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NPEOUCIIOBUE

MeTo/pt pacyeTa ONMCaHk Ha ITpUMepax MarHUuTHeIX cucteM (MC)
SNEKTPUISCKMX allIapaToOB, XOTS 3TH METOJbI BIIOJHE MPUMEHHUMBI K
MC nobbix 0061aCTE UX UCITOAB30RAHUS.

B wactu I paccMOTpeHBI «lIenHble» MeToabl pacuyeta MC, Tpamuiimn-
OHHBIE 11 Y9eOHMKOB I10 JIEKTPUYECKHM arnmapataM. OTH METOIBI He
YTPaTMIN CBOETO 3HAYEHHS M IO Cei JieHb. Bra. 1 u 2 obracamiorcs
ocHOBHI pacyeta MC ITOCTOSTHHOTO M MEPEMEHHOIO TOKA C UCTIONB30-
BaHHEM TeopuH Lereil. MeToapl pacyera IIPOBOAMMOCTEM IIpUBEIEeHEI
B IL. 3.

B yactu 11 onncansl «110€BbIe» METOABI, B OCHOBHOM YHCIICHHBIE.
XoTsT MHOTHE M3 HUX OBbLTU pa3paboTaHbl 60jiee MOMyBeKa Hasan, OO
CHX TIOp 3TH METOHABI HE PACCMATPUBATHUCEH B YUeOHMKAX TIO BJIEKTPH-
YecKUM ammapaTtaMm. B HacTosiee BpeMsi OHM 3aClyXUBAIOT JPYroro
OTHOLIICHHS.

Cpenu YHCICHHBIX BBUIEJISETCS METOH KOHEYHBIX 3JIEMEHTOB, IO-
JIYYMBLIRI B IIOC/IEAHIE BpeMs ILIMPOKOE PaclpoCcTpaHeHUe TIPH pac-
yeTax HHXXKEHEPHBIX YCTPOUCTB, B OCHOBE KOTOPEIX JeXaT AuddepeH-
LHAThHBIE YpaBHEHMS BTOPOTO MOPSIKA B YACTHRIX IPOM3BOAHEIX. He- -
KOTOpBIE M3 KOHEYHO-3JIEMEHTHEIX IPOrpaMM IOCTHTJIM TaKoro COo-
BEpIISHCTBA, YTO Ha COBPEMEHHEIX IIEPCOHAIBHBIX KOMITBIOTEPAX I10-
3BOJISTIOT UHXEHEPY, OCBOMBILIEMY NTPOTPAaMMY, BBLITOIHUTS pacueT MC
. € YYCTOM HEJIUHEHHOW XapaKTepUCTUKU MaTepHana ¥ TPEXMEPHOCTH
. MOJENU B T€YEHHE HECKOMBKHX yacoB. Ilpn 3TOM He Haxo rmucaTh A0~
'BOJIBHO CJIOXKHBIE UCXOAHBIe nudPepeHIMaNbHbIE YPABHEHHS TEOPHH
¢ TOJIS, WX JAXe MOXHO He 3HATh. PAcyeT IPOBOAUTCS B MHTECPAKTHB-
| HOM pexume.

. VYmop B yucOHOM MOCOOHHU CIENaH HE HA TEOPHHM ITOTO METOJ4, d
- 'Ha mpakTHyeckux pacyetax MC ¢ HoMOLIbIO KOMIIBIOTEPHOI IIPOTpaM-
“mMbl FEMM.

B nipunoXxeHuy JaHbl CIIPABOYHBINA MaTepral v MpUMEpHl paboumx
IOKyMeHTOB Ha 6a3e FEMM st pacuerta miocKonapauiebHOTro Toas
u MC c oceBoit cummerpueit. OHH NpeAHA3HAYEHBI JHIAM, eHIe He
OCBOMBUIMM KOHEYHO-3JIEMEHTHBIE MTPOTPAMMBI, HO UMEIOIIUM HEKO-
TOpble MUHUMAJIbHEIE HABBIKYM PabOThL HA MEPCOHATLHBIX KOMIIBIOTE-
pax B onepauMoHHoi cucreme Windows 2000 u BelLC.

Ha3saHHsT OKOH, PaMOK, BKJIAIOK, GHaXKOB, KHOMOK AWAJIOrOB 1
TII0JIeH BBOIA, KOMAHA IIABHBIX MEHIO, CTPOK BJIOXEHHBIX MEHIO, KHO-
MOK MaHeJeid WHCTPYMEHTOB, BCIUIBIBAIOLIMX ITOJCKA30K BBIICICHBI
TOJIYKHPHBIM HIPH(TOM.
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MapameTpbl, KOTOPbIE BBOASTCH B NOJISI OKOH Avanora, 0603HaveHbl
nNpsambIM WpUgTOM Arial, KOTopbiM HabpaHo AaHHoe npeanoxexue. 3ToT
*e wpudT UCNonb3yeTCs ANA UMEH rPaHnyHbIX YCNoBUiA 1 30H Moaenei,
cozaaHHbix 8 FEMM (cm. ra. 5 u lNpurnoxenus N4 v N5).

MTrHOBeHHbIE 3HAYCHMS U3MEHSIIOIINXCA BO BpeMEeHH BeIMYUH 000-
3HAYAIOTCH CTPOYHBIMU GYKBAMM WK IIPOTIUCHBIMM C UHIEKCOM ¢ (I1st
TEX BEJIMYUH, 0603HAYATh KOTOPbIE CTPOYHBIMH OYKBaMH HE HPHHS-
TO), aMIUTUTYIHbIe 3HAYEHUS — TIPOIUCHBIMU C MHIEKCOM M, REii-
CTBYIOIIYE — MPOMUCHBIMU 6e3 CIelMabHOIO MHIEKCA.

MpuHaTeie 0603HavYeHUs

K3B — KopOTKO3aMKHYTHIH BUTOK
MIC — MardHuTOABHXYIAS CHJIA
MC — MarnurtHas cucreMa

MII — MarHuTHas Uenb

BC — 21eXTpOIBIXYIIAS CHIA

ABTOp BBIpaxaeT 6;1arofapHOCTh NpenojaBaTesisiM Kadbeapsr «DneK-
TPUYECKHUE ¥ DJICKTPOHHLIE aInapatbl> MOCKOBCKOTO 3HEPreTHYECKOro
WHCTHTYTA.



BBEJEHVE

B LIMpOKOM CMBICTIE CIIOBA MASHUMHAS CUCMEMA — 3TO TO, YTO CO-
3paeT MarHuTHoe moje. ClenoBaTenbHO, IIPOBOAHMUK C TOKOM U/HWIN
IOCTOSHHBIN MarHuT — vactHsie cnydan MC. B yaxoM cMmeicie ciiopa
TIOA MAz2HUMHOU cucmemoli IOHUMAIOT COBOKYITHOCTh IIPOBOJAHUKOB C
TOKOM M/WJIX MTOCTOSIHHBIX MArHATOB U 3JIEMEHTOB M3 MATHUTHBLIX Ma-
TEPUANIOB, MPeXHA3HAYEHHYIO IJISI CO3JaHHUS 3aJaHHOI0 MarHHUTHOIO
MOJs. DNeMEeHTHl U3 MarHUTHBIX MaTeprualoB (00bryHO M3 deppoMar-
HUTHEIX) 00pa3yioT Mazrumonposod, KOTODHIN NMpenHasHayeH s
YMEHBIIEHUS MarHUTHOTO CONIPOTUBICHUS ITOTOKY U HOIBEACHUS ETO
K TOMY IIPOCTPAaHCTBY, B KOTOPOM IOTOK MCIONB3yeTc. [IpOBOIHUK C
tokoM B MC ualne Bcero ynorpeGasiercs B BUIe 0O6MOmKU — OH He-
CKOJBKO pa3 oxBaTbiBaeT MarHuTonpoBox MC. Ilocrenuuii He siBisier-
cst 00g3areARHON YacThi0 MATHUTHOM CHCTEMbI, OMHAKO Haubosblee
pacnpocTpaHeHHE B TEXHUKE MOMYYNIH UMEHHO MarHUTHbIE CUCTEMBI
C MardUTOIPOBOIOM. B HacTosiIeM yUeOHOM IMOCOOUH pacCMaTpHBAa-
IOTCSI, TNaBHBIM O0OpAa30M, MAarHUTHBIE CHUCTEMBI U3 OOMOTKH (0OMO-
TOK) U MAarHUTOHpPOBOAA.

MaruurtonpoBoz MC 60bHIHHCTBA INEKTPHYECKUX AIIAPATOB, KaK
TIPaBWIO, UMEET OJUH WIM HECKOJNBKO HEMAarHUTHHIX TPOMEXYTKOB,
HEOOXOAUMBIX Ui TOTC, YTOGH TeM MM MHBIM 00DPa3oM HCIOJIb30-
BaTh MArHUTHOE IOJIe CUCTeMBbI. Hanuuue 3THX NMpOMEXYTKOB Cylle-
CTBEHHO yCJoXHseT pacdeT MC, Tak XaK MarHUTHBIH MTOTOK NPOXO-
IUT He TONbKO depe3 Hux. OH pachpene/aeTca BO BCceM HEMATHUTHOM
IIPOCTPAHCTBE, OKPYKAKOUWIEM MAaTHUTOTIPOBO/. PacyeT TaXMX YCTPOMCTB
BO3MOXEH TpeMs NYTSIMHU: METOJaM¥ TEOPUHU MoJs (TIOJIeBLIE), METO-
JIaM¥ TeOpuH 1ieneld (LiermHble) ¥ METOJaMU, KOTOPEIE B OOHOM pac-
YeTe MCIIONB3YIOT U Te U Apyrue. B nmocnenHee Bpems Bee Gonee Hnpo-
KOe IIpUMeHEHHE HAXOAAT METOABI Meopuu nos, UM MOCBSIIeHA NPH-
MEpHO IIOJIOBMHA HacToslero yyebHoro riocobus. MHTepec K HuUM
OOBACHSETCS, C OMHOM CTOPOHBI, IOCTATOYHO BHICOKMM YPOBHEM pa3-
BUTHA MU(DPOBOH BRIYMCIUTEIBHOM TEXHUKH, 6€3 IIpUMEHEHHS KOTO-
POl MHOTHE ITONIEBbIE METOABI MIPAKTHYECKH HEBO3MOXHO HCITONB30-
BaTh, a C APYIoif — BO3MOXHOCTHIO IMOJYYEHHS Gojiee TOYHBIX peLie-
Huit. K 1n0jieBEIM MOXHO OTHECTH METOXBI: BTOPHYHBIX MCTOYHNKOR,
KOHEYHEIX pa3HOCTel, MHTErPatbHBIN, KOHEYHEIX 3JIEMEHTOB, 3epKallb-
HBIX M300paxeHU#, ceTOK, KOHOOPMHEIX Npeobpa3oBaHuil u np. [2,
15—17, 20, 22, 24—28, 36, 40—42, 44, 46, 47, 49, 52, 55—57].

Ilenwnvie memods: pacuema MC [3— 14, 29, 30, 32—35, 37—39, 43,
45, 47, 50, 51, 53, 54}, apasgomiuecs TPAAMIMOHHBIMU IS 3JIEKTPO-
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aImapaToCTPOCHUs, PUMEHSIIOTCSI B HACTOsI1ee BpeMs U OyaOyT NpH-
MEHSTHLCSI B 0003pUMOM OYIYIIEM HapsLy C IOAeBLIMU MeTogaMu. B 1ie-
JIOM LETHblE METOABI Aal0T OONbLIME MOrPeIIHOCTH NPU pacdeTe, Tak
KaK TIPU UX MCTIONL30BAHUM KapTHHA TPEXMEPHOTO MarHUTHOTO IIOJI%
3aMEHSIETCS] YIIPOHIEHHOM; TIOTOKM HEMarHUTHOIO TIPOCTPAKCTBRa, OK-
PYXAIOIIEr0 MarHUTOIIPOBOJI, pPa30OWBAIOTCA Ha OTAESIBHBIE TPYIIIILL,
VIIPOWIASTCS HAMpaBneHue JMHUit nHaykumy. Ha riocnexnem atane pac-
yeta MC paccMaTpuBaeTcs B BUIE MArHATHOM Ienu.

Maenumnas yeno (M1l) — HexoTOpOE YHIPOILUEHHOE NPENCTABIEHUE
0 MC u ee MarHUTHOM 10JIe, IIPH KOTOPOM 3JIEKTPOMAarHUTHEIC IIpO-
IIECChl pPacCMATPUBAIOTCS C MCIIOJb30BAHUEM TAKMX ITOHSTUH, KakK
maruutonpuxyiuas cuina (MJIC), pasHOCTh CKaISpHBIX MAarHHUTHBIX
MTOTEHIMATOB (MAarHUTHOE HarlpsLKeHMe), MarHUTHBINM MOTOK, MarHuT-
HOE CONPOTMBJIEHUE, MATHUTHAS 1IpoBoauMocTh. OHu (popManbHO aHa-
JIOTUUHE JICKTPOABMKYIIEH CHIE, SJISKTPUYSCKOMY HATPSTDKEHMIO,
TOKY, COTPOTUBJIEHUIO, TPOBOAMMOCTH BJCKTPUYECCKON LieNU COOT-
BeTCTBeHHO. IToHsITHE «MarHUTHAS Ielb» BBeAeHO A7si pacyeta MC
METOIaMK TEOPHH ilerieil, KOTophle pa3padoTaHbl THABHLIM 00pa3oM
NPUMEHUTENBHO K 3JIeKTPUYECKUM LICTISIM.

DRCKTPUYECKHUI TOK TEUET B CpelE, MPOBOAUMOCTbL KOTOPO#H Cyllle-
CTBEHHO BBbIIIIE MPOBOAMMOCTH OKPYXAIOIIEH MPOBOTHHAK M30JISLMH.
ITogo6HO 9TOMY IPOBOAMMOCTD CPEIIbI, TI0 KOTOPOU ITPOXOAUT OCHOB-
HO# MarHUTHBIH MTOTOK (MArHHUTOIMPOBO/AA), BhIIIE IPOBOAMMOCTH HE-
MATHHTHO Cpelibl, OKPYKAIOIIeH MarHUTOMPOBOA. AHAJIOTHS 3Ta Gop-
MajibHa TIOTOMY, 9TO MAarHUTHOE MO0JI€ U MOJIE DJIEKTPUICCKOTO TOKA —
(pM3MYEeCKY pa3sHble BUIBI MaTepui. MeXXIy MarHUTHOH HETIbIo U DIeK-
TPHUYECKOH CYIIECTBYIOT M IpYIUe OTIMYUS: YAeNbHAs 3AEKTPONpO-
BOJIHOCTD IIPOBOJHHUKOB MpuMepHO B 1010 — 10%° pa3 Bhiille, yeM y U30-
JISTOPOB, TOLJA KaK MarHuTHasg TPOHMIIAEMOCTH (PeppPOMArHUTHEIX
MaTepuaoB 0OLIYHO He Gosee ueM B 10°—10° pa3 Gombiue, yem y
HEMAarHUTHLIX MaTtepuanos; MIL GONBIIMHCTBA SMEKTPUYSCKUX allla-
paToB, KaK yXe ObUIO CKa3aHo, pa30MKHYThl HEMarHUTHBIMU 3a30pa-
MM, KOTOPBIE HE NPepBIBAIOT MATHUTHOTO MOTCKA, & TOJILKO YBEJTHYH -
BAaIOT MAFHUTHOE COIIPOTUBJIEHHUE HA €ro MyTU. DNCKTPUYECKHE LEeH
ITIOCTOSIHHOTO TOKA JIOJDKHE! OBITh 3aMKHYTHI. U30JISLIMOHHLIH MpOMe-
JKYTOK B TAKOM HEIH MPaKTUYECKU O3HAYAET ITOJTHOE OTCYTCTBUE TOKA.
Itu oTauums genaroT pacueTbl MII cyniecTBeHHO 60s€e CIOXHBIMU,
YeM pacyeThbl SJEeKTPHIECKHX Leneil MOCTOSSHHOTO TOKA.

Tlon pacuemom macnumnoil yenu iMeeTcst B BUAY OIHA M3 IBYX 3a-
Jlay aHaJIM3a: B OJHON CUMTAETCs U3BECTHBIM MATHUTHBIN MOTOK (VUK
UHAYKLMS), Tpebyetca onpenenuts M C oOMOTKM; B Apyroit 3amaye
uzsecTHa MJIC, TpeGyeTcs onpeneuTh NOTOK (MK uHayKuuo). Tpa-
JUIMOHHO B YUeOHHUKAX 110 3JIeKTPHUECKUM arinaparaM, Kak ¥ B [44],
TepBas 3ajaya Ha3wIBAETCS npAMoll, BTopas — ofpamHoiu. Tlocnenyss
OOBIYHO CJIOXHEE U TIPK y4YeTe HETUHEHHON KpUBOM HAMarHHYMBaHus
MaTepyaia MarHUTONPOBOAA, KaK IMPABIIIO, TpeOyeT HECKOILKUX TIpH-
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6mkeruii. Ilpu pemeHUM Kax ITPSIMOM, TaK M 00paTHOM 3agavm n3Be-
CTHBI Takke Bce pasMepsl MC M MaTtepras MarHUTOIIPOBO/IA.

B yueOHOM ITOCOOHMM paccMaTpuBaloTcs MeToasl pacyera MIN mo-
CTOSHHOTO TOKa TOJIBKO ITpH Oe3rUCTepe3uCHOM HAMarHn4MBaHUH, TIPU
KOTOPOM pacyeT CONMPOTHMBJICHMS MATHUTOIPOBOAA IIPOBOAUTCA IO
OCHOBHOM KPHBOM HaMarHWYMBAaHMS MaTepyaga MarHUTOIIPOBO/A.

Ilpoexmuubiii pacuem (curmes) MC BO3IMOXEH MyTeM aHaIv3a He-
CKOJIBKMX TIPSIBAPHUTEIBHO BEIOPAHHBIX BAPHAHTOB KOHCTPYKIIHH, T. €.
MyTeM MOCACA0BATEIbHOIO0 NPUOIMXKEHNST K OKOHYATEABHBIM pa3Me-
paM, 1mostoMmy npuobperaeT 0co00e 3HAUEHHE BO3MOXHOCTh MCITONb-
30BaTh TaKMe MeTOIbl pacueta ML, KOTOpBIE MO3BOMAIOT peliaTh 3a-
Jayy B HECKOJbKO 3TaIloB: CHayaja IMPpUOAMXKEHHO, a MPHM OKOHYA-
TEJIbHOM pacyeTe — ¢ HauMEHBIIUM KONHYECTBOM JTOTTYIICHUM.

Henexnue meTonoB pacyera MC Ha moseBble M LETHBIE SIBASETCS

VCIIOBHEIM, TaK Kak npu pacuete MC ¢ 3a30paMHi HEMTHBIMH METOIAMH
BCE PABHO MPEABAPUTEILHO PEINAOT MOAEBYIO 3aAa4y — ONMPEACHIIOT
MarHUTHBIE ITPOBOAUMOCTA HEMArHUTHOIO ITPOCTPAHCTBA, OKPYKAI0-
niero Margurorniposog MC. Tounocts pacuera sceil MC B 3HaUUTENb-
HOM CT€TIeHU 3aBUCUT OT TOYHOCTH pacyeTa 3THX MPOBOIUMOCTEH,
: Ilox pacuemom mazrnumuoeo noas CUCTEMBI TIONPA3yMEBAETC OIpe-
. IeNeHUE ero XapakKTepUCTHK (3HAYCHMI MArHHTHOM MHAYKUIMH M Ha-
' TIPSDKEHHOCTU MarHUTHOTO TIOISI B pa3MMYHBIX TOYKAX MPOCTPAHCTBA, a
¢ TaKKE MHTETPATbHBIX XapaKTEPUCTUK — IJIEKTPOMATHUTHON CHJTbI, MH-
. IYKTUBHOCTU OOMOTKM) NPM 3aNaHHBIX pa3Mepax, MaTepuagax U Uc-
i TOUHHMKaX MOJs1 (B HACTOSILIEM YYEOHOM ITOCOOMHU OOBIMHO MMEETCS B
- puay 3agaHHasgs MIIC obMotku). Taxum obpasoM, 3ajada, KOTopas B
¢ yuebHOI IMTepaType MO JMESKTPUUCCKUM amiiapaTaM Tipy pacyerax MIL{
’ Ha3bIBaeTCsl OOpPATHOM, IIPH pacueTe IOJsl CYuTaeTCs npamoi. Obpamuas
| 3adaua pacuema Ma2HUMHOZO0 NoJjs — ONpEISTeHHEe UCTOYHUKOB IOJIST
. TIO ero 3aJaHHBIM MapaMeTpaM — OOBIUHO CJIOXHEe, YeM TIpsiMast.



HACTb |

METOObl PACYETA MAMHUTHbIX CUCTEM
C UCNONb30OBAHMEM TEOPWUU LIENEN

[naea 1

MATHUTHBIE LENW NMOCTOAHHOIO TOKA

B 3T0¥ I1aBe pacCMaTPHBAIOTCS OCHOBBI TEODHM MAarHUTHBIX LeIel
TIOCTOSTHHOTO TOKa (OCHOBHBIE 3akOoHBI ML, mpuseaeHue MarHMTHOM
npoBoguMocTd paccestHust K MIIC oOMOTKH 110 HOTOKY M IIOTOKOC-
LEIUIEHUIO, U3MEHEHHE TTOTOKA BIOJIb CEpACYHMKA, CXEMbl 3aMellle-
HUsl, 3aBUCUMOCTh MHIYKTUBHOCTH OOMOTKH OT IUIMHBI paboyero He-
MAarHUTHOIO 3a30pa, KO3(MUIUEHTH paccestHUsA 110 IOTOKY U IIOTO-
KoclLerieHuo, Metoanl pacueta MII). Knaccudukauns M1 npusene-
Ha B 3aBUCUMOCTH OT COOTHOIUEHUS MarHUTHBIX CONPOTUBJICHUN He-
MArHUTHBIX 3330pOB M MAarHUTOINPOBOJIA.

1.1. TepMuHONOrusa, HanpasneHUs BeNU4YUH, 3aKOHbI,
Knaccucukaums

1.1.1. TepmuHonorus

Cpenu 37eXTpUYeCKHX anmnapaTtos 60NbIIOe paCHPOCTpaHEHUE M0~
JIYUWIIM annapamst ¢ 3AeKmpoMAasHUmMHbIM NPUHLUNOM Oelicmeus, OCHO-
BaHHbIC HAa BO3AECHCTBHHM MAarHUTHOTO IIOJIS HEMOABUXHOM OBMOTKH
Ha MOJBUXHBIM (eppOMarHUTHBIA 2JeMeHT — Axopb. [loAcHUM Ha
IIpUMepEe MarHUTHON CHCTEMBI C TIOBOPAYMBAIOLIUMCS SIKOPEM OCHOB- |
HbIE NOHATHS U TEPMHUHBI, HEOOXOMMMBIE ISl HOHUMAaHUS MTOCIEAYIO-
wero Marepuana. Ha puc. 1.1, ¢ nokazaHa 3ra MC B HaYaJIBHOM TI0OJIO-
XeHuU (Tpu 00ecToYeHHON O0OMOTKE M MAaKCHUMAaJIbHOM PacCTOSHUM
MEXIY SKOPEM M OCTAIBHON YACTHI0 MAarHUTOIIPOBOIA).

Maenumonposod MC cocToUT #3 NOMIOCHOrO HAaKOHEYHHKa 3, cep-
JEYHHUKA 6, ipMa 7 ¥ sikopsi 1. MarHUTHBIHA IMOTOK CO31aeTCsi TOKOM B
0OMOTKE J, paclojoXeHHOoM Ha Kapkace 4. HemMarHUTHAs MMPOKJIAIKa
2, 3akpellJieHHas Ha sIKope, NpefHa3zHayeHa IS TOTO, YTOOBI MpH
NPUTIHYTOM siKope B MC ocTapajicsi TaKoil HEMarHUTHBIN 3a30p, NIPU
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KOTOPOM IIpH 06eCTOUEHHOM 0OMOTKE OCTATOUHBII MATHUTHBIN MOTOK
HE CMOXET YAEPXKaTh IKOPb B IPUTAHYTOM noJioxeHnus. OH BEPHETCSA B
MCXOIHOE TIOJIOXEeHHe MOX HEHCTBHEM BO3BPATHOM IPYXMHBI (Ha
puc. 1.1, @ He mokaszaHa). :

g pacyera M1 3Toil cucTeMbl €e MarHUTHOE I10JIe pa30HUTO Ha
TpY yacTu. CYMMapHBIA MarHUTHBIA TOTOK KaXXA0# U3 HUX YCIOBHO
rmokasaH Ha puc. 1.1, a onHOI 3aMKHYTOU TUHUEH (D, Dy, D). OTH

" MOTOKM 3aMBIKAIOTCS 1O MAarHUTOIPOBOAY M Yepe3 OKPYXKAIollee ero
HEMAaTHUTHOE HPOCTPAHCTBO, 3AIIOHEHHOE BO3MYXOM, MAaTepUAJIOM
KapKaca ¥ NIPOBOJAA KaTyllIKM, HEMarHUTHBIMHM OKPHITHSIMH 3JIEMEH-
TOB MarHMTOHPOBOJA Y T.1I. '

Hemaznumnunii 3a30p (XpaTko 3a30p) — 3aONMHEHHBIH HeMarHWT-
HBIM MaTepHAIIOM IIPOMEXYTOK MEXIY ITOBEPXHOCTAMHU 3JIEMEHTOB
MardMTONpOBOAA Ha IYTH pabouyero MarHMTHOTO nmoToka. Ha puc. 1.1,
a Ha nyTH paboyero noroka Oy BCTpeyaloTes: paboyne 3a30pH! 8; (MeX-
Iy sikopeM 1 ¥ apMoM 7) U 8, (MeXny sikopeM [ U MOMOCHBIM HaKO-
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Puc. 1.1. Tlorokopacnpeneneuue MC ¢ NOBOpaYMBAIOLIMMCS IKOPEM TIpH
MaKCHMAaJIbHOM 3a30pe:
a — C YNeTOM BHEUIHETO TIOTOKA paccesHust ®y; 6 — IoJie pacCesHUs NMPUHUMaeTCs
IMIOCKONMAapa/UIENbHLIM, | — SKOpb; 2 — HEMAarHUTHasg MpOKIanka; J — MOMOCHBIN
HaKOHEYHHUK; 4 — Kapkac KaTyLIKH; 5 — oOMOTKa; 6 — cepOeyHHK; 7 — ApMo
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HeYHMKOM J3), a TakkKe HepaGouMe 3a30pbl 83 (B MECTe COCOAMHEHUS
IOJIIOCHOTO HaKOHeYHMKA 3 U cepAcuHUKa 6) U 84 (B MECTE COEqUHE-
HMS cepaeyHUKa 6 U sspma 7). TToToku paccessHus O u O TOXe TIpo-

- XOISAT Yepe3 HEKOTOPhIe HEMArHUTHBIE IIPOMEXKYTKH, KOTOPBIE B yueh-
HOM MOCOGHH 33a30paMH HE Ha3bIBAIOTCS.

Ilomox pabouux 3a30poe (COKPALLEHHO pabo4uli nomoK) — MarHUT-
HEBII TIOTOK, oOecneuynBaloinnii eimonmHeHne MC tex byHKUMHA, pis
KOTOPBIX OHA TpeqHa3HaueHa. PaGoymii HOTOK U TOK OOMOTKH, CO-
3MABIIME 3TOT MTOTOK, 00pasyIoT #pacosunmogyio cucmemy. Ha puc. 1.1,
a W Be3e jlajiee HaIllpaBleHHE TOKA MMOKA3aHO KPeCTUKOM (OT Hac) |
TOUYKOM (K HaM) B KPYXKe Ha IIONepeyHOM CeYeHUM OOMOTKU. AHao-
TMYHO KPECTUKOM U TOYKOU B KPYXKe 0003HAYalOTCS IOTOKM, Mep-
MEeHINKYISIPHbIC TDIOCKOCTH pUcyHKA (cM. puc. 1.1, pazpes A—A).

Pabouuil 3a30p — HEeMarHUTHBIA TIPOMEXYTOK, i€ paboymii mar-
HUTHBIHA MOTOK BBINONHSET (PYHKIIUM, IS KOTOPBIX IpeJHAa3HaYeHa
MC. JIng cucTeMbl, NMpeAcTaBaeHHOM Ha puc. 1.1, a, 3a30psl &, U §,
SIBJISTIOTCS] PA0OYUMM IIOTOMY, YTO BBIIIOJTHEHHE 3TONH CUCTEMOM CBOUX
(GyHKUMI — IpUTSKEeHUE SKopst / K IMOJIOCHOMY HaKOHEYHHUKY 3 U
sIpMy 7 — OCYIIECTBISIETCS MOJIeM B 3a30pax &, U 6,; 3a30phl 63 U §; —
Hepabouue MOTOMY, YTO IOJIe B 3TUX 3a30pax HEOCPEACTBEHHO B CO-
3IaHUH IEKTPOMATHUTHOM CHJIbI YJACTHE HEe NPUHUMAET.

Y paccmarpuBaemoit MC uHOrHA ITOMIOCHBIN HAKOHEYHUK OTCYT-
CTBYET, B HEKOTODBIX KOHCTPYKIIMSIX AeTaN 3 U 6 TIPENCTaBIISIIOT CO-
00it onHo tesnoe. B atux ciyvasix §; = 0. Yate Bcero Hepaboume 3a30pbl
BpEeNHBI, TAK KAK OKa3hIBAIOT MAarHUTHOMY IOTOKY JOIMOJTHUTENHHOE
compotusiieHre. OORIYHO CTPEMSITCSA CBECTH 3T 3a30pbl K MUHUMANTb-
HO BO3MOXHBIM. Hamnyue HepaGouux 3a30pOB SIBASETCS] CIEACTBHEM
KOHCTPYKTUBHBIX ¥ TEXHOJOTUYECKHX COOOpaXKeHUH.

Y MarHUTHBIX CUCTEM 3JICKTPOMATHUTHOIO IPUHIIMIIA JEUCTBUS B
NIPOLIECCE BBLINOJIHEHUS CUCTEMOH CBOMX (DYHKIIMI MU3MEHAECTCA Mar-
HUTHAas! IMTPOBOAUMOCTS pabOUMX 3a30POB, Yallle BCEIo 3a CYET U3MEHE-
HUA UX IUIUHBL, Kak y MC, npuBeneHHo#i Ha puc. 1.1, a.

B TOM Xe CMBICHE, UTO M «HeMaeHUMHbIU 3a30p», B TUTEPAType 10
3JEKTPUYECKUM arTiapaTaM HUCITOIb3YETCS TEPMUH «8030YUiHbIL 3A30D».
[TockonbKy HEMArHUTHBIM 3a30p MOXET OBITh 3aIlOJIHEH HE TOJBKO
BO3IYXOM, HO 4 NPYIMMM HEMAarHUTHBIMH MaTepuajiaMM (MHEpPTHBINA
ra3 y repKOHOB, HEMarHUTHBIE TTOKPHITHS, ATIOMIHUEBBIA TUCK Y UH-
OYKIMOHHBIX CUCTEM U T.I1.), TO TePMHUH «BO3IYILUHBIA 3a30p» Janee
OyIeT MCII0JIb30BaThCsi TOJMLKO B €r0 OYKBAJILHOM CMBICIE.

Homok paccesnus — MATHUTHBIA TTOTOK, KOTOPBIM HE TPOXOIUT
yepe3 pabouue 3a3opel. Y paccmarpupaemoit MC oba 1moTroka pacce-
stHust (O 1 @) He UPOXOMST TAKKE U Yepe3 SAKOPb. Y 9TOM CUCTEMBI
BHYTPEHHMUII ITOTOK paccesiHus @, 0OBIYHO CYILIECTBEHHO OOJIbLLIE BHEIII-
HETO NOTOKa paccesnus @, . Takoe COOTHOUIEHUE TTIOTOKOB UMEET Me-
cto y MC ¢ MarHuTHOM IMTPOBOAUMOCTHIO TIYTel TOTOKOB d; B OKPYXKa-
JOLEM MarHUTONPOBOM MPOCTPAHCTBE, CYHIECTBEHHO Oopliel Mar-
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HHUTHOM IIPOBOXUMOCTH dHAJOTMYHBIX IIyTel moToka P, 4TO Xapak-
TEPHO JUISI CUCTEM C LIUPHHOI OKHA MAarHUTOIIPOBOJA C, B HECKOJBLKO

- pa3 MeHbllel WAL cepaeyHuka /. (cMm. puc. 1.1, a; OKHO MarHuTO-
MPOBOJA — HEMATrHUTHOE IIPOCTPAHCTBO, OKPYXKEHHOE SIPMOM, SIKO-
- peM, CepIeYHUKOM U TOJMIOCHBIM HaKOHEUHMKOM). Takoe cooTHouIe-

: HUE CTOPOH OKHA MAarHuMTOIIPOBOJAa UMEET 6osbMHCTBO MC 3neKT-

PMUYECKHX aIfiapaTtoB, NO3TOMY B ITONOOHBIX CUCTEMax IJISl YIIPOLIE-
HHA pacyeTa IMOoToKoM @ MOXHO npeHebpeub. [IpumepHas xapTuHa
IoJist paccessHUsI M3oOpaxeHa Ha puc. 1.1, 6 B ceyenun A— A (06MOTKa

{ B OTOM CEYCHMM He NOKa3aHa). 3/iech Moje pacCcesHus MPUHUMALTCH
. IUTOCKOIMAPA/UICIBHBIM B Mpeae/iaX TOMIIMAHEL ;.

HpCIIHOJIO)KCHHe O IUIOCKOIIapaICJAbHOCTH IO pacCeAHUA — He-

. TIpeMEHHOE YCJIOBUE TPaTUIIMOHHBIX MeTonoB pacueta M1 (¢ yuetoMm

paccesiHust), OTMCAHHBIX B I1. 1. DTO NIPEOIONOXKEeHUE SABJISICTCS TAKKe
OIHUM M3 OCHOBHBIX UCTOUHHKOB MIOTPEINHOCTEH 3THUX METONOB.
Kamywxa — otnenbHasi KOHCTPYKTHBHAS €NUHMIIA, COCTOSAILIAS U3

: T[pOBOIIOB, KapkKacda, Ha KOTOpOM pa3MCIIaroTCA IMTPpOBOAd, M BBIBOLOB.

Obmomxa — COBOKYITHOCTh OINPEEICHHBIM 00pa30M pacIoNOXEHHBIX
U COeIMHEHHBIX IIPOBOAOB, MPEeIHA3HAYCHHAS U1 CO3IaHUs HIX UC-
TTOJIB30BAHMS MAarHUTHOTO MoJisl. [1O0CKOIBKY MOTOKM cO3MaeT 0OMOT-
Ka, TO Tpu onucaHuu pacueroB MC mist yrpoleHus GyayT paccMar-
puBaThCs OECKApKacHbIE KATYILUKH,

Ha puc. 1.1, a mtpuxoBKka 0GMOTKH AaHA B pa3pe3e B COOTBETCTBHH
¢ MpaBUJIAMH BBHIIIOJIHEHUS yepTexeil. KpoMe 3T0ro ocHoBHOro 060-
3HAYEHUSA Ha PUCYHKAX, MOSCHSIIONMX MeTonasl pacuyeta MII (rn. 1 u”
2), TionepeyHoe ceyeHre oOMOTKM OyImeT 1oxXa3aHO YCIOBHO B BHIIE
JBYX IIPSIMOYIOJILHUKOB (CM. puc. 1.1, §). MHoraa, ocobGeHHO B clyda-
sIX, KOTa pa3Mephbl MNONCPEYHOTO CCYCHMS HE MMEIOT 3HAYeHUs, Oy-
JeT MCMONB30BaTbCA TaKXe YCIOBHOE U300paxeHue oOMOTKU B BHIE
IIPOBOIA, BUHTOOOPA3HO PACIOI0KEHHOTO Ha CEPACUHUKE.

MarsuTonpoBo B OCHOBHOU IPOEKLMH, KaK TIPaBWIIO, OyIeT U300-

. paxaTbCd B pa3pese Wik CEYSHUH. Ha PUCYHKaX, NOACHAIOIINX KOHCT-

PYKITHIO, -3JIEMEHThI MarHUTOIIPOROAA OyaeM IITPUXOBATH B COOTBET-
CTBUH C NPaBHJIAMU BEIIIOTHEHHS YepTexei (cM. puc. 1.1, a). Ha pucyn-
Kax, MOSCHSIOUMX METOAB! PACYeTa, MAaTHUTOTIPOBOJL B Pa3pese M ceve-
HMM Ha OCHOBHOM IIPOEKIHU HITPUXOBATh He Oyaem (cM. puc. 1.1, 6).
ITon spmom 3nech ¥ nanee UMeETCs B BULY YaCTh MarHUTOTIPOBOJA,
B KOTOPYIO HE BXOIUT MOJIOCHBEIM HAKOHEYHHUK, CEPIECUHUK ¥ SIKOPb.

1.1.2. HEﬁCTBMTeanbIe U YCROBHO-NOJIOXUTENbHbLIC HanpaBneHnA
HEeU3IMEeHHbLIX BO BpeMeHW BenuinH

Hexoropbie BEMMUMHBI SEKTPHUUECKUX U MATHUTHLIX Lenel (TOK,
HanpsokeHue, 3JC, MarHUTHBIN MOTOK, MATHUTHOE HAIlpSOKEHUE, Mar-
HUTOJNBUXYILAS- CHJIA MOTYT ObITh 0XapaKTepU30BaHbI HAITPABICHUEM.
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Heo6xoouMOCTh B 3TOM BO3HHKAET, IJIABHBIM 00pazoM, KOTIAa Ofipe-
JensieTcss HalpaBJieHUe CUJIBbI, MeCTBYIOIEH Ha MPOBOJHUK C TOKOM
B IIOCTOSTHHOM MAarHMTHOM TIOJIe, WJIM HANPaBICHUE CHUJIbI, AEWUCTBY-
IOLLEH Ha MOCTOSTHHBIN MarHUT CO CTOPOHBI MAarHUTHOT'O MO OOMOT-
KH C TOKOM.

PaziuyaioT geicTBuTeNbHOE (MCTHHHOE) U YCJIOBHO-TIOJIOXKHUTENb-
Hoe (ITOJIOXHUTEJIbHOe, PacueTHOE) HaIlpaBleHUE.

Aeticmeumensroe Hanpaeaenue HeKOMOPOLl 6eAUHUHbl — HANIPABJICHUE,
B KOTOpPOM OHa Gonblile HyIs. JleHcTBUTEIbHOE HalpaBleHUe TOKa B
yYacTKe Lelu, He comepxaieM 3/C, u ZeHCTBUTENIbHOE HAIpaBic-
HHME HanpsoKeHWs Ha COMPOTHMBICHUM — OT OOJBIIEro MOTEHHHAIa K
MEHBIIIEMY, OT «+» K «—». IIpH pacuere U aHANN3E INEKTPUUECKUX U
MArHUTHBIX Lenel IMOCTOSHHOrO TOKA JACHUCTBUTEIbHOE HAIIPaBICHHUE
KAKOH-JIM00 OTHOM WM HECKOJIBKUX BEJIMUMH OOBIYHO GBIBAET 3aIaHO.
Ecau oHO He 33amaHO, TO BMECTO JAeHCTBUTEIBHOIO HAIpaBACHUS Ka-
KOe-1100 OIHO HATIpaBJIeHUE IPUHUMAETCS KaK 6a3060¢e, OTHOCUTEIBHO
KOTOPOTO OIpeIeisiioTCs HanpaBlIeHUs OCTAIbHBIX BeJIMYMH. 3a 6a30-
Boe HampaBieHue mnpu aHann3e MII Oynem BuIOMpaTh HallpaBjieHHE
TOKa B OOMOTKE.

Ycaoeno-nonoxcumensroe Hanpasnerue seauydunbl (HOAOHCUMENbHOE
WU pacdemHuoe HAnpagieHue) — HATpaBleHUe, B KOTOPOM OHa IpH-
HUMaeTcsl MOJIOXKUTENbHON. B Havame pacuera M HCCISIOBAHUSA 3TO
TIPUXOIMUTCS AENAaTh B TOM Cilydae, Korna AeHdCTBUTebHOE HalpaBie-
HUE BETUYMHEBI HE 04eBUIHO (TIPH €€ CIOXHOMN CBA3H C ACHCTBUTENb-
HbIM U1K 6a30BBIM HAIlpaBJIeHUEM 3aXaHHOM UM 3aJaHHBIX BEJTMYMH).

YCIOBHO-TI0JIOXHUTEIbHbIE HAMIPaBAeHUS] HEOOXOIUMO HUCIIOIB30-
BaTh, TMOCKOJBKY ypaBHeHHMs Kupxroda mwia snekrpuyeckux u MI
MOTYT OBITH HANMCAHBI TOJIBKO IS BETUYHMH, IUISI KOTOPHIX H3BECTHH
JEUCTBUTEIIbHBIE WU YCIOBHO-IIONOXUTEIbHbIE HAIIPABICHMUSI.

JefcTBUTEIbHBIM HANPaBICHUEM MarHUTHOTO MOTOKA, CO3AaHHO-
ro 0OMOTKO#M ¢ TOKOM, CUMTAeTCS HaIpaBjieHWe, CBSA3aHHOE C II0JI0-
XKHTEJbHBIM HaIlpapIeHUeM TOKa 0OMOTKH TIPABUJIOM MpPaBOXOJOBOTO
BUHTA: €CJIM 3aBOPAYMBATh MPaBbIA BUHT, [TOCTYMATEIbHO MepeMela-
SICh TIO HaNpPaBICHHUIO TOKA B JIEBO ITOJIOBHHE CEYCHHUS OOMOTKH (CM.
puc. 1.1, a; i ¢ KpeCTUKOM Ha BepXHE! IpPOEKUHMH), TO BUHT OynmeT
BpAalaThCs 1O HAMIpPaBJICHWIO MArHUTHOTO IT0TOKA (P, U @5 Ha 3TOM
K€ PUCYHKe). DTO MpaBwiIo CIpaBeJIMBO M B Ipyroit gopme: eciu
3aBOPAYMBATh NIPABbIil BUHT, MOCTYNATEIBHO NIEPEMEILAsACH IO HAIPaB-
JIEHMIO MarHUTHOTO NTOTOKa (CM. puc. 1.1, @; Kkpectuk @ B paspese A —
" A), To OH OynmeT BpallarbCs IO HAIPABJICHMIO TOKA B BUTKAX OOMOTKU
(CTpenKa i Ha TOM XK€ DHUCYHKE).

IHonoxwuTtensHoe HalpaBleHHe MATHUTHOIO HANpPSXeHUs Ha Mar-
HUTHOM COTMPOTUBIIEHUH COBITAJAET C IMOJOXUTENHHBIM HANPABICHH -
€M TIOTOKA B 3TOM COIIPOTHBJICHHH.

Ecnu B pesynpTate pacyera WM MCCACIOBAHUS KaKasg-nbo Beu-
YUHA IIOMYyYaeTCs CO 3HAKOM <«+», TO 3TO 3HAUMT, YTO IPEeIBaApPUTEIb-
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HO NPHUHSATOE YCIIOBHO-MOJNIOKHUTEILHOE HAIIPaBJIEHUE COBIIANALT C AeH-
CTBUTENBHBIM; €CIIM Xe CO 3HAKOM «—», TO IPOTHUBOIOJIOXHO HeWi-
- CTBUTENHHOMY.
IIpaBuna, KOTOPBIMM ClEAyeT PYKOBOICTBOBATHCSI IMPU COCTABNE-
HHUHU CXeM 3aMElieHHMs M HAINVCAHUM YPABHCHMH 3JJIEKTPUYECKUX ¥
' MAarHUTHBIX ueniel, npusenens! B [Ipunoxenuu I11.

1.1.3. OcHOBHbIe 3aKOHbI MarHUTHbIX Lienen

3akon Oma g ygactka M1 rmoctossHHOro ToXa
®=AU, 1.1

rae @ — MarHUTHBIA MOTOK; A — MarHUTHAasi NIPOBONUMOCTD YYaCTKa
MII; U, — MarHUTHOE HAIpSXKEHHME Ha yJyacTKe. 31eCh M Be3Je Jajee
UMeloTCst B Buny yuyactku MII, He comepxaiue ncrounukos MJIC.

Ilepeniii 3ax0n Kupxeoga — anrebGpaundeckas CyMMa MarHUTHBIX ITO-
TOXOB B y3ne MII paBHa Hymo:

do=0. (1.2)

[ToTox, BXONAMIMHA B y3en, OepeTcsd ¢ OQHUM 3HAKOM; BBIXOAALIMA
M3 y3Jia — C JIPYTHM.

Bmopoii 3axon Kupxeoga — anrebpanueckast CYMMa MAarHWTHBIX Ha-
TIPSDKEHUIT Ha COTMPOTHRISHHUAX JTIOGOTO IIPON3BOJILHO BEIOPAHHOTO 3aMK-
HYTOro KOHTypa 00xoja paBHa anrebpaudeckoil cymme MIC, rmpoHu-
3BIBAIONIMX JIOOYIO TIOBEPXHOCTH, OTPAHUYEHHYIO 3THUM KOHTYPOM 00-
xona. Ecnu HanpaBieHue 06Xoaa KOHTYpa COBIAAACT C MOJOXUTETb-
HBIM HaIpaBJIeHUEM MArHUTHOIO HAMpPSDKEHHS, TO 3TO HANpPSDKeHHE
TIOACTABIACTCA CO 3HAKOM <«+»; CO 3HAKOM «—», €CJIM HE COBMANacT.
B ypapaenue MJIC noAcTaBmsIeTCss CO 3HAKOM <«+», €CJIM HaNpaBieHHe
006xo/1a KOHTYpa COBIANAET ¢ HANpaBJACHUEM BPAlLEHMs BUHTA C Mpa-
BOUM HApEe3KOMH, ITepeMEHIAIONIEIOCs MOCTYHAaTe/IbHO TI0 HAIpaBICHUIO
Toka, KoTopslit coznaer 31y MJIC; co 3HakoM «—», €CJIM HE COBNAJAET.

MaremMatnuecku BTOpoH 3akoH Kupxroda MOXHO 3arucarh B cie-
JIYIOLIEM BHIE:

YU.=YF, (1.3)

rae U, — MarHMTHOE HalpsDKCHHE Ha COTIPOTHUBIEHUM yJacTKa 3aMK-
HYTOro KoHTypa obxona; F'— MJIC, npoHu3siBaromiasi KOHTyp obxoza.

ITockoneky Bropo# 3akoH Kupxroda 1o3BOsisieT ONpenensrh He
TOJIPKO 3HAYEeHHE MArHHUTHOTO HAIPSKEHMS, HO M €ro JelCTBUTENb-
HOEe HampaBJIeHHe, TO NpHu ucciaenoBanud M1 ¢ momoliibio 3T0r0 3a-
KOHa, KaK IIpaBWJIO, MOXHO COCTABUTH NPEACTaBIEHUE O IOTOKOpac-
npenenenun MC, 1.e. 0 TOM, ITle ¥ B KaKyl0 CTOPOHY 3aMBIKAIOTCS
MTOTOKH.
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Ypasuenus u napamerpsl MIL dopManbHO aHATOrMYHLI COOTBET-
CTBYIOIUIMM YPAaBHEHMSIM M IapaMeTpaM 3JeKTPUUECKOW memnu (cM.
Ipunoxenue [12).

1.1.4. Knaccucpmkaums MarHuTHbIX Lenen

B 3aBUCUMOCTH OT COOTHOLLUEHMS MEXAY MATHUTHBIMU COTIPOTHB-
JIeHUAMH 3330pOB R,; U MarHutomnposoga R, npu pacuere MI]
MOXHO HE YUUTHIBATH HEKOTOPHIE U3 3TUX COMPOTHBIEHUH. [TocKob-
Ky B Hauase pacyera MII u3BeCTHBIMU SIBISIOTCH TOJIHKO TEOMETPHU-
YecKye pasMephl MarHUTOTNPOBOAA, €ro Marepuan ¥ paboumit mar-
HUTHBIH 10ToK (Man MJ1C 06MOTKH), TO HEOOXOAUMOCTb Y4eTa TOTO
WJIM MTHOTO COTIPOTUBJIEHHMS YACTO BBI3BIBaeT 3aTpymaHeHus. g ML
3JIEKTPOMATHUTOB MPEABAPUTENILHO 3TO MOXHO Ce1aTh, OPUEHTH-
pysICh Ha oNOXeHHe siKopst. I1pu Gombiuux paboyux 3a30pax compo-
TUBJICHHE MarHUTONPOBOAA OOBIMHO 3HAYUTENHFHO MEHBIIIE UX COIIPO-
THUBNEHYSI, TIO3TOMY, B IEPBOM MPUOIMKEHNH, COTIPOTUBICHUEM Mar-
HUTOIIPOBOJIA MOXHO NpeHebpeun. [Ipu 3TOM MoToKM MexXIy OOKO-
BBIMH ITOBEPXHOCTSIMH MOJIOCOB paboyMx 3a30p0B (IIOTOKHU BhINYYH-
BaHMSA), KaK MpPaBuIO, OBLIBAIOT COM3MEPHUMBI C MOTOKAMM MEXIY
TOPLIOBBIMHM MX TTOBEPXHOCTSIMM (TOPLIOBBIC MOTOKM), 4 CYMMAapHBIA
MMOTOK pabo4yux 3a30poB (paboyMii TTOTOK) COM3MEPUM C IMOTOKOM

Taoauua 1.1

Knaccndunkanns MarauThpIx neneii NOCTOAHHOTO TOKA

HUTONpOBOAA R,

I'pynma M1
Ipu3Hax rpyimst
I 11 111
CooTHOLIEHUE MarHUT- | R 5 5> R, R,; conusmepumo | R,; COU3MEPUMO
HBIX COTTPOTHRICHUI WX MHOTO ¢ Ry
3a30poB R,; ¥ MarHu- MEHbIIC R,
TOIpOBOAA R, '
JnnHa pabounx 3a30- | MakcumaneHas |Munumantshas | [IpomesxytouHas
POB (IS AIEKTpOMAr-
HUTORB)
ITotoku paccesauus u | YuureiBatorcsi  |He yuutsiBarotest | Yuurbsipalorcs
BEINYYMBAHUS
CoIIpOTHRIEHHUE 3330~ YuuTeIBaeTCS
poB Rz
Conporurtesne Mar- |He yuuteiBaetca YyurteiBaeTcs
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paccestHusl, IOITOMY IMOTOKU BBHIIIYYMBAHUA U paccesiHUS HEOOXOMM-
MO YYUTEHIBATh.

Ipy MUHHMATIBHBIX PaGOUMX 3230PaX COMPOTUBIEHHE MATHHUTOIIPO-
BOJA OOBLIYHO 3HAYMUTENBHO GOJbllie CONPOTUBICHMA 3a30P0OB WM CO-
MU3MEPUMO C HUM, 4 IIOTOKM BBIMYYMBAHUS U PACCESHMSI CYIIECCTBEH-
HO MEHBIIIe TOPLIOBOro OTOKA 33a30POB, M03TOMY Takyio ML MoxHO
paccyuThIBaTh O3 y4era MOTOKOB BEIMYUMBAHUS U PACCESTHUS, YIUTHI~
Basl TOJBKO TOPILIOBEIE TIOTOKH 3a30POB, CYMTAS HOJIE B HUX OJHOPOI-
HBIM.

TIpy DPOMEXYTOYHBIX MOJOXKEHUAX SAKOPS, KOIIa MArHUTHEIE CO~
MPOTUBJIEHUA 3a30POB U MAarHUTOINPOBOAA COU3MEPHMEL JIPYT C JAPY-
IOM, HeOOXOIHUMO YUYMTHIBATH Bee (HAKTOPHI: CONPOTUBICHUE MArHu-
TOMPOBOAR, 3230pOB (C YUETOM BBIITYYMBAHUS) M IOTOK PacCesTHUS.

B cooTBeTcTBHY C BhIlecKazaHHBIM MII anekTpuyeckux amrapaToB
MOXHO pa3neJiuTh Ha Tpu rpynmbl (Tadsu. 1.1). B noapasn. 1.2 onucaHst
M1 rpymnet I; M rpymin IT u I pacemorpenst B iogpasa. 1.3 u 1.4.

1.2. MarHuTHbIE Lieny C CONPOTUBNEHUEM 3a30poB,
3HAYUTENbHO 6ONBLLIUM CONPOTUBNEHUSNA MardmTonposoga

TIpu pacemorpenuun MIL aToi rpynmel cCOMpOTHBIEHHE MATHUTO-
MIPOBOJA HE YINTBIBAEM.

1.2.1. PacyeTt MarHUTHOro HanpsmKeHUs Ha NPOBOAMMOCTH
paccesHusn

Omnpegenum ¢ MOMOUIBI0 BTOporo 3akoHa Kupxroda sHayeHue u
HalpapieHHe MarHUTHOTO Hanpsxeuust U, . (puc. 1.2, a) Mexay jo-
0oii Toukoii M Ha 1eBOl BePTUKATBHOU YaCTH MarHUTOPOBOAA U TO-
ykoit N Ha ero rpapoil wact. CuMTaeM 3aJaHHBIMH pasmepnl MC, a
TaKKe 3HAYeHWe ¥ HamnpaBleHue (IeHCTBUTENBHOC) TOKA B OOMOTKE
(KpecTHK M TOYKA B KpyxKax). [IpensapuresibHO BRIOPAHHOE YCIOBHO-
moJioXuTepHoe Hammpasieuue U, ,, TIoKa3aHo Ha puc. 1.2, a crpenkoit
(ot M x N). Ins xoutypa MNCDM no (1.3) MOXHO 3alIKCaTh

Ude = SxF/S06’

rae S, — ILIOIAgh YaCTH TONEPEYHOIo CEUCHUST OOMOTKH, OXBauyeH-
HOM KOHTYpoM obxomxa MNCDM; F — MJIC obMoTKH; Sy — TUIONIALE
IIOIIEPEYHOro ceyeHuss 0OMOTKHU, PacloOXCHHOTO BHYTPU KOHTYpA
ABCDA; F/S,s — mnorHocts MJIC (TipuHAMaeTCs OIMHAKOBOM BO BCeX
TOYKAX ICIEPEYHOro CeYeHNST OOMOTKH).

ByaeM cyuTarth, YyTo 0062 MOMEPEYHBLIX CEYCHHUS OOMOTKHU HMMEIOT
bopMy IPSIMOYTOTLHUKA CO CTOPOHAMU ¢ U [yg, IEPIEHAUKYISIPHEIMU
¥ TAPAUICIbHLIMA BEPTUKANBEBIM M TOPU3OHTAAbHLIM YacTsIM Mar-
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Puc. 1.2. MaruurHas cuctema ¢ pacnipesenennoit MJAC (a) u amopa ee
MarHUTHOTO HanpsixeHus (6)

HUTOIIPOBOAA, U 4YTO TOUK#M M U N HaxomsTcsS Ha OJHHAKOBOM pac-
CTOSTHMM X OT HMXHEN TOPU3OHTAILHOM TPAHULIBI IIOTIEPEYHOTrO Ceye-
HHSI OOMOTKH. ToTHa Npu LIMPUHE IOTIEPEYHOr0 CEYeHMs] OOMOTKHU ¢
nonyyuMm S, = xc¢; Sy = leC ®

. Ude = xF/IOG- (14)

IIpenmonoxuM, XaK 3To 0OBIYHO Aenaercs 1MpH pacyerax M1, uro
[I0JIe PacCesiHUSl PacCMaTpMBaeMON CHCTEMBI ILTOCKOMAPAILISIbHO B
npejenax TOJTWMHBL CIOSsI, paBHOTO Ha puc. 1.2 miuHe /s 0OMOTKMU.
Torna MOXHO yTBepXKHAaTh, YTO NWHUKM WHAYKIMHU IO PACCESTHUS,
Jiexallye B MIIOCKOCTH, NpOXOo/Isiiei yepe3 Touku M v N ¥ 1oKasaH-
Hble B ceueHUM A — A Ha puc. 1.1, 6, Bce HaXOASTCA TOA MArHUTHBIM
HamnpspKeHueM, onpeneisieMsiM (1.4).

Ha puc. 1.2, 6 mocTpoeHa 3Iiopa ¥3MEHEHMS 3TOr0 HAIIPSIKEHHA.
TIpu Bcex Ha3BaHHBIX BhILIE JOIYIIEHHUSX €€ MOXHO CUMTATH DMIOPOI
HU3MEHEHUs] MAarHUTHOTO HANIPSKEHHUS Ha BO3AYILIHOM IIPOMEXYTKE, B
KOTOPOM 3aMbIKAIOTC JIMHMHK MEAYKUWE HOTOKOB paccessHUs (KPaTKo
«MarHUTHOE HaIpPSXKEHUE Ha MPOBOAUMOCTH PACCESHUA»).

ITokaxxeM, 4TO MoyueHHBIA Pe3y/IbTaT HE 3aBUCHT OT BLIOPAHHOTO
KoHTypa obxona. [To BTopomy 3axony Kupxroda misa kourtypa ABNMA
(cm. puc. 1.2, a)

U1 + Ungy = Useax = Flos = %)/ log.

Bnyrpu xOHTypa oKa3zanach 4acTh NMOIEPEYHOrO CeYeHUSI OOMOTKHY,
TPONOpUMOHANbHAA UIUHE ([, — X). MarauTtHOe Hanpspkenue U,,,, It
5TOT0 KOHTYPa B YPABHEHME BOIILIO CO 3HAKOM <«—», TaK KaK 0Ka3aJoCh
HarpaB/ieHHbIM HaBCTpeYy 06xomy ero no yacosoii crpeike. [Tockonsky

Ui+ Uysn = F
16



(110 BTOpOoMYy 3aKoHY Kupxroda s koHtypa ooxona ABCDA), To ypas-
HeHHe g KOHTypa ABNMA npuHUMAaeT BUI

F— Uyax = Flos/los — XF/ls.

Iocne cooTBETCTBYIOIIMX MpPeoOpa30BaHUIT OKOHYATEJIBHO IOJIY-
gaeM (1.4).

MarHuTHBIE LEenY, B KOTOPBIX MAarHUTHOE HamnpsokeHHe Ha IIpo-
BOIUMOCTH pacCessHUS U3MEHSIETCS JTUHEHHO oT Hynst 1o MC 06-
MoOTkHM, Kak MII, npencrasnentast Ha puc. 1.2, Ha3pIBAIOTCS MATHUT-
HBIMY LENAMU C pacnpedenennoi maznumodsuxcyuel cutou; MLI, B
KOTOPBIX MarHUTHOE HallpsKeHUe Ha MPOBOAMMOCTH PacCesHUs He
u3meHsiercss 1 pasHo MJIC 06MOTKH, HA3BIBAIOTCS MAarHUTHBIMU 1ie-
ISIMM C cocpedomouertoli maznumodsuxcyulel cuaoli. BOJIBIINHCTBO
SJIEKTPUYECKUX anIiapaToB OTHOCATCS K LIEMSIM C pacrnpeneneHHOR
MJC. B rn. 1 u 2 npu uzydyenuu M1, conpoTuBiIeHHE 3a30pOB KOTO-
PBIX 3HAYMTEIBHO OOJIbIlIe COMPOTUBICHUSS MAarHUTOTIPOBOIA, OyaeM
MMETb B BUIY TONBKO Takue MII.

1.2.2. A\3meHeHe NOTOKA BOOJMb cepae4YHMKa MarHMTHON CUCTEeMbI
¢ pacnpeaeneHHon MAC

Huxe npuseneH BuiBom dopMyi, caenaHubeit it MC, m3obpa-
KeHHOU Ha puc. 1.3, a, OpH CIeayOWNX JOMYIUIeHHSX, :

a) IOJIe PAacCesiHUA B MPOCTPAHCTBE, OKPYXAIOUIEM MAaTrHUTOIPO-
BOJI, IPUHUMAETCS IUIOCKOITApaJISIbHBIM (B IUIOCKOCTSIX, IePIeHIN~
KYJSIPHBIX OCH OOMOTKM, KApTHHBI IIOJIsI ODMHAKOBBI ¥ MMEIOT BUI
T0J1s1, OMM3KOro K u3o0paxeHHOMY B ceueHUH A — A Ha puc. 1.1, 6);
TOJILIMHA TJIOCKONAPAIIEABHOTO ITOJIst PACcCeSTHUS /; paBHA JUTHHE 00-
MOTKHM [s (puc. 1.3, a), BHe 3TOM TOMIMHEI I10JIe PACCeTHHUS OTCYT-
CTBYET;

©) MOTOKU BHIMyYMBAHUS 3a30pOB 3aMBIKAIOTCS MEXIY SKOpPEM U
yyacTkaMu JIHHOH (I, — /5) BEPTUKAJILHEBIX YaCcTeil MAarHUTOIIPOBOIA;

B) 0OOMOTKA MMEET PAaBHOMEPHYIO HAMOTKY.

IIpu pacuerax MC MarHuTHbIE MIPOBOJUMOCTH pabOUMX 33a30POB §;
U 8, IpaBWIbHEE PACCUMTHIBATH C YYETOM IEHCTBUTEIBHOM 00JIACTH,
3aHMMaEeMOU TTOTOKAMHU BHITYUMBaHU. TOTHA Ui TOMIMHBL TIOCKO-
TMapaijIeIbHOTO MOJIS PACCesHHUsA [, OCTACTCST He 3aHATAs IOTOKOM BBI-
NyYUBaHUsl UIMHA CEepHeYHHKA, B oOlueM cllyyae He paBHas UIMHE
obomotku 5. TTonydeHHblie HUXe (OpMYJbI, KaK IPaBUIIO, NpUOIH-
JKEHHO MPHUTONHB! U IS I; # L. O AeJIeHMH MarHUTHOTO ITOJIs1 Ha 06.J1a-
CTH BBIIYYMBAHUSI ¥ pacCessHUs CKa3aHo B L. 3.

Ha puc. 1.3, a nokazanHa cxeMa IOTOKOpacripeaeIeH!sT pacCMaTpU-
BaeMoit MC, COOTBETCTBY OIS TIPHFTSTEIM nonymeﬁﬁ‘ﬁﬁi“ﬂomx pac-

cestHuA @, CII0SL TIOCKOMAPANIEILHOTS TIOTIs ‘pa,: gy TOMUIMHOM
S R & e
(.5~ X) ycnoBHO 0003HauEH onmﬁ“ﬁ‘ﬂﬁnewi QK@ UTyPHOM CKOG-
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Puc. 1.3. CxeMa noTtoxopacnpeaenaeHus (a) ¥ 3MIOPH:; MarHUTHOTO HaNpsIKe-
HMS HA TIPOBOJMMOCTU paccestHud (6); MOTOKA paccestius O, J06aBISIONIL-
rocsl K TOTOKy @5 Ha mmuHe (5 — X) (8); moToka @, MPOXOASIIETO Yepe3
CEeYEeHHs cepeuHuKa (2); YACHa BUTKOB, OXBAYCHHBIX KOHTYpoM ABCDA (9)

KO, BEICOTA KOTOPOi1 paBHA TOJIIMHE 3TOTO cjios. Puc. 1.3, a mokassl-
BaeT, YTO HTOT NIOTOK IPOHM3BIBAET NOINEPEYHBLIE CEYEHHUS pg U mn
maruuronposona. [Totok paccesHus O, CNOS MIOCKONapaiebHOIO
TIOJISL pACCEeSHMS TOMMIMHOM X YCIIOBHO ITOKA3aH TakoKe OMHOM JIHHUEH
MOTOKa U PUTYPHOH CKOOKOM, BEICOTA KOTOPOif paBHA TOMIIWHE 3TO-
ro ciosi. Ha puc. 1.3, a BUgHO, 4yTo ®, HE IPOHUIBIBAET TOTICPEYHBIE
ceuyeHUs pq U mn MarauTonpoBoaa. CKasaHHOE MOXHO 3alTHUCaTh B BUIE
CJICAYIOIUX YPABHCHH:

chx: (D§+ q)dxz (I)Z —q);jx; (Dzzq)a-l' (DdZ; d)l,z:CDdx+(D,',x, (15)

rae @., — MMOTOK B CEYeHUU CEpACYHUKA C abCIIUCCOH x; ®; — pabo-
YU MarHMTHBIA MoToK MC; dy — CYMMAapHBI MAarHMTHBINA [MOTOK
MC (mpoxomut yepes ceueHusi cd M ab MarHuTONpOBOnA); ®yy — CYM-
MApHBIA MarHUTHBINA MOTOK PacCesHUs.

MEICIIEHHO HpeAcTaBUM cebe IUIOCKOIapaiebHOe IIoje pacce-
sHust MC Ha puc. 1.3, g TormumHon (/5 — X) COCTOSALIMM, KaK CJIOg-
HBIA TTUPOT, U3 OONBIIOTO KONMYECTBA CJIOEB TOMUMHON dx. Kaxmpii
TaKOM cyI0¥ HeceT B ceOe OECKOHEYHO MaJIblit MOTOK paccesHus: dd,,.
Ecau cnmoxurh MOTOKU 3THX OECKOHEYHO Y3KHMX CJIOEB Ha TOJILIHMHE
(ls— X), TO MONMYYNUM TIOTOK paccesiHUs, KOTOPBIM IIPOXOIUT Yepes
CEUEeHMS pg U my MAarHUTOIIPOBOIA;

[/

(Ddx: Td(DdX' (16)

Ilo 3akony OMa st yyactka MIT
d® 4= Uy dAg, (1.7)

rae U, , — MarHUTHOE HANpsSXKEeHUE, TTO1 KOTOPHIM HAXOAATCS JTHHUN
MHIYKLHWHM CJIOS IUIOCKONAapa/LIeIbHOTO TIOJISE PACCESIHUS TOMILMHOMN
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dx B HEMAarHUTHOM MPOMEXYTKE MEXAY BEPTUKATbHBIMU YACTIMU MAT-
HuTonpoeoaa (puc. 1.3, 6); dA,— MarHUTHas IIPOBOAMMOCTbL 3TOTO
CITOST*.

Kak n1g 11000ro miocKonapayuieAbHOIO IIOJ,

dAd= H()}\,ddx, (18)

rie A, — yaeabHas MPOBOAUMOCTh, COOTBETCTBYIONIAS KAPTHHE ITOMS
B ceueHnH A—A, puc. 1.1, 6.

Pacuer A, onucan B 1. 3.

It MC ¢ pacrnipenenerxoit M C cnpasemwiuso (1.4). IloacraBum
(1.7), (1.8) u (1.4) B (1.6) U IPOMHTErPUPYEM:

log
? 1
D@y = f Rorg (F/lg)xdx = '2‘“07‘111'[06] (1-x*/1%). (1.9)

TIpu x = 0 noTox @, MpPeBPaLIACTCS B CYMMapHBIN TIOTOK PACCESTHUA:
Dys = poralost/ 2. (1.10)

C yuerom (1.5), (1.9) u (1.10) moTox B 10OOM CeYeHUM CEpHCYHM~
Ka W ApMa C KOOPAMHATON X

CDCX= (D5+(Ddz—q)d}:.x2/l(2)6 :(Dz—q)dzxz/lg@ (111)

Kpusrle n3ameneHust notokoB ®, 1 O, Moka3aHel Ha puc. 1.3, ¢ u 2.

1.2.3. NpuBeaeHsune MarHMTHON NPOBOAUMOCTH PaCCesHUA
110 NOTOKY U NOTOKOCLUEenieHno

IIpuBenenne MarHUTHOM MPOBOIMMOCTU PACCESTHUS IO MOTOKY
MMOTOKOCHUEIIIEHUIO BBIIIONHSCTCS I yIOOCTBA pacuera IMOToKa M I1o-
tTokocuerenus paccesuuss MC c pacnpenenernnoit MIAC. ITox mar-
HUTHOMH TTPOBOIUMOCTBIO PACCESTHUS A 44, IPUBEISHHON MO MOTOKY K
MJIC o6MOTKHM, IONpPa3syMeBaeTCsl Takas IMPOBOJUMOCTD, ITPOU3BEAE-
nue xkoropoit Ha MJIC 0OMOTKH paBHO IOTOKY paccesiHUs. AHAIOTHY -
HO, ITOJ IIPOBOAMUMOCTBIO PACCeSIHUS A,y, TIPUBEICHHON II0 IIOTOKO-
cuermieHuio K MJIC 1 9ucity BUTKOB OOMOTKH, TOAPA3yMEBAeTCs Ta-
Kast IPOBOAUMOCTb, KOTOpast, Oyayuu yMHOxeHHoi Ha MAC u yncio
BUTKOB OOMOTKH, JACT MOTOKOCHEIUIEHHE pacCesTHus.

Ilpusenenue mo noroky. CyMMapHBI IIOTOK PacCesHHS MOXHO Ipe/-
CTaBUTH B BUIe npoussenenus M C FHa HEKOTOPYIO MArHUTHYIO IpO-
BOAMMOCTb, KOTOpPAasi YIUTHIBAET HE TOMBKO pa3Mepbl CHCTEMBI, HO H
M3MEHEHHe MaTHUTHOI'O HAIPSDKEHUA:

(DdzzAdq)F (112)

* 3neck U ganee «d» -— 3HaK auddepeHLmana, «d» B MHAeKce 0003HaYaeT MOTOKU
paccesiHusL.
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ITpoBOIMMOCTS Azq HA3BIBAETCH MAHUMHOU NPO8OCUMOCHbIO pacce-
anus, npusedennoi no nomoxy Kk MIC obmomxu.

CymMMapHas MarHMTHasI IIPOBOIUMOCTD IVIOCKOITAPA/UIEIbHOTO HOJIH
paccesiHUs PaCCMaTpHBAaeMOM CHCTEMBI, OIIPeNEAsieMas TOJIBKO €€ Te0-
MeTpHeit, He yuuteiBaroias pacnpeaenesue MJIC Brons cepaeyHuka
U COOTBETCTBYIOLIAd CYMMAapHOMY MOTOKY paccessHust @ s, paBHA

Agx= 1ok dlos. (1.13)
Ipunumasg Bo Buumanue (1.10), (1.12) u (1.13), MOXHO 3ammcaTh
Adc[): k®AdZ: (114)

rne ky, — koagguyuenm npusedenus no NOMoKy IIPOBOANMOCTH paccesi-
nusa MC ¢ pacnipenpenenson MJIC x MJIC o6Motku, ky = 1/2. IIpuse-
JEHNEM TI0 IIOTOKY CIEYET MOJb30BAThCS IPU pacyeTe ITOTOKOB.

Ilpuseaenne no noroxocuemennio. ITo ananorum ¢ (1.6) cymmap-
HO€ MOTOKOCIUEIVICHHE PaCCeAHUA

log
Wiy = [ d¥g, (1.15)

rie d¥, — IOTOKOCUEIUIEHHE norgxa paccessaus d®,, CIOS JUIOCKO-
TMApajieIbHOTO NOAS PAacCestHus TOMUIMHOM dx.

IHoTok d®,, cuerneH TOMBKO C TOM YacThi0 BUTKOB i, OOMOTKH,
KOTOpas oxsarbiBaeTca KOHTYpoM ABCDA atoro rotoka. Eciu mmonHOoe
YUCIO BAUTKOB OOMOTKM W, TO

w, = wx/lg. (1.16)

Dmmopa U3MEHEeHMs YHICIIa BUTKOB OOMOTKH, CLEIUIEHHBIX C [T0TO-
KaMHM paccestHus], IpuBeieHa Ha puc. 1.3, 0. DTy amiopy clieayer noHu-
MaThb TAK: OPJIMHATA W, TOYKK M DIIOpBI, UMEIOLLEH aOCLUCCY X, O3Ha-
YaeT TO YUCJIO BUTKOB, C KOTOPHIM CIIeIUIeH NoToK d®,, GecKOHEYHO
TOHKOIO CJIOS TUIOCKONApALIENbLHOro moisd paccessiiug MC, orcro-
SIIIETO OT HMPKHETO Kpas OOMOTKM Ha PACCTOSIHUH X..-

ITorokocuertenne d¥,, noroka d®,, pPaBHO NPOUZBEAEHHIO 3TOTO
[IOTOKAa Ha YHCIO BUTKOB W, C KOTOPHIM OH CLEIUIEH:

d\ydxz‘ Wy dq)dx' ' (117)

Tloncrasus (1.7), (1.8), (1.4) u (1.16) B (1.17), a Taxke (1.17) B
(1.15) 1 mpOMHTErpUPOBAB, ITOMYUUM

los
Pay = J. Rora (F/ Lo )x(w/lo ) xdx = pokglos Fw/3. (1.18)

Ina pacuera cyMMapHOE IIOTOKOCHEIJIeHYe pacCcedHus yaoO0HO
NPEACTABUTL B BUAC MPOU3BEACHUSA HEKOTOPOW MArHUTHOM IPOBOAM-
MOCTH paccestHus Agzy Ha MJIC F 1 Y410 BUTKOB w 06MOTKHU. [1poBo-
JUMOCTD Ayy YIMTHIBAET KAK U3MEHEHNE MArHUTHOIO HAIIPSDKEHUA Ha
TIPOBOAMMOCTH TIOTOKOB pacCesiHusl, TaK U M3MEeHEeHNE YUCIa BUTKOB,
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C KOTOPBIM CHCINIEHBI ITOTOKH paCCesaHHNA. CYMMapHOe IIOTOKOCLEH~
JICHHUC paCCeaHUs

qde=Ad\yFw, (119)
‘ roe
Ad‘{‘ = k‘{’AdZ' ) (120)

31ech U gajiee IPOBOAUMOCTD A zy HA3bIBAETCH MAZHUMHOU NPOGOOU~
MOCmbIO pacceanus, npugedernoll no nomokocyenaenuro kK MJ[C F u uuc-
AY GUMKOE W 06MOMKYU; ky — KOIPPuyuenm npuseders npoeooumMocmy
paccesnus no nomokocyenaenuro K MAC F u uucay eumxoe w; B (1.20)
Ay paccynTaHa 1o (1.13).

ITo (1.18) —(1.20) u (1.13) MarHUTHASA MPOBOIUMOCTb pACCESTHUS,
NpUBEISHHAA 110 NMOTOKOCLIEIUIEHHIO,

Agy=N;5/3 (1.21)

M KO3GQUIIMEeHT PUBEICHUS 10 MOTOKOCUEIICHUIO Ky = 1/3.
OTtMetuM, uto cormacHo (1.21) u (1.14)

Agy = 2A40/3. (1.22)

ITpoBoOMMOCTL paccegHUs, NPUBEeAeHHAs! MO MOTOKOCLEIIEHUIO,
HMCHONB3YETCS HE TOJNBKO U pacyeTa MOTOKOCUETIIEHMSI, HO TAKXKEe H
JUIS1 ONpeNeNieHUs] MHOYKTUBHOCTH pacCessHUsS U 3JIEKTPOMarHUTHO!
9HepIuM, 3allaCeHHOI B rone pacceadus. IIpu pacueTe cocrapisiowie
CUIIBI, OOYCIOBJIEHHONW M3MEHEHMEM IO PacCesiHUsA, B JHEpreT-
YecKyo GopMyITy HEOOXOIMMO TOICTABISATh IIPOBOIUMOCTh PaCCESTHUS,
MIPUBEICHHYIO 10 IOTOKOCUEerNeHMio. B 1. 2 6yeT nokKas3aHo, 4ro Mpu
pacuere MC nepeMeHHOro TOXa HCITONB3YeTCs ITIABHEIM 00pa3oM TO
e TpUBeIeHHE MO MOTOKOCUEIUIEHHIO.

1.2.4. CxeMbl 3aMelLeHUA MarHUTHbIX Lenen.
CyMmapHast MarHMTHasi NpoBoAVIMOCTL

ITo aHamOTHU CO CXeMaMH 3aMelleHHs JCKTPHYECKUX LIeTeil MOX-
HO COCTaBJISThb cxeMbl 3aMellleHuss MII. Bro obneryaer ux pacuer u
CUCTEMATU3UPYET HALUM TIPEICTABICHUS O MPHHUMAEMBIX IIPH 3TOM
pacyere TOMyLIeHUSX.

Ha puc. 1.4, a nokazana MC ¢ moBopauyMBaloLMMCS SIKOpEM, a Ha
puc. 1.4, 6 — cxema 3ameieHust ee ML, coctasnennas 6e3 ydera co-
MPOTUBIICHHST MAaTHUTONpOBOIA. KaxaoMy HEMarHUTHOMY POMEXKYT-
Ky MII cooTBeTCTBYET pe3ucTOp 3IeKTpHUYECKoM uenu (6ykpamu Ag),
Ag 4 Ayp 0003HAUEHBI TIPOBOAUMOCTH 3THX PE3UCTOPOB). B cxeme 3a-
MeteHus MIIC BeimonusieT QYHKIMIO, aHATOrMYHYIO byHkiny D C
anekTpuuecKkoi cxeMnl. IIpu 3apannoit MJIC o6MOTKH F ¥ 3aHaHHBIX
pa3Mepax CUCTeMbl, TO3BOJISIOMINX PACCUUTATh MATHUTHBIE IIPOBOIM-
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MOCTH Ay, Agy U Ayg, IO CXEME 3aMEHICHHUS, [IPEJICTABIEHHON Ha pHUC.
1.4, 6, MOXHO paccyuTaTh TIOTOK Py B paboyUX 3a30pax &, U &,, CyM-
MapHBIi NOTOK paccesiHust O,y ¥ cyMmapHsiil noToK Py. [IpoBoau-
MOCTB Ayq onpenensiercs no (1.14) u (1.13); pacuerst Ay, Asy, Agy ONHU-~
CaHBbl B 7. 3.

[TockosnbKy MarHWTHasE IPOBOAMMOCTb pacCesHUsT ucxoaHoin MIL
HaXOAUTCS MO HepEeMEHHBIM MarHUTHBIM HAlPSOKEHHUEM, U3MEHSIO~
ummmMcst ot 0 go MIC ob6morku F, a B cxeme 3amenieHus puc. 1.4, 6
PE3UCTOP, COOTBETCTBYIOIUI 3TOIl TIPOBOAMUMOCTH, BKIIIOYEH IO
TIOJIHOE HANpSKEHHe, paBHoe F, TO MPOBOAMMOCTb 3TOTO pPe3UcTopa
JOJDKHA OBITh paBHA MaTHUTHOM IIPOBOAUMOCTHU PACCESIHHA Ayq, IIPH-
BeleHHOM K MJIC 0OMOTKHM TI0 ITOTOKY.

Ha puc. 1.4, ¢, 2 mokazansi nocienoBaTesibHbIe 3TaNbl IPeodpas3o-
BaHMS UCXOMHOM CXeMbl 3aMelleHMsI, TIpeICTaBIeHHo) Ha puc. 1.4, 6,
JI0 mpocTeifueit enu, H300paxeHHol Ha puc. 1.4, ¢, ¢ HCTOYHHKOM
MJIC u cymMmmapHOH MarHUTHOM POBOJIMMOCTBIO Asq Ha €0 32KUMAX
(byxBa «®» B MHIEKCE Ayy O3HAUALT, YTO B Ayq BXOAUT NPOBOLXUMOCTH
paccedHus, NPUBEACHHAS TI0 ITOTOKY).

Jlerko mokaszath, YTO CyMMAapHas MAarHUTHas MPOBOJIHUMOCTb BCEX
VIMTHIBAEMBIX HEMAIHUTHBIX NPOMEXYTKOB paccMatpuBaeMoil MC,
npugedennas no nomoky xk MJC obmomku,

Aso = As+ Agos ‘ (1.23)
THE CYMMAPHAR NPOGOOUMOCHb PABOYUX 3030P08
As = AsiAsa/ (As) + Ag)- (1.24)

DTy IPOBOAMMOCTL MOKHO MCIIOIb30BATh, HATIPUMED, [UJISI pacyeTa
CYMMApPHORO NOMOKA CUCTEMEI 10 hopMyIIe

(DZ = AEQF, (125)

KOTOPAasi COOTBETCTBYET CXeMe 3aMellieHust, TPUBeIEHHOU Ha puc. 1.4, 2.
IToTok pabounx 3a30pOB TAKOH CHCTEMBI

(D§=A5E v (126)

Ha puc. 1.4, e nzobpaxeHna cxeMa saMelieHus passersieHHol L-06-
pasHoit MC, npeacrasieHHOR Ha puc. 1.4, 0, ¢ TpeMst paboYMMH 3a30pa-
MU Ha ITyTH JBYX pabOYMX MArHUTHBIX ITOTOKOB. 3IECh Ag), Asy, A — Mar-
HUTHBIE MPOBOAUMOCTH 3a30pOB &, &, U 8{'; Ayp U Aju— MarHMTHBIC
FIPOBOAMMOCTH ITyTel IIOTOKOB paccesinust @ u @, mpuBeneHHble K MJIC
00MOTKHU £ 110 TIOTOKY. CxeMy 3aMellicHus Ha puc. 1.4, e MoXHO npeobpa-
30BaTh B CXeMy, TIPEACTABICHHYIO Ha pUC. 1.4, 6, eClli CUUTATh B HEl

Ast = A1 + A5 1 Ayo = Nyg + Nyo.

Ecnu B cxemy 3aMeliienust, npuBeIeHHyIo Ha puc. 1.4, 6, e, BMecTo
Ags, Ago U Ajy BKITFOYHATE A gy, Apy 4 Ay (MATHUTHBIE IIPOBOIMMOCTH
paccesHUsI, MpUREICHHLIE 110 NoToKocuemeHuo K M/IC u qucny BUT-
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Puc. 1.4. MarsutHag cucteMa ¢ I10BOpavYnBaloIINMcs sIKopeM (a), ee cxe-
MBI 3aMeteHus (0, 6, ¢, xc); llI-o6pasnag MC (0) 1 ee cCxeMBl 3aMeIlCHUA
(e, 6, 8, 2, )

KOB 0OMOTKH), a B KauectBe ucroyHuka MJIC Bmecro F mocraBHTh
npousBeeHre F Ha YHMCJIO BUTKOB OOMOTKH w, TO IO ITONYYEHHBIM
CcxeMaM 3aMelICHUS MOXHO OymeT OIlpele/iuTh CYMMapHO€ IOTOKO-
ciietwiene MC, HeoOXomuMoe, HANPUMEP, MM pacdeTa WHAYKTUB-
HOCTH OOMOTKM. Takast cxeMa 3aMmelleHus IpuBe/ieHa Ha puc. 1.4, xc.
N3 nee, yautbisas (1.24) u (1.22), TOAYYIUM CYMMAPHYIO MAZHUMHYIO
HPOBOOUMOCHTb CUCHEMBL, RPUGEOeHHYI0 ho nomoxocyenternuio ¥ MIC u
YUCAY BUMKOE 0OMOMKU:

Aso= A5+ Mgy = A5+ 2A40/3. (1.27)
Tornma cymmapuoe nomoxocuennenye MOXXHO HaliT 1io hopmyne
W5 = Asy F. (1.28)
VYpasuenue (1.28) MOXHO Iepenucarh TAKXKe B BHIIE
Yy = Osyw, (1.29)

THE CYMMAPHBIL NOMOK, NPUGEOeHHbLI NO NOMOKOCHENACHUIO K YUCLY 8UM -
K06 W 06MOMKUY,

Oyy = Ay F. (1.30)
ITonpoGHee 0 HeM OyIeT CKa3aHo B IL. 2.
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1.2.5. KoapdmumenTbl paccesHns

KoaddunmenTs paccessHus HO NOTOKY HYXHEBI 11 pacyeta M1 ¢
Y4ETOM COIPOTHBICHHSA MarHHTOINPOBOAA METOAOM KO3GhPHIHEHTOB
paccestaus (M. moapasa. 1.3.2).

Maxkcumanbabiii Ko3dhULIMEeHT pacCestHUsI MO IIOTOKOCUETUICHUIO
TO3BOJIIET ONPENEIUTh CYMMApHOe NoToKocierienne MC, a 3Ha4uT —
HHIYKTUBHOCTL OOMOTKM, 3JEKTPOMArHUTHYIO SHEPIHMIO CHUCTEMBI U
9JIEKTPOMArHUTHYIO CHITY.

Koagppuyuenm paccesnus no nomoky c.q paBeH OTHOLICHHUIO TTIOTOKA
@, B KAKOM-TH00 ceyeHun K pabodyeMy MOTOKY O

Grp = Dy /Ds. (1.31)

TTocKONMEKY KaXIbIi U3 IMTOTOKOB MOXHO BBIPA3UTh Yepe3 MPOU3BE-~
JeHue MarHuTHO# nposoguMoctd Ha MIAC o6MoTku (1o ympoleH-
HOHM cxeMe 3aMEIEeHMS, He YUYHTHIBAIOWE CONPOTHRICHUE MAarHUTO-
NpOBOJIa), TO JIErKO MOJTYYUTh BHIPAXEHUS KOa(DOULMEHTOB pacces-
HHS Yepe3 MATHUTHBIE NIPOBOJAMMOCTH.

Maxkcumansrvii koagguyuenm pacceanus no nomoky wis MC, npu-
BelleHHOI Ha puc. 1.4, ¢ yuetoM (1.23), (1.25) u (1.26) umeer BUI

GZ‘D = (DZ/(DS = AZ¢F/(A5F) = 1 + Ad(b/AS' (132)

KoahduimeHT paccessius no NOTOKY AN T1000ro CeyeHus BepTu-
KaJIbHEBIX YacTeil MarHUTOMnpoBoaa Toil xxe MC MOXHO onpeaenuThb 1o
dopmynam (1.31), (1.11), (1.32), (1.12) u (1.26):

Oro= (Dg = Dy5x%/126)/®5 = O30 ~ (Aue/Ns)x?/135 =
=1 + (Ago/AN] ~ X*/1%5) = 650 - (05o— Vx5 (1.33)

Koagpduyuenm pacceanus no nomoxocyenseniiio MAKCUMaJIbHBIIA:

Ans pacemotpenrbix MC ero yiobHO pacCynThIBaTh 110 HopMyrie
ore= 1 +Age/As, (1.35)

KOTOPYIO JIETKO BBRIBECTH IO aHanmoruu ¢ (1.32).

1.2.6. 3aBUCUMOCTL UHAYKTUBHOCTY OGMOTKN MarHUTHOM CUCTEMBI
¥ paGouero NoToka oT ANUHbI 3a30pa -

3aBucUMOCTE MHAYKTHBHOCTH. [0 onpenenenuio {43] cratnyeckas
WHIYKTUBHOCTD

L=%/i (1.36)
rac Yy — CYMMApHO€ MOTOKOCUCIVICHME, I — TOK.
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Ecnu W5, 06MOTKH BBIPasuTh 10 (1.28), yuects, yro F= iw, To 114
MHIYKTUBHOCTH 00MOTKH MC ¢ 3a30paMM, COIPOTHBRIEHUE KOTOPHIX
3HAYMUTENBHO GOMbIIE CONMPOTUBACHUA MarHuronposona, no (1.36)
MOTYYUM

L=wAsy. (1.37)
ITo dpopmyne (1.27)
Asy=As+ Agy.

Hnss MC ¢ ogHuM paboyuM 3a30pOM MarHMTHYIO MIPOBOAUMMOCTD Aj
3a30pa MOXHO TIPEACTAaBUTh B CIIEAYIOLIIEM BHIE:

A8=AT+AB,

rie A, — MarHUTHas MPOBOAMMOCTD ITyTeil TOPIIOBOTO TMOTOKA; A, —
MarHuTHasl IIPOBOAMMOCTD IyTEH IMOTOKA BHIITyYHBAHUS.

B aBHOM BuzAEe CBA3b MHIYKTHBHOCTH C JUTMHOM pabouero 3asopa
MOJIYYUM, €CIM YIIPOLUEHHO OYyIeM CYHMTaTh, YTO Asy = Ag U

As~ Ay = 105/8, (1.38)

rae S — WICHAIb TOPUOB MOMIOCOB, 00Pa3yIoIINX pabounii 3a30p; § —
JUTMHA 3230pa.
Torna
L =~ poSw?/s. (1.39)

ITocnenHee BeIpaXXeHUE TTOKA3BIBAET, YTO NPU YBEIMYEHHH 3a30pa §
HHIYKTHUBHOCTH 06MOTKH MC yMeHbILIaeTCA.

3asucumocTs padoyero HNOTOKA OT JAHHBI 3a30pa. st MC ¢ onnum
pabouum 3azopoM crpasemmuso (1.26). C yuetom (1.38) mosmyuum

D~ 11 SF/5. (1.40)

Ha camom nene paboymit MOTOK 3aBUCHT OT & B MEHBLUEH CTENEHH,
yem 1o ¢opmyne (1.40), u3-3a BIUAHUS MTOTOKOB BHITYYUBAHUS, CO-
MPOTUBICHHS MATHUTOTIPOBO/IA H IPYTUX (PaKTOpPOB.

1.2.7. [MoToKOpacnpegeneHue, 3N0Pbl MarHUTHOTO HaNPsXKEHUSA
M NOTOKa 6POHEBOWN MAarHUTHOK CUCTEMbI

bpouesas MC (puc. 1.5) cocTout u3 BepxHero I u HIKHero 6 diaH-
1B, TIOJIOTO TUIMHAPa 3, cTona 5 1 stkops 2, o6MoTKM 4. Hemaraur-
Has BTyJKa 7-- Hanpamisiiomasi sikopst 2. eranu 1, 3, 5, 6 XecTKo
CKpEIIeHBI MeXIy coboi. BMecre ¢ ssikopeM 2 oHM 00pa3yioT MarHu-
TOIPOBOX C IATHIO 3a30paMul MEXIY HUMH, Aerand I, 3 U 6 — apMo
MC; skopb 2 u cront 5 — cepaeyHukd MC. MarHuTHas 1elb OpoHe-
- Boit MC ornmyaercs OT paHee paCCMOTPEHHBIX TeM, YTO ee paboyuuit
- 3a30p PacIONOXEeH BHYTpH 00MOTKM. M3 Hepabouux OyaeM YIYUTbIBATh
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Puc. 1.5. bpouesag MC:

1 — Bepxuwnii dnanen; 2 — sikopb; 3 — HONBLT WIMHAD; 4 — o6MoTKa; 5 — cTolT; 6 —
HIDKHUA ¢hnanely; 7 — HEMarHuTHAs BTYIKa

TOJBKO 3a30p §, MeXny AKopeM M BepXHMM ¢ianuem [. Hamee MC
OyneT u300paxaThCd B CEYSHMH TOM X TUIOCKOCTBIO, B KOTOPOH 110-
Ka3aH paspe3 Ha pyc. 1.5, HO 0e3 U3NMUILHECH AeTANN3aluu KOHCTPYK-
umy. s ynpolueHus IpuMeM CIEAYIOLIUE oMY LIE HUSI:

a) TIOJIe pacCesiHHsl YYMTHIBAETCSI TOJIBKO Ha ToimiuuHe [, u [, B
npejenax KOTOPhIX OHO CYMTAETCS IIOCKOMApaJUIebHBIM (KapTHHDI
IO OFUHAKOBLI B IIOCKOCTSIX, MEPTIEHAUKYISIPHBIX OCH ITOTICCOB);

0) MOTOKM BHITyYMBaHMS 3a30POB &) U &, B OKHE MartHMTONPOBOIA
OTCYTCTBYIOT (DOKOBasi TOBEPXHOCTb CTONA M SKOPS 3aHATA TOJBKO
MIOJIEM PACCETHUS); ’

B) OOMOTKA MMeCT PABHOMEPHYIO HAMOTKY, IUTMHA KOTOPOH /g paBHa
BBICOTE OKHa MarHUTONPOBOJA.

B cootBeTcTBHU C KONYUIEHUSIMH a4 U 6 MOTOKH B OKHE MarHUTO-
NPOBOJA Ha JUITHHE §; HE YUUTBIBAIOTCS.

Ha puc. 1.5 crpenxaMy moka3aHbl IPeABAPUTEILHO TPHHUMAEeMbIE
YCIOBHO-IIOIOXKUTEIbHbIC HATIPABICHUS MATHUTHBIX HANPSOKEHUH:
U,s1 — Ha paboueM 3azope d;; U, — Ha 3a30pe 8,5 U gy — MEXIY
siKopeM 2 ¥ MONBIM UMNUHIPOM 3; Uy, gyer— MEXKILY CTOIIOM 5 M ITOJIBIM
LMIMHIApOM 3. 3a feitcTBUTeabHOE (6a30B0€) HANpaBIeHUE TPUHUMA-
€M HampasJieHue ToKa B 00MoTKe MC (KpecTuk M Touka). OCh x mapan-
JIETbHA OCH OOMOTKH M HAUMHACTCS OT OCHOBAHMs CTONA, COBIIANAIO-
WEero ¢ HIKHUM KpaeM 0OMOTKH.

ITo BTOpOMY 3akoHy Kupxroda ans xontypa ABCDA

UM51+ UMBZ = F.
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st koutypa MNCDM 1o (1.4)
Udec‘r = Fch/IOG'

DTO ypaBHCHHUE CITPABCIUTUBO Ha BCel JulmHe cromna /.. Ilpu x . = I
uMeeM U, ger = Fl/los, @ TIPH Xp = 0 uMeeM U, gper = 0

Takum obpaszoM, Ha IIUHE CTOIA MATHUTHOE HAaIIPSKEHHUE MEXIy
CTOTIOM M TIOJIBIM LIMJIHHIPOM 3 ipMa U3MEHSETCS TUHEHHO OT HyJIs ¥
OoCHOBaHMsI cToria (B Havaje Karymku) ao Fl./l y TOplia cToma,
obpallieHHoro X padoueMy 3azopy. Ha mimHe cTorna moToKu paccessHust
HampapjJeHbl B CTOPOHY HpelBapuTe/JbHO BRIOPAHHOIO HAIIPABICHUSA
MarHATHOTO HapsKeHUS.

ITo Bropomy 3akony Kupxroga s xouTypa AM|N;BA (oc0xo1mm
KOHTYp IPOTHB YaCOBOM CTPEJIKU)

Usiaxs = Uysz = Fllog = X0)/Los. (1.41)

VpaBHeHUe CIpaBe/UIMBO Ha BCeil IIMHe [, T.e. PU BCeX X, Jiexa-
1IMX B AUAMAa30He /.. + 8 < X, < .

PaccMoTpHMM CHayana yIpoOLUueHHBIN Chyvail, KOrla MarHUTHBIM

COIPOTUBIICHUEM 3230pa 8, MOXHO TpeHebpeus, T.e. U, = 0. Torma
u3 (1.41)

Ude;[ == F(loﬁ - x}l)/lo6. (142)

W3 3TOr0 ypaBHEHUs ClIeIyeT, YTO BO BCEM AMANa3oHe U3MeHe-

" HUS X;, B KOTOPOM OHO cHpaBeanuBo, U, . < 0, T.¢. YTO MOTOKHU

paccesaHWsA Ha IIMHE SKOpsS HaMpaBieHbl B CTOPOHY, MPOTHBOIIO-"
JIOKHYIO TIPEIBapUTEIbHO BHIOpAHHOMY HAIlpaBIeHUI0 MArHUTHOIO
Hanpstxkenus. Ilpu x; = L, + 8, uMeeM U,y = —Fl,/ls; ipn X, =
I, Hanpspkerue U, ., = 0. ‘

Ha puc. 1.6, ¢ nokazaHo 1moTokopacnpeaeienue Gporesoit MC,
MIOCTPOCHHOE B COOTBETCTBUU € BIIOPOA M3MEHECHUSI MArHUTHBIX Ha-
NpsKeHMi, n306paxeHHoi Ha puc. 1.6, 6, mo (1.4) Ha JMHe cToma U
o (1.42) nva pvHe gxopsi. HanmoMHMM, YTO MAarHUTHOE HAIpsiKeHUe
Ha COMPOTHBIEHUM MPUHUMAETCS COBMANAIOIIMM C ITOTOKOM B 2TOM
conpotuBiaeHny. OTanume B HanpasaeHuu U, . MeXay TouKamMu M, n
N nHa puc. 1.5 1 noroka @4, Ha puc. 1.6 He IPOTUBOPEYMT ITOMY Ipa-
BWIY IOTOMYy, 4TO crTpenka U, Ha puc. 1.5 o6o3Ha4yaeT yCIOBHO-
TOJIOXKUTENIBHOE HAIlpaBlIeHUE HANpsSKeHUs (M IOTOKAa), a CTpeNka
®,, Ha puc. 1.6, a — HelCTBUTENILHOE HalpaBicHue IOoToKa (M Hanps-
KCHUSI), KOTOpOE Ha 3TOM Y4YacTKEe OKAa3aJIoCh MPOTHBOIIOJIOXHBIM
YCIIOBHO-ITOJOXHTEIPHOMY.

Ha puc. 1.6, ¢ npuBefeHa 3miopa U3MEHEHUS TOTOKA B CEYSHUAX
sikops ¥ cromna. Ha puc. 1.6, a, ¢ Bunto, yro 6poresast MC umeer asa
MakcuMyMa [oToKa: ®gs — B CEUEHUHU SIKOPsi, KOTOPOE COBMAAAET C
BEPXHUM KpaeM OOMOTKM (1ipu 3azope &, = 0), 1 Oy — B CEUCHUH
CTOMa, COBMAJAIIEM C HIXXHUM KpaeM OOMOTKM:

q)ﬂ): = CDSI + q)d;[Z; q)CTZ = (DSI + q)dCTZ-
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Puc. 1.6. bponesasg MC ¢ onHUM 3a30pOM:

a — CXeMa NOTOKOpaclipeieNneHns; 6 — 3M0pa MArHUTHOTO HANpAXCHUs1 HA IPpOBO-
IUMOCTH pacCesiHUA,; 6 — KpuBasg HIMCHCHHSI ITOTOKOB B CCYCHUAX CEpACYHHKOB

Ipu 3, = 0 u U5 = 0 moToxopacnpeaenernue 6ponesoit MC ciox-
Hee, U3 dopmynsr (1.41) cnenyer, UTO TIPH X, = I, HaTipsKeHUE U, 4y =
= Uysy, @ IPH Xy = lc'r+ 51 = 106 - lﬂ

Udex = Ums2 — F]H/IOG' (143)

s U, < Fl /I oTOKOpACTIpEAETIEHUE U BITIOPE U3MEHEHUSI
MAarHUTHBIX HANpsoKeHUH M IIOTOKOB TOKa3aHel Ha puc. 1.7, a, 6, 6, a
g Uy > Fl /I — Hapuc. 1.7, ¢, d, e. [locnennuii cnyyvaii npeacras-
JifeT MEHBIUHI MHTEPEC, TAK KaK XapaKTepeH Ul MANbIX IMH paGo-
Yero 3a3opa &;, Ipy KOTOPHIX MAarHUTHBIE TIPOBOIUMOCTH 3a30pPO0B §; U
8, 3HAYUTENBHO OOJIbILE NIPOBOAUMOCTH PACCEAHHA H TTOCTEIHEN MOXHO
npeHeOpeyp.

ITpu Gonbliiol U cpeaHeil JIMHe paboyerc 3a30pa &) IPU X, = lyg —
I, 0Op1uHO HMeeT MecTo HepaBeHCTBO Usy < FI, /1.s. TIOCKONBKY B 3TOM
ciayuae NpH x, = lyg TIONYIaeTCH Uyyyq = Uysa > 0, a 1IpH X, = [y — I,
Hanpspkerue Uy, < 0, TO MOXHO 1IOKa3aTh, YTO TIPH HEKOTOPOM X, =
los.p = los — Uysalos/F MarnutHOe HanpsokeHue U gey = 0 (ls, — pacyeT-
Had ajnuHa o6MoTKm). Yepes xoopauHary X, = s, Hapuc. 1.7, a, 6, 6
TpoBefieHa TOPU3OHTANbHAS LITPUXOBad JTuHuA. Huxe 3To# nuuun
MOTOKU paccesHusa @y, (cM. puc. 1.7, a) HanpaBieHsl B CTOPOHY, NPO-~
TUBONOJIOXKHYIO TTPENBAPUTEILHO BHIOPAaHHOMY HarpaBieHUIo U, ., (CM.
puc. 1.5), Bhllile — MOTOKM paccestus Oy (M. puc. 1.7, a) Hanpasie-
Hbl B CTOPOHY, COBHAJAIONLIYI0 C NpPEIBAPUTEIHHO BHIOPAHHBIM Ha-
npasieHueM U, ;.q.

IpocnenuMm no puc. 1.7, a, ¢ u3MeHeHHe IIOTOKOB B CEYCHHUSIX
CEPACYHUKOB. Y OCHOBaHUS CTOMNA MOTOK paBeH ®y; O Mepe NpHU-
OmpkeHMs K paboyeMy 3a30py B CEYEHHAX CTOTIA TIOTOK YMEHBLIAET-
CsI, TAK KaK OT HEro OTBETBISAIOTCSI NOTOKU paccesiHUs P, HA UIHHE
crona /.. (Ba puc 1. 7, a yCAOBHO IOKa3aHa OIHA ANHHS HHIAYKUIMH
3aMKHYTOTO KOHTypa 3Toro noroka). IToTox B BepxHeM TOpILE cTona
NPU [IPUHATBHIX IONMYIUEHUAX PABEH IMOTOKY B HHXHEM TOpIIE AKOPA
(cM. puc. 1.7, a, 6, ®g)).
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Ha mmvHe SKOpsi OT HMXHEro TOpIA 10 HEUTPAIBHOTO CEYSHHS
(pacueTHas mMMHA AKOps I, Ha puc. 1.7, a) MOTOK B CEYEHUAX AKODPS
yBeJIM4MBaercs ot @ B Topue 10 O,x (cM. puc. 1.7, ) B HEUTpaTbHOM
CEUYCHNU 32 cYeT HOOaBIAIOHIMXCA K paboyeMy IOTOKY ®j; MOTOKOB
paccestHus Oy, (cM. puc. 1.7, a). B HEHTpaJIbHOM Ce4eHUH CYMMAapHBIH
NMOTOK Py5 = @y, + Oyyy. B ceueHusAx KOpsi OT HEUTPAJIBHOTO A0 ceye-
HMS, COBIAAAIOILErO C BEPXHEH YacThi0 OOMOTKHM, IIOTOK OYIeT YMEHb-
I1aThest OT @ 5 10 Py, 32 CUET HOTOKOB paccessHus @y (cM. puc. 1.7, a),
OTBETBIIAIOMINXCA Ha JumHe ([ — [ ;). HeATpansHeiM ceyeHueM pac-
cMoTpeHHYI0 MII MoXHO pa3OUTh Ha IBE HE3aBMCUMBIC Lienu. Mar-
HUTHAS Uelb HIKE HERTPATBHOTO ceueHUs (CM. puc. 1.6) s3KBUBAIEHT-
Ha MII 6poneBoit MC 6e3 3a3opa 8, Npu WIMHEe OOMOTKM, paBHOMU
PacYeTHOH ITUHE OOMOTKH log , = los — (5 — ;) (cM. puc. 1.7, a). Beime
uelrrpanpHoro ceyenus MII 6ponesoit MC coorsercTByeT MII ¢ 0E-
HHUM 3330pOM &5, PACIIOJOXEHHBIM BHE OOMOTKH.

PacuetHyio jiuHy Akops I, (CM. puc. 1.7, a) MOXHO ONpEIEIUTh
1I0 YPaBHEHHIO

F x x

D,
(Dsz\zﬂ‘ﬁ Dix tha , Fz’ﬂm/al:s Do ;:2
= [ |
el PN NN Dy
= o |1 ~§I ] Y
S| | by @ g 8| e/l |_ Oy ! st
5 qu“_“ Uia % Dy
n;dx='“nx.p/ los TO L Derx 0
a ) 8
F Ix
Ugs1 Usss2 Drerx D51 x

*E . Flyfls @z Os
i 1 | I

r—&i- - By
— Ua 0 ) Oy=Dz |0

2 7} e

8
®

Puc. 1.7. Bpouesass MC c 3a30pamut §; U &,:

a, 2 — CXeMbl NOTOKOpacnpenesieHust; 6, 0 — SMIOpEl U3BMECHEHUS MATHUTHOTO Haripsi-
XKEHUA Ha MPOBOIMMOCTH PACCESHUA; 6, € — KPUBbIE U3MEHEHUS [TOTOKOB B CEYECHHAX
cepaeyHuKoB (a, 6 u 6 pu Uysy < Fli/lg; 2, 0 M e ipu Uysy > Fly/l)
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D5 + Dy = Digay + D,

tae @ = Ay Uisis Ugsi = F— Uy = Flosp/loss; Puay = AagoaUsnass Unaa =
=Fl, o/ls; @ins = NaoaUsszs Uusz = Fl~ Lip)/loss Psz = D2 Uysz, Asp —
MAarHUTHAs TPOBOIUMOCTD 3a30pa 8; Algps — MArHUTHAS MPOBOAHMOCTD
nyTei moroka paccessHus Oy s (B Ipenenax TONMUWHLS /[ ), MTpUBENEH-
Has Mo 1MoToky K U, 4 Afps — MArHUTHAS MPOBOAMMOCTD TyTei IMO-
TOKa paccesnvs @,y (B Npefenax TOMUMHBL [~ [;,), IpUBeleHHasA
10 MOTOKY K U, 50; Asy — MarHuTHasI IPOBOIUMOCTD 3a30pa §,.
[TpoBoauMOCTH paccesasHUs] COOTBETCTBEHHO PaBHEL

A’dd),q = Moxdlﬂ.p/z; A'a;d)ﬂ = HO)\'d(lﬂ - lx.p)/z;

IIe Ay — YIAeIbHAS JIPOBOJMMOCTS IIOCKONIAPAJUIESIBHOIO NOJIS Pacce-
gausd. OKOHYATSIFHO 1OTyYaeM

lip = LAl = [(As1t/As))los/ Iy + Naas /A /(1 + A1/ Asy + Mg/ As2)}s

Tae Aggs = tokgly.

TTpu nanepHeleM pacyete 6poHeBoit MC oTnagaer HeoOXOMUMOCTh
B JOMYUICHMH O TOM, YTO [MOTOKM BBITYYUBAHUSA 3430DOB O0; K O, B
OKHE MarHUTOIIPOBOIA OTCYTCTBYIOT. be3 Takoro JonylIeH!s MpoBO-
MYMMOCTH 3330pOB &; U &, CIellyeT pacCUMTHIBATh C YUETOM IIOTOKOB
BeiTyuuBanua. COOTBETCTBEHHO HOMKHB OBITH CKOPPEKTHUPOBAHBI
(YMEHBILCHEI) TOMILMHBI CJI0EB TUIOCKONAPAICILHOTIO OIS Ha JUTH-
He AKOpSA H CTOIa.

1.3. MeToabl pacyeTa MarHUTHLIX Uernen NOCTOAHHOTO TOKa
C y4eTOM CONpoTUBNEHUA MarHuTonposoaa

Pacemorpum metoasl pacuera M1 6e3 yuyera paccessus (mogpasm.
1.3.1) u ¢ yuerom paccessams (moapasn. 1.3.2).

1.3.1. MarHuTHbIe Uenu ¢ CONPOTURBIIEHUEM 3a30P0B,
3HAYNTENTLHO MEHbLLLINM CONPOTUBINEHUA MarHuTONpoRoaAa
VI COM3MEepPMMbIM C HUM. PaccesiHue He y4UThIBaeTCA

Ha puc. 1.8 uzobpaxerna MC nipu nputsHyToM sikope. [Inomans ce-
YeHMs TIOMIOCHOTO HAKOHEeUHUWKA | TaKOW CUCTEeMbl Ha IOCTOSIHHOM
TOKE JeNaeTcs, Kak UPaBuiIo, GOMplile IIoWAany CeUeHUs CepReUHAKA
I{ mna nonyyerus TpebyeMoit TroBoit xapakrepuctuky. CeueHue oc-
TalbHBIX 3JEMEHTOB MaruuTonposoaa (apMo I/ n sikops IV) moryr
OBITH PA3HBIMH IO TEXHONIOTHYECKHUM, KOHCTPYKTUBHBIM U IPYTHM CO-
obpaxxeHusiM. PaccMoTpuM oO1Mil ciydali, TIph KOTOPOM TOTIEPeUHbBIS
CeYeHHUs BCeX YeThIpeX YacTedl MarHMUTONIPOBOJAA Pa3NiuYHEL.
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Puc. 1.8. Marautnas cucteMa npu
MIPUTSHYTOM SIKODE: %

I — nmomocHBI HakoHe4HUK; [ — cep- ]
JIeYHUK; {1 — spmo; [V — skopb |

Mexny 3j1eMeHTaMHd MarHUTONPOBOJA PaCcOJIOXEHB! 3a30phl. Ye-
pe3 BCe 3a30pBl U BCE 3JIEMEHTHl MAarHUTOIIPOBOJAA ITPOXOIUT OJVH U
TOT XK€ IOTOK @5, YCIOBHO ITOKa3aHHBIN Ha puc. 1.8 1ByMs 3aMKHYTHI-
MU KpUBBIMU. J1JIa pacueTa pa3zo0peM 3aMKHYTHIN KOHTYP 3TOTO IOTO-
Ka Ha YYacTKU [, MarHUTONPOBOAA JUIMHOM [y, Iy, Iy, Iy v pacniono-
XeHHble MEXIY HUMHM 3a30pbl §; IIUHOH &, 5;, 85, 8;. PasMepHEIe
JTMHWY YYACTKOB [, Ha puc. 1.8 COBMANAIOT CO CpeaHeit NMHUER NHAYK-
nun MC.

CocraBMM ypaBHEHHE BTOpPOro 3akoHa Kupxroda mis 3aMKHYTOTo
KOHTYpa 00x0la, COBIAIAIOUIET0 ¢ KOHTYPOM, 110 KOTOPOMY 3aMbIKa-
eTCsl IIOTOK PacCMAaTPUBAEMOI CUCTEMBI:

Z UM.Mk + ZUMBI = F, (144)
k=1 i=1

[I¢ MAFHUTHOE HaNpsDKEHUe Ha k-M y4acTKe MarHHTOIPOBOJA
Uit = Hidg (1.45)
¥ MarHMTHOE HAmpsDKeHUe Ha 7-M 3a3ope (mo 3akony Oma ang MII)
Ui = ©si/ Asie (1.46)

3necy H, — HANpPsSKEHHOCTh MATHUTHOTO MONA HAa k-M y4yacTKe Mar-
HUTOIPOBOAA; $5; — MArHWUTHBIH ITOTOK B i-M 3a30pe (IJIs1 pacCMaTpu-
BaeMoit MC ®;; = ®;); As; — MArHUTHas POBOJUMOCTD I-I'0 3a30pa.
IlonyyeHHbie ypaBHEHUS MTO3BOJSIOT PELUINTh HPAMYIO 3a0aty pacue-
ta M1l Ilo moToky u miou@anm S, NonepeyHoro ceveHus k-ro yuacrka
MarHATONPOBOJA HAXOAUM MarHUTHbIE HHAYKIUA B 3THX yyacTkax. Ha-
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P IUsi T NIPSDKEHHOCTH H), MATHUTHOTO ITOJIsT
- OIPECHCTHIOTCS 110 MArHHTHBIM WH-~

o} d - ) o
(1)2 1 IYKITUSIM TIO0 OCHOBHOM KPHBOI Ha~
oy MarHUYMBaHUsA MaTepyata MarHu-
TOTPOBONA. MAarHNTHLBIE IIPOBOI-
ol v MOCTH Ag; C y4ETOM BbITYYHBAHUS
8 3 TIOTOKA PAaCCYUTHIBAIOTCS IO 3a0aH-

HBIM pasMepaMm JIOOBIM U3 U3BECT-
HbIX MeTOJIOB. be3 y4ye€Ta BBINYIM-

4 St BaHHA NPOBOAUMOCTH MOXHO BbI-
0 F" F" Fg F F yycaurs o gopmyie
Puc. 1.9. Kpusas Hamaramunsanug MC
P Asi= H()Si/sia

rae S; — IUIoIaAb NOMEePeYHOro CeYeH s TOpIa MMOAIoca i-ro 3a3opa.

Obpamuyro 3adauy (onpeneaeHUe MarHUTHOM MHAYKUMHM B pabodyeM
HeMarHUTHOM 3a3ope 1o u3BecTHOH MJIC obMoTKU F5) MOXHO peluTh
TOJBKO C MTOMOUIBIO HECKOJIBKMX TIOCTIeAOBATEIbHLIX MPUOIIKeHMi (13-
3a HEIMHEMHOCTH KPUBOH HAMarHWYWBaHUA). 3aJaBIIUCh KAKUM-JTHOO
3HaYeHneM notoka Oy, Haxonum MJIC F', KoTopast B o61IeM ciiydae He
pasra 3anannoil MUC oomotku Fg. Ecnu F' > F g, TO BRIOHpaeM HEKO-
TOPOE HOBOE 3Ha4YeHUE MOToKA @5 < @5 CHOBA pelliaeM psaMyIo 3a/1ady.
ITomyuaem MIIC o6MoTKu F"', KOTOpas TOXE B 00HIEM Cllydae OTIYacT-
cs1 ot uzBectHoit MIIC F;. BeiOupaeM HOBOe 3HaYeHHE IOToKa @5 ¥ Tak
J0 TexX Mop, IoKa Moay4eHHas B peayibrare pacdera MJC He 6ymer or-
JIMYATHCSI OT 33JaHHO B OMYCTHMBIX TIpeaeax. PeieHue obpaTHoO! 3a-
a4y MOXHO YTIPOCTUTh, €CH ITOCTPOUTD B paitone 3anaHHoi MAC yya-
CTOK KpuBoi#i HaMarauumsanus MC (puc. 1.9).

Hnst yno6eTRa mambHeHIHMX OOBICHEHWH YCIOBHO OVAEM CUMTAThH
MI1 ¢ 3a3opamul HacbiujerHol, eCIA CYMMapHOe HANpsDKeHHe Ha ee
MarHUTOIMPOBO/IE (ZUM.M/“ cM. puc. 1.9) 6onbie 30 % MIAC Fg.

1.3.2. MarduTtHble Lenn ¢ CON3MePUMbIMMN CONPOTNBIIEHNSIMU
3a30pOB U MardHutonporopa. Paccesinve yuutbiBaeTcA

Pacuer MaruuTHOI HenH ¢ HCNOb30BaHHEM K03 (PHIHEHTOB pacce-
auna. CpefHss TMHYSI MHAYKLIUK paceMmaTtpusaeMoit MC (puc. 1.10, @)
pas3buTa Ha Y4acTKH /, MATHUTONPOBOAA WIUHOHI /[, b, ... /iy (0bo3Ha-
YEHME YYaCTKOB HE COBMANAET C NPUHATHIM Ha puc. 1.8) u 3a30pwl §;
JJIUHOH 3y, 8,, 33, 84. BepTHKaIbHbIE YACTH MarHMTORPOBOAA pa3jene-
Hbl Ha y49acTKU b, b, Iy, ls, ' ¥ [y TOPU3OHTAILHBIMHM TIOCKOCTSIMU,
NEepNeHAUKYIAPHBIMU OCH CepAeYHMKA (LUITPUXOBBIE JHHHMHU Ha
puc. 1.10, a).

TTpumeM cnenyrolye JOMYIUEHUS:

a) JUTMHA CeplleyHHKa [, paBHa [UTMHE OOMOTKH l;
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6) Iojie pacCessHUsA IUIOCKONApaUIeNbHO B Ipeieiiax TONLMHEI
li=ls=1;

B) 0OMOTKa MMeeT paBHOMEDHYIO HaMOTKY;

r) HaMarHUYHBAaHHE OCYLIECTBISIETCS MO OCHOBHOM KpUBOM Ha-
MAarHWYHBaHUA,

Jl) TIOTOKU BBIITYYUBAHUS MeXIy sKopeM IV 1 oCTallbHON 4acCThIO
MarHuTOIpPOBOJA 32aHUMAIOT GOKOBYI TOBEPXHOCTb BEPTHUKAJIBHBIX
yacTell MarHUTONpOBoAa Ha muHe [ = Iy (M. puc. 1.10, a);

€) 4epe3 BCE nonepevyHble cedeHust sKops IV, ImOMIOCHOTO HAaKO-
HeyHuKa [ 1 yyacTKa JUIMHOM ly apMa I11 mpoxoaut pabounii MoTox @s,
BKJTIOYAIOLIMH NOTOK BHITYYHBaHMUS;

XK) yepe3 BCe IOIEPEYHblIe CEYeHNS I'OPU30OHTATLHOM YaCcTH spMa,
TepIEHANKYIAPHBIE OTOKY, IIPOXOAUT CyMMapHBIi IIOTOK CHCTEMB Dy,

3) Ha WwiuHe (s + L + ;) BepTUKAJILHOM YaCTH SIpMa, COOTBETCTBYIO-
ek /g, U Ha JUIMHE CepIeYHNKA XapaKTep U3MEHEHHUs ITOTOKA TaKOM
Xe, Kak B MC, B KOTOpOH HE YYUTHIBACTCS MATHUTHOE COIIPOTUBJICHUE
MATrHHUTOIIPOBOJA M 3a30pa 8, MeXIy cepaeuyHukoM I1 u spmom 11T

u) npu onpeaeneuny MJC 0OMOTKM YIHUTBIBAETCS MATHUTHOE CO-
MPOTHBJICHHE MAarHUTOIIPOBOIA H 3a30pa §,.

PemruM cHavana npsgMyio 3anavy — onpenenum MIC ooMotku F
[0 33IaHHOMY IIOTOKY ®;, 3alaHHBIM Pa3MepPOM H H3BECTHOMY MaTe-
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Puc. 1.10. MarautHas cucrema, pa3burast Ha y4acTKH i pacuera ee MII me-
TOAOM KO3(DULUEHTOB paccessHus (@), U NPUHUMAEMOE IIPH 3TOM pacyeTe
U3MeHeHUe MOTOKA BJOJb CepAeyHHKa (6):

[ — nontocHblit HakoOHeYHUK; [] — cepaeynuk; [/l — spmo; IV — sakopb
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puay MarsuTonpososa. IlpuMeM HanpapieHNss MarHHTHBIX HAIIPSKe-
HUI Ha BCEX MArHUTHBIX CONPOTUBAcHUAX ML coBnanamomumMu ¢ Ha-
TIpaBieHUeM 00x0[a KOHTypa, KOTOPBLIII COBMECTUM C KOHTYPOM pa-
604ero MarHUTHOTO ITOTOKA, TIPOXOASIIETO MOCIEA0OBATENLHO 110 BCEM
YJaCTKaM MarHuTONpOBOJIA ¥ BCeM HEMAarHMTHBIM 3a3opaM. Torma muc-
xomyio MAC moxuo onpenenurs o (1.44). Paccmorpus cHayana pac-
4YeT MATHUTHBIX HANpsKeHUH U, Ha COMPOTURJICHHSIX YYACTKOB Mar-
HUTONpOoBoAa. g yuyacTKOB JWIUHOM [, Is, Iy 1 1, (cMm. puc. 1.10, @), Ha
KOTOpPBIX ITOTOK HE u3MeHsAeTcs (HomyuieHus € u x), B (1.44) MoxHo
TIOJICTABUTL MartdvTHBIe Hanpstxenus U, ,,, Haineunsle mo (1.45).
B nocnennee, B CBOIO OUepeb, MOACTABISIIOTCS HANIPSDKECHHOCTH Mar-
HUTHOrO noyst H,, HalineHHbIe 110 MAarHUTHBIM MHIYKLHAIM B, 11o oc-
HOBHOM KPUBOM HAMarHWYHBaHUS MaTepyana MarHuTonpoBoaa. VIH-
JIYKIUU B k~M Ce4eHMH MarHUTonpoBoja

By =D/ Sy,

rae @, — MOTOK, a 8 — IIOWAaAb k-T0 CEYEHHUS, TEPIIEHAUKYIAPHOTO
MOTOKY.
JIns yyactkoB UtwHOM 1), Iy 1 )y IOTOKH @) = By = @) = Dy; IS
yyacrka
(DS = (DE = (Dg,qu,.

3gech CyMMapHbI KO2(DPHUHUEHT PAcCesHUS Oyq ONPEACTISICTCS
mo (1.32).

Ha minne Becex ocTaNbHBIX YHACTKOB MATBUTOIIPOBOA IIOTOK U3MeE-
HsteTeA (IOIMyILUeHHUE 3), TO3TOMY ISt HUX

UM.Mk = chplk,
TAC CPEAHsA HAIPSCKCHHOCTL MaAarHMTHOTI'O OJISI Ha JINHE k-ro y4yacTKa
Hyop= (Hy + H')/2,

H; v H' — HanpsSXeHHOCTU MAarHWTHOTO MONS B BEpPXHEM YW HIDKHEM
KOHUAx k-ro yyactka; H; u H;' onpenensiorcs no MarHUTHBIM HHAYK-
udsaM B, u By’ B BepxHeM M HIKHeM KOHIax k-ro ydacrka. ITociaenHue
OTIPEACAIOTCS MO GopMyIaM

By =@/ Sy By = 04/Sy.

3aecy O, v ©; — TIOTOKY B BEPXHEM M HIDKHEM KOHLAX KAXIOTO
yyacTka: O = Oyote; OfF = Oy0pp, TE Crp U Chep — KOIDOHUIIMEHTEH]
paccessHus B BEPXHEM B HIDKHEM KOHIIE k-FO yJacTKa (OTpencsioTcs
1o dopmyne (1.33)).

ITosicHUM pacyeT MATHUTHBIX HATIPSDKEHUM HA yUACTKAX, HA JUIMHE
KOTOPBIX TIOTOK M3MeHsieTcst oT @y no ®f, Ha NpUMepe YYACTKOB Mar-
HUTOTNIPOBOLA IIMHOU £, U /. TTOTOKM B BepXHEM KOHUE ITHX YYACTKOB
(TipM. x = [yg, M. puc. 1.10, a) @3 =Dy = D;. 306Chb 539 =0ge = 1. [ToTOKM
B HMXKHEM KOHUE 3THMX YYaCTKOB (IIpM X = X;, cM. puc. 1.10, a) ®) =
= @' = P30,0. IACCh Gy g = Crg = Ogyp ONpeAensrorcs 1o (1.33) apu x =
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