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7. UICIIMTYBAIBE HA U30JIAIIMJATA

7.1. HPOPUIIAKTUYKO UCITUTYBAILE HA U30JTALIMJATA HA
BUCOKOHAIIOHCKATA OITPEMA

7.1.1. BoBen

EnextpruuHaTa BUCOKOHANIOHCKa ONpeMa Koja € BO MOTOH TPIM Pa3HU BIHMjaHWja U Halperama
KaKo 0]l paOOTHHOT HAIIOH Taka U O] MPEHANOHUTE, TeMIIepaTypaTa, aTMOCQEpPCKUTE BIMjaHUja U APYTO.
CBojcTBaTa Ha M30JauUUjaTa co TEKOT HA BPEMETO C€ BIONIyBaaT, IITO CO €AeH 300p ce O3HauyBa Kako
»~CTapeeme Ha H30JanujaTa®.

CrapeemeTo Ha M30/IanmjaTa € CIOXKEeH (PU3NIKO-XEMUCKH TPOIIeC U MOXKE Ja Ce OJIBHBA JIOJITO,
HU3 [EJIHOT HEj3WH )KUBOTEH BEK. 3a Jja Ce 3r0JIEeMH CHUTYPHOCTa Ha MOTOHOT, MMOTPEOHO € Ja ce ClIeau
MIPOIIECOT Ha CTApPECHETO Ha M30JaIlfjaTa CHCTEMATCKH BO PEIOBHH BpeMeHCKH mHTepBaiu. [loTpebHo e
Jla ce BpIIIaT Mepermha Ha HEKOW CBOjCTBA Ha M30JIallijaTa, IPEeKy KO Ce CyIH 3a CTEIIEHOT Ha OCTapeHOoCcTa
Y HEOIXOJHOCTa O Mpe3eMame MEPKH 3a HEj3WHA ,pereHepanmja‘, ako TakBa pereHepalija € MOXKHa,
WJIM 3a 3aMEHa Ha JoTpaeHaTa onpemMa. TakBUTE MCIHUTYyBama ce BUKaaT ,,ipo¢uiaaktuaku®. Hexou on
OBHE NCIIUTYBamka Ce CIPOBEAYBaaT CO BICOK, a IPYTH CO PEIaTUBHO HU30K HAIIOH.

HpO(i)I/IJ'IaKTI/I‘{KI/ITG HUCIIUTyBamba CC CIpOBEAyBaar, O6I/I‘IHO, Ha TCpPCH, Ha CaMOTO MECTO Ha
BrpagyBambe€ Ha COOABCTHUOT arapar, 61/11:[ej1'<1/1 TPAaHCOOPTOT HA HUCIUTYBAHUOT arapar a0
BHUCOKOHAIIOHCKaTa na6opaToija € CKall 1 6apa moJ0JIro BpeMe Ha BaCTOj. Cnopej:[ TOQa, 3a BPUICHKHEC Ha
BAaKBU UCIIUTYBamba HOTpC6HO € J1a C€ pacrnojiara Co Npe€HOC/IMBa UCIIMTHA OITpEMa.

IloBekero npOPUIAKTUYKM HCIUTYBamka HCTOBPEMEHO C€ HEpas3pylIyBaukKd, OJHOCHO
HeleCTPYKTUBHHU. Toa 3HauM AeKa Npu HUBHATa MPUMEHA HEMa OMAaCHOCT 3a pa3pyllyBambe — IPOOUB Ha
n3onanmjata, OMAEjKH THE Ce BPLIAT CO CMaJCHH HAIMOHM, OOMYHO JaneKy MmoJ pabOTHHUOT HAIlOH Ha
HCTIMTYBaHATa U30JIalKja.

7.1.2. EKBUBaJleHTHA 1IeMa HA HCOIUTYBaHATa U30Jaluja

OnmHecyBameTO Ha H30jalfjaTa Mo JCSjCTBOTO HAa HAIMOHHW OJ pa3jiiNdueH BUA MOXKEME Ja TO
o0pasno)kuMe cO EKBHBaJICHTHaTa Imema maneHa Ha ci. 7.1 (Illemarta ox cimkara 2.2 Moxe ma ce
yImoTpeOH caMo 3a HaIlloH CO MHAYCTpHUCKa (PpeKBeHITHja, JOIeKa meMarta o cimkata 7.1 € yHuBep3aiHa,

BXHU 33 CHTE BUIOBH HATOHU. )\
b
OzHakure Ha CI. 7.1 TO WMaaT CIEAHOTO 3HAYCHE:

C_— KamanmuTeT Ha MNPUMEPOK H30Jandja JeUHUpPAH O

0

C«J S Cd FCOMCTPUCKUTEC NUMCH3UHU U CHUTC BHUIOBHU 6p31/1 nojiapu3anuu
_— R (jOHCKa, eJ'ICKTpOHCKa). H3HOCOT Ha OBOj KamanouTeT HE 3aBHUCHU
r o1 (I)peKBeHBLII/IjaTa Ha MPWJIOKCHUOT HAIIOH, OCBCH 3a MHOTY
BHCOKH (I)peKBCHI_II/IPI Ol p€ao0T Ha MCTaxeplu.

l (; — JOJaTeH KalaluTeT, KOj € pe3yTaT Ha IIPOIeCHTE

Ha HacoOWpame Ha TOBapW (arcopIlidja) Ha TPaHUYHUTE

Cn. 7.1. EKBuBanenTHA eMa Ha MOBPIIMHA Ka] HEXOMOTECHUTE MUEICKTPHUIM (OBOj IMPOILEC CE
CJlekTpIHaTa H3o/alnja HapeKyBa M MUTPAIlOHa IIOoJapH3alidja), HO Ce jaByBa M KaKo

pe3yiTar Ha OWIIOIHATA Tojlapu3aidja. Bo mpakTukara Kaj
W30JIAIIMOHNUTE KOHCTPYKIIMK H30JalljaTa PEeYrCH CEeKOrall e
HEXOMOTCHA.

¥ — OTIOp KOj € HmpuKIydeH cepucku co C; U rm Mojenupa 3aryOHTe Ha €Hepruja Kou ce

OJIBUBaatT BO Cd Ipu rope CrioOMCHAaTUTC OaBHHU MpoueCHu Ha MOJTHCHE U IPA3HCHC HA Cd .
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R - OTIIOP Ha IMPOBOAHOCTA HU3 JUCICKTPUKOT KOj, HaKO MMa roji€éM M3HOC, CCIIaK HE CMEC J1a CC
3aHCMapHu.

7.1.3. OTnop Ha H30JIallKjaTa U HETOBOTO Mepeme

ITox ornopot Ha u3onanujaTa R, , BO cMHCIa HAa NpO(MIAKTUYKUTE UCIUTYBamba ro pasdupame

OZIHOCOT Ha HAPUHATHUOT eAHOHacoueH HanoH U | cTpyjaTa u Kaj UCIHMTyBaHaTta n3onauuja, R, =U /i .

OTmopot Ha H30JaLMjaTa ce MEPH CO MEraoMMETpW KoM pabdoTaT cO €IHOHACOYEH HAIlOH.
HcnutHUTEe €IHOHACOYHM HANOHU C€ cTaHjapausupanud u usHecyBaatr 500, 1000, 2500 u 5000 V. Ha
npuMep, BOOOMYAeHO € pOoTopcKaTta HaMOTKa (Bo30yIHaTa HAMOTKA) Kaj reHepaTtopuTe aa ce mepu co 500
V, cratopckata co 1000 V, a xaj eHepreTckuTe TpaHchopMaTopu ce KopucTi HanoH oz 2500 V umu 5000
V.

MeraoMMmeTpuTe ce M3BEIECHU, OOMYHO, KAaKO aHAJIOTHH WHCTPYMEHTH (co cTpenka). [loctojar
METaOMMETPH CO BrpajieH MHIYKTOpP — €HOHACOUYCH TCHEPATOP, KOj CO BPTCHE CO COOJBETHA payka ro
co3laBa TOTPEOHHOT MepeH HamoH. [locoBpeMeHHTE W3BeJAOM HWMaaT BrpajJicHO OaTephH WM
aKyMYyJIATOPH, OJT KOM CO TOMOII Ha BUOpaTop (OCIMIATOP) M MCIIPaBYBay ce TOOUBA MOTPEOHUOT BUCOK
€IHOHACOYCH HamoH. Ha TOoj HAauWH OBHE WHCTPYMEHTH HA TEPEH CE HE3aBUCHH O] HAMOjyBaHETO O
MpexKa, ITO € rojieMa nmpeaHoct (ci. 7.2).

_ Cute u3BenOM MMaaT TPU CTETANKH (MIPUKIYYHH TOYKH):
MO3UTHBHA, HETaTHBHA M CTErajka 3a OJBOJ Ha Iapa3UTCKHUTE
(mo3eYKky WM MOBPIIMHCKK) CTpyH. [lo3uTuBHATAa 1 HETaTHBHATA
CTerajka ce MOBp3yBaaT Ha JBETE ENEKTPOAM, MEly KOH € HCIIH-
TyBaHaTa U30Jialrja, a OJBOJOT 3a Mapa3uTCKH CTPYHU CE Bp3yBa Ha
CTeLHjaTHO HallpaBeH eKpaH 3a mnpudakame HA MOBPIIMHCKUTE
CTPYH CO LIl HUB Ja I'M MCKIy4YHME 32 Jia He BIIMjaaT Bp3 Mepe-
BETO, (00MYHO cakaMme J1a TH HCKIIyYHMME) aKo CMeTaMe JieKa 3Ha-
YHUTEITHO K€ BJIMjaaT Ha Pe3yiTaToT O/ MEPEHETO.

Ha cnmkara 7.3 e mnpukaxkaHo MPUKIYyYyBamkeTO Ha
METaOMMETapoT Kaj €lleH CHepreTCKU TpaHc(opMaTop U BPTIIHBA
eJIeKTpUYHA MaIlinHa. MepHuTe 00jekTH Tpeda IeJ0CHO Ja ce
OTCIIOjaT OJl eHepreTckaTa MpeXxa Ha Koja BO HOpMaJleH MOTOH ce

MIPUKITYYEHH.

Co. 7.2. VIsrien Ha ejieH Pesysnratute on  Mepemero ce  crnopeayBaar  Cco
MEraoMMeTap co BIpajicH H3BOp NPENOPAKUTE MM CO PE3YITATUTE OJ IPETXOAHOTO MEPEH-E.
3a €/IHOHACOYEH HAIOH HaIlojyBaH bunejku ormopoT Ha wHW30jaNMjaTa MHOTY  3aBHCH O]l

o Garepun TeMmIeparypara, MOXE Ja Ce€ CIopeayBaaT caMO pe3yJITaTUTE

CBeJIeHM Ha HcTa Temmeparypa (o6muHo Toa e 20 ©C), ako mocron
HAuYWH 32 CBElyBamke BO BUJI Ha TAaOJMIIA WITM KPUBA 33 COOJBETHHOT THIT M30JIAllH]ja, a aKO CBELyBAETO €
HECHUTYPHO, Tpeba Jia ce HacTojyBa Jia ce€ MEpH CEKOrall pHu NpUOImKHO ucta Temmeparypa. OcBeH Toa,
Y HaIllOHOT TIPH KOj Ce BPILHM MEPEHETO Tpeda Jia € UCT, 3a Ja Pe3yJITAaTUTE MOXKAT Ja Ce CopeayBaart.
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F\—F, — mobyfHa HaMOTKa

e—eKpaH

Ca.7.3. Mepeme Ha OTIIOPOT Ha W30JIAIMjaTa CoO MEeraoMMeTap:
a — Mepeme Kaj eHepreTCKr ABOHAMOTaH TpaHcopmaTop Mery HamoTkuTe VN 1 NN+maca; 6 — Mepeme Kaj BpTiinBa
SJIEKTPUYHA MallIiHa Mely eqHara ¢asza u Ipyrute ase (a3 3a3eMjeHI

OTIIOpoT Ha M30JIalljaTa Kako OJHOC Mely TPHUIIOKEHUOT HAIIOH U CTPyjaTa 3aBHCH OJ BPEMETO
MMOMHUHATO OJf MOMEHTOT Ha IPHKIYYyBamkeTO Ha HAIMOHOT, OJHOCHO TOa € BEJIWYMHA 3aBHCHA O]
BpeMeTo. JIeka oBa e Taka, MOJKEMe Jla C€ YBEpUMeE aKo ja MoTJIe/HEMe eKBUBAJICHTHATA [IIeMa Ha CIIMKaTa
7.1 o Koja TIenaMe JieKa MpU HaTJIo MPHUIIOXKYBamkhe Ha €THOHACOYCH HAIOH Ha M3BOJHTE, CTPyjaTa Koja
BJIETYBa BO IIeMaTa 3aBUCH OJ BPEMETO, OJHOCHO IMOCTOW IPEOJIeH MpOIeC Ha BOCIOCTaBYBambe Ha
cTpyjara.

3a 5a ce WCKIyYd BIMjaHHETO Ha CTpyjaTa Ha arncophiyjara, OJHOCHO Ha IPOIECOT Ha
IIOJIHEKLETO Ha Cd IpEKy 7, NPOYUTYBAKLETO HA OTIIOPOT HE CC€ BPIINM BCAHAII IO BKIYYYBAaHKETO Ha
HATOHOT, TYKYy IO HCTEKOT Ha elHa MUHyTa. [loHekoraml ce MpakTHKyBa MPOYHUTYBame 1Mo 5 wmwin 10

muHyTH. Ce cMeTa JeKa Iocie OBa BpeMe OTIOPOT Ha M30JjalujaTa Ke ce 3rojeMH 0 BpegHocra R,
IneduHupaHa co MPOBOAHOCTA HA U30JIalljaTa.

[To npukIydyBameTo Ha €HOHACOYHUOT MEPEH HAIOH CTpyjaTa Ha arcopIijara (HU3 rpaHkara
r—C, Hacn. 7.1) onara cropej eKCIOHSHIHjaIeH 3aKOH:

U -L
iabs =—e T, ...... T=I”Cd. (71)
r
BKyHHaTa Cprja, BpP3 OCHOBA Ha KOja C€ ME€pPH OTIIOPOT HA I/I3OHaLII/IjaTa, €

i=—+2e T, (7.2)
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OBaa 3aBHCHOCT € JajeHa Ha ciaukara 7.4.

R’oo= R’
> /s

y Vv

0 15 60

Cn. 7.4. 3aBUCHOCT Ha cTpyjaTa Hu3 u3onanujara I, i’ u otnopure R, R’

o !
OJ1 BpEMETO NPU BKIIYUYBAKLETO HA €MHOHACOYHUOT HAIIOH; KPUBUTE ' n R
BazkaT 3a HaBJIa>KHETa I/I3OJIaI.II/Ija

AKO Kako pe3ynTaT Ha MEpemeTo ce JoOHe Mala BPeJHOCT 3a R, Toa MOXe Ja yKaxyBa Ha

OIIIITO HaBJIAXKHYBALC WJIHU, MAK, TOBPIIMHCKO HABJIAX)KHYBAILC. Ho ucro TakKa, MalJl JIOKaJICH ,I[e(l)eKT KOj
ja MMPpOHMI)KYBa LiCjiaTa I/I3OJ'IaI_[I/Ija (O,E[HOCHO CC MPOCTHpPaA OJ €aAHaTa CJICKTPOJa A0 Apyrara, MaKO CO MaJl
BOJIYMCH, BO BUJ Ha KaHanqe) HCTO TaKa MOXKEC a AaZ€ MaJl OTIIOP Ha I/I3OJIaI_II/Ij arta.

Axo u30anujaTa € MHOT'Y HaBJIaKHETA WIIK 3arajieHa, crpyjara Ha nmposenysamero i, =U/ R

prov
€ MHOTY ToJIeMa ¥ pa3jIinKaTa Mel'y modeTHaTa M KOHEYHaTa cTpyja € mana. CtpyjaTta Torar Op30 ce Boc-
MOCTaByBa M CTpeJKaTa Ha MEraoMMETapoT Op30 ce CMUpYBa. 3aT0a, aKo TM OTYUTAME TIOKaKyBarmbara Ha
MEraoMMeTapoT 1o 15 cexkyHam ¥ mo 60 CeKyHIHW M HallpaBUME OIHOC, TOj MOXKe Ja Omme Mepuio 3a
coctojbaTa Ha m3onanujara. ([loHexorar, kaj 00jeKTH CO TOJEM KallalluTeT OJHOCOT Ha OTIIOPH CE€ MPaBU
mpu 1 u 10 MmunyTH).

IIpu BraxxHa ¥ (WIN) 3arafeHa u30Jannja oaHocoT R, / R s e man u 6im3ok e Ha 1. Toa e 3aroa

IITO JIOMMHHMpPa KOMIIOHeHTata Ha ctpyjara U / R . OBOj ofHOC ce BUKa KOe(PHIHEHT HA ancopnuujarTa
U e j1o0ap rmokaszaren 3a CTENCHOT Ha HaBJIAXKHETOCTA Ha M30JallijaTa Mpyu TeMIIepaTypH moManu ox 35 —
40 OC. Ako TeMmmeparypaTa € IMOBHCOKA, CTpyjaTa Ha MPOBOIAHOCTA TOJKY CE 3TrOJieMyBa, IITO OAHOCOT
R, / R,s Beke He ce pa3iHMKyBa MHOTY Kaj CyBa M BJI)KHA M30JIalja U ce IPUOIIMKYBa KOH 1.

7.1.4. Mepeme Ha KOe()HIHEHTOT HA ANEJeKTPHUYHHUTE 3ary0n tgo

Bo nuenekTpukoT mpu HaAM3MEHHYHO eNeKTpudHO Tone (Ha mpumep npu 50 Hz) Hacranysaar
3aryOM Ha €Hepruja IMOpaad HECOBPIICHOCTAa Ha AWCICKTPUKOT. 3aryOuTe ce HEMOXEIHH, OWejku
JIOJIATHO TO 3arpeBaar JAMEIEKTPHUKOT, IITO MOXE Ja JOBEJNE JIO0 BIOIIYBalke Ha HETOBUTE CBOJCTBA U JIO
T.H. ,,TOIDIOTEH TIPOOHB™,

3aryOuTe TpuW HAU3MEHHYEH HAOH MOXEME YIPOCTCHO Ja TH IPUKAKEME IPEKy
€KBHMBAJICHTHATA IIIeMa MPUKaXKaHa Ha CJIMKarta 7.5, Koja ce COCTOU O] KOHACH3aTop 0e3 3ary0ou U OTIop
BO KOj HacTaHyBaaT 3arybute. Jlo oBaa mpercraBa ce jpoara ako, criopea ciukara 7.1, peakTuBHaTa
HcnuTyBame Ha n3onanujaTa 115
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KOMIIOHEHTa Ha cTpyjata Bo rpankata » —C, ja mpuaomazeme Ha crpyjara Hu3 C , a akTHBHara
KOMITOHEHTA Ha CTpyjaTa HU3 UCTaTa rpaHKa ja mpuaoaageMe Ha cTpyjaTa Hu3 K.

MoxeMe Jia TIpeTIiocTaBUMe JieKa OBHE €JIEMEHTH C€ BpP3aHH CEPUCKH WM mapanenHo. W nere
MIPETCTaBH MOJKAT J1a TOCITYXaT 32 MOJSIIUpak-e Ha 3aryOuTe, HO ceKoraimr Tpeda Ja 3HaeMe Koja meMa ja
KOpHUCTUME, OWJIejkr N3HOCUTE Ha eJIeMEHTHTE (0COOEHO Ha OTIIOPOT) 3a JABETE IMEMHU HE CE HCTH.

3ary0uTte Ha MOKHOCTa Ke Ouaar, Ha mpuMep, 3a apaljiesiHaTa Bpcka:
P=Ulcosp=Ulg =Ul-1gs =UwCigs = Scigs . (7.3)

[llemuTe Ha cimkara 7.5 ce MpUOIMKHM, a TIOTOYHA € eKBUBAJICHTHATA IleMa Ha ciiukaTa 7.1, koja

Cs Rs
—

Cn. 7.5. ExBuBaseHTHN 11eMH, (pa30pPCKHU UjarpaM U KOe(PUIUEHT
Ha THEIeKTPUYHUTE 3ary0H Kaj peaHaTa u3oJaluja.
a) ceprcKa eKBUBAJEHTHa LIeMa, tgd=mCyRg;
0) mapaJieJiHa cKBUBaJICHTHA IIeMa, tg6:1/(conRp)

IIaK € IMMOCJIOXKCHA 3a aHaJIk3a.

On paBeHkara 7.3 ce riena jJeka 3aryOuTe BO M30ialdjarta ce MPOMOPIMOHATHH Ha tgd Koj ce
BUKa (DAKTOp HA MUENCKTPUYHUTE 3aryOu. BkymHuTe 3aryOM BO HM30JalfjaTa 3aBHUCAT O HEj3MHATA
rojeMuHa (T€OMETPUCKH TUMEH3UH), HO OHMJIEjKH tg0 HE 3aBHCH O] TEOMETPUCKHUTE TUMEH3UH, YCBOCHO € Jia
ce MepH TokMy T0j (hakTop. Toj ce 1aBa 0OMYHO BO MPOLICHTH WM TIPOMUITH, OUiejku € Opoj 0e3 TuMeH3UH,
Ha p. tgd% = 100 tgd; tgd°/,, = 1000 tgd.

@akTopoT Ha IUEIEKTPUYHHUTE 3aryOu tgd Ha JaJeH AWENCKTPHUK 3aBHCH OJ HH3a BIIHMjaTEIHU
BesimunHU. [I0Ba)KHU OJ1 HMB ce TeMIeparypara M BUCHHATa Ha NMPUMEHETHOT HanoH. [Ipu cnopexnbenu
Mepema Tpeda 1a ce MepH MPH MCTH HAOHH M Temrepatypu. Kaj Hekou BUIOBH H30Jaluy (Ha puMep
Maclio-XapTHEeHaTa) MOXKeE [1a C€ M3BPIIU MPECMETyBambe Ha apyru Temmeparypu (oouuno Ha 20 °C) ako
MepemheTo OWIT0 U3BpIICHO Ha Temreparypa pasnuuda o 20 °C. Bo cekoj ciyuyaj, Temmeparypara npu
MepemeTo Ha tgod He cMmee a ouae nomaia o 10 OC.

Mepemero Ha KOSHUIIMEHTOT HA JUCICKTPUYHUTE 3aryOu Kaj O0jeKTUTE KOW HMMaar roJieMU
JUMEH3UH MOXKE Jla OTKpUE CaMO TakBU Je(ekTH ko ondakaaT rojieM Jel OJ BOJYMEHOT Ha
n3onanujata. TakBM ce: OMINTO HABIAXHYBalke, OcTapyBame. KOHIEHTpUpaHUTe Mak Ae(EeKTH, KOU
JIECHO Ce OTKPHBAaT MPH MEPEHETO Ha OTMOPOT Ha W30JalujaTta, OBAe TEHKo ce oTkpuBaaT. Ho, kaj
00jeKkTH co Mala rojeMrHa (M MaJl KanaluTeT) U JIOKATHATE JeeKTH MOXAaT Jia ce oApa3aT jaCHO Ha W3-
HOCOT Ha tgd (Ha mpuMep, CTpyjHH TpaHCc(hOPMATOPU 3a BHCOK HAINOH, BOBEJHU H30JIATOPH 3a BHCOK
HAIIOH).
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Axo wm30NanyjaTa COApP)KM TAaCHU IIYIUIMHM, TPH IOBHCOKM HAaIlOHM BO HHMB HACTaHyBaaT
MapIyjalHA Tpa3Hema W MoJaTHH 3aryou. OBa ce ojapasyBa M Ha IMOpAacT Ha W3MEPEHHOT W3HOC Ha
(haktopoT Ha 3aryoure tgd. Ce moOMBaaT 3aBHCHOCTH KaKo Ha ciukara 7.6.

, ®aKkTOpPOT Ha IUENEKTPUYHUTE 3aryOu 3aBUCH O]
A ~

3 (dpekBeHIMjaTa HA MepemneTo. Toj PakT ce KOPUCTH Kaj

tgd 2 / HEKOM CIIEIHjaJIHU UCIIMTYBakha Ha M30Jalnjara.
E 1 Bo npakTukara HajuecTo BO CBOjCTBO Ha NPOQH-
JIAKTHYKO HCIUTYBAmkhE, MEPEHETO Ha tgd ce BpIIM MpH
f =150 Hz u npu Harod ox 10 kKV. AKO HOMHHAJHHOT
. HanoH Ha ompemarta € noman oz 10 kV, ce Bpmu mepe-

U, U U g ¢ TpH HOMUHATHHOT HAMlOH.

[lleMure Ha TOBP3yBamETO HAa HAMOTKHUTE Ha
Ci1. 7.6. 3aBUCHOCT Ha tgd Ol HATIOHOT. UCIIUTYBAHUTE allapaTH C€ MCTH KaKO M NPU MEPEHETO
1 — m3onanuja 6e3 mymIuHA, 2 — U30Ja1uja co Ha OTIIOPOT Ha HsonaunjaTa. 3Ha‘lI/I, MOXE Oa CC MEpH
MaJIH IIyIUTMHH, 3 — H30J1al|ja CO MHOTY U win Mefy 2 moceGHO OBOCHU HaMOTKH (Win (asu Kaj
FOJIEMHU IIYILTHA BPTIMBUTE MAIIMHM), WIH Mel'y HaMOTKu (Wwin (a3u) u

3a3eMjEHHTE JIETIOBH. Ha npumep, Kaj
TpaHc(hOopMaTOpUTe ce MepH Mely elHa HaMOTKa M 3a3€MjEeHHOT Ka3aH, IIPH 3a3eMjyBambe Ha CHTE JAPYTH
HamoTku. Ho ce mepm m mery ne HamoTku. Kaj BpTIMBHTE MalmMHU ce Mepu Mery exHa dasa (Ha
cTaropckaTra HaMOTKa) M 3a3€MjeHOTO KeJe30 | Mpu 3a3eMjeHH IPYTH aBe (a3u.

Pesynratute om Mmepemara Ha tgd Tpeba Ja ce cropelaT CO PE3yNTaTHTE O MPETXOJHUTE
Meperma M CO MepemaTa W3BPIUICHU NMpH u3paboTkara Ha amapatoT Bo ¢abpukata. Ho ucro Taka ce
npaBaT Cope 0y COo MPOIMUIIAHUTE H3HOCH JaJICHH BO Pa3HU MPETOPaKH U MPABUIIA.

CamoTO Mepeme ce BpLIM CO MOCTOBM 332 HaM3MEHHYHA CTpyja KOM paboTaT HpH BHCOK HAIIOH.
Hajnosznar e IllepuHroBnoT MOCT, IpeTCTaBeH Ha ci. 7.7.

Ca. 7.7. lepunros moct MES8 ox ¢pupmara Xaprman — bpayn

Hopmannara miema oj ciukata 7.8a ce KOPUCTH aKO € MOXHO JIBETE CIEKTPOIM Ha
UCMUTYBAHUOT 00JEKT Jla ce M30IMpaaT oj 3emMjara. TpanchopMaTopoT 3a HAMOjyBamke HA MEpPHATA IIeMa
MOXe Ja Oulie W eIHOMONHO HM30JIMPaH, OWICjKM eITHHOT W3BOJ My € Ha MOTCHIMjaloT Ha 3eMjaTa.
Camuot moct, Bo motecHa cmucia Ha 36opor (R;,C,,R,,u N ), ce Haola Ha HM30K IIOTEHIHjal BO
OJIHOC Ha 3eMjaTa W MEPHHTE €JIEMEHTH HE Ce ONAcHH 3a IMHUMamke Ha paKyBadoT, OMIEJKH € 3a3eMjeHa
toukara D ox mocrot. Peuncu nemnot Bucok Hanou otnara Ha C. u C,,. MHOry € GHTHO HOPMAJITHHOT
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(eranonckuot) KoHaensarop C,, ma Gune Oe3 3ary0Ou, OHaEjKu MEPEHETO ce 3aCHOBYBA Ha pa3iiKaTa BO

saryoute Mefy C, u C), . 3aToa, eTaTOHCKHOT KOHJEH3aTOp Ce U3BeyBa KaKo TaceH KOHJIEH3aTop.

Ho kako mTo pekoBMe, MOMHTEPECHO € Ja Ce MepHu tgd Ha HaMOTKAa BO OJHOC HA 3a3€MjCHHUTE
JIeNIOBU KOM UIpaat yJiora Ha BTOpPATa eIEKTPOjJa Ha HCIHTyBaHHOT KoHaeH3atop C . Bo TakoB Biy4aj,
Bo OuBmrotT CCCP, Ha npuMep, BOOOMYACHO € J1a C€ KOPUCTH mieMarta oj ¢ji. 7.80, T.H. MpeBpTEHa IIeMa.
Cera e 3a3emjena Toukata C u cure Mepru enementu ( R;,C,, R, , N') ce mox BUCOK HAaIlOH U HE cMee 1a

CC aomupaar o4 CTpaHa Ha paKyBadoT. ypaMHOTe)Ky'BaH:CTO CC BpLIM OAAAJICKY, IPCKY H30JIAllMOHU
JIOCTOBH.

a)

D |

0)

Ca. 7.8. LllepuHros MocT:
I n, a) HopMaJHa meMa, 0)
MIpeBpTEHA IIeMa — 32
Mepemhe Ha 3a3eMjCHI
objexTi

Bo 3amagHuTe 3eMju BoOOMYAacHM ce OPYrHM IIEMH HEONAacHH 3a PaKkyBadyoT M MOyHoOHH 3a
pabora. Taka, Ha cinukara 7.9 e mpukaxkana memara Ha moctoT MES-8 on ¢upmara H&B. Takos
noceaysa u Jlabopatopujata 3a Bucok HanoH npu ET® Bo Ckomje. Criopen oBaa mema, 3a3eMjeHa € To4-
kata A. Hamojuuor Tpanchopmarop Tpeba na mMa CeKyHAapHa (BHCOKOHAIIOHCKa) HAMOTKa Koja €

Cs

Cn.7.9. lllema Ha IllepuHTrOB MOCT CO IOfaTEeH YPen 3a
Mepeme Ha 3a3eMjeHN O0jeKTH.

C5 — R5 € JIoflaTeH ypen)
ABOIIOJHO mM3onupana. [Tapasurauor kanauurer C, Koj JIexkKu mapaneiaHo Ha MepeHHoT 00jekt C . U Koj

HajMHOTY TIOTEKHYBa OJ Tapa3suTHUTE KalallUTeTH BO HAIOjHUOT TpaHchopmaTop (M mopaam KOj BO
ciukata 7.86 ce mpuOerHyBa KOH ,,JIpEBpTeHa mieMa‘’), OM ro o0e3BpeaHms Mepemero. Herororo
BIIMjaHHE CE OTCTPaHyBa CO TPU MEPEha U CO MOMOII Ha 1oAaTHHOT ypen R, — C.

ITpu npBoTO Mepeme IllepruHroBUOT MOCT Ce€ YPaMHOTEXKYBa Ha BOOOWYAeH HauuH. JI0JaTHHOT
ypen R, —C; ce nocraByBa Ha C; =0, R; = 0 (zomatauot ypen npemocten!). I3mMepenara BpeaHOCT
cera oxrosapa Ha 36upot o kanarmrerure C, + C, nHatgdon C, + C,
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IIpu BTOpOTO Mepeme, T0BOAHUOT mpoBoaHUK 10 C | ce NpeKHHyBa, Taka IITO BO Taa IPaHKAa OCTAHYBa
camo kamamuretror C|. Cera ememenrure Ha Moctor C, — R, ce cBp3yBaaT HaKyco, NpH LITO Ce
OCTaBaaT BO I10JI0;K0aTa KaKBa IITO Oula Ipu MpBoTO Mepere. Cera MOCTOT € ypaMHOTEKYBa CO IIOMOIII
Ha C; u R, n oBue mocraByBama oarosapaar Ha spennocra C. u tgd on C, . IIpu TpetoTo Meperme Bo
rpankara 4 ogHoBo ce BkiayuyBaar R, u C, m mocror ce ypamHorexyBa co R, u C,, a mpuroa
BHCOKOHAIIOHCKAaTa BPCKa MaK € BpaTeHa BO HOpPMaJlHa — NIPUKITyYHa 11010%kK0a.

ITo oBa TpeTo ypaMHOTEXyBame, BiijaHneTo Ha Cy € OTCTPaHeTo, a PEe3yNTaTHTE HAa MEPEHETO
ce MPOYUTYBaaT Ha BOOOWYaeH HauMH. MiMa u Ipyru pelieHrja Ha 0BOj MPo0JieM Ha MEPEHe Ha 3a3eMjeHH
00jeKTH, HO Ha HUB OBJIC HEMa JIa ce 3aIlpame.

VYcnoBure 3a paMHOTECXKa Ha MOCTOT C€ IIO3HATH OA MNpPEAMETOT ,,CJICKTPUYIHU MepeH>a“. HpI/I
IMNOCTUTI'HATA PAaMHOTCKa Ha H_[epI/IHFOBI/IOT MOCT BaXXH:
R
_ _ 4
tgd=wC,R, n C,=-2C,.
R3
Benuuunure oI A€CHaTa CTpaHa C€ UK OJHAIIPE ITO3HATH, NJIX CE€ IIPOYNUTYyBaatT 1o
IMOCTUTHYBAKETO HA paMHOTEXKaTa Ha MOCTOT.

Otnopor R, ce mpaBu eIHaKoB TO4HO Ha u3HocoT 10000/7 wmm 1000/7, a C, C, ro ounTyBame BO
mukpodapanu. Toram npu f =50 Hz (o=27 f ) ce nobusa tgdy = C,, T.c. GpojUCHO ¢ eHAKOB Ha Kara-
muteror C, u3paseH BO MUKpodapa . YPaMHOTEKYBABETO € PAvHO.

Co ycnex ce KOPHUCTAT U T.H. ,,TpaHcHOPMATOPCKU MOCTOBHU‘, KAKOB MITO € [ THHOBHOT MOCT (CII.
7.10). CaMHOT MOCT, BO ITOTECHA CMHUCIIA Ha 300pOT, € elieH CTpyeH TpaHcHopMaTop KOj MMa 3 HAMOTKH
HAMOTAHU Ha €THO MarHeTHO jaapo. [IpBara HAMOTKA MMa MHOTY OTLEHH CO TPEKJIONKH KOH MOXAaTr Ja
BKIy4yBaaT MOBEKe WM TOMAlKy HAaBOjJKM BO HamoTkata. HW3 oBaa HamoTKa Tedye CTpyjarta Of
ucnuryBaHuot odjexr C. .

—

1 Cn
TZTZ C,

Ci. 7.10. UzBen6a na tpanchopmatopeku (I'muHOB) MOCT

Bo BTOpaTa HamoOTKa cTpyjaTa Teue HW3 E€TaIOHCKHOT KoHueH3arop (ci. 7.11). Ha tperara
HaMOTKa € IPUKIyYeH HyInHIuKatopoT. Co perynmpame Ha OpojoT Ha HaBUBKHTE [V, ce IIOCTUTHYBa

paMHOTeXxa. YcloBUTe Ipu paMHOoTexkaTa ce (Buau: V. Bego: Mjerenja u elektrotehnici, Tehn. knjiga,
Zagreb):

N
C. = Cy s = oCR

X
1

Mepemero Ha (aKTOpOT Ha JUETEKTPUYHHUTE 3aryOHU BO TEPEHCKH YCJIOBH € CBP3aHO U co Oopba

NPOTHB ENIEKTPOMATHETHH MPEYKH, KOU J10araaT Oj COCEIHUTE MPOBOAHUIM 10 HamoH. OBa € 0COOCHO
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U3pazeHo npu
MepemeTo Ha O00jeKTH
CO MaJl Karaurer.
IIpotuB mnpeukure ce
Oopume Ha  pasHH
HA4YMHU, Tpen c€ co
okjomyBame.  OcBeH
TOa, CaMOTO MeEpeHme
Ha  (Qakropor  Ha
3aryOuTe Ha TepeH e
KOMIUIUITMpana pabo-
Ta, Owuaejku omngaka
orpema co rojem 0poj
UHCTPYMEHTH U IIpU-
0op, moTpeda o TOUHO

MEpPEHC HAa BUCOKH Ha-

Ci. 7.11. Hu3a BUCOKOHAIIOHCKHT Ca. 7.12. ABTOMATCKH COBPEMEH MIOHH, KOHTHHyHpaHa

€TAJIOHCKU KOH/ICH3AaTOPHU 3a MEPEHC TpaHcopMaTOpcKu MepeH MocT Tettex
Ha (paKTOpOT Ha 3aryoure

perynamnuja Ha Haro-
HOT M CJIMYHO. 3aroa,
NOTPEeOHU CEe KOMILIET-
HU TEPEHCKU CHCTEMHU
KOH C€ TpHCIOCcOOeHH
3a OBaa HAMEHA M CHA0JICHHU CO CHTE MOTPEOHH JEIOBU M PUOOPH.

CoBpemeHuTe wu3BeNOM HAa MEpPHM CHCTEMH 3a TEPEHCKO Mepeme Ha (akTopoT Ha
OUEJICKTPUYHUTE 3ary0M HMMaaT BIPaJeHO CIELMjaTHU EJEKTPOHCKH KOjla KOM IO MepaT HUBOTO Ha
€JIEKTPOMArHETHUTE MPEYKU U TeHepHpaaT KOHTPAHAIIOHU KO T'M OTCTPaHyBaaT HAIIOHUTE MHIYLUPAHU
ol mpedkute. VMcTOBpeMeHO THE KMMaaT W aBTOMAaTHKA 32 CAaMOCTOJHO YPaMHOTEXyBame. 3apaiu
noynobHa paboTa NpH TEPEHCKU Mepema Ha 00jeKTH CO MOMal KamanuTeT (EHEpreTCKd M MEpHH
BHCOKOHAIIOHCKU TpaHc(OpMaTopu), OBUE CHUCTEMH HMaaT BIPaJeHO U HAIMOJHM M3BOPHU 32 BHCOK
HaM3MEHUYEH HAIOH, HopMaieH KoHzaensatop C , a pe3ynTaToT o MepemeTo ce A00UBa Ha BIpPajieH

nedatady. llenokynHara paboTa Ha CUCTEMOT € YIIpaByBaHa OJ MUKpoIpolecop. Bakos MepeH cucteM 3a
TEPEHCKO Mepeme Ha (akTopoT tgd M KamauuTeToT Of IuBajuapckara ¢upma Tettex mocemysa u

nabopatopujara 3a Bucok HaroH nipu ET® Bo Ckormje. Toj pabotu Ha TpaHCPOPMATOPCKHA TPUHITHI (CII.
7.12).

7.1.5. Mepemwe Ha NapuujaJHUTe NPa3HeHa BO H30JalMjaTa

[Mox mapumjamHu npasHema ce pa3dupaaT Mpa3HemaTa BO BHATPEIIHOCTA HA camara M30Januja,
HO TaKBHM KOW HE MIOMHHYBAaaT OJ] €IHaTa eJIeKTpo/a /0 Jpyrara, TYKy MUHyBaaT caMO KyCH pacTojaHuja
Owro Oiu3y 10 eJIeKTpoxuTe, OMJIO BO BHATPEIIHOCTA HA camara H3ojandja (BHIM IOJETaJbHO BO
moriasjero 5.2.1).

Hako oBaa mojaBa He MpeTCTaByBa ILIEIOCEH NMPOOMB, CEMaKk € MHOTY IITETHA 32 M30JalHjaTa,
0co0eHO OHaa oJ OpraHckKo Morekio. [lapuujamHuTe NpazHema MHOTY TO 3a0p3yBaaT CTapeeHETO Ha
u3oJianyjaTa U (pU3NUKO-XEMHUCKH ja MeHyBaat. [lapuujanHure npa3Hema 0OMYHO HACTaHyBaaT BO MajlH
UIYTUTHHA OCTaHATH BO BHATPEIIHOCTA HA M30JIalfjaTa Mo HEj3UHOTO JICCHhEe WM UMITPETHUPAbE, KaKo U
BO pa3HU MpPUMECH (HEUUCTOTHUH).

CaMOTO maplyjaiHO Tpa3HEHkEe MPETCTaByBa KPaTKOTPajHA IM0jaBa Ha NMPOOMBAaHkEC HA M3BECHH
MaJii JOMEHH BO BHATPEIIHOCTA Ha M30JIAlMjaTa M KaKo TaKBO HE € JOCTaIHO 3a TUPEKTHO Mepeme. Ho,
CEeKOe TaKBO IIPa3HEHE ce MaHU(ECTHpa Ha U3BOIUTE 0/l 00JEKTOT, KOj UMa BKyIneH Kanauuter C, , Kako

KpaTKOTpaeH MMILyJICOBUEH Haj Ha HamoH AU, . Ilpexy oBOj maj Ha HANOHOT M NPEKy HU3HOCOT Ha
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C, ce nedpuHMpa eneH Ol HajBAXXHUTE ITOMMH, IOMMOT Ha NPHUBUICH TOBAp HA MapLUjaHOTO Mpa3HEHE,
q,
qg=AU_ Cx

WIM, CO JAPYTH 300pOBH, TOA € ONTOBAPYBamE KOE € NPHIOKEHO CKOKOBUTO Ha oOjexktor C, Ke naje

TAKOB IIaJ Ha HAIIOHOT, KAaKO U CAMOTO NPAa3HCHEC BO BHATPCHIHOCTA Ha H30naunjaTa. Hpa3H€H>6TO ce
IMMOBTOpPYBA MCPUOANYIHO, a CIIOPEA TOAa U CKOKOBUTUTC HaMallyBalkba Ha HAIIOHOT Ha O6jCKTOT Cx MOXaT

Jla C€ PETUCTPHPaarT co OCETIMBH HHCTPYMEHTH.

[Iemara 3a €IEKTPUYHO MEPEHE Ha KAPAKTEPUCTUKUTE Ha MapLUjaHATE NPa3Hemka € MpUKaKaHa
Ha ciukara 7.13. Illemara on cnukara 7.13a ce KOpUCTH akoO 00jEKTOT ' MMa JIBETE €IeKTPOAN U30JIUpa-
HU O 3eMjara, a IemMara Ha ciukaTa 7.13b ako egHaTa enekTpoja o caMmaTa CBOja MPUpoJa € 3a3eMjeHa.

Hamoncknor ckok Ha Cx AOBEAYBa MO0 IMPUAYHICH alCpuoaAryvYCH MpoLec BO KOJIOTO

Cy —Cy —Z—-C,. CocraBeH zen Ha memara ¢ ¢unrepor F koj ru mpormyinra KoH 3acuiiyBadot P camo

BUCOKUTE (PEKBEHIINU

? P ""_? (umrTyIicn), a TH
! crpedyBa HHUCKUTE
Ck Cx zzza |GPI c—— c.——  ®pexsenuun (magor Ha

;:I HAIlOHOT Ha Z O] HH-
K---mn : IycTpucKata (QpeKBeH-

= RG z myja on 50 Hz wm Ha
xapmonwurute). Co pe-
- TUCTPUPAYKUTE  MHC-
= = tpymentn  RG  3aen-
a) b) HUYKH ce ondareHu
pa3sHu  MHCTPYMECHTH,
KaKo IITO ce: Opojay Ha

V'U

Cn. 7.13. lllemu 3a eneKTPUIHO MEPEHE HA TAPIMjaJIHU MPa3HEeHha.
a) aKo MEPEHHNOT 0GjEKT MO3KE JIa ce H30JIMPa Off 3eMjaTa;

b) ako MepEHHOT 0GjeKT He MOKE JIa Ce U30IIMpa UMIIyJICUTE 71, CpelHa

CcTpyja  Ha  mapi-

JanmHWTE MpasHewa [, ,

MaKCHMAaJIeH NpPUBUACH
TOBAap ¢ U JAPYTd. 3a0JDKUTEICH HHCTPYMEHT € M OCIIMIOCKOIOT.

3a Oaxmapeme Ha IIeMara ce KOPUCTH TeHepaTop 3a mnpaBoaronHu umiyicu GPL. Toj ce
NpHKIydyyBa BO Oe3HamoHCKa cocToj0a mnapanenHo Ha o0jektor Cy (Ha ciaMkaTa IIpUKakaHo
UCIPEKHUHATO).

Co momom Ha kamuOpanuoHuoT renepatop (GPI) ce ydpmaar mmmyncu. IloxaxxyBameTo Ha
MHCTPYMEHTOT, MPUTOA, CE 3alaMTyBa, U IPETCTaByBa MEPHUIIO 3a PEaHUTE MaplyjaJHu Npa3HEeHa KO
HacTaHyBaat M0/ BUCOK HAIOH U 0e3 MPUCYCTBO Ha KaJIHMOPAIHOHHOT FeHEPaTop.

3a TepeHCKO M MPOQHUIAKTUIKO MEPEHhE OBOj MIPUHITUI PETKO Ce KOPHUCTH, OUIEjKH € OCETINB Ha
MHOTYOpPOJHHU €JIEKTPOMAarHeTHH MIPEUKH KO jJoaraar mo pa3Hu nartumra. Ho cemak, Ouaejku € BaKHO U
MOJICpHO HCITUTYBamke, MHOTY ce pabOTH Ha HEroBara MpHMEHa 3a OIleHKa Ha m3onanujara. Ce rpamaT cé
TIOCOBPIIICHH anapaTtypy CO MPUMEHA Ha 3aITUTHU MEPKH, MPUMEHa Ha MUKPOIPOLIECOPH U JTUTUTAITHA
00paboTka Ha curHaiuTe. Taka OBOj MPUHITUI CE TIOBEKE OCBOjyBa TEPEH KaKO TEPEHCKO MPO(DHIAKTHIKO
UCIUTYBAakE U BEKe U3JIETyBa O/ JI0CETalllHATa UCKITyYUTETHO J1JabopaToprcKa MprMeHa.

Ha cn. 7.14 e npukaxkaH coBpeMeH ypel 3a Mepeme Ha NaplujalHUTe INpasHema W
BHCOKOHAITOHCKHOT JIeN OJ1 IIIeMarta.
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Ca. 7.14. Jleo: M3rien Ha HHCTPYMEHT 3a Mepemhe Ha MaplujaTHUTe Mpa3Hema TetteX: JecHO: BUCOKOHATIOHCKO KOJIO TP
Mepere Ha aplyjaiHy Mpa3Hemka Kaj eeH MepeH Tpancdopmarop. Hajaanexy — ncmutHHOT TpaHcdopMaTop, Ha CpeAnHa —
UCIUTYBaHUOT 00jeKT, HajOIU3y — KOHAECH3ATOPOT 3a Bpcka. [IpoBogHuIMTE ce AeOeu 3a Ha HUB Jia He Ce jaBaT HapLiyjaiHu

Hpa3Hema.

Bo nocnenHo Bpeme 3a cripoBeyBambe Ha MEPEHETO CE MOBEKE ce KOPUCTAT U APYTH epeKTH Kou
ce MpEeNU3BHKAHM OJi TapIUjaIHUTE Ipa3Hea, Ha IpuMep, yiarpa3ByuHute. llo ynTpasBydyeH mnar
0co0eHO T0OpOo ce JOKAINW3UpaaT MaplujadHuTe Npa3HeHha BO BHATPEIIHOCTA HAa €HEPTeTCKUTE TPaHC-
¢dopmaropu.

Co men ga ce OTKpHjaT ACPEKTHHU H30JATOPH Kaj BO3AYIIHHUTE MPEHOCHH BUCOKOHAITOHCKH
BOJIOBH, C€ KOPHCTAT MEpayd KOW paboTaT Ha MPHUHIUI Ha pajuonpueMHuK. MiMeHo, Bo Onn3nHata Ha
Ne(GEeKTHUOT HW30JIaTOp HMa II0ja4yaHW eJeKTPOMArHeTHH NPEYKH TPEIU3BUKAHM OJ] WHTECH3UBHU
NapIyjaiHy IPpa3Heha, KOW MPUEMHUKOT TH TIpUMa MPeKy aHTeHa.

7.2. ACIINTYBAIBE HA U30JTALIMJATA
CO 3I'OJIEMEH HAIIOH

HcenmryBameTo Ha W30J1aldjaTa co 3rojeMeH HarloH, OWITO J1a ce BpImH Bo (pabpuka Wiin Ha TepeH,
€ OCHOBHO UCITHTYBa€ KOE ja rapaHTHpa HEONXO[HATA Pe3epBa Ha M30JIallioHaTa IIBPCTHHA BO OJTHOC Ha
npeHarnoHuTe. MeTonuTe Ha UCTIMTYBamke U 0apamaTa KOU ce MOCTaByBaar 3a eJIEKTPUYHATA [[BPCTHHA HA
HaJIBOpEIIHATa M BHATpEIHATa M30Jalldja Ha pa3HW BUIOBHU amapaTH Cce HOPMHPAHU BO COOJIBETHHUTE
cTaHaapau (TPOTIICH).

HapBopemnara wu3o/anmja ce HCIUTYBa CO TPUKPATHO MPWIOKYBamkbe Ha HAMOHOT CO
HWHAYCTPHUCKa (PpEKBEHIIMja IPU KOHTHHYHPAHO MOJUrame Ha HAllOHOT, Oe3 3aAp)KyBame 1Moj HanoH. Bo
3aBHCHOCT OJ YCJIOBHTE 3a paboTa (HaJBOpENIHa MOHTa)Ka MM BO 3rpajia) H30JIaTOPUTE M HaBOPELIHATA
H30JIalMja Ha Pa3BOAHUTE MOCTPOJKH C€ HCIUTYBAaT BO CyBa COCTOj0a MU MOJ T0KA (BEIUTAYKH TOK).

HcnurtyBameTo Ha eNeKTpudHaTa [BPCTMHA HAa HAJABOpEIIHATa H30Jalija BO YCJIOBH Ha
3aralyBame ce BPIIU CO IPUMEHA Ha BEIITaYKO 3araJyBambe.

BHaneHIHaTa monaunja CC HUCIUTyBa CO HAUW3MCHUYCH, yAapCH U C€AHOHACOYCH HAIIOH,
3aBUCHO OJ] BUAOT U YCIIOBUTC IIPpU pa60Ta.

HcnmryBamero co Ham3MeHn4eH HaroH co 50 Hz ce Bpmu co eTHOMHUHYTHO IOJIOKYBamkbe Ha
WMCIUTHUOT HAIOH TIOJ] YCJIOB OCHOBHATA HM30JalMja Jla € KepaMUiKa, TeYHa MM Macjo-XapTHeHa. AKo
n30JIaIjaTa € COCTaBeHa OJl TBPAM OPTaHCKHA MaTepHjaid Wi KaOJOBCKM Mach (Kako Kaj Kabmute),
WCIUTHUOT HAIIOH Ce MPHIIOXKYBa BO TeK Ha 5 muHyTH. M30/manujaTta ce mpormacysa 3a 1o0pa, OJJHOCHO
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JieKa TO M3JpKajia UCIIUTYBAKETO, aKO HEe HACTAIW IIEJIOCEeH NMPOOHB MU HEO3BOJICHU MOBPEIHU, aKO HE
ce CIIyITHe POOKB BO BHATPENIHOCTA HA Ka3aHOT, aKO HE Ce MM0jaBH 4YaJl WM MEPHUTE ypelIu He yKaar
Ha TI0jaBa Ha OTMACHU MapIIHjaTHH TIpa3Hema.

HcnutyBameTo co uMImyJsicHu (YIapHH) HAIOHU Kaj BHATPEIIHATA M30JIalija ce BPIIX CO 3 yaapu
co 1en OpaH u 3 yJiapu co mpecedeH OpaH.

OmpemaTta kKoja € HaMeHeTa 3a paboTa BO IIOCTPOJKM Bp3 KOM HE BiIHjaar arMochepcku
MIpeHaroH! (Ha MpUMEpP Pa3BOJIHH IOCTPOJKHU MTOBP3aHU caMO CO KaOEJICKU BOJOBH) MOXKE Ja Ce U3BEIE U
CO OJIECHETa M30JIaluja. 3a BaKBa M30JIalfja ce MPEeIBUICHU W MOHUCKU MCITUTHU HAIIOHH, a UCTO TaKa He
ce 6apa HUTY UCIIUTYBAhE CO yJIapeH HAIOH, TYKY CaMO CO HAaUu3MECHUYCH.

[Ipu npodunakTHUKK HCIUTYBamkba Ha ONpeMa Koja € BeKe BO IOTOH, TOJIeMUHATa Ha UCIIUTHUTE
HarmoHH ce ycBojyBa 3a 10 — 25% monucka omomTo Kaj HoBa ompeMa. Co oBa ce 3eMa MpeABH] AeKa
IIOCTOM M3BECHO CTapeere, I1a BEPOjaTHOCTA 3a IPOOHUB IIPU UCIIUTYBAWKETO € 3roJIeMEeHa.

[Ipu npoduIakTHYKUTE UCIIUTYBamkba YeCTO C€ KOPUCTH eHOHAcOUYeH HaroH. Kora n3onanujara e
HO/JIOKEHAa Ha €IHOHACOYCH HAIOH, HE MOCTOM OWTHO 3arpeBame; NaplujaHUTE Tpa3Hema ce MHOTY
cmaby CHOpeAeHO CO CIydYajoT KOora HM3oJialdjaTa € HalperHara co BHCOK HaM3MEHHWYEH HAIlOH, 1a M
NpoOHMBOT NPU HANperame CO €IHOHACOYEH HAIllOH HAacTaHyBa IPH MOBHUCOKH BPIHOCTH HA HAIOHOT.
3aToa ce MPaKTHKyBa MCIUTHHOT €IHOHACOYEH HAIOH Ja € MOBHCOK O] Hau3MEHWYHHUOT (3 1o 4 matH).
[Ipu oBa ucnuTyBame ce MEpH U CTpyjaTa Ha OJBEAYBame, IITO UCTO TaKa OBO3MOXKYBa Ja Ce CyJAH 3a
cocrojOaTa Ha W30JAlKjaTa.

7.3. ACIINTYBAILE HA HEKOU BUJOBU BUCOKOHAIIOHCKA OIIPEMA

7.3.1. UcnuTyBame HA U30J1aTOPHU

HajkoMIuteTHH ce THIICKUTE MCIHMTYBama KoW ce BpuiaT Bo (abpukara. Ce omnpejenyBaar cUTe
KapaKTEPUCTHKH KaKO: MPECKOYEH HAIOH, BOJNT-CEKyHIHA KapaKTepUCTHKA, arojoT Ha JUEJCKTPHUYHH
3aryou O, OTmopoT Ha wm3ojarmjara. Ce MpoBepyBaaT M MEXaHHYKHTE U TOIUIMHCKUTE CBOjCTBA,
KBAIMTETOT Ha MaTepHjanTe (IOPIETaHOT U Tla3ypara), popMara U JTUMECH3UUTE.

[IpumonpenajaruTe HCIUTYBamka ce BpIIAT BO GpadpukaTa Ha M30paHa ciaydajHa rpyna mpuMeponu
U T ondakaaT, peuyrcH, CUTe TUIICKH UCTINTYBamba.

[IpodunakTHuky UCIIMTYBaka HA W30JIAIMjaTa Ha BOJOBUTE CE BPIIAT CO TIEPHOJINYIHA IIPOBEPKA
Ha pacrpenendara Ha HAIMOHOT 10 W30JIaTOPCKaTa HHU3a CO TOMONI Ha MCIHUTHU cranoBu. OBa € Mako-
TprHa paboTa, Ma ce IMpaBu eHam Ha 3 — 6 roguan.' TIpex MOHTaXaTa MOYe J]a ce M3MEpH CeKoja Kara
CO MEraoMMeTap U CO 3r0JIEMEH HAIlOH.

Kaj BoBemnute m3omaropu 3a 110 kV u moBeke, koM WMaaT Maclio-xapTHeHa H30Jaluja, ce
NPAaKTUKYBa U MEPErEe Ha (HJaKTOPOT Ha 3aryOouTe £g0, CO IITO € MOXHO Ja C€ YTBPAU OBJIAXKHYBAHETO
Ha n3oiauyjara. [IpucycTBOTO Ha BO3IYIIHM MEypUHE-a BO BOBEIHHUTE HM30JIATOPU MOXKE J1a C€ YTBPIH
aKo ce HM3MeparT MaplUujaIHUTe IMpa3HeHka, a HCTO Taka MOXKEe NPOPHUIAKTHYKH Aa CE HCIHUTAaT |
pacTBOpeHHTE TacOBH BO MACJIOTO.

7.3.2. HcnuTyBame HA M30J1AMjaTa HA KA0JH M KOHIAEH3aTOPH

! TlopaTokoT € 3eMeH Off IUTEpaTypa Koja noreknysa of ompumor CCCP. Kaj Hac ceymTe ce 3a6paHeTH OWIO KaKBH
paboTu Moj BUCOK HAIOH.
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HajuenocHu ncnutyBama Ha IPOU3BECHNUTE Ka0JIM Ce BPIIAT CO HAM3MEHUYEH MJIH €THOHACOYEH
BUCOK HamoH BO (haOpHKHUTE-TpON3BOAMTENN. BHUCHHATA Ha UCIIUTHHUTE HAIIOHU W BPEMETPACHETO Ha
NPUWIOKYBakbe Ha HANOHOT C€ Pperyjiupa CO COOABETHHTE MPONUCH 3a JajeHuoT Tun kaben. Ce
WCcIHTyBaaT e (abpuyuku MooKWHK (OapabaHW) WiIM Napudmba o 5 METpH. 3a BUCOKOHAITOHCKUTE
KabJM ce MPUMEHYBa U MEPeHheTO Ha HUBOTO Ha MaplyjaHUTE NIpa3He’ka, Koe He CMee Aa HaJMHHE Ja-

nien m3noc. Ce Mepu nero Taka u tgo = f(U).

[Ipen mymrame BO IMOTOH Ha MOJOKEHW Kabmu 3a 6 — 35 kV ce BpIIM HCIUTYBame CO BHUCOK
€JHOHACOUEH HamoH co u3Hoc (5 — 6)U, Bo Bpeme on 10 muHyTH. llenra Ha oBa uCIHTyBame € Ja ce

poBepu KabenoT 1 mpubOpPOT (CTIOjHH, 3aBPITHHU CIIOjKHU) TATH C€ KBAIUTSCTHO HAIIPABEHH.

OCHOBEH HaYMH Ha NMPO(UIAKTUYKO HCIUTYBamkhe Ha CHEPreTCKH MMIpPErHupaH kaden 3a 3 — 35
kV e mcnmTyBameTo CO BHCOK €IHOHACOYEH HAIlOH BO M3HOC of 5 mo 6U, Bo Tpaewme oxg 5 mo 10

munHyTH. lllemara e nanena Ha cnukata 7.17. IIpu oBa ucnuTyBame NCTOBPEMEHO CE€ MEPHU U CTpyjara Ha

OJIBElyBarbe M CE CHUMA BOJT-aMIiepckara 3aBucHoct [ = f (U i ) [Ipu noGpa nzonanmja cTpyjara npu

KOHCTAHTEH MCIIMTEH HAIlOH Tpeba /a € KOHCTaHTHA. AKO MOCTOH 1e(eKT, Ke ce M0jaBu HAKPIIyBamke Ha
3aBHCHOCTA WJIM 33 BpeMe Ha JPXKEH-ETO 0]l HAllOH CTpyjaTa Harjo Ke mouyHe jaa pacte. Bo BakoB ciyyaj
Tpeba Ja ce MpOoIOJDKU CO APXKEHETO MO HAIOH C€ J0AeKa CTpyjaTa He MPUMH IIOCTOjaHa BPEAHOCT WIIH,
MaK, He HacTaHe 11eJ0CeH NpOoOUB Ha M30JIaLujaTa.

CrpyjaTa Ha oABEAyBamE BO Pa3HU KWIM Ha MCTHOT Kabena He Tpeba MHOTY 1a ce paslihKyBa.
AKO 0BOj OJTHOC HapacHe JI0 JiBa ¥ TPUTOA CTPYUTE I10 aricONyTEeH U3HOC Ce TOJIEMH, OBa MOXKE Jla 3HAYH

Rz I
| — A
| E— \J—»

Cn. 7.17. VcinTyBame Ha eHepreTCcKu Kabes co efHOHACOYEH HAIOH

Jieka e mpUcyTeH aedeKT BO m3onanMjaTa. 3a cocTojdara Ha W3oJalMjaTa MOXKE J1a e CYJH U CIopea
pe3yATATUTE OJ] MPETXOJAHUTE UCTIUTYBAba, & M CIIOPE]] TOCTOJHUTE HOPMH.

[Tocne mpoOHBOT BO KabenoT AeeKTHOTO MeCTO Tpeba aa ce ,,IPOropHu‘, MPH IITO Ke Ce CO3aIe
poBoJieH KaHasr. OBa ce BPIIH CO TTOCTPOjKa 32 HOHACOYEH HAIIOH, HO CO ImorojieMa MokHocT (3 — 6 kV,
S5A).

[ToToa moOBpeneHOTO MECTO CE€ OTKPWBA CO CIEIMjaTHM MHCTPYMEHTH KOW pa0oTaT Ha MPUHITUI
Ha IPOCTHpamke U 0A0WBakE Ha €IICKTPOMarHeTHUTE OpaHoBH (uMityiich). CHTe OBHE anapaty ce 0OUYHO
BrpajJIcHH BO TEPEHCKO BO3WIIO TOIMYJIAPHO HAPEUEHO ,,MEpHA KoJa“,

JleHec ¥Ma HOBHM CTaBOBH BO BpPCKa CO HCIIMTYBare Ha KaOJNM W30IUpPAHH CO CKCTPYIUPAHU
nommMeper auenektpuk. Cropen IEC 840 myOmmkarmujata € ymre opHUIIMjaTHO 33 UCHUTYBamke Ha
kabenmuTe o eKCTpyAHpaHa IMOoIMMEpHA H30J1alja (HampuMep MOJIMEeTHIICH) TI0 TIoJlaramke Ce JTaBaaT JIBe
MOKHOCTH:

I ncnmryBame co enHOHaco4YeH HamoH co uHTensurer 3 U, Bo Tpaewe ox 15 MuHyTH;

i HCIIMTYBakbC CO HAU3MCHHUYCH HAIIOH CO HHTCH3UTCT O 3Uo BO Tpacwme 0 5 MHHYTH, UJIK CO

untensuter U, Bo Tpaeme o1 24 yacosu. (U e HOMHHAIHUOT HamoH ¢asa — 3emja)
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[IpuMeHarta Ha €IHOHACOYHHOT HAIIOH OYHIJICJHO IOTEKHYBa OJI IOCTapara MpakTUKa Ha
HCIIUTYBamke Ha KabejckaTa M3oJjalmpja co Maclo-XapTHeHa u3oianrja Toj MeTox € MHOTY TOXKENIEeH CO
OTJIe/] Ha €JHOCTaBHATA M JIECHA MCIIUTHA OIpeMa CO KOja MOXKE JIa C€ MCIMTAAaT U TOJIeMHU JOJDKUHH Ha
kabmu. McnutyBameTo CO HaW3MEHHWYEH HAIlOH, OJ Npyra CTpaHa € IOKeTHO, OMIEjKM HaBHUCTHUHA TH
pernpoayIrpa BUCTHHCKUTE HaIperama Ha N30JIalfjaTa.

3abenenmKuTe KOU JCHEC Ce CTaBaaT Ha NMPHMEHATa Ha €JHOHACOYHHMOT HAIOH 3a KabiauTe Cco
EKCTPYAHpaHU TOJMMEPHH JIMEICKTPUIIM C€ JIeKa, IPBO, HaIperamara BO JAHEICKTPUKOT Ce
pacnpezenyBaar COTJIaCHO Ha crelU(UYHATA EJNeKTPUYHA IPOBOJIUBOCT HA JUCICKTPUKOT, a HE
COTJIACHO HAa JIMEJICKTPUYHATA MPOMYCTIMBOCT, KaKO INTO € BO HOPMATHHOT IMOTOH. Bropo,
UCIHUTYBAKETO CO SIHOHACOYCH HAIOH € HecooBeTHO. Co mpHMeHa Ha €JIHOHACOYCH HCITUTCH HAIIOH HE
MOJKE JIa C€ OTKpHjaT HeKoU Jie(heKTH Kou OU ce OTKpHIIe CO MPUMEHA HA HAU3MEHUYCH MCIUTCH HAlloH.
Tpero, mprMeHaTa Ha WCIUTCH €IHOHACOYCH HAMOH MOXE Na OWje IITeTHa W MoOp30 Na JAOBEAC [0
npo6uB. Toa e ox cnennute npuuuHu: [Ipu UCIUTYBamHETO CO €HOHACOYEH HAIIOH BO MEI'yCIIOCBUTE Ha
JIMCIIEKTPUKOT C€ CO3/I1aBaaT MPOCTOPHH IIOJIHEXKH, KOW, aKO HACTaHE IPECKOK Ha 3aBPIICTOKOT Ha
Ka0elloT M CO TOAa M MAaTyBauyku OpPaHOBU JOJDK KaOEoT, MOXKE Ja JOBEAAT 1O IPCHAIperame Ha
u30JIalyjaTa U Hej3uH MPOOUB YIITE BO TEKOT Ha CaMOTO MCIUTYBame. McTo Taka, 10 MPOOUB MOXKE Ja
JI0jJIe ¥ HEMOCPEJHO 10 UCHHUTYBAKETO CO BHCOK C€IHOHACOYCH HAIOH, KOra €€ MPUJIOKHU PaOOTHHOT
Hau3MeHW4eH HaroH. [IpuunHara e ucrata, UMEHO 3apOOCHUTE IPOCTOPHH MOJTHEXKHU BO TUCIICKTPHUKOT.

Kako anTepHaTHBHM METOIM 32 OBHE BWJIOBH KaOllM, HAMECTO €JHOHACOYHHUOT HAIIOH, Ce
npejaraar clie/IHUBE:

1 Ynorepeba Ha mocTpojka 3a BUCOK HAW3MEHUYEH HAIMOH KOe paboTH Ha PE30HAHTEH MPUHIIMII,
CO TIPOMEHA Ha MHJYKTHBHTET KOj € U3BelIeH co kene30. OBOj METOJ| € MOT0/ICH CaMo 3a JIa0OPaTOPHUCKH
YCIIOBH, BO (haOpUKUTE-ITPOU3BOAUTEIH, OUICjKA UCIIUTHUOT ypeJl € TJIOMa3eH U TSIKOK.

1 Pe3oHaHTHa mocTpojka cO BO3JYIIEH KOHCTAHTEH WHIYKTUBUTET MPH IITO PE30HAHIHjaTa ce
moctura co mpoMeHa Ha ¢peksenmrjata ox 30 mo 300 Hz. Iloctpojka Bo oBaa m3Bemda ce JIECHH U
TIOTO/IHY 32 TEPEHCKa MPUMEHA U THE HAILIe NIUPOKa IIPUMEHA BO TIOCIIETHO BPEME.

1 Kako Tpera anrepHaTMBa € HCIMTYBalkbe¢ BO BHCOK HAaM3MECHWYCH HAINIOH CO MHOTY HHUCKa
tdpexsenmuja (0,1 Hz). OBoj MeTo 3acera € camo 3a J1abOpaTOPUCKH YCIIOBH.

UcnuryBamaTa Ha KOHM C€ TO/JI0KYBAaaT BUCOKOHANOHCKUTE KOHJAEH3aTOPH 3aBHCAT OJ] HUBHATA
HameHa u BuI. KOHJIeH3aToprTe 32 HAN3MEHWYCH HAIlOH Ce HCIUTYBAAaT CO BUCOK HAN3MEHHYCH HAIOH CO
WHIYCTpUCKAa (peKBeHIIMja. AKO HE Ce€ pacrojara co IOBOJHO MOKHH W3BOPH, C€ WCIIHTYBa CO
€/IHOHACOYCH HAINOH. BemMuuHWTE Ha MCIUTHUTE HAMOHU CE TPOMUIIAHK BO mpornmcute. Ha mpumep,
KOHJIGH3aTOPHTE 3a MONpaBambe Ha (PAKTOPOT HA MOKHOCTA ce MCIuUTyBaaT co 2,2 U, Hau3MeHHUYeH Ha-

noH 50 Hz, wm co 4,3 U, enHonacodeH HamoH. Bo (aOpuknuTe — NPOM3BOAWTENH MOIATHO Ce

ucrnuTyBaaT (akTopor Ha 3arybute tgo, crpyjara Ha OJBEAyBame, HAMOHOT Ha MOYETOKOT Ha
napiyjaTHUTe MPa3Hemka, HUBEH U3HOC H APYTO.

Hpez[ MOHTA’Xa Ha KOHACH3ATOpHUTC CC€ BpIIW IIPOBEPKA Ha XEPMETHUYHOCTA, CAHOMHUHYTHO
HUCIIUTYBAKBC CO BUCOK HAIIOH, OTIIOPOT Ha H30naunjaTa 1 KalnanguTeTOT.

7.3.3. UcnuTyBawe Ha U3oganujara Ha TpanchopmMmaTopuTe

M3omnarujata Ha TpaHCHOPMATOPUTE BO MTOTOH € IMOJIOKEHA Ha TPAjHOTO JICjCTBO Ha pabOTHHUOT
HAIlOH W Ha TTOBPEMEHH KPATKOTPajHHU BIMjaHHja HA BHATPEITHN B aTMOC(HEPCKU TTPEHATIOHH.

EQHOMUHYTHOTO UCIUTYBakhe CO HAM3MEHUYCH HAIIOH CO MHIyCTPUCKA (PPEKBEHIIMja MOXKE J1a Ce
OCTBapH Ha JIBa HAYHHA!

— CO JIOBEJICH CTpaH HAIoH,

— €0 BO30yIyBame Ha CAaMHOT UCITUTYBaH TpaHchopmarop (co HHAYIIMPAH HAIIOH).

[Ipu ucnuryBameTo CO JOBEACH CTPaH HAIOH CE UCHHUTYBa caMO TjaBHaTa u3onanuja (Mmery
HAMOTKH W CIIpeMa 3a3eMjeHH JICJIOBH), TIPW IIITO HAMOHOT Ha IiejlaTa HAMOTKA KOja € TMOJUIOKEeHa Ha
cTtpaH HamoH ¢ uct. OBOj HauMH MOXE Jla C€ NPUMEHHW, aKkO TIJIaBHATa H30jalHja Ha UEIHOT
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TpaHc(OpMaTOp € M3BEAEHA CO €HAKBa LBPCTHHA, T.€. HE € M3BeJeHa cTeneHyBaHa. CuTe M3BOAU Ha
€/lHa HaMOTKa Ce Bp3yBaaT HAaKyCO, OCTAHATUTE HAMOTKHU C€ [10BP3yBaaT Ha Ka3aHOT (Maca), a HallOHOT Ce
MIPUJIOKYBa Mel'y UCIIUTyBaHaTa HAMOTKa M Macara.

[Ipu ucnuTyBameTo coO MHAYLMPAH HAIlOH KOH HHCKOHAIIOHCKAaTa HaMOTKa Ce JOBEIyBa JBOjHO
MIOBHUCOK HAIIOH Off HOMUHAJTHUOT. Bpckara Ha TpaHc()opMaTopoT € Kako BO HOPMaJIeH IIOToH. 3a /1a He ce
3aCUTH MAarHeTHOTO KOJIO, IITO OW JOBEJI0O O MHOIY rojieMa CTpyja Ha MarHeTusupame U Ou ce
HapylIWia CHHYCOMWAAJIHOCTa HA HANOHOT BO BHCOKOHAIIOHCKAaTa HAMOTKA, HCHMTHHUOT HAllOH Ce
noBexayBa co sroneMena ¢pexsenuuja f= 100 — 400 Hz. [Ipu oBa, BpeMeTO Ha HCIIUTYBambe c€ HAMATyBa

100
o dopmymara 7, = 60— cexynau, HO He cMee Ja OGnze omaio oA 15 cexynau.
isp
HcnuTyBameTo o 1eIu U CeYCHU YJapHU HamoHU npu (adpukanyjata Ha TpaHCHOPMATOPUTE €
3a10JDKUTENHO. [IpUTOa HCTOBPEMEHO Ce BPIIM U OCHMIOrpadupame Ha CTpyjaTta BO HEyTpalHaTa TOYKa,
CO IIeJ JIa ce BUIY JIAJIM HAaCTaHA MPOOUB BO Mel'yHABOjHATa MJIM MelycliojHATa M30Janrja. AKO TaKOB
poOKB HAcTaHa, OCIMIOTPaMOT Ke OHJe M3MEHET BO OJHOC Ha OCLMJIOrPaMoT AOOWEH HpH 3/paBa H
HETOBpeJicHa U30JallKja, KOj ce J00HMBa IIPH UCITUTYBAKE CO CHIDKEH HAITOH.
CTerneHOT Ha HaBIAKHETOCTa Ha W30JallfjaTta BO IMPOIECOT Ha M3paboTKa Ce KOHTPOJIHPA CO
Mepeme Ha (PaKTOPOT Ha JHENICKTPHYHKUTE 3ary0u /g0, OTIOPOT HA W30JAlMjaTa M TAPIUjaIHUTe mMpa-
3HEHA.

Kaj tpancdopmaTopure kou ce HaoraaT BO MOTOH, KaKO U IOCIE PEMOHT, C€ BpIIAT CUTE BUIOBU
npodUIaKTHYKH HCIUTYBamba KOM ce HelecTpyKTUBHH. Hajuect nedexkT Ha wu3onmanMjaTa Ha TpaHc-
(hopMaTopoT € HEj3MHOTO HaBlaXkHyBame. McTo Taka, BO mporecoT Ha paboTara Ha TpaHc(HOpMaTOpoT
HacTaHyBa CTapeewe, MO /I¢jCTBO Ha TOIUTMHATA M MapLMjaTHUTE MPa3Hemka, cO IITO Ce 3acerHaTh LBpC-
THTE KOMIIOHEHTU BO HM30JIalldjaTa, MacjIoTO Ce 3arajayBa, 3aKHCeIyBa U BO HEro ce coOMpaaT Talo3M —
LJbaM.

HpI/ICYCTBOTO Ha TaJIO3U, HABJIAXKHYBAC U 3aralyBambe Ha MAacCJIOTO €€ CJICAN NIPCKY MEPUOJUIHU
aHaJIM3u Ha HpO6I/I o MacjoTo. HpI/I np06aTa Ha MacCJIOTO €€ BpHIAT CICOHUTC (I)I/I3I/IIIKO-XCMI/ICKI/I
HUCIIUTYyBama:

— pobojHOCT (AuenekTpudIHa nBpcTrHA), kV/em,

— NIPHUCYCTBO HA TAJIO3H,

— xucenoct (mg KOH/g),

— coJpkuHa Ha Boja (ppm),

— MOBPIIMHCKY HaroH (N/m),

— oTnop Ha u3ojarujara (QQcm) u tgd Ha npodaTa Ha Macio npu Temreparypa ox 90°C,

— Xxpomarorpad)cka aHanu3a Ha paCTBOPEHU TaCOBHU BO Mpodarta TpaHchopMaTopcKo Maciio.

Cropen pe3ynraTtute of mpodara Ha TpaHCHOPMATOPCKOTO Macilo, Macjiata o]l eKCIjioaTaluja ce
Jenar BO 4 TpyIu Ha KBaJIMTET, MIPH IITO 3a MPBUTE JBE TPYIU CE CMeTa JeKa UMaatr MOTpeOHU CBOjCTBa
3a IPOJIOJDKYBambEe Ha eKCIUIoaTaluujara. [ paHuuHUTE BpEAHOCTH ce 1aJeHH BO JIoJHAaTa Tabena.

Kapakrepuctuxa I'pyna 1 I'pyna 2 I'pyna 3 I'pyna 4
E, (kV/cm)

mo U,=110kV >140 >140 >120 <120
110kV >180 >180 >160 <160
>110kV >200 >200 >180 <180

p (Qem) npu 90°C >10"2 >0,2%10" >0,1*10" <0,1*10"
tgd Ha 90°C <50 <200 <1000 <1000

KOH, mg/g <0,05 <0,2 <0,5
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Tanor HeMa HeMa Tparosu nma

nospmmEcKy Harnos, 10°N/m >25 >20 >15 <15

Ha cammor tpanchopmarop kako wenuHa ce Mepu Rjs, Rg kako u tgo Ha BoBemHuUTe
BHCOKOHAITOHCKHU M30J1aTopH, ako ce 3a 110 kV umu 3a moBHCOK HaroH.

Jlo3BoJieHHTE BPEAHOCTH 32 CHTE OBUE BEIMYMHH CE€ JIQJICHH BO TPOIMUCH WIH MPENOpaKH 3a
TpaHCHOPMATOPH OJ Pa3HH THUIIOBH, MOKHOCTH W HOMUHAJHH HAIOHU. THe Mpernopaku ce AajeHd WU O
cTpaHa Ha (aOpukHuTe, WIM CE COCTAaBEHH OJf TMpEeTHpHjaTHjaTa KOW BpIIAT eKCIuloaTaluja Ha
BHUCOKOHAITOHCKaTa ONpeMa M COCTaBeHH ce Bp3 0a3a Ha JOJTOTOJMINHO HWCKYCTBO. [ paHWYHHTE
BPEHOCTH HE C€ MCTH BO CHUTE 3€MjU BO CBETOT, TYKYy ja OJ[pa3yBaaT TEXHOJOTHjaTa Ha TpajJickhe Ha
TpaHcOpPMATOpPH W TIOBPEMEHO ce MeHyBaar. Taka, Ha MpHUMeEp, BO pycKara JUTeparypa JajeHu ce
CIICJIHUTE BPEAHOCTH 3a tgd KOU Ce MHOT'Y TIOTOJIEMH O] OHHE KOM Ce MpernopavyBaar Kaj Hac WM BO 3a-
MIATHATE 3EMjU:

Bpennoctu 3a tgd 3a Tpancdopmaropu co U, < 35 kV u mokHoCT < 2,5 MVA

Temneparypa, °C dakrop Ha 3aryoure, tgd
I'pannyHa BpeH. 32 HOBH Jlo3BoJIeHa BP.BO IIOTOH
10 0,015 0,025
20 0,020 0,035
30 0,026 0,055
40 0,034 0,080
50 0,046 0,110
60 0,060 0,150

[Ipu noHecyBameTo Ha CyJl 3a cocToj0ara Ha M30JalUjaTa ce BPIIM Cropeda co BPEIHOCTUTE 3a
tgo o pabpUIKNUTE UCITUTYBAA WITH CO PE3YNITATUTE O MIPETXOMHUTE MEPErha BO TTOTOH.

3a TpaHcdopMaTopuTe O MOBHUCOKHM HAMOHCKH KJIAaCH, TPAaHUYHHUTE BPEAHOCTH C€ MOMajk OJ
oBHE BO ropHata TabOena. Taka, 3a 110 kV tpancdopmaropu n3HocoT 3a tgo oa 1% Moxke 1a ce cmera 3a
rpannyeH. 3a mepaute Tpanchopmaropu on 110 oBoj M3HOC ce 3eMa 3a rpaHHYeH, Jojeka Bo [ epmanuja
rpaanygHa BpexHocT ¢ 0,8, a Bo ILlIBajmapuja e 0,6. Cemak, H3HOCOT Ha tgO MHOTY 3aBHCH O]l KBAJTUTETOT
Ha yIIOTPeOCHNUTE 110jA0BHH M30JIAIMOHN MAaTepPHjaIl B TEXHOJOTHjaTa Ha u3padboTkara. [Ipu npBokiacHA
Mmarepujany (Maciio U XapTuja) 3a tgd kaj HoBU TpaHchopmaropu ce nobusaat Bpeanoct ox 0,2 no 0,3%.

EBe HekoM OpHeHTAIMOHHN BPEAHOCTH 32 IOTPEOHUTE BPEJIHOCTH Ha OTIIOPOT HA M30JallkjaTa Kaj
TpaHchOpMaTOpHTE.

— Kaj mepuute ctpyjHn tpanchopmaropu 3a HamoH of 110 kV u moBucok (Macino-xapTueHa
n30anmja) u3oarronnoT otmop mpu 20 OC tpeba ma e moroiem ox 100 000 MQ, a kaj HaTIOHCKHUTE € TIOTO-
sem ox 30 000 MQ.

— Kaj eneprerckure tpanchopmaropu npu 20 °C oTIoOpoT Ha U30anKjaTa He Tpeda 1a € moma
0J1 OJIPEJICH U3HOC CIOpe] JoJiHaTa Tabena (MMOAaTOH CHOPE COBETCKUTE MPOMKCH), & OAHOCOT Rgo/Ris
>1,3.

Un Sn Riz tg6
20°C
kv kVA MQ fpi
1o 35 160016300 300 it
1o 35 >10000 600 1%
1101550 CHTE MOKHOCTH 70 %oxn ¢dab. Bpen. 130 % ox ¢ab.p.
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AKo Temreparypara npu Koja ce Bpiiu MepemeTo ¢ pasmudna ox 20 °C , ceeayBamero Ha 20 °C
ce BPILM CO MHOXeHe (I Aelete) co MHoxuTen k,: R, = k,R,, cnopen cienxara tabena:

[To pemoHT Ha TpaHchopMaTopuTe, U30JanKjaTa ce MPOBEPYyBa BO PEMOHTHHTE MPETIIPHjaTHja CO
UCIIUTYBakEe CO 3TOJIEMEH HAINOH CO HMHIYCTpUCKAa (pekBeHIHja. VICIHTHHOT HAmoOH cera ce 3ema
HaMaJeH BO OJHOC Ha OHOj KOj ce MpUMeHyBa Ha HOBOM3paboTeH TpaHcdopmaTop, Ha mpumep co 0,85

U,, (U, € uciuten HanoH 3a HOB TpaHC(hOpmarop).

Bo cnywaj Ha HaBnaxkHeTa H30J]aUMja Ha TpaHcOpMaTopoT, ce MpHUMEHyBa IOCTalKka Ha
MPEYNCTYBakEe Ha MACIOTO CO CIELHjaHA MAIlMHU KOW BpIIAT QUITPUPAE, CYIICHE U Iera3upame Ha
MacJoTo.

HcnuryBamero Ha wW30JaIldjaTa Ha MEPHHTE BHCOKOHAIOHCKHM TpaHchopmaTopu TH omdaka
UCTHTE pabOTH Kako W Kaj EHEepreTCKUTe TpaHCHOpMATOpH, HO TOPagH KOHCTPYKTUBHHUTE DPa3IHKH
IIOCTOjaT ¥ HEKOU CHEITU(UIHOCTH.

7.3.4. UciuTyBamke Ha W30J1aAlMjaTa HA BPTJIMBUTEe MAIINHH

HcnutyBameTo Ha W30NaljaTa Ha HAMOTKWATE HAa BPTJIMBHTE MAIIMHU 3allOYHYBa YINTE BO
(habpukaTa BO MpoLecoT Ha U3padOTKaTa Ha HAMOTKUTE U C€ BPIIH BO MOBeke HaBpaTu. OBa MMa 3a e
HaBpeMe Jla Ce OTKpHjaT HEHCIPaBHUTE JEIIOBH M €JIeMEHTH Ha HaMoTkara. OJIeNHH CeKIUH WU
,»CTaIlOBU* HA HAMOTKAaTa C€ UCIUTYBAaaT yIITe Mpe MOHTUPAKETO BO KaHAUTE Ha JKeJIe30TOo, a TI0T0a
BO BrpajieHa mosioxk6a. [lo moBp3yBameTo Ha TOOAJENHU JEIOBH HA HAMOTKAaTa, MOBTOPHO CE€ BPIIU
WCIUTYBamke, a UCTO Taka W IO IEIOCHOTO HM3padoTyBame Ha MamuHara. Kaj romemure reHepaTopu
CaMOTO BIpajayBambe Ha JEJIOBHUTE OJl HAMOTKAaTa W TMOBP3YBAKETO BO IEJIOCHA HAMOTKA CE€ BPIIM BO
camara IIGHTpajla — Ha CaMOTO MECTO, Tla M HajToJIeM JIeN OJI WCIUTyBamaTa Ce BpIIAT Tamy, a BO
(habpukara ce UCIIUTYBaaT CaMO €JIEMEHTAPHUTE JICJIOBU HA HAMOTKUTE — CEKI[UUTE WUJIA CTAIIOBUTE.

VcnutHuTe HamoHM 3aBHcaT OJf HOMHUHAJHHMOT HAIllOH, MOKHOCTa M THIIOT Ha MamuHara. Ha
npumep, 3a MammHu A0 10 MV A ce BpIuar cielHUTE UCIIUTYBamba:

— CEKIMHUTE JI0 BrpayBameTo Bo KaHamute — co 2,75 U, +4,5kV,

— 10 BrpajyBameTo Bo KaHamute — co 2,5U, +2,5kV,

— 10 JIEMEETO Ha CHTe BpckH — co 2,25 U, +2 kV,

— IIpH IMyImTamkeTo Bo MoroH — co 2U  + 1 kV, ako HoMuHAIHHOT HanoH e momain ox 3 kV; co 2,5

U, ako U,=6nkV n 2U, + 3 kV, ako U,= 6 kV. OBa e cropex coBerckara npakruka. [ xaj Hac

BaXkaT CJIMYHU IIPEIIOPAKHU. TunuyHO € MOCTENEeHOTO HaMaJlyBalb€ Ha MCIIMTHUOT HAIIOH BO TCKOT Ha
JIOBPIIIYBamkETO Ha HamMoTkara. Bo (alOpukara MCTO Taka ce BpIIAT HMCIUTYBamka Ha OTIOPOT Rgy u
(hakTOpOT tZd Ha JAEIIOBU O] HAMOTKATA IPE]] BIPaTyBamkETO.

CHIXYBameTO Ha HCIIUTHUTE HAITOHW BO MPOIECOT Ha U3rpajdaTa Ha MalllhHATa € YCIOBEHO CO
(aKTOT ITO TPU MOHTAXKATA M JIEMEHETO € MOXKHO, 3apajii MEXaHHYKU WM TEPMUYKHA TPUYHHH,
M30JIalMjaTa HaAMEeCTa Jia 0CIa0K M eNIEKTPUYHATA IBPCTUHA Ja ce Hamainu. CuTe OBHE MOrope CIIOMHATH
WCIHTYBamka ce BPIIAT BO TPACHE O] €JJHa MUHYTA IO/l UCIIUTEH HATIOH.
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Ha mecroro Ha BrpajgyBame Ha MallliHATA UCIUTYBAKETO CO BUCOK HAIOH CE€ BPIIM CO HAIOH
HamasleH Ha u3Hoc o 75185 % ox oHoj k0j ce mpumeHyBa Bo ¢abpukaTta. Criopen coBeTcKkara MpaKkTHKa,
CTaTOpCcKaTa HAMOTKAa Ha TCHEPaTOPOT BO IOTOH CEKOja TOJUHA Ce HCIHWTYBa CO BUCOK HaM3MEHHUYCH
HAIlOH cO Baka HamalleH u3Hoc. Ha 3amaj oBue cuTyBama ce HaIyITaaT BO M0J13a Ha HeJIECTPYKTUBHH
NPOQHUIAKTHIKH HCIIUTYBAMbA.

Bo mporecot Ha ekcrioaTtanmja coctojoaTa Ha BUCOKOHAIIOHCKATa M30JIalldja Ha HAMOTKUTE O]
BPTJIMBUTE MAIIMHHU CE OLICHYBa CIIOPE]] Mepemara Ha OTIopoT Rgo, omHOCOT Reo/Rys mimu Ry¢/R), tgo u
Atgo.

daktopoT tgo, obmuHo, ce Mepu mpu Hamomu 0,2; 0,4; 0,6; 0,8 m 1,0 (U/Un), u Atgd

NPETCTaByBa MPHUPACTOT Ha tgd O] e/ieH A0 APYT HAMOHCKH cTeneH. OBHe Mepermha OBO3MOXKYBAaT Jia ce
OJIpelI CTETICHOT Ha HABJIAXKHETOCTA M OIIITATa COCTOj0a Ha OCTAPEHOCT Ha U30JIallkjaTa.

KpI/ITepI/IYMI/ITG 3a OICHKa 3aBHCAT OJ THUIIOT Ha I/ISOJ'IaI_[I/IjaTa (COCTaB U TCPMHUYIKa Knaca) u ce
JaBaaT UJIKn BO (1)8,6pI/I"IKPI HOPMHU, WU BO CKCIIOATALIUOHU ITPCTIOPAKU.

MepemeTo Ha tgo no HamoHcku crerenu ox 0,2 U, Moxe na ce miyctpupa co aujarpam (ci.

7.18).
On MHTepec 3a NPOLEHKAa Ha cOCToj6ara Ha M30JIa-

1Hjara ce BPEIHOCTUTE 3a tgdy,, a OBa € BPEIHOCTA 3a tgd

1gd npu 0,2U, , kako u BpegHoctute (tgd 6 L g 2)/2 n (tgdi o

— tgNe)/2, a ucto Taka u Atgdn.,x Kako MaKCHMalleH
IIPUPACT BO OBUE UHTEPBAIIU.

1
1
- 1
LArgs EBe Hekon kpurepuymu. Criopes NpenopakuTe BO
HallaTa 3eMja 3a HOBa HM30JalMja, Koja OWia BO TMOTOH
camo g0 1000 gaca, Tpeba na Oune:

na_1g9=02 _—o— 1 |

U
Um

62 04 06 08 10

Cn. 7.18. Mepeme Ha tgd Kaj H30J1allMOHUOT
CHCTEM Ha POTALHOHA MAIIMHA 3aBUCHO Off

HaAImoHOT
U (kV) tgéo’z AthO’z npu (0,2 - 0,6) Un AthO’z npu (0,6 - 1,0) Un
n
<17 40107 <6107 <8107

[ToTpeOHMOT W3HOC Ha OTMOPOT Ha H30JalMjaTa 3a MallMHAa Koja Omia BO TIOTOH MOXKeE
MPHUOIIIKHO Ja C€ OJpe Off paBeHKATa:

kU,

R, =——"1 _ (MQ),
1000+ 0,018, (ML)

Kaje mro R,_ e oTmopoT Ha u3onanujata no 60 cekyHau npu remneparypu og 20 o 40 °C, moknocTa S,
ce 3ameHyBa BO kVA, HamoHOT BO BOJITH, a koepuimeHTor k = 10 no 20, mpu mWTO morojemara
BPEAHOCT Ce 3eMa 3a MAIlMHK CO IOrojieMa MOKHOCT WJIM HOrojieM HOMHHAJICH HaroH (Ha np. S, > 150
MVA u (wm) U, > 20kV). Ha npumep, 3a ciry4ajoTr Ha HammTe XuapoueHTpamm ou nodmie U, = 10,5
kV, S, =25000 kVA 3naun k= 10, na copen popmynara R, = 84 MQ. Wy, yimre M0oeIHOCTaBHO,

oTopot Tpeba ma Omme moronem ox 6 MC) mo ¢daza W KWJIOBOJT MPH OBHE TEMIIEPaTypH M JPYTUTE
YCIIOBH.

3a HOBY I'eHepaTOpH 3a KOe(HUIMEHTOT K BO rOpHATa paBEHKA CE YCBOjyBa BPEIHOCTA 85.
HcnuTyBame Ha n3onanujaTa 129
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AKO TOpHHTE BPEJHOCTH 32 OTIIOPOT HE CE 33JJ0BOJICHH, IOTPEOHO € MpeJl MyIITake BO MOTOH Aa
ce CIpoBe/ie CyIIemhe Ha M30JlalMjaTa Ha TeHepaTopoT, Ha MpUMep co paboTa BO Tpa3eH of MpH Kyca
BpCKa U ciaba mody/ia Win Ha HeKOj APYT HAa4MH, I0JeKa He ce IIOCTUTHAT TOPHHUTE BPEIHOCTH.

CBelyBameTo Ha BPEAHOCTA HAa M3MEPEHHOT OTIOp Ha Temmeparypa ox 20 OC ce Bpum co
MHOXeHe co HakTopoT K, cropen nonHara Tabema. Co @ e o3HaueHa TeMIepaTypara Ha HAMOTKUTE IIPH
Koja ce mepH, a @, =20 °C. IIpu noroaemu Temneparypu npu Mepemero o 20 °C, u3MepeHHOT OTIOp €
romat, ma 3a cBemyBame Ha 20 °C, u3mMepeHaTa BpeqHOCT Tpeba a ce MHOXKHU O (pakTopoT k,. AKO mpu

MepemeTo Temieparypara ¢ nomana ox 20 °C, 3a ceenyBame Ha 20 °C u3MepeHara BpeIHOCT Tpeba 1a ce
menu co dakTopor k, .

Tabena 3a ceéedysarve Ha usMepeHume 8peOHOCmU
Ha OMNopom Ha uzoirayujama

6-6, 5 1 15 20 25 30 35 40 45 50 55 60
0
k 1,2 1, 1.8 2,1 2,6 3,1 3,9 4,6 5,6 6,8 8,5 10
-
5

Nsmepenara BpemHOCT 3a tgo He MOKE UCTIPABHO J1a CE CBelle Ha Jpyra TeMIieparypa, Ouaejku Bo
BpEeIHOCTAa Ha tgod mpu HamoHu Haa 4 kV Bo MeXaHM3MOT Ha 3aryOMTe JOMHWHAHTHO MECTO HMMaaT
napiuujajJHUTe Mpa3Hema, a 3aryOuTe OJ HHUB HE MOJJICKAT Ha CKCIOHCHIMjajHA 3aBHCHOCT O]
TeMIepaTypaTa Koja € BooOMuacHa 3a 3aryom Kajie JOMHHHpA MPOBOJUIMBOCTA HU3 M30JallMjaTa. 3aToa,
BpeqHOCTa 3a tgd Tpeba 1a ce MepH KOJIKY IITO € MOYKHO MPH UCTH TeMIIepaTypH, Ha npuMep Onucku g0 20
°C.

OO6uYHO ce cMeTa JieKa OTIIOPOT Ha W3ojalmjaTa Rey € 3amoBonuTeneH, ako npu 75 9C ce mobue 1
M Q/KV HOMHHAJICH HAIoOH, a 0JHOCOT R4o/Ris (KoeduiueHToT Ha arcopmiyja) 6ume morojem ox 1,3
npu Temneparypu ox 15 — 30 °C Ognocot Rgo/R;5 3a cyBa uszonanmja o Kiacara B 00u4HO, € moroyem
oxn 2,5. Cekako, Jicka Kako KpUTEPUYM BpEAM M criopeadaTa co MPETXOAHUTE Wid (HaOpUUKUTE MOAATOIH
3a CHTE OBHUE BEJIMYHHHU.

HcTo Taka BO MOCIEIHO BPEME CE MOUECTO CE CIICAM U MHTCH3UTETOT Ha MaplvjalHUTE Tpa3Hemha
[IpY HOMHUHAJICH (pa3eH HAMOH. 3TOJICMEHHUOT HHTCH3UTET Ha MapIijaTHUTE MPa3Heha YKaXyBa Ha paciio-
jyBame M M0jaBa Ha IIYIUIMHY MO JSjCTBO HAa TEPMUUYKUTE M MEXaHUYKUTE HaIlperama.

Kako 1mito HarjacMBMe W MOrope, CHTypeH Ha4yMH 3a KOHTPOJIa Ha W30JalldjaTa Ha BPTJIMBUTE
MalllMHA KOM C€ BO IOTOH € HCHHUTYBamke CO 3rOJIEMEH HAM3MEHMYCH HAllOH CO HMHIYCTPHCKA
(dpexBernmja. Ho oBa e mecTpykTuBeH MeTOon. VMICIMTHHOT HaAmoH, MpuToa, € Bo rpanumure (1,5 —

1,1U, .

Jlpyr HauuH Ha MPOPHUIAKTHYKO HCIUTYBAkhE € HCIUTYBAKHETO CO BUCOK €IHOHACOYEH HarmoH. U
Ha OBOj HaYMH MOXKaT JIa C€ OTKpHjaT ciabure MecTa BO M3ojamnujaTa. ICTOBPEMEHO CO MCIUTYBALETO,
ce BpIIU U Meperme Ha 3aBUCHOCTA Ha CTpPyjaTa Ha OJBENyBame OJ UCIUTHHOT HamoH. Ha mpoOuBOT Ha
n3o0JanujaTa, 00MIHO, My TIPETXO/IM HATJIO TPEKPIIYBakhe HA OB 3aBHCHOCT, OJTHOCHO BUCOKH ariCONyTHH
W3HOCH Ha OBaa CTpyja. MCIUTHUTE €THOHACOYHHW HAIMOHH, OWICjKM HE C€ MHOTY JECTPYKTHBHU 3a
M30JIalMjaTa, KaKo MTO Oellle peueHo MOrope, ¢ YCBOjyBaaT MOBUCOKH O] HOMHMHAIHUOT HamoH (2 — 3

Un ), Ipu mTo Un € HOMHUHAJIHUOT JIMHHUCKHU HaIlOH BO e(i)CKTI/IBHa BpPCAHOCT.

CuTe HANOHCKM WMCIHUTYBama Kaj BPTIMBUTE MAallMHU C€ BpIIAT MoQasHo, T.e. HAIOHOT ce
MPUIOKYBa HA eqHa ofl (a3ure, a APYTUTE IBE CE CBP3aHM CO JKEJIE3HUOT MAKET KOj € 3a3eMjEH.
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