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COJIEHOUJIOM. PACYETHBIE COOTHOIIEHUA
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npoyeccoe 8 makoti cucmeme. Pezysomambl uccaedoganuli Mozym 6bimb UCNOIb308AHbL NPU 8bI60pE KOHCMPYKMUBHbIX
peweHuli Ho8blx cxeM 060pyd08aAHUSI MAZHUMHO-UMNYALCHOU 06pabomKu MemaJo8.
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CYLINDRICAL INDUCTOR SYSTEM WITH EXTERNAL BIFILAR SOLENOID. CALCULATED RETIOS

The aim of the research is to obtain the calculated dependencies for the numerical characteristics of the inductor system, the
solenoid winding of which is made in the form of a bifilar with oppositely directed currents. Information on the practical application and
calculations of bifilar designs in modern electrical devices for various purposes was analysed. The expediency of using inductor systems with
external bifilar coils in the circuit elements of modern metal processing equipment is substantiated. Of particular practical interest is the
bifilar as an element of equipment for magnetic pulse metal processing. Calculated ratios are obtained for theoretical analysis and numerical
estimates of the characteristics of electromagnetic processes in a cylindrical inductor system, where the inductor is located inside a coaxial
solenoid, the winding of which is made in the form of a bifilar with oppositely directed currents. In this case, the excited magnetic fluxes are
subtracted outside the windings, which ultimately leads to a decrease in the resulting field, which will be less than the magnetic field of each
of the currents separately, which ultimately means a decrease in the coil inductance as an element of the electrical circuit. It is shown that
the obtained formulas for fields and currents when changing the sign of the corresponding algebraic term remain valid for the case of
unidirectional currents. The found dependences for the voltages and current induced in the bifilar winding are represented by expressions in
L — space that can be converted to explicit time dependences by numerical or analytical methods depending on the calculation conditions
for a particular design of the inductor system. The novelty of the present work consists in proposing the idea of constructive execution of the
inductor system itself, its physical and mathematical model and obtaining design relationships for the analysis of ongoing electromagnetic
processes with numerical estimates of the characteristics of the excited fields. Thus, the proposed design of the inductor system and the
resulting calculated dependencies can be used in the design of new equipment for magnetic-pulse metal processing.
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Beenenue

budunsapHoit sBisieTcsl KaTylika, HAMOTaHHAs ABYMs MapajielIbHbIMH IIPOBOJAMH, PACHOJIOKECHHBIMHU
psiioM Opyr ¢ IPYroM Ha OJHOM OOIIEM Kapkace, M H30JIMPOBaHHBIMH JAPYI OT ApPYra Ha BCEM NPOTSKCHUU
HaMOTKH. Y kak Obl HHM Oblla HaMOTaHa OM(UISIpHAS KaTyllKa, IPH BKIIOYEHUH B JJIEKTPUYECKYIO LieNb OyneT
peaJu30BaH OJMH U3 JABYX BApUAHTOB B3aUMOJEHCTBUS TOKOB B ABYX €€ IpoBoaax. IlepBblil BapuaHT, Kornua
NpOTEKAIOIe TOKM — OJHOHAIpaBieHbl. B 3TOM ciydyae BHE HAMOTOK BO30YyKAaeMble MarHHTHBIE IOTOKH
CKJIaIbIBAIOTCS, YTO MPHUBOJUT K YBEIMUYECHHUIO PE3YJIbTHPYIOIIETO TI0JIsl, KOTOpOe OyAeT OoJbllle MarHUTHOTO TOJIS
Ka)XJIOT0 U3 TOKOB On(misipa B OTAeIbHOCTH. BTOpoii BapuaHT, Korjia mpoTeKarolie TOKH — pa3HOHAIpaBiieHbl. B
3TOM Cllydae BHE HaMOTOK BO30Yy’>KZaeMble MAarHUTHBIE MOTOKM BBIYMTAIOTCS, YTO B UTOT€ BEAET K YMEHBIICHUIO
PE3YJIBTHPYIOIIETO IOJIsi, KOTOpOe OyAeT MEHbIE MAarHUTHOTO MOJSI KaXIOT0 M3 TOKOB B OTIEIBHOCTH, YTO B
KOHEYHOM HTOTE 03HAYAET CHIDKCHNE BETMIMHBI MHAYKTHBHOCTH KaTYIIKH, KaK 3JIEMEHTa JIEKTPUIECKOr0 KOHTypa
[1].

AHaju3 my0JuKaIUil U MOCTAHOBKA 3aa4u

Bnepsrie TepMuH «Oubunspaas karymkay ynomuaaercs Hukomnoi Tecna B matente CIIA [2], Tae naHHas
KOHCTPYKLIMSI HAMOTKM ObLIa MpeJUIoKeHa ISl NMPHUIAaHus LemsiM Oouiblieil cOOCTBEHHOH €MKOCTH W I103BOJIsLIA
OTKa3aThCsl OT NPUMEHEHUS JOPOrOCTOSIIMX KOHAEGHCATOPOB. B CBOMX JIEKIMSAX y4eHbIH yrnoMuHal OupUIspHbIE
KaTyllKi MMEHHO KaK MHCTPYMCHT INOBBIINICHUA CO6CTBCHHOI>1 €MKOCTHU 3apsadHbIX U pa60qnx uenei& Ppas3In4HoOro
BBICOKOYACTOTHOT'O 000PYZ0OBaHUs, KOTOPOE OH pa3padaThiBall KaK JUIs MUTaHUSA d()(EKTHBHBIX HCTOYHUKOB CBETA,
TaK | JJIs1 Iepeladu SHEPTUH Ha paccTosiHue 0e3 mpoBoaoB [3].

B coBpeMeHHOI1 2)1eKTPOHHON TEXHHUKE TaKHe MPUCIIOCOOIEHHS YacTO UCIIONB3YIOT KaK OJUH U3 CHOCO00B
CO3JJaHUS TIPOBOJIOYHBIX PE3MCTOPOB C AOCTATOYHO Majlod MHAYKTHBHOCTHIO [4]. BudumsapHble KaTymku MOTyT
UCTIONIB30BAThCsl, HAIPUMED, AJIsl TeHEpaluy MarHUTHBIX UMITYJIECOB JIF000H (OpMBI 1 JUTMTENBHOCTH, YBEIHUCHUS
IIMPOKOIIOJIOCHOCTH M yCTPaHEHHs HEXEJIaTeNbHBIX PE30HAHCOB B PAAMOTEXHHMUYECKHX YCTpOWCTBax u ap. [S].
budunsapHas HEMHIYKTHBHAs KaTyIIKa SIBIAETCA CYLIECTBEHHBIM 3JIEMEHTOM PE3MCTHBHOTO CBEPXIIPOBOAAIIECTO
OTpaHWYUTENs TOKa, BKIodas TOKH koporkoro 3ambikanus (FCL, SFCL) [6, 7]. Tak Ha3bIBaeMble «OTKPBITHIE
oudmisipusie coneHouns (Open Bifilar Coils) npuMeHsIOTCSI B TPOMEKYTOUHBIX CXEMax CHCTEM OeCHpOBOIHOM
nepenaun SHepruu [8]. PaspabGorkam (u3MKO-MaTreMaTHYECKHX MOJENEH 3IIEKTPOMArHUTHBIX MPOLIECCOB B
COJICHONAaX pa3H0171 T€OMETpUH, paCCMaTPUBAEMbIX B Ka4Y€CTBE UCTOYHUKOB CUJIBHBIX noJjen JJ1A TEXHOJIOI'MYECKUX
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meneit v moJieil M3MydYeHns B IepeIalolnX YCTPOUCTBAX, MMOCBSIIEHB! paboTHI [9, 10].

s cxem 000pynOBaHHS MarHUTHO-HMITYJIBCHOM OOpabOTKM METaJIOB IPEICTABISIOT MPAKTHUECKUI
HWHTEpEC HCCIENOBAHMSA CHCTEM, B KOTOPHIX OM(IISPHBIE KAaTYIIKH Pa3MEIIaloTcs JH00 BHYTpPH, JHOO IOBEPX
MHOTOBUTKOBBIX IIMJIMHAPUYECKUX HHIYKTOpOB [11, 12].

Llem) HaCTOﬂHJ,efI pa60T1>1 — BBIBOJ] paC‘iéTHle COOTHONICHUM JJI1 TCOPETUYCCKOTO aHaJIn3a U YMCJIICHHBIX
OLICHOK XapaKTEPUCTHUK 3JIEKTPOMArHUTHBIX IIPOLECCOB B LMJIMHAPUYECKOM CUCTEME, IJI€ MHIYKTOP pa3MEIEH
BHYTPH KOAKCHAJHHOTO COJCHOHMZIA, OOMOTKa KOTOPOTO BEINOJIHEHA B BHAC Oudmispa ¢ MPOTHBOIOIOKHO
HaNPaBJICHHBIMA TOKAMHU.

Hayynas HOBHM3HA COCTOMT B TMPEIUIOKCHUM WJICH KOHCTPYKTUBHOTO HWCIIOJHEHHS COOCTBEHHO
WHAYKTOPHOH CHUCTEMBI, e€ (PU3NKO-MaTeMaTHICCKON MOIEIH U TOyYeHIH PacUETHBIX COOTHOIICHUH IS aHali3a
MIPOTEKAIOIINX JJIEKTPOMATHUTHBIX IPOLECCOB C YHCICHHBIMU OILEHKAMH XapPaKTEPUCTUK BO30YKIAEMBIX IIOJIEH,
YTO TO3BOJIUT 0OOCHOBATh MPAKTHYECKYIO IEeCIIOCOOHOCTH MPEII0KEHHON HHIYKTOPHON CHCTEMBL.

PacuyérHble cooTHOIIEHUS

[Ipu pemeHny MOCTaBICHHON 3a/1a4X IPUMEM CIIEIYIONTHE JOMYIICHHUS.

- Pacuérnas mozens uccienyeMol CHCTEMBI IIpeACTaBIeHa Ha puc. 1.

r

Puc. 1. PacuérHasi Mojesib MHAYKTOPHOI cHcTeMbl ¢ BHelHel OuduiisipHoii 00MoTKOi

- B HpHHHMaeMOﬁ HI/IHI/IHZ[I)I/I‘IGCKOﬁ CUCTEMEC KOOPAMHAT MHAYKTOPpHAsA CUCTEMaA ABJIACTCA JOCTATOYHO

- y J
NpoTsHKEHHOM  (KpaeBbIMM  d(dekramu mnpeHeOperaeM) M aKCHAIbHO-CUMMETPUYHOM, Tak 4yto — =0,
4

() — a3UMYTaJIbHBIN YTOJI.

- BHyTpeHHUH HHOYKTOpP OTKJIIOYEH, €ro BHUTKM BBIIOJIHEHBI W3 MeETaUla C  BBICOKOH
3JIEKTPOMPOBOJAHOCTBIO, JOCTATOYHO IUIOTHO MPWJIETaloT IPYr K JAPYry, TaK YTO HMX BHEIIHIOK MOBEPXHOCTh
(Rp — paauyc) MO>KHO CUUTATh CILIOLIHON IIOBEPXHOCTBIO U3 HJI€AIbHOIO IIPOBOAHHKA.

- B mpononsrOM HampaBneHnn ouduispHas 0OMOTKA MPENCTABIAET COO0H MEPHOANIECKYIO CTPYKTYDY,
rae D — mar HaMOTKH, d — IIMpUHA BUTKOB.
- Burku 6udungpHoil 00MOTKH U3 MeTaIIMYecKoi JIeHTH! ( Ry, Ry — paiuychl BHyTpEHHEH U BHEIIHEH

e€ dyacreil) He BIHMAIOT Ha MPOTEKAIOIIME JJIEKTPOMATHUTHBIE INPOLECCHl, TaK KAaK OHU «IPO3PAUYHbD) I
BO30Yy’KIaeMbIX TIOJIEH, X paxuanbHas TommuHa A — 0, 9TO MO3BONAET NMPEACTaBHTH IONEPEUHYIO CTPYKTYPY

00MOTKH AenbTa-QpyHKIsIME J{upaka — O (r -Rp ) [13].

- Budunap BO30YKIaeTCs rapMOHHMYECKUM TOKOM c IJIOTHOCTBIO
Jot,1,2) = jy sin(@t)- f(r)-g(z), rtnejp— avmmryna annefinodl MIOTHOCTH BO3OYKIAMWErO TOKA,
(0 — nEKIIHYecKas yacTota, { — Bpems, f ( 7”) , g (Z ) — (byHKITMH paTHaTbHOTO U POJIONEHOTO PAacIpe e eHHil.

- BpemenHsle napameTpsl BO30YKIAIOIIET0 TOKA YAOBIETBOPSIOT KBa3UCTALMOHAPHOMY HPUOIMIKEHHIO
w .
no Jlangay — —-/ <<1 [14], rae ¢ — cKOpOCTb CBeTa B BakyyMe, ¢ — MaKCHUMAaJbHBIA pa3Mep B CUCTEME.
c

VYpaBuenuss  MakcBena (Eq, #0,H, ,#0) 11 BO30YXJAaeMBIX — COCTABISIOLIMX  BEKTOpA

JIEKTPOMArHUTHOTO MO, MpeoOpa3oBaHHBIX 1Mo Jlammacy ¢ y4éToM HyJEBBIX HadaJIbHBIX YCIIOBHM, HMEIOT BH[
[11,12,14]:
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aH (par’z) aH (p’r’z)
’a . - Za . =Jp(p. 1. 2)+ pEgEp(p, 1, 2); M
li(rE (p»’”sz)):_ﬂO'p'H (p,r,z); 2)
r or ¢ :
dEy(p.r,2)
— = o p H e (por2)s @
z
rme p —mapameTp npeoOpaszosanus Jlaraca;

E¢(p,r,z) = L{E¢(t,r,z)}; Hr’ Z(p,r,z) = L{Hr’ Z(t,r,z)};
Jp(p,rz)= L{j(p (t,r, z)} s Jp (p, r z) — TUIOTHOCTH TOKA B OHpHIsIpe.

CornacHo NPUHATHIM JOMNYIIEHUSM IUIOTHOCTh ToKa B Oudumspe u ero L -o6pas B mpaBoil uyactu
ypaBHeHH (1) MOXKHO MPEICTaBUTh KOCHHYC pasfioxeHneM Dypbe mo npoaoiasHoit koopauHate — z [13]:

g(z)= i a, -cos (42, - z),
=0

]'go(P:”aZ):jm'{%]-f(r)Z‘ba:-cos(ﬂn-z), (4)

p tw

f(r)=[6(r—R)=6(r—Ry)],

e 02, =

—-si [ﬂn~ij, n=123...
zn D

B ciygae omHOHaAmpaBIEHHBIX TOKOB B OOMOTKaxX OMQMIApa (QYHKIUS PaguabHOTO pacIpenesieHIs
3amuckiBaeTcs B Bune f (1) = [5(r—R1 )+6(r—Ry )] .
W3 muddepenmmansupix ypaBHenuit (1)—(3) ¢ yuérom BrIpakeHus (4) B paMKax MPHHATHIX TOMYIICHUH

MOJTy9UM YPaBHEHHUS JUIS a3UMyTATBHON KOMIIOHEHTBI HATIPSKEHHOCTH DIIEKTPHYECKOTO mosist F (0( p.r,z ) [13].

07Ep (prz) 3 (1 0
¢ PR 2 3 )
3.2 * E{; E(VE(p(P’r’Z))j—k (P)Eg (p.r.2) = top- jp(p:rs2) s )
rae k ( p) = P_ BOJIHOBOEC YHCJIO, ¢ — CKOPOCTh CBETA B BaKyyMe.
c

CoracHO TPOJIOJBHONW 3aBHCUMOCTH BO30Y>KAAIOIIEr0 TOKAa B BUJE KOCHHYC-pasnoxkeHus: Oypoe (4),
E, ( D7, z) B ypaBHEHHH (5) MOKHO TIPEACTABUTH aHAIOTUIHBIM pa3nioxkeHueM [13, 14].

Ey (p,r.z) :[%J i E, (r)-cos(£2,z), (6)

p o) p=0
rae E, (r) — (QYHKIMSA pagUalbHOrO  pachpelelieHds  a3sMMyTaIbHOW  KOMIIOHEHTBI  HANPSKEHHOCTU
DJIEKTPHHYECKOTO nost £ ( p,F, z) B COOTBETCTBYIOILEM IIPEACTABIEHUH psioM Dyphe.

Ioncraenss (6) B (5), moaydaeM HeogHOpOIHOE ypaBHeHUe beccens [13]:

2
d"E, (r)+l.dEn (r)—(izﬂ—k,% (P)J £y (r)=Kn f(r), @

ar? r dr

r

rue K, =top-jm -aZ, k,(p)= .Q,% + kz(p) — paauanbHOE BOJIHOBOE YHCIIO.

VYpasraenue (7) — NUHEHHOE HEOMTHOPOIHOE ypaBHEHHE BTOPOTO IMOPSAKA MOXKHO IPOWHTETPHPOBATEH C
MTOMOIIBI0O METOAA BapHAIMM MPOW3BOJIFHBIX ITOCTOSHHBIX. COTNIacHO alropuTMy MeETojJa OOIIMHA HHTErpan
ypaBHeHUs (7) clIemyeT UCKaTh B BHIE JTMHEHHOW KOMOMHAIMN (yHIaMEHTAJIbHBIX PEIleHuH ¢ KoddduunenTamu —
(hyHKIMAMHU paauaibHOI nepeMeHHoH [13].
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E, (r) =4y (r)'ll (kn (p)-r)+Bn (r)’Kl (kn (p)~r), 3

rae A, (r), B, (r)— xo3buupeHTs! pa3noxenus,

14 (kn (p): r), K (kn (p): r) — MoaudupoBannbie GyHKIMU Beccess mepBoro mopsaxa.

Onyckas W3BECTHBIE MaTeMaTHYeCKHe IMpeoOpa3oBaHUs, 3amumieM cucreMy andepeHInaTbHBIX
YPaBHEHHiT [Tl ONpe/iesIeH st Hen3BecTHBIX A, (r), B, () B BhIpaxenuu (8) [13].

d4,, (r dB, (r
.1k () + P2 1y () ) =0
®
d4, (r) dll(kn (p)~r) dB), (r) dKl(kn (p)r _
d ' + ’ =Ky f(r)
r dr dr dr
N3 cucremsl (9) HaxoauM, 4TO
r
Ay (r)= A, +K,, - j ref(r) Ky (ky (p)r) dr =4y + Ky - Fy (r.R1 ), (10)
Ry
rmie Aj;, — IpoU3BOJIbHAS IOCTOSIHHAS MHTETPUPOBAHMU,
Fy(rRip)=n(r=R) R - Ky (ky (p)-Ri)=11(r=Ry) Ry - Ky (ky (P)- R2),
ﬂ(r -R» ) — cryneH4arsle pyHKIUM X3BHCaHIa.
r
B, (r)an -K, - j r~f(r)~ll (kn (p)'r) dr=B,-K, -G, (r,RLz), (11)
Ry
rre B,;, — pou3BoIIbHAs OCTOSHHAS HHTETPUPOBAHUS,
Gu(rRi2)=n(r=R)-Ri-1y (ky (p)-Ri)=11(r—Ry)- Ry -1y (ky (p)- Ra).
[oncrasinss Beipaskenust (10) u (11) B 3aBucumocTs (8), mOIydnM, 9TO
E,(r)=4,1 (kn (p)r)+Bn K] (kn (p)r)-i—Kn Ny (raRl,Q)’ (12)
rae Nn (}’,Rl’z) = Fn (r’Rl,2)'[l (kn (p)}’)—Gn (r:Rl,Z)'KI (kn (p)r) .
CooTBeTcTBEHHO HNPUHATON IIOCTaHOBKE 3a7a4u E,(Ry)=0. Orcrona, ITOCKOJIBKY
F (r,R = R = B,.
" (r, 1.2 )‘R0<R1,2 G, (r, 1.2 )‘RO<R1,2 0, Jerko ompenenuTh IPOU3BOIBHYIO IOCTOSHHYIO By,

_ .Il(kn(p)'RO)
O (o () o) )

HeussectHyto A, MOXHO HaliTu U3 yCIOBHS OIPaHUYEHHOCTH (QyHKIMU E,, (r) IIpU ¥ —> oo .
An:_Kn'Mn(R1,2)» (14)

e M, (Ri2)=Ri-Ki(ky (p)-Ri)—Ry-Ki (K (p)-R2).

C yuérom (13), (14) Beipaxkenue (12) mpuHUMAaET BU:

E,(r)=K, 'I:Nn (r,R172)—Mn (R1,2)'Qn (r’RO):I’ (15)
- Qn(r,Ro>=11<kn<p>r>—%m(kn(p)r)~

Ioncrasnas (15) B (6), mocie HEOOXOAUMBIX TOXAECTBEHHBIX NpeoOpasoBaHuii mnomaydaem L -
n300pakeHHe HaNpsHKEHHOCTH AJIEKTPUYECKOTo IMOJisl, BO30YKIAeMOro COJICHOMIIOM ¢ OM(UIspHONH OOMOTKOW B
paccMaTpuBaeMoil HHIYKTOPHOM cHCTEME.

JZ iy 008 (2, 2)-| Ny (rRi2 ) =My (Ry2)-0n (7 Ro) |. (16)
n=0

. w
E(p(p,r,z)=ﬂ0p-]m 2 2
ptw
C momompio ypaBHeHHS MakcBemia (2) u BeipakeHus (16) Haxogum n3obpakenue mo Jlammacy ans z -
KOMIIOHCHTBI HAMPSKEHHOCTH MArHUTHOTO TOJIsI, BO30YKIaeMOr'0 B pacCMaTpUBAEMOI HHIYKTOPHOU CHCTEME.

H,(p.r.2)= jm [ 5 i)wzJ Z a; 'COS('Qn 'Z)'kn (p)'[Wn (rle,Z)_Mn (R1,2)'Vn (”’RO)]’ (17)
p n=0
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tne Wy (rRi2)=Fy(Ri2) 1o (ke (p)7)+Gy(Ri2) Ko (ky (P)7).

Vn (r’RO) =1y (kn (p)r)+%~[<o (kn (p)r)

U3 (17) maxomum L — m300paskeHWE IUIOTHOCTM TOKA, MHAYLMPOBAHHOTO B METAJUIE BHYTPEHHETO
HHIyKTOpa-coieHouna [13, 14].

Ji (p,Z) =H, (psr:RO’Z):_jm RLO{TCOQ)JZLM COS('Qn 'Z)'Mn (RI,Z)'Vn (RO)’ (18)
p n=1

1

K (kn (p)~R0)

Bripaxenus (16)—(18) sBustoTcsl pacy€THEIMH COOTHOIICHHUSIMH JJISl aHAIH3a U OLEHOK XapaKTEPUCTHK
JJIEKTPOMArHUTHBIX TIPOLECCOB B IMJIMHAPHYECKOW CHUCTEME, I/ieé MHIYKTOpP Pa3MEIIEH BHYTPH KOAKCHAIBHOTO
COJICHOM1a, 0OOMOTKA KOTOPOTO BBIIIOJTHEHA B BUIE OU(MIIsIpa ¢ MPOTHBOIIOIOKHO HANIPABICHHBIMA TOKaMHU.

B 3akmrouenme oTMmeTHM, dYTO Tepexo] oOpatHoe mpeobOpasoBanue Jlammaca B (16)—(18) moxHO
OCYIIECTBHUTH B 3aBHCHUMOCTH OT KOHKPETHBIX YCIOBHI pacdéra JIMO0 ¢ IOMOIIBI0 U3BECTHBIX YHCICHHBIX METOJIOB,
100 aHATMTHYECKH C MTOMOIIBIO JOMYCTHMBIX YIIPOIIAOMINX MmotoxkeHwi [13].

BruiBoabI

[TomyueHs! pacuéTHBIE COOTHOIICHUS I TEOPETHUECKOTO aHAJN3a W YHCIEHHBIX OIIEHOK XapaKTEPUCTHK
QJICKTPOMAariuTHBIX MPOUECCOB B ].[HHHH}IpH'—IeCKOﬁ CUCTEME, T'IC MHAYKTOP pa3MeU_léH BHYTPHU KOAKCHAJIbHOT'O
coJieHou1a, 0OMOTKa KOTOPOTO BBIIIOJIHEHA B BUE OM(UIIsipa ¢ IPOTHBOIIOIOKHO HAIIPABICHHBIMU TOKAMH.

HaiinenHple 3aBUCUMOCTH Ui HAmpsOKEHHOCTEH W TOKA, WHAYIMPOBAHHOTO B OOMOTKe Oudumispa,
MPEJICTaBICHEI BBIPAKEHUSIMUA B L -TIPOCTPAHCTBE, KOTOPHIE MOXKHO NpeoOpa3oBaTh K BUAY SBHBIX BPEMEHHBIX
3aBHCUMOCTEH YUCIICHHBIMH WM aHATUTUYCCKAMHU METOJIaMU B 3aBUCHMOCTH OT YCIIOBHI pacyéra I KOHKPETHON
KOHCTPYKIIUH HHIYKTOPHOW CHCTEMBI.

rae Vn (RO)
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