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1. OPTAHM3AIIUA CAMOCTOATEJBbHOM PABOTBI

1.1.0Opranu3aimoHHO-METOJUYECKUE JAHHBIC TUCITUTUTMHBI

OOmmit 00beM YacoB 10 BU/IaM CaMOCTOSTEILHOM paboThI
(u3 ma6n. 5.1 PITJ])
No MOATOTOBK
MOJITOTOBK
n.n | HaumeHoBaHue TeMBbI a NONrOTOBKA | WHAMBHIYAIbHBI | CaMOCTOSTEIBHO
KypcoBoro | pedepara/scc ¢ IOMaIllH1e ¢ U3yveHHe ax
NpoeKTa e 3ananus (U3) | Bompocor (CUB) SAIBITHAM
(I1x3)
(pabotsr)
1 2 3 4 5 6 7
1 | Pesucropsl - - - 5 3
2 [TonmympoBogHUKOBEIE ) ) ) 5 3
JIMOTBI
bunonspHsie
TPAH3HUCTOPBI.
3 | IoneBbie - - - 5 2
TPaH3UCTOPBIL
Tupucropsl.
4 | Beimpsmurenu - - - 5 4
bazoBbie
5 YCUIIUTEIIbHBIC _ _ _ 1 2
KacKaabl U UX
CBOMCTBA
6 OmnepanuoHHbIe ) } ) 1 1
YCHIIUTEIH
7 K0M61:1HauH0HHLIe ) ) ) 1 1
yCTpOHcTBa
8 MukponpoleccopHbl ) } ) 1 1
€ cpencTaa
24 17
2. METOAUYECKHUE PEKOMEHJIAIIUU 11O BBINTOJIHEHUIO
KYPCOBOMU PABOTBI (ITPOEKTA)
2.1 llesu u 3a7a4M KypcOBOTO NPOEKTA.
B PE3yiIbTAaTC BBIIIOJIHCHUA KYPCOBOI'0O IIPOCKTAa CTYACHTBI HOJDKHBI HAYUYUTBHCA

pacCuUUuTbIBAaTh OCHOBHBIC ITIAPAMCETPHBI Y3JI0B UCTOYHUKA BTOPUYHOI'O SJICKTPOIIUTAHHA.

2.2 Tlopsiiok ¥ CPOKH BHINOJIHEHHS KYPCOBOIO0 NMPOEKTA.

3aganue 11 KypcoBOIro MpoeKTa
1. JIns mpuBeIeHHOW SIEKTPHUUECKON cXembl TpaHC(hOopMaTopa MPOU3BECTH pPacyueT ero
OCHOBHBIX TapaMETPOB MpH padoTe HA 3aJaHHYIO HAarpy3Ky.
2. IlpomsBecTH pacyeT BBIIPSIMUTEIBHOIO YCTpoicTBa INpu paboTe Ha AaKTUBHO-
€MKOCTHYIO HarpysKy.
3. Ilpomssectn pacuer
peryaupoBaHUEM HalpsHKEHUS.

KOMIICHCAITUOHHOT O CTa6I/IJ'II/ISaTOpa C  HCHPCPBIBHBIM

Hcxoanblie faHHbIE 1JIs1 KYPCOBOIO MPOEKTA




Hcxonapie qaHHbBIE TIO pacyeTy Tpanchopmaropa

[epBas nudpa 0 1 2 3 4 5 6 7 8 9
BapuaHTa
U.,B 220 | 219 | 217 | 127 | 126 | 128 | 219 | 218 | 125 | 127
Cxema a 0 B a 0 B a 0 B 0
TpaHcdopmaTopa,
puc. 1
u,.,B 6 12 24 30 36 12 5 15 15 12
U,=U,,B 12 - - 5 - - 15 - - -
uU,,,B - - 24 - - 12 - - 15 -
I, A 2 4 0,5 0,3 5 3 10 0,4 6 0,3
l,,, A - - 0,5 - - 3 - - 6 -
I, =15, A 0,5 - - 10 - - 1 - - -
Tunopasmep nor | Ior | oor | oor | o | Ior | oogr | oor | Ior | Il
MarHUTONPOBOIA
Mapka cranu 3411 | 3412 | 3413 | 3414 | 3415 | 3404 | 3405 | 3406 | 3407 | 3408
VicxoqHbIe JaHHBIE 10 PACYETY BBITPSIMUTEIISI
Bropas mudpa 1 2 3 4 5 6 7 8 9
BapuaHTa
r;,, OM 1,1 1,2 0,9 1,3 1,4 08 [09 | 15 | 1,08
U,, B 12 6 5 15 10 24 20 36 40 28
lo, A 2 3 4 10 0,5 1 6 0,4 0,3
Bm, Tn 1,75 | 1,5 1,3 1,6 1,5 136 | 1,43 | 153 | 167 | 17
VicxoHble JaHHBIE IO pacyeTy cTadbuim3aropa
[TepBas 1 2 3 4 5 6 7 8 9
uudpa
BapuaHTa
Ua, B 25 30 28 36 45 47 46 50 55 57
Olmax 01 015|012 | 0,11 | 0,23 | 0,24 | 0,26 | 0,18 | 0,09 | 0,08
Olmin 011 013 | 0,12 | 0,14 | 0,15 | 0,17 | 0,22 | 0,14 | 0,09 | 0,18
Upux, B 16 24 20 30 40 40 42 47 50 52
| fimax, A 2 3 1,5 2,5 1,4 0,9 1 2,2 3
| fimin, A 0,5 1,6 2,4 0,9 1,8 0,8 0,3 0,4 1,8 2
Kemu 100 | 200 150 110 120 130 140 | 180 | 190 | 160
Uguum, B 01 | 009 | 008 | 007 | 0,095 | 0,11 | 0,22 | 0,13 | 0,1 | 0,08




a /] b
Puc. 1 — Vicxoansie anekTpuuecKkre cXxeMbl TpaHchopmaropa

YacToTa TOKa MUTAIOMIEH ceT BEIOUpaeTcs papHoit . =50 I

1. O0mue cBegeHUs1 00 MCTOYHMKAX BTOPHUYHOIO 3JIEKTPONUTAHUS

Hcrounnku BTOPHYHOTO DIIEKTPOTIUTAHUS SIBIISTFOTCS npeoOpa3oBaTesiMu
IEKTPUICCKOW SHEPTHH, MPEIHA3HAYCHHOW JUIS JJICKTPOIUTAHUS YCTPOWCTB, BBITIOTHSIOIINX
pasnudHble PYHKIMOHATBHBIE 3a1a9i. C MOMOIIBI0 UCTOYHUKOB BTOPUIHOTO DJICKTPOITUTAHUS,
B O0mIeM ciydae, SHEPTHs OT CHCTEM DJJICKTPOCHAOKEHUS IMPOMBIIIICHHOW YacTOThI WU
ABTOHOMHBIX TIEPBUYHBIX MCTOYHHUKOB ITHTAHUS MPeoOpa3yeTcss B HEOOXOJUMBIE I PabOTHI
PaZMOAIIEKTPOHHON ammaparypbl MHUTAIONIME HAMpsHDKEHUsT ¢ TpeOyeMbIMH IMapaMeTpaMu.
HecmoTpss Ha OTHOCHUTENBHYIO MPOCTOTY NPUHLIMIHMAILHOW peaqu3alliil HCTOYHHUKOB
BTOPUYHOTO TUTAHUS, pa3pabOTKa YCTPONCTB C BHICOKUMHU SHEPreTHUECKOW 3(PPEKTUBHOCTHIO,
yAETbHBIMH BeCOrabapUTHBIMU MOKA3aTeNsIMHU, HA/IEKHOCTBIO U BOCIIPOM3BOJUMOCTBIO SBIISETCS
CJIOKHOM 3aJ1aueii.

[IpocTteitmme UCTOYHUKHM MHUTaHUS Majol MomrHocTH (1m0 15-40 BT), kKoTOphle MHOTIA
Ha3bIBAIOT BBINPSAMUTEISIMH, COJEpKaT TpaHnchopmarop (Hu3kor dactoThl S50 I'11), coOCTBEHHO
BBIIPSIMUTENb W CrUIaxuBaromuil ¢uiabTp. B Takux UCTOYHMKAX THUTaHHUS BBIXOJHOE
BBIIIPSIMIIGHHOE WJIM TEPEMEHHOE HAIPSDKEHUS M3MEHSIOTCS TP W3MEHEHUU BXOJIHOTO
HaNpsDKeHUS MUTaHUS WM TOKA HArpy3Kd M I[OTOMY OHHM HCIOJB3YIOTCS B YCTPOMCTBAX,
HEKPUTUYHBIX M0 OTHOLIECHUIO K HANPSHKEHUIO TUTAHUS, YTO BCTPEUACTCS PEXKeE.

Bonee croxHble UCTOYHMKH BTOPUYHOTO AJIEKTPONUTAHUS BKIIOYAIOT B OOJIBIIMHCTBE
MPAKTUYECKUX CIy4aeB TUIIMYHbIE YCTPONUCTBA, KOTOPbIE MIEPEUUCIICHBI HIXKE.

OpnuM U3 00513aTeNbHBIX 3JIEMEHTOB UCTOUYHUKOB MTUTAHMUS SIBISIETCS mMpaHcghopmamop —
CTaTMYECKOE  YCTPOICTBO,  MpeAHAa3HaueHHOE s MpeoOpa3oBaHUs  MOCPEICTBOM
AIIEKTPOMArHUTHOW WHAYKIIMU HAINpPSHKEHUH MEPEeMEHHOTO TOKa C OJHHMMHU TapaMeTpaMu B
HaMpsDKeHUd ¢ ApyruMu napamerpamu. C MOMOIIBI0 CHIIOBOTO TpaHchopmaropa MCTOYHHKA
BTOPUYHOTO 3JIEKTPONUTAHUS OCYILECTBISIETCS TajbBaHMYECKas pa3Bsi3ka BBICOKOBOJIBTHBIX,
OTACHBIX Uil JKU3HMU LIeTled HaANpsOKEHUS DIIEKTPOCETH W BTOPUYHBIX IIETel yCTPOMCTB
norpebuteneii. Huskouacrorusie (50 I'y) tpanchopmatopsl Maioii MomHOCTH (0o 1000 Bm)
MIPOMBIIIJIEHHOTO HM3TOTOBJICHUS OO0JNAagalOT BBICOKOM HAJEKHOCTHIO W OHEPreTHYecKOou
3¢ hEKTUBHOCTHIO.

Buinpamumenvnoe  ycmpoiicmeéo  WCTOYHWKAa  TUTaHUS  TpETHA3HAYCHO IS
peoOpa30BaHUsl ANEKTPUIECKON SHEPTUU MEPEMEHHOTO TOKA B SHEPTUIO0 TMOCTOSIHHOTO TOKa. B
HMCTOYHUKAX BTOPUYHOTO DSJEKTPOMUTAHHS HAXOIAT MPUMEHEHHE HEperyaupyeMble U pexe
perynupyeMble BBIIPSIMUTEIH, BBITIONHSAEMbIE Ha IMOJIYIPOBOJHUKOBBIX MpUOOpax: IHOJAX,
TUPHUCTOPAX WM TPAH3UCTOpaX. B perynmupyeMbIx BBIIPSAMUTENSIX OJHOBPEMEHHO C (YHKITUEH
BBITIPSIMIICHUS! BBITIOJHSIETCS PETYIUPOBAHKIE BHIXOAHOTO HATIPSDKEHUSI.



VcTOYHMKM THUTaHUS BKIIOYAIOT, KaK HPaBUJIO, HECKOJIBKO @Huibmpos, ¢ TOMOIIBIO
KOTOPBIX OCYHICCTBIIACTCA IIOHABJIICHHUC IMAPASUTHBIX TAPMOHHUK HAIPSOKCHUSA W TOKa WA
CTJI&KMBaHUE BBIIPSAMIICHHOTO HampspkeHus. llaccuBHBIE (QUIBTPHI (BKIIOYAIONINE €MKOCTH,
UHJYKTUBHOCTU U PE3UCTOPHI) SIBJISIOTCS JUHEWHBIMU YCTPOMCTBAMHU, IOCKOJIbKY CTPOSITCS Ha
OCHOBE TOJIKO JIMHEWHBIX JJIeMEHTOB. /[l (GuibTpanuu HU3KOYACTOTHBIX IyJIbCAllMA U
IMOJIYYCHHA BECbMA 3HAYUTCIILHOTO IMMOAABJICHUA ITIOMEX UCIIOJB3YIOT aKTUBHBIC (1)I/IJ'II)TpI)I.

BonLIIMHCTBO MCTOYHUKOB BTOPHUYHOI'O JJICKTPOIIUTAHUA COACPKAT B CBOCM COCTAaBC
cmadunu3amopyl HANPSDKEHUS W TOKA, KaK IPOCTEHIINe INapaMeTpuyeckue, Tak u Ooiee
CJIOKHBIE — KOMIICHCAIITUOHHBIC. CTa6I/IJII/I3aT0pBI npeaHasHa4YCHbl Jid aBTOMATHYCCKOI'O
MoJJIEpKaHus HalpsKEeHUs (TOKa) Ha BBIXOJIE C 3aJaHHOM CTENEHbIO0 TOYHOCTH.

HcToyHnkn BTOPUYHOIO DJEKTPOIMTAHUS COLEP’KAT YCTPOWCTBA YHPABJICHUSA W
BCIIOMOT'AaTCJIbHBIC LECIH, KOTOPLIC HC YYAaCTBYIOT B HCIOCPCACTBCHHOM npeo6pa3OBaH1/m n
nepeaayc SHECPrud OT IMNEPBHUYHOTO HMCTOYHHUKA B HAIrpPy3Ky. B COBPCMCHHBLIX HCTOYHHUKAX
LIIMPOKO HCIIOJIB3YIOTCS YCTpOWCTBa oOecmedeHus mepexoja OT OJHMX pEeXKHUMOB pabOThI
HUCTOYHUKOB NHUTAHUA K APYTUM, KOTOPBIC B OCHOBHBLIX PCKHMaX HEC YJAaCTBYIOT B IICpEaadc
sHepruu. K Takum ycTpoiicTBaM OTHOCSTCS, HAaIpUMeEp IMyCKOPETYIHPYIOIINE YCTPOICTBa.

B nanHo#l KypcoBoii paboTe mpejyiaraercs MPOU3BECTU pacyeT WCTOYHHUKA BTOPUYHOTO
QJICKTPOIMHUTAHUA IO UCXOAHBIM TaHHBIM.

2. Pacuer Tpancdopmaropa

OcHoBHOHM 3amaveil pacuera TpanchopmaTopa SBISETCS ONpPENEICHUE ONTUMAIIBHBIX
MaCCOFa6apI/ITHI)IX H DHCPIreTUYCCKUX XAPAKTCPUCTUK IMPU BBINIOJJHCHWHU 3aJaHHBIX Tpe60BaHHﬁ
K ero mapaMmerpaMm. KpurepusMu pacdera sIBISIFOTCS: TeMIlepaTypa HarpeBa oOMOTOK, TaJCHUE
HampspDKeHUss Ha OOMOTKax, KOA(D(HIIMEHT TMOJIE3HOTO JeHCTBHUSI TpaHcpopMaropa M TOK
XO0JIOCTOTO XO/1a.

HcxonupiMu JaHHBIMU TpU pacueTe TpaHchopMaTopa SBISIOTCS:

- HanpsbKeHue muraromei snekrpocetu U ;

- HaIpsDKEHHe BTOPUYHBIX 06MOTOK U, U,,,...,U, 1 Uz, Uy, Uy
- TOKM BTOPHYHBIX OOMOTOK, paboTalolUMX B Te4YeHHE JABYX IOJIYNEPHOAOB
Ly Loy, Iy i omHoro momynepuona Iy, 1oy, loy;

- 4aCToTa TOKa HI/ITaIOI_Heﬁ CETH fC .

Pacuem mownocmu emopuunsix 0OMomok mpancgopmamopa
B cooTBeTcTBUY ¢ Ha3HAUCHUEM TpaHC(i)OpMaTOpa HY>XHO COCTaBUTH €T'0 JJICKTPUUCCKYIO
cxemy. B cxeme Tpancdopmaropa HeOOXOAMMO pa3feauTh OOMOTKH Ha OOBIYHBIE U UMECIOIINE
BBIBO/], CpeI[Heﬁ TOYKH, T.C. pa6OTaIOH_[I/Ie B TCUCHUC OJHOT'O IMOJIYIICpUOAa.
T1 T2
Lo, /2-; Yot b
L:1.1: hia G . 0

wi.1 4

4
6 Uia 1y

7
Yo, by
a)
Puc. 2.1 — DnexTpuueckas cxema CHIOBOTO TpaHchopMaTopa
MaJIOW MOIITHOCTH



Ha ocHoBanum cxembl oaHO(A3HOTO TpaHCPopMaTopa U 3HAUYEHUH BBIXOTHBIX
HAmNpsOKEHUA M TOKOB ONpEAEsieTCs MaKCHMalbHOE 3HAa4eHHWE rabapuTHOW MOIIHOCTH
BTOPUYHBIX OOMOTOK:

Py =(Uply +Upl oy + 4 U Ly ) +2(U g 1y +U g, Lo, +..+ U 1), BA
sneck: U,,, |, - melictByromue 3nauenns Hanpsokenuit (B) u TokoB (A) B OTHENBHBIX

BTOpHUHBIX 00MoTKaX; k=1, 2, ..., K; U, , |, - neiicTByromye 3HaueHus HaNpssKEHUI U TOKOB B

00MOTKax (BTOPHYHBIX) C BBIBOJIOM CpeaHei Touky, =1, 2, ..., L.

Onpedenenue pacuemnol MOWHOCMU MPAHCHopMamopa

B o0meM ciyd4ae MOIIHOCTh BTOPHYHBIX OOMOTOK MOYKET OTIMYATHCS OT MOIIHOCTH
nepBuYHbIX. [lo3ToMy B KauecTBE pacyeTHOW MOIIHOCTH TpaHchopMaropa HNPUHUMAETCS
MOJyCyMMa  DJIEKTPOMArHUTHBIX ~ MOIIHOCTEM  TEPBUYHOM U BTOPUYHOW  OOMOTOK
Tpanchopmaropa.

Jlig ompeneneHus pacueTHOM MOIIHOCTH TpaHcopmaTopa HEOOXOAMMO 3HATh WIIH
HaWTU TPUOIMIKEHHOE 3HaueHue Kod(p(UIMEeHTa TMOJe3HOTO JAecTBus m (puc. 2.2, a).
OpueHTHPOBOYHOE 3HaueHue KOAPPUIMEHTa MOJE3HOro JEMCTBHS, KOTOPOE BO3pACTaeT C
YBEJIMYEHUEM MOIIHOCTH TpaHc(OpMaTropa, MOKHO HPHUOIMIKEHHO HAMTH M3 CIIETYIOLIEro
COOTHOIIEHUS:

2

n=(+014

.fC
—2)th(114+0,024,/> P
op A1+ )

311ech: fC - gacToTa IMTAIOIIEH CETH, fC <5000 I'm; Pai1, Py, ..., Pom — MOIIHOCTB

BTOPUYHBIX OOMOTOK TpaHchopmaropa, BA.

B tpanchopmaTope n1ByXOOMOTOYHOTO THNA C OTACIBHOW MEPBUYHON M pa3/eIbHBIMHU
BTOPUYHBIMH OOMOTKaMu Ipu paboTe HAa YHCTO AKTUBHYIO HArpy3Ky pacueTHasi MOIIHOCTb
paBHa:

K
Ppac :[(1+77)/277]ZU2k|2k1 BA

k=1

Pacuetnyro MomHOCTh TpaHchopmaTopa Uisi CXeM aHAJIOTHYHBIM cXeMe Ha puc. 2.la
(oomotkm W3.1 m W3.2 paboTaloT B TEUEHHE OJIHOTO IMOJYNEPHOJa) MOXHO HAWTH W3
COOTHOILICHHUSI:

P = (214 -2+ )Y Uns by + 20427 S Ul ], B

Buvibop koncmpykyuu mpancgopmamopa

Haubosiee pacmpocTpaHeHHBIE THITBI KOHCTPYKIIMH TpaHchopMaTopa MpPHUBEICHBI B
tabnuue 2.1 (OpoHeBasi, CTep)KHEBask WM TOpouaalbHas KoHburypamuun). B Tabnumnax ykasansl
MapKd Marepuaja MarHUTONpPOBOJA W TOJIIIMHA JICHTHI, KOTOPbIE B 3HAYUTEIBHON Mepe
ompenensoT cBoicTBa TpaHcopmaropa. OCHOBHBIMH  (akTOpaMH, OMNPEACTSIONINMU
KOHCTPYKIIMIO, SBJISIFOTCS Ha3HaueHUe TpaHchopmaTtopa u TpeOOBaHMS K HEMY, 4YacToOTa
ANIEKTPOCETH WJIM YacTOTa MPeoOpa3oBaHusi, a TAKKE pacueTHas MOILIHOCTh TpaHChopmaTopa.
KoHcTpykTHBHOE HCHOJIHEHUE TpaHchopMaTopa MaJIOH MOIIHOCTH MOXKET OBITh OTKPBITHIM,
3alUIIECHHBIM HITH 3aKPBITHIM.

Jlis  HU3KOYACTOTHBIX TpaHCHOpPMATOpOB HawOoliee TMpUEMIIEMbl METATTUYECKHE
MarHuTHBIE MaTepuaibl, KOTOpble 007a1al0T HAWBBICIIMMHU 3HAUYEHUSMU MAarHUTHOM WHIYKIIHH
HACBII[EHUS, MArHUTHOW TPOHHUIIAEMOCTBI0 M TEMIEpaTypHON CcTaOWiIbHOCTHIO. Takue
MaTepuaabl UMEIOT HU3KOE YAENbHOE COMPOTUBIECHUE, YTO MPUBOAUT K PE3KOMY BO3PACTAHUIO
BUXPEBBIX TOKOB U CHIDKEHUIO TapaMeTpOB MpPU TMOBBIIIEHMH 4YacTOT. MarHUTOIMPOBObI
(cepaeyHUKH) HHU3KOYACTOTHBIX TpPaHCHOPMATOPOB HU3TOTABIMBAIOTCA M3 M30JMPOBAHHBIX
TJTACTUH WJIM HABUBAIOTCSI U3 JICHTHI.



[Ipn mnHanpsbkenusix, He mpesblatonmx 1kB, w wacrore cerm 50 T'm ans
TpanchopmaropoB Mmanoil mommoctu (30 BA) crmemyer oraare mnpeanoyreHue OpOHEBBIM
TpanchopmaropaM. JIUib HE3HAUNUTENBFHO YCTYIast CTEPKHEBBIM TpaHc(opMaTopaM 1Mo o0bemy
U Macce, OpoHeBbIe TpaHC(HOPMATOPHI, UMEIOIINE OJHY KaTYIIKY, 3HAYUTEIbHO TEXHOJIOTUYHEE
B HM3TOTOBJICHUM W TIPOILIE MO KOHCTPYKIHMH. IIpM MOIIHOCTSIX OT HECKOJBKUX JIECSATKOB O
HECKOJIBKUX COTEH BOJbT-amIiep npu dactote 50 I'l Hanbosee npeInoYTHTENbHBIMA  SIBIISIOTCS
CTEp>KHEBbIE TPaHC(HOPMATOPHL.

Tabnuya 2.1 - Ochoghbie munvl KOHCMPYKYULL IeHMOYHBIX CePOSHHUKOB

KoncTpykuus cepaeuynnka MapxkupoBka KoHcTpyKTHBHBIE XapaKTePUCTUKH
cepleYHUKOB
CrepxHeBasi KOHCTPYKIIHS 111 IT-06pa3Hbie TIEHTOYHBIE
(CT) [JIM [1-00pa3Hble TEHTOYHbBIE C YMEHBIIIEHHBIM
OTHOIIEHHEM LIMPUHBI OKHA K TOJIIINHE
HABUBKHU
I[JIP [1-06pa3Hbie TEHTOYHBIE C

reOMETPUUECKUMHU pasMepaMu,
obecrneynBarOIMMI HaUMEHBIIIYIO
CTOMMOCTH TpaHC(HOPMATOPOB

bponesas xouctpyknus (bT) 1T II1-06pa3HbIe TEHTOYHBIC
JIM [[1-o6pa3Hble TEHTOYHBIE C YMEHBIIIEHHBIM
OTHOIIICHUEM IUPUHBI OKHA K TOJIIIHHE
HABHBKH
KonbueBas KOHCTpyKIMS OJI Koabp1eBrle 1eHTOYHEBIE
(0JD

Tabnuya 2.2 DnekmpomazHummuble c60LCMEA I1eKMpPoOmexHudeckux cmanell

Tommuna MarHuTHble yieabubie notepu | Maruuthas naaykuus B, Ta, He menee,
ACHTL 5, P,;» BT/KT, He Gonee NPH HATIPSIKEHHOCTH
MM Mapka craiau B, =15Tx; B, =17Tx, He = Her = Her =
fo =507y fo =501y =804/ =1004/ u; = 25004/ m;
(F>1,5/50) (Pl,7/50)

0,5 3411 2,45 - - - 1,75
3412 2,10 - - - 1,80
3413 1,75 - - - 1,85
3414 1,50 - - - 1,88

0,35 3411 1,75 - - - 1,75
3412 1,50 - - - 1,80
3413 1,30 1,90 - 1,58 1,85
3414 1,10 1,60 - 1,60 1,88
3415 1,03 1,50 - 1,61 1,90
3404 - 1,60 - 1,60 -
3405 - 1,50 - 1,61 -
3406 - 1,43 - 1,62 -
3407 - 1,36 - 1,68 -
3408 - 1,30 - 1,71 -

0,27 3414 1,03 - - 1,60 1,85
3405 - 1,36 - 1,61 -
3406 - 1,27 - 1,62 -
3407 - 1,20 - 1,68 -
3408 - 1,14 - 1,71 -

0,20 3411 1,50 2,20 0,85 - 1,70




0,15 3421 - ; N - ;
3422 - - - - -
3423 - - - - -

Tabnuya 2.3 - 3asucumocmo kosppuyuenma K. 3anonnenus cevenusi MazHumMonpogooa
CManvio Om moauuHbl J1eHMbl

Tomumna neHTs 5., MM 0,5 0,35 0,15 0,1-0,08 0,05 0,02
K
03(1)(1)I/IEI/IGHT 3aI0JIHEHHS 0.96 093 0. 0.85 07508 0.65.0.7
cranbio K
K.rng.
314 = ; 2
>, o= — Jj, A/Amm
0,9 A= 10
/j/, PARNN L4 |5
" JIPA 6 \3\? \/-‘
4 ——
61 -
. T I
0.3 50 100 150 200 250 300 350 R, BA 0 50 150 250 350 B, BA

_‘ a) 6)

Puc. 2.2 — a) 3aBucumMocTh K03 (UIHEHTA TIOJIE3HOTO IEHCTBHS TpaHCPOPMATOPA OT BBIXOIHOM
MOIITHOCTH: | — 17151 OPOHEBBIX U CTEPIKHEBBIX TPAHC(HOPMATOPOB ¢ MATHUTOTIPOBOJIOM M3 CTAJIH
3411, 3412 TonuuHoi nertsl 6=0,35 MM, yactoroit Hanpsbkenus =50 I'j; 6) 3aBUCHMOCTH
w10THOCTH TOKA J=f(P,qc) B 0OMOTKaxX OT BBIXOAHOW MOLIHOCTHU TpaHc(opmaTopa: 1 - mis
OpOHEBBIX M CTEPKHEBBIX TpaHC(HOPMATOPOB C MArHUTONPOBOIOM U3 ctanu 3411, 3412
TOJIIKUHOM JTIeHThI 6=0,35 MM, yactoToit Hanpspkenus =50 I'a

B, Tn
Ko 7
1,5
AN j
0,3 . — 52 N 4 3 4
> 1,1 Ll
0,2{: = NN Sy
7, ,9 \\
0,1 07
0

20 60 100 140 180 220 260 R, BA 050200 400 600 B,BA
a) 6)

Puc. 2.3. a) 3aBucumMocTh k03 dunmenTa 3anonHeHus okHa Ko,= f(P,qc) OT BBIXOAHOI MOIIHOCTH
Tpancopmatopa: 1 — st TpaHCPOPMATOPOB ¢ OPOHEBBIM U CTEPKHEBBIM CEPJICYHUKOM C
HanpspkenueMm 10 100 B, 50 I'i; 2 — mos Tex xe Tpancopmaropos ¢ Hanpspkenuem 10 300 B, 50
I'; 6) 3aBucUMOCTb MarHUTHOW MHIYKIMH B= f(P,.c) B MarHuTONpOBOAE OT BBHIXOAHOI
MOLIHOCTHU TpaHchopmaTopa npu neperpese cepaeuHuka AT,=50°C: 1 — 11 OpoHEBBIX U
CTEP>KHEBBIX TPAaHC(POPMATOPOB ¢ MATHUTOMPOBOAOM M3 cTanu 3412,
yacToTou Hanpskenus 50 ['.

Onpedenenue pacuemnozo 2abapumno2o napamempa mpancgopmamopa
Jns  BBHIOpAaHHOM KOHCTPYKUMH TpaHchopMmaropa (M MaTepuana Ceple4yHHKa)

HE0OX0IUMO BBIOpPAaTh CIPABOYHBIE MapaMeTpbl, KOTOPbIE YKa3bIBAIOTCS MPOU3BOIUTEIIEM
(mpunoxenwue 1).



Tunopazmep MarHutonpoBoja (pa3Mepbl CEpACYHHKA) OIPENEISIETCS MOLIHOCTBHIO
TpaHchopmaTopa U HAXOJUTCS C TOMOIIBIO (POPMYJIBI:
S . S _ 50 N P Pac 4
C o

: y CM
f'Bm'J'kc'ko'kcb

4.
31€Ch: SC’ SO - CCUCHUC COOTBCTCTBCHHO CCPACYHHUKA WM OKHAa MArHuMToIIpoBOda, CM ,

Ppqc — pacueTHas MOIIHOCTH TpaHcdopmatopa, BA; B, - MakcumanbHOe 3HAaUEHHE UHIYKIMU B
. 2.
cepaeunuke, Ti; j — IIOTHOCTH Toka B HpoBojax oO6MoTok, A/MM“; K. - kos(uuueHt

3aII0JTHEHMS CTANIBIO cepleuHuKa; Ky - Koo puImenT 3anonHenns okHa IpoBooM 0OMOTOK; K.,

- KO3 PUIHEeHT POPMBI, KOTOPBIH ISl CHHYCOUJAIbHOTO HAaNpshKeHus paseH 1, 1.
MaxkcumanbHOE 3HAU€HUE HHIYKIMM B CEPACYHUKE PEKOMEHJIYeTCs BbIOMpaTh B

COOTBETCTBUU C KPUBBIMH, H300pakeHHbIMH Ha puc. 2.30, imO0 Ha OCHOBE JaHHBIX,

PEKOMEHAYEMBIX POU3BOAUTENIEM CEPACUHNKA, KOTOPBIN IUIAHUPYETCS UCTIOIb30BaTh.

U, ed
0,12
\\\
0,08 N2 4
WA
0,04 N( R =
0

50 150 250 350, BA

Puc. 2.4. 3aBucuMocTb oTHOCHTEIbHOTO TaneHns Hanpspkerust UA=AU/U= f(P,,.), B na
BBIX0JIE, COOTBETCTBYIOIIEE M3MEHEHHUIO TOKA OT HYJIS 0 HOMUHAIBHOTO IS
TpaHchopMaTopoB: 1 — CTEPKHEBBIX JIEHTOUYHBIX U3 cTanu 3412, 6=0,35 mm, =50 I'm.

Buvibop munopazmepa macnumonpogooa
Ha 0CHOBE MOJIy4EHHOIO 3HAYE€HHs OS¢ 'S, BHIOMPAEM TUIIOPA3MEP MAarHUTONPOBOJA U

yTouHseM (BBIINCHIBAEM) €ro KOHCTPYKTHBHBIE HaHHBIE: S¢Sy, Ko, K, cpemmioo nmumy
MarHuTHOM cuoBoit munuu |, maccy G, mmomazs okHa MarHMTONpoBOAA Sy, YAENbHBIE

MoTepHu Pyﬂ (mpumtoxkenue 1).

Pacuem xonuuecmea eumkos mpancghopmamopa

DNEeKTPUYECKU pacyeT IapaMeTpoB TpaHcpopMaropa TMPOU3BOJUTCS Ha OCHOBE
rapaMeTpoB BBIOPAHHOTO cepicuHHKa. OCHOBHBIM COOTHOIICHHWEM JJIsi OIpEACNICHUS YHciia
BUTKOB B OOMOTKax TpaHcopMmMaTopa MOXKHO HCIOJIB30BaTh (OpMynay Al pacdera uucia
BUTKOB Ha OOUH Bo/zivm:

10*
Wy =————
4B_ 1S Kk K,
3Z[€CL 3HA4YCHHUC Bm HC ITOJIZKHO HpeBLII_HaTb 3HA4YCHUC, YCTaHOBJ'IeHHoe JJIA paC‘{eTOB C

nomolsko rpaduka puc. 2.36. boyiee TOYHO YKCIO BUTKOB MEPBUYHOM (Wi1) U BTOPHUUHBIX (Woy,
W3) 0OMOTOK (MOJIyOOMOTOK) OIpEAeseTcs] ¢ YUeTOM OTHOCHUTENBHOTO IMaJIeHUS] HAMPsKEHUS
UA=AU/U na obMoTKax:

_10°U,,(1-0,5UA)
Y 4B, fS.kck,
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10°U,, (1-0,5UA)
Woi =
4B fS kK,
W = 10U, (1—0,5UA)
3 T
4B fS. Kk K,
3nmeck Ui, Uy, Us — HampshkeHNE COOTBETCTBEHHO MEPBUYHON M BTOPHYHBIX OOMOTOK,
B; U4 — oTHOCHTENBHOE Ta/ICHUE HANPSDKEHUS (OPUEHTHPOBOYHOE 3HAYCHHE) B 0OMOTKaX, B; Sc
2.
— CeyeHre MarHuTonpoBoa, cM*; f — wacrora, I'; B, - MakcumanbHoe 3HaueHMe MHAYKIUM B

cepreunuke, Tn; Ke — KOI(pQUIMEHT 3aloNHEHUsT CTABIO cepleuHHKa; Ko — ko3 duumeHTt
3aI0JIHEHHsI OKHA TIPOBOJIOM 00MOTOK; Ko — K03 duimeHT hopmabl.

Tabnuya 2.4 — Pexomenoyemvle pacuemuvle 3HaA4eHus KodIpouyuenma noiezHoco
0eUCmBUst Nyon, Yo U OMHOCUMENLHO2O NAOeHUs HanpsadiceHus Ha oomomkax UA, % na oomomxax
HU3KOYACMOMHBIX MPAHCHOPMAMOPO8 MALOU MOUSHOCTIU

Prwows BA |20 | 50 | 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 600 | 800 | 1000 | 1200

Huons Y0 750181 |84 |8 |8 |8 |9 |91 [92 925|193 |94 |95 |96 96,5

U4, % 20014 |10 |8 7 6 5 45 |4 35 |3 28 |25 |23 |22

Oyenka nomepv sHep2uU 8 MACHUMONPOBOOE
Omnpenensem norepu Pc B MarHUTOIIPOBOJIE:
P. =P,G., Bm,

rne G. - macca marmuronpoBoga B Kr; Py, - ynenbHbIE 1OTEpH B MarHHTONPOBOJE

(maccoit 1 kr), Br/kr.
[MpubnmxkeHHOE 3HAYCHWE YHAENBHBIX IOTEPh B MAarHUTONPOBOJE MOXKHO HAaWTH C
OMOTIIbI0 TpaduKoB Ha puc. 2.5 (MO0 BOCTIOIB30BATHCS JaHHBIMH Ta0I. 2.2)

Ra, Bm/kr
5
4 4.
3y/
3
e
2 p. . S
: T

08 1,0 1,2 1,4 1,6 1,8 B, Tn
Puc. 2.5. 3aBUCHMMOCTB yJeIbHOM MOIHOCTH Py, IOTEPD B CEPAEYHUKAX OT MAKCUMAJIBHOM
uaaykiu Bm: 1 — u3 cranu 3413, 6=0,35 mm, =50 I'u; 2 — u3 cramu 3412, 6=0,35 mwm, =50 I'm;
3 - u3 craim 3412, 6=0,5 mmMm, f=50 T'L1.

Pacuem Oelicmeyioweco 3HaueHusi mMoka XOJNOCMO20 X00d NEPBUYHOU O0OMOMKU
mpawncgopmamopa

OmnpenenseM 3HaYeHUE TOKA XOJIOCTOTO X0Ja TpaHcpopmaTopa, Uis ITOr0 HaXOJAUM €ro
aKTUBHYIO COCTaBJISIOUIYIO:

P
L = U (1_050A)" A
1(1-0,5UA)

rne Pc — notepu B ctanu, Bt; Uy — HanpsbkeHue nepBUYHOM 0OMOTKH TpaHcopmaropa
(neiictBytomee 3Hauenue), B; U4 — oTHOcUTeNbHOE MaieHue HapsuKeHust, %o.

PeakTuBHas cocTaBisoLIas TOKAa XOJOCTOrO XojAa TpaHchopMmMaTopa MOXKET ObITh
MoJIcYMTaHa 1o opmyse:
_ H,l.107 N O,SBg]?ngO4 A
Wll 2 Y Wll

IXXP
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rie Hm — »ddexkruBHOEe 3HAYCHUE HANPSHKCHHOCTH MArHUTHOTO MO, A/M,
COOTBETCTBYIOILIIEE MAaKCHMAaJbHOMY 3HAu€HHIO HHAYKIUH Bpn B cepmeunuke (BbiOMpaercs
NPUOIIMKEHHO 10 pHC. 2.6 WM KPUBOM HaMarHMYMBaHUs BEIOpaHHOTO Marepuana); lc — cpennsis
JUTMHA MArHUTHOW CHJIOBOHM JIMHHH, CM; N; — YHCIO 3a30poB (Ui OPOHEBOTO M CTEPIKHEBOTO
tpancopmaropa N,=2, mis TopounmambHoro N,=0); |, — miMHA HeEMarHUTHOTO 3a30pa,
00yCJIOBIICHHOTO ~HEHWICATBHOCTBIO CONPSHKCHHSI TOBEPXHOCTEH TIOJIOBUHOK Pa3beMHOTO
MarHUTOINPOBO 1A, MpHOIM3uTEabHO 1;=0,002 cM; W11 — YHCII0 BUTKOB MMEPBUYHON OOMOTKH.

JleiicTByrolee 3HAYCHUE TOKA XOJIOCTOTO X0/[a IIEPBUIHONH OOMOTKH PaBHO:

IXX:VI)Z(XA_'_I)ZCXP’ A

B, Tn
2,0 S
1,5 AT
1
1,0
05

0 200400600800 H, A/m
Puc. 2.6. 3aBUCUMOCTh MHIIYKIIMH B CEPJICYHUKE OT HAIPSKEHHOCTH TOJIA:
1 - gna cramm 3412; 2 — qna cranu 3423.

Pacuem Oeiicmsyrowux 3nauenuti moxkog 06MoOmoK mpancgopmamopa u 6vl060p MapKu
npoeooos

JlelicTBylolee 3HAYEHUE TOKA MEPBUYHONW OOMOTKHM (TIOJIyOOMOTKH) TpaHc(opMaropa
HAXOJUTCS KAK CyMMa COCTaBJISIFOIINX, B TOM YHCJIE TOKA XOJIOCTOTO XO/1a:

L K
|11: l ZZ(ISIW?’I)Z+Z(I2kW2k)2+|)20(
p T Wy 1 11

rae: p=2 sl IEepBUYHOM OOMOTKHM C BBIBOJOM HYJIEBOW ToukH, p=1 — 0e3 BbIBOJA
nepBUYHON 00MOTKM TpaHchopmatopa; |=1,2,...L — KOJIMYECTBO BTOPUYHBIX OOMOTOK C
BBIBOJIOM cpeaneit Touku; k=1,2,...K — KoIu4ecTBO BTOPUYHBIX OOMOTOK 0€3 BBIBOIOB; Wk, Waj,
W11 — YUCJIO BUTKOB OOMOTOK.

Jliig ompeniesieHrs MOMEePEeYHOro CeUeHUsl IPOBOJAOB HEOOXOAUMO 3a7aThCsl MJIOTHOCTHIO
TOKa B COOTBETCTBUHU C PEKOMEHJALUAMHU, MPUBEACHHBIMU Ha puc. 2.2 6 Ui MaKCUMaIbHOTO
neperpeBa AT,,=50°C. 3amMeTnM, 4TO IUIOTHOCTH TOKa B OOMOTKAaX B 3HAYUTEIBHOM Mepe
BIIUSICT HA TEMIEpATypy HarpeBa TpaHncpopmaTopa U J0KHA ObITh OJJUHAKOBOM, THOO BhIOpaHa
C Y4ETOM YKJIAJKU U OXJaXKJIEHUS TOM uiu MHONW oOMOTKu. [Liomans momnepedyHoro ceueHus (
IIPOBOJIOB paBHA:

O Zl_l-l; Ok :Ii-k; i :I_?’I’ o’
J J J

IJIe | — IIOTHOCTH TOKa, A/MM?.

HauOosbliee mpuMeHeHHE HaxXOAAT MeJHbIe MPOBOAA KPYTJIOro M MPSIMOYTOJIbHOTO
CEUEHMs] C OMAJIEBOM M30JALMeNd, HUMEIoIMe Majaylo TOJIIMHY HW30JSIMMU U BBICOKYIO
AJIEKTPUYECKYIO IPOYHOCTh. BBIOOP Mapku MpoBOAa OCYLIECTBISAETCS MPEXk/Ie BCEro UCXOS U3
gonmyctumMoi paboueit Temneparypbsl HpoBoAad (Tpes), aMIUIMTYJHOTO 3HA4YEHUS pPaboOdvero
HanpsHKeHUs OOMOTOK M CHJIbI TOKa B 0OMOTKaX.

IIpu nanpspkenun o6MoTok 10 500 B m Tokax A0 HECKONBKHX aMIlep PEKOMEHIyeTcCs
npuMeHats nposBoga Mapku I19B-1 (Tpe=105°C), II9TB (130°C), IICA (155°C) u IICAK
(180°C). Ilpu OGonbimmx TOkax (6oinee 5 A) cieayeT NPUMEHSATh MPOBOJA MPSMOYrOJIHHOTO
ceuenus (Harnpumep, Mapok [I9BII, ITBJ] npu Tpas=105°C nnu IICA, IICAK npu 155°C). IIpu
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0oJiee BBICOKHX Pa0OUYMX HANPSHKEHHUSIX PEKOMEHIYETCs MPUMEHATh ImpoBoja mMapok [19B-2 u
[IOBTJI-2.

PaccuntaB momnepeyHoe cedeHre MPOBOJOB (i BCEX 0OMOTOK (IOJIyOOMOTOK) M BBIOpaB
MapKy NpoBoja (10 3HaAUEHUIO MONEPEYHOr0 CEUYEHNUs1) HaXOUM CIIPAaBOYHbBIE IAaHHBIE: AUAMETP

o |
HpoBOIOB ¢ m3oJsiueit di u 6e3 Hee d; , a Takke Maccy gi OHOTO MeTpa MpoBoja (PHIOKEHHIE

2). 3aTeM BBIYMCIISEM JICHCTBUTEIBHYIO IUIOTHOCTh TOKA | B KaXJIOW OOMOTKE U €€ CpejHee
3HAYCHUE |, U1 TpaHchopmaTopa:

K L
jcp = Kaby jllH jZkH j3| y A/MMZ
1 1

Pacuem xoncmpyxyuu mpancgopmamopa

KoHcTpykTUBHBIN pacyeT TpaHchopmaropa BKIIOYAECT pacdyeT pa3MemeHuss 0OMOTOK (C
Y4eTOM H30JSIIMOHHBIX MPOKJIAJ0K) B KOHCTPYKLHH, Maccy TpaHchopMaropa U MOTEpU
SHEPTrUH.

l'eomerpudeckne pasMepbl W IJIEKTPUYECKHE TapaMeTphl KakJI0 U3 0OMOTOK
OHpG}IGJ’IﬂeTCﬂ HE TOJIBKO YHCJIOM BHUTKOB, )II/IaMeTpOM HpOBOI[HI/IKOB n pa60‘~II/IM HaprI)KeHI/ICM
0OMOTKH, HO ¥ MECTOM PACIIOJIOKCHHS €€ B OKHE MarHUTONpoBoa. [103TOMY KOHCTPYKTHUBHBIH
pacdeT TpaHcopmaTopa JOJDKEH HAYMHATHCS C COTJIACOBAHMS TUIaHA pa3MENIeHUS 0OMOTOK B
OKHE MAarHUTOIIPOBOJA C yKa3aHHEM 4YHCJIa BUTKOB W JHUaMeTpa MPOBOAA C HM3OJAIUCH IS
Ka)k oM U3 0OMOTOK.

c

Op
7a T . Y S N\

K ey

e 5

Puc. 2.7. KoncTpykius 00MOTKH OpoHEBOTO TpaHChopmaTopa
C JICHTOYHBIM MarHUTOIIPOBOJOM

OOMOTKH OpOHEBBIX U CTEPKHEBBIX TPaHC(HOPMATOPOB BHITIOIHSAIOTCA B BHUJIE KaTYIIEK
KapKacHOW WM OecKapKkacCHOW HaMOTKH. B 000uX cilydasx HCHOJIB3YeTCs, KakK IPaBHIIO,
psioBasi MHOTOCJIOWHAs HAMOTKa OOMOTOK IO BCEi BBICOTE OKHAa MarHuTomnpoBoja. Kapkac
OTJIMYACTCS OT THJIB3bl HAJIUYHUEM OOKOBBIX IIIEK, MMEKOUIMX OOBIYHO TOJIIUHY, PaBHYIO
TOJIIIMHE TWIB3bL: Or=Ory. TONIIMHA I'Miib3bl (Kapkaca) oObl4HO cocramister 1...3 MM. 3a3op
MEX]ly THIIb30¥ U MarHUTOTIPOBOJIOM O3 JIOJDKEH ObITh B mpenenax 0,5...1 mm.

Beicota h,s;; 01HOTO €71051 0OMOTKHM paBHa:

hsu =h-20,-25,,

rac 53 - 3a30p MCKAY THJIB30M WU MCKAY KapKaCOM KaTyIIKN 0OMOTKH U CCPACYHUKOM,

MM; Or=0y; — TOJII[IHA CTEHKH KapKaca KaTylIKu, MM; h — BBICOTa OKHA, MM.
KonnuyecTBo BUTKOB B €J0€ OOMOTKH ONpEAENSeTCs C y4eTOM IUIOTHOCTH HAMOTKH (C
nomoIuibio kodddurmenTa ykiaaaku Ky) 1 okpyriaeHnem 0 OamKaiiero MeHbIIEro Yucia:
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CJI1 ’ CJI2i
dll d2i
rae diy, doj — AMaMeTp mpoBOJa ¢ M30JISIUEH COOTBETCTBEHHO MEPBOTO CIIOS NIEPBHYHOM
0OMOTKH U I-TO CJI0sl BTOPUYHOM 00MOTKH, MM; Ky, Ky2i — KO3 puLmeHThI yKiIaaku 0OMOTOK.

— hoéllky . — h062iky2i )

Tabnuya 2.5 — Pexomenoyemvle pacuemuvle 3Ha4eHusi Kodphuyuenma yKiaoku npogood
8 cll0e 0OMOmKU

Tonmuna nmposoja d, Mm 0,2 0,2-0,5 0,5-0,8 0,8-1 1

Kosddunuent yrxmaaku Ky 0,9 0,93 0,95 0,9 0,85

Uucno cinoeB B KaXx10i1 0OMOTKE paBHO:

p1 N
Ny = wn/ Wena 5
m,

Nerai = = W, /WC/YZi:
ml
rae M; — 4YuCio KaTyiek, B TpaHcopmarope OpoHeBoro tuma Mi=1, CTEpKHEBOTO
M;=2; p=1 nis oOMOTKH B JIBa MPOBOJIA C BHIBOJIOM CPEIHEH TOYKW WM Oe3 BBIBOAA, p=1 B
MPOTUBHOM CIIyYae.
BriOpaB uzomsiuio 0OMOTOK B 3aBUCHUMOCTH OT WX pabOuyero HAmpsOKEHUSI U TUaMeTp
MIPOBOJIOB, MPOU3BOIUTCS PacueT pa3MepoB 0OMOTOK. TouHa (CeueHne) MEPBUIHON OOMOTKH

S, U BTOPUYHBIX OOMOTOK O, ¢ KO3(PMHUIMEHTOM HEMIOTHOCTH HAMOTKH, PAaBHBIM 1,2:
0,=12-n.,, -d;;, mm
Gy =12 Ny - Ay 2

B pesynwpTaTe oOuuii paauanbHBIA pa3Mep BCeX OOMOTOK KaTyIIKH OyAET COCTaBIATH
BEJIIMYUHY:

p
5, :51+252i +(p+1)5,, mm

i=1
rae O, - TOJIIMHA NPOKIAJKU MEXKITy OOMOTKAMHU KaTyIIKH, MM; p=1 11 0OOMOTKHM B J1Ba

MIPOBOJIa C BBIBOJIOM CpeHEeH ToOukH Uik 0e3 BbIBOJIA, p=1 B IPOTUBHOM CIIydYae.

Cpennsas 1nuHa OOMOTKM TpaHcopmaropa KpoMe MIPOYero ONpenessercs ee
MOJIO)KEHUEM Ha KaTyIlIKe, T.€. BEIMYMHON YCIOBHOIO paguyca I, 3aKpyrieHus: BUTKA, KOTOPBIN
HAXOJUTCS Kak:

=0 ) 51 i 06 .
I’CP =03 + r + E, Mm - IJI1 IEPBUYIHON OOMOTKH;

|
Fopyi =03 +0, +19, + 0, + Zézi — 0,12, Mm- 1111 i-0l1 BTOpUUYHOM 0OMOTKH.
i1
Orcroma cpeHsas JUIMHA BHTKAa OOMOTKM TpaHc(opmaropa MOXeT ObITh HaiijicHa C
HOMOIIBIO COOTHOLIEHHMS:
-3
lor =2(a+b+71.,)107 u,
rae @ u b — pasMepbl CTep)XKHS MarHHUTONPOBOJa B MM; [, — YCIOBHBIA paguyc
3aKpYIJICHUS BUTKA, MM.
AKTUBHOE  COMpPOTHBICHHE -0 OOMOTKM TIpM MaKCHUMaJbHON  TeMIleparype
OKpYXKaroIl[eil Cpejibl PaBHO:
_ lep Wik K
= BTt
57q,

, Om
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[, = | cpaiWaiKiKs Om
570y

rie k=1+0,004(Tc+AT-20) — remnepatypHbiii K0O3QGUIHUEHT YASIBHOTO CONPOTHBIICHHS
Marepuaia npoBOJHUKOB; Tc — MakcuMalibHasi TemiiepaTypa okpysxkaromieit cpenbl, °C; AT=50
°C — makcuMaibHas TeMmIiieparypa mneperpeBa ooOMotok, °C; Ki — KOA(DQOHUIMEHT yBEeIUYCHUS
CONPOTHUBIICHUS TIPOBOJA B 3aBHCUMOCTH OT 4YacTOTHI IPeoOpa3oBaHUs HANpsDKEHUsS, Ha
yacrorax MeHpiux 10 kI, ki=1.

[Torepu B Menu MEPBUYHOM, -0 BTOPHYHON OOMOTKM MOKHO OMPEACIUTH C TIOMOIIBIO
BBIPAKEHUM:

2 2
P 1= |11r1’ P 2i T |2ir2i

M. M

CymMmapHble ToTepy B Meu OyayT paBHBI:

P.w = PMl + i PMZi
i=1

Koaddumuent monesnoro aecTBust Tpanchopmaropa:
|
2P
i=1

|
P,w+PC+ZP2i
i=1

Nrp =

rae Z P, - cyMMapHast akTHBHAsI MOIITHOCTh B Harpyske, BT.
i=1

3. BolnpsiMuTe/ibHbIE YCTPOHCTBA

BoeInpsiMUTENbHBIME HA3bIBAIOTCS YCTPONCTBA MPeoOpazoBaHuUsl dIEKTPUUECKON dHEPrun
IIEPEMEHHOTO TOKa B 3HEPTHIO0 MOCTOSHHOIO TOKAa. OCHOBHBIM 3JIEMEHTOM BBIIPSIMHUTEIBHOIO
YCTpOWCTBA SIBISETCS JHOJ, KOTOPBIA TMPEACTABIsIET COOOH HEIMHEHHBIM mpubop ¢
OJIHOCTOPOHHEW MPOBOIUMOCTEBIO.

[Ipu pacuerax BoIIpAMUTENEH HEOOXOAUMBI CIEIYIONINE OCHOBHBIE ITapaMeTphl TUOIOB!

lpcpmaxs  liwmax — MaKCHMAalIbHO JOIYCTHMBIA MpPSIMOM CpeIHMH TOK U IpAMOH
HUMITYJILCHBIN TOK (33JaHHON CKBaXXHOCTH);

- U, — npsiMoe najieHre HanpsKeHUs Ha TUOJE;

- Uosmax — MaKCHMaJIbHO JOMYCTUMOE 0OpaTHOE HAMPSKEHUE;

- losmax — MakCHUMaJIbHbII OOpaTHBIA TOK MPU MaKCHUMAaJIbHO JOIYCTUMOM OOpaTHOM
HaIlpsKEHUU;

- Ijugp — i depeHnranbHoe BHYTPEHHEE CONTPOTUBIICHUE THOa;

- fmax — MakcHMalbHast YaCTOTa BXOAHOTO HAIIPSKEHHUSL.

PexxuMbl paGoThI BRIPSMUTENEH B 3HAYUTEITHLHOM Mepe 3aBHUCST OT XapaKTepa HarpysKw,
BKJIFOUEHHOU Ha BBIXOJIE BBINIPSMUTENS U CXEMbI CriaxkuBaromiero (uiabTpa. B ucToyHHMKaX
MUTAaHUS D3JIEKTPOHHOM ammaparypsl Haubosee HIMPOKO PacHpOCTPaHEHbl BBIIPSIMUTEIH C
€MKOCTHOM (aKTUBHO-EMKOCTHOI) Harpy3kou H, CleI0BaTeIbHO, EMKOCTHOHM peakiueil. B Takux
BBIIPSIMUTENSAX  (HauOoyiee JEMIEBBIX M KOMIAKTHBIX) Ui CrIQXHBaHHS — ITyJIbCallUl
napajuielbHO Harpy3ke yCTaHOBJIEH KOHAeHcaTop. TpaHchopMaTopbl TakuX BBIIPSIMUTENEH
UMEIOT HECKOJBKO OOJBIIYI0 Ta0apUTHYIO MOIIHOCTh O CPAaBHEHHUIO C BBIMPSMUTEISIMH C
WHAYKTUBHBIMU ¢uibTpamMu. K HemocTaTkaM BBIIPSAMUTENEH C €MKOCTHBIM (DUIBTPOM
OTHOCHUTCSI OOJIbIIIAs aMILTUTY A TOKA Yepe3 IUO/I.
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Puc. 3.1. Cxembl 04HO(pa3HBIX BBHITPSIMUTENEH C EMKOCTHBIM (PUIBTPOM:
a) OJTHOTIOJTYTIEpUOIHAS; 0) IBYXIOJIYIEPUOIHASL CXeMa CO CPETHUM BBIBOJOM BTOPUUHOM
00OMOTKH; B) 0JHO(Da3Hast MOCTOBAsI; T) CHMMETPUYHAS CXeMa yIBOCHUS HAPSHKEHUS;
1) HECHMMETPHUYHAs CXeMa YMHOKEHHS

BoinpsimuTenu ¢ MHAYKTUBHON Harpy3koi cojiepkaT GUiIbTp, BKIIOYAIOIINI J0CTAaTOYHO
OOJIBIIYIO TIO BEJIMYWHE WHIYKTHBHOCTH. Takue BBIIPSIMHUTEIN UMEIOT MEHBIICe BHYTPCHHEE
COIPOTHBIICHUE TI0 CPABHCHUIO C BBIMPSIMUTEISIMA C €MKOCTHBIM (DHIIBTPOM, YTO yMEHBIIIACT
3aBUCHMOCTB BBITIPSIMIICHHOTO HAINpPsDKCHUS OT TOKa Harpy3ku. [IpuMeHeHHe HWHIyKTHBHOTO
¢uIbTpa TMO3BOJSET OTPAHWYUTh HMMITYJbCHI TOKAa Yepe3 JHOJ, HO MPUBOJUT K
MIEPCHANPSKCHIUSM, BO3HUKAIONIAUM Ha BBIXOJHOW EMKOCTH W Ha Jpocceiie (GuiabTpa mpu
BKJIFOUCHUH, BBIKIFOUCHUN BBITIPSIMHUTENS U TIPH CKAYKOOOPa3HBIX M3MEHEHUSIX TOKA HArpy3KH,
YTO MPEJICTABIISIET OACHOCTH JJISl 3JIEMEHTOB CaMOTO BBIPSMUTENS (AUO0B) U €T0 HarPy3KHU.

OCHOBHBIE TapaMeTPhI BBITIPSIMUTENCH:

Uc — BXO/HOE NEPEMEHHOE HANpsKEHHE M MPEeeibl €ro OTKIOHEHHUS OT HOPMBI Omin U
Omax;

fc — gactora BXOAHOTO (IIEPEMEHHOTO) HAMPSIKECHUS;

M — gucio $ha3HOCTH (ITyJTBCHOCTH) CXEMBI BBITIPSMIICHUS: M=P(, TJE p — YUCIO TAKTOB,
T.€. TIOJIYIIEPHOJIOB B T€UEHHE KOTOPBIX SHEPTHUS MOCTYIAET U3 MEPBUYHON CETU B Harpy3Kky, g —
gucio (a3 cereBOro HampspkeHus (OJHOTONIYNEepUOJHAas CcXeMa | yIaBoeHus M=1,
JBYXIOJYIICPHOIHAS CXeMa U MOCTOBasi M=2, Tpexdasnas cxema M=3);

U, — BBIIIPSMIIEHHOE HAIPSHKEHUE;

|, — HOMUHaIbHOE 3HaYEHHE BHITPSIMIEHHOTO TOKA M €M0 MUHUMAIbHOE 3HAYCHUE |omin;

Kixk=Uom/Uo — xo3dduiment myabcanuii wiad oTHomeHue amiuutyasl Uomk  K-oit
TapMOHUKU BBINPSMIICHHOTO HAIPSDKEHUS K ero cpeanemy 3Hadenuo Uo;

N — K03hUIUEHT MOJIE3HOTO JIEHCTBUS BBIPSIMUTENS;

AUr, — naJicHne HapsKEHUs B BBIITPSIMUTEIIE;

Y — k03¢ pULIEeHT MOIITHOCTH BBIIPSAMUTEISL.

Ha ocnoBe 3agannbix 3Hauenuil Hanpspkenust U, u Toka |, onpenenseM npuOImKeHHbIE
3HAUEHMs IapaMeTpoB, HEOOXOAUMBIX Ul BbIOOpA BBIIPAMHUTENBHBIX AUOIOB: Uosm, lmpcp,
| vp (mpunosxenue 3).

Boi6op nuona BeIIpSAMUTENS MPOU3BOAUTCS HAa OCHOBAHWUU BBIMOJHEHUS CIIEAYIOIINX
YCIIOBUN:

- MakcHUManbHOe oOpatHoe HanpsbkeHue auoaa Uosymvo™> Uogpm;

- MaKCHUMaJbHBIN NpsAMOM cpeanuil Tox l,covp> limpcp;

- MAaKCUMaJIbHBIN UMITYNbCHBIN TOK |77,/vD>1175m.

[Tocne BbIOOpaA 1012 HAXOAUTCS €T0 COMPOTUBIICHHE B OTKPHITOM COCTOSIHUU:

UH
_ p
M = , Om

Ilpm
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Haxonum nonHoe conpotuBieHue ¢assbl, T.€. 0OMOTOK TpaHchopMaTopa U JUOJIOB:
r=r,+ g Ou

rzie N — YUCIIO TOCIIE0BATEILHO BKIFOUCHHBIX JIMOI0B (151 MOCTOBOM CXeMbI N=2).
[TapameTpsl cXeMBbI BBIIPSIMIICHUS C AKTUBHO-EMKOCTHON Harpy3KOu:

U,=BU,, B
UOﬁpm ::LSLJO’ B
e, =051, 4
| =351, 4
| o = DI, 4
I_Dg
2142’
lw, _ D
lw, 142
S, =15P,, BA
H
K, =—
M rc
f,=21., Iy
SZZBD&’BA
1,42
S__BDPO
Y142

rae Uy, |, — aeicTByromue 3Ha4CHHUsI HAMPSDKEHUS U TOKa (a3bl BTOPUYHONW OOMOTKH,
Uospm — MaKCUMaJIbHOE aMILTUTYJHOE 3HaUYeHHe 00paTHOTo HanpsbkeHus auona, B; lpm, lmpcy —
COOTBETCTBEHHO MaKCHMaJbHOE U CpelHee 3HaueHue Toka auona, A; lgvp — nelcTByromiee

A

3HA4YCHUEC TOKa OJuoaa, A, - COOTHOHICHHUEC ITPOU3BCIACHUA IICPBUYHOI'O TOKa HA YHCIIO

0W2
BUTKOB NEPBUYHOM OOMOTKU M BBINIPSMIIEHHOTO TOKAa Ha YHCIO BUTKOB BTOPUYHONH OOMOTKH;
Sy, S1, So — MOIIHOCTH COOTBETCTBEHHO rabapuTHas (pacueTHasi), EPBUYHOM U BTOPUYHOM
obmoTok Tparchopmaropa, BA; Ky, fr7; — cooTBeTcTBEHHO KO GHUIIMEHT U YacTOTa MY/ IbCAIlHIA;
I' — IpsIMO€ CONPOTUBIIEHUE BBIIPAMUTENS, OM.
OnpenensieM OCHOBHOM pacyeTHBIN MapaMeTp:
A ,r
Um
Haxonum mpubnmkeHHOe 3Hau€HUE yria ¢, XapakTepU3YIOLIEro COMPOTUBICHHUE (a3bl
BBITIPSIMUTETIS:

@ = arctg 2Ly j
;

rie Ls — MHOyKTUBHOCTB paccestHus TpaHcopmaropa, ['H.
UOIO
L _ S CBm
> (p-1°%I f.B "
p 0 ' C-m
rae ki — ko3 duiuent, onpenenseMplii CXeMOM BBIMPAMHUTENS (11 MOCTOBOM CXEMBI

1073 . .
paBen 5107); p — uncno 4yepenyrOUMXcs CEKIMA 0OMOTOK: B CiIydae pa3MEUICHUS TIEPBHYHON
0OMOTKH MEX[y MOJIOBUHAMU BTOPHUYHOU p=3, B IPOTHUBHOM ciiydyae p=2; Byn — MakcuMaibHOE

k. sU,4
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3HAYCHUE UHAYKIMH B MaruutonpoBoje, Ti; fe — yacroTa nmepeuunoit anekrpocetH, 'y Uy, lo —
HANpPsHKEHUE U TOK HA BBIXOJIE€ BBIIPSIMUTEIIA.

C nomorpio rpaduKoB U MapaMeTpoB A U (¢ OIpeeIisieM BCIIOMOTaTelbHbIC PACUCTHHIC
napametpsl B, D u F.

2 p=Z50 p=\600 0=45%0=309 o=15] =0} D
- : : . 33
1,4 \\ % \ -y
7 ‘Vy/ l 29 \\
5 7 :
1, P
| Vs - \\ | 9=07 9=79 =30 =44 9=6p p=75
/ “ 25 N —
78 /A - 3 \\\?(/
~ AN
\
0,8 1,9 < “\‘S —
1,7 ‘\\;\-
e 1,5 r
01 02 03 04 05 06 07 A 01 02 03 04 05 06 07 A
a) - 6)

Puc. 3.2. 3aBucumocts napamerpos B (puc. a) u D (puc. 6) oT pacuetHoro mapamerpa A

Ho1 —%o
60000
56000
13 52000 =
12 48000

- 44000 /l
40000 P/
10 | s

\ 36000

32000
=07 ¢=159=30" ¢=45" ¢=60° p=75°
X 0 /'-P /(P P=49 @ 67/'? 7% 28000

8
\ 24000 L

Nt 20000 A \\\

16000

&&g 12000
g\. ———— 8000

N
] —— 4000

o=45°

=75

W A O o N
T
ya'%7;

01 02 03 04 05 06 07 A 01 02 03 04 05 06 07 A

, : a) 6)
Puc. 3.3. 3aBucumocts napamerpoB F (puc. a) u Ho1 (puc. 6) oT pacueTHoro mapamerpa A
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Puc. 3.4. 3aBucumocts napamerpa Hoz 0T pacuetHoro napamerpa A

Ha ocnoBe mapamerpoB B, D um F ¢ mnomompio cooTBeTcTBYIOMUX (HOPMYIT
PaCCUUTBIBAIOTCSA U2, |2, 82, |1, 81, Uogp, IﬂpCp, |17p, |17pVD-

Ompenenenne eMKOCTH  (GUIbTpa, OOECIEUMBAIONIETO 3aJaHHBIA  KOI(PDHUIIUECHT
MyJIbCallMi, TPOU3BOJAUTCS C MOMOIIBIO MapaMeTpa F, 3HaYeHUs] KOTOPOro MOKHO HANTH MO
rpadukam puc. 3.3 0, 3.4. [lapamerp Ho, mpeaHazHaueH UII PacyeTOB E€MKOCTH (UIBTpA
JIBYXTaKTHBIX OJHO(A3HBIX BBINPSIMUTENCH (M=2).

Benuunny emxoctu punbTpa onpezenseM no Gpopmysne:

Cl= 100H,,
rkaﬂl

N3 npunoxenus 4 BbIOMpaeM KOHJICHCATOP COOTBETCTBYIONICH €MKOCTH U Ha
COOTBETCTBYIOIIIEE HAMPSYKEHUE U BBHITUCHIBAEM ATH ITapaMeETPhI.

4. J/InneiiHbIe cTAOMIN3ATOPBI

Jis nuTaHusA OJEKTPOHHBIX CXEM alllapaTrypbl C€aMOro pas3JIMYyHOIO Ha3HauYeHUs
HeoOXoIuMa dIEKTPUUECKas SHEPTuUsl, YIAOBIETBOPSIONIAs ONPEICICHHBIM TPpeOOBaHUSIM, Cpeln
KOTOPBIX BaKHEHIIMMU SIBISIOTCS CTAOMIBHOCTb HAMNpPSsDKEHUS MUTaHUS (UM TOKa), BechMa
Majblid ypoBeHb nynbcauuii u ap. OOecrneueHue Takux TpeOOBAHUN OCYILIECTBISETCS C
MOMOIIBI0 CTAa0MIIN3aTOPOB — YCTPONUCTB aBTOMATHUECKU MOACPKUBAIONINX HAIPsHKEHUE WU
TOK Ha CTOPOHE HAarpy3KH € 3a/IaHHO CTENEHbI0 TOUHOCTH.

[lopaBnsromiee  OONBIIMHCTBO  CTAaOWMJIM3AaTOPOB  COCTABIISIIOT ~ YCTPOMCTBA  C
MapaMeTpu4ueckuM U KOMIICHCAI[MOHHBIM MPHUHLHUIIOM cTabunuzauuu. B mapamerpuueckux
cTabunu3aTopax s CTaOMIW3alUM HANPSKEHUs WIA TOKA HCIONb3YIOTCS JJIEMEHTHI C
HEJIMHEWHON BOJBTAMIEPHON XapaKTepUCTUKON (Hampumep, CTaOWIMTPOHBI, CTaOUCTOPHI,
MOJIEBBIE TPAH3UCTOPHI U 1p.). Takue cTabmiIu3aTopbl OOBIYHO MPUMEHSIOTCS B MAJIOMOIIHBIX
LEMsAX ¢ HeOOIBIIUM TOKOM Harpy3KH.

KomrmeHcanmonHbie cTaOMIM3aTOPhl MPEACTaBISIOT COO0O0M CHCTEMY aBTOMATUYECKOTO
PETrYIUPOBAHUS, COJACPKAIIYI0 PETYIUPYIOUIUN 3JEMEHT U Lelb OTpPUIaTeNbHON 00paTHOMN
cBs3u. Kak mpaBuio, peryaupyromiiM »IIEMEHTOM KOMIICHCAIIMOHHBIX CTaOMIM3aTOPOB
HAMpPsDKEHUS SBISETCS OUIOJSPHBIN THOO MONEBOM TpaH3UCTOp (MIU TPYIIa TPaH3UCTOPOB).
Ecmu stOoT TpaH3ucTop paboTaeTr B HENPEPHIBHOM AaKTUBHOM peXHME, TO CTaOUIU3aTOp
HA3bIBAIOT JIMHEWHBIM (C HETIPEPHIBHBIM PETYIUPOBAHUEM), & €CITH PETYIUPYIOMIUNA TPAH3UCTOP
paboTaeT B KIIOYEBOM pEXHUME — HUMIYIbCHBIM. BMmecTe ¢ STUM B KOMOMHHUPOBAHHBIX
cTabunmn3aTopax, KOTOpPHIE HA3BIBAIOTCS HEMPEPHIBHO-UMITYJbCHBIMHM, HCIHOJB3YIOT 00a
MPUHLUIA PETYIUPOBAHUS SHEPTUU.
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B Hacrosiee BpeMs CTaOMIM3ATOPHI C HENPEPBHIBHBIM PErYIHMPOBAHUEM HANPSHKCHUS
WIM JIMHEWHBIC CTPOSITCST Ha OCHOBE WHTETPAIBHBIX CTAOMIN3aTopoB. [IpuMeHMMOCTH
HMHTETPAIbHBIX CTA0MIM3aTOPOB HE OrPAHUYMUBACTCS MPECIbHBIMU 3HAYCHUSIMU BBIXOJIHBIX
TOKOB WM HampsDKeHUU. B ciiydasx HEoOXOoAMMOCTH oOecreueHHs OOJIBIIUX TOKOB HArPY3KH
UHTETpaAJIbHbIC CTaOMJIM3aTOPhl JIOMOJIHSIIOTCS HaBECHbIMU TpaH3uctopamu. Ilpu stom
KaueCTBEHHBIC IapaMeTPhl CXEM C HWHTETPAIBHBIMHU CTAaOWIM3aTOpaAMU OMPEICIIIOTCS, Kak
MIPABUIIO, XapaKTEPUCTHKAMU MHTETPATLHBIX CTA0OMITH3aTOPOB.

Wcxonnble qaHHbIE 1715 pacyeTa cTabuiau3aropa:

- HanpsbkeHue (nepBUYHOe) nuTaHus crabunuzaropa Uy, B;

- OTHOCHUTEJIbHBIC OTKJIOHEHHUS HANPSDKCHUS MUTAHMS, KaK B CTOPOHY YBEJIMYEHHUS, TaK U
B CTOPOHY YMEHBIIICHHS Omax, Omin;

- YPOBEHB IIyJbcanuii BXoaHoro (rmepsuaHoro) HanpspkeHus Kz =Ugm1/Upcp,

- HOMHUHAJHHOE 3HAYEHHUE BBIXOJHOTO HampspkeHHs cradmnmzaropa Ug,,, B, mpenenst
pPEryJaupOBKH BBIXOJHOTO HampspkeHus cradbunusatopa Upyimax, B, Upwamin, B, ecnm Takas
peryaupoBKa HEOOX0ANMa;

- MAaKCUMAaJIbHBI 1 MUHUMAJIbHBIN TOKU Harpy3ku ctaOuinn3atropa lpmax, lamin, A;

- HECTa0MJIBHOCTh BBIXOJHOTO HampspkeHus crabwimmsaropa oUc,=AUc,/Uc, wmn
KO3 PHUIUEHT CTAOMIN3AIUU [0 BXOJAHOMY HAMPSHKEHHIO Ky, BHYTPEHHEE COMPOTHBIICHHE
crabunuszatopa i, Om;

- aMIUIATY/A MyJIbCAIlMU BBIXOIHOTO HamnpspKkeHus ctadmmmsaropa Ugym, B;

- TIpeieNTbl U3MEHEHUS TeMIIePaTyphl OKPYKaIOIIeH cpenbl tmax, tmin, °C.

BriGepem cxemy KOMITEHCAIIHOHHOTO CTa0MIM3aTopa C MOCIIeI0BATEILHBIM BKIIFOUCHHEM
peryaupymoiero yemMeHTa. Cxema Mmo3BoJiIeT MOJYyYUTh BBIXOJHOE HAMPsDKEHHE, 00JIbIlee, YeM
JOMYCTUMOE HAaNpsHKEHUE MHTErpajbHOro crabunusaropa. BHemHuit peryaupyrouiuit
Tpan3uctop VT1 paboTaer B akTUBHOM PEXHUME C U3MEHSIONIMMCS HaNpPsDKEHUEM KOJUIEKTOP-

OMUTTEP U KPVT1-

DA1
+Usy R VT2 R2 _{%}1_ uc |3 +U
+U R4l |
2 \vo

VT i
VD1 o &7 L
s TU T
T o

Puc. 4.1. KoMneHcarimoHHBINA CTAOMIIM3ATOP HATIPSHKCHUS

MuHuMaILHO BO3MOYXKHOE MNEPBUYHOC HAIIPAKCHUC HA BXOJC CTa6HJIH3aT0pa:
Umeina = UBx (_ A in _
MuHUMaJILHO BO3MOKHOE HaIIpsOKCHUE Ha BXOJAC HHTCTPAJIBHOTO CTa6I/IHI/I33TOpa DAl
PaBHO:

UBxHCmin =Umeina _UK3VT2min _Ume1 _UR3au4 _UBxI
rae U opromin - MEHUMAIBHOE TMAJEHUE HANPSHKEHHMS HA PETYIMPYIOLIEM TPAaH3UCTOPE,
oOecrieunBaroliee JUHEHHBIH pexXxuM paboThl, Uil OUMONSAPHBIX TpaH3ucTopoB 1,5-2.5 B, mis
noJeBbIx Tpausuctopos 1-2,5 B; U, - aMminTyna mynscamuil BXOJHOTO HampsoKeHus, B

U,..=Uk, ;U R3ay - HANPSDKCHHE TAJICHUS HA PE3UCTOPE CXEMBI 3allIUTHI OT MEPErPY3KH MO
ToKy, mpuauMaeM pasaeiM 0,6 B; U, =1, . - Bennuuna npocaaxy BXOJHOTO HAaNpsHKEHHS
MIPU MaKCUMAIbHOM TOKE Harpy3ku, B; I;- BHyTpeHHEe COMPOTUBIICHHE MEPBUYHOTO HCTOUHUKA

HaNpspKEeHUs, npuHuMaeM 2,5 Om.
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MaxkcuManbHO BO3MOXKHOE MNEPBUYHOC HANIPSAKCHUC HA BXO/JIC CTaGI/IJII/ISaTOpa:
UmeaX(x = UBx (_ A nax
UmeaxH :U +Umel+ (

[lo moJsiyueHHBIM 3HAYEHHUSM MHUHMMAJIBHOTO M MaKCUMAJIbHOI'O BXOJHOI'O HAaIPsDKEHUS
MHTErpajbHOI0 cTabUIn3aTopa BBIOMPAEM MUKPOCXEMY IO MPUIIOKEHHIO 8.

Tox peryaupyromero TpaH3UCTOpa Ha HAyaJbHOM JTale pacyeTa MOXHO CUUTaTh
IIPaKTUYECKU PaBHBIM TOKY Harpy3KHU:

~

I

Bxmaxa Hmax IHmin/o

IKVszax = IHmax
MakcumanbHOE YCTaHOBHUBILIEECS HANPSHKEHUE Ha Tpan3uctope VT2 paBHoO:

UKBVTZmax = UmeaxH _UBbzxmin - AUI/ICmin

rae AU i - MEHEMAJIBHOE MaJE€HHE HANPSOKEHHS HA MHTErPAILHOM CTaOWIM3aTOPE,

MakcumanbHasi MOIITHOCTb, BBIJIEISIIONIASACS HAa PETYIHPYIOIIEM TPAaH3UCTOPE paBHA:

Piromex =Y kovromax " Vevroma
Ha ocHOBaHMM TMOJIyY€HHBIX JAHHBIX BBIOMPAETCS PETYIHUPYIOIIUNA DIEMEHT —
Tpau3ucTop VT2 ¥ BBIMHUCHIBAIOTCS €r0 TapamMeTphl (puitokeHue 6).
[Ipou3sBouM pacyeT OCTaNbHBIX AIEMEHTOB CXEMbl CTAOMIIN3AIINY.
Haxoaum MuHMMaNbHYO BEIMYMHY HanpsbkeHus Ha crabunutpone VDI

UVDlmin =AU +UR3 +U59VT1VT2

[lo momyueHHOMY 3HaU€HHUIO HampspKeHUs BbIOMpaeM cradunuTpoH VDI (mpuioxenue

Cmmin

5). 3ajaeMcsi MUHUMAJILHBIM 3HAUEHHEM TOKa CTAOMIMTPOHA |ypimin. [IpH 3TOM BXOIHOM TOK

PETYIHUPYIOIIET0 TPAH3UCTOPA MOXKET JOCTUTATh 3HAUCHUSI:

I _ H max
BOVTIVT 2max —
ﬁVTlVT 2
PaccunteiBaem BenmuunHy conpoTuBiacHus R1:
R _ Umeina - Umel - UBbl)C
| =

IVDlmin + I BEOVTIVT 2max

MoHocTh pe3uctopa R1 coctaBiser Benu4uHy:
~

Par = (JmeaxH —Uypr =Up (VDlmin + | goprv 2max -
ITo pe3ynbraram pacdeToB BeIOMpaeM HeoOXoauMbli pesuctop R1 (mpunokenue 7).
[Ipu yBenuueHUH BXOAHOTO HAMPSDKEHUS CTAaOMIN3aTOPa U YMEHBIIEHUU TOKA HATrpy3KH
TOK 0a3bl PErylIHpYIOIIEro TPaH3UCTOPa YMEHBIIAETCS, a TOK Yepe3 CTaOUIUTPOH BO3PACTAET JI0
3Ha4YeHMA, A:
U -U

I _ Bxmax
VDImax —

- UVDl

Boix
Rl
MNmenHo Takas BeIMYMHA SIBISCTCS MUHUMAIbHO ﬂOHYCTHMOﬁ Uil TOKa Harpy3ku. B
IIPpOTUBHOM CJIy4yac BBIXO,I[HOI>’I TOK HHTCIrpaJlbHOI'O CT3.6I/IJ'II/I33.T0pa DAl wMeHser cBoe
HaIIpaBJICHUC (CTaHOBI/ITCH BTeKaIOH_[I/IM), 4TO HCAOITYCTUMO.
MakcumanbHas MOIODHOCTbB, BBIAC/IAOIIAACA Ha CTa6I/IJ'II/ITpOHe, Br:

PVDlmax = UVDlIVDlmax
Tox BBIXOIHOTO (CHENAIIEr0) NENUTENs J0KEH OTBeYaTh TPEOOBAHUIO

IR4R5 2 IVDlmax

Hcxonas u3 atoro YCJI0BUS, YCTAaHABJINBACM 3HAYCHUEC TOKA OCITUTCIIA.
OGH.[CC COIIPOTUBJICHUC ACIIUTCIIA COCTABJISICT BEJIMUNUHY, Owm:
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U
_ BoixVIC
R, + Ry ==t
R4R5
COOTBCTCTBCHHO BCJIMYHHA CONIPOTUBJICHUA R4 paBHa

U

_ BuixHC
R, = —usC

I R4R5
MomtHocts pesuctopa R4 pasHa, BT:

_ 12
PR4 - PR5 - IR4R5R4
Benuuuna conpoTtuBiieHus pe3ucTopa 3aumThl paBHa R3 paBHa:
R3 — U BFOVTIVT 2

H max
MomntHocTh Ha 3TOM pe3ucrtope, Br:

Pra =U sorrvr2 iimax
Jlnst moBeIeHust KodhduireHTa CriiaXxuBanus MyabCalliid MapauiesibHO pe3ucTopy RS

ycraHaBinuBaeM KonzaeHcatop Cl. Pacuer koHJeHcaTopa IpOBOAUTCS U3 YCIOBHS |XC| <<RS5 nHa
OCHOBHOM HI)KHEH 4acToTe mylibcarui, kak mpasuio pasHout 100 ['u. Ecnu 3agath |X C| =0,1R5,

TO

1
C=—
0,1R5- 24
[To monmyyeHHOMY pe3yJbTaTy BHIOMpPAEM KOHACHCATOP COOTBETCTBYIOIIEH €MKOCTH U HA
ompenieJIeHHOE HanpsbKeHue (MpuioxeHue 4).
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[Tpunoxxenue 1

KoHcTpyKkTHBHBIE pa3zMepbl OpOHEBBIX JIEHTOUHBIX MarHUTOIPOBO10B THMa LIIJT
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gﬁiﬁ% 4 | 10 4| 16| 1 18 9 lg'g
114X 12,5 12.5 13
MIJT4X 16 6 17.5
J15X5 5 7.5
TI5%6.5 6.5 10
%ﬁg;% 5 j1i25) 5| 20 [i7s| B 25| 2

~
W55 12,5 12.5 19.6
/15 16 16 24.2
1665 6.5 14
LIJI6%8 8 17
16X 10 10 91
HJI6X12.5 615 6] 2 | 2| ;54 3 26
HiJI6X 16 16 30,5
I8 20 20 35.6
/I8 %8 8 30
Y P A
W18 16 16 60
LJT10% 10 i0 59
ﬁﬁ:8§i§'5 o | 25 | 101 4 | 35 :?;’5 5 .
110520 20 17
WJT12X 12,5 | 2.5 105
A A
UJT12X25 25 210
LIJTI6X 16 16 240
T 16 | 40 | 16 | €4 | 56 = 8 | 500
ITT16525 25 480
11J120¢20 20 | 470

X 20 | 50 | 20| 80 | 70 2 10 500

1J12025
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Malﬁ:;ggﬁgﬁggna a.mm | h, mm ¢, mm { L, mm| H. MM b, MM hy. MM ’:,‘ea%i,ﬂ,gg’
1112032 32 755
L0120 40 20 50 20 80 70 40 10 940
111J125 X 25 gg IGIJ}HS)
HIJ125X32 2
iTasaa 25 |62,5| 25 | 100 |87.5| 55 [12.5] 470
[T1J125X 50 50 1830
LHJI32X32 gg 51‘338
11J132>X 40 4
1H1J132<50 32 80 32 128 112 50 16 3060
11132 <64 64 3900
111J140<40 40 3860
e 40 | 100 | 40 {160 | 140 0o | &5
111714080 80 7700

PacuerHbie mapameTpbl OpOHEBBIX JIEHTOUYHBIX MAarHUTOTIPOBOI0B THMA [11J1
A : I - 1A # C
THUOpasMep nnouli:gz.usgue- Cpennswst pnn- ueunuoglg'?:niiex 062::5:1:1__ Mﬂ?ﬁ,ﬁ)_ Ef‘!'l:i!:llﬂ
MarnuTonpo- | HHA Marunto- | ¥4 Ma’;‘“"“"ﬁ X naowane [#utonpoBo-| npopoga, | BHTKA
BONA nposopa S, CH}"OW ”':‘L"“ okna S, S ) ma V.o, r, ne lep we
cM? cp.cT* cmt cmM3 Gonee oM
Ji6x 6,5 0,34 0,35 1,83 13 3,8
1J16< 8 0,41 47 0,43 2,26 16 4,1
HIJI6 < 10 0,52 ’ 0,54 2,82 20 4,5
Uii6 x 12,5 0,65 0,68 3,52 24 5]
I8 8 0,55 1,02 4,35 30 5,1
IJ18x 10 0,69 6.8 1,28 5.45 37 5,5
in8x 12,5 0.86 ’ 1,6 6,8 47 6
1JI8% 16 1,16 2,05 8,7 60 6,7
V10X 10 0,87 2,50 4,7 57 6,5
NV % 12,5 1,08 8 5 3,12 9,56 71 7
10X 16 1,39 ’ 4 11,8 91 7,7
HETI0 X 20 1,74 5 14,8 113 8,5
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AxtHBHAR Cpegusis anu-| IMoowaas ce- | AKtupabb Macca
Tunopaamep, |TWoWab ceve-| Ha MAarHUTHOH Juenun ctann X |oGreM mar-| MariuTo- Cpenusis
MarsuTonpo- | HHY Maruuio- CHJIOBOH X nupowage | Hutonpo- | Npomnoga, | ARHHA
BOAA PPOBOAR Sev Wiumun Lo (o lokua S .S, IBopa V. | r, ne BHTKa
cm? cM cmt cM3 Gonee cp.mr M

mai2x12,5 1,31 5,4 13,36 100 8
HIT12x 16 1,68 102 6,9 - 17,1 130 8,7
11123 20 2,1 T 8,7 21,4 165 9,5
HUTI2 25 2,63 10,8 26,8 205 10,5
6% 16 2,24 ) 16,6 30,46 235 10,8
111JT16 % 20 2,8 13.6 20,5 38,1 295 11,6
H1JT16< 25 3,5 ’ 25,6 47,6 370 12,6

HUTI6 % 32 4,5 32,6 61,2 470 14
1IJT20 % 20 3,5 40 99,9 460 13,7
HJT20 % 25 4.4 17 1 50 75,2 575 14,7
120 % 32 5,6 ’ 64 95,8 735 16,1
[LIJT20 % 40 7,1 80 121,4 920 17,7
1125 % 25 5,0 98 117 900 17,2
LJT25 % 32 7,1 21.3 125 151,2 i150 18,8
LIJI25 % 40 8,8 ! 156 187,4 1440 20,2
HIJ125% 50 11 195 234 1800 22,2
1J132% 32 9,1 261 284,4 1500 22,2
132 % 40 1,3 97 3 328 308.,5 2370 23,8
111132 % 50 14,2 ’ 410 388 | 2970 25,8
B1N132 % 64 18,1 523 494 3800 28,6
117140 % 40 14,2 640 486 3720 27.9
111J140 % 50 17,7 34.9 800 605 4650 29,9
1140 % 64 22,7 : 1025 776 5960 32,7
117140 % 80 28,4 1280 971 7430 35.9
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KoHcTpyKTHBHBIE pa3Mepbl OpOHEBBIX JIEHTOUHBIX MarHUTONPOBOA0OB THna I1J1

Macca,
Ma:,'f,'}fo';ﬁfg',fg’na , MM | b, mM j e, MM | A, mm | H, mm| B, mm | By, MM) GI‘Z;I:E
e e T
5% 12.5%1 23 | 10 30
J16.5%12.5%12.5 6.012,5] 8 21 | 255 12,5 6.5 33
IJ16,5% 12,5316 29 |' 16 37
gggx:gﬁx 12,5 28,50 12,5 47
12 5% 16 : 32" 1 16 51
17185 12 5% 20 8 125 10 | 26 | 30 | o9 | 8 57
I8 X 12 5% 25 a1 | 25 63
If]lﬁggxllg.gxzo 40 20 81
X 12.5% 25 45 25 89
TIFII6% 12.5 % 32 10 112,51 12513251 ¢ | 39 | 10 98
TITI0 X 12 .5 40 60 | 40 114
gﬂ:g.gxiﬁx% 50 | o5 163
TI12 5% 16 32 55 | 32 162
1711955 16 X 40 12,50 16 | 16 | 41 | oo | 4o | 12,5, 903
T17112.5 % 16 % 50 75 | 50 230
[1J112,5% 25 X 32 57 | 39 299
17112, 5% 25 40 65 | 40 334
TI7112 5% 25 % 50 12,5/ 25 | 20 | 45 | 45 | 50 | 12,5 376
1112 5% 25 % 60 85 | 60 418
gﬂ16x32x40 72 | 40 612
J116X32 %50 82 | 50 690
I17116% 32X 65 16 1 321 25 | 57 | g7 | g5 | 16 765
T1JTI6% 32 80 12 | 80 900
ITJ120 5 40 % 50 90 | s0 1230
T1J120 % 40 X 60 100 | 60 1350
115120 40 X 80 20 | 40§ 32} 72 |99 | g0 | 20 1550
TJ120 % 40 100 140 | 100 1770
e rINE
JI125 x50 % 80
F1J125 X 50 X 100 25 1 50 | 40 [ 80 |55 |00 | 25 3040
T1J125 % 50 120 170 | 120 3380
pman | EINE
/132 % 64X 10 I
T1J132 % 64 X 130 32 | 64 | 50 114 | g | 130 | 32 6480
T1J132 % 64 160 924 | 160 7950
e AIAE
X 80X
T1J140% 80 % 160 40 | 80 | 64 | 144 |50 |60 | 40 | 12500
T17140'% 80 200 280 | 200 14300
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PacuetHbie mapaMeTpbl OPOHEBBIX JIEHTOYHBIX MAarHUTONPOBOIOB THma 1]

ﬁ:gll{:f;{:: ceul;[:::l g'll‘LahJ'in, Cpeuussa AKTHBHBIH
Tunopasmep CoNeHRT Mnowages | yMuoxeHnas RuHA o6beM
erITOTPORORS |USTITONPORG-| onna S | ™ G |1 en [ Vg O
ct “ox M
I1J16,5x12,5%8 0,64 0,467 3,69 2,69
I1J16-,5x 12,5x 10 073 0,8 0,584 3,98 29
1J16,5%12,5% 12,5 ’ 1 0,73 4,33 3,16
J16,6x 12,5x 16 1,28 0,934 4,83 3.52
T1J8x 12,5 12,5 1,25 1,125 6,06 5,45
1718 12,5% 16 09 1,6 1,44 6,68 6,01
I[TJ18% 12,5x20 ' 2 1,8 7,38 6,64
T1718x 12,5 ,225 2,5 2.25 8,26 7,43
TIJTI0x 12,520 2,5 2.5 9.6 9.69
TJT110x12,5% 25 1 of 3.12 3,15 10,6 11,76
T1J7110x12,5% 32 ’ 4 4,04 11,6 12,71
[1J110x 12,5%40 5 5,05 13,6 13,74
T1J112,5X 16 X 25 4 7,2 12 21,6
112,516 x 32 18 5,12 9,216 13.4 24 12
11112,5 1640 ’ 6,4 11,52 15 27
I1J112,5X 16X 50 8 14,4 17 30,6
[1J112,5x 25% 32 6 16,81 13,8 38,78
T1J112,5x 2540 2 81 8 22,48 15,8 44,39
T1J112,5x 25 %50 , 10 28,1 17,8 59,02
[1J112,5 X 25X 60 12 33,72 (6,8 55,64
I1J116 32 x 40 10 46,1 18 82,98
T1J116 % 32 % 50 4 64 12,5 57,62 20 92 2
I1JT16 32 %65 ’ 16,25 74,91 23 106
(1711632 % 80 20 92,2 26 119,86
[1J120 % 40 X 50 16 115,2 22,7 163,44
T1J120 % 40 % 60 79 19,2 138,2 24,7 177,84
1712040 80 ' 25,6 184,32 28,7 206,6
11J120¢< 40 % 100 32 230.,4 32,7 235,4
117125 % 50x 65 2 262.5 28,8 324
I1J125 x 50 % 80 1925 32 360 31.8 357,7
[1J125 % 50 100 ’ 40 450 35,8 402,7
I1J125 % 50 % 120 48 540 39,8 447,7
T1J132 x 64 %< 80 40 737 .,2 36 663,4
T1/132x 64 < 100 18 43 50 921,5 40 737,2
[17132X64 % 130 ’ 65 1198 46 847.8
T1J132x 64 < 160 80 1474 52 958 .4
I1J140 < 80 100 64 1843 45,3' 13(1)? g
117140 % 80 120 28.8 76,8 2212 49 1411,
117740 %80 < 160 ’ 102 .4 2049 57,3 1650,2
T1J140< 80 x 200 128 3689 65,3 1880,6
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HexkoTtopele anekTpudyeckue U KOHCTPYKTUBHBIE ITapaMeTpbl MarHUTOIIPOBO10B Tuna I1J1

IlpepesibHoe
KoucTpyk-{ 3HaYeHHe MOIL- Kosdduuuent .
TeoOpasMep THBHaA nocty, B-A, L 3anOoNHeHHsA Cpeanns
flocTosM- | TpancdopMaTOpOB Ty Yc'r’ c+M? | Meflanbio OKna| AJHHE
MarMHToflpoBoga Hag Ha YacToTe cepAeNHHKa, BHTKa,
Ty 10% ¢ Ky IM. cM
50 I'y | 400 I'y
IV16,5x 12,5x 8 0,6 2,5 10,51 2,28-10™11
11J16,5% 12,5 10 0,7 2,7 12,6] 2,86-1011 0.1
1J16,5x 12,5x 12,5 0,8 3 15,3| 3,56-10~11 , 5,4
T1J16,5% 12,5 16 0,9 3,25| 18,7] 4,46-10 11
MJI8x 12,5 12,5 12| 3,56 23 |o0,74-10710
11718 12,5x 16 1.4 4,4 28,41 0,95.10710 0.13
1718 12,5 20 1,6 4,8 33 | 1,21-100 , 6.1
VI8 12,5 25 1,8 6 39 1,62-10"10
1110 12,5%x 20 2,2 7.5 46,5| 2,36-1010
TIJ110x 12,5%25 2,5 8,8 52 |2,9- 1010 0.15 .
1J110x 12,5 32 3 10 60 | 3,9-10710 -
MJ10x12,5x40 4,2 12,5 73 4,87-10710
17112 ,5x i6% 25 41,4 13,5 91 0,95.10—®
IJ112,5x 16 %32 5 16 110 1,2.107® 0 18 8.9
f1112,5x 16 x40 5,6 19 130 1,51-1079 : ’
112,516 x50 6,1 22 156 1,87-107%
I17112,5%x25x 32 7,6 28 200 2,94-107®
IJi12,5x 25x 40 8,8 35 248 3,9-107¢ " 0.2 115
112,525 50 9,8 44 300 4,88.10 ? :
T1T12,5x 2560 10,6 { . 55 340 5,54-107
T1J116 %32 40 14,4 70 430 1,19-1078
T1J116 <32 x50 16,2 90 510 1,49.1078 0.23 14.6
TLI16 %32 x 65 18,4 { 115 620 1,94.1078 ' ’
I1J7116 x32x80 20 145 730 2,39-10"8
11712040 50 24,8 | 180 860 4,05-1078
117120 x 40:x 60 27,4 | 220 980 4,87-108 0.25 18 4
11120 x40 80 31,4 | 280 1220 6,5-1078 d ’
117120 < 40 < 160 34,4 | 350 1450 8,1-10°8
117125 % 50 %< 65 39,5 | 420 1840 1,27-10~7
1712550 < 80 44 500 2150 1,57-1077 0.95 23
I17125 % 50 < 100 49 620 2600 1,96-1077 ’
125 % 50 120 52,8 | 740 2800 2,36-1077
TLUI32% 64 x 80 75,6 | 1000 3500 0,5.10°¢ _
11132 %64 % 100 85 |1200 | 4000 | 0,62.107¢ 0.3 99.9
11132 x64 < 130 96 1400 4800 0,81-10-¢ ’ ’
T17132 % 64 x 160 105 1750 5600 f-1078
11140380 %< 100 119 2400 6720 {,b5-1076
T1J140< 80 x 120 133 2800 7750 1,88-107¢ 0.3 36.8
17140 x 80:x 160 150 3500 9000 2,48.107¢ . ’
117140 % 80x 200 165 |4200 10000 | 3,1-107s
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OcHoBHEIC nmapaMeTpbl MEOAHBIX 00OMOTOYHBIX IMpoBOAOB

[Tpunoxxenue 2

Huamerp Ceuenue Juametp nposona Conporu | JlomycTUMBIN TOK IPU IUNIOTHOCTH
IIpoBoOJa IpoBoOJA C M30IsIIuei, MM BIIeHHE |
110 Meu, o Meau, II5B-1 | IIDB- | IIDJI | TIDTB M 2 A/MMm2, 2,5 3 A/MM2,
MM MM2 2 MpoBoOa A A/vm2, A
pu A
20°C,
Om
0.02 0.00031 0.027 - 0.035 - 61.5 0.0006 0,0008 0.0009
0.025 0.00051 0.034 - 0.04 - 37.16 0.001 0,0013 0.0015
0.03 0.00071 0.041 - 0.045 - 24.7 0.0014 0,0018 0.002
0.032 0.0008 0.043 - 0.046 - 18.4 0.0016 0,002 0.0024
0.04 0.0013 0.055 - 0.055 - 13.9 0.0026 0,003 0.004
0.05 0.00196 0.062 0.08 | 0.07 - 9.169 0.004 0,005 0.0058
0.06 0.00283 0.075 0.09 | 0.085 0.09 6.367 0.0057 0,007 0.0084
0.063 0.0031 0.078 0.09 | 0.085 0.09 4.677 0.0063 0,0077 0.0093
0.07 0.00385 0.084 | 0.092 | 0.092 0.1 4.677 0.0071 0,0096 0.011
0.071 0.00396 0.088 | 0.095 | 0.095 0.1 4.71 0.0078 0,01 0.012
0.08 0.00503 0.095 | 0.105 | 0.105 0.11 6.63 0.01 0.012 0.015
0.09 0.00636 0.105 0.12 | 0.115 0.12 2.86 0.013 0,016 0.018
0.1 0.00785 0.122 0.13 | 0.125 0.13 2.291 0.016 0,02 0.023
0.112 0.0099 0.134 0.14 | 0.125 0.14 1.895 0.021 0,025 0.03
0.12 0.0113 0.144 0.15 | 0.145 0.15 1.591 0.023 0,03 0.034
0.125 0.0122 0.149 | 0.155| 0.15 0.155 1.4 0.025 0,03 0.036
0.13 0.0133 0.155 0.16 | 0.155 0.16 1.32 0.026 0,033 0.04
0.14 0.0154 0.165 0.17 | 0.165 0.17 1.14 0.03 0,04 0.047
0.15 0.0176 0.176 0.19 | 0.18 0.19 0.99 0.035 0,044 0.053
0.16 0.0201 0.187 0.2 0.19 0.2 0.873 0.04 0,05 0.06
0.17 0.0227 0.197 0.21 0.2 0.21 0.773 0.045 0,056 0.066
0.18 0.0254 0.21 022 | 0.21 0.22 0.688 0.051 0,063 0.075
0.19 0.0283 0.22 0.23 | 0.22 0.23 0.618 0.057 0,07 0.084
0.2 0.0314 0.23 0.24 | 0.23 0.24 0.558 0.063 0,078 0.093
0.21 0.0346 0.24 0.25 | 0.25 0.25 0.507 0.07 0,086 0.1
0.224 0.0394 0.256 0.27 | 0.26 0.27 0.445 0.08 0,099 0.11
0.236 0.0437 0.26 0.285 | 0.27 0.28 0.402 0.088 0,11 0.13
0.25 0.049 0.284 0.3 | 0.275 0.3 0.357 0.098 0,122 0.147
0.265 0.0552 0.305 | 0.315 | 0.305 0.31 0.318 0.111 0,14 0.165
0.28 0.0615 0.315 0.33 | 0.315 0.33 0.285 0.124 0,153 0.183
0.3 0.0708 0.34 0.35 | 0.34 0.34 0.248 0.143 0,177 0.21
0.315 0.078 0.35 0.365 | 0.352 0.36 0.225 0.16 0,195 0.23
0.335 0.0885 0.375 | 0.385 | 0.375 0.38 0.198 0.177 0,22 0.26
0.355 0.099 0.395 | 0.414 | 0.395 0.41 0.177 0.2 0,25 0.29
0.38 0.113 0.42 0.44 | 0.42 0.44 0.155 0.226 0,282 0.34
0.4 0.126 0.44 0.46 | 0.442 0.46 0.14 0.251 0,315 0.37
0.425 0.142 0.465 | 0.485 | 0.47 0.47 0.124 0.283 0,355 0.42
0.45 0.16 0.49 0.51 | 0.495 0.5 0.11 0.32 0,4 0.48
0.475 0.177 0.525 | 0.545 | 0.495 0.53 0.099 0.35 0,43 0.53
0.5 0.196 0.55 0.57 | 0.55 0.55 0.09 0.39 0,49 0.58
0.53 0.22 0.58 0.6 | 0.578 0.6 0.0795 0.44 0.55 0.66
0.56 0.247 0.61 0.63 | 0.61 0.62 0.071 0.5 0.6 0.74
0.6 0.283 0.65 0.67 | 0.65 0.66 0.062 0.56 0.7 0.84
0.63 0.313 0.68 0.7 0.68 0.69 0.056 0.626 0,78 0.93
0.67 0.352 0.72 0.75 | 0.72 0.75 0.05 0.7 0,88 1.0
0.71 0.398 0.76 0.79 | 0.77 0.78 0.044 0.8 1.0 1.2
0.75 0.441 0.81 0.84 | 0.81 0.83 0.039 0.884 1.1 1.32
0.8 0.503 0.86 0.89 | 0.86 0.89 0.035 1.0 1.25 1.5
0.85 0.567 0.91 094 | 0.91 0.94 0.031 1.13 1.4 1.7
0.9 0.636 0.96 0.99 | 0.96 0.99 0.0275 1.27 1.6 1.9
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0.93 0.679 0.99 1.02 | 0.99 1.02 0.0253 1.33 1.7 2.0

0.95 0.712 1.01 1.04 | 1.02 1.04 0.0248 1.42 1.78 2.13
1.0 0.785 1.07 11 1.07 111 0.0224 1.57 1.96 2.35
1.06 0.884 1.13 116 | 1.14 1.16 0.0199 1.765 2.2 2.64
1.08 0.916 1.16 119 | 116 1.19 0.0188 1.83 2.3 2.73
1.12 0.985 1.19 1.22 1.2 1.23 0.0178 1.97 2.46 2.94
1.18 1.092 1.26 1.28 | 1.26 1.26 0.0161 2.185 2.73 3.27
1.25 1.227 1.33 135 | 1.33 1.36 0.0143 2.45 3.05 3.68
1.32 1.362 14 1.42 14 1.42 0.013 2.72 3.4 4.0

14 1.539 1.48 151 | 1.48 1.51 0.0113 3.078 3.84 4.6

1.45 1.651 1.53 156 | 1.53 1.56 0.0106 3.306 4.127 4.95
15 1.767 1.58 1.61 | 1.58 1.61 0.0093 3.5 4.4 5.3

1.56 1.911 1.63 1.67 | 1.64 1.67 0.00917 3.876 4.77 5.73
1.6 2.01 1.68 1.71 | 1.68 1.71 0.0086 4.02 5.025 6.03
1.7 2.269 1.78 181 | 1.78 1.81 0.0078 4.54 5.67 6.78
1.74 2.378 1.82 1.85 | 1.82 1.85 0.00737 4.75 5.945 7.13
1.8 2.544 1.89 192 | 1.89 1.92 0.00692 5.0 6.36 7.63
1.9 2.81 1.99 2.02 | 1.99 2.02 0.00612 5.6 7.025 8.43
2.0 3.141 2.1 2.12 2.1 2.12 0.00556 6.3 7.85 9.42
212 3.529 2.21 2.24 | 2.22 2.24 0.00495 7.0 8.82 10.56
2.24 4.011 2.34 246 | 2.34 2.46 0.00445 8.02 10.02 12.03
2.36 4.374 2.46 248 | 2.36 2.48 0.00477 8.75 10.93 13.11
2.5 4.921 2.6 2.63 2.6 2.62 0.00399 9.85 12.3 14.7
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[TapameTpsl OIYIIPOBOAHUKOBBIX JUOI0B

[Tpunoxxenue 3

Tun U06p max> B Inp max, MA UHP’ B |06p’ MKA
an/I60pa U *5 umax, B I . max, MA fﬂ mexo o pe Gortee pe Bortee
oop ’ p ’ (pnt lyp, MA) (mpu Uyep, B)
J1101 75 30 - 2(2) 10 (75)
JUOIA 75 30 - 1 (1) 10 (75)
J1102 50 30 - 2(2) 10 (50)
JI102A 50 30 - 1(1) 10 (50)
KJI102A 250 50 1 1 (100) 0,1 (250)
KJ11025 300 50 20 1 (100) 1 (300)
J1103 30 30 - 2(2) 30 (30)
JI103A 30 30 - 1(1) 30 (30)
KJI103A 50 50 20 1 (100) 0,5 (50)
KJ11035 50 50 20 1,2 (100) 0,5 (50)
KJ[105b 400" 300 1 1 (300) 100 (400)
KJ1105B 600" 300 1 1 (300) 100 (600)
KJI105T 800" 300 1 1 (300) 100 (800)
KJI106A 100" 300; 3" A 1 1 (300) 10 (100)
J1202 100 400 20 1 (400) 500 (100)
K/I202A 50" 5A 1,2 0,9 (5A) 800 (50)
KJI202B 100" 5A 1,2 0,9 (5A) 800 (100)
KJ1202]1 200" 5A 1,2 0,9 (5A) 800 (200)
KJ1202K 300 5A 1,2 0,9 (5A) 800 (300)
KJI202K 400 5A 1,2 0,9 (5A) 800 (400)
J1203 200 400 20 1 (400) 500 (200)
KJI203A 420 10 A 1 1(10 A) 1500 (600)
KJ12035 560 10 A 1 1(10 A) 1500 (800)
KJ1203T 1000 10 A 1 1(10 A) 1500 (1000)
KJI208A 100 1,5A 1 1 (1000) 100 (100)
KJI209A 400 700 1 1 (700) 100 (400)
KJ12095 600 500 1 1 (500) 100 (600)
KJI209B 800 500 1 1 (500) 100 (800)
KI213A 200 10 A 100 1(10 A) 200 (200)
KJI213B 200 10 A 100 1,2 (10 A) 200 (200)
KJI213T 100 10 A 100 1,2 (10 A) 200 (100)
KJI221A 100 0,7 A 1 1,4 (0,7 A) 50 (100)
KJ[221B 200 0,5 A 1 1,4 (0,5 A) 50 (200)
KJI221B 400 03 A 1 1,4 (0,3 A) 100 (400)
J1223 50 50 - 1 (50) 1 (50)
JI223A 100 50 - 1 (50) 1 (100)
J1223B 150 50 - 1 (50) 1 (150)
KJI223A 200 2A;50 A7 1,5 1,3 (6 A) 10 (200)
KJI226A 100 1,7A 50 1,4 (1,7 A) 50 (100)
KJ12265 200 1,7A 50 1,4 (1,7 A) 50 (200)
KJI226B 400 1,7A 50 1,4 (1,7 A) 50 (400)
KJI226T 600 1,7A 50 1,4 (1,7 A) 50 (600)
J1242 100 10 A 1,1 1,25 (10 A) 3000 (100)
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Tun U06p max> B Inp max, MA f r UH6P’ B |06p’6MKA
* * max,> K1 IT He Ooitee He Ooitee
npubdopa Uoﬁpn max, B |,,p wmax, MA A (1pi Ly, MA) (npit Uogy, B)
J242A 100 10 A 1,1 1(10 A) 3000 (100)
JI242B 100 5A 1,1 1,5(5A) 3000 (100)
KJI243A 50 1A;6 A 1 1,1 (1A) 10 (50)
KJ12435 100 1A;6 A 1 1,1 (1A) 10 (100)
KJI243B 200 1A;6 A 1 1,1 (1A) 10 (200)
KJ1243T 400 1A;6 A 1 1,1 (1A) 10 (400)
KJI247A 100 1A;30" A 150 1,3 (1 A) 5 (100)
KJI247b 200 1A;30 A 150 1,3 (1 A) 5 (200)
KJ1247B 400 1A;30 A 150 1,3 (1 A) 5 (400)
KJI257A 200 3A;15 A - 1,5(5 A) 2 (200)
KJI257b 400 3A;15 A - 1,5 (5 A) 2 (400)
KJI257B 600 3A;15 A - 1,5 (5 A) 2 (600)
KII268A 25 3A;300° A - 0,65 (3 A) 1 MA
KJI2685 50 3A;250 A - 0,75 (3 A) 1 MA
KJI268B 75 3A;200 A - 0,85 (3 A) 1 MA
KJI268T 100 3A;150 A - 0,85 (3 A) 1 MA
KJ1268]] 150 3A - 0,9 (3 A) 2 MA
KJI268E 200 3A - 0,9(3A) 2 MA
KJI269A 25 5A;450 A - 0,65 (5 A) 1 MA
KJI2695 50 5A;300 A - 0,75 (5 A) 1 MA
KJI269B 75 5A;240 A - 0,85 (5 A) 1 MA
KJ1269T 100 5A;210° A - 0,85 (5 A) 1 MA
KJI269]1 150 5A - 0,9 (5A) 1 MA
KJI269E 200 5A - 0,9 (5A) 2 MA
KJI269K 250 5A - 0,95 (5 A) 2 MA
KJI270A 25 7,5A;850 A - 0,65 (7,5 A) 1 MA
KJI270Bb 50 7,5 A;700° A - 0,75 (7,5 A) 1 MA
KJI270B 75 7,5 A; 600" A - 0,85 (7,5 A) 1 MA
KJ1270T 100 75A;525 A - 0,85 (7,5 A) 1 MA
KJ1270/1 150 75A - 0,9 (7,5 A) 1 MA
KJI424A 250 350 (2" A) 10 MI'g 1,1 (300) 0,1 (250)
KJ1424B 200 350 (2" A) 10 MI'g 1,1 (300) 0,1 (200)
KJ1424B 150 350 (2" A) 10 MI'g 1,1 (300) 0,1 (150)
KJI504A 40 240 - 1,2 (100) 2 (40)
KJI509A 50 100 - 1,1 (0,1 A) 5 (50)
KJI510A 50 200 - 1,1 (02 A) 5 (50)
KJI249A 40 3A;10°A - 0,475 (3 A) 3000
KJ12495 30 3A;10°A - 0,475 (3 A) 3000
KJ1249B 20 3A;10°A - 0,475 (3 A) 3000
KJI259A 90 3A;10°A - 0,8 (3A) 3000
KJ12595 80 3A;10 A - 0,75 (3 A) 3000
KJI281A 50 1A;30° A 1 1,1 (1A) 50 (50)
KJI281B 100 1A;30°A 1 1,1(1A) 50 (100)
KJI281B 200 1A;30° A 1 1,1 (1A) 50 (200)
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[Tpunoxxenue 4

[TapamMeTpsl 2IEKTPONIUTHUECKUX KOHIEHCATOPOB

K50-6, k50-18
(¢ odnonanpabnesysimiy
npobonoyrsimy Borbadami)
H /i)

o P

J

Y

+ |

K50-6, K50-16

Homu- Homi- PaaMepst, MM
HaJlLHOE HanbHag Macﬁca, T
Hanpaxe- | eMxocth, e Gonee
Hue, B MKD D H I A d
Kbo-6
50 7,8 13 2,5 1,4
100 10,5 15 5 0.5 2,5
6.3 200 14, 16 ' 55
0,8 S,
500 18 18 7,5 8,5
10 6 13 2,5 0,8
10 - AL 0.5 f 1%
50 i0,5 15 6 2,5
100 12 16 5 0,5 4
200 16 18 6,5
500 25 7.5 0,8 ”
1000 18 40 25
1 4 2 0.6
5
10 6 13 5 0,8
+ 5 .
0,5
20 7 b
30 '8 L4
16 50 10,5 5 o 3.5
100 12 18 4,5
200 16 6,5
. 0,8 —
500 18 25 7.5 12
1000 21 45 35
1 4 2 0,6
5 13 - e
25 10 7.5 2,5 0,5 14
20 10,5 15 5,0 2,5
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Pa3smMe pul, MM

Homi- Homu-
HaNlbHOe HaabHaH Mac&:a. r,
HaTIpAXe- eMKQCTh, Be DoJsiee
uue, B uKd b H A d
50 L4 5,0 6
25 100 16 18 0,8 6,5
200 18 7.5 8,5
500 45 25
5 6 0.8
13 2,5
5 7,5 0,5 1,4
10 10,5 15 2,5
5
50 20 12 16 4
50 18 8,5
100 18 25 7,5 0,8 12
200 45 25
1 6 13 0,8
2 2.5 0.5 1.2
100 5 7,5 18 2
10 12 4.5
20 14 5 0,8 5.5
1 6 1.2
2,5 '
2 7.5 0.5 2
160 5 12 18 5 4,5
) 14 5 . 6
20 i8 7.5 0,8 8.5
K50-16
20 4 2 0,6
30 13
50 & 2.5 0.8
6.3 100 1.5 15 0,5 17
200 10,5 13 2.3
500 12 16 5 4
*
10 Nog 2 0.6
13
20 0,8
30 6 2,5
50 18 0,5 1.2
100 13 2,3
10 10,5
200 15 5 2,5
500 12 £18 4,5
2000 18 26 7 5 0.8 19
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PasMepel, MM

Homn- Homn-
BHaabHOe HaJbLHaA" Maccea,
Banpaxe- | eMKOCTh, He Gonee
nue, B MK<D D H A d
5 4 2 0.6
;g 6 13 0.8
- 2.5 0,5
30 7,5 1,4
16 50 15 1,7
100 10,5 13 23
200 12 16 5 4
500 14 18 6
1000 16 26 0,8 8
2000 18 45 7.5 25
2 4 2 0,6
5 6 13 0,8
10
. 0,5 e
20 14
05 30 7.5 15 2,5 1,7
50 10,5 13 2,3
100 12 16 4
200 16 18 6.5
500 26 12
1000 18 A5 7.5 0.8 25
2 4 2 0.6
5 6 13 2.5 9.5 0.8
10 7.5 ’ ! 1.4
20 10,5 2.3
50 50 12 18 5 4,6
100 16 8
200 18 26 7.5 0,8 12
500 21 45 ' 35
0.5 4 2 0.6
1 13
25 0,5 0,8
2 —
5 7.5 1,7
100 10 10,5 15 2,5
20 12 4,5
30 14 18 5 0,8 6
50 16 26 7,5 8
1 6 18 2, 1,2
e 5 0,5
2 7.5 - 1.7
5 10,5 13 ] 2.5
160 10 14 5
I 0,8
20 18 8 7.5 8.5
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K50-6, K50-718
(L 00HOHANDABAEHHBIMU
nepecmxobumi Beibodamu)

H

K50-6, K50-16

PasMmeprl, MM
Homuuanbuoe | HoMuHanbuas ' Macca, I,
HanpaXeHue, eMKOCTh,
B MED D_ H A ne Gojee
K50-6

2000 24 10 40
10 4000 30 15 13 60
2000 26 10 55
16 4000 30 60 13 70
1000 45 60
2000 | 30 60 70

25 13
4000 34 78 120
500 30 45 80
1000 60 70

0 13
2000 34 78 120

K50-16

16 5000 24 45 13 40
2000 24 45 40
25 5000 30 60 13 70
10 000 34 87 . 150
1000 26 53
S0 2000 30 60 70




IIpunoxenue 5

[TapameTpsI MOTYIPOBOTHUKOBBIX CTAOMIUTPOHOB

]]pene.ﬂbm,le JHAYCHHA 3navenns mapaMeTpoB
napamerpoB npa T=25"C npn T=25"C Tcovax
Tan (T,)
npudopa Ucn.nan. hpu Praxe. | Uon. Fem. 3ch. | L.

y p— MUH | max 107 \mun |max | °C

B mA mBt | g | g |om| %'cC IZE
2c130m1 | 30 | 30 | 50 |28 [32 (180 -75 [025 (167 125
KC133A [ 33 | 100 | 300 (29736365 | -11 [30 |81 | 125
KC133r [ 33 | 50 | 125 | 3 |36 (150| -10 |10 [375] 125
2C133A | 33 | 100 | 300 (297 (36365 | -11 |30 |81 | 125
2C1336 [ 33 | 100 | 100 | 3 |37 65| -10 [30 |30 | 125
2C133B | 33 | 50 | 125 |31 3515 -10 |10 (375 125
2C1330 [ 33 | 50 | 125 | 3 |36 |150| -10 |10 [375] 125
2c133al [ 33 | 30 | 50 |31 |35 180 -75 (025|152 125
2C136J11 | 36 | 30 | 50 |34 [38 180 -70 (025 (13,9 125
KCI139A [ 39 | 100 | 300 35142960 | -10 [30 |70 | 125
KC139T [ 39 | 50 | 125 |35 |43 150 | 1,0 | 32 | 125
2CI139A | 39 | 100 | 300 |[3,51 (42960 | -10 |30 | 70 | 125
2C1396 [ 39 | 100 | 100 |35 43|60 | -10 [30 |26 | 125
2C139M1 | 39 | 30 | 50 |37 |41 180 -65 025|128 125
2C14301 | 43 | 30 | S0 | 4 |46 [180| -60 025|116/ 125
KC147A | 47 | 100 | 300 [423 51756 [9..10 | 3,0 | 58 | 125
KCl47T | 47 | 50 | 125 |42 |52 [150| 70 | 10 [265 125
2C147A | 47 | 100 | 300 [423 (51756 [9..10 |30 | 58 | 125
2C1476 | 47 | 100 | 100 |41 |52 |56 [-8.42 |30 |21 | 125
2C147B | 47 | 50 | 125 |45 |49 [150| 70 |10 265 125
12C1470 | 47 | 50 | 125 |42 |52 [150| 70 | 10 (265 125
12C147Y1 | 47 | 30 | 50 |42 |52 (220 80 |10 10,6 125
[12C147T1 | 47 | 30 | 50 |44 |49 (220 80 |10 [10,6 | 125
2C147T9 | 47 | 30 | 200 |44 |49 (220 80 |10 |38 | 125
2C151T1 | 51 | 30 | 50 |48 |54 180 -6.3 |10 | 10 | 125
IKCIS6A | 56 | 100 | 300 [504 616 46 | 50 |30 | 55 | 125
KCIS6T | 56 | 50 | 125 | 5 |62 (100 70 |10 [224 ] 125
2C1S6A | 56 | 100 | 300 504 (616|46 | +50 |30 |55 | 125
2C1566 | 56 | 100 | 100 | 5 [64 [45 | 4.7 |30 |18 | 125
2C156B | 56 | 50 | 125 |53 59 (100 50 |10 [224 | 125
2C1s6r | 56 | 50 | 125 | 5 |62 (100 70 |10 |[224| 125
2C156Y1 | 56 | 30 | S50 |5 |62 [160| 4.6 |10 | 9 | 125
2C156T1 | 56 | 30 | 50 |53 [59[160| 4.6 |10 | 9 | 125
2C156T9 | 56 | 30 | 200 |53 |59 [160| 4.6 |10 | 34 | 125
2C1560 | 56 | 50 | 125 |53 59 (30| 40 |10 |20 | 125
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IIpeneanHble 3HAMEHASA
napamerpoB npu T=25 C

3HaYeHNs] NapaMeTPOB
npu 7=25 C

TKM(IX

Ilprﬁggpa Ucn.nos. npu Pase. | Ucn. Fem. am, (1)
Lo nom. mun | max Mun | max
B mA mBt | B ITOm %/C lil—

KCc162a | 62 | 100 | 300 |58 |66 |35 | -60 [30 |50 | 100
KCl62B | 62 | 100 | 150 |58 |66 | - | -60 |30 |22 | 100
pcie2a | 62 | 100 | 150 [5.66 676 |35 | 60 |30 |22 | 125
Ccl626l | 62 | 30 | 21 [589|651[15| 60 |10 |34 | 85
2C162B1 | 62 | 3.0 | 21 [558|682(25 | 60 |10 |34 | 85
[KC168A | 68 | 100 | 300 |6.12 748 | 7 | =60 [30 | 45 | 125
KC168B | 68 | 100 | 150 |63 |73 |28 | £50 |30 | 20 | 100
2C168A | 68 | 100 | 300 |6.12 748 |28 | 60 [30 | 45 | 125
Clese | 68 | 100 | 100 |6 |75 [15] 70 |30 |15 | 125
C168B | 68 | 100 | 150 [624 738 |28 | 50 [30 | 20 | 125
2C168K1 | 68 | 05 | 20 646714200 S50 |01 [294]| 125
[2C168k9 | 68 | 05 | 200 |6467.14[200 50 |01 |27 | 125
2cl6sx | 68 | 05 | 20 |65 |71 (200] 50 |05 | 3 | 125
KC170A | 7.0 | 100 [ 150 |6.43[7.59 20 | 1.0 |30 |20 | 100
[2C170A | 7.0 | 100 | 150 643 (759 |18 | £1.0 | 3,0 | 20 | 125
[KC175A | 75 | 50 | 150 682821 |16 | =40 |30 | 18 | 100
KC17sK | 75 | 05 | 125 [71 |79 |40 | 70 |05 |17 | 125
Kci7s.p | 75 | 05 | 125 [ 7.1 |79 [200| 65 |01 |17 | 125
pc17sA | 75 | 50 | 150 [682 (821 |16 | x40 |30 | 18 | 125
pci7sk | 75 | 40 | 150 |71 |79 |20 | 70 |05 |20 | 125
2C175K1 | 75 | 05 | 20 |7.13|7.88 (200 65 |01 (266 125
pci7sx | 75 | 05 | 20 |71 |79 (20| 65 |01 [265] 125
c17stt | 75 | 05 | 125 |71 |79 (200 65 |01 |17 | 125
pci7si | 75 | o0l | 20 |71 |79 (80| 60 |0.05[2.65| 85
2c180A | 80 | 50 | 125 | 7 |85 |8 | 70 [30 |15 | 125
KC182A | 82 | 50 | 150 |76 |88 |14 | - |30 |17 | 100
[KC182K | 82 | 40 | 125 |74 | 9 [40 | 80 |05 |15 | 125
[KC1821T | 82 | 05 | 125 |78 |86 (200 7.0 |01 |15 | 125
[KC182ri1 | 82 | 01 | 20 |78 |86 (820 65 [005]25 | 85
[2c182A | 82 | 50 | 150 749 (895|114 | 40 |30 | 17 | 125
2C182K | 82 | 40 | 150 |78 |87 |40 | 80 |05 | I8 | 125
[2C182K1 | 82 | 05 | 20 7,79 861 (220| 7.5 |01 |244] 125
pcig2x | 82 | 05 | 20 |78 |86 (200] 75 |05 |25 125
pcig2p | 82 | 05 | 125 |78 |86 (200 7.0 |01 |15 | 125
2crooa | 90 | 50 | 125 | 8 |95 12| 80 |30 |13 | 125
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[TapameTpsl OUMONAPHBIX TPAH3UCTOPOB

[Tpunoxxenue 6

Haumen | tun | Ugo(m) | Uewo(n), | limax(u), MA | Pamax(t) | Moy | leeo, MKA | Tp,
OBaHHE ,B B , B MI'11
KT501A | p-n-p| 15 15 300(500) 0.35 20-60 = Zg
KT501b 15 15 300(500) 0.35 | 40-120 = 2
KT501B 15 15 300(500) 0.35 80-240 = =
KT501T 30 30 300(500) 0.35 20-60 = =
KT501]1 30 30 300(500) 0.35 | 40-120 = =
KT501E 30 30 300(500) 0.35 80-240 = =
KT501K 45 45 300(500) 0.35 20-60 %1 2
KT501U1 45 45 300(500) 0.35 | 40-120 £ 25
KT501K 45 45 300(500) 0.35 | 80-240 1 g
KT501J1 60 60 300(500) 0.35 20-60 = 25
KT501M 60 60 300(500) 0.35 | 40-120 = 25
KT502A | p-n-p | 40 25 150(350) 0.35 | 40-120 = 2350
KT502b 40 25 150(350) 0.35 | 80-240 =1 2350
KT502B 60 40 150(350) 0.35 | 40-120 1 2350
KT502T 60 40 150(350) 0.35 | 80-240 < 2350
KT502]] 80 60 150(350) 0.35 | 40-120 = 2350
KT502E 90 80 150(350) 0.35 | 40-120 = 2350
KT503A | n-p-n| 40 25 150(350) 0.35 | 40-120 =1 2350
KT503b 40 25 150(350) 0.35 | 80-240 = 2350
KT503B 60 40 150(350) 0.35 | 40-120 = 2350
KT503T 60 40 150(350) 0.35 | 80-240 =1 2350
KT503/1 80 60 150(350) 0.35 | 40-120 =1 2350
KT503E 100 80 150(350) 0.35 | 40-120 = 2350
KT504A | n-p-n | 400 350 1000(2000) 1(10) | 15-100 | Z100 | 290
KT504b 250 200 1000(2000) 1(10) | 15-100 | =100 | 290
KT504B 300 275 1000(2000) 1(10) | 15-100 | Z100 | 290
KT505A | p-n-p | 300 300 1000(2000) 1(10) | 25-140 | Z100 | 290
KT505b 250 250 1000(2000) 1(10) | 25-140 | Z100 | 290
KT506A | n-p-n | 800 800 2000(5000) | 0.8(10) | 30-150 | =1000 | =10
KT506b 600 600 2000(5000) | 0.8(10) | 30-150 | =1000 | Z10
KT801A | n-p-n| 80 80 2000 (5) 15-50 | 10000 | 210
KT801b 60 60 2000 (5) 30-150 | 10000 | =10
KT802A 150 130 5000 (50) 215 | Z60000 | 210
KT803A 60 (80) 10000 (60) 10-70 | Z5000 | 220
KT807A 100 100 500 (1500) (10) 15-45 | Z5000 | 35
KT807b 100 100 500 (1500) (10) | 30-100 | Z5000 | =5
KT809A 400 400 | 3000 (5000) (40) | 15-100 | Z3g090 | 351
KT812A 700 700 | 8000 (12000) |  (50) 2y %5000 | =3
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500

£5000

KT812b 500 | 8000 (12000) |  (50) =) 3
KT812B 300 300 | 8000 (12000) |  (50) 210 5000 | 23
KT814A | p-n-p | 40 25 1500 (3000) | 1(10) | 40-275 %50 23
KT814b 50 40 1500 (3000) | 1(10) | 40-275 | =g 23
KT814B 70 60 1500 (3000) | 1(10) | 40-275 %50 23
KT814T 100 80 1500 (3000) | 1(10) | 30-275 | =g 23
KT815A | n-p-n| 40 30 1500 (3000) | 1(10) | 40-275 %50 23
KT815b 50 45 1500 (3000) | 1(10) | 40-275 %50 23
KT815B 70 65 1500 (3000) | 1(10) | 40-275 %50 23
KT815T 100 85 1500 (3000) | 1(10) | 30-275 | =g 23
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IIpunoxxenue 7

ToHKONJIEHOYHBIE PE3UCTOPBI VISl IKCITYyaTAlMH NPH MOBBILIEHHOW TeMIepaType cpeabl
C2-33 - pe3ucTopsl TOCTOSHHBIE  HEMPOBOJOYHBIE  OOLIETO  NMPUMEHEHUS
BCCKIIMMATHYCCKOTO HCHU30JIMPOBAHHOI'O BapHWaHTa HUCIIOJIHCHUA, MMPECAHA3HAYCHBI 1JIA pa6OTI)I B

QJICKTPUYCCKHUX LCIAX ITOCTOAHHOTO, IEPEMECHHOI'O TOKOB U B UMITYJIbCHOM PCKUME.

I'aGaputHblie pasmepsbl

- e - oD
Bun pesucropa ["aGaputHbie pa3Mepsl U AOMYCTUMBIE Macca, 1, He
OTKJIOHCHHS, MM Ooree

L, ne I D, ue 6onee d

Oonee
C2-33-0,125 6,0 20+3 2,2 0,6 £0,1 0,15
C2-33-0,25 7,0 3,0 0,25
C2-33-0,5 10,2 25+3 4,2 0,8 £0,1 1,0
C2-33-1,0 13,0 6,7 2,0
C2-33-2,0 18,5 8,8 3,5

OcHoBHbIE TeXHHYECKHE XapPAKTePUCTHKHU

Temnepatypusiii ko3 dunuent conpotubiienus (TKC) pe3sucTopoB 10KEH COOTBETCTBOBATH
3HAYCHUSIM, YCTAHOBJICHHBIM B HIDKECIIEIYIOIIEH TaOIuIIe.

Jlomyckaembie TKCx10° 1/ °C, ne Gornee, B quamnaszone I'pynina mo TKC
OTKJIOHEHUS TEeMIIEPaTyp
COIPOTHUBJICHHUS, Y0 20 no 200°C oT muHyc 60 110
20°C
+1; £2 + 100 + 300 B
+1; £2 + 250 + 500 I
+5; £10 + 500 + 500 Pl
+5; £10 + 1000 + 1500 XK
+ 1000
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HomuHuan conpoTuBieHus: pe3ucTopoB B KypcoBoii pabote BeiOupaeTcs u3 psina E-24

Bup peszucropa HomunaneHas [Ipenensr [IpenenbHoe pabouee
MOIIIHOCTh HOMMHAJIbHBIX HanpspkeHue, B
paccesiHus, Bt COIIPOTUBIICHUH

C2-33-0,125 0,125 1 Om - 3,01 MOm 200

C2-33-0,25 0,25 1 Om - 5,11 MOm 250

C2-33-0,5 0,5 0,1 Om - 5,11 MOM 350

C2-33-1 1 1 Om - 22,0 MOm 500

C2-33-2 2 1 Om - 22,0 MOm 750
XapaKTepuCTUKHU En. 3HaueHnune

U3M.

[MapanTupoBaHHas cTaOUIBHOCTH B TEUEHUE % +5; +10

MUHHUMaJIbHOU HapaboTku 20000 u. mpu

HOMUHAJILHOM Harpyske (He 6oiee):

YpoBeHb 1IIyMoB MkB/B 1,5,10

Jomyckaemoe OTKIIOHEHHE OT HOMUHAJIbHOTO % +1,0; £2,0; £5,0; =10

CONPOTHBIICHUS

[IpomexxyTouHBIE 3HAYEHUS 0 pAxy % +1,0; £2,0

HOMMHAJIBHBIX COMPOTUBICHUN IS E96

JOTTYCKA€MBbIX OTKJIOHEHHI: 0 pAxy +5,0; £10

E24
JlnanazoH pabouux TeMIeparyp °C oT munyc 60 mo + 200
CpOoK COXpaHIEeMOCTH JIeT 25
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[Tpunoxxenue 8

[Tapametpsl nHTErpanbHbIx cradbunuzaropos KP142EH

VYcnosHoe Amnanor TTapameTpsl

0603HaquHe UBLIX. UBLIX. UBI:.IX. | BBIX. UBX. KHeCT. KHeCT-
HOM* MUH. Makc* MakKc* Makc* Harp. TOKa

B B B A B MaKc. MaKxc.

%/B %/A

KP142EHSA 5.0 4.9 5.1 15 15 0.05 1.33
KP142EHSb 6.0 5.88 6.12 15 15 0.05 1.33
KP142EH5B 7805 5.0 4.82 5.18 2.0 15 0.05 1.33
KP142EHST 7806 6.0 5.79 6.21 2.0 15 0.05 1.33
KP142EHSA 9.0 8.73 9.27 15 35 0.05 1.0
KP142EH8b 12.0 11.64 12.36 15 35 0.05 1.0
KP142EHSB 15.0 14.55 15.45 15 35 0.05 1.0
KP142EHST 7809 9.0 8.64 9.36 1.0 30 0.1 1.5
KP142EHS]] 7812 12.0 11.52 12.48 1.0 30 0.1 1.5
KP142EHSE 7815 15.0 14.4 15.6 1.0 30 0.1 1.5
KP142EH9A 20.0 19.6 20.4 15 40 0.05 0.67
KP142EH9b 24.0 23.52 24.48 15 40 0.05 0.67
KP142EH9B 27.0 26.46 27.54 15 40 0.05 0.67
KP142EHOT" 7820 20.0 194 20.6 1.0 35 0.1 1.5
KP142EH9/] 7824 24.0 23.28 24.72 1.0 35 0.1 1.5
KP142EH9E 7827 27.0 26.19 27.81 1.0 35 0.1 1.5

2.3 CTpyKTypa KypcoBoii padoThl (MpoeKTa):

- TUTYJIbHBIHN JIUCT;

- coZiepKaHHUE;

- BBE/ICHUE;

- OCHOBHasI YacCTh;

- 3aKJII0YCHHE;

- CIIMCOK UCIOJIb30BaHHOM JTUTEPATYPHhI;

- IPUJIOKECHHUSL.

2.4 TpeooBanusi K 0(popMIIEeHHIO KYPCOBOT'0 MPOEKTA.

CrtpaHunbl TeKCTa padOTHI JOJDKHBI cOOTBETCTBOBaTh opmary A4 I'OCT 9327. Tekcr
JOJIKeH OBITh BBIMIOJIHEH C MCIOJIh30BaHUEM KOMIIBIOTEPA U IPUHTEPA HA OJHOW CTOPOHE JIMCTA
Oenmoit Oymaru uepe3 MOJMYTOpHBIA MHTepBal. L[Ber mpudTa HOKEH OBITH YEPHBIM, BHICOTA
OykB, nudp U APYrux 3HAKOB JOJDKHA COCTaBIATh 14 myHKTOB (Kerib 14), ¢opmartupoBaHue
TEKCTa MO IIMPUHE, 3aroJOBKOB — IO HEHTpy. [Ipu ucCnonp30BaHMU TEKCTOBOTO penakTopa
Microsoft Word pexomenyeTcss HCIOIb30BaTh CTAaHIAPTHYIO TapHUTYpy mpudra Times New
Roman. Tekcr cnenyer neyararb, cOOII01as ClIeIyIOIMIUE pa3Mephl MOJIeH: JeBoe — 3 cM, paBoe
— 1,5 oM, Bepxuee — 2 cM, HIKHee — 2 cM. AOG3anHbIi oteTyn — 1,25 cm. YceiaoBHbIe Tpadudeckue
0003HaYeHHsI B DIIEKTPHUUECKUX CXeMaX JIOJDKHBI OTBeYatTh JeicTByromuM TpeboBanusm ECKJI.
B koHie paboThl yKa3bIBAIOTCS HCIOJIb30BaHHBIE YYEOHMKHM U ydueOHbIE MOcoOws,
WCIOJIb30BAHHBIE [T BHITIOJIHEHUSI KYpCOBOM PabOTHI.

[IpoexT gomkeH OBITH MOANKCAH C YKa3aHUEM JaThl €€ OKOHYAHUSI.

Hcxonnple nanHble BEHIOMPAIOTCS HA OCHOBAaHUU HOMEpa BapHaHTa (10 MepBOil U BTOPOM
nudpe BapuaHTa), BEIIAHHOTO MPETo1aBaTeIIeM.
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2.5 Kputepuu oneHku:

Ne Kpurepuu onenku Makc. Gamn
1 coOJII0ZICHHE CPOKOB CIIAYM MPOCKTA S)
2 | mpaBWIBHOCTH O()OPMIICHHUS IPOCKTA 3)
3 | rpaMOTHOCTH CTPYKTYPUPOBAHUS IPOCKTA 5
4 | HAIMYMe WUTIOCTPUPYIOMIET0(pacyeTHOT0) MaTepuaia 5)
5 | ucnosp30BaHKME COBPEMEHHOH JIMTEPATYPHI 5
6 MICII0JIb30BaHUE 3apyOEKHOM JINTEPATYPHI 5
7 AKTYaJIbHOCTh TEMBbI 5
8 cOaJIaHCUPOBAHHOCTD Pa3JIeIOB MPOEKTA 5)
9 | mpaBmibHas GpopMyaHpOBKA TIeNeH 1 3a71a4 10
10 | cooTBeTCTBHE COJIEpIKAHHS 3asBICHHON TeMe 10
11 | mpakTuyeckasi 3HAUUMOCTb PE3YJIbTaTOB 10
12 | creneHb CAaMOCTOSITEIILHOCTH BBITIOJTHCHHS 10
13 | HajgW4YMe DIIEMEHTOB HAYYHOTO UCCIICIOBAHHUS 10
14 | ymeHue nokna/ipIBaTh pe3yJIbTaTh 10

NTOI'O: 100

2.6 PexoMeH10BaHHAsI JINTEpaTypa.
2.6.1 OcHoBaHa MTeparypa:

1. MunogzopoB O.B. Dnexrponuka [Tekcr]: YueObnux mis By3oB / O.B. MumoB3opos,
N.I'. TlaakoB. — 3-e u3m., crep. — M.: Beicm. mik., 2006. 288 c.: ui.

2. Homoxwmos, O.Il. Dnekrponnka u cxemorexumka. B 2 1. T.1 [Tekcr] / O.IL
Hogoxwunos. — M.: M3narensctBo FOpaiit, 2015. — 382 c.

3. Hosoxwuno, O.Il. Dnekrponmka u cxemorexuuka. B 2 1. T.2 [Tekcr] / O.IL
Hogoxwunos. — M.: U3narensctBo FOpaiit, 2015. —421 c.

2.6.2 JlonosHUTENbHAS JIUTEPATYpA:

1. JlTaunn B.U. Dnekrponuka: yuaed. mocodbue [Tekcr] /B.W. Jlaunn, H.C. CaBenos. — 13 n.
7-¢. — PoctoB u//l.: ®ennxc, 2002. — 576 c.

3. METOAUYECKHUE PEKOMEHJIALUHA 110
CAMOCTOATEJBHOMY U3YYEHHUIO BOITPOCOB

3.1 Pe3ucropbl HeJHHeHHbIE NOJYNPOBOAHMKOBBIE: TEPMHUCTOPbI, BAPHCTOPHI,
(oTope3ncTopbl, MATHUTOPE3UCTOPHI. Y CI0BHBbIE rpauyeckue 0003HAYEHHUS Pe3UCTOPOB.
Kiuacenpukanus u cucreMa ycJ0BHBIX 0003HaYeHHU I MOJIyNIPOBOJIHUKOBBIX PUOOPOB.

[Ipn wu3ydyeHuu Bompoca HEOOXOIUMO OOpaTHTh BHHMaHHE Ha CIEIYIOIINe
OCOOCHHOCTH.
K uenunetinvim pe3uctopaM OTHOCSATCS BapHCTOPBI, TEH30PE3UCTOPHI, (HOTOPE3UCTOPHI,

MarHeTOPE3UCTOPhI, TEPMOPEIUCTOPHI H JIP.

Bapucmop (aurm. vari(able)(resi)stor mepeMeHHBIAPE3UCTOP) TOTYITPOBOTHUKOBBINA pe3n
CTOD, JEKTPUYECKOE COMPOTHUBIICHHE (TMPOBOJMMOCTH) KOTOPOTO HEIWHEHHO 3aBUCHUT OT
MPUJIOKEHHOTO HAMPSDKEHHSI, TO €CTh OONAMalomui  HETMHEHHOW CHMMETPUYHOU BOJIBT-
aMITEpHOW XapaKTEPUCTUKON ¥ MMEIOIHii 1Ba BbiBoAa. O0IaaeT CBOWCTBOM PE3KO YMEHBIIIATh
CBO€ comnpoTuBicHUe ¢ eauuuil I'Om 10 aecsiTkoB OM MpH YBETHUYCHUN MPHUIOKEHHOTO K HEMY
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HaNpsOKEHHUS BBIIIE TIOPOTOBOM BeNWYMHBEL [Ipu manbpHeWIIeM yBEIMYCHHM HAampspKEHUS
COIPOTHUBIICHUE YMEHBIIAETCs eué cuibHee. biaronaps oTCyTCTBHIO COPOBOXKAAIONINX TOKOB
OpU  CKA4KOOOpa3sHOM HM3MEHEHUHM TPHIIOKEHHOTO HAINPSDKEHHS, BapUCTOPHI  SBIISIOTCS
OCHOBHBIM 3JIEMEHTOM JJIsl IPOU3BO/ICTBA YCTPOICTB 3alIUTHI OT UMITYIbCHBIX TIEPEHAIPSKEHUI
(Y3UID).

W3zroraBnuBaroT BapHUCTOPHI CIICKaHHEM IpY TEMIIEPAType OKOJIO
1700 °C noxynpoBoJHMKA TMPEUMYIIECTBEHHO IMOPOLIKOOOpa3Horo kapoOuma kpemHuus SiC
WM okcua nuHKa ZnO, M CBSA3YIOIIETrO BEmeCcTBa (TIIMHA, KHUIKOE CTEKIIO, JJAKH, CMOJIBI U . ).
Jlanee mOBEpXHOCTH MOJYYCHHOTO JIEMEHTa METALTH3UPYIOT U IPUTIIANBAIOT K HEHl BHIBOJIBL.

KOHCTpYKTHBHO BapUCTOPHI BHITIOIHSIOTCS OOBIYHO B BUIE AUCKOB, TAOJIETOK, CTEP)KHEH;
CYIIECTBYIOT OyCHHKOBBIE M TUIEHOUYHBIE BapucTophl. Llupokoe pacmpocTpaHeHWE MOTYUHITN
CTEp>KHEBBIE MOJICTPOCYHBIE BAPUCTOPHI C TIOJBMKHBIM KOHTAKTOM.

HenmnHelHOCTh XapakTepUCTHK BapUCTOPOB OOYCIIOBJICHA JIOKAIHHBIM HArpeBOM
COTIPUKACAIONINXCS ~ TpaHel  MHOTOYHCICHHBIX  KPUCTAJUIOB  KapOuaa  KpeMHUS (HiH
WHOTO TOJYNPOBOAHUKA). IIpy JTOKaIHHOM MOBBIIEHUH TEMIIEPATYPhl HA TPAHHUIIAX KPHCTAIIIOB
COTIPOTHUBJICHUE TIOCIEJAHUX CYIMIECTBEHHO CHI)KAETCS, YTO TPUBOJUT K YMEHBIICHUIO
00IIEero COMPOTHBIICHHS BAPHUCTOPOB.

TemmepatypabIiit K03()GOUITMEHT COMTPOTHBIICHHUS BAPUCTOPA - OTPUIIATEIbHAS BEINIHHA.

Hu3koBobTHBIE BapUCTOPBI U3rOTABIMBAIOT Ha pabouee HampsikeHue oT 3 10 200 B u
ToK 0T 0,1 MA 10 1 A; BBICOKOBOJIbTHBIE BapUCTOPHI - HA pabouee HanpsikeHue 10 20 kB.

BapucTopbl IpUMEHSFOTCS U CTAa0MITN3aIlul U PETYITMPOBAHUS HU3KOYACTOTHBIX TOKOB
Y HalpsDKEHHUH, B aHAJIOTOBBIX BBIYHMCIIMTEINSX - UTSI BO3BE/ICHUS B CTETICHb, N3BJIICUCHHSI KOPHEH
U JIpYyTMX MaTeMaTU4YeCKUX JeMCTBHMIM, B LEMAX 3alIUThl OT MEpEHANpPsDKEHUH (Hampumep,
BBICOKOBOJIbTHBIE JIMHUHU JIEKTPOIEPEIaut, JIUHUM CBSI3H, MEKTPUUECKHE TPUOOPHI) U Ap.

BBICOKOBOJIBTHBIE ~ BapUCTOPbl  NMPUMEHSAIOTCS  JUISL  M3TOTOBJIEHUS OTpaHUYMTENEH
HepeHanpsKeHU .

Kak »1meKkTpoHHBIE KOMIIOHEHTBI, BapUCTOPbl JEIIEBbl W HAAEKHBL, CIIOCOOHBI
BbI/IEP’KUBATh 3HAUUTEIIbHBIE HJIEKTPUUYECKHUE NIEPErPy3KU, MOTYT pabOTaTh Ha BBICOKON 4acTOTe
(mo 500 kI'm). Cpemu HEZOCTATKOB - 3HAYUTEIbHBIM HHU3KOYACTOTHBIM IIyM M CTApEHUE -
U3MEHEHHE TapaMeTPOB CO BPEMEHEM U IIPU KOJIEOAHUSX TeMIepaTyphl.

Tepmopesucmop — TOIYNPOBOJHUKOBBIA HPUOOP, 3JIEKTPUYECKOE COINPOTHBIICHHE
KOTOPOI'O U3MEHSIETCS] B 3aBUCUMOCTH OT €ro TEMIEepaTyphl.

Tepmopesuctop 0611 n300peTén Camrosnem Pyoenom B 1930 romy.

TepMOpe3uCTOpbl M3rOTABIMBAIOTCS U3 MAaTEpHAJIOB C  BBICOKUM TEMIIEPATypPHBIM
koapunmentom conportuBieHus (TKC), kotopbiii 00bBIYHO Ha TOPSAOKKA BBIIIE, YEM
TKC meTamioB 1 METaJUIMYECKUX CILIABOB.

Pe3ucTUBHBIN  3IEMEHT TEpPMOPE3UCTOpPAa  U3TOTABIMBAIOT  METOJOM IOPOLIKOBOM
METaJUTYpIHM U3 OKCHJIOB, FaJIOTEHUJIOB, XaJIbKOTEHUIOB HEKOTOPbIX METAJUIOB, B Pa3IM4YHOM
KOHCTPYKTUBHOM HCIOJIHEHHH, HallpUMep B BUJE CTEpKHEH, TPYyOOK, AMCKOB, 11aid, OYCHHOK,
TOHKHUX IUIACTHHOK, U pa3Mepamu oT 1—10 MUKpPOMETPOB /10 HECKOJIBKUX CAHTUMETPOB.

ITo Tumy 3aBUCUMOCTH CONPOTHUBIIEHHS OT TEMIIEPATyphl pa3INyaloT TEPMOPE3UCTOPHI C
oTpuuarenbHbiM  (TepMuctopsl mwin  NTC-tepmucropel, oT cioB «Negative temperature
coefficienty) u mnosoxxutenpHbIM (TI03ucTOpBl WM PTC-Tepmuctopsl, ot cioB  «Positive
temperature coefficient»)TemneparypusiM kosdduimentom conpotusienus (mmm TKC). [lns
MO3UCTOPOB - C POCTOM TEMIIEPaTypbl pPACTET HUX CONPOTHUBIEHHE; Ui TEPMHCTOPOB —
YBEJTMUEHUH TeMIepaTypbl IPUBOJUT K MaJEHUIO UX CONIPOTHBIICHHUS.
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https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D0%BD%D1%82%D0%B8%D0%BC%D0%B5%D1%82%D1%80
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B3%D0%BE_%D1%81%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F

Tepmopesucropsl ¢ orpunareabHbiM TKC (TepMHCTOpBI) H3TrOTOBISIOT M3 CMECU
MOJIMKPUCTATMUECKUX OKCHJIOB MEePEeX0IHbIX MeTauioB (Hampumep, MnO, CoOx, NiO u CuO),
nonynposoxanko trma A'"' BY, crexmoo6pasHbIx, TernpoBaHHbIX MOMynpoBoaHikoB (Ge i Si),
U IPYrUX MaTepuaios.

VYcioBHO TEPMOPE3UCTOPBI KJIacCU(UIUPYIOT Kak HU3KOTEMIIEpaTypHbIE
(npenHasHaueHHble sl paboThl mpu Temneparypax Huxke 170 K), cpenneremneparyphbsie (OT
170 no 510 K) u Bwicoxoremmeparypubie (Boimie 570 K). BoimyckaroTcst TepMOpE3UCTOPSI,
npeAHa3HavYeHHbIe 17151 padboThl npu Temiepatypax ot 900 go 1300 K.

Tepmope3ucTopsl criocoOHbl paboTaTh B Pa3IMYHBIX KIMMATUYECKUX YCIOBHUSX M IPH
3HAUYUTENIbHBIX MEXaHMYeCKHX Harpy3kax. OJIHako, C TEYEHHEM BpPEMEHHU, MPH KECTKUX
YCIOBUSAX €ro AKCIUTyaTalluH, HampuUMep, TEPMOLUKIMPOBAHUH, MPOUCXOIUT HU3MEHEHUE €ro
HCXOJIHBIX TEPMOAICKTPHUUECKUX XapPAKTEPUCTUK, TAKUX KaK:

. HOMUHANBHOTO (TipHt 25 °C) 37EKTPUIECKOTO COTPOTUBIICHUS;

. TEMIEPATYPHOTO KOAIPPUIIMEHTA COPOTUBIICHUS.

Takxe cCynecTByloT KOMOWHHUPOBAHHbIE NPUOOPBI, TAaKHE KaK TEPMOPE3UCTOPHI C
KOCBEHHBIM HarpeBoM. B 3Tux mpubopax B OJHOM KOPIYCE COBMEILEHBI TEPMOPEZUCTOP C
raJIbBAHUYECKH H30JMPOBAHHBIM HAarpeBaTEIbHBIM  AJIEMEHTOM, 3a/al0Lero TeMIepaTrypy
TEPMOpE3UCTOpa, M, COOTBETCTBEHHO, €ro comnpoTuBiieHHWe. Takue npubOpH MOTYT
UCIIOJIb30BATbCA B  KAauecTBE IIEPEMEHHOTO PEe3HCTOpa, YIPaBISIEMOIrO  HaIpPsLKEHUEM,
MIPUJIOKEHHBIM K HarpeBaTeJIbHOMY 3JIEMEHTY TaKOTO TEPMOPE3UCTOPA.

Pexxum paGoThl TEPMOPE3UCTOPOB 3aBHCHT OT BBIOpAaHHON pabodveil TOYKM Ha BOJIBT-
amriepHoit xapakrepuctuku (i BAX) Takoro mpubopa. B cBorw ouepens BAX 3aBucut ot
MPHJIOKEHHOM K MpUOOpy TeMIepaTyphl U KOHCTPYKTUBHBIX 0COOCHHOCTEN TepMOpE3nCTOpa.

Tepmope3uctopel ¢ paboueil TOUKOW BBICTABJICHHOW Ha JMHEHHOM y4acTke BAX
UCIOJIb3YIOTCSL Ul KOHTPOJIA 3a HM3MEHEHHEeM TeMIIepaTypbl M KOMIIEHCAllUUd MapaMeTpoB
(arexTpuUecKOoe HAMPSHKCHUE MITH JICKTPUUECKUHA TOK) 3JIEKTPUYECKUX IICTeH, BO3HUKIINX
BCJICJICTBUE M3MEHECHHS TeMIIepaTyphl. TepMOpe3ncTOpsl ¢ paboyeil TOUKOW BBICTABJICHHOUW Ha
HucxozsameMm ydactke BAX (¢ «oTpuIaTeNbHBIM  CONPOTHUBICHUEMY») MPHUMEHSIIOTCS B
KauyecTBE MYCKOBBIX peJie, pelie BPEMEHHU, B CHCTEMaxX H3MEPEHUS U KOHTPOJIS MOIIHOCTHU
AJIEKTPOMArHUTHOTO M3JIy4eHHs] Ha CBEpXBbICOKMX yacTtoTax (nian CBY), cucremax TemaoBoro
KOHTPOJIS U TMOKApHOW CUTHAJIW3allid, B YCTAHOBKAaX PEryJMPOBAHUS pPAcXola KUIKUX H
CBIITYYUX CpEeJ.

HaubGonee mmpoko UCHONB3YIOTCS CpeAHETEMIIEpaTypHbIE TEPMOPE3IUCTOPHI  (C
temrneparypueiM  TKC ot —2,4 1o —8,4 %/K), paborarouue B IIUPOKOM JUANa30HE
conpotuneHuit (ot 1 g0 10° Om).

Taxk ke CylIecTBYIOT TePMOPE3UCTOPHI ¢ HEOOIBIIUM MOJIOKUTEIBHBIM TEMIIEPATyPHBIM
koadpunmentom comporuBieHus (ot 0,5 mo 0,7 %/K) BblmosHEeHHBIE HA OCHOBE KPEMHHS,
COMPOTHBIIEHUE KOTOPBIX M3MEHSETCS IO 3aKOHY Onu3KkoMy K JuHedHomy. Takwue
TEPMOPE3UCTOPHl  HAXOAAT NPUMEHEHHE B CHUCTEMAaX OXJAXIEHUS M TeMIepaTypHOU
CTaOMIIM3AIUU PEKUMOB paObOThI TPAH3UCTOPOB B PA3IMYHBIX PAIMOAIEKTPOHHBIX CUCTEMAX.

Domopesucmop — NOTYNPOBOTHUKOBBIN pudop, W3MEHSIOIIUN BEJIUYUHY
CBOETO CONPOTHUBIICHUS MPH 0OTYyYEHUN CBETOM.

s u3rotoBneHuss (POTOPE3UCTOPOB HCHOIB3YIOT MOTYMPOBOJIHUKOBBIE MaTEPHATBI C
LIMPUHOW 3aIlPEUIEHHON 30HBI, ONTUMAJIbHOM I pemaeMor 3anadd. Tak, Ui perucrpauuu
BHUJIUMOTO CBETa HCMONB3YIOTCA (OTOPE3UCTOPHI M3 CeleHu A U cynbduaa kaamus, Se. s
peructpanuu HHPPAKPACHOTO H3IYYEHHUs HUCHOJB3YIOTCS G€ (YUCThI WU  JIETUPOBAHHBIIM
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https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D0%BD%D0%B8%D0%BA%D0%B5%D0%BB%D1%8F(II)
https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D1%81%D0%B8%D0%B4_%D0%BC%D0%B5%D0%B4%D0%B8(II)
https://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D0%B3%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D1%80%D0%BC%D0%B0%D0%BD%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B5%D0%BC%D0%BD%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B4%D1%83%D1%81_%D0%A6%D0%B5%D0%BB%D1%8C%D1%81%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D0%BB%D1%8F%D1%86%D0%B8%D1%8F_(%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%82%D0%B5%D1%85%D0%BD%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%83%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%D1%8B%D0%B5_%D0%BF%D1%80%D0%B8%D0%B1%D0%BE%D1%80%D1%8B
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%81%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%83%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%BF%D1%80%D0%B5%D1%89%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D0%B7%D0%BE%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B4_%D0%BA%D0%B0%D0%B4%D0%BC%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%BB%D1%8C%D1%84%D0%B8%D0%B4_%D0%BA%D0%B0%D0%B4%D0%BC%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%BB%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D1%80%D0%BC%D0%B0%D0%BD%D0%B8%D0%B9

npumecsmu Au, Cu mu Zn), Si, PbS, PbSe, PbTe, InSh, InAs, HgCdTe, yacto oxiaxaaeMbie 10
HU3KUX TeMmreparyp. llodympoBOIHMK HAHOCAT B BHJEC TOHKOTO CJOS Ha CTEKISHHYIO
WA KBapIEBYIO TOJUIOKKY MIJIM BBIPE3AIOT B BUJE TOHKOM IUIACTHHKH M3 MOHOKpucTaiuia. Croit
WINA TUIACTUHKY TOJYIPOBOJHUKA CHA0XKAIOT IBYMS 3JEKTPOJAMH M TOMEIIAIOT B 3alUTHBINA
KOpIIyC.

Baxueiimue mapamerpsl POTOPE3UCTOPOB:

. UHMe2PANbHAsL 4Y8CMBUMENbHOCMb — OTHOLIEHUE W3MEHEHHs HalpsHKEHUS Ha
€IMHUIY MOUTHOCTH MAJAI0ONIeT0 M3JydeHus (Ipd HOMUHAIBHOM 3HAYCHHH HATPSHKCHHS
MUTaHUA);

. nopoe YY8CMEUmMenbHOCmu - BEJIMYMHA MUHUMAJIEHOTO CUTHAaJA,
perucTpupyeMoro GoTope3ucTopoM, OTHECEHHAS K €IMHUIIE MTOJIOCHI pab0YnX YacToT.

Tenzopesucmop (0T nat. teNsSUS — HanpsHKEHHBIA U J1aT. FeSiSt0 — COMPOTHBIISAIOCH) —
PE3UCTOP, COMPOTHBIICHHE KOTOPOTO M3MEHSETCS B 3aBUCUMOCTH OT  €ro Jie()OpMaIuy.
TeH30pe3ucTopbl HUCMONB3YIOTCS B TeH30MeTpud. C  TOMOIIBI0 TEH30PE3UCTOPOB MOXKHO
U3MEpATh JAehopMaIiil MEXaHNYECKH CBS3aHHBIX C HUMH DJIEMEHTOB. TEH30pE3UCTOP SBISECTCS
OCHOBHOHM COCTAaBHOW YacCThIO TEH30JaTYMKOB, MPUMEHSIOIUXCS [UII KOCBEHHOTO HM3MEPEHUS
CHJTBI, IaBJICHHS, BECA, MEXaHMUECKUX HANPSHKCHUH, KPYTAIINX MOMEHTOB U TIp.

Maenemoconpomuenenue (MAarHUTOPE3UCTUBHBIN 3()(EKT) - H3MEHEHUE DICKTPUICCKOTO
COTIPOTHBJICHUS MaTe€pHaia B MarHUTHOM Tojie. BmepBeie 3ddexT Obul  oOHapyKeH
B1856 Yumesimom TomcoHom. B oOmiem cirydyae MOXHO TOBOPHTH O JTFOOOM W3MEHEHHH TOKa
gepe3 o0pasell Mpu TOM K€ NMPUI0KEHHOM HaNpsDKeHWH W U3MEHEHWH MarHUTHOTO Tojs. Bcee
BEIECTBA B TOM WMJIM MHOIM Mepe 00J1aal0T MarHeTOCONpPOTHBIEHUEM. i1 CBEpXIIPOBOHUKOB,
CHOCOOHBIX 0€3 COMPOTHUBIEHUS IPOBOJAUTH IEKTPUUYECKHI TOK, CYHIECTBYET KPUTHUECKOE
MarHUTHOE T0Je, KOTOpoe pa3pylaeT 3TOT 3PQEKT M BEHIECTBO MEPEXOJUT B HOPMAJIBHOE
COCTOSIHME, B KOTOpPOM HaOJ0/IaeTcs CONMPOTHUBIICHHE. B HOpMallbHBIX MeTaax 3(PQeKT
MarHeToCONpPOTHUBIICHUSI BbIpaXkeH ciiabee. B mosynmpoBoJHUKAaX OTHOCUTENHFHOE H3MEHEHHE
conpoTtusiieHuss MoxkeT ObITh B 100—10 000 pa3 Gosbie, yeM B MeTaIax, U MOXKET JOCTHTaTh
COTEH ThICAY MPOIICHTOB.

MarsaeroconpoTrBI€HUE BEIIECTBA 3aBUCUT M OT OPUEHTAIMH 00pa3lia OTHOCHUTEIHHO
MarHuTHOTO MOJIS. DTO CBSI3aHO C TEM, YTO MAarHUTHOE I0JIe HE W3MEHSIET MPOEKIHUI0 CKOPOCTH
YacTUIl Ha HalpaBJIeHWE MAarHUTHOro ToJs, HO Ornaroaaps cuie JlopeHia 3akpyduBaeT
TPACKTOPUHU B IUIOCKOCTH, MEPHEHAUKYISIPHON MAarHUTHOMY IOJI0. DTO OOBACHAET, MOYEMY
MOTNEpeYHOe NoJie AeUCTBYET CUIIbHEE MTPOOJILHOTO.

YcaoBHble rpaduyeckne 0003HaYeHHs Pe3MCTOPOB
PCSI/ICTOP TIOCTOAHHOTO COIPOTHUBJIEHUS C OJTHUM
CUMMETPUYIHBIM BBIBOJOM

PCSI/ICTOP TIOCTOAHHOTO COITPOTHUBJIEHUS C OJTHUM
HECUMMETPUYIHBIM BBIBOAOM

LIynt n3mepuTenbHbIIA

PesucTop nepeMeHHOro CONpPOTHBIICHUS

PesucTop mepeMEHHOro CONPOTHUBIICHUS IIPH PEOCTaTHOM
BKJIIOYCHUH

PesucTop mepeMEHHOro CONPOTUBIICHUS IIPH PEOCTaTHOM
BKJIIOYCHUH C HEJTMHEWHBIM PEryInpOBaHUEM

RN
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https://ru.wikipedia.org/wiki/Au
https://ru.wikipedia.org/wiki/Cu
https://ru.wikipedia.org/wiki/Zn
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B5%D0%BC%D0%BD%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%BB%D1%8C%D1%84%D0%B8%D0%B4_%D1%81%D0%B2%D0%B8%D0%BD%D1%86%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B4_%D1%81%D0%B2%D0%B8%D0%BD%D1%86%D0%B0(II)
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BB%D0%BB%D1%83%D1%80%D0%B8%D0%B4_%D1%81%D0%B2%D0%B8%D0%BD%D1%86%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D1%82%D0%B8%D0%BC%D0%BE%D0%BD%D0%B8%D0%B4_%D0%B8%D0%BD%D0%B4%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%90%D1%80%D1%81%D0%B5%D0%BD%D0%B8%D0%B4_%D0%B8%D0%BD%D0%B4%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B5%D0%BA%D0%BB%D0%BE
https://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D1%80%D1%86
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BD%D0%BE%D0%BA%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BD%D0%B0%D0%BF%D1%80%D1%8F%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%89%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0

Pe3I/ICTOp NEPEMECHHOI0 COIMPOTUBJICHUA C NOIOJHUTCIbHBIMU
BBIBOJaAMH

Pe3ucrop noactpoeunslit

PC3I/ICTOp HOZ[CTpOC‘IHLIfI B PCOCTaTHOM BKJIFOUCHUU

Ten3zope3ucTop TUHEHHBIN

TeHn3ope3ncTop HeITUHEHHBIN

Tepmope3ucTop TPSMOro MOAOTPEBa C  IIOJOKHUTEIBHBIM
TeMIiepaTypHbIM K03 (HUIEeHTOM

SR o

—
L]

TepmopesucTop npsMOro IOAOIPEBa C OTPUIATEILHBIM
TeMIiepaTypHbIM K03(h(HUIIEHTOM

8

TepMope3HCTop KOCBCHHOI'O IOJA0IpeBa

—
]

3

Bapucrop

L

Knaccudukanusi coBpeMEHHBIX NOJTYPOBOIHUKOBBIX Auo0B (I1/1) mo ux HazHaueHH1o,
(U3HYECKUM  CBOWCTBaM, OCHOBHBIM  JJICKTPUYECKHM  IapaMmeTrpaM, KOHCTPYKTHBHO-
TEXHOJIOTHYECKUM TIPU3HAKAM, HCXOJHOMY TIOJYIIPOBOJHUKOBOMY MaTepuaay HaxXOJUT
OTpaKEHHE B CHCTEME YCIOBHBIX 0003HaueHMH 11008 B cootBeTcTBHH ¢ 'OCT 20859.1-89.

[TepBorit anemenT (umdpa uau OykBa) 0003HAYAET WCXOIHBIA IMOJTYMPOBOIHUKOBBIN
Marepuana, BTopod (OykBa) — monkiacc mpuOopoB, TpeTuilt (udpa) — OCHOBHBIE
(YHKIIMOHATBHBIE BO3MOXXHOCTH TPHOOpa, YETBEPTHIH — YUCIIO0, 0003HAYAIOIICEe MOPSIKOBBINA
HOMEp pa3pabOTKH, MATHIA JIIEMEHT — OyKBa, YCJIOBHO OIpEACNSonas KiacCHu(pUKAIIIO
(pa3OpakoBKy Mo mapaMeTpam) IpuOOPOB, U3TOTOBJICHHBIX TI0 €IMHON TEXHOJIOTHH.

Jli1s 0003HAYECHUS UCXOOHO20 NOJYNPOBOOHUKOBO20 MAMEPUAa UCTIONb3YIOTCS CIEAYIONINe
CUMBOJIBI:

I', wnu 1 — repmaHuii Wi €ro COeAMHEHUS;

K, nnu 2 — KkpeMHuUl Ui €ro COeAMHEHUS;

A, unmm 3 — coeTMHEHHNS TaJlJIN,

U, unmm 4 — coenuHeHNUs UHIUS.

Jliist 0603HaYEHUS OOKIACCO8 OU0008 UCTIONBb3YeTCsl OJ[HA U3 CICAYIONUX OYKB:

J1 — 1o bl BRIMPSMUTENbHBIC U UMITYJIbCHBIE,

L — BoIIpSIMHUTENBHBIE CTOJIOBI U OJIOKU;

B — Bapukarnsi;

W — TyHHEBbHBIC TUOIBI,

A — CBEpXBBICOKOYACTOTHBIE TUOIbI;

C — cTaOUIUTPOHBI;

I' — reneparopsl myma;

JI — u3ny4aromue onToIEKTPOHHbBIE TPUOOPHL;

O — onrronapsl.

s 0603HaueHuss Hanboliee XapaKTEPHBIX HKCIUTyaTAl[MOHHBIX MPHU3HAKOB MPHOOPOB (KX
(YHKIIMOHATBHBIX BO3MOKHOCTEH) UCTIONB3YIOTCS CIEAYIOUINE [H(PHI.

J[uoowt (nooknacc /]):

1 — BRIIPSMHUTETBHBIE JUObI C TIOCTOSIHHBIM WU CPETHUM 3HAYEHHUEM TIPSIMOTO

ToKa He Ooiee 0,3 4;

2 — BBINIPSIMUTENBHBIE TUOJIbI C TOCTOSIHHBIM WJIH CPEHUM 3HAUYEHUEM MPSMOTO
toka 0osee 0,3 4, Ho He cBbie 10 A4;

4 — UMIyTbCHBIE TUOJIBI C BPEMEHEM BOCCTAHOBJICHUS 0OPaTHOTO
conpotuiieHus 6onee 500 wc;
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5 — UMITYJIbCHBIE JMO/IBI C BpEMEHEM BoccTaHoBJIeHus 6osee 150 xe, HO He
csbire 500 we;

6 — UMITyIbCHBIE OBl C BpeMeHeM BoccTanoBienus 30...150 xe;

{ — UMITYJIbCHBIE IUOJbI C BpEMEHEM BoccTaHOBiIEeHUs 5...30 He;

8 — UMITyJIbCHBIE TMO/IbI C BpEMEHEM BOCCTaHOBJIeHUs 1...5 He;

9 — ummynbCcHBIE TUOABI ¢ 3()()EKTUBHBIM BPEMEHEM KU3HU HEOCHOBHBIX
HOCHUTEJeH 3apsiia Menee 1 xHe.

Buinpsamumenvnvie cmonbdwvl u 6a10xu (nooknacc 1):

1 — cTonOBI C MOCTOSTHHBIM WJIM CPETHUM 3HAYCHUEM MPSIMOTO TOKa He Oojiee
0,3 4,

2 — cToN0BI ¢ TOCTOSIHHBIM WJIM CPEAHUM 3HaueHHeM mpsiMoro Toka 0,3...10 4;

3 — OJIOKH C MOCTOSIHHBIM WJIM CPEAHUM 3HAa4YeHUEeM npsiMoro toka 0,3 4;

4 — ONOKM C TMIOCTOSIHHBIM WJIM CPEAHUM 3HaueHueM npsimoro Toka 0,3...10 4.

Bapuxanwr (nooxknacc B):

1 — mocTpOCUHBIE BapHUKAIIbI;

2 — YMHOKHTEJIHHBIC BAPUKAIIBI;

Tynuenvuvie 0uoowt (nooknacc 1):

1 — ycUITUTENIbHBIC TYHHEIBHBIC TUO/TBI,

2 — reHepaToOPHbIC TYHHEIbHBIC JTHOJIbI;

3 — mepexToYaTeTbHbIC TYHHEIBHBIC OB,

4 — oOpareHHbIe TUOIBI.

Csepxevicokouacmomuule 0Uo0bl (nookaacc A):

1 — cMecuTeIbHBIE THOJIBI;

2 — IeTEKTOPHBIE JTNOJIBI;

3 — yCWIIHTEeIbHBIC JTO/IBI;

4 — mapamMeTpU4eCKue AUO/IbI;

5 — MepeKIoYaTeIbHble U OTPAHUYUTENbHBIE OB,

6 — YMHOKUTENbHBIE U HAJICTPOCUHBIE TUO/IbI;

7 — TeHEepaTOPHBIC TUOJIBI;

8 — UMIYJIbCHBIE TUOMBI.

Cmabunumponst (nooknacc C):

1 — cTabunuTpoHsl MOIIHOCTHIO He Goiee 0,3 Bm ¢ HOMUHATIBHBIM
HarpspDKeHueM cradmnmu3anuu mernee 10 B;

2 — CTaOMIIUTPOHBI MOIIHOCTRIO He Oosiee 0,3 Bm ¢ HOMUHAIBHBIM
HanpsbkenueM cradmnu3anuu 10...100 B,

3 — CTaOMIUTPOHBI MOIIHOCTHIO He Oosiee 0,3 Bm ¢ HOMHUHATBHBIM
HarnpsbkeHueM cradunu3anuu 6osee 100 B,

4 — cTaOMIUTPOHBI MONITHOCTHIO HE Oojiee 0,3...5 Bm ¢ HOMUHAIBHBIM
HarnpsbkeHueM ctabunusanuu menee 10 B,

5 - crabunutponsl MoutHocTh0 0,3...5 Bm ¢ HOMUHAIBHBIM
HanpspbkenueM crabmnu3anuu 10...100 B,

6 - crabunutponsl MoutHocThi0 0,3...5 Bm ¢ HOMUHATBHBIM
HarnpsbKkeHueM cradunu3anuu 6osee 100 B,

7 — cTaOMIIUTPOHBI MOIIHOCTHIO 5...10 Bm ¢ HOMHUHATBHBIM
HamnpsbkeHueM ctabunmusanuu menee 10 B,

8 — cTaOMIUTPOHBI MOIIHOCTHIO 5...10 Bm ¢ HOMMHATBEHBIM
HanpspkeHneM ctabunuzanuu 10...100 B;

9 — cTaGUIUTPOHBI MOIIHOCTHIO 5...10 Bm ¢ HOMMHATEHBIM
HampsbkeHueM ctabunmzamuu 6onee 100 B.

I'enepamopul wiyma (nooknacc I):

1 — HU3KOYACTOTHBIE TEHEPATOPHI IITyMa;

2 — BBICOKOYACTOTHBIE T€HEPATOPHI IIIyMa.
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IIpumepsb! 0003HaYeHNsA TPUOOPOB:
2 4 2 04 8

I'pynna npuGopa

Topankoseiit HoMep
pa3paboTku

XapakTepHrie
3KCIUIYaTaLMOHHBIE
MpH3HAKH

[Toaxnace npubopa

Hcxonuslit
NOJYIPOBOAHHKOBEIA MAaTepHAl

2J][204B — xpeMHUEBBIH BBITPAMUTEIbHBIM U0 C TOCTOSIHHBIM U CPEJAHUM 3HAUYE€HHUEM
toka 0,3...10 4, Homep pa3paboTku 04, rpymma B.

KC6204 — xpemHueBwIii cTabumuTpoH wmomHOCThI0 0,5...5 Bm, ¢ HOMHHaJIBHBIM
HarpspbkeHueM cradunuzanuu 6osiee 100 B, Homep pazpabotku 20, rpymnma A.
3U309K — apceHnIOoraljueBblii MEpeKIIoYaTeNIbHbI TYHHEIbHBIM JHOJ, HOMEp

paspabotku 09, rpynma XK.

3.2 TexHoJs10rHsl U3rOTOBJICHHS IMO0B: TOYEYHbIE, IIJIOCKOCTHbIE, 1H(PPy3nOHHBIE.
Bpicoko4yacTOTHBIE M UMITYJIbCHBIE TUOABI.

JUis moJsiydyeHHs TPOCTEWIIero TOYEYHOro Juoja OepyT IUIACTUHKY MeTauia C
MPUKPEIIEHHBIM K HEH BBHIBOJAOM M K HEH NPUBAPUBAIOT KPHUCTALT IOJIYIMPOBOJTHHUKA
AJIEKTPOHHOTO THUMA MPOBOJMMOCTH. DTOT KPUCTAUT HA3bIBAIOT 0a30i mauona. 3atem OepyT
METAJUIMYECKYI0 UIJTy C NMPUCOEAUHEHHBIM K HEM BBIBOJOM, M3rOTaBIMBAEMYIO, HAIPUMED, U3
BoJib(hpama, 30510Ta, OEPUILINEBOM OPOH3BI, HA KOTOPYIO HAaHECEH JICTUPYIONINI MaTepual, u eé
OCTpBI KOHYMK YIUPAIOT B KpUCTAI 0a3bl JUO0Ja Tak, YTOObl Urja Oblaa moAnpykuHeHa. B
Ka4yeCcTBE JICTMPYIONIEr0 MaTepuajga YacTO HCIHOJB3YIOT aJllOMMHUNA W WHIuWA. Bce wactu
Oyaymiero auoja TMOMEIIEHBl B KOPIIYC, KOTOPBIM, HampuMep, MOXET ObITh MaJIeHbKHM
CTEKJISIHHBIM OaJIJIOHOM, M3 KOTOPOTO OTKauaH Bo3ayX. Jlajmee ocyimiecTBisioT (OPMOBKY, TO
€CTh MECTHOE HarpeBaHME y4acTKa MEXKJY MIJI0N U MOJYNPOBOAHUKOBOM IUIACTUHOW JUIS TOTO,
yTOOBl Ha HEOOJBIION IUIOIIAAN MX MaTepuaibl Apyr B japyra auddysauposanu. ns storo
yepe3 A0 B MPSMOM M OOpaTHOM HANpaBIICHUSX MPOIYCKAIOT KOPOTKHWE UMITYJIbCHI C CHIION
TOKa OKoJo 1 A, 4YTo BO MHOro pa3 MPEBBIIAET MAKCUMAJIbHBIA TNOCTOSHHBIA TOK
M3TrOTaBJIMBAEMOr0 TOYEYHOIO auoaa. MaTtepuas akuenToOpHOW NPUMECH, KOTOPbIA HaXOIWUJICS
HAa Wrjie, U TOT, M3 KOTOPOrO OHA COCTOsIA, AUPPYHIUPYIOT Ha HEOOJBUIOW MMOYTH
nosycepudyeckuii yyacTok B 0a3y auona, oOpa3ys mepexoj. Todeunsle nuonsl Onaromaps
HEOOJBIION TUIOIMIAU IEKTPOHHO-IBIPOYHOTO Nepexoa 00bIYHO 00J1aat0T MajIoi EMKOCTHIO,
a, CJIeI0BaTEeIbHO, MOTYT PabOTaTh Ha BBICOKOM 4acTOTE, HE Tepsisi CBOWCTBAa OJHOCTOPOHHEM
npoBoauMocTd. OAHAKO Malias IJIOIIAb IEPEX0Aa HE MO3BOJISET NPOIYCKaTh Yepe3 TOUEUHbIN
101 O0NbIIIKE IPSIMbIE TOKU 0€3 pa3pyllieHns KOMIIOHEHTA.

Jlis  W3roTOBJIEHHS IUIOCKOCTHOTO auoja OepyT 0a3y Auoja SIIEKTPOHHOIO THIIA
MIPOBOJIMMOCTH U KJIAJIyT HA HEE MOJIYIPOBOIHUKOBYIO IUTACTUHY, KOTOPAsl MO3KE CTAHET UTPaTh
POJIb aKLIENTOPHOM MpuMecHu. 3aTeM uX HarpeBaroT npumepHo Ao 450 °C ... 550 °C B Bakyywme,
OTYETr0 MaTepHuajl akuenTopHod mnpumecu updyHaupyer B 0azy Oyaymero auoja.
[TomyueHHBI ANEKTPOHHO-IBIPOYHBIN Tepexoa Oyder o0nagarh OONBIIONW IUIOMIANBI0 U
CYLIECTBEHHOW €MKOCTBIO. biaronaps Tomy, 4To MJIowmaab MIIOCKOCTHOTO IMO/A BEIHMKA, YEPE3
HEro MOKHO MPOMYCKaTh BeCbMa OOJIBIION TOK B MPSMOM BKJIIOYEHHH, OJHAKO HauOObIIas
4acToTa, Ha KOTOPOH TaKO# MO/ MOXKET COXPaHATh Pab0TOCIIOCOOHOCTD, OyIET HU3KOH.
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3.3 TexHoJiorusi HM3rOTOBJEHHMS OHIOJSIPHBIX TPAaH3UCTOPOB. PexmMbl padoThl
OMIOISIPHBIX TPAH3MCTOPOB. TexHOJIOrMA HM3rOTOBJEHHMS TMOJEBbIX TPaH3MCTOPOB.
OcHoBHbBIE CXeMbl KOMMYTallil THPHCTOPOB.

OcCHOBOI M3rOTOBJIEHUSI OUIIOJIIPHBIX TPAaH3UCTOPOB SBJISIETCS KPEMHUEBas IUIACTHHA,
IMaMeTp KOTOpPOM Ha OOJBIIMHCTBE CETOAHSAIIHUX (HaOpUK, HCIONB3YIOMIHUX COBPEMEHHBIC
TexHoJjoruu, coctaisier 20 cMm. bimxkailiiuM marom Ha ee NpeBpalleHUH B YUIIbI CTAHOBUTCS
MIPOLIECC OKHCIICHUS €€ MOBEPXHOCTH, TIOKPHITHS €€ TUICHKOW OKHCIIOB — Si02, sBisromencs
MIPEKPACHBIM H30JISTOPOM U 3aIIUTON MOBEPXHOCTH IUIACTUHBI IIPU JIUTOTpaduu.

Jlanpiie Ha IUIACTUHY HAHOCUTCS €HI€ OJWH 3alllUTHBIM CIOW, HA JTOT pa3 —
CBETOUYBCTBUTENIbHBII, M MPOUCXOIUT OJIHA U3 KIIOUEBbIX OINEpaluid — yJajJeHue B
OTIPE/IENIEHHBIX MECTaX HEHYXHBIX Y4aCTKOB €r0 U IJIEHKU OKHCIIOB C NOBEPXHOCTHU IJIACTHHBI,
70 0OHa)KEHUS YUCTOTO KPEMHHUS, C TIOMOIIBIO oTonuTorpaduu.

Ha nepBoM »sranme mnyacTUHY C HAHECEHHOM Ha €€ TMOBEPXHOCTh IUIEHKOW
CBETOUYBCTBUTEJIBHOTO CJIOSI TOMEIIAIOT B YCTAaHOBKY AKCIOHHPOBAHUS, KOTOpas IO CYTH
pabortaer kak (oToyBennuuTeNnb. B KauecTBe HeraruBa 37€Ch HCIOJIB3YETCS MpPELU3HOHHAs
Macka — KBaJpaTHasl IJIaCTHMHA KBaplIEBOIO CTEKJIAa IOKpbITas IUIEHKOW Xpoma TaM, TJie
TpeOyeTcst. XpOMUPOBAaHHBIE U OTKPBITBIE YYacTKM OOpa3yloT H300pa’)k€HHE OJHOTO Clos
onHoro uuna B Macmrabe 1:5. Ilo cmenmaneHbIM 3HaKaMm, 3apaHee c(OPMHPOBAHHBIM Ha
MOBEPXHOCTH IJIACTHHBI, YCTAaHOBKAa AaBTOMAaTHYECKH BBIPABHHMBAET IUIACTHHY, HAcTpauBaeT
(GoKyc U 3acBEYMBAET CBETOUYBCTBUTEJbHBIM CIIOM dYepe3 Macky M CHCTEMY JIMH3 C
YMEHBIIIEHHEM TaK, YTO Ha IJIACTUHE MojydaeTcs h3oOpakeHue Kpuctajuia B macmrabde 1:1.
3areM MJacTUHA CABHUTAETCS, SKCIOHUPYETCS CIENYIOMUNA KPUCTAUI U Tak Janee, MOKa He
oOpaboTatoTcsi Bce uumnbl Ha IuiactuHe. Cama macka Toxke (GopMupyercss (pOTOXMMHYECKUM
CrocoO0M, TOJBKO 3aCBEYMBAHHME CBETOUYBCTBUTEJIBHOIO €O MpU (POPMHUPOBAHMH MAacKH
MIPOUCXOJUT IO IpOrpaMMe 3JIEKTPOHHBIM JIy4OM MPHUMEPHO Takke, KaK B TEJIEBU3MOHHOM
KHHECKOIIE.

B pesynbrare 3acBeYMBaHMS XUMUYECKHUH COCTAB TEX yYaCTKOB CBETOYYBCTBUTEIBHOTO
ClIOSl, KOTOpblE IMOMajaM IOJ Ipo3pauHble oOmacTh (OTOMACKH, MeHseTcs. YTo paer
BO3MOXHOCTb YJAJINTh UX C MOMOIIBIO COOTBETCTBYIOIIUX XUMHUKATOB WM IPYTHX METOJOB,
BPOJIE IUIa3MBbl WM PEHTTEHOBCKUX JTy4YEH.

CEATOYYECTEHTRMLHEIR
caoft
Si0,

Si

sio,

doronmacka

CEETOYYE CTEHT JIEHEIH
CJI0E

si0,

si0,

52



[Tocne dero anamoruyHoi mnpoueaype (yXe C HUCHOJb30BAHUEM JPYrUX BEIIECTB,
pasyMeeTcs) MOJBEpraeTcsi U CJIOW OKHUCIIOB Ha MOBEPXHOCTH IUIACTHHBI. M CHOBa, OMATH XKe,
YK€ HOBBIMH XMMHUKAaTaMH, CHUMAETCSI CBETOUYBCTBUTEIIbHBIN CIIOM:

[ToroM HakiajpIBacTCs CIEAYIOLIAas MAacKa, y)Ke C APYruM IaOJIOHOM, IIOTOM €I OJTHA,
elne,  emie... IMeHHO 3TOT 3Tal MPOM3BOICTBA YHIIA ABJSCTCS KPUTHUSCKHM B IUIAHE ONIMOOK:
100ast MBUIMHKA WJIH MUKPOCKOTIMYCCKHI CIBUT B CTOPOHY IPU HAJOKCHUU OYCPEIHONW MACKH,
U YHIT YK€ MOXKET OTIPaBUThCS Ha CBajiKy. [locie Toro, Kak copMHpPOBaHA CTPYKTypa YHMIIA,
MPUIILTIO BPEMsI JUTSI HU3MEHEHHUSI aTOMHOMN CTPYKTYPbI KPEMHHUS B HEOOXOMMBIX y4acTKax MyTeM
N00aBJICHUST PA3JIUYHBIX TpUMEcei. DTo Tpedyercs s TOro, YTOObI MOJIYYUTH 00JacTH
KPEMHHS C Pa3IMYHBIMK 3JICKTPUUCCKUMHU CBOWCTBAMHM — P-THIIa U N-THUIIA, TO €CTh, KaK pa3 To,
qT0 Tpedyercs Uit co3nanus Tpansucropa. st popmupoBanus p-o0iacTeil HCONb3yOTCS 00D,
TaJTNH, aTFOMUHUH, JUTSI CO3JIaHUs N-00J1acTeld — CypbMa, MBIIIBSK, (Gocdop.

[ToBepXHOCTD ITACTHUHBI THIATEIBHO OYMIIAETCS, YTOOBI BMECTE C MPUMECIMHU B KPEMHU I

50, 510,

Si i

5i0,

50,

HE TIOTIAJIH JINIIHKAE BEUIECTBA, MOCTIEe Yero OHa IMOMaaaeT B KaMepy /IS BBICOKOTeMITepaTypHOu
O6pa6OTKI/I U Ha HCC, B TOM HJIM MHOM arp€raTHoM COCTOSHHH, C UCIIOJIb30BAHUEM HOHHU3AIUN
nin 0e3, HaHOCHUTCA HEOOJIbIIOE KOJWYecTBO Tpedyemblx mnpumeceid. I[locne uero, npu
temneparype mopsaka ot 700 mgo 1400 rpamycoB, mnpoucxomut mpornecc auddysum,
IIPOHUKHOBEHUS TPeOyeMBbIX IEMEHTOB B KPEMHHUI Ha €ro OTKPBITHIX B IpoLecce JUTorpaduu
yyacTkax. B pe3ynpTare Ha NOBEpXHOCTH IUIACTUHBI MOJIYYalOTCS YYAaCTKU C HYKHBIMU
cBoiictBamu. M B KOHIIE 3TOrO 3Tana Ha UX NOBEPXHOCTh HAHOCUTCS BCE Ta )K€ 3aIlUTHAsI MJICHKA
U3 OKHCIIa KPEMHHUSI, TOJIIHMHON NOPsIIKAa OJTHOTO MUKPOHa.

Bce. Ocranoch TONBKO MPOJIOKUTH 1O MOBEPXHOCTH YHIA METAJUIMYECKHUE COEIMHEHUs
(ceroanst uist 3TOM poJid OOBIYHO HMCHOJB3YETCsS ATIOMHUHHUI, a COCAMHEHUS CErogHs OOBIYHO
PacMoJIoKEHbI B 6 CIIOEB), U JIeNI0 caesiaHo. B o0uux yeprax, Tak B pe3yabTaTe U MOJydaeTcs, K
npumepy, knaccuyeckuit MOII TpaH3ucTOp: NMpy HaTUMYKUK HANPSOKEHUS HA 3aTBOPE HAUMHAETCS
MepeMeIeHue JIEKTPOHOB MEX/Ty U3MEHEHHBIMH 00JIacTAMU KpeMHHUSL.[2 ]

510,

Si

5i0,

Cnoco0 KOMMYTallU THUPHUCTOPOB OKa3bIBACT 3HAYHUTCIBHOC BIIMIHUC Ha CBOMCTBA
YCI/IJ'II/ITCJ'ICI\/’I MOIITHOCTH. HpI/I INUTAaHUKM OT HCTOYHHKaA IIOCTOAHHOI'O TOKa OTKIIOYCHHC
TUPUCTOPAa MOXKHO OCYHICCTBUTHL ABYMS crioco0aMH: M3MEHCHHUEM MOJIIPHOCTU HAIPSKCHUA,
MMPUIIOKEHHOTO K TUPUCTOPY, U YMCHBIICHHUEM TOKA TUPUCTOPA OO OIPECACICHHOTO 3HAYCHUS,
Ha3bIBACMOT'O TOKOM OTKJIIOYCHUS. HpaKTI/I‘leCKI/I MOXHO CHHUTATh, YTO TOK OTKIIFOUYCHUSA pPABCH
HYIIIO. HeszaBucumo ot cnoco0a OTKIIOYEHHUS TUPUCTOPA BOCCTAHOBJIICHHUEC CI0 YIPABIIAIONINX
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CBOMCTB 3aHMMAaEeT HEKOTopoe Bpems (25-50 MKcek), B TeUeHHE KOTOPOro TOK M HaIpsHKEHUE B
IIPSIMOM HalIpaBJIEHUHU JOJKHBI ObITh paBHBI HYJIIO.

Hns obecnieueHus] HaleKHONH pabOThI THPUCTOPA CKOPOCTh HApACTaHUS MPSIMOTO
HalpsDKEHHUS M TOKAa HE JOJDKHA IpPEeBbINIaTh JOMYCTUMBIX 3HAYeHWM. AHaJINW3 IPOLECCOB,
XapaKTePHBIX Ul PACCMATPUBAEMBIX CXEM, OOBIYHO MPOBOAMUTCS HPH CIASAYIOUIUX IO YIIEHHUIX:
TUPHUCTOPBI ABJIAIOTCS UJI€ANbHBIMU KIIIOYaMH; BCE UHAYKTUBHOCTH JIMHEWHBI; MAarHUTHBIE CBSI3U
KaTylleK npeHeOpexumMo Maibl. [IpuHInIHaIbHbIE CXEMbI BKIIOYEHHUSI KOMMYTUPYIOILUX 1IeTel
TUPUCTOPOB IIPU BKIIOYEHUH TUPHUCTOPA, KOorjaa KoHjaeHcatop C, IpeIBapUTEIbHO 3apsKEHHbIN
JI0 HaIpsDKEHUS MCTOYHUKA MTUTaHMSL, [T0AKIII0YAETCsl MapajyielbHO TUPUCTOPY.

W3 ux paccMOTpeHMs CleoyeT, 4TO ¢ TOYKH 3PEHMsI IPUEMJIEMbIX IEpEeHANpPsLKEHUN Ha
TUPUCTOPAX 3HAUYCHUSI AOJKHBI ObITh HE BhIle 0,3-0,4. PerynupoBanue npu 3aaHHON Harpy3ke
MOXKET OBITh OCYILECTBICHO MU3MEHEHHUEM €MKOCTH KOMMYTHUPYIOLIEro KoHAeHcaTopa. HikHuit
npenen €MKOCTH 3aBHCUT OT BPEMEHHM BOCCTAHOBJICHMS YIPABISIOLIUX CBONCTB THPUCTOPA.
UToOBl THUPUCTOP HE BKJIIOYMIICS BHOBb, OTPULIATEIbHOE HANpPSHKEHHE Ha HEM JOJDKHO
COXPAHATHCS B TEUYCHUE BPEMEHH.

3.4 PabGora BbIIpAMHTEJEl Ha aKTHUBHYI, AKTHBHO-€eMKOCTHYI0 M AaKTHBHO-
HHIYKTHBHYI0 Harpy3ku. Tpexda3Hble BoIIPAMUTEIH.
PaccmoTpuM Ha npumepe 0JHONIONYEPUOTHON CXEMbI BBIPSMIICHHUS:

VD1
)
£ 1
I:{H
u,, VD2 i Ud
I-H
|t
S

Ul

Udi

Ha PUCYHKEC I/1306p8.)KeHBI Fpa(bI/I‘leCKI/Ie 3aBUCHUMOCTH 1JIsI TOKOB, HaHpH)KeHI/Iﬁ n
MTHOBEHHOM MOIITHOCTH C IENIbIO TOSICHEHUS IIponIeCCOB, IIPOTCKAIOMIUX B CXEMC BBIIIPAMIICHUA.

Ha wunrepBane [ti;ty] momoxkurensupiii morenman ¢aser Uy npooaur auox VDI, npu
LH I L2

9TOM B ApPOCCLIIC LH HAaKaIInBaC€TCAd PCAKTUBHAA SHEPIr'Ud

Ha unrepsaie [tz;t3] VD1 ocraercss OTKPBITBIM H3-3a MOJI0KUTEIBLHOTO TOKA APOCCE U
SHeprusi Jpoccens oTaaercs B UCTOYHUK U; (Takoil pexuM Ha3bIBA€TCS HHBEPTOPHBIM).
[IpoucxoauT 3aTAruBaHUE TOKAa BEHTHIIA. 3ajepkka Ha BeikioueHue VD1 ymeHsbInaer ypoBeHb
BBITIPSIMIIIEMOTO HAMPSKEHHUSI, YBETUIUBAS €70 MyJIbCAIIHH.

JUis MCKITIOYeHUsS BIUSHHUS HMHIYKTHBHOCTH HArpy3ku Ha (opMmy BBIIPSIMIEHHOTO
HampsDKeHUsS TapajuielbHO K Harpy3ke BKJItoyaercs oOpatHelii  nuon  VDj, KOTOpBIif
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oOecrieunBaeT cOpPOC PEAKTUBHON SHEPTHH JpPOCCENss B HArPYy3Ky W TEM CaMbIM HCKIIIOYaeT
OTpPULATENbHBIA BEIOPOC BBIITPSIMIIEHHOTO HANIPSKEHHUSL.

B aByxmomynepuoaHoit ogHO(a3zHOW cxeme pojb 00paTHOro IHOAa UIpacT OAWH U3
AUOO0B BBIIIPAMUTECIIA, KOTOpBIfI BKJIFOYACTCA ICPBLIM.

VD1 XZ L 5 ngm

voz /P, N/ vpa

[Ipn nmonoxutenpHOW NOJMYBOJHE HampsbkeHus Uj; TOK mpoTekaeT Mo KOHTypy: “+7
U—»VD1-L,—»R,—>VD4->7-“ U,.

[Ipenmnonoxum, 4To MpU MPOXOXKACHUM HampsikeHus Ui dyepe3 HOJIb B MOMEHT CMEHBI
MOJISIPHOCTH, TepBbiM Brmtouwmics guoa VD2, Torma cOpoc peakTuBHOM sHEprum OyIeT
ocymecTBiaThes yepe3 VD4 u BxitouenHslit VD2. B BeinpsMieHHOM HamnpspkeHUH He OyneT
MIPUCYTCTBOBATh OTPULIATEIHLHOTO BEIOPOC HANIPSIKEHUS.

AKTHUBHO-€MKOCTHasl Harpy3Ka.

PaccmoTpuM BiMsIHME aKTUBHO-EMKOCTHOM Harpy3ku Ha mpumepe padoTsl 0 JHO(A3HOTO
MOCTOBOTO BBIIPSMUTEIS.

Qpvor A1

o Lo
b2 /\vD4

Ug=Ue

Ha pucynke mpencraBieHsl rpaduyeckue 3aBUCUMOCTH TOKOB M HAaINpPSKEHHH,
MOSICHSIIOLINE TIePEeXOTHbIE TMPOIECCHl B CXEME B MOMEHT MOIKIIOUEHHUS BBIIPAMUTENS K
UCTOYHHKY Uj.

Ha unTepBane t;,, Ui>Uc 1 mpu 3ToM npoucxomur 3apsan emkoctu C criakuparomiero
¢bunbTpa yepe3 BHYTPEHHEE CONPOTHBIIEHUE BBIIPSIMUTENBLHOrO 3BeHa. [Ipu sToMm mosBisercs
OOJIBIIION WMITYJIbCHBIM TOK, 3HadeHUsi kKoToporo B 20...40 pa3 BbIlle YCTaHOBHBIIETOCS
3HAYEHUS! CPEAHEBBIIPSAMICHHOTO TOKAa BEHTWIA. OCOOEHHO STO BBIPAKEHO B HCTOYHHUKAX
nuTaHus ¢ 6ectpancGopMaTOpHBIM BXOJOM. {151 orpaHUYeHHs] 3TOTO TOKA BBOJSAT PE3UCTOPHI,
TEPMOPE3UCTOPHI UM PE3UCTOPHI HIYHTHUPOBAHHBIE YIIPABISEMbIMHU KIIOYaMHU, BHIIIOJIHEHHbIE Ha
CUMHUCTOpaX, THUPUCTOpaX WM JAUHHUCTOpax. KIlouMm TMO3BOJSIOT C y4YEeTOM BpeMEHU
yCTaHOBJICHHSI IEPEXOJHOIO Mpoliecca MPOU3BOIUTH OrPaHUYEHHE TOKA TOJIbKO B MOMEHT ITycKa

0

1,5T
05T T 2T

Uy

I | Tzap |
d - = —:»'—'%
| |
|

ITpa:
L b
N
HCTOYHHKA MTUTAHKsI, CJIeI0BaTENIbHO, MoBbImaroTcs KITJ[ u Hae)KHOCTh BBIMPSIMUATEIIS.

Ha wHTEepBane Tps, KOTJa HaNpsDKCHHE HAa €MKOCTH YPaBHUBACTCS C HANPSDKEHUEM
HCTOYHHMKA, KOHJICHCATOP paspsbkaeTrcss Ha Harpy3ky. C yBelMYeHHEM TOKa Harpys3Ku

YBCIUYHUBACTCA YPOBCHBb MYJIbCAlUW BBIIIPAMIICHHOTO HAIIPSKCHUA HU3- 34 YMCHBIICHUA
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INOCTOSIHHOM Lenu pa3psaaa Tps =RuC. Ilpm 3TOM yXymmaroorcs criiaXuBarolue IeHCTBUs
¢bmibTpa.

JUist TIOJTydeHHs CXeMBI mpex@hazno2o 00OHONOIYNEPUOOHO20 8bINpAMumMens He00X0AUMO
HCIOJIb30BATh BXOJHOW UCTOYHUK CO CXEMOW COEAMHEHUA «3BE34a» U TPU OJIHOTOJIYIIEPUOIHBIX
BBIIPSIMUTEIISA.

P Tp €& , D
B Mo VD
Uy, Vi
C €<= ¢ 3
Ry
1
| S | -—
< i

Cxema Tpex(}a3zHoro oJHOMOTYIEPHUOTHOTO (C HYJI€BOW TOYKOI) M BpeMEHHBIC TUATPAMMBI,
TOSICHSIIOIITHE €TO paboTy

Ananuz BPCMCHHEBIX JUarpaMm II0OKa3bIBa€T, YTO B O3TOM CJIyda€ B TCUCHHUE OAHOI'O
nepruoJa M3MEHEHHs BXOJHOTO HANPsHKEHUS TOCIEA0BATENIBHO MPOBOAAT Tpu auoxa (mo T/3
Kaxpii). CremoBaTenbHO, K JaHHOW CXeMe BBINIPSMUTENS NMPUMEHUMBI TIOJIyYCHHBIC paHee
BBIPpAXKCHMU. B cooTBeTcTBHU € 3THM

3Jau,,

u,,=——"~0827U

Hep 272_ m ¢

U, - ammuntyzna hasHoro HanpsoKeHusl.

Koaddumument mynbcanmii

Una _ 0,25

& =

Hcp
MaxkcumansHOEe O6paTHOC HAIIpsXKCHUE Ha KaXKJIOM IUOAC paBHO aMINNIMTYAC JIMHEHHOTO
HaIps>KCHUA, T.C.

Uy 06p =U,, = \/_3Uqb

Cpennuii TOK 4epe3 AUOJ] paBeH

] . ]HCP

VDep — A
D

K nedocmamxam 3T0# cXeMbl MOKHO OTHECTH:

e Bricokuil ypoBeHb O0OpaTHOTO HamNpsDKEHUs (cpeiHee HampsbkeHue — (asHoe,
o0paTHOe — JIMHEHHOE), YTO HE MO3BOJISIET MCMOJB30BaTh JAHHYIO CXEMY IPU MOBBIIIEHHBIX
YPOBHSIX HaIPSKEHUSL.

e Tok BO BTOpMYHOW Ilenu TpaHcopMaTopa NPOTEKAaET B TEUCHHE OJHOU TpeThbel
YacTH MEpUOJa U UMEET OJJHOCTOPOHHEE HalpaBJIeHHE, YTO YBEIUYMBAET rabapUTHbIE pa3Mephl
TpaHnchopmaropa. [ uCKiItoUeHUs MO IMarHU4YMBaHUs cepJeYHIKa He0OX0JMMO JIeNlaTh 3arac
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[0 HAMArHMYEHHOCTH (yMEHbUIaThb 3HaueHue Bp), 4YTO NPUBOIUT K JONOJHUTEIBHOMY
yBEIMUEHUIO TabapuToB TpaHchopmaTopa. MHorma B cepaeyHUK TpaHchopMaTopa BBOASAT
BO3YILLIHBIN 3a30D.

e bosnee Huszkue KauecTBeHHble Tokazarenu (K , , Kp) 1o cpaBHeHUIO ¢
JBYXIIOJYIIEPUOJHON CXEMOU BBIIIPSIMIICHHUS.

e UHIyKTHBHOCTH paccessHUs TpaHchopmaTopa BIUSET Ha (OPMY BBIIPSMICHHOTO
HaIpsDKEHUS, YTO SIBJISETCS OTPAaHMYEHHEM MO MOIIHOCTU. IIpu 3TOM CHMXKaeTcsi ypoBEHb
BBIIIPSIMIIEHHOTO HAIIPSDKEHUS U BO3PACTAIOT MYJIbCALUH.

e C TOYKM 3peHUS MOHTaXa CXE€Mbl — MCKJIIOUE€HAa BO3MOXHOCTb COEIUHEHUS
BTOPUYHOM LIENU TPEYroJbHUKOM U3 - 32 HYJIEBOI'O BBIBOJA.

Jlocmouncmeamu cXemMbl BHITPSIMIIEHUS SIBIISIOTCA:

e 0osee BBICOKHE TOKHM HAarpy3kd IO CpPaBHEHHUIO C JBYXTaKTHOM cxeMmoil (maible
MIOTEPHU U3-3a TOTO, YTO B pabOTE y4yacTBYET OJUH BEHTWIb B JIIOOOM MOMEHT BPEMEHH).

¢ C TOYKM 3pEHUS MOHTaXa — CYHIECTBYET BO3MOXHOCTb  pa3MELICHUsS
MIOJIYIPOBO/IHUKOB Ha OJTHOM paJHaTope.

Tpexgaznviti 0s8yxnonynepuoonvlil evinpsamumens (cxema JlapmoHOBa) WHBApUAaHTEH K
CXeMe€ COeQUHEHMs] Tpex(pa3HOro MCTOYHMKA BXOJHOTO HANpsDKEHUs («3Be3la» WIH
«TPEYroJIbHUK») U TpeOyeT A MOCTPOEHHUS IIECTH MOJYHPOBOJHUKOBBIX I10/10B. Cxema
TaKOI0 BBIMPSIMUTENSI U BPEMEHHbBIE TMarpaMMbl, OSICHSIONINE €ro padoTy MPUBEAEHBI Ha PUC.
3.5.

B cxeme JlapnoHOoBa nMeeTcsi BO3MOKHOCTh HMCIOJIB30BaTh 00€ MOIYBOJIHBI MUTAOLIETO
Tpex($a3HOro HampsbKeHUs A obOecriedeHHs: TOka B Harpyske. [loaromy BhIIpsMIIEHHOE
HanpspkeHue U, oTindaercsi 0osiee BBICOKMM KaueCTBOM, a MPOJIOJIKUTENBHOCTH MPOBOISIINX
WHTEPBAJIOB I TIOCIIEA0BATENbHO coequHeHHBIX auoanbix nmap (VD1 u VD4; VD3 u VDG6;
VD2 u VDS5) cocrasnsiet T/6.

& |vpy [vps | s
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Cxema Tpex(a3HOro IBYXIOTYIEPHOTHOTO
BBINIPSIMUTEINS. 1 BPEMEHHBIE JIHarpaMMBl, TTOSACHIOMINE ero padoTy
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K nedocmamxkam cXxemMbl MOXKHO OTHECTH:

e bospiioe najgeHyue HanpsHKEHUs HA BHYTPEHHEM COIPOTUBIIEHMM BBIIIPSMUTENS 3a
cueT paboThl IBYX BEHTHJICH, YTO HE TMO3BOJIAET UCIOJIB30BATh CXEMY NP BBHICOKHX 3HAYCHUSAX
TOKA Harpy3KH.

e Hamnuue nByX paguaTopoB Ul AHOJHOM M KATOJIHOMW I'PYIIIL.

Locmouncmeamu cXeMbl BBIIPSIMIICHUS SIBJISIOTCS:

e Bricokoe 3HaueHne KoA(pGUIUEHTA BBHIIPAMICHHUS U Majblii ypOBEHb OOpaTHOTO
HaIpPsDKEHUS, YTO MO3BOJISET UCIOIb30BaTh CXEMY IIPU BHICOKMX YPOBHSIX HAIPSKEHUS.

e Manoe 3HaueHne KOd(pPHULUMEHTA IyJIbCALUN 110 CPABHEHUIO CO CXEMOH C HYJIEBBIM
BBIBOJIOM, YTO YMEHBIIAET rabapyuThl CTIIAKHUBAIOLIETO (PUIIBTpA.

e OtcyrcTBHE OJHOCTOPOHHEN0 HaMarHW4MBAaHUS CEpACYHHMKA TpaHc(popMmaTopa (TOK
BO BTOPUYHOM IIeNH TpaHchopMaTopa — ABYXIOJSPHBIN).

e Xopoumiee HCNONb30BaHHE TpaHcpopmaTopa (TOK BO  BTOPUYHOW  LIEMHU
TpanchopmaTopa npotekaet 2/3 nepuoaa), uro ysenuuubaeT KII/] ycrpoiicTa.

Jannast cxema o0nagaeT BBICOKMM KO3(QUIMEHTOM HCHOJIb30BAHUS MOIIHOCTU
TpaHcopMmaTopa, MaJlbiIM 3HAYEHHEM OOpAaTHOrO HANpPSHKEHUs Ha JUO0JEe, MOBBIIICHHON
4acTOTOM MyJbcaliil BBIIPSMIIEHHOTO HAaIpsDKEHHA. JTa cXeMa IMPUMEHSETCS B LIMPOKOM
JMarna3oHe BBIXOJHBIX MOIIHOCTEH W BBIIPSIMIIEHHBIX HanpspkeHud. CoequHeHHe BTOPUYHOM
00MOTKH TpaHchopMaTopa 3Be3701 MO3BOJISIET N30€KaTh MOSBICHHS YPAaBHUTEIbHBIX TOKOB ITPH
acUMMeTpuH (a3HbIX HAPSHKEHUH.

3.5 VYcuaureiabHble Kackaabl Ha MOJEBbIX TpaH3ucTOpPax. PexmMbl padoThl
YCHUIUTEJILHBIX Kackaa0B. OTHOTAKTHBIE M IBYXTAKTHbIE KaCKa/bl.

J1J1s1 TIOJIEBOTO TPAH3UCTOPA, KaK U ISl OUTIOJISPHOTO, BRIJIEISIOT TPU CXEMbI BKITFOUCHUSI.
JIst TIoJIeBOTO TpaH3HWCTOpa 3TO cXeMmbl ¢ o0muM 3arBopoMm (0O3), obmmm uctokom (OUN) u
o6mmM crokoM (OC). Hanbosree 4acTo MCIOIB3YIOT CXEMBI ¢ 00IIUM UCTOKOM (puc. 1).

id

L

A

+

S-

Uy

Puc. 1. Cxema BKIIFOUECHHS TIOJIEBOTO TpaH3UCTOpa ¢ 00mmmM uctokom (ON)

Tak kak B pabouyem pexmme |z & 0, a 1, 1., BxomHeIMEM XapakTepuCTHKAMH

00bIYHO He ToJb3yroTes. Hanpumep, s Tpansucropa KIT103J1 qist Toka yreuku 3aTBOpa |y,
npu t<85°C BeimosHsiercst ycnosue |, < 2ukA .

3.ym

Boixoonvie (cmokoevie) xapakmepucmuku. BbIXOTHOW  XapaKTEPUCTHKOM

Ha3bIBArOT 3aBUCUMOCTb BHU 1A
IC = f ‘luc Lm=const'
rne f — Hexkotopas pyHKIHS.

[ToneBoli TpaH3UCTOP XapaKTepu3yeTcs CIAEAYIOIUMHU TMpeAeTbHBIMUA IapaMeTpaMu
(cMbICH KOTOPBIX OHATEH U3 0003HaYeHUN): Uc uares Useares Puaxe-
Husa tpanzucropa KIT103JT Uuenae=10 B, Uscpane=15 B, Puac=120 mBm (Bce mnpu
t=85°C).
Cmoxko3ameopHnule Xapakmepucmuku (xapaxkmepucmuxu nepeoauu,
nepeoamounuvle, nepexoomule, npPOXOOHBlE  XAPAKMEPUCHMUK). Croko3aTBOpHOI
XapaKTePUCTUKOW Ha3bIBAIOT 3aBUCUMOCTH BU/IA
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i, =f (IWL _const,

rje f — HekoTopas GpyHKIHsL.

Takue xapaKTepHCTUKU HE JAIOT MPUHIMIIAAIBHO HOBOM MH(pOpPMAIMU 110 CPABHEHUIO C
BBIXOJIHBIMH, HO WHOT/a Oosee ynoOHBI Ui MCIOJIb30BaHMA. JlJIi HEKOTOPBIX TPAH3UCTOPOB
3aJjaeTCcsl MaKCUMaJIbHOE (110 MOJYJII0) JIOMYCTHMOE OTPHUIIATEIBHOE HAPSHKEHHE Us,, HATPHMED,
st pansuctopa 211103/ aTo HanpspKkeHne He TOIHKHO OBITh IO MOAYIT0 Oobie uem 0,5 B.

ITapamempui, xapaxmepu3syroujue c60lcmea MpaH3ucmMopa yCuiueanms HaAnPAMNceHue.

Kpymusna cmoxozameopnoii xapakmepucmuxu S (KpyTU3Ha XapaKTEPUCTUKU IOJIEBOTO
TpaH3UCTOpPA):

U, —3a1aHH0e
u,,=const

o | di
du,

OO6bryHo 3amaercst Uy, =0. Ilpu 3TOM &1 TPaH3UCTOPOB paccMaTpUBAETCS KPYyTH3HA
makcumansHas J{is KIT103J1 S=1,8...3,8 mA/B npu u,.=0, t=20°C.

Buympennee ougghepenyuanvnoe conpomuenenue Ricoug (BHYTPEHHEE CONPOTUBIICHUE)
OTIPENIENISAETCS BRIPAKECHHEM:

du,

dl(. U, —3a1aHHoe
" 'u,, =const

Jius KIT10351 R, & 25 KOM npu 1,210 B, u,,=0.

Kosgppuyuenm ycunenus

uc.oudp

du
M — uc
dum u,, —3aj1aHHOe
i. =const
MO0>XHO OTMETHUTB, YTO
M = S ) Ruc.()ud) .

s KIT103J1 nput S=2 mAIB v Ryc.oup=25 kOm M=2 (mAIB)25 kOm=50.

[IpuHIMIBI yIIpaBieHUs MapaMeTpaMu JIEKTPOHHOTO aKTUBHOIO AJIEMEHTA, 3aJI0’KEHHbIE
B TOJIEBBIX TPAaH3UCTOpPaX, MOTYT OBbITh pealn30BaHbl B 0oJiee CIOKHBIX AJIEKTPOHHBIX
ycrpoiictBax. K TakuM ycTpoiicTBaM MOYKHO OTHECTH AYEHKY HAMAMU HA OCHO8E N0J1e6020
MpPAaH3UCmMopa ¢ U30IUPOBAHHBIM 3ameopom (pnrwi-namams). YCTpoiicTBa QIIAII-TTAMSITH
SBJIIIOTCSI  COBPEMEHHBIMU  OBICTPOJCUCTBYIOIIMMH  MPOTPAMMHUPYEMBIMU  TIOCTOSTHHBIMU
3anomuHaromumMu - ycrpoiictBamu  (ITII13Y) ¢ anekTpuueckoil 3amuchio W AIEKTPUUECKUM
ctupanuem uHpopmarnuu (DCII-I13Y). Dt ycrpolicTBa SBIAIOTCS dHEPrOHE3aBUCHMBIMU, TaK
KaKk MHQpOpMANKA HE CTHPACTCS NPH OTKIIOYCHUHM NMUTaHUs, BhiAepkuBaoT He Menee 100 000
LUKJIOB 3aMTUCH/CTUPAHUSL.

OpHoli W3  pa3HOBUOHOCTEH MPUOOPOB, PpPEATM3YIOIIUX  MPUHIUIBI  MOJEBBIX
TPAH3UCTOPOB, SABIISIIOTCA HOJAYRPOGOOHUKOBblEe npudopvt ¢ 3apadoeou ceéazvio (I13C).
[Tpubopsl ¢ 3apsiIOBOI CBSI3BIO0 UCTIONB3YIOTCS:

. B 3a[IOMHUHAIOLIUX YCTporcTBax DBM;
° B yCTpoWcTBax IMpeoOpa3oBaHHs CBETOBBIX (ONTHYECKUX) CHUTHAJIOB B
ANEKTPUYECKHE.

Pexum A — Takoil pexuM paboThl YCHIUTENBHOTO 3J€MEHTa (TPaH3UCTOpa WM
JaMIbl), B KOTOPOM IIpPHU JIHOOBIX JOMYyCTUMBIX MTHOBEHHBIX 3HAUEHHUSX BXOJHOIO CHUTHala
(HampspKEHUS. UM TOKAa) TOK, MPOTEKAIOLINIM yepe3 yCHIIUTENbHBIN 3JIEMEHT, He npepuleaemcs.
YcunuTenbHbIi 371EMEHT HE BXOJUT B PEXHUM OTCEUKH, HE OTKIIIOYAETCS OT HArpy3Ku, MOITOMY
¢dopma Toka yepe3 Harpy3Ky Oojiee UM MEHEe TOYHO MOBTOPsET BXOAHOH curHaia. B wactHom
cllyyae YCHJIUTENs TapMOHUYECKUX KOoJeOaHUl peskuM A — Takoi pexum, B KOTOPOM TOK depe3
YCUJIMTENBHBIN 3JIEMEHT MPOTEKaeT B TEUEHHE BCEro MEePHOa, TO €CTh YroJl IPOBOJIUMOCTH 2@,
pasen 360°.
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Bonee xEcTkue onpeneneHuss OroBapuBarOT HE TOJIBKO HENOIYCTUMOCTb OTCEUKH, HO U
HEJOIMYCTUMOCTh HACBILLEHUS (OrPaHUMYEHUS MAKCHUMAJIBHOTO TOKAa) YCHJIMTEIBHOTO 3JIEMEHTA.
Ilo onmpenenenuto M. A. bonu-bpyeBuua, «pexxuM A XxapakTepu3yercs TEM, YTO NP JECHCTBUU
curHasia pabodass TOYKAa HE BBIXOJUT 3a MpeNesbl MPAKTUYECKU TMPSMOJMHEHHOTO YydacTKa
JUHAMHYECKON XapaKTEepUCTUKU JlaMibl. [Ipy 3TOM HenuHeWHble UCKa)KeHHWsS MUHHUMAJIbHbBI, HO
kodpduuuent mosnesnoro geiictBus  (KIIJ) Kkackama oOKka3pIBaeTCsl HU3KHM» — H3-32
HEOOXOJIMMOCTH TPOITyCKAaTh Yepe3 YCHIMTEIbHBIM JJIEMEHT 3HAUUTENBHBI TOK MMOKos. B
TPaH3UCTOPHOM PpPAaTUOTEXHUKE KacKaJl, OTBEYAIOIIMNA MPOLUTHPOBAHHOMY OIpEAEIEHUIO,
Ha3bIBAIOT HEJOHAINPSUKEHHBIM, a KackajJ, B KOTOPOM Ha IIMKE CHUTHajla HaOIogaeTcs
HACBILLIEHUE WM OrpPaHUYEHHE TOKa — MEepPEeHANpPsLKEHHBIM («HANPSDKEHHOCTH» B 3TOM
KOHTEKCTE €CTh OTHOCHUTEIbHAs Mepa aMIUIMTYAbl BXOJHOIO curHana). Pexxum paboTel Ha
IPaHULIE HEOHANPSHKEHHOTO U EPEHAIPSHKEHHOTO COCTOSTHUM Ha3bIBAETCSl KPUTHUECKUM.

Tox MOKOSI yCHIIUTEIBHOTO AJIEMEHTA B PEXUME A JTOJKEH, KaK MUHUMYM, [IPEBBIIIATh
MIAKOBBIM TOK, OTJAaBAa€MbIi KackaaoM B Harpy3ky. Teopermueckuii KIIJI Takoro kackanga npu
HEUCKaXEHHOM BOCHPOU3BEICHUN CHUTHAJIOB MAaKCHUMAJbHO JOMYCTUMOM aMIUTUTYIbl paBeH
50 %; Ha TpaKTUKE OH CYIIECTBEHHO HIDKE. B OJIHOTAKTHBIX TPAaH3UCTOPHBIX YCHUIIHTENSIX
mownocmu KIIJ o6prayno paBen 20 %, 1o ectb Ha 1 BT MakcMMabHOUM BBIXOJHOW MOIIIHOCTH
BBIXOJIHBIE TPAaH3UCTOPHI JTOJDKHBI paccenBath 4 Bt Tera. M3-3a cioxHOCTEH ¢ oTBeneHUEM
Tera TpaH3uctopHblie YM3U kmacca A, B OTIMYME OT UX JIAMIIOBBIX aHAJOTOB,
pacnpocTpaHeHus: He MOJyYWIH. B MalOMOIIHBIX IIMPOKOIOJIOCHBIX OJHOTAKTHBIX KackKaJax
peXHUM A, HapOTHB, SIBJISIETCS €IMHCTBEHHO BO3MOJKHBIM pelleHHeM. BceM MHBIM pexuMam
(AB, B u C) B 0IHOTaKTHOM BKJIIOUEHHUU CBOMCTBEHHBI HEJIOMYCTHMO BBICOKHE HEJIMHEWHBIE
UCKaXXeHUS. B  y3KOMOJIOCHBIX pPAJUOYAaCTOTHBIX YCHUJIUTENSAX TapMOHHUKH, IOPOKIaeMble
OTCEYKON yCHJIMTEIBHOTO OJJIEMEHTa, MOTyT OBbIThb 3(PPEKTUBHO OTPUIBTPOBAHBI, HO B
HIMPOKONOJOCHBIX yeunuTensax (Y3U, BuAeOyCHIMTENH, H3MEPUTEIbHbIE YCWINTEIH) U
YCHJIMTEIAX TOCTOSTHHOTO TOKA 3TOW BO3MOYKHOCTH HET.

B pexume B ycwiMTenbHBIA SJEMEHT CIOCOOEH BOCHPOM3BOJUTH JIMOO TOJBKO
MOJIOKUTEIbHBIC (JIAMITBI, NPN-TPAH3UCTOPHI), TUOO TOJBKO OTPHUIATENBHBIC (PNP-TPAH3UCTOPHI)
BXOJIHbIE€ CUTHAJIBI. [Ipy yCUIE€HWHM TapMOHMYECKUX CUTHAJIOB YroJl MPOBOAMMOCTH paBeH 180°
WJIY HE3HAYUTEIIBHO IPEBOCXOAMT 3Ty BenuuuHy. Pesxxum AB sBiIssieTCSl NpOMEXKYTOUYHBIM MEXIY
pexumamu A u B. Tok mokost ycunurens B pexxume AB cyiiecTBeHHO 0oJibllie, YeM B PEKUME
B, HO cymecTBEeHHO MeEHbIIE, YeM TOK, HeoOxoaumbld s pexuma A. Ilpu ycunenumn
FapMOHMYECKUX CHUTHAJIOB YCUJIMTENIbHBIA 3JIEMEHT IIPO
nepuoja: OJHa TOJYBOJHA BXOJHOIO CHUTHala (MOJIOKHUTENbHAs WM OTpULATeNIbHas)
BOCIIPOM3BOJIUTCS 0€3 HCKa)XEHUM, BTOpas CUJIBHO HCKaXkaeTcs. YToj mnpoBoaumMocTu 20,
TaKOTO Kackaja cymecTBeHHO 6ombiie 180°, Ho Menbiie 360°.

[Ipenenvublii KIIJ maeanbHOro kackaja B pexxuMe B Ha CMHyCOMJaJIbHOM CHUTHaje
paBeH 78,5 %, peasbHOrO0 TPAaH3UCTOPHOIO Kackana — npumepHo 72 %. OTu mnokazarenu
JOCTUTAOTCS TOJIBKO TOTJIA, KOTJa BbIXOJHAs MOIIHOCTh P paBHa MakCHMallbHO BO3MOKHOM
MOIIHOCTH Ui JAHHOTO CONPOTHBIICHHS HATPY3KH Pyaxc(Ry). C yMEHbIIEHHEM BBIXOJHOMN
momnHocty KIIJ[ mamaer, a abGCcomOTHBIE MOTEPH HSHEPTrUU B ycuiauTele Bo3pacrtator. [lpu
BBIXOJIHOW MOIIHOCTH, paBHON 1/3 Pyae(Ry), moTepu peasbHOro TPaH3MCTOPHOTO KacKajaa
JOCTHUTAIOT abCOIOTHOTO Makcumyma B 46 % 0T Pya(Ry), a KITJ] kackaga ymeHbIIaeTcs 0
40 %. C panpHEHIIMM yMEHBLICHHMEM BBIXOJHON MOIIHOCTH aOCONIOTHBIE MOTEPU SHEPTUU
ymenbatorest, Ho KIIJ[ npogoimkaer cHUKaThCS.

B pexume C, Takke Kak U B pekKUMe B, yCUIUTENbHBIN 3JIEMEHT BOCIIPOU3BOIUT TOJIBKO
MOJIOKUTENbHBIE, JUO0 TOJBKO OTpUIATEIbHbIE BXOJAHBbIE cuUrHanbl. OJHAaKo paboyas TOUKa
YCUITUTENLHOTO JJIEMEHTa BbIOpaHa Tak, YTO MPHU HYJICBOM HAMPSHKEHUH HA BXojJe (WK TPH
HYJIE€BOM YIPABJISIOIIEM TOKE) YCWJINTENBHBIA 3J€MEHT 3amepT. ToK dYepe3 YCUIMTEIbHbIN
JIEMEHT BO3HUKAET TOJBKO IOCJIE NEPEX0Ja YIPABIIAIOIIETO0 CUTHAIA 4epe3 HOJIb; €CIU ITOT
CUTHAJI TAPMOHUYECKUH, TO YCHUJIMTENb BOCHPOM3BOIUT OJHY UCKAHNCEHHYIO TIOTYBOJHY (Yroi
npoogumoctu MeHbuie 180°). B HenoHanpsok€HHOM pexxuMe C aMIUIMTYa BXOJHOTO CUTHAI
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HEBEJIMKA, TOATOMY YCHJIMTENIb CIIOCOOCH BOCIPOM3BECTH BEPIIMHY 3TOW MOIYBOJHBEL B
nepeHanpsok€HHOM pexkuMme C aMIUIMTy[a BXOJHOTO CUTHAaja CTOJIb BEJMKA, YTO YCHINUTENb
HCKaXkaeT (cpe3aeT) M BEpIIMHY IOJYBOJHBI: TaKOM Kackaja IpeoOpa3yeT CHHYCOUJAJIbHBII
BXOJHOW CHUTHAJ B UMMYIbCbl MOKA TpanenueBUaAHON (opmel. IlpenenbHbI TeopeTHdecKuit
KIIJ nenonampspkéHHOro ycmiutens B pexxume C, Tak e Kak U B pexxume B, pasen 78,5 %,
nepeHanpsik€HHOT0 — 100 %. W3-3a BHICOKMX HETMHEHHBIX MCKAKCHUN YCHIIUTENN B PEKUME
C, naxxe IByXTaKTHbIE, HEMPUTOHBI /Ul BOCIIPOU3BEAECHUS IIUPOKOIOJOCHBIX CUTHAJIOB (3BYKA,
BUJICOCUTHAJIOB, MOCTOSSHHOTO TOKa). B PE30HAHCHBIX YCHIIMTENSX paguolepeaaTdyuKoB OHH,
HaIpOTUB, IIUPOKO MPUMEHSIIOTCS Onaroaapst ux Beicokomy KIIJI.

OpHoTakTHbIE Kackaabl YM J[al0T BO3MOXHOCTh IOJIYyYUTh IIOJIE3HYIO BBIXOJHYIO
MOIITHOCTH B TOJIKJIFOUEHHOW Harpy3Ke OT J10Jiei BarTa jio 2 - 3 Br.

TumoBas cxema Takoro kackaza YM ¢ BBIXOJHBIM TpaHc(opMaTopoM NpHUBeneHa Ha
puc. 1, a. BBuay Toro, yto nepBu4Hasi 0OMOTKa BBIXOJJHOTO TpaHC(opMaTopa UMEET HEOOIBIIIOE
OMMYECKOE CONPOTHBJIEHUE MOCTOSSTHHOMY TOKY Iy, B peskume mokos npu Uz, = 0 moutu Bce
HaIlpsDKEHNUE UCTOYHMKA NUTaHus E IPUII0KEHO K KOJUIEKTOPY TPAH3UCTOPa U PaBHO

EK = UK30 + IaO * Ra + IKO * I Tpanch » (11 - 125) * UK30'

[ToaToMy Harpy3ouHas JIMHHS 1O MOCTOSSHHOMY TOKY IPOXOJUT Yepe3 pabouyro TOUKY
MO/ YIJIOM , 3HAYUTENbHO OOJBIIMM, YE€M Harpy3o4Has JHMHHS JUIs HEPEeMEHHOro TOKa,

COOTBETCTBYIOIIAsl JIMHAMUYECKOMY DPEKHUMY pabOThl Kackaja (puc. 1.9.1, B). Hanuuue
BxomHoro curHaina Uz = Umsx * sinwt u 6a3oBoro toka ig = lgy + Il * SInwt BBI3BIBAET B
BBIXOJHOW IIEMM KacKaja MyJIbCHPYIOMIMA TOK KOJUIEKTOpa Iy = Il + lp * sinwt wu

NyJIbCUPYIOIee HAMPsDKEHHE Ha KOJUIEKTOpe  Ux = Ugyg + Upy * Sin(wt - p), orcratoriee mo
¢daze Ha 180° oT a3bl BXogHOTO HanpsykeHHs B cxeme ¢ O0.

Harpy3ku iy=ly,™*sinwt, BbIZensisi B Harpy3ke HEOOXOAMMYIO TMOJIE3HYIO MOIIHOCTH
YCHJICHHOTO CHTHaa

Py = 0,5 * I * U = 0,5 * I *Rocra = 0,5 * ln” * Ry

KoaddurmenT mosesnoro AeMCTBUS TPAH3UCTOPHOTO Kackaga YM

h = (Pgux / Po) * 100% < 45%, e Po = Iy * Ex.

Koaddumment ycunenus mo MontHoCTH Kackaaa YM

Kp = PBbIX / PBX'
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]
Puc 1. Cxema TpaH3UCTOPHOTO OJJHOTAKTHOTO Kackaga YM ¢ OO:
a - C BBIXOJHBIM TpaHChOpMaTOpoM; O - ¢ 0OMOTKOI 3/M pele B KOJUIEKTOPHOM IenH; B
- rpaduyeckuii aHamu3 paboTHI 3TOro Kackaga YM B pexxume kinacca A
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[Tpu sTom uaayktupyemas D/1C Bo BTopuuHOit 00MOTKE TpaHchopMaTopa CO31aeT TOK

C yuaerom KIIJ] TpanchopmaTopa BEIXOJHAS MOIIHOCTh Kackaga YM B pexume Kiacca
A orpaHuuYMBaeTCs BEIUYMHON

PBI)IX = Pz{on Tpan3 * thaccb

PZ[OH TpaH3 = PBI)IX/ thaH3

JIByxTakTHBIC Kackaabl YM, KoTopele MOTYT paboTarh B pexuMax kiaccoB A, AB, B,
JAI0T BO3MOKHOCTb I10JIy4aTh MOJIE3HYIO BHIXOJAHYIO MOIIIHOCTh B HAarpy3Ke B JIBa U B HECKOJIBKO
pa3 Ooible, 4YeM OJHOTaKkTHbIe Kackamel YM. Ilpum 3TOM yMEHBIIAIOTCS HEIHMHEHHBIC
MCKa)XEHUS, a TAK)KE BIUSHUE BHEITHUX IMOMEX, CHIDKAETCS (DOH MEPEMEHHOTO TOKa MCTOYHUKA
MATAHUS | T. T1.

B stux kackagax YM MNOCTOSIHHBIE COCTaBIAIONIME, A TaKXE YETHbIE TapMOHUKHU
KOJUIEKTOPHBIX TOKOB OOOMX TpPaH3UCTOPOB MPOTEKAIOT [0 OJMHAKOBBIM MOJIYyOOMOTKaM
MEepBUYHON OOMOTKHM TpaHchopMaTropa HaBCTpeuy ApYr JAPYry U, B3aMMHO KOMIEHCHPYAChH, HE
HaMarHWM4YMBalOT CEpPJEYHUK. ODTO TMO3BOJISIET YMEHBIIUTh TradapuThl, Maccy U CTOMMOCThb
Tpanchopmaropa.

CymmapHbIii TOK 00OMX TpPaH3UCTOPOB, paBHBIM TOKY MCTOYHMKA IHUTaHUS, HE
COJIEP’KUT TMEPBOM TapMOHUKH, YTO YCTpaHseT Mapa3uTHYI0 OOpaTHYIO CBsI3b uepe3 LEMb
WCTOYHUKA MTUTAHUS.

[Ipu pabGote B OoJjiee SKOHOMHYHBIX pexumax kiaccoB AB1 unu B 3HaumtensHo
nossimaercs KITJ[ npyxraktHoro kackaga YM. IIpu 3TOM TpaH3UCTOPBI MOTYT BKIIFOHYATHCS T10
cxemaM ¢ O3, Ob niom OK.

Hanbonprmii k03(pGUIUEHT YCUICHHUS 0 MOIIHOCTH TMOJY4YaeTCs MPH BKIIOUCHUH
TpaH3ucTOopoB Mo cxeme ¢ OO, yTo TpedyeT MeHbIIEeH MOIIHOCTH BXOJHOIO CHUTHAIA,
0oTOMpaeMoro OT Kackaja MpeABapUTENIbHOTO YCHUJIEHHS, KOTOPBIM MOXET coOHUpaThCcsl WM C
MEePEXOIHBIM TpaHCHOPMATOPOM, UMEIOUIUM BTOPHUUYHYIO OOMOTKY CO CpeIHEl TOYKOM, UM IO0
CXeM€ C pa3JeJICHHOW Harpy3kou, ooOecrneunBaromeid (Ha3omHBEPTUPOBAHHE CHUTHAJA,
MMoJJaBaeMoOro Ha 0a3bl BBIXOJHBIX TPAH3UCTOPOB, 0€3 TEPEXOAHOTO (Ha30MHBEPTUPYIOIIETO
Tpanchopmaropa.
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Puc. 2. Cxema TpaH3UCTOPHOTO JBYXTAKTHOTO Kackana YM ¢ OO, ¢ aBTOMaTHYECKUM
cMmemieHueM B kinacce AB1 (a); To ke, HO 6e3 aBTOMaTudeckoro cMenieHus B kinacce B (0);
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rpaduk paboThI OHOTO TUIEYA 3TOTO Kackaaa YM B kiacce B (B); quarpamMmbl HApsDKEHUH |
TOKOB B LIETISIX TAKOro Kackazaa B kiacce AB1 (1)

[Ipu BriIOYEHMH TPAH3UCTOPOB 10 cxeme ¢ Ob momydaercss HeGONbIIONH KODPUITHESHT
YCWJIGHUSI IO MOIIHOCTH U Tpedyercs OoblIed BENMMYMHBI TOK Ha BBIXOJE KacKaja
[IPEIBAPUTENILHOTO YCUJIEHUS, TaK KaK BBIXOJHBIM TOKOM MOIIHBIX TPAaH3UCTOPOB B CXEME
kackaza YM ¢ Ob cnyxar ux sMUTTEpHbIE TOKUA. BXOJHBIE CONPOTHUBIEHUS TPAaH3UCTOPOB B
cxeMe ¢ Ob uMeET Manyi BEIMYMHY, I[IOATOMY BBIXOJHOM JIBYXTakTHBIM kackag YM
MOAKIIIOYAETCSl K Kackajy [peABapuUTENbHOTO YCWIEHHS IpU TMOMOILM IE€PEXOJHOTO
(ha3oMHBEPTHPYIOIIETO TpaHCHopMaTopa.

Ha puc. 2, a npuBeaena tunosas cxema ¢ OO IByXTakTHOro kackaaa YM, xoropas
MOKeT paboTarh B pexxumax kimaccoB A wim AB. Ilpu pabote B pexxnme kinacca B pesucropsr Ry
u Ry He BKItOUaroTcs, Tak kKak B 3ToM pexume Ug,y = 0, TO eCcTh TpaH3UCTOPHI paboTaroT 0e3
HampspkeHus cmemieHuss (puc. 2, 0, B). I'paduueckoe mnosicHEeHHME MPUHLIMNA PAOOTHI
JBYXTaKTHOTO Kackaga YM B pexxume kiacca AB1 mokazano Ha puc. 2, T.

Pacuer nByxtakTHON cxeMbl YM npoBoautcs rpad0aHaIUTUYECKUM METOJOM TOJIBKO
JUIsl OJIHOTO TIIeYa, aHAJIOTHYHO pacyeTy OJHOTaKTHOTro kKackama YM. Ilpu stom HeoOxommumo
pPacueTHYIO BEIMUYUHY MOJIE3HOW MOIIHOCTH Py, M KaXKIOTO IJie4a B3ATh PaBHOW IOJIOBUHE
3a/IaHHOM TTOJIE3HOM MOIIHOCTH, BBIIEISIEMON B Harpyske Py, To ecTb

Pyux = Py /2= I Ui /4

C yderom kodd¢unmenta tpanchopmannu u KIIJI Tpanchopmaropa hy, moneznas
BBIXOJIHASI MOIIIHOCTh Ka)/I0TO Iieda OyJeT ONpelesiThCs BRIPAKEHUEM:

Pyux X th =Py /2= I Ui/ (2 X 2) = Ime RaKB / 4;

r7ie Ry = N> Ry, = Wy / 2W, ;

W / 2 - 4rico BUTKOB MOJyOOMOTKH MTEPBUYHOM 0OMOTKH TpaHchopmaTopa;

R, - IPHUBEICHHOE CONPOTUBJICHHWE HArpy3kM K OJHON INEPBUYHON IOJIyOOMOTKE
BBIXOJIHOTO TpaHc(opMaTopa; BEIUUNHY HANPSKEHHUs] NCTOYHUKA IUTAHUS B PEXHUME KIacCOB
AB1 unmu B BeiOuparot u3 pacuera

Ex» 0.6 * Uppux » (1.1 - 1.25)Uq5 0.

B Takux AByXTakTHBIX cxeMaxX ¥YM MO’KHO MOJIy4UTh MOJIE3HYIO BBIXOJHYIO MOIIHOCTh
B Harpy3ke Ppux » 3Px waxe non TIPU 3a1aHHON pabouel Temmeparype. Koaddurment moneznoro

JEWCTBHUS TaKOTO Kackaga YM B pexume kinacca B mocturaer h, = Py * 100% / Py » » 45 -
609%.

3.6 OyHKIUOHAJIBHBbIE NPeodpa3oBaTeid HA OCHOBE ONEPANMOHHBIX YCHJIHMTEJeH.
I'enepaTopbl Ha OCHOBE ONEPANMOHHBIX YCHJIMTEJIEH.

MyabTUBHOpPATOp — peJIaKkCallUOHHBIA TEHEepaTop JJICKTPUYECKUX KoJieOaHUM
MPSIMOYTOJIBHOTO THIA C KPYTHIMU (PpoHTaMH. TepMUH MPeAoKeH roJaHICKUM (U3UKOM BaH
nep IloneM, Tak Kak B CIEKTpe MYIbTUBHOpATOpa MPUCYTCTBYET MHOXECTBO T'apMOHHMK — B
OTJIMYME OT FEHEPATOpa CUHYCOUATBHBIX KOJIeOaHU («MOHOBHOpATOPay).

MynbTUBUOpaTOp SBISIETCS OJHUM U3 CaMBIX pPAcIpOCTPaHEHHBIX TE€HEPaTOpOB
UMITYJIBCOB MPSIMOYTOJIBHON (DOPMBI, MPEACTABIAIOMINNA COOON MBYXKACKaIHBIM PEe3HUCTUBHBIN
YCUIIUTENIb C TJIYOOKOM TMOJIOKUTEIBHOW OOpaTHON CBs3bl0. B 2IeKTpOHHON TeXHUKE
UCIOJIL3YIOTCSl CaMble pa3lInYHbIe BApUAHTHI CXEM MYJIbTUBUOPATOPOB, KOTOPHIE Pa3IUYAIOTCA
MeXay coOO¥ MO TUITY HCIOJb3YEMbIX 3JIEMEHTOB (JIaMIOBBIE, TPAH3UCTOPHBIE, TUPUCTOPHEIE,
MUKpPODJIEKTPOHHBIE W Tak Jaliee), pPEeKUMy paboThl (aBTOKOJIEOATETbHBINA, SKIYIIHA
CUHXPOHM3AINH), BUIaM CBSI3U MEXK]y YCHJIMTEIBHBIMH DJIEMEHTaMH, CIOCO0aM PeryaupoBKHU
JUIMTEJIbHOCTU Y YaCTOThI T€HEPUPYEMBIX UMITYJIbCOB U TaK Jajee.
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Puc. 3. MynbTUBUOpATOpP B HKIYILEM PEKUME

Moct BunHa mnpencraBisier coOoil JBOWHOW JAeiaMTeNb HANpPsHKEHHs, HEpBbIM U3
KOTOPBIX SIBJISIETCS YACTOTHO-3aBUCHUMOM IIETMbI0. DTOT JENUTENb OCJIA0IAeT HANpsHKEHUE TeM

OoJibIle, YeM 3aMETHEe TEeKyIlas 4acToTa OTJIMYAETCS OT ero COOCTBEHHOM, KBa3HMPE30HAHCHOM
yactotsl f,=1/2nCR.
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Puc. 4. Cxema mocrta Buna

JABoiinoii T-o0pa3ubiii MocT (2T-MOCT) COIEPXKUT MO TPU PE3UCTOPA U KOHJIEHCATOPA.
B otrnmume ot mocta Buna, oH uMeeT 00IIyI0 TOYKY Y BBIXOJIA, YTO PACHIMPSET BO3ZMOKHOCTH
npumenenus. Ho BMecTe ¢ TeM OH MeHee y00eH mpu nepectpoiike yactotsl o, Tak Kak TpeOyeT
U3MEHEHUsT Ju00 compoTuBieHus Tpex pesuctopoB R, R u R/2, nubo emkocreit Tpex
konnencaropos C, C u 2C.

IA I

”E p -t]

o—-‘»—E:}Tl:i—

U 2 R/2 Uy
1 .

e

Puc. 5. Cxema mocra tuna 2T

['eneparop rapmMoHHuYecKuX (CHHYCOMAAIBHBIX) KOJIeOaHUH (PUKCUPOBAHHBIX YacTOT B
npenenax OT HECKOJBKHX TepIl IO NIECSITKOB M BBINIE KWJIOTEPI] HECIO0KHO BBIIOJHHUTH Ha
OTIEpAaIlMOHHOM ycuiuTede. B oOmeM ciaydae reHepaTOpoM Ha3bIBaeTCSl aBTOKOJIEOATEeIbHAsS
CTPYKTYpa, B KOTOPO# SHEPTUsl HCTOYHHKOB IMUTAHUS MTPE0Opa3yeTcs B SHEPTHIO ITEKTPHUIECKUX
aBTOKOJIeOannii. OCHOBHOM IETIBIO OJTHOTO M3 BHAOB MOJO0OHOTO renepartopa seisiercs 2T-mocT
Ha RC-anemenTax ¢ kBasupe3onancHoi yacrotoii fo=1/2zCR. Dtot moct Haxoaurcs B e OC;
mporiecc TeHepHpOoBaHUs obecreunBaeT nojoxurenbHas OC, 1ernb KOTOpOH COCTOUT U3
nemurtens HanpsbkeHuss R1 R2 R3. Iloactpoeunsnii pesucrtop R mpenHasHaveH Ui IJIaBHOM
PETYIUPOBKHA aMIUTUTY/ABl BBIXOJAHOTO HampspkeHUs. [IpakTHUecKH Uil BO3HUKHOBCHHS
COOCTBEHHBIX KoOJIeOaHui noctatodHo BeIOpaTh Ry+R3=(10...20)R,,; u R1=(0,05...0,1)(R2+R3).
Crabumutponsl VD1, VD2 orpaHnuuBaroT pa3Max T€HEpUPYEeMbIX KOJICOAaHUN U CIIOCOOCTBYIOT
NPUOJIMKECHHUIO UX (POPMBI K CHHYCOUIATHHOM.

Vo1 VD2
B
R R A I
W -
R/2
| ]
1, n
Ran
R1 R2 R3L_| U
2
{::}—4—:—5
.

Puc. 1. Cxema reHepatopa CHHYCOMAATIbHBIX KOJI€OaHUI
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I'enepaTop NPAMOYroJIbHBIX HMIYJbCOB MOXXHO TOJIYYUTh C  THOMOIIBIO
crabunmurpornoB VD1, VD2. Ilens nonoxutensHoit OC y reHepaTopa COCTOUT W3 JCIUATENS
Hanpsokeans R3R4. YactotHo-3aBucumas OC oOecneuuBaercs snementamu CIR2. [lnsa
OTpaHUYEHUS TOKa, MOTPeOIIeMOro CTaOMINTPOHAMH, BKIIIOYEeH pesuctop RS. Pesucropsr R1 ¢
conpoTtuBieHueM okosio 100 kOM mpenHasHayeH Ui MOBBIMICHUS JCHCTBEHHOCTH 3allUThI

BX0Ja, coaepkaiieiics B OY.

Puc. 2. Cxema reHepatopa CHMMETPHYHBIX
IPSIMOYTOJIBHBIX UMITYJILCOB

3.7 byaesa anreopa. Jlornueckue GpyHkuuu. ApupMeTuKo-JI0rn4ecKkne ycrpoiicrea

U MaTPpUYHbIEe YMHOKMTEJIH.
[IpakTnueckn Bce 1u(ppoBble ycTpolcTBa 6€3 maMaTh (KOMOMHATOpPHBIE YCTPOWCTBA)

MOTYT OBITh MOCTPOEHBI Ha OCHOBE TpeX MPOCTEHIIMX JOTHYECKHX 3JieMeHTOB. Bce Oornee
CIIO’KHBIE CUCTEMBI PEATU3YIOTCS U3 3TUX MPOCTEHINTNX JOTHYECKUX IEMEHTOB KaK M3 KyOHUKOB.
OcTaHOBUMCS HA ONTUCAHUU TMPOCTEHITNX JIOTHYECKHUX AIIEMEHTOB.

PabGoTa Bcex mu@ppoBBIX YCTPOWCTB OCHOBaHA Ha aneeOpe nozuku. B ee OoCHOBE Jiexar
(GYHKUIMU JIOTUYECKOTO OTPHUIAHUS, JIOTHUECKOTO CJIOKEHUS (AU3BIOHKIHA) U JIOTHYECKOTO

YMHOXEHUS (KOHBIOHKITHS). AKCHOMBI aJireOpbl JIOTHKH:

1
o r4+1=1
3 T+ 1=1;
4 THIT =1
5 4+ 0=ux;
6. Txx =10
7 TkT =X
g T+x0=10;
rx1l=umx;

DOyHKUMSA «HE», HTHBEPTOP
[IpocTelmmM JOTUYECKUM 3JIEMEHTOM SIBIISIETCS UHBEPTOP, KOTOPBIA MPOCTO M3MEHSIET

3HAYCHUEC BXOJAHOTO CHUTHAJIa Ha MNpAMO MPOTUBOIIOJIOXKXHOC 3HAYCHUC. Ero (1)YHKI_II/I$I

3aIIUCBIBACTCS B CJICAYIOIIICM BUC:

F=X

TAc uepTa HaJl BXOJHBIM 3HAYCHHUEM 0003HaUaeT U3MEHEHUE ero Ha MMPOTHUBOIIOJIOKHOC.
To xe camoe AelcTBHE MOXKHO 3aIlHcaTh pu MoMoOIu Ta6J'II/II_IBI HCTUHHOCTHU. Tak Kak BXOJ y
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3TOTO JIOTHMYECKOTO 3JIEMEHTA JIMIIb OJIMH, €ro TalJMIla HCTHHHOCTH COCTOMT TOJIBKO U3 JBYX
CTPOK.

X|F
01
1]0

Tabnuia uCTUHHOCTH (PYHKIUU «HE» (MHBEPTOP)

B kauecTBe MHBEpTOpa B IPOCTEHINEM CIIy4ae MOXHO HCIIOJIb30BATH OOBIYHBINA YCHIIMTENb C
TPAH3UCTOPOM, BKJIIOUEHHOM IO CXeMe C OOIIMM IMHUTTEPOM WM UCTOKOM. CXema yCHIIUTEIs,
BBINIOJIHEHHAs] Ha OWIIOJISIPHOM TPaH3UCTOpE N-P-n U IO3BOJISIOLIAS PEaTU30BaTh (YHKIUIO

JIOTUYECKOTO0 MHBEPTUPOBAHUS, IPUBEIEHA Ha puc. 1.
+U,

R3

Bbix

R1
Bx VTI1

R2

Puc. 1. Cxema, no3Bosisitoniasi peajin3oBarhb
(bYHKIII/IIO JIOTHYECKOT'O MHBCPTUPOBAHUA

J11st TOrO 9T0OBI 0COOCHHOCTH BKJIFOUCHHSI TPAH3UCTOPOB HE 3aTCHSUIH BBIITOJTHAEMYIO
GbyHKIUIO, 1151 TU(POBBIX MUKPOCXEM BBEJICHBI CIIEIIMAIBHBIC YCIOBHO -TpaduyecKkue
o6o3Hauenus. YI'O naBepTopa nmpuBeieHO Ha puc. 2.

Puc. 2. YI'O noruueckoro uHBEpTOpa

B o1HOM KOpITycEe MUKPOCXEMBI OOBIYHO OBIBACT MIECTh HHBEPTOPOB. OTEUeCTBEHHOE
obo3HaueHre MukpocxeM uHBepTOpoB — JIH. ITpumepsr: KP1533JTH1 (SN74ALS04).

JIBe ocHOBHBIE 00JaCTH MPUMEHEHHSI HHBEPTOPOB — 3TO U3MEHEHHUE TOJSIPHOCTH CUTHAJIA
U U3MEHEHHUE MOJSPHOCTH (PpoHTa curHana. To ecTh M3 MOJOKUTEIHLHOTO BXOJHOTO CHUTHala
WHBEPTOp JeJaeT OTPULIATENbHBIN BBIXOJHOW CHUTHA W HA00OpPOT, a M3 TMOJOXKUTEIHHOTO
(GbpoHTa BXOJHOTO CHTHala — OTPULIATEIbHBIA (DPOHT BHIXOJAHOTO CUTHala W HaoOopoT. Emie
OJIHO BaXHOE MpUMEHEHHEe HHBepTopa — Oydepusauus curHana (c HHBEpcUei), TO €ecTb
yBEJIMYCHHE HArpy30YHON CIIOCOOHOCTH CHUTrHaia. DTO ObIBae€T HY)KHO B TOM CiIydae, KOTIa
KaKOW-TO CHTHal HAag0 MOJaTh HAa MHOTO BXOJOB, a BBIXOJHOW TOK HCTOYHUKA CHUTHAla
HEJO0CTaTOYEH.

pu— G —— —
JL - 4 =

Puc. 3. lHBepcus NOJASPHOCTH CUTHATIA U
UHBEPCUS NMOJISIPHOCTH (PpOHTA CUTHATA
DOyHKIHA «H», JOTHIECKOe YMHOKEHHE
Crnenyromum NpoCTEUIINM JIOTHYECKUM DIIEMEHTOM SIBJIIETCS CXEMA, PEeAIU3YIOLas
OTIEPALIUIO JIOTHYECKOTO YMHOKEHHUS «H:
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F=XAY

I'me cumBos A 0003HAYAET (PYHKIUIO JIOTHYECKOTO YMHOXKEHHS (KOHBIOHKINIO). MHOT 12

9Ta ke (PYHKIHS 3aMuChIBACTCS B IPYrOM BHJIE:
F=XAY=X-Y=X&Y

To >xe camoe neiicTBHEe MOXKHO 3amcarh MPH MOMOIIM TabIHMIBI UCTHHHOCTH. B dopmyre,
IIPUBEACHHON BBIIIE, MCIOJIb30BAHO JABa apryMeHTta. [103TOMy 371€MEHT, BBINOJIHSIOUIMN ATy
GbyHKIMIO, IMEeT ABa Bxoja. Takoil anemeHT o6o3Havaercs «2M». [l snementa «2W» tabnuma
HCTUHHOCTHU OYZIET COCTOSTh U3 YETHIPEX CTPOK.

X|Y|F
0/0]0
0/1]0
1/0]0
1111

Kaxk BHUJIHO U3 HpHBeI{eHHOﬁ Ta6J'II/IIII)I HUCTUHHOCTH, aKTUBHBIA CHUTHAJI Ha BBIXOJIE J3TOI'O
JIOTUYECKOTO AJIEMEHTA IMOSBIISETCS TOJBKO TOT/Ia, KOTJja 000MX BXOJIaX OyAyT MPUCYTCTBOBATH
JIOTUYCCKHUEC CIUHUIIBI.

YT'O cxeMmbl, BRITIOJHSIOMICH JIOTHYECKYt0 QyHKIHI0 «2M» n3o0paxeHo Ha puc. 4.

&

Puc. 4. YI'O snemeHTa, BBIIOJHSIOMIETO
(GYHKIHIO JIOTHYECKOTO YMHOKEHHUS
[Ipomie Bcero mMoHATH, KaK pabOTACT TAaKOW AIEMEHT MPU TMOMOIIU CXEMbI, TOCTPOSCHHOM
Ha UACATM3UPOBAHHBIX KIIIOYaX C JIEKTPOHHBIM YIPABJICHUEM, KaK 3TO MOKa3aHo Ha puc. 7.8. B
MIPUBEACHHOMN cXeMe TOK OyJeT MpOoTeKaTh TOJIbKO TOT/a, Koraa o0a kiroda OyIyT 3aMKHYTHI, a
3HAYUT, EAMHUYHBIA YPOBEHb Ha BBIXOJIE CXEMbI MMOSBUTCS TOJIBKO MPH MOJAYE HA €€ BXOJ JABYX
JIOTUYECKUX EAMHHII.

+U,

r
T

X2 >———m—

Biix

Puc. 5. DxBuBaneHTHAs cxeMa, peanu3yrolast
jorudeckyro GyHkiuo «21»

DOYHKIHSA «HIH», JIOTHYECKOE CJI0OKEHHE
CrnenylomuM TPOCTEHIIMM DIEMEHTOM SIBIISIETCS CXEMa, pPEeajU3yIollas OIepaliio
JIOTUYECKOTO CIIOKEHUS «HITH»:
F=XvY
I'me cumBon v 0003HAYaeT (HYHKIIHIO JIOTHUECKOTO CIIOKEeHUs (AU3bIoHKINMS). MHOT 12
9Ta ke (PYHKIIUS 3aMUChIBACTCS B APYTOM BHUJIE:

F=XvY=X+Y=X}Y

Ta6mz1ua UCTUHHOCTH OJIA JAHHOTO 3JICMCHTA:
X

0

o|<
-
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3.8 Opranmzaums namatu, HWMC namaru. YcrpoiicTBa BBOJa-BbIBOJAA
uHopmanuu. Conpsizkenue curnajoB B MII cucremax. OCHOBHbIE THIIBI COBPEMEHHbIX
MHUKPOKOHTPOJLIepoB. Lludpo-anasiorossie u anajgoro-ungponsie npeodopazonaresu (AT
u AIIID).

MuKkpomnpoIecCopHble CUCTEMBI UCIOJIB3YIOT MaMsTh ISl XpaHEHUs] KOMaH/l, JaHHBIX U
npyroit uapopmanyi. CUCTEMBI MaMATH OTIUYAIOTCSA APYT OT JApyra 1o cmocodaM maocTyna K
HUM, IO O0BEMY NaMATH, DHEPrOHE3aBUCUMOCTH, CTOMMOCTH XpaHEHHUsI B pacyere Ha OuT
nH(pOopMalKY, BpEMEHHU JOCTYyIa.

BrruucnauTenbHble CHCTEMBI HCIIOIB3YIOT OOBIYHO IIENIYI0 HEPAPXUYECKYIO CTPYKTYPY
CHUCTEM MaMsITH Kak 2TO MOKa3aHo Ha puc. 1. IlamMsATh BBIYHCIUTENTHHOW CHCTEMBI MOXKHO
pa3fenuTh Ha BHYTPEHHIOO IaMATh, €CJIM JI00OM €€ 9JIEMEHT JOCTYNEH IMpoIleccopy
HEMOCPECTBEHHO, M BHEIIIHION, €CIU 3TO He Tak. [IpsMo miM npou3BoOJIbHO aapecyemast maMsTh
Mpe/CTaBIsieT Cco0OM MOCIEeNOBaTEbHOCTh HYMEPOBAaHHBIX SYEEK, JOCTYH K KOTOPHIM
OCYITIIECTBJISIETCSI C TIOMOIIBIO QJPECHBIX CHUTHAJIOB, OMPEICISIIONIUX HOMEP SYEHKH, |
CHEIUATBFHBIX CTPOOUPYIOIMINX CUTHAIOB, OMPEACIISIONMIMX MOMEHT YTCHHS WJIH 3aITHCH.

Cucrembl BHENIHEW TMaMSITH WCTHOJB3YIOTCS JUIsl  XpaHEHUs OoJibmuX 0OBEMOB
nHpopmanuu. K HHM OTHOCATCS HAKONMWTETW HA MArHUTHBIX JWCKaX, HAKOMUTEIW Ha
MarHATHBIX JIEHTax, onTudeckne cucreMbl Takue kak CDROM, u apyrume npubGopst. [lpu
B3aMMOJICHICTBUM C CUCTEMaMU BHEITHEH MaMSATH BBIYUCIHUTENIbHASI CUCTEMa MEPEHOCUT OJOKH
nH(pOpMaIUK U3 HEe BO BHYTPEHHIOKO MaMsTh U BEIOMpAET JaHHBIEC Y)KE U3 Hee.

Buayrpenssist mamvsite Buenmsist namvsite
ecc
I Tpory op | Kom OCHOE.Haﬂ_> Iﬁ/ICKOBElﬂ_»ApX[/IBHaﬂ
TIAMVSITH TaMSITh TIAMVSITH TIAMVSITH

Puc. 1. Mepapxudeckast CTpyKTypa MaMsTH

B oT0if ryaBe paccMaTpuBarOTCA HPUHLUINBI MOCTPOCHUS U (YHKIUMOHUPOBAHUS
BHyTpeHHell mnamaTH. CucreMbl BTOPUYHOM HAMATH  AOCTYIHBI Ui IIpoLEccopa Kak
nepugepuiitnoe 000pyn0BaHUE Yepe3 MOPTh BBOA/BBIBOAA.

C TOYKM 3peHusl cUCTEMbl KOMaH]| IaMATh 3TO HA0Op €JI0B, KaXJI0€ U3 KOTOPbIX UMEET
YHUKaJbHBIN ajpec, MOKa3bIBAIOLIMI pacroiokeHue ciaoBa B namstu. KoHuenmus aapecos
NaMsATH SKBUBAJEHTA KOHUENUUU TeneoHHbIX HoMepoB. Kaxnapiii Tenedon umeer cpoi
COOCTBEHHBI HOMEP B HEKOTOPOM I10JIe BO3MOXHbBIX HOMEpoB. [10106HO 3TOMY Kaxaas s4eiika
NaMATH UMEET aJpec KOTOpbIH ONpeesseT MOIyidb NaMSATH U PacloJIOKEHUE SYEeHKHU B 3TOM
MojyJIe.

Kaxnoe cinoBo mamsTu COIEpXKHUT OAUMH Win Oonee aapecyeMmbix Oaiit. KonmuecTBo
azipecyeMbIx OalT ompezessieTcss pa3psIHOCTBI0 MUKponpoleccopa. Hanpumep, BocbMuOUTHBIE
MHUKpPOIIPOIIECCOPbl  MMEIOT OalTOBYIO OpraHM3allMi0 MaMsATH. 3a OJHO oOpalieHue
MHUKpPOIIPOIIECCOp MOKET 00paboTaTh TONbKO oOAuMH OaiT uHpopmauuu. IllectHaanatu-
pas3psIHbIe MUKPOIIPOLIECCOPBI MOTYT 00paIaTbcsi K OJHOMY WM IBYyM OaliTaM OJTHOBPEMEHHO.
CoBpeMeHHbIe 32-pa3psTHbl MUKPOIIPOLIECCOPBI MOT'YT paboTaTh ¢ 32-pa3psIHbIMU coBaMu 16-
paspsaaHbIMH  clIOBaMH U 8-paspsaHbiMM  Oaiitamu. [losTomMy mamsaTh U8 3THX
MUKpPOIIPOIIECCOPOB OpPraHM30BaHAa TaKUM 00pa3oM uYTOOBI JOMYCKaTh OOpalleHue K OJHOMY,
JIBYM WJIK YeThIpeM Oaiitam onHoBpeMeHHO. KondyecTBo apecyeMbIX siueek NaMsTH 3aBUCUT OT
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KOJIMYecTBa OWUT IIMHBI aJpeca MHUKPOIpoIeccopa. 8-MH pa3psIHble MHKpPOIPOLECCOPH |
MUKPOKOHTPOJUIEPH! UMeeT 16 OMTHYIO MIMHY aapeca Mo3BoJsis aapecoBats 64-K GaiiT mamsru.
16- paspsaHble MHKpPOTPOLIECCOPH TO3BOJIAIOT aqPecoBaTh HECKOIBKO MeradailT mamsTu.
HakoHen, coBpeMeHHbIE MHMKpPOIIPOLIECCOPBI HCHOIb3YIOT 64-pa3paaHyl0 IIMHY ajpeca, 4To
MO3BOJISIET aJPecOBaTh (aKTUICCKH OECKOHEYHBIN 00bEeM MaMsITH.

[log mnamMATbI0 UUQPPOBBIX BBIUMUCIUTEIBHBIX CHCTEM IOHMMAKOT COBOKYIHOCTb
TEXHUUYECKUX CPEJCTB, MpEJHA3HAYCHHBIX JJIs Ipuema (3amucHu), XpaHEHUs U BblIauu
(cunThIBaHMs) MH(OPMALIUHY, IPEACTABIEHHON IBOMUHBIM KOJIOM.

OCHOBHBIMHU XapaKTEPUCTUKAMHU 3alIOMUHAIOUINX YCTPOUCTB (3Y) ABISAIOTCA:

. nH(POPMAIIMOHHAS €MKOCTb, OTpe/eIsieMas MaKCUMAJIbHBIM 00BEMOM XPaHUMOU
nHpopManuy B 6uTax wim OaiTax;
. OBICTpOJICIiCTBHE, XapaKTepU3yeMoe BpeMEeHEM BBIOOPKH MHpopMmanuu u3 3Y u

BpEMEHEM IuKia oOpameHuss K 3Y C TpPOU3BOJIBHBIM JIOCTYIIOM WM BPEMEHEM IOMCKa W
KOJIMYECTBOM TepeAaHHON B enuHuily BpeMenu wuHpopmaruun B 3Y (wm u3 3Y) c
MOCJIEI0BATENbHBIM JIOCTYIIOM;

. SHEPronoTpediIeHNEe, ONPENEIIEMOE IMEKTPHUUECKON MOIIHOCTBIO, MOTPEOIsIEMOi
3V OT UCTOYHHMKOB NMUTAHUS B KaXJI0M U3 PEKUMOB pabOThI;

. CTOMMOCTb XpaHEHHUs HH(OpPMaLlUU B pacyeTe Ha OJUH OUT;

. SHEPrOHE3aBUCHUMOCTb, TO €CTh COXpaHsercs 1M uHpopmauus B 3Y mocie

BBIKJTFOUCHHS DJICKTPOITUTAHNS,

Hudpoananoroseie mpeodpazoatenu (LIAIl) mpegHazHaueHbl Ui MpeoOpa3oBaHUS
1M(POBBIX CHUTHAJIOB B aHAJOroBble. Takoe mNpeoOpa3oBaHHEe HEOOXOIUMO, Hampumep, Mpu
BOCCTAHOBJIEHUH aHAJIOTOBOTO CUTHAJIA, MPEIBAPUTEIHHO TPeoOpPa30BaHHOTO B IU(DPOBON Is
nepeaadr Ha OOJBIITNE PACCTOSHUS WJIHM XpaHECHUsI (TAaKUM CUTHAJIOB, B YaCTHOCTH, MOYKET OBITh
3BYK).

K ocnoBabiM mapamerpam I[AIl oTHOCAT pa3pemarnIy0 CIoCOOHOCTh , BpPEMS
YCTaHOBJICHUS, TIOTPEITHOCTh HEIMHEWHOCTH M Jp. Pazpemaromias ciocoOHOCTh — BEIMYHMHA,
oOpaTHas MakCMMalbHOMY YHCJIYy IIaroB KBAaHTOBAaHHS BBIXOJHOTO AHAJIOTOBOTO CHUTHAJA.
Bpemst ycraHoBieHus t,.,, — HHTEpBaJI BpEMEHM OT MOJA4YHM KOJA Ha BXOJ JO MOMEHTa, KOrjaa
BBIXOJHOW CUTHAJI BOWJET B 3aJaHHbIE MPEJEIIbl, OnpeAesieMble orpenHocTrio. [lorpenHocts
HEJIMHEWHOCTH — MaKCUMaJIbHOE OTKJIOHEHHE I'padrika 3aBUCUMOCTH BBIXOHOTO HAMPSIKEHUS OT
HaMpPsDKEHU, 33JaBaEMOT0 HU(PPOBBIM CUTHATIOM, IO OTHOILIEHHIO K UACaIbHON MPSIMO BO BCEM
JMarna3oHe npeoopa3oBaHUs.

IIAIT siBisieTCst «CBSA3YIOIIUM 3BEHOMY MEXK]1y aHAJIOTOBOM M IU(POBOI JIEKTPOHUKOM.
CymiecTByIOT pa3jiMuHble NPUHIUITBI TocTpoeHuss ALIIL.

Ha puc. 1 npuBeaena cxema L[AIl ¢ cymmupoBanuem BecoBbIX TOkKOB. Kimrou S5
3aMKHYT TOJIbKO TOT'/Ia, KOT/1a Pa30MKHYTHI Bce Kiaroun S/ ...S4 (ipu 3T0M Ug,,,=0). Uy — omoproe
HanpspkeHne. Kakaplii pe3sucTop BO BXOJHOM LEMH COOTBETCTBYET OIPEACICHHOMY DPa3psly

nonyHoro uucina. Ilo cymectBy stor LAIl — wuHBepTUpYyHOIIMH YCUIUTENb HAa OCHOBE
R

onepauuonHoro ycumurens. Ecmu samkmyr omun kmou Sl, TO0 Uy, =-U,—%, 4TO
’ R

COOTBETCTBYET CIMHHUIIE B TEPBOM W HYJISIM B OCTAJIBHBIX pa3psnax. MOAYJb BBIXOJHOTO
HANPSOKCHUS TPOMOPIHOHANICH YHCITY, JBOWYHBIH KOJI KOTOPOTO OIPEAENISICTCS COCTOSIHUEM
kioueit S7...54. Toku xmoueit S7...S4 cymMMUpPYIOTCS B TOYKE «a» MPHUYEM TOKH Pa3IUYHBIX
KITFOYEH pa3NuyHbl (MIMEIOT Pa3HbIi «BEC»). ITO U OMpeAeiseT Ha3BaHUE CXEMBI.
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Roc

' lunux

Puc. 1. HAII ¢ cymmupoBaHueM TOKOB

Ha puc. 2 mpuBenena cxema L[AIl Ha ocHOBe pe3uctuBHOW Marpume R — 2R
(MaTpUIBI MOCTOSIHHOTO COTIPOTHBIICHNUS).
d 2R sq

Roc

— lunux
—

Puc. 2. ITAIl Ha OCHOBE PE3UCTHBHOM MaTpPHUIIBI

B cxeme umcnosp30BaHbl TaKk Ha3bIBa€MbIE MEPEKHUIHBIE KIHOYM S/...S4, KaxIbli w3
KOTOPBIX B OJTHOM M3 COCTOSIHHI MOJKITIOYCH K 00IIeH TOUKe, MOATOMY HaIPsHKEHUS Ha KITH0Yax
HeBenuku. Kirrou S5 3aMKHYT TOJIBKO TOTJa, KOT/Ia BCe KIOUM S/...S4 TOAKITIOYEHBI K OOmIeH
Touke. Torga HampspKeHHE OTHOCHTEIIBHO OOIIEH TOYKM B KaXKIOW CIEAYIOIICH W3 TOYEK
«a»...«d» B 2 pa3za Oosblie, yeM B npeapiayiiei. K npumepy, HanpsokeHue B Touke «b» B 2 pasa
Oosbiie, yeM B Touke «a» (HampstkeHue U,, Up, U 1 Uy B yKa3aHHBIX TOUYKaX OMPEACIISIOTCS
creayromuM  obpazom: Ug=Uo; U=Uo/2; Ug=Uol4; U,=Uy/8). [omycTum, 4YTO COCTOSHHE
yKa3aHHBIX KJIIOYEH M3MEHHUIOCh. TOrja HampsbKEHHS B TOYKAaX «ay...«d» He M3MEHHTCS, Tak
KaK HaIpsHKEHUE MEXIY BXOJIaMH OTNEPAIMOHHOTO YCHUIIUTES IPAKTUYCCKH HYJIEBOE.

Ha puc. 3 npuBenena cxema LIAII ayis mpeoOpa3oBaHust BOMYHO-IECATUYHBIX YHCEIL.
Vo 1Y10Uo 11100 Uo 1/1000Uo

©

ucux

[ I

Puc. 3. HAII ans nmpeobpa3zoBaHusi ABOUYHO-AECITUYHBIX YHCENT

Jlis  mpenacTtaBieHUs KakAOTO paspsga JECITUYHOTO YHUCHA HCMOJb3yeTcs
otnenbHass matpuma R - 2R (o6o3HadeHbl MpAMOYroilbHUKaMH). Zp...Z3 0003HAYAIOT YHUCIA,
oTIpe/ieieHHbIE COCTOSTHUEM KJTrouei Kaxaoil Matpuiibl R — 2R. [IpuHiun aeiicTBUsl CTAHOBUTCS
TIOHSTHBIM, €CIIH YY€CThb, YTO CONMPOTHBICHUE Kax1I0W Marpuubl paBHo R. Ha Beixone IAII

nomyanm U, —U,-10° €07 .2, +10%-2, +10-Z, + Z, .

8blX
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Haubonee pacnpocrpanennsiMu sBisitotest LIAIL cepuit mukpocxem 572, 594,
1108, 1118 u gp. B Tabn. 1 npuBeneHsl napaMeTpbl HEKOTOPBIX U3 HUX.

Tabnuua 1
THum cxeMsl p:“p:nn?m tyer, Mkc| Uy, B Unyr/Inur B/A I:;':
K594I1A1 12 3,5 9+ 11 |(5+15)/2,5-15/3,5] 2
K1108I1A1 12 0,4 2,2+ 10,5 +5/15 —16/46 5
KS57211A1A 10 5 —17+ +17 G+17)2 1
K575I1A2A 10 15 —15++15 5/2 15/2 0,8

4. METOAUYECKHUE PEKOMEHJIALIUN
IO NOATOTOBKE K 3AHATUAM

4.1 JlaboparopHast pabdora Nel (JIP-1) MapkupoBka pe3ucTOpPOB U H3MEpPEHHE HX
HOMHUHAJIBHOI'O COMMPOTUBJIICHUSA € IIOMOIIBI0O MYJIbTUMETPA.

[Ipu moATrOTOBKE K 3aHATHIO HEOOXOIUMO OOpPaTUTh BHUMAHUE Ha CJIEAYIONTHE BOIIPOCHI.

VSACHUTh TPUHIUIT MApKUPOBKH OTEUYECTBEHHBIX M 3apyOEkKHBIX PE3UCTOPOB. YMETh
pasnnyaTh PE3UCTOPHI IO HOMUHAIBHON MOIIIHOCTH.

3HaTh NPUHLIMI PabOTHl HA MYJIBTUMETPE.

4.2 JlabopaTopHas padora Ne2 (JIP-2) MapkupoBKa KOHJAEHCATOPOB U M3MepeHHe
UX HOMHHAJIbHO# €MKOCTH ¢ MOMOIIbI0 MYyJIbTUMETPA.

[Ipu moaroToBKeE K 3aHATHIO HEOOXOAUMO 0OpPaTUTh BHUMAHKE Ha CIIETYIOLIUE BOPOCHI.

VYSCHUTH NPUHIUI MApKUPOBKU OTEUECTBEHHBIX M 3apyOekKHBIX KOHICHCATOPOB. YMETh
pa3nanyaTh KOHACHCATOPhI Pa3HBIX BUOB.

3HaTh NPUHLIUI PabOTHl HA MYJIBTUMETPE.

4.3 Jlabopatopuasi padora Ne3 (JIP-3) M3yuenue m (pusnveckoe uccjieqoBaHHe
BOJIbT-AMIIEPHBIX XaPAKTEPUCTUK BbINPSIMUTEIbHBIX 11010B 1 110A0B llloTTKH

[Ipn BbIONHEHUU pabOTBl MO CHATUIO BOJIBT-aMIepHON xapakrtepucTuku (BAX)
MOJIYIIPOBOHUKOBBIX JHOJI0OB HEOOXOIUMO YSICHUTH MOPSAJOK BBIMOJHEHHUS paboThl. B manHoM
pabore mpemiaraercs cHATb BAX s BeimpsimutensHoro nuona, auvoxaa lllorrku. Takoke
HEO0OXOIMMO aKIIEHTUPOBAaTh BHUMaHWE Ha MPHUHLHUIHAIBHBIX CXeMaX JlabopaTopHOU paboTshl,
T.K. CXE€MBbI JUIsl IpsAMOM U oOpaTHO¥ BeTBM BAX pasznnyaroTcsi BKIIOYEHHEM MYJIbTUMETpPa B
peXHMe U3MEpPEHHs MOCTOSHHOTO HANpPsDKEeHUs. TakyKe MPHU BBHIIOJHEHUU OMBITOB HE CIEAYeT
MpeBbIIaTh MOpsAMOil Tok auogoB Oonee 100 mMA. Ilo pesymbraram paboThl MOCTPOUTH U
MIPOU3BECTH CpaBHEHHE MOTy4eHHbIX BAX ¢ TeopeTHYeCKUMU 3aBUCUMOCTSIMHU MPSMOT0 TOKa OT
MPSIMOTO HAIPSHKEHUS JAHHOTO TUIA MOJIYHIPOBOAHUKOBBIX JTHOJIOB.

4.4 JladopatopHasi padora Ne4 (JIP-4) HU3ydenue m (pusmyeckoe HCCJIeJOBaHHE
BOJIbT-AMIIEPHBIX XaPAKTEPHCTHK CTA0MJIMTPOHOB M CTa0HCTOPOB.

IIpu BBIMONHEHMM pabOTHI MO CHATHIO BOJIBT-aMIepHOM xapaktepuctuku (BAX)
MIOJTyIIPOBOIHUKOBBIX TMOJIOB HEOOXOJUMO YSCHUTH MOPSJIOK BBINOJHEHUs paboThl. B manHoM
paGote mpemaraercst cHATh BAX 1 crabwintpoHa u crabucropa. Takxke HeoOX0AMMO
aKI[EHTHPOBATh BHUMAaHNE Ha MPUHIMITHAIBHBIX cXeMax J1abopaTOpHOIl pabOTHI, T.K. CXEMBbI IS
npsMoil um oOpatHoil BetBM BAX pa3nuuaiorcs BKIIOYEHHEM MYIbTUMETpa B peXUME
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U3MEpPEHUsl MOCTOSIHHOTO HamnpspkeHus. Takke @pu BBIIOJHEHUM OINBITOB HE CIEAYET
NpeBbIATh NpsAMON TOK auoaoB Oosiee 100 MA. Ilo pesympraraMm pabOTHI MOCTPOUTH U
IIPOU3BECTH CpaBHEHUE NMOIy4eHHbIX BAX ¢ TeopeTHueCKUMHU 3aBUCUMOCTSIMU MIPSIMOTO TOKA OT
IIPSIMOTO HAIPSDKEHUS JAHHOTO THUIIa MOJIYIPOBOAHUKOBBIX JHOJIOB.

4.5 Jlabopatopuass padora Ne5 (JIP-5) H3yuenme m ¢pusnyeckoe uccjieqoBaHue
BOJIbT-AMIIEPHBIX XaPAKTEPUCTHK OUIOJISIPHBIX TPAH3HCTOPOB.

[Ipu moAroTOBKE K 3aHATHIO, HEOOXOAMMO aKIIEHTUPOBATh BHUMAHHUE Ha MOPSIKEe COOPKHU
MEKTPUICCKOM CXeMBI TaOOPATOPHON PAOOTHI U IPOBEICHMS PsiJa OMBITOB IO CHSATHIO BXOTHBIX
U BBIXOJHBIX XapaKTEPUCTHUK OUMOJsApHOro TpaH3ucTopa. HeoOxonumMo akUEeHTHPOBATh
BHUMAHHWEC Ha TO, YTO BXOAHBIC XAPAKTCPUCTUKHW CHUMAIOTCA HNpPHU JABYX Pa3HbIX 3HAYCHUAX
HaIIpsDKCHUA Ha  KOJUICKTOPE 6I/IHOJI$IpHOFO TPAH3UCTOPA, BBIXOAHBIC XAPAKTCPUCTHUKU
CHHMAIOTCSl TIPH OTPEACIICHHOM TMOCTOSTHHOM TOKe 0a3bl OWMIOJspHOro TpaH3ucTtopa. Ilo
pe3ynpraTaM paboThl HEOOXOAMMO TMOCTPOUTH TpadUKU TMOJYYEHHBIX OINBITHBIM ITyTEM
XapaKTEepUCTHK.

4.6 JlaGopatopnasi padora Ne6 (JIP-6) U3yuenue m ¢usnyeckoe uccjieqoBaHue
BOJIbT-AMIIEPHBIX XapaKTePHUCTHK THPUCTOPOB

[Ipn BbIMONHEHUU pabOTBl MO CHATUIO BOJIbT-aMIepHON xapaktepucTuku (BAX)
TUPUCTOPOB HEOOXOJIUMO YSICHUTHb MOPSIOK BBIMOJIHEHUs paboTel. B ganHOM pabote
npenaraercss cHATh BAX nmns TpuomHoro tupuctopa. Taxke HE0OXOIMMO aKLEHTHUPOBATH
BHMMAaHHE Ha MPHUHIMIIHAIBHBIX CXeMaX J1JabopaTOopHOM padOThI, T.K. CXEMBI I NPSIMON BETBU
BAX pasnmnuarorcss BKIOYEHHMEM MYJIbTUMETpAa B PEXKUME M3MEPEHUS IOCTOSHHOTO
HanpspKeHUs. Takke MpU BBITIOJHEHUH OTIBITOB HE CIIEAYET MPEBBIIIATh MPSMOM TOK THUPUCTOPA
o6omee 100 MA. Tlo pesynpTaTam pabOTHl MOCTPOUTH W MPOU3ZBECTH CPABHEHHE TOJYYECHHBIX
BAX ¢ TeopeTH4eCKUMU 3aBUCUMOCTSIMH MPSMOTO TOKA OT IPSIMOTO HAIIPSDKEHUS JAHHOTO TUIA
THPHUCTOPA.

4.7 JladopatopHasi padora Ne7/ (JIP-7) HMccaenoBanue cxeM oaHOGa3ZHBIX
HeyNnpaBJisieMbIX U YIPABJIsiEeMbIX BHINPSIMHUTEJIEIA.

[Ipy TOArOTOBKE K BBHINOJHEHUIO JIA0OPATOPHOW pPa0OTBI MO YIPaBISAEMBIM U
HEYNPABISICMbIM BBIITPSIMHTEIISIM HEOOXOIUMO O3HAKOMHUTBCS C TEOPETUYECKUMHU CBEICHUSIMU
0 JIaHHOW TeMe, Pa3o0paThcs B OTIMYMHU JAHHBIX THUIIOB BhIIpsAMuTeseH. [lepesn BeimomHeHHEM
paboThl HEOOXOJMMO BBITIOJTHUTH COOTBETCTBYIOIIUE MTEPEKIIOYCHHUS Ha TAOOPAaTOPHOM CTEHIC U
MIPOU3BECTH BKIIIOYCHHUE TOJBKO IIOCIE TPOBEPKH CXEMbI IpernojaaBareneM. llpu cHAITUU
MoKa3aHuii TPUOOPOB HEOOXOIUMO HE 3a0BIBATh MPOU3BOIUTH MEPECKIIOUCHUE PEXIUMA PAOOTHI
U Tpejiesia u3MEepeHHst MyJIIbTUMETPA B Ka4eCTBE BOJIBTMETPA: PEKUM U3MEPCHUS NEePeMEHHOT0
HANPSOKCHHUS KOT/Ia MPOM3BOJMTCS HM3MEPEHHE Ha BTOPUYHON 0OMOTKe TpaHchopmartopa u
PSKUM HM3MEPCHHUsT MOCTOSTHHOTO HAIPSDKCHUS TIPU CHATHM TIOKAa3aHUH Ha BBIXOJIE CXEMBI
BBITIpAAMUTENSA. Takke HEOOXOJMMO TOMHHUTh O TEXHHKE OE30MacHOCTH IPH BBITIOJHCHUU
71a00paTOPHBIX PA0OT U HE JIOYCKATh aBaAPHIMHBIX PEXKUMOB paOOTHI.

4.8 Jlabopatopuasi padora Ne8 (JIP-8) UccienoBanue cxeM KOMIEHCAUMOHHBIX
CTA0MIU3aTOPOB HANIPSKEHUSI.

[Ipn moAroToBKE K 3aHATHIO, HEOOXOIUMO AaKIIEHTHPOBaTh BHUMAaHHME Ha MPHHIIUII
JNEUCTBUS CTIQXUBAKOIIUX (QHIBTPOB M OTCIEAWTh O5TO TPU BBHINOJIHEHHH ONBITOB B
naboparopHoit  pabote. Ilepen  BhImonHEHHMEM  pabOTBl  HEOOXOJMMO  BBINOJHHUTH
COOTBETCTBYIOIIME MEPEKITIOYCHHSI Ha Ta0OpaTOPHOM CTEH/E M MPOU3BECTH BKIIOUYEHUE TOJIBKO
MocJie MPOBEPKH CXeMBI TpernoAaBareneM. [Ipu cHATHH Toka3zaHuil mpruOOPOB HEOOXOIUMO HE
3a0bIBaTh MPOU3BOJUTH MEPEKIIOYCHHIE PEKUMa PadOTHI U Mpe/eia U3MEePEHUsl MyJIbTUMETpa B
KauecTBE BOJBTMETpA: PEKUM H3MEpPEHHS MEPEMEHHOr0 HAIPSHKeHUS KOTAA MPOU3BOAUTCS
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M3MEpEeHHE Ha BTOPUYHON OOMOTKE TpaHcopMaTopa U PEKUM H3MEPEHHS MOCTOSIHHOTO
HaNpsOKCHUS TPU CHATHM TOKA3aHUI Ha BBIXOJE CXEMBbI BBIIPAMUTENSA. Takke HE0OX0IMMO
MOMHUTh O TEXHUKE 0E30MaCHOCTH MPH BBHINOJHEHUU JTa0OpAaTOPHBIX PabOT W HE JOIMYCKaTh
aBapUIHBIX PEKUMOB PabOTEHI.

[lepen BbITIONIHEHWEM JTaHHOW JTa0OPATOPHON PAaOOTHI M TMOCIEAYIOMIMX HEOOXOJUMO
M03HAKOMUThCS ¢ pabotoil B mporpamme «Ocuniuiol’ PAD», B KOTOpoil MPOU3BOIUTCS aHAIIN3
pe3yIbTaTOB OMNBITOB J1a0OpaTopHbIX pabdoT. Ilpu BhIMONHEHMHM pPabOTHI MO HCCIETOBAHHIO
KOMIICHCAIMOHHOTO CTa0MIM3aTopa HEOOXOJMMO NPAaBMIIBHO MPOU3BECTH COOPKY CXEMBI U
MoJaBaTh Ha HEe MUTAaHHE TOJBKO IIOCIIE NPOBEPKH MpernonaBaTeneM. B xome paboTb
MIPOU3BECTH BCE HEOOXOIMMBIC TEPEKIIIOYCHUS M PETYIMPOBKH B CXeME CTa0HiIu3aTopa JUis
YCTAaHOBKM COOTBETCTBYIOIIMX IIaPAaMETPOB W CHATHS 3aBHUCHUMBIX TmapamerpoB. OreHka
pe3ynbTaToOB B JaHHOU paboTe mpousBoautcs B nporpamme «Ocumuiol PADy, ycranoBieHHON
Ha TIEPCOHAIBHOM KOMIIbIOTEpE, KoTopelidi uepe3 USB-moptr moaximodeHn k mabopaTopHOMY
CTEHJY.

4.9 Jlabopatopuast pa6ora Ne9 (JIP-9) HccienoBanue TUNOBOI cXeMbl yCHJIUTENs
HA OUIOJIIPHOM TPAH3HCTOPe

HpI/I IIOATOTOBKE K 3aHATHUIO, H€06XOI[I/IMO AKICHTHUPOBAaTh BHHUMAHUC HA IPHUHIMUIT
HeﬁCTBHZ YCHHHTeHeﬁ Ha 6I/IHOJ'I$[pHI)IX TPaH3HUCTOpaxX, MO3HAKOMUTLCA CO CXEMAaMU BKIIHOYCHUA
OMITOJISIPHBIX TPAH3UCTOPOB B YCHIIMTEIHLHOM PEKUME: CXEMBI C OOIIUM 3MHTTEPOM, C OOIIeH
06a30if M OOIIUM KOJUIEKTOPOM. YSACHUTh MNPUHIUN pabOThl JaHHBIX CXEM U OTJIMYUE B
AKCIUTYaTAI[MOHHBIX XapaKTePUCTHUKAaX M BBIXOJHBIX mapameTpax. [Ipu BbInosHEeHHH paboThI 1O
WCCIICIOBAHUIO OWITOJSIPHOTO TPAH3UCTOpAa B PEXUME YCWICHHS HEO0OXOIUMO IPaBUIBHO
IMPOU3BECTU C60pKy CXeM W IoJaBaTb Ha HHUX IHUTAHHUEC TOJIBKO TIOCIE€ TMPOBEPKU
npenojaBatenieM. B xome paboThl TpOW3BECTH BCE HEOOXOMUMBIE MEPEKIIOYCHUS U
PEryIUpPOBKM B cXeMmax [Uisi YCTAaHOBKM 3a/laHHBIX MAapaMeTpoB M CHSTHS 3aBUCHUMBIX
napametrpoB. OleHKa pe3ylbTaToB B JaHHOW paboTe MPOU3BOIUTCS B IMPOrpaMme
«Octmmmol PA®y, ycTaHOBICHHONW Ha MEPCOHAIIBHOM KOMITbIOTEpE, KOTOPhIA uepe3 USB-mopt
MOJAKIIIOUEH K J1a00paTOpPHOMY CTEHY.

4.10 Jladopatopuasi pa6ora NelO (JIP-10) HccienoBanue audgepeHunaaibHOro
YCWINTEIBHOI0 KAaCKa1a Ha OMIIOJISIPHBIX TPAH3UCTOPAaX

[Ipn moAaroToBke K 3aHATHIO, HEOOXOOUMO aKIIEHTUPOBATh BHHMAaHWE HA MPUHIUII
JNeUCTBUS ycUIUTeNel Ha OUTOJISIPHBIX TPAH3UCTOPAX U KaK Pa3HOBUIAHOCThH JaHHBIA YCTPOMCTB
— muddepeHInaIbHblii  YCHIINTENb, MO3HAKOMUTBCA CO CXEMaMU BKIIIOYEHHUS OUIOJISIPHBIX
TPaH3UCTOPOB B YCUIIUTEIILHOM PEKHUME: CXEMbI ¢ 00LIUM IMUTTEPOM, ¢ 001Iel 6a30ii u 00ImKUM
KOJUIEKTOPOM. YSCHUTH NPUHIMUN PAOOTHl JAaHHBIX CXEM M OTJIMYME B OKCIUTyaTallMOHHBIX
XapaKTepUCTHUKaX W  BBIXOJHBIX mapamerpaX. Ilo3HakomMuThcst ¢ pabOTONW  CXEMBbI
g depeHInanbHOr0 YCHIUTEAs] W aKUEHTUPOBATh BHUMAaHHE Ha MapaMeTpax JAaHHOTO
ycTpoiicTBa U cepax npumeHenus. [Ipy BbIOITHEHHH paOOTHI MO0 UCCIEAOBAHUIO OUIIOISIPHOTO
TPaH3UCTOpA B PEKUME YCUIICHHS U pabOTHI 10 UccleAoBaHu0 AuddepeHIINaNIbHOTO YCUITUTENs
HE0OX0IMMO MPaBUIHLHO MPOU3BECTH COOPKY CXEM U MOJAaBaTh HA HUX NMUTAHHE TOJBKO IMOCIE
MIPOBEPKHU TpernoaaBareneM. B xoxe paboThl mpou3BecTH Bce HEOOXOAMMBbIE MEPEKIIOUCHUS U
pPEryaupoBKM B CXeMmax /s YCTaHOBKM 33JaHHBIX [apaMETPOB MW CHSATHUS 3aBUCHUMBIX
napametrpoB. OlleHKa pe3ylbTaTOB B JaHHOW paboTe MPOU3ZBOOUTCS B IporpamMme
«Octmnnol PA®y, ycTaHOBIEHHOW Ha MEPCOHATFHOM KOMITbIOTEpE, KOoTophlil uepe3 USB-mopt
MOJKIIIOUEH K J1a00paTOPHOMY CTEHY.

4.11 JlaGoparopuass pabGora Nell (JIP-11) MHMcciaegoBanne oOnepanmoHHOIO
YCHJIMTEJISE
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[Ipn mOAroTOBKE K 3aHATHIO, HEOOXOOUMO AaKIICHTUPOBATh BHHMAHWE HA TPUHIIHII
JNEUCTBUSL OMEPAIMOHHOTO YCHJIMTENSA, IMO3HAKOMHUTBCS C OCHOBHBIMU XapaKTEPUCTUKAMH
JTAHHBIX YCTPOUCTB, WX IKCIUIYaTAIIMOHHBIMH TapaMeTpaMu u cepaMu MPUMEHCHHUSI, H3yIHUTh
BHYTPEHHIOIO CTPYKTYPY OIIEPAallMOHHOTO YCWJIMTENSI M BXOJSIIME B HEE YCHJIUTEIbHbIC
kackapl. [Ipu BeIMOTHEHHH PabOTHI IO UCCIICIOBAHHIO ONEPAIIHOHHOTO YCHIUTENS HE0OX0AUMO
MPaBUJILHO TMPOU3BECTH COOPKY CXEM W I0JlaBaTh HAa HUX NMUTAaHWE TOJBKO TOCIE MPOBEPKHU
nperogaBatenieM. B xome paboThl TpoOW3BECTH BCE HEOOXOMUMBIE MEPEKIIOYEHUS U
pPeryaupoBKM B CXeMmax /i YCTAaHOBKM 3a/JIaHHBIX I1apaMETPOB U CHATHUS 3aBUCHUMBIX
napamerpoB. OIlleHKa pe3yJbTaTOB B JIaHHOW paboTe TPOU3BOTUTCS B  IpOrpaMme
«Octmmio PA®y, ycTaHOBIIEHHOW Ha TIEPCOHAILHOM KOMITbIOTEpE, KOoTophiit uyepe3 USB-mopt
MOAKIIIOUEH K J1a00paTOPHOMY CTEHY.

412 Jlaboparopnasi paGora Nel2 (JIP-12) MHccaenoBanme  JIUHEHHBIX
BBIYHMCJIUTEIBHBIX CX€M HA OCHOBE ONEPAIMOHHBIX YCUJIHUTe€eii.

[Tpu moaroToBKe K 3aHATHIO, HEOOXOAMMO aKIEHTHPOBATh BHUMAaHHUE HA MCIOJIh30BAHUE
OTIEPAIIMOHHOTO YCHWJIUTENS! B TIOCTPOCHWW JIMHEHHBIX BBIYMCIUTEIBHBIX CXEM, aHAJIOTOBBIX
KoMmapaTopoB u Tpurrepa llImunra, MO3HAKOMHUTBCS ¢ OCHOBHBIMHU XapaKTEPHUCTUKAMU JTAHHBIX
YCTPOWCTB, WX IKCILTyaTaIIMOHHBIMU TTapaMeTpamMu U chepamu npumenenus. [Ipu BeImoTHEHHN
paboOThl TIO HWCCIIEIOBAHUIO JIMHEHHBIX BBIUYMCIUTEIBHBIX CXEM Ha OCHOBE OTEpAIlHOHHBIX
YCHUJIUTENIeH W paldOThI TI0 MCCIIEAOBAHUIO aHAIOTOBOTO KoMImaparopa W tpurrepa [lImuara Ha
OTIEPAIIMOHHOM YCHIINTENIE HEOOXOIMMO TPABHIILHO TPOHM3BECTH COOPKY CXeM W TOoJaBaTh Ha
HUX THATaHWE TOJIBKO IIOCIIE TIPOBEPKU TMperojaBaTesieM. B xomae paboThl MPOU3BECTH BCE
HEO0XOIMMBIE TIEPEKITIOUSHHSI U PETYIUPOBKH B CXeMax JUIsl YCTAHOBKH 33JJaHHBIX ITapaMeTpOB
W CHATHS 3aBUCHUMBIX mapameTpoB. OIlleHKa pe3yslbTaToB B JaHHOW paboOTe MPOW3BOIUTCS B
nporpamme «Octuiiol PA®y, ycTaHOBIIEHHON Ha TIEPCOHATILHOM KOMIIBIOTEPE, KOTOPHIN Yepe3
USB-nopT nokitoueH K 1abopaTopHOMY CTCHITY.

4.13 JladopaTopHas pabora Nel3 (JIP-13) HcciaenoBanume THNOBBIX JOTHYECKHX
3J1EMEHTOB.

[Ipr moAroToBKEe K 3aHITHIO, HEOOXOIMMO aKIEHTHPOBATh BHHUMAHUE HA TMPHHIUIIBI
MOCTPOCHHSI THITOBBIX JIOTHYECKHX AJIEMEHTOB Ha JUCKPETHBIX YCTPOWCTBAX 3JICKTPOHHKH W
UCIIOJIb30BAHNH UX B CXE€MaX TPHUITEPOB, MPUHIIMIIAX UX PAOOTHI, TO3HAKOMHUTHLCS C OCHOBHBIMHU
XapaKTePUCTUKAMU JIAHHBIX YCTPOWCTB, WX OSKCIUTYyaTallMOHHBIMH IapaMeTrpaMu u chepamu
npuMeHeHus. [Ipy BBIOTHEHUU pabOThI MO UCCICTOBAHUIO THIIOBBIX JIOTHYECKHX JIEMEHTOB U
paboThI MO HCCIEAOBAHUIO TPUITEPOB HA JIOTHUECKUX DJIEMEHTaX HEOOXOIUMO IPABUIIBHO
MPOU3BECTH COOPKY CXeM H ToJlaBaTh Ha HHUX IHUTaHWE TOJBKO TIIOCIE TPOBEPKU
npenojaBatesieM. B xome paboThl TPOW3BECTH BCE HEOOXOMUMBIC MEPEKIIOYCHUS U
pPEryIUpOBKA B CXeMaxX Uil YCTAaHOBKH 3a/IaHHBIX I1apaMeTPOB W CHSATHS 3aBUCHUMBIX
napamerpoB. OlleHKa pe3ylbTaTOB B JaHHOW paboTe MPOU3BOIUTCS B IporpaMmme
«Octuio PA®y, ycTaHOBJICHHOW Ha MEPCOHAILHOM KOMITbIOTEpE, KoTophiid uepe3 USB-mnopt
MOJIKITFOYEH K JIA00OPaTOPHOMY CTCH]TY.

4.14 JlaGopatopHas padora Nel4 (JIP-14) MHccaenoBanue CHYETYHKOB M
Aemin(paTopoB B HHTErPAJTbHOM UCIIOJIHEHUH

[Ipyn moaroToBke K 3aHATHIO, HEOOXOIMMO AaKIEHTHPOBAThH BHUMAHHE Ha MPUHIUIIBI
MOCTPOCHUS] CYETYMKOB W JEHIM(PPaTOpPOB B MHTETPATHLHOM HWCIOJHEHUH, TPHUHIIMIAX HUX
paboThl, TMO3HAKOMHUTHCS C OCHOBHBIMH XapaKTEPUCTUKAMU JaHHBIX YCTPOWCTB, HX
IKCIUTYaTaI[MOHHBIMU MapameTpamMu U cdepamu npuMeHeHus. [Ipu BeImomHeHUM paboOT Mo
HCCIIEIOBAaHUIO CXEM CUETYHMKOB U JEMH(PaTOPOB B MHTETPATLHOM HCTIOJIHEHHH HEOOXOAUMO
MPaBWJIBHO TMPOU3BECTH COOPKY CXEM M TOJaBaTh HAa HUX MHUTAHHUE TOJIBKO TOCTE MPOBEPKHU
npernojaBaTenieM. B xome paOoThl MPOM3BECTH BCE HEOOXOAWMBIE TMEPEKIIOYCHHUS U
pPEryaupoBKM B CXeMmax /i YCTaHOBKM 3aJaHHBIX I[apaMETPOB U CHATHUS 3aBUCHUMBIX

75



napamerpoB. OlleHKa pe3ylbTaTOB B JIaHHOW paboTe MPOU3BOTUTCS B  IporpaMme
«Octmmnol PA®y, ycTaHOBIIEHHOW Ha MIEPCOHATLHOM KOMITbIOTEpE, KoTophii uepe3 USB-mopt
MOJIKJIIOUEH K JIa00paTOpHOMY CTEHITY.

4.15 Jlaboparopuas padora Nel5 (JIP-15) UcciienoBanue TpUIrrepoB Ha JIOTHYECKUX
3JIeMeHTAaXx.

[Ipy moaroToBke K 3aHATHIO, HEOOXOIMMO AaKUEHTHUPOBATh BHUMAHHE Ha MPUHIUIIBI
IIOCTPOEHUSI TUIOBBIX JOTHYECKUX 3JIEMEHTOB Ha JUCKPETHBIX YCTPOMCTBaX 3JEKTPOHUKH U
HCI0JIb30BAHMU UX B CX€MaxX TPUITEPOB, IPUHLUIAX UX paOOThI, IO3HAKOMUTHCS C OCHOBHBIMU
XapaKTepUCTUKAMHU JIAaHHBIX YCTPOWCTB, WX OSKCIUTYyaTallMOHHBIMH IapaMeTpaMu U chepamu
npuMmeHeHust. [lpu BbinoaHeHuH pabOThHI MO MCCIEI0BAHUIO TUIOBBIX JIOTHYECKUX AJIEMEHTOB U
paboTHI MO WCCIEJAOBAHHIO TPUITEPOB HA JIOTHYECKHX 3JIEMEHTaX HEO0OXOAMMO IPaBHIBHO
MPOU3BECTH COOPKY CXeM U T0JaBaTh Ha HUX [UTAaHUE TOJBKO TIOCIE TPOBEPKHU
npenojaBatesnieM. B Xxozme paboThl MpOM3BECTH BCE HEOOXOAMMBbIE MEPEKIIOYEHUsS] U
pPEryIMpPOBKM B CXeMax JUIsl YCTAaHOBKM 3a/JaHHBIX [apaMeTpOB M CHATUS 3aBHCHMBIX
napameTrpoB. OLieHKa pe3ylbTaToOB B JIaHHOM pa0oTe MPOU3BOOUTCS B IporpaMme
«Octmmuio PA®»y, ycTaHOBICHHOW Ha MEPCOHAILHOM KOMITbIOTEpEe, KOTophiid uepe3 USB-mopt
MOJKIIIOUEH K J1a00paTOPHOMY CTEHY.

4.16 Jla6opatopHas paGora Nel6 (JIP-16) HMcciaenoBanme mudppo-aHAJIOTOBBIX
npeodpasoBareei.

JladopaTtopnas paGora Nel7 (JIP-17) MccaenoBanue aHaJ0ro-un@ppoBbIX
npeodpasoBareei.

[Ipr mOAroTOBKE K 3aHATHIO, HEOOXOIMMO AaKIEHTHPOBATh BHUMAHUE HA TMPHUHIUIIBI
MOCTpOCHUST IU(PO-aHAIOTOBBIX M aHAJIOro-UM(pOBBIX MpeoOpa3oBareseil, MpUHLIHUIAX HX
paboThl, TMO3HAKOMHUTHCS C OCHOBHBIMH XapaKTEpPUCTUKAMU JaHHBIX YCTPOWCTB, HX
SKCIUTYaTallMOHHBIMU TapameTpamMu U cdepamu npuMeHeHus. [lpu BblmosiHeHUU paboOT Mo
HCCIEAOBaHUI0 NHU(PO-aHATOTOBBIX W aHaJIoro-mudpoBbIX mpeoOpa3zoBareniell HE0OXOIUMO
MPaBMJIBHO MPOU3BECTH COOPKY CXEM M MOJIaBaTh HAa HUX MHUTAHHUE TOJIBKO TOCJE MPOBEPKHU
npernojaBatesnieM. B Xxozme pa0oThl MPOU3BECTH BCE HEOOXOAMMbIE MEPEKIIOYeHUS] U
PEryIUpPOBKM B cXeMmaxX [Uisi YCTAHOBKM 3a/laHHBIX MapaMeTpoB M CHSTHS 3aBUCHUMBIX
napamerpoB. OlieHKa pe3ylbTaTOB B JaHHOW paboTe MPOU3BOIUTCS B IporpaMme
«Ocummol PA®y, ycTaHOBICHHONW Ha MEPCOHAIIBHOM KOMIThbIOTEpE, KOTOPhIA yepe3 USB-mopt
MOJAKIIIOUEH K J1a00paTOPHOMY CTEHY.
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