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PE3VJIBTATHI PACUETHO-9KCHHEPUMEHTAJIBHBIX UCCJIEJOBAHUN
SJIEKTPOTEPMHUYECKON CTOMKOCTH ONBITHBIX OBPA3IIOB U3 JINCTOBOU
CTAJIU K BO3JIEMCTBUIO HOPMUPOBAHHBIX KOMIIOHEHT UMITYJILCHOI'O
TOKA UHCKYCCTBEHHOUW MOJIHUHA

Haegeodeno pezynomamu oyiHOUHUX PO3PAXYHKOBUX | eKCREPUMEHMATIbHUX 00CNIONHCEHb eleKmpomepmiunoi cmiiikocmi docnio-
Hux 3paskie naacmun posmipom 0,5 m x 0,5 m 3 nepcagitouoi cmani mosugunoro 1 mm 00 Oii Ha HUX IMRYTLCHUX CIPYMIE WiIMY-
YHOI OUCKABKU 3 HOpMOGaHUuMU 3a eumozamu Hopmamuenux ookymenmie CIIIA SAE ARP 5412 i SAE ARP 5416 amnnimyono-
yacosumu napamempamu (A4II). Buxopucmosysanucs KonusanibHa imnynvcHa A- Komnonenma 3 nepuioi amniaimyoor 192 kA,
wo eionogioac uacy 34 mxc, i anepioouuna mpueana C- komnonenma amniaimyooro 804 A, wio eionogioace uacy 9 mc. Ilokazano,
w0 mpusana C- komnonenma cmpymy wmyunoi onuckaeku 3 nopmosanumu AYIIl modrce npuzeodumu 00 HACKPIZHO20 npona-
61eHHA 3a3Hauenux 3paskie. bion. 15, puc. 15, Tabm. 5.

Kniouosi cnosa: 0CHOBHI KOMIIOHEHTH CTPYMY OJIMCKABKH, T€HEpPaTOpP iMIYJILCHOIO CTPYMY IITY4YHOI OJIMCKABKH, MJIOCKUIA
CTaJIeBUI 3Pa30K, eJIeKTPOTepMiuHa OJIMCKABKOCTIHKICTD.

Ilpugedensvt pesynomamol OUYEeHOUHBIX PACUEHHBIX U IKCREPUMEHMATLHBIX UCCIE008AHUIL ITEKMPOMEPMUYECKOIl CMOTIKOCmU
onvimuwlx 00pazyoe naacmun pazmepom 0,5 m x 0,5 m uz neprcaserowieli cmanu monwunoit 1 mm K 6030eiicmeuto Ha HUX UM-
RYNBbCHBIX MOKO8 UCKYCCIEEHHOI MOJIHUU C HOPMUPOBAHHBIMU NO MPEOOBAHUAM HOPMamueHbix 00Kymenmoe CLIIA SAE ARP
5412 u SAE ARP 5416 amnaumyono-epemenuvinu napamempamu (ABII). Hcnonv3osanuce xonebamenvnan umnyivcran A-
KoMnoHenma ¢ nepeoii amnaumyoou 192 kA, coomeemcmeyrouieli pemenu 34 mxc, u anepuoouueckasn onumenwvuas C- Komno-
Henma amnaumyooii 804 A, coomeemcmeyroweni epemenu 9 mc. Ilokazano, umo onumenvuas C- KOMHOHeHMA MOKA UCKYCCHI-
6eHHOU MonHuu ¢ Hopmuposanusimu ABII moscem npueooums K CK603HOMY RPONIAGNECHUIO YKA3AHHBIX 00pa3yoe. bubn. 15,
puc. 15, Tabm. 5.

Kniouesvie cnosa: 0CHOBHbIE KOMIIOHEHTbI TOKA MOJIHMM, T€HEPATOP MMIYJIbCHOI0 TOKA UCKYCCTBEHHOH MOJIHMM, IUIOCKHUIA
CTaJIbHOIT 00pa3ell, 2JIEKTPOTEPMUYeCKasi MOJTHUECTOHKOCTD.

Beenenue. IIpu npsaMbIX yaapax JMHEHHON MOJIHUM,
pa3BUBaroImIelicss B BO3AYIIHON aTMmocdepe 3emim co
cpenHecTaTucTUYeCKOM yactotoil 1o 100 pa3psaoB B ce-
KyHay [1, 2], B BBICOTHBIE TEXHHYECKHE COOPYKECHUS,
pa3MeIleHHbIE Ha 3€MHOW IOBEPXHOCTH, AMILIMTYIHO-
BpeMeHHble mnapaMeTpsl (ABII) ummynscHOro Toka B
IUTa3MEHHOM KaHaje ee pa3psaa MOTryT MPUHUMATh OIac-
HBIC KaK JJId HApY>KHBIX KOHCTPYKIHOHHBLIX 3JICMCHTOB,
TaKk ¥ CHJIOBOTO 3JIEKTPOTEXHMYECKOTO W CIabOTOYHOTO
PanUOodIEKTPOHHOTO  00OPYNOBaHMS, COJEPIKAIIErOCs
BHYTPH TaKHX coopykeHuil. CoriacHo TpeOOBaHMH Jeii-
CTByIOIMX HOpMaTHBHBIX HokyMeHTOoB CIIIA SAE ARP
5412 u SAE ARP 5416 [3, 4], oTHOCAIIHXCS TPEeUMyIIe-
CTBEHHO K ITOJIBEPTacMbIM MPSIMBIM yJapaM MOJHHU 00b-
€KTaM a3pPOKOCMHUYECKONW TEXHUKH, UMITYJIbCHBII TOK IPO-
30BOT'0 pa3psifia COAEPKHUT ABE OCHOBHBIE COCTABIISIIOLINE!
UMITyJIbCHYI0O A— M AnuTenbHyr0 C— KOMIIOHEHTHI. [lpu
sToM HOpMupyemble ABIT uMiynbcHON A— KOMIIOHEHTHI
TOKa MOJIHMM cOrjiacHO [3, 4] mpUHUMAIOT CIEIyIOIINe
YUCJIEHHbIC 3HAYEHUsS: aMIUTuTyaa Toka [, =+ 200 kA
(pu momycke =10 %); unTerpan aeiicTeus Toka J,=2-10°
A*c (mpu momycke +20 %); BpeMs, COOTBETCTBYIOIIEE
aMIUIUTYAE TOKa [, 1,4<50 MKC; IpPOAOIKUTEIBHOCTb
npoTeKanus Toka 7,4<500 mkc. B 3TOM Ciy4ae HOpMHU-
pyembie ABII anepuommdgeckoi mmrenbHo C— KOMIIO-
HEHTBI TOKa MOJIHMU JIOJKHBI COCTaBJIATh HUKECIIEAYIO-
IIF€ YWCIIeHHBIE 3HaueHus [3, 4] ammimryna Toka
I,c = £(200-800) A; mepeHOCUMBIN NEKTPUIECKUH 3apsi
qc = 200 Kn (mpu momycke +20 %); mpoaOIKUTENb-
HOCTh IpoTeKaHus Toka 7,c = (0,25—1) c. B 2007 r. B
HUITKH «Momaus» HTY «XIIW» Ot co3maH MOIIHBIN
BBICOKOBOJIBTHBIN T'€HEpPAaTOp TOKA MCKYCCTBEHHOW MOJI-
Hun tuna YUTOM-1 [5], ¢opmupyrommii Ha HCHBITHI-

BaeMOM TexHH4YeckoM o0bekre ABII mMITymscHOTO TOKa
TPO30BOTO pa3psiia MO TPEOOBAHUAM YKa3aHHBIX HOpMa-
TUBHBIX JTOKYMEHTOB [3, 4]. ABTOpaM He H3BECTHHI ITy0-
JMKALUK PE3YIbTaTOB BO3JICHCTBHA MOJHHU Ha 3JIEMEH-
Thl TEXHHYECKUX COOPYKEHHUH, BBIOJHEHHbBIE U3 TOHKO-
CTEHHOW Hepxkaseroue cranu. llostomy oueHOYHBbIE
TCOPETUUCCKHUE UM DOKCHEPHUMCHTAJIBHBIC WCCICIAOBAHUA
YPOBHSI YCTOMUMBOCTH (CTOMKOCTH) TaKMX HJIEMEHTOB K
NpsSMOMY yIapy MOJIHMM B HUX C IapaMeTpamMH CHIIBI
TOKa, OJNM3KUMHU K NPEJeTIbHBIM, MPEICTABISIIOT MTPAKTH-
YECKUH UHTEpEC.

1. TocTanoBka 3agaun. PaccMoTpuM tockuii 00-
paser pasmepoM B maa"e 500x500 MM U3 HepxkaBerolwei
cramu mapku 12X18HI0T rtommuHOi 1 MM, HCHBITHI-
BalOUIMM Ha OTKPBITOM BO3AyX€ NPsAMOE BO3ACUCTBHE
IUIA3MEHHOTO KaHaJla NCKyCCTBEHHON MOJIHMHM, UMEIOIIE-
rO OWIMHApHYECKYI0 ¢opMy. IlycTe mo sToMy KaHamy
MPOTEKAIOT MMITyJbCHast A— W anurensHas C— KOMIIO-
HEHTBl TOKa T'PO30BOT0 paspsaa, HopmupoBaHHblie ABII
KOTOPBIX COOTBETCTBYIOT TPEOOBAHUSIM, MPUBEICHHBIM B
[3, 4]. TpeOyercs BHawale OCYIIECTBUTH PACUETHYIO
OILIEHKY Pe3yJIbTaTOB AIEKTPOTEPMHUUECKOTO BO3AECHCTBUS
Ha paccMaTpHBaeMblii oOpasel] yKa3aHHBIX KOMIIOHEHT
HUMIIYJIbCHOTO TOKAa HMCKYCCTBEHHON MOJIHHH, a 3aT€M C
noMolIneko reaeparopa tuna YUTOM-1 BBINOTHUTE JKC-
HNEPUMEHTAIBHYI0 MPOBEPKY 3NEKTPOTEPMUYECKON MOI-
HHECTOHKOCTH ONBITHOrO oOpaslia K MpsIMOMY YZAapy B
HETO IUIa3MEHHOT0 KaHalla HCKYCCTBEHHOI MOJTHHUH.

2. PacueTHas oOmeHKa 3JIEKTPOTepPMUYECKOM
CTOMKOCTH CTAJTBHBIX 00pPa3loOB K TOKY HCKYCCTBEH-
HOM MOJIHMH. BpInonHuM BHayane OLEHKY JaHHOM CTOM-
KOCTH HCCJIEAyEMBIX TOHKHX CTaJbHBIX 00pa3loB K JeH-
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CTBHIO Ha HUX MMITYJBCHOTO TOKa, IPOTEKAIOIIETO B Ka-
HaJle TPO30BOTO pa3psjia, 0 METOAMKE, PEKOMEHIyeMOit
B [6] MeXITyHAPOIHOM 3JIEKTPOTEXHUIECKOH KOMUCCHEH.
2.1. Pe3yabTaThl pacyeTroB IO CTAHJIAPTH30BAH-
HOH MeTOJMKe OLEHKHM TepMHMYeCKOH MOJHHEeCTONHKO-
ctu. B mexaynapopnom crannmapre IEC 62305-1 (cwm.
[punoxenne D, ¢popmyny D.9) npuBeneno anamuruue-
CKO€ COOTHOIIIEHHE, II03BOJISAIONIEE OLIEHUTH 00BEM Me-
tama Vy B 00bEKTe, pacIUIaBICHHOTO W3-3a NEHCTBHUA Ha
HEro TOKa MOJHHUH, B 3aBHCHMOCTH OT IPOTEKIIETO IPH
9TOM KOJIMYECTBA IEKTPHUECTBA B CIIEAyIOIIEeM Buae [6]:

VozUac'ch>< 1 ) (1)
dO Cw(@m _@e)"'cs

rae Vy — o0beM pacIIaBIeHHOTO MeTauia 00heKTa, M3;
U, — aHOIHOE WX KaTOTHOE TaJeHHEe MOCTOSTHHOTO Ha-
npsbKeHus BOM3U 00beKTa, B; ¢4 — KOIUYECTBO 3apsiia,
nepeHocumoro A- win C- KOMIIOHEHTON TOKa MOJIHUH,
Ki; dy — miioTHOCTE MaTepHuaiia 00beKTa, kr/m’; C,, — Ter-
JIOEMKOCTh MaTepuania oowbekra, x/(xr-°C); 6, — TeM-
meparypa IDIaBIeHHs ~ Marepuama  oObekra, °C;
6, = 6, — TemmniepaTypa okpyxatoieil 00bekT cpensbl, °C;
C; — ymenpHas TEIUIOTA IUIABJICHUS MaTepHaia OOBEKTa,
JIx/kr.

JIis olleHKH pa3Mepa OTBEPCTHS WM KaBEPHBI, KO-
TOpBIE MOTYT 00pa30BaThCsl B PAaCCMaTPUBAEMOM JIUCTO-
BOM 00pasiie U3 HeprKaBeIoUIeH CTalld 3aJaHHOW TOJIIH-
HBI /i TIpY BO3JICHCTBHM HA HETO TOKA MOJHUH, HAMH ObI-
JW WCIIONB30BaHbl W3BECTHHIC YHCICHHBIC ITOKA3aTeIHn
OCHOBHBIX (DM3WYECKHX TapaMeTpoB IS HeprKaBeoUIeH
ctamu Mapku 12X 18H10T, npeacraBinenHse B a0l 1.

Tabmuna 1
[Mapametpsr s cramu 12X18H10T [6-8]
ITapametp Pa3mepHocTth 3HayeHue
Use B 10
doy Ko/ 7900
C, JUx/(xr-°C) 462
6, °C 1455
6, °C 20
C, TIx/Kr 84-10°

ITocye moacTaHOBKY 3HAYSHUH TTapaMeTpoB u3 Tabm. |
B (1) mpu BapeupOBaHMH 3apsina ¢4 = ¢, OBUTH TOTYICHBI
BCJIMYMHBI PACIIaBJICHHOTO HUJIUHAPUYCCKOTO 061>eMa
Vo ctany, KoTopble Oyay4u pa3/ieJeHHbIMU Ha TOJIIUHY
qucta h, JalOT COOTBETCTBYIOIIME 3HAYEHUS IUIOLIAJH
KPYTJION 30HBI HarpeBa M pajuyca 7, OTBEPCTHsI POILIaB-
JIEHUS! B CTAJILHOM 00pasle, MpejcTaBlIeHHbIe Ha puc. 1.
Hns C- KOMHOHEHTHI TOKAa MOJIHUU JJIUTENBHOCTBIO T,c OT
2 no 40 mc 3apsan g.=q4~10 Kit mocturaercs mpu cuie
TOKa B ee KaHajie, n3MeHsromeics oT 5 kA mo 250 A. TIpu
OLICHKE paanyca 7. 00pa30BaBIIETrOCsS OTBEPCTHS CIEAYET
YUHUTBIBATh, YTO TEIUIOBOM MOTOK MOCTYIAET B CTAJIbHOU
o0paser He TOYEYHO, a MO UIOLAIN KPyTa PaLuyCOM 7y,
IlosToMy pamuyc msTHa pacIIaBICHHOTO MeETaula He
MOJXET OBITh MEHEE 7. Panuyc r,,. KaHaJIa MOJHUM 3aBH-
CHUT OT CWJIbI IPOTEKAIOIIETO B HEM TOKa WU IJIsI HOpMaJib-
HBIX aTMOC(EPHBIX YCIOBHI onpenensieTcs B Buae [8]:

Foe =0,11:1073(7,,.)% . )

rie /,,c — MaKCUMaJIbHOE 3HAYEHUE CHIIBI TOKA Ul -

TenbHOM C- KOMIIOHEHTHI TOKAa MOJIHMH B IUIACTHHE, A.
PesysnbraTel pacuera mo (2) 3HaYCHUS PajgUyca F.

kaHaya ¢ C- KOMIIOHEHTOH TOKa Mpe/ICTaBJICHBI B Ta0. 2.

A“{‘\'\\\\‘\‘\

Puc. 1. 3aBucumMocTs panuyca 7, OTBEpPCTHS IPOIUIABICHHUS,
00pa3zyemMoro B MCCIEIyEeMOM CTABHOM JICTE TOIIIUHOM /A, OT
MPOTEKILIETO Yepe3 ero MaTepHall KOJIMYECTBa ICKTPUUECTBA ¢,

Tabmnuma 2
3Ha4yeHus paguyca 7, KaHaiaa TPO30BOTO paspsiaa
B 3aBHCUMOCTH OT CHJIbI TOKa C- KOMIIOHEHTBI
Cuna toka [,,c, A 100 200 400 800
Panmuyc 7,,., MM 1,10 1,56 2,20 3,11

[Ipn TommumHe cranpHOrO Jucra A=l MM M TIPOTEK-
meMm 3apsane q.~10 Ki paguyc oTBepcTHs NpoIUiaBieHus B
HeMm cornacHo (1) Oynmer npumepHo paseH r.=1,64 mm. Ta-
KO ke paanyc, ucxos u3 (2), UMeeT KaHall MOJHIH TIPH
cuiie ToKa B HeM [,,c = 222 A. [lo3ToMy MOXHO Tpezroa-
rath, 4YTO MPH JSHCTBUHU Ha cTayibHOW JucT (h=1 mMMm) C-
KOMIIOHEHTHI JIJTUTEIBHOCThIO TpuMepHO 40 Mc U cuiie
TOKa (CpemHel 3a BpeMsi 3TOro JCUCTBUA) okojo 220 A
MIPOKUT 3TOTO JICTa OyAeT MpoHCXOoauTbh. J[ms KOHKpeT-
HBIX 3Ha4eHUH 3apsina g. oT C- KOMIIOHEHTHI TOKa, KOTO-
pble HaOIONAINCH NPH SKCIEpUMEHTax (CM. Hike 1. 4),
pacueTHOe 3Ha4yeHHe Iuamerpa 27, OTBEPCTHS IPOIUIaB-
JsIeMOoro B BhIOpaHHOM oOpasue u3 cranmu (h=1 MMm) npu
q~187 K mocruraer 20,8 mm; a mpu ¢~165 K — 18,0
MM. [IprBeneHHbIE pe3yIabTaThl MPOIUIABICHHUS CTAIBHOTO
mmcta (h=1 MM) IO pacdeTHO MeToarKe U3 [6] He YUHUTHI-
BAIOT IPOIIecca OTBO/A TEIUIa OT JIOKAJTLHOM 30HBI HarpeBa
o0pasiia, HATMYKS B HEM CKUH-3(deKTa ¥ mpeamosaraoT
JMIIb [AIMHAPUYECKYI0 (OopMy JIYHKH ero npoxura. [lo-
9TOMY OHHU SABJIAKOTCA YUCJICHHO 3aBbIIIICHHBIMU.

2.2. Pe3yabTaThl pacyeToB M0 METOYy MaTeMaTH-
YecKOro MOJEJUPOBAHMA HAa OCHOBe MNPHUKJIATHON
nporpammbl. Mcronb3yemblii fajmee MeTon pelieHHs
paccMaTpruBaeMOM 3JIEKTPOTEpMHUUECKOI 3a1aun Oazupy-
€TCsl Ha W3BECTHOM (YHAAMEHTAJIHHOM aHAIUTHIECKOM
pEIIeHNH TETUIOBOM 3amavd IS IDIOCKOTO MACCHBHOTO
METaJUIMIECKOTO TIPOBOJHUKA C MTHOBEHHBIM ITOBEPXHO-
CTHBIM TOYEYHBIM MCTOYHHKOM TeIUia AMCKOBOH (OPMBI
paanycoMm 7y [9] JlanHOoe aHamuTHYecKoe pemieHue B 8]
OBUIO B IEPBOM HPUOIIKEHUH PACIPOCTPAaHEHO Ha CITy-
yall BO3/IEUCTBUS UMITYJIbCHOTO TOKa IPU NPSIMOM yJiape
MoJiHUH B JIUCT. B mepuoxa Bpemenu 0 < ¢ < £y, B o0yacTu
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KpyIJIOM ONOPHOW 30HBI KaHaja MOJIHUM UMEETCSl UCTOU-
HUK TeIuia TUCKOBOH ()OPMBI PaInyCOM gy C YCPEIHEHHON
IUIOTHOCTBIO TEIUIOBOTO MOTOKa ¢o(f), MPHIOKEHHBIH K
IJIOCKOM Hapy>XKHOW TOBEPXHOCTU OJHOPOJHON CTEHKHU
METaJUIMYECKO! IIacTUHBI. B 1uinuHapuyeckoil cucreme
KOOpPJAUHAT AJISl MIPOCTPAHCTBEHHO-BPEMEHHOIO H3MEHe-
HUSl TIPEBBIIICHUS TeMmepaTtypsl 6(r,z,f) B marepuaie
CTEHKH CTaJBHOTO oOpa3la TOJIIMHON /4 B KPYroBou
30HE JEUCTBHS HAa HEE B BO3JlYXE BO BPEMEHHU ! NOBEPX-
HOCTHOTO TEIUIOBOr0 MOTOKA C YCPEAHEHHOW IJIOTHO-
CTBIO ¢o(f) OT IIa3MEHHOTO KaHalla C TOKOM MOJHHH
MOJKHO 3alKcaTh Cieayollee NpUOIKEHHOEe pellieHne
paccMaTpuBaeMoOl HECTAIlMOHAPHON 3JIEKTpOTEpMUYE-
cKoli 3aiauu [8]:

ly
1
0(rz) =—— F(r,zt-0)dz, (3
(rz) (Wo)l/zgw)qo(r) (rzt =0z, (3)

rae O(r,z,f) = (6, — 6y) — npeBbllLICHHE TEMIIEPATYPbl Ma-
Tepuaja CTEeHKH METaJUTHYecKoro obpasia; ¢, — Texyuias
Y M3MEHSIIONIAsACS BO BPEMEHH ! TeMIlepaTypa MaTepuaa
IUIOCKOW CTEHKH o0pasia; §) — TeMmreparypa OKpyXKaro-
IIEr0 CTEHKY 00pasiia BO3/yxa; » — pamuanbHas KOOpIu-
HaTa, HANpPAaBJICHHAs OT OCH TOKOBOTO KaHala MOJHHH
BJIOJIb CTEHKH IJIOCKOro 00pasia; z — MpoaoJbHAs KOOp-
JMHATa, HAMPABICHHAS OT LICHTPA Odara TEeIIOBOTO BO3-
JCHCTBHS TOKa MOJIHMM BHYTPb CTEHKH IIOCKOTO 00pas3-
1a; qo(t) — ycpemHeHHas IUIOTHOCTh BO3IECHCTBYIOIIETO
Ha CTEHKY CTaJbHOr0 00pasiia HOBEPXHOCTHOTO TEILIOBO-
0 MOTOKA, BBI3BAHHOTO IIA3MEHHBIM KaHAIIOM MOJTHHU;

F(rz,t—7)= exp[—zzco /42y(t —7)]x

o0
x(t =) 2 [expl~Ag(t =)V /g Vo () (v )dvs

0
7, V — BCIIOMOTAaTeNbHBIE TePEeMEHHBIC; #o(7) — TeKyIIee
3HAaYCHHE paJdyca KaHajla TOKa MOJHHH, ! — TEKyIee
BpeMsl; {y — ATUTEIBHOCTHh MPOTEKAHWS HUMITYIbCHOU A-
Wi mTensHoi C- KOMIIOHEHT TOKa MOHuU; Jy, J; —
COOTBETCTBEHHO (pyHKIMM beccens mepBoro pona HyJe-
BOTO U TIEPBOTO TOPSIIKOB; A9, Co — COOTBETCTBECHHO KO-
3¢ GUIMEHT TEIUIONPOBOJAHOCTH U YACTIbHAsS OOBbEeMHast
TEIUIOEMKOCTh MaTepuaia CTCHKH IUIOCKOTO CTaJIBHOTO
00pa3ia, NpUHATHIC ISl PEIIaeMOM 3a1a4H TOCTOSHHBIMH
BEITMYUHAMU.

OmnmcaHHas BKpaTIle MaTeMaTHIeCKas MOAeTh OblIa
peanm3oBaHa B BUAE HpUKIagHONW mporpammser [10], xo-
TOpasi TO3BOIISIET OCYIICCTBIATH PACUeT ITOCIEACTBUI
TEPMHUUYECKOI'0 BO3JIECHCTBUS Ha JINCTHl UMITYJIbCHON A- U
mTenbHOM C- KOMIIOHEHT TOKAa MOJHHH. 3I€CH COBME-
CTHOE TIOCJIEOBATEIIFHOE BO3JEHCTBHE Ha CTaJbHbBIE 00-
pas3ibl YKa3aHHbIX KOMIIOHECHT TOKa MOJIHUM HE paccMar-
puBaetcs. Pe3ynbTaThl NpUOIIKEHHBIX YHCIEHHBIX pac-
4eToB 1o mporpamme u3 [10] TepMuueckoro nencTBUU
JIUIIb OJTHON MMITYJIbCHOH A- KOMITOHEHTHI TOKa MOJHUHU
Ha cTaJbHOM oOpasen (A=1 MM) npencraBiieHb! B Ta0JI. 3.

Ta6muua 3
Pe3ynbTarhl pacueTHON OLIEHKH TEPMUYECKOTO AEHCTBUS
A- KOMITOHEHTHI Ha CTanbHOH o6pasers [10]

I'my6una onutase-
Hus h,,4, MM
0,04

Panuyc onnasnenus
Vma» MM

3L,6

1 mA> th > TpA >
KA | MKC | MKC

192 | 34 | 500

JIOTIOTHUTEIPHO K YKa3aHHOMY BBIIIIE OTMETHM, YTO
JUIL pacCMaTPHUBAEMOTO HaMH CIy4asl paanycC o4 KaHaja
MOJIHHH C UMITyJIbCHON 4- KOMIIOHEHTO! ee TOKa CorJiac-
HO (opMyibl bparunckoro umeer cneayromuii Bun [8]:
704 =0,093(L)" (1) )
Ipu 1,,~192 kA u ¢,,=34 MKC paauyc ro, KaHaia
MOJIHWH, paccunTaHHbIi 1o (4), paBeH 31,3 mM. Buano,
YTO 3TO YMCJIEHHOE 3HA4YeHue paauyca ro,~31,3 MM Xxo-
pOIIO CcOTTacyercsi ¢ PamgmycoM 7,,,~31,6 MM 30HBI TO-
BEPXHOCTHOTO OIUIABJICHUS CTaJIBFHOTO 00pa3Iia, BHI3BaH-
HOTO JICWCTBHEM Ha HETO UMITYJIbCHOM A- KOMIIOHEHTHI. B
pe3ynpTaTe ACUCTBHS HWMITYJIBCHON A- KOMIIOHEHTHI C
cunoi Toka 7,,=192 KA CKBO3HOTO MPOIUIABJICHUS JINCTA
He HaOmromaercsa. B coorBercTBuu ¢ Taba. A.3 craHmapra
[6] BepOSITHOCTD MOSIBJICHHUSI MOJIHHK C CHJION TOKa OoJiee
200 kA ne mpesbrmaet 0,01 (1 %). Iloatomy Tepmuue-
cKuM 3P GHEKTOM JCHCTBUS OJHOMW JIMIIh UMITYJICHOU A-
KOMITOHEHTHI TOKAa MOJIHUY TIPH TOJIIMHE CTAIBHOTO JINC-
Ta h=1 MM 1 GoJiee MO>KHO TIpeHeOperaTh C TOUKH 3pEHHs
BO3HMKHOBEHHS B HEM OT HEe CKBO3HOT'O OTBEPCTHSI.
PesynbraThl pacueTHBIX OIIeHOK Ha ocHOBeE (2) u (3)
JUTS CTalTbHOM TDIaCTUHBI (h=1 MM) TepMHYIECKOTO NeiCT-
BHS Ha €€ Hapy)XHYIO MOBEPXHOCTH UINTENbHONH C- KOM-
MTOHEHTHI TOKA MOJIHUY TIPE/ICTaBICHBI HIDKE B Ta01I. 4.

Tabmnuma 4
Pe3ynbrarel pacueTHON OLEHKH TEPMUUECKOTO IEHCTBUS
JIUTENbHOW C- KOMIIOHEHTBI TOKAa MOJTHUH Ha TUIOCKUH CTallb-
HOM oOpa3er ToamuHo#i A=1 MM [10]

qcs | Incs | T=Tiong=to, | Auamerp 2r, oTBEpCTHS cii:iii’;
Kn| A MC MIPOIIABJICHUS, MM A ’
10% | 500 40 2,72 250
20% {1000 40 4,06 500
40" | 800 100 4,96 400
125 | 500 500 6,40 250
200 | 800 500 7,72 400
3507 (1400 500 9,68 700

Ipumeuanue.

*) BepoATHOCTh TPEBBIIICHUS TMEPEHOCHMOH B IUIA3MCHHOM
KaHaJle MOJIHUH BEIHYHHBI TPO30BOro 3apsana qc B 10 K u 20
K onpenenena coorBerctBenHo kak 50 % u 20 % (cM. B [6]
puc. A.5);

1) IpeBsimenue BeMUYUHEL 3apsiga ¢ ceeime 40 Kii, mepeHo-
CHMOTO HHUCXOJSINCH MOJHHEH OTPHLATENFHOH IOJISIPHOCTH,
HMeEeT BepOATHOCTE MeHee 5 % (cM. B [6] Tabn. A.1);

2) IlpeBblIeHre BENMUYMHBI TPO30BOTO 3apsiia ¢c cBbIme 350
K, mepeHocMMOro MOJHHEH MOJIOXKHUTEIBHON IIOJISIPHOCTH,
HMeeT BepOsITHOCTE MeHee 5 % (cM. B [6] Tabu. A.1).

Crnenyer OTMETUTb, 4TO (hPHU3UKA PEATHHOIO MPOIIeC-
ca NIPOTEKaHWs B JIMCTE TOKa MOJIHMM OoJjee CIIoXKHas,
YeM B yKa3aHHBIX PacueTHBIX MoJessiX. HemanoBaxHbIM
(hbakTOpOM 371€CH SIBIISIETCS MOCJIEAOBATEIFHOE IPOTEKa-
HHUe A- 1 C- KOMIIOHEHT TOKa. B pe3ynbraTe uero ocymie-
CTBIISIETCS TIPEBAPUTENBHBIN HAarpeB CTEHKH OOBEKTA A-
KOMIOHEHTO# Toka. [loatromy momydernusie mo [10] pe-
3yJNbTaThl JAIOT 3aHIKEHHOE 3HA4YEHHE pajiyca OTBEp-
CTHS B CTJIBHOM JINCTE AJISI IPUHATOTO BapuaHTa UX JeH-
CcTBHA. MOJXKHO TpeZnonararb, 4TO peajbHbIE Pa3MEpBl
OTBEPCTUS B JIUCTE IIPU yJIape €CTECTBEHHOU JABYXKOMIIO-
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HEHTHOM MOJHHUU OyAyT MEXIy 3HAUCHUSIMH AUAMETPOB,
PacCUYNTaHHBIMU T10 PACCMOTPEHHBIM BBIIIE METOAUKAM.
3. HcnbITaTeIbHAsL cXeMa M 3JeKTpHYecKHe ma-
paMeTpbl MOIIHBIX BBICOKOBOJIBTHBIX TIeHepaTopoB
I'IT-4A n T'AT-C. Ha puc. 2 npuBeneHa NpUHIUIHAIb-
Has JJeKTpuuecKkas cxema rereparopa tuna YUTOM-1,
HCIIOJIB3YEMOTO TIPH SKCHEPUMEHTAIBHBIX HCCIICI0BAHU-
SIX Ha JJIEKTPOTEPMHUIECKYIO MOJIHHUECTOWKOCTh MCIBITHI-
BaeMbIx 00OpasioB (MO) BBIOpaHHOW CTaNbHOW KPOBIH
TEXHUYECKOI0 coopyxeHus. V3 NaHHOM cXeMbl BHIHO,
4TO B cOCTaB TeHepatopa tuna YUTOM-1 Bxomar nBa
OTAEJBHBIX U MapajjieIbHO paboTAOIUX HA OAHY 3JIEK-
Tpudeckyto Harpy3ky — MO reHepatopa HMMITyJIBCHBIX
tokoB (I'UT), onun u3 xoropsix ' UT-4 Mmonenupyer um-
MYyJIbCHYI0O A— KOMIIOHEHTY TOKa HCKYyCCTBEHHOM MOJ-
HuH, a apyroi I'UT-C — mnmurensHyro C— KOMIIOHEHTY
TOKAa HMCKYyCCTBEHHOH MOJIHHM. YKaXKeM, 4TO cOOCTBEH-
HBIE 3JIEKTPUYECKUE TTapaMeTphl pa3psJHOi Lienn reHepa-
topa 'UT-A coctaBnsioT [S]: aKTUBHOE CONPOTHUBIICHUE
R,~0,057 Owm; wmHOykTHBHOCTH L,~2,5 MK[H; e€MKOCTBh
C4~333 mMx®. CoOCTBEHHBIE AIEKTPUUYECKIE TTapaMeTPhI
paspsimHoi menu reHepatopa 'UT-C Opumm paBHEI [5]:
aKTUBHOE compoTuBieHne Rc~4,74 OM; MHIYKTHBHOCTH
L~=11,43 mI'n; emrxocts C=45,36 Mm®. I'enepatop 'NT-4
Obl1 coOpaH Ha ocHOBe 111 mapamnenbHO BKIIFOUEHHBIX
BBICOKOBOJIBTHBIX HUMITYJILCHBIX KOHICHCATOPOB THUIIA
HK-50-3 (momuHanbpHOEe HampspkeHue +50 kB; HoMu-
HanbHast eMKocTh 3 MK®D), a reneparop ['UT-C — Ha oc-
HOBe 324 mapaiieNbHO MOACOEAMHEHHBIX BBICOKOBOJIBT-
HBIX UMITYJIbCHBIX KOHZIEHcaropoB tuna MIM2-5-140 (uo-
MUHAJIbHOE HampsbkeHue +5 kB; HOMuHanbHas €MKOCTb
140 Mx®) [5, 11]. B pa3psgnoit nernm reaeparopa [ UT-4
YCTaHOBJICH TPEX3JICKTPOAHBIN BO3IYIIHBIN KOMMYTaTOP
F| ¢ MacCUBHBIMHU CTallbHBIMU 3JIEKTPOJIAMH, & B pa3psl-
Hoi mern rereparopa [UT-C — naByX31eKTpOIHBIH BO3-
JYLIHBIH KOMMYTaTop F ¢ rpaUTOBBIMHU 3JIEKTPOAAMH.

F_ ) F
+Usp i Cp +Usc
La Le
I'BIIA
Ra H2C 1o Rc
e “F

Puc. 2. [lpuHnMnIIansHbIe SIEKTPUIECKAE CXEMbI CHIIBHOTOY-
HBIX pa3psanbix neneit reaeparopoB ['UT-4 u TUT-C st dop-
MHPOBAHUS B CTAJILHOM 00pasie KPOBIIH UMITYJIECHOH A— U
JUInTeNbHOM C— KOMIIOHEHT TOKa UCKYCCTBEHHONM MOJIHUU
(I'BITU — reHepaTop BBICOKOBOJBTHBIX MOPKUTAOIIUX MUKPO-
CEKYHHbIX UMITYJIbCOB HaNpsDKEHUA aMILIUTy o 10 +£100 kB;
F, I/, — COOTBETCTBEHHO TPEX- U IBYX3JEKTPOIHBIN BbICOKO-
BOJIBTHBIE BO3AyLIHbIE HCKpOBBIE KOMMyTaTopbl U T-4 u ['UT-
C; C,=180 n® — pasaenuTenbHas EMKOCTh HAa UMITYJIbCHOE Ha-
npsbkerne 1o +120 kB B nenu I'BIIN, ynpasisttomero cpaba-
THIBAHUEM UCKPOBBIX KOMMYTAaTOpPOB I 1 F5; IDC — nByXaiek-
TponHas cucrema; 1O — ucnbIThIBaeMbIi oOpaser kposiy; LK
— myHT KoaxkcuanbHbii Tuna HIK-300 nis usmepenus um-
ybCHBIX TOKOB HCKYCCTBEHHOW MOJTHUH aMILTUTYA0H oT £ 10
A 1o 300 kA; £Usy, +U;¢ — 3apaaHble HAIPsDKCHUS COOTBET-
crBerHo [UT-A u TUT-C; Lyu Le, Ryu Re, Cyu Co— cOOT-
BETCTBEHHO COOCTBEHHBIE HHAYKTUBHOCTH, AKTUBHBIE COIPO-
THUBJICHUSI ¥ eMKOCTH pa3psanslx neneit [UT-4 u TUT-C) [8]

BbICOKOBOJIBTHBIE KOMMYTATOPBl [ U F, SIBISFOTCS
BBICOKOBOJIBTHBIMU H3JIEJIUAMH COOCTBEHHOT'O H3TOTOB-
nenus [12]. Tlnockuii cranbHOM 0Opaser coriacHo puc. 2
JKECTKO 3aKpEIUISICS Ha pabodyeM CTOJie MOIIHOIO I'eHe-
patopa tunma YUTOM-1 Mexay COOTBETCTBYIOIIMMHU
MACCHBHBIMH QIIFOMUHHEBBIMH JJIEKTPOJAMH, ITOJKITIO-
YEHHBIMU K DPa3psAHbIM LensM reHepatopoB IMT-4 u
I'T-C. B ucnblTaTenbHON CXE€M€ COrJacHO puc. 2 AJs
BoctponsBenerns Hax MO 1mra3sMeHHOro KaHalla MCKYC-
CTBEHHOH MOJIHWUHU WCIIONIE3YETCS BO3IYIIHAS IBYXJJICK-
tpomuas cuctema ([I3C), cHaOkeHHasT TOHKOM JIIEKTpH-
YeCKH B3phIBatomieiicst mpososioukoii (OBIT). B kauectse
OBII B cooTtBeTcTBHM ¢ TpeboBanusmu [3, 4] UCIIONB30-
BajJach Me/Has MPoBOsIoYKa quamerpoM 0,2 MM U JUTMHOM
1=(37-50) mm. Ha puc. 3 B ykpyIHEHHOM BHJIE ITOKa3aHa
J2C pabouero croia reneparopa YUTOM-1. Bo3mymi-
HBIA 3230p /1, MEKAY BEPXHUM MACCHBHBIM IIMIIMHAPHYE-
cKuM 31eKTpoioM [IDC U HIKHUM MacCHBHBIM IJIOCKUM
anekTpoaoM — MO Mor u3MeHsaTbes B [uana3zoHe ot 27 a0
14 mm. Bozgymnsrii 3a30p 4, B JI2C mexay OBIT u MO
ocTaBaJIcd HEM3MEHHBIM U PaBHBIM IIPUMEPHO | MM.

Ha puc. 4 moxa3an o6mwmii Bug ucnois3yemoit J19C.

1

TUT-A

Puc. 3. YxpynHenHoe cxemaruueckoe usobpaxkenue JI3C, uc-
OJIE3yEeMO¥ B CHIIEHOTOYHBIX PAa3psAHBIX LEIsIX TeHEPaTOPOB
I'NT-A u I'NT-C npu noiay4eHun B IIOCKUX cTanbHeIX O
UMITYJIbCHOH A- U nTenbHOM C- KOMIOHEHT TOKa UCKYCCT-
BeHHOU MonHMH (1 — BepXHHUH MaCCHBHBINA [MIHHIPUYCCKHN
CTaNBHOM A5eKTpo; 2 — ToHKas MeaHas DBII; 3 — HikHUIA
MaCCHUBHBIH IITOCKUi cTansHoi »nekrpos (MO); 4 — MaccuBHBIE
QTIOMHUHHEBBIE AJIEKTPOJIBI, IPeIHA3HAUYCHHBIE ST 3aKPeTICHHS
WO; h, — nnuHa Bo3ayuIHOTO poMexyTka B JIDC; A, — niuHa
BO3JIYIIHOTO IPOMEXYTKA MEXK/y HIKHUM KpaeM KpyTrJion
MmenHoit OBII u HapyxHOI mIockoii noBepxHocTrio MO) [§]

Puc. 4. O6wwmii Bug 9C ¢ menuoit DBII paboyero crona rexe-
paropoB 'UT-4 u T'UT-C npu uCIBITaHUIX B UX Pa3PsIHBIX
nersix MO TOHKOH cTalbHOM KPOBIH Ha JIEKTPOTEPMUIECKYIO
CTOHKOCTb K IIPAMOMY BO3/ICHCTBUIO Ha HUX UMILYJIbCHOU A— 1
JuuTenbHOM C— KOMIIOHEHT TOKA HCKYyCCTBEHHOM MOJIHUY €
HOPMHUPOBaHHBIMH coriacHo [3, 4] ABII (/,=37-50 mm) [8]
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3apsiHbIE HANpPSKEHUS] BBICOKOBOJBTHBIX KOH/EH-
catopoB B reHeparopax ['MT-4 u TUT-C ans BwimosHe-
HUA TUIAHUPYEMBIX 3KCIICPUMCEHTOB BI)I6I/IpaJ'lI/ICb oTpuna-
TEJBbHOM MOJIIPHOCTH, @ MOAYJIU UX YPOBHEH COOTBETCT-
BeHHO He mpeBbianu U;,<25 kB u U;c <4,2 xB. Beidbop
MOJIIPHOCTHU 3apsHbIX HanpsbkeHuil Usy u Usc ompene-
JISUICST HEOOXOANMOCTBIO (PH3MYECKOTO MOJICITUPOBAHUS
HauboJsee TSHKENIBIX B AJIEKTPOTEPMHUYECKOM CMBICIE YC-
nosuii B ormcaHHOi JI9C M COOTBETCTBEHHO B KpPYTIOH
30HE MPHUBSA3KN CHJIBHOTOYHOTO IMJIMHAPHUYECKOTO IIIa3-
MEHHOTO KaHajla C TOKOM HMCKyCCTBEHHOW MOJHUHM Ha
Hapy>XHOM miockoii moBepxHocTH MO cTampHON KpOBIH
TEXHHUYECKOTO COOpPYKeHHMs. [ peJoTBpaleHns: Mexa-
HUYECKUX pa3pyLIeHU B KOHJIEHCATOPHBIX Oarapesix
renepatopoB [''T-4 u TUT-C u obecneuenust tpedye-
MBIX YCJIOBUH TEXHHKH O€30MaCHOCTH U OXPaHbl TPyAa
Uit oOCITy)KMBAIOIIEr0  MOIIHBIA  TeHepaTrop THIIa
YUTOM-1 nepcoHana npu aBapuiiHOM pPEXUME €ro pa-
60THI (HanpuMep, IPH AIEKTPHUECKOM NPOOOe M30JISILHN
X0Tsl OBI ofHOTO M3 435 yKa3aHHBIX KOHIEHCATOPOB IPHU
HX 3apsizie WM pa3pse) Ha BCEX BBICOKOBOJIBTHBIX BHIBO-
JlaX WCIOJB3YeMBIX KOHAEeHCATOpOoB reHeparopo [UT-4
u 'NT-C Obuti yCTaHOBIIEHBI 3aLTUTHBIE COPOTUBICHUS,
BBINOJTHEHHBIE U3 BBICOKOBOJIBTHBIX ITTOCTOSIHHBIX 00BEM-
HBIX TpadUTO-KepaMHUCCKUX Pe3ucTopoB Tuma TBO-60
Ha MOCTOsSIHHOE HanpsbkeHue +25 kB [5, 13]. [Ipuuem, Ha
BbIBOJIaX KoHjeHcaTopoB Thna MK-50-3 Obuin ycTaHoB-
JIEHBI 3alUTHBIE pe3ucTopsl Tuna TBO-60-24 Om (xect-
Kasi cOOpKa M3 YeThIpex NapauleNIbHO COEAMHEHHBIX pe-
3MCTOPOB), @ Ha BBIBOJIaX KOHJAeHcaTopoB Tra MM2-5-
140 — no ogHOoMy 3ammTHOMY pesuctopy tuna TBO-60-
100 Om. IMapammensHas pabora renepatopoB ['UT-4 u
I'MT-C 1a VO cranbHO KPOBIH COTTIACHO CXEMeE Ha pHC.
1 obecrneynBasiach CHHXPOHHBIM Cpa0aThIBAHUEM BBICO-
KOBOJIBTHOTO TPEX3JIEKTPOLHOTO YIPaBIIIEMOTO BO3IYII-
HOTO KOMMYyTaropa F; ¢ MacCUBHBIMU HOIyc(hepuiecKu-
MU CTaJIbHBIMU OCHOBHBIMU JJICKTpOJaMHW Ha HOMHUHAJIb-
Hoe HampspkeHue +50 kB [12] u BEICOKOBOJIBTHOTO ABYX-
3EKTPOJHOTO BO3AYIIHOIO KOMMyTaTopa F, ¢ MacCuB-
HBIMH TIPSIMOYTOJILHBIMU T'PadHUTOBBIMH 3JIEKTPOAAMH,
COZIEp’KaIllIMU TUIOCKHE pabodre MOBEPXHOCTH, Ha HO-
MuHaneHOe Hanpsbkenue £10 kB [12]. B cBoro ouepens,
CHHXPOHHOE CpabaThIBaHHE KOMMYTaTopoB F| u F, ocy-
LIECTBIUIOCH 3a CUET IIOa4d Yepe3 pasleluTENbHYI0
emkocTh C, Ha cpefHMH cTanbHOW cdepuyeckui siek-
TPOJ KOMMyTaTtopa F; OT T€HepaTropa BBICOKOBOJIBTHBIX
mopxuratomux ummynbcoB (I'BIIM) wmmmynscHOTO Ha-
MIPSKEHUS] MUKPOCEKYHTHOH JUINTEIBHOCTH aMILTUTY 10N
no £100 kB [5, 12]. IIpu npob6oe ot I'BIIN oanoro us
JIByX BO3JYIIHBIX IPOMEXYTKOB KOMMYyTaTopa [ U ero
HOCJIEAYIONEM Cpa0aThIBAHUM BO3HHUKAIOLIEE HMITYJIbC-
Hoe nepeHanpspkenue Ha J1I9C ¢ MO npuBoauT K MpakTH-
YEeCKH OJTHOBPEMEHHOMY C HUM CPa0aThIBaHUIO U KOMMY-
tatopa F,. [locne cpabaTriBaHsSI KOMMYTaTOpoB F| U F)
3a CYeT pa3psAa NMPEIBAPUTENIHFHO 3apsDKCHHBIX BBICOKO-
BOJIETHBIX KOHIeHcaTopoB reHepaTopoB [ UT-4 u TUT-C
yepe3 MO cTaibHONW KPOBIH TEXHUYECKOTO COOPYKEHHS
HAYMHAIOT MPOTEKaTh MMUTHPOBAHHBIE HMITYJILCHI TOKa
MonHuU ¢ TpedyembiMu 10 [3, 4] ABII. Crnenyer otme-
THTb, YTO HOMHWHAJIbHBIC 3HAYCHMUS 3armacaeMou QJICKTpH-
4ecKol sHepruu B MourHeix reHepatopax ['MT-4 u IT'UT-
C cocrapisitor 416 u 567 kI cooTBeTCTBEHHO [5, 8, 13].

W3mepenne ABII mMmynsCHON A— W IIMTENBHOM
C— KOMITOHEHT TOKa HCKyccTBeHHOH Momuunm B HO
CTaJIbHOW KPOBJIH MPOBOAMIIOCH C TIOMOIIIBIO MIOBEPEHHBIX
METPOJIOTHUECKON CITyKOOH W3MEPHUTEILHOIO KOaKCH-
anbHoro mrynta tuna [I1K-300 [14], uMeroriero uist 3Tux
TOKOB COOTBETCTBEHHO KO3(QHUIMEHTH Npeodpa3oBaHus
K,~10417 A/B u K=5219 A/B, u uudpoBbIX 3aroMu-
Haromux ocumutorpados tuna Tektronix TDS 1012.

4. Pe3yabTaTbl UCNIBITAHUH CTAJBHBIX 00pPa3LOB
KPOBJIM HA CTOMKOCTH K BO3AeHCTBHIO MMIYJbCHOMH
A— ¥ AauTeJbHONH C— KOMIIOHEHT TOKA HCKYCCTBEH-
Hoil Mosinuu. Ha puc. 5 mokaszan oOmmii Bua pabodyero
crona ¢ JI9C momnoro reHeparopa YUTOM-1 u sxecTko
3aKpeIUIeHHBIM Ha HeM IutockuM MO cranbHONW KpOBIH
TOJIIUHOW A=1 MM B ma3ax MacCHBHBIX AJTIOMHUHHEBBIX
3NIEKTPOJIOB, BKIIIOYEHHBIX B CHJIBHOTOYHBIE DPa3psAHbIC
LeNH BEICOKOBOJIBTHBIX reHepatopoB I UT-4 u TUT-C.

I
Puc. 5. Buemnuit Bun MO cranbHON KpoBIM, 3aKPEIIIEHHOIO B
JDC ¢ OBII Ha padouem crosie reneparopa tuna YUTOM-1, no
IPSIMOTO BO3JIEHCTBHSI Ha HETO OT BHICOKOBOJIBTHBIX T'€HEPATO-
poB 'NT-4 u 'UT-C umnysnbcHolt A— 1 umutenbHol C— KOM-
MOHEHT TOKA UCKYCCTBEHHOU MonHUH (4,=27 Mwm; [,=50 MM)

[IpencraBneHHble HMKE PE3YJIbTaThl JBYX BHJOB
9KCIEPUMEHTOB IO OINPENEIICHUIO JNEKTPOTEPMUUECKOI
MOJIHUECTOMKOCTH uAeHTHuYHbIX MO cranbHOW KpoOBIH
OBUTH TOJTYYEHBI NPH OJMHAKOBBIX BEIMUMHAX 3apSIHBIX
Hanpspkeruit B [UT-4 u TUT-C (U; =25 xB; U;c =—4,2
kB), BO3aynIHOTO MPOMEXyTKa /1, ~1 MM U IBYX BEJIHYH-
HaX BO3AYIIHOTO MIPOMEXYTKA /,, paBHBIX 27 u 14 MM.

4.1. Pe3yabTaThl 3KCIEPUMEHTOB npu /1,=27 MM.
Ha puc. 6 mpuBeneHa ocHomiorpaMma HMITyJICHOR A-
KOMIIOHEHThI TOKa HCKYCCTBEHHOM MOJHMH, MpOTEKaro-
e B 1O cranpHON KPOBIM TEXHUYECKOTO COOPY>KEHUSL.
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Puc. 6. OcunmnorpaMMa UMIyJIbCHON A- KOMIIOHEHTHI TOKa
HCKYCCTBEHHOI MOJIHMH, Bo3AelcTByromel Ha 11O kpoBiu
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W3 pacummdpoBky 3TOil OCHHUIUIOIPAMMBI CIIELYET,
YTO Ui PacCMaTPHBAEMOTrO Ciydasl IepBas aMIUIATyJa
HMIYJIbCHON A- KOMIIOHEHTHI TOKa MCKYCCTBEHHOW MOJI-
Hun B MO cranpHO# KpoBiu coctamisuia /i,4~—192 KA.
OTON aMIUIMTYZAe 3aTyxalolleld Mo SKCHOHEHTe Koseba-
TEJIbHOW TOKOBOHM COCTaBJIAIOIIEH COOTBETCTBOBAJIO Bpe-
Ms 1,4, paBHOE 34 MKC. J{TUTENBHOCTD MEPBOM MOITYBOJ-
HBI 714 TOKA IIPU 3TOM COCTaBIIsUIa OKOJI0 94 MKC, a IoJ-
Has JJHMTENBHOCTH Tp4 JAHHOH KOMIIOHEHTBI TOKAa UMUTH-
POBaHHOTO TPO30BOTO paszpsna — nmpumepHO 500 mxc. Ha
puc. 7 mpeacraBieHa OCLHWIIOIPaMMa anepuoanyecKOi
JuTensHol C- KOMITOHEHTHI TOKa MCKYCCTBEHHOH MOJI-
Huu ammmutygoi 1,c~—804 A, mporekatomeir B MO
KpOBJIM M3 HepkaBewoueld cramu (A=1 mm). BugHo, uro
JUINTENIBHOCTh T¢ 3TOH KOMIIOHEHTBHI MMITYJBCHOTO TOKa
MoJHMU Ha ypoBHe 0,5:1,c Obuta paBHOI npumMepHO 160
MC, a €€ HOJHAsA JIIMTENBbHOCTE T,c — 0Koj0 0,516 c. Bpe-
M4 ¢, COOTBETCTBYIOLIEE aMIUIUTYAE 1,,c, paBHO 9 McC.
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Puc. 7. Octmuiorpamma uintenbHOM C- KOMIIOHEHTHI TOKa
UCKYCCTBEHHOI MOJIHMH, Bo3zeHcTBYowel Ha 1O kpoBiu

CoracHo puc. 6 Ha KPUBOH IIUTENbHON C- KOMITO-
HEHTBl TOKAa HCKYyCCTBEHHONW MOJIHUH, OCOOEGHHO Ha 3a-
BEpILIAOMIEH CTaAUN €€ NMPOTEKAHUs, OTYCTVINBO BUIHBI
MHOTOYHMCIICHHBIE HAJIOKEHHBIE KOJIeOaHHs, 00yCIIOBICH-
Hble HEYCTOMUYMBOCTBIO TropeHuss Haa MO kpoBiu um-
MyJbCHOM JYIM B BO3AYLUIHOM IPOMEXYTKE AIHHOI
h,=27 mm. Ilpu TekyleM BpeMeHH ¢, paBHOM T7,~0,516 ¢,
JlaHHasi HEyCTOWYMBOCTh TOPEHMS IyTM HMPUBOAWT K 00-
PBIBY €€ IJIa3MEHHOI'0 KaHalla W MPEeKpalieHUIo IpoTeKa-
HUsL JUINTeNbHOW C- KOMIIOHEHTHI TOKa B HCCIIETyEMOM
HO cranpHO# kpoBir. PacmmdpoBka ocmyutorpaMMel Ha
pHC. 6 MOKa3BIBAET, YTO 32 BpeMs 7,c~0,516 ¢ KONuuecTBO
JIEKTPUYECTBA ¢, MPOTEKIIEE B Pa3pIJHOM IIETN TeHe-
patopa [UT-C uepe3 MO kpoBIM, COCTaBUIO B 3TOM
cirydae 1o Moxyiio okoio 178 Ki. Dtomy 3apsany coot-
BETCTBYET YCpPEIHEHHOE 3HAYeHHUE TOKa MHCIIOJIb3yeMOn
TOKOBO# KommoHeHTsI B MO, paBHOE icc~q/T,c~—345 A.

Ha puc. 8 u 9 noka3aHsl BHEITHHE BUAbI HApy>KHOU
U ThUIbHOM noBepxHocTed MO cranbHONW KpOBIM HOCIe
COBMECTHOTO BO3JIEHCTBUSI Ha HEro HUMIIYJIbCHOH A- U
JuTenbHON C- KOMIIOHEHT TOKa HCKYCCTBEHHOM MOJTHUU
¢ ABII, cooTBETCTBYIOLIMMH JAHHBIM OCLMJUIOIPAMM Ha
puc. 6 u 7. BunHo, 9TO CKBO3HOTO TIPOIUIABIICHHUS CTEHKH
MO kpoBnm U3 HEPHKABEIOIICH CTANIM TOJIIMHON A=1 MM B
nanHoMm ciydae (h,=27 mm) He mpousouuio. Okpyrias

30Ha IPUBS3KH Ha HapyXHOU moBepxHOocTH VO cTampHON
KPOBJIM MMITYJIbCHON A4- KOMIOHEHTHI TOKAa UMUTHPOBAH-
HOW MOJIHUH UMeJia HauOombinuii pazmep a0 60 mm. [y-
OuHa 00pa30BaBILErocs B 3TOH 30HE KpaTepa He MPeBbI-
mana 50 MkM. B okpyryioi 30He MPUBSI3KU JJIUTETHHON
C- KOMITOHEHTBI TOKa UCKYCCTBEHHOW MOJIHMU ITPOM30LI-
JIO JIOKaJIbHOE paclulaBieHne Matepuana crenku KO
CTaJIBHOW KPOBJIH, MMEIOLIET0 TEMIIEPaTypy IUIaBICHUS
okono 1455 °C [7, 15]. {nameTp 30HBI pacIIaBICHUS
cormacHO puc. 8 u 9 He mpeBsiman 23 mm. Ha TeUTBHOM
moBepxHOCTH MO CTaapHON KPOBIH OTYETIUBO MPOSB-
JSIFOTCS «1[BETA MOOEXKAJIOCTH» OT IEHCTBUS HA €r0 MaTe-
pHan BBICOKOH TEMIeEpaTypbl HMITYyJIbCHOTO MIXKOYJIEBa

HarpeBna.
-~ f~ G -
r ‘—PL i ,A‘!, T
| " " -f_‘ 3
&£

Puc. 8. O6mwuii Bu1 Ha Hapy»HO# moBepxHocTu MO cransHOi
KPOBIIM OKpYIJIOTO o4ara IIpsMOro BO3J¢HCTBUS Ha HErO UM-
IIyJICHOU A- 1 JyuTenbHONU C- KOMIIOHEHT TOKA MCKYCCTBEHHOM
MOJIHMH C HOPMHPOBAaHHBIMH cOTJIacHO TpeboBauuii [3, 4] ABIT

B
i
L

P ;
Puc. 9. Breunuit Buj Ha TUIbHOH noBepxHOCTH MO cTanbHOM
KPOBJIM OKPYTJIOTO O04ara IpsiMOro BO3ICHCTBHS HA HETO HM-
MyJICHON A- 1 AnuTenbHON C- KOMIIOHEHT TOKA MCKYCCTBEHHOM
MOJIHMY C HOPMHPOBAaHHBIMH cOTIacHO TpeboBauuii [3, 4] ABIT

ISSN 2074-272X. Enexmpomexnika i Enekmpomexanika. 2016. No3 45



4.2. Pe3ynbTaThl IKCIIEPUMEHTOB NpH h,=14 mMmM.
Ha puc. 10 u 11 mpuBeaeHbI OCIUILIOTPaMMBbI COOTBETCT-
BEHHO ISl UMITYJIbCHON A- U AnuTenbHOil C- KOMIIOHEHT
TOKa HCKyCCTBEHHOﬁ MOJIHUH, TIOJTYUYCHHBIC HNPUMCHU-
TENBHO K UcnbITaHuio MO cTanbHOM KPOBJIM Ha 3JICKTPO-
TEPMUYECKYI0 MOJHHECTOWKOCTh MpPU YMCHBIICHUH B
JADC 3nauenus h, no 14 mm. ABII ummynscHON 4- KOM-
ITOHEHTHI MOJICTUPYEMOTO TOKa MOJHHUH MPHU 3TOM IIOJI-
HOCTBIO cooTBeTcTBOBaIIM ABII momo0OHON TOKOBOM CO-
CTaBJISIIOLIEH IPO30BOTO paspsiia, NPUBEIEHHON Ha pUC.
6. Uro xacaerca ABII mmmrenbHOil C- KOMIIOHEHTHI TOKA
HMUTHPYEMOA MOJHHH, TO B 3TOM ciydae (h,=14 mwm;
1,/=37 MM) U3MEHEHHIO TIOJIBEPTIUCH JIUIIL TPU UX Tapa-
METpa: TMOJIHAS JUIMTEIBHOCTh NPOTEKAHUS TOKa Ic
YMEHBIIUIACh J0 7,c~0,448 c; NpoTeKmuii 3apsaj yMeHb-
muics 10 3HadeHus gc~—165 Ki; cpennuil Tox yBemnu-
ylICs A0 ypoBHA icc~—367 A. HecMoTps Ha yka3aHHbIE
u3menenuss B ABII jurensHolt C- KOMIOHEHTHI TOKa
HCKYCCTBEHHOH MOJIHUM, B 3TOM cCly4ae IPOU3OILIO
CKBO3HOE TIpOIUIaBleHHe cTeHKH MO KpoBIM W3 HepxKa-
Beomei cramu TommuHoNH A=1 mm. dmamerp 2r. mpo-
miaBleHHOTO oTBepcTHst B O cocraBmn 12 mum (puc. 12).
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: : : : c----1 Cursor 2
z : : : : 1 310.0ns

CHT ™ —G00mY
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Puc. 10. OcummmorpaMmma NMITYyJIbCHOW A- KOMIOHEHTHI TOKa
HUCKYCCTBEHHOM MOJIHMH, BO3EHCTBYIONIEH B CHIIBHOTOYHOM
pa3paaHoil nenu BeICOKOBOIbTHOrO reneparopa 'MT-4 Ha mio-
ckuit 1O cranpHOM KpoBIH TOMMUHON =1 MM (/},,,~—192 KA,

1na=34 MKC; 7,4500 MKc; J4=1,9-10° A’-c)
Tek I [E] Ready M Pos; 400.0rms
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Puc. 11. Ocuunnorpamma anutesnsHON C- KOMIIOHEHTHI TOKA

HCKYCCTBEHHOW MOJIHUH, BO3[ecTBYIomeH Ha mockuit 1O

cTanbHOM KpoBIH TONIHHON /=1 MM (1,c~—804 A; 1,,c~9 Mc;

7c=160 Mc; 7,650,448 ¢; g=—165 Ki1; icc==367 A)

Homyuennsrii npu /7,=14 MM SKCHEpUMEHTATBHBINA
pe3ynbTat, KacarIuiics CKBO3HOIO MPOIIIABICHUS UMH-
TUPYEMBIM TOKOM MOJIHUU UCCIIEAYEMOI'0 TOHKOCTECHHOT'O
oOpasia CTajabHOW KPOBIM TEXHHYECKOTO COOPYIKEHHS,
MOXET 6bITI) 06’])5[CHCH TEM, YTO IIPpHU YMEHbIICHUHN JJIMHBI
BO3IYIIHOTO TpoMexyTka A, B JI9C (COOTBETCTBEHHO H
qumHbl [, s OBIT) pabodero crona MUCIOIb3yeMOro re-
Heparopa tunia YU TOM-1 Hactymaer crabuimzanys 30H
MPUBS3KKA Ha HapyXHOW moBepxHocTH WO cranpHOM
KPOBJIY IIJIa3MEHHBIX KaHAJIOB IJIS JUIUTENbHOW C- M UM-
MyJTCHON A- KOMIOHEHT TOKAa MCKYCCTBEHHON MOITHUM.
Kpome Toro, yMeHbIICHIE BEIMYHHEI /1, IPEIOTBpAIIACT
pa3BeTBIIeHHE (pa3[esieHHe) B BO3AyXE COOTBETCTBYIO-
IIMX TUTa3MEHHBIX KaHAJIOB IMJIMHAPHYECKOW KOHDUTY-
paoun Jisi BBICOKOBOJIBTHBIX J3JICKTPUYCCKHUX UMITYJILC-
HBIX ¥ JYTOBBIX pa3psioB (CIeasl MOAIUIABICHUS OT IO-
JIOOHOTO KaHAIBHOTO pa3lielieHus Uil Monenupyemon C-

KOMITOHEHTHI TOKa MOJIHMM KaK pa3 M MPHCYTCTBYIOT Ha
puc. 8 u 9), 4To TaKkKe CIIOCOOCTBYET JIOKAITEHOW KOHIICH-
Tpaluuu TEIUIOBOM 3HEPIUM, BBIAECISIEMONM B MaTepuaie
HCCIIeyeMbIX 00pa3IloB KPOBJIM M3 HEPXKABEIOIIEH CTAIH.

=T

Puc. 12. BHenHnii BUI OKPYTIIOit 30HBI IUAMETPOM OKOJIO 12 MM
CKBO3HOT'0 IIpoIuiaBiieHus miockoi crenku MO cranpHOi KpoBau
(h=1 mM; h,=14 MM) OT IIPSIMOTO AEHCTBUS HA HETO IIUTEIBHON
C- KOMIIOHEHTHI TOKa HCKYCCTBEHHOH MOJIHUM U OKPYIJION 30HBI
JIMaMETPOM JI0 58 MM €€ IOBEPXHOCTHOTO OIUIABJICHHS OT MPSIMO-
ro fetictBust Ha 1O uMmynbCHON 4- KOMIOHEHTHI €€ TOKa C HOp-
MHpPOBaHHBIMH 0 TpeboBaHusM [3, 4] ABIT

B monp3y ykazaHHOTO (U3NYECKOrO OOBSCHEHHS
CKBO3HOTI'O TPOIUIABJICHHUSI CTEHKH HCCIIETyeMOr0 TOHKO-
crenHoro MO cTajpHOW KPOBJIM HCIIOJIb3YEMBIMU HaMu
HMITyJIbCHBIMH TOKaMH C yMEHBIIEHHUEM IJIMHBI BO3LYII-
HOoro mpomexytka /1, B JIDC (maxe mpu yMeHBIICHUH
nporekmrero yepe3 MO anekrprieckoro 3apsaa s IHi-
TesIbHOH C- KOMIIOHEHTBI TOKA MCKYyCCTBEHHON MOJIHHU
co 178 mo 165 Ki1) cBHIETensCTBYIOT pe3yIbTaThI MOCIe-
JYIOIIEH Cepuu 3KCIIEPUMEHTOB, IPOBEACHHBIX HA MOII-
HoM reHeparope tuna YUTOM-1 nns uccnegyembix 1O
npu h,=14 mm. Ha puc. 13 u 14 npueneHbl COOTBETCT-
ByHOHIUEC oOCHUIJIOrpaMMbl JId HUCIOJIB3YEMbBIX B 3TOM
cilyyae KOMITOHEHT HMITYyJIbCHOTO TOKa HCKYCCTBEHHOW
MoiHuY. Ecim xpuBas Uit UMIyIbCHOM A- KOMIIOHEHTBHI
TOKa MMHUTHPYEMOTO TPO30BOTO paspsia B IIOCIECTHEM
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ClTydae TIOBTOpPSeT MOJ00HBIE KPHUBBIE TSI STOW TOKOBOM
COCTAaBJISIIOLEH HCKYCCTBEHHOM MOJIHUH, IPUBEICHHBIE
Ha puc. 6 u 10, To kpuBas 1 uTensHONU C- KOMIIOHEH-
ThI TOKa MOJIHHMH 3/I€Ch CYIIIECTBEHHO OTIMYAETCs OT aHa-
JIOTUYHBIX TOKOBBIX KPHUBBIX, ITPUBCACHHLIX Ha PUC. Tn
11. OTH oTiMuwMs, NpeXIe BCEro, KacaroTcs Oonee yCcTo-
yuBoro ropeuus B JOC Hag MO BBICOKOBOJBTHON HM-
ITyJBCHON JyTH C TOKOM ic B BO3JYIIHOM HPOMEXYTKE
uHOU h,=14 MM. OZHAM U3 NMIPU3HAKOB TAKOTO TPOIIEC-
ca IIPOTEKaHUs 3TOU IyTH SABIACTCS MPAKTHIECKOE OTCYT-
CTBHE Ha KPUBOH amepHOAMYECKOT0 TOKA i HAJIOKEHHBIX
KoneOaHui 3HAYUTEIbHON aMImuTyasl (cM. puc. 14).
CrnencTBueM TaKOTO AJIEKTPOMArHUTHOTO HpoIiecca sSBIIs-
€TCA YBCIIMYCHHAsA MOJIHAA JJIUTCIbHOCTDh ‘[pc MPOTEKaHUA
gyepe3 MO cTanbHON KpPOBIM MMITYJIBCHOTO TOKa ic, AOC-
THramomas uucieHHoro 3uHauenus 0,736 c. Orcroma cie-
JyeT TaKKe W YBEIMYCHHOE KOJIWYECTBO 3JIEKTPUYECTBA
qc~—187 K, npoTtekiiee uepe3 OKpyriayro 30Hy IPUBA3KH
IUIa3MEHHOTO KaHaja JIUTeNbHOH C- KOMITOHEHTHI TOKa
HCKYCCTBEHHOH MOJHHHW Ha Hapy>kHOU noBepxHOcTH UO.

@ Acq Complete M Pos: 200,00 CURSOR

Delta
18,44

R RN NN NN ENENE

Cursor 1
Doy

: : : : coe-+] Cursor 2
: : : : : 1 -184y

CH1 S.00%Ey CHY ™ —600mmY
1-0ct-13 1157 <10Hz

Puc. 13. OcummorpaMmma NMITYyJIbCHON A- KOMIOHEHTHI TOKa
HMHUTUPYEMOM MOJIHUY, BO3IEHCTBYOLIEH B CUIBHOTOYHOMH
pa3paaHoil nenu BeICOKOBOIBbTHOrO reneparopa 'MT-4 Ha mio-
ckuii ToHKocTeHHbIH O cranbHON KPOBIN TOIMMHOM A=1 MM
(1ns=—192 KA; £,,4<34 MKC; 7,4~500 MKc; J,<1,9-10° A*c)
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Puc. 14. Ocuumnorpamma anutessHON C- KOMIIOHEHTHI TOKA
MMUTHPYEMON MOJIHUH, BO3AEHCTBYIOLIEHN B pa3psiiHON e
BBICOKOBOJIBTHOTO TeHepaTopa [ UT-C Ha mIoCKuil TOHKOCTCH-
w1t MO cransHOM KpoBiH TommuHoH =1 MM (1,,~—804 A;
=9 Mc; 7¢=160 Mc; 7,670,736 ¢; g=—187 Kit; icc=—254 A)

Ha puc. 15 moxa3an BHEIIHWI BUZ pPE3yIbTAaTOB
IPSMOTO COBMECTHOTO BO3IEHCTBHUS HA IUIOCKUI TOHKO-
crennblit (h=1 mm; h,=14 mm) MO kpoBnu u3 Hepxka-
BEIOIIEH CTalu UMIYJIbCHOU A- U JyuTenbHoi C- KOMIO-
HEHT TOKa MCKYCCTBEHHOW MOJHHUHU C HOPMHUPOBAaHHBIMU
o [3, 4] ABII, npuseaiero k CkBO3HOMY MPOILIABICHHIO
cranpHOU crenku MO. duamerp 27,4 NIPUNIOBEPXHOCTHO-
ro (Ha riryouny He Gosiee 50 MKM) ouara 3JIE€KTPOTEpPMH-
YECKOT0 BO3JCHCTBHS Ha HAPY)KHYIO IUIOCKYIO MOBEpX-
HOocTh MO cTambHON KPOBIHM OT WUMIYJIBCHOW A- KOMIIO-
HEHTBl TOKa UMHUTHPYEMOI MOJHHH COCTAaBWJI IIPH 3TOM
0 59 mm. /luameTp OTBEpCTHSI B 30HE CKBO3HOTO TPO-
IUIABJICHUS CTEHKHM HCCIEeLyeMoro oOpasia KpOBIH OT
INEKTPOTEPMUYECKOTO JIEHCTBUS HA Hee JyuTenbHoi C-
KOMIIOHEHT TOKa UMUTHUPYEMON MOJHUHU COCTaBUI 15 MM.

Puc. 15. BHemHmiA BUI OKPYTIIBIX 30H TEPMHYECKOTO BO3/ICHCT-
BHs Ha TIockuit MO cTanbHON KPOBITH UMITYJIbCHOR A- U IJIH-
TenbHOU C- KOMIIOHEHT TOKA UCKYCCTBEHHOM MOJIHUU C HOPMU-
poBaHHBIMH 110 TpeGoBanusM [3, 4] ABII, compoBoskaaromerocs
CKBO3HBIM nporuiaBienueM crenku O (=1 mwm; h,=14 Mmm)

5. CpaBHeHme pe3yibTaTOB PacYeTHBIX OLIEHOK U
BBINOJHEHHBIX JKCHEePUMEHTOB. DTO CpaBHEHHE, MpO-
BEJICHHOE IS CIy4as MPSAMOTO JCHCTBHSI HA OIBITHBIC
TOHKOCTEeHHBIE (A=1 MM) 00pasibl U3 HepKaBeIoIIeH cTa-
mu mapku 12X18H10T C- xOMIIOHEHTHI TOKa, MPEICTaB-
JeHo B Tabi. 5 (IpU 3TOM 3KCIEPUMEHTHI IPOBOMIICH
MpH JJTUHE BO3AYIIHOTO poMexyTka B JIDC h,=14 mm).

Tabmuma 5
CpaBHUTENBHBIC JaHHBIC JUIS PE3yJIbTATOB BHITOTHEHHBIX
PacueToOB M IKCIICPUMEHTOB MPHU OIICHKE TCPMHYCCKOM
MOJIHUECTOMKOCTH CTaJbHBIX 00Pa3IioB

Jlnamerp oTBEpCTHS NPOIUIABICHNUS B CTCHKE
3HaueHue cTanpHOro o0pasua (h=1 Mm), MM
3apsza q., Kin ITo dopmyne | Yucnennsiit
OKCIEepUMEHT ) weroa [10]
165 12,0 18,0 7,1
187 15,0 20,8 7,7

W3 nanHBIX Tabn. 5 ciemyer, 4TO pe3ysbTaThl pac-
YETHOH OLEHKU JIEKTPOTEPMHUYECKON MOJIHHECTONKOCTH
cTajbHBIX 00pasuoB (A = 1 MM) ¢ ucnosnbs3zoBanueM (1)
YIOBIETBOPHUTENBHO (C MOTPeImHOCTHIO 10 28 %) corma-
CYIOTCS C pe3yJIbTaTaMH IIPOBEJCHHBIX SKCIICPHMEHTOB.
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BoiBoabI.

1. Pesynprarer BemosHeHHBIX B HUIIKW «MomHMIS»
HTY «XIIM» oLleHOYHBIX paCcu€THO-IKCIIEPUMEHTAIBHBIX
UCCIIEIOBAaHUM 3JIEKTPOTEPMHUUECKON CTOMKOCTH OIBIT-
HBIX IJIOCKUX 00pasnoB pazmepoM B miaHe 500x500 MM
U3 HepXKaBeIIeH cTanu TOMmMHON 1 MM K mpsMomy
BO3JICHCTBUIO Ha HUX B BO3AYyX€ UMIIYJIbCHOW A- U JUIH-
TeabHOU C- KOMIIOHEHT TOKa MCKYCCTBEHHON MOJHHUH C
HopmupoBanHbIME ABII cornacHo pefcTByronux tpedo-
BaHUI HOpMaTuBHBEIX NOoKyMeHTOB CIIIA SAE ARP 5412
u SAE ARP 5416 yka3bIBaroT Ha TO, YTO UCCIICIOBAHHBIC
HaMH TOHKOCTEHHBIE CTaJIbHBIE 00pa3Ibl MOTYT IOABEP-
raTbCs CKBO3HOMY MpOIUIaBICHHIO. J[mamerp oTBepCTHs
CKBO3HOT'O MPOIUIABICHUS B HCCIEIOBAHHBIX CTAJBHBIX
o0pa3max B OKPYTJIOW 30HE MPHUBS3KH HA UX HapyKHOU
MOBEPXHOCTH TUIA3MEHHOTO KaHala JUIUTeNbHOH C- KOM-
MIOHEHTHI TOKAa IMUTHPYEMOTO B JIJAOOPATOPHBIX YCIOBHUSIX
TPO30BOTO pa3psijia MOXKET IOCTUTATh 15 MM.

2. CyluecTBEHHOE BIIMSIHUE HA PE3YJbTaThl AJIEKTPO-
TEPMHUYECKOI0 BO3JCHCTBUS IUIa3MEHHBIX KaHAJOB MC-
KyCCTBEHHOM MoONHUU C A- U C- KOMIIOHEHTaMHU HM-
ITyJTECHOTO TOKAa HA HMCCIIEJOBAaHHBIC ONBITHBIC CTaJbHEIC
00pa3mbl TEXHUYECKOTO COOPYKEHHS OKAa3bIBAIOT DJIEK-
TpoH3UYECKUE MPOLECCHl MPUBSA3KA COOTBETCTBYIOIIUX
IUTa3MEHHBIX KaHAJOB Ha WX HAPY)XHOH MMOBEPXHOCTU
TOPEHHUS HaJl HUMH BBICOKOBOJIBTHOH MMITYJIbCHON IYTH B
BO3AyIIHOM mpoMexyTke JIDC HCHOIb30BaHHOIO B 3KC-
MEPUMEHTaX MOIIHOTO BBICOKOBOJIBTHOTO TeHepaTopa
TOKa UCKyCCTBEHHON MoJiHUM Tuna YUTOM-1.

3. Ayia npenoTBpalieHusi BO3MOXKHBIX 04aroB BO3ropa-
HUS TOPIOYMX >KUAKOCTEH M MaTepHalloB, Pa3MeIlaeMbIX
CHH3Y IIOJI TOHKOCTEHHOH CTalbHOH OOOJIOYKOH C yKa-
3aHHBIMU XapaKTEPUCTUKAMH, TOpakaeMOU Ha OTKPBITOM
BO3[yXe MPSIMBIMH yIapaMH CHIBHOTOYHBIX TPO30BBIX
paspsmoB, Tpedyercs pa3padoTKa CHEeNHaTbHBIX TeXHUYEe-
CKHX MEPOIPHUATHH, MOBBIIIAIOIINX MTOXKapHYIO Oe3omac-
HOCTb HOJOOHBIX TEXHUYECKHX COOPYKEHUH K NEUCTBHIO
Ha HUX OOJBIINX UMITYJIbCHBIX TOKOB MOJIHHUH.

CIIMCOK JIMTEPATYPBI
1. IOman M.A. Monnusa. — M.: Mup, 1972. — 327 c.
2. Kpasuenko B.M. Monuus. DnexTpoMarHutHele (GakTopsl 1
HX MOpakarolllee BO3/CiCTBHE HA TEXHHMYECKUE CPEACTBA. — X.:
HTMT, 2010. — 292 c.
3. SAE ARP 5412: 2013. Aircraft Lightning Environment and
Ralated Test Waveforms. SAE Aerospace. USA, 2013. — pp. 1-56.
4. SAE ARP 5416: 2013. Aircraft Lightning Test Methods.
SAE Aerospace. USA, 2013. — pp. 1-145.
5. bapanoB M.U., Komuymixo I'.M., Kpasuenko B.U., Henzens-
ckuii O.C., [upmmenko B.H. T'enepartop Toka HCKyCCTBEHHOM
MOJHHMH I HATYypPHBIX MCIIBITAHHI TEXHHYECKNX OOBEKTOB //
Ipubops! n Texnuka skcriepumenta. — 2008. — Ne3. — C. 81-85.
doi: 10.1134/50020441208030123.
6. IEC 62305-1: 2010 «Protection against lightning. Part 1:
General principles». Geneva, IEC Publ., 2010.
7. http://www.sgkarkas.ru/spravochnik/marochnik stalej/12h1
8n10t.
8. bapanoB M.U. M36panHble Bompockl 31aeKTpodusuku: Mo-
Horpagus B 2-x Tomax. Tom 2, Ku. 2: Teopus snexrpoduznde-
ckux 3¢ dexroB u 3aaau. — X.: Touka, 2010. — 407 c.
9. Kapcnoy I'., Erep JI. TemnonpoBOZHOCTh TBEPIBIX Ten /
Ilep. c anrn. — M.: Hayka, 1964. — 487 c.
10. Tponos B.H., CepxoB A.A. KomnbrorepHas nporpamMma ajst
pacdeTa CTPYKTYpPbI 3JEKTPOTEPMHUYECKOTO BO3ACHCTBHS TOKa

MOJIHMY Ha METaJUINYeCKylo 0O0mMBKY / CBUACTENBCTBO O Peru-
crpauuu aBropckoro npasa Ne 30557 ot 06.10.2009 r. Beinano
TOCYZapCTBEHHOM CITy>KOOH MHTEIUIEKTYalbHOH COOCTBEHHOCTH
YKpauHsl.

11. bep3an B.I1., I'enmukman B.10O., I'ypaesckuii M.H., Epmypart-
ckuit B.B., Kyunnckuit I'.C., Me3zenun O.JI., Hazapos H.H.,
[eperynosa E.H., Pyap B.M., CagmoBHukoB A.U., CmupHOB
B.K., Crenmaa K.W. DnexTpuueckie KOHICHCATOPbI U KOHICH-
caTopHble ycTaHOBKH. CrpaBouHHK. — M.: DHeproaroMusaar,
1987. — 656 c.

12. bapanos M.U., Kommymko ['.M., Kpasuenko B.U., He-
m3enbeknii O.C. BBICOKOBOIBTHBIE CHIIBHOTOYHBIE BO3IYIIHBIE
Pa3psTHAKN TeHepaTopa TOKAa HCKycCTBeHHOH Momuuwm // Ipu-
6ops! 1 TexHUKa dkcnepuMenTa. — 2008. — Ne6. — C. 58-62.

13. BapanoB M.U., Pynakos C.B. Pa3paboTka HOBBIX cXeM pe-
3UCTHBHOM 3alUTHI BEICOKOBOJIBTHBIX KOHIEHCATOPOB MOIIHBIX
€MKOCTHBIX HAaKOIHUTENel SHepruy OT aBapuiHbBIX ToKoB // Ene-
KTPOTEXHiKa i enekTpomexanika. — 2015. — Ne6. — C. 47-52. doi:
10.20998/2074-272X.2015.6.08.

14. bapanos M.U., Kpauenko B.J. DOnekrporepMmuueckas
CTOMKOCTB NPOBOJOB U KaOeJel JIeTaTeNbHOTo amnmapara K I10-
pakaroleMy AEHCTBHIO HMITyJIBCHOTO TOKa MOJHHUH // DIek-
TpuyectBo. — 2013. — Nel0. — C. 7-15.

15. Kyxmuar X. CrpaBounuk no ¢usuke / Ilep. ¢ mem. — M.:
Mup, 1982. — 520 c.

REFERENCES
1. Yuman M.A. Molniya [Lightning]. Moscow, Mir Publ.,
1972. 327 p. (Rus).
2. Kravchenko V.1I. Molniya. Elektromahnitny faktory i poraz-
hayushchie vozdeystviya na tekhnycheskie sredstva [Lightning.
Electromagnetic factors and their impact on the striking techni-
cal objects]. Kharkov, NTMT Publ., 2010. 292 p. (Rus).
3. SAE ARP 5412: 2013. Aircraft Lightning Environment and
Ralated Test Waveforms. SAE Aerospace. USA, 2013. pp. 1-56.
4. SAE ARP 5416: 2013. Aircraft Lightning Test Methods.
SAE Aerospace. USA, 2013. pp. 1-145.
5. Baranov M., Koliushko G.M., Kravchenko V.1,
Nedzel’skii O.S., Dnyshchenko V.N. A Current Generator of the
Artificial Lightning for Full-Scale Tests of Engineering Objects.
Pribory i tehnika eksperimenta — Instruments and Experimental
Technique, 2008, no.3, pp- 401-405. doi:
10.1134/50020441208030123.
6. IEC 62305-1: 2010 «Protection against lightning. Part 1:
General principles». Geneva, IEC Publ., 2010.
7. Available at: http://www.sgkarkas.ru/spravoch-
nik/marochnik_stalej/12h18n10t (accessed 15 May 2013). (Rus).
8. Baranov M.1. Izbrannye voprosy elektrofiziki. Tom 2, Kn. 2:
Teoriia elektrofizicheskikh effektov i zadach [Selected topics of
Electrophysics. Vol.2, Book 2. A theory of electrophysical effects
and tasks]. Kharkiv, NTU «KhPI» Publ., 2010. 407 p. (Rus).
9. Karslou G., Eger D. Teploprovodnost' tverdykh tel / Per. s
angl. [Heat conductivity of solids / Transl. from Eng.]. Moscow,
Nauka Publ., 1964. 487 p. (Rus).
10. Dronov V.N., Serkov A.A. Komp'iuternaia programma dlja
rascheta struktury elektrotermicheskogo vozdeistvija toka molnii
na metallicheskuju obshivku / Svidetel'stvo o registratsii avtor-
skogo prava Ne 30557 ot 06.10.2009. Vydano gosudarstvennoi
sluzhboi intellektual’noi sobstvennosti Ukrainy [Computer pro-
gram for the calculation of structure of electro-thermal action of
current of lightning on the metallic edging / Testifying to regis-
tration of copyright n0.30557 from 06.10.2009. It is given out
government service intellectual property of Ukraine]. (Rus).
11. Berzan V.P., Gelikman B.Yu., Guraevsky M.N., Ermuratsky
V.V., Kuchinsky G.S., Mezenin O.L., Nazarov N.I., Peregu-
dova E.N., Rud' V.I., Sadovnikov A.L., Smirnov B.K., Stepina
K.1. Elektricheskie kondensatory i kondensatornye ustanovki.

48 ISSN 2074-272X. Enexmpomexuixa i Enexmpomexanixa. 2016. Ne3



Spravochnik [The electrical capacitors and condenser options.
Directory]. Moscow, Energoatomizdat Publ., 1987, 656 p. (Rus).
12. Baranov M.I.,, Koliushko G.M., Kravchenko V.I,
Nedzel'skiy O.S. High-voltage high-current generator air gaps of
the current artificial lightning. Pribory i tekhnika eksperimenta —
Instruments and experimental techniques, 2008, n0.6, pp. 58-62.
(Rus).

13. Baranov M.L., Rudakov S.V. Development of new charts of
capacitance-resistance defense of high-voltage capacitors of
powerful capacity stores of energy from emergency currents.
Elektrotekhnika i elektromekhanika — Electrical engineering &
electromechanics, 2015, no.6, pp. 47-52. (Rus). doi:
10.20998/2074-272X.2015.6.08.

14. Baranov M.I., Kravchenko V.I. Electrothermal resistance
wire and cable to the aircraft to the striking action pulsed
current lightning. Elektrichestvo — Electricity, 2013, no.10,
pp- 7-15. (Rus).

15. Kuhling H. Spravochnik po fizike. Per. s nem. [Dictonary on
Physics. Translated from German]. Moscow, Mir Publ., 1982.
520 p. (Rus).

IHocmynuna (received) 23.02.2016

bapanoe Muxaun HsaHoeuul, O.m.H., 2IL.H.C.,

Knsizee Braoumup Bﬂa()umupoeultl, K.M.H., C.H.C,
Kpasuenxo Braoumup Hearnosuy', 0.m.1., npod.,
Pyoaxos Cepeeii Baﬂepbeguuz, K.M.H., O0Y.,

"HUIKU «Monaus»

HauunoHanbHbIN TEXHUUECKUH YHUBEPCUTET
«XapbKOBCKUH MOJIUTEXHUYECKUH HHCTUTYTY,

61013, Xapokos, yi. llleBuenko, 47,

ten/phone +38 057 7076841, e-mail: eft@kpi.kharkov.ua
% HaumoHansHBIit YHUBEPCUTET TPAXKAAHCKOM 3aLIUThl Y KPauHBbI,
61023, XapbkoB, yi. UepHsleBckoro, 94,

ten/phone +38 057 7073438, e-mail: serg_73@i.ua

M1 Baranovl, V.V. Kniaziev', V.I. Kravchenko', S.V. Rudakov*
' Scientific-&-Research Planning-&-Design Institute «Molniyax,
National Technical University «Kharkiv Polytechnic Institute»,
47, Shevchenko Str., Kharkiv, 61013, Ukraine.

2 National University of Civil Protection of Ukraine,

94, Chernyshevska Str., Kharkiv, 61023, Ukraine.

Results of calculation-experimental investigations

of electro-thermal resistibility of sheet steel samples

to action of rationed components of pulsed current

of artificial lightning.

Purpose. Calculation and experimental researches of the elec-
tro-thermal resistibility of the steel sheet samples to action stan-
dard pulse current components of the artificial lightning with
amplitude-time parameters (ATP), corresponded the require-
ments of normative documents of USA for SAE ARP 5412 &
SAE ARP 5416. Methodology. Electrophysics bases of technique
of high tensions and large impulsive currents (LIC), and also
scientific and technical bases of planning of devices of high-
voltage impulsive technique and measuring in them LIC. Cur-
rent amplitude I,,=+200 kA (with a tolerance of +10 %); cur-
rent action integral J,=2-10° A%-s (with a tolerance of £20 %);
time, corresponding to the amplitude of the current I, t,,4<50
microseconds, the duration of the current flow t,,<500 micro-
seconds. Results. The results of the evaluation of the calculated
and experimental studies of electro-thermal resistance of the
samples of plates measuring 0,5 m x 0,5 m stainless steel 1 mm
thickness to the action on them artificial lightning impulse cur-
rents with rationed ATP on the requirements of normative
documents of USA for SAE ARP 5412 & SAE ARP 5416. A pulse
A- component have a first amplitude 192 kA, the corresponding
time of 34 us, and the duration aperiodic component amplitude
804 A, corresponding to the time 9 ms. It has been shown that
the long C- component current of artificial lightning can lead to
keyhole these samples. The diameter of the holes in this thin
steel sheet, which is formed during the flow of current C- com-
ponents can reach 15 mm. The results of calculation and ex-
periment agree within 28 %. Originality. For the first time in
world practice on the generator large pulsed currents experi-
mental studies of resistibility of sheet steel samples to the action
of artificial lightning currents with critical parameters. Practi-
cal value. Using the results obtained in the practice of lightning
protection will significantly improve the functionality and fire
safety of different objects in conditions of exposure to linear
lightning. References 15, figures 15, tables 5.

Key words: main components of lightning current, impulse
current generator of artificial lightning, flat steel sample,
electro-thermal resistibility to lightning.
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