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BCTYII

Mema Kkypcosoi pobomu - TpuAOATH HABUYKKA CAMOCTIHHOTO
pO3B’si3aHHS ~ IHXKEHEPHHMX  3aJad [0  PO3paxyHKy Ta  aHalizy
HiACUITIOBAJIbHUX KaCKaMiB.

OcHnoeni 3a0aui Kypcosoi pooomu.

® HAaBUMTHCA KOPUCTYBATUCS TEXHIYHOIO Ta  JOBIKOBOIO
JiTepaTyporo;

® OBOJIOZITH 3aco0amu 1H)KEHEpHOTO PO3paxyHKy
MiICHITIOBATIbHUX KaCKaAiB MO 3aJJaHUM TEXHIYHUM BHMOTaM;

e HaBYMTHCS  BIpHO  BHOMpaTH  TUNH  PO3PAXYHKOBUX
CXEMOTEXHIYHUX eJIEMEHTIB(TPaH3UCTOPIB, OB, pe3ucTopis,
KOHJIEHCATOPIB);

® OBOJIONITH 3ac00aMW aHali3y MiJCHIIOBAILHUX KacKaliB Ha
OEM;

e peamidyBaTH  3HAHHA  [JIIOYMX  HOPMATHBHO-TEXHIYHUX
JIOKYMEHTIB TIpu OGOpPMIICHHI TOSICHIOBAIFHOI 3ammMcKu Ta TpadidHOi
YaCTHHHU POOOTH.

Mema memoouunux 6Ka3igoKk - YNOPSIKYBATH 1 TIOJIETTIUTH
poOOTy CTyHEeHTIB y TpoIeci TpPOeKTyBaHHS Ta  OQOPMIICHHS
HOSICHIOBAJIEHOT 3aITUCKH.

MeToauuHi BKa3iBKH MICTATh SIK PEKOMEHIAIl 3arajibHOro
XapakTepy, TaK i JeTalbHE BHKIAJCHHS METOIHMK PO3PaxyHKY THUIIOBUX
KaCKaJiB I CUI0BAaYa.



1 TEXHIYHE 3ABJIAHHSI

3amaya KypcoBOi pOOOTH - pO3PAXyHOK TPHOXKACKAIHOTO
T ICFUTIOBaYA.

B mpomeci po3paxyHKy HEOOXimHO 3a 3aJaHMMH 1 BHOpaHUMHU
€JIEMEHTAaMU CXEMH BH3HAYUTH HACTYITHI ITapaMeTpH IiICHITIOBAYA;

MOTYXHICTh, 0 BUAIISETHCS B HABAHTAXKEHI, Py,
KoeiieHT MiICHIEHHS MO MOTYXHOCTI B 00JacTi cepeiHix

4acToT, Kpsye;

M, Hzaz
M, Bsaz:

ammtityny EPC mxepena BUXiZHOTO curHaity, €0oic;
KOoeiIlieHT YaCTOTHHUX CIIOTBOPEHb B OOJIACTI HIDKHIX YacToOT,

Koe(ili€HT YaCTOTHHX CIOTBOPEHb B OOJIACTI BEPXHIX YacToT,

BXIiJHHH oI1ip B 00JacTi cepeHix yactoT, Rpysqes;
koedirient rapmoHii, Krq.;
CTPYM, IO CHIOXKMBAETHCSA B [PKEpENa SKUBICHHS, 15,

KKIL Nzaz-

B 3aBmaHHs BXOJUTH TAKOXK PO3PAXYHOK aMIUIITYAHO-4aCTOTHOI Ta
(a304acTOTHOI XapaKTEPUCTUK BUXIJHOTO Ta IEPEIKIHIIEBOIO Kackauy,
BKJIIO4aro4un KouaeHcaropu C3 ta (abo) CS, puc. 3.1.

BxigHumu qaHuMHM JJ18 PO3paxyHKY MiJICHIIOBaYa €:

TUTIM TPAH3UCTOPIB KiHIIEBOTO KacKay;

BEJIMYMHA JDKepeIia KUBIECHHS, .,

OIip HaBaHTAKEHHS MiACKIIOBaYa, R,;

KOoeillieHT acUMeTpii XapaKTepUCTHK TPAH3UCTOPI, ;

BHYTpILIHI# omip JpKepena curHany, Ry

rPaHMYHI YaCTOTU CMYTH npornyckanus, Fy ta Fp;

KOe(illiEHTH YaCTOTHUX CIIOTBOPEHb B 00JaCTi HUXKHIX YacTOT JIJIs
konrmeHcaropie Ci cxemu migcuiaroBaya, M.

BximHi jaHi uis po3paxyHky BuOuparoth 3 Tabn. 1.1 - 1.3 3rigHo
HOoMepy Bapianty. Homep BapiaHTy BH3HAYa€TbCs TPHOMA OCTAHHIMH
nuQpamMu HOMEpPY 3aJiKOBOT KHIKKH.



Hanpuxitag, Homep 3amikoBoi kamkkd - 801410. Llpomy HOMeEpy
BigmoBimae BapianT 3aBmanHs 410. Bxinxi mani mns Bapianty 410 moBuHHI
OyTu Bunucani 3 croBoug 4 tabn. 1.3, cropmus 1 tadn. 1.2 ta 3 croBmus 0
tabn. 1.1.

Tabmumsg 1.1 - Buxigai maHi 11 po3paxyHKY 3a OCTaHHBOIO
uudpoto mudpy

Tun Tun TpaH3ucToOpa Ta BEIUUMHA apameTpa
napam

1 2 3 4 5 6 7 8 9 0

Tun I'T I'T KT KT KT KT KT KT KT KT
VT3 4026 | 4025 | 814b | 8146 | 814b | 8145 | 816b | 8166 | 8166 | 816b

Tun IT IT KT KT KT KT KT KT KT KT
VT4 4045 | 4046 | 8155 | 8156 | 8156 | 8156 | 8176 | 8176 | 817b | 817b

E,. B 12 10 8 16 12 14 16 14 12 10

Ry, OM 15 12 10 8 6 10 8 7 6 5

y.% 15 12 10 15 12 10 15 12 10 15

Tabmums 1.2 - Buxigni mnaxi A po3paxyHKy 3a APYTOrO IHQPPOIO
mndpy

Ilo3u BenuuuHa napamerpy
napameTpy 1 2 3 4 5 6 7 8 9 0
R s KOM 11 12 13 14 15 16 17 18 19 20
Fpy, T 20 25 30 35 40 45 50 55 60 65
Fp kI 6 8 10 12 14 16 18 20 22 24

Tabmuus 1.3 - BuxigHi qasi as1s po3paxyHKy 3a nepiioro mudporo mudpy

[o3n KoedimieHT yacTOTHUX cOTBOpeHb, MH

CIIEMEHTY 1 2 3 4 5 6 7 8 9 0

Cl1, C3, 1,020 | 1,022 | 1,024 | 1,026 | 1,028 | 1,030 | 1,032 | 1,034 | 1,036 | 1,038
G5

C4, Cé6 1,040 | 1,042 | 1,044 | 1,046 | 1,048 | 1,050 | 1,052 | 1,054 | 1,056 | 1,058




2 3MICT NOSAACHIOBAJIbHOI 3AITMCKH

Kypcosa po0oTa nmoBuHHA CKJIaJaTHUCS 3 HOSCHIOBAJIBHOI 3alUCKU
(IT3) Ta rpadiyHoi YacTHHH.

[loscHioBanbHy ~ 3amucky  HeoOximHo  odopmmoBath  y
BigmosigunocTi 3 Bumoramu CTII15-96 ta JICTY 3008-95.

[TosicHIOBanbHA 3aMKCKa MOBUHHA MICTUTH:
TUTYJIBHUH JHCT (JOAATOK A);
TeXHIYHE 3aBAaHHS;
pedepart;
3MICT;
BCTYII;
CJIIEKTPUYHHUHN PO3PaxyHOK KacKa/iB;
PO3paxyHOK pe3yIbTYIOUNX XapaKTEPUCTHUK ITiICHITIOBAYA;

e pospaxyHok Ha OEM xapakrepuctuk BximHoro Ta (abo)
MEPEIKIHIIEBOTr0 KacKa/iB IiJICHIIIOBaYa;

®  BHCHOBOK;

®  CIIMCOK JDKEPEJ, 110 BUKOPHUCTOBYBAIKCE.

OO6csr TOSICHIOBAIGHOI 3alUCKH TMOBHHEH Oyt y Mexax 20-25
JIMCTIB PYKOIIUCHOTO TEKCTY.

VY rpadiuHy yacTHHY BXOJSATh HACTYITHI PO3ILIH:

* cxema NpuHOHUNoOBa enekTpuuHa (O3), 1O po3pobiseThes,
BukoHaHa 3a JICTY I'OCT 2.702: na ¢popmarti A4;

* mepenik enemenrtiB (I[193), Bukonanmit 3a JACTY T'OCT
2.702:2013.



3 3AT'AJIBHI ITIOJIOKEHHSA

CxeMa eNeKTpUYHAa MPHUHIMIIOBA MPOEKTOBAHOTO MiACHIIOBaYa
300pakeHa Ha puc.3.1.

[ligcunroBay  ckimagaeTbcs 3  TPHOX — KacKaliB:  BXIJTHOTO,
MOTIEPETHHOTO Ta KiHIEBOTO. Y KackaJax BUKOPUCTAHI THUIIOBI CXEMH, IO
3aCTOCOBYIOTHCSI Y HAITIBIPOBITHUKOBIH CXEMOTEXHIIII.

Kackan ma tpamsucropi VT1 € BximamM. BiH sBise co6oro
emitepuuii moBtoproBau (RC-kackan 3 3aranbHuMm kosnektopom - 3K).
3aBAsSKM HASBHOCTI TJIMOOKOTO HETaTHMBHOTO 3BOpPOTHOro 3B'si3ky (H33)
EeMITepHHUI IMOBTOPIOBAY Ma€ BUCOKHMM BXITHHUI Ta HU3bKHHA BUXITHHUH OITip,
HIMPOKY CMYTY MpOIyCKaHHs, CTaOuIbHI XapakTepucTuku. OpHak Horo
KoedillieHT MmICWICHHS TIO0 Hampy3i HE TMEpEeBUIIYE  OIMHMIIL.
3aCTOCOBYETBCS €MITEPHUN IOBTOPIOBAY HAWYACTIINE JJIS TOTOJDKCHHS
BHCOKOT'O BHYTPILIIHBOTO OIIOPY JDKEpesIa CUTHAITY 3 HU3bKOOMHHM BX1THUM
OTOpOM KacKa/iB TMOIMEpeAHbOro miacuieHHs. Kackaa mnomnepeaHboro
mijcuieHHs 3i0panuii Ha Tpanzuctopi VT2 Ta siBiste coboro RC-kackan Ha
TpaH3UCTOPi 3 3arajpbHUM eMmiTepoM. llel kackan 3abesmedye HailOinbIe
MiJICHJICHHS 10 Hampy3i 1 MOTYXHOCTI y MOPIBHSAHHI 3 1HIIUMH CXEMaMH
BKJIFOUCHHS TPAH3HCTOPA.

3aMicTh  KIiHIEBOTO  Kackany (IiACWIIOBa4a  MOTY>KHOCTI)
3aCTOCOBaHMH  JBOXTaKTHHH  Oe3TpaHcopMaTOpHM  Kackaj  Ha
Tpansucropax VT3 1 VT4 pisHoi mnposigHocti . Jlmst 3MeHIIeHHS

CIIO)KMBAHHS €HEPril Bij Jokepesa xuBJIeHHS By KiHIEBUN Kackaa Mparioe
B pexxumi AB. Pexxum AB mae gocratapo Bucokmii KK/ 1 mani HemiHifHI
BUKPHBIICHHS 332 paxyHOK BHOOpPY TOUYKM CIOKOI Yy HW)KHIH YacTHHI
miHitHOI minstakn BAX TpansucropiB. [lomanpine 3HWKEHHS HENiHIHHUX
CIIOTBOpPEHb 3abe3reveHe BKIOYEHHSIM TpaH3uctopiB VI3 ta VT4 mo
cxemi 3 3K. Ilapu pesucropiB: R1-R2, R4-R5, R9-R10 - moainbHuKH
HaNpyrd, 1o 3a0e3MevyloTh Hampyry 3MilleHHS Ha 0a3u TPaH3HMCTOPIB.
Hion VDI Takox BXOAWTH B MOAUILHUK HAMpPYT'W Ta BOJHOYAC BUKOHYE
(GYHKIIIT eTeMeHTy CXeMH TePMOKOMIIEH AT

Y xackami Ha Tpam3uctopi VT2 BHKOpHUCTaHAa eMmiTepHa
TepMocTabimizalis pexuMy BKIIOYeHHsSM pesuctopa R7. Jlns ycyHeHHs
H33 mo 3MiHHOMY CTpyMy BBeJIEHHI ONOKyBaIbHWIA KoHJeHcaTop C4.
Enementn C1, C3, C5, C6 € po3aiIOBUMH KOHJICHCATOPAMH.

st 3MeHmIeHHS HeOe3Nekn camMo30y/KEHHS IMiACHIIoBada 3a
PaxyHOK IMapa3uTHOTO 3BOPOTHOTO 3B'I3KY MIX KacKaJaMu 4yepe3 3arajibHe
JoKepeno kuBieHHs BBeaeHuil RC-¢inetp Ha enemenrax C2, R8.
Pesuctopu R3, R6 - HaBaHTakeHHS MO MOCTIHHOMY CTPYMY BiJIOBIJTHHX
KackaziB, a R11 - HaBaHTaXXeHHS MIACUIIOBAYA.
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4 MOPAAOK PO3PAXYHKY HIACUJIIOBAYA

PozpaxyHok miacuiioBada MOYMHAIOTH 3 KiHIIEBOTO KacKafdy, MMicis
YOro PO3pPaxOBYIOTh MEPEIKIHIEBUH KacKaa 1 3aKIHYYIOTh PO3PaxXyHKOM
BXIJTHOTO KacKajy.

Crnioyatky TpOBOASTH MOMEPEAHIM PO3PaxyHOK MiACHIIIOBada Ha
cepeHiil 4acTOTi, He BPaXOBYIOUYH BILTUB PEAKTHBHUX €JIEMEHTIB CXEMH.

B pesynbrati po3paxyHKy BU3HAYAIOTh:

® TIOCTIiiHI 1 3MiHHI CTPYMH Ta HaIIpyTy B KOJax KacKaJiB;

® OIOpPH PE3UCTOPIB CXEMU KaCKaJIiB.

[Tpu BUOOPI CTAaHIAPTHOTO HOMIHATY OIOPY HMOT0 PO3paxyHKOBE
3HAQUEHHS OKPYIJIAIOTH 110 HAHOMMKYOro 3HAYCHHS, BPAaxXOBYIOUH IIPH
pOMY TOXHOKY BHOpaHOTO pe3nuctopa. B 00OB'SI3KOBOMY MOPSIKY

HeOOXiIHO BU3HAYUTH MOTYKHICTh, 0 po3citoerses (Py), 3a Gpopmysioro:
2
Pr=(>0)R,

ne lg - mocriitauii cTpyM, 1110 TPOTIKAE Yepe3 Ppe3ucTop.
3a po3paxoBaHUM 3HAadeHHSIM P, HeoOXigHO BHOPATH HOTYXHICTH
r Y

pe3ucTopa, MPUYOMY pO3paxoBaHe 3HAYeHHS Py MOBHHHO OyTH MeHIIe
BHOPAHOTO.

[Ticas po3paxyHKy MiJICHITIOBaYa HAa CepeAHii YacTOTi BU3HAYAIOTh
KOe(IIiEHT YaCTOTHUX CIOTBOPeHb Mpysq. Ta Mpsgs., 32 TOTIOMOTOIO SIKUX
OLIIHIOIOTH 3MEHIIEHHS IIiICKJIEHHs Ha HIDKHIN Fzy ta Bepxwiii Fz yacrorax
CMYT'H TIPONyCKaHHS 10 TOPIBHSHHIO 3 CEPEeJHBOI0 YacTOTOM. 3a
3HAYEHHIM Koe(illieHTa YaCTOTHUX CIIOTBOPEHB POOJISTH BUOIP €MHOCTI Ta
TUIy KOHJIEHCATOpa. 3HA4YeHHS €MHOCTI OOOB'I3KOBO OKPYIJIAIOTH JI0
HaWOIIKIOro CTaHIapTHOro 3HadeHHs. [Ipu BHOOpI Ty KOHAEHcaTopa
Hanpyra Ha HhbOMY TIOBUHHA OYTH MEHIIIA MPHUITYCTUMOT JJIsi JAHOTO THITY B
2-3 - pa3m.

Ha 3axioynomy erami po3paxyHKy MiZICHIIOBada BH3HAYAIOTHCS
HEJHIMHI CIIOTBOPEHHS, 10 BHOCSTHCS KIHICBUMHM Ta IEPEIKIHIIEBUMU
KacKajaMu.
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5 PO3PAXYHOK KIHIHEBOT'O KACKAY

5.1 3arajabHi moJ10KeHHSA

5.1.1 KiHneBuit Kackaj miICHIIIOBaYa TPAIIOE y PEKUMI BEITHKOTO
CHUTHAJy, TOMy MOTO PO3paxyHOK POOUTHCS rpadoaHaliTHIHUM 3ac000M 3
BUKOpUCTAaHHIM cTaTHuHUX BAX tpansucropis. [Ipumyckaerbcs, 1o
Tpansuctopu VT3, VT4 MaioThb I1IEHTHYHI XapakTEPUCTUKH, TOMY
PO3paxyHOK BEINETbCS TUIBKM IJIsI ONHOrO Iuleda Kackaxy. MOXKIHBI
BIIMIHHOCTI XapaKTEPHUCTHUK TPAH3UCTOPIB BPaXOBYIOTHCS Ha 3aKIIFOUHOMY
eTan po3paxyHKy INpH BU3HAYCHHI HEIIHIMHUX CIIOTBOPEHb BBEACHHIM
KoedillieHTa acuMeTpii y, IO BCTAHOBIIOE BIAMIHHICTE CTPyMIB
TPaH3UCTOPIB TuIedel y (1+ ) pas.

5.1.2 Po3paxyHOK OJHOTO TIule4a KacKagy IPOBOAHUTHCS 3a
HaBeJCHMMH B JOBigHWKaxX, Hanpukimax [l1; 2], BAX gma cxemu
BukiroueHHst Tpan3uctopiB 3 3E. Ilicis 3Hax0KeHHS BCiX XapaKTEPUCTHK
KIHIIEBOTO KacKajy IpH BKJIFOYEHHI TpaH3ucTopa 3 3E, T.e. 6e3 BpaxyBaHHS
3BOPOTHOTO 3B'SI3KYy, IPOBOOUTHCSA MEPENiK XapaKTePUCTUK IS CXEMH
BKIItoueHHs Tpan3uctopa 3 3K. s 1poro BBOAUTHCs KoeditieHt F, skuit
ypaxoBye rimouny H33, mo mae mictie, npu BrirouenHi Tpansucropa 3 3K.

5.1.3 Orminka HeNmiHIWHUX CIIOTBOPEHb Y KIHIIEBOMY KacKasui
3IIACHIOETHCS MICIS PO3paxyHKy MEpelKiHLEBOro Kackaay Ha TPaH3UCTOPI
VT2, 60 Ha HEJiHIIHI CIOTBOPESHHS BIUIMBAE HOTO BUXIAHHI OITip.

5.1.4 BxinHi AaHi U1 po3paxyHKy:

e Omip HAaBaHTKEHHS ImiICHIOBada, R11;

e Hampyra JpKepena )KUBJICHHS, £,.;

e cratucTHYHI BXinHa i BuxigHa BAX tpansucropa VT3 a6o VT4

I cxeMHd BKitoueHHs 3 3E.
B pesynbTaTi po3paxyHKy HEOOXITHO BU3HAYUTH:

® T[OTYXXHICTb CUTHAILY, II[0 BUILISETHCS HA HABAHTAXKCHHI, Py i
e koedilienTn MiCHIeHHs 1O NOTy*)kHOCTi K}, Ta o Hanpysi Ky;
o amrurityay BxigHoi Hapyru U,y 1 ctpymy ey

e KKI,m;

e BXiaHWii omip kKackany, Rey;

® THIW T2 HOMiHAJIU €JIEMEHTIB CXEMHU.
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5.2 Po3paxyHoOK BHXiIHOI0 Ko0J1a

5.2.1 Ha craTuuHiii BUXiJHIH XapaKTePUCTHUILIl TpaH3UCTOpa (pHC.
5.1a) mpoBoaMMO Harpy3ouHy mpsMmy depe3 Toukd A i B. Touka A
BiJINIOBi/Ia€ HATIPY3i, [0 BU3HAYAETHCS 32 POPMYIOIO:

Ec=E,?2

ne E,. — Hanpyra JpKepena )KUBJICHHS, B.

Touka B BimmoBinae cTpyMoBi, 0 BU3HAYAETHCA 32 (HOPMYIIOI0:
| = EK / Rll

ne Ry; — omip HaBaHTaKeHHS miacumoBada, OM.

5.2.2 BuzHagaemo 3 puc 5.1a ocrarouny Harpyry U,.,, IO Bifcikae
HeNiHIHYy YacTHUHY BUXIZHHMX XapakTepucTuk. Omepxxyemo Touky C Ha
Harpy304Hiii mpsmii, Touni C Bianosigae ctpyMm |, o

5.2.3 Bubupaemo Ha Harpy3ouHiil mpsmiid TOuky crokoro /I, mio

BH3HAYA€EThCS CHIIOK CTpyMy l.,. 3MeHIIeHHs 3HaueHHs |, miaBuiye 77
Kackagy, OJHaK 30UIbIIye HeNliHifHHI CIIOTBOPEHHS 3a PpaxyHOK
HEJIHIHHOCTI MOYaTKOBOI MIITHKH BXIHUX XapaKTEPHCTHUK TPaH3UCTOpA
(puc. 5.1, 0). 3BuuaitHo cuma crpymy |, ckmamae 5...10% Big I max-
Ilepenocumo Touku C Ta [| Ha BXimHy XapaktepucTuky (puc. 5.1, 0) Ta
BU3HAYAEMO CTPYMH lgy, |5 mar Ta HATIPYTH Ugy, Us -

5.2.4 BusHayaeMO CepeJHE 3HAYEHHA CHIM CTPYMY |y, IO
CIIOKHBAETHCS TPAH3UCTOPOM 32 (POPMYIIOL0:

| Kcp = aO (B)'Ikmax,

ne Ol (B) — Kkoe(imieHT TOCTIHOI CKJIaOBOi KOJIEKTOPHOTO
CTpyMYy;

B — KyT BiACIYKH KOJIEKTOPHOTO CTPYyMY.

Kyt Binciukum [ Oeperbest 3 Tabnmii 5.1 B 3alexHOCTI Bij
CHiBBiTHOMIEHHS CTPYMIB |, Ta |y

a= IKO / IK‘ max
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H IGE’,, 16 User()
B ¢ {
| i
: : :'
] - s ;‘2.
g X =
% =
E| /1/ T
A | 1
1
1 {
S s
e N
Pl & b8 : L
Uoer TUien Ex Uke 1] UBmax | Y
| — | Ubm \
\\M—Q——. 4
a) . .6)

Pucynok 5.1 - CtatnuHi XapakKTepUCTHKH TPaH3UCTOPA

Tabnwuis 5.1-3HaueHHst KyTiB BiJICIYKH KOJIEKTOPHOTO CTPYyMY

a B [ ao®) | « B Jao® | « B° | w (B

0 90 | 0.319 | 0.10 | 96,5 | 0.338 | 0.20 | 104.5 | 0.362

005 | 93 | 0.328 | 0.12 98 0.343 | 0.25 | 109.5 | 0.379

008 | 95 | 0.334 | 015 | 100 0.35 | 0.30 | 1155 | 0.393

5.2.5 Bbynyemo Ha puc. 5.1, a, TtpukyrHuk mnoryxHocti CJE,
CTOPOHH SIKOrO BH3HAYAIOTH aMILIITYIH KOJEKTOPHOTrO CTpyMy |y (CE) i
Hanpyra Uy, (E]). Po3paxoByeMo BUXiJHY MOTYKHICTb, IO BiJTA€THCS B
HaBaHTAXEHHS 3a POPMYJIOIO;

Pon= (UKm : IKm)/2
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ne P, — BUXigHAa TMOTYXHICTh, IO BiIJA€THCS B HAaBAaHTaKEHHS,
BrT;

U,» — aMIUTITYZa KOJIEKTOPHOT HanpyrH, B;
l,.» — aMILTITY1a KOJIEKTOPHOTO CTPyMY, A.

5.2.6 BuzHayaeMo MOTYXHICTh, IO CHOXHMBAETHCS KACKAJOM 3a
¢dhopmyoro:

P():Ewc' I KCp

5.2.7 Bu3HayaeMO TOTYXXHICTh, PO3CIFOBaHHS
TPaH3UCTOPIB 3a POPMYIIOIO:

Ha KOJICKTOpax
P pac =P o P 6UX

5.2.8 IlepeBipsieMO BUKOHAHHS YMOB:

PkdonZPpaclzy

IK oon >(112 - 113) IK max (51)

ne P gon — TOTYXKHICTh PO3CIFOBAHHS Ha KOJIEKTOPI TpaH3UCTOpa,
110 JIOMYCKAEThCS;

I oon — MOIYCTUMHM CTPYM KOJIEKTOPA.

Py son T2 | 900 OEPEMO 3 TOBIZKOBOI JIITEPATYPH TSI 33JAHOTO TUITY
TPaH3UCTOPA.

5.2.9 PospaxoByemo KK/ xackamy 3a ¢opmymnoro:

77:P6ux/Pu
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5.3 Po3paxyHoK ycepeHEHUX XapaKTepUCTUK

5.3.1 3 puc. 510 Bu3HayaeMo aMIUTTYAy CTpymMy Oasu 3a
¢dhopmyoro:
|6m = I6max_ |60

Busnauaemo Hanpyry Ha 6a3i 32 popMyIIoro:

U6m = U6 max — U60

5.3.2 Bu3zHayaemMo ycepe/HEeHY BXiJHY MPOBIIHICTE TpaH3UCTOpA
3a (hOpMyJIOIO:

911 = |6m/U6m

5.3.3 Po3paxoByemo ycepelHeHy KpPYTH3HY  XapaKTEPHCTHKH
TpaH3UCTOPa 32 (HOPMYJIOHO:

S - IKm/ Uﬁm

5.4 Po3paxyHoOK Ko0Jia 3MillleHHS

5.4.1 Buznavyaemo Hanpyry Ha gioai VD1 3a ¢popmymnoro:
U() = 2‘U5 0

Slkio oTpuMaHe 3HAuUEHHS JOCUTh 3HAYHE, TO JJIsi OTPUMAaHHS
3a/laHHO1 HANIPYTH Tpeba YBIMKHYTH MOCIiOBHO J1Ba JTi0IH.
Hus wHanpyru U, 3a XapakTepuUCTHKaMH IOy 3HAXOJIMMO
BIJIMIOBIZIHY CHITY CTPyMY |, 110 TIOBMHHA 32/I0BOJIBHSTH YMOBI:

(10-12)-15, > 15 > (2-3)15,

5.4.2 BBaxawuu CTpyM TOJUIBHUKA pPIBHUM CTPyMy [iOXy,
BHM3HAYAEMO OITip PE3UCTOPIB B KOJII MOAIbHUKA Ry Ta R1g 3a Gopmysioro:

Ra: R10: RgZ(EQ,C—Ua)/2'| 0

HomiHnanbHe  3HaveHHS  OMOpPY  PE3UCTOpiB 1  €MHOCTEH
KOHJIEHCATOPIB CIiJi BUOMpaTH 3 MEBHUX psOiB umcesn. B BUpoOHMITBI
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PE3UCTOPIB 1 KOHAEHCATOPIB HallUacTilIe BUKOPUCTOBYIOThCS psiau E6, E12
i E24.

5.4.3 Po3paxoByemMO omip MOAUILHUKA IO 3MIHHOMY CTpyMy 3a
dhopmyioro:

Roin =Ry /2

5.5 Po3paxynoxk pe3yJabTYIOUYHX XapaKTepPUuCTUK
KiHIIEBOT0 KacKaay 3 YPaXyBaHHSM 3BOPOTHOIO 3B'fI3KY

5.5.1 Busnauaemo rnuOvHY HETATHBHOTO 3BOPOTHBOTO 3B S3KY 3a
¢dhopmyoro:
F=1+ SRy (5.2)

5.5.2 3a orpumanHuM 3HaueHHsSM TiauOman H33  Bu3Hawaemo
KoeQiIlieHT MiJCUIICHHS 3a HANPYTo0 3a (GopMyIIoro:

KO = S'R]_]_ / F

5.5.3 Po3paxoByeMO aMILTITY/ Ty BXiJHOT HApyTH 3a (OPMYJIOH0:
Um 68X = UKm /KO

5.5.4 Po3paxoByemMo BXiJHUH oOmIp MO 3MIHHOMY CTpyMy 3a
dhopmyIoro:
Rgx = F'Ryix / (F + gll'Raiﬂ)

5.5.5 3HaxoauMo aMIUTITYAy BXiAHOTO CTPYyMY 3a (POPMYIIOIO:

Imsx: Umsx/Rsx

5.5.6 Bm3HauaemMo KoedillieHT MiACHWIEHHS TIO CTpyMy 3a
hopmyJioK0:

Ki = Ixm/ Imex

5.5.7 BusHauaemMo KoeQII[iEHT MiACHJICHHS IO MOTY)XHOCTI 3a
dhopmyioro:
Kp = KO.Ki
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6 PO3PAXYHOK INEPEJAKIHIHIEBOI'O KACKAY

6.1 3arajapHi HoJ10KeHHA

6.1.1 IlepenkinmeBnuii Kackam, 3i0panmii Ha TpaH3ucTopi VT2 3a
cxemoro 3 3E, mo 3abe3nedye BuCOKni KoehilieHT MiACUICHHS 10 HApy3i
1 IOTYKHOCTI.

HaBanTaxxeHHs: kKackaay RH - BXiJHHE OMp KiHIIEBOrO KacKamry
Reéx kx, Ha sskoMy nmoBuUHHA OyTH BuIieHa Hampyra Uxkm, mo IOpiBHIOE
BXiJHI{ HaMpy3i KiHIeBoro kackamxy Umek KK.

[lepenkinmeBnii Kackaa Mpairoe B pekuMi A, piBeHb CHUTHAIY B
KOJIaX KacKagy IIe JOCTaTHbO BHUCOKHH, TOMY pO3paxyHOK KacKamy
MPOBOAUTHCSA TpadoaHATITHIHAM CIMOCOOOM 3 BUKOpHCTaHHAM BAX
TpaH3HCTOPA.

6.1.2 CxeMa mepenKiHLEBOTO KacKaly 3 YpaxyBaHHSM BBEIACHUX
MO3HAYOK MpHUBEJeHa Ha puc. 6.1.

EK
*> . — ¢ f —0

i

C2
i »

1

C3 VT2 I
; Rx=Rax xx
E] km=Um BX KK

C4

o & & O
=2

Pucynok 6.1 - Cxema nepei KIHIIEBOTO KacKaty MiJCHIIoBaYa
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B kosexkTopHOMY KOJII [UTst IOCTIMHKUX cTpyMy I9 Ta Harnpyru Uy,
0 BHU3HAYAIOTh TOYKY  CIIOKOK)  TPaH3UCTOpa, MarTh  MicIe
CIIBBIHOIIIEHHS:

IkO = Ikm + IOCT (61)
Uko = Uk ocr ¥ Umpxxx = Ex — Ixo " R6 — Ugg (62)

ne: Ugg = I, R7
leo - cuna cTpyMy emiTepy B TOYIII CIIOKOFO.

3B'130K MK aMILTITYIaMH BHXiJHOTO cTpyMmy lmex Kk ta ctpymy
KostekTopa | km Bu3HaUaeThCS 32 (HOPMYIIOIO:

1 +RBX KK

Ikm - R6 m BX KK (6-3)

3 (6.1), (6.2), (6.3) BUILITHBAIOTD 3aJI€XKHOCTI:

Ek — UeO — Uk ocT

Im BX KK B 2 . RBXKK
R6 =
1+ IIk oCT
m BX KK
1+R
IkO = Ik ocr T RZXKK ) Im BX KK (6.4)

ne Uy oem - HATIpyTa, 110 BiJICIKa€ MOYATKOBY HEJIHIMHY IISHKY Ha
BUXIJTHUX XapaKTEepUCTUKAX TPAH3UCTOPIB,

L oem - TIOYATKOBE 3HAUCHHSI CTPYMY, HHIKUE SKOTO BHUSBISETHCS
HENHIHHICTh BXITHAX XapaKTEPUCTUK TPAH3HUCTOPY.

3puuaitno U, ., IopiBaroe  1...2 B g repmanieBux Ta
1,5...2,5 B mus KpeMHIEBUX TPaH3UCTOPIB; Iy oo MopiBHIOE 0.3...0.5 MA

Ul TpaH3ucTOpiB Majioi moTyxkHocTi Ta 10...30 MA ansg TpaH3UCTODIB
CepeaHbOl Ta BEIMKOI MMOTYKHOCTI.
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6.1.3 Ilaminas Hampyru Ha omopi QimbTpy R8 pexomenmyerbcs
opartu B Mmexax (10-20}% Bix Eoxc.
IIpu npomy:

Ex=(08...0,9) Eoc (6.5)
[Naginnas Hanipyru Ha R7:

Ue0 = (0,1...0,2) Exc (6.6)

6.1.4 TligcuneHHs KacKaay 3aleKuTh B koedimienty KR:

RBXKK
Kp=1+ Re (6.7)

3 #ioro 30LIbIIEHHSIM MiJCHICHHS 3pOCTe, aJie MPH LIbOMY 3POCTAE
HeoOXi/Ha BeIMYWHA HANpYTH JKUBIeHHsS. Haiikpamii ymMoBH MarOTh Micie

npu K = (1,2...1,5)
6.1.5 IlouaTkoBi maHi s pO3paxyHKY:
— Hampyra )uBleHHs, £orc;

— aMIUTITy/1a BXiHOI Hanpyry KiHmeBoro kackamy, Um e xx
— BXIiJIHUI omtip KiHIEeBOro Kackamy, Ry xx:

— aMIUTITY/Ia BXiJJHOTO CTPYMY KiHIIEBOTO KacKamy, lm g -

B pesynprari po3paxyHky HEOOXiTHO BUOpATH THIT TPAH3UCTOPA Ta
BU3HAYUTH KOe(DIIi€HTH MiJICUIICHHS 32 HAPYTOl0, CTPYMOM, TIOTYKHICTIO,
KK/I; BxigHuii Ta BUXiAHUN OMip; HOMIHAJIH 1 THITH PE3UCTOPIB.

6.2 Bubip Tuny Tpansucropa

Tpanzuctop  BHOMPAETBCS  3a:MAaKCUMaJbHO  JOIYCTUMOIO
Hanpyroro Mix komekropom Ta emitepoM Uye 9oy, MaKCHMAIBHO
JOIYCTUMHM CTPYMOM KOJIEKTOpa Iy 5op, MAKCHMAJBHO JIOIyCTHMOIO

MOTYXKHICTIO PO3CIFOBAaHHS Ha KONEKTOPI Py, KpiM 11bOro MOXYTH OyTH
3aJaHl BMMOTM JI0 YAaCTOTHHMX BJIACTHMBOCTEH TpaH3ucTOpa. TpaH3ucTOp
MMOBMHEH 33J{0BOJIbHITH HACTYITHUM YMOBaM:
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Uie oon > (1,5...2,0) E,,

L oon > (1,5...2,0) 1 1 6x 5 (6.8)
Py oon>(1,5...2,0) P 41 i

froe> (24) F.

ne U, g — IOMyCTHMa Hampyra Ha IMEpPeXoji KOJISKTOp eMiTep
o0OpaHoro TpaH3ucropa, B;

1 9on — MOTIYCTUMHH CTPYM KOJIEKTOpPa OOPAHOTO TPAH3UCTOPA, A;

1 ) 6x xx — AMIDTITYZA BXITHOTO CTPYMY KiHIIEBOTO KacKamy, A;

P, son — AOTyCTHMA MOTYKHICTh PO3CIIOBaHHSI Ha KOJEKTOpi, BT;

F, — BepXHs Mexa 4yacToTH TpomyckanHs, [

6.3 Bu6ip pexxkumy po6oTH TpaH3HCTOpa 3a MOCTiIHHUM
CTpyMoOM

6.3.1 Ha BuXiqHUX XapaKTEepUCTHUKAX TPAH3UCTOPA, HABEJICHUX PHC.
6.2a, npuOIU3HO BU3HAYAEMO MEXKI JIHIHHOI IIJISHKH 3a  JIOTIOMOTORO
BemuuH U, pem Ta L pom-

16 max 16

Uxre>0

2Ixm

26m

U6 rax (1q,

I Upe Y UG ocr
]

206m

2Ukere2Um gx xx

a) 0)
Pucynok 6.2 - CTaTu4Hi XapaKTepHCTHKH TPaH3UCTOPA

3 (6.5) 3HaX0IMMO HATIPYTY KMBJIECHHS Kackany Ex.
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6.3.2 3amaeMoch y BimoBigHoCTI 3 (6.6) Benmuunoro Ueo Ta 3a

BiIOMHMH 3 PO3paxyHKy KiHIIEBOTO Kackamy Rgy  Ta | m gx xx 3HAXOIHMO 3
(6.4) omip R6 y xomi xomekTopa.

SIkmo R6 BUSBHTBCS HEraTWBHHM, a00 HE 33J0BOJIBHUTH YMOBaM,
siki Haknanarotees Ha Kg  (6.7), To HEoOXifHO TepepaxyBaTé KiHIEBHiA
KacKaJl, 3MEHIIMBIIM BUXIIHY MOTYKHICTb, TOOTO omycTuTH TOo4ky C Ha
puc. 5.1.a.

6.3.3 3 (6.4) ta (puc. 6.26) 3HaX0MUMO KOOPAUHATH I, Uy, TOUKH
CIIOKOIO A Ha BUXIJIHUX XapaKTePUCTUKAX TPAH3UCTOPY.

6.3.4 TlepeHocuMO TOYKY CHOKOIO A Ha BXiJHI XapaKTepUCTHKH,
oJlepiKyeMO TOYKy A' Ha puc. 6.26 Ta Bu3HayaemMo ctpyMm 0asu ls, Ta
Hanpyry Ha 6a3i Ug, y Touri crokoro.

6.3.5 3Haxoaumo 3HaueHHs R7:

U
R7 = el
Io

6.3.6 IlepeBipuMO MpPaBWIBHICTL BUOOPY TIOJIOXKCHHS TOYKH
criokor. Jlms mporo Ha puc. 6.2a moOyayeMo HArpy30dHi HpsMi 3a
noctiiHuM (mipsima BJ1) Ta 3mMiHEUM cTpyMom (mipsima CA).

Ctpym |, po3paxoByeThbest 3a PopMyIor:

P

¢ R6+R7

Crpym | . po3paxoByeThes 3a HOpMYJIOH:
Uko — Ueo

IC == Iko + T’Ve

ne R, . — omip HaBaHTa)XEHHsI TPAH3UCTOPA 32 3MIHHUM CTPYMOM,

OM, 1110 BU3HAYAETHCS 32 (HOPMYIIOHO:
Ry i - R6

R, = —2K¢
B~ Ry + R6

Binpizok KL na puc. 6.2a nosunen Bignosigata 2U,,, = 2UMg,
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6.3.7 Bu3HauMMO MOTYXKHICTh, IO CIIOKUBAETHCS TPAH3UCTOPOM 32
¢dhopmyoro:
P 0= U o 1 KO

[lepeBipsseM0 BUKOHAHHS YMOB:

Picdon 2P0
Lioon=>(1,2...1,3) (Ito + Lin)

ne P gon — JOMyCTUMA TOTYXHICTh PO3CIFOBaHHS Ha KOJIEKTOPi, BT;
1 9on — MOTIYCTUMHUI CTPYM KOJIEKTOpPA OOPaHOTO TPAH3HUCTOPA, A.

SKmo yMOBHM HE BHUKOHYIOTBCS, CIiJi 3MIHHTH PEXHAM poOOTH
TPaH3UCTOpa 3a MOCTIHHMM CTpyMOM, ab0 BHOpaTH OiNBLI TMOTYKHUI
TPAH3HCTOP.

6.4 Po3paxyHoOK ycepeHEHHX XaPAKTEPUCTHK KaCKa1y

MosxJIrBe 3aCTOCYBaHHS ABOX BapiaHTIB PO3PaxXyHKY.

3a mepmuM BapiaHTOM pPO3PaxXyHOK MPOBOJUTHCS AaHAJOTIYHO
PO3paxyHKy KIHLIEBOrO Kackaay Oe3[OocepefHh0 33 TEeOMETPUYHUMHU
noOymoBaMH Ha BXiIHIA Ta BHXIHIH CTaTUYHHX XapaKTEPUCTHKAX
TPaH3UCTOPA.

Jpyruii BapiaHT po3paxyHKy T'PYHTYETbCS Ha BHKOPHCTaHHI “‘y”
a6o “h” - mapaMeTpiB TpaH3UCTOPA, BU3HAYCHHUX Y POOOUIH TOUIII.

[lepmmii BapiaHT 3aCTOCOBYETBCS B PEXKHMi BEJIMKOIO CHIHAIY,
JPYTUH - JUIsl pEXUMY MAJIOTO CUTHAILY.

6.4.1 Po3paxyHOKk mnapaMeTpiB Kackaay 3a CTaTUYHUMH
XapaKTepuCcTHKAMHU TPAH3UCTOPA

6.4.1.1 3 puc. 6.20 BH3HAYaEMO aMIUNTYLy CTpyMmMy Oazu s, Ta
Hanpyru Ha 6a3i Ug,,:

I6max - 16
lom = =T 5% = Iso ~ s ocr



23

U6m _ U6 maxz_ U6 oct

= U60 - U6 ocT
6.4.1.2 3raxonnMo ycepeqHeHy BXiIHY IPOBIAHICT TPAH3UCTOPA B
CXEMi:
I om

%12@

6.4.1.3 Po3paxoByemMo BUXiIHUH OITip KacKamy:

Ryyx sar * Rexx

RBHX =
RBHX 3ar + RBX KK
Ukm
ne. RBI/IX sar — 7
km

6.4.1.4 Buzrauaemo KoeilieHTH ITiICHICHHS 3a HAPYyTO¥0:
K= Uk m
U6 m

6.4.2 Po3paxyHOK XapaKTepHUCTHK KACKaAy 3a MapamMeTpamMu
TPaH3HCTOPA B TOUIi CIIOKOI0

6.4.2.1 B toumi crokor (Toukum A, A' Ha puc. 6.3) cnocobom
MIPUPOILEHHS BU3HAYAEMO MapaMeTpy TPAH3UCTOPY,

BxigHy npoBiHICTE PO3paxoBYeEMO 3a BXiJHOK XapaKTEPHCTHUKOIO
npu Uxe = Uko 3a nonoMororo mo0yayBaHb, HaBEJCHUX Ha pHC. 6.3 a:

. /% Y P
1o ¢ - r
M”ﬁ U Un‘: _bﬁ*
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162

Use=Uro

Ure

Uw
6)

Useo Ute2 Ute

a)

Usel

In 4

% | o o

1y
I

Uxe

Ul

B)

Pucynok 6.3 - CiMelicTBa CTATHYHHUX XapPaKTEPUCTHK TPAH3UCTOPA
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Kpytusny So BH3HA4YaeEMO 3a BXIJHOK XapaKTEPHCTHKOK Ta
CIMEMCTBOM BHXiTHUX Ha puc. 6.3 0.

S B D
g = -
ﬂUﬁ; U=z U, 2 _LLI

BuxinHy npoBimHICTE (220 3HAXOAWMO B BHXiJHIH XapaKTEpUCTHLI
JUISL TOYKH CITOKOIO (IMB. puc. 6.3 B).

Mx '.'12 _Iirl
Qo ="7, S —
AU, |y, Y= U,

xl

6.4.2.2 Po3paxoByeMO KOehIIiEHT MiJCUICHHS 3a HAIIPYTOkO;

S
K = 0
220 T}~
Ryy " R6
Ry.=—"—
Ryy ki + R6

6.4.2.3 BuznayaeMo aMILIITYyly HanpyrH Ha 0a3i TpaH3UCTOpA!

_ Um sx xx

U6m - K
6.4.2.4 Po3paxoBy€eMO BUXiTHUH OITip KacKaay:
R6
Rpux = 1 L~ .DF
1+ q220° R6

6.5 Po3paxyHok ko.1a 3MillleHHS

6.5.1 Bubupaemo ctpym B kouti moginbauka: 5> (2...3) 1 4,

6.5.2 3uaxomnmo 3HaueHud R4 ta RS:
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E, —Ugy — U,
R4 = k 60 e0
I, + Igso
Uso + U
RS = 601 e0

A

6.5.3 Tepesipsiemo BukoHauHs yMoBH R5 = (5...10) / Quy0

[Ipr HEOOXiJHOCTI KOPUTYEMO BeIHUYMHY CTpymy [0 Ta 3HOB
MEepeBiPIEMO YMOBY.

6.6 Po3paxyHok pe3y/IbTYIOUHX XapaKTePUCTHK KACKaay

6.6.1 Buznayaemo 3 ypaxyBaHHSIM OTIOPY MOAIIbHUKA BXiTHHH OIIip
Kackanuy:

R

R.= ain
X 1 + Gll - RLLiJI
R4-R5
e Ry i =
A€ RHpin R4+R5

G11 B 3a€KHOCTI Bijl Cr1OCOOY pO3paxyHKy JOPiBHIOE a00 (11 3 II.
6.4.1.2, a60 (1103 m. 6.4.2.1.

6.6.2 3HaxX0MMO aMILTITY/ly BXIJIHOTO CTPYMY KacKaiy;

I _ U6 m
m BX RBX

KoedinienT migcuneHHs Kackaay 3a CTPYMOM:

_ L' bx i

K; =

[m BX

KoeinieHT miicuiieHHs 3a MOTYXHICTIO:

KP:K'KI
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7 PO3PAXYHOK BXIITHOI'O KACKAAQY

7.1 3arajpHi HoJ10KeHHA

7.1.1 Bximgauit xackan 3i0panuit Ha Tpamsuctopi VT1 3a cxemoro
emiTepHoro nosropioBaua (cxema ¢ 3K) Ta mpu3HaUYeHMA AT MOTOKEHHS
BHCOKOI'O BHYTPILIHBOTO ONOPY JKEpesa CUTHATY Ry 3 HU3BKUM BXiJIHUM
OMOpOM KacKagy WOMNEepeIHboro MiAcuieHHs Ryy .. Cxema BXiZHOTO
kackany HaBeneHa Ha puc. 7.1, 1€ Upy px g I sxnx - aMITITY M BXigHOT
HANpyrd Ta CTPyMy IEpeIKiHIEBOro Kackany. PiBeHp cHrHamy B Kosax
Kackaay Malud, TOMY pO3PaxyHOK TPOBOAWUTBHCA AaHATITUYHO 3
BUKOPHUCTAHHIM MaJoCHTHAIBHHX "y"- abo "h"- mapameTpiB TpaH3ucTopa,
BM3HAYEHHX B TOYIIi CIIOKOI0. BuOip THITy TpaH3UCTOpa Ta peXuMy poOOTH
3a MOCTIHHUM CTPYMOM TIPOBOJUTHCS 32 YMOBaMH, [II0 BUKOPHCTOBYBAIUCH
y po3aiii 6.

O —
qE =
[ Rl
Cl
VT1
_I C3
R Rex mx
R2 R3
JUmxxmx

Pucynoxk 7.1- Cxema BXiJIHOTO KacKaly IiJICHIIIOBayYa
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7.1.2 Bxigawmii oOIip eMITEpHOrOo IOBTOPIOBaYa 3pOCTaE 3i

30UTBIIIEHHSM €KBIBaJICHTHOTO HABAHTAKCHHS R, oyp -
Rpy n’R3

RH eKB — Ruy e+ R3 (7-1)

Tomy HeoOXiHO, 00 BUKOHYBAIACh YMOBA!
R3 >> Ry nk (72)

7.1.3 3aBnsku TIMOOKOMY HETaTHBHOMY 3BOPOTHOMY 3B'SI3KY
eMITEepHHH MOBTOPIOBAY Ma€ Ty>K€ Mali YacTOTHI CIIOTBOPEHHS B 00JacTi
BepxHiX yactoT. Tomy, skmo Fg< (10...20) x['u, To npu BUOOpPi THUIY
TPpaH3UCTOpa MOKHAa HC BpaxOBYyBAaTH BHMOIU 10 MOro YacTOTHHUX
BIIACTHBOCTEM.

7.2 BuOip THmy TpPaH3MCTOpPa Ta PO3PAXYHOK PeKHMY
po0OTH 32 OCTIHHUM CTPYMOM

7.2.1 TpaH3ucTop BUOMPAEMO Y BiAMOBIAHOCTI 3 yMoBamH (6.8).
7.2.2 BuzHa4aeMo MOCTIHHY CKJIaJJOBY KOJIEKTOPHOI HATIPYTH:

Uko z Um BX HK+UOCT
Bubip U, HaBepenuii y n. 6.1.2. fAxmo Bennunna U, BUSBUTHCI

MaJIoko, TO JIOLIBbHO 3011bIKTH ii 10 (2...3) B.
7.2.3 Braxatouu yMOBY (7.2) BUKOHAHOIO, IPHIMAEMO:

Iem = Im BX IIK
ne lg,,- aMImIiTYy1a 3MiHHOTO CTpyMY eMiTepa.

7.2.4 Npuiimarount: Iy, = lom; Ixo = log , BUBHAYAEMO TMOCTIHHY
110 CKJIAJIa€ CTPYM KOJIEKTOpa:

Ikm
Ik :Ik +Ik I
0 m oCcT K3

ne: K3 - xoeoimient 3amacy, K3 =0,7...0,95
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SIkio BennunHa /K0 BUABUTLCS MajOl, TO AOLIILHO 301IBIINTH ii
npubnu3Ho 10 0,5 MA.
7.2.5 3HaxX0 MO TIOTYKHICTh, IO CIIOKUBAETHCS TPAH3UCTOPOM

ITepesipsiemo ymoBy: Pk don > Po

me: Pypop — MakcuManbHa JOIMyCTHMa IOTYXHICTh, —MIO
PO3CIIOETHCS Ha KOJIEKTOP1 TPaH3UCTOpa (HaBeACHA B JOBITHHUKAX).

[lpu HeBWKOHAHHI Ii€1 YMOBH CIIiJ| 3MIHUTH PEKUM 32 MOCTIHHUM
cTpyMOM ab0 BUOpaTH OiIbII MOTY>KHUIM TPAH3UCTOP.

7.2.6 Ha cTaTHyHUX XapaKTepUCTUKAX TPAH3UCTOPA, HABEACHUX Ha
puc. 7.2, BiI3HAYaEMO TOUKY CIIOKOIO A.

Ieof-----—-

b
¥

Usd Ure Ubo J6e

a - BUX1aH1 0 - BX1aH1

Pucynok 7.2 - CTatu4Hi XapaKTepHCTHKH TPAH3UCTOPA
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SIKIIO pexuM 3a MOCTIHHUM CTPYMOM BiIPi3HSETHCS BiJ TOTO, IIO
pPEKOMEHIIyBaBCS B JIOBIIHUKAX IO TPaH3UCTOpaM, TO MPOBOIAMMO
PO3paxyHOK MapaMeTpiB TPAH3UCTOPA B TOUIl A 1O METOIUIN, BUKIIAJICHIN
y posaim 6.4.2.

B inmomMy BumaakKy mapameTpu TpaH3UCTOpa OepyTbCs MPSMO 3
JIOBIIHUKA.

7.3 Po3paxyHOK XapaKTepHUCTHK KacKaJly Ta KoJia
3MillleHHS

7.3.1 Po3paxoByemo BennuuHy omopy R3:
R3 = ox Ve
IeO

7.3.2 Po3paxoByeMO KOoe]illieHT TiICUICHHAS 32 HAMIPYTOIO:

KBE
K === (7.3)

ne: Kze - xoedillieHT miCHICHHS MTPU BKIKOYCHHI TPAH3UCTOPA IO
cxemi 3 3E:

So
Kse = 1 1
+5—+ 5=
4220 RBX K R3
F=1+K,
7.3.3 Bu3HayaeMo BXiJHY MPOBIHICTh TPAH3UCTOPA:
q — 110
Bx T F

7.3.4 Po3paxoByeMO TIOAUTFPHUK y KOJi 0a3u TpaH3UCTOpA.
3a1aMocst CTPYMOM IO TIIbHHKA:
I, ~(0,1...1,0) I6o

BusHauaemo ormip miedel noijbHUKa:
Ex—Ug — U,
e0
Rl=———"—
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_ Uso + Ueo

Iy

R2

aei Ugg = leo * R3

7.3.5 [epeBipsieMo yMOBY Ta TIpH HEOOXiTHOCTI KOPUTYEMO CTPYM.

7.3.6 Po3paxoByeMoO BXiTHUI Omip KacKay:
R.= Rﬂi]‘l
BX — 1 , ~ _p
1+ gpyr - R,uin
R1:R2
re: Ruin = 2

7.3.7 Po3paxoByeMO BUXITHHH OMip KacKaTy:
R3

Ryyy = —————
P 1+ dguxo0 R3
So

e: =—
ae: Jguxo 1+q110R3

7.3.8 Bu3HayaeMo aMILTITYAH BXiJHOI HAPyry Ta CTPyMY:

U — Um sxnk . I — Usm
om K v Im Bx Ry

7.3.9 3naxommMo KOE(]IIlieHTH MACHIEHHS 32 CTPyMOM,
notyxHicTio Ta KK] xackany:

KI — ImBXHK
ImBX
KP == KKI
U sx i * Iy, BX TIK
‘r]:

2P,
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8 PO3PAXYHOK EMHOCTEN KOHIEHCATOPIB

8.1 Po3paxyHoOK po31iJIOBHUX KOH/IEHCATOPIB

8.1.1 Bmmme posginoBux kouaeHcaropis Cl, C3, C5, C6
BUSBIISIETBCS B 3MCHIICHHI KoedillieHTa MiACHICHHS MiJCHIOBaYa 3a
paxyHOK 30UTbIICHHS TAIiHHS HANpyrd CUTHANY Ha KOHACHCAaTopax 3i
3MECHIIICHHSAM 4YacTOTH. BHOIp BETWYMH €MHOCTEH ITMX KOHACHCATOPIB
3MIHCHIOETBCS 332 3aJaHol0 JJIs  JIAHOTO KOHJCHCATOpa BEIWYHHOKO
YaCTOTHHMX CHOTBOPEHb M, ¢, Ha HWKHIA rpaHu4Hid yactoti Fy cmyru
MPOIYCKaHHS MiICKIIIOBaYa.

8.1.2 €MHOCTI PO3IOBHX KOHIEHCATOPIB PO3PaXOBYIOTHCS 3a
hopmyJior0:

1

C

p >

21 - Fy * (Ryux + Rexuac) * Ml?lcp -1

ne: R,y - BUXIIHUH OMip TaHOTO KacKay;
Roypac - BXIIHWUH Omip HACTYMHOTO KAacKaay, MiK SKAMH
BKIIOUeHU# KoHercarop Cp.

SIkmio koumencarop Cp migkmroueHo 10 Bxoay migcumoBada (Cl
Ha puc.3.1), to: Reux = Roorc.

IIpu pospaxysky Benmuumau C6 cnig B3ITH Ryuynae = R11, a
BXIJIHM OIIOPOM KiHIIEBOTO Kackaxy 3HeBaKHUTH (Rg, << R11).

Kpim toro, nst C6 moBMHHA BUKOHYBATHCS HEPIBHICTb.

3..5

C6>—nu——
21 Fy - R11
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8.2 Po3paxyHOK eMiTepHOr0 KOHJAeHcaTopa

Bmue  GmokyBanmbHOro koHaeHcatopa C4 B Koil  emitepa
BUSBISIETBCA B 3MEHIICHHI KoeQillieHTa MmICWIEHHS Kackamy 31
3MEHIIICHHSIM YacTOTH 32 PaxyHOK TIOCIAONeHHs UIyHTYr4ol il
KOHJICHCATOPY, BHACIIJOK 4YOro 30UIBIIYEThCS pPIBEHh HETATHBHOTO
3BOPOTHOTO 3B’SI3KY, 110 3HUXKYE ITiICUIICHHSL.

Benmuunny C4 moxHa po3paxyBaty 3a GOpMyIIO0:

1+4S,-R7

21+ Fy - R7 - /M};Cp—1

ne. S,- KpyTHU3HA TPaH3UCTOPA B TOULII CIIOKOIO.

c4 >

8.3 Po3paxyHok KoHIeHcATOpPA K012 QiabTpy

Omip xonzmencatopa Ginetpy Ceh = C2 noBuHeH OyTH Habarato
menme omopy (ineTpy R = R8 Ha HmxHiM rpaHWYHili 9acTOTi CMyru
NPOMYCKaHHS, TOMY pO3paxyHOK BEIMYMHH €MHOCTI KOHJIEGHCATOPY
MOJKJIBO 3[IIHCHUTH 32 (hOPMYJIIOF0:

2 10...20

2w - Fy - R8
Omip R8 Bu3HauaeThcs:
Rg =

Iy cyMm

ne: Ug - naninus nanpyru Ha ¢ineTpi, BusHadaeThes 3 (6.5);
I 0cym - CyMapHa BeIMYHHA MOCTIHHUX CTPYMIiB BXIJIHOTO Ta
MEPEKIHIIEBOTO KacKaIiB, 110 IPOTIKAIOTh Yepe3 QiIbTp.

IO cyM = [,C[BX + I6OBX + IKO BX + I,qm( + 160 MK + IKO MK
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9 PO3PAXYHOK HEJIHIHHUX CIIOTBOPEHb

9.1 3arajpHi H0J10KeHHA

9.1.1 HemniHiliHI CHOTBOpEHHS BWHHUKAIOTH Yy KacKaaax, IIo
MPaliOIOTh TPU BEJIWKUX PIBHAX CHTHATy, TOOTO B KIHIIEBOMY Ta
MEPEIKIHIIEBOMY Kackajgax. OIliHKa BEIMYMHU HETIHIHHUX CIOTBOPEHb
MPOBOJIUTHLCS 32 JIONIOMOTOI0 Koe(illieHTa rapMOHiK:

12 12 12
K, = YL2mtsmt Pam g0, 9.1)

I1m

ne: lm - aMIuTiTy1a K-Toi TApMOHIKH KOJIEKTOPHOTO CTPYMY.

Po3spaxyHok BenmnunHu K IpoBOANUTECS 332 CKPi3HOIO TUHAMIYHOIO
XapaKTePUCTUKOIO KAaCKaly 3 BUKOPHCTAHHSM, SIK MPABHIIO, CIIOCO0Y 1’ STH
OpIMHAT, IO JO3BOJISIE 3HAWTH aMIUTITyny 3 1-ii TapMoHIKH 10 4-Ty
BKITIOYHO.

9.1.2 Ckpi3Ha [JWHaMiYHAa XapaKTePUCTHKA 3B’SI3YE CTPyM
KOJIEKTOpa TPaH3HCTOpa 3 HANpYrol JDKepeja CUTHAIY IpU 3aJaHOMYy
HaBaHTAXKEHHI KacKajy Mo 3MiHHOMY CTpyMy RH~ Ta BHYTPIIIHbOMY OTIOpY
IpKeperta curaainy Rooxc:

ik= f(emx) (9.2)

JlxepenoM curHally € BUXiJHA Hampyra IONEpPeIHbOI0 KacKamy.
CurHain ey, BA3HaYa€ThCs 3 PIBHSIHHS:

— s e
e,q)K_U63+ lg R,q)}c

Omip Ry, eKkBiBaJeHTHHUIT MapaleIbHOMY CIIOIYYCHHIO BHXIIHOTO

onopy Ry, momepenaporo kackamy ta onopy Ry, po3risiHyToro kackauy:

_ Rpux Ryin

R, .. = 9.3
A RBHX+R,£LiJI ( )
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9.1.3 B kiHIeBOMY JABOTaKTHOMY KacKaJi TIPH il€abHIA CHMETpIi
Tuiedeil Bim0yBa€eThCsl B3aEMHA KOMITEHCAIIiSI TAPHUX TapMOHIK. Y (dopMyii
(9.1) 3anumaroThCs TIABKK HEMapHi TapMOHIKK. ToMy MpH BHKOPHCTaHHI
3aco0y TM’ATH OpIMHAT JOCTaTHHO BHU3HAYUTH TUIBKM  BEIUYMHY
KoeiIieHTy CTOTBOPEHB 33 3-10 TAPMOHIKOIO:

I3m
Kr3r = Ij—m (9.4)

Skmo e acumerpis miederd 3 xoedilmieHTOM acuMeTpii Y (AMB. TI.
5.1.1), TO BHHHMKAIOTh HENiHIfiHI CIIOTBOPEHHS Ha IPYTii TapMOHII 3
KOoeQiIliEHTOM CIIOTBOPEHD:

Krap = 350 (9.5)

9.1.4 3aranpHuil KoedilieHT TapMOHIK KiHIIEBOI'O KacKaay IMpH
BKITFOUEHHI TPaH3UCTOPIB 3a cxemoro 3 3E:

KFf: ’KZ r2f + K2F3f (96)

9.1.5 HeratuBHMIi 3BOPOTHUH 3B'SI30K, 0 Ma€ Micie B cxeMi 3 3E,
3MEHIIy€e HeIiHIHHI CIIOTBOPEHHS NPONOPIIHHO TIHOWHI 3B 3Ky F, Tomy
OCTaTOYHO KOe(IlliEHT TapMOHIK KIHIIEBOIO KacKaay BHM3HAYUTHCS 3a
dhopmyoro:

K,
Kra = =2 9.7)

ne F pospaxoByetbes 3a (5.2).
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9.2 IloOyaoBa Kpi3HOI JMHAMIYHOI XapaKTePUCTHKHU i
PO3PaxXyHOK HeJIiHiHHUX CIIOTBOPEHb NMePeAKiHIEeBOr0 KaCKaay

9.2.1 BwuzHayaeMO TOYKH TMEPETHHY 3arpy304dHoi mpsAMoi 3a
3MIHHUM CTPYMOM 3 CIMEHCTBOM BHUXIJHHMX CTaTHUYHHX XapaKTEPHCTHK Ha
puc.6.2a Ta NEpPEeHOCHUMO Ha BXiJHY XapaKTepUCTUKY (puc.6.20).

Juia 3pydHOCTI, TEOMETPUYHI MOOYAOBH Ha puc. 6.2 MOBTOpPEHI Ha
puc. 9.1.

6

/
r /Un>0
> X

2lxm

f
'
)
]
|
]
|
!
1
!
|
i
|
|
|
]
\
1
i
|

| = Uee

-~

Pucynok 9.1 - CtatuuHi XapakKTepUCTHKH TPaH3UCTOPA
9.2.2 3a puc. 9.1 6ynyemo Ha puc 9.2a mpOXiJTHY XapaKTEPUCTHKY
ixn= @ (Ussn), n=1,2,3...

9.2.3 Byayemo 3anexHicts i, = f (ey,c) Ha mincrasi puc.9.2a ta
PIBHSIHHS JIJIs1 BX1JTHOTO KOJIa KacKajy:

€= Usn + lpn * Ryx n=1,23...

Burnsg kpizHOi JuHaAMIYHOT XapaKTEPUCTHKH TPEICTaBICHUN Ha
prc.9.2.6.
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S

A

2lxm
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2[xm

‘A

__r_\\ Ube _%\\ (] X
g

a) 6)
PucyHok 9.2 - XapakTepHCTHKH TpaH3HCTOpa
a-rnpoxigHa, 6 - Kpi3Ha

9.2.4 3amaeMoch W’SIThbMa BEJIMYMHAMU BXIJHOI HAmNpyrd 3a
MiBIEpioJ] Ta BiJ3HAYaEMO Ha Kpi3HIA XapaKTEpPUCTHUIN BiJMOBiIHI
BEJIMYMHU CTPYMY (IuB. pHC. 9.3).

9.2.5 Buznavyaemo 3a GopMylIamMH METOAY I1'SITH OPAWHAT CEPEeIHE
3HAYEHHS 1 aMIUTITYIU TAPMOHIK CTPyMY:

Lnax = Imin + 11 — I

_ Inax + Imin — 2o
Lo = Lmax = Imin — 2(11 B 12)
3m — 6
_ Lmax + Imin — 4‘(11 - 12) + 61,

3a popmyoro (9.1) po3paxoByeMO KOShIliEHT rAPMOHIK KacKay.
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Pucynok 9.3 - KpizHa XapakTepuCTHKa Iepe KiHIIEBOTO KaCKaay

9.3 IloOyaoBa Kpi3HOI JMHAMIYHOI XapaKTePUCTHKH i
PO3pPaxXyHOK HeJIiHiifHHX CIOTBOPeHb KiHIIEBOT0 KACKaay

93.1 Tlo amamorii 3 m. 9.2 OyayemMo Kpi3Hy AWHAMIYHY
XapaKTepPUCTUKY OJHOTO IUIeda KIHIIEBOIO Kackaay IpU BKIIOYEHHI

tpausucropa 3 3E, omip Ry, po3paxosyemo 3a (9.3).
Buriisin xapakTepucTHKY ToKasanuit Ha puc. 9.4, ne g Bigmosinae
CTpyMy B Toulli criokoto, [q - amrmunitymi 0,5 Em owes Imax - amIuniTymi

Em 0d1ct
9.3.2 3aco00M IT’SITH OpPJIUHAT BU3HAYAEMO aMIUTITYJM TEpIIoi Ta
TPETHOi TAPMOHIK CTPYyMY:
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9.3.3 PospaxoByemo 3a (9.4), (9.5) xoedimientn K35 ta K,

9.3.4 Busnauyaemo 3a (9.6), (9.7) 3arampHuii KoehillieHT rapMOHIK
KIHIIEBOTO KacKay.
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10 PO3PAXYHOK PE3YJIbTYIOUUX XAPAKTEPUCTHUK
INIACHIIIOBAYA

10.1 3aranpauii koe(illieHT WiACKUIEHHS piBHUH  JOOYTKY
KoediIlieATIB MiICHICHAS KacKaJiB 3 ypaxyBaHHSM KoedilieHTa mepenadi
BXITHOTO KOJIa:

— * *
Kaar_ KBXLL KBX * KTlK K}c}c

ne: K, K Ksx - BITIOBIIHO KOS(IIEHTH MiACUICHHS 0 HAPY3i
(TOTY>KHOCTI) KiHIIEBOTO, TIONIEPEIHHOTO Ta BXiTHOTO KaCKaliB,

Ky, - kOedinienT nepenadi BXiHOro KoJa IiICHII0BaYa:

RBX

Ky = —2—
AT R+ R

ne: Ry, - BXiTHUI omip BXiAHOTO KacKamy,
R o - BHYTPILIHI# OITip [uKepesa CUTHATY.

10.2 3arampHuil Koe(illiEHT TapMOHIK JOPIBHIOE CEPEAHBOMY
TeOMETPHYHOMY 3 CYMH KBaJpaTiB KOe(iI[iEHTIB rapMOHIK KaCKaJIiB:

KFsar = KZFHK + KZFKK

ne: Ky K - KoedirienTs rapMOHIK TIEPEeIKiHIIEBOIO KacKaay
Ta KiHIIEBOTO KaCKay

10.3 BenuunHa CTpyMy, 110 CIIOXKUBAETHCS BiJI JKEPEIia )KUBIICHHS,
PO3paxOBYETHCS AJIS PEKUMY MOBUYaHHS ( B TOYKaX CIOKOI) Ta JIOPiBHIOE
3HAYEHHI0 CYMapHOTO TOCTIHHOTO CTpPyMy, IO TPOTIKaE BCiMa KOJAMH
T CHITIOBaYa.

10.4 TIoTyXHICTh, IO CIHOXXHBAEThCS BiA JDKEpeida >KUBJICHHS,
JIOPIBHIOE CyMi IOTYKHOCTEH PO3CIFOBAaHHS Ha PE3UCTOPAX Ta KOJEKTOpax
TPaH3UCTOPIB MiICHITIOBaYA.

10.5 3aranpHuil Koedili€HT YACTOTHHUX CIIOTBOPEHb JOPIBHIOE
0OYTKY KOe(iIlieHTIB YaCTOTHUX CIIOTBOPEHB OO KacKaJIiB.
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10.5.1 JIist 00macTi HU3EKHMX 9aCTOT:
Misar = Mug, * Mug, * Mg, * Miigs * Mg

3a My ;4. BU3HAYAIOTH KOE(IIEHT MiICHICHHS IIiJICHIIOBaYa Ha

HIDKHI# rpaHraHiit gactoti F,, cMyru nmpomyckansst:

Ksar

MH 3ar

KH 3ar —

10.5.2 B obnacTi BepXHiX 4aCTOT YaCTOTHUMH CIIOTBOPEHHIMH, IO
BHOCATBhC Kackagamu 3 3K, mokHa 3HeBakuth. Tomy Ha wacrori Fp
Koe(illi€HT YaCTOTHUX CIOTBOpeHb Mp ;.. MiJACHIIOBaYa Oyje MPHOIH3HO

nopiBHIOBaTH KoeditienTy Mp> kackaay Ha TpaHsucropi VT2:

~ ~ F .72
Mpsor = Mpa = {1+ (21 - F; - 7,)
IIe. T, - CTaJla Yacy Kackaly B 00J1aCTi BEpXHIX YacTOT:

C22 +CBX CJI+CM

dz2 + é +qsx cn
I€: (22, Coo — BUXIJHI MPOBIMHOCTI Ta EMHICTH TpaH3ucTopa VT2;
Cy = (2..5) n® - emHiCTH MOHTAXKY;
R, = R6;
CBXc; qBXc;=1/RBXy -  BXimHI  €MHICTB Ta  HPOBiTHICTH
HACTYITHOTO, TOOTO KiHIIEBOTO KacKay.

BxigHOIO €MHICTIO KIHIIEBOTO Kackaay MOXHa 3HEBaXHUTH, 00
TPaH3UCTOPH KiHIIEBOTO Kackaay BKIroueHi 3 3K.

KoediuieHT miacuieHHs miIcuiIfoBada Ha 4acToTi FB BU3HAYA€ThCS
3a popmyioro:

3ar

Kif sar = —2&
3ar
Mg,
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