8.2. IEPEXO/IHBIE ITPOIIECCHI B JJIMHHBIX JIMHUAX

8.2.1. OcHOBHBIE TeOpeTHYECKHE IMO010KeHHA

[Ipn anamm3e nepexoJHBIX IporeccoB B JIPII nemarorces clieayrome J0my-
IIEHIIA:

- paccMaTpHBAIOTCA IIEPEXOIHBIE IIPOLIECCEI, BO3HIKAIOIIIE TOIBKO B pe-
3yIIbTATE KOMMYTAIIIIL;

- IpN aHaIN3e nepexoaHbIx nporeccoB B JIPIT He Tpebyertcs Bricokasd Tou-
HOCTB, 4TO IO3BOJIAET CAENATh HIDKEIIPIBEIeHHBIE TOIYIIEHIA;

- IpeHeOperawT pesncTnBHeIMI 3eMeHTamu JIPIT 7o 1 go, TO ecth paccmat-
PUBAOTCSA TOIBKO IMHAN Oe3 MoTeph. B 3ToM ciydae pacdér ynpomaeTcs, HOCKOIbKY
B JIbII BOTHEI paclpoCTpaHAIOTC Oe3 3aTyXaHIL, a XapaKTePICTIIECKOe COPOTIB-
JIeHIe ABTIAETCS YICTO PE3NCTHBHEIM, 0l1aroaps 4eMy He HCKakaeTcs ()pOHT BOTHEI
IIpH €€ OBIDKCHIIL;

- B TeUeHIle MEPEeXOJHOro IIpollecca HMCTOYHNKI CUHTAIOTCA MOCTOSHHBIMIL
IIOCKOJIBKY JIINTEIBHOCTE IPOOEera BOIHBI BIOIE JIMHII IIOYTH BCEra 3HAUNTENBHO
MEHBIIIE TIePIO/Ia IEPEMEHHOTO NCTOYHIIKA,

- IIPII PacCMOTPEHIIT MHOTOKPATHBIX OTPAKEHINI B JIIIHILIX OIPaHIYIIBAIOTCSA
TOIILKO PE3NCTHBHBIMI IEMSAMI. ECI NCTOYHNKN CUNTATCA MOCTOSHHBIMIL TO B
THI OYAYT TOTBKO BOTHEI C PAMOYTOIBHBIM (DPOHTOM.

HcxomHpIMi 171 pacu€TOB ABIAIOTCA YPAaBHEHNA JMHNN O€3 MOTEPh B YacT-
HBIX TIPOM3BO/IHBIX:

e A L= (8.13)
ox ot ox or

Vpaeaenns (8.13) cBomates k Buay mnddepeHImaTsHbIX YPaBHEHITI BTOPOTO
nopsizika 6e3 mpaBoil uacTi

o%u 1 o%u — "1 1 07
o’ v oo’ ‘ ox? v oot
Pemrenne 3anmchIBarOT B BIJIE HATOKEHIA IBYX BCTPEYHBIX BOIH, IPAMOIT

(8.14)

~ . X X
11 00OpATHOIL: uxt) = @it ——) + @t +—) = thpp + Uosp:
-‘v’ 1‘}

i(x1) ZL‘[@(r—i)—go;(rJri)]:inp—iogp. (8.15)

Zc v v

ITockonpKy IHHHHI Oe3 MOTeph HMEKT YICTO AKTHBHOE BOIHOBOE COIIPO-
THBIIEHIIe, TO 3aKOH OMa B IIpeJernax KakIoIl 113 BOIH (HO He I pe3yIbTHpPYIO-
IIIX 2/, 1) IIPIIMEHIM II K MTHOBEHHBIM 3HAUEHIIAM BEIINYIIH:

Unp = 2" Inp; Uosp = L Togp: u#Zcl. (8.16)

VpaBHeHIs 111 TOKa I UL HAIPSUKEHIS BOIHEI COBEPIIEHHO OINHAKOBEL
IPIYEM, B HIIX IIPON3BO/IHEIE [10 KOOPANHATE IIPOIOPIIIOHAIBHE] IIPON3BOIHEIM 10
BPEMEHH OT TeX K€ BEINYIH. JTO 03HAYaeT, YTO B MEPEXOIHOM IIpollecce I0cTa-
TOYHO HAIITH 3aBHCIMOCTB JINOO TOKA, MO0 HANPSKEHI 0T BpeMeHH NpH (PUKCH-
POBAHHOII KOOpPIIHATE, a 3aTeM, JJIA [IOIY4eHIIs 3aBICIMOCTII OT KOOPAIHATHI J1IA
(buKCIpOBaHHOIO MOMEHTA BPeMEHIL, NIepeliTil K apIyMeHTy [f; — X/v].

Hauanom muanm 6}’,&61\1 HA3BIBATh MCCTO IIOAKIIOYCHITA K JIITHII ICTOYHII-
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Ka, a KOHIJOM JIIHII — MECTO, Il ITOAKIYaeTcd Harpy3Kka. BomHel, IBIDKymnecs
OT Hauala JMHUU K KOHIY (B HAIMpaBIeHHUN BO3PACTAHNS KOOPIMHATHI X, OTCUU-
TBIBAaEMOIT OT Havasa TITHIIN), HA3EIBAIOTCA MPAMbIMY. BOIHEI, IBIDKYIIIIECST 00-
paTHO (B HAIpPaBISHNI BO3pACTaHIA KOOPAMHATHI ), OTCUNTHIBAEMOIl OT KOHIIA
TIHIN), HA3BIBAIOTCA 00pamHsivmi. BO3HIKAIOMIYIO B pe3ylIbTaTe KOMMYTAIIIIT
BOJIHY Ha30BEM naoaroujeil, a BOSHUKIIYIO B Pe3yJIbTaTe OTPaKEHIII NaJaromell —
ompascénroil. Taknm odpa3oM, eclIn KOMMYTaINd IPONCXOINT B HaJale JITHIIL,
Majarmas BOJIHA ABISETCH MPAMOIL, a oTpak€HHag oO0paTHOIL. B ciaydae KoMMy-
TalllI B KOHIIE JITHIN 0OpaTHAs BOIIHA €CTh MA/Iarolasd, a mpsMas — OTpaKEHHA.

PacuéT KaKk BO3HIKAKMIIX BOJH, TaK I OTPaKEHHBIX I MPEIOMIEHHBIX, BbI-
IIOITHAETC 110 CXeMaM 3aMeIleHIsd, COCTABIICHHBIM U1 CEUeHUIl JIHIIL, Te 3T
BOJIHBI BO3HHKAIOT. EcI11 BOJTHA BEI3BaHA KOMMYTAINEI B IPOM3BOJILHOM CEUEHINI
JIIHIIL, TO €€ pacu€T Ha OCHOBAHMII IIPITHIINIIA HATOKEHIII CBOMIITCA K pacCMOTpe-
HIIFO IIEPEXOJHOr0 IIPOLecca om GKI0HeHUA COOTBETCTBYIOMIEI IacCIBHOI eI
Ha sxeusaneHmuulil UcmoyHUK 3C €y = Ulpys (PN 3aMBIKAHIN PYOHIIBHIIKA, CM.
3amaun 8.30-8.33) Wt MOKA e = ips (P pa3MBIKAHIN PYOILTHHIIKA, CM. 3a1aull
8.34-8.36). 31ech ip,; — HAIpsAKEHIE Ha Pa30MKHYTOM PYOIUIBHIIKE, /s — TOK Uepe3
3aMKHYTHIII PYOIUTRHIK B JOKOMMYTAIIIIOHHOM peXiMe. B cxemy 3amemeHns 1
COOTBETCTBYIOMIETO CEUEHIIS JIIMHII BKIOYAKTCA BCE 3JIEMEHTHI C COCPEIOTOUYEH-
HBIMII [IapaMeTpaMIl, NMEIINECS B JTaHHOM CE€UEHNIH, a JIMHIA IIPEIACTaBIAeTCA
pesnctopoM Zc. BerdiicieHHbIe B IepeX0oaHOM Ipoliecce (7). (1) HaKIaasIBaloTCsa
HA YCTAaHOBUBINNECA 3HAYEHNA I10- nad

KOMMYTAOHHOTO PEKIIMa. 2 a) 0) ~_ 2 2
Pacuér mnepexoaHoro Impo- 1 > ?
Zc
/ .

mecca, BOSHIKAOMIICTO B pe3yIIbTa-
TS IIpHxona IajarIeil BOJIHBEI B

KOHEIl JIMHIN (B y3€I HEOOHOPOd- |’ Z [, v | é,

HOCTH 2-2"), Harpy2KE€HHOII Ha IIPo- o
r

II3BOJIBHOE COINPOTHBIEHNE Z (pIIC. 2" Puc. 8.2

8.2.a), BRIIIOTHAETCA II0 SKBHBAICHTHOII CX€M€ ¢ COCPeI0TOUeHHBIMII ITapaMeTpa-
v (puc. 8.2.6) mpm HyIeBBIX HE3aBICHMBIX HAaYadpHBIX yciaoBmsx. [lamee, m3
GOPMYT 122 = Tnas — fomp M 22" = Upas + Uomp, OCHOBAHHBIX HA MPUHIIIIIE HaTOKe-
HIIA. 3Hag IapaMeTphl NAJarolleil BOIHBL, MOKHO paccUNTaTh HaIIPSKEHNE I TOK
OTpa’kEHHOIT BOTHEI B (DYHKINII BpeMeHH / U1 HylIeBoll koopanHatel y = 0 (cM.
3agagy 8.37). ConpoTuBieHne Z MOKET BKIKYATh B CE0S JNPYTHUE JTNHNIN, IPEN-
CTaBJICHHBIE CBONMI XapaKTePHCTHYECKIMI CONPOTHBIECHIAMN. PaccunraHHbIe
1711 HUX TOKH I HampsUKeHI 1o cxeMe 8.2,0 ABIAITCS NapaMeTpaMIl IIPeToOMIEH-
HBIX BOJIH, 3alIICAHHBIE B (DYHKIIII BpeMEHH 71 HyJIeBoit KoopanmHaTel X = 0 (M.
3agaun 8.44-8.48).

[Ipu aHami3e MHOTOKPATHBIX OTpaKeHHIl pacdeT IMOCTIEIYIOIINX BOTH Be-
AETCA uepe3 KodUIeHTE OTpakeHId OT BHYTPEHHIIX Ierell IHCTOUHIKA (71;) 1

. Rp:r — 7 R, -7
OT HarpysKHu (}’?3): n :M: ?’?’J:M:
2 1 R Z s 2 R Z E
BH T 4c HTZc
_ k1 . — k
”omp ?c_nf(nl'HE) “Upaosl s Unao k+1 _(nl'nl) "Unasi- (817)
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PesynpTipyromne TOK I HaIpsKeHIE Ha 0001 MOMEHT BpEMEHI HAXOIAT-
CSl HAJIOJKEHHEM BeeX NMPONIeNIIX K JaHHOMY MOMEHTY BoIH. [lepexoaHEIil npo-
IIeCC MOKET IIMETh alepHoIIYecKIil NI KoneOaTenbHEl XxapakTep. [lepexoaHsIil
IPOIIECC CYNTAIT 3aKOHYNBIINMCS, KOTAa Pe3yIbTHPYIONINE TOK I HaIpsKEHIIe
nocturaroT 95-98% ot ycTaHOBHBIINIXCS 3HAUCHIIT: 77 = K fposeca-

8.2.2. Pac4éT BO3HHKAKWIIAX BOJIH

3AJTAYA 8.30. JIunns 6e3 moteps ¢ mapameTpaMn Zc =250 Om, =140 ku,
v=280-10° xm/c moaKIOYaETCS K MCTOYHHKY IOCTOSHHOTO HanpsukeHns Ey =120
kB ¢ BHYTpeHHell HHIYKTUBHOCThIO Lo = 0,15 I'#. Konen muHNMm pa3oMKHYT (prc.
8.3.a). Tpebyercs mocTponts rpadlKl pacnpeaeTe s HalpsuKeHd (g, V) U To-
Ka i(lp, y) BIOIb MIHUIN 1714 ABYX MOMEHTOB BpeMeHn: #; = 0.75//v u 6, = 1.5/v.
Pemenne

a)

O
2

2

6)

O  Puc. 8.3

@ ~ D“j nao

It

pyvs=Eo
Unas

L :

Zc

1. Ha MmoMeHT BpeMeHH fg =t = 0,751/v = 0,375 mc B muHNN OyIET TOIBKO
najaromas BolIHa. E€ mapaMeTpsl pacCUNTBIBAEM II0 CXEMe 3aMelleHNs Ul cede-
inaa.ﬁ) = inp.ﬁ) _|_£4epr;

His “1-17 (puc. 8.3.06):

imaa(o—) = jnad(o-) -

0.

A= inas(0) — ip(0) = 0 — 480 = -480,
i,o(7) = 480 — 48021567 4:

Unas(t) = Zc inas(t) = 120 — 120e 17 kB,
JI71 OTy4eHn 3aBHCHIMOCTell Toka I HaIpsKeH!A 0T KOOPIMHATEL I10 KO-

inp(t) = Eo/Zc = 120-10°/250 = 480 A4,
p =-Zc/Lo=-250/0,15=-1667 l/c.

X

TOPBIM OYIyT NOCTPOEHB! IpadUKIL, MePEXOIIM K apIyMeHTy [fy —— /:

]
u

(1 %) = 480 _480e—166?[0,375-10_3—:(,-"280-103] — 480 — 480 ¢~ V667/0375-x/280] .

Unaolty: x) = 120 — 120 66703732/ 280] 3.

IIpu 73 =0.375 Mmc BBIpaKeHIS CIIPABEIIBEI 1711 KOOPIHATEI

x < vty =105 xm.
['paduxk  pac-
IpeJelieHnsd  Hamps-
KEHIIA Unao(Tg; X)
BIONIb JINHHH IS
MOMEHTA BPEMEHN [
IIPEICTABIEH Ha PIIC.
8.4. Kpmag TOKa
Inas(1g: X) QHATIOTIIYHA,
TaK Kak

Hm@/ZC.

fnaa

60
50_.. .: . .

4 . kB

307
20_ . .

PR A

Puc. 8.4




2. K MmomeHTYy BpeMeHnl fg =t = 1.5/~ = 0,75 mc B miHHI OyIyT cyme-
CTBOBATh MajaroImas 1 oTpak€HHas BOJTHBL. [[0CKOTBKY KOHEIl TMHIN Pa30MKHYT.
BOITHA OTpa’KaeTcs MOTHOCTBIO 1 0e3 mepeMeHbl 3Haka: 7y = 1. Takum oGpaszom,
BBIPAKEHIA I TIOCTPOSHIIA TpaKOB B 3TOM CiIydae OyIyT:

”naa(rqb; o 120-120 8_1’66?[0’75_‘15/280] KB_.,
Inas(tg: X) =480 — 480 VST I0IS =/ 20] 4.

”omp(rfj?; J’) =120-120 9_1’66? [0.25-y/280] KB.

iomp(ta: ) = 480 — 480 o~ 1667[025-y/280]
3aMeTIIM: BpeMs CYIIECTBOBAHIIA Mafaromlell BOIHEl ' =1, =0,75mc, Bpemd
CYIIECTBOBAHIIA OTPaKEHHOIT BOTHEI
PacuérHpIe 3HaYEHIIA BOJIH B HECKOJIBKIIX TOYKAX JINHNIN JaHBI B Ta01. 8.1

=15

0<x<210xm,

0<y<35xm,

— tapobeza = 0579 — 0,5 = 10,235 mec.

Tadmma 8.1

X, KM Unas, KB Inas, A ¥V, KM Womps KRB | iy A
210 0 0 35 22,57 90,3
105 55,78 2231 17,5 32,21 128.9

70 67.86 2714 0 40,9 163,6
0 85,63 342.5 — — —

['padrkin magaromeil, OTpakEHHOIN BOMH M PE3yIBTHPYIONNIX 3HAUYCHITI
HANPSUKEHIIA # 11 TOKa | PeKOMeHIyeTcsA CTPONTh pa3aenbHo (puc. 8.5). Hamowm-
HIIM: U = Unao ¥ ”omp; 1= fnao - iomp-

4 Unan, kB 4inam,A
lm.-.,... 2 420 aﬂ :
a0
107
240 . X ! J
b s A I
0 20 40 o0 80 100 120 140 O 20 40 o0 80 100 120 140
Auomp ! 2 4i ! 2
| s LR ST TR i ............ brenssy 8 D""i .1 ...... .t
- iy 42 -— e 12
¥ 140 120 100 80 60 4 20 O y 140 120 100 80 60 40 20 Ol
Aid .
ﬂo—-v->‘:v-‘-..‘.._-_-:..—‘.!:..4--0:-‘4-.-:'.~".*
400+ 1= Inap— f:omp

By .
240+

SRS A
?.!_?-! +“- o | Puc. 8.5 160 -ior i |
201 - : H;Ia_ '__Dmp‘ ! 80......;. = I
L g (1) os[xue LR
0l 20 4 60 20 100 120 140 0l 20 40 60 80 100 120 140
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3ATAYA 8.31. K muammn 6e3 mo- logp
i . 1 < 2
Teph, paboTaromieil B pekIMe XOIOCTOTO 0—¥|

© <
Xoma, moakmiovaeTces rC-Harpys3ka (pric. Ze, v Usvs ;
8.6). OmpenennTe mapaMeTpbl BO3HIKAKO- | i "
meil oGpaTHOI BOMHEI II IOCTPONTE IPa- 0o o _
(K pacripeneneHIs BOTHEI 11O JITHIII Ue- ——C=
pe3 1y = 150 mxc mocne moaKIrOYeHNA l O 32
Harpy3ku. Yncnossle gannsle: Ey=100 5, Puc. 8.6
Zc=250 Om, 1=25ku, v=100-10°xm/c, 1= 150 Om, Cz=0,125 ux®.

Pemenne

. B moxomMMyTalmmoHHOM YCTaHOBUBIIEMCS
peXIMe TITHII OIpeersieM BelTYIHY HaMpsKeHI
Ha pYOMIBHIKE:  Uye,(0.) = Uy = Eo= 100 B,

em(0.) =0, Upys = Uy =100 B.

2. JI1a ceuenns 2-2 B MOMEHT BO3HHKHOBEHIIS
00paTHOIT BOTHBI COCTABIIAEM CXEMY 3aMeIIeHIs (pIiC. R
8.7): Esxs= Upys HampaBlI€Ha C MOTIPHOCTEIO, MPO- " Puc. 8.7
THBOIIOJIOKHOII TTOIAPHOCTII HAMIPSLKEHNA Ha PYOILTh-

HIIKE, JIIHISA [IPEICTABIEHA CBONM BOIHOBBIM COIPOTHBIICHIEM.
B cxeme 3amemenna paccuntaeM TOK Harpy3KIL.
uc(0:)=us0.)=0, p=-1/[(rg+Zc)-Cx] =-20-10° 1/c,
3H(U — ?-CS — E?Kt’s‘ e -20000r — 03259 -IOOOOIA.
Iy +Zc
Toxk 1 HanpsKeHIe 00paTHOIT BOTHEI 3aIIIIITY TCA:
fogp(t, y =0) = -igr = -0,25¢ 2990 4,
Uogp(t, Y = 0) = Zc'lospy = -62,5¢ 22" B.

100 .

V 1 X Vv l }'cm:O : X
- - " - ' ' ' ' — -
KM 20 10 0 xwu KM 20 10 0 xwm
B ‘uoép | .MA‘ioép

V 1 X Yy

_" L -"’ L L | F -‘

- 50 WSJ -100-

1001 -62,5 : -200-

| mAAN;

B Ay ! 300-

100 200

L 50 1 100 1

7 .}}

- -
KM 25 20 KM 25 20 15 10 5 0 xyy

Puc. 8.8
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3. JInsa mocTpoeH A TpaduKoB TOKa 1 HAIPsKeHIA B (DYHKITHI KOOPIITHATEI
IepexoanM K apryMeHTy [fg — /.
fogp(Vi 1) = -0,25¢ 201015 -2/100] 4, y<vip=15xum;
Upsp(V; 1) = - 62,5¢ 201015 -y1001 B,
['padukn magaromieil, oTpaskKEHHOI I MPETOMIEHHOI BOTH, a IMIOTOM I pe-
3YABTHPYIOMIIT TPAQUK (1 = lyem T Uosp N 1= iyan — logp) HETECOOOPA3HO BBIIOT-
HATH Pa3[elbHO, KaK 3TO I ITI0Ka3aHO Ha piuc. &.8.

3AJTAYA 8.32. Bozaymmas muans (/=70 kv, Ze= 400 Oar), mpucoenHER-
Hasg K reHepatopy ¢ HanpsskeHnem Up = 100 xB (19 = 0), nmmrensHo paboTtana B
peXIIMe X0JI0CTOro Xoz1a.

[TocTpouts rpadukn pacrpeaeneHns HANPSLKEHII U TOKAa BIOTh TIHIN A
MOMeHTa BpeMeHH cirycTd (0,2 yc mocie NoAKITHYeHNd K KOHITY /INHIN HEPa3BeTB-
JIEHHOII aKTUBHO-UHAYKTUBHOI Harpy3Kku: = 200 Om, L = 100 ml H.

Pemenune

JII14 HarIsagHOCTH BBINOJIHIM PICYHOK ICXOJHOII CXEMBI I COCTaBIM pac-
YETHYI0 CXEMY 711 OIpelelleHNs IapaMeTPOB BO3HUIKAIONIEI O0OpPaTHOII BOIIHEI
(puc. 8.9.am 0).

2) 5) 2
— =

> foé
l 2 7 P LIPE’B: LTO e
CD o Zc Uosp
L L
I 2 o
e O Puc. 8.9

HamnpsokeHne 1 TOK BI0Ib JIITHUI 10 KOMMYTaIII:

u(t) = U= 100 B, i(t)=0.
Harmpskenne Ha pyOIUIbHIIKE B MOMEHT KomMyTammt:  Upygs= Uy = 100 kB.
Pacu€r BO3HUKAaromElNl 00paTHOIl BOIHBEI BBEINOIHAEM II0 cxeMe puc. 8.9.0

IpH HYJTI€BOM HE3aBICHMOM HAYaTbHOM YCIOBHI (i05,(0) = 0):
U er 1000100 oy
ipip() =——(1—e L jJ=——"o"(l—e % )=-167+ 167" 4,
r+Ze 200 + 400
Uosp(t) = Zc Tosp=400-(-167 + 167-¢7°7%)-10 - = -66,7 + 66,7-¢ " kB.
DOPMYIIBI Uosp(1) N 10sp(f) TIOTyUeHBI 1A KoopanHaTel ¥ = 0. Jl14 mepexo-
na oT (YHKIMIT BpeMeHN K (PYHKINISIM KOOPAMHAT npu fe = 0,2 mMc emaeM 3aMe-
HY I — (to —y/v):
iosp(fon ¥) = -167 + 167-exp[-6000(2-10 —# )]

el ) =667 + 66.7-exp[-60002:104 2 )]

PaccrosHie, KoTOpoe BOTHA TPOIIET 3a 3aJaHHOE (PIKCHPOBAHHOE BpeMS
: _ _ 5 4 _ . . . ) )
te: Vo =vite=23-10"-2-10" = 60 xu. [TosTomy HOPMYIBL Uesp(te, V) U iosp(te, V)
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CIIPAaBEUINBEI I KoopanHAT ¥ <ye = 60 xv. IIpn ¥ > ¥e 1oy N 105y PABHBI
HYIIIO.
PesynpTHpyronue 3HaUeHNs HANPSDKEHIA 1 TOKA B JIMHHII OIIPEIEISIOTCS
HAIOKEHNEM JOKOMMYTALIIOHHOTO PEKIMa 1 00paTHOIT BOIIHBIL:
U=u(t)+osp; i=1i(l)—iosp.
Taxnm oGpazowm,
y

)) kB npu0<y<60xwm,

5

33,3+ 66,7 exp(—6000(2-107* —
”(y) = p( ( 3

100 kB npu 60xm <y <70 km.

y
3-10°

167 —167 exp(—6000(2 10~ — )) A npu0<y<60xw,

i(y) =
0 npu60rxm<y<70xm.

DIMIOPEL HATIPSKEHIA U TOKA 17T MOMEHTAa BPEMEHII I = 2 MC TIPHBE/ICHBI HA
puc. 8.10.

u, kB A
100
U
\\_‘_“-
"'h“_
50
¥, KM 60 40 20
- L
0
Uoep \H"‘-.
\.-‘-‘
-50
i, 44
200
v, KM 60</:1‘0 20
- \ .
-_—
= _ foap \ -100
Puce. 8.10
-200
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3AJTAYA 8.33. UunykmuBHas Harpy3ka L = 0,015 I'#  moakmrogaeTcs 1mo-
cepeanHe pabotaromell mmHm (puc.8.11,a) ¢ mapamerpamu Zc = 300 Owm,
v =240-10° km/c, 1= 120 xu. CoIpOTHBIEHIIE Pe3NCTHBHOI Harpy3kn 1 DJIC
ncrounnka: = 600 Ou, E,= 1.2 kB. OnpenemnTts napaMeTpbl BO3HIIKAOIIIX 00-

PATHOIT I IIPAMOIL BOIIH, ITOCTPOHTH IpaIKI HAPSKEHIIA 11 TOKA BIOIb TIHIII depe3
¢y = 200 Mmxc mOcCIIe KOMMYTAIIIL

9 B < >

o O Logp Inp

—s b,
Upyaon
E, y
L Zc Uogp thyy Ze

1 42 ILJ; L
V1 | X2 Puc. 8.11

Omeemol: TOKOMMYTAIIOHHBIIT PEAKIIM:
L) =Eolr=2 4, tgll)=Ee= 12 &B; U,s= 1.2 &B;
CXEeMa 3aMeIIeHII 1711 pacu€Ta IpsAMOIL 1 0OpaTHOIT BOIH Ha puc. 8.11.6:
I-L(U =8 — 88_10000r14, ?.np(ir., I3:0) == ?.oép(r, }_:1:0) = -O,Sfl_(f) =4+ 4840000{ A;

tp=0,20 mc, in(tp, x2) = -4+ 4exp[-10-(0,2 —x2/240] A, 0 <x, <48 xu;
1 u ‘cm(f- ‘
Lyem() 2 i, A Y ) u, kB
! } J ! 1 |
Y X, KM y1, KM X3, KM
. L S L g
60 0 60 60 0 60
I 221, A _— | 1Au |
Vi, KM X2, KM Vi, KM 0 X2, KM
i L ——— e
60\ | | [0 60 60 N /60
I :1_ T,
¥ | Hoop np
?o[;\\\’/ Inp
| 14 i 5
Ai4 l,6-‘”= KB
|
6 1,2
L2 il |
t 0.8 /
2 1&0 4 )
Vi, KM / }3 KM \P{ - —|
—— - ’ ' i
60 0 J//LI* 6|0 Llu KM ;\_;R.‘l.f
| Y 0
=2
Puc 312 P 60
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Unp(tp, X2) =-1.2+ 12exp[-10-(0,2 —x2/240] kB, 0 <x, <48 xn;
lop(Tg, V1) = -4 +4exp[-10-(0,2 — y1/240] A4, 0 <y, <48 xu;
Uop(Tp, ¥1) =-1,2 + 1. 2exp[-10-(0.2 —11/240] kB, 0 <y; <48 xum;
Pe3yIBTHPYIOIINE 3HAYSHIIA TOKA 1 HAIPSKESHIT B KaKIOI 113 TIOJIOBIH JIITHIII OITpe-
JETAI0TCA B COOTBETCTRUI C (DOpMYTaMIL:
1= Lyenl(1-) — Togps UL = Uyem(L.) T Uogp.
7-2 = j}'em(r-) + inpp U= ”J.'CIJ?(T-) + ”np;
SHIOPHI TOKA 1 HAIIPSKEHIIA /111 MOMEHTA BpeMeHII /4 Npe/IcTaBIeHk! Ha puc. 8.12.

3AJIAYA 8.34. AHTeHHbIT KadeTs ¢ mapaMmetpaMit /=10, Lo=0,1 Ml #H/m,
Co=0,1 H®/m, OBLT HATPYKEH B cOOTBeTCTBUH ¢ puc. 8.13.a:  R; = 1000 Owm,
R,=100 Om, L=1mIH, HatpsxeHne Ha Bxoje kadenss U=100B. B pesyiaberare
KOMMYyTarmn (OTKIUYeHIe BeTBH ¢ R,) B kadere BozHnKaeT I1I1. ITocTtponts rpa-
Guku pacnpeneneHns HaNpAKeHUA ¢ 1 TOKa i BIOIL KaOeld Ul MOMEHTa BpeMe-
HII [, KOI/1a BO3HIKINASA BOJIHA IIPOIIET ¥4 JUNIHEI KaOes.

Pemenne

[IpeBapuTEIbHBIE BRIUIICIICHIA:

1 1

- ha3oBast CKOPOCTH BOITHEI V = =107 wmlc;

\/[‘OCO . \/10_4 1071

- 3a[JaHHBIIT (PHKCIPOBAHHBIIT MOMEHT BPEMEHI g = V4 fypos = V4 MKC.

—>
I}'Ci‘?f ]PE‘,B
L L
[x'r ZC -
Uyem Hoop
Rl Rl
Y v Pue. 8.13 T

AmnaminpyeM T0KOMMYTAINIOHHOE COCTOSHIIE IIETIH:
R/R, 1000 - 100
L2 = =90.9 O,
R, +R, 1000 +100
fyem = Uyen/ Rer=100/90,9 = 1,1 4,  Ipvs = tlyew/R2 = 100/100 = 1 A.
Harmps:xeHne i1 TOK BO3HIKAOMIEN 00paTHOII BOJIHBI PACCUNTHIBAEM II0 CXEME
3aMelleHns puc. 8.13.0 npu HyJIeBOM He3aBHCHMOM HayalnbHOM ycinosui if(0) = 0.
Oo0pamaeM BHIIMAaHIE, UTO HE3ABIICIIMOE HAUATILHOE YCIIOBIE CUNTAETCS HYJIEBBIM.

HC B3Hpad Ha TO, YTO JO KOMMYTAaNIIHII TOK B HHOAYKTIIBHOCTII IIMCJI MCCTO.
R _,. 1000

"R +Z.  1000+1000
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» :—R1 —Zc _—1000 —1000 _ 9.106 oL
I 0,001
[IocToAHHAsA BpeMeHI LIENH 1 JTHTEIbHOCTh MEPEX0THOTO MPOIIecca:
r=p|1=510"7¢c, Tm=4r=2-10°c=2 mxc.
HagansHoe 3HaUYeHIIe TOKA i,4,(0) ¢ yaéTom i(0) = 0:
foap(O) =Ipy;5= 1 A.
Torna nocrosHHas nHTErpHIpoBaHNA A = ipsp(0) —ipy=1—0.5=10.5.
Tok 1 HanpsxeHne oOpaTHOIl BOIHEI B (DYHKITHI BpeMeHI MpH HYTIeBOil KO-

OpIMHATE:  iogp(t) = 0,5 +0,5¢ 2% 4 w,5,(1) = Zcingy = 500 + 500 e 210% g
Tok 1 HampspkeHne 06paTHOIT BOTHEI B (DYHKINN KOOPIMHATHI P (PHKCTH-
POBAHHOM MOMEHTE BpEMEHH /4
iosp(tg, ¥) = 0,5 + 0,5exp[-2-10°:(0,75:10 ° —y/v)] = 0,5+ 0,5exp[-2-(0,75 — y/10)]
A,
Uosp(tp, ¥) = 500 + 500exp[-2-(0,75 — y/10)] B.
ITocrmenHne (GopMyIIEI ClIpaBeINBEL IV < v:ig = 7.5 m. IIpn y > 7.5 m
oOpaTHas BOTHA OTCYTCTBYET.
Pesynprupyronmie TOK I HAlpsKEHIE B JIIHII HaXOIIIM B COOTBETCTBHI C
(GopMyIaMIL: U = Uyey T Uogps 1= lyom — losp. ITIFOPBI TOKA 1 HAIIPSKEHNS IIPHBee-
HEI Ha prc. 8.14.

1.5 1500
1 1000 \-\
i1(x) ul(x)
iobrx( x) s uobrx( x) TG g |
0.5 / 500
0 . 0
0 5 5 10
Puc. 8.14
X X

3AJTAYA 8.35. Pemnits 3amauy 8.34 mpH yCIOBHIL, HAa BXOJe Kabers IeliCTBY-

€T ICTOYHIIK IIepeEMEHHOr0 Hanpsukenns (1) = 100sin(10%) B.
Pemenne
Bocnons3yemcs pesyiabTaTaMil IpeIBapiTeIbHBIX BEIUIICICHIIT 3a1aull 8.34:
v=10" M/c; Zc=1000 OM; tupos = 1 MKC; 1y = ¥ MKC.
JlomomHITTe TP HO HAaXOMIM KO3 QHITNIEHT (a3bl:
L= ao/v=1010"= 0,1 pao/m.

VY CTaHOBHBIIMIICA PEXIIM A0 KOMMYTAIIII BBITY CHHYCONIATBHOIO ICTOYHII-
Ka paccylTaeM CHMBOIITIECKIIM METOIOM.

xz=wL=10°10-3=1000 On, Z;=R;+jxr=1000+;1000 Owm,
Z,R, (1000 + 71000 )-100

95.13-¢/*7* Owm.
Z,+R, 1000+ 71000 +100

=

171



3HaueHI KOMIUIEKCHBIX aMIUINTY/I TOKa 1 HAIpPsDKEHIL B KOHIE Kalemsd I1o-
Ty4UM, UCTIONB3YS ocHOBHBIe VpaBHeHNs JIBIT B kommiekcHoll Gpopme ¢ yu&éTom 3a-
koHAa OMa Uy, = Zy Ly

Uin = Uacos(Pl) + j-Zc Ly, sin(B1) = Uz (cos(BI) + - ;—C sin(fl)),

£H
U I
orcrona U, = —im = 100 =1125-¢ 787
Lo | . 1000 :
cos( Bl )+ j—=sin(fl) cosl+ ] ———sinl
Zn 95,13¢7%7
B.

D= Uny/Zr=1125-¢7577/95,13-¢/%7'=0,118-¢ 7*°* 4.

)

Tok pyOmmpHIKa HAIIIEM 110 3aK0HY OMa:
U, 1125.¢7/%7

R, 100
Bo3ankaronyro o0paTHYR BOJIHY pacCUNTBIBaeM I10 cxeMe puc. 8.13.0:
L1 _g125.euere. JOOFIO0 07 qesse y
VAR 1000 + 71000 + 1000
Ip(1) = 0.07Lsin(orf — 65,36°) 4, i.,(0)=0,071sin(-65,36°) = 0,065 A4,
p=-2-10°c, i,5(0) = ipys(0) = 0,1125sin(-83,79°) = -0,112 4,

A =i56p(0) — 1,5(0)=-0,112 + 0,065 = -0,047,

6
osp(t) = Inp(t) + AeP' = 0,07 Lsin(axt — 65,36°) — 0,047¢ 1" " 4,

losp(t) = Zeivgy = T1sin(orf —65,36°) —47e 210" 1B,

Tox u manpsxeHIle 00paTHOI BOTHEI B (DYHKIII KOOPINHATEL V IIPH (IK-
CHPOBAHHOM MOMEHTE BPEMEHI [,
logp(ta, ¥) = 0,07 Lsin(1pao- (0,75 — y/10) — 65,36°) — 0,0476exp[-2- (0,75 — y/10)] A4,
Uosp(tg, V) = T1sin(1pao-(0,75 — y/10) — 65,36°) —47exp[-2-(0.75 — y/10)] B.

ITocnenHne (popMyIIEl CIpaBeIMBEL 111V < v-ig = 7.5 m. Ilpn y > 7.5 m
oOpaTHas BOJIHA OTCYTCTBYET.

MrHoBeHHbIE 3HaUEHI HaNPSLKEHI 1 TOKA YCTAHOBUBIIEIOCA 0 KOMMYTa-
I peKIMa B TEFOOOM MecTe JIIHIH MOKHO PacCUNTaTh 10 CIIEAYOMINM (OopMyIaM:

Un(y) = Uswcos(fy) + j Zc L sin(By),

Ln(}’/] :j' g STH(/Q}) + lzm‘COS (ﬁJ’Ja
Zc

Uyem(t, ) = Im(Un(v)-€?),  iyem(t, ¥) = Im(Lu(v)-€’“).

3HAueHI] HAIPSKEHI I TOKa YCTAHOBHBIIIETOCA PeXIMa B (DHKCHPOBAHHEII
MOMEHT BpeMeHH /4 B GYHKIII KOOPIUHATEL Vi Uyem(lg, V) yem(ts, ¥). Ilpenctas-
JIeHIe THX 3HA4YeHNII B Bije (pOpMyII — CI0KHAA 3a/1aua, TIO3TOMY U IMOCTPOSHIIA
SMIOP HANPSUKEHIA 1 TOKA ONpeIelINM HX UHCIEHHBIM CIOCOOOM C ITOMOIIBEK) KOM-
MBIOTEpHOIT MaTeMaTIdeckoit crictemsl MathCAD:

2m =11.25-¢787%2 Dy :=0.118-¢7 8652

p:=0.1 ZC:=1000 ¢:=0.75-10"°

Uly) = U2m-cos(B-y) +jZc-DRm-sin(-y)
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Ltpm = IPVEm ’



-

Iy) =] b;gi' sin(B-v) + 2m-cos(f-y)

Oteet 1A U (y):

S}’,’;{; i’i‘ —5(.6087 — 5.593i)-(2.-cos(.1000-y) + sin(.1000-y)+ 21.-i-sin(.1000-y))

wuust(t, y) == Im(Up)-e")  iust(t,y) = Im{I(y)-e” ")
HarmpskeHne 11 TOK 0OpaTHOIT BOTHEI:
iobr(x) ==

Uy)

0 if 0<x<25
0.071-sinf[0.75—(1—x)/10—1.141] — 0.047 -exp/[—2-(0.75— (1 —x)/10] if 2.5<x <10
uobr(x) := ZC-iobr(x)

PesyapTHpyIONIie 3HAUSHIIS HAIIPSKSHIIA 11 TOKA B (PYHKITIIT KOOP/IITHATEL:

i(x) = iust(tf, I-x) — iobr(x) u(x) == uust(tf, I-x) + uobr(x)

OMIOPEI TOKAa 1 HANPSLKEHIA U (PIKCIPOBAHHOTO MOMEHTA BPEMEHII IIpe/I-
CTaBJIEHEI Ha pIiC. &.15.

100
0.05 “\ 50‘-*"’
i1(x) o D ;
— 0 : \ 0 ———r
1obrx(x) ' \ uobrx x)
o " r R 1L T _ —— |
mstt(tf, l-x)"0.05 L‘*“ ______ PR uustt(tf, l-x) ~50 [ LH
-0.1 e 100 o
=0.15 =150
0 5 10 0 5 10
x Puc. 8.15 x

3AJTAYA 8.36. B et puc. 8.16.a ¢ mapamerpamn £ = 100 B, o = 100 O,
C=04 ux®, R=400 Om, L=0,09In, Zc=500 Om, =10 xm, v =100-10°
KM/C TIPOHCXOINT KoMMyTanms. ITocTponTs rpaduki paclpeneeHIs HallpsKeHIT
U(tp, Xx) M TOKA i(fp, X) BIONH IIMHUN I11 MOMEHTA BPEMEHH /g, KOIIa MagaroIas
BOJIHA JOCTITHET CEPEIITHEI IITHIIIL

0 a 0 — e

@ J/_C ZC.. ]._ v inad
E R -
éa — ZC Uygo

—C Ipys
o ®
e Puc. 8.16

Omeempvi. Ipys =i(f.) = 0,2 4, u(t) = 80 B: cxema 111 pacu€Ta naJaromnieil
BOJHEI Ha puC. 8.16.6: tnas(t) =-100 + 100e "% B, f,45(1) = -0.2 + 0,22 -390 4;

14 = 0,05 mc,

Unao(Tg» x) = -100 + 100exp[-5-(0,05 —x/100)] B, 0 <x <5 kwm,
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Tnao(tp, X) = -0,2 + 0,2exp/[-5-(0,05 — x/100)] A4;
U(typ, x) = Ut) + tpao(ty, X), ity x) = i(t) + inao(lp, X);
SIIIOPBI TOKA 11 HAIIPSKEHIS Ha puc. 8.17.

—— 100
n-'-"d
ipad(x) o1 upad(x) 50
wez(x) urez(x)
0 e 0
-’—'—'—' /
ol 0 2.5 5 7.5 -<00 5 10
2 5 5 ]
Puc. 8.17
X x

8.2.3. PacuéT oTpa‘keHHBIX BO/IH

3AJTAYA 8.37. HarpyxeHHas miHIA 0e3 IIOTEPH C TapaMeTpaMIl Zc=
=250 Om, I =140 ku, v = 280-10% xv/c. noakmovaeTcs K HIeaaTbHOMY ICTOYHIIKY
IIOCTOSAHHOIO HampsukeHnsa Eo,= 120 kB (puc. 8.16.a). IlapaMeTpsl Harpy3Ku:
Ry =750 Om, Cyx= 1,066 vxd. Tpebyerca:

- TOCTPONTH TpadpUKIl paclpeneneHs HApsKeHNA U(fp, V) U TOKa i(tp, V)
BIIOJIb JIITHITN JULL MOMEHTA BpeMeHIl 1, = 0,75 Mce TIociie BKIFOUEHII JIITHII;

- TIOCTPONTH TpaduK M3MeHeHIs HaNpSKEHNA 1/4(1) B ceueHnn 44 mocepe-
JIHE TIHNI B TEYEHIIe BPEMEHI, paBHOTo 2.5 npobera BOMHEL: 0 <1 <2.5f,0500-

A a) 0) 2
o O 0 o—\l>— —
Zeo v 122
]- Ca 14 1 2 ZC CH
EO C'H :: RH 2”?1.:1@ Uz ::
Ry

| A 2 Y 2

O O O o &

Puc. 8.18
Penienue

Yacte [. Bpems npobera BOIHEL fuposeea = /v = 0.5 me. CrrenopatensHoO, Ha
paccMaTpHBaeMBblil MOMEHT [y = 0,75 mc B mHIN OyAyT CYIIECTBOBAThH IIANAK0-
mas 1 OTpakEHHAS BOIHBL, MPHUEM BpeMs CYIIECTBOBAHIIA OTPaKEHHOII BOIIHEI
'4=0,25 mc. PaccunraeM nx.

1. [TapameTpsl Mamaromieil BOMHBL: Uyqa(f; x=0) = £ = 120 kB,

Inao(t; X=0) = Eo/Zc= 120-10°/250 = 480 A.

2. Uepe3 lyposesa = 0.5 Mc  BOIHA JOCTUTHET ceueHNs “2-27. Tie BCTPETHT
HEOTHOPOJIHOCTh. BolHA 9acTIYHO MpOIIIET B HAIPY3KY. @ YacTIUHO OTPa3HICH.
[TapaMeTphl OTpaKEHHOIT BOIHBI PACCUNTHIBAKOTCA Uepe3 TOK IUIN HAMPS/KEHIIE 1.
u; B cedeHnn “2-27 mmHHN. B cxeme 3aMelieHNs IHHNN UIA cedueHus “2-27
(prc. 8.18.6) mpomme paccunTaTh HalpsKEHIIE Ha KOHASHCATOpe. KOTOpoe 1 OYyAeT
PABHO HCKOMOMY HATIPSIKEHIIEO /27!

2”}100 .

Lo+ Ry
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_2-120-10°
250 + 750
Zex(p) = L, ZcRy _ l § 220750 =0, p=-5000 I/c,
pC Ze+Ry 1066-107°.p 250+750
Takum o6pazoM, 1y,(1) = 180 — 180e %% kB,

VI3 COOTHOMIEHIS 122(1) = Unas + Uomp, @ 38TEM TI0 3aKOHY OMa HAXOJIM:
Uomp(t) = U22(t) — Unao(t) = 180 — 180e "% — 120 = 60 — 180e " kB,

Upmp (60 —180e7 )-10°
Ze 250

3. Jlma nmocTpoeHns rpaUKoB paclIpelelleHII HAIpSLKeHN I TOKa II0 -
HIII, TIEPEXOINM K apTyMEHTy  [fg —V/V]:

Uc(0-) =uc(0.) =0, =750 = 180 xB, 4=0-180=-180 5B,

lomp(l) = =240 — 720 9% 4.

Unao(tg; X) = 120 KB, inas(tp: x) =480 4. 0<x<140 xar;
Uomp(f'g: ¥) = 60 — 180exp[-5-(0,25 — y/280)] kB, ' =0,25 mc,
Tomp(t'g: V) = 240 — 720 exp[-5-(0.25 — y/280)] A, 0<y=<70xm.

[To >TiM BEIpaskeHIIM Ha prc. 8.19 mocTpoeHsI TpaduKN pacHpeaeIeHILT
TOKa I HAIIPAKCHIIA BOJb JIITHIII. PE3YJIE:TI-Ipy}OH_HI€ 3HAYCHITI HAITPSKCHITA
h‘ = I{naa + Ii{omp II TOKa f = Inaa - I‘a}np.

hu, kB i A
130 e ....... ............... SO0 e .-. ...............
: : : Upag : : : S | : :
30_ ............... '.-,.- ........... xl{M 100_ ....... ....... -‘..- ........... xI{M
— —
0 20 40 60 80 100 120 140 0 20 40 40 80 100 120 140
41, kB +8,4xB ai A
Yt
_20-
_ju_
=120~
l.
1000+ 14
200
U, kB
150 7erseeeen : 600+
wa++-{- - 400+
50+ 200
! | - | ! -
0 20 40 60 20 100 120 140 0 20 40 60 20 100 120 140
Puc. 8.19

Yactse 1. /19 mocTpoenns rpaduka M3MeHEHNS HANIPSLKEHUS 14(f) B cede-
HII AA TocepeHe TUHII B TEYEHNE BPEMEHIL PaBHOTO 2.5 mpolera BOIIHBI
0 <1 < 2.,5%,pose20. BOCIIOTIB3YEMCA pe3yIbTaTaMIL, IIOYYEHHBIMI B IIEPBOIl YaCTH
peIeHs.
B ceueHnn 44 10 npuxoa MajJarpolell BOIHEL T.€. B TEUEHIIE BpEMEHH
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t < t1= 0,5poseca = 0,25 Mc Oynem nmeTs: u4(t) = 0.

C momenTta ;= 0,25 yc go moMmeHTa f, = 0,75 Mmc, TIOKa Iajgaromas BoIHA
JOCTUTHET KOHIIA JTIHIIL, a 3aTeM OTpaKEHHAasA BOTHA JOCTUTHET TOUKN A, HANps-
JKEHIIE 1l 4(1) OyAeT paBHO HAIPS/KEHUIO TAAOIISH BOTHBI U 4(1) = 1,55 = 120 kB.

B MoMmeHT 7, oTpakéHHAsA BOJTHA IPIIXOINT B TOUKY 4. MPOICXOINT HAIo-
JKEHIIe Ma/1atoIIeil 1 0TpakEHHOIT BOIH:

Ua(t) = Unao + Uomp = 120 + [60 — 180exp(-5000(7 — 0,75-10-3)] xB.

DTOT 3aKOH H3MEHEHN 114(1) OyIeT NelicTBOBATh B TeUEHHE BPEMEHH lyposecas
MOKa OTpak€HHAS BOJTHA MPUAET B HAYATO TI-
i (0,25 Mc), 1 TOKAa BO3HHKINAS HOBAS TMA- (60 ooz |
Jaromas BOIHA JOCTHTHeT Touku A (0,25 me): gL 20

Unao2 = N1 Uomp. 80" ______ ______ ',
HPOHeCC IIBMCHCHIIA HAIIPAKCHILI BO : : : : : :

BPEMEHII B TOUKe 4 IIIIHNIII NpeACTaBIeH Ha “ 1 I P :t,ma
prc. 8.20: ol 02 04 06 08 1.0 12
r=0—-0.25mc 14(t) =0: Puc. 8.20
t=0,25-0,75mc wuq(t)=120kB;
t=0,75— 1,25 mc  uq(t) = 180 — 180exp(-5000(¢ — 0,75-10 ) kB.

r -~ . \ 5

3JAJTAYA 8.38. K HCTOYHHKY IOCTO- = °—|
sHHOro HanpsokeHns E, = 120 kB ¢ BHyTpeH- Zc, 1,
Hell HHIYKTHBHOCTEI Lo = 0,15 ['# moakmro- Eo Ry
gaeTcd HarpyKeHHasd MIHIA 0e3 II0Teps ¢ Ila- Lo OJ
pameTpamn Zc=250 Om, [ =140 xwm,
v=280-10° km/c (puc. 8.21). Ry =750 Onm. Puc. 8.21

ITocTponTts rpaguku pacnpesneleHNs HaNpsKeHUA u(lp, V) U TOKa i(fp. ) BIOIb
JIIHINI JUId MOMEHTA BpeMeHN fg = 1.51/v.

Omeemb: inaofty; X) = 480 — 480 M7 [0 =x/280] 4o gy oty X) = Zctings,
iomp(t'3 3) = -0,5ingo = -240 + 240 ¢~-7L037/280] 4

I'paduxu Ha 400
puc. 8.22. ipad(x) ™ i
B upad(x) 8 \\_

ipad2(x) 200 . tpadtx) -
ERn uotr(x) \
1otr(x)

100

urez(x) 0

irez(x)

=200 X
o 70 140 210 ¢ L Ha
x Puc. 8.22 :
3AJTAYA 8.39. HarpyxkeHnnasa kaOenb- \cl 7 E‘
Has THHIA ¢ mapamMetpaMn Zc =75 Om, [ = E, Cr:bs )
=50 kM, v = 125-10° kv/c momkIrOUaETCH K — Ry
NCTOYHIIKY MOCTOAHHOTO HampsikeHna (Ep= 7 1 5
6H
=1.2xB. re; =5 0Owm). Ha BXoae miHIA 3alllil- i e
(I.l s
Puc. 8.23
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IIEHA OT MOMeEX ¢ noMmompio KoHaeHcaTtopa C= 53,33 mxk® (puc. 8.23). Iloctpo-
ITh IpaUKH pacupeelneHnsa HalpsuKeHHA 1(fg, ¥) U TOKa i(lg, V) BAOIL THHHN
711 MOMEHTA BpeMeHN 1 = 1.5//v. Ry =225 Owm.
Omeembl: Ings(tp; X) = 15 — 158‘4'[0’6_“125] A;  Unao(ty; X) = Lt inas;
iomp(t'3 3) = -0,5ingp = -7,5 + 7,5 4102737151 4

Fpacbgnp;‘g HA .
PHC. 0.24. 1000
ipad(x) [ upad(x) h‘\-""‘\-‘.\
. 10 ~—] ‘ \l
iotr(x) uotr(x)
irez(x) urez(x) 0
M‘*J
0 10 20 30 40 50 0 10 20 30 40 50
« Puc. 8.24 x
3AJIAYA 8.41. HarpyxeH- o o o-
Has MHIA Oe3 IOTEPh ¢ IapaMeT- 4 R
pamun  Zc=250 Om, =140 xwm,
pon R -EO L Rl
v = 280-10° xm/c TOIOKIIOUaeTCs 71
K HJI€aTbHOMY HCTOYHIIKY ITOCTO- C; i

Q
o}

b

SAHHOTO HamnpskeHna £Eq= 120 xB 1 Puc. 8.25
(puc. 8.25). IlapameTpsl 31eMeH-
ToB Harpy3ku: R; =500 Om, L =375 mIH, R, =250 Om. TpeGyetcs:
- IIOCTPONTE I'paplIKN pacIipeleleHIld HapsLKeHIA u(fg, V) T TOKa i(fy, V)
BIIOJIb JIITHII JUI1 MOMEHTA BpeMeHH /g = 0.9 Mc mociie BKIFUeHIs TIHIIL
- TIOCTPONTE TpaK M3MEHEHIA HAMPSKEHIA U 4(1) B cedeHnn 44 mocepe-
JITHE JIIHNI B TEYEHIIE BPEMEHIL, PABHOTO IBYM IIpoderaM BOIHBL: 0 <7 < 2f,p05020.
Omeembvl: ins(t) =480 A, es(t) = 120 xB;
n(t) =160 +20e % kB, in(t) =320 -80e>"" 4, ;=04 nc,
Uomp(P'i 1) =40 + 2051043/ g 0 3) = 160 + 802 510477201 4
['padukm Ha prc. 8.26.

600 200
o [ —— 200
pad( x)—IOO upad(x)150 P
_ic:t{(x) k'-‘ uotr(x) 100 ua(t) 100
i.l'CZ(X) 200 il Tre. T 111'ez(x)
— " L [ ——
: : 50 ——
: 9 -
obees— . 0 510
g 1 L 0 70 140 ¢
= Puc. 8.26 x
3AJTIAYA 8.42. HarpyxeHHas TITHIA °-| |
0e3 moteps ¢ mapametpamn Zc = 300 Owm, [ = £ Cu R
= 140 kv, v =280-10° xm/c moakmouaeTcs D H
K HAEaThHOMY HCTOYHIIKY IIOCTOSHHOIO " Ze, 1 v
O O

HanpsokeHnsa £, = 120 kB (puc. 8.27). Ila- Puc. 827
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paMeTpsI 371eMeHTOB Harpy3ki: Ry =950 Om, Cyg= 0,1 ux®P. [locTponTs:
- rpad Ik TOKa 7> B KOHIIE TUHUI B (DYHKIIII BpeMeHII;
- TpauKN pacrpeneleHs HalpsuKeHns (1, V) 1 TOKA i(fg, V) BAOTH MITHIN
711 MOMEHTA BpeMeHI /4 = 0,86 /e 1mocie BKIFOYEHIIA JIITHIIIL
Omeemot: in(t) =192e %% 4 1y, (t'y; v) = 120 — 57,6 ¢5:[0.36-y/250] kB,
omp(f' 32 ) = 400 — 192 1036-3/2%0]
['padukm Ha

400~==1T""T1T _..--7 250
puc. 8.28. |

. ' 3 ?‘
ipad(x) i upad( x)-oo
-iC:tE(X) 200 1 uotr(x) 10
irez(x) x urez(x) 190
' ~"“-.‘_. 50
0 0

L A 140 Pyc. 8.28 0 70 140

X X

3AJTIAYA 8.43. B ycroBmax 3amaun 8.34 mocTponTh rpaduKn paciperere-
HIIA HaIPSKEHIL ¢ 11 TOKA 7 BIONB KaOeld 11 MOMEHTa BPEMEHH 74, KOIa OTpa-
KEHHAA OT Hauasa Kadeld BOJIHA MPOIAET > IIITHEI KaOels.

Pemenue

Bocnons3yeMcsa pe3yiabraTaMil BEIYUCISHNIT 3a1aull 8.34:

v=10"m/c; Zc= 1000 On; bos = 1L MKC; Bp= (1) = LD MKe.

how = U=1008B, iwm=1,1A4,

josp(t) = 0.5+ 0,5¢721°°1 4y (1) = 500 + 5002 21°° B,
Tok 1 HanpsKeHNe o0paTHOII BOIHEI B (DYHKIIIH KOOPIITHATEI IpH (DHKCIH-
POBAaHHOM MOMEHTE BPEMEHH 1g:  losp(lg, V) = 0.5 + 0,5exp[-2-(1,5 —y/10)] A.
Uosp(tp, ¥) = 500 + 500exp[-2-(1,5 —y/10)] B.
BHyTpeHHee COnpOTIBICHIIe ICTOYHIKA PABHO HYIIIO, TIO3TOMY KO (IIIIEHT

0—2Z

OTpakeHNd OT HAuala MHM 7, =———< = -1 Toraa (popMyIIsI TOKA I HAIPSKEHIIS
e

IPSAMOIT BOTHBI J71S1 HY/I€BOIl KOOPINHATEI B (DYHKIIIII BPEMEHIL, TIPIUYEM OTCUET Bpe-

MEHII BEAETCA C MOMEHTA OTPaKCHITA, CICIYIOIIIIC:
_2.108 ; a6
f"fp(r) - '0-.5 - 0-5 = o Aa ”Hp__(” =-500—-500e - 1 IB,

X 1000
0.5 —— 5 T —
i2(x) u2(x)
iobr2x(x) 0 uobr2x(x) 0
iprx(x) _\ uprx x)
-0.5 -500
-1 = ~1000
° 3 H 0 5 10
" Puc. 8.29 .
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OHI ke B (YHKIIII KOOPIIHATEI ¢ VIETOM TOTO, UTO BPEeMA CYIIeCTBOBAHIIA
IIPAMOIT BOJIHBI PABHO [ — [pos = 0,5 MKcC:

Iup(tg, x) = -0,5 — 0.5exp[-2-(0,5 —x/10)] A,

Upnp(lp, V) = -500 — 500exp/-2-(0.5 —x/10)] B.

DopMyIIBI CIIPABEUINBEL VA X < V' (lg — lwpos) = S M. IIpnm x > 5 m npsamasn
BOJTHA OTCYTCTBYET.

PesynprHpyronmie TOK U HaIPsSKEHIE B JIMHI HAaXOINM B COOTBETCTBHI C
bopMymaMIT: 1 = thyem + Uogp T Unp, 1= lyem — logp T Inp. ITEOPHI TOKA 1 HATIPAKEHILA
IIpHBEIEHEI Ha piC. 8.29.

3AJIAYA 8.44. B ycrnoBmax 3amaun 8.36 IMOCTPONTE TPadIIKN PacIIpeIeTeHIIT
HAIPSDKEHNA 1U(1g, X) 1 TOKA i(lfg, X) BIOIbL TIHHUI I MOMEHTAa BpeMeHI /g, KOraa
OTpakE€HHAs BOJHA JOCTITHET CEPE/IITHBI JIITHIII.

Kommenmapuu u omsemot:  iyem = 0.2 A, tyon = 80 B;

Unao(t) = -100 + 100e % B, 7,,0(1) = -0.2 + 0,2¢ 0% 4,

OTpakE€HHYIO BOHY MOKHO PACCUNTaTh ABYMS CIIOCOOAMII, IPIUEM pacué-
TBI BRIIOTHIM. crtornb3yd MathCAD. B nepeom cmocode ncmonszyeM ko3 (-
€HT OTpPakeHIIs B OTlepaTopHoii popme:

- OpUTIHAT 1 M300pakeHIe TOKA Ma/1ak0IIeil BOTHBI:

ipad(t) :==-0.2+0.2:¢79%"  ipad(t) laplacer - — 2000 2000

float 4 s s + 5000
Ipad(p) = = 2000 2000
p p + 5000
- OIIEpaTOPHOE CONMPOTHURIIEHIIE HATPY3KII TMHIN Z(p) =R+ p-L
Z(p)-ZC

- QIIEPaTo HBIﬁ K02 HITICHT OTpaKCHIIA 7?( ) =
patop i) p P Z(p) s 2C

sm*qviyﬁ-’_> 1111- (—1000e5)+09.- p

float.4 .1000e5 + p

- 1300 pakeHIIe I OPUTHHAT TOKa OTPaKEHHOIT BOTHEL:
Iotr(p) == n(p)-Ipad(p)

mv;.:;‘é);fze,p_) 2299.6(-100065)t 4 299951 _ DAAL-p(-5000)1

Bo emopom cmocoGe cHadama pacCunTaeM TOK O— —>—
IIEPEXOIHOIO Mpollecca B KOHIIE JIMHII 10 CXEeMe 3aMe- Zc i
meHnd puc. 8.30. IIoCKOIBKY HaIpsKeHIle ICTOYHIKA R
2Upes TIMEET 3KCIOHEHIMAThHYI (DOpMY. pacdyéT BEHI- U(t) = 2t
IIOJIHIM C ITOMOIIBKO HHTerpana {roamerns.

u(t) := -200 + 200-¢ 300 L

| R+7ZC
- exp(-———1)
R+7ZC R+ZC L Puc. 8.30

g(t) S};’;ﬁf{: > 1111e-2 —.1111e-2-¢1000e5)1

n(p)

lotr(p)

0O =

g(r) =
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t
i(t) .= u(0) g(t) +J'(iu(r)}-g(f— T)dt
o\drt

S;;’;f; i ’92"9 AA44-S000NE_ 999D . 20770005

iotr(t) .= ipad(t) — i(t)
SMPHY | 52001000094 20001 — 2444-¢45900)
float 4

TaknM oOpa3oM. TOK I HaIps/KeHIle OTpa:kK€HHOII BOIIHEI A1 HYJIEBOIl KO-
opanHatel y = 0:

iomp(t) = 0,0222 + 0,2222-¢7190907_ (0,2444 ¢ =00 4,

Uomp(t) = Zciomp(t) = 11,1 + 111,1-¢7190007 1222739 B,

IIprmaém B 3THX QopMyIax OTCUET BpeMeHII HAulHAeTCs ¢ MOMEHTa OTpa-
KEHII BOIHBL. TakmMm o0pa3oMm, K MOMEHTY fg = 1.5%p0s = 0,15 mc mamaromas
BOJIHA CyIIecTBYeT Kak pa3 0.15 me, a oTpaxx€nHag BorHa — 0,05 me.

HanpszkeHne 1 TOK nmagaromieil 11 oTpakEHHOI BOJIH B (DYHKIINN KOOpIIHA-
TBL:  Unas(tg, X) = -100 + 100exp/-5-(0,15 —x/100)] B,

inas(tp, X) = -0,2 + 0,2exp[-5-(0,15 —x/100)] 4;

Uomp(Tg, x) = 11,1 +111,1exp[-10-(0,05 —/100)] — 122,2-exp[-5:(0,05 — y/100)] B,
fomp(1g, X) = 0,0222 + 0,2222exp[-10-(0,05 — y/100)] —
—0,2444-exp[-5-(0,05 — »/100)] A.

i(f)

iotr(t)

B stix dpopmymax y =10 —x <5 xwm.
PesynpTHpyronie TOK I HAIIPSKEHIE B IITHIIN HAXOIATCA B COOTBETCTBHIII C
Gopmymam:
”(Itj}w X)= Uyem i ”nad(rgi?a x) + “ompﬁgb-. X), 1 (f(p.. X)= iycm + fnadﬁqba .Y) - iomp(r@a .X).
DIIOPHI TOKA 11 HAIIPSKEHIIA Ha pic. 8.31.

upad(x) 25

ipad(x) - ___g_‘—-—

irez(x) urez(x) 0
iotr2(x) 0 --u...__‘_._“ uonﬂ(:ﬂ—:s /"
""" ’
| ]
e
_0_10___=— - - , - /
2.5 5 oS 0 5 10
Puc. 8.31
X x

8.2.4. PacuéT BOJIH IpH NpoXokAeHHH Yepe3 R, L.C-31eMeHTHI
3AJTAYA 8.45. Ilo BO3OYIIHOIN TITHII nao

2 2 3

C l'lilpaMe”[pE;MI-I .Za =220 Om, [,=150 xm,

v; = 300-10° xm/c pacupocTpaHsaeTcs Nnajaro- z

mas BOTHA C MPIMOYTOIBHBEIM (POHTOM I

HaMPSKEHHEM  Unas(t) = 220 kB, mnepexond

3aTeM 4epe3 KOPPEeKTHPVIONIHE 3JIEMEHTH R Zcy, b, va

==180 Om, L=30mIn B Kabems c mapa- © O O O
Pue; 832 2 2 3

MeTpaMl  Ze =88 Om, L=T75xm, vy;=
180



= 150-10° xat/c. KoHEl KOTOPOro pazoMKHYT (puc. 8.32).

TpeOyetca: mocTponTh rpadUKI TOKA ix;(7) 11 HAIPSKEHIIA 122(1) B KOHIIE TIep-
BOIT TITHIIN B (DYHKITIIT BPEMEHII, a Takke IpaduKN paclpeaeeHs BI0Ib 00emx
TIHHI pe3yIbTHPYIOIIETro HAPSKEHI I TOKa U1 MOMeHTa BpeMeHN 15 = 0.5/;/v,
culTas ¢ MOMEHTAa IPHUXO0Ja BOTHEI B Y3&J COEIITHEHIIA JIITHIII.

Pemenue

1. 3amcpIBaéM TOK 1 HaIIPS/KEHIE a0l BOIHBIL:

tnao(t, X1=0) = 220 kB;  inao(t, X1=0) = thpas/ Zcr = 220-103/220 = 1000 A.

2. Yepes BpeMA luposeza = 11/v1 = 0.5 Mc BoIHA HOCTHUTHET cedeHns “2-27. rue
BCTPETUT HEOTHOPOIHOCTh. BOIHA YacTIYHO NPOIIET B NHAYKTHUBHOCTD, YaCTITIHO
OTpa3UTCs, a YACTIIYHO, B BIE IIPETOMIEHHOII BOIHEL MPOILIET BO BTOPYIO JIIHIIIO.
g ompeneneHns OTpakEHHON 1 :
IpeTOMIEHHOIT BOTH HeoOXOIIIMO N 2 2 Inper oY
paccunTath OO TOK 1, OO Zc1 R
HaIIpSDKEHNE 15, B cedeHnn “2-27,
gepe3 KOTOphIe 3aTeM MOKHO 3allil-
CaTh BBIPAKCHUA Uomp, lomps Unpers
frpex- | Puc.833 2 2

Tok i,,(f) paccunThIBaeM IO
cXeMe 3aMeINeHIs TMHIN I cedeHrst “2-27 (pmc. §8.33). Pacu€r BemmomHieM
KJIACCHUECKIM METOIOM:

!;L(O—) - i'11(0-) - 0.-.~ il".ﬁ) - flnp + Aepr;

fnp(t) = 2Unao/ Zcr = 2-220-10°/220 = 2000 4,
(00 = 2np __2:220. 10°

Loy +R+Zo, 220+180 +88
A =12(0+) —iyy(0+) =902 — 2000 = -1098 4:
pL + Za (R4 Zey) =0, p=-4027 1/c, 1=-1/p=0.248 ¢ =0.25 wmc.

ZeytR+Zes

Takum o6pazoM, ixn(f) = 2000 — 1098e 4047 4.

Hampsxenne () HaxoanM 1o 11 3akony Kupxroda:

U (1) = 2Ulnas — Ze1-ina(t) = 440 — 220 (2 — 1,098e #%27) = 241 ,6e %27 kB.

[To »TrM BEIpaskeHILIM Ha prc. 8.34 MOCTPOeHEI TPaQUKI 1ay(1), ix(1). BeI-
pasKeHN CIIPaBeIIBLI 1714 0TPe3Ka BPEMEHN [ < 2f,,0600, = 2°0.5 = 1 mc.

2“?1:16 Uzz L ZC2 Unpen

24,

- i:z,A
EDDU_ ....................... .. ........... \

1700 e o e

M : . - - N : : : t’MC
0 02 04 06 08 1,0 ol 0,2 04 0,6 08 1,0
Puc. 8.34
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3. VpaBHeHIA OTpaKEHHON M IPETOMIEHHOI BOTH B (DYHKIIII BPEMEHI
HAXO/INM Uepe3 HalpsKeHNe (7).
OTpakEHHASL BOTHA: Uomp(T, 1=0) = t22(1) — Uyao = -220 + 241,6¢ %7 kB;

Tomp(t, V1=0) = tlpp/Zc1 = -1000 + 1098497 4.
[IpeTOMIEHHAS BOTHA  inpes(l, X2=0) = /(R + Zco) = 901,5¢ %7 4;
Unper(t, X2=0) = Zco Irper = 88:0,9015¢ 74027 = 79,332 4027 kB,

4. JIna mocTpoeHnsA TpadiKoB paclpeeleHns ToKa 1 HaMpsKeHNA B0
obenx nmuHmii (puc. 8.35) BrIpakeHNd OTPakEHHOII U MPETOMIEHHOI BOJIH Hepe-
nmmeM B (DYHKIIN apryMeHTa [fg — yi/vi] win [fg — x2/vy/. B niepBoil s 0yayT
HaJaromas 1 OTpaKEHHASA BOIHBIL:
Uomp[Te. V1] = -220 +241.6-exp[-4.027-(0.25 — y1/300)] B,
lomp[ T, V1] = -1000 + 1098-exp[-4,027:(0,25 — y1/300)] 4,  y1 <vi'tp =75 km.

Bo BTOpOIi mHIN OyIeT TOIBKO MpeIOMICHHAs BOIHA:
Unper[Te, X2f = 79,33 -exp[-4,027-(0,25 — x,/150)] B,
Inpes[ T, X2] = 901.5-exp[-4,027-(0,25 — x2/150)] A4, X2 <vyty =375 km.

Jlns1 yaoOcTBa mocTpoeHns rpadukoB pacd€éT OTAeTbHBIX 3HAUEHNIT TOKa I
HaIPSKEHIIA B 00€IX JTIHIAX cBeAEM B TadIl. 8.2.

Tadmmma 8.2

Vi, KM Uomp, KB lomp,A X2, KM Unper, KB Inpes, A

75 +21,65 +98.4 37,5 79,33 901.5
60 -22.42 -101.9 30.0 64.86 737,1
45 -58.46 -265,7 22.5 53.03 602,7
30 -87.92 -399.6 15.0 43.36 492.8
15 -112.0 -509,1 0 28.99 3294
0 -131.7 -598.6 --- --- ---
3ATTAYA 8.46. o Bo3TymIHOI - nao. 5 3

HIN ¢ mapameTpamn Zcp = 220 Owm, [ =

=150 kv, v; =300-10° km/c pacmpoctpa- 1 L

HAETCS BOJIHA C MPAMOYTOIBHEIM (PPOHTOM, R

epexod 3aTeM depe3 Koppekrupytommte 1 Zci, /1, Vi T
yreMeHTEI R = 180 Om, L =30 m[H B O ™ ~ O
Kabers ¢ mapamerpamn  Zco= 88 Owm, L= Tuc. 836 2 2! 3
=75 xm, vo=150-10° kvm/c, KoHel KOTOporo pazoMKHYT (pic. 8.36).

TpeGyetcs: mocTponTh rpad K TOKA 1 HAMPSKEHII B KOHIIE MIePBOIl TIMHIN B
(pyHKIIII BpeMeHII, a Takke Tpad KN paclpeaeTeHd BA0Th 00X TIHII pe3yib-
THPYIOIIETO HANPSKEHIA U TOKa [UII MOMEHTa BpeMeHH [y = 0,25 mc, cunrad ¢
MOMEHTA IPHUXO0/a BOJIHBI B Y3€J1 COeANHEHNA TNHUIL. U,,,, = 220 kB.

IlosacHenus. UToOk1 ObUTO YIOOHEE pas3nnuarth TOUKH R.[-cedeHIld, NpuHaj-
JIeKaIIe IEPBOIl I BTOPOII INHIIAM, Ha CXeEMe OHII 0003HaYeHbI Kak 2-2 m 2'-2".

Omeemut: (1) =93,17 + 104,83 5% kB, iy(1) = 1576.5 — 476,5¢ 50" 4;

Uomp[ T3 V1] = -126.8 + 104,8exp[-8-(0,25 — »1/300)/ B,

lomp[tp; 1] =-576.5 +476.5exp[-8-(0,25 — y1/300)] A,

Bo BTOpoOIl MITHNN OYIeT TOIBKO MPETOMIEHHAsA BOITHA:

Unper[Tg: X2f = 93,18 — 93,18exp[-8-(0,25 — x2/150)] xB,

182
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Inpen[tp; X2] = 1059 — 1059exp/[-8-(0.25 — x»/150)] A, X2 < vyt =37.5 K.
['paduxu Ha puc. 8.37.
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Puc. 8.35
Daitn «PucyHkm»
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2
ipad(x) /-""- upad(x)200 §
- - N
10tr(x) uotr(x) \-_
iprel(x) \ uprel(x) \
irez(x) 0 o urez(x) 0 .,
-150 -100 -50 0 50 Pyc. 837 -150 -100 ~-50 0 50
X X

3AJTAYA §8.47. Bo3nym- | 5
Has THHIL C MapaMeTpaMn [, = N— 0

=150 km, Zc1=400 On, vi= Zev, b, ¥ R
= 300-10° xa/ec, coennHEHHAS C E, —
APYTOil BO3MYIIHON TiHIel /[, = -1
=150 kM, Zc2=250 Om, w;=

e Sl s Puc. 838 ——

=300-10° km/c  uUepes KOpPpeKTII-
pytomuie 3mmeMeHTEl R = 150 Om, C =2 ux®, BKIrOUAETCS HA MACATBHBII IICTOU-
HoK Ep = 110 kB (pmc. 8.38). TpeOyercsa mocTponTts rpaduKN pacupeaeIeH I
BJIOJIb OO€IX IIHHIII Pe3yIbTHPYIOMNIX HANPSKEHNS # I TOKa 7 I MOMEHTa
BpeMeHH [ = 0.4 amc, cunTad ¢ MOMEHTa IPHXOJa BOIHBI B Y3€ll COSIIHEHIA 1III-
HUIL. Ly =20 mlH.
Pemenne

1. MeiciieHHO mpencTaBisad cebe CXeEMy 3aMelleHns Iud ceueHns 1-1, 3a-
IIIIEM [TapaMEeTPEI [1a1aF0IIell BOIHBIL:

Unao(t; x=0) = Eo = 110 kB,  ingo(t; x=0) = thnae/Zcr=110/0,4 =275 A.

2. Uepes tuyposeza = 0,5 Mc BOIHA JI0- : :
CTHTHET CeUeHIIT 2-2, Te BCTPETHT HEOA- o _[;“_.2_ frper 2
HOPOIHOCTH, YAacTIYHO OTpasNTcAd I 4a- Zes R
CTIYHO TMPOIUIET B BHJE IIPEIOMIEHHOIT
BOIIHBI BO BTOpVIO JHHNIO. CocTaBusgeMm
CXeMy 3aMellleHId 14 y31a 2-2, o KOTo- 2 2%
poil KIacCHYeCKHM METOJOM BEIIOTHSIEM @ Puc. 8.39
pacuér mubdo TOKa 7y, MO0 HANPSKEHIA
22 (puc. 8.39). B HameM carydae mpoIie HallTH HAPSKEHIE 12 = Uc:

ucd0)=0, p=-l/t;
TZZCMRJFZ@?‘ -C=400'(150+250)
Zey YR+ Zpy 400 +150 + 250

R+Z,,
UC(t) = iy + A P Ucy= 2ty 2 _ 990 150 + 250

Zoi R+ Zor 4004150 + 250

21."”(1@ U e Unpen ZCZ

2:10°=04-10%¢; p=-2500cL.

=110 kB,

A=ud0)—ucap=-110;
OKOHYATENBHO IMeeM:  xn(f; y=0) = uc(f) = 110 — 110-¢ % kB,
2, — 1y 220 —110+110e %"
Zoy 0,4
185
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in(t; y=0) =



BBIpa}KﬁHIIH CIIpaBCI/INBLI B TCUCHIIC anpaﬁgga, T.C. B TCUCHIIC BPCMCHIIL, ITOKa
BOJ/IHBI I[Oﬁl[yT J0 KOHITOB CBONX JIIHIIfI_, OTpa3ATCAad 1 BHOBb JOCTUTHYT CCUCHILA

2-2.

3. Uepe3 BhIpakeHNA TOKa 1 HANP/KEHIA B KOHIIE MEPBOIT JIITHII 3aIIChI-
BaeM BBIpaKESHIIA OTpaKEHHOIT I MpeIoMIEHHOI BOIH:

Uomp(t; Y1=0) = 122 — Upas = -110-€ " kB,

A.

-’:npe_? (rs x2:0) =

Uz

110 -110e™2%!

R+Zer (150+250)-107°

Unper(1; X2=0) = Zco"Inper = 68,75 — 68.75-¢ 250 B,
4. HU’.H IIOCTPOCHIA l'paq)IIKOB TOKa I1 HAIIPAKCHILI B qJYHKI_[IIII KOOPINHATHEI,
IMOJIYVUCHHEIC BBIPAKCHIIA IICPCINIICEIBAEM B (l)y[-][{]_[}ﬂj [Igb _J"l/vl_] I [fgb _ l‘z/Vz]J

Uomp(V13tp) = -110-exp[-2.5-(0,4 —v1/300)/ kB,

lomp(V1:13) = -275-exp[-2,5-(0.4 —11/300)] 4;
Unper(X2: 1) = 68,75 — 68.75-exp[-2,5-(0,4 —x2/300)/ kB, 0 <x2 <vy-1p =120 xu,
Inper(X23 1) = 275 — 275-exp[-2.5-(0.4 — x2/300)] 4.

Pe3yIpTaTel pacdyéToB IO IOCTPOCHINIO TPaIKOB CBeIeHBI B Tadl. §.3.

['padmkit ipeicTaBIeHEI Ha pric. 8.40.

& U mag, Unper kB
2

iomp(r; J,?IZO) = inaa _ 1'22 — _275 e -2500¢

=275 -275-¢7 %" 4,

0 <y1 <vitp =120 xm,

l 311&,?.{, inpez'u A

3 2
150 ! | 2001 ! 174 4 E
] .
100 - | 43.5B | 200 Vs I
- 1)2 | 1 - I
50 X !, 100 | $ : ' x,
| |3 . ! ! N 13 —
y': 160 100 50 0 &0 100 150 y: 150 100 50 0O 50 400 150
L uo 1 fl’.‘l
wo] OF |2 |3 200 < OF |2 |3
i [ | i
50 | X2 100
T T t T T 1150 o
_sodv[oP 50 100 I 100V
=100 | | 200
_150{ ~MOKE |2 13 -3001
L .
600 4
|2 |3
4u. kB 500 °| !
2 2 ~ - |
1501 : ] | 376 A |
. i 200 i 1744
100 Vi 69 5K 2001 - vy .
V; | = |
50 - ! 100 - !
L L] il. L L IS .xbz | L II. L LI I3 Iﬁ
y": 450 100 50 O 50 4100 150 J”T 450 100 50 O 50 400 150
U = Upago + “omp PHC’ 8 40 1= -inaa - -iomp
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Tadmma 8.3

Vi, X2, KM Uomp, KB Tomps A Uppes, KB Inpers A
120 -110 -275 0 0
90 -85.,67 -214.2 15.2 60,83
60 -66,72 -166,8 27,05 108,2
30 -51,96 -129.9 36,25 145,1
0 -40.47 -101.2 43,46 173.8

3ATAYA 8.48. ITo Bo3aymHoIl muHNN puc. 8.41.a ¢ mapamerpamMn Zc =
=220 Om, =200 kv pacmpocTpaHseTcs nagaromas BomHa Up= 220 kB ¢ mps-
MOYTOJIBHBIM (DPOHTOM, MEPEXOIA 3aT€M MIIMO KOPPEKTHPYIOMIITX YTeMEHTOB 7 =
=440 Om, C=0,455 vxP B cIEIYIOIIYIO TAKYIO K€ BO3AYIIHYIO JTIHIO.

TpeGyetca: 1) mocTtpouts rpadUKN TOKa I HANPSUKEHIS B KOHIIE ITepPBOIl
TMHIN B (QYHKIII BPEMEHIT; 2) IOCTPONTH TpadiKN paclpeIeIeHIIA BIOIb 00enx
JIHNIT Pe3yIbTHPYIOMNX HANPSDKEHNIT 1 TOKOB IS MOMEHTA BPeMEHH [ =
= 0.5 mc, cunTasd ¢ MOMEHTa IIPHX0/1a BOIHEI B Y3€J COEIIHEHIIA IITHIIL

nao _
a) 0) . .
m_> :% 7o) \_ 12 2 Inpen
- — 3 R S
- — ¢ Zc — C
’ 2”?’1{;@ Uyy r Zc Unpen
1" Ze Ly Ze, v 3 ’
o, O o) P
2 Puc. 8.41

Omeempor: 1) pacuéTHasa cxeMma 1A ONpeaeIeHNs i2(f) U u2y() IpuBeIcHa Ha
puc. 8.41.6.  ix(t) = 1000 +200-¢ %% 4, (1) =220 — 44-¢ 499 kB;
2) Upnp(te, y1) = -44-exp[-4000-(5-10~* —y,/(3-107))] kB,
fomp(To, Y1) = -200-exp[-4000-(5-10 * —11/(3-10°))] A,
Unpea(to, X2) = 220 — 44-exp[-4000-(5-10* — x2/(3-10°))] B,
Inpe (o, X2) = 1000 — 200 exp[-4000-(5-10* —x,/(3:107))] 4,
STIOPBI HAIIPSJKEHII 1T TOKOB IPHBEIEHEI Ha puc. 8.42.

3AJTIAYA 8.49. Ilo Bo3mymHOIT mimHm pric. 8.43 ¢ mapamerpamir: /= 150 xka,
Zc=220 Om pacmpocTpaHsAeTcs BOTHA g = 220 kB ¢ mIpAMOYTOIEHEIM (PPOHTOM.
[epexo/1sd 3aTeM MIIMO KOPPEKTUPYRIX 31eMeHToB » = 50 Ov, L =20 m[H B
CIEAYONIYEO TaKYEO JK€ BO3IVIIIHYK JTIMHIK. TpedyeTc:
- IOCTPONTH TpaIKI TOKA 722(7) M HATIPS/KEHNA 1/22(1) B KOHIIE TIEPBOIT JTIITHIIIL;
- TOCTPONTHh TpaduKN pacmpeneleHns BAOIb 00enX THHHII pe3yIbTHPYIOMIIX
HaIIPsUKEHI # 11 TOKa i JII1 MOMEHTa BpeMeHH [y = 0.4 ac, cunrasd ¢ MOMEHTa
IIPIXO0/1a BOTHEI B y3€J1 COEAITHEHNA TIHIIIL

Omesembi: y(f) = 68,75 + 151,25 %% kB, iy (1) = 1688 — 688¢ 590 4,

Uomp(tg, V1) = -151.3 + 151.3exp[-8-(0,4 —31/300)] B,

lomp(13, ¥1) = -688 + 688exp/[-8-(0.4 —1/300)/] 4, yi <vi-ty =120 xm;
Unpea (T, X2) = 68,8 + 151, 3exp[-8:(0,4 — x,/300)/ kB,
Inpea(T, X2) = 313 + 688exp/[-8-(0,4 — x2/300)] A4. X2 <vyty =120 K.
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Unao
_,__.--“"""--;66-““"-;_

150

100 Unpe
_.-
50
V1, KM 100 Xo, KM
- >
200 ‘_I//—— 0 100 200

Uomp -50 ' |

hi4

1400
P o S
L 1000
jmd \
600 jnpa‘:
—_—
Puc. 8.42
Y1, KM 100 X2, KM
- i >
200 ' 0 100 200

- 3;omp -200 '

nao IAYA 8.50. Ilo xademsHOIT M prc. 844 ¢ mapamerpamir: [ = 60 xu,
y 2 CSl BOIIHA 1,5 = 1,2 kB ¢ IpAMOYTOTBHBIM (PPOHTOM,
11 | )EXOJIA 3a%a4 yepes KOP[3 THPYIOMINE 3TIEMEHTEl B CTIEAYIOIIYIO TAKYIO Ke Ka-
ouiapHyIO 111 p. IocTponts rpadgukmn pacmpenereHnsa BIOTh 00eNX THHHI pe-
3VIILTUDVION ey HATIPSDKEHIA ¢ 11 TOKA 7 U1 MOMEHTa BpeMeHIl 1y = 0.3 arc. cunrag
cPuc. 8.43 71a BOJIHEI B y3€7I COEITHEHH JIITHIII, €CIII Harpy3Ka:
a) R=120L 0) L=5mIu. B) C=625MuxD.
i el Zou 1. v“egwenne. C .Wlaq R=120 Owm.
apd\~TPEI ITA1A0IIEl] BOIHEI
Unao(t: Xx=0) = 1200 B = const. Inao(t; x=0) = Uyee/Zc = 1200/80 = 15 A = const.
2. Ilpn uncro aKTHBHOII HArpys3ke | i 2 e
OTpak€HHAg BOIIHA MOXKET OBITh BEIPAKEHA
49EPE 1ao Iaiogjym BOJIHY C ITOMOIINBI0 KO- Zc l

2”?1(&3 U322

R & C lf Inpen

O O
1 3 3
i 188 Puc. 845 2
C
-

R L




R —~Z 3
—#_~C Jlng HArTAZHOCTH Pacuéra Kod(QuienTa
R, +Z,

OTPa’KeHIA BOIHBI OT HArPY3KIl, NPNBEAEM CXeMY 3aMellleHns 11 ceueHns “2-27

mHm (prc. 8.45): = Rrizg, JEO-ED =48 Om, HZM =-0,25.
R+Z. 120480 48+ 80

3. Tormga HanpspKeHe 1 TOK OTpakEHHOIT BOJIHEL OV AV T:
Uomp(T: Y1) = Mllpgs = -0,25-1200 = -300 B = const,
lomp(t; Y1) = Minge = -0,25-15 = -3,75 A = const, Y1 <ty =45 km.

4. HampsskeHne 1 TOK B KOHIIE IIEPBOIT JTNHIIL

U (1) = Unas(t) + Uomp(t) =900 B, (1) = inao(t) — lomp(t) = 18,75 A.

5. HampskeHne 11 TOK IpeToMIEHHOI BOTHBI (CM. CXEMY 3aMEIeHI):
Unpes(T; X2) = 22 =900 B = const,
lnpea(l; X2) = Unpai/ Zc="900/80 = 11,25 A = const,; X2 < vty =45 rm.

['padmiki pacrpeaeaeHIs HANPKEHIA T TOKa BIOTb MITHITH ITA cIydas a)
IIPHBEIEHEI Ha pIIC. 8.46.

y(uieHTa oTpaKeHnsI n =

$uinag,B 2 13 A; ;
! i
11102 SORRE UR SOOES SRR SATTS T | ! 15 |
] 1 1
BOOF - eveedenrnegenmnatannes 2onens E E 10+ i
I 1 i
e {11 T Y S P R T 4 : 54 :
| i E2 I 1 xz..i 1 L _.'xz i
0 20 40 60 20 40 60 0 20 40 60
53 “io‘rp,inpm],,l\
H 12 i3
'. 5 | !
U 11 b | e :
l'm&tl 10 | R T ST RS Fok 1
[~ I
: 5 E _____ SoveniBs E‘PB’F
| et } - - !
B0 60 «Jap | 20 0; 20 40 B0
=57 jomp 12
bi 4
1 . . 1 I
U 15 : : : A I
—nfdf o b E g
= 4 M =g
I
X2 1 5 :
AN
Puc. 8.46

PacuéT oTpaKEHHOIT BOTHEI B CJIyYasiX 0) I B) BBILTY HATIUIIS PEAaKTIIBHOTO
37IEMEHTa BBIMOTHIETCSA C ICIOIB30BaHIeM Ko3((uIeHTa oOTpakeHId B orepa-
TOPHOIT hopMe.

15 _ I~ Z -Z — 8000
B ciyuae 0): L.as(p) =—: Z(p) =—p—§—; np) = (p) <= ;
2 pL+Z- Z(p)+Z- p+8000

~12-10°
Lonpl D) = (D) L = ’ : damp()==15 F ISQ-SOOOIA,
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lomp(t; y1) = -15 + 15exp[-8-(0.3 — y1/150/] A4, Vi <vitgp =45 km,
Uomp(t; V1) = Zc Tomp(t: V1) =-1,2 + 1,2exp[-8-(0,3 — 1/150] kB,

U22(1) = Unas(t) + Uomp(t) = 1.2 P KB, i20(1) =lnas(t) — fomp(t) = 30 — 15209 4;
Uppea(t: X2) = 1,2exp[-8:(0.3 — x,/150] xB,

Inpes(ts X2) = 15exp[-8-(0.3 — x2/150] A, X2 < vty =45 kM1,
15 ,,l/pc-Zc Z(p)-7 L,
B cnyuae B): Lo(p) =—: Z(p) = :Z- Zc -——2_,
P /pC+ZC (p)+Zcs p+
Lomp(p) = 0(p)Luas(P) _pij-g()(); Tomp(t) = -15€ 4000 4,
fomp(1; 1) = -15exp[-4-(0.3 —y1/150/ 4, V1 Svitly =45 K,

Uomp(t; V1) = Z¢ “Tomp(t; y1) = -1,2exp[-4-(0.3 — »1/150] xB:;

122(1) = Unas(t) + Uomp(1) =12 — 1,2 P KB,  i22(1) = inas(t) — fomp(t) =15 + 15740 4;

Uppea(T; X2) = 1,2 — 1,2exp[-4+(0.3 — x5/150/ kB,

Inper(t; X2) = 15 — 15Sexp[-4-(0.3 —x,/150] A4, X2 < vty =45 k.
[TorryTHO OTMeTIM, UTO 3a7aua B CIy4asx O) IUIN B) MOKeT OBITH pelleHa I

II0 cXeMe 3aMeIleHIII aHaIorM4Ho 3agadyaM 8.45 — 8.49.

3ATAYA 8.51. Ilo nepBoil 1HMHIN C Us R Zc
BOJTHOBBEIM CONPOTHBIEHUEM Zc = Zeo = m’ o _C
=Zcz = 2R pacnpocTpaHAETCsA BOTHA C -
OPAMOYTOIBHEIM (DpOHTOM h = 120 B, Puc. 8.47 Zcs

Mepexos 3aTteM uyepe3 pe3uctop R B IBe Apyrue Takue ke aumHmn. Ha puc. 8.47
BCE TP JITHNH JIaHBI B OHOIIMHEITHOM M300pakeHn. TpedyeTcs:

- OIPEleNNTh HANPSIKEHNE Uopp OTPAKEHHOII BOIHBI B IIEPBOIl IIIHINL a
TAKOKe HANIPSKEHIA Uyper2 I Uype;3 BO BTOPOIL 1 TPEThEIT JIITHILAX

- BBIIIOJIHITH PAcyET PN TeX KE MapaMeTpax, €ClIN BOJTHA PaclpoCTpaHsi-
eTcs MO TPeThell JIITHIIL

Memoouueckoe ykaszauue. 111 HaITATHOCTH PacU€TOB PEKOMEHIYETCS TIl-
HIII TIPE/ICTAaBIUTh B OOBIYHOM JABYXIIPOBOTHOM M300paKEHII.

Omeembvi: 1) Uompt = 0, Uppens = Uppess = 60 B

2) Uompz = =30 B, Uppers =90 B, typer1 = 60 B.

8.2.5. MHOroKpaTHbIe OTpas’KeHHH BOJIH B IHHHH

3AJIAYA 8.52. BozaymHas miuHm 6e3 moteps (prc. 8.48) mmiHoil / 1 Bol-
HOBBIM CONPOTHBIEHNEM /¢ MOIKTOYaeTcA K maeansHoMy netouHnky J/[C Eq. Pac-
CUNTATH ITePEeXOHEIIT IIpoIece I MOCTPONTE IPad K HANIPSKEHNA 11 TOKA 111, 111 Ha
BXONE U 12, 12 — B KOHIIE JITHUH I IBYX i

n 1l 2 in
cayuaeB: Ry=4Zcu Ry=Z./3. o O—D—l

1. ConpoTueieHne Harpy3kn OOIbIIE £ ol R
i 22
BOJIHOBOT'O COIIPOTHUBIIEHNS INHNN Ry =4Zc. o H "
BemomHIIM  HEKOTOpHIE MOJTOTOBH- hd Zey 1, v Y |
TeIbHBIE PACUETHI:
P 1" puc.g4g 2
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_0-Zo _ n_4ZC_ZC_
0+Zs T 4Z.+Z,
Uyem = EO: i}‘cm = EO/(‘4ZC) = 032510_1 Ulnao = EO_-: 3;lnac) = EO/ZC = IO-
JlanpHelime pacu€éTsl cBoanM B Tadl. 8.4, mo KoTopoil cTpomM rpaduKi

+0.6.

1

(pmc. 8.49). =
F idq M Aiz
Eo Eoded o b 1.
1 t | u}i’CTI t
0 2 4 & /vy 0 2 4 & e/y
i i
Io - Lo :
05lo) | e R I e I
t t
[ ) = e é/,:' 0 2 4 & efy
Pue. 8.49
Taommma 8.4
Ne | TIpomeixy-
T\ TOK U1t 1 BomHaa B mimaNm U2 122
BpEMEHI
1 0 +li/1" Eo Io Uinas — Eo — 0 0
2 l+2]/v Eg ]0 < Ulomp = 06E0 1,650 0,4[0
3 2+3]/V Eg -0,2]0 Upas = -0,650 - 1,650 0.,4[0
4 3+4]/v Eq, | -0.2], “— Uomp = -0,36E, 0,64F, 0,161,
5 4+5]/v E, 10,521, Uzpae= T0,36E, — 0,64E), 0,161,
6 5+6I/v Ey | 0,521, “— U3omp= 0.216E, 1,22EF, 0,3041,
7 6+71/v Ey 10,097 Usnao = -0,216E; — 1,22E, 0,3041,
15-1t mpoGer Usnas = [-0,6]" 1,00 = -0,028 Eg = 2.8%11; 01
17-i1 mpoGer Uongs = [-0,6]8-Hlm =+0,0168E,= 1,68%ttycm

3 Tabmn. 8.4 u rpagukoB pric. 8.49 cremayeT, 94TO MePEXOIHBIIT IPOIIECC NMEET
Ko7Ie0aTeIbHBIT XapaKTep, MOCKOIbKY KOX(D(UIINEHTBl OTpasKeHIsI B Hadale I
KoHIle mHNN (n; = -1 1 n, = +0,6) ABIAOTCA pa3HOrO 3HAKa. B 1aHHOM ciydae
IIIT nmtes 14-15 mpoGeroB BOIHEL T.€. fn, = 15fp05eea.

2. ConpoTHBIEHNE HArpy3KH MEHBIIE BOIHOBOIO CONPOTHBICHNA JINHIII
RH = ZC‘/3 .

BEITIO/THIIM aHATIOTIYHEIE [TI0TOTOBHTEIFHBIE PACUYETHI:

”}‘cm = EO; f-}‘cm = EO/(033SZC) = 310_-, Uinad = EO_a ilnaa = EO/ZC = ]Oa
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3
- 0-Z- _ 1. s 033Z- -Zo _ 0.5.
0+Z- 033Z-+Z.-

JlansHelmine pacqén,l CBOINM B Tadl1. 8.5, Mo KOTOpOil cTponM rpaduku
(pmc. 8.50).

Tadmmmna 8.5

Ne | TIpomexy-
I\IT TOK U1 1 Bomrna B muaNm U2 122
BpeMEHII
| 0 +1]/V EO IO Uingo = EO 0 0
2 1=21/v Eo ]o ?!1omp 0 SE() O,SEU 1,510
3 2-3]/v Ey 21 Uznao= TO.5Ec— 0.5E, 1,51,
4 34/ Ey 21 — Uomp= -0,25E 0,75E0 2,251
5 4+5]/v Eg 2,5[0 Uznas = +0,25.Eo — 075E0 225[0
6 5+6//v E, | 2,51, “— Usppp = -0,125E, | 0.875E,| 2,6251,
7 6+71/v Eo | 2,751 | Uanas= T0,125Ey— | 0.875E| 2.6251,
1 1-it mpoGer Usas = [ U106 = 0,031 E0 = 3,13%1,0,
12-if mpoGer Ueomp = N2 [M113]* U105 = 1.56%011y1n
F hiiz
Eo Eo-——- - —— -
_ : [,
o 2 a4 & ey 0 T a8 em
$i iyer $iz
3[o{—————- oo 310"—:;,—: -
ID__I_'_'_ | I fyer|
ol "2 a4 & e of "z T4 T 6 ey
Puc. 8.50

B ciyuae, ecimt kodrmmieHTs oTpakeHnd (n; = -1 m ny = -0,5) ogHOTO 3Ha-
Ka, MIEPEXOAHBII IMPOIIECC NMEET aNepHoaANYecKNil Xapakrep. B maHHOM ciydae
oH muted 11-12 mpoGeroB BOMHEL T.€. 1, = 12fp06ez0-

3AJTIAYA 8.53. Bo3aymHas mmHNA 0e3 MoTeph IIIMHON / 11 BOTHOBEIM CO-
OPOTHBIEHNEM Zc TMOJAKTOYAaeTcs K IjleanbHOMY HCTOUHNKY Ej (puc. 8.48). Pac-
CUNTaTh MEPEXO/IHFIIT MpoIecc I MOCTPONTE TPa(UKI HATIPAKEHI I TOKA 211, /11 HA
BXOJI€ U 1/22, I22 — B KOHIIE TNHIMN UL IBYX CIy4aeB: Ry = u Ry = 0,05Zc.

Omeemvi: - IpN Ry = o0 B TedeHNe 4 MpoOeroB B JIIMHII YCTaHABIIBAKTCS
He3aTyXalomIe KoIeOaHIs MPIMOYTOIBHOI (OPMBEL aMrUIIIW,Ja KOTOpBIX paBHa

|
2E,, a yacToTa 3aBIICUT OT apaMeTpoB INMHIN: [ = 4i , f=== —_—
A T 4[ 4]
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- pit Ry = 0,05Z¢ B MHHNI, MO CYTIH, NIMEET MECTO PEKIM KOPOTKOTO 3aMBbl-
KaHIA. TOK B IIIHIN anepHoAmdeckn, CKadykaMIl, paBHBEIMI 2], pacTeT 10 OecKo-
HEYHOCTIL B HaIlleM cIydae — J0 BeImunHbl [x3 = E¢/0,05Zc.

3AJTAYA 8.54. Bo3gymmnas mama (/= 300 kv, Zc = 200 Om), npucoean-
HEHHas K re”epatopy (£ = 100 kB, o= 50 Om), nmrensHo paboTana Ha HAIrPy3Ky
Ry = 950 Om. Harpy3ka m3MeHAeTCA 3a CYET MapalIeIbHOTO MOIKTHUEHIA K pe-
snuctopy R; conpoturnenns R, = 111.8 Owm. IToctpouts rpagukn m3MeHeHHd BO
BPEMEHN TOKa I HAIIPSJKEHIIA B CEUeHNN 4-4 TocepeIIHe TITHHIL

Pemenne

JII14 HarIAOHOCTH BBIIOJIHIM PICYHOK IICXOIHOII CXEMEI II COCTaBIM pac-
YETHYIO CXEMY U1 OIIpeJIeNeHNs IapaMeTPOB BO3HHKAIOMIEII OOPAaTHOII BOIIHEI
(pmc. 8.51.am 6).

a) 0) 2
o o— %\@
1 4 2 Fotp!

ZD}E
E
R R, Zc Uopop1 R R
70
1’ A 2! '
L o o O Puc. 8.51 e

Tok HaIIPAKCHIIC BAOJIb JIITHIIT 10 KOMMYTAIIMHIL, da TAKKC HAIIpAKCHIIC Ha
p}’ﬁIIfIBHIIKe B MOMCHT KOMMYTaIII:

E  100-10°
o tR, 50+950
Paccurnraem }’CTaHOBIIBH_IIIIUICH PEKIIM B JIIMHII IIOCJIC KOMMYTaITHIT:
3
E 100-10
]_}'C}H = =
1o+ Ry 50+100
BrimmoHIIM BecrmoMoraTeIbHBIE BEIYUIICICHIIA:
- COIIPOTHBJICHNEC HATPY3KI MMOCIIC KOMMYTAaIIIIT
RR 950-111.8
12 - =100 Owm;
R/ +R, 950+1118
- KOB(b(bIIHIISHTBI OTpPaKCHIIA B HAYaJIC II KOHIIC JIITHITIL:

It) =

=1004, U(t) = Upys= Ry I(t.) =950-0,1 =95 xB.

= 0660.7 4, fem = Ra'Liem = 100-0,6667 = 66,67 xB.

7 50-200 R..— 7. 100-200
K =l0"%c_ 06 Ky=—H_‘fc_ — .0.333:
ro+Ze 50+ 200 Ry +Ze 100+ 200
) I 300
- JJIIITEIBEHOCTE Hpooera BOJIHEI f}]r = —= 2 10* Cc= l Mc,
v 3-10°

- 5% BemMUNHBI OT YCTAHOBHUBIIIXCA 3HAUCHII HATIPSKEHIA 1 TOKa B JII-
HII:
5%Len=3334. 5%U,n=3.33 kB.
Pacuét nepBoii 00paTHOIT BOJIHBI BBIIIOIHAEM 1O cXeme puc. 8.31.0:
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. ~Upygs R, -95-10° 950
fogp1 = - = - = 28334,
Y RZc R+Zc g, 950200 950+200
>R "~ 950 4200
1+ ZC +

Uosp1 = L Togp1 = 200-(-0,2833) =-56.67 5.

HanpaxeHne 1 TOK MOCIEAYIOINX BO3HUKAKIIX IPAMBIX 1 OOpaTHBIX
BOJIH PACCUNTHIBAEM IO (POPMYIAM:  inp o= Ki'logpqs Unpg= Ki'Uospg:
joép q+1 7= Kl'fnp g; ”oép q+1 = ff”np q-

Pacu€r BrIOIHAEM 10 TEX IIOP, ITOKA HAIIPSKEHIIEe 11 TOK HOBBIX BO3HIKAIO-
X BOJIH HE CTaHYT MeHblIe 5% YCTAaHOBHBIINXCS 3HAUeHNIL. Pe3yiasTupyromniie
3HAUEHII HANIPAKEHIIA 11 TOKA B CeUeHIN A-4 BBIUICIAEM MO0 (OpMyTaM:

u=U(t) +Luosp+ Ltlyp; 1=1(1.) — Liggp + Lip.
Pacu€Tel peKOMEHIYeTCA BBIIIOIHATE B BIIE Ta0l. 8.6.

Ta0mmma 8.6

Ne | MuTepsan | ITapamMeTphl BO3HIIKAIOMIIIX BOTIH, Tok B Hampaxenne B
IIPpO- | BPEMEHIL, AnkB ceueHNN | cedyeHNN 4-4
Oera McC A-4 iy, A Upes, KB

1 00,5 loop1 = -283.3;  Uosp1 = -56,07 100 95

1-2 | 0,5+1.,5 1= 1705 1,1 = 34 383.3 38,33
2-3 1,525 Togp2= -36.,07; o5 =-11,33 553.3 72,33

3-4 | 2,553.5 Inp2= 34, Upp2= 6,8 610 61

4-5 | 3.5+4.5 loop3 = -11,33;  Uogpz=-2.27 644 67,8

5-6 | 4,555.5 655,3 65,53

ITo pesynbratam Tadm1. 8.6 ctpoum rpaduki (1), i(t) (puc. 8.52).
i,AAu kB
AL o e I S 5
600 S _E'r._ - I-oéqpl T
500}-100 ’ leys
400} 80 L ——1 Ze Hogp1 Ry 59
300 60— R T = J
200] 40 0%

| Puc. 8.53
S EIOR 2 3 4 Negp
l I l | -
0 Puc. 8.52

3AJTAYA 8.55. Pemure 3amauy 8.54 mpu yCcIOBHN Pa3MBIKAOIIETOCA Py-

ONIBHIKA 1 CIIEIYFOIINX YNCIOBEIX TaHHBIX: /=3 kv, Zc=20 Owm,
v=1,5-10° kxm/e, E=6 B, ro=2 Om, R;=40 Om, R,=10 Owm.
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Omeemuor: I(f.)=600A4, U(t)=4.8 kB,

Ipys=4804; Lon=1429 4, U,n=15716 B:;

K, =-0,818, K,=0.,333; cxeMma s pacu€Ta IepBoil 00paTHOIl BOIHEI HA
puc. 8.53:;

3HAYEHI TOKOB I HAIIPSKESHIIT BO3HHIKAIOIINIX 00pPaTHBIX 1 MPAMBIX BOJH:
logp= 320; -87.3: 23.8: -6.5 4A: o5y = Zc 105,= 6400; -1746: 476; -130 B:
lp=-262;71.3;-19.5 4; Unp= L Tnp=-5240; 3426; -390 B:
IIOCIIEI0BATEIFHOCTE 3HAUSHIII, KOTOPBIE IPIMHNIMAKT TOK 1 HAMPSKEHIIE B ceUe-
i A-4: i4.4=600; 280; 18; 105,3; 176.6; 152.8; 133.3; 139.8 4:

14.4=4800; 11200; 5960; 4214; 5640; 6116; 5726; 5596 B.

a) 0)
S OW ﬁwzgg ‘ 2

R, Ry Ry Unp1 Zc

o J l
| S J Puc. 8.54

3AJTAYA 8.56. Cxema NOAKITIOUEHNA HArpy3KN I JIHHIN K HCTOYHUKY
IpeACTaBlIeHa Ha puc. 8.54.a. KoMmmyTammsa oOCYyIIECTBISETCA pPa3MBIKaHIEM
pyomisHnka S. Uncnossle manusie: =75 kv, Ze= 110 Om, v=3-10° xu/ec,
E=110«&B, ro==6,111 Om, R, =440 Om, Ryg= 55 Own.
[Toctpouts rpaduki M3MeHEHISI BO BpeMeHH TOKa B Hayasle 1 HAPSAKEeHIIA
B KOHIIE JIITHIIL
Omeemot: Ipys= 2 kA4, I(t.) = 1.778 k4, U(t.) =97, 78 kB: L,cn =10, Uen = 0;
Ki=0,6, K>=-0,333; cxema 114 pacué€ra IepBoil IpsMOIl BOJIHBI Ha puC. 8.53.0:
3HAYEHIIA TOKOB I HAIIPSKEHIIT BOHIKAOMINX NPAMBIX I OOpPaTHBIX BOJIH:
Ip=-1,6,0,32;-0,064 k4;  u,,,=-176; 35,2;-7.04 kB,
logp = 0,533; -0,107 xA4: Uogp=58.7:-11.73 «B:
IIOCIIEI0BATENBHOCTD PE3YIBTHPYIOIIIX 3HAYEHIIT TOKA I HAIPAKEHIIA:
i=0,178;-0,035; 0,008 k4; u=97,78;-19,52: 3,95; -3.09 xB;
rpauK1 IIpeIcTaBIeHbI Ha pic. 8.55.
i, 4k u xB

- T T

200} 80
-60
100} 40
T P

A
Ne TP

| I
0 11 2 3 h Puc. 8.55

L_zo —— ——

h
Jod= o
7



196






