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OIIEHKA OTPAHMYEHUI METOJIA IEPEXOIHBIX TPOLIECCOB
IPA NCCJIEAOBAHUY MAJBIX INTYBWH: YACJIEHHBII DKCIEPUMEHT

A.E. Ili1oTHUKOB

Hucmumym negpmezaszosoui ceonozuu u ceogpuzuxu um. A.A. Tpogpumyxa CO PAH,
630090, Hosocubupck, npocn. Akademuka Konmioea, 3, Poccus

Ha ocHoBe npeaioskeHHOH 3MeKTpUIecKoi MOJEIH YCTAaHOBKHU JUTS 30HAUPOBAHUS HEPp UHIYKTHBHBIM
METOZIOM MEPEXOAHBIX NMPOLECCOB MPOBEJIEH YNCIECHHBIN IKCIIEPUMEHT IO OLIEHKE OrpaHUYEHHN MEeToAa Mpu
HCCIIeJOBaHUU MaJIbIX NIyOHH. B Xozie 3KcIepuMeHTa CONOCTaBISIOTCS] TEOPETUUECKUE U IICEBI0IKCIIEPUMEH-
tanpHble KpuBble JJIC. ITo uX CXOIMMOCTH ONpenesseTcs CHOCOOHOCTh YCTAHOBKHM aJeKBaTHO NMPHUHUMATh
OTKJIMK OT BO30Y)KAEHHOTO MPOCTpaHCTBa HA IyOuHe. 1o pesynsraram SKCIEpUMEHTa IOCTPOCHBI TpaduKu
3aBUCUMOCTH U3MEPUTEIbHBIX IAPaMETPOB YCTAaHOBKHU OT €€ TeOMETPUUIECKUX pa3MepoB. [laHbl peKoMeHAaH
I10 UCIIOJIb30BaHHUIO MAJIOPa3MEPHBIX YCTaHOBOK.

Memoo nepexoonsix npoyeccos, manas 2nybuna, Mooenb IKChepUMenma, nomexa.

EVALUATION OF LIMITATIONS OF THE TRANSIENT ELECTROMAGNETIC METHOD
IN SHALLOW-DEPTH STUDIES: NUMERICAL EXPERIMENT

A.E. Plotnikov

Based on the proposed electrical model of a system for subsurface sensing by an induction transient elec-
tromagnetic method, a numerical experiment was performed to evaluate the limitations of the method in shal-
low-depth studies. During the experiment, the theoretical and pseudoexperimental emf curves are compared.
Based on the degree of their convergence, the capability of the system to adequately record the response from
the excited space at depth is determined. The experimental results are used to plot dependences of the measured
parameters of the system on its geometrical dimensions. Recommendations on the use of small-size systems
are given.

Transient electromagnetic method, shallow depth, model experiment, interference

BBEJEHUE

B crarbe [KokeBHUKOB, [11oTHHKOB, 2004 ] OBLTH MTOKa3aHBI OTPAHUYCHUS METO/IA TIPU U3YyUCHHUH CTpOe-
HUS HEJp HA MaJbIX ITyOuHax. B paboTe ncnonb30Banuch aHAIMTHYECKUE METO/IBI, @ BBIBOJBI MILTIOCTPUPOBA-
JUCh COOTBETCTBYIOIIMMU TpaduKaMH.

B Hactosmielt pabote ucciaenoBaHUe OTPAHUYCHUH BBIOTHAETCS C IOMOIIBIO YUCIEHHOTO SKCIIEPUMEH-
Ta Ha 00yyYaroluX MporpaMmax ImyTeM pacuera KpUBbIX OTKIIMKA C HAJIOKEHHBIMH Ha HUX IToMexaMu. Bo3moxk-
HOCTH METOJIa TIEPEXOIHBIX IPOLECCOB Ha MAIIBIX IIYOWHAX OMPEHEISIOTCS IO PEe3yNIbTaTaM COIOCTABICHHS
TEOPETUUYECKUX U IICEBJOIKCIEPUMEHTAIBHBIX KpUBBIX anekTpoaBkyweil cuibl (JC). TlonoOHbIA moaxoxn
MIO3BOJISIET PACKPHITH HOBEIE JICTAJH B OIIEHKE OTPAaHUYCHHUN U SBISICTCS OOJIee HATIISIIHEBIM.

J11st KOHKpEeTHOH Teo(M3MUECKON YCTAaHOBKH MOHATHE Majas IIyOWHA 03HAYaeT IOTEPI0 BO3MOXKHOCTH
aZIeKBaTHO OTpaXkaThb Ha 3apETUCTPUPOBAHHON C €€ TIOMOIIBI0 KPUBOW OTKJIMKA PEaIbHON HEOTHOPOAHOCTH B
reodIeKTpuIeckoM paspese. Koraa Takoe MpoMCXoauT, a HeOOXOIUMOCTh B MH(OPMAIMK O JaHHON 00JIacTu
MPOCTPAHCTBA OCTAETCs, OOBIYHO MEPEXOAAT K YCTAHOBKE MEHbILET0 pazmepa. IIpr 3ToM 3HAYUTETHHO YMEHbB-
[IaeTcsl BeJIMYMHA MOJIE3HOTO CHTHasla Ha (JOHE IIYMOB COIyTCTBYIOIIUX BPEAHBIX MEPEXOJHBIX MPOILECCOB.
Ecnu mpopenars HECKONBKO TaKMX MEPEXOA0B, TO MOHATHE «Majias IIyOrWHA» HauWHAET acCOLMMPOBATHCS C
HEBO3MOXKHOCTBIO M3BIICUEHUS MMOJIE3HON HH(OpMAIMK U3 3apETUCTPUPOBAHHBIX CUTHAJIOB B CHIIY NPEBAJIUPO-
BaHUs NIoMeX. B 3TOM citydyae BO3ZHMKAET BOIIPOC O LEIECO00Pa3HOCTH HCIIONB30BaHHUS MajOpa3MepHBIX ycTa-
HOBOK. OTCIO[1a BBITEKAET 3a/1aua HACTOSILLETO YUCIEHHOI'O SKCIIEPUMEHTA — OLIEHKA OrpaHUYEHUI MeToa Ha
MaJIbIX TJTyOHHaX.

Kak u3BecTHO, perucTpupyeMblii CUTHaJI MPU 30HAMPOBAHUU I'€OJIOTHYECKOH Cpelbl CpeacTBaMH UM-
IIyIbCHOM MHAYKTUBHOM 2JIEKTPOpa3BEAKH IIPEICTABISAET CBEPTKY IOJE3HOIO OTKJIMKA OT MU3y4aeMoro Ipo-
CTPaHCTBA C PAa3IMYHBIMH COIYTCTBYIOIIMMH W3MEPEHUIO TOMEXaMHU, HE HECYIUMH B ceOc MHPOpPMAIIUU O
cTpoeHun Henp. [1ockoIbKY Ha MPaKTUKE MOTHOCTHI0 OCBOOOIUTHCS OT COMYTCTBYIOLINX MCKAKCHUN HE yIa-
ercs, i1 UX aHaliu3a IPOBOAAT MHOTOUMCIICHHBIE HATypHbIE HSKCIEPUMEHTHI, MO3BOJISIOUINE MNOJYEPKHYTh
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OIHY U3 COCTABJIAIOIIUX NPUHUMACMOT'0 CUT'HaJIa 1 0CIa0uTh Apyrue. YucneHHbIN OKCIIEPUMECHT obecIieynBaeT
peueHue JIaHHOM 3a1a4u oe3 y4dacTud anmnaparypbl, TOJIBKO C YUICTOM €€ OCHOBHBIX TApaMETPOB. I[OHOJ'IHI/ITGJ'H)-
HbBIC BO3MOXHOCTH Y BLI6paHHOFO noaxona IosABJIAIOTCA €€ U MMOTOMY, YTO OH MO3BOJIACT Pa3ACJINTh MMOJTy4da-
€MbIil CUTHaJl Ha COCTaBJISAIOIIME U AHAJIU3UPOBATHL UX POJIb B UCKAXKCHUHU ITIOJIC3HOIO0 OTKIIMKAa HEC3aBHUCHMO

JIpyT OT JIpyra.

COCTABJISIOIIVE CUTHAJIA U MOJEJIb DKCHEPUMEHTA

Jnst Toro 9ToOBl NOMYYUTHh HH(POPMALIUIO O pa3pese, 3eMIII0 Bo30yKIa0T HMITYJIbCAMH TOKa B TE€HEpa-
TOPHOM TeTyIe, PacloJ0KEHHON Ha MOBEPXHOCTH. B MOMEHT BBIKITIOUEHUS TOKa (COIIACHO 3aKOHY AJIEKTpoMar-
HUTHOW WHIYKIIMK) B IIPOBOISIIEH 3eMie (POPMHUPYIOTCS BUXPEBBIE TOKH, KOTOPEIE, PACHPOCTPAHSAICH B TITyOb
Cpelbl, CO3[at0T CBOE U3MEHSIOIIEECs IEKTPOMAarHUTHOE 110JI€. DTOT MPOLECC Ha3bIBalOT CTAHOBIEHUEM IOJIS.
Ha noBepxHocTn 3eMim pacrnosaraercs npueMHas NeTis, B Kotopod HaBoautcs JJ{C WHAYKIINHN 3IeKTpoMar-
HUTHOTO TOJIsI yCTaHaBIUBAIOIIUXCS B 3eMJle BUXpeBBIX ToKoB. HaBeaennast 9J{C B Bujie MepexoJHOTO CUTHATIA,
HECYIIEero MoJe3Hyr MH(OpMAIHIO, HA3bIBACTCS OTKIMKOM, & €r0 BEJMYMHA PACCUUTHIBACTCS MO M3BECTHBIM
¢dopmynam, Hampumep [KoxeBHukoB, AHTOHOB, 2007]. OOBIYHO MPU aHATU3E CUCTEMbI UMITYITbCHOM HHIYK-
THUBHOM 3JIEKTPOPA3BENKH €€ KOMIOHEHTHl PAcCMaTPUBAIOT KaK MOCIEA0BAaTeNbHOCT JIMHEHHBIX YEThIPEXIIO-
JIOCHUKOB C COCPENOTOYEHHBIMH MapaMeTpamMu [3axapkuH, 1981]. [Tonararot Taxke, 4To mapamMeTpbl 4eThIpeX-
MOJIIOCHUKOB B3aMMHO HE3aBHCHUMBI U IMOCTOSIHHBI BO BPEMEHHU.

ITo npyro#t metoauke [KoxxeBHuko, 2006], reHepaTopHas U IpUeMHasi IETIN B COBOKYITHOCTH C TIOACTH-
Jaromiel X BEpXHEH 4yacThio re0JIOrHYeCcKOro pa3pesa o0paszyroT CUCTEMY C paclpeielIeHHbIMU apaMeTpaMu,
KOMITOHEHTBI KOTOPOH B3aUMOJEHCTBYIOT ApyT ¢ ApyroM. IloguepkuBaercs, 4ToO HUMEHHO BEPXHSIS YacTh reoso-
THYECKON Cpebl OOBEIMHACT AIEMEHTH YCTAHOBKH B €IMHYIO CUCTEMY C KadeCTBaMH, He CBOANMBIMH K TIPOC-
TOW CyMM€ KadeCTB OTACIBbHBIX eMeHToB. B pabore H.O. KoxxeBHukosa [2012] cripaBe/yinBO OTMEUYEHO, YTO
M3BECTHBIC Ha CETOJIHS KPUTEPUH MOI00NS, CBA3BIBAIOIINE TaHHBIC IA0OPATOPHBIX U MOJICBBIX HAOMIONECHUH, He
YYUTHIBAIOT CTIEHU(UKY TEHEPATOPHO-NIPUEMHON YCTAHOBKU KaK CIOXHON CHCTEMBI C pachpeieiCHHBIMU Ta-
paMmeTrpamu. YKa3aHHas Ipo0diemMa sBIsieTcs IPoOesIoM B TEOPUH MOJ00HS 3IEKTPOMarHUTHBIX CUCTEM, Tpely-
IOIIM CBOETO PEeIICHUSI.

B cuiy nepedncieHHbIX IPUYHUH B YUCIEHHOM 3KCIIEPUMEHTe ObLIO MIPUHATO MOJIEIUPOBATh TeHepaTop-
HYIO U IPUEMHYIO I€TJIM B BUJIE SKBUBAJICHTHBIX KOHTYPOB € COCPEJOTOUEHHBIMHU MTapaMeTpaMH, a dJIeKTpomar-
HUTHYIO CBSI3b MEXKIy HUMH OCYIIECTBIITE Yepe3 TpaHchopMaTop, CIIyKauluid Uil MpeoOpa3oBaHus BEIHIHH
TOKOB U HampspkeHHH. B mpocToMm cirydae TpaHC(HOPMATOp COCTOUT M3 ABYX TallbBAHUYECKH HE CBSI3aHHBIX U
HETIOBIKHBIX KaTyIIeK 0e3 GpeppoMarHuTHOTO cepredHnka. Takoit TpanchopmaTop sSBISIETCS TMHEHHBIM dJie-
MEHTOM, IOCKOJIbKY ONMCHIBAECTCS JUHEWHBIMU ypaBHEHUAMM, UMEET JIMHEHHbIE XapaKTePUCTUKU U Ha3blBaeT-
cs1 BO3MymHbIM. [lo cyniecTBy, IMEHHO Takoi TpaHchopMmarop o0pa3yeT Ha MOBEPXHOCTH 3eMIIM CHCTEMaA U3
TeHepaTOPHON W MPUEMHOMU TMEeTeNlb BO BpeMs 30HIMPOBAHUS METOIOM TEPEXOAHBIX MporeccoB. [IpunsaToe pe-
[IeHHe, B TIEPBOM MPHUOINKEHUH, TIO3BOJISIET YYUTHIBATH MHEPIIMOHHBIE CBOWCTBA METENh U OJHOBPEMEHHO MO-
JIeNUPOBaTh 3HAYUTENbHBIE UMITYIbCHBIC TIepEHANPsHKEHUS, BOSHUKAIOIIUE B TPUEMHOHN IETIe B pe3yabrare
MpepbIBaHUs TOKA B TEHEPATOPHOM MeTine. DTOT MPoLecc, Ha3blBaeMblid MIPSIMON HABOIKOM, HA cCaMOM Jiejie SIB-
nsieTcst 6osiee CIIOKHBIM, TaK KaKk UMeeT 3aBUCUMOCTh OT reosiorndeckoro paspesa [KoxxeBHukos, 2012]. Tem He
MeHee IpeJularaeMas SKBUBaJIEHTHAA dJIeKTpUdecKas cxema (puc. 1) mo3BosseT B 1ab0paTopHBIX YCIOBHUIX MO-
NIEMTUPOBATh OCHOBHBIC CBSI3U, MPUCYTCTBYIOIINE B peaNTbHON TeO(pH3MUECKON YCTAaHOBKE, U TACT MPEICTaBIIe-
HHUE O NMPOUCXOASAIINX B HEH Ipolieccax.

Heob6xoqmMo oTMeTHTE, YTO 30HIMPOBAHHE 3EMITH
reo()U3NYECKON YCTAaHOBKOW TPOBOAMTCS HA MajoM H 1 .
OOJIBIIIOM TOKaX BO36y)KIIeHI/I$I. HpI/I 9TOM TOK B LIEIIU I'e- *— 000
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HEpaTOpHOI MEeTIN CIajgaeT Mo-pa3HOMYy. DTO OOBSACHS-
€TCsl TEM, YTO MEPEKITIOUaloNIie IEMEHThI dIeKTpUUeCc-
KO CXEMbI KOMMYTAaTOpa, pabOTAOLIET0 C UHAYKTUBHON
LEMNbIO, 3alUIIEHbl pa3paboTYMKaMH OT MEpeHarnpsiKe-
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Puc. 1. DxBuBaJieHTHas J1eKTPpUYECKAasi cXeMa reHe-
paToOpHO-NPUEMHOIi YCTAHOBKH JJIS HECTALIMOHAPHO-
r0 JIEKTPOMATHUTHOTO 30HANPOBAHUSI.

I

KO
R. Ry L, C. — »memenTs reHepartopHoit metm; R, R, L, C, — -T_
aneMeHTbl npueMHoil neriu; T1 — Bo3gywHbsIH TpaHcdopmarop; Rur
E, — reopetnueckuii curnan orkiauka seman; K0—K3 — nepexmoua- E—
TEIH PEKMMOB U3MepeHHUs; 1, 2 — TOUKM U3MEPEHHUs] CHIHAJIOB.
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HU crenuanbHeIMU y31aMu. Kak mpaBuiio, 3TH 4acTU CXEMBbI BCTYHAIOT B paboTy ¢ OMPENEIEHHOTO CPEAHEro
YPOBHSI KOMMYTHPYEMOTO TOKA. PeskuM M3MepeHHsl Ha MaJIoM TOKE B HAIlleM CIIydae SBISIETCSl OCHOBHBIM, TaK
KaK MaKCHMAaJIbHO OTBEUYAaeT 33 BEPXHIOK YacTh M3y4yaeMOro paspesa 3emud. lIponecc BBIKIIOYEHUsS! Maoro
TOKa IIPOUCXOAUT B CBOOOIHOM PEXXUME C MOCTOsHHOH BpeMenu T = L /(R + R,), 4To oTpaxaer npemnoxeHHas
SKBUBAJICHTHAsI CXEMA.

H3BecTHO, 9TO TIpH pacdeTe Ierel ¢ TpaHc(HOPMaTOPOM HCIOIB3YIOTCS CXeMBI 3aMEIIEHHUS, IPH MEePeXo-
Jie K KOTOPBIM JI€HCTBUTEIbHBIE TPAaHC(HOPMATOPHBIE CBA3M (JIEKTPOMATHUTHBIC) 3aMEHSIOTCS ANEKTPUIECKH-
MH. OTH CXEMbI YIOOHBI JJISI aHAJUTHYECKOTO HMCCIICTOBAHUS YCTAHOBHBIIETOCS W MEPEXOMHOTO PEXKHMOB B
Tparcdopmarope. CXeMbl COCTABIAIOTCS TaKUM 00pa3oM, YTOOBI UX TOKH W HAMPSDKEHHS OMHCHIBATUCH TEMH
K€ YPaBHEHHUSMH, YTO U B pEaIbHOM TpaHChOopMaTope, 1 3TO AeTaeT BO3MOKHBIM UX HCIIOIb30BaHUE B PA3IIHU-
HBIX Iporpammax. OnHy u3 Hux, cucteMy «Electronics Workbench» [UYepnsimos, Yepnsimosa, 2005], npeana-
3HAQUEHHYIO JUISl MOZENUPOBAHUS U aHAIN3A NEKTPUIECKUX CXeM, ObUIO PEIICHO UCIONb30BATh B JAHHOM YHC-
JIEHHOM 3KCIEPUMEHTE.

Kak cnenyeTr u3 BBILICIPUBECHHBIX PACCYKACHUM, pErUCTPUPYEMbI Ha BBIXOJE IMPUEMHHUKA CUTHAI
€CTb pe3ysbTaT Kak MHHUMYM TpPeX BO3AEHCTBHHA. DTO IepexoqHas XapaKTepUCTHKA OT BO3OYXKICHHON 3eMIIH,
npsiMasi HABOJIKA OT BBIKJIFOYAEMOTO TOKA B FEHEPATOPHOI MeTie U UCKa)KEHHE CUI'Hajla MHEPLIMOHHBIMU CBOWC-
TBaMHM IpueMHOH netinu. IlpencTaBneHHas 5KBUBAJIEHTHAsL CXEMa M103BOJIAET aHAIM3UPOBATh BKJIA][ KaXI0T0 U3
HHX, B 3aBUCHMOCTH OT MEHSIOIIUXCSA TapaMeTpOB reo(hU3MIEeCcKOil yCTaHOBKH M UCCIIEAYEMOTO pa3pesa 3eMIIn
B paMKaX yKa3aHHBIX yIIPOIICHHH.

CxeMma COCTOHT M3 JIBYX YacTei ¢ IMHEHHBIMHU deMeHTaMu R, L u C, 0ToOpaxkarouiMu reHepaTopHyIo
U IpUEMHYI0 nenin. Bo3aymseli Tpanchopmarop T1 mMonenupyeT CBs3b MEXKAY HHUMHU, KOTOpasi KOHTPOIHUPY-
eTcs yepes napaMeTp B3aUMHON MHAYKIMU. [TapaMeTpsl BCeX 3JIEMEHTOB PAaCCUUTHIBAIOTCA C YUETOM Pa3MEpOB
neTeNb U UCIONL3YEMOT0 NPoBoja. B cxeMe IpHUCyTCTBYIOT HIyHTUDPYIOIME CONPOTUBIEHHUS NeTens R, monou-
paeMble TaKUM 00pa3oM, YTOOBI NeTIH paboTanu B pekuMe, OIM3KOM K KpuTuueckoMy. Bee pacueTs! B skcrie-
pPUMEHTE MPOBOJSITCA IPU TOKE BO3OYKAEHUs 1 A, yCTaHaBIUBAEMOIrO BEIMUYMHON HampspkeHUs Oarapeu E u
perynupoBoYHbIM pe3ucTopoM R . Teopernyeckuii CUrHa — HEHCKaKCHHbII CUTHAI OTKIIMKA BO30YKICHHOM
3eMJIM — PacCUUThIBaeTCs ¢ nomouibio nporpamMmel «Unv_QQ» (aBrop E.FO. Antonos, MUHI'T CO PAH) [Ko-
JKEBHHKOB, AHTOHOB, 2007] 1 peanusyercs B cXeMe 4epe3 reHepaTop HanpsbkeHus £ . Ha cxeme, npuBeneHHON
Ha pHC. 1, yKa3aHbI TOYKH MMOAKIIIOYEHHS BXO/Ia IIPOTPaMMHOTO ocmuuiorpada 1 MepeKTodaTelTy, ¢ ITOMOIIBI0
KOTOPBIX PETUCTPUPYIOTCS HEOOXOANMBIE TaHHBIE.

YCJIOBUs PELIEHUS 3ATAYA

O603HaYeHNE YCTAHOBOK COOTBETCTBYET Pa3Mepy CTOPOHBI TCHEPATOPHBIX MeTeNb. [y YuCIeHHOro K-
CIIEPUMEHTA OBUIN B3ATHI JAHHBIC COOCHBIX FC€O(PHU3UUECKIX YCTAHOBOK C OMHAKOBBIM COOTHOIICHUEM MEXTY
CTOpOHAMU I'eHepaToOpHOil u mpuemHoii nerens (L /L = 2) pasmepom 2000, 200, 20 u 2 m. ITepsble aBe BCTpe-
YalOTCs Ha MpakTHKe. J[Be MociaeHUEe YCTAHOBKY BKJIIOUEHBI B SKCIIEPUMEHT, YTOOB! IPOBEPUTH BO3MOXKHOCTD
UCIIONIb30BAaHUS UHAYKTUBHOMN 3JIEKTPOPA3BEAKH B UCCIEIOBAHUAX MaNbIX NIyOHH.

B xauecTBe MOAENH OBLIO B3SITO OAHOPOIAHOE MPOBOJSAILEE MOTYIPOCTPAHCTBO C YAEIbHBIM CONPOTUBIIE-
aueM 1, 10, 100 1 1000 Om-M.

[TpuMeHNMOCTE METOAA MEPEXOAHBIX IPOLECCOB B TEOMIEKTPHUSCKUX HCCICIOBAHHUAX MAaJbIX TIyOWH
OTIpEeTIIIaCch PAcueTOM IS BEIOpAaHHOH MOZIEIH CPeabl H Te0(pH3nIeCKO YCTAaHOBKH TEOPETUIECKOTO CUTHA-
na BJIC — E(t) u nceBnoskcnepumenTanbHoro curnana OJIC — E.(t). Ilo oTHOCUTEIBHOMY PacX0XkKICHHUIO
MIOJTYYEHHBIX 3HAYCHUH CUTHAJIOB, PACCUNTAHHOMY TIO (hopMyIIe

6(t):100-w%, ()

E,(t)

ompe/iensnack BpeMeHHas ToukKa t;, HaulHas ¢ KOTOPO PacXok/JJeHHEe KPUBBIX HE BBIXOIMUIIO 33 PAMKH YCJIOBHO
npuHATHIX 10 %.

Kak u3BecTHO, OrpaHUYEHUE JUIUTEIBHOCTH PETHCTPAIIMUA CUTHAJIA OTKIMKA HAXOAMTCS B 3aBUCHMOCTH
OT OTHOIIEHHs] BETUYMHBI MPUHUMAEMOTO CHTHAJIa K YPOBHIO PErHCTPUPYEMBIX IIYMOB, OMPEICISIOLINXCS
CBOMCTBAaMH U3MEPUTEIHHON CUCTEMbI U BHEITHUMHU [TOMEXaMHu. DTOT MapaMeTp SBIAETCS BaXKHBIM JIJIsl Kayec-
TBEHHOT'O M3MEPEHHUS U PeryJupyercs pa3MepaMi yCTaHOBKM U BEJIMUMHOW TOKa B reHepaTropHoi netie. Bos-
MOKHOCTH COBPEMEHHBIX aIlllapaTypHBIX KOMILICKCOB ISl 30HIUPOBAHMS METOAOM IIEPEXOJHBIX MPOIECCOB
TaKOBBI, YTO B OJIArONMPHUSATHBIX YCJIOBHUSX MO3BOJISAIOT BBIICIUTH cUTHaN 1m0 ypoBHsA 100—10 HB. B nanHoi
paboTe CUTHAIBI CBOOOIHBI OT IITyMa, XOTS 3TO MOYKHO OBUIO CeNIaTh JOCTATOYHO MPOCTO TOOABICHUEM B BIICK-
TPUYECKYIO CXEMY I'eHeparopa cilydaiHbIX curHaios. I[loatoMy oTciexupaHue BpeMEHHOM IrpaHuLibl t,, 10 Ko-
TOPOI UMEET CMBICII IIPOBOJHUTE PETUCTPALINIO ITEPEXOAHON XapaKTEPUCTHKH, OBIIO YCIOBHO IPUHATO BECTH I10
JOCTIDKEHHUIO CHTHaJIoM ypoBHs 1 MKB. OTMeTka 3aduKcHpoBaHa I TOT0, YTOOBI ObLIa BOSMOXKHOCTB OTCIIE-
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Puc. 2. Teoperuueckue (E,) um nceBmodxcnepumen- — E;, p=1 0OM:M

Tanapnbie curnansl J/AC (E,) pasHbix paspe3os, pac- . T E: g:}ooévmw
CUMTAaHHbIE I/ ycTaHoBKH 200 M. 107 S e E,, p=10 OM-M
1z == E;, p=100 OMm-m
10°4 S E,, p=100 Om-m

«= E,, p=1000 OM-M
== Ey p=1000 OM-M
KUBaATh €€ MCPEMCUICHUEC B PE3YIIbTAaTC USMCHCHUA I1a-

paMeTpoB YCTAHOBKH, M HE BCEra 03HAYAEeT, YTO CHI-
HaJI IOCJIe Hee He HeceT B ceOe mH(pOPMAIHIo 0 cpefe. = 1072

o
YUCJEHHBIE SKCIIEPUMEHTBI 1073
[Ipumep paccuuTaHHBIX TEOPETUYECKUX U TICEB- 104_;
JIO3KCIIEpUMEHTANBHBIX KpUBbIX DJIC 17151 yCTaHOBKH C ]
rerepatopHor newedt 200 X 200 M u pUEeMHON TIEeT- 1078 ‘ —T— SN NS, N
neit 100 x 100 M npu yeIbHOM COIPOTHBICHUH CPEIIBI 1078 107° 107 1073 1072
ot 1 1o 1000 Om'M npuBe/ieH Ha puc. 2. tc

IlocnenoBaTenbHOCTh ACUCTBUNA  CIEAYIOMIAS.

ConracHO BBIOPaHHOW YCTAaHOBKE, B AKCIICPUMEHTAJBHYIO cXeMy (CM. puc. 1) 3aHOCATCS COOTBETCTBYIOIIHUEC
3HAYCHMS YKBUBAJICHTHBIX IIAPaMETPOB T€HEPATOPHOM M IIPHEMHOH MeTeNb B BO3AYIIHOTO TpaHcdopmaropa T1.
Jlis BEIOpaHHOM MOJIENTH TOYTIPOCTPAHCTBA C MOMOIIIBIO0 mporpammbl «Unv_QQ» paccyuThIBaeTCsS TEOPETH-
yeckast KpuBas oTkiuka e (t)/I. Ora dynkius noacrasnsercs B uctounuk JJIC E. B Touxe 1 nporpaMmHbeIM
ociuiorpadoM perucTpupyeTcs meepnoskcnepumenTansHas kpusas J1C. Hadanom mis mpouecca u3mepe-
HUS CIIy’)KUT MOMEHT pa3mblkaHus kirouda KO.

Uepes Bo3aymHbiid Tpanchopmarop T1 BeIkIIOUarOMMiicsA TOK TeHepaTopHoil netiu coznaet J/1C B npu-
€MHOH MeTIIe, YTO CIY)KUT UMUTAIMel NpsSMON HaBOAKU Oe3 ydeTa BIUSHHS NOACTUIAIONIEro paspesa. OgHo-
BPEMEHHO B IIeNH IpHeMHOM netnu nerictByeT JJC Teopetndeckoro curnana £ (t). Curnan 3/1C, peructpupy-
MBI B TOUKE 1, SIBIISETCS CBEPTKOM OOOMX CHTHAJIOB, MCKaXCHHOM MHEPLMOHHBIMH CBOMCTBAMHU MPHEMHOM
newd. [1omoGHEIM 00pa30M pacCUUTHIBAIOTCS TICEBIOIKCIIEpUMEHTaNbHBIe curHANEI DJ]C 11 Bcex pa3pesos.

Ha puc. 2 BunHO paznuuue NceBIOIKCIIEPUMEHTANbHbIX cUrHajioB JJIC OT TEOpeTHYECKUX CUTHAJIOB.
O4eBUIHO, YTO 1O ONPEAEICHHOIO MOMEHTA BPEMEHH OT Hayasla perucTpaluy HeT CMbIC/Ia B X HHTEpIpeTa-
muu. [losToMy ofHOM U3 3a7a4 YMCIEHHOTO AKCIEPUMEHTA ObLI pacueT 3TUX 3HadeHHH 1), 4ToObI 10 uX BeH-
YHHE ONPEIEIATs BO3MOXHOCTE Pa0OTHl YCTAHOBOK Ha MaJIoi DTyOMHE.

N3BecTHO, YTO MHEPIIMOHHOCTH U3MEPUTENILHOTO TPAKTa BHOCUT HCKAKEHUE B PETHCTPUPYEMBIH CUTHAI
B BHUJIE 33J€PKKU 10 BpeMeHH [3axapkuH, 1981]. CaBur skcneprMeHTaJIbHOTO CUTHajla Ha ONpeIeNIeHHYIO Be-
JTUYMHY TIO03BOJISIET YACTUYHO BOCCTAHOBUTH CUTHAJ OTKIIMKA M OTOJIBUHYTh B PaHHHE BpeMEHA IPaHUILy CXOIH-
MOCTH TEOPETUYECKON M HKCTIEPUMEHTAJIbHON KPUBBIX. B 3KCTIEpUMEHTE BeTUYMHA CIBUTA Af JIETKO ONpeAess-
€TCSl TMOCTENEeHHBbIM HAJBUTaHUEM IPAKTUUECKOW KpPHUBOM Ha TEOPETHYECKYI0 KpPHUBYI0 U PacyeToM
OTHOCHUTEIILHOTO PACXOKACHUS KpUBBIX 10 popmyie (1). [Ipu ontumansHOM caBure popMa KPUBOH pacxoxKie-
HUSI IproOpeTaeT XapaKTePHBIH TOPH30HTAIBHEIA BUI Ha OOJBINEH CBOSH YacTH, a TOYKa MaKCUMAIbHO JOITYC-

a

Yctanoska 200 M, p=100 Om-m

6
10?
<1072
a 10’
= g
$ 10 > 10°
=10
10~
107°
107° 107° 107 107 1072 100 100 102 10°
tc Pa3smep yctaHOBKU, M

Puc. 3. Ilpumep onpenesieHns CABUIa CUIHAJIA 110 BpeMeHH At 1 rpanui gosepus t, u t, (a) u xpusas 3a-
BHCHMOCTH BeJIMYUHBI CIBUIa OT pa3Mepa YCTaHOBKH (0).
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Puc. 4. CocraBisiionue u3MepseMoro CUrHaJja.

VYeranoska 200 M, p = 100 Om-m.

THMOTO HECOOTBETCTBH t; epeMeliaeTcs BIEBO 110 IIKa-
ne BpemeHu (puc.3). B xome skcmepumMeHTa OBLIO
TIO/ITBEPKJICHO, YTO BEIIMYWHY CIBUTA OMPEICISIOT Ma-
paMeTpsl MeTelb, ¥ 4TO i1 KOHKPETHOH YCTaHOBKH OH
OJIMHAKOBBIN JIJIsl BceX pa3pe3oB. [10CKOIbKY CIOBUT SBIISI-
€TCSl BOCCTAaHABIIMBACMBIM HCKa)KCHUEM CHUTHAJIA, TO KOp-
PEKITUS CIBUTA COBEpIIaiach KaX bl pa3 mepern cpaBHe-
HUEM KPHBBIX TEOPETHUYECKOTO U IKCIIEPHUMEHTATBHOTO

104 e rrre——rrrre——Ar e\ CHTHAJIOB.
1077 107° 107° 1074 1078 Ha puc. 3 Beinenen y4acrok [t;, t,] ckoppexrupo-
tc BaHHOW II0 BPEMEHM IICEBJOIKCIECPUMEHTAIBLHON Kpu-

BOM, XapaKTepU3yIOIUiica TeM, YTO Ha Ha4aJbHBIX Bpe-
MEHaxX ero pasinuue ¢ TeopeTUdecKoil kpuBoil He mpeBbimaeT 10 %, B cpeHeil yacTH MaKCHUMAJIbHO CXOX C
Hell, a Ha OTMETKE BpeMeHH t, TepAeT CBOM MH(OpPMAI[MOHHBIE CBOMCTBA M3-3a BO3MOXHOTO IpeoOiafaHus
LIYMOB.

Ha puc. 4 B xayecTBe npuMepa Moka3aH ICEeBIOIKCIEPUMEHTAIBHBINA CUTHAT M €r0 COCTaBJISIOLINE Yac-
TH, NIOJyYEHHBIE B PE3YJIbTaTe YUCIEHHOIo dKcnepuMeHTa Ha yctaHoBke 200 M. TeopeTuueckuil curnain pac-
CUHTHIBaJICS ¢ ToMotbio mporpaMMel «Unv_QQ». Teopernueckuii cUTHAN, HCKaXKEHHBIN TOIBKO WHEPIIHOH-
HOCTBIO TPHUEMHOW TETIH, perucTpupoBancs B Touke | ¢ mepexmodennem kimoua K3. Hckaxenwue,
COOTBETCTBYIOIIEE WHEPIIMOHHON COCTABIAIONMIECH MPUEMHON METIIM, MOMy4ajoCch BRIYUTAHUEM M3 MOCIETHEHN
KpUBOH TeopeTndeckoro curxajia. CurHan npssMoi HaBOAKH PErMCTPUPOBAJICS B TOUKE | ¢ MEepexiIIoueHuEM
kiroda K1. CrnoxeHue cOCTaBIMIOMINX CUI'HAJNA, KaK U MOJOKEHO, 00pa3yeT MCEeBAOAKCIICPUMEHTANIBHBII CHUT-
HaJl, KOTOPBIHA LIETUKOM PETHCTPUPYETCs B TOUKE 1, a pas3/iesieHne Ha COCTaBISAIONINE JaeT BO3MOXKHOCTH Olle-
HUBATh BKJIAJ KaXIOH U3 HUX.

Kak u3BecTHO, 17151 TOCTOBEPHOTO OTCIICKHMBAHUS IMHAMHUKH PETUCTPUPYEMOI0 CUTHAIAa HAa HAauyaJlbHOM
9Tarne U TeM CaMbIM COKPALeHHS MUHUMAJIbHOM IITyOMHBI 30HAMPOBAHHUS YMEHBILAIOT Pa3Mepbl YCTaHOBKHU.
OTO ONMpaBIaHO TEM, YTO MEHBINIAS IO pa3MepaM IeTIs 00JalaeT U MEHbIIeH WHePIUOHHOCTBIO, KOTOpas B
MepBOM IPHUOIMKEHHH 00PaTHO MPONOPLIHOHAIBHA TMHEHHOMY pa3Mepy HeTIH.

BwMmecTe ¢ mone3HsIM CHTHAJIOM OTKJIMKA IIET/IS IPHHAMAET Ha ceOsl U IMPSAMYIO HaBOAKY OT BBIKIIIOUCHHS
TOKa B TeHepaTropHoii memie. O6a curHaia B pa3HOW CTETICHH 3aBHUCST OT TEOMETPUIECKUX pa3MEPOB yCTAaHOB-
k1. Harmpumep, nponopiuoHansHOe yMEHbLICHHE JIMHEIHBIX Pa3MepOB YCTaHOBKH B K pa3 MoBbIIIaeT ObICTPO-
JieficTBUE FeHEpaTOPHOU 1 IPUEMHOM NETENb IIPUMEPHO
B K pa3 1 OIHOBpPEMEHHO TPUBOIHUT K MPOMOPIIMOHATb-
HOMY YMEHBIICHUIO K03(pduilneHTa B3aMMHONW MHIYK-
uun. B pesynsrate cyMMapHOro BO3IEHCTBHS yKa3aH-
HBIX (hakTOpoB oOIIee WM3MCHEHUE CHrHajla MPSIMOH
HABOJKU Ha rpaduke ¢ OWIOrapu(pMHUCCKON IIKAIOH
BBINIZUT KaK CMEIIEHUE BIIEBO I10 IIIKajie BpeMeHH 0e3
WU3MEHEHHS aMIUTUTYIBI U GopMbI. DTO TOBOPHUT 00 yC-
KOpEHHH Ipoliecca ero HapacTanus u cnana. [logobHoe
IIPOUCXOMUT U C MOJIE3HBIM CUTHAJIOM OTKJIMKA.

AHanu3 MaHHBIX Ha PHC. 5 MO3BONSET CAEIATH
BbIBOJ], YTO INpHU YMCHBUIICHUN YCTAHOBKW Ha TpPHU II0-
psiika CUTHAJ NMPSIMOM HaBOJKU COKUMAETCSI/yCKOpsieTCs
Ha CTOJIBKO K€, a TMOJIE3HbI CHTHAJl OTKJIHMKA Ha IMATh
nopsikoB. OTHOBPEMEHHO, COIACHO IpaduKaM Ha PU- ;-5 e
CYHKE, 3TO IPUBOJUT K YMEHBILIEHUIO TI0JIE3HOIO CUTHA- 108 107 10 10° 10* 10® 1072

tc

10"
10°

107"

B/A

/

1072
1078

107

" * \

— E,, ycT. 2000 m r—-— E,ycT.20Mm

Puc. 5. I'padpyikn TeopeTHyecKNX CHTHAJIOB, IPAMO¥i EH’ ”
— E,, »

HABOJIKHM M UHEPIHOHHO# MOMeXH YCTAHOBOK Pa3Ho- ——— E yor200m = — E yer2wm
ro pasMepa Jisl pa3pe3a ¢ yleJbHBIM CONPOTUBIE-  ______ E, » e By
Huem p =100 OMM. E, » e E

»
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JIa Ha OJHOM W TOM kK€ OTMETKE BPEMCHHU Ha IBEHAIIATh IMOPSAKOB. JIpyruMu cioBaMH: yMEHBIICHHE pa3Mepa
YCTaHOBKH C LIeJIbl0 00Jiee paHHEH perucTpaluy CUrHajaa B TOUKe i) IPUMBOAUT K 3HAUUTEIBHOMY HOBBIIIEHHIO
TpeOOBaHMH K MapaMeTpaM H3MEPHUTENBHOM YacTi 00opyaoBanus. Tak, B CHITy yCKOPEHHUS MpoIiecca CTaHOBIIE-
HUSI TIOJIST HEOOXOAMMO YMEHBIIATh JUCKPETU3AIMIO BPEMEHH, a M3-3a CHIDKCHUS YPOBHS CHTHAJNA TOBBIIIATH
pa3pemaionyro cnocoOHOCTh, U HE B pa3bl, @ HA TIOPSIKH.

PE3YJIBTATBI

Pe3ynbraTsl YHCICHHOTO SKCIEPUMEHTa OTpaxkeHBl Ha puc. 6—10 B Buae rpadudeckux gaHHBIX. U3
pHc. 6, a cliefyeT, UTO U3MECHEHHUE Pa3MEPOB YCTAHOBKH MTO3BOJISICT MPONOPLUOHAIBHO YMEHBIIUTh HAa9aIbHOE
BpeMsI KadeCTBEHHOM perucTpauu curaanat, u B 4/t pa3 yMEHBIIUTH MUHUMAJbHYIO [TyOUHY 30HAUPOBaHUS
[KoxeBnuxoB, IlmorHukos, 2004]. IIpu 3ToM yMeHbIIEHHE pa3MEpOB YCTAaHOBKHM Ha MOPAIOK HPUBOIUT K
YMEHBIICHHIO Ha MOJITOpa HOpPsAAKa [UIMTEIPHOCTH KAadeCTBEHHOIO HM3MepeHus curHana otkimka (1)) (cm.
puc. 6, 0).

Perucrpauus cursana Ha paHHUX BpeMeHax COIPsDKEHa ¢ ONpeesIeHHbIMU TpyaHOCTAMU. O1eHKa napa-
METPOB YCTAHOBKH JJIsl TOJIyYE€HHUS BEPHBIX M3MEPEHHUI Ha paHHUX BpeMEHaX Ipoliecca NpelcTaBlieHa Ha
puc. 7. Kpupas t; Ha HeM IOKa3bIBAET, C KAKOTO BPEMEHH CIIEAYET 0’KHUAATh KA9€CTBEHHOTO PE3yNbTaTa H3Mepe-
HMs JUIs BBIOpaHHOTO pasMepa ycTaHoBKU. I'paduk £ /E, 1oKa3bplBaeT 100 HHEPIIMOHHOMN OMEXH B CKOPPEK-
TUPOBAHHOM 10 BPEMEHH CHTHAIIC, 3aPErUCTPUPOBAHHOM B Touke 1. Kpusas E, onpeznensier HauanbHblii ypo-
BEHb U3MEPSEMOI0 CUI'HAJIA, a KpuBas t, — MUHUMANBHYIO JINTENbHOCTh U3MEPEHUS.

10%3

102

ty, MKC
S R I
\ S

tr, MKC

> a S

N S [}
\\\ SY

10°
10°
107" b——rrr—— 10? LY
10° 10’ 10 10° 10* 10° 10’ 10 10° 10*
Pa3smep yctaHoBKU, M Pa3amep yctaHoBK«, M

—=— p=10mMMm —e— p=10 Om-m —a— p=100 Om-m —~— p=1000 Om-m

Puc. 6. 3apucumocts mapamerpos t, (a) u t, (6) oT pasmMepa yCTAHOBKH H yI€JIbLHOIO CONPOTHBJIE-

HUSA CPeabl.
a (1]
108 p=100 Om-m 104
=
o = 10° 102
=
ur 0s]
w 8 2—
- 2 P
<~ 10 - t1 w10 - p:’] OM-Mm
g g —o—t2 —_— p=10 OM-M
- % v ——FE —a— p=100 OM-m
- t
= =100 / T~ —v—(1b0-EM/ET)t1 1072 —e— p=1000 OM-m
o T RN | rorrTTTT RN | T RN | rorrrTTm
10° 10" 102 10° 10* 10° 10" 102 10° 10*
Pa3wmep ycTaHoBKK, M Pa3smep ycTtaHOBKU, M

Puc. 7. IlapameTphl, 3aBHCSII{HE OT Pa3Mepa YCTAHOBKH (a), U rpa()MKH 3aBUCHUMOCTH YPOBHSI CUTHAJIA B
To4Ke t; 0T pa3Mepa yCTAaHOBKH Ha Pa3HbIX pa3pe3ax (0).
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5 o ()1 o Puc. 8. I'panuubl qoBepus 1JIs1 NMCEBAOIKCIEPUMEH-
110 %\~ TAJILHBIX CUTHAJIOB OT Pa3HbIX pa3pe30B HA MpUMepe
. R YCTAHOBKH 2 M.
o 1074 X
® 3 \\\
= 3 \\
s} ] \
10724
< i Crout n00aBUTH, YTO C YXyALIEHHEM MPOBOMAU-
- 3 MOCTH 3eMJIM Ha MOPSIOK, CHTHAJl OTKIIMKa ociabeBaeT
% 10744 Ha moJyitopa mopsiaka (cM. puc. 8). Bcermexcrsue 3toro
1 N < JUINTETIBHOCTD MOJIE3HOTO CUI'HAJIA OT CIab0NpoBOAsIIIeH
3 . (,1_\1:2)1000 OM_\M\\ Cpeabl yKOpauMBaeTcs, 3aTpyAHseT OoprOy C HIyMOM U
10-611-MKkB " N A - \,\ C YCHOXHACT HHTCPIPETALHIO. YMeHbIIEHHE pa3Mepa yc-
. T A . T, TaHOBKM JOMONHUTENLHO yCyTyOnsieT CHTyalHio, TaK
10 10 ‘e 10 107 kak ¢ ymMeHbIIEHHEM pa3Mepa Ha MOPAIOK CHTHAJ, OTBE-
E, p=1Omm L E, p=100 0wy  JRIOUWH 32 OIHY M Ty dKe DIyOUHY 30HIUPOBAHUS,
———3(t), p=1 OM.m e 3(f), p=100 OM.m  YMEHBIIAETCs Ha 4eThIpe nopsika. [losromy B mepsyro
———=E,, p=10 Om-M === E;, p=1000 OM:M  ouepelb YMEHBIICHHE Pa3Mepa YCTAHOBKH CKa3bIBACTCS
------- (), p=10 OM.M  --=-=-= §(t), p=1000 OMm.m

B XyALIyI0 CTOPOHY MMEHHO Ha pa3pe3ax ¢ OOJbIINM
YIENbHBIM CONPOTUBIICHUEM.

W3 npuBeneHHbIX BBILIE pacCyKAECHUM MOJIy4aeTcsl, YTO Majlo UMETh Y4acTOK KpUBOM OTKJIMKA B IIpeje-
Jax rpaHuI goBepus. HeoOxonumo, 4To0BI ero MpoTsHKeHHOCTh Oblna qoctarodHoi. Ecnu yuects, 9to mccie-
JIOBaTeNsl UHTEPECYIOT, IPEXIE BCEro, HEOXHOPOIHOCTH, KOTOPbIE HMEIOTCS B T€0JIOTMYECKOM paspese, TO cTa-
HOBUTCS NOHATHOW HEOOXOIMMOCTD YCIIOKHEHUS MOZIEH pa3pesa Uil YMCICHHOTO ONpeAeIeH s CIOCOOHOCTH
YCTaHOBKH padOTaTh Ha MaJbIX DIyOuHAxX. /s 3TOro OBLIO pemeHo MCIIONB30BaTh IBYXCIOWHYIO MOJCIH pa3-
pe3a ¢ TOPU30HTATIBHBIMHU CIIOSIMH. PacCUMTBIBas SKCIIEPHUMEHTATIBHbBIC CUTHAIBI AJIS TOCIIEI0BAaTEIbHOCTH Pa3-
PE30B € Pa3HON ITyOUHOMN PACIONOKEHUS IPAHULIBI MEXKTY CIOSIMH, STUM CaMbIM, OTOZIBUTAs pa3 3a pa3oM yc-
JOBHYIO TOUKy Ilepern0a Ha pEeTUCTPHPYEMOH KPHBOH CTaHOBICHHWS OT Havajla yBEPEHHOTO IIpHeMa
Ka4yeCTBEHHOIO CUI'HaJIa t), 1 UCTIONB3Ys 3TH JaHHbIE U1 PEIICHUs 00PaTHOM 3a1a4uy, MOXKHO 110 CTaOMIbHOCTH
PE3YIIBTaTOB HHTEPIIPETAINH ONPEACTUTE BEPXHHUI IIOPOT YyBCTBUTEIFHOCTH YCTAHOBKH 110 TITyOWHE 30HIHPO-
BaHMSL.

OKCHEPUMEHT BBINOIHIECTCS B HIXKEIPUBEIEHHOM MOCIe0BAaTENbHOCTH.

1. ITo BBIOpaHHOM ABYXCIIOHHON MOJIENH pa3pe3a U ONPENICIICHHOW YCTaHOBKE PACCUUTHIBAIOTCS TEOPETH-
YEeCKHE KPHUBEIC IS TE0EKTPUIECKOTO pa3pesa MpoQHiIst ¢ MOrpyKAIOIIMMCS OCHOBAaHHEM.

2. TeopeTuueckue CUTHANBI UCTIONB3YIOTCS I CO3AAHUSI He3aBUCUMOT0 cTouHuKa OJIC B SKBUBaNEHT-
HOU cxeMe TreopH3nIecKol YCTaHOBKH (CM. pHc. 1) U pacdeTa COOTBETCTBYIOIIETO TICEBI0IKCIICPUMEHTAIEHOTO
curaana JJIC.

3. Ilomy4yeHHBIC KPUBBIE KOPPEKTHUPYIOTCS C TIOMOIIBIO CIIBHTA 110 BPEMEHH (B COOTBETCTBHU C TpauKoM
puc. 3, 6).

4. Y13 paccUMTaHHBIX KPUBBIX BBIPE3AIOTCA Y4acTKH [t t,] cormacHo rpadukam puc. 6, B KOTOPBIX COAEp-
JKUTCSI IPUTOAHAS TSI HHTEPIIPETAIIH HHPOpMAIHS.

5. IlogrotoBnenusie KpuBbie DJ|C HCIONB3YIOTCS B KaUeCTBE BXOAHBIX JAHHBIX U IPOTPaMMBI perlre-
HUsI 00paTHOI! 3a1aun. [l KaXka0#i TOUKH MPOQUIIS BRIYUCISIOTCS MOLTHOCTH cnoeB. CHauala 3To JeJaeTcs C
NPUBJICYEHUEM TTOJTHOH alpHOPHOH HHpOpMAIHK. 3aTeM HH(POPMALI OTPAaHMYHBAETCS COPOTUBIICHUEM BEPX-
HETO CJIOf, @ 3aTeM M MOJHOCTEIO yOupaercs.

6. Ilo momy4eHHBIM JaHHBIM CTPOSITCS T€0JIEKTPHUICCKHIE Pa3pe3bl U IIPOBOIUTCS aHAIH3.

Ha puc. 9 npueaens! npumeps! pacueToB Aisi ycTaHOBOK pasmepom 200, 20 u 2 M ¥ CONPOTUBIIEHUSIMU
cioeB reosnekrpuueckoro paspesa 50 u 100 OM'M. AHanu3 NONyYEHHBIX JAHHBIX MO3BOJSET YyTBEPKAATh, YTO
YCTaHOBKA C pa3MepoM reaeparopHoi netiau 200 M 1 mpueMHoi nietiau 100 M crmocoOHa 6e3 Kakor-JIM0o anpu-
OpHOI1 HH(pOPMALINH OTIPEETINTE IPAHHILy ABYXCIOHHOTO pa3pesa, HauuHas ¢ TITyOHHBI opsaka 1/4 ot pasmepa
CTOPOHBI M3TydaTess. [y yCTaHOBKH, YMEHBIICHHON Ha MOPSAIOK, ¥ TeM 0ojiee /Il yCTAaHOBKU pa3MepoM 2 M
YCIIEIIHOE PELICHUE aHAIIOTHYHOM 3a1auil MOTpeOyeT anprHOpHON HH(POpMALUU O BEPXHEM CIIOE.

O4eBUIIHO, YTO NMPHUBEAEHHBIE PACUeThl HE OCTAHOBAT MBITJIUBBIX 3KCIIEPUMEHTATOPOB OT IMOMNBITOK HC-
MIOJTB30BAHUSI MQJIBIX YCTAaHOBOK. MOXKHO TTOMOYh MM B 3TOM, NPUBENS JaHHBIC YHCICHHOTO AKCIICPUMEHTA,
MOKA3bIBAIOIIET0 KaK BHIHOC IIPUEMHOM METIIN 33 MpeJelibl U3IydaTelis O3BOJIIET COKPATHTh BpeMsl BO3Jelc-
TBUS TIPAMOIA HABOAKH U TEM CaMbIM YJITYYIIUTh BOSMOKHOCTH Ha Masioi miyoune (cM. puc. 10). JanHblil npuem
OCTaBJISET BO3MOXKHOCTh Ka4€CTBEHHOM MHTEPIIPETALIMHU MOIY4aeMOro MaTepuana, Ho IPUBOAUT K HEKOTOPHIM
OTpHIATEIEHBIM MOMEHTaM: YMEHBIIIAETCS YPOBEHB MOIE3HOTO CHTHalla Ha HAJaJIbHOM 3Tarle, HOSBIIseTCS T1e-
pexof yepe3 HyJIEeBYI0 OTMETKY, BHOCUTCSI HEOTIPEICICHHOCTh B MO3UIIMOHMpOBaHue. HecMoTps Ha 370, U3Me-
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Puc. 9. I'eodsiekTpuyecKkne AByXCJIOiHbIE pa3pe3bl ¢ pPABHOMEPHBIM MOTPY:KeHHEM 0CHOBAHMSA.

pEeHHS pa3sHECEHHOH yCTaHOBKOH OIPEAeTICHHO MPHBOIAT K MOJOKUTEILHOMY PE3yJbTaTy, CIIOCOOCTBYs Oomee
CIIOKOMHOMY NPOTEKaHUIO HEXEJIaTelbHbIX IIEPEXOAHBIX IIPOLIECCOB B cucTeMe. [l cpaBHEHHS IIOMUMO I'pa-
(hbMKOB COOCHOHM yCTaHOBKHM MCHOJB3YIOTCS BO3MOKHOCTH YHCJICHHOTO JKCIEPUMEHTa M MPUBOIATCS JaHHBIE
UL BOOOPa)XaeMoro CITydast P OTCYTCTBUU IPSIMOI HaBOIKH.

TeopeTndeckn MONHOCTBIO W30AaBUTHCA OT IIPS-
MO HAaBOAKH MO3BOJISIET MPUMEHEHHUE PAa3InNYHOTO Poaa
nmuddepeHraIbHbIX YCTaHOBOK. OTCYTCTBHE BO3MOXK-
HOCTH Ka4€CTBEHHOW MHTEPIPETALMH SBISIETCS CYILEC-
TBEHHBIM MHUHYCOM Takux HM3MepeHui. OnHako, umest
XOpOIIYI0 YYBCTBUTEJIBHOCTh K HEOJHOPOJHOCTSIM Ha
COpa3MEpPHBIX C YCTaHOBKOW TIIyOMHAX, TaKOW METOJ
30HAMPOBAHUSI MOXKET OKa3aThCs €AMHCTBEHHO BO3MOXK-
HBIM JUISl OTACTBHBIX BUIOB paboT, HAIpuMep 10 OKOH-
TYPHUBaHHIO NpeIMETa MOMCKa Ha MaJoH IIyOuHe 3aie-
TaHusl.

Puc. 10. YMmenblieHue npsiMoii HABOAKHM BBIHOCOM
NpUEMHHKA 32 Mpeesibl U3Jyqareis.

VYeranoska 20 M, p = 100 OmMm.
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BbIBOJbI

[TonmyuyeHHBIE pe3yabTaThl HE MPOTUBOPEUYAT OOIIMM pacdyeTaM, MPHUBEICHHBIM B cTaThe [Ko)KeBHHUKOB,
[MnoruukoB, 2004] 1 MO3BOSAIOT MX AOMOIHUTE. [T0Ka3aHO, C KAKUMU METIIMU HEOOXOAUMO padOTaTh B HHTYK-
THBHOM 3JIEKTPOpa3BelKe, YTOOBI MOJYYHTh PE3YNIbTAT HAa MaJbIX MTyOHMHAX, M Kakue (pU3HUYECKUEe MPOIEeCChl
3TOMy MemaroT. BeiBeieHa 3aBHCHMOCTh TIyOWHBI 30HIUPOBAHUS OT pa3MEepOB MPHEMHHKA, €r0 YacTOTHOM
XapaKTePUCTHKY U HAYAJIbHOTO BPEMEHH PETUCTPAIMH Ha pa3HbIX reo(hU3nIeCcKuX paspesax. B crarbe crnenano
BaKHOE 3aMEYaHHe O TOM, YTO Ha PAaHHUX BpEeMEeHaX IreHepaTopHas W MPHUEMHAs PaMKH CBS3aHBI HE TOJIBKO
MTOCPEICTBOM MarHUTHOTO TOJISI 3aTYXaIOIIUX B 3€MJIE BUXPEBBIX TOKOB, HO U Y€pe3 MPSAMYIO0 HHAYKTUBHYIO U
E€MKOCTHYIO CBSI3H. DTO BIIMSHUE BHOCUT OTPAaHHUYCHHE HA JICHCTBHE BBIBEACHHBIX (opmyi. B HacTosmel pado-
T€ OTH OTPaHUYEHUs BBISABICHBI B COBOKYITHOCTH C MHEPIIMOHHBIMHM CBOHCTBAMH IETENh B BHJE BPEMEHHBIX
OTMETOK, HAaUMHAasl C KOTOPBIX PETUCTPUPYEMBIil CUTHAII MOKET HECTH JIOCTOBEPHYIO HH(POPMAIHIO O cpee.

B nenom mo pesysnbraraM YUCIEHHOTO KCIIEPHUMEHTA MOXHO CAENaTh CIACAYIOIUI BBIBOL: IPUMEHEHHE
YCTaHOBOK MAJIOTO pa3Mepa ¢ IeJIbI0 YMEHbIIEHUS TTyOHHBI 30HAUPOBAaHUS BIIOJIHE BOSMOXKHO B OIIpEEIICH-
HBIX OJIaTONPUSATHBIX YCIIOBUSAX. DTOMY CIOCOOCTBYET TOBBIIIICHHAS MPOBOJUMOCTh 3€MIIM HA MECTE H3Mepe-
HUW 1 HaJTU4#e apuopHON MHGPOPMAIUH.
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