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YuHHI B YKpAaiHi CaHITAPHI HOPMH 110 TPAHUYHO JOMYCTUMHUM PiBHAM
iHayKIil MaraiTHoro moJs kadoeabHux Jiniii (MII KJI)!-2

Jlitoue 3HAYEHHS 1HAYKITIT
HaliMmenyBaHHS TEpUTOPIii, HA IKUX PETJIAMEHTYEThCS MarHiTHOTO MOJIsSi Ha BUCOTI
pIBEHb MArHITHOT'O MOJI MPOMUCIOBOI YaCTOTH 0,5 M Big moBepxHi 3emuti a00 B
KUTIOBUX MPUMIIIEHHAX
VYcepennHi )KUTIOBUX NPUMILIEHb 0,5 MxTn
Ha Bignani 1o 50 ¢M Bij CTiH Ta MiJIJIOTH KUTIOBUX 3 kT
: . . MK T
MPUMILIEHb Ta BiJ NOOYTOBUX €IEKTPUYHUX MPUIIA/IIB
Ha tepuropii xuTiaoBoi 3a0yq0Bu 10 mxTn
V HacejeHid MICIIEBOCTI, 1103a 30HOIO YKUTIOBOT
3a0y/10BH (3€MII1 B MEXaX MICTa 3 YpaxyBaHHSIM
NEPCHEKTUBHOrO pO3BUTKY Ha 10 poKiB, MPUMICHKI 20 MxT
. . . MK T
Ta 3€JIeH1 30HHU, 3eMJI1 CEJIMIL MICbKOTO TUITY, Y MeXax
CEJIMILIHOT MEX1 1 CUIbChKUX HACEJIEHUX MYyHKTIB),
a TaKO Ha TEPUTOPIi TOPOJIIB 1 caliB
VY HenaceneHiil micueBocTi (He3a0ya0BaHa TEPUTOPIs,
AKY BIIBIAYIOTH JIFOJIM 1 sIKA JOCTYIHA ISl TPAHCIIOPTY, 50 MxTn
CUICHKOTOCITOIAPCHKUX MAILIKH )

1. IlpaBuna yiamTyBaHHS eIEKTPOYCTaHOBOK. — Bunanus odiniitne. Mineneprosyrimis Ykpainu. — X.: Bugasaunreo «®opt», 2017. — 760 c.
2. COY-H-MEB40.1-37471933-49:2011.2. IlpoektyBaHHsi KaOenbHUX JiHIM Hampyroro mo 330 kB: HacranoBa (31 3miHamm).

— KuiB: MineneproByrimsg Ykpainu, 2017. — 139 c.



Binoma anagiTmuna meroaukal! pospaxynxky MII KJI
IPH IBOCTOPOHHBOMY 323€MJICHHI eKPaHIB Ka0eJiiB

Tunosa xoncmpykyis kabenro Jleocmoponne 3a3emnenns Exsieanenmna cxema
eKpamie Kkabeie
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MIJTHUM eKpaH
MII KJI nipy ABOCTOPOHHBOMY 3a3eMiIeHHi exkpanis: B, =2 B, +> B,
k k

ne B Tta Ea — iaykis MII ctpyMiB »kui 1 ekpaHiB KabelliB, BIAMOBIIHO.

Memoouka', COY-H EE 20.179:2008. Po3paxyHok 3nauenna koeiyicnma ocnabaenna m!
€JIEKTPUYHOTO 1 MATHITHOTO TOJIIB J1HIN Cepe/IHboreoMeTpHIHa _ , )

. . L Ilepepiz ekpaHa, MM? m

eJeKTpornepeaaBanHs, ckacosana 6 2016 poyi e e 5 05
B =B 50 0,75

K1~ X "m ) 0,1 100 0.5

N 150 0.4

_ tx 4, 200 0.3

Ae. m= 7 : 25 0,8
XK 50 0,7

0.2 100 0,4

Heoonixu memoouxu, wo nepedysana 150 0.3

. : 200 0.2
npeocmasieniti pooomi = 0.75
1) Jns BuzHaueHHs  KoedilieHTa  OCiaONeHHS  m 50 0.55
. 0.5 100 0.3
HEKOPEKTHO BUKOPUCTOBYIOTHCSA  J1I04l  3HAUYEHHS 150 0.25
CTPYMIB, 110 MPU3BOJUTH IO CYTTEBOT HOXUOKH. 200 0.1

"V pasi mepepisy ekpama aGo Bimcrami MDK KaOemaMH, fKi €
2) Meronuka He BpaxoBye cxeMy npokiaaku kademiB KJI. TPOMIKHIMH 710 HABEHCHIX Y TAOMHIN, 3HATCHHA KoedirieHTa m
OOYHCITIOIOTE iHTEPIIOJIAIIIE.

1. COY-H EE 20.179:2008. Po3paxyHOK €JIEKTPUYHOTO i MAarHITHOT'O TIOJMIB JIiHIHN enekTporepenaBanns. Meroauka. — Kuis: Minmanusenepro Ykpainu, 2008 — C. 34. 3



ExcnepuMeHTa/JIbHA OLIHKA MOXMOKH BU3HAYEHHA Koe]iieHTa 0CIa0JIeHHA m
MII KJI 3a Binomoro metoaukorw COY-H EE 20.179 penakuii 2008 p.

ExcniepumeHTanbHa ycTaHOBKA Jisl labopatopHux BunpooOysanb KJI 13 3-x kabenis
tuny AllBErally-110 1x240/70 3a napameTpamMu MartiTHOTO MOJIS:

R Al Da A2
()=
R B1 K o | [B2
UL (A= 4
R c1 =11 % | |c2
H () o= 4
TT 1T

IHoxnOka 3HaYeHb KOe(PiUi€HTIB 0CTIA0ICHHA M
3a Bi/IOMOI0 MeTOIUKOIO! U151 KabeJiB

ChiBCcTaBJICHHS AaHAJITHYHOI! Ta
eKCIIePpUMEHTAJIBLHUX 3aJ1exkHocTel m(d)

R TunyAllBErally-110 1x240/70
R N
0.8 ""“""\ ==
0.7 \
0.6 —a— i ol e d’ M mp mBI/IM.Tp M v 8Tp’ %0 81'IJ1’ %0
0.5 T~ — 0,1 0,65 0,96 0,93 32 30
\ 02 | 058 | 0,89 | 0,85 35 32
0.4
\ b 2 b b
0.3 ™ “E:'e} rm::l“m’ wﬂ\i I 0,5 0,45 0,83 0,78 46 42
0.2 - « HUFKU ” pﬂ?pﬂle'H K
. A eTll;El-IJ-lG&
d, M
0.1 0.2 0.3 0.4 0.5

1. COY-H EE 20.179:2008. Po3paxyHOK €JIEKTPUYHOTO i MAarHITHOT'O TIOJMIB JIiHIH enekTporepenaBanns. Meroauka. — Kuis: Minmanusenepro Ykpainu, 2008 — C. 34. 4



MeTa i 3aBIaHHA TOCTIKeHHA

MeTo10 pod0oTH € pO3p0oOKa METOAIB PO3PAXyHKY Ta HOpMadi3alli MarHiTHOTO MOJsi BUCOKOBOJIbTHHUX
Tpu(azHUX KabeIbHUX JIIHII IPU ABOCTOPOHHBOMY 3a3€MJIEHHI BIIACHUX €KpaHIB KaOeiB.

3anaui:

1. Po3poOut MaTeMaTWyHy MOJEIb MArHiTHOrO mojis Tpuda3HuX KaOeabHUX JIHIA 1puU
JBOCTOPOHHBOMY 3a3€MJICHHI BJJACHUX €KPaHIB KaOeJliB Ta OL[IHUTH il MOXUOKY.

2. OTpuMaTH CHIBBIIHOLIECHHS ISl 1HAXEHEPHOTO PO3PAXYHKY KOe(]illleHTa €KpaHyBaHHS MAar”iTHOTO
noJisi KaOeIbHUX JIIHIN IpU ABOCTOPOHHBOMY 3a3€MJICHHI €KPaHIB B 3JIEKHOCTI BiJ] TapaMeTpiB KaOeniB
JUTSI TAMIOBUX CXEM 1X MPOKJIAAAHHS («y TPUKYTHUK», «y IUIOLUIMHI).

3. OTpuMaTH CHIBBIAHOIIEHHS IJI 1HXXEHEPHOTO PO3PaxyHKy Koe(illleHTa €KpaHyBaHHS MArHiTHOTO
noyisi  KaOembHMX JIIHIA TpU  JBOCTOPOHHBOMY 3a3€MJICHHI €KpaHIB KalemiB, OXOIUICHHUX
(epOMarHiTHUMHU OCEPJSMHU, B 3aJIEKHOCTI BIJl MTAPAMETPIB OCEP/b Ta MapaMeTpiB KaOeiB AJiI TUIIOBUX
CXEM IX MPOKIANAHHS — Ky TPUKYTHUK) Ta «Y TIOIIUHID».

4. BepudikyBatu po3po0JICHYy MaTeéMaTUYHY MOJEJIb 1 OTPUMaHi PO3PAaXyHKOB1 CHIBBIHOIICHHS
HUISIXOM €KCIIEPUMEHTY Ta YUCEIBbHOIO PO3PAXYHKY.

5. Po3poOuT METOAMKY PO3pPaxXyHKY MATHITHOrO Toyisi TpudazHUX KaOENbHUX JIHIK [OpH
JBOCTOPOHHBOMY 33a3€MJICHHI 1X €KpPaHIB Ta CTPYMIB B €KpaHax.

6. BuzHaunt Mipy TEIUIOBOTO BIUIMBY CTPYMIB B €KpaHax KaOeliB Ha nponyckHy 3aaTHicTh KJI y 30Hi
My(QTOBUX 3’€HAHb TPU JBOCTOPOHHHLOMY 3a3€MJICHHI Ta pPO3pPOOUTH BUCOKOC(PEKTUBHUU

OJTHOKOHTYPHHUI €KpaH, BUKOPUCTAHHS SKOT0 HE MPU3BOANTH J0 3HUAKEHHA MPONMyCcKHOI 3aaTHOCTI KJIL.

S



Hiroue 3navenns inaykunii MII KJI npu 1BOCTOPpOHHBLOMY 3aMHUKAHHI

y4  Touka cnoctepexennss CKPaHIB

OcHo8HI npunyujeHus:
e P .
L N bt .
Y, 4 1. Kab6em KJI, mo npaitoe B CTaJioMy CUMETPUUHOMY
pexumi (50 T'n), mpsMOJiHINHI, HECKIHUEHHO JIOBT1
hp e Ta YKJIaJIeHI apaielibHO OJUH OJHOMY.
S 2. JIBocTopoHHE 3azemiieHHs eKkpaHiB kaOemiB KIJI
’ X1 X2 ' Xpr X3 X . . .
TTT T AT T T T T T T A T T R T T T AT 7T T T T 3aMINTY€EThCS iX JBOCTOPOHHIM 3aMHKAHHSIM.
h| | S i | 3. TI'ycTMHA 1HIYKOBAaHOrO CTPyMy B €KpaHi KOKHOIO
5 S L Ka0eJro piIBHOMIPHA B MOMEPEYHOMY MEPEPI3L.
v L 4. ToBmmuHa ekpaHa ICTOTHO MEHIIA 3a HOro paiaiyc,
' d

, . 0 J03BOJAE PO3MISAJATH €KpaH Kabemo sk
’ d @i LATIHAPUYHY ITOBEPXHIO.

Bincrans n0 Touku cnocrepexenHs MIT  KJI
MIHIMYM yJIB141 Ol/IbIlIa 32 BIICTaHb M1k KaOEIsIMH.

1 1
Ba= 5|8,

KaGesnpHa J1iHIA

HopMmosane airoue 3HaueHHs iHaykiii MIT KJI B Toumi P:

2 .2
+‘By‘ (1)
[TpocTopoBi komnoneHTH 1HyKLiT MIT KJI:
3 — — 3 —
. W (; . (yp yk) . W (; . )Cp Xy
B.=) ">\ +1,) , B =) "> +1,)
X ;27_[( k k) (xp_xk)2+(yp_yk)2 y gzn( k k) (xp_xk)2+(yp_yk)2

zie (x,,,Y,) — KOOPAMHATH TOYKH CIOCTEPEKEHHS P; (x;,V;) — KOOPIMHATH BICI k-0ro Kabdeso;

2)

k=1

I, Ta I, — KOMIUIEKCHI aMILUTITY/Id CTPYMIB B XUJIi Ta €KpaHi k-0ro Kabeito, BiANoBiIHO.

OT:ke, HeOOX1HO BU3HAUYUTH KOMIUIEKCHI aMILTITYI1 CTpyMiB B ekpanax KJI.



Bu3HayeHHS KOMIUIEKCHUX aMILIITYl CTPyMIB B ekpaHax Tpugasnoi KJI

ExBiBasieHTHa enekTpuuHa cxema TpudaszHoi KJI 3 1BOCTOPOHHBO 3aMKHYTUMU €KpaHAMMU:

(;r

AR
e ) 5
A g |
| \ e o

) ]

MaremaTuuHa MOJIEJIb, IO OMKCYE €IEKTPOMArHiTHI Mpoliecu B ekpaHax kaodemiB KJI:

}KHIIB

®

; 2
1, (R"'j@L)"'Imijm"'(]mz +]32)j0)M12+(1x<3+]33)j0)M13:U1 ) [ =1,e "3 ,
j32(R+j0)L)+j>K2j0)M>K3+(jxcl+j31)j0)M21+(jX<3+j33)j0)M23:UZ’ Umz:]()v (D

< . . . . . .
]33(R+j0)L)+I>1<3j0)M>K3+(]>I<l+]31)j0)M3l+(]>K2+]32)J0)M32 Us =7 j'zgi

x3 Lo € 7.

\1'31 +1,+1,=0.

U1 :U2 = U3 = — NajiHHs HAaIIPyT¥ HA KOXKHOMY €KPaHi.

[HIyKTMBHICTH €KpaHa': L= Mol (1 2 1) (2)
27 r
OTpuMaHi B3a€MOTHTYKTUBHOCTI: M. =— Mo/ (1 2—l — lj M, = ]\7 HOZ In 2—l -1 (3)
27 r 21 d,

1. Pacuer unnyktuBHocTei# : cnipas. kH. / I1. JI. Kananrapos, JI. A. Lelitnun. - 3-¢ u3g., nepepad. u mgo. - JI. : Dueproaromusnar, 1986. - 487 c. 7



KommuiekcHi aMILIiTYId CTPYMIB B €eKpaHax
IPH PI3HUX cxemMax Nnpokaaganua kaoesais KJI

IHpoxknaganusa kadeJiB <y TPUKYTHHK)

(. 2]
M12:M23:M31:M:M—0(1n——1j (1)

27 d
: : oM. —M : oM’ : — oM’
I:EZ_Imk'] ( = ):_Imk' *J . *:Imk°a9 A= *] * 9
R+jo(L-M) R +joM R +joM
ne M :;l—o-ln— — EKBIBAJICHTHA 1HAYKTUBHICTh €KpaHa kabemnto, ['H/M;
T
R*

— OIIp OJMHMUII JOBKUHU €KpaHa kabdemo, OM/Mm.

Ipoxkaaganusa kadeJiB «y MJIOLIMHI»

M, =My, # M, M, =M, =“—°l(1n2—l—1j M, =“—°l(1ni—1j
27 d 27
A A
_ _ Q-ln2A-ln—Jr\/gan—jln4A3 _ _ jOIn—
]anf :_]xcl' 2 3 ’ ];g :_]>1<2' 2 3
AN 3 : 3 : A
Q-anA-lnz—Q—ZjanA 3+‘]an2
. )
Q-ln2A-ln——\/§1n2—jln4A3
1=l 2 o

0-n2A-n2 —3 Z2jmon 2nR
2 0

)

1 2 3
@d ______ _____ = @
-
2d



Busnauenns MII KJI yepe3 koedinieHT ekpanyBanusa SF
MPHU MPOKJIAJAHHI Ka0eJIiB «y TPUKYTHHK)

Koediuient ekpanyBanus MIT KJI: SF = g—”‘, (1)

KII

ne B, — marnitHa ingykuis KJI; B, — marsitHa 1Hgyknis KJI npu ABOCTOpOHHBOMY 3aMUKAHHI €KPaHIB.

= Uy S Y=Yk 5 T Xk e
B)K:—-ZIM(— e, + ‘e j (2
e N Y S N C R R NS )
BKJ‘I :_'Z(]mk+]3k)(_ e+ "€ j 3
27 k=1 (x—=x)°+(y-») (x-x)"+(-y)" )
: . —joM’
[Tpu npoknagaHHi KaOemiB «y TPUKYTHUK» O = —; - =const s Vk, TOMY
R +joM
B =2C-(1+a): ZIM( e J 4
2m =R O O O B C S AT TR0 Sl *)
. 1 Ho® ., d
Koediuient ekpanyBannuss MIT KJI SF,, = =1+ - In—
l+a| 2nR° (5)

Hiroue 3HauenHs MII KJI npu 7BOCTOpOHHBOMY 3aMHKaHHI €KPaHIB:

leni

1+
A 2nR’ r

(6)




3acrocyBanHs nepersopeHHst Kitapk 1 cnpomeHHs
po3paxynkoBux cuiBBigHomens MII KJI npu npokaaganHi «y niommHi»

[TeperBopennsa Knapk ayist ctpyMiB sxui Tpudaznoi KJI q1o3Bosise 3A1HCHIOBATH €KBIBAJICHTHY
no MII KJI 3aminy Tpuda3Horo koia Ha ofHO(a3HE, SIKE XapaKTepU3Yye€TbCS TUIbKU
B-KOMIOHEHTaMU CTPYMIB:

. i N3 i ~3i,
]>1<1 :_Ea_l_T ’ ]>1<2 :]a > ]>1<3 =————

ne ia =1, iﬁ =—j1 , [—ammiiTyaa cTpymy B )KUjax.

[lepexin Bin Tpudaznoi KJI no ogHodaznoi
3 ekBiBaJIeHTHHUM MII

3arajibHe pIBHSIHHS JJI1 BUBHAUYEHHS CTPYMY B €KPaHHOMY KOHTYpI 3 ypaxyBaHHSIM NEPETBOPEHHS
Kuapk nns crpymiB sxun KJI

f;m-(2R*+jcoL):—jco-(d')m+d))K3) (1)
Bupas s ctpymy B €KpaHHOMY KOHTYDI:
" :j\/gl ©™1n 2d (2R +jett lnzdj (2)
2 T T T T

Koedimient ekpanyBanus KJI qyis mpokinaaku kabeiB «y MIOMIAHI»:

HO ln2d

2nR" r

SF() 1+ -

3)

10



MaremaTununa moaeab MII KJI 3 1BOCTOPOHHBO 3AMKHYTUMH €eKpaHAMH Ka0eJliB,
oxomieHuMH (pepomarniTHumu ocepasamu (PO), npu NpPoOKJIATAHHI Ky TPUKYTHHK)

Jlooamxkosi npunyujenns:

e mumHApyuuyHi DO He HaMarHiuyloThCs  J0 d0 i
HACUYEHHS, a iX MarHiTHa MPOHUKHICTh MOCTIiHA 1 i - _,__@ 2Ly 222433 .
JIOPIBHIOE L 1-"‘ o @ S\ A
« @O HaMarHiuyeTbCs CTPyMaMH >KWIH 1 €KpaHa o @ \, d}
TIJIBKH TOT'O Ka0eI0, SKUil BIH OXOILIIOE; L - = / -
« MII Bcepenuni @O BicecuMeTpHYHE. ) "
PiBHAHHS U1l BU3HAUEHHS CTPYMIB B eKkpaHax npu HasiBHOCTI DO: I, i
m
' . . %k . . 1’2 . 1’2
(]31_]32)'R :_]m.(qll( )_‘Pz( ))v (D
3 (]'32 - I33). R=—jo- (‘Pf’” - ‘P3(2’3)), (1D
I,+1,+1,=0.

‘I’,Em’”) = ‘I’,E”’m) — noBHuM notik MII kabento k yepe3 KOHTYp, YTBOpPEHHM eKpaHaMu KaOemliB m 1 n

Ipu npoknananHi kabemis «y TpukyTHuK» V"' =0 mna k#m 1a k #n.

BcepeHHHicDOB:““0(13k+]mk)2nr:>‘P(k’n)_],l0(].3k+jmk).lnd ZQC.(H_I)HO(I.ak'ijk) i
() =

i . . —+
Tosa ®O B=uyll,, +1,, )2nr 2m . 2m

[ — nosxxuHa expanoBaHol autHKY KJI; /4 — cymapHa nosxkuna @O Ha k0kHOMY Kaleni;
L — MardiTHa npoHukKHIcTh DO; r, 11, — 30BHILIHIN 1 BHYTpiwHINA pagiyc PO.

‘In—,
r

11



Busnauyenns MII KJI npu 1BOCTOPOHHBOMY 3aMHUKAHHI €eKPaHiB

3 @O yepe3 KoePimieHT eKpaHyBaHHA SF

Ctpymu B ekpaHax KaOeliB MpY NPOKIAJaHHI «y TPUKYTHUK:

ir=—i_, *JCOM _ M*:ﬁ.lni+l®c.(ﬂ_1)ﬂo,lni
R +joM 2 r | 2n v

Hiroue 3HauenHs MII KJI, ctBoproBaHOTO CTpyMamu KW B ToUlll P:

B, == |8 +|5
XK \/E X y

KommnoHeHTH MarHiTHO1 1HIyKITii:

. 3 Lo ; _(yp_yk) : 3 Lo ; xp_xk

Bx:Z ]mk' 2 2 Byzz_]mk. 2 2

k:lzﬂ: (xp_xk) +(yp_yk) k:lzﬂ: (xp_‘xk) +(yp_yk)
. . B

MII KJI nmpu 1BOCTOPOHHBOMY 3aMHUKaHHI B TOYI F: B = S_;

[Ipu npoknagaHHi KaOENB «y TPUKYTHHUK:

SF_=|1+j- l”loco>,z-lni+‘]'-lq)C -(l”l_l)l”low-lni

2R r [ 2nR 7

Tp

[Ipu npoknagaHH1 KaOENiB «y MJIOMIHHI»:

SE® =1+ - MOCO*-ln2d+j-lq’c-("L_l)"low-lni

™ 27R r [ 21R 7

(1)

(2)

3)

(4)

)

12
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YuceabHe moaearoBanasa MII tpugaznoi KJI
JJISL OiIHKHU BIJIMBY HEPIBHOMIPHOCTI TYCTHHHU CTPYMY B Ii €eKpaHax
JIBoBuMipHa mozaens B COMSOL Multiphysics (AC/DC):

S

Touka criocTepexeHHs

Kabem

[ToBiTps

Infinite element domains

I-40(.'!0 I-3000 I-200(.'! I-10(.'!0 I0 5_000 5000

HepiBHOMIpHICT I'YCTUHU
CTpYMY B Iepepi3i eKpaHiB KaOeiB

" d=60 Mm
1 S=100 mm?>
[ D=55 MM

=

— )
A/vm?
1 mé
3.5
3
2.5
2
1.5
1

0.5

0

“Sooo | X, MM

Minnuiil ekpan

[30mmstmmist

AIOMIHIEBA XHJIA

Pe3ynpTaTi aHaMITHYHOTO Ta
yucesnbHOro po3paxynkis MIT KJI:

B, MkTa
80

70
60
50
40
30
20

«B ILIOCKOCTH»

W B TPEYTOIbHHK»

[Toxubka pozpaxynky MII
KJI aHamTH4HUM METOIOM
He mnepeBumye 8% 1mpu
MPOKJIaJaHH1 KabeiB
«y TpUKyTHUK» 1 5% —
«y TUTOLIUHD».

h — BUCOTa TOUKH
criocrepexkenHsa Hag KJI

13



IlepeBipka po3poodJenoi maremaTuuHoi moaeai MII KJI
HAa OCHOBI pe3yJbTATIiB (PI3UYHOI0 €KCIIEPUMEHTY I YMCEeJIbHOI0 MOAEJTIOBAHHS

Iapamempu ¢hizuunux maxemie Dizuunun maxkem KJI CniscmasnenHs pe3yiomamie po3paxyHKy
ma sumiprosans inoyxyii MI1 KJI

B, MxTn

30

-tun ka6emnis KJI:
AllgErally-110 1x240/70;
- noBxkuHa kabemis 10 m;
-mixk¢azna Biactanb 0,1+0,5M;
-CTpyM B Xkuiax 95A;
- IUTOMUM OmIp €KpaHiB
0,29 Om/xMm.

®m BHUMIPIOBaHHS
25 = YWCEIbHUU PO3PaxyHOK
aHANITUYHUNA PO3PAXYHOK

20

15

d=0,2m

[Ipu BUMIiprOBaHHSX
BUKOPHUCTAHO
3D marnitometrp EMF-828, >
IHCTpYMEHTajbHa MoXuoka<5%

10

0.4 0.8 1.2 1.6 2. h,m
Dizuynuu maxem KJI 3 3anexcnicms epexmugnocmi
pepomacnimuumu ocepoamu (®0)  Iapamempu yurinopuunux @O expanyeanhs 6i0 006xucunu PO
_— SF

enoBxuHa ocepab 0,1m, 0,2m, 0,3Mm;
* BHyTpiHii aiametp 0,072 Mm;
* 30BHIMIHINA niametp 0,13 m;

* MarHiTHa NpoHUukHICTH u=3000.

. — 03paxXyHOK
Po3kun pesynbrariB 2 POspaxyl
@ CKCIIEpUMEHT
PO3paxyHKy Ta .
EKCIIEPUMEHTY HE loc,
nepesuiye 15%. 0 100 200 300 MM
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OTpuMaHi 3HaYeHHSA KOPUTYI04Y0ro koedimieara m=1/SF B 3aj1e’KHOCTI BiJ
nepepizy ekpana .S aJisi pisHux 3Ha4eHb D i d ka0eJiB 3 IBOCTOPOHHIM

3a3eMJICHHSIM iX eKpPaHiB

Biacrans [Mepepis
MIE OCHAMH | expany S5,

Postamrysanna kabenis KJI B
FOPHIOHTANEHL MNOIIHHI

TPHEYTHHER

Posramysanns kadenis KJI
¥ KYTax plEHOCTOPOHHEOMD

Kademnie s, MM S
Buyrpimnii giameTp expany kabenro, MM
M 25 50 | 70 25 50 [ 70

25 0,99 0,99 1 0,99 | 1
50 0.95 0,97 0.97 0.96 (.98 0.99
o 70 0.90 0,95 0,96 (.93 0.97 (.98
’ 100 0,82 0,89 0,91 0,88 0,93 0,95
150 0,70 0,78 (.82 0.78 0.86 0,90
200 (.59 0,68 0,74 (.69 0.79 0,84

25 0,97 0,98 0,98 0,99 0,99 1
50 0,90 0,93 0,95 0,94 0,96 0,97
0.9 70 0,84 088 0.90) (.89 (.93 0.95
g 100 0,73 0,80 0,83 0,81 0,87 0,90
150 0,59 0,66 0,71 (.68 0,77 0,81
200 0,48 0.56 0,60 0,57 0.67 0,73
25 0,95 0,96 0,97 0,98 0,08 0,99
50 0,85 0,89 0,90 0,90 0,93 0,94
0.5 70 0,77 0,81 0,84 0,83 0,87 0,90
g 100 0,65 0,70 0,74 0,72 0,78 0,82
150 0,50 0,56 0,59 0,57 0,64 0,68
200 0,40 0,45 0,48 0,46 0,53 0.5%

"V pazi nepepizy expasa afo BLACTAHRT MEE KaDEnaMH, 1K £ IPOMEXHAMH 10 Hagsnen v Tabmul E6,
THAMEHEA EOSUIEHTE B OO HCIR0R0TE IHTEPIIELIERD,

TaﬁJII/IIIIO BIIPOBA/IKCHO B TAKUX YNHHUX HOPMAaTUBHUX JOKYMCHTAX.

1. COY-H-MEB40.1-37471933-49:2011.2. TIpoexTyBaHHs KabenbHUX J1HIN Hanpyroto a0 330 kB: Hactanosa

(31 3minamu ). — KuiB: Mineneprosyrumis Ykpainu, 2017. — 139 c.

2. COY-H EE 20.179:2008. Po3paxyHOK €J1E€KTPUYHOIO 1 MarHiTHOTO TOJIIB JiHIN eJleKTpornepenaBants. MeTtoauka

(31 3minamu). — KuiB: Mineneprosyruuis Ykpainu, 2016. — 37 c.
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HoBi po3paxyHKoBi CIiBBiTHOIIEHHS /IJIs1 BU3HAYEHHS JAiI0YUX 3HAYEHb CTPYMIiB
B eKkpaHax kao0eqaiB KJI npu npokiaganHi «y miomuHbD

T
[31

T
[3 2

I11 _
[33 -

ac Q: MO(D*: Azi'
r

1.

Hogi po3paxyHKoBi ClIIBBIIHOIIICHHS,
OTPUMAHI HA OCHOBI PO3p00.JIeHOL
MaTeMATHYHOI MOJIeJIi

3 2
(Q-ln2A-lnA2+ﬁ-ln2j +1n® 4A°

:I)I(. 3 2
(Q-anA-lnAz—;j +4-In’ 2A°
3
Q2.1n2é
7 . 2
" 2 1 2A3 ’
9+0"-In" —
© 2

3 2
(Q-ln2A-lnA2—\5-ln2j +1n? 4A°
I

xK 3 2
(Q-anA-lnAz—;j +4-In’ 2A°

d

21 R

[ToxnOka HOBUX PO3PAXYHKOBUX
CIIBBIJTHOIIIEHb HE MEPEeBUILYE 5%

b

b

Bimome! pospaxynkose ciiBBigHOIIEHHSI

1=1 - Jo75. - 207 05 001
R2+0,017 R2 +0,01

ne R, — omip expana npu 70° C, OM/xkm

15 20 30 50 &, %

[Toxubxa €,% B1IOMOTO PO3PaXyHKOBOTO
CHIBBIJHOIIEHHS MOXe nepeBuiryBatu 30%

[IpaBuna ynamTyBaHHs eleKTPOYCTaHOBOK. — Bumanus odiuiiine. MineneproByriuis Ykpainu. — X.: BugaBaunrso «®opt», 2017. — 760 c.
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HaykoBa HOBH3HA OTPUMAHUX Pe3yJbTATIB

Bnepiie, Ha OCHOBI aHAJITHYHHX PO3B’A3KIB, PO3POOJIEHO MAaTEeMaTUYHY MOJEIb
MarHiTHOTO MOJiA TpU(pa3HUX KaOETbHUX J1HIA IPU ABOCTOPOHHBOMY 3a3€MJICHHI BJIACHUX
EKpaHiB KabeiB, 110 JO3BOJISIE 3A1MCHIOBATH MOJICJIIOBAHHS MArHiTHOTO MOJig NpU Oy/ib-
AKHUX CXeMaX MPOKJIagaHHs KaOelliB.

3a JI0MOMOroK PO3pO0JICHOT MaTEeMaTH4YHOI MOJEN, OTPHMMaHl CIIBBIIHOIICHHS, SKI
NO3BOJISIFOTH BU3HAYATHM MarHiTHE MOJE€ Ta CTPyMH B €KpaHax KaOedmiB Impu iX
JBOCTOPOHHBOMY 3a3€MJICHH] y pa3l NPOKJIaJaHHs KaOeliB «y IJIOMIHHIY.

3anponoOHOBAHO HOBE HAOJMI)KEHE KOMIIAKTHE CIHIBBIJHOLICHHS JJI1 1HXKEHEPHOTO
PO3paxyHKy KoedII[I€EHTa €KpaHyBaHHSI MarHITHOTO MOJISI peaIbHUX KaOCJIbHUX JIIHIA MPH
JBOCTOPOHHBOMY 3a3€MJIEHHI €KpaHIB Yy pa3l NPOKIAJaHHS KaOemiB «y IUIOHIUHD», SKE
OTPUMAHO Ha OCHOBI pO3pOOJICHOI MAaTEMATUYHOI MOJIEII Ta 3aCTOCYBaHHSI IEPETBOPEHHS
Kunapk 1 103B0oJIsIE BUKOHYBATH pO3PaxyHOK 3 MOXUOKOIO B Mexkax 5%.

Po3BMHEHO MaremMaTH4Hy MOJI€NIb MArHITHOTO MOJIA TpU(a3HUX KaOEIbHUX JIHIA NpU
JBOCTOPOHHBOMY 3a3€MJICHHI BJIACHUX €KpaHIB KaOEiB ISl BUMIAJKY OXOIUJIEHHS KaOeniB
(dbepoMarHiTHUMM OCEPJISIMA Ta BIHEPIIE OTPUMAHO CIIBBIJAHOIICHHS, IO JO3BOJISIOTH
BUKOHYBAaTH 1HXXEHEPHUN pO3PaxXyHOK KOE(ILIEHTIB €KPaHyBAaHHS MArHITHOTO TOJIS
KaOeJIbHUX JIIHIH 3 (PepOMarHiTHUMU OCEPISIMHU.
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IIpakTH4yHe 3HAYECHHS OTPUMAHMX Pe3yJIbTATIB

Ha ocHOB1 po3po0sieHMX METOAIB PO3PaxXyHKY MAarHiTHOrO Mojis TpudazHUX KaOeIbHUX JIHIM MpU
JBOCTOPOHHBOMY 3a3€MJIEHHI €KpaHiB KaOeliB 3alpONOHOBAHO Ta €KCIEPUMEHTAIbHO BEPU(PIKOBAHO
BIAMOBIAHY METOAMKY, SIKa JO3BOJSIE Ha €Taml MPOEKTYBaHHS KaOEIbHUX JIHIA 31HCHIOBATH
pPO3paxXyHOK MAar”HiTHOrO MOJig JJisi Oyab-sSIKOI CXEMHU NpOKJIaJaHHs KaOeliB KaOeIbHUX JIHIA 1
3a0e3neuye nepeBipKy BIAMOBIAHOCTI PIBHSA MarHiTHOTO TOJIA €KOJIOTTYHUM HOPMaM.

OCHOBHI pe3yJIbTATH BUKOHAHUX B POOOTI AOCIIIKEHD 1 MPAKTUYHUX PO3POOOK BUKOPUCTAHO:

* B HarionanpH1id e€HEepreTUUHid KOMMaHli «YKpPEHEepro» mpu po3poOll HOPMATUBHOIO JOKYMEHTY
Minenepropyriuis  «COY-H-MEB40.1-37471933-49:2011.2. IlpoekTyBaHHsI KaOeNbHUX JIIHIA
Hanpyroro 10 330 kB: Hactanosa (31 3mMiHamu). — Kuis: MineneproByrums Ykpainu, 2017. — 139 c.»;

* B HamionanpH1ii €HepreTUuHi KOMMaHli «YKpPEHEepro» mpu po3poOll HOPMATUBHOIO JOKYMEHTY
MineneproByrimig «COY-H EE 20.179:2008. Po3paxyHOK €I€KTPUYHOTO 1 MarHITHOTO TMOJIB JIiHIA
enekTponepenaBants. Meronuka (31 3MiHamu). — Kuis: Mineneproyruuist Ykpainu, 2016. — 37 c.», B
po3a1aXx NPUCBIYECHUX PO3PAXyHKY MArHITHOTO TOJISI KaOEJNbHUX JIHIA MpU JBOCTOPOHHHOMY
3a3€MJICHHI €KpaHiB Ka0OeliB;

*B Y «ITIIM HAH VYkpainn» npu BUKOHaHHI (PyHIaMEHTAIbHUX 1 MPUKIAAHUX HOCTIIKEHb B
paMKax TEMaTUYHOIO IUIaHy, a TaKOX IpU po3poOIl BIANOBIIHUX HOPMATUBHUX JOKYMEHTIB
MiHeHeproByriuis.
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AKTH BIPOBAIKEHHA Pe3yJbTATIB po00TH

3ATBEPIDKYIO

Japexrop  JlepkaBuoi  yCTaHOBH
«lACTHTYT rpoua,uca.mrb 30pOB’ A

im. O.M., Mapaeesa HAMH Vikpaimm»,

m‘ w
npo suxopucmania pesyismamie pobomu
w«Hopmanizayin maznimnozo nora kabersuux ANl npu 80CMOPOHHBOMY 3a3MIEHHIY
I'pinvenxa Bonodumupa Cepeitiosuva ma Tkavenxa Onexcandpa Onezosuya, wo
npedcmasnena wa 3000ymms npemil lpesudenma Yrpainu oasn morodux ewenux 2021 p.

Mu, wo HEKYe nignEcanued, npeacrasuuky JlepaasHol yeranosH «IHCTHTYT
rpoMagcexoro snopos’s iMm. OM. Mapseesa HAMH Vkpainm» (nani — JIY «II'3
iM. O.M. Mapacera  HAMHY»), sapinyrounii  naGoparopiecro  dismwmmx  dakropis
noBKiang, a.MedH., ca.c, Jymaucekuii B.HO. tma crapmumil maykosuil cmiepoGiTHHE
naGoparopii diswauux daxropis mosxinia bitkin C.B. ckmaam meil akt mpo Te, mo
pesynetath  pobotn  «HopMamisanis marRiTHOro nons  kabenpHwx nimili  npu
JBOCTOPOHHBOMY 3a3emieHHi» aptopis K.T.H. I'pinuenka B.C. 1a x.1.H. Tkazenxa 0.0.
BOPOBAIKEHO 0pH BHOOpI TEXHIYHO [MOCAKHHX TPAaHHIHO NONYCTHMHX piBHIB
MartiTHOro nojs KabenpHUX MiHIA enekTponepenadi.

MeTomn po3paxyHKy MarditHOro moliis kabensHHMX JIiHIA  enexrponepe/aui,
sanpononosani B poSori k.T.H. Ipimvenka B.C. Ta kr.H. Tkauenka 0.0., J03BONAIOTE
TPOTHO3YB&TH BEJIMYHHY PiBHA MATHITHOTO TOMNA PH JBOCTOPOHHBOMY 3a3eMIICHH] ekpanin
kabetip Ta OPOBOJMTH aHaNi3 1X BIOMOBINHOCTI DIF0MHM IPAHHYHO JOIYCTHMMM PIBHAM.

3ap. nab. diznynux dakropis qoBKiINA
JY «II'3 in. O.M. Mapaeena HAMHY», )
A.MELH., C.H.C. B.IO. Jlymancexuii
C.n.c. 1ab. pianunux gaxropis Kosxina

JIY «II'3 im. O.M. Mapaeena HAMHY» LD ?22Z7 OB, Birkin

3ATBEPIKYIO
Jupextop  JlepkaBHOI  YCTAHOBH
i 1 TEXHIYHUX  npodiem

B e s
f emeTeTy TR
e onEneM MATHETWIRY. 1.5
NPOBNE anEmi]

HaLOHATBHEE

AKT
Tpo BHKOPHUCTAHHSA PE3VILTATIR podOTH
«Hopmanisariig MarHITHOTO oA KaGenbHHX MiHiiT NPpH IBOCTOPOHHEOMY 3a3¢MICHHI»
I'pinvenka Bonongumupa Cepriiiosiya ta Tkauenka Onexcanapa Oerosqua, mo
npeacTaBmeHa Ha 30006y TTa npemii [pe3nnenTa Yxpainu nna Monoaux suennx 2021 p.

Mmu, mo HWKuYE MANHCATHCH, npeacTaBHukH JlepwasHoi yeranosu «[HCTHTYT
TexHivHnX mpobaem marvetHamy HAH Yrpatuny (nani — JIY «ITIIM HAH Ykpainu»),
BueHMit cexperap, KT.H., crjoci JloGposees [Masno Mukonaiiosnd Ta sapigysay
BijLTiIoM mpobneM YNpariiHHA MarditTHuM nojgem JLT.H., npod. Kysneunos Bopue
[panoBHY CKIIANH Ll aKT npo Te, o pe3yasTatd podor K.T.H. [pinvenka B.C. 1a K.T.H.
Trauenka O.0Q. «Hopmanizayia maznimrozo noxs kabeabkix Ainii npu 080CMOPOHHLOMY
zazemnenni» BnposaikeHo y JIY «ITIIM HAH Vkpaian» npe pospoOui posminis
HOPMATHBHHX JokymeHTiB «COV-H EE 20.179:2008. Pospaxynox enexmputnozo i
MazHimHOZ0 noxie AiHil  enexmponepedasanng. Memoduxa (31 sminamu). — Kuls:
Minenepeogyeinng Vipainy, 2016. = 37 c.» ta «COV-H-MEB4(0.1-37471933-49:2011.2.
ITpoexmysanus kabenvrux ainill nanpyeoro 0o 330 kB: Hacmanoea (3i aminamu). — Kule:
Minenepeosyzinin  Vipainy, 2017. - [39 c.», NpUCBAYEHHX INPOCKTYBAHHIO Ta
po3paxyHkKy MarmitHoro mois kaGenbHHX niniH. Pospofky Gyno BHKOHaHO Ha
samoenennd Ta 3a kot HEK «Ykpenepron.

PesyibTaTd  JOCHIKeHb, 10 BHKOHAHi KT.H.  Ipimueskom B.C. Ta
K.T.H. Tkagenkom O.0., MalOThL iCTOTHE 3HAYEHHA JUIA BHPILICHHA AaKTyadbHO! 3amadi
POGPAXYHKY MAarHiTHOTO IOMA KaGenbHUX JiHiH NPH IBOCTOPOHHBOMY 3a3EMIIEHH] BIACHHX

eKpaHiB Ta [ IBHIIEHHA TOYHOCT] PO3PAXyHKY HaBeJICHHX CTPYMIB B eKpaHax kaOemis.
3aB. 1aGopaTopicko MATHITHHX

g% TT.M. dobponeer
BHMIpIOBaHE Bimainy Ne3(

IV «(ITIIM HAHY», 1.7.1., npod. E

Buenuii cexperap
Oy «TIIM HAHV», K.T.H., ¢T.goci.

B.I Kysueuos
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Haka3un MiHeHeproByrijuisi, 010 BIPOBAIKEHHS Pe3yJbTaTiB podoTH

MIHICTEPCTBO EHEPTETHUKH TA
BYTUIBHOI [TPOMUCIIOBOCTI YKPATHH

HAKA3

€& » OF ForE M. Kuis M G

[Ipo BHecenHs 3MiH A0 HOPMATHBHOIO
JAokyMenTa «’03paxyHoOK eNneKTpHUHOro i
MarHiTHOrO noJiis Jiniit
eleKTponepenasanna. Metomukan

3 MeTOH BH3HAYEHHA OUIMKM BILIMBY JiHill ejeKTporepesasaiHs Ha A0BKilLisa
Mijl 4ac NPoeKTyBaHHsd, Oy/JIBHALITBA Ta eKcruryaTauii

HAKA3VYIO:

1. Buectu 3minu 10 HOpPMAaTHBHOrO JOKyMeHTA «P0O3paxyHoK edeKTpHU4HOrO i
MartiTHOro nomnie inii enexrponepenasanHi. Metomuka» (mami - Meromuka),
3arBep/uKeHoro HakazoMm Mineneprosyrinns sig 22.10.2008 Ne 512, puknasu fioro
¥ penaxitii, 1mo N0NacThes.

2. O0’eaHanHI0  eHEpPreTHMHHX  miampHeMcTB  «lamyseBuii  pesepsHo-
inpecTHuUiiiHMil Qona possuTky cmepretmkmy» (Kortenshuxos O. O.) sHectn ueii
HaKa3 10 peecTpy HOPMaTHBHHX JIOKYMEHTIB MiHeneprosyriis Ykpainu.

3. Jlepxasuomy  mimnpuemcrBy  «HauioHanbHa — eHepreTuHa  KoMmaHis
«Yxpenepro» (Kobanpuyk B. B.) 3afesneuntH BHAaHH® Ta pPO3NOBCIOMKEHHS
HeoOXigHoi KinbKOCTI NMPUMIPHHKIB METOIMKH JepaBHMM MiANPHEMCTBAM, IO
HalexaTb A0 chepn  ynmpaeiiHHs MiHEHeproByrinifg, Ta rOCINOAAPCHKHM
TOBApHCTBAM,  IOJ0  skuX  MiHeHepropyriing  3miicHIOE  ynpasainHs
KOpPNnopaTHBHHMH MpaBaMH JepAaBH, BiIlIIUBi,I[HO OO0 3aMOBIIeHE.

4. Haka3 nabupae ynHHocti 4epes 90 anis,

5. KonTpoub 32 BUKOHAHHAM LBOIO HAKa3y MOK/IACTH Ha 3acTynmHMka Miicrpa
Caerenika O.]1,

Minictp I. Hacanuk

037036

\Eég/'
MIHICTEPCTBO EHEPI'ETHUKH TA
BYT'UIBHOT ITPOMHUCJIOBOCTI YKPATHH

HAKA3
«<2(£,, LM

I'lpo BHecenHs 3MiH 1o [TpoekTyBanus
KabenbHMX JTiHIE Hanpyroo 1o 330 kB.

Hacranosa

Kepyouncs HopMamu 3akony Vkpainm «[lpo cranmapruzauiion, 3 MeTolo
MABMINCHHS  HPOIYCKHOT  CTIPOMOMHOCTI,  HamiHOCTI Ta  eKomoriuHux

BIACTHBOCTel KabeabHuX JiHiii
HAKA3VIO:

1. Baectn 3Minm o llpoekTysanns kaGenbuux niniii Hanpyrow zo 330 kB.
Hacranopa, saTBepiukeHHX Hakazom MiHeHeprosyrinns sin 06.06.2011 Ne 198
(COY-H MEB 40.1»37471933—49:2011). BHKJABIIH B HOBilH penaxuii, mo
JIONAEThCH.

2

2. O8’enHanHiO  eHepreTHUHMX mianpuemcts «[anyseBuil  pesepso-
inpecTuuiiinnii gonn possutky erexrpoesepretuxu» (Bypmsk J1) Buectn ueii
HaKa3 0 peecTpy HOPMATMBHHX I0KyMeHTiB Mineneprosyrinns VYkpainn B
YCTAHOBICHOMY MOPAIKY.

3. JlepxaBHomy minnpuemcTBy «HauioHaikHa eHepreTHdHa KOMIaHis
«YkpeHepro» (Kosaneuyky B.) 3abe3nednTd BHIAHHA HanexHol KilbkocTi
NPHMIPHHAKIB BiAMOBIZIHO /10 3aMOBIIEHb.

4. Lleii nakas nabupae unnHocti yepes 30 auip.

5. KoHTponk 3a BHKOHAHHAM LbOIO Hakasy IOKJIacTH Ha 3acTyIlHMKa

Minictpa A. Kopsyna.

Miuictp I. Hacanuk

M. Kuis ¥ oL
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J[aHHi PO U TYBAHHA

Pe3ynbTatu nociikeHs onyosikoBaHi y 30 HAyKOBUX Mpallsix, 3 SKuX 16 ctaTel BKIFOYEHO
10 HayKoMeTpuuHuX 0a3 Scopus Ta Web of Science, 12 Te3 nonosijell Ha Mi)KHApOJHUX Ta

BCEYKPATHCHKUX HAYKOBO-TEXHIYHUX KOH(PEPEHIISIX.

3arajibHa KUJIbKICTh MOCWJIaHb HA MyOJIiKaIlli 3a BUKJIIOUCHHSIM CaMOIIUTYBaHb (Ta h-1HAEKC) y
Google Scholar — 41 (4), y Scopus — 13 (2), y Web of Science — 12 (2).

OCHOBHI BUCHOBKH 32 p000TO10

Y poOoTi OTpUMaHO HOBI HAyKOBO OOIPYHTOBAHI pEe3yJbTaTH, Kl BHUPIIIYIOTh HAYKOBY 3ajady
MAaTeMAaTUYHOTO MOJEIIOBAHHS Ta PO3PAaXyHKY MArHITHOIO MOJII BUCOKOBOJIbTHUX TpU(PA3ZHUX
KaOeIbHUX JIIHIM TMpPU JABOCTOPOHHBOMY 3a3€MJICHHI X €KpaHIB 3a JIOMOMOIrOI aHAITUYHUX
po3B’si3KiB. LIl pe3ynbTaTh y CBOill CYKYHMHOCTI CKJIaJal0Th ICTOTHIM BHECOK B PILICHHS HAayKOBO-
MPAKTUYHOI 3aJa4l TEOPETUYHOI EJIEKTPOTEXHIKU 3 MOJECIIOBAaHHS €JIEKTPOMArHITHUX MPOLECIB B
KaOeJIbHUX JIIHISX €JIEKTpolepenadl Ta pO3pOOKM HAa iX OCHOBI BEpU(PIKOBAHOI METOAMKHU
PO3paxyHKy MarHiTHOTO TOJsi, HEOOXiAHOT Ji CAHITAPHO-TITIEHIYHOI OIIHKU PIBHS MarHiTHOTO
MOJISI IPY IPOEKTYBAaHHI HOBUX Ta MOJIEPHI3ALlIl I1F0YMX KaOEIbHUX JIHIN.

OCHOBHI pe3yJIbTaTH BUKOHAHUX JOCTIJKEHD 1 MPAKTUYHUX PO3POOOK BUKOPUCTAHO Y BBEIACHUX B
Oil0 HOpMaTuBHUX JokyMeHTax Mineneprosyruuia: «COY-H EE 20.179:2008. Po3paxynoxk
€JIEKTPUYHOTO 1 MATrHITHOI'O MOJIB JIIHIN enekTponepeaaBaHHa. Mertoauka (31 3MiHamu). — Kwuis:
Mineneproyriuigs  Ykpainu, 2016. — 37 c» t1a «COY-H-MEB40.1-37471933-49:2011.2.
[IpoexTtyBanHs kaOenbHMX JiHIM Hanpyroro a0 330 kB: HacrtanoBa (31 3miHamu). — Kwuis:
Mineneproyriuia Ykpaiau, 2017. — 139 c.», B po3ainax MPUCBIYEHUX MPOEKTYBAHHIO Ta
PO3paxyHKy Mar"iTHOTO MO KaOEJIbHUX JIIHIN IpH IBOCTOPOHHBOMY 3a3EMJIEHHI €KpaHIB KaOeiB.
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