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Onucano iHghopmayitino-eumipioganviy cucmemy KI-1 onsa OE3KOHMAKMHO20 GU3HAYEHHS GETUYUHU CIMPYMY 8
CMIHKAX NiO3eMHUX mpy6onp060016 WTAXOM 8UMIDIOBAHHS HANPYHCEHOCMEl MASHIMHO20 NOJISL HAO HUMU, d MAKOX}C
MEemoOUuKa OYiHKU CMAHY BOTAYIIHO20 NOKPUMMS Yux mpybonpogoodie 3a GenUYUHOI0 3AHUKAHHS Yb020 CMPYMY.
3uauna ysaea npuoinena po3pooneHto mpbox Memooux Oe3KOHMAKMHO20 GUIHAYEHHSL GENUYUHU CIPYMY | aHANIZY
MemoOuuHUX ma iHcmpymeHmanoHux noxubox cucmemu KI-1 nio uac ix peanizayii

KimrouoRi cnoBa: mim3emHuit TpyOompoBin, iHpopMamiiiHO-BUMipIOBaTIbHA CUCTEMA, i30JIAIiiTHe TIOKPUTTS, Me-
TONKA

Onucana ungopmayuonno-usmepumensras cucmema KI-1 ons beckonmakmuozo onpeoenenus genuyunvl mo-
Ka 8 CMeHKax no03eMHuIX mpybonpoeod08 nymem usmepenus HanpalNceHHOCMU MAeHUMHO20 N0 HAO HUMU, d Ma-
Kotce MemoouKa OYeHKU COCMOAHUA U30NAYUOHHO20 NOKPLIMUA SMUX mpybonposooos no eeruduHe YmeyKku 3moco
moka. 3HavumenvHoe GHUMAHUE YOeNeHO pazpabomke mpex Memooux OecKOHMAKMHO20 ONpedeleHUs GelUdUHbl
MmoKa u aHanu3a MemooOuUdecKux 1 UHCmpymMeHmanbHulx nocpeutnocmeii cucmemuvl KI-1 npu ux peanuzayuu

KntoueBble cioBa: moa3eMHbIN TpyOOTIPOBO, WH(POPMALIMOHHO-M3MEPHUTENbHAS CHCTEMA, N3OJSIIMOHHOE TI0-
KpBITHE, METOANKA

The informatively-measuring system of KI-1 is described for the non-contact detection of value of current in
the walls of underground pipelines by measuring of tension of magnetic-field over them, and also method of
estimation of the state of isolating coverage of these pipelines on the size of loss of this current. Considerable
attention is spared development of three methods of the non-contact detection of value of current and analysis of

methodical and instrumental errors of the system of KI-1 during their realization
Keywords: underground pipeline, informatively-measuring system, isolating coverage, method

Ha cworogni B Ykpaini ogHum i3 HaliOibli
PO3MOBCIOIXKEHUX BH[IB MOCTAYaHHSA 3HAYHOT Ki-
JBKOCTI MPUPOIHOTO Ta3y, HAadTH i HATOMPOTYK-
TiB BiJl BUPOOHWKIB CHOXMBAaYaM € MiA3eMHMI
pr6onp031}mnu Ttpancriopt [1]. 3 uwacom craH
i3071ALIHHOTO MOKPHUTTA TPYGONPOBOIIB BHACIINOK
6araTboX MPUYHMH (TEXHOJOTIYHUX, TEONOTIUHHX,
TPHUBAJOi eKCIUTyaTallil Tolo) moripimyetbes. Lle
MPU3BONThL 10 KOHTAKTYBAHHSI CTIHOK TPyGOMpo-
BOJy i3 TPYHTOBUMHM BOJAMH i HOro KOpPOyBaHHS,
1o B 0araThboX BWMAJAKax € MPUUUHOK aBapiii 3
HerependavyBaHUMU HacTiaKamHu [2].

Tomy oneparuBHuil i 1OCTOBIpHUI OE3KOHTA-
KTHUI KOHTPOJIb CTaHy i30JILIHHOTO TOKPHUTTS
Mi3eMHUX TPYOOIIPOBO/IIB € aKTyalITbHOIO 3a7a4et0
At HaTOra30BUAOOYBHHX | Ha(TOra3oTpaHcmop-
THUX nmnpneMCTB Ykpainn 3], ocobnmBo 3 ypa-
XYBaHHAM 3HA4YHOI KUIBKOCTI MiA3eMHUX TpyGo-
MPOBOJIIB i TPUBAJIOTO Yacy X eKcrutyarailii.

be3koHTakTHI METOU KOHTPOJIIO 130JIA1IiHHO-
rO0 TMOKPUTTS TPYHTYIOTbCS HAa OE3KOHTAKTHOMY
BU3HAYEHHI CTPyMy, KM MPOTiKa€e B CTiHII TiJ-
3eMHOro TpybonpoBoay. Iiguac Takoro KOHTPOIO
JIO CTiHOK MiJ3eMHOTO TPYOOIIPOBOAY Yy BiATIOBIA-
HUX MiCLUSX M €AHYIOTh T€HepaTop 3MiHHOTrO
CTPYMY i LUISXOM MPOBEAEHHS OJIOKOM MarHiTHUX
aHTeH Haja TPyOOMmpoBOAOM MO oOuaBa OOKM Bif
Micls T’ €IHAHHS OO HBOTO reHeparopa 0€e3KOoH-
TaKTHO BHM3HAYalOTh CTPYM y CTiHLI TPyGOmpoBo-
Iy. 3a xapakTepoM 3aHWUKaHHS CTPYMY B CTiHLI
TpyGONpoBOAY B3NOBK TPYGONPOBOAY (4ACTKOBO-
ro Tiepexoqly CTPyMy i3 CTiHOK Tpybomporoay (y

MICLIAIX TMOMIKO/PKEHOT 130J1s1Llii CTPyM YacTKOBO
MEPeXOIUTh 31 CTIHKHM B 3€MJI0) CYASTh NPO CTaH
I30JIAIIHOTO TIOKPUTTS [4].

[Mpunagam i cucremam (UIMUAT-2  [5],
Vuusepcan-911 [6], AHIIU-A [7], UTIK-01 [8],
ITOUCK-2104-2 [8], TIOUCK-310[1-2 [8],
S-CKAN [9], Radiodetection PCM [10], BIT-KBIIT
[11], BKIT-2 [12]), sxi Ha maHWi 9ac BUKOPHCTO-
BYIOTHCS LTS 0E3KOHTAKTHOTO KOHTPOJIIO 13015~
UIHHOTO  MOKPUTTS  MiA3EMHUX TPyOOMpPoBO.iB
BJIACTHBI TMEBHI HEZOJIKK: HEOOXIiAHA BiMOBiAHA
opieHTawis 0JOKYy MarHiTHUX aHTEH BiJHOCHO KOH-
TPOJLOBAHOTO TPYOOMPOBOAY; Miguac OE3KOHTAK-
THOTO BUMIPIOBAHHSA HAmNpPY>KEHOCTi MAarHiTHOrO
moJisi Haja TpyOONMpoBOJOM HeOOXigHa 3yNMHUHKA
PyXy i3 OJIOKOM MarHiTHUX aHTeH TOIo. AHai3
LMX TNpWiIaaiB i CUCTEM, a TaKOX iX HEIOJMIKiB
00yMOBHITH HEOOXiJHICTh PO3POOJICHHS yIO0CKO-
HaJIeHO1 iHpOpMaIliifHO-BUMipIOBATIFHOT CUCTEMHU.

Indopmanitino-BumiptoBasibHa cuctema Kl-1
ckianaetbesi 3 reneparopa KI-1-I' nnst 3amadHs
CTpyMy 3MiHHOI yacToTh (puc. 1, a) B nianasoHi
gactot 50-1500 I'r i aManyL[oro o 5 A Ta npu-
timaua KI-1-I1 3 6110koM MarHiTHUX aHTeH i mopTa-
TUBHUM KOMM'IOTEpoM (puc. 1, 6).

CTpyKTypHi CXEMH TeHepaTropa iMMIyJIbCHUX
curHanie KI-1-I' i npuiimaua KI-1-IT 300paxkeHi
BiJIMOBiTHO Ha pHcC. 2 i 3.

I'eHepyBaHHs CHTHaITy HEOOXIIHOT YaCTOTH Ta
CKBa»@KHOCTI Bl,£[6yBa€TbC$l B Ojoui rexepauii br.
Janwuii 00K pa3om i3 BUXiZHUM TpaHCHOPMATO-
poMm BT dopMmye immynbcr HeoOXimHOI KOH]Iry-
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a)

a) eenepamop KI-1-I'; 6) nputivau KI-1-11; 1 — 610xu mazHimuux anmen,

2 — 610K nonepedHvbo20 0OpodeHHsL CucHANS, 3 —

nopmamusHuti komn romep, 4 — ocHosa npuiimaia

Pucynok 1 — Indopmaniiino-sumiproBanbHa cuctema KI-1

KA

J7

78 BT j Vi3 M H

BI"— bnox eenepayii; BY — onox ynpaeninns; BT —

O

suxionuti mpancgpopmamop, J{H — dasau nanpyeu;

JIC — 0asay cmpymy, 311 — 3anam'amosyrovuit npucmpiii; Kb — 610k komymayii; K — nanens ynpagninus,
KA — 610k konmponio cmany akymyiasmopa, I — inoukamop

Pucynok 2 — CtpykrypHa cxema reiepatopa KI-1-I

pauii, fKi MOCTymaloTh Ha KOHTPOJILOBAHWU Tpy-
oonpogia. Jyis y3ro/pkeHHs piBHSI CUrHaNYy i3 elle-
KTPUYHUM OMOPOM TpyOomnpoBoay mnepeadayeHo
ook xkomyTanii Kb. Jlns KOHTPOJIO 3a Mmapamet-
paMM BHXiTHOTO CHTHaNTy B KOHCTPYKLii reHepa-
Topa nepeabaveHo napavi Hanpyru /[H Ta cTpymy
JC.

KepyBanus poGoToto reHeparopa 3MilicHIO-
€ThCS 32 JIOTMOMOTOK0 MIKPOKOHTPOJIEPHOTO OIIOKY
ynpaBiiHHa BV, sKuil 3a/1ae apaMeTpy CUTHAJIIB,
SIKI HEOOXIHO reHepyBaTH, i KOMaH1y Ha rouva-
TOK/3yNMUHKY reHepatiii B 610k renepatii b7, Kpim
1poro, 650K Y kepye 6mokom komyTanii Kb.

ISSN 1993—9868. HacdhTorasosa eHepreTuka. 2010. Ne 1(12)

KopuctyBau mae 3mory kepyBaTtd poOOTOIO
reHeparopa 3a JIonoMororo kiasiarypu K. Innvka-
1ist pexxuMy poOOTH BiIOyBa€eThCs HA iHAMKATOPI /.
3amam’aTOBYIOUHI MpUCTpiii 311 BUKOPUCTOBYETh-
csl 1uis 30epiraHHs MOTOYHMX HallallITyBaHb T'eHe-
paTopa, a TakoX Ui Harnepela 3aJJaHuX Mporpam
poboTH reHepaTopa.

YV crpykrypHii cxemi npuiimaua KI-1-IT ne-
pendadeHo po3MillleHHsI CeMH MarHiTHUX aHTeH B
TpboX Onokax: MA1-MA3 — B mepmomy Omoui;
MA4 i MA5 ta MA6 i MAT BianoBigHO B APyromy
Ta TPEThOMY OJIOKaX.
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MAI-MA7 — maenimnui aumenu, IIII-11T17 — nonepeoni niocumosaui; KI11-KII2 — keposari niocuniogaui,
K® — keposanuii ¢pinemp; CH — cunmeszamop wacmomu; BI1® — 6ok npoepamyesanns Qinempa;
IIHI-IIH?2 — noemopiogaui nanpyau, J] — oemexmop, ALl — ananozo-yughpoguii nepemaoprosau,

MII — mixkpoxoumponep; KI9 — cmex npomoxonie ingppavepsonoco nopmy, 14— ingppauepgonuii nopm,
KIIK — xumenvrosuii komn tomep, I — oemexmop nepemiwgennis; bIK — 6ok ocuenens

Pucynok 3 — CtpykrypHa cxema npuiimaua KI-1-IT

[Tincunenns curuanis, OTPUMAHKX BiJ MarHi-
THUX aHTEH, 3/iHCHIOETLCS MOMepeHIMHU MiCH-
JIFOBaYaMH HH] -II177. Tlincunedi curHajiu Haaxo-
JIATH Ha KepoBaHWi mifacumoBau KII1, sxuii nae
3MOry BUOMpATH OJMH i3 CEMH KaHaJIiB i BCTAHOR-
JIIOBaTH KOE(ILIEHT MiJACUICHHS CUTHALy AJIs M0-
nanpimoi  o0poOku. KepyBaHHS miacumoBadeM
3MIHCHIOETECS 3a JOMOMOTOI0 MIKPOKOHTpoJiepa
MII. Bubpauuii curiaja HaaxoauTh Ha KEPOBAHUIA
¢ineTp K@. Xapakrepuctuku (inbTpa 3a1at0Thes
MiKpoKOHTposiepom MII 3a IOMOMOrOK CUHTE3a-
Topa wactotn C'Y Ta 650Ky TiporpamMyBaHHS (ilh-
Tpa BII®. BindinbTpoBaHWH CHrHaJI OJHOYACHO
YOTMPMA KAHAJIAMHU HaJXOAMTb HA KEPOBAHMH Mijl-
cumosau K712, 3a kOMaHI0K0 MiKpPOKOHTpOIepa
MII BuOHMpaeTbCs OOWH 13 YOTUPHOX CHUTHAIIB,
SKAM 3a HEOOXiOHOCTI MiACHITIOETHCA. BUXigHUN
CHTHAJ i3 NPOrPaMOBAHOTO Mi/ICHITIOBAYA MOAAETb-
cs1 Ha 1pa mosToproBayi Hanpyru [THI i ITH2. Jlo
BHXOJY OJHOTO i3 TMOBTOPOBAYIB HANpPYrH MiA'e]-
HaHWM IETEeKTOP 3MiHHOTO cUTHany //.

Jlis mepeTBOpEHHsI aHAJIOTOBOTO CHTHALY Y
uuppoBy (GOpPMY BHUKOPHCTOBYETHCS JIBOKAHAJIb-
Hull aHanoro-umdposuii nepersoptoBau A/JI1. Ha
onuH BXin ALl HagXoauTh MPOJIETeKTOBAHUMN CH-
THAJI, a Ha IHIIWK — 3MIHHANW CUTHAJ. 3unTaHi JaHi
3 AI{IT nepenaroThes Ha MikpokoHTposiep M.

st 06poOeHHs BUMipSHUX CUTHAIIB Ta KO-
HTPOJTIO 3a MPOLIECOM AiarHOCTYBaHHSI BUKOPUCTO-
BY€ETbCS TopTaThBHUN komm 'totep KIIK, mo Bia-
KpHBA€E LIUPOKI MOXKITUBOCTI AJIsl 00poOeHHs ai-
TrOpUTMIB O0UMCIIeHHs 1 30epexxeHHs qanux. [lepe-
JlaBaHHS JaHWX MiXK MikpokoHTposnepoM i KIIK
BimOyBaeThcsl depe3 iH(padepBoHmii mopt. s
1LOTO peai3oBaHO MpUHOMO-TiepeaBay Jyis iH-

(paueproHOro nporokoy /Y Ta cTEeK MPOTOKOJIB
iHdpauepBoHoro nmopry K/Y. BukopucraHHs cTeKky
MPOTOKOJIIB  JJa€ MOKJIMBICTH  BCTaHOBITIOBATH
3’€IHAHHS 3a OTIOMOTOI0 Pi3HOMAaHITHUX TMPOTO-
KOJIiB i 3poOMTH Tipolec 3’€/HaHHS YHiBepcalib-
HUM.

3a J0MOMOToK0  iH(ppPaYepBOHOTO 3’ €/IHAHHA
KIIK nepeaae KOMaHIu _YHpaBIIiHHSA Ha MIKPOKOH-
TpoJsiep, SIKHi CTBOPIOE i Nepe/lae KOMaHAMW YNpas-
JIIHHSI HAa KepoBaHi miacuoBayi, Gpinetp, AL]I1.

3a 10MOMOror pPo3pobsIeHOT CUCTEMH MOKHA
peastizyBaTH TpPH METOAMKH OE3KOHTaKTHOTO BU-
3HaueHHS cTpyMy I B CTiHII Mig3eMHOro TpyOo-
MPOBOJLY.

3rigHoO 3 MEpUIOKd METOAMKOIO, ska nepeada-
4ae BI/IMlp}OBaHHSI HAMpyKeHOCTI MarHiTHOTO MOJIS
B OJIHI} TOYLI Ha/l MiI3eMHUM TPyOONpPOBOIOM 32
JIOTIOMOTOIO BiJINOBIZIHUX MarHiTHUX aHTEH CUCTe-
MU, MOAAJIbIINNM aBTOMATHUYHUN PO3PaxyHOK OJ10-
koM MII nipuiimaua KI-1-IT ctpymy / B ioro criHii
B TOYLll KOHTPOJIO 3IIMCHIOETHCS TaKUM YHMHOM
[13]:

I= - . (D
ZMOkvl
fle  z — BIACTaHb MO BepTHKaJi Bil GJIOKY MarHir-
HHUX aHTeH 710 Oci Mi3eMHOro TpyGONpOBOAY, AKa
HA OCHOBI BUMIPSHKX HANpPyr HA BUXOJAX BiJMOBi-
JTHUX MarHiTHUX aHTE€H aBTOMATHYHO BU3HAYAETh-
cs 6moxom MII mpuiimava KI-1-11 Tak:
bUley2kzlkz2

z= - @
Uz2kzlky2 + Uy2Uzlk22kyl
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wl - w3 — mampuyi sazosux xoeiyicnmis;

pa B I s B ) )
bl % s Z] Sy,
74) ! 74) ' J)b_;
7
J 1 J 2 /
b, 7 02, z Bz
b3
7J> ’
J 3 =d
bl 12, 7
7J> ! 7J> b

bl -b3 — mampuyi xoeiyicnmis smiwenns;

f1- 3 —nepeoasanvni ynxyii; L — cymamopu, a, b — xinvxicme neiiponie nepuio2o i opy2020
wapie LITHM

Pucynok 4 — CTpykTypa HelipoMepe:xi 119 BU3HAYEHHS iH()OpMATHBHHX MapaMeTpiB
OIHOI0 TPYOONPOBOXY

b — BigcTaHp Mk OJIOKAMHA MAarHiTHAX aHTEH
npuiiMada KI-1-11 (6a3a), Ky BCTaHOBIIOIOTH 3a-
3aaneriae, Hanpukiaaz, 0,25 m;

B — kyr mix Biccto TpyOomnpoBoay i Biccro
OJIoka MarHiTHUX aHTEH, KW HAa OCHOBI BUMIpS-
HUX Hampyr Ha BUXOAAxX BiANOBIAHWUX aHTEH PO3-
PaxoBYy€TbCS aBTOMATHYHO TaK:

Uylk'cl

3)
lekyl

— BIZICTaHb B MEPIEHINUKYISPHOMY HarpsM-
Ky }10 OCi Mia3eMHOro pr6onp030}1y Bia cepen-
HBOTO OJIOKa MarHiTHUX aHteH nmpuiimaua KI-1-11,
ska OnokoM MII aBTOMaTHYHO PO3PAXOBYETHCS
Tak:

B =arctg————

e bU ,,U 1k 2k sin B W
Uzkakyy FU LU KooKy,
[y — MarHiTHa crania; Uﬂ U, U, U,
U,, — BuXifHi Hanmpyr# MarHiTHUX aHTEH

MAI , MA2 , MA3 , MA4 , MAS , BinnosigHo;
k k,, k., k,,k,— xoediuientn kanic-

x1> Tyls> Tzl z2
pyBaHHsi MarHiTHUX aHTeH (B/Tn). 3nak «—» Big-
MOBIAE TOJIOKEHHIO OJIOKIB BKA3aHUX MArHiTHUX
aHTeH 3 OJIHI€T i3 CTOPiH TpacH MiA3eMHOT0 TPyOo-

nposoay (¢dasm curnanis U, i U_, ongHakosi),

3HAK «+» BIAMOBIIAaE TIOJIOKEHHIO OJIOKIB MarHiT-
HUX @HTEH 3 PI3HUX CTOPIH TPACH Mi3EMHOTO TPY-
6onposony (¢dazu curnanis U, i U_, 3mimeHi Ha
180°).

Hpyra meronuka nependadae BUKOPUCTAHHS B
KI-1-IT po3po6iieHoTl mTYyYHOT HEHPOHHOT Mepexi
(LIIHM), pyis sikoi BXigHUMU JaHUMU Oyne MacuB
3HAYEHb HaMpyeHb TOPU3OHTAILHOT CKJIAJ0BOT

MartditHoro mojss H yl’H Y25 e s H yn» OTpHMa-

HUX B pe3yJIbTaTi MPOXOKEHHSI B MEPreHANKYJIs-
pHOMY HamnpsiMKy 0e3 3yNMHOK HaJl KOHTPOJIbOBa-
HUM TiI3eMHUM TpYOOMpPOBOAOM 3 OOAHOTO OOKY
Ha Jpyrui 3 aBTOMATHYHWUM BW3HAYEHHSM KOOp-

JOWHAT )i, V2, ... , V. @ BUXIITHUMHU JaHUMU Oy-
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IyTh CTpyM I B CTiHIII TpyOOTIPOBOY, BiAAATH Z TIO
BepTHKaJli Bif OJIOKYy MarHiTHUX aHTEH JI0 Oci Mij-
3eMHOTO TPyOOINpPOBOJY, & TAKOXK BifJaib d mova-
TKOBOI TOYKH JI0 OCi TPyOOMpOBOJY B FOpPU30OHTA-
msHOMY HampsiMky [14]. Ctpora 3alexHICTh MiX
BKa3aHUMH BEJIMUYMHAMH € TaKOHO:

1 Iz
Hy(y)=o-————.
w2y -d)?
Je y; — BiICTAHb TOYKH KOHTPOJIIO MO TOPU30H-

TaJli 7O MOYaTKOBOT TOUKH.

Crpykrypra cxema IIIHM nis BusHadeHHs
napametpiB /, z i d ansg onHoro TpyOoONMpoBOdYy 30-
OpakeHa Ha puc. 4.

Tpenysanns [1IHM snilicHioBanocs 3a aono-
Moroto 2000 npodinis Hy; = f(;. 1,2, d) 3rigHo 3

(5) nans pizHMX peaJbHO MOXKJIMBUX 3HAYEHb
1=(0,18+2) A, z=(0,6+2,8) m i d=(2+4,7) m.

Tpers MeTonauka mnepenbadae BUKOPUCTAHHS
HAJIMUIKOBOI KIUJIbKOCTI BUMIPSHUX 3HA4Y€Hb Ha-
MpyKEeHb TOPU3OHTAIILHOT CKJIQJIOBOI MarHiTHOTO

nonst H ; (i=1+n) nnst BusHaveHHs 3HaveHnb [, 2 id
TpH yMOBI, 1o #>3. B 1IbOMy BUNAJIKY B pe3yiib-
TaTi BIATIOBIAHOTO TiepeTBOpeHHS (5) MOXKHA
OTPUMATH 1 YMOBHMX PiBHSHb BUIY

a, X, +a,Xx, +a;xX; =¢;, (6)
HA OCHOBI SIKMX MOHA OJIEP>KATH TaKy CUCTEMY
HOpMaJILHUX piBHSHB [15]:

)

n 2 n n n
Z(ail )’“1 + Z(ailaiz )xz + Z(ailaB )x3 = Z(Ciail )
i=1 i=1 i=1 i=1
n n 2 n

Zi(aizail)xl + Zi(aiz )Xz + Zi(aizaﬂ )x3 =
1= 1= 1=

(7

n

= Z(Ciaiz )

i

Z( 3 x| +Z( apap )x +Z( i3 )X —Z cias ),

i=1
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ne: x =1z , x =2 +d?
aiz = —2Tl'.Hyl' R
i=l+n.
Po3p’s3aBim (7) BiZHOCHO X,
napametpiB d , z, I 3HaXOJATH TaK:

d=x3, z=yx,-d’ , [=x,/z. 8)

OuiHka SKOCTI 130MSALIHHOTO TOKPUTTS IiJI-
3eMHHUX TPYOOIIPOBOMIB 3IiHCHIOEThCS Ha OCHOBI
KoedillieHTa 3aTyXaHHS CTPyMy, SIKW BU3Haua-
€ThCH 3a 3aJIeKHICTIO [16]:

o= 2000), (1,
Al I

n

. X3:d . aﬂzl R

2
ap =4nH;y; . ¢ =2nH ;"

+ X5, 3HAUEHHS

, )

ne: 1,,1,,; — BU3HaUeHi CTPyMHU B CTiHLi Tpy6o-

MPOBO/Y B JIBOX CYCimHIX Toukax;, A/ — BiacTaHb
MK LIUIMU TOYKaAMH.

KoskHa i3 BKa3aHWX BUILE METOAUK MAa€ CBOI

repeBary i HeJIoJiKy, a came:

— Tepiia MeTOJWKA Ja€ 3MOTY BU3HAYHUTH
CTPYM B CTiHIIi TUTbKH OJHOTO TPyOONpPOBOAY, MO-
XMOKa TaKOro BHM3HAYEHHS CTpyMy Oyne BH3HAua-
THCS SIK JUTS OJTHOPA30BOTO BUMIipIOBaHHS, i 11 iMO-
BipHicTb Oyae 3HauHOW0. OJHAK MIBHAKOMIS L€l
METOMKH € OUIBIIOI y MOPiBHSHHI 3 2-010 i 3-010
METOAMKAMHU;

— JIpyra MeToAWKa Tependadae ToOTepeaHe
TpeHyBanHs [IIHM 3 BUKOPHCTaHHSM pe3yJIbTarTiB
pospaxym(na CTPYMIB JUIsSl PI3HUX MOMIIMBHMX CHTY-
auii, B T. 4. i TAKMX, AKi MOXKYTb MaTH MicLE NPH
KOHKPETHOMY 0bCTesKeHHi Mig3eMHOTo TpyOompo-
Boxay. Crin Bi,Z[MiTI/ITI/I O 1T METOJUKa MoXke Oy-
TH BMKOPHMCTAaHa i [/ OJAHOYACHOrO BU3HAYEHHS
CprMlB B CTIHKaX IBOX MapasenbHNUX ralbBaHivHO
3’€IHAHAX MDK COOOIO Mi3eMHHUX TPyOOMpoBoax,
SIKi TIPOKJIa/IeHi Ha He3HauyHUX (70 20 M) BiJaJIsaX.
[Toxubka BU3HAYCHHS CTPYMY B CTiHIIi MiZI3eMHOTO
TpyGonposoay 3 Bukopucranusm IIIHM Oyne me-
HIIOKO, HIXK Y BUMAJKy BUKOPHCTaHHs 1-0i meTo-
UKW, OJHAK TPUBATICTH TMPOLECy BU3HAYCHHS
cTpyMy OyJie OiNbIIot0, Tak K Mepeadadae mpoxo-
JokeHHs 13 npuiimauem KI-1-IT B nepnenaukysp-
HOMY HamnpsiMy 3 OJHOTO OOKY Tpacu TpyOOmnpoBO-
Iy B iHIIIHIA;

— TpeTs MeTOAWKa TaKoK Tependadae mpoxo-
JoxeHHs 13 npuiimauem Kl-1-I1 B nepnenaukysp-
HOMY Hampsimi 3 0IHOro OOKy Tpacu TpyOOnpoBo-
Iy B iHImmiA. BoHa Takox Moxe OyTH BUKOpUCTaHA
JUTSL BU3HAYCHHS CTPYMIB y CTiHKaX JBOX Mapalie-
JBHUX Mia3eMHUX TpyOomnpoBoAiB. [Toxubka Bu-
3HAYEHHs CTPYMY 3 BUKOPHCTaHHSAM L€l METOaM-
KA B PE3yJbTaTi BUKOPUCTAHHS HAUTHIIKOBOI BH-
MipstHOT iHopMalii Oy/ie MEHIIIO y TIOPiBHIHHI 3
[-010 METOAUKOIO.

Amnaizyrouu onucaHi BULIE METOAMKH OE3KO-
HTaKTHOTO BW3HAYEHHS CTPYMY B CTiHKaX i30Jb0-
BaHUX TMiJ3eMHUX TPYOONPOBOIIB, CTPYKTYPHY
CXeMy PO3pOOIICHOI CHCTeMH KOHTPOIO, sIKa MpH-
3HAYEHa JUIA peanizauii uMX METOAMK, a TaKoX if
OKpeMi OJIOKM i BY3JIM, MOKHA BiJIMITUTH, L0 OC-
HOBHMMH YMHHUKAMHU, SKi BIUTMBAIOTH Ha TOYHICTh
OTPUMYBAHUX pe3yJIbTaTiB BU3HAUCHHS CTPYyMY, €

— METOAWYHI MOXWUOKH, BJACTUBI KOHKPETHIM
METO/IMLi KOHTPOJIIO;

— IHCTpYMEHTalbHi TOXUOKH, OOYMOBJICHI
MOXUOKAMHU KOHKPETHHMX OJIOKIB CHUCTEeMH Iigdac
BUMIpIOBAHHS HAIpPYXEHOCTeW MAarHiTHOTO OIS
HaJl KOHTPOJILOBAHUMHU TPYOONPOBOAAMH.

OCHOBHUM YWHHHWKOM, IO BIUIMBAE HA METO-
JMUIHY TOXHUOKY 1-0i MeTONWKH, € BiAMOBiAHICTH
3anexxHocTi (1) 3ameskHocTi (5). OCKiNnbKH 3amex-
HicTh (1) oTpuMaHa 3 ypaxyBaHHSIM CXeMH PO3Mi-
LIEHHs OJIOKIB aHTEH CUCTEMH BiJIHOCHO KOHTPO-
JTEOBAHOTO TPyOOTpoBOMY 6e3 OyAb-IKUX TpHITY-
IIeHb, HEXTYBaHb TOINO, a TAKOX CTPOTOCTi 3aie-
skHocTi (5) [13], To MOKHA BBaXKaTH, 10 METOAUY-
Ha NMoxuOKa 1-01 METOAMKH BiICYTHS.

OCHOBHUM YMHHHUKOM, SIKHH BIJIUBATUME Ha
METONHYHY noxn61<y 2-01 METOAWKHA BHU3HAUYEHHS
CTPYMiB y CTiHKaX MiA3eMHHUX TPyOONpOBOIIB €
noxubka TpeHyBaHHs po3pobiieHol LIIHM (puc. 4).

3riiHO 3 aHaji30M PEe3yJIbTATIB MPOLECY TPe-
HYBaHHI IIIHM Ha 6a3i 2000 BUIAJKOBUX JaHHUX
BXiJJHUX TapaMeTpiB CIliJ] BBaXKATH, IO BiJHOCHA
noxudka TpenyBanHs ILIHM & nnis koHtposnto 3 1i
JIOMIOMOTOI0  OAHOI0 MiJ3€MHOr0 TPYOONPOBOAY
cTaHOBUTE 5-107 MpH KiNbKOCTI LHKIIB TpeHyBaH-
Hs 565, a BigHOCHa MOXWOKa € TpPeHYBaHHS JUis
KOHTPOITO 3 ii JIOMOMOTOI JIBOX TiI3eMHHX TPY-
OOTIPOBOMIB CTAHOBUTH 5-107 TPU KUJTBKOCTi IHK-
ais 1851. OueBrnanHo, 110 i3 30iILIIEHHIM KIJIBKOC-
Ti BUMAAKOBUX JAHMX BXIAHUX MapaMeTpiB s
TpeHyBanHs [IIHM moxubka TtpeHyBaHHs Oyne
3MeHInyBatucsa. OIHaK i€ CYTTEBO 30iNIbBIIye Yac
TpeHyBaHHS. J[ns 2000 TakuxX BXigHUX JaHHWX Hac
TPEHYBaHHS JI1 OAHOrO TPyOOMPOBOAY CTAHOBUB
10 xB., qna TpenyBanHs IIIHM pns xonTpomiro
NIBOX mim3eMHUX TpyOomporonais mpu 2000 BXin-

HUX JaHMX 3 BiJHOCHOK TOXHOKow €=15-10""
yac TpeHyBaHHsl CTAHOBUB 31 XB.

OCHOBHMMHM YMHHUKAMH, sKi BIUIMBAIOTh Ha
METOAMYHY TOXHMOKY 3-01 METONWKH BW3HAUYEHHS
CTpPYMIiB y CTiHKaX OJHOTO YW ABOX TiJA3eMHHX
TpyOONPOBO/IIB € MOXWOKA METOJAMKU OJIep KaHHSI
HEOOXiZIHOT KIJIbKOCTI HOPMaJIbHUX pPIiBHSHb Ha
0a3i 3HaYHO OIUTBINOI KITHKOCTI YMOBHUX PiBHSIHB,
MOXUOKA METOAVKH OTPUMAHHS JTIHIHHAX YMOBHHX
piBHsIHb Ha 0a3i HeNiHiIWHOTO PiBHSHHS (5), MOXH-
OKa METOJMKHK MOJANIBIIOTO BU3HAUEHHS CEPEAHIX
kBagpatuunux Bigxuienb (CKB) napamerpis 7,
z i d nnga omHOTO TPYOOINpPOBOAY HA OCHOBI
orpuManux 3HaueHb CKB npomixkHux nmapamerpis
X1, Xp 1 X3 B pe3yibTaTi po3B'SI3KYy CUCTEMU HOP-
ManbHUX PiBHSHB (7).

OckilbKK mpoLeaypa OTPUMAHHS HopMaJIh-
HUX PiBHAHL Ha 0a3i YMOBHUX PiBHSHb i PO3B's-
3aHHA HOpPMAJIbHUX PIiBHSAHB TependadeHo 3ilic-
HioBatu 3a aonomororo KIIK cucremu KI-1 i po3-
POBJIEHOTO MPOrPaMHOTO 3a0€3MEUEHHS, TO MOXKHA
BBAXKATH, IO METOIWYHA MOXHUOKA 3-01 METOIHKH
BiJICyTHSI.

AGComoTHe 3HaUYeHHs iHCTPYMEHTAJIBHOI T0-
xubkn A;; 1-0f MeTonmku O€3KOHTAKTHOTO BH-
3HAYeHHs! cTpyMy / PO3poOJICHOK CHUCTEMOIO KOH-
Tpojro Kl-1 moxHa Bu3HauuTH audepeHLiaibHUM
MetoqoMm [17], NpUAMaoIn 0Ge3KOHTAaKTHe BH3Ha-
YeHHS CTPYyMY B CTiHLI MiA36MHOTO TPyOONpOBOaY
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Li€I0 METOAMKOIO SIK OMOCEPEKOBAHE BU3HAUEHHS
UbOTO CTPYMY 3 OJHOPA30BUMH BMMIPIOBAHHSAMH
apryMeHTiB, TOOTO

ol
Z—A
j=10¢;
J€: ¢ — KUIBKICTh apryMEHTIB ¢ ;

Ap = (10)

s AKi BIJIMBAIOTH

Ha cTpym I, Ac; — aGconmotHa noxubka BH3HA-

YEHHS ¢ ;-T0 apryMeHTa.

IIpu BukopucTtanHi 1-oi Meroguku ctpym [
BU3HAYA€ThCA 3alexHicTio (1), a KiNbKICTh apry-

MEHTIB, sKi BIUIMBAIOTH Ha weit ctpym ¢=6 (U,

U, U,,U,,U,,b)

yl» zIl» y2°
IIpu BuKOpHCTaHHI 2-01 METOAWKH cTpyM [
3rigHo (5) BU3HAUAETHCS TaK:

21U 3

[=8 (2 (- aP).
e b-a)

ne Hy(y)= Uy3,-/(Ky3“0)'
B 1boMy BUMajKy KiJIbKiCTb aprymeHTiB g=4
(Uy3i,z, Yi»d ), 13 AKUX Uy3l, i ), — e aprymeH-

TH, AKi 0aratopa3zoBO BU3HAYAIOTHCA TIPU TMPOXO-
)1>KeHH1 B TMEPHECHINKYIIPHOMY HaNpsIMKy uepes
BiCh MiJI3€MHOr0 TPYyOONPOBOAY, a napameTpu z i d
BU3HAYAIOTBCS 32 JIOTIOMOTOI0  HATPEeHOBAHOT
1IHM.

Po3paxyHOk abcoNIIOTHOrO 3HAYeHHS IHCTPY-
MEHTaJIbHOT TOXUOKH Aj, B I[bOMY BHIAIKy He-

00XiHO 3xilicHIOBaTH K i MpU OOpoOJIeHHI pe-
3yJbTaTy OMOCEepPelIKOBAaHOTO BUMiptoBaHHs 3 Oa-
raTopa3oBUMH BUMipIOBaHHSAMH apryMeHTis [ 17].
Ilpu BUKOpUCTaHHI 3-01 METOIMKK abCOIOT-
Hy NOXUOKy A;; BU3HA4YeHHS cTpyMy [ B CTiHLi

Mi3eMHOTO TPYOONPOBOAY 3IiHCHIOIOTH 3TiAHO
METOAUKH, onucaHoi B [17].

B npoueci ekcriepuMeHTanbHOrO AOCIIKEH-
Hsi cuctemu KI-1 Gynu BW3HAueHi Taki 3HA4eHHS
KoeilieHTiB KaniOpyBaHHS ceMH BUMipIOBAJIbHUX
kaHaniB cuctremMu Kl-1 3 MarHiTHUMHM aHTeHaMH

MA1=MAT: K, =511B/Tn; K, =5,05B/Tux;
K. =5,01B/Tn; K, =5,08B/Tx; K., =4,95B/Tu;
K, ; =5,03B/Tn; K_3
noxuokamu neperBopenHs AK = +0,05 B/Tx.
MarsniTHa iHAYKLiS B y LeHTpax MarHiTHUX

aHTeH iz yac kaniopysanns cranosuna 0,7146Ta,
a 3MiHHI HanpyTrW Ha BUXOJaX KaHaJiB 6ym/1 TaKH-

(1)

=4,97B/Tn 3 omHAKOBUMU

wi: U =3.65B; U, =3.64B; U. =3,58B;
U, =3.63B; U., =3.69B; U, =3,59B;

U.;=3,55B. Abcomtorna noxubka AU BCiX BUMI-
proBanbHMX KaHamiB cuctemu KI-1 He mepeuiry-
Baja 0,01B. Biggane Mixk LieHTpamu OJI0KIB MarHi-
THUX aHTeH y npuiimadi KI-1-T1
b=0,250£0,002 m. 3 ypaxyBaHHAM BKa3aHOTO
Bullle OyJI0 BCTAaHOBIIEHO, IO BiTHOCHA TMOXWUOKa
cucremu KI-1 mpu Oe3KOHTAaKTHOMY BW3HAUYEHHI
CTPpyMy B CTiHI[i OJHOTO TPYOOMNPOBOAY He mepe-
BHUIIIy€ TIPU BHUKOpHUCTaHHI 1-0i1 Meromuku 4,5%,
2-o1 Mmetoauku — 2,0 %, 3-oi meToguku — 1,5%.
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[Ipu Ge3KOHTaKTHOMY BHM3HAUYEHHI CprMlB y
CTIHKaX JBOX MiJ3€MHUX TajJbBAHIMHO 3’€/IHAHMX
TpyOONPOBO/IIB BiIHOCHA TOXHMOKA Yy pe3ysbTaTi
BUKOPHUCTAHHS 2-0i METOAMKH He TMepeBUIye
3,5%, 3-oi metoguku — 4,0%.

Bkazani pe3ynbTaTH METPOJIIOTiYHOTO aHalizy
OyJIM eKCMEepUMEHTAIILHO MiATBEP/UKEHI B Pe3yJib-
TaTi mpoBefeHHS nociimkeHs cuctemu KI-1 Ha
JOCITiAHIM Ha3eMHill YCTaHOBIi 3 BHUKOPUCTAHHSAM
METaJIeBUX TMPOBOIIB SIK IMIiTATOPIB MiA3EMHUX
TpyOONPOBOIIB.
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