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BBenenue
OCc0OEHHOCTBIO Pa3BUTHS DJCKTPOIHEPTETHKH B HACTOSIIECE BpEeMs SBIIICTCS NPUMEHECHHE
MOCIIEAHUX JOCTH)KCHUI HAyKH, COBPEMEHHBIX TEXHOJIOTHIA U MaTepHAJIOB.
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ba30BbIM  3JIEMEHTOM  3JEKTPOIHEPTETHKH SBISIOTCA CHJIOBBIE  TpaHC(HOPMAaTOPSI,
00BEMHOM COCTaBHON YaCThI0 KOTOPBIX ABISIETCS TpaHc(opmaTopHOEe Macio. TparchopmaTopHOEe
Maciao — Crernu(UUECKUi YIIeBOAOPOJHBIH NPOAYKT, Ha KOTOPBIH BO3JI0XKEHBI OCHOBHBIC
(YHKIINM 1O M30JSIIMU M OTBOXY TEIUIa OT OOMOTOK 3JIEKTPHYECKUX MAIINH B OKPYKAIOIILYIO
cpeny. Takue QyHKIMM TpaHCHOPMATOPHOTO Macia TpeOYIOT 0coO0ro BHHMAHHS M MOAXOAa K
YCIIOBHAM €r0 3KCIuTyartanu [ 1-3].

B mpornecce skcmimyaTanuu SKUAKHM AMANEKTPUK IOABEPraeTcs BO3AEHCTBHUIO BBICOKOM
HaNpsKEHHOCTH JIEKTPUYECKOT0 U TEMIEPaTypHOTo MoJeH, a Takke HaXOAUTCS B HEMPEPBIBHOM
KOHTAaKTe C KOHCTPYKTUBHBIMHU 3JIEMEHTaMH TpaHc(hopMaTopa. ITO YCKOPSIET CTAPEHUE KHUKOTO
JIDJIEKTPUKA, BBI3BIBAET H3MEHEHHE ero (M3MKO-XMMHUYECKOTO COCTaBa, B pe3yjbTare 4ero
MPOJYKTHl CTapeHUs, B CBOIO OUYepe/lb, CIIOCOOCTBYIOT YXYALICHUIO €ro 3JICKTPOU3OJIIIUOHHBIX
cBoitcts [4-9].

CrapeHne TpaHC(OPMATOPHOTO Macia ONpefeisieT HaAeKHOCTh TpaHchopmaropa,
no3ToMy ©€3 MOJEpHHM3AIMM METOAOB KOHTPOJIS COCTOSHHUSI TPaHC(OPMATOPHOTO Macia
obecrieunTs Oe3aBapHifHyl0 pPabOTy BIEKTPO’HEPTETHKH HEBO3MOXKHO, HYTO ITOJYEPKHBACT
aKTyaJIbHOCTb ITOCTaBJICHHOW 3a/1a4H.

Herpamamms TpaHC(GOPMATOpPHOTO Macjia B IIPONECCE O3KCIUTyaTallMd HAET II0 TPeM
HaIlpaBJICHUSIM: OKHCIICHHE Macia (yBEIW4YeHHE KHCIOTHOTO YHCia), 00pa3oBaHHE KOJUIOMIHBIX
YJACTHII M YBEITMYCHIE KOHIICHTPAIIMK apOMATHYECKUX coenuHeHuit [6-8].

Hawnbonee mpocTeIMH, C TOYKM 3pEHUS] IPOBEICHHS HM3MEpEHHH, a TaKkKe OoJjee
MH()OPMATUBHBIMU SIBIISIIOTCS METO/BI CHEKTPOCKONHMH. AHAJIN3 METOJIOM CIIEKTPOCKOIIMU B
uH(pakpacHOM, BUIUMOM H YJIbTPa(GHOIETOBOM Iuana3oHe OoJiee OBICTPBIH, MPOCTONH U TOYHBIH.
H3mepeHHbIE CIIEKTPBI MOT'YT J1aTh WH(QOpPMALHMIO Kak O (M3MYECKUX CBOWCTBaxX Maclia, TaKk U O
CTPYKTYPHO-TPYIIIIOBOM cocTaBe Tpanchopmaroproro macna [4, 10, 11, 12].

Lenpto paboThl siBisieTcsl pa3paboTka METOAOB KOHTPOJISI COCTOSIHUS TPpaHC(HOPMATOPHOTO
Macjaa A OLEHKH €ro AKCIUTyaTallMOHHBIX CBOMCTB, OINpPENENCHUS CTPYKTYpPHO-TPYIMIIOBOTO
COCTaBa W MOHHUTOPHHTa IPOLECCOB pereHepanuy NpH peMOHTe TpaHcdopmaropa mocpencTsam
CIEKTPAIILHOTO aHalIN3a Macia B MHPPaKpacHOM, BUIMMOM U YIbTPa(HOJIETOBOM JHana3oHe.

s mpoBenieHus McCiIeaoBaTeNbCKUX padoT B3ATH 00pasnbl TpaHC(HOPMATOPHOTO Macia
mapku 'K (2007 roza Beimycka, OAO «AHrapckas HeTexuMuueckas KoMnanus», kiace [1 A, TY
38.101.1025-85) ¢ pa3nuuHBIM 3HAYCHHEM KHUCIOTHOTO umcia (mo duibTpanuu u nocie). s
¢unbTpanMK Macia Ucnoib3oBanach (¢GuiubTpoBanbHas Oymara Tuma © TOCT 12026-76
(punbTpamys COPHOCTH — uMCIO COpHHOK Ha 1m%). Hanuume KONIOMIHBIX YACTHI[ K
apOMaTHYECKUX COEAMHEHUH OIPeNeNsUINCh CHEKTPaTbHBIMM METOJaMH M MPEICTABICHBI B
pabotax [10-12].

Kaxpiit oOpasen Macia, MOMEIIEHHBIH B KBApIEBYIO KIOBETY M ITOOYEPEIHO OCBEIICHHBII
Y3KOHAIpPAaBJICHHBIM CBETOM DPA3JIMYHOM JJIMHBI BOJHBI, HaONIoAaics BU3yaJbHO. VCTOYHHMKOM
OCBEIIEHHS SBISUINCH JIa3epHBbIE YKa3KM (C OeNbIM, KpacHBIM M 3eJIeHBIM cBeToM). Temreparypa
KOMHATBbl, B KOTOPOH HaXOAMUIHCH KIOBETHI, paBHa 26°C.

Pe3ysibTaThl ONBITA M HX 00CY:KACHUE

IIpn ocBemennn 3TuX 00pa3lOB Maced Y3KOHANPABJICHHBIM CBETOM JUIMHOW BOJHBI
(A=650 HM), COOTBETCTBYIOIIECH KpacHOW o00JacTH CHEeKTpa, B Npodax Macedl ¢ MEHBITUM
KHCJIOTHBIM YHCIIOM JIy4a pacCesHUs He HaOI0aeTCs, TaK KaK HeT KPYIHBIX KOJTIOMAHBIX YaCTHII
(mpo6b1 macenm Nel, No2, Ne3) (puc.l1). C yBenuueHueM pAerpajaluyd Mmaciia, HaoOOpoT,
HaOJromaeTcss TOSBJICHHWE KPAcCHOTO JIyda paccesHHs, KOTOPBIH CTaHOBUTCS Hambojee
WHTEHCUBHBIM B 0oJiee «Tps3HBIX» oOpasmax macen (mpoOsl macenm Ned m NeS5) (pumce.l). Drto
CBHJIETEJIIECTBYET O TOM, YTO YeM «Ipsi3HEE» TpaHC(HOPMATOPHOE MAcCio, TEM KpyITHee M OoJible
KOJUIOW/IHBIE YacTHIbl, NMPHUCYTCTBYIONINE B HEM, TEM KPAacHBIH Jyd pacCesiHUS WHTEHCHBHEE.
[Ipuuem pazmep KOJUIOMIHBIX YaCTHII COM3MEPHM C JUIMHOW BOJHBI KPACHOTO CBETA.

IIpu oceemennu 3eneHbIM CBeTOM (A~ 530 HM) YHUCTOTO HEOT(OUIBTPOBAHHOTO Macia
(npo6a Nel) mosBisieTcst KeNTO-3€JEHbI HedeTKHi J1yd paccesnus (puc. 2). Ilpu ocBerieHun
9TOro *e oOpasia Macia (npoda Nel), Ho mocie GuIIBTpaUny Iy NPHOOPETAET XKENTHIH CBET. DTO
TOBOPUT O TOM, 9YTO C TOMOILIBIO (UIBTPOBAIBHOW OyMarum yOpanm YacTHIbl, Ha KOTOPBIX
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MIPOMCXOIIIO paccestHre. B 3ToM cirydae MOXXHO HaOIIOAATH ITYYOK JKENTOTO CBETA — SIBIICHHE
JFOMHIHECIICHIINH.

YBenudueHre WHTCHCHBHOCTH JIIOMHHECIICHIIMM TIPH 33JaHHBIX IIapaMeTpax MOXKET
CBUJICTEIICTBOBATh O KOJHMYECTBEHHOM COJEPKAHWH JIOMHHECIHPYIONMX BEMIECTB, T.e. HX
KOHIICHTpAIi B oOpa3re Macia. A CIOBUT MaKCHMyMa F3IIyYeHHS JTIOMHHECIICHIINH MOJKET
CBUJICTEIIECTBOBATH O KAYECTBECHHBIX H3MECHEHUX (pHC. 3).

DTO rOBOPUT O TOM, YTO B Macje MPUCYTCTBYIOT MOJIEKYJIbl apOMaTUUYECKUX COCIUHEHMIA.
C yBenMueHHWEM CTENEHH CTapeHus TpaHcpopmaTopHoro Macna (mpodsr Ne 2, Ne3)
JFOMHHECICHIIASA CTAHOBUTCS BBIPAXKCHHOW W WHTCHCHUBHOM, YTO CBHUICTEIBCTBYET O OOJBIIOM
KOJIMYECTBE apOMaTHYCCKUX coequHeHuil (puc. 2). B TpancdopMaTopHBIX Maciax ¢ HauOOJbIIeH
cTeneHplo okuciieHus (mpoOsr Ned u Ne5) mOMHUMO apOMAaTHUSCKUX COCAUHCHHN MOSBISIOTCA W
KOJUIOWIHBIC YacTHIBl, Ha (ororpadusx mpod macenm Ned u NoS5 siBlieHHE JTIOMHUHCCICHIMH
MIPUCYTCTBYET, HO HE CTOJb BHIPa)KEHO (Pa3MBITO), Kak Ha oOpaszmax Ne2 m Ne3, Ho HaOmomaercs
paccessaue (puc. 2). Takum o0Opa3oM, 3eleHOE W3IIyYeHHE KOJUIOMIHBIMH YacTHIAMH
paccenBaeTcs, a KeIToe CTAHOBHUTCS ciadee (JTIOMHHECIICHITNS BO30yKaaeTcs ciadee).

Ilpu obnyuenuu kpacnvim ceemom

IIpo6a macma Nel. | I[IpoGa macma Ne2. | IIpoGa macia Ne3. | IIpoba macmaNe4. [Ipoba macna Ne5.
CooteerctByromee | CoorBerctBytomee | CoorBerctBytomee | CoorBerctBytomee | COOTBETCTBYIOIIEE
€My KHCIIOTHOE €My KHCIIOTHOE eMy KHCIIOTHOE €My KHCIIOTHOE €My KHCIIOTHOE
yucao = 0,0060 gucio = 0,0170 qgucio = 0,1410 yucio = 0,1983 yucio = 0,3505

HewIbT | GuIbTpo | HepmnbT | prinbTpo | HeGMIBT | GuIbTpo |HeDMILT | GMIBTPO | HePHUIBT | UIBTPO
pOBAaHHOE | BAHHOE | DOBAHHOE | BAHHOE | POBAaHHOE | BAHHOE | POBAaHHOE | BAHHOE | POBAaHHOE | BAHHOE

|

Puc. 1. Ilpu oGiryueHNH KpaCHBIM CBETOM
Ipu obnyuenuu 3enenvim ceemom

[Ipo6a macma Nel. | IIpo6a macma Ne2. | IIpo6a macma Ne3. | [Ipo6a maciaNe4. [TpoGa macima Ne5.
CootserctByromee | CoorBerctytomee | CoorBerctBytomee | CoorBercTBytomee | CoOTBETCTBYIOLIEE
€My KHUCIIOTHOE eMy KHCJIOTHOE eMy KHCJIOTHOE €My KHUCIIOTHO® €My KHCIIOTHO®
gpucio = 0,0060 gucio = 0,0170 gucno = 0,1410 gpucio = 0,1983 gucio = 0,3505

HebwIbT | GunbTpo | HedunbT | punbTpo | HepuIbT | GUIBbTPO | HebUIBT | GUILTPO | HeDUIBT | GUIBTPO
POBAaHHOE | BAHHOE | DPOBAHHOE | BAHHOE | POBAaHHOE | BAHHOE | POBaHHOE | BAHHOE | POBAHHOE | BAHHOE

|

Puc. 2. Ilpu o6nydeHun 3eJIeHBIM CBETOM
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IIpu ocBemeHNM 3TUX 00pa3lOB Macen Y3KOHAIpaBJICHHBIM OenbiM cBeToM (A.~ 400-—
800 HM), KOTOPBII ABIAETCS HIEKTPOMATHUTHBIM H3ITyICHUEM CIIOKHOTO CIIEKTPAIIEHOTO COCTaBa,
BUJIHO, YTO MAcjo C MaJIbIM 3HaYEHHEM KHCIOTHOTO YHCIA (YMCTOE MAcio) UMEET SIPKO-TOIyOoH
1BeT paccesHus (mpoda macia Nel) (puc. 4), npudaeM oH Hanboee BEIpakeH B OTHUIBTPOBAHHOM
oOpasme. DTO CBHUAETENBCTBYET O TOM, YTO B OT(WIBTPOBAHHOM 00pa3sile KPYMHBIX YaCTHUI], HA
KOTOPBIX MIPOMCXOINUT paccesHue, HeT. [Ipu ocBemeHny TakuM ke OeIIBIM CBeTOM 00pasiioB Ne2 u
Ne3 mBer myua paccesiHUsI M3MEHSETCSI M CTAaHOBHTCS JKENTEe, YTO CBHUAETEIHCTBYET O TOM, 4TO
JaHHBble TPoOBI Macia Oojiee OKHCIEHBI M B HHUX IPUCYTCTBYIOT KOJUIOMIHBIE YacTHUIBI H
apomarnyeckue coenuneHus (puc.4). Ilpu ocpemenun npoObl maciaa Ned sSBHO BHICH SPKO-
JKEITBIA JTyd. DTO CBUJETEIBCTBYET O TOM, 4TO Npoba Macia Ne4 obnajgaer OoJblIel CTENEHBIO
OKHCJICHHS, B HEH NPHUCYTCTBYET 3HAUUTEIHHOE KOJIMYECTBO KPYMHBIX KOJJIOMIHBIX YacTHUIl U
apOMaTHYECKUX COCJUHEHMH, T.e. UMEET MECTO U SBJICHUE PAcCEsHHsI Ha KOJUIOMJHBIX YacTHIAX,
W SBJICHHUE JIIOMHUHECICHIINM MOJICKYJ apoMaTH4YecKuX coenuHeHHd (puc.4). Ilpu ocBemeHnn
HeoTuIbTpoBaHHOTO 00pasia Ne5 (KMCIOTHOE YHCIIO KOTOPOTO OOJbIIE, 9eM KHCIOTHOE YHCIIO
00pa3moB Nel, Ne2, No3 u Ne4) GenrbiM CBETOM, JTyd pacCcestHAs MPaKTUIEeCKH He HaOIogaeTcs, T.K.
OerbIii CBET NMPAaKTUYECKH IIOJHOCTBIO moriomaercs. Ilocne ¢uubrpanum mpoOsl Macima NeS
MOSIBIIACTCS SIPKO-OPAHXKEBBIM JIyd PacCesHHs, CBHICTEIBCTBYIOIMA O HAJIMYUHM KOJITOMJHBIX
yacruil (puc.4).
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Puc. 3. CriekTpbl BO30YXICHHUS U JIOMUHECHIEHIMH 3-X mpo0O Macenm Nel, Ne3 u NeS

IIpu obnyuenuu bOenvim ceemom

[Tpo6a macma Nel. | IIpo6a macma Ne2. | IIpoba macma Ne3. | IIpoGa maciaNe4. [IpoGa macma Ne5.
CoortserctBytomee | CootserctByromee | CoorBerctBytomee |CootsercTByroniee | CooTBeTCTBYyIOIIEE
€My KHUCIIOTHO® €My KHUCIIOTHOE €My KHUCIIOTHOE eMy KHCJIOTHOE eMy KHCJIOTHOE
gucao = 0,0060 gpucao = 0,0170 gpucmo = 0,1410 gucio = 0,1983 gucno = 0,3505

HeQmIbT | GubTpo |HEDWIBT | QUIBTPO | HEPHIBT | PUABTPO | HEQWIBT | QHIBTPO | HEPIIBT | PUIBTPO

POBAaHHOE | BAHHOC POBAaHHOEC | BAHHOC POBAaHHOE | BAHHOC POBAaHHOE | BAHHOE POBAaHHOE | BAHHOE

| W

Puc. 4. IIpn o6nydeHnn GenbIM CBETOM
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BriBoabl

U3 Bcero BbIIIE U3IIOKEHHOTO CIIEAYET, YTO MPU OCBELICHHU TPAHC()OPMATOPHBIX Macel ¢
Pa3IMYHON CTEMeHBIO CTAPCHHS KPACHBIM CBETOM MOYKHO OMPENCIHTh HAMYHE B HUX KPYITHBIX
KOJUIOMIHBIX YacTHI[ pasMepoM =~ 650 uM. [Ipu OCBELICHHH 3CJICHBIM CBETOM — MEJKHE
KOJUIOMIHBIC YACTHIBI pasMepoM ~ 530 HM M HaJIWYHe apOMATHYCCKHX COCIAWHEHHH. A mOpH
BO3JICHCTBIM OCJIbIM CBETOM ONPECTUTh HAIHMYME W KOJUIOWAHBIX YAaCTHI[ Pa3HOTO pasMmepa, U
ApOMATHYECKUX COCTUHCHUI.

VBennueHne WHTEHCHBHOCTH JIIOMHHECIICHIIMH TPU 3aJaHHBIX [apamMeTpax MOXKeT
CBHCTEIBLCTBOBATh O KOJMYCCTBEHHOM COJCPKAHHU JIFOMUHECIUPYIOMIUX BEIIECTB, T.C. WX
KOHLIEHTPAIlMX B 00paslie Maca.

Takum 00pa3oM, HaMU MPEIIOKEH MPOCTOM, HATJISAAHBIN KaueCTBEHHBI METOJ aHAH3a
JIMAarHOCTHKH TpaHC(HOPMATOPHBIX Macel, KOTOPbIi He TpeOyeT TOPOroCTOosIIero 060pyI0BaHus U
Ha HayaJIbHOM 3TaIe MO3BOJISIET ONPEACIUTh CTENIEHb CTapeHHs Maca.
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