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AHHOTANMSI: HAYUHAS 3a0a4a NYOIUKAYUL UCCIEe008aMb NePeXOOHbLil NPOYECC dNEKMPULECKo20 NOJsL Ha
HO8EPXHOCMU NPOBOOsulell noaspusyloueics 3emuu, s IK6AMOPUAIbHOU 00IACTU UCMOYHUKA — JTIeK-
mpuyeckast aunusi. Ucnonv306ame 051 9mo2o psi0 0OHOMEPHBIX MOOeell, 6 KOMOPbIX 8bl36AHHASL NOJAPU-
sayus (BII) 6o3nuxaem 6 epxnetl u HUNCHEU 4ACU 2€0102UHeCKUX 00pA308aHUL, PA30ENEHHBIX 8bICOKO-
omubim 9kpanom. Tloxazams omnuuue nposienenus DM cuenana, ces3anH020 ¢ ROIAPUIAYUEU, BbI3GAHHOU
eanveanuyeckum (BIIT) u euxpesvim moxom (BIIH), 6 uzsmeperusix CucHaia nepexooHo2o npoyecca Ha
usmepumenvuuix aunusax. HMcciedosanue 0cHOBAHO HA pe3yabmamax peuleHus: npamoll 3a0a4u UMNRYIbC-
HOU 271eKMpOopa36e0KU ¢ INeKMpUYecKUMY TUHUAMUY, 6 Komopoll BIT yuumvieaemcs 66edenuem 4acmomHo
3A6UCUMO20 YOETbHO20 INEKMPUu4eckozo conpomuegienus gopmynot Koyra-Koyna, u nocmpoenuu 3a6u-
cuMocmu cuzHana nepexoonozo npoyecca (AU(1)).

KiroueBble cJI0Ba: uHOYKYUOHHO @bl36anHas noaspuzayus (BIIH), eanveanuuecku avl36anHas noapusa-
yus (BIIT), 3a3emaénnas snekmpuyeckas IuHusl, IK6AMOPUATbHASL 0OIACTb UCHIOYHUKA.

ELECTRICAL FIELD ON THE SURFACE OF CONDACTIVE POLARIZABLE MEDIEM
ON VENNER AND EQUATORIAL ARRAYS

Abstract: the scientific aim of the paper is electrical field transient research above conductive polariza-
ble Earth for the equatorial areas of the source - electrical line. To use for this purpose a number of one-
dimensional models in which the IP is created on the upper and down section parts which separated by
high resistive screen. To show the difference in the signal of the transient process on measuring lines,
with galvanic and inductive excitation of the induced polarization predominating for visual allocation of
the time range when in general the signal of the transient process is dominated by the formation signal,
galvanically induced polarization (IPG), and induction-induced polarization (IPI). The study is based on
the results of solving a direct problem of pulsed electrical reconnaissance with earthed lines, in which the
1P is taken into account by introducing the frequency-dependent resistivity by the Cole-Cole formula and
transient (AU(t)) visualization.

Key words: induction induce polarization (IPI), galvanically induce polarization (IPG), grounded elec-
trical line, equatorial areas of the electrical line.
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IIpouecc BbI3BaHHOUW TMOJSpPU3ALMK BO3HUKAET B
MHOT'0()a3HOH TeTepOTCHHOW T'€OJIOTHUECKON cpefe To-
clie TIpOTeKaHWs B HEW BHeIIHero Toka [1], Hapymaro-
mero e€ paBHOBECHOE COCTOSIHHE, M PEIaKCAllud B Tep-
BOHAQYaJIbHOE COCTOSIHME IIOCJIE€ MPEKPaleHUsl 3HTOro
Bo3zeiicTBUs. Bo Bpems penakcanuu mpouecc BII mpo-
sBiiseTcs kak DM curHan [2] ¥ MOXeT OBITh 3aperu-
CTpUpOBaH u3MepurensiMu OM mons Haj cpelaoi, Ha eé
[IOBEPXHOCTH UM BHYTPH HEE.

UckyccTBeHHBIE HCTOYHUKH DM Tmouisl, Takue Kak
WHIYyKTUBHAS meTns [3], 3a3eMi€HHas Ha TIOBEPXHOCTH
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WU BHYTPH TPOBOIAMIEH MONApHU3YIONIEHCS 3eMin
dJIEKTpUIecKast TUHUA [3] WIM KPYroBOH 2JIEKTPUIECKUH
UTIONG [4] mo-pa3HOMY BO3IEHCTBYIOT Ha Cpefy, co3/1a-
Basi B HEW pa3NuyHbIE CTPYKTYpPhl TOKOB W Tmojei. B
HaIIeH MmyOIMKaluy OTPAaHMYMUMCS UCCIETOBAHUEM BO3-
JICHCTBUSL TOPU3OHTANBHON 3JICKTPUYCCKOM JHMHHHU, 3a-
3eMJIEHHOW HAa MOBEPXHOCTH MPOBOIALICH MOJSPU3YIO-
mieifcst oqHOMepHOH 3eMiu.

l'opusoHTanbHAS HHAYKTUBHAS MIETIIS CO3MaET B cpelie
BUXPEBBIC TOKH, TEKYIIUEC B HEHl MPEHMYIICCTBEHHO TO-
pu3oHTaNBEHO. B mMmynscHOM pexxume quddysus Buxpe-
BOTO TOKa BTJIYyOb TEOJIOTMUECKOH Cpeipl BBI3BIBACT €
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MOJISIPU3ALIUIO, KOTOpAsk IPU PEJIAKCAIMK MOPOKAAET TO-
KM BBI3BAHHOHM MOJSPU3ALUN HHAYKIUOHHOW TPUPOJIEL.
Oty sneHus (nuddysust Toka U mosspusanys) oopazyroT
OM cwurnan — cranoBienus OM nons u BIIN, peructpu-
PYEMBIN U3MEPUTEIISIMH.

KpyroBoil 3iekTpuuecKuid AWMOIbL B OJAHOMEPHOM
cpene co3maéT TOPOUAANBHYIO CHCTEMY TOKOB, ITOJaBIIA-
IOIYI0 HHAYKTHBHYIO COCTaBJIsIONIYI0 DM mosis, u oOpa-
3YIOIIYIO, TAKAM 00pa30M, TOJBKO MOJIE IEKTPHUUECKOTO
THUIIA, MO, BO3IEHCTBUEM KOTOPOrO B MPOBOAALICH cpene
TEKYT raJlbBaHUYECKUE TOKH. B peanbHON reoornaeckoit
cpene, OTVIMYaroNIecs OT uaeanbHON OTHOMEPHON MOJie-
JIU, TaKOW KMCTOYHHK OyAeT BO30YKIAaTh aHOMAIbHOE
MAarHuTHOE TI0JIe M aHOMAJIbHBI BUXPEBOM TOK, CBSI3aH-
Hbl€ C HApPYIICHUSMH JIaTePaIbHON omHOpomHOoCcTH OM
CBOWCTB CpE/IbI.

lopusoHTanpHASA >NIEKTpUYECKas JIHHUS B HWMITYJIbC-
HOM peXHMe CO3MaéT B cpele TraJbBaHWYECKHE TOKU B
MOMEHT MMITYJIbCA W BUXPEBBIE TOKH B MOMEHT BBIKIIIO-
YCHUS U BKIIOYCHHS (M3MEHCHHS) TOKA, TEKYIIETro B MpPO-
Bojie U B 3emJe. ['albBaHMYECKUN U BUXPEBON TOKH BBI-
3BIBAIOT B 3eMJIC MOJISIPU3AIMIO M MPOLECC CTAHOBICHHUS
OM 1nons, KOTOpbIE COMPOBOXAAIOTCS DM curHaiom
rajJbBAHMYCCKH M WHAYKIMOHHO BBI3BAaHHOHN MOJISIpHU3a-
LUHU U CTAHOBIICHHUSL.

DJieKTpUYecKue YCTAHOBKY 1J1s1 u3y4yenusi BIT

3azemn€HHAs 3JEKTpUUECKasi JMHHAS COCTOUT H3 OT-
pe3ka TpoBOJHUKA (TPOBOJA, KaOeys) U IBYX rajibBaHH-
YeCKHX KOHTAaKTOB C T'€OJIOTMYECKOW Cpeaon, OCYIIECTB-
nseMbIx anekTpogamu A u B. ['eneparopHas yctaHoBKa
MOJKJIIOYACTCsl K JIMHUKM M BO BPeMs MMIIyJIbCa TOKa Ha
OIHOM U3 HUX CO3Ja€T MOJOXUTENbHBIM MOTEHLMAN, Ha
JIpyrom oTpunarensHelid. IIpoBogsmas 3emis 3aMbIKaeT
uens. Mexnay anekrpogamu A u B mo nmpoBoay TOK TeuéT
B OJHY CTOpOHY, B 3eMje B Ipyrytr. Tax BOKpyr ropu-
30HTAJIBHON 3JICKTPUUYECKON JIMHUU CO3MAIOTCS 00JIacTH,
IJle TaTbBAaHWYECKAN TOK TEUET B pa3HOM HAIPaBIICHUH
OTHOCHTEIIBHO 3a3eMJICHUH, KOTOPBIMH JIHHUS KOHTaKTH-
PYeT co Cpemoit — 3TO 0ceBast M IKBaTOpHAIIbHAS 0071acTH
HNCTOYHHUKA.

lanpBarMYeckn 3a3eMJIEHHAS JUHHUS B HMMITYJIECHOM
peXXuMe NpOIyCKaHWsI TOKa B MPOBOAALIEH 3emiie BO3-
OyXmaeT WMHAYKTUBHBIN mepexonHslii mpouecc, BIIIT u
BIIN [5]. Bo Bpemsi TOKOBOTO UMITYJIbCA B MOJISIPU3YIO-
Hielcs cpeie MPOTEKA0T MPOLECCHl pa3AeieHUs 3aps0B
pasnuuHOM npupozabl. [1aBHEIM 00pa3oM, 3TO 3JIEKTPO-
KHHETUYECKHE SIBJICHUS], BOSHUKAIOIINE Ha TPAaHULE KU~
KoM (ha3bl ¥ HOHHBIX MPOBOJHUKOB — MEMOpaHHAs MOJISI-
pu3anus, Toispu3anus, cBsa3aHHas ¢ aUhOy3HOHHBIM
MTOTEHINAJIOM, M DJIEKTPOXUMHUYECKUE SBICHUS, TPOTe-
KaloIIie Ha TPaHMIEe KUAKOH (a3bl U AIMEKTPOHHBIX TPO-
BOJHUKOB (PYIOHBIX BKIIIOUEHHI) — 3JICKTPOIUTHIECKAS
HOJISIpU3aLUs.

ITocne nmpekpalieHus 3TOro Bo3AEHCTBUS HAUMHAKOT-
csi oOpaTHBIE peJIaKCAIlMOHHBIE IPOLECCHI, MPOSBIISIO-
mecst kKak OM CUTHal, perucTpUpyeMblil n3MepuTeneM
COBMECTHO ¢ DM curHaiom, CBSI3aHHBIM ¢ Iuddy3uen
BHUXPEBBIX TOKOB BHYTpbh mpoBoxdmeil 3emuun. Buxpe-
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Bbl€ TOKH, PACIPOCTPAHSIOUIUECS BHYTPH MOJSPU3YIO-
mieiicst cpensl (puc. la), Takke WHAYIUPYIOT MPOLECCHI
paszereHus 3apsAaoB, KOTOPHIE MOCIE UX OclabiieHus, a
3aT€M U 3aTyXaHUS CTAHOBATCS OOPATHBIMH peaKcalli-
OHHBIMH TIPOIIECCAMHM, TAKXKe MPOSBIAIOMNECS KaK I0-
TTOJTHUTEJIbHBIH DM CUTHANI, PETUCTPUPYEMBI U3MEpPH-
TereM. DTO ONMHCAHWE MOCIEACTBHH MMITYJIHCHOTO BO3-
IeVCTBUS 3a3eMIJIEHHOW 3JIEKTPUYECKON JIMHUU Ha MPO-
BOJSILIYIO TIOJISIPU3YIOIIYIOCS 3€MJII0 MOKa3bIBaeT, 4TO
OHO CJIOXKHEE, YeM MPU TAKOM XK€ BO3JACHCTBUU HHIYK-
TUBHOTO HUCTOYHHMKA. OJHAKO UMEHHO 3a3eMJIEHHAS JIH-
HUA 4Yallle Uchoyib3yercs ansg mzydenus BII, T.x. miot-
HOCTh TaJIbBAHUYECKUX TOKOB, «3apsDKAIOLIUX» 3eMIIIO,
BEIIIE, YeM y BHXPEBBIX TOKOB HE3a3eMJIEHHOTO HCTOY-
HUKa, a BPeMs BO3ICHCTBHUS OMpPENEISIeTCS MPOIOJIKH-
TEITHHOCTHI0O TOKOBOTO HMITYJIbCA, a HE MPOJIOJIKHTEIh-
HOCTBIO MIEPEXOIHOTO TpoIecca, Kak I HHIYKTHBHOTO
HNCTOYHUKA.

P " |

t
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t2

6

Puc. 1. Cxema NEPpEMECIICHNA MaKCUMyMa IJIOTHOCTU BUX-
PEBBIX TOKOB BO BPEMs IMEPEXOJHOI'0O ITpouecca: a) JJIL UCTOY-
HUKa UHAYKTUBHAs NCTIIA; 6) 3a3eMJIEHHAS JIMHUS.

B ocHoBe uccienoBaHMs JekKaT PE3yNbTAThl PEIICHUS
MPSIMOM 3a7]a4d TOPU3OHTAIBHON AJIEKTPUYECKON KOMIIO-
HEHTHl HEYCTAHOBWBIIETOCS DM MO ISl OJHOMEPHOU
poBoJIsIIIeH mosspusytomeiics 3emin. BIT cpenbl yauThi-
BaeTCS YaCTOTHO 3aBHCHUMBIM YICIBHBIM SJIEKTPUICCKUM
conporusiieareM (YIC) mo popmye Koyma-Koyma (1):

. C
p(@)= py| 1~ | M)
1+ (io7)*

rne pp — YOC Ha nocrossHHOM Toke (OMm-M); n —
KOA(PHUIHUEHT NOJSPU3YEMOCTH (JOTH €]1.); T — IOCTOSH-
Hasl BPEMEHH (C); ¢ — OKa3aTellb CTEICHH; (@ — KPyropas
gactoTa (cex).

Hcnonp3oBajncs METOA JTHHEHHON (QHUIbTpaIMK perie-
HuUs 3a1a9u OM cranoBiieHus [6]. OH OCHOBaH Ha MEPBO-
HAYaJbHOM IIOJIYYEHHH YaCTOTHOW XapaKTEPUCTHKH CHT-
HaJla B OTMPOKOM JHaNla30HE 4acToT, 3aTeM MyTEM Ipeod-
pazoBanust dyphe pelieHns BO BpeMEHHOH 001acTH.
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Dnexmpuueckoe noie Ha NOBEPXHOCMU NPOBOOAUel NOAAPUSYIOUelics Cpedb ...

IlepexonHblii mpouece HaJ NPOBOASILEH
noJsipusyomeiics 3emuéii nis
CHMMETPHYHOI 3JIeKTPHYECKOl YCTAHOBKHU

IIposinenue curnama BII mocie uMImyiabCHOTO BO3-
JEHCTBUS I DJICKTPHUECKUX JIMHUN B OCEBOU [7] W 9K-
BaropuajgbHOU [6, 8, 9] oOmacTH UCTOYHMKA HCCIEAO0Ba-
JUCh HEOAHOKPATHO, OIHAKO, HE MPOBOIMIOCH pa3lelie-
HHUE — KaKOW BHJ TOKa TOPOXKIAET pelaKCaIlMOHHBIE TIPO-
L[ECCHI, FaJIbBAHMUECKUI1 UM BUXPEBOW WK TOM U APyrou
HPUPOJIBL.

IIposBnenue curnana BIIW usyuanoce ans MHIYK-
TUBHOM ycTtaHoBku [2, 10, 11, 12], ans 3a3eMinéHHBIX
JNEKTPUYECKUX JIMHUHM 3TOT BOIPOC HCCIEN0BaNCA

menblue [6, 7, 13]. Jlereitno [13] mpeasioxus psa reo-
JNEKTPUYECKUX MOJENel, OCHOBAaHHBIX Ha Ie0JIOrHYe-
ckux yciosusax FOra Cubupckoit rargopmer (tadm. 1),
B KOTOPBIX IOJSIPU3YIONTUMHUCS SIBISIOTCS JBa CJOA,
pa3aenéHHble BBICOKOOMHBIM 3KpPaHOM: TMEPBBIM M Tpe-
trii. B mepBom npubmmkennu BIT Takux mMogmeneit cBs-
3aHO TPEUMYMIECTBEHHO C TaJIbBaHMYECKHM TOKOM
(«BIII'») — mpu MOJSIpU3YIOMIEMCST TIEPBOM CJIOE, Tpe-
HMYUIIECTBEHHO ¢ BUXpeBbIM TokoM («BIIM») — mpu mo-
JAPU3YIOMEMCSL CI0€ MOJ IKPaHOM, C ABYMsS TUIAMHU
toka («BIII' u BIIN») — npu nonsipusyromuxcs U mnep-
BOM M TPEThEM CJIOSIX U MOJIelb, B koTopoil BIT He obOpa-
syercs («bes BI»).

Tab6muma 1
Teoanexmpuueckue mooenu YucieHHbIX pAcyémos
Cioit p, OM'M n. % T,C c, 0.p. h, m
bes BII BIIT BIII" u BITA BIIN

1 50 0 2 2 0 0,5 0,5 200

2 1000 0 0 0 0 500

3 20 0 0 50 50 0,5 0,5 200

4 1000 0 0 0 0

Pacuérel chnenmaHpl Al CHMMETPUYHBIX YCTaHOBOK C
pa3HoOl IIMHON MCTOYHHMKA W u3Meputess. A 75 M 50 N
75 B (mmura ucroununka 200 M, mamepurens — 50 M), A
200 M 200 N 200 B (mymaa ncrounuka 600 M, u3mepure-
s — 200 m), A 300 M 400 N 300 B (mmmHa MCTOYHHKA
1000 M, mamepurens — 400 m), A 1500 M 1000 N 1500 B
(mmrHa ucrounuka 4000 M, uamepurens — 1000 m).

s ycranoBku ¢ jauHO#M uctounuka 200 M, addek-
TUBHAs TNTyOMHA MPOHUKHOBCHHS MOCTOSHHOTO TOKa CO-
craisieT oT 50 1o 20 M, B 3aBUCUMOCTU OT IIPOBOJUMO-
CTH pa3pes3a. B Hamiem cityyae reosioruueckas cpeia 3a-
JlaHa BBICOKOOMHOM, ¥ TJIyOMHHOCTh OyAeT OOJbIe, OKO-
j0 50 M, OHAKO, OHA HE MPEBBICUT MOIIHOCTU MEPBOTO
ciost — 200 m. T.k. curHais! ot moaeneit «BITI» u «BIIT
n BIIN» mnpaktuyeckn coBMamamT (puc. 2a), MOXKHO
MpeanoyioxkuTs, uro BII, cBsA3aHHas C rajibBaHUYECKUM
TOKOM, OyZeT mpeobianarth B o0meM curHaie. B orcyT-
CTBUM TIOJNPH3AIlMA BEpPXHEH dYacTH cpeabl (Momaeib
«BIIN»), WHAYKIWMOHHO BBI3BAHHAS TOJSPH3AIMS, CBS-
3aHHAs C TMOJIIPH3YEMOCThIO HHU)KHETO TOPU30HTA, HAYU-
HACT MPOSBIAThCS cO BpemeHu 10 Mc (HayMHAETCS OT-
KJIOHCHHUE OT CHTHAJIa HETIOJIIPU3YIOLICICS MOJICIN), a Ha
BpeMeHH mopsiaka 30 MC MPOUCXOJUT CMCHA 3HAKa CHI-
HaJIa IEPEXOIHOTO MpoIiecca.

Jlnst yeraHoBKH ¢ nimuHOW mctodnnka 600 M, addek-
THUBHAs TTyOMHA MPOHWKHOBEHHS ITOCTOSTHHOTO TOKa CO-
craiseT ot 150 mo 60 M, B 3aBUCHMOCTH OT ITPOBOUMO-
cTH pas3pesa. B Hamem ciydae TiyOMHHOCTE OyIeT OKOJIO
150 M 1 OHa He TPEBBICUT MOIIHOCTH TIepBOTO Ciost — 200
M. Kak u ans npeapiaymeii yCTaHOBKH, CHTHAIBI OT MO-
neneit «BIIT» u «BIIT" u BIIW» npakTtudyecku coBnaiarmT
1 BHOBB BII, cBsi3aHHasl C TaJbBaHMYCCKUM TOKOM, OyIeT
npeoOsanatek B obuieM curnane (puc. 20). B orcyrcrBun
MOJISIPU3AlMN BEpXHEH dacTu cpeabl (Monenb «BIT»),
WHAYKIMOHHO BBI3BAHHAS MOJIIPH3AlMs, CBs3aHHAS C
MOJISIPU3YEMOCTBI0 HIDKHETO TOPU30HTA, HAYMHACT IPO-
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SIBIATBHCSI CO BpeMeHH 10 Mc (HaYMHAeTCs OTKIOHCHHE OT
CHTHAJIa HEMOJIPU3YIOMIEHCS MOJIeNN), CMEHA 3HaKa CHT-
HaJla TIEPEXOJHOTO IIpoIiecca MPOMCXOINT Ha BPEMEHH
nopsinka 30 Mc. AHanorudHoe noBeneHue curnaiga BITU
HaAOJIOMaeTCs U AJIS ONMMCAHHOW BBIIIEC YCTAaHOBKH.

Jlnst yeranoBku ¢ jummHOHM nctounuka 1000 M, addexk-
THUBHAs TTyOMHA MPOHWKHOBEHHS IOCTOSTHHOTO TOKa CO-
craisieT oT 250 no 100 M, B 3aBUCHUMOCTH OT IPOBOJAHU-
MOCTH pa3pe3a. B Hamiem ciiyyae BBICOKOOMHOW CpEIIbI
riyOMHHOCTB Oynet Goublie, 0koi1o 250 M, OHa IPEBBICHT
MOIIHOCTH nepBoro cnost — 200 M. Iy Takoil ycTaHOBKU
curtan ot moaenu «BII" u BIIN» He3HauuTenbHO Mpe-
oOnamaer Haa curHaioM ot mojenu «BII», uto MoxkHO
OOBSICHUTh TaJIbBAaHUYECKUM BO30Y)KIACHHEM IIEPBOTO H
TPETBEro cJo€B, 3aMETHO HEOOIBIIOE pa3Ndne BO Bpe-
MEHH CMeHBI 3Haka curHana (7,3 u 8,5 Mc) A 3TUX OT-
knmukoB (puc. 2B). IloBengeHwe curHama OT MOZCITH
«BIIM» aHamOTMYHO TAaKOMY € CUTHAITY JUIsl YCTaHOBOK
¢ AB 200 u 600 m. Curaan BIIN HkHEro ropusoHra,
HAYMHACT MPOSBIATHCS cO BpeMeHH 10 Mc (HaymHaeTCs
OTKJIOHCHHE OT CHTHAlla HETOJIIPHU3YIOIICHCS MOJICINN),
CMeHa 3HaKa CHTHaJla MEepeXOIHOr0 MpoIecca MPOUCXO-
JIUT TaK ke Ha BpeMeHu nopsiaka 30 mc.

s ycranoBku ¢ uimHOM retognnka 4000 M, addek-
THUBHAs TTyOMHA MPOHWKHOBEHHS ITOCTOSTHHOTO TOKa CO-
crapiseT ot 1000 mo 400 M, B HameM ciydae Teojorude-
CKasl cpejlla 3a/JlaHa BBICOKOOMHOHM W TIIyOMHHOCTH OynmeT
6ompire, okosio 1000 M ¥ IOCTOSTHHBIN TOK OyJeT MPOHHU-
KaTh HIKE BHICOKOOMHOTO TOPH30HTA, MOAOIIBAa KOTOPO-
ro pacmosioxkeHa Ha rayomHe 700 m. CurHai, yCIOBHO
Ha3BaHHBIH «BIIM», Oyner BbI3BaH TajJbBaHHMYCCKUM TO-
KOM, T.K. OH OyJICT MPOHUKATH MOJ] BBICOKOOMHYIO TOJIIIY
U BO30YXJaTh CWJIBHO TOJSPU3YIOIIUICSI TOPU30HT (C
nosspuzyemoctsio 50%) (puc. 2r). O0muit curnan oyzaer
CKJIaJIBIBATHCSl M3 TaJIbBAHMYCCKU BBI3BAHHOW IMOJISIpHU3a-
IIUH OT MEPBOTO U TPEThero co€B. CHrHal OT MOJACITH
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Puc. 2. a) lnuna ucrounuka — 200 m. Curnan BIII" coBnagaer ¢ o6um curnanom. Otkinuk BITU 3HauntensHO cnabee, yem oT-
kiuk BIIT'; 6) Jnuna ucrounnka — 600 M. Curnan BIIT ouens 630k k obuiemy curnany. Otknuk BITH 3HaunTensHo cnabee, uem
orkiuk BII; B) [mmaa ncrounnka — 1000 M. Curnan BIIT mo ammiuTtyzne 6:u30k Kk o0ImeMy CHTHAIy, OHAKO €CTh Pa3iIMIHe BO
BpeMeHH cMeHbI 3Haka curHana. Orkmk BITU cnabee, yem otkimk BIIL; 1) Jnuna ucrounuka — 4000 m. Curnan BIIM Gmusok
obmemy curnany. Otk BIII ciabee, yem otkiuk BITU. 3Hakamul «+» U «-» TOKa3aHbI 00JIACTH MOJIOKHUTEIBHBIX U OTPHLATETb-

HBIX 3HAYCHUN TTOJISI NEPEXOAHOTO IIpoLecca.

«BIII'», BEI3BaHHBIA MOISIPU3YEMOCTBIO IEPBOTO CIOS,
3HAYNATENBHO cilabee curHaiga ot mogmenei «BIIU» m
«BIII" u BITN», 9T0 MOKHO OOBSICHUTH MEHBIIMMH 3HA-
YEHUSIMH TOJISIPU3YEMOCTH 3TOT0 ciiosl (2%) U MEHBIIEH
MIJIOTHOCTHIO TallbBAHMYECKOTO TOKA, TEKYIIETO B 3TOM
cioe, T.K. TIPU TaKOW JTMHE UCTOYHHUKA OH pacTeKaeTCs
no rayounsl 1000 M. MOXHO OTMETHUTH yBEIHUYCHHE
BPEMEHH CMEHBbI 3HaKa MEePEeXOJHOr0 IMpolecca sl CUr-
Hana ot mojenu «BIIW» oH HEe3HAYUTENHHO YBEIUYHBA-
ercs 10 42 mc. Jlnsa curnana ot moaenu «BII'» cmena
3HaKa MPOUCXOAMUT HA BpeMeHu 158 Mc, yTo 3HAUUTEINb-
HO OOJIbIIE, YeM AJIsi YCTAHOBKH C JJIMHOW HMCTOYHHUKA
200 m — 0,63 Mc, 1 YCTAHOBKHU ¢ HCTOYHUKOM 600 M —
3,88 mc u ansa ycranoBku ¢ AB 1000 m — 8,5 mc.
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IlepexonHblii mpouece HaJ NPOBOASILCH
noJsipusyomeiicss 3emuaéii qus
IKBATOPHAJIBLHOM JIEKTPUYECKOil yCTAaHOBKH

Jns SKBaTOpHMAIBHBIX YCTAHOBOK, C HM3MEpPHUTEIEM,
PACIIOJIOKEHHBIM ~ TApaJUIEIbHO HUCTOYHHKY, PacuEThl
MPOBOAMIIACH JUJISl TAKMX KE YEThIpEX Mojeneil. M3mepu-
TENb yOAIEH OT UCTOYHHWKA HA JUIMHY PABHYIO JUTMHE HC-
TOYHUKA JUIS TOJIYYCHUS TIIYOMHHOCTH COIOCTABUMOW C
[TyOMHHOCTBIO CHUMMETPUYHOW YCTAHOBKH C TaKOW IKe
JUTMHOW UCTOYHUKA (pHC. 3).

Jnsa ycraHOBKH ¢ HCTOUHUKOM JuiHHOH 200 M U u3Me-
PUTENIHON JMHHUEH, pachoyiOKeHHON mNapajuiebHO HC-
TOYHUKY, Ha ynmameHuu 200 M, mepexomHBIH TIporecc
CXO0 C MEPEeXOIHBIM MPOIIECCOM, PETHCTPUPYEMBIM CHM-
METPUYHOH ycTaHOBKOH (puc. 4a). Bpems cmeHbI 3HaKa
curHana pias moaenei «BIII» n «BIII u BITW» — 2,3 mc
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(1 cumMeTpuyHON yctaHOBKM — 0,6 MC), Ui MOJeNn
«BIIN» — 31 Mc (Uit CHMMETPUUYHON yCTAaHOBKH aHAJO-
THYHOE BpeMs).

s ycranoBku ¢ ucTouHUKOM JutnHOH 600 M U m3Me-
pUTENHHON JIMHUEW, PacIoOJIOKEHHOM MapauielbHO HC-
TOYHUKY Ha ynameHun 600 M, mepexoaHbId MpoIecc 3Ha-
YUTEIHHO CIIOXKHEE, YeM JJISI CHMMETPUIHON YCTaHOBKH C
TaKoW ke JUIMHON ncToyHmuka (puc. 40). Ha panHux Bpe-
MEHaX CHUTHaJl IEPEXO/JHOTO MPOLecca MPOTHBOIIOIOXKHO-
ro 3HaKa OTHOCHTENIbHO 3HaKa CHI'HaJIa MMITYJIbCa, 3aTeM
IIPOMCXOJUT CMEHA 3HaKa CUrHaja Ha Bpemenu 0,55 mc, a
no3aHee AJs nossipusyrouuxcs moaenen «BIIy, «BIIT
u BIIM» u «BIIW» curHam BHOBb MEHSIET CBOM 3HaK.
Bpems cmensl 3Haka ot moaenu «BITW» — 31 mc, kak u
JUT CHMMETPHYHOH YCTaHOBKH.

Jmnsa ycraHoBKH ¢ ncTouHnKoM mmHOW 1000 M 1 m3-
MEpUTEILHON JIMHUEW, pPAacMoJI0KEHHOW MapajuieIbHO
HCTOYHMKY Ha ymaieHuu 1000 M, mepexomHbIi mporecce
TaK e CIOXKHEe YeM ISl CHMMETPHUYHOW YCTaHOBKH C
TaKOH jKe JUIMHOM uctoyHuka (puc. 48). Ha panHux Bpe-
MEHaX CHUTHaJl IEPEXOJHOTO MPOLecca MPOTHBOIIOIOXKHO-
ro 3HaKa OTHOCHTENIbHO 3HaKa CHI'HaJIa MMITYJIbCa, 3aTeM
IIPOMCXOUT CMEHA 3HaKa CUrHalla Ha BpeMeHHu 1,2 Mc,
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Puc. 3. Cxema OKBAaTOpHUAJIbHBIX YCTAHOBOK, IJII KOTOPBIX
IIPpOBOAUIIUCH paC‘IéTbI. Hcrounnku nmoka3aHbl KpaCHBIMHU JIMHU-
SAMH, U3MEPUTECIIN — CUHUMU.
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Puc. 4. a) limaa ucrounnka — 200 M, TpuEMHUK HaxoquTcs Ha paccrostHun 200 M OT IIeHTpa HCTOYHMKA Ha ero 3kBaTtope. Cur-
nan BIIT" coBnamaer ¢ o6mum curuanoM. Otk BITU 3naunrensHo cnabee, yem otkiuk BIIT; 6) [Jnuna ucrounuka — 600 M, npu-
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EMHUK HaxoauTcs Ha paccTosHuH 600 M OT LIEHTpa UCTOYHUKA Ha ero 3kBaTope. O6mwmii curnan «BIIT" u BITW» Gonblue, yem cur-
Hanel «BIII» u «BIIW». Otkiuk «BIIM» cnabee, yem otkimuk «BIII'»; B) JInuHa nctounuka — 1000 M, npuéMHUK HaXOAWUTCS Ha
paccrosnun 1000 M OT HeHTpa UCTOYHMKA Ha ero 3kBarope. O6mmii curnan «BIII' u BIIW» Gonbiue curnanos «BITW» n «BIII».
Curnan «BIIW» npeobnanaer Han currangom «BIII»; ) nuna ucrounuka — 4000 M, npuéMHUK HaxoauTcst Ha pacctosnun 4000 m
OT LIEHTPa UCTOYHHUKA HA ero dkBarope. [Ipu TakoM pasHOCe MPOSBICHHUE MOSIPU3ALMOHHOTO CUrHaNa oT Moxenu «BIII» u ot Mo-
neneit «BITN u BIII» u «BIIM» 3HaunTensHO paziandaeTcs. 3HAKaMU «+» H «-» TOKa3aHbl 00JIACTH MOJIOKHUTEIBHBIX ¥ OTPHIATEIb-

HBIX 3HAYCHUN TTOJISI NEPEXOAHOTO IIponecca.

a mo3jaHee A noasipusyommuxcs moaenent «BIIy, «BIIT
u BIIN» u «BITIN» curnan BHOBb MeHsieT CBOM 3HaK. Bpe-
Ms cMeHBI 3Haka oT Mojienn «BITN» yBemauBaetcst 1o 33
MC (U1 CAMMETPHUIHOHN YCTaHOBKH — 31 MC).

Jlnsg ycTaHOBKM ¢ HCTOYHHMKOM jummHON 4000 M u
HM3MEpPUTENbHON JIMHUEH, PacIoIOKEHHOHN MapaiebHO
UCTOYHUKY Ha yaaneHuu 4000 M, mepexoHblil mpouecc
TaK >K€ CII0)KHEEe, YeM JUIi CUMMETPUYHON YCTaHOBKH C
TaKOM XKe [UIMHOW UCTOYHUKA (pHC. 4T).

Ha panHux BpeMeHax cHUrHaj NEepexoqHOro Mpoliec-
ca MPOTUBOTMOJO0KHOI'O 3HAKa OTHOCUTEIBHO 3HAKa CHUT-
Hajla UMITyJIbCa, 3aTeM Ha BpeMeHH 15,2 Mc i curHaja
ot moxenel «6e3 BII» m «BII'» mpomcxoauT cmeHa
3Haka curHana. s momenu «6e3 BII» curnan Gosblie
He mensieT 3Hak. [ns momenm «BIII'», Ha BpeMeHHOM
WHTEpBajie pacuéra cuUrHaia, emié oJAHON CMEHBI 3HaKa
HE NPOUCXOAMT, HAOIIOJACTCS JUIIb OTKJIOHCHUE OT
curHana ot mojenu «oe3 BIl», Ha mo3MHUX BpeMeHaX —
no3aHee 450 Mc. J[ns Takoil TMHAMUKW U3MEHEHHS CUT-
Hajja NEepPeXOJHOro IMpolLecca MOXKHO MPEINONOKUThH
cMeHy ero 3Haka nozanee 2000 mc. s moneneit «BIIT
u BIIW» u «BIIW» curHan Ha HEMPOIOKUTEIBHOE
BpeMsl MEHSET CBOW 3HaK, CTAHOBUTCS TaKWM K€, KaK
curHan nurtaromero ummynbca (¢ 34,9 no 42,4 mc mus
monenu «BIIW» W Tonbko Ha KOPOTKOM BpPEMEHHOM
nMara3oHe, OKoJio 38,5 MC, cuMrHajl CTaHOBHUTCS II0JIO-
)utenbHbIM 17151 Moaesn «BIIT u BITM»), a 3atem cur-
HaJl TpHOOpeTaeT 3HaK IPOTHUBOIOJIOXKHBIN 3HAKY UM-
MyJbca U TaKUM OCTa€TCsl N0 OKOHYAHHUS MEPEXOHOTO
mpoiiecca.

BrIBOABI

Bxian ranbBaHWYECKH BBI3BAHHON TMOJSpH3AINH B
00l CUTHAT MEPEXOTHOTO MPOLEecca Uisi CUMMETPUY-
HBIX YCTaHOBOK OKa3bIBaeTCs 3HAYUTEIbHEE, YeM BKJIAT
WHIYKIIMOHHO BBI3BAHHOW mojspu3anuu. [Toka raapBa-
HUYECKHWH TOK W3-3a yBelndeHus ucrtounuka g0 4000 m
HE HayWHAET MPOHUKATH IT0J[ BHICOKOOMHBIN 3KpaH, TIe
pacronaraercsi O4eHb MOJAPU3YIONTUHCS 00BEKT, BIIHS-
HUE 3TOro O0BEKTa HA MEPEXOJHBIH MPOIEcC cliabo u
MAaCKHPYETCs MO MOJSAPHU3AUOHHBIM OTKIMKOM BEpX-
HEH YacTW Cpelbl, TAC pacroyiaractcs ciiabo MoJIIpu3y-
FOLIAMCS CIIOM.

JIst 9KBaTOpPHANBHBIX YCTaHOBOK (TIpU Tapaslieib-
HOM PACIIOJIOKCHUU MUTAIONICH W M3MEPHUTCIBHON JIH-
HUW) TIOBEACHUE TEPEXOJHOTO MpOoIecca Haa MOJEIBIO
«BITN» moxHO 00BsscHuTh Tak. Korma curnan BII cBs-
3aH C BHXPEBBIM TOKOM, TO T€OMETPUS YCTAHOBKU HE
WTpaeT CYMECTBEHHOW POJH, a OMpeaesseTcsl IPOBOIs-
IIUMU ¥ TIOJSPU3AIMOHHBIMU CBOWCTBAMHU CpPEHbI, TI0-
9TOMY BpeMsI CMEHBI 3HaKa CUTHaJIA JUIsl CHMMETPHIHON
1 napamienbHoi ycraHoBku mpu AB=200, 600 M ocra-
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ércs Hem3smeHHBIM — 31 Mc. Kak Tomsko BII HIKHETO
MOJIIPU3YIOIIETOCS TOPU30HTa MHUIIMHPYETCS M BHUXpE-
BBIM W rajbBaHudeckuM TokoMm (rmpu AB=1000 u 4000
M) BpeMs U3MCHEHHS 3HaKa CHTHaja u3MeHsercs (yBe-
JUYHUBACTCA) U OHO CTAHOBUTCS 3aBHCHMBIM OT T'€OMET-
pHUHU YCTAaHOBKH.

Jlnst mapajuiedbHBIX YCTAHOBOK MPH  YBEIUYCHHH
PACCTOSIHUS OT UCTOYHHMKA YBEIMYUBACTCS MPOIOJDKH-
TEIHHOCTh BPEMEHH MPOSIBIICHUS CHT'HANIA XapaKTCPHOTO
JUTsl BOJHOBOM 30HBI UCTOYHHMKA (HAYMHAS C PAHHUX
BpeMEH), Korja MEPBUYHOE IOJEC PACIPOCTPAHICTCS IO
BEPXHEMY HEIPOBOSAIIEMY MOIYIPOCTPAHCTBY, U Iepe-
XOAHBIM TMPOIECC MMEET MPOTHUBOIOJIOKHBINA 3HAK BO3-
OyXJaromeMy HWMITYJIbCy. 3aTeM TPOUCXOJHUT CMeHa
3HAaKa, CBHUICTEIBCTBYIOIIAas O Hadale IePEeXOTHOrO
IpoIrecca, BEI3BAHHOTO BHXPEBBIM IIOJIEM, paclpocTpa-
HUBIINMCSI BHYTPU T'€0JOrHYecKor cpeabl. Crenyromas
CMEHA 3HaKa CHTHAJIAa CBHUJCTEIBCTBYET O MPOSBICHHUH
MPOLIECCa BBI3BAHHOM MOJIIPU3AIUY.

3akJiouenune

W3MeHeHus cUrHajgl Ha U3MEPUTEIbHBIX JIMHUAX HAJl
MIPOBOJSINEH TMONApU3yIoNmieics 3eMI€d 3aBUCAT OT
JUTMHBI 3a3€MJICHHOTO HCTOYHWKA. AHAIN3 TpaQHuKOB
IUTSL PasHBIX CHMMETPHUYHBIX YCTAaHOBOK ITOKAa3bIBACT —
IMOKa TaJbBaHUYECKUH TOK HE MPOHUK MOJ BBICOKOOM-
HBIH JKpaH W HE BO30YIHJ CWJIBHO TOJISPU3YIOIIHICS
CIIOW 3aMETHBIX M3MEHEHHH TpadUKu HE TpeTepIieiu.
[MonaBnstomuii BKJIaJ B CUTHal OT MOJSIpU3YIOLIEHCs
cpelbl BHOCUT TaJIbBAHUYECKH BBI3BAHHAS MOJISIPU3ALUSL.
CurHain BbI3BaHHOW MOJSPU3aLUU CBSI3aHHBIA Kak C
rajqbBaHUYECKUM, TaK U BUXPEBBIM TOKOM MPOSIBISIETCS
B CUTHaJIE MEPEXOJHOr0 MPOLECca CMEHOW 3HaKa OTHO-
CUTEJILHO CUT'HAJIa CTAHOBJICHUS MOJISI.

Ha sxBaTtopranbHBIX yCTAaHOBKAaX Ha PaHHUX BpeMe-
HaX IMPOSBISIETCS CUTHAJI, BEI3BAHHBIM ITEPBIUYHBIM MOJIEM
BOJIHOBOTO XapaKTepa, PaclpOoCTPAHSIIOMIAMCS TI0 BO3IY-
Xy. JJi1 Takoro CHTHaNa XapakTepHa oOpaTHas IOJIp-
HOCTh OTHOCHTEJIBHO 3HaKa BO30YKIAIOIIEr0 HMITYJIbCA.
[Mo3nHee HaOFOMACTCS MHIYKTHBHBIA MMEPEXOIHBIN TPO-
uecc u nposisiienue BIIL.

IIpoBenénuble pacuéThl MMOKA3bIBAIOT Pa3IMYHBIA Xa-
pakTep MpOTEeKaHHs MPOLIECCOB CTAHOBJIEHUS M BbI3BaH-
HOHM moJIsIpU3aluu [UIsi CUMMETPUYHBIX U JKBATOPHAIIb-
HBIX DJIEKTPUUECKUX YCTAHOBOK. JTO TOBOPUT O BO3MOX-
HOCTH M3YYCHHS XapaKTEPHCTHUK KaK OJHOTO, TaK M JpPY-
roro mporecca. CHrHaI MEpexXoaHOTO IpoIecca Ha CUM-
METPUYHBIX yCTaHOBKax IIPOIIE, YeM Ha HKBATOPHAIIb-
HBIX, TIOATOMY, Ha HAIll B3IV, TaKWe YCTaHOBKH OoJjee
MPAaKTUYHBl I TPOBEACHUS WHTEPIPETAlMA H3MEpeH-
HOTO CUTHAJIA.
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