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YHUAOULUUPOBAHHAA KOHCTPYKLUUA KOHTPOJIbHOM
CKBAXXWHbl C UMUTATOPAMMU INEKTPUYECKMX,
AKYCTUYECKHUX U PAAUOAKTUBHbLIX CBOUCTB

MJIACTOB roPHbIX NOPO.

MpennoxeHa yHMULMPOBaHHAS KOHCTPYKLMA KOHTPONLHON CKBaXKUHbLI C UC-
KYCCTBEHHbIM pa3pe3oM [Nt KOHTPOMs paboTocnocoBHOCTH U CTaHAapTU3aLMH
CKBaXVHHOW reohnanyeckon annaparypbi.

KnroueBule cnoBa: ckBaxcura, memponoaus, umumamopel cBolicmB 20pHbIX NOPOO.

B Hacrosmee BpeMsi HaKOIUIEH 3HAYUTEIbHBIH OIBIT CO3JAHUS M
OKCIIIyaTalluM KOHTPOJIbHBIX CKBAKUH C OTKPBITHIM CTBOJIOM pa3iy-
HBIX KOHCTPYKIIMH C €CTECTBEHHBIM pa3pe3om [1, 2]. Jloka3aHa WX BbI-
cokast 3QGEKTUBHOCTD A CKBa)XHHHBIX MCMBITAHUN Te0(pU3HICCKON
anmnaparypsl pasiu4Hbix MeTonoB I'MC, oLeHKkH 1 KOHTPOJIS KayecTBa
reopusMYeCKUX U3MEPECHUIN B CKBaXKMHAX, 0OECIICUEHHS eAMHCTBA OIl-
PEICICHNH TapaMETPOB IFe0IOTHYECKOr0 pa3pesa pa3auuYHBIMH THIIAMHU
reo()M3H4ECKON anmapaTyphl U Pa3HBIMU ONEPATOPAMH.

OnHako cymecTByIONUe KOHTPOJbHBIE CKBAXKHHBI ¢ €CTECTBEHHBIM
pa3pe3oM NaJICKH OT TeX, KOTOPBIE MOTYT OBITh MPEIOKEHEl B KAYECTBE
THUIOBBIX, TAK KaK 3HAYCHUsI PA3THUYHBIX QU3HYECKUX U re0PU3HUECKUX
apaMeTpOB, BOCIPOU3BOAUMBIX TAKHUMH KOHTPOJIBHBIMU CKBaKUHAMH,
KaK IPaBUIIO, HE MOTYT OBITh HallepeN 3aJaHHBIMHU; KOJIMYECTBO BOCIIPO-
M3BOJUMBIX pa3pe3oM 3HAYEHUM MapaMeTpPOB HE BCerja oOecleunBaeT
3} GEKTUBHBIN KOHTPOIb BO BCEM AMANa3OHe U3MEPEHHIl CKBaKHHHOMN
reoH3UYeCKO annapaTyphl, KOHCTPYKIUH CKBaKHH HE yHHQDUIUPO-
BaHBbI, HC UMCIOT AETAILHO IPOPAOOTAHHBIX MPOEKTOB. 10 HMeroImuMest
JAAHHBIM B OOJIBIINHCTBE HE(DTETa30HOCHBIX PETMOHOB CTPAHBI BEPXHSS
4acTe paspesa ckBaxuHbl (0-300 ) He MOKET UMETh YCTOMUUBEIH OT-
KPBITBIA CTBOJI, CBOWCTBA pa3pe3a HEAOCTATOYHO AubdepeHIHpPOBAHEI
A1 337189 KOHTPOJISI IIPOMBICIIOBO-T€0(MH3NIECKOI armaparypsl BO BCEM
NHana3oHe U3MEHEHUN U3MEPSEeMbIX BEJIMYHUH.
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Ha ocHoBe aHanu3a onbITa CO34aHUs U DKCIIyaTallul KOHTPOJIbHBIX
CKBa)KHMH M aHallM3a PeajbHOTo pa3pes3a Ha 0a3ax reo(U3sHYecKuX Npes-
OPHUATUN MPEICTABISACTCS LEIeCO00pa3sHBIM, YTOOBI CTBOJI CKBAXKHHBI
OBl 00caxkeH, a CBOMCTBa pa3pes3a, BOCIPOU3BOAUMBIE CKBAXKUHOM,
3a/1aBaJINCh UMUTATOPaMH, 00ECTICYHBAIONIUMY YHU(PHKAIUIO KOHTPOIb-
HBIX CKBaXMH. [Ipy 3TOM MMHUTATOPBl YHUGUIUPOBAHHON CKBa)KHHBI,
Ha3BIBAEMOU TAK)KE CKBAXXHHON C UCKYCCTBEHHBIM Pa3pe30M, HOJIKHBI
OTBEYAThH CIENYIOIHUM TPeOOBAHUAM:

— HMHUTATOPBI JOJIKHBI 00€CIeYUTh BOCIIPOU3BEIECHUE BEIUYUH,
onpenensieMbIX OCHOBHBIM KoMIuiekcoM I'MC mpu mpoMEBICIOBO-
reodr3NYECKUX UCCICOOBAHUAX;

— KOHCTPYKIIMS HMHTATOPOB JOJKHA 00€CIIeYnBaTh MUHUMAIbHbIE
OTKJIOHEHHSI PeaibHO BOCITPOU3BOINMBIX 3HAYCHUH OT 0KHAAEMBbIX
TOCJIe 3aBEPIICHUS] CTPOUTENHCTBA CKBAXKHUHEL,

— AWamna3oHbl BOCIIPOU3BOAUMBIX 3HAUEHHU N BEIUMYUH JOJIKHBI COOT-
BETCTBOBATH JHANIA30HAM U3MEPEHU N CKBAXUHHON reo(pu3nIecKon
anmnaparypsbl; '

— KOJWYECTBO BOCIPOM3BOIMMBIX B CKBAXKWHE 3HAUCHHH KaxXJIOH
BEJIMYHUHEI JOJKHO MO3BOJISATH JOCTATOYHO 3P (HEKTUBHO KOHTPO-
JINPOBATh KAa4eCTBO PabOTHI IMPOMBICIOBO-T€OMU3NIECCKON arma-
patypsl,

— BOCIIPOM3BOJMMBIC HMHUTATOPAMHU 3HAYEHHU sl HA JTOKAJILHOM Y4aCTKE
pas3pesa CKBaXXHUHBI JOJDKHBI OBITH OJHOPOAHBIMU,

— HMHUTATOPHI JOKHBI UMETh MOLYJIbHYIO KOHCTPYKIIHIO,

—  KOHCTPYKIIWS HMHUTATOPOB JIOJKHA OBITH OCTATOYHO MPOCTOM IS
HX CO3JaHUs CHIIAMH OYPOBBIX U TeO(PU3NUSCKUX NPEAIPUATHH.

B mauasne 90-x rogos 5o BHUI'MK 6viia pazpaboTana yHUGUIIUPOBaH-
Hasi KOHCTPYKITUS KOHTPOJIBLHOU CKBaXKUHBI C UCKYCCTBEHHBIM Pa3pe3om,
KOTOpas Ipollia “ImpoBepKy BpeMeHeM” (BHEAPEHA B Psie OPraHu3alui
Poccniickoit ®@eneparun n Kazaxcrana) 1 MOXET ObITH PEKOMEHOBA-
Ha 7751 TeoPU3HYSCKUX NPEANPUITHH, TPOBOAAIINX HCCICAOBAHUS B
HedTerazopa3BefoOYHbIX CKBaXXMHAX. Takyr KOHTPOJIBHYIO CKBAXUHY
YCIIOBHO MOXHO Pa3/elIUTh Ha 00CagHYI0 U MMHTAIUOHHYIO KOJOHHBI.
Hasnauenune o6cagHON KOJIOHHBI COCTOUT HE TOJBKO B KPENICHUN CTBO-
Jla CKBAXXWHBI, HO ¥ B SKPAHUPOBAHUHU BIMUSHHSA BMEIIAIOIIUX TOPHBIX
[IOPOJ HAa BEIWYHUHBI, BOCIIPOU3BOJAUMBIE HMHUTATOPAMH B CKBaXKUHE.
VEudumupoBanHas KOHCTPYKIIHSI CKBXHHBI Pa3paboTaHa 1o MOILYIb-
HOMY TIPHHIIHITY, IPUYEM KaXKIBIH MOIYJIb MOXKET ObITh PEaM30BaH B
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OTACNBHOM CKBaxxuHe. OHAKO B OJHON CKBAXKHUHE YYaCTKU MOyJeil
JOTIOTHSIOT APYT APpYyTa, PACIIUpss ee QyHKIMOHAIBHEIE BOZMOKHOCTH.
Ha puc. 1 npuBenieHa THIHYHAS KOHCTPYKIIMS KOHTPOJIbHOM CKBAYKHHBI
C MCKYCCTBEHHBIM Pa3pe3oM, COeprKallas IMONHBIH HabOp HMHUTATOPOB
UL KOHTpoJis ammaparty pel MmetonoB AK, PK u DK, xoTs Takas nomHoTa
UMHUTATOPOB HE ABJIAETCS 00s13aTEeIBHOM.

Puc. 1. KoHCTpyKUMS yHNDULIMPOBAHHON KOHTPOMBHOM CKBaXMHbI C UCKYCCT-
BEHHbIM pPa3pesom:

71— NMUTaTOPbI MOPUCTOCTU NacTa; 2— NMUTATOPbI NSTIOTHOCTHK, 33— UMUTATOPbI ECTECTBEH-
HOVI PaANOaKTUBHOCTY; 4 — UMUTATOPEI YNIPYTUX CBOMCTB (3BYKOMPOBOAI); 5 — UMUTATOPbI
YAEbHOIo 3NeKTPUYEeCKOro ConpoTmBIieHUsd
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Ha npakTuke no pasHbIM COOOpaXKEHHSIM Yallle BCETO Peallu3yroTCs
KOHTPOJIbHBIE CKBa)KHUHBI pasnenbHo ¢ umuTatopamu AK u OK B ogHoit
KOHTPOJIbHOM CKBaXKHUHE U ¢ UMUTAaTOpaMu [Uis anaparypsl PK B npyroit
KOHTPOJBbHOM ckBaxkuHe. Ha puc. 2—4 npuBeneHbl KOHCTPYKIMHA HMHATA-
TopoB juis annaparypsl PK, na puc. 5, 6 — s annaparypsr 9K.

HMMuTaTOp NOPUCTOCTH IJIACTA AHAJIOTHYEH MIUPOKO PACIIPOCTPAHEH-
HBIM HUMHUTATOPaM, UCIIOIB3YIOMKUMCS IIpU KaauOposke anmapatypbl HK
IIPYU BEINTYCKE M3 IIPOU3BOACTBA U B reOPU3NUECKUX TPEITTPUSITUIX.

I

Puc. 2. KoHcTpykuusa umutatopa Puc. 3. KoHCTpyKkLmMa nmmutaTo-
nopucToCTK nnacTa pa nnoTHOCTW nnacTa

Puc. 4. KoHCTpyKLMs uMUTaTOpa eCTECTBEHHOW PafMoakTUBHOCTMY Nnacra
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Puc. 5. KoHCTpyKLUst uMyTaTopa anekTpUYeckux CBOMCTB (BCe pasmepbl faHbl
B MUIINIMMETPAX, KONIMYECTBO OTBEPCTUI yKa3aHO Ha ofHYy Tpyoy)
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A AN

MenHbIA NPOBOAHNK

Puc. 6. mutaTtop npoBOAUMOCTY ANs KOHTpPOnSa paboTocnocobHOCTM annapa-
Typsbl VK
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HmuTaTOp NIOTHOCTH TOPHBIX TIOPOJT BOCIPOM3BOLHT TPHU 3HAYCHU S
2 eKTUBHOH MIOTHOCTH GJaromaps HCIONb30BAHHUIO CyXOro KBap-
IEBOro IecKa ¢ 00beMHOIl mIoTHOCTRIO 1,7 2/em’, KBapLeBOTo IMecKa,
3aII0JIHCHHOTO IPECHOH BOAOW, — MMHUTHpYyeMas IIIOTHOCTE 2,05 2/ca’,
1 KOPYHJIOBOT'O MOPOIIKA, 3aIIOTHEHHOTO MPECHOH BOIOM, — UMUTHpYe-
Masi TIOTHOCTS 2,5 2/cam’. Wmurarop I'K BOCIIpOU3BOAUT TpH 3HAYCHHUS
MOIIHOCTH SKCIIO3HI[MOHHOK 1036l ramma-usinyuerus (10, 20, 40 mxPly)
B IIJIaCTaX TOJUIMHOM OKOJIO 3 m. B cocras umuraropa 'K Bxomst
TaKXKe eme JABa y4acTKa, HMHTHPYIOIIHE TLIACTH BEChMa MaJoil TOJI-
IMUHBL, MPEAHASHAYCHHBIC JIIS ONPENEIICHUS PEATbHBIX TUHAMHUYECKHX
XapaKTCPUCTUK M3MEPUTENBHBIX KAHAJIOB allapaTypbl raMMa-KapoTa-
Ka, HallpUMep NOCTOAHHOM Bpemenu 1. Umuraropsl I'K u HK nanuoii
KOHCTPYKUHUH MOT'YT OBITh HCIIOJIE30BaHBI TAKIKE 1151 KOHTPOJIS KA9ECTBA
M CTaHIapTU3alUuU TMOKA3aHWHU annapaTyphl aKyCTHYECKHX METOI0B
KOHTPOJISA LIEMEHTUPOBAHUS CKBAXIH.

Kak yxe oTmedanocs Bellle, Ha IPaKTHKE Yalie BCEroO peanu3yrTcs
KOHTPOJIbHBIE CKBAXHHBI 0€3 UMUTATOPOB [is anmapatypsl PK.

Tunosasi KOHCTpYKUMS BHemHEH 06CagHON KOTOHHEI YHUPHIH-
POBaHHOH KOHTPOJBHOM CKBakMHBI 6e3 umuTaTopos HK, I'K u I'TK
npuseneHa B tabi. 1.

Tabnuya 1

MapameTpbl 06cafHON KOMOHHbLI KOHTPOSbHOM CKBaMXMHbI

WHTepean, OCHOBHble UMUTATOPSI HapyHbl MaTtepuansi
M (meTon TNC) anametp, Mm TPY6
0-50 AK, MK, BMK 324 Cranb
50-150 BK3, BK 219 Cranb
150-178 Mepdopauum KonoHHbI 168 Cranb
178-217 HK, TK 140 Cranb

CreknonnacTuk

217-250 MK 140 C BHELUHUM MeHbIM
NnpoBOAHMKOM

Crnenyetr OTMETHTB, YTO B nHrepsasie 150-250 » B gqaHHOM KOHC-
TPYKIUH 0OcaaHasi KOJIOHHA SIBJISETCS OJHOBPEMEHHO U UMHATAIIUOHHOI.
OcHOBHOEC Ha3Ha4YeHHE WMHTAIMOHHON KOJOHHBI — BOCHPOU3BEACHHE
COBMECTHO ¢ 06caIHOM KOJIOHHOW U CKBAXKHHHOM KU IKOCTBIO 3aJITaHHBIX
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3HaYeHri (PU3UYSCKUX BEIWYWH BO BCEM AHMAaNa30HE U3MEPEHHH IIPO-
MBICJIOBO-T€0(hU3NUECKON amnnaparypsl (Tadi. 2).

Tabnuua 2
MapameTpbl BHYTPeHHEeN TpyObl UMUTALMOHHOW KOJTOHHbI

WHTepBan, m Matepunan Tpy6 BHyTpeHHun guametp, mm | Metop MTMC
0-6 Cranb 225 AK, MK, BMK
CreknonnacTuk, cranb,
6-50 YYryH, MONU3TUNMEH, 175-200 AK, MK, BMK
acbecToLemeHT
50-54 Cranb 150 BK, BK3
54-144 i 125 BK, BK3
(cTeknonnacTuk)
144-150 AcbecTouemeHT 130 BK, BK3

B Bepxneit yactu ckBaxxuHBI (0—50 M) HAXOOUTCS MOJYJIb UMUTATOPA
JULS aIlIIapaTyphl aKyCTHYECKOTO KapOoTaXa, COBMEICHHBIHN (yHKIINOHATIb-
HO C MOJ{yJIEM HMHTATOPa JJIs alllapaTypbl MUKPOAIEKTPUYECKUX METOIOB
kapoTtaxa. OCHOBHO#M yacThio Moxysst umuTaropa AK aBnsercs koMOH-
HHUPOBAaHHBIN 3ByKOIIPOBOJ, BOCIIPOU3BOAAIINNA aKyCTHYECKHE CBOWCTBA
MMJIACTOB TONIIMUHON 6—12 m B muamasone 180-500 mxc/m. OT BIusHUS
HapyXHOU 06canuoit (324 mm) TpyOBl y9acTKH 3BYKOIPOBOJA 3aIUIIEHEL
CJI0eM aKyCTH4YecKOH n30isiiiuu. OCHOBHBIM y4aCTKOM MMUTaTOPa MUKPO-
SIIEKTPHUECKUX METOMIOB sIBJIsieTcs acOecToleMeHTHas Tpy0a, HMeromas
CIIeHaabHOE TTOKPBITHE, TTO3BOISAIOLIEE BOCIPOU3BOAUTD 3HAYCHUS Ka-
JKYIIETOCS YACIBHOIO 3JIEKTPUYECKOIO CONPOTUBIICHHS B IHAa30HE OT
1 mo 100 Om-m ans anmapatypsl MK u BMK. YuacTku MeTanan4eckux,
CTEKJIOMIACTHKOBBIX W MOJMITHICHOBBIX TpyO mmurtaropa AK urparot
BCIIOMOTATEILHYIO POJb 7t KOHTpoJs anmnaparypsl BMK u MK.

OCHOBHOW YaCThIO UMUTATOPA BJIEKTPUUYECKUX CBONCTB IJIACTOB
s annaparypsl BK u BK3 sBnsiercs monusTHIeHOBas (MM CTEKIO-
rracTukoBas) Tpyba nuuHOi 90 M, B CTEHKax KOTOPOH NPOCBEPIEHO
oxouo 25 000 oTsepctuit (puc. 5). Umutatop BK u bK3 Bocnpoussonur
13 3HayeHN OTHOCUTEIHLHOTO KaXKyIIErocs yAEIBHOTO JJIEKTPHUIECKOTO
COIPOTHBIEHHS p, /p, B Ananaszone ot 0,5 no 5000 (p, — ynemapHoe co-
HIPOTUBIICHHE NIPOMBIBOYHOM KHUAKOCTH; P, — YIAECIBHOE IJTEKTPUICCKOE
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CONPOTHUBJICHUE, BOCIIPOU3BOAUMOE MEPPOPUPOBAHHBIMHU IIOJUITHIIC-
HOBBIMH TpyOammu).

Hnst GokoBOro kapoTaxa 3aaHue 3HAYCHHUH P, /P, IIPU N3TOTOBIEHHH
BO3MOXHO C TOYHOCTBHIO 5—10%. Huske mosmmaTuiIeHOBON TpyOBl HAaXO0-
antes ygactok umuraropa bBK m BK3 u3 acOecroueMeHnTHON TpyOsI,
UMHUTHPYIOIUNA HAaOOp TOHKUX ILIAcTOB IUIs anmapatypsl BK u BK3.
Hwoke naxomurest ydacTok umuTanuu rneppopaunn o6CagHbIX KOJOHH
Ha OCHOBE 00caJHOU TPyObI nrameTpom 168 My U IJIUHON 28 M, HUMEIO-
e nepdopanuio oTBepeTUsiME auamerpom 5, 10, 20, 28 ymm. CHapyxu
TpyOa MOKpBITA MPOYHBIM HEMArHUTHBIM, HEMPOBOASIIUM TOK CIIOEM,
MO3BOJISIOIIMM UMUTHUPOBATH HEMEHTaXX KOJOHHEI.

3ymMnQ cKBaXMHBI 00CaXKEH CTEKIIOIIACTUKOBBIMH TPYOaMHu, Ha BHE-
IIHEH CTOPOHE KOTOPHIX MOTYT OBITH Pa3MELIEHBl HMUTATOPBI HHTYKITH-
OHHOTO Kaporaxa (puc. 6). B coctaB CKBaXMHHOMN XUIKOCTH BBOISITCS
HHIUOUTOPEI KOPPO3HH.

KoHCTpyKIMH MMHTATOPOB KOHTPOIBHON CKBaKUHBI yIOBJIETBOPSIOT
C()OPMYIMPOBAHHBIM BBIIIE TPEOOBAHUSIM, 0OECHEUUBAIOT BHICOKYIO
CTabMIILHOCTH BOCTIPOM3BOAMMBIX 3Ha4eHHH. PaspaboTansl 1 HCIPOGO-
BaHbI HE TOJIBKO KOHCTPYKIIMA UMHTATOPOB, HO U TEXHOJOTHMU UX H3TO-
TOBJICHH, CITyCKa HMUTALMOHHBIX KOJIOHH. Pa3paGoTaHHBIE HMUTATOPBI
MOryT o0ecrednBaTh KOHTPOJIb KAa4eCcTBA M CKBAKMHHBIC UCITHITAHUS
anmnapaTypel, IPUMEHIEMON TAKKE B CKBaKUHAX, Oy pSIIUXCS HA PY/IbI,
yTOIb U BOAY.
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