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YuebHoe 11ocobue COCTaBIEHO B COOTBETCTBUM C FOCYIapCTBEHHOM CTaHIapTOM
cnetmanbHocTd  «020302-reodusukay 1o yueOHOMY Kypey «['eodusuueckue
UCCIICIOBaHMsI CKBOKHUH» W TPEJHA3HAUYECHO [JIsI CTYJIEHTOB JHEBHOTO W 3a0YHOTO
OTJEJICHNH, O0YyJaromuXcs Mo JaHHOW CHEeIHaTbHOCTH.

Hactosmee yueOHOEe moOcOOME  TOCBAIIEHO OCHOBaM  OOpaOOTKH U
UHTEpHpeTauun reodusndyeckux MetrofoB ucciegoBanus ckBaxuH (I'MC). lLlensro
71a00paTOPHOTO MPaKTUKyMa SBJISETCS 3aKPEIUICHUE 3HAHUM, TOJYYEHHBIX CTYJIEHTaMU
Ha JieKuMsax, ocBoeHue tTexHojoruu I[MC, a Ttaxke mpakTHUecKass TIOATOTOBKa
CTYZEHTOB K PEIIECHUIO TPOU3BOJICTBEHHBIX 3a/1au.

B kaxnoil nmabopatopHOil paOOTe NPUBOAATCA TEOPETUUYECKHE CBEACHHUS 10
uzyqaeMomy Merony ['MC, natorcs MeTOoauYecKHe yKa3aHMsl 10 €€ IPOBEACHUIO,
YKa3bIBA€TCSl  IOCJEAOBATEIBHOCTh  BBIIOJHEHUS omepanuili 1o o0paboTke WU
MHTEPIIPETALMA KAPOTAKHBIX JAMAarpaMM, a Takxke OuOnnorpaduyeckuil CIMCOK, IO
KOTOPOMY CTYJAEHT CMOXET TOJATOTOBUTHCS K CaMOCTOSITEIbHOMY BBITTOJIHEHUIO
3aJaHUIl.
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BBEJAEHHUE

I'eodpuznuueckue wuccnegoBanusi ckBaxuH (I'MMC) — 53To COBOKYMHOCTH
bU3UIEeCKUX METOJ0B, TMPEAHA3HAYCHHBIX UISI HM3YYCHHUS TOPHBIX TMOPOa B
OKOJIOCKB&XKMHHOM U MEXCKBaXXMHHOM IpocTpaHcTBax. Tpaaunuonno k ['MC oTHOCSAT
TaK)K€ M3yUYEeHHE TEXHUYECKOTO COCTOSHUS CKBa)XKMH, OMPOOOBaHHE IUIACTOB U OTOOP
npo0 M3 CTEHOK CKBaXKMH, Nepdopaiuio u ToprneaupoBaHue u 1p. ['eodusmyeckue
UCCJICIOBAaHMUSI CKBAXXMH JIETSTCS HA JIBE BeCbMa OOLIMPHBIE TPYMIbl METOJ0B —
METOJbI  KapoTaxxa W  METOJbl CKBaXWHHOM reodusuku. [eodusudeckue
VCCIIEJOBAaHUs, IPEIHA3HAUYCHHBIE U1l U3YUYEHUS TOPHBIX IOPOJI, HEHOCPEICTBEHHO
MIPUMBIKAIOIIAX K CTBOJIY CKBa)KMHBI, Ha3bIBAIOT KapPOTAKEM, COBOKYITHOCTh METOJIOB
KapoTaxa, MPUMEHSEMbIX B HE()TETa30BbIX CKBAKMHAX — MPOMBICIOBOM T€O(PU3UKOM.
Metonet ['MC, cnyxammue [ U3YYEHUS MEKCKBAXUHHOTO MPOCTPAHCTBA,
Ha3bIBAIOT CKBAXXUHHOU re0(DU3NKOM.

[TapameTpbl HICKYCCTBEHHBIX U €CTECTBEHHBIX (PU3UUYECKUX TOJICH B CKBAXKUHE
CBsi3aHbl € (U3UYECKUMHM CBOMCTBAMU TOPHBIX TOPOJ, HAXOMASIIUXCA B
OKOJIOCKBa)KMHHOM U MEXCKBaXKMHHOM MPOCTpaHCTBax. B cBO ovepens pusznueckue
CBOMCTBA TMOPOJI OTPAXAOT JUTOJOTHYECKHE, (DaruanbHble, KOJJIEKTOPCKHE,
CTPYKTYPHO-TEKCTYPHBIE U JIpYrUe Xapaktepuctuku. HaxoxaeHue nmapaMeTpoB Mos
B CKBQXMHE I10 3aJaHHBIM IIapaMeTpaM €ro UCTOYHHUKOB M XapAKTEPUCTHKAM CPEIbl
Ha3pIBatOT mpsimor 3agadyedt ['MIC. Ha mnpakTuke, HampoTUB, MO H3MEPEHHBIM B
CKB@&XXHUHE MapaMeTpaMm IOJiA ONPECIIOT XapaKTEPUCTUKU CPEAbl, T. €. PEIIAI0T
oOpaTHy10 3a7auy.

B ocHoBe m000Oro Meroja CKBRXHHHOW TeO(U3UKH JISKHUT PETrUCTparus
napamMeTpoOB COOTBETCTBYIOIIETO MOJISI, HECYIIEro MH(GOPMAIINIO HE TOJIBKO (PU3NYECKUX
CBOMCTBaxX TOPHBIX MOPOJ, HO U 00 YCIOBHUSX U3MEPEHHS, TAKMX KaK TeMIlepaTypa |
JIaBJICHHE B CKBAXKUHE, €€ AUAMETP, CBOMCTBA IPOMBIBOYHOM KUAKOCTH U T.I. [loaTomy
U3MEpSIeMbId Te0(U3NIECKUN TapaMeTp (DIEKTPUUECKOE COMPOTHBIICHUE, MOTEHIIAAT
CaMOIIPOU3BOJIbHOW MOJISIPU3ALINK, €CTECTBEHHAS] PAIMOAKTUBHOCTD U JIp.) HE SIBJISIETCS
VMCTUHHBIM, XapaKTEPHBIM JIJIsI €CTECTBEHHOIO 3aJIEraHUsI TOPHBIX OPOJ.

Jlnst Toro 4toOBl TOJNYYWTh 3HAYCHUE HMCTHUHHOTO (DU3UYECKOTO TMapaMerpa
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HCO6XO,III/IMO BHCCTHU IIOIIpaBKHU B peFHCTppreMBIﬁ, 4qTO COCTaBJIICT CMBICII

reopu3nueckoi WHTEpIpEeTalud JaHHBIX KapoTaxa. [lomydeHHble B pe3yibTaTe
reou3nYecKor HHTEpPHpPETAMH HCIPABICHHbIE BEJIUYMHBI CBOOOJHBI OT BIIMSIHUS
YCJIOBUM TPOBENCHUS HW3MEPEHWA M YCIOBUM BCKPBITHS IUIACTa M SBISIIOTCS
XapaKTEPUCTUKAMU MTOPObI, TO3BOJISIOIIMMHU CPABHUBATH UX MEXAY COOOM.

Cneunduka ooOparubix 3agady I'MC. Cnenuduka oOparneix 3amau [UC
COCTOUT B TOM, YTO M3-3a HEJOCTYIHOCTH HCCIENYEeMOT0 00BEKTa O ero mapaMerpax
CyAST IO KOCBEHHBIM MNPOSBICHHUAM. Tak, O TOPHOW IOPOJE, PACIIOJIOKEHHOW BHE
CKBAXXUHBI, CYJIST, U3MEPSS XapaKTEPUCTUKH NOJSA B CKBaXMHE. Mexay Tem IoJie
B CKBaXXMHE MMEET MHTErpalbHbId Xapaktep. Bkian B ero (opMUpOBaHUE BHOCST
pa3iuyHbIe 30HBI: caMa CKBa)KMHa; OJIM3Kas K €€ CTEHKE, a MOTOMY HM3MEHEHHas B
pesyaprare OypeHMsl 4YacTh IUlacTa; €ro HEU3MEHEHHas — YJaJCHHas YacTh;
BMeIlarone nopoAsl. Ha  mpakTuke 3TO NOPUBOAMT K TOMY, YTO HEOOJBIIHM
U3MEHEHHUSIM NapaMeTPOB MOJs, COOTBETCTBYET MHOXKECTBO PELICHHH  (Monenei
Cpelbl), CYHIECTBEHHO OTJIHMYAIOMMUXCS OAHO OT aApyroro. OOpaTHble 3agauyu,
oOllajarolue TakuM CBOMCTBOM, Ha3blBalOT HeycTOW4YuBbIMH. C  1eNbIO
NPEOJIOJICHUSI HEYCTOWYHMBOCTH CTPEMSTCS CY3UTh MHOXECTBO BO3MOYKHBIX
pELIeHUM, ISl Yero UCMOJIb3YyIOT JOMOJHUTEIbHYI0 HHPopManuo. Ee BaxHenmuii
UCTOYHUK—/IaHHbIE, TMOJIyYEHHbIE C MOMOUIBIO JAPYruX reou3nyecKuX METOJIOB,
MMEIOIIUX MHYIO TITyOMHHOCTh M OCHOBAaHHBIX Ha M3YYEHUHU PA3JIUYHBIX MO CBOEH
npupoje Pu3nyecKux moJyei.

Kanaceupurkamuss merogoB I'NMC. Knaccudburanuss wmerogoB ['MC moxet
ObITHb  BBINMOJHEHA MO BUAY HM3ydaeMbIx (U3uMUecKux moJsied. B 3Toi cBs3u ux
JEJIST Ha JIEKTPUYECKUE, 3JIEKTPOMAarHUTHBIE, SJIEPHBIE, aKyCTHYECKHE U APYTHE.

K Hacrosmemy mMomeHTy u3BecTHO Oojee matumaecsatu metonoB [MC u ux
Momudukanuii.  IlomoGHoe  MHOrTOOOpa3zue  OOBICHACTCS  psAoOM (DAKTOPOB.
[lepBeiit w3 HHUX CBsA3aH cO cunenudUKONW OOpaTHBIX 3ajad, Tpedyromen
KOMILJIEKCUPOBAHMUS ~ OOJBIIOTO  4YHCIa  METOAOB. BTopolh — ¢ pasznuuusiMu B
ycnoBusix npumeneHus: ['MC npuMeHAOT B OCaJO4YHBIX, MeETaMOpPUUECKUX,
MarMaTH4ecKUX IMOpoJaaX, B CKBaXXWHAX OOCaKEHHBIX M HE OOCaKEHHBIX, CyXHX,

3allOJIHCHHBIX BOJAHBIMH PAaCTBOpaMHU colieci H HCTIPOBOAAIIMMHA  IIPOMBIBOYHBIMHA
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KUAKOCTAMU. Tpetudt  daxrop, 0O0yCIOBIMBAIONIMI  MHOrooOpa3ue METOJ0B

[MC—O6onpioe  KOJMYECTBO  pemIaeMbIX  HMMH  3aJad  T'e0JIOTUYECKOTO,
TEXHOJOTUYECKOTO, WHKEHEPHO- W TUAPOTr€OJOTHYECKOTO XapaKTepa.

CooTHOILIEHHE METOI0B, OCHOBAHHBIX HA MCCJIC0BAHUM KepHa, miiama u I'HC.
BaxHbIM HCTOYHMKOM HWH(pOpMaUM TO HM3YYCHHIO CKBAXXUHBI SIBIISIOTCS JaHHBIE
KepHOBOTO Matepuana v miama. C uX MOMONIBIO HM3y4aloT mneTpoduznyeckue,
TEKCTYPHO-CTPYKTYpHBIC, PUIBTPALMOHHO-EMKOCTHEIE, TTeTporpaduueckue u Apyrue
cBoiicTBa nopod. OgHako B LEIOM 3TH METOJbl HE JOCTATOYHO 3(PPEKTUBHBI, YTO
OOBSICHSIETCSI HETOJIHBIM BBIHOCOM KEPHOBOTO MaTepuana, TPYIHOCTHIO MPUBI3KU
KEpHa MO [IyOMHE, MajblM pPAJIUYCOM HCCIEAOBaHUSA, U3MEHEHHEM XapaKTEPHCTHK
TOPHBIX TOPOJ] B 30HE OYpEHUsS U NMPU MOJAbEME HA MOBEPXHOCTh, 3HAYUTEIHLHBIMU
3aTpaTaMy BPEMEHU U CPEICTB.

B ornmume ot storo I'MC pgaroT CIUIOMIHYH), CPaBHUTEIBHO TOYHO
NPUBS3aHHYIO MO TIyOWMHEe HWHGPOPMAIUMIO C CYIIECTBEHHO OOJBIIUM pPaJInyCcOM
MCCIENOBaHUs. 3aTpaTbl BPEMEHU M COOTBETCTBEHHO croumocth [MC  Huxke.
BaxHno, 4toO yaaeTcs MOJTYyYduTh MH(POPMAIMIO O TOPHBIX MOPOJAX B HUX
ectecTBeHHOM 3aseranuu (in Sity). bosbiioi paguyc uccieaoBaHus, BO3MOXHOCTh
OCYIIECTBJISATh 3aMEPBI HE TOIBKO B (DYHKLIMH MPOCTPAHCTBEHHBIX KOOPAUHAT, HO U B
(GYHKIIMY BpEMEHH, U3YUYEHHE BCEU CUCTEMbI CKBaKMHA— ILJIACT, MMO3BOJIAIOT PEIIaTh
re0JIOTUYECKUE 3a/1a4d, B IPUHIIUIIE HE PEIIacMble 110 KEPHOBOMY MaTEpHaIy.

Bmecre ¢ tem, nmocraroyHo TowyHas ouneHka ¢ nomoumpro ['MC mapameTpos,
XapaKTEPU3YIOLINX JIMTOJOTUI0, KOJUIEKTOPCKUE CBOWCTBA, COACPKAHUE TOrO WIIH
WHOT'O TOJIE3HOTO HMCKOIAEMOTo U T.J. TPeOYeT 3HAHUS CBOMCTB MaTpHIlbI (CKeJeTa)
TOPHOM  TOPOABI, (GIOUAA-TIOPO3ANMOTHUTENSA, a TakkKe MNeTPOOUIMICCKUX
3aBUCUMOCTEN I ONPEACIEHHOrO THUIIA OTJIOKEHUW MECTOPOXKACHUsS. Takytro
uH(popMalKio B OOJBUIMHCTBE CIy4YaeB MOIYYalOT ¢ TOMOIIBIO KEPHOBOIO MaTepHaa
u nutama. I[loaromy uccnenoBanust kepHa, muama u ['MC nomkHbBI paccMaTpUBaThCs
KaK COCTaBJSIOUIME €AWHOrO Mpolecca HU3YUYEHUS OKOJOCKBAXUHHOTO U

MCIKCKBAXXMHHOI'O ITPOCTPAaHCTBA.
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Puc. 1. Craa#finoCTL rOPHO-rE0NOrRIECKOTO NPOLECCa.
MeCTOpO)KI[eHH;I Crpeaxans ¥ UROPINK NMOKISSNH HANPABAENNA HNDOPM AUKOHHMX NOTOKOS

BKJIIOUNTEIIBHO.

Bomnpoc 0 cTaanitHOCTH TOPHO-T€0JIOTUYECKOT0 MPOLECCa YPE3BbIUANHO CIOKEH
U 3aBUCHUT OT THIIA MOJIE3HOT0 HcKomaemoro. O06o0O0mass U cXxeMaTu3upys, €ro
MOXXHO pa30uTh Ha nsATh craguil (puc. 1). Ha mepBoil ctamuu — peeuonanvrulx
uccnedoanuti, BBIABISIIOT TEPCIEKTUBHBIE T'€OJIOTHYECKUE OOBEKTHl JaHHOTO
peruoHa. OCHOBHYK pOJb 3/€Ch WUIPAOT  a’pPOKOCMUYECKHE, HA3E€MHBIE
reoxuMuyeckue u reodusndeckre Metojbl. KepHOBbINT Marepuan, MojiydyaeMblid U3
MaJIOTO YHCJia ONMOPHBIX CKBAXHUH, SIBISETCS UCTOYHUKOM MH(OpPMAIMU O JIUTOJIOTO-
cTpaTurpad@uueckux, NeTpoPU3NIECKUX U IPYTUX XapaKTEPUCTUKAX TTOPOI.

OnHako B CUJIy HENOJHOTO BBIHOCA M MAJjiOTO pajuyca MCCIEIOBAaHUM OH He
obecrieunBaeT uHMOpMaAIMK O paszpe3e B HeoOXoauMom oObeme. B 3Toil cBA3M
metoasl ['MC mocine HacTpoWKM 1O KEpHOBOMY MaTepuaily UrparT I0
OTHOIIICHUIO K HEMY POJIb UHTEPIIOIUPYIOLIETO U AKCTPANOJUPYIOIIEr0 HHCTPYMEHTA,
MO3BOJISIOIIETO MMOCTPOUTH CILJIONIHBIE BEPTHKAIBHBIE T€0JIOr0-Te0(hU3NIECKIE MOICIN
pa3pe3oB.

[Tonyyennass ¢ mnomompio [MC wuHboOpmanus wuMeeT caMOCTOSATEIbHOE
3HAYEHHWE, a TAaKXKE HCIOJb3YyeTCs JIs «HACTPOWKH» Ha3eMHBIX Te0(U3UIECKUX
METOJIOB. BepTukanpHbIE CEMCMOAKyCTUYECKHE MOJIENN, HAIpPUMEDP, IO3BOJISIOT
OOBSCHUTh OCHOBHBIE 3aKOHOMEPHOCTH (HOPMHUPOBAHMSI BOJHOBOTO TOJIA TMPHU
HA3eMHOI ceficMOpa3BeKe, CBS3aB €ro C Ie0JIOTHYECKUMHU OCOOCHHOCTSIMU CPEIIbI.

®aktnuecku ['C IIpU3BaHbl UT'PATH IO OTHOIICHHUIO K HA3EMHBIM METOAaM TY pPOJib,
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KOTOpylo KepH urpaetr no otHoumenuto Kk I'MC. Bmecte ¢ TeM ceThb OMOpPHBIX

CKBaXXMH Ha PErMOHAIBLHOM CTaJUM, KaK MPABUIIO, CTOJb PElIKa, YTO UCIOJIb30BAHUE
Ha3eMHBIX METOJOB [UJISI HHTEPIOJSIIMU U dKcTpanoianuu aaHHeix [MC Ha
MEXCKBAXUHHOE MPOCTPAHCTBO HEIP(DEKTUBHO.

Pe3ynbTaToM peruoHaNbHOM CTaauM  SIBISIETCS MOJICNIb  PACIOJIOKECHUS
MIEPCIIEKTUBHBIX I'€0JIOTUYECKUX 00BEKTOB PETMOHA — 30H, CTPYKTYp, hopMamuii u T.
n. Takas mMonenb — HWH(POpMANMOHHAs OCHOBA JUIS BBIPAOOTKH YHPaBISIONIUX
pelleHUi Ha TMPOBEICHHE BTOPOM CTaaUM TOPHO-T€OJOTMYECKOTO IMpoliecca —
30HAJIBHOM, 3ajada KOTOpPOW —  HU3y4YeHHE CTPOCHHS  IEPCIEKTHBHBIX
reoJIOTHYECKHX 00BEKTOB.

CyliiecTBeHHO, YTO OoOpaTHas CBS3b, OXBATHIBAIOIIAS KOMIUIEKC PETHOHATBHBIX
HCcClIeIOBaHUM (ITyHKTUP Ha puc. 1), MO3BOJISIET KOPPEKTUPOBATh allpUOPHYIO MOJAEIH
peruoHa mo Mepe IMOJy4deHHUs HOBOW HHpoOpMaluu, obecrneduBas ONTUMH3AIUIO
mpoliecca UCCIeAOBaHUH, T. €. YTOUYHEHHE HaIlpaBJICHUS NPOoQuiaeh, MECT 3aJ0KCHUS
OTIOPHBIX CKBaXHWH U T. . OOpaTHAas CBSA3b KaK HEMPEMEHHOE YCIOBHE CUCTEMHOTO
MOJIX0JIa K OpraHu3allud HCCIEJOBAaHUN UTpPacT BaXXHYIO pOJIb HA BCEX CTaAusiX
TOPHO-TEOJIOTUYECKOTO TMpoliecca.

Ha Bropo#, 3omanvuou, CTaguM WCCIECAOBAHWA OCHOBHYIO pOJIb HUIPAKOT
pa3auyHbple MOAW(PUKAIIMM TEOXMMHYECKHUX, a’po- M Ha3eMHBIX TeOo(pHU3UISCKUX
MeToA0B. X riaaBHOE OTIIMYME OT COOTBETCTBYIOIIMX PETHOHAIBHBIX MOIU(PUKAITAN
— OoJiblasi AETaIbHOCTh HcciienoBaHuil. OO0beM OypeHHs, a COOTBETCTBEHHO U POJIb
I'C, Bo3pacrtaroT. Tem He MeHee, COOTHOIIEHHE MeTO10B «kepH — ['MIC — HazemHas
reopus3ukay, B MPUHIUIIE, TAKOE XK€, KaK W Ha PEruoHaIbHOW cTaauu. Pesynbrar
30HAJIbHOM CTaAud — TpPEeXMEpPHAas MOJICNIb IIEPCIEKTUBHOTO T'€OJIOTHYECKOTO
00BEKTA.

3HaHUE MOJIEIU MEePCHEKTUBHOIO OOBEKTa MO3BOJISICT MPUCTYIUTh K TPEThEH
CTaJuy TOPHO-TEOJIOTUYECKOTO Tpolecca — mnouckoBoil. Ee ocHoBHas 3amauya —
MOATBEPKJIECHUE CYIIECTBOBAHUS MECTOPOXICHHUS M OIEHKA €ro MPOMBIINLICHHON
3HAYUMOCTH. B 3TOM CBsI3M OHA XapaKkTepu3yeTcs O0JbIINM 00beMOM OYpPOBBIX paboT,
UCTIBITAHUA ¥ OMPOOOBAaHWI, TO3BOJSIONIMX TOJYYUTh TIPSIMOE TOATBEPKICHUE

MNPpOAYKTUBHOCTH. TGHI[CHLII/IH K noBbIieHuI0 3Hauumoctu I'MC MOJIy4acT Ha ATOM



9
CTaJuu JaJIbHEHIIee pa3BUTHE. 3HAUYUTEIbHBIN 00heM HAKOIJIEHHOW MHGOpMalNH,

OoJibIlIasi JETaJbHOCTh HA3€MHBIX HCCJIEIOBAHMM M BBICOKASl IJIOTHOCTH IMOMCKOBBIX
CKBQ)XMH IO3BOJISIOT MPOTHO3UPOBATH T'€OJOTUUECKUN Pa3pe3 MEkKIy CKBaXKUHAMU
U 32 KOHTYPOM UX 3aJ0XKEHHS, HCHOJIb3yS AETalbHbIE HA3€MHBIE METOMBI IS
VMHTEPHOJSALMA W 3KCTPAnoslMKU MoJiydeHHbIX ¢ nomompio ['MC BepTHUKanbHBIX
Mojeneld paspe3a. TakuM MyTeM YJaeTrcsi COKpPaTUTh OOBEM JIOPOTOCTOSIIETO
MMOMCKOBOTO OypeHUsI.

Ha getBepToil, pazeedounoii, ctaguu MOJEIb MECTOPOKIEHHUS, TOCTPOCHHAs Ha
JTAalle TOHUCKOB, YTOYHSETCS M JETAIU3UPYETCSA C LENbI0 IIOJCYETa 3alacoB
ITOJIE3HOTO MCKOIIAEMOr'0 M MOJATOTOBKHA MECTOPOXAEHUSA K dkcruryarauuu. Pons I'HC
3HAYUTEIBHO BO3pacTaeT. FMIX OCHOBHBIE 3a7jaul — OLIEHKA MOJICUYETHBIX [1apaMETPOB,
U3y4YE€HHE M3MEHUMBOCTU OOBEKTOB pa3pabOTKH, JE€TalbHOE HCCIEJIOBaHUE Pa3pe30B
CKBa)XMH, BBIOOp HMHTEpPBAJOB HCHBITAHUNA M ONPOOOBaHMI, a TaK¥XKE KOHTPOJb
Ka4ecTBa MX NPOBEACHUs. 3HAYEHHE KEPHOBOIO MaTepuajia IOCTEIEHHO
CHUKAETCS, CHUKAETCSI U METPaK OypeHuUsi ¢ 0oTOOPOM KepHa.

Ponme TMUIC Ha mnsATOW, 2KCHIyamayuouHOU, CTAAAA TOPHO-T€OJOTUYECKOTO
npolecca, 3aBUCHUT OT TEXHOJIOTMH pPa3pabOTKH MECTOPOXKJICHHUS (CKBaKMHHOM,
maxTHoW u np.). 3agaun ['MC Ha skcrmlyaTallMOHHOW cTaguu AENATCS Ha JBE
TPYIIIBI.

[lepBasi, TEXHOJOTHMYECKOTO XapakTepa, CBA3aHa C OJKCIUlyaTalueu
MECTOPOXKIAEHUSI U KOHTPOJIEM ero pa3padoTku. Ha HedTerazoBbIx MECTOPOKICHUIX
— D3TO B MEPBYK OYEPENb H3YYEHHE pPA3pPE30B CKBAXKHMH C LEJIbIO BBIICICHUS
NPOAYKTUBHBIX MHTEPBAJIOB, KOHTPOJb MPOIECcCa BHIPAOOTKU 3aJI€KU, HAOIIOICHUE
3a MpOABMIKEHUEM (POHTA HAarHETAEMbIX BOJ. MeToanKa HHTEPIPETAUN JOCTUTAET K
’TOMY MOMEHTY TAaKOTO YpOBHs, 4YTO MPAKTUYECKH HE TpeOyeT AajbHeuInen
HACTPOWKM M KOHTPOJS IO KEepHOBOMY wMmarepuany. OJHOBPEMEHHO Ha 3TOH
CTaJuM, KaK W Ha BCEX MPENBIAYUIUX, C MOMOIIbI0 TeO0()U3NYECKUX METO/I0B
pelIaeTcs BaXHemas 3a/1a4a — U3y4eHUEe TEXHUYECKOTO COCTOSIHUS CKBAYKHH.

Ha MecTopoxaeHusaxX TBEpABIX IIOJIE3HbIX HCKOMAEMBIX HWCCIAEAOBAaHUS Ha
HKCIUIYaTallHOHHOW CTaJuU MPOBOJATCS Kak B OOBIUYHBIX, TAK M B MOJ3EMHBIX

CKBa’>XHMHax. OCHOBHO€ Ha3HAYE€HHME TaKHX pa60T — KOJIMYCCTBCHHAasA OICHKaA



10
MNPOAYKTHBHOCTHU OTJIO}KGHI/II\/’I, KOHTpPOJIb 3a IpOHECCOM  HUX BI)Ipa6OTKI/I,

MPOTHO3UPOBAHUE 30H OOPYIICHUS, TPEIIMHOBATOCTH, 3aKAPCTOBAHHOCTU, H3YUYEHUE
MPOYHOCTHBIX CBOMCTB KpOBJM TOPHBIX BBIPAOOTOK U  THUAPOrEOJOTMYECKOU
00CTaHOBKH.

Bropas rpynma 3amad 3KCIUTyaTalHOHHOW CTauM CBsI3aHa C JOPA3BEIKOMU
IKCILUTYaTUPYIOUIETOCs] MECTOPOXKJIEHUSIT — H3y4YeHHeM ero (JaHroB U He
MOABEPTIINXCS paHee AETaTbHBIM HCCIEIOBAHUAM TOPHU30HTOB. HeoOxoauMocTh B
JOpa3BEJAKE BO3HUKAET TAaKXKE B CiIy4yae MOSBJICHUS HOBBIX T'€OJOTHYECKHUX
JIAHHBIX, [PU HECOOTBETCTBUM MOJECIHU HSKCIUIYaTUPYIOLIErOCs MECTOPOKICHUS
pe3yabTaTaM »JKCIUTyaTallid, MPU CO3JAaHUU 00Jiee COBEPIICHHBIX T'€O(PU3UUYECKUX
MeTos0B. OJHAKO W TpPU OTCYTCTBUU IEPEUUCICHHBIX NPUYUH OOpaTHas CBA3b
IO3BOJISIET MCHOJIb30BATh PE3YJIbTAThl HCCIEAOBAHUN, MNPOBOAUMBIX C LEJbIO
KOHTpPOJIE pa3pabOTKH, ISl COBEPUICHCTBOBAHMS TIPEJICTABICHUM O MOJEIHU
MeCTOpOXAeHUs. B HacTosiliee Bpemsi pojib TOPa3BEIKU SKCILTyaTUpYyROIuxcs (B
TOM YHUCJI€ UCTOIIEHHBIX) MECTOPOXKACHUHN CYIIECTBEHHO BO3pOCia, YTO CBSI3AHO C
OBICTPBIM YBEJIIMYEHUEM 3aTpaT Ha IOUCK W Pa3BEIKy HOBBIX MECTOPOKICHUMN
ITOJIE3HBIX UCKOMAEMBbIX.

OtmetruM, uyTo wuUHGOpPMAIUS HA BCEX CTAAUIX TOPHO-TEOJOTHUYECKOTO
mpoiiecca MocTymaeT ¢ 0ojee HU3KUX HMEepapXHUYECKHUX YpOBHEH Ha 0ojiee BBICOKHE,
HaKarMBasCh B 0OaHKE JaHHBIX TOCYIap CTBEHHOW T€0CUCTEMBI (CM. puc. 1).

N3 BermensiaoxkeHHoro sgcHo, uro I'MC — HeoTheMiieMass cocTaBHas 4acThb
TOPHO-TE€OJIOTMYECKOT0 MPOLIECcCca HA BCEX €r0 CTaIUIX.

CkBaKHHA KaK 00bEeKT reo(pu3nyecKux uccjaeaoBanuii. CkBaxnHa Kak 00bEeKT
reou3NIECKNX HCCICIOBAHUN OKa3bIBAET CYIIECTBEHHOE BIUSHUE Ha CHENUPUKY
reo(pU3UUECKUX METOIOB U TEXHOJOTHUIO UX TIPOBEICHUS.

[To Ha3HA4YEHUIO CKBAXKWHBI JCJSATCS HAa ONOPHBIE, MOUCKOBBIC, pPa3BEIOYHbIC,
AKCIUTyaTallUOHHbIE, UHXKEHEPHO WM Tuaporeosiorndyeckue U T. 1. OJHAKO C TOYKHU
3peusa ['MUC pemaroniee 3HaYeHHE MMEET TEXHOJIOTHS MX MPOBOAKHU. 1lo sTomy
NPU3HAKY CKBAXXWHbl MOXHO pa3[eiuTh HA YETbIPE TPYNIbL: «CyXUE» —
npoOypennabie 0e3 mpombeiBouHOUM kuakoctu (I1DK); mpoOypeHHbie Ha BOIE;

npoOypeHHble Ha HEPUIbTPYIOMIMUXCS W HENPOBOASLIUX BICKTPUYECKUH TOK
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(u3BecTkOBO-OMTYMHBIX) IIDK; mnpoOypeHHBbIE Ha BOAHBIX (QUIBTPYIOIIUXCS

(rmuuucteix) ITK. K nocinenneil rpynne oTHOCATCS NPAKTHYECKH BCE CKBAXKUHBI
00JIbIION U CpeHEN IIyOuHBI, B TOM YKCIE MOJABIAIONIEE OOJBIIMHCTBO CKBAKUH
He(Tera3oBbIX MECTOPOXKACHUN. MeTogaM X UCCIeOBaHUN U OyJeT yJelIeHO aajee
OCHOBHOE BHUMAaHHUE.

CxBaxrHa I103BOJISIET MPOBOJAUTH U3MEPEHUSI BO BHYTPEHHUX TOYKAX CPEIBI.
BMmecTte ¢ Tem ee Hamu4mue yCIOXKHIET CTPYKTYPY U3ydaeMbIX (PU3NYECKUX TMOJICH, YTO
IPUBOIUT K CEPbE3HBIM TPYJHOCTSM IPH PEIIEHUU NPSIMBIX U OOpaTHBIX 3ajad.
KpoMe Toro, BCKpbiBas TOJIIY TOPHBIX MOPOJ, CKBAXWHA HAPYIIAET yCIOBHUSA HX
3aJ€raHys: M3MEHEHUE TIeO0CTaTUYECKOrO JABJIEHUS W TEMIEpaTypbl NPHUBOAUT K
IIEPEPACIIPEICIICHUI0  HAIIPSDKEHUH,  B3aUMOJEHCTBUE  MOPOAOPA3PYILIAOLIErO
uHctpymenTa u IDK ¢ mopomoit ycyryousier 3ToT npotecc, crnocoocTBys 00pa3oBaHUIO
MUKpPOTpPEIIMHOBATOCTH B NPOYHBIX W Pa3pylLIEHHUIO, Pa3MbIBY € 00pa3oBaHHEM
KaBepH — B pBIXJbIX, TPEIIMHOBATHIX, PAaCTBOPUMBIX Mopoaax. Bo wuzbexanue
HEKOHTPOJIMPYEMOT0 BbIOpoca miacToBbiX (utonsioB aaiaeHue [DK nmoanepxuBaror
HECKOJIbKO BBIIIE€ IUIACTOBOTO, B pe3yJjbTaTe 4YEero BO3HHUKAET €€ (uiubTpanus B
npoHunaeMble 1miaacTel. [lockonbky 3¢ @eKTUBHBIE IUaMETpbl MOP 3ajerariiux
ri1yOOKO mopoJ MMEIT HeOosblIMe pa3Mepbl U peako npeBbimaroT 100 mMkMm, a
pa3Mepbl TJIMHUCTBIX YAacTHI] B OCHOBHOM OoJibllle 3TOW BEJIMYMHBI, B ILUIACT
npoHukaeT Jumb GuibTpar 1K, OCHOBHOE K€ KOJMYECTBO YAaCTHUI[ OCENAET Ha
CTEHKE CKBaxuHbl. OOpa3zyromiascsi TJIMHUCTasi KOpPKa MOBBIIIAET YCTOWYHBOCTD
CTEHOK U MPEMSATCTBYET MalbHEUIICH GUIbTpaIuu.

B pesynbrare nponukHoBeHus ¢uinbTpata I12K B mpoHuUllaemble MIACTHI B
HUX 00pa3yloTcsd 30HBI MPOHUKHOBEHUS C JUAMETpaMU OT JAECATKOB 10 COTEH
CaHTUMETPOB. DU3MKO-XMMHYECKHE CBOWCTBA MOPOJ B 30HE IPOHMKHOBEHMS
MEHSIOTCSL 32 CYET OTTECHEHHUS MepBOHAYaJbHOTrO (JIIOUIa, BO3HUKHOBEHHS
CIOXXHOTO, B psAAe CclydyaeB MHOro(asHOro HACBHIIIEHUS, OKUCIUTEIbHO-
BOCCTAHOBMTEJIbHBIX IPOLECCOB, 3aKyHNOpPKU Mop (kKoiapbmaTauuu). Takum oOpazom,
MEHSIETCSI HE TOJIbKO XapakTep HAacChIIeHUs IJIacTa, HO M €ro (puiIbTparuoOHHO-

€MKOCTHBIE CBOMCTBA.
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Haunbonee HN3MCHCHHYIO 4YaCTb 30HbI IMPOHWKHOBCHHUA HA3bIBAIOT HpOMLITOfI

30HOU. ['paHuIBI TPOMBITOM 30HBI W 30HBI TNPOHUKHOBEHHS HUMEKT HEAPKO
BBIDOKCHHBIN  (TpaJueHTHBIM) xapakTep. OObYHO B TreodU3UKEe TOJa 30HOU
MPOHUKHOBEHHUS TMOHUMAIOT MWIMHAPUYECKYI0 00J1acTh, B TIpeAeiax KOTOpPOM
BEJIMYMHA U3MEPSAEMOTO MapamMeTpa OTIUYAETCS OT 3HAUYEHUS TAaHHOTO MapaMerpa B
HEM3MEHEHHON YacTH IiacTa 0oJiee YyeM Ha JABOWHYIO MOTPEIIHOCTh U3MepeHus. B
ATOU CBSI3U IPAHULIBI 30HBI JJIs1 pa3HBIX METOJIOB pa3iuydHbl. [Ipy n3yuenun xapakrepa
HACBHIIIIEHUS  IJIacTa, KOJWYECTBEHHOM  OIEHKE €ro He(Tera3oHOCHOCTH U
(UIBTPAIIMOHHO-EMKOCTHBIX ~ XapaKTePUCTHK, 30HA NPOHUKHOBEHHUS  SIBISCTCS
CEpPbE3HBIM OCHOXHSAIONUM (akToOpoM, HO caMmM (aKT €€ CyHUeCTBOBaHUS
TOBOPHUT O NMPOHUIIAEMOCTH ILJIACTA.

ITocne 3aBepuieHuss OypeHHs] W MPOBEACHUS Treo(U3NUSCKUX HCCIIEOBAHUN B
OTKPBITOM CTBOJIE, CKBaXXHUHY OOCaXMBAIOT CTAJIbLHON KOJOHHOW W IIEMEHTUPYIOT
JUI YKpEIUICHUsI €€ CTBOJa W Pa3oOIeHHs IUIacTOB — KoJUIeKTopoB. OOcaaka
MPAKTUYECKU HCKJIIOYAET TMPUMEHEHUE DJJEKTPUUYECKUX, DJJIEKTPOMArHUTHBIX U
MarHuTHBIX METOJOB, M B TOW HJIM HWHOM CTEHNEHU MCKa)XaeT TIOKa3aHUs
PaIMOAKTUBHBIX, CEMCMOAKYCTHYECKUX, TEpMHUUECKUX. OJHAKO MOJHOE MPEKpaAICHUE
GbuIbTpaluid MPOMBIBOYHOU JKUAKOCTH MPUBOJUT K MOCTEIIEHHOMY YMEHBIICHUIO
JTUaMeTpa 30HbI NMPOHUKHOBEHHS M, B KOHCUHOM cUeTe, €¢ pachOpPMUPOBAHUIO IO
BIUsiHUEM 1u(Pdy3un, KanWaspHBIX M TPaBUTAIMOHHBIX CcuJ. IlepBoHayadbHOE
HACBIIICHUE TIJJacTa B €ro MPUCKBAXWHHOW 4YaCTU BOCCTAHABJIMBAETCS, UTO JAET
BO3MOHOCTh OIICHUTh He(PTETra30HACHIIIEHHOCTh, a B TMPOIIECCE JKCIUTyaTalllu

KOHTPOJIMPOBATH AMHAMHUKY TI'a30KUAKOCTHBIX 1 BOJIOHe(l)TSIHBIX KOHTAaKTOB.

CxeMa npoBeJeHUSI KAPOTaKa
CxeMa yCTaHOBKH [IJisi T€O(PH3UYECKUX HCCICTOBAHMI CKBAXXKMH MOKa3aHa Ha
puc.2. K xabemto 2, HamoTaHHOMy Ha OapabaH ne0eakd TOAbEMHHKA 6,
MOJICOCANHICTCS CKBaXUHHBIM mpubop 1, B KOTOpOM  HaxXoAsATCSA NaTYUKUA H
3JIEKTPOHHBIE Y376l [Ipnbop OmycKalT B CKBaXKUHY Yepe3 HampaBisiomuil 010K 4 u
onok-06ananc 3. Beimonuss rpy3oHecyuiue QyHKINU, KaOelb 2 CIYKUT TaKXKe s

nmogadyr IMUTAHHUA W CUTHAJIOB YIPABJIICHHUA K CKBAXHWHHOMY HpI/I60py n nepcaadun
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nHbopmanuu Ha nmoBepxHocTh. Kabenb coenuHeH ¢ reodusznueckon jadoparopueit

7 uepe3 coemuHuTENbHBIA mpoBoa 8. IlonmeBoit mMHMOPMAIMOHHO-U3MEPHUTEIbHBIN
KOMIUIEKC, BKJIIOUAIOIIMN TOABEMHUK U JIaDOpaTOPUIO, HA3bIBAIOT KapOTaKHOU

CTaHIUEN.

-----
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Puc. 2. Cxema ycraHoBkd aaa reodH3aHge-
ckux HecnenosaHuft cksaxuu (mo O, M. Hes-
KOHORY)

[Tpu mpoBeneHny reoU3NIECKUX MCCICIOBAHUA B OTHOCHTEIIBHO HETITYOOKHX
CKBaXHMHAX OOBIYHO MCTOJIB3YIOTCS KapOTAXKHBIC CTAHIIUU, OOBETUHSIONINE B €TUHBIN
OJIOK CIyCKO-TIOABEMHOE 000pyAoBaHHUE (KapOTKHBIM MOJBEMHHK) U KapOTaKHYIO
7a00paTopri0, BKIIOYAIONIYID B Ce0S HM3MEPUTENBHYI0O H PETHCTPHUPYIONIYIO
amnmaparypy, a TaK)Ke UCTOYHUKYU MTUTAHHUS.

KapoTaxHblii MOABEMHHUK CTAaHIIMU 000PYI0BaH J1€0EIKON C DJICKTPONPUBOIOM.
[TpuBox nebGeaxu OCYIIECTBIAETCS 4Yepe3 JABYXCKOPOCTHYIO KOpoOky mepenad. Ha
OapabaHe JyieOeaKM HaAMOTaH OPOHMPOBAHHBIM TPEX>KUIBHBIM KapOTaXKHBIM Kalelb,
HUOKHUH ~ KOHEI] KOTOPOTO HMMEET CTAaHAapTHBIM KaOeNbHBIH HAKOHEYHUK,
NpeHAa3HAYCHHBIN 1T MEXaHUYECKOTO M DJEKTPHUYECKOTO COSAMHEHHs KaOems ¢

KapOoTa>XHbIMH 30HJaAMHU W CKBAXWHHBIMH HpI/I60paMI/I, 060py,Z[0BaHHBIMI/I B CBOHX
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BCPXHUX YACTAX COOTBETCTBYIOIIMMH CTaHAAPTHBIMHU TOJIOBKAMH. PaBHOMCpHaH

yKiIaaka kabenss Ha Oapaban neOenku, TpH MOABEME CKBAXHHHOTO Mpudopa,
oOecrieynBaeTCsi aBTOMaTUYECKUM KaOeneyKIagduKkoM, paboTra KOTOpPOro, B ciyyae
HEO0OXOJIUMOCTH, MOJNPABISETCA PYYHBIM KOJUIEKTOPOM.

Jlis ompeneneHuss TIyOMHBI, HA KOTOPOHM HaXOAUTCS CKBOXXUHHBIA MpUOOp,
KapOoTaKHbIN KalOellb pa3MeydaeTcs, T.€. Ha HEro Yyepe3 paBHbIC MHTEPBAJIbI (OOBIUHO —
20 MeTpOB) HAHOCSTCA METKH, MAarHUTHBIE WJIA BEIICCTBEHHbIE. MAarHUTHbBIE METKU
MPEJICTaBIAIOT cOO0M HAMarHM4YeHHbIE ydacTu kKabens. BemectBeHHbie — HEOObIIINE
OaHIaXW W3 U3O0JSALUOHHOM JIEHTHI, HaKJIaJaplBaeMble Ha Kabenb. Jlnsg Oonee
HAJeKHOM TMPUBSI3KM K TiyOMHam MeTkH, kpaTHele 100 Merpam, nenaroTcs
OTJINYHBIMH OT PsAAOBbIX. CUMTHIBAHME MArHUTHBIX METOK OCYIIECTBISETCS C
NOMOIIPIO JaT4yWKa MarHUTHBIX MeTOoK riayOounbsl (IAMI)), kxoTtopeiii ¢dopmupyet
ANEKTPUUYECKUN CHUTHAI «TJIyOMHAa-METKa» B MOMEHT MPOXOXKJIECHHS MHUMO HETO
HaMarHM4eHHOro ydacTka kaOens. BemlecTBeHHble METKH KOHTPOJUPYIOTCS
BU3yaJbHO, IMpPU OBTOM B MOMEHT HMX NPOXOXKJICHHUS MEXKAY PpOJIUKAMHU
KkaleneykiaaurKa Ha AMarpaMMHOMN JIEHTE CTaBUTCS METKa.

BepxHuil KoHEI] KapOoTaXKHOTO KabeJs 3ampaBiseTcss BHyTph OapabaHa yieOenku
U MOJKJIFOYAETCS K CMOHTUPOBAHHOMY Ha €r0 BaJle KOJUIEKTOPY, 00ECIeUnBaIOIIEMY
JIIEKTPUUECKOE COEIMHEHHME JKMJI Kabels ¢ M3MEPUTEIbHBIM 000pYyI0BaHUEM
KapoTaxkHoW craHiuu. Kopmyc koiekTopa 3akperuieH Ha pame JieOeoKu, a ero
BpAIAOIIASCS YACTh KPENnUuTcs K Bamy. Kbl KapOTa)KHOTO KaOess MOIKII0YalTCs K
KJIeMMaM Ha Bpallaromieiics YacTH KOJUIEKTOpa, a COEIUWHUTEIbHBIN Kalenb ¢
KapoOTaXHOW sabopatopuu (T.H. KOJUJIEKTOPHBIA MTPOBOA) — K KIE€MMaM Ha €ro
Kopmyce.  DIeKTpUYECKOE  COEIMHEHHME  KWJI  KapoTaXHoro  kabems ¢
COOTBETCTBYIOIIMMU KUJIAMU KOJJIEKTOPHOI'O MPHUBOJA OCYIIECTBISETCS C MOMOILBIO
HaXOASAIIMXCS BHYTPH KOJJIEKTOPA METAJUTMYECKUX KOJE ¥ MPUKUMAIOIIUXCA K HUM
HIETOK.

Jlns mpoBeAeHUs KapoTa)ka CTaHIMIO yCTaHaBIMBalOT Ha paccrosiuuu 10-20
METPOB OT YCThSl CKB&XHHBI TaK, 4TOObI OCh JieOeAKU OblIa TOPU3OHTAJIbHA U
NEPIEHIUKYIAPHA K HAMPABICHUIO HA YCThE, U MPU HEOOXOAUMOCTH 3aTOPMaKUBAIOT,

MOAKJAAbIBAs IM0J] Kojieca KiuHbA (puc.2). Ham ycTbeM CKBaXUHBI HaASKHO
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3aKperisieTcss 0JIok-0alaHc TakuM 00pa3oM, YTOOBI IUIOCKOCTh €ro Kojeca Oblia

MEPIEHIMKYJIIpHa ocu OapabaHa JjeOelIKM W HalpaBlieHA Ha €ro CcepeiauHy, a
MPOIYIICHHBINA Yepe3 010K-0anaHc Kabeinb CBOOOIHO OIMYCKAJCs B YCThe CKBaKHHBI. C
OCbl0 OJIOK-OallaHCa COEIMHAIOT MEXaHUYECKUM U 3JIEKTPOHHBINA JATUYMKH [TyOUH, a Ha
ero pame, BONM3M KapoTaxkHoro kaOens, pasmemiator JIMI'. JIMI' u 351€KTpOHHBIM
JATYUK TIyOUH COCNMHSIIOTCS KalensiMu co crtaHiued. CTaHIus HAJEKHO 3a3eMIISIETCS
Y TOJIBKO IIOCJIE 3TOTO Pa3MaThIBAETCS U MOJKIIOYAETCS CETEBOM MPOBOJI.

Ilepen Hayanom paboOT ¢ MOMOUIBIO METOMMETpPA MPOBEPSIOT COMPOTUBICHUE
MEXIy KHiIamMu kabens u OpoHel (OHO HE JOJKHO OBITh MEHee 2 OM-'M). 3aTeéM K
KapOTaXKHOMY KaOelo0 MOJAKIOYAeTCsl CKBaXKUHHBIM OpuOOp (WM 30HA) U TMOCIe
IPOBEACHHUS HEOOXOAUMBIX ONepanuil (3TaIOHUPOBaHUE, 3alUCh CTAHIAPT-CUTHAJIOB
U T.II.), OH OIYCKAeTCsl Ha HECKOJIbKO METPOB B YCThE CKBAXKMHBI, IIOCIIE Yero jedeaka
CTaBUTCS Ha TOpMO3. Ha cueTunkax TilyOMH yCTaHABIMBAIOT HYJIEBbIE MOKa3aHUs,
TOPMO3 OTIIYCKAaeTCsl U HAYMHAETCS CIYCK CKBaXKMHHOI'O Mpubopa B CKBaxuHy. s
CIyCKa pblyar KOpOOKH mepejay MpuBoja JIeOEeIKU MEepeBOAUTCS B MONOKEeHUE «O».
Ckopocth cmycka He ngomxHa mnpeBbimate 10000m/4, oHa perynupyercs
TOpMOXeHUEeM OapabaHa ne0eqKu, KOTOpPO€ MPOU3BOAUTCA IUIaBHO, 0€3 PBHIBKOB.
[Ipomecc cmycka BHUMATEIbHO KOHTPOJMPYETCS M HEMEIJEHHO 3aMENJIAeTCs WU
BOBCE IMpEeKpallaercs B CJIydae pe3KOoro MpoBUCAHMS Kalens, 4YTO OOBIYHO
CBUJIETEIIbCTBYET 00 OCTAHOBKE CKBaXMHHOT'O MPUOOpa WM €ro TopMokeHuu. Cyck
NpeKpalaeTcss cpa3y MO JOCTHKEHUM CKBOXUHHBIM NpUOOpoM 3a00s M nebeaka
CTaBUTCA Ha TOpMO3. B 5moboMm cityuae Ha OapabaHe neOeKN TOHKHO OCTaBaThCs HE
MEHee TOJIOBUHBI MOCJHEeAHEro psiaa BUTKOB. Ilepenmyck kaOensi MOKET MPUBECTH K
aBapuu B pe3ysbTaTe €ro CKJajpiBaHus U oOpazoBaHus mnerenb. [Ipu mpoxoxaeHuun
OamMaka (HM)KHETO KOHIIAa) 00CaJHOW KOJOHHBI M JAPYTUX TEXHUUYECKUX OMACHBIX
WHTEPBAJIOB, K KOTOPHIM OTHOCSATCA pPE3KHUE H3MEHEHHS HaMeTpa CKBaXUHBI,
00pe3Ku METaNINYECKUX TPYO U Mp., CKOPOCTh CITyCKa YMEHBIIAIOT.

BOonbIIMHCTBO ~ KapOTaXKHBIX  HMCCJEAOBAaHUUA  BBIMOJHSETCS MPU  MOJIbEME
CKBXMHHOT'O TIPUOOpa, I YEeTO MEePeKII0YatoT peKUMbl paboThl JeOEAKHU CO CIyCcKa
Ha MOJBEM U BKJIIOYAIOT €€ MPUBOJ. [ 3TOTO phlyar KOpoOKH mepeaad nepeBoasT B

noyiockerue «l» manm «l |)), B 3aBUCHUMOCTH OT TpC6y€MOﬁ CKOpPOCTH nmoabEMAa, U CHAB
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HC6€I[Ky C TOpMO3a, IOJAaI0T IMUTAIICC HAIIPAXKCHUEC HA JICKTPOABUTATECIIb. Cpa3y

MOCJIE OTPBIBA CKBXKHMHHOTO MPHOOpa OT 320051, peryupys BO30YKICHHUE JBUTATEIS,
YCTaHaBJIMBAIOT TPEOYEMYI0 CKOPOCTh MObEMA, KOTOPasi B OCHOBHOM OIpEEseTCs
TEXHUYECKUMH XapaKTEepPUCTUKAMU HCIOJIb3yeMON amnmaparypbl M pellaeMbIMU
3amadamMu. C MpUOIMKEHUEM CKBOKHHHOTO MPUOOpa K YCThIO, CKOPOCTh TMOIbEeMa
CHUYKAETCS 10 MUHUMAJIBHOW U BHUMATEIbHO OTCJICKUBAIOTCS TTOKA3aHUS CUETUUKOB
rIyOWH W mpeaynpeauTenbHas MeTka. [Ipyu mosBiIeHuN NpeaynpeauTeTbHON METKH,
KOTOpasl yCTaHaBJIMBAETCS Ha pacCTOAHUU OKoJio 10 M OT KoHIa Kabess W JOJDKHA
OBITHh XOPOIIO BHUAMMOM, JeOeAKa OCTaHABIMBACTCS W CKBWKUHHBIA MPUOOP
U3BJIEKaeTCsl U3 yCThsl BpyuHylo. [locie mpoBeneHuss HEOOXOAUMBIX ONEpaluii, KaK
MPaBUJIO, AHAJIOTUYHBIX BBIMOIHSAEMBIM IEpe]l CIIyCKOM, anmnaparypa OTKII0YaeTcs, a
CKBQXUHHBIA MpUOOp oTcoenuusieTcsa. s mpuBSI3KU pe3ylbTaTOB U3MEPEHUN K
r1yOMHaM, HEOOXOJMMO 3HaTh pACCTOSIHUE OT pOJMKOB Kalelneykiaayuka o
MOBEPXHOCTU 3€MJIM Y YCTbsl CKBaXUHBI («MEPTBBIN 3amep»- H,;) U 1eHy aeneHus
nepBoii Metku (Hympn) — paccrosaue ot Toukm 3anucu CII(30Hma) no MeTKH OT
KOTOPOM OTMEPSIJIUCh PACCTOSIHUSA TMpPU  pa3MeTKe Kabems. OTH  pacCTOSHUS
U3MEPSIOTCS BJIOJIb KAPOTAXKHOTO KaOessi MEpHOMU JIEHTOMH.

[lepen mnpoBenennem I['MC OypeHue mnpekpamaloT U OypoOBOM HMHCTPYMEHT
U3BJICKAIOT U3 CKBOXHHBI. BMecTe ¢ TeM Bce OoJiblliee pacnpoCTpaHEHHE MOTYyYaroT
MCCJICIOBAHMS CKBXXUH B TIpoliecce OypeHusl.

Jns uccnenoBaHus HAKJIOHHBIX, TOPU30HTAJIbHBIX M BOCCTAIOIIMX CKBaXHH,
npoOYpEeHHBIX M3 INTOJIEH W  TOPHBIX BBIPAOOTOK, MPUMEHSIOT TPHUOOPHI C
aBTOHOMHBIM TUTAHHEM M PErUCTpallveid, TPaHCIOPTUPYEMbIE K 320010 C MOMOIIBIO

CHEIUAIIbHBIX YCTPOICTB MM OYPOBOIO HHCTPYMEHTA.
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PABOTA 1
OITPEAEJIEHUE YAEJBHOI'O SJIEKTPUYECKOI'O
COITPOTUBJIEHHUA I'OPHBIX ITOPO/
O JAHHBIM KAPOTAKA COITPOTUBJIEHUI

Llenp Da6OTI>II HpHO6peTCHI/IC HABBIKOB MHTCPIIPCTAIUU AUATrPpaMM CTAHAAPTHOI'O

SJICKTPUYICCKOI'O KapOoTaxKa.

332!&HI/I€. Ha AuarpamMmax rpaaucHT U IIOTCHIHAJ 30HAO0B BBIACINUTD I1JIACThI
BBICOKOT'O W HHU3KOI'O COIMPOTHUBJICHUA, ITPOBCCTHU CTYIICHYATYIO AIIIIPOKCUMAIIUIO

KPUBOM Py, CHATH 3HAYECHUS KaXKYILErOCsl CONPOTUBIICHHUS.

KpaTkue TeopeTnyeckune 0CHOBbI METO/IA.

Kaporaxx compotusinenuss (KC) npenHasHaueH sl HU3y4E€HUS YJIEJIBHOTO
anexktpudeckoro comnpotusieHus (YOC) ropHsix mopoj, MpONAEHHBIX CKBa)KUHOM.
Jna 3amepa CONPOTHUBIIEHUS MOPOJ MEPECEYECHHBIX CKBAXMUHOU, MpUMEHsETCA 4-X
sanekTponHass ycraHoBka AMNB — kapotaxssiii 30HA. 3oun KC cocroutr wus
HECKOJIbKMX CBHUHIIOBBIX 3JIEKTPOJOB 3aKPEIUICHHBIX HAa OTPE3KE IIJIaHTOBOIO
kapoTaxxkHoro kabens. Tpu snexkrpoaa (N,M,A) uiun (M,A,B) npucoeausstoTcs K
KOHIIaM KabOenss M TYyCKalTCi B CKBaXWUHY, YETBEPThIM siektpoa B wmmm N
yCTaHABJIMBAETCS Ha MOBEPXHOCTH, BOJIM3HU YCThI CKBaXUHBI (cM. puc. 1.1). Uepes
anekTpoabl A u B, HaspiBaeMble TOKOBBIMU TIPOIMYyCKarOT TOK |, co3parouiuit
AJIEKTpUYeCcKoe ToJie B nopoje. [Ipu momoimu u3MepurtenbHbIX 35eKTpogoB M u N

MU3MEPSIOT Pa3HOCTh NoTeHIManoB AU Mexay IByMsI TOUKaMU JAHHOTO

X
D=

(

Z~ONV,

Puc. 1.1. Cxema npoBeaeHust
kapoTaxka conpotunienus (KC)
PII - peructpupyrornuii mpudop:

I'EH - reneparop nepeMeHHOro ToKa
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QJIICKTPHUICCKOT'O ITOJIA. 9H€KTpOI[BI 30HJa BKIIIOYCHHBIC B OJHY €I, TOKOBYIO WJIHU

HN3MCPHUTCIIbHYIO HAa3bIBAIOTCSA ITaPHBIMH, d TpeTI/Iﬁ QJICKTPOL, BKJIFOUCHHBIN B OZIHY LCIIb
C OJJICKTPOAOM HC BXOJJAIIMM B COCTaB 30HIA (HaXOI[SIHlI/IMCSI Ha HOBerHOCTI/I) -

HCIIapHBIM.

VY aenpHOE 3JIEKTPUYECKOE CONMPOTHUBIEHUE OJHOPOJHOM CpEIbl BBIYHUCISAETCS MO
dbopmyie:
pn=(AM + AN/ MN) AU /I (1)

rae AU — pa3HOCTh MOTEHUMANOB Mexay ToukamMu M u N;— paccTosiHMe Mexnay
COOTBETCTBYIOIIMMH 3JIEKTPOJAMHU KapOTaKHOT'O 30H]a.

®opmyna (1) oObIYHO NMPUMEHSAETCA B NPAKTUKE 3JIEKTPUUECKOrO KapoTaxka B
BHJIE:

pn= KAU/I | @)

rne K= 4n AM-AN / MN - koadduumeHT 30HIA, MOCTOSIHHOW MHOKHUTEIb,
3aBUCAIINEN 0T paccTossHuit AM, AN u B3auMHOro pacnojoxenus aekrpoaos; AU /| —
COMPOTHUBIICHUE YACTU CPEAbl, 3AKIIOYEHHOW MEXIY ABYMSI IKBHUIIOTEHUIUATbHBIMU
MOBEPXHOCTSIMH, MPOXoAsmuMu yepe3 Toukd M u N.

[Ipn 3JIEKTpUYECKOM  KapoTaxe pPa3HOCTh NOTEHLHAJIOB BBIPAXKAETCS B
MUJTMBONIbTaX (MB), cuia Toka B Musimnamimepax (MA), paccrosiuus MN u AM u AN -
B MeTpax (M), a yJIeJTbHOE IJIEKTPUUECKOE COMPOTUBIICHHE B OM-MeTpax (OM-M).

Bripaxkenue (2) crpaBeayiuBo i BbluucieHusT Y IC HM30TPONHON M OJHOPOAHOM
cpenbl. OHAKO, MPU KAPOTaXKe BCET/Ia KMEET MECTO HEOAHOPOIHAS Cpe/la COCTOALIAs U3
IUIACTOB C PAa3JMYHBIMU YJEIbHBIMH COIPOTUBIEHUSMUA W TJIMHUCTOTO PacTBOpa,
3aMOJHSIOUIETO CKBAXKUHY, IOATOMY MOJIYYEHHBIN 10 opMyiie (2) pe3ybTaT Ha3bIBAIOT
Kaxyrmmcs: conporusienuem (KC wm p,).

Jnst m3mepeHus p, MOpOJA IPH KAapOTaKe COMPOTHBICHHM MPUMEHSIOT JBa THIIA
30H110B: rpaaueHT 30HA (I'3) u morenuman 3oHxa (I13). I'pagueHT 30HT - 30HA CO
CONMMKEHHBIMU TIAPHBIX AJIEKTPOJAaMH, B KOTOPOM PACCTOSIHHE MEXAY HUMU Mayo IO
CPaBHEHHUIO C PACCTOSIHUEM OT IMAPHBIX 3JEKTPOAOB 10 HemapHoro; [loreHnnan 30Ha10M
Ha3bIBAIOT 30HJ Y KOTOPOTO PACCTOSIHUE MEXKIY MapHbIMU AJIEKTPOAAMH BEJIMKO IO

CPaBHEHUIO C PACCTOSIHUEM OT MAPHOTO 70 OJIMKAMILEro K HEeMY HEapHOTO 3JIEKTPOIa.
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30HI[ C OJHHUM IMHUTAIOIIMWM OJJICKTPOAOM M IABYMSA HU3MCPHUTCIIbHBIMH HA3bLIBACTCA

OJIHOTIOIOCHBIM (WJIM 30HJ TpsAMOro nurtanus) (cM. puc. 1.2), 30HI C JBYMs
MUTAIOUUMU 3JIEKTPOJAMU U OJHUM HU3MEPUTEIBbHBIM — JABYXIIOMIOCHBIM (MJIM 30HIIOM
B3aMMHOTO IMUTAHUSA).

30H/1bI 3aMUCHIBAIOTCS IO 0003HAYCHUSIM BJIEKTPOJIOB B MOPSIKE UX PACIIOIOKECHUS
B CKBa)XKMHE CBEPXY BHU3, IPOCTABJIASA MEXKIY HUMU PACCTOSIHUS B MeTpax. PacctosHus
MEXy O3JIEKTPOJaMU BBIOMPAIOTCS HUCXOAS M3 pEIIaeMbIX 3aJad M O0COOEHHOCTEH
n3ydyaemoro paszpesa. K npumepy, B ycnoBusx LlenTpanbHO-UepHO3EMHOr0 peruoHa
OOBIYHO TTPUMEHSIETCS TTocieIoBaTeNbHbIN TpaaueHT-3081 A1,OMO,2N.

Pesynbratel usmepenuss KC mopon uzoOpaxarorcss B BUAEC KPUBOM H3MEHEHUS
COIPOTUBIICHUSI TIOPOJ] BJIOJIb CTBOJIA CKBaKMHBI. KpuBble, MOTydeHHBIE OOBIYHBIMU
3oHgaMu [3 wm I3, mpoTHMB OJHOPOJHBIX IJIACTOB OrPAHMYEHHOM MOIIHOCTA UM
paznmuuHyro (gopmy. Ha gumarpammax II3 MoOUIHBIM TMJIaCT BBICOKOTO (HU3KOIO)
CONPOTUBIICHUS OTMEUAeTCsI  MaKCUMyMOM  (MHHHMYMOM) CHMMETPUYHBIM
OTHOCHUTENBHO cepeauHbl miacta. [Ipu 3tom Ha ['3 miacT BBICOKOTO COMPOTUBIICHMS,
€ClIi MOIIHOCTh IUTacTa TMPEBBIIACT JJIMHY 30HIA (MOIIHBIM IJIACT) OTMEYaeTcs
ACUMMETPUYHBIM MAaKCUMYMOM, a B CJIIy4a€ MOIIHOTO IUIACTa HU3KOIO COMPOTUBIICHUS
ACUMMETPUYHBIM MUHUMYMOM.

IHopsiaok BbINOJIHEHHS PA0OTHI.

HCDBaH qJacThb 3aJaHHi. BBII[GIII/ITB IJI1aCTbl BBICOKOTO W HHU3KOI'O COIIPOTHUBJICHHUA Ha

AuarpaMmme F3, TOYKaAMH CJICAYCT OTMCTUTD IMOJOKCHHUEC KPOBJIM U ITOAOMIBEI IJIaCTa.

BTODaﬂ 9aCTb 3aJaHUs. BBII[GJ'H/ITB IUIACTBI BBICOKOI'O M HHU3KOI'O COIIPOTHBJICHHA Ha

nuarpamMme I3, Toukamu cieayeT OTMETUTh IMOJI0KEHUE KPOBJIM M TOJOMUIBHI IIACTA,
MOANUCATh 3HAYEHHUS Py MPOTUB BBIICICHHBIX IIACTOB. 3HAYEHHSI PK CHUMAIOTCS IO
TOYKaM 3KCTpeMyMoB (MiN) wian  (Max), eciiu IIAaCT OJHOPOJICH, UITH 110 OCPEAHEHHOMY
3HAYEHUIO B CITy4ae HEOTHOPOIHOTO IJIacTa.

Tperpsa yacTh 3ananus. IIpoBecTu CTyneHUaTyro anmpoKCUMALINI0 KPUBBIX Py C YIETOM

BBIJCJICHHBIX I'PaAHUI] ILIACTOB.
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PesynbraTom paboThl sBISIIOTCS auarpammbl pe ['3 u I3 pacuneHeHHbie Ha

IUIaCThI, AIIIPOKCHMMHWPOBAHHLIC CTyHGH‘-I&TOﬁ KpHBOI;'I C HAHCCCHHBIMHM Ha HHX

SHAUYCHUSMU Pg.

PABOTA 2

OINPEJAEJIEHUE JTUTOJOI'MYECKOI'O COCTABA
I'OPHBIX ITIOPO/J
O IMAT'PAMMAM MUKPOKAPOTAXA

[lenb pabothl. [IpuoOpeTeHHME HABBIKOB JUTOJIOTMYECKOTO PACUJICHEHMS

re0JIOTUYECKOTO pa3pe3a U BBIJCICHHE IUIACTOB-KOJUIEKTOPOB MO JHarpaMmmam
MUKPOMOTEHIIMAI U MUKPOTPATUEHT 30H0B.

3amanme. [l BBIMOTHEHUS pabOTHl KaXIOMY CTYICHTY MPEAOCTaBIISIOTCS
muarpamMmbl MukponioreHninan (MII3) u mukporpaguent (MI'3) 30HIOB 1O OJHOM
ckBakuHe. [lo nmarpamMmmaM MHMKPO30HIIOB HEOOXOAMMO BBIACIUTH HHTECPBAJIBI
TJIOTHBIX, MOHOJHMTHBIX ¢ MHUHUMAJIbHOW TOPHUCTOCTHIO TIOPOJM; TIIACTHI TIIMHHUCTBIX
MOpoJ. Y IUIACTHI-KOJUIEKTOPBI, CHOCOOHBIE OT(HUIBTPOBHIBATH JHOO MOIJIONIAThH

OypoBO# pacTBOp.

Iopsinok BbINOJIHEHNSI Pa0OTHI.

HCDBaH HacCThb 3aJ1aHHA. BBIJIGJ'ICHI/Ie IIJIOTHBIX MOHOJIMTHEBIX ITOPO/I.

[Topoapl ATOrO THITA YCTOWYWBHI NIpHU pa3OypHWBaHWUU, OHU HE U3MEHSIOTCS TPH
KOHTaKTe C OypOBBIM pPacTBOPOM, JHUAMETP CKBaXHHBI B HMHTEpPBajaX TAaKHX TMOPOJ
paBeH HoMuHaibHOMY (d.= d,). 3a cuer HepaBHOMEPHOIO KOHTAKTa MHKPO30HIA C
MOpPOJIOH, BCIICICTBUE IIEPOXOBATOCTH CTCHKH CKBAKWHBI, JHArpaMMbl B OTHX
WHTEpPBAJIaX OYCHb M3pe3aHbl NMpPU OOIIEM BBHICOKOM YpPOBHE IMOKa3aHWH (BTOPOH H
TpPEeTUil MacIITa0bl 3aMKCH).

Bropas yacth 3agaHusl. BI)I,Z[GJICHI/IC TIMHUCTBIX IIOPOA.

['muubl HaOyXarOT M pa3MbIBAIOTCA MpPU KOHTaKTe C OypOBBIM PacTBOPOM,

oOpa3ys 3HaUNTEIHLHOE YBETUYCHUE TUaMeTpa CKBaXHHBI. [Tokazanus obonx
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MHUKpO30HA0B MII3 m MI'3 B uMHTEpBajliaXx TIJIMH COBMAJAIOT M XAPAKTEPU3YIOTCS

HHU3KUMHU SHAYCHUAMHN KAXKYHICTOCA COIIPOTHUBIICHMA.

TpeThbs 4acTh 3aJ1aHUS. BLII[GJICHI/IC IIACTOB-KOJIJICKTOPOB.

KomiekTopoM 0OBIYHO HA3BIBAIOT MOPOJY, B MYCTOTHOM MPOCTPAHCTBE KOTOPOM
comepkarcs ¢urouasl (HedTh, Ta3, BOAA), NPHU JOKA3AHHOW WX TMOJBWKHOCTH B
IJIACTOBBIX  yCIIOBUSX. [LacThI-KOJIEKTOPhl CHOCOOHBI  OT(OUIBTPOBBIBATH JHMOO
norjomark 0ypoBoil pactBop. [lopoBbie KaHambl B KOJJIEKTOPE JAOCTATOYHO TOHKH U
MPEACTABIIAIOT COOOM CETKY, Kak B (PUIIbTPE, IOATOMY Ha CTEHKE CKBa)KMHBI 00pa3yeTcs
TJIMHUCTAsE KOPKAa C YJIENbHBIM COINPOTHBICHUEM P, MOIIHOCTBIO N @DuibTpar
OypOBOro pacTBopa MPOHHUKAET B IIACT, CO37aBas 30Hy MPOHUKHOBeHUA. bimkaiimas K
CKBA)XKMHE 4YacThb JTOM 30HBI HA3bIBACTCS IPOMBITBIM IUIACTOM C  YJEIbHBIM
CONPOTUBJIEHUEM Pyyy.

[Tockonbky paguyc uccnenoanus MI'3 menbmie MII3, To mo guarpamme MI'3
IPOTUB KOJUJIEKTOPA IMOJIy4alOT CONPOTUBICHUE TIMHUCTON KOPKU (P ry), @ o MII3 -
COMPOTHUBJIEHUE MOPOJI B MPEAEIAX IPOMBITOM 30HBI (Pyy;). Tak Kak yaine BCero
P > Px rm» TO TPOTHB KOJUIEKTOPOB Kaxkylleecs corportuBieHue no MII3 Oyner

OombIIIe, YeM KaXKyIIeecs COMPOTUBIICHHUE OIpeiesieHHOe o quarpamme MI'3:

MIT3 MI3
Px > Px )

Pe3ynpTaToM paboOThl fABIsSETCS TaONMIA, B KOTOPOM yKa3bIBaeTcsl IIyOMHA
KPOBJIM ¥ MOJOUIBBI BBIJICJIEHHOTO IJ1aCTa WM TPYMIbI IUIACTOB, €r0 JUTOJIOrHYeCcKas

XapaKTEPUCTHKA.
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PABOTA 3
OIIPEJAEJIEHHME YAEJBHOI'O COITPOTUBJIEHUS I'OPHBIX
IHOPOJ ITO JAHHBIM BOKOBOI'O KAPOTAKA

Ilenb pabGotsl: IlpoBenenue reopusznyeckoi HMHTEPHpETAUM U ONpeAeSeHHE

YAEIBHOTO AJIEKTPUYECKOTO COMPOTHUBIICHHUS] TOPHBIX IMOPOJ MO JaHHBIM OOKOBOTO
KapoTaxa.

3aganune: Ha nuarpamme BK BbIMoaHUTH pa3OMBKY pa3pe3a Ha IUIacThl
(MUHMMAaIbHAsT MOIIHOCTh Tulacta |  MeTp), CHATh 3HAYEHUS KaXyIIErocs
COMPOTUBJICHUSI KaXKJOTO IuiacTa. B mojydeHHbIe 3HAYEHHUS! P, BBECTH IOINPABKU 3a
JUAMETP CKBa)KWHBI, MOITHOCTh IJIaCTa M BIIMSHHE BMEMIAIOMIMX MOpoi. Pe3ynbrarhbl

0(OpMUTH B BUIC TaOJIUIIBI.

Kparkue Teoperudyeckue 0CHOBBI METO1A.

bokoBOM KapoTaxk SBISIETCA OJHOM U3 Pa3HOBUIHOCTEM BJIEKTPUYECKOTO
KapoTaka II0 METOJy CONPOTHUBJIEHUN. bDOKOBOW KapoTaX NPUMEHSIETCS JJIs
WCCIICIOBAHUSl CKBAXKHUH, pa3pe3 KOTOPBIX  MNPEACTABJIEH IOPOAAMHU BBICOKOTO
CONPOTHUBIICHUS, C YaCTbIM YEPEIOBAHUEM TOHKHUX IUIACTOB HHU3KOIO W BBICOKOTO
CONPOTHUBIICHUSA, a TAKXKE€ CKBAXXWH 3ANOJHEHHBIX MUHEPATU30BAHHON MPOMBIBOYHOMN
KUIKOCTHI0. B MeTone GOKOBOro KapoTa)ka MPUMEHSIOT 30H/bI C JOMOJTHUTEIbHBIMH,
TaK Ha3bIBAEMBIMU JKPAHHBIMU JJIEKTPOAaMU. DKpAaHUPOBAHHBIE 30HALI OOKOBOTO
KapoTa)ka MCIIOJb3YIOTCS B BapUAHTax TPEX-, CEMHU- U JIEBATHU DBJIECKTPOAHBIX. Uepes
DKPAHHBIE AJEKTPOJbI MPOIYCKAETCS TOK TOM K€ HAIIPABICHUHU, YTO U YEPE3 OCHOBHOMN
TOKOBBIM JJIEKTPOJA 30HAA. OTO TNPENATCTBYET PACTEKAHUID TOKAa OCHOBHOIO
(IEeHTpaIbHOTO) JJIEKTPOJA IO CKBAXXWHE M BMEUIAIOIIMM IOpOJaM M HampaBisieT
TOKOBBIC JIMHUM HEMOCPEACTBEHHO B HCCIEAYEMbIM ILIacT, B HaIpaBJICHUU
MEPIECHAUKYJISIPHOM OCH CKBaXXHUHBI.  JKPAHHBIE DJJIEKTPOJbI TO3BOJSIOT TAKKE
U3MEHATh (OPMY TOKOBOTO ITy4Ka IEHTPAJIBHOTO 3JIEKTPOJIa, YTO JA€T BO3MOKHOCTH
U3MEHSTh MIyOMHHOCTh MCCJEJI0BAHMS B paJuajibHOM HampaBieHuH. Takum oOpazom,
VIPAaBJICHUE TOJIEM 30HAA C TNOMONIIBIO JKPAaHHBIX JJEKTPOJOB HA3bIBACTCSA
(OKYCUPOBKOI, @ KapoTak COMPOTUBIIECHUS 30HAAMH C SKPAHHBIMHU 3JIEKTPOJAMH U

bhokycupoBKO#l ToOKa — 60KOBBIM KapoTaxkeM (BbK).
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IHopsinok BeINOTHEHUsI padOTHI.

JI1st BBIOJIHEHUS paOOThI KaXJA0OMY CTYACHTY NMPENOCTABISIIOTCS nuarpamma bK,
3allUCaHHOW B JjorapudmuueckoM Macurtabe, Uisl CHATHS 3HaueHUil p,. Jlatorcs

3Ha4YEHHs AUaMETpa CKBa)KUHBI ¥ 3HAUCHUSI COIPOTUBIIEHUS OYpPOBOTO pacTBopa (p,).

IlepBas yacTh 3ajaHus. Pacunenenue pa3pesa Ha IUIaCTbl MOITHOCTBIO HE MEHEE
OJTHOTO METpa M ONPEICICHNE MOIIIHOCTH BbIJICICHHBIX M1acTOB (Ny,).

['panuipl MIacTOB HAXOAATCS IO TOYKAM, COOTBETCTBYIOIIMM Hayalay KpPyTOrO
noJbeMa KPUBOU 10 OTHOIICHUIO K OcU Iri1yOuH. [Ipu onpeneneHnu rpanui] IIacToB Mo
JAarpaMMaM CeMHU- U JEBITU JJIEKTPOAHBIX 30HIOB BEPXHssl I'PaHUIA MPOBOJMUTCS
BBIIIIE, 4 HWKHAS - HUXKE CEPEIUHbl HUCXOISIICH (BOCXOMSIICH) JIUHUUA KPUBOU
COIIPOTHUBIICHUS HA BEJIMYHUHY PABHYIO [OJIOBUHE JUIMHBI 30H/A.

MoIHOCTh MmiIacTa OmpeAeNseTcs Kak Pa3HOCTh MEXIy 3HAUYCHUSIMU TIIyOWH
KPOBJIM M TIOJIOIIBBI BBIJCICHHOTO InIacTa. [lomydeHHble 3HaueHHs N, 3aHOCATCSA B
Tabnuiy, cronoer 3.

Bropas yact 3agaHusd. CHATHE CYyLIIECTBEHHBIX 3HAYEHUU Py.

OTcyer CyIIEeCTBEHHBIX 3HAYEHUW Py, €CIM IUIACT OJHOPOAEH, CIEIYET
IIPOM3BOJUTh B TOYKAX DJKCTPEMYMOB  Pymax U Pkmin. B HEOITHOPOAHBIX IUIACTAX
OIIPEIENAETCS CPEAHErapMOHNYECKOE YAEIEHOE CONPOTUBIIEHUE Py op. C DTOM LIEBIO HA
muarpamme BK HaxonuTcs cpenHee 3HaueHME P, MO OOBIYHOMY  IUIOIIATHOMY
IPUHLHAITY, & 3aT€M B YaCTH KPHBOM, OTPAHUYECHHOW CBEPXY HAWJECHHBIM CPEIHUM
3HAQYEHUEM, OTCUUTBHIBAETCS, 'BTOPOE" CpellHEEe 3HAYEHHE, KOTOPOE COOTBETCTBYET
CpeaHEMY TapMOHHUYECKOMY CONPOTHUBIICHUIO. JlaHHbIe, CHATBIE ¢ auarpamMmbsl bK
3aHOCATCA B TabuIly, cTosberr 4.

Tabnuua
PesyabTarsl Beiuuciaennss bK

NQH/H d hnn PK pp PK/ pp le/ PK pKl PBM PKI/ pBM sz/ PKI pK2:pn

(¢}

1 |2/ 3]4]5]| 6 /7 189 10 11 12

TDCTB?I 4aCThb 3aJ1aHMA. HcknrodyeHue BIUSHUS CKBaXKUHBI HA PE3YyJIbTAThI HBMGPGHHﬁ.

BBG,Z[CHI/IC IOompaBOK 3a BJIMAHHUC CKBAXHUHBI OCYIONCCTBILACTCA II0 IAJICTKE,

pUBEAEHHON Ha puc. 3.1, Ha KOTOPO U300paKEHBI 3aBUCUMOCTH Pyi/ Px OT OTHOILLEHUS
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pK/ Pp A PA3JIMYHBIX JUAMCTPOB CKBAKHHBI. HpaKTI/I‘ICCKOG INPUMCHCHUC IIAJICTKH

npuBezieHo Ha puc. 3.1. IloxydyeHHble 3HaUEHUs Py 3aHOCSTCA B Ta0nuIily, cTosoer 8.
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Puc 3.1. IlaneTka nys BBEICHUS MOMPABKYU 34 BIUSHUE CKBAKUHBI B TTOKA3aHUS 30H]1A
bK-3.
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ﬂaayqacm PrzfPri = L1, Pra=12:11=13,20mn

Puc. 3.2. [TaneTka nJis BBEA€HUS OTIPABKH 3a BJIMSHUE BMEMIAIOIINX OPO/T

YA MOIITHOCTH IUIacTa B moka3zanud 30H1a bK-3,

TOE Py~ 3HAUCHUE KAXKYIIETOCs COMMPOTUBIIEHUS, OTCUUTAHHOE C TUATPAMM,
Pp - YAECILHOM JJIEKTPUUECKOE CONPOTUBIIEHUE IIPOMBIBOYHOM XUAKOCTH,
Px1 - KOKYILIEECS CONMPOTUBIIEHNUE, NCITPABICHHOE 3a BIUSIHUE CKBAXKUHBI,
d. - TMaMeTp CKBaKHMHBI.

25
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YerBepTas 4acTh 3afaHus. VCKIrodyeHue BIUSHMUSI Ha PE3YIbTATEI I/ISMepeHI/Iﬁ

MOIITHOCTH IJIaCTa ¥ BMEIIAIOIIUX TOPO/I.

BBenenue momnpaBoK 3a OrpaHMYEHHYIO MOIMHOCThH IIacTa M COMPOTHBIICHUE
BMEILAIOIINUX TOPOJI OCYHIECTBISIETCS MO MajeTKe NpuBeAeHHOW Ha puc.3.2. Ha stoit
HaJeTKE MPEICTABICHBI 3aBUCUMOCTH Pyy/ PiOT MOIIHOCTH IWIacTa Ny, IS pa3ImIHbIX
OTHOIIEHUH Py1/Pgy- 3MECH Ppy - YACIBHOE IEKTPUUYECKOE COMPOTUBICHUE BMEIIAIOIINUX
TIOPOJT; Pyi- KAKYIIEECs CONPOTUBIICHHE HCIIPABJICHHOE 3a BIMSHUE CKBaXUHBI;, N, -
MOIITHOCTh TUIACTA; Py~ KaXKYIIEeCs COMPOTUBICHUE WCIPABICHHOE 3a BIIMSHUE
CKBOKHMHBI U 32 BJIMSAHHE BMEIIAIOMUX MOpoj. [IpakThyeckoe mpuMEHEHHE MalIeTKH
IIPUBENICHO HA puc.3.2.

[Ipu ompeneneHun Py, HEOOXOJUMO MIOMHHUTD, YTO BIUSHUE BMEHIAIONIUX MTOPO/T
Ha TOKa3aHUsA 30HJA OMpPEAeNsseTCS MOIIHOCTBIO CaMOro IUIacTa, COMPOTHBICHHUEM
OTIIETBHBIX IPOIUIACTKOB BMEMIAIONTUX IMOPOJ W WX PACCTOSHUEM O CEPEIUHBI
UCCJIeyeMOTO TIacTa.

B cnydyae cpaBHHTENH,HO OJHOPOJIHBIX IO COTPOTHUBJICHUIO BMEHIAIOIINUX TTOPOT
Psy MOXKET OBITH OMIPENIETICHO KaK CyMMa Ka)KYIIUXCSl COMPOTUBIICHUH BBIIIIE JICKAIIETO
U HIDKE JIeXKAIIEeTo TU1acTa MojeICHHOE Ha JIBa:

PBM: PK BBIIIEIEKAIIHETO HJ'IaCTa+ pK HIDKEIIEKAIAETO HJIaCTa/ 2

BrrancneHHbIe 3HAUCHUS Py, 3aHOCATCS B TaOJHUITY, cTOJIOCIT 9.

[To manmeTke MpUBEAECHHOW HA PUC. 3.2 HAXOAUM Pio=Pxws> TAE Py - KAKYILIEECS
COMPOTHUBJICHUE, TPHUBEICHHOC K OCCKOHCYHOW TOJIIMHE IUTacTa MPH OTCYTCTBHH
BIUSHUAA CKBaXWHBL. [l T1utacta 06e3 TPOHUKHOBEHUS Py, PABHO HCTHHHOMY
COMPOTHUBJICHUIO TUTACTA Pyy=Pyo=Pn, CCIIM UMEETCS 30HA MMPOHUKHOBEHUS C THAMETPOM
Dsn, TO =P

[Toy4ueHHBIC 3HAUCHUS P» 3aHOCATCS B TaOIUILYy, cTosoerr 12.

PesynbraToM paboOThI SIBJISIETCS Juarpamma OOKOBOIO KapoTaxka C pa30MBKOM
pa3pesa Ha IJIacThl U TAOJINIIA, 3aMOJTHEHHAS PE3yJIbTaTaMH BBIYUCIICHUH.

[To oxoHUYaHuM pabOTHI MPENnoAaBaTeslb MPOBOIUT COOECEIOBAHUE CO CTYICHTOM,

IMPOBEPACT U OLICHHUBACT KAaUCCTBO BBIIIOJTHCHUS 3aaHUA.
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PABOTA 4

OITPEAEJIEHUE YAEJBHOI'O JIEKTPUYECKOI'O
COITPOTHUBJIEHHUSA I'OPHBIX ITOPO
1O JAHHBIM UHAYKIIUMOHHOI'O KAPOTAXKA

[lenb pabothl. [IpoBenenue reopu3nueckoil HHTEPHpPETALMH U ONpE/AesiCeHUE

YACIBHOTO  DJIEKTPUYECKOIO  CONPOTHBIIEHUS TOPHBIX MOpPOA IO  JTaHHBIM
WHIYKIIMOHHOTO KapoTaxa.

3ajmanue. Ha nauarpamme MHIYKIMOHHOTO KOpPOTaXa, B 3aJaHHOM HHTEpBAJe
IJIyOMH, BBINOJHUTH Pa30MBKY pa3pe3a Ha IUIACThI, JJIsl BBIIEJIEHHBIX IJIACTOB CHSTh
3HaYeHUs! Oy , B TOJYyYEHHBbIE 3HAYEHMsI KaXKYyIIEHCS 3JIEKTPOIPOBOJHOCTH BBECTH
MOMNPABKHU 32 CKMH-3(D(EKT, 3a BAUSHUE CKBAXUHBI, 32 MOIIIHOCTD IJIACTA U ONPEIETUTh
YAEIBHOE JIEKTPUUECKOE COTPOTUBIIEHUE Py, .

Kpartkue Teopernyeckue 0CHOBBI METOAA.

Wunykumonnslii  kaporax (MK) — ocHOBaH Ha W3y4yeHHUH paclpeneseHus
AJIEKTPOMArHUTHOIO IIOJISI B NPOCTPAHCTBE OKPYXKAIOIIEM 30HJ B 3aBUCUMOCTU OT
YACIBHOM DIIEKTPOIPOBOAHOCTH TOPHBIX MOpoA. B oriamyme OT Apyrux MeETOIOB
anekTpuueckoro kapotaxa WK sABisercss OECKOHTAaKTHBIM, TO €CTb OTCYTCTBYET
HEMOCPEACTBEHHBIN KOHTAKT 3JIEKTPOAOB U3MEPUTEIIBHON YCTAaHOBKHU C IPOMBIBOYHOM
xKuakoctero. [loatomy ¢ momompro MK MOXKHO HCCrenoBaTh CyXUE CKBAXKHHBI H
CKB2)KMHBI 3aIIOJJHEHHBIE TJIMHUCTBIM PacTBOpPOM Ha HeTsaHON ocHoBe. Hammyumiue
pesynpTathl MUK gaer B mecuaHO-TIIMHUCTBIX pa3pe3ax € HEOOJIBIIUM  YIEIbHBIM
CONPOTHUBJICHUEM IIJIACTOB.

NHayKIMOHHBIE 30H]IBI, KaK M 3KPAHHPOBAHHBIE, OTHOCSTCS K YCTAHOBKAM C
GOKyCUPYIOIIUMH ~ YCTPOMCTBAMH, UYTO TMO3BOJSET  YIYyYIIaThb pa3peliarollyro
CIIOCOOHOCTh 30HJIOB MO MOIIHOCTH M YBEIMYMBATh TIYOWHHOCTH HCCIEIOBAHUS

M3y4aeMoOr cpenbl mo paauycy. MHIyKUMOHHBIMM 30HAAMHM HM3Y4YarOT KaKyLIyROCS
SJICKTPOIIPOBOAHOCTE OKPYKAIOMICTO IIPOCTPAHCTBA Oy, KOTOpaH I/ISMep}IeTCH B
cuMeHc Ha MeTp (Cm/M) i MuuTMcUMeHc Ha MeTp (MCM/m).

Jns peructpauuu gaHHbix MK B CkBaxkuHy oIyckaetcsl rIyOMHHBIN Mmpuoop.

Haubonee mnpocroit 3oun WK coctour wu3 2-X Karylmek HHIMKATOPHON W
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HSMGPHTCHBHOﬁ, YKPCIUICHHBIX Ha HEMAarHuTHOM CTCPIKHC, Ha PACCTOAHHUHW PABHOM

JIIuHE 30H1a. MHAYKIMOHHBIE 30H/bI, UCIIOJIb3YEMbIE B HACTOSAILIEE BPEMSI B MPAKTHUKE,
SBJIIIOTCSL MHOTO KaTyIIEYHBIMU. B 30H]1, KpoMe reHepaTOpHOM U MPUEMHOM KaTyIlIek,
BBEJICHBI TAK)KE JOIMOJHUTENIbHBIE KaTYIIKH, CIIy>KalllUe JJI1 KOMIECHCAIIMU IEPBUYHOTO
noJtst Wik (POKYCUPOBKHU M3MepsieMoro curaaia. OHu MOTYT OBITh KaK TIPUEMHBIMH, TaK
U U3MepuTeNbHbIMUA. MHAYKIIMOHHBINA 30HA 0003Hadaercs mudpom, Kk npumepy: 6dD1
i 4D0.75, 3meck mepBas ud)pa COOTBETCTBYET YHUCTY KaTyIIEK, OyKBa 03HAYAET, YTO
30H]1 ¢ (POKYCUPOBKOM TOKA, TpeThs LK pa 0003HAYAET AJIMHY 30H]1a B METpax.

Uepe3 reHepaTOpPHYIO KaTylmIKy  IPOIMYCKAalT IEPEMEHHBIA TOK BBICOKOW
yacToThl (20-60 kI'1). DTUM TOKOM CO3[aeTCs MEPBUYHOE TMEPEMEHHOE MarHUTHOE
noJie, KOTOpoe BO30YXKJIaeT B OKpY:Karolleh cpelie BUXpEBbie TOKU. TOKOBBIC JTUHUU
BUXPEBBIX TOKOB B OJJHOPOJHON Cpejie MPEACTaBISIOT CO00M OKPY>KHOCTH C IIEHTPOM
10 OCH CKBAKUHBI. BUXpeBbIE TOKM CO3Jal0T, B CBOKO OY€pE/b, BTOPUUHOE MTEPEMEHHOE
MAarHATHOE MOJIe TOW K€ YacToThl. [lepBUYHOE M BTOPUYHOE MATrHUTHBIE TIOJIA
UHAYLHUPYIOT B U3MEpPUTENbHOU KaTymike 3.4.C. (E;). B E; BXoauT kak cocTaBistomas
a.a.c. By, cBa3aHHas ¢ npsiMbiM (TIEPBUYHBIM) TIOJIEM T€HEPATOPHOM KaTYIIKH, HO HE
CBSI3aHHAS C AJIIEKTPUYECKUMU CBOMCTBAMHU FOPHBIX MOPOJI. [I0CKOJIbKY aMIIIUTyAa TOKa
B TEHEPATOPHOM KaTyIIKE TMOJICPKUBACTCS HEU3MEHHOM, CHUja BUXPEBBIX TOKOB,
BO3HMKAIOIIMX B TOPHOM MOpoje, OyneT OnpeaensarTbcs YACIbHOW MPOBOAUMOCTHIO
nopojibl. [ToaToMy, akTHBHasi KOMIOHEHTA 3.1.C. E,, HaBeJeHHAss BTOPUYHBIM TOJIEM B
NPUEMHONM  KaTymike OyJer B  MEpPBOM  NPUONMKEHUH  MPOMNOPLHUOHAIIBHA
AJIEKTPOIIPOBOIHOCTH TOPHBIX MOPOJ W OOpaTHO MPOMOPIHOHATBHA WX YACITBHOMY
conporusienuio (Ex=6,= 1/p,).

IHopsinok BbINOJIHEHHSI PA0OTHI.

Jl1st BBITIOJTHEHMSI pabOThI CTYIEHTaM MIPEIOCTaBIsIeTCs OTpe3ok auarpamMmmbl MK
M0 OJHOM CKB&XHMHE W 3aJaeTCs WHTEPBaJ, B KOTOPOM HEOOXOauMO o0paboTaTh
JMarpaMMmy, cOOOIIAeTCsl BEJIMYMHA AUAMETPa CKBAXUHBI U 3HAYEHUE COMPOTUBICHUS
OypoBoro pactBopa. O6paboTKa quarpaMMm WHIYKIIMOHHOTO METOAA OCYIIECTBISETCS B
CJIEIYIOLIEM TTOPSJIKE.

HCDBEUI 4aCTb 3aJ1aHHs. HaXO)KI[CHI/Ie Ir'paHuIl HauOosee OIHOPOAHBIX IIJIACTOB,

TOJIIMHOW HE MEHee | MeTpa, u OnpeesIeHue UX MOLTHOCTH.
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KpuBble Kaxylehcss d3JIEKTPONpPOBOAHOCTH B  IJlacTaX OrPaHUYEHHON

MOIIIHOCTA MPAaKTUYECKH CHUMMETPUYHBI OTHOCHUTEIBHO CEpPEIHMHBbl IUIACTa, €CIU
NOJCTHUJIAIOIINE U MOKPBIBAKOIINE IUIACTHI UMEIOT OJUHAKOBYIO 3JIEKTPOIPOBOJHOCTb.
BerBu anoManuu npoTuB 1uiacta 0oJiee MoJIOTH, YeM Ha Juarpammax 3KpaHHpOBAHHBIX
30H10B bK, T.K. B MHAYKIMOHHOM KapOTaK€ IEPEXOAHBIM MPOLECC HAa TPaHULIAX
3aHMMaeT CYIIECTBEHHO OoJiblIMi HHTepBan riayOuH. [losTOMy TrpaHuIBl MIacToB
MOKHO OIpPEAETUTh MO TOYKaM Iieperuda Ha KpuUBBIX Oy, TO €CTh IO CEepeauHe
aHOMAJIMKA Ka)XXKyUIEHCS 3JIEKTPOIPOBOJHOCTH. MOIIHOCTh IJIACTa OMPEEISAETCS Kak
Pa3HOCTb MEXAY 3HAYCHUSMH TIIIyOMH KpPOBIM M MOJOIIBBI BBIJIEJICHHOIO IUIACTA.
[Tomyuennsie 3HaueHus N, 3aHOCATCS B TabmuILy, cTOJI0CIT 8.

Btopas 4acth 3ajaHusl. Cusartue CYIICCTBCHHBIX 3HAYCHUM Kamymeﬁu{

3JIEKTPOIIPOBOTHOCTH BBIAEIECHHBIX TIACTOB (O max » Ox min> Ox cp)-

OTrcuer CyHIECTBEHHBIX 3HAYEHUU KQXKYIIUXCA  JIEKTPONPOBOIHOCTEN
MPOU3BOAUTCS JIMOO MO TOYKAM IKCTPEMYMOB, JUOO IO OCPEIHEHHOMY MPHUHITUITY.
3HauCHMSI KaXYIIUXCSA DJICKTPOMPOBOJHOCTEH, OTCUMTAHHBIE IO JWAarpaMMaM, 3a-
nucaHHbIM B Macmtabe Cum/M, cienyet nepeBectd B mMacitad MCum/M. [lomyueHnnbie
JIaHHBIE 3aHOCATCS B TaOIuUITy, cToOeI 2.

Tperbsd 4YacTh 3amanus. BHecenuwe mompaBku 3a CKUH-?((EKT U mepexon OT

KOKYIIEHUCS AIEKTPOIPOBOIHOCTH (0,) K KaXKYIIEMYyCsl COMMPOTUBIICHHIO (P ). Jliist aToro
UCIIOJIb3YETCsl TajeTKa, MpeAcTaBieHHass Ha puc. 4.1, rae nuHedHas mKaia Oy
TpaHCHOPMHUPYETCS B THICPOOIMUECKYIO IIKATY P, TPH 3TOM TMPOUCXOIUT YyUYEeT
BIUSHUA CKUH-dG(dekTa. JTa TOmpaBKa 3aBUCUT OT BUJA NPUMEHSEMOTO 30H[A

(puc.4.1). Pe3ynbrarsl JaHHOTO 3Tara 3aHOCATCS B TabnIuIy, cronder 3.
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Tadoauna

PesyabTarsl Bbruuciaenus UK

Nor/m | o | px Pp P/ Pp pK1/ Px | Pxi Nis Pem | Px2= P

1 2 | 3| 4 5 6 7 8 9 10

I‘ICTBCDT&H 9acTb 3aaHuA. BHecenue B 3HaueHuE KaXXyIerocCst COIIPOTUBJIICHUS Py

MOTPABKHU 32 BIUSHUE CKBAKUHBI U MOJTYYECHUE 3HAUYCHUS CONIPOTUBIICHUS Py .

BrnusHMEe CKBaXWHBI YYHTHIBACTCS C ITOMOINBIO TAJCTKH, MPHUBEIACHHOW Ha
puc.4.2. 3Has compoTuBieHHE OypOBOTO pacTBOpa p,, AHAMETP CKBaXUHBI O,
Ka)XyIeecs COMPOTUBICHUE MCCIEAYEMOTO IJIacTa Py, CIIOCOOOM yKa3aHHBIM Ha PHC.
4.2 nosy4aeM COIPOTHUBIIEHUE Py, UCIIPABICHHOE 3a BIMSHUE CKBAXUHBI. Bce naHHbIE,
MIPOMEKYTOUHBIE U OKOHYATENIbHBIE HAa ITOM JTare 3aHOCSTCS B TaOJMILy, CTOJIOIIBI
5,6,7.

[IaTas yacThb 3aJaHus. BBCI[GHI/IG IIOIIPAaBKM 3a BJIMAHUC TOJIOHWHBI IJIACTa hrm u

yAEIBHOTO COMPOTUBIICHUS BMEIIAIOIINX TTOPOJ Ppy-

HomorpaMMbl, TO3BOJIIONINE YYUTHIBATH MOIIHOCTH IIIacTa T.€. MPUBOIUTH
MOKa3aHUsI K YCJIOBHUSM TUTacTa OECKOHEYHOW MOIIHOCTH, BEChbMa Pa3HOOOpPa3HBI (CM.
puc.4.3), HO coliepKaT Bcerja Habop MCKOMOIO Py, UCIPABISIEMOTO Py U BIMSIOMIUX
napamMeTpoB N H py,,.

CompoTHBIICHHE BMEIIAIOIICH Cpeabl M3y4aeMoOro IUIACTa Py, MOXKET OBITh
OTIPEICIICHO KaK IOy CyMMa KaXKyIIUXCs CONPOTHBIICHWHA BBIIIC JIGKAIIETO M HUXKE
JIeKAIero TIacTa IMOJCICHHOE Ha J1Ba. BBIYHCIICHHBIE 3HAYCHUS Py, 3aHOCATCS B
Tabuity, crosoderr 9.

[TomydyeHHass B pe3yjbTaTe BCeX MPeoOpa3OBaHMK BEIMYMHA KaXyIIEroCs
COTMPOTUBJICHUSI Py, PaBHA KAKYIIEMYCS COMPOTUBICHUIO, TPUBEIACHHOMY K
OCCKOHEYHOM TOJIIHMHE TUIACTA Py =Py, YTO COOTBETCTBYET YACIBHOMY COIPOTHBIICHHIO

HCCIICAYCMOTO I1aCTa Py IpU YCIIOBHUH OTCYTCTBHA 30HBI IPOHUKHOBCHUA.
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PCSYHBT&TOM pa6OTBI ABIACTCA JHArpaMM HWHAYKOUMOHHOIO KapOoTaxa C

BBITIOJTHEHHON pa30MBKOM pa3pes3a Ha IUIACThl M HAHECEHHBIMHU Ha MOJISAX 3HAYCHUSIMU

0y, a TaK)Ke 3amoJIHEHHas Ta0JIuIIa.

PABOTA S
HUHTEPHIPETALUA JTUATPAMM AKYCTUYECKOI'O METOJIA

Ilenb pabotel. WM3yueHwe OCHOB MHTEPHpPETAIIMM aKyCTHYECKOTr0 METOja

UCCJIEJOBaHMSI CKBAXHH, IPUOOPETEHNE HABBIKOB 0OPA0OTKU AUAarpaMM aKyCTUYECKOTO
kapoTtaxa (AK).

3aganue. Ilepen mnaGopatopHoit paboTON U3Yy4YUTh (DUBNUECKHUE OCHOBBI
aKyCTUYECKOTO METOJa HCCIeNoBaHMus CKBaxuH. llo amarpammam aKyCTH4ECKOTrO
KapoTaka OLEHUTh KaueCcTBO mMeronierocs marepuana. g 8-10 muactoB, pa3nmyHbIX
M0 aKyCTUYECKHM CBOWCTBAM, CHSATH 3HAY€HUs BpEMEH Mpobera M aMILTUTY]IbI
TOJIOBHBIX MpPOAOAbHBIX BOJH. [lo ¢opmymam (1),(2),(4) BBIYUCIUTH OCHOBHBIE

napameTpsl V, AT, o0 aKyCTUYECKOTO CUTHAIA.

KpaTtkue TeopeTuyeckue 0CHOBBI METO1A.

CyIIHOCTh aKyCTUYECKOI0 METOJIa COCTOUT B U3MEPEHUM TTapaMETPOB BOJIHOBOTO
MoJIsi, CO3/1aBa€MOT0 TOMEIICHHBIM B CKBaXUHY aKyCTHYECKUM HUMITYJIbCHBIM
HMCTOYHUKOM YIIPYTUX KOJICOAHUM.

BomHOBOe mojie cHUCTEMBl CKBa)XXKHMHA-IUIACT BKJIOYAET MHOXKECTBO BOJIH,
pPa3IMYHBIX MO THUIy WU TIPUPOJIC BO3HUKHOBEHHUS. B HeorpaHWYEHHOM MacCHUBE
OJIHOPOJHBIX TOPHBIX TMOPOJ TOUYEYHBIM HCTOYHUKOM MOTYT OBITh BO30Y>KICHBI
MIPOJ0JIbHBIE U TOTNEepeUHbIe BOJIHBI. CKOPOCTH paclpOoCTpaHEHUs MPOAOJIbHBIX VP U
MonepeYHbIX VS BOTH pa3IudHbl, MPUOIUKEHHO MOKHO CUUTATh, UTO

Vp/ Vs =1.73.

Crxopoct VP u VS 3aBUCAT OT JMTOJOTMYECKOTO COCTaBa, MOPUCTOCTH,

CTPYKTYPHI TIOPOJT ¥ XapaKTepa HACHIIIIEHHOCTH.

Ha rpanuiie pazgena AByX cpell OPOUCXOAUT OTPAKEHUE U MPETIOMIICHHUE BOJH
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COINIAaCHO 3aKOHY CHCJ’IJII/cha:

sin o sin aq sin B1 sin ag sin Bg
Vo Vo1 Vs1 Vo2 Vs2 »

i€ 0- YroJl NaJeHNus NEPBUYHON BOJIHBI; 01 U 31 YIJIbl OTPaXKEHUs IPOJOIbHON U
MOTIEPEYHON BOJH B TMEPBOM Cpele; O [, YIIIBI MPEIOMIICHUS TPOAOJIBHOU H
HOTIEPEYHOI BOJIH BO BTOPOM cpefie (Yribl U3MEPSIOTCA MEXAy HalpaBiICHUEM JIydya U
NEPIIEHIUKYJIIPOM K TPAHULIE PA3/eia).

COOTHOILIICHUSI MEXIY AMIUIATYJaMH TMaaoed, OTPaXKCHHON U MPEIIOMIICHHOM
BOJIH OIIPENEIISIOTCS BOJHOBBIMU COIPOTHUBIICHUAMU Cpell (IIPOU3BEIACHUSIMU CKOPOCTH
Ha TUIOTHOCTh). AMIUTUTYIbI BOJIH 3aBUCAT OT CTEIEHU MOTJIOIIECHUS SHEPTHH B CpEIE,
HaJIu4yusl B Pa3pe3e OTPAKAKIIMX TPaHUL, T.€. OT TPEUIMHOBATOCTH, CIIOMCTOCTH
TOPHBIX IIOPOA U JIP.

Jlnst BO3OykaeHUsl U HAOJIOJCHUS] YIPYTUX BOJIH B CKBA)XHHY OITYCKAIOT 30H],
KOTOPBIM MOKET COAEPKaTh OJAVH WIM HECKOJIBKO U3JIy4YaTeel U IPUEMHUKOB YIIPYTUX
BOJIH. OCHOBHBIMH BUJAMHM 30HJOB SBISIOTCS JABYXJIEMEHTHBIE (aKyCTHUYECKHUE
LIEMEHTOMEPBI) U TpeXdJIeMeHTHbIE (CKBakuHHbIE TprOopsl Tuna CITAK u ap.).

JIBYX2JIEMEHTHBIM 30HJ COCTOMT W3 U3JIydaTelss M PaCIIOJIOKEHHOIo Ha
HEKOTOPOM PACCTOSIHUM OT HETO NPUEMHUKA. TpEXdJIEMEHTHBIM aKyCTUYECKUH 30HI,
COCTOMT M3 JIByX H3JyyaTelled KojeOaHMM M OJHOTO INMpUEMHUKAa M 0003Hadaercs
cBepxy BHU3: M, 0.5 W; 1.5 I1 ( paccTosiHHS MEXIy HU3IydaTeIsIMU M MPUEMHUKAMU
JlaHbl B METPax). DTOT 30H/ SKBUBAJICHTEH 30H/1Y, COCTOSILEMY U3 ABYX MPUEMHUKOB U
onnoro wanywarens II; I, WM. PaccrosiHue Mexay NpueMHUKaMHu (U3Iy4daTeNsiMH) B
TpexanemMeHTHOM 30H1e AK sBisieTcst 6a3oii 30Haa S.

JlnuHe 30HAA COOTBETCTBYET pACCTOSIHUE OT CPEIHEW TOYKM MEXKIY
OJTHOMMEHHBIMH 3JIEMEHTaMHU (KOTOpas SBISETCA TOYKOW 3alMCH) A0 PA3HOMMEHHOIO
aneMmeHTa LS. baza TpexsieMeHTHOro 30HJa OMNpENEsieT €ro BepTUKAIbHYIO pacuiie-
HSIOIIYIO CLIOCOOHOCTH M BO3MOKHOCTH TOYHBIX M3MEPEHHI PA3HOCTH BPEMEH MPUXO0/a
BOJIH K IPUEMHUKAM U 3aTyXaHUs BOJIH Ha MHTEpBAJIC MEXIy MprueMHUKaMU. OOBIYHO
S=0.3-0.5M.

Jlnuny 30872 L BRIOMpArOT Takoil, 4TOObI MOJYYUTh JOCTATOYHO MHTEHCUBHBIN

CUTHAJI B IopoJax € OOIBIINM IIOIJIONICHHUEM BOJIH, 4 TAKXKE, YTOOBI mpssMasa BOJIHA I10
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HpOMBIBO‘IHOﬁ KUAKOCTHU IMMPUXOJHWJIa K IPUEMHHUKAM I103KC I'OJIOBHBIX. OOBIYHO 3TH

TpeGoBaHus cobmonatores, eciu L = 1.5 2m.

B kauecTBe u3iMyyaTens MPUMEHSIOT MAarHUTOCTPUKIMOHHBIE TIPeoOpa3oBaTeu:
dbeppoMarHuTHeIe BENIECTBA, H3MEHsIONME GOpMYy H pa3Mepbl MOJ JEeHCTBHEM
MEPEMEHHOTO MAarHUTHOTO TOJIS.

[IppeMHUKOM yIBTPa3BYKOBBIX KOJEOAHW OOBIYHO CIYKUT MhE303JIEKT-
pUYeCKUi mpeoOpa3oBaTelib, B KOTOPOM MEXaHWYecKas jaedopManusi MPUBOJUT K €0
ANEKTPUYECKON TOJApU3aAlMU - TOSIBJICHUIO Ha JJEKTPOAaX DJIEKTPUUYECKOTO
HaIpPsHKEHUS, TPOMOPIIMOHAIEHOTO MEXaHUYECKOMY U MEHSIOIIET0 CBOM 3HaK BMECTE C
NOCJIETHUM (TIPSIMO MbE303JIeKTpUYECKUid 3P PeKT).

CranpnaptHas anmapatrypa tumna CIIAK (CITAK-4, CITIAK-6) oGecneunBaer
PErUCTPALIUIO TAKUX IMAPAMETPOB MPOAOIBHBIX BOJH KaK:

Ty, T, - BpeMeHa nepBoro BCTYIICHUS JIs IEPBOTO U BTOPOTO MPUEMHUKOB;

A1,A; - aMIUIUTyAbl TEPBOTO BCTYIUIGHHUS Uil OJIDKHETO U JIaJbHEro
MIPUEMHUKOB;

AT — BpeMs MPOXOKJICHUS NPOJOJILHON BOJIHBI B MHTEepBasie mexay I1; u I, Ha
PacCTOSIHUM, paBHOM 0a3e aKyCTHYECKOIo 30Haa S.

AlTs = T2 - T1/S, (1)

o - ko3 durmenTta ociadiaeHus (3aTyXaHus) aMILUIATY/Ibl, OTHECEHHOU K €IMHUIIC
JUTUHBI.

o = —é— ln—%i- (2)

3nauenus Ty, Ty, AT peructpupyrorcss B MUKpOCEKYHIaxX; A; U A, - B YCIIOBHBIX

eauHuIax (Hampumep, MmB), a - B nenubeniax Ha metp (1b/m) .
Iopsiaok BhINOJIHEHUST PAadOTHI.

IIepBas yacTh 3aJaHUSL. OI_IeHI(a Ka4CCTBa AuarpamMm.

Huarpammbl AT,  npurogHsle Ijis WHTEPIPETALNM, TOHKHBI YIOBIECTBOPSTH
CJIEIYIOLUM ITpaBUiIaMm:

1. HyxHo, yToObl kpuBbie T; U T, KOPOTKOTO M JJIMHHOTO JIBYX3JIEMEHTHBIX
30HJI0B B OOLIUX YepTax MOBTOPSIIU APYT Ipyra.

2.  Heobxommmo, 4ToOBI MOBTOpHBIE KpuBbie T; m T, oTnuyammch OT mep-
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BOHAYaJIbHBIX He Oosiee yeM Ha 1.5 % , a kpuBble AT  He Gosiee uem Ha 3% .

3. Tpebyercs, utoObl 3HaueHWs AT B 3TaJOHHBIX cpelaX COOTBETCTBOBAIHU
XapaKTEPHBIM JJI1 HUX 3HAYEHUSIM, IPUBEIACHHBIM B TaOIUIE. /(151 BBIMOIHEHUS 3TOTO
ycioBus Ha nuarpamme AT 10KHBI OBbITh BBIJCJICHBI IBA OMOPHBIX TUIACTA.

Taoauma

XapakrepHble nokazanusi AT B onopHbIX cpexax

CPEJIA AT, MKc/M I[TPUMEUYAHUE
KaBepHa Oosbioro auamerpa  (580-600 MaKCUMAJIbHbBIE [TOKa3aHUS
mIoTHeIe u3BecTHsIkn K, >1% |155-160 MUHUMAaJIbHBIC TIOKa3aHUs
IUIOTHBIE JTOJTOMUTBI K, <1% (140-145 TO K€e
HE3alleMEHTUPOBaHHAas 185 TO XK€

oOcagHas KOJIOHHA

Kpuseie T;, T,, AT He yAOBIETBOPSIOIIME OJHOMY H3 IEPEUNUCICHHBIX

TpeOOBAHMI, ABJISIFOTCS OPAKOM M UHTEPIPETALIMH HE MOJJIekKaT.

Bropas gactsb 3aganus. OnpeneneHue rpaHull TIacToB.

KpuBasi HHTEpBaILHOTO BPEMEHH PETUCTPUPYETCS B JIMHEHHOM MaciiTade Tak,
yto BenmnmunHa AT pacrer cineBa HampaBo. KpuBas 3aTyxaHusi 0 PETHCTPUPYETCS B
JMHENHHOM, OO B JIoTapu(PMHUUECKOM MaciiTade.

[Topoasl ¢ BEICOKOW MOPUCTOCTHIO M MOBBIIIICHHBIM OCIa0JIEHUEM YHEPTHUU BOJH
OTMEUalOTCs Ha (hOoHE BMEIIAIOIIMX IMOPOJ MakcuMymMamu Ha KpuBbix AT u 0.
AHOMaJIMU CUMMETPHYHBI OTHOCUTEIBHO CePEANHBI IIJIACTa.

['paHunbl TUTacTa HAXOMAT IO TOYKAM, CMEIICHHBIM HAa  BEJHMYHHY
MOJIOBUHBI  0a3bl 30Haa S/2 , OT OCHOBAaHMS aHOMAJIMHU K CEpeIMHE IJIacTa.

[Tonb3ysICh 3THM MPABHIIOM, /IS JAIBHEHIIIETO BBITOTHEHUS PabOThI, TpeOyeTcs
BbIEIUTh Ha KpuBoM AT BoceMb - JecATh IUIACTOB PAa3IUYHBIX 10 CBOUM
aKyCTHUYECKUM CBOMCTBAM.

TpeThbs 4acTh 3aJ1aHUS. KonnyecTBeHHas HHTCpIHIpETAllUA JaHHBIX aKyCTHYCCKOTI'O

METOo/A.
JI1si KOMM4YeCTBEHHOW MHTEPIIpETAaIlMi UCIOJIb3YIOT uHTepBaibHoe BpeMst AT (B

MKC/M), IPUBEJIEHHOE K CTaHAApTHOM Oa3e 30H7a, paBHOU | MeTpy;
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AT =

ATg Te - T4
S S (3)
Bemnunna AT cBs3aHa CO CKOPOCTBIO PacHpOCTPAHCHHS YIpyroi BoiHBI V (B
M/C) COOTHOIIICHUEM:
100

AT = -
Y (4)

J17is BBIZIGIEHHBIX Ha MPEABIAYIIEM 3Talle TUIaCTOB ONPEACIAETCS X MOIIHOCTD U
1o ¢opmyiie (4) BBIYUCISIETCS CKOPOCTh MTPOXO0KICHUS BOJTHBI HO ATUM ILJIACTaM.

Pe3ynbpratom paboThI SIBISETCSA OTYET, B KOTOPOM YKa3bIBACTCS:

1) Tema paboThI,

2) uenb paboThl,

3) HOpAIOK BHINIOJHEHHS padOTHI,

4) mmdp 30H7a U €ro mapaMeTpsl (6a3za 30H/1a U JJIMHA 30H/a),

5) 3Ha4eHHsI MOIITHOCTH BBIZICICHHBIX TUIACTOB M PACCUUTAHHBIE CKOPOCTH,

6) OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

B zakmrouenun pa6OTI>I CICAYCT OTBCTUTH HAa KOHTPOJIbHBIC BOIIPOCHI.

PABOTA 6
HUHTEPIIPETALIUA IUATPAMM PAINOAKTUBHOI'O KAPOTAXKA

[lens pabotel. [IpnoOpeTeHe HaBHIKOB B 00pabOTKE qUarpaMM paluoOaKTUBHOTO

kapotaxxka PK (Ha npumepe ramma-kaporaxa (I'K)).

3aganue. PaccunTaTh TOCTOSIHHYIO BPEMEHHU T, HHTETPUPYIOUIEH Lenu |
CKOPOCTh TIE€pEeMENIeHUs] CKBAKUHHOTO Mpudopa s IJIacCTOB, MPEICTABISIOMIUX
MHTEpEC 18 ucciienoBanuil. [IpuBectu nokaszanusi, cHATbIe ¢ Auarpammsl ['K k enuHbM
CKBaXMHHBIM YCJIOBHSIM.

Kparkue Teopernyeckne 0CHOBbI raMMa-MeTO/1a.

PagnoakTuBHBIM KOPOTaXX, OCHOBAaHHbI HAa W3MEPEHUM €CTECTBEHHOW raMma-
aKTUBHOCTHU FOPHBIX MOPOJ, Ha3biBaeTca raMma-kaporaxeM (I'K). Perucrpupyemoe npu
3TOM €CTECTBEHHOE TIaMMa-U3JyYEHUE ONPEHECIAETCS COJIECpKAHUEM B IOPOJAX

MNPHUPOJHBIX PAAVMOAKTUBHBIX 3JICMCHTOB — PAJIHOHYKIIMJI0OB, CPCAU KOTOPbIX OCHOBHYIO
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28, 2°U ), topuit ( **Th ) u OpOAYKTHI HX pacIaa, a TaKxKe

poJib UrparoT ypas (
paIuOaKTUBHBIN H30TONM Kaius ( “K ). V wmarmarmuecknx opoJ, B LEIOM
OTJIMYAIOUIUXCSI TIOBBIIIEHHON €CTECTBEHHON pPaJMOaKTUBHOCTHIO, OHA 3aKOHOMEPHO
YMEHBIIAETCSI OT KHUCJBIX PA3HOCTEH K YJIBTPAOCHOBHBIM. Cpelu OCaIOUHBIX IMOPOJT
MaKCUMaJIbHOW €CTECTBEHHOW PpPaJuOaKTUBHOCTHIO, KaK MpPaBHIIO, OOJaAar0T IJIMHBI,
MUHUMAJILHON — YUCThIE (HE MIMHKUCTBIE) PA3HOCTHU MECKOB, MECYaHUKOB, N3BECTHSKOB.
HckiltoueHne COCTABIISIIOT HEKOTOPBhIE Pa3HOBUIHOCTH IMOJUMHKTOBBIX MECUYAHHUKOB,
Ybsi TOBBIIICHHAs] €CTECTBEHHAs pPaJUOaKTUBHOCTb MOXKET OBbITh OO0yCIIOBJIEHA
IPUCYTCTBUEM B HUX KaJIMEBOT'O MOJIEBOTO I1IIIaTa, OUTYMUHO3HBIE TOPOBI, pochaThl U
HEKOTOpbIE JAPYTrHe MOpoJbl. MOXHO CUMTaTh, YTO PAJAMOAKTHBHOCTH OOJBIIMHCTBA
0CaJIOYHBIX MOPOJ HAXOAUTCS B MPSIMOM 3aBUCHMOCTH OT UX TJIMHUCTOCTH.

B coBpemennoii anmaparype 'K B kauecTBe NETEKTOPOB TaMMa-HU3JIyuEHUs
OOBIYHO MCHOJIB3YIOTCS CLHMHTHIUIILUOHHBIE CYETYMKM HAa OCHOBE MOHOKpucTamuia NaJ
(T wmu CsJ (Na) B coueranuu ¢ doroymHoxkutenamMu (ODY). CkBaxKUHHBIM
pagOMETPOM  HU3MEpSIETCSl CKOPOCTh CYeTa, T.€. KOJUYECTBO TIaMMa-KBaHTOB.
3aperucTpupOBaHHBIX JETEKTOPOM 3a OINPEEIICHHBI MHTEpBal BpeMeHu. llepexon or
CKOPOCTH CYETa B UMII/MUH K €CTECTBEHHOW paJ0oaKTUBHOCTH, KoTopas B CU nomkHa
U3MepAThCs B A/KT (Ha MpaKkTHKE OOBIYHO MCHOJB3YIOT MKP/4), ocyuiecTBisieTcss mo
pe3yJbTaTaM 3TaJOHUPOBKH PaHMOMETpa C MCMHOJIb30BAHUEM 3TAJOHHBIX HCTOYHHUKOB

ramMmma-us3JIyudCHu.

Puc. 6.1. Cxema nposenenus ['K

Cxema npoBenenus ['K nokazana Ha puc.6.1, rae 1-ckBaxkunusiii npubop 'K, 2 —

KapOTa)KHHﬁ Ka6€JII>, 3- ACTCKTOP raMmMa-u3jayudCHusl. 4- BBICOKOBOJIbTHBIM MCTOYHHUK
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NUTaHUSA, 5- YCUIIUTENb, 6- aMIUIUTYJHBIA JUCKPUMHHATOP, 7- QOpMUPOBATEIH

UMIOYIbCOB, 8- HU3MEPUTENh CKOPOCTH c4YeTa, 9- peructpupyromui mpudop.
AMIUIATYIHBII ~ AUCKPUMHUHATOP  OTCEHBAET  MAJIOAMIUIUTYAHBIE  IIYMOBBIE
UMIYJIbChI, (opMUpOBATENh CTAHIAPTUZUPYET HUMIYILCH 1O aMIUIUTYJE U
JUIMTEIbHOCTH, @ U3MEPUTEIb CKOPOCTH CUETA, BAXKHOM YAaCThKO KOTOPOTO SIBIISIETCS
UHTETPUPYIOIUM  KackajJ, mpeoOpa3yeT MoCieA0BaTeIbHOCTh HMIYJIbCOB B
MOCTOSIHHOE HaNpsbKeHUE (MK TOK), TPONOPLIHOHAIIBHOE YaCTOTE UX CIEIOBAHMUS.

[Ipu mnpoBenenuun 'K BaxkHOE€ 3HAaU€HHE HUMEET MNPABUIIBHBIA BBIOOP CKOpPOCTH
KapoTaxka V U MOCTOSHHOW BpEeMEHU MHTETPUPYIOIIETO Kackaaa - T,. [lpu u3numiHe
OonploN BenuuuHe mnpousBeneHus V-1, kpuBble ['K wuckaxarorcs, nOpu 3TOM
AMIUIUTYAHbIC 3HAYCHUS YMEHBIIAIOTCS, AaHOMAJIMU ''pAaCIUIBIBAIOTCS U CTAHOBSTCS
ACUMMETPUYHBIMHU, CMEIIAsACh MO HANPABICHUIO JBUKECHUS CKBaXKMHHOTO MpuUbOpa.
Ecnu 1, u3numue mano u V-1, - MEHbIIE ONTUMAJILHOTO, KPUBBIC, UCKAKCHHBIC
CTaTUCTUYECKUMU (IYyKTyallUsIMU, CTAHOBSTCS WU3PE3aHHBIMH, MPHU STOM MOXKET
OTCYTCTBOBATh WX MOBTOPAEMOCTb. Pe3ynpraTbl U3MEPEHUS E€CTECTBEHHOM
PaIMOAKTUBHOCTH MOPOJ OTHOCAT K TOUKE, COOTBETCTBYIOIIECH CEPEAUHE NECTEKTOPA,

SIBJISIIOIIENCSI TOYKOU 3aIIUCH.

Kparkoe onucanue padoTbl 4 MOPAIOK €€ BbINOJHEHUS.
JIist  BBIMOJTHEHUS 3aJaHUs KaKIOMY CTYACHTY HEO0OXOJMMO CKOIHUPOBATh
nuarpammy 'K B 3a1aHHOM HHTEpBAJIE pa3pesa.

IlepBad yacTh 3a7aHus. Pacuer NOCTOSSHHOW BPEMEHHM T, UHTETPUPYIOLIECH LIETIH.

NHTEHCUBHOCTh €CTECTBEHHOIO PAAUOAKTUBHOIO H3JIYYEHUS, H3MeEpseMas
METOJIOM TaMMa-KapoTa)ka, IPU OJHUX U TE€X K€ CKBAXKUHHBIX YCIOBHUSIX UCIBITHIBACT
HEMpepbIBHOE KoJiebaHue ((IyKTyaluio) MOCTYIAIOMIET0 HA WHIWKATOP H3JIYYCHUS
OKOJIO CPEIHEW BEJIWYUHBI, MPUHUMAECMOMN 3a HCTUHHYIO. BIMAHME CTaTUCTUYECKUX
GbiykTyarmii XxapakTepu3yIoT CpeIHEN KBaApaTUIECKON MOTPEIIHOCTbIO:

6“ =N=1It, (1
rjae N - 4HCIio 3aperucTpUPOBaHHBIX 3a BpeMsl T UMITYJILCOB MPH CKOPOCTH cueTa |.
JuHamuyeckasi XapakTepUCTUKA peXHMMa U3MEpeHuss npubopamMu paju-

OAaKTHBHOI'O KapOoTa)Ka OIIpCACIIACTCA IIOCTOSIHHOM BPpEMCHH Ty I/IHTGFpI/IPYIOmeﬁ
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suelikoi RC Ha BbIXOJIe U3MEPUTEIBHOM CXEMBI U CKOPOCTHIO KapoTaxka (Imoabema

npubopa PK) V,m/4. [locTosiHHas BpeMeHH T, onpeaesieTcs no hopmyre:

| 1
e e

rae Jo, cpemHss CKOpOCTh CYeTa, MMII/C; O- OTHOCHUTEIbHAs CPEIHEKBAaIpaTHYECKas
IIOTPEIIHOCTh M3MepeHui, npuauMaemas pasHou 0.05 wim 0.1 B 3aBHCUMOCTH OT BHJA

HUCCIIEeI0OBaHUM.

Bropas gacTh 3amanus. Pacder cKopoCTH MepeMelIeHnsl CKBaKUHHOTO MPUOopa
JUTSL 3aIaHHOTO pa3pe3a CKBaYKUHBI.

CkopocTh mepeMeleHuss mpubdbopa Mo CKkBaxkuHe V MNPUOIMKEHHO paccyu-
TeiBaeTcsa 1o gopmyie (3), V= h/(2t), rne h- munumanbHas MomHOCTh miacta ([V]=

M/4; [h]= M; [T]= ¢). C y4eTOM BBIUHCACHHOIO Ha IIEPBOM 3TaIle 3HAYCHUS T,

18 ;
ve 2L 3

rae h - MoIHoOCTh 11acra.

Tpetbs yacth 3aganust. OOpaboTka 1 uHTepnpeTanus JaHHbIx ['K.

O6paboTka HAYMHACTCS C BBIJICJICHHS TUIACTOB, OTOMBKH MX TPAHUI] U
OINpPEJENICHUs] MOIIHOCTH IUIACTOB. ['paHMIbI IUIACTOB Ha JuarpaMMax, 3alldCaHHBIX
aHAJIOrOBBIM PETUCTPATOPOM C MPUMEHEHUEM HMHTErpaTopa ¢ MOCTOSTHHOW BPEMEHU T,
YCTaHABJIMBAIOTCS MO Hayally U3MEHEHUs MOKazaHuil (moasemy u crany) kpusoi ['K.
['panuibl TIACTOB MOUIIHOCTHIO Oojiee 1 MeTpa NpH JMCKPETHBIX H3MEPEHUSIX
(uudpoBas 3amuch) OMPENECISAIOT B TOYKAX, MOKa3aHUS B KOTOPBIX COOTBETCTBYIOT
nosioBuHe aMIuTy sl aHomanuu PK (I'K B Tom 4mciie) npoTuB 3TUX IJIaCTOB.

3aTeM ONpeneNsiioTCs  CYIIECTBEHHBIE PETUCTPUPYEMbIE 3HAUYEHHUS] WHTEH-
CUBHOCTH |, TIIpOTMB BBIJCIIEHHBIX IIIACTOB B CIMHMIAX, HCIOJIB3YEMBIX B
UHTEpOpeTaluu. OTH 3HAYEeHHs MCHPABIAIOTCS 3a OrPAHUYEHHYI0 MOIIHOCTb,
WHEPLUOHHOCTh U HEJIMHEHHOCTh PETrMCTPHUPYIOLIEH anmnaparypsl. pyrumu cioBaMu
ClIelyeT NPHUBEIECHHE PErUCTPUPYEMOM MHTEHCHBHOCTH |, K ycnoBHAM OeCKOHEYHOH
TOJILLMHBI IUIACTA C IOMOIIBIO AMIUIATYAHOU ITOIIPABKH V.

Bnusinue MHEpUMOHHOCTH anmapaTypsl, umeromieil uarerparop RC, yuuteiBator
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C MOMOIIBIO MajeToK (prc.6.2), coaepkaimx 3aBucuMocTr napamerpa v (v =Al / Al

») 0T V1 1 momHocTr twiacta h (v = f (h, Vt)). 3aece Al = |, — Ii; - peructpupyemas
aMIUTUTYAa TPOTHB MHTEPIPETUPYEMOTO IJIacTa KOHEYHOH MOIIHOCTH OTHOCHUTEIHHO
Hwxenexamero; Al,= li,- li; - aMmmTyna, modydeHHass MpPU HEOTPAHUYEHHOMN
TOJIIIMHE acTa. McnpaBieHHoe 3HaueHue HaXOAUTCs 1o popmyiie:

lioge 11-1 + ——i=L. ()

v

[Tomy4yeHHass B pe3yibTaTe WHTCHCUBHOCTH |, TIPUBOAMTCS K CTaHAAPTHBIM

CKBa)KMHHBIM YCJIOBHAM |, ¢ TTOMOIIBIO TOTPABOK 1 = Mg M Nk » TAE Mg - TOTPaBKa 3a

BIIMSIHUE JTMAMETPa CKBAKUHBI; 1, - 32 MOJIOKEHHE TPUOOpa (IKCUEHTPUCHUTET), Mk - 32
TOJIIUHY TITUHUCTON KOPKH.

[TorpaBka 1 BBoguTCS B TTOKa3aHus 6e3 ¢oHa 1o hopmyiie:
ler = (1 - Ig)n + 1p , (5)

rae ly- poHOBOE M3MydeHHe npubopa U KOCMHYECKOTO (poHA (€ro 3HA4YEHHEM B
JTAHHOM cllydae mpeHeOperaem, a 3HadeHue 1 Oyaem mojaratb ¢ OOJIBIION CTETIEHBIO

IPUOIMKEHUS ).

3
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= T el
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Puc 6.2. Kpusble 3aBucumocteit b - ; (h) « udp xkpuBbIX -VT
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B pesynpTare BBemeHHsS BCEX OTHX TIOMPABOK IMOJIYYalOT TOKAa3aHUS,
NPUBE/ICHHBIC K CTaHAAPTHON CKBakuHE mpu dC = 0H. DTO 3HAYUT, YTO UCIIPABIISIOTCS
TOJIbKO T€ WHTEPBAJIBI, TJI€ €CTh OTKJIOHEHHUS TUaMETpa CKBAXHHBI OT HOMHUHAJIBHOTO,
T.€. TJIACTHI C TJIMHUCTOW KOPKOW W KaBepHamH. Takoe MmpeoOpa3oBaHHWE MPHUBOIUT
MHTEHCUBHOCTb M3JIy4eHHs |, IPOTUB BCEro n3y4aeMoro paspesa K GopmyJe

Iy = C*qn + const , (6)

r7e , €CTeCTBEHHAs! PaJMOaKTUBHOCTH MOpoabl, C*- MOCTOsHHAs, 3aBUCSIIAS OT
OCOOCHHOCTEM KOHCTPYKLMHM H3MEPUTENBHOrO mpudopa W TUNA HPUMEHSEMBIX
UH/IMKATOPOB. OTYET, B KOTOPOM KPATKO M3JAraroTcst (pu3nuecKre OCHOBBI MPOBEICHUS
U3MEPEHHUI paTuOaKTHBHBIX M3TyUYeHUI Ha CKBaXKHHE. B oTueTe AOIKHBI CONEepiKaThCs
BBITIOJTHCHHBIE PACcUeThl, & TAK)KE OTPAOOTAaHHBIA M O(POPMIICHHBIH YIaCTOK THATPAMMBI
raMma MeTo/a.
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