aHHOE OOCTOATE/NBCTBO MO-
S 3
B S 2 3BOSIAET OMNPEICINTh 3HAUCHHE
2
; ' 4 HANPLKEHHOCTH  H 3eMHOrO
MArHHTHOTO TIONA, 3Hasg [UIo-
X
wags 3JUIHINCa,  COOTBETCT-
3
H(1+a+d)cosMK BYIOILETO BEKTOpY [~ Cynogo-

-ﬁ—H{1+e+b)—-$-

Pwuc. 5.23 ro MaryurTHoOro moya. Tak, ec-

NH ATMHY TIoTyoce#t arunnca 0603HauuTh yepe3 A H B, 10

H=+AB. (5.52)

B sTux yenoBusx pasHuua X -F naeT Tekyllee 3Ha4€HHE YCTBEPTHON ACBHALAH

4X, a Y'-H — qeTBepTHYIO AcByanmo 4Y.
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FnaBa 5. YHUUTOXeHWe AeBraLiMu MarHUTHOrO KOMnaca

Tonykpyrosas NCBHALMA, KaK 3TO ClERyeT W3 Bhipakenua (5.47), cMemaer
LCHTP J/LIMIICA Ha BeNW4MHY, pasHyro CZ+P Bions ocH oX” u pasuyio fZ+Q Brom:
ocu oY’ B obiem ciiyyae Gomblias OCh 3JUTHIICA Taloke MOKET OBITH TIOBEPHYTA OT-

HOCHTEIBHO OCH 0X~ Ha HEKOTOpEHIi

yroi a (puc. 5. 24).
W3 Bcero ckasanmoro BeiTekaer,
a YTO /i1 pacyeTa TIapamMerpoB IEBHa-
UMH HJIK NONpaBOK KOMmaca Heo0Xo-
g § \é naMo 3Hate CZ+P, fZ+Q, 4, B u a.
\]7 < cZ+P 9‘: Kak y:xe orMedanoch Briiie, i 3Toro
0 X’ —> - B IIPOLIECCE LIMPKYIAIMH CYAHA H3Me-
Puc. 5.24 psloTCA 3Hauenus X' W Y’ Ha 1ATH

PaBHOYJATIEHHBIX Py OT Apyra Kypcax. Mcmonssya yparHeHud (5.47) M usmepen-
HBIC 3HAYCHHUA HAMPAKEHHOCTEH CYJOBOr0 MArHUTHOTO TIONA, BRIYMC/HIOTCA HHTEpE-
CYIOIIHE HAC NOMpPaBKH

AX=cZ+P+X'—-H, AY=fZ+Q+Y —H. (5.53)

OueBHIHO, YTO MEPBHIC ABA CNIATAEMBIX PABEHCTR (5.53) OIPEACINIOT BIUAHHE
MOTyKPYTOBOil ACBHMALIMH, @ BTOPBIC BA — YETBEPTHOM.

VHUYTOKEHHE KPEHOBOH JEBHALMH B KapIaHOBEIX HHAYKIMOHHEIX KOMIACAX
OCYHIECTBIIAETCA ¢ HOMOIIBED KOHTYPOB € TOKOM 10 CHTHAIaM (heppo3oH/a ¢ BepTH-
KaJbHOH OCBIO YyBCTBMTENBHOCTH. JlaHHBI cnoco0 NO3BONSET ABTOMATHUYECKM
CKOMIICHCUPOBATE KPEHOBYIO JISBHAINAIO B TIOOOH HIHPOTE B OTAHYME OT CTPENOUHBIX
MK, raoe ee yHUMTOXEHHE IPOH3BOMUTCA JMIIE I ONHOTO 3HAYEHHS MAarHHTHOrO
HaKIOHeHnsA. B Tex ciyyasx, Korna He WCTONb3YIOTCH KOMIIEHCATOPE! KPEHOBOH Ne-
BHALIHH, € BIHAHHE YMEHBIUIACTCA ITyTEM OCPEAHEHHS TOKa3aHIMil KOMIIaca 3a orpe-

OENEHHBLH TPOMEKYTOK BPEMEHH.
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5.11. OCOBEHHOCTY YCTPAHEHWS AEBMaLIMM B MHAYKLMOHHBIX KOMMNAcax

‘% 5.1. Kakas [eeuauus YCTPaHAETCH C MOMOLLLIO MOCTOAHHBIX MarHuToB?
>

%

5.5,
5.6.

5.7.

5.8.
5.9.

5.10.
5.11.
5.12.
5.13.
5.14.

5.2.  [ng yero ucnonb3yeTca gednekTop?
5.3. [ns vero ucnonb3yetcs B gednekTope NOCTORHHBIA MarHuT?
5.4. BO3MOXHO Ny C NOMOWLID AedIeKTopa U3MEepPUTL BEPTUKANBHYIO CO-
CTABRNAIOUIYIO 3EMHOIO WK CYZI0BOTO MArHWUTHOG fions?
YTO M3MEPSETCS C NOMOLLBIO CYA0BOrO MHKMHATOPa?
Ha Kaknx Kypcax yCTpaHseTcs NonyKpyroBas Aesuauus a) crniocoboM pu, 6) cnoco-
60M KonoHra?
Kakne cynosble MarHuTHbie Cuibl ycTpaHsiotcs Ha kypcax 0° u 180° npu ucnons3o-
BaHuM a) criocoba dpu, 6) cnocoba KonoHra?
3a cyeT uero BO3HWUKAeT AieBMaUNA OT MHAYKLUN?
Y10 npescTaBnseT coboi He3MHAYKLMOHHBIA KOMNEHCATOp YETBEPTHOM AeBnauun?
Y10 npeacTasnseT coboi KoTenok MK C nerkoit KapTyitkon?
3a CYET YEro BO3HMKAET WUPOTHAR AeBuauus MK?
Kakum 06pazoM OpMeHTUPYEeTCs MPOoAONbHas OCb WMPOTHOrS KoMneHcaTopa?
YeM yCTpaHseTCsl KpeHOBas AeBMALnn?

Ana yero ucnonbayercst heppo3oH ¢ BEPTURANLHON OChIO UYBCTBATENLHOCTU B Kap-

NAHWBbIX UHAYKLUOHHBIX KOMMacax?
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Tnasa 6. TexHnyeckoe 06CNyKMBAHME MarHUTHBIX KOMNACOoB

Tm1aBsa 6

TEXHHYECKOE OBC/IIYZKHBAHHE MAIHHTHBIX KOMIIACOB

6.1. TpeboeaHuA K pa3MeUICHUIO MazHUMHLIX KOMNAacoe

OcHoBHbIe TPeDOBAHHMA K PAa3MEIIEHHIO MArHHTHBIX KOMIIACOB HAIOKEHBI B PEKO-
MeHIaMAxX 1SO 694 “Pazmeniesue MarHMTHBIX KOMIIAcOB Ha GOPTY cynHa” (uprtoxke-
Hue [1-5). Oun paspaGoTaHBl MCXOA U3 TOro, 9To0B! B Npouecce IKcruTyaratyu MK:

¢ 0bln obecnieuen cBOGOMHEIH JOCTYN K YCTPORCTBaM 0TOGpaKeHHs HEbOpManyu
0 Kypce Cyaua;

® MMEIIACE BO3MOMKHOCTD NEIEHTOBAHMA PAITHYHBIX OO0BEKTOB, PACTIONOKEHHBIX
BHE CY/IHa;

® uMenach BO3MOKHOCTD NPOBCACHUA IEBHAIIMOHHEIX paboT;

® BJIMSHME CYIOBOTO MarHMTHOTO HONA Ha paboTy KoMraca ObUI0 MUHHMATHHBIM.

Crenedb BIMSHWS Ha KOMIIAC CYHOBOTO MArHHTHOTO IO/is CYNIECTBEHHO 3aBH-
CHT OT PACCTOSHUS €r0 TYBCTBHTENLHONO 3IEMEHTA 0 Pa3iMTHEIX (ePPOMArHHTHEIX
3JIEMEHTOB KOHCTPYKIHMHM CyaHa. B tabnuue 6.1 npuBeneHE! peKOMEH [yeMble MHHH-
ManbHBIE 3HAYCHUS 3THX paccrosnuid. OOHAKO MOKET CITyYWTbCs TaK, YTO NPH Bbi-
TNOTHEHWH PEKOMEHIAINH, NPUBEACHHBIX B TaO/MIie, CTEHeHb BJMSHAA CYJOBOTO
KEJ1€3a BCE-TAKH OKa3bIBAaeTCst HENOMyCTHMO Sonbuioi. B 31oM ciyuae crepyer yae-
JMYUTD YIANCHAE KOMIIAca OT MCTOYHMKOB MarHUTHBIX TIOJiel HIH BhIGpaTs apyroe
MECTO PacHOIOKEHMA KOMIIaca.

Tabmmia 6.1

PCKOMCHJyCMLIC PACcCTORHHA OT KOTC/IKA KOMIIACa 10 MATHHTHLIX MaTEpPHAJIOB

[{mHaquHC PaccTOxHHC A0 HETIO - PaCCTOHHHe A0 NOABYOKHEIX MarcpuasioB U Mare-
. BHKHBIX MAT€pHaAIlOB, M PHANOB C H3MCHAIOHMMCA MarHUWTHbIM 1ojaeM, M
ROMIIaca
HauGonsinas 1mua cygma
1030 jor 40 a0 80 83u 1030 ot 40 10 110 120 u Gostee
Bosee
T an s 17529 3.0 2.0 2337 40
llyresofd rmasto- | 1.2-1.9 2.0 13 15-2.4 26
To nocra
Tlyresoft sapac- | ) 1.0-1,5 L5 1,0 1,1-1,9 2,0
HOIC nocra
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6.1. TpeboBaHUs K Pa3MELLEHNIO MarHUTHBIX KOMMacos

Onpenenende 6e30MacHBIX PACCTOSHUI IPOU3BOAKTCA C YUETOM PeKOMeHIalMii,

NPOBEICHHBIX B MpUIoKeHuH [1-5.

6.2, Cocmae nposodumbix pabom
ToanocTs onpenenenus kypca ¢ nomombo MK, a Taxke HagexHOCTh paboTsl
npubopa B 3HAYUTETLHOM CTEMEHN 3aBHCHT OT BBIMTOJHEHUA MPABUA €T IKCIUTyarTa-

UMM, KOTOpsIe MPUBOHATCA B CONMPOBOXKAAKOMEH NaHHBIN Npubop IOKYMEHTAIWW.

Pazmuuneie Mozern MK Moryt uMerb cienmUIecKie, NPUCYIINE TONBKO HM, 3KC-

(UTyaTalMOHHbIE 0COOEHHOCTH, ¥ 3TO HaAO YIHUTHIBAaTh. ONIHAKO MHOTHE IIPHEMBI pa-

60t1el ¢ MK ABISIOTCS OOMMAMU, ITO HO3BOIIACT PACCMATPHUBATE MX OE30THOCHTEIBHO

K THITy KOMTIaca.

Texuuueckoe obcnyxvBanne MK ckiianbiBaercs:

> 13 oueHKH o0IIero cocTogHus Npubopa;

» H3 OLEHKM TeKYyIUMX COCTAB/MIONIMX €r0 HMHCTPYMEHTAIBLHOH [IOTPEHIHOCTH U
NpHBENEHHA WX 3HAUCHHUI B COOTBETCTBHE C TPeOOBAHHMAMH TEXHMYECKOH IOKY-
MEHTalMH| Ha npubop;

» w3 paboT, HanpaBHeHHBIX HA CHIDKEHHE BJIMAHHA CYJ0OBOTO XKENe3a Ha NOoKa3aHHs
KOMIIaca.

OcHOBHYI0 Harpy3ky mo obcmyxusanuio MK Oepyr Ha cebi1 Oeperorele
cneyHaTHcThl. OHAKO, CYJIOBBIC CHEUHATUCTHL JOJDKHBL:

» NepHOaHYEecKH ONpelesiATh MONpPaBKy KOMIIaca U CTENEHB COOTBETCTRMA TaHHBIX
TabJMIE] OCTATOYHOH AeBHALMU peanbHBIM UX 3HaUCHMIM;

» 1IpH BO3HWKHOBEHHH OOJIBINNIX OMHAOOK KOMIAca ONPENEIUTh IPUYUHBL, 00YCHIo-
BUBIIHE HX [OABJIEHHE, H, IPH HATHIHNHA TEXHUIECCKOH BO3MOXKHOCTH, YCTPaHHTh
JnedeKThl;

» B JUIMTENBHBIX peficax, He peXke OFHOTO pasa B 1IBa — TPH MECANa, POBOANTE
TEXHHYECKYH) IPOBEPKY KOMIIAcA, COAEPHKAHHE KOTOPOH ONpENesercs TeEXHHYE-

CKMMH YCJIOBHAMH Ha IpHOOP.

6.3. OueHKa mexHUYeCK020 COCMOosHUR npubopa

OneHKa TEXHH4ECKOTO COCTOAHHUA IpUbopa MpEycMaTpUBaET:
> IrpoBegeHNE BHEIIHETO OCMOTpa NpHOopa;
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A\

TIPOBEPKY TEXHHHIECKOI'O COCTOAHHUA KoTenka MK

[TpoBepky kauecTBa paGOTh! IHCTAHUHMOHHBIX CHCTEM NEpeadH HHMOPMALMK;

A2 %4

[TpoBepky ycTpoiicTe s perscTpaiumy (3anucu) MHGOPMAIMH, MOIYYacMOi ¢

MK i ¢ ennHO# KypCoBO# CHCTEMBL, BICTIOUarolel B ceds MK.

6.3.1. BHemHM} ocMOTP npubopa

M ouenky ofmero coctosus Npropa HEOGXOAMMO, IPEKIE BCETO, HPOBEC-
TH €T0 BHEWIHH#A ocmMoTp. OCMOTp cliefyeT Ha4aTh ¢ MEcCTa, rie OH yCTaHOBheH.
BGmu3u kOMniaca He JOJDKHBI HAXOIUTHCA TIOCTOPOHHHC fIPEIMETHI, OCOBEHHO CIio-
CoGHbIE MOBJIMATE Ha €T0 nokasanuA. [1ociie 3Toro cieyeT 0CMOTPETH CaM KOMIIAc,
YCTPAHHTE HMEIOIIYIOCA KOPPO3HI0, OYHUCTHTE €T0 OT IPsi3H H OTIOXKHBIICHCS COMH.
IlpoBepHTh COCTOAHKE M KPETUIEHHE IEBHALIMOHHBIX MArHMTOB, PA3heMOB H Perylis-
TOPOB 3JICKTPONHUTAHMUA, JTEMEHTOB ONTHYECKON CHCTEMBI JUCTAHUHOHHOH Nepena-

au. [Iposeputs ocBelieHue npubopa.

6.3.2. IIpoBepra TEXHHUECKOTO COCTOSHHSR KoTemxa MK
KoMitacHbI/ KOTENOK M NeEeHraTop MOUKHBI YIOBIETBOPSTh TPeGOBAHHAM
HOPMATHBHEIX JJOKYMEHTOB, BhIJIEPXKKH H3 KOTOPBIX NPHBENEHS! B IPHIOKEHNH [1-5.
B gactrocTH:
> B OCHOBHOH (BepXHe#) kKamepe He HOJKHO GBITh NMy3LIPHKOB BO3AYXA;
» CTEKIO KOMITACHOTO KOTENKA NOMKHO OBITE YHUCTHIM;
» a3uMYTalbHBIA KDYT NO/DKEH COBNANATh C TOPH3OHTANBHOM IIIOCKOCTBIO C

TouHOCTEIO 10 2°;

%

PKCLEHTPHUCHTETbI IIENEHTATOPA M a3UMYTaNbHOMN HIKANGl HE JIOJDKHEI TIPEBEI-

wars 0,5 MM;

> BH3UpHAjd IUIOCKOCTb TMeJEHraTopa IOJDKHA ObITh  IepEHIHKYIspHA
a3UMYTaNbHOMY KpYTY W TIPOXOIMTh YEPE3 CTO Cepenty (LIeHTp);

» OTpakarollad IpaHp NPH3MBL TIA3HON MULIEHM HOIDKHA OBITH HEpHEeHANKY-

JsApHa BH3HpHOi/II IUTOCKOCTH I1€JICHIraTopa,

v

3aCTOH YYBCTBHTENBHOILO BNEMEHTa KOMIaca He NOJDKEH npeBbiuats (3/B)°
rie B — ropu30HTaIbHAA COCTABNAIOUIAN HHAYKLHE MarHUTHOTO ITOSTH, BhIPa-

KEHHAs B MHKpOTECax.
108



6.3. OueHKka TeXHUYECKOro COCTORHMS Npubopa

> obmas nmOrpemHOCTE KOMIIACHOTO KOTENKA M TIENIEHraTopa He A0/DKHA Tipe-
Boimars 0,5%;

» HakKTOy3 KOMIAca [OKEH ObITh BEIBEPEH.

PaccMOTpHM METOIHKY BBINOJIHEHHA OTASIILHBIX IIPOBEPOK B PETYIIHPOBOK, KO-
TOPBIE MOXKHO NIPOBCINTE B CYAOBBIX YCJIOBHUSX.

Ipuctynas x nposepke korenka MK crienyer yOemuTscst B OTCYTCTBHU B HEM
Ty3BIPLKOE BO3/yXa, KOTOPbie MOTYT 3aTPyAHATH CheM UHGopMatmu. [Ipy ux Hanu-
YHH yAadeHHe H3 KOTeJIKA ITy3bIPbKOB BO31YyXa, KaK NPaBuilo, NPOU3BOIMTCA Iy~
TE€M €ro MOBOPOTa BOKPYT MOPH3OHTAILHOH OCH W NTOKaUMBAHHA C TE€M, UTOOBI 5TH
My3LIPbKY TEPEMECTHIIMCE B CIEHHATBAYIO MONOCTh 3 (puc.2.4), U3 KOTOpol oHH
YK€ He CMOTYT BhIHTH 00paTHO. B TOM ciTydae, eciiH pasMepsi BO3AYIIHOTO My3bipb-
Ka J0CTaTOYHO Gosblye 4 ero He YaeTCs YIAMTE, TO B KOTEJIOK CieayeT Zo0aBUTh
HEKOTOPOE KOJIMYECTBO KOMIIACHOH HAKOCTH. JKHAKOCTH JOJIMBACTCH C IIOMOLUBIO
CreluanbHOH BOPOHKH Yepes OTBEPCTHE, UMEIOLIEeecs B KOpIyce mpuGopa.

IlpoBepka rOpH3OHTAILHOCTH A3HMMYTANLHOI0 Kpyra TPOBOAWTCH C TIOMO-
HIBIO MTy3BIPHKOBOTO YPOBHS, KOTOPHIH HAKTaABIBAETCA HA CTEK/IO KOTEIKA BHAauaje
TIAPAIENBHO TMAMETPAIBHOM INIOCKOCTH CY/IHA, a 3aTeM MEpTIeHAUKYApHO el Ec-
u Gyner obHapykeH HAKIOH, HEOOXOIUMO BEI3BATh GEPETOBBIX CHELHATNCTOB, KO-
TOpbIE YCTPAHAT €ro. YCTPaHEHHE HAKIOHA OObIYHO MPOH3BOMUTCA HYTEM BBLICBEp-
JIMBaHUA YaCTH 6anaHCHPOBOYHOIO Ipy3a.

Hanee cneayer ocMOTpeTh NeeHraTop, o0paTHe BHUMaHHE Ha COCTOSHUE HATH
npeamerHoi Munienu. ITpu Hanuuuy ee U3rnboB clieayeT HaTAHYTH HUTh WIIM 3aMe-
HHUTH Ha HOBY10. [Tocne 3Toro HeoOXOAUMO NPOBECTH HPOBEPKY MOTMOKEHHS BH-
3HPHO# IJ10CKOCTH NefeHraTopa. B cyJ0oBBIX YCIIOBHAX OHA CKJIA/ILIBAETCS M3 NPO-
BEPKH I10JI0KCHUA TIPEIMETHOM U 1a3noi ero muueseil. Huth npenmerHoit Muuie-
HH H TIpOpe3b IJIa3HOH HOJLKHBI PACHONAararbCst B BEPTUKAILHOH IUTICCKOCTH. [1po-
BEPKY JTHMX YCIOBHUI OCYHIECTBILIIOT IIyTEM NENEHTOBaHHA OTBECAa, YNAIEHHOIO Ha
pacctosiHue 3 - 4 McTpa oT koMnaca. Jlnd ycTpaHeHns oOHapy KEHHBIX OTKIOHEHHMH
noJ MPaByio HIIM JIEBYIO JAIIKH MHIIEHeR MOMEUIAI0T NPOKNAAKH U3 GONIBIN.

ITpoBepka KapTymK# Ha 3acToi. Kak m3sectHo (11. 2.3), yros 3actos xapryiu-
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Kl 33BHCUT OT €€ MATHMTHOIO MOMEHTA, BETHYMHEI HAMPDKEHHOCTH TOPHIOHTAh-
HOIi COCTaBJIAONIEH MArHUTHOIO MOJIA 3eM/M B N2HHOMN TOYKE H OT MOMEHTA TPEHHA
B OTIOPE TIOABECA KAPTYIUKH. [103TOMY B TeXHMIECKMX YCIOBHAX Ha MpHOOp OToBapH-
BAIOTCA HE TO/IBKO 3HAYCHHE JOHYCTHMOIO 3aCTOf, HO M BENHYMHA HANPSKEHHOCTM
MArHuTHOTO MoJd, PH KOTOPOH [OJDKHBI HPOBOAMTECSH H3Mepenus. TpebyeMoe 3Ha-
HEHHE HANPSKEHHOCTH MOKET ObITh TIOJyYeHO TIOCPEICTBOM HCIIO/IB30BARHSA Jediek-
TOPa, ¢ OMOILb KOTOPOrO MOKHO YCHIHNTD HIH OC/IalHTh CYJJOBOE MOJE. '

Ecin crieunansHbie TpeGoBaHHA K yriy 3acTod KapTYIIKH He OrOBapHBAIOTCH,
€70 OLEHKY MOXHO IIPOBOJHTE NPH CYLWIECTBYIONIEH HANPHKEHHOCTH CYAOBOTO Mar-
HUTHOTO MOJIA, IPHHUMAs BO BHUMaHWe Tpedosanus UMO.

A5 H3Meperns BEMYMHBL 3aCTOA C HOMOIIBIO KAKOTO-MHO0 HE CHJIBHOTO MAr-
HUTA OTKIOHMIOT KApTYIIKY KOMIIaca OT YCTAHOBHBIIETOCH MOJNOXEHMA Ha YTOM,
paBHblit 2 — 3 rpanycam. ITociie 3TOro MarHut yGMparoT, AalOT KapTyHIKE YCNOKOUTh-
€S M CHMMAIOT €€ 110Ka3aHusA. M3MepeHns NOBTOPSIOT NPy OTKTOHEHHH KApTYIIKH B
TPOTHBOMOJIOKHYIO CTOPOHY. I10TypasHOCTE MOKa3aHMH OnNpeenseT HCKOMYIO Be-
mauuHy. TIpi OGHApy)XeHHH HEJOMYCTHMOTO 3aCTOS CJEAyeT 3aMEHHTh IMIMHIBKY
MK. Tlopsnok 3amensl WIMHIBKY OMPERCIAETCS KOHCTPYKTUBHBIMH OCOOCHHOCTAMH
npubopa U 3Ty paboTy Tyulle MOPYUHTE GEPEroBbIM CHELHAIMCTAM.

O IpHroaHOCTH KOTENKA K IKCIUTYaTalini MOXKHO CYIMTB II0 pesy/ibTaraM 06-
uieli ero NPOBepPKH, KOTOPasA MPOU3BOIMTCA B GEPErOBBIX YCTIOBHAX B TAKOM MECTE,
TO€ OTCYTCTBYIOT BOMYLUAIOLHE MArHHTHBIE NOJA, NOPOXKAAEMBIe OIH3ICKALIUME
METALIHIECKHMHI KOHCTPYKUMAMH M NPYTHMH HCTOYHMKAMH TIOCTOSHHOTO MarHT-
HOTO RO/, KpHTepHiMY KauecTBa KOTENKa SR/IAIOTCS BAPHALIMH NIENEHTa H KyPCORO-
To yInia HENMOABMXHOTO OPUEHTHPA, NOTYYIEHHLIE B Pe3ylbTare U3MEPEHuil, IPoBe-
ACHHBIX HA BOCBMH IMABHBIX M YETBEPTHBIX KYpcax HpPH IOCACHOBATENBHOM IPHBE-
/IEHHH Ha HHX KOTE/IKA, YCTAHOBJICHHOIO Ha AeBHALMOHHON TpeHore. Bapuaimu ne-
JICHTa HAa OPHEHTHUD ONPENE/IAIOT KAK PA3HULY MEKTY MATHHTHEIM NEICHIOM (HIR
OMII) 1 3uadennem meNleHra, MOJIy4eHHOTO MyTeM OCPELHEHHS JAAHHBIX JIBYX €ro u3-
MEpEHHI Ha JIaHHOM KypCe NPH MOAXONE K HEMY C PasHBIX CTOPOH. AHAIOrHYHBIM
00pasoM ONpEneNIOT BaPHALMK KYPCOBBIX YITIOB. YKa3aHHEIE TIapaMeTpel TOMKHBI
HAaXOIUTBCA B NOMYCTUMBIX IpeaenaX. Ecim 370 He BBIMOMHAETCS, KOTEIOK CAEAYET
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6.3. OueHKa TEXHUYECKOro CocTosHUA npubopa

nepeaTs GeperoBbIM Cy:k6aM JUTA BLICHEHHS HPHYMH yKa3aHHOIO HECOOTBETCTBHS.

6.3.3. Ilposepxa rxavecrBa paGoTi OUCTAHIOHMOHHEIX CHCTEM
nepegavy HHPOPMALIHH
Ka4ecTBO 3/IeKTPOMEXaHHYECKHX CHCTEM [AMCTAHIMOHHON nepenadn MHGopMaLn
0DBIMHO NPOBEPSETCS N0 COOTBETCTBHIO TPEOOBAHMAM TEXHUUECKOM IOKYMEHTALTH:
» ee MOpOTa YyBCTBUTEIBHOCTH (MUHUMAIBHOTO CHIHANA PACCOrTacOBaHHS, TipH

KOTOPOM CHCTEMA HavuHaeT paboTarts); .

v

BpeMeHH OTPaGOTKH 33JaHHOTO YIJla PACCOrIACOBAHMA CISIAMEH CHCTEMBL,
» KONHYECTBA KOJebanmi, KOTOPOe COBEPLIAET CHCTEMa NMOCE OTPaGoTKM yria
paccornacoBaHus.

Bce ykasanibie MapaMeTphl B3AUMOCBSA3aHBl U NP MCHPABHAIX HIEMEHTAX KOHTYpa
ClieaAme CHCTEMBI MOTYT GBITE OTPEryIMPOBaHE! TyTeM H3MeHehus ko3dduurcHTa
€70 YCHIICHHA.

3uaveHue NOPOra YyBCTBHTEALHOCTH MOKHO ONPENEAMTE ITyTeM OTKIOHEHHS
pOTOpa LCHTPAIIBHOIO PEIHTEPA OT €0 PABHOBECHOIO IOIOKEHUS HAa HeOOIBLION
yron (2°+3°). TIMocne 3Toro cienyeT AaTh CUCTEME BOIMOAKHOCTE COTTaCOBATLCH. 3a-
(MKCHPOBATE MOKA3aHUA UEHTPATBHOrO pemutepa. [IpOBECTH Te e Onepaumy npu
OTKJIOHCHHH POTOPa B MPOTHBONONOKHYIO CTOPOHY. [1opor 9yBCTBHTENBLHOCTH O
penensercs Kak FlO/Typa3HoCTh IBYX TIONMYYeHHBIX OTHETOB.

/Ins vamepeHus BpeMeHu 0TpaGOTKH CReNqIIeH CHCTEMOM 3aJaHHOro yrna
(06b1un0 90°%) oTTOHMIOT POTOp LEHTPATLHOIO penMrepa Ha ITOT KM HECKONLKO
SonbmuH yron. 3aTeM BKNIOYAIOT CHEASIIYIO CHCTEMY U IPOU3BOMIT HEOGXOAHUMOE
usMepenue. [locie Toro Kak yron paccornacoBanus 6yaer oTpaboTaH, CIMTAIOT KO-
JAHYECTBO Ko1e6aHHil, COBEPINAEMbBIX CHCTEMOR A0 €€ MOJIHOTO YCTIOKOCHHS.

Hapsiny ¢ ykazauHbIM, CleyeT NPOBEPHTH ILTABHOCTH H3MEHEHHS TOKa3aHHii
penuTepaMu. JUIs 3TOCO ¢ MOMOLUBIO MArHHTA CIIENyeT MELICHHO M PABHOMEPHO MO-
BepHyTh KapTyuiky MK Ha 360° mo wacosoit CTpesIKe M NpPOTHB, Habmoagad, npu
3TOM, 32 JABIDKCHHEM WIKall penuTepoB. HanparneHne uxX BpamieHHs J0JDKHO COBMA-
JaTh C HallpaBiEHHEM BpAlIEHHMA KAPTYWIKH, @ CAMO IBHJKEHHE ObITh ILUIABHBIM, (€3
PBIBKOB H OCTaHOBOK.

Cocras npoBepku YCTPOHCTB IS perHCTpalMM nokasanuii MK 3asucuT oT Trma
OTHX YCTPOHCTB ¥ OrOBAPHBACTCA B TEXHUIECKOH TOKYMEHTAIINM Ha IpUGop.
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6.4. [lodzomoeka komnaca Ons npogedeHusi deeuayuoHHbLIX pabom

[Moaroroska MK 114 npoBeaeHHS NEBHALMOHHEIX paboT BKIIOYACT B CeO:
» 1pOBEPKY AEBHAUMOHHOIO MPHGOpa KOMIaca;
» TloAroHKy JledhriexTopa K nejenTaTopy;
» TlpoBepky H PEryaMpoOBKy HHKIMHATOpA.

B cyaoBbix ycnosmsax mepeast IpoBepKa OCYLIECTBIAETCA ITyTeM BHEIIHEro oc-
MOTpa JIEBHALMOHHOTO YCTPOHCTBA, B APOLECCE KOTOPOro CIIEAYET y6euTHC B Ha-
OEKHOCTH KPCIUICHHS A€BUALHOHHBIX MarHUTOB M OTCYTCTBHM KaKHX-TUO0 MexaHu-

YECKHUX MOBPEKACHUMA.

6.4.1. Ilogronxa RednexTopa X NENeHraTopy

Hoaroxka nednexropa k IeIeHTaTOPY HPOH3BOJMTCA B TOM CJydae, ecliy ILia-
HUpYeTCs npoBeieHHe paboT, HANPABJICHHBIX HA CHUMKEHHE YPOBHS IIOTYKPYTOBON
Jesuanuu cnocobom Kononra.

Ecin ncnonssyercs neduiekTop ¢ paBHOMEPHOIT IIKAOH, Mpexkie BCEro, mpoBe-
PACTCA HYNIEBOE NMOJIOKEHHE M3MEPHTEIBHEIX MarHUTOB. 3Ta MPOBEPKA NPOH3BOIMT-
cs B clienyrowel nocneaosarenbHocTd [5:

» Tlenenratop ycTaHaBiMBAaeTCs Ha KOTG/IOK Tak, utobet oTcuér 180° (S) Kap-
TYIIKH HAXOIWICK TIOJT €70 MPU3IMO.

» W3 nednexropa BhIHMMAETCA BCIIOMOTATENBHBIA MarHUT M PYJKOi peaykTopa

YCTAHABIIMBALTCS HYJIEBOH OTCUET.

» JledeKTOp ycTaHABIMBACTCA HA YAIIKY NENEHIAaTOpa TaKuM 06pasoM, 4ToGbl
OTCHET 110 a3UMYTaTTHOMY KPYTY OCTaICA HeW3MeHHBIM. [IpoBepaercs oTcuér
1101 IPU3MO# TesieHTaTopa, KOTOPEIH Ho/bKeH ocTaThes papHbiM 1800,

» Ecan orcuer usmenwica Gonee uem Ha 1°, Hy)KHO OTBMHTHTH KOMAuOK Ha
KpbiliKe Ne(EKTOpa H BpAICHUEM pEryJIHPOBOMHOTO BHMHTA IIOJBECTH MO
npusmy neaenratopa otcuéT 180°. Mocne 3TOro KONIA“o0K M BCHIOMOTATeb-
HBI! MArHUT YCTAHABITHBAIOTCH HA CBOM MECTA.

Hanee caenyer npoecTH nNpHroHky nesedratopa x aednaextopy. s sroro
Heobxoxumo [5]:

# YCTaHOBMTH MeJIEHraTop Ha OTCYET NOA NPH3MOi, paBHEt 90° v 3aMeTuTH OT-
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CY&T IO A3UMYTAIBHOMY KPYTY.

» TlpHBecTH NOBOPOTOM PYYKH PEAYKTOPA JO yIOpa W3MEPHTEITbHBIE MATHHTBI B
HyNIEBOE MOJIOXEHUE. BCroMOraTenpHeI MarHUT JIOJLKEH GBITh YCTAHOBJIEH B
[peAHA3HAYEHHOE [T HETO THE3/I0.

» YcraHoButs ned1eKkTop O6BIMHEIM NOPAIKOM HA YalIKY NEIEHraTopa.

A4

[IpoBEpHTEL HEM3MEHHOCTD HOI0KEHHS MEJEATaTopa (10 OTCUETY a3UMyTalb-
Horo xpyra). Kor/ia kaTylika yCIIOKOMTCS, 3aMETHTB OTCYET N0 Npu3MoH. O
JOMKEH OTIHYATHCA OT HEPBOHAYANBHOTO (10 YCTRHOBKH IediekTopa) He 6o-
fiee 9eM Ha 0,20.

» FEcim OTCUéT MoM NpH3MOM OT/HMYAeTes OT NePBOHAYAILHOTO fojtee eM Ha 0,2,
TO ¢ TMOMOLIBK MENEHTATOPHOTO KIH04a OCNMAbIAIOT BUHTEL, KPEruljie YaliKy
1% feduieKTopa K MOCTHKY Mesienratopa. Criefis 3a TeM, YTOOBI HONOXKCHHE Tie-
JICHT2TOpa HA KOTEJIKE He M3MEHWIOCh, PA3BOPATHBAIOT YUKy BMECTE C fetek-
TOPOM B CTOPOHY OTKTOHEHHS KapTyWIKH, NOCGHBAACH MO/y4CHHA HEPBOHAMANb-
Horo otcueta ¢ TousocTsio 0,2°. Tocse atoro 3aKPEIUDTIOT YallKy BUHTAMHM, ipo-

BEpSA HEM3MEHHOCTD OTCUETA TIOK IPU3MOH U Ha a3HMYTaNbHOM KpyTe.

6.4.2. IIpoBepxa ¥ PEryJHMPOBKA HHKIIMHATOPAE

[Nepen M3MEPEHMAMH WHKITMHATOP CHECOYET BBIBEPHTH Ha 6epery. CHauaja ero
npoBepsioT Ha 3acrofi {5]. MHKInHaTOp MOABEIIMBAIOT B BUIKY TPEHOTW H NpH-
6/IDKEHHO COBMEINAIOT MLTOCKOCTH KadaHnil MarHMTHOR CHCTEMBI C IUIOCKOCTBIO ME-
puauana. [Tocne TOro KaKk MarHWTHas CHCTEMa HpuGopa NPUIET B NONOKEHAS pas-
HOBECHS, 3aMEUaloT OTCYeT MO IKale. 3aTeM C IOMOUIBK OOHOrO W3 MAarHWioB,
BXOAIIMX B KOMILIEKT MpuOOpa, OTKIIOHAIOT MarHUTHYIO CHCTEMY Ha 1,5—2° 8B 1Y
WM HHYIO CTOPOHY H, KOI'/Ia OHQ BHOBb YCTIOKOMTCHA, 3aMEHAIOT BTOpO# oTcyeT. Pas-
HOCTb OTYETOB He JOJDKHA NPEBHINATH 0,3°. TIposepky cresyer NPOBECTH IPH OT-
KJTOHEHHM MarHUTHOH CHCTEMBbI B Pa3HbIC CTOPOHBL.

Bropas BelBepKka HHKJIMHATOPA TIPEIyCMATPUBACT 6ATaHCHPOBKY €ro Markur-
Ho#t cucrembl. JUig 3Toro Ha Gepery npuOOp YCTAHABIMBAIOT MEPHCHANKYIIPHO
TIOCKOCTH MArHATHOTO MEPHIHAHA M CHHMAIOT TEpBHI OTCUeT. 3arem noBOpavH-

BAIOT NpHOOP B a3UMYTE HA 180° 1 crmMatoT BTOpO# OTCUeT. EC/H MOsy4eHHsIe OT-
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cHerbt oTIHYatoTes ot 90°, To cHumaroT CTEKJISHHYIO KPBIIIKY W C TTOMOIIBIO (10TTe-
peuHbIX GalaHCHPOBOYHBIX raek AOBOAAT 06a otcuera A0 90°. [Tocne atoro, ycraHo-
BAB HHKJIMHATOP B IIOCKOCTH MarHUTHOTO MEPUIMAHA, C MOMOLIBK BTCPOH Iapsl
0aJlaHCMPOBOYHBIX T'2€K, KOTOPhle PACHOIOKEHb! Ha MPOJOMEHON OCH MAFHUTHOMH
CHCTEMBI, IOBOIAT OTCHET MO NPUGOPY N0 BEHUMHEI, paBHON daKTHYECKOMY 3Haue-
HHI0 MAarHMTHOrO HAKIOHEHHWS B JaHHOM paifoHe. DTHUM 3aBEpINAIOTCH MOATOTOBH-

TeAbHblE paboTHL.

6.5. YHUYmoxeHue nonykpyzo80i desuayuu e pelice

HeoOxoaumocTs npoBeeHNs AeBHALMOHHBIX pafoT B pefice BOBHHKAET B CBA3M
C BBIXOZIOM M3 CTPOA OCHOBHOTO KYpCOYKA3aTeNs — FHPOKOMITAca HiH B TOM CiTydae,
KOTIa MPUHATE Ha GOPT IPy3 MOXeT MOBMUATE Ha pabory MK. Pabory uenecool-
PasHO HAYMHATE C OTPE/IC/ICHNA NEeBUALMH Ha BOCLMH I'JaBHBIX i YETBEPTHBIX Kyp-
cax. CpaBHeHHE MOJNYUEHHBIX NAHHBIX ¢ MPHIAracMoll Tabiuueil AeBHMANMM dacT
BO3MOXHOCTE [IPUHSATE PERICHUE O XapaKTepe HeoOXOIMMEIX NalbHEHIMX paGoT.
Ecu oTiiiuns AeBHAUMi HEBEMKH, TO JabHEHIINE paboThl MOXKHO He POBOIHTS,
OIHAKO, LUeTeCO00Pa3HO HCMOB3YS PE3yNIbTATHI H3MEPEHHH COCTABHTH YTOUHEHHYIO
Ta0miy ocrato4Hoil Aesuaumu. ECIH OTIHYMS 3HaYMTENbHbI, TO 1O W3MEPEHHBIM
JaHHBIM CIICAYET fIOCTPOMTH Ipadik AeBHALMM, KOTOPBIM DOKaXKeT KAKad COCTaB-
TAI0MAas IEBHALMM NPEBATUPYET U, CJIEOBATENBHO, YTO HEOOXOAUMO MPEATIPHHSTS
U4 yMEHBIICHHS [IOrPENIHOCTH.

Hepenxo OTCYTCTBYIOT YC/IOBHS MM HEOOXOMMOCTb HPOBEACHHA AEBMAIIMOH-
HBIX paboT B MoMHOM 00beMe MO METOIMKAM, ONMCAHHEIM Bhlue. B 3ToM ciyuae
MOHO BOCIOJTB30BATECS yHPOIIECHHBIMH CIIOCO0aMH YCTPaHEHUS JEBHALIUH.

Ecqt Ha cynse umeercs aeneKTop, yHHYTOKEHHE JEBHAMA MOKHO IPOBECTH
Ha NIByX FIARHBIX MarHHTHBIX Kypcax CyfHa. JIydimMe pesynsTaThi GyayT NOAY4CHEL
ecyi paboTbl IPOROIUTS B CIEAYIOIE IOCIIENOBATEEHOCTH:

» nedk Ha MarHUTHBIA kypc 90° M MPONONBHEIMH MArHMTAMM IOBECTH AEBHALIAIO
A0 HyJid;
» Tlponomkas nexkarb Ha JAHHOM KYPCE COBMECTHTh MHACKC TIGICHIATOPA C OTCHe-

ToM 270° Mo asMMyTANBHOMY KpYTy M, [OMECTHB HA YAlKy [e/eHraTropa je-
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6.5. YHUITOXEHWE NONYKPYroBOM fEBMaLMK B peiice

duteKTOp, MIMEPHTH HAPSOKCHHOCTD CYIOBOrO MarHATHOTO 1ot Hz;

% nedb Ha MPOTHBOMOMNOMKHEIA MArHHTHBIA KYPC, M C TIOMOIUIBIO NIPOAOIBHBIX MAar-
HHATOB YMEHBIIUTH HaOMOIaeMyl0 JICBHALIMIO HANONOBHHY, YHHUTOKAB TEM Ca-
mbiM CMC BAH,

v

COBMECTHTH HHIEKC HefeHraropa ¢ otcyetoM 90° no asuMyTansHoM wmKase, ye-
TAHOBHUTHL Ha MNEACHIaTOp zxe(bﬂek'rop H U3IMEPHTH HANPOKEHHOCTH NOAR H/W Ha

ITOM Kypce;

Y

UCTIONB3YS METOAONOTHIO crrocoba KooHra yHUYTOKUTS Ha JAaHHOM Kypee BTO-
PYIO COCTABRIAFOLIYIO HOMYKPYTOROH NEBUALIIH.

Ipu otcyrcTBHE AeduieKTOpa H OTHOCHTENLHO HEOOBIION cocTaBIomel uer-
BEPTHOH JIEBHALIMM €€ NOIYHUITOMEHHE MOKHO MMPOBOIMTE HA ABYX OPTOrOHANBLHBIX
MarHuTHHIX Kypcax. [Ipy 3ToM Habmogaemas AeBHALUA Ha KDKIAOM Kypce yCTpaHs-
eTCs MONTHOCTEIO.

HMeeTca BO3MOKHOCTL YCTPAHEHHS MOIYKPYTrOBOH JEBHALIY Ha OLIBAPTOBAH-
HoM cynHe [4]. Ecnu B 0ONacTH YYBCTBHTENLHOTO 3/IEMEHTa KOMIIaca, y KOTOPOro
VHUYTOXKEHBI 10CTOAHHAS (k03(hduument 47) u yerBeprHas (ko3bdmumentel D” 1
E’) neBpanus, HCKyCCTBEHHO CO3JaTh f1ON€ C HANPHKEHHOCTRIO AH, HanpaRieHHOE
NPOTHEONONOKHO 3eMHOMY FOMIO, TO Ha Hero OyAyT BIMATH TONBKO HPOAONLHAS
BAH u nonepe4ytas C AH cocTapBjifiomue HaNPsSLKEHHOCTH MarHUTHONO NOMA CYIIHA,
BBI3HIBAIOMIME TIONYKPYTOBYIO feByaumio. Ecnu 3ateM BosaeictBoBare Ha YD apy-
MM HCKyCCTBEHHO CO3JIaHHBIM [OJIEM, MMUTHPYIOIIHM FOPH3OHTAIbHYIO COCTaB-
JISFOUTYEO MarHWTHOrO 10N 3eMITH, H IMETh BO3MOKHOCTE KPYTOBOI'0 NOBOPOTA 3TO-
ro ToJt, TO MOXHO MMHUTHPOBATh MATHWTHEIE KypCchl CydHA, HEOOXOQMMBIC MPH
VHHYTOXEHHH [IOJyKPYTOROH NeBHALMH MeTonom Dpu. [Ipu 3ToM cyauo nponomka-
er ObITh OIOBAPTOBAHHBIM Y NPWYATEHON CTEHKU WM Y rMpca. TaknM o6pazom, npo-
Hecc HMPKY/UHH CyHa MOKHO 3aMEHNTDH KPYTOBbIM IIOBOPOTOM MMUTATOpa.

JIOCTOMHCTBOM JIaHHOTO METORA SBJIAETCA TO, YTO TOCNE YHHITOXKECHHS MOy~
KPYrOBOH AEBHAUMH MOXHO, NONB3YICh TEM K€ HMHTATOPOM, SKCNEPHMEHTATLHO
OTIpENIE/THTE OCTATOYHYH) AEBHALMIO KOMIIaca ¢ JE0O0#H JUCKPEeTHOCTEIO, T.€. Ha JNo-
OOM KOJIHYECTBE MArHHTHBIX KYyPCOB, TAKKE Ha OMBAPTOBAHHOM TPEXHUM KYpPCOM
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nasa 6. TexHuueckoe 06y XMBaHUE MAarHWUTHBIX KOMN3CoB

CyIIHE, He npuberad K BEIYUCICHUAM WM TpaQUgeCKUM NTOCTPOSHHAM.
[MpounniocTpupyem BrimieckazanHoe. B ciyyae ecan A=D=FE=0, Ha xapTyWIKy
KOMIIaca BO3NEHCTBYET TONBKO BEKTOP AH, HANPaBICHHBI MO MATHUTHOMY MEpH-
Imany, u Bektopel BAff m C’AH, HamparieHHble, COOTBETCTBEHHO, TAPALIENLHO
MPOJONBHOM X M nONEpedHon y ocam cynna. Eciu Bektop AH CKOMIEHCHpPOBAH H
B3aMEH CO3/1aH BEKTOD /1, HMHTHPYIOMMH cpeHee 3HAUYEHHE TOPU3OHTANBHOM CO-
CTaB/AIOIIEH HATNIPHKEHHOCTH MArHMTHOTO TIOIA 3eMJIH, TO Ha MCKYCCTBEHHO CO3-
JITAHHOM MarHUTHOM Kypce 0° AeBUALHA OTIPeleNiuTCA KaK
C'AH
B'AH +H,

C NoMoIBI0 AEBHALMOHHOTO MPHOOpa MOXHO, MOMB3YACh KoMieHcaropoM C,

O =arctg (6.1)

YMEHBIIHT AeBHaumo O 10 Hyas. TIpu 31oM cria CAH GyaeT CKOMNEHCHpOBaHa.

[ocne noBOPOTa BEKTOPA UMHUTHPYIOIIErO NMOJA Ha 90°, T.e. HMMHUTALIMK HAXOXK-

JIEHHA CyIHA Ha MarHUTHOM Kypce 90°, nepnaiis Oyner
4
Ogg = arctg ———. 6.2)
Hu
C noMoLLIBIO KOMITEHCATOPa B NeBHALHOHHOTO NpHBOpa MOKHO YMECHBIIHTD A6-

BHALMIO 690 1o Hyna. [Ipu atom Gynet ckoMnencupoBana cuina B AH.

TTocye 3TOTO, HaMpapnsd BEKTOP MMHTHPYIOIIETO N0JIA HOOYEPEHO B A a3u-
MYTaTbHBIX HAlIPaBJICHHH, MOXKHO MMUTHPOBATh HAaXOXJEHHe CyJHA HA COOTBETCT-
BYIOIIMX MAarHHTHBIX KYpCcaxX M HabIonaTh OCTaTOYHYIO JEBHAUMIO Ha ITHX Kypcax.
JUis npUBeseHMA 3HAYEHHI OCTATOUHOM NEBHALMM K MarHUTHBIM YCJIOBHAM paloHa
ee YHHUUTOXEHHSA, 3HAYEHHA OCTATOUHOH [CBHALMK CJedyeT YMHOXHTH Ha KO-
3¢ duumenT, papHbil oTHomenuo AH/H,. HeoGXxoauMo OTMETHTH, YTO JEBHAIHOH-
Hble paloThI MPH UCTTOIE30BAHHMH JTIOGOTO U3 UIIOKEHHBIX METOIOB ClEAYET MPOBO-
JQUTH Ha CYIHE, OWIBAPTOBAHHOM Ha PACCTOSHHAX OT APYTHX CYAOB, HE MEHEE YEM HX
yaBOCHHBIE WIMHLL. Ha npuyanbroit cTeHKe WM THpce He NO/DKHBI HAXOOUTHCH B

mepyon  paboThi  IPY30BBIE KpaHBl M OPYIHE CT@ibHBIE  KOHCTPYKIHH.
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6.6. 3MepeHre MarHATHOro HakNoHeHUs

6.6. M3mepeHue Ma2HUMHO20 HaKIIOHEeHUs

6.6.1. MsMepenmue MarHMTHOT'O HAKIIOHEHHsS Ha 6epery
Wamepenne MarHUTHOTO HAKIOHEHH: Ha Oepery pEeKOMEHAyeTcs [5] MpOBOIHTE

B cAeayiomei mocIe 0BaTe1bHOCTH:

» C moMOUIBIO KOMIACHOTO KOTENKA, YCTAHOBJIEHHOTO B BHIIKY TPEHOTH, Olipee-
JIMTH TIONIOKCHHE MarHWTHOrO MEpHIMaHa: TOBEPHYTh BHJKY C KOTEJIKOM Tak,
yro0bl e moauanguele KOAOOKA (OMOPEI) PacToIarajiuck B INIOCKOCTH MarHHT-
HOI'0 MEpHIHaHa.

» YCTaHOBHTH B BHJIKY B3aMEeH KOMIMaCHOTO KOTENIKa CyJOBOW HMHKIIMHATODP (IIpH
3TOM IUIOCKOCTb KauaHuil MarHUTHOH CHCTEMBI TIpHOOpa H €ro JAMCKA €O IIKaioil
Oyner pacronaraTeCs B IULIOCKOCTH MEPUIHANA).

» Yepez 1—1,5 Mun, xorna MarHUTHAS CHCTEMA TIPUIIET B NOJIOKEHHE PABHOBECHS,
B34TL OTCYET MO Urkane. 1ot oTcdeT 6yIeT COOTBETCTBOBATh BETHUHHE MarHHUT-
HOTO HAKJIOHEHHS B JAHHOM TOUKE HOBEPXHOCTH 3eMH.

[Tpy n3MepeHuH HAKJIOHEHUS MOKHO TIOCTYIIHTE M HECKOJIBKO MHAYE:
HE NOIR30BATECA KOTEIKOM M TPEHOIOH, a, YAEp:HBad UHKITHHATOP B PyKax 3a Han-
¢bl, MeQNIEHHO NMOBOPAYHBATH PHOOD BOKPYT BEPTUKATIBHOH OCH M CIIEANTHL 3a €10
NOKa3aHNIMKH. MUHUMANBHBIH OTCYET MAarHHTHOH CHCTEMBI ITO IKAIE YKAKET BENH-

4YHHY MAarH¥THOT'O HAKITOHCHHUA.

6.6.2. HzMepenne MAarHMTHOI'C HAKJIOHEHHMS HA CynHe
H3Mepesus MarHATHOTO HAaKJIOHEHHA Ha CyAHE IPOM3BOIATCA N0 METOJMKE,
AHATOrWYHOM OMUCAHHOM, B CleMyIOHEH NOCNeI0BaTENEHOCTH:

» Jleub Ha TOT MarHMTHBHA WM KOMITACHEIA KYpC, Ha KOTOpoM Tpedyercd H3me-
PHTH BEIMHKMHY CYIOBOTO HAKIIOHEHHU.

» YO6parb W3 HAKTOYy3a KOTENOK KOMIIaca ¥ YCTAHOBHTH Ha €ro MeCTC WHKIIM-
HATOp, UCTIOMB3YA BXOJAAUIME B KOMILIEKT npubopa cheMHBIE HAandsl U om0~
pbl. MHKIMHATOP HEOOXOAUMMO YCTAaHOBHTE B HAKTOY3 TaK, YTOOE! INIOCKOCTH
KauaHui ero MarHWTHOH CHCTEMBl Haxogwlach B IUIOCKOCTH KOMIIACHOTO
MepHIuaHa.

» Tlo npowrecTeuu 1—1,5 MUH B34Th OTCUET I10 HIKANE [pHdOpa.
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I'naga 6. TexHuueckoe 06CTYUBaHME MarHUTHBIX KOMIacos

6.1.  Kakve ocrosHbie paboThl C KOMNACOM ACAXKHB! MPOBOAMTLCH CYACBbLIMY
% crneuManncramu?

6.2. W3 yero cwiagblBaeTcs B CYAOBbIX YCI0BUAX OUEHKA TEXHUYECKOTD CO-

%%' CTOAHNA KOTenKka MK?
%no®® 63

o KaknM NapameTpaM OLEHMBAETCH Kad4ecTBO PaboTHl IneKTpoMexa-
HUYECKOW CUCTEMbI AMCTAHLMOHHOW Nepegaun nHdopMaumm?

6.4. 13 4yero CKNAAbIBAETCA NOArOTOBKA AedNEKTOPa K U3MEpeHUaM?
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3AKMOYEHHE

IMockonsky MK u aansie SydeT urpats pojib pe3epBHOrO KypCoyKa3aTelns,

9TO MpenycMaTpuBaeTcs paspabarbiBaeMbiMu pesomonusmu MO, o Oyner no-

CTOAHHO COBEPIICHCTBOBATLCH. U 37mech OCHOBHBIE YCHIIHA, MO-BUAHMOMY, 6}’3)"[‘

HAllpaBJICHBI Ha:

»

v

pa3paGoTKy GECKOHTAKTHON CHCTEMBb! TIO/IBECA KAPTYLIKH KOMIIaca WIH CHCTEMBI
¢ MHHHMAJIEHBIM YPOBHEM MOMEHTOB CHIT CYXOTro TPEHHA B €€ OHOpe;

yIyuIieHye AMHAMMYECKHX XapaKTepHCTHK KapTyIKH U aJanTaluio UX K H3Me-
HEHHIO MUPOTHI MECTA Cy/IHA;

NanbHefiiiee pasBUTHE CHCTEM aBTOMATHHECKOTO YCTPAHEHNS BIAHHUA CYyJJOBOTO
MAarHMTHOTO TI0JIS Ha MTOKa3aHHA KOMMaca,

NOBBIIIEHHE HANEKHOCTH WHAYKLIMOHHBIX KOMITACOB ¥ CHCTEM IHCTAHIHOHHOH
nepefasy nupOPMALHK;

JalnsHEHIIYI0 MUKPOMHHHATIOPU3ALHMIO HCIIOJIB3YEMOM CXeMOTEXHUKN,
CHIKEHHE MOIIHOCTH, NOTPedsIseMOH H3ACTHEM;

TPUMEHEHME BCTPOSHHBIX SHEPTOEMKHX aKKyMyJATOPOB, 00€CTICUHBAIOMIMX aB-
TOHOMHOE 3MEKTPONMTAHAE KOMMACOB B TEYEHHE JUIHTEJBHOFO BpeMEHH (He-
CKOJIBKHMX CYTOK).

Bee 310 6ymeT cnocobCTBOBATE PELICHHIO OCHOBHOH 3a/lauH, HalPaBJICHHOH Ha

NOBLILIEHHE 6E30TaCHOCTH MOpeTuUiaBaHus.
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NPUNOXKEHUA

NPHAOZKEHHA

I1.1. OcHogHble napaMempbl, XapaKmepu3youjue MazHUMHoe fnojJe

Kak u3BeCTHO, MATHUTHOE NOJIe BO3HHKACT B Pe3Y/IbTaTe YHOPAAOUEHHOrO JBH-
JKEHUA 3apAKEHHbIX 3NICMEHTApPHBIX YacTHL B TBEPAOM HAMarHMYCHHOM TeTe MM
TIPOBOIHHUKE € TOKOM. ORO SBIAETCA CHITOBLIM H, CIEIOBATENBHO, BEKTOPHBIM TOJIEM.

B 3aBrcHMOcTH OT HOCHTENSA (MCTOMHMKA) MArHHTHOTO NOJI OHO MOXKET HMETh
PasIMYHYIO KOHGHIypalHIO M BeJHIHHY. [IpOCTPaHCTBEHHYIO CTPYKTYpy MOnd Xa-
PAKTEPH3YIOT MarHWTHBIMH CHJIOBBIMH JIHHMAMHE, NPEIACTARIMIOWUMH co00i 3aMK-
HYTBIC KPHBBIC, BAOJbL KOTOPBIX, KaK 3TO MPHHATO CYHMTATH, PAaCHPOCTPAHACTCS Mar-
HUTHBII TOTOK.

Ecnn mone o6pa3oBaHO NPOBOIHM-
KOM ¢ ToKoM i {puc. [T 1), To 3tH siunuu
B OIHOPOIHOM Cpese ABIAIOTCA KOHIICH-
TPHYECKUMH OKPYKHOCTAMH, JICKAIIUMH

B ILUTOCKOCTH, MNEPHEHAMKYASPHOH ocu

B NPOBOAHMKA. [IpH 3TOM CUWTACTCA, UYTO

Puc Il MAarHMTHBIA NOTOK 3aMBIKaeTcH, frepe-

Meulasch MPOTHB YaCOBOH CTPEJIKH, €CITH
CMOTPETh Ha YKa3aHHYIO IJIOCKOCTh B HAaNpaBJICHHH, POTHBOMNONOKHOM JABHKEHHIO
TOKa (¢ KOHUa cTpenkH i). Eciu nmone co3nagrcs npaMONHHERHEIM HAMArHHYEHHLIM
crepineM (puc. [12), To cunossie IHHNY OYAYT BBIXOAMTH M3 €r0 CEBEPHOTO NMOMOca
N ¥ BXOATH B 10XKHBIH, 3aMbIKas{Ch BHYTPH MarHuTa.

COBOKYNHOCTS CHITOBBIX JIMHMH 00pa3yeT MarHMTHBIN MOTOK P, BEIHYMHA KO-
TOpOro U3MepsAeTcs B BeGepax. B COOTBETCTBUH C ONpENCICHHEM MEKTyHAPOIHOH
3MEKTPOTeXHUeCcKOH Komuccuu [1] 3a 1 BeGep npHHMMAeTCS NOTOK, KOTOPBI npH
yOBIBAHUH 70 HynsA 3a ONHY CEKYHIY HHAYKTHPYET B 3J€KTPHYECKON LEMH 3IEKTpo-
JOBVRKYIIYEO CHITy B | BOJIBT.

IB6=1B-¢
D710 J0CTATOYHO KPYTTHAA €AMHULA H HA NMPAKTHKE Yallle HCTOMb3YIOT MUIIHBEGEpH! H
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MN.1. OcHOBHbIE fiapamMeTpbl, XapakTepusyowme MarHuTHoe none

MUKpOBEOEpHIL.

MarsUTHEIN IOTOK MOMKET UMETh PAIMYHYHO IUTOINANL IOINEPETHOr0 CCYCHHMA,
OT KOTOpO# 3aBHcUT ero mnoTtHocTs B. TocineqHss onpeaendercs OTHOECHHEM HO-
TOKa &, PaBHOMEPHO pacnpeAcnEHHOrO Ha IUIOmMaA S CBOETO MONEPEYHOro ceye-

HUA, K 3TOH IUIOWANU:
B = @ (Bond).
g

Bemmuuna B nonydina Ha3saHue MazHimued uHOyKyuu U mMepsercs B mecaax {Tnl:

2
1Te=1B6/M =1Bch’
HHﬂyKuI/lﬂ MArsHdTHOIrO [10OJid ABJIACTCA Bex'ropﬂoﬁ BCHH‘IHHOIT’I, Bexcrop B kacareneH

K MarHWTHOM CHJIOBO# JIMHHAY ¥ Harpaeied o e€ xoxay (puc. ITl).

BakHo#i XapakrepuCTHKOH MATHMTHOTO HOJIA SABIIAETCA €10 HARPAMCEHHOCHb
H. 3a eIMHHIYy HanpsHKSHHOCTH B | ammep Ha Merp [4/u] HpHUHAMAIOT Takylo Ha-
psKEHHOCTD, KOTOpas CO3AaéTcs OECKOHEHHO IUTMHHBIM, TOHKAM TPOBOIHMKOM C
TOKOM B 14 Ha yAa/leHMH OT HETO B 1.

[Mapamerps! B 1 H cBs3aHb! MeXAY COOOH depe3 MarHMTHYO NPOHHULIAEMOCTH CPEEL:

B=pu,H, (1)
e W, = 477 - 10”7 I'n/M — MarHMTHas IPOHHBIAEMOCTS BaKyyMa, M - OTHOCHTEIbHAS
MarauTHas MPOHHLIAEMOCTb CPEbl, B KOTOPOH PaclpoCTpaHseTCs MardUTHOE fione.
Jins Boznyxa 4 =1.

[Tockonsky cHna, RO3XEHCTBYIOMAs HA NPOBOJHHK C TOKOM WIH Ha NOJIOC Mar-
HHTA NPONOPIHOHANGHa B niu H Toro nosd, B KOTOPOEe OHU HOMENIEHEI, 3TH Mapa-
METphI HaCTO Ha3bIBAKT MazRUumMHbIMU cunamu. K TOMY ke, B ycTapeBlIeH cucteme
emuui CT'C HanpsHkEHHOCTD ONPEAEATH Kak CIITY, KOTOpas JCHCTBYET Ha €IHMHH-

Uy MarHeTH3Ma, HOMEHIEHHYI0 B HHTEPECYIOMYIO HAC TOUKY IOJIF, ¥ M3Mepsin e€ B

, -3 . .

apemedax [D] (L Am = 471 -107° 3). [ose, HanpskEHHOCTHIO B 12D AekicTBOBANO Ha
eTHHUIY MarHetusMa cwioit 8 1 muny = 10” uptotona. Beé 310 mo3BONdeT eauuuy
MarHeTH3Ma TpPHTIHCATh TAKOMY HOCHTETH0 MArHWUTHOrO monis (Oyzem ero B Dajib-

HellleM YCIOBHO HA3bIBATh COMHUMHON MAZHUMHOU MAccod), Ha KOTOPLIA Nojle,

N , N ~ 8
HATPSKEHHOCTBIO B 1 4/x, 6y/ier mefictBoBath cunoit, pasuoit 477 - 107 neroTona.
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NMPUNOXEHUSA

H3BecTHO, 9TO Ha JIBE TOUCHHBIE MarHUTHLIE MAcCHl #11; B My, PAcTIONOKEHHEIE
Ha PaCcCTOSHMH r IPYT OT Apyra, OyneT AeficTBOBATh CUia, OHpemeAeMan CleIyio-

LeH 3aBHCHMOCTEIO!

m. -m
F=—t-1 )
) r
Eciu onna U3 3TMX Mace, HaNpUMep 1, eMHMYHad, To cwia F Gyner MpeaCcTan-

JI9TH cobOM HaHpX)KéI{QOCTB MardMTHOroO mojig B TOYKe, Ky/1a NOMEIIcHa Macca m 10,

F=H=2Iz 3

r
CymmecTByeT CKaApHBIi MapamMeTp, XapakTepU3yIOIHH MarHUTHOE [OJ1e. DTHM

flapamMeTpoM ABJIICTCH MarHUTHbIH noTeHunan U. On onpenensercs paboToli, koTo-
PYIO HY:KHO COBEPHIUTS /11 NIEPEMEINEHHA EANHUYHOM MarHUTHOR MacChl M3 6ecko-
HEYHOCTH B paccMaTpUBAEMYIO TOUKY [10JI1. DJIEMEHTapHOE H3MEHEHUE IOTEHIMANA
dU Ha y4acTke dr MOXHO HaiiTH, HCTIONB3YA CICAYIOIIEE BEIPAKEHHE:
dU =-Hdr @
3MeCh 3HaK MHUHYC CTABUTCH [OTOMY, 4TO paboTa cOBEpUIAETCS HE CHIIOHW, a Ha
npeofoneHne Cuiibl. ECnm HanpaxkEHHOCTh H cO31a8TCs TOYEUHOM MarHHTHON Mac-

COH m, TO, yIHTBIBAA BBIPAKEHHE (3 ), MOXKHO 3aIUCATh:

du =~mfl—§. 6))

r
Hurerpupya Bolpakenue (5), HaliEM 3HaYeHHe MACHMTHOTO TOTEHLIAANA B TOUKE,

yAaIE€HHOH OT HCTOYHHKA TTI0JIA Ha pacCCTOAHHE r:

U=—m£:ﬂ. (6)

w I ? r
B ToM ciyuae, xorma BexTop / HMeeT B HEKOTOPOH OPTOrOHANEHOM CHCTEME
KOOpJIMHAT, ONpEeAETIeMON opTaMu i ] uk , TPH KOMITOHEHTHI X, Y, Z, U Mbl Ie-
peMeiacM eMHHYHYIO MacCy Ha paccTOdHue
dr =dx-i+dy j+dz-k, )
u3MeHeHue noTesimana dU Gyner pasHo:

dU =~Xdx—Ydy—-Zdz. ®)
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71.2. MarHMTHble CBOMCTBA (PeppoMarHUTHLIX Ten

PaccmarpuBas 310 Bepaykenue Kak mubdepenmman GyHKumK TpEX NepeMEHHBIX
MOYKHO YCTAHOBHTH CIEIYIOMYIO CBA3k MEKIY COCTaBNAICHIUME HANPDKEHHOCTH M

MAar°HuTHHIM NOTCHIIHATIOM MOJIA:

oU oU oU
9y 7222
ox dy 0z

Uz NOy4EHHBIX PABCHCTB BUAHO, 9TO YaCTHLIC TIPOU3BOHBIE OT MArHUTHOrO HOTCH-

C))

1Maja 0 KOOpIKHATAM, H34Thle CO 3HAKOM MHHYC, PaBHBI MPOEKIMAM HAMNpPsKEHHO-

CTH MAarH¥THOTO NIOJIA B JaHHOM TOUKE HA COOTBETCTBYIOLIHC KOOPAUHATHBIC OCH.

1.2. MazHumHbie ceoldcmea heppoMazHUMHbIX mes

Bce (eppOMarHHTHBIE MATEPHATIBI MOKHO PA3/E/ATh HA ABE OONbUME FPYTIILI -
MazHUMOmeEpOble U MazHumomsazKue. MarnuToTsEpapie MaTEPUAIB UMEIOT LIHPO-
KYIO HETIIO FHCTEpe3lca, B Pe3y/IbTaTe Yero IIoCie HX HaMarHHYHBAHMA OHH XOpOMIO
COXPaHAIOT MarHUTHOE TIOJIE M TIPAKTHYECKH HE Pa3MarHHYMUBAKOTCS BHEIIHMMH Mar-
HUTHBIMM NOIAMH. M3 TaKOro MaTepHaia M3TOTOBISIOT MOCTOAHHBIE MArTHHUTHI, MC-
nons3yemsie B kaprymke MK # s ycrpaneHus ero AeBHanyH.

MarHHTOMATKHE MatepHaibl UMEIOT Y3KYIO HETII0 THCTEpe3nca H NMO3TOMY
CHJIEHO TOIBEPXEHb! BITAAHHIO BHEIIHMX MAarHHUTHBIX TIONEH, KOTOPBIE ZOCTATOYHO
JIErKO HX [EPEeMArHMIMBAIOT H Pa3MarHHYUBaIOT.

Besikoe HAMArHMMEHHOE Tel0 WM KOHTYD C TOKOM 00analoT MazHUMHbIM MO-
Menmom M,,. MarnuTHEIT MOMEHT 3aMKHYTOI'O KOHTYpa JMCKTPH4ECKOro TOKa paBEH
NPOM3BE/CHMIO CHIThI TOKA HA IUIOMAdh KOHTYPA M HANPaB/eH NCPIEHIHKYTAPHO K
IWIOCKOCTH KOHTYDA TaK, YTO U3 €ro KOHIa TOK BUJEH TEKYIIMM POTHB 9acoBoO# cTpert-
k. MiamMepsieTcs MarHHTHBI MOMEHT B aMIiepax Ha KBaapaTHBIH MeTp (4 M),

B ciydae ecii HAaMarHHYEHHOE TEJIO0 MOXHO [PENCTaBUTh B BHJIC IMNONH, HA
KOHIAX KOTOPOTO COCPEIOTOYCHBI MArHHTHBIE MACChl + /m M — /11, TO MarHHTHBIH MO-
MEHT TOTO QMO ONPENESIHTCH PABEHCTBOM!:

M =2ml, (10
rre [ - [0/IOBUHA PACCTOSHMS MEXIy MarHMTHBIMM Momocamu. JLid onpeneneHus

MArHHTHOro MOMEHTA Télia HpOH3BOJ'IBHO[7[ (bOpMIaI €ro MOXHO paccMaTpHBaTh Kak
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MPUNTOXEHNSA

CYMMapHEIH MOMEHT COBOKYMHOCTH 3I€MEHTAPHBIX JUITONeH, ONpenesiomHX Mar-
HHTHOE COCTOSHHE 3TOro Tesa.

MarnutHoe cOoCToAHME TBEPAOIO TENa MOKET ONPENEIATECA €r0 HAMA2HUYEH-
HOcmblo. HaMarHH4eHHOCTBIO WM HHTEHCHBHOCTBIO HAMATHHYMBAHMS | HA3BIBACT-
€4 Npeses OTHOIIEHMS MAarHUTHOTO MOMEHTa HEKOTOpOro oonéma V BerecTa &

3TOMy 00BEMY, KOT/Ia TIOCEAHMIT CTPEMKTCS K HYIIO!

Jj =lim —x. (1
v—0 V
Ecmm TCA0 HAMAarHH4eHo PaBHOMEDHO,
.M, 1)
J = .
174

MarunTHbIE MaTepHansl HE ONAMHAKOBO HaMarHM49uBaroTca npu BO3JIEHCTBHH
Ha HMX OOHMHAKOBbBIX MArHUTHBIX MOjieit. BC& 3aBUCHT OT UX MaznumH ol 8ochnpu-

umuugocmu Z [MTocnenusas ONpeAE/IACTCS OTHOIICHHECM HaMarHHYEHHOCTH, KO-

TOpOe MPHOGPETAET TENO MoK ACHCTBHEM NOJIA, HANPSHKEHHOCTHIO H, K BeTHuMHe
3TOrO MOJA:
A= ;JI“ (13)

MarnuThas BOCIPHMMYHBOCTE BELIECTBA 3aBHCHT HE TOJIBKO OT CBOMCTB MaTepHana,
13 KOTOPOTO OHO CIEJNIAHO, HO M OT FeCMETPHYECKHX €ro pasMepos. Teslo HaMmarau-
YHBACTCA JIerye BAOMb ero Gosbmero pasmepa. Tak, €CilM Mbl HAMArHHUHBaeM Gpy-
COK IFUTMHAPYECKOH GOPMEL, y KOTOPOro juiHHa 6OMIbIue MaMeTpa, TO MAarHUTHAA
BOCIIPMMMHHBOCTE MaTepHasa Oynet Gonblile, eciM €70 HaMarHHYHBaTh BAOIL 06pa-
3y1oueH, NpHIEM OHA OyZIET PacT ¢ yBETHUCHHEM OTHOLICHHS ITHHBI K IHAMETPY
Opycka. 3TO M103BOAET CUMTATh, YTO TOHKHE H /UTHHHBIE MATEPHA/Ibl AMEIOT TOABKO

Npoa0:IbHYI0 HAMAarHUYCHHOCTE.

11.3. OcHogHbIe NapamMempsl CMPeNOYHbLIX MazHUMHbLIX KOMIIacoe
B tabnune 1 npuseneHs! OCHOBHBIE MapameTphl Haubonee MO3MHUX Mopeneii
OTEUCCTBEHHBIX MarHWTHBIX KOMMACOB ¢ MOABMXKHOHN KapTy'IUKOﬁ, aB Ta6J'H/IHC 2 -

Gonee paHHUX MOJETeH. B HUX NPHHATHI CEAYIOMIHE 0003HAYEHHS:
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M.3. OcHoBHbBIE NapaMeTphl CTPENOYHBIX MarHUTHBLIX KOMNacoB

* H — HEMOCPEACTBEHHBIA OTCUET ¢ KapTYHIKK KOMIIAca,

» O — OTCYET C NMOMOIIBEO ONTHYECKOH CHCTEMBI JHUCTAHIIMOHHOM Iepena-

M R OpMaITHH,

= DM — OoTCHeT ¢ NOMOLILIO 3ﬂCK’[’pOMCX3HPK‘{CCKOﬁ CHCTEMbBI HACTAHIIH-

OHHOM nepenaun uHGopMarmH,

= O 3NCKTPHUYCCKOC OCBECUICHHE NIKAIBI KOMITaca

= Md - ocBeileHHe (Kbl KOMITaca ¢ MOMOIIBIO MaC/LaHOro goHaps.

® % — HeT JaHHBIX.

Tabauna 1

OcHoBHbIe TexHHYeckne mapamerpsl MK ¢ KapTyuxoi

TexHIYeCKHi KM145-Ct| KMC160-01] KM115 | KM110-02 { KMC10( I'anc
napamMeTp
Haznauenue Kpynso- | Ifytesoit, |Cpen- |Manble Mansie | Ma-
TOHH&X- | CpefHHMi HHU#, Mad cyna cyna TbIC
HBIE CyJa | TOHHaX b i8Y7} cyna
TOHHAX
Jlnametp 145 125 115 110 65 48
KapTYHIKHA (MM) (BAIVMEIN)
MarHuTHsLi MO- 2 1,2 19 * 03 1007
MeHT (AM)
lleHa nOeneHuUs 1 5 5,
(rpam) kpe-
Ha 15
Konn4ecTso 6 4 1 xoJn- * 1 kome- | 2
MArduToB HEBOH 1EBOH
Vron 3acTOq 0.2 0,3 0,2 0.5 * *
KapTyLIK{
(rpazn)
[lepuon cobet- 38 28 20 * 6-8 HET
BEHHBIX Koneda-
Hui (T)
TlorpemsocTe 1 * 1 ® * *
(rpam)
HOMCP)KHBafO‘ TIMC-5 CHKp' IT™MC-5
H1ad KUIKOCTb TOTJIALIE-
HHOBAA
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M.4. OCHOBHbIE TEXHUHECKME NapaMETPbl MHAYKLMOHHBIX KOMMACoB

1.4. OcHoeHbie MexHUYecKUe napamMempb! UHOYKUUOHHLIX KOMIAacoe

B Tabnuiie 3 npuBeaeHbl OCHOBHBIE TEXHHYECKHE TAPAMETPEl MOPCKHX HHIYK-

IMAOHHBIX KOMIIACOB.

Tadnuaua 3
OcHoBHBIC TEXHHIECKHE IAPAMETPb] HHAYKHHOHHBIX KOMIACOB

| Texumdecknii napamerp Aspai JC-83 VDO Navpack MagTronic

i TopuzonT (BemukoGpur.) | Ritchie (CIIJA)
CocrtaB 4yBCTBUTETBHOIO I xonpLEBON
siemenTa: Peppo3oHaos 3 3 3
AKCE;IepOMETPOB HET 3 HET 3
VcraHoBKka MHAYKIMOHHOIO | KapaaHos | Geckap/ianosas Kapaanos Geckapaanosas
JaTIHKa TIOABEC TIONBEC
Horpeninocts  OnpeaeneHns 2-5 1-5 1 0.2
Kypca (rpan)
Jluanason perucTpaluu or- HET +15 +5 +15
KIOHECHMH  OT  3aJaHHOro
Kypea (rpaa)
Jimanason M3MEpeHHs YIIOB HET 45 HET o
Ka4yKH CyJHa (rpam)
[orpemHocTs  W3MEpeHMA HET 08-7 HET c
VEZIOB Ka4KH cyaHa (rpam)
JMana3oH KOMIICHCAIH 10~ +60 VYder geBua- | YUeT A¢BHAUMH | YUCT ACBHAIHM
JyKpyToBOH Aepuainm (rpan) | H=9.6A/M LMW +45
Jinanazon KOMIICHCALHH +60 Ocpemnenvem | OcpemnenvieM | OcpeiHeHueM
KpeHOBO# JNepyans (rpaa) TI0Ka3aHuHA ToKa3aHmwit ToKa3aHuii
JlUana3on KOMTICHCAlHH YCT- +2 Yyer AcBHALMK | YHeT ACBHALMK |YUET JICBHAIIK
BEPTHOM NeBHaliy (Tpas)
Orobpaxenne uubopmaum | Lubporoi Tudposoe, Lndporoit 1ludbposoe,

JIACILIEH AHATOTOBOE JMCILIEH aHAIorosoe
JimckpetHocTs orcuera (rpan) 0.1 1
Hanpskerne nuTagus c 220/110B =12 B =12,24B
50Ty =24 B

1.5. OcHogHble mpe60o8aHust HOPMamMuUeHbIX G0KyMeHmos

B nanHOM NpUITIOKEHUH TIPHBEAECHB] HOPMBI U3 YETHIpEX HOPMATHBHBIX IOKY-

MeHTOB {4]:

— Pezomonng IMO A.382 (X) ot 14 noaOps 1977 r. MarauThsie Kommnack!. Tpebo-

BaHUA ¥ SKCIUTYyaTaHHOHHBIC CTaHAAPTHL.

— Pekomennaimu ISO/R 694:1968. PazMenieHre MarHWTHBIX KOMIIACOB Ha Gopry

CynHa.

— Cranaapr ISO 449:1979. MarauTHble KOMOAChl H HaKTOY3bl. Kiace A.

- Crannapr ISO: 1996. Mopckue 371eKTpOMarHWTHEIE KOMIIACH.
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NMPUANOXEHUSA
Pesomoumus IMO A.382 (X)

B npunoxcenuu 1 x Pesomonmu npueesieHs! TpeGoBaHUS N0 00ECNEYEHHIO Cy-
JOB CTPENOYHBIMU MarHUTHRIMY KOMITACAMH.

B npunodicenuu 2 - IKCILTYaTalUMOHHBIE TPEGOBAHHS K KOMIIACAM,

13 npuioxenns 1.
Pexomennyerca rapaHTHpOBATh, YTO BCE Cy/a CHAGKEHEL:
» [JIaBHBIMH MarHUTHBIMH KOMIIacaMHu;
» NyTEBHIMHM MArHHTHBIMH KOMIIACAMH B CITy4ae, €CJH H300PaKEHHE UIKAIIbI
TABHOTO MarHUTHOrO KOMIIAca HE SBAETCA 9ETKMM H ZOCTYITHBIM 171 pyJie-
BOTO, HAXOJALIErOCs Ha ITIRBHOM FOCTY YIIPARJICHHS PyJeM;
» CpeICTBAMH CBA3N MEHKIY MECTOM pa3MelleHMs ITABHOTO KOMIIaca ¥ IoCTa
YIpaBIeHUS;
> 3aNacHbBIM KOTEKOM JUis [TIABHOTO KOMITACA, €CIH CYJTHO HE MMEET IyTEBOro
KOMIIaca HITH THPOKOMIIaca.

MarsuTHbI KOMIAC TOTDKEH MMETh KOMIIEHCATOp ACBHMAlMH, 2 TabIuLa ocTa-
TOYHOH JleBHALMH [O/DKHA HAXOOUTHCA BCE BpeMs Ha OOPTY CyaHa BOIM3M KoMiiaca.
Tpuveuanue: B cnyvae, e aIMMHUCTPaUMS CUMTaET, uTo xapakTep nnasaHvs B6MMay
Geperos WM TWN CyaHa He TPeBYIOT HanWuMA rMABHOTO KOMNaca, Ha CyAax BO BCEX Cy-
Hanx AO/MKEH BbITb MNyTEBOW KOMMAc.

N3 npunoxenus 2.

CexTop KapTyIIKHM FIaBHOTO KOMIIaca, MepelaBaeMblit ONTHUECKOH nepenaveit
NIpH THEBHOM WIIH HCKYCCTBEHHOM OCBEIEHHHM HE OJDKEH OblTh MeHee 15° mo obe
CTOPOHBI OT KYPCOBOIO YKa3aTeIA.

Kaprywxka komnaca nomkHsa 6uITs nporpanyuposana Ha 360° ¢ omudposkoit ue-
pe3 kaxasie 10° ot Cesepa (000°) mo wacoBoi crpenke. [nasuble pyM65 0603Haue-
HBI N, E, S, W.

CymmapHas AOIpeuHoCTs (HETOTHOCTS TPafyHPOBKY, SKCUEHTPHCHTET U HETOY-
HOCTh OPHEHTALMH OTHOCHTENLHO MATHMTHOM CHCTEMBI) He JOJDKHA IIPeBbIaTh 0,5°
Ha MoOoM Kypcee.

[Moka3aBEMA KapTyIIKH JOJDKHbI JIETKO CHUTHIBATELCA C paccrosuus 1,4 M.
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M.5. OcHoBHbie TpeboBaHMst HOPMATUBHbBIX AOKYMEHTOB

Marepuans MarHWTHOM crcTeMbl U3 # MarHMTOB KOMIIEHCATOPA ACBHALIMH
JIOJKHE! HMETH KOIPUMTHBHYIO CHITY He MeHee 11,2 kKA~ M *

Bce ocTankHbie MATEPHANLI, MCROAB3YEMbIe B KOMIIace H HAKTOY3e (KpoMe KOM-
NeHcaTopa JEBUALIMH), HE TODKHLI CO3AaBaTh AeBuawio 6omee (9/8)° rae B ropuson-
TabHad COCTABIAIOLIA! HHAYKIMH B MUKPOTECAX B MECTE HAXOMKACHNS KoMIIaca.

Marn#THBI KOMITAC TOKEH GuITh paboTocnocoteH IpH I00BIX HOTOIHBIX YC-
JIOBHAX, B KOTOPBIX HAXOJHUTCA CYHO.

Koucmpykmuensie nozpemiHocmu

Ilpu spallesny KoMIaca co CKopocTero 1,5%¢ u Temneparype (293+3) K ot-
KJIOHEHHE KapTYIIKH C [MameTpoM MeHee 200 MM OT MepMiMaHa JOLKHO OBITh He
6onee (36/B)°, ¢ nuamerpom 200 MM U Bonee (54/B)°.

[orpemHOCTs OT TPEHUA HE [OJDKHA TPEBBMuATL (3/B)° mpd Temmeparype
(293+3)K.

Monynepuox konebanyit kaprymxn mpu B = 18 MxT nosnken ObITh He Menee 12
¢ MoCJie HAYanbHOTO OTKIOHEHHS Ha 40°. Bpemsa Bo3Bpata B 30Hy +1° 0T Mepuanana
He NOJKHO npeBhllaTs 60 ¢ mocne oTKnoHeHHs Ha 90° (ToapKo 1 anepHoamye-
CKHX KOMIACOB).

Koppexmupyrwowee ycmpoiicmgo
Ha Hakroy3e HO/GKHBL OBITB YCTPOWCTBA IJIA KOMIIEHCALMH MOJYKPYTOBOH M
YeTBEPTHOH ACBHALMH, BHI36IBAEMOIA:
» rOpH3OHTANBHBIMH COCTABIIAIONIAMH HOCTOAHHOTO MarHMTHOTO CYIHa;
» BepTHKATIHHON COCTABIIAIOIIECH NOCTOAHHOIO MarHeTH3Ma;
» TOPH30OHTATLHOM COCTAB/IIONICH HHIYLIHPOBAHHOIO TOPH3OHTATBHOIO M BEp-
THKANBbHOTO MarHeTH3Ma.
[llecTepHas aeBHarws ¥ BLICOINX NMOPAIKOB NOIKHA OBITh Masa.
Konucmpykyus

OCHOBHOE M aBapHIiHOE OCBEMIeHHE JI0JDKHBI 06ecneuynBaTh BO3MOKHOCT CU-
THIBAHMA NOKa3aHki KapTYIIKHU B JiF000€ BpeMs CYTOK.

Kpome ocaelienns, Ui paboTsl KOMITaca He JOJLKEH TPeOOBaThCA HCTOYHHK

3NIEKTPOSHEPTHH.
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MPUAOXEHNSA

Ecnut y rmaBHOro xoMmnaca MMeercs JJeKTpHuecKas repefadya NoKa3aHwi, Bhl-
NIONHAOMAA (QYHKIHH MyTEeBOr0 KOMIIACA, TO Nepeialoulas CHCTEMa NOJbkHa ObITh
obecreueHa OCHOBHBIM ¥ ABAPHHUHBIM HCTOUYHHKAMH NUTAHHS.

KoTenok riaBHoro 1 nyTeBoro KOMIacos JO/LKEH OhITh YCTAHOBIIEH B KapaaHo-
BOM HOJBECE TAK, WTOObI €r0 a3MMyTaJbHOE KOJBIO OCTABANIOCH B TOPH3OHTATBHOH
TZIOCKOCTH, €C/IM €CTh KPeH HakToy3a 1o 40° B moboM Hampasnewud. Koremok we
AOMKEH CMEINATHCS NIPH JIFOOOM BOJIHCHHH MOPA.

Ecnu xotenok He MMEET KapAaHOBa ITOJBECA, TO KAPTYUIKA J0/KHA OBITh CBO-
JosHa npHu KpeHe He MeHee 30° B moGOM HanpaB/IcHUM.

Matepuan, HCHIONb3YeMBlH IS M3TOTORNEHHA KOMITACOB, HOJDKEH OBITH Mpou-
HBIM W TIOZUIEKUT COITIAaCOBaHHUIO C aAMUHUCTpAIMEH.

TpeboBaHus K pacioIOKeHHIO COOTBETCTBYIOT pexoMeraammsM ISO/R 694:1968.

Craunapr ISO 449:1979. MarmmTHile KoMIack ¥ HaxToyssl. Kracc A.

Tpedosanus x mapkupoexe

Hazsanwe |MecTo HaneceHHs HA3BAHHH [pPEJNPHATHA-|MecTo And cepritHOro RoMepa
H3rOTOBHTEIH
Koteaox KapTtymika A3HMyTatsHOE KOIBIO Kaprymka A3HMYyTalbHOE KOABLIO
Hakroys B mobom mecTe He 1pebyercs
IMenenrarop [Ha auuepoit cropone Ha omeso#t cropose
OCHOBaHMS OCHOBAHHA

Ecnu B kauecTBE KUIKOCTH HCNOJIb3YETCA HE CITHPT, TO THIT KHAKOCTH CIICAYET

yKa3aTh Ha KOTeJIKe BO3/ie 3UINBHOH IPOOKH.

Koncmpykyus u mamepuanst
Bee MaTepHasbl, UCIIOAB3yEMbIE B KOMIIace, 33 MCKJIOYEHHEM MArHHTHOHM CHC-

TEMBI U KOMIIEHCATOPOB AEBHALMH, JOLKHBI OBITH HEMArHHTHbLIMA.

Paccrognue Mekly KypcOBBIM YKA3aTeneM W KpaeM KapTYIIKH JUIs KoMIaca ¢
NPAMBIM CYUTBIBAHUEM AOSBKHO ObITh OT 1,5 110 3,0 MM, M1 KOMOACA ¢ ONTHYECKOM
nepenayedi ot 0,5 no 1,5 mm. HInpuHa KypcoBOro ykasarels JOKHa OBITh He 6omee
0,5 nenenns xapTymxu. KOHCTPYKUHMA KypCOBOro yKasaTelld HOIDKHA ObITL TaKoi,
4TOOBl Py/icBOH MOI CUMTHIBATEH MTOKA3aHWA (PH HAKIOHE KOTENKA C KapIaHOBbIM

noasecoM Ha 10°, nns koTenka 6e3 kapaaHOBa Nojseca Ha 30°,
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N.5. OcHoBHble TPEOOBAHMA HOPMATUBHLIX LOKYMEHTOB

Kpait kapTylnkn, KypcoBOH yKasarellb, €C/IH OH TOPM3OHTAICH, OCTpHe WINHIb-
KH, OCH Kap/IaHOBa [OABECA NOJDKHEI OBITH PacioIOMXEHB! Ha PACCTOAHMM He Gonee |
MM OT [UIOCKOCTH, IPOXOsAIEil Uepe3 USHTPsI OCEH, CBA3AHHBIX ¢ KOTEJIKOM.

Ocu KapiafoBa NOABECA AO/LKHBI OBITH B3aHMHO NEPHNEHIHKYIAPHB! C TOUHO-
¢Thio 10 1°. BHEIIHAS OCh A0/KHA HAXOIUTECS B NPOJCTLHOM IIIOCKOCTH CyAHA.

TosrHA BEPXHETO ¥ HIXKHEFO CTEKO!I KOTeNKa IODKHA ObITh HE MeHee 4,5 Mm
U3 OOBLMMHOTO ¥ 3 MM K3 MpOdYHOTO crexna. JIng nomycdepHuecknx KOMOacoB 3To
TpeboBaHHE COXpaHAETCA.

Komnac nopken paforarh B AWanasoHc TeMueparypsl oT -30 mo +60°C. XXua-
KOCTB J0JUKRA Obith po3pavyHoi, 6e3 my3sIpEKOB, HEe IMYIBTHPOBATh, HE 3aMEP3aTh.
B xoTenoK He JO/DKEH NIPOHMKATE BO3AYX. ECNH BO3MYX HCUONBLIYETCA JUI KOMIIEH-
caumy H3MeHeHH o0beMa XKHIKOCTH, TO OH He OJUKEH MEIaTh paboTe KoMIaca H
CUMTHIBAHHMIO C HEro nokazaHHi. BHyTpeHHuil c/oil OKpackd KOTEIKa HE IOJUKEH
AedopMHpoBaThCs 1 00CCIIBEYMBATECH.

[MoanepxuBamolas Cila B ONIOPHOM YCTpOHCTBE NO/bKHA OBITH TaKoH, 4TOOBE
YD Beeraa HaXOOWICA B KOHTAKTE C OCTPUEM WIITAIBKH.

Kaprymika ne 10DKHa A€ OPMHPOBATHCA.

Korenok xoMmaca goibkeH OpITh YpaBHOBENIEH TaK, YTOOBI €10 BEPXHEE CTEKIIO
OCTaBANOCH B TOPU3OHTAIBEHON TUIOCKOCTH B mpefenax 2°. IleJeHraTtop Uil KoMmac-
Has JIyTa He JNO/DKHB! BIIMATH HA PABHOBECHE KOTENKA.

Yemanoeka

Kotenok goskeH GBITH YCTAaHOBICH TaK, YTOObI €70 a3MMYTANBHOE KOJTBIIO OC-
TaBanoCh TOPH3OHTAILHBIM NPH HakJIoHE HakToy3a o 40° B moOOOM HaNpaBNEHUH,
€r0 KpeIUIeHNe A0JUKHO ObITH HAaJeKHBIM [IPH JB0O0M BONMHEHUHY Mops. TToMIHITHUKM
BHEIUHAX H BHyTPEHHUX Ocel KapAaHoBa [0ABECa JOJIKHBI ObITE OMHOTO THIIA.

B xommacax Ge3 kapraHopa nmojseca cBo6osaa HakiaoHa YD aosmkHa OwiTh HE
meree 30°.

YyecmeumenbHsiid I1eMeHm
MomenTs! HHepuuM YD OTHOCHTENBHO BCEX TOPH3OHTAIBHBIX OCEH, MPOXOIA-

LIHX YE€pe3 €70 TOUYKY ONOPHI, JOHKHBI OBITH O/TMHAKOBBIMHU.
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NMPUNOXEHUSA

U3 [oMmKeH HaXOMMTECA B FOPH3OHTAILHOM MOJIOKEHWH H OCTABATHCH CBOGOI-
HBIM TIPH HAKJIOHE KOTesIKa B 0OOM Hampasienud Ha 10°.

locne wavanpHOro oTKiOHEHMA YD OT MArHHTHOTO MepHIHaHa Ha 40° TIpH

temneparype (20+3)°C monyneprox konebaHmnil fofken GHITH HE MeHee /260% ,
rie B - FOpU30HTaNBHAS COCTaBIfIoan, MKT.

lpumeuanue. Nonynepyion M3MEPSETCS MEXAY ABYMS NEPBbIMU NOCNEA0BATEALHLIMU MO~
JOXeRVaMU Y3 B IIOCKOCTU MepuamaHa.

Bpewms 3atyxanua kosneOanuit py anepuonndeckoM UD IpH HAYATEHOM OTKIIO-
HeHHH Ha 90° nommkHO ObiTh He Gonee 5760/ B .

Haknon YD non nmeficTBHEM BEpPTHKANRHOTO MOJA HE JOJBKEH IIPEBLIIIATH
(0,5+0,034Z)°, rae 47 abcomoTHaA PasHOCTb RHIOYKIHH BEPTHKAILHOTO Mo, MkT.
I'padyuposxa

P'panyuposka kapTymkn (cM. Pesomounio IMO). JIHCTaHUMA CHHTHIBAHUA TO-
Ka3aHuii AoJKHa OBITh He MeHee 1,4 M. ['pafynpoBKa HIKaibl a3HMyTaIbHOTO KOBLA
A4 M3MEPEHHA KyPCOBHIX YIJIOB OTHOCHTENLHO HOCY CYIOHA NO/DKHA OBITH BBITOTHE-
Ha Ha 360° 110 qacoBol crpenke. OTcuer 0° NO HHAEKCY HENEHTATOPA SODKEH COOT-
BETCTBOBATE HAIIPAB/ICHHUIO HOCA Cy/HA.

Tounocmp

B xommnacax, KpoMe AUCTAHIHMOHHBIX, KYPCOBas MOTPEIIHOCTS HE JO/LKHA TIpe-
selmars 0,5° Ha modom Kypcee.

HorpeuHocTs NonoKeHHs KypcoBOro yKasatells He JA0JKHA Npespimars 0,5°,

IorpemnocTs oT TpeHNA (cM. Pesomoimio IMO).

THorpewsocts nocne uupxyammu Ha 180° co ckOpocTsio 6% ¢ He NO/DKHA TIpe-
Beinats (108/B)°. TlorpemmnocTs npu ckopoct 1,5% ¢ (cm. Pesomonnto IMO).

3nadenue kodgduienTa H OT HHAYKUMM JOTDKHO OBITH He Sombme H/D <0,08.

UeHTp nesyieHraTopa X0oJkeH COBNANATE € OCHI0 OCTPHA WIMWIBKH C IOFPELIHO-
CThIO He Gornee 0,5 Mm.

DKUEHTPUCHTET EHTPA FPAnyHPOBKH 23UMYyTATBHOTO KOIBIA JODKEH OBITh HE

Gonee 0,5 MM OTHOCHTETEHO OCH OCTPHA LIMIIBKH.
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Haxmoy3 muna A-1
BpicoTa HaKTOy3a [OJDKHA OBITH Takoi, 9T0OB MarHHTHad cucTeMa U3 Haxoau-

JIaCh Ha PACCTOAHHM OT NanyOni He MeHee 1,0 M.

Hakroy3 ¥ BCe ero ACTalid AO/DKHBI M3TOTaB/IMBATBCA W3 HEMArHWTHBIX MaTe-
pUANOB BHICOKOTO KA4ECTBA H MIPOYHOCTH.

JomkHa ObITh obecriedeHa BO3MOMKHOCTB IIOBOPOTA HAKTOY3a OTHOCUTELHO
NHaMETPaNLHOH IUIOCKOCTH CYAHA Ha YIoi 0T 4 10 6°.

Komnencamopwt oesuayuu

MarsuThl J0JDKHBL UMETH BHICOKYIO OCTaTOYHYI0 HHIYKIHWIO ¥ KOIPUHMTHBHYIO
cwiy (cM. Pezomoumo IMO). Marepuai, HCIOAB3yEMBLH JUid KOMIIEHCAUMH HHIyK-
LIMOHHBIX ToJied, [o/HkeH 06aaarTh BEICOKOA NPOHAIAEMOCThIO, MAJIOH KOJPIHTHB-
HO# CWIOH M OCTATOYHOM HAMArHHYEHHOCTEIO.

KOMIEHCATOp COCTAB/IOUIMX T[OPH3OHTAIBHOTO MOCTOAHHOrO M0i CyaHa
Jomxen obecnequpath koMmreHcaumio koddduumenros B u C (720/B). Jobdoi mar-
HMT KOMIEHCATOPA AO/DKEH HAXOAUTHCA HAa PAcCTOAHMH OT U3, He MEHbIE, YeM
IBOHHAL IIMHA MarHWTa.

Komnencarop KpeHOBO# NeBHalMK JOJDKEH 00eCHeuHTh BEPTHKAIBHOE M0JI€ B
obnacta Y2 B auanasose ot +75 10 -75 MkT.

BepxHuif KOHEl] MarHUTOB KOMIEHCATOPA JOJDKEH HAXOAWThCA OT YO Ha pac-
CTOSHMM HC MeHee JBOMHOM [UTHHBI MarHWTHOH cHeteMsl U3,

KomrieHcaTop roOpH30HTANEHBIX HHAYLHMPOBAHHBIX MONEH NOJLKEH KOMIEHCHPO-
parb koddduument D go 10°.

KOMIIEHCATOp IIHPOTHOM JeBHAlMM [IOMKEH OBITE PAcrionokKeH Tak, ITo0b!
BEPXHMI Cpe3 ero crepikHeil OBUT Ha YPOBHE MAarHHTHOH cuCTeMbl U0.

KOMIIeHCaTOpsI eBHALMY AOKHBI HMETEH (PHKCHPYIOIME YCTPOHCTEA.

Ecnu cyaHo uMeeT 06MOTKM pasMarHWYHBAHHA, TO B HAKTOY3€ MOTYT ObITh KOM-
MEHCUPYIOMUE KATyIIKH.

[MorpeniHOCTh HaHECEHHA NMPORONBHLIX METOK Ha HAKTOY3€ OTHOCHTENBHO BEp-
THKATLHOH IUIOCKOCTH, NPOXOIAMmICH uepe3 OCH MPOIOJILHBIX MOAUIMAHHKOB, HE

JIO/KHA npeBbinaTs 0,5°.
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Hakmoy3 muna A-2
BeicoTa HakTOy3a He pernaMeHTHpYeTCH.

OcraneHele TpeGOBaHUA COBNAJAIOT C TPeOOBAHUAMH K HakToy3y tHna A-1

(koadpduumeHT D Moxer GBITh He MeHee 7°).

Ilenenzamopu:
[ome 3peHus nomkHO OHITH HE MeHee 5° no o6e CTOPOHBI OT JIHHHM

Bu3upoBanns. Jomkna GbITE obecnieyeHa BO3MOKHOCTL 6paTh NMENEHIH U KypcoBhIC
YTiABl HEGECHBIX TEJ M OTIANEHHBIX MPEAMETOB, HAXOMSIIMXCA MEXAY 5° Hibke U 60°
BbIlil€ FOPU30OHTA.

JUis meneWraTopa ¢ MUMIIEHAMH [O/DKHA ObITh OGecHedeHa BOIMONKHOCTD
H3MEPATE HNEJICHIH OTAAICHHBIX TIPEIMETOR, BRICOTE KOTOPLIX HAXOJUTCS Ha 5° HIpke
¥ Ha 30° BBILIE TOPH3OHTA.

Odo3nauenue

KoMrnacsl, ynoeseTBopstomue JaHHOMY MEXIYHAPOIHOMY CTAHIAPTY, HOJDKHBI

HMeTh 0003HA4YEHMs: THN KOMMaca (BH3YaNbHBIH, Meperarommii); HOMEp AaHHOTO

CTaHIapTa; THIl HAKTOY3a; TUAMETP KapTYIIKH.

PexoMengauuu ISO R 694.
PasMenyenye MarduTHIX KOMOAcoB Ha 60pTy CyZnHAa

PexoMeHMaLMyu KacaloTCs KOMIMACOB, YKa3aHHBIX B cTaHmaprax ISO 449
(cM. Biie) 1 ISO 613 «MarHHTHBIE KOMITACHL, HAKTOY3bl ¥ MefteHTaTophl. Kiace B.y»

PexoMeHIamMy, KacalONIMECH MUHUMATLHBIX pPAcCTOSHHH OT KOMIaca 1o
MArHUTHBIX MATe€pHAlioB (PacCTONHMA 3aMTHI), HEOOXOZHMBI UL HOPMANBHOMN
HaBHT LMK,

PaccTosHMA  3aIOMTBI  HA3HAYEHBl [UI1  MArHWTHOIO,  3NEKTPHHECKOTO
O0OPYNOBAHNS M HMHIYKTMBHBIX KOHTYPOB KaK MMHMMAIBHBIE DAacCTOSHHMA A
YCTPAHEHMS MNH 3HAUMTENIBHOTO YMEHBUICHHA HX B3aMMOAESHCTBHA, BIMSIOMIETO HA
MarsuTHei# koMmac (MK).

Tapantiy TounocTH MK B GOMBINOM CTENeHH 3aBUCAT OT HX pasMellleHHs Ha

CYOHE U GJIN30CTH K HEM SJIEKTPHUYECKOTO U MAarHUTHOI0 oﬁopyaoaam{x.
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Pazmugubie cTENEHH TapaHTHil TOYHOCTH IOMYCKAKTCS B 3aBHCHMOCTH OT
HazHayeHHs MK # 3aBHCAT OT ATUHBI CyAHA, HA KOTOpOM ycTaHoriieH MK,
Hasnauenus MK
Hmxenpupenenrnoe omucanue HazHadesMii MK He yuMTHIBaeT pasMellleHUE Ha
CyIHe OJHOTO WM HECKONBKMX TMPOKOMITAcOB. HanuuHe rupoxoMmmaca He HOTKHO
HMKOMM 00pa3oM CHIDKATh OXKKHAREMYH TOYHOCTE ITANOHHOrO (riaBHoro) MK,

KOTOprf;I ABJIACTCA OCHOBHBM CPCACTBOM HABUTalTUH.

Imanonnsiil (z1aeunsiil) komnac
MK sBnasercs OCHOBHBEM CPeICTBOM HaBArauuu. ECIi UMeeTcs OMH KOMIIac, T0

OH sBJsleTCd STATOHHBIM. TakoH KOMTac HIM €ro penurep HO/KeH ObiTh
pacnoioxeH BONM3M OT TOCTa YIIPABACHMS TaK, YTOOBl JTMHHA TOPU30HTA Obuia Obl
MaKCHMaIBHO BH/Ha AN meneHroBaHus. B cexrope 115° no Hocy cyaHa suaumas
JIMHUA TOPU3OHTA MOXKET IPEPHIBATECA TONBKO MayTaMH, TDYy30BbiMH CTpeENlamy,

MOALEMHBIMH KPaHAMH H T.11.

Ilymeeoit komnac
ITyreBoii kxoMmac SABIACTCS OCHOBHBIM IPHOOPOM ANS YIPABJICHHS CYIHOM.

Ecnu rnaBHBIA KOMIAC pacnojioKEH HAa BEPXHEM MOCTHKE, TO H300paKeHHE €ro

IOKABI MOMKET OBITh HCIIONB30BAHO B KAYECTBE IIYTEBOTO KOMIIaca.

Bcnomozamensusie u agapuiinsie MK
Iyrerost MK, pacnonmoxeHHbIli B pyfieeoit pyOke, B KoTopoH uMeeTcs

n3o0pakeHHe mIKans! raaBroro MK, sBiiseTcs BCNOMOraTeIbHBIM.
Agrapuitaeiii MK - 3T0 KOMIac, pacnolokKeHHbIH B paioHe ynpaBneHus CyIHOM
10CTIE aBapHH HITA HEBO3MOXKHOCTH MCTIONB30BAHUA OCTANBHBIX CPEACTB.
CneunanbHple MarHUTHBIC JAaTYUKH MCTONB3YIOTCS 19 BCIIOMOFaTeNbHOM

HaBHTI'aliMH.

Onpedenenue MUHUMATBHBIX DACCMOAHUT, 3AGUCAIYIUX O KOHCMPYKWUL CYyOona
['naBHBLI KoMmac A0JDKeH ObITh YCTAHORIIEH TaK, YTOOBI MECTO €r0 YCTAHOBKH

Mo OTHOWEHUKY K MATHHUTHBIM MarepHalaM, KOTOPBIE JBJIANOTCA 3ACMCHTaMH

KOHCTPYKLHMH CY/IHA, COOTBETCTBOBIO yKa3aHHBIM B Tabnuuax 6.1 u 5.
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Tabmuua 5
Hanmenbuine paccTosinus 0T KOMIACA A0 CYIOBHIX KOHCTPYKIMH /LIS CYI0B,
ATuHo# 30 60 MeTpoB

HaznaueHue KoMmnaca PacCTOARNE 10 MATHUTHBIX MATEPHAIOB, M
70 20 30 40 50 60
T raBubiit 1,1 1.3 1.5 1,7 2,0
[lyreso# raagHOro NOCTa 1,0 1,0 1,0 1.1 1,3
Iyrepoit 3anacHoro nocra 1,0 1.0 1,0 1,0 1,0

Ipumeuanue. PCCTORHNS, YKa3aHHbie B Tabnmuax, SBASIOTCS MUHMMANbHLIMW. MMeroTcs
Clydau, KOrAa Maccsl Xenesa, PacrionoXeHHble Ha PacCTOSHUAX, YKa3aHHBIX B Tabnuue,
TaKkoBbt, 4T0 MK He pabBoTaeT HOpMasnbHO. B 3TuX Cryuasx pacCTOSHMS ZOMKHB BbiTb
VBE/IMYEHBI,

s ayTesbix MK paccTosHHA MOFyT GbITh COKpaLIieHbl 0 65% OT YKa3aHHBIX B
Tabauue. Jlng senomorarembHeIX MK H MarHWTHBIX HATIHKOB 3TH PAaCCTOSHUA MOTyT
ObITh YMEHBIICHEI 10 50% OT paccrossHuii, ykasasHBIX And rnasaoro MK, HO He
menee 1 M. Jlns asapuiineix MK MUHMMansHOE paccTosaue 1 M.

A yTEBRIX KOMMACOB paccTosHWA 10 nanybel mon MK moxer 6bimh
COKpaleHo 40 | M, eCiH pacCTOsHWE OO0 Kpad CTaibHOM DaTyGwl, NEPErOpooK H
cTaibhbIX Oasnok He MeHee 65% OT PacCTOAHMA, YKa3aHHOTO AIF TIaBHOro MK.

HenoasuxHelie 571eMEHTEI IO/DKHBI YHUTHIBATHCS KAK 3IEMEHTHI CYIHa.

Hox Ttpyboii noHuMaoT 9acTe TpyOel I BBIXJIONHYK Tpyby, KoTOpad
Harpepaercs. BHemHsas obonoyka TpyGel MoOKeT OHITB pPaccCMOTpEHa  Kak
HEMOBIDKHBIN MarHMTHLIH MaTepHa.

TToABHKHBIE MATHHUTHBIE STIEMEHTHI, PACTIONIOKEHHBIE PAIOM ¢ myTeBbIM MK,
HanpHMep OpraHsel anmnaparypbl yNpaBICHHA, HE OODKHBI BIMATH HA MOKA3AHHS
takoro MK.

Hytesolt MK He pomken ObITH pasmemeHn B pynierolt pyOke, TOMHOCTBIO
CKOHCTPYHPOBaHHOH W3 MarHWTHBIX MarepuanoB. EciM pynesas  pybka
CKOHCTPYHPOBAHA W3 MAarHUTHHIX MATEpPHAsIOB, TO MarHWTHBIE MATEPHAIE JFOKHbI

OBITH PacToNIOKEHB] CHMMETPHYHO OTHOCHTENEHO MK.

Onpedenenue paccmoanui 3auumst (6e30nacHbLX paccmoAnUi) 0o 0dopydosanua
u INeKmpuvecKux Kadenei

MarsuTHoe M JJIEKTpOOOOpYIOOBaHME, a Takke KaGemH, ofTexaeMble
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[OCTOSHHBIM TOKOM, pacnojioxeHsl okono MK, MoryT BEI3BaTh ACBHAIMIO MK.
Uro6bi 3aMeHa 3JIEMEHTOB 00OpYIOBaHus He BBI3BANla HENPUEMIIEMOH NeBMALMY,
TaKue 3IIEMEHTEI He JOJDKHKEI ObITh pacronoxesb! Onmwxe k MK 1eM Ha paccToAHHC
3alLHTHL

PaccrodHye 3amiMTHL ONpenenseTcs Kak PacCTONHHE MEKIY UCHTPOM MK u
Ommkaiiiieit TOYKOH ITOro NIEMEHTa.

PaccTOSHKA 3aLMTH ONpenestoTes i raasapix MK.

Jla apyrux MK MoryT GbITh COKpAIIeHbl B COOTHOMICHNAX, YKa3aHHbIX HUKE.

Jlns mytesbix MK fuis cynos ¢ wianoi 6ontee 60 M, AL Ti1aBHbIX MK st cyaoB
TIOrpaHMYHOM CITy:x0bl ¢ HanGONbUIEH ITHHON 10 60 M 3TH paccTOTHHA MOTYT ObITH
yMeHBUIEHBI K0 75% OT paccTOAHHH 3aIUMTEL

JIna BecnomoratenbHex MK, myTeBbIX MK a1a cyaoB ¢ wiuHOM MeHee 60 M H
1 MATHWTHBIX JaT4MKOB 3TH PACCTOSHHA MOTYT ObITh YMCHBIIEHBI 1O 50% ot
paccTOAHUH 3aIMHTHI.

MarHuTHOE H 31EKTPOOCOPYIOBAHME JO/DKHO Pa3MEIAThCsd HA PACCTOAHMAX
3AlUTH, YCTAHOBJEHHBIX HCABLITAHUAMM TO METOMaM, H3IOKEHHBIM  HIKC.
M3roToBUTE M OO/KHBI 3adBHTh PACCTOSHMA 3alIMTBI 1A KQKIOro 3ICMEHTa
060pyNOBaHMA.

DreMeHTsl, Ul KOTOPBIX PacCTOSHHE 3AIUUTHl HEH3BECTHO, [OTLKHEI OBITH
pacriofioxkeHs! He Ommke 7 M OT TIIABHOTO WITH IMyTEBOTO MK. OTH pacCcTOsHUA MOTYT
GLITE yMeHBIIEHH! 10 5 M 1A TiiaBHbX MK Ha cyzaax ¢ Haubomsuieli AnuHOH 10 60 M.

Jlns myTemsIx, BeroMoraTebHbix MK H JU1f MarHMTHBIX JaTYMKOB Ha CyZax C
ATHHOM 10 60 M 9TH PAcCTOAHUS MOTYT ObiTh YMEHBIIEHBI IO 2,5M.

Ilpu ompeneTeHHH PacCTOABHA 3alIMTHI 4 KPYIHOTo oCopynoBaHus, Takoro,
KaK PajHOIOKaTOPHl, NOMyCKAETCSA MPOU3BO/IUTE €ro PasiC/ICHHUC Ha OTOKH.

B oaroM Ciydae paccTOAHME 3al[HThl BCEro o6opynoBanua  AOJDKHO
OTpefeNsThcs M0 OTCYTCTBHIO €TI0 BAMSHHA Ha MK. OcramsHoe 0o60OpynOBaHME,
HMEIOMmiee OONbIINE MAcchi, PacCMaTpHBAOT Kak HacTh KOHCTPYKLHMM CyIHa,
pustomas Ha MK.

SHEKTPI/I‘ICCKPIC JTHHMU, NICpeaarommue [OCTOSIHHBIN TOK, PACriooKEHHbIE onmxke
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5 m o1 MK, nomkssi 6b1Th GuHuspHeL. MydTe! 1 TpyGhl, pacrionokeHHbie pAaoM ¢
MK, nom«kssl ObITh H3 HEMATHUTHEIX MaTEPHANIOB.

MK N1071HB! BBITE PACTIONOKEHB! HE GIDKE YeM B 2 M OIMH OT APYroro WiH OT
MarHHTHBIX JaTYUKOB.

Ha cynax ¢ anuuoii 1o 60 M paccrosHue Mexxay MK MokeT GBITh YMEHBIIEHO
10 1.8 M, paccrosune Mexay MK H MarHHTHEIM NaTIMKOM MOXET GEITH YMEHBILEHO

a0 1,5 m.

Onpedenenue paccmoanun 3auumst
Paccrossue 3aUMThl A K2XKIOTO 3/IeMeHTa 060pYyI0BaHHs ONpeNeIsercs 1o

OITHOMY M3 IBYX METO0B, OIMCAHHBIX HHXKE.

Kaxabii anemedT 20DKeH ObITh OMPOGOBaH B MOJIOMEHHH 110 OTHOMIECHHIO K

MK mwii MarddTomMeTpy, HpH KOTOpPOM ACBHAlIWS, SBASIOMAICH €TO CEACTRHEM,
MaKCHMAJIbHA [PH YCIOBWM, YTO 3TOT JIEMEHT MOXKET OBITh PaCHONOXEH TAKHM
o0paszoM (Ha cyane).
Memoo A. Hcnierranne B MecTHOM nosie 3eMiH. PacCTOSHHE 3aiursl il KaKI0To
37IEMEHTA OMpEAEACTCH KaK PACCTOAHME, M3MEpieMoe MexIy Ommkaiimed a MK
TOYKOH 2/ieMEHTa M UeHTpoM MK WM NaTYHMKOM MAarHUTOMETpa, TpH KOTOPOM
A€BHAIMA, ABMAOWIAACA BIIMAHHEM 3J€MEHTa, ue mnpeBsumaer 0,045°/H, rnme
H - HaTIPAKEHHOCTD FOPHU3OHTANBHOMN COCTARNAOIIEH MArHUTHOrO HON, D,

Kaxapiit aneMenT fosmkeH GBITh HCHBITAH: @) B TOM COCTOSHHH, B KOTOPOM OH
HomyueH; 0) roclie HAMATHWYMBAHHA B MOCTOSHHOM mone 1,5 10°/4n A/m nonem
CTa0W/IM3UPYIOWEro MEPEMEHHOr0 TOKA 4acToTod 50 I ¢ HATPAKEHHOCTHIO
18- 10%4n A/m (meficTayromee 3Hauedme). Ecnu ofopynoBaHne Moxmer ObITh
NOBPEKACHO, TO CTAaCHM3MpYIOLIEE TOje HE MNPUMEHAETCS; B) B COCTOSHHH
BO30YKICHHS, €CNIH 3IEMEHT MOXKET ObITh Bo30YK/eH INEKTPHYECKH. PaccrosHue
3aLIHTH - 3TO MAKCHMAJILHOE U3 PACCTOAHMIN, NOMYYEHHLIX 1O TI. a, 6, B.

Memoo B. VicnbiTanwe B MarHWTHOM TIOJ€ YMEHBIIEHHON WHTEHCHBHOCTIL.
PaccTosuue 3aumThl I KaXIOTO SNEMEHTa OMPENENAeTCA Kak PacCTOSHHE,
H3MEPEHHOES MexkIy Osmmkaiiinedi Touko# k MK snementa u uedrpom MK, mpu

KOTOpOM [CBHAlMA, ABAIOIIAACA BIHAHHMEM D3JIEMEHTa, HE NpeBbIIACT O,5° B
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rOPU30HTAEHOM MarHHTHOM II0JIe HANPsHKEHHOCTHI0 0,06+ 10° /47 A/m.

Kaxaplil 37ICMEHT UCMBITBIBACTCA: B MArHUTHOM COCTOSHHH, B KOTOPOM OH ObU1
NONYyYeH; B COCTOSHMHM BO3OYXKAEHWA, €CTM OH MOXKeT OBITh BO30YKIEH
WIEKTPHIECKH.

3a PACCTOAHME 3AUTHI IPUHUMACTCH MAKCHMAILHOE M3 paCCTOHHI/Iﬁ.

Crangapr ISO/DIS 11606.
Mopckie BJIeXTPOMAHMTHEIE KOMHACH (BMREDPXKH H3 CTAHOADTA)

MarHHTHBIH CeHCOp {JaT4HK) - CEHCOP, KOTOPHIH CrOCOOEH YIOBUTE MATHUTHOE
nosne 3eMiIH B 0BECIICUHTD BBIXOAHOW CHTHAN Ui mpolleccopa.

IMpoueccop - ycTpo#icTBO, KOTOpOe NepepadarniBaeT BHIXOOHBIC CHIHAJBL
MarHMTHOTO CEHCOPA H ONpeC/IAeT MATHUTHBIA W/MIH HCTHHHBLA Kypc cyaHa.

T'naBHBEIR KOMIAC - YCTPOHMCTBO B8 BHAE NWCIMEX, KOTOPOE WHAHIAPYET
BLLXO/JHBIE CHFHAIE] ITPOLIECCOpa B BHJIE KapTYIIKA KOMIIaca.

HWnavkaTop penMrepa - YCTPOHCTBO, IOBTOPAIOUIEE HHIMKATOP IJIaBHOTO

KoMmaca.

Kanubposka kapmywixu 2nagnozo komnaca
'naBHBIH KOMIAC JO/LKEH MMETh IIKAMY KapTymIedHOro THIA, KOTOpas JOKHA

6b6rTh pasgeniena Ha 360 eqMHHYHEIX rpagycoB, HauyuHais ¢ Ceepa (000) o wacosoit
CTpenKe NMpH HaOMOAEHHM CBEPXy. TOMHOCTE KasiMOpPOBKH NOIDKHA OBITh He HMKE
0,2°. OCHOBHBIE TOUKH JTOJDKHBI ObITH MOMEUCHEI TIPOUCHBIME OykBamu N, S E, W,
MPOMEXKYTOYHBIC TOYKH TAaKXKe MOTYT OBITE MapKHpOBaHEI. Kapryuika fomkHa GhITh
TpOHYMepoBaHa Hepe3 kaxabie 10°, naannas ¢ Cesepa.

[Ipuvmeyanue asmopa: CravpapT ISO 11606 panpoCTpaHseTcs Ha WHRYKUMOHHbBIE

KOMNacHl. TepMuH «NaBHbI KOMNAC» MPUMEHEH HeyAauHO. OYHKLMM, BLINOMHAEMbIE 3TUM

YCTPOWCTBOM COOTBETCTBYIOT (DYHKLIMSIM LIEHTPANLHOMS Nprubopa AMCTaHUMOHHOo MK,

Hloxazanusa unouxkamopoe penumepa
Kamibporka MHAMKATOPOB KAPTYINEYHOIO THTIZ JO/DKHA NPOBOIAMTHCS TaKMM KE

obpa3oM, Kak M Ui KapTylIKH [JIaBHOrO Kommiaca. EciM wHaukatop penmrepa
MCTIONIB3YETCA A4 LENH YNPaRICHHA CYIHOM, TO OH JOJDKEH OBITh KapTYIIETHOI'O THIIa,

B ciayuae npumeHenus 1mdpoBoH MHOMKAIMM, OHA [OJUKHA ORITh MOKazaHa

139



NPUNTOXEHUA

TpeMs LudpaMy eIRHAL FPamycoB.
TlnockoCTe KapTymIKH TJIaBHOFO KOMIIaca M HMHIMKarOpoB  pelHTepa,
HCTMONB3YeMBIX [T OIpeneieHnss pyMba, NODKHBI ObiTh yPABHOBEMICHEI B

rOpH30HTATBHOH TUIOCKOCTH ¢ OTKIOHEHHIMH He Hostee 2°.

Komnencayun desuayuu u xpena
Jomxuel OBITh NPEXYCMOTPEHHI MEPBl [0 KOPPEKTHPOBKE OMIMOKH KpeHa H

ko3bduumentos 4, B, C, D, E. JlojkHa OBITE NpeaycMOTpeHa BO3MOXKHOCTH
KOpPEKTHPOBAHHUS CIEIYIOMMX 3HAUCHHUIA;

BEPTHKANLHOH COCTABIAIOILEH (BRI3BIBAIOLICH OMHMOKY KpeHa) 10 =75 MKT.
A - mo £3° B - mo #(720/H)°; C - mo #(720/H)°; D - mo £7° E - mo +3°,

rae /] - Topu30oHTaNBHAL COCTABIIIONIAA FeOMArHHTHOTO 11014, MKT.

Boixoonste cuznanst 0aa 0pyz0z20 060pydoeanun
Komnac nmosmkeH OBITH CKOHCTPYMPOBAH TaK, UTOOBI OBITH B COCTOSHHMHM

nepenagath HHPOPMALMIO O KYpce ¢ IOTPEMIHOCTHIO He Gomee +0,5° mpyromy
HABUTALUMOHHOMY  O0OpYZNOBaHMIO:  DaiMONIOKATOpaM,  paiHolesIeHraropam,
aBTOPYJIEBBIM H Jp.

Ecnmu wMmeeTcd KapoaHOBO KOMBLO, PpAcloOiOKEHHOE TOPH3OHTAILHO, TO
TN2BHBIH KOMIIAC JOKEH OBITh CKOHCTPYHpOBaH Tak, 4TOOBI OH MOT CBOGOMHO
[10BOPAaYMBATLCA OTHOCHTEIBHO BHYTPEHHEH KapAaHOBOM OCH Ha yroin 1o 30°.

Ha 3agmeli yacTM MarHMTHOrO CEHCOpa, TJIaBHOTO KOMIIACAa M pElMTepa
HHIAMKATOPOM KapTYLWIEYHOro Tuma B UeliX oO0ecredeHHs KOPPEKTHPOBKA HX
TI0JIOKEHUA OTHOCHTENIBHO OCH «HOC-KOpPMa» Ha Yroi oT 4 10 6° JO/mKHBI OBITh
HAHECEHB! LITPHXU.

Hosoken ObITE MPEAYCMOTPEH, KaK MAHHUMYM, OIMH IPHOOp WA H3MepeHHs
TEeJIEHIOB OTAANEHHBIX MPEAMETOB WIH 3BE31.

Jlrobas NOrpemlHOCTh MHAMKALMH Kypca Ha [J1IaBHOM KOMIIACe HE JO/DKHA
npeBpInaTs =1°.

Pasnuume Mexay NOKa3aHUAMH PENUTEPa U INIaBHOIO KOMIIACA HE JOIDKHO OBITh
fonee +0,5°.

HospkHa GBITH 1IPEXyCMOTPEHA BO3MOKHOCTS KOMIIEHCAIMH KO PHUIMEHTOR A,
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M.5. OcHoBHbie TPeboBaHWA HOPMATMBHbLIX AOKYMEHTOB

B, C D, E , tak 4ro0OBl OCTaTo4HOE 3HAIEHHE KWKIOro Kodduimenra He

npesbimano +0,5°.

Mepui npedoocmopodicHocmu npomuse cooes
Tlogaya 3HEpruM [OODKHA ObiTh ofecriedcHa OCHOBHEM M aBapHHHBIM

HCTOYHMKAMH IMUTAHHA ¢ BO3MOXHOCTBIO aBTOMATHIECKOTO TIePeKITIOUCHUA.
Hosukusl ObITH OPHHATBL MEPHI 10 MPEAYNPEXKACHHIO HETPEIBHACHHOIO
M3MCHCHUA JAHHBIX KOMIIEHCATOPA B CIyYae OTKa3a CHCTEMBL.
JomkHa OsfTh NpeIyCMOTPEHA aBTOMATHUECKas Mojada CHIHANA TPEBOTH B

CIy4ae NpEeKpamCHUA NoJAa49u SHEPrur K KOMIIacy.
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NPUNOXEHWUSA
OTBETbI HA BOIIPOCHI A/IA CAMOKOHTPO/A

1.1. Hawxionenue marnutHoro mond 3emnu Oynaer Beime B
¢ \ 4 CankTt-TleTepdypre, T.K. OHO YBEIHYHBAETCH C YBEMYEHHEM
IIHPOTHI MecTa Habmonenud. B palioHe reorpadmueckoro sxBa-
TOpa OHO GIIM3KO K HYMMO, a B paifone momoca — k 90°.
1.2.  VYMeHbllleHUE TOYHOCTH paboTsl MK B BRICOKHX m;lpo-
Tax 0OYCJIOBNEHO YMEHBINCHHEM BENMUHHBI FOPU3OHTAIBHON COCTABIAIONICH Ha-
NPSOKEHHOCTH MArHUTHOTO 11051 3eMITH.

1.3, OTO roBOPMT O TOM, YTO B YKAa3aHHOH TOYKE MArHUTHOE CKIIOHEHHE
d=+30".

1.4. TopH3oHTaTBHAdA COCTABIAIOIIAS MarsWTHOTO Tond 3emmu H=0.5T, Tak
kak =T cos I

1.5, Ha usoxune, cooteerctryiomet 30°, Tak Kak B 3TOM Cly4ae TOPH3OH-
TalbHas COCTABNAMIAA H MarHATHOro noss 3emym Oymer OONbIDE H, ClefoBa-
TEJILHO, MOMEHT, YCTAHABAMBAIOMINIA KapTymiKy B MepuauaH, Oyaer uMeTs Golnece
BBICOKOE 3HAYCHHE.

2.1.  Kotenox MK ycranaeimBaercs B HAKTOy3€e B KapAAHOBOM IIOABECE TAKHM
00pa3oM, 9TO €T0 LEHTP MAcC MOHMKEH 0 OTHOLUIEHHIO K LEHTPY NMOIRECA.

2.2, Hawe scero 8 MK ncnons3yrores 2, 4, Wi 6 CTep)KHEBBIX MArHHTOB.

2.3.  Jlna ycTpaHeHHs My3BIPHKOB B KOTEJKE HMEETCH CIEeHHalbHas MONOCTh,
3arOJHEHHAA BO3MYXOM, B KOTOPYIO OHM IlepeMemaloTcs [IPU HAKJIOHE M IIOKAYH-
BAHMHM KOTEJIKa.

2.4,  Yros 3acTod KapTyIIKH KOTEJIKa 3aBHCHT OT MOMEHTA CHJI TPEHHI B CHC-
TEME NOJBECA KAPTYIIKH, BEIWYHHBEI €€ MarHNTHOIO MOMEHTAa M HIHPOTHI MecTa
CyaHa (BEIMYHHB! HAMPAKEHHOCTH OPH3OHTANBHOM COCTABIAIOIIEH MarHHTHOIO
nong 3emiu).

2.5. TlepexOIHBIH MpoHeCcC XapaKTepH3yeTCs €ro JUIMTENbHOCTHIO, IEPHOIOM
32TYXaIOIMX KoJe0aHuil, a Takoke PakTOpOM WIH AEKPEMEHTOM 3aTyXaHHA.

2.6. BuiHykaeHHoe ABMAeHHE KapTymku MK onpenenser peakimio komraca
Ha BHELIHHE BO3MYIUAIOMINE BO3ACHCTBHA, H3MEHSIOIHECS 110 TAPMOHHYECKOMY

WIH CTy4aiHOMY 3aKOHaM.
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OTBeTH Ha BORPOCH! ANst CAMOKOHTPONs

2.7. Ecm wy >> o, T0 aMIumUTyJa KoNeOanni KapTylKy NpaKTHYECKH He 3a-
BHCHT OT 4acTOTH @. Ecim wp = @, TO MPOABIAIOTCA PE3OHAHCHEIE SBJICHU, B pe-
3yNMBTATE YEro amIuIATyAa KoseGaHuil KapTyIDKH PacTer IO Mepe NMpHONIKEHHI
Wy K @. DTOT pocT OyaeT TeM DOoIble, YeM MEHBILE CTENCHD AeMIGUPOBAHNA KO-
nebanmil kKapTymKa. Ecmi @y << w, TO aMIUIMTYAAa BBIHYXKIEHHBIX KONCOaHHI
KapTyWKH yObIBaeT NpuMepHO OOpaTHO NPONOPUMOHAILHO KBAPATY HaCTOTHI
BHEIIHETO Bos;xeﬁcmm‘ : .

2.8. B cBs3d ¢ TeM, YTO MarHUTHAs NPOHHNEAEMOCTE CepAeYHUKa (eppo3oHaa,
a, CIEJOBAaTEbHO, H HHAYKTHBHOE COMPOTHBIEHHME er0 0OMOTOK He 3aBHCAT OT
3HAKa [IOJIMArHH4YMBAIOMEro MO, TO 33 OMHH MEPHOI MOAMArHHYHBAOINETO Ha-
NpSDKEHHUs IPOMCXOMAT IBA LKA WIMEHEHU. COTPOTHRIICHHA OOMOTOK, H, Cile-
JIOBATEIBHO, ABa KOsie0aHHA BRIXOJHOTO CHTHATIA.

2.9. Jlaa Toro 4ToObl HCKIIOYMTE BIMAHME NOAMAarHHYHBAIOMIErO 0T HA €TO
BbIXOMHOM curnan. CymMapHBIH MarHHTHBIH MOTOK, 00pa30BanHbIH NoAMArHAYY-
BAIOMHAMH OOMOTKaM¥, B JIAHHOM KOHCTPYKIIMM BCErJa paBeH HYJI0, YTO HCKITO-
4aeT yKa3aHHOEe BIMSHUE.

2.10. B ocHOBe CHHXPOHHOI'O PETIMTEPA JEKHT CENbCHH-TIPHEMHHK, 3 HIaroBo-
ro — INaroBbIii MOTOP.

2.11. 3epkano HCHOMB3YCTICA A NCACHIOBAHHA CBETHIL, HMEIOIIAX BBHICOTY,
NPEBBILIAIOIYIO 20°% a onTHuEcKHe PHILTPE! — IPH TIENEHIOBAHAH COIHIA.

2.12. Her, TaK KaK MOCTHK HCIIOIIL3YETCA TONBKO MPH NPOBEICHHH NEBHALIMOHHBIX
pabotr. EciiM MOCTMK CTOMT Ha MEJICHTArope, TO €r0 NpH NEJICHIOBaHMA MOMXHO HE
VOAIATh, TAK KaK OH HE OKa3bIBACT HUKAKOIO BJIMAHMA HA PE3YJIBTAT EIEHT OBAHKA.

3.1.  ®eppo30oHA H3MEPHET COCTABJAIOIIYI) HANPSIKEHHOCTH CYA0BOTC HITH
3eMHOTO MarHHTHOIO 110715 BOJb CBOEH OCH YyBCTBUTETLHOCTH.

3.2, Jlna onpefencHus ynoB kpeHa H auddepeHTa CynHa TyTeM H3MEpEHHS
TpeX OPTOrOHANBHBIX COCTAB/SIOMHX YCKOPEHHUS CHIIBI TAKCCTH 3eMTH.

3.3. Komblesble cepaeinuks Geppo30HIOB BBUAY UX 3aMKHYTOCTH 00/1aator
JIY9IIXMH MarHMTHBIMA XapaKTEPUCTHKaMH, TO3BOJIAIOT CO31aBaTh MHOIMOKOMIIO-
HEHTHBIC UYBCTBUTE/ILHBIE 3IEMEHTLI, HCKIHOYAIOT HeobXxoauMoCTs nioabopa cep-
JAEYHUKOB U [JAPaMETPOB OOMOTOK BO3OYKICHHA.

3.4. [lpu wanuuyuK Kaukd CyJHA TOTPEIHOCTb BOZHHKAET U3-32 OTKIOHEHUS
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oceH YYBCTBUTENIBHOCTH (JEPPO3OHAOB OT IUIOCKOCTH [OPH30HTA.
3.5,  OCHOBHBIMH JOCTOHHCTBAMH MHAYKIMOHHBIX KOMIIACOB ABIIOTCA:
v/ OTCYTCTBHE IOPPELIHOCTH OT TPEHHUS H YBIICUCHHS XKHIKOCTHIO,
v/ OTCYTCTBHE NOTPEILHOCTEH, OOYCIOBICHHBIX MHAMHYECKHMI XapakTe-
PHMCTHKaMH KOPTYIIKH;
v Honpuras cBo60a B BEIGOPE MECT pa3MeHIeHus HHAYKUHOHHOTO JaTYHKa,
v BO3MOKHOCTH aBTOMATHYECKOTO YCTPaHeHHs AeBraiuy MK;
v/ HaIMUHEe TUCTAHUMOHHBIX CHCTEM TIEPENadH HHOPMAITHH.

3.6. H3-3a HAMUKS YCKOPEHHH, O6YCTOBICHHBIX KA4KOH CyIHa, KOTOPhIE Ye-
JIOKHAKOT NMPOUECC H3MEPEHHS COCTABAAIOMIAX CYIOBOr0 MArHHTHOTO TIOJIA.

4.1.  Cocrasmtoue gX, bY u fZ cyn080ro MarHMTHOTO T0Js OBPA3OBAHbI 3a
CHET HaMarHWYMBAHMI MarHUTOMATKHX MaTepyaioB KOMNoHenTaMu X, ¥ u Z 3eM-
HOTO MArHWTHOIO IIOJIA, COOTBETCTBEHHO. HamparjieHs! yKazaHHBIE COCTABIAIO-
HiMe, COOTBETCTBCHHO, MO OCAM 07z, OX H 0y, CBA3AHHBIM C CyIHOM.
Cocrasmnomas @ o6pa3oBaHa NOEM MarHUTOTBEPHBIX MAaTEpHANOB, KOTOPOE
NPAaKTHYECKH HE 3aBHCHT OT MAPaMeTPOB 3EMHOI0 MarHeTH3Ma.

42. Ot mHpOTHI MECTa CYMHA 3aBUCAT Ko3hdunuenTsr B u C'.

4.3. Hanpasnenne CMC A/ u A’ AH octaHerca nvensmenspM. CMC BAH u
C'AH w3MeHsT cBoto opuenTamo Ha 20°, a D'AH w E'AH — ua 40°.

4.4, Yr0oil MeXIy MariMTHEIM H KOMIACHEIM MEpPUIMAHAMHE OTpeNleNAeT He-
sraumio MK.

4.5. Tlonykpyropas NEBHAIMA IOPOAIAETCA MAaTepHanamu 06eHX THIIOB, HO B
OonblueH CTENEHN MarHUTOTBEPILIMA. YeTBEpTHAN NEBHALMS TIOPOXIAETCH TOMb-
KO MarHUTOMSTKHMH MaTepHaiaMH.

4.6. [leBuamms MOSBIAETCA M3-33 W3MEHEHMA MArHWTHOTO COCTOSHHA CYIHA.
[pu vanmuun nuddepenTa OHO HAMArHUYUBAETCA HECKONIBKO MHAYE.

4.7.  CsefyeT y4eCTh MAardHTHOE CKJIOHCHHE U TIONPABKY THPOKOMIACA.

5.1, C NOMOMIBIO NOCTOSHHBIX MATHHTOB YHIYTOKAETCS NIONYKPYTOBasd JEBHALHS.

52 Jna maMepeHUs HANPSKEHHOCTH MATHUTHOTO MOMA.

5.3. [lna ompeseneHHs MOMEHTA TONHOH KOMIEHCAUHH H3MEPAEMOrQ Mar-
HHTHOTO TI0JIA TOJIEM OCHOBHBIX MarHUTOB aediekTopa.

5.4.  Jla, c nomowsto nednexropa Kosoura. JUis 310ro cieayer pasBepHYThH
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OTBeTH Ha BONPOCH ANS CAMOKOHTPOSS

KOMMEHCALHOHHEIN MArHAT TaKuM 00pa3oM, 4To0bE €10 OCh Oblila BEpTHKANEHA,

5.5. C noMOIBIO CyIOBOIO MHKIHHATOPA H3IMEPAETCS HAKIOHEHME 3eMHOTO
HJIM CYyJTOBOTO MAarHUTHOTO TIOJIA.

5.6. Iomgykpyrosas NeBHAlUMA YCTPaHAETCS HA YETHIPEX INIABHBIX a) MarHHT-
HBIX Kypcax (cnoco6 OpH), 6) komMnacHsix Kypeax (cnoco6 Kononra).

57. a)C’AH, 6) B’ AH.

5.8. 3a cueT HaMarHUYMBAHHA KOMIEHCATOPOB USTBEPTHON HIIH HIHPOTHOH
JeBHALIMH MarHUTaMH KapTYIIKY.

5.9. DbpycOK MarsMToMArKOro Marepuaia ¢ OUpeAeSieHHBIM COOTHOINCHWEM
€ro JUMHBI ¥ IYPUHEL.

5.10. Kotenok, y kKOTOPOro MarHHTHBI/ MOMEHT KapTYIKH NPHMepHO B 10 pa3
MEHbIIE, 9€M y OOBIMHOTO KOTENKA. DTO NO3BONAET CUMTATD, YTO TaKOH KOTEJOK
NPAKTHIECKH HE BHI3LIBACT JICBHALIO OT HHIYKIIUH.

5.11. 3a c4eT TOro, 4TO NMONYKPYroBas JEBHALMS YHHUTOKAETCS TONLKO [IOCTO-
SAHHBIMH MarHMTaMmM, B TO BPEMI KaK caMa JCBHAUUS 3aBUCHT H OT IO/, CO3Ma-
BacMOro MarHUTOMSIKHMH MaTepHaliaMH.

5.12. BepTHKaibHO.

5.13. ITOCTOAHHBIM MarHWTOM C BEPTHKAIBHOH OCHIO.

5.14. Jlna M3MEpEHHS BEPTHKANBHOM COCTABNAMOWIEH CYIOBOrO MArHHTHOIO
T10J14, KOTOpas HeoOX0AMMa JUIA YCTPAHEHUS KPEHOBOM NEBHALIHH.

6.1. Onpeneneaue monpasok MK; ecliH 910 BOMOXKHO, YCTPAHCHHE MPHUMH
BO3HMKHOBCHHS HEJIOYCTUMO OONBIINX MX 3HAUCHMI; BRIONHEHUE MpOoQUIaKTHYC-
CKHX paboT B COOTBETCTBHH C YKa3aHHIMH TEXHIYECKO#H JIOKYMEHTAlHH Ha IPUOOP.

6.2. BuewHero ocMoTpa, NPOBEPKH rOPU3CHTANEHOCTH a3UMYTATEHOTO Kpyra,
TIOIOKEHHA BU3MPHOHA [UIOCKOCTH NENEHraTopa H YIia 3acTos KapTyILKH.

6.3. Tlo 3HaueHMIO MOPOTa YYBCTBHTCIHLHOCTH CHCTEMEI, BPEMEHH OTpaboTKu
3a/laHHOTO YTJIa PAacCOIIACOBAHMS H KOJMUIECTBY KoneGaHuii UIKansl penuTepa oT-
HOCHTENBHO YCTAHOBHBHIETOCA Kypca B TeHEHHE NIEPEX0AHOro npolecca.

6.4. U3 perynupoBKH HYJIEROrO [OA0KEHHS MAIHHTOB W TMOATOHKH €ro K ric-

JICHraTropy.
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