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HPEAUCJIOBUE

3HaHWE TOW WIM WHOW Y4YeOHOW IUCIUIUIMHBI IOApPA3yMEBAET YMEHHUE
NPUMEHATH TIOJY4YEHHBIE 3HAHUS K PEIICHHI0O KOHKPETHBIX BOMPOCOB MPAKTHKH.
Takoe ymeHHMe HE NUPUXOJUT CaMO, a JOCTHTAeTCsl TpPEeHUpOBKOW. OmHOU wu3
¢ deKkTuBHBIX (GOpPM TPEHUPOBKHU SBISCTCA pEIIeHHE 3anad. B mpemmaraeMbix
Bamemy BHHUMaHHMIO METOJUYECKHX YKa3aHHSIX PACCMOTPEHBI HEKOTOpHIE,
CPaBHUTEIPHO YacTO BCTPEUAIOIINECS PEKUMBI pabOTHI CUIIOBBIX TPaHCHOPMATOPOB,
a TaKKe CXEMbI U METOJMKA pacyeTa YCTPONCTB aBTOMATUKH M YCTOWYMBOCTH y37a
Harpy3Ku.

Juctuumnnaa «OCHOBBI AKCIUTyaTalldd AJEKTPOOOOpPYAOBaHUS» BBEJCHA B
y4eOHBIM TUTaH TOArOTOBKM OakanaBpoB mo HampasieHuto 13.03.02 (140400.62)
«DNEKTPOIHEPTreTUKA U IINEKTPOTEXHUKA», MPOPUIbh «DIEKTPUICCKHE CTAHIIUN» B
AMYpPCKOM TOCYJapCTBEHHOM YHHBEPCUTETE IO COTJIACOBAHUIO C TPEANPUATHSIMHU,
MPUHAMAIONIMMHU Ha pa0doTy BBIITYCKHUKOB YHEPTETUIECKOTO (PaKyIbTETA.

Ileny  nmucumrummHbBl  — GOPMHUPOBaHWE Y OyAYyHMIMX  CIEIHATUCTOB
CHUCTEeMAaTHYECKUX 3HaHMK 00 OCOOCHHOCTSAX BEIEHUS PEKUMOB M METO/AaxX
AKCIUTYaTallil OCHOBHOTO AJIEKTPOOOOPYAOBaHUS DICKTPHUECKUX CTAHIUU U
MOJICTAHLIU .

OcHognble 3a0auu MCUUIUIMHBI — YCBOCHHME HAYyYHBIX OCHOB 3KCIUTyaTallUd
DIIEKTPUYECKUX CTAHIMHA W TOACTAHIIMNA, BBIPaOOTKA YMEHHWA ¥ HABBIKOB
IUTAHUPOBAHUS W OpPTaHM3AIlMH SKCIUTyaTallid, YMEHHUS U HAaBBIKOB aHAIM3UPOBATH
CYIIECTBYIOIIMH ypPOBEHb OKCIUTyaTalldd dJIGKTPOOOOPYIOBAHHS CTAaHIUKA U
MOJICTAHIIMIA ¥ HAMEYaTh MTyTH MOBBIIICHHS Ka4eCTBa IKCILTyaTaI[UH.

OcBoeHHE JaHHOW JUCIUIUIMHBI TIOMOTAaeT CTYACHTY B MPHOOPETEHUH
CIEIYIOIMX KOMIIETCHIAM:

00WEeKYIbIMY DHBIX:

- TOTOBHOCTH K CAMOCTOSTEJIbHOW, HWHAMBUAYAIbHON paboTe, NPUHITHIO
peleHuii B paMkax cBoelt npodeccronansHoi komnereHuu (OK-7);
0bwenpogeccUuoOHaAIbHBIX.:

- CIIOCOOHOCTH ¥ TOTOBHOCTH MCIIOJIb30BaTh HOPMATHBHBIC MPABOBHIE
JOKYMEHTHI B cBoeH nipodeccronansHoit nestenpHocta (11K-4);

- CIOCOOHOCTH MW TOTOBHOCTH aHAJM3UPOBATH HAYYHO-TEXHUYECKYIO
uH(OpPMAIMIO, W3y4YaTh OTEYECTBEHHBIH W 3apyOCHBIM ONBIT IO TEMaTHKE
uccnenoBanus (I1K-6);

- TOTOBHOCTH OCYIIECTBIISATH OTICPATUBHBIC U3MEHEHUS CXEM, PEKUMOB PaOOTHI
sHeprooowekToB (I1K-25);



- CIIOCOOHOCTHU COCTABIIATH U O(OPMIIATH ONEPATUBHYIO JOKYMEHTAIIHIO,
MPEeTyCMOTPEHHYIO MPaBUIIaMU SKCIUTyaTallui 000pyAOBaHUS U OpraHU3aluu
pa6otsl (ITK-26);

- TOTOBHOCTHM YYaCTBOBaTh B MOHTAXXHBIX, HaJaJOYHBIX, PEMOHTHBIX U
npoduIakTHIEeCKUX paborax Ha 00beKkTax AnekTpodnepretuxu (I1K-27);

- CMOCOOHOCTh K PEIICHHIO KOHKPETHBIX 3a/lad B OOJACTH OpraHu3aluu U
HopmupoBanus tpyaa (I1K-30);

- TOTOBHOCTb K KOOINEpalMd C KOJUIeTaMH W paboTe B KOJUIEKTUBE M K
opranuzanuu padboThl MaIbIX KOJUIeKTUBOB HcnonHuTenei (11K-32);

- COCOOHOCTH K OOYYEHHIO HAa BTOPOM YpPOBHE BBICIIErO MPO(EeCCHOHATBHOTO
0o0pa3oBaHus, MOIYYEHHUIO 3HAHUM O OAHOMY M3 mpoduiel B 00JacTU Hay4HBIX
uccieIoBaHui 1 niegarorudeckoit nesrenpHocTr (I1K-33);

- CcrocoOHOCTh KOOPAMHUPOBAThH JIEATENBHOCTh YJIEHOB TPYIOBOTO KOJIIEKTHBA
(IIK-34);

- TOTOBHOCTHU 00€CTeunBaTh COONIOICHIE MPOU3BOJCTBEHHON U TPYAOBOM
mucuurnabl (I[TK-35);

- TOTOBHOCTM KOHTpOJMpPOBaTh COOJIIOJIEHUE TpeboBaHUIl 0E30MacHOCTH
x)u3HenestenbHocTy (I11K-36);

- TOTOBHOCTHU 00€CIeunBaTh COOIOICHHUE 3aJaHHBIX TapaMeTPOB
TEeXHOJIOTHYECKOro mpoliecca 1 kauecTBo npoaykiuu (I1K-37);

- TOTOBHOCTH M3y4aTh HAYyYHO-TEXHUYECKYIO MH(POpPMAIINIO, OTEUYECTBEHHbBIN U
3apyOexKHBIN OTBIT MO TemaThke uccieaoBanus (11K-39);

- TOTOBHOCTH Y4aCTBOBAaTh B COCTaBJICHHM Hay4dHO-TexHH4Yeckux otueroB (ITK-
42);

- CIIOCOOHOCTH MPHUMEHATHh METOAbl HUCHBITAHUM 3JIEKTPOOOOPYIOBaHUS U
00BEKTOB JEKTPOIHEPreTUKHU U AnnekTporexHuku (I11K-43);

- CIIOCOOHOCTH BBINOJNHATH JKCIEPUMEHTALHBIE HCCIEOBAHUS IO 33JaHHOMN
MeToAMKe, 00padaThIBaTh pe3yibTaThl dkcriepuMeHToB ([1K-44);

- TOTOBHOCTM  WCIONB30BaTh  TEXHUYECKUE  CPEJICTBA  HCIBITAHUHN
TEXHOJIOru4eckux nporieccoB u uzaenuii (I1K-45);

- CITIOCOOHOCTH K MOHTaXYy, PETYJIUPOBKE, UCTIBITAHUAM U CJJau€ B SKCILTyaTallHIO
ANIEKTPOIHEPTETUYECKOTO U AJIEKTpoTeXHUYecKkoro ooopynoBanus (I1K-46);

- TOTOBHOCTH K HaJlaJKe M ONBITHOW MPOBEPKE 3JIEKTPOIHEPTETUYECKOTO U
anekTpoTexHudeckoro ooopynoanus (I11K-47);

- TOTOBHOCTbh K IMPOBEPKE TEXHUYECKOI'O COCTOSIHUS M OCTATOYHOIO pecypca
000pyAOBaHUS U OpraHU3ALNHN NPOYUIAKTHUECKUX OCMOTPOB U TEKYILET0 PEMOHTA
(ITK-48);

- TOTOBHOCTH K IPUEMKE U OCBOEHUIO BBOAUMOT0 obopynoBanus (I[1K-49);



- TOTOBHOCTHU K COCTaBJICHUIO 3asiBOK Ha 000py/I0BaHUE U 3allaCHbIC YaCTU U
MOJATOTOBKE TEXHUYECKOW JoKkymeHTaluu Ha peMoHT (I1K-50);

- TOTOBHOCTU K COCTABJIEHUIO MHCTPYKLUMH MO 3KCIUTyaTalMu oOOpYIOBAHUS U
nporpamm ucneitanuii (ITK-51).

Kpome  atoro,  QopMmupyrorcs  npogeccuonanvbho-cneyuanusuposantbie

KOMIIETEHIINH:

- CHOCOOHOCTb COCTaBIATH M O(OPMIIATH OINEPATUBHYIO JIOKYMEHTAIHIO,
npeaycMoTpenHyro IlpaBunamu texHudeckod skcryataiuu (I1TD) u apyrumu
HOpMaTUBHO-TexHUYeckuMU AokymeHTamu (IICK-4);

- TOTOBHOCTH ITPOU3BOJUTH MOHTAaX HOBEMIIETO 3JIEKTPOTEXHUYECKOTO
obopynoBanus u ero peryaupoBky (IICK-7);

- CMIOCOOHOCTH IPOU3BOUTH UCTIBITAHUS IEKTPOOOOPYI0BAHNUS,
Mpe1yCMOTPEHHbIE HOpMAaTUBHO-TexHUUecKkuMuU JokymeHTamu (IICK-8);

- CMIOCOOHOCTU POU3BOJIUTH IUATHOCTUKY JIEKTPOOOOPYIOBAHUS U
opranu3oBbIBaTh ero tekymiue peMoHTsl (IICK-9);

- CIIOCOOHOCTH K OCBOCHMIO BBOJIMMOTO B 3KCILTYaTaIMIO JIEKTPOOOOPYI0BaHUS
(TICK-10).

B pe3ynbprare u3y4yeHus TUCHUIUIMHBI CTYAEHTHI JOJIKHBI:

- 3Hamb COBPEMEHHBIE CIOCOOBI JKCIUIyaTallid 3JIEKTPOOOOPYIOBAHUU
AJIEKTPOCTAaHLIUM U ITOJCTAHIIUN;

- ROJyYums ymMeHusA W HABBIKA MO HCHBITAHUAM HIIEKTPOOOOPYIOBaHUS,
MPEAYTIPEKICHUIO TOBPEKACHUN U OTKA30B;

- 0671a0emb HAGbIKAMU OLICHKU YPOBHS KCIUTyaTallud AJIEKTPOOOOPYI0BAHUS
1 (OPMHUPOBAHUS ITYTH €TI0 COBEPILICHCTBOBAHMS.

HucuurninuHa «OCHOBBI AKCIUTyaTaluu AIEKTPOOOOPYIOBAHUS»
npenycMoTpena @denepanabHbIM TOCYAAPCTBEHHBIM 00pa30BaTEIbHBIM CTaHIAPTOM
MOATOTOBKM OakanaBpoB 1o HampaieHuto 140400 «DnekTposHepreTuka u
AIIEKTPOTEXHUKA» B  KAyeCcTBE JIUCLUUIUIMHBI 1O BBIOOpY nns  mpoduis
«Onexrpuueckue craniuun» — mudp b3.B./IB.4. Y4eOHBIM M1aHOM MPeyCMOTPEHO,
4YTO OO0IIMe TPyAO03aTpaThl IO JUCUUIUIMHE COCTAaBISAIOT 6 3a4eTHBIX E€IUHUIL
tpynoemkocTu (3ET). Uucno yacos, BeIIEII€MOE HA U3YYEHUE TUCIUIUIMHBL — 216, B
ToM uyucie 28 (14+14 B ceapbMOM W BOCBMOM CeMecCTpax) — Jekuuu, 14 —
nabopatopHbie paboThl, 56 (28+28) — mpakTUYECKKE 3aHITHS.

3HaHMs, TOTYyYEHHbIE TPU OCBOCHUHU JUCUUILTUHBI, MOTYT OBITh BOCTPEOOBaHBI
IIPU BBIMOJHEHUH BBIMTYCKHOM KBATU(PUKAITMOHHON PaOOTHI.

Hacrtosimiee yweOHOoe mnocoOue — ouepeHasi 4YacTb KOMILIEKTa Y4eOHO-
METOIMYECKHX MaTepHaJiOB, pa3pabdaThiBaeMoOro kadeapoil IHepreTuku AMYpPCKOTO
rOCYJAapCTBEHHOTO YHUBEPCHUTETA B paMKax pealu3aluu rpaHTa MHUHUCTEPCTBA
oOpazoBaHus u HAYKU Poccuiickon denepaunun «IlogroroBka
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BBICOKOKBaM(UIIMPOBAHHBIX KAJApPOB B cQepe dIEKTPOIHEPIeTUKH U TOPHO-
METAIIyprUYECKON OTpaciu A OpeaupusTHid AMypckod oOjacTw» MO 3akasy
npeanpustusa-nmaptaepa — OAO «J/lanpHEBOCTOYHAs paclpeleUTENbHAsT CETEBAs
koMmmanus» (OAO «/IPCK»).



BBEJAEHHUE

[IpaBunibHBI BBIOOP TMApaMETPOB M PEXKUMOB PaOOTHl AJIECKTPUUECCKUX
amnmapaToB HMMeeT OOJIbIIOe 3HAaYeHHE [IJIs YCTOMYMBOrO (PyHKIIMOHHPOBAHUS
AIEKTPOIHEPTreTUUCCKUX CUCTEM U CUCTEM AJIEKTPOCHAOKEHUS.

3HaHWE  TPUHIMIIOB  BBIOJIHEHUS W OCOOCHHOCTEM  AKCIUTyaTaruu
COBPEMEHHOT0 AIEKTPOOOOPYyIOBaHUS 0053aTEIBHO JUTS BBIITYCKHHKA
sHepreTudeckoro ¢daxkynpreta. OCHOBHBIE CBEJAEHUS O IMpaBWIaX JKCILTyaTallUuH
comepxkarcss B [2] u [3]. Marepuansl [3] oOs3aTenbHbl I8 TEIJIOBBIX
ANIEKTPOCTAHIIUM, PabOTAIONIUX HAa OPraHUYECKOM TOILUIUBE, THAPOIJIEKTPOCTAHIIHM,
DJIEKTPUYECKUX M TEIUIOBBIX cerer Poccuiickon denepauvu M Ui OpraHU3alNi,
BBITIOJTHSIOIINX PA0OTHl MPUMEHHUTEIBHO K 3TUM 00BbekTaM. Ho, MOCKOJIbKY BeaeTcs
MOCTOsIHHAs PaboTa MO COBEPIICHCTBOBAHUIO AJIEKTPOOOOPYHAOBAHUS, IMOSBISETCS
JOTIOJIHUTENIbHAS UH(OpPMAIKs B BUJIC OT/ACJIBHBIX CTaTed, 0030pOB W CIPABOYHO-
MH()OPMAIIMOHHBIX MaTEPUATIOB MPEANPUITUN U PUPM, BBIIMYCKAIOIINX TE WU UHBIC
ANIEKTPUUYECKHE aTllapaThl U IPUOOPHI.

B ocHoBy HacTosero yue6Horo mocoOust mojoxkeHsl Marepuansl [1], [2], [4]
u [9], IONOTHEHHBIE CBEACHUAMU, MOSBUBIIMMUCS B PACIOPSIKEHUU COCTABUTENICH
MIpU TTOMCKe HeoOxoaumoi nHdopmanuu B cetu «IHTepHeTY.



HNEPEYEHDb TEM NPAKTUYECKHNX 3AHSATHI

Ilepeuenb Tem Yacel OcBauBaembie
KOMIIEeTEeHIIM U
Ompenenenue TOMyCTUMOW BEIIMYHUHBI U 2 OK- 5, IIK- 7, IIK-18,
JUINTEJIBHOCTU CHUCTEMATHYECKOU MTEPErpy3KH [1K-21, I[TIK-23
TpanchopmaTopa
Pacuer TOKOpacmpeneneHus npu napapsieabHON 2 OK- 5, TIK- 7, TIK-18,
pabote TpexoOMOTOUHBIX TpaHC(HOPMATOPOB Ha [K-21, TIK-23
IByX oOOMOTKax mpu paboTe Tperbe OOMOTKH Ha
BBIJICJICHHYIO Harpy3Ky
Harpes cunoBoro tpancdopmaropa npu 2 ITK- 7, IIK-18, T1K-23
HOpMaJIbHOM paboTe
Harpes cunoBoro tpancopmaropa B pexxume 2 OK- 5, TIK- 7, TIK-18,
KOPOTKOTO 3aMBIKaHUs [1K-23
Pacuer ypaBHUTENbHOW MOIIHOCTH U 3arpy3Ku 2 OK- 5, IIK- 7, IIK-18,
MIpU NapaJuieIbHOM padoTe TpaHChHOPMATOPOB, [K-21, TIK-23
OTJIMYAOIIUXCS HOMUHAIBHBIMH TTApaMETPaMHU
PacdeT noTeps MOIITHOCTH ¥ SHEPTUU B 2 IIK- 7, IIK-9, TIK-18,
TPEXO0OMOTOYHOM TpaHCchopMaTope [K-21, IK-23
OreHKa yCTOWYMBOCTH y3J1a HArpYy3KH MIPH TIOTEPe 2 [IK- 7, IIK-18, TIK-21,
CBSI3HM C CUCTEMOW HEOTPAHHUYEHHON MOIITHOCTH [1K-23
OreHka BO3MOKHOCTH TIEpephIBA MTUTAHUS Ha 2 OK- 5, IIK- 7, IIK-18,
[IMHAX HATPY3KHU MO YCIOBHUSIM CaMO3aIlyCKa [1K-23
AIEKTPOBUTATEINS
Pacuer camo3anycka 31eKTpoaBUraTens 2 OK- 5, IIK- 7, IIK-18,
[1K-23
N3ydenue cxeM ycTpoNCTB aBTOMATHUKH BBOJIA 2 ITK- 7, IIK-9, T1K-18,
pesepBa [K-21, TIK-23




KPUTEPUU JOCTUXKXEHUSA PE3YJIBTATOB OBYYEHUA
1O BJIOKY NIPAKTHYECKHUX JUCHUIIJINH

Bann Kpurtepun ouenku (coaepskateabHasi XapaKTepHUCTUKA)

«1» Pabora BrImonHeHa MOTHOCTHIO. CTYJEHT MPAKTUUECKH HE BIIAJIEET TEOPETHYECKUM
MaTepHaJIOM, JIONyCKasl IpyOble OMIMOKH, UCTIBITHIBAET 3aTPYAHEHHS B (POPMYIIUPOBKE
COOCTBEHHBIX CYXJIEHHH, HECIOCOOEH OTBETUTH Ha JIOMIOJIHUTEIBHBIE BOIIPOCHI.

«2» Pabora BrmonHeHa nmoaHocThI0. CTYJEHT He BIa/ICeT TEOPETUUECKUM MaTepUalioM, OIMycKast
OLIMOKH IO CYIIHOCTH paccMaTpUBaeMbIX (00CYKIaeMBbIX) BOIPOCOB, UCIIBITHIBAET
3aTpyaHeHust B (GOpMYIHPOBKE COOCTBEHHBIX 0OOCHOBAHHBIX U apTYMEHTHPOBAHHBIX
CYXII€HUH, JOMyCKaeT OMNOKHU IIPH OTBETE Ha JOMOJHUTEIbHBIE BOITPOCHL.

«3» Pabora BrmonHeHa moaHOCcThI0. CTYIEHT BIa/IeeT TEOPETUUECKUM MaTeprualioM Ha
MUHHMAJILHO JOMYCTUMOM YPOBHE, OTCYTCTBYIOT OIIMOKH MPH OMMMCAHUH TCOPHUH, UCITBITHIBACT
3aTPYAHEHUS B OPMYIHUPOBKE COOCTBEHHBIX 0OOCHOBAHHBIX M apTYMCHTUPOBAHHBIX
CYXJICHUH, TOMyCKasl He3HAUNTEIbHBIC OIMOKH Ha JOMOJHUTEIBLHBIC BOIPOCHL.

«@» Pabota BbINONIHEHA TOTHOCTHIO. CTyAEHT BllaJieeT TEOPETUUECKUM MAaTEPHAJIOM, OTCYTCTBYIOT
OLIMOKY ITPY OMHUCAaHUU TEOpHH, GOpMyIUpyeT cCOOCTBEHHBIE, CAMOCTOSITENbHbIE,
000CHOBaHHbBIE, APT'YMEHTHPOBAHHBIE CY>KACHHS, JOITyCKasi He3HAUYUTENbHbIE OIIMOKN Ha
JIOTIOTHUTENBHBIE BOIPOCHI.

«5» Pabota BbINONIHEHA TOTHOCTHIO. CTyAEHT BllaJieeT TEOPETUUECKUM MAaTEPHAJIOM, OTCYTCTBYIOT
OLIMOKH ITPY OMHUCaHUU TEOpHH, GOpMYIIUpyeT COOCTBEHHBIE, CAMOCTOSITENIbHbIE,
000CHOBaHHbBIE, APT'YMEHTHPOBAHHBIE CY)KACHHS, TIPEJICTABIISIET ITOJTHBIE U Pa3BEpHYThIC

OTBCThHI HA JONOJHUTECIBHBIC BOITPOCHI.

Pao6ora, ouenennast meree, ueM 3 0aaaamu, HE MOJXKET BbITb «3AUYTEHA» n
nepecaaeTcs.



1. ONPEJEJEHUE JOITYCTUMOM BEJIAYUHBI U JJIUTEJBHOCTH
CUCTEMATHYECKOWM NMEPEIPY3KHU TPAHC®OPMATOPA [1]

Ilenv npaxmuueckoco 3amamua: Bce TpaHchopMmaTtopsl JIOMYCKaIOT
JUIMTENIbHOE TMPEBBIIICHHE HOMHUHAIBHOIO TOKa JI0O00H oO0MoTKM Ha 5% mpu
HaMpsDKEHUW He BhIlIe HOMUHaiIbHOrO. Ho B psne ciaydaeB Takoil 0€30rOBOPOYHO
JNOMYCTUMOM Tmeperpy3kun Ha 5% OKa3bIBAETCS HEAOCTATOYHO M IPUXOIUTCS
pPacCUMTHIBATh, KAKYIO EPETPY3KY MOXKHO JOMYCTUTh 0€3001€3HEHHO ISl 30 UU
TpaHcdopmaropa, T. €. 0e3 YKOpOUEHHsI CpOKa €ro ciiykObl. BennunHa 1omycTUMBIX
CUCTEMATHYECKHUX, T.€. HOBTOPSAIOMINXCS CUCTEMATUYECKU B TEYEHUE ONPEAEIEHHOTO
nepuoja Meperpy3ok, 3aBUCUT OT CYTOUYHOro rpaduka Harpy3ku, TeMIepaTypbl
OXJIXKJIAOIIEN Cpeibl U KOHCTPYKIIMHU TpaHcpopMaTopa.

lenp 3aHATHS — Ha MPAKTUYECKUX IPUMEpax OCBOUTH IpeoOpa3oBaHue
(aKTHYeCKOro CyTOYHOTO rpaduka Harpy3kd B YNPOIIEHHBIA JABYXCTYyHEHYATHIN
MPSIMOYTOJIbHBIN TpaduK, SKBUBAJICHTHBIA (PAKTUUECKOMY IO BBIJEICHHUIO TEIJja B
TpaHchopMaTope W METOJUKY pacyeTa JOMYCTUMON BEJIMYMHBI U JITUTEIBHOCTH
CUCTEMATUYECKOI Meperpy3Ku CUI0BOro TpaHchopmaTopa.

Ilopaodoxk nposedenus npakmuuecko2o 3anamusn: B ayTuTopun BBITIOIHAETCS
pa300p TeoOpeTUYECKON YacTH 3aHATUA U TpuMepa pacueta. [Ipu pabore Hajg 3anaueid,
MpeHA3HAYCHHOW JIJII  CaMOCTOSATENILHOTO PEIICHHS, MOXET MOTpeOOBaThCA
JOTIOJTHUTEIIbHAS MH(OPMAaILIKsI, 32 KOTOPOU ciieayeT 00paTuthes K [2].

Teopemuueckasn uwacmp. B  00meM cioydae TEMIEpPAaTypHBIM  peXUM
TpaHcdopmaropa a, cleJoBaTelIbHO, UM €ro JOMyCTHUMash Harpy3ka 3aBHCST OT
MOCTOSIHHOW BpeMEHU HarpeBa TpaHchopmarTopa, OT Tpaduka Harpysku, OT
TeMIlepaTyphl oXJaxaaromen cpeasl. [locTosiHHAas BpeMeHU HarpeBa B CBOIO O4epe/b
CBsI3aHa C TUIIOM OXJIaXJAeHHs TpaHchopmaTopa.

Meronuka pacyeTa JOMYCTUMBIX CUCTEMATUYECKUX HArpy30K H3JIoxkeHa B [2].
Ha puc. 1.1 npuBenensl B rpaguyeckoil ¢opme 3HAYEHUS OMYCTUMBIX BEJIUYUH
CUCTEMATHYECKUX HArpy30Kk TpaHC()OpMaTOpoB, COOTBETCTBYIOIIMX CHCTEMaMm
oxnaxzaeauss M u /I, n 3HaueHussM 6 (SKBUBAJICHTHON TEMIIEPATyphl OXJIaXKIAIOIIEH
cpenbl) 0°C m —10°C. Hudpsl oxon0  KPUBBIX MOKAa3bIBAIOT JIOMYCTUMYIO
MPOJOJDKUTEIBHOCT ~MakCUMyMa B 4acaX, a IYHKTUPOM HAaHECEHbl YYacTKU
rpauKoB, OTHOCSIIMECS K 3HAYEHUSIM Harpy3ku, npesbimaomum 150% ot
HOMUHAJIBHOU (3TU 3HAYEHUS TOMYCTHUMBI TOJIBKO C 0COOOr0 pa3pelieHus 3aBoja-
n3roroButens) [1].

[Ipu wucnonb3oBaHUU TpadUKOB HATPY30YHOM CIOCOOHOCTH HEOOXOAMMO
MpeIBapUTEIHLHO (dakTHuecKuil ~ MHOTrOCTyHneHYaTbli  rpaduk  Harpy3Kkd
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npeoOpa3oBaTh B OKBUBAJICHTHBIM IO TEIIOBOMY PEXHMY TpaHchopmaTopa
JIBYXCTyNEeHYaThli rpaduK, XapakTepu3yeMblid AByMs K03 duimeHTaMu: HaualbHOU

Harpy3ku K, U MakCUMajabHON HAarpy3ku K, .
Koadpummentom Ha4vaJIbHOU HarpysKku Ha3bIBACTCS OTHOILIEHUE

SKBUBAJICHTHON Ha4YaJIbHOM HArpy3ku [, K HOMMHAaJIbHOH I, :
K,=1_/I,. (1.1)

KOC—)(i)(i)I/II_II/ICHT MaKCHUMaJIbHOM HAarpy3Kkm — 3TO OTHOIICHHC SKBUBAJICHTHOM

MaKCUMallbHOW HAarpy3ku /, K HOMHHAJILHOM:

KZ = 3M/IH : (12)

OKBUBAJICHTHBIC Harpy3kKku ]3.H u ]3.]\/1 OIIPCACIIAOTCA U3 BBIPAKCHUA

(1.3)

Tac Ki — Harpys3ka Ha I-M HHTCPBAJIC BpEMCHU, BBIPpAKCHHAA B JOJIAX HOMHUHAJIbHOM

Harpy3ku Tpancpopmaropa [, ; f; — JUINTENBHOCTD i-20 MHTEPBAA.

HpI/I pacucTC BCINYNHBI ]3M CYMMUPOBAHHUCM HOJIZKHBI OBITh OXBAud€HBI TE

HHTCPBAJIbI t ; » KOTOPBIM COOTBCTCTBYIOT 3HAYCHHUA
K, >1. (1.4)

OcranbHbIC HHTCpBAJIbI BPCMCHHU W COOTBCTCTBYIHOIIMC HM 3HAYCHUA Ki

HUCIIONb3VIoTeA uig oupeneieaud /. IlomydeHHas o BeipakeHuro (1.3) BeauuuHa
9.H

I, ., mposepsercs 1o kpurepuio: [, 2 0,9- I, rne I, — HaunbosbIas HArpysKa 1o

o.M

3amaHHoMy rpaduky pabotel Tpanchopmaropa [1]. B coorBerctBUHM C [2]

I,=1,4-1 ;cnenosarensHo
1,,209-1,4-1 =1,26-1,. (1.5)

Ecau coornomenue (1.5) He coOmtogaercsi, TO B Ka4eCTBE SKBUBAJICHTHOU
MaKCUMaJIbHOW Harpy3KH JJIs MOJACTaHOBKY B (1.2) mpuHUMaeTCs 3HAYCHHE

I =091 . (1.6)

11



K> \1,0
- \
1,8 =
N~ \2,0
~N
N
1,6 N
T T = 4,0
\
1.4 g \\\
—
1,2
24
1,0
0 0,2 04 0,6 0,8 K,
a)
K2 —_— - _ -
~ \2,0
1,8 <
N
1,6 ——
6 4,0
1,4
24
1,2
0 0,2 0,4 0,6 0,8 K1
0)

Puc. 1.1. [lonycmumvie enuuuHvl cucmemamudeckux Hazpy30K mpauc@hopmamopos,
coomeemcmayrowux cucmemam oxaaxcoenuss M u J{, u 3naueHusm 3K6UBANIEHMHOU

memnepamypuol oxnaxcoaoweti cpeovr 0. 0°C (@) u —10°C (6) [1].

B sTom ClIydac paCuCTHasd MJIUTCIbHOCTD MAKCUMYMa ITPUHUMACTCA paBHOﬁ

2
I’ ) -t
t]'w :( .M 2M ’ (17)
0,81-/°
rac — AKTH4YECKad IHUTCIIBHOCTH II€Epuoaa, AJisi KOTOPOro ClipaBeaJIMBO
7, p p p

cootHomeHue (1.4).
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Pacnonarass rpadukaMyu Harpy304HOM CHOCOOHOCTH W HCIHOJIB3YysS Trpaduk,
COOTBETCTBYIOIIMN CHUCTEME OXJIAXKICHUS, a TAKXKE SKBUBAJICHTHOM TEMIIEpaType

oxJaxpjaromen cpeasl O

o ? MOZKHO 110 HN3BCCTHBIM 3HAYCHUAM ABYX

XapaKTePUCTHYECKUX MmapamMeTpoB (K, K,, ¢, ) OnpeaenauTh NOIMyCTUMOE 3HAYCHUE
TpeThero mapamerpa. Hampumep, mo paccuuTaHHelM BenuuuHam K, u K,

ONPENENIUTh Ha rpapuKe, COOTBETCTBYIOIEM 33aJAHHON BeIMYMHE O IOIMyCTUMOE

3HAUYCHUE ¢

woon W CPABHHUTH €TI0 C BCJIMYMHON tM , paBHOHU

t, =t +t,, (1.8)

roe t, — UHTEPBAJIBI BPEMEHU, B TECUCHHE KOTOPBIX MAaKCHUMAaJIbHAA Harpys3ka
1> "2 ’

MPEBBIILIAET HOMUHAIBHYIO U CTIpaBeINBO cooTHoieHue (1.4).
Pacuer mnpeBblllleHUN TeMIEpaTypsl B IEPErpyKEHHOM TpaHchopmaTope
MOXXHO TpOBECTH C momolbio rpaduxoB. Ha puc. 1.2 mnpuBeneH yHnpolieHHbIN

BapuaHT rpaduka u3 [2].

K, 0°C— 1.4 | /?’ 0,°C K,
1,4 g0l ol 1™ = 180 \ Na=50
1,2 / w0l 4| //2//(6 /160 \\ \ "
’ d=50/ / y /Y v/ AN
y N 4/\/ /) ‘ /140 N 1,6
’ 1204+ 8 / /5/ // 12/ § / 120 \ \ 1.4

EN
:I:I
S
]
3
9]
/
L~

ool ol LUl

i /24 =
i 00 N\ 5\ 1,2
/ C LN\
0,6 7 Y 80+ 80 = ‘\
0,4 ~ / // 601 e 60 N0
’ / : 4
! 40+ 40
0.2 ) /D,ops = 60°C - al
’ 4 204 20
0 oL 0

Puc. 1.2. K onpedenenuio senuyunvr S, [1]

Vka3zaHHbIN Fpa(l)I/IK MMO3BOJIACT OIPCACIUTb IIPCBBIMICHUEC TCMIICPATYPhI

BEPXHHMX CJIOEB Macjla HaJl TEMIEPAaTypodl OKpyxKarowmeh cpeabl &, , pacmonaras

TaKMMU MapameTpamu, Kak K,, K,, f , T, BEAMYMHON JOIYCTUMOIO NPEBBILICHHS

TEMIIEPATYPhl Macjla B BEPXHHUX CJOAX HaJ TEMIIEPATYPOH OKpYXkKAIoLIEW Cpeasl

13



‘9,14. won A OTHOIICHHUCM d BCIIMYMUHBI ITIOTCPb KOPOTKOI'O 3aMBbIKaHUA R( 5 KIIOTCPAM

xonocroro xona P Tpancdopmaropa.

B cooTBeTcTBUM C [2]:
— Uil MacisSHBIX  TpaHC()OPMATOPOB, TE€PMETH3UPOBAHHBIX, WIH C

=60°C;

— n71st TpachopmMaTopos ¢ oxnaxaenuem M u JI T =3u;

pacwupurenem 3,

— s TpancdopmaTopoB ¢ oxiaxzaeHuem 110 kB B mepBoMm mpubnmkeHuu
MO>KHO MPUHSTh

dzizS,O.

X.X.

B kauectBe npuMepa Ha puc. 2 IIYHKTUPOM IIOKA3aH TIIOPAAOK OIIPCACICHUA

BCJIIMYHNHBI ‘914 IJIA CIACAYIOMINX XapaKTCPUCTUYCCKUX TMapaMCTPOB:
K,=0,48; K,=1,26; ¢ =6u.

N3 Toukn K, = 0,48 nesoro rpaduxa (puc. 1.2) mpoBOANM rOPH30HTAIBHYIO
JMHUIO JI0 TiepecedeHust ¢ nuHuer d =5,0; 3aTeM U3 TOUYKHU MepeceyeHus: OmycKkaeM

BCPTUKAJIBHYIO JIMHUIO OO MCPECCUCHUA C JIMHUEH ‘914 Hom

= 60°C. U3 nmonyueHHOU

TOYKH HPOBOJIUM I'OPU3OHTAJIBHYIO JIMHUIO OO0 IICPCCCUCHUA C JICBOU BepTHKaHBHOﬁ
FpaHI/IHCﬁ CpCaHCTO Fpa(l)I/IKa B TOUKE « a ». AHaAJIOTHYHOE MMOCTPOCHHC BBIITIOJIHACM

Ha npaBoM rpaguke: oT mkansl K, (touka K, =1,26) 10 Toyku « b » Ha npaBoi

BEPTUKAJIBLHON rpaHule cpeaHero rpaduka. IlomydeHHble TOYKH « @ » U « b »
COeMHAEM TIPSIMOU JIMHUEN. 3aTeM M3 TOYKM T = 3Y (BepXHss YaCTh JE€BOU INKAIIbI
cpenHero rpaduka) IpoOBOAMM TOPU3OHTAIBHYIO JUHHUIO J10 MEPECEUCHUs C JTUHUEH

MpOAOJIKUTCIBHOCTHU TICPCIPY3KH tw = 61{, N3 TOYKH HX IICPCCCUCHHA OITyCKacM

BEpTUKAIh HAa JIMHUIO «a - b» W W3 HOBOM TOYKH IMEPECEUCHHs] MPOBOIUM
TOPU3OHTAIPHYIO JIMHUIO K JIEBOM BBIJICJICHHOM IIKajde cpeaHero rpaduka, o
KOTOPOM U OMpEeeIsieM HCKOMOE 3HAUCHUE MPEBBIIICHUS TEMIIEPATYPHI:

3, =175°C.
MaKCI/IMaJIBHYIO TCMIICPATYPY BCPXHHUX CJIIOCB MacCJia 014 OIIpCaACIISICM 110 q)opMyne:
OM = 00)6]1 + '9M : (19)

Temnepatypa Hanbosee HarpeToil TOYKU CHIIOBOTO TpaHCc(popmaTopa:

6, =60 +8 (1.10)

HHM .M HHM.M
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rne & . — TIPEBBIIIEHHE TEMIEPATYPhl HAWOOJNEe HArpeTodl TOYKHM Haj

TEMIEPATYypOil BEpPXHUX CIIOEB Maca.

Ipumep 1.1. Tpanchopmatop ¢ cucteMoil oxiaxkaeHus [| ycTaHOBIIEH B MECTHOCTHU C

o ) v J— o
SKBUBAIICHTHON TeMmIepaTypoii okpyxaromeit cpemel (mist sume) 6 =-—10°C. Harpyska
TpaHc(hopmaTopa B 3UMHHE CYTKH cocTaisieT 140% B Teuenne BpeMenu f; = 3u ; 3aT€M B TEYEHHE

BpeMeHu I, = 3u jepxurcs Ha yposHe 110%; Ha mporsikenun f; = 8u — Ha ypoBHe 60% u

ocTaJibHOE BpeMsi — Ha ypoBHE 40% HOMHHAIBHOM.

Heoo6xo00umo onpedenumup:

— JIOIYCTUMYIO IPOJIOJKUTENBHOCTh SKBUBAJIEGHTHOM MaKCUMaJIbHON HAarpy3ku U CpaBHUTH
€€ C 3a/IaHHOH MPOIO0JKUTEIBHOCTHI0O MAKCUMYMa;

— MaKCHUMAaJIbHYI0 TeMIIepaTypy BEpPXHUX CJIOE€B Macjia U HauloJyiee Harperoil TOYKu
0OMOTKH.

[Ipu 5TOM HOMMHAJIBHOE 3HAUEHHUE IPEBBILICHUS TEMIIEpaTypbl Hanbojee HarpeToil TOUKu
HaJ| TEMIIepaTypoil BEpXHUX cjaoeB macia npunath 20°C.

Pewenue. 1. Ilo dopmyne (1.3) ompenensem 3HauYeHUS SKBUBAJECHTHBIX HArpy3o0K
JBYXCTYIEHYATOro rpaduka:

1,4 -3+1,1° -3 1,96-3+1,21-3
I3M:IH. :IH' :1,26'IH;
' 3+3 343
0,6°-8+0,4"-(24-3-3-38)
I, =1 - =0,482-1,.
' 24-3-3

Iposepka 1o (1.5) moxassiBaer, uto Bemmuuny [, He TpebyeT nepecyera no dpopmyie (1.6).

B cootBerctBuu ¢ (1.1) u (1.2) 3HaueHust k03(pHULHEHTOB SKBUBAJICHTHBIX HAIPY30K:

I

K, =-21=0,482;
]H
I

K, =22 —126.
g

H

dakTrueckas IpoI0JDKATEILHOCTh MaKCUMyMa, coriacHo (1.8), coctaBuser

t, =t +t,=3+3=6u.

OnpenenuM  JTONYCTUMYIO — BEJIUYUHY [ COOTBETCTBYIOIIYI0  MOJIYYEHHBIM  BBIIIE

Mm.oon

Ko3(purmenTaM SKBUBAICHTHBIX Harpy30K — puc. 1.3.

W3 moctpoenuii Ha puc. 1.3 umeem ¢ = (18 +20)u, uro B Tpu pasa HpPEBHIMIACT

M.00n
(aKTUYECKYIO MPOJIOJKUTENBHOCT MakcuMyMa. Cle10BaTeNIbHO, 3A0AHHbLI YC108UAMU 3A0a4U
pexcum nepezpy3Ku 0OnyCmum.
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KZ e S
—
~
~ \2,0
1,8
~N
N
116 — ‘\
6 4,0\
3 — |
1,4 %
12
1,26 24
1,2
0 0,2 0,4 0,48 0,6 0,8

Puc. 1.3. Onpedenenue t , , . no useecmuoin K, u K.

K,

ITo rpaduky (puc. 1.2) onpeaensieM BeITUUUHY IPEBBILIECHUS TEMIIEPATYPhl BEPXHUX CJIOEB

Maclia HajJ TEeMIIEpaTypold OKpYKAIOIIEH Cpeabl, UCXOIi W3 CICAYIOIIHNX TaHHBIX:

f— o . —_ . f—
8, oy =00°C; 7 =3u; d=5,0.
[TocnenoBarenbHOCTH NEHCTBUI MOAPOOHO U3I0kKeHa Bbliie. [lonyuaem
J— [e]
8, =75°C.
TewmrepaTypa BepxHHX cioes Macna O :
J— f— f— [e]
0,=0,+8, =-10+75=65°C.
Temmnepartypa HauboJsiee HarpeTo TOYKU CUIIOBOTO TpaHchopmaTopa:
J— f— f— [e]
0,,,=0,+39,, B =65+20=85C.
HMomygennsie swavenms O w0

CUCTEMAaTUYECKUX MEPErpy30K BEJIUYUH [2, 3]:

J— (o] .
OM.MaKc.don. =95°C >
J— (o]
OHHm.MaKc.don =140°C.
[TonydeHHbIE pe3yabTaThl  MOATBEPIKIAIOT  CIACTAHHBIN

PacCMOTPEHHOTO peXKMMa Meperpy3ku Tpanchopmaropa.
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3aoauu 0na camocmoamenvHo20 peuieHus (BapuaHT 3aJaeTcs MPENoJaBaTesIeM):

Bapuant 3anaHnue

Tpanchopmarop ¢ cucremod oxnaxnaeHuss J[ ycTaHOBJIEH B MECTHOCTH C OSKBHBAJICHTHOW
i i 0,,=0°C

TEMIICPATypOil OKpyxKaroel cpenst (wist sumel) U~ = . Harpy3ka TpaHchopmaropa B

3UMHHE CYTKH cocTapisgeT 135% B TeueHme BpemeHu [ ;= 2y ; B Tedyenuwe BpeMeHH [ , = 4y

nepxurcs Ha ypoBHe 120%; Ha mpotrskenumu [ 3= 4y — na yposue 105%; 3atem, B TeueHHE

Bpemenu [ 4= 6u — na ypoHe 70% U ocTabHOE BpeMs — Ha ypoBHE 50% HOMUHAIILHOM.

Heooxo0umo onpeoenums:

— JIONYCTHMYIO TIPOJOJDKUTENBHOCTh SKBUBAJIICHTHONH MaKCHMalbHOW HArpy3kd U CpPaBHUTH €€ C

3aJJaHHOH MPOJIOJKUTEIEHOCTBI0 MaKCUMyMa;

— MaKCHUMaJbHYIO TEMIIEPaTypy BEpXHHX CIIOEB Maciia M Hauboyee HarpeTol TOYKH OOMOTKH.

[lpn 5TOM HOMHHAJIIFHOE 3HAYEHHWE IPEBBINICHUS TeMIlepaTypbl HauOoJjee HArpeTod TOYKH Hal

TeMIepaTypoi BEpXHHUX CII0eB Macia npuHATh 25°C.

Tpanchopmarop ¢ cucremoil oxjaxaeHuss M yCTaHOBJIEH B MECTHOCTH C OSKBHBAJICHTHOU
i i 6 =-10°C

TEMIICPATypOil OKpyxkaroweil cpensl (it 3umer) U, = — . Harpyska tpanchopmaropa B

3UMHME CYTKH cocTaBiser 120% B TedeHue BpemeHu [ ;= 24 ; B TeueHue BpeMeHH [ , = 4y

nepxurcs Ha ypoBHe 110%; Ha mporskenmu [ 3= 4y — na yposue 100%; 3atem, B TeueHHE

Bpemenu [ 4= 6u — na ypoHe 60% U ocTanbHOE BpeMs — Ha ypoBHe 40% HOMUHAILHOA.

Heooxo0umo onpeodenums:

— JIONMYCTHMYIO IPOJOJDKUTENBHOCTh SKBUBAJIICHTHONH MaKCHMalbHONW HArpy3kh U CpPaBHUTH €€ C

3aJJaHHOH MTPOJIOJKUTEIEHOCTBI0 MAaKCUMYyMa;

— MaKCHUMaJbHYIO TEMIIEPaTypy BEpXHHX CIIOEB Maciia U Hauboyee HarpeTol TOYKH OOMOTKH.

Ilpu 5TOM HOMHHAJIIFHOE 3HAYEHHWE IPEBBINICHUS TeMIlepaTypbl HauOojee HArpeTod TOYKH Hal

TeMIepaTypoi BepXHUX ciioeB Macia npuHaTh 20°C.

Tpanchopmarop ¢ cucremoil oxjaxaeHuss M YCTaHOBJIEH B MECTHOCTH C OSKBHBAJICHTHOU
i i 6 =0°C

TEMIICPATypOil OKpyxKaroel cpenst (wist sumer) U~ = . Harpy3ka tpaHchopmaropa B

3UMHHE CYTKH cocTapisgeT 135% B TeueHme BpemeHu [ ;= 2y ; B Tedenuwe BpeMeHH [ , = 4y

nepxurcs Ha ypoBHe 120%; Ha mpotrskenumu [ 3= 4y — na yposue 105%; 3atem, B TeueHHe

Bpemenu [ 4= 6u — na ypone 70% U ocTanbHOE BpeMs — Ha ypoBHE 50% HOMUHAIILHOM.

Heooxo0umo onpedenums:
— JOMYCTHUMYIO TPOJODKUTEIBHOCTh DKBHUBAJICHTHON MaKCHMAaJbHOM HArpy3Kd U CpPaBHHUTH €€ C
3aJIaHHOM MPOJTOKUTEIBHOCTEI0O MAKCUMYyMa;
— MaKCHMAaJIbHYIO TEMIIEPaTypy BEPXHHUX CIIOCB Macja U HanOoJiee HarpeTol TOYKH OOMOTKH.
[Ipy 3TOM HOMHUHAIIbHOE 3HAYCHHUE MPEBBINICHUS TEMIICpaTyphl HauOOJiee HATrPETOM TOYKU HaT

TeMIepaTypoi BepXHUX ciioeB Macia npuHAaTh 20°C.
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Tpanchopmarop ¢ cucTeMod OXJaxJAeHUA J| YCTaHOBJIEH B MECTHOCTH C JKBUBAJICHTHOMN

TEMICPaTYpOi OKpYKAIOIICH Cpedbl (Ui 3UMBI) 0 oo — —-10°C. Harpyska tpaHcgopmaropa B
3UMHME CYTKH cocTasiser 140% B TedeHue BpemeHu [ ;= 3y ; B Teuenue Bpemenu [ , = 3y
NepkuTcs Ha ypoBHe 125%; Ha mporskenmu [ 3= 4y — na yposue 105%; 3atem, B TeueHHE

Bpemenu [ 4= 6u — na ypoHe 60% U ocTanbHOE BpeMs — Ha ypoBHe 40% HOMUHAIILHOM.

Heooxo0umo onpeodenums:
— JIONMYCTHMYIO IIPOJOJDKUTENBHOCTh SKBUBAJIICHTHONH MaKCHMalbHOW HArpy3kd U CpPaBHUTH €€ C
3aJJaHHOH MTPOJIOJKUTEIEHOCTBI0 MAaKCUMYyMa;
— MaKCHUMaJbHYIO TEMIIEPaTypy BEPXHHX CIIOEB Macia U Hauboyiee HarpeTol TOYKH OOMOTKH.
[lpn 5TOM HOMHHAJIIFHOE 3HAYEHHWE IPEBBINICHUS TeMIlepaTypbl HauOoJjee HArperod TOYKH Hal
TeMIepaTypoi BepXHUX ClI0eB Macia npuHATh 15°C.
Tpanchopmarop ¢ cucremod oxnaxnaeHuss J[ yCTaHOBJIEH B MECTHOCTH C OSKBHBAJICHTHOU

i i 6 =0°C

TEMIICPATypOil OKpyxKarowelt cpenst (wist sume) U~ = . Harpyska tpaHchopmaropa B
3UMHHE CyTKH cocTapisgeT 130% B TeueHume BpemeHu [ ;= 4y ; B Teuenue BpeMeHH [ , = 4y
nepxurcs Ha ypoBHe 120%; Ha mporskenumu [ 3= 4y — na yposne 110%; 3ateM, B TeueHHe
Bpemenu [ 4= 6y — na ypoBHe 50% 1 ocTanbHOE BpeMs — Ha ypoBHe 40% HOMHHAIIBHOM.

Heooxo0umo onpeoenums:
— JOMYCTHMYIO TPOJODKUTEIHOCTh DKBUBAJICHTHON MaKCHMMAaJbHOM HArpy3KH U CPaBHHUTH €€ C
3aJIaHHOM MPOJTOIKUTEIBHOCTEI0O MAKCUMYyMa;
— MaKCHMAaJIbHYIO TEMIIEPaTypy BEPXHHUX CIIOCB Macja U HanOoJIee HarpeTol TOYKH OOMOTKH.
[Ipy 3TOM HOMHUHAIILHOE 3HAYCHHUE MPEBBINICHUS TEMIICpaTyphl HauOOJee HArPETOM TOYKH HaT

TeMIepaTypoi BepXHUX ciioeB Macia npuHaTh 20°C.

Tpebosanusa Kk omuemy: OTUET JOJDKEH COJAEPKATh pEUIEHHYIO 3anady. [Ipu

caadc 3adcra HCO6XOI[I/IMO YMCTb daBaTh IOACHCHHA 110 CYHICCTBY BBIIIOJIHCHHOT O

3aJIaHUsA, a TAKIKC IIOKA3aTh 3HAHUC IIPCIMETA B o0BeMe IMporpaMMmal.

AN b~

KOHmpo.’leble eonpocuol:

Lonyckaemcs nu nepezpyska mpanc@opmamopos u asmompancpopmamopog?
B uem omauuue asapuiinou u cucmemamuyeckou nepezpy3ku?

Ymo makoe «mennogoe cmapenue u3orayuu mpaHcghropmamoposy?
lloachume  mepmunvl  «memnepamypa  Haubolee  Hazpemou  MOYKU
mpaucgopmamopa» u «memnepamypa epXHUX c10e8 Maciay.

Ymo makoe «npegvluienue memnepamypuiy?
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2. PACUET TOKOPACHPEJIEJIEHUS TIIPA IMAPAJUIEJIBHOM
PABOTE TPEXOBMOTOYHbBIX TPAHC®OPMATOPOB HA JIBYX
OBMOTKAX IIPU PABOTE TPETBEM OBMOTKH HA
BBIJIEJIEHHYIO HAT'PY3KY [1]

Ileny npaxmuueckozo 3anamus: YcioBus pabOThl 3JIEKTPOOOOPYIOBAHMUS,
mnbo TpeOoBaHUS, MPEIBABISEMBIE K CXEMaM »JJICKTPOCHAOKEHUsS crenupuKon
pPEXUMOB pabOThl MOTpeduTesneil, mopoi 00ycnaBIMBaOT paboTy TPEXOOMOTOUYHBIX
TpaHcopMaTopoB Ha TOJACTAHIMSIX B PEXHME, KOTJa Ha OIHOM HANPSIKCHUH
OOMOTKM JBYX TpaHchopMaTopoB paloTaloT MapauielbHO, a Ha JAPYyroM —
pa3zienbHo, MPH OTKIIOYEHHOM CEKIIMOHHOM BBIKIIOUaTene. B pesynbraTe Harpyska
pacripenensercss Mexxay TpancopmaTopamMy HEOIUHAKOBO.

[lenb 3aHATHS — HA MPAKTUYECKUX MPUMEPAX OCBOUTH pacyeT pacrlpeiesieHus
Harpy3kd  MEXIy OOMOTKaMH  pa3HOTO  HANpsHDKEHHS  TPEeXOOMOTOYHBIX
TpanchopmMaTopoB ABYXTpaHCHOPMATOPHON TMOACTAHIIMKM B PEXKHUME OTKIFOUYCHUS
CEKIIMOHHOTO BBIKJIIOUATENSI HA OJHOW W3 CTYINEHEH HampshDKeHHs Ha CTOPOHE
NoTpeOUTENeH 1 OIIEHKY JOIMMYCTHMOCTH TaAKOTO PEXXHUMA.

Ilopaodoxk nposedenus npakmuuecko2o 3anamusn: B ayTuTopun BBITIOIHAETCS
pa300p TeopeTUYECKON YacTH 3aHATUA U puMepa pacueta. [Ipu pabore Hajg 3anaueid,
MpeHA3HAYCHHOW JIJII  CaMOCTOSATENILHOTO PEIICHHS, MOXET MOTpeOOBaThCA
JOTIOJIHUTEIIbHAS MH(OpMaIIKsl, 32 KOTOPOM cieayeT oopatuthes K [1, 2].

Teopemuueckasn yacmo. PaznensHas ~ pabota  TpexoOMOTOYHBIX
TpaHc(OpMAaTOpPOB HA  CTOPOHE HU3LIETO HalpsOKEeHUs  00yCIIOBIEHA
HeoOxonuMocThio orpanudenust TokoB K3. Ha ctopone cpeanero Hanpsbxkenus (e
He TpeOyeTcsl OrpaHUYeHUs] TOKOB) OOMOTKHM TpaHCPOpMATOpOB MOTYT paboTaTh
napajjielbHO B LEJNSAX TOBBIIIEHUS HAACKHOCTH M BbIpAaBHUBAHUS 3arpy3Ku

/1
BH

TpaHchopmaTopoB — puc. 2.1.

T2 T1 HH
1
82 81 —H— - /(2)
1 3
l2

Puc. 2.1. llpunyunuanvuas cxema noocmanyuu npu pazoeivHou pabome na cmopone HH [1].
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Pemennie  3amaun HEOOXOIMMO  HAa4YMHATH C  COCTaBJIICHUS  CXEMBI
3amerneHue mnojactaniuu. Kaxnaelii TpaHcpopMartop mpencTaBisieTcss B BUJIE
YIPOILIEHHON TPEXJy4eBOM CXEeMbl 3aMEIIeHUs, B KOTOPOW BMECTO OTHOCHUTEIBHBIX
BEJIMYUH CONPOTUBICHUS] TIPOCTABJICHBI pPaBHbIE WM YHCICHHBIC 3HAYCHUS
OTHOCHUTEJIbHBIX BeInuuH HanpsbkeHus: K3 (puc. 2.2) [1].

Hanpspbkenuss K3 oTnenbHBIX Jydedl cXeMbl 3aMellleHusi TpaHcopmaTopa
OTPENEINAIOTCS O 3aJaHHBIM BelMYMHaM HanpspkeHuss K3 Mexay oOMoTkamu u3
BhIpakeHUM (MHIEKC TpaHchopMaTopa OIMYyIIEH):

U,=0,5-(U, +U,; —U,;)
U, = 0=5'(U12 tU; _U13) 2.1)
U;=0,5-(U;+Uy; —Up,)

(1)
U 3

(1)
S3

(1)
s U

)
S 1

Puc. 2.2. Cxema 3amewenuss noocmanyuu npu pazoenvHou pabome na cmoporne HH [1]

[Tockonbky HanpsbkeHus K3 mnpuBeneHsl K HOMHHAJIBHONW MOITHOCTH
COOTBETCTBYIOILIETO0 TpaHc(hopmaTopa, NEpea pacyeTaMu HUX CIEOyeT NMPUBECTH K

eAMHONW 0a30BOMl MOIIHOCTH S., B KayecTBE KOTOPOH PEKOMEHAYETCS MHPHUHSTH

HAaUMEHBIIYIO U3 MOIIIHOCTEH 0OMOTOK TpaHchopMaTopos, 1o ¢hopmyre:

S6
Unpue. =U- S_ (22)

rjae S, — HOMMHAJIbHAs MOLIHOCTh COOTBETCTBYIOIIErO TpaHC(HOPMATOPA.

Ucnonwiys 3akonbl Kupxroda, monyyaeM clEeIyIONy0 CUCTEMY YpaBHECHHUI
JUIT  YeThIpeX y3J0B W OJHOTO 3aMKHYTOI'O KOHTypa paccMaTpuBaeMOM
SKBUBAJICHTHOM cxeMblI (puc. 2.2) [1]:
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S, =5 +sy
S, ="+
$7" =8+ (2.3)
SV =87 +8y
si?-u +80 U =87 Up + 55Uy
N3 »oTOif cuCTEMBl ypaBHEHUM HAXOIUM cieayromue GOopMyIbl s

UCKOMBIX 3HAQUEHHUH Harpy3ku paOoTaloluX MNapajuleIbHO OOMOTOK CpPEIHEro
HaIpsHKeHUs TpanchopmMaTopoB

)o@ 77 _ o 7D
S, U,y +87-U;”"=-8;7-U,
D L 770
U]Z +U12

5 =

(2.4)
S, -UD+s.uh—s?.y?
U, +U})

59 =

[lony4yeHHble 3HAYEHUSA Sé” u ng) nojactasisieM B (2.3) u ompenensieMm

I 2
COOTBETCTBYIOIINE 3HAYEHUS S]( ' u S]( ), 10 ecth 3arpy3Ky OOMOTOK BBICILIETO

HaIlPAXKCHUA TpaHC(i)OpMaTOpOB. 3aKIIIOUYNTEIILHBEIM  ATaIloM peuicHus 3aJda4u
ABIISAACTCA CPaBHCHHC IMMOJIYUYCHHBIX (baKTI/I‘ICCKI/IX HAarpys3okK 0OMOTOK
TpaHC(l)OpMaTOpOB C 3aJaHHBIMHU HOMUWHAJIbHBIMH MOITHOCTAMHU O3THUX OOMOTOK.

IHpumep 2.1. CymmapHas Harpyska paOOTaIIMX IMapauieTbHO OOMOTOK CpEIHETo
Hanpsokenust S, = 8 MBA.

Harpyska paboTaromux pa3ienbHO 0OMOTOK HU3MIETO HANpsDKEHUs TpaHCPopMaTopoB 1 u
2, COOTBETCTBEHHO: S3(1) =5 MBA, S3(2) =8 MBA.

XapaKkTepucTUKU TpaHC(HOPMATOPOB NPUBEACHBI B TAOIHIIE:

MOoIIHOCTB, Hanpsixkenne kopoTkoro
M 0
Tpanchopmarop MBA OILIHOCTh 0OMOTOK, %0 savbixanms, %

(1) (1) (1) (1)

T1 S BH CH HH U12 U13 U23

20 100 100 100 10,5 17 6
(2) (2) (2) (2)

T2 S BH CH HH U12 U13 U23

20 100 67 67 10,5 6 17

HomunansHbpie HanpspKeHUST 0OMOTOK TPaHC(HOPMATOPOB OTUHAKOBBHI.

Heoo6x00umo onpedenumy:

Harpy3ku Ha  cTOpOHE CpeaHEr0 ©  BBICIIETO  HANPSKCHHUS  KaXAOTO U3
TpancopMaTopoB M CPaBHUTb HX C  HOMHUHAJIBHBIMH  MOINHOCTSAMH  OOMOTOK
Tpanc(hopMaTopoB. AKTUBHBIE CONTPOTHBIICHUS M MIOTEPU HE YUUTHIBATH.
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Pewenue: B xayectBe 0a3MCHOM MOIIHOCTH MPUHUMAETCd MOIIHOCTH OOMOTOK
5 5 )
CPEIIHETO M HM3ILIEro HANpPsIKEHUS BTOPOro TpaHchopMaropa Oy M Oy COOTBETCTBEHHO:

S, =85 =5 =89.0,67=20-0,67 =13,4 MBA

B cooTtBercTtBUM ¢ (2.2) onpenensroTcss MpUBEACHHBIC 3HAYCHUS HanmpsbkeHuil K3

S 4
() () 4 > o
U12npue U]Z 'W_ > 20 _9’1 /o
S 13,4
Ulgio = U35 7 =17 —==11,6 %
' S 20
S 13,4
Uggzpue - Uéé’) ) (61) =6 - 4’0 %
S 20
S, 13 4
(2) (2) 0
U12npue U12 2 = 9’1 /o
5O 20
S 13,4
Ul(jr)zpue UI(? ) (62) =6 - 4’0 %
S 20
S 13,4
Ugjr)zpue Ug? ) % - ) =11,6 %
S 20

Jlanee 1o TeKCTy MHJIEKChI «IIpUB» onycKatoTcs. Vcnonb3ys BeipaxeHue (2.1), onpenensiem

Ul =0,5-(Uf) +US) —UL) ) =0.5(9.14+4,0-11,6) = 0.8 %
U =0,5-(Uf) +US UL ) =0.5-(11,6+4,0-9.1)=3,3 %
U =0.5-(US + U ~U ) =0,5(9.1+4,0-11,6) = 0.8 %
U =0.5-(US + U —U ) =0,5-(9.1+11,6-4,0) =8,4 %

[To (2.4) MOXHO OTIpeNeUTh HArPY3KA OOMOTOK CPETHEr0 HAMPSKEHUS TPaHC(HOPMATOPOB:

S, Uy +82-U?—-8"-U"” 891+8-08-5-84
ub+u? - 9,149,1 B

. 72,8+ 6,4 —42

N 18,2

5 =

= 2.0 MBA;
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S, Uy +8"-UP -8 -U? 891+5:84-8-0,8
U +u? - 9,149,1

_ 72,8+42—6,4

N 18,2

59 =

= 6,0 MBA;

IMo (2.3) Harpy3ka 0OGMOTOK BBICILETO HANPSKEHUS TPAHC(HOPMATOPOB COCTABIISET:
S = U 451 =2,045,0-7,0 MBA.
SV =87+ =6,0+8,0=14,0 MBA.

OTtHOcHUTeNbHAA 3arpy3ka 0OMOTOK TpaHchopmaTopa (B IOJISIX HOMHHAJIBHON MOIIHOCTH
COOTBETCTBYIOILIE OOMOTKH) COCTaBJISIET:

- 715 IepBOTO TpaHchopmaTopa:

s 7,0 s 2,0 s 5.0

s 20,0 sS4 20,0 s 20,0
- 11 BTOpOTo TpaHcdopmaropa:

s 14,0 s 6,0 s 8,0

s 20,0 S&) 13,4 SY 13,4

Takum 006pa3zom HU 01Ha 0OMOTKA TpaHC(POPMATOPOB HE 3arpy’KaeTcsl BbIllIe HOMHHAIA.

3aodauu ona camocmoamenvrnozo pewienusn (BapUuaHT 3a/1a€TCS MTPETIOIABATEIIEM )
Bapuant 3aganue

CymmapHas Harpy3ka paOoTaroUuX NapajuieIbHO OOMOTOK CpEeIHEro HampsbKeHUs
S, =6 MBA.

Harpy3ka paOoTaromux pasaenbHO OOMOTOK HHU3IIETO  HAMPSHKCHUS
TpanchopMaTopoB | u 2, COOTBETCTBEHHO: S3(1) =4 MBA, S3(2) =6 MBA.

XapaKkTepUCTUKU TpaHC(HOPMATOPOB NPUBEACHHI B TAOIHIIE:

MomtHocTts, | MomHOCTh 00MOTOK, | HampspbkeHue KopoTKoro
Tpancgopmarop MBA % 3aMBIKaHug, %
(1) (1) (1) (1)
2.1 Tl S BH | CH | HH | U}, Ujs U
16 100 100 100 10,5 17 6
(2) (2) (2) (2)
T2 S BH CH HH U U13 U23
16 100 100 100 10,5 17 6

Homunansupie HanpspkeHUST 0OMOTOK TPaHC(HOPMATOPOB OTUHAKOBBHI.
Heoox00umo onpedenumy:

Harpy3kn Ha CTOpOHE CpeaHEro M BBICIIETO HANPSKEHHS KaXKJ0ro W3

TpaHc(OpMaTOpPOB M CPABHUTh MX C HOMHUHAIBHBIMH MOIIHOCTSIMH OOMOTOK

Tpanc(hopMaTopoB. AKTUBHBIE CONTPOTHBIICHUS U MIOTEPU HE YUUTHIBATH.
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2.2

CymmapHas Harpy3ka paOoTarouux NapauiebHO OOMOTOK CPEIHEro HampsbKeHUs
S, =12 MBA.

Harpy3ka paOoTaromux pasaenbHO OOMOTOK HHUBIIETO  HAMPSHKCHUS

TpancdopmMaTopoB 1 u 2, COOTBETCTBEHHO: S3(1) =7 MBA, S3(2) =6 MBA.

XapaKkTepUCTUKU TpaHC(HOPMATOPOB NPUBEACHBI B TAOIHILIE:

MomtHocTs, | MomHOCTh 00MOTOK, | HampspbkeHue KopoTKoro
MBA % 3aMBIKaHug, %

(1) (1) (1) (1)
S BH | cH | mH | UY | U | U

25 100 | 100 | 100 | 105 | 17,5 | 6,5
5 BH | CH | HH Ugj’

25 100 67 67 10,5 17,5 6,5
Homunansupie HanpspkeHUST 0OMOTOK TPaHCHOPMATOPOB OTMHAKOBBHI.
Heoo6x00umo onpedenumy:

Harpy3kun Ha cTOpoHE CpeaHEro M BBICIIETO HAMPSHKCHUS KaXIO0TO W3

Tpanchopmatop

T1

T2

TpaHc(OpMaTOpPOB M CPABHUTh MX C HOMHUHAIBHBIMH MOIITHOCTSIMH OOMOTOK

Tpanc(hopMaTopoB. AKTUBHBIE COITPOTHBIICHUS U TIOTEPU HE YUUTHIBATH.

2.3

CymmapHas Harpy3ka paOoTaroUuX MapajuielbHO OOMOTOK CPEIHEro HaIlpsDKEHUS
S, =18 MBA.

Harpy3ka paOoTaromux pasaenbHO OOMOTOK HHU3IIETO  HAMPSHKCHUS

TpancdopmMaTopoB 1 u 2, COOTBETCTBEHHO: S3(1) =12 MBA, S3(2) =10 MBA.

XapaKkTepuCTUKU TpaHCHOPMATOPOB NPUBEICHBI B TaOIHIIE:

MomtHocTs, | MomHOCTh 00MOTOK, | HampspbkeHue KopoTKoro
MBA % 3aMBIKaHug, %

Tpanchopmatop

T1

g

BH

CH

HH

()
U]Z

()
U13

100

100

100

17

T2

NS

BH

CH

HH

(2)
U13

40

100

100

100

17

10,5

Homunansupie HanpspkeHUST 0OMOTOK TPaHCHOPMATOPOB OTMHAKOBBHI.
Heoox00umo onpedenumy:
Harpy3ku Ha cTOpoHE CpemHero M BBICHIETO HAMPSKCHHS KaXIO0ro U3

TpaHc(OpMaTOpPOB M CPABHUTh MX C HOMHUHAIBHBIMH MOIITHOCTSIMH OOMOTOK

Tpanc(hopMaTopoB. AKTHBHBIE COPOTUBIICHUS U TIOTEPU HE YUUTHIBATD.

Tpebosanusa Kk omuemy: OTUET JTOJDKEH COJAEPKATh pEUIEHHYIO 3anady. [Ipu
clade 3adyera HEOOXOIMMO YMETh J1aBaTh MOSICHEHUS IO CYLIECTBY BBIMOJIHEHHOTO
3aJlaHus, a TAaKXKe MOKa3aTh 3HAHUE MIPEeIMETa B 00BbEME TPOrPAMMBI.
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KOHmpo.’leble eonpocuol:

1. Ilo kakoti npuuune modcem nompeb08amsbCsi pazoenvbHas paboma 0OMomox
08YX MPAHCHOPMAMOPO8 HA OOHOM U3 HANPANCEHU HA CMOPOHE
nompeoumerneu?

2. Kak npogepumv 00nycmumocms 3a2py3Ku Kaicoou U3 00MOmMOK CUI08020
MpexoOMOmMOYH020 MPAHCHOPMAMOpa 8 MaKom pesxcume?

3. Bosmooicen nu no0obHulll pescum Ha NOOCMAHYUAX € 08YXOOMOMOYHBIMU
mparcgpopmamopamu?
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3. HATPEB CWJIOBOI'O TPAHC®OPMATOPA ITPU HOPMAJILHOM
PABOTE [4]

Ilenv npaxkmuueckozo 3anamusa: B TeueHHe BCEro Cpoka CIy>KObl CHUIIOBOM
TpaHchopMaTop paboTaeT B MEPEXOHBIX TEIUIOBBIX PEKUMaX, U3MEHEHHUE KOTOPHIX,
00yCIJIOBJIEHHOE KaK Harpy3Koi, Tak U aTMOC(EPHBIMU BO3ACHUCTBUSMHU, MPECKA3ATh
MIPAKTUYECKU HEBO3MOXKHO.

eny 3ansTUs — pa3oOpaThCsi, UYTO COOOW TPENCTaBIsET JaUarpaMma
pacnpeneneHuss TeMiepaTyp B TpaHchopmaTope U KaK MEHSIOTCS 3TH JMarpaMmbl
JUTSL pa3JIMYHBIX CUCTEM OXJIAXKJICHUS CUJIOBOTO TpaHc(opmaTopa.

Ilopaook nposedenus npakmuueckozo 3auamusn: B ayiutopun BBITIOTHAETCS
MoAPOOHKIN Pa300p TEOPETUUECKON YaCTH 3aHSTHS.

Teopemuueckaa yacmso. 110 NENCTBYIOIMM CTaHAApPTaM I10J IPEBBILICHUEM
TEeMIEepaTypbl KakoW-1u00 YacTh TpaHcopMmaTropa TMoJpa3ymMeBaeTcs pPa3HOCTh
TEMIEpaTyp OSTOW 4YacTH M OXJXKAAOIIeH cpeapl. JlomycTuMbIe NPEBBIMICHUS
TEMIEpaTypbl aKTUBHBIX YaCTel BO MHOTOM BIHUSIOT Ha BHYTPEHHEE YCTPONCTBO,
pa3Mepbl, CTOMMOCTh, HAarpy304HYI0 CIOCOOHOCTh M PEXHUMBI OKCILTyaTalluu
TpaHchopmaropa.

Haubonvwas oonycmumas onumenvuas HaArpys3ka TpaHchopmaTopa 3aBUCUT
OT HOMHHAJIFHOW MOIIHOCTH, SIBISAIONICHCS TapaHTUPYEMbIM TapaMeTpoM,
TEMIEPaTyphl OXJXKAAIOIMIEH Cpelabl W OT TOTO, JKEeJMaeT WM HEe IKellaeT
AKCIUTYaTHPYIOIIee MPEANPHUATHE 3aMEJIUTh CTApEHUE U3OJIAIHOHHBIX MAaTepUAIIOB,
CHJIBHO 3aBHUCSIIIEE OT TEMIEPATYPHI U JUTUTEILHOCTH €€ JICHCTBUSI.

Haubonvwasa oonycmumas KpamkoepeMenHas HASPY3KA U ee OIUmenabHOCmb,
KpOME€ yKa3aHHBIX BbIlIe (haKTOPOB, 3aBUCAT TaKkKe OT KOHCTPYKTUBHBIX
ocoOeHHOCTe TpaHcopmaTopa, €ro TEIUIOBOM TMOCTOSIHHOW BpEMEHH U
MIPEIIECTBYIONIEH Harpy3KHu.

[Ipu pacyete TpaHCHOPMATOPOB M WX CHUCTEM OXJIXKICHHUS PACCUMTHIBACTCS
MHOT'O TPEBBIICHUH M TepenajoB TemmepaTypbl. Mcnonbs3yeMbie 0003HAYEHUS
nosicusitoress Ha puc. 3.1 m B Ta6m. 3.1. Ha puc. 3.1 B cucreme koopauHatr & —
Temrneparypa u H — BBICOTa, TTOKa3aHbl TEMIIEPATYpPhl, MPEBBIIICHUS U TEPENabl
TeMIIepaTyphl JIJIs 4yacTei TpaHchopmaTopa ¢ €CTECTBEHHOM LIUPKYJIALUENd Macha.

[IponomkuTenbHOE BO3/ACHCTBUE Temsa, BIark, KUCIOPOJa BbI3bIBAET
CTapeHue H3OJISIMOHHBIX MaTepuagoB TpaHchopMmaTopa M, TMPEXKIE BCEro, TeX,
OCHOBOM KOTOPBIX ABJISIETCS 1IEJLTION03A.
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Hamenernne memnepaniypol HElIREH aXAEHCOMGOIEH cpedbl - 8a 30¥X.d

Hamenenne memnepanypel abMomRL mMpanchopmamape
---------- Hamenenne memnepanypol HI00RHEN 00N IR MIPEHC DapMAop

Hamenernnue mamnepa iy pol Maciad BPIE HUPRY AR

Puc. 3.1. Jluacpamma pacnpedenenus memnepamyp ¢ mpancghopmamope ¢ eCmecmeeHHoul
yupkynayueu macia (npuramole 0003uavenus ceedenvl 6 maon. 3.1.) [4].

Hpouecc CTapcHuss BCACT K HU3MCHCHHIO HCXOIHBIX 3JICKTPUYCCKUX,
MCXaHHYCCKHNX H XUMHUYECKHUX  CBOMCTB Marcpuajia. CreneHb CHHKCHMUA
3ﬂ€KmDu'—l€CKOﬁ npo4Hocmu, BbI3BaHHAA IIPOHCCCOM CTAapCHUS, HCBCJIMKA. OI[HaKO

BO3HUKAIOUIUE  W3MEHEHMS  MEXAHUYECKUX  XAPAKMEePUCmuK  U30JAYUOHHbIX
Mamepuanos (MPOYHOCTU HA Pa3phiB, YKCIA BbIICPKUBAEMbBIX MEPEruOOB) EiaroT
TpaHc(opMaTop UYYBCTBUTEIBHBIM K BO3HHUKAIOIIUM IPU KOPOTKOM 3aMBIKAHUU
MepEMEILICHUSIM TIPOBOJHUKOB, U B TpaHCHOpMaTOpe C COCTAPUBIICHUCS H30JSAIUCH
JIETKO MOET BO3HUKHYTh BHUTKOBOE 3aMblkaHue. CTENeHb CHUXEHHS Ipejena

MPOYHOCTH MPHU PACTSIKEHUU MO CPABHEHUIO C MCXOAHBIM €ro 3HAYEHUEM SIBIIACTCS
CYILIECTBEHHOM YK€ IOCJIE OTHOCUTEIBLHO HEMPOJOJKUTEIIBHOTO BPEMEHU CTapEHUSI.
B oTHOIIEHNM XMMHYECKUX CBOMCTB CAMBbIM CYILIECTBEHHBIM SIBIICTCS M3MEHECHUE
CTEIECHU MOJMMEPHU3AIMHU, T.€. U3MEHEHUE, BO3HUKAIOIIEE MO JAJIMHE MOJICKYISPHBIX
LETNel U30JISIMMOHHOTO MaTeprala.

HakoruienHele B TeyeHHE  JECATWICTHH  pe3ynbTaThl  J1aOOpPaTOPHBIX
WCCIICIOBAHUM TIOKA3bIBAIOT, YTO Y M3OJSIIMOHHBIX MATEpPUAIOB OJHO3HAYHO
ONpeAeIsieMOl OMAaCHOW TeMIEepaTypHON TpaHMIbl HET, a CYIECTBYET TOJBKO
AKCIIOHEHIIMAJIbHASl 3aBUCHUMOCTh MEXIY CTEIEHBIO CTapEHUs, TEMIIEPATypoud U

JIIUTCIIBHOCTBIO €C I[CﬁCTBPIH.
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Ta0muna 3.1.

O0o3HaueHus, MPUHATHIC HA 9 -H JuarpaMMe paclpeleIeHus TEMIIepaTyp CHIOBOIoO
Tpa"copmaTopa
OBosHaYveHWe HaumeHos aHue
Boicora

Temnepatypa

TemnepaTypa OXNEKASIOWEA CPeabl, PABHaA TEMNEPETYRE BOSAYXE Y BXOAE B TeNNo0GMEHHMK
TemnepaTypa BO3AyYXay BX0A8 B TENNOOGMEHHIK
TemnepaTypa BO3AYXa Y BbiXOAa W3 TENNooGMmeHHIKa

CpegHas TEMNepaTypa B03gya B TennoofeHHIKe (MVMEETCA B BMAY BO3RYYX, LARKY AMpyo Wit 8 TennoofverHike)

ARREE

' A ‘9n MPEBLILEHME CPERHEN TEMINEPaTYRb! B034YXa 6 TEMNOODMEHHMKE Haj, TENTIEPaTYpOM BOJAyXa Y BXO4a B
TennoofeHHK
HanBonswas TemnepsTypa Macna & Dake (NPW ECTECTEEHHON LMPKYNALMM MECNa 5Ta TEMNEPETYRA NPSKTMHECH
B COBMAASET C TEMNEPSTYPOM MECIA ¥ BXOAS B PAGMATOR W NPMHIMAETCA PSBHOM TEMNEPETYPE MACNAa ¥ BEXOLS M3
OBMOTK)
B TemnNepaTyra Macna ¥ EXOAS & TENNooBmeHHIK
Ad,, MpeebiweHe Hawbons WEi TEMNEPaTYPEI MECNa & BaKe Hag TEMMSPATYPON OXNEKAAI0WER cpege!
[ a [Temneparypa macna v bixoga M3 TeNNooBMEHHMKR, NPMHIMMAEIMaA PaBHON TEMNEPETYPE Macna y bxoaa & ob
ol MOTKY
[ a [CpeaHaa TemnepaTypa Macna B OOMOTKE (MMBETCA B BWAY MECN0, LIPKYNMIYIOWEE B OXNEKAAI0 W KAaHANEX ¥
vat [NOBEPXHOCTIA OEMOTKM BHE NOMAHIHHON CNOS)
Y Sﬂﬁ MoBLILEHWE CREAHER TEMTIEPETY P! MACHA B TENNOOEMEHHWKE HaA TEMNERSETYPOM OXNEKAGIWER CPeab!
A8, NorapudMMHECKa A PA3HOCTE TEMNEPSTYD MACNE W BO3AYXE B TENNOOGMEHHIKE
A 94! [Mepenag TeNTERETYPLI MEKALY MSCAOM W CTEHKOA TENNooGmMeHHMKE
L. [CpeaHan TeMNEpaTYpa NOMEHWYHON CNOA BOIAYXE B TENNOOBMEHHKE
SL Temneparypa Haubonee HaMEeToM ToYKK oGMoTKM
3, [CpeaHan TernepaTypa BepHEN KaTY WM OBMOTIA
&ﬂ CpeanHaa Terneparypa ofeaoTim
AS [NMpe BbIueHWE CPEAHEN TEMNEPATYHBI DBMOTKM Hag TEMNERETYROH 0XNBKAGIDWEN Cpeabl
A8, [Mpe ebiweHme cpeaHei TeMmnepaTypb! 0EMOTKY H3E CPEAHEl TEMNepaTYPOoi Macna B ofMaTke
Y [CpeaHan TernepaTypa NOMEHUIHOM CNOAMECAA Y NOBEPXHOCTI OBMATKIA
A ‘9!' Mepenag TErTIEpaTYPbI N0 TOAWMHE M30NALMW OBMOTKH
A Sf Nepenap TEMMEPETYRE! MEKAY NOBERKHOCTLI0 M3ONALMM OECTKA 1 MESROM
' AS "[Ocesoit nepenag TEMNERETYRE! MACNa 6 OGWOTKE, NPEACTAB NA0 WA COBOM PasHOCTb TEMNEPATYR MEsNa Y BoXoAa
L 1 Bxoga B ofmoTky

Ocesoit Nepenas TEMNePaTYPbl MacNa B TennootmMeHHUKe, NPEACTSB NA0 WA COBO0IN PasHOCTE TEMNEPETYD Matna
ﬁ‘g‘, Y BXOA& M BbIXOAa M3 TENNOOBMEHHWKE (NPM ECTECTEEHHON UMPKYNALMM MECNa NPUHMWSETCA PasHbIA OCEB Oy
Inepenapy TEMNEPaTYRE! Macna & ofMoTKE)

A8, MpeekbiueHWe CRegHen TEMNepaTypbl Macna & 0OMOTKE Haf TEMNEPATYDOM OXNEKASIOWEN Cpefbl

Hcxoas U3 3TOro 3KCnepuMeHTAIbHO YCTAHOBJIEHHOTO 3aKOHA U TIPUHUMAs BO
BHUMAaHHE CpPOK aMOPTHU3ALMM M MOPAJBbHOTO H3HOCAa TpaHchopmaTopa, MOXKHO
ONpENENUTh TEMIEPATYpHYIO TpaHUIy, NpPU KOTOPOM MJis JaHHOW CKOPOCTH
CTapeHus e1le 00eCIeurnBaeTCsl dKOHOMUYECKHU OTMPaBAaHHBIN CPOK CITYKOBI [4].
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dakTopoM, YCKOPSIOIIMM MPOIECC CTapeHHUs, ABIAETCS yBlIakHeHHe. Bumara,
HaxoJsIascs B TpaHcopmaTope, UMEeT TpU UCTOYHUKA. DTO Blara, He yJajieHHas B
mpoliecce CYIIKHM; Biara, MPOHUKAIONIas Yepe3 HErepMeTUYHble YIUIOTHEHUS U
pacmiMpuTenb, W Blara, BO3HUKAIOIIAs, KaKk NOOOYHBIA MPOAYKT, B THpolecce
okucieHuss macna. Kucimopon npoHukaeT B TpaHcopMmaTOp yepe3 paclIMpUTENb U
yepe3 IUIOXO T'e€pMETH3UPOBAHHBIE YIUIOTHEHUS KOHTYpa OXJIAXKIEHUS B MecTax
MOHM>KEHHOI'0 110 CPABHEHUIO ¢ aTMOC(HEPHBIM JIaBJICHUS.

Cpok cayx0bI

BpeMs, 1Mo HMCTCYEHHHM KOTOPOTO W3OJIAIIMOHHBIA MaTepHasl MPUXOIUT B
HETOJTHOCTh, Ha3bIBACTCSI €r0 CPOKOM ciykObl. CoriacHo 3aKoHY AppeHuyca Cpok
cayx6bpl E (11€T) 1100010 U30ISIMMOHHOTO MaTepuaa ONPEAEIIeTCs BhIPaKECHUEM
[4]:

B

E = C-eA_? G.1)

rne C — 1 ron; A u B — nocrosHHble, ycTaHABIMBAEMBIE YKCIIEPUMEHTAIBHO IS
usyuaemoro wmarepuana (A — Oe3pasmepHas BenuuuHa, B u3Mepsercs B
KenbBunax); I — tepMmoauHaMuueckas temimeparypa, °K.

Jlns nuanaszona temnepatyp 80—140°C, umeromux Mecto B TpaHchopmarope,
LTSI OTIpE/IeNIEHUs CpOKa CIIy kOBl cripaBeyinBa popMyina MoHT3UHTepa

E=D-e" (3.2)

-1
rae  p —mnocrosubas, °C™; & — remneparypa, °C; D — mocrosHHas, JieT.

B pexomennanusx MOK no Harpy304HoO#i cOCOOHOCTH 3HAUYCHHUE TTOCTOSIHHOMN
P, HeoOXoauMmoe UIsl ONpENETeHUs] CpoKa CIIyKObl, HE yKa3aHO, TaK KaK OHO HE

MOTJIO OBITh COTJIACOBAaHO U3-3a pacxoxxXacHusd BO MHCHHUAX II0 (1)I/IBI/I‘ICCKI/IM
CBOMCTBAM H3HOIICHHOI'O HN30JLIOIUOHHOTO MaTcpualia.

H3HOC N30 HA

CyuiecTByeT eIMHOE MHEHHE O TOM, YTO B Juama3zoHe Temrepatyp ot 80 1o
140°C kaxnaele 6°C mpupocTa TeMmIepaTypbl & BBI3BIBAIOT COKPAIIEHHE CPOKa
CIIy’)kObl M30JSIMU BIIBOE, T. €. M3HOC yJBaWBaeTcs. JTO O3HAYAET, YTO €ClIU B
nnanazone 80-140°C TemmepaTtype ¢ COOTBETCTBYeT CpOK CinyxObl E, TO mms
temmeparypsl 3+ 6°C  cpok ciayx6s1 cocrasut 0,5 E [4], T. €.

0,5E=D-e "9 (3.3)

29



Paznenus (3.2) Ha (3.3), MOXXHO BBIYUCIUTH OCTOSHHYIO p.

2 = e

p=0,1155°C"" (3.4)

OTHoOCHUTEJBbHBINA H3HOC N30 19111

Ecnu B kadecTBe 6a30Boi BeIOpaHa Takas Temmeparypa &, (°C), st KoTopoii

CPOK CIIyObl MPUHUMAETCS HOPMAJbHBIM, TO 3TOT CPOK MOXXET OBITh OTHECEH K
CPOKY CIIyXkOBbI, COOTBETCTBYIOIIEMY JI000H apyroii temmeparype 3°C. D10
0e3pa3MepHOE OTHOILIEHHE, Ha3bIBAEMOE OTHOCUTEIBHBIM H3HOCOM H3OJISLUH,
0603HaunM yepes & .

Ucnonb3ys popmyny MoHT3uHrepa, Haxoaum [4]:

-0,11559
D-e a

0,1155(8-9,)
§ = =e “ (35)
D- e—0,11558

Iycte &, =98°C. Dra Temmeparypa cOOTBETCTBYET TeMIepaType Hanboee
HarpeTol TO4KH TpaHcdopmaropa &, TpH TemiepaType OXJIKIAMOMICH Cpeisl
8, =20°C, npesbiennn cpenueii Temmepatypst oomotkn A8, = 65°C, oceBom

nepemnaze Temieparypsl Maciaa B oomorke AY, =22°C u pasHocTH TeMmeparypbl

HanboJlee HAIPETON TOYKM M CPEIHEH TeMIepaTyphl BEpXHeH (Hanbojee HarpeToil)
karymku 2°C':

9 :9,+A9m+Aff0 +2:20+65+2—22+2:98°C

[udposas aumarpamMma pacopelneiieHuss TeMmMIeparyp maciia U OOMOTKH B
TpaHchOpMaTOpe C €CTECTBEHHOW LUPKYJSUMENd Macja Mpu HOPMAJIbHOM H3HOCE
M30JISILIMM PUBEJEHA Ha puc. 3.2.

[IpunsiTOo, yTO TpaHcopmaTop ¢ TeMmreparypoid Hauboyiee HArpeTol TOUKH,
paBHori 98°C, ctapeer HopMmanbHO. CpoK CHOyXObl B 3TOM cliydae COCTaBIISIET
HECKOJIBKO JI€CATKOB JieT. EcTecTBEHHO, 3a 3TO BpeMsl TpaHCPOpMATOp MOMKET
MIPUNTH B HETOJHOCTH MO APYTUM MPUYMHAM WJIU CTaTh MOPAJIbHO YCTapEBIIUM, YTO
noTpedyeT ero 3aMeHbI.
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Puc. 3.2. upposas ouacpamma pacnpedenenus memnepamyp Macio u 0OMOmKU 6
mpancghopmamope ¢ ecmecmseenHol yupkyaayuei macia [4].

Ecnu npussits, urto 3, =98°C, o nomyunm OKOHYATENBHYIO HOPMYITy ISt

pacyera OTHOCHTENLHOTO U3HOCA H30JALMK & NPH HEM3MEHHOM Temmeparype 3 :

é: _ 0 1155(5-98) (3.6)

3aBUCUMOCTL OTHOCHUTENILHOTO H3HOCA M30JAIMH & OT TeMIIEparypsl Haubouee

Harpetoil Touku Ttpanchopmatopa & mpusenena Ha puc. 3.3. C ee MOMOLIBIO

MOXHO OIIEHUTb, HAIIPUMEP, KaK MEHSETCSI CYTOYHBIN M3HOC M30JIAIIUU B Pa3IMYHBIX
pexxumax paboThl TpaHcopmaTopa.

Ipumep 3.1. TemnepaTypa HauboJIee HarpeTO TOYKU OOMOTKH B TEUCHHE OJHUX JIETHUX
cytok coctapisieT: 98°C — B Teuenue 12 4, 104°C — B Teyenue 8 u u 116 — B Teuenue 4 u.
Heo6x00umo onpeenuTb OTHOCUTEIbHBINA CYTOYHbBIA H3HOC U30JISIIIUH.
Pewenue: uctions3ys JaHHbIe puc. 3.3., MoaydaeM:
‘e 12-148-2+4-8
24

OueBHUIHO, YTO OJHM CYTKM TAaKOM IKCIUTyaTalluM BbI3bIBAIOT M3HOC M30JSLUHU B 2,5 pasza
00JIbI1IE HOPMAJILHOTO.

2.5
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Puc. 3.3. 3asucumocms omnocumenvHo2o UsHOCA U3OIAYUU OM MeMnepamypuvl Hauboee
Hazpemou moyku mpaucgopmamopa

IIpomoKMTEeIbHOCTh IJKCIUIYATAIMM NPH IOCTOSHHOM TemIepaTtype
Haulo/lee HArpeToil TOYKH, NPUBOAAIIAA K COKPALIEHHIO CPOKA CJIYyKObI Ha
OJHU CYTKH

[lycte TpanchopmaTop B mpeaenax 24 9 JOJDKEH HKCIUTYaTUPOBATHCS B

TeUCHHE BPEMCHH [, IIPH TeMIIepaType Hanbojee HarpeToil Touku &, CyIIeCTBEHHO
npessimaonieit 98°C, a B TedeHne Bpemenn 24 —¢, sta Temieparypa 3HAUUTEIBHO

menbie 98°C. Torma 3Hadyenue f,, 4., KOTOpoe 00ecneynao Obl CyTOUHBIM H3HOC

W30JIS1IMH, PABHBIM HOPMAJIbHOMY U3HOCY, MOKET OBITh HalieHo 1o dhopmyiie [4]:

t =" (3.7)

Ipumep 3.2. Harpy3ka tpanchopmaropa TakoBa, YTO B TE€UEHHE OOJIBIIEH YACTH CYTOK
TeMIieparypa Haubosee Harperoil Touku He npesbimiaer 80°C, a B mepuoj] NHUKa Harpysku,
MPOJIOJDKAIOIETOCS HECKOJIbKO YacoB, HEOOXOAMMO JOMYCTHTH HArpy3Ky, TpH KOTOPOM
TeMIieparypa HauOosiee Harpetoi Touku Oyner paBHa 122°C. TpeOyercs ompenenuTb, Kakas
JOJDKHA OLITH PO AOJIKUTEIBbHOCTD MHUKOBOH Harpys3Ku, 4TOOBI U3HOC H30JIA1MU 3a OJJHU CYTKU HE
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ObL1 00JIbIIIE HOPMAJILHOTO M3HOCA (IIPU HOMUHAIBHOM Harpyske). 13 tabnuibl HaxoAuM 3HaUYeHue
(;: , COOTBETCTBYIOIIIEE 190 =122°C (é: =16).

Torma

EcTecTBeHHO, YTO €clid MPUHAT, BO BHUMAaHHUE TEIJIOBYIO IIOCTOSHHYIO BpEMEHHU
TpaHcpopmaTopa, TO (pakTHUUECKH MUKOBasl Harpys3ka MoKeT JuinTbes Ooisiee 1,5 u. Ilpu pabote ¢
TeMIieparypoil Haubosee Harperoil Touku Hke 80°C OTHOCHUTENBHBIN M3HOC HU30JSLUN MOXKHO
MPUHSATH PAaBHBIM HYIIIO.

JKBHBAJIEHTHAsI TEMIIEPATYPa OXJIAKIAIONIEH Cpeabl

Ecnu mpu HEW3MEHHON Harpy3ke B TEYCHME BpPEMEHHM [ TeMmIepaTrypa
OXJaXaaoLen cpeasl 3 pesko M3MEHseTcs, TO TeMIIepaTypa HauOoJee HarpeToi
TOYKH 8, TakKe WU3MEHACTCA, XOTS M C HEKOTOPBHIM 3alla3/bIBaHUEM,

OOyCIIOBJIEHHBIM TEIJIOBOM TMOCTOSTHHOM BpeMeHu TpaHchopmaTtopa. B Takux

Claydasax IIpu OIpCACICHUUN 19‘c HCO6XOI[I/IMO HCXOOUTh U3 SKBUBAJICHTHOM

TCMIICPATYPEI oxnamz[alomeﬁ Cpeabl 19 a HE U3 cpeaHcapu METHUUYECKOU
Is

TEMIIEPATYPHI), B3ATON 32 HEKOTOPHINA MPOMEKYTOK BPEMEHHU.

DKBUBAJICHTHAS TeMIIEpaTypa OXJIAKAAIOIIEH Cpeabl ONPEAETICTCS UCXOAS U3
CIEIYIOIIUX TOMYIIECHUM:

— CPOK CIIy»ObI TpaHc(hopMaTopa 3aBUCUT TOJILKO OT TEMIIEpaTyphl Hanbosee

HarpeTor Touku 9, ;

— H3MEHEHHE TeMIIepaTyphbl OXJIAKIAIOIIEH Cpeabl BIUSET HAa H3MECHEHUE
TeMIepaTypbl Hanbojiee HarpeTo TOYKM TaKuUM Ke o0pa3oM, KaK H3MEHEHHUE
Harpy3Ku;

— TPUPOCT TEMIIEPATYpPhl OXJIaKAaromen cpeabl Ha 6°C yMEHBIIAET CPOK
CIY>KOBbl H3OJIAIIMU BABOE, T. €. B TaKOW >X€ CTENEHM, KaK MpPH BO3pACTaHUU

Temneparypsl Ha 6°C U3-3a yBENUYEHUS HATPYy3KH.
[lon  SKBUBAJEHTHOM  TEMIIEPATYPOM  OXJIAXKIAIOIIEH  Cpelbl 19,S

IIOIPa3yMEBACTCs HEU3MEHHAs TEMIIEPATypa OXJIAXKIAIOUIEH Cpelpl, IIPU KOTOPOH 3a
BpeMsi [ HMMEeT MECTO TaKOW >K€ HM3HOC H3OJSIUU TpaHcpopMaTopa, Kak Ipu

u3MeHstomeiicss  Temmeparype oxnaxnatomeit cpexst 9 (f). B atom cimydae

CIIpaBeJINBO ypaBHEHUE [4]:
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t
£ 1550 _ J‘t_eO,HSSSz(t)dt (3.8)
0

Jlorapudmupys mpaByio U JI€BYIO YaCTH 3TOTO YPaBHEHUSI, HAXOIUM:

t
In Ie"’““‘g' Ogt |=1nt
0

s 0,1155

(3.9)

Pa3zgenum wHTEpBam BpeMeHM ¢ Ha /M PaBHBIX NPOMEXKYTKOB, TOTJa
WHTErpa MOKHO 3aMeHUTh cymMMoHu. [locne mpeoOpazoBaHuil MOJYYUM CIIETYIONIYIO
dbopmyy 1Jisl onpe/ieNIeHUs SKBUBAJICHTHON TEMIIEpaTyphl OXJIaKAarouen cpesl [4]:

] & _
9, =8,65-In| — " (3.10)

=

B oTcdecTBeHHOW TMpaKTHKE TNPUMEHSCTCS CIICAYIONICe BBIPAKCHUE IS
DKBHBAJICHTHOU TEeMITepaTyphI OXJTaXKTAFOIICH Cpensl TOXKIECTBEHHOE
BhITIIETIpUBEIeHHOU Qopmyre (3.10):

I <& s,
9, =20-In| = 2%/ (3.11)
n -

Ilpumep 3.3. Ilycte B mpenenax roja HMMEKOT MECTO CIEIYIOIIME CpPEIHEMECSIYHbIE
TEeMIIepaTypbl BO3AyXa:

19“ = 30°C B reuenmue 2 MEC; 19,2 = 20°C B teuenmue 6 MEC;

19[3 =10°C B reuenne 2 mec; 19[4 =0°C B reuenmue 2 mec;

CpenneroioBas Temrneparypa Bo3ayxa (cpeaHeapupmMeTnyecKas):
g 30:24+20:-6+10-2+0-2

) - =16,67°C.

DKBUBAJICHTHAs TOJ0Basi TEMIIEpaTypa BO31yXa

!9[S — 8, 65 . ln(é(z . 60,1155'30 + 6 . 60,1155'20 + 2 . 60,1155'10 + 2 . eO,llSS'OJ — 20’80C

Kak cnenyer u3 pacuera, S5KBUBaJICHTHAsI TOJI0Bas TeMreparypa Bo3ayxa Ha 4,13°C Goibiie

CpPEAHEr00BOM.
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Buabl oxnaxkaenus [4]

Hupkynsiiuss Macia B KOHTYpE OXJIQXJEHHUS OCYIIECTBIAETCS 3a CUeT
IPABUTAIIMOHHBIX CWI. Bpigensiomuecss B aKTUBHOM YacTH TOTEPU IYTEM
KOHBEKTHBHOTO TEIIO0OOMEHa (TEII00TIaun) IePeAatoTCsl OKPYKAIOIIEMY aKTUBHYIO
4acTh Maciy.

Macno mon JeWCTBHEM BOCHPHHSTBIX WM TOTEPb HArpeBaeTcss U €ro
MJIOTHOCTh YMEHBINAETCS, B CBSI3M C YEM OHO B 30HE aKTUBHBIX YaCTEH yCTPEMIISIETCS
BBEpX, @ BMECTO NEPEMECTUBIIETOCS HArpeToro mMacjia CHU3y MOCTYIAeT XOJOIHOE.
Harperoe macio oraaer cBoe Temuio 0OoJjiee XOJOJHBIM CTEHKAM pPaJuaTopoB,
TeMIiepaTypa macia NajaeT, €ro MIOTHOCTh YBEIMYMBAETCS M OHO yCTpeMIIsieTCs
BHM3. B pammaropax BO3HHUKAaeT MOTOK Macjia, JBUTAIOIIMICS BHU3, T. €. B
HaIpaBJICHUH, TIPOTHUBOIIOJI0KHOM HAIPaBJIECHUIO €T0 JBIKCHUS B aKTUBHOM YaCTH.

[Hupkynsauust Bo3ayxa B pajguaTopax BO3HHKAET JIMOO €CTECTBEHHBIM MyTEM
M3-32 YMEHBIIEHUs IJIOTHOCTU HArpeToro BO3ayXa, JUOO0 CO3AaeTcsi C MOMOIIbIO
BEHTWJIATOPOB. B mepBoM ciiyyae oxJIakIeHUE MPOUCXOJUT MIPU €CTECTBEHHOM (pHC.
3.4, 3.5), BO BTOPOM — NPHU MPUHYAUTEIBLHON UPKYISAIUU Bo3ayxa (puc. 3.6).
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Puc. 3.4. Oxnascoenue npu ecmecmeerHoU YUpKyIayuu macia u 6o3oyxa [4].

@u3NYECKU TPOLECC, MPOUCXOISIINI MPU €CTECTBEHHON LIUPKYJISIUU Macia
U BO3JyXa, npeicTaBieH Ha puc. 3.4 B cucrteme koopauHat § -H.
[lopnepxuBaromas UUPKYJALUIO MHOJbEMHAas Cuila MNPONOPLHMOHAIBbHA ILIOIIA/IH,
0XBa4eHHOUN KOHTYpoM ABCDA.

B touke A macno momajgaetr B 0OMOTKY, HarpeBaeTcsi, ABUKETCS BBEPX U B
TOYKe B BBIXOAMUT U3 0OMOTKH. Ha myTu nBrkenust ot Touku B 1o touku C, T. €. 10
BXOJla B paguaTop, TeMIepaTypa Macja HECKOJIbKO MaJaeT, 4To OOYyCIOBIEHO
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TGHHOOTIIaqeﬁ KpBIIKKU K BCpXHCfI YacTH CTEHKH Oaka. Me>1<)1y toukamMu C u D B
paanaTopax Macja0 OXJaXAACTCA ¢ JIBUKCTCA BHUSI. OXH&)KI[GHHOG Macjiao
nepemMemacTcda OT TOYKH D J0 TOYKH An IMponecC MOBTOPACTCA.
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Puc. 3.5. Cxema ecmecmeennoco Macisano2o oxaaxcoerus mpancpopmamopa
npU 8bICOKO NOOHAMbBIX PAOUAMOPAX.

Bricokoe PACIIOJIOKCHUC paauaropd, KakK 3TO IIOKa3aHO Ha pPHC. 35, 110
CPaBHCHHIO C HU3KHUM €TI0 PACIIOJIOKCHUCM YBCINYNUBACT IMPU OAWMHAKOBBIX ITOTCPAX
BO3HUKAIOIIYIO TIPpU OXJTAXKIACHHH IMOABCMHYIO CHITY. CKODOCTB ABHKCHHS MacCJjla B

KOHTYPC OXJIAXKACHHA BO3PACTCT.
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Puc. 3.6. Oxnasicoenue npu ecmecmeerHOU YUPKYIAYUU MACIA U NPUHYOUMETbHOU
YUPKYIAYUU 8030YXA
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BeHTunATOpHl, YCTAaHOBJIEHHBIE NOJA pPaAuaTOpaMH, HAarHeTalT BO3AYX B
KaHaJIbl MEXKY CEKIUSIMU paauatopoB (puc. 3.6). YBeIuueHne CKOPOCTH JBUKEHUS
BO3/lyXa YBEIMYMUBACT KOAPPUIMEHT TEIUIOOTAAYM paanaTopa co CTOPOHBI BO3/yXa,
OJlarosiapsi 4eMy OTBOJ] T€X K€ MOTepb OyIeT MPOUCXOIUTh OIPU MEHbIIIEM, YeM Mpu
€CTECTBEHHON IMPKYJISALHK, TEepenaje TEeMOEpaTypbl CO CTOPOHBI BO3AyXa.
VYBenuuenune kodppuiuenTa TEIIO0TAAUN paauaTopa co CTOPOHBI BO3/lyXa MPHU TeX
Ke TMOTepAX, OTBOAUMBIX PpaguaTOPOM, MPUBOAUT K Oojiee OBICTpOMY, YeM IpHU
€CTECTBEHHON IMUPKYJIALHUH BO3AYyXa, OXJAXKICHHUIO Macia B Tpybdax M Y4acTOK
KkpuBoit C—D cTaHOBUTCS 00JIe€ BBITYKIIBIM.

HpI/I nepexoae ¢ €CTECTBEHHON Ha NPUHYIUTCIbHYIO HUPKYJIIIUIO BO3YyXa
TCIUIOCHEM paaruaTopa YBCININBACTCA B 2,6 pa3a.
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Puc. 3.7. Oxnascoenue npu npuryoumenbHoU YupKyiayuu Macia
U NPUHYOUMENbHOU YUPKYIAYUU 8030VXA

Bmecto nmoporux, TpeOyrommx MHOTO MeCTa paJuaTOpPHBIX Oaraped i
TpancopMaTopoB  OOJBIION  MOIIHOCTH  TNPUMEHSIOTCS  0oJiee  BBITOJHBIC
MajiorabapuTHbIe TEIJIOOOMEHHUKH, Ha3bIBAEMbIC OXJIAAUTENSIMU. JJ1g MOTydeHus: B
ATUX OXJAAUTENSAX OOoNbIIOoro Kod(h@uIMeHTa TEmIo0TAaYd CO CTOPOHBI Macia
HEOOXOIUMO YBEIMYHUTH CKOPOCTh Macia. s yBenudyeHHs CKOpPOCTH Maclia U
MPEO0JIEHUS TUIPABIMYECKOTO COMPOTUBIICHUS OXJIAJIUTEINSI B KOHTYP OXJIAXICHUS
BKJIIOYAIOTCS Hacochl. [Ipu 3TOM BHYTpH OOMOTKM MPAKTUUECKH COXPAHSICTCS
€CTEeCTBCHHAs LUPKYJAIMS Maclia, a CKOPOCTh [JBI)KCHHsS Macjia B OOMOTKE
ompeAensieTcss  IPaBUTALMOHHONW  MOABEMHOM  CWIOW W TUAPABINYECKUM
COMPOTHUBJICHHEM TpEeHUI0. BKIlloueHne Hacoca BIUSET IJIaBHBIM 00pa3oM Ha padoTy
oxyanurens. s mydiiero noHMMaHus Bompoca oopatumces K puc. 3.7.

Bxuirouenne Hacoca Majio BIMSET Ha MpOLECC TEIUIOOTAadyu B oOMoTke. s
ATOTO BHUJA OXJAXKIACHUS XapaKTEPHBIM SIBISCTCS TO, YTO HArpeToe B OOMOTKE H
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JBIDKYIIEECS MO MyTH @ Maclio MEePEeMEIIUBACTCS C MAcJIOM, JBIKYIIUMCS T10
napauielbHoMy 1myTd b  Baoidb BeICOTHI  Oaka. M3-3a  mepeMemmBaHUs
HETMOCPEJCTBEHHOE M3MEPECHHE TEMIIEPATYpPhl BBIXOMSIIETO W3 OOMOTKH HArperoro
Maclia 3aTpyJHEHO ¥ TePMOJIaTUMKaMH, Pa3MEIICHHBIMU IO/l KPBIIIKOM, U3MEPSAETCS
TeMreparypa rnepeMenaHHoro MacJa.

N3-3a mepememuBaHusi B OXJAAUTENU TIOCTYyHaeT YK€  HECKOJIbKO
OXJIaXJECHHOE MAacJIO U, TAKUM 00pa3oM, TeMIlepaTypa Macia Ha BXOJIe B OXJIaUTENb
MEHbIIIe, UeM HauOoJIbllas TeMrepaTrypa macia B oomotke. [lepemenmmBanue mMacia
MIPUBOJUT TaKXKE K TOMY, UYTO MPHU OJHHUX U TEX XK€ MOTEPSAX HACOCOM MPUXOIUTCS
nepekaunBaTh OOJIbIIE Macia ¢ MOHIKEHHOW TeMIIepaTypoi, 4eM 3TO TpeOOBaIOCh
OBl MpU OTCYTCTBUU TepeMemmuBanus. [IocKoIbKy CKOPOCTh Maciia B OOMOTKE Majlo
OTJIMYAETCSI OT CKOPOCTH TIPU €CTECTBEHHOW IUPKYJISALUM, TOBEPXHOCTHAs
IJIOTHOCTh TEIUIOBOT'O IOTOKa OOMOTKM HE JOJDKHA OBITh OOJbIIeH, YeM MpH
€CTEeCTBCHHOM nupKyJsanuu. [IpenMyiiecTBOM TNPUMEHEHUS OXJaguTenel ¢
MPUHYAUTEIBHON HUPKYJIAIMEH Macia SBJISIETCS TO, YTO OHU 3aHUMAIOT MaJI0 MECTAa,
MMEIOT MEHBIIYI0 YACIBHYIO CTOMMOCTb U MOTYT OBITh pa3MEIIeHbl Ha JIF0OOM

BBICOTC.
i + H
2 Wni ¢
‘ e "}Ibf 8
|
| D
0

Puc. 3.8. Oxnascoenue npu nanpasieHHOU YUPKYIAYUU MACIA
U NPUHYOUMENbHOU YUPKYIAYUU 8030VXA

Ecim depe3 akTuBHYH dacTh TpaHcopmaropa MpomycKaTb  BCe
LUAPKYJIUPYIOIIEE B CHCTEME OXJAXKIEHUS Maclo, T. €. JHUKBUAHPOBATH
NapajieIbHbIN TyTh b, MOKa3aHHBIN HA puUC. 3.7, TO MPUIEM K CUCTEME OXJIAXKICHUS
C HampaBJICHHOW LUPKyJIALuEed wmacina — puc. 3.8. B 3ToM ciydae Hacochl
MEePEeKaAYMBaIOT HE TOJIBKO MAcCJiO, HarpeBarolleecs NoTepsiIMU aKTUBHOW YacTH, HO U
MacJo, YTEKAIOIIEee Yepe3 HEIJIOTHOCTU KOHTYpa HAampaBlIeHHOW Hupkyianuu. [lpu
MPaBWJILHOM PACUETE B OXJIAJUTENIb OCTYIAET MACIIO C TEMIIEPATYPOil, TPAKTUUECKHU
paBHOM HanOOJbIIEH TeMIepaType Maciia B aKTUBHOM YacTH.
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v HOBerHOCTeﬁ TCIIOOTAA4YHU 3JICMCHTOB aKTUBHOM 4YacTH CKOpOCThH Macjia
YBCIIMIUTCA, B CBA3U C YCM BO3PACTCT UX K03(1)(1)I/IHI/ICHT TCIUIOOTAAYN U YMCHBIINTCA
nepenan TCMICpaTypbl MCXKAY IMMOBCPXHOCTHIO U MACJIOM, YTO ITO3BOJIACT YBCINYUTDH
IMOBCPXHOCTHYIO IINIOTHOCTH TCIUIOBOI'O IIOTOKA, HE TICPCXOoOsd AOIMYCTHUMOTO
SHAYUYCHUS OJIA IMPCBBIIICHUA CpCI[HCﬁ TCMIICPATYPBhI OOMOTKH.

Tpebosanua k omuemy: Ilo 3ananuio npenogaBaTessi B OTYETE MPUBOIUTCS
OMHUCaHWe NMPUHIUIIHAIBHON CXEMBl M JUarpaMma paclpeeseHus TeMIepaTyp s
OJIHOM M3 CHCTEM OXJAXKIEHUS CHUIIOBOro TpaHcpopmaropa. Ilpu crmaue 3auera
HEOOXOJUMO YMETh JaBaTh IOSICHEHMS IO CYIIECTBY BBINOJHEHHOTO 3aJaHus, a
TaKKe ToKa3aTh 3HAHUE TIpeAMETa B 00BEME MPOTPAMMBI.

KOHmpo.’leble eonpocuol:

Ymo makoe «wecmuzpadycrHoe npasuion?
Kax oeticmeyem mennoodmeHHux Ha ocnoge mepmocugona’?
Yem onpeoensemcs noovemHas cuna, 0eucmeyowdas Ha Macio?

AN N~

llouemy npu HEHAanpaeieHHol NPUHYOUMenbHOU YUPKYIAYUYU Macid
603HUKAEM  NOZPEUHOCMb  Npu  OYeHKe  Menioo2o0  COCMOAHUS
mpancgopmamopa?
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4. HATPEB CHJIOBOT'O TPAHC®OPMATOPA B PEXXUME
KOPOTKOI'O 3AMBIKAHUA [4]

Ilenv npakmuueckozo 3anamua: B pexuMe KOPOTKOTO 3aMBIKAHMS, B CUILY
OBICTPOTEYHOCTH TEPEXOJHOTO PEKHUMa, MepeAadyd TEIUIOThl OT HarpeBarouieiics
OOMOTKH K Macily MPaKTUYECKU HE TPOUCXOJIUT.

[ens pabOThl — OCBOUTH METOAMKY OMPENENCHUST MU3MEHEHHUs TeMIEepaTyphbl
O0OMOTKH 3a BpeMsl IPOTeKaHus 0 0OMOTKE CBEPXTOKaA.

IHlopsaook nposedenusa npakmuueckoz2o 3auamus: B ayiuTopuu BbITIOIHAETCS
pa300p TeopeTUYECKON YacTH 3aHATUA U TpuMepa pacueta. [Ipu pabore Hajx 3anayeid,
MpeIHa3HAYEHHOW JJIS CaMOCTOSITENIbHOIO  PEIICHMs, MOXKET MOTpeOoBaThCs
JOTIOTHUTENIbHASI HH(pOpMalLIUs, 32 KOTOPOH clieyeT 00paTtuThes K [4].

Teopemuueckan uacmp. llpu KOPOTKOM 3aMbIKaHUU TpaHc(opmaTopa
BBIJICNIAIOIIMECS] B OOMOTKE MOTEPH OT TOKAa KOPOTKOIO 3aMBIKAHMS YBEJIMYHUBAIOT
KOJIMYECTBO TEIUIOTHI, COJEpIKalleecss B MPOBOAAX M BUTKOBOW H3oisiuuu. M3-3a
KpaTKOBPEMEHHOCTH TMporecca (okono 1 c¢) Temiora Macily MNPakKTUYECKH He
nepenaerca. I[locne npekpameHuss KOPOTKOTO 3aMbIKaHHUS HAYMHAETCA IPOLECC
OXJIAXKJICHUS U 32 BPEMsI, PaBHOE HECKOJIbKUM MOCTOSIHHBIM BPEMEHHU, OOMOTKA OTMSTh
MIPUHUMAET TEMIEPATYPY, UMEBIIYI0 MECTO TP HOPMAJIBHOW HArpy3Ke.

Bce Bbaensmomuecs B MPOBOJHMKE JUIMHOM [ TOTEPU BBHAY OTCYTCTBHS
TEIJIOOTAAYN K MAaciay UAYT Ha YBEJIIMUCHHUE KOJIMUECTBA TEIJIOThI, CONEPKAILLIEroCs B
MPOBOJAX U M3OJISALMHU. YpaBHEHUE JJI1 U3MEHEHUs CpeJJHEN TeMIiepaTypbl 0OOMOTKHU
3a BpeMs1 KOPOTKOI'O 3aMBIKaHUsI UMEET CIEAYIOIUI BUL [4]:

AY = \/ezt/“l [ (8, +235) +7,5-960 |- 7,960 — (8, +235) =

9, +235Y
=31 [e*" . %135 +7,5 |— 7,5 — (8, +235), 4.1)

Tac ‘9ta — UCXOOHAaA CPCOAHAA TCMIICPATYypa 06MOTKI/I;

T75 — OTHOCUTCIIBHBIC IIOTCPU OT BUXPCBBIX TOKOB B IIPOLCHTAX OCHOBHBIX

noteps npu 75°C;
! — BpeMsl CyIIECTBOBAHMS KOPOTKOI'O 3aMbIKaHUSI.

2t
Iloka3arens CTENEHU BEJIMYMHBLI € fa AL MCIU TIPU YUCTC TCIINIOCMKOCTHU

HU30JIUN PaBCH:
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2

2t 1 J

== =1 -, (4.2)
a, 2,55+0,685-y \10
Ecnu TenaoeMKoCThIO N30JSUU TpeHeOpeyb, TO
2
2t J
—=0,392-| — | 1, (4.3)
a, 10
TokasaTenh cTeleHH BeIMuuHBl  €/“  wia  amoMuHus Ipu  y4yeTe

TCIVIOCMKOCTH U30JIIIUH PABCH:

2

2t 1 J
—= 1| -t (4.4)
a, 1,115+0,413-yw \10
Ecnu TenaoeMKoCThIO N30JSUuU TpeHeOpeyb, TO
2 2
_t:(),897. ig 1, 4.5)
a, 10

B ¢opmynax (4.2) — (4.5):
2
J — IJIOTHOCTH TOKA IIPU KOPOTKOM 3aMBIKaHUH, A/M” ;
|/ — OTHOIICHHUE TUIOLIAJN MOIMEPEYHOro CeUeHHs] M30JSIMU NPOBOIHHUKA K

momaau MornepeuYHoro CCUHCHUA IpOBOJHUKA.

Ilpumep 4.1. Tpanchopmarop HMEET  HaNPsHKEHHE  KOPOTKOTO  3aMbIKaHUS

o !
u, = 10%:; NP HOMHWHAIBHOW HArpy3ke IUIOTHOCTh TOKa J = 3,5 A/MM®. B MoMeHT
8 _=85°C
KOPOTKOI'O 3aMBIKaHUsI CPEHAS TEMIIEpPATypa OOMOTKH U, = , @ OTHOCHUTEJIbHBIE MOTEPU

oT BI/IXpCBBIX TOKOB T75 :15% TCHHOGMKOCTB N30JIA0NNn HpOBOI[HI/IKOB HC qu/ITI)IBaTB.
OOMOTKa U3rOTOBJIECHA U3 MEIH.

Heobxo0umo onpedenums W3MEHEHUE TEMIIEpAaTypbl OOMOTKH A9 3 t=3c¢ npu
Tpex(a3zHOM KOPOTKOM 3aMbIKaHUU U OECKOHEYHON MOIIIHOCTHU CETH.

Pewienue: n10OTHOCTE TOKA IIprU KOPOTKOM 3aMbIKaHHHU:

J:J'[A/Mz]-@=3,5-1o6- % =35-10°] 4/x* |.

Uy

/ay

2t
IlokasaTenb CTEIEHU BEJIIUYUHEI € A MEAW MPHU HEYYCTC TCINIOCMKOCTH H3O0JIAIUA
paBeH:
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2 2 10°Y
_t:(),392. ig +=0,392- w -3=0,145.
a, 10 10

N3menenue temneparypbl 0OMOTKHU:

8, +235

AY=31- [
31

2
j + 7,5 =75 — (8, +235)=

2
=31 ["*. (%} +15|-15-(85+235)=28°C.

Takum 00pa3oM, B MOMEHT IpEKpallleHUs KOPOTKOTO 3aMbIKaHUSl CpeIHsAs TemIiepaTrypa
0o06MoTKH paBHa 85+28= 113°C.

Ipumep 4.2. Tpexdasznwiii aBroTpanchopmarop momHOCThI0O 250 MB*A, HanpsokeHunem
400/132 kB ¢ HampsbKEeHUEM KOPOTKOTO 3aMbIKaHus U, = 12% , moncoenuuen co ctoponsl 400

KB k cetu ¢ mouHocThI0 KOpoTKoro 3ambikanus 20 000 MB*A. Cpennsist Temneparypa oOMOTKH
npu Harpyske, paBHoi 150% nomunanbHOM, cocraiser 130°C. Ilpu 3Toil Harpy3ke Ha BBOJax
Tpancopmartopa co croponbl 132 kB Bo3HukaeTr TpexdazHOe KOPOTKOE 3aMbIKaHUE,
npojopkatomieecs 2 ¢. Oomotka HanpsbkeHueM 400 kB HamoTaHa U3 MPOBOJHUKOB C pa3Mepami,
yKa3aHHbIMH Ha puc. 4.1.

]
i

1

Puc. 4.1. Pazmepwt nposoonuxa u uzonayuu oomomxu 400 kB [4].

Heooxo0umo onpedenums: xakoi OyneT TeMreparypa OOMOTKM B MOMEHT OTKIIOUYCHUS
KOPOTKOTO 3aMBIKAHUS.

Pewienue: omnoe PEAKTHUBHOEC COITPOTHUBJICHHUEC CXEMBI 1O MECTAa KOPOTKOI'0 3aMBIKaHUS C
YUETOM PCAKTHUBHOI'O COIIPOTUBJICHUA CETH COCTABUT!
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. 0 . 0
u, =u, +—ST 100% :12%+—250 100% =13,25%.
20000

K

InoTHOCTS TOKA 06MOTKH 400 KB npu Harpyske 250 MBA: J = 3,3 A’

IInoTHOCTE TOKA IIpU KOPOTKOM 3aMbIKaHHHU:

J = J'[A/Mz]-@— 3,3-10° -%: 24,9-10°| 4/a* |.

—=
k 5

OTHOCHUTETILHBIE TIOTEPU OT BUXPEBBIX TOKOB T -5 = 16%.

Tlo fanHBIM pHc. 4.1. TIOMmab CeeHns H30MALMIL:
A =1-(2:7,2+3,8:7)-10° =26,3-10°[ a* |,
IInomans ceyeHUs MeOu:
A,=1-(7,2:2,8+1,4* 7)-10° =26,33-10° [ 2" ].

CieqoBarTeIbHO

A, 263-10°
A 2633-10°°

7

2
2t 1 JY 1 24,9-10°
<t _ | = t= . : .2=0,0383.
a,  2,55+0,685-y \10 2,5540,685-1 | 10

VYBenuueHue cpeHeil TemnepaTypbl 0OMOTKH

2 2
A9 = 31.\/32””’1 H#j +r75}—r75 —(8,+235)=

~

w:

2
_ 31-\/@0’0383 H%j +16}—16 —(130+235)=8°C.

Cpennsisi TeMriepaTypa 0OMOTKH B KOHIIE KOPOTKOTO 3ambikanust: 130+8= 138°C.

3aoauu ona camocmoamenvHo2o peuienus (BapuaHT 3aJaeTcs MPENoJaBaTesIeM):
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Bapuant

3aganue

4.1

Onpenenuth HU3MEHEHHE CpeAHEW TeMmIiieparypbl OOMOTKM TpaHchopmaropa Ha
nonactanimu  «Teama» mnpu K3, BUOg W MECTO KOTOPOTO COTJIACOBAHBI C
IIpernoaBaTeseM, AJis CIIydaeB:

- cpabaThIBaHUs IITATHOM 3alllUThl TpaHCPOPMATOPA;

- OTKJIIOYEHHsI TpaHC(hOopMaTopa Pe3epBHOM 3aIIUTOM;

- OTKa3a BbIKJItouyaTens u aeicrsuu YPOB.
JlononHUTENbHBIE JAHHBIE IS pacyera:

- cpeHsis TeMIeparypa 06MoTKH TpaHcdopmaropa B Momert K3: 78°C;

- OTHOCHUTEJIbHBIE TIOTEPH OT BUXPEBBIX TOKOB: 12 %.

4.2

Onpenenuth HM3MEHEHHE CpeAHEW TeMmIiiepaTypbl OOMOTKM TpaHchopmaropa Ha
nonactaniuu  «3aBuras» 1npu K3, BUOZ M MECTO KOTOPOTO COTJIACOBAHBI C
IIpernoaBaTeseM, AJis CIIydaeB:

- cpabaThIBaHUs IITATHOM 3alllUThl TpaHCPOPMATOPA;

- OTKJIIOYEHHsI TpaHC(hOopMaTopa Pe3epBHOM 3aIIUTOM;

- OTKa3a BbIKJItouaTens u aevicrsuu YPOB.
JlononHUTENbHBIE JAHHBIE JIJIS pacyera:

- cpeHsis TeMIeparypa 06MoTKH TpaHcdopmaropa B Momert K3: 80°C;

- OTHOCHUTEJIbHBIE TIOTEPH OT BUXPEBBIX TOKOB: 14 %.

4.3

Onpenenuth HU3MEHEHHE CpeAHEW TeMmiiepaTypbl OOMOTKM TpaHchopmaropa Ha
nonactaniuu «llpuseiickasa» tpu K3, Bug M MeCTO KOTOPOTO COTIACOBAHBI C
IIpernoaBaTeseM, AJis CIIy4aeB:

- cpabaThIBaHUs IITATHOM 3alllUThl TpaHCPOPMATOPA;

- OTKJIIOYEHHsI TpaHC(hOpMaTopa Pe3epBHOM 3aIIUTOM;

- OTKa3a BbIKJItouyaTens u aeicrsuu YPOB.
JlononHUTENbHBIE JAHHBIE 71 pacyera:

- CpeHss TeMmeparypa oOMOTKH TpaHchopmaropa B Moment K3: 82°C;

- OTHOCHUTEJIbHBIE TIOTEPH OT BUXPEBBIX TOKOB: 12 %.

4.4

Onpenenuth HU3MEHEHHE CpeAHEeH TemiepaTypbl OOMOTKM TpaHcdopmaropa Ha
nonactaniuu  «CBetaas» npu K3, BUA MW MECTO KOTOPOTO COIJIACOBAHBI C
IIpernoaBaTeseM, AJis CIIydaeB:

- cpabaThIBaHUs IITATHOM 3alllUThl TpaHCPOPMATOPA;

- OTKJIIOYEHHsI TpaHC(hOopMaTopa Pe3epBHOM 3aIIUTOM;

- OTKa3a BbIKJItouaTens u aeicrsuu YPOB.
JlononHUTENbHBIE JAHHBIE /ISl pacyera:

- cpeHsis TeMIeparypa 06MoTKH TpaHcdopmaropa B Momert K3: 86°C;

- OTHOCHUTEJIbHBIE TIOTEPH OT BUXPEBBIX TOKOB: 15 %.

4.5

Onpenenuth HU3MEHEHHE CpeAHEW TeMmiieparypbl OOMOTKM TpaHchopmaropa Ha
nonctanimu  «Tananmw» mnpu K3, BUIZ W MecTo KOTOPOTO COTJIACOBAHBI C
IIpernoaBaTeseM, AJis CIIy4aeB:

- cpabaThIBaHUs IITATHOM 3alllUThl TpaHCPOPMATOPA;

- OTKJIIOYEHHsI TpaHC(hOpMaTopa Pe3epBHOM 3aIIUTOM;

- OTKa3a BbIKJItouaTens u aeicrsuu YPOB.
JlononHUTENbHBIE JAHHBIE 71 pacyera:

- cpeHsis TeMIeparypa 06MoTKH TpaHcdopmaropa B Momert K3: 80°C;

- OTHOCHUTEJIbHBIE TIOTEPH OT BUXPEBBIX TOKOB: 14 %.
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Tpebosanusa Kk omuemy: OTUET JIOJDKEH COJAEPKATh pEUIEHHYIO 3anady. [Ipu
clade 3adyera HEOOXOIMMO YMETh J1aBaTh IMOSICHEHUS IO CYLIECTBY BBIMOJIHEHHOTO
3aJlaHus, a TAaKXKe MOKa3aTh 3HAHUE MPEeIMETa B 00BbEME TPOrPAMMBI.

KOHmpo.’leble eonpocuol:

1. Ilouemy 6 pedxcume KOpomKO20 3aMbIKAHUS He YUUMbIBAEMC sl 000 mend
macinom om oobmomku?
lloacuume, ymo o3nauaem mepmun «CpeOHssl memMnepamypa 0OMOmKu»?
Ymo makoe «mennogas nocmosaHHAsL peMeHU» 0OMOMKU?
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5. PACUET YPABHHUTEJBHOM MOIIHOCTH ¥ 3ATIPY3KH IIPH
MAPAJUIEJIBHONH PABOTE TPAHC®OPMATOPOB,
OTIMYAIOIINXCA HOMUHAJIBHBIMUA ITAPAMETPAMMU [1]

Ilenv npaxkmuueckozo 3anamusa: IlapannensHas pabora TpaHC(HOPMaTOpPOB
BO3MOYHA MPHU BBINOJHEHUU U3BECTHBIX ycnoBull [1 — 3, 6]. Eciiu xota 61 01HO U3
yCIOBUM He coOmtopaercs, TO B KOHTYpe, OOpPa3oBaHHOM OOMOTKaMU 00OUX
TpaHC(OPMATOPOB, MPOTEKAET YPABHUTENbHBIA TOK, W3MEHSIONIMN Harpys3Ky
Ka)X10ro TpaHchopmaropa.

Lenp 3aHATUSA — HA NPAKTUYECKUX MPUMEPAX OCBOMTH PACUYET pacHpeeICHUS
Harpy3kd MeEXIy MapajiebHO paldoTalolMMu TpaHchopmaTopaMu, y KOTOPBIX
pa3INYHbl HOMUHAJIBHBIE [TAPAMETPHI.

Ilopaooxk nposedenusn npakmuueckoz2o 3anamusn: B ayIuTopun BBITIOIHAETCS
pa300p TeoOpeTUYECKON YacTH 3aHATUA U puMepa pacueta. [Ipu pabore Hajx 3anayeid,
MpeHA3HAYCHHOW JIJII  CaMOCTOSATENILHOTO PEIICHHS, MOXET MOTpeOOBaThCA
JOTIOJTHUTEIIbHAS MH(OpMaILIKsl, 32 KOTOPOU ciieayeT oopatuthes K [1].

Teopemuueckan uacmo. llpu mnapamnenbHON paboTe JABYXOOMOTOYHBIX
TpaHcOpMATOPOB BCErAa JOJDKHO COOJIOAThCA paBeHCTBO HampsikeHud K3 u
koa¢punrienToB Tpanchopmanuu. B 3ToM ciiyyae ypaBHUTEIbHBIN TOK (MOIIHOCTB)
B 3aMKHYTOM  KOHType,  OOpa3oBaHHOM  MapajuleIbHO  BKIJIIOYEHHBIMU
TpaHchopMaTopamMu, HE BOZHHKAET U paclpejieieHre Mexay TpaHchopmaTopamu
oOmIel Harpy3Ku MPOUCXOJUT TMPONOPUUOHAIBHO HMX COMNPOTUBICHUSM, TO €CTh
MPOMOPLMOHATEHO MX MOIIHOCTAM. Kpome Toro, TpaHcopmMaTopbl TOJKHBI
HUMETh TOXKJIECTBEHHbIE IPYIIIBI COETUHEHUST OOMOTOK.

He PEKOMEHYETCS BKJIFOYATh napajiesIbHO TpaHcHOpMaTOPHI,
OTJIMYAIONIMECS IO MOIIHOCTU OoJiee yeM B Tpu pasza. daxtuyecku HampsukeHus K3
Jaxke B TpaHcPopMaTopax C OAMHAKOBHIMM HOMHMHAJIBHBIMU JIaHHBIMU 3aMETHO
otnuyarorcs (momyck mo [2] cocrapnser =10 %); moMuMo 3TOro B pslie ciay4yaeB Ha
MOJICTAHLIUSAX  YCTAaHOBJIEHBI  TpaHC(OPMATOpPbHI, OTIUYAIOMIMECS IO CBOUM
XxapakTepuctukam. MHorga  HepaBeHCTBO KO3 (ULMEHTOB TpaHchopmanuu
CO3JaeTcsi  yYMBIIUIEHHO IYTEM  COOTBETCTBYIOUIETO  MOAOOpa MOJIOKEHUH
nepeKIoyaTeNss sl TOro, 4YTOObl HMCIOJIb30BaTh YPABHUTENIBHBIA TOK jKeJlaeMOU
BEJIMUMHBI JIJISl POBEPKU PEJNCHHON 3allUThl WK JJIsl MporpeBa TpaHchopmaTopa
repe] UCIBITAHUSAMU €r0 U30JIALUHU U T.J.

JIns ompeneneHusl ypaBHUTEIBHOTO TOKA HCIOJIB3YETCS YNPOUIEHHAs cXxema
3aMelleHus i-ro TpaHchopMaTopa HHAYKTUBHBIM COIIPOTUBICHUEM
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U. U’

Kl 1
X, ~ : , (5.1)
" 100 S,
rne U, — nanpsxenue K3 i-ro tpancpopmaropa; U, , S ; — COOTBETCTBEHHO

HOMHUHAJIbHOE HANpsHDKEHUE U MOIIMHOCTH i-ro TpaHcopmatopa. Ilpu moctaHoBKe
IBYX TpaHC(hHOPMATOPOB, OTIMYAIOIIUXCS KO3 duimeHTamMmu TpaHchopMaluu, Mo
HalpspKeHWE CO  CTOPOHBI  NEPBUYHBIX  OOMOTOK, OOHApY>KMBAeTCsS, UTO HUX
BTOPUYHbIC HANIPSKEHUS OTINYAOTCS HA BEIUYUHY

AU=U, -U,, (5.2)

Tac U] ) U2 — BTOPHUYHBIC HAIIPSKCHUA COOTBCTCTBCHHO IICPBOIO M BTOPOTO

TpaHc(hopMaTopoB.
Ecin o6a yka3zaHHBIX TpaHcopmaTopa BKIIOUUTH MapajljIeNIbHO, TO
HaIpsHKeHUe AU OyJeT MNpUJIOKEHO K TMOCIEN0BATENIbHO COEAMHEHHBIM

CONPOTUBIECHUAM X, U X, IIEPBOr0 U BTOPOrO TPaHC(HOpMATOpPA COOTBETCTBEHHO
(puc. 5.1).

AU

— 4 /;p) —

Puc. 5.1.

Bennunna YPABHUTCIBHOI'O TOKa 1 W CBs3aHa C HAIIPAKCHUCM AU

COOTHOIIIEHUEM
7 AU 5.3)
P x, +x, ’ (5.
a ypaBHUTEJbHAsI MOITHOCTh paBHA
U] - Uz
Sy =1, U =U;——, (5.4)
X, + X,

IloxcraBmsas B (5.4) X, m X, u3 (5.1), momy4aeM IIOCIE HEKOTOPBIX

npeoOpa3zoBaHU COOTHOIICHHUE
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100-| =L —1
U
L= g , (5.5)
S U, S,
UK] T +UK2 T
U, A

OTtHocuTenbHas pazHuia B ko3 dunrentax tpanchopmanun AK 3aBUCUT OT

k03((GUIMEeHTOB TpaHC(HOPMALUU IIEPBOTO U BTOPOro TpancpopmatopoB K, , K,:

KZ_KI Kz
AK =——-100=| ——1|-100, (5.6)

K, K,

[ToacTaBnss B (5.6) BMECTO OTHOIICHUS BEJIMUUH HANPSHKEHUS OTHOIIICHUS
COOTBETCTBYIOIMIUX KO3PHUIIHMEHTOB TpaHCHOPMALIMH, TTOTyIaeM:

K,
100 ——1
Sy _ K, . AK
o 2 - 2 . (5.7)
S, K S AK S,
U, - =2 +U1<2'71 U, |—+1| +U, —
K, S, 100 S,

I[Ippu  BKIIOYEHHBIX HaA  OOmyr0o Harpy3ky S  TpanHcdopmatopax
pPE3YNbTUPYIOIIAsl Harpy3ka KaKJOrO U3 HHUX MOXET OBbITh OIpejesieHa IMyTeM
HAJOXKEHUsI YpaBHUTEIbHOW MOIIHOCTA Ha Ty JOJI0 OOILIEeHd MOIIHOCTH, KOTOpas
NPUXOAUTCS Ha KaxAbld TpaHchopmaTop (mpu paBeHCTBE KOIPPULIHMEHTOB
TpaHchopMaluu). YpaBHUTEIbHAS MOIIHOCTh HOCUT MHAYKTHBHBIM XapakTep — ee
BEKTOp MOBEPHYT OTHOCHUTENIbHO BEKTOpa HampsbkeHus Ha 90°, B TO Bpems Kak
BEKTOP MOUIIHOCTH HArpy3Kd MOKET HMETh pa3iuyHbli  (a30BbIA  yro,
omnpeeNsieMblii BeTUUMHON cos¢. [loaToMy clokeHHe ypaBHUTEIBHOW MOIIHOCTH
Y MOIIHOCTH Harpy3kd cleoBajio Obl MPOU3BOAUTH I'€OMETPUUECKH, OJHAKO s
YIPOLICHHUS] PacuyeTOB OOBIYHO MPUMEHSAETCS alNreOpanyeckoe CI0KEHHE, YTO
MPUBOJIUT K HEKOTOPOMY 3aBBIIIEHUN PACUETHBIX HArpy3ok. Jis TpanchopmaTopa ¢
MEHbIIUM  KO3(PPUIMEHTOM  TpaHCHOpPMAIMK YPABHUTEIBHBI TOK  JIOJDKEH
npubaBiATbC K  TOKY  Harpy3kd, a Jis TpaHcpopmaropa ¢ OOJIBIIUM
ko3 purrieHTOM TpaHchHOpMAIIK — BEIYUTATHCS.

MoIHOCTE HAarpy3kH pachipenensieTcss Mexay TpaHchopmaTopaMu 0OpaTHO
MPOIMOPLIMOHATEHO BEJIMUYUHE UX CONPOTUBICHUM

_%2 (5.8)



rae S,;, S,, — COOTBETCTBEHHO HArpy3Ka IIEPBOrO M BTOPOro TpaHc(hopMaTopa npu

paBeHCTBE  KO3(PUIMEHTOB TpaHchopMaluu, TO €CThb HPU  OTCYTCTBUHU
YPaBHUTEIBHOIO TOKA. B TO ke Bpems

S,+S,=5. (5.9)
Taxum oOpazom
S, 1
S 1 (5.10)
X2

Eciu B (5.10) moncraBute X, M X,, paccuutanusle 1o (5.1), nomydaem

A 1
S Ua S, (5.11)
UK2 S]

Ipumep 5.1. JIByxo6MOTOUHBIH TpaHCHOPMATOP HOMHHANBHOM MomHOCTRIO S, = 25
MBA, nmerommii Hanpsokenne K3 U, =10,5 %, BkodeH Ha napajienbHyko paboTy co BTOPBIM
TpaHCGOPMATOPOM, HMEIOUIUM HOMMHAJIBHYIO MOIIHOCTH S , =63 MBA u nanpssxenue K3

U, =10,5%. OtsocurensHas  pa3HOCTh KOI(OUIMEHTOB TpPaHCHOPMAIMHK COCTABIACT

AK =10% (y nepsoro tpanchopmaropa Benuurna K MeHbIIE).

Heo6xo00umo onpedenums: BEIUYUHY YpPABHUTEIBHOM MOIIHOCTH, a TaKXKe MOJHYIO

HArpy3Ky KaJ0ro U3 TpaHcOpMaTOPOB, €CIIM OHU BKITIOYCHBI Ha 00m1yio Harpysky S = S .

Pewenue: B bopmymy (5.7) moacrasisiemM 3aJaHHBIC YCIOBUSIMHU 33/1a41  BEJTUYMHBI:

Syp _ AK 10

= - = - =0,592.
S AK S, 10 25
U, | —+1| +U,-"1 10,5:| —+1| +10,5-
100 S, 100 63

S, =8,0,592=25-0,592 = 14,8 MBA.
YacTe oOmiel 3arpy3ku, MPUXOIAIICHCS HAa TMEPBBIA TpaHCcHOpPMATOp, OMPEEIsIeTCs IO
(5.11):
S, =8 —————=25.—————— =71 MBA
10,5 63
2 1+ .
U, S, 10,5 25
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Tak kak y nepBoro tpancgopmaropa ko3pPuuueHT Tpanchopmaluu MEHbIIIE, ero MoJjHas

HArpy3Ka OMpeeAeTcs Kak CyMMa Beuuud S, 1 S '

S =8, t5,=71+14,8=219 MBA.

noam. 1

YacTp oO1meit Harpy3KH, MPUXOISIIAsiCs Ha BTOPOH TpaHC(HOPMATOP, COCTABIISCT:
S,=8-8,=25-7,1=17,9 MBA.

I[TonHas Harpy3ka BTOPOTo TpaHCc(pOpMaTopa ONpPEAEIIETCS KaK Pa3HOCTh O oS W

Sz =S, =S, =17,9-14,8 = 3,1 MBA.

noan.2

3aoauu ona camocmoamenvHo2o peuieHus (BapuaHT 3aJaeTcs NMPENoJaBaTesIeM):

Bapuant 3ananue

JIByxo6MoTOUHBI TpaHCHOPMATOp HOMHHAIBHOH MomHOCTRIO S; =10 MBA,
umeromuii Hanpskerne K3 U, =10,5 %, BKirouen Ha mapauiensHyio paboTy co
BTOPBIM TPaHC(POPMATOPOM, HUMEIONIMM HOMHHAIBHYIO MOIIHOCTE O , =25 MBA

5.1 u Hanpskenue K3 U, , =10,5%. OrHocurensHas —pasHOCTh KO3(D(OUIMEHTOB

tparcdopmarmu coctanger AK = 8% (y mepsoro Tpanchopmaropa BeaMYHHA
K Gonbine).

Heo6x00umo onpedenums: BEINUYNHY YPABHUTEIBHON MOIIHOCTH, & TaKXe
MOJIHYIO HAarpy3Ky Ka)aoro U3 TpaHc(opMaTopoB, €CJIM OHU BKJIIOYEHBI HA OOLIYIO
Harpysky S =12 MBA.

JIByx06MOTO4HBI TpaHCHOPMATOP HOMHHAIBHOH MOIIHOCTBIO S; =16 MBA,
umeromuii Hanpskerne K3 U, =10,5 %, Brirouen Ha mapauiensHyio paboTy co
BTOPBIM TPaHC(POPMATOPOM, HUMEIONIMM HOMHHAIBHYIO MOIIHOCTE O , =25 MBA

59 u Hanpsxenne K3 U, , =10,5%. OrHocurensHas pasHOCTh KO3(D(OUIMEHTOB

tpanchopmanuu cocraiaser AK =8% (y meporo TpancdopMaropa BeluuMHA
K menbine).
Heo6x00umo onpedenums: BEINYNHY YPABHUTEIBHON MOIIHOCTH, & TaKXe

IOJIHYIO Harpy3Ky KaKJ0ro U3 TpaHC(HOpPMATOPOB, €CIM OHU BKIIOUEHBI Ha OOLIYIO

Harpysky S =18 MBA.
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Bapuant 3anaHue

JIByx06MOTOUHBI TpaHChHOPMATOp HOMHHATBHOH MomHOCTEIO S, =25 MBA,
umeromuii Hanpskerne K3 U, =10,5 %, Brirouen Ha mapauiensHyio paboTy co
BTOPBIM TPaHC()OPMATOPOM, HMMEINIMM HOMUHATBHYIO MOLIHOCTL O , =40 MBA

53 u Hanpskenne K3 U, , =10,5%. OrHocurensHas —pasHOCTh KO3(D(OUIHMEHTOB

tpanchopmanuu cocrasiuier AK = 6% (y mepsoro Tpanchopmaropa BeIHYMHA
K Gonbiue).
Heo6x00umo onpedenums: BEINYNHY YPABHUTEIBHON MOIIHOCTH, a TaKXe

IIOJIHYIO Harpy3Ky Ka)J0ro U3 TpaHC(OpMAaTOpPOB, €CIM OHHU BKJIIOUEHBI Ha OOLIYIO

Harpysky S = 22 MBA.

JIByx06MOTO4HBI TpaHCHOPMATOP HOMHHAIBHON MOIIHOCTBIO S; =16 MBA,
umeromuii Hanpskerne K3 U, =10,5 %, BKirouen Ha mapauiensHyio paboTy co
BTOPBIM TPaHC(HOPMATOPOM, MMEIOIIUM HOMUHAIBHYIO MOIIHOCTE O , =40 MBA

54 u Hanpskenue K3 U, , =10,5%. OrHocurensHas —pasHOCTh KO3(D(OUIMEHTOB

tparcdopmarmu cocranger AK =10% (y mepsoro Tpanchopmaropa BeIHMdHMHA
K menbine).
Heo6x00umo onpedenums: BEINYNHY YPABHUTEIBHON MOIIHOCTH, a TaKXe

IIOJIHYIO Harpy3Ky KaKJ0ro U3 TpaHC(OpPMATOPOB, €CIM OHU BKIIOUEHBI Ha OOLLYIO

Harpysky S =16 MBA.

JIByxo6MOTO4HBI TpaHChOpMaTOp HOMHHANBHONW MomiHOCTRIO S, =40 MBA,
umeromuii Hanpsokerne K3 U, =10,5 %, BKirouen Ha mapauiensHyio paboTy co
BTOPBIM TPaHC(POPMATOPOM, HUMEIONIMM HOMHHAIBHYIO MOIIHOCTE O , =63 MBA

55 u Hanpsxenue K3 U, , =10,5%. OrHocurensHas —pasHOCTh KO3(D(OUIMEHTOB

tparcdopmaryu cocranger AK =10% (y mepsoro Tpanchopmaropa BeIHMdYHMHA
K Gonbine).
Heo6x00umo onpedenums: BEINUYNHY YPABHUTEIBHON MOIIHOCTH, & TaKXe

IIOJIHYIO Harpy3Ky KaxJ0ro U3 TpaHC(OpPMATOpPOB, €CIM OHHM BKJIIOUEHBI HAa OOLIYIO

Harpysky S = 42 MBA.

Tpebosanusa Kk omuemy: OTUET JOJDKEH COJAEPKATh pEUIEHHYIO 3anady. [Ipu
clade 3adyera HEOOXOIMMO YMETh J1aBaTh IMOSICHEHUS IO CYLIECTBY BBIMOJIHEHHOTO
3a/laHus, a TAaKXKe MOKa3aTh 3HAHUE MPeIMETa B 00BbEME TPOrPAMMBI.
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KOHmpo.’leble eonpocuol:

1. Hazosume ycnogus, komopbvie OO0INCHbL COOMO0AmMbCs NpU BKIUEeHUU
CUNOBLIX MPAHCHOPMAMOPOE HA NAPATIENLHYIO pAOOm) .

2. Kax onpedensemcs pe3ynomupyrowas Hazpy3ka Kaxico020 U3 napaiieibHo
pabomarowux  mpancopmamopos 6  ciyuae, K020d — KaKue-iubo
napamempuvi mpancpopmamopos Omiudamcs?

3. ITlouemy npu pasmuuuu napamempos napaileibHo pabomaruwux CUiOB8blX
MParcoopmamopos 603HUKAEm YPAGHUMENbHbLU MOK?
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6. PACUET IMMOTEPH MOIIHOCTH ¥ DHEPTMM B TPEXOBMOTOYHOM
TPAHC®OPMATOPE [1]

Ileny npaxkmuueckozo 3anamua: llpu pacripenelieHUd BJIEKTPUYECKOM
DHEPTUU YacTO BCTPEYACTCS HEOOXOIUMOCTh IMTUTATh MIPH MIOMOIIH TpaHCc(hOopMaTOpoB
OJTHOBPEMEHHO JBE CETH C Pa3IUYHBIMH HaNpPsDKCHHSAMHU. [ 3TOW Iienu BMECTO
TPEOYIOMUXCS 1T 3TOTO  OTIEIBHBIX JIBYXOOMOTOYHBIX TpaHC(HOPMATOPOB C
pasnmuuHbIMU  Kod(pdunmeHTaMu  TpaHcpopmaluu  ynoOHee W ADKOHOMHYHEE
MPUMEHATh TPeXOOMOTOYHBIE TpaHC(HOPMATOPhl. DTO TO3BOISACT YIPOCTHTh H
yJICIIEBUTh TPaHC(HOPMATOPHYIO TIOICTAHIIHIO.

[lenp 3aHATHS — OCBOMTH METOJMKY pacueTa IMOTEePh MOIIHOCTH U SHEPTHH B
TPEXOOMOTOYHOM CUJIIOBOM TpaHchopmaTope, Tndo aBToTpaHchopMaTope.

Ilopaooxk nposedenusn npakmuueckoz2o 3anamusn: B ayTuTopuu BBITIOIHAETCS
oAPOOHKIN Pa300p TEOPETUUECKOM YACTU 3aHATHS U MIPUBEICHHOTO MPUMEDPA.

Teopemuueckasn yacme. [loTepy aKTUBHONW MOITHOCTH B TPEXOOMOTOUYHOM
TpaHchopMaTope OIpeAessaioTcss  Kak CcymMMa  IOTeph  XOJOCTOrO XoJa u
Harpy304HbIX TOTEPb B KAXKI0H U3 TpeX 0OMOTOK:

p = px + pHaep.B + pHaep.C + pHaep.H > (61)

Tac pyggp,B? pyagp_co pHaZp_H - HAarpy3o4HbIC IIOTCPU, COOTBCTCTBCHHO, B 00MOTKax

BH, CH u HH.
HaFPYBOqHBIC HOTCpI/I B Ka)KHOﬁ n3 06MOTOK CBsI3aHEBI C HOTepHMI/I K3 B TCX XK€

00MOTKaX
2
Sy
pyaep.B:pB' S_ )
S 2
pHaep.C = pC | == > (62)
S
S 2
pyaep.H:pH' S_H )
rae Py, Pe, Py - norepu K3 B oomorkax BH, CH n HH cooTrBeTcTBEHHO;
S, - Harpy3ka obmotku BH:
Sp=S8c+8y, (6.3)
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B cnpaBquoﬁ JUTCPATYpC MPUBOAATCA OIPCACIICHHBIC B OIIbITAX BCJIMYWHBI

norepb K3 Mexay oOTAenbHBIMM MapaMH  OOMOTOK: DPsc>  Pays Py -

Paccuurate uHTEpecytonme Hac mnorepu K3 B Kaxkaol OOMOTKE MOXKHO,
UCIIOJIb3Ysl CIEYIONIIYI0 cucTeMy (hopMyd:

Pp = 095'(p3c + Pgu _pCH)’
Pc = 095'(p3c + Pen _pBH)’ (6.4)
Pu = 095'(pBH + Pey _pBC)'

PabGora TtpaHcopmaTopa cBsizaHa C TOTpeOJIEHUEM U3 NUTAIOUIEH CeTu
PEaKTUBHON MOIIHOCTH, IOJPA3ICIAIONICHCS Ha PEaKTHUBHBIE TOTEPH XOJIOCTOTO

xoga () W peakTuBHbIC Harpy3ouHsle () , ompenesieMble 0 popMmyiam:

1
0 =—"-8, (6.5)
100
S? S’ S?

*100-s ¢ 100-5 7 100-S (6-6)
rne Ug, Uy, Uy - peaktuBHble  cocTaBisiiomue — Hampsbkenus K3
COOTBETCTBEHHO OOMOTOK BBICIIETO, CPEAHETO U HU3IIETO HAIPSHKEHUIA.

Eciu nonarate HanpsixeHue K3 4ucTo peakTHBHBIM, TOT/IA
S? S’ S?
QHzUB'—B_l_UC'—C_I_UH.—H’ (6.7)
100-S 100-S 100-S

Bennuunber HanpspkeHus K3 0OMOTOK ONpemensroTcs, MCXOIs W3 BCIMYMH
Hanpsbkenus: K3 Mex iy oOMoTkamu 1o cucteme Gopmyll, aHaToruaHou (6.4).

[ToTpebneHne  TpaHCHOPMATOPOM  PEAKTHUBHOW  MOITHOCTH  BBI3bIBACT
YBEJIMUCHHUE TTOJTHOTO TOKA B MUTAIOMIMKA TpaHCHOPMATOP CETH, YTO COMPSIKEHO C
YBEIMYEHHUEM TOTEph AaKTUBHOW MOIIHOCTH B 91Ol cetn Ap. DOtm

JIOTIOJTHUTEIIbHBIE TTOTEPU OMPEIEIIIOTCS 1Mo popMyie
Ap=K,-(0,+0,). (6.8)

Tac K3 - BCJIMYHMHA 3KOHOMMHNYCCKOI'O KOG)(i)(l)I/ILII/ICHTa - 3dBUCUT OT IapaMCTpPOB

CeTH, MeCTa pa3MEIICHUS HCTOYHHMKA PEAKTUBHOM MOIIHOCTH, IOKPBIBAIOIIETO
norpebiieHre ee TpaHchopMaTopoMm, a TaKKe OT pPEeXKHMa HSHEPrOCUCTEMBI, B

psife ciydaeB IPUHUMAIOTCS pa3Hble 3HaYeHus kodduuuenta K, mist moteps O,

u Q, (uo ycnousm 3agaun BennunHa K, 3amaHa).
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CyMMapHble TOJIOBBIE TIOTEpPU HSHEpruum B TpaHchopmaTope (6e3 yueTa
noTpeOIeHNS peaKTHBHON MOIITHOCTH) OMPEAEISIOTCS 10 hopmyrie

W= px ) 7’-1 + (pyaep.b’ + pH[lZp.C + pH(lZp.H) ) TZ > (69)

rae 7, - cymMmapHas (3a rol) IpOJOJKUTEIBHOCTh HAXOKACHUS TpaHc(opmaTopa
I0J] HAIIPSDKEHUEM, 4; T, - BPEMs MaKCUMAJIbHBIX ITOTEPD, Y.
Bemmunna 7, MOXeT OBITH OmIpefielieHa 4epe3 KOd(QQHUUUEHT IUIAHOBBIX

npocroeB K, KOTOpBI yKa3bIBaeT, KaKkyl0 4acThb BpeMEHU (B CPEAHEM 3a IOJ)

TpaHcopMaTop HAXOIUTCS B OTKIIOUEHHOM COCTOSHHHM B CBSI3U C IPOBEICHUEM
paboT MO TEXHUYECKOMY 0OCITYKUBAHUIO:

7,=8760-(1-K,). (6.10)
[Tpunumas B cootBeTcTBUU ¢ [3] m1s Tpancdopmaropa 110 kB
K, =17,510",
noJiy4aem
T, =8760-(1—7,5-107) ~ 8700 . (6.11)

BpeMH IIOTCPb T 2 CBsI3aHO C mapamMceTpamu, XapaKTCPUIYIOIMUMHU

KOH(Urypaluio TroJ0BOro rpaduka nepenaBaeMoil depe3  TpaHchopmaTop
AKTUBHON MOIITHOCTH, COOTHOIIICHUEM:

8760 —-T
r . (1 — a)2 q.

T,=2-T, —8760+ 6.12)
1+—*—2-qa '
8760

C YUYCTOM HOIIOJITHUTCIIBHBIX IMOTCPb aKTUBHOU MOIIIHOCTH B HI/ITaIOH_[eﬁ CCTH,
BBI3BAHHBIX HOTpe6J'ICHI/IeM TpaHC(l)OpMaTOpOM peaKTHBHOﬁ MOIITHOCTH,
CYMMApPHBIC I'OJOBLIC IIOTCPU SHCPIHUU B TpaHC(i)OpMaTOPC OIPCACIIAIOTCA KaK

W' = (px +K9 Qx) 'TI + (pHaep.B + pyaep.C + pHaep.H +K3 QH) 'TZ’ (613)

IlIpumep 6.1. Cunosoii tpanchopmatop 110 kB mommuocteio S =40 MB-A umeer
CIIEYIOII¥E 3HAYCHUS ITOTEPh MOIIHOCTH:

- IOTEPH XOJIOCTOTO X0/1a Px =45 kBr;

-norepu K3 Py, =207xBr; Py =177xBr;  F; =150 xBr;

Tox xonocroro xoja Tpancpopmaropa [, =0,6% 0T ero HOMUHAILHOTO TOKA.
Hanpsoxenne K3 mexnay oomotkamu: Upy =17%, Ug- =10,5%, Uy =6%.

[TapameTpsl ro1oBOro rpaduka Harpy3Ku:
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- MaKcuManbHas Harpyska Ha cropone CH S = 25 MB-A;

- MaKkcHManbHas Harpyska Ha cropone HH S, =15 MB-A;

- OTHOIIICHHE MUHMMAIBHOW HAarpy3Kd K MakCHMaIbHOH, oquHaKoBoe it ooMoTok CH u
HH, a=(S,/Sma ) = 0.3.

['os0BOE YHMCIIO YAaCOB HCIOJB30BAHUS MAaKCHMAaJbHON aKTUBHOW HArpy3KH, OJIMHAKOBOE
st oomoroxk CHu HH, T y = 3000 ygacos.

Heoo6xo00umo onpedenumup:
MOTEPH MOITHOCTH W TOJOBBIE TOTEPU DJHEPrUu B TpaHchopmaTope. DKOHOMUUECKHI

kodppunuent pasen K, =0,06 kBr/kB. CooTHOmIEHHE AKTMBHOH M  PEaKTUBHOM

COCTABJISIONIMX B HArpy3kax MOXXHO NPHHATh OAWMHAKOBBIM i oomorok CH wu  HH.
Mo1HOCTh Bcex Tpex OOMOTOK TpaHC(OpMaTopa TaK:Ke OJIMHAKOBA.

Pewenue: B nepByto ouepennr 1o (6.4) onpenensiercss aktuBHble ToTepu K3 oTAenbHO
1n1a oomoroxk BH, CH u HH:

Pp =0,5(Pyc + Puyr — Py ) = 0,5-(177+207 —150) = 117 xBr,
Pe=0,5(Pyc + Peyr — Py ) =0,5-(177+150—207) = 60 xBr,
Py =0,5(Pay + Py — Puc ) =0,5-(207+150—177) = 90 Br.
Harpyska o6motku BH B cootercTBun ¢ (6.3) paHa
Sy =8,+S, =25+15=40 MBA.
AKTHBHBIE HAPY304HBIE IOTEPU PACCYMTHIBAIOTCS 110 PopmyIe (6.2)

2 2
Sy 117 40 117 xB
= o| —— = o| —— = KBT,
pHaep.B pB S 40

Sc 60 25 ) 60-0,39 =23.4 kB
= o —— = o —— = . . = 5 K T,
pyaep.C pC S 40

Su 90 15 90-0,14=12,6 xB
= o — = o —— = . . = . KBT.
pyaep.H pH S 40

Hanpsokenns K3 06MoToK onpeensores o gpopmyiam (6.4)
Up=0,5-(Upe +Up; —Ugy )=0,5-(10,5+17—-6) =10,8%,
Up=0,5-(Upe +Ugy —Ugy )=0,5-(10,5+6—17) = 0%,
Uy =0,5-(Upy +Ugy —Up )=0,5-(17+6—10,5) = 6,3%.

I[To dopmynam (6.5) u (6.7) ompenensitoTCs PEaKTHUBHBIE IOTEPH XOJIOCTOTO XOJa U
pE€aKTUBHBIE HATPY30YHBIE ITIOTEPU
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I 0,6
Q. =—2L.8=—"—:40-10" = 240 xBA,
100 100
S? S’ S?
0,=Uy, —F—+U. ——+U, —f—=
100- S 100- S 100- S
40° -10° 157 -10° ;
=10,8- ————+6,3- ———————=10"-(0,4-10,8 + 0,056 - 6,3) =
100-40-10 100-40-10

=10’ - (4,3+0,35) ~ 4700kBA
[ToTepu akTHBHOM MOIITHOCTH B TpaHcdopmarope 1o (6.1) cocrapmuser
P=Dy% Puppt Puscpc T Prapr = 45+117+23,4+12,6 =198 xBr.

JlonosHUTEIbHBIE TIOTEPH B CETH, CBS3aHHBIE C MOTpeOieHHneM TpaHchOopMaTOpOM
PEaKTUBHOM MOIIHOCTH, ONpeAesroTcs 1o (6.8):

Ap=K,-(0,+0Q,)=0,06-(240 +4700) = 0,06 - 4940 = 296 xBr.

CymMapHbIe MOTEPH aKTUBHOW MOIIHOCTH, YYUTHIBAIOIIUE KaK MOTEPH B TpaHCchopmaTope,
TaK U TONOJHUTEIbHbBIC TIOTEPU B CETH, PABHBI:

Py = P+ Ap =198+ 296 = 494 Br.

Haxonum B cootseTcTBHH C (6.12) Bpems moteps T,

8760 T,

T,=2-T, —8760+

.(1_a)2 =

1+—*—-2-qa

8760
8760 — 3000 5
=2-3000—-8760 + -(1-0,3)" =
3000
I+ ———=2-0,3
8760
5760 5
= 6000 — 8760 + 0,7 =
1+0,34-0,6
5760
= 6000 — 8760 + 0,49 = -2760 + 3820 = 1060 u.
0,74
Bpewmst oteps 7, IPUHUMAEM B COOTBETCTBHH C (4.11):
7, =8700 u.

ITo (6.9) ompenensroTcsi cyMMapHbIEe TOJOBBIE MOTEPU SHEPrHHM 03 ydeTa MOTpeOIeHus
TpaHCHOPMATOPOM PEaKTUBHON MOITHOCTH:
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W = px 'TI + (pHaep.B + pHaep.C + pHaep.H) .TZ =
=45-8700+ (1174 23,4+12,6) -1060 =
=45-8700+153-1060 = (391 +162)- 10° = 553MBT - u.

CyMMapHbIe TOJOBBIE TIOTEPU SHEPTHH, YYUTHIBAIONIME MOTpeOsieHHe TpaHchopMaTopoM
PEaKTUBHOI MOITHOCTH, pacCUUTHIBAOTCS 10 (6.13):

'
W= (px +K9 Qx) 'TI +(pHazp.B +pyaep.C +pHaep.H +K3 .QH)'TZ =
= (45+0,06-240)-8700 + (117 + 23,4 +12,6 + 0,06 - 4700) - 1060 = 977MBT - u.

[lpu cnmade 3adera HEOOXOAMMO YMETh JaBaTh TOSCHEHHUS IO CYIIECTBY
PacCMOTPEHHOTO MPaKTUYECKOTO 3aHATHS, a TaKKe MOKa3aTh 3HAHHE TpeaMeTa B
o0BeMe MporpamMMBbl.

KOHmPOJleble eonpocuol:

1. Hazoeume uemvipe UCnoIHeHUs: MpexooMOMOUHbIX MPAHCHOPMAMOPO8 NO
COOMHOULEHUIO MOUWHOCIEL UX 0OMOMOK.

2. Kaxk, 6 coomeemcmeuu co cmanoapmom, 0003HA4aOMcst 8b18600bl 0OMOMOK
MpexooMOMOUHbIX MPAHCHOPMamopos?

3. YUmo makxoe «munogas mowHocms» agmompauncgopmamopa?

4. Ymo maxoe «nomepu X010cmozo xooay?
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7. OHEHKA YCTOMYNBOCTH V3JIA HATPY3KHU ITPU ITIOTEPE CBSI3N
C CHCTEMOM HEOTPAHUYEHHOHN MOIITHOCTH [5]

Ilenv npaxkmuueckozo 3amamua: YcCnoBus pabOThl y3j1a Harpy3ku MOTYT
3HAYUTEIBHO U3MEHUTHCS, €CIIH M0 KAaKUM-TMOO0 MpUYMHAM OyAET MOTepsiHa CBS3b C
OJIHMM U3 UCTOYHUKOB ITUTAHHUS.

[ens paboThl — ySICHUTh METOJIUKY OLIEHKH CTaTHYECKOW YCTOMYMBOCTH Yy3Jia
Harpy3ku B OJIOOHBIX pEeKUMAX.

Ilopaooxk nposedenusn npakmuuecko2o 3anamusn: B ayTuTopun BBITIOIHAETCS
noApoOHBIN Pa300p TEOPETUUECKOM YaCcTH 3aHATHS U IPUBEACHHOIO NIPUMEpA.

Teopemuueckaa uacmp. B ciiydae oTKIIIOUEHUS BbIKItouarens O3 - puc.
7.1, a - OajmaHC MOIINHOCTH B OCTaBIIEHCS YacTU CHUCTEMBbI coxpaHutcs. Ho
HanpsHKEHUE Ha IIMHAX Harpy3Ku UHazp OyIeT Tenephb 3aBUCETh OT PEeKUMa PabOTHI

SKBHUBAJICHTHOM aCI/IHXpOHHOﬁ Harpy3kKu.

r T1 U oT T2 U

W Y ¢ Cucmema

— [ L

n (00 Qg
o .
- -0+ H {ij
PH

Q1 Q2
a)
X 4 X5 UHaep.
Y AYY L X yasp,
XJ72 XT2 R
Y Y 2
S
—Q,
J
v X X
J11 T2
Xcucm.= XT7.3K6. + 2 + 2
0)

Puc. 7.1. PacueTHas cxema I aHaJIu3a yCTOMYUBOCTH aCHHXPOHHOW HAarpy3KH.

IIpu omnpeaeneHun 3amaca yYCTOWYHMBOCTM B KAauyeCTBE HE3aBHCUMOM

IIEPEMEHHOM Tereph J0KHA paccMaTpuBarhes 3.1.c. F

.9K6.° 3aBHUCAIIIad OT BHAA
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peryiaupoBaHusi BO30OYKaeHus TeHepaTopa (cM. [5, 7]). I'eHepatop BBOAUTCS B CXEMY

3aMCHICHUA COOTBCTCTBYHOIIMM  COIIPOTUBJICHUCM X I oxe.” PacuetHas cxema

npuBeaeHa Ha puc. 7.1, 0.
Ha cxeme Harpy3ka mpelcTaBi€Ha B BHJIE KOMIUIEKCHOTO COTPOTHBIICHUS B
OTHOCHUTETHbHBIX CIUHUIAX:

%

xHazp - S '(COSqDHaep *J .quDHaij' (7.1
Hazp

z =r + -
Hazp  Hazp

AXTHBHOE COIMPOTHUBJIICHUC CXCMbI 3aMCIICHUA R2 SKBHUBAJICHTHOI'O

ACUHXPOHHOT'O ABUTATCIIA OIIPCHCIIICTCA KaK

RZ rHazp. 50> (7.2)

Tac Sy = CKOJIB)XCHUEC 3KBHUBAJICHTHOI'O ACUMHXPOHHOT'O ABHUIATCIIS, 3aMCIIArONICTO

Harpysky, IIpHu UHazp. 0 =1

Jnst  oOecrieyeHUs: yCTOWYMBOCTH ACHHXPOHHOM Harpy3kd HEO0OXOAHMO
BBIIIOJIHEHUE MPSMOTO KPUTEPHUSL YCTOMYUBOCTH [ 5]

dP
—>0, 7.3
s (7.3)
4TO 5KBUBAJICHTHO YCJIIOBUAM
> P ; Ky >89, (74)
max =~ Haep. Kp.
rae
(£
R
P :&; s :—2; X =X +Xx +x .
max 2.x KD. Y~ “T'ske. “cucm. “Haep.
h) h)
2
(£r0)
Tak kak By = 2—p TO yCJIOBUE YCTOMUMBOCTH (42) MOKET OBITh 3aIMCAHO
.-x2
B BUJIC
EF >EF.Kp.; SKp. > 50> EF.Kp. - 2'P0 Ay (7.5)
IIo HN3BCCTHOMY 3HAYCHHUIO 3.1.C. E MOXXHO HauTHu COOTBCTCTBYIOLICC el

I'kp

KPUTHYCCKOC HAIIPSIKCHUC HA NIMHAX HAI'PY3KH
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Haz2p.Kp. -

EF KD.

2
_ QO '(XF oK6. xcucm.) PO '(xF K6, xcucm.)

EF KD.

+

EF KD.

2
(7.6)

b

" OIIPCACINTD 3a11ac CTaTUYCCKOU YCTOI\/'I"II/IBOCTI/I Harpy3KH 10 HAIIPAKCHUTO

U -U
_ Haep.0 T Hazp.xp.

sanU

UHazp.O

-100% .

(7.7)

PCBYJIBT&TBI pacacra A PpasiIndHbIX BHIOB APB rcHeparopa Hu C€ro

OTCYTCTBHUU TIPCACTABIIAIOTCA B BHIC Ta6J'II/I]_I]':>I N ACJIAr0TCA COOTBCTCTBYIOIIUC

BBIBO/JIbI

Ilpumep 7.1. JIns npocreiiiend snexkTposHeprerudeckoi cucreMsl (39C), npuBeIeHHONW Ha
puc. 7.1 a,6, paccuntarh k03(ppuLueHT 3amnaca ycTONYMBOCTH HATPY3KH IS CIICAYIOIIUX CIy4aeB:

1)
2)
3)
4)

BBIKJIFOYATeab ()3 BKIIIOUEH;
BBIKJIFOUaTenb O3 OTKIIOYEH, reHepaTop He umeeT APB;

BBIKJIIOYaTenb (3 OTKIIOYEH, Ha reHeparope yctaHoBiaeHo APB I1/1;

BBIKIIIOUaTeNb O3 oTKiI0O4YeH, Ha renepaTope — APB C/I.

['enepatop - HESIBHOMOJIFOCHBIH.

Pewenue. PaccmaTpuBaeMblii ipuMep aHaimornueH 3amade 7.6 [S]. [lapameTrpsl s1nemMeHTOB
CXEMbI 3aMElIeHHs] U MapaMeTpbl pekuMa Bo3bMeM u3 npumepoB 1 u 2 [7]. IlpuroroBum ux s

MOCJIEYIOLUX pacueToB B Buje Tadm. 7.1:

Tabauya 7.1
T.,
*Ioxe. Xeuem. PH’ QH’ cosP,, 50 J
o.e. o.e. o.e o.e. o.e. o.e.
r
eHeparop 6e3 04
APB
Peneparop ¢ APB ), 7 0,15 2,0 1344 | 0,83 0,03 6
301
I'eneparop ¢ APB 0
CA
Paccuntaem mo (7.1) mapameTpsl SKBHUBAJIEHTHOTO ACHHXPOHHOTO  JIBUTATEIIs,
MIPEJICTABJISAIONIETO HATPY3KY:
S 5 _
ZHazp. - rHazp. *J 'xHazp. - S -(cosquaep. *J 'Sm(puaep.j -
Haep.
1

V22 13447

(0,83+j-0,558) = 0,344+ j-0,232
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Canyuau I — Beikmouatens (O3 BiIroueH. HampspkeHue Ha IIMHAX Harpy3kd HEM3MEHHO:

nazp :Uc =1=const. Onpenenum mo aHanoruu ¢ (7.4) u (7.5) KpUTHYECKHUE CKOJBKEHUE U

HAIIPsXKCHUEC HA 3aKUMaX SKBUBAJICHTHOI'O ACMHXPOHHOT'O ABHUI'aTCIIA

R.=r 5. =0,344-0,03=0,01 ;
2 Haep. 0
R
_ 2 001 oy
kpU  x 0,232
Haz2

U :\/2-13 X =2-2,0-0,232 =0,963.
Hazp.Kp. 0 “naep.

MaxkcumanbHasi MOIIIHOCTh Harpy3Ku, KOTOPYIO JBUTAaTeNlb MOXKET BpallaTh 0€3 HapyIIeHUs
€ro yCTOMYMBOM paboThI [S]:

2
(UHLZZ j 1
P = P) 2.155.

max 2.y - 2.0232
Hazp.

Koaddumnuent 3anaca ycToi4MBOCTH IO MOIITHOCTH

P —P
2155-2
“max "0 o905 = 2139720 100007 1905
2,155

)

san.P
max

KoadunuenT 3anaca ycTOMYUBOCTH 10 CKOJIBKEHHUIO

S )
_ P 0 1000s = 2042003 10005 — 46,79
3an.s s 0,03

0 )

Cnyuaii 2 — Beikmtodarens O3 orkintoueH, APB Ha reneparope oTcyrcTByer.
CymMapHOe COTPOTHBIICHHE OT T€HEpaTopa A0 IBUTaTEIs

X =0,4+0,15+0,232=0,782.

=X +Xx +x
2.1 “Imke.l “cucm. “Haep.

Kputnueckoe ckoibxeHne

R ]
s _ 2 00T _hoi5<s =003,
Kkp.E.1 XZ ; 0,782 0

KoadunuenT 3anaca ycTOMYMBOCTH 10 CKOJIBKEHHUIO

Ky -
:M.IOO%:M.IOO% =-56,7%.
3an.s. 1 S 0,03

0 :
"3 IMOJYYCHHBIX NJAaHHBIX BUJHO, YTO SKBHUBAJICHTHBIN aCI/IHXpOHHBII\/’I ABUI'aTC]Ib B JaHHOM

cilyuae HeycToWuuB. Jl0 OTKIIOYEHHs BbIKIOYaTens ()3 JABUrarenb padoTan YCTOHYHMBO CO
ckonbkeHueM 0,03; mpu BHE3amHOM OTKIIIOYEHUHM BbIKiIouatens (O3 u orcyrcrBuu APB nHa
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reHeparope pabota asurarens co ckoibxkenueM 0,03 oxazanach mpasee S\

D1’ pa3BuUBaeTcs

mponecc ONpPOKUAbIBAHUA ABUTATCIIA.
Paccunrtaem kputrueckyto 3.1.c. mo (7.5):

EF.Kp_] :\/2-130 Xy =2-2,0-0,782 =1,769

1 110 (7.6) — COOTBETCTBYIOIIEE €/ KPUTHUECKOE HAMPSHKEHUE HA MTMHAX HArPYy3KU

2

2
U - g _ QO .(XFGK@.I +xcucm.) " PO .(xF.3K6.I +xcucm.) _
nazp.kp.l I'xp.1 B
PP P EF Kp.1 EF Kp.1

1,344-(0,4+0,15)]2 +(2,0-(0,4+0:15)]2 1,487

=, 1,769 —
1,769 1,769

Omnpenensem 1o (7.7) 3amac cTaTU4ecKOl yCTOWYMBOCTU HAarpy3Ku MO HANPSHKEHUIO

U U
__naep.0 “nazprpd o000 11487 o000 e ges
I

kaan.U A

naep.0

OKBUBaIECHTHBIA aCHHXPOHHBIﬁ ABUTaTCJIb B JaAHHOM CJIydac HCVCTOI\/’ILII/IB W IO BTOPOMY

KPHUTEPUIO — HET 3aI1aca YCTOMYMBOCTH HAarpy3Ky MO HAIPSKEHHUIO.

Cnyuaii 3 — BeIKIIO4aTenb 3 oTkiItoueH, Ha reHepatope — APB T1/1.
CymMmapHOe CONPOTHBIICHHE OT I'€HEpaTopa 10 IBUTATeIs]

Xo 3 =Xp oy tX, o F xHClZp. =0,07+0,15+0,232=0,452.

Kputnueckoe ckoibxeHne

R, 001

S = =
kp.E.2
4 X5 5 0,452

=0,022<s,=0,03

0

Koad¢unuenT 3anaca ycTOMYUBOCTH 10 CKOJIBKEHHUIO

Ky —S
__kpE2 0 000 :w.loo% =-26,7%.
3an.s.2 s 0,03

0 E
OKBUBaIECHTHBIA aCI/IHXPOHHIﬂf/'I ABUTaTC]ib B U JJAHHOM CJIy4dac H€y€TOfI‘IPIB 10 TNEPBOMY

KPUTEPHIO — HET 3araca YCTOHIHBOCTH 110 CKOJIBKEHUIO.
Paccunrtaem kputrueckyto 3.1.c. mo (7.5):

EF_KP2 :\/2-130 Xy =2-2,0-0,452 =1,345

1 110 (7.6) — COOTBETCTBYIOIIEE €/ KPUTHUECKOE HAMPSHKEHUE HA IITMHAX HArPy3KU
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2

2
U - g _ QO .(XFGK@.Z +xcucm.) 4 o .(xF.3K6.2 +xcucm.) _
Hazp.Kp.2 I'kp.2
e Y Er Kp.2 EF.Kp.Z

1,344-(0,07+0,15)]2+(2,0-(0,07+0’15)]2 _ 1172

=, 1,345—
1,345 1,345

Ompenensiem mo (7.7) 3amac cTaTUYECKON YCTOMYUBOCTH HArpy3KH 10 HAIPSDKEHUIO

U -U
_Haep.0 Hazp.Kp.2 .100% = ﬂ.IOO% =-172%
; f .

kaan.U 2

UHazp. 0

OKBHUBaJCHTHbIII AaCHHXPOHHBIM JBHUraTelb W B JaHHOM Cllydyae — IMpU HAJIWYUM Ha
reneparope APB II/] — HEyCTONYMB 110 BTOPOMY KPUTEPHIO — HET 3araca yCTOMYNBOCTH HArpy3KH

10 HAIIPSDKEHUIO.

Cryuai 4 — Beikitouatens O3 oTkitoueH, Ha reHeparope — APB C/I.
CyMMapHOE COPOTHBIICHHE OT T€HEpaTOpa JI0 JBUTATEIs

X =0+0,15+0,232=0,382.

=X +Xx +x
2.3 “I9ke.3 “cucm. ~Haep.

Kputnueckoe ckoibxeHne

R ]
s _ 2 008 s <s =003,
Kkp.E.3 x23 0,382 0

KoadunuenT 3anaca ycTOMYUBOCTH 110 CKOJIBKEHHUIO

R) —S
xp.E3 %0 0,026 0,03
= KPS Y 1009 =220 20 100% = —13,3% .
3an.s.3 s 0,03
0
SKBI/IBaJ'ICHTHblf/'I aCPIHXpOHHI)Iﬁ IBUT'aTCJIb B U JAaHHOM cnyqae HGYCTOI\/’I‘II/IB 10 HC[!BOMY
K[!I/ITC[!I/IIO — HECT 3alrraca yCTOﬁ‘IHBOCTH 110 CKOJIB2XKCHUIO.

Paccunrtaem kputraeckyto 3.1.c. mo (7.5):

EF.Kp.S’ :\/Z'Pg'xz_j) =2:2,0-0,382 =1,236

1 110 (7.6) — COOTBETCTBYIOIIEE €/ KPUTHUECKOE HAMPSHKEHUE HA IITMHAX HATrPy3KU

2

2
U - g _ QO .(XF.3K6.3 +xcucm.) + o .(xF.3K6.3 +xcucm.) _
Hazp.kp.3 I'kp.3
e ? EF Kp.3 EF Kp.3
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( 1,344-(0+0,15)]2 (2,0-(0+0,15)]2
=/l 1,236 - + =" =110.
1,236 1,236

Ompenensiem mo (7.7) 3amac cTaTUYECKON YCTOMYUBOCTH HArpy3KH 10 HAPSDKEHHUTO

U -U
_Haep.0 Haep.kp.3 .100% = 1__110 100% =—-10,0%
; ! .

kaan.U 3

Haep.0

DOKBUBAJICHTHbBII aCHHXPOHHBIA JABUraTelb U B ciydyae Haiauuusa Ha reHeparope APB CJI
HEYCTONYMB U 110 BTOPOMY KPUTEPHIO — HET 3araca YCTOMYMBOCTH HAarpy3KHU [0 HANPSKEHUIO.

VYcroitunBas paboTa y3jia Harpy3Kyd He0O0s13aTeIbHO JOKHA HAapyIIaThCs MpU
noTepe CBsI3U ¢ OMMHKANIIUM UCTOYHUKOM MUTAaHMS. B 3aBUCMMOCTH OT yJaleHHOCTH
IPYruX UCTOYHUKOB U pabOTe Ha TE€HEPaTOPaxX 3TUX UCTOYHUKOB COOTBETCTBYIOIIMX
cucteM APB BmonHe BO3MOXHO COXpaHEHHE YCTOMUMBOW pPaOOThl HArpy3KH.
[loaTBepKAEHUEM  3TOMY  CIy)KaT  MOJY4YEHHbIE  pe3yJbTaTbl —  IpPH
COBeplIeHCTBOBaHUU cucteM APB kod(hUIMeHTsl 3amaca CTaTUYECKOMH

YCTOMYUBOCTH (B PACCMOTPEHHOM TNIpUMEpPE - OTPHUIlATeIbHBIE) H3MEHSIOTCS B
CTOPOHY YMEHBILICHUS.

[lpu cnmade 3adera HEOOXOAMMO YMETh JaBaTh TOSCHEHHUS IO CYIIECTBY
PacCMOTPEHHOTO TMPAKTUYECKOTO 3aHATHS, a TaKKe TOKa3aTh 3HAHHME TpeaMeTa B
o0BeMe MPOorpamMMBbl.

KOHmpo.’leble eonpocuol:

1. Jlame nonsimue cmamuueckou yCmouuu8oCmu eKmpuieckoll CUcmemsi.
Kax menseme 3anac cmamuueckou yCmMoudUBOCMU — ACUHXPOHHO20
osueamensi Npu yeeaudeHuU MOWHOCMuY NUMarwezo e2o 2eHepamopa?

3. Umo maxoe «Kkpumuueckoe CKObIUCEHUE» IKBUBAIEHMHO20 ACUHXPOHHO20
osueamens?

4. Ymo maxoe APB IIJ/[? APB CJ[?
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8. OHEHKA BO3MOXHOCTMU IIEPEPBIBA IIMTAHUS HA HIINHAX
HAI'PY3KH 1O YCJIOBUAM CAMO3AITIYCKA
IJEKTPOABUI'ATEJIA [5, 6]

Ilenv npakmuueckozo 3anamusa: YcioBus pabOThl y3ja Harpy3kKd MOTYT
3HAYUTEIBHO U3MEHUTHCS, €CIIH M0 KAaKUM-TMO0O0 MpUYMHAM OyAET MOTepsiHa CBS3b C
OJIHUM M3 UCTOYHUKOB MHUTAHUS, JHOO M3-3a KOPOTKOIO 3aMbIKaHUS HAa OAHOM M3
MPUCOECIUHEHUN MPOU30MJIET 3HAYMTEIHHOE CHIDKEHUE HAIpsSOHKEHUS Ha IIMHAX
Harpy3ku. llocnme ycTpaHeHHs BO3MYILIEHHMS HAUMHAETCS MPOIECC camo3alycka
AIEKTPOABUTATENECH y3J1a HATPY3KH. .

[ens paboThl — OCBOMTH METOAMKY OIIEHKHM YCIOBUN camo3amycka Hauboliee
OTBETCTBEHHBIX JJIEKTPOABUTATENIel, BXOIAIIMX B COCTaB Yy3ja Harpy3ku, B
MOI00HBIX PEeKUMAX.

Ilopaooxk nposedenusn npakmuuecko2o 3anamusn: B ayTuTopuu BBITIOIHAETCS
noApoOHBIN Pa300p TEOPETUUECKOM YaCTH 3aHATHS U IPUBEJACHHOIO IPUMEpA.

Teopemuueckan wuacms. Ilpu pacueTax AUHAMUYECKOH YCTOMYMBOCTH
AKBUBAJICHTHOTO JIBUTATENIsl HE YUYWUTHIBAIOTCS DJIEKTPOMATHUTHBIC TEPEXOIHBIC
mpouecchl B 00OMOTKax jaBurareneid. VI3MeHeHHe CKOJNbKEHHs, OOYCIOBIEHHOE
M3MEHEHUEM PEXHMa, OIPENeNseTCs] YHMCICHHBIM HMHTETPUPOBAHUEM YypaBHEHUS
JIBIKEHUSI aCHHXPOHHOTO JICKTPOIBUTATEIIS:

ds
T  —=M -M, ., .
i a Muon. My (8.1)

Tac Tj — HOCTOAHHAA HWHCPUOUHU, IIPHUBCIACHHASA K HOMUHAaJIbHOM MOIITHOCTHU

aBUraTens, [cl;
M HOMUHAJIbHBI MEXaHUYECKU MOMEHT COMPOTHUBIICHHUS, [0.€.];

M )~ AJIEKTPOMArHUTHBIM MOMEHT JABWUrarteins, [0.€.], OmpeAensieMbll IO
bopmye
2-k U 2
M = max___ | __0s. ’
“ L ASKP-J UHOM. (8.2)
SKp.l
M P U’ R
roe k _ __max. . _max. . P _ HOM. . g ___ 2
max M P ’ max. D.y ’ Kp.1
HOM.  HOM. Hazp. Hazp.



B dopmyner (8.1) u (8.2) pexkoMeHayeTcsi BCE BEIMYUHBI TOJICTABIATH B
OTHOCHUTEJIbHBIX €IUHUIIAX MPY HOMUHAIHBHON MOIITHOCTH JIBUTATEJIS.

B ClIydac K.3. Ha ABUTATCIIC HAIIPAKCHHC U()g YMCHBIIACTCA U I €Tro

OIIpeeNICHUs] HEOOXOIMMO pacCMaTpUBATh CXEMY 3aMELICHMs, IOKAa3aHHYIO Ha PUC.
8.1, a nna obmero ciydas. C NOMOIIbIO SKBUBAJIECHTHBIX MpeoOpa3zoBaHUM
pacdeTHasi cxeMa MPUBOAUTCS K BUAY, U300pakeHHOMY Ha puc. 8.1, 6.

HaHpH)KCHI/Ie U g Ha 3aXKuMax ABUTIaTCJIsI B 3aBHUCHMOCTH OT CKOJIBXKCHHA

onpeaenurcs 1no hopmysie

2

2 (R

E . (x j + 2
9K8. Hazp. s

Ude. :I'Zde. - R (8.3)
2 (R
(%one, raep) |2
C.oke.  “Haep. s

[~.3Ks. X1

X
U
E3K3' X C.3Ke. %e. Q3
o Y [I]
X Hazp.

R2
s

0)

Puc. 8.1. Cxema 3amerieHus JUist OEHKU AMHAMUYECKON yCTOHYMBOCTH
ACUHXPOHHOTO JIBUTaTes: a — oOuuil ciyyaii;
0 — IIpY OTKJIFOUEHUU CUCTEMbI HEOIPAaHUYEHHON MOIIHOCTH.

JIJIsT TTIOATOTOBKHM K YHCICHHOMY pelIeHHI0 AuddepeHnnaasHoe YpaBHCHUE
(8.1) 3anuiieM B BUjie

dsM

M)
a1, T, 2 @4
J J

IIpU Ha4aJIbHBIX YCIIOBUAX
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Sy =50
Ha KaXXIO0M Iarce MHTCrpupoBaHusA BCIIMYNHA f2 OoNpCcaACACTCA C UCIIOJIb30BAHUCM

BhIpakeHui (8.2) u (8.3).
[Tpy OTKIIFOUCHHMH K.3. HANPsSOKCHUE Ha IIMHAX JBUTATENS BOCCTAHABIMBACTCS
70 3HAYCHHS, OJIM3KOTO K HOMHUHAJIBLHOMY. Eciu Tpu TPOMOIDKEHHH Tpollecca

YUCJICHHOTO HHTCTPUPOBAHUA C U()g :UHOM CKOJIBKCHHUC IIPOAOJIKACT pPACTH, TO

YCTOMYUBOCTH HE COXPAHSIETCH.
VYpaBuenue (8.4) MOXKET periaThCs BPYUHYIO, HallpuMep, METOJOM OJiijepa.
[Ipu »TOM mnpupamnieHue CKOJIBKEHHUS 3a HMHTEPBAJ BPEMEHU OMPEIENsIeTCsS IO
bopmye
AS = al .
n+1) =~ 2m) (8.5)

Y1005l OIpCACINTb IPCACIBbHOC BpCEMA IICPCPhIBA 3HCKTpOCH8_6)KeHI/I$I
(IIOHVCKaCMOC BpEeMsl M3 YCJIOBHM YCIIECUIHOTO CaMOSaHVCKa), HaJI0 OIIPCACINTD

BpeMsA HOOCTUKCHHA IIPCACIIBHOT'O CKOJIbKCHUSA Snp , KOTOpPOC IIpH MHOM = const

BBIUUCIISIETCA 110 BhIpaXXeHHUIO (8.2) npu U o6. = Yo, B M ()= M . TE.
2-k
M o= _~p
HOM. Snp. . SKp.] HOM. (86)
N N
Kkp.1 np.

[Ipu sTOoM pemenue nuddepennuanbaoro ypasuenus (8.1) ympomaercs (T.K.
M, =0) ¥ CBOAUTCA K BUAY

(s)
T.
dt=—ds,
HOM
OTKyJa
T. Sup. T.
t =—J -jpds:—‘] -(s —sj. (8.7)
np. Pp P np. 0
HOM. SO HOM.

Ilpumep 8.1. JIns npocreiiiei anexTposHepreTuueckoit cucremsl (39C), pacCMOTPEHHOMU B
npumepe 7.1, Ipu DUTaHUM HAarpy3Kd OT CHUCTEMbl HEOIPAaHUYEHHON MOIIHOCTH (IOJAMUTKA IIHUH

U o :UHazp CO CTOpPOHBI CTaHIMM OTCYTCTBYET) OMNpPENCIUTHh MPEACTbHOE BpEMs IepephiBa

AJIEKTPOCHAOKEHUS TIPU OTKIIIOUEHUH BhIKItodatens Q3.
Pewenue. 1lpenenpbHoe CKOJIbKEHUE Snp onpenenuM u3 ypasHeHus (8.6). B mpumepe 7.1

ObLIH IMMOJIYYCHBI CICAYIOIIHNE BEJIMYUHEI, H€O6XO)II/IMBIC JJId pacucTa:
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MaKCuMaJibHad MOIIHOCTb HAaArpy3ku, KOTOPYIO IBUIaTcjib MOXET BpallaTb 0e3

HapyIIEeHUS €r0 YCTOWYMBOM pabOTHI

2
(UHLZZ j 1
P = P) = 2155;
max 2-x 2-0,232
Haep.

— KPUTHUYCCKOC CKOJILXKCHUC

=0,344-0,03=0,01;

RZ - rHazp. )
R 0,01
=2 -2 0044
kp 1 x 0,232
azp.
Mmax Pmax 2,155
Ompenensem k& = = = =1,077 W TOACTaBIsEM BCE 3HAYCHUS B
max M P 2,0
HOM HOM.
(8.6):
2-k .
P S 1/ Y
' Snp. +SKp.] ’ Snp. +0,044
s s 0,044 s
Kkp.1 np. np

[Tocne nmpeoOpazoBaHuii MOJIYIHM KBaJIpaTHOE YpaBHCHHE:

2
(s j -0,0474-s  +0,00194=0,
np. np.

0,0474i\/(0,0474)2 —4-0,00194  0.0474+-0,00529
- 2

Snp.l,Z B P

[ToakopeHHOE BhIpaXKEHHE OKA3aJI0Ch OTPULIATENIbHBIM. JTO 03HAYaeT, YTO MPU INEepepbhIBe

BJICKTpOCHa6)KeHI/I$I CaMO3allyCK 3KBUBAJICHTHOI'O JABUIaTCJIA HE obecreynBaeTcs.

[Ipu cpade 3ayeta HEOOXOAMMO YMETh JaBaTh MOSCHEHHSI MO CYILECTBY

PACCMOTPCHHOTO IMPAKTHYCCKOI'O 3aHATHUA, 4 TAKIKC IMOKA3daTb 3HAHUC IIPCAMCTA B

o0BeMe MpOorpamMMBbl.
Koumponsusie sonpocwi:

1. Ymo makoe «camozanyck snexmpoosucamensin?

2. B uem omauuue pedxcumog nycka u camosanycka?

moorecem np0u30ﬁmu ((01’1p0KMObl8aHu€))

3. Ilpu  kaxux  ycroeusax
anekmpoosuzamens?
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4. Kax obecneuums camosanyck Hauboniee 0meemcmeenHvlx ogueamerei y3ia
Hazpy3Ku?
5. Umo maxoe «3aujuma MUHUMAILHO20 HANPAHCEHUL) ?
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9. PACHET CAMO3AIIYCKA QJIEKTPOABUI'ATEJIA [7]

Ilenv npaxmuueckozo 3anamusa: Jjis noBbllleHUsT OecriepeOOWHON pabOThI
OCHOBHBIX MEXAaHM3MOB Y3Jla HAarpy3Kd, JUOO OCHOBHBIX arperatoB TEIUIOBOM
AIIEKTPOCTAHIIMU TPU HEHOPMAJIBHBIX JJIEKTPUUYECKUX PEXKUMax B OCHOBHOWU CETHU
WIN B CETH COOCTBEHHBIX HYXJ HEOOXOJUMO PACUETHBIM WM SKCIEPUMEHTATIbHBIM
myTeM MIPOBEPUTH yCIIOBUSA oOecrieyeHus PEXUMOB camo3aIrycka
AIEKTPOABUTATEIICH.

[enp paboThl — OCBOMTH METOAMKY OIIEHKHM YCIOBUN camo3amycka Hauboliee
OTBETCTBEHHBIX JJIEKTPOABUTATENIel, BXOIAIIMX B COCTaB Yy3ja Harpy3ku, B
MOJ00HBIX PEeKUMAX.

Ilopaodoxk nposedenusn npakmuuecko2o 3anamusn: B ayTuTopun BBITIOIHAETCS
oAPOOHKIN pa300p TEOPETUUECKOM YaCTH 3aHATHS U MIPUBEICHHOTO MPUMEDPA.

Teopemuueckan uwacms. [ TPOBEpKH YCIOBUH oOecCHEUCHUs pexKUMa
camo3aIlycKa JOJKHbI ObITh ONPEEIICHBI:

— BO3MOXHBIE€ B JKCIUTyaTallMd MEPEPhIBbI MUTAHUS B CXEME y3Ja Harpy3Ku
100 COOCTBEHHBIX HYX/ (C.H.) CTAaHIINU;

— BEJIMYMHA HAYaJIbHOTO (OCTATOYHOI'0) HAMIPSKEHUS HA IITMHAX y3JIa HAarpy3Ku
(C.H.) WISl TOMYCTUMBIX MEPEPHIBOB MUTAHUS U JOCTATOUYHOCTh ITOW BEIUUYUHBI
IJIs YCIIEITHOTO Pa3BOPOTa OCHOBHBIX MEXAHU3MOB B 33/IaHHOE BpEMSI;

— M3MEHEHHUE MAapaMETPOB TEXHOJIOTMYECKOTO PEKMMa OCHOBHBIX arperaroB B
npolLiecce camo3artycka JBUTaTeNnel y3nna Harpy3ku (C.H.) M MPOBEIEHUE COTIaCOBAHUS
YCTABOK PEJICUHBIX U TEXHOJIOTUYECKUX 3ALTUT C YUETOM ITUX U3MEHEHUH.

HaubGonee TouHBI pacdyeT caMmo3alyCka MOXET OBbITh  MPOU3BEICH
rpad)0aHaATUTHYECKUM METOJ0M. OTOT METOJI Ha OCHOBAaHWUHU JAaHHBIX IYCKOBBIX
XapaKTEpUCTUK arperatoB C.H. TMO3BOJISIET NYTEM TI'POMO3JIKHUX MOACUYETOB
METOJIOM TOCJIEI0BATENILHBIX UHTEPBAJIOB ONPEACIUTh, CYMMAPHBINA TOK CamMO3allyCcKa
JBUTATEJICH, HANPS)KEHHE Ha IIMHAX COOCTBEHHBIX HYXKJ B HadaJlbHBIA MOMEHT
caMo3alycka M TOPOJOJDKUTENIBHOCTh  caMoO3alycka  KakK  OTAEJIbHBIX
ANEKTPOJIBUTaTENEN, TAK U BCEX CAMO3AIyCKAIOIIUXCS JJIEKTPOIBUTATEIIEH.

Ho nns mpenBapuTesbHOM OLEHKHA JOCTATOYHBIM KPUTEPUEM YCIEITHOCTH
caMoO3aIlycKa SIBJISIETCS BEJIMYMHA HAYAJIBHOTO HANPSKEHUS IPU CaMO3aMyCKe.

Benuunna sTa MOXKET OBITH ompezesieHa ¢ HeOOXOIUMOM CTENEeHbI0 TOUHOCTH
Mpyd TOMOIIM METOJa HSKBUBAJCHTHOrO JBWUrareiiss. MeTol OCHOBaH Ha
MHOTOYHUCIICHHBIX 3KCIEPUMEHTAIBHBIX JaHHBIX CaMO03alyCkKa THUIIOBOW T'PYIMIIbI
JIBUTATENCH, MOAKIIOUEHHBIX K CEKIHMHU C.H. TEIUIOBBIX 3JICKTPOCTAHIIMM, KOTOPHIE
MO3BOJIUJIM  ONPEJETUTh OTHOCUTEIBHYIO BEJIMYMHY CYMMAapHOrO ITyCKOBOI'O TOKa
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caMO3alryCKa (HO OTHOHICHHUIO K CYMMApPHOMY TOKY CaMO3aIlyCKa Ui IIyCKa

IIBPITaTeJIeﬁ H3 3aTOPMOKCHHOT'O COCTOHHI/IH) B 3aBUCHUMOCTH OT IIPOAOJIZKUTCIIBHOCTU
IePpCphuIBa ITATAHUS

ki = ]t/]nyCK. = f(t)’ (91)
rac ]t — CYMMapHBIﬁ TOK CaMO3allyCKa HBHFaTCHCﬁ CCKIIMH IIPHU JAaHHOM IICPCPBIBC
IIMTaHUA,

]}’lyCK. — CYMMapHBIﬁ TOK CaMO3allyCKa HBHFaTCHCﬁ CCKIIUM IIpU IIYCKC

JIBUTATEJICH U3 3aTOPMOKEHHOT'O COCTOSTHUS.
DTa 3aBUCHUMOCTh U300pakeHa Ha puc. 9.1.

Omn. €0,
10

03
06
a7
06

¢
”‘50'7 2 3 4 ¢

Puc. 9.1. 3asucumocmov kpamuocmu moxa ogueameneli C. H. NPU CAMO3anycke (o CPAGHEHUIO C €20
3HaueHuem 0Jisl 3aMOPMONCEHHBIX gucamenetl) om nPoOOINCUMENbHOCHU NEPePblea NUMAHUSL NPU
oevicmsuu ABP [7].

Kj I

Kak Bugno u3 puc. 9.1, B penenax 100yCTUMBIX B AKCIUTyaTalluu NEPEPHIBOB
nutanusa  0,5-3,0c BEJIMYMHA CYMMAapHOTO TOKa CaMoO3amlyCKa JBUraTesen
yBenuuuBaercss ot 0,55 go 0,87 mMmOJHOrO CymMMapHOTO IyCKOBOIO TOKa
3aTOPMOXKEHHBIX ABHrateneil (/, = 00), npubmmKasch K ero MOIHOH BEIMYHHE IIPU
nepepbiBax nutanus 6oxiee 5,0 c.

HauansHoe (ocTaTouHOE) HANpsHKEHUE Ha IMIMHAX C.H. TIPH MOAa4e HANPsKEHUs

IIO0CJIC IICPCPhIBA IIMTAaHUA I'PYIIIIbLI SHCKTPOI[BI/IFaTCJICﬁ oT PE3CPBHOTO
HCHArpy’>XCHHOT'O UICTOYHHKA, OTH. €.,

*

Uc
1+ \/g : —xz : k,' : Z(kn ) ]HOM.OG./UHOM.()G.) |

*
ocm.

(9.2)
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*
rie U, =1,05+1,1 — nHanpspkenue x. X. ICTOYHHKA MUTAHUS, OTH. €11.;
k — HOMWHANBHAS KPATHOCTbH IMTYCKOBOTO TOKA JIBUTATEIIS, OTH. €]I.;
n ’ ’

ki — KOC—)(i)(I)I/II_II/ICHT, y‘{I/ITBIBaIOHlI/Iﬁ YMCHBIICHUC KPATHOCTHU ITYCKOBOT'O TOKa

JBUTATEJICH MPU CaMO3aIyCKe 10 CPABHEHHIO C €0 3HAUCHUEM JIJISl 3aTOPMOKEHHBIX
neuratenei (puc. 9.1);

Xy — CYMMapHOE  CONpPOTHMBJICHME  LENH  TUTaHUs  (CHCTEMBI,

TpaHcpopmaTopa, peakTopa, JIMHUY, IIUH).

IlIpumep 9.1. OnpenenvM BEIWYMHY OCTaTOYHOTO HANPSDKEHHWS TIPH  CaMO3aITyCKe
JBUTATENEH C. H. 61oyHOTO arperarta momHocThio 200 MBT nmocne nepepria nutanus 2,0 c.

B camo3amycke y4acTBYIOT ABHUTrareid MeIbHUYHOTO BeHTWIATOpa (MB) muraremsHOTrO
nacoca (IIDH), meimococa ([I), myreeBoro Bentwisitopa (IB), pesepBHoro Bozoymutens (PB),
BeHTIIISITOpa Topsidero nyths (BI'Ml), konnercarnoro Hacoca (KH), mupkymsimonnoro Hacoca (L[H).
JlanHble ABUTaTENel NpruBeieHsl B Ta0. 9.1.

Tabmuma 9.1.
Mapamerpsl naBHraTesei

JBHraTesx
IlapamMeTp
MB I3H P OB PB BI' KH LIH
I om. 10 90 | 450 [ 204| 99 | 156 | 32 | 294 | 215

Kpatocts nyc-| 5,4 70 | 55| 103 | 10,5 | 4,6 5,8 5,4
KOBOro TOKa, '
ky

[TapameTpsl  pesepBHOro Tpancdopmaropa: S =15750 «kBA; u, =10,3%,
1 =1445 A; U

HOM.mp. HOM.mMp.

= 6800 B; mnanpskenne x.x. pesepsubix mmn U, = 6300 B.

Conpotusnenue Hemnei nemu X, = 0,05.
1. IHayKTUBHOE CONPOTUBJICHUE 1IENU TUTAHUSA:
xX=Xx,,+tx,=0,26+0,05=0,31 Om,
e
U, 1036300
10031 100 1,73-1445

HOM.mp.

X =0,26 Ow,

2. CyMMapHBIi MYCKOBOM TOK JBUrareiel B 3aTOPMOKEHHOM COCTOSIHUU (IpU OJHOM
neurarene [1OH):

Sk, 1, =90-54+450-7+204-55+99-10,3+156-10,5+
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+32-4,6+29,4-5,8+215-5,4=8894 A.
3. OcTaTo4HOE HANpPSKEHME Ha INMHAX C.H. IIPU CAMO3aIyCKE OT HEHArpyKEHHOIO
TpanchopMaropa mocie nepepsisa matanns 2,0c (£ , = 0,81) [7]:
U, = Ue
ocm.
1 + \/g ) xz ) ki ) Z(kn ) ]Hom.de./UHom.()e.)

1,05 ~
_14_L73-0;314L81-8894'_(L650'

6000

*
DKCIlepUMEHTalbHbIE JaHHBIE Ul dToro ciydas gami semmumny U, =0,64, a

POJIOJDKUTEIHLHOCTh caMo3amnycka 7,2 ¢, T. €. CaMO3aIlyCcK MPOIIeNT YCIEIIHO.

[lpu cnmade 3adera HEOOXOAMMO YMETh JaBaTh TOSCHEHHUS IO CYIIECTBY
PacCMOTPEHHOTO MPAaKTUYECKOTO 3aHATHS, a TaKKe MOKa3aTh 3HAHHME TpeaMeTa B
o0BeMe MporpamMMBbl.

KOHmPOJleble eonpocuol:

1. Kax enustom Opye Ha Opyea oOsueamenu pasHblX MeXaHu3mos npu
2PYNNnosom camozanycke?

2. Ilpu  xaxux  ycnosusx  modxcem — NPOUROUMU — «ONPOKUOLIBAHUEY
anekmpoosucames?

3. Kak obecneuumsv camoszanyck nauboiee omeemcmeeHHbIX 0gueameriell y3ia
Haz2py3Ku 1ubo cexyuu COOCMBEHHBIX HYAHCO INeKMPULECKOU CMAHYUU?

4. Ymo maxoe CAOH?
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10. I3YYEHUE CXEM YCTPOWUCTB ABTOMATHUKH
BBOJIA PE3EPBA [8]

Ilenv npakmuueckozo 3amamua: ABTOMAaTHKA BBOJAa peE3€pBa IO3BOJSET
MUHHMU3HPOBATh TIEPEPHIB AJEKTPOCHAOXKEHHS TOTpeOuTeNeid H, TEeM CaMbIM,
OTPaHUYUTh, WU HE JOMYCTUTh BOBCE BO3MOXKHBIM YyIIEepOd OT HEI0OTHyCKa
AIEKTPOIHEPTHH.

[lenb pabGoThl — pazoOpaThCs, Kakue TPeOOBaHUS MPEIBABISIOTCS K CXeMam
ABP, kak 3Tu TpeGOBaHUs PEATU3YIOTCS B PA3IUYHBIX CXEMaxX M HAyYUThCS YUTATh
CXEMBI YCTPONCTB aBTOMATHUKH.

Ilopsaook nposedenua npakmuueckoz2o 3auamusa: B ayiuTopuu BbITIOIHAETCS
MoAPOOHBIN pa30op TEOPETUUECKON YacTH MPAKTUYECKOro 3aHsATHS U cxeMbl ABP
cwioBoro  tpaHchopmatopa.  OcTanbHble  CXE€Mbl  NpeJHAa3HA4YEeHbl IS
CaMOCTOSITEJILHOT'O U3YyUCHHUS.

Teopemuueckan uacmp. Haznauenue ABP — OpicTpoe BoccTaHOBIEHHE
AIIEKTPOCHAOKEHUS MOTpeOuTeNel Ipu OTKIIOYEHUH padovyero MCTOYHHUKA MUTAHUS
WIM HaxoAsulerocs B paboTe oOOpyJOBaHUS MyTEM aBTOMATUYECKOIO BKIIOYEHUS
PE3epPBHOTO UCTOYHMKA MTUTAHUS WK pe3epBHOro obopynoBanus (puc. 10.1).

[IyckoBble Opranbl MUHUMAJIbHOTO HAMNPSKEHUS JOJDKHBI cpadaThiBaTh
TOJIbKO TPH TIOJIHOM MCUE3HOBEHHM HAIpPSKEHUS M HE JOJDKHBI NPUXOAUTH B
JNEUCTBUE TIpU TOHUKEHUU HANpPsDKEHHUS, BbI3BAaHHOM ynaneHHbiMU K3  win
camo3anyckoMm nsurareneil. Hampumep, Ha puc. 10.1: myckoBele Opranbsl MOTYT
paboTaTh MpH OTKJIIOYEHUH BhIKItoyaTened Q1 wiu Q2, nubo npu K3 B Toukax K4,
K5 wmn K6. Ecnu xe noBpexaenne — B Toukax K/, K2 unu K3, ycrpoiictBo ABP
HE JOJKHO 3aIlyCKaThCsl.

JUist  BBIMOJHEHUs HSTOro TpeOOBaHUSA HaMpsDKeHHe cpabaTbiBaHUS —pelie
MUHUMAJILHOTO HAMPsKEHUs] BBIOUPAETCS O CJIETYIOIMINM YCIOBUSM:

U

ocm.K3
Uepi S in (10.1)
H e TV
U < Uc/3an. (102)
c.p.l— 5 .
kH 'ke Ay
rae U ocm.k3 — HauMEHbIIIEe OCTaTOYHOE HampsikeHue npu TpexdasHom K3 3a

peakropamu (K2, K3) u 3a Tpancpopmaropom (K1);
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U

c/3an. HAaMMCHBIICC HAIIPSIKCHUC IIPpU CAMO3aIlyCKC ABUTATCIICHU IIOCJIC

OTKJTFOYCHHSI KOPOTKHMX 3aMbIKaHHIA;
k,=1,2+13 - Kod(phULIMEHT HAIC)KHOCTH;

ky — xosddurment Bo3BpaTa perne, OnpeeseMblil U3 CIPABOYHUKOB.

Q1 Q3

K6

N

K3

TV
Q2 Q4
> .

A

K4 K5
v ABP (AKQ) i

N,

K1 K2

Puc. 10.1. Tlpumep npumenenus ABP.

3a pacueTHOE 3HAYCHUE HAIpPsOHKEHUS cpalaTbiBaHUsI pejie MPUHUMAETCS
MeHblIlee. B npaktuyeckux pacuerax o0bdHO yciaoBus (10.1) u (10.2) BeIMOTHSIOTCS
pH

Uc.p.l =(0,25-0,4)-U,y.. (10.3)

Beimepkka BpeMEHHM MyCKOBOTO OpraHa JOJDKHa OBITh Ha CTYIEHB
CEJIGKTUBHOCTH OOJIbIIIE BBICPKEK BPEMEHH 3alllUT, TOBPEXKICHNUE B 30HE JICHCTBHS
KOTOPBIX MOXET mpuBecTd K mycky ABP. Takumu 30HaMul SIBISIOTCS YYacTKH JI0
peaktopoB (Touku K5, K6) m no tpanchopmartopa (touka K4) na puc. 10.1.
CrnenoBartenbHO:

tako = p.smae T AL, (10.4)
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ko =p.smare AL, (10.5)

' L
rac tp.3.]l/laKC — MaKCHMaJIbHAA BbIACPIKKA BPCMCHH 3alllUT HNPUCOCOAWHCHUH,
OTXOJAINUX OT HIMH BBICIICTO HAIIPAKCHUA,

" o

tp.’o’.]l/laKC — MaKCHMaJIbHAA BBIIACPKKA BPCMCHU 3alllUT IMPUCOCAWHCHHH,

OTXOJAINUX OT HIWH HU3MICTO HAIIPSAKCHHNA,

At — CTYIICHb CCIICKTUBHOCTHU.

bonee HaACXKHBIM BapHUaHTOM ITYCKOBOTO OopraHa ABP ABIIACTCA
HCIIOJIB30BAHUC MHUHHUMAJIBHOTO PCJIC HAIPOKCHUA W MHHHMAJIIBHOTO PCJIC TOKA,
KOHTAKTBhlI KOTOPBIX BKIIFOUCHBI ITOCJICOOBATCIIBHO. Tok Cpa6aTBIBaHI/ISI ITYCKOBOTI'O
opraHa MUHHUMAJIbHOT'O TOKa

1

] < MUH.HA2p.

c.p.l— k"

(10.6)
n My

b

e 1 Mun.nazp. — MHMHHMMAJbHBIA TOK HArpy3KH TpaHc(opmaTopa;
ki =1,5
w = 1,9 — xoaddunueHT HaIe)KHOCTH.

Bbmepxq(a BpPpEMCHHU ITYCKOBOI'O OpraHa MUHUMAJIbHOT'O HAIIPSKCHUA U TOKaA

tlAKQ = t}?.S’.MaKC +Ar (10.7)

ABP TCPACT CMBICJI, CCIIN OTCYTCTBYCT HAIIPAKCHHUC HA PC3CPBHOM UCTOYHUKCE.
VcraBka PEJIC KOHTPOJIA HAIIPAKCHUA Ha PE3CPBHOM UCTOYHUKE ITUTAHUA:

U > UMuH.paé.

> — 10.8
c.p.2 k;l 'kg Ty , ( )

Tac UMuH.pa6. — MHHHMAJIBHOC pa60qee HAIIPAXKCHUC,

k;, =1,1+1,2 — kodddpuiiuenT HaTeKHOCTH.

Breinepikka BpemeHH penie oaHokpatHoro BkimwoueHuss (POB) nmomknHa ¢
HEKOTOPBIM 3aracoM IMPEBBIIATh BpeMsl BKIIOYEHHUS BBIKJIIOYATEIS PE3EPBHOIO
ncToyHuka nutanus (Ha puc. 10.1 — Q5):

'pop = tem.Q +san. (10.9)

rne  l3qn.=0,2+0,3 ¢ — Bpems 3amaca;

l‘gm.Q — BpeMs BKJIIOUEHHs] PE3EPBHOTO BBIKJIIOUATENs (OMpeaensercsl 1o

CIIPAaBOYHUKAM).
Bapuantsl cxem ABP
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ABTOMATHYECKOE BKJIOYEHHUE PE3EPBHOI O
TPAHC®OPMATOPA

Jiist npaBusibHOM paboThl cxembl ABP y ocHOBHOTO TpaHchopMaTopa AOIKHBI
OBITh BKJIIOYEHBI BCE Pa3bEIMHUTENN U BBIKIIOYATENH, a Y PE3EPBHOTO — TOJIBKO
pazbeauuutenn QOS3 u 0S4 — puc. 10.2a.

[Ipu orTkiaoueHuH 1O JIOOOW  mHpuyMHE  BhIKIOYaTens (@1  ero
BCIIOMOTATeIbHBIN KOHTAaKT (J1.] pa3pbIiBaeT 1enb OOMOTKH MPOMEXYTOYHOTO pelie
KLI — puc. 10.26. B pe3ynbrare sikopb pene KLI, NOATIHYTHIN NMPU BKIIOYEHHOM
MIOJIOKEHUH BBIKJIIOYATENA, INPU CHATHM HANpPsSOKEHUA OTHAJaeT € HEKOTOpOo#

BBLJICP)KKOM BPEMCHU U MCPCKIIFOIACT KOHTAKTBI PCJIC.

Bropoit BcioMoraTtenbHblil KOHTAaKT (/.2 BeIKIOUaTens (), 3aMKHYBILIUCH,
MOJIAeT IUII0C Yepe3 ellle 3aMKHYThIA KOHTAKT KL /1.] Ha 0OMOTKY MPOMEKYTOUYHOI'O

pene KL2, xoropoe cBouMU KOHTakTamu KL2.1 w KL2.2 npou3BOIUT BKJIIOUYECHUE
BbIKITIOUaTeneit O3 u (4 pesepBHOro TpaHchopmaropa, BO3IACHCTBYS Ha KaTyLIKU
BkimtoueHusa YAC3 nu YAC4. Tlo ucTteueHUn yCTAaHOBJIEHHOW BBIAEPKKA  BPEMEHHU
pene KLI pa3mbIKaeT KOHTAKTbl U Pa3pbIBAET LIETb OOMOTKU MIPOMEXYTOUHOTO

pene KL2.
KV3 . ]
TV2 1
( QS2 — ( Qs4
Q2 kA1 Q4 ka2
$ KV1  KV2 )l

A1 —| — A2 —|

o ¢
b § 4

Q1 T T Q3

Q5 Q6

QS7 QS3

Puc. 10.2a. ABP pezepsnozo mpancpopmamopa (nosicnarowas cxema)
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Ecnu  pesepBHbiii  Tpanchopmatop Oynmer BkitoueH jgedictBuemM ABP  Ha
HeycTpanuBlieecss K3 M OTKIIOUMTCS pENedHOM 3alUTOM, TO €ro MHOBTOPHOIO
BKJIIOUEHUsS He mnpousoiaer. Takum obOpaszom, pene KLI obecneuuBaer
OIHOKPAaTHOCTh JeicTBU ABP u mno3TomMy Ha3bIBaeTcs pelie OAHOKPATHOCTHU
BitoueHus (POB). Pene KL/ BHOBb 3aMKHET CBOM KOHTAKThI U MOATOTOBUT CXEMY
ABP x HOBOMY AEHCTBHIO JIUIIIb TTOCJIE TOTO, KaKk Oy/JeT BOCCTAaHOBJICHA HOpMaJbHas
CXeMa MUTaHMS MOJCTAHIMM M BKJIIOYEH BbIKIIOUaTenb (/. Beiaepxka BpeMeHHU Ha
pa3MblkaHue KoHTakTta pene KLI nomkHa ObITh OONbllle BPEMEHU BKIIOYEHUS
BbIKITIOUaTeneit O3 u O4, nis Toro 4ToObl OHM YCIIENIH HA/I€KHO BKIIOUUTHCA.

C uensio obecneuenus nericteus ABP nipu otkitouenun Beikitouatens Q2
OT €ro BCIIOMOTraTeIbHOTO  KOHTakTa (J2.] momaeTrcss MMIYJbC Ha KaTyLIKY
orkmtoueHust YAT] seikmrouarens Q1. Ilocne oTknrouenus Beikiarouarens (1 ABP
3aIlyCKaeTCs U ACUCTBYET, KAK PACCMOTPEHO BBILIE.

1| KALT KL3 |
_iﬂ) KT.1 SX1
{ —a—D
)
SX2 L Q1.1 KL1
oo e
o Q12 Y KL1.1 KL2
~
_jf/ KL1.2  KV1.1 Kv2.1 - KV31[ | KT
KA2.1 o o
—"——> HaVYAT4
)
2| K31 3 Q13 YATT | -2
o Q2.1
KL32 5 Q22 YAT2
KL2.1 o Q3.1 [ |YACS
o
| KL22 \:\LQM YAC4

Puc. 10.26. ABP pe3zepenoco mpancpopmamopa (onepamusHvie yenu)
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Kpome paccMOTpeHHBIX clydaeB OTKJIIOYeHUs pabouero TpaHchopmaTopa
NOTPEOUTENN TaK)Ke MOTEPSAIOT MUTAHUE, €CIU M0 KaKOW-TMOO MPUYMHE OCTAHYTCA
0e3 HampspKeHUs IMHBI BBICIIETO HAIMpPsKEHUSI OCHOBHOTO MCTOYHUKA nuTanus. [lo
y’Ke omucaHHOMY anroputMmy cxema ABP mpu sToM He monelcTByeT, Tak Kak 00a
BBIKJTIOUATENs pabodero TpaHchopmaTopa OCTAINCH BKIIOYEHHBIMU. J{J1s1 TOro 4T00BI
oOecrieunth aAeiictBue ABP u B 3TOM ciydae, mpeaycMoOTpeH CIIEHUAJIbHBIN
MyCKOBOM OpraH MUHUMAJBLHOTO HAaIpsKEHUs, BKIoYarolmuid B ceds pene KV,
KV2, KT'u KL3.

IIpy ucCyYEe3HOBEHHMHM HANpSHKEHUS HAa IIMHAX WCTOYHHWKA [HTAHUS W,
ClieloBaTeIbHO, HA IIMHAX MOTpeOuTeded, peje MHUHUMAIbHOTO HANpsKEHUs,
MOJKJIIOYEHHbIE K TpaHcpopMmaTopy HampsikeHust 7VI, 3aMKHYT CBOM KOHTAKThI U
MOJAYT IJIIOC OTEPATUBHOIO TOKAa Ha OOMOTKY pesnie BpemeHu KT depe3 KOHTaKT
pene KV3. Pene KT mnpu 3TOM 3allyCTHTCS M IO HCTEUYEHUM YCTaHOBJIEHHOMN
BBIJICPKKM BPEMEHHU MOJACT IUIIOC Ha OOMOTKY BBIXOJHOTO MPOMEXKYTOUYHOI'O pelie
KL3, xoTopoe NpOU3BOIUT OTKIIOUECHHE BhIKIOUatesnen QI u Q2 paboyero
tpancopmaropa. Ilocne ortkimrodenust Boikmouatenss QI ABP neiictByer, kak
PacCMOTPEHO BBIIIIE.

Pene nanpsoxkenus KV3 mpeayCMOTpeHO Uisl TOTO, 4TOOBI MPEIOTBPaTHUTh
oTKJItoYeHue TpaHchopmaTtopa 77 OT MYCKOBOIO OpraHa MHHHUMAJIbHOTO
HalpsDKEHHUsT B ClIydae OTCYTCTBUSI NUTAaHHS HA IIMHAX BBICHIETO HANPSKEHUS
pesepBHoro Ttpancopmartopa 72, korma geiicteue ABP  Oynmer 3aBemomo
Oecrnione3nbiM. Pene Hampsokenuss KV3, mnoakimoyeHHOE K - TpaHchOpMaTopy
HamnpsbkeHust 7V2 muH pe3epBa, IPU OTCYTCTBUM HAIPSKEHHSI Pa3MbIKAeT CBOM
KOHTAaKT M pa3pbIBaeT LEMb OT KOHTAKTOB penie KV'1 u KV2 x 00MOTKe penie BpeMeHU
KT.

B cxeme ABP mnpeanycMoTpeHsl ABe Haknaaku: SX/ — sl OTKIIOYEHUS
MyCKOBOI'O OpraHa MUHHUMAJIBHOTO HampsikeHus U SX2 — Ui BbIBOJA M3 PaOOTHI
Bcel cxembl ABP.

ABP TPAHCD®OPMATOPOB COECTBEHHBIX HYK]] TEILJIOBOU
IJIEKTPOCTAHLJUH

Cexnuu co0CcTBeHHBIX HYXK (1-51, 2-51, 3-51 CEKIIUN) MUTAIOTCS OT TPEeX padounx
tpancdopmaropos: 711, T2, T3. PesepBHblil TpaHchopmaTop 74 HOPMaIbHO
OTKJIIOYEH M HaXOJUTCA B aBTOMAaTU4YeCKOM pesepse — puc. 10.3a. IIpu oTkiroueHun
pabouero Tpanchopmaropa or ABP Bkimrowaercs BwIKIIOuarenb Q42 u OAWH U3
Boikitouarenen QI13, Q23 wnu (33 — B 3aBUCUMOCTH OT TOr0O, KakoW W3
TpaHCHOPMATOPOB OTKITFOUMIICS.
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Puc. 10.3a. ABP mpancpopmamopa coocmeennvix HyxHco (NosacHaowas cxema)

B ornuume ot cxembl Ha puc. 10.26, ¢dyHKUMIO pele OJHOKPATHOCTH
BKJIIOUEHHMSI BBIMIOJHSAET HE CIlelMaIbHOEe pOMeyTouHoe pene (pene KLI Ha puc.
10.20), a pene nonoxenus «BkimoueHo», Hanpumep KQCI B cxeme ynpaBieHHS
Boiktouatenss Q711 (puc. 10.36). Ilpm BriroueHHoM BeIKdtoyatene Q11
BCcrioMorarenbHbli kKOHTakT Q71.1 3amkuyT, pene KQCI oOTekaercs TOKOM, €ro
AKOPb NPUTSHYT U KOHTAaKThl KQOC1.1 u KQOC1.2 3aMKHYTHI.

[Ipu otkmtoueHun BbiKmMOUarenss (011 pa3MBIKAETCs €ro BCIIOMOTaTEIbHBIH
KOHTakKT (Q/7.] B uenu orTkaovarome karymku YATp;; ¥ 3aMBIKArOTCs
BCIIOMOTraTeabHble KOHTAKThl (/1.2 m (QI1.3. BcriomorarenbHblil KOHTakT Q1.1
pa3mbikaeT 1enb ooMoTku pene KQCI, HO, TTOCKOJIBKY OHO MMEET 3aME/JICHHE Ha
otnaganue, ero koHTakTel KQCI.I u KQCI.2 pa3MmbIKaloTcsi HE cpazy, a C
BbIIEPKKOM BpeMeHH. [103ToMy 3aMKHYyBIIMECS BCIOMOTraTelbHble KOHTaKThl Q11.2
u  QI1.3 o0pa3yloT IleNd Ha BKIIOYEHUE BBIKITIOUYATEICH QI3 u Q42
pesepBHOTO TpaHchopmaTtopa 74 uepe3 eme 3aMKHYTble KOHTAKThI pelie
KQCl.

[Ipy >TOM, TIOCKONBKY TIpU  OTKIIOUECHHH JIFOOOTO U3  pabodmx
TpaHcHOPMATOPOB  HEOOXOJMMO BKIIIOUHMTH BBIKJIIOYATENb BBICIIETO HAIMPSKEHUS
pesepBHOro Tpanchopmaropa OQ42, 1enb OT BCIOMoratelibHOro koHTakta (Q11.3
napajjieIbHO C TAKUMHU e LEMSIMH OT BCIIOMOTATEIbHbIX KOHTAKTOB BBIKJIIOYATENEH
u KoHTakToB peine KQOC  Boikimouarened 023 wu Q33  japyrux paboumx
tpanchopmaropoB 72 u T3 (3tu nienu Ha puc. 10.30 He Moka3aHbl) IEUCTBYET uepes
COOTBETCTBYIOIIME MEPEKIIIOUaTeaN OJIOKUPOBKH pabounx TpaHchopMaTopoB — SAI,
SA2, SA3 (na cxeme puc. 10.36 nmokazan Tosbko S47) u pe3epBHOTr0 TpaHchopMmaTopa
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(8A4) na konrtaktop BKiItoUeHUs: KM Beikntovarens O42. Bropoil BcmoMmorarenbHbIN
KOHTakT Q1.2 nevictByeT uepe3 KOHTakT KQCI.] u KOHTakT SA[.2 mepekarodaTesis
0s10kupoBKHU pabouero Tpanchopmaropa (SAI) Ha BKItOueHHE BhIKIOUaTens Q13,
Onaromapss 4eMmy oOeClEeYMBaeTCs I0Jlaya HANpsDKEHHsT Ha TMEPBYIO  CEKIIMIO
COOCTBEHHBIX HYXJ] OT pe3epBHOro Tpancpopmaropa 74.

Q11.1  YAT,,,

+1| SA1.1 Q12.1 KBST = 4
T C 0 :
T 722 ~J -~
iﬂi ﬂ:DKT1 ’ KL1.1
i /—0
R1 KQC1 Omkn. om Knroya
0_: ynpassieHus u 3awumasl
] KBS2.1 KBS2 5
KJ1. OmM Kriro4a -
ynpasneHusi —)0——/
+2| SA1.2 KH KQC1.1 Q11.2 Q13.1 RM
T C i 0 KBS2.2 0o @13
i ¢ H H
KBS3.1 KBSS
Bkrn. om knoya e
ynpasieHusi
+3| SA1.3 KQC1.2 (173 SA4.1 Q42.1 KM
T Y o [f ¢]| KBS3.2 o Q42
i ¢ \|~ Pe \|~ \|~
KL1
KT2.1
? KVZ.1 KV2.1 4
]
~
KV1.1 KT1
~

Puc. 10.36. ABP mpancgopmamopa coOCmeennvix HyHco (Yenu onepamusHoco moka)
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Jiist Toro 4to6sl obecnieunts aericteue ABP mpu oTKiIIOUEHHH BBIKIIOYATEIS
Q12 co CTOpPOHBI BBICIIETO HAMNPSDKEHUS padodero TpaHcpopmaTopa, B CXeMe
MPEAYCMOTPEHA MOJadya HMIYJbca OT BCIIOMOTaTENIbHOTO KOHTAaKTa 3TOrO
BbIKIIOUaTenss (/2.1 Ha otkmoueHue BoIkmrouarenss (/1. Ilocne OTKiIrOYEHUs
BeIkItouatenst 011 ABP pabotaer, kak paccMOTpeHO Bbille. B 1enu OoTKIOueHUs
BBIKJIFOUaTesst (O/1 OT BCIIOMOTAaTENbHOTO KOHTAaKTa BbIKItouUatesss (J/2 BBeElEH
KOoHTakT SAI.1 mepexmrouarens SAI. Ilpu pemonte pabouero TpanchopmaTopa
nepexiatoyatenb SA/ OTKIOYaeTcss W JaHHas OJIOKMpOBKA HE JEUCTBYET, 4YTO
MO3BOJISIET CBOOOAHO ONEPUPOBATH BHIKIIIOUATEIIMU TpaHcpopmaropa 71.

Hns  ocymectBineHuss nycka ABP mnpu uncue3HOBEHMH HaIpsSKEHHS Ha
nuTaromux MmuHax PY  coOCTBEHHBIX HYXI, KOIZa BBIKIIOYATENIH paboyero
TpaHcdopMaTropa OCTalOTCS BKIIOYEHHBIMH, MPEAYCMOTPEH IYCKOBOW Oprax
MHUHHMMAaJIbHOTO HamnpskeHus — puc. 10.3B.

AHaJOTMYHO CXEME€ MYCKOBOIO OpraHa MHHHMMAJIbHOTO HaIpsKEHUs,
npuBeAeHHo Ha puc. 10.20, ang mycka cxembl ABP B paccmarpuBaemom ciydae
HeoOXxouMo cpabaTbiBaHue ABYX pene HamnpstkeHus (KVI u KV2 na puc. 10.38) u
pene K71 n KT2. B xauecTBe JONOJHUTENBHBIX pene KV2 u K72 wucnoiab3yrorcs
pese NepPBOM CTYNEHU 3aIIUThl MUHUMAJIBHOIO HANPSHKEHUS, MPEAHA3HAYEHHON IS
OTKJIIOYEHHSI HEOTBETCTBEHHBIX JJIEKTPOABUTATENEH B pexuMe camosanycka. Ha
pene KV2 BeimonuHsiercs o0buHO ycTaBka 70 B, u oHO cpabaTbiBaeT OAHOBPEMEHHO C
pene KVI npu uCUE3HOBEHMHU HaMNpsDKeHUs Ha mMHaX 6 kB, obecneunBas Mmyck
cxembl ABP. Jlns uckitodeHus: J0okHOro cpabarbiBaHus IyckoBoro oprana ABP u
3aIIUTBl MUHUMAJIBHOTO HANPSDKEHUS DJIEKTPOJIBUTATENE MpPU  OTKIOYEHUU
aBTOMAaTHYECKOTO BBIKIIOYATENss SF, YCTaHOBJIEHHOTO BO BTOPHYHBIX LEIAX
TpaHchopMaTopa HaIpPsKEHUs, TUIIOC Ha KOHTAKThl pejie HaIps KEHUs I0JaeTcs
yepe3 3aMbIKAIONIMK KOHTAaKT aBromaTta SF.5 (Ha3biBaeMblii MHAYe «OJOK-KOHTaKT
apromatukn» — BKA), 3aMKHYTbIii 10pu  BKIIOYEHHOM  aBTOMAaTUYECKOM
BBIKJIFOYATEIE.

[IpenycmoTpennbie B cxemMe Ha puc. 10.36 OJOKMPOBKM HE HCKIIOYAIOT
BO3MOXHOCTH JIO)KHOTO Cpa0aThIBaHUSI IyCKOBOTO OpraHa B cily4ae IeperopaHus
MpeloXpaHuTess B cpelHell (a3e Ha CTOpoHe BbIcuIero HampsbkeHuss TV, xorna
MOT'YT OJIHOBpEMEHHO cpaborath o0a pene Hanpsbkenus KVI wu KV2. s
MpeIOoTBpallleHHs] JIOXKHOTO cpabaTbiBaHMs MyckoBoro oprana ABP B sToM ciyuae
TUTIOC HA CXEMY I0JIaeTCs Yepe3 Pa3MbIKAIOIINA KOHTAKT (PUIBTP-pesie HaNpsSKEHUs
oOpatHoii mocnenoBareiabHocTd KVZ (tuna PH®-1M), ycTaHOBIEHHOTO B cXxeme
3aIIUTHl MUHUMAJIBHOTO HANPSKEHUS JIEKTPOJBUTATENEH, TUTAIOIINXCA OT TaHHOM
CEKLIUU IIUH COOCTBEHHBIX HYX].
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Puc. 10.36. ABP mpancgopmamopa cobcmeeHHbIX HYHCO (Yenu HanpaiceHus)

B menu orkimtoueHust BbIKIIOYATENsT TpaHchopmaTopa OT IMYCKOBOT'O OpraHa
ABP BxiItOYeHBI 3aMBIKAIONIME KOHTaKThl penie KLI, 3aMKHYTble TNpPU HAIUYUU
HanpspDKEHUsT Ha pe3epBHOM HUCTOYHUMKE nuTaHuA. I[Ipomexyrounoe pene KL/
MPUXOAUT B JICMCTBUE OT KOHTAKTOB peJIe MAKCHUMaJbHOrO HampsbkeHuss KV3 u
CIYXKHUT JJI1 Pa3MHOKEHUSI KOHTAKTOB MOCJIEAHETO C IEJIbI0 HMCIOJIb30BaHUS HUX B
HETSIX OTKIFYEHUS IPYrux pabounx TpaHcHopMaTopoB.

B cnyyae BbIBOJa B peMOHT pesepBHoOro tpaHchopmaropa 74 ABP moxet
OCTaThCsl BKJIIOUEHHBIM. [Ipu 3TOM pesepBUpoBaHUE 00ECIIEUMBACTCS OT HaMMEHEe
3arpyeHHoro pabouero TtpaHchopmatopa. IIpu BbIBOJE B PEMOHT pPE3EPBHOIO
TpancopMaropa OTKIIOYAIOTCS €ro pazbeauHutenn (OS42 u (OS41 w Ha MIUHBI
pPE3EpBHOTO MUTAHUS TOJACTCA HANpsKEHUE, Hampumep, oT TpaHchopmartopa 7173
BKJIIOUeHUEM Bbikitouarenss O33. llepeBomom mepekntouarenss SA4 B MOJOXKEHUE
«T» («oTKIIFOYEHO») OTKIIouaeTcs Aeiicterue ABP Ha BkiItoueHue Boikiaouatesnss 042
pesepBHoro Ttpancpopmatopa T4 (xoHTakT SA4.1). Konrtaktom SA4.2 »sTOrO
MepeKIIIoYaTeNsl IMIYHTUPYETCS KOHTAKT pesie HampspbkeHus KV3 mist Toro, 4roOsbl
KOHTPOJIb HAJWYUsl HANPSKEHUs Ha IIMHAX PE3ePBHOIO TpaHchopMaTopa HE BIIHSII
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Ha paboty myckoBoro oprana ABP. Ilpu BbiBeneHHOM u3 pabOThl pPe3epPBHOM
TpaHchopmarope oTkiIoYeHre padounx TpanchopmatopoB 71 u T2 pesepBupyercs
ABTOMATHUYECKHUM BKJIIOUEHHWEM COOTBETCTBYIOUIMX BbIKItoUaTenen — Q13 wim Q23.
Otkmrouenue pabouero Tpancpopmaropa 73 He pesepBupyercsi. Cxema ABP s
PEaKTUPOBAHHBIX JIMHUN COOCTBEHHBIX HYK]I BBIMOJHSACTCS aHAJIOTMYHO, TIPU ATOM,
OJIHAKO, OTCYTCTBYET IIEllb Ha BKJIIOYEHHUE BBIKIIOUATENIS PE3EPBHOM JHUHUHM CO
CTOPOHBI THUTaHUs. DTOT BBIKJIIOYATENh MOCTOSHHO BKJIIOYEH, TaK KaK B pPeakTope
OTCYTCTBYIOT IOTEPU XOJIOCTOrO XO/1a.

ABP CEKIJUOHHOI O BBIKJIFOYATEJIA IIOJ[CTAHLIHHU C
CHHXPOHHBIM JSJIEKTPOIBUI'ATEJIEM

Ha noxacranumsx BblcOKOro HampsikeHuss Hapsany ¢ ABP tpancdopmaTtopos,
KOTOPbIE MOTYT BBINOJHATBCSA IO CXEMaM, aHAJOTMYHBIM PACCMOTPEHHBIM BBILIE,
npuMeHsoTcs ABP CEeKIIMOHHBIX UM HMIMHOCOEAWHUTENIBHBIX BbIKIOUarenei u ABP
JIMHUM.

Cxema ABP cexkuMOHHOrO BBIKJIIOYATENA, NOpUBeAeHHass Ha puc. 10.4,
OTJIMYAETCSI OT PACCMOTPEHHBIX BBIIIE HEKOTOPBIMH OcoOeHHOCTsAMHU. [lutanue
CEeKIIMl IIMH NOACTAaHUWHU, K OJHOW U3 KOTOPBIX NOJAKIIOUYEH CHUHXPOHHBIN
anextpoasuratens (CA) M 60ablIONH MOIIHOCTH, TPOU3BOAUTCA OT JABYX pabOyux
tpanchopmaropoB 77/ u T2. Ilpu OTKIIOYEHUH JIOOOrO0 M3 HUX TMPOUCXOTUT
aBTOMAaTHYECKOE BKIIOYEHUE CEKLIHUOHHOIO BbIKItOUaTenss (5. OIHOKPaTHOCTh
nevictBusi ABP B cxeme Ha puc. 10.4 olecrieunBaeTcsi Tak ke, KaKk M B CXeMaXx,
paccMOTpEeHHbIX BbllIe, ¢ mnomompbilo pere KQCI u KQC3 (pene mNONOKEHUS
«BKIII04eEHO» B CXEME YIPABIICHHS COOTBETCTBYIOIIMMU BBIKIIOUYATENAMH, KAaTylIKa
KQC?2 na puc. 10.46 He nokazaHa).

B cnywae otkmtoueHus Boikimouarenss (1 tpanchopmartopa 7/, MHUTAIOMIETO
MIEPBYIO CEKLUIO, 3aMbIKAE€TCSI BCIIOMOTATENbHBIM KOHTAKT 3TOr0 BbIKItouarens Q1.2
U uyepe3 3aMKHYThI B paboyem cocTosiHuM cxeMbl KOHTakT KQCI.I pene KQCI
[0JIa€T UMILYJIbC Ha KaTyluKy BKitoueHust YACps BbikIroyarens Q5.

W3-3a Hanuuuss Ha BTOPOM CEKLIMHU CHUHXPOHHOrO jBurarens M (uiu
CUHXpPOHHOr0 KoMIleHcaTopa) naeiictBue ABP mpu oTkmiouenun Bwikmovarens (O3
Oyner mpoucxonuth mno-Apyromy. Ilocne ortkmouenuss Tpancpopmaropa 712,
MATAIOIIETO BTOPYIO CEKLHIO, YACTOTA BPAILECHHS CUHXPOHHOTO JJIEKTPOJBUTATENS
(CMHXpPOHHOI'0 KOMIIEHCaTopa) OyJIeT YMEHBIIAThCsl MOCTENEHHO, BCIIEICTBUE YEro
npu nevictBu ABP oH MokeT ObITh BKJIIOYEH HECHHXPOHHO Yepe3 TpaHcPhopMaTop
Tl. Ecnu TONYOK TOKA NPU HECUHXPOHHOM BKJIIOUYEHHH MPEBBIIIAECT BEJIUYHHY,
JIOMYCTUMYIO  JUJII ~ CHHXPOHHOTO  D3JIEKTpoABUTaTens  (KOMIEHCAaTopa) WM
TpaHchopMaTopa, CHHXPOHHBIM JIIEKTPOJBUTATENb (KOMIIEHCATOP) HEOOXOAMMO
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OpCaABAPUTCIIBHO OTKIIIOYHMTDL MU JIMIIBb 3aTCM BKIHOYUTH CCKHI/IOHHBIﬁ BBIKJIFOYATCJIb.

OtkiroueHue BbIKItOUaTenss J6 CUHXPOHHOTO 3JIEKTPOJBUTATENs (KOMIIEHCATOpa) B
cxeMe Ha puc. 10.4 mnpousBOAUTCS OT BCHOMOraTeIbHOr0 KOHTakTta  (J3.2
BbIKJTIOUaTeNst (3 Mpu €ro OTKIIOYEHWU. B 1enu OTKIoYeHUus MpeaycMOTpeHa
Haknangka SX/ jis BbIBOJA IENM OTKIIOYEHUS M3 JEHCTBHUSA, YTO HEOOXOAMMO Ha
cily4ail muTaHus o0erx cekuuii oT Tpancopmaropa 7'/ Mpu 3aMKHYTOM CEKITMOHHOM
BbIKJTIOuaTene. [locie OTKIIIOYEeHHs BBIKIIOYATENS CHHXPOHHOTO AJIEKTPOIBUTATEINS
(xoMmieHcaTopa) €ro BCIOMOraTelIbHbIM KOHTakToM (6.2 OyJeT 3aMKHyTa Ielb Ha
BKJIIOUEHUE BBIKIIOUaTeNst Q3.

Homyckaercs BMECTO OTKJIFOUECHUS BBIKJTIOYATEIS CUHXPOHHOTO
ANEKTpoABUTraTeNs (KOMIIEHCATOPa) KPATKOBPEMEHHO OTKJIIOYATh aBTOMAT TallleHHs
noiig (AT'TI) u BkIItOUaTh €ro BHOBb NOCJIE BKIIOUEHUSI CEKIIMOHHOTO BBIKITIOYATEIS
Q5. Tomyok TOKa MpH TakoM crocoOe OyaeT MeHblIe, YeM MpU HECHUHXPOHHOM
BKJIIOUEHHH, a 1ociie oOpaTHoro BKItOYeHUs: ATl CUHXpOHHBIN JIEKTPOABUTATEND
(xoMmieHcaTop) BTSIHETCS B CHHXPOHHU3M, T. €. IPOU30UJIET €r0 CaMOCHHXPOHU3ALINS.
[Ipy HanMuuu HaA TMOACTAHIIMM HECKOJbKMX CHHXPOHHBIX JJIEKTPOJBUraTeeH
KOHTPOJIb JOMYCTUMOCTU BKJIIOUEHHUSI CEKIMOHHOTO BbIKItouatenass oT ABP o0buHO
OCYIIECTBIISIETCSI C TOMOUIBIO pelie MHHUMAJbHOIO HampsbkeHus, T. €. ABP
OCYIIECTBIISIETCS C OKUIAAHUEM CHUKEeHUs HanpspkeHus 10 0,5—0,6 HOMHUHAIBHOTO.

JJist OBICTPOrO OTKIIOYEHHS] CEKIIMOHHOTO BBIKITIOYATEINS B Cllydae BKIIOYCHHS
Ha HeycTtpanuBuieecs K3 Ha mMHAX MOACTAHUMH, B CXEME MNPETYCMOTPEHO
YCKOPEHUE 3aIUTHl CEKIIMOHHOrO BbIKIIoUarens (5 mnocine ABP. VYckopenue
ocymectBisieTcs: koHTaktamu PIIBI1.2 n KQC3.2 pene KQCI n KQC3, KOTOpBIE
MOAAIOT IUTIOC HAa MTHOBEHHBIM KOHTAKT PEJE BPEMEHU 3aIUTHI CEKIIMOHHOTO
BbIKITIouaTess. [Ipu paboTe ¢ BKIIOYEHHBIM CEKIIMOHHBIM BBIKIIIOUATENIEM YCKOPEHHE
MOKET OBbITh BBIBEICHO U3 IEUCTBUS HAKIaAKON SX2.

B omimume or cxem ABP, paccMoTpeHHBIX BbIlle, B cxeme Ha puc. 10.4
OTCYTCTBYET MYCKOBOM OpraH MHHHMMAJIbHOI'O HANPSXKEHUS, KOTOPBIA B JTaHHOM
cllydae HE HYXEH, TaK Kak 00a MCTOYHMKA MHUTAIOTCA OT OOIIMX IIMH BBICIIETO
HanpspkeHus. [Ipu ncue3sHOBEeHUU HAIpsKEHUsI Ha 3TUX IKMHaxX aeicteue ABP Oyzer
Oecrnione3nbiM. TakuM 00pa3zoM, B ciayyasix, Korja paboduii u pe3epBHbIA UCTOYHUKU
MUTAIOTCS OT OOIIMX IIMH, MYCKOBOM OpraH MHHUMAJIBHOIO HANPSKEHUS
yCTaHABIMUBATh HE TpeOyeTcs.
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Puc. 10.4. ABP cexyuonHnoeo svikarouamens 0is NOOCMAHYUU C CUHXPOHHBIM JJIeKMPOOsucamenem
a — nosAcHAWwaAs cxema, 6 — onepamugnvle yenu
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ABTOMATHYECKOE BKJIFOYEHUE DJIEKTPOJBUI ATEJIEU
PE3EPBHbBIX MEXAHU3MOB

B ycraHoBKkax COOCTBEHHBIX HYXKJ TEIUJIOBBIX DJJIEKTPOCTAHUUN Hapsay ¢
pabouumu peaycMaTpUBaETCS yCTaHOBKa pPE3EPBHBIX MEXaHU3MOB,
MpeIHAa3HAYeHHBIX JJI 3aMeHbl paboyero MexaHu3Ma I[PU PEMOHTE WIH
HenucnpaBHOCTH. Kpome TOro, pe3epBHBIN MEXaHU3M HUCIONB3YETCS I y4acTus B
COBMECTHOW pabore ¢ pabouum, KOTjla IMOCIEAHHM OJWH HE MOXET 00ecneuuTb
HOPMAJILHOTO BEACHUS TEXHOJIOIMYECKOro pexuma. [l BBISBICHUS HAPYIICHUS
TEXHOJIOTUYECKOTO PEXHMa HCIIONB3YIOTCS CIIEIUAbHBIE pEJie, PEarupyrolme Ha
HEAJIEKTPUUECKHE BeIMYUHBI. Tak, HanmpuMep, pelie AaBlieHus, cpadaTbIBalOIIUE TPU
MOHW)KEHUM JIaBJICHUS THUTATEIbHON BOABI B HAMOPHBIX JHMHHUSIX, MOTYT OBIThH
MCIIOJIb30BaHbl KaK JATUYUKU ISl TyCKa JIEKTPOABUIaTENsl PE3EPBHOTO MMUTATEIBHOTO
Hacoca. [lns yckopeHHMs MycKa pe3epBHOrO arperata BKJIIOYEHHE B pabOTy ero
anekTpoaBuratenss (ABP  pesepBHOro arperata) MpOU3BOJIUTCA TaKxke OT
BCIIOMOTATEJIbHOTO KOHTAKTa BBIKJIIOYATEINS AJIEKTPOJBUTaTeNs paboyero arperara
IIPU €r0 OTKIIFOYEHUHU.

Ha puc. 10.5 npuBenena cxema ABP aByX 3JI€KTpOHACOCOB, KaXIbld U3
KOTOPBIX MOXET OBITh pabouyuM wiin pe3epBHBIM. BriOop pabodero snexkrpoHacoca
npousBoautTest kiouoM SA7I. Ha puc. 10.56 mokazanbl 00IIKe 1IEMH ONEPATUBHOTO
toka ABP. Ilenu ynpasnenus Boikitouareneid O/ u Q2 BBIONHSIOTCS O OOBIYHBIM
cxemaM. IlyckoBbeiM opranom ABP sBisIETCS 3JI€KTPOKOHTaKTHBIA MaHOMETp KM,
KOHTPOJUPYIOIINNA JaBJI€HUE B MarucTpaiy 3a HACOCOM MOCie OOpaTHBIX KJIalaHOB.
[lonoxenue kmoua SA/ B cxeme Ha puc. 10.50 COOTBETCTBYET ciydaro, KOrjaa
anekTpoHacoc HC2 naxonurca B pabote, a anekrpoHacoc HCI B pesepse. Ilocne
mycka syiekTpoHacoca HC2 M TOSABICHUS HOPMAJIbHOIO [aBICHUS B MarucTpaiu
KOHTakT KM.I 3ambikaetrcsi, a KM.2 pasmbikaetrcsa. [lpu stoM cpabaTbiBaeT
npomexyTouHoe pese KLI, kotopoe KoHTakToM KLI.I myHTUpyeT KOHTakT KM.]
IUISL €r0 pa3rpy3Ku, a KOHTaKToM KL /.2 mMoAroTaBiInBdeT LENb BKIKOYEHU pene KL2.
B Takom nonoxeann ABP rotoB k gelicTBuro. B ciydae OTKIIOUEHHI BBIKITHOYATENS
Q2 3aMbIKaeTcs €ro BCIIOMOTaTENbHbIM KOHTAKT U YEPE3 €€ 3aMKHYTHIA KOHTAKT
pesie OJHOKPATHOCTH BKJIIOYEHHUsI 3TOro Bbikmtouatenss KQC2 (pene MOJOKEHUS
«Bxiroueno») Bo3aedcTByeT Ha KL2, BkiIouamoliee 4epe3 KOHTakT KL2.2
BhIKIIIOYaTenb (1. AHnanormdyHo geirictByer ABP, ecnu B pabore Haxomwics
anektpoHacoc HCI n OTKIIIOUMICS BbIKIO4aTesb Q1.

B cnydae cHuKeHHMs JaBlIEHHMS B MarucTpaiu KOHTakT KM.I pa3MblkaeTcs,
KM.2 3amMbIkaeTcst U Tak»e BO3AEUCTBYET Ha pene KL2, koropoe BkitouaeT Q7. B
oboux ciyyasx pene KL2, cpaboraB, pa3MbIkaeT KOHTaKTOM KL2.] 1ienb 0OOMOTKH
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pene KLI, dem pa3oupaercs cxema ABP u oOecneunBaercss OJHOKPATHOCTH
BKJIIOUEHUS npu JeiicTBun ABP oT koHTakTa MaHoMeTpa.

2

_T_
M
C2

Q1 Q2
M1
HC1 H
KM

Puc. 10.5a. ABP snexrpoaBurareneii HacocoB (MOSCHSIOLIAS CXeMa)

BbICTPOLEHCTBYIOIIEE MUKPOIIPOLIECCOPHOE
VCTPOHCTBO ABP (FABP)

[TyckoBoit opran BABP (puc. 10.60) 3HauuTenbHo cioxHee. OH COCTOUT U3
IBYX Ppa3lIMYHBIX KOMIUIEKTOB HM3MepUTENbHbIX pene AKI m AK2, neicTByromux
yepe3 JIOTMYECKY0 4YacTb J/Y OJHOBPEMEHHO HAa BKJIIOYEHHE PE3EPBHOTO
(cexmonHoro) (J3 M OTKIIOUYEHHE COOTBETCTBYolero pabouero Q1 (umu Q2)
OBICTPOJECHCTBYIOIIMX  BaKyyMHBIX  BBIKIIOUaTeieil  JIBYXTpaHCHOPMATOPHOU
noactanuuu (puc. 10.6a), muTaroneil CUHXPOHHYIO Harpy3Ky OT JBYX pa3HbIX
B3aUMOPE3ECPBUPYIOIINX UCTOUHUKOB niutanust U111, UI112.

ITepBoiit koMIuiekT AKI, TpegHa3HAYCHHBIM MJIs1 JACHCTBUS TpU TOTEpE
MUTaHUSl CEKLMHU, B 4acTHOCTH npu TpexdasHom K3 B memnsix paboyero MCTOYHUKA
nutaHus (Hanpumep, K/ Ha nunuum WI1), coaepKuT u3MepurenbHble (UIbTp-pese
HanpsbkeHuss KVZ] w  HanpaBieHuss aKTHMBHOM MowmHocth KWZI npsMon
noclyieoBaTeNbHOCTU U yriaa KOZI casura (a3 Mexay HANpsHKEHUSIMH TPsIMOM
nocyieaoBaTeNnbHOCTH Ha cekuusax muH 1IC. B HOpMallbHOM pekume HamnpshKeHUE
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HOMUHAJILHOE, CIIBUT M0 (ha3ze OTCYTCTBYET, a MOIIHOCTh HAMpaBjieHa OT UCTOYHUKA
MUTAaHUA K Harpyske.

SA1.1 KM.1 KL1
+1 T C KL2.1 -1
SA1.2
T ¢ KL1.1
— | N

KQct 4 KL2
v o KL1.2
[ ﬂL—o—jLL

SA1.3 KL2.2
T C
* 2+— P e jﬁ » BkrovyeHue Q1

SA1.4 KL2.3
+ 3+_I ¢ jf/

Puc. 10.56. ABP anexrpoasuraresneit Hacoco (LeMH ONEPATUBHOTO TOKA)

BkrroyeHue Q2

\ 4

[Ipu ykazanHom TtpexdazHoM K3  wiM OTKIIOYEHUHM BBIKIIOYATENS Ha
MEPENAIOIIEM KOHIIE JIMHUN HAIPSKEHUE CHUKAETCS WJIM MCYE3aeT, U3MEHSIETCA Ha
MIPOTHBONOJIOKHOE HAIPABICHUE AaKTUBHOW MOIIHOCTH, BBIIABAEMON CHHXPOHHBIMU
anexktpoasuratensmu (Cl), mosipnsieTcs U yBenuuuBaeTcs yroia @ casura gpas Mexay
HampsDKEHWeM Ha  BBIBOJAX YMEHbBINAIOMIMX 4YacToTy Bpamenus M1 (T.e.
HaIpsDKEHUEM PEe3epBUPYEMOM CEKIMHM) U HANPSXKEHUEM pPEe3epBUPYIOUIEH CEKIIMA:
¢bunbTp-penie  KOZI MOJAKIIOYEHbl K M3MEPUTENbHBIM TpaHchopmaTopam
Hanpspkenust  7VI, TV2 pa3nbix cexuuid. CpabaTbiBatoT QuibTp-pene KVZI wnu
KOZI, wiu o6a (noruueckuit snemeHnt DW1) u KWZI (normueckuii anement DX1), u
yepe3 Jorudeckuii anemeHT DW2 dopmupyeTcs yhopasisioniee padoduuM U
pe3epBHBIM BhIKIIIOUaTENIIMU Bo3aericTBue ABP.
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Puc. 10.6a. Cxema noocmanyuu onss BABP

[Ipu tpexdaznom mwu aByxdaznom K3 Ha oTxoasmiel oT ceKUuu MKUH JTUHUU
(K2), npu xotopsix ABP He TpeOyeTcs, He cpabaTbiBaeT ¢punbtp-pene KWZI1; CJ
NOTpeOIISIIOT aKTUBHYIO MOIIHOCTh, U BABP He neiicTByer.

OpnHako 1o yKa3aHHOW IPUYMHE OHO HE 3aIlyCKAETCS M MPU HECUMMETPUYHBIX
K3 B nensix ucrounuka nutanus (K1), npu koropbix ABP neoOxonumo. [Ipu stom
BCTYNaeT B JIEWCTBHE BTOPOW KOMIUIEKT MYCKOBBIX pene AK2: ¢unbrp-pene KVZ2
HaIpspKeHUs: 00paTHOW mociieoBaTeNbHOCTH U KAZI peakTUBHBIX MOIIHOCTU WM
TOKa TPSIMON TOCJIEIOBATEIBLHOCTH (Jorndeckuii anemeHT DX2). Jletictue KVZ2
OUYeBUJIHO, a GuIbTp-pene KAZI cpabaTbiBaeT BCIEICTBUE BO3PACTAHUS B HECKOJIBKO
pa3 renepupyemoro CJI peakTUBHOIO TOKa.

PaccMoTpenHblli MycKOBOM opran wu3nuiiHe cpabarbiBaer npu K3 B
ANIEKTPUYECKOM ceTu pabouero ucrtoyHuka (Hampumep, K3), korma ABP He
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Tpedyetcs. Kak ykaswiBasnioch, pene KWZI1 oTka3piBaeT Ipu HECUMMETpHUHBIX K3,
npu kotopsix ABP HeoOxonumo.

AK1 4
Om TA1
g P<0
Om TV1
&
KWZzZ1 |
| Dx1
U1 <
[
KVvZ1
| 1 ] 1
Om
TV2 o> —
DwW1 DW?2
7 KozZ1
Ha omkin.
Q1u
AK2 ekn. Q3
U2 >
) &
KVvZ2
| DX2
Ip >
Oljl TV3 KAZ1

Puc. 10.66. Dynkyuonanvruas cxema bABP
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IToaTomy B Mukpomnpoueccopiom bABP nmyckoBOl M3MEPUTENBHBII OPraH COCTOUT
U3 HANpaBJIE€HHOTO W3MEPUTEIBLHOTO (UIbTp-pene conpoTuBieHuss KZZI u
MUHUMAIBHOTO QUIbTp-peie Toka KAZI npsMoi  MocCiieI0BaTENbHOCTH (puc.
10.7), DOAKIIOYEHHBIX K HU3MEPUTEIbHBIM TpaHcpopMaTOpaM  HaNpsKEHUS
pesepBupyemoit cexuuu, Harpumep 7V1, u toka TAI (cMm. puc. 10.6,a). @unbtp-pene
KZZ1 yetko cpabateiBaeT npu godom K3 B nensix ucrounuka nutanus (K1) u He
cpabatbiBaeT npu K3 Ha NTUHUAX, OTXOALIUMX OT pe3epBUpyemMoit cekiuu muH (K2),
IIOCKOJIbKY ~ HANpaBJI€HHE MOLIHOCTHM HIpPSIMOM  IOCIEAOBATEIbHOCTH  (perne
HaIPaBJICHHOE) COXPaHSAETCsl TAKUM K€, KaK U1 B HOPMAJIbHOM peXUME.

N 714
‘E KZZ1
- — | [{POCH1 OCHIIM1 71 <
o {0
N 1
— { Dw
= ocrmn| | i J
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—>
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™
= 3 KVYZ2.1 k. Q1
e — U1 > >
S
—>

Puc. 10.7. ®yHkunoHanbpHas cxeMa MUKPOIIPOLECCOPHOTO ycTpoiictBa bABP

OunbTp-pene KAZI 3anyckaer BABP (sorudeckuii anement DW) npu notepe
MATAHUSA, HApUMEP BCIEACTBUE OTKIIOYEHHMS BBIKIIOYATENS IMEPEIaroliero KOHIa
paboueit uauu W1. Onnako duibtp-pene KZZ1 ve ornuyaetr K3 B cetn pabouero
ucroynuka (K1) or K3 nHa nuraromeit nmuauu (K3): w3numnee aeiicteue bABP nHe
ycTpansercs. [loatoMy npemycmaTpuBaeTcs MakKCUMaIbHOE U3MEPUTEIBHOE (DUIIBTP-
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pene HampspkeHuss KVZ2.1, noaxmtodeHHoe K TpaHchopmaTopy HampsbkeHus 113
pabouero Tpanchopmaropa (cM. puc. 10.6,a), koTopoe nocie otkiodeHus K3 B cetu
M BOCCTAaHOBJICHMSI HANpsDKEHHs pabouero HCTOYHUKA JUKBUAMPYET U3JUIIHEE
nericteue bABP, Bxitouast pabounii M OTKIII0Uast pe3EPBHBIN BBHIKIIIOYATEIH.

Ha cxeme (puc. 10.7) mokazaHo u MaxkcuMmaibHoe Gunbtp-pene KVZI.I
HaMpsDKEHUST TPSIMOM  MOCJEI0BATENIbHOCTH, MOJKIIOUYEHHOE K HW3MEPUTEIbHOMY
Tpancopmaropy Hamnpsbkenust 1V2 pesepBupytomiei cexkuuu (cM. puc. 10.6,a),
KOHTPOJUPYIOIIEe Haluyue Ha Hell HampspKeHUsT W TMO3TOMY JICHCTBYIOIIEE C
U3MEpPUTEIIBHBIM ~ OpraHoM  4epe3 aseMeHT DX jorudeckor 4vactu JIY9
aBTOMAaTHUYECKOT0 YCTPOUCTBA.

MuKponpoueccopHblii MyCKOBOW OpraH MpPaKTUYECKH OE€3bIHEPIIMOHEH: Ha
dbopMHpOBaHUE OPTOTOHANBHBIX COCTABIAIOIIMX MEXKIYy(Pa3HbIX HAMPSKEHUN
(uudpossie popmupoBarenu — LIOOCH) u pasnocteit dazubix TokoB (LHDPOCT)
3aTpayrBaeTcs OAMH-IBa MHTEepBajia [ HMX AUCKPETU3ALMH aHAJIOTO-IU(POBBIM
npeoOpa3oBaTesneM, a Ha (OPMUPOBAHHE M3 HUX OPTOTOHAJIBHBIX COCTABISIOLIUX
Hanpspkenuit (OCHIIIL) u ToxoB (OCTIIII) mpsamoil mnocneqoBaTeNbHOCTH U HA
JEHUCTBUE U3MEPUTENBHBIX pPelie — JUIIb BHIYUCIUTEIbHOE BPEMsI MUKPOIIPOIIEccOopa,
yKJaJblBaoIleecss B OJWH HMHTEpBall AucKpeTu3anuu. [Ipu OBICTpOAEHCTBYIOMIUX
BaKyyMHBIX BBIKJIIOYATENIIX MHKpoIpolieccopHbie ycrpoiictBa BABP 3nauntensHo
s PekTrBHEE ero aHAJIOTOBBIX MPOTOTHUIIOB.

MukponponeccopHsie  yctpoiictBa ABP BXogiT B COCTaB HECKOJIBKHX,
pa3pabOTaHHBIX B TMOCIEIHEE BpeMs, MHOTOQYHKIMOHAIbHBIX HHTETPUPOBAHHBIX
MPOrpaMMHBIX YCTPONCTB NPOTUBOABAPUNHON aBTOMATHUKH.

Tpeoosanua k omuemy: B ordyeTe mo pabore NOKHA OBITH M300pakeHa C
coomoaenueM TtpeboBanuii ECKJl cxema ABP, 3amanHas mnpemnopaBateneM st
CaMOCTOSITEILHOTO M3ydeHHs. [0 yCMOTpeHHIO CTyAeHTa MOXKET OBITh MPHUBEICH
KpaTKUi KOHCIIEKT, B KOTOpPOM TOsicHseTcs pabora cxema. [Ipu cmade 3adera
HEOOXOJUMO YMETh JaBaTh IOSICHEHMs IO CYIIECTBY BBIMOJHEHHOTO 3aJaHus, a
TaKKe ToKa3aTh 3HAHUE TIpeAMETa B 00BEME MPOTPAMMBI.

KOHmPOJleble eonpocuol:

1. Tlouemy e6xnOueHue pe3epeHO20  UCMOYHUKA OOJIHCHO HPOUCXOOUMDb
MOJIbKO NOCIe OMKIIOYeHUs paboye2o?

2. C kakou yenvio NPUMEHAIOMCS NYCKOo8ble 0peaHvl 8 ycmpoticmeax ABP
U 8 KaKUX Cyyasx He mpebyemcs ux yCmaHoexka?

3. CpasHume pasznuunvle 8apuarnmsl 8bINOJIHEHUS NYCKOBBIX OP2AHOB.
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4. B kakux cayuasx ocywjecmeisiemcs ycKopeHue Oeticmeus 3aujumaol nocje
ABP u nouemy?

5. Yem obecneuusaemcs oO0Hokpamuocmv  Oeticmeusi cxemvl  ABP
mpancgopmamopa?

6. Ilo kakum ¢hopmynam eviouparomes ycmaexu ABP?

7. Kax pabomaem cxema ABP npu paznuunvix 6udax nospexcoeHuu u
HEHOPMANbHBIX PeAcUMax?
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COJIEPYKAHUE

[Ipenucnosue

Beenenue

[lepeyeHb TeM MPAKTUUIECKUX 3aHATUI

Kputepuu nocTmkeHus pe3yabTaToB 00ydeHHs 10 OJIOKY
MPAKTHYECKUX TUCIUTUTHH

Omnpenenenre A0MyCTUMOM BETMYMHBI U ITUTEILHOCTH
CHUCTeMaTHYECKOU Meperpy3Ku Tpanchopmaropa

Pacuer TOKOpacmpezeneHuss Npu TapaienbHON padoTe
TPeXOOMOTOYHBIX TpaHC(POPMATOPOB Ha JBYX OOMOTKax IpH
paboTe TpeTbeld OOMOTKH Ha BBIICICHHYIO HATPY3KY

Harpes cunoBoro TpancopmaTtopa mpu HOpMaIbHOH paboTe
Harpes cunoBoro TpancopmaTopa B pexnUMe KOPOTKOTO 3aMBIKaHHUs
Pacyer ypaBHUTENBHON MOIIHOCTH M 3arpy3KH MpH MapayjielbHOMI
pabote TpaHCcHOPMATOPOB, OTIUYAIOIIMXCS HOMUHAIBHBIMU
napaMeTpamu

Pacder moteps MOITHOCTH ¥ SHEPTUU B TPEXOOMOTOYHOM
TpaHchopmarope

OreHKa YCTOMYMBOCTH y371a HATPY3KH MPHU TIOTEPE CBSI3U C CHCTEMOM
HEOTPAaHUYCHHOW MOIIIHOCTH

OreHKa BO3MOXKHOCTH TIEpephIBa MUTAHUS Ha MIMHAX HATPY3KH IO
YCTIOBHSIM CaMO3aITyCKa 3JIEKTPOIBUTATEIIS

Pacuer camo3amycka 3JeKTpOaBUTATEISI

H3y4eHne cxeM yCTpOCTB aBTOMATHKH BBOJA pe3epBa
bubnuorpaduyeckuii ciucok
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CocTaBuTelIb:

KoznoB Anexkcanap HukonaeBu4,
ooyenm Kagheopwl snepeemuru Aml'Y, kano. mexu. Hayx;

OCHOBBI IKCILTyaTALMU YJIEKTPOOOOPYA0BAHMS.
Memoouueckue ykasanus K npakmu4eckum 3aHAmusiM.

N3natensctBo AMI'Y. @opmat 60x84/16. Y. neu. 1. 5,69. 3aka3 636.
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