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B.,ll. ARcKHeHKO, H.C. rJiaroJie:~a. E.A • .lleMeHTI>eE, 

H. ll. 1\aMKH CKIDI , A. T. Ma TIOIUHH , B. T. Ivla TIOIIIKH , 

H.H. HyproiKHH. 

MO.IIEllliPOBA.HVIE VIMIIYJibCHOrO BhlCOKOBOJI1THOrO 
TP AHC<DOPT,'IA TOl:! 

flpHEO.II.HTCH anaJIM3 SKEMEaJieHTHhiX cxeM IDVITIYJII>CHoro Tpan~op

MaTopa M aETOTpane>:;popMaTopa, pctCCMaTpMEaeTCH EJIMHMe HH.IJ.YKTME

HOCTM TIOnEO~MX U8l18H Ha KO~lHUH8HTH CBH3M M TpaHotopMaUMH. 

0TIHCHE88TCH M8TO,IJ,HK8 pacqeTa ID\IIIYJII>CHOPO TpaHalJOpMaTopa M 8ETO

TpaH~OpMaTOpa C yqeTOM IDUI.YKT:HEHOCTeH TIO)J,EO~MX U8118H. 

GgfopMyJIMpOBBHH OCHOEHH8 Tf€00B8lil:'I.H R EHCOKOEOJI:bTHOMy IDJI

TIYJII>CHOMY Tpano:;popMaTopy )J.JIH rE:HepaTopa MMTiyJII>cHoro sap,q.n.a 

,IlBOHHOH CIJopMMpyromei1: JIMHHM CMCTE:MH TIMT8Hl:'I.H CTpiDVIepHOH K8Mepu. 

flpME8,Il8HH pe3yJII>T8TH onpe,r,8JI8Hl:'I.H KOa<MMUM8HTOE CE.fl3M pas

JIJIIqHbiX MO)J.8Jl8H KOHCTpyKUIDI Tpa:to:;popMaTopa M 8B']0TpaHalJOpM8TOpa~ 

pesyJII>TBTH MO)J.8JIMPOE8HHH MMTIYJII CHOPO 'I'paH~OpMaTopa C OOJI:biiiMM 

KOailJ!lJMUM8HTOM CBH3M ( I\ z 0, 9) , EHTIOJIH8HHOPO E El1)1.€ IIJIOCKMX 

I\8TYIII8K, M pesyJII>T8Tbl MCTIHTBHM EHCOKOEOJI:bTHOPO m.myJII>CHOPO 

8BTOTpano:;popMaTopa C K=0,65±,0,(5, H3POTOEJI8HHOPO E El1)1.8 KOpOT

KOPO COJ18HOM)J.a. 

PaccMoTpeHbi B03MO.iKHOCTM peaJIM38UMM EHCOKOEOJII>THoro IDVITIYJII>

cHoro Tpane>:;popMaTopa E CHCT8Me TIHTBHM OTpEMepHOH K.aMepH CIUVI
-200. 

Pac5oTa BhHIOJIHena B OMHM. 

r. liyc5na, I976 r. 



I. BBe;geHHe 

YcnexH aKcnepv.rMeHTan:&HllX v.rccnE~oBaHHH B WM3HKe qacTHU BllCOKHX 

3Heprv.rti onpe;nenTIIOTCfi B OCHOBHOM pa~:BHT116M TGXH¥1KH JICKOp6HHfi qacTIIIU 

III M6TO~HKH HX ;LJ;6T6KTHpOB8HIIIfi. 
B nocne~Hv.re ro;zu,I B KaqecTBe ;LJ;(:TeKTopoB qacTH:U umpoKoe pacnpo

cTpaHeHIIIe nonyqaroT cTpHMeplille KaMephl, BnepBhle npe~nollteHHhle B pa6o
Te /I/ 11 nonyqiiiBIIlHe ~aJI:&He:tilllee pasJ!IIITHe B nocne;eyromHX pa6oTax,Ko

Toplle ll03BOJIIIIRIII npeBpaTHT:& K8Mepy JJ pa6oqJ4ti npH6op, llpiiirO~Hblti ~fl 

8KCII6piiiM6HTOB Ha JICKOpv.IT6JI6. 0CHOBH06 npeiiiMJII1{6CTBO CTpi1IM6pHOi1 KaMe

phi COCTOIIIT B TOM, qTO OH8 fiBRfi6TCfi JIIIp8BRfi6MblM Tp6KOBbiM IIpiii60pOM 0 
XOpOUIJIIM BpeMeHHhiM III npOCTp8HCTB6HHHM pa3p61I16H1116M III OTJIHqaeTCfi cpaB

HHT6JI:&HOfii IIpOCTOTOti H3rOTOBJIGHHH. 

0CHOBHllM aneMGHTOM CTpHMepHOW KaMepLI fiBJifi6TCfi CHCT6M8 (J!opMH

poBaHHfi BllCOKOBOJI:&THOrO H8HOCGKJIH~HOrO HMIIJIJI:&Ca, OT CT80l1JI:&HO:ti pa
OOThl KOTOpOti 38BHCHT HOpM8JI:&H06 qJJIHK:UHOHHpOB8HH6 CTpHM6pHolli KaMepbl. 

Hav.roonee qacTo B TeXHHKe 6oJI:&mHX c~epMMepHblX IcaMep HcnoJI:&syeTcTI 

BnroMnEtiH-reHepaTop, ;zuililTen:&HocT:& Buxo;n;Horo rumyJI:&ca KoToporo JKecT

Ko ciJHKCHpOB8H8 ~HHOW ~OpMMpJ11011{6M ;IHHHH, a H6CT80l1JI:&HOCT:& 8MIIJil1TJI;nhl 
He np6Bbllll86T I,5~2% C r830BhlM pasp;r;LJ;Hl1ICOM IIO;LJ; ;ll;8BJI8HH6M B KaqeCTBe 
H8HOC6KJIH;ll;HOrO KOMMJIT8TOpa /2/. 

reHepaTOpOM JIIMIIJIJI:&CHOrO sapTI;LJ;d (r.ltlo);LJ;BOtiHOfii Cl?OpMiripJIIOlll,ei! JIJ11Hl111 
Cll,~JI) B TeXHIIIKe cTpHMe pHbiX KaMep c.1JIJKIIIT, I\aK npaBHJio, re HeQa Top 
ApKa;n;:&eBa-r·.:lapKca. O;n;mmo B nocJie;D;H:1e ro;zu,I Be;n;yTcTI pa6oThl 13 , 4/ no 

pean1.1:sa:uku1 BblcoKoBon:&THoro IIIMnyn:&c.:wro TpaHcQ}opMaTopa (.ltlT) ;D;JIH sa
pTI;n;a jl~Jl. IlpOCTOTa KOHCTp~KI.U:lL'I .ltlT, He60JI:&lllH6 raoapVIThl, O;ll;l1H KOMM;y

Tl1PJIIOI1{11li1: pa3pfl;ll;Hl1K 11 :BCero O;ll;HH H8.:COIIl1T6R:& ;ll;6JI8IOT 8TJI l1;ll;6IO npl1BJI6-

R8T6JI:&HOM. l1pl1M6H6Hl16 l1MllJIJI:&CHOrO rpaHC~OpM8Topa II03BOJifi6T JIB6Jil14111T:& 
paooqutl 3830p qeThip6X8JI8KTpO;ll;HOti crpVIM8pHoi1 KaMephl / 5/, ;z:wlfl IIHTa

H11lfi KOTOpOti Tpe6yiOTCfi p83HOIIORflpHhl9 BhlCOKOBOJI:&THhl6 l1MIIJIJI:&Chl. 
Ho np11 BH6;ll;p6Hl111 ItlT B C111CT6M;)1 BbiCOKOBOR:&THOrO l1MI1;)1JI:&CHOrO lll1-

T8H111H ( CBMIII) cTpk-IMe pHoti KaMe phi Bblfl BJIHIOTCH Tp;y ;LJ;HOCTJti, BhlTeKarom111e Itla 

oco6eHHocTeti ~opM111pyrome-TpaHcwopMII1~;yromJtix ueneti 161. rnaBHaTI Tp;y;n;

HOCT:& - o6ecneqeH1118 npHGMR6MOrO Bp9M6HM sa;n;epJKKH BbiCOKOBOR:&THOrO 



:vu.myJI:OCa, 4TO MOlKHO ~OCTMrHyT:O llpl! BbiCOKHX. K03WcJiMU:It16HT8X CBH3It1 06-
.MOTOK .l1T. KpoMe Taro, npocToTa KOaJTPYKUit1It1 .l1T C BbiCOKMM K08~9)HUH6H

TOM oBH3H Ha Buxo~Hoe HanpHmeHHe B coTHM KHJIOBOJI:DT o6MaH4HBa M Tpe-

6yeT p6lli6Hit1H cep:083HOM rrpOOJI6Mbl BbliJQKOBOJI:OTHO~ It130JIHII;It1It1. 

rlbiJII6113JIOlft6HH06 llOCJIYlKMJIO npM4:!IHOti npoBe ~6 HHH It1CCJI6 ~OB8HHti .l1T 
K8K pao46THO-T60Pit1Tit146CKOro, T8K 11 8KCllepHM8HT8JI:OHOrO xapaKTepa, 

pe3yJI:OT8'I'bl RO'l'OpbiX npMBO~H'l'CH B H81l'l'OHIJ.J.6M OT48'I'6 • 

2. COCTOHHH8 Bonpooa, ili)O'I'8HOBK8 38jl!,84li1 

2. I. Oco6eHHOC'I'H BhiCOKOBOJI:OTHI)ro nMTaHHH oTpHMe pHbiX rcaMe p 

Pa6oTa CTpli1M6pHOM K8M8phl OCH03blB86TCH Ha M8X8HH3M6 ra30BOro 

paapH~a B OOJI:Olli11X npoMeliCYTKaX. P83)H~ o6pbiB86TCH Ha paHH6W CT8~It1 

p83B:viTit1H CTpl1MepoB 38 046 T Oll8Il;VI8JI::,Horo (]opMVIpOB8HVIH BhlCOROBOJI:OT

HOrO MMnyJI:oca. 

Ka11ecTBO cJie;n;oB B cTpVIMepHofii :\aMepe npVI rrocTOHHHOM r;oJIM48CT

BeHH011 VI R81i8CTB8HHOM COCT8B8 r830:3oro H8110JIH6HVIH Ollp6;IJ;6JIH6TCH na

paMeTp8Miti BhlCOKOBOJI:OTHOro It1MDYJI:OC8. B pa00T6 /?/ CA6JI8H Bh!BO;IJ;, tiTO 

BC6 OCHOBHhl6 CBOiCTBa CTpitiMepOB Ha CJI6;IJ;8 48CTit1Ubl 110;IJ;41'1H6Hhl CJI6~ID-

ll\6MY 38KOHY: xi. !Ji 
(CBO~CTBOh =E ''[ (2.II) 

r~e E - Hanp.HxteHHOCT:O- aJieKTpi4tiecRo:~o noJIH; 

t- ~JIMT6JI:OHOCT:O HMITYJI:OCa. 

0CHOBHbiMit1 CBOHCT:B8MH CTPHMepa fiBJIHIOTCH ero ~JIHHa VI HpKOCT:O, a 

TaRme ux cTa6HJI:OHOCT:O. Ilia rrpHBe;n;eH:wtl g}opMyJihl (2.!IJ oJie;n;yeT, tiTO 

8TH B6JIH'ti1'1Hhl cymeCTB6HHO 38B:v!CH!:C 0'~ napaM6TpOB BbiCOKOBOJI:OTHOrO HM-

ITYJI:OCa, npHKJia~BaeMoro R KaMepe: aMIIJIMTy;IJ;hl, ~HTeJI:oHocTM, KPYTM3-

Hbl HapaCT8H:viH l!l cna;n;a, OT80:viJI:OHOOTll. B pa6oTe /S/ npiiiB6;IJ;6Hhl 38BH

CkiMOCTM YK838HHhiX B6JIH4J/IH OT ;IJ;JIHTe;I:bHOCTH III 8MIIJIIIITY l(hl npHMOyrOJI:OHO

ro L1Ml1YJil>Ca, l10JIY1i6HHh16 paoqeTHblM JIYTGM H 110;IJ;TB8plK~86Mbl6 3KCI16pki

M8HT8JI:bHO, J/13 KOTOpblX CJI8;IJ;Y6T, 4TO YM8H:Olll6Hl18 ;IJ;JIHT8JI:OHOCTJ/I J/IMllYJI:0-

08 npVI o;n;HoBpeMeHHOM yBeJIMqeHIIIH RP;?Titi3Hbi ~poRTa M crra~a, M cooTBeT

CTByromeM 110Bhlli18HJ/Ili rpa~H6HT8 8JI6KT]HiqecKoro llOJIH B K8M6p6 006Cll64M

B86T YJIY4JII6Hli1a KatiecTBa cJie;n;a. ilpH aToM HecTa6HJI:OHOCT:b aMnJIHTY;IJ;hl 

HMrry JI:oca QJHKcHpoBaHHofi ;IJ;JIJtiTeJI:oHooTII (rropH~Ka IO~ I5 He) He ~oJixtHa 
OblT:b 6oJI:OIII6 !~2% / 2/ o 



TaKitiM o6paaoM, npocTpaHcT:seHHO·-:BpeMeHHhle xapaKTepvrcTk!Kvr npo

:u;ecco:B r~opMV!pO:B8HV!fl CJI6;D;O:B qacTJ.1IJ; :B CTpiiiM6pHOW K8Mepe TI03:BOJIHIDT c;n;e

JI8T:O onpe;n;eJI6HHble :BhllW;D;11 OTHOCIIIT6JI:OI:i0 Tpe60:B8HJ.1W K napaMeTpaM :Bhl

COKO:BOJI:OTHOrO IZIMTIJIJI:&Oa, no;n;a:saeMoro H8 8JIGKTpO;D;bl K8M8phl. nnfl TIOJiy

qeHIZ!fl cne;n;o:B y;n;o:BJieT:Bopk!TeJI:&Horo KaqecT:Ba B cTpm~epnow KaMepe Heo6-

xo;n;vrMo TIO;D;8T:O H8 ee 8JI6KTpO;D;11 :BhlOOKO:BOJI:OTHhlll IIIMTIJIJI:OO CO OJI6;ll;yiDmHMH 

napaMeTpaMIZI: 

I. nnvrTeJI:&HOCT:O l!IMI1JIJI:008 np!ZI Hanpm~teHHOCTIZI TIOJifl :B KaMepe 

I5-t25KB/cM - I0-ti5 ne; 

2. :UJIIZ!Ten:onocT:& g_)poHTa vr ona;n;a vu.myn:oea - I-t2 ne; 

3. He eTa 6vrn:onoc T:& aMnJIIZITY Abl IZI ;n;JmTe JI:&HoeTvr wMrry n:ooa - I-t2%. 
TaK KaK :B 8Kene pmvre HT8X IZieiTOJI:E 3JIIOTefl KaMe pbl e M6Jlt8JI6KTpO;D;Hbl- . 

Mvr aaaopaMvr IOi-30 eM, To npvr HanpHWeHHOCTki nonfl B KaMepe I5-t30K:B/eM 

AJifl TIIZIT8Hkifl T8KV!X KaMep Tpe6yiDTefl IeHepaTOpbl H8 Hanpm!teHIZ!fl OT CO

T6H KV!JIOBOJI:OT ;D;O Mera:BOJI:OT. Paapa6cTK8 T8KV!X reHepaTOpO:B WOPMIZipO

:BaHHfl BbleOKOBOJI:OTHOrO H8HOe6KJIH;ll;HOI'O IZIMTIJIJI:&ea CO OT86liiJI:OHhlMH napa

MeTpaMH H8 Hiti3KOOMHOll Harpy3K6 l4Uc~M H MeHee ), l\8KOW fl:BJIH8Tefl CTpiii-
1 

Mepnaa KaMepa,-oep:oeoHaH IIImKeHepo-~·exnHq~cKafl aa;n;aqa. 

CJie;n;yeT np11B8eTH H8KOTOpb16 Tpt:i;ll;l1IJ,vlOHHh18 TIYTH perueHitlfi STOll 38-

2.2. il8P8M8TPb1 H6KOTOpblX reH6P8TOPOB OTpiZ!MepHblX 

KaMep 

0eHO:BHOJti TipiZIHIJ;V!TI ~OpM:WpOBamm BbleOKOBOJl:OTHhlX H8HOC6KYH;D;HhlX 

IIIMnyn:ocoB aaKnroqaeTefl B yMen:omeHIZIIII napaaMTHhlX napaMeTpoB paapH;n;Ho

ro KOHTypa (V!HA;YKTV!BHOCTIZI D;6TIIII VI 6HKOeTJl[ Harpy3KM) IZI Bp6M6HIZI KOM

MJIT8IJ,JIIIII paapH;D;HV!KOB. 

}J.JIH TIOJiyqeHMfl H8HOC6KJIH;D;HblX 11HTIJIJI:OCO:B BhlOOKOrO Hanpmit6HIZifi e 

8MTIJIIZITY ;ll;OM :B 0 OTHIII KB VI 6oJie e I/Ieno;I:&3 yroTefi re He pa TO pbl IIIMIIY JI:OCHblX 

HanpHllt6HIZiti rJI.IH TIO eXeMe ApKa;n;:oe:Ba-:~1apKea e MOJIOMH;Il..YI\TIZIBHhlMIZI KOH;ll;6Hol0o 

eaTopaMH /9,IO,II/, KoTopwe o6bJqHo o6na;n;aroT ne6oJLbmoPi aanaeaeMo£1 

anepriiieti vr MoryT npmweHHT:&efl ;n;JIH n!lT8HIZIH KaMep o He6oJI:&WMMIZI paaMe

paM:vr. 



4. 

Jlpyroti: nyT:o c))opMwpoBaHliiH HaHoc~ntyn;n;HhlX VIMnyJI:oco:a c:aepXBhlCOKVIX 

Harrpfllit6HliiW 38KJII0ti86TCH B TOM, tiTO 0.:18ti8JI8 c]opMliipyeTOH l1MIIYJI:OO .MVIK

pooeKyH;li.HOfA ;li.JIVIT6JI:OHOCTVI B 11M6;ll;JI6HHI)H 11 06KIJ,JIIVI, VIOIIOJI:03YIOID;6MOft ;li.JIH 

38pfl;D;Kl::I 11 6blOTpO:t1: 11 06KIJ,Vll::I /!2/, ti8M :lBJifl6TCfl M8JIOVIH;zl;YKTliiBHblt4 H8Ko

IIliiT6Jl:OHblii: aJieMeHT (KOH;L(eHcaTop liiJIVI 'bopMwpyroru;as JIIilHliiH). B ;n;aJI:&He~lmeM 
H8KOIIVIT6JI:&Hhlll oJI6M8HT C IIOMOID;:OIO H8H)06KYHAHOrO KOMMyTaTopa pa3pHEa-

6TCfl VI Ha Harpy3K6 IIOHBJif:I6TCfl VIMIIyJI.oO H8R006KYH;li.HOW ;li.JI11T6JI:OHOOTVI. 

B K8ti60TB6 11M6M6HHhlX11 CVIOT6M VICIIOJio3YIOTCH reHepaTOphl ApKa;n;:&eBa

MapKoa 11m1 BhlooKo:aoJI:&THhle liiMnyJI:ocHh13 TpaHc(j)opMaTophl. 

TaKMM o6p830M, o6o6ru;eHH8H CX6M·l H8HOC6KYH;li.HOrO reHepaTopa ;n;JIH 

IIVIT8HVIH CTpVIMGpHblX KaMep MOE6T 6h1T:O npe;li.CT8BJI6H8 B OJie;zr.yroru;eM B11;D;6 

pwc. 2.2Io 
ITocJie Toro KaK tiaoTwua npoil;n;eT tiapea KaMepy 3 VI ctieTtiVIK11 4, 

oxeMa conrra;n;eHHil 5 Bhl;n;aeT liiMIIyJI:oc H:a aarrycK nMe;n;JieHHoro" reHepaTopai, 

KOTOpbliA 38pHJK86T l16blOTpyi011 06I\IJ,l1IO 2. ITpVI cpa68Tb1B8HVIVI KOMMYT8Topa 

B 11 6hlOTpOiiil1 06KIJ,l1H H8 8JI6KTpo;n;ax I\a:>i6pbl 3 IIOHBJIH6TCfl IIpHMoyroJI:&H.biH 

HMIIY JI:OC, C03;D;8IOID;l1ti He 06XO;D;HMYIO Hanp:U\6 HHOCT:O 8JI6KTpVItiG CKoro IIOJIH B 

pa6o-qeM o6~eMe KaMeph1. ~ 

~billie 6h1JIVI onpe;n;eJIGHbl napaMeTpbl BblOOKOBOJI:OTHHX H8H006KYH;D;HHX 

11MIIYJI:OOOB Heo6XO;D;l1Mhl6 ;D;JIH IIVIT8Hliifl crpHMepHhlX KaMep 11, ;D;JIH Op8BHl::IT6JI:O

HOW OIJ,GHK:£1, ;D;8HHh16 p.H;n;a BblOOKOBOJI:OTH:blX H8HOC6KYH;D;Hh1X reHepaTopoB, 

KOTOpble npMMeHHJIVIC:O, npVIMGHHIOTOH 11 :-cOTOpble MOry T rrpl1M6 HHT:OOH B C110-

T6Me IIMT8HVIH OTp1'IM6pHblX KaMep, npl1B3;D;6Hhl B T86JILU1;6 2.2!. 
3;n;ec:o: 

LfBhlX - BbiXO;D;H06 Hanpfillt6HM6 reH3paTopa; 

Z:sHx - Bh1Xo;n;not4 wMne;n;aHc reHep.lTopa; 

t(fl - MHTeJI:&HocT:o c))poHTa MMIIyJI:oca; 

tu - ;li.JIHTGJI:OHOCT:O VIMIIYJI:OC8 H3 IIOJIYBhlOOTe; 

~u - aHeprwn B wMnyJI:oce; 

Pu - IIItiKOB8H MOII.(HOCT:O B HMIIY1l:&Ce; 

rJLIH - reHepaTop VIMIIYJI:OOHhlX H8lp.HiiC6HVIt4; 

Jl~Jl - ;n;BOMH8H <IJopMVIpyroru;aH JIVIHkiH; 

WT - wMnyJI:&CHhlti: TpaHcc]opMaTop; 

SCITI-IOO - aJieKTpoHHhltii cTa6VIJIIti3arop-noTeHIJ.VIoMeTp; 

WIIH - VICTOtiHVIK IIOOTOHHHOro H8IIpHiX6HVIH. 
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• n/n OxeMa reaepaTopa 

I 2 

I. rHH /I/ 
(Cy = 500 n~) 

2. rHH /I/ 
(Cy = 2000 n~) 

3. rvm /9/ 
(Cy =7~; Lp.K. = Io-7r) 

4. rvm co cxeMo! KOppem:ura I I 
( Cy = 500n~; CK =.:20n<J?) 3 

5. rHH -noJiocKo:e8.a: .I((?Jl /7 I 

Till nsJieRT.Pmta. 
:B 

aaxonBTeJle 

3 

KaCTO~OBOe M8CJIO 
( £='1,7) 

6. rnH - noJiocKo:eaa J(q>JI /15/ KacTo~o:eoe MacJio 
" ( f=4,7) 

7. rHH - H8K/OllHTeJII>mm KOH,D,eHca- rJimJ;epHH 
TOp - (i?Jl I6/ ( ( = 40) 

8. rRH-KoaKcHaJI:bnaa ~?JI /I7 I 
9. rHH no.n .D.8BJieHReM /IS/ 

IO. riD! no.n .n.aBJieHMeM /I9/ 
(Cy = 800 n~) 

II. rmr - na:rsonHTeJI:bHm: KOH,D,eHCaTop Bo.n.a ( E = 80) 
/20; IO! 

I2. SCIII-IOO -K08KCH8JiltH8JI C»Jl /2/ 

I3. rHH - KOaKCRaJI:bHaJI .U~JI /2!/ 

AsoT ( E = I) 

TpancwopMaTogHoe 
MBCJIO ( E = 2,2) 

I4. 2rl1H- KoaRcHaJII>HaJI ~JI /22/ TpaH~Ol}MaTopHoe 
MacJio <. E = 2,2) 

TAB 

TJm Rl 

Haxo: 

li:ByxsJieR~ 
(sJiera3; 

JI:ByxsJI eK~ 
(a soT; P= 

.llEyxsJieR~ 
c o,D,Hopo~ 
(asoT; I! 

Jl:ByxsJieK~ 
( sJieras, 

TpexsJieR~ 
C ROpOHliJ 
HrJIBMH 
Ynpa:eJIJie~ 
HMK (asm 

.If.ByxsJieR 
OCTpbiMH 
(sJieras; 

YnpaBJIJ-IeM 
HMR C peH 
H3JI~eHHeJ 



TAB li 

aec,. RecT. TJm K~ 'U&~ouc zg,.,x t, tu Wu Pu PasMepu aMIIJUIT • .Br!!HT • IIpmvte'tlaH:m:e 
( CTpmvt. Ra- (peryJUipOBK~ KaROl KB OM HC HC ,1l7K I'BT % % Mepu(sa- ).1)IHT6JI:&HOC· sop x mHP·i TH ~Hfia} 1 CM 

~ 5 6 7 8 9 IO II I2 !3 I£1 
10x50x?O Bos.nym:HH! 

460 !5-20 20-50 50 I-2,5 25x50x60 cpesaiOOt.IDti - pasp.f.I,lJ,Hllli 

I9x60xiOO 
Bos~Bi cpe· - 200 15-20 20-40 40 I-2 saiOIIUii paspH.,IJ,-

Hllli 

- 200 85 2 5 I,·i 0,3 (2xii)x13x80 CpesanmliH 
paspR,IUUm 

400 Io 30-60 40 0,7-1,2 15% (2xi5}i36x CpesaDtd -
~as~ x36 !4/ a soT ,P=5aT). 

3yxSJI6RT 800 35 3 I0-!2 !80 !8 I ( 2x30 6xi80x ~Jieras; 
"' X 20 

3yxaJieRT 
ISOT; P= 250 68 3 !2 II 0,9 2 I (2xiO)x40x40 

!yx3JI6RT 
90 2 I0-30 7-2I 0,7 IO 5 (2xiO)x40x40 TpexaJieRTpo,IJ.-

o,IJ.Hopq~ 500 Hhll cpesaxr-ISOT; !5 miDi p a s p.ff)J.HID 
.yxaJieRT 
Jieras, ~ 350 33 3-4 IO 3 0,3 I (2xi6)x60xiOO 

250 2-3 I3 IIxiOxiO 

270 8 I5-20 3 0,2 I2x60x60 Cpesaromd pas-
P.f:r.l1.IDIK TpHra-
TpOHHOrO THIIa 

exaJieR~J 
450 80 I 7 5 0,7 (2xi6)x30x r<OpOH.Hp~ 

r.taMH x IOO 
JaBJUieMl IOO 34 5-6 15 1,2 0,09 +I I (2x4)x50x50 ~ (asoT -
yxaJieRT 
TPWIIH K 800 38 5 15 300 20 2 r ~~~569ox2oo neras; 
B:E.JLfieMLI 

800 33 2 c peHr 10 I5 300 20 I 8xi20xiOO rteHHeM 



I5. r:vrn: - KOBRCHBJIJJHa.H: SJieras ( [, = I) 
.U~JI /22/ 

!6. l1TIH - ~Be KOBRCHBJI:bEHe 3Jiera3 ( (, =I) 
.I@JI /5/ 

I?. MT- KoaRCHaJIJJHaR TpaacxltopMBTOIJHoe 
.Il~JI I 4 I MBCJIO{ E = 2 ,2) 

IS. CnHpaJIJJHaR JIHHRH /24/ 

.Ileyx~m eKT ll o,IJ,HIDl 
KOJIJJU:eBoiH ::mer~ 

16,5 aT.) 

YnpaEJIReMI:lli pas 
Hmt(asoT; 5 aT. 

JlByxaJieKTIJO,llH.bli1 
(aJieras; 3,5 a'l 

19. rMH - i60J\HOPO.D.HBR 
JlmiM 25/ rJIHu;epmi ( £ = 4Q) JlB( yxaJieRTp0,11,Hb! 

asoT, 15 aTM. 

20. rMH no,n ,naE~eHHeM /II/ 
(Cy = I200 ~) 

21 • rMH - CTOKa H3 4 TIOJIOCROEhlX 
.Il<J>JI /26/ Bo.n.a ( £ = 80) 

22. rMH - KOaKCHBJIJJHa.H: 
.U<J>JI /2?/ 

., 

TpaaawopMaTOIJHoe 
MSCJIO ( E = 2,2) 

4-KaHaJIJJHIDC C 
HCR§lteiUieM no 
(90% asoTa + 
SJierasa; 6 aT 

JlByxaJieKTpO,llH 
C OCTpbtMM RpO 
(90% asoTa + 
aJierasa) 



96 I 5 ? !,4 5 I (2x20)x60x 
liOO 

+25 5 !8 2,5 0,16 -2 I {9+!8t9)x50x50 

25 5 15 85 5,5 1,5 I NoxeT n:e:TaT:o 
CTpHMepHMe RaMepa 

5 IO 15 I,5 I5 !5 I'loJKeT llHT8T:O HORpo-
:EHe KSMepH 

!30 5 20 36 !,8 IO l{OJKeT nHT8T:O OTpmviep-
EHe RaMepH 0 3830p0M 
l..O 40 OM. 

3 !2 6 0,5 MoxeT n:e:TaT:o HcKpoooe 
KaMe pH 

80 20 60 ?50 12,5 2 I 
MoxeT n:e:TaT:o oTpHMepHHe -~:aMepa o sasopoM .no r::u ._, OM. 

A~xeT n:e:TaT:o OTPHM§PHI:le -
32 5 !5 !65 II 2 I l~Mepa 0 3830p0M 2 CM 



5. 

KaK JITIOMJI1H8JIOO::&, O;ll.HJ11M 1113 JIOJIOEIIiW peaJIM88I.J;Jt1JII OTp:viMepHOrO peam

Ma HBJifl8TOfl ~OpMHpo:saHit18 KOpOTKJIIX BciOOKOBOJI::&TH~X It1MTIJIJI::&OOB (I0t20Ho) 

o KPJ'T~M:vl wpoHTOM li1 ona;n;oM, o6eonel.J1marom:vix HanpHli\eHHOOT::& sJie.KTpli1"4eo

Koro noJIH I5-t30KB/oM :s pa6o"4eM sasope KaMephlo 

KaK one;n;yeT M3 Taonwu~ 2.2!, ~lH peaJIIt138I.J;li1III Ha HarpysKe (oTpli1-

MepHaH KaMepa o 6oJI::&lllMMJII pac5ollli1Mli1 s~1sopaMJ1I ~IDeM) ypo:sH.a nJIIKo:soi1 

MOI.I.\HOOTJII !0
8

-t IOIOBT Tpe OJ16 TOR 11 0blOTpaH 11 06KI.J;li1H TI!Ill8 ~opMli1pJIIOI.I.\6t1 JI1t1-

Hli1JII, a ;n;JIH ee aapH;n;KJII - 6onee 11Me;n.noHHaH"oeKU11III Tli1na reHepaTopa Ap

Ka;n;::&e:sa-MapKoa li1JIH BblOOKOBOJI::&THOrO l1MTIJ'JI::&OHOrO TpaHocJ;iopMaTopa. ItlM
ne;n;aHObl "ohloTpoii1: 11 oeKI.J;IIIIII III HarpyaKH oohi"4Ho Manhl (;n;eoHTKM OM)H nosTo

MJI, ~Ifl TOrO "4TOObl pa006HT::& 8Heprli1IO Ha HJII3KOOMHOM HarpJ18K6 38 :spe

Mfl !0-? +I0-8o, ;ll;OJIJKHO OblT::& J1 ;n;eJieHO 1)00008 BHJIIMaHJII6 OB8;1l;6HJIIIO K Mli1HJII

MJIMJI B08X TIOOJI8;zi.OB8T8Jl::&HO 008)1;li1H8HHHX li1H;D;JIKTIIIBHOOT8i1: paopH;D;HOrO KOH

'l'JI pa, BKJIIOtiafl IIIH;n;yKTHBHOOTJ/I Harpy so;\ H KOMMJI Ta TOpOB B Oli10T8Me o 

l/l3 T80JIMI.J;bl 2. 2! Bvi;zi.HO, tlTO H8J/I1JOJI6 8 J1 TIOTpe6MT8JI::&HblM OTIOOOOOM 

008 OTI6"4:6 HJIIfl OT86Jt1JI::&HblX napaMe TpOB UliliiJI JI::&Oe Ha 3JI6KTpo;n;ax 0 Tp!i1M6pHOW 

KaMe phi OOJI::&liiMX p83M6 poB flBJifle TOH li10.10JI::&30D8HII16 ;n;JIH c}!opMli1poBaHIIl.ff ID1-

TIJ131::&08 reHepaTopa o ;u.Boi1Ho:V1 (fopMIIIPY omei1: JI11Hli1e11 Twna 11EJIIDMJ1Hi1IH11 :w oo

rJiao OB8H1t16 SJie KTPli1tl8 0Kli1X 1t1MTI6 ;n;aHOOB re He pa Topa li1 KaMe phi /?; I5 ;I?; 21; 

22;23;26;2?/. llM6HHO TaKli16 OIIIOT8M~ BblOOKOBOJI::&THOrO MMTIJIJl::&OHOrO TIJt1-

TaHIIlfl B HaOTOfllU88 Bp6Mfl Jt10UOJI::&3JIIOTO~ B OOHOBHOM KaK B T6XHli1K8 HOK -

pOBblX 1t1 OTpVIM6pHHX I\8M6p, T8K 1t1 B T8.XH1t1I\8 reHep:wpoBaHU.ff MOill,HblX 3JI6K

TpOHHhlX TIJitll:COB. 

B K8tl60TB6 reHepaTopa li1MTIJIJI::&OHOrO 38pB;n;a jl'l:>JI, B OOHOBHQM npvr

MGHHIDTOH reHepaTOpbl ApKa;n,::&eBa-MapKca, BOJI8;1l;OTBMVI M8H::&wero Bp6M6Hli1 

aa;n;epZKVI, 110 opaBHdHVIIO 0 JilT, Ill OOJI::&lll6ro OllblT8 B KOHCTPJIVIpOB8HJ11VI rlllH, 
npaKTVIKa VIOTIOJI::&30B8HHfl KOTOphlX HaO'iVIThlBaeT H60KOJI::&KO ;1];8CflTVIJI6TJI1W. 

0~LHaKO B ITOOJI6;1l;Hlii6 rOJJ;bl B6;LcyTCfl liiOOJI8;1l;OBaHliiH TIO peaJilii3ai.J;MH Bhl

OOKOBOJI::&THOrO MMTIJIJI::&CHOrO TpaHOCJ}OpMaTopa B T6XH1t1K8 OTpVIMepHblX ItaMep, I 

OOHOB~e npeHMJII.I.\80TBa KOTOporo OTM6tiaJIMO::& Bhlill6 (oM. BB6;ll.6HIII6). B pa-

60T6 / 3 /, UO-BIIl;zJ.HMOMy, Bl1GpBbl6 6hlJI8 BbiOK83aHa liiA6fl lii O~eJiaHa ITOIThlT

K8 peaJIVI3ai.J;VIH CliiCT6Mbl BblOOKOBOJI::&THOrO HMITJin::&OHOrO l1JI1TaHVIfl Ha OCHOB6 



6. 

MMITYJI:OCHOrO TpaHcr~opMaTopa • B paOOT6 /
4

/ OITMChl:B8lOTCH xapaKTBpMCTM

RM T8KOM CVICTB.Mbl, I\OTOpaR MCITOJI:030:B 9JI8C:O ~Jlfl llL1T8Hltlfl OAHOM8 TpO:BOiii 

CTpMMBpHOM I<aMephl. CJie~eT OTMeTMT:O H6;Ll.OCT8TXM STOM CHCT8Mhl :Bh!Co

ROBOJI:OTHOrO l1MIT;y JI:OCHOrO IU1T8Hlilfl, XOT.fl, B ll.BJIOM, OpliirMH8JI:OH8fl peaJIVI-

38UVI.fl ee 38CJIY~MB88T BHHMaHMfl. BpeM.fl sa;n,ep~RVI Bh!COKOBOJI:OTHOM CMCTe

Mhl ITMT8HM.fl rrop.H;n,Ka 440HO, HO rrpM BbiXO;Ll.HOM HarrpmKBHHH 450KB {Ha I-OM 

M8ItclilM;yMe) Itl BhlXO;zJ.H08 H8ITp.HiK8HH8 900RB (Ha 2-oM M8KCHM;yMe), HO rrpH 

:npeMBHH sa;n.ep~KH II00Hc, T.e. npM paOoTe ycTaHoBKH c MaJihlMH :npe

MeHaMM sa;n,epZKH rrpHXO;lJ.MTC.fl MMpHT:OC.fl 0 60JI:OillHMM ITOTepHMH BhlXO;lJ.HOrO 

HarrpHZBHHH. GKOMITBHCHpOB8T:O STOT HB;Ll.OCT8TOK MOZHO ITpH OOJIBB Bh!COKOM 

K03clJWMUI.18HTe CBH3ki Mez;n,;y OOMOTI\8MH ~1T, 'tlBM 6b!JI ;lJ.OCT.VlrH;y T B pa6oTe/ 4 /. 

0TCIO;Ll.8 CJIBAYBT B8~HOCT:O HCCJ16;Ll.OB8HV.H HMITYJI:OCHOrO Tp8HC~OpM8TOpa C 

TO'tlK~ 3peHH.fl ITOJIYQBHHH BbiCOKOro KO~~~HUHBHT8 C:Bfl3H npH TpeOyeMOM 

3JIBKTPVI'tle cRoll rrpo'tlHOCTH ROHCTPYKJJ.MI' .• KpoMe Toro, He o6xo;n.HMo y 'tlMThl

BaT:o rrepcnBKTHBhl pa3BHTM.fl MeTO;lJ.HKM CTpMMepHOM KaMGphl, HarrpaimeHHhlB 

Ha ;yny-qrueHMe napaMeTpo:n ycTaHoBK11 (rro:nhlrueHHe s~weKTHBHOCTH perMcTpa

uvm KaMe ph! rrpH Mai\CllMaJI:oHoM ;y ny -qme1-.1111 JIOI\8JII!I38ll.ll11 c TPitiMe po:n, y:nen11-

'tleH11e OhlCTpo;n,eMCTBHH, BBB;lJ.BHHB ZH~:OBO;lJ.O,O;lJ.HOM MHWBHH B o6~eM KaMe

phi, C03;LJ.aHH6 KaMephl 60JI1illOrO oO~eME 11 T.rr.), perueHH8 HBROTOphiX 113 

ROTOPHX ynpomaiOTCH npM BH8 ;n,peHHM 11~~ B T6XH11IKY CTpHMe pHOi1 KaMe phi. 

Bhlill8CKa3aHHOe ITOCJIY/Klll:JIO ITPMT·IMllOM ITpOBB;LT,eHHH HCCJIB;lJ.OB8HHfl 11T C 

uen:oro olJ,eHKH B03MOlitHOCTn peanHaaUHII BblOOROBOJI:OTHoro HMrryn:ocHoro 

Tp8HCqJOpMaTopa B CHCTBMB IIMT8HH.fl l~JlYXMB TpOBOti CTpMMe pHOW KaMe phi 

GKM-200 / 2 I/. 

3. 8KBHB8JIBHTH8H CXeMa »MIIY~:OCHOrO Tp8HC¢OPM8TOP8 

3.I. AHaJIH3 cxeMhl aaMB!l.\BHHH Jt{~ 

llplll:HUHIIH8JI:OH8fl SJie RTpHqecKafl OXeMa IlblO 01\0BOJI:OTHOrO TJ:MII;y JI:OCHOrO 

nHTaHHH cTpHMepHon xaMepu c MT rrp~3e~eHa Ha pTJ:c. 3.II. OcHoBHhlMH 

ysJiaMH ycTaHOBRH R:BJIHIOTCH: HMnyn:oc:iblti TpaHc{j!opMaTop MT o ROMMYTHpy

romHM paapR;n.HHKOM P1 H HaKorrTJ:Ten:oHoli eMKocT:oiO c1 (poJI:o KoTopoli MomeT 
VIrpaT:O 8MKOCT:O fL'IH Il tty ,nape") 11 ;lJ.B )l1IH8H qJOp.MHpyromaH JIVIHTJ:fl C pa3pR,n

l.UIHOM P2. 
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7. 

llpaHU.IIirr pa6oT1I ;yoTaHoBitvr saitJIIOtaeTofl B one.zcyiOUJ.BM. OT li'IOTOtiHill

Ka nooToHHHoro HarrpHEeHMH Uo qepes 6noK saps~HhlX oonpoTHBJieHam Ro 
sapmKaeToH eMKooT:o c 1 • IIpa nooT;ynJIE Hli'IM Ha no;n;~1mraromat1 aneKTpo;n; 

. paspH~HMKa P1 MMnyn:ooa oT annapaT:YI'bl sanyoKa paspH~HaK P1 opa6a
ThlnaeT H nosHvrKaiOUJ.Me ono6o~H1Ie KoJH 6aHli'IH B nepBHtiHOM KoHType L1c1 
TpaHof})opMHpyiOTOH DO BTOpliitiHbl~ L 2c2 ( GMKOOT:OIO C2 HBJiflG TOR J.L~JI) • 
llpiti ;ZJ;OOT!1E6HHM M8KOHM8JI:OHOrO HanpHH8Hl1H Ha J.LcpJI opa6aT1IB86T paspH~

H11K P2 L-1 Ocl!OpM!1pOB8HHblH npHMOJirOJI:OIIblM i1MilYJI:OO no JIIIIHMM nepe~atiiii JIII 

nooTynaeT Ha anertTpo;n;hi cTp11MepHo11 I:aMephl CK H ;n;anee Ha oornaoyromyro 

HarpysKy CH. 
8KBM!B8JI8HTH8H OXGM8 38MGUJ.6HMH JI11:T8HJIIH OTp.!t1M8pHOt1 K8M8phl L-1306-

pazeHa Ha piiio. 3.I2.a. 

3~eo:o: CI - GMKOOT:O H8KOilMTGJI:O:WrO KOH~eH08TOpa; 

G~- GMKOOT:O .Il,<IJJl, HarpyaKJII l1 ;ZJ;HH8Ml1t180KOti BMl\OOTH 11'!'; 
L 1~ L 2 - nepBMtiHaH M BTopRtJ:iaH MH;zGKT.ItiBHooTw HT; 

L
1 11 L 2 - aKTIIIBHhle oonpoTMBJII~H.ItiH KOHTypon; 

Lnr III Ln2- "rrapasMTHhle" aH;n;yKrMBHooTM KoHTypon (nooJie;n;onaTen:L
Ho OOG;LJ;HHBHH1I6 li'IH;LI.yRTJIIBHtlOTH ilO;ZJ;BO;ZJ;HID;HX lllHH, KOM

MyTaTopa VI T.n.); 

Gil- 11 rrap83MTH8H 11 BMKOOr:O Ha 36MJIIO; 

CT - M6E06MOTOtiH8H GMKO~T:O ~T. 

PaotieT npMBG~GHHOM UXBMhl 38MGUJ.9Hl1fi Tpy;n;oeMOK M HG li'IM6GT npaK

TJIItJGOKOrO MHTepeoa, IT03TOMJI ynpOCTVlM OXGMY, OT6pooviB O~Hli'I 8JIGMGH

Tbl M 061:>e~HHMB ;n;pyrMe • 
BJililflHMGM GMKOOTl1 CT MOiKHO npeHe6pe'l:O, T.K. OHa npM:BO~MT K no

flBJIG HMIO Bb1011IMX rapMOHl1K H8 OOHOBHOi1 KpMBOH HarrpHEGHHH, KOTOpblG 

ornaiKMBaiOTOH aKT.ItiBHblMM oonpoTMBJIGHWHMM KOHTypoB. B nepnoM npaona

iKGHHM MOiKHO npeHe6peti:O M CMKOOT:OIO en, T.Ko OHa BJIMfl8T Ha WPOHT l1M
nyn:ooa III ;n;nH MMKpooeKyH;n;Horo ;ZJ;ManasoHa npeMeHa arpaeT Heoyru;eoTBGH

Hyio pOJI:O. 0;ZJ;H8RO npM OlJ,G HKG ITOTG pi: BblXO~HOrO H8I1pRJJ.tGHMH He o6XO;ZJ;l1MO 

I10MH11:T:O, tlTO OH8 OOBMGOTHO 0 ;ZJ;IIIH8Ml1t1GOKOM GMKOOT:OIO Tp8HOgjopM8TOpa 

BG;ll;6T K JIBGJI:v.ltJGHMIO GMKOOT1i c2. "llapa3MTHble" MH;ll;JIKT1iBHOOTH L ni H 

Lrr2 MOiKHO o61:>e~:viHHT:& o HH.Z!SRTIIIBHccTHMM nep:rmtiHour L1* M BTopvitiHOti 

L- 2* o6MoTK8M.Itl TpaHoclJopMaTopa a MX BJIMHH:Ue Ha nhlxo;n;Hoe HanpHnce

Hae o;y;n;eT paocMOTPBHO OT;ZJ;GJI:OHO. Tcr;n;a 8KBHB8JIGHTHJIIO OXGMY 38MGUJ.G

Hl1fl MOIKHO Tip11B80T.Ii1 K BM;LJ;y, H300p8}i.GHHOMJI Ha pao. 3.12.6 • 

• 
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saMemeH~H rw~ c-HT • PT4C .3.I2. a) OC5maH 3KB~B8JieHTH8fl CXeMU 
6) llpT4C5JIT4JKeHH8fl 8KB~BaJieHTHUfl CXeMa T4MTiyJI:&CHOrO TpaHc-

clJopMaTopa. 
B) llpi116JI T4lK6HH8 fl 3KB~B8JI eH THilfl cxeua ~MnyJI:&CHOrO 8BTO-

TpaHcclJopMaTopa. 



8. 

AHan~s 8TOH CX6Mll 38M6Il.i8H~fl B OOI1.i8M BM~e TOme Tpy~oeMOK ~ 

TpeoyeT ~9n:&H6MI11MX YITPOiliBH~tf, KOTOpble Oy~T ITpOMSBB~eHbl ITO XO~ 

pac'tieTa. 

3.2. AHan~s nepexoAHoro npouecca B SKB~BaneHTHO~ cxeMe 

38M6li\8HV.fl HT 

EMKocT:& c1, sapmr,eHHaR ;n;o Harr~mKeH~R U I (p:uw. 3.I2.6), BKmo

-qae TCfl B U6 IT:&, COCTORil.iYIO ~3 ~BYX 1U ~JIKT~BHO CBfl38HHb!X KOHTY pOB, 

T.e. BICJIKl'tiBH~e rrpO~CXO;l4viT He rrpM HYJieBblX H8'ti8JI&HbiX YCJIOBJilfiX. lVJOlK

I-10 npHnecTM Ha'tiaJI:&HHe ycnonvm K HyJeBhlM nyTeM BBe.n;eHJIIR ~ooaBO'tiHoro 

reHepaTopa HarrpmKeH~B.c s.;n.c. paBI-o:iil U1 w Tor;l4a HarrpHiiteH~e Ha 

BMKOCTJil CI oy.n;eT: t 

u =_L fL,dt - u, 
c, c. 0 

Ooxo;nn: KOHTY pb!, 38IT~lll6M ;ll;Iti<J)!fle fie HU118n:&Hbl8 

dl, . t jt· dt M diz. u 
ypaBH6HMR: 

L.Cif. + L,'l., +c. 0 L. ± dt = I 

. t . 
dL, · I j' dt + w dL' _ O Lzdt +Lz 7.z+-C Lz -I dt-

2. c 

l1epexo~n: K npeoopasonaHHbiM c});ym~UMRM, H8XO;zl;l1M: 

z.i,CP> ±-pML2CP)= Uyp 

Zz L2(P) :t PM [,(p) = 0 

Z~=PL. +'l, + lfc,P ; Z2 = PLz +'It.., 1/czP 
Pewan: STM ;ypaBHeH~R, nony-qaeM: 

· (P) U, Zz. U (P) -...:;;.;U~, --=.....;:;;Z;.;;...a ~ L = P Z,Zt. -M~P2 1 - P2C, Z,Zz-M2P2 

+ U M P U · ) _+ U, M 
LCP) =- P

1 
z,z:-M2P' Uz(P ---P-Cz~Z-:,Z~t.--M-=-t--:pz 

8HaK B Bbip8ilt8 HMRX BTOplll'tiHOl'O I~OHTJI pa 38BVIC~T OT BH:JIIO'CI6 H~B OO

MOTOK !liT Ji1 B ;nan:&HetiWBM OJ' 7J,8M paCCIIaTp:v!BaT:& TOJII>KO ( +), JIIM6fl BBI1-

~, "CITO np11 ;n;pyroM mmro-qe HMJII ooMoToi\ HT nonn:pnocT:& one ;n;;ye T vrsJv;e

Hl1TL • 



9. 

ITpaKTMtJ6CKPiir1 PIHT6p6C rrpe;n;cTaB.IIH6T Bbip8lK6HM6 ;ZJ;JIH BHXO;ZJ;HOrO 

HaiTpHKeJHHH M BbipalKeJHM6 ;n;JIH TOKa B aepBMtJHOM KOHType. 

PemeHH6 ;n;JIH TOKa B il6P.BMtJHOM KOHType C YtJeJTOM CJia6oro 38T3-
XaHMH B KOHTypaX MM66T BM;ZJ;/28/: 

. (t)- u. I w:-w.~ -6',t. t w~ -w;l. -o~.t tl 
L, - L,Cf-K2)(Wz'-w,z) w, ·e 'SLnW. - w, ·e , SinWz . (3.2!) 

r;u.e 

(3.22) 

(3.23) 

- M . J.. _.1!_ . J..- ..lL . Y~= _I- . . '), __ 1-
K-~ ·-zL. ) ,- 2 Lz I ul LaC, I Wz- LtCl 

J!JIH BblXO;ZJ;HOrO Hal1pHllt6HHH 1 pae:cyllt;qaH aHaJIOrHtJHO l1pHB6;ZJ;6HHOyY 
peweHHIO ;n;JIH TOKa L. ( t ) B pa~OT6 /Z8/, "H6Tpy;ZJ;HO l10JI3tJHT:D: 

t U, Knwi I -6',t -o-tt \ Ul )= o-Ktt)<Wt-W~.) e · Co~w.t - e cotw~t (3•24) 

r;n;e rt.=~L${1 
1

- Koag)!J)HIJ;MeHT TpaHC!f)OJlMaiJ;MM. 
III3 llOJiytJeHHblX p68JI3l:DTaTOB Bltl;~HO, tJTO B l16pBOM npPIOJIPl)K6HHH CD

npOTHBJieJHMB KOHTYPOB BHOCHT TOJI:DKO SaTyXaMH, a tJ8CTOTbl CBHSH Wa 
H VJ2 MoEHO BhltJHCJIHT:D, He ctJMTaHc:o c HaJIHtJPieM conpoTMBJieHMir1. 

. I· 

ITpe;n;cTaBJIH6T npaKTHtJ6CKMR MH'repec aBTOTpaHCci!OPM8TOpH06 BKJIIO
tJeJHMe OOMOTOK (pHC. 3.!2B). !IpH Hlf8KHX HaiTpflEeJHPIHX MOllteT OblT:D HC
ilOJI:DSOBaHa HSoJI:apo:saHHaH nepBMtJHaa o6MoTKa, Ho npH BhlcoKHX HanpB- 1 

lKeHHHX ;n;alKe HesHatJMTeJI:DHhle nepexo,((Hhle npon;ecchl uoryT rrpoo:aT:o Hso

JIBUHIO M6llt;ZJ;y nepBHtJHOir1 H BTOpMtJHOir1 OOMOTK8MH, l103TOM3 tJa~e HCilOJI:D-

83IOT CX6M3 C aBTOTpaHC!J)OpMaTOpOM. 
B 3TOM CJiytJae ypaBH6HMfl B on,paTopHOir1 ci!opMe MM6IOT BH;ZJ;: 

z,L,(p)- LCP)Ma p = uvp 

Z2.Lz(P}-l;(P)MuP = 0 

Z,=L.P+Z,+ !Jc,P; Z2 =l..P+1z+~~P 

J 
Ma.=L, +M 



IO. 

BH;zJ;HO, "llTO ypa:BH6HMfl npa a:BTO~epaHO~OpMaTOpHOM BKJIID"lleHHH OO

MOTOK TIOJIHOOT:DIO aHaJiorH"llHH ypa:sHeHafiM npa TpaHo<!JopMaTOpHOM BKJIIO'QrJ

H11J4 OOMOTOK Jtl TI03TOMY HOKOUHe BhlpalieHHfl ;l(JIH TOKa I4 Hanpfllit6HMfl npH 

Y"ll6T6 TOJI:ORO 3aTyXSHJilfl B ROHTypax I)Tip6;li;6JifiiOTOfl BhlpalKeHHHMitl, aHa

JIOrH'tiHhiM :shlpajjteHHflM (3.2I) H (3.24), 3aMeHflfl :s HitiX K Ha Ka, n Ha 

na t Wt Ha U),7. H .J.z Ha J.11. : 
. t- u, ·l w.~-W/- -6",t,. w,~-w} -ozt. tl 
t,( )-L,(I-KJ)(Wl-W.l) w. ·e ·Surw.t- wl. e SLnWz (3.2I) 

U, KunnuJ~~ ~-G",t -Oif l ulct)= (I .. K~)(W2l-W,:t) . e 'Cogw,t -l~ 'Co8Wzt 

r;n;e 

lll"'l. U);, U)l.' J)2. 
WI+ I!_ 1W/Z 

Z(J-K~l I -K(l 

'l z l . 

6 
= .J.tWI2 +d-z,W, -W. (~,+,l1z) 

1 V<w,z-w,~)2 + 4 K~ w,zw,r· I 

(3.23) 
z . . 2 . 2 

0 
= Wz(rJ..,+J.,2)-J.,uJn.-..J.,lUL 

2 VCw,Z-w,h + LIKJ W/W,f 

(3.25) 

K = 1 +Kn 
Ct na (3.26) 

M3 ~opMyJI (3.25) 11 (3.26) on~;n;yeT, "llTO npH a:sToTpaHo@opMaTop

HOM BKJIIO'Q6HHJ4 OOMOTOK BOJie;l(OTBHe j~OTIOJIHJ4T6JI:OHOH 3JI6RTpi4li60RO~ O:Sfl-

r 
i 

1 
311 MeE;l(y PIH;l(.YKTHBHO OBH3aHHHMH KOHTypaMH oomXIe K08~~I4UJ46HTbl 0Bfl3J4 . 

I4 TpaHOWOPMSizyiM B03p80TSIOT H 3TO ~'BIIJIH't16HRe T6M OOJI:Ollle, 'liM M6H:O-

me K03illW11UI48HT TpaHo~opMal.\1111, "llTO BH;l(HO 113 rpaWMKOB pHO. 3.2I. Mc

XO;l(H 113 3TJtiX rpa~JtlKOB MOlKHO O;l(eJia~~:O BhiBO;l(, 'QTO npa He OOJI:blllJtlX KQ-

3@~HU.ltielHTSX TpaHO@OpMSUl1Jt1 n npM <lBTOTpaHOqJOpMaTOpHOM BKJIIO"lleH11H 

OOMOTOK K03~~HUH6HT 3JieKTpOMarHHT:fO~ O:Bfl311 K MOE8T OUT:O H600JI:Olll11M, 

XOTfl o6mHH R03<:Q~JtiD;H6HT C:Bfl3PI K
8 

TI)H 3TOM -MOE6T ,IJ;OOTHrST:O BbiOORirlX 

3Ha"lleHzt1, "llTO ooner-qaeT :Bhloop KOHI]TPYKUHH o6MoToR Jtl ycnoBHfl TtiX H3-

roTo:sneHHfl. 
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II. 

JIITaK, Mbl onpe;n;eJU1JIH, fiTO TOK H rrep:BHfiHOM KOHTJipe 11: HanpHJK8HH6 

:SO BTOpHllHOM B CJI;yqae TpaHc(iJopMaTopa OIIHCbiB810TCfl Bblp8JK6HHHML1: (3.2!): 
M (3.24), a B CJiyqaa 8BTOTp8HC~OpMHTOpa - H;ZJ;6HTM't!Hb1MH Bblp8E6HRH- , 

MH (3 .2!~ H (3.241
). 8TH (iJopM;yJibl noHaabiBaiOT, fiTO np:ur cBo6o;n;HoM paa

PH;J;e KOH;ZJ;6HCaTopa B CHCT6M6 HH;zJ;,YKTllBHO CBH38HHbiX KOHTypo:B O;z{HO:Bpe

M6HHO BOSHHKaiOT ;z{Ba KOJie6aHHH C ll80TOT8MH W, H Wz , 38BHCH~HMH OT 

KOcHlJCJ)PIUJ46HT8 CB.83Ho 0;z{HOBp6MeiHH06 <:y~eCTBOBaHHe ;z{BYX ll80TOT npH

BO].(HT K TOMy, llTO peSJIJI:OTHpyiO~He KOJI668HHH B 060HX KOHTypax HMe-

lOT ~OpMy 6HESHH~ H 008 KOHTypa o6M8Hlil:E8IO'rCB SHeprHeti. 

C 3HepreTHll6CKOti TOllKH 3p6Hlilfl M8KOHM8JI:OH8fl nape;n;aqa 3HeprHH 

IllS nepBoro KOHTypa BO BTOpoti B03MOHH8 np:ur p630H8HCe, Kor;n;a 'Y8CTOThl 

KoHTypoB pa:sHbl { w,=Wt. :urnH W,= w,z .). YcnoB:ure peaoHaHoa noaToMy 

oTpeMHTCH peanHao:saT:o Ha npaKTHKe. 

B aToM cnyt~ae BblpameHHH (3.2!) H (3.24) ynpo~aiOTOH 
T810T BH;z{! 

. ·t· U. I 1 -oJ t -o2t . I 
L,( )=0.5 wt . Vt+K I ·e ·Si,nW.t + VJ-K' e Sinwl.t 

-6,i -6'2 t t] Uit)=o.snU,· e cosw.t- e cosW2 

r;n;e 

H npHo6pe-

(3.27) 

(3.28) 

lipH 8BTOTp8HCq)OpM8TOpHOM BKJI101I6HHH 06MOTOK B Bblp81t6HHHX ;n;JIH 

TOKa H H8IIpfllK6HH.fl (3.27) Ill (3.28) <me;n;;yeT 38M61illT:O K Ha K
8 

H n Ha 

ntt • BhlpaJKeHHH (3.27) H (3.28) .fiB.iiHIOTC.fl OCHOBHbiMH npM p8C'Y8T6 na

paMeTpOB peaoHaHcHoro TpaHc~opMaTopa, noaToM;y npoaHaJIHSMp;yeM HX 

6onee IIO;D;p06Ho. rpaq)MKH HSMeHeHHfl JlbiXO;ZJ;HOrO H8IIP.fllft6HH.fl H TOK8 B 

nep:BPI'YHOM KOHType B OTHOCl1T6JI:OHbiX fl;z{HHH11.8X IIpHBe;ZJ;eHbl Ha pPIC. 3.22 
M p:rtw. 3.23. ;z{JIH paaJIH'YHbiX 3H8'Y6HHit K03tl!WMD;H6HT8 CB.fl3H KOHTypoB. 

MaKCHM8JI:OHO B03MOJitH06 SHa qe HHe u2 liPH q)HKCHpo:aaHHHX napaMe Tpax L 
ill C KOHTypoB H IIPH nepeMeHHbiX K 6y;~eT: 

-o.fm ··6'z tm 
U2m = n U, ( e + e > 
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12. 

H npm YOJIOBHH 01I800rO 38TYX8HHfl B ROHTypax Ha BhlXO;D;e IT01IJI'iHM JIMHo-

me H:V16 Hanpmite HHfl B n pas: • 

BpeME ;n;o MaK0111MyMa HanpHJiteHHfl (:apeMH sa;n;epJKKH- t3 ) np111 ona6oM 

S8TJIX8HHJ4 B KOHTJ1p8X onpe;D;61Ifl6TOH r.p11101IVIllt8HHO 1113 (3.28) KaK: 

t3 :::tm ~:n1JL,C,(I ±K;~ 
r;n;e "+11 OOOTB8TOTBYIT M8KOHMJIMY Har:pflllt6HHH Ha BTOPOM ITOJIYlWJIHe, 

a "-"- Ha nep:aol nony:aonHe. 

Ms pHO. 3o22 BJil;D;HO, ~TO npM y:aeJIHqeHJilH K03~WHUH6HT8 OBH3H YB61IH'iH

:aaeTOfl paSHOO 'i80TOT ( W,: W, ) PI MctKOHMYM BhlXO;D;HOrO H8llpfllK8HHfl rre

peMem,aeTOfl Ha nep:eyiO IT01IYIW1IHY (K )' 0,8). llpH 8TOM, OOOTB6TOTB6HHO, 

JILH!l H:Omae TOH :apeMH sa;n;e pXKH H JIB6JIHt[HB86TOfl Kpy THSH8 :ShlXO;D;HOrO Ha

npflxte HHfl. 0;D;H8KO, 0116 ;D;y 6 T S8M6 THTI> ~· liTO npH KOotliqJ:rt!UHe HT8X 0Bfl3H 

K ~ 0, 9 pe8KO BospaoTaeT 8MIT1IETY ;n;a H KPYTIII8H8 TOKa B nep:aHqHOM KOH

Type, ITOSTOMY npH BhlOOpe KOM:A/IYT8TOpa B nepBIII'tlHOM KOHType HeOOXO;zu'I

MO sTo yllHTblBaTI>, n116o orpaHH'tlHTI>CH paayMHblM Koag)c]JHUJIIeHTOM TpaHo

~opMaUHH ;D;Jlfl o6eoneqeHHfl npHeMJI8Mbl}: KPJITHSH TOK8 B KOMMJIT8Tope. 

TaKHM o6pa30M, H8 OOHOB8HHH pe:.OtllllTO:i, ITP111B6;ll;6HlWX B STOM na

parpa~e, H onpaBOllHhlX ;ll;8HHbiX ITO OO(iOTB6HHOti H B38HMHOI HH;ll;yKTJI1B

HOOTflM 129 I MOlltHO paoolll1TaT:b ooHO:BHble sJieMeHTbl KOHOTPYKUJdH .tllMnyn:b

oHoro Tp8HO~OpM8TOpa, 38;ll;8:B8fl0:b KOitcp~J11UH6HTOM TpaHocpopM8UHM, 8MITJIH

Ty;n;ol BhlXO;ll;HOrO HarrpfllK6HHfl H :B61IMllliH011 O;ll;HOW H8 eMKOCTel. 

B nepBH'tJHhll KOHTyp B/B HMITJ11Il><:Horo Tp8HOcJ!opM8TOpa ITOM.tllMO HH

;ll;JIKTHBHOOTH nepBH'tJHOM OOMOTKH BXOmiT llOOJI6;ll;OB8T6JI:bHO 006;ll;HH6HHble 

HH;ll;JIKTHBHOOTH KOMMJITaTopa L ROM, no;n;BOMID.HX npo:ao;n;o:a L n. np., KoH

;n;eHoaTopa L KoH., :a ;n;an:&Hei1meM HaaH:aaeMble HH;zJ;yKTHBHOOT:&IO no;n;:ao;n;KJti 

L no;n;. ( Ln = LKoM + L n.np + L ICOH), KoTopaH BJIHHeT Ha Kosq)~Jti
u;HeHTbl 0Bfl8H H Tp8HOqJOpM8UHJ/I • Onpe ;~eJUIM STO BJIHHHHe. )lJifl STOro pao

OMOTPIDII ;l.U36 SKBHB8JieHTHble OX8Mhl TpaHO~OpMaTopa pHO. 3.3Ia, B O;D;HJI 

H3 KOTOpblX BXO;ll;HT HH)U1KTH:BHOOTH no;~BO;n;KH. 

06XO;ll;fl KOHTyphl, IT01IJI't186M 

L.=C. + t,'" ,. 
L2= l.z+Lnt (3o3I) 

M=M-li 
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13. 

KoaqlqJHI.J;l16HThl 0Bfl311 11 TP8HOt}?Oplll8lJ,vll1 ;li;JIH STHX tJe ThlpexnOJIIOOHH-

ROB MO~HO 38ITI108T1 KaR: 

ri~ u n=~'Ji.' (3.32) 

K~ M• u K= M 
V~.~; VL, L2' (3.33) 

IIo;n;cTaBJIHH B (3.32) III (3 .33) nattz~ennoe ycJIOBHe (3 .3I) H rrpo

Hs:ae;n;H npocThle anreopalitJecKHe npeo<5paao:aan111H, rronytJaeM: 

r;n;e 

T.R. 

}
*:: Lnv~. . 
I /[, ) 

J + ;r"" 
n=n* 1 +}~ 

~r=r=· 
K=K Vf+Jr 

(3.34) 

(3.35) 

(3~34) 

(3.35) 
Ma npm:ae;n;enHHx wopuyn cne;n;yeT,tJTo naJIHtJHe mn;n;yKTHBHOCTli rro;n;

BO]J.RH Lrro;n; (B ocHOBHOM, liH;D;J'KTHBH )CTli rro]UlO;n;RH nep:aHtJHoro KOHTy

pa Ln, ) OHH*aeT Ros~~HIJ.HeHThl OBH3H H TpaHc~opMaUHJil H STO yMeHDmeHRe 
1t 

K H n TeiM ~0JIDill6, tJeM oo~me jB1 , tJTO BJII;D;HO ¥13 rpaillnKa ~J'HKUH~ 

%* = /<}~) H 'Vn* = /c;.) , npH:ae n;ennhlM na pHc. 3.32. Ha;n;o o~Me
THT1, tJTO B OOJIDillJIIHOTBe rM8 HH;LJ;YRT~BHOCT1 rrepBJIItJHOll OOMOTKH L. 
MaJia BCJI6;D;CTBH6 Manoro BpeMeHH 38;li;3P*KJII tJ H, OJI6;D;OB8T6TI1HO, ;D;nH 

KOMne HC81J.VIH BJH1HHJIIH Lm Ha K H n H3 OOXO;D;JIIMO YB6JnitJHB8!£1 KOSci1~HI.J;HeH
Thl OBH3JII H TpaHOci10PM8UHH K* H n* p58JihHOH KOHOTpyKI.J;l111 B/B l1MITYJI10-

HOrO TpaHOci1opM8TOpa, tJTO He :acer;n;a ;li;OCTJIIXHMO B ;li;H8IT830H6 BhlXO;li;HhlX 

H8ITpH~6Hl1H B OOTHJII KHJIOBOJihT. IlOSTDMJ' rJI8BH06 BHHM8HH6 npH KOHCTpy

HpOB8HJIIH JIIMITYJihOHOrO TpaHCci10pM8TOP9 ;D;OJI*HO OhiTh o6pameHO K CHJII*6HJIIIO 

BCeX napa3HTHhlX ITOCJiel;li;OBaTeJihHO coe;LJ;HH6HHhiX HHAYKTMBHOCT6W. 
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I4. 

B pH;n;e KOHCTPYKUPiti HT , r;n;e He Tpe 6ye TCH BhlCOKMti KoawwPiu;PieHT 

CBHSPI, KOMIT6HC8IJ;HPI yMeHniD6HPIH KOS~<QPIUH6HT8 Tp8HCWOPM8UHH MOlK6T 

6h!Tn ;n;ocTHrHyTa BhiiTOJIHSHMeM ycJioBMH: 
·* * l - .• zL }2 = .,_f>, t T • e • ,nz - n m 

ilpH 3TOM, K8K CJI6;ZJ;y6T HS <l)OpM:IJI (3o34) H (3.35), llOJI;]ti88M no

CTOHHCTBO K03(1J!lJ¥1UJI!6HT8 TpaHCqJOpM8IJ;JUi Ill 6oJiee OJI!JinH08 YM6H"DllU:IHJI!6 Ko-

8W!IJHUPI8HT8 CBH3M. ~ 
n=n (3.34) 

·If I 
K=l I + .ftt (3 .35) 

B CJiytiae 8BTOTpaHCWOPM8TOpHOti GBH3JI! KOHTypoB BJIWHHM6 HH;ZJ;JIKTHB

HOOTH llO;ZJ;BO;lUUi HS K03!lJ{bHIJ;J.Il6HThl OlJH:3H H TpaHc<lJopMSIJ;HH Bhlp8'lK8fJTCH 

6oJie e CJIOiltHhiMPI wopMy JiaMH, Bene ;n;cTBJ~e HaJIPI'tiHH ::meKTPH'tle cKofii CBfl3H 

M6lK;ZJ;y M8rHMTHO CBH38HHhlMH KOHTypaMH. Onpe;n;eJIMM 8TO BJIMHHHe. 

AH8JIOrH'tiHO paCCMOTp6HHOMY Bhlllll3 CJiytiaiD tJHCTO TpaHC<!JOpMaTOpHOiil: 

CBHSH, paCCM8TpHB8fl ;ZJ;Ba ti6Thlp8XTIOJIJJCHHK8 (pHC. 3.3!6), npe;ZJ;CT8BJifl

lDIJ.lHX 8KBHB8JI6HTHhl6 CX6Mhl 38M61U6HHfl 8BTOTp8HCWOPM8TOpa, ITOJIYtJ88M ,. 
L.=L:,+Ln, 
Lz=Ll+Lnz +Ln, 
M=M*+Ln• 

ITo;n;cTaBJiflfl Hafii;n;eHHoe ycJioBHe 

CBflSPI M TP8HCWOPMSIJ;J.IIPI PI npOPI3B6;n;H 

HSXO;ZJ;HM 

(3.36) 

1,3o36) B CiJopMyJihl K03WWMU1116HTOB 

aJire 6 paHtJe c KlH' npe o6paa OBa HHH, 

n = n·* r + J3: + -fi,/nlfz. 
1+),* (3.37) 

* 

K "'lj ( 1+}:)(1'• N • .fi·'7,.;.; ( 3 • 38 ) 
r;n;e 

.a*= Lm/* . P.. ~'": Lm.4.,o 

K~- .}yrr* 

J'l It:, I J-'2 7L2 
Wa wopMyJI (3.37) PI (3.38) cJie;~eT, tJTO BJIHHHHe HH;ZJ;JIKTHBHOGTH 

ITO;ZJ;BO;n;KPI Ha KOa(llg)HIJ;H6HT TpaHC(lJOpMal~HI1 M6Hnill6, a Ha K08W~lUJ,PI6HT 

CBHSH 6oJinme, tieM B cJiytJae TpaHc!IJopMaTopa. Ho Pia aToro eme He cJie-

71.:/ e T O;ZJ;H03H8'QHOrO 38KJIID'Q6 HHfl 0 BJIHHHH8 MH;ZJ;yRTHBHOCTH ITO;lUW;n;KH H8 

"o61l.lM6" K08(1J(lJPIIJ;I16HThl CBHSH H Tp8HC(g0pM8IJ;HH, YllHThlB8lDllU'l6 3JI6KTpM

tJ6CKyiO CBH3n H OITp6]1.6JifllDIJ.lH6CH ITO WOPMYJI8M: 



I+Kn 
Ko.= na 

7i I + K~h~t 
u Ko.= · n: 

I5. 

IIo~oTa:BJUUi :B HHX H8H~6HHbl6 IlhlDU' 3HaqeHHfl K Jd n H npOII13:Be ;ZJ.H 

npooThle anrec5paHqeoKHe npeoc5pa30il8IIHH, nonyqaeM: 

r;n:e 

nu=n:J.V I+~,.' (3.39) 

It 1,/1 
Ka=KaTV~ (3.40) 

n*2 * ,z.=l+- ,p:_ 
d. n 'lt2. .rz. 

Q * 
IIpM 6on:omHx KoscllclJVIn;PHIJ HTax Tpa aoqJopMaiU1VI }z-+ 0 , T. e. J..::: I m 

<]opMJ'Jlhl (.3.39) H (3.40) npeo6pa3;yrorofl :a one;n;;yrom.H:ti :aM;n;: 

nn = n..'\} I+), .. I 
I 

(3.39) 

*,~ I 
Ka= Ka V T+Jr 

1 
.. 

1 
(3.40) 

Cpa:BHH:B8B (3.34) VI (3o35) 0 (3.39) H (3'.40) MO»tHO O]J.ElJ18T:D Bbl
BO]J., ~TO npH OOJI:DWHX K08clJg)HD;ifl6HT8X TpaHO~OpMaD;VIH BJlVIBHHe HHAYKTHB

HOOTVI llO;D;IlO]J.KH nepBM~HOrO KOHTJ'pa Ha K03WWHD;JII6HTH O:Bfl3JII H TP8HO
WOPM8D;HH o;n:wnaKo:ao KaK:a.ony~ae Tpaao~opMaTopaoro BKJIIO~eHMH oc5Mo
ToK, T8K H :B OJIJ'~ae 8BTOTpaHCclJOpMeTOpHoro HX BKJIIOqElHHB VI STO BJIH

BHM6 MOlKHO OD;6HVIT:D DO rpa~HKJ', npi~6~6HHOMJ' H8 pHC. 3.32. Ho npH 
HElOOJI:DWHX K03~~HD;lil6HT8X TpaHO~OpMcD;HM, KOr~a :BJ1VIfiHVI6M ITO]J.BO]J.KH 
BTOPM~Horo KOHTypa Lnz H6Jl:D3B npeuec5peq:o, :BJIHfiHMe Lm H Lnz Ha 

K08clJWHUH8HTh1 O:Bfl3H VI TpaHOWOPMSUHll ~H aBTOTpaHOWOPMSTOpHoro BKJI~ 
qeHMH oc5MoToK npoHBJIBElTOH :a 6onee onoEHOH 38BMCKMOCTVI, qeM ~fl 
Tp8HCWOPM8TOpHoro :BKJIIOqeHVIfl H STO BJ1VIfiHH6 OJ16;D;;y6T onpe~eJIHT:D no 6o
nee o6l!UILM g)opMynaM (3.39) Ill (3.40). 

3.4. BblBOAA! 

0CHOBHb16 nony~e HHbl6 pa 3;)1 Jl:DT8'rb1 MOiKHO o(_popMy JIHpOBa T:D CJ16 ;D;;yiO

lll.HM oc5pa3oM: 
I. KaK OJ16;D;;y6T 113 aHaJIH38 wo~MYJihl Bb1XO~Horo HanpHE6HHH ~T, 



16. 

TpeoyeMyiD 38~epmKy ( t < 500HC) I CMCT6MEI :B~COKOBO~:&THOrO HMTiy~:&C
HOrO TIHT8HHfl CTplilMe pHOfii KaMe pbl :BOEMOIKHO 006CTIEPlMT:& TipH :BblCOKilX 

Kosill~MnMeHTax c:aa3H (paoo~aa oo~acT:& Ha I-ofii no~y:ao~He) npH pea~:c
H~x 3Ha~eHHHX L H C nep:aH~Horo KOl:Typa. llpH aToM HaoJiro~aroTcfl noTe

PH B~XO~Horo HanpHllteHHff no cpaBH(H.HID CO C~J1~86M K = 0,6, r~e 083 
I 

J1~8T8 38TJIX8HHH B KOHTypax :B~XO~HUJ HanpH11t8HitlC ~OCTMraeT M8KCH-

M81I:&HO :ao3Mom:Hoi1 :ae~HqaHN Uzm= n L, • Ho :a pea~:&Hoi1 nenu HeH3oelK- , 

HOe H8~Jil~He 8KTHBHOrO COTipOTJIIBJI6Hi.Jl CHillK86T ~OOpOTHOCT:& KOHTypo:B 

H K MOMeHTY ;D;OCTHlK6HHfl 2-ro MaKcmyMa HaTipHIK8Hilfl 38TYX8HH8 MOlK6T 

ObiT:& 3H8'H1TEUI:&HID4, nosToMy MOi!tHO cqmTaT:&, ~To pa6oTa IIIT c K)-0,9 
14 K =0,6 8K:BHB81I(HlTHhl TIO OTHOill6HHlO K TIOTepHM :BblXO~HOrO H8TipfllK8HMfl. 

2. C~e~eT OTMeTHT:&, qTo npH BhiCOKHX K08WclJIIIUI116HT8X C:Bff3H 

K~0,9 pe3KO B03p8CTSIDT KPJITR3Hbl ;_moKa B nep:BIIItiHOM KOHType, "(}TO 

HeOOXO~V!MO y-qHTbl:B8T:& npR Bbl6ope KUMMYT8TOpa. 

3 • POCT TOKa Tipl1B6 ~e T It y:ae1IhtieHHID na;n;e HHfl HanpfllKEI HRfl H8 lr1C

Kpe KoMMYTaTopa 11, cne;n;o:aaTeJI1HO, K y:aenl1tiCHIIIID 3aTyxaH11fl BblXO~Horo 

• Hanpfllltt!)HHfl, ;n;1IH KOMTie.IHCanH11 KOTOpc~ro HEI06XO]I.VIMO y:ae1IJiltili'lB8T1 B01IHO

BOe COTipOTli'lB~eiHH6 KOHTypa, tiTO He :acer;n;(l BWIOJIHlilMO Ho-aa- orpaHHtiC-
,/,,... 

HHH no :apeMeHli'l aa~e plKKH MMnyn:cca r:pM Tpe 6y eM oM Kos!:f!clJHn:vreHTe c:BH3H. 

4. TaKitiM o6pa30M, B~COKHiti Ko::•clJclJHUH6HT C:Bfl3H, M8JUUJ :apeMeHa 

38~ep1KKH H He60JI:&illl16 TIOTepM :BblXO~HOrO HaTipHIKeJHHfl - B38HMOCBH38H

Hhle l1 npli'lTH:BOpetiH:Bble napaMeTphl, OHTHM8JI:&HblH B8pli'18HT Bbl6opa KOTOpbiX 

TpeoyeT ::mcnepMMeHTan:cHoro yTo~m:Hr:rtm. 

5 • )l~fl TIOJiytieHIDI BblCOKoro K0(1\l)\l)HUH6HT8 CBH3Jil Heo6xo~HMO CHH-

3HT1 ~o MHH:vrMyMa HH;n;yKTJti:BHOCT:& pac:ceHHHf.l, a, cne~oBaTeJr:&Ho, Hym-

Ho yMeH:cmaT:& MemHso~HUVIOHHble pacc~~OHHHH li'1 no..,.y npoo~e.Ma Bhlco

Ko:a OJI:&THOti VI3 OJif.IUVIH TI pl'l KOHC Tpy 1tlp013 8HVIH IIIT C :BblC OKJtlM K fl:BJiflel TCH 

;D;OMHHHPYIDII.ttJti 1t1 Tpe6;ye T 8KCTI6pHM6H~~aJI:&HOPO MO;n;e~Hp0B8HVIH Jil npOB8pOKt 

6. llp:vr H600JI:&illitlX K08~clJHUH6HTciX TpaHCWOPM8UHH, (Hanp:vr:uep, 38-

pf.l~ ~~] OT reHepaTopa MapKca) npH 8BTOTpaHOWOPM8TOpHOM BKJIIDqeHHH 

o6MOTOK K08g)clJHUH6HT 8JI6KTPOMarHHTHOM CBfl3H K MOIK6T ObiT:& H6001I1-

IDHM, XOTfl oomHti K~~mHUH8HT C:Bfl3H Ra MOJiC6T llp1tl STOM ;ll;OCTVIr8T1 Bbl

COKPIX 3H8ti8HH~, qTo OOJiertiaeT :Bbl6op KOHCTpyKnHH OOMOTOK M :JCJIO

BHH HX H3rOTO:BJI6HJtlfl. 

7. MaJioe :apeMH sa~e plr~KH HMny .ir1ca, Tpe6yeMoe oT re HepaTopo:a 

VIMTIY1I:&CHOrO 38pH~8 n~], 03H8ti8CT, ~TO nep:a:vrtiH8fl HH~KTHBHOCTD mT 



17. 

6y~eT Ma~a. KpoMe Toro, Ha B~COKHX ~aCTOTaX, H80~ID~aeM~X npM 00~~

IDOM KOS~~HUHeJHTe CBHSH, BOSpacTaeT B~MHHHC sneKTpOMarHHTHOro SKpa

Ha KOHCTPYKUHLII JilT, npHBO~Hlli,ero K y1:em~'tl6HHIO llOTep:c HanpHlltCHHfl 11 K 

CHHllt6HHIO HHAYKTHBHOOT6H OOMOTOK. Bcne~OTBHC STOrO oylli,eOTBeHHYID pon~ 

Ha~MHaiOT HrpaT:& 11 napa3MT~e" HH;lcyK~'M:BHOCTH KOHT;)Ipo:a, llpHBO)Ullli,He K 

CHHlK6HHIO I\03c]}fllr'!Ul1eHTOB CBH3H H TpaHC{J]OpMaUHH, a 3HatJMT HGOOXO;nHMJ 

MMCT~ HH3KOMH;n,)IKTHB~fit 6noit llMTaHHf; nep:BM'tJHOi'i OOMOTKM H OTapaT:&CH 

CHH3HT:C ~0 npe~e~a HH;z:l;JIKTHBHOCTM HciKOllMTe~eit Jri KOMM;)ITaTOpOB B CHC-
* It TeMe, nHOO CKOMll6HCMpOB8T:C B~HflHMe Ln,yBenM~6HM6M K M n pea~:&HOit 

KOHCTPYKUMM MT, 'tlTO, KaK OTMe ~a~ocJ, :a~me, HBJIHeTCH cnolKHofit TeXHIII

tJecKofit sa;na-qett. 

8. C ne~:cro :rueH:cmeHHH noTep~ uanpHllteHMH Heo6xo;nHMO y:aenM'Ui

BaT:& ;z:J;OOpOTHOCT:C KOHT;ypoB VI JIM6H:CIDclT~ BJ1MHHH8 5KpaHHpOB8HJIIH KOHC

TPJ'KUiriVI. 

J/lTaK, B OOlli,eM, npvrMe He HMe :B~OOlCOBOJI~THOrO HMnyn:&CHOrO Tp8HC

(tlopMaTopa B CHCTeMe lll'IT8HMH CTpMM6j)HO:ti KaMep~ npe;ncTa:B~HCTCfl B03-

MOlltH~M, HO Tpe6yeT SKCllCpMMCHTan~ID~X npo:aepoK Ha MO~CJIHX ~T C Ul~»• 

no;nTBepltt;neHJn:H H ;)ITO'tJHCHJilfl llOJI;)I'tl6HHHX B~BQ~OBo 

4. SKcnepHMeBTaJI:&Hoe aocneAoBaH:vte IDJn;yn~cHoro 

TpaHCdJOPMaTopa 

4.1. MeTOAHKa SKcneptiMCHTa 

~3 B~BOAOB TeopeTMqeCKOH ~aCTli CJieA;yeT, 'tJTO npiil C03A8HHH Bbl

COKOBOJl:&THOrO 11T ~Hl rWS ;nBOHHOLi g}opMHp;)IIOlli,CH JIMHHH B CHCTCMC UM

T8HHH CTpMMepHOfit KaMepbl Tpe6yeTOH J\OHCTp;)IKUMH Tp8HC~OpMaTopa C Bbl

COKMM KOS~~MUHCHTOM CBH3M. 

C UCJI:&IO B~HOHCHMH B03MOlKHOCTH nony~eHHH M8KCMM8Jl:&HOrO KOB~WH

UHC HTa OBH3H pacoMa TpHB8JIJIIC:& pa3JiinHh!e THllhl OOMOTOK ~T, npH~CM Mo

;a;eJIH TpaHCclJOpMaTopa B.blllOJlHHJIMC~ C ;/~elTOM TpCOOB8Hl1Li K peaJI:&HOfit KOH

CTPYKUHM UlT, HO npM ;)IM6H:CllHIJHH~X pa.3Mepax (npH6mi3MTelJI~HO B M8CIDTa-

6e I:IO). ilOJI;)I~CH~eJ p63JIJI~T8Tbl MO'KHO B nepBOM npMO~HlKCHMH nepe

H6CTH Ha peaJI:&H~e KOHCTPYKUHM, T.K. KOSWWHUHCHT CBHSM saBHCMT JIHw:c 

OT B38HMHOrO pacnono~eH~H OOMOTOK ~ COOTHOWeHHH MX reoMeTpM~eCKKX 

paaMepoB, HO OKOH~aTeJI:&~O B~BO~ JJle~eT npOH3BO~MT:& llOCJie OTINTOB 

Ha B~COKOM H8llpH~eH~~. 



IS. 

L1aMe pe HL18 :£1IH;lcy KTHB HOC Ttl iii 11 8MI::oc Tl!l iii IIp0:£1I3BO;zl;l1JIOC:& IIp:£1160 pOM 
"JtlaMepHTeJI:& HH;LcyKTHBHocTelll: :£II eMKoc~~etl: BblcoKotiacToTHbllll:" TMna EI2-IA. 
9ToT npM6op HMee T cJie ;n;yrom:£~Ie nacnop~·Hble norpemHOCT:£11 lil3Me pe HHiii: 

I. rrp11 H3MepeHHPI HH]J.YKTHBHOCTdi -
a) :t(D.025Lx + 2K)MKf - 11 I-oM no;n;;n;HanaaoHe, HatiHHaH c 

I MKf ;n;o IO HKr ; 

6) !(O.Ot5Lx+2K)Mt<r - c: IDMKf 11 :shlme, 

r;n;e Lx - I43Mepe HHaH HH;D;YKTHBHOCT:& 1: MKf ; 

K - MHOlK:£1IT8JI:& (O,OI; O,I; I; 10; IOO); 
B) :£1I3MepeH:£1I8 :£1IH;zJ;YKTI.1BHOCTei MCH:&me I MKr no TOliHOCTH He ra

paHTHpyiOTCH :£II HOCHT cpaBHHTI!lJI:&HhlH J.:apai:CTep. 
2. ilpH H3MepeHHH 8MI:COCTem -

a) ±(o.osCx +O.J) net' - 1: ;n;narraaoHe oT I ;n;o 2,5 n1> ; 
6) !(D.DSC"+0.05)nf - 1: ;n;l-lanaaoHe oT 2,5 ;rr,o IOn<f ; 
:a) t(0.005Ct+0,1./) nf - 1: OCTaJI:&HOM ;n;HanaaoHe, 

r;n;e Cx - H3MepeHHaH eUKOCT:& :sn<f • 
llo npli1B8;l(SHHbiM norpemHOCTflM JIUUt•peHIIUI BH;l(HO, qTo B CJiy'tlae He-

60JI:OIDMX HH;LcyKTl-iBHOCTeit ( L < IMKI) cw:vrc5Ka "'B na:uepeHl1HX MoxteT ;n;ocTH
raT:& 3HatiHT8JI:OHbiX B8JI:£1IqHH :£II B STOM CJiytiae H80c5XO;l(HMO npOH3BO;l(MT:& 
yToqHeHMe peayJI:&TaToB no I:CapTHHe nepexo;n;Horo npo~ecca B cxeMe c ItlTo 

Mo;n;eJIMpo:aaHne nepexo;rr,Horo npol.ecca npo:£1I3BO]J.:£1IJioc:o no sJiei:CTp:£11-
qeci:Coiii cxeMe, Haoc5pameHHoi1 Ha pHc. 4.IIa. 

0T MCTOqHHKa IIOCTOHHHOrO HanpExt8HHH (YJtlll-10 I.1JIM ECY) qepea aa
pH]J,HOe corrpoTHBJieHMe R3= ICOK0M ~apflxtaeTcH eMKOCT:& CI n rrpH aa
MbiKaHHH I:CJiroqa K (KHoni:Ca HJili1 peJie PEC-IO) nocne;rr,HHH paapHmaeTcH Ha 
rrep:BJI1qHyiO 06MOTRY TpaHCWOpMaTopa. t03HHI:C8IOII{:£1I8 B nepBli1qHOM I:COHType 
KOJie6aHHH TpaHC~OpMHpyiOTCfl BO BTOpEqHbiH KOHTyp, C 6MKOCTH I:COTOporo 
c2 CHHM88TCfl HCOJie;ZJ;yeMoe BbiXO]J,HOe EarrpHmeHHe Ha OC~MJIJIOrpaw OSA-60I. 

3aTyXaHHC B I:COHTypax HCCJI6;l(OB8JIOC:& no CXeMe 4.II6. 3;n;ec:& OHK
M8JI8C:& OC~li1JIJIOrpaMM8 H8IIpflxtl!lHI.1H JIHli:& C nep:soro I:COHTypa, T.I:C. npH 
6oJI:&W:£1X I:COS~WHUH8HT8X TpaHCWOPM8UH~ BJIHHHHe BTOpH'tlHOrO I:COHTypa Ha 
38TYX8HH8 KOJie6aHHH H83H8q:£1IT6JI:OHO. 

ITo OCU:£1IJIJIOrpaMM8M BbiXO;l(HOrO HaiipHJK6HHH onpe;rr,eJIHJIOC:& COOTB8TCT
B:£1I8 I:C03WWMUM8HTOB OBH3:£1I 11 TpaHc~opMaUHH, naMepeHHble npw6opoM EI2-IA 
:£II Ha6nro~aeMoro no KapTnHe nepexo;n;Horo npouecca, o~eHHBanwc~ BJIHHHHc 
HHAYKT:£1IBHOCTM IIO~BO~I:CH Ha K wn H EJIMflHHe 38TYX8H:£1Ifl B I:COHTypax, on
peACJIHJIHC:& IIOT8pH H8IIpHJK6HHH. 
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4.2. B116op KOHOTpYKIJ;HH V!T 0 Bb:OOKYIM KOo'lJcJ!HUH6HTOM 
OBH3Pl 

I9. 

Koa~qJPIIJ;li16HT OBH3M onpe~eJIHeTof:, B OOHOBHOM, B38HMH11M paonOJI0-

1KeJHY16M OOMOTOK Tp8HOWOPM8Topa H OOC 1THOlll8HHHMH HX reoMeTpHt.IEWKMX paa

Mepo:a. C oTO~ U6JI~ID HOOJie~OB8JIRO~ CJie~yiDmHe THllhl OOMOTOK MO~eJieM 

HT • 
I. 06MOTKR Tp8HOWOPM8TOpa BhlilCJIH6HHhle B BH~e OOJI6HOli1~8. 

2. 06MOTKH BhlllOJIHeHHhle B Bli1~e KaTymeK npHMOyroJI~HOrO Oet.IeHRH. 

3. 06MOTKH BhlllOJIH6HHhll B Bli1~e ilJIOOKRX ~HOKOBhiX K8TYlliiK. 

eTM THilhl OOMOTOK MO~eJieM MT HCOJie~OB8JIHO~ B TpaHocJiopMaTOpHOM 

R 8BTOTp8HO~OpM8TOpHOM pextRM8X BKJIHit.IeHHH KOHTypo:a. 

THllhl OOMOTOK M3o6palKeHhl Ha pHCYHK8X H OBe~eHhl B T80JIHU11 4.2I 
( TpaHocJiopMaTopHhl~ peXHM) H 4.22 (8liTOTpaHOWOPM8TOpHhl~ pextHM), B KO

TOpbiX npm::ae~eHbl 3H8t.ItJHHH KOoWqJHUHtJl<TOB OBH3H H Tp8HC(l?OpM8UHH, KO

TOpble OHH o6eonet.IMB8IDT npH ~8HH11X COOTHOlli6HRHX reoMeTpHt.I60KHX paa
MepoB. 

KaK yxe ynoMHHaJioo1, Mo~eJIR BnnoJIHeabl :s yMeH1meHHOM Bli1~e, a 
reoMeTpRt.IeOKHe pasMephl Bhl0Rp8JIHO~ ~OXO~H H3 Tpe60B8HR~ no oJieKTpR

t.IeOKOM npot.IHOOTM R ra6apli1TaM K peai~Hol KOHOTPYKURR MT. 

Vis T80JIRIJ;hl 4.21 BH~HO, t.ITO BhlOCKHI K08WWHUH6HT 0Bfl3R MoryT o6eo
net.IMT1 KOHOTPYKURH MT, BhlilOJIHeHHbie 113 OOMOTOK B BH~e OOJieHol~a HJIR 
B BH~e ilJIOOKRX KaTyllleK, npHt:IeM :S OI.yt.Iae OOJI6HOR~8 ITOJIY'IRJIH OOJiee 

BhlOOKH$1 K03q1qJRUR6HT O:Sfl3R, t.IeM B OJJyt.Iae nJIOOKHX KaTymeK. Ho npH ~pJI

rRX OOOTHOllleHRHX p83MepoB y OOMOTOB THil8 llJIOOKHX KaTyllieK KOoW@HUR-

6HT 0Bfl3H MOlK6T ~OOTHraT~ :ShlOOKRX 3H8t.I6HHI R 'axte npe:Shllli8T~ ilOJIJI
qeHHhleJ 3H8'16HHH MH 06MOTOK THUS OCJI6HOH,14·/29 • 

B OJiyqae 8BTOTpaHo@opMaTopa, B8K OJie~yeT 113 T80JIHIJ;hl 4.22, Bbl

OOKR~ K03illWRUHeHT C:Sfl3H M01KeT ooecnet.IHT~ KOpOTKHM COJI6HOHA. BhlOO

KRH K08~Wli1UH6HT C:SH3H llOJIYt:IHJICH R I K8TYlllK8X npHMoyroJI~HOro cet.IeHRB, 

HO npR 38HH1IteHHOM 3H8t.I6HRH H30JIHUROHHhlX paOCTOHHMM. 
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20. 

lila peayJI:&TaToB npe,1I.b1;n;ymero naparpaQ]a cJ"Ie;n;yeT, tiTo BhiCOKHti Ko

s(J}Q]H:o;HeHT CBH3H o6ccnetiHBaiOT CJ1e;IJ;YDIUH6 KOHCTPYKUHH lilT: 

I) B TpaHCQJOpM8TOpHOM pe~KMe •• ;IJ;JlHHHbl~ COJltHOH;IJ; H ITJlOCKHe Ka

TYillKH; 

HHilte • 

2) B 8BTOTpaHc<;PopM8TOpHOM pe~HMe - KOpOTKHli COJ16HOH;IJ;. 

PeayJ1:&TaThl no;n;po6Horo HCCJ16;IJ;OJ38Hl-UI STHX MO;IJ;eJit~itt npHBO;IJ;fiTCH 

A. ]!JIHHHhli1 COJ18HOHfJ; , e > d ) 
lllCCJie;IJ;OB8J1lW:& ;IJ;Ba BM;zJ;a MO;IJ;6JIH JilT Tl1118 COJH!l HOH;IJ;: 

I. 06MoTKa BhiiTOJIHe Ha 113 npo:so~~a :s MSO.IIfl:UmH. 

2o 06MOTKa BhliTOJIHC Ha VIS pa;m10 1I8CTOTHOrO Ka6eJ1fi. 

BHatiaJie ~wcne;zw:sanHc:o nepexo;n;Hhle xapaKTepHCTHKH rrpH o;n;HHaKo

:soi1 reoMeTpHli'.l nepBHtJHOfl 11: BTOpHtiHOii 06MOTOK. 8aTeM KOHCTpyKD;Hfl Hec

KOJI:&KO BVI;ll;OH3M6Hf.IJ18C:&. IIepBHtJHYIO o6MOTKY pas;n;eJIHJIH Ha 5 tiacTeitt, Ko

TOpblt'J 006;ll;HHflJ1H rrapaJ1JI6JI:&HO; BTOpWIH8H 06MOTK8 OCTaB8Jl8C:& 6ea H3-

M6HSHHH. TeM C8MblM ;IJ;OCTHr8JlOfl Heo6:{0;Il;HMbl~ K08~~HD;H8HT TpaHC~OpMa
D;HH. 

KoHCTPYKUHIII lilT TaKoro THIIa H31)6pa~e Hbl Ha pRO. 3 H 4 B Ta6m~

:o;e 4.2I. 0CD;HJlJIO:rpaMMbl BblXO;IJ;HOrO H:3IIpH~eHHfi ;IJ;]Ifl TpaHCQJOpMaTopa 0 

o6MOTK8MH 113 H30JIHpOB8HHOro npOBO;zJ;i~ npH:Be;IJ;eHhl Ha pHC. 4.3I, a ;IJ;Jl.fl 

TpaHCtJJOpMaTopa C o6MOTK8MH H3 K08K,~M8Jl:&HOro Ka6eJifi - Ha pl1C. 4.32. 

Ha STHX rpa<;PHKax KpH:shie I- TeopeTtitJecKHe, a KpH:Bhle 2- sKcnepH

MeHTaJI:&Hhie. TeopeTl1tJecKHe KpH:shle IT)JiytieHhl B pe3yJI:&TaTe pactJeTo:n Ha 

SBM TPA-IOOI no g?opMyne (3.28) npu Tex IKe rrapaMeTpax LC - KOHTypo:s 

l1 OHfiThl 0 ;IJ;HCIIJiftfl B TOM lite MaCillTa6,, tJTO l1 OCD;HJIJ10rpaMMhlo 

PaaJ"IHtJMe :a aMnJIMTy;n;e Mem;n;y sKJnepii!MeHTan:&~MH 11 TeopeTHtiec

KHMH KpHBblMH MOlitHO o6~HCHHT:& 0 o;n;H)M OTOpOHhl OHJI:&HblM aaTyXaHHeM 

KOJie6aHHH ITOOJie nep:soi1 ITOJIYBOJIHhl. 'J STOW D;eJI:&IO 6hiJIH pacOMOTpe~ aa

TyXaHHH KOJie6aHH~i B nep:BHtJHOM KOHTJpe ;IJ;Jlfl 060HX THITOB TpaHCqJOpMa

Topa. 

KaK BH;IJ;HO l13 rpagJHKOB PIIIOe 4.33, aaTyXaHHfl B nepBl1tJHOM KOHTy

pe TpaHcgjopMaTopo:s aHatiHTeJI:&Hhl, np~tieM :a TpaHc~opMaTope c o6MoTKa

MH 113 KOaKCVIaJI:&HOrO Ka6eJIH 3aTyXaH~e npOHOXO;IJ;HT 6biCTpee. 



- .3Kcnep: 

-- rneop. 

v 
a 

L2 =10.5 MKfH 

n ·1 
K =0.918 

c1 =o.s MI<'P c2 =0.025MKcp 
Lf -0.56t·fldH L2=10.43MKfH 

n =-(32 
I< -0.78 

p~c .4.3I. Oc~mmorpaMMbl HanpmKeHL-lfl Ha BTOP~<iHOiii o6MOTKe VIT Bbi
nonHeHaoro B B~~e OAHOcnoMaoro coneuoH~a c o6MOTKaMz 
ms m3onmponaHaoro npono~a: a)n=I 

6)n=4,32 
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plilc .4 .32. Ocu;HJIJiorpaMMbi nanpflliWHJi1fl na ETOPli1'1HOti o6MOTI{e H T EhiTIOJI- , 

HeHHOrO B Elil~e O~HOCJIOHHOrC COJieHOll~8 0 06MOTK8Mli1 Ji13 
KOaKclilaJibHOro Ka6ena: a)n=2 

6)n=l 



U1,B . Ct =0.02 5MK cp 
L1 =10.6r1K[H 

f5 
( U30/lUpObQHHbll] npoooa) 

10 
5 

0 
t,MKC -s 

-fQ 
a 

U1,B Cf =0.025 MK cp 

10 
L 1 =30}8 MKfH 

5 
(on.1el7lKa) 

" 
0 

t,MKC 
-5 
-10 

0 

U2,B Cf =O.C25MKCfJ 
L 2 ::.30.88 MK fH 

10 (JtCu na) 
5 
0 t,M I<C 

-5 
-10 

& 

p110 .4.33. 0CIJ;I'IJIJIOrpaMMhl 38TYX8Hl1fl H8:1pf!JKGHI1fl B rrep13I1'IHOM I\OHType 

JtfT BbiiTOJIHeHHOrO B BM;n:e OAH )CJIOi1HOrO C~JieHOH;LJ:a C OOMOT-

K8M~1: 

a) 113 l130Jil1POB8HHOrO rrpOBOAa; 

6 M B) 113 K08KCl18Jl~HOrO Ka6eJifl - rrepBMqHOn OOMOTKO~ 
CJIY~MT OTIJIGTR8 l1 ~11na COOTBeTCTB8HHO. 

1\ 

I 

I 



2I. 

C ;n;p;yrotii OTOpOHhl MOXCHO paoOMO'CpeT:& BJUiflHMe MH;li;;)'KTMBHOOTH no;n;

BO;li;KH Ha K03qJW~U~l16HThl 0Bfl3H l1 Tp8Ht}tPOpMaD;Hiri, KOTOpble onpe;n;eJifllOT 

BpeMfi sa;n;epxtKM H 8MllJIHT;)';ll;;y BbiXO;li;HO:~o HanpmteHMfl. 

1/IS pMO. 4.33, 3H8fi nepHO;li; KOJIU68HJ4tii, MOlKHO Ollpe;n;eJI:viT:& HHA;yK

THBHOOT:O no;n;:ao;n;Kk'I, Hallp:viMep, AJlfl T_)8HOclJOpMaTopa 0 o6MOTK8MH H3 l130-

JixtpOB8HHOrO npo:ao;n;a: 2 

L = t:. + Lm= 
4
!.2c ·==C. 56 MKr 

I ~~ I 

Lm=L,-L = 0,56 -0.36= O.Z MKr 

);= L/t,:: 0;557 

I! a r pa!))l!Ka p l!C , 3 • 32 , i\l!H .}: = 0 , 55 7 Ha xo ;llll!.l 3 Ha qe H111,K/K• ( %·), 
llOK83hlB8IOII{ee BO OKOJI:OKO pas K03WqJHl~JtlCHTbl 0Bfi3H H TpaHOC.tiOPM8D;HH 0 

;y~eTOM HH;zJ;YKTHBHOOTH llO;ZJ;BO;li;KH MeH:&IJf! T8KOBhlX 6e3 ;y~eTa RH;li;J'KTHBHOO

Tli no;n;:ao;n;K:w:. ]J.JIH Hamero npHMepa aTo sHa~eH:w:e pa:aHo rJ 0,8. Tor;n;a 

aHatJeH:w:e KoatllliJH:o;HeHTa OBfiSH 6es y~oTa L"' 6;y;n;eT: 

K~= Klo.B: 0.7%.8 := 0.95 .. 

liTO B npe;n;eJiaX Ollili60K VI3Mepe:HHM OOlma;n;aeT 0 pao~eTHblMH 3H8tJ6HHHMliio 

He3H8~1dTeJI:&Hoe HSMeHeHHe B K H n npH C6KD;HOHHpOB8HHli Tp8HOqJOp

MaTopa 0 06MOTK8MH H3 K08KCH8JI:&HOro K866Jifl OC5:bHOH.ff.flTOfi H6C50JI:OlliHM 

BJilifiHMeM Lm , T.K. }i* B aToM OJIY'Iae oooTaBJIH6T JUtllll:& O,I H paam1-

~11e B It 111 K* , n H n* MaJIO, K8K BH;li;HO LIS rpaclJHKa pMO • 3. 32. 

IIITai~, nplll HOllOJI:030B8Hl1J/I TpaHC~!OPM8TOpa B BE;n;e. OOJI6HOH;li;8 OJI6-

;ll;;y6T ;)';li;6JifiT:& 000606 BHLIM8HH6 Ha ;li;OCipOTHOOT:O nepBVI~HOrO KOHT;ypa (C 

STOW T.s. MOllOJI:030B8Hl16 npo:ao;n;a B H30JifiD;Lilll npe;n;no~TMT6JI:&Hee,qeM K0-

8KC118JI:&HOrO I\866JIH) H K OB6;li;6HHIO K MHHMMYMY LiH;ll;;yKTMBHOCTLI llO;li;BO;zJ;KH 

nep:aMqHoro KOHT;ypa. 

E. TJ2aHotlJopMaTop :a BH;\e nnooKHX KaT:YllleK 

TaKotii THn Mo;n;ena MT Hao6paxteH Ha pHOo 4.34. KaTyillKH (o6MoTKH) 

Tp8HOWOPM8TOpa 6blJILi H3rOTOBJI6Hhl H3 M6;li;HOrO llpOBO;zJ;8 ;n;H8M6TpOM 

~np = 2,44MM, c:aepHyToro :a on11paJI:& LpxLIMe;n;a c maroM P= 4MM. Ha aToM 
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L1 =22MKf ;Ct =4H CfJ; Lcoz =t3.42MKr. 
L2 ·6.'t6M~<fi C2 =1 H C1J; L ~cr = 3.9MK r. 

Ut=2DB 40 
30 

20 
10 

L-.l.-:-:::.'--lH-1---+-l--t--t---t---r--+---- t M K C 0 f,6 f,8 2.Q I 

a 

- 10 

-20 -
-30 

- ~0 

2 t 2 

X=f.3::/5HM 

di=/5HM 

df! d:z :.65HH , 
i 
\ 

I 
\ 

---

---

pmc.4.34. OcumnnorpaMMhl HarrpageHMH HB BTOpMqHOti 06MOTKG (a) H 

3BTYXBH11fl Harrpm:<emm B rrcpBHtiHOM l{OHType (6) ~1T BbiiTOn

HGHHOrO B BIII;ILG ITnOCliMX KCITyUieK. 



22. 

~e pwcyHKe (pwc. 4o34a) npw:ae~eHa ocuw~~orpaMMa BHXO~Horo Hanpa~e
HHH, HS KOTOPOH BH~HO, 'qTO KOS~~H~HeHT CBHSH B ;naHHOH M0~8JIH paBeH 
It= 0,65 npw npw:ae;neHHHX cooTHomeHliHX pasMepo:a KaTymeK. TeopeTwqec
KH KOS~~HUH8HT CBH3H B T8KHX KOHCrpyKUHHX OOMOTOK MOllt6T ~OCTHr8TD 
oqeHD BHCOKHX 3HaqeHHW (K~l OGS yqeTa To~mHHH OOMOTOK), 'qTO H8T
py;nHo noKasaTD, wcno~Daya mopMy~H ~a co6cTBeHHOH 11 :asawMHOH HH~K
THBHOCTH ll~OCKHX KaTymeK /297: 

L=)lc u)!d.'f' 
8fl (4.3!) 

M = f,:.: w,· wz d 1> 
"TJI • (4.32) 

;'\ d.- d,+ d2 
r~e i() - qwc~o BHTKOB K8TYlliKH; - 2 - ee cpe~HHM ;nMaMeTp; 
~u ~ - Ta6~HqHHe WYHKUHH B aasvrcHMOCTH OT reoMeTpwqecKHX paa

Mepo:a KaTyilleK 

r= /(]= o/d) u 'P= /(J= J I 3= ~d) 
QqeBH~HO, 'qTO H8HOO~DlliHW KOS~WHUH6HT CBH3H o6ecneqaT K8TYlliKH 

O~HH8KOBbiX pasMepoB dep, : dcpl • Tor~a lt03~<.[JHUHeHT CBHSM paBeH: 

K= M = 2<f>_ 
VL, L/ 'Y (4.33) 

PacqeT ~ M~ MomHo npovra:aecT~ no <1JopMynaM, npvr:ae~eHHbiM :a /29/. 
C noMomDro 9BM TPA-IOOI y~a~OCD o6~erqMTD pacqeT, peayJIDTaT KOTo
poro B BH~e rpa<1JHK8 S8BHCHMOCTH KDS<1J~HUH6HT8 CBfl3H OT reOM8Tpwqec
KHX paaMepo:a KaTyilleK npw:ae~eH Ha pwc. 4.35. 

Wa rpa~HKa BH~HO, qTo KOS<1JWHUH6HT CBfl3H BoapacTaeT npH yneJIH
qeHHH cpeAHero A118M8Tpa KaTyllleK d H npH YM8HDll16HHH paCCTOHHMfi Mez
AY HMMH X H npH onpeAeJieHHHX COOTH0ll18HHHX paaMepoB KaTyllleK, KOTO
pble Bbl;nepZHB8IDTCH B pea~DHHX KOHCTPYKUHHX MT, MOZeT AOCTHraTD Bbi
COKHX 3HaqeHHW K > 0, 9. 

KoaiJIWMUM8HT CBB3JII HCCJie~eMO~ MOA8JIH, K8K C~8AY8T JII3 npHB8A8H
HOrO rpaWMKa K={c;;J ), Aonmeu ~ocTwraTD Itr·= 0,8. PaanHqvre :aHa
onro~aeMoM Ha OCUMJI~orpaMM8 KOSW~MUM8HT8 CBBSH It~~ 0,65 H pacqeTHOM 
Kr= 0,8 MOZHO OO~HCHMTD B~MHHM8M ~H;nyKTMBHOCTM llOABOAKH M TGM, 'qTQ 
llpM pacqeTe He yqMTbiB8~80D TOJimMHa OOMOTOK, KOTopaH B MOA8JIM npe
Bblill88T TO~IItMHY M8llt00MOTO'qHO~i k130~fiUMM ( ckp.: 2,1../!JMM >X= f,SMM ) H 
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23. 

TI08TOMY TipHM6H6HH6 WOPMYR~ (4.33) ~RB paoqeTa R08~HUH6HT8 OBH3H 

B6~6T R 3H8qHT6R1HOH OIDH6Re. P8C]Om~eHH6 B H3M6p6HHOM H Ha6nro~a-

6MOM R08~~HUH6HT6 TpaHO~OpMSUMM 06~HOHH6TOH BRHHHM6M MH~RTHBHOO-

TH TIO~BO~M H 38TYX8HH6M B ROHTy~ax. Cne~yeT OTM6THT1, qTo ~o6poT

HOOT1 TIROCRHX R8TymeR B~lli6 ~o6po~HOCTH COR6HOH~a, qTo BH~HO H3 

Cp8BH6HRB 38TYX8HHfi B nepBHqH~X c6MOTK8X nnOCROM R8TYlliKH (pHc.4.34~ . 

H ooneHom~a (pHc. 4.33). 

TaRHM o6pa3oM, cpaBHHBafl oo~eHoH~ H nnocKHe KaTymKH, MomHo 

38KnroqHT1, qTo pean1H8H peanH38UVJH KOHOTPYRUHH MT npe~oqTHTen1Hee 
~na nocne~Hero THna. Bo-nepB~x, ~3-38 npocToT~ HsroToBneHHH H MeH1-

mHx ra6apHTOB; BO-BTOp~X, H3-38 U6H1illHX TIOT6p1 H8TipHE6HRH BCR6~CT

BH6 60R1ill6H ~o6pOTHOCTH KOHTypa U B Tp6T1HX H B OOHOBHOM, H3-38 

pean1Horo pemeHHH npo6neM~ msonHDHM, KoTopaH AnH mcone~eMoro THna 

ooneHoH~a TPY~Hopa3pemmMa npm B~coKHX sHaqeHHHX B~xo~Horo HanpHme

HHH. 

lli. KopoTKHM ocneHOHA 

ilpH 8BTOTp8HO~OpM8TOpHOM OITOC06e BRnroqeHHff o6MOTOR HCCR6~0-

B8R801 Mo~en1 KopoTKoro coneHoH~a, cnoco6Horo o0ecneqHT1 B~COKH~ 

R08~~HUH6HT CBH3H npH onpe~eneH~X OOOTH0lli6HHHX pa3MepoB COR6HOH

~a, K8K 8TO BH~HO H3 rpa~HROB (p~c. 4.36; 4.57; 4.38), 38HMCTBD

B8HH~X H3 pa60T~ f 30f. 

Ha pmco 4.39 M3o6pameHH ocu~nnorpaMM~ nepexo~Horo npouecca, 

H3 KOTOp~X BH~HO R8KOW R08~~HUH6F.T CBH3H MomeT o6ecneqHT1 OOR8HO

H~ C npMBe~eHH~MH p83Mep8MH. MomBO 38M8THT1, qTo XOTB R08W~HUH6HT 

8R6KTpOM8rHHTHOM CBH3H He6on1IDO~ (0,25+0,4), o6mH~ K08~WHUH6HT. 
CBH3H npH H660R1IDHX n 303p8CT86~ 38 cqeT ~OTIORHHT6R1HO~ 8R8KTpH

qecROM CBH3H ~0 0,9. ~8HH8H M0~8~1 xapaRTepHa TeM, qTo H3M8HHH ITO

nomeHHe ero OTBO~a MOmHO CORP8TH~1 BpeMH 38~6pXRH npH H660R1ill0Mna 

HnH yBenHqHT1 Uzm npm cooTBeTCTieHHOM yBenHqeHHH t3 , pa6oTaH Ha 

BTopoll nonyBonHe. 

W3 npHBe~eHHHX pesyn1T8TOB CR6AY6T, qTO KOpOTKHH COR6HOH~ H8-

H6onee B~ro~HO npHMeHHT1 npH He6cn1illHX R03WWHUH8HT8X Tp8HCWOPM8UHH. 
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p~c.4.38. HOpMan~30D8HH8fl MHAYKTMBHOCTb.OAHOCnORHoro coneHOM~a: 

L - MHAYKTmnnocT:& n. Jn(r, d - ~t1aMeTp o6MOTKiti n eM, 

. p - mar H8MOTl\Iti B i<J;(M, d np- ~MaMeTp rrpOBO~a OOMOTI\M, 

W - 'CJMCnO BitiTI\OD. 

! 
I 

r 



8 ~~-S:3ttt~rr; c,-'rH({J , ,_ 
. ~l?~I¥4Mrf L2=!,G~t~~rr; C2-I.RNrp · · 

u, 

a 

tJ• t;'!JHC 

"=(. G5 

Ul, 8 L,::a,g/ll;:r, C,=4H~ 

l..t~ 
l.t l/ 
6( tt! 

d- 31 /'f/V 

8 • Elf,, 
Bf- IEflfttt 
Be= t2ftfM 

,_ 

SO L2 = 6.ft,.,~rr, C1=aSH~ Lti';:9,E"'r 
40 ~~~~--~ 

U,= BO 8 

f.O I.E f.~ 1.6 Z', M;:c 

tJ=3JDIIc 
nci== (.g 

d = 3fMM 
& = C~MM 
g( = 5MM 

Be== i9 M,., 

t-

PHC.4.39. 0CQllnnorpaMMhl BhlXO~HOro HanpHM6HllH HMnyn~CHOrO BBTO

TPBHC~OpMaTOpa, BhliTOnHeHHOrO B BH~e O~HOCnO~Horo KOpOT
KOrO coneHOH~a: a) na==I,65 

d) na ~:r,9 
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4.4. B~KHHme aKpaH~poBaHHH 

8KpaHRpOBaHMe, MeTa~nmsaiJ;Mfl M saseMneHM8 HBnHIDTCH Ba~H6HlliHMM 

cpe;n;cTBaMM 6op:o6bl c BsaMMHblMM m ImeruHMMH nonHMH. Ho aneKTpoMarHVIT

Hbl~ 3KpaH, aammmaH u;enm, KOHTypbl OT ITOM8X o;n;HOBpeMeHHO OKaSblBaeT 
cymecTBeHHoe Bos;n;et:icTBme Ha co6c~·:seHHhle napaMeTphl aKpaHvrpo:sauHblx 

aneMeHTOB, rrepepacnpe;n;eJIHB BHYTPEHHee 3Jl8KTPOMarHVITHOe ITOJie H VIS
MeHHfl ycnoBrut npoxolK;n;eHIDI cwrHaJl(tB no 3TMM uenHM. 

Tip!d 3TOM HSM8HHIOTCH KaK napc1M8Tpbl nepe;n;aliR IJ;eneM R KOHTYPOB 
( R,L;C,G ), TaR H napaMeTphl BJikrnHRH, K KoTopbiM OTHOCMTCH aneKT

PRliecKaH M MarHJdTH8fl CBHSI>. ECJIH CBOeBpeMeHHO He Yli6CT:O MSM6H6HH6 

napaMeTpOB nepe;n;aliM H BJIMHHHe KOhTypoB, TO 3TO MO~eT npRB8CTM K 

yxy;n;rueHJdiO HX 3JI6KTplitJ6CKMX xapaK~·epMCTHK. 
TioMemeHMe 06MOTOK TpaHC~OpMcTDpa B 3KpaH UpHBO~HT K yBeJIHli6HHIO 

ITOTep:o B HJilX H K CHM~8HMIO MHA)IKTliBHOCTH sa Ct:IeT peaKIJ;MH 8KpaHa. 

BospacTaHHe ITOTep:& o6yCJIOBJI6HO BC8HHKHO:SeHM6M BHXpe:ShlX TOKOB, no
rJiomaromHX t:IaCT:O 3Hepr!dH. CHMlK6HHE MH;z.J;yKTHBHOCTM o6~HCHH6TCH pas

Ma~HMt:IHB8IOmMM ~e~CTBHeM BTOplit:IHOIO MaraMTROrO ITOTOKa, cos;n;a:aaeMO
ro HHAYUHpOB8HHHMH B 3KpaHe BMXp€BhiMR TOK8MM. maMeHeHHe MH~KTHB
HOCTet'i o6MOTOK sa Ct:IeT BJIMHHHH 311paHa COCTaBJIHeT 5-t2Cf/b / 31/o CHM-

.y;. 

E6HM6 HH;z.J;yKTHBHOCTH nep:Slit:IHOH 061'0TKH L, IIpH H6HSM6HHOM VIH;n;yK-
TM:SHOCTH no;n;:so~H, RaK 6blJIO ITOKa~aHO, npM:SO;zl;MT R yMeH:OIDeHHID Koaw
~HIJ;H6HTa c:aHsm. TioaToMy :saEHo YliliThl:aaT:o peaKUHIO aKpaHa Ha ROHTYPhl 
TpaHct})opMaTopa. 

0IJ;elfKy CHl1lK6HHH MH;n;yRTH:SHOC~M sa Ct:IST 8KpaHHpo:saHHfi MOJEHO 
npoms:secTH no ~opMyne: 

Lc • L3 _ J 4 YL 
Lc - - g<p V3 ( 4o4I) 

r;n;e Lo mL1- MH;n;yKTMBHOCTH He3RpaHmponaHHOH m SKpaHmpoBaHHOM Ra

TYIDKM; 
VK H ~ - o(':oeMhl, sauMMaeMhle Ea TYlllKo:id 11 ::mpauoM; 

c:p - K03WWHUM6HT, YliMTblB8IDutHiil: COOTHOill8HHe ;n;JIHHhl R pa;n;Hyca 

K8TYII1KH: 

<P= 1 + 6.9 're 



Ta6JIMUa (.4I. 

Nil IPacnono!)ICel't'ue IXIi!fUJKu l.r. 1.~ 1., Kin "' n' 
nJn UH8yl\mu6Hocmu u iKfXJI't'' !flier MICf Mer - I - - - npuMellaHue 

-E·-J- Dx-j 1,os 0,9~ 2.13 q371: 1,0£ I,Si ( c!t9• 
-an nrr 

-1---· ·- 1~ I 

v...,..., ~_L 

·-E· I w 2 
- ·-1- 49~ ~~ f,9' ~3& r,Oii f/1.911 f,5 

-
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J.1 J.z 

it (J~ 

--E· 1·-3 1-' ~9/i 0,81. f,95. q~ (,OJ, 0,91 (119 •• . 

~ PaJMtp61 Komyw/QJ 

3 
u ~cpoHa: 

A d3 =70,.,,.. 
A!:: 85 MM • HavuHaer Al : 20f'IIM It I 

L 6nul/mb 3!.paH 61\ ~ 30MHI 

d~e = 36 ,.,,., 

i 
l. 

I 

01 = fll """' 

n- 3 .. 02 : f6MHI 
fl ~ 55 MM • Hc:ti/UHC1e1 

5 A W1z r: 9 Snu11m11 a~~paH 

4- w.,. tAiz = '1,5 
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Ma ~OPMSnH (4.41) :s~~Ho, ~T~ ~eM 6~~~e K K8TSIDKe pacno~o~eH 
SKpaH, TeM C~~DHee ero peaKUHH ~ MeHDille 3H8~6HHH C06CTB6HHOH 11: B38-
~MHO~ ~H~KTMBHOCTel KaTymeK H, }~e~oBaTe~DHO, TeM C~nbHee ero 

B~MflHHe H8 KOS~~MUMeHT OBH3M. 
B 1321 noKaaaHo, ~To paaMepl» UH~HH~p~~ecRoro aKpaHa pauMoHanb

HO B~6Mp8Tb TaR, ~T06~ CO BOeX cropOH 3830p Me~~ 3Kp8HOM M KaTym
KO~ 6Jl~ He MeH:&llle llO~OB~H~ ~aMe•rpa KaTyillKM. 0TCIO~a cne~yeT: 

d3mtn=2dl< ; ~ e}m/.1'1: 1 ~1\+dK (4.42) 
Ho :s ~MTepaType no aKpaH~po:3aHHIO HeT npHMHX ~aHHhiX o B~HHHMM 

aKpaHa Ha KOaclJg)HI.J;M6HT 0Bfl3H. HaH~5oJiee npOCTO STO MO~HO OUeHMT:& 
Oll~THblM nyTeM, ITOSTOMY MOO~e~oBa;lQC:& 3KOnepHM6HT8~:&HO BJIMHHMe 3K
paHa Ha KOSqJ(JJMUMeHT 0Bfl3M, pe3yJihT8T~ CBe~eHH B Ta6nMUY 4.41o 1i3 
Ta6~HUhl BM~Ho, ~To npH co6~ro~eHHll sc~oBMH (4.42) Ha6~ro~aeMoe paa
JIM~He ~OCT8TO~HO M8~0 (00Thl6 ~O~U). 

TaKHM o6paaoM, B pea~:&HOW KOHCTPYKU¥111: BJIHHHIIIeM SKpaHa Ha KO
a~~MI.J;M6HT CBH3H MO~HO npeHe6pe~:& .. Heo6XO,Il;mW C~MTST:&OH ~Ifill:& C 
YM6H:&illeHH6M MH,IJ;yKTMBHOOTiti, OUeHK~' KOTOporo C ,Il;OOTaTO~H0:£1 ,I(JIH npaK
TMKM TO"tJHOCT:&IO MO~HO npOH3BeOT~ IlO qJOpdy~e (4.41), C~e,IJ;H 3a TeM, 
~To6hl aTo yMeH:&IIIeHHe He npH:so~~o K aaMeTHOMY y:se~H~eHHIO Jt"= Ln(C. • 

4.5. Pac~eT H MOAe~Hpo:saHHe MT Ha ocHo:se n~ocKMX 
KaTyiiieK 

B peay~:&T8T6 MO,IJ;eJI~pO:B8HHH J'83JIM~HblX THllOB L1T Bhl6paHa KOHCT
pyKUHH Tp8HC~OpMaTopa B BH,Il;e llJIOCKHX K8TYill6K, K8K Ha~6o~ee llO~HO 

Y~OBJieTBOPHIDmaH Tpe6o:saH~HM K reFepaTopaM MMITYJI:&CHoro aapH~a n~no 
C u;e~:&IO npo:sepK~ pe3yJI:&T8TOB pacteTa ~ MO~eJIMpoBaHHfl 0 llOMOmDIO Ka
TYmKH M8~biX pa3MepoB 6biJI M3rOTOBJ:eH peaJI:&Hhl~ MaReT T8KO~ KOHCTpyK
UMM MT \T.e. MaReT peaJI:&HblX pa3MepoB), peay~DTaThl MCCJie,IJ;OB8H~fl KO
TOporo np~BO,Il;HTCH H~meo 

A. Pao~eT MT c BhlOOKMM Koag&HgMeHTOM OBH3M (K~ 0,9) 

3a,IJ;aBaHO:& Heo6XO,Il;HMhiM 3H8~6H~6M K03W~HUH6HTa OBHoH, MO~HO on

pe~eJIHT:& paaMepbl RaTyiiieK (o6MoToR)o A 3HaH aHa~eHJIIe OAflOH ma eu

KOOTeH H Tpe6yeMhiH K03~WHUH8HT TP8HOWOPM8U~M HeTpy,IJ;HO onpe~e~HT:& 
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OOT8BiliM60H B6HH~HBN. 

ilOOKOHbKY KO~WMUH6HT OBH3K OHH~aeTOH H3-38 3Kpaampymmero 

.n;eiiOTBHH KOJityxa KOBOTpyKQHM, HSJIH~HH M6lii:BHTKOBOJi H30HflQHH, nepe

paonpe.n;eHeHHH TOKOB B BHTK8X 38 O~eT a~eKTa 6HM300TH, BHMflHHfl 

HH;l(yKTHBHOOTM ITO,'l(BO;l(KH H T.n., pacqeTHNM KO~WMUH6HT OBH3H BN6H-

paeM aaBumeHHNM KT = 0,95~i Ilia rpa~Ka K = {(p; 3) onpe.n;enaeM oo-

OTHomeame I'60M6TPHt:f60KHX paaMepOB 06MOTOK L1.T ;ztJIH J<T:: 0.95 : 

(..; 
fJ = Yd =OJ 7 m ~ = Xfd 6 1;01 S' • .lt1oxo.n;a ma o6nUiX Tpe6oBaHHi1 

K yaHaM YOTSHOBKH M8KOHM8~DHUM BH61liHMii ;l(HaMeTp KaTymeK c~e.n;yeT 

OrpaHHtJSTD 3H8tJ6HH6M dun~~ 0,6M , a BHyTpeHHHti- dmin ~0)M 
orpaHHtJeH BBO,'l(SMH K 06MOTK8M, T. e • dm,v. =::0»35 H ;ztJIH Tpe6yewx 

}J H j TOJIII{HHa M6JlC06MOTOtJHOi1 H3 O~flD;HH ;ztO~lli:Ha 6NTb He 6oJiee X~ 115CM • 
MaKcHMSHDHas HanpaJiteHHOOTb noJIH npm aTOM paBaa: 

E = ~E =f·~ m t cp X 

I';zte ~- KOOW~HUH6HT H60,'l(HOpO;ztHO~TH fiOJifl ( f= !,3+!,5 /33/).H UO

JK6T ,'l(OOTHI'STD ,'l(O rMB /OM npm 6oJI:&mBX K03iPWHU.H6HT8X TP8HOcpOPM8UHH. 

Bblc5opOM OOOTB6TOTBYIOII{6I'O .H30JiflD;.ilOHHOI'p MaTepmana 0 l3UOOKOM 3HeK

TPJrltJ60KOi1 npOtJHOCTDIO H nyTeM C6.ftD;J40HHp0l38HHH Oc5UOTOK MOJKHO ,'l(OO

THtJD Tpe6yeMOM aJI6KTpHtJ6CKOI llP)tJHOCTH KOHCTpyKD;HH. CeKQHOHHPOBa

HHe 06MOTOK Bhii'O;ztHO H l3 TOM nJia::ie, tJTO OHa :se;zteT K YB6JIHtJ6HHIO K0-

3WWliiUH6HT8 0Bfl3H. Il03TOMy TOJIIllH::Iy H30~flUHH MOJKHO l3hl6paTD nopa.n;

Ka X= O,S~IeM • Tor;zta reoueTp:iiqecEme paauephl oc>uoToK JilT 6yli,yT 

d::: X,1::0j35M H "[:.:dJ>=0,25M • 
;z:f.Jifl YM6HDill6HHfl l3JIHHHHH HH,1l;JKTHl3HOOT14 ITO;ztl30,1l;KH Ha K03~cpHIJ,H6H

Thl Cl3H3H It1 TpaHOfi!OPMSD;VIItl, KOTOp;~fl, K8K OJie;n;yeT H3 OITNT0l3 ITO UO,'l(6-

JIHp0l38HHIO, B peaJIDHhiX KOHCTPYKUMflX MOJK6T COOTSBJiflTb B6JIHtJI1Hy no

pH;ll;K8 (0,5+!), 3H8tJ6HHe C06CTl36liHO:i.1 MH;ztyKT.Hl3HOCTH nepBHtJHOti 06-
MOTKJrl, HCXO;ztH :s rpaq)HKa KfK*=[(j~=.lm(,;) , Ha;no l33flTb Ha no-

pfl;li,OK 6oJIDme t.:,=(3-7-5)Mt<f • 3HatJeHHe euKocTm Cr n;eJiecoo6paauo 

l3N6Hp8!D H3 3Hepre!PI'tJ6CKHX 0006)8Jlt6HHi1 npPI pa60T6 yCTSHOBKPI 0 no

l3hllll6HHO:i.1 qacTOTOit cpa6aThiBSHHfl /u= 10ft( • Ho ecJIH HSBeOTHO aaa

qeame eMKOCTH Jl~JI (C2), TO l36JIW.JHHY eMKOC!H CI MO:HCHO onpe;zJ,eJIPITb 

3H8fl K03cpcpHUH6HT TpaHOcpOpM8UHMj no ~OPIYJie: CI =nlCl (3H8tJ6HHe 
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;li;OJilKHO OOOTB6TCTBOB8T:O Ir7 He06XO.~Ir7UOit aanacaeMO~ 3HeprHH B Hett) • 
~CXO;ll;fl H3 B~ill6CK838HHOrO, ~eJIH~~Hy HH;zJ;yKTHB~OCTHf;li;HOH nepBH~HOtft 

oc5uoTKM B~c5HpaeM paBHOtt C.= 1~5 MKf , a Lz. = n 2L• == 12:- iSMr<r • 
Ororo;n;a ma wopuyJI& (3.4I) onpe;n;eJiaeu ~HcJio BHTKOB rrepBH~Hott 

H BTOpM~HOti 06MOTOK: ~ 
8ftL w= }Jed\;/ 

tiHCJIO BHTKOB O;zJ;HO~ rrepBH~HO~ o6MOTKH Wa = 2 , a tJHCJIO BHTKOB 
o;n;Hotft BTopm~Ho~ oc5uoTKH VOL= 8~9. CooTfeTcTBeHHO ruarm a:auoTKH 
paBH~: P, = 'lft_u,:: 12~5 g~ H g: "Yw, = 3 i.lkM • 

TOJI~HHa M6lKBHTKOBO~ H30JiflllHH B~6HpaeTCfl HCXO;ll;fl H3 3JI6KTpH
tJeCKO:t1 npoqHOCTH. EcJIH npHHHT:& (c He6oJI:&illHMH norperuHOCTflMH), qro 
pacnpe;n;eJieHHe ITOTeHq&aJia Me~ BHTKaMH 06MOTOK paBHOMepHOe H paB

HOe u'/w, = UyWz. ::50 KB/aa BHTOB' TO TOJI~HHY Me:atBHTKOBOtt H30Jifl~HH 
UOXHO B3HT:O paBHyiD 0,5cM. HpM ZTOM M8KOMM8JI:&Hafl Hanpa~eHHOCT:O no
Jifl M6lK;zJ;y BMTK8MH 6y;n;eT OOCTaBJI~T~ BeJIHtJMHy ITOpfl;zJ;Ka: 

E = E . ~ = u . {::- 15 0 KB 
m cp t a CM , 

r;n;e a - TOJI~It1H8 MeJltBHTKOBCH H30Jiflll;HH; 
f - K03q)(t>IIlll;MeHT HeO;zJ;HC,pO;zJ;HOCTH ITOJifl ( f = 1,5 '3 31 ) • 

IlpH 38TyiTJieHHM OCTp&X KPO!i!OK HeO;zJ;HOpO;zJ;HOCT:O yMeH:&IDIIITCfl Ir7 

TpaHC~OpMaTOpHOe M8CJIO B HMITYJIICHOM pe:atMMe o6ecne~HT He06XO;zJ;HYyiD 
3JI8KTpH~eCKYID npO~HOCT:O. 

13~JIH H3rOTOBJieH~ 06UOTKH H3 Me~(HhiX llJI8CTHH TOJIIItHHOL:i 2MM, rrpH~eM 

B BHTK8X nepBH~HSX 06MOTOK B;li;OJ.::& BCe~ ;zJ;JIHHhl BHTKOB C;zJ;eJI8Hhl npo
pe3H ;zvlfl yMeH:orueHilfl ITOTep~ Ha liHXpe:Bble TOKH 1ii yMeH:&meHHH 3Kp8HH
pyromero ~-teMcTBHfl. 

E. MO;ZJ;8JIHp0B8HPie ~T C BHCOKHM K03<lJdlHUH8HTOM 
0Bfl3H 

MO;zJ;eJIPIPOB8HHe ~T C BhiCOKHll K03q)IIJHD;H8HTOM CBfl3H, pacc~HT8HHO

ro MCXO;li;H H3 Tpec50B8HH:ftt K pa6otreMy BapMaHTy VfT , npOM3BO;li;HJIOC:O 
ITO MeTO;zJ;HKe, yRaaaHHO:t1 B §4.I. 

PeayJI~T8TI:l H3MepeHHfl 3H8~6HH1ft C06CTB6HHOH H B38HMHO:t1 PIH]J.yK
THBHOCTett, xoaq)q)Hu;meHTOB c:easH :1 TpaHcq)opMau;Jnt oc5MOTOK HT npH

Be;n;ea:~ B T86JIHll;e 4.5I. 



, Ta6JIPIUa. 4.5I. 

Jl! 1.,, t.,, LCDI /.,Jcr. M K n npuMe'ICJHLJe n.n. 
- 111Kr fiiKr fll/(r fll/(r tt11cr - -
1 ... a - - - - - - t'!f!.SII'iHQI 

')O.IIfom~ra 
d,•tOctr~ 'Z •!ScM. 

2 - ... f, - - - - - tmOpUIIHQ~ ciecoOc,., d•3Scl't. 
IIONOmKa. 

3 1.8~ 2.08 6.22 1.? 1.13 0.577 1.06 X .. 1cM 

~· ~ 1.84 2.0~ 6.3 1.lti .f.2D7 0.62S ... f X•O.Sc~t 

s 1&.5 16.1 6~.37 s.o~ 1~.83 0.9 1 X•1Ct't 
t'' '~ I 2 3 

6 16.65 16.18 69.35 .3.3! 1&.25 o.g& .. I X==O.)c,.., IZ Z I ~ zz ill 

., I.S? ~~.15 2H I.S U7S D.1S3 e. sa X• (tfll 

8 f.BS 1¥.05 - 3.9'1S 0.?8 2. 72 
)(:tcM - ~ fJ !JVIma J.n 

9 1.96 IJ. 7 24.? '1.68 lt.2PS 0.819 2.&37 x-o.s,,., 
fO 1.8S 13.6 - - "·22S a1s 2.6? X ao.~c"' 

'1 11 !Jill main 

11 2 l.t6.6 70.11 JS.OS 8.765 0.908 U2 X= feN 
.. \ 

I 
f2 2.flt lt?.87 '/1,.5? 3H3 9.295 D.92 lt.'? X=O.S(tto I 
13 5.?1, lt1.1 eat 22.1 14.5 0.936 2.7 X"" fc,., 

~~ 5.8 lt2.1t IU 22.1? 15.?3 0.96 2.? X=O.~t~o. 

IS 5.& "2 83.1 22.2 IS.f 0.9~6 2.8 X=ICH 

16 5.64 41t9 9&.3 2~.911 16.64 0.9' 2.82 Xa:O,Sa. ''" .d I '' J 

L,~ 1.,~ M" c, Ca If .. . 
K n 

17 l'fK r Jlll(r M/Cr l'fri' fltrl' - - Paclltml'lbte JHa'ltHUR 

.. f.S 15 s 0.1 O.DI 0.95 3.1 

~ . 

. ! 
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KaK :aH;n;Ho ma Ta6JU'1Qhl 4.5I, ;z~;aHH8fl wo;n;eJil> HT o6ecnetJH:aaeT 

KOS~{j)IIID;II!eHT C:Bfl3H K ;;:- 0, 8+0, 85, lCOTOpbiti :B03p8CT8eT C y:aeJIH'leHHeM 

lJHCJI8 CeKn;HU OClMOTOK (:B03HHK8eT ;li;OITOJIHII!TeJil>H8fl SJI6KTpOM8rHII!TH8fl 

c:aflal> we:m:;n;y ceKn;HflMH o6MOTOK H ;~ocTHraeT pacqeTHOU :aeJIH'lHHbi K=D;9S. 
OCD;HJIJiorpaMMhl nepexo;n;aoro npon;ecca npm paaJIH'lHblX coqeTaHHflX 

nep:aH'lHhlX H :aTOPH'lHNX o6uoTOK H·rHa nnocKHX KaTymeK npH:ae;z~;eHa Ha 

pHc. 4.5I. H pHc. 4.52. 

Itia rpa~Ko:a :aH;nHo, t~TO :apel4fl aa;nep:m:KH ·L ">/ I MKC , Kor;na MaK-

cHMYM :BbiXO;n;Horo HanpaJKeHHfl H86JIJ:>;ztaeTCfl Ha :aTopoM nony:aoJIHe K< 0, 75, 

H t~ cymecT:aeHHO coKpamaeTcfl ( t.~ < 500Hc) npH nepexo;n;e Ha I-yiO no

Jiy:aoJIHY (K > 0, 75). Kos~~Hn;HeHT GBH3H :aoapacTaeT C y:aeJIII!'leHHeM 

lJIIICJI8 CeKD;HH 06MOTOK H ;D;OCTHrae~e 3H8lJeHHt1, o6ecne'lH:B8IDmHX Tpe6y

euyro. BeJIIII'lHHy aa;n;epJKKH npH Heo6:{0;Z!;JIIMOM KOS~HD;HeHTe Tp8HC~OpMa

Il;liB'I npH peaJil>HblX aHa'leHHflX napalleTpo:a KOHTypo:a HT • 
Jtla rpa!f}HKOB T8KJKe BII!;li;HO, 'l'~O npH 8:BTOTpaHCWOPM8TOpHOM :BKJIIO

qeHHH 06MOTOK KOSW{j)HD;HeHTbi CBfl3lll III Tp8HC~OpM8D;IIIH B03~8CT8lOT H CO-

OTB6TCT:Byml 3H8'leHJtiHM M3 TeOpeTJ!I'l6CKOrO rpa{j)HKa na = j(n; I<) PI 

Ka.==/(K~n) Ha pviC. 3.2I. IlpH n)M6JIHJK~HiB1 aRpaHa K o6MOTKaM HT 
KOSclJWHil;H6HT CBfl3H MeHHeTCfl He3Hi3tiMTeJil>HO, HO CJtlJil>HO B03p8CT8IOT 

ITOTepH Hanpa:ateHHfl, 'lTO T8K lite C)rJiacyeTCfl C TeOpHeM. 

I/hrerommecfl HeaHa'lHTeJil>Hble pacxoJK;neHHH pactJeTHbiX II! s~tcnepm

M6HT8Jil>HhlX ;D;8HHhiX MOJliHO 061:1HCHJtl'~l> :BJIII!HHH6M HH;ll;yKTHBHOCTII! ITO;ltBO;lt

KH, H8JIIII'lli16Y 38TYX8HHH B KOHTyp3X H norperuHOCT])IO II13MepeHHI Jti, 

CJI6;ZI;O:B8T6Jll>HO, peay~l>T8Thl MO;zteJI:4pOB8HIIIH ITO;li;T:Bepllt;zt8IOT npa:BMJI])HOCT]) 

TeOpe!H'l6CKHX BhlKJI8;ltOK H P8C'l6T):B. 

, TaKHM oopaamr, :a peayJil>TaT 9 Hccne;n;o:aaHHH uo;n;enm HT Ha oc

Ho:ae ITJIOCKHX K8TyWeK ITOJiyqeHO y,ZJ;O:BJieT:BOpHT6Jil>HOe COrJI8CHe pacqeT

HbiX H SKCnepHMeHT8Jil>HbiX ;zJ;8HHbiX. Ha OCHO:Be 3TOrO MOmHO C;zJ;eJI8Tl> :Bhl

BO;n;: cMcTeMa aapfl;n;a @OPMMpyromel JIHHHM Ha ocHo:ae HlrMo:m:eT ycneru

HO npMYeHHTl>CH :B CIIICTeMe BhlCOKOBOJil>THOrO IIMT8HIIIH CTpli!MepHbiX Ka

Mep. Tpy;D;HOCTM Ha STOM nyTH C:Bfl38Hhl C II!30JIHD;Hel npH pa6oTe ycTa

HOBKM CO CTOJil> BbiCOKHM Hanpa~eH~eM, npeO;zJ;OJI6HHe KOTOpbiX Tpe6yeT 

;n;aJil>HeiUiero Hccne;n;o:aaHHfl HT Ha BhlCOKOM HanpaxteHIH1. 
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4.6. Pacq8T ~ HCC~8AOB8HHe HMny~1CHOro 
aBTOTpaHcwopuaTopa 

29. 

KaK BH~HO H3 rpa~MKB pmc. 4.37. H KBK fl0K83~B8IDT pe3y~»T8-
T~ M0~6~Hp0B8HHH (eM. §4.3.-B) HMny~1CH~i 8BTOTp8HC~OpM8TOp HB 
OCHOBe KOpOTKOrO C0~6HOM~8 MO~eT 06ecneqHT» B~COKH~ K03@~MU~6HT 
CBH3M Kn npH He6o~»m~x Koa~~HIJlileHTax TpaHc~opuan;Ht1. 

B uacToa~ee Bpeua ua ycTaHOBK8 CKM-200 ocy~8CT~aeTca p83o
HaHCHH~ 3apa~ n~I OT reHepaTopa MapKca q8p83 ~H~YKTHBHOCT». ITp8~
CT8B~HeT HHT8pec ocy~eCT~HT1 sapa~ n~] OT r8HepaTopa MapKca qe
pe3 aBTOTpaHc@opuaTop. B aTOM c~yqa~ 683 yqeTa noT8P» Hanpa~8HHH 
B KOHTypax, Hanpa~8HH6 H8 n~] M0~8T np8B~CMT» B~XO~H08 HanpHX8HH8 
rHH B Ma pas npH pe30H8HCHOM 38pa~e, r~e na - K03~tf>MUH8HT 8BTO
TP8HCcllOPM8D;HH, PSBHDIH KOpHro KBa~paTHOMy H3 OTH01If8HMH 6MKOCTH 
B "y~ape" K 8MKOCTPI n~]. B ~8HCTBYIOII(8H B H8CT0flll(68 BP8MH ycTa-
HOBK8 3TO OTH01If8HH6 paBHO! C•k.: = 2·J0%.l/Os· = 3 , T.8. 

na.=R. z 1,7 • 
XOTfl B~PirpHIII B BHXO~HOM Hanpa~eHHH He60~1WOH no cpaBH8HHID 

C p830H8HCHNM 38pfl~OM qep83 MH~yKTHBHOCT», r~e B~XO~H08 HanpHE8HM 
B H~8an»HOM c~yqa8 (683 yq8Ta noT8p») ~ocTmraeT 3HaqeHme 

Uzm := 2K,U, ::::: I)SU. (T .K. Kc :: clt,+cz =0,75 ) ' HO Hcno~»3Yfl aB-
TOTpaHCillOPMBTOp C BblCOKHM B03tf>(f~H.U118HTOM 0Bfl3M MOJKHO cy~eCTB8HHO 
COKPBTPIT» BP8MH 38~8p~KH HMITYR~Ca. KpoMe TOro, B pa3pa6aTNBae
M0H B H8CT0flll(88 BP6Mfl HOBOH CPICT8M8 ITHT8HHH CBMIT-IO K03cllcilHD;H8HT 
8BTOTp8HCtf>OpMSD;HH MOJK8T ~OCTHrEyT» 3HaqeHMH na =~ = 2,3 , 
tlTO yJKe ~aeT 3H8tlPITe~»Hbli1 B~MirJ 1lillll B BHXO;LJ;HOM HanpflJit8HIUI ITO cpaB
H8HHIO C HH~yKTHBHOCT»ro. 

Ha nepBOM 3Tane 6~~ paoqH,aH, H3rOTOB~8H H HOOR8~0B8H pa6o
tlHH BBPHBHT BBTOTpaHO~OPMSTOpa HS ;LJ;8HOTByromei1 yOTSHOBKe CKM-200 
o n;8~1ro npOB8PKH TeopeTHtl8CKHX pe3y~»TaTOB m noon8;n;yrommu nep8-
xo;n;ou C Tp86yeWMH nonpaBKSMH Fa pa6oqHti BSPHBHT SBTOTpaHOf.POpMa

TOpa B CBHIT-IO. 

A. PacqeT MMITy3I»OHOIIO 8BTOTp8HOdlOpM8TOpa 

ITpm pa6oTe aa r-oi no~yBOJrH8 ( Kct > 0}5 ) noT8pH aanpa~eHHH 
603I»UI8 'q8M np:m Ka = 0, 6 (2-Sfl noJiyBO~Ha) npH BbiOOKOH ;n;o6pOTHOOTM 
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Uc:/ U t' 
KOHTypoB, tlTO BH;zJ;HO M3 rpatlJKK8 .-1JU1 =t(LD ) pMO. 3 .22. COOTB6TOTBy-
IOlftHM Bbl6opou 3Hat~aHma L. npR He6oJI:owo:ta eMKOOTM rnH B "y;nape" 
c1 :::: 2 H 'P Bpeufl aa;napJKKH MOJKHO 11 npH pa6oTe Ha 2-ofi noJiyBOJIHe 
(Ka : 0,6) o;na~aT:O MeHee, tl6M nplt'l HODOJI:030B8HHH HH;nyKTMBHOOTH. 
KpoMe Toro, TaKoia KOa~mnmeHT OBH3H Ka =0,6 nerqe o6eonetJHT:o B 
KOHOTpyKnHHX npH Tpe6yeMOH aneRTpHqeOKOH npOt!HOOTM, DOSTOMy BU-
6mpaeM 38 pa60QMia B8PH8HT KOHOTpyKnMro OOJieHOH;na 0 K08qJ~HnHeHTOM 
0Bfl3H K = 0,6 J4 K08~~~nHaHTOM TpaHO~OpMan.lni nn = IJ 

~3BeoTHbl one;n;yromme BeJIHt~HHbl: m 
EMKOOT:O rHH B "y;nape" - C(.:: 2HT 

EuKoo T:& ].J.<f)JI - c2 = o. 7 H 'P 
Bblxo;n;Hoe HanpaliteHHe fHH- ·:: :'i00J<I3 
Bpeua aa;neplltKH t - tJ ~ 500HC .3 
Koa~~mnMeHT OBHSH - Ka. = 0,6 

IlpH pe30H8HOe ( U), =- U),l.) R08~~Hll;H6HT TpaHOq)OpManmm paBeH: 

. na =H. -::: I] 
0 ;npyroia CTOpOHbl 

• 
L, onpe;nenaeTca ms 3a;naHaoro !peueHH 3a;neplitKM: 

t1 ~ 1iVL.C,(i +Kal 

OTKy;na 

B TO lite Bpeua ;nJIH yMeH:omeEHH BJIHHHHH ma;nyKTMBHOCTH no;nBo;n
KH, KOTopaa aocTaBJiaeT (0,3+I)NKf , Heo6xo;nmMo L, Ha nopa;noK 
6on:ome Ln• • Bb16Mpaeu L,= 3,5r1Kf. Bpeya sa;nepzKm npm aTOM 
i

3
= Jry L, C,(I+Ka.) -::- 330 HC m y;noiJieTBopaeT Tpe6yeuo:t~. 

Tor;n;a Laz = no.z L. ::::I 0 MKf '+ Kn L. + M 
~3 ~OPMYJlbt ;nJ!fl K08~~Hn;HeH!I8 0Bfl3H Ka.= n,, = VL,Lz' 

onpe;n;eJIHM M: -L (K n _,)- 5 f M- I (1 Q. - Ol Ml< 

Tor;n;a m n=R =1,2. 

• 
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Jtls rpat1JmKa pMo. 4.3?. ;n;JIH 11a.=1.7 M Ka.=OJ (o sanaoou) on
pe~e~mu reoueTpmqeoKHe pasuep~ oo~pHOM~a: 

~'ld =O~ g u IJ,Yi>, = 2, ~ 
l/I3 yo~O:BHH 3BpaHHpO:B8HHfl OOJ16HOM~a d ~ t 03 
H TOr~a g,t = l.f00MM • , 
ITo t1Jopuy~e ;n;JIH HH~yKTH:BHOOTH ooneHom~a: 

L-:-(;; w' ci cp 

Onpe~eJIHeM qMo~o :amTKO:a U), = '-1 M Wz. = 5, 6 • 

E. Itlon~Taam:e aBTC·TpaHo(jopMaTopa 

lii3MepeHHe MH~yKTM:BHOOTe~ EBTOTpaHOtJJOPM8TOpa 6es'KOEyXa npH-
6opOM EI2-IA ~a~o oJie~yiOue SHctqeHma: 

Ll-=Lf.2M~<r ~ Lz.=lf;LfMKf; L.n= IOMKr. 
llpm oTHX saaqeamax HH~yKT,lBHOOTett m reoMeTpmqeoKHX pasuepax 

K03!l:JtJJlU~HeHT~ O:Bfl3H H TpaHO<'fJOPMCID;VlH pa:aH~: 

n £' IL;/ :: I 5 
CL :y /L, ) 

Ku= ~~::n=0,67 
Pas~Mqme :a paoqeTH~ M M3J4epeHHbiX sHaqeamax saKJIIOqaeToa :a 

TOM, qTO paOOM8TpH:B8~0fl npVI M3l46p6HHH OJlyqa~ OTJ!HqH~tt OT peso
HaHoa, a mueHHo: U),= 4,6 m Wt=:5 (npm pesoHaHoe U), =4 H U~=5,6). 

JtaHH~~ 8I3TOTpaHOtJJOPM8TOp :18 OOHO:Be KOpOTKOrO OOJI6HOti~a H0-
01.£6~0B8J!Ofl :a ~ettoT:ayiO~ne~ yoTaH J:aKe BBrHH CKM-200 Ha pa6oqeu Ha
npa~eHHM. Jtlon~TaHme·a:aToTpaacwJPMaTopa npm:aeJio 1t o~e~yiOmHM pe
syJl:&TaTaM: 

I. ~OpMa H86JII0~86MOrO Ha OOD;HJIJIOrpawe :B~XO~HOrO Hanpa~eHHfl, 
OHflTOrO 0 8KTH:BHOrO ~6J!HT6Jlfl H9ITpfl~6HHH, OOOT:B6TOT:ayeT paoqeTHo
MY 1'I H3MepeHHOMy K03~tJJHD;H6HTY OBH3M (~0,65+0,?)~ 

2. Ha6JII0~8IOTOH 3H8qHT6JI:&Hhl6 ITOTepm Hanpa~eHHfl H8 ~XO~e, 
KOTOp~e He :BXO~flT :B paMKH 06~flOH6HHH HX 38 oqeT :BJIHHHHH HH~yK
THBHOOTH ITO~BO~KH, 38TyX8HHfl H 3Kp8HMpO:B8HMfl. BepOflTHO, OHM 0Bfl-
38H~ :B OOHO:BHOM 0 B03~6HOT:BM6M Ha KOHTyp nepena~a HanpHE6HHfl 0 
11 ITOJIOrMM" tJJPOHTOM, ;n;JIMTe~:&HOOT:& KOTOporo H8 B~XO~e reHepaTopa 
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MapKca, B03MO~O, COCT8Bnfl8T OP9BHHMHe B8HMqHHN C npoueocaUH B 
KOHTypax aBTOTpaao~opuaropa. 

3. BOH8~CTBH8. 3HaqHT8H~HHX KpyTH3H BHXO~HOrO HanpHZ8HHfl 
(BP8Mfl ~0 BTOpOrO M8KCHMyMa Hanpa~eHHfl nOpH~Ka 300HC npH 8MnHH
Ty~e 6onee 300KB) H8~~88T0fl KpHTHqHOOT~ HSOTPOHKH paapa~HHKa 
~~] H8 M8KCHUyM HanpH~8HHfl H8 BTOpOM nonyBOHHe, qTO ycHOEHfl6TOfl 
eme TeM, qTO 13-38 38Tyx8HBfl B KOHTypax I-~1 H 2-0M MSROHMyU OT
nmqaDTOfl aeaaaquTex~ao. 

HTaK, XOTfl nonyqeHHH8 peayH~T8TM HCllMTaHHH HMTiyH~OHOrO aB
TOTpaHO~OpMaTopa 06H8~6EBB8Dmme, HO Tpe6yeTOH 6onee Tm8T8H~H08 
H no~p06H08 SKOnepHM6HTaH~H06 ~ccne~OBaHHe ~aHHO~ KOHOTPYKUHH H8 
CT8H~e C flOUO~b~ OTrpa~yHpOB8HHO~ H3MepHTeH~HO~ annapaTyPH, 8 

TaK~e npe~cTaBnaeT npaKTHqecKH~ HHTepeo TeopermqecKHH pacqeT 
BHHHHBH nepena~a aanpaxeHBH o E:oaeqaau ~poHTOM aa npoueooa B CBH
saHBHX KOHTypax. TiepeqzcneaHae aa~aqm oTnoxeHH Ha 2-oH aTan pea
nmaaumm B/B HMnyHbOHOrO 8BTOTpSHC~OpM8TOpa Ha OCHOBe KOpOTKOrO 
COH8HOH~a. 

B peayn~TaTe mccne~oBaHHH paanmqaax TmnoB uo~eneH HT c n 
B~6opa KOHOTpyKUHH C BMCOKHU KOS~~HUHBHTOM CBH3H B~6paH~ KOHCTpy 
Ulfl TP8HO~OpUaTopa H8 OOHOB8 flJ[OCKHX KaTyrneK npH 60HbWHX KOS~

UHeHTaX TpaHCWOPMaUHH H KOHCTp~rKUHfl aBTOTpSHC~OpMaTopa Ha OCHOBe 
KOpOTKOrO COH8HOH~a npm H860Hbt1HX KOSWWHUH8HTaX Tp8HC@OPM8UHH, 
KaK H8H6onee llOHHO y~OBH8TBOpHDmHe Tpe60B8HHHM K peaHbHOH KOHCT
PYKUHH reHepaTopa HMnyHbCHOrO aapa~a n~] B CHCT8M8 llHTSHHfl OTpH
M8PHPH KaMepa, a HM8HHO: 

I. npOCTN B H3rOTOBH8HHH a HM8IDT He60HbWH8 ra6apHTN; 
2. uoryT o6ecneqMTb BNCOKHw xoaw~mumear cBaam npm reoueTpm

qecKHX paauepax 06UOTOK, y~OBHI3TBOpHIDmKX Tpe6yeMO~ 3H8KTpHqeCKOH 
npoqaocTm, a, cne~oBaTen~ao, MoryT o6ecneqHTb npmeuneuue Bpeue
Ha aa~ep*KH npH He06XO~HMO~ aM:InHTy~e BHXO~HOrO HMnyHbCa Hanpa~e
HHfl. 
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9Tm KOHCTpyKn;mm H T C5hiJIM p3CCliHT8Hhi, maroTOBJieHbi B peaJI:&Hblx 
paauepax M C50Jiee no~p06HO MCCJ16~0B8Hhl, npmqeM HCnhiTSHHe 8BT0TpaH

C~OPU8TOpa H8 OCHOBe KOPOTKOrO COJ16HOH~8 npOBO~HJlOC:O Ha ~e~CTBYID

Illea ycTaHOBKe BBfHH CKM-200 Ha pa6oqeM HanpmKeHHH, a HCIII:lTaHme 
Tp8HCWOPM8TOpa Ha OCHOBe nJIOCKHK K8Tymelt MO~eJIRpOB8JlOC:O TOJI:OKO 
H8 HM3KOM HanpflEeHma. 

Mo~eJimpo:eaHHe nepexo~hlx npon;ecco:e :e munyJI:&CHOM TpaHcwopua
Tope H8 OCHOBe nJIOCltHX KSTymeK npHBeJIO lt y~oBJieTBOpHTeJI:&HOMy cor
J18CI-HO c TeopeTHlieCKHMM BhiBO~aum, T .e. TaKafl KOHcTpyKD;Hfl H T o6ec
neliHBaeT BbiCOKH~ ltOS~MD;HeHT CEfl3H K:: 0,9 , KOTOpbi:ti B03p8CT8eT 
npm CeKD;HOHHPOB8HJ4H 06MOTOK C Tpe6yeWM KOSiW)HD;HeHTOM TPSHC(j)OpMa
D;HH. Cne~yeT 38M6THT:&, liTO CeKUHOHHpOBSHHe 06MOTOK 06JierliaeT yc
JIOBHfl pa60Thi H30JlflD;HH, liTO flBJ1E6TCfl B8~HhiM npm KOHCTpyHpOBSHHH 
H8 CTOJI:O BbiCOKHe H8TIPfl~6HHfl, HC Be~eT K YB6J1Hli6HHID ~HH8YHli6CKO~ 
eMKOCTH HT. Ha ocaoBaHHH sTore UOJ!UIO c~eJiaT:o BhiBO~, liTO BhiCO
KOBOJI:&THhliii liiMTiyJI:&CHhtM TP8HC~OpM8TOp ~8HHOiii KOHCTPYKUHlll MOJiteT BHe~
pHT:&Cfl B TeXHHKy CTpHMepHhtX K811ep K8K reHepaTOp 38pfl~8 n~] B 
CB~IT CTpHMepHOiii Kauepbi, HO ~fl ero yqneiDHOiii peaJIH38D;RH HeOC5XO~H
MO paapemHT:O npo6JieMy H30JlflD;MH H COOTBeTCTBeHHO, npOBeCTM HCTiht
T8HJ4fl H8 BbiCOKOM Hanpa~eHHB. 

9KcnepT4M6HT Ha CTeH~e C M!tnyJI:&CHhlM 8BTOTp8HC~OpMaTOPOM XOTfl 
J4 ll0K838Jl 06Ha~eUB8IDillHe pe3yJIJ,T8Thl, HO ;lVIH O~H03H8liHOrO 38KJIIO
li6HMH o ero peam~~:aan;HH Heo6xo~mm ~onoJIHmTeJI:&Ho& m 6oJLee TutaTeJI:o
Hoe mccJie~o:eaHme. 

T.o., ;lVIfl BHe~peHHfl BbiCOKOBOJI:OTHOrO J4MTiyJI:&CHOrO TpSHCqJOpMa
TOpa B TeXHHKy CTpHMepHbiX KSMep Tpe6yeTCfl ~OTIOJIHHTeJI:OHOe HCCJie
~OB8HPie HT :e ~eiiicT:eyromeiii ycTaliOBKe Ha pa6oqeu HanpHJiteHHH. 

5. 3aKJiroqeaHe 

B ~8HHOM OTlieTe npMBe~eHbl peayJI:&T8Tbi MCCJie~OB8HHfl BbiCOKO
BOJI:OTHOro MMTiyJI:&CHOrO TP8HC~Op~8TOpa C TOliKH speHPIH ero peaJil~38-
D;J4M B CHCTeMe BbiCOKOBOJI:&THOI'O liMITyJI:&CHOrO ITJ4T8HMH yCT8HOBKH 
CKM-200 B KalieCTBe reHepaTopa a:unyJI:&CHOrO sapa~a n~]. 
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0CHOBHNe pesyJII>T8Thl uoryT ()biT!> C{i)OpMyJIMp0B8Hbl CJie;ZJ;yiO~MM o6-
pasou: 

I. AHaJims cxew saue~eHHH JumyJII>cHoro TpaHcwopMaTopa npHBeJI 

K BbiBO;n;y o Heo6xo;n;HMOCTH HcnoJI:&:3oBaHMH KOHCTPYK~HM HT c BbiCOKittM 

K08~H~HeHTOM CBHSH, CBe;ZJ;eHHH K MHHHMYMY BCeX ITOCJie;ZJ;OB&TeJI:&HO CO

e;n;HHeHHbiX "napa3HTHbiX11 MH;ZJ;yKTHBHOCTeit nepBHTJHOrO KOHTypa, T~aTeJI:&

HOrO BLI6opa KOMMyTHpyiO~ero paspH;ZJ;HMK8, ITOBUIDeH.Hfl ;ZJ;06pOTHOCTH KOH

TypOB M yMeH:&meHHH BJIHHHHH 8KP8HHPOB8HHH KOHCTpyK~JIIH. 

2. B pesyJI:&TaTe MCcJie;n;oBaHJUl pasJilrqHux uo;n;eJiei1 H T m6paHbi 

KOHCTPYKD;Hfl TpaHC(flOpMaTOpa H8 OGHOBe ITJIOCKHX R&TyWeK M ROHCTpyK

UHH 8BTOTP8HCgjOpM8TOpa Ha OCH0Bt3 ROpOTKOrO COJI6HOHi8, 06ecnetJHB8-

IOID;He BbiCOKHW K03WWHU.Tt16HT CBH3H llpH Tpe6yeuoi1 SJI6KTPHTJ6CKOi1 npoq

HOCTM BbiCOKOBOJI:&THOi1 H30JIHD;H.Tt1 H ITpHeMneMbiX ra6apHT8X KOHCTPYKD;HH. 

3. VlcnLtT&HHe wo;n;eJiei1 ;n;aHHu:c KOHcTpyKn;Hti H T noKasaJio y;n;oBJieT

BOPMTeJI:&Hoe COrJiaCHe C TeopeTlfqt3CKHMJII paCTJ6T8MJII H npHBeJIO K BbiBO

;n;y o BOSYOlKHOCTH peaJn,;sa~lUI BbiCI)KOBOJI:&THoro HT B TeXHHKe cTpHMep

HbiX K&Mep. 

B saKJirotJeHme aBTopbl BI»paJKaJoT 6Jia:ro;n;apHOCT:& A6apHHOBY B.JI., 

MmpomHHTJeHKO G.B., KaumacRoi1 B.li. sa nouom:&, OKasaHHyro npm uo;n;e

JIHpoBaHHH pasJIHTJHWC Tmno:B Mo;n;eJit3i1 HT , CbypcoBy K .~. sa noMotn:& 13 

msroToBJieHHH KOHCTPYKUHi1 MO;ZJ;eJieH HT , a TaRJKe OHH 6Jiaro;n;apHbi co

Tpy;n;HHKaM JIBTA H JIBS, OR83813WHY ITOMOtn:& H8 pasHWC ST8IT8X pa60Tb1: 

AKHMOBOi1 r .<!., Sa:Bropo;n;HeMy A .Jd., BOJIO;ZJ;HHy B .JJ,., Bepell(arHHy A .j·., 
PHXO:BCKOMY B.H. 
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