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1. N300perenue u 3Tanbl PA3BUTHS MATHUTHOM 3alIUCH

[lepBpiii anmapaT MarHUTHOM 3aMUCH U300pen U MOCTPOUIT JATCKUN HH)KEHEP
Banbnemap Iloynbcen. AmnmapaT Ha3Bayid TejaerpadoHOM U MpeHa3HAvalICs OH AJis
KOHCepBanuu 3ByKa. Temerpadon Obu1 3amaTeHTOoBaH B 1898 romy, m »Ty mary
CUMTAIOT FOJIOM POXKJICHHSI MAarHUTHOM 3anucu [1].

[loynbceH co3an HECKOJIBKO Pa3HOBUAHOCTEM amnmapaToB [Jii MAarHUTHOM
3anucu. B olHOM U3 HUX MPOBOJIOKA ( HOCUTENb 3alIMCH) HAMOTaHA HA HEMArHUTHBIM
BallMK, oOpa3ys Ha HEM MArHUTHBIM pabouuil cioM B BUAEC LMUIUHIPUYECKOU
cnupand. B mponecce 3anmvcu Wiy BOCIPOU3BEACHUS BAIMK BMECTE C IPOBOJIOKOU
BpalaJicsi OTHOCUTEIIBHO MArHUTHOM TOJOBKH, KOTOpas IepeMeIAIach
napajieIbHO €ro OCH, CKOJIb3Sl MO BUTKAM IPOBOJIOKH, KaK MO pe3b0e XOJ0BOTrO
BUHTA. B KauecTBe MarHUTHOU T'OJIOBKU MPUMEHSJICS DJIEKTPOMATHUT, COCTOSIIIUI 13
CTEP>KHEBOT'O CEPACYHUKA, KOTOPBI OJHHUM KOHIIOM CKOJIB3WJI TIO HOCHUTEIO, U
KaTyIIKU MEIHOro IMpoBoAa. ['0JloBKa € CEpACYHMKOM CO3[aBajia JOCTATOYHO
CWJIBHOE€ U CKOHIIEHTPUPOBAHHOE MArHUTHOE IO0JI€, C MOMOUIbI0 KOTOPOTO MOKHO
OBLJIO 3aMKUCHIBATh HE OYEHBb BHICOKHE 3BYKOBBIC YACTOTHI.

Tenerpagon Iloynbcena monyuun I'pan-npu Ha BcemupHOil BBICTaBKE B
[Tapuxke B 1900 rony.

B 1906 ronmy B CIIIA ObuT BBIJAH TIEPBBIA MATEHT Ha MArHUTHBIA JIHCK CO
CIUIOIIHBIM MAarHUTHBIM TMOKPBITUEM. B 9TOT K€ HaudalbHBIA MEPHUOJ]l Pa3BUTHUSA
MAarHUTHOW 3allMCU B Kau€CTBE HOCHUTEISI MPUMEHSIIM TAKXKE U CTAIBHYIO KaTaHYIO
JIEHTY.

[IpoBoJIOUHbIE U JICHTOYHBIE HOCUTENH 3alIMCH TOTO BpeMEHU 00J1ajau BecbMa
HU3KUMU cBoMcTBaMH. OHAKO HOCUTEIH C BRICOKUMHU, IO COBPEMEHHBIM MOHSITHSM,
CBOMCTBaMH, BO3MOXXHO, BOOOIE HE TMO3BOJMIM Obl pealn30BaTh B TO BpeMs
MarHuTHYIO 3anuck. [IpoBosIOKa U cTambHas JIeHTa 00JIa1alid HU3KOW KOIPIUTUBHON
CHJIOM, BBICOKOW OCTATOYHOM HWHAYKLIHMEW M OOJBIION TONIMHOW, YTO JaBajo
BO3MOYKHOCTh OCYIIECTBIJISITh MATHUTHYIO 3alMCh U BOCIIPOU3BEJCHUE 0€3 YCUIICHUS
cUrHajoB. TOK 3BYKOBOTO CHTHAajla HEMOCPEACTBEHHO OT MUKpodoHa M OaTapeu

IIOoCTymnaja B TIOJOBKY, HaMarHM4MBarOIIyI0 HOCHUTCIIb 3alliCH. 3anucare TaKuM
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crocoO0OM 3BYKOBOM CHTHajl Ha COBPEMEHHBIH BBICOKOKO3PIIUTHBHBIA HOCHUTEIH
OYEHb TPYIHO.

3BYK BOCHPOM3BOJAWIN uepe3 Tene(oH, HEMOCPEICTBEHHO COEIMHEHHBIH C
TOJIOBKOM BOCIpOM3BeAeHUsA. Takoi crmoco0 MpOCTO HE MO3BOJWI Obl yCIBIIIATh
BOCIIPOU3BOJAMMBIM CUTHAJ IIPU OTHOCUTENIBHO HHU3KUX 3HAYEHUSAX TOJILIHHBI U
OCTAaTOYHOW MHAYKLIHMH, TO €CTh IPU MAJIOM MArHUTHOM IIOTOKE, KaKUM 00JIaatoT
COBPEMEHHBIE HOCUTEIIN.

Ho ocHOBHBIE HENOCTAaTKU METAJUNIMYECKUX HOCUTENEH ObUIM CBSI3aHbI MPEKIE
BCEr0 C HMX OJKCIUTyaTaleil. 1o Oosbllag Macca METALIMYECKOTO HOCHUTES,
3aTpadyMBacMas Ha €JUHUIYY BPEMEHHM 3allUCH, KOPPO3Hs, a TakkKe TPYAHOCTh
COEMHEHMSI IPOBOJIOKH WJIU JIEHTHI B CIy4yae 0OpbIBa.

Hu3kuil TEXHUYECKUI YPOBEHb M HEBBICOKOE Ka4ECTBO MATHUTHOW 3aIIMCH TOTO
BPEMEHHU IPUBEIU K TOMY, YTO IIOCJE IIEPBBIX JAEMOHCTPALMOHHBIX YCIIEXOB OHA
oka3zaznach 3a0bIToi moutu A0 30-x ronoB 20 Beka. Ho u B 3TOT nepuoj, HecMOTpsI Ha
OTCYTCTBUE MPAKTUYECKOTO MPUMEHEHHUS, MCCIIEOBAaHUS B 00JACTU MarHUTHOU
3aIMCHU HE NPEKPALLAINCH.

B 1925 rony W.U. Kpeitumany B CCCP u B 1928rony ©@. Ildneiimepy B
['epmanum OblIM BBIJAHBI ATEHTHI HA HOCUTENH 3aIKMCH, Y KOTOPBIX Ha OyMaXkHYIO,
IUIACTMACCOBYIO WJIM Ha Kakylo-THOO APYyryl0 THOKYI0 HEMarHUTHYIO MOJIOXKKY
HaHOCWICS ~ pabouyuil  CcJoi,  COCTOSALIMHA M3 ~ MArHUTHOTO  MOPOLIKA,
JUCIIEPTUPOBAHHOIO B HEMarHUTHOM CBS3YIOLIEW cpejie. DTOT THUII HOCUTENSI B BUE
MOPOIIKOBOM  MAarHUTHOM  JIGHTHI TOJY4YWJI B  JalibHEWIIeM HauOoJblliee
pacrpocTpaHEHHUE.

B 1934 rony d¢upma IG Farben B I'epMaHuu BBIIYCTHIIA TEPBYIO
MPOMBIIUICHHYIO MapTUI0 MAarHUTHOW JIEHTBI, y KOTOPOM Ha NOMJIOXKKY U3
aleTUIIICIUTIONO03bl  HAHECeH paboumii cliod ,  cojaepiKamui TIOPOUIOK
kapOoHmibHOTO >kene3a. B 1939 romy ata ke dupma cosmana jeHTy ¢ Oosee
cTaOWJIbHBIM U OoJiee JCIIeBbIM MAarHUTHBIM TMOPOIIKOM TaMMa-OKCHa jKelesa,

HameAUIyr0 NMIiMpoOKOC MPUMCHCHUC.



K nauany 40-x romoB 20 Beka pa3HbIE HUCCIEIOBATENIM HE3aBUCHUMO OJUH OT
JPYyroro yCTaHOBWJIM, YTO, €CJIU B TOJOBKY 3allUCH Hapsy C TOKOM 3allUChIBAEMOTO
CUTHaja IO0JaBaTh TOK BBICOKOW YacTOTHl (B 5-6 pa3 BHIIIE YAaCTOTHI CHUTHAjA ) ,
curHai OyJieT 3anucaH Ha HOCUTEJE C OUCHb MaJIbIMU UCKAKCHUSIMH.

50-e roapl - nepruoa 0COOCHHO MHTEHCUBHOT'O Pa3BUTHS MarHUTHOW 3amucu. B
1952 romy Hayaau UCMOJIb30BAaTh MArHUTHBIC JICHTHI IS 3alIOMUHAHUS HHGOPMAaIUU
B OBM, a B 1956 rony nmns 3anucu TeI€BU3MOHHBIX MEpeiay.

B 60-70 roapl pa3BUTHE HOCUTEJIE MAarHUTHOM 3alUCH MPOJOJHKAIOCh KakK B
HaIpaBJICHUN Pa3pabOTKU HOBBIX MAaTEpPHUAJIOB, TaK U B PACHIMPEHUU aCCOPTUMEHTA
HOcUTeNer. bbUl CO37aH HOBBIM MAarHWUTHBIA TMOPOIIOK, COCTOSAIIMM W3 JUOKCUIA
XpOMa, C BBICOKMMH MAarHUTHBIMH CBOMCTBaMHU. [losiBUIIMCH HOBBIE MOIU(DHUKALINH
MOPOIIKOB OKCH/IA XkKejie3a ¢ 0oj1ee METKUMH YacTUIIAMU U ¢ I00aBKOM KoOaibTa.

B xonie 70-x — Haudane 80-X roj0B 3aBEepIIUJICS UK B Pa3BUTHU HOCHUTEIICH
MarHUTHOM 3aIluCH.

OCHOBHOE OTJINYHME COBPEMEHHBIX METAUIMYECKUX MArHUTHBIX MOPOIIKOB OT
T€X, KOTOPbIE MPUMEHSIIMCH B MEPBLIX MPOMBIIIJICHHBIX JICHTAX, COCTOUT B TOM , YTO
OHM MMEIOT 3HAYUTEIHLHO MEHBIIUN pa3mep, YUIMHEHHYI0 (Gopmy yacTuil U OoJiee
BBICOKYIO KOAXPIUTUBHYIO Ccuiy. VCrojap30BaHME TaKWX ITOPOIIKOB IO3BOJUJIO B
HECKOJIPKO pPa3 YBEIWYWUTh IUIOTHOCTH 3allMCH, XOTS W IOTPeOOBaNO yBEIWYCHHUS
TOKOB 3aIUCH U MOJIMArHUUUBAHUS U3-32 UX OOJIHIIION KOIPUUTUBHOMN CHUJIBI.

MHororpanHoe W JAMHAMHUYHOE Pa3BUTHE MAarHUTHOM 3allUCU CBUJICTEIBCTBYET
0 OOJIBIINX MOTEHIIUATBHBIX BO3MOXKHOCTSIX, TAUBIINUXCS B N300peTeHuu [loynbcena.

MarnuTHas 3amuch MpUOOpesia K HACTOAIIEMY BPEMEHHM CTOJb OOJIBIIOE
3HAQYEHUE W TMOJy4YHia CTOJb IIMPOKOE PACHPOCTPAHEHHUE, YTO €€ MOXHO CUUTAThH
OTJICJIbHOM 00JIaCThI0 HAYKHW M TEXHUKH, CBS3aHHOMW C OTPOMHBIM IO MaciiTadam
MMPOMBILUJIEHHBIM ITPOM3BOACTBOM PA3JIMYHOM  armapaTypsbl. JanbHenmee
VIy4IIEHHEe  anmaparypbl  CBS3aHO  TJaBHBIM  00pa3oM C  pe3yJibTaTaMu
MPUHLIHNHAIBHBIX U3MEHEHUH B Iape'' TOJIOBKa-HOCUTEND .

JlocTokeHuss B 00JaCTH MATHUTHEIX TOJOBOK M HOCHUTEIIEH OKa3bIBAIOT

HEIMOCPEJICTBEHHOE BJIMSHUE Ha pa3pabOTKy pa3IUYHbIX YCTPONUCTB MarHUTHOU
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3alKiCH, HAMpPUMEp, TAKUX KakK OBITOBbIE MAarHUTOGOHBI W BUIACOMATrHUTO(MOHBI,
TUTAHTCKUE HAKOMUTENW WH(POPMAIUHA, WCIOJB3YIOMHECS B BBIYUCIATEIHLHOU
TEXHUKE, KPEIUTHBIE KAPTOYKU C MATHUTHBIM CJIO€M, «UEPHBIC SIIIUKW» ISl 3alHCH
uHpopManuu o mosiete camoieroB [2-5]. [Ipum MarHWTHOW 3ammMcu 3BYKOBBIX H
BUJICOCUTHAJIOB OCHOBHAs MPO0OJIeMa COCTOUT B YMEHBIIICHUN UCKAKCHUN CUTHAJIOB,
BO3HHUKAIOIIMX B Mpolleccax 3alucd W BOCHPOM3BeNCHUH. VICKaKeHUS CHUTHAJIOB
CBSI3aHbl C HEKOHTAKTOM MEXKJY MAarHMUTHOM TOJOBKOM W HOCHUTENIEM, TOJIIIMHOMN
MarHUTHOTO CJIOSI HOCUTEIS M 3aBHCAT OT YacTOTHI 3alMCHIBAEMBIX CHUTHAJIOB H

CKOPOCTH ABUKCHHA HOCUTCIIA.



2. IlpeoOpa3oBaHue cUrHAJIa B PoLiecce 3aMUCH-BOCIIPOU3BEAeHH S

Muoroo0Opasue TpPUMEHEHHS MAarHUTHOW 3alMCH TIPHUBEIO K IMOSBICHUIO
OONBIIOr0 4YHCHA PA3NUYHBIX KOHCTPYKIHMM, OTIMYAIOMIUXCSA MO0 TEXHUYECKUM
XapaKTEPUCTUKAM, KOHCTPYKTUBHBIM MMApAMETPAM U THUITY UCIOJIb3YEMOr0 HOCUTEIA
[4,5]. B 10 e BpeMs (pu3MYECKHE MPUHIUIBI UX PAabOTHI IS BCEX YCTPOMCTB
MarHUTHOM 3amucH OJuHAKOBBI[6]. Kakaplli anmapaT MarHMUTHOW 3alMCH COICPIKHUT
COBOKYITHOCTh yCTPOMCTB, OOECIEUYMBAIONINX TMPHU 3alCH Tiepenady uH(popMmarmu
HOCHUTENII0 3alKiCH, a TpPH BOCHPOU3BEACHUM - CUUThIBAHUE HH(OpMaANUU C
CUTHAJIOTpaMMbl. Takasi COBOKYITHOCTh YCTPOMCTB Ha3bIBACTCS KAHAJIOM 3alUCH-
BocnpousBefieHua. (OO000IIeHHass CcXeMa KaHajla 3alyCU-BOCIPOU3BEICHUS Ha
MarHUTHOM JieHTe npuBejeHa Ha Pucynke 2.1.

[IepemenieHE HOCUTEIS 3alMCU OCYUIECTBIISIET JICHTONPOTSDKHBIA MEXaHU3M
(JITIM), xoTophlil mepeMarbiBaeT HOCUTENb 3amucu ¢ onHoil karymku (K1) Ha
npyryto (K2), nonBoauT HocUTE b 3aMMCH K MAarHUTHBIM TOJIOBKAM U 00€CTIeUnBaET
JBI>KCHUE HOCUTES C 3aIaHHOM MOCTOSTHHOM CKOPOCThIO V.

3amuch OCYIIECTBIISICTCS MarHUTHOM ToJoBKo# 3anucu (I'3), Boctipon3BeIcHHUE -

rojioBkoi BocripousBenenus (I'B).
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Pucynok 2.1- CtpykTypHas cxema KaHajla 3allMCU-BOCIIPOU3BEACHHUS.



[Ipomecc ynajieHUsi CUTHAJIOTpaMMbl C HOCHUTENS HA3bIBAETCS CTUPAHUEM H
OCYILECTBIISIETCS C MOMOIIBIO OTAEIBHOM ToN0BKHM cTupanus (I'C), koTopasi muTaercs
OT reHepaTopa BLICOKOYACTOTHBIX KosieOanuii (['eH.).

J{nst corniacoBaHus MapaMeTPOB CUTHAJIA ¢ XapaKTEPUCTUKAMU TPAKTa 3alUCH -
BOCITPOU3BEICHUS YaCTO MPUMEHSIOT MPEABAPUTEIBHOE TPeoOpa30BaHKe BXOIHOTO
curtana. [IpeoOGpa3zoBaHue curHaiia OCyIecTBIsI€TCS BO BXOJHOM MIpeoOpa3oBarese

(Bx.mp.), BoccTaHOBIIEHNE CUTHAJIA - B BRIXOJTHOM TpeoOpa3zoBateine (Box.mp.).

Ha Pucynke 2.2 noka3zaHa kauecTBEHHasl KapTHHA MpoIlecca 3allicy Ha MpUMepe
B3aUMOJICUCTBUSl JICHTOYHOTO MArHUTHOTO HOCHUTENS U MAarHUTHOM TOJIOBKU
KOJIBLIEBOTO THIIA.

MarnuTHasi TOJOBKa COCTOMT M3 CepledyHHMKa ¢ OOMOTKOW. B cepmeunuke,
M3TOTOBJICHHOM W3 MarHUTOMSITKOTO Marepuaia (Metajia wiu (eppura), uMeeTcs
pabouuit 3a3op mupunou 0,1 - 10 mxwm. Ilpu nponyckanuu no oomMotke Toka | B
00JIaCTH 3a30pa BO3HHKAET MAarHUTHOE T0JIe paccesHUs, KOTOPOe U HaMarHUYMBaeT
JBIDKYIIUANCS Yepe3 3TO MOJIe HOCUTEb.

MarHuTHbIN CJIOW HOCUTENS U3rOTABIMBACTCA U3 MArHUTOTBEPAOTO MaTEpHAJIA.
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Pucynoxk 2.2 - [Iponecc 3amuch.
V - ckopocth HocuTens, D - Tonmmuua HocuTens, | - TOk HaMarHU4YKUBaHUS.
Ecnu Tok 3anucu U3MEHSAETCS CUHYCOUIAIBHO
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TO Inpu JABHKCHHNU HOCHUTCIIA C MMOCTOSIHHOM CKOPOCTBIO HU3MCHCHHUC
HaAMAaronm4€eHHOCTH 110 JJIMHC HOCHUTCIIA B HACAJIBHOM CJIydd€ TaKKe 6YI[CT

CUHYCOUOAJIbHBIM

M <M 2
=M, smlx,

rane A = vT - JUIMHA BOJIHEI 3aIIMCH.
[lepexon OT BPEMEHHOW 3aBUCUMOCTH K MPOCTPAHCTBEHHOM IOJIy4YaeTcs

o o x
OPOCTOU 3aMCHOU T = —.
v

Ha Pucynke 2.3 moka3aHO, 4TO Ha HOCHUTEJNE BO3HUKAKOT, KaK HPHUHATO
TOBOPUTH, BOJIHBI 3AMKCH.
M3 cuHycOMAQJIbHO HaMarHW4eHHOTO HOCHUTENS BO BHELIHEE MPOCTPAHCTBO

BBIXOJUT MarHuTHBINA OTOK

.27
o=a - sme.

, s
. P 7 / £ i /‘ /{ //./'//
“ 4 ( € '_,“/’ ; ¢ 4 v 2 [-"V—. = \\\ [ 1'/ .\\ I/I‘ ‘ - \ ["f//
| ;
LN. . S‘ S NJ‘N §1 S _N}.ﬁ‘]_q. §.‘ \S; Nr.l \N ’JS 4
A < v i - i

PI/IcyHOK 2.3- CI/IFHaHOFpaMMa Ipu NIpoaAOJIbHOM HAMAarHMYNMBAHUU TAPMOHUYCCKHUM

CHUI'HAJIOM.
[ToTox @ ompexensieTcs: Yepe3 MIONIAJIKY, PACTIOIOKEHHYIO TIEPTIICHANKYIISIPHO
HAIPAaBJICHUIO ABM)KCHHUS JICHTHI (M BEKTOPY HaMarHUYUBAHU).
B mpomecce BocmpousBeneHusi, m3odpaxxeHHOM Ha Pucynke 2.4, HOcUTETh
JBIDKETCS OTHOCHUTEIHLHO TOJIOBKH BOCIPOM3BEACHHS, YCTPOMCTBO KOTOPOH TakKoe

K€, KaK M I'OJIOBKH 3aIlUCH.
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Pucynok 2.4 - [Ipouecc Bocripon3BeieHUs

Korma wampoTuB 3a30pa TOJOBKM OKa3bIBA€TCS HaMarHWYEHHBIM Yy4acTOK
HOCUTENS, BBIXOJSIIMNA M3 HEro MarHUTHBIM MOTOK 3aMBIKAETCS 4Yepe3 CepACYHUK
rojloBKH. Takoil myTh MOTOKa OOBACHSETCS TEeM, YTO OOJACTh 3a30pa TOJIOBKH
MIPEICTABIISIET OO0 OOJBIIOE MATHUTHOE COMPOTHBJICHUE, a CEPICYHUK - MaJoe,
MOCKOJIbKY HM3TOTOBJIEH W3 MArHHUTOMSITKOIO MaTepuaja C BBICOKUM 3HAYEHUEM
MarHUTHOU MPOHUIIAEMOCTH L.

Bo Bpems ABMXKEHUS HOCUTENS MEPE] 3a30pOM TOJIOBKM MPOXOIAT YYaCTKHU C
pa3IMYHOM HAMArHUYEHHOCTHIO, YTO BBI3bIBAET M3MEHEHHWE MArHUTHOIO MOTOKA B
CepACYHUKE TOJIOBKU. M3MeHstomuiics MarHUTHBIM TIOTOK HABOAUT B OOMOTKE
rosioBku IJIC, koTopas 1o 3aKOHY 3JIEKTPOMATHUTHOW UHIYKIIUU PaBHA

dd

r

dt '’

g =—w

rae W - 4ucCiiO BUTKOB OOMOTKHM TOJIOBKH BOCIIPOU3BCACHUS,

@, - MArHUTHBIN MTOTOK B CEPJICUHUKE T'OJIOBKHU.
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Ecayu MarHuTHBIM MOTOK HOCHUTEIS M3MEHSCTCS CHMHYCOHMAJIbHO, TO UBMCHCHHC

MargimMTHOI'O ITIOTOKA B I'OJJOBKE TAKIKC 6YI[CT CHMHYCONJaJIbHBIM

2
b =D - sm?t,

rac mnepexona oT HpOCTpaHCTBGHHOfI 3aBUCHUMOCTHU K BpGMCHHOfI IMOJIYUCH 3aMEHOU
x = vt.

Tornma 3J1C ronoBku OyAeT paBHa:

dd Zm; im
e=—W- -—=-—-w-—@&__ -cos—L. (2.1)
dt T r
€m

Marnuteeli  motok @ ONpENENAECTCS  MAaKCHUMaJIbHOM  BENIMYMHOU

rm
COCT&BHHIOIHGﬁ MarHUTHOM HWHAYKINH Bym Ha IIOBCPXHOCTH HOCHUTCIIA, KOTOpasa

Ha3bIBACTCs HOBerHOCTHOﬁ I/IHI[YKI_II/Ief/'I.
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3. PacyeT MAarHMTHOTO MOJISI KOJIbLIIEBOH TOJIOBKH HAJl 3230POM

Ha pucynke 3.1 nzo0pakeHa KoiblieBasi MarHUTHas TOJIOBKA

Pucynok 3.1- KonblieBasi MarHUTHas TOJIOBKA.
h — rmyOuHa 3a30pa, g — MIMpHHA 3a30pa TOJIOBKE,
J — Tox HaMarHU4YMBaHus, [ — JIMHA 3a30pa.

MarnuTHas 3amuch MpOUCXOAUT B PE3YJIbTATC HAMArHWYUWBAHUA HOCHUTCIIA
MargauTHBIM IIOJIEM Haxg pa60‘H/IM 3a30pOM TOJIOBKH, €CJIM IIO OOMOTKE TOJIOBKHU
MMpoOTCKacCT BHGKTpI/I‘-IeCKI/Iﬁ TOK. Hauvanpnas MarouTHas IMPOHHULIACMOCTb

COBPEMCHHBIX HOCHTEJICH MarHUTHOM 3aImMcy OOBIYHO HE OOJIbIIe 2, a MaKCHUMaJibHasa
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— He Oonpmre 8. I[loaToMy HOCHUTENh Mall0 BIMSIET HAa KOH(PUTYPAITUIO MAarHUTHOTO
MOJISI TOJIOBKH, W JIJIsl €€ OMNpenesieHHusT OOBIYHO paccMaTPHUBAIOT MPOCTOW CITydai,
KOIJIa BO BCEM OKPY’KaroOIIEM TOJIOBKY IPOCTPAHCTBE MarHMTHAsl MPOHHIIACMOCTH
paBHa 1. [Ipy 3TOM MarHUTHYIO TIPOHHUIIAEMOCTh CEPIACYHHKA TOJIOBKH MPUHUMAIOT
OECKOHEYHO OOJIBIIIOM.

Jis  pacuera HaNpsDKEHHOCTH MArHUTHOTO TIOJII B 3a30p€  TOJIOBKH
UCIIONB3YIOT TEOPEMY O HUPKYIsiuu [1]:

[ Hd I=NJ,

rae N - 4yuciio BUTKOB OOMOTKH.
B kadecTBe KOHTypa WHTETPUPOBAHHS BO3BMEM CPEIHIOID JIMHUIO TOPOWJA,
COBIAQJAIONIYI0 C OJHOM W3 CHWIOBBIX JMHUH MarHUTHOH MHIyKIuH. KoHTyp

MHTETPUPOBAHMS pa3OuBaeTcss Ha JBa oOTpeska: L.y, — BHYTpH MaTepuana
CepIeYHHUKA TONOBKH M L;.;00.=0 — B Bo3myxe. Torna:
Lc,pe,q.scpm.-"gﬂaaanpa:N\]

U3 YCJIOBHA IIOCTOAHCTBA MAIHUTHOI'O IIOTOKA B JFOOOM CEUYEHHWHW MarHUTHOM

LEeNU U B IpeHeOpeKeHNU TOTOKOM MOJIEH PaCCesHUS UMEEM:

Bcep,qscep,q:Baaassaa H ##UHcep,q = P'DHaasSsaa;

Tak, uTo:
_HE-ES 55-35
Hcep,q— g
cep

OTKyzaa.:
N

H .= —
303 g+1—I. Szaz

Ecmm u >> 1, T0
NJ
H,_.=—. (3.1)
g
Takum 00Opa3oM, MarHuTHas TOJOBKAa Kak Obl MEPEHOCUT MAarHUTHOE IIOJIe,
co3/aBaeMoe OOMOTKOM, B 3a30p. MarHuTHOE TOJE B 3a30p€ TOJIOBKUA OKa3bIBACTCS
pPaBHBIM MAarHUTHOMY TIOJIO TPOTSHKEHHOTO COJICHOMAA C 4YucioM BUTKOB N, HO

UMCIOIIUM JUTMHY, paBHyr0 mupuHe 3a3opa § (N/gQ - 4ucio BUTKOB Ha CAMHHUILY
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MIMPUHBI 3a30pa). CKOHIIEHTPUPOBATH TAKOE YUCIIO BUTKOB B CTOJIb MaJON 00JacTu
IIPOCTPAHCTBA, Pa3yMEETCsl, HEBO3MOXKHO.

OpnHako Uil 3alMCH CUTHAJIA HA MarHUTHYIO JICHTY HCIIOJB3YETCS HE I0JIE B
3a30pe, a IoJIe HAJl 3a30POM, SABJIAIOLICECS 110JIEM paccesHus. KauecTBeHHas kapTuHa

CHJIOBBIX JIMHUM MarHUTHOT'O MOJISI JJIsL 9TOTO ClIydas IOKa3aHa Ha pUCYHKC 3.2.

Pucynok 3.2 - CHIoOBbIC TUHHUH MarHUTHOTO TIOJIST KOJIBIICBOW TOJIOBKH B 3a30p€ U HAJT 3a30POM.

I[JI?I pacucTa KOMIIOHCHT MAaroHuTHOT'O ITOJISI UCIIOJIB3YCTCA MCTO/I, OCHOBAHHBLIN

Ha BBCACHUU CKAJIAPHOI'O MAarouTHOT'O MOTCHLIMAIa .. U HOBCpXHOCTHOﬁ IIJIOTHOCTHU

(bHKTPIBHI)IX MArdvTHBIX 3apA10B d,,,, BOSBHUKAIOIINX B MCCTax pa3pbiBa HOpMElJ'IBHOfI

_
COCTABJISAIONICH BeKTOpa HamarHuueHHocTr M|6].

15



—

Ecau mMarHuTHBIN MNOTCHI A Haﬁzer, TO KOMIIOHEHTBI MarHUTHOro moJs fH

OIIPCACIIAIOTCA U3 COOTHOIICHUA:

—
H=-grade,,,
TO €CTb,
_ 9pm _ 9pm
* ax 'Y dv '

Pacuer marnuTHOrO moOjs B 3a30pC TOJOBKHU IIPOBOAUTCA IIPHU CICAYIOIINX

YIIPOIICHHBIX MPEATIONIOKEHUAX: JUIMHA 3a30pa [ u ero riryOmHa h mpeamomararorcs

OYCHb OOJBIIUMHU (OCCKOHEUHBIMU) [0 CpPAaBHEHUIO C IIUPUHON 3a3opa (

MarauuTHasi TNPOHUIIAEMOCTh CEPJCUYHMKA TOJOBKM TOJlaraeTcsi OECKOHEYHO
OosbioN. Kax el MOII0C TOJOBKU MPEACTABISIET COO0OM MOBEPXHOCTH PABHOTO
(IOCTOSTHHOTO) MarHUTHOTO TOTeHIMaNa. byneM npeanonaraTs, YTo BHYTPU 3a30pa

BCIOAy (0T @ = —oo BIWIOTH 10 @=0) moie OJHOPOJHO TaK, YTO MArHUTHBIH

MOTEHIIMAI B 3a30p€ U3MEHAETCS JINHENHO B HAITPABJICHUU OCH X.
OnHOpPOIHOE MAarHUTHOE MOJIE B 3a30p€ MOYKHO paccMaTpuBaTh Kak IIOJIE,
oOpa3zoBaHHOE (PUKTUBHBIM MATHUTHBIM 3aps0M, PAcpeeICHHBIM C PABHOMEPHOMN

IIJTIOTHOCTBIO iJm Ha TOPHECBBIX IMOBCPXHOCTAX OTPaAHHYMBAIOIINX 3a30pP, IIPUYCM

g,, = —M,,, Kak moka3aHo Ha pucyHke 3.3.

pu=|

g -Om +0Om

Mcepx M ceps

Pucynok 3.3 - MarHuTHoe 1oie B 3a30pe r'OJIOBKE.
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C npyro#i CTOpOHBI, B 3a30pe

—

—
Baaanpazlufﬂ Hsaau:upa.

B cuiy HenpephIBHOCTH JIMHMM MarHUTHOW WHAYKIIMU Ha TPaHUIE paslienia JIBYX

cpen
to(MeepatHeep)=po (Mo +H.o0).

Tak kak

Heeps € Megps,a M,,.=0,
TaK 4YTO

Mepr = Hyps mo,,=-H._,.,
TO

o, = —&, M =£.
g g

YroObl HaWTH MarHUTHBIA MOTEHIHANT @,.(X, ) B MPOU3BOJILHOW TOYKE BHE
3a30pa, TOPLEBBIE MOBEPXHOCTH TOJOBKH B 3a30p€ MPEACTABISAIOTCA JBYMS
MOJIyOECKOHEYHBIMU TTOBEPXHOCTAMH. ITH MOBEPXHOCTH MOKHO pPacCMaTPUBATh Kak
NBa psfa OCCKOHEYHBIX 3apsOKCHHBIX HUTEH, PACIOJIOKEHHBIX MEPHEHANKYIISIPHO
MJIOCKOCTH (BIOJIb OCH Z),KaK TIOKa3aHO Ha pUCYHKe 3.4,

[1o aHanorum ¢ 3MEKTPUIECKUM MTOTCHIIMAIIOM 3apsS)KEHHOM HUTH:

dqpm;Tm Inr, -dy’ — c%””ln T - d}f’:%’” ln% -dy’,

rje

n=(x-9) oy,

e+ om0

Cnaraembie B BoipaxxeHuu s d¢,,, B 2 pa3a 0OJbIle U3BECTHBIX BBIPAKCHUMN

JUTA TOTEHIIAANIA, CO31aBAEMOT0 OJIMHOYHOU 3apsKEHHOM HUTBIO, TOCKOJIbKY HUTH B
paccMaTprBaeMOM CiIy4yae paclojioKeHbl Ha T'PaHUIIE MOBEPXHOCTU C OECKOHEUHO

O0JBIION MPOHHUIIAEMOCTHIO.
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Pucynok 3.4- K pacueTy CKaJIsipHOTO MarHUTHOTO IMOTEHIIMANA B TOYKE ¢ KOOpAHMHATAMH (X, Y).

ITonHbIM MarHUTHBIN ITOTEHIINAII:

{x,y)

|62 sy

=),

Hponoanaﬁ KOMIIOHCHTA MAar"dMTHOI'O ITOJIA:

H =3P __Ond j{ln{(X— )2+(y—y')2}—ln{(X+%)2+(y—y')2}dy

dx 27[ dx

(x+E:IZ +ly—yr)2

dy'.

e

U

pOS

+Om

Tak kax auddepeHuupoBaHUEe U UHTETPUPOBAHUE MPOUCXOAMUT IO Pa3HBIM

MEePEeMEHHBIM, TO TOPAIOK AuddEepeHITMPOBaHUS MOXKHO TOMEHSThH MecTaMu. B

pe3ynbTaTe ypaBHEHUs MPeoOpaszyroTcs K BUY:

2(x+3)

j_ [ X_E +'i,v )2 B (x"'g)z"’{y_wjz

=y [ B {:+§)

E +(_}r yr)2 {x+§) +y—yr)2

-

]d(y-y?:

18



Tm (—”C_g) " =t (x+§) " =t rl Jm[ ¢ ¥ " ¥
= arctg+—z — arctg+—4 = arctg—— — arctg——s
g g g g g g
T (x-;) ( —;] (x+;) (’H;) _ T - Xy
Hcnone3yercs hopmyia TPUTOHOMETPHH :
tg x== — arctg-
arctg x=; g--
Torna
g g g g
__Omd Xy _ x—;]_a_m[ 2t 2" ]
H, = P—— arctg . arctg i arctg » + arctg .

Tak kak g,,= -H.,; To OKOHYATEILHO TOTYyYaCTCS:

g g
Hoo +x -
H =—= [arctg *— +arctg® ]

0 v v

3HaK «MHHYC» TI€pe]] BBIPAKXEHUEM BbIpaxaeT  (aKT, YTO NIpPH BBHIOPAHHOM
HaMarHM4MBaHUM CEpPACYHHKA IToie [, HanpaBiIeHO B OTPULATEIILHOM HAIPABICHUN

oCcHu X .

HonepeqHaﬂ KOMITIOHCHTA IIOJII BBIPAXKACTCS B BUAC!

H, =- d(i/m = :—;diyi{ln[(x%jz +((p—¢)')2:| - In[[xjtgf + ((p(p')2:|}d(0'=

+U_7r;j' 2((2P—§0') _ 2(620—(0') d(p— o) =
i (X—g +(p—o) (2+g +(p-o)

_ 0_; T Z(Z’—(ﬂ') _ 2((20—(/") d(p—g')=
? _w_(x_gj +(p-o) (2+gj +(<0—fp')2_
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OxoHYaTeJIbHO BBIPAKCHUA JJIA Hx )41 H.L, HUMCIOT BHU:

g, g,

Hx:-H:E (arctgi + a’rr_?tgzv ) (32)

9w ¢ 2 (33)
H.l_,zHEas].n(z-l_ )2+” .
Yooam (g_x) +y?

OTH COOTHOLIEHUS M3BECTHBI B HAyYHOM JINTEpaType KaK YpPaBHEHHUS
Kapnksucra. B Hacrosimiee BpeMss HauOoJblliee paclpOCTPAHEHHUs MOJy4Yusia Tak
Ha3blBaeMasi  MpOJOJIbHAs ~ MarHWTHas  3alucCh, TMpPU  KOTOPOM  HOCHTEIb
HAMarHM4MBaeTCs IPEUMYIIECTBEHHO B IPOJOJBHOM HarpasiaeHuu. Ilpu sTom
OCHOBHYIO pOJIb B MPOLECCE HAMAarHWYMBAHUS WUIPAET MPOAOJIbHAS COCTABJISIOIIAS
HaIIPSHDKEHHOCTH TOJIS TOJOBKHU. [leprieHauKynspHas coCTaBIIsIFOLIas HAPSKEHHOCTH
MarHUTHOTO MOJs OOJIbLIE MPOJOIbHON COCTABISIOUIEH TOJIBKO HEMOCPEACTBEHHO Y
pabouell MOBEPXHOCTU TOJOBKU (MPU YCIOBUU HJICATBHO MPSMOIO YIJIa TpaHeu
pabouero 3a30pa), a HaurHas yxke ¢ pacctosaus y ~ 0,052, ona MEeHbIIIE MPOI0IBLHOM
cocTaBisitouleil. BceneacTBue HecoBeplIeHCTBAa KadecTBa pPabOYMX IMOBEPXHOCTEU
HOCHUTEJNISI M TOJOBKH MEXJIY HUMH HET WACAIBHOIO IOJHOrO KOHTakra. lIpuHsTo
CUMTATh, YTO BEJIMYMHA HEKOHTAKTA HOCUTEJNS C TOJIOBKOM MPHU KOHTAKTHOW 3aIvcu
cocrasisieT 0,1+0,5mMkM. Takum 00pa3om, B peasibHbIX YCIOBUAX MarHUTHOM 3aluCU
NEPHEHANKYJIApPHAs COCTABJISIONIAs] MarHUTHOTO MOJS B HOCHUTENIE BE3/I€ MEHBILE
MPOJIOJIBHON COCTABJISIONIEH, TO €CTh OCHOBHASI YaCTh MAarHUTHOT'O 00beMa HOCHUTEIS
HAXOJUTCS B 30HE, B KOTOPOM CHIIbHEE MPOJI0JIbHASI COCTABIISIONIAS HAMPSHKEHHOCTH
MarHUTHOTO MOJIS.

[To yka3zaHHOW NPUYMHE IIPOLECC MArHUTHOM 3alMCH KOJIBLIEBOU TOJIOBKU
npUOJIMIKEHHO paccMaTpUBAETCSl KaK MPOLECC, MPOUCXOIAMIMA TOoJ JAeiCTBUEM
TOJIBKO MPOJOJBHOW COCTABJISIFOLIEN HANPSYKEHHOCTH HAMArHWYMBAIOIIETO IOJIS

T'OJIOBKH.
20



Pacripenenenne mpoaosbHOM COCTABISAIOLIEW HANPSYKEHHOCTH MAarHUTHOTO
nmoJis TOJOBKM Ha paccrosHmsx Yy = 0,1g OT €€ TOBEPXHOCTH XOPOIIO

AlMPOKCUMHUPYECTC IrayCCOBBIMHA KPUBBIMH BHJIA.

N 2..]."2
—1,35%

HX(X,y)E H,..e 5. e o,

Ha ocHoBe ypaBHeHus (3.2) mpoBeldeH pacyeT NPOJOJILHOW COCTABIISIOLICH
MarHUTHOTO MOJIsl HaJ 3a30POM T'OJIOBKH, TO €CTh B 00JIACTH HOCUTENS HH(OpMaIuu.

Pesynbratel pacueToB mpezcTaBiensl B Tabmuie 3.1 u Ha Pucynkax 3.5, 3.6.

Ta6muua 3.1 - 3nauenus H,/ gy, JUISL pasIMYHBIX BETHYNH x/g u y/g.
3a3

y/g
x/g
0 0,05 0,2 0,6

0 1 0,9365 0,7578 0,4423
0,2 1 0,9247 0,7242 0,42220
0,3 1 0,9022 0,6720 0,3976
0,4 1 0,8348 0,5780 0,3654
0,5 0,5 0,4841 0,4372 0,3280
1,0 1,4x107% 0,02112 0,07893 0,1577
1,25 1,4x1078 0,0121 0,04673 0,1096
1,5 1,4x107% 0,007946 0,03111 0,07925
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0.3 -

D&

DA -

0.2 —

D.D

DD D2

T ‘X/g

14 1.6 wr

Pucynok 3.5 — PacripesienneHue coCTaBIsIoNMEeNR MArHUTHOTO 1ot TOJIOBKM » » HODMUPOBAHHOM

K H 343> BAOJIb KOOPDAWHATDI X HOCHUTEJIS.

HEEE'MaFHI/ITHOG IIOJIC B 3a30p€ T'OJIOBKH, ( - BEIMYMHA 3a30pa I'OJIOBKHA

1 - y/g=0;
2 - y/lg=0,05;
3-vy/g=0,2;
4 - ylg=0,6.

N3 pucynka 3.5 ciemyer, 4to Ha Kpasx 3a3opa

X
. = 0,5 marauTHOE MOJe

YMEHBIIIAETCS MO OTHOWIEHUIO K H_,. Ha 50% npu i = 0+0,05 . IIpu i ot 0,2 1o 0,6

H, cocrasnser ot H.,, ot 40% 1030% .
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HXJII'I_IE-E.S

Do D1 D.2 0.3 D4 D3 D&

Pucynok 3.6 — PacnipeienieHue MarHuTHOTO TOJIS IO TOJIIUHE HOcuTels mpu X=0.
H_..-marautHOE 11071€ B 3a30pe TOIOBKH

g -BeJIMUYMHA 3a30pa FOJIOBKU

Pucynox 3.6 mokasbiBaet, yTo mpu TonmuHe Hocutens Y = 0,3g , mpoaosibHas

COCTABJISIIOLIAs MAarHUTHBIM Toyie yMeHblnaercs Ha 50%. OTo o3Hayaer, 4To
MarHUTHBIN pabouuii CJI0M HOCHUTENS He MOJKEeH IpeBbImath 0,3 MKM MpU BETUYHHE
3a30pa roJIoBKU 1 MKM.
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4. Bo3aelicTBHEe MATHUTHOI'O IOJISI HA DJIEMEHT HOCUTEJISA

Jlnst aHanmu3a mporiecca 3amicyd HOCHTENb pa30MBaeTCs Ha dJIEMEHTapHBIC
o0BEMBI W paccMaTpUBACTCS HaMarHUYMBaHUE KaXKJIOTO JJIEMEHTa o0beMa B
OTACIBHOCTH. OJEMEHT oO0beMa JOKEH OBITh HAaCTOJABKO Maj, YTOOBI B €ro
mpenenax  MOXHO ObUIO  NMpeHeOpedbh  IPOCTPAHCTBEHHBIMH — M3MEHEHHUSIMU
MarHUTHOTO TIOJII W HaMarHWYEeHHOCTH. Torjma Ui OMNpeACICHHS MarHHTHOTO
COCTOSIHUS ~ DJJIEMEHTAa  MOXXHO  TIOJIb30BAaThCS  KPUBOW  HAaMarHWYWBaHUA,
XapaKTePU3YIOIICH MaTepral HOCHTEIIS.

AHanus mpouecca 3alycy MPU TaKOM MOAX0Je TpeOyeT pelIeHUs CIEIYIOINUX
—

ABYX  3aJa4: BO-IICPBLIX, H€O6XOILI/IMO HAWTU HAIIPSOKCHHOCTL  ITIOJIA H,

BO3JICHCTBYIOIIETO HA 3JIEMEHT HOCUTENS NPH €ro MpOXOKIECHUU Yepe3 00JacTh
pabouero 3a3opa TroJI0BKHU 3aIMCH; BO-BTOPBIX, IO HAWJEHHOW HAINPSKEHHOCTH TMOJIS

u no 3ananHou kpuBo M(H) mmu M (H) HOCUTENs mpociaeauTh Kak HW3MEHSETCS
o —
HAMarHU4eHHOCTb 3JIEMEHTA, T. €. HATH OCTaTOYHYI0 HAMATHUYEHHOCTb M.

PacnpeaeneHHe OCTAaTOYHOM HAMarHUYEHHOCTHU IO BCEM 3JIEMEHTaM HOCHUTEJS

OyIeT MNpeacTaBIsATh COOOM pacmpenesicHHe HaMarHWYeHHOCTH, CO3/1aBaeéMoe B
—
HOCHUTEJIC 3anucbhiBaéMbIM CcUrHajioM. Ilose H, BO3ACHCTBYIOIIEE HA JJIEMEHT

HOCHUTCJIA B IMpoHeCcCce 3alluCM, MOXKHO IMPCACTaBUTh COCTOAIIMM M3 ABYX

KOMITIOHCHTOB
— — —_—
H=H. +H.,
rac
—_—

H_. - Hanps>KeHHOCTh MArHUTHOTO TOJISi TOJOBKH 3allUCU B JIAaHHOM 3JIEMEHTE
HOCHTEIIS,
—_—

H. - ~ HAIIPsPKCHHOCTD IOJIAI CaMOpa3sMarinirMBaHuA, CO31aBacMasd B JaHHOM JJICMCHTC

HOCHUTCJII BCCM BHCIIHHUM II0 OTHOHICHHWIO K HEMY HaMAarHW4CHHbBIM 00BEMOM

HOCHUTCIIA.
o —
HpI/I MAarHMTHOU 3alKCH 110j¢e H. - CO31aCTCA MAIrHUTHBIMU 3apAaaMi, KOTOPBIC B

npouecce 3armncu, T. €. Ipu ABMKCHUHW HOCUTEIA U OTHOBPEMCHHOM H3MCHCHHUH TOKaA
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B I'OJIOBKC 3allMCH, MOTYT BO3HHKATb, MICPCPACHPECACIIATLCA U UCUC3aThb B HOCUTCIIC.

—_—

CraOmiibHOE 3HAYCHUE ITOJIS H: YCTAHABJIIMBACTCA TOJIBKO ITOCJIC BbIXOAAd HOCHUTCILA

U3 MAarHUTHOTO I10JIA I'OJIOBKHM 3aIlMCH.

—

— .
N3 ckazaHHOrO cienyer, yto o6a nons H,. u H, , AeiCTBYIOIINE HA 3JIEMEHT

HOCHUTCIIA, UBMCHAIOTCA OOJHOBPCMCHHO IIPpHU ABWIKCHHUHU ITOCICIHCTO YCPC3 001acTh

—

pabouero 3azopa. Ilpu »sToM pesynbTHpylOliee T1oJe H, BbI3BIBAIOLICE

HaMarHWYMBaHUE JAHHOTO JJIEMEHTA, CaMO SIBIAeTCA (yHKIMEH HaMarHU4€HHOCTU
Opyrux ayeMeHToB. [loaTOMy 3amada ompenesneHuss OCTaTOYHOM HAMAarHU4YEHHOCTH
3JIEMEHTa NMPUOOPETAET XapaKTep CaMOCOIVIACOBAaHHOW 3ajjaud, pelieHHe KOTOpOu
BO3MOYKHO JIMIIb YHCICHHBIMU METO/IAMH.

Bocrnone3yemcsi  ympolleHHbIM ~ METOJAOM  aHaiu3a  (OpMHUpPOBAHUS

CUTHAJIOI'paMMBI, KOT'/Id B IIPOLCCCC 3aIllMCHU PACCMATPUBACTCA IIGIZCTBPIC Ha HOCUTCIIb
—
TOJIBKO ITOJIA I'OJIOBKH Hr‘ " OIIPCACIACTCA CO3AaHHAAd 3TUM ITIOJICM HAMAIrHM4YCHHOCTD

B HOCHUTEJIE, a 3aTE€M - OTJIECIBbHO JIEUCTBUE MOJS caMOpa3MarHMYuBaHUsl.

Takoii  meron  OCHOBaH Ha  JONYLIEHWH, 4YTO  JCWCTBUEM  TOJIS
caMOpa3MarHM4MBaHUs Ha JAHHBII MOMEHT HOCHUTENII MOXKHO MpeHeOpeub 0 Tex
0P, MTOKA AJIEMEHT HE BBIMAET M3 30HBI KOHTAKTA C TOJIOBKOM. /[0 3TOro MoMeHTa
CEepJICYHUK TOJOBKHM WIYHTHPYEeT (T. €. 3aMblKaeT MAarHuUTHOE Ioje Ha cels)
HaMarHU4eHHbIE YYaCTKU HOCHUTEIS, YTO CHUKAET T0JIe CaMOpa3MarHuYuBaHUsl.

[Tpu paccMoTpeHuu mpoiiecca 3aIiMcH HEOOXOJUMO YUUTBIBATh, YTO HOCHUTENb
JBUKETCSI MHUMO TOJIOBKM €O CKOpocThio V. IlosTomy HeoOXoaumo BBECTH JABE
CUCTEMbI KOOPIMHAT: (X)) - CBA3aHHYIO C JBIXKYLIMMCS HocuTeneM, H (XY
CBSI3aHHYIO C F'OJIOBKOM 3alIMCH, KaK IoKa3aHo Ha PucyHnke 4.1.

[Tpu nBM>KEHUH HOCUTENS 00€ CUCTEMBI CBSI3aHbl OUEBUIHBIM COOTHOIIEHUEM

X, = vt + X,
Yr=Yy+a,

rac a - paCCTOAHUEC MCKIAY Tr'OJIOBKOM U HOCHTCJIEM, HA3bIBAEMOC HCKOHTAKTOM.
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Pucynok 4.1. IIporiecc MarHUTHOM 3anucu

HaHpH}KCHHOCTB MAarauTHOTI'O IIOJIA, BOSIIGfICTBYI-OIHGFO Ha 2JICMCHT HOCHUTCIIA B
nponecce 3alluCH, OHIPECACIISICTCSA TOJBKO 3HAYCHUEM HpOI[OHBHOﬁ COCT&BJ’IHIOH.ICIZ
HaIIPAKCHHOCTH MAroHiTHOI'O I10JIA I'OJIOBKH 3aIIMCHU B TAHHOM 3JICMCHTC.

Ecau nocurenp HCIIOABUIKCH OTHOCHUTCIIbBHO TI'OJJOBKHM, B KOTOPYIO BKIIIOYUCH
MMOCTOSIHHBIHN TOK, TO HAIIPsSKCHHOCTb MArHUTHOI'O I10JIA, BOSﬂ@ﬁCTBYIOHl@FO Ha

AJIEMEHT HOCUTEJNS C KOOpAUHATaMHU X, Y, Oy/eT paBHa:

H= er = H3a3th(Xr1 yr)!

1 s ot _135¥r 2%
rae h(x.,v.) =— (arctgz + arctg? ) e ge 9%,
T Yr X
Nj
H.,=&—
g
Ecnu B rojoBke Tok 3amucu MeHsiercs Bo Bpemenu | = I(t), To Ha smemeHT

HOCHUTCIIA BOSHeﬁCTByeT I1I0JIC

H=K- lr{:t] ) hr‘xixr'!}rl"j!

N . .
riae K = £— - MOCTOSIHHBIN JIJIs1 JTaHHOM TOJIOBKU KOA(DHUITHEHT.
g

Ecnn Hocurenn JOBUXKCTCA OTHOCHUTCJIIBHO I'OJIOBKH CO CKOpOCTBIO V, TO
H=K-I(t)-h (vt+xv.).
HaKOHeH, CCJIn paCCMaTpuBATb TOJIBKO JJICMCHTLBI, PACIIOJIOKCHHBIC HaAlI

Ha4daJIOM CUCTEMbI KOOPpAHWHAT, CBSI3aHHOM C HOCHUTCIIEM, T. €. I[IPH X = O, TO

H=K-I{t)-h, (vty,). (4.1)

26



Bripakenue (4.1) onuceiBaeT BO3ICHCTBHE MAarHUTHOTO TIOJIS, JICHCTBYIOIICE Ha
JIAHHBIA AJIEMEHT HOCHUTENS TPU €ro JBWKCHUHU depe3 00JacTh pabodero 3a3opa

royioBku. B o0miem ciyuae nsmensiercs kak I(t), tak u h_(vt). Koneunslii pe3ynbrat

3aBHCHUT OT COOTHOILICHUSI CKOPOCTEH U3MEHEHUS ITHX ABYX (QYHKITHI.
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4.1. 3anuco 0e3  NOOMAZHUUUBAHUA  MEOJICHHO  U3BMEHAIOWUXCA
CUHYCOUOAILHBIX CUCHAI08

PaccmarpuBaercs ciydaid, korna ¢ynkmus |(t) u3MeHseTcs MHOTO MeJICHHEE,
gem QyHkmus hy(vt) (cm. dopmyiy (4.1)), T. e. Korga U3MEHEHHUEM TOKA 3allHCH 32
BpeMsl TMPOXOKJICHHUSI DSJIEMEHTOM HOCHUTENsE 00JIaCTH 3a30pa TOJOBKH MOXHO
npeHeOpeysb. DTOT Cirydail, OYeBHIHO, COOTBETCTBYET 3aIIUCH CHUTHAJIOB C OOJBIION
JUTMHOM BOJIHBI (A>>().

Bocnonb3oBaBiivch mpeacTaBieHUEM O HaOmmojaTesie, HaxondlleMcs Ha
JBIDKYIIEMCST DJIEMEHTE HOCHUTEJNS, HETPYAHO TOHSTh, YTO HAOJIIOJATEIh OTMETUT
TOJIBKO KOPOTKHM HMIYJIbC HANPSKEHHOCTU TIOJSI B MOMEHT MPOXOKICHHUS
AJIEMEHTOM 00JIaCTH 3a30pa.

JleficTBUTENBHO, PYHKIUS BO3ECHCTBUS

H=K-I(t) h.,(vt,y)
paBHA HYJIO NIPU HYJEBOM 3HAYEHUU JIIOOOTO M3 BXOMSIIMX B HEE COMHOXKHUTEICH.
Ecmu 1(t)£0, To oHa OTJaMYHA OT HYJS TOJBKO B MOMEHT MPOXOXKICHHS 3a30pa. B
3TOM clydae (YHKIHMIO HANpPsHKEHHOCTH IOJS TONOBKH N (X =Vi, VY.) MOXKHO
paccMaTpuBaTh Kak JeabTa-(pyHKIIUIO

h _ {hr‘xmax HpH xr‘ = O-’
0 npu x,. # 0.

Torna ¢hyHKIIUIO BO3JAEHCTBUS MO HA DJIEMEHT HOCHUTEIIS MOKHO 3alucaTh Kak:

H=K-h., .- 1(t) = const-I(t).

Orcroma cnegyer, 4YTO Ha KaXIbl JJIEMEHT HOCHUTENS BO3IEHCTBYET
HaIpPsKEHHOCTh MOJIS, MPONOPILMOHATBHAS TOMY 3HAYEHHUIO TOKA 3alKUCH, KOTOPOE OH
uMeeT B MOMeHT Vt = 0, T. €. B TOUKe MaKCUMyMa HaIPsHKEHHOCTH TTOJISI TOJIOBKH.

Ha Pucynke 4.1.1 BugHO, 4TO BO3/ICHCTBYIOIIEE HA JIIEMEHT T0JI€ ONpeeseTCs
TOYKOW TepeceueHus: KPUBOW TOKA 3alHMCH C TPaHHWIAMU JCUCTBYIOIIEH oOmactu
3a30pa, a B paccMaTpUBAacMOM CJIy4ya€ MEHJICHHOTO W3MEHEHHsS TOKa 3alliCH -

IIPAaKTUYECKA C JIMHMEN 3a3opa. llosywaercsa, dYTO Ha 3JIEMEHT HOCHUTENs
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BO3JICMCTBYET MMITYJIbC IOJISA, ONPEAEIAEMBbId IPOCTO OPAUHATOM CUHYCOWIBI, T. €.
MTHOBEHHBIM 3HAYEHHEM TOKA 3aIMCH.
IIpn MeaneHHOM M3MEHEHMM TOKa 3amucd (¢opMa TMojis TOJIOBKH, B

COOTBETCTBUU CO CBOMCTBaMU JieibTa-QyHKINU, HE urpaeT poiau. He urpaer ponu u

—

TO I[eflCTByeT JIM OAHOBPEMCHHO C ITIOJICM TI'OJIOBKH Hr I10JIC CaMOpa3MariHn4rMBaHUs

—_—

H_ wnm HeT.

B npaBom Bepxnem yray Pucynka 4.1.1 nokazaHo pacnpeneneHue
HAaMarHM4eHHOCTH BIOJIb HOocuTess. KprBas mocTpoeHa Kak JIMHMS, COSOUHSIOIIAs
3HAYEHUE OCTAaTOYHOW HAMArHMYEHHOCTH KaXKIOro »dijeMeHTta. Pacnpenenenue
HAMAarHWYEHHOCTH  BJOJIb HOCHUTENIA CYLIECTBEHHO HEJIMHEHWHO, BCIEIACTBUE
HenumHeHocTu kpuBoil M(H). CuMmmeTpus 3TON KpUBOM TaKOBa, YTO B 3alHCaHHOM
CUTHAJIE HAapsAAy C OCHOBHOM rapMOHUKOUN BO3HHUKAIOT TOJBKO HEYETHBIE TAPMOHHKHU.

S T - o

" - — e ﬁ
- SRAELES - i e —
» --

&

Pucynok 4.1.1 - 3anuce 06€3 MOAMATHUYMBAHHUS MEJICHHO H3MEHSIOMIMXCS
CUHYCOMJAJIbHBIX CHUTHAJIOB (HAaXOXJCHHE OCTATOYHOW HaMarHWYEeHHOCTH
HOCHUTENST 10  HAmpsDKEHHOCTH  BO3JEHCTBYIOIIETO HAa  HEro  IOJs).
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4.2. 3anuco 0e3 NOOMAZHUYUUBAHUA ObLICMPO UIMEHANOUIUXCA
CUHYCOUOAIbHBIX CUZHAI08

PaccmarpuBaercs cirydaid, KOrJa Iepruo]] TOKa 3aliCh COU3MEPHM CO BPEMEHEM
NPOXOXKJCHHUS DJIEMEHTOM O0JIACTH 3a30pa, T. €. KOrjJa JUIMHA BOJIHBI 3aIuCH

coM3MepuMa C IMUPUHOM O00JacTH AeHCTBUS mojisi paccesHus (A = 2g). bynem

paccMaTpuBaTh Cily4ai, KOrjla MaKCUMaJIbHOE 3HaUY€HUE TOKa 3alicu 0OecreunBaeT
HaMarHUYMBAHWUE HOCUTEIIA JI0 HACKIIICHUSI.

Haxoxgenue  ocTaTOYHOM ~ HAMAarHMYEHHOCTH  JUII  3TOTO  cliydas
wunoctpupyercst Pucynkom 4.2.1, Ha KOTOpOM MOKa3aHa KpuBask U3MEHEHUS TOKa

3anucH (CUHYCOHMJa) U IEUCTBYIOIIAs 00J1laCTh MAarHUTHOTO 3a30pa, MepeBeAcHHAs BO

. X
BPEMEHHOM MacIITad Mo COOTHOIICHHUIO t, = ——" (Ha PUCYHKE 3aIlTPUXOBaHA).
Vv
H(xr)
I(t)
I(t)
o
o
|
- =
e h( xr)

. [r=xﬁr"

Pucynok 4.2.1 KpuBble 111 Hax0/JI€HUsSI OCTATOYHOM HAMarHU4eHHOCTH JIEHCTBYIOILIErO Ha
HOCHTETb TIOJIS B CITydae 3arucu 0e3 MmogMarHnIuBaHus ObICTPOU3MEHSIOIINXCS CHHYCOUIATbHBIX
CUTHAJIOB. 1, 2, ...,8 — 2JIeMEeHTBI HOCUTEA

XOTS TEOpeTHYeCKH 3Ta 001acTh OECKOHEYHA, MPAKTUYECKH BCETa MOXKHO
yKa3aThb TOUYKY, 32 KOTOPOU MOJI€ pacCesiHUs TOJOBKU MOXKHO CUUTATh PABHOU HYIIIO.

Ha pucynke 4.2.1 sta rpanuyHasi Touka 0603HaueHa OYKBOM O M €€ MOXHO Ha3BaTh
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TOYKOW BXOJa 3JIEMEHTa HOCHTENS B 00JIACTh MarHUTHOTO TMOJsS 3a3opa (MpoCTo B
obnacTh 3a3opa). Ecam ckopocTh IBWKEHUS TIJICHKA OYECHb BENMHMKA ( M A OYCHB
Oonpias), To 3Ta 00JacCTh JEHUCTBUS MAarHUTHOTO TOJSI TOJOBKH BBIPOKIAETCS B
nenbTa-QyHKIUIO (Y3KHH MHK), KaK 3TO OBUIO PAaCCMOTPEHO paHee.

B HocuTtene Bbaensercs psja MOCIENOBATEIBHO PACIOJIOKEHHBIX 3JEMEHTOB,
cienyromux ¢ uHTepBaioM A/8. VHTepBanm BBIOpaH W3 YCIOBUS HEUCKAKEHHOTO
IIOCTPOECHUS KPUBOM HANPSKEHHOCTH 1o H, TeMCTBYIOMEro Ha 3JIEMEHT HOCUTES.
Brinenennsle a5eMeHTh 0003HaueHbl udpamu 1, 2, 3, ..., 8. 3HaueHHUe TOKa 3aMiCch
B MOMEHT MPUXO0Jia IEPBOI0 JIEMEHTA B TOUKY 0L PABHO HYJIIO.

MoXHO TIPOCIEeINTh, KaK U3MEHSETCS HAMPS)KEHHOCTh MOJIsI, AECHCTBYIONIETO Ha
MIEPBBIM 2JIEMEHT IO MEpE €ro JABMKEHUS Yepe3 00J1acTh 3a30pa. DTa HANPSHKEHHOCTh

H=K-I(t)-h(v-1),

TO €CTh ONPEACIACTCS KaK pe3yabTaT epeMHOXeHHs ABYX pyHkiuit 1(t) u h(vt).

Pe3ynbTaThl TAKOro MEPEMHOKEHUS ISl TIEPBOTO M MOCIEAYIOIIETO 3JIEMEHTOB

npuBeneHbl Ha Pucynke 4.2.2.

» - - "
v v v v
T ™ > > >
SP—
N ‘ !
......... |

PI/ICYHOK 422 - Bo3zaeiicTBrs HaMarHM4MBAaIOIIEro Mo Ha 3JIEMEHTHI HOCUTEA.

1,2, ... 8 - 3IeMEHTHI HOCUTEI.

ITo MCPC JIBHIXKCHHA IICPBOro OJIEMCHTA OT TOYKHM O HAIIPSKCHHOCTD
BOBHCﬁCTBymmeFO Ha HEro I1oJis1 BHa4YaJI€e pacTeT U JOCTHUIacT IIEPBOIr0 MaKCUMyMa,

34aTEM CHMIKACTCA U IMPOXOAUT HCPE3 HYJICBOC 3HAYCHUC, O6YCJ'IOBJ'IGHHOC HYJICBBIM
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3HaueHueM Toka 3anucu. llocrme 3TOro HampsSKEHHOCTb JIOCTUraeT TJIAaBHOTO
MaKCMMyMa B 0OpaTHOM HamlpaBJICHUU U, CHOBA MPOXOJS 4Yepe3 HyJb, IpruoOpeTaeTt
MaKCUMYM B EpPBOHAYaIbHOM HAIPABIICHUU.

AHaJIOTUYHBIE KapTUHBI HAOIIOJAIOTCS U JJIsI PYTUX SJIEMEHTOB, YTO MOKa3aHO

Ha Pucynke 4.2.3.

M A A Mr

M'r

v

e ”[ 5 | 6)

Pucynok 4.2.3 - [letnis ructepesnca MmaTeprana HOCUTENS (a) U pacipeielieHue OCTaTOIHON

HaMmaraudeHHocTH M, Biosib HocuTess (KoopauHaThI x) (0).

OyeBHIHO, YTO OCTaTO4YHAsi HAMArHUYEHHOCTb  BJIEMEHTAa  HOCHUTENs
OTpeNIeIIICTCS 3HAUCHUEM HAIPSYKEHHOCTU MAarHUTHOTO TOJISI TOJIOBKU B MOCIIETHEM
MaKCHUMYME.

N3 pe3ynbTaTOB MOCTPOEHUS BUIHO, UTO MPHU 3aMKUCH KOPOTKUX BOJIH B PEKUME,
OJIM3KOM K MarHUTHOMY HACBIIICHUIO HOCUTENS, MPOUCXOAUT yiydlieHue (opmbl
3aMMCaHHBIX KOJIeOaHUM, T. €. MpUOMDKeHne K (GopMe MCXOTHOTO 3alHUChIBAEMOTO
nporecca.

DTO CBSI3aHO C TEM, YTO 3alHUCh KOPOTKUX JJIMH BOJH OIPEACISETCS HE
HAYaJIbHOM KPUBOW HAMArHUYMBaHUA, a IETIIEM TUCTEPE3UCa, KAK 3TO BUJHO U3
MPUBEICHHOTO Trpaduueckoro aHaiu3a. bOKOBBIE XK€ BETBU METJIM THCTEpe3uca
UMEIOT 3HAUUTENbHO OOJIbIIMK JIMHEWHBIM YyYacTOK, YeM HauajbHasi KpuBas

HaMaron4imuBaHW. I[GIZCTBHTGJII)HO, IIpH 3allMCH KOPOTKHUX BOJIH 3JICMCHT HOCHUTCIIA
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HE TOJIbKO HAMarHM4MBaeTCsi, HO M TMEPEeMarHU4YMBaeTCsi B COOTBETCTBUU C
M3MEHEHHEM HaIpPSKEHHOCTU MAarHUTHOTO TOJISI.

DTOT NuHeapu3upyroumi 3p¢hekt, 00yCIOBICHHBIN IEPEBOIOM padoydeil TOUKH
HOCHUTEJISI Ha MOYTH JIMHEWHBIC NapajielibHble BETBU IETIH, OKAa3bIBACTCS BEChbMa
MOJIE3HBIM  TMPU  MArHUTHOM  3alUCHM  KOPOTKOBOJHOBBIX  CHUTHAJIOB  0e3
noaMarHnuuBanus. Hampumep, mnpu Buaeo3anucu, KOTopas MPOUCXOAUT 0e3
MOAMAarHUYMBAHMS, 3allUCh KOPOTKOBOJHOBBIX CHUTHAJIOB C  MAaKCUMaJIbHOU

aMHJII/ITy,Z[Oﬁ OKa3bIBACTCA IMIPAKTHYCCKHU CHHYCOHH&HBHOﬁ.
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5. YpoBeHb 3anucu (0TAa49a) HOCUTEJIA

BennunHy BBIXOIAILIETO W3 HOCUTENS BHEIIHETO OCTATOYHOTO MOTOKA, KOTOPBIN
B3aMMOJICHCTBYET C TOJIOBKOM BOCIPOU3BEACHUS M CO3JA€T BBIXOJHOM CHUTHANI
CHUCTEMBI 3alllCH, HAa3bIBAIOT YPOBHEM 3amucu wWid otgaded. llpm 3anmucu
rapMOHUYECKUX CUTHAJIIOB OTJAdy ONpPENEISIOT aMIUIMTYAHBIM WK 3()PEKTUBHBIM
3HAYEHHEM OCTATOYHOIO IIOTOKAa - A3TO aMIUIMTYAa BBIXOJAIIETO W3 HOCHUTEIA
BHENIHETO MAarHUTHOTO MOTOKA.

B MarHuTHOM 3amucH BBIACHSAIOT JABE Pa3HOBUIAHOCTH BHELIHETO OCTATOYHOIO
IIOTOKA: TOTOK XOJIOCTOIO XOJIa M MOTOK KOPOTKOTO 3amblkaHus. [10oTOK XomocToro
X0Jla - ATO BHEIIHUWA TOTOK, KOTOPBIA MPOXOIUT uepe3 padouyro MOBEPXHOCTH
HOCUTENSI, KOrJa HOCHUTEIb HaXOJUTCS B MPOCTPAHCTBE, CBOOOJHOM  OT
HAMAarHWYEHHBIX TEJ, TO €CTh KOT/a OH HUKAaK HE B3aUMOJICHCTBYET C MarHUTHBIMU
rOJIOBKAMH WJIM  JIPyTUMU  TeJaMH, CIOCOOHBIMH HaMarHMYMBaThCS, UTO
uimoctpupyeT PucyHok 5.1. [IoTOK KOPOTKOTO 3aMbIKaHUSA - 3TO BHEIIHUW IOTOK,
KOTOPBIN MPOXOAHUT uepe3 padouyio MOBEPXHOCTh HOCHUTENS, KOTJa TMOCTEIHHMA

HaXOAHUTCA B KOHTAKTC C rOJIOBKOM BOCIIPOHU3BCICHUA.

- -— -t b -
\/ p
—— - X X 3 1
+ o
A R e, e il e SR g
— A -

2

Pucynok 5.1 - Hamaran4ueHHble y4aCTKH HOCUTEIS

IIPY IPOJOJIBHOM 3aITHCH.
1 - paGounii cioii, 2 - MOJIOKKA.
MarHuTHbI TOTOK, SBJISIICH WHTETPAIBHOM XapaKTEPUCTUKOM MAarHUTHOIO
I10JIs1, 3aBUCUT OT LIUPUHBI TOPOKKHU 3anuCHh. /{151 CpaBHEHUS OTAAYM IPU PATUIHOU
IIMPUHE JOPOKEK BBOAAT IOHATHE HMICAJIBHOIO BHEIIHETO IIOTOKA, T. €. IIOTOKA Ha

SIVHMITY IUPUHBI TIOPOKKU C pa3MEepHOCTHIO BeOep Ha meTp (B6/M). Kpome Toro, B
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Ka4dyCCTBC KpI/ITepI/Iﬂ oTaauunu HpI/IMeHHIOT BeJII/I‘{I/IHy OCTAaTOYHOI'O ITIOTOKA Ha eI(I/IHI/ILIy
HOBerHOCTH HOCUTECIIA NJIN HOBerHOCTHyIO I/IHI[YKI_[I/HO HOCUTCIIA
B dee 1 do
Y7 dS b dx’

rie B, - nonepeunas (nmepneHAMKYJSpHAs) COCTaBIAOIIAs MHAYKIMH Ha

MIOBEPXHOCTH HOCHTENS, KOTOPYIO JUI KPATKOCTH HAa3bIBAIOT TOBEPXHOCTHOM
VHAYKIUEH;

dS = b - dx - IIomank 3JIEMEHTAPHOTO y4acTKa paboyvei MOBEpXHOCTH HOCUTEIIS,

b - muprHa JOPOKKH 3aITHCH.

Ecm

L 2m
=0, - sme,

TO
1 d&é 1 Z2Zm 21T 21
BP:EIEZE_T'@"M : CGSTI = BMCDSTX,
rae By, = d D,,, - AMIUIUTY1a IOBEPXHOCTHOW MHIYKIIVH.

bi

B3anMoCBsI3p MEXKIy MarHMTHBIM IIOTOKOM M HOBEPXHOCTHOW HMHAYKLMEH
o0ycnaBauBaeT (ha3oBbIi CIBUT MEXKIY HUMH Ha 90°.

Ecnm Ha Hocurtene 3anmucaH CUHYCOMJAIBHBIM CUTHAJI, TO IIOBEPXHOCTHAA
WHIYKIUS W BHEIIHWM MAarHUTHBIM ITOTOK PACHPENEIICHbl CUHYCOWIAIBHO BJIOJb
HOCHUTEJIA. XapakTEPUCTUKU PAaCHpPEACIICHUs] TUX BEIMYMH B IPOCTPAHCTBE HAJ
paboueil MOBEPXHOCTbIO HOCUTENSI MOTYT OBbITh HaWJeHbl HE3aBUCHMO OT TOTO, Kak
HallpaBJICHA HAMarHWYE€HHOCTb B HOCHUTEJIE M KaK OHa paclpelesieHa IO €ro
TOJIILIUHE.

/N MarHuTHOrO mMOJIA B OKPYXKAIOIIEM HOCHUTENb BHEIIHEM HPOCTPAHCTBE
CHpaBeIBbI ypaBHEHUSI MakcBesula B MAarHUTOCTATUYECKOM MPUOINKEHUH

divB =0, (5.1)
rotB = 0.

B namewm cnyuae
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Torna u3 ypaBaenuit MakcBeinia (5.1) nmeeM:

oB 5.2
@4__}':01 ( )
oxXx oy
B, 8B, _
oy OX

Pernrenue cuctembl ypaBHeHUH (5.2) UIETCS METOAOM pa3/IeIICHUS TEPEMEHHBIX

B BUJIE
21
B,(x,y) =b(y)- cosTx,

21
B,(x,y) = b(y) - sinTx.

Beruucisirorcs

0B, 2m ), 27

ax 2 (v) cosix,

dB, B db 27

3y = dy COoS n X,

E?BJ,_ 21 ) o 2m

Py () - sin 7 X,

0B, B db 2w

3y _dy sin 2 X.

Iloncrasisas B ypaBHeHHss MakcBesuia, oJay4aeTcs:
2—ﬁb(y)-cos2—7[x+@-c032—7[x:0, (5.3)
) A7 dy 2
—%b(y)-sin%x—g—;sin%x:o. (5.4)
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CoorHomennss (5.3) wu (5.4) mpuBOOIT K OXHOMY U TOMY K€

muddepeHnmanTbHOMy ypaBHeHUO 11 D(Y):

2 db (5.5)
Thy)+ =2 =0,
) (y)+ dy
VYpasuenwue (5.5) MokeT ObITH 3aIIHCaHO B BHJIE:
db 21
_——— E] F
dy A ),
TaK 4TO
db 2x (5.6)

Wuterpupys Beipakenue (5.6), momydaem:

nb— 2%y 41
nb=-—-y+lnc,

_am
b=c-e i1-.

[TocTossHHAST ¢ UMEET CMBICH AMININTYAbI HOBerHOCTHOI\/JI HHAYKIHNH (T. €. IOJIA

Bym HETIOCPEACTBEHHO HA MIOBEPXHOCTH HOCHUTEIA)

c=208,,.

Toraa OKOHYATENBHO MOTYYACTCS:

2 2 (5.7)

— Y . T
— A
B, =B,,-€ -SIn—X,

X

7271'

B, =B,, € e -cos%x, (5.8)

Beipaxenus (5.7), (5.8) yka3pIBalOT Ha SKCIOHCHIIMAIBHBIA CIaJl MAarHUTHON
WHIYKIIUM W COOTBETCTBEHHO BHEIIHEr0 MAarHUTHOTO MOTOKa C yJaJCHHEM OT
paboueii moBepxHocTu. OHU MOJTyUEHBI 0€3 KaKUX-JI10O0 OMYIICHUN O HalpaBieHUU
W paclpeleieHu HaMarHMYEeHHOCTH 10 €ro TOoJIuHe. TakuMm o0pa3oM, eciu
pacripelielieHie HaMarHMYE€HHOCTH TIO JUIMHE HOCHTENsSl CHHYCOMAAIBHO, TO
WHIYKIUS B CBOOOJHOM TIPOCTPAHCTBE HAJ HOCUTENIEM OyIeT Bceria

OKCIIOHCHIIUAJIbHO YGBIBaTB C YAQJICHUCM OT €T0 ITOBEPXHOCTH.
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6.3aBUcCHMOCTD oTaa4uu HOBerHOCTHOﬁ HHAYKIHUHA OT HAMATrHHYC¢HHOCTH U
TOJIIHNHBI HOCHUTCJIA

PaccmaTtpuBaercs ujeanu3npoBaHHAsh MarHUTHasi cUrHajorpamma. Cuuraertcs,
YTO MPU 3aNUCAHHOM CHHYCOUJIAJIbHOM CHUTHalleé HAMAarHWUYE€HHOCTh OJHOPOJIHO
pacrmpejiefieHa IO TOJNIIMHE HOCUTENS, a caM HOCHUTENb NPEICTaBIsAeT CcoOOi
JIMHEMHYIO MAarHUTHYIO CPEJTy C MOCTOSIHHOW BEJIMYMHOM MAarHUTHOM ITPOHULIAEMOCTH .

Jlnst Toro, 4ToObl HAUTH OTHAYy KakK (YHKIHMIO HAMarHUYEeHHOCTH HOCUTEIS,
paccMaTpuBaeTcs OYeHb TOHKHUH CJIOM CUHYCOUATbHO HAMarHUYeHHOTO HOCUTEINS U
MPUHUMAETCS, YTO €r0 MarHUTHAsl MPOHUIIAEMOCTh paBHa 1 U YTO HAMArHUYEHHOCTD
B HEM HallpaBJIeHa MPOAOJBHO M paclpeie]ieHa OJHOPOAHO MO TOJUIMHE. B oueHb
TOHKOM HOCHUTEJIE JUIMHA BOJHBI 3alIUCH MHOTO Oouibliie ero toiuuuel D. Tloatomy
b dexTomM caMopazMarHUYMBaHUsI B CUTHAJIOTPAMME MOXHO TIPeHeOpeyb U CUUTATh,

4TO BHYTPCHHAA MHAYKIIWA B HCM paBHaA
B TCp = JU'DMmJ
rac BT cp aAMILIUTyAa HHAYKIWHW, YCPCAHCHHAA 110 TOJIIIWMHC U

. 2T 2@
B,=B.,y" smT- X = uyM,, smT- X.

BHemHnii MarHuTHBIN MOTOK XOJOCTOTO XOAa ISl pacCMaTpUBaEMOW MOJAEIHN

COCTABJISIET MOJOBUHY BHYTPEHHETO

1 1 L 2m
D = EEJD "By oy = Ef}D - oM, - smT- X,
bD-poMm o
Tak yto @, = —, ¥ AMILTUTY/Ia IOBEPXHOCTHOH MHlyKIHH
Bymzz_”.q)mzz_”.m—olvlm:@.ﬂoMm_ (6.1)
bA bA 2 A

N3 nonydyeHHBIX COOTHOLICHUHM CJIEAYET, YTO Y OUYE€Hb TOHKOTO HOCHUTEIS MPH
MOCTOSIHHOM aMIUTUTY€ HAMATHUYEHHOCTH BHEITHUM MOTOK (MIOTOK XOJIOCTOrO XO/a)
HE 3aBHCUT OT JJIMHBI BOJIHBI 3alMCH, a AMIUIATYJa IOBEPXHOCTHON WHIYKIUU

0oOpaTHO MPOMOPITMOHAIIbHA JTHHE BOJIHBI.
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7. Bausinue TOJIIUHBbI MATHUTHOI'O HOCUTEJIA HA BCJIMIUHY HOBerHOCTHOﬁ
HHAYKIHUHA

PaccMoTpuM  CHHYCOMZAnbHO HAMArHUYEHHBIA HOCHUTENL IMPOU3BOJIBHOMN

tomuuHbl D, npencrasnennsiii Ha Pucynke 7.1.

A X
R I — M
N TS 2 ..M.

D dy — M ’
s o e S A 8
N — M
Sl
v M

Pucynok 7.1 - CunyconanbHO HaMarHUYeHHbIH HOCUTEIIb.

[TpmMeM, YTO HAMAarHUYCHHOCTh B HOCHTEJIC pacHpe/eiieHa OJHOPOJHO IIO
TOJIIIMHE ¥ MAarHWTHAs MMPOHUIIAEMOCTh IMOCTOSTHHA M paBHa 1. Pa3o0beM HOCHTEIH
10 TOJIIIMHE Ha JJIeMEeHTapHble ciion ToimmHoi dy. K KakaoMy Takomy cIoro
npuMeHuM cootHoienue (6.1) , 3amenuB D Ha dy, HO TOJNBKO ClEIyeT y4ecTb
U3MCHEHUE aMILTUTY/bI TTOBEPXHOCTHOW WHAYKIUH B MPOCTPAHCTBE HAJ KaXKIBIM

9JICMCHTAPHBIM CJIOCM!

Torma mo npuHUMIY CYNEPHO3WLHM, KOTOPBIA MOYKHO IPUMEHSTH B CHILY

JIMHEHHOCTHU CHUCTCMBI, ITOJIYyUaCM:

V4 ° V4 l—ei%ﬂD (7.1)
— . . A = —
By _J.dBy(y)_ﬂ IUOMm _([e dy_/l /uOMm ZlD *
A
_zmD
1-e 4 o
ComHOXHUTENL —Zmp— B BblpaxkeHuu (7.1) mnpexacraBnseTr coboit Tak
x

Ha3bIBACMYIO (bYHKIII/IIO CIIOMHBIX IMOTEPb, KOTOpPAA IMOKA3bIBACT, YTO C YMCHBIIICHUEM
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JJIMHBI BOJIHBI 3aIIMCHU WJIM € YBCIIMYCHUCM TOJHIMHBI HOCHUTCIIA D Bcé Oonbinas

qaCTb IIOTOKa, CO31aBacMOI 0 FJIY6I/IHHBIMI/I CJIOAMHU HOCHTCJIA, 3aMBIKACTCA BHYTPHU

HEro U HE y4acTBYET B 00pa30BaHUM PE3YIbTUPYIOLIECH MOBEPXHOCTHON UHIYKIIUH.

Pesynbrarel pacuera mo ¢opmyse (7.1) npencraBinensl B Tabmune 7.1 u Ha

Pucynke 7.2.
Tab6muma 7.1 - 3Ha4eHust TOBEPXHOCTHOM MarHUTHON MHAYKITUU #Hi; .
2D
e 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7
B
u M 1 0,9516 | 0,9064 | 0,8639 | 0,8242 |0,7869 | 0,752 | 0,7192
04'4m
21D
e 0,8 0,9 1 1,2 1,4 1,6 1,8 2
B
#n:fm 0,6883 | 0,6594 | 0,6321 | 0,5823 | 0,5382 | 0,4988 | 0,4637 | 0,4323
1,0
0,9 4
0,8
s
= 0,7
E>~.
0,6
0,5
0,4
0,0 015 1:0 1:5 2:0
2nD/\

Pucynok 7.2 - 3aBUCUMOCTh TOBEPXHOCTHON MarHUTHOW MHIYKIIUU OT

TOJIIIMHBI HOCUTCIIA.
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2mh
N3 ananmuza PucyHka 7.2 cieayeTr, 4TO NPU TOJIIIMHE HOCHUTENS - = 1,5

1.5 4

BenuumHa D = ~ 0,24 A, u BKJIaJ B IOBEPXHOCTHYIO MHAYKIIUIO HIXKHHUX CJIOEB

2m
cocrasisieT Becero 50%. [loaToMmy MarHuTHBIE padoO4Yue CIOU HE JOJKHBI IIPEBBIILIATh

tonuuny D = 0,24 A.
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8. Hocurens B nmpouecce BOCIIPOU3IBEACHUSA

3az:aqa a”Halin3a Iponccca BOCIPOU3IBCACHHA COCTOHUT B HAXOKICHHUU 9I[C
T'OJIOBKH KaK CI)YHKI_II/II/I 3aIlIMCaHHOI'0 CHUT'HaJIa, CBOMCTB HOCHUTEIS U TOJIOBKH.
HepBLIM mraroM AJjri HaXOXKACHHS SI[C ABJEACTCA OMPCACICHUC MATHUTHOTO ITIOTOKA,

CO3/1aBa€MOT0 B F'0JIOBKE HAMarHU4€HHBIM HOCUTEJIEM.
[pu aHamu3e MPUMEHSIOTCS CIeIyoNue nomyineHus|[6]:

1. Cucrtema BoCcIpoM3BEACHUS JIMHEIHA;

2. MarHuTHasi TpPOHUIIAEMOCTh MaTepuaja CepAeHYHHUKA TOJIOBKM OECKOHEYHO
BEJIVKA,;

3. IIpoTs>KEHHOCTHh 30HBI KOHTaKTa TFOJIOBKM C HOCUTENIEM MMEET OECKOHEUHYIO
JUIMHY B HampaBJICHUM JABUKEHUS HOCUTENS (IOMYIIEHHE OINpaBJaHO TOTAa,
KOTJa JUIMHA BOJHBI 3aIIMCH MHOTO MEHBIIE JUIMHBI 30HbI KOHTAKTa HOCUTENS C
rOJOBKOW, YTO coOmogaercs B OOJIBIIMHCTBE CHUCTEM BOCIPOU3BEICHMUS
MarHUTHOMU 3aIUCH. )

4. MarauTHOE COCTOSIHUE HOCHUTEIIS HU 3aBUCHUT OT MU PHUHBI JOPOKKHU 3alIUCH.

OUKCUPOBAHHYIO TOUKY HOCUTENS OyZeM paccMaTpuBaTh B CUCTEME KOOPIMHAT X,Y
CBSI3AHHYIO C HOCHUTEJIEM, a (PUKCUPOBAHHYIO TOUYKY TOJIOBKH B CUCTEME KOOPAMHAT

X, V., CBA3aHHBIE C TOJIOBKOM, TaK YTO
x =x.+Vt WIH x, =x+Vt
y=¥»-+a Ye=y+a

Boigenum snemeHt Hocutenss oobemMoMm dV = dx *dy * b, 3TOT 3I€MEHT
SBJIIETCSI UCTOYHUKOM MarHUTHOTO NMOTOKa d¢; 4acTh KOTOPOro d¢h. 3aMblKaeTCs

qcpe3 CCPACYHHUK I'OJIOBKH U IIPCACTABIIACT HCKOMBIM MarHUTHBIN ITOTOK.

ITo 3akony Oma Ji711 MarHUTHOM LIeNH
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rae @,— MarauroaBwkymas cwia (MJIC), co3maBaemasl 3JIEMEHTOM HOCHTEINS,

NpHU4eMm @, = Mﬂx * dx, €CJIM HOCHUTECJIb HAMAarHu4cH IpoA0JIbHO,

1
Gm = R_ — MAarduTHasg MMPpOBOJAUMOCTb CUCTCMbI «KHOCHUTCIIb-T'OJIOBKaA».
m

Pacyer Benmuumubl (7,, B 00IIEM cCiydae MpPEICTaBISICT CIOXKHYIO 3aiady.
[Toatomy mist HaxoxkaeHust (r,, MOJB3YIOTCA TeM OOCTOSTEILCTBOM, YTO B CHILY

JMHEMHOCTA CHUCTEMbl K HEW MNPUMEHHUM IMPUHIMII B3aUMHOCTH. B cuiy 3TOro
NpUHIKNA 0e3pa3Iu4yHO, B KaKOM HANpaBJICHUU OMPEACNISIETCS MPOBOJUMOCTH: OT

QJICMCHTA HOCHUTCJIA K I'OJIOBKC HJIH, HaO60pOT — OT I'OJIOBKH K 3JICMCHTY HOCHTCIIA.

Ha ocnoBanum IMpUuHOUIIa B3aUMHOCTH MOKHO CKa3adaTb, 4YTO CCJIH MHC OJICMCHTA

HOCHTEJIS @, BBI3BIBAET B CEPACYHHMKE I'OJIOBKM MArHUTHBIN MTOTOK d@., TO Takas XKe
no BenuunHe MJIC ¢, ecniu Obl OHa AeiicTBOBaNa B CEPACYHHUKE FOJIOBKH, BhI3bIBANIA

ObI Uepe3 AJIEMEHT HOCUTEIS MTOTOK, paBHBIN d ...

MIC ¢., npeiictByromas B TOJOBKE, co3iajia Obl B 3a30pe OJHOPOJIHOE
MarauTHoe mone H.,, = ;i; (rx. H, = —%) ¥ BO BHEIIHEH 001acTH 3a30pa IMoJje
paccesiHus ¢ MPOJOIBHON COCTABIISAIOLIEH
Hx = Haaa * hx{:xr!.yrj;

D70 moJie co3aacT yepe3 60KOBOE CEUEeHHUE dIIEMEHTa HOCUTEIIS MAarHUTHOM MOTOK

Pr
d¢x = #DHx * b * d.}r = #DHaa.a * hx(xwyr) * b * d_}f = P’Dﬁhx(xwyrj * b * d_}f

P’D * hx{:xwyr'] * b * d.}’ -
2g

r

CraenoBaTteibHO,
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da _ Ho shy (ep yp Job=dy

Gm - Pr 2g
Torna
dp. =G, * @, = #n*hx{x;;fr]sb*dy M, *dx
158101
Hd(ﬁ’r _ o *Mppshy el bedx=dy |
2g

rae

X, =Xx+ Vt

Yy.=y+a

Y TIOJTHBIM MAarHUTHBIN TIOTOK Y€pPE3 TOJIOBKY

D 0 8.1
q)r:/;—(;)IdyIMOX(X+Vt)-hX(X+Vt,Y+a)dX- .
0 —00

W3 Beipakennii (2.1) u (8.1) Moryt ObITh HakaeHbl 3HaueHUss DJC ToN0BKH

IIPpHU pa3JIMIHBIX PACIIPCACICHUAX HAMAIrHUYCHHOCTH.

HYCTB HOCHUTEJIb OECKOHEYHO TOHKHMH W HaMarHMW4EeHHOCTh M3MEHSETCS II0

CUHYCOUIAIIBHOMY 3aKOHY

2y 8.2
My, =M, -e * -sin%x, ( )

X m

rac Mm — aMIINIMTYJHOC 3HAYCHUC HAMAIrHUYCHHOCTH.

W3 CcBA3K aMIUIMTY/bl TIOBEPXHOCTHOM MHAYKUMU B, ¢ aMninTyg0ii MarautHoro

MOTOKA .
B 2T M bD
ym bA (bm ¢'m = KoMy 2
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CIIETyeT:

B, (8.3)

D
By :Tqum,TaK qTo M, =

HaHpH)KeHHOCTB MargimTHOrO I110J11 TOJIOBKH, BOBHCﬁCTBYIOMCFO Ha DJJICMCHT

HOCHUTCJISL, UMECT BU/.

g g (8.4)

=+ X, ==X,
h (X, Y) :1 arctg 2—+arctgz— )
T Yr Yr

W3 Beipakenuii (2.1), (8.1) - (8.4) monydaem DJIC Ha 0JUH BUTOK OOMOTKH

- ]

€ =2bVB,,, *e 1 *—f—* ms?H (Vt).
A

C Y4CTOM HOCHTCILA KOHCUYHOU TOJIIIINHBI D YUYUTBIBACTCA BKJIAO B QI[C Pa3INYHbIX

CJIOCB II0 TOJIMKWHE HOCUTCIIA, U OKOHYATC/IbHO BBIPAKCHUC HJIA 3I[C HUMCCT BU:

- 1—6_% Sinz;ig 2 (85)
= e 4. . : il
£=2bVB -e 5D 219 cos( 2 Vt+gooj.
A A

Kaxk Buano, ammumryaa 9/1C BOCIpOU3BEAEHNS COAEPKUT TP COMHOKHUTEIS,

SBHO 3aBUCAIINEC OT NJIMHBI BOJIHBI 3aIIMCH.

K, =€ 1,
2D
_ 1-e i
Kp = =m0
A
Sm_zrrg
K. = A
q L]
A
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Kaxxapiit U3 3TUX COMHOXKHTENEH B mpezesnie mpu OOJIbIINX A CTPEMUTCS K €IUHULIE, U
yMeHbIlIaeTcsi ¢ yMmeHbiieHneMm A. [loatomy cooTBeTcTBYyROmME KO3(h(PUIIMEHTHI
IIPUHATO HA3BIBATh MTOTEPSMU IIPU BOCIIPOU3BEACHUM. Kaxablil U3 HUX ONpenesseTcs

KaKHUM-TTHOO0 OJTHUM KOHCTPYKTHBHBIM (DaKTOPOM.

Zna
COMHOXHUTEINb K, = € & XapaKTepU3yeT KOHMAKMHble NOMepu.

[TossBIeHHME KOHTAKTHBIX IMOoTephL CBA3AHO C TCM, 4YTO HOCHUTCIIb HC IIPHKAT
ITIOJIHOCTBIO K I'OJIOBKC M TOJIBKO YaCTh OCTATOYHOI'O MAarHUTHOI'O ITIOTOKA 3aMBIKACTCA

gyepes CepACUHUK TOJIOBKH.

B paAaC CUCTCM HOCHUTCIIb CTPCMATCA «IIOJKATh» K I'OJIOBKC, H PACCTOAHUC (I B 3TOM

ciIy4dac O6y0J’IOBJ’IeHO HCCOBCPIICHCTBOM Kad€CTBa IMOBCPXHOCTHU HOCUTCIA H

T'OJIOBKH.

Tak kak B pCalIbHbIX CHCTEMAX BCJIMYMHA HCKOHTAKTAa & IIPW BOCIPOU3BCACHHUH

BCerja KOJIEOJETCST B HEKOTOPBIX TMpejenax, TO OTO MPUBOJUT K TMOSBICHUIO
Mapa3uTHON aMIUTUTYAHON MOMIYJSAIIMU BBIXOJHOTO CHUTHAja, OCOOCHHO B BEpXHEU

00J1aCTH 3aIMChIBAEMBIX YaCTOT.

Comnooxrcumens kp, onpeoensem cnotinvle TOTEPU MPU BOCIPOU3BEACHHH.

OnHu cBsi3aHBI ¢ KOHCUHOMU TOHHIHHOﬁ HOCHUTCJIIA U TCM O6CTO$IT€J'II>CTBOM, 9qTO 4YCM
TOJIIIEC HOCHUTCIIb, TEM 0OoJbIIas YaCTh MAarHUTHOT'O MMOTOKA 3aMBIKACTCS 4yepe3 HCTO,

HC JOoCTHUI'as I'OJIOBKH.

Comuoxurens kg sBiasercs  (QYHKIMEH IIMPUHBI 3a30pa W HA3bIBACTCS

KO3GhuyueHmom ujenegovix nomepb.

1 1
Korma A = ZQ,E * 29’5 24 ¥ T.I. B TOJOBKE BOCIIPOU3BEIECHHUS OTCYTCTBYET CHUTHA,

TaK KaK K ITIOJIFOCaM I'OJIOBKH ITPHUKIAAbIBAIOTCA OAHOMMCHHBIC ITOJIFOCA HOCHUTCIIA.
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9. Briusinue HekoHTakTa Ha DJIC roiIoBKH BOCIPON3BeIeHUsI

Jns uccnenoBaHUs BIMSAHUS HEKOHTAKTa MEXKIY TOJOBKOW BOCIPOU3BEICHUS U
HOocHUTeJeM HH(OpMalMu TpoBeAeHBI pacueThl Ha ocHoBe Qopmynsl  (15),

YUYUTBHIBAIOLIEH TOJIBKO KOHTAKTHBIEC IOTEPHU:
_2m 9.1
£=2bVB, -e * cos(z—”th. (1)
A
UccnepoBanuch amrnTyaubie 3Hadenue J/]C B HOpMupoBaHHOM Buje (IpU
t = 0 B popmyie (9.1)):

¢ 2 (9.2)

max _ A

2bVB,,

Pacuer 5/IC BOCIpPOM3BOIUMOrO CUTHAjiIa MPOBEAEH ISl YCTPOMCTB TOYHOM

3aIUCU ¢ XapaKTEPHOU Ui HHUX CKOPOCTBbIO aBrkeHus Hocutens V = 300™/-. u B

I0JIOCE YacTOT, BKJIFOYAOIIEH 3BYKOBBIC M BUACOCUTHAIEI, OT 15k 10 4,5 MI'm. [5]

JInuHa BOJHBI 3aMKCH A, COOTBETCTBYIOIIAS 3TUM MapaMeTpam, cocTasisieT oT 0,2 MM

1o 0,7 mxm, ipu A = 0,7 MKM 4mCII0 Iepexo0B Ha MuuutuMeTp gocturaet 2800.

Ha Pucynke 9.1 mnpexncrtaBinensl 3aBucumoctu OJIC Bocmpous3BeleHHS £ B
HOPMHUPOBAaHHOM BHUJE OT BEJIMYUHBI HEKOHTAKTa @ JJIA JABYX I'PAHUYHBIX 3HAYCHUI

JJIWHBI BOJIHBI 3aIIMCH A

— A1, COOTBETCTBYIOIIEH yacToTe curHaita v = 15 kl'1;

— A, COOTBETCTBYIOIIIEH yacToTe curHaa v =4,5 MI'.
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A E2bVBym

00 002 004 OQ06 00 010 012 014 o016 O0I1FB o020 022 024 026 02 030

P
Pucynox 9.1 - 3aBucumocte DJIC Bocmpom3BeneHHS £ OT HEKOHTAKTa MeEXKIy TOJIOBKOU

BOCHpOI/I3BCI[eHI/I${ N HOCUTCIICM I/IH(I)OpMaLII/II/I HpI/I pa3JII/I‘{HBIX 3HAUYCHUAX BOJIHEI 3aIllUCU 7\2
1-2=2%10"m; 2 -4 = 6,710 "m.

AHajmM3 3aBHCUMOCTEH IIOKa3bIBae€T, YTO B HH3KOYACTOTHOM 00JIacTH

3anuchiBaHusl  curHajgoB (A = 0,2MM) BIMSHME HEKOHTAKTa MPOSBIAETCA
3HAUUTEIBHO cllabee, 4YeM B BBICOKOYACTOTHOUW oOmactu (A, = 0,7Mkm). Tak, npu
HanMeHbIieM HekoHTakTe a = 0,05MKM DJIC Bocpou3BeCHUS YMEHBIIACTCS TIPU
A, Ha 1,6 %, a npu A, Ha 37%. [Ipn HanGonbmem HekoHntakTe & = 0,15 mxm DJ1C

BOCIIPOU3BEAEHUS YMEHbIIAeTCs pu A, Ha 4,7%, a ipu A, Ha 75%.
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CHGI[OB&TGJIBHO, IIpru 3a1MCHU 3BYKOBBIX CHUI'HAJIOB BCJIWYMHA HCKOHTAKTA
MOXET UMCTb 3HAUYCHUA 0,05 MKM, a IIpH 3aIlIMCU BBICOKOYACTOTHBIX BHACOCUTHAJIOB

JKeJaTelIbHO, YTOOBI HEKOHTAKT ObLT1 MeHee 0,05 MKM.
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