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BCTYII

[Iporpama auciurutiau «ENEKTpOTexHiKa Ta KOMIT IOTEPHA EICKTPO-
HiKa» BIAHOCHUTBCS A0 TUCHUILTIH mpodeciiinoi (paxoBoi) MiAroToBKH,
CKJIaJieHa BiJIIOBIHO JO OCBITHBOI MPOTrpaMM CHEIIaIbHOCTI «IHKEHe-
pist mporpamMHOro 3a0e3MmedeHHs .

Mertoro BUBUEHHS HaBYAIBHOI JUCHUTUTIHE «EJIEKTPOTEXHIKA Ta KOM-
IT’I0TepHA EICKTPOHIKa» € POPMYBaHHS Yy CTYJICHTIB criemiaibHocTi «IH-
JKEHepis MPOrpaMHOro 3a0e3MeUEeHH» Cy4acHOro piBHS 3HaHb, YMiHb 1
HaBUYOK 3 CJIEKTPOTEXHIKM Ta €JICKTPOHIKM SK HAayKOBOI OCHOBH CY-
YacHOi KOMII'IOTEPHOI TEXHIKHM, Cy4acHOro piBHsS 3HaHb MPO METOIU
aHaJi3y Ta CHHTE3y aHaJOrOBUX 1 H(POBUX €IEKTPOHHUX MPHCTPOIB, a
TaKOXK MPUHIMIHN MOOYIOBH CYYaCHUX ITUPPOBUX 1 MIKPOIPOIIECOPHUX
CHCTEM.

MikauciuIuniHapai  3B’s3ku:  aucuuiuiina  «EnekrporexHika Ta
KOMIT IOTEpHA EeNIEKTPOHIKa» € CKIIQJOBOI0 YACTHHOIO IUKIY 3araibHOol
MIZArOTOBKY JIJISl CTYAEHTIB CIEiaJbHOCTI «[HXeHepiss mporpaMHOro 3a-
Oe3neueHHS». BuBUeHHS Kypcy mependadae HasiBHICTb CHCTEMATHIHUX
Ta TPYHTOBHHUX 3HAHB i3 CYMDKHHX KypciB — «KoMIT toTepHa aUCKpeTHA
MareMaTtnkay, «MaTteMaTHdHa JIOTiKa, TEOpis alrOpUTMIB Ta IIPOrpamy-
BaHHM, «Di3uKa», a TAKOXK IIJIECIPIMOBAHOI pOOOTH HAJ[ BUBUYCHHSIM
CHemiajgbHOl JTiTepaTypH, aKTUBHOI POOOTH Ha JEKIisX, JabopaTopHHX
3aHSITTAX, CAMOCTIITHOI pOOOTH Ta BUKOHAHHS TOCTABIICHNUX 3aBIaHb.

Bumoru 10 3HaHB Ta yMiHb BU3HAYAIOTHCS TaTy3€BUMHU CTAaHAAPTAMHU
BUIIIOI OCBITH Y KpaiHM.

1. 3aranbHi pekomenaanii 10 Bukonanus IP

OmHHUM 3 pe3yNbTaTiB KOHTPOJIIO 3HaHb NP BUBUYCHHI AVCIUILIIIHA €
BHKOHAHHS CTYJICHTaMH JIeHHO1 (hOpMHU HaBUaHHS iHAWBITyalbHOI pO0O-
tu (IP). [mauBimyansHa poboTa CTyIeHTa CKIaTaeThCS 3 TPHOX 3aBIaHb.

BuxinHi maHi 10 3aBlaHb BU3HAYAIOTHCS CTYACHTAMHU CaMOCTIHHO Bi-
JIOBIZHO JI0 BUJAHOTO BUKJIajaueM HOMepa BapiaHTy.

IHuBinyanbHy poOOTY CTYIEHTH BHKOHYIOTh B OKPEMHX YUHIBCHKHX
3ommTax abo Ha JIMCcTKax mamnepy Gopmaty A4, oxaliHO, BiIMOBITHO 10
Bumor €CK/I. Tlpu po3B’si3yBaHHi 33134 HEOOXiAHO HABOJUTU KOPOTKIi
MOSICHEHHS, @ NPU BUKOPHCTaHHI (OpMys MOCHIATHCS Ha BiANOBiTHE
mirepatypHe mxepeno. Ha TurynbHil cropiHmi abo o0KiIaIuHII 30MIMTa
BKa3yIOTbCs Ha3BU JWCLMIUIIHU 1 KadeapH, sika 34iHCHIOE MiATOTOBKY 3
JAHOI JAMCUUILTIHK, TPI3BUIIE Ta iHII[iaId CTYJEHTa, a TaKOX HOMEpHU



3aJIiIKOBOI KHIDKKH 1 BapiaHTa.

[HnuBigyanbHy poOOTY CTYAEHT NeHHOI (opMM HaBUaHHS 37a€ BU-
KJlajady He Mi3Hille, HiX 3a JBa TIKHI A0 moyatky cecii. [P, Bukonana
0e3 3ayBayKeHb, 30€piracThCsl y BUK/Ialaya, a BUKOHAHA 13 3ayBayKCHHSI-
MU — B THKHEBHUI TEPMiH IMOBEPTAETHCS CTY/ICHTY Ha JOOM PAIIOBAHHS.

[Tix yac 3axucty IP CTyAeHT Ma€ MOSICHUTH XiJ pO3B’sI3yBaHHS 3a/1a4.

2. 3aBaauusa ao IP

3appanus 1. /g 3a71aH0l CXEMH EIEKTPUYHOTO KOJja IMOCTIHHOIO
CTpYMy HEOOXiZHO:

1.1. Po3paxyBaTu 3arajibHUH OMip €IEKTPHUYHOTO KOJa.

1.2. Cknactu piBHsSHHS 32 3akoHaMu Oma i Kipxroda.

1.3. BuzHaunTy cniajiy Hampyr Ha €1eMeHTaX KoJia Ta CTPYyMH, 110 Ye-
pe3 HUX MPOTIKAI0Th, BAKOPUCTOBYIOUM METOJ/I KOHTYPHUX CTPYMIB.

1.4. BuzHaunTy criaiv Hampyr Ha €1eMEHTaX KoJia Ta CTPYyMH, IO 4e-
pe3 HUX MPOTIKaITh, BAKOPUCTOBYIOUN METOJI BY3JIOBUX ITOTEHI[IAIIB,

1.5. Jlns po3paxoBaHOTO EJIEKTPUYHOTO KOJa OMHHM 3 METOIIB
CKJIaCTH OaJlaHC TTOTY>KHOCTEH.

1.6. Busnauntn A-miapaMeTpy YOTHPHUIIONIOCHUKA, BPaXOBYIOUH, IO
BUIXiJTHOIO HAIIPYTOIO KOJIa € HAampyTa Ha pe3ucTopi Rio.

3apnanns Ha [P BU3HaYae BHKIIAIa9 3a JOMOMOTO0 YOTHPHOX UMD —
XX.YY, ne XX — HoMep cxemu, a YY — HOMEp BapiaHTy IapaMeTpiB
eneMmenTiB cxemu (Tabmuns 1). Hanmpuknan, 3asmanas 05.12 o3nadae, 1mo
moTpibHo po3paxyBatu cxemy 05 3a qannmu Bapianty 12.
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Tabnus 1. Buxigai maHi 118 po3paxyHKy eIeKTpUIHOTOo Koa

Nepap. |01 02| 03|/04]05|/06|07[08]09| 10| 11] 12| 13
Ugx,B | 10| 12| 14| 16| 18|20 | 22|24 |26|28|30| 16| 20
R,Om | 2 | 3| 4|56 78|98 |7]|]6]5]|4
Ry,Om | 4 | 5|1 6| 7| 8| 9|8 |7]6|5]4]3]|2
R;y,OM | 6 | 7| 8| 9| 8| 7|6 |54 ]|3]2]1]|2
RyyOm | 8 | 9| 8| 7| 6| 5|4 |3 |2|1]2]3]|4
Rs,Om | 1 | 2| 3|4 |5]6|7|8]9|8|7]6]|S5
Rg,OM | 31 4| 5|6 | 7] 89|87 |6|5]4]3
R;,,OmM | S| 6| 7|81 98| 7]6]|5]4]3]2]1
Rg,OM | 7| 8|1 9| 8| 7] 6| 5]4]3|2|1]2]3
Ry,OM | 9 | 8| 7|6 |5 432|123 ]4]35
Rp,OM | 41 6| 8]9] 7|53 1]2]4]6]8])9




3aBaanHns 2. 1 3a1aH0T cXeMHU eeKTPUIHOr0 KoJia 3MIHHOTO CTpPY-
My HEOOXiIHO:

2.1. Po3paxyBatu 3arajbHUH OIip €IEKTPUYHOTO KOJA.

2.2. Cknactu piBHsiHHS 3a 3akoHamu Owma i Kipxroda ta BU3HAUUTH
Cagy Hampyr Ha eJIEMEHTaX eNeKTPUYHOrO Kojia 1 CTpyMH, IO depe3
HUX TPOTIKAIOTh.

2.3. Jlnst po3paxoBaHOIo KoJia CKIACTH OalaHC MOTYKHOCTEH.

2.4. Buznauntu A-mapamerpd 4YOTHPHUIIONIOCHHKA, BPAaXOBYIOUH, IIIO
BHXIJJTHOIO HAIIPyTol0 KOJia € HAIpyra Ha KpalHbOMY IPaBOMY €lIEMEHTI
CXEMH.
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Tabnuis 2. Buxiani gani s po3paxyHKy €IeKTPUYHOTO Kojia

Ng 0102{03{04[05{06|07|08|09]|10]| 11| 12
BapiaHTy
Unmpx,B| 10| 12 | 14| 16 | 18| 20|22 | 24| 26| 28 | 30 | 28
opx, |20 [-20]30[-30[40[-40]50[-50] 60 [-60| 70 |-70
f,I'm |100] 120 |140|160|180|200|110]130|150]170|190]210

3apaanns 3.1. Po3paxyHok Kackaay monepeIHboro miacuJeHHst

3a CXeMOI0 3 CIIIIbHUM eMiTepoM

Po3paxyBaTu mapaMeTpu MiZICHITIOBAIILHOTO KackKaay (3HaYeHHS OIO-
pIB PE3UCTOPIB Ta EMHOCTEH KOHJIEHCATOPIB, KOCDIMIEHTH ITiICHICHHS
CTPYMY Ta MOTY>KHOCTI, & TAKOXK peasibHO OTPHUMAaHEe 3HAYEHHS BEPXHBOT
YaCcTOTH CMYTH TIPOIyCKaHHSA) Ha OimomspHoMy Tpansucropi (bT),
BKJIFOUYEHOMY 32 CXEMOIO 3 CIIUIBHUM eMiTepoM (puc. 1), I oTpruMaHHS
KoedilieHTa TiACHIeHHs Hanpyrd Ky B [iama3oHi 9acToT fy + fp TpH
3HAYCHHSX KOS(IIi€EHTIB YaCTOTHUX CIIOTBOPEHBL My Ta Mp, AKIIIO 3a0aH1
Hampyra JKUBIeHHA E Ta omip HaBaHTaXeHHS Ry. BHyTpimmHii omip
IDKepena JKUBJIECHHS BUOMPAETbCA 3a CHIBBIAHOWIEHHAM Ryx=0.05Rj.
[Ipu mpoBeneHHI poO3paxyHKIB BHUKOPHCTOBYBATH BXIAHY Ta BHUXITHY
CTaTUYHI XapaKTEPHCTHKH 3aJaHOTO 33 3aBIaHHSAM TpaH3uctopa. [Hau-
BiyalTbHI 3HAUYEHHS TTapaMeTpiB 3TiTHO BapiaHTIB HaBeAEHI B TaOmuIi 3.

Tabnuis 3. [HauBinyansHi 3HAYEHHS TapaMeTpiB 10 3aBAaHHS 3.1

Noegap. | 1 2 3| 4 5 6 | 7 8 9 | 10
Tun BT | KT3015 | KT307A [ KT312A |KT3176 | KT332A | KT333B | KT3405 | KT342A | KT343B | KT348A
Ko.nb| 20 | 22 | 24 | 26 | 28 | 30 | 29 | 27 | 25 | 23
fTu | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 | 110
fo x| 40 | 45 | 50 | 55 | 60 | 65 | 70 | 75 | 80 | 85
Mg,ab| 10 | 1.1 | 12 | 13 | 14 | 15 | 16 | 1.7 | 1.8 | 1.9
My, ib| 22 | 23 | 24 | 25 | 26 | 2.7 | 28 | 27 | 26 | 25
Ex, B 10 | 11 |12 |11 ] 109 |10 11| 12

Rp,xOm| 1 | L1 | 12 | 13 | 1.4 | 15 | 16 | 1.7 | 1.8 | 1.9
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Negap. | 11 12 13 14 15 16 17 18 19 20
Tun BT | KT3495 | KT3135 | KT316I | KT324A | KT3255 | KT339A | KT345A | KT350A | KT3515 | KT352A
Ky, nb | 21 20 22 24 26 28 30 29 27 25
Su, T | 120 | 130 | 140 | 150 | 140 | 130 | 120 | 110 | 100 | 90
Sz, x| 90 95 100 | 95 90 85 80 75 70 65
My, nb| 20 | 2.1 | 22 | 23 | 24 | 25 | 26 | 2.7 | 2.8 | 2.7
Mp,nb| 2.4 | 23 | 22 | 2.1 20 | 1.9 1.8 1.7 1.6 | 1.5
Ex,B | 11 10 9 10 11 12 11 10 9 10
Ry, xOm| 2.0 | 1.9 | 1.8 | 1.7 1.6 | 1.5 1.4 1.3 1.2 | 1.1
Negap. | 21 22 23 24 25 26 27 28 29 30
Tum BT |KT357B |KT361E | KT364B | KT3695 | KT347A | KT354A | KT355A | KT3605 | KT363B | KT367A
Ky, nb | 23 21 20 22 24 26 28 30 29 27
Sfu,Tu | 80 70 60 50 40 30 20 30 40 50
f3, k[ | 60 55 50 45 40 35 30 25 20 25
My,nb| 2.6 | 25 | 24 | 23 | 2.2 | 2.1 20 | 1.9 | 1.8 1.7
Mg,nb| 1.4 | 1.3 1.2 | 1.1 1.0 1.1 1.2 1.3 | 1.4 | 1.5
Eyx,B | 11 12 11 10 9 10 11 12 11 10
Ry, xOm| 1.0 | 1.1 1.2 | 1.3 1.4 1.5 1.6 1.7 | 1.8 1.9
Negap. | 31 32 33 34 35 36 37 38 39 40
Tun BT |KT3686 | KT370A |KT371A | KT372B | KT375A | KT3795 | KT380A |KT385A | TT346B | TT362A
Ky, nb| 25 23 21 20 22 24 26 28 30 29
fu,Tu | 60 70 80 90 100 | 110 | 120 | 130 | 140 | 150
fe,km | 30 35 40 45 50 55 60 65 70 75
My, nb| 1.6 | 1.5 1.4 1.3 1.2 1.1 1.0 1.1 1.2 | 1.3
Mp,nb| 1.6 | 1.7 1.8 1.9 | 20 | 2.1 | 22 | 23 | 24 | 25
Ex,B 9 10 11 12 11 10 9 10 11 12
Ry, xOm| 2.0 | 1.9 1.8 1.7 | 1.6 1.5 1.4 1.3 1.2 | 1.1
Nemap. | 41 | 42 43 44 45 46 | 47 | 48 49 50
Tun BT [KT373T|KT384A |KT391A [KTC395A[KT3102B [KT3107XKKT306B| KT325A | KT313A | I'T3301
Ky, nb | 28 | 27 26 25 24 23 | 22 | 21 20 24
Su, T | 160 | 170 | 180 | 200 | 190 | 180 | 170 | 160 | 150 | 140
fz,klu | 80 | 85 90 95 100 | 95 | 90 | 85 80 75
My,nb| 1.4 | 1.5 | 1.6 | 1.7 1.8 1.9 | 20| 2.1 22 | 23
Mz, nb | 24 | 23 | 2.2 | 2.1 2.0 1.9 | 1.8 | 1.7 1.6 1.5
Ex,B | 11 10 9 10 11 12 11 10 9 10
Ry,xOm| 1.0 | 1.1 | 1.2 | 1.3 1.4 1.5 | 1.6 | 1.7 1.8 1.9
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Puc. 1. Enexrpryna cxema miJICHIIOBAJIBHOTO KacKaay Ha OiMoJIsIpHOMY TPaH3HCTOPI,
BKJIIOYEHOMY 3@ CXEMOIO 3 CIIUIBHUM EMIiTepoM

3aBnanus 3.2. Po3paxyHok nmapameTpiB eMiTepHOIro
NMOBTOPIOBaYa Ha OiMOJAPHOMY TpPaH3MCTOPi

PospaxyBaTu mapamMerpu CXeMH eMIiTEpHOr0 TTOBTOPIOBaYa (3HAYCHHS
OTIOPiB PE3UCTOPIB Ta EMHOCTEH KOHICHCATOPIB, KOCQIMIEHTH TiICHIICH-
HSI CTPYMY Ta HalpyTH, a TAKOX OTPUMaHE 3HAYCHHs BEPXHBOT YaCTOTH
CMYTH TIPOITyCKaHHs) Ha OimonsipaomMy Tpan3uctopi (bT), BKiIoueHOMY
32 CXEMOIO 3 CITUTBHUM KOJEKTOpPOM (pHC. 2), UIsl OTpUMaHHS Koedilrie-
HTa MiACUIIEHHA MOTYXHOCTI Kp B Jiamma3oHi 4acToT fy; + fp TIpy 3HaUEH-
HAX KOe(iIliEHTIB YaCTOTHWX CIIOTBOPeHb My Ta Mp, AKIIO 3amaHi Ha-
Tpyra J>KUBIEHHA Ey, BXIOHHWHA OMip HACTYITHOrO KAacKaay 3a 3MiHHUM
CTpyMOM Rpy Ta BXiJIHa €EMHICTh HacTymHOTO Kackany Cpy . [Ipu mpo-
BEJCHHI PO3paxyHKiB BHKOPHCTOBYBATH BXiJHY Ta BUXIIHY CTaTHYHI
XapaKTePUCTUKU 3aJ]aHOT0 TPaH3UCTOpa. |HIUBIMyalbHI 3HAYCHHS Ma-
paMerpiB 3rifHO BapiaHTIB HaBeleHi B Ta0mwIli 4.

Tabmuis 4. [HauBiTyansHi 3HaYSHHS TapaMeTpiB 0 3aBIaHHS 3.2

Ne Bap. 1 2 3 4 5 6 7 8 9 10
Tun BT |KT357B | KT361E | KT364B | KT3695 | KT347A | KT354A | KT355A | KT3605 | KT363b | KT367A
Kp,nb | 20 21 22 23 24 25 26 27 28 29
Su,I'm | 50 60 70 80 90 100 110 120 | 130 | 140
S, k[ | 400 | 410 | 420 | 430 | 440 | 450 | 460 | 470 | 480 | 490
My, nb| 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4
Mp,nb| 01 | 015 ] 02 | 025 03 [ 035 | 04 [ 045 | 05 | 045

Ex,B 12 11 10 9 10 11 12 11 10 9
Rexn, OM| 700 | 720 | 740 | 760 | 780 800 | 820 | 840 | 860 | 880
Coxn,n®| 40 45 50 55 60 65 70 75 80 85
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Nemap.| 11 12 13 14 15 16 17 18 19 20
Tun BT |KT3685 | KT370A | KT371A | KT3725 | KT375A | KT3795 | KT380A | KT385A | I'T3465 | [T362A
Kp, 16 | 30 29 28 27 26 25 24 23 22 21
fu, T | 150 | 160 | 170 | 180 | 190 | 200 | 190 | 180 | 170 | 160
fe, kI | 500 | 510 | 520 | 530 | 540 | 550 | 560 | 570 | 580 | 590
My, 06| 1.5 1.6 1.7 1.8 1.9 2.0 2.1 22 | 23 | 24
Mp,nb| 04 | 035 | 03 | 025 | 02 |015] 01 | 015 | 02 | 0.25
Ex,B 10 11 12 11 10 9 10 11 12 11
Roxi,OM| 900 | 920 | 940 | 960 | 980 | 1000 | 980 | 960 | 940 | 920
Cxn,n®| 90 95 100 95 90 85 80 75 70 65

Ne Bap. 21 22 23 24 25 26 27 28 29 30
Tun BT |KT3015 | KT307A | KT312A [ KT3175 | KT332A | KT333B | KT340B | KT342A | KT343B | KT348A
Kp, 1b 20 21 22 23 24 25 26 27 28 29
Sfu,I'n 150 140 130 120 | 110 100 90 80 70 60
Se, k[ | 600 | 610 | 620 | 630 | 640 | 650 | 660 | 670 | 680 | 690
My, nb | 2.5 2.6 2.7 2.8 2.7 2.6 2.5 24 2.3 22
Mp,nb | 03 | 035 | 04 (045 | 05 [ 045 ] 04 | 035 | 03 | 0.25
Ex,B 10 9 10 11 12 11 10 9 10 11
Ry, Om| 900 | 880 | 860 | 840 | 820 | 800 | 780 | 760 | 740 | 720
Coxp, 1P| 60 55 50 45 40 45 50 55 60 65

NeBap. | 31 32 33 34 35 36 37 38 39 40

Tun BT |KT373I | KT384A | KT391A [ KTC395A | KT3102B | KT3107XK | KT306B | KT325A | KT313A | 'T330U4

Kp, 1b 30 29 28 27 26 25 24 23 22 21

S, I'n 50 40 30 40 50 60 70 80 90 100

Sz, kIm | 700 | 710 | 720 730 740 750 760 | 770 | 780 | 790

My, nb | 2.1 2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2

Mp,nb | 02 | 015 | 0.1 0.15 0.2 0.25 03 | 035 | 04 | 045

Ex,B 12 11 10 9 10 11 12 11 10 9

Rpxm, OM| 700 | 680 | 660 640 620 600 580 | 560 | 540 | 520

Coxp, n®| 70 75 80 85 90 95 100 95 90 85

Ne Bap. 41 42 43 44 45 46 47 48 49 50
Tun BT |KT349B | KT313B5 | KT316I" | KT324A | KT3255 | KT339A | KT345A | KT350A | KT3515 | KT352A

Kp,nb | 20 21 22 23 24 25 26 27 28 29
Sfu,Tu | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180 | 190 | 200
fs, xI'm | 800 | 810 | 820 | 830 | 840 | 850 | 860 | 870 | 880 | 890
My,nb | 1.1 | 1.0 | 1.0 | 1.1 | 1.2 | 1.3 14 | 15 | 16 | 1.7
Mg, nb | 0.5 |055) 06 | 065 0.7 1]0.65]| 06 | 0.55| 0.5 | 045
Ex,B 10 11 12 11 10 9 10 11 12 11
Rpxn, OM| 500 | 480 | 460 | 440 | 420 | 400 | 420 | 440 | 460 | 480
Cpxp, n®| 80 75 70 65 60 55 50 45 40 35
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Puc. 2. EnextpruHa cxema eMIiTepHOT0 OBTOpIOBaYa

3ananns 3.3. Po3paxyHok mapamMeTpiB KackKamy
KiHIeBOro miacujaeHHs

PospaxyBaTi mapameTpu CXeMH KacKajy KiHIIEBOTO MiJCHJICHHS Ta
HOMIHQJIM €JIEMEHTIB CXEMH, SKIIO 3aJaHl THUMH TPAH3UCTOPIB CXEMH
migcumoBada (Tpan3uctopu V14 ta VTS5 ogHOTHITHI); BUXITHA MTOTYX-
HICTh Ppgyx ; KOSQIIIEHT MiICUIICHHS MTOTYXHOCTI Kp ; OIip HaBaHTaKEH-
HA Ry ; HUOKHS Ta BEPXHS 9aCTOTH poOOYOro Jiama3zoHy fy Ta fp ; 9acTOT-
Hi CIIOTBOPEHHS B 00JIaCTI HIDKHIX Ta BEPXHIX 9acToT My Ta Mg ; Hanpy-
ra xxuBieHHs Ex. Cxema KiHIIeBOTO KacKaiy ITiICHJICHHS HaBeleHa Ha
puc. 3. [nnuBinyanpHi 3HaAYEHHS MapaMeTpiB 3TiTHO BapiaHTIB HaBEIEHI
B Ta0m. 5.

Tabmuns 5. [HauBiTyansHi 3HAYEHHS TapaMeTpiB A0 3aBaaHHs 3.3

Ne Bap. 1 2 3 4 5 6 7 8 9 10
Tun VT1 |KT503A | KT503b | KT503B | KT503I' | KT503A | KT503B | KT503B | KTS03I' | KT503A | KT5036
Tun VT2 |KT814A | KT814B | KT814I' | KT814b | KT814I' | KT814A | KT8145 | KT814B | KT814I" | KT814B
Tun VT3 |KT815A | KT815B | KT815 | KT815B | KT815I | KT815A | KT8155 | KT815B | KT815I" | KT815B
Tun VT4 | KT819T | KT8195 | KT819B | KT819A | KT819B | KT819B | KT819A | KT819I' | KT819A | KT8196
Kp, 1b 26 25 24 23 22 21 20 21 22 23
Ppyy,Br | 16 18 20 22 24 26 28 30 32 34
Ry, OM 8 4 8 4 8 4 8 4 8 4
Su, T 40 50 60 70 80 90 100 20 30 40
J5, X' 14 15 16 17 18 19 20 21 22 23
My,nb | 02 1025 | 03 | 035 | 04 | 045 | 05 | 045 ] 04 | 035
Mp,nb | 035 | 04 | 045 | 05 | 045 | 04 | 035 ] 03 | 025 | 0.2
Ex,B 30 32 34 36 38 40 42 44 46 48
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Nepap. | 11 12 13 14 15 16 17 18 19 20
Ty VT1 | KT503B | KT503I | KT503A | KT5035 | KT503B | KTS03I | KT503A | KT5035 | KTS03B | KTS030
Tum VT2 | KT814B | KT814A | KT814b | KT814B | KT814A | KT814T | KT814T | KT814B | KT814A | KT814B
Tun VT3 | KT8155 | KT815A | KT8155 | KT815B | KT815A | KT815I | KT815I' | KT815B | KT815A | KT815b
Tur VT4 |KT819B | KT819T | KT8195 | KT819A | KT819T | KT819B | KT819I' | KT819B | KT8195 | KT819A
Kp,nb | 24 25 26 27 28 27 26 25 24 23
Pyyy,Br | 36 38 40 38 36 34 32 30 28 26
Ry, OM 4 8 4 8 4 8 4 8 4 8
fu, Tt 50 60 70 80 90 | 100 | 110 | 120 | 130 | 140
fz, k[ | 24 25 26 27 28 29 30 29 28 27
My,nb | 03 1025 02 |015] 02 |]025] 03 | 035] 04 | 045
Mg, nb | 0.15] 02 1 025] 03 ]035] 04 | 045] 05 | 045] 04
Ex,B 50 48 46 44 42 40 38 36 34 32
NeBap. | 21 22 23 24 25 26 27 28 29 30
Tun VT1 | KT503A | KT503B | KT503B | KTS03I | KT503A | KT5035 | KT503B | KTS03I' | KT503A | KT5035
Tun VT2 | KT814T | KT814B | KT814B | KT814A | KT814I | KT814B | KT814B | KT814A | KT814I' | KT814B
Tun VT3 | KT81ST | KT815B | KT815B | KT815A | KT815I | KT815B | KT815B | KT815A | KT815I' | KT815B
Tun VT4 | KT819T | KT819A | KT819B | KT819A | KT8195 | KT819T | KT819A | KT819I" | KT819B | KT8195
Kp,nb | 22 21 20 21 22 23 24 25 26 27
Pgyy,Br | 24 22 20 22 24 26 28 30 32 34
Ry, OM 8 4 8 4 8 4 8 4 8 4
fu,Tu | 150 | 140 | 130 | 120 | 110 | 100 | 90 80 70 60
fo, kI | 26 25 24 23 22 21 20 19 18 17
My,n6 | 05 1045| 04 | 035 03 |025)| 02 | 015] 0.1 |0.15
Mg,nb | 035 03 | 025] 02 |015) 01 [015] 02 |025]| 03
Ex,B 30 34 38 42 46 50 | 48 46 44 42
Ne Bap. | 31 32 33 34 35 36 37 38 39 40
Tun VT1 |KT503B | KT5030 | KT503A | KT503B | KT503B | KT503I | KT503A | KT503b | KT503B | KT503T
Tun VT2 |KT814A | KT8145 | KT814B | KT814T' | KT814A | KT814T | KT814B | KT814B | KT814A | KT814b
Tun VT3 |KT815A | KT8155 | KT815B | KT815I | KT815A | KT815I | KT8155 |KT815B | KT815A | KT815b
Tun VT4 |KT819B | KT819T | KT819B | KT819A | KT819T |KT819A | KT819T | KT819B | KT819B | KT819A
Kp,nb | 28 29 30 29 28 27 26 25 24 23
Pyyy,Br | 36 38 40 42 44 46 44 42 40 38
Ry, OM 4 8 4 8 4 8 4 8 4 8
Su, T 50 40 30 20 30 40 50 60 70 80
Sfe. kI | 16 17 18 19 20 21 22 23 24 25
My,n6 | 02 1025] 03 [035] 04 [ 045 ] 05 [ 045] 04 | 035
Mg, 06 | 035] 04 [ 045 ] 05 | 045| 04 | 035 03 1025 0.2
Ex,B 40 38 36 34 32 30 32 34 36 38
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Ne Bap. | 41 42 43 44 45 46 47 48 49 50

Tun VT1 |KT503A | KT5036 | KT503B | KT503T" | KTS03A | KT503B | KT503B | KTS03T | KT503A | KT503B

Tur VT2 | KT814B | KT814A |KT814B | KT814TI' | KT814B | KT814I' | KT814A | KT814B | KT814A | KT814B

Tur VT3 | KT815B [KT815A |KT815B | KT815T | KT815B | KT815T | KT815A | KT815B | KT815A | KT815B

Tun VT4 | KT819B | KT819T | KT819B | KT819A | KT8195 | KT819B | KT819I' | KT819B | KT819A | KT819B

Kp, nb 22 21 20 21 22 23 24 25 26 27

Pguy,Br | 36 34 32 30 32 34 36 38 40 42

Ry, Om 4 8 4 8 4 8 4 8 4 8

fu, Tl 90 | 100 | 110 | 120 | 130 | 140 | 150 | 160 | 170 | 180

fe, kI | 26 27 28 29 30 31 32 33 34 35

My,nb | 03 1025] 02 |015] 02 ]025] 03 [035]| 04 |045

Mg,nb | 0.15] 0.1 | 0.15] 02 | 025] 03 ]035| 04 045 ] 0.5

Ey,B 40 42 44 46 48 46 44 42 40 38

O +
Lk
- z
Viz
7
1 » Vi
R2 “/?ﬁ
V "
V73
Vs #,
V1 o
i

Puc. 3. Cxema 6e3rpancdopMaTopHOro miICHIII0Ba4a MOTY)KHOCTI 3 IOAaTKOBOIO
CHMETPpi€lo miedeit

3. MeToau4Hi mopaau 10 BAKOHAHHS 3aB/aHb

JUnst aHaizy eNeKTPUYHUX Kil 3a3BHYall BHKOPUCTOBYIOTH TPU METO-
i piBHsHB Kipxroda, KOHTYpHUX CTPYMIB Ta BY3JIOBHX MOTEHITIAiB.

3.1. Mertoa piBasinb Kipxroga

B 3agauax anamizy moTpiOHO BU3HAYUTH CTPYMH i HAIIPYTW BiTOK 3a
BiJOMUMH MapaMeTpaMu JKepe, pe3ucTopiB 1 KOHDIryparii Koja.

SIKIIO eNeKTpUYHE KOO Ma€ n, BITOK 1 n,, BY3IiB, TO 33 3aKOHAMU

Kipxroda mis Takoro koia MOXHa CKJIACTH BiIIMOBIIHO (nw —1) 1
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(ng -n,, + 1), a BCbOTO 11, HE3aJEKHUX PIBHSAHb, B AKUX Oyne 2n, He-
BiJOMHUX CTPYMIB i1 HAampyr BiTOK. BukopucroByroun 3axoH Oma, omep-
’KY€EMO I1e n, PIBHSHB, SKi 3B’A3yI0Th HAIIPYTH i CTPYMH Mik CO00IO.

Ortxe, 3aranoM OyaemMo MaTu 2 n, PiBHSHB 3 271, HEBIIOMUMH CTPY-

MaMH 1 Hampyrami. 3arajibHy KiTbKiCTh CyMICHO pO3B’sI3yBaHUX PiBHSHb
JIErKO 3MEHIIUTH A0 7, , BUPA3UBIIN BCI CTPYMHU Yepe3 HAIpyrH BITOK,

a0o0 BC1 HAaNpyTu 4yepe3 CTpyMu BIiTOK. Tofi oep:KyeMO n, PIBHSHD 3 1,

HEBiIOMUMH a00 JIHIIIe CTPyMaMu, a0o JIMIIe HanpyraMmu BiTok. Haiiuac-
Tillle BUPAXKaloTh HANIPYTH BITOK Yepe3 CTPYMH, Bipasy 3aMUCylOUH Pi-
BHSIHHS 3a JApyruM 3akoHoM Kipxroda /uis He3ane:KHUX KOHTYPIB y Ta-
Kili opmi, 1100 y JiBil YacTHHI pIBHSHHS (irypyBalli HAlpyrd Ha pe-
3UCTUBHHX €JIEeMEHTaX BITOK y BUTILNI * R, [, , a y mpaiii yactuni ¢i-
rypyBasim EPC Bitok.

AJITOpPHTM pO3paxyHKy Koiia MeToJioM piBHsHB Kipxroda.

1. BuzHayaemo KilbKiCTh By31iB n,, 1BITOK n,, BAOMPAaEMO HalpsiIMU

CTpyMy i cKllaiaeMo n,, — 1 piBHSAHB 3a mepmmM 3akoHoM Kipxroda.

2. Bubupaemo He3alleXKHI KOHTYpH Ta JOBUTHHO 3aJa€MO HAMPSM 1X
obxony, 0a’kaHO OJJHAKOBO, HATPHUKIIAJ, 32 TOJMHHUKOBOKO CTPUIKOIO.
CknazaemMo A7l KOKHOIO 3 n=n, —n,, +1 HE3aJeKHUX KOHTYPIB piB-

n m
HSIHHS 32 ApyruM 3akoHoM Kipxroda y Burmnsai Z IR, = Z E,..
k=1 k=1
3. Po3B’s130K crcTeMU PIiBHSHB Ja€ HEBIIOMi CTPYMHU.
4. IlepeBipsieMo pe3yabTaTh 32 0aTAHCOM MOTYKHOCTEH.
OdeBHHO, IO MOTYKHOCTI, AKi TEHEPYIOThCS DKepelaMu eHeprii,
MaloTh TTOBHICTIO CIIOKUBATHCS HaBaHTAXEHHSMH (PE3UCTOpPaMH), TOOTO
B CNIEKTPHYHOMY KOIJIi Ma€ BUKOHYBATHUCS Oananc nomyxcrocmel. lle

HACJTIJIOK 3aKOHY 30epeKEeHHS eHeprii: ZPMC = ZPM.

n m k
+Y E I +>U,J, = IR,
i-1 =1 j=1
Homyaicnicmuv 0ocepen Ilomyarcuicms Oocepen THomyxcricmo
Hanpyau CIMpPYMY. CnoXMCUBAYIR
v, %f—/
Anzebpaiumi cyma. Apupmemuuna cyma.

Posriasaemo CIICKTPUYHEC KOJIO, IPUBCACHC HA PUC. 4,
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Puc. 4. Cxema enexmpuuno2o Kona 3 mpboma KOHMypamu

VY xom By3miB n,, =4, BiTok n, =6. KUIbKICTh PIBHSHB 32 HEPIINM
3akoHoM Kipxroga n,, —1=3:

1.1, -1, -1, =0;
21, +1,-15,=0;
3.1, +1s+1,=0.

KinpkicTe He3aMeXHIX KOHTYPIB:

n=n,—n,+1=3.

BuninsgeMo mpocTi KOHTYpH 1 OpiEHTyEMO HAIpPsIMH iX 00XOay 3a To-
JTMHHHUKOBOIO CTPLIKOIO:

I IR, —IsR; — IR, =E,;
I IR, +I,R,-I,R,=E, - E,;
m I,R, +1,R, - IR, =E, - E,.

OtpruMaHa cucTeMa 3 IIeCTH PIBHSIHB 3 IIICThMa HEBIIOMHUMH CTPY-
mamu. Y komi (puc. 4) By3niB n,, =5, BiTok n, =8. Y BitHi 8 ctpym
Binomuit Iy =J . Otxe, 3aranbHa KiIbKICTh BITOK 3 HEBIJOMUMH CTPY-
MaMH JOpiBHIOE n, =7 .

Kinpkicte piBHSAHB 32 nepmmM 3akoHoM Kipxroda n,, —1=4.

1.I, +15+1,=0; 3.1, -15—-1,=0;
21,-1,-J=0; 41,-1,+1,=0.

HeoOxiaHa kinbKicTh piBHSIHB 3a ApyruM 3akoHOM Kipxroda:

19



R
G@ o=@ By

}Rl 1 H R,
I I,

Puc. 5. Cxema enexmpuunozo Koaa 3 4omupma KOHmMypamu
CritajaeMo 11l PIBHSHHS Ul TPHOX HE3AJICKHHUX MPOCTHX KOHTYPIB,
MMO3HAYEHUX HA PUC. 5 pPUMCHKUMH TP paMU.
L I,R,—IR; —1|R =E,;
II. ;R —I,R, - IR, =E, —E;
ar IR +IR, - 1,R, =E,.
CxutajaeMo piBHSHHS 0ajlaHCy MOTYKHOCTEH ISt KoJa puc. S:
E,l, —E;1; + Egly +JUsy, = R} + R, 15 + RyI; + R, I; +RyIZ +RyIZ,
0e Uy, =R,I, + R, 1.

3.2. MeToJ1 KOHTYPHHX CTPyMiB

Meron 6a3yeTbcs Ha apyromy 3akoHi Kipxroda i 3akoni Oma. IIpu
aHaJi31 KoJa BBAXKAIOTh, 0 B KOXKHOMY HE3aJIKHOMY KOHTYPI IIPOTIKae
CBill KOHTYpHHI CTpyM. PiBHSHHS IUIT KOHTYPHHX CTPYMIB CKIIAJAIOTh
3a apyrum 3akoHoM Kipxroda. KiapKicTh piBHSHB JOPIBHIOE KLTBKOCTI
He3aJIeOKHUX KOHTYpiB. Ha puc. 6 300pa)keHo KO0JI0 3 IBOMa HE3aJIEeKHHU-
MH KoHTypamu. [,,I,,I, —cTpymu y BiTkax kona, [,,,I,, — KOHTYpHI
crpyMu. OueBHIIHO, CTPYMH Y BITKax, uepe3 SIKi IPOXOJUTb OJUH KOH-
TYPHHUH CTPYM, HOPIBHIOIOTh HUM KOHTYPHUM CTpyMaM: [, =1,,; [5 =1,,.
V BiTKax, yepe3 sKi MPOXOAATh NEKiIbKa KOHTYPHUX CTPYMIB, CTPYMH
JIOPiBHIOIOTH alreOpaiuHiil cyMi KOHTYpHHX cTpyMiB: [, =1, —1,,.
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Puc. 6. Cxema enexmpuunoeo xona 3 060mMa KOHMYpamu
3a npyrum 3akoHOoM Kipxroda:
IR +1L,R,=E +E,;
-LR, + LR, =-E, - E;.
Bupakaemo cTpyMu y BiTKax 4epe3 KOHTYPHI CTPYMH:
LR, +(1), =1y )R, =E, + Ey;
—(Iyy =15 )R, + IRy =—E, — E;,
III(R] +R2)_122R2 =L+ Ey;
abo: | I\R, + Izz(Rz + R3):_E2 - E;.

BBenemo nmosHaveHHs:

R,, =R, + R, —enacnuii onip neputo2o konmypy, ToOTO CyMa OIIOpiB
BITOK, 1110 HAJIEXKAaTh IIEPLIOMY KOHTYPY;

R,, =R, + R, —enacnuii onip opyeo2o koumypy, TOOTO cyma OIOpiB
BITOK, 110 HAJIEKATh JPYTOMY KOHTYDY:;

R, =R, =—R, —cninvHuii (83acmHuil) onip TEPLIIOrO Ta APYroro
KOHTYpiB, TOOTO CyMa OMOPIB BITOK, III0 HAJIEKATH OJHOYACHO MTEPIIOMY
1 IpyroMy KOHTypam;

E,, =E, + E, —xoumypna EPC nepwozo konmypy;

E,, =—E, — E; —xoumypna EPC opyzoeo koumypy.

VYBara! EPC, saxi cnienaoaioms 3 UOPAHUM HANPAMOM KOHMYPHOSO
cmpymy, 6xooamye y koumypHy EPC 3i 3nakom «nmocy. PekomennyeTbes
KOHMYPHI CIPYMU CIPAMOBY8amu 00HAKOB0, HANPUKIA0, 3a 200UHHUKO-
6010 CMPINKOI0, MOOJI 8 PIGBHAHHAX 6CI 3AEMHI Onopu icypyioms 3i 3Ha-
KOM MIHYC (AKWO 6UOPAHT elleMeHMAPHI He3ANe)NCHI KOHmYpu y nianap-
HOMY KOJ).

B 3aranbHOMy BTl piBHSHHS, CKJIAJEHI 32 METOJOM KOHTYPHHX
CTPYMIB, U1 Oy/1b-5IKOI'0 ABOKOHTYPHOT'O KOJIa BUTJISIIAIOTH TaK:
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LRy + 1R, = Ey;
IRy + 1,Ry, = Eyy.

AHAJIOTIYHO 3aMUCYEThCS CUCTEMa PIBHSHB JUISI TPUKOHTYPHOI CXe-
MH:

LRy + 1R, + IRy = Eyy;
LRy + 1Ry + I33R,; = Eyy;
IRy, + 1Ry, + 3Ry = Ey.

a6o y surnsi matpui: [R]-[1]=[E],

Ry R, Ry Iy, Ey
ne: [R]=| Ry Ry Ry| [1]=| 1| [El=| Ess |
Ry Ry, Ry I3 Ess

Po3B’s3yroun cucremy piBHSHB Oy/b-SIKHM CIIOCOOOM, HAIPUKIIA], 32
npasuiioM Kpamepa, oTpuMyeMo KOHTYpHI1 CTPyMHU:

E, R, R;]
Eyy Ry Ry
Ill:%::i” 232 233: : 1222%; 1332%.
1 Ny 143
Ry Ry Ry
| Rs1 Ry, Ris
R, E, R; R, R, E,
ne: Ay =Ry Ey Ryl Ay=|Ry Ry Eyy |
Ry, Ej; Ry Ry Ry, Esg

KontypHi ctpymu moxHa Bupa3uTu yepe3 KoHTypHi EPC 1 anrebpai-
YHI JIONOBHEHHS TOJIOBHOI'0 BU3HAYHUKA CHCTEMH PIBHSHb:

{Rzz Ry, R, Ry, R, Ry
Ry, Ry Ry, Ry, Ry, Ry
111:E11T E,, A +Ey;

N A

A A A
abo I, =Ellf+E22f+E33f,
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A€ A —TONOBHUH BU3HAYHMK CHUCTeMH, A, A,,,A,; —anredpaiuHi g0-
HOBHEHHs. B 3aranbHOMY BUIVISIL IS 71-KOHTYPHOIO KOJIA

IRy + 1Ry, + IR 5+ + 1 R, = E,;

IRy + 105Ryy + I3Rys +- -+ 1, Ry, = Eyy;

Il anl + 122Rn2 + 133Rn3 =+ +Inann = Enn‘
Bynb-sikuii KOHTYpHHIA CTPYM BU3HAYAETHCS CITIBBiJHOIICHHIM
Ty :EnﬂJrEzzﬂJr'“JrEnn Akn-
A A A
J1ist HelTaHapHOTO ENEKTPUYHOro Kojia He3aJle)KHI KOHTYPH CIIiJl BU-
3HaYaTH 3a JIONOMOTO0 JiepeBa. Hampukimas, po3risHeMO KOJIO Ha pHC.
7, a. Y komi 5 By3niB (puc. 7, 0). JlepeBo mae yotupu BiTku. KoxxHa BIT-
Ka 3B’s3Ky (ITYHKTHPHI JiHii, HOMEpU B KpPYKeUKax) pa3oM 3 BiJIIOBIJI-
HUMH BiTKaMU jiepeBa (CYIUTBHI JIiHIT) YTBOPIOE HE3aISKHUN KOHTYDp (6
HE3aJIeKHUX KOHTYPIB).
2

a)

Puc. 7. Cxema enexmpuurozo koaa (a) ma tioco oepeso (b)

ANTOPUTM PO3PaxyHKY ENeKTPHYHOTO KOJIA METOJOM KOHTYPHHX
c iB.

1. Bubupaemo He3anexHI KOHTYpU 1 OpIEHTYEMO B HHX KOHTYpHI
crpymu. [Ipu npomy depes BiTKy, B SIKii € [pKeperno cTpymMy Oe3 mapase-
JIBHO MiZIMKHEHOT'O PE3UCTOpa, MAa€ MPOXOAUTH JIMIIEC OJUH KOHTYPHHUN
CTPYM, SIKHH TOpPIBHIOE CTPYMY JKepena. PIBHSHHS U1 TaKOro KOHTYPY
HE CKJIaJIa€ThCsl, TOMY LI0 HOTO CTPYM BiJOMHIA.

2. BusHavaemo BiiacHi Ta cIiJibHi onopu KOHTYpiB 1 koHTypHI EPC.

3. Byap-skuM criocoOoM po3B’SA3yEMO CUCTEMY PIBHSIHB 1 BU3BHAYAEMO
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KOHTYPH1 CTPYMH.
4. 3a 3HalIecHUMHU KOHTYPHUMH CTpPyMaMH 3HaXOJUMO CTPYMH y BiT-
Kax cXeMHU SK anreOpaidHi CyMHu KOHTYPHHUX CTPYMIB.

3.3. MeToa BY3JIOBUX MOTEHIiATIB

Meron 6a3yeThes Ha niepriomy 3akoni Kipxroda i 3akoni Oma. Po3r-
JISTHEMO eNeKTpu4dHe Kono (puc. 8). KinbkicTh He3aneKHUX piBHSIHb, 110
CKJIaJIAfOThCS 3a mepimM 3akoHoM Kipxroda, Ha OIUHHIIO MEHIIE Bij
KUIBKOCTI By311iB 1., —1. OauH 3 By3JiB KOJa MOJKHA 3a3€MIIUTH, PO3II0-
JIJT CTPYMIB Y KOJI ITPH [[bOMY HE 3MiHUTHCSL.

B koni Tpu By3mu n,, =3. IloTeHuian By3naa 3 BBaKaeMO HYJIbOBHUM:
¢, =0. 3amaeMoch HampsMKaMu CTPyMIB y BiTKax (puc. 8) i 3ammcyemo
piBHSHHSA 32 nepmM 3akoHoM Kipxroda amst By3mis 11 2:

. J+1s-1,-1,=0;
2., +1,+1,-1,=0.

® B 5 @
| | I“'\-\.\_,.-“'II
J R, E I I,

Jx

Is Fo () E,

..o .—,,—,-\L

Puc. 8. Cxema enexmpuunozo koia 00 Memooy 8y3108ux NOMeHYianie

N
e
&9

G

Crpymu y BiTKax BUPaXaeMO Yepe3 NOTEHLIaN1 BiAMNOBITHUX BY3JIB 1

HapaMeTpy BiTOK 3a 3akoHoM Oma:
O —@, +E

Iy ="——2=(¢,—9, + E, )G,
R2

%%:((Pl =0, )G 1y =(0, +E, )Gy
3

Is=(=@, + E5 )Gs; I =(—9, + E¢ )G,

I, =
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1 1 1 1 1 . .
ne G,=—; Gy=—; G, =—; G; =—; G4 =— — TPOBIAHOCTI
R, R, R, R; R
BIJAIIOBIAHUX BITOK.
[TixcTaBnseMo BUpasu U CTPYMiB Y TIOYATKOBI PIBHSIHHS:

L J+(=¢,+Es )Gs = (¢, =0, + E, )G, —(@; — ¢, )G3 =0;

2.(0, =0, )Gy +(=9, + E )G +( ¢, =0, + E, )G, —(0, + E, )G, =0.
3BoAUMO HOA10H] YIEHU:

1. J-0,(Gs +G, +G; )+9,(G, +G; )+ E;G; — E,G, =0;

2.90/(G,+G; )+9,(G, +G; +G, +G, )+ E.Gy + E,G, - E,G, =0.

Q

Binomi uieHu piBHSHB IEPEHOCHMO Y IIPaBY YaCTHHY:
L @)(Gs +G, +G3 )= 0,(G, +G3 )=J + EsG5 — E, G,
2. —0(Gy, +G; )+ 9,(G, +G; +G, + G, )=E,G, + E,G, - E,G,.

BBenemo nmosHa4eHHs:

G,, =G5 + G, + Gy —enacna npogionicme nepwioco 6ysna (cyma
MIPOBITHOCTEH BITOK, IO HAJISKATh MEPIIOMY BY3ITY);

G,, =G, + G5 + G, + G4 —enacna nposionicme Opy2020 eysna (Cy-
Ma TIPOBITHOCTEHN BITOK, IO HAJIEXKATh IPYTOMY BY3IY);

G,, =G,, =G, + G; —63aemHa 6y37106a NPOBIOHICMb MIdC NEPUUM 1
opyaum 8y31amu;

J, =J +E;Gs — E,G, —sy3no6uii cmpym nepuiozo gysna (anredpa-
fgyHa cyMma JKepen CTpyMY BITOK, SIKi HalleKaTh MEPIIOMY BY3IIY);

Jy, =E(Gg + E,G, — E,G, —6y3106uii cmpym 0py2020 6y31a (aire-
OpaiuHa cyma JpKepes CTpyMY BITOK, SIKi HAJIeXKaTh IPYTOMY BY3ITY).

[Ipu upomy, sik 6a4NMO, BPaxOBYIOTECSI CTPYMH JUKEPENl, eKBIBaJCHT-
HUX JKepenaM Halpyrd LuX BiTOK.

VBara! [IpaBmiio 3HakiB. Axwo Oocepeno cmpymy abo EPC cnps-
MOBaHI 00 8Y31a, MO GOHU 6XO0SIMb Y GY3N0GUU CIMPYM 3i 3HAKOM «+,
iHaxwe — 3i 3HaKoM «—» . Buacui npogionocmi 6xo0samo y piGHAHHS 31
SHAKOM «T», 4 63AEMHI — 3i 3HAKOM «—=.

B 3arajJibHOMy BI/IFJ'ISII[i piBH}IHHH JJI KOJIa 3 1IBOMaA HE3AJIC)KHUMU BY-
3JIaMH 3alIUCYIHOTHCA TaKUM YHMHOM:

0,6y — 0,6, =,y
—0,Gy; +0,G,, =J ).
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AHAJIOTTYHO /IS KOJA 3 71 HE3AISKHUMH BYy3JIaMHU:
0,61 — 9,61, — 93G5 = —0,G,, =J,y;
— 0,6y + 0,6y —93Gp3 = = 0,G,, =Ty

= 0,6, = 90,6, =056 5 =+ 0,6, = J .

AJITOPHTM pPO3paxyHKY EIEKTPHUYHOrO KOJa METOI0M BY3JIOBHUX IO-
TEHI[IAJTIB,

1. [IpuiiMaeMo 3a HyJIb MOTEHIIIAT OJHOTO 3 BY3IB (3a3eMIIFOEMO 1 O-
ro). Lleit By30:1 Ha3UBa€eTbCs 0nopHUM ab0 3a1EHCHUM.

VBara! Axwo y eimyi misxc 06oma yznamu € EPC 6e3 nocnioos-
HO20 pe3ucmopa, mo, o4e8UOHO, NOMeHYIanu 8y3/1i6 8i0PI3HAIOM b-
cs midic coboro na eenuvury EPC. Iputinaewiu nomenyian 001020
3 YUX 8Y371i6 3 HYIbOBULL, 00EPAHCYEMO NOMEHYIAN OPY2020 8)3]d.

2. CknamaemMo piBHSHHS 3a METOJOM BY3JIOBHX IMOTeHMiamiB. Kiib-
KICTh PIBHSHB JOPIBHIOE KUTBKOCTI HE3aJSKHHX BY3JIiB 3 HEBIIOMHMH
MOTEHITIaTaMH.

3. Byap-skuM crmocoboM po3B’SI3yEMO CHCTEMY PIBHSHB 1 BH3HAYAEMO
TIOTCHITIaIH BY3JIiB.

4. 3a 3akoHoM OMa BU3HAYAEMO CTPYMH Y BiTKaX CXEMHU.

PosrisiHeMO 3acTOCYyBaHHSI METOIY BY3JIOBHX MOTEHIANIB U1 3a/1a-
4i, Ky OyJI0 pO3paxoBaHO METOIOM KOHTYPHHX CTPYMIiB.

3.4. EnekTpuuHi KoJia 3MiHHOT0 CTPyMY

Sk crioxrBadi eNeKTPUYHOI eHeprii B KollaX 3MiHHOTO CTPYMY BHKO-
PHUCTOBYIOTBCS Pi3HI TEXHIYHI IPUCTPOI, YUCIIO iX BEIHKE, aJie B CXeMax
3aMilleHHs], 0 BiJOoOpakaloTh SBHIIA, SKi BiOYBAalOThCA B KOJIAX, MU
BUKOPHCTOBYBAaTHMEMO TPH THIM 1€aTEHUX €IEMEHTIB:

a) PEe3UCTUBHUI €IEMEHT — BOJIOAIE TUTPKU aKTHBHUM OIIOPOM 1 Bif0-
Opaxxae He0OOPOTHU MpoIleC OTJIMHAHHS eHeprii (TIepeTBOpEeHHsI eHep-
Til B TEIUIOBY);

0) IHOIYKTHBHHI €IeMEHT — II¢ ileanbHa KOTYIIKA, aKTUBHHUU OIIip
NPOBOAY SKOI NMPUIMAEThCS PIBHUM HYIIO; LEHd €IeMEeHT BimoOpaxkae
BJIACTUBICTH KOTYIIKH CTBOPIOBATH MarHiTHE IOJIE;

B) EMHICHHMH €IEMEHT — I1€ i1eabHII KOHJIEHCATOP, IO HE Ma€ CTPY-
MiB BHUTOKY; BiloOpakae BIACTHUBICTb HAKONHMYEHHsS 3apsdiB abo CTBO-
PEHHS eEeKTPUYHOTO TIOJIS.

1. EnexTpuyHe KOJIO TapMOHIYHOTO CTPYMY 3 PE3UCTUBHUM OIIOPOM.
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Sx BUIHO 3 puc. 9, TOYAaTKOBI (a3u CTpyMy 1 HAIlpyTu Ha Pe3UCTOPi
OZIHAKOBI1, TOOTO CTPYM udepe3 PEe3UCTOp CHiBMajae 3a ¢a3or 3 Hampy-
roro Ha pe3uctopi, ae 'V — nouarkona dasa.

300pa3uMo KOMIUIEKCHI CTPYM 1 HAIIPYTy Yy BUTJISAI BEKTOpa Ha KOM-
riekcHii tronwHi (puc. 10). CykymHICTh BEKTOPIB Ha KOMILJIEKCHIN
TUTOIMHI, 0 Bi0OpakaloTh KOMIUIEKCHI CTPYMH 1 HAIIPYTH JAJIsI TAHOT'O
KOJIa, Ha3UBA€ThCA BEKTOPHOIO Jiarpamoro. Bekrop cTpymy uepes pesu-
CTOp CHIBIIaJIa€ 32 HAMPSIMOM 3 BEKTOPOM HAPYTH Ha PE3UCTOPI.

-~
-
i R t
u_;.-_:'_u
C LR
a) 6)

Puc. 9. Ilosnauenns (@) ma wacosi diazpamu cmpymy i Hanpyeu (6) pesucmopa

+ u,

L
e
0 1

Puc. 10. BexmopHi diazpamu pe3ucmusHo20 eiemenmy

YacoBa 3a1eKHICTh MUTTEBOI TOTYKHOCT1, CHO)KMBAHOI PE3UCTUBHUM
€JIEMEHTOM, Ma€ Takui BUrisn (puc. 11):
]J

M [
2,1 [Pt
1

0

Puc. 11. Yacosa 3anedxcuicms MUmmeeoi nomyslcHocmi
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2. EnexTpuHe KOJIO TapMOHIYHOTO CTPYMY 3 iHAYKTHBHHM OIIOPOM.

Bigomo, 1m0 3MiHHHI CTpyM, MPOXOASYM 4Yepe3 KOTYIIKY iHIyKTHB-
Hocti, Buknukae EPC camoinaykuii. 'padiky MUTTEBUX 3HAUYEHD CTPYMY
1 HAIpyTH Ha iHAYKTUBHOCTI MaloTh BUIIIAL (puc. 12).

Taxum yrHOM, pi3HUI (a3 HAPYTH i CTPYMY Ha iHIYKTUBHOMY eJie-
MeHTi ckiagae 90°, mpu HbOMY KpHBa CTPyMY BiJCTa€ Bil KPUBOI Ha-
npyru. Bennmunny X; = wl Ha3uBaloTh iHAYKTHBHUM omopoM. Toxi 3a-
koH Oma myis1 iHaykTuBHOrO Kona U, = I X;. Benuuuna iX; Ha3uBaeThcs
KOMITJIEKCHUM 1HIyKTUBHUM OIIOPOM.

i € U,
L - .
& by |.l'
\ i
N/ \/
/ v/
‘\.1-' v
\

ATl il
i L 0 K N2

Puc. 12. Hosnauenns (a) ma uacosi oiacpamu cmpymy, EPC i nanpyeu (6)
KOmywKu iHOYKmMueHoCmi

BekropHa mgiarpama iHIyKTHBHOTO Koa Mae BUTIsy (puc. 13):

*]

0 +1

Puc. 13. BexmopHi diazpamu iHOYKMUeHO20 eiemeHmy

Ha giarpami BuHO, 1110 BEKTOp CTPYMY, IO MIPOTIKa€ 4epe3 iHITyKTH-
BHUI €JIEMEHT, BiZICTAa€ BiJl BEKTOPA HANIPYTH HA HHOMY (BBa)KAI04H, 110
BEKTOPH 00epTaOThCsl NPOTH TOAMHHUKOBOI CTPIJIKH).

I'padix P(t) mae Burnsg (puc. 14):
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L':_JT,

AN,
0 %\v/l] \/21‘[

Puc. 14. Hacosa 3anedicricmos Mummesoi nomysicHoCmi

3 rpadika puc. 14 BuaHO, MO aKTUBHA TOTYKHICTH JIOPIBHIOE Cepe/i-
HbOMY 3HaUEHHIO MUTTEBOI MOTY)KHOCTI Ta PiBHA HYIIO, TOOTO 1HIYKTH-
BHUI €lIeMEHT aKTUBHY TIOTYKHICTh HE CIIOKUBaE. [l peaKTUBHUX elle-
MEHTIB BBOJUTBHCS MOHATTS PEAKTUBHOI MMOTYKHOCTI, PIBHOI aMILIITY-
HOMY 3HAQYEHHIO MHUTTEBOI MOTYXHOCTi. PO3MIpHICTh Uil pEakTHBHOT
MOTY)KHOCT1 Taka cama, IO 1 JUIS aKTHBHOI, aje mo0 X pO3pi3HSITH,
ONIMHUIISI PEaKTHUBHOI TOTYKHOCTI HasuBaeTbcs "BAp" (BombTamiiep-
pEaKTUBHUM).

3. EnexTpuuHe KO0 CUHYCOIaJIbHOTO CTPYMY 3 €EMHICHUM OIIOPOM.

Jl1s eNeKTpUYHOro €MHICHOTO KOJIa KpUBa CTPyMY BUIIEPEIKAE KpU-
BY HaIIpyryl Ha YBEpTH nepiony (puc. 15, 6).

U(:
i 118
; C
= AN
L-
a) 0)

Puc. 15. llosnauenns (a) ma uacosi diacpamu cmpymy i Hanpyau (0)
EMHICHO20 eleMenma

Bemnuuny X¢ = 1/wC Ha3uBaioTh €MHiCHUM omopoM. Toai 3axoH
Owma miag emHicHoro kona Uc = —il Xc. Benmnuuna —iX- Ha3uBa€ThCS
KOMIIJIEKCHUM €MHICHHM OITOPOM.

BekropHa niarpama eMHICHOTO KoJla Ma€ Takuil BUTIsA (puc. 16).

[Ipu po3paxyHKy €IeKTPHYHUX KiJl 3MIHHOTO CTPYMY BHKOPHCTOBY-
IOTBCSI METOJ, OCHOBAaHUI Ha BHKOpHCTaHHI 3akoHiB Oma Ta Kipxroda
(abo #oro momudikaiis, MOB’s3aHa 3 BUKOPUCTAHHSIM 3aTallbHOTO OIIOPY
SNIEKTPUYHOTO KOJIa), METOJ KOHTYPHUX CTPYMIB Ta METOJA BY3JOBUX
MOTEHI1aTiB.
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Puc. 16. Bexmopni diacpamu eMHICHO20 elleMenmy

TeopeTHuHi OCHOBM 3aCTOCYBaHHS TAKUX METOJIB PO3IJISIHYTI MpPH
aHaJi31 eNeKTPUIHUX KiJI MOCTIHOTO cTpyMy. BiIMiHHOCTI MONsITaloTh B
TOMY, IO TIPY aHATI31 eIeKTPUYHHUX KT 3MIHHOT'O CTPYMY JIOBOJUTBCS
BpPaxOBYBaTH HasIBHICTh B KOJIIi SIK aKTHBHUX, TaK 1 PEAKTHBHUX OIOPIB.

AHAaOT1YHO BU3HAYAIOTHCS 1 TApaMeTpH YOTHUPUTIOIIOCHUKA.

3.5. IlincuimoBaibHMIE KacKka/l Ha O0iNOJIAPHOMY TPaH3UCTOPI,
BKJIIOYEHOMY 32 CXeMOI0 3 CIIJIbHUM eMiTepoM

CxeMa pe3suCTUBHOTO MiJCHIIIOBAILHOTO KacKamay 3 CIUILHUM eMiTe-
POM Ta >KHUBIICHHSM BiI OJHOTO JDKepelia MoKazaHa Ha puc. 1. Bximawmii
CUTHAJI TIOJAETHCS Ha 0a3y 1 3MIHIOE ii IMOTEHITiad BiTHOCHO CITUTHBHOTO
emirepa. Lle mpu3BOMUTE 10 3MiHH CTpyMy 0asu, a BIATIOBIAHO, 10 3MiHU
CTPYMY 1 HAIIPyTH Ha OIIOPi KOJIEKTOPHOI'O HaBaHTaXeHHs R . Po3aino-

Buii KoHneHcatop C,; BUKOPHCTOBYETHCS Ul 3allOOIraHHs MPOXOA-

YKEHHS TIOCTIMHOI CKIIa0BO1 CTpyMy 0a3u depes3 HKepero BXiTHOTO CHT-
Haily. 3a J0MOMOror0 PO3LI0oBOro Konaencaropa C,, Ha BUXI KacKamy

MOTpAIUIsi€ TUIBKK 3MiHHA CKIagoBa Hampyru U g, sIKa 3MIHIOETHCS 3a

3aKOHOM 3MIHM BXIJHOTO CHTHAIy, ajie 3Ha4HO TEePEeBHIIye HOro 3a Be-
JTUYUHOK. BaxxmBy poib B poOOTi CXEMU BIHIrparoTh pe3ucTopu 0azo-
BOro MOJiNbHUKA HAampyrd R; Ta R,, sKi 3a0e3nedyroTh BUOIp MOJIO-

KEHHsI po00Y0T TOYKH Ha XapaKTEPHCTHKAX TPAH3MCTOpa i BU3HAYAIOTH
PeXUM poOOTH Kackaay Ha TMOCTiHHOMY cTpyMmi. s 3’sicyBaHHS poui
pe3ucTopiB 0a30BOro MOAUIEHUKA HAIIPYTH 3BEPHEMOCH JI0 pUC. 17, sKuii
UTIOCTpY€ MpOIeC MiJCUIICHHS! CUTHAILY CXEMOIO 3 CHUJIbHUM E€MiTepOoM.
[Ipouec mincuiieHHs MOXHa 3amMcaTH 3a JOMOMOTOI0 B3a€MO3B’SA3KY
CNIEKTPUYHUX BETUUMH:

R. U U

km Nk m.eux _(

E

1, -R)>U,.. .

xem —

Um.ax - I6.m - Ix.m -1

K.m

30



JilicHO, pO3IJISIHYBIIM CHOYaTKy puc. 17, a, a motim puc. 17, 6, MOX-
Ha BIIEBHUTUCH B TOMY, II0 HAmpyra BXIJHOIO CUTHAIY 3 aMILITYIO0O
U,,px =Upgg,, cMH)A3HO 3MIHIO€ BENUYUHY CTpyMy 6a3u. L1i 3minu Oa-

30BOT'0 CTPYMY MPHU3BOJATH 0 MPOHOPUIHHUX 3MiH CTPYMY KOJEKTOpa
Ta HaMpPyTd Ha KOJIGKTOPI, IPU LILOMY aMILIITY/Ia KOJIEKTOPHOI HApyTrH
(3 ypaxyBaHHsAM MacmTaOy 1Mo oci aOCIKC) BUXOJWTh 3HAYHO OuIbIIe
aMILTITYyIn Hampyry Ha 0asi.

A 4
Is, md Ix md A
20 |-+ —
08k 2| 15 {6;#]6/.7. --::
L < N
0.6 Flob 7ONP e
241 ' \ T
0.2} ! o ENE |
01f-—--= - ¥
o o B
|
! |
! |
I
I 1
/ | !
Uﬁ Frnax i ("ix"ﬁmax i
‘v ‘ iy I .
a) o)

Puc. 17. I'padivne nosicHeHHsI pOLECy MMiCUIICHHS CUTHATY CXEMOIO
3 CHUIBHUM EMiTePOM

Jiig oTpuMaHHS MiHIMaJIbHHUX CHOTBOPEHH MiACHIIOBAHOTO CHTHAIY
pobouy Touky P cmin po3ramryBatu Ha cepenuHi BiApisky AB HaBanTa-
KYBaIILHOI TIPSIMOi, TTOOYIOBaHOI B CIMEHCTBI BUXITHUX XapaKTEPUCTUK
TpaH3ucropa. 3 puc. 17, 6 BHIHO, IO MOIOXKEHHS poOodoi Touku P Bin-
TOBiJa€ CTpyMy 3MillleHHs B Koui 6asu I , .

B cxemi 3 ¢ikcoBaHOI Hampyrorw 3mimieHHs Ha 0a3i (puc. 1) pesuc-
Topu R, Ta R, MIIKIIOYEHI MapajenbHo JUKepeNy KUBIeHHS E ; Ta yT-
BOPIOIOTH MOIUTEHUK Hanpyrd. Onopu pe3sucTopiB MOAUIBHUKA HAIPYTH
BU3HAYAIOTHCS 3 TAKUX CITIBBIIHOIIEHB (SKIO HE BPaXxOBYyBAaTH CIa]| Ha-
pyru Ha onopi GineTpa):

_Ewx—Uszp
| =
Ig+1g »

(1.1)
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_ UEE‘p

R, = . 1.2
2= (1.2)

Ctpym noainbHUKa [;; BUOMPAIOTh B MEXaX
1, ~(5+15)- I ,. (1.3)

B 1ipoMy BUMaAKy MiJBUIIYETHCS CTA0LIBHICTh PEKUMY POOOTH CXe-
MU, TOMY IO 3MIiHH CTPYMY B KOJax eMiTepa 1 KOJeKTopa TPaH3UCTOpa
HE3HAYHO BIUIMBAIOTh HA 3MiHY BEJTMYMHHU HANPYrd 3milieHHs. Pazom 3
THUM CTPYM TOALUIbHHUKA HE CIiJ] BUOUPATH JOCUTH BEIIMKHM 3 MIpKyBaHb
€KOHOMIYHOCTI, TOMY III0 YUM OUTbIIE CTPYM [ 7, TUM OUIBII MOTYKHUM
Mae OyTH JKepeno KUBJIEHHS E . .

3 cxemu, HaBeJeHOI HAa pUC. 1 BUJHO, 110 OMip MOIUTBHUKA R, BKIIIO-
YEeHO TapaliellbHO BXIZIHOMY OMOpY TpaH3ucropa. KpiM Toro, HeXTyoouu
MaJIMM BHYTPIIIHIM OIIOPOM JIKeperna KHUBIICHHS, MOXHA BBAXKATH, IO
R; Ta R, BKIIOYEHI NapajenbHO OAUMH OqHOMY. Tomy HeoOXinHO, 1100
BHUKOHYBAJIaCsl yMOBa

L2 S RET, (1.4)

TOOTO IOXUIBHUK, YTBOPEHHH pe3ucropamMu R; Ta R,, NOBUHEH MaTH

JOCUTH BEJIMKHH omip (MopsAaKy Kimbkox KOM). B iHImoMy BUNIaAKy orrip
MO/IUTPHUKA BHUSIBUTHCSI MaJiMM Ta OyJe IIyHTYBAaTH BXIAHWU OMIp TpaH-
3WCTOpa, 3MEHIITYIOUN BXIIHUAN OIip MiJCHITIOBAIIEHOTO KaCKay.

[Ipu moOy10Bi cXeM TPaH3MCTOPHUX ITiJCHIIOBAadiB HEOOXiMHO BUKO-
pUCTOBYBaTH 3acobu s crabimizamii MONOXKeHHS poOoY0i TOYKH Ha
XapakTepucTUKax TpaH3ucropa. OCHOBHUM (DaKTOpOM, SKUN HOPYLIye
CTaOLIBHICTE POOOTH TPAH3UCTOPHOTO MiJCHIIOBAYA, € BILIUB TEMIIEpa-
Typu. IcHYIOTH pi3HI cmocobm TepmocTabinizamii pododoro pexumy
TPAH3UCTOPHUX KacKaiiB. HalOIbII mommpeHi 3 HUX peai3yroThes 3a
JIOIIOMOT'OI0 CX€M, HaBeJleHUX Ha puc. 18.

B cxemi Ha puc. 18, a TepMope3ncTop 3 Bil’€MHUM TeMITepaTypHUM
KOEe(II[IEHTOM OIOpYy BKIIOYEHUH B 0a30Be KOJO TPaH3UCTOpPA TaKUM
YHOM, MO0 TpW IIBUIIEHHI TEMIIepaTypu BimOyBaliocs 3MeEHIIEHHS
Bi’€MHOI Hampyrd Ha 0a3i 3a paxyHOK 3MEHIIEHHS BXiTHOTO Onopy
TpaHsuctopa R, ;. B npoMy BUmanxy BinOyBaeThCsl 3MEHIIEHHS CTPY-

My 0a3u Ta, BiANOBIOHO, CTpyMYy KojekTopa. B pesynbraTi 30i1bIIEHHS
KOJIEKTOPHOTO CTPYMY, BUKJIMKAHE BILUTUBOM TEMIIEPATypH, KOMIIEHCY-
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€TBbCS HOr0 3MEHIICHHSM 32 PaxyHOK il TepMO3aJIe)KHOTO 3MIIIeHHS,
TOOTO 3arajbHUN MPHUPICT CTPYMY KOJIEKTOpa Oy/1e HE3HAUHHUM.

L

0__

Uy

G

Puc. 18. Cxemu TepmocTabinizanii pesxumMy TPaH3UCTOPHOTO KacKaly:
a — 3 TEPMOPE3UCTOPOM; O — 3 1I0ZIOM; B — 3 KOJIOM €MITepHOI cTadimizarii

[lle ogHa 3 BaXJIMBHX CXEM TEpMOCTaOLIi3aIlil peKUMy TpaH3UCTOPA
3a JIOTIOMOT'OI0 HAITIBIIPOBITHUKOBOTO Niofia MOKa3aHa Ha puc. 18, 6. B
i cxeMi Mio BKJIIOYEHHWH B 3BOPOTHOMY HAmNpsMKY, a TeMIIepaTypHa
XapaKTepUCTUKa 3BOPOTHOTO CTPYMY Ai0Ja Ma€ OyTH aHAJIOTIYHOIO TEM-
nepaTypHiil XapaKTepHCTHIl 3BOPOTHOTO CTPYMY KOJIEKTOpa TPaH3HCTO-
pa. IIpore peanizyBaTH L0 MOXJIMBICTH BAAETHCS TUIBKH JUISL OIHOTO
TpaH3ucTopa mAaHoro Tumy. [lpw 3amiHi TpaH3WCTOpa CTAOLIBHICTB, SK
MPaBUIIO, TIOTIPIIYETHCS YEPE3 PO3KHUJL BETUYHH 3BOPOTHOTO CTPYMY KO-
JeKTopa (3ragaemMo, 110 3BOPOTHUI CTPyM KOJIeKTopa HailOuibiie 3ane-
HTD BiJl BIUIUBY TEMIIEPATYPH).

Haii6inpme nommpenHs oTpuMana cxema TepMoctalinizanii pexxumy,
HaBezeHa Ha puc. 18, B. B Takiii cxemi Ha 3ycTpiu (ikcoBaHil mpaAMiit
Hanpy3i 3MiLIeHHs, SKa 3HIMA€eThCs 3 pe3uctopa R,, CIpsMOBaHA Hal-

33



pyra, siKka BUHMKA€ Ha PE3UCTOPI Ry IpPHU INPOXOMXKEHHI Yepe3 HbOro
CTpyMy eMitepa.

Hexait 3 Oyzap-sikoi IpUYMHM, HAPUKIAA, TP 30UTbIICHH] TeMIepa-
TypH, TIOCTifiHA CKJIaJI0Ba KOJCKTOPHOIO CTpyMy 30iibinyeThcs. Tomy
mo [ =1y + 1y, TO 30UIbIIEHHS CTPyMYy KOJEKTOpa [ Hpu3Bene 10
30UIBLICHHS CTPyMy eMiTepa [ Ta 3MEHILIEHHS HAIpyrd Ha Pe3UCTOpi
Ry . B pesynbraTi Hanpyra Mix emirepom Ta 6a3010 U gy 3MEHIIUTHCS,
II0 IIPU3BEIE 10 3MiHU CTpyMy 0a3u [, a BIANOBIAHO, 1 CTPyMy KOJIEK-
Topa [ . HaBnaku, KO KOJNEKTOPHUH CTPYM 3MEHIIMTHCA, TO 3MEH-
MIUTHCSA 1 HaNIpyra Ha pe3ucTopi Ry, a npsma Hampyra U g; 301IbIIMTh-
cs1. B iboMy BHnaKy 30UIbIIATHCS CTPYMH 0a3M Ta KOJIEKTOpa.

B Ginbmiocti BUNAAKiB pe3sucTOp Ry HIYHTYETHCS KOHAEGHCATOPOM
Cp OCUTBH BENHMKOI €EMHOCTI (MOPAAKY JecATKiB Mikpodapan). Lle pood-

JSITH A7 BIABOY 3MIHHOT CKJIaJIOBOI CTpYMY eMiTepa BiJ pe3ucropa Ry

3.6. ITincumoBajbHUIE Kackaa HA GIMOJISIPHOMY TPaH3UCTOPI,
BKJIIOYEHOMY 32 CXeMOI0 3 CIJILHUM K0JIEKTOPOM
(eMiTepHUIiI MOBTOPIOBAaY)

Cxema pe3snCTHBHOTO IMiJCHITIOBAIIBHOTO KacKaay 3 CHLUTBHUM KOJIEK-
TOPOM Ta CKIATHUM IMOAUTEHUKOM B KOJIi 0a3u Mmoka3aHa Ha puc. 2. B
TaKii cxeMi HEOOXiTHOIO € KOPCTKA TeMIIepaTypHa CTa0LIi3allis PeXIMY
eMITEpHOr0 MOBTOPIOBaya 3a MOCTIHHUM CTpyMoM (T00TO 1,5 >>1f),

oqHak 0a30BUi MOAUTFHUK BUCOKOOMHHM DEaTi3yBaTH HEMOXKJIHUBO. To-
My BUKOPHCTOBYETHCSI KOMIICHCALlisl BIUIMBY TEMIIEpPAaTypH Ha BXITHUH
OIIip EMITEpPHOr0 MOBTOPIOBAYA 32 JOIOMOI0I0 IIO3UTHBHOI'O 3BOPOTHOTO
3B’SI3Ky, KWW 3aBOAUTHCSA 3 BHXOIY Ha KOKHHH 3 OTMOpPIB HIKHBOTO Ta
BEPXHBOTO IJIeuei 0a3oBoro noAipHuKa yepes emuocti C; ta C, (puc.

2). OcobaMBOCTSAMH €MITEpHOr0 TOBTOpOBada (IO BiIHOMIEHHIO 10
CXEMH 3 CIUIBHUM €MIiTepPOM) € BUCOKHI BXIJIHUW Ta HU3bKUU BUXITHUN
OTOpH TMIJICHITIOBAYA, & TAKOXK IIMPOKA CMyra MPOMYCKAHHS 1 BEUKHUN
Koe(ilieHT MiACHIIEHHsS CTpyMy (Ipu LbOMY KOE]iLi€HT mMifcuiIeHHs
HaIpyTy MpUOIU3HO JOPIBHIOE OIUHUIL).
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3.7. Po3paxyHok kackajliB KiHII€BOT0 MiJICHJIEHHS

Hnst otpumanHs BUXifHOI moTyxHOCTI Oinbiie 10 BT BukopucToBy-
I0Th JIBOTAKTHY cxemy mincumoBaua notyxHocti (I1I1), mo mo3Boise
3MEHIIUTH MOTYXHICTh CIIOKMBAHHSI BiJ| [DKepesa KHUBJICHHS 1 BUOpaTu
TPaH3UCTOPH, SIKI HE MOTPEOYIOTh CHELiaNbHUX 3aXOMiB JUIS BiABOAY
3aiiBoro Teruia. OCKUIBKY OIip HaBaHTAXKEHHS MiACUIIOBaYa TOCTIHHUM,
3aCTOCOBYEThCS Oe3TpaHchopMaTOpPHA CXeMa IMiJICHIIIoBaYa MOTYXHOCTI
(BITIT). OcHoBHOMO mepeBaroro Takoi cxemu I1I1 € BiICYTHICTH Y3romKy-
BaJIbHOTO TpaHc(opMaropa, IO Ja€ 3MOTY 3MEHIIMTH MacorabapuTHI
MOKAa3HUKH KOHCTPYKIIT MiJICKIIIOBa4Ya, OKpiM TOro, 06e3 ocoOIHMBHX yc-
KJIaIHEeHb pealli3yeThCsl IOCTATHBO IIMPOKA CMyra pobOouymux 4acror. 3
ycix pisHOBHIIB Oe3rpanchopmaropaux cxem [1I1 HaifwacTiie BUKOpHUC-
TOBYETBLCSI CXEMa 3 JIOJIATKOBOIO CHUMETpi€ero Tuiedelt (puc. 3), OCKUIbKH
BOHA J03BOJISIE 3aCTOCYBATH BUXIIHI TPAH3UCTOPH OAHOT'O THUITY Ta MPO-
BiJJTHOCTi, TOMY III0 BHOIp TPaH3HCTOPIB Pi3HOI MPOBITHOCTI 3 1CHTHY-
HUMH MapaMeTpaMH Ha TaKy IMOTYXXHICTb JOBOJI TPYIOMICTKHH.

besrpancdopmaropra cxema 111 3 107aTKOBOIO CHMETpI€IO TUICUCH
Ma€ JIeKiIbKa TPAH3UCTOPIB, PI3HUX 3a MOTYKHICTIO Ta TUIIOM IIPOBITHO-
CTi, IIIO TIOB’SI3aHO 3 HEOOXITHICTIO Y3TOMKEHHS BHXITHOTO OIOPY ILIE-
4eil 3 HU3bKHM OIIOPOM HaBaHTAKEHHS.

4. Ilpuxaax Bukonanus IP

Ipuknang BukoHaHHs 3aBaaHHs 1. /g 3a1aHOI CXeMH €IEKTpHY-
HOTO KOJIa MOCTiHHOTO cTpyMy (puc. 19) HeoOXimHO:
1. Po3paxyBatu 3arayibHUil OMip EIEKTPHIHOTO KOJa.

R1
30
M R4
2 Om
R8 R10
Uex=10B 10 Om D4 Om
R5
5 0m
R2 R3 R6 R7 R9
o—] — — — —
10m 4 Om 8 Om 3 0m 7 Om

Puc. 19. Cxema 3a0anozo enexmpuunozo koia

Po3paxyHOK 3araipHOrO Omopy €IeKTPUYHOro Koja OyaemMo MpoBO-
TUTH, 00’ €THYIOUYH €JIEMEHTH 33 TUTIAMH 3’ €]THAHb:

R9_]0 =R9 +R10 :7+4:110M,
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Ry 1= B0 101155500,
Rg+Ry 19 10+11
Ro_10 = Rg+ Ry +Rg_jo =8+3+5.238 =16.238 Om;
(Ry+Rs)-Rgy  7-16.238
Ry+Rs+Rg_jp 2+5+16.238

R3a2 = Rl +R2 +R3 +R4_10 = 3+1+4+4891 = 12891 OM

=4.8910m;

Ry 10 =

2. Jlnst 3a1aHOTO €NEKTPUYHOTO KOJIa CKIIACTH PIBHIHHS 32 3aKOHAMH
Owma i Kipxroda.

[Ipu cknamanHi piBHSHB 3a 3akoHamu Oma i1 Kipxroda Oymemo BBa-
KaTw, 10 HATPYTH 1 CTPYMH MAlOTh Ty caMy HYMEpAIIilo, 110 i OIOpH.
Toni, BpaxoByo4H, 1110 B CXEMi HasSBHI TPH BY3JIH, 32 TEPIIUM 3aKOHOM
Kipxroda ckinanemo nsa piusHus (puc. 20):

- st By3na 1:

Iy =1, +1I3+1y; npuupomy 14 =15 1a Iy =1;

- s By3na 2:

I; =13 +1y; mpnuwomy I7 = Ig.

BpaxoByrouu, 10 CTpyMH JPYroro Ta TPEThOTro PE3UCTOPIB € TAKHMH,
IO BTIiKAIOTh Y JUKEPENO BXITHOrO CUTHAIY, JJIsl HUX MOYKHA 3aIMCaTH:

BpaxoByrouw, 110 eIeKTpHYHE KOJIO Ma€ TPH KOHTYPH, 3a APYTUM 3a-
koHoM Kipxroda ckimagaemMo piBHSIHHS 1151 KOHTYPIB:

Ul +U2 +U3 +U4 +U5 :UBX,'

U4 +U5:U6 +U7 +U8,'

U8 = U9 + UIO .
R1 1 1
3 0m
R4
2 Om
- R8 R10
Uex=108B 10 Om D4 Om
R5
50m
R2 R3 R6 R7 R9

o—]

— — —
10m 40mM 3 80m 30mM 2 70m
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Puc. 20. Cxema 0na cknadanns pieusans 3a 3axonamu Oma i Kipxeogha

BpaxoByroun, mo 3a 3akoHomM Oma Hampyra € J0OyTKOM CTpyMy Ta
OTOpY, 3aIHILIEMO CUCTEMY 3 II’ITH PiBHSHb:

I =1,+1Ig+ 1,

I; =13 +1g;

LR +1hRy + Ry + IRy + IsRs =Upy ;

I4Ry +1I5Rs = I¢Rs + 17Ry + IgRg;

IgRg = I4Ry + 11 Ry.

3 BpaxyBaHHSM TOTO, III0 Yepe3 MOCTITOBHO 3’€IHAHI €JIEMEHTH

ENEKTPUYHOTO KOJIa MPOTIKAIOTh OJIHAKOBI CTPYMHU, TIEPEITUIIIEMO OCTaH-
HIO CHCTEMY PIBHSHB:

Il = 14 +18 +110,'
I7 = 18 + 19 N
L(R +Ry+Ry)+14(Ry+ Rs)=Upy ;
I,(Ry +Rs)=I5(Rg + Ry )+ IgRg;
IgRg = Io(Ry + Ryg).
3. BI/I3Han/ITH criaau Harlpyr Ha CICMCHTAaXx eJ'IeKTpI/I‘IHOFO KOJIa Ta
CTPYMH, IO YEPE3 HUX NPOTIKAIOTh, BUKOPUCTOBYIOYHM METOJI KOHTYP-
HUX CTPYMIB.

Enexrpudne KOO CKITaaeThes 3 TPhOX KOHTYpIB. ToMy 3rigHo maHo-
r'0 METOAy HEOOXiTHO CKIIACTH CHCTeMY PiBHSAHB (puc. 21):

IR +(I =1 )Ry + Rs)+ I (Ry + Ry ) = Uy ;
(Ip =11 )(Ry + Rs )+ Rg(Ioy — I33)+ 1o (Rg + Ry ) = 0;
I33(Ry + Ryg)+ Rg(I33— 15,) = 0.
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R1

—{ 1} *
3 0Om
R4
2 Om
- R8 R10
Uex=10B | by 106m 133 |:|4OM
R5
50m
R2 R3 R6 R7 R9
— 1 e B —
1 0m 4 Om 8 Om 3 Om 7 Om

Puc. 21. Cxema 0 ckradanns pieHsiHb 3a MEMOOOM KOHNMYPHUX CIPYMIG
[leperpymnyemo piBHSHHS BIJIHOCHO HEBIIOMHX KOHTYPHHX CTPYMIB:
Iy (R, + Ry + Ry + Ry + Rs )~ Iy (Ry + Rs ) = Uy ;
—1,(Ry +Rs)+I5(Ry + Rs + Rg + Ry + Ry )~ I;3Rg = O;
— Iy Rg + I33(Rg + Ry + Ry ) = 0.
[ligcTaBUBIIM YMCENIbHI 3HAYCHHS, OTPUMAEMO:
151, =715, =10;
=TI +2815, —10135 = 0;
—101,, +21135 = 0.

Po3B’sxeMo OTpUMaHy CHCTEMY PIBHSIHb.

= 21]33 = 2 1133 .

22

15111—721]33 :15111—14.7133 :10;

10
15-6.971155—-14.7133 =89.865133 =10 = I33 =
33 33 33 3373086

=0.111 A.
S5

I, =21-0.111=0233 A.
1,,=6.971-0.111=0.774 A.

3a BU3HAUEHMMH 3HAYEHHSIMH KOHTYPHUX CTPYMIB OOYMCIMMO 3Ha-

YCHH:A C’I‘p}/'MiB, mo HpOTiKaIOTL qepe3 CICMCHTHU KOJIa, Ta CllaAn HaIpyr
Ha nuX CJIEMCHTAax.

Il 212 213 :Ill :0774 A
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Iy=1Is=1I,—1y =0.774-0233=0.541 A.
Ig=1, =1, =0.233 A.
Iy =1y —133=0.233-0.111=0.122 A.
Iy=1I,,=1I5=0.111A4,
U =LR =0774-3=2322B. U, =1,R,=0.774-1=0.774 B.
Uy =I3Ry =0.774-4=3.096 B. U, =I,R, =0.541-2=1.082 B.
Us=1I5Rs=0.541.5=2.705 B. Uq = I4Rs =0.233-8 =1.864 B.
U, =1;R; =0.233-3=0.699 B. Uy = IR, =0.122-10=1.22 B.
Uy =IgRy =0.111-7=0.777 B. U,y =1I,yR;p=0.111-4=0.444 B.

4. Bu3HauuTH crafy Hampyr Ha €IeMEHTaX eeKTPHYHOro Kojia Ta

CTPYMH, IO Yepe3 HUX MPOTIKalOTh, BHKOPUCTOBYIOYH METOJ BY3JIOBHX
MOTEHIIAJIIB.

EstexTpudHe koo Mae Tpu By3nu. ToMy 3riTHO METOJy BY3JIOBUX I0-
TEHITiaJIiB HEOOXITHO CKJIACTH CHCTEeMY piBHSHE (puc. 20):

?1811+ P2812 + 3813 =115
?1821+ P80+ P83 =12

?1831+ 2832 +¥3833 = I33.

[IpoBigHOCTI Ta CTPYMHU B OCTaHHIN CHCTeMi piBHSIHb MalOTh 3HAUECH-
HS:

PRI S SR S N S N Y de
PSS S SR S S S Y O Yo
PR S S S S S Yo
Ry+Ry R,+Rs Rg+R;, 5 7 11
PSR N S N R R C IR
Ry Ro+R, 10 11
1 1
_ _ — 1 —_0.143Cn
813 = 831 R, +R;s 7

39



! =—l=—0.091 Cm.
Rg + Ry 11
U 10
I, =—8X="—7=33334; I,,=15=0.
11 Rl 3 22 33
[ligcTaBUBIIM YMCENIbHI 3HAYCHHS, OTPUMAEMO:

0.667¢, —0.191¢, —0.143¢; = 3.333;
—0.191¢; +0.282¢, —0.091¢; = 0;
—0.143¢, —0.091¢, +0.434¢; = 0.

Po3B’spKeMO OTpUMaHy CUCTEMY PiBHSIHB.

_ 0.143p, +0.091p,
0.434
0.667¢, —0.191¢, —0.143-(0.329¢, +0.21¢, ) =

=0.62¢, —0.221¢p, = 3.333;
—0.191¢; +0.282¢, —0.091-(0.329¢; +0.21¢p, ) =
=—0.221¢, +0.263¢p, = 0.

823 = 832 =~

=0.329¢, +0.21p, .

2

0.221¢,
_ — 0.840, .
22770263 i
3.333
0,620, ~0.221-0.84 = 0.434p, =3.333 = ¢y = == =768 B.

0, =0.84-7.68=6.451 B.
@, =0.329-7.68+0.21-6.451 = 3.881 B.

3a BU3HAYEHUMHU 3HAYCHHSIMH BY3JIOBHX NOTEHINANIB OOYHCINMO
3HAYEHHS CHAJiB HAMPYT Ha €IEMEHTax KoJia Ta CTPYMIB, IO MPOTiKa-
I0Th Yepe3 eeMEeHTH Ko,

U =E-¢ =10-7.68=2.32B.

:ﬂ:&:0.77314.
R 3

Us = IR, = 0.773-4 =3.092 B.

11212213
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[=p == TO873881 545y
Ry +Rs 245
U, =1,R, =0.543-2=1.086 B.
Us = IR =0.543-5=2.715 B.
gy -y 6.451-3.881
- Rg + R, - 8+3
Ug = I4Rs =0.234-8=1.872 B.
U, =I;R;, =0.234-3=0.702 B.
Ug = — ¢, =7.68—6.451=1.229 B.
_Ug 1229

16217 :0234 A

I = =2 =0.123 A.
Ry 10
Ig=1y= Us 1229 114
Ry+Ryy T7+4

Ug=1IgRy=0.112-7=0.784 B.
U]O :I]ORl() :01124:0448 B

OtprMaHi pe3ympTaTH PO3paxyHKy HAIMpPyT Ta CTPyMIB 32 METOIIOM
BY3JIOBMX TIOTEHIIIaJIiB JOBOJII TOYHO 30iraroThCs 3 Pe3yIbTaTaMu po3pa-
XYHKIB 32 METOJIOM KOHTYPHHX cTpyMiB (3aBmaHas Ne3), ToOTO BipHICTH
PO3paxyHKiB MiATBEPIKYEThCA (TIPU IIHOMY MaKCHMallbHA BiTHOCHA IIO-
xnbKka po3paxyHkiB He nepesuirye 0.5%).

5. Ans po3paxoBaHOTO EIEKTPHUYHOIO KOjia CKJIACTH OajlaHC MOTYX-

HOCTEN.
[ToTyXHOCT1 pO3CiFOBaHHS OKPEMHX €JIEMEHTIB CXEMH:

B =U,l, =2.322-0.774=1.797 Bm;
Py =U,I, =0.774-0.774=0.599 Bm;
P, =Usl; =3.096-0.774 = 2.396 Bm;
P, =U,I, =1.082-0.541=0.585 Bm;
Py =Uslg =2.705-0.541 = 1.463 Bm;
P, =Ugl, =1.864-0.233 = 0.434 Bm;
P, =U;1; =0.699-0.233 = 0.163 Bm;
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Py =Ugly =1.22-0.122 = 0.149 Bm;

CyMmapHa NOTYXHICTh PO3CIFOBaHHS €JIEMEHTIB CXEMHU:
N=10 N=10
i=l1 i=1

[ToTyxHicTh, CLIOXKHMBaHA BiJ JKepena KUBJICHHs (JpKepesia BXiJHOTO
CUTHAIY):

PCH :Uﬂ}KIﬂ}K :UBXII =10-0.774="1.74 Bm.
bananc noryxxHocreit:

Po3paxyHku mpoBeieHi 3 BUCOKOIO TOYHICTIO, TOMY IO BiJJHOCHA TO-
XHOKa MpH CKJIaJIaHHI 0alIaHCy TOTYKHOCTI JIOPIBHIOE

_Pen=Ps 1000 = 7747721 0000 — 0.0459%.

Ep
Pery

6. Busnauntn A-mapamerpyd YOTHUPHTIONIOCHUKA, BPaxOBYIOUH, IO
BHXITHOIO HAIIPYTOIO KOJIa € Hampyra Ha pe3ucTopi Rio.

A-miapaMeTpy YOTHUPHUTIONIOCHUKA BU3HAYAIOTHCS TAKOK CHCTEMOIO
PIBHSHB:

Il :CU2+D12.

[Mapamerpu A i C 4OTHPUTIONIOCHUKA BU3HAYAIOTHCS B PEXKUMI XOJI0-
cToro xoxy Ha Buxoi (mpu I, =0), konu pe3uctop R,y B CXeMi BIACYTHIH,
a mapaMerpu B i D — B pexxruMi KOpoTkoro 3amukanss (npu U, =0).

PosrisiHeMo cxeMy YOTHPHIIONIOCHUKA B PEKHUMI X0JIOCTOI'O X0y Ha
Buxozi (puc. 22) ta Bu3HaunmMo napamerpu 4 i C.

R3AF:R1+R2+R3+(R4+R5)'(R6+R7+R8):
Ry +Rs+Rg+R; + Rg
7-21

7+21

=3+1+4+ =13.25 Om.
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R1

3 0m
R4
2 0m
. R8
Usex=10B 100m Usux.xx
R5
50m
R2 R3 R6 R7 R9

— e —e
1 0m 4 Om 8 Om 3 0Om 7 Om

Puc. 22. Cxema vomupunomocrhuka 6 pexcumi Xxoiocmozo xo0y Ha 8uxooi

L=t =1=Yex = 10 43554
Ry, 13.25
U4_5 = I]R4_8 :0755525 = 3964 B
lg=1;=14 Usg 3904 _ 1594,

TR AR +R, 21

A= Upx _ 10 =5.291.
UBHX.XX 1'89
C= I _07% =0.399 Cu.

Upnxxx 1.89
Jauti po3rissHeMo cxeMy YOTHPHUITONIOCHUKA B PEKUMI KOPOTKOTO 3a-
MHKaHHS Ha BUXOAi (puc. 23) Ta BU3HAYMMO Tlapamerpu B i D.

R1
3 0m
R4
2 0m
_ R8
Uex=10 B 10 Om leux.k3
R5
50m
R2 R3 R6 R7 R9
o—{ [— e B —

1 0m 4 Om 8 Om 3 Om 7 Om

Puc. 23. Cxema 4yomupunomrocHuxa 8 pexcumi KOpomKo2o 3aMUKaHHs;
Ha 6uxooi
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(R, +Rs)-| Rg+ R, + RsRo
Rg + Ry 3

RgRy
Rg + Ry

R3A1":R1+R2 +R3+
Ry+Rs+Rg+ Ry +

:3+1+4+M:12.7850ﬂ4.
7+15.118

Upr o 10 _ 380 4.
Ry 12785

U4_5 - I]R4_9 = 07824785 - 3742 B
lo=ly =t = T _goiga
R+ Ry + sRy 8+3+4.118

Rg + Ry
ReR
%4=%R8;
g t I
Uq_ 1.021
IBHX.K3 :%2720146 A
9
L0782

Igyy iz 0.146

=0.248-4.118 =1.021 B.

=68.493 Owm.

D=

=5.356.

JInst po3paxoBaHMX 3HAYCHb IMApaMETPiB YOTHPUIIONIOCHHKA HEO00-
X1JTHO TIPOBECTH MEPEBiIPKY 3a CIHiBBiTHOIICHHSM

AD-BC =1.

[lincTaBUBIIM YHCENBHI 3HaYEHHS! PO3PAXOBAHMX A-TapaMeTpiB 4o-
TUPUIIOIIOCHUKA, OTPUMAEMO:

5.291-5.356-68.493-0.399 = 28.339-27.329 =1.01 = 1.

IIpoBenena nepeBipka BUKOHYETHCS 3 JOCTAaTHHOIO TOYHICTIO, TOOTO
A-miapaMeTpy YOTUPHUIIOIIOCHUKA PO3PAax0OBaHi BipHO.

Ipuknag BUKOHAHHS 3aBAAHHA 2. J[11s1 33]aHOT CXEMH €IIeKT-
PHYHOIO KOJIa 3MiHHOTO cTpyMy (pHc. 24) HeoOXinHO:
1. Po3paxyBatu 3arajbHUiA OIip €IEKTPUIHOTO KOJa.
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|
50 MKk®
L1 L2
60 M somrn L7
Uex _EO MKQD
R2
30 Om
R1
20 Om

Puc. 24. Cxema 3a0ano20 enexmpuunoeo koaa
Bu3HaurMO OmopH €IeMEHTIB CXeMH, BPaxOBYIOUH, 1110 4aCTOTa BXIiJI-
Hoi HatipyrH f = 60 [y:
ZR1:R1:200M,' ZR2:R2:3OOM,'
@=2nf =2-3.14-60=376.8 pad/c;
7, =iol, =i376.8-0.06 =i22.608 Ou;
Z,> =iwl, =i376.8-0.08 =i30.144 On;
ZCI = —l 1 = —l 1 5
oC,  376.8-50-10
ZC2 = —l 1 = —l 1 5
wCy,  376.8-60-10
Po3paxyHOK 3arampHOTO OMOpY €NeKTPUYHOro Koja OyaemMo MpoBO-
TTH, 00’ €THYIOUYH €JIEMEHTH 3a TUIIAMH 3’ €JJHAHb:

g _ ZeiZy _—i53.079-i22.608 _ 120001
UL 7 470 i22.608—i53.079 —i30.471

Ziags = Z1s +Zpgo =i30.144+30 =/ 30.144% +30% x

arerg 20144 0
x e 300 =42.528-¢'"7"" =29.998 +i30.145 Om;

=—i53.079 Om;

=—i44.232 Om.

=139.382 Om;
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5 _ ZeoZiory _ —i44.232-(29.998+i30.145) _
PR 7 ko +Zcy 29.998+i30.145—i44.232

1326.872
retg
1333.374

| 1333.374-i1326.872  1333.374% +1326.872% -¢

20.998—14.087 i
J29.998% +14.087% ¢ 29.998

1881.084 ¢ 4486”
3314151
Zoo = Zews + Ziagaca + Zgy = 139.382+53.435-19.143+20 =

. 20.239
. 3 5 larcig
= 73.435+i20.230 = | 73.4352 +20.239% ¢ 13435 =

=56.76-¢ 197" Z53.435-119.143 O

~76.173-¢'54° on.

2. JIns 3a1aHOTO ENEKTPHUYHOTO KOJa CKIIACTU PIBHSIHHS 32 3aKOHAMH
Owma i Kipxroga Ta BU3HAUYMTH Clagy HAPYT Ha €IEMEHTaX EleKTPUY-
HOTO KOJIa 1 CTPYMH, ITI0 Yepe3 HUX MPOTIKAIOTh.

IIpu cknamanHi piBHAHBL 3a 3akoHamMu Oma i1 Kipxroda Oyaemo BBa-
YKaTH, 10 HAIPYTH 1 CTPYMHU MAIOTh Ty caMy HyMepaIliio, 110 i e1eMeHTH
cxemu. Tofi, BpaxoByIOUH, II0 B CXeMi HasBHI TPH BY3JH, 32 MEPIINM
3akoHoM Kipxroda ckmamgemo nBa piBHIHHS (pHC. 25):

- IUTs By37a 2:

IC1+ILl=IL2+IC2’. IIpyu IbOMY IL2=IR2;

- 7 By3na 3:

Iy =1y t+ics.

BpaxoByrouu, 10 CTpyM MEPIIOro PE3nUcTopa € TaKUM, IO BTIKAE y
JDKEPEITO BX1JIHOTO CHUTHAITY, JJIsl HhOTO MOXKHA 3aIMCATH:

Ipy=1Ici+1p.

BpaxoByrouw, 110 eIeKTpUYHE KOJIO MA€E JIBA KOHTYPH, 3a JIPYTHM 3a-

koHoM Kipxroda ckimagaemMo piBHSIHHS 151 KOHTYPIB:
Uci+Upp +Upy +Upg =Upy;
Ucy =Upy +Ukgs-
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. p | . -
50 Mk@®
L1 L2
60 mrH gomrn —L°2
Usx 60 MKD
R2
30 Om
R1
. .
20 Om 3

Puc. 25. Cxema ons ckradanns piensus 3a 3axonamu Oma i Kipxeoga

BpaxoByroun, 1m0 3a 3akoHoM Oma Hamnpyra € J0OYyTKOM CTpyMy
Ta OTOPY, 3aMUIIEMO CHCTEMY 3 YOTHPHOX PIBHSHb:

Iey+lp=Iey+11;
Ipi=1Igy+1co;
IevZoy+ 102+ IpoZpy + I Zp =Upyx s

IcaZey =110Z1p + 1R Zgy-

[TizcTaBUBIM YUCENBbHI 3HAUCHHS TIapaMeTPiB BXIITHOT HAIIPYTH
(ammmiTyaHE 3HAYEHHS Ta MOYaTKOBY Gazy) U,.px = 20 B Ta @py = 25 a
TaKo)XK OMOpPIB E€IeMEHTIB CXeMH, BU3HAYMMO 3Ha4YeHHS CTPYMIB, IO
MPOTIKAIOTh Yepe3 eNEMEHTH CXEMH, Ta CHaJliB HAIPYT Ha IUX eIIeMEH-
Tax:

ippx 25 .
IRI _ Um.BXe _ 20-e . = 0.263‘619.590 A,'
Zsae 76.173- ¢34

. 0 . 0
Ugi =1r1Zr 20.263-619'59 -2025.26-619'59 B:
Uy =Upy = I Zery =0263-¢95 .30.382.¢61%" 210,357/ B;

U, 10357-¢%%
Zn 20608
U 1035795
Zer 53,0796

. 0
Iy, = =0.458-¢"% A;

. 0
Ip = =0.195-¢/1%9%%" A;
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. 0 . 0 . 0
Ucy =IpZiopocs =0.263-¢9%7.56.76.¢ 71971 =14.928. 710127 g

Uy 14.928-¢71012°
Zey 4423207
Upy  14.928-¢71012"
Z1aR2 ) 42.528-ei45'140
Upy = IxaZpy =0.351-¢75528 3021053679326 p;

. 0
Iey = =0.337-¢/7°%" A;

—0.351.¢715520" 4

Iip=1gy=

. 0 . 0 . 0
Uy =1;,7;,=0351-¢77>2% .30.144.¢'% =10.581-¢"3*7* B.
3a OTpUMaHUMHU Pe3yJIbTaTaMH IIPOBEIEMO NEPEBIPKY BUKOHAHHS 3a-
koHiB Kipxroga st By3I1iB Ta KOHTYpIB:
- st By3na 2:

Ty +1,, =0.195-¢"8%%%" 1 0.458.£1%% = 0.1923-:0.0325 +
+0.4516+i0.0763 = 0.2593 +i0.0438 = 0.263- ¢ A ~

~ 1y 1y =0351-¢79526" 10337.67988" Z (2 0.2884+
10.0592+0.3318 = 0.2592 +0.0434 = 0.2628-¢'>5" A;

- U1 By37a 3:
. 0 ) 0
Ip = 0.263'€l9'59 A= Ipo+1cr =115+ 10 20.2628'619'51 A:
- JIAd HepI_HOFO KOHTypy:

: 0 . 0
Ue1+Upy +Ugy +Upg =10.357-€% +10.581-¢47% +
+10.53-¢715526" 1 5.06.01%59" = _1.7054+i10.2123+8.6949 +
+16.0296 + 6.0006—8.653+5.1865+i0.8763 = 18.1566 +

1i8.4652=20.033-¢/ T B2 Uy, =202 B;
- I APYTroro KOHTypy:
Upy+Ugy =10.581-¢3%™ 110.53.¢775526" 86049 16.0296 +
+6.0006—i8.653 = 14.6955 — i 2.6234 =

~14.9278 ¢ 1012 g 2 U, =14.928. 71012’ .
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[IpoBeneni nepeBipky Mmokasajiu, IO I BY3JiB Ta KOHTYPIB 3aKOHU
Kipxroga BUKOHYIOTECS 3 BUCOKOIO TOUHICTIO (TToxuOka menuie 0.07%),
TOOTO pO3paxyHOK MPOBEAECHUH BIpHO.

3. Jlng po3paxoBaHOIo €IEKTPUYHOIO KOJIa CKJIAcTH OallaHC MOTYX-
HOCTEH.
AKTHBHA MOTYXHICTh €JIEMEHTIB CXEMHU:

Uit Uniolgy _ 5:26-0.263 10.53-0.351
2 2 2

PeakTriBHA IOTYXHICTH €IIEMEHTIB CXEMH:

Q — Ulelle + UmLZImLZ _ UmCllmCI _ UmCZImCZ — 10.357-0.458 +

P= =2.5397 Bm.

2 2 2 2 2
N 10.5812- 0.351 10.3572- 0.195 14.928-0.337 — 0.7035 BAp.
[ToBHa a00 KOMIUIEKCHA TTOTYKHICTh €IIEMEHTIB CXEMH:
. 0
iarctg =
S=P+iQ=yP*+0Q%¢ P=
0.7035

iarctg——— .
= 253972 4070352 ¢ 25397 22,6353 €154 gy

[HotyxHicTh, CIOXKMBaHA Bifl JKepena KABIICHHS (JHKeperna BXiTHOTO
CUTHAIY):

* <0 -0 <0
Uplpe  Upgylr 20-¢'%.0.263-¢7%%
2 2 2
=2.63-¢1%4"A.

SCH

bananc noryxHocTel:

Sepy =2.63-¢'54 BA~ § =2.6353 ¢34 A

Po3paxyHku npoBe/ieHi 3 BUCOKOIO TOYHICTIO, TOMY IO BiJTHOCHA TIO-
xu0Ka MpH CKIIaJaHHI OallaHCy MOTYXHOCTI JIOPiBHIOE

oy =375 1000, = %2'36353-100% —0.2%.

cIi

4. Buznauntn A-mapaMeTpu UYOTHUPUIIONIOCHHKA, BPAXOBYIOUH, IIIO
BHXIJHOIO HaIlPyro0 Kojia € Hampyra Ha KpaiHbOMY IPaBOMY €JIeMEHTI
cXeMH (B HalIOMY BHIaJKy Ha KoHIeHcaTopi C»).
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A-mlapaMeTpy UYOTHPUIIONIOCHUKA BU3HAYAIOTHCS TAKOI CHUCTEMOIO
PIBHSHB:

U =AU, +BI,;
I, =CU, +DI,.

[Mapamerpu 4 i C YOTHPHUIIONIOCHUKA BU3HAYAIOTHCS B PEXKUMI XOJI0-
croro xony Ha Buxoni (npu /; =0), konu koHaeHcatop C; B cXeMmi Bincy-
THili, a mapameTpu B i D — B pexxuMi kopoTkoro 3amukanus (npu U, =0).

PosrisiHeMo cxeMy YOTHPHITONIOCHUKA B PEKHUMI XOJIOCTOT'O X0y Ha
BUXxO0i (puc. 26) Ta Bu3HaunMo napamerpu A i C.

Uex Usuix.xx
R2
30 Om
R1
a 1 -
. . .
20 Om

Puc. 26. Cxema vomupunomocruka 6 pexcumi Xxon0cmozo xo0y Ha 8Uxooi

Zoo =Zeips + Ziogs + Zpy = i39.382+29.998 +30.145+20 =
. 69.527
X b > iarctg
= 49.998+169.527 = | 49.9982 +69.527% ¢ 49998 —

—85.638-¢"428" Oy,

i2st e
[ =Usx __ 20€ =0.2335-¢772928 4,

Zs'az 85.638- €i54'280

. 0 . 0
Uiy xx = IriZiopy =0.2335-¢712928 .42 508 . ¢/ 414" =

29,0303 ¢/1586" B

i25°
4o Usx __ 20-e 2014 /%14

Ugix.xx  9.9303-¢1586"
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c-_Irn 0.2335.¢ 71292

- 1< o0
Upnx.xx  9.9303- ¢85
Jani po3risiHeMO cXeMy YOTHPUITONIOCHHKA B PEKUMI KOPOTKOT'O 3a-
MUKaHHsI Ha BUX0/i (puc. 27) Ta BU3HAYMMO Napamerpu B i D.

— 002354514 ¢y,

U 20.¢125
Ipyy iz = e — =
K e+ Zp 39382420
st st B
_ 20-e S— 20-e — —0.4508. ¢13808" 4
farcig >0 44,1695 - ¢ 03
J 207 +39.382% ¢ 20 ¢
c1
— e I . .
50 Mk®
L1 L2
Usx e 80 mlH leux.x3
R2
30 Om
R1
. {1 .
20 Om

Puc. 27. Cxema womupunomocnuka 6 pescumi K3 na 6uxooi

i25° .
p=_Usx _  20-¢ — 44.1696 /5% Oy

Ipix ks 04528 ¢~i3808°
-i38.08°
b lm_04528-¢7

Ipixks 04528713808
JInst po3paxoBaHHMX 3HA4YCHb IMapaMeTpiB YOTHPUIIONIOCHUKA HEO00-
X1JTHO TIPOBECTH MEPEBiIPKY 3a CIiBBiHOIICHHSIM
AD-BC =1.
[TincraBuBIIM YMCENbHI 3HAYEHHS PO3paxOBaHUX A-IapameTpiB 4o-
TUPHUIIOIIOCHUKA, OTPUMAEMO:

51



20141214 .1_ 44 1696 ¢/6398° .0.0035. ¢—14514" _
=2.014-¢%1%" _1.038-¢179%" =1.9884+70.3199—0.9875—

—i0.3197 = 1.0009+70.0002 = 1.0009 -/ %0115° < 1.

[IpoBenena nepeBipka BUKOHYETHCS 3 TOCTATHBOK TOYHICTIO, TOOTO
A-TlapaMeTpH YOTHPUTIONIOCHUKA PO3paxoBaHi BipHO.

Ilpuknao po3eé’azanna 3aedanna 3.1. Pospaxyemo mapamerpu
MIJICHITIOBAJILHOIO Kackajay Ha OinonsipHomy Tpansuctopi KT397A,
BKITIOYEHOMY 32 CXEMOIO 3 CIUTbHUM eMiTepoM (puc. 1), skmo Ky = 22
OE, fH= 50F14,f3= 60KF1/}, My= 1 05, M3=2 dE; Ex= IOB, Ry =
1 kOm, Ry = 0.05 Ry = 0.05 - 1000 = 50 Om. Ilpu npoBeneHHi po3pa-
XYHKIB OyZIeMO BUKOPHUCTOBYBATH BXIJIHY Ta BHXIJIHY CTATUYHI XapaKTe-
pucTUKH TpaH3ucTopa (puc. 28).

1. Crioyatky mpoBOAMMO PO3PAaXYHOK IMiJICHIIOBAILHOIO KacKamy 3a
MTOCTIHUM CTPYMOM. 3a YMOBOIO CHMETpii poO0Y0T1 TOYKU Ta 3311 3a-
Oc3reueHAs] MaKCHMaJIBHO MOKJIMBOI aMILIITYIH HaIlpyrd Ha BHUXOII
TTOTEHITIA)T Ha KOJIEKTOPi BUOMPAIOTH SK TOJIOBHHY HAIPYTH >KUBIICHHS,
10010 Ug = 0.5 Ex. IlOTEHITIaN emiTepa Ta craa Hanpyry Ha onopi (hijib-

Tpa BHOHMPAOTh B Mekax Ug :URd, = (0.05....0.15) - Ex. Tomi Ugg= =
Ug, = 0.5 (Ex — Ug). Onnak 3a npyrum 3akoHoM Kipxroda 060B’s13K0-
BUM € BUKOHAHHS YMOBU Uy + URK + Ug+ Uqu = Ex. Tomy:

Ug=05"Ex=05-10=5B;
UE=UR¢ =0.1"Ex=0.1-10=1B5;

Uke=Ug, =04 Ex=04-10=4B.
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Iy, MA F - I MRA Uea=0 58
! R3
V4 all .
7 70
6 — 60 &
5 = 50
4 e 40 [
|
3 et 30 I E
2 A — 20
[ Bl 6
0 5 10 15 20 25 30 Uy, B 04 06 08 Uy,8

Puc. 28. Buxiona (a) ma exiona (6) xapakmepucmuxu mpanzucmopa KT3974

3a ciMelCcTBOM BUXIJHUX CTaTHYHHX XapaKTEPUCTUK TPaH3UCTOpa
BHOUpPaeMo cTpyM 0asu (MPH LOMY B OUIBIIOCTI MPAKTHYHUX BHUIIAJIKIB
BHOMPAIOTH JIPYTY, TPETIO, YETBEPTY a00 I’STYy CTATUYHI XapaKTEePHUCTH-
KM TPaH3UCTOpa, HE PaxXyloud XapaKTEPUCTUKY ISl PEKUMY XOIOCTOTrO
X0y Ha Bxomi npu Iz = 0). Ha neperuni BUOpaHoi CTaTHUHOT XapaKTepH-
CTHKH Ta BEPTHKAJIBHOI MPSAMO] JIiHIT A7 pO3paxoBaHOrO 3HAYEHHS Ha-
npyra Ugg = 4 B BiaMidaemo poOody TOYKY TpaH3WUCTOpa i IJIs Hel BU-
3HAYa€EMO 3HAYEHHS MOCTIHOro cTpyMmy Komekropa Ix = 2.25 MA. [ami
3a BXITHOIO XapaKTepuCTUKOIO TpaH3zucropa st Uxg # 0 Ta BUOpaHOTO
cTpymy 6a3u Iy = 30 MKA BU3HAYAIOTH CHaj HAIIPYTH MK 023010 Ta eMi-
tepoM Tpanzuctopa Ugg = 0.9 B, skuii s TpaH3UCTOPIB MPOBITHOCTI n-
p-n OyJe TO3UTUBHUM, a JUIS TPAH3UCTOPIB MPOBITHOCTI p-N-p — HETaTH-
BHUM. TakuM YMHOM BH3HAYAIOTh ITOJIOKEHHS POOOYMX TOYOK TPaH3HC-
TOpa Ha BXiMHIN Ta BUXIAHIA CTATHYHUX XapaKTEePUCTHKaX. B iHauBIAY-
abHIA poOOTi 000B’SI3KOBO MalOTh OYTH HaBeJeHI KCEPOKOITii a00 CKaHU
BXiIHOT Ta BUXIJTHOI CTATUYHHUX XapaKTEPUCTUK TPaH3UCTOpA 3 BigMide-
HUMU TIOJIOXKEHHSAMHU POO0UO0T TOUKH.

[Napamerpu Tpan3ucTopa B poOouiil Touli (CTpyM emiTepa Ta CTaTH-
YHUI KoeillieHT mepenayi cTpyMy TPaH3UCTOpa, BKIFOYEHOTO 3a CXe-
MOIO 3 CITUTLHUM €MiTepOM ):

-3
Ip=15+1x =0.034+225=2.28 md; My =I—K:%:75
Iy 30-10
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3a IOBIZHMKOM IIO TPaH3HCTOPaxX HEOOXiIHO MEpEeBIpUTH, UM HE Tie-
PEBUIILlye PO3pPAaXOBAaHE 3HAUEHHS /,,; MAaKCHUMaJbHO JOIYCTHUMOIO JUIs

naHoro Tpansucropa (s tpansucropa KT397A hy g .. =300, T06TO

PO3paxyHOK MOXKHA IPOAOBKYBATH).
Po3paxyeMo omopu pe3sucTopiB B KOJIax KOJIEKTOpa Ta eMiTepa:

U
Ry =R -4 5 =1.778x0x;

Iy 225100

e L _4390u

e " 228100
Hnst Toro, mod po3paxyBaTH MOAUILHUK B KON 0a3u, HEOOXiJIHO 3a-
JaTHCS CTPYMOM IOJAUIbHHUKA, AKUH BUOMPaIOTh B Mexax (5+15) Iy mis
HiBUIIEHHS cTabimbHOCTI pobotn cxemu. Bubepemo [;=10-I5 =

=10-0.03=0.3 mA4,toxui:

o Ex=Ury ~Us _ Exc—Ur, ~Uss ~Us _
L _10=1~05-1 = 21.52x0m;
(0.3+0.03)-107
Ry=Yp YU 091 _ 453,04
I I 0.3-10
U
Ry 1 —3880m.

Ry = = 3
Ip+Ip+1g (225+0.3+0.03)-10
3a BXiIHOIO Ta BUXIAHOIO XapaKTEPUCTHUKaMH TPAaH3UCTOpa BHU3HAYa-
€MO BXIITHUH 1 BUXITHHHA OIOPY TPAH3HUCTOPA (K BiTHOIIEHHS MPUPOCTIB
BiJIMOBITHUX HATIPYT Ta CTPYMIB B pOOOUil TOUIIi) Ta HOT'O KPYTH3HY:
AU 0.03
Al 0.01-107
AU 2.5
Al 0.4-10°
g- hy g Al _ 75-0.01 _»s M_A
AU g 0.03 B
ExBiBaJIeHTHI BXiIHHIA Ta BUXiJHHIA OIOPY IiICHITFOBAYA;
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1 1
Rox.2xs = R+ R+ R, 1/21520+1/6330+1/3000
Rppx. exs = : = :
' Ry + Ry +Rgyy  1/1778+1/1000+1/6250

Ha npomy po3paxyHOK IiJICHIIIOBaYa 3a MOCTIHHUM CTPYMOM 3aKiH-
YEeHO, TOMY TIEPEXOJMMO JI0 PO3PAaXyHKIB Ha 3MIHHOMY CTPYMI.

2. KoeditieHT miicHIIeHHsI HANPYTH B Aiala3oHi CepeIHiX 4acToT:

Ky = SRy g = 0.025-580=14.5 (23.2 05).

SKuo B pe3ynbTaTi po3paxyHKiB OTPUMaHO KOeilie€HT MmiCHIeHHS
HaTpyry, OUTHIINI 3aJJaHOr0 B 3aBJaHHi (B pO3B’S3yBaHOMY MPHUKIAJI
Ku.ax = 22 1b), TO po3paxyHOK MOXHa TPOJOBKYBATH Jalli, a SIKIIO Hi —
HEOOXIIHO TIOBEPHYTHUCS JI0 BUOOPY MapaMeTpiB TpaH3ucTopa B podouiit
TOUYI[l 1 MOBTOPUTH PO3PAXYHKU JIO OTPUMAHHS HEOOXITHOrO 3HAYCHHS

=18590m;

=5800m.

koedimieHTa mijcuiieHHst Hanpyru Ky .
KoedimienTn mincuiaeHAs Kackamy 3a CTPYMOM Ta MOTYKHICTIO:
K, = Ky Rpx exp _ 14.5-1859

Rpix ek 580

Kp=K, K, =145-46475=67389 (28.29 05).
PozpaxoBani koeimieHTH MiACHICHHS HEOOXITHO BU3HAYUTH SIK Y
BITHOCHUX OMWHUIIAX (pa3ax), TaK i B JIorapu(PpMITHUX ONWHHIISAX (ICIIH-
Oenax), Mpu IIbOMY BUKOPHCTOBYIOTHCS TaKi IMpaBUJjIa MEPEPaxyHKy:

K, (05)=20IgK, ; K,;(05)=20IgK,; Kp(05)=10lgKp;

K, = 10%05Ku (0B) K, = 10%05K; (0B)

=46475 (33.34 05);

: ; Kp= 10%1Kp (()5).

Jaui HeoOXiqHO BU3HAYMTH €MHOCTI pO3ALUTOBUX KoHAeHcaTopiB Cp;
ta Cp; 32 YMOBH, III0 YACTOTHI CIOTBOPEHHS Ha HIKHINA 4acTOTi po6ov0-
ro miamasony fy =50 I'y He nepeBunrytoth 1 0b. [lyi1 bOro po3aiIuMo
3aJaHi 4YacCTOTHI CIIOTBOPEHHsS MiX JIBOMa KOHJIEHCATOpaMHU IOpPIBHY,
TOOTO My nomp = 0.5 05 = 1.059, Toni:

1
Cpr 2 =

2
27 fu Rpx . xs \/MH‘nomp -1
1

2.3.14-50-1859-1/1.0592 — 1

=4.9 ux®;
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1
CP2 2 =

2
27 fuRpux. exs \/ M 1 pomp =1

1

2.3.1450-580-1.059 -1

st Toro, mo6 mepeBipuTu, 4yu He OyayTh YaCTOTHI CIIOTBOPEHHS Ha

BEPXHI YacTOTI MEepEeBHIYBaTH 3aJaHOr0 3Ha4eHHS 2 Ob, 3HaijeMo
CTajly yacy Ha BEpXHill 4acToTi podoUoro Jiama3ony:

7 = CoRpux.gxe = (Cpux +Cypr ) Rpyx pxp = [CK(1+ by )+ CM]X
X Rpuy 5xg = [1.3-10—12(1+75)+10-10‘12]-580= 0.063-107 ¢,
ne Cx = 1.3 n® — eMHICTh KOJIEKTOPHOI'O TIEPEX01y TPAH3UCTOPA;
Cv= (5 +15) n® — eMHICTh MOHTAXY.
[epeBipumo, un OyJe BUKOHYBAaTUCh yMoBa Mp < 2 0b = 1.259 mis
BEPXHBOT YACTOTH POOOYOrO Jliana3oHy:

VME-1 V1259 -1
27ty 27-0.063-107°
110 3aI0BOJILHSC BUX1AHI JaHI.

€MHICTD KOHICHCATOPA B KOJII eMiTepa BU3HAYAETHCS TAKWM CITiBBiJ-
HOIICHHSIM:

=15.7 mx®.

=1933«ly,

fp=60kly<

> 10 _ 10

2 fyRp  2m-50-439
a emHIcTh pimbTpa Cy (6IOKYBaTHHOrO KOHACHCATOPA) BU3HAYAIOTH BH-
XOJISTYH 3 BHYTPIIIHBOTO OMOPY JUKEperia KUBJICHHS:

> 10 = 10 =637 mxP.

27 fyuRy,, 27-50-50

TakuMm 4rHOM, PO3paxoBaHO HOMIHAIM €JIEMEHTIB MiACHIIIOBaYa, SIKi
HeoOXiTHO 3a0e3MeunTH IS peatizallii 3a/JaHuX TEXHIYHIUX BUMOT.

=725 mx®,

Cr

D

Ilpuknao po3eé’azanna 3aedanna 3.2. Po3paxyemo mnapamerpu
eMiTepHOro MOBTOPIOBava Ha OimomsipHoMy Tpanzuctopi KT397A (puc.
2), axmo Kp = 23 05, fy =100 Iy, fz = 800 xl'y, My = 1.5 0b, Mz = 0.1
0b, Ex =10 B, Rpxy = 0.8 kOm, Cpyxyy = 55 n®. Ilpu npoBeneHHi po3pa-
XYHKIB OyZ€eMO BUKOPHUCTOBYBATH BXi/JIHY Ta BUXiIHY CTaTU4HI XapaKTe-
pHUCTUKHU TpaH3ucTopa (puc.28).

1. CnovaTky IpOBOAATH PO3PaxyHOK MapaMerpiB TpaH3UCTOpa IIij-
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CHJIFOBAJIBHOTO KAaCKaJly aHaJIOTiyHO 3aB/aHHIo 3.1, 1.1, omHak craau Ha-
IpyT B PI3HUX TOYKAX CXEMH BUOUPAIOTh TAKAUM YHHOM:
Ugy =(0.05..0.15)E . Up =(0.25..0.55) E ;
Uke :E)K_URQ, -Ug,
1o 3a0e3neuye 3MEHIICHHS PiBHS IIYMiB.
Bubepemo Ug, =0.1E; =0.1-10=13,
Up=05E,;=05-10=58B,
Ugp =Ex ~Ug, ~Up =10-1-5=4B.
Pobouy TOYKY Ha CTaTUYHHUX XapaKTEPUCTHKAX TPaAH3HCTOpa BUOeE-
pemMo aHamoriyHo 3aBfaHHIO 3.1, mpu upomy [z =30 mkA,
Iy =225mA, Ugp =09 B, Ip =1 +15=228mA, hy g =75.
3HaueHHs ONOpY pe3nucTopa Ry BH3HAYAIOTH TAKMM YHHOM:
Ug _ 5
Iy  228-107
Jis po3paxyHKy OIOpiB 0a30BOro MOIIbHHKA HAIIPYT'H BHOEpEMO
1,0 =(0..15)[ 5 =10-0.03=0.3 mA, Toni:
Ey-Ugy ~Up  10-1-09-5

Ry = =21930m.

Ry =R +R, = = =93940m;
- Loy +15 (0.3+0.03)-107*
Ry =Ry +Ry =28V _ 095 196660,
Luoo 0.3-107

Hani onopu pesucropis R, R,, R; 1 R, BU3HAUalOTh TAKUM YHHOM:
R, =(0.3...0.5)R5 =0.5-9394= 4697 Owm ;
R, =Rg — R, =9394—-4697=4697Owm;
R, = (0.3...0.5)R52 =0.5-19666=98330m;
Ry =Rg, —R, =19666—-9833=98330m .
€mHocti konnencaropis C; ta C, po3paxoBYIOTh 32 YMOBH iX Ma-
JIOTO OTOPY y MOPIBHIHHI JI0 BIIMOBIIHUX PE3UCTOPIB HA HIDKHIHM YacTo-
Ti poO0YOTro MianazoHy:
1 1

¢ 2 = =339 ux P,
027 fyR, 0.2-3.14-100-4697
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1 1
C2 > =
027 fyRy 0.2-3.14-100-9833

Omip pe3ucropa R; BU3HAYAIOTh 33 TAKUM CITIBBIIHOLICHHSM:!

Rp=— ko Ure 1 =3880m.
Ig 41y +15  Ig+1,, (2.28+0.3)107
3a BXi/IHOIO Ta BUXIJHOIO XapaKTEPUCTHUKAMH TPAH3UCTOpa aHaJIOri4-
HO 3aBAaHHIO 3.1, 1.1 BU3HAYaIOTh BXIIHUH Ta BUXITHHUN OMip TpaH3MC-
TOpa 3a CXEMOIO CIUTLHUI eMiTep, a TAKOXK HOro KpyTH3HY (B 3B’SI3KY 3
THM, IO PEXUM POOOTH TPaH3UCTOPA 3AJUIIUBCS aHAIOTTYHUM 3aBJaH-

=1.62 ux®D .

A .
HIO 31, TO RBXCE :3 KOM,' RBHXCE = 6.25 KOM; S = 25 %) B 1H-

JMBiTyanbHiA poOOoTi 00OB’SI3KOBO MaroTh OyTH HaBeJeHI KCEpOKOIMil
a00 CKaHM BXiJJHOT Ta BUXIJIHOT CTATUYHUX XaPAKTEPUCTHK TPAaH3UCTOpA
3 BIIMIYCHHMH MOJIOXKEHHIMH poOouoi Touku. Ha oMy po3paxyHoOK
MICUTIOBAJIEHOTO KacKaay Ha TIOCTIHHOMY CTPyMi 3aKiHYCHHH, TOMY
TIePEXOIATh 10 PO3pPaxyHKIB HA 3MIHHOMY CTPYMI.

2. Omip HaBaHTaKEHHS KacKaAy JJIsI 3MIHHOTO CTPYMY

Re = RH 'RBX.Hacm — 2193-800 :586OM.
= RH +RBX.Hacm 2193+800

Koedirient nepenadi emiTepHOro MOBTOPIOBaYa 3a HAPYT OO
SRy 0.025-586 0936

T1+SR;  1+0.025-586

Bxigawmii 1 BUXITHUI OMOPH TPaH3UCTOPA 32 CXEMOIO IIOBTOPIOBAYA!

Ry ki = Rax cx(1+ SRy ) =3000- (1+0.025-586) = 46.95 kOm ;
R 6250
R = ZBUXCE _ =4000m .
BHX-EIL 1L SRy~ 1+0.025-586

Jauti po3paxoByIOTh BXiTHUH Ta BUXIJTHUN OMOPU CXEMU:

Ky

R R
Rpx gi1.ece = Rpx e |:R1 + 1 12( } {R4 + 1 13{ } =
— Ry — Ry
— 1 —_—
B 1 1 1 a
+ + R
Rpx £n R + R, + 3
— Ky 1-Ky
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1

S - 1 - : =248610m;
1-0.936 1-0.936
] 1
Rpyix £l exe =§ HRZ H Ry g = 1 1 -
S+—+

Ry Rpyy en
= 11 = 34.24 Om.

0.025+ —+—

586 400
B pe3ynbraTi IpoBeACHUX PO3PaXyHKIB BU3HAYAIOTh KOSPII[IEHTH ITi-
JICUJICHHSI eMITEPHOr0 MOBTOPIOBAYa 32 CTPYMOM Ta TMOTYXHICTIO (B pa-

3ax Ta genuOenax, IuB. 3aBAanHs 3.1, m.2):
RBHX.EH.eKe 34.24

Kp poy =KyK; =0.936-679.6=6361 (28.0405).

Po3paxoBane 3HaueHHs KoedillieHTa MiACHICHHS IOTYXKHOCTI Mae
OyTH OinblIe 3aITaHOrO B 3aBaHHI (B PO3MVIIHYTOMY IPHKIaI HEoOXi-
He 3HadueHHsd Kp = 23 0b).

3. €EMHICT PO3B’I3yBATBHOTO (PUTETpa BU3HAYAETHCS SIK

> ! = L =
0.27 fyRy  0.2-3.14-100-388

Jaui HeoOXiqHO BU3HAYUTH €MHOCTI pO3ALTOBUX KoHAeHcaTopiB Cp;
Ta Cp, 32 YMOBH, II0 YaCTOTHI CIIOTBOPEHHS Ha HIDKHIN 9acTOTi poOovo-
ro mianasony fy = 100 [’y He NEepeBUIYIOTh 3aJaHOTO 3HAYEHHI My =
1.5 ob. JIns uporo HEOOXiHO PO3AUTUTH 3a/1aHi YaCTOTHI CIIOTBOPEHHS
MDX JIBOMa KOHIEHCATOpaMH TPy BUKOHAHHI YMOBU My (05) = My (0b)+
+M;2(0b) 1 mepeBecTn oTpuMaHi pe3ynbratd 3 b B pa3u. bynemo BBa-
AT, 110 PO3JIIIIOBI KOHJICHCATOPH BHOCSTH OJHAKOBI YaCTOTHI CIIOTBO-
peHHs, T00T0 M gy =M 5, =0.7505=1.09. Toni:

1 1
2 B 2
1 1

27 fu Ry mrmoce NM s =1 2-3.14-100-34.24-1/1.09% -1

=6796 (56.6505);

41 mxD.

Co

CP] > =148H¢,

=107 ux .
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4. YacTOoTHI CIOTBOPEHHS B 00JacTi BUCOKHUX YaCTOT PO3PaXOBYIOTh

3a TAKUMH CITiBBIJTHOIICHHSIMH:
Mp g = \/1+m12217 \/1+w1237§.EH ,
Fy 800-10°
f.p 100-10°
f.p—TPaHMYHA YACTOTAa TPaH3MCTOPa (BH3HAYAETHCS 3 JOBINHHKA,

st tpansucropa KT397A f,, =100 M1y );

m 0008
1+SRy 1+40.025-586

EMITEpHOT0 TIOBTOPIOBAYA;
Cy= (1 0...20) n® — eMHICTb MOHTAXY;

Co = Cpux +Ciy = Cie(l+ Iy )+ Cpy 1y +Coy =
=1.3-(1+75)+55+15=1688 n®— exBiBajeHTHa MNapasUTHA €M-

e m= =(0.008 —9aCTOTHUH KOC(IIlIEHT;

Mg = =5.11-10"* —uacroTuuit koedirienT

HICTh MiJCHTIOBAIEHOTO KacKaIy;
CoRy  1688-107'%.586
1+ SRy 1+0.025-586

HOT'O TIOBTOPIOBaya Ha BEPXHIN 4aCTOTI;

Mg g :\/1+ (5.11-10*4)2 \/1+ (2 :3.14-800-10° -6.32-10*9)2 =
=1.0005 (0.0043805).
Po3paxoBaHe 3HaYeHHS YaCTOTHUX CIIOTBOPEHb Ma€ OyTH MEHIINM
3a[JaHOTO 32 3aBJAHHAM (B PO3TIITHYTOMY TIPUKIami Mp ;.0 = 0.1 OF).
BenmarHa BXimHOT €MHOCTI €MITEPHOTrO TOBTOPIOBaYa
Cpy g7 =Crp =13nd.

TakuM 4MHOM, B pe3y/nbTaTi MPOBEAECHOIO PO3PAXYHKY €MITEPHOIrO
MIOBTOPIOBAaYa PO3PAXOBAHO HOMIHAM BCIiX €JIEMEHTIB CXEMHU.

™% D = 6.32 Hc — cTama Yacy emiTep-

Ilpuknao po3eé’azanna 3aedanna 3.3. Po3paxyemo mnapamerpu
€JIEMEHTIB CXEMH KaCKaJly KiHIIEBOTO TiICUIIEHHS, SKILO TUIIH TPAH3HUC-

topiB: VIT'1 — KT503b; VT2 — KT814A; VT3 — KT815A; VT4 ta VTS5 —
KT819B; BuximHa notyxHIicCTh Ppyy = 50 BT; xoedimieHT mimcuneHHs
notyxHocti Kp= 25 ab; onip HaBantaxeHHst Ry =4 OM; HUKHS yacToTa
pobouoro gianaszony fy= 150 I'y; BepxHs yacToTra poOOYOro miama3oHy
f3=20 kI';; 9aCTOTHI CHOTBOPEHHS B 00JIACTI HYDKHIX Ta BEPXHIX YaCTOT
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BignoBimHO My = 0.5 n1b Ta Mp= 0.2 nb; Hanpyra xxuBneHHs Ex= 48 B.

1. Ha BUXiTHUX CTaTUYHUX XapaKTEPUCTUKAX KIHI[CBUX TPAH3HUCTOPIB
VT4 ta VTS5 tuny KT819B Bu3Hauaemo MiHiManbHe 3HAUCHHS HAMIPYTH
Ha KOJIEKTOopax

UK min (VT4,VT5) = 2 B.
2. 3HaX0IMMO aMILTITYIU IMITYJIbCIB KOJIEKTOPHOI HAIIPYTH 1 CTPyMY:
UKm(VT4,VT5) = Y ~Uk min(vra,vrs) = 7_2 =22B;
Ukm(vravrs) 2
3. Cepe/iHe 3HAYCHHS CTPYMY, CIIOKMBAHOI'O BiJ JKepena >KUBJICHHS

TpaH3UCTOpaMHU KiHIleBOro kackany VT4 ta VTS5, ta crnoxkuBaHa HUMH
MOTYXHICTh!

I'o =(0.05..0.1)- I, (vra vrs) = 0.08-4.545=0.364 A ;

L gm (vra,vrs) = =4.5454.

Lo(vra,vrs) =032 [IKm(VT4,VT5) +1K0(”_1)]=
=0.32-[4.545+0.364- (7 -1)]=1.704 A;
MaxkcuManbHe 3HaYeHHS KOJIEKTOPHOI'O CTPYMY
Lkmax (vra, vrs) = Lkm vra, vrs) + Lo ovra, vis) = 4.545 + 1.704 = 6.25 A,

10 MEHIIIE TOITyCTUMOr0 CTPyMYy AaHoro tpanzuctopa (10 A).
4. IToTyXHicTh, po3CifOBaHa Ha KOJIEKTOP1 KOKHOTO TPAH3HUCTOpa

1
F (vr4,vrs) — EUKm (vra,vrs\ km (vra,vrs)
Py (vr4,vrs) = > =
81.8—1-22-4.545
= 2 =159 Bm < Py ,,, =60 Bm.

2
5. Ha ciMeHcCTBI CTaTHYHUX XapaKTEPUCTHK TPAH3UCTOpPA 32 BiJOMH-
MU 3HAYEHHAMH Lk (74, v15) s Ukm (vra, vrsy s Exs Ugomin (vr4, vrs) BA3HAYAEMO:

Upnm (VT4, VT5) = 0.38 B;  Igmr, VTs) = 95 mA;
) (VT4, VT5) — 21 MA; Uso (VT4, VT5) = 0.88 B.

6. 3HaxoaMMO BXiIHUI OMip 3MIHHOMY CTPYMY AUISIHKH Oa3a-eMiTep
Tpan3uctopiB VT4 ta VTS:
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Ubm(vra,vrs) _0.38

Igy(vravrs) 95-107

7. Buznauaemo Hominanu onopiB R2 ta R3 1 ix tum:
R2=R3=(5..10)Rgx _ (vr4,vrs) = 10Rgyx _ (vr4 vrs) =40 Onm.

Bubupaemo omip pesucropiB R2 ta R3 40 Om.

8. 3HaxoAnMMO BXiHUH OIip IJIeua 3MiHHOMY CTPyMY Ta IiKOBE 3Ha-
YeHHS BXIIHOTO CTpyMy TpaH3ucTopiB VT4 ta VT5:
Rpy - (vra,vrs)- R2 _4-40

Rpy - (vra,vrs) = =4 0Om

=3.64Om;

Rpx 1~ (vra,vrs)

Ubm(vra,vrs) _ 038

Rpx 111~ (vr4,vrs5) 3.64

=0.104 4.

IEmax(VT4,VT5) =

9. Po3paxoByemo cTpyM criokoro TpansuctopiB V12 ta VT3:

U
Yso0ravrs) _ 0714 938 _,043.4.
R2 40

10. Buznauaemo BipHICTh BUOOPY Tpan3ucTopiB VI2 ta VI3 3a mak-
CHUMaIbHUM CTPYMOM:

Ixo(vr2,vr3) = Lpo(vra,vrs)+

Tko (vra,vr3) + L5 me (vr4,vrs) < Fvnan o (vr2,vr3),
0.043+0.104=0.1474<1.5 4,

YMOBa BHKOHYEThCS, TOOTO TpaHzuctopu V12 ta VI3 3a ctpymom
BUOpaHO BipHO.
11. Pozpaxyemo pexxum TpansuctopiB VI2 i VT3 3a mocriiHEM

CTPYMOM:
Uko(vr2.vr3) =05Eg —Ugo(vra,vrs) =0.5-48-0.88=23.12 B;
UKmin(Vrz,Vr3) = UKO(VT2,VT3) _UKm(VT4,VT5) ~Ugm (vr4,vrs) =

=2312-22-0.38=0.74 B,

33, BXi,HHI/IMI/I XapaKTCPUCTUKaMH TpaH3HCTOpiB BHU3Ha4Ya€MO:

Usmr, vryy = 0.22 B, Iy vra, vr3) = 3.8 MA;
Iy (VT2, VT3) — 0.9 mA; Uso (VT2, VI3) = 0.38 B.

3a BHUXIiJHOK XapaKTEPUCTHKOK BCTAHOBIKEMO PO3MaxX aMILTITYIH
BUXIiJIHOI HAIIPYTH:
Uk (vr2, vr3) = Urko vrz, visy— Ukmin vrz, vrsy = 23.12 = 0.74 = 22.38 B,
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1110 OUIbIIE aMILTITYAU KONeKTOpHOI HANpYTu Uy (vr4, vrs) = 22 B.
12. 3HaxX0AMMO BEIMYMHHU KOJEKTOPHOI'O CTPyMy Ta TOTYXHOCTI,
CHOXHMBAHOI Bijl JDKEpelia KUBJICHHS:

Iy(vr2,vr3) =032 lIKm(VTZ,VT3) + IKO(VT2,VT3)(7T—1)J=
=0.32-[0.147+0.043- (7 —1)] = 0.076 A;
PO(VTZ,VT?)) = EKIO(VTZ,VT3) = 48 0076: 3648 Bm.

13. Bu3HayaeMo MOTYXHICTh, PO3CIFOBaHY Ha KOJIEKTOP1 TPaH3UCTO-
piB VT2 ta VT3:

1
By (vr2,vr3) — EUKm (VT2,VT3)IKm (vr2,vr3)

Py (vr2,vr3) = > =

3.648—%-22.38.0.147

> =1Bm < Py 5., =10 Bm.

14. 3Haxo MO BXITHUH OIip 3MIHHOMY CTPYMY JUISIHKH Oa3a-eMiTep
Tpan3uctopis V12 ta VT3:

Ubn(vra,vrs) 022
Igu(vravrs)  3.8:107

15. 3Haxomumo omopu 3MiHHOMY cTpymy BepxHboro (VT2 ta VT4) i
HwKkHBOTO (VT3 Ta VT5) muredet ckiraxoBUX MOBTOPIOBAYIB:

=580wm.

Rpx - (vr2,vr3) =

I gom (vr2,vr3
Rpy s = Rpx - (vr2,vr3) * Rex.- (vra,vrs) ZKn(72,V73) +

L gm (vr2,vr3)
I
bRy 0TV sy 364. 01Ty 338 4gg30,
5 (vr2,vr3) 3.8-10 3.8-10
I
Rt = Rox - (rra,vra) + Ry~ _ s g, 398545400,
L (vr2,vr3) 3.8-10

16. BusHayaeMo HEOOXiHY aMIUIITYAy HAmpyrd 30yIOKEHHS, IO
3HIMA€THCS 3 OIOPY HAaBAaHTAXKEHHS Ry :

Uss= Uk ovr2, vr3) + Upmvrz, vrsy = 22.38 + 0.22 = 22.6 B.
17. O6uuCII0EMO BETUUUHY CTPYMY CIIOKOIO TpaH3ucropa VT1:
IK() VTl 2(]2]3) [IKmin yri + IEm(VTZ, VT3)] =1]1.25- ([ + 38) =6 MA.

[Ipuiimaemo Iy yr; = 7 MA.
Heo0xigHoro ymoBOI0 mpaBuiIbHOCTI BHOOpY Tpaniuctopa VIl €
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21](() VTl = ]4 MA < IKmax don VTI — 300 MA;

10 BUKOHYETHCS Ha MPAKTHIII.
18. Po3paxoByeMO oOmip HaBaHTaXKCHHS IOMNEPEAHBOrO KacKary ITij-
cuieHHS Ry; Ta HOro TUII:

Ry = 04 Eg _ 0.4-48 918201,

Ixovri +21go(vra,vr3)  7-107° +2-0.9-107

19. Buznayaemo Benuunam onopy R1 ta emuocti C i ix tum:

2U .
Rl = B0 (VT2,VT3) _ j 0.38 _ 96 0m;
Txovr1 +1po(vr2,vr3)  7-1007+0.9:10
10..15 12.5 138 kD

T 271 fyRl 2-7-150-96
i BUOOpY THITY PE3UCTOPIB CXEMHU PO3PAXyYEMO MOTYKHOCTI pe3nc-
TOpIB:
2U : 2
R = ( EO(VTZ’V”))Z = (2:038) =6 uBm;
R1 96

(04Ex) (0.4-48)

Pr, = R T =169 mBm.
TaxuM 9HHOM:
R1: C2-22-0.125-96 Om £5%; R2: C2-22-0.125-40 Om +5%;
R3: C2-22-0.125-40 OMm £5%; Ry : C2-22-0.25-2.2 xOMm +5%;

C: K50-6-150 mx®x100 B £20%.
20. 3HaxonuMOo BeNUUMHY KosiekTopHOl Hanpyru Ugy yr; Ta mepeBipsi-
€MO BIpHICTS ii pO3pPaxyHKY:
Ukovri = Ex— (Igo vri + 2150 vr2, vr3)) RI — 2 Ugg o2, yr3)— AUgre =
=48—-(0.007 + 2 -0.0009) -96 -2 -0.38 - 0.8 -48 =8 B.
21. BU3HauYMMO HOTY>KHICTb, III0 PO3CIIOETHCSI HA KOJIEKTOP1 TpaH3MC-
topa VTI:

Ry, —RuiRevs _ 21824983 500/ .
Bl R+ Roy 5 2182+4983 ’
U2 22.6°
Poori = IeavmilUeovr ——25— =0.007-8— =
kvr1 ={kovriVkovri 2Ry 2-1518
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22. Po3paxyemo KoedimieHT KOpUCHOI [ii miICHIoBa4a MOTY>KHOCTI:
) 48-(0.043+1.704)

77:

=59.6%.
Eyg (IKO(VTZ,VT3) +1o(vra,vrs)

23. KoedinienTn nepenavi Hanpyru eMIiTEpHUAX TOBTOPIOBAYIB:

Uk (vr4.,vT5) 22
Ky g (vra,vrs) = : = —0.983
( ) Ugm(vra,vrs) TUpmvra,vrs) 22+0.38
- Ukm (vr2,vr3) 2238

KUEH Vra,vrs3 = = 0.
( ) UK’”(VTZ,VT3)+UBm(VT2,VT3) 22.38+0.22

24. BusHaueHHs KoeillieHTa MiZCUICHHS ITOTY>KHOCTI.
Bxinna xonuBaibHa noTyxHicTs KKIT

P (UKm(VTZ,VT3)+UEm(VT2,VT3))IEm(VT2,VT3) B
BX = =

2
_ (2238+022)-38-10°

2
Koedimient miacunenns noryxaocti KKIT

P 50
K =10lg 81X =101/
i =58 T £ 0.04294

sIKE TIEPEBUIILYE 3a1aHe 3HadYeHHs 25 nb.

25. Bu3HaunMo BENMWYHHY PO3AUIOBOI €MHOCTI Ta 1i Tum (st My =
=0.5 nb = 1.059):

=42.94 uBm.

=11644 (30.6605),

1 B 1
2.7 fy Ry ME—1 2-7-150-4-\/1.059 —1
Bubupaemo Cp tumry K50-6-820 mx®x100 B £20%.

26. YTOYHIOEMO BEITHMYHNHY YaCTOTHHUX CIIOTBOPEHB B 001acTi BY:
Cy =(10..20)no;

Caux (vr2,vr3) = Ck (vr2,vr3)" 1 E min (vr2,vr3) = 60-40=2400n®;
CO(VTZ,VT3) = CBHX (VTZ,VT3) + CK (VTZ,VT3) + CM = 2400+ 60+ 15 = 2475}’1@,

Cowra.vr3R2 24751072 .40

Cp>

=760 uxD.

TB.EH(VTZ,VT3): :4.714HC,'
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2
My yra,vr3) =41+ S X\/l+w%T123.EH(VT2,VT3) =
Jya1k (vr2,vr3)

2
=./1+ 20 ><\/1+(2'7r-20000-4.714~10_9)Z =1.00000018~1;
474300

Crux (vra,vrs) = Cx (vra,vrs) T min (vra,vrs) =115-15=1725n®;
Co(vr4,vrs) = Crux (vra,vrs) =1725n®;
CovravrsRu 17251077 -4
1+S8o (vra,vrs)Ru 1+1-4

UB.EI (VT4,VT5) = =1.38uc;

2
f
Mg yravrs) =4 1+ ——L—— X\/l“‘w%ﬂém(vm,vrs) =
fya1k (vra,vrs)

228620
Mg posp = Mp(vr2,vr3) Mp(ra,vrs)=1-1=1 (005)< Mp non =0.205.
27. BxXigauit ommip Ta BXiJHA EMHICTH KaCKamy:
RBX = RBXB zRBXH: 4842 OM,' CBX: CK: 60 nd.

2
= 1+( 30 j><\/1+(2~7r-20000-1.38-10_9)2=1.000000015z1;
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