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B yuyebHOM nocobumu npuBeaeHbl obLiue CBEAEHUSI O HA3HAYEHUM,
YCTPOWCTBE U HOPMUPYEMBLIX NapameTpax TpaHcdopmartopos ¢ BB, us-
noXKeHa MeToAMKa pacyeTa MX napaMeTpoB, BHELUHUX U IHEPrEeTUYECKMX
XapakTEPUCTMK Ha PEerynupoBOYHbIX OTMamkax, u 0DOCHOBaHus Bbibopa
otnaek MNBB.

Onsa crygeHToB, O00y4alwLMXCA MO HaMpaBneHWAM MNOATOTOBKU
13.03.02 - «3neKkTpoaHepreTuka u aNeKTpoTexHuKay (Npodusb NOAroToBKK
«CucTemMbl 9neKTPOCHaABXEHMA TOPOAOB, MPOMbILLNIEHHBLIX MPEANPUATUR,
CENbCKOTo X03ANCTBA, U UX OBBLEKTOBY).
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BBEOEHWE

B anexrprucckux cetsax Poccmiickott deacpanmu HACHUTHIBACTCS
6omnee 800 Teicau cunoBbix TpaHchopmaropos 6-10/0,4 kB, koTopeie sB-
JSIFOTCS. BAKHBIMH 3JICMEHTAMH CUCTEM 3JICKTPOCHAOKEHUS TIOTPSOUTECH.

OnHoit n3 HAMOONEE CIOKHBIX 33a4, BOZHHKAIOIIUX B MPOLECCE HX
SKCIUTYaTalHH, SBILIETCS O0CCIICUCHHE HOPMHUPYEMBIX 3HAYCHHI BTOPHY-
HBIX HanpspkeHud. s 310 nenu tpancdopMaTopsl CHAOKAOTCS YVCTPOH-
crBaMu niepeknoucHus 0e3 o0y xacaus ([1bB), mpuHiun ASHCTBUIX KO-
TOPEIX OCHOBAaH HAa W3MCHCHHH Ko3dduuueHta TpaHcHOpMALUH ITyTEM
HM3MCHCHHUS KOTHYECCTBA BUTKOB B 00MOTKaxX. [IpH mepermoueHmIX oTmack
I1BB u3meHSIOTCS MOIHOCTh TpaHC(opMaTopa, COMPOTUBICHUS OOMOTOK,
MOTEPU XOJIOCTOTO XOA3, ONTUMANBHBIC KO3DHULNCHTH 3arpy3KU U APYTHE
MapaMeTpPhl, BIUAIOIMINEC HA BCITHUYHUHY BBIXOAHOTO HAMPSXKCHHS, MOTEPH U
KITJ, B TOo BpeMs Kak YKa3blBacMbIE 3aBOAAMH-H3TOTOBUTEIAMH HOPMH-
PYEMBIC MApaMETPBl OTHOCSITCS TOIBKO K TaK HA3BIBACMOMY «HYICBOMY)»
TOJIO’KEHHUIO OTIACK.

PacueTs! pa3muuHBIX XapakTepPUCTUK TPAHC(HOPMATOPOB OCHOBAHBI HA
HCHOJIb30BAHHUN CXEM HX 3aMCIICHUS, YTOUHCHUE NApaMETPOB KOTOPBIX IPH
pasmraHEIX nonokeHuAX ormack [1bB saBngercs BaskHOM 3a1aucil.

[ToMumo COOCTBEHHBIX HapaMeTpoB TPaHCHOPMATOPOB HA HX Xa-
PAKTCPUCTUKU BIMACT TNEPBUYHOC HANPSDKCHHE, AOMYCTHMEIC IPEACTbI
HM3MEHEHHUS KOTOPOTO COTNIAacHO AcicTByromeMy B HacTosmee Bpems ['OCT
32144-2013 cocraBnstor £10%.

Bropuunoe nanpsukenue u KI1J Tpancdopmaropos 3aBUCAT OT UX
HATPY3KH, KOTOPas MOYKET U3MECHATHCS B ITHPOKHX MPEACTax, U KXKIOMY €€
3HAUCHHUIO COOTBCTCTBYCT OMpeAciacHHO¢ monoxeHue ortmack [IbB, mpu
KOTOPOM JOCTHUTAKOTCSl HAMTYYIIHE PE3yIbTATHL.

VY4uTHIBAsA BAXKHOCTh 3THUX BOIPOCOB MPH MOATOTOBKE CHCLUATUCTOB
no nHampasiacHuo 13.03.02 - «DneKkTposHEPreTHKa U BICKTPOTCXHHKA»
(mpo¢une moaroToBku - «CHCTEMBI BNEKTPOCHAOMKEHHS TOPOJOB, MPO-
MBILIICHHBIX MPEANPUITHH, CEIBCKOTO XO3HCTBA U HX 0OBEKTOBY) B MPO-
rpaMMy Kypca «JNEKTPUUCCKUE MAIIMHBDY BKIIOUCHA KypcoBas padora,
LENBI0 KOTOPOTO SIBIIETCA VINIYONEHHOE HM3YUCHHE METONOB pacviera Ia-
PaMETPOB U XapaKTCPUCTHUK CUIOBHIX TpaHchopmaTtopos ¢ [16B.



LIENb M 3ALAYM KYPCOBOW PABOTbI

Llenvio kypcogoli padomul ABIACTCS CHCTEMATH3ALMS U YITYOICHHC
3HAHUH N0 JUCLIMIUTHHE «DNCKTPUYCCKHE MAIIHUHBD), MONTYUCHHC HABBIKOB
HX HCIONB30BAHUS NPU PCLICHUH MPAKTHUCCKUX 33424 MO 3KCILTyaTalil
tpancdopmaropos ¢ [1BB, 1 moaroToBka K BHIMOIHCHHIO COOTBETCTBYIO-
IIUX PAa3ACI0B BHITYCKHON KBATH(UKALMOHHOH padOTHL.

OcHoeHble 3a0a4u KVPCOGoi pabomol.

. ITorydeHne HaBBIKOB HCIIONB30BAHHSI HAYIHO-TEXHHUYECKOH, HOpP-
MATHBHOH, CIIPABOYHOM JHUTEPATYPhI, U APYTHX HH(OPMALMOHHBIX pecyp-
COB IIPU PELICHUH NPAKTHUCCKUX 3a1a4.

. [TonyuycHne HaBBIKOB ONPEICNICHHUS MAPAMETPOB TPAHCHOPMATOPOB
Ha otnaiikax [1bB mo nacriopTHEIM aHHBIM.

. [TonyycHne HABBIKOB pacdeTa BHCIIHHMX WM 3HCPrETHUYCCKHX Xapak-
TEpUCTHK TpaHchopmaTopos Ha otnaikax [16B.

. [Tonyuenne HaBbIKOB 0O0CHOBaHHOTO BhIOOpa otnack [1BB B coot-
BETCTBHU C PEKHUMaMH pabOThI ANEKTPUICCKUX CETCH.

. [TonyuycHne HaBBIKOB OQOPMICHHS PACUYCTHO-TOSCHUTEIBHOU 3a-
MUCKH U rpadrieckoi yactu B coorsercTBuu ¢ Tpebosanusmu ECK/L.

. [TonyuyeHne HABBIKOB 3AIMUTHI BHIOPAHHEIX PCIICHHM.

COCTAB, COOEPXAHUE U NMPABUNA OPOPMITEHNA
KYPCOBOW PABOTbI

Cocmae xypcoeoti  pabompl, PaCUCTHO-TIOSICHUTSIBHAS —3aIKCKA
oosemom 30 - 35 crpanumi neuarHoro Tekcra popmara A4 u 1 guct rpa-
¢uueckoii yactu popmara Al.

Cooepoicarue pacuemino-nosICHUMeNbHON 3aNUCKIU.

. TumynpHoti mucm (npunoxenne 1).

. Jadanue (MPUIOKEHUE 2).

. Annomauua (e Oonee 1 cTpaHuIipl) NpeACTaBIsSCT COOOH KpPaTKOS
H3TI0KCHUE OCHOBHOTO COACPKAHMS KYPCOBOU pabOThI.

. Beeoenue. Kparko 000CHOBBIBACTCS AKTYAIBHOCTD MPOOICMBI, TIPH-

BOJSITCS 1IC/Ib M OCHOBHBIC 334U KypCcoBOU paboTel. OOBEM BBEACHUS HE
JTOJI’KCH MPEBBIIIATE 2 CTPAHULL,



. Ilepeuiii paszden COACPIKUT MACTIOPTHBIE JAHHBIC TpaHChOpPMATOpa B
COOTBETCTBHH C 3amaHueM, kparkoe omucanue [IbB, pacuer mapamerpos
CXEMBI 3aMCIICHHS Ha OCHOBHBIX OTHalkax. PexomeHmyemblii o0beM co-
crasmset 4-5 cTpaHmL.

. Bo emopom pasdene naetcs pacueT napaMeTpos TpaHchopMaropa Ha
otmaikax [1bB mpu ycnoeusx, nmpuBeeHHBIX B 3aAaHAN. PekoMeHAyeMBIH
o0wem cocrasisiet 8-10 crpanmir,

. B _mpemver pasdese NpUBOIATCS METOIMKA M PE3YIBTATHl pacyucTa
BHEIIHUX W JHCPreTHUYCCKHUX XapaKTepUCTHK. PexomeHayemsbiii o6beM co-
crasmsger 10-12 crpanmm.

. Yemeepmoiii_pazoesi SBASCTCS 3aKTIOUUTEIBHEIM H CONCPIKUT 000C-
HoBaHue BeIOOpa oTnack [16B mpu 3amanHelx yemoeusax. PexoMeHayembrit
00BbEM COCTABIACT 2-3 CTPAHMIIBL.

. B saxnovenuu (ae Gonaece | cTpaHHIBI) TPUBOASTCS OCHOBHBIC PE-
3yJBTATHL, TIOJYICHHBIC B XO/I¢ BHIMIOJTHCHHUS KYPCOBOH PabOTHI.
. B cnucke ucnonvsosannoii _numepamypsbi TPUBOAITCS PECKBHU3UTHI

kHHT, crarel, karagoros, INTERNET - pecypcos, U Apyriux HCTOYHHMKOB,
KOTOPBIC UCTIONTB30BAUCH MPH BRIOTHEHUH PaOOTHL.

. B codepoicanuu npuBOALTCS HANMECHOBAHUS PA3ICIOB U MIOAPA3ACIOB
€ YKa3aHWEM UX HyMEpalliy U CTPAHHII.

Cooeporcanue mcma 2paduyeckoii Yachi.

. Cxema saMeineHus TpanchopMaTopa U €¢ mapamMeTphl Ha OTHAMKax
I1BB.
. BHelHue ¥ 3HEPreTHUCCKHUE XAPAKTCPUCTHKH Tpanchopmaropa Ha

BBIOpPAaHHBIX OTIHAHKaX.

Ipaesuna oopmnenus Kypcogoii pabomol

PacueTHo-moscHuTEIbHAS 3amucka U rpaduueckas 4acTb 0QopMILI-
IOTCSl B COOTBETCTBHH ¢ TpeboBaHusamMu | ocyaapcrBeHHoro cranaapra PO
ot 1.07.1996 r. «kExunas cucrema KOHCTPYKTOPCKOH aokymeHTauuu. O0-
mue TpeOOBAHUA K TCKCTOBBIM JOKYMEHTAM).

TekcT pacyeTHO-TIOSCHUTCIBHOW 3alMCKH HCOOXOAWMO H3IaraTh
TEXHUYECKH TPAMOTHBIM SI3BIKOM, B JIOTHHIECKOH TOCIEI0BATEIBHOCTH, JE-
Jasg 1o XOAy PacueTOB KPAaTKHE HEOOXOMUMBIC MOSCHEHUS, COOM0Aas ¢au-
HYIO TEPMHHOJIOTHIO W OJHO3HAYHBIC 0003HAUCHHS OJHHUX M TEX JKE Mapa-
MeTpoB. He cneayer npuMeHATs 000POTHI Pa3roOBOPHOM PEUH, MPOU3BOIIb-



HBIC CJIOBOOOPA30BAHMUS, COKPAILCHHUS CJIOB, KPOME YCTAHOBJICHHBIX IMpa-
BHIaMu opdorpadun, a TaAKKE Pa3THIHBIC MATCMATHUSCKUE 3HAKH BMECTO
C0B (HApPUMEP, «-» BMECTO «MHHYCY», «=» BMECTO «paBHO»). CChIIKH Ha
JUTCPATYPY YKA3BIBAIOTCH B KBAJPATHBIX CKOOKaX.

Kaxpas crpanuna texcta Hymepyercs apabckumu mmubpamMu, mpo-
CTaBMACMBIMH BHH3Y TIO0 ULeHTpY cTpanunel. CoxepikaHuwe pacder-
HO-TIOSICHUTCIIBHOW 3aITUCKH pa30HBacTCd HA Pasfcibl M MOAPA3ACIBL, KO-
TOPHIC JOJKHBI IMETh HANMCHOBAHUS B IOPSIKOBYIO HyMepanuio. Kaxxaprit
W3 OCHOBHBIX Pa3AcioB HAYMHACTCS C HOBOH CTPaHHLIBL.

B dopmynax cneayeT NPUMEHATh YCTAaHOBICHHBIC CTAHAAPTAMH
o0o3HavycHUs. EQuHULIBI U3MEpeHHS JOKHBI COOTBETCTBOBATh MEKIYHA-
poanoii cucreme CH. Pacmmdposka Bxoasammx B GOPMYIEl CHMBOIOB U
k03 PUIIMCHTOB (€CTM OHH HE PacITU(POBAHBI PAHEEC B TEKCTE) AACTCS
HenocpeAcTBeHHO nox (opmynon. Dopmynsl HyMmepyroTcs apabcKuMu
nudpaMu B KPYTIIbIX CKOOKaxX Mpeaenax pa3acia, KOTOPbIE IPOCTABIAIOTCS
crmpasa Ha ypoBHE popmynel. Hymepaumst cocTout U3 pa3aeneHHBIX TOUYKOH
HOMEPa paziena u nopsakosoro Homepa popmynsl. Cebliku Ha GOPMYIIBL B
TEKCTE JAKOTCS B KPYTIIBIX CKOOKAX.

Jlucr rpaduueckoil YaCTH COMPOBOXKIACTCS OCHOBHOH HAJMHCHIO
(pucyHok. B.1), B KOTOpOU YKa3BIBAKOTCS:

1. HanmvenoBanue aucTa.

2. Oo6osznauenne gokymenta (KP - kypcosas paGora; Homep 3a-
YCTHON KHIKKH, HOMED JIUCTA).

3. HaunmenoBanue nokymeHra (Kypcosas paboTa).

4, Jlurepa (yueOnas - Y).

5. Macca (eciu umeeTcs)

6. Maciurad.

7. IopsiaxoBeIil HOMEp JTUCTA.

8. O01ee KOIUUSCTBO JUCTOB.

9. HaunmeHoBaHue NPSANPHUSTHS, BBIMYCKAKOIICTO JAOKYMCHT
(manvenosanue BY3a u kadeaper).

10.  JMomKHOCTE MHMA, TTOAMUCABIICTO JOKYMCHT.

11. damumnsa muna, TOAMUCABIICTO JOKYMCHT.

12. Tloamucs.

13.  Jlara.






METOANYECKME YKASAHUS MO BbINONMHEHUIO KYPCOBOW
PABOTDI

Masa 1. O6wue ceBegeHns o TpaHchopmaTopax ¢ 6B
1.1.  YCTPOWCTBO N HOPMUPYEMbIE NAPaMETPbl CUIOBbLIX
TpaHchopmaropos 6 - 10/0,4 kB

Cunoseie Tpanchopmaropel 6 - 10/0,4 kB ucmonas3yrorcs B 37CK-
TPUYECKHUX CETAX A4 mpeodpazoBaHus Beicokoro Hampspxenms 10 kB, Ha
KOTOPOM 3ICKTPOIHEPTUsl MEPEAACTCS HA OTHOCUTCIBHO OONBIIHE pac-
crostHU 10 ceTsM 6 - 1 0 kB, B Hanpskenune 0,4 kB, npu kotopom ocye-
CTBJSICTCS €€ PACHPEC/ICHHE HEMOCPESACTBEHHO moTpedurensm. OTiuun-
TEIBHOH UX OCOOCHHOCTBIO SIBILICTCS 0053aTCIBHOC HANMYKE BBIBCACHHOMN
HEHTpaH (HYICBOTO MMPOBOAA), YTO HEOOXOAUMO [T TUTAHUS OAHO(DAZHBIX
MOTpeOUTENCH.

B anexrprmucckux cetsax Poccmiickott deaepanmu HACIUTHIBACTCS
6omnee 800 Teicau cunoBbix TpaHchopmaropos 6-10/0,4 kB, koTopeie sB-
JSIFOTCS. BAKHBIMH 3JICMECHTAMH CUCTEM 3JICKTPOCHAOKEHUS TIOTPSOUTECH.

Onxno#i u3 HamOONES CIOKHBIX 337a4, BO3HHUKAMOIIUX B MPOLECCEe
SKCIUTyaTalyy TpaHcopMaTopoB, MBIACTCA OOCCICUCHHE AOCTATOYHOM
CTaOUIBHOCTH BTOPUYHOTO HANPSDKCHHS, OTKIOHCHHS KOTOPOTO OT HOMH-
HanbHOTO 3Ha4yeHus cornacHo ['OCT 32144-2013 «Onextpudeckas SHep-
rug. COBMECTHMOCTh TEXHHUYECKHX CPCIACTB JICKTPOMATHUTHAS» HE
JOKHB! nipeBrimath +10%

Paznuyaror nBa OCHOBHBIX €HOCO0a PETYJHPOBAHUS HAIPSKCHHUS
Tparchopmaropos: nepekmoucHue 0¢3 Bo30ykacHus (I1IbB) u peryaupo-
Banue mox Harpy3koi (PITH). Ob6a cocoGa cBs3aHbl ¢ H3MCHEHHEM KO3 (-
¢unmeHTa TpaHcopMaHK NYTEM MEPEKITIOUCHHS BEIBOJAOB OOMOTOK.

Tpancopmamopwr ¢ IIHB, npuvensemeie B ceTsax 6 - 10/0,4 kB,
HMCIOT M0 MHATh OTBETBICHUHA B MEPBHYHBIX OOMOTKAX, OJHO M3 KOTOPBIX
COOTBETCTBYET HOMHHAJIBHOMY HANPSDKCHUIO, M HA3BIBACTCS «HYJICBBIMY,
JPYTHE - HANPSDKCHHSM, OTIHYAIOIIAMCS OT HOMHHAIBPHOTO 3HAYCHHUS Ha
+2.5% u +£5%. OTBeTBICHUS PAa3MEINAIOT C TAKUM PACUYCTOM, YTOOBI JCH-
CTBHEC DICKTPOAMHAMHYCCKHX CHJ HA OTKIIOYACMBIC BHUTKH OBLIO MHHH-
ManbHBIM. 715 MepeKIIOUeHUH HCIOIb3YIOTCS CICHUANBHBIC MEPEKII0Ua-
e I1BB pasanuHBIX THITOB, KOTOPBIE IPUBOAATCA B ACHCTBHE BPYIHYIO.

Ha puc. 1.1 nokazano ycrpoiicteo nepexmouaresst [1bB Gapaban-
Horo trna. KoHTakTHas cucteMa COCTOMT M3 HEMOABIDKHBIX KOHTAKTOB -
MOJIBIX TOKOBEAVINUX CTCpPKHEH 3 (Al - Ag Ha PUCYHKE), KOTOPBIC COEIH-






Huarpamma nepexaodenuii [IbB nana B Tabmunge 1.1.

Ta6mmuua 1.1 - {uarpamma nepexaroucHuii [ I6B

Mapw1 Han0aBka HanpsiKeHust

BBIBOJIOB -5% -2,5% 0 +2,5% +5%

A, -A, X - - - -

As-A, - X - - -

Ag-As - - X - -

As-Ag - - - X -

A6-A1 - - - - X

3aBOABI-U3rOTOBUTCIN BBIIYCKAIOT TPaHC(HOPMATOPEl PA3TUUHBIX
THIOB, KOTOPBIC OTIMYAIOTCS KINMATHICCKHM HCIOTHECHHEM, CIIOcoOaMu
OXJTXKACHHS, U JPYTHMH NPU3HAKAMH.

B cootserereum ¢ 'OCT P 52719-2007 « TpanchopMaTopsl CHIOBBIE.
OO0mpe TEXHHYECKUE YCIOBHS) MPEANPUATHIMHU-U3TOTOBUTCISIMHA YKA3bI-
BAIOTCS CICAYIOIIUE JAHHbIC TPAHC(HOPMATOPOB, MO KOTOPBIM MOXKHO OII-
PeACINUTh MApPaMETPBl CXEM X 3aMEIICHHUS.

. HoMuuanapHas MOIMHOCTh, HOMHUHAJIBHBIC BBICIICC M HH3IICC
HanpspKkeHust Tpanchopmaropa.

. Toxk I*guom (%6 0T HOMUHANTBHOTO) U TIOTEPH AP 10y X0OIOCTOTO
X072 Ha OCHOBHOM OTBCTBIICHHH.

. Homunanmsabie motepu APy oy ¥ HAMPSDKEHUE KOPOTKOTO 3a-
MBIKQHHUS U, 110 HA OCHOBHOM OTBCTBIICHUH.

IlpeneapHBIC OTKIOHCHHUS 3THUX MMAPAMETPOB OT HOPMHUPOBAHHBIX
3HAYCHUH HE JOJKHBI PEBHIIIATH!

. i ko3 dunmenTa Tpancdopmarmu = 0,5%;

. JUTSL HATIPSKCHUST KOPOTKOTO 3amMbIkaHus + 10%;
. JUTS IOTEPBh KOPOTKOTO 3ambikanus + 10%;

. JUTSE IOTEPB X0J0¢TOTO X043 +15%;

. JUT CyMMapHbIX otepb +15%;

. JUIs TOKa Xoaoctoro xoga + 30%.

OTCYTCTBI/IC HUKHCTO MPCACTIBbHOTO OTKIIOHCHHA AJId TOKA XOJIOCTOrO
X04a U MOTCPb O3HAYACT, YTO €TI0 3HAYCHUC HC OTPAHUYICHO.
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1.2.  OnpegeneHve napameTpoB CXeMbl 3aMeLLeHNst Ha OCHOBHbIX
oTnavikax npyv HOMWHaNbLHOM NEePBUYHOM HaNPSKEHUN

JUta mpoBeeHNA PAa3NUYIHBIX PACUETOB IO HOPMHUPYEMBIM MapaMeT-
paM ommpcACIAOT COMPOTHUBJICHUA, BXOAAIMNUC B CXCMY 3aMCHICHUA TPAaHC-
dhopmaropos (puc. 1.2.).

L I 1 —_
I, r',=r+r1', x' . =x,+x,

& i
Pucynok 1.2 - I'-o6paznas cxema 3aMeIneHus Tpaschopmaropa

Honnoe conpomuenenue xopomxoeo samvixanus TpaacopmaTopa Ha
OCHOBHOM OTBECTBJICHUH ONPEACIACTCA PACUCTHBIM IyTEM 10 fopMmye:

el

zZ = uK‘HOMUHOM (11)

" 100S,,,,,
TAC  Ugmom - HOMHHAJIBHOC HAMPSKCHUEC KOPOTKOTO 3aMBIKAHHS HA OC-
HOBHOM OTBETBIACHUH, %0, Uon U Syow - HOMUHAIBHOS HAMPSDKCHHE W HO-
MHHAJIbHASL MOIHOCTH TpaHchopMaropa.

Axmuenas u UHOYKMUBHAA COCMABIAIOUIE NOJIHOZO CONPOMUBTIEHU
OTPESACISIOTCS IO hopMy.Iam:

2

AP u;
r = I\"..II:M LA ; l -2
R=TTgr (1.2)
X, = Z;': _ l‘:f = Ul.ll)ll-l Uy siom _ API\‘.HO\I . (13)
SHOM 100 Suom
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Hns pacyera COMPOTHBICHUIN BETBH HAMATHUYHMBAHHA HEOOXOIHMO
MPCABAPUTCIBHO HAUTH HOMUHAALHBIN MOK MPAHCPHOPMAMOpd U MOK X0-
JIOCH020 X00d B IMCHOBAHHBIX CAHHHULIAX

llHo‘l — SIII}M, N (ll4)

ﬁU 1w A

_ l*"lll}bl I

Orem 100 1HoM * (1 '3)
Hoxmoe, AaAKmiueHoe, u uHOmeueyoe CONpomueieHusl 6emeu Hamdae-
Huvduedrus OpCaAciiaroTCA 1o (bopMynaM:

AP 1 2
z,= UIHD.\I Lory = w Xg=AZ; -1y . (1.6)

ll'l.nn\l 3]:-

0. Howm

IToMuMo 3TOTO OTIPEACAACTCS YCTAHOBUBINUICS TOK CUMMETPHIHOTO
Tpex(Ha3HOrO KOPOTKOTO 3aAMBIKAHHUSL

1y = i (1.7)

1K.HOM
NEE Z,

Cornacao I'OCT 11677-85 tpexdaszHbic ABYXOOMOTOUYHBIC TPaHC-
(dhopMaToprl ¢ BHIBEACHHOH HEHTPanbId MOTYT UMETh CXCMBI COCAWHCHUS
oomoTok Y/Y, (3Be3aa - 3Be3ga ¢ HydeMm), A/Y,y (TpeyroapHUK - 3Be31a ¢
Hysiem), u Y/Zy (38€37a - 3Uraar ¢ HyJIeM), | TPYIIIbI COSAUHEHUST 00MOTOK 0
u 11. Beioael HeHTpamy JOKHBI BHIOHPATHCS HA TPOJODKUTCIBHYIO Ha-
IPY3KY TOKOM, PaBHBEIM (B % OT HOMHHAJIBHOTO TOKA):

. Ipu cxeMe coeanHeHus1 00MOTOK Y/Y - 25%;

. mpu cxeme coeanHeHus: 0OMOToK A/ Yo v Y/Zy - 75% .

Hopmupyemsbie mapaMeTprl TpaHCGOPMATOPOB MPHBOAATCS B Kara-
Jorax W cupasouHo# mureparype [19, 20, 28,32]. B cranmaprax nim Tex-
HUYCCKUX YCIOBUAX HA KOHKPETHBIC TPVIIBI M THIBI TPaHCHOPMATOPOB
JOITYCKACTCS YCTAHABIUBATE AOIOTHUTCIBHBIC TAPAMETPHI.

Cornacno 'OCT 3 52119-2007 (Tpancdopmaropst cunoseie. O6mmue
TCXHUYCCKUE VCIIOBHS) 3TH NACMOPTHBIC JAHHBIC COOTBETCTBVIOT «HYJIC-
BoMy» oTBeTBIeHNIO [ IbB 1 HOMHHATEHOMY ITEPBHYHOMY HAaIIPsDKEHHUIO.
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Mpumep 1.1. Tparchopmarop TM-160 10/0,4 kB co cxemol coeuHECHHUST 0OMOTOK
Y/Y o IMECT CICAYIOIAC JAHHEIC: S, = 160 KBA; Uyyen = 10 KB;

UZHOM = 094 KB> I*0H0M° = 294%> APO.HOM = 0951 KBT; APK.]—[OM = 2965 KBT; Uy nom =
4,5%. Tpebyercst ONMPEe/MTh IMAPAMETPHI CXEMBI 3aMCIICHHS IIPH «HYJICBOM
noJoxeHNH otnaek [16B n HoMHHATLHOM NIEPBHYHOM HANPSLKCHHH.

. OmnpenemsieM HOMHHATBHBIH K03 uimeHT Tpanchopmarmu:
k = UIHDM = 10 =25
HoM UZHcm 0’4
) [NTomHOE COMPOTHBICHNUE KOPOTKOTO 3AMBIKAHUS, IIPUBEICHHOC K BHICOKOMY

HanpsoxeHmro ((opmyaa 1.1):

. 45%10% *10°
T = ——————
100*160* 10
o AKTHBHA M HHAYKTHBHAS COCTABJLIIOLINC IIOJHOTO CONPOTHBICHUA KO-
poTKoTO 3aMbIkaHus ((opmymst 1.2, 1.3):

=28,1250m.

_2,65%10° * 10* *10°
160* * 10°
X' = /28,1257 — 10,352 = 26,125 O,

= 10,352 Oum:

I's

. HomuHamsHBIH TOK TpaHC(HOPMATOPA U TOK XOJIOCTOTO X042 B HMEHOBAHHBIX
€MHUIAX Ha CTOPOHE NMEPBUYHOTO HanpspxeHu (Gpopmy st 1.4, 1.5):

160 2.4
— " _9238A. I, . —=-9238=0,222A.
180Mm
J3*10 100

Oiow

. IlonHOE, aKTHBHOE, M HHAYKTHBHOE CONPOTHBICHHA BETBH HAMATHHYHBAHUA
HA CTOPOHE MEPBUYHOTO HAMPLKECHUS ((hopmysl 1.6):

10+ 10° 51*10°
74 = = 45045 Ont: 1y = 2L Y 5440 O
0,222 3%0,222°

Xp = V450457 - 34497 = 44913 Ou.

. YCTaHOBUBIIHMICS TOK KOPOTKOTO 3aMbIKaHus ((opmyna 1.7):
10000
I =—=2053 A
1K.HOM J} % 28,125
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maea 2. PacyeT napameTpoB TpaHCHOpMaTopos
Ha oTnawnkax NBB
2.1. TlapameTpbl TpaHChopMaTopoB Ha oTnankax MNBB
NPV HOMUHAINBHOM MEPBUYHOM HAMPSKEHUN

ITpn nepexmouernsax ornack I16B n3MeHAI0TCA KOMTHIECTBO BUTKOB
B 0OMOTKax H ko3¢ HUUHCHT TpaHcopMali, B pe3yIbTaTe Yero U3MEHs-
IOTCSl COTIPOTHBICHUS OOMOTOK, MOTEPU XOJOCTOTO XOJ3, ONTHMAIBHBIC
k03 QULMCHTEI 3arpy3Kd U APYTHEC MapaMeTphl, BIUAIOIINEC HA BEIHYHHY
BBIXOAHOTO HampsokeHusd, notepu u KIIJI. Yrounenne mx B pacuerax sB-
JEeTCA BAKHBIM BOTIPOCOM.

dakruueckuil k03¢ duUIHMEHT TpaHCHOPMALUU € VICTOM MEPEKIIO-
YCHUU IPUHUMACT 3HAUCHHE!

=k, (1£AK), 2.1)

k =

HM

UIHO/

rae Usiow- k03 prireHT TpaHchopMaLK IPU YCTAHOBKE
OTIIACK B HYJCBOE MOJOXKEHHUE, +AK - OTHOCHTENBHOE H3MEHEHHE KO3(-
¢unmeHTa TpaHcopMaK Ha PEryIHUPOBOYHBIX OTHMAHKAX.

Hanpsacenue Ha 6b1800ax 6MOPUYHbIX 0DMOMOK 6 pedicume XO0Jo0-
CMmoeo x00a W3MEHSeTC] mpsaMo mpornopuuonanbio Uy, U ¢ yueToM BO3-
MOKHOTO M3MEHCHUS U3MCHICTCS OOPATHO MPOMOPLHMOHAIBHO KOG DHIH-
CHTY Tpanc(OpMAaLUH U BEIYHUCIICTCS 1o hopMyIIe:

U 1
Uzo@ =l - Ussonon s (2.2)
kg il iAki

Hna aHannza W3MEHCHHS APYTHUX HapaMeTpoB TpaHchopmaTopa
BOCIIOJIB3YEMCSI M3BECTHBIM W3 TEOPHH MICKTPHUCCKHX MAIIHWH BBIPAXKE-
HHEM:

U, =4,44W f BQ . (2.3)

U3 KOTOPOIr0 BUAHO, UTO IPU HCU3MCHHBIX S3HAYUCHUAX TaCTOThL fl U CCUCHUA
crepskast Q. MpH OMPEACICHHBIX 3HAYCHHUIX MEPBHYHOrO HampspxeHus U
TOXIECTBEHHO cobmomactes yenosue: W1B = const, mosTomy yBemueHue
KOJTHUICCTBA BUTKOB W MMPUBOANT K YMCHBIICHHIO MATHUTHON HHAYKINU B,
a yMmeHbIneHHe Wy - K €€ YBEJIHICHHIO.
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Tox xonocmoeco xo0a WM3MCHSCTCS TNPOMOPLIMOHAIBHO KBAAPATY
MArHUTHOTO MOTOKA, [MO3TOMY HU3MCHCHUS UHIYKIUH MPH MCPEKIIOUCHUIX
otnack [1bB mpuBoAAT K HI3MECHEHHUIO TOKA XOJOCTOTO X042 B KBaIPATHTHOM
3aBrcUMOCTH. C YUETOM TOTO, YTO:

qu) = Wiow £ AW, = AW, (1 £ Ak)

daxTugeckuii TOK xoxoctoro xoaa lo.g u3Mensercs o cpaBHEHHIO C o yom B
COOTBCTCTBHU C 3aBUCHMOCTBIO!

[¥]

1

lll.d) = m Il'l.llnM ' (24)

Conpomugnenuss 6emeu HAMASHUYUSAHIS], TIPU KOTOPBIX BBITIONH-
ercs (2.4) onpeaensrores o hopmynam:

rﬂ.@ = (1 * Ak)2 T uom Xﬂ.@ = (1 == Ak)lelmm > zﬂ.@ = (1 * Ak)2 Z ), om - (25)
Homepu xonocmoeo xo0a ¢ yaeroMm (2.4) u 2.5) cocTaBnsmor:

; 1 Y, )
API).(]) = 3(IU.¢).r0.¢ = 3(@] | (l x Ak) Lynom =

1
3 AP HOM
(1taky "

(2.6)

NameHeHne koauyecTBa BUTKOB B IEPBHYHBIX 0OMOTKAX MPHUBOIUT K
M3MCHCHHUIO MX AKTHBHBIX U HHIYKTHUBHBIX COMPOTHUBICHUH, a U3MCHCHUC
koadduiueHTa TpaHchopMaLMK - K U3MCHCHHIO MTPUBEACHHBIX 3HAMCHUI
COTIPOTHUBICHUN BTOPUYHBIX OOMOTOK.

Ilpueedennvie 3HaueHUs CONPOMUBTEHUT KOPOMKO20 30MbIKAHUS
paccuuThIBalOTCS MO hopMynam:

o= non 143 Ak + L ak? ;X = X nom 142 Ak L a2 |
' 2 2 ' 2 2

Z' 0= Z o (li%Ak+%Ak1J. (2.7
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Bripaxenue B ckoOKax MpeaCTaBiseT co00H ko3(duumeHT, Xapax-
TCPU3VIOINUH H3MCHECHHE NPUBCICHHBIX COMPOTHBICHUH KOPOTKOTO 3a-
MBIKaHHUS HA PEryIHpPOBOYHbIX oTnaikax. [Ipu yeenmuennn xosgdunpeHTa
TpaHcHopMaIUH Iy U X' g YBEIHIUBAIOTCS, IIPU YMECHBIICHUN - YMEHbD-
marorcs. [lpu HeGompnx W3MEHEHHSIX KoddduuueHTa TpaHchopMaLH
seamunHaa Ak” Maja Mo CPaBHEHHIO ¢ APYTHMH COCTABJISIOLIUAME.

Hanpsoicenue xopomrxoco samuikanust (Ugpon) MPEACTABIICT cOOOH
OTHOCHTEIIFHOE 3HAUCHHUC HAMPSKCHHUS, KOTOPOE HEOOXOANMO MPHIOKHTD K
MEPBUYHON OOMOTKE, YTOOBI MOIYYUTh HOMHHAIBHEIC TOKH B OOMOTKAX.

[Tockoneky mapameTpsl TpaHchOpMaTOpa MPUBOIATCI K CTOPOHE
MEPBUYHOTO HAMPSUKCHHUS, HCU3MCHHBIM OCTACTCS HOMHHATIBHOC 3HAUCHHC
mpuBeACHHOTO TOKA. Ijuon = I'anewm = const, a (aKTHUCCKOS HANPSIKCHHCS
KOPOTKOTO 3aMBIKAHUSI M3MCHICTCS MO CPABHCHHIO C HOMHHAIIBHBIM 3HA-
YCHHEM MPOMOPLIHOHATBHO COMPOTHBICHHUIO KOPOTKOTO 3aMBIKAHUSL:

ZI

I .
U= li%Ak + %Akz —LHom KM ] ()% =
Tim ) (28)

K. 1nM

= 1J_r§m«+1m«1 u
2 2

Ilomepu kopomkozo 3amvikaHus ONPEASTAIOTC TPU HOMHHAIBHOM
MEPBUYHOM TOKE, U U3MCHSAIOTCS NMPH U3MCHECHUH KO3(HLMCHTA TpaHC-
(dhopMaLK MPONIOPLHOHATBEHO COMPOTUBICHUIO KOPOTKOTO 3aMBIKAHHSL:

APKC}):sI:I-,uuur‘Nuuu 1i§Ak+lAkz =
(2.9)
31,
=AP1\‘“n\| 1+ —Ak +—-Ak
' 2 2

VYeenmmuenue kodddunuenta TpancopManui OpUBOIUT K BO3pac-
TAHHIO HAMTPSKCHUS U TOTEPh KOPOTKOT'O 3aMBIKAHUS MPHU TEX KE 3HAUCHUSIX
npuiokeHHoro HanpspkeHus U; ¥ Toka B mepBUUHBIX oOMoTkax. Ero
YMCHBIICHUE MPUBOAUT K oOparHomy 3ddexry. Oanako mpu I; = Iiyonm
(hakTHUeCKOE 3HAUYCHHE BTOPUYHOIO TOKA BCICACTBHC H3MCHCHHSA KO-
¢urmreHTa TpaHcHopMAaIHK OTIHIACTCS OT HOMUHATIBHOTO!
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L+ AR =1 (2.10)

1Hom *
T.€. IpU yBeauueHUH ko3 dunmeHra TpanchopmMaiy HOMHUHATBHBIN TOK B
MEPBUYHON OOMOTKE VCTAHABIUBACTCS MPH MCHBIIEM BTOPHYHOM TOKE, a
MPH YMCHBIICHNH - IPU OOBIIEM. .

Tox xopomk020 3aMbIKaHUA HA PA3IUYHBIX OTHANKAX PABCH:

— Uluom _ Uluom _
1k.d — . 2 - =
V3 el +xl, «/_*(li%Ak+%Aszz'mw

1

I

@1

1K.HOM

liéAk+lAk2
2 2

N3 31X ypaBHEHHI BUAHO, YTO YBEIMYCHUE KO3(HLIUCHTA TPaHC-
(dhopMaLK PUBOIUT K YMCHBIICHHUIO TOKA KOPOTKOTO 3aMBIKAHHUS, & €TO
VMCHBIICHHUE - K BO3PACTAHHIO.

3naucHus K03(Q(PHUIHCHTOB NPOMOPLIHOHATBEHOCTH HM3MCHCHHS Ia-
pameTpos TpanchopmaTopos ¢ I1bBB ams kpaliHux MOI0KEeHUH OTHACK TPH
HOMUHAITEHOM NICPBHYHOM HANPSKCHUH MPHUBCACHEI B Tadmune 2.1.

Tabuua 2.1 - KosdduimeHTsl MpornopuoHaIbHOCTH H3MCHEHUS HOMU-
HAJIBHBIX NTAPaMETPOB TpaHcopmMaTopos

Koappumment Ak
MTPONOPIHOHATIBHOCTH +5% 0 -5%
1+ Ak 1,05 1.0 0,95
! 0,9524 1.0 1.0526
1+ Ak
(1 AK) 1,1025 1.0 0,9025
1
— 0,907 1.0 1,108
(1z Ak}
I,
li%Ak + Bk 1.0763 1.0 0,9263
1
[1 + % Ak + % Akz] 0,9292 1,0 1.0796
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Mpumep 2.1. Ompenenurs mapamerpsl TpaHc(opmaropa, ITACHOPTHHIC
JAHHBIC KOTOPOTO AaHbI B mpuMepe 1.1, Ha ormatikax [1BB +5% npu HOMHHATBHOM
TICPBUYHOM HATPSHKCHHH.

. Daxruueckuii ko3 uuueHT TpaHchopmannu (Gopmyma 2.1):
K .s00y = 25(1 +0,05) = 26,25 :
K _swiy = 25(1+0,05)= 23,75 .

. HanpspkeHre HA BBIBOJAX BTOPUYHBIX OOMOTOK B PEKHME XOJOCTOTO XOJa
(popmyma 2.2):

1
Ungipzon) = 400 = 38095 B:
2006590 (1 4 0,085) ’
1

Uzn(_su/,‘) = m-‘ﬂﬂ =421,05 B_;

. Tok x0710CTOrO X014 Ha oTmatkax (popmyma 2.4):
2
Ty(os00, = 1 _ 24 160 _0.201A:
; 1+0,05) 100 J3+10
1 Y 24, 160
Il][—':”/n) = LY = 0,246 A
§ 1-0,05) 100 /3 *10
J ConpoTHBICHAS BSTBH HAMATHHIUBAHUA ((PopMy Il 2.5):

Tyesny = (1+ 0,05) * 3449 = 3802,5 Ont:
Xoasoe) = (L +0,05) ¥ 44913 = 49516,6 On:
Zyeamey = (1 +0,05)F * 45045 = 19662,1 Ox:

Toson = (1= 0,05) * 3449 = 3112,7 Onr:
Xo(_sepy = (1— 0,05) * 44913 = 40534,0 Ox:
To_somy = (1= 0,08 * 45045 = 406531 Ox:

. IMoTepu xomocToro xoaa (popmyna 2.6):
0,51
AP s04 =7 = 0,463 KBT.
DT (14 0,08)
0,51

APU[—S%) = m = 0,565 kBT.
’

D
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. IIpuBeeHHBIC K MEPBUYHOMY HAMPSIKCHHIO 3HAYCHHA COMPOTUBICHUH KO-

POTKOTO 3aMbIKaHUA ((PopMy s 2.7):

r sty = 10,352(1 + %0,05 + %o,oszJ =11,154 Om;

X' a9 = 26,125(1 + %0,05 + %0,051 = 28,15 Om:

2 rsviy = 28,125(1 +30,054+ %0,052] =30,3 Om:

[

I svey = 10,352(1 - %0,05 + %0,051 =9,6010M:

X prosng = 26,128 1— g0,0:S+ l0,0:32 = 24,231 0M.
K(-5%) 2

I~

Z' o sviy = 23,125[1 - %0,05 + %0,051 = 26,09 Om:

. Hanpsxerne kopoTkoro 3ambIkaHus (popmymna 2.8):

W sv) = 4,5(1 + %0,05 + %0,051 = 4,85%:

U, Camay = 4,5(1 - %o,ns + %0,052} = 4,17 %,

. [MoTepu xopoTKOTO 3amMBbIKaHUSA (Popmyma 2.9):

AP, (.50, = 2,65% 10-‘(1 + %0,05 + %0,05’} = 2,86 KBT:

3 1.,
AP, oy = 2,65% 103(1 -5 008+ 50,05-] = 2,46 KBT.

. YCTaHOBHBIIMICS TOK KOPOTKOTO 3aMbIKaHus ((hopmymna 2.11):

205,3 =195 A:

lllc(+5%): 3 1
1+ 005+  005°
2 2

1

]m(+5%) = 3 1
1- 20,05+ = A005°
2 2

205,3=221.3 A,

Pesyaprarsl pacueToB CBOIUM B TAOIHITY 2.2.
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Tadaumna 2.2 - [Tapamerps! TpanchopMaTopa MPH HOMHHATGHOM IIEPBHYHOM Ha-

MPsLKEHUH HA oTmakkax I16B

Ilm A

HaumeHnoBanmne napamerpa Ak

pamerp 5% 0 5%
Hanpspxenue xonocroro xoaa Usg, B 380,95 400 421,05
Toxk xog0cToro xoaa, Ijg, A 0,201 0,222 0,246
AKTHBHAS COCTABIIAIOMAS COMPOTHBIICHHSA 3802.5 3449 31127
BCTBH HAMATHUYHUBAHHSA Ty, OM
[PeakTuBHAS COCTABILIOIASN COMMPOTUBICHUS 19516.6 44913 40534.0
BCTBH HAMATHUYHBAHHA X9, OM
[ToTHOC COMMPOTHBIICHAC BETBH HAMATHHIH- 49662.1 45045 40653.1
BaHHSA Zg, OM
TToTepu xomocroro xoaa APy, KBT 0,463 0,51 0,565
AKTHBHAS COCTaBJI}IIOH.[a,}I CONPOTHBJICHHUS 11,154 10,352 9.601
KOPOTKOTO 3aMBIKAHHA I, OM
[PecakTuBHAS COCTaBJI}IIOH.’[a}I CONPOTHBJICHHUS 28.15 26.125 24231
KOPOTKOTO 3aMBIKAHHA X1, OM
HOJ‘IHOG’COHPOTI/IBHGHI/IG KOPOTKOTO 3aMBI- 303 28.125 26.09
KaHusA 2’ ., OM
HanpspxkeHHe KOPOTKOTO 3aAMBIKAHHA U,., Y0 4.85 4.5 417
TToTrepu KOpoTKOro 3aMbikanust AP, kBT 2.86 2,65 2,46
Y CTAaHOBUBIIHICS TOK KOPOTKOTO 3aMBIKAHHS 190.5 2053 213

2.2. MapameTpbl TpaHchopmaTopoB Ha oTnankax NbB
NPy HEU3MEHHOM MarHUTHOM NOTOKE

N3 Beipakenus (2.3) cnexyer, YTO NMPH HEHM3MCHHBIX 3HAUCHHAX
yactotsl f; U ceueHns cTepkHs Q. MHAYKUM U MATHHUTHBEINA MTOTOK TPH H3-
MEHCHHUAX MEPBUYHOTO HANPSDKCHHS OCTAOTCS HEU3MEHHBIMH, €CIIH IPO-
MOPLMOHATBHO HAPSLKCHUIO H3MEHSICTCS KOJTMICSCTBO BUTKOB B ICPBUYHOMN

O6MOTKC, T.C. BBIIIOJIHACTCA YCJIOBHUC!

U _ U_l LT : v, =const ,
Wl wlmm (I £ Ak) leoM (I £ Ak)
vs =Y
rae Usonc OTHOCHUTCJIPHOC 3HAUCHUC IICPBUYHOI0 HATIPSKCHUS.
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U
Lnon = const
IMockonpky Tuonr , koa(hduuuent Ttpanchopmanmn
HEOOXOJUMO H3MCHSTh B COOTBETCTBHH C 3aBUCHMOCTBIO!

+*
v, =1; 1xAk=U*, (2.12)
(1+AK)
VUHUTHIBAS KOTOPYIO HOJYYacM CIECAVIOINME 3HAUCHHUA MapaMeTpoB TpaHC-
dbopmaropa ¢ I1bB npu HEM3MEHHOM MATHUTHOM MOTOKE.
Hanpsscenue Ha 6b1600ax 8mMOpuuHviX 0OMOMOK 8 PeHCUME XOI0-
CMO20 X00a OCTASTCS HCU3MCHHBIM

U Upew, Ur 1Ak
Ky Ky 1EAK 1:AK ™M

HOM

U =U

20H0M - (2 13)

Homepu xonocmozo xo0a (MOTEPU B CTAW) NPH HEU3MEHHOM Mar-
HHUTHOM ITOTOKE TAKKE OCTAIOTCSI HeM3MEHHBIMH: AP 4 = APy o0

Conpomuenenus 6emeu HAMACHUYUGAHUSA, KAK W B MIPSABLAYIICM
CIy4ac, 3aBHCAT OT KOIHYECCTBA BUTKOB B MEPBUYHBIX OOMOTKAX M OmIpe-
aeasroTes mo gopmyaam (2.5).

Tox xonocmoeo x00a MPH HEN3MCHHOM MAarHUTHOM TOTOKE 3aBHUCHT
OT NIEPBUYHOTO HAPSKEHU, OTIPEAEIIIEMOTO BEIpaykeHHeM 2. 12, i momHOoTO
COMPOTHBICHUS BETBU HamarHuuuBanus (2.5). B cooTBeTcTBUM ¢ 3THM:

U +
ll] = g _ (l _Ak) %~ loow #I (2[4)

? Zog (1 + Ak)2 Zjom (] x Ak) e

NameHeHne koau4uecTBa BUTKOB B IIEPBUYHEIX 0OMOTKAX MPUBOAUT K
HU3MCHCHUIO UX AKTUBHBIX U WHAYKTHBHEIX CONPOTHBICHHH, & U3MCHCHHC
koadduiueHTa TpaHchopMaLMK - K U3MCHCHHIO MTPUBEACHHBIX 3HAMCHUI
COTIPOTHUBICHUN BTOPUYHBIX OOMOTOK.

Ilpueeodenuvie conpomuenenis KOPOMKO2O 3aMbIKAHUSA HE 3aBUCIT OT
MEPBUYHOTO HANPSLKCHUS U PACCUUTHIBAOTCA IO opmynam 2.7.

Hanpsocenue xopomrozo samvixanus He 3aBucut ot Uy, u3amMeHsIeTCS
IO CPAaBHCHUIO ¢ HOMHUHAIBHBIM 3HAYCHHUEM MPONOPIHOHAIBHO COMPOTHB-
JICHHUIO KOPOTKOTO 3aMBIKAHWS, U OTIpeAeasieTCs 1o opmyiie 2.8.

Tlomepu rxopomkozo 3amvikanusg ONPSASIIFOTCS MPU HOMHHATBHOM
MEPBUYHOM TOKE, HE 3aBUCAT OoT HampspkeHHS Uj, UBMEHSIOTCA NPH H3Me-
HeHuH ko3(ddunueHTa TpanchopManuy NPOMOPLMOHATIBHO CONPOTHUBIIC-
HUIO KOPOTKOTO 3aMBIKAHHS, U PACCYUTHIBAIOTCS 1O opmy.e 2.9.

21



Tox rxopomroeo 3amvikaHus HA PA3NAYHBIX OTMAWKAX 3aBUCHT OT
nepBUYHOTO HampsukeHust (2.12) u CONMPOTUBIICHUS KOPOTKOTO 3aMBIKAHUS
(2.7). B COOTBETCTBUU C STUM:

1+ Ak

ll\:c]Jz 3 1
(li Ak + Akz]
2 2

I I (2.13)

1. HOM *

HOpumep 2.2, OmpemenuTs mapaMeTpsl TPaHCHOPMATOpPa, MACTIOPTHHIC
JAaHHBIC KOTOPOro Jawbl B puMepe 1.1, Ha ormaiikax I16B +5% npu ycnoBuu He-
HM3MEHHOCTH MAaTHHTHOTO ITOTOKA.

. Daxruueckuii ko3 uuucHT TpaHchopmannu (Gopmyma 2.1):

K (psmy = 25(1+ 0,05) = 26,25 .
K(_sos, = 25(1+0,05)= 23,75

. HanpsskeHne Ha BRIBOAAX BTOPHYHBIX 0OMOTOK B PEKHME XOJIOCTOTO X014 B
COOTBCTCTBHH C 2.13 oCcTacTCI HCH3MCHHBIM:

Uzo{+s%) = Usgpom = U20(—s%) =400B.

b HOTepI/I XO0J0CTOTO X04a OCTAKOTCI HCHU3MCHHBIMH |
APy cony = AP = AP _gay, = 0,51 (BT

. CompoTHBICHH BETBH HAMATHUYHUBAHHUS ((OpMynsl 2.5) ompencncHBl B

nmpeasiaymeM mpumepe 2.1:
Tocesve) = IB02,5 061 Xpizayy = 49516,6 Ol 74, 504y =49062,1 O,

1'0[_5%) = 3112,? OM: XU[_::»/“) = 40534,0 OM; z[i(—:'!"/n) = 40653,1 OML

. Tok x070CTOrO X014 Ha oTmaikax (popmyna 2.14):
1 1
Lyrgoa =| ————= 0,222 =0,211 A, 1, g0y, =| ———[0,222=0,234 A
0{+5%%) [1 " 0’05] > + 0{+5%%) [1 _ 0,05} ’ ’
. IlpuBeacHHBIE K MEPBHYHOMY HANPSDKCHUEO COMPOTHBICHHA KOPOTKOTO

3ambIkaHuA (opMy sl 2.7): onpeneieHbI B peablayneM mpumepe 2.1:
Urangy = TLISEOND X a0 = 2805000 27 (4 q0q, = 30,3 Onr;

I"K(_S%) = 9,601 O}'['.. x’h.{_sn/“): 2-'-,231 O\I: z’h.(_sn/o): 26,0() O,\{.

. Hanpsprkerns kopoTroro 3aMbIkasus (popmyra 2.8) onpenencHs! B IPEIbl-

aymeM mpumepe 2.1:
U, aney = B85% U sen, =417 %,
( } ( )
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. IMoTepu xopoTKOTO 3aMBIKAHKA ((hopMyaa 2.9) ONPEACTICHEI B PSR IICM
mpumepe 2.1:
AP, oy = 2,86 BT, AP, 0, = 2,46 kBT

. YCTaHOBHBIIMICS TOK KOPOTKOTO 3aMbIKaHus ((hopmymna 2.15):

1+003 205,3 = 200,1 A:

]1K(+5%) = 3 1
1+ 20,05+ =0,05%
2 2

1-0,05

| ( 205,3=2103 A.

1- 3 0,05+ ! A0S
2 2

Pesyaprarst pacueToB CBOIUM B TAOmHITy 2.3.

Taomma 2.3 - [Tapamerps! TpaHc(hopMaTopa MPH HEH3MCHHOM MATHHTHOM MOTOKC
Ha otmaiikax [16B

HanMmenopanne mapamMerTpa Ak
pamerp +5% 0 5%
Hanpspxkenue xonocroro xoaa Usg, B 400 400 400
Toxk xog0cToro xo0aa, Ijg, A 0,211 0,222 0,234
AKTHBHAS COCTABIIIOMAS COMPOTHBIICHHSA 3802.5 3449 31127

BCTBH HAMATHHUYIHBAHHA Ty, OMm

[PecakTHBHAA COCTABIAFOIIAS COMMPOTHBICHUA

49516,6 44913 405340
BETBH HAMATHUYUBAHHUS Xg, OM

[ToHOC CONMPOTHBJIICHUC BETBH HAMATHU'IH -

49662,1 45045 40653,1
BaHUA Zg, OM

TTorepu xomocroro xoaa APy, KBT 0,51 0,51 0,51

AKTHBHAS COCTABJIIONIAS COMNMPOTHBJICHUA

. 11,154 10,352 9,601
KOPOTKOTO 3aMBIKAHHA T, OM
PecakTuBHAS COCTaBJI}IIOH.’[a}I COTIPOTHBJICHHASA 28.15 26.125 24231
KOPOTKOTO 3aMBIKAHHA X, OM
HOJ‘IHOG,COHPOTI/IBJ'IGHI/IG KOPOTKOTO 3aMBI- 303 28.125 26.09
Kauusa z° ., OM
HanpspxkeHHe KOPOTKOTO 3aMBIKAHHA U, Yo 4.85 4.5 4,17
TToTepu KOpoTKOro 3aMbikanus AP, KBT 2.86 2,65 2,46
}ICTiHOBI/IBI.HI/II/IC}I TOK KOPOTKOTO 3aMBIKaHHs| 0.1 2053 2103

1xc9
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2.3. MapameTpbl TpaHchopmaTopos Ha oTnankax NBB npu
N3MEHEHUAX NEPBUYHOIO HAMNPSXKEHNA U MAarHUTHOrO NOTOKa

B ycrnoBuax peanpHOM 3KCIUIyaTallid NEPBHYHOC HANPSDKCHUE HE
OCTAETCS MOCTOSHHBIM, & PETYIHPOBAHUE, CTPOrO 0OCCICUNBAIOIICE HECU3-
MEHHOCTb MAarHUTHOTO MOTOKA, KaK MPABUIIO, HEBO3MOXHO. DTO CBA3aHO C
TEM, UTO OTKJIOHCHHS HANPSLKCHHUS HE BCEIA COOTBCTCTBYIOT IIATY H3ME-
HeHus ko3 dunmeHTa TpascGopManyi JaKe NPH OTKIOHSHHSAX B Ipeaeiax
+5%, xoTopric OBIIM YCTAHOBICHBI KAaK HOPMAIBHO JONMYCTUMBIC PaHEe
aerictBoBaBmum ['OCT 13109-97. CoriacHo k€ ACHCTBYIOIIEMY B Ha-
crosmee Bpems ['OCT 32144-2013 monycTuMble IpeAcabl H3MECHEHHS OT-
KIOHCHHH HanmpspkeHHs coctaBistoT +£10%, uTo He coriacyercsl ¢ MakcH-
ManbHBIMH TIpeacnamu u3MeHeHus ycrasok [1BB (+£5%). [lostomy BEIICP-
JKaTh TOYHO PACCMOTPEHHBIC 3aKOHOMEPHOCTH HA MPAKTHKE HEBO3MOXKHO.

Hanbonee xapakTepHBIMH SBISFOTCS CICAYIOIIHE CIyIau.

1. Ilepsuunoe HanpskeHHE MOBBIIIECHO, oTHakku I1BB ycraHosneHs! B
«HYJIEBOE) IMOJIOKEHHE.

2. Ilepsuunoe HampspkeHME NOHIKEHO, oTnaiiku [1bB ycTaHoBneHE B
«HYJIEBOE» IMOJIOKEHHE.

3. IlepBuuHOE HANPSIKEHUE MOBBIIICHO, OTIANKH YCTAHOBJICHHI B TIO-
noxenue -3%.

4. IlepsuuHoe HaNpsIKEHHUE TIOHIKEGHO, OTIANKH YCTAHOBIEHHI B TIO-

noxenue +£5%.

Hanpsacenue Ha 6b1600ax 6MOPUYHBIX ODMOMOK 6 pedicume XO0Jo-
CMO020 X00d 3aBUCHT KaK OT ICPBHYHOTO HANPSDKEHHS, Tak U 0T k03ddu-
LUCHTA TPAHC(HOPMALIUH U BEIYHCIICTCS 1Mo hopMyIIe:

*

- 1
UZU(]J - (1 + Ak)UZOHoM-‘
Conpomuenenus 6emsi HAMACHUYUEAHUS, HE 3ABUCIT OT MCPBUYHOTO
HAMPSKCHUS ¥ OTPSACSIOTCS 10 hopmyiam 2.5,
Tox xonocmo2o xo0d 3aBUCUT OT HCPBUITHOTO HAMPSKCHUS U MTOJTHOTO
COMPOTHBJICHHUS BETBU HAMArHUYHUBAHUS. B COOTBETCTBUU C STUM:

(2.16)

_i_ U*l x UIHOI\I _ U*l
" 2ey (12AKY Zgew (1:AK)

I (2.17)

I“III‘IM '
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Iomepu xonocmozo xooa 3aBucat ot TokKa lo 4 (bopmyna 2.17) n
AKTUBHOTO COMPOTHBIICHUS BSTBH Hamaruuuausanus (dopmyna 2.5):

U*,
(1+ AK)

U= Y
1

—— | AP
1+ Ak

APOJ‘) =3 lZl’J.Ho“ (l * Ak)2 Fo o — (2.18)

0.HoM

Ipueedennvie conpomueneHus KOPOMK020 3aMbIKAHUS HE 3aBUCHT OT
MEPBUYHOTO HANPSLKCHUS U PACCUUTHIBAIOTCA IO opMynam 2.7.

Hanpsoicenue kopomwoeo 3amvixanus He 3aBUCHT OT Uy, H3MCHACTCS
MO CPAaBHCHUIO ¢ HOMHUHAIBHBIM 3HAYCHUEM NPONOPLIHOHAIBHO COMPOTUB-
JICHHUIO KOPOTKOTO 3aMBIKAHUS, U OTIPSACIICTCS o hopmye 2.8.

Homepu rxopomxo2o 3aMulkaHus ONPEICIAIOTCS TP HOMHHAIBHOM
MEPBUYHOM TOKE, HE 3aBUCAT OT HampspkeHHS Uj, U3MEHSIOTCA NPH H3Me-
HeHnH ko3(ddunueHTa TpanchopManuy NPOMOPLMOHATIBHO CONPOTHUBIIC-
HUIO KOPOTKOTO 3aMBIKAHHS, U PACCUUTHIBAIOTCS 1O opmye 2.9.

Tox xopomxoeo 3ambiKaHUA HA PA3IMYHBIX OTMAHKAX 3aBHCHT OT
MEPBUYHOTO HANPSUKEHHS U COMPOTHBICHUS KOPOTKOTO 3amMbikanus (2.7). B
COOTBETCTBHH C 3THM:

I v

1n.d = 1 Tr.nm -

1J_r3Ak+—.Ak2
2 2

(2.19)

MOpumep 2.3. Ompemenuts mapaMeTpsl TPaHCHOPMATOpPa, MACTIOPTHHIC
JaHHBIC KOTOpPOTo AaHbl B puMepe 1.1, Ha ormatikax I16B 0 u +5% mpu oTKIOHE-
HUSIX HAIPSDKEHHS OT HOMHHAIIBHOTO 3HaYeHMA Ha +10% .

Pacuer mpu U*; = 1.1

3HauYCHUSA napaMeTpPOB, 3aBUCAIIAX TOJBKO OT IMOJOKCHHUA OTHACK, H HE 3a-
BHUCAIHUX OT MCPBUTHOTO HANPHOKCHUA, MIPUHUMACM U3 MMPCABLAY IMUX MPUMCPOB.

. KoapduumerTs Tpancopmarin Ha oTnaikax [16B:
K(osomy = 25(1+ 0,05) = 26,25 ¢ Kgoq, = 25 K(_su,, = 25(1— 0,05)=23,75 .
b COl'IpOTI/IBJ'IeHI/I}I BCTBH HAMATHUYHUBAHHU A

1‘0(_,_5%) = 3802;5 O.\fl; X0(+50/”) = 49516,6 O,\rl; Zo(_'_sn/n) = 49662,1 O,\rl;
ruwa/n) = 3449 Oh‘l: xi](l)“/n) = 44913 OB‘I; 20(00/“) = 45045 OB‘I;
1’0(_5%) = 3112,? OBI: XO(—S%) = 40534,0 Ol\l‘. ZO(_sn/n) = 40653,1 Ol\l‘.
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. ITpuBeacHHBIC K NEPBHYHOMY HAIPSUKCHUIO CONPOTUBJICHUA KOPOTKOTO
3aMBIKAHUSA:
U s = THLISHOMD X quy = 2805000 77, 504, = 30,3 O

' ovey = 10352 060 X' g0 = 2612500 Z°, 40y, = 28125 Ona:

I csny = 90601 OML X' Lsney = 24,231 On; 27 _z0qy = 26,09 O
. HanpsyxeHua KOPOTKOTO 3aMBbIKAHUA:

ll,‘,H_g%) = 4,85 0/;]. u W(+SWa) = 'I;S (}1]. u R{—E%) = 4,] 7 q/ﬂ.

. INoTepu KOPOTKOTO 3aMBIKAHHS.

API{{+5“/.) = 2;86 KBT.. APK(+SC/n) = 2,65 KBT.. APK(—S'/n) = 2,"6 kBT.

Ha[zaMe! PBL._3aBUCIATIHC OT NMCPBUTHOTO HATIPAKCHUA.

. Hanpspkenns Ha BBIBOAAX BTOPHYHBIX OOMOTOK B PEKHME XOJOCTOTO XOJa
(popmyna 2.16):
1,1 1,1

U20(+5%) = ﬁ-ﬂ]ﬁ =4190B: UZ(I((I%) = ﬁ_ﬂ){] =440B:
o ’
11
Uspesmey = m-ﬂ]ﬂ =463,2B

. Tok xoa0CcTOrO X014 Ha oTmaikax (popmyna 2.17):

lo(_'_sn/”) = ﬁo,zzz = 0,221 A.. IU(+5°/0) = %0,222 = 0,269 A'

L

IU[—S"/a) = %0,222 = 0,271 A

0,05)
. IMoTepu xonocToro xoxa (popmyma 2.18):

1,1
1+ 0,05

] * 0951 = 0956 KBT-. APU(U“/»] = [%] * 0151 = 0,61? KBT

A

AP D(+5%) — [

1,1
1-0,05

APg_suy = ( ] *0,51 = 0,684 kBt

. YCTaHOBHBIIMICS TOK KOPOTKOTO 3aMbIKaHU ((hopmymna 2.19):
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1.1 _ 1,1, _ -
2053 = 2098 A: Ly = - 205,3 =258 A,

lll\‘[+:-‘°/n) = 3
[1+ 0,05 + 0,052]
2 2

| 1.1 205,3= 2438 A.

1 —30,05+10,os2
2 2

Pesymprars! pacueTos cBoguM B Tadmmiy 2.4.

Taosmma 2.4 - TTapamerps! Tparchopmaropa Ha otnatikax [16B mpu NOBBIICHHOM
Ha 10% HanpsokeHUN

HaumeHnoBaHnmne napamerpa Ak
paverp 5% 0 5%
Hanpspxenue xosnocroro xoaa Usg, B 419.0 440 4632
Toxk xog0cToro xoaa, Ijg, A 0,221 0,269 0,271
AKTHBHAS COCTABIIAIOMAS COMPOTHBIICHHSA 3802.5 3449 31127

BCTBH HAMATHHYIHBAHHA Ty, OMm

[PecakTHBHAA COCTABIAIOMIAS CONMPOTHBICHUA

49516,6 44913 405340
BETBH HAMATHUYUBAHAS Xg, OM

[ToTHOC COMMPOTHBIICHAC BETBH HAMATHHIH- 49662.1 45045 40653.1
BaHHSA Zg, OM

TToTepu xomocroro xoaa APy, KBT 0,56 0,617 0,684

AKTHBHAS COCTABJIIONIAS COMMPOTHBJICHUA

. 11,154 10,352 9,601
KOPOTKOTO 3aMBIKAHHA I, OM
PeakTuBHAS COCTaBJI}IIOH.’[a}I COTIPOTHUBJICHHASA 28.15 26.125 24231
KOPOTKOTO 3aMBIKAHHA X1, OM
HOJ‘IHOG,COHPOTI/IBJ'IGHI/IG KOPOTKOTO 3aMBI- 303 28.125 26.09
KaHusA z2°,, OM
HanpspxkeHHe KOPOTKOTO 3aMBIKAHHA U, Y0 485 4.5 4,17
TloTepu KOpoTKOro 3aMbikanust AP, kBT 2,86 2,65 2,46
}ICTiHOBI/IBI.HI/II/IC}I TOK KOPOTKOTO 3aMBIKaHHs| 9.8 2258 238

1x9

Pacuer mpu U*;= 0.9

3HaUCHUSA napaMETpPoOB, 3aBUCAIINNAX TOJBKO OT MOJOKCHUA OTHACK, H HE 3a-
BHUCAIHUX OT MCPBUTHOTO HANIPOKCHUA, MIPUHUMACM U3 MPCABLAY IMUX MPHUMCPOB.

. KoapduumerTs Tpancopmarnm Ha oTnaikax [16B:
Kpasoy = 25(L+ 0,05) = 26,25 K gas) = 25 K(_gosy = 25(1- 0,05)= 23,75
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COHpOTI/IBJ'IeHI/I}I BCTBH HAMATHUYIHBAHU A
r0(+5n/oj = 3802;5 OI\'IL X0(+5%) = 49516,6 OI\'IL Zl]{+5°/n} = 4‘)662;1 OI\'IL

gy = SHIOM, X0y = M3 OM; 2y, = 45045 Om;
1‘0{_5%} = 3112,? Oh'i: XO{_SO/’“} = 4053-‘,0 Oh'i: 20(_50/.) = 40653,1 Oh‘i:

IlpuBeacHHBIE K MEPBHYHOMY HANPSDKCHUEO CONPOTHBICHHA KOPOTKOTO

3aMBIKAHHA:

U easnny = THLISHOMD N cuy = 28,1500 27 any = 30,3 O
r',‘.w%] = 10,352 O}[: X'h‘[o“/o] = 26,125 Ohll Z'R(O‘Vo): 28;125 OI\I'..

M cgny = 90601 Onil X' seey = 24,231 O 7' g0, = 26,09 0M,
HanpsokeHHs KOPOTKOTO 3aMBIKAHUA:
W, hs00y = BEIN0 Wpgic0py =3 %0 U g0 =417 %
IToTepn KOPOTKOTO 3aMBIKAHUA:

APK(_'_SC/‘.) = 2,86 KBT; APR{+5“/.) = 2;65 I{BT; APR(_sn/.) = 2;46 I{BT

Ha[!aMG! PBL. 3aBUCIATIHE OT ICPBUTHOTO HAPAKCHUA.

HanpspkeHns Ha BBIBOAAX BTOPHYHBIX OOMOTOK B PEKHME XOJOCTOTO XOJa

(popmyna 2.16):

0.9 0,9 _
UZD[-I—‘S”/!I) = 1 4 U 0!_‘ 400 = 342,8 B‘ Uzoioo/n] = ﬁ'".}(j = 360 B_
el bl
09
UZO(—S‘%] = m-ﬂ.}u = 378,9 B
Pyl

Tok xo0m0CTOrO X014 Ha oTmaiikax (popmyna 2.17):

.9 0.9
Yosom = 0,222 = 0,181 A: Ly, c0p, = —=0,222=0,2 A:
SO (140,058 ’ AT
9
l|)(—5"/n) = (Uﬁﬂ,zzz = 0322] A
1-0,05)

IMoTepu xomocToro xoxa (popmyma 2.18):

0.9
1+0,05

: 0.9
] *0,51= 0,375 KBT: AP g0, = [1

P

APy sy = ( —OJ *(,51 = 0,413 kBr;
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09 Y i
AP“{_;u/') =| —— - ® 0.,5] = 0,-‘:‘8 kBTt
| 1-0,05
. YCTaHOBHBIIMICS TOK KOPOTKOTO 3aMbIKaHus ((hopmymna 2.19):
0,9 0,9

Ticesvny = 3 ; 205,3=171,7 A: T q00 = ?205,3 =184,7 A;
1+ 20,05+ = 0,053
2 2

0,9

Im(—s%) = 3 1 N
1-—-0,05+=-0,05
2 2

205,3=1995 A,

Pesyaprarst pacueToB CBOIUM B TAOIHITY 2.5.

Taommma 2.5 - TTapamerps! Tparcopmaropa Ha ornatikax [16B mpu mOHWKCHHOM
Ha 10% HanpsokeHUn

HanMmenopanne mapamMerTpa Ak
pamerp +5% 0 5%
Hanpspxenue xonocroro xoaa Usg, B 3428 360 378.,9
Toxk xog0cToro xo0aa, Ijg, A 0,181 0,2 0,221
AKTHBHAS COCTABIIIOMAS COMPOTHBIICHHSA 3802.5 3449 31127

BCTBH HAMATHHUYIHBAHHA Ty, OMm

[PecakTHBHAA COCTABIFOIIAS COMMPOTHBICHUA

49516,6 44913 405340
BETBH HAMATHUYUBAHAS Xg, OM

[ToTHOC COMMPOTHBIICHAC BETBH HAMATHHIH- 49662.1 45045 40653.1
BaHHSA Zg, OM

TTorepu xomocroro xoaa APy, KBT 0,375 0,413 0,458

AKTHBHAS COCTABJIIONIAS COMNMPOTHBJICHUA

. 11,154 10,352 9,601
KOPOTKOTO 3aMBIKAHHA I, OM
PecakTuBHAS COCTaBJI}IIOH.’[a}I COTIPOTHBJICHHASA 28.15 26.125 24231
KOPOTKOTO 3aMBIKAHHA X1, OM
HOJ‘IHOG,COHPOTI/IBJ'IGHI/IG KOPOTKOTO 3aMBI- 303 28.125 26.09
KaHuA 2’ ., OM
HanpspxkeHHe KOPOTKOTO 3aAMBIKAHHA U,., Y0 4.85 4.5 4,17
TToTepu KOpoTKOro 3aMbikanus AP, KBT 2.86 2,65 2,46
FCT;HOBI/IBI.HI/II/IC}I TOK KOPOTKOTO 3aMBIKAHHA| |-, 7 1847 199.5

1xc9
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2.4. TpeobpasoBaHHasa Cxema 3amMeLLeHNs TpaHchopmMmaTopa
c BB

Namenenns napametpos tpanchopmaropa Ha otnaiikax [16B MoxuO
0TOOpa3uTh HA €T0 MPeoOpPa30BaAHHOM cxeMe 3ametneHus (puc. 2. 1), kortopas
OTIMYACTCS OT TPaAUUHOHHOH (puc. 1.2) xo3(dduIMEeHTaMH TPONOPIIHO-
HAIBHOCTH H3MCHCHHS HOMHHAJIBHBIX 3HAUYCHHH COMPOTHBICHUH BETBH
HAMAarHUYMBAHUS U CONMPOTHBICHUA KOPOTKOTO 3aMBbIKaHWS. MHOKHUTETb

P
142K+ Ak

2 MPEACTABISICT COOOH OTHOCHTEIBHOC 3HAUCHHE (hakTHde-
ckoro ko3ddunmeHTa 3arpy3ku Tpanchopmaropa.

142 Ak +AK? r, 153 Ak + AK? X',
I, 2 2

1 YWY, o
| I | 7~
T (1 x A]‘)2 Fo.nom ﬁI'
Ul IHoM
L [11%Alc+ék2] 4
(l * Ak)2 xl).Hl;-M U’Z

Pz v

Pucynok 2.1 - IlpeoGpaszosannas ['-o0pa3Has cxemMa 3aMeINCHHUS TPAHC-
dopmaropa ¢ I16B

IIpeobpazoBanHas TakuMm 00pa3oM cXema 3aMCINCHUS yIAOOHA s
pacueTa pa3IuvHBIX XapakTepUCTHK TpaHchopmaTopos ¢ [1BB, mockoneky B
HEH VUHTHIBAIOTCA KaK BO3MOJKHBIC M3MCHEHHS NMEPBUYHOTO HANPSIKCHUS,
TaK U MOJIOXKCHUE oTnack (koadduureHra Tpauchopmanyn).
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maea 3. PacyeT BHELUHMX U 3HEPreTUYEeCKUX XapaKkTepUCTUK
TpaHcopmaTopos Ha oTnankax BB

3.1. PacueT BHELLUHMX XapaKTepUCTUK

Brewnue xapaxmepucmuky TpaacHOPMATOPOB NPEACTABISLIOT cOOOH
3aBHCHUMOCTD HAIPSHKCHHS HA BBIBOAAX BTOPHYHOH OOMOTKH OT k03¢ du-
nuenra 3arpysku no Toky U, = f(B). Ilpu xapaktepHbIX 1 ABYXOOMO-
TOYHBIX CHUIOBBIX TpaHchopmatopos 6-10/0.4 kB 3HauCHHAX HANPSKCHUA
KOpoTKOro 3ambikanus (u, = 0,05 - 0,07) B mpeaenax padourx Harpy3ok (f <
2,0) OHU ¢ BBICOKOH TOYHOCTBIO OTTHUCHIBAIOTCS Y PABHCHHUEM

U, = Uy (1-Blu,, cosp, +u,, sing,)), (3.1)

rae Uz - HampsoKeHHE Ha BBIBOAAX BTOPUYHONW OOMOTKH B PEKHUME XOIO-
— I 2

CTOr0 X0Ja; Lo - k03 duLHCHT 3arpy3ku TpaHchopMaTopa Mo

TOKY; Uy U Uy - AKTHBHAS U PCAKTHBHASI COCTABIIOLINE HAMPSKCHUS KO-

POTKOTO 3aMbIKAHHUS (B OTHOCHTC/BHBIX CAUHHULAX), @2 - (HAa30BBIA yIoNI

HATPY3KH.

@®az0BbIi YTOM @, NMPH PA3THMYHOM XapakTepe HATPY3KH MOXKET H3-

MCHATBCS B TIPCACTAX: 90° > ¢, >-90°, Ilpu atoM cos@, BCerma uMEET
MOJIOKUTEIBHOC 3HAYCHHUES, a SinQ, MPU AKTHBHO-UHIYKTHBHOH HArpy3Ke
HUMCCT IMOJOXKUTCIBHOC 3HAUCHUC, a TIPU €MKOCTHOII - OTpULATCIIBHOC, I10-
3TOMY TPH aKTHBHOM M HHAYKTHBHOM XapakTepe Harpy3ku Hanpsokenne Us
BCCTAa nmagacT, a nmpu CMKOCTHOM MOXKCT HC TOJBKO YMCHBINATBHCA, HO U
‘um sin @, | = ‘um oS (pg‘

BO3PACTaTh, CCIH:
Ha npaktuke 9acTo HCHIONb3yeTcs MHas (popma 3amucu ypaBHCHHUS
(3.1), noay4yeHHAs MyTEM TPUTOHOMETPHUSCKUX MPEOOPA30BaAHUE C YICTOM

TOTO, YTO U =0, 008Q, ;. Uy =USIN ('PRI

U,= Uzu(l -B UK(COS(PK cos®P, + sin g, sin @, )) =

3.2)
= Uzo(l —PBu, cos(‘Pn - ¢ ))
X
(p,, = arctg —=
rae I - yroa KopoTKOTO 3aMbIKaHus TpaHchopmaropa.
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TunuaHBIH BHUA BHEIIHUX XapaKTEPHUCTHK NPH HHIYKTUBHOM, akK-
THBHOM H €MKOCTHOM XapakTepe HArpy3KH mokaszaH Ha puc. 3.1 (pabouas
O6J'Ia,CTb BBIACJICHA >KUPHBIMU .]'II/IHI/IHMI/I). HpI/I KOPOTKOM 3aMbIKaHUH Xa-
PAKTEPUCTUKHU CXOAATCS B OJHOM TOYKE, COOTBETCTBYIOLIEH TOKY YCTaHO-
BUBILICTOCA KOPOTKOTO 3aMBbIKAHUS.

CMKQCTHbIH
___________ :-______““
—— AKTHEHBLIA > -
1 T o A
1 Rl - ‘: - “
: : =~ . HHIVKTHUBHBIH ™~ - 1
- X
i 1 o ~ ~ - - 1
i 1 - - I
| 1 - ~
| 1 ™ . “ !
1 1 - A 1
1 1 - oy
1 1 ha i Y
1 1 i ‘l
i 1 ™ o e
T - ”-
IZHOM ZIZHDM -[2!\‘ lZ(ﬁ)

Pucynok 3.1 - O0muuii BUA BHCITHUX XapPaKTCPUCTHK TpaHchopmaropa npu
Pa3IUYHOM XapaKTePe HATPY3KU

HpI/I NCPCKIIIOUCHUHN OTIACK U USMCHCHUAX NICPBUYTHOI'O HATTPAXKCHUA
OCTAIOTCA HCU3MCHHBIMU 3HAUCHHS YITIOB (O H 2. & PaKTHICCKUE 3HAUCHUS
BTOPHUYHOTO HAIPAXKCHUA B PCKUMC XOJIOCTOI'0O Xo4a Uzo.q, U HaIpsIKCHUA
KOPOTKOTO 3aMbIKAHUA llK.q, HU3MCHSIOTCA B COOTBCTCTBHUU € 3aBUCUMOCTIAMHU
(2.16) u (2.8). C yuerom 3t10r0 ypaBHeHHE (3.2) mpeoOpa3yeTcs K BUAY:

U,=U Uh [ |+3Ak+Ak2p (p.—9.)| 33)
2 = Y 20Hom m - 2 Won COSAP, — @ )| (2.2

Ipu HoMUHATLHOM NEPEUIHOM HANPAINCEHUU:

1 3 R
J,=U 1-|1x—-Ak k . .~ )].(3.4
l 2 l 20H0m li Ak) T 2 A + A Bll 1K.HOM COS((Ph (P_) ( )

Ha Bemuuuny manpsokerns U, OCHOBHOC BIMSHHC OKA3bIBACT M3ME-
HeHvie HanpskeHus Usg B PEIKHME XOMOCTOTO X0, HAKIIOH XapaKTCPUCTHK
B paboucit 00MacTH M3MCHACTCS HE3HAUUTEIBHO. TUMMYIHBINA BHJ BHEITHUX
XapaKTCPUCTHK AJIT 3TOTO CIIydas JaH Ha puc. 3.2.
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Pucynok 3.2 - TunudHbI# BU BHCITHUX XapaKTCPUCTHK TpaHchopMaTopa
pH pa3nuaHOM nojioxkeHnn ornack [1bB n HoMuHATEHOM TICPBUYHOM Ha-
TPSDKCHAN

Hpu HEUSMEHHOM MACHUMHOM NOMOKe, YTO AOCTHUTaACTCA CO6J'IIO,Z[C-
w®
U+ _
HUCM MPU MNCPCKIIIOUCHUAX OTHACK YCJIOBHA! (1 * Ak) , BTOPUYHOC Ha-

MPsDKEHUE B PEXXUME X0I0cTOTo X0Aa ocraeTest Hen3MEeHHBIM: Uzg = Uzpuowms
Y ypaBHEHHE 3.2 IPUHAMACT BUA:

3 2 -
U2=U20H0M 1- IiEAk—i_AkH ﬁuk.uomcos((Pk_[pZ) ' (33)

XapakTepHUCTHKH, TUITHYHBIM BHJ KOTOPHIX AaH HA puc. 3.3, UMEIOT
061y10 T04KY Usguom, U PATHUAIOTCA HAKIOHOM.

U, 4
UZDMM U, Ak
\ sz_\k=o
Uio”"
L)

Pucynok 3.3 - TunudHbIi BU BHCITHUX XapaKTCPUCTUK TpaHchopMaTopa
TIPH pa3iIrIHOM TonoxkeHnn otrack I[1bB npu Hem3sMeHHOM MarHUTHOM
MTOTOKE
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cosSQ, = ‘E/
S@:= "1

Mpumep 3.1. KosppuuueHT MOIMIHOCTH HATPY3KH PABEH:

(¢2 = 30°). Paccuntarh BHCITHHC XapPaKTCPUCTHKH TPAaHCHOpMATOpa HA OTHAMKaX
IIEB +5%, 0, u -5%: a - npu HOMHHAJIFHOM TICPBUYHOM HATIPSLKCHHUH, O - TIPH He-
HW3MEHHOM MAarHUTHOM IIOTOKE;, B - TIPH MOBHIIECHHOM HA 10% mepBHIHOM HAmps-
JKEHHH, T - TIPH TIOHKECHHOM Ha 10% mepBHYHOM HANPSHKCHUH.

. Boruucmsiem (pazoBbIi yToa KOPOTKOTO 3aMbIKaHWs Tpanchopmaropa. [Ipu
H3MEHEHIIX Kod(duuueHra TpaHC(HOpPMALNH AKTHBHAS M PECAKTHBHAS COCTaB-
JUIFOIIHE COMPOTHUBJICHAS KOPOTKOTO 3aMBIKAHIS M3MCHSIOTCS IPOTOPIMOHATHHO,
TO3TOMY YTOJI @, OCTAHETCSI HEM3MCHHBIM HA BCEX OTIANKAX.

X, 26,125
@, = arcre— = arctg————
11,352

K

=68,4°

[Tpu sToM: cos(Qy - ¢2)= 0,784, 1 pacueToB noab3yemcs Gopmyoit (3.5),
KOTOPYIO ITPeoOpazyeM B 3aBUCHMOCTH OT IIEPBHYHOTO HANPSDKCHUSA U ITOJIOKCHUS
OTMACK.

. Xapaxmepucmuxu npu HOMUHAILHOM nepsudHom Hanpasxcernuy (puc. 3.4-a)
PacCUMTHIBAIOTCA MO YPaBHEHUIO (3.4), KOTOPOE C YUYETOM UHMCIIOBBIX 3HAUCHHUUI
COOTBETCTBYIOIIUX MAPAMETPOB MPHUHUMACT BH;

Ustesvir = Usouon 7 ‘1) o (1 — 0,045+ 0,7s¢(1 + %o,os + 0,052];3] _;

+ 0D

Ussoney = Uszouon (1 — 0,045 0,784p) -

1 _ 3 =2
Uz(-s%) = Usppon t—jl 003 (1 —0,045% 0,783(1 - E 0,05+ 0,05 ]ﬂ] .

rae B, o.¢. - k03 PUIHCHT 3arpy3KH (ICPEMCHHAS).

. Xapaxmepucmuxuy npu HeusmenHoM macHumyom nomoxe (puc. 3.4-6) pac-
CUHTBIBAKOTCA IO YPABHCHHIO (3.5), KOTOPOE C Y4ETOM HYHCIOBBIX 3HAYECHHUH COOT-
BETCTBYIOIINX MAPAMETPOB IPUHUMAECT BH!

Ussony = 400(1 ~0,045* 0,784(1 + %0,05 + 0,052][3} :

U poay = 400(1 —-0,045% 0,784[3) :

3 2
Us_copy = 400['1 —0,045* 0,784(1 ~-20,05+ o,os-JﬁJ |
2 2
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3.2. PacueT aHepreTnvecknx xapakrepucTumk

OCHOBHBIM KPUTCPHEM OLICHKH JHEpreTHiycckoil 3¢ddekrusHOCTH
tparchopmaropos seasiercs KIIJI, mis BRIYUCACHHUS KOTOPOrO OOBIYHO
HCHONB3YETCs H3BecTHA popmyna:

n= Pz =1- APl).m:nu + p-AP"'-""? . (36)
Pz +ZAP BSHOM oS, +AP0.H0M +ﬁ-APK-H°“

rac P, =PBS,,.cosp, AKTHUBHASL MOLITHOCTh HATPY3KH, Sy - HOMHHATBHAS
MOIHOCTh TpaHchopmaropa, APy oy - TOTEpH X0J0CTOTO X0Aa; APcpon -
HOMUHAUIBHBIC TIOTCPHU KOPOTKOI'O0 3aMBIKAHUA KOPOTKOI'O 3aMbIKAHUS,

p=":
| P : -
2mom- KO3 UIHEHT 3arpy3kH; €0sQ, - KOAPGHUUHUEHT MOLIHOCTU
HATPY3KH.
KITJl mocturact MakcuMyma B TOM CAVHac, CCIU MOTCPU KOPOTKOTO
3aMBIKAHUS PaBHBI MOTEPSIM XOJOCTOTO XOJa. ITO UMECT MECTO, SCIH KO-
3 dunmeHT 3arpy3Ku, HA3PIBACMbBIH ONTUMATBHBIM, PABCH:

(3.7)

Onrumaneaeiii ko3dduuuent 3arpysku B otardue ot KIIJ ve 3a-
BHCUT OT KO3 HUIMECHTA MOLTHOCTH HArpy3ku. OQOBIYHO MPEACIBI €r0 U3-
MEHCHHUS MPH HOMHUHATBHOM KO3 (HIMCHTE TpaHCHOpMAIMH COCTABIAIOT
0,7 = Bour = 0,5, 9TO COOTBETCTBYET CPEOHEH 3arpy3Ke CHIOBBIX TPAaHC-
dopmaropos. KI1]I pesko Bo3pacTaet mpu ManbiX Harpy3kax, 1 npu ff = 0,2 -
0,3 mpuOMMKACTC K MAKCUMAITBHOMY 3HAUCHHIO, TTOCIE YEro ero H3MEHe-
HUS OYCHD HE3HAYHTCJIBHBI B ITHPOKOM JHAIMA30HE. ITO ABICTCS LICHHBIM
CBOMCTBOM TPaHC(HOPMATOPOB, MOCKOIBKY MO3BOMCT OOCCICUUTh BBHICO-
Ky 3 HEKTUBHOCTE UX paOOThl PH 3HAYUTESIPHBIX KOJICOAHUIX HATPY3KH.
AOGCONIOTHBIH MaKCHMyM JOCTHTAeTCS MPH YHCTO AKTUBHOH Harpyske
(cos@, =1). Ilpu cosg, <1 KITJ] yMeHbIIACTCS, TOSTOMY MPH SKCILTYATALIHH
TpaHcHOPMATOPOB CACAYET CTPEMHUTHCS K BBICOKMM 3HAYCHHUAM KO3(du-
LUCHTA MOIHOCTH.
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Henocrarok dopmyisr (3.6) 3aKIF04ACTCS B TOM, YTO B HEH HE y4H-
THIBAIOTCS U3MeHCHUs HanpspreHust (mpuHUMaSTCst Uy = Us,o, = const) u
COOTBETCTBYIOIIUC U3MCHCHUS AKTHBHOM MOIHOCTH P!

PZ = 3U212 COS(pz ~ 3'3U2H0M12H0M COS(pz = BSHOM cos‘Pz

B pesynerare pu U, > Uy, KITJ 3aHIDKACTCS, B IPOTHBHOM CIVYAC
(Uy < Uyou) - 3aBbimaeTcs. s NOBEIICHUST TOYHOCTH MOYKHO VUHTHIBATD
OTHOCUTEIIEHOE M3MeHEeHHe HampspkeHus U*,, KOTOpoe MpeaBapUTEIbHO
paccuuteiBactcs 1o Gopmyie (3.2).

Tummusetii Bug xapaktepuctuk 1 = f(B) opu pasmrrasbix ko3 dum-
€HTaxX MOIOHOCTH Harpy3KH MMOKa3aHbl Ha PUCYHKE 3.6.

LW 3
Mmax  [re=====mmm=m=mmmmeng . CosQ; = 1
T]’max --------------------- H '
cosgpz < 1
BDHT LO B

Pucynok 3.6 - Tunmnuneiii Bug 3asucumocteit KI1J] ot koaddurmenra 3a-
IPY3KH MPH PA3TUIHBIX KOG (DHUIMECHTAX MOIIHOCTH HATPY3KH

[Tpn m3menennsax ko3¢ dpunpeHTa TpaHCcHOPMALUN HYKHO VUHTHIBATD
(hakTHUECKHE 3HAYCHHS MOTEPh XOIOCTOrO X04a U KOPOTKOTO 3aMBIKAHUS,
Boruncsiembic o dopmyaam (2.9) u (2.18). C yuerom 3toro ajas pacucra
KITJI cneayeT momp30BaThCs 3aBUCUMOCTBIO!

AP, +P°AP_,
UZ
U

}BSHDM cos (p2 + APU,(IJ + BZAPI\‘.tb
rae U, = f(B) - onpenensercs npu pacueTe BHCITHAX XaPaAKTCPHUCTHK.

n=1- (3.8)

2unm
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IMockoarky mpu mepekmoucHru otnack [IBB m3MeHArOTCS moTepu
xogocroro xoqa (2.18) u xopotkoro 3ambikanus (2.9), paxkrudaeckuii on-
TUMAITBHBIH KO3 HULNUCHT 3arpy3KH TAKKE H3MCHUTCS:

AP, U+,
Bonr.db = =
AP

(3.9

ﬂOI'IT‘HOM '

w4 (liAk)\{liéAk+lAkz
27 2

HpoGb B 3TOM BBIPAKCHUH MOKA3BIBACT OTHOCHTCIBHYIO CTCIICHD
HM3MCHCHHUS ONTHMATIBHOTO KO3(MPHULUUCHTA 3arpy3Kd HPH NEPECKITIOYCHUN
ornack. OnTUManbHEIH KO3(MQUIHEHT 3arpy3Kd HU3MEHACTCS MPOTIOPIIHO-
HAJIBHO TICPBUYHOMY HANPSDKCHUIO. YBennucHHe koddduuueHra Tpanc-
dopMaruu npu U3MECHEHUH ToJoxkeHUst otrack [1bB mpuBoaut K yMeHb-
HICHUIO ONTHMANBHOTO K03((HUIHeHTa 3arpy3KH, & YMEHBIICHHE - HAIPO-
THUB, K €T0 VBEJIUYCHHIO.

Tunuunsie 3aBucumoctu 1 = f() npu usmeHeHusx ko3ddunmeHra
TpaHchOPMAaLIUH MOKA3aHBI HA PUCYHKE 3.7.

nlk

KgAK Kugw  Kuow— Ak

>
Ijnn'rﬁ—s "y Bnn'r(il"/») Ba -5 %) [-"

Pucynok 3.7 - 3asucumoctu KI1J1 ot koadduruenra 3arpy3ku npu pas-
JUYHBIX TOMOKCHHUSAX PETYIUPOBOYHBIX OTIACK
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Hpumep 3.2. Paccumrars 3asucumoctd KI1J TpancdopmaTtopa ot ko3(d-
¢ummenra 3arpy3ku Ha otmaiikax [16B +5%, 0, u -5%: a - mpn HOMHMHAJIBHOM
MIEPBUYHOM HANPSHKCHUM, O - MPH HEM3MEHHOM MAarHHTHOM IOTOKE, B - IIPH MO-
BBIICHHOM Ha 10% mepBUYHOM HANpPSsUKEHHU, T - MPH MOHIKeHHOM Ha 10% mep-
BHYHOM HANPSDKCHHH.

Jns pacuera KIT/1 n onrumansHOTO KO3((HIMEHTA 3arpy3KH MOIB3YEMCA
(dopmymamu 3.8 u 3.9, B KOTOPBIX YUUTHIBAIOTCS HE TOIBKO (PAKTHUECKHUE IEp-
BHYHBIC HANPSLKCHMUS U H3MECHEHH K03 urmeHTa Tpancopmannm, HO H3MCHEHUS
BTOPHYHBIX HAIIPSDKCHHIL, MOTYUCHHBIC B PE3YIbTATE PACUCTa BHEINHHUX XapaKTe-
puctuk, T.c ipu U, =f(f).

. Xapaxmepucmuxu npu HOMUHAILHOM nepguyHom Hanpsadicenuy. Ilpm pac-
YETAX MOJB3yEMCA MOTYYCHHBIMH PAHEE JJIA 3TOTO CAy4ad JaHHbIMU. Dopmyna 3.8
HA PA3IHYHBIX OTNAHKAX MPHHUMACT BH;

z
AP goqy + BIAP o ons,

vy =1—
Trs) Uz ias0m)(P)
U 2HoM
0,464 + 2,856 * p*
Usis0)(B)
380

el
BSHOM cosQ; + AP0(+5%) + ﬁ APK(+5“/0)

=1-

160 * B * 0,866 + 0,464+ 2,856 * p*

_ 0,464 + 2,856 * p*
0,36463 * P * Uy, 0, (B) + 0,464 + 2,856 * p*

AP o4y t+ ﬁZAPm(o%) _

Novay = 1- ] =
M ﬂSHOM cos@p; + APU(U%) + BZAP“({'%)

0,51+ 2,65*p*
0,36463 * B * Uy gu, (B) + 0,51 + 2,65 * p*

2
AP g_son0e) + P AP (504 _

Ne-savey = 1= U ( =
2—s%iy (P} 2
S BS o COSP; + AP _sep) + B,AP r(-5%0)

~ 0,51+ 2,65 * §*
0,36463 * B * U, _coyy (B) + 0,51+ 2,65 p°
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3.3. Ob6ocHosaHwue BbIbopa otnaek 6B

OcHoBHOI 11enBI0 pacyeTa gaeisetces Bbidop otnack [16B, Ha koTophIxX
TpaHcopMaTop o0ecreUrBacT TPeOyeMbIe 3HAUCHHS BTOPHYHOTO HAIPS-
KCHUA B OXUIAACMOM JUAIla30HC HU3MCHCHUA HArpy30K W HAWITy4dIIHuC
SHCPICTUICCKUC ITOKA3aTC/IN € YICTOM BO3ZMOXKHBIX H3MCHCHHUH NCPBUITHOTO
HANPKCHUA.

J1s pemeHus 3ToH 3a1a4H, Kak MPaBIIO, HEOOXOIMMO PacCMOTPETh
U IPOAHAIN3HUPOBATh HCCKOJIBKO BAPUAHTOB.

PesyapTaTsl pacueToB B PACCMOTPEHHBIX IPUMEPAX MOKA3BIBAIOT, UTO
MPH OTKJIOHCHHUAX MECPBHYHOrO HampspkeHUs B gomyctumbix mo ['OCT
32144-2013 mpeaenax £10% na pasznuunbix ormabikax I1bB mapameTprr
TpaHcopmaTopa CymecTBeHHO m3MeHsrorcs. Ilo cpaBHeHHMIO ¢ HOpMU-
PYCMBIMHU TIPU HOMHUHAIBHOM TNCPBUYHOM HAIPSXKCHUU U KHYJIICBOM» II0-
JOXKCHHUHU OTNACK 3HAYCHUAMH U3MCHCHHA COCTABIIAIOT!

. JUTSE TOTEPB X0J0¢Toro xoa; (-26,9%) - (+33,3%);

. JUTSE TOTEPh KOPOTKOro 3ambikanus: (-7,2%) - (+7,8%);

. JUTSL HATIPSKEHUSL KOPOTKOro 3ameikanust: (-7,3%) - (+7,8%);

. JUI  VCTAHOBUBLICTOCS TOKAa KOPOTKOro 3ambikaHud: (-16,5%) -
(+18,6%);

. JUTS. BTOPHYHOTO HAMPSKEHHS B pexkuMe xomoctoro xoaa: (-14,3%) -
(+15,8%).

Bropuunoe nanpsuxenue u KT tparcdopmaropa 3aBUCST HE TOTBKO
OT MEPBHYHOTO HAMNPSDKCHHUS U MOJOXKCHUS OTIACK, HO U OT HArPY3KH, MO-
JOYIb KOTOPOH XapakTepuayetcs KO3 GHLIHUCHTOM 3arpy3KH 5, a apryMeHT -
K03 PULIHUECHTOM MOIIMHOCTH €OSQ, (B MPHUMEPE Ero 3HAYCHHE COCTABILACT
0,866). OCHOBHOEC BIMSIHHC HA XaPAKTCPUCTUKHA TPAHCHOPMATOPOB OKA3bI-
BacT KO3((ULMEHT 3arpy3KH, KOTOPBIH MOXKET HU3MCHATHCA B JOBOIBHO
IIHPOKKX Mpenenax, npuueM Harpyska menee 30% (B = 0,3) cumraerca
HedPPeKkTHBHOM.

Mpumep 4.1. Onpenemmth onTHManbHEIE MONOXEHUS oTmack [16B mpm
TICPBUYHBIX HANPSDKCHIAX, 3aJaHHBIX B MPEABITY IHX MPHUMEpax u Ko3pdumueHrax
3arpy3ku ot 0,3 1o 1,0 mpu ko3 duumenre MomHOCTH COSP2 = 0,866.

. Iepguunoe nanpaocenue noswvierno na 10% (U; = 1,11U0,,) p = 03.
IToap3ysCh XapaKTEPUCTHUKAMH, MOKA3aHHBIMH HA PUC. 3.5-3, HAXOAHM BTOPUYHBIC
HATIPSHKCHEA HA OTmakkax +5%, 0, u -5%:
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Tarwke nemecoodpa3sHO MPOBCPUTH BO3MOKHOCTD HOAKTIOUCHHIA HA OTHAHKH
+2,5%, uro Moxker odecneunts mopbimmeHHEe KITJ] mpu OTHOCHTETHHO OOTBIION
HATPY3KE U JIyUIIHC YCIOBHA I YIAJICHHBIX MOTPCOUTEINCH 32 CHUCT KOMIICHCAITHH
TMAACHAS HAPSLKCHUS B THHHAX 3ICKTPONICPSAAYH.

. Iepsuunoe nanpsasicerue pagHo HOMUHAILHOMY 3HAYEHUIO
(Ul = 1’0IT1HGNI) * 'j = 0’3
Bropuusbie HanpspkeHA Ha oTnaiikax +5%, 0, u -5% paBHBL

Usiasesy = 377,28 (099U00). Usiges, = 3958B (1,04Uz,,,,,)

Uy 504y = 416,2B (1095U;,,,).

TpeOoBaHUS KO BTOPHYHOMY HAMPSHKCHHUIO BBIMOJIHIIOTCS IIPH JTFOOOM TO-
JOKCHUM OTIACK, HO LEJeCOOOPA3HO YCTAHOBUTh HX B MOJOKEHHE -5%, UTO
00ECIICUNT OTPEICICHHBIHN 3a1ac MO BTOPUIHOMY HANIPSHKCHHUEO ITPH OTHOCHTEIILHO
OOompIIMX HATPY3KaxX NpH HE3HAUHTCTHHOM CHIpKCHHH KI1J[, KOTOpBLi mpH 3TOM
pasen 0,982.

. [lepsuutoe HanpadceHue pagHO HOMUHATLHOMY 3HAUEHUIO
(v, =100,,,). p=10
Bropuusbie HanpspkeHA Ha oTnaiikax +5%, 0, u -5% paBHBL

Usiismny = 368,6B (0.97Uz,0)0 Uszgeyy = 385.9B (1,02U1,,,.,):

Uy 504y = 405,1B (1,07Uz,00)-

OTtnaiiku 0emecoo0pa3HO YCTAHOBHTH B MOJIOKCHHCS -5%, TIOCKOIBKY B 3TOM
CIyvac AOIYCTHMO CHIDKCHHC HATPY3KH W 00CCICUMBACTCS AOCTATOMHO BBICOKHMH
(0,978) KI1/I. BHEIIHAS U SHEPreTHUYECKAS XAPAKTCPUCTHUKH MPH HOMHHAJILHOM
TMICPBUYHOM HAMPsDKCHUH HA OTHaKax -3% mansl Ha puc. 3.13, 3.14.

u..B
420,00
0 ‘_\
™
....... ._q....ﬁ*"\
21500 ]
H
! ™
i [
410,00 : "
A ™|
! [
40500 4======3 B B B B B B """.'h_
| T
400,00 . -
a1 02 03 04 05 06 07 0% 09 10 1,1 B

Pucynok 3.13 - Brenrasst xapakrepucTuka Tpanc(opMaTopa Ha oTmaikax -5% mpu
HOMHUHAJIHOM IICPBHYHOM HANIPSDKCHUHI
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TPEBEOBAHMUSA K 3ALLNTE KYPCOBOW PABOTbI

B nensax BemonHeHHS TpeOOBaHHMH MO XPAHCHHIO KYPCOBBIX PaboT
3aKOHUYCHHAS U OPOPMIICHHAS B COOTBETCTBHH C YCTAHOBICHHBIMH TPehO-
BaHHAMH KypcoBas paboTa U CONPOBOAUTEIBHBIN MaTepHal MPEIOCTABIII-
€TCS MPENOAABATEIO AJIS 3AI0UTH B PACIICUATAHHOM BUJC.

KypcoBas pabora pomyckaeTcs K 3aI0UTC TPU BBITOJHCHUH
CTICAYIOIINX YCIOBHSAX:

- CTCICHb OPUTHHATBHOCTH TEKCTA KYPCOBOM PalOTHI (POCKTA) HE
HIDKE 10% gnst  paboT,  BBHIMOJHCHHBIX  OOYYAOIIUMHUCS IO
o0Opa3oBaTeaIpHBIM IporpaMMam OaxKanaBpHaTa u CCHUAIUTETA,

- HAJIWYHUS PELCH3MH MPEMOJABATENS, MPUHHMAIOLIECTO KYPCOBYIO
padoty (Ilpunoxenue 4).

3ammra KypcoBod paboThl OTHOCHUTCS K POMEKYTOYHOM aTTeCTallii
U MPOBOAUTCS. B KOHIIE CEMECTpa. 3aluTa KYPCOBOH pabOThl HA3HAMACTCS
kadeapoi, JUPSKIUCH/ ICKaHATOM BHOCHTCS B pacriucaHue
MPOMEKYTOUHOH aTTecTalli M OTPAKACTCS B PACIHCAHHU YUCOHBIX
3aHIATHH.

3amuTty KypcoBoH paboThl MPOBOIUT BEAYLIMH MPCMOABATEND, A B
CIy4Yac BOZHUKHOBCHUS CTIIOPHBIX CUTYAIIUHA CO3AACTCS KOMHUCCHS, B COCTAB
KOTOPOM BXOJHUT 3aBeay foiuii kadeaApoi u npenogasarenn Kadeapet.

3amura padoTel OPOXOAUT B (opMe MyOIHIHOTO BBICTYIUICHHS (5-7
MHH.) € MPEICTABICHUECM PE3YIbTATOB paboThl B BUJE THUCTA rpaduieckon
YaCcTH ¥ OTBETOB HA BOIPOCH! NPEHOAABATEI/ KOMUCCHH (5 MUH).

Jis 3amuThl  KYPCOBOM pabOThl OOYYAMOIIMICS TOTOBHUT TEKCT
Jokaana. B Texcre BEICTYIUICHHUS OTpaskacTes:

- AKTYaTbHOCTH BHIOPAHHOM TEMBI,

- LICJTA ¥ OCHOBHBIC 33Ja4H KYPCOBOH padOTEL;

- OCHOBHOC COJCPIKAHUE KYPCOBOH paboThI;

- OCHOBHBIC BEIBOJBI U MPAKTHYCCKHEC PCKOMCHIALIUH.
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KPUTEPUW OLIEHKN KYPCOBOW PABOTHI

BeimonHeHHas U 3almuIneHHas Kypcosas paboTa OLICHUBACTCSA B CO-
OTBETCTBHH € VUCTOM OANTbHO-PEUTHHIOBON CUCTEMEBI OLICHUBAHUS U KPH-
TEPUSMH OLICHKH, KOTOPbIE YKa3aHbl B paboUecH MporpaMmMe TUCLIHILTAHBL.

B cooteetctBrM ¢ [lonoskeHuneM o OalabHO-PEHTHHIOBOH CHCTEME
OLICHKU 3HAHUH CTYICHTOB, OOVYalOIMXCHd MO OOpa30BaTENBbHBIM IMPO-
rpaMMaM BBICIIETO 0Opa30BaHHUI KYPCOBYIO PaboTy HEOOXOAMMO OLICHHTD
[0 CIEAVIOINUM KPHTEPHUAM C YYETOM YCTaHOBICHHBIX MAaKCHMAaTbHBIX
6amos:

. MaxkcaMaasHOE Ha0pannbix
Kpurepwmii
3HAYeHHe B fa/1ax 0aIoB
O¢opmiecHAE KypPcOBOH PabOTHI 10
Conmeprkanune Kypcoso paboThI 60
3ammuTa KypcoBoH paboThI 30
HUTOI'O 100

CozaeprxaHue KPUTCPHEB OLICHKH KYPCOBOH PabOTHI:

1. OdopmneHue KypcoBoi paboOTHI:

- 10 GamnoB - KypcoBast padoTa COOTBETCTBYET BCEM TPSOOBAHUSIM K
ce obopmienuto. [Ipu odopmieHrn KypcoBoil padOTHI HCIOIB30BATHCH
COBPEMCHHBIC CPEACTBA BU3YAIU3ALUH HHPOpMALIIH.

- 5 6annoB. - KypcoBas paboTa YACTHIHO COOTBETCTBYET TPCOOBAHHUAM
K ¢¢ O(OPMJICHHUIO, MPCACTABICHHBIA MaTCpHal MPOHUTIOCTPHPOBAH HE
kauecTBeHHO. [Ipu odopmieHrH KyPCOBOH pabOTHI COBPEMEHHBIC CPEACTBA
BU3YaIM3aLMK HHPOPMALIMH HE UCTIOIb30BATHC.

2. ComeprkaHue KypCOBOH paboTHI;

- 60 GamtoB - B KypcoBOi paboTe moaoOpaHbl HEOOXOAUMBIC HH-
(hOpMALIMOHHBIC MCTOYHHKH, WHPOPMALU HCIONb30BaHA KOPPEKTHO, BCE
BOMNPOCBEI U PA3AC/Ibl OCBCHICHBI ITIOJHOCTBIO, IAJISI BBIBOAOB IIPUBCACHBI
JOCTATOYHBIC OOOCHOBAHUS;

- 40 6anmoB - B KypcoBoi paboTe noxoOpaHsl HE BCE HEOOXOMMBIC
HHPOPMALTHOHHBIE UCTOYHUKH, HHGOPMALHS UCTIONB30BAHA HE BE3AC KOP-
PCKTHO, HC BCC BOIIPOCHI U PA3ACJ/Ibl OCBCIICHDBI ITOJITHOCTBIO, AJI BBIBOAOB HC
MPUBEACHBI JOCTATOYHBIC OOOCHOBAHHUS,

- 20 6amoB - B KyPCOBOM pad0Te OTCYTCTBYIOT HCKOTOPBIC PA3ICIIBL,
HJIN UX HA3BAHUC HC OTBCUACT COACPIKAHULO.

3. 3amura KypcoBoii paboThI:
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- 30 OamoB - CTYACHT NPOAEMOHCTPHPOBAT MOJTHOC TOHUMAHHE BCEX
MONIOXKCHUH 3aInuInaeMoii paboThl, YeTKOCTh U MPAaBUIBHOCTh HU3TI0KCHHS
OTBETOB Ha BCE BOIMPOCHL, 33JAHHBIC MPETIOAABATCICM;

- 20 GamnoB - CTYACHT MPOACMOHCTPUPOBAT MOHHUMAHUEC OCHOBHBIX
MONIOXKCHUH 3aInuInaeMoii paboThl, YeTKOCTh U MPAaBUIBHOCTh HU3TI0KCHHS
OTBETOB Ha GOJBIIYIO YACTh BOIPOCOB, 33IaHHBIX MPEIOAABATCICM;

- 10 GamnoB - CTYASHT Jan HEAOCTATOYHO IMOHBIC OTBETHI HA BO-
MPOCHI, HA HEKOTOPBIC M3 HUX Ja7 OIIUOOYHEIC OTBETHI HITH HE OTBETHIL.

Ieperoa ouenku n3 100-0anpHOM B MITHOALIPHYIO CHCTEMY OLICHKH
3HAHUH OCYIIECTBISICTCS CIICAYIOMIM 00pa3oM:

- 89-100 - olcHKA «OTIHYHOY,

- 77 - 88 OamoB - OLEHKA «XOPOLIOY,

- 65 - 76 OamIoB - OLEHKA «YAOBICTBOPUTCIBHOY,

- MeHee 64 GalIOB - OLICHKA HEY IOBICTBOPUTEIBHOY.

Ilpu HEYIOBICTBOPUTEIBHONW OLCHKE KYPCOBOH paboThl O0y4aro-
IIMICSA UMEET MPABO HA MOBTOPHYIO 3AIIHTY MOCIE A0PA0OTKH U BHECCHUS
UCHPAaBICHUH.

VY o0yyaromerocsi, He CAABIICTO B YCTAHOBICHHBIA CPOK KYPCOBYIO
paboTy W/UIK HE 3AIMUTUBIICTO €€ MO HCYBAKHUTCIBHON MpUYHHE, 00pa3y-
CTCS aKaACMHUICCKas 3aJ0KEHHOCTb.

OueHka 3a KYpPCOBYIO padoTy (DUKCHPYETCS B 3aUCTHOM KHIIKKE
0o0yYaIIErocss U B 3JICKTPOHHON BeIOMOCTH. PacricuaraHHbI U HOAMH-
CaHHBIM OPUTHHAT BEAOMOCTH XPAHUTbCA B JCKAHATC WHCTUTYTA B COOT-
BETCTBHHU C HOMCHKJIATYPOH JET M CPOKAMH XPAHCHHUS JOKYMEHTOB 5 JICT.
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MpunoxeHune 1. OcpopmneHmne TUTyNbLHOro nucTa

MUHHCTEPCTBO CEIBCKOTO X03siicTBa Poccuiickoit deaepauuu
DeaepanbHOE TOCYJAPCTBEHHOE OIOKETHOE 00pa30BaTeIbHOE
VUIPCSIKICHHC BBICIICTO 00PA30BaHHUA
«CTaBpOMOIBCKHI TOCY JAPCTBEHHBIN arpapHbIi YHHBEPCHTET

WHCTUTYT MEXaHHUKH U SHEPICTHKA
Kadeapa 3mexTpocHaOKEHIS H IKCILTY ATALHH 3ICKTPOOOOPY A0BAHH

KypcoBas pabora

MO JUCIUTIIINHE «JIEKTPUIECKHEe MAIMHBDY
Tema: Pacuer mapaMeTpoB 1 Xapaktepuctuk Tpancgopmaropos ¢ IIBB

Bemoaumn(a):
CryaenT(ka)_3 Kypca, Su3-0-22/1 Tpymims

Heanoe Hean Heanosuu
DUO

HanpagneHue noAroToOBKH:
13.03.02 Daexmposnepeemuxa u 2J1eKMmpOmexHuKa
Dopma 00yUCHUS: _ ouHad

ITposepmr:
K.m.H., ooyenum xageopsi JuI320
Y4. CTENICHD, TOIIKHOCTE

Aoowes Anopeti Hsanosuy
DUO

3apeTHCTPUPOBAHA:
« » 20 r
. MaxkcumansHOe Habpaunnsix
Kpurepmnit
3HAYCHHC B 0aIIax 6amwos
OdopmacHHE KypcoBOH paboTHI 10
ConmeprkaHue KypcoBOH paboTsI 60
3ammTa KypcoBo paboThl 30
HUTOI'O 100
OugcHka « » Hara TMoamucs

Crasponons, 2025
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MpunoxeHwue 2. Popma 3agaHUA Ha KypcoByLo paboTy

OI'BOY BO
«CTaBpOMOIBCKHII TOCY JAPCTBEHHBIH arpapHbIi YHHBEPCHTET
WHCTHTYT MEXaHWKH M SHEPTCTHKH
Kadeapa 3mexTpocHaOKEHIS H IKCIUTY ATALHH 3ICKTPOOOOPY A0BAHH

3AJTAHHUE
HA KyPCOBYIO PabOTy M0 AMCUMILIHHE « DICKTPHUCCKUAC MAIIHHBD)

Cryaenry __ 3 TPyTIIbL Su3D-0-22/] WHCTHTYTa MECXAaHHWKH W JHEpre-
THKH HANPaBJICHUA moAToTOBKH 13.03.02 DICKTPOIHEPTCTHKA M 3JICKTPOTCXHHUKA,
mpohuas «CHCTEMBI 3ICKTPOCHAOKCHHA TOPOA0B, MPOMBINIICHHBIX MPCATPHATHH,
CEJIbCKOTO XO3HCTBA M HX OOBEKTOBY

Ilempogy Anmony Anmonosuuy

Tema: «Pacuem napamempos u xapakmepucmux mpancgopmamopa ¢ IIEB»

1. Cpoxk mpeaAcCTABJIEHNS K 3ANHATE. « » 20 r.
2. Hcxoanpie TaHHBIE IJA BHINOJHEHHS PAOOTHI:
o Tum Tpancopmaropa: TM-63-10/0.4 xB

MaxcumMaabHOE U MUHHMAJIBHOE TICPBUYHBIC HATPSYKCHUA !
Uppae = 1.1 Ujpos Urin = 0.9 Upyon

) Koa(¢uumeHT MOIIHOCTH HATPY 3KH: cosg, = 0,707

3. Conep:ranne pacqyeTHO-MOSICHUTENIBHOI 3anmcKkn: AHHOTanus. Bsene-
Hue. [TaciopTHBIE aHHBIE TPAHC(HOPMATOPA B COOTBETCTBHH C 3aJaHHEM, KPATKOC
omucanue I1bB, pacdyeT mapaMeTpoOB CXEMBI 3AMCIICHHUA HA OCHOBHBIX OTHAMKAX.
Pacuer mapamerpoB Tpanchopmaropa Ha ortmafikax [1bB. Pacuyer BHCmHHX H
SHCPTCTHUYCCKHX XapakTtepucTuk. O0ocHoBaHHE BBIOOpa oTmack [16B B peskmMax
HaHOOJIPIIMX W HAMMCHBIHX HATPY30K. JakIroucHue. JlntepaTypa.

4. JIncr rpadmyeckoii vactn (caaiix): Cxema 3amenieHus TpaHchopmaropa u
ee mapaMeTpsl Ha oTmaikax I1bB. BHeNIHHE W SHEPreTHUCCKHE XAPAKTCPUCTHKH
TpaHCc(hOopMaTopa HA BHIOPAHHBIX OTIAHKAX.

5. Jdara BoIjIauM 32 JaHUA « » 20__r.
6. PykoBoaurenn B.B. UBaHOB
3aganue K MCTOJHEHHIO MPHH I A.A. Iletpos
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MpunoxeHue 4. PeLeH3uns Ha KypcoByto paboTy

Kadeapa 3mexTpocHaOKEHIS H IKCIUTY ATALHH 3ICKTPOOOOPY A0BAHH

PEIIEH3USA
HA KYPCOBYIO padoTy

Tema «Pacuem napavempos u xapakmepucmux mpatncgopmamopos ¢ IIEB»

Ob6yuaromuiica (©.1.0.)
Kype_3 . rpymma
IMpenoaasarens (O..0.)

Ilempos Anmon Anmonosuy
DuD-0-22/1

Heanoe Hean Heanosuu

Brnmosnenne o0mux TpeSoBanHmii K KypcoBoii padoTe (IIpoeKTy)

1 [ O6bem paGoThl COOTBETCTBYIOT YCTAHOBIEHHBIM TPEOOBAHUIM Jla/mer
2 | CreneHb OPUTHHAILHOCTH KYPCOBOM paGOTHI (IIPOEKTa) COOTBET- Jla/uer (yra-
CTBYET YCTaHOBJICHHBIM TPeOOBAHUSIM 3amv %)

Kpurepun oneHuBanus KypcoBoii padoTsI (IIpoeKTa)

Kpurepun

Konu-
qeCTBO
0a/JI0B

Cojep:kaHue KpUTEPUs OIEHKH Hroro-
BbIii 011

Odopm-
JIleHne
KYpcoBoOil
padoThI

10

Kypcoas paGora cooTBETCTBYET BceM TpeOoBa-
HISIM K ee opopmieHuio. [Ipu opopmmeHmm Kyp-
COBO# paGOThI UCTIONH30BANIICH COBPEMEHHBIE
CpeJICTBA BU3Y alIM3aly MHPOPMAIIH.

Kypcoas paGoTta 4acTHYHO COOTBETCTBYET TPeOO-
BaHUSIM K ee 0(OpMIICHHUIO, IIPe/ICTaBIeHHBI Ma-
Tepyal POWUIIOCTPUPOBAH HE KauecTBeHHO. 1Ipu
odopmIteHrH KypcoBoit paGoThI COBPEMEHHBIE
CpeJICTBA BU3YAlIM3alliK HHPOPMAITU HE UCIIOIh-
30BaITUCh.

Copepixa-
HHe Kyp-
coBoIl pa-
00TBI

60

B xypcoBoit paGore 11o100paHbl HEOOXO0UMBIE
UH(OPMAITMOHHbBIE HCTOYHUKY, HHpOpMAIs Uc-
T10JIb30BaHa KOPPEKTHO, BCE BOIIPOCHI U Pa3Ieibl
OCBEITIEHBI ITOTTHOCTHIO, JUISI BHIBOJIOB IIPUBE/ICHBI
JIOCTaTOYHbIE 000CHOBAHMSL.

40

B xypcoBoit paGore 1o 1o0paHbl He Bce HEOOXO0-
JMble HHGOPMAaIOHHbIE HCTOUHUKH, HHpOpMa-
UL KICTIOTb30BaHa He Be3/ie KOPPEKTHO, HE Bee
BOIIPOCHI U Pa3/IeNbl OCBEIIEHBI IIOIHOCTHIO, I
BBIBOJIOB HE IIPUBE/ICHBI IOCTATOUHbIE 0O0CHOBA-
HUSL
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20 B kypcoBoit paGoTe 0TCYTCTBYIOT HEKOTOPEIE pas-
JICTIBL, WM UX Ha3BaHUE HE OTBEYAET COMEPKAHUIO.
30 CTy IGHT TIpOIEMOHCTPHPOBAII TIOJIHOE TIOHUMAaHNE
BcexX IOTIOKEHUH 3almInaeMoi paGoTsI, YETKOCTb U
IIPaBUILHOCTE U3II0KEHUA OTBETOB Ha BCE BOIIPO-
CBl, 3a/IaHHbIE IIPEIIO JaBaTeIIEM.
3 20 CTy IHT IIpOIEMOHCTPHPOBAIl IIOHUMAHUE OC-
K;];lcl/(l)z)ﬁ HOBHEIX TIOJIOKEHUH 3aIlAIaeMoil paboTEL, 4eT-
GoThl KOCTb U IIPABUIBHOCTE U3II0KEHUA OTBETOB Ha
pa OOIIBIIYIO YacTh BOIIPOCOB, 3a/JaHHBIX IIPETIOaBa-
TEJIEM.
10 CTyIeHT Jall HeAOCTaTOYHO TIONTHBIE OTBETHI HA
BOIIPOCHI, Ha HEKOTOPEIE M3 HAX JAJl OIMOOUHBIE
OTBETHI WIU HE OTBETUIL
Vkaswvi-
saemcs
UMo206biil
HUTOI'O: 6ann no
6cem
Kpume-
puam
Pexomenpammm:

Benymuit npenoxasaTeins

Heanos H.U. /

(@UO) (TIoprHcs)
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MpunoxeHune 5. TexHMYeCKNe daHHbIe TpaHCHopMaTopoB

Taonuua M.5.1 - OCHOBHbIE NapamMeTpbl U XapakTepPUCTUKK TpaHcdopma-
TopoB TMNa TM

: < CoueTaHue Ha-
3 Q npaxeHuit, kKB Motepu, B
s Iy U Tok
52 g Cym- | 5 | XX,
23 2 BH HH XX K3 map- ¢ %
E g Hble
Ll =
6;10; 20 255 1450 1705 4,0
TM-63 63 2,5
27,5; 35 265 1400 1665 45
6;10; 20 320 1750 2070 4,0
TM-100 100 23
27,5; 35 320 1700 2020 45
6;10; 20 460 2450 2910 4,0
TM-160 160 2.1
27,5; 35 460 2450 2910 45
6;10;20 650 3250 3900 4,0
TM-250 250 2,0
27,5; 35 650 3250 3900 45
6;10; 20 930 4600 5530 4.0
TM-400 400 1,9
275,35 0,23; 930 4900 5830 45
6;10; 20 04 1300 6500 7800 4.0
TM-630 630 1,7
275,35 1160 6500 7660
6;10; 20 1700 10500 | 12200
TMW 000 1000 1,3
27,5; 35 1400 10800 | 12200
6;10; 20;
TM-1600 1600 2600 17000 | 19600 1,1
27,5; 35 6,0
6;10; 20;
TM-2500 2500 2800 24000 | 26800 1,0
27,5; 35
6;10; 20;
TM-4000 4000 4200 29000 | 33200 0,9
27,5; 35

MpumeuvyaHnns

1. BH - 06MOTKM BbICLUEIO HaNpPsXeHUs.

2. HH - 06MOTKM HU3LLEro HaNPSKEHUS.

3. 3HauyeHus notepb xonocToro xoaa (XX) n HanpsbkeHUs KopoTKoro 3amMbikaHUsA (K3) ykazaHbl HA OCHOBHOM
OTBETBIIEHUU.
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Taonuua M.4.2 - OCHOBHbIE NapaMeTpPbl U XapakTepPUCTUKKU TpaHcdhopMma-
TopoB Tuna TMI

CoueTaHue Ha-

é— é npsxxeHun, KB Motepu, B
% 3 'J_:“ U Tok
z° g Cym- o}“"" XX,
= 2 BH HH XX K3 map- ’ %
s g Hble
=] =
TMI-63 63 6;10; 20 210 1300 1510 4,0 5
TMI-63 275,35 265 1400 1665 45 '
TMI-100 100 6;10; 20 210 1750 1960 4,0 o3
TMI-100 275,35 320 1700 2020 45 '
TMI-160 160 6;10; 20 300 2000 2300 4,0 y
TMI-160 27,5;35 460 2450 2910 45 '
TMI-250 6;10; 20 425 2750 3175 4,0
250 2,0
TMI-250 275,35 650 3250 3900 45
TMI-400 400 6;10; 20 610 3850 4460 4,0 19
TMI-400 275,35 0,23; 930 4900 5830 45 '
TMI-630 630 6;10; 20 04 1240 7600 8840 55 17
TMI-630 275,35 1160 6500 7660 6,0 '
6;10; 20;
TMI-1000 1000 1600 10800 | 12400 55 1,3
275,35
6;10; 20;
TMI-1600 1600 2300 16500 | 18800 6,0 1.1
275,35
6;10; 20;
TMI-2500 2500 2800 24000 | 26800 6.0 1,0
27,5;35
6;10; 20;
TMI-4000 4000 4200 29000 | 33200 6.0 0,9
27,5;35

MpumeuvyaHnns

1. BH - 06MOTKM BbICLUEIO HaNpPsXeHUs.

2. HH - 06MOTKM HU3LLEro HaNPSKEHUS.

3. 3HauyeHus notepb xonocToro xoaa (XX) n HanpskeHUa KOpOTKOro 3aMblikaHus (K3) ykazaHbl HA OGHOBHOM
OTBETBIIEHUU.
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Taonuua M.4.3 - OCHOBHbIE NapaMeTpPbl U XapakTepPUCTUKK TpaHcdopma-

TopoB TMNa TC n TC3

& < CoueTaHue © -
) ) Hanpsxe- E z ) MoTepun, BT
&g I HWiA, KB 2T =3 Tok
e T E U
o I I o = CyM- K3» XX
85 8 2Ez| 88 % '
F s - BH | HH | £38 | 8% XX K3 Map- %
g 3 $3°| 8%
(= = 3 xo Hble
TC-63
63 280 1050 1330 2,4
TC3-63
TC-100
100 440 1700 2140 2,2
TC3-100
TC-160
160 630 2300 2930 2,0
TC3-160
4,0
TC-250 Y/Y.-0; 15;
250 950 3200 4150 1,7
TC3-250 6; 0,4; Y/A-11; 25;
TC-400 10 0,23 NY-11; 26,09;
400 1300 4600 5900 1,4
TC3-400 Y/Z-11 43,48
TC-630
630 1750 6600 8350 1,2
TC3-630
TC-1000
1000 2200 10800 13000 0,9
TC3-1000
6,0
TC-1600
1600 3100 15600 18700 0,8
TC3-1600

MpumeuvyaHnns

1. BH - 06MOTKM BbICLUErO HaNPsXeHUS.
2. HH - 06MOTKM HU3LLEro HaNPSKEHUS.
3. 3HauyeHus notepb xonocToro xoaa (XX) n HanpsbkeHUs KOpoTKoro 3amMbikaHusA (K3) ykazaHbl HA OCHOBHOM
OTBETBIIEHUU.
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ly6nuxkyemcs & asmopckoli pedakyuu.

MoanucaHo B nevats 06.04.2026 r. bBymara odceTHas
[MapHuTypa «Timesy. GopmaT 64x84 1/16.
Yen. ney. n. 3,5. Tupax 300. 3akas Ne9.

Hanoeoeas nbaoma - Obuwjepocculickull knaccuchukamop npodykuyuu
OK 005-93-953000

UspaTenbckasn nuueHauna JIPNe065840 ot 23.04.1998 .
UspaTenbcTBo“CTaBponons-Cepsuc-LLkona*
355011, r. CtaBpononk, yn. 45-a Mapannens, 36.
Ten.: (8652) 57-47-27. E-mail: s-school@mail.ru. htpp: KHura-ctasponons.pg

OTtnevaTaHo B TMNorpacgun «CCLL», 355011, r. CTaBponons, yn. 45-a Mapannens, 36.
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