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(BUHUTH PAH), inghopmauia npo cmammi 3 sncypuany 3a 6iooopom excnepmie BUHHTH pozmiugyemobcsa
y Pecpepamuenomy scypuani (P’K) ma bazax oanux (b/]) BUHHUTH.

Houunaiouu 3 Nel 3a 2006 p. 32iono 3 Haxazom MOH Ykpainu No688 eio 01.12.2005 p. scypnan
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Houunaiouu 3 Nel 3a 2016 p. yci cmammi na caiimi 00cmynHi Ha 080X MOBAX — 0006'A3K080 AHZNIIICLKOIO,
a makosic pociiicekoro ado ykpaincekoro. Taxooc Koxcniii cmammi 8 HcypHAli NPUCEOIOEMBCA YHIKATbHUTL
uudghposuii ioenmugbixamop DOI (Digital Object ldentifier) 6io opeanizauii Crossref (http://crossref.org/).

Kypnan «Enexmpomexnika i Enekmpomexanika» exniouenuil y 008iOHuk nepioouunux euodansv Ulrich’s
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pepepamusnomy scypnani «/rcepeno», inoexcyemocsa y naykomempuunii 6azi oanux Web of Science Core
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Mixncuapoonux oazax oanux: Index Copernicus (ICV2016:92.55), Poccuiickuit Huoexc Hayunozo Lumuposa-
Hua — PUHI] (ELIBRARY), i 6xooumas 00 6a3 oanux EBSCO, ProQuest, GALE, DOAJ moujo.
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EnekmpomexHika. BusHa4yHi nodii. CnasemHi imeHa
VK 621.3 :930.1

doi: 10.20998/2074-272X.2018.5.01

M.I. Bapanos, B.O. Po3zos, €.1. Coxon

J1O 100-piuust HAIIIOHAJIbHOT AKAJJEMII HAYK YKPATHHM —
KOJIMCKH BITYU3HSHOI HAYKH I TEXHIKA

3poobneno KOpomKuii HAyKOGo-icmopuuHuil Hapuc nPo cmeopenns, pozeumox i cmpyxkmypy Hayionanwvnoi akaoemii nayx (HAH)
Ykpainu. Bioznauena eaxcnuea ponv HAH Ykpainu 6 po3eumky cycninocmea ma Mixycnapoouiil HAyKoeo-mexniunii cnienpaui.
Haseoeno ocnosni naykogi oocaznenns euenux HAHY ¢ piznux oonacmsax nayku, a maKoic KOpOmKo 6UKIA0EHO pe3yibmamu
HayKoeux 00cnioxicend, AKL 00caAzHymi 3a ocmanHi Kinvka poxie Incmumymom mexniunux npoonem maznemusmy HAH Ykpainu
ma Incmumymom ionocpepu HAH i MOH Ykpainu (m. Xapkis). Buceimneno cnienpauio euenux-enekmpomexmuirxie HTY
«XIII» 3 naykosumu ycmanosamu HAH Ykpainu. bion. 28, puc. 10.

Knrouoei cnosa: HanionanpHa akaaeMisi HayKk YKpaiHu, icTopisi CTBOPEHHS Ta PO3BHTKY.

Ilpueeoen kpamkuii HayuHO-UCMOPUYECKULl 04EPK 0 co30anuu, pazeumuu u cmpykmype Hayuonanvnoii akademuu nayx (HAH)
Ykpaunvi. Ommeuena eaxcnasn pone HAH Ykpaunol ¢ pazeumuu odujecmea u mexncoyHapoOHOM HAYUHO-MEXHUYECKOM CO-
mpyonuuecmee. Ilpugedensvt ocnosnvle nHayunvle docmudicenus yuenvix HAHY 6 paznuunvix odnacmax nayku, a maxsce Kpan-
KO U3J10)#CeHbl Pe3ynbmansl HAYUHBIX UCCAE006aHUTl, 00CMUZHYMblE 3a NOCNeOHUe HEeCKOoabKo nem Hucmumymom mexuuue-
ckux npoonem maznemusma HAH Ykpaunvt u Hucmumymom uonocgpepor HAH u MOH Ykpaunw (2. Xapwvkog). Oceeuyeno

compyonuuecmeo yuenvix-anekmpomexuurxoe HTY «XITH» ¢ nayunvimu yupescoenuamu HAH Ykpaunwu. butn. 28, puc.10.
Knrouesvie crosa: HannoHnalibHasi akaieMHsl HAYK Y KPAUHbI, HCTOPHSA CO3JaHUA H Pa3BUTHUS.

«...be3 nayxosux wikin e 6yode nayxu.
be3 nayku ne 6yoe i mexuixu.»

(

AKAJIEMIA

A TIAYK ) 4
:\,w Fipal Ifi

Beryn. CywacHi TIOKOJNIHHS JTFOJICTBAa HE3a0apoM CTa-
HYTh CBIIJKOM YHIKQJIGHOTO YKpPAiHCBKOTO CYyCITHHO-
HAyKOBOTO SIBHIIA — HANpuKiHii Jiucronaga 2018 p. cBoe
100-pivus Big3Hauyae HamionanbhHa akanemis Hayk (HAH)
Vkpainu 1 ii girounii npe3uaeHt, akageMik b.€. Iaron. I{a
HOJTisl CUMBOJIIYHA SIK 1O CBOTH (opMi, TaK i 110 CBOEMY 3Mic-
Ty. [lounnaroun He Tibku 3 1962 p., konu akanemik [Taton
Bopuc €srenoBuy ouonuB Akagemiro Hayk YPCP (3 1994 p.
HAH VYkpainu ), a BOPOIOBK BCHOTO CBOTO JKUTTS IIiH BH-
JIATHUH BYEHMH CyYacHOCTI HMIIOB, SK KaXyTh, «HOTa B HO-
I'y» 3 PO3BUTKOM BITUM3HSHOI HAyKH i TexHiku. Tomy Oara-
TOPIYHY HayKOBO-OpTaHi3aliiiHy NiSUTBHICTH akaneMika b.€.
[arona Ha mocty npesuaeHra HAH Ykpaiau ciin posris-
JaTH K HEBIJ €MHY YaCTHHY IUTZAHOI POOOTH KEepiBHOTO
mTady yKpaiHChbKOT HayKH 1 TexHIKH. be3 1iel BaxximBoi po-
60ti Oy/o 0 HEMOXKIMBO CKOOPIMHYBATH 1 HAIPaBUTH B
HEOOXiJJTHOMY HAIpSMKY OaraTorpaHHy JisUIbHICTh YHMCIICH-
HOT'O HayKOBO-TEXHIYHOTO CHIBTOBapUCTBA JEPIKABH.

JlroncTBO Ha MEBHOMY €Tarli CBOIO TPUBAJIOIO PO3-
BUTKY O0’€KTHBHO NPHHIIIO IO Ba)KINBOTO BHUCHOBKY
po Te, MO0 0e3 HOBUX HAYKOBO-TEXHIYHUX ifeH 1 TEXHO-
JIOTifl Tporpec B CYCHUIBCTBI CTa€ HEMOXUIHBHM. Jljist
OTPHMAaHHS LHX iei 1 TEXHOJOTIH B CyCIIJIBCTBI Tpeda
AKTUBHO MPOBOJAUTH 5K (PYHIAMEHTANBHI, TaK 1 MPHUKIAL-
Hi HayKOBi IOCTiIKeHHA. [ IUX JOCHTiHKEeHb TOTPiOHI
BHCOKOKBaJTi(hiKOBaHI HAayKOBO-TEXHIYHI KaJgpu Pi3HOTO
npodisito, 3a MArOTOBKY SIKMX MOBUHHI BiJIOBIIATH CIie-
LianpHi IHCTUTYLIT cycrinbeTBa. HOBI TeXHOJIOTIT MOXKYTh
NPaKTHYHO Peali30BYBATHCS B CYCIILIBCTBI TUIBKH 3a J10-
oMOrol HoBoi TexHiku. Tomy 0e3 HOBOI TEXHIKH 3
OLIbII BUCOKMMH TEXHIYHUMH XapaKTEpPUCTUKaMHU 3a0e3-
MIEYUTH IHIYCTpIaIbHUH IPOTpec CyCIIGCTBA HPUHIM-
II0OBO HEMOJJIMBO. B 3B’s3Ky 3 IUM B IiepeioBOMY CycCIIi-

ﬁ (I3 momoBixi BUIaTHOTO
i BUYEHOTO CYYaCHOCTI,
npesunenta HAH Ykpainu

b.€. [Marona, 2012 pik)

JTBCTBI HEOOXiMHMI cuMOi03 HAyKH 1 TexHIiKU. [ gocsr-
HEeHHSl 1[bOro CUMOIO3y cTae HEOOXIiAHMM BIiIMOBIIHHIA
KoOopauHyroumii oprad. Ha Hamy nymky B YkpaiHi momio-
HUM KepYIOUMM OPraHoM cTana AKaaeMis HayK JAepiKaBu.
MeTo10 cTaTTi € CKJIaJlaHHA KOPOTKOTO HayKOBO-
ICTOPUYHOIO HApuCy Npo cTBOpeHHs i po3surok HAH
VYKpaiHu Ta IOCATHEHHs il BUEHHX, a TAKOX IPO IUIIIHY
crisnpaio HAH Ykpainu i HTY «XITI» MOH Ykpainu.
1. Koportka icropin crBopennss HAH Ykpainu.
HAH VYkpainu six Ykpainceka akanemii Hayk (Y AH) Oyna
3acHOoBaHa 27 mmcromama 1918 p. ypsamom reTbMaHa
ILIT. Cxopomnancekoro [1], a BUIATHUI BiTYN3HSIHHAN BUe-
HUi-reoxiMik, akajemik B.l. Bepnancbkuii (puc. 1) OyB
YJIEHOM-3aCHOBHUKOM i iepimM npesugenTtom YAH [2].

Puc. 1. Ilepmmit npesunent Y AH, BunatHuit BYUCHHI-TeOXIMIK,
akaneMik Beprancekwuii B.1. (12.03.1863 p.-06.01.1945 p.)

[Iporsarom OaratopiuHoi icTOpii mNpe3uaeHTaMH
Axanemii obupamucs [2]: M.II. Bacunenko (1921-1922
pp.), O.I. JleBumpkmii (1922 p.), B.I. Jluncekuit (1922-
1928 pp.), A.K. 3abomorauii (1928-1929 pp.), O.0O. bo-
romoJenb (1930-1946 pp.) ta O.B. Iamtagin (1946-1962
pp.). 3 1962 p. Akanemiro ogomoe B.€. ITaton (puc. 2).

Ha3pa Akanemii 3a3HaBayia 3MiH 4OTHpH pasu [1].
Y 1918-1921 pp. BoHa iMeHyBanacsi sK YKpaiHCbKa

© M.I. Bapanos, B.1O. Po3os, €.1. Cokoun
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Puc. 2. Tenepimmiit npesunenr HAH Ykpaian, Bunatauit
BYCHHMH B Taiy3i eJICKTpO3BapIOBaHHS MaTepiaiiB, akaJeMiK
HAH Vxpainu [laton b.€. (mapoauses 27.11.1918 p.)

akanemis Hayk (YAH). 3 1921 p. mo 1936 p. — Beeykpain-
chka akanemis Hayk (BYAH). ¥V nepiox 1936-1991 pp. —
Axanemis Hayk Ykpaincekoi PCP (AH YPCP). 3 1991 p.
o 1993 p. — Akanewmist Hayk Ykpaian (AH Ykpainn) , a 3
1994 p. — HamionaneHa akanemis Hayk Ykpainm (HAH
Vxpaian) [1]. YAH Oyma Halictapimoro 3 peciryOIiKaHCh-
KX akanemidl 3a daciB icHyBamHa CPCP. V mepmmii pix
cBoei misuteHOCTI (10 1920 p.) BOHA CKiIamanmacsi BCBOTO 3
TPBOX HAYKOBHX BIIJIUIIB: iICTOPUKO-(IIONOTIYHOTO, (Pi3UKO-
MaTeMaTH4YHOIO 1 COLIAIBHUX HAYK, SIKI OXOILIIOBAIN 3 iH-
cTUTYTH, 15 KOMICiH 1 HamioHaipHy OiOmioreky [1]. s
NopiBHAHHA BinmiTMO, 110 Tenep y HAH Ykpainu € 3 cex-
uii, 14 BimaiieHs, 0mu3bko 170 IHCTUTYTIB Ta IHIIMX HAYKO-
BHUX YCTaHOB, Y SIKUX Ipalfoe Outst 16 Thcsd HayKoBUiB [2].

B HAH VYxkpainu chopMmyBanocst 4uMano HayKOBHX
wkin. Ix 3acHoBHmkamm Oymu [2]: BumaTHi BueHi-
marematuku [.0. I'pae, M.M. Kpunos, M.M. Boroio-
608, }0.0. Murpononscekuit; MmexaHiku C.I1. Tumormen-
ko, O.M. [uanuk, M.O. JlaBpentres, I'.C. [Iucapenko;
¢izuku K.JI. CurensaukoB, A.K. Bansrep, JI.B. [llyOHu-
koB, B.€. Jlamkapsos, O.1. Axiezep, O.C. [JaBumos, A.D.
[Ipuxoteko, O.f. Ycukos; eneprerukun B.M. Xpymos,
I".®. IIpockypa; acrtponomu O.5. Opmnos, M.II. Bapaba-
mos, €.I1. ®enopos, C.A. bpayne; reosnor I1.A. TyTkos-
cbKHii; Marepiano3nasui [.M. dpannesny, B.1. Tpedinos;
ximiku JI.B. TTucapxescokuii, O.1. bpoxcekuii, A.B. [ly-
MaHcbkuit, B.I. Atpomenko; menuku J.K. 3abonoTHui,
0.0. boromonens, B.II. ®inatoB, M.I'. Xonomuui, LI
Imanprayzes, M.M. AmocoB. ¥ BchOMy CBITI BioMi
YKpaiHCBKI ImIKonmu enektposBaproBaHHs €.0. IlatoHa,
B.€. ITarona [3] i xibepuetnku B.M. I'mymkoBa. HaOymu
IIMPOKOTO BH3HAHHS €KOHOMIYHI ¥ TyMaHITapHI IIKOIH,
siki ouostoBai [2]: exonomictu M.B. Tltyxa i K.I'. Bo6-
nmif; ictopuku M.C. I'pymieBcekuii i J1.1. SIBopHULIBKHIT;
npaBo3Haseib B.M. Kopenpkuii; ¢inocod B.I. [unka-
pyk; cxonosnasenp A.}O. Kpumcekuii; MoBo3HaBui JIA.
Bynaxoscekuit, B.M. PycaniBcbkuii; JniTeparypo3HaBii
C.0O. Edpemos i O.1. binerpkuii.

Bimsnauumo, mo akagemik B.€. Ilaton — enuHuii B
CBITI IVIaBa JiepKaBHOI AKajeMii HayK, sSIKMH € il pOBeCHH-
KOM (JIeHb 3acHyBaHHS AkajeMii Hayk YKpaiHu i JeHb Horo
HApODKCHHS JUBOBIKHUM YHHOM 30iraroThesi — 27 JHCTO-
manma 1918 p.) [3]. Ocobucte CrinKyBaHHS 3 €O JIFOIHHOIO-
JNCPKaBHUKOM 3ajiMIlac  Ha 0arato pOKiB He3a0yTHE
BpakeHHs (puc. 3).

Puc. 3. 3ycrpiu Buennx HTY «XTIII» 3 npesunearom HAH
Vkpainu, akagemikom b.€. [Tatornom micis Bpyuenss JepxaBHux
npemiii Ykpainu B raiy3i Hayku i TexHiku 3a 2006 pik

(M. KuiB, Mapiiacekuii manan, grotuit 2007 p.)

2. CTpyKTypa, OpraHu ynpabJiHHs i OCHOBHI (QyH-
kuii HAH Ykpainn. HAH Ykpaiau 3rigHo 3 YMHHAM 3aKO0-
HOJABCTBOM € BHUIIIOK0 HAyKOBOIO YCTaHOBOIO YKpaiHH, LIO
3aCHOBaHA Ha JeprkaBHiM BiacHocTi [4]. CaMOBPSIOHICTH
Axanemii monsrac y caMOCTiIHHOMY BH3HAUeHHI TEMaTHKH
JIOCITIKEHb Ta (opM iX oprasizailii i mpoBeneHHs, Gopmy-
BaHHI  CBO€l  CTPYKTYpHM,  BHUpIIIEHHI  HAyKOBO-
OpraHizalliiiHuX, roCIoIapChKHX 1 KaJIpOBUX IUTaHb, 3JIHC-
HEHHI MDKHApOJHMX HAYKOBHX 3aB’s3KiB, BHOOPHOCTI Ta
KOJIeriaJIbHOCTI OpraHiB ynpasiiHHs [4]. AkazneMist 00 enHye
JUACHHUX YICHIB, YWICHIB-KOPECIIOHACHTIB Ta IHO3EMHHX 4Jic-
HiB, ycix HayKoBLiB ii ycTaHOB. BoHa opraHi3oBye i 3miiic-
HIOE (D)yHIaMEHTaJTbHI Ta MPUKIAJHI HAYKOBI JOCIIHKEHHS 3
HaWBAXIIMBIMAX MPOOJIEeM TPHPOAHIYHX, TEXHIYHHUX, CyC-
MIBHUX 1 TyMmaHiTapHuX Hayk [4]. HaiiBumum opranom
camoBpsinyBanHss HAH VYkpainu € ii 3araneni 300pu, 110
CKJIJIAIOTBCS 3 AIMCHMX WIEHIB (aKaJeMIKiB) Ta UJICHIB-
KOPECIIOH/ICHTIB. Y TepioJl MiX cecisiMu 3arajibHUX 300piB
KepIBHUITBO poboTOor0 Akanemii 3aiiicuroe [Ipesumis HAH
Ykpainu, sika 00upaeThCst 3araTbHUMHU 300paMy CTPOKOM Ha
5 pokis. Jlo cxmany Ilpesunii HAH Ykpainu Ha cborommi
BXOJATH 32 0cobu, B TOMY umcii [4]: mpe3uzeHtT, ’sTh Bile-
TIPE3NICHTIB, TOJOBHUH BYEHMI Cekperap, 14 akamemikis-
cekperapiB BimmiteHp Ta 11 iHmmx wieHiB. CraHoM Ha
01.01.2018 p. mo cxkmaxy HAHY Bxomsate 177 mificHuX wie-
HiB (akazemikiB), 352 4eHa-KOPECHOHACHTa Ta 98 iHO3eM-
HUX 4WICHIB, a 3araJbHa KUIbKICTh mpamrorounx B HAH
VYkpainu Ha wiii yac ckiagana 29870 ocib, B ToMy 4wmci
15529 naykoBux npaniBHukiB. Cepen HuX 2362 IOKTOpIB
Hayk Ta 6807 kaHIUIaTiB HAyK [4].

B HAH VYkpainu ¢yHkuionytors 3 cekuii (¢pizuko-
TEXHIYHMX 1 MaTeMaTHYHUX HayK; XiMi4HUX 1 Oiojorid-
HHUX HayK; CyCIIUIPHHMX 1 TyMaHITapHUX HayK), 0 00'el-
HyI0Th 14 Bigminenp Hayk [4]: maremaTuky; iHpOpMAaTH-
KW, MEXaHiKW;, (i3UKHA Ta acTPOHOMIl; HAyK PO 3eMIIto;
(hi3uKO-TeXHIYHUX TpoOIeM MaTepialo3HaBCTBA; (i3UKO-
TEXHIYHHUX MPOOJIEM EHEPreTHKH, SACPHOT (Pi3UKH Ta CHE-
preTuku; Ximii; Oioximii, ¢i3iosorii i MonekysipHOi 0io-
JIOTiT; 3arajgbHOi 010JI0Til; EeKOHOMIKH; ICTOPil, dimocodil
Ta Npasa; JiTepaTypd, MOBH Ta MHUCTEITBO3HAaBCTBAa. B
Axanemil Jif0Th 5 perioOHaJbHUX HAYKOBHX IIEHTPIB MO-
nBifiHOTO 3 MiHicTepcTBOM ocBiTH 1 Hayku (MOH) Vkpa-
iHn mianopsakyBanHs [4]: Jorenpkuit (M. [ToKpoBCEHK),
3aximuuii (M. JIbBiB), IliBnennuii (M. Opeca), IliBHiYHO-
cxigauit (M. XapkiB), IIpugninpoBcekuit (M. [IHinpo),
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a Takox L[eHTp OLIHIOBaHHS HAayKOBHUX YCTaHOB Ta PO3-
BuTKy perioniB (M. KuiB). [lo Bimminens HAH Vkpainn
BXOJISITh BIANOBIZHI HAYKOBO-JOCIIHI IHCTUTYTH Ta THIII
HayKoBi ycraHoBH (oOcepBaropii, OOTaHi4HI camu, JIeH-
JpOTIapKH, 3aroBiTHUKH, 0i0Ii0TeKH, My3el TOIO), SKi €
OCHOBHOIO JIAHKOIO CTPYKTYPH aKaieMii.

Bueni HAH VYkpainu € akTHBHUMH y4aCHUKaMH MiX-
HapOJIHUX TIPOTpaM, IO 3MIHCHIOIOTHCS 32 MiTPUMKH TaKHUX
IHO3eMHHX Ta MDKHAPOIHUX (POHIIB Ta opraHi3amiii, sk [4]:
Esporreiiceka komiciss, YHTL, NATO, UNESCO, DFG,
CRDF Tomro. 3a rpaHTamMu IMX OpraHi3amii, 3000yTHX Ha
KOHKYPCHIl OCHOBI, peani3yloTbCsi MIOpiuHO Onm3bko 300
JOCIITHUIBKUX, KOOPAMHALIMHAX Ta MiATPUMYIOUUX HAy-
KOBHI OOMIH HayKOBO-TEXHIYHMX HPOEKTIB. 3a3HaYNMO, 1110
BIMOBINHO 710 Yroau mpo acomiarito 3 €C po3IIUPIOIOTHCS
3B'SI3KM 3 HAYKOBMMH IieHTpaMu kpain €C Ta opranizanismu
€Bporeiicbkoi KoMicii, 30KkpeMa II0JI0 y4acTi B Mporpamax
€C 3 pocmimkenb Ta iHHOBamii «[opm3oHT 2020»,
€BPATOM, a TakoxX IUTiHOT B3a€MO/Iii Ha MOCTIHHIN OCHO-
Bi 3 OO0’emqHaHMM MOCTITHUIIEKAM IIEHTPOM E€BpOKOMICIT
(JRC) [4, 5]. HAH VYxpaiau 3IilicHIOE HE3aIeKHY HAYKOBY
OLIIHKY IIPOEKTIB CTPATETiYHUX, IPOTHO3HUX Ta MPOTPaMHHIX
JIOKYMEHTIB (JIOKTPHH, KOHIICIIIIH, CTparerii Toio), a Ta-
KOX MarepiajiiB iep>KaBHOTO piBHs 3a fopyueHHsM [Ipesu-
nenrta Ykpainu, Bepxosnoi Pagu Ykpainu, Kadinery Minic-
TpiB YKpainu Ta/ab0 3 BJIACHOI IHII[IaTHBU PO3POOIISLE MPO-
MO3UINT MO0 3acaj JICPXKaBHOI HAYKOBOi 1 HAayKOBO-
TEXHIYHOI MOJIITUKH, MPOTHO3M, 1H(pOpMAaLiiHO-aHATITHYHI
Marepiajii, IMPOIO3MILI], PeKOMEHAAMil MO0 CYCIUIBHO-
MOJTITHYHOT O, COLIIaJIbHO-EKOHOMIYHOT 0, HayKOBO-
TEXHIYHOTO, IHHOBAIIHHOTO Ta TYMaHITAPHOTO PO3BUTKY
JeprKaBH, 3/iHCHIOE HAYKOBO-TEXHIUHY €KCIIEPTU3Y UHCEIb-
HUX TIPOCKTIB 3aKOHIB,

3. OcHoBHi HaykoBi qocsirnennss HAH Ykpainn.
18 tpaBus 2017 p. Ilpesunent Ykpainu mianucaB Yka3
Ne136/2017 npo Bim3uauenns 100-piunoro rosizero HAH
VYkpainu, sike 3arutaHoBase Ha juctonan 2018 p. 3 skumu
pe3yJibTaTaMu 3yCTpivae akaaeMis CBii roBineit?

HAH VYxkpaiHu € ogHuMM i3 BH3HAQUHUX HAayKOBHX
LICHTPIB CBITY, SIKMH 30araTvB BITYU3HSIHY 1 CBITOBY Hay-
Ky IIHHHMH BIIKPUTTSIMH W BUHaxomamu. Tak, BUeHi-
¢izuku akagemii B XX cTopivdi 3MiHCHIITH PS BaXKITUBUX
HAYKOBHUX JOCIIIKEHb B Tary3i TCOPETUYHOI Ta EKCIepH-
MEHTAIIFHOI (Di3UKH, a TAKOXK Y chepi BUBYCHHS Bi3UIHUX
BIIACTUBOCTEH HAIIBIPOBIIHUKIB (HANPHUKIAL, TepMaHie-
BHX mioxiB i Tpiozie) [1, 4]. Ilupoko Bimomi 3 TOro mepi-
ony (yHIaMeHTaJbHI HayKoBi mpaui (i3ukiB YKpaiHCh-
koro ¢izuko-rexuiunoro iHctutyty (YOTI, M. Xapkis,
HuHi HTI[ «X®TI»): akamemikis O.I. JlednmyHChKOTO 1
A.K. Banbrepa B raiysi ¢izuku aTOMHOTO siipa i IMOTyX-
HHUX IIPUCKOPIOBAUiB 3apsPKEHNX YaCTHHOK, a TaKOX
akanemika K./I. CunensHukoBa B cdepi Qi3uku Bakyymy,
BaKyyMHOT MeTanyprii i BHCOKOTEMIEPaTypHOI ILIa3MH
[6]. Y mpomy iHCTHTYTI B 1965 p. OyI0 criopymKeHo Haii-
Oimpmmii B €Bpomi JIHIHHUNA MPHCKOPIOBAY €JIEKTPOHIB
Ha eHeprito 1o 2000 MeB [6]. Kpim Toro, XapKiBCbKUMHI
BYCHUMH Y LieH nepios OyB CHOPYIKEHUI HaHOLIbIINI B
cBiTi paamioreneckon tuny YTP-2 (puc. 4), sikuit po3ra-
moBanuii mobnusy cenuma ['pakoBo (XapkiBcbka 00J1.)
[7]. Pamioreneckon tumy YTP-2 mae T-o06pazny dopmy
pO3TalllyBaHHS aHTEH i3 3arajbHOI0 IUonieo B 150 Twc.
m”. BiH i Ha CHOTO/IHI € OIHUM 3 HAMIOTYXHIIIMX B CBiTi

HAYKOBO-TEXHIYHMX IHCTPYMEHTIB AociijkeHHss BcecBi-
Ty. BiZi3HaunMo, 1110 32 JONOMOTOI0 PaioTeNeCcKoIa THITY
YTP-2, sxuii 3apa3 nanexxutb PIAH HAH VYkpainu, Oys
CTBOpEHHH aTiiac 3BOpoTHOro O6oky Micsus. Llg 3aciyra
HaJIeKUTh YPOJUKEHIeBI XapKiBCbKOI 00JI., BioMOMY
paIsIHCBKOMY — BUCHOMY-acTpOHOMY, akaaemiky AH
YPCP, npodecopy XapKiBCbKOTO Jep>KaBHOTO yHIBEPCH-
tery M.II. Bapabamosy [7].
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Puc. 4. 3arasipHuil BUrisiL 00’ €KTY HAllIOHAIBHOTO HaJ0aHHS
Vxpainu «Pagioteneckon YTP-2 i3 cucremoro intephepomerpin
YPAH« Panioactporomiunoro incrutryty HAH Ykpainn
(c. I'paxoBo, XapkiBcbka 0011.)

[pami akagemikie M.M. Kpumosa i M.M. Bororo-
OoBa Ta iXHIX Y4HIB € BUJATHUM BHECKOM Yy Taiy3i J0CJi-
JDKeHHsI HaOJIMDKEHUX METOMIB MaTeMaTHYHOrO aHai3y i
Teopii AuHaMiyHuX cucteM. Lli Bigomi B CBiTI yKpaiHChKi
MaTeMaTUK{d CTBOPWIM IO-CYTI HOBHH PO3JiN B raiysi
MareMaTu4Hoi (i3UKK — HEJIHIHHY MeXaHiKy. 3HauHHM
BHECKOM Y BITYM3HSIHY 1 CBITOBY HayKy € HayKOBi mpari
akazemika I'.®. [Ipockypu 3 aeporigpoauHaMiKK Ta J0-
ciimpkenHs akageMika M.O. JIaBpeHTbeBa 3 TeOMETPHUYHOT
Teopil PYHKIINH KOMITIEKCHOI 3MiHHOI Ta ii MPaKTHIHOTO
3aCTOCYBaHHS JJIsI BHPIMICHHS AaKTyaJbHUX Cy4YacHHX
TEXHIYHHUX TPOOIIEM TiIpOINHAMIKH i aepOTMHAMIKH.

B Iucruryri enextporexniku AH VYPCP (3apa3
Incturyr enekrponunamiku HAH VYkpainu, m. Kui)
Brepiie B CPCP Oyna cTBopeHa maia eneKTpoHHa 004H-
ClIOBalbHA MaluHa. Y 0araTboX TeXHIUHMX raiyssx AH
YPCP Buiina na nepure micue B CPCP (nanpukian, B
MOPOILKOBOT MeTaIyprii Ta eleKTpo3BapioBaHHi). BueHi-
ximiku AH YPCP nepmmmu B CPCP ozepxanu «Baxky
BOJY» JUIsl TIOTPEO sIIepHOT (i3MKH 1 eHEPIeTHUKH, a TAKOXK
BiJINIOBiJ{HI 130TOIKM BOJHIO 1 KUCHIO I IPOBCICHHS
KOMIUIEKCY NEPCIIEKTUBHUX EKCIIEPUMEHTAIBHUX SAEPHO-
¢dizmuHnx pocmimkens [1, 4, 8]. Y MarepianozHaBumx
IHCTUTYTaxX akajeMii yCIIIIHO POo3pOOIISIINCS TEXHOJOTI-
YHI MPOLECH, SIKI JaBajl MOXJIMBICTh MMO-HOBOMY CIIpSI-
MYBaTH PO3BUTOK LIIMX rajy3eil ekoHOoMiku. Baromi Ha-
YKOBI pe3yJbTaTd OyJId OTpUMaHi B IHCTUTYTaX XiMi4HO{
TEXHOJIOTI1, 010XiMil, Pi310JI0TiT i TCOPSTUIHOT METUIIMHH,
3arajibHoi Oiosorii.

BararorpanHuil Ta MOTyXHHUH BHECOK B PO3BUTOK
cBITOBOI HaykH Ta Hamoi nepxasu HAH Ykpaiuu po6urts
i cporogni. CydacHi JOCATHEHHSX BYCHHUX aKajemii 3a
2017 p., sKi BKazaHi B IiJICYMKOBOMY LIOPIYHOMY 3BiTi
npesuneara HAH VYkpainu, akanemika b.€. [TaTona [9],
miATBepIKyoTh, Mo HAH VYkpainm npoaoBxkye TiIHO
BUKOHYBaTH CBOI cTaTyTHi 000B’s3ku. Tak, B CKIQIHUX
ymoBax mpami 2017 poxy, nmpu 3Ha4HOMY HemodiHaHCY-
BaHHI Akanemii, HaykoBIsiME HAH VYkpaiau Oymu otpu-

ISSN 2074-272X. Enexmpomexnika i Enexkmpomexanika. 2018. N5 5



MaHI HACTymHi Baromi (yHIaAMEHTaNbHI Ta TPHUKIAIHI
pe3yNBTaTh B Pi3HUX Tally3sX HayKH [9], B TOMY YHCIHTi:

e OTpUMaHi HOBI PpO3B’SA3KM piBHAHb MaricoHa-
[Manametpy, ski BUSBMIM JOCI HE BigOMi 0COOIHMBOCTI
PYXy LIBUAKUX YaCTUHOK i3 BIACHUM 00EPTOBHM MOMEH-
TOM J0BKoJia 4opHOI mipu IlIBapmmmibaa B KOCMIiuHIM
mogeni Citrepa;

® pO3po0JICHI HOBI BUCOKOC(HEKTHBHI 00’€THAHHS Ki-
OEpHETHYHHX AITOPUTMIB, IO JAIOTh 3MOTY (axiBIAM
pO3MapaJiesioBaTH MPOLEC PO3B’SI3aHHS CKJIQJHUX JIUC-
KPETHHX ONTHMI3alliiHIX 3a/1a4 BEITMKOI PO3MIPHOCTI,

¢ po3poOJICHO MPHUHIMIIOBO HOBW CIIOCIO TpaHCIOp-
TYBaHHS JIIKAPCHKUX TpenapaTiB y KPOBi JIOJUHH, CYTh
SIKOTO TIOJISITAE Y 3B’SI3yBaHHI CIielialbHO MOIU(iKOBa-
HUX MOJIEKYJ JIKapChbKUX MpernapariB i3 JNONpOTETHO-
BUMH YaCTHHKAaMH IUIa3MHU JIFOICHKOT KPOBI;

e 3po0JieHi JiBa HAJA3BMYallHO Baromi NpPOPHBHI Bil-
KPHUTTS B rajly3i 1o3arajJakTH4HOi acTpPOHOMII Ta KOCMO-
Jsiorii (MOBa WAETHCS MPO BIAKPUTTS JBOX TaJIaKTHK, OJTHA
3 SKHX — TallaKTHKa 3 HaWMEHIIUM 3MICTOM XIMIYHHUX
eNIEMEHTIB, BaXXYMX 3a Telid, a Apyra — rajJakTuka, BH-
MIPOMIHIOBaHHS SIKOI € HACTUIBKU TOTY)KHHM, IO 3/1aTHE
10HI3yBaTH HEWUTpaIbHE MIKTaJaKTHYHE CEpPEIOBHILNE B
enoxy peionizamii BeecBiTy);

e CTBOpeHI HOBI (PyHKIIOHANBEHI HAaHOMAaTepianu Ha
OCHOBI iHTerparmii BaXMWBUX (PYHKI[IOHANBHUX XapakTe-
pucTHK rpadeHy, OKcuaiB rpadeHy, HEOpraHiyHUX Ha-
MiBIPOBITHUKIB i3 BIACTUBOCTSIMH CIIPSDKEHHUX €IIEKTPO-
HPOBITHUX MOJIMEPIB;

e OTpHMaHi HOBI HEBIZIOMI paHillie KOHIEHCOBaHi MO-
XiHI TIpUMIJUHY, IO e()EeKTHBHO IPUTHIYYIOTh IIKIJTH-
Bili BipyC IaniJioMu JIFOANHH;

e BISIBJICHA Ta BUBYCHA OlOXiMIKAMH HH3Ka CIIONYK,
e(pEeKTUBHUX TIPOTH 30YIOHHUKIB MYJIBTHPE3UCTCHTHOTO
TyOepKyIb03y;

® IOBENEHO, IO AIeTHIXOJIHOBI PEelenTOpH Bimirpa-
I0Th B@XIMBY pOJb B aKTUBALil PEryJsATOPHUX
[-niMbOLUTIB, IPUTHIYYIOYH CUHTE3 aHTUTIN i aKTUBYIO-
YH [IPOLIECH PEereHepalii eUiHKHY;

® BYCHI-0I0JIOTM BHMBYAIM MOJIEKYJISIPHO-T€HETHYHI
BJIACTHBOCTI I’SITH BIPYCIB €HTEpOOaKTepid, M0 PO3rJIs-
JIAIOThCSl SIK TEPCHEeKTUBHI areHTH ¢arorepanii OImiKiB
TUIOIOBHUX POCIIHH;

e 00IrpyHTOBaHa HOBa KOHIEMIis OpraHizawii nmpupo-
JIOOXOPOHHUX TEPUTOPIH TOIi(YHKIMOHAIBHOTO THITY 3
PI3HUMH THYYKHMH PEKUMaMH OXOPOHH, sIKa Iependavac
3aIPOBAJDKCHHS] €KOCHCTEMHOI'0 IMPUHLMITY 3aMiCTh Te-
PpHUTOPiaTBHOTO;

e noOymoBaHa HA TMOTY)XXHHUX CYIEPKOMII I0Tepax
CKIT TpuBuMipHa KOMIT IOTEpPHA MOJEIb MOBEpXHI MOX0
(abo x MoxopoBuunua), sika MPU3HAYEHA AJISI TOYHOTO
HOUIYKY ¥ OI[IHIOBaHHS 3aIlaciB HAATTMOOKHUX HadTOra3o-
BUX DOJIOBHUIL, PO3BIJIKA SIKMX LUIIXOM TPAAULIHHOTO
OypiHHS KOIITYE JyKE JOPOTo;

® 3a IJIbOBOIO TPOrPaMOI0 HAYKOBHX JIOCIIJDKEHb
HAH VYxkpainu «AepoKoCMidHI CIIOCTEPEKEHHS B iHTEpe-
cax CTaJoro po3BUTKY Ta O€3leKm» po3poOIeHO epeKTH-
BHY iH(pOpMamiiHy TEXHOJOTiI0 KiIachuQikarii 3eMHOTO
MIOKPOBY, L0 JA€ 3MOTY OTPUMYBATH OLIHKH IUIOL] Y Ma-
cmtabi BCiel KpalHH Ta € KITFOYOBOIO CKJIAIOBOIO KOMILIE-
KCHOI OIIIHKH PO3BUTKY «PO3YMHOTO MiCTa» y KOHTEKCTI
KoM(OpTY 1 Oe31eKH IPOKKUBAHHS B HHOMY;

e BueHi-MexaHiku criuteHo 3 (axiBmsamu I «Kb
«IliBnenne» imeni M.K. SHrens» po3poOunu cremiaib-
HHUH MOJYJIb BiIBEACHHS TPETHOTO CTYIEHS PAKETH-HOCIS,
SKHH, cepell IHIIOro, IPOIOHYEThCS BUKOPHUCTOBYBATH
JUIsl BiIBEZIGHHSI 3 OPOITH TPETHOTO CTYIEHS PaKeTH-HOCIS
«Iuxmon-4M» 1 KOCMIYHHX amapaTiB, IO BiAMPaIFOBAIH
TEPMiH CBOTO aKTUBHOTO iCHYBaHHS;

e BYEHi-MaTepiaJo3HaBLi CTBOPWIM aBTOMATH30BaHUN
IMpoKorpadiqHuil KOMIDIEKC, SIKAH Ta€ 3Mory (axiBIsMm
JIICTAHIIIITHO KOHTPOITIOBATH SIKICTh KOHCTPYKIIH 13 MeTaIe-
BHUX 1 KOMITO3HIIIHIX MaTepialliB y peXXHUMi peaTbHOrO Yacy;

® BUCHI-TEIUIO(PI3UKK  po3podmiu  GararoctaiiiiHy
TEXHOJIOTIIO 1 YCTAaHOBKY 3 BUPOOHHMIITBA TETIO130JISIiN-
HOTO HaJTOHKOTO 0a3ajbTOBOTO BOJIOKHA, IO BaXKJIMBO
JUTS. TIOAAJIBIIIOTO CTBOPEHHS HOBOI €KOJIOTIYHO Oe3meu-
HOI, JOBIOBIYHOI Ta IOXEXOCTIMKOI TEIUIOBOI 130JISLil
JUTS TUBLTEHOTO OYiBHHIITBA,;

® BUCHI-XIMIKM 3allpONOHYBAJIM BUCOKOE(EKTHUBHI
crocodu repepoOKN POCIMHHUX BiIXOXIB Ta ocaniB bop-
THUIIBKOI CTaHIIIi aeparii;

e BueHI-0I0XIMIKH KpaiHU ampoOyBad HOBHH IreMoc-
TaTHYHUH 3aci0, MpU3HAYEHUI 71 3aCTOCYBaHHS MAalli€H-
TaMU 3 BPODKEHUMH IIaTOJIOTIIMH CHCTEMH T'eMOCTasy,
30KpeMa reMoQiniero;

® PO3pOOJIEHO TEXHOJIOTiI0 OTPUMaHHsI PEKOMOIHATHOT
KpeaTHHIH/IeaMiHa3d — YyTJIMBOI'O €JIEMEHTa CeHcopa Ha
KpEaTHHIH, 1110 cIyrye OioMapKepoM HHPKOBOI HeJOCTaT-
HOCTI ¥ MOKa3HUKOM e()eKTHBHOCTI MPOIIECY reMoJIiali3y;

e po3pobicHa BHCOKOS(EKTHBHA IHHOBAIlIITHA TEXHO-
JIOTis BIJTHOBJICHHS MOBJICHHS TIOCTIHCYJIFTHUX TAIli€HTIB,
OCOOJHMBICTIO SIKOI € TepCcOoHi(iKOBaHA aKTHBALIA pe3ep-
BiB OpTaHi3My XBOPOTO;

e po3pobneHo mepiry B Hamii kpaiHi HamionamapHy
Mepexy iHpopmarii 3 6iopizHomaniTTs (UkrBIN);

® BYCHI-€KOHOMICTH CTBOPHIIN iHopmaIiiftHo-
aHAJITUYHY CHCTEMY JJIsi IPOTHO3YBaHHS PO3BHUTKY BIT-
YU3HSHOI €HEPIeTUKY;

® BUCHI-SIEPHUKH, €HEpreTHKH Ta (axiBui 3 saepHOT
Oe3rexkn OOTPYHTYBaIM TEPMiH 1 MOKa3ajll MO>KJIUBICTH
MOJIOBKEHHS Oe3MevHOi eKCILTyaTallii SIepHOT0 PeakTopy
eneproOusioky Ne2 IliBnenHoykpaincekoi AEC mjoHaiime-
Hire Ha 20 pOKiB y MOHAINPOEKTHUH Iepioa, TOOTO IO
2048 p., a ssmepHOTO peakTopy eHeprooimoky Ned PiBHeH-
cekoi AEC — monaiimenmie mo 2026 p.;

e CBOIO e(EeKTUBHICTH MOBEa PO3POOIICHA BITUM3HS-
Humu yueHumu cuctema POJIOC, sxa mpu3HadeHa i
MIPOTHO3YBAHHS 1 HIATPUMKH YXBaJCHHS PIllICHb 13 peary-
BaHHJ Ha pajianiizi aBapii Ha ykpaincekux AEC;

® 3aBEpIICHO MPOLIEC BIIPOBA/DKEHHS Y IPOMUCIOBE
BUPOOHHMLTBO mpenapary «MeToBiTaH», SIKMH BHKOHYE
€HEeProCTHUMYJIIOBAJIbHY, KapAiONPOTEKTOPHY Ta I'eraTol-
POTEKTOpHY QYHKLI] 1 3a1100irae CTapiHHIO OpraHi3My;

® 32 yYACTIO BUCHUX-KiOSpHETHKIB po3poOIieHI Mepe-
Ki AN TPYMOBOI POOOTH BITYM3HSHHUX POOOTH30BAHHX
Ha3eMHUX 1 MOBITPSHUX OOHOBUX CHCTEM;

® BUCHHMH BHKOHAHO BEIMKHH KOMIDIEKC pOOIT 3i
CTBOPCHHS: IMIIOPTO3aMilIyBaTbHAX EIIEMEHTIB, § TOMY
YUCIi HAIIBIPOBITHUKOBOI €IeMEHTHOI 0a3u It 00cy-
TOBYBaHHS BUCOKOTOYHOI'O 030PO€HHS; TEXHOJIOTII 3 Ipo-
JIOBXKEHHSI pecypcy aBialliifHoi i OpOHETaHKOBOI TEXHIKH;
MaTepialliB 3 KAPOMILHHUX 1 )KAPOCTIHKHX KOMITO3UTIB IS

6 ISSN 2074-272X. Enexmpomexuika i Enekmpomexanika. 2018. No5



KaMep 3TOpaHHs Ta30TypOiHHHX IBUTYHIB; KOMIIOHCHTIB
TBEPIOTO PAaKETHOTO MNajMBa; TEXHOJOTII Ja3epHOro Ta
JyTOBOTO 3BapIOBaHHsI TOHKOCTIHHHX €JIEMEHTIB KepMa i
COIlIa KEPOBAHUX PAKeT 1 [UIA IMiABOJHOIO 3BapIOBAHHS
KOPITYCIB BIHCHKOBUX KOpPaOJiB B €KCTPEMAalbHUX YMO-
BaX; TEXHOJIOTi 3MILIHEHHSI i OOPOOKH TJI1aJKOCTBOJIBHUX
Ta Hapi3HUX KaHaNIB CTBOJIIB PI3HOTO KaJIiOpy; TEXHOJIOTIi
CTBOPEHHSI KOMITO3UTHHUX IPO30PHUX 1 MIapyBaTUX CTPYK-
TYp i3 K€paMiK{ Ta CIUIABiB JIETKUX METAJIB ISl 3aXHUCTY
JIETKOOPOHBOBAHOT TEXHIKH; TEXHOJIOTii CTBOPEHHS IIO-
KPHTTIB, 110 MiHIMI3yIOTh NOMITHICTh TexHikn B HBUY,
BY i [Y miama3zoHax elIeKTPOMAarHiTHHX XBHIIb.

4. XapkiBcbka akajgeMiuHa Hayka. XapKiB’sHU IH-
IIAI0THCS THM, IO X MICTO 1 3apa3 — Apyre B KpaiHi MiCII M.
Kuesa 3a noryxHicTio akagemidHoi Hayku. Tak, B M. Xap-
KOBI po3ramioBano 13 HaykoBux iHctutytiB HAH Ykpainu,
siki TipenctaBisitoth 3 Cekiii Ta 6 Binminens HAH Vkpainn.
e ®i3uKko-TexXHIUYHMI IHCTHTYT HHU3bKHX TEMIIEpaTyp iM.
B.1. Bepkina (OTIHT), InctutyT paniodi3uku Ta eaeKkTpoHi-
ku iM. O.4. Ycikosa (IPE), PagioactpoHOMiuHMIT IHCTHTYT
(PIAH), InctutyT ionHOocdepr HAH i MOH VYkpaiau (IIOH),
sIKi BXOIATh y Bimminenns izuku i actponomii. ¥ Bimmi-
JIeHHS siIepHOI (DI3MKY Ta eHepreTHKH BXOIITh HarioHams-
HU HAyKOBHH MEHTp «XapKIBCHKUHA (i3UKO-TEXHITHHUI
iHetrTyT (HHL] « XDTD», 6yBrmit YOTI) i [acTutyT enek-
Tpodizuku Ta pamiamiiaux TexHoorii (IEPT). ¥V Binaiien-
H (Qi3MKO-TEXHIYHHUX MPOOJIEM MaTepiajio3HABCTBA BXOISIThH
HaykoBo-TeXHOJIOTYHMI KOMILIEKC «IHCTHTYT MOHOKpHC-
taniBy (HTK «IMK»), Incruryr monokpucranis (IMK),
InctuTyT crmHTIIANIHEKMX MaTepiaiiB (ICMA). Binpinenus
6Giostorii, (iziosorii Ta MoJIeKyJIIpHOT Oi0MIOTii PEeCTaBIEHO
[acTuTyTOM NpobIIeM Kkpiobiosorii 1 kpiomeanuman (IITKK),
a BUIAUICHHS eKOHOMiKH — HayKoBO-IOCHITHAM IEHTPOM
iHgycTpiansaux npooiem po3sutky (HILL «ITTP»).

Bru3pki untauam xypHamy «EmexrpoTexHika i ene-
KTpOMeXaHiKa» TeXHIYHI HAyKd B M. XapKOBi IpeacTaB-
0Tk [HCTUTYT TpobneM MammHOOymyBaHHS iM. A.M.
[igropuoro (IMIMamr) ta IHCTUTYT TexHIYHHMX MpoOIEM
marHetusmy (ITTIM), siki BXOASATh y HIMPOKO BifioMe I10-
JITEXHIKaM BiIAIICHHS (DI3MKO-TEXHIYHUX MPOOJIEM CHe-
pretuxu (BOTIIE) HAH Ykpainu.

AxanemiuHi [HCTUTYTH MalOTh MOTYXHY Ta YHIKaJIbHY
HayKOBO-EKCIIepHUMEHTalIbHY 0a3y. Tak, y M. XapKoBi po3-
TamoBaHO 6 HAYKOBHX 00 €KTIB, sKi CTaHOBIATH HarioHa-
nmpHe HanOauHs Ykpainu [10]. Le Taki 00’exth, sk «Snep-
HO-(bi3muHi ycraHoBkm» HHI[ «X®TI»; «Kommieke mis
(GI3MYHKMX  JOCTIDKEHD TPH HAIHU3BKHX TEMIIEpaTypaxy
OTIHT; «KpiomMarHiTHHI pPagioCTIEKTPOCKOMIYHAN KOM-
IUIEKC MUTIMETPOBOTO JTiara3oHy JOBKHH XBWIb» IPE; «Pa-
miorereckont YTP-2 i3 cucremoro intepdepomerpis YPAH»
PIAH (puc. 4), «lonochepnuii 3oum» [IOH (puc. 5); «[ia-
pomuHamiudi creHam» I[IMarr 1 « MarditoguHamigHUR
komiuiekey ITIIM.

IncruryT ionochepu HAH i MOH Ykpainu. Bin €
6mm3bkuM 10 HTY «XI1I» 3a icTopi€ro Ta TepuTopialibHUM
po3rauryBaHHsAM. Bin crBopenuii B 1991 poui Ha 6a3i kade-
npu pagioenektpoHikn HTY «XIIl». Lleit iHCTHUTYT Mae y
CBOEMY CKJIAJll YHIKaJIbHY i0HOC(epHY 00cepBaTopito, i0HO-
cdepHuii 30HA SAKOI € 00’€KTOM HAIIOHATFHOTO HaIOaHHS
Vipaian [11]. 3arameHuil BUIJIAA LBOTO YHIKAJIBHOTO
00’ekTa — pagapa HekorepeHTHOTO poscistHHS (HP) i3 3eHit-
HOIO napabosiunoro anteHoro tuny HIIA-100, niamerp sikoi
nopisaroe 100 M, npeacraBicHuii Ha puc. 5 [12].

5 i . e '-""'r"" "
Puc. 5. O6’ext HanioHanbHOTO HaaOaHHS Ykpainu «loHochep-

Huii 3081 [HCTUTYTY ioHOChepn HAH i MOH VYkpaiun
(m. 3miiB, XapkiBcbka 00I1.)

[Mounnatoun 3 1996 p. y nauiii obceparopii IHcTu-
TyTy i0HOCdepHu crisibHO 13 0OcepBaTopieto Xeicrek Ma-
CCayyCeTChKOr0 TEXHOJIOITYHOro IHCTUTYTY 1 0OcepBaro-
pieto Apecu6o Kopuesmicekoro yHiBepcutery (CILA)
MIPOBOIMIIMCS PETYJISAPHI TOCIIKSHHS 3aBBUIIKH-YaCOBOT
3aJIXKHOCT] BIIHOCHOI KOHIEHTpALlil JIETKUX 10HIB METO-
JIOM HEKOTEPEHTHOTO PO3CISHHS 3riHO MiXHapOIHOMY
reoU3NYHOMY KalCHIAp0, L0 IO3BOJHIO BUSBHTH Y
ioHOC(epi 3emii JOBroTHI i MUPOTHI Bapialmii KOHIIEHT-
paii ioHiB BoxHto [12]. Lli mocmimkeHHST MalOTh BaXKIIUBE
MPaKTHYHE 3HAUCHHS AJIs 3a0e3MedeHHs Oe3MeKH MOMIbO-
TiB Ha HABKOJIO3EMHHUX OpOITax CYMYTHHKIB PI3HOTO HpH-
3HAYEHHs Ta IHIIUX KOCMIYHUX anapariB, IPOrHO3YBaHHs
cTaHy pazio3s's3ky i moroau [11, 12].

IncTutyT TexHiynmx nmpo6jem marnerusmy HAH
Ykpainn. [TTIM e enunoro B M. XapKoBi akajeMiuHOIO
HAYKOBOIO YCTaHOBOIO, 1110 MPALIOE B ray3i eJIeKTPOTeX-
Hiku. YcraHoBa Oyna 3acHoBaHa y 1970 p. [13] 1 QpyHKkmi-
onyBaia 110 1991 p. sk XapkiBcbke BinuiaeHHs Beecoros-
HOT'0 HayKOBO-JIOCHIHOTO iHCTHTYTY €JIEKTPOMEXaHIKH —
ronoBHa opranizanis B CPCP 3 po3po0Oku «mamoMarsir-
HOTO» KOpaOenmpHOro enekTpoodmanaanHs. Y 1992 pomi
15l yCTaHOBA SIK IOPUAMYHA 0CO0a B CTAaTycCi BiJloKpemJie-
Horo BinninenHs marHetmsmy IHcTHTYTY enekTpoauHa-
Mmiku yBiiuia no ckiaany HAH Ykpaini, sike y 2005 poui
Oyno neperBopeHo Ha HaykoBo-TeXHIYHUIT LIEHTp MarHe-
tu3My TexHiuaux 00’ektiB (HTL MTO HAH VYkpainwn) 3
npaBaMHM HayKOBO-JocHigHoro iHcruryty. ¥ 2010 poui
yCTaHOBA BiJ3HaumIa CBiit 40-piuHuii oBiNeH (puc. 6).

Puc. 6. HaykoBa nomnoBins wi.-kop. HAHY Pozosa B.10.,
o npucesyeHa 40-piygto 3acayBanas HTL MTO
HAH VYxkpainu (M. Xapkis, 2010 p.)
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VYV 2013 p. mo YcraHoBy OyIo mepeiiMeHoBaHO Ha [H-
CTUTYT TeXHIUHMX mpobnem marmermsmy (ITIIM) HAH
Vxpainn. ITTIM HAH VYkpaian € enunoro B YkpaiHi Ta
CBITI HayKOBOIO YCTaHOBOIO, IO KOMIUIEKCHO ITPOBOJIUTH
TEOPETHYHI Ta EKCIICPHUMEHTaJbHI HAayKOBI JIOCIiIKEHHS
CTaTUYHOTO Ta HU3bKOYACTOTHOTO (3 yactororo 05000 I'm)
MAarHiTHOTO TOJISA, SIKE CTBOPIOETHCS PI3HOMAHITHUMH
TEXHIYHUMU 00’€kTamu (KOpadisiMH, TPaHCIIOPTHUMH
3aco0aMu, OpOITaIbHUMU KOCMIYHUMM araparami, mari-
CTpaJIbLHUMH TPyOOIPOBOIaMH, €JIEKTPOTEXHIYHUM 00J1a-
JHAHHSM, OyIiBeJIbHUMH KOHCTPYKIisIMH, TOIIO). Jlocii-
JDKCHHSI TPOBOIATHCS 32 HACTYIMHHMH 3aTBEPIKCHUMHU
HAYKOBHMH HANpPSIMKAMH: TEOPisi MArHETU3MY TEXHIYHUX
00’€KTiB; BU3HAYCHHS! MarHiTHUX XapaKTEPUCTHUK TEXHi4-
HUX 00’€KTiB; YIpPaBIiHHA MarHITHAM IIOJIEM TEXHIYHHUX
00’eKTiB, 3MCHIICHHA EJEKTPOMArHITHOTO  BIUTUBY
00’€KTiB eeKTPOCHEPTETHKH Ha JIIOIMHY Ta HABKOJIHIITHE
cepenoBuiie. Pesynpraru pochimkens ITIIM 3a mumun
HaNpsIMKaMHd BiJIOBIIAI0Th MDKHAPOJHUM CTaHIApTaM
BHCOKOTO PIBHS 3aBJSIKA YHIKQJIIbHOMY HayKOBOMY KOJie-
KTHBY {HCTHUTYTY, KOMIUIEKCHOMY MiIXO/y J0 BHPIlICHHS
HAyKOBMX NpOOJEM MarHeTusMy pi3HHX TEXHIUYHHX
00’€KTIB, @ TAKOXK IMIMPOKOMY BHKOPUCTAHHIO MOTYKHOI i
YHIKaJIbHOT EeKCHEepUMEHTaJIbHOI 0a3u 1HCTUTYTYy — oro
«MarHiTogMHaMiYHOTO KOMIUICKCY» TIPHU HPOBEACHHI 5K
(yHIaMEeHTAIBHNX, TaK 1 MPUKIaIHUX JOCTIIKEeHb (pHc. 7).
3a mepion podorn y ckinani HAH Ykpaiam ¢axiBisivun
ITIIM Ha oCHOBI y3araJbHEHHS OCOOJIMBOCTEH PpI3HHUX
KIIACiB TEXHIYHHX 00’ €KTiB (KOpaOumiB, OpOHETEXHIKH,
TpyOONpPOBO/IB, KOCMIUHHX alapaTiB Ta eleKTpOeHepre-
TUYHOTO O0JIaJIHAHHS) SIK JKePES MarHiTHOro 1moJisi, cdo-
PMOBaHO HOBMH HAayKOBHH HAIlpsSIM — «MarHeTHU3M TEXHi-
YHUX 00’€KTiBY», IO CIPSIMOBAHWI HA BHUBUYCHHS CYKYII-
HOCTI MarHiTHUX BIIACTUBOCTEH TEXHIYHUX 00’€KTIB Ta
SIBUII, ITOB’S3aHUX 13 B3a€MOJIE€I0 TEXHIYHUX 00’€KTIB 1
HaBKOJIMIIHBOTO CEpeNIOBUINA 4Yepe3 MarHitHe moie. B
paMKax IBOr0 HAMPSIMKYy OTPUMAHO MPHHIMIIOBO HOBI
HAYKOBI pe3yJIbTaTH CBITOBOTO PiBHS, SKi BIPOBAKEHO B
00OpOHHY 1 KOCMIUHY BITYM3HSHI Taiy3i, IaIUBHO-
SHEPreTHYHUI KOMIDUIEKC Ta MEJHYHY EKOJIOTIO.

Puc. 7. VHikanbHII MarHiTOBUMIPIOBAJIBHUI CTEH]T 00’ €KTY
HAIllOHAJIBLHOTO Ha0aHHs YKpainu «MarHiToaruHaMiyHHN
KOMIIIIEKC» [HCTHTYTY TEXHIYHUX POOIEM MarHeTH3My
HAH VYxpainu (M. Xapkis.)

Cepexn HaOUTBII BaXKIMBUX NPHUKIAIHUX pe3yibTa-
tiB ITIIM MoOXHa BiZI3HAUWTH CTBOPEHHS Ta BIIPOBa-
JUKEHHSI TIPOMHCIIOBOI TEXHOJIOTii BUCOKOTOYHOT'O BHMi-
pIOBaHHS MarHITHUX XapaKTEPUCTHK KOCMIYHHX amapaTiB
po3podku AIT «Kb «IliBnerne» Ha Mar"itoinHaMigHOMY
KOMIUTEKci iHCTHTYTY [14]. Po3pobieHa TexHooris cTana
CKJIaJIOBOI0 YAaCTHHOIO TEXHOJIOTii CTBOPEHHS BITYM3HS-
HUX KOCMIYHHX anapariB 1 JO3BOJIUIIA 3a0€3MeUNTH SKiC-

HEe MarHiTHe ympaBiiHHS KocMiuHMMH amaparamu (KA)
tuniB «MikpocynyTHuk», «EgiptSat-1», «Ciu-2» (puc. 8),
«Mixkpocar», «Ciu-2-1» Ta po3poOKy psmy HEepCIIEeKTHB-
HuX KA B 9acTHHI IX MarHiTHUX XapaKTEePUCTHK.

Pyuc. 8. BusHaueHHsI MarHiTHUX XapaKTePUCTHK JILOTHOTO 3pa3ka
KocMiuHoro amnapary «Cid-2)» Ha MarHiTOBUMIPIOBAJIbHOMY
creHni [HetuTyTy TexHIUHEX TpobneM MarHeTsMy HAH Ykpainu
(M. Xapkis, 2010 p.)

BaxxmBUM TNpakTHYHUM PE3yJIbTATOM HAYKOBOI Jiisi-
neHOcTi ITIIM HAHY crana takoxx po3po0ieHa i BpoBa-
JUKeHa Ha MaricTpalbHuUX TpyOorpoBoiax YKpaiHH Ta iH-
mmx Kpaid (puc. 9) mpoMmciIoBa TEXHOJOTISA PO3MarHivy-
BaHHS 3BAPIOBATBHUX CTHKIB TPYO BEJHMKOTO IiaMeTpy, IIO0
JTa€ 3MOTy iCTOTHO MiIBHUIUTH SKICTH EIEKTPO3BAPIOBAHHS
IPH PEMOHTHUX POOOTaX 3a PaXyHOK BHKJIIOUCHHS SBUIIA
«MarHiTHOro IyTTs» nyru [15]. 3apa3 BIpoBapKeHO OJH3b-
ko 80 po3MarHivdyBaJibHHX MPUCTPOiB. Baxkiuse couiaibHe
3HAYCHHS MAalOTh PO3POOJICHI 32 OCTaHHI I'SITh POKIB B
ITIIM metosu Ta 3acO0M BU3HAYCHHS 1 HOpMaJTi3allii MarHi-
THOTO TOJISi IPOMHUCIIOBOT YacTOTH Y YKUTJIOBUX IPUMIILIEH-
HAX 1 Ha pOOOYMX MICIIX O0’€KTIB €IEKTPOCHEPIeTHKHU, a
TaKOXX TEXHOTCHHOTO TilOr€OMarHiTHOrO MOJisl. 3a MM Ha-
NPSIMOM BUKOHAHO PSI BOXKJIMBHX 1 aKTyaJIbHUX PO3POOOK,
cepeq IKUX MOYKHA BiI3HAYHUTH HACTYIIHI:

Puc. 9. PemonTHI po60OTH Ha MaricTpaabHOMY ra3onpoBoai ]

1200x12 mm «Ypenroii-ITomapu-Yxropon» 3 BUKOPUCTaHHAM

pospo6uienoi B ITTIM HAH Vkpainu TexHouorii po3mMartiay-
BaHHS 3BapIOBAIbHUX CcTHKIB (M. TepHomins, 2017 p.)

1. Po3pobnieHo HOBHIT METOJ MOJAECTIOBAHHS Ta po3pa-
XyHKy MarHiTHoro noist Tpudasuux JIEIL, sikuii, Ha Biami-
HY BiJl BIZIOMHX, JO3BOJISIE BUKOPUCTOBYBATH B SIKOCTI PO3-
PaxXyHKOBHX BEIMYMH BUKIIFOYHO JiF0Yi 3HAUCHHS MAarHiT-
HOI 1HAYKIIIT, 10 MiUIAratoTh K HOPMYBAHHIO, TaK 1 BUMi-
PIOBaHHIO CTaHAAPTHUMU Tpwiangamu [16, 17]. Takwuii min-
X ICTOTHO CHpOIIYE SIK CKCIIEPUMEHTAJbHY IEPEBIPKY
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(Bepudikariiro) po3paxyHKy piBHS MarfiTHOTO IOJIs, TaK i
Horo casiTapHO-Tiri€HiYHY OWIHKY. Pesynbratn pobotn,
CKJIAJIM HAYKOBY OCHOBY HOBOTO HOPMATHBHOI'O JOKYMEHTY
Mineneprosyrimst COY-H EE 20.179:2008 «Po3paxyHok
ENIEKTPUYHOTO 1 MAarHITHOTO TOJIB JIiHIHA eleKTpornepena-
BaHHsA. MeTomukay (31 3MiHAMH), 1110 BBEACHHI B Jif0 HaKa-
30M MineneproByriust Big 01.07.2016 p. Ne 423.

2. 3anponOHOBAaHO HOBHW METOJ 3MEHIICHHS MarHiT-
HOro noiisi BucokoBonbTHUX JIEII — meron BekTOpHOI
KOMIICHCAI[Il MarHiTHOTO TOJIs, 10 He moTpedye momart-
KOBOTO BIJIYY)XEHHS 3€MENIbHHX AUITHOK 1 JJO3BOJISIE 3a
PaxyHOK ONTHUMAJIBHOTO IPOCTOPOBOTO PO3MOALIY PO3-
meruteHnx ¢asaux nposoais JIEIT Ha mopsmok 3MeHnIy-
BaTH piBeHb 1X MarHiTHoro mouys [18]. Pexomenmamii 3
pearnizarii IbOro METOMy IepelaHi A0 BIPOBAKCHHS B
eHepretuuny ramy3s Ykpaiau (JI1 «HEK Ykpenepro»).

3. Po3po0iieH0 Ta eKCHEepUMEHTAIBHO OOIPYHTOBAHO
HOBUH METOJ CHHTE3y CHUCTEM AaKTHBHOTO €KpaHyBaHHS
TEXHOTEHHOTO MAarHiTHOTO IOJA NPOMHCIOBOI YacTOTH,
SIKE CTBOPIOETHCS BHCOKOBOJBTHUMHY moBiTpsiHuMu JIETT
B PO3TAlllOBaHUX MOOIH3Y XUTIOBHX OyauHKax [19, 20].
Peauizaniis 3arpornoHoBaHOTO METOY, 110 BUKOHYETHCS Y
3aMKHEHIH CTPYKTYypi, CKJIaJa€ HAyKOBY OCHOBY HOBIT-
HBOI BITUYM3HSHOI TEXHOJIOTI] 3MEHIIEHHS 10 OEe3MeYHOr0
PIBHSI MarHiTHOTO IOJISI IIPOMHCIIOBOI YaCTOTH B YKHTIIO-
BHX MPUMIMICHHSX. L[ TeXHONOTIS Ma€e iCTOTHI eKOHOMi-
YHi TepeBard nepel BiIOMIMH 3aKOPIOHHUMH TEXHOJO-
TiIMH aKTHBHOT'O €KpaHyBaHHS MAarHiTHOTO IIOJIS TIOBIT-
psaux JIETL, 1110 mmpoxo 3acTOCOBYIOTECS B CBITI.

4. Po3po0OneHO TeopeTHYHI OCHOBU TOOYIOBH HOBHUX
CHCTEM KOHTYPHOTO €KpaHyBaHHS MarHiTHOTO TIOJIS BH-
cokoBosbTHHX KabenbHuxX JIEII, mo B mopiBHSHHI 3 Kpa-
IIMMH CBITOBHMH 3pa3kaMu MaioTh Ha 30 % MeHIy KiJlb-
KICTP €JIEMEHTIB MPH BUCOKIH €(PEKTHBHOCTI EKPaHyBaHHS
(mo 10 omuawmp) [21-23]. Pe3synpraTé TOCTiIKEHD CKIa-
JIM HayKOBY OCHOBY TEPILOi BITYU3HIHOT TEXHOJIOTII IIpo-
eKTyBaHHS eKojoriuHo yuctux kabempHmx JIEII nHampy-
roro a0 330 kB, mo po3pobnena Ha 3amoBienHs JII1
«HEK Yxkpenepro» i BIpoBa/keHa B HOPMaTUBHOMY J10-
kymeHTi  Mineneprosyriuit  COY-H MEB  40.1-
37471933-49:2011 «IlpoexryBaHHs KaOelpHHMX JiHIN
Hanpyroro 10 330 kB. HacranoBa» (HOBa pemakuis), 1o
BBezieHa B Ait0 y 2017 poui HakazoM MiHeHeproByrius
Bix 26.01.2017 p. Ne82.

5. Bnepmie nmocmimkeHO MexaHi3M OiOTpOITHOTO Ociad-
JIGHHS| TPUPOJHOTO CTaTHYHOTO TEOMArHiTHOrO IMOJS B
MIPUMIIIEHHAX CYYaCHUX JKUTJIOBHX OYIMHKIB, III0 CHPHYH-
HEHE HAMArHi9eHICTIO IX CTaJIeBUX KOHCTPYKTHBHHX €JeMe-
HTiB. Po3pobiieHi pekoMeHaalii 3 MPOeKTYBaHHS «MarHiTo-
YHCTHX» KUTIOBUX 1 IPOMaJICBKUX Oy/iBEb, 1110 HE YHHATh
HEraTUBHOTO MArHiTHOTO BIUIMBY Ha HACENICHHs, B TOMY
YUCHTI LUIIXOM BUKOPHCTAaHHS NPH OYAIBHULTBI KUTIOBUX
OyIWHKIB CICHiaJbHOI CTa00MATHITHOI CTali 3 BiJIHOCHOO
MarHiTHOIO NPOHUKHICTIO He Ourbiie 70 OIUHMI 3aMicTbh
CTaHAAPTHOTO OYIiBEJIFHOTO METAJIONPOKATy 3 MarHiTHOO
npoHUKHICTIO Ourtst 300 omuHUIE [24-26).

B ocranHi poku Hapomryetscs cmimpars [TIIM 3
HTY «XII». Tak, y 2014 p. criapHO CTBOPEHO Ta 3a0e3-
nedeHo (QyHKIIOHYBaHHS TPEThOi B YKpaiHi JOKTOPCHKOT
crewianizoBaHoi BueHi paau /| 64.050.17 i3 3axucry au-
ceprarii 3a cneuianpHicTio 05.09.05 «TeopeTnuHa enek-
TpotexHikay. 3 2014 p. po3noyaTo CHiJIbHUI BUIYCK Hay-
KOBO-IIPAKTUYHOTO KypHaly «EJEeKTpoTexHika i eleKT-

pomexanika» (cimorrBo KB  Ne21021-10821TIP Big
07.10.2014 p.), sixmii y 2017 poui 3aBIsIKH POCTy HOTO
HAYKOBOTO PiBHSI BKJIIOUEHHI JI0 IPOBiTHOT CBITOBOT Hay-
kometpuuHoi 0a3u Web of Science, i MOKH-1II0 € €MUHIM
B HTVY «XIIl» HaykoBUM XypHajOM HaBHIIOTO PiBHA. Y
2017 poui posroyara crijbHa MiArOTOBKA B aclipaHTypi
HTY «XIIl» ¢axiBuiB TpeTboro (0CBITHHO-HAYKOBOIO)
piBHS BUILOT OCBITH HOKTOpa (inocodii 3a crienianbHIiCTIO
141 «EnextpoeHepreTnka, eJIEKTPOTEXHIKAa Ta EIEKTPO-
MeXaHiKay», K€ 3MIHCHIOETHCS i CIUTFHAM HAayKOBHM
kepiBaunTBOoM yueHnX HTY «XIIl» ta ITIIM HAHY.
Boke 6ibmn 10 pokis criibro 3 HTY «XTIII» mpoBoauThCs
HIOPIYHUI MDKHapoaHUI cumnodiym «IIpobdiaeMu enexT-
POCHEPreTUKH, EJIEKTPOTEXHIKM Ta EJICKTPOMEXaHIKU
(SIEMA)». Posmmuproerses Tpaguuiiina ciisnpaus [TIIM
HAHY Tta HTY «XIII» 3a goroBopamMu Mpo HayKOBO-
TEXHIYHE CIIBPOOITHUITBO. [IpOBOASTECS CHIIBHI JTOCTi-
JUKEHHS 3 KadenpaMu iH)KEHEpHOI eJIeKTpO(i3nKH, aBTO-
MaTHU30BaHUX EJIEKTPOMEXaHIYHUX CHUCTEM, EIEKTPUYHHUX
amapaTiB, TEOPETHYHHX OCHOB eleKTpoTrexHiku HTY
«XTIII», craxxyBaHHs BUKJIaaviB, YUTAHHS JIEKIIH CTy/e-
HTaM Ta X BUPOOHMYA NEPEATUIIIOMHA MIPAKTHKA.

5. Cnienpans HTY «XIII» 3 IncTaryTom ejexT-
poannamikn HAHY. Buxonsun 3 npodeciiiHux iHTepe-
CIB OCHOBHHX 4MTaYiB )KypHaiy «EnexrporexHika i enek-
TpoMexaHika» — (axiBIiB B Tajly3i eleKTPOTEXHIKH, Hal-
OLTBIIIH OMM3PKUMHU HEM € IHCTUTYTH BiIAiIJICHHS (i3UKO-
TexHIYHMX Tpobnem eHepretukn HAHY enekrporexHiy-
HOTO TPO(DiII0, B TOMY YHCIHI [HCTHTYT €IeKTpOIUHAMIKH
HAH VYxkpainu (M. Kui). 3 IE/l HAHY nomnitexHikiB B
MepITy Yepry TOB’SA3y€ CIUTbHE MPOBEACHHSI MIXHAPOI-
Hoi HaykoBo-texHiuHoi koH(epenuii «CuioBa enekTpo-
Hika i eHeproedexruBHicTs» (CEE), axy mouymHao4n 3 ¢
1993 p. i mo neit yac coineHo 3 IEJ] npoBoauthk kadenpa
npomucioBoi Ta OiomenuaHoi enekTpoHika HTY «XIID».
3a ueil yac 3aBISIKM MacIITaOHOCTI, BUCOKOMY HayKOBO-
My Ta opraHizaniiHoMy piBHIO KoH(pepeHrii CEE Bona
CTaja MOTY>KHUM KaTalli3aTOpOM HayKOBO-TEXHIYHUX CHII
HTY «XIIl» Ta IE]J i3 BupimeHHast npobieM eHeprosde-
PEKEeHHS 1IUIIXOM BHKOPUCTaHHS 3aCO0IB CHIIOBOI Ta iH-
(hopMartiifHOT eNeKTPOHIKH, CIPABKHBOIO «KY3HEIO» CIIi-
JIBHOI MiJrOTOBKM KajpiB BUINOI KBamidikarii [27, 28].
Kepytotes pobotoro koudepenuii Bim IEJ] axagemiku
HAH VYxkpainu Bb.C. Crorniii, A.K. Hlumioscekuii, O.B.
Kupunenko ta Binm HTY «XIII» dineH-KOpecnoHIEHT
HAH VYxkpainu €.1. Cokon (puc. 10).
% 3 i

. L i
Puc. 10. Yuacuuku xougepenuii CEE’2010 — npodecop
b.B. Knenikos, akagemik O.B. Kupuienko, akageMik
B.C. Crorsiit, un.-kop. €.1. Cokon (M. Anymira, 2010 p.)

VYcninHa crmiBmpans Takux HaykoBux ycrtanoB HAH
VYkpaiHu enekTpoTexHiuHoro mnpodinro sk I[HCTHTYT
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eJIIEKTPOAMHAMIKA Ta [HCTUTYT TEXHIYHHX IpoOjeM mar-
HetmaMy 3 HTY «XIIl» minTBepmkye MEepCIeKTUBHICTH
OimpIn TIMOOKOI iHTerpamii B Hammmoi Jgep:kaBi By3iBCHKOL
Ta aKaJeMi9HO] HAyKH.

BucnoBku. Cgiit 100-piunmii foBinert HamionanpHa
Axanemis HayK YKpaiHM BiJ3Hayae HOBUMH BHU3HAYHUMH
HAayKOBHMH [IOCATHEHHSMH, SIKi MiITBEPIKYIOTh, IO Oe3
HayKd B CYYacCHOMY CYCILIBCTBI HEMHCIMMHN TEXHIUHHI
nporpec. s Toro, mo6 YkpaiHa B MaiOyTHROMY crajia
OJIHIEIO 3 BUCOKOTEXHOJIOTTYHUX AEP)KaB CBITY, B Hiil OJJHUM
3 MPIOPUTETHUX HAIPSMIB PO3BUTKY Ha Jep)KaBHOMY DiBHI
TIOBMHHA CTaTH BITYM3HSHA HAyKa 1 B MEPIy Yepry, TEXHIU-
Ha. PiBeHb i neprkaBHOI (DiHAHCOBOI MINTPUMKH TTIOBUHEH
BIATIOBIZIATY NPUIHATUM B NIEPEIOBHX KpaiHaX CBITY IOKa3-
HuKam — He merte 1,7 % Big BBIL.

Crineanii HaykoBuid moteHnian HAH Ykpainn i yHi-
BEPCUTETCHKOI HAyKH ILe J03BOJISE MITHATH TEXHOJOTIY-
HUH piBeHb HAIIO1 KpaiHu 10 cBiToBoro. OmHak, AJis Mmpak-
THYHOI peanizallii 1i€i BUCOKOI MO CBOii MeTi HayKOBO-
TEXHOJIOTIYHOI 3a/1adi JepyKaBHOIO 3HAYEHHS, HEOOXimHa
KOHCOJIITAIlisl CYCHiIbCTBA, HEMOXUTHA BOJISA KEPIBHHIITBA
KpaiHu B 1 nocsrHenHi. Jlyske crioiBaeMocs Ha Te, 11O B
HactynHe 100-piyust HarionansHa akagemis Hayk YKpaiHu
yBilizie, Bit4yBaloun HEOOXIAHY MIATPUMKY JEpiKaBH.
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To the 100™ anniversary of the National Academy of Sciences of
Ukraine — the cradle of domestic science and technology.
Purpose. Preparation of short scientifically-historical essay about
creation and development of the National Academy of Sciences
(NAS) of Ukraine. Methodology. Known scientific methods of col-
lection, analysis and analytical treatment of scientific and technical
information, touching creation and development of NAS of Ukraine
and resulted in scientific monographs, journals and internet-
reports. Results. A short scientifically-historical essay is presented
about creation and development of NAS of Ukraine. The main scien-
tific achievements of NAS of Ukraine in various fields of science are
presented. It is pointed that a large scientifically-organizational
contribution to these achievements brought by present President of
NAS of Ukraine, Academician B.Ye. Paton, his 100th Birthday (27
November, 2018) coincides surprising appearance with the 100th
anniversary of NAS of Ukraine. An important role of NAS of
Ukraine in the development of society and international scientific
and technical cooperation was noted. The results of scientific re-
search, achieved over the past few years by the Institute of Techni-
cal Problems of Magnetism of the NAS of Ukraine (Kharkiv), as
well as by the Institute of lonosphere of the NAS and Departments
of education and science (DES) of Ukraine (Kharkiv) are briefly
presented. The research cooperation in the field of electrical engi-
neering of NTU «KhPIy» with scientific institutions of the NAS of
Ukraine is highlighted. Originality. Certain systematization is exe-
cuted of known from scientific journals and other mass of scientific
and technical materials, touching the results of activity of research
workers of institutes of NAS of Ukraine in the last few years. Practi-
cal value. Scientific popularization and deepening for the students
of ‘higher school, engineer-technical and scientific workers, working
in the different sectors of economy of country, scientific and techni-
cal knowledge in an area of physical-technical and mathematical
sciences, chemical and biological sciences, and also social and
humanitarian sciences, extending their scientific range of interests
and further development of scientific and technical progress in soci-
ety. References 28, figures 10.

Key words: National academy of Sciences of Ukraine, history
of creation and development of Academy.
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B.M. 3onorapes
3ABO/J «<FOKKABEJIb»: BEXU ITYTH (75 net 3aBoay «lOxkadennby»)

3 icmopiero cmeopenns i pozeumky 3a600y «lliedenkadenv» nos’azane cmano6neHHA giMYU3HAHOT
Kabenvnoi npomucnosocmi. Ilionpuemcmeo € nazmanom zanysi. Hozo supobnuyuuii nomenyian i
HOMEHKIamypa npooyKuii, w0 6UNYCKACMbCA, C6I0UAMb RPO YHIKANbHI MONCIUGOCHI UbO2O UPO-
onuymea. Takum 3a600 cmag 3a60AKU CUCMEMHOMY RIOX0006i 00 MEXHIUH020 NepPeo3OPOCHHA
HAAGHUX ROMYIHCHOCIEN, AKUI IYM MPUBAE NPOMA2OM ocmanHix decamupiu. Cyuacne mexmnono-
2iune 00na0Hanns, HOGI yexa i OinbHUYi 3a0e3neuyoms 6U20MmMOo61eHHA KOHKYPEHMO30amHoi npo-
OYKuUii, AKA KOPUCIMYEMBCA RORUMOM AK 8 YKpaini, max i 3a kopoonom. Bioin. 5.

Kniouosi cnosa: icropis 3asoay «IliBaenkadesb», kadellb, kKadea1bHa NPOAYKIis.

C ucmopueii cozoanusn u pazeumus 3asooa «fOsxckabensvy ceazano cmanoenenue omeuecmeenHoil KadeabHol NPOMbILULIEHHO-
cmu. Ilpeonpusmue — pracman ompacnu. E2o npou3eoocmeennvlii nomenyuan u HOMEHKIAMYpPA 8bINYCKAEMOU RPOOYKUUU
ceudemenbCcmeyom 00 YHUKAIbHBIX 803MONCHOCHAX IMO20 npouzeoocmea. Takum 3a600 cman 61a200aps CucCmemMHOMYy HOOXO0-
0y K MeXHUYECKOMY NePeGOOPYHCEHUIO CYU{ECHEYIOU{UX MOWHOCHIEN, KOMOPbLL 30eCh ONUMCA HA NPOMANCEHUU NOCAEOHUX
decamunemuii. CoepemeHHOe MEXHON0ZUYECKoe 000py00sane, HOBbIE HeXa U YUACHKU 00eCneuusaion U320moeieHue KOHKY-

PEHMOCnOCoOHOI NPOOYKUUU, NOBIYIOULEIICA CRPOCOM KaK 6 YKpaune, mak u 3a zpanuyeii. bu6mn. 5.
Kniouesvie cnosa: ucropus 3apoaa «tOxkadesiby», kadeib, KadeJbHasi NPOLYKIMS.

Ceromns 3aBog «HOkkabenmb» — numep KaOeIbHOM
otpacin YkpauHsl. [lepepabarsiBaer 40 % otr obmiero
00beMa IIBETHBIX METAIIOB, UCIIONB3yEMBIX B OTEUECTBEH-
HOW KaOespHO# MmpoMbInuIeHHOCTH [1]. BxoauT B mecstky
kpynHeimux B CHI™ mpousBoaureneii kabenpHOM IpoayK-
o1y, SABJIACTCA BCAYIIUM CpPEAU MAIMHOCTPOHUTCIbHBIX
npeanpusaTuid XapbKoBa II0 BBITIYCKY TOBAPHOW IPOAYK-
uu [2]. ExxerofHo 3aBoZioM peanin3yercst KaOenbHbIX H3-
nennit Ha cymmy Oostee 60 mutH. oswtapos CLIA.

CoBpeMEeHHbIM, TUHAMHYHO Pa3BHBAIOIIUMCS 3aBO-
noMm «tOxxkabenp» cranm He cpasy. DTOMY NpeAlIecTBOBa-
1 75 J€eT KpONOTJIMBOIO TPYAa MHOTUX MOKOJIEHUH FOXK-
Ka0ETBIINKOB, KOTOPBIE CTPOWIIN TIEPBBIE 11€Xa, OCBANBa-
JM BBITyCK KaOeled W MpOBOAOB, TaKMX HEOOXOIMMBIX
Ut (poHTA U TTOOSBI.

I'msans Ha coBpeMeHHBIH OOJIMK TPOU3BOIACTBEHHBIX
KOpIycoB XapbKOBCKOTO 3aBoja «HOkkabemby», TaKeno
MIOBEPUTH B TO, YTO B T€ JAJEKHE BOCHHBIC U MOCIEBOCH-
HBIC TOJBI BCC HAYMHAIOCh Ha 3a0pOIICHHON OKpauHe
ropoja, rae eme 10 Bropoit MupoBoii BoitHbI ObL1 3a10-
xeH (yHnameHt uexoB npeanpustus Ne 332 panuorex-
HUYECKOH NPOMBIIUIEHHOCTH — (uinaiga XapbKOBCKOTO
JIEKTPOMEXaHUIECKOTO 3aBO/IA.

Jlnist co3anust KpYITHOTO NMPEATpUsiTHS B XapbKOBe,
momyguBiiero Homep 804, Bcecoro3HBIM yIpaBIeHHEM
«['maBkabenby OblIa HA3HAYCHA TPYININA PyKOBOJUTENCH —
mupektop 3aBoma [ A. 3pIOWMH, TJAaBHBI WHXCHEP
B.M. 103edoB m nBa ONBITHBIX, KBATU(MUIIUMPOBAHHBIX
nmxenepa H.B. Kyzapssues u H.H. 'apauep.

[TpoGHYy!0 HMPOIYKIMIO HOBOE IPEINPHUITUE BBIITYC-
o 7 Mapta 1944 roga. OTH HECKONIBKO JECATKOB KUIJIO-
rpaMMOB OOMOTOYHBIX M 3MaJIbIIPOBOJIOB OBLIM IEPBOM
OIIBITHOM ITPOJYKIMEH, CTONIb HeoOXoauMon s (ppoHTa
1 BOCCTaHABJIMBAIOUIMXCS B YKpaWHE INPOMBIIIIEHHBIX
npeanpuaTiid. JIIoau pagoBaliiich 3TOMY COOBITHIO Kak
YeMy-TO HEOOBIKHOBEHHOMY.

K nmagamy 1946 roma 3aBoz yxe mmen 286 eIUHHIL
pasnuaHOro o6opynoBaHus. Kpome Tpex OCHOBHBIX Iie-
XOB BBEJIM B 9KCIUTYaTaIHIO €Ile U COOCTBEHHBIN JIaKOBa-
POUHBIA Y4acTOK, (MIbepHYI0 MacTepckylo. Kak Hu
CJIOKHO OBIIO, CO3JAlH €IIe M LEHTPAIbHYIO 3aBOJCKYIO
71a00paToOpPHIO VIS OCYIIECTBICHHUS BXOJHOTO KOHTPOJIS
ChIPbs U UCIIbITAHUS TrOTOBOM MNpOoAYKIHH.

YunuteiBag 0coOyr0 Ba)KHOCTh MPOAYKLIHH 3aBOIA
JUISL CTPOWTENBCTBA TMPEINPUATHA W XWIbS B CTpaHe,
9 mas 1951 rona Cosetr MunuctpoB CCCP nepecmoTpen
1 YTBEpAWI HOBBIA TEXHUYECKUH MACIOPT 3aBOJA, [1OCIIE
4Yero CTPOUTENBCTBO HaOpayio yckopeHus. Iloutu cpasy
HayaJloch coopyskeHHe Kopiyca Ne 2 — riexa 0OMOTOYHBIX
IIPOBOZIOB U Kopiryca Ne 4 — 1iexa CHIIOBBIX KaOele.

B 1954 rony mx coopyxeHue OBUIO 3aBEpIIEHO.
O6opyznoBaHre, B OCHOBHOM HMIIOPTHOE, TIOCTYIANIO IO
rpaduKy U cpa3y MOHTHPOBAIIOCH Ha MPOM3BOJICTBEHHBIX
TUTOIIAKAX.

B coBerckuii nepuoa Bce cTapaHusi TPyAOBOTO KOJI-
JIEKTHBa OBUIM HAINpaBJICHBI HA BBIOJHEHHWE TOCYAapCT-
BEHHOTO IUIaHA. DKCIOPT HPOTYKIIMHA COCTAaBIISI BECO-
MYI0 4acThb TOBapHOro Bblmycka. KauectBo kaOeneil c
Mmapkoi «3aBoj «lOxkabenp» 0co00 IEHUIOCH BO MHO-
T'HX CTpaHax MHpa.

Oxomno 20 % oOmero o6bemMa BBITyCKaeMOW TPOIYK-
MU 3KcroptupoBaioch Ha KyOy, B ApreHtuny, BrerHam,
Mouromuto, Unnuto, Upan, Upak, Cuputo, Eruner, Pymbl-
a0, Axromy, IOAP m MHOrme apyrume cCTpaHBl MHpA.
K npumepy, smansnpoBoga B OONBIIOM KOIHMYECTBE OTTPY-
J)KaJuCch BO BrerHam, a cuioBble kKabean — B Mumwmro.
B 1956 — 1959 romax B bxwmam (mrat Mamgxosmpazen,
Wuamnss) CCCP crponn metamutypravecknii 3aBos. [IpakTu-
YEeCKH BCE CHJIOBBIE KaOemH, HCIONB3YIOMHMEeCs Ha 3TOM
00BeKTe, ObLTH ¢ MapKoii «3aBoa «HOKKaOeby.

Torna pykoBOICTBO MNpeANpHSATHS YAEISUIO 0co0oe
BHMMaHHE Pa3BUTHIO LieXa CHJIOBBIX Kalesel Kak IepcrieK-
THUBHOMY HarmpasiieHuo. [lex ObUT OZHMM M3 NEpBHIX B
CTpaHe, IJIe YCTAHOBWJIM YHHUKAJIbHBIH T'HMAPABIMYECKUN
IpECC OTEYECTBEHHOTO IPOM3BOACTBA ULl HAIOXKEHHMS
AMOMIHHUEBBIX 0000ouek [1-958, cMOHTHMpOBaNM HOBBHIE,
B3aMCEH CTapbIX, OyMarom3onupoBoyHbie MamHe MK-320
U KPYTWIBHO-M30JIMPOBOYHBIC MAIIMHEL, IKCTPY3HOHHEIC
MIPECChI ISl HAIOXKeHHUS! TIACTMACCOBBIX O0OJIOUEeK Ha CH-
noBeIe Kabemn «AHayapa-150» u «Auxyapa-200» u 6po-
HUPOBOYHBIE MAIIMHBL. OTO 00OPYHZOBaHHE MO3BOJILIIO
SHAYUTCIIbHO YBCIIMYUTH MMPOU3BOAUTEIILHOCTD TPYda.

B 1978 rogy Obut caaH B AKCIUTyaTaIlio IIeX TOBa-
poB HapoaHoro noTpebnenus (THII), koTopbrii o Tex-

© B.M. 3onorapes

12 ISSN 2074-272X. Enexmpomexuixa i Enexmpomexanixa. 2018. Ne5



HUYECKOH OCHALICHHOCTH M OpraHU3aluy IPOU3BOJICTBA
ObUT K TOMY BpeMeHHU nepenoBbiM. OH 3aMeHMII HeOOJIb-
woit ywactok THII B cocraBe 1€Xa CHUTHaJbHO-
OIIOKMPOBOYHEIX KaOenell. biaromgaps atomy 3aBox cMor
HaJIaINTh M3TOTOBIICHNE yIUIMHUTENCH, pa3IndHbIX Pa3b-
€MOB, IIEPEXOAHUKOB, BBIKIIOYATENCH, OTINYAIOIINXCS
BBICOKMM KaueCTBOM M Ha/EKHOCTBIO, IOJIb30BABIINXCS
MIOBBIIIIEHHBIM CIIPOCOM HE TOJIBKO y XapbKOBYaH.

B aTOM e romy 3aBojioM OBUIH ITOCTPOEHBI OYHCT-
HBIC COOpPYXKCHHA, TaKUC HeO6XO[ll/IMI)Ie 1A OYUCTKH
IMPOMBIINIJIICHHBIX CTOYHBLIX BO. Hpeunpm{TMe cTajio oJa-
HUM M3 IIEpBBIX B XapbKOBE, KOTOPOE BBEJIO B IKCILIya-
TalMIO TAKOW IPUPOJOOXPAHHBINA OOBEKT.

Kpusucusie 80-¢ 1 90-e Tozpl BHECTH ONPEIEICHHbIE
KOPPEKTUBBl B IUIaHBl TEXHWYECKOTO Ppa3BHTHS 3aBOJA.
OHH cTanmy CBOEOOpa3HBIM 3K3aMEHOM, KOTOPBIA KOJIIeK-
THB BBIHYXKJICH ObII caBatTh. Pa3pyIieHHast miaHOBasi CHC-
TEMa TOCTaBKU CBIPbSI U MaTepHAIOB, CObITA TOTOBOH Mpo-
JOyKIWU 3aCTaBWIa KOJJIEKTHB MCKaTh COOCTBEHHBIC IyTH
pelIeHns BO3HUKaIMuX npobnem. [Ipuxoannocs He TONb-
KO CaMOCTOSITEIbHO pa3padaThiBaTh 1 MOHTUPOBATh HEOO-
xonuMoe o0OpyJIOBaHME, HO W CaMUM CO3[aBaTh HOBBIC
KOHCTpYKLMH Kalesnel, KOTopble Tak He0OXOAUMBI MOTpe-
6utensm. K npumepy, B TO BpeMsi HENOCPEICTBEHHO CIie-
LHAIMCTaMH 3aBO/Ia OBLT YCIIEIITHO OCBOEH BBIITYCK IIPOBO-
JIOB JUIsl BOJIO- ¥ HE()TENOT PY>KHBIX HACOCOB.

CrpeMsch COXpaHUTh IpeArpusTHe, B Hadane 90-x ro-
JIOB TPYZOBOHM KOJUICKTHB IIEPEXOJUT Ha apEHIHBIE OTHO-
eHus, a 3areM, B 1995 rogy, MHULMUPYET HU3MEHEHHUE
(opMBI XO3SIHCTBEHHOM JEATENIbHOCTH — BBIKYI MPEIIIPH-
ATHS KaK IIEIOCTHOTO UMYIIIECTBEHHOTO KOMIUIEKCA.

B cenTsa0pe 1995 roma npornwio cobpanue, Ha KOTO-
POM TPYKEHHKH 3aBOJa PELIMIM CO3JaTh 3aKPhITOE aK-
HoHepHoe o01ecTBO «3aBox «HOkKadenby.

AKIMOHMPOBaHKE 3aBOJIa TPYJOBBIM KOJUIEKTHBOM
JIaJI0 MOIIHBIN TOMYOK Pa3sBUTHIO €TI0 MPOWU3BOJCTBEHHO-
ro moTteHnuana. MHunuaTiBa, HEpaBHOAYIINE K IPOWC-
XOJAIIEMY, IOOPOCOBECTHOCTh, TPYIOTIOOHME KaxXIoro
paboTHHKA, YMHO)KEHHBIE Ha OOIIHME IIETH, BCKOPE Al
MOJIOKUTETbHBIE pe3ynbTaThl. [Ipeanpustue npeononeno
KPH3HC U CTAJI0 CTPEMUTEIBLHO pa3BUBaThCsA. B 3T0 Bpems
Obuta pa3paboTaHa CTpaTerds M TaKTHKA TEXHHYECKOIO
HIepEBOOPYKEHHsT KaOEJILHOTO MTPOU3BO/ICTBA.

[TepBbIME B pamMKax 3TOTrO IUIaHA BBEJM B DKCILIya-
Tanuio amoMuHueBblii npecc I10-741, ymnpoctuBmuii
IIPOLIECC M3TOTOBJICHUS! TOKOMPOBOISIINX KHJI CHIIOBBIX
kabenel, W BBICOKONPOHU3BOMUTEIBHBIA BOJOYMIBHBIN
cta" «CHHXPOY.

Bckope, 6e3 BCSIKUX MHBECTHIIMIA M3BHE, 3aBOJT CMOT
mproOpecTr y W3BECTHON aBcTpuiickor Gupmbl «MAG»
JBa sMenbarperara. HoBble arperarbl TEXHHYECKH CO-
BEpIICHHbIE, HAMHOTO TIPOWU3BOJUTENBHEE, IKOJIOTHIECKU
Oe3omacHee, yeM 000pyIOBaHUE, KOTOPOE ObLIO JCMOH-
THUPOBAHO HA MPEANPHUATHH HECKOJIBKO JIET Ha3ax. Takum
00pa3oM 3aBOJ] BOCCTaHOBMIJI JaHHOE IPOU3BOJICTBO YKE
Ha COBCEM MHOM — COBPEMEHHOM yPOBHE.

Heo0xoauMo MoJYepKHYTh, YTO TEXHHYECKHUM Iie-
PEBOOPY)KEHHEM 3aHUMAINCh W TPOJOJDKAIOT AKTHBHO
3aHUMAaThCS BCE CIY)KOBI M MOJpa3/eieH s, BCce Crenuna-
JIUCTBHI KOMITAaHUHY, HAYMHAS OT MPOSKTHPOBAHUS U 3aKaH-
YUBas MOHT&XHBIMU W IYCKO-HaJaJOYHBIMH DPabOTaMH.
C 2003 roga Ha 3aBOJE MPAKTHYECKH €KETOTHO BBOIATCS
B 3KCIUTyaTalllio HOBbIE IIPOM3BOJCTBA — HOBBIM LIEX WIIN
y4acToK, HoBoe obopynoBanue [3].

HNMeHHO B 3TOM TOAy OBUT YCIEIIHO pEaTM30BaH
MacIITaOHBIA TPOEKT II0 OpTraHW3alUd MPOM3BOICTBA
CHIIOBBIX Ka0enel ¢ M30JsImuei 13 CIITUTOTO TOIHITIIICHA
Ha Hanpspkende 10 110 kB croumocteio $9,4 miH. B ero
paMKax Ha TEPPUTOPHH 3aBOZa OBII IIOCTPOEH HOBBIH IEX
nomansio 5000 M,

Bbu10 prnoOpeTeHo U BBEJICHO B SKCILTyaTallUIO BbI-
COKOTEXHOJIOTHYHOE 000pyI0BaHHE!

e yHUBEpcaJbHas KpyTwibHas MammHa Tuna DRUM
TWISTER ¢upmsr «Pourtier» (Ppanums);

® HAKJIOHHAS JIMHUS HENPEphIBHOW BYJIKaHU3aLNU
tdupmer «Troester» (I'epmanms);

® MamIMHa [UIS CKPYTKH TOKOTIPOBOMISIINX KU Kabe-
neit pupmel «Cortinovisy (Mtanus);

® SKCTPY3MOHHAS JIMHUS Ui HAJOXKCHHS OOOJOYEK
upmer «Troester» (I'epmanus);

e JcneITaTeNIbHOE 00opynoBanue hupm «Hipotronics»
(CHIA) u «Haefely» (LLIBeituapus);

e kpyrwibHas MammHa (upmer «Cortinovisy (Mramus),
Ha KoTopoii Briepsbie B CHI™ ObI10 OCBOSHO NMPOMBIIIUIEHHOE
MIPOM3BOJICTBO YIUIOTHEHHBIX TOKOIIPOBOSIILIMX JKHJI Cede-
HueMm 10 800 MM? ¢ IPOJOJIBHON TepMeTHU3alEN OT pacipo-
CTpaHEeHUs BJIaTd BONOOJOKUPYIOMNMHA HUTSIMH. JTa TeX-
HOJIOTHS TIO3BOJIIJIA 3HAYUTEIEHO IMOBBICUTH HAJIGKHOCTh U
VIYYIIUTh JKCIUTyaTallMOHHBIE XapaKTEPUCTUKH CHIIOBBIX
ka0eeli Ha cpe/iHee 1 BHICOKOE HalpshKeHHeE.

Peanmmzanus nanaoro mpoekrta B 2003 rogy mo3Bo-
JIMIa OTKA3aThCS OT UMIOPTA B YKPaWHy JOPOTOCTOSIINX
Kabeseld BCEMHPHO W3BECTHBIX MPOM3BOAMTENECH, TaKHX
kak «Nexansy, «Prysmiany», «Telefonikay.

B To Bpemsi HekoTopbie KabenbHbIC 3aBojsl CHI
TOJIbKO HauMHAJIM paboTaTh B 3TOM HAlpaBJCHUH, a MBI
yXK€ HMeNU TOTOBOE MAEHCTBYIOLIEE MPOU3BOACTBO IO
BBIITycKy KaOened HampsbkenueM a0 110 kB u ceuennem
xubl 10 800 M. KaGenm >Trx MapoK Ha CETOTHS Hau-
Oosee BocTpeOOBAaHEI B MUpE, HAJEKHBI B AKCILTyaTaIIH
u 6oJree MPoCTHIE IPH MOHTAXKE U 00CIyXUBaHUH [4, 5].

Kak pa3 3a pa3paboTKy M BHEIpPEHHE B CEPHIHOE
npousBojcTBO ¢ 2003 roma oTedecTBEHHBIX KaOenel
cpenHero u Bbicokoro HampsbkeHus (6 — 110 kB) B 2007
roay Obuta mpucyxieHna ['ocynapcrBeHHas npemusi YK-
pauvHBl B 00JIACTH HAyKH U TEXHUKH T'€HEPAIBLHOMY JIH-
pexropy 3aBoga «HOkkabemb», KaHIUIATy TEeXHHYECKHX
Hayk B.M. 3onoTapeBy, kaHIu1aTaM TEXHHYECKHX HAYK,
rnaBHoMy umxeHepy B.I1. Kapmymenko u Bexymum cre-
nuanuctaM komnaaud — FO.A. AxToHIty, JI.T'. Bacunen u
A.®. KpuBeHko. DT0 cTano MpU3HAHHUEM 3aciyT FOXKKa-
OeNMBIIMKOB B 00ECIIEYeHNH YHEPro0e30MacCHOCTH HAIHO-
HaJbHON HKOHOMUKH.

B 2004 romy KOJIEKTHUB peaan30Bajl BTOPOH WHBE-
CTHIIMOHHBIA MPOEKT MO CO3AaHUIO MPOU3BOJACTBA BOJIO-
KOHHO-ONTHYECKUX KaOened cBs3u. Bwuio mpuoOpereHo
o0OopynoBaHue, U3rotoBiieHHOEe (GupMoi «Nextrom»
(Ounnsaaus — LlBelinapus). 9T0 TUHUS OKPACKU ONTH-
YECKOro BOJIOKHA, JIMHUSL W3TOTOBJICHHS ONTHYECKOTO
MOJYJIsl, TUHUS SZ-CKPYTKH, SKCTPY3UOHHAS JIMHUS VIS
HaJIOXKEHUsI Ha Kabelsb 3allUTHBIX 000JIOUEK, JIMHUS JUIs
MEPEMOTKH Ka0elsl U KOMIUIEKT UCHBITATeIhHOTO 000pYy-
nmoBaHusA. OTIOeNbHBIE Y3IIBI JTUHUN AOMOTHUTEIEHO KOM-
IUIEKTOBAINCH oOopynoBanueMm pupm «Weber & Scher»
(CIIA), «Medek & Schorner» (Arcrpust), «Sikoray
(Fepmanmsi) u npyrux Beayummx ¢upm. B cocraB oGopy-
JIOBaHMS TAKKe BOLUIA KPYTHIbHAS MallnHa (QUPMBI
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«Proton & Productsy (BemuxoOpuranus) s HaTOKEHHS
Ha Ka0eJb MPOBOIOYHON OPOHHU.

ITo pa3paboTaHHBIM 3aBOJJOM TEXHUYECKUM YCIIOBH-
AM HaJaJCS BBIIYCK INUPOKOM TaMMBI BOJOKOHHO-
ONTHYECKUX Kabesiei, KOTOpbIe B MOJIHON Mepe OTBEYan
pa3HooOpa3HBIM 3ampocaM MOTpeOUuTENeH.

IIpoekxTHast MOIHOCTH HOBOTO Iiexa cocTtaBuia 8000
KWJIOMETPOB BOJIOKOHHO-ONTHYECKOTO Kalesst B Fojl.

B 2006 romy Obul BBEZEH B OKCILITyaTalMIO LeX IO
BBIITyCKY CAMOHECYIIMX W 3aIIUIICHHBIX IIPOBOJOB THIIA
CHUII. Otu mpoBoja MpeaHA3HAYEHBI Ui MEpefadyd U
pacmpeneneHuss MEKTPUIECKOH SHEPrHH B BO3AYIIHBIX
JMUHASX, a TaKKe IS OTBETBICHUH K BBOJAM B JKHJIBIC
JIOMa U XO3SIIICTBEHHBIE TTOCTPOUKH.

Hcnonb3oBaHue B 3TOM Iiexe 00OpYAOBaHUs Bey-
LIMX EBPONEHCKUX (HUPM MO3BOJIUIO MOJHATH KayeCTBO
BBIITYCKAEMBIX CAMOHECYIINX M30JHUPOBAHHBIX MPOBOIOB
JI0 TpeOOBaHUH MEXIYHAapOIHBIX CTaHAAPTOB. B yacTHO-
CTH, OCBOSHO M3TOTOBJIEHHE HECYyIIEH KWIIbI ¢ TPUMEHE-
HHEM BBICOKONPOYHOTO aIIOMHHUEBOro cruiaBa. OH
MIPULIENT Ha CMEHY TPaJUIMOHHBIM KOHCTPYKIHSAM II0-
JOOHBIX ITPOBOOB, YIIPOUHEHHBIX CTaJIbHOM IPOBOJIOKOH.
Tako#t cruaB ucnone3yercst B CHUIlax, koTopsie sKcmop-
TUPYIOTCS B CTPaHBI OJFDKHETO U TaTbHETO 3apyOeKbs

C yBenWYeHHEM HOMEHKIIATYypHI BBITYCKAEMBIX Ka-
OeBbHBIX M3ETM BOSHUKIIA HEOOXOANMOCTD OpTaHU3AINH
Ha 3aBOAE€ COOCTBEHHOI'O IIPOM3BOJICTBA COBPEMEHHBIX
M30JISIIIMOHHBIX MaTepuaioB. s aToro ObIT co3maH Hayd-
HO-TEXHUYECKUI LIEHTP, PadOTHUKUA KOTOPOTO BMECTE CO
CIIEMATICTAMH LIEHTPAJIbHOW 3aBOJICKOM JlabopaTopun
pa3pabaThIBAIOT MaTepUANIbl IS H30JISAIUH, 3aOJHCHUS U
000JI09€K, B TOM YHCIIE CHEHHANBHBIX PELENTYP.

[MapannensHO ¢ TaKMMH Hay4YHO-HCCIIEIOBATENIbCKUMHI
paboTamy Benach MOATOTOBKA K Pa3MEILEHUIO Ha TNPEIIpH-
SITHA TIPOM3BOJICTBA TIO TIepepabOTKe TOJIMMEPHBIX MaTepra-
JIOB W OTpabOTKa pEleNnTyp OTHENBHBIX MAaTephaloB Il
TMPUMEHSHUsT B [eXaX BOJNOYCHHS W CHTHAIBHO-
OJIOKMPOBOYHBIX Kabemel, a Tarke CHIOBBIX Kadenei. Cos-
JIaHWE HOBOTO LI€Xa CO CIIOKHBIM TEXHOJOTMYECKUM IHKIOM
3aHSIO y 3aBOJIa HECKOJBKO JeT. KpormotimBast paboTa mrHxke-
HEpHBIX CIIY’)KO B 3TOM HAalpaBlICHWH YBEHYAJach YCIIEXOM.
Ceromust 3aBop «HOkkabenb» MMeEeT LeX M0 IepepadoTKe
HOJIMMEPHBIX MaTepHajioB, aHAJIOraM KOTOPOIO HET Ha Jpy-
X KabeNbHBIX 3aBOJIaX. 3/1eCh MPOBOJTCS PaOOTHI, HAYNHAS
OT Hay4HO-HCCIIEZIOBATENBCKUX M JIAOOPATOPHBIX M 3aKaHYH-
Bast MPOMBIIILIEHHBIM H3rOTOBJIEHHEM T'OTOBOH POy KLHHL.

JIJ1 3TOTO YCTaHOBIICHBI:

o muaus pupmer «Repkon» (Typuwms) mo m3rorosie-
HUIO M30JISUOHHBIX M MIIAHTOBBIX KoMmmosuiumii [1BX
ITACTHKATA;

® MHOTOQYHKIMOHaIbHOE  000OpyIOBaHHE  (UPMbI
«Ermafa» (I'epmaHusi) aisi M3TOTOBJIEHUS KOMITO3UITUH
nonuoie@ruHOB (B TOM 4YHCIIE CHIIAHOJLHOCIIMBAEMbIX,
CBETOCTaOMIIM3UPOBAHHBIX, M0XapoOe3onacHbIxX). JIunus
OCHAIlleHAa KOMITBIOTEPH30BaHHBIM YIIPABICHUEM TEXHO-
JIOTHYECKUM TIPOLIECCOM, BKIIIOYAsE CUCTEMBI COCTABIICHHS
peuentyp, TPaHCIIOPTHPOBKY U JO3UPOBAHUS HHIPEIHEH-
TOB TIOJIMMEPHBIX KOMIO3HINH, MONICPKaHUS ITapaMerT-
POB TEXHOJOTHMYECKOTO IPOIecca, CHUCTEMBI Jera3amnuu
JETy4rX MPOAYKTOB;

e o0OpymoBaHHWE Ui W3TOTOBJICHHUS BBICOKOHAIIOJN-
HeHHbIX [IBX u 0e3rajoreHHbIX MOJHOIe(HUHOBBIX KOM-
mo3unmid  pupmer «X-Compound» (IlBeiiapus). C 3a-

IMyCKOM 3TOr0 O0OpYIOBaHHUS 3aBOJ CMOT TIOJHOCTEHIO
obecrieduTh COOCTBEHHOE IIPOU3BOJCTBO BHICOKOHATION-
HEHHBIMH U 0€3raloreHHBIMH KOMIIayHIaMH.

OcHarienue mexa mo nepepadboTke MOJIUMEPHBIX Ma-
TEpPHAJIOB TIPOTPECCHBHBIM OOOPYIOBAaHHEM Jajl0 BO3-
MOJKHOCTh MCIOJIB30BAaTh 37€Ch U CHJIAHBI. DTO MO3BOJIH-
JIO LieXY BBIMTU HA COBEPLICHHO HOBBI YPOBEHb B CBOEM
pa3BUTHU. BCI[I) TaKUX BBICOKOTECXHOJIOTUYHBIX ITPOU3-
BOJICTB HeMHOTO B cTpaHax CHI'. OHu TpeOyloT HE TOJb-
KO JIOCTAQTOYHBIX MHBECTHIIMH, HO €Ile M KBaIU(pHIUPO-
BAaHHOT'O II€PCOHAla, CIOCOOHOTO OCBOMTH IIEpEllOBbIE
TEXHOJIOTHH M B JaJbHEHIIEM padoTaTh Ha 0CO0O CIIOXK-
HOM 000pYyIOBaHUH.

DOKOHOMHUYECKHH aHaJN3 CBUIETEIBCTBYET, UTO IIe-
HBI pa3pabOTaHHBIX HA 3aBOJIE KOMIIO3UIMH MOIHONehH-
HOB Ha 5 — 20 % Humxe, 4eM y ApPYrux HpOU3BOAUTEIECH
AQHAJIOTUYHOW MPOAYKIUH. JTO JaeT BO3MOXHOCTH CHH-
3UTh CTOMMOCTh NpOAyKLMH 3aBojaa «lOxkabenb» B 1e-
JIOM U, TaKUM 00pa3oM, MOJIy4UTh ONpeiesieHHbIe npede-
PEHLIMH TIPH €€ MPoIaxe.

Kpome nponsBoacTBa M30ISLMOHHBIX MaTEpPHAIOB 3a-
BOJI OPTaHW30BaJI €Il M W3TOTOBJIEHHE W3 KaTOAHOW MeIn
KPYTJIOH OECKUCIIOPOIHON 3arOTOBKH METOJIOM BOCXOJIAIIIe-
TO JUTHS Bemymiel eporeiickoi (upmbl «Upcasty (Dun-
JSHAWS), KOTOPOE TO3BOJISIET M3roTaBimMBarh 10 10 ThicsSd
TOHH 3arOTOBKH B TOJl TMaMeTpoM OT 8 110 20 MM.

OTa TEXHOJIOTHS, UMEIoMas yKe mouTu 50-1eTHIO
HCTOPHIO, OKa3ajach XOPOIIMM BBIOOPOM MJISi MHOTHX
M3roToBHTElNEH Kabeneil ¥ POBOIOB Pa3IMYHOTO MTPHUMeE-
HeHus. B Hacrosiiee Bpems B Mupe paboraet 6oiee 130
YCTQHOBOK MO IPOU3BOJCTBY OECKUCIOPOIHON MEIHOU
KaTaHK{ C HMCIIOJb30BaHUEM METO/A HENpPEpPHIBHOTO BOC-
XOZISILIIETO JINTHS.

OTOT y4acTok crnoco0eH o0ecreunTh CTONPOIEHT-
HBIN TIepeX0/1 OCHOBHBIX [IEXOB 3aBOJIa Ha UCIIOJIb30BaHIE
3arOTOBKH MeIu COOCTBEHHOTO Mpom3BojacTBa. [Ipom3Bo-
JTUTETFHOCTh YCTAHOBKH MOXET THOKO BapbHPOBATHCSA C
Y4eTOM OTPEOHOCTEN.

B 2008 romy 3aBox «lO>xkabenpy» yCIENTHO peann3o-
BaJl OJIMH U3 CaMbIX CBOMX aMOMIIO3HBIX IPOEKTOB: CHIaAMU
3aBOJ[YaH OBLT IIOCTPOSH HOBBIN, OCHAIIICHHBIN BBHICOKOTEX-
HOJIOTUYHBIM 000pPY/I0BaHHEM, 1I€X TI0 N3TOTOBJICHHIO CHJIO-
BBIX Kalened ¢ M30JsIMel U3 CUIMTOrO IIOJMATHIICHA Ha
HanpsbkeHue ot 6 10 330 kB BxmtounTensHo.

CTpoHTENsCTBO HOBOTO TPOM3BOACTBA CTAIO 3aKOHO-
MEPHBIM PEe3yJIbTaTOM pEaKlWH CHEHAJIMCTOB 3aBojia Ha
MHPOBBIE TEHICHIINH Pa3BUTHS KaK OTEYECTBEHHOH, TaK U
MHpOBOH »HeprocucteM. C KaXIBIM TOIOM BO3pacTaeT
CIPOC Ha CUIIOBBIE KaOer BBICOKOTO U CBEPXBBICOKOTO Ha-
MpsDKEHMS. DTO CBSI3aHO C peann3anuel KpyImHBIX MPOEKTOB
B SHEPreTHKe, METAJUTYPIUH, TOPHOZOOBIBAIOLIEH MPOMBIIII-
JICHHOCTH ¥ TIPU CTPOUTENIFCTBE MEramoincoB. [Ipokmanka
TaKux Ka6eJ'II)H]>lX JIMHAM Jac€T BO3MOXXHOCTh 3aMCHUTH BO3-
nyuablie JIDIT, uTo mo3BosIsieT 9KOHOMUTH AJIEKTPOIHEPTHIO,
o0ecrieurBaTh HaJIeKHOCTD ee IepeiayH.

Kabenu ¢ n3omsiumei n3 CHIMTOTO MOJMITHIICHA YXKE
JIaBHO IIMPOKO IPUMEHSIOTCS B YHEProCHCTEMaX 3KOHO-
MU4ecKd pa3BuThix crpaH. Tak, B CIIIA 85 % cuioBbIx
Kabenell IMEOT MOMATIICHOBYIO H30JSIINI0, B DUHIIIH-
nuu, Opanuuu, HIseuun, 'epmannu u SInoHUM UCHONb-
3YIOT KaOelll TONBKO C MOJIMATIICHOBOU M30JsImel. P
sHeprocucteM Poccum, Yipamnsl u npyrux crpan CHIT
TO’KE HCIIONB3YET TaKHe KaOelu.
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Ha HOBOM yuacTke CHenUanucTaMH 3aBoja ObLIM

YCTaHOBIICHBI:

® IMHUS HAJIO0XKEHHs JJIEMEHTOB JKPAaHOB Ha KaOemu
tunma «DRUM  TWISTER» mnpousBoacTBa  (upmbl
«Pourtier» (Opanmms);

e JBe JIMHUU TpyOOro BOJIOYEHHS! MEIHOW M aJIOMH-
HUEeBOM npoBosIoku Gupmser «Niehoffh (epmanus);

® JIMHUS NEPEMOTKH M HAIO0XKEHHsI OPOHENOKPOBOB M3
CTalbHBIX JEHT QupMbl «Pourtier» (Ppanmms);

® HAKJIOHHAs JIMHUA HENpPEPbIBHOW BYJIKaHU3ALUH
¢bupmer «Maillefer» (OunstHIHSN);

® MallrHa CKPYTKU TOKOIIPOBOAAIIMNX KW U3 aJIFOMU-
Hus u Mean ¢pupMmel «Ceeco-Bartell» (CIIA);

® JIMHUS HaJOXKEHUs] HapyXHOW O000JIOYKH (HUPMBI
«Maillefery (OuHIAHIUN);

® HCIIBITATENIbHOE 00OPYIOBaHKE, BKIIOYAOLIee B ceOs
JIBa MOZYJIBHBIX PEAaKTOpa, KayKIblil 13 KOTOPBIX oOecredn-
BaeT BEIMYMHY HCIBITaTeIbHOIO HampsbkeHus 250 kB,
¢upm «Hipotronicsy» (CIIA) u «Haefely» (I1IBefimapust).

CrienpanmuctaMu 3aBojia OblIa BeIOpaHa 3HEprocoOe-
peraromasi TEXHOJIOTHS WCIBITAHUHA TOBBIIICHHBIM Ha-
NpsDKEHHEM Ha OCHOBE I0CJIEO0BATENIBHOIO PEe30HaHCa C
WCIIOJIb30BAHUEM HCIIBITATENIbHON yCTaHOBKM HMEHHO
otux (upM. CerofHs TakoW MOIIHOW YyCTAaHOBKOH B
VYkpanHe pacmonaraetr Toilpko 3aBon «lOxxabenp». Ha
HEH Takxke OCYIIECTBJIAIOTCA HUCIIBITAHUA 110 U3MEPCHUIO
YPOBHSI YacCTHYHBIX Pa3psAlOB B KaKIOH CTPOUTENHbHON
JUIMHE Kaberel, onpezessieTcsl TaHreHC yIila AUAJIEKTPH-
YECKUX MOTEPh B M30JIAIHIH, HIICKTPHUECKOE COIPOTHUBIIC-
HUEC XUJIbI U U30JIALNHU.

Jlnist opraHu3alyy Takoro CIIOXHOTO NPOM3BOJCTBA
3aBOJIOM ObT TIOCTPOCH HOBBIH KOPIYC IIIOIIA/ABIO
12000 M*. DTO €AMHCTBEHHOE TAKOE BBICOKOTEXHOIOTHY-
HOE W HAyYKOEMKOE€ MpPOM3BOJACTBO Ha Tepputopmu CHI
MourHocTeio 2000 KuoMeTpoB Kabelnst B roji ¢ y4eToM
CTELHAIN3alMK 1I€Xa Ha BBITYCK KaOeJel BBICOKOTO U
CBEPXBBICOKOTO HAIPSKEHUSI.

O0BbeM OCBOCHHBIX KAaIUTAIBHBIX BIOXEHHH C MO-
MEHTa Hayajla CTPOMTENILCTBA HOBOTO I€Xa COCTaBHII
20 mummroHoB noyapos CIIIA.

B cents6pe 2010 rona 3aBOJ U3TOTOBHI M HCITBITAI
8,6 KHJIOMETPOB CHUJIOBOTO Kabessl ¢ M30JIAIUed U3 CIIH-
TOro nojaudTUiIeHa Ha HanpsbkeHue 330 kB s bepesos-
ckoit I'POC (Pecybnmka bemapycs). Takoir kabenp B
crpanax CHI' Obl1 BHepBble M3rOTOBIEH MMEHHO Ha 3a-
Boze «IOxkabenpy.

A B Havane 2011 rona yxe 3aBepHIHinch Bce pado-
THI M0 NPOKJIAJKE, MOHTAaXY M BBOAY B AKCIUIyaTalHIO
nepBoii B PecnyOnuke benapych kaOenbHO# JMHMM Ha
Hanpspxerne 330 kB.

B sbiHemHeM roxy 3aBosgoM «HOxkabenb» yxe n3ro-
TOBJICHO W TIOCTaBIICHO 9,5 KMUJIOMETPOB CHIIOBOTO Kabels ¢
M30JISIIMEN M3 CIIMTOrO MOJIMATUIICHA C aJIOMHHHEBOH TO-
KonpoBozsieH »xuinoi ceueHnem 2000 MM Ha HalpspKEHUE
220 kB mis noacranimu «KpemeHckas», uro B JIyranckoit
obmactr. B pesynprare 00eBBIX NEHCTBHIA B PETHOHE OBLTH
HOBPEX/IEHbI MaruCTPaJIbHBIE U PACIPEISIUTEIbHbIC JJIeK-
TpoceTd. BBo B 3KCIUTyaTalMio yKa3aHHOM NOACTaHLMUU C
kabeJbHOM cucTeMol 3aBopa «HOKKaOenb» MMO3BOJIUT CHH-
XPOHM3HMPOBATh CHUCTEMY 3NIEKTpocHaO)XeHus ceBepa JloH-
Oacca ¢ 00beJMHEHHOM YHEPrOCUCTEMON YKPauHBbI, KOTOpast
paHbIIle paboTana ¢ TOHWKEHHOW reHepammed Jlyranckoi
T3C. BBoa B 3KCIUTyaTalyiO MOJACTAHIMU JIaCT BO3MOXK-

HocTh CeBeponoHeIKOMy OOBemMHeHnI0 «A30T» u Jlncu-
YaHCKOMY HedrernepepadaTbIBaloIeMy 3aBoly padoTaTh Ha
TIOJTHYO MOIITHOCTb.

KaGenu CcBepXBBHICOKOTO HANPSIKEHUS YCIEIIHO
mpouuii HCHbITAaHUSA B EBpOHeﬁCKOM HUCIBITATCIIBHOM
nenrpe ¢upmel «kKEMA» (Tonnanaus), 3aBoJioM HOITy-
YEeHBI MEXIyHapOIHbIE CepTH(UKATHI Ka4eCTBa.

Pabotatb s morpebuTenel, yauThIBaTh UX IOXKe-
JIAHWUA U TIOTPEOHOCTH — BOT TO IPaBUIIO, KOTOPBIM PYKO-
BOJICTBYETCSI Hallla KOMITAHUS B CBOCH JESITeThHOCTH.

K npumepy, B YKpanHe yBeTHUHIICS CIIPOC HA 0OMO-
TOYHBIE IPOBO/Ia. YTOOBI YIOBIETBOPHUTH 3TOT CIIPOC 3aBOJ
pUoOpeNl  COBPEMEHHYI0,  BBICOKOIPOHU3BOIUTEIBHYIO
JIByxxonoByto MammHy ¢upmbl «Newtechy (Uranus). B
KpaTyailiue CpOKM CMOHTHUPOBAI €€, OCYLIECTBUII ITyCKO-
HaJIalO4YHbIC pa60T1)1 1 OCBOMJI BBIITYCK MPOBOAOB CO CTCK-
JIOBOJIOKHUCTOM u3ossinuei. 1IpoBoja, U3roToBiIeHHbIE HA
9TOW MalMHe, UMEIOT OoJiee BHICOKUE IKCIUTyaTallMOHHbIE
XapaKTEPUCTUKH 1 HAaZeXKHOCTD

3aBon «lOxKabenpy MPUHUMAET aKTHBHOE ydyacTHe
B OOIIErocyIapCTBEHHOW IMporpamMme IO HMIIOpPTO3aMe-
IICHUIO. YBENWYHMBas HOMEHKIATYPY BEITYCKAaeMBIX Ka-
Oerneil, mpeanpUATHE TeM CaMbIM IIPEIOCTABISECT BO3-
MOJKHOCTh ITOTPEOUTENSIM Ha YKPAWHCKOM pBIHKE BBIOH-
paTh MEXAy aHaJIOIMYHOM MMIIOPTHOM M OTEYECTBEHHOMU
MPOAYKIIMEH, KOTOpask OAJac 1Mo KauyecTBY 3HAUYUTENHFHO
Jydiie 3apyOeKHOH U 10 IeHe KOHKYPEHTOCIOCO0Ha.

HmeHHO B pamMKax 3TOil MporpaMmsbl 3aBoj NMpHOO-
pen HOBoe OOOpYHOBaHWE JJIsi W3TOTOBJICHUS HU3KO-
BOJIBTHBIX ITO’KapoOe30MacHbIX Kadeneil u THOKHX OBITO-
BBIX ITPOBOIOB:

o y dupmsr «Niehoff» (I'epmanust) 8-pyubeByro BoJo-
ymibHyto MammmHy MMH 121 ang BonodeHus MenHoM
MIPOBOJIOKH B Auamna3one auaMeTpoB 0,20 — 1,13 MM u Tpu
MamuHBl ABoHHON ckpyTku D631 m D1001 mis mpowms-
BOJICTBA BBICOKOKAYECTBEHHOW THOKOHM >KMIIBI CEUYECHHEM
0,5-135 MM2;

o y dupmbr «Rosendahl» (ABcTpusi) ABe yHHUBEpCab-
HbIX JIMHWUU, TPE€AHA3HAYCHHBIC JId U30JIMPOBAHUSA TOKO-
npoBosmux >kui cedenuem 0,50 — 35 MM® B JUIS HX
CKPYTKH METOJIOM «SZ-CKpPYyTKW» C OJHOBPEMEHHBIM Ha-
JIO)KEHHEM BHYTPEHHEW M Hapy»XHOM 000JIOUKH.

3aBox mosyumn ceprudukarsl MHCTHTYTa HCHBITA-
Huii u ceprudukanmu VDE (Iepmanms), HMactutyTa
Innogy SE Eurotest (I'epmanuns) u ucCIIeqOBaTEIECKOTO
Wncturyra snepretuxu [En ([lomema). brmaromaps mpo-
BEJIEHHOW OTPOMHOHN paboTe MO ajganTanud Kabenen u
MIPOBOJIOB ¢ Mapkoit «3aBox «FOrkkabenby» K 3apyOeKHBIM
CTaHIapTaM WU TpeOOBaHMSAM CETOTHS MPEINpPUATHE IKC-
nopTupyer cBoto npoaykuuto B crpansl CHI', EBpomeii-
ckoro Coro3a, a Takxke B crpansl KOro-Bocrounoit Azuun
u binmxnaero Bocroka.

Harmre npeamnpusiTie MpoJoibKIiIo CBOE aKTHBHOE yda-
CTHME B OOIIEroCyJapCTBEHHOHW IpOrpamMMe HMIIOpTO3aMe-
I1eHusl. BbIIo NpHUHSTO pelieHne paciiupuTh HOMEHKIIATYPY
BBIITYCKaeMOM TMPOIYKIMK 33 CYET M3TOTOBIICHUS KaOemeit
CHEIMANTFHOTO HAa3HAYEeHHs, BOCTPEOOBAHHBIX HAa OOBEKTax
aTOMHOHM SHEPreTHKH, NPEeIIPHUATHAX TPAHCIIOPTHOTO Ma-
IIMHOCTPOEHMS, @ TAaK)K€ HCIIOIB3YyEMBIX B OTBETCTBEHHBIX
cHCTEMax MOKapHOH CHTHAIM3AIINN U TTI0KAPOTYIICHUS.

Ha mpotsoxkennn 2015 — 2016 r.r. 3aBOA 3aKIIOYHIT
KOHTPAKTbl € BCAYHIMMU 3apy6e)KHI)IMl/I KOMIIaHUAMH Ha
MOCTaBKY CHEHAIbHOTO TEXHOJIOTHYECKOTO 000PYI0BaHHMS:
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® JMHWM TI0 W3TOTOBJICHUIO MEIHOW IPOBOJIOKH C II0-
KPBITHEM OJIOBOM METOJIOM 3JIEKTPOINTUUECKOTO JIY KSHUS;

® JBYX BBICOKOCKOPOCTHBIX JIEHTOOOMOTOYHBIX MAILIHH
JUIST HAJIOXKEHUS M30JALMU U3 CTEKIIOCTIOANHUTOBBIX JICHT
Ha TOKOIPOBOJSIINE KUIIbl. BHEpeHne ux B IPOM3BOACTBO
MO3BOJIAET NPENPUATHIO, B TIEPBYIO OUepe/b, OCBOUTH BBI-
IyCK OTHECTOMKMX KOHTPOJILHBIX KaOeliel MaJIbIX CEUeHHUH ¢
TOKOIIPOBOJSIIIMMY KWIAMUA U3 HEIIY)KCHHOW U JIy>KEHHOM
Me/IH, a TAKKE U3 TEPMOIIaPHBIX CILIABOB;

® JBYX OIUICTOYHBIX MAIIMH M OJHOTO TPOCTHIIBHOTO
CTaHKa ISl N3TOTOBJICHHUST MEAHBIX M MEIHBIX JIy’KEHHBIX
MIPOBOJIOYHBIX IKPAHOB.

HopmaTtuBHasi HOKyMEHTanusi Ha M3TOTOBJICHUE Ka-
Oeneli crienyaabHOTO HazHAYeHHWS PAOOTHHKAMH 3aBOJa
ObuTa paspaboTaHa, coriacoBaHa W yTepkaeHa. CoBme-
CTHO C MPEACTABUTEISIMH TOCYJapCTBEHHOIO IIEHTpa
sanepHoit O6e3omacHoctH, ['TI HADK «DHneproarom» u
npeacraButensaMu Tpex ADC YkpauHbl YCHEIIHO NpoBe-
JICHBI NTPUEMOYHBIE UCIIBITAHUS OIBITHBIX MapTHH HOBOM
MIPOXYKIUH. A 3TO Kabeau KOHTPOJIbHBIE, YIPaBICHHUS U
MasiorabapuTHBIE, KOTOpPbIE O0NaNa0T PSJOM TEXHHUUe-
CKUX NPEUMYILIECTB M0 MOMEXO03AIUILEHHOCTH, MOXKapo-
0€301acHOCTH 1 CTOHKOCTH K KOPPO3UH T10 CPABHEHUIO C
TPaANUIIOHHO MPUMEHAEMBIMU KaOeIIsIMH.

VYunuteiBas TOXETaHUS TOTPEOUTENIEH W CTpEeMU-
TENILHOE Pa3BUTHE COJIHEYHOM 3HEPTeTHKH B CTPAHE, CIIe-
LUATMCTBl IPENNPUSITUS Pa3paboTaay KOHCTPYKIMIO U B
CKaThle CPOKHM OCBOMIIM IPOU3BOACTBO Kabenel ans ¢o-
TO3JIEKTPUUECKUX CUCTEM (COJTHEUHBIX JIEKTPOCTAHIIMMN).
3TO OJHOXWIBHBIE Ka0eau ¢ TMOKOM MeJTHOM JIy)KEHHON
xuitoi. Mzomnsiumst 1 060siouka 3THX Kabeleil BBIMOTHEHBI
13 06€3raJoreHHOro CIIMTOTO MaTepuaa.

OO0muit 00beM HHBECTHUIHN B TPOU3BOJICTBO 3aBOAA
3a TOCJIeTHHIE TOJIbI COCTAaBMII OoJiee 3 MIIpA IpH.

Peanmm3anusi MPOEKTOB 1O TEXHHYECKOMY IIE€PEBOO-
PYXEHHUIO MPOM3BOJACTBA BO MHOTOM CTajla BO3MOJMKHA
Onarozapst MHOTOJIETHEMY TECHOMY JAEIOBOMY COTpPYIHH-
yecTBy crienuanuctoB 3asoga ¢ HTY «XIIM», B yacTHO-
CTH, C Kadeapoil SIEKTPOM3OAIMOHHON M KaOeIbHOMN
TEXHHUKH, & TAKKe C KOJUIEKTMBOM MHCTHTyTa 31€KTpo-
nuHamukd HAH Vkpaussl.

CeroiHs mpeAnpusTHE BBITYCKAET OKOJO 25 ThICSY
MapKopa3MepoB Pa3IMYHbIX KaOesel, NpOBOIOB U IIHY-
poB. 3aBon «FOxxkabenb» — y3HaBaeMblii Opena. Komra-
HUIO XOpOLIO 3HAIOT B CTpaHax ONMKHET0 M JaIbHETO
3apy0Oexbs. Y 3aBoja yCTOHUMBAsT KpeIUTHO-(UHAHCOBAs
uctopus. 3aBox «HOkkaOenmpy SBISIETCS OTHUM M3 OC-
HOBHBIX YYaCTHUKOB MeXAyHapOAHBIX acCOLMaLUl
«OmexTpokadensy u «HTepKabenpy), B KOTOPBIE BXOIAT
KOMITaHHM — MHUPOBBIE JIUAEPHI 0 W3TOTOBJICHHUIO Kale-
Jel ¥ IPOBOAOB, BEICOKOTEXHOJIOTHYHOTO 000PYA0BAHUS,
NPOU3BOJIUTEIN CHIPbSl M MaTepualioB s KaOeilbHOU
MPOMBIIIJICHHOCTH.

OcHOBY CTaOWJIBHOTO pa3BuTHs 3aBoja «HOxKaOeb
COCTaBJISIIOT YCIEIIHO (PYHKIMOHHUPYIOIINE Ha MPOU3BOJICT-
BE€ CHUCTEMa MEHEKMEHTAa KaueCcTBa B COOTBETCTBUH C Tpe-
6oBanmsimu crargapra MMCO 9001 u cucrema skonoruye-
CKOTO MEHE/DKMEHTa B COOTBETICTBHM C TpPEOOBAHMAMU
cragmapra UCO 14001, xoTtopple TpOIDIH pecepThudHKa-
LU0 TI0 HOBOH Bepcru cTanmapTos 2015 roxa.

I'maBHOe OoraTcTBO 3aBOJa — B3TO €r0 TPYAOBOH
KOJUIEKTHUB. 75-TI€THSISI HCTOPUSI 3aBOJIa CBUICTEIBCTBYET
0 TOM, YTO I0KKAaOEIBIIUKKA BCErJa YCHEUIHO PEeIlalu U

OyzmyT pemate BIpeAb BO3HHUKAIOIIME TEPEA HUMH 3a]a-
4H, 100MBAasICh TOCTaBICHHBIX LENCH.
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Plant «Yuzhcable works»: milestones of the road (75 years
to Plant «Yuzhcable works»).

With the history of the creation and development of the Plant
«Yuzhcable worksy, the formation of the national cable industry
is connected. The enterprise is the flagship of the industry. Its
production potential and the range of products demonstrate the
unique capabilities of this production. Such a plant has become
thanks to a systematic approach to the technical re-equipment of
existing facilities, which has been going on here for the last
decades. Modern technological equipment, new workshops and
sites ensure the production of competitive products that are in
demand both in Ukraine and abroad. References 5.

Key words: history of the plant «Yuzhcable works», cable,
cable products.
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EnekmpuyHi MawuHu ma anapamu
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HCCJEIOBAHHUE JJMHEMHOI'O UMITYJIbCHOTI'O JIEKTPOMEXAHUYECKOI'O
MPEOBPA3OBATEJISI HHAYKIIMOHHOI'O TUIIA C JIBOMHBIM IKOPEM,
INPEAHAZHAYEHHOI'O UIA YHUYTOXEHUA UHO®OOPMALIUA HA SSD
HAKOIIUTEJIE

3a oonomozorw mamemamuunol Mooei, AKA 8PAXOBYE 63AEMON08’A3AHI eleKMPUYHI, MAZHIMHI, MEN106i Ma mMexaniuni npoyecu
00CI0MNCEHO 6NIIUE 260MEMPUUHUX RAPAMEMPIE HA e1EKMPOOUHAMIYHE XAPAKMEPUCMUKU MaA NOKAZHUKYU JIHINHO20 IMRYIbCHO-
20 enekmpomexaniunozo nepemeopiosaua (JIIEII) indykyiiinozo muny 3 no0GiitHuM AKopem, AKUIL 0XONJII0€ IHOYKMOop 3 npomu-
aexcnux cmopin. Ilpu axcianvnomy 6iodanenni 3a0nboi Yacmunu aKops 6i0 iHOYKMOPA MAKCUMANbHI WIIbHOCMI cmpymie 6
IHOYKmOpI 3MeHuyIomscs, 6 nepeoniil YacmuHi AKOPA 30i1bUYIOMbCA, A 8 3A0HII YacmUHI AKOPA 3menuiylomyca. Maxkcumaino-
Ha eéenuuuna ma imnyasc enrekmpoounamiunux 3ycuns (E/[3) mixce vacmunamu axopa smenwyromoca. Ilpu 36inouenni uucna
GUMKI8 iIHOYKIMOpa ma 3MEeHueHHi MOSuUHU MIOHOT WUHU 8i00yeacmbca nidsuuieHHA ycix ocnoenux noxasuuxie JIIEIL Ilpu
30inbuwenni yucna eumkie inoykmopa 6io 26 0o 56 maxcumanvna eenuuuna E/I3, wio die mirc uacmunamu axopsa, nioguuiyemo-
ca npakmuyno y 3 pasu, a éenununa imnyavcy E/I3 — ¢ 3,3 pazu. Ilpu 36invuwenni wiupunu mMionoi wiunu inoykmopa 6iooyea-
emubca 3nudcennn ochoenux nokasnuuxie JIEIL Ilpu 36inswenni wiupunu indykmopa 6io 10 mm 0o 20 mm makcumanwvna éenu-
yuna EJ/[3 minc vacmunamu axopa suuxncyemoca y 1,3 pasu, a eéenuuuna imnynvcy E/I3 3nuscyemoca ¢ 1,2 pazu. Ha ocnoei
BUKOHAHUX 00CTI0MCEeHb OY6 po3podaenuil ma ekcnepumeHmanvno eunpodysanuii 3paszok JIEII indykuiiinozo muny 3 noogiii-
HUM AKOpeM, W0 NPU3HAYEHUN 0/15 3HEUKOOXHCeHHA IH(opmayii, aka pozmiwiena na SSD naxonuuysaui. bion. 14, puc. 9.
Kniouogi cnosa: jiHiiiHUNA iMIyIbCHUIL eJleKTPOMeXaHiIYHMIA NepeTBOPIOBAaY iHAYKLIHOrO THIY, NOABIHNI AKIp, eJleKTpo-
JuHaMivyHi npouecu, nudposuii SSD HakonuuyyBay, eKcliePUMEHTAIBHUI 3pa30K.

Ilpu nomouwiu mamemamuueckoii Mooenu, yLumsleaiouiel 63auMoC6A3aHHbIE I/IeKMPUIECKUue, MAZHUNHbLE, MENJI06ble U Mexa-
HuYecKue npoyeccvl UCCIe006aHO GIUAHUE 2eOMEMPUUECKUX NAPAMEMPOE HA INEKMPOOUHAMUYECKUE XAPAKMEPUCMUKU U
nokazamenu JUHEIHO20 UMNYIbCHOZO IJ1EKMPOMeEXanuueckozo npeoopasosamensa (JIUIII) undykyuonnozo muna c 060UHbIM
AKOpeM, 0X6AMbIGAIOWUM UHOYKMOP C HPOMUBONON0MHCHbIX cmopon. Ilpu axcuansnom yoanenuu 3aoneil wacmu aAKopa om
UHOYKINOPA MAKCUMAIbHbBIE NIAOMHOCIMU MOKOG 6 UHOYKIMOpe YMEHbUIAEMCs, 8 nepeoneil uacmu AKOpsa yeeaudusaemcs, a 6
3a0Hnell uacmu AKOpA ymeHvuiaemcsa. MakcumanibHas 6eIUYUHA U UMRYAbC IneKmpoounamudeckux ycunui (YY) meicoy
yacmamu axopsa ymenvuiaiomes. Ilpu ygenuuenuu uucna 6umrkoe uHOyKmopa u yMeHbuleHUU MOaUUHbL MEOHOI WUHBL NPOUC-
Xooum yeenuuenue ecex 0CHoeHvix noxazameneii JIUJII. Ilpu ygenuuenuu yucna eumkos unoyxkmopa om 26 00 56 maxcumans-
Han eenuyuna /1Y, oelicmeyrowaa mexrcoy uacmamu AKopa, 603pacmaem npaxkmuuecku ¢ 3 pasa, a eeauyuna umnynvca /Y ¢
3,3 pasa. Ilpu yeenuuenuu wiupunsl MeOHOU WIUHbL U WUPUHBL UHOYKMOPA RPOUCXO00UM YMEHbUIeHUEe OCHOGHBIX noKa3ameneil
JIUIIL. Ilpu yeenuuenuu wupunvt undoykmopa om 10 mm 0o 20 mm maxcumansuan eenuuuna /1Y mexncoy uacmamu akopa
ymenvuaemesn 6 1,3 paza, a éenuvuna umnynsca /Y ymenvwaemca ¢ 1,2 paza. Ha ocnoganuu npoeedennvlx uccie006anuii
Obl1 pazpadboman u IKcnepumenmanbvio ucnvtman oopazey JIUIII undykyuonno2o muna ¢ 080UHBIM AKOPEM, NPEOHAZHAYECH-
HbLil 0713 YHUYUMOMCEHUA UHpopmayuu, pazmeuieHHou Ha yugposom SSD nakonumene. budn. 14, puc. 9.

Knrouesvie cnosa: MMHEHHBIH HMITYJIbCHBIN 3JIEKTPOMeXaHHYECKHil Mpeodpa3oBaTe b HHIYKIIMOHHOTO THIIA, TBOHHOW SKOPB,
3JIeKTPOJHHAMHUYECKHUe Npouecchl, nudpoBoii SSD HakonuTe b, IKCIEPUMEHTAIbLHBIN 00pasel.

BBenenue. JluHeiiHble MMIYJIbCHBIE 3JIEKTPOMEXaA-
Hudeckne mpeobpasoBatenu (JIMDII) wHAYKIHOHHOTO

JIaTh BBICOKMM OBICTPOAEHCTBHEM M KOPOTKMM pabodnM
LIUKJIOM, OTPaHMYCHHBIMH MaccOoradapUTHBIMH ITOKa3aTe-

THMA MIMPOKO IPUMEHSIOTCA Ul CO3JaHUsl yIapHO-
MEXaHUYECKUX MMITYJbcOB [1-4]. Takue mpeoOpa3oBate-
JI UCTIONB3YIOTCSI BO MHOTHX OTPAaCiIAX HAyKU U TEXHUKHU
B Ka4eCTBE YJIapHO-CHJIOBBIX YCTpPOMCTB. B cTpouTensct-
B€ MPHUMEHSIOTCS 3JIEKTPOMAarHUTHBIE MOJIOTHI U Tepdo-
patopsl; B TOPHOH HPOMBIIIIIEHHOCTH — OyTOOOM M BHO-
patopsl; B TeojoropasBelke BHOPOCEHCMONCTOUYHUKH; B
MaIIMHOCTPOCHUH — MOJOTHI C OOJBIIMM IHANIA30HOM
SHEPTUH y/Aapa U yCTPOWCTBA IS AIIEKTPOAMHAMUIECKON
00pabOTKK CBapHBIX COCOUHEHHWH; B XMMUYECKOH U Me-
JTIUKO-OMOJIOTHYECKON MPOMBIIIIEHHOCTH — BUOPOCMECH-
Tenu, no3atopsl U Ap. JIMOII nmpuMeHstoTcs B HMCIIBITA-
TENBHBIX KOMIUIEKCAaX MJIsi TMPOBEPKH OTBETCTBECHHOU
anmapaTtypbl Ha yAapHble Harpy3kd, B MAarHUTHO-
UMITYJIbCHBIX YCTPOMCTBaX Ul IPECCOBAHUS IOPOIIKOB
KEPaMHKH, OYUCTKH E€MKOCTeH OT HaJMIAHHS ChITyYhX
MaTtepuanoB [4-6]. OgHUM U3 NepCHEeKTUBHBIX Hampaslie-
Hull asnserca npumenenue JIMOII mig yHUYTOXEHUS
nHPOpMAIMU HAa HUPPOBBIX HOCUTEINSIX NPHU HECAHKIIHO-
HupoBaHHOM pnoctyne [7]. Takue JIMDII momxHBI 06Ma-

JSIMH, aBTOHOMHOCTBIO M pa3BHBaTh BBICOKHE YIApHO-
MEXaHW4YeCKHe Harpy3Kd. 3ajadya IpHOOpeTaeT IOBbI-
LIEHHYIO CJIO)KHOCTh IIPU YHHUYTOXECHUH HH(OpMALUH,
pacnpeneneHHOW IO TOBEPXHOCTH IUIOCKOTO TBEPIO-
tenbHOro SSD Hakonurens [8].

Hawnbonee nepcrieKTUBHBIM IS peLlIeHHs JaHHOU 3a-
naud siBisgercs JIMOI MHAYKUMOHHOTO TUIA, B KOTOPOM
AIIEKTPOIIPOBOAALINN SKOPh AJIEKTPOJMHAMHYECCKH B3au-
MOJICHCTBYET C HEMOIBIDKHBIM HHIyKTOopoM [4, 9, 10].
[Ipu BO30YXIEHHH MHOTOBHTKOBOTO HHIYKTOpA OT €M-
KocTHOro Hakomutens >Heprun (EHD) B amekrpomnposo-
JIIIEM SKOpe WHAYLHPYIOTCS BHXpPEBbIE TOKH. Beieact-
BHE€ ITOTO Ha SKOPb NEHCTBYIOT 3JIEKTPOAWHAMHYECKHE
yewus (DY) oTTankuBaHUS, BBI3BIBAIONINE €r0 aKCH-
albHOE MepeMelIeHNe BMECTe C YAapHBIM HCIIOIHUTEIb-
HBIM 3JIEMEHTOM (0OMKOM) OTHOCHTENIFHO HHAYKTOPA.

OnHako 1mpu OBICTPOM M3MEHEHUH 3JEKTPOMAarHuT-
HBIX, MEXaHMYECKUX U TEIJIOBBIX MapaMEeTPOB CHUIIOBBIE
nokaszareny JINOI nHAyKIUMOHHOTO THUIA TPAaAULUOHHON
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KOHCTPYKIIMM HEAOCTATOYHO BBICOKH [4]. OgHNM M3 my-
TEH MOBBIIIECHNS YKa3aHHBIX IOKa3aTeneil sBiseTcs pas-
paborka HoBBIX KoHCTpyKumid JIMDII. Tlockonbky B Tpa-
IuiMoHHoN koHCcTpykuuu JIMJII ¢ sskopeM HHIyKIIMOH-
HO B3aMMOJIEHICTBYET TOJBKO OJHA CTOPOHA MHAYKTOpA,
TO 3HAUUTENbHAs YacTb MAarHUTHOIO MOJSI C IPOTUBOINO-
JIO)KHOU CTOPOHBI MHAYKTOpA PAacCEHBAETCS B OKPYKaro-
1ee MpOCTPAaHCTBO, HETATUBHO BIIMss Ha OJNM3KO pacro-
JI0)KEHHBIE JICKTPOHHBIE W OHMOJIOTHMYECKHE OOBEKTHI, U
HE HUCTIOJIB3YETCSI ISl CO3/IaHMs TOTIOHUTENBHBIX D/1Y.

Paccmorpum koHcTpykmmio JIMOII koakchanmbHOM
KOH(HUTypayy, COAEpk allyl0 HEMOIBIKHBIM HHIYKTOD
1 ¥ 1BOITHON AKOPH, OXBATHIBAIOIINI HHAYKTOP C MPOTH-
BOIOJIOKHBIX CTOPOH [8] (puc. 1).

Ilepenusist gacte sixopss (ITYS1) 2 u 3amHss yacTh
axopst (3US) 3 BeIMOMHEHB! B BUAE KOAKCHAJIBHO yCTa-
HOBJICHHBIX JHCKOB, OXBaTBIBAIOIINX WHIYKTOP C IPOTH-
BorosioxHbIX cTopoH. K ITYS 2 mpucoeannen Goek 4,
HalpaBJIeHHBII B CTOPOHY 0ObekTa Bo3aeicTBus 5. 3US
3 ¥ 0OBEKT BO3LECUCTBHUA 5 10 HAPYKHON MOBEPXHOCTH
OXBaveHHl (PUKCHPYIOUIMMH cKoOaMu 6. 3aMeTuM, d9TO
pOJIb OAHOM U3 YacTe yKa3aHHOI'O SIKOPSI MOXKET UIpaThb
HapY>KHBIH AJIEKTPOIPOBOISIIN 3kpan [11].

3 12 4 3
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Puc. 1. JINDII ¢ n1BOHHBIM SIKOpEM:
1 — uapyxrop; 2 — [T441; 3 — 34S; 4 — Goek;
5 — 00BeKT Bo3aeicTBHS; 6 — QUKCHpPYTOLIHE CKOOBI

IIpu nocTymieHny curHanga Ha TUpUCTOp VS mpouc-
XOIUT BO30YKIIEHHE TOKOM HEIOIBHKHOTO HHAYKTOpA OT
EHD C u 3a cyeT BO3HHUKAIOIIETO0 MAarHMTHOTO IIOJIS B
KaXJI0M U3 yacTel IBOMHOIrO SKOPS MHIYLMPYKOTCS BUX-
peBble TOKH. BenencTBue 3Toro Ha 006€ 4acTH JBOWHOTO
SAKOpSL CO CTOPOHBI MHAYKTOpAa IEHCTBYIOT IPOTHUBOIIO-
JIO)KHO HampalieHHbIe DJ[Y oTTankuBaHus, 4TO MPHUBO-
JUT K CyMMapHOMY CHJIOBOMY BO3JeHCTBHIO Ooiika Ha
00BEKT BO3JEHCTBHUSA. 3a CUET MCIOJL30BaHusA auona VD
BO30YKIICHHE HMHIYKTOpPA OCYIIECTBIIACTCS PAa3HOIMOJISP-
HBIM HMIIYJIBCOM, MPH KOTOPOM pealu3yercss Koieda-
TEJIbHO-3aTyXaIOIUI XapaKTep U3MEHEHUs TOKa.

OmHako TpW 3TOM BO3HUKAET BOIPOC O BIUSHHA
apaMeTpOB MHAYKTOPAa U PACIOJIOKEHUS YacTed ABOM-
HOTO KOS Ha CHiIOBBIe TIokaszarenn JIMOIL.

Heablo cTaThy SBISETCS ONMpejesieHne MyTel Io-
BBIIIEHUS] CUJIOBBIX MOKa3aresiell JIMHEMHOTO UMITYJIbCHO-
r0 DJIEKTPOMEXaHUYECKOTO TPeoOpa3oBaTeisl WHIYKIIH-
OHHOTI'O THUIIA C ﬂBOﬁHbIM ﬂKOpeM, npeuﬂamal{eﬂﬂoro JJIS
YHUYTOXEHUSI MH(POPMALMHM B IUIOCKOM TBEPJOTEIHHOM
SSD naxomurele.

MaremaTnyeckass mMogenab. PaccmMoTpuM Mmarema-
THYECKYIO0 MOJEIb, KOTOPask ONUCBIBAET DIEKTPOMEXAHU-
gyeckue npoueccel JIMIII ¢ ncnonap3oBaHueM cocperoTo-
YCHHLIX MMapaMCTPOB aKTUBHBIX 3JICMCHTOB — UHAYKTOpaA,
Y TIOJBMKHBIX 4YacTe JBOMHOTO SIKOpS. DJIEKTPUUYECKHE
MPOLECCHI MOYKHO ONUCATh CUCTEMON ypaBHEHUI:

. dy 1. di, . .
ZIRI(TI)"'LIE"'EJ.ZIdt"' Z (Mln(z)g"'lnem)a (1)

n=2,3
1!
Ejildt =Up; o)
0
. di di di . . .
iR, (T,)+L, 7;’+M1n(z)7tl+Mnm(z)7't”+zle3 +ine =05(3)
rae p = 1, 2, 3 — unngekcol unaykropa, [T4YA u 345 coot-
BETCTBEHHO; m = 5-1; n =2, 3; ¢ :(v12(1)+v13(t))d1‘;23 ;
zZ
daM aM .
e) :V13(t)713; e :Vlz([) 12 N Rp(Tp), L » Ips Tp — CO-
dz dz

MPOTUBJICHUE, HHAYKTUBHOCTh, TOK U TEMIIEpaTypa p-oro
aKTUBHOI'O 3JICMEHTa COOTBETCTBEHHO; Mi,(z), Mi3(2),
M>3(z) — B3aMMOHMHIYKTHUBHOCTH MEXIY COOTBETCTBYIO-
IIMMH p-MH aKTUBHBIMH 3JIeMEeHTaMu; vVi3(f), vio(f) — npo-
TUBOIIOJIOXKHO HampaBieHHble ckopoctu 34U u ITUA
OTHOCHTEJIBHO UHAYKTOPA BIOJb OCH Z COOTBETCTBEHHO.

Pemenne ypaBuennit (1) — (3) Ans TOKOB B aKTHB-
HBIX 3JIEMEHTAaX MPEICTaBIIEHO B padoTte [12].

ONeKTpOIMHAMHYECKHE TPOIECCHl MOXHO OIHCATh
CUCTEMON ypaBHEHUH:

My _ o My +(m,, + me)@ + Kpvy, (0) +

Il =1
g g, dt @)

+ Ovlzsﬂyaﬂal%zmaxvlzn )+ K pAzy, (),
rne Azps(f), Azjx(f) — TPOTHBONONOXKHO HAIPABICHHBIE
nepememienust 3USA u ITUA oTHOCUTENbHO HHAYKTOpa
BIIOJIb OCH Zz; m,, ms, m, — Macca [TUS1, 345 u Ooiika co-
OTBETCTBEHHO; K — K03 uIMEeHT TUHAMIYECKOTO Tpe-
HUSL; ), — IVIOTHOCTb CPEJIbl IIepeMenieHust; [, — Koahhu-
IIUEHT a3pOANHAMUYECKOTO CONPOTHBICHUS Cpeabl; D,y
— MAaKCHMAaJbHBIH AuaMeTp sikops; Kp — KOd(hOHUIHEHT
JKECTKOCTH 0OBEKTa BO3/ICHCTBUSL.

[epememenus 34 u ITYS oTHOCHTENTHFHO MHIYK-
TOpa MOXKHO TNPEICTaBUTh B BHIE PEKYPPEHTHBIX COOT-
HOILIEHHN:

2
2, +m)

d 17)
x[ma)ﬁgﬂdﬂ%>fgﬂ}ﬁm—Kp%am— 5)

Azy, (ti1) = Az, (1) + vy, ()AL + X

2 2
=0,125-7- B,74Dex nVin (tk)_KpAzln () |

Meronuka pacyeTa B3aUMOCBSI3aHHBIX JJIEKTpUYe-
CKHX, MAarHuTHbIX, TCIJIOBBIX W 3JCKTPOAWMHAMHNYCCKUX
MIPOLIECCOB IIPU YY€Te PA3IMYHBIX HEIMHEHHBIX 3aBHCH-
MocTeil onrcana B padote [12].

B kauectBe nokaszateneit JIMIII ¢ nBoiHBIM sIKOpeM
OyZIeM UCIOIbh30BAaTh:

o aMIITyRy akcuansHoro DY fs,, JeHCTBYOMETO
Ha (PUKCHPYIOIIHE CKOOBI OT MPOTHBOIIOJIIOKHO HAIPaB-
JICHHBIX CHJI Ha MEPeIHIOI W 3aJHIOI0 YacTH JBOIHOTO
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SIKOPA ./{223111 :.fZZm 7_fz'3m, rﬂe.fZZm’fz'}m — aMIUIMTY /b gﬂya
nerictyromue Ha [TYS 1 3US cooTBETCTBEHHO;

o penuuuny umiynbca DAY Fps, = Foom — Faiam, OH-
CTBYIOIIYIO Ha (PMKCHPYIOIIUE CKOOBI OT MPOTHBOIOIOXK-
HO HAIIPaBJICHHBIX CHJI Ha MEPEIHIO M 3aJHIOI0 YacTH
JIBOMHOTO SIKOPSL, TAE Flop, Fozy — ammmutynsl Y, neit-
creytrome Ha ITYS u 3US coOTBETCTBEHHO; UMITYJIbC

.= f.(0dt;

® MakcHUMaJbHbIE 3HAYEHUS TUIOTHOCTEH TOKOB B WH-
ﬂyKTopejlm: Hqﬂ]Zm: " 3qﬂj3m;

e IpeBbILICHUs Temrepatyp uHaykropa 6, = T — Ty,
Hqﬂezsz—To,H:gqﬂe:;:T:;—To, rac T], T2 T3—
Temneparypa uaaykropa, [T45 u 345 cooTBeTCTBEHHO;
Ty — Temneparypa OKpy>Karole cpebl.

OcnoBuble mapamerpbl JIMIII. Paccmorpum
JINDII koakcwanbHON KOHQUTYpAINH, Y KOTOPOTO 00e
YacTH JBOWHOTO SIKOPSI OJMHAKOBHI U BEITIONHEHHI B (hOp-
Me€ TUIOCKOTO AMCKAa M3 TEXHUYECKOW MeIH, OJHA U3 CTO-
POH KOTOpOTO 00parieHa K HHIYKTOpY.

JINDII umeeT cieayromnye NCXOAHBIE TapaMETPHI:

Hnoyxmop: Baennuit nuametp D, ;=100 MM, BHYT-
peununit guametp D;, ;=10 mm, Bbicota H; = 10 MM, ce-
yeHHe MeIHON MMHBI a*xb=1,8%4,8 MM2, KOJIMYECTBO
BUTKOB IUHBI N{= 46 mwt. UHIYyKTOp BBHINOJIHEH B BUJIE
JIBYXCIOWHOW OOMOTKH C BHENIHHMH JJICKTPUICCKUMU
BBIBOJIAMH.

Yacmu saxops: BHeWHUH nuamerp D,,3;=100 mwm,
BHYTpEeHHHUI auameTp D, =10 MM, BbIicoTa H,3=3 MM.

EHD: emxocts C=500 Mx®, Hanpspxenue Uy=1 kB.

boex umeer maccy m,~0,45 xr; ko3 duimeHT xect-
KocTH o6bexTa Boszeiicteust Kp =3-107 H/m. Takas xect-
KOCTh XapakTepHa JUisi 00bEeKTa BO3JACHCTBHS THUIIA, IH]-
poBoro SSD HakomuTens NMpU BO3AEHCTBUM Ha HEro 3a-
OCTPEHHOTO OO¥iKa.

PaccmoTpum cxemy Bo30ykIeHHs, KoTopas obecre-
YHBAET KOJIeOATEeIbHO-3aTYXAIONIMIA XapaKTep H3MCHCHUS
TOKa BO30YXKICHHS HHIYKTOpPA, MPH KOTOPOM pEaH3y-
FOTCSl HanOoJee BBICOKUE ANIEKTPOIMHAMUYECKUE ITOKa3a-
temn JINOII (puc. 1) [13].

DJIeKTPOAUHAMUYECKIE XAPAKTEPUCTUKH U TO-
kazateaun JIMIII ¢ aBoiinbiM sikopeM. Paccmorpum
BIMSIHAE TEOMETPHUYECKHUX MMapaMeTPOB Ha dJEKTpoOMeXa-
Hudeckrne mnpoueccsl JIMOIl WMHAYKOHMOHHOTO THIIA C
JIBOWHBIM sikopeM. Ha puc. 2 mpencrtaBieHsl MIOTHOCTH
TOKOB B MHJIYKTOPE j; U B 00€UX YacTAX SKOps j,=f3, Be-
JIUYUHA f3 ¥ UMIYIbC Fy; D1V, neiicTByromume MeKIy
nepeHen U 3aiHel 4acTsIMU ABOWHOTO sikops At JINOIT
C UCXOJHBIMU MapaMeTPaMH.

B mannOM JIMOII TokM B HHAYKTOpE U SKOPE M3Me-
HSIOTCS TI0 KOJIeOaTeIbHO-3aTyXal0IeMy 3aKOHY TPaKTH-
YecKH B MpoTHBOdaze. MakcMManbHas BEIHMYUHA TLIIOT-
HOCTH TOKa B HMHIYKTOPE COCTaBisIeT ji,=215,8 A/MMZ,
a B KaXJOW M3 OJMHAKOBBIX YacTedl ABONHOTO sSIKOps —
Jon= J3mn=299,7 A/mmv>. SY umeroT popMy 3aTyXaromux
MOJSIPHBIX ~ UMITYJIBCOB, 4YacTOTa CJIEOBAHUSI KOTOPBIX
NPAKTAYECKH B 2 pa3a BBIIIC YaCTOThI KOJICOAHUS TOKA
UHIyKTOpa. MakcuManbeHas BennunHa OJ1Y, neicTByro-
IIUX B MIPOTHBONOJIOKHBIE CTOPOHBI HAa MEPEHIO U 3a-
HIOIO YacCTH JBOMHOTO SIKOPSI, COCTABISET fa3,~=11,99 kH. A
BeIMUuHAa ummnyiabca DAY MeXIy 4YacTAMHU JBOMHOTO
sKopsi cocTtaBisieT F,3=4,59 H-c. K koHmy neiictBus

TOKOBBIX HMITYJIbCOB TPEBBIILICHUE TEMIIEPATYPbI UHIYK-
Topa cocraBisier 0,=0,4 °C, a npeBbIILIEHHUs] TEeMIIEPaTyp
qacreit skopst — 6, = 6; = 0,17 °C.

j9MMM25 “fZ’ KH, FZ5HC
500

40172
400 /r\ 100 Fzz3
300 / \/
oL\
100 %

0 N Nz
i AN

-300

Jr.z :Jré Jr.l

-400
0 0,25 0,5 0,75 10 ¢, Mc

Puc. 2. Onexrponunamuueckue xapakrepuctuxku JINOIT
C UCXOJHBIMH [TapaMeTPaMu

[pu akcwanpHOM ynamenun 3YS ot mHAyKTOpa Ha
paccrostHre Az;3=6 MM HaOIIOHAIOTCS CIEAYIOIINE U3Me-
Herusa (puc. 3). Tox B ITYA k KOHIy mepBOro moiyre-
pHO/ia HECKOJIBKO OTIEPEkaeT TOK MHIYKTOPa, B TO BPEMs
Kak TOK B 3US HaxoIuTCs C HUM MPAKTUYECKH B MPOTH-
Bodase. [1o cpaBrenuto ¢ JINMDII ¢ uCXOAHBIMU MTapaMeET-
paMu B JaHHOM CJIy4a€ MaKCHUMaJibHas IMJIOTHOCTH TOKa B
WHIYKTOpE ji, yMeHbinaerca B 1,06 pas, B T4 j,, —
yBennuuaercs B 1,05 pas, a B 3U4 j;,, — yMeHbInaeTcs B
1,92 pasa. B pesynbraTe 3TOro MakcumalibHasi BEJITMYHHA
DY, nmeiictByromas Ha [TYS f5,, yBennunBaercs B 1,07
pas3, va 344 f;,, — ymenpmiaercs B 4,55 pa3, 9TO IPUBOAUT
K YMEHBIIICHUIO CYMMAapHBIX YCHIIHH f>3, B 1,55 pas.

J,Ahvm?; 7 &H; F;, He

400

405
300 ,

407,
200 /72
100 &
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100 72323
|
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\\_/ j_l
-100 \
-200
.:'2\
-300
4005 0,25 0,5 0,75 1,0 £,mc

Puc. 3. Dnexrpoanaamudeckue xapakrepuctiku JINIII, y koto-
poro 3USl ynanena Ha paccrosHue Az;3=6 MM OT HHIYKTOpa
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Umnynsc DAY, neiictByromuit Ha IT451, F,, yBenu-
yuBaercs B 1,05 pas, Ha 3US F,; — ymensmmaercs B 4,73
pas, 4TO MPHUBOJIUT K YMEHBILIEHUIO CYMMapHOTO UMITYJIb-
ca DY mexnay yactamu sikops Fp; B 1,58 pas.

Jnsa nannoro JIMOII npeBbiiieHne TeMnepaTypsl UH-
nykropa 6, ymensiiaercs B 1,33 paza, [IS1Y 6, — yBenmuuBa-
ercs B 1,075 pas, a 345 6; — ymenbiuaercs B 4 paza.

Ha puc. 4 mpezacraBieHbl 3aBUCHMOCTH 3JIEKTPOJIH-
Hammuueckux mokazareneid JIMDII ¢ nBOHHBIM sKOpEM
mpu ynaneanu 3YS ot mamykropa. Ilpu ynamenun 345
OT MHJYKTOpa Ha PaccTOSHUE § MM MaKCHMaJIbHbIC ILIOT-
HOCTh B MHIyKTOpe cHImxkaercs B 1,07 pas, B [T — yBe-
nuauBaetcs B 1,1 pa3, B 3US — ymensmaercs B 2,91 pas.

JrAMMZ: F, He

0,5

0,41

0,31

£

0,2 1

0,11

0 t t t t t t i
1 2 3 4 5 6 Azj;,Mm 8

Puc. 4. 3aBUCUMOCTb JIEKTPOIMHAMUYECKUX TTOKa3aTeIel
JIUDII ot paccrosuust Azi; Mexxay uHIykKTOpoM u 3451

MakcumanbHas BenuuuHa DJ1Y, neicTByromux Ha
144 f5,,, yBenmmuuBaercs B 1,17 pas, na 34 f5,, — ymeHb-
maercs B 13,12 pa3, 4To NPUBOAUT K YMEHBUICHUIO CyM-
MapHBIX YCHIHUH fr3, B 1,62 paza. Ummynec D1V, neiict-
Bytomux Ha [TYf, F,, yBemmumnBaercs B 1,14 pa3, va 34U
F.; — ymensbiiaercs B 12,1 pa3, 4To OpUBOOUT K YMEHb-
[IeHNI0 CyMMapHOTo ummyibca DY F.y; B 1,64 pas.

[Tpu 3TOM TpeBHIIICHUE TEMIIEPATypPHl HHAYKTOpa O
ymeHbaercst B 1,16 pasa, II514 6, — yBenuuuBaercs B
1,18 pas, a 344l 6; — ymenbiaeres B 6,63 pasa.

PaccmoTpuM BIMsIHME TeOMETPHUYECKUX ITapaMeTpoB
uHAyKTOpa Ha nokazatenu JIMDII ¢ nBOMHBIM sKOpeM.
OnmHUM U3 TakuX TOKa3aTenei sBISETCs] TOJNIIMHA Mea-
HOW IIWHEI b, BIUSIONIAS HA YUCIIO BUTKOB HHIYKTOpPA V.
Ecnu mmHa umeet ceuenne a xb=6,8x2,6 MM2, TO UHAYK-
Top mMeeT N;=26 BHUTKOB. Ecnm mmHa mMeeT cedeHue
axb=68%x14 mm>, TO HHAYKTOp mMeeT N;=56 BHUTKOB.
[Ipu yBenuueHNH 4nciIa BUTKOB MHAYKTOpa Vi, a 3HAYUT
MIPY YMEHBUICHUN TOJIIUHBI MEIHOW IMIMHBEI b, TIPOHUCXO-
IUT yBEIMYEHHE BCEX OCHOBHBIX mokazarteneil JIMOII
(puc. 5) Ilpu yBenuueHUH 4ucia BUTKOB HHAYKTOpa OT 26
10 56 MakcuUMaibHas IUIOTHOCTh TOKa B MHIYKTOPE jj
BO3pacTaer B 1,5 pas, a B 00eHX 4acTAX SKOPS J2,= j3m — B
1,73 pa3za.

DTO MPHUBOAMT K TOMY, YTO MaKCHUMAabHAs BEITHYH-
Ha DJ1Y, necTByIOIMAs MEXKAY YaCTIMU SIKOPS f23,,, BO3-
pacraeT mpaKTUYecKH B 3 pasa, a BeIMYMHA HMMITyIIbCa

DY F,; — B 3,3 paza. OgHaKo MpU 3TOM MPOUCXOIUT
YBEJIMUYCHUE MTPEBBILICHHI TeMIepaTypbl HHAyKTOpa 0 B
2,82 pa3a, a obeux yacteit sikops 6, = 63 — B 3,37 pasza k
KOHILy paboyero IuKIa.

JEAMME; F, He;0,°C

0,5

0,41

03+

26 31 36 41 46 Ny, mr 56

Puc. 5. 3aBUcUMOCTB NMEKTPOAUHAMUYECKHX U TETIOBBIX
nokazareneit JIMDII ot uncna BUTKOB HHIYKTOpa V|

[Ipu yBennyeHNN MUPUHBI METHOW MIMHEI, 4 3HAYUT
U OIMPUHBI HHAYKTOPA, IPOUCXOANT YMEHBIIIEHHE OCHOB-
HeIx mokazarteneit JIMDII (puc. 6). Ilpu yBenmueHnn
MIUPUHBI METHON MWHBI @ 0T 4,8 MM 10 9,8 MM, a 3HAYHT
U mupuHel HHAYKTopa H; ot 10 MM 10 20 MM, MOXHO
OTMETUTH CIEIYIOUINe 3aKOHOMEPHOCTH. MakcumalbHast
IUIOTHOCTh TOKa B MHAYKTOPE jj,, YMEHBIIACTCS 3HAUYH-
TesbHO (Goiiee yeM 2 pasa), a MaKCHMaJIbHBIE TUNIOTHOCTH
TOKOB B 00€HMX YaCTSIX SKOPS j2,= j3, CHIDKAIOTCS HE3Ha-
gutensbHO (B 1,1 pa3). MakcumansHas BemmauHa DY fi3,,
MEX]Ty 9acTsIMH SKOpsi yMeHbImaercs B 1,3 pasa, a Benu-
guHa ummynbca DY F,; ymensmaercs B 1,2 pasa. [lpu
3TOM MPEBBINICHHUS TeMIIEpaTyp MHIAYKTOpa #; yMeHbIa-
FOTCS 3HAYUTENBHO (MPaKTUYeCKH B 4 pasa), a MpeBbIIIe-
HUSI TeMmreparyp sikopst 6, = 03 yMEHbIIAIOTCS He3HAYH-
tenbHO (B 1,1 paz).

JkAMmME; Fy; o He; 0,°C

0,5

047

0,11 Tl

0

10 12 14 16 Hy, MM 20

Puc. 6. 3aBHCHMOCTB NMEKTPOINHAMUYECKHX U TEMIOBBIX
nokazareneit JIMDII ot mupunbl nHAYKTOpa H,
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Koncrpyknus u ob6pasen JIUII pns yHuurto-
skeHnss nHpopmanuu Ha SSD HakonuTese. Ha ocHo-
BaHUM ITIPOBEJCHHBIX HCCIIENOBaHWN pa3paboTaHa KOH-
crpykuus JINOII, npenqHazHa4eHHOTO AJIT YHHYTOXKEHUS
UHQOpMaIUK, Pa3MELICHHOW Ha TBEPAOTEIbHOM LH(D-
poBoM SSD Hakonurene ¢ pacHpeesIeHHON MO MOBEpX-
HOCTH TIaMAThIO [8].

YCTpoiCTBO COAEPKUT HHAYKTOp | B BUIE ABYX
00MOTOK la 1 10 ¢ BHEITHUMU DJIEKTPHYECKUMH BBIBOJA-
MH 2, MEXIy KOTOPBIMH pACIIOJIOKEHA HWHIYKTOpHAs
HeMeTaundeckas TuractuHa 3 (puc. 7). BeimonHeHHbIE B
(dhopme oBasia OOMOTKH MHAYKTOpPa | HAMOTaHBI COTIACHO
110 MarHUTHOMY TOJIIO U3 €AWHOTO JICHTOYHOTO MPOBOJA
1 TIPY TOMOIIN 3TIOKCHIHOM CMOJIBI COEANHEHBI ¢ HHITYK-
TOPHOM TIACTUHOM 3.

VYerpotictBo cogepaxur ITUA 4 u 3UA 5. Unaykrop
1 3aduKCHpOBaH OTHOCUTENBHO OOBEKTAa BO3ICHCTBHS —
uudpoBoro SSD HakomuTens HHPOPMAITUN 6 TIPH TTIOMO-
Y QUKCUpYOLIel CKOObI 7, OXBAaTBIBAIOIIUX HX MPSIMO-
nuHeHbIe yyacTku. [lepenHsis 4acTh ckoObl 7a OXBaThI-
BaeT nu(ppOBOH HAKOMUTENH 6, a 3aIHASA YacTb CKOOBI 70
oxBarbiBaeT 3YS 5. Yactu ckoObl (PUKCHPYIOTCS MEXIY
co00i1 mpu oMoy pa3beMHBIX (hruKcaTopos 8.

2
la
16
11
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3
6
4
9
a
la 16 5 4 3 9 10 12
A B / / / /
! [ ! [ Fa" I.' ’s’ Ilf
[ ] 70
L
s 5 =8
I ™7a

o

Puc. 7. O6mwuii Bup (@) 1 nonepeunoe ceuenue (6) JINDI1
ULl yHAYTOXKEHHs1 nHpopMaruu Ha SSD HakomnwuTesne

YIapHbI1 UCHOJIHUTEIbHBIA 3JEMEHT COACPKUT
YIOPSIIOYCHO PACIOJIOXKECHHBIE 3a0CTPEHHBIE OOWKH 9 B
(dbopme 3akaneHHbx rBO3feH. Illnsmka kaxkaoro Ooiika
pacnionoxkena mexay [TYS 4 u ynapHoii mnactunoi 10, a
CTEp>KHH OOWMKOB BBINOJHEHB B (hOpPME 3a0CTPEHHOTO

KOHyca M 3a()MKCHPOBAaHBI B OTBEPCTHAX yJApHOM ILIa-
ctubl 10. ITYA 4 n ynapuas niactuHa 10 coequHEHBI
Mmexay coboit. ITYS 4, 3US 5, unnykTopHast 3 u ynapHas
10 macTUHBI BEIONHEHB! B ()OpME NPSIMOYTOJBHUKOB,
4TO COOTBEeTCTBYeT (hopMme 1udpoBoro SSD Hakonures
nHdopmanuu 6.

B ymioBeIX yuyacTkax HMHAYKTOPHOM IUIACTHHBI 3
MEPIEHANKYIISIPHO 3aKPEIUICHbl HaNpaBIIONINE CTOMKH
11, xoTOpBIe IPOXOIAT Uepe3 HANPABISIONINE OTBEPCTHA
MY 3YA n ynapaoit tractiss! 10.

Hamnpasmnsitolmye CToiMKH NPUCOEOUMHEHBI K HHIYK-
TOpHOM mIacTuHe 3. YCTpPOHCTBO COAEPKHUT IIIOCKYIO
npyXuHy 12, cpeaHsas 4acTb KOTOPOH B3aMOAEHCTBYET C
yaapHoil mactuHoil 10, a ee KOHLBI 3aKpemIeHbl OTHO-
CUTENIBHO 3aJHel M TepenHel JacTel CKOOBI B pa3beM-
HBIX (puKcaropax 8. B MCXOAHOM COCTOSIHUM ITPY>KUHBI 12
CBOEH CpeAHEH YacThi0 MPIDKMMACT YAAPHYIO IUIACTHHY
10 Bmecte ¢ [TY4 4 k o6MoTKe HHAYKTOpa 10, 2 0OMOTKY
la—x 344 5.

[Ipu HEOOXO0IMMOCTH YHHUTOXKEHUSI HHPOPMALHH,
pa3MeleHHOH Ha TBepaoTedabHoM IuppoBom SSD
HaKOIUTEeNe, HAaIpUMep, MpH MOCTYIUIEHUM CHUTHaja o
HECaHKIIMOHUPOBAHHOM JOCTyIleé K ero uHpopManuu
MPOUCXOAUT paspsisi EMKOCTHOTO HAKOIHTENIs SHEPTUU
Ha UHAYKTOp. IIpM 3TOM HPOUCXOAUT NepeMeleHue
ynapHoit miactuHbl 10 ¢ GoiikamMu 9, KOTOpBIE MPOHHU-
KaloT B MaccuB LU(POBOro HakonuTens 6, 6e3Bo3Bpar-
HO YHHYTOKasl HaXOJSIIyIOCs Ha HEM HH(pOPMAIHIO.

Kpome toro, ITHSA u 3YS sxpaHUpyrOT MarHUTHOE
noje, BO30yXKIaeMoOe WHIYKTOPOM, 4YTO OJIarompHsTHO
Juisl OJM3KO PACIIOJIOKEHHBIX JICKTPOHHBIX M OHOJIOTH-
4eCKUX 00beKTOB [14].

Ha ocHOBaHMM TpPOBEIEHHBIX HCCICIOBAHUI ObLI
pa3paboTraH 3KcrepuMeHTanbHBIN oOpaseny JIMDII wuH-
JIYKIMOHHOTO THIIA C ABOMHBIM SIKOPEM.

Jns nmpoBeneHns SKCIePUMEHTAIBHBIX HCCIIEI0Ba-
Huit JINDII ucronp30Baics JUOTHO-TUPUCTOPHBINA OJIOK,
JIEKTPOHHBIN OJOK (HOpPMHUpPOBaHMS HMITyJIbca C KOH-
JICHCATOpaMM, AKKyMyJSITOP M ITyCKOBOE YCTPOWCTBO
(puc. 8,a). Ilpn sSKCcHEpUMEHTAIBHBIX UCCIEIOBAaHUIX B
KadecTBe 00BEKTa BO3JEHCTBHS NCIOIH30BATACH MHOTO-
ClIOIHas KOHCTPYKIWSA, HaOpaHHAs U3 TOHKUX CTaJIbHBIX
nucToB, noanepteix auctamu JICII u cTexnoTekcToauTa.
Takast KOHCTPYKIMS TI03BOJIsSJIa BHU3YalbHO OLEHHUTH
TIIyOWHY TPOHUKHOBEHUS OOMKOB B OOBEKT BO3IEHCT-
Bus. Kak mokaszaiu 3KCIEpHMEHTHI, Iociie cpabaThiBa-
Hust JIUOII Goek 3¢ ¢dexTHBHO NMPOOUBAN NMPAKTUYECKU
BECh OOBEKT BO3/IECHCTBH.

Ha puc. 9 noka3ansl onbiTHBEI 00pasen JINIII nuH-
JYKIIMOHHOTO TUIA C JABOMHBIM SIKOpPEM, IpeAHa3Ha4YeH-
HBIN JUIsl yHUYTOXeHMs1 nHpopManuu Ha SSD HakomnwuTe-
JIe W pe3yJbTaTbl €ro BO3AEHCTBHS HAa MHOI'OCJIOWHBIN
oOpaseir.

B onbiTHOM 00pasne MHIYKTOp OBIT MOKPHIT JEKO-
paTHBHOI YepHOI TUIEHKOW M OBUTH YCOBEPIICHCTBOBAHEI
¢uKCUpyromue CKOOBI, KOTOPBIE BBIMTOIHSIN (YHKIUIO
Hapy>XHOTO KOpIyca W TOJIHOCTHIO OXBAaThIBAJIM OOBEKT
BosaeicTBusa u 3USL.
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Puc. 8. O6opynoBanue mnst ucnbiranus JINIII (a), sxcnepu-
MeHTalbHbIH o6pazen JINIII B ucxoxHOM nonoxeHud (6) u
rmocye cpadbaTeiBaHus (8)

a o

Puc. 9. OnprtHeIi 06pazen JIUDII mis yHuaTORKEHUS HHPOpMA-
uun Ha SSD HakonwmTene (@) ¥ pe3ynbTaThl €ro BO3AeHCTBHS
Ha MHOTOCJIOHHBIN 00paser (6)

BbiBoabl.

1.Ilpu momomM MaTeMaTHYeCKOH MOJAENH, YUUTHI-
BAIOIIE B3aMMOCBA3AHHBIE 3JIEKTPUYECKHUE, MAarHUTHEIE,
TEIUIOBBIE M MEXaHWYECKHE IPOIECChl YCTaHOBJIEHO
BIIMSIHUE T€OMETPUYECKUX MapaMeTpoB Ha IIEKTPOAMHA-
MUYECKHE XapakTepucTuku U nokxasarenu JIMOII unnyk-
LUOHHOTO THUMNA C JBOWHBIM SIKOPEM, OXBATHIBAIOLIUM
HMHIYKTOP C IPOTHUBOMOJIOKHBIX CTOPOH.

2. OmpeneneHsl MyTH NOBBIIIEHUS CHJIOBBIX ITOKa3aTe-
neir JINDII — mMakcuManbHOW BEMHMYMHBI M HMITYJIBCA
UEKTPOJMHAMUYECKUX YCHINH MEXy 4acTAMH JBOHHO-
ro sKopsl. BriepBble yCTaHOBJIEHO, YTO CHIIOBBIC IOKa3a-
tem JIMOII yBennumBaroTCs NMPH MaKCHUMAaJIbHOM IPH-
OmKeHnM 00enx 4acTedl JBOWHOTO SIKOpS K WHIYKTOpPY,
IIPY YBEJIMUCHUU YHCJIa BUTKOB M HEM3MEHHBIX rabapu-

Tax WHAYKTOPA, IPU YMEHBIICHUN IIUPUHBI MEIHOW IIH-
HBI ¥ IIUPHUHBI HHIYKTOPA.

3. Pa3paboTaH ¥ 3KCIIEPUMEHTAILHO UCIBITAH 00pa3sely
JINDIT uHAYKIIMOHHOTO THUMA C JIBOHHBIM SKOPEM, Mpe/l-
Ha3HA4YEeHHBII Ul YHUYTOXEHUs MH(POpPMalMH, pa3Mme-
IIEHHO Ha TBepAOTeNbHOM nudpoBoM SSD HakomuTee.

CIIMCOK JIMTEPATYPHI
1. Tomamesckuid J[.H., Komkun A.H. MogenupoBanue mnu-
HEHHBIX DJICKTPOJBHUIATENCH HMITyIbCHOTO JeHcTBHs // Dek-
TporexHuka. — 2006. — Nel. — C. 24-27.
2. Wsammu B.B., ITenues B.I1. OcobeHHocty quHAMUKH pabo-
TBl M DHEPreTHYECKHMX [HMAarpaMM HMILYJILCHOTO BJIEKTpOMAr-
HHUTHOTO IIPUBOJA IPHU NAPAUICIBHOM H IOCIIEJOBATEIEHOM
COCJIMHEHUH OOMOTOK BO30OYXIeHHS // DJNEKTPOTCXHUKA. —
2013. — Ne6. — C. 42-46.
3. Bolyukh V.F., Luchuk V.F., Rassokha M.A., Shchukin LS.
High-efficiency impact electromechanical converter / Russian
electrical engineering. — 2011. — vol.82. — no.2. — pp. 104-110.
doi: 10.3103/51068371211020027.
4. bomox B.®., Illykun WU.C. JlunHeliHble WHIYKIMOHHO-
IUHAMHUYEeCcKHe mpeoOpasoBarenu. Saarbrucken, Germany: LAP
Lambert Academic Publishing, 2014. — 496 c.
5. Usanos B.B, Ilapanun C.H., Hozapun A.A. IlonyaBroma-
THYECKash YCTaHOBKA MAarHHTHO-HMITYJbCHOTO IPECCOBAHHS
nopouikoB // Matepuanosenenue. —2011. — Ne 7. — C. 42-45.
6. Young-woo Jeong, Seok-won Lee, Young-geun Kim, Hyun-
wook Lee. High-speed AC circuit breaker and high-speed OCD
// 22nd International Conference and Exhibition on Electricity
Distribution (CIRED 2013). — 2013, 10-13 June, Stockholm. —
Paper 608. doi: 10.1049/cp.2013.0834.
7. bomox B.®., lllyxun U.C. BricokoaheKTHBHBIE UMITYIIbC-
HbBIC DJICKTPOMEXaHMYECKHE W 3JICKTPOMArHUTHBIC YCTPOHCTBA
YHAYTOKEHHST HHpOpManuu Ha UUPPOBBIX HAKOMUTENSX //
EnextporexHika i enekrpomexanika. — 2015. — Ne5. — C. 36-46.
doi: 10.20998/2074-272x.2015.5.05.
8. Tlar. P® Ne 2654163, MIIK G11C 13/00, GO6F 21/60.
VerpoiictBo  yHHUTOKEHHsT HH(OpPMAIMK, pa3MELICHHON Ha
TBeppoTenbHOM 1ubppoBom SSD nakomurtene / bomox B.®D.,
Jlyuyk B.®., Hlykun U.C. — 3asBka Ne 2017109042. 3assi.
17.03.2017. Omy6m. 16.05.2018, Brom. Ne 14.
9. Bissal A., Magnusson J., Engdahl G. Comparison of two
ultra-fast actuator concept / IEEE Transactions on Magnetics. —
2012. - vol48. - mno.ll. — pp. 3315-3318. doi:
10.1109/tmag.2012.2198447.
10. US Patent 8686814: HO1H77/00. Electric switching device
with ultra-fast actuating mechanism and hybrid switch compris-
ing one such device / Schneider Electric Industries SAS.
01.04.2014.
11. Bomox B.®., Jlanbko B.I"., Onekcenko C.B. Biusinue Ha-
PY’KHOTO 3KpaHa Ha 3(Q(EKTHBHOCT JMHEHHOTO MMITYJILCHOTO
JIEKTPOMEXAHUYECKOr0  Mpeodpa3oBareist  MHIYKIHOHHOTO
tuna // DnekrporexHuka. — 2018. — Ned. — C. 63-69. doi:
10.3103/s106837121804003x.
12. bomox B.®., Kouepra A.U., Hlykun U.C. Dnexrpomexanu-
YeCKHEe MPOLECChl B JHMHEHHOM HMITYJIbCHO-HHIYKIHOHHOM
JIEKTPOMEXAaHUUECKOM Ipeobpa3oBaTene ¢ MOABMKHBIM HH-
IYKTOPOM U IBYMS sIKopsiMu // EnexTpoTexHika i exekrpomexa-
Hika. — 2018. — Ne2. — C. 11-17. doi: 10.20998/2074-
272X.2018.2.02.
13. bomox B.®., Kouepra A.W., llykun U.C. HMccnenoBanue
JIMHEHHOTO MMITYJIbCHO-MHIYKIMOHHOTO 3JIEKTPOMEXaHHYECKO-
ro mpeoOpa3oBaTelis IIPU PA3IMYHBIX CXeMax MUTAHUS MHIYK-
Topa // EnexrporexHika i enekrpomexanika. — 2018. — Nel. — C.
21-28. doi: 10.20998/2074-272X.2018.1.03.
14. bomox B.®., Kouepra O.l., Illykin 1.C. IlopiBHsIbHHUI
aHaJi3 KOHCTPYKTUBHUX THUITIB KOMOIHOBAaHUX JIHIHHHUX IMITyJIb-
CHHX EJICKTPOMEXaHIYHUX IepeTBOproBaviB // TexHiYHA eIeKT-
ponunamika. — 2018. — Ned. — C. 84-88.

22 ISSN 2074-272X. Enexmpomexnixa i Enexmpomexanixa. 2018. No5



REFERENCES
1. Tomashevsky D.N., Koshkin A.N. Modeling of linear im-
pulse electric motors. Russian Electrical Engineering, 2006,
no.l1, pp. 24-27. (Rus).
2. Ivashin V.V., Penchev V.P. Features of the dynamics of
work and energy diagrams of pulsed electromagnetic drive with
parallel and series connection of excitation windings. Electrical
engineering, 2013, n0.6, pp. 42-46. (Rus).
3. Bolyukh V.F., Luchuk V.F., Rassokha M.A., Shchukin LS.
High-efficiency impact electromechanical converter. Russian
electrical engineering, 2011, vol.82, no.2, pp. 104-110. doi:
10.3103/s1068371211020027.
4. Bolyukh V.F., Shchukin LS. Lineinye induktsionno-
dinamicheskie preobrazovateli [Linear induction-dynamic con-
verters]. Saarbrucken, Germany, LAP Lambert Academic Publ.,
2014. 496 p. (Rus).
5. Ivanov V.V., Paranin S.N., Nozdrin A.A. Semiautomatic
installation of magnetic pulse compaction of powders.
Materialovedenie, 2011, no.7, pp. 42-45. (Rus).
6. Young-woo Jeong, Seok-won Lee, Young-geun Kim, Hyun-
wook Lee. High-speed AC circuit breaker and high-speed OCD.
22nd International Conference and Exhibition on Electricity
Distribution (CIRED 2013), 2013, 10-13 June, Stockholm,
Paper 608. doi: 10.1049/cp.2013.0834.
7. Bolyukh V.F., Shchukin L.S. High-performance electrome-
chanical and electromagnetic pulse devices for destruction of
information on digital drives. Electrical engineering and elec-
tromechanics, 2015, no.5, pp. 36-46. (Rus). doi:
10.20998/2074-272x.2015.5.05.
8. Bolyukh V.F., Luchuk V.F., Shchukin LS. Ustroistvo
unichtozheniia informatsii, razmeshchennoi na tverdotel'nom
tsifrovom SSD nakopitele [A device for destroying information
located on a solid state digital SSD drive]. Patent Russian Fed-
eration, no. 2654163, 2018. (Rus).
9. Bissal A., Magnusson J., Engdahl G. Comparison of two ultra-
fast actuator concept. /[EEE Transactions on Magnetics, 2012,
vol.48, no.11, pp. 3315-3318. doi: 10.1109/tmag.2012.2198447.
10. Schneider Electric Industries SAS. Electric switching device
with ultra-fast actuating mechanism and hybrid switch compris-
ing one such device. Patent USA, n0.8686814, 2014.
11. Bolyukh V.F., Dan’ko V.G., Oleksenko S.V. The Effect of
an External Shield on the Efficiency of an Induction-Type Lin-
ear-Pulse Electromechanical Converter. Russian Electrical
Engineering, 2018, vol.89, no.4, pp. 275-281. doi:
10.3103/s106837121804003x.
12. Bolyukh V.F., Kocherga A.I., Schukin L.S. Investigation of a
linear pulse-induction electromechanical converter with differ-
ent inductor power supply circuits. Electrical engineering &
electromechanics, 2018, no.2, pp. 11-17. (Rus). doi:
10.20998/2074-272X.2018.2.02.
13. Bolyukh V.F., Kocherga A.I., Schukin I.S. Investigation of a
linear pulse-induction electromechanical converter with differ-
ent inductor power supply circuits. Electrical engineering &
electromechanics, 2018, mno.l, pp. 21-28. (Rus). doi:
10.20998/2074-272X.2018.1.03.
14. Bolyukh V.F., Kocherga A.A., Shchukin I.S. Comparative
analysis of constructive types of combined linear pulse electro-
mechanical converters. Technical electrodynamics, 2018, no.4,
pp. 84-88. (Ukr). doi: 10.15407/techned2018.04.084.

Hocmynuna (received) 22.06.2018

Boxtox Bradumup @edoposuy’, 0.m.1., npod.,
Kawancxuii FOpuii Bradumuposuy', mazucmpanm,
Kouepea Anexcandp Hsanosuu', acnupanm,
L]yxun Hzopo Cepzeesuul‘z, K.M.H., O0Y.,
HanuonanbHblit TEXHUUECKUH YHUBEPCUTET
«XapbKOBCKUH MOJTUTEXHUYECKUIT HHCTUTYTY,
61002, XappkoB, yi. Kuprnnuesa, 2,
ten/phone +38 057 7076427, e-mail: vibolyukh@gmail.com
2000 dupma «TITPA, Ltd»,
61002, XappkoB, yn. Kuprnnuesa, 2,
tei/phone +38 057 7076427, e-mail: tech@tetra. kharkiv.com.ua

V.F. Bolyukh', Yu.A. Kashanskij', A.I Kocherga', LS. Schukin"*
!"National Technical University «Kharkiv Polytechnic Institute»,
2, Kyrpychova Str., Kharkiv, 61002, Ukraine.

2Firm Tetra, LTD,

2, Kyrpychova Str., Kharkiv, 61002, Ukraine.

Investigation of linear pulse electromechanical converter of
induction type with double armature intended for destroying
information on SSD storage device.

Purpose. The goal of the paper is to determine the influence of the
linear pulse electromechanical converter (LPEC) parameters with
a double armature on its electrical, power and temperature indi-
ces and experimental verification of the proposed design for an
information destruction device in a flat SSD storage device.
Methodology. Using the mathematical model that takes into
account interrelated electrical, magnetic, thermal and mechanical
processes, the influence of geometric parameters on the electro-
dynamic characteristics and the indices of the induction type
LPEC with a double armature spanning the inductor from oppo-
site sides is investigated. Results. It is shown that the currents in
the inductor and armature change in accordance with the oscilla-
tion-damping law practically in antiphase. The maximum value of
the current density in the inductor is 215.8 A/mm’, and in each of
the identical parts of the double armature it is 299.7 A/mm’. The
maximum value of electrodynamic forces (EDF) acting in oppo-
site directions on the front and rear of the double armature is
11.99 kN, and the value of the EDF pulse is 4.59 N-s. Originality.
1t is established that with axial removal of the rear part of the
armature from the inductor, the maximum current densities in the
inductor decrease, in the front part of the armature increase, and
in the rear part of the armature decrease. The maximum value
and the pulse of the EDF between the armature parts decrease.
With an increase in the number of turns in the inductor and a
decrease in the thickness of the copper bus, all the basic indica-
tors of the LPEC increase. With an increase in the number of
turns of the inductor from 26 to 56, the maximum EDF value
acting between the parts of the armature increases almost 3 times,
and the magnitude of the EDF pulse is 3.3 times. With an increase
in the width of the copper bus and the width of the inductor, the
main indicators of the LPEC decrease. With an increase in the
width of the inductor from 10 mm to 20 mm, the maximum EDF
between the armature parts decreases by 1.3 times, and the value
of the EDF pulse decreases by 1.2 times. Practical value. Based
on the conducted studies, an induction-type LPEC model with a
double armature was designed and tested experimentally, de-
signed to destroy information located on a solid-state digital SSD
storage device. References 14, figures 9.

Key words: linear pulse electromechanical converter of in-
duction type, double armature, electrodynamic processes,
digital SSD storage device, experimental sample.
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IO.M. BacbkoBebkuii, M.B. Tona, 1.B. Komukap

EJJEKTPOTEHEPATOP B CUCTEMI PEKYHEPAIIIl EHEPT'TI
MEXAHIYHUX KOJIMBAHb TPAHCIIOPTHUX 3ACOBIB

Y cmammi pozenaoaemoca cucmema pexynepauyii enepzii mMexaniuHux KOJaueanb MPAHCHOPMHUX 3AC00I6 6 KOPUCHY eNeKmpo-
enepeilo, AKA HAKONUUYEMbCA 8 AKYMYAAMOpHii 6amapei. OOHUM 3 OCHOBHUX e/leMeHMIE MAKOT cucmemu € eneKmpozeHepamop,
AKUIL NEPemeopIoe MexXaHiuny enepeilo Konueans waci mpancnopmuozo 3acody e enekmpuuny emnepzito. Taxoow po3znanyma
npoénema eubopy ma onmumizayii KOoHcmpykuyii i napamempie zenepamopa. 3 02140y Ha 0coOIUEOCMI YYHKUIOHY8AHHA MPaAHC-
nOPMHO20 3aCcO0y HANOINbUL OOUINLHUM MUNOM 2eHEPAMOPA 8 MAKIN CUCHeMI € CUHXPOHHUIL 2eHepamop 3 NOCMINHUMU MAZHi-
mamu, AKUI Mae cymmesi KOHCMPYKMUGHi iOMIiHHOCMI 6i0 MPAOUUIHHUX CUHXPOHHUX MAWIUK 3 ROCMINHUMU MAZHIMamu.
Kpumepiem onmumizayii 2enepamopa ¢ makcumanvna eenuduna 0irouozo snavennus EPC, axka indykyemubca ¢ 00momuyi cmamo-
pa. 3a pesynbmamamu mooenio6anHa HA OCHOGI NOILOBOT MamMeMAMuUYHOT MOOeNi OMPUMAHO CYKYRHICIb 3HAYEHb Y3azanbHe-
HUX Koeiuichmie, AKi Xapakmepuzyioms ONMUMaibHy zeomempiro cenepamopa. bion. 4, tabin. 1, puc. 7.

Knrouosi cnosa: cucrema pexkynepanii eJieKTpoeHeprii, CHHXpOHHMII reHepaTop, NOCTilHi MarHiTH, MaTEMaTHYHA MO/EJb.

B cmamse paccmampueaemcsa cucmema peKynepayuu Inepeun MeXauuieckKux Koaeoanui mpancnopmHuix cpeocme 8 1eKmpo-
IHEPIUI0, KOMOPAsA HAKANIUBAEMCA 8 AKKYMYAAMOPHOI bamapee. OOHUM U3 OCHOBHBIX ITEMEHMOE MAKOU CUCHIEMbL ABTIACMCA
INEKMPO2eHePAmop, KOMOPuLil nPeodpasyen MexanuiecKylo IHepeuIo Koaedanuii waccu mpancnopmmuozo cpeocmed 6 1eKmpo-
anepzuto. Takoce paccmompena npoonema evifopa u onmumusayuu KOHCHMPYKUUU U RAPAMEMPO8 2enepamopa. Yuumuviéas
0CoOOeHHOCIU YHKUUOHUPOBAHUA MPAHCHOPMHO20 CPEOCMEa HAUDONee Yeaeco0OPA3HbIM MUNOM 2eHepamopa é maKoi cuc-
meme AGIAEMCA CUHXPOHHbLI 2eHEPAMOpP ¢ ROCHOAHHLIMU MAZHUMAMU, KOMOPbLLI UMEEm CYU4eCMEeHHble KOHCIPYKMUGHbLE
omauuus om MpAaAoUUUOHHBIX CUHXPOHHBIX MAUWIUH C ROCMOSAHHbIMU mMaznumamu. Kpumepuem onmumusauuu zenepamopa
Aensemca Haudoavuwan eeruuuna oeiicmeyiouiezo 3nauenusn 3/1C, unoyyuposannoii ¢ oomomxe cmamopa. Ilo pesynomamam
MOOenuposanus Ha 0CHOGe NOJIEGO MAMEMAMUYECKOI MOOeNU NOSIyYeHA COBOKYNHOCIb 3HAUEHUTI 0000uiennbIX KoIduyu-
EeHM 06, XapaKmepu3ylouwux OnmumMaibHylo ceomempuio cenepamopa. butn. 4, tabn. 1, puc. 7.

Kniouesvie cnosa: cucreMa pexkynepamuu 3JIEKTPOIHEPrHU, CHHXPOHHBIH IeHepaTop, MOCTOSIHHbIE MATHUTHI, MaTeMaTHYe-
cKast MOJeJib.

Beryn. Bumoru 111010 po3iupeHHs: (pyHKIiOHAIBHUX
MOXJIMBOCTEH CydYacHHX TpaHCHOPTHUX 3acobiB (T3)
3arajbpHOrO 1 CHEUiaJIbHOTO MpHU3HAYEHHST 00YMOBIIIOIOThH
BUKOpHCTaHHS Ha Oopty T3 HOBMX HPHUCTPOIB 1 CHCTEM,
JUIs poOOTH SIKMX MOTPiOHI JONATKOBI MOTYXHOCTI JDKe-
pen enexTpoxxuBieHHS. OCKUIBKY ycs €Hepris, SIKy OTpH-
Mye T3 mns cBoro (pyHKI[IOHYBaHHS, HAIXOAWUTH BiJl BHU-
KOPUCTaHHS 3alaciB MEPBUHHOTO €HEProHOCis (3a3BHYal
Lie aJKMBO JBUTYHA BHYTPIIIHBOTO 3rOPSIHHS), TO IOAAT-
KOBI JDKeperna eJIeKTPOKUBIICHHS MOXKHA OTPUMATH JIHILIE
HAa OCHOBI MPHHIMUIIB €HEPro30epeXeHHS — ILITXOM
BUSIBJICHHS 3aiiBUX BTpaT eHeprii B T3 1 po3poOku cucteM
NIePETBOPEHHS YAaCTHHM LUX BTPAaT B KOPHCHI 3amacu
eJIeKTpoeHeprii akymyiisatopHoi Oatapei (AB). Onuiero 3
TaKMX € CHUCTEMa EJEKTPOMEXaHIYHOIO IePETBOPEHHS
eneprii Mexaniunux komuBanb (CIIEMK) maci T3, siki
BHUHMKAIOTH Mif 4ac pyxy T3. Po3poOka Ta mocmimpkeHHs
TaKMX CHUCTEM BXKE IIPOBOJUTHCS PAIOM 3aKOPAOHHUX
komnadiii — Bose, Levant Power Corp, Audi [1-3]. Ha-
NpUKIaL, NOTYXHicTh cuctemMu eROT mis merkoBoro
aBToMoOuTst pipmu Audi cknanae 1o 613 BT Ha moraHoMy
TTOKPHUTTI, a Ha 3BU9aiHuX Tpacax — 100-150 Bt. B Vkpa-
1HI 3a3Ha4eHi PO3POOKHU TINBKH MOYUHAIOTHCS, MPHUOMY
iX BHKOPHCTAaHHSI MOXK€ OyTH HaWOUIBIN MOIIBHUM Ta
e(heKTUBHHUM ]ISl BETMKOBAHTAXHKUX T3.

MeTo10 CTATTi € OTPUMaHHS 3a pe3yJlbTaTaMu MaTe-
MaTU4YHOTO MOJEJIOBaHHS ONTUMAJbHUX MapameTpiB
CHHXPOHHOTO TI'€HEepaTopa, L0 BXOAMTH JIO CKJIQJy CHC-
TEMH €JIEKTPOMEXaHIYHOTO IEePETBOPEHHs eHeprii Mexa-
HIYHHUX KOJHMBAHb IIACI TPAHCIIOPTHOTO 3ac00y.

3araapnuii anamis. [Ipu piBHOMipHOMY pyci T3 mo
ieaTpbHO PIBHIA MOBEPXHi (IOPO3i) iCHYE piBHOBara Cui

TsoKiHEA miapecopeHoi macu (IIpM) T3 i peaxuii mpyx-
Horo enemeHTa miaBicku. [Ipm mpomy IIpM HE poOuUTH
BEPTHKAJIbHUX KOJIMBaHb, @ €HEPTisl JIBUTYHA BUTPAYA€Th-
Csl TUTBKH Ha MOJIOJIAHHS CUJIM TEPTS KOJIC 00 MOBEPXHIO.
[Tpn HasiBHOCTI Ha J0pO31 CXOAMHKH YHU3 TJIHOUHOIO /4,
Kosieca T3 IIBHIKO OIMyCKAOTHCS BHU3, 1 IMiJ] IEF0 BUHU-
kjoro aucbanancy cun [IpM oryckaeTbesi BHM3, 3MEH-
IIYIOYH CBOIO IOTEHLIHHY €HEPrilo Ha BEJIHYHHY
AW =mgh (1

ne m —maca [IpM, g — npucKopeHHs BITbHOTO IMagiHHSA.

[Ticnst BUHUKHEHHS 3racal04yuX KOJIHBAHb, B PE3YJib-
TaTi SIKMX 3a3HaueHa €Heprisi PO3CIIOETHCS B aMOPTHU3ATO-
pax MiJIBICKH, peXHuM piBHOMipHOTrO pyxy T3 BiagHOBIIIO-
eTbesi. [Ipy HassBHOCTI Ha JOPO3i CXOIUHKH YBEPX MOTEH-
niiHa eHeprisi [IpM 30inblnyeThest 3a paXyHOK €Hepril
NPUBOJHOTO JIBUTYHa. B mporeci konnBaHb Bi0OyBa€eThCs
B3aeMHe IepeminieHHs Heminapecopenoi (HIIpM) i miape-
copenoi Mac T3 y BepTHUKaIBHIH IDIOMIHHI, SIKE TO3BOJIAE
CTBOPUTH CHCTEMH EIICKTPOMEXaHIYHOTO IEPETBOPEHHS
eHeprii MexaHiYHUX KOJIMBaHb B KOPHCHY EIEKTPOCHEp-
rito. [Ipu HasIBHOCTI Ha JOPO3i PALy CXOAWHOK (HEpPiBHO-
CTeH, M) 3a3HAYEHUH MPOLEC IUKIIYHO MOBTOPIOETHCS.
B peanpHHX yMOBax MOBTOPIOBAHICTH SIM Ha JOPO3i 1 ix
rIIMOMHA HOCATh BUIAIKOBUI Xapakrep. OqHaK s OIliH-
KU J0/IaTKOBUX BUTpAT €HEprii, BUKIMKAHUX BEPTHKAaJIb-
HUMHU KosmBaHHsMH T3 mpu pyci mo HepiBHIH 10po3i,
MOXHa BECTH EKBIBaJICHTHY YacTOTy IIOBTOPIOBAHOCTI
NpoLeCy KOJIMBaHb f B yMOBaxX OJHAKOBOi MIIMOWHHU 5IM /.
Yacrora BracHux konusasb [IpM T3 3a3Buyaii Hanamro-
By€eThcs Ha BenuuuHy 1...2 I'i, 1 BOHN 3aBISKH MOTYKHAM
aMOpPTH3aTOpaM 3aracaroTh 3a AEKiJIbKa KOJHBAHb.
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PosrisHemo npuknaan Baxkux T3: 1) BaHTaXHMINA aB-
tomo0ime KpA3-253b, i#oro cmopsmkeHa maca (CM)
cTanoBuTh 11,5 T; 2) Oponerpancnoprep BTP-4 Bynedan
— CM nopisuioe 21,9 1. Ilpunyckaroyu, 10 CHiBBiIHO-
mwenns HIIpM i IIpM nopiBaioe 1:15, mo XxapaktepHO
i Oyne-sikux T3, Benwmuuan [IpM IOpIBHIOIOTH BifIo-
BimHo 10,7 1 20,4 ToHH. 3a OJHE KOJWUBAHHSA TaKOi MacH
Ha riubuny A2 = 0,05 M 3miHa noreHuiitHoi exeprii [IpM
ckiane BignoBigHo AW = 5,24 i 10 x/Ix. Sxmo mpu pyci
T3 1o mepeciyeHiit MiCIEBOCTI Taki KOJIHMBaHHS IMOCTIHHO
MTOBTOPIOIOTHCS, HANPHUKIAL, 3 yacToToro f = 0,2 I'ry (rre-
pion KonmMBaHHA 5 ), TO MOTYXKHICTH, III0 BTPAYa€THCS B
amoptu3aropax T3 TOpiBHIOE:

AP=AW - f 2)
a6o BigmoBigHo AP = 1,05 i 2 xBt. OTpumana ominka
CBIIYUTH MPO 3HAYHI BTPATH MOTYXKHOCTI ABUTyHa T3 B
aMOpPTH3aTopax, MO POOUTH MOUITHFHUM ii TIEPEeTBOPEHHS
B €JICKTPUYHY €Heprito, HakonwmdeHH: ii B Ab 1 momanpme
BUKOPHCTAHHA B CIIOXKUBYHMX cucTemMax T3.

Jia iHTerpanbHOi OWIHKHA TOTYXHOCTI MEXaHIYHHX
KOJIMBaHb 3 ypaxyBaHHSM Pi3HUX (haKTOpiB, IO BILUIMBA-
I0Th Ha 1i BEJIMYMHY, MOXKHa BBECTH KOE(DILIEHT MOTYX-
HOCTI MEXaHIYHUX KOJUBAHb

k, =mhf , (r-m/c). 3)
Tak, nius HaBeaeHUX npukiamiB npu AP = 1,05 kBt
maemo k, = 0,107, a mpu AP = 2 kBT xoedimieHT n0piB-
Hioe k, = 0,204. OueBugHo, IO TakKi X BeauyuHu AP
MOJKHA OTPHMATH IIPH IHIIMX 3HAYEHHSIX MacH, TITHOWHU
CTYTICHI 1 YaCTOTH MOBTOPEHHS KoJIMBaHb. Hampuknazn, 4P
= 1,05 kBt moxxHa orpumatu ipu m = 5,36 T, h = 0,05 m
if=04Tuadompum=8T1, h=0,06wm1if=0,223 T
3 ypaxysanusaMm Bupasie (1) i (2) maemo mpocTy yHiBep-
callbHy (OPMYITY JUISL OLIHKHA BEIIMYUHU MOTYKHOCTI, IO
BTpavaeTbest npu pyci T3 1o HepiBHIN 10po3i:
AP = gke : (4)
B3aemue nepemitenns [IpM i HITpM nipu pyci T3 B
CKJIQJIHUX JOPOKHIX YMOBaxX HaJla€ MPUHIMIOBI MOXIIH-
BocTi Juist crBopenHst CIIEMK T3.

CrpykrypHa Onok-cxema CITEMK mpencraBinena Ha

puc. 1.

] IIpHCTpiH HepeTBOpPeHHA
IlTaci T3 MOCTYTATBHHX PYXIB B
oGepToBi
AKYMYIATOPHA } Enekrpo-
Oarapes L TeHepaTop

Puc. 1 CrpykrypHa 610k-cxema CIIEMK

PoGora CIIEMK BinOyBaeThCsl HaCTyIHUM YHHOM.
B3aemui 3BopoTHO-noCcTynanbHi nepemimeHHs [IpM i
HIIpM uepe3 mMexaHI4YHUIA MEPETBOPIOBAILHUN TPUCTPIl
MIEPETBOPIOIOTHCS B OHOCIIPSIMOBAaHHUH 00epTalbHUI pyX
pOTOpa eJIEKTPOreHepaTopa, B SIKOMY 3JiHCHIOETHCS Iie-
PETBOpPEHHSI MEXaHIYHOI €Heprii B eNeKTPUYHY EHEprilo.
3MiHHA HampyTra HAa BUXOAI TeHepaTopa BUIPAMIIIETHCS Y
Bumpsmiidi 1 3apsmkae Ab. Takum umaOoM, B CITEMK
BiIOyBa€ThCA IMEPETBOPEHHS IapaMeTpiB eHeprii B Ha-
CTYIHIM MOCIIZOBHOCTI: «MEXaHIYHa €HEeprisi 3BOPOTHO-

MOCTYMATBHOTO PyXy — MEXaHidyHa eHepris o0epToBOro
PYXy — eNeKTpUYHa €HEpTis 3MIHHOTO CTPYMY EJIEeKTPO-
reHepaTopa — eJICKTPOCHEPTis MOCTIHHOTO cTpymy AB».

EnexTporeHeparop CTBOPIOE TaIbMYHOUHN €IIEKTPO-
MarHiTHUI MOMEHT, SIKWil TPOTUJIIE BUMYILIEHUM KOJIMBaH-
HaM maci T3. Takum ynaOM, CITEMK 31ilicHIO€E ABi KOpH-
CHI (yHKLII: @) NepeTBOPIOE YACTUHY SHEeprii MEeXaHIYHUX
KonuBaHb T3 B KOpHUCHY eNeKTpuuHy eHeprito Ab;
0) cnpusie raciHHIO KOJMBaHb IMIACi, TOOTO YaCTKOBO BHKO-
Hye ¢(yHKOii amoptuzartopa. Cimij 3a3HauUTH, MO Jpyra
(dyHKIIS B Bakkux T3 He € ocCHOBHOIO, ocKinbku CITEMK
B BXKHX T3 HE MOXE 3aMiHUTH TPaIUIliiHI aMOPTHU3aTO-
pH, a MOXKE JMIlIe B HE3HAYHId Mipi JOMOBHIOBATH iX.
Takum unHOM, ronoBHoto Qyskuieto CITEMK e crBopenHst
Ha 6opty T3 H0aTKOBOTO JPKEpENa eIeKTPOKHBICHHSL.

MoaenoBaHHS Ta AOCJTiIKeHHs eJeKTporeHepa-
Topa CIIEMK. BaxnuBuM esneMeHTOM, SIKHH B 3HaYHIN
Mipi BHU3Hayae eQEeKTHUBHICTh peKymnepauii eHeprii B
CIIEMK, € enexTporeHeparop. AHaii3 IOKa3ye, 10 3
ypaxyBaHHsIM ocobmmBocTel ¢yHkuionyBaHHs CIIEMK,
ONTHMAJIBHUM THIIOM Te€Heparopa € Tpu(azHHH CHHXPO-
HHHUIA TeHepaTop 3MIHHOTO CTPyMYy 3 IOCTIHHUMH MarHi-
tamu Ha potopi (CT'TIM).

3acrocyBaHHs nocTiiHuX MarHiTiB (IIM) sx mxepen
MAarHiTHOTO MOTOKY 30YIKEHHS € ONTHMAaJbHUM TEXHid-
HUM pinieHHsM. [Ipy LbOMy y reHepaTopa HeMae TpUBa-
JIOTO CTaJOr0 PEXHMYy POOOTH — BiH 3aBXKIM MPAIOE B
MEPEXiTHUX PEKUMAaX 31 3MIHHOKO IBUIKICTIO 0OCpTaHHS
BaTy. MexaHIYHUI MOMEHT, III0 IPHUBOANUTH '€HEPATOp B
o0epTaHHs, Mae BHNAJAKOBHHA IMITyJIbCHUH Xapakrtep,
00yMOBJIeHUH NOpoXHIMH ymMoBamu pyxy T3. ['onoBHH-
MH TIMTaHHSAMH MPOEKTYBAaHHS €JEKTPOTeHeparopa e:
a) omnTuMi3alisl KOHCTPYKIIi TeHepaTopa 3a OOpaHHM
KpHUTEpieM 3 ypaxyBaHHSIM IMOBIPHICHHX 3MIHHHX Xapak-
TepucTHK pyxy T13; 0) omiHKa MOXJIHMBOI YacCTKH €Heprii
MeXaHIYHUX KoJHMBaHb T3, sika Moke OyTH IepeTBOpeHa B
EJIEKTPUYHY EHEPTil0 3 ypaxyBaHHIM JIONYCTHMHUX raba-
putHux xapaktepuctuk CITEMK.

BpaxoByroun peaibHi yMOBH (DYyHKLIOHYBaHHS
CI'TIM B cknani CIIEMK #oro KOHCTpYKIis 1 mapameTpu
MaloTh psin cyrTeBuX BiaminHocte# Big CITIM tpamu-
LIHOrO BUKOHAHHS. A caMe:

1. AHami3 AOMiTEHOI KOHCTPYKTHBHOI KOMITOHOBKU
CI'TIM nHa maci T3 moka3sye, mo 3aranbHa KOH(DIryparis
TeHepaTopa IOBHHHA OyTH (JIOBIOIO» — BiJHOIIEHHS
JIOBKHHH OCEPJIsl CTATOpa JI0 HOT0 30BHITHLOTO JliaMeTpa
JEKMTH B Jiana3oHi 3Ha4ensb [;/ D;=2,5...3,5.

2. CepenHsi MBHIAKICTE 00EPTaHHS POTOpaA, Ky MOXKE
orpumaru reseparop B ckiani CIIEMK, € BizHocHO He-
Besnkoro: 1, = 200...400 06/xB . Tomy Juisi OTpUMaHHs
npuitaatHol BeanmunHu EPC oOmotkm cratopa CITIM,
sKa IPOINOpLiifHa MIBUAKOCTI 3MIHM Yy 4aci MarHiTHOTO
MOTOKO3YEIUICHHS! (YacToTi), 'eHepaTop IOBUHEH MaTH
JIOCTAaTHBO BEJHMKY KITBKICTh TOJIOCIB — KUIBKICTH Iap
TIOJTFOCIB TOpiBHIOE p =4...5.

3.3 ypaxyBaHHSIM MOXXJIMBOCTEH PO3MIIIEHHs Oararto-
MOJIFOCHOT TpH(a3HOi OOMOTKHM CTaTOpa B OCEPIi Majoro
JiamMeTpa KiJIbKICTh KOTYIIOK Ha TOmoc 1 (pazy oOMOTKH
cTaropa JOPIiBHIOE ¢ = 1, a KiNBKICTh Ma3iB ocepas craropa
nopisHioe Z; = 24...30. 3 ypaxyBaHHSIM WX JaHUX HPOEK-
TYBaHHsS CTAaTOpa BUKOHYETHCA I10 3arajlbHUM METOJUKaM
MPOEKTYBaHHsI €JIEKTPUYHNX MaIllUH 3MiHHOTO CTPyMY.
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4. 3 MeTOor0 3a0e3MeueHHs] BUCOKOTO PiBHS HAMIHHOCTI
CITIM pouinbHO BHKOpUCTOBYBatu potop 3 IIM, siki
MaroTh paJiajibHUIl HaIlPSIMOK BEKTOpa HaMarHi4yBaHHS i
3aKpIIUIIOIOTECS HAa TIOBEpXHi (pepoMarHiTHOro sipmMa po-
Topa. Ha puc. 2, sk mpuxiaj, MOKa3aHO MOMEPEUHUIA
riepepi3 akTHBHOI 30HU Bapianty CI'TIM.

5. BaxxiBe 3HaUeHHsI Mae paBUIBHUK BUOip mapame-
tpiB [IM. IIpn npomMy HeoOXigHO OOTPYHTYBAaTH KpUTEPIi,
3a SIKUMH IIei BHOip OBHHEH BUKOHYBaTHcs. Ha BiaMiHy
Bin tpanumitanx CITIM mist reHepartopa, mo (yHKIIiO-
Hye B ckimani CIIEMK, He BHCYBa€eTbCs BHMOTA IIIOIO
CHHYCHOT'O PO3MO/LIYy MarHiTHOI iIHAYKIIT y HOBITPSHOMY
MPOMDKKY y370BX momrocHol mominku. EPC i crpymu
cTaTtopa He 00OB’S3KOBO MalOTh 3MIHIOBATHCS Y Haci 3a
CHUHYCOIJTHMM 3aKOHOM, OCKiJIbKH HaBaHTakeHHsM CITIM
B ckiani CIIEMK e Bunpsmisu i Hamami AB (puc. 1).
Kpurepiem Bubopy napamerpiB I[IM ¢ maxcumanvha se-
auduna Oirouozo 3navennss EPC oOMoTkn cratopa mpu
BHUKOHAHHI {HIIMX PIBHUX YMOB.

Puc.2. [Tonepeunnit nepepiz aktueHoi 30un CI'TIM

VY3araipHEHUMH TEOMETPUYHUMHE [IapaMeTpaMu, sKi
xapakrepusyioTh [IM B koHCTpYKLii CI'TIM, €:

e koedinieHT GOpMHU MarHiTy — BiTHOIIEHHS LIMPUHU
MarHity nio ¥oro Bucoru k, = b, / h,. 3a3Buuai, 3 ornsany
Ha BUMOTH OO TPOCTOTH Ta TEXHOJOTIYHOCTI BHKO-
HaHHA poTopa, [IM BHKOHYIOTH y BUTJISALI IPU3MHU 3 TIPS-
MOKYTHOIO (hOpPMOIO ITOTIEPEYHOT0 TIepepizy;

® Koe(illi€eHT TOJIIOCHOTO MEPEKPUTTS — BiTHOIICHHS
LIMPUHU MarHiTy poTopa 10 TOJIFOCHOT MOJIIKK pOTOpa
a=b,/t

e koedili€HT BUCOTH MAarHiTy, SKHH XapakTepu3ye
BigHomeHHs Bucotu IIM 1o paxiycy poropa kg = 4,/ Ry;

® KocillieHT BiAHOCHOI BEJIMYMHM IMOBITPSIHOTO POMI-
KKy — BIIHOLICHHS BHUCOTH TOBITPSIHOIO MPOMDKKY MDXK
CTaToOpOM 1 POTOPOM JI0 MOJIFOCHOT TIOJUJIKK poTopa ks = 0/1.

BapiroBaHHs 3a3Ha4eHUX KOE(ILi€HTIB MPHU ONTUMI-
3anii mapamMerpiB MarHiTy MOBUHHO BiJOyBaTHCS 32 yMO-
BH HE3MIHHOCTI B KOXXHOMY BapiaHTi IUIONII Tepepizy
(00’emy) IIM S, = b,'h, = const, OCKiTbKH 301IbIIEHHS
00’emy [1M, a 3HAYUTH i HOTO MAarHITHOTO MOTOKY, CaMO
o co6i 30impirye EPC cratopa i TOMy HE I03BOJISE BU-
3HAYUTH ONTUMAaIBHY TeomeTpiro CITIM.

3a3HaueHi Koe(illieHTH XapaKTepU3ylTh HE TUIbKH
reomeTpito camoro IIM, ame i #Oro CrHiBBiZHOIICHHS 3
reOMETpIEr0 IHIMX ejgeMeHTiB aktuBHOI 30HM CITIM.
TakuM 4YHMHOM 3a7ada ONTHUMI3allii 3BOJUTHCS JO 3HAXO-

IDKeHHSI eKCTpeMyMy (QYHKLIT METH — Maxcumymy 0itoyo-
20 3uayennss EPC obmomku cmamopa TpU BapilOBaHHS
3a3HAa4YEHUX KOE]ILIEHTIB 3 ypaxyBaHHSIM OOMEKEeHb Ha
X BEJIMUMHH, SIKI BUTIKAIOTh 3 MOXIIMBOCTEH KOHCTPYK-
TUBHOTO BUKOHAHHs TreHeparopa. Taka ontumisaiis BU-
KOHY€ETBCS IIJIIXOM MAaTEMaTHYHOTO MO/ICITIOBAHHS.

MaremaTnyna moaeas CITIM. Posrnspaerscs
nosiboBa MaTtemaruuHa monensb CI'TIM 3 pyxomum poto-
pOM, siKa TO3BOJISIE IPOAHAII3yBATH Y Yaci elIeKTpOMarHi-
THI TIPOIIECH, 0 BUHHUKAIOTH NIpU 00epTaHHI poTtopa [4].
PiBHsHHS 115 QyHKIIH Yacy 3aNACYIOThCA TaK:

V x l(V><A—B,) +7/%—yv><(V><A):J, 5)
7, ot

E (0) :quﬂ [E.as, (6)
P s,

ne: A — BEKTOPHUN MarHiTHUH TOTeHIian, B, — BEKTOp
3aaMIIKOBOi MarHiTHOI iHmykuii [IM; u, y — marHiTHa
MPOHUKHICTB 1 EJIEKTPOIPOBIIHICTE MaTepiaiy (3a1al0Th-
Cs Il KOXKHOI 3 Migo0JiacTell po3paxyHKOBOI 00JacTi
3rifiHo 3 iX xapakrepuctukamu — [IM, noBiTpsHUNA TpO-
MIDKOK, (pepomMarHiTHa cTajb, TOLIO); ¥ — BEKTOP ILIBUIKO-
CTi pyXy AUISHOK pPOTOpa BIAHOCHO CHUCTEMH KOOPJIMHAT
craropa; J = Iina / Sp— rycTvHa cTpyMy B OOMOTLI CTaTO-
pa, sKa BU3HAYAETHCS 32 3aJaHUMH 3HAYCHHAMH CTPYyMY,
YHUCIIOM TIOCTIIOBHO 3’€IHAHWUX IPOBIIHUKIB B a3y CTa-
TOpa 7 Ta YaCTHHOIO IUIOMNII MEPeTHHY Iaza crartopa Sp,
SKa IPUXOJMUTHCS Ha OJHY HapajleNbHy I'UIKY.

BexTtop B, moBuHEH BigoOpaXkaTH 0OpaHUN HaIpsiM
HamarHiuyBaHHs [IM. BekTop MIBHAKOCTI BH3HAYAETHCS
yepe3 3a7aHy KyTOBY LIBHIKICTh poTopa @y 1 pamiiyc-
BEKTOP MOTOYHOI TOUYKH POTOPA V = (WgF.

PiBHsiHHS (5) HOMOBHIOETHCS BiAMOBIMHUME TPAHUY-
HUMH yMOBaMH. 3a3BHYail 11e OJHOPiIHI TPaHUYHI YMOBH
NEepIIoro poJy Ha 30BHIMIHIM TpaHULi PO3pPaxyHKOBOI
obutacTi — sipMi oceplis craropa.

MurtteBe 3HaueHHS EPC dasu craTopa sk QyHKIIT 9a-
Cy BU3Ha4aeThcs (opmymoro (6), Ae iHTerpyBaHHS TPO-
BOJUTHCS O CYMapHill IUIONII MOMEPEYHOro Mepepizy
npoBinHKUKIB (azu. [HTerpyeTbcss HOpMalbHAa CKJIaq0Ba
BEKTOPa HAMPYXKEHOCTI elleKTpUuHOro noss £,(f) — ckia-
JIOBa BEKTOpa HAIPY>KEHOCTI, sSIKa HallpaBjieHa IepIreH 1-
KyJISIPHO 110 TUIOLII Tepepidy NpoBigHUKIB oOMOTKH. Ha-
NPYKEHICTh EJIEKTPUYHOIO T0JIsl TIPH YMOBI, 110 CKaJsp-
HUH eNeKTpUYHMH moTeHmian ¢ = 0, 0OUHCIIOETHCS, SIK
E(t) = —0A/ot. Miroue 3nauenns EPC 3HaxomuThCsl Ha
nepioni 7 3minu QyHkuii £(7)

@

[Ipu oGepranHi poropa BinOyBaeThCs 3MiHA KOH(I-
rypauii po3paxyHKOBOI 00J1acTi 32 paXyHOK 3MIiHU B33a€M-
HOT'O TOJIOKEHHSI CTaTopa 1 eNeMeHTIB KOHCTPYKIIT poTo-
pa, ToOTO KOOpAMHAT YCiX TOYOK poropa. [Ipu obepranHi
poTopa MPOTH FOJMHHUKOBOI CTPIJIKH 3 MOCTIHHOIO IIIBU-
JIKICTIO IPUPICT KOOPJIMHAT TOYOK poTopa Ax, Ay 3a oJuH
KPOK 10 Yacy Af BU3HAYAEThCS:

Ax = cos[a)R -(t+At)~X—sin[a)R -(t+At)]-Y—X] g
Ay =sin[wp - (t + Af)- X +cos[og - (t+ Ar)]- Y = Y]’ ®

ne X, Y — moTouHi KOOpIWHATH TOYOK POTOPA.
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PesyabTaTn MojenoBaHHA Ta  onTuUMi3auil
CI'TIM. Posrasinyro CI'TIM, sikuii Mae HacTymHi jaaHi:
ynciao ¢a3 craropa m = 3; YHCIO Map MOJIOCIB p = 5;
aKTUBHA IOBXuHA [; = 0,26 M; 30BHIIIHIN AiaMeTp spMa
cratopa D = 0,1 m; BHyTpilHiil aiameTp sipmMa poropa,
Dy = 0,022 m; HOMiHamBHA TOTYXHICTH P, = 400 Br;
HOMiHalIbHa (fitoua) (ha3Ha Hampyra OOMOTKM CTaTopa
U, = 16 B; HOMiHalbHAa dYacTOTa OOEpPTaHHS pOTOpa
Mpom = 200 06/xB. TTocTiiiHuiT MarHiT Ma€ HaCTYIIHI Xapa-
krepuctuku: B, = 1,18 T, u, = 1,065.

Ha puc. 3 npencrasneno gacosi 3anexxnocti EPC cra-
TOpa Ul Pi3HUX 3HAYCHBb KOEQII[iEHTa IMOJFOCHOTO Iepe-
kputts: 1 — mpu o = 0,69; 2 — a = 0,58; 3 — a = 0,49;
4 — a=0,36. 3 HaBeICHUX 3aJIEKHOCTEN BUIHO, 11O 3pOC-
TaHHA o MMPU3BOAWUTHL OO 36iﬂblﬂeHHﬂ HIUPpUHU KPHUBHUX, a
3HA4YUTh N0 30LbLIeHHs Aitodyoro 3HadeHHs EPC mpu
MIPaKTUYHO He3MiHHIH i1 ammiiTyai. Tobro mmpuna IIM
CYTT€BO BIUIMBA€E HA BEJIMUUHY E.

Po3paxyHKn BHUKOHAHO B PEXHMi XOJIOCTOTO XOIy
rereparopa. Ha puc. 4, 5 nmpeacraBieHo 3aJIeKHOCTI aMII-
TiTyau (IyHKTHPHA JIiHIA) 1 AIF090T0 3HA4YeHHS (CyIiIbHA
niHis) EPC oOMOTKH cTaTopa Bin BiAMOBiAHO KoedilieH-
Ty HOJIIOCHOTO MEPEKPUTTsI o 1 KoediuieHty dhopmu mar-
HiTY k, Ipu yMOBi He3MiHHOCTI 00’ emy IIM.

E.B
20

E.B

10 ! ! | | } | } } } |
035 04 045 05 055 0,6 065 07 075 ¢

Puc. 4. 3anexxnocti EPC Big koeodiuienty a
E,B

—— e — —— —— — — ——
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Puc. 5. 3anexnocti EPC iz koedinienty £,

HageneHi 3aJIe)KHOCTI CBiAYaTh, 110 MPH MPAKTHIHO
He3minHii ammuityni EPC BukopuctanHst OUIbII MIMPO-
Kux 1 He BHCOKHX IIM Beme 10 3pOCTAaHHS AiF0YOrO 3HA-
yenns EPC.

Hanmipae 3pocranss mupuau [IM € HEeAOIITbHIM,
OCKIJIbKM BOHO OOMEKYEThCSl 30UIBIIEHHSIM MAarHITHUX
MOTOKIB po3ciroBanHst Mk [1M, siki po3ramoBaHi nopy,
a TaKOX KOHCTPYKTMBHUMHM YWHHUKamMu. OnNTUMajbHI
3Ha4YeHHs KoediienTis: k, =2,5...31a=0,75...0,8.

3a3HayeHUH BHCHOBOK MiITBEPKYIOTH PO3paxyH-
koBi 3anexsocti EPC Bix xoedinieHTy BHCOTH Marity
kg = h, / R,, 306paxeHi Ha puc. 6. Po3paxyHKH BUKOHaHI
NpH HE3MiHHIH WMpPUHI MarHiTy b, = 6 MM i BapitoBaHHi
BHUCOTH MarHiTy Bix 3 mo 8 mm. Ilpm Bapiamisx 00’em
MarHiTiB 30u1bIIyeThCs B 2,67 pa3iB. HaBeneni mnaHi cBif-
yartk, o npu kg > 0,2 3pocranns EPC maibke He BinOy-
BAa€ThCS, TOOTO BHUKOHAHHS 3aHAATO BHUCOKHMX MATHITIB €
HEJIOIIEHUM.

Ile obymoBieHo TuMm, 1o yactura [IM, posrariosa-
Ha OuIs ipMa poTopa, MPAKTUYHO «HE NPUIMAE yqacTi» y
CTBOPCHHI MAarHITHOTO MOTOKY B3a€EMOIHAYKIII poTopa 3
0OMOTKOIO CTaTopa, a CTBOPIOE JIMIIE IIOTOKH PO3CIIOBaH-
s [IM. Tomy 3Ha4YeHHs KoediLli€HTY BHCOTH MAarHiTy
JIeKaTh B Jiiana3oHi 3uaueHs kr = 0,1...0,13.

BenmuuHa MOBITPSHOTO MPOMIKKY MiX CTATOPOM i
poropom BrutuBae Ha EPC oOmoTku cratopa. Ha puc. 7
300pakeHo uwacoi 3anexxHocti EPC oOMoOTKH craropa
s BemmuuH: 6 = 0,5 MM (mosHadeHo mwmporo 1);
0,75 mm (uudpa 2) i 1 mm (tdpa 3), sKuM BiAIOBITAIOTH
3HA4YEHHS KOe(Ili€HTy BIIHOCHOT BEJIMYMHH MOBITPSIHOTO
npoMiXKy ks = 0 /7= 0,053; 0,04 1 0,0265.
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Puc. 6. 3anexnocti EPC Bix koedimienty kg

Puc. 7. Yacosi 3anexnocti EPC Big koediuienty ks

Po3paxyHku mnpoBesieHi mpu (iKCOBAaHOMY 3HaYEHHI
mmpuan [IM. 3 HaBeIeHUX JaHUX BUIHO, IO HABITH MPH
JIBOKpaTHOMY 30UIbIIEHHI J B MeXaX, sKi MOXKYTb OyTH
00yMOBJICHI KOHCTPYKTHBHUMH YHHHHKAMH, BEIHMYUHA
EPC 3menmyerscs nuie Ha 13,7 %.

AHAJIOTIYHI YHUCIIOBI JOCTIKCHHS TPOBOJIIIIUCS i
i inmmx tanopo3mipiB CI'TIM, B pesynsTari 9oro 0ymino
BCTaHOBJICHO HACTYIHI IPEJCTABICHI B TaOJHIN ONTHMA-
JBHI 3HAYEHHS y3araJbHEHUX T€OMETPUIHHX KoedillieH-
TiB, SIKI JIOLIJIBHO BHKOPUCTOBYBATH NPHU MPOEKTYBaHHI
CT'TIM, mo npusHadeHi 11t podoTu B ckiani CITEMK.
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Bennuuna EPC CI'TIM, a 3Ha4yuTth i €hEeKTUBHICTH
po6otu CITEMK B 3HauHi#i Mipi 3aJI€)KHUTh Bifl IIBUAKOCTI
o0epTaHHsl poTOpa reHepaTopa, sika BU3HAYAEThCS AOPO-
*HIMU yMoBamu pyxy T3. Tomy eHeproemHicth i napa-
metpu Ab, dac 11 3apsiiy, TOIIO TOTPEOYIOTh CleliatbHO-
ro ysromxkenHsa 3 mapamerpamu CITIM 3 ypaxyBaHHSIM
IMOBIPHHUX XapaKTEPUCTHK PyXy KOHKpeTHoro tumy T3.

Tabmums
OnruMainbHi reomerpuyHi kKoeginienta CI'TIM

HaiimenyBanHs koe(ilieHTy UYucnose
3HAYEHHS
BinHOLICHHS TOBXKUHK OCEPIIs CTATOpa 10 HOro 263
30BHIMIHBOTO miameTpy /;/ D; T
KoediiieHT mOaI0CHOIO IEPEKPUTTS
oehin Pep 0,68...0,75
a=b,/t
KoedimieHt popmu Maruity
2,1...2,5
k,=b,/h,
KoeilieHT BUCOTH MarHiT
bin M 0,1...0,16
kR = hﬂ /R2
KoediiieHT BiZHOCHOI BETUYMHHM IIOBITPSHOIO
(iniext pin P 0,04...0,05
MIPOMIKKY ks =0/t

BucHoBkmu.

1. JIomaTKOBUM JIKEPENIOM eJICKTPOXKHBIICHHS Ha OOop-
Ty TPAHCHOPTHOTO 3ac00y MOKe OYTH CHCTeMa eJIEeKTPO-
MeXaHIuyHOT pekynepaiii eHeprii MeXaHIYHHX KOJIMBaHb
miaci T3 mig vac #oro pyxy B enekTpuuHy eneprito Ab.
AHaii3 TiATBEpIKYy€E€ HASBHICTD JOCTATHBOI BEITUYNHHU
eHeprii, sika 3a3Buuail BTpauaeTbcst amopTHzaTopax T3 i
sika MOXke OyTH 4acTKOBO HakonuyeHa B Ab.

2. JIoCiiJDKEHO MapaMeTpd BayKIIMBOTO €JIEMEHTY 3a-
3HA4YEHOI CHCTEMH — CHHXPOHHOI'O reHepaTopa 3 IOCTik-
HUMH MarHiTamu, SIKUM 3 ormisiay Ha ocoONMBOCTI #HOro
(yHKIIOHYBaHHS Ma€ CYTTEBI BIIMIHHOCTI BiJ aHAIOTi4-
HUX TEHepaTopiB TPATUIIHHOTO BHKOHAHHA. BH3Ha4ueHO
onTuManbHi Aianasonn mapamerpis CITIM. Ix umcensni
3HAYEHHS NPEJICTaBJIeHI B TAONHUIl i MOXYTh BUKOPUCTO-
ByBaTHcs npu po3podui CI'TIM B 3a3HaUEHUX CHCTEMaX.
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Electric generator in the recuperation system of the energy
from mechanical oscillations in vehicles.

The paper deals with the system of mechanical energy recupera-
tion of vehicles in the useful electric energy accumulated in the
rechargeable battery. This system creates an additional power
supply on board of the vehicle and, based on the principle of
energy conservation, increases the efficiency of the use of the
fuel of the primary engine. One of the main elements of such
system is an electric generator, which transforms the mechani-
cal energy of the oscillations of the vehicle's chassis into electric
energy. The problem of choosing and optimizing the design and
parameters of the generator is considered in the paper. Given
the peculiarities of the functioning of the vehicle, the most ap-
propriate type of generator in such system is a synchronous
generator with permanent magnet, which has significant struc-
tural differences from conventional synchronous machines with
permanent magnets. The criterion for optimizing the generator
is the largest value of the effective value of the EMF, which is
induced in the stator winding. On the basis of simulation results,
based on the field mathematical model, a set of values of gener-
alized coefficients that characterize the optimal generator ge-
ometry is obtained. References 4, table 1, figures 7.

Key words: electric energy recuperation system, synchronous
generator, permanent magnets, mathematical model.
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AHAJIN3 DJIEKTPOMAT'HUTHBIX BUBPAIIMUOHHBIX CHUJI
B 9JIEMEHTAX KPEIIVIEHUSA CTATOPA TYPBOI'EHEPATOPA K KOPIIYCY
NP1 HEHOMMHAJIBHBIX PEZKUMAX PABOTbBI

Memoto cmammi € 6usnauenna eeauduHu 000amKosux enekmpomaznimuux cun (EMC), aki cmeoproomsca nomokamu po3sciio-
6aAHHA CRUHKU ocepoa cmamopa mypoozenepamopa (TI) é enemenmax 11020 Kpiniennsa 00 Kopnycy npu pooomi 6 HeHOMIHATb-
HUX pexcumax 3a 0anumu iopauiinozo konmponio. Memoouka. Y pooomi 6uKopucmogyeaiu meopiio ei1eKmpomMazHimHux no-
nie, Memoo anpoxcumayia nojainomamu, mamemamuine mooeniosanna ¢ naxemi MathCAD-2000 professional, nonoxcenns
3azanvnoi meopii enexkmpuunux mawiun. Pesynomamu. Bukonano ananimuuni ma yucenvni po3paxynku 000amKoeux 6eJaudun
EMC, cmeoprosanux nomokamu po3ciloeanus CRUHKU ocepos cmamopa 6 enemenmax Kpinaenns TI' 0o kopnycy npu poéomi 6
HEHOMIHANILHUX PEXHCUMAX, W0 6UIHAUAEMBCA HEOOXIOHICMI0 HIYHUX PO36aHmMalceHb eHepzocucmemu. Bcmanoeneno snauennsn
yux cun TI" npu 3mini eudaui ma cnoxcusanna peakmugenoi nomyxcnocmi i npu 3mini nanpyeu. Hayxoea noseuszna. Bnepwe ona
TT, wo npayiorome 6 HEHOMIHALHUX PEHCUMAX, 6UKOHAHI OUiHKa i po3paxynok oooamkoeux EMC é enemenmax Kpinnenns
ocepoa TI' 0o kopnycy, aKi cmeoprwmMbCA NOMOKAMU PO3CII06AHHA CHUHKU 0CEPOA CMamopa i 00noHI0ImMy 0il0 OCHOBHUX
EMC. Busnauenua yux 3ycuib akmyanvno, momy ujo mypoozenepamopu TEC Ykpainu nomyxncnuicmio 200-300 MBm € manes-
PEHUMU ROMYHCHOCMAMU | GUPIUAYIOMb 3A80AHHA RIOMPUMKU Koeiyicnma nomyscnocmi enepzocucmemu. Ilpakmuune 3na-
uenns. byno ecmanogneno, wo akwo TI' yacmo npayioroms 6 HeHOMIHANLHUX PENHCUMAX, 3HOC CUCIMEM KPInneHHA ocepos
cmamopa 00 Kopnycieé 0inbut 3HauHU, HiXC 6 pa3i X podomu minbku 6 HOMIHANbHUX pedxcumax. Ompumani oani 003601amp
Oinbuwt mouno eusHavamu 06caU NPOGEOCHHA PEMOHMHUX POOIm, cKkaadamu zpagiku ix npoeedenns, su3HaYamu Micys ycma-
HOBKU 0aMYUKIE KOHMPOIII0, MOMNCYHb Oymu 6UKOPUCMAHI HA emani npoeKkmyeanus Hoeux mawiun. bioin. 6, tabdn. 2, puc. 2.
Kniouosi crosa: mypbdozenepamop, pexcum Ha6anmaiceHHsA, HeHOMIHANLHULL PeXHCUM, eeKMPOMAZHIMHA CUNd, PEAKMUEHA NO-
mydicHicms, Y3071 KPIinjieHHa oceposa cmamopa.

Llenvio cmamou aenaemca onpedenenue eNUUUHbL OONOTHUMENbHBIX INeKmpomaznumuvix cun (IMC), komopule co3oaomea
HOMOKAMU paccesanus CRUHKU cepoeunuxka cmamopa mypoozenepamopa (TT) 6 rnemenmax ezo Kpennenus K Kopnycy npu pa-
Oome 6 HEHOMUHAILHBIX PEHCUMAX NO OAHHBIM GUOPAUUOHHO20 Koumpons. Memoouxa. B pabome ucnonvzoeanu meoputo
INEKMPOMAZHUMHBIX NOJIEll, MEMOO ANNPOKCUMAUUA ROTUHOMAMU, MameMamuieckoe mooenuposanue ¢ nakeme MathCAD-
2000 professional, nonoscenun oouieit meopuu nekmpuueckux mawut. Pesynomamol. Boinonnensvt ananumuyeckue u 4ucieH-
Hble pacuemsl oonohumensusix geaudun IMC, co30asaemvix NOMOKAMU PACCESAHUS CRUHKU CEPOEUHUKA CIAMOPA 6 )JIeMeH-
max kpennenus TI' kK Kopnycy npu paGome 6 HEHOMUHALHBIX PEIHCUMAX, YMO ONPEOEIAEMCs HEOOXOOUMOCHbIO HOUHBIX PaA3-
2pY30K IHepzocucmemsl. Yemanoegnenst 3nauenus ymux cun TI' npu uzmenenuu 6v10auu u nompednenus peaKmugHoil MoujHo-
cmu u npu usmenenuu nanpaxcenus. Hayunan nosusna. Bnepeuie onsn TI, pabomatoujux é HeHOMUHATBHBIX PEXHCUMAX, BbINOII-
HeHbl oyenka u pacuem oononnumenwvhvix IMC 6 snemenmax kpennenusn cepoeunuxa Tl k Kopnycy, Komopsle co30aromces no-
moKamu paccesanus CRUHKU cepoetHuKa cmamopa u oononusaiom oeiicmeue ochosuvlx IMC. Onpedenenue Imux ycuiuil ak-
myansno, m.K. mypoozenepamopvt TAC Yrkpaunvt mougnocmuio 200-300 MBm aenaomcea ManeepeHHbIMu MOUWHOCMAMU U pe-
waom 3a0ayy noooepicanus KoIgpuyuenma mownocmu nepzocucmemsl. Illpaxkmuueckoe 3nauenue. bvino ycmanoeneno,
umo ecnu TI' wacmo pabomaiom ¢ HEHOMUHATBLHBIX PEIHCUMAX, UZHOC CUCEM KPENNeHUs CePOeHHUKO8 CHAMOopa K KOpRycam
Oonee 3nauumenen, uem 6 cryuae ux padomolt MoJIbKO 6 HOMUHANLHBIX pedcumax. [lonyuennsie dannvle no36osam bonee MoUHo
onpedensams 00vembl NPOBEOCHUS PEMOHMHBIX PAGON, COCIAGNAMb 2PAPUKU UX NPOBEOCHUs, ONPEOENAMb MECHA YCMAHO8KU
0am4uK08 KOHMPONA, MOZYm OblNb UCROTIL308AHBL HA IMANE NPOECKMUPOBANUA HOBbIX Mawiun. bubi. 6, Tabn. 2, puc. 2.
Knrouesvie cnosa: mypoozenepamop, pexcum Hazpy3Ku, HeHOMUHATILHBLIL PEHCUM, INEKMPOMAZHUMHASA CUNA, PEAKMUGHAS MO~
HOCMb, y3e1 KpenieHus cepoeynuKa cmamopa.

Benenne. B Hacrosimee Bpemsi HaOIOmaeTCsl BbI-
COKasi CTENEHb CTApPEHHs NMapKOBOTO 00OpYyIOBaHMS TeEIl-
noBeIx 3nekTpudeckux crannuit (TOC). ITosTomy, ¢ yue-
TOM HalUMOHAJIBLHOM SKOHOMHUYECKON CUTyalluu, cTparte-
TUYECKOW 3ajaveil st YKpauHbl SBJISIETCS MPOJAJICHHE
CpOKa JKCIUIyaTallid U TOBBIIICHUE HAJCKHOCTU MAJIH-
TenpHO paboraromux TypOoreneparopoB (TT7), comep-
MICHCTBOBAHNUE HUX PEMOHTHOI'O O6Cﬂy)KI/IBaHl/ISI n OITHu-
MU3aIMs 3aTpaT Ha MOJCPHU3AIMIO U TEXHUUECKOE Tepe-
BoopyxeHue obopyznoBanust TOC u ADC.

OpnumM 13 Hanbonee 3PQEeKTUBHBIX BapHAHTOB pe-
LIEHUs 9THX 3a]ad SIBJSETCS MOBBIILICHNE KauyecTBa, BHE-
JpEHUE U Pa3BUTHE HOBBIX, a TAK)KE COBEPIIEHCTBOBAHUE
CYIIECTBYIOIINX METONOB auarHoctuku TI, obecmeun-
BAaIOIINX CBOEBPEMEHHOE M ITOJIHOE BBISBICHNE A(HEKTOB
(B TOM umcCIIE U HA paHHEH CTa UM UX PA3BUTHSA), a TAKXKe
TIOJIHOTA U KauecTBO MX ycTpaHeHus. Hagexnocts TI' u
ero Gpu3MUECKUil pecypc B 3HAYUTEIHHOI CTEICHU OIpe-
JeTSIETCs] TEXHUUECKUM COCTOSIHUEM CEpACYHHUKA CTaTo-

pa, B TOM YHUCII€ U CUCTEMBI €r0 KPEMJIeHUs K KOpIyCy.
Hane)xxHoe BBITIONHEHHE y371a KPEIUICHHS OOECIeuHBaeT
HEOOXOZMMBIN YPOBEHb JKECTKOCTH CEPJCYHHKA, BUOPOH-
30JIAIUI0 KOpITyca CTaTopa ¥ (QyHIZaMeHTa OT BHOpAIuii,
BBI3BAHHBIX AJIEKTPOMarHuTHeIME criamu (OMC) akTuB-
HOM 30HBI. B cBOIO ouepelb, HaJEKHASI CUCTEMA Kperie-
HUSI 3aIIUINAET CEPIAEYHHK CTAaTopa OT BHEIIHUX BHOpa-
LM, TepeJaBaeMbIX OT (yHJaMeHTa Yepe3 OIOphl U
MOJIIUITHUKK CKOJIbKeHus1 K koprycy TT', uto ocobeHHO
Ba)KHO B MaHEBPEHHBIX pexuMax padorsi [1, 2].

Ienbio cTaTbu SBISETCSA ONPENEIECHUE BEIUYHHBI
JononHuTenbHbBIX OMC, KOTOpBIE CO3JAIOTCSI MOTOKAMU
paccesiHUsI CIIMHKK CepJeYHHMKa CTaTopa TypOoreHeparo-
pa B 3JIEMEHTax €ro KpelIeHusI K KOpITycy mpu padoTe B
HCHOMMHAJIBHBIX PEXHMax MO JTaHHBIM BHOPAIIMOHHOTO
KOHTPOJIS.

OcHoBHOIi MaTepuan wucciaenopanusi. CormacHo
CTaTUCTUYECKUM JaHHBIM, COOPAaHHBIM JKCIITyaTallHOH-
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HBIM [IEPCOHAJIOM BJIEKTPOCTAHIUI, O COCTOSHUM KOPITY-
COB U cepaeyHuKoB ctatopoB TI', KOoTOpble AIUTETHLHOE
BpeMsi paboTali B HEHOMHHAIIBHBIX pexuMmax (pu Ha-
rpy3ke 70, 50, 30 % ot HoMuHanBHOH) Ha Osokax TOC,
YCTaHOBIIEHO, 4TO 10 cpaBHeHuto ¢ TI', koTopbie pabora-
JI TOJIBKO B HOMHMHAJIBHBIX PEXMMaXx, BEIWYWHA BHOpa-
UM BbIe. BuOparust kopiryca craropa KOHTPOJIMPYETCs
MIEpPUOANYECKH, a U3MEPEHHE BUOpaH 3JIEMEHTOB Kper-
JIeHHs1 aKTHBHOI CTalli CepACYHHKA CTaTopa K pame Kop-
Iyca BBIIOJHACTCS OYEHb PEIKO, TOJIBKO B CIyYasx ode-
BUJIHBIX CHMIITOMOB YXYyIIIEHHS UX BHOPALMIOHHOTO CO-
CTOSHMSA WIM IPH HEYAOBIETBOPUTEILHOM COCTOSHHH
CTAJIBHBIX KOHCTPYKLHMI cTaTtopa (KOHTAKTHAasi KOPPO3Hs,
HOBPEX/ICHNE Y3JIOB KPEIJICHU U JIp.), T.€. YKe 10 (hakTy
Hannuus jaedexra. B Toxxe BpeMsi M3 omnbITa dKCIUTyaTa-
M M3BECTHO, YTO 00beM M 3P (PEKTUBHOCTH PEMOHTHBIX
paboT 3aBHUCAT OT CTaANU pa3BUTH JedekTa.
[MpoBenenne oOcienOBaHMS BHOpAaIUM  CHCTEMBI
KpEIUIEHUsI CEepACYHMKA CBS3aHO C OIpEAEICHHBIMU
TPYIJHOCTSIMH, YTO ONPEAEIAETCS HEOOXOOUMOCTBIO YUH-
THIBATh KOHCTPYKIHMIO Y3JIOB BBIIyCKAa BOAOPOJAA HIIH
BO3JlyXa, BHIBOJOB M3MEPHUTEIILHBIX CHUCTEM M3 KOpIyca
4yepe3 ra3oIUIOTHBIC MANbIEl U IPYrHe 3JIEMEHTHI, HaJU-
YueM JaT4YMKOB BHYTpH TeHepartopa. Ho, ecim ycrano-

BUTh CHCTEMY BHMODOMOHHUTOpPHHIAa KOpITyca 3apaHee,
BO3MOXKHO CBOEBPEMEHHO OOHapyXHTb Ie(eKTbl, KOTO-
pble MOTYT IPUBECTH K CEPHE3HBIM MOBPEXKIAEHUAM U I10-
TpeOYIOT JOPOrOro PEMOHTA, a B OTACIBHBIX CIIydasX -
MOJIHOM 3aMEHbI TeHepaTopa.

OOBIYHO CTIEKTp BHOpaluy, IOJIy4YeHHBIH 110 BUOpa-
LMOHHBIM CHTHAJIaM, CHSTBIM C KOpITyca padOTarolIero
reHepaTopa, BKJIIOYAET B CE0sl OCHOBHYIO TapMOHHUKY C
gactotoil 100 ['m 1 psix TapMOHHYECKUX COCTABIISIOMINX,
KpaTHBIX OCHOBHOH rapmonuke. Tak, mpHu NPOBENECHUU
CEPBHCHOTO OOCITYy>)KHBaHHUSI TypOOTeHEepaTOpoB OJoKa
Ne 4 T'ycmnoozepckoit I'POC (2014 r.), Gmoxa Ne 1
Tl'omensckoit TOI[-2 (2011 1., 2012 1.), Gnoka Ne 15
JIyranckoit TOC (2014 r.) u 6moxa Ne 3 3yesckoit [POC
(2013 1.), ObUIM BBINIOJIHEHBI U3MEPEHUS BUOpanuii Kop-
IIyCOB CTAaTOpOB. BBUIO YCTaHOBJEHO, YTO B pEKHMAax,
OTJIMYHBIX OT HOMHHAIBHBIX, BHOpamus ObUla MakcH-
MaJIbHOH, OCOOEHHO B CpPEIHUX CEUYEHHSX KOPIIYCOB.
B Ttabn. 1 npencraBieHsl JaHHBIE MCHBITAHUH KOpITyca
craropa TtypOoreneparopa TI'B-300-2Y3 OGmoka Ne 3
3yesckoit ['POC. Ha puc. 1 mpuBeneHa cxema pa3mere-
HUSI KOHTPOJIBHBIX TATYMKOB C JIEBOH CTOPOHBI «JD».

Hatauxu 11T — 9I1 mpaBod dYacTH pacmosiOKEeHbI
CUMMETPHYHO.

Tabmuua 1
Bubpanus xopnyca craropa TI" 6moka Ne 3 3yesckoii 'POC TI'B-300-2V3
Benuunna Bubparyu, 2A, MKM
Momunocts TT Howmep Touku
I | 2JT | 31 | 4J1 | 5JT | 6J1 | 7J1 | &J1 | 9J1 | 1IT | 2I1 | 311 | 4I1 | SIT | 6IT | 7I1 | 8I1 | 91
P =288 MBr,
0 = 60 MBAp 10 | 13 | 11 | 23 | 33 | 26 | 25 | 40 | 26 | 19 | 28 | 17 | 41 | 48 | 40 | 39 | 47 | 38
P =220 MBr,
0 =52 MBAp 11 | 15 | 11 | 26 | 34 | 27 | 29 | 42 | 29 | 23 | 29 | 16 | 43 | 51 | 43 | 41 | 53 | 46
P =154 MBr,
0 =52 MBAp 15 | 15 9 28 | 37 | 31 | 31 | 45 | 33 | 28 | 34 | 14 | 49 | 59 | 47 | 47 | 57 | 50
CTopoHa cepleYHuKa. 3HAYCHHE TOTOKA PACCESHHUS Ha CIMHUILY
CTopoHa 071 811 23911 KOHTAKTHBIX o
S Konery MMOBEPXHOCTH (TIOTOKA, KOTOPBIH BBITECHSETCS U3 CepaeU-
E _ . G4r  Gsm oem S—— HHUKa B 30HY KpPEIUICHHS K KOPITyCy) MOXET OBITH Ipe-
crasiieHo [1, 2], Bo/m:
OLI 0211 0371
[ — i R 20 R 20
| VPOREHE MOMTA MAHHHOTO 2412 ‘ (I)dis = Ho st 1 25 1- s s (1)
k Ry

Puc. 1. PacnonoxxeHnue To4ek n3MepeHus: BUOPALK CO CTOPOHBI
neBoit yactu kopiyca TI (ecim cMOTpPETh CO CTOPOHBI
KOHTAKTHBIX KOJICIT)

[Tpn uccnenoBaHusIX Takxke ObUIO OTMEYEHO OCiald-
JICHUE 3alpPECCOBKU IIMXTOBAHHBIX NMAKETOB U OoJiee Jac-
TOE pa3pylICHHEe M30JIALIHA OOMOTKH CTaTtopa I1a30BOH n
JT000BBIX YaCTEH, pa3pylIeHUE CUCTEMBbI KPEIUICHUS Cep-
JIeYHUKa cTaTopa K kopiycy [3].

Jns onpeneneHus NpUYMH yBEIMYEHHS BUOpALMU B
HEHOMHUHAIIbHBIX PEKUMAaX PaCCMOTPHUM U3MEHEHUS JeH-
CTBUA BUXPEBBIX TOKOB, KOTOPBIC HABOAATCA B CEpACUHU-
K€ CTaTopa U B JIEMEHTAX €ro KpereHus k kopmycy 1T
Ot TOKH, KOTOPbIC HABOAATCA IMOTOKAMH pacCCEeiHUA B
3JIEMEHTAaX CUCTEMbl KPEIUIEHHs HIMXTOBAaHHOIO CEpled-
HUKa CTaTopa K KOpIIyCy, a, CI€J0BATENbHO, U BEIUYMUHA
JEHCTBYIOIINX HA CTSOKHBIE MpU3MbL 11 371eKTpOMaruuT-
HBIX CHJ, 3aBUCST OT CTENEHH HACBIIEHHOCTH CHUHKH

rae Uy = 4710”7 Tm/M — MarHuTHas nocrosinHas;, Hg —
aMIUIMTy/Ja TaHT€HIMAIbHONW COCTABIISIOIICH HaNpsDKEH-
HOCTH Ha NOBEPXHOCTH CIMHKU cTaTtopa, A/M;Rs — Ha-
PYKHBIH pajiycC CIIMHKH CEpJCYHHKA CTaTopa, M; T — I10-
JIIOCHOE JIeNieHne, M; R; — BHYTPEHHUH paauyc KopIiyca
cTaTopa, M; 2p — YUCIIO HOJOCOB.

T.o., MOTOK, BBITECHSIEMBIN W3 CEpACYHHKA, MPSIMO
MPOTIOPIMOHANEH HANPSKEHHOCTH MAarHUTHOTO TOJIS B
CIIMHKE CEpJICUHHKA, KOTOpas, B CBOIO O4YepElb, 3aBUCHT
OT UHAYKIUH, T.C. OT peKrMa padboThl reHepaTopa [3].

[Ipn n3MeHeHHnu pexuma padOThl U3MEHSETCS TeM-
nepatypa akTHBHBIX W KOHCTPYKTHBHBIX 4acTeil craropa,
YTO BJIMSCT Ha WX JMHEHHble pa3Mepsl. Koaddunment
JUHENUHOro pacimpenus cranu coctasuser 0,12 — 0,15 mm
Ha 1 °C [4]. [Ipu yBenmueHNH TeMIIepaTyphl CEpACUHUKA
craropa Ha 30 °C, ero nuHEHHBIE pa3Mephl yBEIHUATCS
tonbko Ha 0,04 % ot HavampHOro 3HaudeHus. [losTomy
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TEIJIOBBIM PACHIMPEHHEM JIMHEHHBIX Pa3MEpOB MPHU3M,
MIAKETOB CEPJCYHMKA, CHCTEMBI KPEIUICHHUS MOXKHO IIpe-
HeOpeub. Takxke B pacdeTax MOKHO NMpeHeOpedb BIHMSHH-
€M HarpeBa Ha CONPOTHBICHUE KOHTYpPOB 3aMBIKaHMS
BUXPEBBIX TOKOB [5].

JlonycTiMble HEHOMHHAIIBHBIE peXHMBbI padoTbl TT'
perjlaMeHTHPOBaHbl HMHCTPYKIMEH 110 JKCIUTyaTallid |
OIIPEIeISIFOTCS TI0 AnarpaMMme JIOMyCTUMBIX Harpysok, [5].
[TosToMy BBIOMpaeM IJIs XapaKTEPUCTUKU PEKIMOB pado-
TBI aKTUBHYIO MOIIHOCTH (P), peakTUBHYIO MOIIHOCTE ()
1 TUHEHHOe HampspkeHne oOMoTKH ctatopa (Us). Ompene-
JIMM aHAJIUTHUYECKYIO CBsI3b YKa3aHHBIX IapaMeTpoB C Be-
mmauHo OMC, NefcTBYIONMX Ha 3JEMEHTHI KPEIUICHHS.
[NocnenoBarebHOCTh AHATUTUYECKOTO pacydeTa dJIEKTPO-
MarHUTHBIX CHJI IOJPOOHO M3JI0KeHa B [2].

AMHJ’II/ITyZLa WHAYKOUWM MAardvuTHOTO IOJIAI Ha Ha-
PYXHOM JINHUX CIIMHKK CEPACYHNKA CTaTOpa MOKET OBITh
olpeziesieHa:

Er ke @

B, = :
2'\/5'77']("(% ko - S

N

rae f— JacToTa ToKa ceTH; ko — 0OMOTOUHBIA KOd(du-
IIUEHT; (; — YUCIO BUTKOB OOMOTKH cTaTopa; S; — ceue-
HUE CIIUHKH CcTaTopa; k. — KOdPPHUINEHT, KOTOPHIN Xa-
pakTepu3yeT HEPABHOMEPHOCTb PACHPEICICHU MHIYK-
uuu B cnuHke craropa; E, — 3J1C, xoTopas HaBOAUTCS
MarHUTHBIMH TIOTOKaMHU PacCEsHUS CIIMHKH CepIeUYHUKa
CTaTopa B CTSDKHBIX NMPHU3Max B HEHOMHHAIBHBIX PEXH-
Max pabOThI:

2
E, = %+xa~ls~cos[%—(p) +xa-lssin[%—(p)

Yron MEXKIAY BEKTOpaMU HaPsSKEHUA U TOKa CTAaTO-
pa, a TaK X€ TOK CTaTopa, A:

2

P 1
@ =arccos| —=1| [, =—-
/P2+Q2 U

C yuerom (3), 3HaueHue pesynbrupytomieir IC B
CIIFHKE CTaTopa U B JIEMEHTAX €ro KPeIUIeHHUsI K KOPITyCY:

P? +Q2

V4
3——=—-cos E —arccos

Er= %JFZ_U 2
3 s P°+0

[Ipu pacuere 3HaueHUI HAINPSYKEHHOCTH B CIIUHKE
CepICYHUKA W CTSHKHBIX NMPHU3M, HHAYKINH B ITOBEPXHO-
CTHOM CJIO€ aKTHUBHOW CTaJId UCHOJB3YIOTCS XapaKTepH-
CTUKH HAMAardHu4HnBaHU COOTBETCTByIOU_ll/IX MaTepI/laJ'IOB,
KOTOpPBIC BBHIOMpPAIOTCA 1O Tabnuiam [S], OaHAKO s pe-
[ICHUS TIOCTABJICHHOM 3aJadu IelIecoo0pa3Ho TpeicTa-
BHTH X B BHJIC YHKIIMOHAIEHBIX 3aBHCUMOCTEH.

AMIUTITY1a HANpPsDKCHHOCTH MAarHATHOTO TIONI Ha
TTOBEPXHOCTH CIMHKU CEpICYHHMKA CTaTopa CBs3aHA C Be-
JIMYUHON MHIYKIMH HEJIMHEHMHOHN 3aBHCHMOCTBIO U B JlMa-
ma3oHe 3HadeHni mHAyKmu 0,6 — 1,7 T ¢ mocratouHoit
TOYHOCTBIO AMIPOKCUMHPYETCS TIOIMHOMOM O-if CTEeTIeHH:

6
Hg=f(Bg)=) h,-By.
n=0

(4)

OrmpenensieM aMIUTUTYly HampsDKEHHOCTH Ha BEpX-
Hel JJMHUM CIIMHKH CepAEeYHUKA CTaTopa, 3aTEM, HaXOAUM
3HAYCHUSI MAaTHUTHOTO TTOTOKA, CIETUICHHOTO ¢ KOHTYPOM
AJIEMEHTOB KPEIUICHUS W MOBEPXHOCTH CIIMHKH, OTIpesie-
nsgeM HaBoammble UM Ha mpusMax OJIC. Ilpu pacuere
COMNPOTHUBIICHHS] KOHTYPa (OPMHUPOBAHHUST BUXPEBOTO TOKA
Z; He00XOIUMO YUYHUTHIBATh, YTO CONPOTHUBIICHNUE MTPU3MBI
Z, 1 KpalHEro IIaKeTa 3aBHCUT OT CTEIEHM HACBIILICHMS
MaTtepuana.

O}IHaKO, ImpuHruMasg BO BHUMAHUEC, YTO COIPOTHB-
JICHWE KOHTYpa 3aMBIKaHUS BUXPEBBIX TOKOM HpPHOIU-
3uTenbHO Ha 80 % ompezensieTcss 3HAYEHHEM COMPO-
THUBJICHUS 3JIEMEHTOB KpEIUICHMS, B JaJbHEHUIINX pac-
YeTax COIMPOTHBIICHHUS KpaiHUX ITaKETOB CepIeYHUKA
CYNTAaeM TOCTOSHHBIMH, BIMSHUEM HACHIIICHUS aKTUB-
HOW CTaJli Ha 3HAYEHUE COMPOTUBIECHUS KOHTYypa Zj
npenebperaem.

OTHOCHUTENbHAS MarHUTHAs MPOHHUIAEMOCTh MaTe-
puana npM3M L, TaK)K€ HEIMHEHHO 3aBHCHT OT Hamlps-
’KEHHOCTH U MOXET OBbITh Mpe/iCTaBIeHa:

3

.| T
- SInN| E — arccos

P

6
Hp = Zmn H? :
n=0

W3menenne MarHUTHOM NMPOHULIAEMOCTH (i, OT Ha-
npspkeHHOCTH i CT 3, U3 KOTOPOH BBIMOJIHAIOT IPU3MBI
KpeIuieHus, paccMoTpeHo B uaTepBaie 100 — 1250 A/m.

AMHJ’II/ITyHa WHAYKOHUHU, KOTOpass COOTBETCTBYCT
3HAYEHHIO HAINPSHKEHHOCTH Hy Ha MOBEPXHOCTH CHMHKU
CepAeYHNKA, MOXKET OBITh ITPEACTaBIICHA!

3
B max = an “H maxn -
n=0

[Ipu uccnenoBanuu 3aBUCUMOCTH BenrnurnHbl OMC B
Pa3NMYHBIX pEXHMax H3MEHSEM 3HAueHHWE OIHOTO W3
napameTpoB (P, O, Us) B npenenax, onpeaensieMbiX aua-
rpaMMOM MOIIHOCTEH M THUIOBOM MHCTPYKLMEH IO 3KC-
IUIyaTalud, B TO BPeMs, KaK IBa APYrUX I[lapaMeTrpa He
MEHSIOTCSL.

Jnst npoBeneHKst pacyeToB BBeIEM 0Oe3pa3MepHyIo
BEIMYMHY &y, KOTOPAsl MPEACTaBIsET COO0H OTHOIIEHHE
n3meneHnii OMC k U3MeHeHHI0 (PU3HYECKUX BelnuuH (P,
0, Us) B o1HOM U3 HEHOMUHAIBHBIX peskuMoB N: 70, 50 u
30 % Harpy3ku reaeparopa ot HomuHaabHOH (100 %):

_ (Fg—Fy)/F,
N W Ny /N
rae N, Ny, N, — BepxHee rpaHU4HOE, HHXKHEE TPAaHUYHOE
n 6a30Boe 3HauYeHMs BbIOpaHHOTrO napamerpa N (P, Q nin
Us), 3aBucsmiero ot pexxum pabotsl TI; Fp, Fy, Fp —
BEpXHEE TPaHUYHOE, HIW)KHEE I'pPaHWYHOE U 0a30BOe 3Ha-
yerns OMC.

[IpumeM W3MeHEHUs 3HA4YeHUS MapameTpoB, KOTO-

pBIE XapaKTepu3yIoT H3MeHeHus pexxumMoB (P, O, Us):
1) Py =0 MBrT, Pg = P, =300 MBT;
2) Oy =-80 MBAp, O3 = 0, =186 MBAp;
3) UN: 0,95 KB, UB = Ub = UsN: 20 xB.

)

(6)

(7
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Jlnist IpOBEpKM aHANNTHYECKU TIOJyYCHHBIX PE3yJib-
TaTOB PEIIacM IMOCTAaBJICHHYIO 3a/lady TaKXKe YHCICHHbI-
MH METOJIaMM, Ha pa3pab0TaHHOI MaTeMaTH4ecKOW Mo-
Jenu ¢ ucnojib3oBanueM nakera MathCAD-2000 Profes-
sional. Mccnenyem sneMeHT KperieHus (Ipu3My), KOTO-
past JUIMTeIbHOE BpeMsl HaxoAwIach B paboTe, B CBSI3U C
YeM MeTajul ObUI BBIPAOOTaH: BEJMYMHBI OOKOBBIX 3a30-
POB KpeIuleHus Npu3Mbl NpuHUMaeM paBHbIMU 0,435 MM
(maHHBIC, TONyYeHBI Ha TypOOTeHepaTopax, KOTOPHIH
pabotaet Ha 6moke Ne 2 3muerckoit TOC, [6]).

BremonanM pasnoxkenue pacrpeneneHus OMC, ee
paguaibHON M TaHTEHIMAIbHOM COCTAaBISAIOIIMX B Pl
®Dypse:

N N
F(H): Foost + ZF,,',,, -sin(v9)+ ZFv.m ~cos(v6?),
v=l v=l
rae 0 — yron Harpysku 1T, 211. rpan; v — HOMep TapMOHH-
ku; F),, — aMIDIATYy 12 V-0if rapMoHuKH DOMC:

P 0 R T

¢, — (haza v-oit rapmonnku OMC
c
v.m

N
v.m

¢, =arctg >
F) s Fyy — K03Gduumentsl psaga Oypbe st He-
YETHBIX M YETHBIX TAPMOHHYECKUX COCTABJISIONINX V-TO
TOPSIIKA, U3MEHSIOIUXCS OT 1 70 v.

PesynbTarel pacdyera OMC, HaBeleHHBIX BUXPEBBI-
MU TOKaMH B 3JIEMEHTAX KPCIUICHHUS CePACYHMKA cTaTopa
K KOpHyCy, HOJ'ly'-ICHHI)Ie AHAJIUTUYCCKHU U YUCJICHHBIMU
METOJIaMH ISl Pa3MYHBIX pekuMoB padotel TI', mpuse-
JICHBI B Ta0JI. 2 ¥ HA puC. 2.

CpaBHEHHE pe3yIbTATOB AHATUTHYCCKUX PACUETOB
U PEe3ybTAaTOB, MOJYYCHHBIX YHCICHHBIMH METOIaMH,
(Tabm. 2, puc. 2), IO3BOJISET CACTATh BBIBOJ, YTO IOIY-
YeHHBIE PE3YNbTaThl JOCTATOYHO OJM3KH. DTO TOATBEp-
JKIAaeT JOCTOBEPHOCTH MPOBEACHHBIX PACUETOB.

rac

Tabmuma 2

Pe3yJ'II)TaTI)I pacuecTa QMC, }:[eflCTByIOH.[PIX Ha 3JIEMCHTBI KPEIJIEHUA CEPpACYHHNKA CTaTOpa K KOPITyCy,
TIOJIYYCHHBIC aHAJIMTUYCCKU U YUCJIICHHBIMU METOJaMU [JIs1 pa3JIMYHbIX PEXXUMOB pa6OTLI T

BiiusiHue akTMBHOM MOIIIHOCTH BuinsiHue peakTHBHON MOLIHOCTH Biusinue HanpsbkeHus
Benuunna aMniauTy sl nepBoi Benuunna aMniauTy sl IepBoi Benuurna aMniauTy sl nepBoi
P, rapmonuku OMC, H 0, rapmonuku OMC, H Us, rapmonuku OMC, H
MBTt| Amnamutnueckuit Yucnennsii | MBAp | Amnanutnueckmii | Yucnenusii | KB |  Ananurmueckwmii YucaeHHBINH
pacuer pacuer pacuer pacuer pacuer pacuer
0 104,8 179 —80 107,3 163,6 19 132,4 173,7
150 141,5 179 0 115,7 174,2 19,5 135 185
100 145,2 189 186 145,2 189 20 145,2 189
ey 0,03 0,053 &o 0,183 0,094 ep 1,763 1,619
Fousr— = F 25, er] O — e .
H 00 —— H 200+ 200 H a00d— 13 —
175 — 175 L) 175
s == 150 f———150 — = 150 —— e
125 125 —1B == 125 S
100 100 == 100
7 7 75 T
50 50 t 04 50
25 25 . k4] |
UD 0 o0 IS0 zo0 250 300 350 -UJDJ +50 l:lIJ 50 100 150 200 188 190 192 194 196 198 00 202
P MBT & MBAp U kB
a 6 6

Puc. 2. 3aBUCUMOCTb 2JIEKTPOMArHUTHBIX CHII, ICHCTBYIOLIMX Ha CHCTEMY KpPEIUICHHUsI CepIeYHNKA CTaTopa K KOPITYCY OT aKTUBHOM
MOILHOCTH (a), PeaKTHBHON MOIIHOCTH (6) U HANPSDKEHHUSI cTaTopa (6) TS pa3iinuHbIX PEKHUMOB paboThl TypOOreHepaTopa aHATUTHIECCKUM

1 YUCJICHHBIM MCTOJaMH ( = == = JAaHHBIC aHAJTIMTHYECKOI'0 pacyera,

BbiBOaBI.

1. Pe3ynpTaThl aHAIUTHYECKUX M YHCICHHBIX pacde-
TOB TIOKa3aJld, YTO NMPH HOMHHAIBHBIX PEKHUMaX pabOThI
TI' (B mpenenax auarpamMMbl Harpy3ok) Benmunaa OMC,
JEHCTBYIOIIMX HAa D3JEMEHTHl KpeIUICHHA CepJeuHUKa
cTaTopa, usmensiercst mano. Onuako, npu pacuerax IMC
B HEHOMUHAJBHBIX PE)XHUMaX, €€ U3MEHEHHE 3HAUUTEIIb-
Ho. Tak, ms TI' momuocTei0o 300 MBT, MakcumanbHOE
n3MeHeHre OMC oTMeUYeHO PU U3MEHEHUH PEaKTUBHOMI
MOIIHOCTH OT HanOobiero 3HaveHus (+186 MBAp) mo
MPENeNIFHOTO 3HAYCHHS MOTPeOsieMOl  peakTHBHOM
momHocTH (—80 MBAp), uto cocraBuser 13 % (mo pe-
3yJbTaTaM YHCICHHBIX PacdeToB).

2. Ilomy4eHsl KOJTHMYECTBEHHBIC XapaKTEPUCTHKH W3-
MeHeHne OMC B 3aBHCHMOCTH OT BEIIMYMHBI aKTHBHOI
P, peaxtuBHOM MOImHOCTH O M OT HANpPSDKEHHUS cTaTopa
Us. YCTaHOBIIEHO, 4TO IIPU HEHOMMHAJIBHBIX peXUMax
pabotsl TI', M3MEeHEeHNEe BEMYMHBI 3THX CHJI MpaKTHYe-

JAHHBIC, TTOJTYYCHHBIC YMCIICHHBIMU MeTOI[aMI/I)

CKHM HE 3aBUCUT OT aKTUBHOM M PEAKTUBHOM MOILHOCTH:
pu m3menenun P u Q Ha 1 % m3menenne OMC coctas-
JISIET JIMIIb COTBIE U AECSTHIE JONU MPOLEHTa, COOTBETCT-
BEHHO. 3aBUCUMOCTHh BenuduHbBl OMC OT HampsKeHUs
Ooyiee 3HAYMTENILHO, HOCUT KBaJpaTH4YHBIA XapakTep
(npu n3menennu Us Ha 2 % DMC Bozpacraer npuoin3u-
TenbHO Ha 4 %).

3. Ilpu sxcnnyatanuu TT' B HEHOMHMHANBHBIX PEeXKUMaX
W3HOC CHCTEM KpeIUIeHusl cepiedyHnka craropa 11 x
Kopmycy OoJiee 3HaYMTENIEH, YeM IIPH UX padoTe B HOMH-
HaJIBHBIX PEXHMax. JTO HEOOXOIUMO YYHTHIBATH HPHU
YCTaHOBJIEHUHU JATUYUKOB KOHTpOJis cocTostHud 11 B pe-
xKuMe on-line, mpu coctaBIeHUH TPa(QUKOB TIPOBEIACHUS
PEMOHTHBIX pabOT U ONpPEAENeHUS X 00BEMOB.
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Analysis of electromagnetic vibration forces in the elements
of the turbogenerator stator fastening to the case in non-
nominal operation modes.

Purpose. The purpose of the paper is to determine the value of
additional electromagnetic forces (EMF) that are created by
the fluxes of scattering of the back of the turbogenerator (TG)
stator core in the elements of its fastening to the case when
operating in non-nominal modes according to the vibration
control data. Methodology. The paper used the theory of elec-
tromagnetic fields, the method of polynomial approximation,
mathematical modeling in the MathCAD-2000 professional
package and the provisions of the general theory of electrical
machines. Results. Analytical and numerical calculations of
additional EMF values are performed, which were created by
the leakage fluxes of the back of the stator core in the ele-
ments of fastening of the TG to the case when operating in
non-nominal modes, which is determined by the need for night
unloading of the power system. The values of these TG forces
are established with a change in the output and consumption
of reactive power and with a change in voltage. Originality.
For the first time for TGs operating in non-nominal modes,
the estimation and calculation of additional EMF in the ele-
ments of the TG core fastening to the case are carried out,
which are created by the leakage fluxes of the back of the
stator core and supplement the action of the basic EMF. The
definition of these forces is relevant, because turbogenerators
of TPPs in Ukraine with a capacity of 200-300 MW are ma-
neuvering capacities and solve the problem of maintaining the
power factor of the power system. Practical value. It was
found that if the TGs often operate in non-nominal modes, the
wear of the stator core fastening systems to the case is more
significant than in the case of their operation only in nominal
modes. The obtained data will allow to more accurately de-
termine the scope of repair work, draw up schedules for their
implementation, determine the locations of the sensors for
monitoring, and can be used at the design stage of new ma-
chines. References 6, tables 2, figures 2.

Key words: turbogenerator, load mode, non-nominal mode,
electromagnetic force, reactive power, stator core fastening
unit.
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SYNTHES OF ROBUST ACTIVE SHIELDING SYSTEMS OF MAGNETIC FIELD
GENERATED BY GROUP OF HIGH-VOLTAGE POWER LINES

Aim. The synthesis of robust active shielding system of magnetic field, generated by group of high voltage power lines for
reducing the induction of the initial magnetic field to the sanitary standards level and reducing the sensitivity of the system to
variations in the plant parameters is given. Methodology. The synthesis is based on the solution of a multi-criteria stochastic
game, in which the gain vector is calculated on the basis of the Maxwell equations solutions in the quasi-stationary
approximation. The equilibrium state of the game is based on the stochastic multiagent optimization algorithms of the
multiswarm particles. The initial parameters for the synthesis of active shielding system are the location of the high voltage
power lines with respect to the protected from transmission line space, geometry and number of cables, operating currents, as well
as the size of the protected space and normative value magnetic field induction, which should be achieved as a result of screening.
The objective of the synthesis of the active shielding system is to determine their number, configuration, spatial arrangement,
wiring diagrams and compensation cables currents, setting algorithm of the control systems as well as the resulting value of the
induction magnetic field at the points of the protected space. Results. Robust active shielding system synthesis results for
reduction of a magnetic field generated by group of high voltage power lines is given. The possibility of a significant reduction in
the level of induction of the magnetic field source within and reducing the sensitivity of the system to variations in the plant
parameters is given. Originality. For the first time carried out the synthesis of the robust active shielding systems of magnetic
field generated by group of high voltage power lines within a given region of space. Practical value. Practical recommendations
on reasonable choice of the number and spatial arrangement of compensating cables of robust active shielding systems of the
magnetic field generated by the group of high voltage power lines is given. References 18, figures 5.

Key words: high voltage power lines, power frequency magnetic field, robust active screening system, a multi-criteria
stochastic game.

Henv. Ilpogéeden cunmes podacmuoil cucmemvl AKMUBHO20 IKPAHUPOBAHUA MAZHUMHOZ0 NOAA, C030A6AEMO20 2PYNNOU
6bICOKOBOIbIMHBIX TUHUIL ITIeKMPOonepeoaiu 0na CHUNCCHUA UHOYKYUU UCXOOHO20 MAZHUMHO20 RO 00 YPOGHA CAHUMAPHDIX
HOPpM U YMEHbUICHUA YYECHIGUMEIbHOCHU CUCMEMbL K USMEHEHUAM napamempog cucmemsl. Memooonozua. Cunmes ocHosan
Ha pewieHUU MHO20KPUMEPUATbHOU CIMOXACMUYECKOU U2Pbl, 6 KOMOPOU 6EKMOPHbLIL GbIUZPLIUY GbINUCTIACMCA HA OCHOGAHUL
pewienuit ypaguenuiit Makceenna ¢ Keazucmayuonapuom npudnuscenuu. Pagnosecnoe cocmoanue uzpsl Haxooumcesa Ha ocHoge
A2OpUMMO8 CHIOXACIMUYECKOI MYIbMUAZEHMHON ORMUMUZAUUN Mynbmupoem uvacmuy. Hcxoonvimu napamempamu ons
cunme3a cucmemsvl AKMUEHO020 IKPAHUPOCAHUA AGNAIOMCA PACHONONCCHUE BbICOKOGONbMHBIX AUHWIL INIeKmponepeoaiu no
OMHOWEHUI0 K 3AUWUULACMOMY NPOCIMPAHCINGY, 2C0MEMPUYECKUE PA3MEPbl, KOJIUYECmE0 Npo6o0os u padouue moxu AUHUU
INEeKmponepeoayu, a Maxkyice pazmepvl 3auUiaemMo20 NPOCMPAHCINEA U HOPMAMUEHOE 3HAYEHUE UHOYKUUU MAZHUMHO20 NOJIA,
Komopoe 00J11cHO 6blmb 00CMUZHYMO 6 pe3yibmame IKpanupoganus. Llenvio cunmesa cucmemsl aKMueHO20 IKPAHUPOBAHUS
Aenaemca onpeoenenue Konuiecmed, KOHQU2ypayuu, npocmpancnmeeHHo20 pacnoiodceHus, cxem MEKMPONUMAHU U MOK06
KOMNEHCAYUOHHbIX Kabeseil, anzopumma padomvl cucmemvl YHPAGJIEHUA, A MAKMNCe pe3YIbMUPYIOuLe20 3HAYEHUs
UHOYKUUOHHO20 MAZHUMHO20 NOJA 6 MOUKAX 3aujuuiaemozo npocmparncmed. Pesynomamui. Ilpueodamcsa pesynvmamot
cuHme3a poodacmMHOIl CUCHEMbl AKMUBHOZ0 IKPAHUPOBAHUA ONA YMEHbUIEHUA MAZHUMHO20 NOJIA, CO30a6AeM020 ZPYNNOl
6bICOK0BOIbMHBIX IUHUT IeKkmponepedayu. Ilokasana 603MONCHOCHb CYU{ECMEEHHO20 CHUJICEHUA YPOGHA UHOYKUUU
UCXOOHO020 MAZHUMHOZ0 NOJIA 6HYMPU 3A0AHHO20 NPOCMPAHCMEA I CHUNCEHUA YYECHEUMETbHOCIMU CUCHEMbL K USMEHCHUAM
napamempoe cucmemsol. Opucunansnocms. Bnepevie nposeden cunmes pobdacmmuoil cucmemvt AKMUEHO20 IKPAHUPOBAHU
MAZHUMHO20 NOJA, CO30A6AEMO20 ZPYNNOU GbICOKOGONbMHBIX NUHUIL INEKmponepeday ¢ OAHHOU o001acmu npocmpancmed.
Ilpakmuueckaa uennocmo. Ilpueodamca npakmuueckue peKOMeHOAUUU NO O0OOCHO6AHHOMY @bIOOPY Kouvecmea u
RPOCMPAHCMGEHHO20 PACHONOMNCCHUA KOMHEHCUPYIOWUX O00OMOMOK pPOOACIMHBIX CUCHIEM AKMUGHO20 IKPAHUPOGAHUS
MAZHUMHO20 NOJIA, CO30A6AEeMO020 ZPYNNOIL 8bICOKOBOTbMHBIX TUHUIL I1eKmponepeday. budn. 18, puc. 5.

Kniouesvie cnosa: BbICOKOBOJIbTHBIE JTHHHH JJIeKTpoONepeJayd, MAarHUTHOe MoJie NMPOMBINLIEHHOH 4YacTOThl, podacTHasi
CHCTeMAa AKTHBHOI'0 YKPAHHPOBAHNS, MHOTOKPHTePHAILHASI CTOXaCTHYeCKAasl HTPAa.

Introduction. Methods of active contour shielding
of power frequency magnetic field (MF) created by high
voltage power lines (HVPL) [1-6] are the most acceptable
and economically feasible for ensuring the sanitary norms
of Ukraine in the magnetic field of the industrial
frequency [7-8]. The method of synthesis of active
shielding systems (ASS) for MF, created by air power
lines, was developed in [9]. The initial data for the
synthesis of the system is the parameters of the
transmission lines (working currents, geometry and
number of wires, location of the transmission lines
relative to the protected space) and the dimensions of the
protected space and the standard value of the induction of
the MF, which should be achieved as a result of

screening. In the process of synthesis, it is necessary to
determine the parameters of the compensation coil (their
number, configuration, spatial arrangement, connection
diagram), compensating coil currents and the resulting
induction values of the MF at the points of the protected
space, as well as the algorithm of the ASS. However, this
method [9] does not take into account the uncertainty of
the system parameters due to the inaccurately known
model of the control object, as well as changes in the
parameters of the system during its operation [10].
Ukraine's electricity networks are characterized by
high density, and especially near high-voltage power
substations. There is usually a group of overhead HVPL,
in the immediate vicinity of which can be located
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residential buildings. In this case, the main uncertainty in
the synthesis of this system is the variation of the currents
of different power lines, which leads not only to a change
in the level of magnetic field induction, but also to a
change in the position of the space-time characteristics
(STC) of the MF in the shielding zone.

The goal of this work is the synthesis of robust
active shielding systems of power frequency magnetic
field created by group of high voltage power lines, which
allows to reduce the magnetic field level to sanitary
norms and to reduce the sensitivity of the system to
variations of plant parameters.

Problem statement considers the formulation of the
problem of synthesis of the robust ASS. In the synthesis
of the ASS, the mathematical model of the original MF is
known inaccurately [10]. In particular, currents in current
conductors that have daily, weekly, seasonal variations
are approximately known. The geometric dimensions of
the compensating coil, the parameters of the regulators,
etc. are not accurately realized. Therefore, we introduce a
vector of deviations of the system parameters from their
nominal values ¢ used in the synthesis of the system. The
problem of synthesizing a robust ASS is reduced to the
determination of such a vector of spatial arrangement and
geometric sizes of compensated windings, as well as
parameters of the regulator X and the vector of variable
parameters O, at which the maximum value of the
magnetic field induction at selected points P; of the
considered space P assumes a minimum value for the
regulator parameter vector X, but the maximum value for
the vector of variable parameters o so that

X*:arg min maxmaxB(X,S,Pj). (1)
XeX 5eA P;eP

This technique corresponds to the standard approach
to the synthesis of robust systems for the worst-case [10],
when the variations of the parameters J lead to the
greatest deterioration in the compensation of the initial
MF created by HVPL. The problem (1) can be formulated
in the form of the following multi-criteria game [11] with
vector gain

B(x,5)=[B(x.,5,R).B(x,5,p,).B(X,5.P, ) , (2

the components of which B(X, o, P;) are the MF induction
vector module in the m points P; of the space under
consideration. In this case, of course, it is necessary to
take into account the constraints on the control vector and
the state variables of the system, the vector of the
unknown and variable parameters in the form of a vector
inequality

G(X,6)< Gax - 3)

In the multi-criteria game (2), the first player is the
parameter vector of the regulator X and its strategy is the
minimization of the vector gain (2), and the second player
is a vector o of variable parameters characterizing the
uncertainty of the plant parameters and the strategy of this
player is maximization of the same vector gain [11].

Note that the components of the vector gain (2)
are nonlinear functions of the required parameters
vectors X and ¢ are calculated on the basis of the
solutions of the Maxwell equations in the quasi-
stationary approximation [12-16].

Method of synthesis. Consider the algorithm for
finding the equilibrium of the game problem. To find the
equilibrium state of the multi-criterion game (2) from
Pareto-optimal solutions taking into account the
preference relations [11], we construct an algorithm for
stochastic multi-agent optimization based on the set of
particle swarms [17], the number of which m is equal to
the number of components of the vector gain (2). The
motion of i particle of j swarm is described by the
following expressions

a0~

vip(e+1) = wyvy;(e)+ e (0)H (plj j
[y O] ey 0 s - 22,0300 5,0
ulj(t+1)
[

/(l)+01/7'1j() (plj 5j(t))|_ () J
U‘l]+02jr2j() H\py;— gzjtij(t) 1 &)
3t +1) = x{0) 4 v e +1)
5 0+1)= 6 (0)+ (e +1)° (6)

where x;(f), 9,(f) and vi(¢), uy(t) is the position and

velocity of i particle of j swarm; y;(¢), z;(f) and yj- , Z

the best local — Ibest and global — gbest positions of the
i-th particle, found respectively by only one i-th particle
and all the particles of j swarm.

Moreover, the «best» position of the — j particle of j
swarm on a vector x;(¢) is understood in the sense of a
minimum of the scalar gain B(X, &, P;), and by the vector
0(1) is understood in the sense of the maximum of the
same scalar gain. Positive constants c¢j, ¢;, random
numbers r(t), (%), inertia coefficients w; and switching
functions H are tuning parameters of the algorithm.

Note that in connection with the fact that the vector
of the solutions of the game (2) is represented in the
form of strategies of two players X — the vector of the
parameters of the regulators and the §— the vector of the
variable parameters of the plant, where it is necessary to
minimize the vector gain (2) along the regulators
parameter vector X and maximize the same vector gain
(2) with respect to the of plant parameters variable
vector J. Therefore, each i particles of j swarm has two
components of position x;(¢), 5;(f) and two components
of velocity vy(f), uyt) to find the two desired
components of the regulators parameters vector X and
the variable parameters vector &.

In conclusion, we note that the original multi-criteria
game (2), (3), taking into account the algorithm for its
solution (4) — (7), is a multi-criteria stochastic dynamic
game, since it clearly has time and random search [6, 7].

Computer simulation results. Consider the result
of synthesis of robust ASS of MF created by group of
HVPL. This situation is typical for the outskirts of cities,
where several power lines are suitable, as well as near
power line substations. The layout of group of HVPL,
compensating coil and screening zone of the system
under consideration is shown in Fig. 1. In the immediate
vicinity of the shielding zone there are two double-
circuit 110 kV HVPL-1 and HVPL-2, a double-circuit
330 kV HVPL-3 and a single-circuit 330 kV HVPL-4.
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Fig. 1. Layout of group of high voltage power lines,
compensating coil and screening zone

For the synthesis of ASS, in addition to the
geometric dimensions of the transmission lines and the
shielding zone, the values of the currents in the current
conductors of the all HVPL are necessary. To this, first,
experimental studies of the level of the magnetic field
both in the shielding zone and near the transmission lines
were carried out. Based on the obtained experimental
data, the problem of current identification in current
conductors of the power line is solved, under which the
sum of the squares of the errors of the measured and
model-them magnetic field induction values at given
points is minimized.

In Fig. 2 shows the equal level lines of the initial
magnetic field induction vector module.
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Fig. 2. Equal level lines of the initial magnetic field induction
vector module

The MF initial induction generate by HVPL in the
space under consideration is 0.9 uT, which is 1.8 times
higher than the MF sanitary standards of Ukraine.

Based on the model of MF created by group of
HVPL, the problem of synthesis of a robust ASS was
solved. The ASS contains one compensation coil.

On the basis of experimental research, it was found
that in the shielding zone, the MF generated by group of
HVPL has the space-time characteristics (STC) of such
MF is a strongly elongated ellipse [9] and, consequently,
the initial MF has a negligible polarization. Active
screening of such MF is possible with the use of single
compensation coil. It should be noted that such systems
have become most widespread in the world practice [2].

In Fig. 3 shows the equal level lines of the
compensation coil magnetic field induction vector: module
(a), component along Z axes (b) and component along X
axes (c¢) with the robust active screening system is on.

Fig. 3. Equal level lines of the compensation coil magnetic field
induction vector: module (@), component along Z axes (b) and
component along X axes (c¢) with the robust active screening
system is on

In Fig. 4 shows the equal level lines of the magnetic
field induction vector: module (a), component along Z
axes (b) and component along X axes (c¢) with the robust
active screening system is on. When the active shielding
system is on, as can be seen from Fig. 3, the MF induction
level in the residential space under consideration does not
exceed 0.5 pT.
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Fig. 4. Equal level lines of the magnetic field induction vector:
module (@), component along Z axes (b) and component along X
axes (c¢) with the robust active screening system is on

In Fig. 5 shows the STC of MF, created by group of
HVPL (1); compensating coil (2) and total MF with the
ASS is on (3). Naturally, such a MF can be effectively
compensated for using a single-loop ASS. With single
coil, the big axis of the STS ellipse of the initial MF is
compensated, so that the STS of the total MF with the
ASS is on is an ellipse with an ellipse coefficient 0.8.

In the robust system, the maximum value of the
magnetic induction in the protected zone does not exceed
0.5 uT, which corresponds to the sanitary norms of
Ukraine [7]. For the worst-case scenario, when vector
parameters variations lead to the greatest deterioration in
the compensation of the initial magnetic field by a robust
system, the maximum value of the level of magnetic
induction in the protected zone increases by 10 %

compared to the robust system at nominal values of the
parameters when the vector 6 = 0. In spite of the fact that
in the initial optimal system with nominal values of the
parameters, the maximum value of the level of magnetic
induction in the protected zone is approximately 10 %
less than in robust systems and is 0.4 uT. However, when
the vector of variable parameters is changed for the worst-
case case, the maximum value of the level of magnetic
induction in the initial optimal system increases to 0.6 uT.

Fig. 5. Space-time characteristics of magnetic field: initial (1),
compensation coil (2) and resultant magnetic field
with the robust active screening system is on (3)

Note that the position of the compensating coil of the
robust system, shown in Fig. 3, slightly differs from the
position of the compensating coil of the optimal system
[9]. Also, the parameters of the controllers of the robust
and original optimal system are not significantly different,
as a result of which the robustness of the synthesized
system with respect to the optimal system is ensured.

Thus, the synthesized robust ASS makes it possible
to reduce the sensitivity of the system to changes in the
parameters of the control object in comparison with the
initial ASS.

Experimental research results. Consider the field
experimental research of the full scale ASS layout [18].
Compensation coil of the full scale ASS layout is a square
shape, the upper branch of which is located at a height of
4 m from the ground, and the lower branch is located at a
height of 2.6 m from the ground. The compensation coil
contains 20 winds and is powered by amplifier type
TDA7294.

The ASS contains an external MP induction
controller and an internal current controller. An inductive
sensor is used as an MF induction sensor, and the MP
measurement is  performed by EMF-828 type
magnetometer of the Lutron Firm. The ASS is powered
by an autonomous source. Field experimental research of
a single-loop MF ASS with open and closed-loop control
algorithms were carried out. The results of comparison of
experimental and calculated of MP induction values in a
residential zone are given. It is shown that the
experimental and calculated MF induction values differ
by not more than 10 %.

Conclusions.

1. For the first time the synthesis of robust active
screening system of magnetic field, generated by group of
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high voltage power lines for reducing the induction of the
initial magnetic field to the sanitary standards level and
reducing the sensitivity of the system to variations in the
plant parameters is given.

2. The synthesis of a robust active screening system is
based on multi-criteria stochastic game decision, the
equilibrium state of which is based on multiswarm
stochastic multi-agent optimization from Pareto-optimal
solutions.

3. As a result of active screening system synthesis the
spatial position of one compensation coil and the
parameters of the regulator are determined. System reduce
the level of the initial magnetic field induction throughout
the considered residential area up to the Ukraine sanitary
norms level and has less sensitivity to plant parameters
variations in comparison with the known systems.
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N.L Suprunovska, M.A. Shcherba

METHOD FOR VOLTAGE CONTROL IN CHARGE CIRCUIT OF ELECTRIC
DISCHARGE INSTALLATIONS WITH TWO CAPACITORS UNDER NONZERO
INITIAL CONDITIONS

Purpose. To analyze the transient processes in the charge circuit of electric discharge installations with two capacitors, taking
into account the change in the initial conditions of such processes (initial voltage on the capacitors and the initial current in
the charge circuit) as well as to develop the method for charge voltage control of such installations using purposeful change of
these initial conditions. Methodology. We have applied the concepts of theoretical electrical engineering, the principles of
theory of electrical circuits, and mathematical simulation in the software package MathCAD 12. Results. We have obtained
analytical expressions and graphical dependencies establishing a quantitative relationship between the value of the maximum
charge voltage of an electric discharge installation and the values of the initial voltage on its capacitors and the initial current
in the circuit. This allows us to propose the method for the charge voltage control of electric discharge installations with two
reservoir capacitors, using a purposeful change in their initial voltages and initial current in the charge circuit. Originality.
For the first time, we have found that the charge voltage of the installation can be controlled using two influence mechanisms
— either changing the initial current in the charge circuit (by interrupting the transient process of the first capacitor charge at
a certain time) or using a nonzero initial voltage on the charged second capacitor. In this case the charge voltage can be
varied by 2 times. Practical value. The use of this method makes it possible to obtain discharge pulses of complex shape in the
technological load, since the maximum charge voltages of the first capacitor and second one can differ by a factor of 1.5.
References 10, figures 4.

Keywords: electric discharge installation, capacitor charge, charge voltage, transients, nonzero initial conditions.

Ilenv. Ilenvio cmamou a611€mca AHAIU3 NEPEXOOHBIX NPOUECCOB 6 3APAOHOU Uenu INeKMpPopa3pAOHbIX YCMAHOGOK C O6YMA
KOHOeHCamopamu ¢ yuemom usMeHeHUs HauaaibHuIX YC06UI RPOMEKAHUA MAKUX RPOYeccos (HaA4anbHo20 HANPA’CEHUA HA
KOHOeHCamopax u Ha4anbHO20 MOKA 6 3apAOHOI Uenu), a makdxyice papadomka memooa pecyaupoGanus 3apaoHozo
HANPANCEHUA MAKUX YCMAHOBOK, UCNOAb3YA UeTNeHANnPAGIeHHOe USMEHEeHUEe YKA3AHHBIX HAUanbHbIX ycaosuil. Memoouka.
Jlna npoeedenusn uccned08anuil UCHONBb3IOGANUCH HONOHCCHUA MEOPeMUUecKoll INeKMPOMeEeXHUKU, Meopus IJ1eKMpPUiecKux
yeneii, mamemamuueckoe mooeauposanue ¢ npozpammuom nakeme MathCAD 12. Pezyromamut. Ilonyuenst ananumuueckue
svIpasicenus u pagpuueckue 3a6UCUMOCmU, yCMAHABIUEAIOWUE KOAUYECHIGEHHYIO CE6A3b MedHCOy 3HAUEHUEM MAKCUMATIbHO20
3apAOH020 HANPANCEHUA YCMAHOBOK U GeTUYUHAMU HAYAbHO20 HANPAICEHUA HA ee KOHOEHCAmopax u HauaibHO20 MoKa 6
uenu. Ilpeonoscen memoo pezynuposanus HARPAICEHUA 3apPAOA IIEKMPOPAIPAOHBIX YCHIAHOBOK ¢ 08YMA HAKONUMENbHLIMU
KOHOeHcamopamu, UCHONb3YIOWUIl YeleHanpaeieHHoe U3ZMEHeHUe UX HAYANbHBIX HANPANCEHUN U HAYANbHO20 MOKA 6
3apaonoit yenu. Hayunasa noeusna. Ycmanoeneno, umo nanpaxcenue 3apaoa yCmano6Ku MOMCHO PezZyiupoeams, UCNOIb3YA
06a MeXAHU3ZMA GNUAHUA — KAK U3MEHA HAYAbHbLIL MOK 6 3apAOHON yenu (npepvléanuem nepexooHozo npoyecca 3apaoa
nepeozo KoHOeHcamopa 6 OnpedeneHHblll MOMEHMm 8PeMeHU), MAK U UCHOJIb3YA HeHY/le60e HAualIbHOe HAnpAj)3ceHue Ha
3apaxcaemom 6mopom Konoencamope. Ilpu 3mom nanpasgcenue 3apada modxcho usmenamv 6 2 paza. Ilpaxmuueckoe
3nauenue. Hcnonv3oeanue O0aHH020 Memood no36074em RNOJYUUMb PA3PAOHbIE UMRYILCHL  CIONHCHOU (Popmbl 6
MeXHON02UYeCcKOll Hazpy3Ke, NOCKOIbKY MAKCUMANbHbIE HANPANCEHUA 3APA0A NEPE020 U GMOPO20 KOHOEHCAMOPOE MO2ym
omauuamscs ¢ 1,5 paza. bubn. 10, puc. 4.

Kniouesvie cnosa: 3nexkTpopaspsiiHasi YCTAaHOBKA, 3apsil KOHIEHCATOpPA, 3apsiiHOe HaIpsiKeHUe, NepexoJHble INPOLecChl,
HeHYJIeBble HaYaJbHbIE YCIOBHSI.

Introduction. Electric discharge installations (EDIs)
with capacitive energy storage devices (reservoir
capacitors) have found wide application in the development
of new technologies for electric pulse treatment of
materials and media (in particular, electro-erosion, electro-
hydraulic, magneto-pulse treatments, etc.) [1-8].

The use of parallel connection of capacitors with
different capacities is one of the most common methods
for control of the EDIs dynamic parameters.

So, for example, several capacitors with different
capacities, which are discharged through a load with a time
delay, are used in many schemes of electric discharge
installations in order to control the shape of the pulse
currents in the load [1, 2, 9]. In the installations containing
semiconductor DC voltage shapers with filtering capacitors
of high-capacity, additional dosing capacitors are used to
more accurately control the energy in the load [1, 7, 8, 10].
Additional low-capacity dosing capacitors are also used in
the input circuits of semiconductor converters to stabilize

the power consumed by them from the electrical network
[2,3,5,10].

It should be noted that in most of considered electric
discharge installations, the initial charge voltages and the
final discharge voltages of their capacitors were equal to
zero [1, 3-6].

At the same time, the reservoir capacitor is not
completely discharged in the EDIs for volumetric electro-
spark dispersion (VESD) of metal granules in a dielectric
liquid. The residual voltage of the capacitor is used as
information for changing the voltage of the subsequent
charge of the capacitor [7]. In these installations, the
dependence of the resistance of the electric spark load on
the magnitude and duration of the discharge current is used
for parametric stabilization of the dispersion modes [7, 8].

If an oscillatory discharge of the capacitor through
the load occurs and the capacitor is partially recharged
to a reverse polarity voltage, then the negative feedback

© N.I. Suprunovska, M.A. Shcherba
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of the subsequent charge voltage of the capacitor with its
previous discharge voltage is realized in the installation.
If an aperiodic discharge occurs, then a positive
feedback between these voltages is realized. In fact,
high-speed control and parametric stabilization of
electrical technological modes is implemented in such
installations [7, 8].

Thus, the change in the magnitude and sign of the
initial voltage of the capacitor can be used to develop
methods for high-speed control of energy in the capacitor,
discharge pulse parameters, EDIs efficiency, as well as
for parametric stabilization of discharge processes in a
circuit with a nonlinear load [7, 8].

The solution of the problems of improving the
energy characteristics of such EDIs is much more
complicated when you change the initial and final
conditions of the transients in circuits of reservoir
capacitors that are part of such installations.

In addition, the analysis of transient processes with a
nonzero initial current in the charging circuit of the EDIs
with several reservoir capacitors has not been carried out
previously.

Therefore, the purpose of this paper is to analyze the
transient processes in the charge circuit of electric discharge
installations for the VESD with two reservoir capacitors,
taking into account the change in the initial conditions of
such processes (initial capacitors voltage and the initial
current in the charge circuit), as well as to develop the
method for control of the charge voltage of such installations
using purposeful change of these initial conditions.

As a typical example of such EDIs, we have
considered the installation for electro-spark dispersion of
conductive granules in a dielectric liquid, the charge
circuit of which includes two reservoir capacitors.

Features of the capacitor charge when the initial
current changes. The electric schematic diagram of the
charge circuit of the EDI, where the transient processes

are analyzed, is shown in Fig. 1.
v/
l/l
C—

+ R _
j@”‘

Uspr G
L T L
Ly Y ! YN

SDV

Fig.1. Electric schematic diagram of the charge circuit of EDI
with two reservoir capacitors

The capacitor C (Fig. 1) is charged from a shaper of
direct voltage (SDV) with an output voltage Uspy through
a resistor R, thyristor commutator V7, and inductance
coils L and L,. The thyristor V7T, was locked up to a
certain time ¢ = f;. There is an oscillatory charge of
capacitor C in the charge circuit, since the parameters of
the circuit elements (R, C, L, L;) were chosen in such a
way as to realize high Q-factor of the circuit (Q > 10).

At time ¢ = ¢, when the charge voltage of the
capacitor C becomes higher than the SDV voltage
Uc > Uspy, the thyristor commutator V7 is unlocked.

The capacitor C; begins to charge from the SDV. We
assume that in the general case there is some voltage on
the capacitor C; (UOC1 #0) before starting its charge.

Since Uc > Uspy, then the capacitor C tries to
discharge to the capacitor C;, however, the occurrence of
reverse current in the circuit leads to the locking of the
thyristor V7. Inductance L is needed to limit the reverse
current in the circuit when the thyristor V7T is locked.

Thus, there are two transient processes in the charge
circuit of an EDI with two capacitors: the first process is
the charge of the capacitor C from the SDV in the time
interval 0 < ¢ < ¢; and the second process is the charge of
the capacitor C; from the SDV at t > ¢,.

In the analysis of transient processes we have
assumed that the thyristors VT and VT, are ideal switches
(without energy losses and with instantaneous
commutation), and the inductance value L is less by two
orders of the inductance L;, therefore, value L can be
ignored in the analysis of the first transient process.

Since the first transient is the ordinary oscillating
charge of the capacitor C from the SDV under zero initial
conditions, then we have analyzed in detail only the
second transient process — the charge of the capacitor C;
from the SDV, which occurs under a nonzero initial
conditions in voltage Upc, and in current /; (due to the

first transient process and the presence of inductance in
the circuit) after switching thyristor V'7T;.

The initial current /; is determined by the known
formulas for the oscillatory charge of the capacitor from a
direct voltage source. The parameters of the charge circuit
of the capacitor C; (R, C;, L) are also chosen so there
was an oscillatory transient process.

Transient analysis of the capacitor charge under
nonzero initial voltage and current conditions. The
initial time of the second transient process is ¢ = ¢, and we

denote it as ¢ . The current time of this transient process,
* . * *
denoted by ¢, is defined as ¢ =t—# =t—1¢;.

According to the second Kirchhoff's law the current
in the SDV-R-VT)-C,-L,-SDV circuit (Fig. 1) is given by
formula

Lok * *
i) =Uspy —ue, ) -, )R, )
here uc, (t*) and u L, (t*) are the voltage drop across the

capacitor C; and the inductance L, respectively.

Since 6"y = Cyduc, (") [ di”, and
2
up () =1, di(th/dt" = L,C, d*uc, (1) / ar then
equation (1) can be reduced to the form:
dhug () | R dug () dug ) Ugpy
ait*2 Ldr’ LG Le,

Taking into account that in the general case there are
the certain voltage UOCl #0 on the capacitor C; before

start of its charge and nonzero current of value /; in the
circuit (determined in the first transient process of
charging the capacitor C), then we can write the solution
of such a non-uniform equation in the form:
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uc, () =Ugpy + [{Pz(Uoc1 - USDV)/(pz -pi)-

—0/C JeP" + {11/C1 - pz(Uoc, _USDV)}epzt*] .
Since i(t*) =Cduc, (t*) / dt* , the expression for the

)

current in the charge circuit can be written as:
i(t)= (Uoc1 _USDVXepl —el? )/Ll(Pz -p)+

+1 (Pzepzt* —Pleplt*)/(!’z -p):

Since charge circuit parameters are selected so that

the circuit has a high Q-factor, then there is an oscillatory

transient process, and consequently the roots of the
characteristic equation are conjugate complexes:

p1=—R/2L; + Y L,C - R2J4L? =—b+ jo,
Py =—R/2L, - I/ ,C, - R*/AL2 =-b— jo,
here w=+/1/L,C,—R2/AL> , b=R/2L; .

After substituting the values of p; and p, in (3) and
(4) and performing the transformations, we obtain

(4)

. * .
expressions for uc, () and z(t*) :

uc, (') =Uspy —Ze_bt*((b/a’—fl/a" 2-C)sinar” + )

*
+ coswt

i(t*) =e bt*[(;(/Lla)— Ilb/a))sin ot + I cosa)t*] , (6)
here Z:USDV _U()Cl .

The value of the current /;, which is the initial
current for second transient (charge transient of the
capacitor C;), we determine by the formula for the
oscillatory charge of the capacitor C (in general having
some initial voltage Uyc) from the SDV:

I =i(t=1)=(Uspy ~Upc)e ™ sinenty Ly , (7)

here @) = 1[1/L1C—R2/4L12 .

Calculations and data processing for the charge circuit
(Fig. 1) with parameters Uspy = 500 V, L = 2:10° H,
L, =210*"H,C=10"F, C;=4'10°F, R = 0.1 Ohm we
have performed using the software package MathCAD 12.
As mentioned above, the inductance L is two orders of
magnitude smaller than L;, so we did not take it into
account when performing calculations.

Table 1 shows the results of the calculation of the
first transient process (the currents in the charge circuit
and the charge voltage of capacitor C in the time interval
from ¢ = Toee/2 (when the current is /; = Jima) to
! = Teharge (When current /; = 0). Here 7epqrg. is the charge
duration of capacitor C. These results are required for
further analysis.

Analysis of the results of Table 1 shows that
interrupting the charging process of capacitor C, when the
charge circuit current reaches values in the range /., + 0,
we can change the control conditions of the charge
voltage of the capacitor C, i.e. we can adjust the charge
voltage (to perform so-called a tune-up) in the range
of 7+ 50 %.

Fig. 2 represents the time dependence of the current

in the charge circuit of the EDI i(t*) for various values

of the initial current /;: (0, Iimax/2s 20imax/3> Timax )
and the initial voltage Ugc, =0.
Table 1

The results of calculation of currents and charge voltages of
capacitor C in the time interval from ¢ = 7.4ge/2 10 £ = Tejarge

tl'10>69 S i(tl): A u(tl) = UCmaxa \%
2179 1 =1 max = 335 469
337.9 1 = 21 ax/3 = 223 824
366.9 I = Iima/2 = 168 881
444 4 1,=0 947
i(t*), A for Uoc1:0
450
375 o< for £i~lime
R 4 ". for [1 :2[1,,,‘”/3
et
3000 e” Sat for [}=1 /2
KA AR
V4 .o' .“°§
225( ..' for 7, =0
- %,
\V
150 S
- ‘..
‘. Ve
75 v
] \\ .
LR 0
0 p— - p— - p— p—
0 510° 110 * 1510 ¢ 2.10 ¢ 2510 * 3.10 ¢

£, s
Fig. 2. The time variation in the charging current of capacitor C;
with initial voltage Uyc; = 0 at different initial circuit current
values

As can be seen from Fig. 2, with a decrease in the
value of the initial current /; the amplitude value of the
current in the charge transient process of the capacitor C;
decreases, and the duration of current flow increases. In
other words, the earlier the first transient is interrupted,
the faster and with the higher currents the second one
proceeds.

Fig. 3,a-c shows the time dependence of the voltage

uc, (t*) , and Table 2 represents the values of the
maximum charge voltage of the capacitor C; for different

initial current 7; (0, [1max/2, 201max/3, Iimax) and initial
Voltage UOCI (0, USDV/Z, ZUSDV/3)-

Analyzing dependences shown in Fig. 3 and the data
in Table 2, we can conclude that with a decrease in the
initial current /;, the maximum charging voltage of the
capacitor C; in the second transient process also
decreases.

So if the initial current decreases from [, to zero,

the voltage value U, max decreases by 30 % at Uy, =0
and by 47 % at Uyc, =2Ugpy /3. Thus, the magnitude of
the initial voltage Uy, also affects the value of U¢, max,

and with increasing Ugc, the voltage Ug max also

decreases.

ISSN 2074-272X. Enexmpomexnika i Enexmpomexanika. 2018. N5

41



For example, if the initial voltageUgc, of the

capacitor C; increases from zero to 2Usp)/3 when the
value of the current in the SDV-R-VT-C-L-L,-SDV circuit
I} = @ the value of the maximum charge voltage
Uc, max of the capacitor C decreases by 9 %, and at

current value /; = 0 this voltage decreases by 32 %. In
other words, the later the first charge transient of
capacitor C is interrupted, and the higher initial voltage on
capacitor C), the lower its maximum charge voltage after
second transient.

uc, (1), V for Uge, =0
1500

1250

1000

750

500

250

0 5-10° 1-10 * 1510 210 * 2510 4 310 ¢
a [*, S
*
Uc, ([ ),V for Uocl =USDV/2
1500
1250

1000

750

500

250

1500

1250

1000

750

500

250

1510 4 2-10 ¢

25-10 * 310 ¢

¢ t,s
Fig. 3. The change with time of the charge voltage uc(¢") of the
capacitor C| at its various initial voltages and different initial
values of the current in the circuit (0, /1na/2, 201max/35 Limax):
a — for l}bcq:: 0; b — for (]b(qiz ngDp/Z; C— l]b(qiz ZIJSDV/B

Fig. 4 represents the dependence of maximum
voltage Ug ax on the initial current /; for different

initial voltages Ugyc, on the capacitor C).

Table 2
Maximum charge voltage U, €, max for different values /; and U, oc,
Qo ¥ Lo | gz | 2003
1A SOV SDV?
T, = L 1349 | 1252 1234
I = 211ma/3 1163 | 1029 1001
I = Nima/2 1084 | 925 889
;=0 966 733 655
UC] max >V

1400

1300

1200

1100

1000

900

800

* - Uoc, =Uspy /2
700
2 Uoge, = 2Uspy /3

600
0 50 100 150 200 250 300 350

I, A
Fig. 4. The change in the maximum charge voltage Uc, max of

the capacitor C as a function of the magnitude of the initial
current /;, at which the transient of charge C; begins

As can be seen in Fig. 4, the charge voltage of the
capacitor C; can be controlled by changing the initial
current in its charge circuit by means of varying the
duration of the charge process of the capacitor C.

The charge voltage of the capacitor C; can also be
adjusted by changing its initial voltage before the start of
the charge process. Of course, we can simultaneously use
both methods for control of voltage UCl max - 10 this case,

the control range can be 655+1349 V, that is, the charge
voltage can be changed by 2 times.
The charge voltage of the capacitor C; can be almost
1.5 times higher than the charge voltage of the capacitor
C (see Tables 1 and 2). This fact can be used to produce
discharge pulses of complex shapes in spark load.
Conclusions.

1. We have carried out the transient analysis in the
charge circuit of the capacitors of electric discharge
installation, taking into account the change in the initial
conditions of such transients (initial voltage on the
capacitors and the initial current in the charging circuit).
As the results we have defined the analytical expressions
for determining the current in the circuit and the capacitor
voltage during its charge under nonzero initial current and
voltage conditions.

2. From the formula for the capacitor charge voltage
under nonzero initial conditions in such installations
follows that it depends on two factors: the initial voltage
of this capacitor and the value of the initial current in this
transient process. The numerical experiment of capacitor
charge under nonzero initial conditions has shown that the
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maximum capacitor voltage decreases both with
increasing its initial voltage and with decreasing initial
circuit current.

3. Based on the revealed dependencies, we proposed a
method for charge voltage control of such installations by
changing the initial current in the charge circuit (by
interrupting the first transient at a certain time), and by
using a nonzero initial voltage on the second charged
capacitor. The difference in capacitors voltage of the
installation can be used to produce discharge pulses of
complex shape in the technological load.
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TexHika cunbHUX eJIeKMPUYHUX Ma Ma2HimHux nonie. KabenbHa mexHika
VK 621.3.022: 621.319.53: 537.311.8 doi: 10.20998/2074-272X.2018.5.08

M.U. bapanos, C.I'. Bypsikosckwuii, C.B. Pynakos

METPOJIOTTYECKOE OFECIIEYEHUE B YKPAUHE NCHIBITAHUM OFLEKTOB
HEPTETUKHU, ABUAIITMOHHOM U PAKETHO-KOCMUYECKOM TEXHUKHU HA
CTOMKOCTD K BO3JIEHCTBHUIO UMITYJIbCOB TOKA (HAITPSIXKEHU )
UCKYCCTBEHHOH MOJIHUM U KOMMYTAIMOHHBIX UMITYJIbCOB
HANPSAKEHUSA

Buknaoeno cyuacne nonoxcenna memponoziunozo 3abe3neueHHna ¢ Ykpaini hamypHux eunpooyeans 00'ekmie npomucinoeoi ene-
PpeemuKu, agiayiitnoi i paKemno-KoCMiuHOi mexHiku Ha cmillKicmo 00 nPAMOI Oii Ha HUX ROMYHCHUX IMARYbCIe cmpymy (Hanpy-
2U) Wmy4Hoi O1UCKAGKU ma anepioouunux Komymauyiinux imnyascie nanpyzu. Iloxazamno, wo nodioni eunpooysanns mexuiu-
HUX 00°cKmi¢ Ha OAUCKABKOCMINKICIb MaA KOMYMAYIUHY CIMIIKICMb MOMCYMb RPOGOOUMUCA 8I0ONOGIOHO 00 6UMO2 HOPMAMUG-
Hux 0okymenmie CIIIA SAE ARP 5412: 2013, SAE ARP 5416: 2013, mixcnapoonozo cmanoapmy IEC 62305-1: 2010 i cmanoa-
pmy I'OCT 1516.2-97 6 nonvosux ymosax Ha yHIKAIbHUX GIMYUUIHAHUX 6UCOKOBOIbMHUX CUIbHOCMPYMHUX €1eKMPOYCMAHO6-
Kax, AKi OCHAW{eHI CyHacHumMu 6UMIpIO8aNbHUMU 3acobamu. Onucani 0CHOGHI MeXHIUNI XapaKmepucmuKku po3poodaenux i cmeo-
penux ¢ HJIIKI «Monnian HTY «XIII» ona memponoziunozo 3adezneuenna HAmypHux eunpodyeans 6Ka3anux MmexHiuHux
00'ekmi¢ na onucKagKOCMIlKicCMs Ma KOMymayiiiny cmiiiKicmo: 6UMIpI06anbHUX KOAKCIANIbHUX CUTbHOCMPYMHUX UWIYHMIE mu-
ny HIK-300M1 i IIIK-300M2, emuicnux i omiuHuUx 6UcOK0GOJbMHUX MA HAOBUCOKOBONbMHUX NOOLNbHUKIE HANpY2U MURY
€IIH-100, €IIH-1,2, OIIH-1,2 i OIIH-2,5. IIpusedeni npuxnadu npaKkmuynozo 6uKOPUCIMAHHA RPU HAMYPHUX 6URDPOOYBAHHAX
Ha OuCKasKoCmillKicms ma KOMymauyiiny cmiiKicmo @iOMiueHUx mexniunux 00'cKkmie 6Ka3aHux HeCManoapmizo6aHHux 6u-
MIpHBATbHUX 3AC00i6 871ACHO20 6uzomoenenns. bion. 23, tadn. 4, puc. 16.

Knrouoei crnosa: BUCOKOBOJIBbTHI reHepaToOpH iMIyJIbCiB CTPYMY (HANIPYIH) IITYYHOI OIMCKABKM i KOMyTaniiiHuX iMIIyJIbCiB Ha-
NpYry, 00'€KTH eHePreTUKH, aBialiiiHol i pakeTHO-KOCMIYHOI TeXHiKH, BUMIPIOBaJIbHI 3200 /IJIl HATYPHUX BUNIPOOYBAHb TeX-
HiYHHUX 00'€KTiB Ha cTiliKicTb 10 Aii iMITyJILCIB CTPYMY (Hanpyru) ITY4YHOI 0JUCKABKH Ta KOMYTAlliiHUX iMITy/IbCiB HANIPYTH.

H3n105ceno cospemennoe cocmoanue MempoaoZudeckozo ooecnedenusn 6 YKpaune HAMypHvIX UCROIMAHUI 00bEeKM 08 RPOMbIUIL-
JIEHHOIl IHeP2emuUKU, A6UAYUOHHON U PAKEMHO-KOCMUYECKOI MEXHUKU HA CHOUKOCHb K RPAMOMY 6030€lCMEUI0 HA HUX MO -
HbBIX UMNYIbCO8 MOKA (HANPANCEHUA) UCKYCCIMEEHHOU MOJHUU U ANepuoOUYecKux KOMMYMAauUOHHbIX UMNYIAbCOE HAnpAdice-
nua. Iloxazano, umo no0ooHbIe UCNBIMAHUA MEXHUYECKUX 00bEKMO08 HA MOJIHUECMOUKOCIb U KOMMYMAYUOHHYIO CIOUKOCMb
MO2ym npoBOOUMbCA 8 coomeemcmeuu ¢ mpedosanuamu nopmamuehvix 0okymenmoe CIIIA SAE ARP 5412: 2013, SAE ARP
5416: 2013, mexcoynapoonozo cmanoapma IEC 62305-1: 2010 u cmanoapma I'OCT 1516.2-97 ¢ noneevix ycnoeuax na ynu-
KabHBIX 0MeuecmeeHHbIX GblCOKOBOTIbHIHBIX CUTNbHOMOYHBIX ITIEKMPOYCMAHOBKAX, OCHAU{EHHBIX COBPDEMEHHbIMU UIMepPU-
menvhoiMu cpeocmeamu. Onucanvl OCHOGHble MeEXHUYECKUe XAPAKMEPUCMUKU pazpabomanuvix u co3oauuvix ¢ HUITKH
«Monnusn HTY «XIIH» onsa memponozuueckozo odecneyenus HamypHolX UCRbIMAHUIL YKA3AHHBIX MEXHUYECKUX 00beKmoe Ha
MOTHUECMOUKOCH U KOMMYMAUUOHHYIO CHIOUKOCHb: U3MEPUMENbHBIX KOAKCUATbHBIX CUNbHOMOYHLIX wiyHmos muna IIIK-
300M1 u ILIIK-300M2, emMKOCIMHBIX U OMUYECKUX BbICOKOBOJIbHIHBIX U CE6EPXEBbICOKOBOILIHBIX Oe/lumeiell HanPaA}Cenus muna
E/TH-100, E/IH-1,2, O/lH-1,2 u O/[H-2,5. IIpusedenst npumepvl npAaKmuiecKkoz0 uCno1b306aHUA NPU HAMYPHLIX UCHBIMAHUAX
HA MOTHUECMOUKOCHY U KOMMYMAUYUOHHYIO CHOUKOCHb OMMEYEHHbIX MEXHUYECKUX 00beKmog YKa3anHvlX HeCmaHoapmu3o-
GAHHBIX UIMEPUMEIbHBIX CPEOCHI8 COOCMEENH020 u32omosnenus. bubn. 23, tabn. 4, puc. 16.

Kniouesvie cnosa: BbICOKOBOJIbTHBIE T€HEPATOPBI MMITYJIBLCOB TOKA (HANPSIAKEHUs) HCKYCCTBEHHOH MOJHMH U KOMMYTAIUOH-
HbIX UMIIYJIbCOB HAINPSKEHHUsl, 00bEeKThl HEPreTUKH, ABUALMOHHONH M PAaKeTHO-KOCMHYeCKOH TeXHHUKH, U3MepHTe/bHbIe
cpelacTBa AJI HATYPHBIX MCHBITAHMI TEXHMYECKMX 00BEKTOB HA CTOHWKOCTH K AeiiCTBMIO HMILYJbCOB TOKA (HANPSIKEHUS)
HCKYCCTBEHHOI MOJHUHM M KOMMYTAIMOHHBIX HMILYJIbCOB HANPS:KEHHUSI.

BBenenne. B cooTBeTcTBUU C TpeOOBaHUSMH JIEii-
CTBYIOIIMX Ha CErOHs HOPMAaTHBHBIX J0KyMeHTOB CIIIA
SAE ARP 5412:2013 [1], SAE ARP 5416:2013 [2] u me-
xkayHapogHoro cranmapta IEC 62305-1:2010 [3] mpu
HATYPHBIX HCHBITAHUAX OOBEKTOB aBHAIMOHHOW, paKerT-
HO-KOCMHYECKOW TEXHHKH W DHEPTeTHKH Ha MOJHHE-
CTOHKOCTh Ha ITOCJIEAHHE OT MOIIHBIX BBICOKOBOJIBTHBIX
reaepatopoB Toka MoiHAU (I'TM) momaroTcsi UMITYIbCHI
TOKa MICKYCCTBEHHOW MOJIHHM C Pa3IWIHBIMH AMIUIATY/I-
HO-BpeMeHHbIMH napamerpamu (ABII). IIpu stom am-
IUIUTYIBI 1,,; TIPOTEKAIOIINX Yepe3 HMCIBIThIBaAeMble 00b-
€KTbl HMMITYJIbCOB TOKa MOJHUHU MOTYT HU3MEHATHCA OT
JIECSATKOB aMIIep JI0 COTEH ThICAY aMIep, a X JUIUTEIbHO-
CTH T, — OT COTE€H MHUKPOCEKYHJI IO OJTHOM TBICAYH MMII-
mucekyHna [1-3]. B mokymentax [1-3] Oomee moapoOHO
yKa3aHbl YMCICHHBIE 3HaYeHUs HOpMHUpoBaHHBIX ABII
MPUMEHSEMBIX TIPH HUCIBITAHUSIX HAa MOJHHECTOMKOCTH
paccMaTpUBaeMBIX TEXHHUYECKHX OOBEKTOB HMITYJIHCOB
TOKa HCKyCCTBeHHOH MomHuu. B [4] aBTOpamm ObuIH
ONHCAHBl TEXHUYECKHE XapaKTEPUCTUKH YHHUKAJIbHBIX

OTEYECTBEHHBIX MOIIHBIX BBICOKOBOJILTHEIX I 'TM, peanu-
3yIOIIMX Ha IpakTHKe TpeOoBaHMs IOKyMmeHTOB [1-3].
HewictByrommii crangapt I'OCT 1516.2-97 [5] onpenens-
eT HopmupoBaHHble ABII nMITyJIbCOB HampsKEHUs! Tpo-
30BOTO MPOUCXOKAEHHUS M KOMMYTAI[HOHHBIX allepHOIH-
YECKHX HMITYyJIbCOB HANpPSDKCHUS, HCIOIb3YEMbIX IpH
WCIBITAHUAX  JIEKTPUYECKOM TPOYHOCTH HapyKHOH
(BHYTpeHHEH) N30JAIH 00BEKTOB IPOMBIIIIICHHON YHEp-
TEeTHKU C €MKOCTHOW XapaKTepUCTUKOHN (HAmpuMep, BBI-
KJIIOYaTele, pa3beAUHUTENEH, BBOJOB, W30JISTOPOB,
TpaHcdopMaTopoB TOKa, KOHAEHCATOPOB M 1p.). B aTom
Clly4ae TpO30BOH amepuoAudYecKHi HMIYJIbC HaIpsbKe-
HUsL, GOPMUpPYEMBIH Ha UCIIBITHIBAEMOI HAarpy3Ke reHepa-
TOpoM uMITyIbcHBIX HampspkeHuid (I'MH), noctpoeHHBIM
IO KJIacCU4ecKol cxeme ApkaaseBa-Mapkca, XxapakTepu-
3yeTcst BpeMeHHOH (opmoit 7/7,=1,2 Mkc/50 mMkc (npn
Joryckax 1mo: GpoHry 7r+30 %; aMIIMTYyle HaNpsKEHUs
Ui £3 %; JMTENbHOCTH MMITYJIbCa T, Ha ypoBHE 0,5U,,;
+20 %), HOpMHPOBAaHHOE MAaKCHMAJIbHOE 3HAYE€HHE KOTO-
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poro U,,; 00braHO He npeBbimaer | MB [5]. Ykaxewm, uto
ammmutyaa U, KOMMYyTaIlMOHHBIX allepHOJANICCKUX UM-
ITyJTECOB HAIPSDKEHUS, BOCTIPOM3BOIUMBIX HA dJIEKTpHUe-
CKOM Harpy3ke reHepaTopoM KOMMYTAIIHOHHBIX UMITYJIb-
cos Hanpspkenus (I'KMH), nocturaetr ypoBHS B HECKOJb-
KO MeraBoJIbT. Bpemsi Hapactanus (mogpema) Tj; Takux
HMMITYJIBCOB HAIpsDKEHUS 10 ypoBHS U, COCTaBiIsIeT He-
CKOJIBKO COTEH MHKPOCEKYHJ, a WX JUIMTENbHOCTh [p Ha
ypoBHe 0,5U,; — 10 HECKOJBKUX THICSY MHUKPOCEKYH]
[5]. Hdns omeparuBHOM peructpanuu ABII ykazaHHBIX
UMIIYJIbCOB TOKa M HAMPSKCHUS TPEOYIOTCS COOTBETCT-
BYIOIIME M3MEpUTENbHBIC cpencTBa. Heobxomumo otme-
TUTh, YTO OTEYCCTBCHHAS IPOMBINUICHHOCT ITOJTOOHBIX
HU3MEPUTENBbHBIX CPEACTB HE MPOU3BOAMUT. B 3TOM CBszU
paspaborunkam u coszmarensm ['TM, TMH u T'KHUH, a
TaKXKe 00CTYKHBAOMIEMY UX OIIEPATHBHOMY HHXCHEPHO-
TEXHUYECKOMY IIEpCOHAITy TPeOyeTcs CaMOCTOSATEIBHO
pemaTs BONPOCH METPOJIOTHYECKOTO 00ECIeUeHHs BBI-
MOJTHSAEMBIX C TOMOIIBIO0 YKa3aHHBIX BBICOKOBOJIBTHBIX
TeHEePaTOPOB HMITYJIbCOB TOKAa M HANPSHKEHUS JOTOBOP-
HBIX Pa0OT M TMPHKIAJAHBIX HAYYHBIX HCCICIOBAHUN B
paccMaTpuBaeMON aKTyaJIbHOH BO BCEM MHUpPE Hay4dHO-
TEXHUYECKON O0JIACTH TEXHHKH W 3JCKTpodu3uku 00Jib-
VX TOKOB M BEICOKUX (CBEPXBBICOKUX) HAMPSKCHUIA.
Heablo cTaThbM SBISETCS H3JIOKEHHE W aHAIIU3 CO-
BPEMEHHOT'O COCTOSIHUSI METPOJIOTHUECKOT0 o0ecreueH st
B YKpaumHE HCIBITAaHHH O00OpYyZOBaHUS OOBEKTOB IIPO-
MBIILJIEHHOW 3HEPreTUKH Ha MOJIHUECTOMKOCTh U KOMMY-
TAI[MOHHYIO CTOHKOCTB, a TaK)Ke OOBEKTOB aBHAIIMOHHOM
U PaKETHO-KOCMHUYECKON TEXHUKH Ha MOJIHUECTOUKOCTb.
1. Mertposaornueckoe olecneyeHue HCHbITAHUI
TeXHUYEeCKMX 00bEKTOB HA MOJIHHECTOIKOCTh. BHaua-
JIe OCTAaHOBHMCS Ha BOIIPOCAX METPOJIOTHIECKOro obec-
MICUCHUSI UCTIBITAHNN OOBEKTOB aBHAIIMOHHON U PaKETHO-
KOCMHMYECKON TEXHUKU U JHEPreTUKM Ha CTOMKOCTh K
BO3JECHCTBUI0 HAa HUX MMILYJbCOB TOKa HCKYCCTBEHHOH
MomHuH. Jlis OOBEKTOB aABUAIIMOHHONH ¥ paKeTHO-
KOCMHYCCKOW TEXHHUKH MOJTO0HBIC MCIIBITAHUS PETiaMeH-
TUPYIOTCSI TPEOOBAaHHSAMU HOPMATHUBHBIX JOKYMCHTOB
CIIA SAE ARP 5412: 2013 [1] u SAE ARP 5416: 2013
[2]. CormacHo [1, 2] uepe3 ucbITEIBaEMBIE OOBEKTHI YKa-
3aHHOW TEXHUKHA MOTYT IPOTEKATh CIEAYIOIINE COCTaB-
JISIONINE TOKAa UCKYCCTBEHHON MOJIHUH, T€HEpPUPYEMBIE B
BBICOKOBOJIbTHBIX CHJIBHOTOYHBIX Liemsix I'TM: ummnyibc-
Hast A- (UM NOBTOpHAs UMITyJNbCHas D-), IPOMEXyTOU-
Hast B- u nnoutensHas C- (WM YKOPOYEHHAs JIUTETbHAs
C’-) KOMIIOHEHTHI TOKAa HCKYCCTBEHHOH MOHUH. OCHOB-
Hbie ABII 1aHHBIX KOMIIOHEHT UMITYJIBCHOTO TOKA MCKYC-
CTBCHHOW MOJIHUM MpHUBEcHEI B Ta0i. 1. Hanbonee wacto
MPUMEHSIOTCS CICIYIOINE KOMOMHAIINH YKa3aHHBIX KOM-
MMOHEHT Toka MOJHMH [1, 2, 6]: A- , B- 1 C- KOMIIOHCHTHI;
A-,B-u Cc- KOMIOHEHTHL, D- , B- u C"- KOMITIOHEHTHL.
Jns oOBEeKTOB TNPOMBINUICHHOH ASHEPTEeTHKH pac-
CMaTpUBaeMbIe BBICOKOBOJBTHBIE CHJIBHOTOYHBIEC HCIIBI-
TaHUSI Ha MOJIHUECTOMKOCTH PETIaMEHTHPYIOTCS Tpebo-
BaHUAMH MexayHaponaHoro crargapra I[EC 62305-1:2010
[3] u pa3paboTanHoro B P® Ha ero ocHOBE HAI[MOHAJIBLHO-
ro craaapra OCT P MOK 62305-1:2010 [7]. I1lpu s3Tom
or momHoro I'TM Ha ucCHBITBIBAEMBI OOBEKT MOJAETCS
anepuoANYECKUN UMITYJIbC TOKA UCKYCCTBEHHON MOJIHUU
BpeMeHHOH dopmbl 7/7,=10 MKkc/350 MKC 06eux mossp-
HOCTEH, XapaKTepHBIH JIsl NPSIMOTr0 KOPOTKOI'O I'pO30BO-
ro yaapa B 3allWIIaeMbIe PSIOM WH)KEHEPHBIX CITYKO

JHEPTOCHAOKAIOMIMX KOMIIAHWK Ha3eMHBbIE OOBEKTHL. B

Tabn. 2 npuBeneHsl ocHOBHBIE ABII 3TOr0 MomHoOro uc-

IIBITATCIABHOT'O l/IMHyﬂbca TOKa HCKyCCTBeHHOﬁ MOJIHUHU.
Tabmuma 1

Hopmuposanusie ABIT 0CHOBHBIX KOMITIOHEHT
HMITyJIbCHOTO TOKA UCKYCCTBEHHOM MonHuu [1, 2, 4]

6
P L I Lol B S G
A 200420 — - 2404 |<50| <05
B —  |2+0,4] 10+1 - - 5+0,5
c 0,2-0,8| — [200+40 - — 1(0,25+1)-10°
c - 04 | 6-18 - - 15-45
D 100+10| — — 10,25+0,05 |<25| <05

Ilpumeuanue. 1,;, — aMIIUTyna UMIyldbca TOKa; /. — cpelrHee
3HAUCHHE TOKA; ¢; — KOJUYECTBO IPOTEKIIETO Yepe3 HCIIBITHI-
BaeMbIii 00BEKT DIEKTPUUECKOTO 3apsija; J; — WHTerpan aeicr-
BHS HMIIyIbCa TOKA; T T, — COOTBETCTBEHHO IHMTEIbHOCTH
¢ponTa ummynsca mexay yposusmu (0,1-0,9)1,; u ummynsca
ToKa Ha yposHe <0,17,;.

Tabmuna 2
Hopmuposannsie ABII aneprnoan4eckoro uMITysca TOKa
MonHUU BpeMeHHOU Gopmer 10 Mxce/350 mxc [3, 4]

HanmenoBanue napaverpa YpoBeHb MOJHHE3AIIUTHI 00BEKTA 11O
WMITy TbCa TOKA MOJTHUH cranpapry IEC 62305-1: 2010
1 11 1I-IV

JlnutenbHOCTh PpoHTa 7 MKC | 1042 10+2 10+2
JINTEeIbHOCT UMITYJIbCA Ha
nosycnase 7, (Ha ypoBHe 350+35 350+35 350+35
0,51,,1), MKC
Awmmuryna Toka [, KA 200+20 150+15 100+10
?(;Tf&’fg TR I 10£3,5 | 5,6:1,96 | 2,5:0,875
Sapsin g, Ki 100+20 75+15 50+10

UYro kacaercsi IIPOBEACHUS WCIBITAaHWI BIJIEKTpHYe-
CKOM TIPOYHOCTH HAPY>KHOH W BHYTPEHHEH M30JISILIUU 00b-
€KTOB DIICKTPOIHEPTETHKU K BO3IIEHCTBHIO TPO3OBBHIX pa3-
PSIOB, TO OHH COTJIACHO [5] BBIMONHSIOTCS C UCTIOJB30Ba-
HHEM YKa3aHHOTO BBIIIIE TPO30BOTO UMITYJIhCa HATIPSHKCHIS
BpemeHHOM (opmbl 1,2 Mrc/50 mkc. Ilpu stom mis ero
HU3MEpEeHNsI HAMH MOTYT IPUMEHATHCS KaK M3MEPHUTEIbHEIC
CTaHJAPTHBIE TIaphl quamerpoMm ot 125 mm mo 1,5 M [8],
TaKk U BBICOKOBOJIbTHBIC eMKocTHbie (EJIH) u omuueckue
(OIH) menuTeny HampsDKEHUS Ha MMITYJIbCHBIE HampspKe-
Hus ypoBHeM +(0,1-2,5) MB, umeroniie B coctaBe BBICO-
KOBOJIbTHBIE M HU3KOBOJIbTHBIE TIjIeuH [5, 9].

1.1. W3mMepuTe/ibHbIe KOAKCHAJIbHBbIE THCKOBBIE
myHTsl THHA [TK-300M1 u IDK-300M2. [{nst peruct-
pauuy UMITYJIbCOB TOKA MCKYCCTBEHHOW MoiHUM ¢ ABII
COTJIACHO JaHHBIX TaON. | ¥ 2, TeHepUpyeMBIX Ha UCIIHI-
ThIBaeMbIX 00BeKkTax MomHbMH ['TM [4], ymoBieTBO-
pstomumu  TpedoBanusam [1-3], B HUIIKM «MomHus»
HTY «XIIN» B 2016 r. O6butn pa3pabOTaHbl U CO3AAHBI
crenuaibHble H3MEPUTEIbHbIE BEICOKOBOIBTHBIE CUIBHO-
TouHble AuckoBble yHTHI TUma [IIK-300M1 [10] (puc. 1)
n [IK-300M2 [11] (puc. 2) xoakcuanbHOI KOHCTPYKIIUU.
[TomoOHBIE KOHCTPYKIMM LIYHTOB XapaKTEpPU3YIOTCS Ma-
JIBIMHU 3HAYEHHUSIMH X UHAYKTUBHOCTH (He Ooniee 10 HI'H) n
aKTUBHOTO conpotusieHus (He 6onee 0,2 MOm), uTo obec-
MeYNBaeT HE3HAUUTENHFHOE BIMSHHAE COOCTBEHHBIX JJIEK-
TPUYECKHUX MApaMETPOB M3MEPHUTEIHHOTO IIyHTA Ha TPOTe-
Kalolllye B Harpy3Ke AJIeKTPOMarHUTHBIE Tporiecchl. Cytire-
CTBEHHBIM OTJINYMEM KOHCTPYKIMI JTaHHBIX CHIIBHOTOYHBIX
IIYHTOB OT M3BECTHHIX (HAIpUMEp, OIMHMCAHHOTO B [6])
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ABJSIETCA TPHMEHEHHE B HHUX BMECTO TOHKOCTEHHOTO
(Tommuuo# He Gonee 0,3 MM) BEICOKOOMHOTO MaHTaHHU-
HOBOT'O JMCKa, C KOTOPOr'O CHUMAETCs MaJIeHUe UMITYJIbC-
HOTO HaMpsKEHUS OT MPOXOXKICHUS M0 HEMY H3MepsIeMo-
0 MMIyJibca TOKa, AMCKA TOJIUHOW OT 1 10 2 MM u3
HepkaBeromel cranu mapku 12X18H10T [10, 11].

Puc. 1. BHenHuit BU]] yCOBEPIIEHCTBOBAHHOTO KOAKCHATEHOTO
nmuckoBoro mynra tuna HIK-300M1, npenHa3sHa4eHHOTO IS
HM3MEpEHNs B MUKPO- X MIJLUIUCEKYHIHOM JHAaNa30Hax 3aTy-
XaIOMUX CHHYCOMJATIbHBIX U allepHOANYECKUX UMITYJIECOB TOKA
HCKYCCTBEHHON MOJIHMU aMIUTUTYJ0H 10 £220 KA B CHIIBHO-
TOYHOM pa3psIHON LEMH MOIIHOTO BEICOKOBOJIbTHOrO ['TM
C MHTETPaJIOM UX AeUCTBUSA 10 3- 10° Jiox/Om [10]

Takoe TeXHHYECKOE yCOBEPLICHCTBOBAaHHE KOHCTPYK-
[IUA U3MEPUTEITHFHOTO BRICOKOOMHOTO JIFCKAa B COCTABE BBI-
COKOBOJIFTHOTO CHIIBHOTOYHOTO IIIyHTa (cM. puc. | u 2) mo-
3BOJIIJIO CYIIIECTBEHHO MOBBICHT €T0 AJIEKTPOTEPMUIECKYIO
CTOMKOCTh K IPOTEKAOMIUM II0 HEMY OOJBIINM HMITYJIbC-
HbiM ToKaM (BUT) u u30exaTh B HEM PA3BUTHE OMACHOIO
Ul MEXaHUYECKOW CTOMKOCTH LIyHTa SIBJICHUS JIEKTpUYe-
ckoro B3pbiBa (IB) ero meramna.

Puc. 2. BHenHuMit BH] yCOBEPIIEHCTBOBAHHOTO KOAKCHATEHOTO
nuckoBoro urynTa tuna [1IK-300M2, npeana3sHaueHHOTo A1t
M3MEpEeHHs B COTTIaCOBAaHHOM PEXHUMeE PaboThI ero KabeabHOMH

JIMHUH TIePe/iauyl CUTHaIa B MUKPO- ¥ MIJUTHCEKYHTHOM Jxarna-
30HaX UMILYJIbCOB TOKa HCKYCCTBEHHOI MOJIHMH aMIUTHTY O

110 £220 KA B CHIIBHOTOUHOH pa3psaHOM LIeH BBICOKOBOJIBTHO-

ro I'TM c unrerpanom ux neictsus 1o 15- 10° Ix/Om [11]

Kak usBectno [12, 13], OB meramindeckoro musme-
PpUTENBHOIO AUCKA HIyHTa pu perucrpaunu bBUT compo-
BOXKJIAETCA PE3KUM IIOBBIIICHHEM Ta30JUHaMUYECKOT0
JlaBJIeHUs] BHYTpH HIyHTa (10 coreH armocdep [14]),
OOBIYHO TPHUBOASAIIMM K €r0 paspyLICHHIO U BBIXOAY U3
cTpost. Ha puc. 3 mpuBeneH cXxeMaTHYECKHd Bl KOHCT-
pykumu mryaTa Trna [1IK-300M2 B mpogoiasHOM pa3pese.

J11 OMTHOBPEMEHHOIO U3MEPEHHSI HECKONBKHX KOM-
IIOHEHT IOJHOTO TOKA MCKYCCTBEHHOM MOJIHUH, T€HEpH-

PYEMOIro B BBICOKOBOJIbTHOM CHJIBHOTOYHOM pa3psaHOU
nenu I'TM, motpeboBaiack pa3paboTKa ¥ CO3JaHUE CIie-
[UAIBHOTO H3MEPUTENBHOTO COIVIACYIOIEro JAEIUTENs
Hanpspkenus (CIH), BkioyaeMoro Ha BbIXOJIE JTOTIOJHU-
TEbHO JKPaHUPOBAHHOW KOAKCHUAJIbHOW JIMHWUU CBSI3U
(puc. 4). B npuBenenHom Ha puc. 4 nenurene tuna C/IH-
300 mmeercs ABa KOakCHalmbHBIX pasbema 1:1 m 1:2,
NpeHa3HaYeHHBIX /IS COTJIACOBAHHOIO MOICOEIMHEHHMS
UX BBIXOJIOB KO BXOJIaM U3MEPUTEIBHBIX KaHAJIOB IUPPO-
BEIX 3anioMuHaromuXx ocummiorpagos (L[30) [6, 10].

14 1 2 3 4
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Puc. 3. Cxematudeckoe H300pakeHHe KOHCTPYKLIMHY KOAKCHAIBHO-
ro auckoBoro myHTa Tana LIK-300M2 B ero mpoioiIsHOM 0CEBOM
paspese (1 — MacCHBHBII BHYTPEHHHUI MITHHAPUYCCKIHN JTaTyHHBIA
ANEKTPOS; 2, 3 — M30JIHOHHBIE BTYJIKH U3 (proporuiacta; 4 — Mac-
CHUBHBII HAapy>KHBIHA LIUIMHIPHYECKUH JIATYHHBIN AIEKTPOL; 5 —
H3MEPUTEIIbHBIM BHICOKOOMHBIN CTAJIBHOM JUCK; 6, 7 — MacCUBHBIC
HPKIMHBIE H30JSIHOHHBIE IUCKHY; 8 — OaHIA)KHBIH JIATyHHBIH
1uck; 9, 10, 12 — cranbHble BUHTHI KperieHus; 11 — BBIXOAHOH
KOaKcHaJbHbINA pazbeM Tuna CP-75; 13 — MaccuBHOE NpHKMMHOE
JIaTYHHOE KOMbII0; 14, 15 — cOOTBETCTBEHHO BXOIHBIE (TIOTECHIIN-
AIIbHBIC) U BBIXOJHBIC (3236 MJICHHBIE) 3JIEMEHTHI JIATYHHOTO OOJITO-
BOT'0 ITOZICOEAMHEHN IIIYHTA K BEICOKOBOJIBTHOM CHJIBHOTOYHON
paspsiaoit merm ['TM) [11]

Puc. 4. BHennuii Bua u3mMeputensHoro urysra tuna K-
300M1, moxcoeANHEHHOTO KO BXOAY JOMOJIHUTEIBHO SKPAHU-
POBaHHOTO KOAKCHAJIBHOTO PaIHOYacTOTHOrO Kabens mapku PK
75-7-11 pmunoit 70 M, BEIXOJ KOTOPOTO MOJKIIOYEH K IKpaHH-
POBaHHOMY cOTJIacyIOIIeMy JenuTeNro Hanpsbkerns tuna C/AH-
300 ¢ AByMs BBIXOJIHBIMU KOAKCHaJIbHBIMU pazbeMamu 1:1 u 1:2
JUISL COTJIACOBAHHOTO MTOJICOCMHEHNSI K HUM H3MEPUTEIbHBIX
kanainoB Tpex 130 (manpumep, cepun Tektronix TDS 1012)
[IPY OZTHOBPEMEHHOMN PEruCTpalvy B CWIIBHOTOYHOM pa3psiiHON
nenu I'TM cpasy Tpex KOMIIOHEHT MOJIHOTO UMITyJIbCa TOKa
HCKYCCTBEHHON MoNTHIH ¢ pasnuaabiMi ABII [6, 10]

Ha puc. 5 npencraBneH oOmuidi BUA pa3sMeENICHH
tpex 1[30 tuma Tektronix TDS 1012 B 3ariny0iecHHOM
9KPaHHUPOBAHHOM HM3MEPUTEIbHOM OyHKEpe IpH HaTyp-
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HBIX HCIBITAHUAX OOBEKTOB aBHAI[MIOHHOW TEXHHUKH Ha
MpsIMOE BO3JIEHCTBUE B HUX coriacHo [1, 2] Toka MOJIHUY.

Puc. 5. BHemnuil BUI pa3MenieHust Tpex NapajjiesibHO PErucT-
PUPYIOLIMX ¢ OJHOI0 U3MepuTenabHoro mrynra tuna HIK-300M1
TIOJIE3HBIE AIIEKTPUUECKHE CUTHAIBI IIM(POBEIX 3aIIOMUHAIOIINX
ocumiorpador cepuu Tektronix TDS 1012 B 3army6iieHHOM
9KpaHMPOBAHHOM M3MEPUTEIILHOM OyHKepe, IIpeJHa3HaYeHHOM
JUISL METPOJIOTMYECKOT0 00ECTIeYeHHsI HATYPHBIX UCTIBITAHUH
Pa3IMYHBIX TEXHUYECKUX 0OBEKTOB Ha MOJHHUECTOHKOCTH [9]

Otmerum, uto ucnons3yemsle Hamu L[30 npu uc-
IIBITAHUSIX TEXHUYECKUX OOBEKTOB Ha MOJHHMECTOMKOCTH
AMEIOT COOTBETCTBYIOIINE CEePTU(UKATH METPOJIOTHYE-
ckoil mposepkn u kammOpoBku [Tl «XapekoBcTaHmapT-
Metpotorus» (Hampumep, Ne08/2128K ot 16.05.2017 1.).

B 1abn. 3 mpuBeneHs! OCHOBHBIE TEXHHUYECKHE Xa-
PaKTepUCTUKHA OomHMCaHHBIX myHTOB Tuma LIIK-300M1 u
IK-300M2, npormieamux rocyJapCTBeHHYI0 METPOJIOTH-
yeckyro arrecrauuto B I'Tl «XappkoBcTanmapTMeTposo-
rus» (axkt nposepku Ne06/184 ot 27.06.2017 r. u cepru-
¢ukat coorBercTBust Ne06/0206 ot 19.07.2017 r.) [11].

Tabnuma 3
OCHOBHEIEC TEXHUYECKHUE XapaKTECPUCTHUKU BBICOKOBOJIBTHBIX
cubHOTOYHBIX IryHTOB IITK-300M1 1 IIK-300M2

HaI/IMeHOBaHI/Ie 3Ha‘{eHI/Ie XapaKTCPUCTUKHU
LIyHTA Rg, MOM K, A/B Macca, kr
[IK-300M1 0,158+1 % Ksu=12625 3,1
Kg=6312
K,=25000
IIIK-300M2 0,080+1 % ——2 32
Ks=12500

Ilpumeuanue. Rg — aKTHBHOE COIPOTHUBIICHHE IUCKa IIyHTA,
MOM; K=2/Rg — ko3¢ dunueHT npeodpasoBanus IryHra, A/B;
Ksy — xoa¢pdumment npeobpa3oBaHusl MIyHTA NIPU U3MEPEHUH B
paspanuoii nemu ['TM ABII 4- u D- KOMIIOHEHT TOKa MOJIHUH U
rpo3oBoro umiynsca popmer 10 mMrc/350 mke, A/B (¢ koakcu-
anpHOTO pazbema 1:1 nemurenst CAH-300); Kgc — koaddunment
npeoOpa3oBaHusl LIyHTa HPM H3MEPEHHH B Pa3psAAHOH Lenu
I'TM ABII B- ,C- u C'- KOMIIOHEHT TOKa HCKYCCTBEHHON MOJI-
HuH, A/B (c koakcuansHOro pazsema 1:2 nemmrens CJIH-300).

Ucnonp3ys nanHble Tabn. 3 u mokasaHus (B IOJSX
WIN €MHULAX BOJBT) perucrpupyemoro Ha skpane 130
C M3MEPHUTEIBHOTO NIYHTA TaJICHHUS UMITYJIECHOTO Harpsi-
skeHust Us, MCKOMOE 3Hay€HWe CHIIbl [,; U3MEPSIEMOro
HMMITyJIbCa TOKa MOJIHUM onpenensieM B Buae: 1, =Kg Us.

1.2. EMKOCTHBIE 1 OMHYeCKHE JeJTUTET Hanpsi-
:kenus tTuna EJJTH-100, EAH-1,2, OH-1,2 u OJJH-2,5.
B 2011 r. mpu u3ydeHnH moBeAeHUs 00pas3IoB BBICOKO-
BOJIBTHOW M30JIALIMH (B YaCTHOCTH, U3 APEBECHUHBI) UCTIBI-

TaTeNBHBIX 3JEKTPOYCTaHOBOK oTnena Ne4 MHCTHUTyTa B
YCIOBUSIX BO3JCUCTBUSI Ha HUX OOJIBIINX HMMITYJIbCHBIX
TOKOB M BBICOKHX HalpsDKEHHH HaM OKa3ajcs HeoO0XO.H-
MBIM MaJIOTa0apUTHBIN MEPEIBUKHON €MKOCTHBIN JIeNH-
TeJb UMITYJILCHOTO HampsbKeHus ammuntyaon ao =100 kB
(EAH-100), ¢yHKIMOHMpYOUMHA B MHKPOCEKYHIHOM
BpeMEHHOM Juamna3oHe. Ha puc. 6 nmpusenena cxema noj-
kimoueHust EJJH-100 k usmepurenbHON e YCTaHOBKH.
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Puc. 6. Cxema noacoenunenust EJJH-100 ko Bxoxy 1130 [15]

CxeMa n3MepeHust Ha puc. 6 BBICOKOTO HAIPSHKEHUS
Up, nogaBaeMoro Ha BBICOKOBOJBTHOE IUIEUO JIEITUTEINs
eMKOCTbI0 Cp, TIOCIENOBATEILHO COEIMHEHHOE C HU3KO-
BOJILTHEIM IIJIEYOM JAeNuTelss eMKocThio Cp>>Cp, 6asu-
pyeTcs Ha COIIaCOBaHHOM peXHMe paboThl H3MEPUTEIb-
Hoit uenn EJIH-100. [y peanuzauuu 3TOro pexuma Hc-
MOJIB3YeTCsl BKIIIOUEHHWE B LENb JKWIBI KOAKCHAJIBHOTO
pamnodactoTHOoTo Kadens (PK) ¢ BomHOBBIM compoTuBie-
HHUEM Zp JHHUU Tepeladyd IIOJIE3HOTO 3JIEKTPHUIECKOTO
CHUTHaJa ¢ HU3KOBOJBTHOTO IUIeYa JACIHTENS COTIACyIo-
LIEr0 aKTUBHOT'O COMPOTUBJIEHUS R~Zg M NMOAKIIOYEHUE
Ha HU3KOBOJIbTHOM CTOpPOHE CXeMbl ¢ HarpsbkeHueMm Uy
cormacyromeil RcCc — nenouku (cM. puc. 6). Ykaxem,
YTO BKJIFOUCHHUEC COIIPOTUBJICHUSA RC COI'JIaCHO CX€MbI Ha
pHuc. 6 yMEHBILIAET BJBOE IOJIE3HBI CUTHA C YPOBHEM
HanpspkeHus Uy, mofaBaeMblii HA U3MEPUTENbHBIN KaHal
I30. Hns ynydiieHWs MepelaTOYHBIX XapaKTEPUCTHK
paccMaTpruBaeMoro JIEJIUTENs €ro HU3KOBOJIBTHOE IIIEHO
CcoepXKUT Koppektupywoiyio R;C, — nenouky. B coot-
BETCTBHH CO CXEMOH puc. 6 OBUTM WCIOIB30BAaHBI Clie-
IYFOIIUE YNCIICHHBIC 3HAYCHNST OCHOBHBIX AJICKTPHICCKUX
napamerpoB aenutens EJIH-100 (puc. 7): C3=0,47 nd;
C,=C~=0,54 Mmx®; R~=Zz=75 Om; R,=27 Om; C;=2,8 ud.

YkaxeM, 4TO IIPH CO3JAHUU BHICOKOBOJBTHOTO TLIE-
4a JeIuTeNs] UMIyJIbcHOTro HampsbkeHus tuma EJIH-100
6I)IJ'II/I MMPUMEHCHBI BBICOKOBOJIbTHBIC KEPAMUYCCKHUE KOH-
neHcaropsl Tuna K-15-10 (emkocthio 4700 nd Ha HOMU-
HanbHOe HanpspkeHue £50 kB). B aroii cesi3u emkocth Cp
coctosuia u3 10 mIT. TOCHIENOBaTEIbHO COEIUHEHHBIX
KOHJICHCAaTOPOB YKa3aHHOTO THUIIA, pa3MEIIEHHbBIX Ha BO3-
Iyxe B m30iAnuoHHoN Tpyoe n3 CTOD (mmmHO# 915 MM
W BHYTPEHHUM AuaMeTpoM 151 MM ¢ TONMIUHON CTEHKH
12 MMm). HU3KOBOJIBTHOE TIIEYO paccMaTpUBAEMOTO JeITH-
Tenst eMKOCcThio Cy=0,54 Mk® ObUTO pealn30BaHO HA OC-
HOBE [JBYX IapajUIeIbHO COEAWHEHHBIX KOHIEHCATOPOB
tumna K-73-11 emkoctsio 0,27 Mmx® Ha Hanpspxenue 250 B
[15]. Cornacyroriee akTHBHOE CONPOTUBIICHUE R OBLIO
coOpaHo U3 NBYX MapajlielIbHO BKIFOUEHHBIX PE3UCTOPOB
tuna MJIT-2 sHomunanom 150 Om. DnekTpuueckast 4acTb
HHU3KOBOJITHOTO IUIEYa ONMCHIBAEMOTO AEJIHUTENS pa3Me-
Ia1ack B NPSMOYTOJIEHOM aJIOMUHHEBOM KOpITyce C KO-
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aKcHaJbHBIM pazbeMoM Tuma CP-75, KecTko 3aKkperuieH-
HOM Ha W30JISIIHOHHOM OCHOBAaHWH JAEIHUTENS M IMOJCOe-
JUHEHHOM K 3a3eMJISIONIEH IIMHE HCHBITAaTeNIbHON ycTa-
HOBKH. PacueTHOE 3HaUCHHE KOAPPUIIMEHTA SICHUS IS
EJZIH-100 B cxeme coriacHo puc. 6 YUCICHHO COCTaBIISIIO0
Kp=2Cy/C5=2298. BEINOIHEHHBIE BBEICOKOBOJILTHBLIE

SKCIICPUMEHTHI TIOKa3aJIH, YTO ONBITHOEC 3HAYCHHE KO-
¢unmenta nenenus EJTH-100 paBasiercst Kpp=~2515 [15].

il

Puc. 7. OGmuii Bua nepeABHKHOTO BEICOKOBOJIBTHOTO ACIUTENS
uMmnynbcHoro HanpsbkeHus tuna E/IH-100 Ha HomMuHanbsHOE
HanpspkeHne £100 kB, pa3MeIeHHOTo Ha HCIBITATEIEHOM TI0JIe
CBEPXBBICOKOBOJIBTHOTO T€HEPATOPa UMITYIbCHBIX HANPSHKEHUN
tuna ['MH-1,2 staskepodHOit KOHCTPYKIIMU COOCTBEHHOH pa3pa-
6otku (reneparop 'MH-1,2 pasmernien 3a nenurenem EJJH-100;
cnpasa ot aenuress EJTH-100 pacrionoxeHsl nepeiBUKHbIE
CTaHJapTHBIE U3MEPHTEIbHBIC MIaphl AuaMeTpoM 125 mm) [15]

Ha puc. 8 npuBeneHa snexTpudeckas cxema C MpH-
MEHEHHEM CBEPXBBICOKOBOJIBTHOIO €MKOCTHOI'O JICJIHTE-
s HanpsbkeHus tuna EJIH-1,2, npennasHadeHHas ans
(opMHpOBaHMS Ha JJIMHHOM BO3AYIIHOM HPOMEXYTKE
MEXIy dJIeKTpoaaMu D (Auckom) u 3D, (CTepKHEM) He-
CTaHJAPTHOTO KOMMYTAI[HOHHOTO alepUOIUICCKOTO0 UM-
IMyJbCa HampsDKeHUsT BpeMeHHou ¢opmbel 250 mxc/5000
MKC aMIuuTynoi 1o =1 MB [16]. B aToit cxeme genmurens
EJIH-1,2 ra HOMHHANBEHOE Hanpspkerue +1,2 MB Beimon-
HSET HE TOJBKO POJb M3MEPUTEIHHOTO CPEACTBAa, HO U
POJIb CBEPXBBICOKOBOJILTHOM (hOPMUPYIOLIEH €eMKOCTH.
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Puc. 8. IlpuHIMIHanbHas SIeKTpUIecKas cxema popMUPOBaHUS
B pa3psaHoO# nenu reaeparopa tana ['MH-1,2 Ha anmuHHOM BO3-
JIYIIHOM IMPOMEXKYTKE KOMMYTAI[HOHHOTO allepHOANIECKOTO
HMITyJIbca HanpspKeHus: BpeMeHHoH Gopmer 250 Mxc/5000 mkc
amIuuTy ol 10 +1 MB, 6asupyromasicst Ha HCIIOJIb30BaHUN B
Hell emkocTHOrO fenurens HanpsbkeHus tuna EJIH-1,2 [16]

B cxeme cormacHo puc. 8 Ha MOTEHITUAIBHBIN JJIeK-
TpoA 3D BO3AYIIHOTO MPOMEXYTKAa OT YCTAHOBKH IOCTO-
saHoro HanpspkeHus (YIIH) yepes 3amutHoe cOnpoTHB-
nenue R3 BenmumHOW 1,4 T'Om (14 pesucropoB Tuma
KBB-5-100 MOwMm o0mieit mmHOM 2,05 M) MOXET moja-
BaTbCs IOCTOSIHHOE HalpsDKeHUue ypoBHeM 10 +50 kB.
I'eneparop wummnynscHbIXx Hanpsbkenuid tuma [MH-1,2
HUMEIl CIIEAYIOIIHe COOCTBEHHBIE JJICKTPUYECKHE Iapa-
MeTpel [16]: R=48 Owm; L=6 mx['w; C;=20,8 ud; pas-
psaaOe compoTuBieHne Rp=340 kOM. @poOHTOBOE aKTHUB-
HOE€ COTIPOTHBIIEHHE Ry, BKIIOYCHHOE B CXeMe Ha pHC. §
MEXAY OTCEKaroUUM K| U pa3aenuTelbHbIM K); KOMMyTa-
Topamu, coctaBisio 360 kOm. Emkocts Cp BBICOKO-
BOJIbTHOTO TUieya aenurtens E/IH-1,2 Obuta BeiOpana pag-
Hoii 130 n®d, a emkocth Cy €ro HU3KOBOJIBTHOTO ILICUA,
noaxmouaemoro k 20 wiu 130, — 2,6 Mx®d. [Ipu stom
pacuerHblil Kodhuument aenenust anst EJIH-1,2 umen
YHUCJICHHOE 3HauY€HHUE, paBHOE KDC:CH/CB:ZOIO3 [16].

Ha puc. 9 npuBenen oOuuii BU BEICOKOBOJIBTHOTO
HCTIBITATEIFHOTO CTEH[IA, UCTIONB3YIOIIETO B OCHOBE CBO-
€ro TOCTPOCHUS MIIEKTPUIECKYIO CXEMY COTJIACHO pHC. 8
C EMKOCTHBIM JienuTesieM HanpsokeHus tuna EJTH-1,2.

Puc. 9. O6mwuii BUI BEICOKOBOJIBTHOTO UCIIBITATEILHOTO CTEHA
HUIIKN «Monnus» HTY «XITW», npeanasHaueHHOTo A1t
HCTIBITAHUSI CPEJICTB MOJTHUE3ALIUTH TEXHHIECKUX 00OBEKTOB
KOMMYTALUOHHBIM allepUOAUYECKAM HUMITYIbCOM HAIIPSKCHUS
ammmTy o 1o +1 MB Bpemennoit gpopmsr 250 Mxc/5000 Mxc 1
COJIEPKALIEIO B CXEMeE MEPEABUKHOI CBEPXBBICOKOBOJIBTHBII
€MKOCTHBIN Aenureins HanpspkeHus tuna EJIH-1,2 [16]

Ha puc. 10 mokazan oOmuii BuI pa3pabOTaHHOTO U
co3naHHoro B otaene Ne4 HMHCTHUTYTa CBEpPXBBICOKO-
BOJITHOT'O OMHYECKOTO AenuTens Hanpsbkenus OJH-1,2.

Wzonsumonnas Hecymas koHctpykuus (MHK) ne-
murenst O/IH-1,2 cobpaHa U3 NSTH )KECTKO 3aKpeTICHHBIX
MEXIy co0O0i B OJIHY CTOWKY TOJBIX CTCKJIOIACTUKOBBIX
CEeKIUIf, BHYTPH KOTOPBIX HA T€TUHAKCOBBIX IUIACTHHAX
OBLIH pa3MeIIeHbl BEICOKOBOIBTHBIC KEPAMHUICCKIIEC PE3U-
cropsl Trma TBO-5-250 Owm [17]. Kaxnmas cexuus nemu-
Tens coaepkut 40 mIT. TOCTEAOBaTENbHO U 3UK3aroo0-
pa3HO COEAMHEHHBIX C 00EMX CTOPOH T'eTHHAKCOBOM ILIa-
CTHHBI YKa3aHHBIX PE3HUCTOPOB C OOLIMM aKTHBHBIM CO-
npotusneHreM 10 kOM. B cinydae ucnonb3oBaHus B Jie-
JIUTEJIC YEeThIPEX YKa3aHHBIX CEKIUH MOXKET OBbITh peaiu-
30BaHa KOHCTPYKIusi omuueckoro aenutens tuna OJJH-1
Ha HOMHHaJIbHOE Hanpspkenue £1 MB (puc. 11) [17].
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Puc. 10. O6umii BuA nepeBHXKHOTO CBEPXBBICOKOBOJIBTHOTO
oMu4ecKoro aenutens Hanpsoxenus tuna OJJH-1,2 va HomMu-
HaJIbHOE HampspkeHue +1,2 MB, pa3MerieHHOro Ha 3aBOACKOM
HCTIBITATENILHOM I10JI€ BBICOKOBOJITHOTO HCHBITATEIEHOTO
crerga CBU-1,2, mpeqHa3sHa4eHHOTO ISl ONPE/ICIICHHS B J1a00-
PaTOPHBIX YCIOBUSX UMITYJIbCHOH AJIEKTPUYECKOI IPOYHOCTH
TIOJIMMEPHON M30JISIUK COOCTBEHHOTO MPOU3BOACTRA (TIpea-
npustue ES «Ilomumepy, r. baxmyt, Ykpaunna, 2006 1.) [9, 17]

o

Puc. 11. OOmuii BuJ BEICOKOBOJILTHOIO MCIIBITATEILHOIO CTEH-
na HUTTKU «Monaus» HTY «XTIW», Ha HCIIBITATEIBHOM T10J1e
KOTOPOT0 pa3MeIleHbl NEPEBUKHBIC FEHEPATOP UMITYJILCHBIX
HanpspkeHuid Tuna ['MH-1,2, nenurens tuna O/IH-1 u cran-
JTapTHBIE U3MEpUTEIbHbIE IWapkl AuameTpoM 250 mm [17]

Jns nemarens tuna OJIH-1,2 BEICOKOBOJILTHOE TIJIEYO
XapakTepu3yeTcss aKTUBHBIM COMpOTUBIeHUEM Rz=50 KOmM.
Ero HU3KOBOIBTHOE IUIEUO BBINOIHEHO M3 JBYX MHapal-

JIEIEHO COETMHEHHBIX pe3rcTopoB Tuma MJIT-2 ¢ obmmm
aKTUBHBIM compoTuBieHueM R;=2,5 OM. B 310ii cBsi3u pac-
4yeTHbId K03 duuuent nenenus it aemamrtens OJH-1,2
COCTaBJIsIET KDR=R[,»/R,1,=2O~1O3 . IIpu npaxtuyeckoMm uc-
IMOJIb30BAHWU B U3MECPUTCIIBHOM TPAKTE, NOAKIHOYaCMOM
K HU3KOBOJBbTHOMY mieuy aenurens tuna OH-1,2, cxe-
MBI COTJIaCOBaHUsI, KOTOpas aHAJOIMYHA M300pa’keHHOU
Ha pHc. 6, KOOQPUIMEHT ero aeneHus Kpr yiBauBaeTcs u
YHCIIEHHO cocTaBiseT npumepHo 40-10°. DkcrepuMen-
TaJbHAas TPOBEPKAa BEMUYUHBI Kpp C HCIOJIB30BAHUEM
coriacHO TpeOoBaHW [§] cTaHAAPTHRIX U3MEPUTEIBHBIX
mapoB nuametpom 250 MM (cM. puc. 11) mokasana, 9to
OHA NMPUHUMAET YHUCJICHHOE 3HAUCHHE, PABHOE NMPUMEPHO
39,8:10°. U3 puc. 10 u 11 BuzHO, uto cBepxy MHK nemn-
teneit Tuna OJ[H-1,2 u OJIH-1 ycraHOBIE€HBI MPOTHBO-
KOPOHHbIE METAJUTMUECKHE DKPaHbl, yJIy4IIalouue OHO-
BPEMEHHO M paclpeesieHne CHIBHOIO 3JEKTPUYECKOTO
I0JIsL BIOJIb UX BEPXHUX ceKkuuit [17].

[IpumeneHne B pa3psiiHOM Liend NPHUBEAECHHOTO Ha
puc. 8 u 11 reHepaTopa UMITYyIHCHBIX HANPSHKEHUH THTA
I'MH-1,2 #a HOMUHANBHOE HampspkeHue =1,2 MB ¢ co6-
CTBEHHBIM Pa3psIHBIM compoTuBieHueM Rp=240 kOM u
JOIOJIHUTEIBHBIM  (DOPMHUPYIOLIUM  CONPOTHUBIICHUEM
R4=1,98 kOM (puc. 12) oMuuecKoro AenuTeNs HanpsoKe-
Hus tana OJIH-1,2 (wmu OJIH-1) mo3BoJisieT Ha UCTIBITHI-
BaeMOil TBEpJIOH, )KUAKOM MM Ta30BOM M30JISHHA 00BEK-
Ta 3JIEKTPOIHEPIeTHKH (POPMUPOBATH COTNIACHO TPeOOBa-
HU# [5] cTaHAapTHYIO TPO30BYIO AlIEPUOAMUYECKYIO BOJTHY
HarnpspkeHus: BpeMeHHol Qopmbl 1,2 Mkc/50 Mkc ¢ yka-
3aHHBIMH paHee JOIyCKaMu M TpeOyeMbIMH 3HAYCHUSIMU
ee ammuryasl U,,;<+1 MB [16, 18]. IIpu 3Tom B pacuert-
HOH cxeMe (popMHPOBaHMS CTAHAAPTHOTO TPO30BOTO MM-
mynbca Gopmel 1,2 Mre/50 MKC clemyeT yIuThIBaTh eM-
KocTHOH xapakTep Harpy3ku (Cp~10 nd) u mapasutHyio
emkoctb aenurens OAH-1,2, pasryro npumepro 50 nd.
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Puc. 12. Dnextpuyeckas cxema AJsl MOTYUYECHUs B Pa3psiiHON
uenu reHeparopa ['MH-1,2 Ha ucnieITeiBaeMOil Harpy3ke ¢ eM-
KOCTHOM XapakTepUCTUKONW CTAHJAPTHOTO IPO30BOI0 UMITYJIbCa
HanpsDKEeHUS BpeMeHHOH (popMmer 1,2 Mke/50 MKC ¢ TpUMEHEHH-
eM oMuyeckoro aenutens Hanpspkenus tuna OJH-1,2 ¢ aktus-
HEIM conpoTupieHueM R;=50 kOm (Rp=240 kOM — coGcTBeH-
Hoe paszpsnHoe conporusienue 'MH-1,2; Rp=3,91 kOm — no-
MoJIHUTENIbHOE pa3psaHoe conporusienue ['MH-1,2; R=48 Owm;
Cr=20,8 HD; Ry=1,98 kOm; Cy=10 nd; Cp=50 nd) [9, 18]

IIpumeneHnne B pa3psIHON LieNM TeHepaTopa HM-
MyJbCHBIX Hanpspkenuit tTuna I'MH-1,2 nHa HOMuHanmbHOE
HanpspkeHue £1,2 MB eMkocTHOro nenuTenst HanpsoKeHHst
tuna EJTH-1,2 (puc. 13) mo3BoisieT Ha WMCIIBITHIBACMON
3JIEKTPUUECKON Harpys3Ke ¢ yKa3aHHOH €MKOCTHOM Xapak-
tepuctukoir (Cy~10 md) QopMupoBaTh CTaHAAPTHBIN
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KOMMYTAILIIOHHBI MMITyJIbC ~HANpsDKCHUSI BPEMEHHOU
¢dopmbr 250 mkc/2500 mre amrumutynoit U,,<+700 kB ¢
HOPpMHUPOBAHHBIMH JOITYyCKaMH (Ilﬂﬂ JUIMTCJIBHOCTHU IIOAb-
ema — +20 %; s nmrenbHocTy nonycnana — £30 %; ans
ammatyael U, — £3 %) [5, 18]. Heobxoaumo ykasath,
YTO MEPEABMKHON €MKOCTHBIN JICNUTENh HANPSHKEHHS TH-
na EJIH-1,2 comepuT Tpu MOCIENOBAaTENbHO BKIIIOYEH-
Hble C- CeKIMH, KaKIas N3 KOTOPHIX MOMEIIEHa B CTEKJIO-
IUTacTUKOBYIO TpyOy Mapku TCO® mmnHO#H 900 MM u Ha-
pyxsbM auamerpoM 300 MM C TOJIIMHOW CTEHKH 35 MM.
Kaxnmas ero C- cexkumst coctonT n3 12 mocieqoBaTelIbHO
COCIHEHHBIX BBICOKOBOJIBTHBIX KEPAMHUYECKUX KOHJICHCA-
topoB Tumna K 15-10-4700 nd na £50 kB. IIpuuem, kaxmas
U3 YKa3aHHBIX CEKLHUH NEIHUTeNs 3a1uTa TpaHchopMarop-
HBIM MacioM Mapku T-1500, a ee BepxHUI U HIDKHUH BBI-
BOABI MOAKIIIOYECHBI K KPYIJIBIM METAJUIMYCCKUM (l)HaH]_IaM
nuamerpom 350 mm [16, 18].
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Puc. 13. Dnexrpryeckast cxema ISl IOTyYCHHUS B pa3psIIHOI
nenu reneparopa 'MH-1,2 Ha ucnbpITEIBaeMOid Harpy3Kke ¢ eMKO-
CTHOH XapaKTEePUCTHKON CTaHAAPTHOTO KOMMYTAIIMOHHOTO M-

IMyJIbCA HANPSDKEHUS BpeMeHHOH opMbl 250 Mkc/2500 MKc ¢

IMPUMEHEHHEM EMKOCTHOTrO AenuTens Hanpsbkenus tuna EJTH-1,2
c obmeit emxocTrio Cr=130 nd (Rp=240 xOM — coGCcTBEHHOE
paspsinHoe conpotusnenue ['MH-1,2; Rp,=840 kOM — nononxu-
TenbHOE paspsnHoe conpoTtuBnenne [ MH-1,2; R=48 Owm;
Cr=20,8 HD; R =395 xOmMm; Cp=10 n®; K — oTCEKaOLIUii BBICO-
KOBOJIBTHBII KOMMYyTatop reHepatopa ['M1H-1,2) [9, 18]

Jlnst m3MepeHust ¢ MOTpelIHoCThI0 He Oonee 5 % Ha
00BEKTAaX TMPOMBIIIICHHON 3JIEKTPOIHEPTETHKN arlepruoau-
YECKHX I'PO30BBIX M KOMMYTAIMOHHBIX HMMITYJILCOB HAIIpsi-
KEHUS aMInaTyon o +2,5 MB B otmene Ned4 mHCTHTYTa
OBbLI CO3/1aH CBEPXBBICOKOBOJIBTHBII OMHYECKUH AEIHUTENDb
Hanpspkeaus tana OJ[H-2,5 [19, 20]. OcHOBHBIE TeXHUYE-
CKHME XapaKTepPUCTHKU IaHHOIO JENMTENS HMITYJILCHOTO
HanpsDKeHHs IPUBEJICHBI HIDKe B Ta0. 4 [20].

Tabmuma 4
OCHOBHEIE TEXHUYECKHUE XapaKTEPUCTUKU CBEPXBBICOKOBOJIBT-
HOT'0 OMHuecKoro nenurens Hanpsbxkenus OJ1H-2,5

l'JI\fI HanmenoBanne xapakTepHCTHKI 3HaueHne

1 MakcuManbHbIN ypoBEHb H3MEPSEMOTO 42500
Hanpsbkenus U, kB

2 AKTHBHOE COIPOTHBIICHHE BHICOKOBOJIBTHOTO 107.3
ieva geautens Rg, kOM ?

3 AKTHBHOE COMPOTHBIEHHE HU3KOBOJILTHOTO 4
mieva aenutens Ry, Om

4 |Koaddunuent nenenns, Kpg 26,82-10°

5 |Bsicota (ummHa), M 12,6

6 |Macca, kr 350

OOmmii BUA CBEPXBBHICOKOBOJIBTHOTO OMHYECKOTO
nenutens Hanpspkerus tuna OAH-2,5, pyHKIIMOHMpYIO-

IIETO B COCTaBe YHHUKAIBHOTO T€HEpaTopa KOMMYTAIHOH-
HBIX umiynbcoB HanpspkeHus (I'KWUH) ma £2,5 MB, mo-
Ka3aH Ha puc. 14. BEICOKOBOIBTHOE TIEHO JSNUTEINS TUTIA
O/IH-2,5 BBIMOJNHEHO W3 JAEBSITH TMOCIEIOBATENILHO CO-
€JMHEHHBIX R- CEeKLUH, Pa3MEILECHHbIX HA U BHE CTEKJIO-
IUIaCTUKOBOH TpyOs! Mapku TCOD HapyKHBIM AUaMETPOM
120 MM ¢ TommmHoi creHkn 10 mMm. Kakmas R- cekius
cogepkut 20 IUT. MOCIENA0BATENbHO-NAPAIIENBHO COEAU-
HEHHBIX BHICOKOBOJIFTHBIX KEPAMHUUYECKHAX PE3UCTOPOB THIIA
TBO-10-2,4 kO™, coOpaHHBIX Ha JOBYX CTEKIIOIUIACTHKO-
BBIX IutacTHax ummHOM 1400 MM m TommmHOM 5 MM. B
pe3yipTaTe COMPOTHBICHHE KaXTO0H CEKIHUH BBICOKO-
BOJIBTHOT'O IIJIeYa AEIUTENS cocTaBisieT okojo 12 kOm, a
ero nosiHoe conpoTusienue — Rz~107,3 xOm [20].
HuskoBonbrHOe T1ieuo pgenutens tuna OJIH-2.5
BBIIIOJIHEHO W3 MaorabapuTHBIX KEPaMHUYECKHX pe3H-
cropoB tuna TBO-2-2 OM ¢ 0o0mUM aKTUBHBIM COIPO-
TuBIIeHHEM Ry=4 OMm. B 3T0Mi cBSI3M pacueTHbIi K03(hhu-
LOUEHT nesieHuss Kpp JUIS paccMaTpuUBacMOro JEIHTEIs
Hanpspkeruss thama OH-2,5 OynmeT mpuMepHO paBHBIM
Kpi=Ry/R:=26,82-10°. IIpu corilacoBaHHOM pEXHME W3-
MEpeHUs] UMITYJIbCHOTO HANpsDKEHUS Ha Harpys3ke Kodg-
¢umment nemenus s genutens tunma OJ[H-2,5 Gymer
YABaWBATHCS M NMPUHUMATh YMCIEHHOE 3HAYEHHE OKOJIO
53,65-10°. DKCIepHMEHTAIbHAS OLCHKA BPEMEHH peak-
uuu Ty omuueckoro aenurtens tuna OJIH-2,5 Ha Bo3xeii-
CTBHE MPSAMOYTOJBHOIO UMIIyJbca HampskeHus [21] mo-
Kasaja, 4To i atoro tuma genutens 1x~170 uc [19]. B
9TOM CBA3U Aenurens HanpsbkeHus tuna OJJH-2,5 MoxHO
UCIIOJIb30BaTh ISl U3MEPEHUS] UMITYJILCOB HANpPSDKEHMS
ammurygond U,<#2,5 MB, U3MEHSIOIUXCS B MUKpPO- U
MUJUIICEKYZHOM BpPEMEHHBIX nuamazoHax. CpaBHeHHE
METPOJIOTHYECKUX XapaKTEPUCTHUK CBEPXBBHICOKOBOIBTHO-
ro ommueckoro nemurtens tuna OJ[H-2,5 ¢ xapaxrtepu-
CTHKaMH W3BECTHBIX U3MEPHUTENCH BHICOKOTO U CBEPXBHI-
COKOTO HampspkeHus [22] ykas3pIBaeT Ha TO, YTO OTEYECT-
BEHHBIN nenutens HanpsbkeHus tuna OJ[H-2,5 coorsert-
CTBYET COBPEMEHHBIM TpeOOBaHUSM M pa3paboTkam B
00J1aCTH BHICOKOBOJITHOM U3MEPHUTENLHOM TEXHUKH.

Puc. 14. O6uit BuII CBEpXBBICOKOBOIBTHOTO OMHUYECKOTO JICTTUTEIIS
Hanpspienus tina O/1H-2,5 na HomuHanbsHOe Hanpspkenue £2.5 MB,
NozicoeIMHEHHOT 0 B paspsaaHoii nernu I'KMH k nByxanexTponHoit
CHCTEME «HIJIA-IUIOCKOCTbY € JUIMHOI BO3/IYIIHOIO IPOMEXYTKA
3 M (BEepXHUI CTATBHON CTEPKEHb-IEKTPOA 3TOH NIEKTPOpaspsil-
HOM CHCTEMBI Pa3MeEILEH M0 LIEHTPY €€ HUKHETO TIOCKOT0 371eK-
TPO/1a, BHITIOJIHEHHOTO U3 TOHKOM OLMHKOBAHHOM CTaJlU C pa3Me-
poMm B maHe 5 M x 5 M) [23]
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Ha puc. 15 npuBeseHa ocuuwuiorpaMMa HMITyIbca
CBEPXBBICOKOI'O HAIPSDKEHHUS] MUKPOCEKYHIHOM JUTUTEIBHO-
CTH, TIOJIy4eHHAasl C TIOMOIIBIO OMHYECKOTO NEIUTEINs Ha-
npspkerns tuna O/JH-2,5 Ha THHHOM BO3AYIIHOM TpOMe-
JKYTKE BEIMYMHOW 3 M TIPH €ro JIEKTPHYECKOM Mpodoe B
cUCTeMe «cTepkeHb-cTepikeHb» [20]. U3 ocummiorpaMmbl
puc. 15 BunHO, 9TO HanpspKeHue cpesa Uc B HAIIEM ClTydae
paBrsiercs pumepHo Ue = 25 B x 53,65-10° = 1341,3 kB.
IIpu sTom npenpaspsiaHoe BpeMs 7¢ Ul yKa3aHHOIO U30JL-
IIMOHHOTO BO3IYIIHOTO MPOMEXYTKAa COCTaBIISIET OKOJIO
T5 % 2,510 ¢=12,5 MKc, a JUIHTEIBHOCTD cpesa Tpc MUK-
POCEKYH/JHOH BOJIHBI HAIIPSDKEHUS YUCIICHHO HE NPEBBIIIAET
3HaueHus 5,47 MKC.
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@ Acq Complete B Pos: 10,00 us

Type

Source
CH1

Delta
2oy

[EREESRRN]

N

Cursor 1
000y

Cursar 2
r : 28.8Y

CH1 500 CHT /7 1,400

Puc. 15. OcimmiorpamMmma NMITYJIbCa CBEPXBBICOKOTO HATIPSKEHUS
TIOJIOKUTEIIBLHOH MOJIIPHOCTH Ha BO3YIITHOM [IPOMEXKYTKE UIMHON
3 M B CHCTEME «CTEpPIKEHb-CTEPIKEHD, CPE3AHHOTO Ha €ro Hapac-
TAIOIIEH YaCTH U 3aPETUCTPUPOBAHHOTO C IIOMOIIBEO OMIIECKOTO
nenuress Hanpspkernst OJTH-2,5 (manpspkenue cpesa Ug~1341,3 kB;
npeapaspaaHoe BpeMs 1¢~12,5 MKc; ITUTENBHOCTh Cpe3a
Tpc=5,47 Mkc; MacmTad 1Mo BepTHKAIN — 268 kB/KkieTka;
Maciitab 1mo ropuzoHTaimm — 2,5 Mkc/kietka) [20]

2. MeTtpoJioruyeckoe odecnedeHue HUCIBITAHUN
TeXHHYECKUX O00BEKTOB HA KOMMYTANMOHHYIO CTOIi-
KOCTb. J[J1 IpoBeIeHNUs HATYPHBIX UCTIBITAHUH OOBEKTOB
CUJIOBOM HHEPreTHKU HAa KOMMYTAIlMOHHYIO CTOMKOCTH B
2012 r. 8 HUTIKU «Momaus» HTY «XITN» Ha skcniepu-
MEHTAJIFHOM IIOJINTOHEe MHCTUTYTa (1. AHApeeBKa, Xaph-
KOBCKOI1 00:1.) ObL1 co31an yHukanpHbii [ KUH Ha HOME-
HanpHOe HampspkeHue a0 +2 MB [23]. danssii 'KWH,
pa3MelIeHHbI Ha OTKPBITOM BO3/yXe, IT03BOJISET B IOJIE-
BBIX YCJIOBHSX Ha KpPYNHOraDapUTHOH HCHBITHIBAEMON
JIEKTPUYECKON Harpy3Ke HajJeXHO (pOpPMHPOBATH B COOT-
BETCTBUH C TPeOOBaHMSAMHM [5] CTaHHApTHBIM arneprou-
YeCKUH KOMMYTAIIMOHHBIA HMITYJIbC HaNpsDKCHHS Bpe-
MeHHOH Gopmbl 205 mMrc/1900 MKc 00eHX MOIIPHOCTEH.

Jns m3mepenns ABII hopmupyeMbIx B cxeme TeHe-
paropa I'KMH mmMITyieCOB HampsKeHHST MOXET OBITh HC-
M0JIb30BaH OIMCAHHBIM BBIIIE CBEPXBBICOKOBOJIBTHBIN
oMHYeCKHid nenutens HanpshxeHus tama OJH-2,5 [20].
Jannsle puc. 14 xax pa3 HaJIAIHO WITIOCTPUPYIOT MpakK-
THYECKOE HCIIOJIb30BaHHE CBEPXBBICOKOBOJILTHOTO OMHU-
gyeckoro jenurens HanpspkeHus tuna OJIH-2,5 npu met-
POJIOTUYECKOM O0ECIEYESHUH WCTIBITAHUN 3JIEKTPHUYECKOM
MIPOYHOCTH [UIMHHBIX BO3IYLIHBIX HPOMEXYTKOB 3JIEK-
TPOSHEPreTHYECKUX YCTPOMCTB HAa KOMMYTAIMOHHYIO
cToiikoctb. Ha puc. 16 m3o0pakeHa ocmumiorpaMmma
MOJTHOTO CTaHAAPTHOTO KOMMYTAI[HOHHOTO HMITYJIbCa
HanpsDKeHHsT BpeMeHHO# ¢opmbl 205 Mkce/1900 Mkc mo-
JIO)KUTEIBHOW MOJSPHOCTH, IOJIYYEHHOIO B Pa3psIHOM
nenu reHepatopa ' KMH B moneBeIxX ycnoBHAX Ha OTKPHI-

TOM BO3JlyXe C HCIIOJb30BAaHHEM OMHYECKOTO JEIUTEINs
Hanpspkenus tuna OJH-2,5 [23]. U3 ocummiorpammsl
puc. 16 cmexyer, yto amrumryga U, KOMMYTaIllMOHHOMN
BOJIHBI HATIPSDKEHUS B 3TOM CIIy4ae COCTABICT IPUMEPHO
U = 9 B x 53,65:10° ~ 483 kB. [l popMupyemMoro Ha
JUIMHHOM BO3IYITHOM HPOMEXYTKE KOMMYTAIIHOHHOTO
UMIyJbCca HANpPsDKEHWS BpeMs Moabema 1j; IJOCTHTaeT
YUCJIEHHOTO 3HaueHusi okoio 7,;~205 mkc. Ilpm sTOoM
JIINTEIBbHOCTD TP KOMMYTallUOHHOT'O HMITyJIbCa Hamps-
»xeHus Ha ypoBHe 0,5U,,; paBusiercs npumepHo 1900 Mxc.
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¥ T T T T T T
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Puc. 16. OcuumiorpaMma MoJHOTO CTaHAAPTHOT'O arnepuoanye-
CKOT'0 KOMMYTalMOHHOTO MMITYJIECA HaIPSKEHHS TTOI0KHUTENb-
HO¥1 ITOJISIPHOCTH, C(OPMUPOBAHHOTO B Pa3psAHOIL EIH CBEPX-
BbICOKOBOJIbTHOTO reHepatopa [’ KMH Ha aByx»nekTpoaHoii cuc-
TEMe «UTJIA-INIOCKOCTBY € JIIMHOM BO3LYIIHOTO IPOMEXYTKA 3 M
1 3apETHCTPUPOBAHHOTO C IOMOLIBI0 OMHYECKOTO JEUTENs Ha-
npspxenns OAH-2,5 (U,,~483 xB; Bpems mogsema umiyibca
HanpspkeHus — 7;~205 MKC; JUIUTEIbHOCTh UMITYJIbCa HaIlpsDKe-
nust — Tp~1900 Mkc; Macuitab no BepTukanu — 268 kB/kiertka;
maciutab o ropuzonTand — 500 Mxc/kinetka) [23]

BoiBoaBI.

1. AHanmM3 COBPEMEHHOTO COCTOSIHUSI B YKpanHe METpO-
JIOTUYECKOT0 00ECTIeYeHNs! HaTyPHBIX MCIBITAaHUH 0OBEKTOB
MPOMBIIIICHHOW SHEPreTUKH, ABUALIMOHHOM U PaKETHO-
KOCMHUYECKON TEXHUKH Ha MOJIHUECTOMKOCTh U KOMMYTaIH-
OHHYIO CTOMKOCTh mokasbiBaeT, yro HUIIKU «Momnus»
HTY «XIIN» B HacTosllee BpeMsl pacloaracT He TOJbKO
BOCIIPOU3BO/ISIIMMA B YKA3aHHON OOJAaCTH BBICOKOBOIIBT-
HOW MMITYJIbCHOM TEXHHUKH HEOOXOIUMBIC TI0 TPeOOBAHUIM
OTEUCCTBEHHBIX M 3apYOEKHBIX HOPMATHUBHBIX JOKYMECHTOB
UCIIBITATENIFHBIE UMITYJIBCH TOKA U HANPSHKEHHUST MOITHBIMHU
BBICOKOBOJIFTHBIMH JJICKTPOYCTAHOBKAMH, Pa3MEIICHHBIMHU
Ha OTKPBITOM BO3IyX€ W B OTAIUIMBACMBIX CIICIIHAIBHBIX
Ja0OpaTOPHBIX TOMEIIEHHUSAX, HO U COOTBETCTBYIOIIUMU
W3MEPUTEIBHBIMHA CPEICTBAMH, IPOLICIIINMH TOCYAAPCT-
BEHHYIO METPOJIOTHIECKYIO MTOBEPKY (KaJHOPOBKY).

2. B cocraB gaHHBIX BBICOKOBOJBTHBIX H3MEPHTEIBHBIX
CpEJCTB, UCIIONB3yEeMbIX B MPAKTHKE HATYPHBIX MCIBITAaHUI
TP TIPOBEPKE CTOMKOCTH OOBEKTOB SHEPIeTHKH, ABUAIHIOH-
HOW M PAKETHO-KOCMHUYECKOW TEXHUKU K BO3IACHCTBUIO HA
HX DJIEKTPOAIIapaTypy, y3/bl U COCTaBHBIE DJIEMEHTHI UM-
MYJIECOB TOKA (HAIIPSDKEHIST) TPO3OBBIX Pa3psiioB U KOMMY-
TAallMOHHBIX HUMITYJIbCOB HAIIPSDKCHUSA, BXOAAT CJIICAYHOLINC
HECTaH/IAPTH30BaHHBIE TIPHOOPHI COOCTBEHHOTO M3TOTOBJIC-
HUsA! BBICOKOBOJIbTHBIC CHJIbHOTOYHBIC IIYHTBHI THIIA HIK-
300M1 u IIK-300M2, npenHa3HAuYSHHBIE VIS M3MEPCHUS
MUKPO- 1 MWIUIMCCKYH/IHBIX HUMITYJIbCOB TOKa aMHJ’lMTyLlOﬁ
1o £220 KA ¢ HHTErpajioM uX JercTBus 10 15 -10° JHx/Owm;
emkoctHble (Tuna EJJH-100 u E[TH-1,2) u omuyeckue (Tuna
OJIH-1,2 u O/IH-2,5) nenuTeny MMITYIECHOTO HATPSDKCHUS
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MHKpPO- ¥ MIJUTUCEKYHAHOH [UTUTEIBHOCTH, CIOCOOHBIE KaK
U3MEPATH C TIOMOIIBIO METPOJIOruyecky nosepeHHsix 130,
TaK u (POPMHUPOBATH HA HCIBITEIBAEMON TOW WM MHOM JIEK-
TPUYECKOH Harpy3ke ¢ eMKOCTHOM XapaKTepHCTHKOW CTaH-
JapTHBIC (HECTaHAapTHHIE) I'PO30BBIE M KOMMYTAlMOHHbIC
UMITYJIbCBI HANPsHKEHUS aMILIMTY 0| 1o +2 MB.
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The metrology support in Ukraine of tests of objects of en-
ergy, aviation and space-rocket engineering on resistibility
to action of pulses of current (voltage) of artificial lightning
and commutation pulses of voltage.

Purpose. Presentation and analysis of the modern state of the
metrology support in Ukraine of model tests of equipment of ob-
Jects of energy on resistibility to the action of pulsed current (volt-
age) of artificial lightning and commutation pulses of voltage, and
also objects of aviation and space-rocket engineering on resisti-
bility to lightning. Methodology. Electrophysics bases of engi-
neering of high-voltage and large pulsed currents, theoretical
bases of the electrical engineering, technique of the strong electric
and magnetic fields, and also measuring technique. Scientific
methods of analysis of scientific and technical information. Re-
sults. Information is resulted, touching the modern consisting of
Ukraine of providing high-voltage measuring facilities conducted
on requirements of the normative documents of the USA of SAE
ARP 5412:2013, SAE ARP 5416:2013, International Standard of
1IEC 62305-1:2010 and Standard GOST 1516.2-97 model tests of
equipment of objects of energy on resistibility to lightning and
commutation resistibility, and also objects of aviation and space-
rocket engineering on resistibility to lightning. It is marked that
similar measuring facilities are not made by domestic industry. It
is indicated that R&DPCI “Molniya” of the NTU “KhPI” dis-
poses the proper measuring facilities of the own making, passing
a state metrology check (calibration). Basic technical descriptions
are described developed and created at this Institute: high-voltage
high-current shunts of type of SC-300M1 and SC-300M2, in-
tended for measuring of micro- and millisecond pulses of current
amplitude to 220 kA with the integral of their action to 15-10°
J/Ohm; capacitive (type of CDV-100 and CDV-1,2) and ohmic
(type of ODV-1,2 and ODV-2,5) dividers of pulsed voltage of
micro- and millisecond duration, capable not only to measure but
also form on the tested electric loading standard (non-standard)
storm and commutation pulses of voltage amplitude to +2 MV.
Originality. First in the generalized kind possibilities are devel-
oped and created by the domestic scientific and technical workers
of high-voltage high-current measuring facilities, intended for the
aims of the metrology providing of model tests in obedience to the
requirements of domestic and foreign normative documents of
equipment of objects of energy on resistibility to lightning and
commutation resistibility, and also objects of aviation and space-
rocket engineering on resistibility to lightning. Practical value.
Application in practice of model tests on powerful high-voltage
pulsed current (voltage) of artificial lightning and commutation
pulses of voltage of electrical equipment and component elements
of objects of energy, aviation and space-rocket engineering on
resistibility to lightning and commutation resistibility of the de-
scribed special high-voltage measuring facilities will be instru-
mental in the decision of global in the world problem of protection
from lightning of ground and air-based technical objects and to
the increase of their strength security. References 23, tables 4,
figures 16.

Key words: high-voltage generators of pulses of current (volt-
age) of artificial lightning and commutation pulses of voltage,
objects of energy, aviation and space-rocket engineering,
measuring facilities for the model tests of technical objects on
resistibility to the action of pulses of current (voltage) of artifi-
cial lightning and commutation pulses of voltage.
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CHARACTERISTICS OF SPECIALIZED SINGLE-PHASE HIGH VOLTAGE DOUBLER
RECTIFIER

Introduction. To obtain a high voltage direct current, voltage multipliers with a number of cascades of three or more are widely
used. At the same time, for voltage levels of 100...200 kV there are several advantages of using a specialized single-phase high
voltage doubler rectifier. Problem. The main difficulty is that at the moment mathematical modeling has not been worked out for
describing modes that use the built-in R, C-filter, as well as a nonlinear load in the form of Zener diodes. Goal. Generalization of
the results of the authors' previous publications on the development of an analytical method for calculating the modes of a typical
high-voltage direct current installation based on a specialized single-phase voltage doubler rectifier. Methodology. Compilation of
a system of algebraic linear and nonlinear equations that describe the current and voltage modes in the elements of a typical
high-voltage direct current installation with a nonlinear load. Results. It is shown that with the use of linearization of the current-
voltage characteristics of Zener diodes used in the load circuits of a typical high-voltage direct current installation, an analytical
solution for the voltages and currents in its elements can be obtained. Originality. The theoretical basis of the complex solution of
the system of equations for the currents, voltages and power of the elements of a typical high-voltage direct current installation
with the account of nonlinear pulsations is formulated for the first time. Practical value. The obtained theoretical results can be
used for calculations, design, optimization of the modes for a wide range of high-voltage direct current installations of technical,
technological, and measuring purposes in the range up to 100...200 kV. References 16, tables 2, figures 3.

Key words: voltage doubler rectifier, high-voltage Zener diode, current-voltage characteristic.

Llenv. Obobwenue pe3ynomamos npeovIOYWUX NYOIUKAUUI AGMOPCKO20 KONIEKMUGA NO pa3padomke aHAIUMUYECKOZO0
Memoda  pacyéma  pexcumos MUNOGOU  YCMAHOGKU  8bICOKO20  HARPANCEHUS  HOCMOAHHO20 MOKA HA  OCHOGe
CReYUAanu3upoOGanHHo20 00HOPA3H020 GbINpAMUmMENA ¢ Y0eoenuem Hanpaxcehus. Memoouka. Cocmaenenue cucnemol
anzebpauuecKux TUHEHHBIX U HETUHEUHbIX YPAGHEHUIl, ORUCHIGAIOUIUX PEXHCUMbBL MOKA U HANPANCCHUA 8 I/IEMEHMAxX MmUunoeoil
CcXeMbl YCMAHOBKU GbICOKO20 HANPANCEHUA NOCHIOAHHO20 MOKA ¢ HenuHelinol Hazpyskou. Pesynemamui. Ilokazano, umo c
npumenenuem TUHEAPUIAYUU 6OJILIN-AMNEPHDBIX XAPAKMEPUCHUK CIAOUTIUMPOHOG, UCHOIL3YEMBIX 6 YENAX HAZPY3KU MUNOBO
YCMAHO6KU 8bICOKO20 HANPAINCEHUA NOCIMOAHHO20 HMOKA, MOMCEM ObliMb NOIYUEHO AHATUMUYECKoe peulenue 0N HANPANCEHUT
u mokoe ¢ eé inemenmax. Hayunan mnoeusna. Bnepevie cpopmynupoean meopemuueckuii 6a3uc KOMHIEKCHO20 peuteHUs
cucmemsl ypagHenuil 0 MOKO06, HANPANCEHUN U MOWHOCIMU INEMEHMOE MUN0BOU YCMAHOEKU BbICOKO20 HANPANCEHUS.
HOCMOAHN020 mMoOKa ¢ yuémom Henuneitnvix nyavcayuu. Ilpakmuueckan 3nauumocmo. Ilonyuennvie meopemuueckue
pe3yibmamsl Mozynt Oblmb UCNOIL306AHbL ONA PACUEMO8, NPOCKMUPOBAHUS, ONMUMUZAUUN PEICUMOE WIUPOKO20 CHEKmpa

YCMAHOBOK 6bICOKO20 HARPANCEHUA ROCMOAHH020 MOKA MEXHUYeCK0o20,

MEXHO/I02UYECK020, a4 MAaKice UZMEPUMEIbHO20

npeonasnayenus 6 ouanazone 0o 100...200 kB. bubn. 16, Tabn. 2, puc. 3.

Kniouesvie cnosa: BBINPAMUTEIb € YIBOCHUEM HaNPAKCHUS,
XapaKTepHCTHKA.
Introduction. The variety of high voltage

applications for steady-state modes of technological
equipment (electrostatic precipitators of coal-fired power
plants, electro-coloring and coating sputtering devices,
electric separators) necessitates the improvement of their
power supplies to a level of 100...200 kV. In connection
with this, recently interest in various variants of the
improvement of the classical Cockcroft-Walton direct
current voltage generator [3] with a number of stages of
three or more [1, 2] has appeared. At the same time, since
high-voltage diodes [4] are of high quality, in order to
obtain the above voltage level, it is more efficient to use
the Cockroft-Walton generator with only doubling the
rectified voltage, and to reduce output voltage ripple — to
supplement it with the «built-in» R, C — filter [5].

It should be noted that to date no rigorous
mathematical model of the Cockroft-Walton generator has
been created. The available publications on this topic give
different results on the magnitude of voltage ripples, and
there are also no analytical expressions for the shape of
pulsing voltage, etc.

In this connection, a new development of the authors'
team [6-8] on the creation of elements of the theory of
voltages and currents of the Cockroft-Walton generator with
voltage doubling, together with the integrated R, C — filter,

BBICOKOBOJIbTHBIIf  CTA0OMJIMTPOH, BOJIbT-aMIepHas

and, in addition, the possibility of attaching to its load
nonlinear elements such as Zener diodes.

The goal of the paper is to generalize the results of
previous publications of the authors' group, to formulate
and analyze the final analytical expressions for both
voltages and currents in the rectifier circuit with voltage
doubling in Fig. 1, and for the powers of the elements of
the Cockroft-Walton generator with voltage doubling and
its integrated R, C — filter, taking into account the
nonlinear pulsation modes. To reduce the terminology, we
will call such a generator a specialized single-phase high
voltage doubler rectifier.

The subject of the research is a specialized high-
voltage single-phase rectifier with voltage doubling, its
generalized circuit is shown in Fig. 1.

In Fig. 1: VT — high-voltage step-up transformer;
VD,, VD, — high-voltage diodes; C;, C;, C; — capacitors;
Ri Ryy, r — resistors. The branch of n Zener diodes
ZD\,...ZD,, resistor r and voltmeter J forms the «built-
in» high-precision measuring group of the load voltage
U,y. In this case, the voltage source in the circuit diagram
in Fig. 1 is of interest for both technological applications
and measuring equipment [9, 10]. The peculiarity of this
voltage source is that by changing the parameters of the
elements it is possible to adjust the amplitude and shape
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Fig. 1. Functional diagram of rectifier with voltage doubling [5]

of the output voltage ripple U;y in a wide range. The
problems of the synthesis of circuits with capacitive energy
storage devices, including those using nonlinear electrical
loads, are considered in modern publications [11-13].
However, the features of the high-voltage source in Fig. 1 in
the well-known publications of other authors have not been
studied. The calculated relationships for the voltages and
currents of the circuit in Fig. 1 were first obtained in [6-8].

The initial prerequisites for the research are based
on a number of conditions:

e a typical current-voltage characteristic of a Zener
diode has the form shown in Fig. 2, where u,, I, denote
the selected point of its operating mode;

e a differential resistance of a Zener diode
rqy = duzp /dizp in its operating domain is far less than the
impedance u(/l, (number 1 denotes the linearized current-
voltage characteristic of a Zener diode);

duZD

e a capacitance current C, of a Zener diode is

far less than its through-current /; (here Czp is the inter-
electrode capacitance of a Zener diode);

e placement of a Zener diode in a metal casing (Fig. 3)
completely shields its internal active element from the
influence of external electric fields [5].

Uzp A
1
”0 —%_-_
- |
| |
| |
| |
| |

Fig. 2. Current-voltage characteristic of the Zener diode D818D

When these conditions are fulfilled, a series
connection of the same type of Zener diodes in the steady
state is characterized by the flow of the same current
through their circuit with the voltage operating point

U(): Uy Tugp T ... Fugt ... +u0,,,
as well as the total differential resistance

Rd:rdl +rpt .o trgto. +rdn:
that corresponds to the conclusion of [4] on the
admissibility of a serial connection of any number of
Zener diodes. The typical «high-voltage» design of
insulation of a series of similar Zener diodes eliminates
the need to take into account the corona and other
phenomena of distributed currents [9].

Derivation of the initial expressions. Then for the

instantaneous load voltage u;(¢), one can write:
upy (1) =Ug + Lor+(i(0) = Ig Rq +7), )]
where: i(f) — instantaneous current through a Zener diode
and resistor 7 branch. From here one can get:
i(f)z ”LV(I)_UO_IO” + (2)
Rd +r

The expressions (1) and (2) are valid within the
stabilized domain of the current-voltage characteristic of
Zener diodes (Fig. 2) and, therefore, are applicable up to a
current ripple level of ~50 % (when I, is selected in the
middle part of this domain). The peculiarity of the
expressions (1) and (2) is also that they can provide (with an
appropriate selection of the parameters U, R;) any variants of
a series connection of Zener diodes and a resistor 7, up to the
limit: «only the Zener diode» load or «only resistive» load.

Let us write

”LV(t) = UO + ]Ol" + Au(t) ,
where Au(t) —load voltage ripple as a function of time.
Wherein

Iy.

T

[Auar=o,

0
where 7 = 1/f — voltage period of sinusoidal voltage
wy()=U,, sin(wt), w=2n — angular frequency, f —
voltage frequency.

Let us write i3 =Cs-duyy(t)/dt

account the losses in the capacitors of the circuit in Fig. 1
slightly ~refines the results obtained [6]) and
iy =ury )/ Rpy .

Then the current flowing through the resistor R, is:
Au(t) N Uy + Lyr + Au(?) e dupy(t) ’
Rd +r dt
and voltage is:

Mcz(l) = ”LV(t) + lfRf .

In its turn, iy =C, -duc,(t)/dt and the total current

at the input of the right-hand side of the circuit is

(taking into

i =Io+
4 Ry

i]N = lf + i2 =
=1, +M+Au(t)(L+ ! j-i—
— Lv Ry Rg+r
R R 3)
‘ +dAu(t) G+ G, 1+—L 21 |+
t RLV Rd +r
A0 2
16 +CyC3R; dA—Lz‘(’).
Fig. 3. Photograph of the Zener diode D818D ' dt
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Since the process occurs cyclically, let us assume
that at time instant ¢, the diode VD; «opens», and the
current i;=i;y flows (the resistance of the diode VD in the
open state is neglected). At time instant #,>f;, the diode
VD, «closes» (the resistance of the diode in the closed
state is assumed to be infinitely large). In the time interval
t, <t < T+ty, the current i;y= 0. Proceeding from this for a
given period of time, from (3) one can obtain an equation
for a function of Au(¢) in the form:

2
d?Auy (1) can dAuy (¢)

+arAuy(t) =
dtz dt 2 1()
4
10+L(U0 +107") ( )
_ Ry
C,C3R,

where

R R
C3+Cy A
RLV Rd +r
Cll = .
C,G3R,
1 1
—+
_ RLV Rd +7r
C,G3R,
A study of the roots p;, p, of the characteristic
equation p* + a;p + a, = 0 shows that its discriminant
D > 0. Thus, one can find the solution for Au;(¢) in the

form:

a

Auy (1) = AP’ + AyeP? + Auyg (5)
where Au;; — steady-state voltage.

For the industrial power supply frequencies of the
circuit in Fig. 1, one can ignore the inductance of its
elements. Therefore, in the open state of VD, (during the
time interval #; < ¢ < ;) one can obtain [6]:

in(0) = (1),
t

ucy =U,, sin(at)+U,, —Cljil (t)dt .
1 t,
1

After differentiating this expression, one can get:

% =wU, cos(a)t)—CL]il ®)
and, consequently:
ducy (1)
dt
Using the expression ucy(t) =upy (O)+ip(t) Ry

iy (1) = CywU,, cos(wt)-C; (6)

and performing its differentiation, and also substituting
(6) in (3), one obtain the equation for the function Au,(?)
during the time period #; <t < t,:

2
d Au22 (O PO
dt dt
10+L(U0+10r) (7)
_ GU,, cos(art) Riy
RfC3(C1 +C2) RfC3(C1 +C2)

where

R R
Cy+(C+Cy 1+—L 2L
R LV Rd +r
RfC3 (Cl + C2)
1 1
bz _ R LV Rd +r '
R/C5(Cy +Cy)
The discriminant of the characteristic equation in
this case is also greater than zero, and the solution for
Au, (t) is found in the form:

b1:

E)

Aty (£) = Ay sin(ot + ) + Age? + AseP* + Auyg , (8)
where Au,, — steady-state voltage, ps, ps — roots of the

characteristic equation p* + byp + b, = 0. Values of 45 and
w are given by following expressions:

Cla)Um

RfC3 (Cl + C2 )\/blza)z + (b2 — 602)2

bz - C!)2
= arctan .
bla)

Comparing (5) and (8), one can find:

Az =

[0 +L(U0 +IO}")
Ry

Aupg =Auyg = Aug =— 1 >

Rd+7”

Ry

where Aug — continuous component of the ripple voltage.

Using the invariance of uc, and uc; at the time
instants ft;, t,, as well as the determination of #, from the
condition U, (1 +sin(ar )) =ucsy(f ), and the time instant

t, from the condition i;(;) = 0, and also the expression
T+t

153
jAul(t)dt+IAu2(t)dt=O, one can get a system of
5) Ul
seven algebraic equations (9) -
unknowns: Ay, A», A3, A4, As, 11, b

Ay cos(@AL +y )+ pyAge” ™ + pyAse? ™ =
=P+ pards;

oAz cos(y )+ p3 Ay + pads =

= plAlepl(T_At) n pzAzepz(T—At);

Agsin(y )+ Ay + As = 4P T80 4 g eP2(T-20), (1)

(15) with seven

)
(10)
A3 sin(a)At +1//)+ A4ep3At + A5ep4At =4 +4,; (12)

ﬁ(COS(l//)— cos(a)At + l//)) =—Au T -
1)

_ﬂ(epl (T-ar) _ 1)_ﬁ(el72 (T-ar) _ 1)_

(13)
P1 P2
_ﬂ(el’sm _1)_ﬁ(el’4m _1)
pP3 Py
4 :iarcsin i—1 ; (14)
@ U,
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(15)

1 F,
t, =—arccos| .
w oU,,

In (14) F) is given by the expression:

Ry
F =IgRy +(Uy+Igr) 14— |+
‘ Rpy

R, R,
+(Auy + Aysin(y )+ Ay + A | 1+ —L+—L |+
RLV Rd +r
+C3Ry (a)A3 COS(l//)+ P3Ay +p4A5)
In its turn, in (15) F, is given by the expression:
F, = C3Rf( @ A3 sm(a)At + l//)+ P3 A4ep3At +

R/ R,

+ p3AseP M )+ LS (05 cos(wAt + )+
RLV Rd +r

+p3A4€p3At + p4A5ep4At

It should be noted that Atr=t,—#, while the

relation between A5 and U,, is defined above.

Equations (9) — (13) are linear with respect to 4, ...
A;, ... 4s, and therefore the system of equations (9) — (15)
can be reduced to three equations with three unknowns ¢,
t, A;. Our experience in calculating (9) — (15) confirms
the possibility of obtaining in each particular case a
unique solution of the system in a set of real numbers.

Development of theory. The initial expressions
(1) — (15) obtained above are derived from the
publications of the authors [6-8] and are necessary for the
further presentation of the materials in this article.

The advantage of the obtained analytical solution of
this problem implies its logical conclusion in the
derivation of expressions for the power of the elements of
the circuit in Fig. 1 taking into account the voltage and
current ripple in these elements (without the assumption
of a limitation of their smallness).

The power losses in the R;; load can be found as
follows:

T+t
Py =t I
15
MLV(f)ZUO +[0r+Au1(t)f0r
L <t < T+, and u;p(t)=Ugy+1gr+Au,(t) for time
interval t; <t <t,.
Then let us transform (16) to the following form:

RiyPry _ [RLVPLV j(l) J{RLVPLV j(z) _

[LV()] dHfI[LV o, e

LV Rpy

where time interval

A S A
- A (7)
= .[[VO + Al/ll (l)]2 dt + I [VO + Au2 (f)]z dl,
53 h

where VO ZUO +10}".

Let us rewrite formula (17), integrating each
component and assuming Vo(l) =V +Auyg, then one can
obtain the following expressions, that allow computing
the power losses of P, taking into account the voltage
and current ripple on the load R; -

(1) 2
(—RLVPLVJ = (VO(D)Z(TH1 —t2)+2‘ix

S P
2
x [ezpl (T+-1y) _ 1]+ A [ezpz (T+-ty) _ 1]+
2py (18)
1) M
+ M [epl (T+1-1,) _ 1]+ M x
Pi P2
[ pa(T+t-15) _ ] ﬂ[ (pi+p2 \T+1-1,) _ 1]’
o pitp2
2
R;yP, 1 2
(B | -1

y {% +ﬁ [sin(2y)—sin(2(alty —1,)+ t//))]} +

2 2
+ A4 [eZp3 (l‘2 —tl) _1]+ A5 [62p4(t2 _tl) _1]+
2p3 2py

2w 4 2D 4
420 B 0 74

[eos(y)—coslelry —a)+y ]+

p3

U
x [epa (-1) _ 1]+ 2o As [e!’4 (1) _ 1]+
Pq

+—]{ep3(tztl)[p3 sm[a)( )+ 1//]— (19)

@

~coslo <r2-rl>+w]>—;sm(w>+cos<w)}+

+%[ep4(fz—ﬁ) %
P4
a{(wj +1}
X (ﬂ sin[a)(t2 | )+ l//]— cos[co(tz - t1)+ y/]j -

10}
% [e(P3 +pafta—t1) _ 1].
P3Py
The expression for the power losses in the group of
elements ZD,...ZD,, r, taking into account the previous
consideration, will look like:

T+t| Au (t)
R=1| {[V0 +Au1(t)]-{—l+10ﬂdt+
Rd +r
n (20)
7 Auy¢)
+ftJ. [VO +AL{2(I)]' m"l‘[o dt.
1
Next, let us transform expression (20) to the form:

<=L +|L| =
o\ /

T+t )
[t o | o) },H en

(0P }h.

5
"
+ || Volo + Auslt) Iy + }
;[I: 0%0 2({0 Rd+I”J Rd+1’
1

~Psinfy ) cosly) |+
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After integrating each component, the following
expressions can be obtained, that allow calculating power
losses in the group of elements ZD;...ZD,, r:

(1) ()
P 157 4 _
[—’J =Volo(T +1; - 12)+°—1[el’1(”‘1 b)_ 1]+
A P

14
+0 72 [epZ (Tn-t,) 1]+ IOAug(T +1-1,)+

V2)

2) 42 2) 42
+M[62P1(T+t1—fz) — 1]+ﬁx

2p 2p, (22)

y [e2P2 (T+0-1) _ 1]+ VO (Mug BT +1 1)+

(2) )
+—2V0 Ay .[e(P1+P2 NT+t-t,) _ 1]+ 2V~ Aug 4 o
(2)
% [epl (T+4-t,) _ 1]+ 2Vy" Aug A, [epz (T+4-1,) _ 1];
%)

() )
[ij =Vololta —11)+ fo 4 [cos(y) -
f w

1

“cosfolts —1)+y |+ L erlomn) g

pP3

1D 4
+0_5[e

; Paltz=1) _ 1]+ 1P Au gty — 1)+ VP 43 %
4

|32+ in)=sin(aloly =)+ +
[0
+ ﬁ [62!73 (1) _ 1]+ M [e2p4 (t-1) _ 1]+

2p; 2py
2
2w 34,

(5]

x (p—afsin[a)(tz —t))+y]-coslalt, -1;)+ '//]j -

VP (8ug Pl —1)+ lerstn)

(2
:| + M [ep4 (t2-11) %

— B3 Gin(y )+ cos(y) wl(mjz ) 1}

x (p—ajsin[a)(tz —4)+y]-cos[olt, —1,)+ '//]j -

]

(2)
+ 2V0 AHSAS [Cos((//)_
9 [

(2)
_ COS[C!)(tz _ tl )+ !//]]4_ M [e(p3 +Pg )(fz—ll) _ 1]+

P3+ D4
(2
e
P3
(2
e Y
P4

where 1" =1, +V,/(R; +7), V¥ =1/(R, +7).

The power losses in the active resistance of the
filter R, can be determined by the formula:

py=r floprr b rflira o

2] 4

(24)

where the values of iy, i have the following form:

—U°+10r+Au1(t)(—l - j+

RLV RLV Rd +r
dAuy (¢

+C3—d[1( ),

if1210+

Uy +1 1 1
R L Auz(t)[—+ J+
RLV RLV Rd+r

+ C3 —dAZ,f (t) .

ifZ =Io+

Then let us transform expression (24) to the form:

1 2
o[ B ()+ Py ()=
Ref \Rpf R/ f
T+t

2
= I[[éz)+Au1(t)(R1 - j+c3dA”1(t)j dr +

tz LV Rd +r dt

2 1 1 Ayt
+ J‘(I(()z) +u2(t)[ + J+C3 2 ] dt,
gl

RLV Rd +r dt

where 1{%) = I + (U +1or)/Ryy -

After integrating each component, one can obtain
the following expressions that allow calculating the power
losses in the active filter resistance of the installation:

(1)
[%J | = (133))2(T+t1 —t2)+%[e2pl(”’1_’2)—1]+

2 3)
+ X5 [62}72 (T+t-1y) _ 1]+ 210—X4 [epl (T+1-ty) _ 1]+
2p; pi
2I(()3)X5 (T+1,-1,) 2X4Xs
+—[ep2 1) s A2
P2 Pt P2
x le(P1+Pz NT+t-ty) _ 11,

)
[i} )3 S0+

R/ f

(25)

+ ﬁ[sin@t//)— sin Z[a)(t2 -4)+ l//]]} +(40C; )2 x

x B(fz -4)+ i[sm(z[w(fz —4)+y])- Sin(zvf)]} +

2 2
+ﬁ [62p3(t2 -1) _ 1]_,. ﬁ [621?4(12—&) _ 1]+
2p3 2py

210 x,

(0]

+ [eos(y)—coslal(r —1)+y ]+

20 x
0 2 «

+218Y) 4,C;[sin[o(t, — 1)+ ] sin(y )]+ ;
3
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(3)
o3 (6-11) 1] H[em(h—ﬁ) —1]+%x
P4 2
x[cos(2y) - cos@lelt - 1)+ )]+
2X1X, _ [6P3(t2_t1)><

+—
2
a)(m] +1
w

x (%sin[w(tz —t)+y]-coslw(t, - 1)+ l//]j -

—ﬂs1n((//)+cos(t//)}+ [2X1X3

x(p—4~sin[(n'(t2 —t))+y]-coso-(t; — 1)+ \V]J—

[ep4(tz 1) x

()
&.sinl//+Cosy/:|+%[ep3'(t2_tl)><
@ 2
(Ps} i
w

X(p_cj. cos[w-(1y —t; )+ y |+sin[w- (1, —1; )+ 1//]]—

—&cos(t//)—sin(z//)}+%[€)P4(I211) %
’ (p“] +1
)
x [ﬂcos[w(tz —4)+ 1//]+ sin[a)(t2 —1)+ V,]j _
1)

—ﬂCOS(l//)— sin(t//)} +%x
®

P3+ P4
x [e(l’a +pa)ta—1) _ IJ’ (26)

where

](()3)21(()2)+AMS(R1 - ]

LV Rd+}"
Xl A3 —+
RLV Rd+l"
X,=4 C +—+ ! ;
2 4| P3L3 R,y Ry+r >
X;=4 Cy+ ! + !
3 51 P4L3 Ry Ry+r
X,=4 C +;+ !
4 1] P143 R,y Ry+r >
Xs:=4 Cy + + !
5 2| P2C3 R,y Ry+r

Approbation of the obtained theoretical results
was performed using the calculations of the parameters of
the standard installation DETU 08-04-99, that is used in the
State verification scheme for means of measuring the direct
current electric voltage in the range 1...180 kV [14].

To the high voltage direct current power supply circuit

shown in Fig. 1 were assigned the following parameters that
correspond to the installation of DETU 08-04-99 in the
modes of rated voltages ¥ from 1 to 180 kV: C; — charging
capacitor (0.1 puF); C,, C; — filter capacitors (0.072 pF);
R/ — filter resistance (1.78 MQ); ZD;, ... ZD,, ... ZD, are
Zener diodes of the D818D type; R,y is the resistance of
the resistive voltage divider.

For the D818D Zener diodes, the value of stabilized
current [, = 5 mA was selected for 27 different values of
the rated voltages V, on the load, according to Table 1.
The voltage divider has four values of input rated voltages
Vo: 180 kV; 90 kV; 60 kV; 30 kV for which the current of
the divider voltage is ;= 2.5 mA. For the other 23 input
voltages of the voltage divider V%, its current decreases in
proportion to the input voltage.

Table 1
Calculation results for 27 power modes
of the DETU 08-04-99 installation
Vo, kV Um, kV Al, \ Az, \ A,,, % IO+1LV5 mA
1 5.97 3.54 | —4.08 | 0.381 5.083
2 6.61 3.81 | -4.88 | 0.217 5.167
3 7.25 445 | -5.69 | 0.169 5.250
4 7.89 5.04 | —6.49 | 0.144 5.333
5 8.52 5.57 | -7.27 | 0.128 5417
6 9.16 6.04 | -8.04 | 0.117 5.500
7 9.80 644 | -8.81 | 0.109 5.583
8 10.44 6.78 | —9.54 | 0.102 5.667
9 11.08 7.07 | -10.26 | 0.096 5.750
10 11.72 7.31 | =10.97 | 0.091 5.833
20 18.27 | 11.41 | -20.65 | 0.080 6.667
30 24.66 | 13.09 | —24.15 | 0.062 7.500
40 29.27 | 11.71 | =22.07 | 0.042 6.667
50 3522 | 12.46 | -23.82 | 0.036 7.083
60 41.17 | 13.18 | -25.51 | 0.032 7.500
70 46.09 | 12.18 | —23.86 | 0.025 6.944
80 51.90 | 12.63 | —24.97 | 0.023 7.222
90 57.71 13.09 | —26.05 | 0.021 7.500
100 62.04 | 11.11 | -22.32 | 0.017 6.389
110 67.70 | 11.39 | —22.88 | 0.016 6.528
120 73.36 | 11.67 | —23.43 | 0.015 6.667
130 79.02 | 11.95 | -23.97 | 0.014 6.806
140 84.68 | 12.22 | -24.51 | 0.013 6.944
150 90.34 | 12.49 | -25.03 | 0.012 7.083
160 96.00 | 12.76 | -25.55 | 0.012 7.222
170 101.66 | 13.02 | —26.07 | 0.012 7.361
180 107.32 | 13.29 | —26.59 | 0.011 7.500

Calculations were performed to solve the system of
equations (9) — (15) for the parameters » = 10 kQ for the
modes Vy=1...10kV and r = 60 kQ for the V,=20...180 kV
modes. The value of r; was assumed according to [4] equal
to 22 Q for each Zener diode, and R; = nr,, where n is the
number of Zener diodes corresponding to each mode V.
This quantity is determined based on the average value of the
D818D stabilization voltage 1y =9 V.

Based on the calculation results, the maximum
positive pulsation values Au(f)=A; and minimum

negative pulsation values Au(¢)=A, were determined, as
well as the pulsation amplitude coefficient:
8, =2"82100, o
2V,
The obtained results of calculations are shown in
Table 1. Table 1 also shows the value of the total average

@7
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load current I, + I,y (mA) for each DETU 08-04-99
installation operating mode.

From the data in Table 1 it follows that with increase
in load voltage V;, the pulsation amplitude coefficient A,
decreases accordingly. In the V, = 1 kV mode, the pulsation
amplitude coefficient A, = 0.381 %, and in the V;, = 180 kV
mode the pulsation amplitude coefficient is A, = 0.011 %.
The above values of ripple in different operating modes of
the installation differ by a factor of 35.

Using the values of Py, P;, P, obtained above, one
can determine the energy efficiency coefficient of the
DETU 08-04-99 installation with nonlinear load:

Fv 2B 0= ! 100, %. (28)
Ppy +P+P; 1+P; [(Py +P:)

Table 2 shows the calculated values of EFF (28) for the
DETU 08-04-99 installation for ¥, modes from 1 to 30 kV.
For the ¥, = 180 kV mode, the EFF value is 93.1 %.

The calculated results for the DETU 08-04-99
installation, given in Table 1 and Table 2 are confirmed
by the data of installation experimental study.

EFF =

Table 2
The values of the energy efficiency coefficient of the
DETU 08-04-99 installation for the ¥, values from 1 kV to 30 kV

Vo kV | P, W P, W P, W EFF, %
1.0 0.09 5.25 46.15 10.38
2.0 0.35 10.25 47.68 18.19
3.0 0.78 15.25 49.20 24.57
4.0 137 20.25 50.77 29.86
5.0 2.13 25.25 5237 3433
6.0 3.05 30.25 53.99 38.15
7.0 4.14 35.25 55.63 4145
3.0 5.40 40.25 57.30 4434
9.0 6.83 4525 59.00 46.88
10.0 8.42 50.25 60.72 49.14

20.0 34.34 101.50 79.85 62.98
30.0 76.51 151.50 | 100.97 69.31

The discussion of the results. When determining the
energy efficiency coefficient of the high-voltage installation,
let us consider the power P,,, = P;,+P; as a net power, while
the power P, represents the additional power losses in the
filter resistance. At the same time, an increase in the
resistance of the filter Ry is a means of decreasing the
amplitude of the voltage ripple in the installation load when
increasing voltage U, at the input of the circuit [5].

The peculiarity of developing a mathematical model
for the typical high-voltage installation modes (Fig. 1) is
that it determines the necessary parameters of the
installation in the opposite direction — given average
voltage drop across the group of Zener diodes U, for a
given average current [ through it. The proposed solution
sets the numerical value of the time instant ¢#; — the start of
the charging of the installation capacitor C, and the time
instant #, — the «disconnection» of the right part of the
installation from the capacitance C), and also determines
the parameters A, A», A3, A, As, p1, P2, P3> Pa> W, Aug, Uy,
depending on the values of Uy, Iy, C1, Cy, C3, Ryy, T, 7, Ry,
R/ by the analytical method, and is new.

The use of Zener diodes in the measuring group of a
high-voltage direct current installation allows significantly
reducing the pulsation amplitude (up to 3 and more times)
and improve the voltage quality on the load [8].

It should also be noted that nowadays professional
and demonstration versions of various circuit simulation
programs are widely used to simulate voltage
multiplication schemes, as well as processes in electrical
equipment insulation. To simulate, for example, the
phenomenon of partial discharges in the insulation of high-
voltage equipment, demonstration versions of the programs
are sufficient enough [15, 16]. However, the number of
Zener diodes in the operating DETU 08-04-99 installation
is tens of thousands of pieces. In this regard, on the one
hand, a complete simulation of such a scheme requires
expensive professional circuit simulation programs. On the
other hand, as shown in this article, there is no need for a
detailed circuit simulation of such a complex scheme.
Taking these factors into account, the group of authors
made a choice in favor of a generalized analytical solution
of the problem posed in this article.

Conclusion.

1. An analytical method for solving equations for a
complex system of a typical high voltage direct current
installation based on a voltage doubler rectifier with an
integrated R, C — filter, and a measuring group has been
developed.

2. The solution obtained is generalized for the case of
insertion of Zener diodes into the measuring group, while
it is valid within the linearized domain of their current-
voltage characteristic.

3. The use of Zener diodes in the load circuits of the
installation makes it possible to significantly reduce the
amplitude of voltage ripple, and also to improve the
quality of the output voltage of direct current voltage
multiplier.

4. A theoretical basis is developed not only for voltages
and currents, but also for the electrical power of the elements
of a typical high-voltage direct current installation with
allowance for nonlinear voltage pulsations.
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M. Dehghani, Z. Montazeri, A. Ehsanifar, A.R. Seifi, M.J. Ebadi, O.M. Grechko

PLANNING OF ENERGY CARRIERS BASED ON FINAL ENERGY CONSUMPTION
USING DYNAMIC PROGRAMMING AND PARTICLE SWARM OPTIMIZATION

Purpose. In the present article, a new approach of the energy grid studies is introduced to program energy carriers. In this view, a
proper plan is designed on the use of energy carriers considering the energy optimum use. Indeed, the proper energy grid is
designed by applying Iran energy balance sheet information. It is proper to mention that, the energy grid modelling is done in a
matrix form. The electrical energy distribution among power stations is achieved by using the particle swarm optimization
algorithm. In the present paper, concerning the dynamic programming method, it is tried to determine a suitable combination of
energy carriers. References 16, tables 17, figures 1.

Key words: particle swarm optimization, final energy consumption, energy planning, energy carriers, dynamic programing.

Llenv. B nacmoawieii cmamove npeonazaemcsa HOGHLL NOOX00 K UCCIAE006AHUIO IHEPZEMUUECKUX Cemell 0N NAAHUPOSAHUA
anepzonocumeneii. C 3moii yenvio pazpadoman KOPPeKMHLil NAAH UCHOIb306AHUA IHEPZOHOCUMEN el C YHEen oM ONMUMATIbHOZ0
nompebnenusa nepzuu. Paspabomana coomeemcmeylowas Inepzocucmema ¢ UCHONb3OGAHUEM UHPOpmauyuu 0
anepzemuueckom oOananca Hpana. Heobxooumo ommemums, umo moOeauposanue IHEP2OCUCMEMbL GLINOIHAEHCA 6
mampuyunoi gopme. Pacnpedenenue Inekmpuueckoi Inepzuu  mexucoy INEKMPOCMAHUUAMU OOCHUZAEMCA 34  CHem
UCHOIB306ANUSL  ANIZOPUMMA  ORMUMU3AUUU Memodom pos uacmuy. B nacmosweii paéome, noceawennoi memooy
OUHAMUYECKO20 NPOZPAMMUPOBAHUSA, NPEONPUHAMA NONBIMKA ONPEOCTUMb ROOX00AWYI0 KOMOUHAUUIO IHepzoHOocumenell.
bu6n. 16, Tabn. 17, puc. 1.

Kniouesvle cnosa: onTUMU3ANUsl METOAOM POsi YACTHI, KOHEYHOE MOTpedJIeHNe JHEPrUH, IUVIAHHPOBAHWE B JHEPreTHKe,

JHEProHOCUTEIH, THHAMUYECKOEC NPOrpaMMHUpPOBaHuE.

Introduction. One of the suitable criterions in
determining the development level and the life quality of
a typical country is the energy application. Both the
durance of energy presentation and the long term access
ability to sources require energy comprehensive planning.
One of the key issues of energy planning is energy
carriers.

Despite the present applied method, the energy
planning program needs the initial comprehensive study
of the energy system. It is possible to offer a general
framework to model different systems holding different
energy carriers like electrical, thermal, gas, etc. energies.
The mentioned modelling framework is based on the
energy-based approach. The energy-based main idea is
defining a converter matrix having the ability of
describing the generation, delivery and consumption
within systems carrying some types of energies [1]. Based
on the energy current optimization model, Cormio has
proposed a linear-based planning optimization model in a
region in south of Italy. This plan includes energy
optimization details of the energy initial sources, thermal
and electrical energies generation, transition and the
consumption section. The energy system optimization
model is introduced in [2] from the final energy
consumption level to the initial energy carriers that is
from down to up.

The global energy system is mainly based on applying
fossil fuels like coal, oil and natural gas. Although
renewable energy sources are under focused, their reliable
ability is low. Considering the lack of fossil sources,
transition to renewable energy sources by applying
hydrogen as the energy carrier is introduced [3]. This
economic transition includes uncertainty and it is
simultaneously introduced by the greenhouse gases effects.
By applying long-term planning, this energy substitution is
investigated and it is highly tried to supply proper hydrogen
or the energy carrier assessment in the future [4].

While renewable energies are introduced as the
energy initial carriers, the transportation industry is highly
dependent to oil energy carrier. Indeed, there is no simple
renewable solution to answer the transition section
demand. Today, biofuels along with electricity is
introduced as a main planning choice in replacing the
transportation fossil fuels [5].

Concerning the micro grid concept, the random
energy planning is introduced by taking the renewable
energy sources uncertainty and its oscillation entity.
Renewable energy sources which are known as initial
energy carriers are integral parts of a micro grid. The
oscillatory entity of these sources makes a micro grid
exploiting complex [6].

The common initial energy sources (the fossil fuels)
are limited and they need to be programmed considering
the renewable initial energy carriers. Considering the
planning present limitations, four dimensions known as
system, application, generation and technology terms can
be discussed. Indeed, the generation and exploiting initial
energy sources can be studied by considering the new
energy industry properties [7]. Accordingly, different
energy carriers are studied regarding their application
efficiency and abilities. Thus, energy carriers exploiting is
optimally done [8].

Different studies have been proposed by researchers
within the field of energy planning and management.
Therefore, in none of these studies, an hourly exploiting
of these energy carriers to supply the final energy
consumption is not investigated. In the present article, the
ultimate effort is done to exploit energy carriers by
neglecting energy carriers' independency. To implement
this planning, the proper energy grid is designed.

In the following, in section two, the present problem
is introduced. Then, in section three, the energy grid
modelling is analyzed. The particle swarm algorithm is
introduced in section four. Designing the proper energy
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grid to be used in energy studies is done in section five.
Section six simulates planning. Finally, discussion and
conclusion are studied in section seven.

Problem presentation. In planning energy initial
carriers, the lowest energy level that is the final energy
application is considered as the first level; then, different
energy losses and their converting are analyzed step by
step to determine the quantity of initial energy carriers in
order to supply the final energy consumption.

An important portion of the final energy use is
related to the electrical energy. In each hour of planning,
different modes of power stations can supply the
consumption of electrical energy. For each mode, the best
economic distribution among power stations must be
determined. Therefore, in each hour considering different
modes of power stations' combination, there are different
modes of energy carriers. Indeed, we are facing the power
station commitment problem. The only difference is that
instead of having different combinations of power
stations, we face with energy carriers different
combinations. Considering the study period and the grid
information, the proper combination is chosen by taking
the study period length into account.

The energy grid modelling. After compiling and
expanding the notion of the referent energy system in the
Brochain national laboratory, the energy system simulator
is developed. The matrix formulation main concept is to
cut the energy system vertically [9].

The energy grid matrix model starts from the lowest
energy level or the final energy consumption. Then, it
reaches the highest energy level or the initial energy carriers.

At first, the final energy consumption matrix is
defined as V; matrix based on different sections. In this
case, there is

Vo=Ti,x T, (1)
where V, is the final energy consumption based on
different carriers and 7, is the consumption part to
carriers converter part.

Considering the energy consumption, distribution
and transition losses, the final energy consumption is
defined as

Vi=Th3x Vs, ()
where V3 is the final energy consumption based on
different carriers considering losses, 73, is the transition,
distribution and consumption efficiency matrix.

To model the final electrical energy consumption,
the electrical supply shares of different power stations are
calculated by applying (3); then, the power stations input
fuels are measured by (4)

Vea = Tel,z xVer » 3)

Ves = Te2,3 xVen s “)
where Ve, is the total generated electrical energy, 7,

stands for the separation matrix of the electrical energy
generation at different power stations, V,; is the electrical
energy generation of different power stations, V. is
different power stations input fuel and T, er3 is the power

stations efficiency matrix.
Besides, to compute the electrical energy generator
carriers (5) is used

Veq = Te3,4 xVe3 s (%)
where V4 is the electrical energy generator vectors and

T, , is the power stations’ input fuel separated from

different vectors input fuel matrix.

After simulating the electrical energy generation
process, the need for different vectors is computed by
considering the electrical energy generation

V4 = V3 + Ve4 - Vea (6)
where V, stands for the need for different vectors
considering the consumption, distribution and transition
losses of electrical energy generation, and V, is the
generated electrical energy.

Some of these carriers are derived from refining
process. Therefore, it is necessary to simulate the
petroleum refinery; thus, (7) is used

Vo, =Tp %V, @)

where V), is the refineries maximum capacity, 7), is the

share of each generated products of the petroleum
refinement, and Vb, shows the carriers generated by

refinement.
By using (8), the need for carriers can be computed
considering refinement
V5 :V4—Vp2 +Vp, (8)

where V), is the refined petroleum and Vs shows the need
for carriers after considering the electrical energy
generation losses and refinement.

Finally, the quantities of carriers' import and export
are determined by applying

V6 = V5 - P 5 (9)
where P is the national generation quantity of the initial
energy carriers; Vg is the initial energy carriers' import
and export. Noticeably, the positive sign represents
import and the negative sign shows the export.

In (3), in order to determine different power stations
shares of the electrical energy generation, it is necessary
to establish the economic distribution. To fulfill this aim,
the particle swarm optimization is used.

The particle swarm optimization. The particle
swarm optimization (PSO) was first introduced by Candy
and Aberheart [10]. After then, it was used in different
scientific and applied fields. PSO is a population based
optimization algorithm in which each person is
considered as a particle. These particles positions within
the search space determine the problem solution. Particles
can search the best position in cooperation with each
other. Particles’ movements can be determined by
applying (10) and (11)

xi(t-i-l):xl-(t)-i-vi(t), (10)
Vv; (t + 1) =wy; +cn (pbesti (t)— X; (t))+ 1
ean(gestt)- (1) o
where x,(7) is the position, v,(?) is the i-th particle velocity
at t moment, pbest(¢) is the best position found by the i-th
particle, and gbest() is the best found position by the
whole population till # moment, w is the inertial
coefficient, ¢; and ¢, are the controlling parameters of
each particle and the whole population best effect on the
particles velocity and r; and r, are random numbers
within (1-0).
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Designing the energy grid suitable for studies.
Since the present study is novel, information related to the
proper energy grid is not accessible. Indeed, in this study,
the energy grid comprising the 24-hour final energy
consumption information is needed. Both Iran energy
balance sheet information [11] and the standard electrical
grid used in the power station commitment problem
studies are used.

The idea of designing the proper energy grid is
proposed based on the concept of the electrical energy
vital role. Indeed, some part of the final energy
consumption is related to the final electrical energy
consumption. In the energy balance sheet, there is no
information of the final energy use. However, it is clear
that the final energy consumption of different energies is
not independent of one another and the final energy
consumption of different energies is symmetric.

Considering the energy balance sheet, the final
energy consumption for a year is in Table 1.

Table 1
Different sections of the final energy consumption [11]
Row Sectors of energy
1 |E1|Residential, commercial, general 399.9 mboe
2 |E2|Industrial 188.2 mboe
3 |E3|Transportation 254.3 mboe
4 |E4|Agriculture 33.4 mboe
5 |E5|Other 2.5 mboe
6 |E6|Non-energy 85.3 mboe
7 | E;y|Total of final energy consumption 9636.6 mboe
8 |E.|Final electrical energy consumption 79.7 mboe

The final electrical energy consumption in the above
table is shown by E.. It is known that considering the
electrical energy losses from generation till consumption
(consumption, distribution and transition losses) of power
stations must generate more electrical energies in order to
supply this quantity.

Concerning the final energy consumption, the
electrical final energy consumption in different power
stations is calculated as below

n
Ey = zaiEi )
i=1

Eef = alEl +112E2 +a3E3 +a4E4 +a5E5 +a6E6 .

(12)
(13)

where E,, is the final electrical energy consumption, 7 is
the number of different energy consumption power
stations, a; is the electrical final energy consumption
coefficient in the relation which is related to i-th final
energy consumption, and E; is the i-th section final energy
consumption.

Considering losses of consumption, distribution and

transition of electrical energy, its consumption is
calculated by applying
1
E,=—E;, (14)
e

where E, is the electrical energy consumption; 77, is the
energy grid efficiency concerning losses of consumption,
distribution and transition of electrical energy.

In the next phase of designing, it is possible to
approximately compute the final energy per hour by
applying information related to the power station
commitment problem

n
Vlh _ load v,
Ee

1s)

where Vlh is the designed final energy consumption,

load" is the grid electrical energy quantity in h hour and ¥
is the balance sheet based final energy consumption for
the E, electrical consumption quantity or E, electrical
final energy consumption quantity.

Therefore, the 24-hour information of the final energy
consumption is computed. Although, this final characteristic
is approximately calculated and it might differ from the real
value, this information answers our energy study.

The energy grid information and designing by applying
ten power stations. In order to plan energies of initial energy
carriers, a ten power station system is proposed. The
electrical grid is derived from [12] reference. Information
related to the mentioned system is designed based on the
afore-said process. These data are attached to the same
paper. The maximum power station capacities equals to
3721.1 boe. It is necessary to mention that quantities related
to the power station capacity are chosen approximately and
in accordance with the energy balance sheet.

Simulation. Regarding the energy grid modelling,
the simulation trend can be represented as the followings:

1) defining parameters and converting matrices;

2) applying 3 to 10 steps for each hour of under
studied 24 hour span;

3) determining the final energy consumption;

4) determining the final energy consumption based on
different carriers;

5) determining the
considering the energy,
consumption of energies;

6) determining possible combinations of power station
generators in order to supply the electrical energy;

7) the economic distribution of the electrical energy
among power station generators by means of the
optimization algorithm for all possible combinations;

8) the contribution of each carrier from the refining of
crude oil;

9) determine the need to provide energy to the final
energy consumption for each of the possible
combinations;

10)determining the import and export of energy
carriers regarding the national energy carriers presentation
for each possible combination;

11)determining the total request, import and export
values of the energy carriers in the whole under studied span
(24 hours) by means of the dynamic planning method.

The objective function. One important stage in
planning energy carriers is to distribute electrical energy
economically. The objective function of the electrical
energy economical distribution is introduced in (16). This
objective function can be solved using optimization
algorithms [13]

final  energy
distribution,

consumption
transition and

Ny ; . Npy ;
Fopi = 2, EpyCrry + Y Su Ce» (16)
i=1 i=1
; Npy Np, i
EFIU = z Zel-’jE]U & lZI:NFIU . (17)
J=1 k=l
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(18)

e ;€ [ETF]NF,UxNDU )

1
Ejy=—2Eopy,
nu

(19)

where F,; is the objective function, Npy is the number of
different input fuels of power station generators, Eﬁ:lU is
the sum of input energy to power stations of the i-th fuel
type, Cﬁ:IU is the i-th type input fuel type cost of power

stations, Npy is the number of different fuel generators,
SU,~ stands for the i-th power station on or off position,

Cé is the i-th power station constant costs, N, []] shows

the number of j-th power station generators within the
under studied energy grid, e;; represents the i-th fuel share
coefficient from the j-th power station energy input, ETF
is the power station input energy matrix converting to
fuels appropriate with different power stations, £y is the
power station input energy matrix, 77y shows power
stations efficiency vector and E,y stands for power
stations output electrical energy.

In the optimization algorithm, Eyy is the power
stations generated electrical energy which is chosen as the
problem variables. Optimization limitations are defined as
below:

1) the load balance

2 A(t)=Dle) (20)
i=1
2) the upper and lower unit generations
PrilinSPiSPrilax (21)

where N represents the number of units, P(f) shows the
i-th unit generated power at the ¢ time, D(¢) is the value of

electrical power request at ¢ time, Prilin is the lower limit,

P' manifests generation, and Pélax shows the i-th unit

upper limit.

The dynamic planning application. After distributing
the electrical energy in each hour of planning that is done
in appropriation with each possible energy division
among power stations, the planning trend continues'; thus,
energy carriers combinations parallel with power stations
combinations are concluded. By applying the dynamic
planning method, the proper strategy of energy carriers
planning is determined along with the study.

At K hour with / combination, the retrospective
algorithm of computing the minimum cost is defined as
cost(K’I): min|:Pcost (K71)+ Scost (K l’L : K’I)_'} , (22)

{L} +Fcost(K _LL)
where F.,(K,I) is the minimum total cost to arrive at the
(K,I) mode, P,,(K,I) is the (K,I) mode cost and S,,(K-1,
L: K, I) shows the transition cost from (K-1, L) to (K1)
mode. The (K,/) mode is the / combination at K hour [14].

The energy grid simulation with ten power stations.
The final energy consumption based planning of energy
carriers designed with ten power stations is implemented.
The dynamic planning is done by saving paths equal with
the number of each study hour maximum modes and its
results are shown in Table 2.

Table 3 holds the need for energy carriers in order to
provide final energy consumption. The need for energy
carriers of the total study period is determined in Table 4.
The economical distribution of electrical energy among
units is represented in Table 5. The optimization
algorithms access trend to the economical distribution of
the electrical energy is depicted in Fig .1. Besides,
considering the quantity of energy carriers national
representation, the value of carriers import and export
quantities are listed in Table 6.

F,

Table 2

The output of dynamic planning in ten unit energy grids by means of PSO
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8554182 | 8555398 Cost (dollar)
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Table 3
The need for energy carriers in ten unit energy grids by means of PSO

8 7 6 5 4 3 2 1 Hour
3721.1 3721.1 3721.1 3721.1 3721.1 3721.1 3721.1 3721.1 Petroleum
51.78965 44.67028 37.55091 2331218 16.19281 1.95407 —12.2847 —-19.404 Liquid gas
—350.552 —365.265 —354.657 —429.906 —466.355 —539.254 —612.154 —647.68 Fuel oil
—11.7441 —61.1345 —-123.351 —210.1 —253.46 —340.182 —426.903 —470.252 Gas oil

17.72885 1.640607 —14.4476 —46.6241 —62.7124 —94.8888 —127.065 —143.154 Kerosene

405.1893 363.9642 322.7392 240.289 199.0639 116.6137 34.16357 —7.06152 Gasoline

53.06305 50.85209 48.64113 44.2192 42.00824 37.58632 33.1644 30.95344 Plane fuel

4380.603 4190.728 3988.239 3615.204 3432.123 3065.959 2699.796 2519.415 Natural gas

26.60254 25.4941 24.38566 22.16878 21.06034 18.84346 16.62658 1551815 Coke gas

58.79772 56.34781 53.89791 48.9981 46.54819 41.64838 36.74857 34.29867 Coal
16 15 14 13 12 11 10 9 Hour
3721.1 3721.1 3721.1 3721.1 3721.1 3721.1 3721.1 3721.1 Petroleum
30.43155 51.78965 66.02839 80.26713 94.50586 87.3865 80.26713 66.02839 Liquid gas
—459.901 —350.552 —275.868 —-198.861 —-135.511 —158.969 —198.861 —275.591 Fuel oil
—141.826 —11.7441 74.99814 161.7678 260.843 205.169 161.7678 75.0014 Gas oil

—-30.5359 17.72885 49.90533 82.0818 114.2583 98.17004 82.0818 49.90533 Kerosene

281.5141 405.1893 487.6395 570.0897 652.5398 611.3148 570.0897 487.6395 Gasoline

46.43017 53.06305 57.48497 61.90689 66.32881 64.11785 61.90689 57.48497 Plane fuel

3831.358 4380.603 4751.988 5130.168 5531.033 5323.32 5130.168 4752.798 Natural gas

23.27722 26.60254 28.81941 31.03629 33.25317 32.14473 31.03629 28.81941 Coke gas

51.448 58.79772 63.69753 68.59734 73.49714 71.04724 68.59734 63.69753 Coal
24 23 22 21 20 19 18 17 Hour
3721.1 3721.1 3721.1 3721.1 3721.1 3721.1 3721.1 3721.1 Petroleum
—5.1653 9.073439 37.55091 66.02839 80.26713 51.78965 37.55091 2331218 Liquid gas
—595.486 —548.095 —423.452 —275.868 —198.861 —350.552 —423.452 —496.351 Fuel oil
—370.456 —277.548 —98.4652 74.99813 161.7678 —-11.7441 —98.4652 —185.186 Gas oil
-110.977 —78.8006 —14.4476 49.90533 82.0818 17.72885 —14.4476 —46.6241 Kerosene
75.38865 157.8388 322.7392 487.6395 570.0897 405.1893 322.7392 240.289 Gasoline

35.37536 39.79728 48.64113 57.48497 61.90689 53.06305 48.64113 44.2192 Plane fuel

2913.867 3278.051 4014.44 4751.988 5130.168 4380.603 4014.44 3648.277 Natural gas

17.73502 19.9519 24.38566 28.81941 31.03629 26.60254 24.38566 22.16878 Coke gas

39.19848 44.09829 53.89791 63.69753 68.59734 58.79772 53.89791 48.9981 Coal
Table 4
The need for different energy carriers within the total study period of the energy grid
Energy Carrier Row
89306.4 Petroleum 1
1000.893 Liquid gas 2
-9132.05 Fuel oil 3
—1916.25 Gas oil 4
—121.508 Kerosene 5
8322.891 Gasoline 6
1198.34 Plane fuel 7
98855.34 Natural gas 8
600.7739 Coke gas 9
1327.848 Coal 10
Table 5
The electrical energy economical distribution within the energy grid by utilizing PSO
s lzel 2z sl e lelz] 2] o] 2|z
°C | 37| & 5 5 5 5 5 5 5 E |=
66339.36 0 0 0 0 0 0 0 129.9054] 150 |420.9897] 1
71199.98 0 0 0 0 0 0 0 130 [165.9591| 455 2
81353.53 0 0 0 0 0 0 0 130 266.087 455 3
91507.08 0 0 0 0 0 0 0 130 [366.2149] 455 4
96583.85 0 0 0 0 0 0 0 130 |416.2788] 455 5
107287.4 0 0 0 0 0 0 61.40668| 130 455 455 6
113108.7 0 0 0 0 0 0 111.4706{ 130 455 455 7
118165.9 0 54.94904 10 25 78.91501 25 20 129.9395]403.1555[454.5755| 8
128802.2 0 54.92522(38.19602 25 79.91727 25 40.51524]129.8847( 454.393 | 453.831 | 9
139852.8 0 54.99011{46.54565|75.69185|79.97855 25 129.9675] 129.966 |454.8779(454.8368| 10
145735.7 55 55 55 85 80 51.98213] 130 130 455 455 11
152855.1 55 55 55 85 80 157.1164| 130 130 455 455 12
139852.8]31.11385 55 55 85 80 25.80435] 130 130 455 455 13
128737.4 0 55 46.5999 [25.09276 80 25.18803] 130 130 455  |454.9096]| 14
118165.9 0 50.46745 10 25 4235772 25 20 129.0834[452.7482|446.8778| 15
102935.5 0 54.57776 10 25 75.61226 25 20 129.572 1260.4829(451.0978| 16
97858.76 0 54.58248 10 25 75.74856 25 20 129.4813] 209.902 |451.5645| 17
108012.3 0 55 10.06585]25.04071 80 25.08315]20.12963| 130 |401.2152] 455 18
118165.9 0 55 46.61355(25.03679 80 25.13997] 130 130 455 455 19
139852.8 0 53.36535 10 25 79.89353 25 70.70835[129.7906|454.3342(453.5704| 20
1287374 0 0 0 0 0 0 61.40668| 130 455 455 21
108012.3 0 0 0 0 0 0 0 130 [316.1509] 455 22
87907.97 0 0 0 0 0 0 0 130 216.023 455 |23
78494.37 0 0 0 0 0 0 0 130 216.023 455 24
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Table 6

Import and export of carriers

Import Export Carrier Row
0 163006 Petroleum 1
1000.893 0 Liquid gas 2
0 9132.05 Fuel oil 3
0 1916.25 Gas oil 4
0 121.508 Kerosene 5
8322.891 0 Gasoline 6
1198.34 0 Plane fuel 7
2221.738 0 Natural gas 8
0 37.6261 Coke gas 9
367.8484 0 Coal 10
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Fig. 1. The access trend to the electrical energy economical distribution\ within the energy grid by applying PSO

Discussion and conclusion. In the present article, a
new approach in energy studies was introduced. In this
view, the maximum effort was made to arrive at the
suitable planning of energy carriers based on the final
energy consumption. This planning was done such that it
showed energy carriers beside each other as a system and
neglected their planning independent view.

The energy grid modeling started from the lowest
energy level of the final energy consumption and went to
the highest level of the energy initial carriers step by step
in a matrix shape. In this modelling, some factors like the

energy grid losses, the electrical energy distribution
among units, and the petroleum refinement were taken
into account. After a matrix form energy grid modelling,
the energy grid was designed based on the 24 hour
information of Iran energy balance sheet and the standard
electrical grid since there was no available authentic
information of energy grid.

In the proposed planning, the dynamic planning
method and the particle swarm optimization algorithm
were used. Indeed, particle swarm optimization algorithm
was used along with the electrical energy economical
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distribution; hence, the dynamic planning program was
utilized in order to access the proper strategy of mixing
energy carriers along with the study period.

The proposed planning done on the authentic-based
designed energy grid was implemented and its results
were represented.
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Appendix (Tables A.1-A.11)

Table A.1. Unit Information

Table A.2. The time information of energy networks

Capacity of
unit (MW) g | g >
2 5} 8y =
] Power plant 5 2 o S
=4 . = o o =)
Min Max i o) ~
1 Thermal 150 455 0.368 1 1
2 Thermal 150 455 0.345 2 2
3 Combined Cycle 20 130 0.455 3 3
4 Thermal 20 130 0.317 4 4
5 Gas 25 162 0.3 5 5
6 Combined Cycle 20 80 0.47 6 6
7 Thermal 25 85 0.35 7 7
8 Thermal 10 55 0.35 8 8
9 Combined Cycle 10 55 0.5 9 9
10 Gas 10 55 0.25 10 10

5 Power plant MUT | MDT | Cold start | Initial conditions
1 Thermal 8 8 5 8
2 Thermal 8 8 5 8
3 | Combined Cycle 5 5 4 -5
4 Thermal 5 5 4 -5
5 Gas 6 6 4 -6
6 | Combined Cycle 3 3 2 -3
7 Thermal 3 3 2 -3
8 Thermal 1 1 0 —1
9 | Combined Cycle 1 1 0 -1
10 Gas 1 1 0 -1
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Table A.3. The cost of setting up units 8 Other products 0
Row Power plant Hot start Cold start 9 Natural gas 4026.4
1 Thermal unit 4500 9000 10 Coke gas 26.6
2 Thermal unit 5000 10000 I Coal 20
3 Combined Cycle unit 550 1100 04
4 Thermal unit 560 1120 12 Non-commercial fuels 161
5 Gas unit 900 1800 13 Electricity (power) 0
6 Combined Cycle unit 170 340
7 Thermal unit 260 520 Table A.7. Heating value[15] and energy rates[16]
8 Thermal unit 30 60
9 Combined Cycle unit 30 60 Energy carrier Heating value Energy rates
10 Gas unit 30 60
Petroleum 38.5 MJ/lit 48 dollar/boe
Table A.4. Matrix Tp
el 0 Liquid gas 46.15 MJ/kg 374 dollar/tone
Liquid gas 0.032 .
Fuel oil 0293 Fuel oil 42.18 MJ/kg 180 dollar/tone
Gas ol 0.293 Gas oil 43.38 MI/kg 350 dollar/tone
Kerosene 0.099
Gasoline 0.157 Kerosene 43.32 MJ/kg 500 dollar/tone
Plane fuel 0
Other products 0.058 Gasoline 44.75 MJ/kg 450 dollar/tone
Natural gas 0
Coke gas 0 Plane fuel 45.03 MJ/kg 555 dollar/tone
Coal 0 3 3
Non-commercial fuels 0 Natural gas 39 MJ/m 237 dollar/1000m
Electricity(power) 0 Coke gas 16.9 MJ/kg 157 dollar/tone
Table A.5. Conversion matrix input energy to power plants Coal 26.75 MJ/kg 61 dollar/tone
Power plant | Thermal unit Combined Cycle unit Gas unit
Fuel oil 0.254 0 0 .
Gas oil 0.003 0.082 0.166 Table A.8. Electrical load demand
Natural gas 0.743 0.918 0.834 Hour 1 2 3 4
. . . Load 700 750 850 950
Table A.6. Domestic supplies of energy carriers Hour 5 3 ] 3
Row Energy carrier Energy (boe) Load 1000 1100 1150 1200
1 Petroleum 10513 Hour 9 10 11 12
5 Liquid gas 0 Load 1300 1400 1450 1500
- Hour 13 14 15 16
3 Fuel oil 0 Load | 1400 | 1300 | 1200 | 1050
4 Gas ol 0 Hour 17 18 19 20
5 Kerosene 0 Load 1000 1100 1200 1400
6 Gasoline 0 Hour 21 22 23 24
7 Planc fucl 0 Load 1300 1100 900 800
Table A.9. Final energy consumption
Hour 1 2 3 4 5 6 7 8
Residential, commercial, general 1570.19 1682.347 1906.66 2130.973 | 2243.129 | 2467.442 | 2579.599 | 2691.755
Industrial 738.9593 | 791.7421 897.3078 | 1002.873 1055.656 | 1161.222 | 1214.005 1266.787
Transportation 998.4982 | 1069.819 | 1212.462 | 1355.105 | 1426.426 | 1569.069 1640.39 1711.711
Agriculture 131.1437 140.5111 159.2459 177.9807 187.3481 206.0829 | 215.4503 | 224.8177
Other 9.816144 10.5173 11.9196 13.32191 14.02306 | 15.42537 | 16.12652 | 16.82768
Non-energy 334.9268 | 358.8502 | 406.6969 | 454.5436 | 478.4669 | 526.3136 | 550.2369 | 574.1603
Hour 9 10 11 12 13 14 15 16
Residential, commercial, general 2916.068 | 3140.381 3252.537 | 3364.694 | 3140.381 2916.068 | 2691.755 | 2355.286
Industrial 1372.353 | 1477919 | 1530.701 1583.484 | 1477919 | 1372353 | 1266.787 | 1108.439
Transportation 1854.354 | 1996.996 | 2068.318 | 2139.639 | 1996.996 | 1854.354 | 1711.711 1497.747
Agriculture 243.5526 | 262.2874 | 271.6548 | 281.0222 | 262.2874 | 243.5526 | 224.8177 | 196.7155
Other 18.22998 | 19.63229 | 20.33344 | 21.03459 | 19.63229 | 18.22998 | 16.82768 | 14.72422
Non-energy 622.007 669.8537 693.777 717.7004 | 669.8537 622.007 574.1603 | 502.3903
Hour 17 18 19 20 21 22 23 24
Residential, commercial, general 2243.129 | 2467.442 | 2691.755 | 3140.381 | 2916.068 | 2467.442 | 2018.816 | 1794.503
Industrial 1055.656 | 1161.222 | 1266.787 | 1477.919 | 1372.353 | 1161.222 | 950.0906 | 844.5249
Transportation 1426.426 | 1569.069 | 1711.711 1996.996 | 1854.354 | 1569.069 | 1283.783 1141.141
Agriculture 187.3481 | 206.0829 | 224.8177 | 262.2874 | 243.5526 | 206.0829 | 168.6133 149.8785
Other 14.02306 | 15.42537 | 16.82768 | 19.63229 | 18.22998 | 15.42537 | 12.62076 | 11.21845
Non-energy 478.4669 | 526.3136 | 574.1603 | 669.8537 622.007 526.3136 | 430.6202 | 382.7735
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Table A.10. Matrix T12

Residential and commercial Industrial Transportation Agriculture | Other | Non-energy
Petroleum 0 0 0 0 0 0
Liquid gas 0.051 0.013 0.01 0 0 0
Fuel oil 0.023 0.212 0.014 0 0 0
Gas oil 0.055 0.087 0.363 0.689 0 0
Kerosene 0.141 0.002 0 0.018 0 0
Gasoline 0.002 0.002 0.573 0.003 0 0
Plane fuel 0 0 0.031 0 0 0
Other products 0 0 0 0 0 0.402
Natural gas 0.564 0.521 0.007 0 0 0.497
Coke gas 0 0.021 0 0 0 0
Coal 0.0003 0 0 0 0 0.101
Non-commercial fuels 0.064 0 0 0 0 0
Electricity(power) 0.102 0.142 0.0004 0.29 1 0

Table A.11. Matrix T23

(=]

Petroleum
Liquid gas
Fuel oil
Gas oil
Kerosene
Gasoline
Plane fuel
Other products
Natural gas
Coke gas
Coal
Non-commercial fuels
Electricity(power)

(=] k=) [ k) ) feu) ko) Ko}

1.

—_

601

(=] f=j [} o) Fe)l [l Ken) k) feul) ken) Ken)

(=]

[=) [l fer) f) [e) fer) o) ) frll o) Kol Kl Fol
[=) =l fer) f) [e) fer) ) ) frll ) Kol L Kenl
[=) [l fer) f) [ fer) o) ) Frll o) T el Fen)
[=) =] =) f=) [o] [o) [e) [e) [l g [e) fe) fe)
[=]) =] o) f=) [a] [o) [e) fa) L fe) [e) fe) fe)
[=] =] j=) [=) (=] fo) (=) Lo [ [w) [ fe)

[=] =] fe) ) [ fe) Lo ) [l for) el [l fon)
[=] =] fe) ) [ Lo [ ) [l fou) o) el fon)
[=) =l fe) Lo (=] [e) [=) [e) [ fe) fe) fe) fe)
[=) k=l ol [l [e) [e) [o) [e) [e) f) [e) fe) fe)
(=1l l=) (=) (=] [=] (=) [=] [o] fo) (=] [ fe)

o|o(o|o

1.3158
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Besneka ennekmpoobiadHaHHs
YVIK 621.316.99

doi: 10.20998/2074-272X.2018.5.11

0O.10. T'nebos, [1.I'. Kosnmymiko, I''M. Koxmymixo, E.I1. Epemeena

K BOIIPOCY NPOEKTHPOBAHMAA 3A3EMJISIIOIIUX YCTPOMCTB .
IHOACTAHIMH 330(220) KB 1151 OBECIIEYEHUA 9JIEKTPOMAT'HUTHOU
COBMECTUMOCTH BTOPUYHBIX IEIIEN

Mema. Memoro cmammi € po3po6Ka 0CHOGHUX NON0IHCEHb MENMOOUKU NPOEKMYSAHHA KOHCMPYKMUBHO20 6UKOHAKHSA 3A3EeM-
11064716 HO20 RPUCMPOIO RIOCMAaNUil 3 giOKpumumu po3nodinohumu npucmpoamu 330 (220) kB, axa cnpamosana na 3ades-
neyeHHA e1eKmpPoMazHimnoi cymicnocmi émopunHux Kin mpancgopmamopie cmpymy. Memoouxka. /Insa nposeedenns 0oci-
0JiceHb BUKOPUCMOBYBATIUCS NONONCEHHS MeOPii NAAHY8ANHS eKCREPUMEHMIE, Meopin eNeKMPUYHUX Kill, Mamemamuune
Mmooenioeanna ¢ nakemi Grounding 1.0 i Microsoft Excel. Pesynomamu. B x00i npoéedenna 00nogaxmopHux excnepumen-
mie ompumani 3anexHcHOCmi OROPy 3a3eMII08AIbHO20 RPUCMPOIO | HARPY2U MINC PO3PAXYHKOGUMU MOYKAMU IO NOWL 3a-
3eMAIOUUX NPUCIMPOIB, PO3MIPY YAPYHKU CIMKU, NepUMempPa nOnepeunozo nepepisy 3a3emuloeadie, eKGieanieHmnozo nu-
MOMO020 ONOpY [PYHMY, CHIPYMY KOPOMKO20 3AMUKAHHA | KOHCMPYKMUeno2o Koedivicnma. Iloxazano, wio onip 3azemniosa-
JIbHO20 RPUCMPOIO § HARPY2a MiXC PO3PAXYHKOGUMU MOYKAMU RPAKMUYHO HE 3a/1eMHCamb 6i0 cNUOUHU PO3MAULY8AHHA 20PU-
30HmManbHUX 3azemaloeauie ¢ oianazoni enuoun 6i0 0,4 m 0o 1,4 m. Hayxkoea noseusna. Y pooomi cpopmynvosano mpu Kpu-
mepii npoekmyeanus 3azemaiouux npucmpoie niocmanyiu 330 (220) kB, cnpamoseani na 3abe3neuenns ejieKmpomazHim-
HoT cymicnocmi emopunnux kin. Ipakmuune 3nauennsn. Chopmynboeano nonoiceHHs MemoouKu npoeKmy8anHs 3a3emuio-
8AILHO20 NPUCMPOIO 3 KPUMEPIEM 3AN00I2AHHA NOMUTIKOBO20 CRPAUbOGYBAHHSA PEeUHUX 3AXUCMIE 8 ABAPIUHUX PEeIHCUMAX.
Bbu6n. 10, tadn. 2, puc. 14.

Kniouosi crosa: 3azemior0umii npucTpiid, niacranuii, eJleKTpoMaruiTHa cyMicHicTb, BTOPHHHI K0J1a, ONip 323eMJIIOBAJIbHOTO
NPHUCTPOIO.

Llens. Ilenvio cmamovu aenaemcsa pa3padomKa 0CHOGHBIX NON0NHCEHUIL MEMOOUKU NPOEKMUPOBGAHUA KOHCIPYKMUGHOZ20 Gbl-
NOJIHEHUA 3A3eMAAIOULE20 YCMPOUCMEA ROOCMAHYUIL ¢ OMKPLIMbIMU pacnpedeaumenvhvimu ycmpoiicmeamu 330(220) kB,
Komopas nanpaenena Ha obecneyenue INeKMPOMAZHUMHOU COEMECIUMOCIU 6MOPUYHBIX Henell mPpanchopmamopos mo-
ka. Memoouxka. /Ina npoeedenusn ucciedo8anuili UCHOAb3IOGATIUCH NOJIONHCEHUA MEOPUU NAAHUPOSGAHUA IKCHEPUMEHN 08,
meopua IneKmpuueckux yeneil, mamemamuueckoe modenuposanue ¢ nakeme Grounding 1.0 u Microsoft Excel. Pe3ynp-
mamot. B xo00e nposedenus 00HOMAKMOPHBIX IKCREPUMEHNOE NOIYUEHbI 3A6UCUMOCU CORPOMUGICHUSA 3A3EMIAIOUE20
YCMPOUCMEa U HANPANCEHUA MeNHCOY PACUEMHBIMU MOYKAMU OM RIOWAOU 3a3eMIAIOUL€20 YCMPOICMEd, pazmepa A4eiuKu
CemKu, nepumMempa nONEPeunozo ceueHus 3azemaumeneii, IK6UBANEHMHO20 YOEIbHO20 CONPOMUGIEHUA ZPYHMA, MOKA KO-
POMKO20 3aMbIKANUA U KOHCIMPYKIMUBHO020 KoIpuyuenma. Ilokazano, umo conpomugnenue 3a3emusaiouiezo ycmpoicmea
U Hanpadxicenue mexncoy pacuémuvlMu MOUKAMU RPAKMUYECKU He 3a6UCAN Om 2/1YOUHbBL PACNOJIONCEHUA 20PUOHMATbHBIX
3azemnumeneii ¢ ouanazomne 2ayoun om 0,4 m 0o 1,4 m. Hayunasa noeusna. B pabome cghopmynuposanvt mpu Kpumepus
RPOEKMUPOCAHUA 3A3eMAAIOWUX ycmpolicme noocmanyuit 330(220) kB, nanpasnennvie na obecneuenue r1eKMpPOMazZHUmM-
HOIl coemecmumocmu emopuunsix yenei. Ilpakmuueckoe 3nauenue. Chopmynuposansvt non0d3cenuss MEMOOUKU NPOEKMU-
POBAHUA 3A3EMAAIOWE20 YCIPOUCIEA NO KPUMEPUIO NPEOOMEPAUECHUS JIOHCHO20 CPADAMBIGANUSL PEICHHbIX 3auUm 6 aea-
puitnvix pexcumax. butn. 10, Tabn. 2, puc. 14.

Kniouesvie crnosa: 3a3emisiioniee yCTpoiicTBO, MOJCTAHIUHU, YIeKTPOMATHUTHAS COBMECTHMOCTh, BTOPUYHbIE IEeNH, CONPO-
THBJIEHHE 323eMJISIIOLIEro yCTPOiicTBA.

BBenenue. B m. 1.7.59 11Y2:2017 [1] yka3aHo Ha-
3HAYEHHE 3a3eMIIiomero ycrpoiictea (3Y) anekrpoycra-
HOBOK: «...3a3€MJIIOBAJIbHUI TMPUCTPIH, SKWl BUKOPHCTO-
BYIOTH JUISl 3a3€MJICHHS €JIEKTPOYCTaHOBOK ..., IIPOTSATOM
YCBOTO TMEPioJy eKCILTyaTaIlil Ma€e BiAMOBIIaTH BCIM BUMO-
ram JI0 3a3eMJICHHS IIUX €JIEKTPOYCTaHOBOK: 3aXHCTY JIO-
JIell BiJ| YpayKeHHsI JIEKTPUYHUM CTPYMOM Y pa3i MOIIKO-
JUKEHHS 130JIA11i1, YMOBaM PEXHUMIB POOOTH MEpeK, 3aXHc-
Ty eJIeKTpoOOIaIHAHHS B/l IEPEHATIPYTH, €JICKTPOMATHIT-
HOI CYMICHOCTI TEXHIYHHMX 3ac00iB, SIKi 3aCTOCOBYIOTH Y
LUX eJIEKTPOYCTAaHOBKaX (HAIPUKIAA, KOMIT FOTEPHHUX 1 Mi-
KPOIIPOIIECOPHUX CHCTEM TOINO). Y TepIry 4epry Ciif Jo-
TPUMYBATHCSI BUMOT 10 3aXHCHOTO 3a3€MJICHHSL...». B 3TOM
IMYHKTE [OKa3aHO, 4YTO TiIaBHOM 3anmaueil 3Y sBngercd
o0ecreueHune eKTpoOe30MacCHOCTH.

st penieHust ykazaHHOM 3ajaun pa3paboTaHbl oc-
HOBHBIE KPUTEPUHU NPOEKTUpOBaHUs 3Y, KOTOpBIE W3IIO0-
JKEHBI B COOTBETCTBYIOIUX MyHKTax [1]:

1) mo nomycTrMoOMy 3HaYeHHUIO CONPOTHUBIECHUS 3Y;

2)10 [OMyCTUMOMY 3HAYECHHUIO HANPSDKEHHS MPHUKOC-
HOBEHHUS;

3) 10 ZOMYCTUMOMY 3HAYCHUIO HAIpsDKeHMs Ha 3Y.

B psine pabot, Hanpumep [2], paccCMOTpEHBI HAITpaB-
JCHUA PEKOHCTPYKIMH 3Y ais oOecrmedeHus 3JIeKTPO-
0e301acHOCTH.

OnHako, TOMUMO OOecreueHusI JIEKTPOOe30macHO-
CTH, C TIOMOIIbI0 3Y MOJDKHBI PEelIaThCs U IPYTHUE BaXK-
Hble 3ajauu, nepeuncieHHsle B m. 1.7.59 IIVE:2017, a
HMCHHO O0CCIICYCHUE 3JCKTPOMATHUTHOW COBMECTHMO-
cti (OMC) TeXHUYECKUX CPENCTB, IPAMEHIEMBIX B JICK-
TPO3HEPreTHKe. YKa3aHHbBIA MYHKT SBISICTCSI €AMHCTBEH-
HBIM TTyHKTOM B [1], rae k 3V mpenbsaBistorcs: TpeboBa-
HUs 10 obecnedeHrnto DMC MHUKpPOTPOIIECCOPHBIX TEX-
Huaeckux cpencts (MII TC), Ho manee Mo TEKCTy HOKY-
MEHTa 3TH TpeOOBaHUs (HANPHUMeEp, K KOHCTPYKTUBHOMY
BBITIONTHEHUIO 3Y) HE KOHKPETU3UPOBAHBI.

B anexTposHepreTnke YKpauHbl OCHOBHBIMU CHC-
TEMOOOPa3yIOIUMH 3JIEMEHTAMU SBJISIFOTCS JIMHUAU DJICK-
Tpomepeayd W TOACTAHIIMKA C PAaCIpeayCTPOCTBAMU
330(220) kB u 750(500) kB. DT 0OBEKTBHI OTHOCATCS K
ANEKTPHYCCKUM CETSIM C 3a3¢MIJIEHHOH HEHTAIbIO, UMCIOT
OoJpIIHe TOKK 3aMbIKaHHUA Ha 3emitto (10 50 KA) u mpen-
CTaBISIFOT ~ HAWOOJIBIYI0 OMACHOCTh JUIS MEepCOHana
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MII TC B aBapuiitHbix pexxuMmax. Hawmbosee mmpoxum
KJIACCOM peNIeWHBIX 3amuT Ha moactanmusax 330(220) kB
ABJAKOTCA TC€, KOTOPbHIC MOAKIIOYCHBI K BTOPUYHBIM IIC-
M TpancpopmatopoB Toka (TT), Hampumep, Makcu-
MalibHasi Wi JuddepeHianbHas TOKOBbIE 3alUThl, Ha-
IIpaBJICeHHbIE WIM HE HampaBiieHHble W T.1. [loaTomy
obecrnieuerre IMC UMEHHO TOKOBBIX IICTICH SIBIISCTCS aK-
TyalbHON 3ajavell I HaAeKHOro (DyHKIHMOHMPOBAHMUS
MOJICTAaHIIUH.

Hambomee MOIIHBIMA HWCTOYHHKAMHU 3JIEKTPOMAT-
HUTHBIX BO3JCHCTBHUIA Ha IMOACTAHIHAX SIBIISIOTCS KOPOT-
KHe 3aMBIKaHUs Ha IIWHAX, OPSAMOHW yZap MOJHHH WIIN
cpabaThIBaHWE OTpaHUYHTENEH TepeHanpsDKeHUH W pas-
psnHukoB. OOIeit 0COOEHHOCThIO YKa3aHHBIX BO3JEHCT-
BMI SIBJIIETCS CTEKaHHE OOJLIINX TOKOB B 3Y, XOTsS aM-
IJIUTY IHO-BPEMEHHBIE NIApaMETPhI CYILECTBEHHO pPa3iid-
yaforcsi. VIMEHHO B 3THX peXnMmax Hamboiiee BaKHYIO
poib anst HanexkHoro ¢ynkumoHupoBanus MIT TC wurpa-
€T KOHCTPYKTUBHOE BhINonHeHue 3Y. OpHako, Ha cero-
THSAIIHUHA TeHh B HOPMaTHUBHBIX JOokyMeHTax mo OMC [3]
He CPOPMYIHPOBAaHBI KPUTEPHH MpOeKTHpoBaHusA 3Y, a
AMEHHO OTCYTCTBYIOT YeTKHE TpeOOBaHUS K KOHCTPYK-
TUBHOMY BBHITTOJTHEHHIO 3Y, KOTOpBIE TO3BOJIIOT obecIie-
YUTH BBIMOJIHEHHE TpeboBanuii OMC mepBUYHBIX U BTO-
PUYHBIX LIETICH.

Heaslo padoThl sBIsieTcs pa3paboTKa METOAUKU
MIPOEKTUPOBAHUSA KOHCTPYKTHUBHOI'O BBINIOJHEHUS 3a3€M-
JISFOUIEr0 YCTPOMCTBA MOJCTAHLUMWA C pacrpeayCTpoicT-
Bamu 330(220) kB, xoTopast HarpaBieHa Ha oOecrieueHne
JIEKTPOMArHUTHOH COBMECTHMOCTH TOKOBBIX IIETIEH.

Marepuanbl ucciaenoBanmsi. i1 pemieHus Io-
CTaBIICHHOH 3324l HEOOXOIMMO B TIEPBYIO OYepeb OIle-
HUTh 3HAYUMOCTH (PAKTOPOB, BIUSIOMIHNX HAa OCHOBHEIE
HOPMHUpOBaHHBIE TTapameTpsl 3Y. [l 3Toro ciemyer om-
penenuTh 3aBUCUMOCTh compotuBiieHust 3Y (Rg) W Ha-
npspkeHust (Uc) Mexay TOYKaMH KOHIIEBOM 3aJeNiKu Ka-
6exneli Bropuunbix neneid TT ot nmapamerpos 3Y. Conpo-
tuBneHue 3Y Takxke omnpeenseT eue 0JAHy HOPMUPOBAH-
HYI0 BeIM4YMHYy — HampspkeHue Ha 3Y (Ug), koTopas
MIPEACTaBISIET OMACHOCTD Ul M30JISIMU OTXOASIINX Ka-
OeJeli B aBapUIHBIX peXHUMax.

B paGore [4] aBTOpBI mMOKa3aiu, YTO HANPSHKEHHS
noMex BO BTOpUYHBIX Hemsx TT ompenenstorcs Hamps-
KEHHEM MEXIy NBYyMsI TOYKaMd 3Y, B KOTOPBIX BBIIIOI-
HEHa KOHIIEBas 3aJelKa Kalelss BTOPHYHBIX Ilereld. JTo
HaIpsDKEHHE OTpenersieTcs: Bo3aencTByommM TokoM (K3
uny MotHuK). OTpaHUYUB 3TO HANPSHKEHHE, MOYKHO TIpe-
JIOTBPATUTh KaK MPOOOH HM3OJAIMHN Kabeyel, Tak M JIOXK-
Hoe cpa0aTbiBaHue pelneifHbix 3amut. [losTomy cymiect-
BYIOLIIME KPUTEpUH MpoeKkTupoBanus 3Y Heo0Xoaumo
JIOTIOJTHUTD CIAEAYIOUUMHU [5]:

1) npenoTBpaiienne npodosi HM30MALMH Kabens BTO-
PHUYHBIX IeTeil BHICOKOYACTOTHBIMHU (MMITYJILCHBIMHU) Ha-
MIPSDKEHISIMA TIPH CTEKaHWU B 3Y OONBIINX BBICOKOYAC-
TOTHBIX (MMITYJIbCHBIX ) TOKOB;

2) mpenoTBpamieHne Mpo0os M30JAIHMHA Kalens BTO-
PUYHBIX IETIe HANPSHKCHUSAMHU MPOMBIIUIEHHON YacTOTHI
npu crekannu B 3Y TokoB K3;

3) mpenoTBpaIleHre JIOKHOTO CpabaThIBAHUS PeENei-
HBIX 3amuT npu K3 OoT HU3KOYACTOTHBIX HAINpPSKEHUH,
€ClIM M30JISIIMK Kabelnsi BTOPUYHBIX Lieneld Bce ke MOo-
BPEXK/ICHA.

IlepBbIii KpuTepuil CBOAMTCA K YMEHBILIECHUIO HUM-
MyJIBCHBIX HalpspKeHWH Ha 3Y 10 3HAa4YeHWs, HE IMPEBHI-
IAIOIIEro Mpeziesia MPOYHOCTH M30IsIuK Kadenei. [lanee
MpU TpOoeKTUpoBaHur 3Y cieayeT mpeaycMaTpuBarh Ta-
KyI0 KOHCTpPYKIHMIO 3azemuutencii BOmm3um TT u ux
KJIEMMHBIX IIKapoB, IPH KOTOPOH compoTusieHue 3Y
UMIyIbCHOMY TOKY (Rg puise) IpH K3 Ha paccmarpuae-
MOM 000py/J0BaHMY (WM NIPU y/Aape MOJIHHWU B yCTaHOB-
JICHHBIA PSAIOM MOJIHUEOTBOJ) HE MPEBBIMIANIO OBl JOITyc-
THMOTO 3HaYCHHS (Rpgris), OM:

Rg pulse < Rpgry = U;)ERM 5 (1)
HF
rae Upgry — MaKCHMABHOE 3HAUCHHUE HAINPSDKEHUS, OII-
penerstroniee mpeaen MPOYHOCTH M30JLIIHUN Kabemns K uM-
IMyJBCHBIM HANPSHKEHUSIM HOPMHUPOBaHHOM (opmel, B;
IHF — MaKCHUMaJIbHO€ 3HAYCHHUE HMITYJIbCHOI'O TOKa IpHU
K3 na mmHax, (pacueTHoe 3HaueHHe, XapaKTepHOE IS
pacmpenycTpoCTB KakI0To Kilacca HamlpspKeHUs ), A.
st caydast ynapa MOJIHUM B yCTaHOBJICHHBIN PSIOM
MOJIHUEOTBOJ, BMECTO TOKa [yr CIIelyeT NPUHUMATH TOK
MmoiauH I; = 100 KA (MM ero yacTe NpHU HAIWYWU He-
CKOJIBKHX ITyTeH CTeKaHUs TOKa MOJHHUH B TPYHT).

B Ttabn. | mpuBeneHsl mapameTpsl (MaKCHMATbHOE
3Ha4YeHUE [yp, 4acTOTa KOJICOAHUH f1;-) BRBICOKOYACTOTHOM
cocraBitoneit Toka K3 Ha mIMHAX OTKPBITBIX pacrpeny-
ctpoiictB (OPY) COOTBETCTBYIOLIETO KJIACCa HAMIPSKEHHS
(Unom) [6]. Eciit OTCYTCTBYIOT IaHHBIE O pEaNbHBIX Ipe-
JcjlaX MPOYHOCTH M3O0JIAIUN KOHTPOJIBHBIX Kabenelr K
HWMITYJIbCHBIM HalpsKeHUsM, TO Upgry MOXKHO TPUHSTH
paBHbIM coryiacHo [3] Ha ypoBHe 1 kB — nns OPY-220 kB
u HKe, Ha ypoBHE 2 kB — 1 OPY-330 kB u Boie.

Tabmumna 1
ITapametpst BU cocrasisitomeil Toka K3 Ha munax OPY
Upom, KB 110 | 220 | 330 | 500 | 750
Iyr, KA 1 2 6 8 12
\f1rs M 1,008 ] 03 ]015] 0.1
Upgru, KB 1 1 2 2 2
Rpgry, OM 1,0 1 0,51 033 | 025 | 0,17

Bropoii kputepuii CBOAMTCS K YMEHBIIECHHIO (TIpH
K3 Ha mmHax nmojcTaHIMK) HANPSHKEHUH MEXAY TOYKOU
3a3eMJIEHHUS KJIEMMHOTO siuka TT ¥ TOYKOH 3a3eMJICHHUS
na”eny peneitHor 3ammuThl (Uc) A0 MCTBITaTeNFHOTO Ha-
npsokerws (Ucp), B:
Uc<Ucp=10008. 2)
Tpertnit kpurepuii HanpaBiIeH Ha yMEHbLIEHHUE (TIpH
K3 na mmnax OPY) nanpspkenuit (Uc) 10 10ITycTHMOTO
3HA4YCHHUsS, OOYCIIOBIIEHHOTO ITapaMeTpaMiu pereiHON 3a-
LIATBI (UC.relay)a B:

Uc< UC.relay = Lrelay '(ZL + Zrelay)’ A3)
ra€ Uc reiqy — AOMYCTUMOE HANPSHKEHUE MEXKIYy TOUKOH 3a-
3emiieHus kiemMMHoro mkada TT u Toukol 3a3emieHHS
MaHeI! peneHoi 3amutsl, B; /., — TOK ycTaBKu cpaba-
ThIBaHHS pene ToKa (IyCKOBOTO OpraHa TOKOBBIX 3alllUT)
npu K3 Ha mmmHax, A; Z; — conporuBicHue (pa3Horo mpo-
BOJIHMKA Ka0ens BropuuHbiX ueneit TT, OM; Z,, — conpo-
TUBJICHHE KaTyIIKH pejie Ha IPOMBIIIIEHHON yacToTte, OM.

Hauxynmum cioydaem A KakIoro pacHpenyct-
potictBa cienyet cuntath K3 Ha ToM TT, y KOTOpOTO Ca-
MBI JUIMHHBIN Kabenb BTOPUYHBIX IETeH, T.e. Hanboee
yaanéuuelidi TT OT 31aHUs, B KOTOPOM YCTaHOBJIEHBI
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penetinbie nanenu (3PIT). CinemoBaTesbHO, TPU MMPOCKTH-
poBanun 3Y HE0OXOIUMO BHIOMPATH TaKue KOHCTPYKTHB-
HBIE TTapaMeTpsl CeTKH 3Y, MPU KOTOPBIX HamnpsikeHue Uc
HC MPEBLICUT JONYCTUMOI'O 3HAUYCHMS.

B pabore [5] paccmotpeno okojio 40 mapameTpos,
BIMAIONIMX Ha HampsbkeHne Uc n comportuBiieHne 3Y
noncrannuit 330(220) kB. MHorue u3 paccMOTpeHHBIX
MapaMeTpoB  SIBJIAIOTCS B3aUMOCBsI3aHHBIMH. OJHAKO,
MOJKHO BBIJICIUTh CEMb HE3aBUCUMBIX (DAKTOPOB:

1) omane 3V (Sg);

2) pa3mep sueiiku ceTku 3Y (bg);

3)mepuMeTp TOIMEPEYHOTO CEYEHHS] TOPHU30HTATBHBIX
3azemnuTeneit (py);

4) 5KBUBAJIGHTHOE YJEJIBHOE CONPOTUBIEHUE TI'PyHTa

(Pro);
5)tok K3 nHa munax OPY (/y);
6) KOHCTPYKTHBHBIH ~ KO((HUIUEHT  COOTHOILCHHUS

mmH (k;) — otHOmeHue paccrosaus ot TT mo 3PII (£¢) x
muaronaiu 3Y (Dg);

7) TyOmHA PacIiONIOKEHHSI TOPU3OHTANBHBIX 33a3€MIIH-
Tenen (tg).

AHanmM3 SKCIEPUMEHTAIBHBIX JaHHBIX, HOTYYCHHBIX

[IPY MPOBEJCHUH AUATHOCTHKUA 3Y BOCBMUJAECITH MOJ-
craammii 330(220) kB, MO3BOJIUI ONPEAEIUTh peaTbHBIN
Mana3oH W3MEHEHHs TEPEeYUCIICHHBIX (aKTOpOB (CM.
Tab. 2).

Tabmuna 2
Jluama3oH U3MEHEHHUS! BIMSIONHX (PAaKTOPOB
O0o03HaueHue 3nauenue paxropa
(axropa MHHUMAJIBHOE | MaKCUMaJIbHOE
S¢10%, M 0,906352 9,251508
bg, M 7,03 30,4
PH, MM 31,4 172,0
pro, OM-M 1,69 249,67
I, KA 2,43 42,961
ke 0,236 0,955
s M 0,5 2,0

Ha nepBom 3tane uccinenoBaHuil IpOBOJWINCH O-
HO(AKTOPHBIC IKCIECPUMEHTHI UIsl ONPEICIICHUS 3aBH-
CHUMOCTEH MCKOMBIX BEJIUYHH OT KaXJ1010 U3 HC3aBHUCH-
MBIX (akTOpoB. [l MPOBEAECHUS TAaKUX IKCIIEPUMEHTOB
ObUIM COCTaBIICHBI MaTeMaTuieckue moxaeian 3Y, KOTo-
pBle TPENCTaBISIIOT co00il KBajpaTHbIE paBHOMEpHBIE
cerku mwromaznpo 1-10* M2, 3-10* M2, 5.10* M2, 7-10% M?
u 9-10* M* ¢ pasmepamu stueiiku cerku 3Y 5 m, 15 M u
25 M.

Ha puc. 1 nokazassr cetku 3Y ¢ pa3iInIHON IUTOIIA-
JIbIO ¥ pa3MepOM STYEUKU CETKU 15 M, a TakKe yKazaHO pac-
nonoxkerne Toukd K3 (pg) u pacy€THBIX TOUeK (¢, — @s),
KOTOPBIM COOTBETCTBYIOT Pa3IMYHBIE MECTa PACIIOJIOKE-
aus 3padus 3PI1.

5
@7
s 03
(L4
i)
D i
e — i»)
..(24‘ PYi~
Liy]
P1
[ Q Q
Sg = 1x10* m* Sg =3x10*m* Sg =5%x10* m?
Vs
@z {17}
N 5
P3e 2
@ i
11
[ [
Sg=7x10*"m? S =9x10*m?

Puc. 1. PaBHOMepHBIe ceTkH 3Y ¢ pazMepoM SUEHKH ceTKu bg = 15 M
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Pacnonoxenne Toukn K3 B yrimy cetku 3V sBnsercs
HauXyALIMM CIIy4aeM, YTO TO3BOJISIET BHIIIOIHUTE OLIEHKY
HCKOMBIX I1apaMeTpPOB «CBEPXY», T.e. oOecreuynBaeT He-
KOTOPBIA 3amac, MO3BOJISAIOIIMN KOMIIEHCUPOBATh CTape-
HHUE U30JIIHK Kabenel U M3MeHeHHe mapaMmerpoB 3Y B
IIpolecce AKCILTyaTalty.

3HaueHus (aKTOPOB NPUHUMAIUCH Ha YpPOBHE,
OJIM3KOM K CpeJHEMY 3HAYE€HHIO U3 JIMara3oHOB, YKa3aH-
HBIX B TaOIL. 2: Sg = 5-10* M%; bg = 15 M; pr = 92 mm;
peo =80 OM-M; Is =21 xA; k= 0,7; t;= 0,7 m.

B Xxoxe aKcrepuMeHTa ONpEeAeISINCH CIEAYIOIHe
nmapaMeTpsl: conpoTuBierne 3Y (Rg); MOTEHIMAT TOYKH
BBOza Toka K3 ¢, M pacu€THBIX TOUYCK @1, P2, P3, P4, Ps,
JUISL KOTOPBIX 3HAYEHHUsI KOHCTPYKTUBHOTO K03 duimenrta
k, cocraBsnm 0,5; 0,6; 0,7; 0,8; 0,9 coorBercTBeHHO. Ha-
npspkerue Ug; onpeneinsercs no Gopmyie:

Uci=po— - “)

Ha puc. 2, 3 n300pakeHBI TpaQuK 3aBUCUMOCTEH
R = fiS¢) n Uc = fS;) cOOTBETCTBEHHO. 3aBHCHMOCTH
R = f(Sg) sBusercs yObIBaroIIed, a 3aBHCHMOCTH
Uc = fiSs) — Bo3pacratoiueit. [Ipu yBennueHun miomaan
3V B 9 pa3 conporusnenne 3V ymeHsmaercs B 2,73 pas,
a Hanpspkenne Uc yBenrmumBaercs B 1,61 pa3. Otu 3aBu-
CHMOCTH HOCSIT HEJIMHEWHBIA XapakTep, MO3TOMY C J0C-
TOBEPHOCTBIO R =1 alnpoOKCUMUPYIOTCS MOJIMHOMAaMU
4eTBEPTO CTEeNeHH. AMNMPOKCUMAIUS 3aBUCUMOCTEH U
olpezieJieHue €€ JOCTOBEPHOCTH BBINOJHSIOCH B Cpeje
aseKTpoHHBIX Tabmun Microsoft Excel. [Tockonbky 3aBu-
cuMocTh R = f(S;) ABIsieTcsl HEMMHEHHON, TO JUIA TIOJTy-
YEeHUs JIMHEWHBIX MOJeJNIeH TpH MPOBEACHUH MHOTO(aK-
TOPHOTO IKCIIEPHMEHTa 00J1acTh 3HA4YeHUH S¢ 1enecooo-
Pa3Ho pa3/eNuTh Ha yYacTKH.

Ha puc. 4, 5 u3o0paxenbl rpaduKud 3aBUCUMOCTEH
Re=fbc) u Uc=f{bs) coorBercTBeHHO. O0E 3aBUCUMOCTH
SBIIAIOTCS Bo3pactarolmMu. [lpu yBenumueHuu pasmepa
sueiiku cetku 3Y B 5 pa3 conpotuBienue 3Y yBeInMuuBa-
etcs B 1,16 pas, a Hanpsbxerne Uc — B 2,56 pa3. DTu 3aBU-
CHUMOCTH HOCST JIMHEHHBIH (MM OJIM3KMH K JIMHEHHOMY
st Uc) Xapakrep, M03TOMY C JIOCTOBEPHOCTBIO HE HIKE
R* = 0,988 anmpoKCHUMHUPYIOTCS YPABHEHHSMH TPSIMOIL.

Ha puc. 6, 7 n3zo0paxkeHsl TpaQuKd 3aBUCHMOCTEH
R =fpy) u Uc=fpy) cootBeTcTBeHHO. OO 3aBHCUMOCTH
SIBISIOTCS  yObIBaromMu. llpu yBenmMdeHHH NepuMeTpa
MIONIEPEYHOTO CEUYEHHSI TOPH3OHTAIBHBIX 3a3eMIIMTENCH B
4,75 pa3 comporuBnenue 3Y ymenspmiaercs B 1,28 pas, a
Hanpspkeane Uc — B 4,94 pa3. DTH 3aBUCHMOCTH HOCAT He-
JIMHEWHBIM XapakTep, HO C JOCTOBEPHOCTBIO HE HIKE
R* = 0,86 anmpoKCHMHUPYIOTCS yPABHEHHSAMH HPAMOIA.

Ha puc. 8, 9 u3oOpaxeHsl rpaduku 3aBUCHMOCTEH
Rg = fipro) 1 Uc = fippp) COOTBETCTBEHHO. 3aBUCHMOCTb
R = fiprp) ABNAETCS BO3pACTAIOIIEH M HOCUT MpaKTHYe-
CKH JINHEHHBIH XapakTep, 0ITOMY C JIOCTOBEPHOCTHIO HE
ke R = 0,998 annmpoKCHMHpYETCs YpaBHEHHEM Mpsi-
MoH. IIpy yBENTMUEHHWH 3KBHBAJIECHTHOTO YJEIBHOTO CO-
MIPOTHUBIICHUS TPYHTA B 25 pa3 conpoTuBicHue 3Y yBelu-
quBaercst B 13 pa3. 3aBucumocts Uc = flpgy) ABnsAeTCs
CYILIECTBEHHO HEJIMHEHHOM U UMEET TOUKY HKCTpEMyMa —
MaKCHMYM, TT03TOMY 00NIacTh 3HAYEHUH pgp CIEAyET pas-
JIeTIUTh Ha YYacTKH. [ paHHIly paszjena yqyacTKOB LiEJIeco-
00pa3HO NPUHATH NPH 3HAUYEHUH pgrp = 50 OM-M. Ha kax-
JoM y4acTke 3aBUCUMOCTb Uc = f(prp) MOXKHO ammpok-

CHMHUPOBATh YPABHEHHEM IIPSIMOH C JOCTOBEPHOCTBIO HE
Hmke R = 0,94.

3aBucumocTh compoTtuBieHus 3Y oT toka K3 Ha
mmHax OPY oOycioBiieHa HEJIMHEHHOW 3aBHCUMOCTBIO
MPOJIOJBHOTO COMPOTHBIICHUS! (peppOMarHUTHHIX (CTallb-
HBIX) 3a3eMJIMTENICH OT aMIUIMTYAbl W YacTOThI IPOTe-
KaloIIero 1o HUM TOKa, KOTOpas B CBOIO o4epensb o0y-
CJIOBJICHA 3aBUCHMOCTBIO 4 = f{H) MarHWTHOM NpoHHIIae-
MOCTH (h)eppPOMATHETHKOB OT HANPSHKEHHOCTH MarHUTHO-
ro moist [10]. Ha puc. 10, 11 u300paxkens! rpadhuku 3aBu-
cumocteit Rg = f{ls) u Uc = f(I5) COOTBETCTBEHHO. AHAIN3
pe3yIbTaTOB, TMONYYEHHBIX I CeTOK 3Y pa3nudHoit
IUIOIIA/IH, MTOKA3bIBAET, YTO CONMPOTHBIICHHE 3Y 3aBUCHUT
or Toka K3 Ha mmuax OPY numb mnpu TOokax MeHee
10 xA. 3aBucumoctb Rg = f(Is) sBnsiercs: yObiBatomieH, a
3apucumocth Uc = f{ls) — Bo3pactaromieit. [Ipu yBemnmue-
HuM Toka K3 nHa mmnax OPY B 11 pa3 conportusnenue 3Y
ymenbmaercs B 1,11 pas, a nanpsbkenue Uc yBenuuuBa-
ercsa B 19,32 pa3s. 3aBucumocts R = f(Is) HOCUT Henu-
HelfHbIil XapakTep, MO3TOMY C JOCTOBEPHOCTBIO R = 1
ANMPOKCUMHUPYETCs ITOJTMHOMOM YETBEPTOH CTENeHH. 3a-
BrucuMocTh Uc = f{I5) HOCUT TpaKTUIeCKH TMHEWHBIN Xa-
paxTep, MO3TOMY C JOCTOBEPHOCTBIO HE HIDKE R* = 0,999
aNMNPOKCUMHUPYETCsl ypaBHEHHEM IIPSIMOM.

Ha puc. 12 wu300paxkéH rpaduk 3aBUCHMOCTH
Uc = flk;), ananmu3 KoToporo nokassiaet, uyro Uc CyIect-
BEHHO 3aBHUCHUT OT KOHCTPYKTHBHOTO Kod(duumeHra. 3a-
Bucumocth Uc = flk;) siBsiercst Bo3pacratonieii. [Ipu yse-
myeHnn kodddunmenta k; B 1,8 pa3 Hanpsbxenue Uc yBe-
mnuuBaetcd B 1,17 pa3. 3aBUCUMOCTb HOCUT IPaKTHYECKU
JIMHEWHBIH XapakTep, HO3TOMY C JIOCTOBEPHOCTBIO HE HIXKE
R* = 0,98 anmpoKCHMHUpYeTCs ypaBHEHHEM MPSIMOIA.

Ha puc. 13, 14 nuzo0paxeHsI TpauKy 3aBHCHMOCTEH
R = fity) n Uc = f(ty) cOOTBETCTBEHHO, aHAIIN3 KOTOPBIX
MIOKAa3bIBAET, 4TO 00a mapaMeTpa MPaKTHUECKU HE 3aBUCAT
OT NIyOMHBI PACIIOI0KEHHS TOPU30HTAIBHBIX 3a3EMIIUTE-
sl B nuana3one riayous ot 0,4 M 10 1,4 M. 3aBUCUMOCTh
Rs = f(ty) saBusiercs yObIBaroliel, a 3aBUCHMOCTb
Uc = f(ty) — Bo3pacratoweii. [Ipu yBennueHun riryOUHBI
TOPHU3OHTAIIBHBIX 3a3eMJiIuTeNe B 3,5 pa3 conmpoTHBIEHHE
3V ymenbwaercs auiib Ha 1,74 %, a nHanpsbkenue Uc
yBeIn4YMBaeTcs Uik Ha 3,58 %.

0,4
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\
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Ha ocHoBanmu pe3ynbTaToB IIPOBEAEHHBIX HCCIIEIO-
BaHMU MOXHO C(HOPMYJIMPOBATH OCHOBHBIE ITOJIOKEHUS Me-
TOAUKHU TIPOCKTUPOBAHUA KOHCTPYKTUBHOI'O BBINIOJIHECHUA
3V noxacrannmii ¢ pacnpeaycrpoiicteamu 330(220) kB, ko-
TOpast HarpasiieHa Ha obecriedyeHre DM C TOKOBBIX LETICH:

e pu MpoekTHpoBaHWMM 3Y 3a7al0TCsl MCXOIHBIMHU
JAHHBIMH, KOTOPBIMH SIBIISIOTCS CJIEYIOIINE MapaMeTphl:
S, Pros Is, k¢, a Takke Ug ey Inomane 3Y (Sg) onpezne-
JSETCS THIIOM CXEMBI TIEPBUYHBIX eI 1 KOMITOHOBKOI
pacupenyCcTpoiCcTB. DKBHBAJCHTHOE YIEIHHOE COIPO-
THBJIEHHE TPYHTa (pgp) ONpENEIseTcs apaMeTpaMu reo-
SIEKTPHUYECKON CTPYKTYpPHI TPYHTa B MECTE PacIIOyIOKe-
HUS Tpoektupyemoro 3Y W ompenensercss Ha 3Tamne
npeanpoekTHeIX u3bickanuil. Tox K3 Ha mmuax OPY (Iy)
OIIpeIeNIsieTCsl YAIEHHOCThIO TOACTAHIMH OT HUCTOYHH-
k0B sHepruu. KoHcTpykTuBHBIH Ko3hpuuuenT (k) omnpe-
nensiercs quaroHaneto 3V u paccrostHuem ot TT no 3aa-
Hus 3PII. Hanpsxenue Upggy, onpenensercs: napamerpa-
MH PEICHHBIX 3aliuT (MapKa M JUTHHA KaOels TOKOBBIX
LIeNeH U THII pele TOKa);

e rasiee HEOOXOIIMO OTIPEIEIUTD pa3Mep STICHKHA CEeTKH
3V (bs) m mepuMeTp TOMEPEeYHOTO CEYCHHs TOPU30OHTANb-
HBIX 3a3emymTeneit (py). st 3Toro Heo6X0IMMO TOCTPOUTh
rpaduku 3aBucumoctr Uc = f(Sq; ba; pr; peo; Is; ki) 1o 3a-
JaHHBIM 3HaueHusIM Sg, pro, Is, k; npu Bapuauuu bg,
NPUHSB py W3 CTaHIAPTHOTO psila CTAJBHOIO MpoKara
(anpumep, monoca 6x40 mMm?, Yy KOTOpO# py = 92 Mm).
[MocTpous rpaduk, onpenensiem pa3Mep sueiiku cetku 3Y
u3 ycnosus Uc < Ucyelqy. Tak, HanpuMep, IS paccMOT-
peHHoro B pabote Habopa GakTopoB NMpU Uc .y = 430 B
(cM. puc. 5) pa3Mep sSUEHKH CETKH HE JOJDKEH MPEBbIIATh
bs<13,6 m;

e 3aTeM HEOOXOOMMO OMpPEACTUTh R MO 3aJaHHBIM
3HAYEHHUSAM NapaMeTpoOB Sg, Pro, Is ¥ NONyYEHHBIM 3HaUe-
HUSM TapaMeTpoB b U py, TIOJCTABUB UX B 3aBUCUMOCTH
R =fS¢; be; pw; peo; Is). Tak, Hanpumep, I paccMOT-
peHHoro B pabore Habopa (HakTOpOB M MOIYUYEHHBIX 3Ha-
yeHull py = 92 Mm u bg = 13,6 M, conpotuBieHue Rg co-
ctasut 0,181 Om (cMm. puc. 4);

e janee clenyeT OIpeleNuTh HampsbkeHue Ha 3Y
(Ug = Is'R) 10 3a1aHHOMY 3HAU€HHIO [g U TTOJTyYeHHOMY
3HaueHuto Rg. Tak, Hampumep, nis 3aganHoro Toka K3
Ha muHax OPY [y = 21 kA U NOIy4YEHHOro 3HAYEHUS
R;=0,181 Om, Hanpsixkenue Ug coctaBut 3801 B, uto He
MIPEBBIIIAET JOMYCTHMOro 3HayeHus (cMm. m. 1.7.104 u .
1.7.105 ITY3:2017), paBroro 5000 B;

e cciu HampspKeHHne Ha 3Y OoKakeTcst OOIbIIe JoITyc-
TUMOTO 3HAYEHHS, TO CIEIyeT YMEHBIIUTH 3HaueHHe bg
W/WIM YBEJIMYUTh 3HAYCHUE Py, TIOCIE YEro BBINOJIHHUTH
nepepacy€r 3HaueHuit Rg u Ug;

® 3HayeHHs MapaMeTpoB Sg, bg U py ClEAYET UCTIOIb-
30BaTh JJIS COCTaBIIeHUs TpaduuecKoi yactu npoekra 3Y
U pacyéra CTOMMOCTH FOPU30HTANILHBIX 3a3EMJIIUTEIEH.

BeiBoab1.

1. B paboTe mpeiosKeHO JTOTONHUTD CYIMIECTBYIOIIYIO
METOJUKY npoektupoBanus 3Y moxacrannuit 330(220 kB)
emeé TpeMs KpPUTEpHsMH, HalpaBICHHBIMH Ha olecrede-
HHUE JIEKTPOMATHUTHOH COBMECTUMOCTH TOKOBBIX IIETICH:

e mpenoTBpamieHne IpoOost M3oIAIMK Kaberel TOKo-
BBIX I€MeW WMIYJIbCHBIMH HampspkeHusmu npu K3 Ha
mHax OPY wnn ynapax MonHuw,

e TIpeNoTBpaleHHe MPOOOS M3OJIALNN Kabelel TOKO-
BBIX IIeTIel HANPsDKEHUSIMH [IPOMBIIIJICHHON YacTOTHI IIPH
K3 na munax OPY;

® [pEJOTBpAIlEHUE JIOKHOTO CpabaThIBaHUS peliei-
HBIX 3alIUT OT HU3KOUYACTOTHBIX HampspkeHuit npu K3 Ha
muHax OPY.

2. B pabote mpoBeneHbl 0MHO(DAKTOPHBIE SKCIIEPUMEH-
THI W TIONyYeHBI 3aBUCHIMOCTH CONPOTHBICHUSI 3Y U Ha-
TPSDKEHUSI MEXKITY pacuéTHBIMH TOYKAMH OT CeMH (haKTo-
poB: wromans 3Y (Sg); pasmep stueiiku cetku 3Y (bg); me-
PUMETp TONEPEYHOTO CEUEHHSI TOPU3OHTAIBHBIX 3a3eMIIH-
Teneil (py); SKBUBAJICHTHOE YIENBHOE COMPOTHBICHUE
IpyHTa (pgp); Tok K3 Ha mmuax OPY (I5); KOHCTPYKTHUB-
HbIH k0o duuueHt (k;); TiryOMHa pacoNoKEeHUs: TOPU30H-
TaJIbHBIX 3a3emiuTenieil (). [lokazano cienyroriee:

e 3apucumoctu R; = f(Sg), R = Apw), Uc = fpw),
R = fls), Rg = f{ty) ABIAIOTCSA YOBIBAIOLIMMHU, a 3aBHCH-
mocti Uc = f(S), Re = fibg), Uc = fibs), Re = flpro),
Uc=fUs), Uc = flky), Uc = f(ty) — BO3pacTarommmu;

e 3aBucuMoctd Rg = f(S;), Uc = f(S¢), R = f(Is) HOCAT
HEIMHEWHBII XapakTep, MO3TOMY AallpOKCUMHUPYIOTCS
MTOJTMHOMAaMH Y€TBEPTOH CTETICHH;

e 3apucumoctu Rg = flbg) u Uc = f(bg), R = fpn),
Uc = fipn)s Rc = Apro), Uc = fls), Uc = fike), R = ftn),
Uc = f(ty) nocsiT MMHENHBIH (MK OJIM3KUN K JIMHEHHOMY )
Xapakrep, IMOITOMY allpOKCUMUPYIOTCS YPaBHEHHUAMU
HIPSIMOM;

e 3apucumocts Uc = flpgp) ABNsAETCS HENUHEHHOH M
HMEET TOUKY IKCTPEMyMa — MaKCUMYM, ITI03TOMY 00JIacTh
3HAYEHUH Prq CIEAYeT Pa3ieluTh Ha Y4aCTKH, Ha KaXI0M
U3 KOTOPBIX 3aBUCHMOCTb Uc = f{ppp) MOKHO aNIpOKCH-
MHPOBATh YpPaBHECHHEM TIPSMOI;

e mapameTpsl Rg U Uc ipeHeOpe:)KUMO Majio 3aBHCAT
OT ty B PacCMOTPEHHOM aAmamna3oHe riryouH ot 0,4 M 110
1,4 m.

3. B pabote chopMynrpoBaHbl OCHOBHbBIE TTOJIOKEHUS
METOIMKH NPOEKTUpOBaHUS 3Y C paBHOMEPHOM CETKOM
M0 KPUTEPUIO TPEJOTBPAIICHUS JIOKHOIO cpadaThIBaHUs
pENeHBIX 3aIUT C TPUMEPOM €€ HCIIOIb30BaHuUSI.

4. lns co3gaHusl MHXKEHEPHOH METOJOUKH MPOEKTHPO-
BaHMs KOHCTPYKTHBHOI'O BBINONHEHMs 3Y, KOTOpas Ha-
npaeieHa Ha obecriederre DMC TOKOBBIX IeTIel, B Jalb-
HEHIINX HCCIIETOBAHMUSIX HEOOXOIUMO MPOBECTH MHOTO-
(hakTOpHBIE APKCIEPUMEHTHI C LEIBI0 OIPEIeIICHIS 3aBH-
cuMocCTH compotuBiieHust 3Y u HanpsokeHuss Ue oT mapa-
MeTpoB Sg; ba; pu; prg; Is; ke
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On the issue of design of grounding systems of 330(220) kV
substations to ensure the electromagnetic compatibility of
secondary circuits.

Purpose. The purpose of the work is to develop the fundamen-
tals of the design methodology of grounding system design of
substations with open switchgears 330 (220) kV, which is
aimed at ensuring electromagnetic compatibility of secondary
circuits of current transformers. Methodology. To carry out
the research, the provisions of the theory of experiment plan-
ning, the theory of electrical circuits, mathematical modeling
in the package Grounding 1.0 and Microsoft Excel were used.
Results. During the one-factor experiments, the dependencies
of the grounding system resistance and the voltage between
the calculated points on the grounding system area, the size
of the grid cell, the perimeter of the grounding system hori-
zontal electrodes cross-section, the equivalent soil resistivity,
the short-circuit current and the design factor were obtained.
1t is shown that the grounding system resistance and the volt-
age between the calculated points are practically independent
of the depth of the horizontal electrodes in the depth range
from 0.4 m to 1.4 m. Originality. The paper formulated three
criteria for grounding system designing of substations 330
(220) kV, aimed at ensuring electromagnetic compatibility of
secondary circuits. Practical value. The fundamentals of the
methodology for grounding system designing are formulated
according to the criterion of preventing false triggering of re-
lay protections in emergency modes. References 10, tables 2,
figures 14.

Key words: grounding system, substations, electromagnetic
compatibility, secondary circuits, grounding system resis-
tance.
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