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B LMKIMUECKHX YCKOPHTENsIX Ha BBICOKHE 3HEPTHH, Kak IpaBHIIO,
fIPUMEHSIETCSI BHELIHSSI MHXKEeKIHsl yacTull. ITlpu 3TOM yacTuubl 10 3HEpPTHH
HHZKEKIIMH YCKOPSIIOTCS JOMOJHHUTENbHBIM YCKOPHTE/NeM-HHKEKTOPOM, 3aTeM
10 TPaKTy BBOJATCS B Kamepy muas yckopeHus. OObUHO K mapameTpam
_BBOJMMOTO NyYKa YacTHI TpeAbABAAIOTCS OnpejeneHHble TpeOOBaHHS,
_KOTODBIM He€ BCerjia YAOBJETBOPSIIOT YACTHIBl Ha BBIXOAE YCKOpHTEJs HH-
.zkektopa. IToaToMy Ha nmyTH YacTHIL OT HHXKEKTOpa A0 YCKOPHUTe/dsl ycTa-
HaBJMBAIOTCSA pas3juuHble GOPMUPYIOILIME CHCTEMbl: KBAJAPYMNOJbHbIE JHH3BI,
‘MAarHMTHble KOPPEKTOPHI, OTKJOHSIOUIMEe MarHHTHble M 3JeKTPOCTaTHYeCKHe
yeTpoilcTBa. AHasMyecKHil pacuer TakHX cucTeM B ofLleM c/aydae BO3MO-
JKen, HO TpebyeT MPOBEAEHHS TPOMO3JIKHX BbIYMC/ICHHIL.

it pacuera W BbIGOpaA ONTHMAJbHOI cXeMbl (OPMHPOBAHHS M IOCTH-
‘POBKH 3JIEKTPOHHOTrO MyuyKa HAMM NpHMEHEHa aHaJoroBas MaTeMaTHYecKas
~mamnuna MHB-1.

B kauecTBe npHMepa pacCMOTPUM METOJHMKY pacueTa TpaKra HHIKeK-
“UMH, TPeJHa3HAaYeHHOTro JJsl MpOBeAeHHs 3/JeKTPOHHOTO MyuyKa, COCTOSAILEro
u3 2 nap KBaapynosabHbX JauH3 (1, 3, 5, 7 yyacTkH, puc. 1), 1ByX Koppek-

THPYIOUIUX JUH3 (yuacTku 9, 11)
‘X M TpeX 3JeKTPHUECKHX KOH/EeH-

' CaTopos, KOMIEHCHPYIOUIHX

BJAHSIHEE BHEMIHEr0 MarHUTHOTO

ll_j_ nonss (yyactox 14). B mnpome-
DW JKYTKAaX MexXJ1y JHH3aMH 3JeK-
TTT ¥ tpoub oTKIOHAIOTCH —BHEWHHM

(2.3 4 9067 8T 90235 14 MarHuTHeIM mosneM B, (y). 3a-

BUCHMOCTL HAINIPsAZKEHHOCTH Mar-
HUTHOTO MOJ4 Bz OT KOOpJAHuHA-

Thl Y NOKa3aHa Ha puc. 2.
Puc. 1. Tpakr uHxkekuuu u3 14 yua-

e ey ¢ McxXoaHBIMU  JaHHBIMH JIJIst
pelieHus 3ajauu  SIBJASIIOTCS
SHEPTrHs YaCTHUIl, TIONEepeUHble pasMepbl U yIrJa0Basg PacXOAUMOCTb 3JEKTPOH-
HOTO NyYKa Ha 'BXoJe TpakTa MHKekUuH. TpeOyercss onpeaesuTb OCHOBHBIE
napaMeTpbl (POPMHUPYIOILEll CHCTeMbl, obeCneyuBaolleil Ha BBIXOJE TpaKTa

IIYYOK € 33JaHHBIM NONEpPEeYHbIM CeYeHHeM M VIVIOBOH PacxoJMMOCTBIO.
Bribepem cucremy KOOpAHHAT, B KOTOPOIl 0OCb y cOBMajaeT ¢ HAnpas-
JIEHHeM JBHKEHHS 3JCKTPOHOB. Y paBHEHUS TPACKTOPHH 3JEKTPOHOB B JIH-

78




HeliHOM NpPUOJHKEHHH B BePTHKAJbHOH MJIOCKOCTH Xy /s yyacTkos |- 14
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Puc. 2. 3asucumocts B2/Bymax o1 y

Y4acTok YpaBHenue
d*x
1:3 55,7 =0 (1),
dy?
rae k =k, —ky + ks, —k, na 1,3,5,7 yuactkax COOTBETCTBEHHO
d?x
2:4.6:8.10:12 s ). (2)
dy..
d*x
9,11 el
dy.‘
rae b=b, Ha yyactke 9, b = b, Ha yuactke 11. (3)
d?x
13 — | Aa(y) = 0. (4)
dy.’
14 < N I A 5
T = - Yo == [J{ ="V,
o ¥) — Aa (y)] =0, )
rne A u B —const

Bribop K03pdHLUHEHTOB K\ +Ky, 61, 8, U3 YCAOBUS TPeGOBAHHUI K Ny4Kky
MOZKHO OCYIIECTBHTD, pellas Mocjael0BaTenbHo anddepeHinanbube ypas-
HEHHsl 17151 ydyacTkoB 1+ 14 npu nexotopom Habope Kosbduuuentos. Ecau

TOJTyueHbl HEYAOBJACTBOPUTE/NbHBIE 3HAYCHHS KOOPAUHATH X H MPOU3BOLHOI
dx

y Ha BBIXOJle TPAKTaA, HEOOXOAUMO H3IMEHHUTDH KO3 PULHEHTH K| = K4,
ay

61, 62 U PCLIUTb YDABHEHHUs IJsi HOBOrO HaGopa KO3(D(DUIHEHTOB; TaKoi
{Ipoliecc BBIMHCIECHHH HEOOXOAHMO NPOAOMKATE [0 MNOJYyUYEHH TPeGyeMOoro
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pemenusi. YpaBHeHus (1) =+ (5) HMeIOT aHaJHTHYECKOe peLIEHHEe, HO I0-
CKOJIBKY AJs1 KaxJaoro Habopa KO3(p(HIHEHTOB HEOOXOAHUMO peulaTh
14 1uddepennranbHbX YpaBHEHHIT ¢ PAa3JIMUHBIMU HAYaJbHBIMH YCJOBHAMH,
npouecc nog6opa KO3(P(HUIHEHTOB SIBJSETCHA TPYAOEMKHM.

Jasi pemrenus ypaBHeHuit (1) =+ (5) HaMu HCNOJAb30Batach 3/€KTPOH-
Hasi mojenupylomas ycranmoBka MHB-1. ITockoabky npu ucno/nb3oBanuu
MOJle/IUpPYIOLIell YCTAHOBKH /ST PELIeHHsT YPaBHEHHSI HA KaXKJAOM ydacTKe
HeoOX0AUMO HAaOUpaTh CBOIO CTPYKTYPHYIO CXeMy M 3ajaBaTh HayaJibHble
ycaoBUs, OblI0 pa3paboTaHO crelHaJbHOe MPOrpaMMHOE YCTPOHCTBO s
monenn MHDB-1. CtpykrypHas cxema Mogenu uzobpaxena Ha puc. 3. Ha-
npsizkenne U, B TOuke B mponopUHOHANbHO NEPEMELIEHHIO 3/1eKTPOHa BAOJb
OCH, HampsizKeHue B TOYKe A — H3MeHEHHIO YIvIa HakKJIOHAa TPAaeKTOpHH
saekTpoHa. Ilpu 3aMKHYyTHIX KOHTaktax 4P, u 3P, pene P, co3naercs cxe-
Ma AJs peuieHust ypaBHenus (1), mnpu 3aMkHyToM xKoHTakrte 3P, pene P,
obpasyercsi cxemMa AJ5 pelleHHS ypaBHEHHs (2), MpH 3aMKHYTBIX KOHTAaK-
tax 4P3; u 3P; uMeem cxemy jisi peuieHuss ypaBHeHus (1) m Tak maJee.
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Puc. 3. CTpyKkrypHasi cxema [11d TPaKTa MHXKeKIHH u3 14 yyacTKoB.

VnpaBaenue paGoToil pese NMPOH3BOAUTCS IIAroBbIM HcKatesaeM. KHc-
NOJb3yeTCsl LIarOBbIi HCKaTeJab GJIOKA NMepeMeHHBIX KOI(P(OUIHMEHTOB THIa
Cb-3 monenun UIIT-5. B 06MOTKY 111aroBOro UcKaress MmogaeTcss HMIyJ/JAbCHOE
nanpskenue + 26 g uacroroit 1 ey. Ha nBuxkok uckarens mnojaercs -+ 26 s.

s mocTpoeHHs TNpPOTPaMMHOTO YCTPOHCTBA, pAacCUUTAHHOIO HA
400 cek paboThl, ucnonb3oBano 4 6aoka Cbh-3.

[TpynuunuanbHas cxeMa MpoOrpaMMHOrO YCTPOHCTBAa H300paxKeHa Ha
puc. 4. Ilyck maroBoro uckareas M1 ocymecmsasercs KoHTakToMm 1P
peJie, pacHoJiOKeHHOro B MHTerpupylolleM ycuautesne l; 310 pene cpaba-
THIBAeT B MOMEHT HayaJja mpoliecca mHTerpuposanus. Ha nepsoit samenn
11aroBoro Hckaressi cpabaTteiBaer peje P m noAroTaBJHBaeT cXeMy 5
pemenus ypaBuenus (1). Ha mecsitoit mamenu cpabartbiBaer pene Py, mnoj-
roTaBJUBaeT cXeMy AJS51 pelleHHs ypaBHeHHs1 (2), NpH 3TOM HOPMAaJIbHO
3aMKHYTBIH KOHTaKT pene Py,—2P, pa3peiBaetr uenb peae Py u . 1. Ha co-
TOM IIare NMepBOro LIATOBOTO HcKarteJss cpabGaTbiBaer pene Pg, KoTtopoe
CBOUM KOHTAaKTOM 3Ps myckaer BTOPOH HIATOBBIH MCKaTeJdb. AHAJOTHYHO
OCYIIECTBJSETCSI MYCK TPeThero ¥ 4eTBEpPTOro IIArOBBIX HCKaTeseil.

ITorpemnocTb, BHOCHMas B pacyeT 3a CYeT MHEPIMOHHOCTH peJse H Ia-
rOBOr'0O MCKATeNd, cocTaBasger He 6Goaee 0,59.
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Puc. 4. Cxema nporpamMMHOro yeTpoiicTsa,



Muorpa 6bIBalOT 3aJaHHBIMH KOHCTPYKLMS TPaKTa MHXKEKLHH, a Tak-
Ke THI (POPMUPYIOLLEH CHCTeMbl, W HUMeeTCsi BO3MOZKHOCTb B HEKOTOPbIX
npejesax peryJHpoOBaTh mapaMeTpbl UYACTHULL Ha BXOJe B TPAKT HHIKEK-
1un. B Takux cayuasx AJs OnpeeseHHs XapaKTepUCTHK 3JeMeHTOB ¢op-
MHUpYIOLLeH CUCTeMBbl, o0ecrneydBamUleil 3ajaHHble MapaMeTpPbl Mydyka Ha
BBIXOJIe TPaKTa, Leseco06pagHo NMPOU3BOAUTh PacuerT TPAEKTOPHUH YACTHI[ C
«KOHILla», TMOJb3YsChb CBOHCTBOM 0OPATHMOCTH 3JEKTPOHHO-ONTHYECKOH CHC-
TeMbl. [IpuMeHeHHe aHAJOroBOH MAIIWHBI ¢ COOTBETCTBYIOUIMM IIPOTpaMM-
. HBIM YCTPOMCTBOM 3HAUHUTeJbHO OOJerdaer peuieHde JaHHOU 3aJaud.

B kauecTBe Haya/JbHBIX YCJOBHUI B pelIAIOIIMX YCUJIUTENSAX YCTAaHABJIH-
BAIOTCSl 3HAUYEHHUS KOOPAMHATHI M yIJa HAKJAOHA TpaekKTopuu, Tpebyemblie
Ha BBIXOJe (pOopMHUpYIOILeil CHCTeMBbl, a HampaBJeHHe MArHUTHBIX TOJed Me-
HSIETCsS Ha INPOTHUBOMOJOXKHOe. B pesyibTaTe peuieHHst onpeaeasiorcss HeoO-
XOJAUMble BXOJHBIE TMapaMeTphl mMyyka (pasMepbl W YroJa pacXOIUMMOCTH).
Takum o6pasoMm, pelieHre jJaeT OTBET HA BONPOC: KaKHe IapaMeTphl H0JI-
JKeH MMeTb NYYOK Ha BXOJe ONpeJdeJeHHOH (GOpMHUpPYIOLLEHl CHCTEMBI, YTO-
Obl Ha BBIXOJE MOJYUYHUTh NYUOK C 3aJaHHBIMM IapameTpamu.

YKa3aHHBIM CMOCOOOM, B YaCTHOCTH, OBIIM YCTAHOBJAEHBl HEOOXOIHMbIL
BXO/IHble TMapaMeTpbl JEKTPOHHOTO IMydykKa M BbIOPAaHBl XapaKTEpPUCTHKH
dbopMupyloUIefi CHCTEMbI, COCTOAILEH U3 JABYX KBAJAPYNOJbHBIX JUH3 (y4yacT-
Ku 4, 6 Ha puc. 5) u KOoppekTopa (y4acTok 2, puc. 5) mpHu 3aJaHHBIX Bbi-
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Puc. 5. Tpaxt uHKeKnHH U3 6 y4acTKOB.

XOJHBIX NapaMerpax 3JeKTPOHHOrO nmyuka. B mpomekyTKax MezxKay KBaJp-
VIOJbHBIMU JIMH3aMH U KOPPEKTOPOM Ha 3JeKTPOHbl JeHCTBYET HEOILHO-
poaHoe maruuTHOe noJe. ITockobKY paccTtosiHMe MeKAYy KBaApYNOJbHBIMH
JUH3aMH M KODPEKTOPOM 3aJaHbl, HCNPABJACHHS YIJIOBOH PACXOJAMMOCTH H
pasmMepoB Nyyka NPHXOAUTCS JOOHUBATBbCS PeryJaUpPOBKOH BXOAHBIX Tapa-
MeTpOB. B naHHOM ciaydae JierkKo omnpenensiiorcs Ko3hhUIHeHThl K KBaJp-
VIIOJbHBIX JIHH3 U TOK B KOPPEKTOpE, a TakiKe, KaKHe MmapamMeTpbl JOJZKeH
UMeThb MYYOK Ha BXoje (popMupyloueld cuctembl. CTPYKTypHast cxeMa Mojie-
JU I pacyeTa TPaeKTOPUU 3JAEKTPOHOB B TOPH3OHTAJIBHOIl IJIOCKOCTH
paccmMaTpuUBaeMoro Tpakra usobpaxkeHa Ha puc. 6, riae 1, 2— onepanuon-
Hble YCHJIUTEJH B peXKUMEe HHTErpUpPOBAHHUA; 3 — ONEPALHOHHbIH YCHAHUTENb
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B pEXHMe HHBEDTHDOBAHMSA; Kgi, K21”, [, l4 — OJIOKH TOCTOSHHBIX KO3(hPu-
LMEHTOB; 4, 5 — GJOKHI MepeMeHHBIX KO3(DPHIIMEHTOB, Ha KOTOPHIX HabGpaHa
3aBHCHMOCTb MarHUTHOTO NOJSA OT KoopauHaTel y. Hanpsxenune U, usobpa-
JKaeT JeHCTBHe MATHHUTHOrO noJssi koppekropa. [lpu peumeHun ypaBHeHHS
Ha NepBOM Yy4acTKe 3aMKHYTbl KOHTAKThl J3P; pene P; u 2P, peae P, Ha

c
¢ :
3P, ——"— ‘ 1
£ 3P, Ris 2k, 3P, Rai \ !
i cs3 gt 3 = Hr T A
Sty AL g T li‘?g 58,
= 3P, 12 -'—/‘
18 s — R, ()
3P Ryz . 4P,
g— C6-3 Doy 2 3Py 8
Uy ) ! 14 <3 @ T
- = | 4P

Puc. 6. CTpykTypHas cXema IJsi TPaKTa HHMKEKIHM M3 6 yyacTKOB.

BTOPOM Y4acTKe 3aMKHYTBl KOHTakKThl =3P, pene Py, 2P, u 3P, peae P,; Ha
TpeTbeM y4yacTKe 3aMKHYTbl KOHTaKTbl 4P, 5P, pene P, u 3Ps, 4P5 pene Ps
u T. 1. Pab6oroit pese ynpaBasier 1IATOBBIH HCKaTeJb IMPOMPaMMHOTO YCT-
poiicTBa.

Boabyio nomonib okas3piBaeT NMpHUMeHEHHe aHaJoTOBbIX BBIYHC/IHTE/Ib-
HBIX MallWH MPH HACTPOIIKe YHpPaBJ/sOIlero MAarHUTHOTO M0Js1 B LHKJH-
YyecKHX yckopuTeasx. Ha 3/1eKTpoHHOH MoJe/an A0CTATOYHO NPOCTO MOXKHO
TPOU3BOJUTH pacCuer COCTABJSIOUIUX rapMoHHUeckoro psaa Pypbe asumy-
TaAJbHOTO pacnpejiesieHlsi MarHUTHOTO MOJs1 M0 3aMKHYTOH opOHTe yCKOpsi-
eMBbIX YAaCTHI[, a TaKKe PeajibHYl0 TPAeKTOPHIO YaCTHI Ha MepBbIX 000-
porax.
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Puc. 7. CrpykrypHasi cxema mas onpejesenust Koshduuuentos dypbe.

Jl1si rapMOHMYeCcKOro aHa/ju3a a3HMYTa/JbHOTO pacrnpeieleHus IoJas
MCMONb3yeTCsl CTPYKTYpHasi cxema, u3o0paxkeHHass Ha puc. 7. HsBectHO
[2], uto ecam Ha BXOA cxembl mopaercs ¢yukuus f(¢) ¢ nepuomom T, TO
B MOMEHT BpeMeHU f==T nanpskeuus *U,, U, onpenensitorcss no Gopmyaam:
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rie a, u b, —xkoahpuunenTsr Pypoe:

/8 v
a, :—7% Sf(t) oS <@t> dt,
0

T
9 [ 9
GEuh T T Sl die 3 1)
k Tgmsm( B )
0

Ilpu sTOM mepuoj COOGCTBEHHBIX KOjq€OaHHUU KOHTYpDa HOJ/KEH YJI0BJAETBO-
PATb YCJAOBHIO :
2nn
U)n = T .
Jlas Bocnpousseaenus GpyHxuuu f(f) MOXKHO HCIONB30BATH 3JAEKTPO-
MexaHuueckuil 60k HeauHedHocTn HB-5 B pexume ,TOUHO®.
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