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IIpoananizoBano pexum po6oTu TpUGA3HOr0 HEKEPOBAHOT0 MOCTOBOI0 BUIPAMJISYA 3
KOPeKTHO BHMJIYYeHHMH 3i cXeMH [IBOMAa Ta TPbOMa BEHTHJSIMH 32 CYTO AKTHBHOIO Ta
AKTUBHO-IHAYKTHBHOI0 XapakTepy HaBaHTaxkeHHs. [logano TiiymMadeHHs He3MiHHOCTI opmu
BUNPAMJIEHOI HANIPYTH M/l Yac Mepexoay Bil AKTUBHOIO 10 AKTHBHO-IHAYKTHBHOIO XapaKTepy
HABAHTA’KEHHS] Y BHUNAJKY BUJIYYEHHH ABOX BEHTHJIB TAa MOSICHEHO NMPUYMHM 3MiHM (opMHu
BUNPAMJIEHOI HANMPYrH 3a THX CAMHX YMOB y BUNAJIKY BUJIy4YeHHs TPhOX BeHTH.1iB. Busna-
YeHO CKJA/J i 3HAYeHHS BHMIIUX IapMOHIK BHIPSAMJIEHOI HANPYrH Ta HAaBeJAeHO eHepreTHuYHi
XapaKTepPUMCTHUKUH HOBOYTBOPEHUX CXeM BHMIpsiMJIeHHA. Marepiag cTraTTi Mae HaB4YaJbLHO-
NpaKTUYHHUI XapaKTep.

Knrouoei cnosa: BUNpsiMiAy, XapakTep HaBaHTaKeHHs, pag Pyp'e.

The operation mode of a three-phase uncontrolled bridge rectifier has been analysed
when two or three gates are correctly removed from the circuit under active and active-
inductive natur e of load. We provide an explanation of the unchanged form of rectified voltage
during transition from active to active-inductive nature of load when two gates are removed,
also the reasons for the changed form of rectified voltage are explained under the same
conditions when three gates are removed. The composition and value of higher har monics of
rectified voltage are identified, and energy characteristics for the newly created rectification
circuitsare provided. The articleis of educational and practical character.

Key words: rectifier, nature of load, Fourier series.

IMocTanoBka npodJiemu

Pexxumu poboTH cxeM BUNPSMIICHHSI, 110 YTBOPIOIOTHCSA 3 TpU(a3HOTO MOCTOBOTO BHUIIPSAMIISYA
MIiCNsi KOPEKTHOTO BUIJIYYEHHS 3 HOro CXeMH OKpPEMHUX BEHTHJIB Ui CYTO aKTHBHOTO XapakTepy
HaBaHTaXEHHS, po3rIIHyTO B [1]. ITi0 kopexmuum crio po3ymimu make 6ULYYEHHs, W0 He NPU3800umb 00
PO3pUBy KOIA RPOMIKAKHA BUNPAMIEH020 cmpymy. Take MmepeTBOPEHHS BUXIHOI CXeMH MOKHA CTBOPUTH
MITyYHO JUIS JAMCKPETHOTO PETYIIOBaHHsS BUIIPSMIICHOT HAmpyrd a00 BOHO MOXKE BHHHKHYTH Yy pasi
neperopaHHs 3armo0KHUKIB 3aXUCTy BEHTHJIB y Imiiedax TpudasHoi MOCTOBOI cxemH. 3MiHa XapakTepy
HABaHTa)XEHHS Y HOBOYTBOPEHHUX CXEMaX BUIPSIMIICHHS MPHU3BOJAMUTH JI0 3MiHH YMOB BCTYITy BEHTHIIIB Y
pobory. BiamoBigHO 3MIHIOIOTHCS CHEPreTHYHI IMOKA3HMKH CXEMH, 30KpeMa, CepelHE 3HauYCHHS
BUIIPSIMIICHOI HANIPYTH, TPUBATICTH MPOBITHOTO CTAHY BEHTHJIIB, CEpelHE 3HAUCHHS KOMYTAI[IHUX BTpAT,
CKJIaJ] BUIIMX TapMOHIK KpHBOI BHIPSAMICHOI HAmNpyrd TOMIO. 3BiCH BUILTUBAE HEOOXITHICTH
MOTIMOJIEHOTO AOCIIPKEHHS PEXXUMIB POOOTH HOBOYTBOPEHUX CXEM BHIIPSIMIICHHS.

AHAaJI3 0CTAHHIX TOCTiIKeHD
CriocoOM JTUCKPETHOrO PEry/IlOBaHHS HANPyrd JKUBJCHHS CIOXHBA4iB 3MIHHOTO Ta IOCTIHHOIO
cTpyMy HaBemeHi B poborax [1, 2]. Sokpema y pobori [2] BHBemeHO 3aJeXKHOCTI IS PO3pPaxyHKY
CEPEHBOr0 3HAYCHHS BUIIPSAMIICHOI HANPYTH JUIS HEMOBHOBSHTUJIBHUX PEXKHUMIB POOOTH TpH(a3HOrO
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MOCTOBOTO BHUIpSMIIsiYa 32 YMOBH HOro poOOTH Ha aKTUBHE HaBaHTaKEHHsS. 3a TAaKOrO CHoco0y
peryJtoBaHHS 3MIHIOETHCS (hopMa KPUBOI BUIIPSMIICHOT HAPYTH 1, BIAMOBIIHO, CKIIAJ i BUIIUX TApMOHIK.
VY ny6mikanii [3] HaronomeHo Ha HEOOXIAHOCTI Ta aKTyaJbHOCTI JOCTIKEHHS CIIEKTpa BUIIUX TAPMOHIK
HAMpPYTH Ta CTPyMy BUOpsAMIIsYa. BIUIMB BUIIIMX FAPMOHIK Ha CHCTEMY €lIeKTPOIOCTaYaHHs B HOPMAJIBHUX
pexuMax po3riisiHyTo B [4], a B HecHMeTpUYHHUX pexuMax — y nyomikamii [5]. OmHak y Ha3BaHHX
nmyOJTiKaIlisX He MPoaHaIi30BaHO MPOLIECH, IO BiIOYBAIOTHCS Y HEMOBHOBEHTHIBHUX PeXXUMax. 30KpeMa,
3MiHA XapaKTepy HaBaHTa)KCHHS BiJl aKTUBHOTO JI0 aKTHMBHO-IHIYKTHBHOI'O 3YMOBIJIIOE IiKaBl SBHUIIA, SKi
BUHUKAIOTH il Yac BHJIYYCHHS 31 CXeMH JBOX 4YH TPhOX BEHTHJIIB Ta He OYyiM JOCIHi/PKEH1 pasimie.
Po3MaiTTs METOJMK PO3paxyHKY BHIMX TaPMOHIMHUX CKIIQJIOBUX BiIOOpaxkeHO B poboti [6]. ABTOpH I1i€i
CTATTi BUKOPUCTAJIM KIIACHYHY METOMKY po3Kiaay B psg Dyp'e [7].

Buxan ocHOBHOTO MaTepiajny

Hwxue HaBeneHO pe3ynbTaTH aHallizy pOOOTH HEMOBHOBEHTHIJILHOTO TPU(BA3HOTO HEKEPOBAHOTO
BUIIPSAMIISYA, 30KpEMa 32 YMOBH KOPEKTHOT'O BHITYYCHHS 31 CXEMH JBOX Ta TPbhoX BeHTHIIB (puc. 1, a, 6) i
pe3yNbTaTH BIUIMBY 3MIHH XapaKTepy HaBaHTAXKCHHS Ha CHEPTeTUYHI TTOKA3HUKU BUIIPSMIITYA.

Bigomo [8] , mo TpudasHa MocToBa cxema BHIpsAMIISiE MbK(a3Hy Hampyry Ta e i Ty, ska Hai-
OlbIIa y TOTOYHHI MOMEHT 4acy. 3 BHJIyYEHHSM 3i CXeMH JBOX BEHTWJIIB (B HAIIOMY BHUIAKY MEPIIOrO
Ta MIOCTOr0) BUIPsAMIICHA Harpyra (OpMyBaTHMEThCS JIMIIE MK(Pa3HUMH HANPYTraMH Ug, Ug Ta Uy (ITHB.
puc. 2, 6), ski € HaflOUTbIIMMKU Ha UISHKAaX (OpMYyBaHHS BHUIpsMIICHOI Hampyrd. CTpyMH BEHTHIIIB
(puc. 2, 6—¢) MOBTOPIOIOTH (HOPMY BHUMPSIMIICHOI HAPYrW Ha CBOIX IUISHKAX MpoBigHOCTI. TpuBamicth
MPOBIZHOI'O CTaHy TPETHOr'0 Ta YETBEPTOr0 BEHTHIIIB CTAHOBHTh T=m, a m' sitoro ta apyroro — T=2n/3.
Crpymu ¢a3 A ta B opHoHampaBieHi Ta MPOTWIEXKHI 3a 3HAKOM, cTpyM ¢a3u C 3HAKO3MIHHUH Ta
MOBTOPIOE (DOPMH CTPYMIB IT SITOTO Ta JAPYroro BEHTHJIB. BumpsimieHuil crtpyMm mnoBTOproe (opmy

BUIIPSIMIIEHOI HATIPYTH.
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Puc. 1. Hosoymeopeni cxemu 3 06oma (a) ma 3 mpvoma (0) SumyHeHUMU CHMUIAMU

SIKIIO B3SITH IO YBaru YMOBH BCTYITYy B pOOOTY BEHTHJIIB OKpeMuX rpym [8], To i3 KaTOAHOI Ipynu y
MPOBITHOMY CTaHi Oyae TOW BEHTHJIb, MOTEHIlIaJl aHOAY SIKOr0 Ma€ HaWBUIIE 3HAYCHHS, a 13 aHOIHOL
TpyIN Y POBITHOMY CTaHi Oy/ie BEHTHIIb, TIOTEHIliall KATOy SKOTO Ma€ HaliHIDKYE 3HAUYCHHS. 32 IIMX YMOB
(hOPMYIOTBCSI TIOTEHITiAM BIANIOBIIHO JOJATHOIO (. Ta BiX EMHOTO (. TMOMIOCIB BUmpsmisya (puc. 2, a).

[ToOGynoBa KpHBOi BUIIPAMIIEHOI HANpPYTW 3a BHpa3zoM Uy =] , -] . mae takuii cammii pe3ynbTar, SK i

moOyIoBa 3a JONOMOror MiK(pa3HMX Hampyr. 3 PIBHOCTI JOJATHOrO Ta BiJ €EMHOrO IOTEHINAJiB Ha
HYJBbOBIM AUISIHIII BUINPSAMICHOI HANPYI'H BHIUIMBAE, IO HABAaHTAXXCHHS 3alIyHTOBaHE  OIHOYACHO
BIIKPUTHMH IT ITUM Ta APYTrUM BEHTHJISAMH, OJHAK Ha IiH AUISHII BUIPSAMIICHUN CTPYM 1y JOPIBHIOE
HYJIIO, OCKUIBKM HEMa€ >KOJHOI eNEeKTPOPYIIiifHOT CHIM B KOJIi HaBaHTa)KCHHS. BUHWUKHEHHS pPEKUMY
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NIYHTYBaHHS CTaHE 3PO3YyMUTIIINM, SKIIO PO3TIsAaTH (YHKIIIOHYBaHHS HOBOYTBOPEHOI CXEMHU BHIIPSIM-
JICHHS 32 YMOBHU aKTHBHO-1HIYKTHBHOT'O XapaKTepy HaBaHTaKCHHS.

HagiTh HaiiMeHIIA iHIYKTUBHICTh B KOJIi HABaHTA)KEHHS CIIOBUILHIOE 3MEHIICHHS BHITPSIMIICHOT'O
CTPyMY g , 110 MpU3Bene 0 30UTbIICHHS TPUBAJIOCTI MPOBIIHOIO CTaHy I ATOro BeHTWIs (puc. 3 6, 6).
CtpyM y HaBaHTa)XCHHI MIiATPUMYEThCS INe JAEAKHNA Yac 3a paxyHOK HakomudeHoi eHeprii. Koio
MPOTIKaHHSI BUNIPSMIICHOTO CTPYMY 1y CTBOPIOETHCS TPOBIIHUM CTaHOM II ITOTO Ta JPYroro BEHTHIIB,

4eTBEPTUIl BEHTUIb y MOMEHT BHHUKHEHHS KOPOTKO3aMKHYyTOro KoHrypyJ . (puc. 3 g, 0) npunmnse

CBOIO pOOOTY, OCKUJIbKM HOT0 HAmpyra MiK aHOJOM Ta KaToaoM U, =0 i Hajmadi crae Bim eMHOIO. SIKIo
IHIyKTHBHICTh Y KOJI HaBaHTa)XEHHS HE3HAYHA, TO ig CIIa/ie 10 HyJs, CTPYMH II' ITOTO Ta JAPYTOro BEHTHIIIB
TaKOX JIOPIBHIOBATHMYTh HYIIIO.
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Puc 2. opmu cmpymie ma nanpye unpsamiada 3 060Ma GUIYYEHUMU GEHINUIAMU
3@ Cymo aKkmugHo20 Xapaxmepy HA8AHMANCEHHS

TpuBaicTh IPOBIAHOTO CTaHy I’ ATOIO BEHTHIISI 30UTBIIMIIACK, ae MeHIna 3a 180° . CtpyMm mpyroro
BEHTHJIS CKIIAJAE€ThCS 3 BOX JUISHOK: IIepIla BIAMOBITa€ PSKHUMY IIYHTYBaHHS, a Ipyra TPUBAIICTIO Y
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120° crBoproeThes Tin yac (popMyBaHHS BHIIPSIMIICHOT Hampyru Ug 3a paxyHOK Hampyrd Ug . HymboBe
3HA4YCHHS BUNIPSMIICHOT HANPyTH Ha iHTepBani T= /3 miATpUMY€eThCS 32 PaXyHOK PEKUMY IIYHTYBaHHS
31 cTpyMoM ig# O um 6e3 Hporo ig= 0.
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Puc. 3. @®opmu cmpymie ma nanpye Ho60ymeopeHoi cxemu
30 AKMUBHO-IHOYKIMUBHO20 HABAHMAadCeHHs: (IHOYKMUGHULL ONip Xq He3HAYUHUIL)

3a fmesKoro 3HAYCHHS IHAYKTHBHOCTI Yy KOJi HaBaHTAXXCHHS BUIPSMIICHHH CTpyM CTaHe
Oe3repepBHHUM, a TIOAAJIbIIE 11 3pOoCTaHHS Belle 0 3MEHILICHHS MyJIbCalliii BUNPSMIIEHOTO CTpyMy. Pexxum
NIYHTYBaHHS HABAaHTa)KEHHS 32 YMOBH Oe3lepepBHOrO CTpyMmy TpuBae T=r/ 3, BIiINOBIIHO BHUIPsIMIICHA
Hampyra U=0. TpuBamicTh TPOBIAHOTO CTaHy BCIX BEHTHJIIB HOBOYTBOPEHOI CXEMH 3a YMOBH
0e3repepBHOTO CTPYMYy CTa€ OJHAKOBOIO 1 CTaHOBUTH T=m. IIpoiiecu B cxemi 3 BpaxyBaHHSIM KOMYTaIlii
BEHTHUJIIB Ta 0E3MEXHO BEIUKOI IHIYKTHBHOCTI B KOJII HaBaHTaXEHHS (Xq — ©0) 300pa)KeHO YaCOBUMH
JliarpaMaMH CTPyMiB Ta Hampyr Ha puc. 4, Jie KpUBY 3MiHH MOTEHI[ially BiJl €EMHOTO IOJIOCY 300pakeHo
JIeN0 HUKYE 32 11 MPUPOAHE MOJTOKEHHS.
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Puc. 4. @opmu cmpymie ma nanpye HOBOYMEOPEHOI cXemu 3 6PAXYBAHHAM KOMYMAYIUHUX NPOYecie
ma 3a aKMueHO-IHOYKMUGHO20 HA8aHmMaicektsi (IHOYKMUSHULL Onip Xq—0 )

Orxe, XapakTep HABaHTAKEHHS — CYTO aKTHBHHUI UM aKTUBHO-1HAYKTUBHHI — HE BILUTHBAE Ha Gpopmy
BUTIPSIMIIEHOI HATIPYTH y BHNAJKY BUIydeHHS JBOX BEHTHUIIB Pi3HUX TPYH Ta Iied. i cepenue 3HaueHHs
0e3 BpaxyBaHHs KOMYTAIliiHUX MTPOLIECIB BU3HAYAETHCS 3 BUpasy [1]

6-n
Ug =—Uy

6 )
Jie N — KUTbKICTh BHITydeHUX BeHTHIIB cxemu, Uy — cepeaHe 3HaueHHS BUNPSMIICHOT HAIIPYTH 32 YMOBH
pOOOTH MOBHOBEHTHIIBHOTO TPU(PA3HOr0 MOCTOBOTO BHITPSIMIISYA.
3a aKTHBHO-IHIYKTHBHOI'O XapaKTepy HaBaHTAXKCHHS (Xg—00) MOXJIMBI YOTUPU KOMyTallii 3a
Mepiol MOBTOPIOBAHOCTI MPOIIECiB: [Bi B aHOAHIH rpymi 1 ta 3 1 Bl B KaTomHii rpymi 4 ta 2 (muB. puc. 4, a).
BinnoBigHo cepeiHe 3HAUYCHHS BUMIPSIMIIEHOI HAPYTH
6-n
Udn ZTUdO- 4DUdg' (2)
VY HOBOYTBOpEHIH cxemi, SIK 1 B TOBHOBEHTWUJIbHIA cXeMi TPH(a3HOro MOCTOBOTO BHITPSIMIISIYA,
KOMYTallii CTpyMiB BEHTHJIIB BiOyBatoThCs 3a Jii MDK(A3HUX HANpyr, TOMy CepelHE 3HAYEHHS OHi€i
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KOMYTaIlifHOI BTpaTW HAmpyrd Oyze MmponopliiiHe 100yTKy BUMPSIMIICHOTO CTpyMy |4 Ta iHZyKTHBHOTO
oropy TpaHc(hopMaTopa X, i 00epHEHO TPOIOpIIiiiHe Mepioay MOBTOPIOBAHOCTI MpoIeciB y cxemi [§], a
came
|
d Xa (3)
2p

OKpeMO CITiJT TOSICHUTH KOMYTAIliifHI MPOLeCH Ha AUISHIN PeKUMY K.3. y cxeMi. PiBHICTh 10JaTHOrO
Ta Bil'EMHOrO IOTEHINiaJiB HA I MUISHIN TOPYIIYEThCA. 30KpeMa I yac KOMYTallll 4eTBEPTOro Ta
JIpYyroro BeHTUNIB (miisHka 4) moTeHIian J0AaTHOTO MOM0CYy OyIe BU3HAYATHCS MIBCYMOIO HAmpyr ¢as,
10 KOMYTYIOThCs (Ua + Uc)/2 , TIOTEHIIIaM Bil' EMHOTO MOMIOCY — HAnpyrow (asu U, . MUTTEBE 3HAYCHHS
BUIPSIMIICHOI HATIPYTH Ha LI AUIAHII BU3HAYATUMETHCS 3 BUPa3y Us=Q+—(Q_=
(Ua + UQ)/2 — u=(Us — Uc)/2. Ha puc. 4, 6 110 Hampyry 300pa’keHo ITPHUXOBOIO JIHIEIO Uy / 2. AHAIOTTIHO
MOXHA TMOKa3aTd, [0 MUTTEBE 3HAUCHHS BUINPSMIICHOI HAmpyrd Ha JinsHII 1 BH3HAYATHMEThCS 32

dg

BHPa3oM Ug=Up /2.

Takox 3ayBakumo, 1m0 CTpyM (a3d, SIKy MiI €IHAHO 10 HEYIIKO/DKEHOro rmieda (y Hamomy
Bunaaky ¢asza C), Takuii camuii, SK i B MOBHOBEHTHWJILHOMY PE&KHMi TpH(a3HOi MOCTOBOI CXEMH
BunpsimiieHHs (puc. 4, 0).

Cknag Ta 3HAYCHHS BUINUX TapMOHIK KPWUBOI BHUIPSAMIICHOI HAIPYTH BH3HAYAEMO 32 BIOMHMH
bopmynamu poskinany y psan @yp’e [7].  SIkino 3MiCTUTH MOYaTOK KOOPAMHAT, TO MOXHA MOOAYHMTH, IO
KpHBa BUMPSAMIICHOI Hanpyru (puc. 2, 6) CMMETpUYHa BiIHOCHO OCi opauHAT. Y (opMyti po3kiiaay TaKux
KPHMBHUX BIICYTHI CHHYCHI CKJIQJIOBi, a HasIBHI JinIle KOCUHYCHI [7]. 3HaueHHs koediieHTiB psmy Dyp’e 3
MEepIIoro Mo BiCIMHAMUATHI HaBeaeHO B Tabn. 1 . Y ¢dopmyni psay po3kiany BifICyTHI HelapHi BHIIN
TapMOHIKH, BOJIHOYAC HasiBHA IepIia rapMOHiKa Ta BUIL TAPMOHIKH, KPaTHI BOM.

Tabauys 1
Koediuientn A, psiny ®yp’ € KpuBoi BUnpsimyieHoi Hanpyru (puc. 2, 6)
Ne rapmoniku v 1 2 4 6 8 10 12 14 16 18
s 122 |4 2|2 -4[-2|2 |4
Koediuienty 4 2 3 15 | 35 | 63| 99 | 99 | 195 | 255 | 323

VY BUManKy BHIyYEHHs TPhOX BEHTHJIIB HOBOYTBOPEHY cxeMy 300paxxeHa Ho puc. 1, 6. Ha momrocax
TAKOTO BUMNPSIMIISIYA MOXYTh 3'SBUTHCS JHie MibK(a3Hi Hanpyrd Usyp Ta Ugp , SKI B chOpMYIOTh
BUIIPSIMIICHY HaNpyry Ug, GOpMY SIKOT 32 CyTO aKTUBHOTO XapaKTepy HaBaHTA)XKCHHS HaBEIEHO Ha pHc. 5.

3a HasBHOCTI HaMEHINOI IHJYKTHBHOCTI B KOJIi HaBaHTa)XXCHHS (opMa BUMIPSMIICHOI HANpyrH
3MmiHoeThest (puc. 6). Lle mosicHroeThess Tak.  IHAYKTHMBHICTH B KOJi HaBaHTaXXEHHS MPOTHJIE 3MiHi
BUIIPSIMIICHOTO CTPYMY. 3pOCTaHHS Ta CIaJaHHs BUIPSIMICHOTO CTPYMY CIIOBUIBHIOIOTHCS. BimmoBinHo
TPHUBAJICTh TPOBIIHOTO CTaHy BEHTHIS I,4, SKAH 3aBepirye (GOpMyBaHHS BHIPSIMICHOTO CTPyMY,
30UIBIIYBATUMETCS 32 PAXyHOK HAKOMHYCHOI (aKyMyJIbOBaHOI) eHEprii B iHIYKTHMBHOCTI HaBaHTa)KCHHS,
sKa BJacHE MITPUMYE CTPyM y HaBaHTakeHHi. Lle mpu3Bene 10 MOSBH y KPHUBiH BUIPSAMIICHOT HAPYTH
JUISSHKA 3 BiJl €EMHUM 3HAQUCHHSM. 3aleKHO BiJl KUIBKOCTI Ii€l eHeprii (BEeNMUYMHH iHIYKTHBHOCTI)
MOXKJIMBI TpHU BHUINAAKU: 1) yeTBepTHil BEHTHIIb Mepeiijie y 3aKpUTHIA CTaH 1€ 10 CTBOPEHHS YMOB BCTYITy B
pOOOTY APYroro BEHTHIIS, 2) YeTBEPTHil BEHTHIIb TIepeiiie y 3aKpUTHI CTaH ITICIISA 3aBEPIICHHS KOMYyTaIlil
3 JIpyTUM BEHTWJIEM, ali¢ HAKOMHMYECHOI eHeprii B IHJYKTUBHOCTI HE BHCTAYUTh IS MATPUMAHHS Yy
MPOBIHOMY CTaHi JPYroro BEHTHJISI IO MOMEHTY TMOSIBH JOJATHUX 3HAUCHb HANPYTU Ug, (U1 CTBOpEHHS
Oe3rmepepBHOTO BUIIPSIMIICHOTO CTPYMY); 3) HAKOMHYCHOI B IHAYKTHBHOCTI €HEprii J0CTaTHBO ISt
MiATPUMAaHHS Y IPOBIIHOMY CTaHi APYroro BEHTUJIS X JI0 MOSBH JIOJATHUX 3HaYeHb HANPYTH Ug, , TOOTO
JUIsl CTBOPEHHS OE311epEepBHOTO BHIIPSIMIICHOTO CTPYMY.

Kpusi cTpyMmiB Ta Hampyr Ui MepHmioro BUMAAKY 300paxkeHo Ha puc. 6. Bumpsmienuid crpym
NepepBHUH, alle Mae OUTBIy TPUBAIICTh 32 PaxXyHOK 30UIBIICHHS MPOBIIHOI'O CTaHy TUTBKH YETBEPTOI'O
BeHTHIIS. KprBa BUNIPSIMIIEHOT HATIPYTH Ma€ Bii' EMHI 3HAUEHHsI, 10 3MEHINYE i cepeiHe 3HAUYCHHS.
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Puc. 5. Cmpymu ma nanpyaa eunpsamiaua 3 mpboma sunyyenumu eenmuasmu (puc. 1,6)

3a yMoeu cyno adKkmueHoco HABAHMAMNCEHHA

Aud

Aud

Ud

ia

Puc. 6. Cmpymu ma nanpyea unpsamasua 3 mpboma ULYYeHUMU 6EHMUIAMU

30 YMOBU AKMUBHO-IHOYKMUBHO20 Haganmadxcentst (IHOYKMUSHUL ONip HeSHAYHULL Xq;)

i Kkoma HaBaHTa)XEHHS 30UTBIIye TPUBAIICTH MPOBITHOTO CTaHY

IHIYKTHUBHOCT!

30iabIIeHHsA
4yeTBepTOro BeHTWIsA. Haramyemo

, 1[0 YETBEPTUH BEHTHIIb 3HAXOMUTHCS Yy MPOBIIHOMY CTaHI 3aBISKH

BoaHodac HaOMMXaeThCsl yMOBa BCTYIY B POOOTY JIPYroro

BEHTHJISA. 3a BIiACYTHOCTI IIOCTOrO0 BeHTHWIS (y BHXIOHIH MOCTOBiM CXeMi) YMOBH BCTYIy IPYTOTO

HAKOMWYEHI eHeprii B iHAYKTHBHOCTI.

Uy >0 . JIpyruit BeHTWJIb BCTYIUTH Y pOOOTY,

Uea >0 abo

3MIHIOIOTBCS, BIH BCTyIA€ B POOOTY, KOJIU
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SIKIIO TPUBAIICTh MPOBIAHOTO CTAHY YETBEPTOT0 BEHTHIIS IOCATHE 3HAUYEHHsI T=n. Y 1ieil MOMEHT Hamnpyra
Uca CTae OlmbImoo Bim Hynsi. Hacrae deproBa KomyTailis BEHTHIIIB: YETBEPTHH BHUXOOUTH 3 pPoOOTH, a
Apyruii Bctynae B podoty. ITicist 3aBepiiieHHs mpoliecy KOMyTallil CTpyM Y HaBaHTaKeHHi (BiH ke CTpyM
JPYroro BEHTHJIS) 1 Hajali MiATPUMYETHCS HAKOIMMYCHOK CHEPriero iHAYKTUBHOCTI. J[0 HaBaHTa)KeHHs
OyJe IpUKIaJAeHO HANPyTy Ug , SKa I Bix eMHa. JIpyruii BeHTHIIb BHIE 3 POOOTH, IIIOMHO BCIO CHEPrit0
OyJie BUTpPAuCHO 1 BCTYNHUTh IIOBTOPHO B poOOTY, KOIHM Hampyra Uy CTaHe JomaTHorw. Hamami mporecu B
CXeMi TOBTOPIOIOTHCS. BUINpsSMIIEHHH CTpyM 3allMIIAcThCsl MepepBHUM. BkazaHe 300pa)keHO KPUBUMH
cTpyMiB Ta Hanpyr (puc. 7).

V.V_.VV.Y

Puc. 7. Cmpymu ma nanpyea sunpsimusiua y cxemi puc. 1, 6
30 AKMUBHO-IHOYKIMUBHO20 HABAHMANCEHHS (Xgp > Xq1)

3a 6e3MeKHO BEJIMKOT0 iHIYKTHBHOIO OMOPY (Xg —00) B KOJIi HABAaHTA)KEHHS BUITPSIMIICHUIT CTPYM
crae HerepepBHUM (puic. 8), Apyruil Ta YeTBEPTUH BEHTHJII KOMYTYIOTh KO)KHHUX ITiBIIEPiOAY, TPUBAIICTh
IUISHOK KOMYyTallii CTae OJHAKOBOIO, TPUBAIICTh MPOBIIHONO CTaHY BEHTWIIB TaKOXX OJHAKOBa 1
craHoBUTh T= 7. BumpsimieHna Hampyra crae cumerpudnoro. CepenHe 3HaveHHs (0e3 BpaxyBaHHs
KOMYTAIlIHHIX BTPAT) BU3HAYAETHCS 32 BUPA30M

U, == 88/2vaU, cosd + 2y + §/2vaU, cosd - B
P&, 6" 6

(Y e @]

Ta CTaAaHOBUTH

U,=——-~uU,. 4
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SIKIIIO %K OTPHUMAaHHU pe3ynbTaT 3BECTH 10 BUTIAy hopmyiu (1), To oTpuMaemMo

_34243, 1

“3 5 U, =ZUgo:
p 3

TOOTO 32 YMCIIOBUM 3HAYEHHSM II¢ CKBIBAJICHTHO BWIIYYEHHIO YOTHPHOX BEHTHIIIB 31 cxeMu TpH]asHOro

U,

MOCTOBOI'O BUITpAMIJIAYA.

2n

Puc. 8. Cmpymu ma sunpsmiena nanpyea URPIMASYA 3 MPbOMA GUTYYEHUMU GEHIMUIAMU
30 YMOBU AKMUBHO-IHOYKMUBHO20 HABAHMAICeHHs1 (Xq —0)

Ha iHTepBasi OBTOPIOBAHOCTI MPOIIECIB, MOMIOHO sIK B ogHO(Ma3Hii cXeMi 3 BUBOIOM HYJIbOBOI
TOYKH TpaHchOpMaTopa, BiIOYBAIOTHCS JIBI KOMYTAIlil BEHTUJIIB, TOMY IOBHHH aHAJITHYHWUN BUpa3 s
BU3HAYCHHS CEPEIHBOTO 3HAYCHHS BUIPSAMIICHOT Hanpyry (0e3 BUBEACHHS) MOYKHA 3aIIMCATH Y BUTIISI

6-n ¢
Ugo = 6 Ugo - e, 5)

KpuBi BunpsimiieHoi Hanpyrd uisi CyTo akTuBHOro (puc. 5) Ta aktuBHO-iHAYKTHBHOrO (puc. 8)

XapaKkTepy HaBaHTaKEHHS 0e3 BpaxyBaHHs KOMYTAllIMHHMX MPOIECIB JOCIIIKEHO 3a JOMOMOIOH PsIiB
®yp'e. 3naueHns koedimieHTiB psagy Dyp’e Bing mepuioro 10 BICIMHAALSATOrO HaBelneHO B Tabn. 2. Y
dbopmyIi psimy po3kiany HasBHA Mepiia TapMOHIKA Ta BUILI TapMOHIKH, KpaTHi TPbOM, JJIsl BUMAJIKY CYTO
aKTHBHOTO XapaKTepy HaBaHTaXEHHs (Opyruil psmok). Y BHUMAJKy aKTUBHO-IHIYKTHBHOIO XapakTepy
HABaHTAXXCHHSI CKJIaJl BUIIMX TapMOHIK 3MIiHIOETHCS: BIJICYTHI FapMOHIKH, KpaTHI TppoM (TpeTs, JeB’sra,
I’ ATHA/IIATA ...), BOMXHOYAC HAsIBHA MEpIla TapMOHIKa Ta BCi BUIII, KpaTHi IBOM (TPETii pSIoK).

Tabauys 2
Koediuientn psiny @yp’ € kpuBoi Bunpsimiienoi Hanpyru (puc. 5 ra puc. 8)

v oyl 3 || 6| 8| 9| 10| 12| 14| 15| 16 18
TapMOHIKH

3Ha4YeHHs \/é - -3 - -3 - -3 - -3 - -3 - -3
A RO, | 5 £ Y 13 24| | 323

X=0)

Jraenmti |\ 3| -2 " | -2|-2)-2) - -2 -20-2) - ) -2]-2
Anngz)o’ > | 3 15 | 35 | 63 99 | 143 | 195 255 | 323

*BiICyTHICTD BiMOBIJHOIO HOMEpa B MEPUIOMY PSAJKY O3HAaya€ Te, IO TaKoi rapMOHIKM HeMae B 000X psiiax
po3kIany
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BuchHoku

VY BUMaJKy BUIIyYCHHS JBOX BEHTHJIIB Pi3HUX IUIEY 31 CXeMH TpH(]Pa3HOTO MOCTOBOTO BUITPSIMIISYA
XapakTep HaBaHTAXXCHHS HE BIUIMBAE Ha (popMy BHUIPSMIICHOI HANPYTH 3aBISKH BUHHUKHEHHIO PEKHMY
NIYHTYBaHHS HaBaHTWKEHHsA. Y (GOpMyli pO3KIaay KpWUBOi BUNPSMIICHOI HANpyrd HasBHA IMeplia
rapMOHiKa Ta TApPMOHIKH, KPaTHi IBOM, HEMIapHi TaApMOHIKH BiICYTH.

VY HOBOYTBOpEHil cxeMi, sKa BHHUKAE IIiJ] Yac BHIYYCHHS TpPhOX BEHTWINIB, (opma KpuUBOI
BUIIPSIMIICHOI HAIPYTH 3aJCKHUTh BiJl XapakTepy HaBaHTAXEHHS. |HAYKTHBHICTh y KOJNI HaBaHTaKCHHS
3MeHInye i cepenne 3HadeHHs. CKiaa Ta 3HAYCHHS BUIIMX TAPMOHIK TaKOX 3aJISKaTh BiJ XapakTepy
HaBaHTa)XCHHS.

OtpumaHi 3HaueHHs KoedilieHTIB poskiany B psaagu Dyp'e maoTh 3MOry BUOpaTH CKIaa Ta
po3paxyBaTd TapameTpu (GUIBTPIB BHIIMX TapMOHIK BHUIPSMIICHOI HANpPYrd HOBOYTBOPEHHUX CXEM
BUITPSIMIICHHSI.
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