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YUCJEHHBIN AHAJIA3 IBYXYACTOTHOI'O METOJIA U3MEPEHUS
AKTHUBHOI'O COITPOTHUBJIEHUSA ®PAKEJBHOI'O PA3PAIA C YHETOM
U BE3 YYETA ET'O DSKBUBAJIEHTHON UHIAYKTUBHOCTH

®daxenpHbll pazpsaa (OP) Haxoout npuMeHeHHe B psae odnacTeil Hayku ¥ TeXHUKH. OIHAKO OTCTaBaHHE TEOPETUUECKUX
€ro MCCIIETOBAHUH OT PACTYIIUX HACYLIHBIX MOTPeOHOCTElN 00yCIaBIMBaeT aKTYaJIbHOCTh PELICHHS] MHOXKECTBA CBSI3aHHBIX C
OP mpakTHKO-OPHEHTHPOBAHHBIX 3ada4y. B naHHON paboTe MpOmOKEHBI UCCIEJOBAHHUSA HPELIOKEHHOTO aBTOPOM OPHIH-
HAJIFHOTO METO/a U3MepeHusl akTUBHOTO conpotuBieHus PP (R,) ¢ yuetom unayktusHoctu OP (L). Ha ocHOBaHUM BBINOIN-
HEHHBIX 37I6Ch PacueTOB M IPOU3BEICHHON paHee OLCHKU TPaHMI] IPIMEHUMOCTH MOJIENH, B KOTOPOH MCKOMOE CONIPOTHUBIIE-
HHUE R, MOoNaraercst 4acTOTHO-HE3aBUCHMBIM, MOATBEP)KAEHO, UTO INpEAaraeMblii MOAXOJ MO3BOJSET IOJy4aTh pe3yiabTaT
¢ yueroMm uiu 0e3 yuera uHAyKTHBHOCTH OP B juanasone, 1o kpaiiHeit Mepe, 1-107 < f<< 3 I'Tu. IToka3aHo, 4TO HEO6XO-
JUMOCTD NIPHUHSITHUS B pacdeT HHAYKTHBHOCTH 1yt PP MomHOCTEIO 10 1 KBT 1 BBIOOp MOMXOMAIINX JUIs U3MEPEHHH map da-
CTOT fj, JOJDKHBI HCCIIEOBATHCS B KAKIOM CIydae OTIENBHO M, IPU HafOOHOCTH, UCXOAS U3 BO3MOXKHOCTH BO3OYIUTH OJIU-
HakoBble DP Ha IByX JOCTATOYHO yNalCHHBIX YacToTax. Pacuersl R; 63 yueTa MHAYKTHBHOCTH MOKa3ajH, YTO MOTPELIHOCTh
BBIYMCIIEHUH CJTab0 3aBHCHUT OT BBICOTHI pactonoxeHust OGP oTHOCHTENBHO 3eMIIM U CYIIECTBEHHO BO3pacTaeT NPU yMEHbIIIe-
Hun auamerpa OP, yennuennn amuabl OP, ManbIX U3MepsAeMbIX 3HaUeHUAX Ry (< 1 KOM), cOMMKEHUM YacToT fo ;. YCTaHOB-
JIEHO, YTO YKa3aHHbIE NPUYMHBI B PsJIE CITydaeB HEN30€KHO MPUBOAAT K HEOOXOAUMOCTH JOMOIHUTH KIACCHYECKYIO CXEMY
OP Heiimana 5KBUBAJIEHTHON MHIYKTUBHOCTBHIO, C COOTBETCTBYIOIIMM IpeoOpa3oBaHHeM pacdeTHHIX (opmyi. IlokasaHo,
YTO PEe30HAHCHASI YacTOTa f, Pa3psAHON LeNH NPHOIM3UTENHHO IPOHOPIMOHAIBHA YACTOTE fn,y, OTPAHHYMBAIOIIEH CBEPXY
00JIacTh 9acToT, B KOTOpOii it onmcanust P ocraeTcs cnpaBemBoil Teopust neneH, U fo.x < f,. Takum oOpazom, 3HaHHE f,
U finax TIO3BOJIICT YTOUHUTH BO3MOXKHbIE 3HAUCHHs (PYyHKLMH @ — OTHOIICHHS HANPSHKCHUH, IPH KOoTopbiX PP coxpanser cBou
SNIEKTPUYECKHE M TEOMETPUUCCKHE XapaKTePUCTUKH. [IpeniokeHHbIH MeTol CriocoOCTByeT OoJice MPOU3BOIUTEILHOMY HC-
M0JIb30BaHUIO IPOMBIIIIEHHBIX pecypcoB. Win. 1. Tabn. 3. bubnuorp.: 13 Ha3B.

KiroueBble ciioBa: daxesbHbI paspsn, Monens HeliMana, MHAYKTHBHOCTD (hakeIbHOTO pa3psa, akTHBHOE CONPOTHB-
neHue GakeabHOTO paspsia.

UccnenoBanus dakensHoro paspsaa (PP) u
pa3paboTKa METOIOB H3MEPEHMS €ro Xapakxre-
PHUCTUK IPEICTABISIOT HECOMHEHHBIN HMHTEpec
JUIE MHOTOYHMCIICHHBIX MPAKTUYECKUX TPHIIOKE-
HUW. DTUM BOMpPOcaM OBLIM ITOCBSIIEHBI HAITH

OIICHOYHBIE BBbIpaKeHUs1 ans mnapametpoB OP,
HaiiJleHa 1oJioca 4acToT, B KOTOPOM paccMoT-
pEHHasl «4acTOTHO-He3aBHCUMas» (I R;) Mo-
Jlellb OCTAETCs CIIPaBe/IJIUBOM.

OtoT moxxon ObLT pa3BUT B pabote [6], B KO-

npeasiayie pabots! [1-6].

B paGore [5] mpemiokeH MeTon omnpezene-
HUS TakoW BaxxHOM xapakTtepuctuku @OP, kak ero
aKTHBHOE COIPOTHBICHHE — R ;. bpuu nomyye-

HBI (DOPMYJIBI, TIO3BOJIAIONINEG HAWTH BEIHMUUHY
R; nns ©P momHocTho 10 1 kBT, BO30YyKneH-

HOI'O B OTKPBITOM BO3IYLIHOM IIPOCTPAHCTBE.
JlIs 3TOro MCHOJNIB3YIOTCS pe3ylbTaThl U3MeEpe-
HUI Ha BYX 4acTOTaxX HampsHKeHWH reHeparopa,
HEOOXOOUMBIX Ui Tmoxpaep:kaHust ropenus OP
IpU OJMHAKOBBIX YCJIOBHSAX M OAMHAKOBBIX Ha
00eHX 4YacToTax ero IEKTPHUYECKUX M T'eOMeT-
PUYECKUX XapaKTEPUCTHKAX.

B [5] Takxe moCTpOEHBI YaCTOTHBIE 3aBUCH-
MOCTH IS YKa3aHHBIX HAINPsKEHUH, BHIBEICHBI
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topoit cxema M. C. Helimana ObUta OTIONHEHA
SKBHUBAJIEHTHONW HHIYKTHBHOCTBIO DPa3psaIHOTO
KaHaja W IojJydeHa Oosee oOmias Qopmysa
s R, @P.

Jnst cripaBeTMBOCTH MPEATIOKEHHOTO METO-
Jla HEoOXOIUMO, YTOOBI AIIEKTPUYSCKHUE Xapak-
TEPUCTUKH IJ1a3Mbl DP He 3aBUCENH OT YaCTOTHI
[5, 6]. cxonst w3 M3BECTHBIX CBOWCTB ILIA3MBI
peansHbix P [9], B pabote [5] moka3aHo, 4TO
3TO YCJOBHE CIPABEIIUBO B IOCTATOYHO IIHUPO-
KOM TMOJIoCe YacToT, o KpaWHell Mepe,
1-107° < f<< 3 ITw.

OmnucanHpi B [5, 6] MeTom WMeEeT Takxke
OUYCBU/IHOE OTPAHUYCHHE HA BO3MOXHOCTH KOp-
PEKTHOTO TIPEICTABICHUS Pa3psIHON IIETH CO-
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BOKYITHOCTBIO ~ COCPEIOTOYCHHBIX  3JIEMEHTOB
TONBKO B OMPEIENIEHHOW IMOJIOCE YacTOT, KOTO-
pasi orpaHMYeHa CBEPXY HEKOTOPBIM 3HAYEHHEM
f=fmax- B Ka&KIOM YacTHOM cllydae, B 3aBHCH-
MOCTH OT AnuHbl OP, 3Ty 4acTOTy MOKHO HAWTH
U3 YCJIOBUSI MAJIOCTH M3MEHEHUs (a3bl IEKTPO-
MarHATHOW BOJIHBI 32 BpPeMS MPOXOXKIEHHS €10
nytu oT Hayana ®P o ero koHia.

[IpencraBnsier WHTEpEC, BO-TIEPBBIX, HAUTH
3HAYECHUS YACTOTHI [y I OP pasHoii auHbI /
Y CPaBHUTH TOyYEHHBIC 3HAUEHUS C PE30HAHC-
HBIMH YaCTOTaMH f, pa3psaHoi nenu. Kak Oymet
MOKAa3aHO HIKE, O5TO IO3BOJUT YCTAHOBUTH
MEXIY frax U f, TPUOTHUZUTEIHLHYIO TIPOIIOPITHO-
HAJBHYIO CBS3b JUISL JOCTATOYHO IUPOKHX TIpe-
JienoB u3MeHenus auamerpa P d u amunsr /.
Bo-BTOpBIX, C TpPaKTUYECKOM TOYKH 3pEeHUS
BaXHO 3HaTh, B KaKUX CIyYasx MPH OMperaesie-
HUU R; WHAYKTUBHOCTBIO Pa3psiia MOXKHO IIpe-
HeOpeus, a B Kakux — HeT. JlJis 3Toit e OyneT
HCIIOJIb30BaHa TONydeHHas B pabote [6] dop-
myna s R; OP, xotopast ero MHAYKTUBHOCTb
YYUTHIBAET.

Takum oOpazom, IeIbI0 HACTOSIICH PabOTHI
SIBIISICTCA: 1) HaXOXKJEHUE MAaKCUMAIILHO JIOITyC-
TUMBIX YaCTOT fi.x, OTPAHUYMBAIONIUX T'PAHU-
Bl IPIMEHUMOCTH TPEJIOKEHHOTO B paboTax
[5, 6] merona ompenenenus R; PP pasnuunoi
JUIMHBI B PaMKax TEOPHH IeTel; 2) hccienoBa-
HUE BO3MOXHOCTH yCTAHOBHTDH NMPHUOIIKEHHYIO
SMIHUPUIECKYIO CBSA3b MEXKIY YaCTOTAMH fiax H
PE30HAHCHBIMM YacTOTaMU Pa3psAHON  Ienu

fr=QrJLC )71 NPU U3MEHEHUHM TeOMETpUYe-
ckux napamerpoB ®P; 3) Ha ocHoBaHWU 1. 2)
JIOTIOTTHUTENILHOE YTOYHEHUE OIICHOYHOTO Hepa-
BEHCTBA I (DYyHKITAU a(Lio)(a)o,a)), ompee-

JSIEMOY KaK OTHOIICHUE HANPSIKEHUH TeHEepaTo-
pa, npu koTopbix OP coxpaHAeT CBOU AJIEKTPHU-
YECKHE U TeOMETPUYCCKHE MMapaMeTphl, Ha Jac-
ToTaX @(=w) U ®y(<®W;) COOTBETCTBEHHO;

4) mpoBeICHUE YUCICHHOIO UCCIEIOBAHUS C 1Ie-
JIbI0 YCTAHOBUTD, NI Kakux JuiuH @P, nuamer-
POB €ro Pa3psAIHOrO KaHaja M BBHIOPAHHBIX IS
M3MEpEHHH Tap 4acToT fy | MHIYKTUBHOCTHIO0 DP
npeHeOperaTh HeIb3s.

1. Pe3oHaHCHBIE 1 MAKCHUMAJILHO 1O0MyCTH-
MbI€ YACTOTHI JJIsi KBHBAJIEHTHOW CXeMBbI
Pa3psAHON 1Henu U3 COCPeNOTOYEHHBIX 3Jie-
MEHTOB. Bpems, 3a KoTopoe 3JIeKTpOMarHuTHAS
BOJIHA YaCTOThl @ MPOXOJUT MyTh OT Hayayia OP
o KoHIa, — 7 =1/ Ve, THC Vg — (hazoBas cko-

pOCTh BOJHBI BJIONb paspsia. [lomaras, yro 3a-
MEJICHUE D3JICKTPOMArHUTHOW BOJHBI DPa3psif-
HBIM KaHAJIOM HEBEIMKO [3, 4], pumem, 4To vy,

paBHA CKOPOCTH CBETa B BAKyyME C.
VYcioBueM ManocTH M3MEHEHUs (hasbl dJeK-
TPOMArHUTHOW BOJIHBI 32 BPEeMsI T SBISCTCS Tpe-
OoBanne w7 <<2z. OTcroga ompeneauM Mak-
CUMAJIGHO JIOMYCTHUMYIO YacTOTy HANpPSHKEHUS
BO30YXKJCHUsSI, TIpU KOTOpOW (ha3y BOJHBI B
Hadajyie ¥ KoHIle ®P MOXHO MPUOIMKEHHO CUU-
TaTh OJMHAKOBOM, —
Jmax =0,1c/1. (1)
3nauenus emxoctn DP, B0o30yXIeHHOTO Ha
KOHIIE BEPTHKAIBHO DPACIIONOKEHHOTO MPOBOIA
JUIAHOM /1, OTHOCHUTENBHO 3eMIIH U COOCTBEHHOM
uHaykTuBHOCTH DP, KOTOpBIE HEOOXOMUMBI IS
HaXO0XJIEHHUS PE30HAHCHOW 4YacTOThl pa3psiAHOMN
enu

Sty =[2x JLa.DChLd) |,
onpenernstorces mo Gopmymam [10, c. 87; 11]

C(h,1,d)~0,24161 1g(zlj—k(h,l) ,nd; (2)

L(l,d)=2-10" 1(2%— 1+ 2,3031g%lj, Mk, (3)

3nmech [, d (cM) — nmuHA B CPETHUA JUAMETP
pazpsaHoro kanama @®P  cOOTBETCTBEHHO;
k (h, [) — moctostHHas, onpenensemas u3 Taom. 1
JUTsI 3alaHHOrO oTHOMeHus & /[ [6, 10, 11].

Tao0mnwuia 1

3HaueHus mapameTpa k B 3aBUCUMOCTH OT JinHBI OP [ 1 ABYX 3HAUCHUI BBICOTHI /1
PACIIONIOKEHHUS €T0 HUKHEN TOUKH OTHOCUTENIBHO MTOBEPXHOCTH 3EMIIU

hyem | 1, em 1 2 3 4 5 10 15 20 25 30
h/l | 0,200 | 0400 | 0600 | 0,800 | 1,000 | 2,000 | 3,000 | 4,000 | 5000 | 6,000
> k 0,153 | 0,170 | 0,184 | 0,196 | 0207 | 0247 | 0273 | 0291 | 0,305 | 0,317
h/l | 50,000 | 25,000 | 16,667 | 12,500 | 10,000 | 5,000 | 3,333 | 2,500 | 2,000 | 1,667
>0 k 0,1436 | 0,1438 | 0,1439 | 0,1440 | 0,1440 | 0,153 | 0,162 | 0,170 | 0,177 | 0,184
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JuaMeTp pa3psaHOTrO KaHalla OINpPENelsoT
10 TOYKE Tepernda TeMIieparypoil KpHBOH, IT0-
CTPOCHHOW B 3aBHCHMOCTH OT pPaJHabHOU KO-
OpIWHATHI, TIepIeHANKYISIpHON ocu OP. OOBI4-
HO 9TOT JHaMeTp HaMHOTO MEHbIIe Juamerpa
muddysnonHoit obonouku DP, B 30He KOTOPOIt
JICCUTIAINS JIEKTPOMArHUTHON SHEpPruu He-
cymecTtBerHa [9, c. 8§, 21].

3nauenus k qigs h=5 cmu h/l ={3; 6} B
Tabn. 1 HalimeHBI C UCTIONB30BAHUEM JAHHBIX U3
moHorpadwuii [10, 11] (cM. Takxke paboty [6])
MyTeM CIUTAWH-WHTEPIONSAIUN MEXIy Y3JIaMH,
COOTBETCTBEHHO
{k(h11=2,5)=0,261; k(h/1=3,333)= 0,280},
{k(h/l =5,0)=0,305; k(h/!=6,667)= 0,323},
amits h=50cmu h/[> 10 — myreM NUHEHHOM
HHTEPIOJIAIIMH MSKAY Y3IaMu
{k(h11=10)=0,144; k(h/l — ) = 0,133}.

3ameTuM, YTO M3-3a HEOE3yNPEUYHOCTH WC-

nosnb3yemMoil mogenu ®P u ayis yuera BIMSHUSA
OJTHOIIPOBOJTHOW JIUHUH (B YACTHOCTH, €€ H3IIy-

YeHWUs), a TaKKe pacmpocTpaHeHus BHoib DOP
MMOBEPXHOCTHOW BOJHBI HaWAeHHBIC TTO (GopMy-
nam (2) u (3) 3HaYeHHsT peaKTUBHOCTEH Ha
MPAaKTHKE, BO3SMOXKHO, IPUIETCS YTOYHATD [12].
Pacuersr 3Hauennit wactotsl f,. (I, d, h) B 3a-
BUCUMOCTH OT d ¥ [ ObUIM BBITIOJHEHBI JJIS IBYX
3HAUEHUI BBICOTHI PACIOJIOKEHUSI HIXKHEH ToY-
ki OP orHOCHTENBHO 3eMH: A =15 cM 1 7 =50 cm.
YCTaHOBIICHO, YTO f, OYCHh HE3HAYHUTEIHLHO 3aBH-
cut ot h. [losToMy M KpaTrkocTH OTpaHUIUMCS
TIPENICTaRICHIEM TONBKO Cirydast 2 = 50 cM (Taom. 2).
B tpetbem cTonbrie Tab. 2 MpUBEICHBI 3HA-
YEHUSI 3aBHUCAIIEH TOMBKO OT / YACTOTHI fiux, @ B
CKOOKaX pSIOM — COOTBETCTBYIOIIAS fi.x IUTHHA
BOJHBEI Appip,.
Kax BumHO u3 Tabm. 2, mpu [ > 15 cM 3Hade-
HUE f, BECbMa He3HAYUTEIBHO 3aBUCHT OT d.
MOXHO Takke 3aMETHTh, YTO IS Pa3HBIX
e DP oTHOIIEHNE YacTOT f, / frax H3MEHACTCS
B CYIIECTBEHHO MEHBIIWX MpENeNax, 4eM f, u
fax TIO OTIENBHOCTH, W HAXOAWTCA B OKPECT-
HOCTH HEKOTOPOTO CPETHETO 3HAYCHHSL.

Tabmnwuma 2

Pe3onancHble 1 MAaKCUMaJIBHO JOITYCTUMBIC YACTOTHI ISl 9KBUBAJICHTHOM CXEMBI pa3psAHON Lenu
Ha COCPENOTOUEHHBIX AIEMEHTaX NPU PA3IMIHBIX AuaMeTpax d pa3paaHoro kaHama OP mist 4 = 50 cm

= 2 Junamerp pa3psiqHOTO KaHajia d, cM

E E ‘\:\ § - ~~

51 &a | £ 232 0,05 0,1 0,2 0,3 0,4 0,5
~| £5 | 5273
=9 g 2 > £
< 5 B Eg &

s | &5 223

Sl 22 582 | & R R I ! R i | = g
Elsa|gfE | E|SEH|EJEIEJEIEd)E S

&3 = £ w3 £ w3 <5 w3 <5 S £ S <5 S

1 33| 3,00010) | 9,08 | 3,03 | 9,65 | 322 | 10,58 | 3,53 | 11,39 | 3,80 | 12,07 | 4,02 | 12,53 | 4,18
2 | 67 1,50 20) | 4,35 | 2,90 | 4,54 | 3,03 | 482 | 322 | 507 | 338 | 529 | 3,53 | 550 | 3,67
31 100 | 1,0030) | 2,85 | 2,85 | 2,95 | 2,95 | 3,00 | 3,00 | 3,22 | 322 | 333 | 333 | 343 | 3,43
4 1 133 | 07540) | 2,01 | 2,82 | 2,18 | 2,90 | 2,27 | 3,03 | 2,34 | 3,13 | 2,41 | 322 | 2,47 | 3,30
51 167 | 060(50) | 1,68 | 2,80 | 1,72 | 2,87 | 1,79 | 2,98 | 1,84 | 3,07 | 1,89 | 3,14 | 1,93 | 3,22
10 | 333 | 030(100) | 0,82 | 2,74 | 0,84 | 2,79 | 0,86 | 2,87 | 0,88 | 2,92 | 0,89 | 2,97 | 0,91 | 3,02
15| 500 | 020(150) | 0,54 | 2,71 | 0,55 | 2,75 | 0,56 | 2,81 | 0,57 | 2.86 | 0,58 | 2,90 | 0,59 | 2,93
20 | 667 | 0,15(200) | 0,40 | 2,69 | 041 | 2,73 | 042 | 2,78 | 0,42 | 2,82 | 043 | 2,85 | 043 | 2,88
25 | 833 | 0,12(250) | 0,32 | 2,67 | 033 | 2,71 | 033 | 2,76 | 0,34 | 2,79 | 034 | 2,82 | 034 | 2.85
30 | 1000 | 0,10 (300) | 0,27 | 2,66 | 027 | 2,70 | 027 | 2,74 | 028 | 2,77 | 0,28 | 2,80 | 0,28 | 2,82
Cpepume reomerpueckie 2,7832 2,8591 2,9701 3,0596 3,1368 3,2031

JUTSL OTHOIICHHUH [,/ frax
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Jlnst oOOHBIX 3aBHCUMOCTEH — H3MCHSIIO-
HIMXCSA TO OKCIOHCHIUAIBLHOMY 3aKOHY WIIH
TpeOYIOMNX CIMTAKHUBAHHUS — IIEIECO00pa3HO
BBIUKCIISITH CpeAHee reomeTpuyeckoe [13], ompe-
JieNsieMoe Kak

n
¥y =n
Xg ="yl | Ii:1xl"

[TomyuenHble [UIsi pa3sMUYHBIX d CpeIHUE
3HAYCHUST OTHOILICHHUS [,/ finax COMEPIKHUT TOCTICII-
Hss CTpoKa TaO. 2. YCpeaHss UX TeM JKe CIIo-
co0OM, MOXXHO YCTaHOBHTBH CJCIYIOIIee 3Haue-
HHE:

S fnax = 2,9983. (4)
CormocraBuB (4) ¢ ycinoBueM (1), momyqaem

MPOCTOE SMIUPHUUECKOE BBIPAKEHUE ISl MPHU-

OJIMDKEHHOM OICHKH PE30HAHCHOMW YacCTOTHI pas-

PAHOM LIeTIN

f, =0,29983¢/I ~9/I, TTu )

(cxopocTh cBeTa ¢ 311eCh BBIPAKAETCS B CAHTH-
MeTpax B CEKyHnY, a miuHa OP [/ — B canTUMeET-
pax), a 3HAYHT,

Sax = Y51 ©)

Jliss MEHBIIMX W 3aBEJOMO HM3BECTHBIX Mpe-
JIeJIOB U3MEHEHUsI apameTpoB / 1 d oueHkH (5)
1 (6) €CTh CMBICIT YTOYHHTD.

Ha puc. 1 m3obpaxeHa ammpoKCUMHpPOBaH-
Hasl 3aBHCHMOCTH JJISl CPEIHEreOMETPHYECKUX
3HaUeHUH f,/fr.x (YcpenHeHue mo /) B 3aBHCHU-
MOCTH OT auameTrpa d paspsmHoro kanaiga OP.
I'paduik mocTpoeH Ha OCHOBaHMU TaOIM. 2; COOT-
BETCTBYIOLIHME Y3JIOBbIE TOUYKH Ha puc. 1 0bo-
3HAYEHBl MAPKEPAMH.

3,25 ;
3,20 [ Jfr/ fmax L
3,15 5~
3,10
3,05
3,00 ;r)(
2,95
2,90
2,85
2,80

g

2,75
0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40 0,45 0,50

d, cm

Puc. 1. AnnpokcuMupoBaHHAsT 3aBUCHMOCTD JUISL CpEIHe-
TEOMETPUICCKUX 3HAUCHUIN f,/ fi0x, HAWICHHBIX B PE3yJbTa-
TE€ pacueToB IS pa3HBIX /, OT quameTpa d pa3psIHOTO Ka-
Hasa st h =50 cm. KpectukoM ykazaHO cpexHee 3Haue-

HHef;' /fmax =3

2. IlorpemiHOCTh BHIYUCIEHUSI AKTUBHOIO
conporuBieHuss ®P Ge3 yyera ero 3KBHBa-
JIeHTHOW WHAYKTUBHOCTH. IIpenennl mpume-
HUMOCTH «0e3bIHIYKIMOHHOID> Monesn. B pa-
6orax [5, 6] momydeHbl (HOPMYITBI IS HAXOXKIIe-
HUS aKTUBHOTO compoTuBicHnss OP kak 6e3

(L=0)
Ry

yu€Ta HHAYKTUBHOCTU — , TaK U C €€

YUYCTOM — RCSL#O). OCHOBBIBasICh Ha pe3yiibTaTtax

L=0 L#0
3TUX paboT, CpPAaBHUM 3HAUCHUS R[(, ) u Rc(l ” ),
KOTOPBIC MOXXHO HAaWTWU JJI1 OJHOTO M TOTO XK€
OP, B npeAnonaoKeHUH, YTO 3HAYCHHE Rc(z,L#O)

SBIIIETCSI TOYHBIM. [Ipm 3TOM MCXOmUM W3 Clie-
JTYIOIIIETO.

B dopmyasl mius R;LEO) Rffio)

BXOJIHUT
yukuust a(®(,w,), OMMCHIBAIOLIAS OTHOLIE-

HUE MOMYJIeW WMIICJaHCOB pa3psaHON Ienu
(1u HanpsDKEHUM reHeparTopa) Ha 4acToTax @

U @, NIPU YCIOBUU COXPAHEHUS Pa3psioM CBOUX

IMEKTPUUYECKHUX U TEOMETPUUECKIX CBOWCTB [5, 6].
Vyer unaykruBHoctH OP mnpu HaxoxneHun

3HAYEHUH a(“o)(a)o,a)l)[ﬂ JlaCT pe3yabTar

Oomee ONMM3KHMI K TIPEAIojiaracMoMy 3KCIIEpH-
MEHTAJIBHOMY. JTO TIO3BOJIUT OICHHUTH ITOTPEIIl-

(L=0)
d

HOCTb BEIYMCIICHUS R , IIOCKOJIbKY U3MCPCH-

noe smauerme o =o'l (w,,0,), oueBmIHO,

3aBUCUT OT HCTHUHHOI'O 3HAYCHHUS BCINYHNHBI
(L#0)
Ry,

Rg(lL;tO)

3aBUCUMOCTH , Kak (YHKIOHUS H3Me-

penroro snaverns o =a'"*Y(w,,w,), umeer

BHJ

R{ = xc (@)

2 2
w a

az 1- 0 _ 52 1- 1 (7)

2 2

x @ r r

1-a?
E o R(L;tO)

CJIN UBMEPCHUU d HEC IMPOBOAWTDH, 3HA-

YEeHHE a(L;tO)(a)O,a)l) MOKHO BBIYHMCIIUTB (CM.

dbopmyner (13) unu (14) B pabote [6]), 3anaB

RL(I.L #0) MIPEIBAPUTENBHO:
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" (wy,0)) =

x~(w w
1| ¢ 1=
R o? (8)
= 2 2 5
xc(@g) o)
1+ Z20) | 2
R, W,

rie xc(wg)=1/(w,C) — peakTUBHOE CONpPO-
TUBJIEHUE eMKOCTHOU cBsizu DP ¢ 3emieit Ha ya-
CTOTE W(; @, = (LC)_]/ 2 PE30HaHCHAs 4acTo-
Ta paspsANHON Lenn; & =/ .

Takum 00pa3oM, monarasi BIYHCICHHYIO IO
hopmyire (8) BETTHINHY a(wy,w,)=
= a(Lio)(a)O,a)l) TOYHOHM, T.€. pPaBHOU wH3Me-

PEHHOH, OIpeneNnM OTHOCHUTENHHYIO ITOTPEI-
HOCTh

RQLEO) _ RL=0)

d
Y= R0 100 %, 9)
d
rae RéLio) 3a71aHO, a Rg(,LEO) OTIPENENIEHO TI0

(hopMmyre, SBISIONICHCS YaCTHBIM CIy4YacM BhI-
paxkenus (7) npu oy < o << @, [5, 6],

052(5009501)— 52

l_az(a)osa)l) .

Ry~ =xc(@0)

(10)

Boruncnenus mokasanu, uro Y cnabo 3aBu-
CHUT OT BBICOTHI pacnionoxeHus ®P orHOCcHTE!B-
HO 3eMITH U MOXKET CYIIIECTBEHHO BO3PACTATh IPH:

a) yMeHbIeHnn auameTpa OP — d;

0) yBenmuennn IuHBI OP — /;

B) 3aBEJIOMO MAaJIbIX U3MEPSIEMbIX 3HAUEHUSIX

axTuBHOrO conporusienns ®P — R; (<1 kOm);

T') COMMKEHUH YacToT fj ;.

ITocnemnee 00CTOATENHCTBO OCOOCHHO BaX-
HO MMETh B BUJIY, €CIIH TIEpECTPOiika TeHepaTopa
10 YacTOTe B NIMPOKHX Tpeaenax 3aTpyaHeHa
(0OBIYHO B 007aCTH BBICOKHX YacTOT).

OtpunarenbHOE BIASHAE Ha TOYHOCTH H3Me-
peHuil, KOTOpOE OKa3hIBACT COMMKEHUE YACTOT fj
U fi, OTMEYAJIOCh TaK)KE B BHIBO/IaX K pabore [6],
OJTHAKO TI0 MPUYUHAM, HE CBSI3aHHBIM C BO3pac-
TaHUEM IIOTPEIIHOCTH BBIYUCICHUH R, ¢ HcC-

MOJIb30BAHUEM «OC3BIHIYKIIMOHHOM» MOJEIH.
B [6] yka3bBaJIOCH TOJNBKO Ha HEOOXOAMMOCTH
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JIOCTATOYHOTO pa3HOCa YacToT fy W fi, YTOOBI
ocnabuTh TpeOOBaHUE K TOUHOCTH H3MEPCHHM.
Tak, OBIJIO yKa3aHO Ha TO, YTO H3MEPAEMOE
3HAYCHUE  JIOJHKHO COIVIACOBBIBATHCS C JOCTHU-
JKUMOW TOYHOCTBIO H3MEPUTEIBHOTO 000pYyI0-
BaHUsS, a TaKXkKe NPHUOOPOB, KOHTPOIUPYIOIIUX
HEU3MEHHOCTh T€OMETPHUIECKHIX XapaKTEPUCTHUK
O®OP npu ero Bo30OYXIACHHHM Ha JBYX YaCTOTaX.
Ortcrona crenan BBIBOM, YTO M3MEPSEMOE 3Hade-
HUE ¢ JOJDKHO OBITh KaK MO)KHO MEHBIIIHM, T. €.
usMepeHHble HanpsbkeHus Ug (wg) nUg (o) =

=a(wy,0=w0)Us(®w,) IOMKHB OTIMYATHCA

KaK MOXHO OoJIbIlie. JTO, B CBOKO OUYepeilb, BO3-
MOYKHO, €CJTH TOJTBKO YaCTOTHI fj U f; JOCTATOUYHO
JTAIEKO OTCTOST OJTHA OT JIPYTOM.

Uto0OBl TPOMILIIOCTPUPOBATh  YTBEPIKICHHS
a)-T), B Ka9eCTBE IPUMEPa 3a1aTUM TOCTATOIHO
MaJIbIMU IHaMeTp paspsnaoro kaHama (d = 0,05 cm)
u conportusienne OP (R; =300 Owm). [Tonoxum

takke, 94t0 h=50 cMm u [=10cm (h/l=5,
k=0,153).

[peamonoxuM, uTo A HAXOXKICHHUS Ry C
HCTIONIb30BAHUEM «OC3BIHAYKIIHOHHONY MOIEn
IPOU3BE/ICHBl U3MEPEHUs 3HAUCHUs (@(),®,)

Ha ABYX Mapax 4acToT: fo; = {50, 300} MI'u u
foa=1{50,55} MI'u. (B oboux  ciydasx
J01 < fmax=300MI'.) B gmelicTBUTENBHOCTH,
KakK ClIeyeT U3 CKa3aHHOTO BBIIIE — HE TIPOBOAS
u3MepeHuil, HalineM a(w,®,) 1o popmyie (8).

Borurcnenus mOKa3pIBAIOT, Y4TO ISl TIEPBOM
napsl gacTtoT 3HadeHue Y mocrturaer 55,2 %, a
Iutst BTopoii — 61,9 %.

Otcrona clieayeT, 4To MpH Iepecdyere U3Me-
pEeHHBIX a(®(,®|) U TEOMETPUUECKHX Napa-

MeTpoB ®P B ero akTHBHOE CONMPOTUBICHUE W3-
HAYaJIbHO CIEAYET UCHONB30BaTh popmymny (7),
B KOTOPOW MHAYKTUBHOCTH y4uTeHa. lIpumeHeHue
ke «Oe3BIHAYKIMOHHOW» MomxenH ((hopmyma (10))
BO3MOYKHO TOJIBKO TIPH TIOSIBJICHHH HAa TO OCHOBA-
HUM, C y4ETOM O3HAYEHHBIX BBIIIE (DAKTOPOB a)-T).

Jlanee paccMOTpUM psJi IPUMEPOB, B KOTO-
PBIX TPaHHIIBI IPUMEHUMOCTH «O€3bIHIYKI[UOH-
HO¥» MOJICIM BeCbMa OJM3KO COBIAJAIOT C Tpa-
HUIIAMUA T[PUMEHUMOCTH COOCTBEHHO TEOPUHU
[eTield, B MpeJesiax KOTOPhIX C IMOMOIIbI0 YKa-
3aHHOW MOJICNTM BO3MOXKHO TIOJYYEHHE BIIOJTHE
MIPUEMJIIEMBIX PE3YJIETATOB.

ITo cpaBHEHMIO C MPEIBITYIIUM MPUMEPOM
JIMaMeTp Pa3psIHOTO KaHalla ¢ YBEJIIMYUM B Ue-
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THIpE pa3a, npuHaB ero paBHbM 0,2 cM. Touroe
3HaueHue R, MOIOKHUM paBHBIM 1 KOM.
ITomyguennsie commacHo (9) 3uadenus V¥ mus
3a/laHHBIX B pacyeTax MapamMeTpOB IPHUBEACHEI B
Tabn. 3. MUHUMaNIbHBIE JTHHBI BOJIH, COOTBETCT-

Bylolllie Ooublleil M3 mapsl BBIOPAHHBIX Yac-
TOT fo,1, B Ta01. 3 o0o3HaueHs! kak infA. B pac-
yerax 3agaHel R; =1 xOM, 1uamerp paspsaHo-

ro kanana d =0,2 cM 1 BbICOTa PaCHOIOKEHUS
OP — /=50 cm.

Tabmuma 3

OTHOCUTENBHBIE MOrp€IIHOCTH BBIYMCICHUA Rd Ha OCHOBaHHUU ((663])1HIIYKHPIOHHOI>1)) MOACIIN

JUTSL Pa3TIMYHBIX Tap 4actoT [ ¥ JuimH OP /

Sfo1, MI'n
{50, 75} {100, 150} {200, 250} {450, 500} {595, 600} {950, 1000}
, inf A =400 cm inf A =200 cm inf A =120 cm inf A =60 cMm inf A =50,4 c™m inf A=30cm
o i i i i i i
Y, % Y, % Y, % Y, % ¥, % ¥, %
inf A inf A inf A inf A inf A inf A
1 0,003 0,285 0,005 0,285 0,008 0,285 0,017 0,284 0,020 0,283 0,033 0,279
2 | 0005 | 0627 | 0,010 | 0,626 | 0,017 | 0,625 | 0,033 | 0,616 | 0,040 | 0,605 | 0,067 | 0,518
3 0,008 0,899 0,015 0,898 0,025 0,894 0,050 0,851 0,060 0,797 0,100 0,317
4 0,010 1,126 0,020 1,123 0,033 1,111 0,067 0,982 0,079 0,809 0,133 0,815
5 0,013 1,320 0,025 1,314 0,042 1,288 0,083 0,982 0,099 0,551 0,167 3,761
10 | 0,025 | 2,013 | 0,050 | 1,960 | 0083 | 1,658 | 0,167 | 3,521 | 0,198 | 13,044 0,333 _
15 0,038 2,466 0,075 2,265 0,125 0,848 0,250 | 41,295 | 0,298 - 0,500 -
20 0,050 2,786 0,100 2,239 0,167 2,307 0,333 - 0,397 - 0,667 -
25 | 0,063 | 3,005 | 0,125 | 1,774 | 0,208 | 10,546 | 0,417 B 0,496 — 0,833 —
30 | 0,075 | 3,130 | 0,150 | 0,677 | 0,250 | 32,756 | 0,500 - 0,595 - 1,000 -

Pesynbprarel Beuncnenuit ¥, ynomneTBops-
o1e TPeOOBaHUI0 @T << 277 (WM, YTO TO Ke
camoe, //inf A <0,1), B Tabn. 3 BeIOENCHBI KHUP-

HBIM IIPUQPTOM U OTJEJICHBI CHHU3Y XKUPHOM Tpa-
autieit. [Ipodne uncna npuBeneHsl He Ooiiee yeM
JUTSL TIOJTHOTBI KapTHUHBI M CIY)KAT JIWIIb WILTIO-
CTpalUsSIMU K BO3MOXHBIM CHUTYaIlUsM, C KOTO-
PHIMH MOXKHO CTOJKHYTHCS B XOJI€ aHAJIOTUYHBIX
BBIYHCIICHUU.

W3 Tabn. 3 crmedyert, 9TO IpH IHAMETPE pas-
psaaHOoTO KaHana d = 0,2 ¢cM ¥ JJOCTaTOYHO BHICO-
KOM akTUBHOM conpotusieann OP B 1 kOwm nc-
HOJIb30BAaHME Ul HAaXOXKIACHUS R,; (HOpMyIBbL,
HE YYUTHIBAIONIEH MHIYKTHBHOCTH, AJIS YacToT,
HampuMmep, okojio 250 MI'TT BO3MOXHO TIIpU
IUTMHAX paspsnga [, He mpeBpimaronumx 10 cM
(//infA4 <£0,083; £, =0,86 I'Tu — Tabmn. 2); mpu
3TOM OTHOCHUTENbHAs TOTPEIIHOCTh BBIUUCIIC-
nus R; =¥ = 1,7 %.

[Ipu nmuHax paspsina [ 10 5 cM BKIFOYUTEIb-
vHo (f,=1,79...10,58 I'Tuy — Tabn. 2) «Oe3bIH-
JYKITMOHHA MOJENb CIPaBeINBa 10 YaCTOTHI
600 MI'm; ipu atoMm ¥ < 1 % (Tabm. 3).

B «mpomexyTouHOoi» oOmactu B Tabm. 3 —
MpH TUaMeTpe pa3psaHoro kanama d = 0,2 cM u

0,1 <1/inf 1 <0,167 — morpemaOCTh ¥ B pamkax

«OC3BIHAYKIIMOHHOW» MOJETN HE IMPEBOCXOIUT
3,8% B mmamazone dactor 100...1 000 MIm.
Hcknrouenre cocTaBisieT TUIIb NMEPBBIN cirydai
(f=50...75 MI'm), B koTOpoM C pocToMm [ To-
rpemHOCTE W nocturaer 3,1 % yxe mpu / = 30 cm,
HECMOTpSl Ha BBIMONHEHWE ycioBua [/infl =
=0,075<0,1.

Ipu I/inf A > 0,1, 10 HEKOTOPBIX 3HAYEHUIA /,
NoJy4eHHble (HOPMYIBI TO3BOJSIIOT TONYYUTh
JICHCTBUTEIbHBIN, XOTS U He QU3NYHBIN pe3yiib-
TaT, KaK HE YJOBJICTBOPSIONIMNA YCIIOBUIO IPH-
MEHHMOCTH TeopuH 1eneit. IIpu eme 00apIHMX /,
U KaKk TOJBKO YacToTa f; TpeBbICHUT f, (T.e.
f1> 3 fmax — conocTaBuM Ta0I. 2 ¥ 3), BEIUUCIIC-
Hus Y 1aroT MHUMOE 4UCIIO.

Tak, Hanpumep, 1pu fo; = {450, 500} MI'n u
mmHax OP [ >20 cm (//inf A > 0,333 — mpouep-

Kd B Tabm. 3) 3HayeHue R;LEO)

CTAHOBHUTCS
MHHMOH BEJIMYHUHOH. DTO CBSI3aHO C TEM, 4TO
apryMeHT ¢byukuuun  (10)

R;LEO) () BBIXOOUT 3a Mpenenbl ee 007acTh

MIPUOTHKCHHON

onpeneneHus: @,/ o, <a <1.
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B wactHoctn, mpu fy; = {450, 500} MI1,
[=20cm,d=0,2c™m, h=50 cm, £, =0,417 I'T,
COTIAaCHO HEepaBEHCTRBY (8) U3 paboThl [6]

RO (1 2 2
?LT(I)<0{<§ e 2o an
Rd (a)O) @, ),

1 B IPCANIOJIOKCHUHU

Ry (@0)= R (@)= R (@),
HMEEM

1< a=1,007<1,077.

3TO COOTBETCTBYET ciy4daro «b», oTBepray-
TOMY paHee B paboTe [6]: B OTIIMYME OT HEOIpe-
JENIEHHON B 3TOM  WHTepBaje  (QYHKIUH

R[(,LEO)(O(), pe3yabTaT BBIYUCIICHUS Ri,L’tO)(a)

JaeT XOTsA W JICHCTBHUTENFHOE, HO TaKXKe He
uMeroree (HU3MIEeCKOro cMbIcia 3HadeHue. Moo
B gmaHHoMm ciydae [/infA= 0,333>0,1, uro

CBHJETEJILCTBYET O BBIXOJE 3a YCTAHOBJICHHbIC
BBIIIIE TIpENeNIbl MPUMEHUMOCTH TEOPHH LIEHeH
(cm. Tabm. 3).

3. OneHoO4YHOe HepaBeHCTBO WISl (yHKIUH

a"Y (@, w) B npenenax wacror v, < W< W,

HckoMoe HEpaBeHCTBO TMPH 3aJlaHHOW dac-
TOTE @ 3amMIIeM NofoOHO HepaBeHCTBY (9) u3

paboTsr [6]:
L#0)

& min (a)O’a)max)<a(L¢O)(a)O’w)<l' (12)

J71st TOUHOCTH M3IIOKEHHS 3aMETHM, YTO MPH
nepexozie OoT HepaBeHcTBa (9) M3 paboTHl [6] K
HCKOMOMY HepaBeHCTBY (12) (¢ moka HeusBecT-
HOMH JIEBOM YaCThIO) MBI HCXOJJUM U3 TOTO, YTO

02 o2
cl=—21/ |12
w w
r r
L#0 L#0
<Olr(nin )(a)07wmax)<a( )(w0:a))<1-

TlepBasi cTpoka 3TOW LIETIOYKA HEPABEHCTB
OTpaHMYMBACT HAWJCHHYIO O0JIACTh Omperee-

HUS IS a(Lio)(a)o,a)) (cM. BeIpakenwue (9) u3

paboTsl [6]).
Ha ocnoBanum (12) MOXHO yCTaHOBUTB
HIDKHIOIO TpaHUIly 3HAUEHWH 4YacTOTHON 3aBH-

CHMOCTH a(L’tO)(a)O,a)). B ucnonp3yeMsIx Huxe
(bopMynax 4acToTa @ = const U IPUHATO @ = @;.

Yacrota @, MOXET NPUHUMATH JIOObIE JOITycC-
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THMBIC JUIs ueneﬁ

Wy <DL Oy

TCOpUHU 3HAa4YCHUA

Haiinem neByto uacts HepaBeHctBa (12), T. e.
BBIPAKEHHE JIJIS a(L¢O)(a)O,a)maX). C oroii ne-

JIBIO MCIIOIb3YEM HANAEHHYIO BbIlIE NMPUOJIN3U-
TEJIbHYIO TPSIMO MPONOPLUOHANBHYIO CBsI3b (6)

MEXJIy 4YacTOTaMH @, WU @y, T.€.
Opax © O, 3.
B 4ucnmurene  Qopmymer  (8) mpumem

@ = Wpny WIH, 9TO TO XKE CaMoe, @ = @, /3.

ITpu sToM & 0603HAUNM KaK &y = @ / Oppax-

B 3namenarene ¢opmyinsl (8) caemaem mon-

CTAaHOBKHU: @, =30y . @/ Opax = Emin- TOTAA

(L#0)

A in (a)O > Omax ) ~

xc (@) .
1+0,79012) ———=¢& .., (13)

d

2
R, 9

1+

Taxum 00pazom, Ipu @ = @, HepaBeHCTBO (12)

COBMECTHO C BBIpaxkeHHeM (13) ompenemnsior, B
KaknuX TIpe/ieiax MOXKET M3MEHSTHCS 3HaueHHe

Oe3pazmepHON (QyHKIMU a(“o)(a)o,a)) c yue-

TOM HMHIYKTUBHOCTH pa3ps/IHOTO KaHaja U rpa-
HHI[ TPUMEHHUMOCTH TEOPHH LeTIel I Ommca-
Hus OP.

Eme pa3 orMeTnm, 4TO UCIIONB30BaHHbIE IPU
nonydeHnu ¢popmynst (13) ouenku (5) u (6) Oy-
JyT HECKOJIBKO OTIIMYATHCS Ul MEHBIIHNX W 3a-
BEJIOMO M3BECTHBIX IPEJENIOB M3MEHEHUs Iapa-
MeTpoB / 1 d.

Wtak, BaXHOCTb NPHUBEICHHBIX BBIKIATOK
o0yCJIOBIICHAa TEeM, YTO H3MepseMoe 3HadeHHe
o' jomKHO COOTBETCTBOBATH TOYHOCTH
BOJIETMETPA, KOTOPHII IO3BOJSET JIOCTOBEPHO
U3MEPUTh 3HAYCHUS HANPSHKCHHH BO30YXKIaro-
mero reHeparopa U, Ha 4acToTax @, <®; 4
@) < Oy UG(a)O) n UG(a)]):
=05(L¢0)(600a(0:w1)UG(‘00)-

[loxBons uror, 0600LIMM pe3yIbTaThl HAIIMX
Tpex paboT, OTHOCAIINECS K PA3INIHBIM OIICHOY-
HBIM BBIPOXEHUSIM JUTS 3HaYCHUH (@, ®).
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B pabore [5], B pamkax «Oe3bIHIYKIIHOH-
HOI» MoOemnu, TIepBoii OblIa HaiieHa HanboJee
rpybas omeHka mui1 « Buma < a<1, rme
&=w,/w; (cMm. HepaBeHcTBa (7) B padore [5]
win (10) — B [6]). 3arem, B Toit xe pabote [5],
YCTaHOBJICHO, YTO 3Ha4eHMs QyHKIMH a(@,®)

JeXKaT BBIIIE ACUMIITOTH &(®,® —> %) (dop-
myasl (10), (18) B [5] wmm (15) B [6]) 11 Tem 60-
Jiee IPEBOCXOIAT 3HaUeHHUE £,

B cnenyromeli pabore [6], B KoTOpO#l pas-
psaHas 1enb ObUTa JOTOJIHEHA 3KBHUBAJICHTHON
WHJIYKTUBHOCTBIO Pa3psTHOTO KaHalla, YCTAHOB-
JeHo, 4To (yHKIMA a(@(,®) UMEET MUHUMYM

Ha PE30HAHCHOW 4acToTe ®,. [IpuroMm 3HaueHue

a(w,,m,) Bceraa pacloloKeHO M0 OCU OpAH-
HAT BBIIIE ACUMITOTHI (w(,®w —> ©), HalijeH-

HOH Oe3 yuyera unayktuBHOcTH DP. Takum 06-
pa3oM MOSBWIIOCH TPEThE OLEHOYHOE BBIpaXKe-
Hue il a(®(,®) — cM. HepaBeHCTBO (18) B pa-

6orte [6].
UYerBeproe 1 Haubosee TouHOe BoIpakeHue (12),
(13) nnsa ouenku 3HaueHnit (@), ®) HAWAECHO B

JNlanHoi ctathe. [loayuuTh €ro okazanoch BO3-
MOXXHBIM TOCJI€ TOTO, KaK BBIICHUJIOCH, 4YTO
MaKCUMaJIbHO JOIyCTUMasl 4acToTa, IpU KOTO-
pO# UCIOJIb30BAHKUE TEOPHUHM LIETIEH JJ1d aHan3a
ocTaercs COCTaBJISIET

Wax = %a)r .

Ha mpaxTuke BBIOOp TOTO WM MHOTO M3 Tie-
PEUNCIICHHBIX BBIIIE OIEHOYHBIX BBIPAKECHUN
3aBUCHUT OT YCJIOBHH U OCOOCHHOCTEH 3KCIIepH-
MEHTa, a TaKKe CTENeHH TOCTOBEPHOCTH (WIIH
JIOCTYITHOCTH) alpHUOPHBIX CBEICHHI 00 3IIEKT-
PUYECKHX M TEOMETPHUECKUX XapaKTePHCTHUKAaX
pa3psAHON 1enu.

BeiBoanl. 1) Ha ocHOBaHMH BBIYHCICHHUHN H
MIPOU3BEJCHHON B pabore [5] OLEHKH TpaHUI]
MPUMEHUMOCTH MOJIENIH, B KOTOPOY HCKOMOE aK-
TtuBHOE conporusienue OP — R, paccmarpuBa-

A0IyCTUMBIM,

eTCsl KaK 4aCTOTHO-HE3aBHCHMOE, TOATBEPIK/Ie-
HO, YTO MpeJyiaraeMblii TMOAXOJ MO3BOJSET W3-
MepsTh akTuBHOE compotuBieHne PP kak ¢
y4eToM, Tak U 0e3 ydeTa MHIYKTHBHOCTH pa3-
PSZIHOTO KaHajla B JMana3oHe 4acToT, 10 Kpai-
meii mepe, 1-10° < f<< 3 I'Tu. Ipu sTom Goree

CYIIECTBEHHOE OTpaHWYeHHE Ha MaKCHUMAJIbHO
JOTYCTUMYIO YacTOTY HAaKJIaJbIBAIOT TPaHUIIBI
MPUMEHUMOCTH COOCTBEHHO OKBUBaJICHTHOM
cxembl @P H3 COCpPEOTOUEHHBIX 3JIEMEHTOB.
To ecTh mysa 3agaHHBIX JUIMHBI pa3psina U pado-
YHUX YacTOT fy; TOIKHO COOMIOAAThCS Kilaccude-
CKO€ YCIIOBHE CIIPaBEeIIMBOCTH TEOPHH IMemneit
Jo1 < finax» O3HAYAIOIEE, YTO U3MEHEHHEM (ha3bl

JJIEKTPOMArHUTHOW BOJIHBI 332 BpeMsl €€ TIpo-
XOXKJICHUS BJIOJNb Pa3psAAHOTO KaHala MOXKHO
peHeOpeyb.

2) IlomydeHo SMITUPUIECKOE BRIPAKEHUE TSI
NpUOTIKEHHOW OLCHKH PE30HAHCHOM YacTOTHI
paspsaHo#t nemu f, =9/, ['Tu (I — B cantumer-
pax), crmpaBeJIUBOE€ B JOCTaTOYHO LIMPOKOM
JMarma3oHe W3MEHEHWS TeOMETPHUYECKHX Mapa-
MetrpoB DP. Huciaurenap 3TOro BBIPAXKEHUS MO-
JKeT OBITh YTOYHEH I Ooiee y3KHUX IPEIesioB
WU3MEHEHUS 3THX NapaMeTpoB. Takke yCTaHOB-

JICHO, YTO ~ 1 . Ilocmegnee oOcros-
max 3 r

TENhCTBO JTA€T OCHOBAaHHUS YTBEPXKIarh, 4YTO f,
BCETJIa PACIIOIaracTCsl BBILIE MOJOCH YacTOT, B
mpenenax KOTOPBIX JIOMYCTHMO MpPHMEHEHHUE
teopun menei. [Ipu 3TOM f., SIBISLICH TOIBKO
«TEOMETPUYECKAM  TapaMeTpoM»  pa3psIHON
LEMH, MO3BOJISIET OLIEHUTHh BEPXHIOI TPAHUILY
YKa3aHHOM 00JTACTH YACTOT fiax < fr.

3) IlomyuyeHO HEpaBEHCTBO, MO3BOJIAIOLIEE
OIIEHUTH TPAHUIIBI, B KOTOPBIX MOXKET NU3MEHSTh-
cs 3HaYCHUE Oe3pazMepHoi dhyHKIIAN

a(L¢0)(a)0,a)1), KaK OTHOUICHUS HaNpsLKEHUN
B030yknaroniero OP reHepaTopa Ha YacToTax
W) SO S Ope: Ug(wg) n Ug(w))=
=a""Ywy,0=0,)Us(0,), ¢ yderom wun-
JIYKTUBHOCTH pa3psaHOro kaHana. [Ipu usmepe-
HUSX 3HaYEHHE a(Lio)(a)O,a)l) JIOJDKHO COOT-

BETCTBOBAaTh JOCTHKMMOH TOYHOCTH H3MEpH-
TEJIBHOTO BOJIBTMETpA, a TaKkke 000PYIOBaHMS
Ul KOHTPOJII HEU3MEHHOCTU I'€OMETPUYECKHX
xapaktepuctuk ®P mpu ero Bo30ykaeHUH Ha
IByX uactorax. JKenmarenbHO, YTOOBI 3HA4YCHHUE

05(“0)((00,(01) OBUIO TI0 BO3MOXXHOCTH MECHbB-

IIMM, a 3HAYNT, KAK MO)KHO MCHBIINM — M OTHO-
IIeHNE PaboUYMX YacToT @/ @;.

4) YcranosieHo, uto npu mmHax OP /> 15 cm
pe30HAHCHAS 4YacTOTa paspsaHON Ienu He3Ha-
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YUTEIFHO 3aBUCHT OT JuameTpa d pas3psaHOro
KaHaJa.
5) CpaBHeHMe 3HayeHMH R;, TNOTyYEHHBIX

0e3 ydera U ¢ y4eTOM MHIYKTHBHOCTH DPa3ps-
HOTO KaHaJa (B IMOCJIEIHEM CIIy4ae pacueThl MO-
JlaraeM TOYHBIMH), TTOKa3aj0, YTO OTHOCHUTEIb-
Hasl TIOTPEITHOCTh BhruuciieHuit ¥ s «Oe3bIH-
JYKITMOHHOW» MOJIENU CJIa00 3aBHCHUT OT BBICO-
TH A pacrnoiokeHruss @P OTHOCUTEIEHO 3EMITH.
DTO MO3BONSIET OCIa0UTh TPEOOBaHUE K MOCTO-
SIHCTBY / 32 BpeMsl U3MEPCHHIA U HE TIPUHUMATh
BO BHUMaHHE HEKOTOPOC M3MEHEHHE /i TI0 TpH-
YUHE CrOopaHus MPOBOAHHMKA OFXHOIPOBOIHON
JTUHAH.

6) B To e BpeMs, MOTpeurHOCTh BBIYHCIIC-
Hull 0e3 yueTa HHyKTUBHOCTH BO3pacTaeT MpH:

— ymeHbIIeHnn quamerpa OP — d

— yBeNM4YeHUN JIUHBI OP — /;

— 3aBEZIOMO MaJIbIX U3MEPSIEMbIX 3HAYCHUSIX

axkTuBHOIO conpoTupieHus PP — R ; (<1 kOm);

— ONIU30CTH YaCTOT fo ;.

ITomuepkHeM, 4TO B TaHHOM cllydae MOCHE.-
HEe YTBEP)KICHHE KacaeTcsi HCKIIOUUTEIBHO
TOYHOCTH BBIUMCICHHH B paMKax <«Oe3bIHIIyK-
[IMOHHOM» MOJENH, HO He u3MepeHui (1. 3).
U B TO %e Bpems, BBIOOpP YaCTOT fj |, OTCTOSILH-
MU, CKOJIb 3TO BO3MOKHO, JajbIlie OAHA OT JIPY-
rOM, HE3aBHCHMO COTIIACYETCSI C BO3MOKHOCTBIO
0CJIa0UTh TpeOOBaHME K TOYHOCTH M3MEPHUTEIh-
HOTO BOJIBTMETpA.

Ob6a mocnemHuX OOCTOATEILCTBA CIEIYET
MPUHAMATh BO BHHMaHWE B OONAcTH CpaBHU-
TEIBHO BBICOKHMX YacTOT, B KOTOPOM IIUPOKOIIO-
JIOCHAsI MIepEeCTPoiiKa TeHeparopa o 4acTore 3a-
TPYAHEHa, W TI03TOMY BO3MOXXHOCTH H3MEpPH-
TEIbHOH YCTAaHOBKM C OHHM TEHEPaTopoM
OTpaHHYCHBI.

7) IlokazaHo, 4TO, B 3aBUCUMOCTH OT CTEIle-
HU BIUSHUS TIEPEUNCICHHBIX B M. 6 YeTBIpEX
(hakTOpOB, HEOOXOMUMOCTh yUeTa MHIYKTHBHOC-
TH JIOJDKHA KCCJICNIOBAThCS B KAXKIOM Cllydae
otaensHO. MO0 B psfe BO3MOXKHBIX CHTYyaIMid
OTIpEIETTNTh AKTUBHOE COTNPOTHBIICHHE pa3psina
R, C IOCTaTOYHO MajlOi OTHOCUTEIBHOH IIO-

IPEIIHOCTBI0 BO3MOXHO JaXKe C MCIIOJIb30Ba-
HHEM «Oe3BbIHIyKIIHOHHOW» MOJIENH.
AKTyalnbHOCTh MPEAIOKEHHOT0 MeToaa o0y-
CJIOBJIEHa BO3MOXHOCTBHIO npumeHeHus OP s
peLIeHNs] MHOXECTBA MPHUKIAJAHBIX 33aJa4 U 3Ha-
YUTENbHBIM OTCTABAHUEM IIPAKTUKO-OPUEHTUPO-
BaHHBIX TEOPETHUECKHX €ro HCCIEAOBaHUM, B

ISSN 1028-821X. Pagiodizuka ta enexrponika. 2018. T. 23. Ne 1

YaCTHOCTH, HAIIPABJICHHBIX HAa PAa3BUTHE METONOB
M3MEPEHUs AIIEKTPUUECKUX XapaKkTepucTuk OP.
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Pyxonucoy nocmynuna 27.12.2017.
A. O. Puzanov

NUMERICAL ANALYSIS
OF THE TWO-FREQUENCY TECHNIQUE
FOR MEASURING THE TORCH DISCHARGE
RESISTANCE WITH OR WITHOUT TAKING
INTO ACCOUNT ITS EQUIVALENT
INDUCTANCE

The torch discharge (TD) is applied in a number of are-
as of science and technology. However, the lag in theoreti-
cal research from ever-growing urgent needs makes the so-
lution of many practical-oriented problems related to the

TD relevant. In the present paper, the study of the proposed
by the author original method for measuring the resistance
of the TD (R,) taking into account the TD inductance L is
continued. The presented numerical calculations are sup-
plemented by the previously performed estimations of the
theory application area. The sought resistance R, is consid-
ered as frequency independent within the theory. Performed
estimations and calculations confirm the applicability of
the approach presented both with and without taking into
account the TD inductance in the frequency range from
1107 to 3.0 GHz. It is shown that a necessity to account
the inductance of the torch discharge of the power below 1
kW and the choice of appropriate frequency pairs fp; have
to be studied in each case separately. A possibility to excite
the torch discharge at two sufficiently different frequencies
is mandatory. Numerical calculations of R; without taking
the inductance into account show that calculations accuracy
depend weakly on the height of the torch discharge location
relative to the ground. The accuracy increases if the dis-
charge diameter decreases; the discharge length increases;
the value of R, is small and less than 1 kOhm; f;; frequen-
cies converge. It results in a necessity to add an equivalent
inductance into the Neiman’s scheme making appropriate
modifications of the calculation formulae. It is shown that
the resonant frequency f, is approximately proportional to
Jfmax» Which is the upper limit of the frequency range where
the circuit theory remains applicable for the discharge
modeling. Thus, the knowledge of f. and f,,, allows one to
refine the values of the function «, which is the ratio of
voltages at which the electrical and geometrical character-
istics of the torch discharge remain unchanged. The ap-
proach proposed results in more effective using of industri-
al resources.

Key words: torch discharge, Neiman’s model, torch
discharge inductance, torch discharge resistance.

0. O. IlyzanoB

YICJIOBUI AHAJII3 IBOYACTOTHOTO
METOJTY BUMIPIOBAHHSI AKTUBHOT'O
OITOPY ®AKEJILHOT'O PO3PSITY
3 YPAXYBAHHSIM TA BE3 YPAXYBAHHS
1IOr0 EKBIBAJIEHTHOI IHJIYKTUBHOCTI

ODaxenpuuii po3psan (PP) 3HaxomuTe 3acTocyBaHHA B
HH3LI Tany3eil Hayku i TexHiku. OfHaK BiZcTaBaHHS TeOpe-
TUYHUX WOTO JTOCII/KEHB BiJ] HATAIBHUX MOTPEO, SKi Moc-
TIlfHO 3pOCTaIOTh, OOYMOBIIOE aKTyaJIbHICTh PO3B’SI3aHHS
6e3miui moB’s3aHNX 3 OP MpakTHKO-OpIEHTOBAHHX 3ajad.
VY 1iit po6GOTi MPOTOBKEHO JOCITIHKEHHS 3aIPOTIOHOBAHOTO
ABTOPOM OPMIiHAJIBHOTO METOLY BUMIpIOBaHHS aKTHBHOTO
omopy @P (R,) 3 ypaxyBanusm ingykruHocti OP (L). Ha
MiICTaBi BUKOHAHKUX TYT PO3PaxyHKIB i MpoBeAeHoO1 paHiriie
OLIIHKK MEX Y)KUBAHOCTI MOJZEII, B sKiii omip Ry, 110 IIyka-
€TBCS, BBAXKAETHCSI YaCTOTHO-HE3AJICKHUM, IiITBEPIKEHO,
110 3aIPOTIOHOBAHUH MiJIXiJ JO3BOJISE JIICTABATH PE3yIbTaT
3 ypaxyBaHHsIM a0o 0e3 ypaxyBaHHsS iHZyKTHBHOCTI OP y
Jiarna3oHi, MpUHAWMHI, 1-10°< f<<3ITu. [lokazaHo, mo
HEOOXIZHICTh TNPUHHATTA 1O PO3PAXyHKY IHTYKTUBHOCTI
st OP notyxnictio 10 1 kBT i BuOip moTpiOHUX 1711 BH-
MipIOBaHb AP YacTOT fp; MAIOTh TOCHTIKYBAaTHCh y KOX-
HOMY BHIAJIKy OKPEMO i, 32 HEOOXiAHICTIO, BHXOASYH 3
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MOXIUBOCTI 30yautn oxnHakoBi ®OP Ha 1BOX JOCTaTHBO
BifZajgeHux yacrorax. Po3paxyHku R; 6e3 ypaxyBaHHS iH-
JIYKTHBHOCTI TOKa3aiy, 0 TMoxuOka oOuucieHs cnabo 3a-
JIXKUTH BiJ BHCOTH posrtamryBaHHs OP BimHOCHO 3emui i
ICTOTHO 3pocTae IpH 3MeHIIeHHi fiamerpa OP, 30inpmenHi
noxkuau OP, Manux 3HaueHHAX R, (<1 kOM), Mo BUMi-
PIOIOThCS, 30JIIKEHH] 4acToT f ;. Bcranosneno, 1mo Bkasa-
Hi IPUYUHY B Ps/li BUNIAAKIB HEMUHYYE IPU3BOJATH JI0 He-
obxignocti nomoBuutn cxemy OP Heiimana exBiBasieHT-
HOIO iHIYKTHBHICTIO, 3 BIAMOBIAHUM MEPETBOPEHHSIM PO3-
paxyHkoBux ¢opmyi. [TokasaHo, 0 pe30HAHCHA YacTOTA f,.
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PO3PSHOrO KoJIa MPHUOJIM3HO MHPOMOPLiiHA YaCTOTI fiax,
mo o0Mexye 3BepXy CMYTY 4acTOT, B SIKif AJIs ONMUCAHHS
OP nuIIaeThCs CHPaBEIMBOIO TEOPIs KiM, 1 fay < f. Ta-
KHAM YMHOM, 3HaHHS f, Ta [,y 1O3BOJISE YTOUHUTH MOXIIUBI
3Ha4YeHHs1 QYHKI{ & — BiAHOIICHHS HAMpPYT, pH skux OP
30epirae cBOi eJNIEKTPHUYHI 1 TEOMETPUYHI XapaKTEPUCTHUKH.
3anponoHOBaHUH METOJ| CIPHSE OUIBLI NPOAYKTHBHOMY
BHKOPHCTAaHHIO IPOMHUCIIOBUX PECYPCiB.

KurwuoBi ciioBa: ¢axenpHHI po3psa, MOIeNb
HeiimaHa, iHAyKTHBHICTh (DaKeIBHOTO PO3PsLY, aKTUBHUIL
omip hakeasHOTO PO3PSLY.
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