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CxoBopoanukos I.I".

['eopusmueckue wuccnenoBanusi ckBaxuH: Kypc neknuil. - ExarepunOypr: YIITA,
2003. - 294 c.

Hacrosmee w3nanue mpeacraBisieT coOON KOHCHEKT JEKIUKA 1O o0meMy Kypcy
"T'eodusnueckre MCCIENOBaHUS CKBAKUH'", KOTOPBIH YHTACTCS aBTOPOM Ha Treo(U3MIECKOM
daxynprere YTTI'A, nHaunnas ¢ 1979 r.

Kypc pa3but Ha 25 nekmuii, UMEIOMUX MPUMEPHO PaBHBIA OO0BEM W 3aHHUMAIOUIUX
NPUMEPHO OJMHAKOBOE BpeMsl MpU U3JIOKEHUH. B KOHIlE KaXIOW JIeKIUU MPUBEACHBI
KOHTPOJIBHBIE BOIIPOCHI ISl CAMOIPOBEPKU. PHCYHKHM B KOHCIEKTE JAKOTCS B TaKOM BHUJIE, B
KakOM OHHU H300pa)karoTCs BO BpeMs JIGKIIMH Ha JOCKe. VICKIIOYEHHS] COCTaBISIOT TOJBKO
PUCYHKH K JIEKIMU 25, Ha KOTOPBIX NPHUBEACHBI IPUMEPHI KOMIUIEKCHOTO NPUMEHEHHS] METOJ0B
I'MC Ha KOHKpPETHBIX MECTOPOXKIECHUSX PA3IMYHBIX PYIHBIX TOJE3HBIX HCKOIMAEMbIX II0
MaTepuasam, omyOIMKOBAHHBIM B CIELIMATLHON JTUTEpaType WM NOTyUYEHHBIM aBTOPOM.

B conepxxanum Kypca mogYepKuBaeTCs BKJAJ, BHECEHHbI B pa3ButHe metonoB ['MC
YpaJIbCKUMU Teo(PU3UKaMHu U, 0COOCHHO, COTpyTHUKaMH reodusndeckoro dakynprera YITTA.

Puc. 198, Tabi. 6, 61O - 34 HauMm.

PeuenseHTsr:

npodeccop, 1okTop reon.-MuH. HayK B.IL. Perxuii (MaCTUTYT reodusnku

YpO PAH);

3anagno-Cubupckas Koprnopanus "Tromensnpomreodusuka’

[leyaraeTcs 1O  pENICHHIO  PEIAKIMOHHO-U3JATEIBCKOTO  COBETa Y PalabCKOM
rOCyAapCTBEHHOW TOPHO-T€0JIOTHYECKON aKaJeMUn



I'eopusuueckne wucciaenoBanusi ckBaxkun (F'MC) — 5310 oTpaciab pa3BegOYHOMN
reousuky, OTIMYAIOMIasicsl OT JpYrux (CelcMo-, MAarHuUTO-, JJIEKTPO-, T'PaBHUPa3BEIKH,
paiuoOMeTpUH M SIEPHO-TCO(YU3NYECKHMX METOJOB) TOJIBKO IO METOAUKE HCCIIEeIOBAHUN.
OcHOBHbIE MONOXKEHHS TEOPUU (PU3NUECKUX MOJIEeH, U3MEPSIEMBbIX B CKBaXXMHAX, OCTAIOTCS TEMU
e, YTO U B TIOJIEBOM reou3uke.

Ponb u 3nauenne ['MMIC ¢ TeueHHeM BpeMEHHU MOCTOSHHO BO3PACTAET, T.K. B MEPCIEKTUBE
I'MC oTkpbIBalOT MyTh K OECKEPHOBOMY MO3HAHUIO CKBXKUH. B HacTosimiee BpeMs B CKBaKHHAX
PETUCTPHUPYETCSl CBBIIIE 35 pa3IuYHBIX MapaMeTPOB: pa3zHOOOpa3Hble (HU3UYECKHE CBOWCTBA
TOPHBIX TOPOJ, HAMPSDKEHHOCTh MHOTOOOPa3HBIX  (PU3UYECKUX TIONEeH, TEeXHHYECKUe
XapaKTEPUCTUKU COCTOSIHUS caMOoi OypoBo# ckBakuHbI. [Ipu s3Tom croumocts ['IC coctaBsieT
JUIIb HE3HAYUTENBHYIO YacTh OT CTOMMOCTH COOPYXEHHS M OOOpYyJOBaHUS CKBKHUHBI. Tak,
HarpuMmep, Ha He(TAHBIX CKBOXXHHAX, Te MPUMEHETCs BechMa o0mmpHbIi komiieke ['UC, ero
CTOMMOCTh He mpeBblmaer 4% OT CTOMMOCTH OYypoBBIX paboT, obOecmeuuBasi NMPU STOM
3KOHOMHUIO 110 20% cpeacTB, HEOOXOAUMBIX T 000PYI0BaHHS CKBa)KUHBI.

B nacrosiiiee Bpemst OyKBaJbHO BCE€ METOJIbI TIOJIEBOM Ire0()M3NKHA UMEIOT CBOM aHAJIOTHU B
CKBRXMHHOM BapHWiaHTe M, Oojiee TOro, cymectByioT Meroasl ['MC, He mMmeromue aHajaoroB
CpeiM TIOJIEBBIX, HAMPUMEp, METOJ[ DJEKTPOAHBIX IMOTEHLUUAIOB, TaMMa-raMMa-KapoTax,
UHKJIMHOMETPHUS U Jp.

AHanu3 pacupezieNieHus CpeACTB Ha BBIMOJHEHUE reopu3nyeckux paboT MOKa3bIBAET, UYTO
['NC (cBbie 20% cpeacTB) ycTynaeT B 3TOM OTHOILIEHUH TOJIbKO celicMopasBeake (okoio 50%
CPEZCTB) M 3HAYUTEIHHO MPEBOCXOIUT BCE OCTABHBIC OTPACIIM PA3BEIOYHON T€OPU3UKH.

Knaccudukanus metomos ['MC

B THUC Bopenstor Tpu OONBIIMX pa3lena: KapoTax, ONEpalud B CKBAXHUHAX H
CKBOXMHHYIO T€O(DH3UKY.

Kapotax. Kaporax - 310 reopusnveckue METObl U3YUECHUS! T'€OJOTHMYECKOTO CTPOCHHS
pa3pe3oB CKBaXXMH. DTO O3HAYAET, YTO B KApOTa)ke HCCIEIYIOTCS OYeHb HEOOJbIINE 0OBEMBI
TOPHBIX TIOPOJI, MPHIETaloIIue K CTEHKaM caMoOW CKBaXHHBI. OTIMYUTENbHAs OCOOECHHOCTH
KapoTa)ka -MCKIIIOUUTENIBHO BbICOKAsSI I€TATbHOCTh M TOYHOCTh UCCIIEOBaHHM. DTa 0COOEHHOCTh
CBsI3aHA C TEM, YTO PE3yJIbTaThl KapoTaka GUKCUPYIOTCS B BHJIE HEMPEPBIBHBIX JUArpamMM Mpu
JBUKEHUM JIaTYMKOB IO CTBOJNY CKB@)XHUHBI, JIMOO B BHUJAE YHUCIOBBIX 3HAUYEHUH C OUYEHBb
HEOOJIBIINM IIaroM JUCKpeTH3anuy, nopsaka 10-20 cm.

Kapotaxx mo3BOjisieT BBIMOJIHATH JIUTOJIOTHYECKOE pacujeHEHHE pPa3pe30B CKBAXKHUH,
BBIJICTISITh B HUX HWHTEPBAJbl MOJIE3HOTO HCKOMAEMOTrO U OMpeneisaTh (PU3UYEecKHe CBONCTBA
TOPHBIX MOPOJ U MOJIE3HBIX MCKOMaeMbIX in situ. MHTeprnpeTanusi pe3yabTaToOB BCEX MOJEBBIX
reo(pu3MYecKuX METOJOB MPOU3BOIUTCS HA OCHOBAHWHU JAaHHBIX KapoTa)a: AJIEKTPOPA3BEIKH -
10 JJAHHBIM 00 YENIbHOM 3JIeKTpUYecKoM conpoTusieHuu Y IC mopoja, MarHuTOpa3BeakH - MO
3HAQYEHHUSIM MAarHUTHOM BOCTIPUMMYHUBOCTHU MOPOJI, TPaBUPA3BEAKH - 110 MJIOTHOCTH U T.[I.

B nenom psige ciydyaeB MMEHHO KapoTaXk NaeT CBEACHUS, HEOOXOOUMBIE ISl MOJcuUeTa
3alacoB MECTOPOKIEHUM - [aHHbIE O MOLIHOCTH 3aJ€KEe M COAEpPKAHUU I10JIE3HOTO
KOMIIOHEHTA B HUX.

MeTop1 KapoTaka MoIPa3ACIIIOTCS 10 MPUPOJIE U3ydaeMbIX B HUX (PU3NUYECKUX IMOJIeH Ha
METO/IbI ATEKTPUYECKOTO KapoTaxka, palMOaKTUBHOTO KapoTaka U MPOYHNe METOIbI.

Memoowt 31ekmpuueckozo Kapomasxca:

- METOJ KC (Kaxymmxcst COTIPOTHUBIICHUI) — HanOosee
pacnpoCTpaHEHHbIN u3 METO/IOB ANEKTPUUECKOTO KapoTaxa, AQHAJIOTUYHBIN
3JIEKTPONPOGUIUPOBAHUIO B MOJICBOM reou3nKe;

- Metox BK3 (60KOBBIX KapOTa)KHBIX 30HAMPOBAHUMN) - CKBXMHHBIA aHAJIOT METO/AA
BO3 (BepTUKAIBHBIX JICKTPUYECKUX 30HIUPOBAHUN B DJIEKTPOPA3BEIKE);

- MHUKpokKapoTax - BapuaHT Meroga KC ¢ 30HAOBBIMH yCTaHOBKAaMH OYE€Hb  MaJIOrO
pasMepa, MNPUKHUMAEMbIMH K CTE€HKE CKBa)XHUHbI; O4YeHb 3((HEKTUBHBIA METO/ BBIJICICHUS
KOJUJIEKTOPOB B Pa3pe3€ CKBaKUHBI;

- PE3UCTUBUMETPHUS - METO/]] OTIpEACNIEHUS YIEIbHOIO CONPOTUBIIEHUSI OYPOBOIO pacTBopa
B CKBQ)KUHE;

- TOKOBBIM KapoTax - Haubosiee MPOCTON U3 IEKTPUUECKUX METOJI0B C UCKYCCTBEHHBIM
BO30Y)KICHHEM TIOJIA; HMeEeT [Be pacmnpocTpaHeHHble pazHoBuaAHOCTH: BTK (6GokoBoit
TokOBBIH KapoTax) U MCK (Meron ckomp3siux KOHTAaKTOB);



- BK - GokxoBoii kaporax, ucnosb3ywoomui, B ommuue ot metona KC, 30Hm0BbIE
YCTaHOBKH ¢ (DOKYCHUPOBKOM TOKa;

- UK - UHAOYKUMOHHBIM  KapoTax, TMO3BOJISIOMIMM  OXBAaTUTh AJIEKTPUUECKUMU
UCCIIEIOBaHUSIMU cyxue CKBa>KUHBI u CKBA)KUHBI, 3alI0JJHEHHbIE PAcTBOPOM Ha
HE(TSIHOM OCHOBE, B KOTOPHIX HEBO3MOXEH JJICKTPHUECKUN KapOTax C TalbBAHUYECKUM
Bo30yxaeruem nojist (KC u BK);

- wmetop [IC - CKBaXXUHHBIM BapHaHT METOJIa ECTECTBEHHOTO TOJIS B DJIEKTPOPA3BEIKE;

- Meroa MOII (9neKTpOAHBIX TOTEHIIMAIOB), HE MMEIONIUN aHaJIOTOB CPEIU IOJICBBIX
METO]I0B;

- OK (9/MeKTpOIUTHYECKUH KapoTaK) - aHaJIOr METOJa BBI3BAHHOM MOJSPHU3AIUN
(xapotax BII).

Memoowt paouoakmuenozo kapomaxyca (PK). Ilpu o003HaueHWN paTuOAKTUBHBIX WU
SIEPHO-TEO(U3NIECKUX UCCIIEOBAHUI MPUHATA CUCTEMa OYKBEHHBIX 0003HAUYEHHU, B KOTOPOii
nepBas OykKBa O3HAYaeT BHUJ H3JIyYEHHUS, KOTOPBIM BO3JEHCTBYIOT Ha 00BekT (I' - ramma-
usznyuenue; H - HeliTpoHHOE); BTOpas OykBa 03HAYAET BHJl MU3MEPSEMOTO U3ITYUYCHUS; TPEThS -
obmacte nmpumeHenus: (K - kaportax, ckBaxuHa; O - ompoboBanme; A - aHanu3; M -meTon
BOOOIIIE); ueTBepTast OyKBa, KOTOpasi CTaBUTCA B KOHLE 00O3HAYCHHSI METOJA WIIM TEepe]] HHUM,
HECET JIOTNOJIHUTEIbHYI0 HH(POPMAIIHIO.

- IIC - ramma-kaporax, camblii mpocroi u3 wmeronoB PK, 3axmtouaromuiics
B PETHCTPALUUA €CTECTBEHHOTO0 raMMa-HU3JIydeHHUsI TOPHBIX

opoJ;

- I'TK - ramMma-raMma-kapoTax<, HMEIOIIUA JBE Pa3sHOBUIHOCTHU, BBIACISIOMIMECS

no pemaeMbiM 3aaadam: TioTHocTHOM (ITI'TK) u cenexkruBnbiit (CI'TK wiu Z1TK);

- PPK - peHTreHn-pagnoMeTpuuecKkuii KapoTaxX, KOTOPbIA B COOTBETCTBUM C MPHUHSATON
cucteMoii 0003HaueHMii paBuiIbHEe ObLT0 OBl Ha3BaTh [ PK -ramMmma-peHTreHOBCKHA KapoTax;

- HTK - HEWTpOHHBI raMma-KapoTa)K CO CTAlMOHAPHBIM MCTOYHUKOM HEUTPOHOB -
OJIMH U3 OCHOBHBIX METOJIOB UCCIIEIOBAHUS HE(DTAHBIX CKBAKUH;

- HHK - melitpoH-HeHTpoHHBINH KapoTax ¢ pasHoBuaHocTsmu: HHK-T (mo TeruioBeim
Heiitponam), HHK-HT (mo nHagremnoBsiM HeliTpoHam), MHK -MHOr030HA0BBII HEHTPOHHBIN
KapoTax;

- HWHHK - wumnynbCHBI HEHTPOHHBIM KapoTaXX, MCHOJIb3YIOIIMM MMITYJIbCHBIN
T€HEepaTop HEUTPOHOB C HM3MEPEHUEM PA3TUYHBIX MPOAYKTOB B3aMMOJCHCTBHUS HEUTPOHOB
uctounuka co cpenoit: MHHK-T, MHHK-HT, MHT'K, MHI'K-C (ciekrpomeTpudeckuii);

- T'HK - raMma-HEWTpOHHBIH KapoTaXX, OCHOBAaHHBIH Ha SBJICHUU SAECPHOTO
(OTOMOTIIONICHNSI TAaMMAa-KBAaHTOB C UCITyCKaHHEM HEUTPOHOB; 3TOT 3(PPEKT NpU OTHOCUTEIHHO
HEBBICOKOM »Hepruu ramma-kBantoB (1,67 M»sB) HaOmromaeTcss TOJNBKO Ha sapax aToOMOB
Oepwiutus, Omaromapss 4emMy MeToj O0OeCledYrBaeT TOYHOCTh OMPENEICHHsI COJEpiKaHus
6epumus B pynax g0 0,001%;

- HAK - HEUTpOHHO-aKTHMBAallMOHHBII KapoTaX, 3aKIIOYAIOLIUICS B U3MEPEHUU
ramMmma-akTUBHOCTH HCKYCCTBEHHBIX PaMOHYKJIHIOB, 00pa30BaBUIMXCA B COCTaBe
BEIIECTBA TOPHBIX MOPOJ TMOJ JCHCTBUEM HEHTPOHHOTO OOTyUYCHHUS.

Ilpouue memoowt kapomasica. B 3ToM pasnene o0beIUHAIOTCS METOAbI, UCTIOIb3YIOIIHIE
pa3nuuyHble  (QU3MUECKHE TOJIA, HO HE CTOdb JU(QEepeHIMPOBAHHBIE, KaK METObI
ANEKTPUYECKOTO UM PaJUOAKTUBHOTO KapOTaXKa:

- AK - akycTH4ecKMil KapoTaxk - U3MEPEHNE CKOPOCTH pacnpocTpaHeHus 1 3aTyxanus
YOPYTHUX BOJIH B CTEHKaX CKBa)KUHBI;

* KMB - kapoTaxx MarHUTHOW BOCTIPHMMYHBOCTH;

- TepMOKapOTa)k — H3MEpPEHHUE TEIUIOBBIX CBOMCTB CTEHOK CKBa)XKMHBI (TEMIIEpaTyphl
WJIM TEIUIOBBIX CONPOTHUBIIEHUN);

- MEXaHMYECKHH KapoTax (WIM KapoTax IO MPOJOJDKUTEIBHOCTH MPOXOJKH) -
U3MEpPEHUE TNPOJOJIKUTEIBHOCTH MPOXOAKM Ka)XJ0ro IOTOHHOIO METpa CTBOJA CKBaXKUHBI
HENOCPEACTBEHHO B Mpoliecce OypeHus;

- ra3oBbId KapoTaX - U3MEPEHHE COJAEPKAHUS YTIEBOJIOPOAHBIX Ta30B B OypOBOM
pacTBOpe, BBIXOAIIEM U3 CKBAXXHHBI Ha IOBEPXHOCTH B Mpoliecce OypeHHs CKBaKUHBI.

Kopotko 00 3TuMonoruu (IpoucXoXkAeHWH) TepMuHa "kapoTax'. OH HPOMCXOIUT OT
¢paniry3ckoro la carotte - MopkoBka. IMeHHO Tak (paHIy3cKHe OYpOBUKH HA3bIBAIHA CTOJOHWK



KepHa, U3BJIEKAEMOI0 U3 CKBaXXMHbI. CaM Mpoliecc U3BJICUEHHs] KEpHA OHU Ha3bIBAJU carottage.
3areM 3TO CJIOBO CTaJM NPUMEHATh U A 0003HAa4YEHMs Ipoliecca JOKyMEHTUPOBAHUS pa3pesa
no kepHy. [loatomy, xoraa ¢panity3ckue reopu3uku MpeiokKuiIn CBO METOJ TOKyMEHTAIuH
pa3pe3oB MO 3JIEKTPUYECKOMY CONPOTHUBICHMIO, €r0 IO aHAJOIMM Ha3Bald 3JIEKTPUUECKUM
KapotakeM. OiHaKo, BO (paHIly3CKOM S3bIKE CJIOBO "KapoTax'" MMEeT ellle U JIPYrodl CMBICIH,
o3Havaromui "Menkoe MomeHHH4YecTBO". Ilo »Toi mnpuuymHe mno3aHee (paHIy3bl CTaIH

ucronb3oBath  Apyroi  TepmuH  "des  diagraphies" - B JOCIOBHOM  MeEpeBOjE
"muarpaMMHupoBaHue'", 4TO OJFDKE OTPa)KaeT CYITHOCTh ATUX METOAOB. AHAJOTUYHBIA TEPMUH
CyllecTByeT B aHriuiickoMm s3bike - "well logging" -ckBakmHHOE AMarpammupoBaHue. B

HEMEIIKOM $I3bIKe KapoTak oOo3Hauaercs kak '"bohrlochmessung" - u3mepeHuss B OypoBBIX
CKBaXKMHaX, 4yTo Hauboinee mosHo cooTBeTcTBYeT [ IC mo cmbicoy. TeM He MeHee, B PyCCKOM
SI3BIKE TIPYDKHIIICS TEPMUH "KapoTax', M MbI Oy/IeM UM TOJIb30BaThCS.

Omnepauun B ckBaxkmHax. Hasanue »TOro paszena sBisieTcs YCIOBHBIM. B Hero
BKJIIOYAIOTCS METOJbl M3YYEHMs] TEXHHYECKOTO COCTOSIHHMSI CTBOJIA CKBa)KUHBI M HEKOTOpPHIE
OTiepalry, BHITIOIHIEMbIE BHYTPH HETO.

HccnenoBanne TEXHUYECKOTO COCTOSIHUS CKBaYKUH UIPAET BaXKHYIO POJIb BBUIY TOTO, YTO
OypOBbIE CKBAXKHHBI SIBIISIFOTCS JOBOJIHO JIOPOTOCTOSIIIUMH COOPYKEHUSAMHU. bypeHue rirybokux
CKBQ)KUH BEJIETCS Ha MPOTSHKEHUU HECKOJIBKUX MECSIEB, a CBEPXIIIYOOKHX - HECKOJBKUX JIET.
Tax, nanpumep, Konbckast cBepxriayOokas ckBaxuHa (6osnee 12 kM riiyOHHBI) HaXOAWJIach B
Oypenuu cBpite 20 Jer.

KoHTpoJIb 32 TEXHUYECKUM COCTOSTHHEM CKBAXKMH TO3BOJISET, BO-TIEPBBIX, PEAOTBPATUTD
aBapuu npu OypeHHUH U, BO-BTOPBIX, YUYECTh BIUSHHE CKBaXXUHBI TMPH KOJIUYECTBEHHOU
uHTepnpetanuu naHHbX [YIC. B 3TOM pazaerne BRITOTHAIOTCS CIEIyIOIUEe METOIbI U ONICPAIIH:

- KaBEpHOMETpHUs - U3MEPEHHE CPEHEro JuameTpa OypoBOil CKBaKUHBI;

npopuIeMEeTpus - U3MEPEHHE  HECKOJBKUX AMAMETPOB B OJHOM IONEPEYHOM CEUCHHH
CKBa)KUHBI,

- WHKJIMHOMETPHSI - HW3MEPEHHUE YIJIOB WCKPHUBIICHUS CKBAXHUHBI; ILIACTOBAS
HAKJIOHOMETpHUS - OMpeJesieHue 3JIEMEHTOB 3ajleraHus IUIacTOB, IEPECCUEHHBIX CKBAKUHOM;

MOTOKOMETPUS - U3MEPEHNE CKOPOCTH IBMKECHUS (IIIOU]A 110 CTBOJY CKBAYKUHBI;

- 0ot0op nmpoO MIACTOBBIX (ITIOUIIOB;

[IEMEHTOMETPHUSA - U3yYeHHE KayecTBa LIEMEHTAlMM CKBaKUHBI, JePEKTOMETpUS -
M3Y4YEHHE COCTOSHHS CTATBHBIX 00canHbiX KojoHH (OK) B ckBakuHax; * mpocTperouHble (WiIn
B3pBIBHBIE) paOOTHI:

* 0oTOOp "rpyHTOB", T.€. MPOO I'PYHTA U3 CTEHOK CKBAYKHH;

* nepdopanusa OK;

* TOpHEAMPOBAHHE CKBAXKHH.

Crnenyer oTMETUTb, uTO OTOOp TpyHTOB M mepdopamnust OK Moryr mpoBOAMTBCS U HE
B3PBIBHBIMHU CITOCOOAMH.

CkBakuHHasi reo@u3nka - 3T0 reou3MyecKue METOIbl U3yUEHHsI T'eOJOrMYECKOTro
CTPOCHHUSI MEXKCKBAXUHHOTO, OKOJIOCKBAXMHHOTO M MpHU3abOMHOr0 mpocTpaHCTBa. Takum
o0pa3oM, CKBaXHMHHAas reousuka OTIUYACTCS OT KapoTaxa ropasfo OonbmHMH 00beMaMu
uccaeayeMblx TropHbiX mopoa. Otot pasaen ['MC chopmupoBasics B 50-60 romax Hamero
CTOJIETHUS, XOTSI OTJEJIbHbIE METOABI STOW TPyNIBI CYIIECTBOBAIM U panee. Hampumep, meron
"sapspxkernoro tena" (M3T) - ¢ 1908 r.

CkBakuHHasg reo(u3uKa TIO3BOJISIET, C OJHOW CTOPOHBI, 3HAYUTENHHO YBEIUYHUTH
reoJIOTUYECKYI0 HH(GOPMAaTUBHOCTh OYPOBBIX CKBaXKMH; C JPYrol CTOPOHBI - MOBBICUTH
[IIyOMHHOCTh Teo(U3UYECKUX UCCIEIOBaHMUN, TOCKOJBKY, Onarofapsi CKBa)XKMHAM, [aeT
BO3MOXXHOCTh HNPUOIM3UTh HUCTOYHUKUA W H3MEPUTENH PA3IUYHbIX (PU3NYECKUX TMOJNeH K
o0bexTaM HccienoBannii. OCHOBHas 001aCTh MPUMEHEHHS - MECTOPOXKACHUS PA3IUYHBIX Pyl U
MCKOTIA€MBbIX YTJICH.

MeToapl CKBRXXKHHHOUM Tak ke, KaK U IMOJIEBOM Te0(M3HUKH, TOAPA3ACTSIOTCS 0 TMPUPOIE
UCCIIeyeMbIX (PU3MUECKUX MOJIeH.

CKearrcunnan 31eKmpopaszeeoxa.

Ha noctostHHOM TOKE:

- wmerop EINl-C (ectrecTBeHHOTO MOJIs, CKBRXKHHHBIN BapUaHT),

- M3T - MeTon 3apsiKEHHOTO Tela,



- MDK - MEeTO AIEKTPUUECKON KOPPESAIUU Pa3pe30B CKBAKHIH.

Ha nepemenHoMm Toke:

- wMerox PBII - paqnoBosIHOBOr0O MPOCBEYNBAHNS,

- JBMIIC — numonbHOTO 3JIEKTPOMATHUTHOTO TPO(GMIMPOBAHUS CKBAXKHUH,
- merog HHII-C - HazeMHOI1 He3a3eMIIEHHON NETIN, CKBa)KMHHBII BapHUaHT.

Ha umnynscHOM TOKE:

- mertog BII-C - BbI3BaHHOM NOJSpU3aLNY, CKBA)KUUHBIM BApUaHT,

- MIIII-C - nepexoaHbIX MPOLECCOB, CKBAXXUHHBI BapUaAHT,

- KCIIK - KOHTaKkTHBIH C€rmoco0  MOJSAPU3AMOHHBIX  KPHUBBIX, PEATHU3YIONIHNA
METO]I OJSIporpaUuecKoro aHaau3a B CKBaXKMHHOM BapUaHTE.
Tpexkomnonenmnasn CK8AJCUHHAA  MACHUMOPA36e0Ka (TCM) -U3MEpPEHUE

COCTABJISIIOLIUX BEKTOPa HAMPSKEHHOCTH 3€MHOTO MAarHUTHOTO TOJIS1 B CKBaKHMHAX.

Crearicunnas zpasupazeedka - N3BMEPEHUs CUITBI TSHDKECTU B CKBAYKMHAX.

Crearcunnas ceiicmopaszeeoka (MeKCKBOXUHHOE aKyCTHUECKoe Tpo3ByunBanue - MAII,
BepTUKaJIbHOE cericMuueckoe npodumnposanue -BCII u np.).

Ckeasxicunnaa mepmomempusa - v3ydeHHEe OOBEMHOW CTPYKTYphl TEILJIOBBIX MOJIEH B
TOpHBIX MOPOJAX.

Crearxcunnan paouomempus. I10CKOIBKY OOJBIIMHCTBO PATUOAKTUBHBIX H3JIYYCHUN
o0nagaeT HeOOBIION MPOHUKAOIIEH CIOCOOHOCTBIO, TO 3/I€Ch MOXKET UATH PEUb TOJIBKO JIUIIb
0 METO/Ie TTOI3eMHOM perucTparuu Kocmudeckux uznydennit (ITPKN).

CKeadicunnple 2eoxumuyecKue memoosbl — U3yUeHUE NEPBUYHBIX U BTOPUUHBIX OPEOJIOB
paccestHUs C MIPUBJICUYEHUEM PIIEKTPUUECKUX U SIEPHO-T€0(U3NUECKUX METOIOB.

Kypc I'MIC Bkitouaet B ce0si Tpy MEpEeYUCICHHBIX BBIIIE pa3jena, IUIoC elle aBa - pa3el
"Amnmapatypa u obopynoanue [ MC" B Hauane u paznen "KommiekcupoBanue meronos ['MC Ha
MECTOPOKIAECHUSIX PA3IMUHBIX MOJIE3HBIX UCKOMAEMbIX" B KOHIIE Kypca.

KonTpoJsbHbIe BOPOCHI

1. Kaxoe mecro 3anumator 'UC cpeau apyrux orpacieil pa3BeiouHoi reopusnku?

2. Kakue OCHOBHbIE pa3eNbl BKJIIOYAIOT B ceOd reopu3nyeckue UCCIeT0BaHUs
CKBaXXUH?

3. Ilepeuncnure reosoruyeckue 3aJaydd, KOTOpPbIE PEMIAIOTCS C IMOMOIIBI0 METOOB
KapoTaxa.

4. B ueM 3aKiIOYarOTCA OTIWYHUS KapoTaka OT METOJOB IOJIEBOU reOPpU3UKHU?

. ITo xakoMy npHU3HaKy MOAPA3IEISIIOTCS METOBI KapoTaxa?
. Kakue Texnnueckue xapakTepUCTUKH CKBOXXUH U3y4daroTcs ¢ nmomoinbio ['MC?
. Ilepeuncnure paboThl B CKBa)KWHAX, BHIIOJIHsIEMbIE re0(U3NIECKOM CITyKO0ii.

5
6
7
8. B yem 3aKkimovaroTcs OTIMYUS METOJ0B CKBaXKMHHON T€O(PU3UKHN OT KapoTaxa?



Jlexkima 2

PA3JIEJI 1

AIITTIAPATYPA 1 ObOPYJIOBAHUME T'HC

[Togpobno anmaparypa u obopynoBanue I['MC paccmaTpuBaroTcss B OZHOMMEHHOM
CIIEIIKypce, YMTaeMoM cryAeHTam-reodpmsukam crnenuammsanun [MIC. B nganHOM pasperne
obmero kypca [MC OynyT W3MOXKEHBI IWIIb OCHOBHBIC MPHHIMIIBI TIOCTPOCHUS ATOU
arnmapaTypsl.

CnocoOs1 n3mepenust B 'C

[Tpu reodusznuecKkux U3MEPEHUAX B CKBOXXHMHAX HAOIIOAATENb MoJy4aeT nHpopmaimoo 00
U3y4aeMOM OOBEKTE, HAXOJAIMIeMCS OT HEro Ha pACCTOSHHUU COTE€H M ThICSY METPOB.
HabmronaTens HaxoAUTCS HA MOBEPXHOCTU 3€MIIH, OOBEKT - BHYTPH CKBaKUHBI, OH HEJTOCTYIIEH
JUIsT HEMOCPEJCTBEHHOro wuccienoBanus. [lo »Toit mpuumHe B ocHOBy anmaparypsl [MIC
IIOJIOXKEHBI IPUHLIUIIBI MejliemMempuu, T.€. TUCTAaHIHUOHHOTO IPOU3BOICTBA U3MEPEHUN.

OO6oOImIeHHas CTPYKTypHas cXema OJHOKaHalbHOW Tenemerpuueckoit cucrembl (TC)
npuBecHa Ha puc. 2.1.

A=%(x) B=%(x) C=8(x)

fTepedato-
.- m“}i
ycm-80

[Tomexa

Puc. 2.1. @yHKIIMOHaNbHAS CXEMa TEIEMETPUUECKOT0 KaHala

Ilepeoarowiee ycmpoiicmeo npeobpasyer u3MepseMyro BelnunHy X B curHain 4 =@ i(X),
yIOOHBIA JUI TIepeadyd Ha PacCTOSHHE M JallbHeimero mpeoOpa3oBaHus. [JlaBHYO 4YacTh
HEepeAOIEr0 YyCTPONHCTBA COCTABISIET nepEuUYHblil npeodpazosament WIA 0amyuK N3MepIeMon
BCJINYHHBI. KpOMG JaT4yrhKa, OHO MOXET COACPKATH OOIIOJHUTCIILHBIC Y3JIbl, TAKHC KaK
UCTOYHUK TUTaHMUA  JaTyuKa, BTOPUYHbIE MpeoOpazoBaTeIH, 3JNEMEHTHl  CHCTEMbI
TEJIECUTHAIN3ALNH U TEIICYTIPABIICHHUS.

Ilo runuu céa3u curHaji MOCTymnaeT Ha MOBEPXHOCTH JJIs MOCIEAYIOLIEro peodpa3oBaHus
" perucTpanuu. 3I[CCI) K IIOJIC3HOMY CUTHAJTy MOXXCT IIPUMCIINBATLCA CUTHAJI-IIOMCXaA.

Ilpuemmnoe ycmpoiicmeo, Haxofs1eecs y>Ke Ha MOBEPXHOCTHU, OTAEISAET MOJIE3HbIN CUTHAI
OT TIOMEXH, YCWJIMBAeT ero (WM OcCIalJIIeT, €CcIH 3TO HEOOXOIUMO), BBIIPSIMISET (MIH
npeoOpasyeT B LU(POBOM KOI) U BbIIAET HA PErUCTPUPYIOLIMHA WK MOKa3bIBAIOIIUN pUOOp B

BUJI€ BEIMUUHBI B = @ » (X ).
Pezucmpupyrowuit npuéop puxcupyer HoByro BennuuHy C = @ 3 (X). 3aBucumocts C =

@3 (X) Ha3BIBACTCSI NEPeOamo4HOl XapaKmepucmukol TeIeMeTPUIECKOro KaHaja (CUCTEMBI).

OnpenesionyM  JJIEMEHTOM — TEIIEMETPHUECKON CUCTEMBI SIBJIICTCS JIMHUS  CBSI3H,
MOCKOJIbKY OT HEE 3aBHCUT BBIOOp MEPBUYHBIX MpeoOpa3oBaTeneil U KOHCTPYKILHUS MPUEMHBIX
YCTPOUMCTB. BBIOOp JTMHUU CBS3M ONpPEACNSeTCS TaKUMH (PaKTOpaMH, KaK JabHOCTH Tepeaadn
uHbOpMaIH, TOMEX0yCTOHYUBOCTh U IOMYCTUMAs CTETICHb OCJIa0IeHHUs CUTHATIA.

[To Buny nunuu cBsizu Bce TC nmenmsaTcs Ha 3JIEKTPUUYECKUE M HEdNeKTpuueckue. B cBoro
ouepe/ib, AMEKTPUIECKUE TOIPA3ACIAIOTCS Ha IPOBOJHBIC U OECIIPOBOIHBIE, & HEITEKTPHUECKUE
- Ha CBETOBBIC, 3ByKOBBIC, THPABINYECKUE, THEBMAaTUYECKHE U MEXaHU4YecKue (puc. 2.2).
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Puc. 2.2. Knaccudukanus TeIeMeTpuuecKuX CUCTEM 0 BUJLy JIMHUU CBSI3U

Kaxxnoit u3 pasnosugHocreit TC npucymu ¢cBou JOCTOMHCTBA, U MHOTHE U3 HUX HAXOMST
npumeHeHne B Tex win uHbBIX Meromax [MC, o ocHoBHbiM BuaoM TC B [MC saBnsroTcs
ANEKTPUYECKUE TPOBOJHBIC CHCTEMBI. DTO 00YCIOBIEHO CeU(PHUKON U3MEPEHHI B CKBaKUHAX
- BeIp IMepefarolue yCTPOWCTBA (aTYMKM) HYKHO Ha YEM-TO OIYCKaTh B CKBAXKUHBI W
U3BIIEKATh U3 HUX, TIOATOMY PE30HHO HCIIOJIB30BATh 3TO "4TO-TO" W AJIs Mepeaadu nHGopMaluu
W3 CKBKHHBI HA TTOBEPXHOCTh.

Ho mockonbky st ckBakuHHbIX TC u30paH 31EKTPUYECKUN BUA CBSI3U, TO M JATYUKU
MEePeIAloNX YCTPOHUCTB JOJDKHBI MPEOOPa30BBIBAThE HM3MEPSEMBIN TapaMeTp B KaKyHO-JIMOO
3nekTpudeckyro BenuuuHy: JJ[C, cuiny TOKa, €MKOCTb, WHAYKTUBHOCTb WJIM aKTHUBHOE
COTIPOTHUBIICHUE 3JIEKTPUUYECKON IenH. B 3aBUCHMMOCTH OT TOTO, B KaKyl0 MMEHHO BEIUYHHY
npeoOpaszyeTcss U3MEpPSIEeMbIil MapameTp, dJICKTPUUECKUE AATYMKU JETATCS Ha MapaMeTpuiecKue
(pe3ucTUBHBIC, €MKOCTHBIC, WHIYKTHBHBIC) U TeHepaTopHble. [locnennne, B CBOIO odYepens,
MOIPa3ICIIAIOTCS 10 pupoie BeipadbareiBaemont umu DJIC (puc. 2.3).
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Puc. 2.3. Knaccudukanus nepBUYHBIX 3JIEKTPUICCKHX MPEOOpazoBaTeei

BykBanbHO BCEe Pa3sHOBUAHOCTH AIIEKTPHUYECKUX JATYMKOB HAXOMSAT CBOE NMPUMECHEHHUE B
Toi wiu uHoi anmmaparype ana ['MC. O6muMu JOCTOMHCTBAMHU BCEX AJIEKTPUUYECKUX JATUYUKOB
SBIISIIOTCS:  MPOCTOTAa  M3MEPEHWs]  CHTHalla, [IMPOKWA  JUHAMUYECKWHA  JMara3oH,
YHHBEPCAIBLHOCTH (T.€. BO3SMOXKHOCTh paOOThl Ha Pa3HBIX YaCTOTAX DJIEKTPUYECKOTO TOKA, MPH
pa3HbIX TEMIEpaTypax u T.I1.).

BBIXOMHBIMU CUTHAIAMU JJIGKTPHUUECKUX JTATUMKOB SIBJSIFOTCS: PA3HOCTh IMOTEHIUAJIOB
(BAC), cuna Toka, 4acToTa MEPEMEHHOI0 TOKA, JUIUTEIbHOCTh WM KOMOWHAIMA HUMITYJIHECOB



TOKa W HanpspkeHUs. COOTBETCTBEHHO, W MPHU PabOTE C IJICKTPHUSCKUMHU JATIUKAMH HYXKHO
YMETbh U3MEPSTH 3TH ITapaMeTphl.

Cnoco0bl u3MepeHnsi Pa3HOCTH MOTEHUMAJIOB M CHJIbI TOKA

B ammaparype mns I'MC wucnonb3yroTcs TOJIBKO JBa croco0a HW3MEpeHUs Pa3HOCTH
noteHnuanoB AU u cuiasl TOKa/ - 3TO CHocod HenocpedcmeenHoeo omcuema (WA
raTbBAaHOMETPUUECKUN) U KoMneHcauyuoHHvlil (U TIOTEHIMOMETprUeckuit). CxemMbl 000uX
croco0OB IpecTaBIeHbl Ha puc. 2.4 u 2.5.

a 73
Ekl'—/
R
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- E'En
Puc. 2.4. H3mepenue pasnocmu
NOMEHYUAN08 (a) u curr moxa (0)
cnocobom HenocpeocmeenHo20

Puc. 2.5. Hzmepenue paznocmu
nomenyuanog(a) u curl moxa  (0)
KOMNEHCAYUOHHbIM CNOCOOOM omcuema



Hzmepenue cunvl moka I oboumu cnocobamu ceooumcs Kk N3MEPEHUIO NajaeHus HanpsokeHus AUy Ha
W3BECTHOM COMPOTUBICHUU R, U TMOCIEAYIOIIEM BBIYHCIECHUHM CHIIbI TOKa 1o ¢opMmyne 3akoHa Oma (cwm.
puc.).

Kak wu3BecTHO, OOmnbIIEe TOYHOCTHIO OTIUYAETCA KOMIICHCAIMOHHBIA cmoco0, T.K. TPU €ro
MIPUMEHEHUHU, BO-TIEPBBIX, OTCYTCTBYIOT MOTEPU HANPSDKCHHUS B MOJBOISIINX MPOBOJIAX, MOCKOJIBKY TOK B
HUX B MOMEHT HM3MepeHusi paBeH (; BO-BTOPBIX, MCKIIOYAIOTCS MOTPEIIHOCTH, CBSI3aHHBIE C M3MEHEHUEM
YyBCTBUTEIBHOCTH HM3MEPUTEIBLHOTO TIPHUOOpa; B-TPEThbUX, YMEHBINAIOTCS WHAYKTHUBHBIE TIOMEXU U
HCKa)XeHUS T0JIsA, CBSI3aHHBIE C OTBETBJICHUEM TOKAa B U3MEPUTEIBHYIO LIETIb.

Tem He MeHee, Ha cerofHAIIHUN AeHb B anmaparype ['MC Gonpum pacnpocTpaHEHUEM TOIb3YeTCs
croco® HEmOCPeNCTBEHHOT0 OTCYeTa, T.K. B BHJY €ro MPOCTOTHl OH CTal MPUMEHSATHCS paHbIIe, U
anmaparypa, peam3yIomas ero, JOCTUrIa OOJIBIIETO COBEPIICHCTRA.

Cnoco0bl M13MepeHHs YacTOThI TOKA

OCHOBHOM METOJ U3MEPEHHUS YaCTOThI B KAPOTAXKHOMU anmaparype HOCUT Ha3BaHUE Memooa 3apaoa u

paszpaoa konoencamopa. CylHOCTh MeTOoAa (pHC. 2.6) 3aKJII0YaeTCs B U3MEPEHUHU TOKa
paspsiaa KOHIEeHcaTopa, MOTIEPEMEHHO MEPEKII0YaeMOro ¢ 3apsja Ha pa3psii ¢ 4YacTOTOW, paBHOU
uzmepsiemoit /. Ecnu monoxuts, uyto KoHIeHcatop C 3apskaercs 10 HaIPSDKEHUS U, U
paspsbkaerca 10 U, TO 3a OJUH LHMKJI MEPEKIIOYEHHs C 3apsja Ha paspsn KOJIMYECTBO
JIEKTPUYECTBA, OTJIaHHOE KOHJIEHCATOPOM 4YEpe3 MUKpOAMIIEpMETp MKA, coctaBut: ¢ = C-AU, t1e
AU = U; -U, Ilpu kxomuyecTBe MNEPEKIIOYCHUN f  pa3 3a CEKYHIy KOJUYECTBO DIICKTPHUUECTBA,
MPOTEKAIOILEro uepe3 MKA, T.e. TOK, coctaBUT [= ¢q *f= C * AU *f. CnenoBarenbHo, TOK  4epe3

MHUKpOaMIIEpMETP MPOTIOPLIHUOHATICH U3MEPIEMOI 4acToTe f-

Puc. 2.6. I3mepeHust 4acTOThI 3IEKTPUUECKOTO CUTHAJIA crocoooM 3apsijia-paspsaa

KOMIIEHCAaTOPOB

Jns obecnedyeHus: JMHEHHOM 3aBUCHMOCTHM TOKAa OT 4YacTOThl B MpuOOpax MpenycMaTpUBaIOT
OrpaHUYUTCIN, MOAACPKUBAIOIMIUC IMOCTOAHHBIC 3HAYCHUA HaprDKeHI/Iﬁ U] n U2 BO BCEM pa60qu
JMana3oHe YacToT, a B KadecTBe mepewimodarenas Il NpUMEHSIOT 3lEeKTPOHHBIE KOMMYTATOPHI,
OCYILIECTBIISIOLIME MEPEKITIOYEHHUE NTPH 0jau€ Ha BXOJ HAMPSHKEHUS U3MEPSEMOI YacTOTHI.

[Tpenensl n3MepeHuss MEHAIOT IOCPEACTBOM U3MEHEHHSI EMKOCTH KOHAeHcaTopa C WK IIyHTHPOBAHUS
MHUKPOAMIIEpMETPA PE3UCTOPOM.

[Tpubopsl, peanusyronMe ONMCAHHBIH METOJ HU3MEPEHHUs, HAa3bIBAIOTCS  KOHOEHCAMOPHbIMU
Yacmomomepamu.

3HauuTenbHO pexke B anmapatype [MMC npuMeHsOT eme OOWH METOA W3MEpPEHUs YacTOTHI,
Ha3bIBACMbIH MEMOoO00M OUCKPEMHO20 cyema. DTOT METO/ 3aKII0YaeTCsl B MPeoOpa30BaHUH HETPEPBHIBHBIX
BEJIMYMH B JUCKPETHBIE, & UMEHHO, KOJIEOAHUHN - B YHCIIO UMILYJBbCOB 71, OJCUUTBHIBAEMBIX JIEKTPOHHBIM
CYETYHMKOM 3a CTPOIO OIIPENEIICHHBIN OTPE30K BpeMEeHH Ay :

n

_E-;.

brok-cxema Takoro yactoromepa (puc. 2.7) BKIItO4aeT B ce0s  BXOJIHOE
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Puc. 2.7. 3mepenne 4acTOThl CIIOCOOOM HEMOCPEIACTBEHHOTO CuUeTa YCTPOWCTBO, (OopMHpYIOIIee
YCTPOUCTBO (OOBIYHO YCHIUTENb-OIPAaHUYHUTENh), TAMMEP U CUETUYHUK UMITYIIHCOB.
Cnoco0 n3mepeHnsi BpeMEeHHbIX HHTEPBaJIOB
B anmnaparype I'IC nucnonb3yercss METOJ U3MEPEHNSI BPEMEHHBIX HHTEPBAJIOB, HA3bIBAEMBIN MEMOO0OM
3apada KOHOeHcamopa, KOTOPbI COCTOUT B IpeoOpa3oBaHUM MHTEpBaJa BPEMEHHM B IPONOPLHUOHAIBHYIO
€My BEJIMYMHY HAIPSDKEHHS, 1O KOTOPOTO 32 3TO BPEMs 3apsKaeTcss KOHASHCATOP OT CTaOMIM3UPOBAHHOTO
HWCTOYHHUKA TOKa (pHuc. 2.8).
Kax u3BecTHO, HampsKeHHE Ha KOHJEHCATOpe
1 A
Up=— |I-dt,
a

ecmm  [=const, U.~= (1/C)At, rte.

MOKa3aHusl U3MEPUTEILHOTO MPUOOpa MPOMOPIHOHATBHBI HHTEPBATY BpeMEHH Af.

Bcro ammapatypy mist TUC moxxHO moapa3nenuTh Ha OCHOBHYIO, NPHUMEHSEMYIO ISl BBITIOJHEHUS
MHOTHUX METOJIOB HCCIEAOBaHUS, - 3TO TaK HA3bIBAEMbIC KAPOMANCHbIE CHMAHUUU W CIEIHAIBHYIO,
MPUMEHSIEMYIO JUISl OTAEIBHBIX METOJOB - 3TO CKGA}CUHHbIE NPUOOPDL.
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KonTpoabHbie BOIpochl

1. Ha3zoBuTe OCHOBHBIE Y3JIbl CKBAXKMHHOMN TEIEMETPUUYECKOIN CUCTEMBI.

2. Kaxoit u3 y3n0B TC urpaert onpenemnsonlyto poiib?

3. Kak xnaccuunupyrorcst s5eKTpudecKre mpeoopa3oBaTesu (JaTIHKN)?

4. [IpuBeaure mpUMepbl NPUMEHEHHS Pa3IUYHBIX BHJIOB JJIEKTPUYECKUX  TEPBUYHBIX
npeobpasoBareneii B anmapatype ['IC.

5. Kakue BBIXOJHBIE TApaMETPhI BRIPAOATHIBAIOT MJICKTPUICCKUE TATIHKU?

6. Kakue meroapl M3MepeHHs] Pa3HOCTH IOTEHIMAJIOB M CHUJIbl TOKAa NMPUMEHSIOTCS B ammaparype
st TUC? Kakue metonb! n3BecTHsl Bam kpome 31ux?

7. B dem cyTh KOHAEHCATOPHOTO Crocoba m3MepeHust 4acToThl? Kakue emie crmocoObl HM3MEpEeHHS
YaCTOTHI AJIEKTPUUECKOT0 cHUrHana Bam u3BecTHbI?

8. B uyem cyTh crnocoba u3MepeHUs: BPEMEHHBIX HMHTEPBAJIOB, Ha3bIBAEMOIO CIIOCOOOM 3apsja
KOHJIeHcaTopa?




Jleknusa 3

Kaporaxubie craHuuu

KaportaxHble CTaHIIUM MOHTHUPYIOTCS, KaK MPaBUIIO, HA aBTOMAIIMHAX TTOBBIIICHHON MPOXOAUMOCTH U
CoJlepKaT U3MEPHUTENBHYIO aNapaTypy U CIyCKO-oIbeMHOE 000pyA0BaHHE.

Annapamypa KapoTaXHBIX CTaHIMH, KaK IMMOKa3aHO Ha puc. 3.1, BKIOYaeT B ceOsl CKBaKWHHBIN
pubop 1, kKapoTakHBIN Kabenb 2, U3MEPUTETHHYIO MaHeb 3, peructpatop 4, 60K MUTaHUS CKBRXKUHHOTO
npubopa 5, naHenb KOHTPOJIS KapoTaxa 6 M CHIIOBOM 010K 7.

Ckeaxcunnvii npuéop (CII) Brimrodaer B ce0s TEepBUYHBIA MpeoOpa3oBaTelb M HEKOTOPHIE
BCIIOMOTATENIbHBIC YCTPONCTBA: HCTOYHHUKH MTUTAHUS dTHX TPeoOpazoBaTelieii, BTOpUIHbIE Tpeodpa3oBaTey,
JMIEMEHThl CXEM TEJNEeKOHTpods u Teneympaienus u mnpouee. Koncrpykmuu CII Oyayt mompoOHee
paccMOTpEHBI HAMU J1ajiee.

Kapomaosicnoit  kabens mnpenctaBnsger coboir nuHuio cBs3u Mexay CII u HasemMHONH YacThio
M3MEPHUTEBHON anmapaTyphl.

H3zmepumenvnaa nanens couepx uT GUIBTPHI, OTICISIONINE MOJE3HBIN CUTHANI OT TIOMEX, YCUITUTENN
(WM aTTEeHI0ATOPHI) CUTHAJA, BBIIPSMUTENb. MI3MepUTeIbHbIE TTAHETH MOTYT OBITh CMEHHBIMH, TSI KaXK/I0TO
CII - cBos.

Pezucmpamop — >T0 OCHOBHOM M Hanbosee CIOXKHBIN 070K KapoTaxxHo# cranuuu. OH obecrieunBaeT
3aMUCh U3MEPSIEMBIX MTapaMeTPOB B (DYHKIMH TTTyOMHBI CKBAXKUHBI B aHAIOTOBOM wuii nudpoBoit popme. Kak
MPaBUJIO, PETHCTPATOP HMMEET HECKOJNbKO (0T 2 10 16) M3MepHUTENbHBIX KaHAJIOB M BKIIOYAeT B ceOs
pa3IuyYHble BCIOMOTaTelIbHbIE YCTPOICTBa, CIy)Kalllde JJis T[OBBIIIEHUS TOYHOCTH H3MEpPEHUH:
MEPEKITI0YATEeIN MPEIeNIOB U3MEPEHUSI U MaCIITa00B TITyOMH, OTMETYMKA MapOK BPEMEHH U METOK TIyOHH,
KOMITEHCATOPBI MOJISIPU3ALUH U JIP.

KoHcTpykuuu peructparopoB 00bIYHO YHH(PUIUPOBAHEI.
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Puc. 3.1. ®yHkunoHanbHas cxeMa U3MEPUTEIBHOM almapaTypbl KAPOTAKHOW CTAHIIUU

Bes nunms OnokoB cranmmu ot CII go peructpatopa Kak pa3 U HpPEACTaBIseT coOOH Ty
TEJIEMETPUUECKYIO CUCTEMY, KOTOpas Obljla pacCMOTpeHa HaMu paHee (cM. puc. 2.1).

bnok numanua ckeajxcunHo020 npudopa COACPKUT YCTPOICTBA I PETYJIUPOBKH, KOHTPOJIS U
CTaOUIM3alUuU MUTAHUS CKBAXUHHBIX MPUOOPOB. DTH OJOKH ObIBAIOT CMEHHBIMH, T.K. ofHU CII murarorcs
MEPEMEHHBIM TOKOM MPOMBIIINIEHHOW 9acTOTHI (HapuMep, IpUOOPhl PaIMOAKTUBHOTO KapoOTaXxa), IpyTHe -
MEPEMEHHBIM TOKOM TMOHMKEHHON dYacToThl OT 5 10 25 I'm (3omaer KC), Tperbu - NOCTOSHHBIM
(xaBepHOMEpBI, TEPMOMETPBI, UHKJIMHOMETPBHI).

Ilanens konmpona Kapomasyca COACPX UT NPUOOPHI AT KOHTPOJS 32 CAMUM IMPOILIECCOM KapoTaKa:
CUETYMK TIIIyOMH, M3MEpPUTENb CKOPOCTH MOAbEMa M CHJIBI HATSDKEHUS KaOems, YCHJIMTENb MarHUTHOTO
METKOYJIOBUTENS U Ap. DTU NaHeslrd 00bIYHO YHU(DULIMPOBAHBI M 0€3 U3MEHEHHH BXOST B COCTaB Pa3InYHBIX



KapOTa)KHBIX CTAHIIUHA.

Cunoeoii 610Kk CONCPKUT YCTPOUCTBA PETYIUPOBKHU, KOHTPOJS U CTAOMIM3AIIMU HANIPSDKCHUS M CHJIBI
TOKa, HEOOXOAMMBIE AJsi MUTAHUS BCEX OCTAIBHBIX OJOKOB cTaHIMH. CHIOBOH OJOK MOJKIIOYAeTCs K
BHEITHEMY UCTOYHUKY HAMPSIKCHUS MPOMBIIIICHHOW YaCTOTHI WM K COOCTBEHHOMY OEH303JIEKTPUICCKOMY
TeHepaTopy KapOTaKHOM CTaHIUH.

Cnycko-noovemnoe u cnomozamenibHoe 060py0oeanue BKIOYAIOT B ce0s CIeyIOLIe yCTPOHCTBa:

-1efedKy C KapoTaXHbIM KaOeneMm. JleGenka MPUBOAUTCA BO BpAIEHHE OT MOTOpPa ABTOMAILMHBI.
CKOpoCTh TMOABbEMa MOXHO MCHSTH B IMpeaesiaXx OT HECKOJBKUX JCCSITKOB 10 HECKOJIBKHUX TBICSY M/4ac.
Jlebenka uMeeT KOJIIEKTOp U aBTOMaTH4ecKHil kabeneyknaquuk. EMKOCTh 1e0eqok KapOTaKHBIX CTaHIIMM -
no 2000 m kabens. JleOenku OOJBIICH €MKOCTH YCTaHABIIMBAIOTCS HA TaK HA3BIBAEMBIX KAPOMANCHLIX
NnoObeMHUKAX, KOTOPbIE SKCIUTyaTHPYIOTCS B KOMIUIEKTE C KapOTa)XXHBIMU JIa0OpaTOPHUSAMU, COJIEPKALIUMU
TOJILKO U3MEPHUTEILHYIO arlapaTypy;

- 0OeH30I1eKmpuvecKuil azpezam - aBTOHOMHBIN TEeHEpaTOp MEPEMEHHOTO TOKa € OEH3WHOBBIM
JIBUTATEIIEM;

-KOMNJIEKM COeOUHUMENbHBIX NP060008 IUIA TOIKIIOUEHUS CTAaHIUU K BHENIHEH ceTu, id
COCIMHEHUS CTAHIINU C BEIHOCHBIM 000pPYI0BaHNEM Ha YCThE CKBAXKUHBI, JIJIS1 TOBEPXHOCTHBIX 3JICKTPOIOB.

Pa3memienne uW3MepUTENBHOM ammapaTypsl U CIyCKO-TIOJBEMHOTO OOOpYyIOBaHHS B KY30Be
KapOTa)KHOM CTaHIIMW TIOKAa3aHO HA pUC.

Kopodxa KOXXEN M OP HACCKEYNRAQIE LN

nepedat xebednu dwon-6axanc
N\ \ \ /

{ N\ =)

OT
1O

annapamypned narers JKebedxa COCOUHUMEXbLNLIE
cCmeno

39 Hebedrvuna nadexy

Puc. 3.2. Pa3menienue u3MepuTeNbHON anmapaTrypsl U CIyCKO-TIOJABbEMHOTO0 000PYIOBaHUS B Ky30BE
KapoTakHOM ctaHiuu Ha npumepe CK-1-74

Perucrpupyromue npudéopbl KAPOTAKHBIX CTAHIUI

B ammapatype ['MC wucnonb3yrorcs aHamoroBble M HIHU(POBBIE PETUCTPATOPHL. AHAJIOTOBBIC
peructparopsl ObIBAlOT JBYX BHJOB: KapOTaXHble ocuwuiorpadpl W aBTOMATHYECKHWE KapOTa)KHbIC
MIOTEHLIUOMETPHI.

Kaporaxnsbie ocurJLIoOrpadnl (poToperucrparopsni).

®oropeructpatopsl (PP) ocHalieHbl 3€pKaJbHBIMU TajlbBaHOMETPAMH, MMEIOLIMMHU TPAJULIMOHHOE
ycTpoiicTBo. OHHU BKIIIOYAIOT B ce€0si MarHUTHYIO CHUCTEMY, MEXKIY IOJIOCAMH KOTOPOM pacrosaraercs
TOHKasi IPOBOJIOYHAs paMKa Ha YIPYIMX pacTsDKKaxX, HaJl pPaMKOM Ha BEPXHEM pAaCTSKKE HAKIEEHO
MHUHHATIOPHOE MeTautndeckoe 3epkanbiie (puc. 3.3). Korma uyepe3 pamky mpomycKarOT U3MEPSIEMBIA TOK,
€ro0 MarHUTHOE II0JI€ B3aUMOJEHCTBYET C MAarHUTHBIM IIOJIEM CHUCTEMBI, IIOBOpauMBas pPAaMKy Ha
ONPEJIETICHHBIN YIoJl, a JIyd CBETa OT JIAMIOYKH, OTPAXKEHHBIN 3€pKAIBLIEM, IEPEMEIAETCA M0 TUarpaMMHOMN
nenre (porobdymare). JIasi MOBBIICHHUS TPSICKOYCTOMUYMBOCTH PaMKY MOMEIIAIOT B JKUAKOCTH MOBBIIICHHON
IJIOTHOCTH.
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Puc. 3.3. IlpuHIun aelcTBHS 3€pKaIbHOTO TalbBaHOMETPA

3epKalbHBIE TalbBAHOMETPHI HMMEIOT OYEHb BBICOKYIO YYBCTBUTECIBHOCTh M XapaKTEPHU3YIOTCS
MOCTOSIHHBIMU 110 TOKY mopsizaka Ki= 0,5 - 0,75 MxkA/cM. OTIuunTebHOW 0COOEHHOCTBIO TaJIbBAHOMETPOB
KapOTaXHBIX (DOTOPETHCTPATOPOB SBISETCS HU3KAs COOCTBEHHAs yacTtoTa fo=1-2 [’ u cTeneHs yCcroKoeHus
£=0,6-0,8.

Mapku COBpPEMEHHBIX KapoTaXHbIX TraigbBaHomerpoB: MO007, MO 12, MO33. Bce oHu wumeroT
OJJMHAKOBYIO KOHCTPYKLHUIO M OTJIMYAIOTCS TOJBKO BEIMYMHOIN IOCTOSHHON IO TOKY M COOCTBEHHOMW
YaCTOTOM.

B cocraBe ®P naxoaurcs He onuH, a pag (ot 6 1o 20) ranbBaHOMETPOB, KOTOPBIE TPYHIUPYIOTCS B
HECKOJIbKO W3MEPHTENBHBIX KaHAJIOB, cojepxamux oT | 70 3 TrajabBaHOMETPOB M HAaOOp 3JIEMEHTOB,
CITy KaIUX JUTS PErYJIUPOBKH JIEKTPUIECKON IIETTH H3MEPUTEIBHOTO KaHaa.
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Puc. 3.4. Dnexktpuueckas cxemMa U3MEPUTEIHHOTO KaHaia (GoTopeructparopa (a) u mpuMep 3arucu UM
muarpammbl KC Ha macte BBICOKOTO cOnpoTHBICHUS (0)

Ha puc. 3.4, a mnpeacraBneHa tumoBas u3MeputenbHas cxema kaHana KC, coxpepxamas 3
MOCJIEIOBATEIbHO  COEIMHEHHBIX raipBaHoMeTpa. B LEeH KaXJ10T0 u3
raJlbBAHOMETPOBIIOCIEA0BATEIBHO C HUM BKIIIOUYEH peocTaT R, M mapamienpHo peoctar R, C MOMOIIbIO
peocTatoB R, H3MEpHUTENbHbIE ILENM TPEX TallbBAHOMETPOB pETYJIMPYIOTCA TaKUM 00pa3oM, YTOOBI
MacIiuTadbl 3aMCH COCEAHUX TaIbBAHOMETPOB 3arpyOsIsuIuch B 5 pa3 ¥ OTHOCHIIUCH Kak 1:5:25. D10 cienano
JUI pacIIMpEHUsl Tuarna3oHa 3alUuCH W3MEPUTENBHOIO KaHasla, T.K. KaXyILIHecs CONPOTHUBICHHS TOPHBIX
TIOPOJI ¥ Py BAPLHPYIOT B O4EeHb MHPOKUX mpezenax - ot 0,1 10 10 '° Omm. B ciyuae u3MepeHus: BHICOKHX



3HayeHuit KC 65uk nepBoro, caMoro 4yBCTBUTENILHOIO FaJIbBAHOMETPA MOXKET "3aIlKaIUTh'", BBIATH BIIPABO
3a Mpejesnbl AUarpaMMbl, P 3TOM B IpeJenax AuarpamMMbl OCTAeTCs 3alKch Oosiee rpyOOro BTOPOro WU
caMoro rpyooro - TpeThero rajlbBaHOMETpa, Kak 3TO MOKa3aHo Ha puc. 3.4, 6.

Peocratel R, ciy»Kart 1 peryJIMPOBKU CTENIEHU YCIIOKOECHHS rajbBaHOMETPOB, KoHJeHcaTophl C1-C3 -
JUIsl TIOJYYEHHUs ONITUMAJIbHON COOCTBEHHON YaCTOTHI.

Peoctar R. mpeaHasHaueH Al PEryJUPOBKH IOJIHOTO CONPOTHBIIEHHS W3MEPUTENIBHOTO KaHanua, a
npoccenb [, u kongercatop C, 00pa3yroT GuIbTp, He MPOIMYCKAIOLINI MOMEXH EPEMEHHOI0 TOKA.

Kaxnplii ranpBaHoMeTp CHaOXKaeTcs AJIEKTPHYECKUM KOPPEKTOPOM HYJIS, C MOMOIIBIO  KOTOPOTO
yepes rajJbBaHOMETP IPOMYCKAIOT HEOOJIBIION IMOCTOSIHHBIM TOK, 3HaK M BEJIMYMHY KOTOPOIO
MOI0UPAIOT OMBITHBIM IyTEM, J00MBasCh HYJEBOTO MOJIOKEHUs OJMKa rajJbBaHOMETpa Ha JHarpaMMHOMN
JICHTE . Iepe]] Ha4aJIOM U3MEpPEHUil.

Bcero B pa3HbIx QoTopeructpaTopax ObIBaeT OT 3 70 8§ M3MEPUTEIBHBIX KaHAJIOB, YTO TO3BOJISIET 32
OJIHY CIIyCKO-TIOABEMHYIO OIEpalMio 3alucaTh Cpa3y HECKOJIBKO PAa3HbIX KAapOTaXHbBIX JHarpamw,
Hanpumep, 3 auarpammbl KC ¢ pasaeiMu 3o81amu 1 auarpammy [1C ninm nuarpammel 'K u HTK u 1.1.

B coBpemennbix ®P mpenycMoTpeHa BO3MOXKHOCTh CMEIIEHUS Hayajla 3alMCH Pa3HbIX KPHUBBIX C
Y4€TOM Pa3JIMYHOro MOJIOKEHUS MO NTyOMHE JAaTYMKOB B CKBAXKMHHOM MPUOOPE M BO3MOKHOCTh HAaHECEHUS
YCIOBHBIX 0003HAUEHUH Ppa3IMUHBIX TOPHBIX MOPOJ Ha JINTOJOTMYECKYIO KOJOHKY. MeTku riyOuH Ha
nuarpamMmax "orugpoBsiBatoTes” - Ha HUX GoTorpadupyroTcs MOKa3aHus cueTynka riryouH. Kpome toro, Ha
JMarpaMMy HaHOCATCS MapKu BpeMeHHM (depe3 kaxasle 0,5 MUH.), a TakKe JUHUM TOPU3OHTAIBHOW M
BEPTUKAIBHOH pasrpadku (Mocieanue - yepes3 2 cm).

JlentonpotskHble MexaHU3Mbl PP OOBIYHO CABOEHBI, YTO IMO3BOJISET 3aMUCBIBATh OJUH U TOT XK€
nmapaMmeTp cpasy B JABYX MaciiTabax TriyOWH: OCHOBHOM M JIeTaJIbHOM. MaciitaObl TIyOWH CTaHIAPTHBIC U
BBIOMPAIOTCS B COOTBETCTBUU C MPUHATOW MeTOIUKONW n3MepeHuid. OcHOBHBIe MaciiTadbl riayoun: 1:5000,
1:2000, 1:1000, 1:500, 1:200; mpu neTanu3ald BKIIOYAOTCS JIOMOJHUTEIbHBIE MACIITAOBI, JJISI YEro
3HaMeHaTesb OCHOBHBIX yMeHbIIaeTcs B 10 pas.

Mapxku kapotaxkubix @P oreuectBennoro npoussojctea: HO13, HO15, HO17 (nepenocuoii), HO28,
HO®65 (¢ Buanmoii hotozanuceo yibTpadroaeTOBEIM CBETOM).

Kaporaxxapie craHimuu W 1abopaTopud, OCHAIICHHBIE (OTOPETUCTPATOPAMH, HOCIT Ha3BaHHE
aBromatuueckux: AKC-4, AKC/TI-65, AKC/JI-7,CK-1-74unp.

ABTOMaTH4YeCKHe KApOTa)XKHble MOTEHIHOMETPHI. B srtux

HNOTEHIIMOMETpax  peaju3yercss KOMIIEHCAIlMOHHBI  Ccroco0  HM3MepeHHs B aBTOMATHYECKOM
pexume (puc. 3.5, a).

N3mepsiemoe HampspkeHue Uj, Ha yyacTKe peoxopaa /g, UMEIOILEro MOJHY0 JUIMHY [y, CpaBHUBAETCS €
KOMITEHCUPYIOUIUM HanpsikeHHueM Uy, KOTOpOe CO3JaeT TOK OT dJeMeHTa E,, nuTarouiero peoxopa. PazHocts
noteHuanos Hebananca AUyy =Ux-Uk moctynaet Ha BXoA HyJlb-oprada (ycunurenst) HO, ycunuBaercs u
MOJIa€TCsl Ha PEBEPCHUBHBIN aBuratenb PJI, HampaBieHue BpalleHHs KOTOPOro 3aBUCHT OT 3Haka A Upg
JIBuraTens yepe3 peayKTop MepeMellaeT MoI3yHOK B TaKOM HaIlpaBlieHHH, 4ToObl cBeCcTH AUys K HyII0. B
MoMeHT komnencanuu AUyy=0, ciieqoBaTeIbHO:

v
. 2
Bl neodiF e e Tonn ? x>
N
rae U, - majienne KOMICHCHPYIONIETO HAMPSIKCHHsI Ha BCEW JUIHHE peoxopra [y, a US Iy =m -
MOCTOSTHHASL PEOXOp/Ia MO HAMPSHKCHUIO.
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Puc. 3.5. DnexTpuueckas cxema HU3MEPHUTEIBLHOIO KaHajlla aBTOMaTHYECKOro MOTEHLUOMETpa (a) U
npumep 3anucu uM auarpammsl KC Haj mutactoM Beicokoro cornpoTtusienus (6). llkana "macmrabnas”

[Ton3yHOK peoxopia CKpeIuleH C MepoM, MUUIYIIMM Ha JuarpaMMHOM JIeHTe, KoTopasi IepeMeniaercs
CUHXPOHHO C IBUKEHUEM CKBAaXMHHOT'O IpUOOpa MO CKBa)KHUHE.

JBuratens PJ[ B cucremMe aBTOMATHYECKOrO IMOTEHLIMOMETpPA HMEET TaKylo >€ ONTHMAaJbHYIO
coOcTBeHHYIO 4acToTy fo = 1 - 2 'l m cTenenp ycnokoenus 3 = 0,6 — 0,8, kak U raJpbBaHOMETP B CUCTEME
¢doropeructparopa. Hpoccens p u koHzaeHcatopsl C; -C, 00pa3ytoT GUIbTp NOMEX NEPEMEHHOIo TOKa.
Pesucrop R, nyHTUpYET HauyaJbHYIO 4acTh peoxopAa, O1arosapsi 4emy MOCTOSIHHAS [0 HANPSKEHUIO Ha HEell
MOJIy4yaeTcs B 5 pa3 MeHbIlIe, YeM Ha OCTAJIIbHOM 4acTH, Tak 4TO B pe3yJIbTaTe MaclITal 3alKcy Ha MocieHeil
3arpyOusieTcs B 5 pa3, Kak 3TO moka3aHo Ha puc. 3.5, 6. K myHTHpOBaHHIO YacTH peoXxopia MPUOETaroT JIs
pacliupeHusl JAMana3oHa H3MEpeHHs KaHaja ([0 AaHaJOrMM C BKIIOYEHHEM 3 TajJbBaHOMETPOB B
U3MepUTENbHbIN KaHan OP).

Mapku BpeMeHHM ¥ METKH I'TyOMH HaHOCSTCS Ha JuarpaMMmy JONOJHHUTEIbHBIM  IEpoM, a JIMHHUHU
BEPTUKATBLHOH W  TOPU3OHTAIBHOHN pasrpadky HAHOCATCA Ha JUArpaMMHYI0 Oymary 3a0iiaroBpeMeHHO,
IIPU €€ U3TOTOBJICHUM.

bonbiioe npeMmMyniecTBO aBTOMaTUYECKUX MOTEHIIMOMETPOB - 3TO IMOJIyYEHHE BUIUMOW 3aluCH, HE
HY>KIaoleics B POSIBICHUHU U 3aKPEIUICHUH.

ABTOMaTHYECKHE TOTEHIIMOMETPHI, TaK K€ KaK U (HOTOPETUCTPATOPHI, COAEPkKAT MO HECKOJIbKO
U3MEpUTENBHBIX KaHanoB. Tak, Hanmpumep, noreHuuoMeTpsl ITACK-8, ITACK-9 - nByxkanansnsie, a H3010 -
YETBIPEXKAHAJIBHBIN.

JIeHTONPOTSKHbIE MEXaHU3Mbl TOTEHIIMOMETPOB TAKKE SIBJISIOTCS CIBOCHHBIMU M HMEIOT TE XK€
MacmTalbl TIyOWH, 9TO 'Y (POTOPETUCTPATOPOB.

CraHuMy, KOTOpbIE OCHAIEHbl TAaKUMH IOTEHIMOMETpaMH, Ha3bIBAIOTCS aBTOMATHYECKUMHU
anexkTpoHHbIMU cTaHusIMU: ADKC-900, ADKC-1500 u ap.

Hudpossie peructpatopsl. Perucrpanus auarpamm B 1udpoBoit popme obrerdaer ux odpabOTKy H
uHTepnpeTanuio Ha OBM, a 3T0, B CBOIO OYepenb, YCKOpSET HHTEPIpETAlMI0 U OCBOOOXKIAeT €€ OT
CYOBEKTHUBHBIX OIIMOOK, HPUCYLIMX OTIEJNbHBIM MHTEepIperaTopaM. JIONMOJHUTEIbHOE NPEUMYILIECTBO
IU(pPOBON 3aMHMCH - 3TO BO3MOXKHOCTH Tepefadyd MHPOpPMAIUU Ha OONBIINE PACCTOSHHS, HAIPHUMEpP, CO
CKBaXHMHbl B MHTEPIIPETALMOHHBIC LEHTPHl - MO OOBIYHBIM CHCTEMaM CBS3M, - IO TelepoHy WIH IO
paaroKaHaIaM - 4Yepes3 CIyTHUKH.

[Ipu ananoroBoit peructpauuu pe3ynbraTsl [MIC mpencTaBisioT CUCTEMY KpPUBBIX, M300pa)arolux
3aBUCHMOCTh W3MEpSEMOro mapamerpa ot niryOowHbl. s oOpaborkm Ha DBM reodumsmueckue TaHHBIC
Heo0XxoauMo mnpeoOpa3oBaTh B HU(POBYIO GOpMY - MEPEUTH OT KPUBBIX K IOCIEI0BATEILHOCTH YHCEIN d,
MIPEICTABISAIONINX 3HAYEHHS Te0(PU3NYECKON BETUUUHBI HA Pa3IMUHbIX ITTyOUHaX.



Bo3MosxHBI 2 crioco0a nmpeoOpa3oBaHus KapOTaKHBIX JAHHBIX B HUGPOBYIO GOPMY: C pABHOMEPHBIM U
HEpPaBHOMEPHBIM MHTEPBAJIOM (MJIM IIAroM JUCKpeTH3anuu) no riyouHe. Hambomplnee pacnpocTpaHeHue
MOJTyYMJT TIEPBBINA COCO0.

IIpu pasnomepHhoii cucmeme npeobpa3zoeanusi OCIEA0BATEILHOCTh YUCET UIMEET BHL

a,ara;....d,dj+j....ay.

3HaueHusl TITyOMH, K KOTOPBIM OTHOCSITCSI 3TH YHUCJA, MOTYT HE 3alUCBIBATHCA, a INIyOMHA Ka)KIOU
TOYKHU Z,- OIpeenseTcs no Gopmyie:

Zj=Zi +Ai, rnie z, - T1yOMHa EepBOM TOUKH;

A- 11ar TUCKpeTU3aIui;

I,- TIOPSAKOBBIA HOMEP TOUKHU.

Ilpy 3TOM HETOYHOCTh CHHXPOHHM3AIMM MOMKET MNPHUBECTH K IMOTPELIIHOCTH B BEIUYHMHE A H,
CJIeIOBATENbHO, B onpeneiacHuu Zi. YToObl n30exaTh HAKOIJICHUST OMIMOOK, MOCIIeI0BATEIbHOCTh YHCEI dy
pa30MBaIOT Ha 30HBI.

Havano u koHer 30HbI QopMHUpYyIOTCS MO cUTHalIy "Metka", KOTOpbIN MoAaeTcs METKOYJOBHUTENEM,
CUMTBHIBAIOLINM METKH TTTyOUH C Kabels, Ha KOTOPOM OHH yCTaHOBIEHBI 3apanee yepes 20, 40, 50 wnu 100 m.
B sTom ciyuae riyOuHa onpenesisieTcst hHaye:

z,- =(k-1)-1 +Ai,

rae [ - paccrosHuE MEXIy METKaMU Ha Kadee;

K - HOMEP 30HBI (METKH);

i - HOMEp TOYKHU BHYTPH 30HBI.

[Tpu 3TO¥ cucTeMe MOTrpEeIIHOCTh B ONpeNeNIeHU TTTyOUHBI CHMXKAeTCsl BO CTOJIBKO pa3, BO CKOJIBKO
paccTOsiHE MEXly METKaMH MEHbIIIE ITyOMHBI UCCIIEyeMOr0 HHTEPBAIa.

Llae ouckpemuzayuu J1 o riryOuHe BHIOMpAETCsl TAaKUM, YTOOBI OTKJIOHEHUE KPUBOM, IIOCTPOSHHOM 110
1M(POBBIM JAHHBIM, OT UCXOJIHOM aHAJIOrOBOM KPUBOW HE MPEBBIIIATO MOTPEIIHOCTH n3MepeHuil. OObIUHO
10 0,1-0,2 M. I ydacTKOB JAeTalM3allii Ha PYJHBIX M YTOJBHBIX HMHTEpBajaxX WIar JAUCKPETU3ALUU
YMEHBILAIOT B 2-4 pa3a.

Hanpsixenue, COOTBETCTBYIOLIEE BEIMUUHE U3MEPSIEMOr0 MapaMeTpa B KaKJ0i TOUKe, MpeoOdpas3yloT B
u(pOBOI KO ¢ TOMOIIIBIO aHATTOTO-II(PPOBBIX TpeodpazoBateneit (ALIIT).

3anuch HUQPPOBBIX TaHHBIX KapOTaXka MOXKET ObITh OCYIIECTBICHA KAK HA MAaTHUTHYIO JICHTY, TaK U Ha
nepdonenty. 3ammch Ha nepdorieHTy  obecrieduBacTCs  OBICTPOACHCTBYIONIUMHU  JICHTOYHBIMU
nepdoparopamu (150 cTpok B cekyHIy), KOTOpbIE JalOT BO3MOXKHOCTb, HE CHI)Kas CKOPOCTH KapoTaxa,
OJIHOBPEMEHHO PErucTpUPOBaTh 10 5 MapaMeTPOB.

[MudpoBast 3anmuch OOBIYHO ayONMUpyeTcss aHanoroBoil (¢ momomsio DP). AnanoroBas 3amuch
HEo0X0AMMa JIJTsl TIPEIBAPUTEIBHON OIICHKH PE3yIbTaTOB KapoTaXka MPsSIMO Ha OYpOBO.

B HacTosiiee BpeMs OTE€UECTBEHHOW HPUOOPOCTPOMUTENBHOM MPOMBIIUIEHHOCThIO pa3paboTaHo U
BBIITYCKAETCS HECKOJIbKO BHUIOB IHU(PPOBBIX PETUCTPUPYIONIMX KOMILIEKCOB: ammaparypa mudpoBoit
peructpanu gaHHbIX KapoTtaxka AIIPK-2 "Triomensn", mudpossie peructparopsl "Tpuac", "Ilmact",
nH(popMannoHHO-BbuncauTenpHble KoMiuiekcsl UBK-H078, UBK-HO090 u np.

C ycTpoiicTBOM IHU(POBBIX PErUCTPaTOpoB Mo3HakoMuMcs Ha npumepe [P "Tpumac", crpykrypHas
CXeMa KOTOpOro npejicTaBiieHa Ha puc. 3.6.

Perucrparop npennazHadeH i U(POBOM perucTpalvy JaHHBIX KapoTaka Ha MAarHUTHOW JIEHTE B
¢dopmare, obecrieunBaromeM HEMOCPEACTBeHHBI BBOJ wuH(popmammun B OBM cepum EC. OH wumeer
MarucTpajbHyl0 CTPYKTYpy Ha OCHOBE IIMH UHTepdeiica o MexxayHapoaHoMy cranaapty MOK - 625 -1.

AmnarnoroBast unpopmanust AWM U3 U3MEPUTENHHOM MaHENW KapOTAKHOW abopaTOpuu TOCTYIAeT
HenocpenctseHHo Ha AILIL, rae mpeobpa3syercs B uudpoByto Gopmy.
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Puc. 3.6. ®ynkimonanpHas cxeMa g poBoro perucrparopa "Tpuac”

[Topaua undopmamuu Ha ALl nmpomsBoauTcs MyTeM NOCIEIOBATENBHOTO ONPOCAa AHATIOIOBBIX
BBIXOZIOB M3MEPUTEIbHBIX KAaHAJOB MaHEIW [0 KOMaHAaM, IoJlydaeMbIM oOT cuetunka rimyoun CI.
PesynbraThl npeoOpazoBaHMs CUTHAJIOB NEpeNaloTcst B MHTepdeiic, a 3aTeM B HaKOMUTENIb Ha MarHUTHON
nenre HMJI anst 3anmmcu B 3aganHoM gopmare. Yrpasienue nepenadeid napopmarmu n3 AL B maTepdetic
u u3 untepdeiica B HMJI mpousBoautcs koutpoiiepom K.

Omnpenenenue TIAyOMHBI Z TOYEK M3MEpEHUs: cKkBakMHHOTO mpubdopa CII mpom3BOAMTCS ¢ TOMOIIBIO
natuuka riayous JI' u cuerunka riyoun CI'. [locnenuuii onpenensier riryOuny z, GopMHUpYeT U NepeaaeT Ha
IIMHBI WHTepQeiica TaKThl 3aIlyCKa PETUCTPaTopa B COOTBETCTBHH C BHIOPAHHBIM IIaroM KBAaHTOBAaHUS [,
uudpoBble OTCUETHI INyOuH z, npu3Haku "Metka rnyoun" (MI') u npusHaKu HampaBlIeHUS NEpeMeleHus
CII B ckBakuHe.

ITpu pabote perucrparopa & pescume eocnpouszgedenus CI' popmupyer curHansl MIT u nepenaer ux
yCTPOHCTBaM KapoTakHO# mnabopatopun. Ilpm BocmpousBeaeHnn wuH(OpMaus moctynaer B IHdpo-
aHasoroBblii mpeoOpazoBatens L[AIl mo mmuam unTepdeiica, a oTTyna - B Omok wHaukamuu bW s
BHU3YaJIbHOTO KOHTPOJIS JAHHBIX KapoTa)ka U ITyOUH MU perucTpanuu 1 Bocrpousseaenuu. bU npoussoaut
UHAMKALUIO (UKCHpPYEeMBIX JaHHBIX B J1000M U3 16 KaHajlOB perucTpanuyd B 3aBUCUMOCTH OT
YCTaHOBJIEHHOT'O HOMEpa KaHaJa.

Perucrparop obecrieunBaeT HECKOIBKO PEKUMOB pabOThl ¢ YYETOM €ro NMPUMEHEHHUs] B KapOTaXKHbIX
nabopaTopusax U CUCTEMax 00pabOTKH TaHHBIX:

l. "KoHTpomb" - pesxuM 7151 KOHTPOJISE BXOAHOM HH(pOpMAIMK PU TOATOTOBKE K 3aIHCH.

2. "Kontponr ¢  3amuceio" - s OHEHKH — paboTOCMOCOOHOCTH PEerucTparopa u
3aIMCH MPOLEAYP MOATOTOBKH K perructpanuu udpoBoit nHGopmami Ha MarHUTHOM jente (MJI).

3. "3anuce MeTKH Hadana ¢aina" - 1 3anucu Ha MJI npu3Haka Hauana u Homepa Qaiina.

4. "3anuch  moBepok" -  JUIA  perucTpalud  IOJOKEHUS  HyJIs, KaJMOpOBOYHBIX
CUTHAJIOB, CTaHAAPT-CUTHAJIOB U TIP.

5. "3anuch naHHbIX" - uid 3anvcu Ha MJI BenuuuH z, MIT 1 mokazaHuii H3MEpPUTENIbHBIX CUCTEM
B BBIOpAaHHBIX KaHaJIaX PErUCTPaLUH.

6. "3anuch MeTKH KOHIIA ¢aina" - s 3amucn Ha MJI npu3Haka koHIa (aiina u ero Homepa.

7. "TTouck" - mig moucka HeoOXoauMoOM nHpopMmaruu Ha MJI Mo HoMepy U MeTKaM KOHIa MU
Havasa ¢aiina.

&. "BocmpousBenenue" - 171 BOCIPOW3BENCHHUS JAHHBIX B aHAJIOTOBOM (hopme ¢ MOMOIIbBIO

KapOTaXHOTO ocIpuniorpada.

B cnyuyae ucnonbp3oBaHMs CKBOXKMHHBIX NPUOOPOB ¢ LUGPOBBIM IpeoOpa3oBareneM HHGOpMaIUU
BHyTpu CII 1mmdpoBas mHPOpManus W3 HEro IMOJAeTCs HETMOCPEJICTBEHHO Ha IIMHBI WHTEpdeiica, 1mo
KoTopbiM noctymnaet B HMJL, rae u ¢pukcupyercs.

Uucno oAHOBPEMEHHO PETUCTPUPYEMBIX ITapaMeTpoB - 16, BKIIt0Yas KaHall z.

[ar kBanToBanwus no riayoune - 0,01; 0,1 u 0,2 m.

JuckperHocTs npeoOpazoBanus curHana - 100 miu 500 mxB.



Juanazon uugposoro mpeodpasosanus - 80 ab.

Hocurens uHpopmanuu - MarHuTHas JeHTa HIMPUHOW 25 MM, MakcuMajbHas IIyOMHa KapoTaxa,
pe3yabpTaThl KOTOPOro ymemarorcs Ha ofgHoul yente - 2000 m mpu J1=0,1 M. MakcumanbHO aOITycTUMas
cKopocTh KapoTaxa - 5000 m/gac. [Tutaercst peructpaTop OT ceTH ¢ IepeMeHHBIM HanpsokeHneM 220 B.

JlaGopatopuu, ocHaleHHble uppoBeiMu peructparopamu: JILIK-10, XKIIC-10,CKP-1unp.

KomnblorepusupoBaHHbIe KAPOTAKHbIE CTAHIMHU

3a nocneaHee AeCATUIETHE MPOLUIOr0 BeKa IMPOU30LIIO0 TEXHUYECKOE IEPEOCHAIICHNE 0T€YECTBEHHOM
KapOTa)XKHOM CIy’>KObI, BbIpa3sUBILEECS B 3aMEHE OOBIYHBIX KapOTAXKHBIX CTAHIUI C aHAJOTOBBIMHM WIIU
LU(POBBIMU PETUCTPATOPAMU HOBBIMH, KOMITBIOTEPU3UPOBAHHBIMU KapOTaXHBIMU CTAHIUSAMH, a OOBIYHBIX
CKBaXMHHBIX MPHUOOPOB - KOMIUIEKCHBIMM CKBa)XKMHHBIMH HPUOOpaMHM, 3a4acTylo ¢ LU(GPOBBIM BBIXOAOM
nH(pOpMaLINH.

@DyHKIMOHAIbHAS CXeMa KOMIIBIOTEPU3UPOBAHHON KapOTaKHON CTaHIMM MTpeICTaBlIeHa Ha puc, 3.7.
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Puc, 3.7. dyHkumoHambHAas cXeMa KOMITBIOTCPU3HPOBAHHON KapoTaxkHoi ctaiOUW (mo B.M.
JloOpbIHUHY)

C nmaTymkoB, pa3MEIICHHBIX B KOMIUIEKCHOM CKBaXMHHOM Tpubope CII, nHpopmanms mocrynaer Ha
650k ynpasineHus ckBaxuHHbIM npruOopoM BYCII. Haznauenue BYCII - 310 onpezaeneHne TOUYKH 3allUCH U
COBMEIICHUE IO TIIyOWHAM JrarpaMM pa3inyHBIX PETHCTPHPYEMBIX IMapaMeTpoB; MPOBEPKA, HACTPOWKA U
IpayupoOBKa U3MEPUTEIbHBIX KaHAJIOB.

C BYCII npeaBaputenbHo 00paboTaHHas HH(OPMALIKS O PETUCTPUPYEMBIX TapaMeTpax B aHAJIOTOBOM
¢dopme u mpeoOpasoBanHas B nu¢poyro ¢opmy Ha ALIl monmaercs Ha OoproByro DOBM, koropas
oOecrieunBaeT: yrmpaBieHHe paOOTOH CTaHIMM, HWHTEPIPETANUI0 TOJYYaeMbIX pe3yJIbTaTOB, BBIIAUY
uHpOpMallMM Ha aHaJIOroBbIi peructpatop AP, 3amuce ee B IM(PPOBOM KOJAE HAa MAarHUTHYIO JICHTY
uuppoBoro MarHuTHOro perucrparopa LIMP u nepenauy nnpopmaiuy Ha 3KpaH AUCILIES.

B nonsTue "ynpasneHue paboToi" BKIIIOYAIOTCS: aBTOMAaTU3MPOBAaHHAsS HACTPOWKA U3MEPUTENIbHBIX U
PETUCTPUPYIOMINX KaHAJOB, KaaMOpOBKa MpHOOPOB, T'PaayHpOBKAa H3MEPUTENBHBIX KaHAJIOB, BBHIOOD H
yCTaHOBKa MacIITabOB PErMCTPALUU, TUATHOCTUKA HETIOJIAI0K.

ABTOMaTH3MpOBaHHAsA 00paboTKa mody4yaeMoil HHQOpMauu OOECIIeYMBAeT KOHTPOJb KayecTBa
MaTepuanioB. Kpome Toro, B mpouecce KapoTa)ka HEMOCPEICTBEHHO Ha CKBAXKMHE IOJY4YalOT CBEICHHS O
JUTOJOTHM pa3pe3a, O HAJIWYMM U MECTOIOJIOKEHHH B HEM KOJUIEKTOPOB; MPOBOJAT MHPEABAPUTEIBHYIO
OLIEHKY ITOPUCTOCTH U XapaKTepa HACHIIIEHUS.



VYnpasnenue 6opToBoit 9BM ocymiectBisiercs u3 6iaoka Hakorminenus HMJI, roe Ha MarHUTHOH JieHTe
CKOHIIEHTpUpOBaHa OMOIMOTEKAa TMPOrpaMM YIMpPaBJICHUS MPOIECCOM M3MEPEHHs W HWHTEPIpETalny.
[IpenycmoTpeHa Takxe BO3MOKHOCTh PyYHOTO yIpaBieHus DOBM ¢ TepmuHaia py4HOro yrnpaBicHHUs.

[IpumepomM KOMIBIOTEPU3UPOBAHHBIX CTAHIMI MOryT ciykuTh cranuuu "['extop”, "Mera", "Kapar-
IT", "I'panut-OHukc", "Kenp" u np.

KonTpoabHbie BOpochl

1. Kakue 6510KH BKJIIOUAET B cebs (GyHKIMOHANbHAS CXE€Ma M3MEPUTEIbHOU
anmnapaTtypbl KapoTa)KHOM cTaHIUu?

2. Kakue ycTpoiicTBa BKJIIOUAET B €05l CIyCKO-TOABEMHOE 000PYA0BaHNE KAPOTAXKHBIX CTAHIUI?

3. IlosicHUTE MPUHLUN AEUCTBUS 3€pKAJILHOTO ralbBaHOMETPA.

4. C xaxkod wenbl0 u3MepUTEeNbHBIH KaHan ¢oropeructpatopa KC conepxur 3 ransBaHomerpa?
Kax oHu coenuHeHb! IO OTHOUIEHHIO APYT K APYTY - MOCIEA0BATEIBHO WIH MapaljIeIbHO?

5. Kakue IIPEUMYILIECTBA nepexn (doropeructpaTopom UMeEEeT aBTOMAaTUYECKUI
KAapOTa)KHBIM MOTEeHIIMOMETP?

6. Ykaxure mnpeumyliecTsa LUGPOBOW perucTpalvy pe3yabTaToOB KapoTaxa.

7. C kakoili 1enbto Ha Ka0ese yCTaHaBIUBAIOTCSI METKU IIyOUH?

8. Kaxkue byHKIMN BBITIOJIHAET 6oproBas 9BM B KOMIIBIOTEPU3UPOBAHHBIX
KAapOTa)KHBIX CTAHLIMAX?



Jexkuua 4

CkBaxMHHbIE NPUOOPBI

Jna nposenenuss 'MC B CKBaXHMHY ONYCKAalOT CIELUANbHBIA CKBaXXUHHBIA NpUOOp, KOTOPBIi,
B3aMMOJCHCTBYd C HCCIeayeMbiM OOBEKTOM (CTEHKAMH CKBaXHHBI, OypOBBIM pPAcTBOPOM WM
OTIpeIeICHHBIMU (PU3NIECKUMU TIOJISIMH ), BBIPA0ATHIBAET COOTBETCTBYIONIYIO HHPOPMALIUIO W IPOU3BOIUT
Heo0xoIuMyI0 paboTy (0TOOp MPoO MPOMBIBOYHOMN KHUIKOCTH, IIIACTOBOTO (hIrOMIa U 00pa3IoB IPyHTA U3
CTEHOK CKBa)KMHBI, IPOCTPEJIMBAHNE OTBEPCTUI B 00CaIHON KOJIOHHE U T.I1.).

CkBaXMHHBIE IPUOOPHI TOJKHBI pa00TaTh B BEChMa CIOMKHBIX YCIOBUAX, KOTOPBIE XapaKTEePU3YIOTCH,
BO-TIEPBbIX, OTPAHUYEHHBIM JUAMETPOM CKBaXXUH, BO-BTOPBIX, BBICOKUM BHEIIHUM JaBICHUEM M, B-TPETHHUX,
BBICOKOW TeMIIEpaTypoi.

Kpome TOro, CkBakMHHBIE MPHOOPHI JODKHBI 00NagaTh ONPEACICHHON YCTOWYMBOCTHIO ITPOTUB
XUMHYECKOH AaKTUBHOCTH Cpelbl M BHOPOCTOMKOCTHIO, YUUTHIBAs YCJIOBHS WX TPAHCHIOPTHPOBKU IIO
OTE€UYECTBEHHBIM JOPOTaM.

Huametp CII momxeH ObITh TaKUM, YTOOBI OH JIETKO MPOXOIWI B HCCIEAyeMble OypOBbI€ CKBa)KHHBI.
JnameTp mocineAHMX OCOOEHHO Majl Ha PYIHBIX MECTOPOKICHHUSX, pa3BeoyHOoe OypeHHe Ha KOTOPBIX
BEJIeTCSl ¢ MPUMEHEHHEM alMa3HbIX OypOBBIX KOPOHOK, MHHHMMAIBHBIA HapyXHBIH AHMAMETP KOTOPBIX
COCTaBIIICT Bcero 26 MM (MakcHMalbHBIA - 112 mMm). /Inamerp He(TSHBIX W Ta30BBIX CKBAXHH 3aMETHO
OOJIBIIIE ¥ B 3aBUCUMOCTH OT THIIA U pa3Mepa OypoBoi KOPOHKHU cocTaBisieT oT 112 10 396 mMM.

I'uapocratuyeckoe aBieHUE B CKBRKWHE 3aBUCHUT OT €€ TIIyOMHBI M IUIOTHOCTH OYpOBOTO pacTBOpA.
Ecmu ydects, uro kaxapie 10 M BoasHOTO cTOI0a yBenMWuuBarOT AaieHue Ha 1 atm wim Ha 0,1 Mlla, To
HETPYIHO MOJCUNTATh, KAKUM OyJeT JaBJjeHue Ha riryoune 1 Teic. M u OoJee.

st cipaBKku: COBpeMEHHBIE MTOABOAHBIE J0AKK Thna "['enmapa" paccuntansl Ha orpy»kenue 10 600 M,
a camas TyOokas ckBaxkuHa B mupe (Konbckast cBepxrirybokast CI'-1) gocturaer 12300 m. CnenoBartenbHo,
CKBa)KMHHBIE TPUOOPHI JIJIsl TAKMX CKBAaXKUH JTOJKHBI BBIIEPKUBATh JaBJICHHE, IPEBbIIIAOIIEE, 10 KpailHei
Mepe, B 20 pa3 TO AaBJI€HHE, HA KOTOPOE pACCUUTaHbI TOABOIHBIE JOIKH.

[anee, kak U3BECTHO, CPEHEE 3HAUEHUE TeoTepMUYECKOro rpaaruenTa cocrasisier 3 °C va 100 m. Ot0
O3HauaeT, 4To Ha 3a0oe ckBaxuHbI TayouHoi 1000 M Temmeparypa moxeT noctudb 30 °C, a B CKBa)XHHE
rryounoit 7000 m -210 °C.

[Ipurnon, KOTOPEIMHU MASIOT OOBIYHBIE 3JEKTPOHHBIE CXEMBI, UMEIOT TeMIIepaTypy IuiaBieHus ot 60 1o
240 °C, Tak 4TO MpW HEMpaBWIbHOM BbIOOpe mpuros cxeMbl CII, mpenHasHavueHHBIC NI UCCIEIOBAHUS
rITyOOKUX CKBAXXHH, MOTYT JIETKO BBIUTH U3 CTPOSL.

Takum 00pa3oM, CKBaXWHHBIM TPUOOP MOJDKEH o0JagaTh MHUHHMAJIBHBIM JHAMETPOM, Oapo- u
TEPMOCTOMKOCTBIO, BBICOKOW MEXaHUYECKOH MPOYHOCTBIO U, HAPSAY C 9THM, HAIEKHOCTHIO, CTAOMIBHOCTHIO
U TOYHOCTBIO m3MepeHmit. Kpome Ttoro, xoHcTpykius CII momkHa obecmedywBaTh JISTKMM JOCTYIT K €T0
BHYTPEHHUM 4YacCTSAM U1 OCMOTpa U PEMOHTA.

MHoroo6pasue pemaeMbIX 3aad M IeoJIOTO-TEXHUYECKHX YCIOBUHM SKCIUTyaTallud 00yCJIaBIMBAET
HaJIM4Y#e OOIBIIOrO KOJIMYECTBA BUIOB M TUIIOPA3MEPOB CKBAKMHHBIX T€O(PU3NUECKUX MTPUOOPOB.

Tem He menee, Bce CII uMmeroT ciemyromme oOIIUE AIEMEHTHI: BEPXHUMA (KaOCIbHBIN) HAKOHEUHUK C
M30JIMPOBAaHHBIM M TE€PMETHYHBIM 3JIEKTPOBBOJIOM; I€PMETHYHBI OXPAaHHBIM KOPIYC; Pa3MEILIEHHYI B
KOpITyCce 3JIEKTPOHHYIO, JIEKTPHUUECKYIO WM JIEKTPOMEXaHUYECKYIO CXEMY U HUKHHUI HaKOHEUHHUK.

Bepxnuit (kabenvHulil)) HAKOHeYHUK JIOIDKEH OOECNEYMBATh TE€PMETHUYHOE IOJCOSAMHECHUE
anextpudeckoit cxemsl CII k kapoTaxHOMY Kabemo. Kpome Toro, oH J0JIKEH HECTH Ha cebe MEXaHMYECKYO
Harpy3Ky, paBHyIO0 Becy mpuOopa u Tpy3a K HeMy. KOHCTpykimM KaOenbHBIX HAKOHEYHHKOB C
3JEKTPOBBOAOM yHHUUIMpoBaHbl sl Bcex BuaoB CII. I'epmerusanust snexkTpoBBoja olOecrieynBaeTcs 3a
CYeT IPUMEHEHHUS TaK Ha3bIBA€MOro "CBEYHOIro MocTa'.

JlononHuTtenbHOE TpeOOBaHME K BEPXHEMY HAKOHEYHHUKY: OH JoJDKeH oOieryath uipnedenue CII u3
CKBXXHMHBI C TIOMOIIBIO CHEIMAIBHOTO JOBMJIBHOTO MHCTPYMEHTA B Clyyae oOpbIBa MpUOOpa B CKBAXKMHE.
Buemnuii BuJ BepXHEro HaKOHEYHHMKA MOKa3aH Ha puc. 4.1.

I'epmemuunvlii oxXpannwlii Kopnyc IOJDKEH IPENOXpaHATh BCIO BHyTpeHHIO "HauumHKy' CII ot
MoMaJlaHusl BJard, HApyIIEHUH SJIEKTPUUECKONM H30JUMU M CMATHA MOJX JACHCTBHEM YAapoB WIIHU
THIPOCTaTUYECKOr0 JaBieHUs. KpoMe TOoro, B HEKOTOPBIX ClydasX OH JOJDKEH YJOBIIETBOPATH €LIE U
JIOTIOJTHUTENbHBIM TPeOOBaHUSAM: HaIllpuUMep, ObITh HEMAarHUTHBIM (711 CKBa)KUHHBIX WHKIMHOMETPOB U



KaImameTpoB, MPUOOPOB MHAYKLIMOHHOTO KapoTaxka), MPOIYCKaTh MATKOE PEHTI'€HOBCKOE M3Iy4yeHHe (A
npubopos PPK) unm, HaoOopoT, 3anepkuBaTh MATKOE paccessHHoe y-u3nyderue (st npuoopo HTK) u 1.mm.
Kopryc, kak mpaBuio, UMeeT HIHIMHIPUYIECKYIO hopMy.
[Ipukazom ObiBHIEro MUHHUCTEPCTBA T'€OJOTMM Halleld CTpaHbl ObLI YTBEPKIEH HOPMAaJbHBIA pPsif
nuametpoB CII: 25; 30; 36; 40; 48; 60; 70; 90 u 100 mm.
I
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Puc. 4.1. T'epmeTtn3anus coeMHEHUsI BEepXHEro (KaOelIbHOr0) HAKOHEYHHKA C OXPAHHBIM KOPITyCOM
MIPU TIOMOIIT METHBIX (TAPOHUTOBBIX ) MPOKIAIOK (2) WM PE3MHOBBIX YIUIOTHUTEIBHBIX KoJtel (6)

Jns 3amuTel oT BHemHero AasieHus kopryc CII 3amonmHsiioT TpaHchOpMAaTOpPHBIM WIH JIPYTHM
MacjoM U COOOIIAIOT C KOMIIEHCATOPOM JAAaBJICHUS, MPEJCTaBISIIOIIMM COOON pe3epByap C 3JIaCTUYHBIMU
CTEHKaMH -CHJIb(OH, KOTOPbI BOCHIPUHUMAET BHEIIIHEE AABJICHHUE U MEPEacT ero )KUIKOCTH, 3aIOTHSIOMEH
OXpaHHBIN KopITyC (puc. 4.2, a).

I'epmeTn3anusi COEIUHEHHUS KOpIyca C BEPXHUM HAKOHEYHHKOM JIOCTUTAETCS C  IOMOIIBIO
TMapOHUTOBBIX WJIM MEIHBIX MPOKJIAI0K (cM. puc. 4.1, a) uimu pe3nHoBbIX KoJel (puc. 4.1, 0).

Buemnuii auaMeTp pe3sMHOBBIX KOJIEI OOJIbIIe BHYTPEHHETO JuamMeTpa OXpaHHOTO KopIyca U, KOrjaa
BEpXHUII HAKOHEYHUK BBHHUYMBAIOT B OXPaHHBIA KOPIYC, KOJbIAa CKUMAIOTCS M MEPEKPHIBAIOT IMyTh
MIPOMBIBOYHOM JKUAKOCTH BHYTPh CKBXHMHHOTO TpUOOpa. /i MOBBIIICHUST HAZIS)KHOCTH yCTaHABIMBAIOT HE
OJIHO, a 2 WM 3 TaKuX KOJbIIa, KaK TIOKa3aHo Ha puc. 4.1, 6 u B.

Huowcnuit naxoneynux (puc. 4.2, 6) nomxeH obOneryatb mnpoxoxzaeHue CII B CKBaXuHY H
oOecneunBath Mexanuueckoe coeaunenue CII ¢ rpy3oM M TOMOJHUTENBHBIMU YCTPOHCTBAMHU, TAKUMHU KaK
UCTOYHUKU HEUTPOHOB, y-KBAHTOB U T.II.

B coBpeMeHHBIX CKBaOKMHHBIX MPHOOpax KOHCTPYKIUS BEPXHETO M HIKHETO0 HAKOHEYHHKOB JOJDKHA
o0ecreynBaTh arperaTUpOBaHUE HECKOJIbKUX CKBAXMHHBIX MPUOOPOB B €UHYIO "COOpPKY" AJIS1 BBIMOIHEHUS
KOMIIEKCa re0(pU3NYECKUX UCCIIeI0BaHUM 3a OJJHY CITyCKO-ITOAbEMHYIO OIEpalHIo.

dnexmpounsvie, IneKmpuyecKue uiu INEKMpPOMeXaHuueckKue cxemol,

COCTABJISIIONINE BHYTPEHHEE COJEpKaHWE WM '"HAYMHKY' CKBaOXWHHBIX NpUOOPOB, KpaiHe
pa3HooOpa3Hbl 10 CBOEMY HA3HAYEHHWIO M YCTPOUCTBY M OYyAyT pacCMOTpPEHbl HAMU TPU 3HAKOMCTBE C
COOTBETCTBYIOIIMMHU METOJIaMHU.
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Puc. 4.2. KomrieHcaTop naBieHus (a) ¥ HIDKHUH HAKOHEYHUK (0) eKBOKWHHOTO MPUOOpa

Kaporaxusie kabenun

Kaporaxabie kabenu OCYIIECTBIISIOT 3JCKTPUYECKYIO CBS3b CKBAXHHHBIX NPHOOPOB C HA3eMHOU
M3MEPUTENIbHOM anmapaTypoi U, KpoMe TOro, HeCyT MEXaHWYeCKylo Harpy3ky. COOTBETCTBEHHO, Kabenu
JOJKHBl MMETh BBICOKYIO IMPOYHOCTh Ha pa3pbiB, HU3KOE 3IEKTPUUYECKOE COMPOTHUBIECHUE U XOPOIIYIO
n3ossanuio. Kpome Toro, kabemau He TOJKHBI pacTATUBaThCA U PACKPYUMBATHCS NMPU UX HATSKEHUU.

CyIecTBylOT OJHO-, TpeX- U MHOTOXHIbHBIe Kabenn. [locmemnue Moryt comepxats 4, 7 wmm 17
TOKONPOBOJAIIMX JKWI. B Tpex- M MHOTOXWIBHBIX KaOelsiX MEXaHHYECKyl0 Harpy3Ky HecyT caMu
TOKOTIPOBOJSIINE KUJIbI, TIOITOMY >KUJIbl BKIIIOUAIOT B c€0sl CTaJbHBIE MPOBOJIOYKH, HAPALY C MEIAHBIMU,
UMEIOIIMMHU HU3KOE CONPOTUBIIEHHE. B OHOKMIBHBIX OPOHUPOBAHHBIX KaOelsIX MEXaHHMUECKYI0 Harpy3Ky
HeceT Hapy’KHas [BOMHas MPOBOJIOYHAs HaBUBKa - "OpOHs'", U TOKOHECyIlas >XHJa COCTOUT TOJBKO H3
ME/HBIX IPOBOJIOYEK.

[To xoHCTpYKIIMM Kabeau ObIBAIOT IIJIAHTOBBIE, OIJIETOYHbIE U OPOHUPOBAHHBIE.

YCTpoiicTBO B MONEPEYHOM pa3pese HUIAaHroBOro kabess moka3aHo Ha puc. 4.3, a, OpOHUPOBAHHOTO -
Ha puc. 4.3, 0.
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Puc. 4.3. KoHCTpyKIus TPEXKHILHOTO IUIAHTOBOTO (2) M OJHOXWIBHOTO OpoHHpOBaHHOTO (0)



KapoTa)kKHOTO Kalells B IONEPEYHOM pa3pese

Onuterounble KaOeaw OTIMYAIOTCS TEM, YTO BMECTO PE3MHOBON OOOJIOUKM, 3aKpBIBAIOIIEH BCE TPH
TOKOHECYIIHE KUJIbl, B HUX IPUMEHEHA TKaHEeBasi OILIETKA.

Kaxmomy Tury xabesst nprcBoeH mudp, B koropom neppas 0yksa (K) oznagaer "kabens", BTopas (I) -
"reopuznueckuii”, uudpa nocne stux O6yks (1; 3; 7; 17) - uncino xun B kabene, CleIyrollee ABy3HAUYHOE
YUCJIO - pa3pbiBHOE ycuiaue kabens B kKH, BTopoe uncio — tepmocToiikocTh kKabens B °C. BykBbl B KOHIIE
mudpa HecyT AONOJIHUTENbHYIO HHpopmauuio. OHu o3HauatoT: "II" -mutanroBas obosouka; "M" -
maciocronkuii; "K" - koakcuaneubiii; "BO" -BonokHucrasa omierka; "IIO" - monusTuiaeHOBasT 000JI0YKA 110
OpoHe.

Takum obpazom, mudp, Hanpumep, KI'3-10-70BO o3HauaeT: kadbeib reopu3nIecKuii, TPeX KIIbHBIH,
OIJIETOUHBIN ¢ pa3pbIiBHBIM ycunueM 10 kH u npeaensHo# paboueit Temneparypoii 70 °C.

[Ipu kaporake HEe(TIHBIX W Ta30BBIX (CIEIOBATENBHO, HanboJee TIyOOKMX) CKBaXMH HamOoOIbIIee
pacrpocTpaHeHHe MOoJydYWwid OpoHupoBaHHble Kabenu. OHu 00najzaroT OOdbLIEH MNPOYHOCTBIO U
TEPMOCTOMKOCTBIO, KDOME TOT0, OHM UMEIOT MEHBUINI JuaMeTp U OONbIIYI0 MIIOTHOCTh, YTO OOJEryaeT Uux
CITyCK B CKBAXXKMHBI C BSI3KHM U YTSDKEJICHHBIM PAaCTBOPOM.

Hexotopblie cnpaBouHbIe JaHHBIE 00 AJIEKTPHUECKUX CBOMCTBAX reoPpHU3MUECKUX KaOemneil: akTUBHOE
compotuBieHue - or 18 no 37 Om/km mpu 20 °C; BomHOBoe compoTuBieHue - oT 50 go 100 Om/kwm;
CONPOTHBIICHUE H30JAIMU cyxoro kabens - or 100 mo 10000 MOwm/km; emkocts -0,1-0,2 Mx®D/kM;
UHAYKTHUBHOCTS - OT 0,8 10 5 MI'H/KM.

Cnyck kabeyss BMECTE €O CKBO)XMHHBIM IPHUOOPOM B CKBa)XMHY OCYILECTBISIETCSI C IOMOILBIO
CHELMANbHBIX YCTPOMCTB, Ha3bIBaeMbIX OJOK-OanmaHcamu. B 3aBucMMOCTM OT O0OOpYIOBaHUS U YCThsS
CKBa)XHMHBI IPAMEHSIOT paMouHble (puc. 4.4, a) u moaBecHbIe OJ10K-0ananckl (puc. 4.4, 0).
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Puc. 4.4. Konctpykuust pamouyHoro (a) u noasecHoro (0) 61ok-0anaHcoB

bnok-6anaHChl MCMONB3YIOT TaKXKe /s YCTaHOBKH JIOMOJHHUTEIBHOIO O0OpYNOBaHMSA: JAaTYUKOB
HaTSKEHMsI KaOessl M CeTbCUH-1aTYUKOB.

CuHXpOoHU3aIUs IEpEMELICHNs] HOCUTENS 3alKCH C IBUKEHUEM KalOesst U CKBaXXMHHOTO pubopa

B oteuectBennoit anmaparype 'MC cunxpoHu3amus rnepeMenieHns HOCUTENS 3aucu (IuarpaMMHOMN
Oymaru WIM MarHUTHOM JIEHTBI) C JABIKEHHMEM Kalens M CKBOXMHHOTO NpUOOpa IO CKBaKHUHE
OCYIIECTBIISIETCS C IOMOIIBIO 3JIEKTPUUECKON aBTOCMHHOMN (MM celbCUHHOM) nepenaun. Ilepenavya cocrout
U3 JIByX HMJIECHTUYHBIX JJIEKTPUUECKHUX MAIIMH: CEIbCHUH-IAaTYMKa M CeJbCUH-TIpueMHuKa. Kaxnas u3 Hux
uMmeeT oHO(pa3HyI0 0OMOTKY C SIBHO BBIPQ)KCHHBIMH IIOJIFOCAMH B CTAaTOpe W Tpex(asHyl, COSTNHEHHYIO
"3Be310il" OOMOTKY, ¢ HE SIBHO BBIP@KEHHBIMHU IoOJt0OcaMd B poTtope. OOMOTKM pPOTOPOB JaTyvKka H



IIpUEMHHKA BKJIIOUEHBI HABCTpeuy ApyT Apyry (puc. 4.5).

I
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Puic. 4.5. DneKTpHYecKas cxeMa CefbCHHHOM Nepeaaun

OOMOTKH CTaTOPOB MOJKIIOYAIOT K HCTOYHUKY IEPEMEHHOTO TOKA MPOMBIIIIEHHOW YaCTOThI, KOTOPHIi
CO3/aeT B HUX MYJbCUPYIOLIUE MATHUTHBIC MOTOKH. DTH MOTOKH HHIYIHPYIOT B 00MOTKax poTtopoB D/IC,
3aBHUCSIIKE OT yIjla OBOPOTa POTOpa OTHOCHTENHHO cTaTopa. Ecnu yribl moBOpoTa pOTOpPOB JaTyMKa U
npueMHHKa paBHbI a=/?, To 1 DJIC B HUX OJMHAKOBEHI, a T.K. 0OMOTKH BKJIIOYEHBI HABCTPEUy APYT APYTY, TO
TOKA B KaXIO0H POTOPHOW ILEMH d, 6, ¢ OTCYTCTBYIOT. Ecim yriel He paBHBI 0@/3, TO OajaHC TOKOB
HapyliaeTrcs, U OHU CO3JAI0T CHUHXPOHHU3UPYIONIME MATHUTHBIE MOMEHTBI, CTpEMSIIUEcs MPUBECTH K
paBeHcTBY a=/] CenbCHH-JaTUMK yCTaHABIMBAIOT Ha OJIOK- OaylaHce, yepe3 KOTOpbI Kabenb OMyCKalT B
CKBOKMHY TaKMM O0pa3oM, 4TOOBI POTOp CelIbCHH-AAaTYMKa uepe3 3y0daryio mepenady ObUT CBSI3aH C
poJIMKOM OJIOK-0aiaHca, HaXOISIIUMCS 1101 00JbIIoi Harpy3koi. [1o »Toif mpuynHe B CETLCUHHON TIepenayue
MIPOUCXOUT MOBOPOT JPYTrOro poTopa, TaK HA3bIBAEMOTO CEIbCHH-TIPHEMHHKA, KOTOPBIA Yepe3 3yOuaTyro
nepenadyy M NPUBOIUT B JIB)KEHUE JIGHTONPOTSKHBIM MeXaHU3M peructparopa. Uem ObIcTpee TSHETCS
Kabelb, TeM ObICTpee UAET NPOTSHKKA HOCUTENS 3aIHCH.

MeHss 11ecTepeHKH, Yepe3 KOTOphIE MepeAaeTcs BpalleHue OT OCH CEIbCHUH-NPUEMHHUKA K BEAyLIEMY
BaJIMKY JICHTONPOTSDKHOTO MEXaHM3Ma, MOJYYal0T pa3IUvHbIe MaciiTaObl TyOouH Ha auarpamme. C oqHUM
CEIbCUH-TATYUKOM MOTYT OBITh  CBSI3aHBI  JJCKTPUYECKH  HECKOJIBKO  CEJIbCUH-TIPUEMHHUKOB: B
JICHTOMPOTSKHOM MEXaHHU3MeE, Y CUeTUYHKa ITyOuH, Ha aHenu jJe0equnKa.

Buemnamit Buj cenbcHH-IaTYMKA MPEACTaBIeH Ha puc. 4.6.

Puc. 4.6, O6mmi Bl CenLcHE-TaTIMHKea

Cy1iecTByIOT Tak)Ke CEeNbCHHBI, Y KOTOPbIX Tpex(a3zHyio OOMOTKY HMEEeT CTaTop, a OJHO(]a3HyIo -



POTOP; y HUX YNPOILEHO YCTPOMCTBO KOJIEKTOPA.
KoHnTpo/ibHbIE BOPOCHI
1. Ykaxure Ha3HaUCHHE CKBaXMHHBIX PUOOPOB.
2. JlaiiTe  XapaKTEPUCTUKY YCJIOBUH OKCIUIyaTallud CKBaXUHHBIX MPUOOPOB.
3. Yem oObsicHsgercs CyliecTBOBaHHE OOJIBIIOTO KOJIMYECTBA BUIOB U THUIO-pazMepoB CI1?
4. Hazosure obmue AJIEMEHTBI BCEX CKBaKMHHBIX nipubopoB. [lepeuncnure
TpeOOBaHUS, KOTOpbIE MPEABSBIAIOTCS K HTHUM JIEMEHTaM.
5. Kak repMmerusupyercsi COEJUHEHHE BEPXHEr0 HAKOHEUYHHWKA C OXpPaHHBIM KOPIyCOM?
[Tepeuncaure TpeOOBaHU, KOTOPbIE MPEIBABIAIOTCSA K KAPOTAKHBIM KaOessiM.
CKOJIbKO TOKOHECYIIUX UJI UMEIOT MHOTOKUJIbHBIE Kabenu?
Haiite xapakrepuctuky kabdemro KI'1-24-180.
. YKaXuTe MpeuMyIIecTBa OpOHUPOBAHHBIX KaOeew.
10 Yro takoe "0mok-0anaHc" ¥ KaKk OH YCTPOEH?
11. TlosicHuTe yCTpOHCTBO U pabOTy CENbCUHHON Mepeayn.

\0 %0 N1 o



Jlekmnuga 5

PA3JIEJ 11

KAPOTAX CKBAXKHUH

SJEKTPUYECKHA KAPOTAXK

DIIEKTPUYECKU KapoTaxk - HauOoJyiee pa3BUTON M Pa3BETBICHHBINM BUJ KapoTaka. Ero Ha3zHadueHue -
muddepeHmalus pa3pe3oB CKBaXKHUH IO JIEKTPHUECKUM CBOHCTBAM U ONpPE/ENICHHE STUX CBOMCTB.

DeKTpuYecKasi XapaKTepUCTHKa 00BEKTa NCCIEI0OBaHUI

Ecnu mepBast 3a1aua 3JMEeKTPUUECKOr0 KapoTaxa (pacujJeHeHHE MOPOJ MO SIEKTPHUSCKUM CBOHCTBAM)
periaercs JOBOJIBHO MPOCTO, TO BTOpAs -ONpeAeNiEeHUE 3TUX CBOMCTB - 3HAUUTENBHO CIOKHEE. DTO CBA3AHO C
TE€M, YTO TOPOJbI B Tpolecce OypeHHs B HHUX CKBXKHH IIOJBEPrarOTCS 3HAYUTEIHHBIM H3MEHEHUSIM
(pacTpeckuBaHHUIO, MPOMUTKE (PHIIBTPATOM OYpOBOTO PACTBOPA), MPUBOISIINM K U3MEHEHUIO UX (DU3UIECKUX
cBoiicTB. Haunbonee CHIIBHO M3MEHSIOTCS TMOPHUCThIE M MPOHULAEMBIE MOPOJBI, T.€. UMEHHO T€ HOPOIbI-
KOJUIEKTOPBI, KOTOpbIE W MPEACTaBISAIOT HAuMOOJBIINKA HHTEpPEC MpU KapoTake HEPTAHBIX U Ta30BBIX
MecTopoxaeHuii. [lox BO3neCTBUEM Pa3HOCTH NABJIEHUW - THIPOCTATUYECKOTO JABJIICHUS B CKBAXXUHE U
MJIACTOBOTO JaBJICHUS -OypOBOH pacTBOp "3aaBiuBaeTcs", CTPEMHUTCS IPOHUKHYTH B TIOpHI TuiacTa. OgHaKko
u3-3a TOTO, YTO pa3Mep MOp Mall, B HUX IOMAAaeT TOJBKO BOAHAs OCHOBA, TaK Ha3biBaeMblil "Quibrpar”
TJIMHUCTOTO OypOBOTO pacTBOpa, a YAaCTHUIBI INIMHBI OCEAAI0T HAa CTEHKE CKBaXMHBI, 00pa3ys INIMHUCTYIO
KOPOYKY, TOJIIIIUHA KOTOPOI MOXET TOCTUTaTh HECKOJIbKUX CAHTUMETPOB.

B uactu muacra, npuseraroomeil K CTeHKaM CKBaXKHHbI, (QUIbTpAT OypOBOIrO pacTBOpa OTTECHSET U
3aMellaeT IUIacTOBBIA ¢urona (HedTh, ra3 WM IUIACTOBYIO BOAY), O0pa3ys TaK Ha3bIBaeMylo '30HY
IIPOHUKHOBEHUs1 OypoBoro pacrsopa". B 3aBHCUMOCTH OT pa3sHOCTH JABJICHHM M MPOHULAEMOCTH IJIACTOB
rIIyOMHa TPOHUKHOBEHHSI MOXKET JIOCTHTaTh OT HECKOJBbKUX JCIMMETPOB J0 HECKOJIbKUX METPOB. BHyTpu
30HBI TIPOHUKHOBEHHUS BBIIETSAETCA '"30HAa TMOJHOCTHIO MPOMBITBHIX MOpOA'", B Mpeaenax KOTOPOM BECh
TJIACTOBBIN (PIIFOU]T TOTHOCTHIO 3aMellieH (GUIbTpaTOM OypOBOTO pacTBOpa. ITa 30Ha UMEET TONIUHY 1-3 1M
U CIEeAYeT cpa3y 3a TJIMHUCTOM KOpOYKOW. B pe3ynprare Takux W3MEHEHUH YIEIbHOE JJIEKTPUUYECKOE
conpotuBnenue (YDC) HampoTWB IJIacTa KOJUIGKTOpa HE OCTAaeTCs TMOCTOSHHBIM B  PaJHalbHOM
HaNpaBJICHUU, TIPUYEM XapakTep €ero W3MEHEHHs HEOJWHAKOB B BOJOHACBHIIICHHBIX U HedTe-
ra30HACHIIIEHHBIX TIACTaxX, KaK 3TO MOKa3aHo Ha puc. 5.1, au 6.

Puc. 5.1. Pacnpeacnciie 3MeKTPHYCCKHX CONMPOTHENCHHH B panHantkHOM HANPABICHHH TR
ROMoHACKIIEHHoro (a) M HedTeHackmeHEoro (6) naacTa-KONNMeKTopa

Ha 5TuX pHCyHKax BBEJEHBI CIECIYIOIIME OOO3HAYEHMs: CONPOTHBIECHUA OypoBOro pactsopa - o,

TIIMHACTON KOPOUYKH - f) ,; 30HBI MOJHOCTBIO IPOMBITHIX IOPOJ = p np; YCPEIHEHHOE COINPOTUBIICHUE 30HEI

!

NPOHUKHOBEHHA B LIEJIOM - £ ', BOJOHACBIIIEHHOTO IJI1aCTa — P, HEQTEra30HACBHILEHHOTO — Oy, JUAMETP



CKBR)KUHBI — d AMAMETpP 30HBI IPOHUKHOBEHHUS - D, TONIIMHA TJTMHUCTON KOPOUKH - /,k.
Kak cnemyer u3 cpaBHeHus: Guryp a u 0, ¥ B BOJIOHACHIIIICHHOM, U B HE(TCHACHIIIICHHOM IUIACTaX MPH

OZIMHAKOBBIX 3HAYEHHMAX [y OIM3KM 3HAa4eHHd P2k U Pnn & P sHayeHUs p' pasmmuarorcs. B
He(pTeHACHIIIIEHHBIX TUIACTaX OYEHb YacTO CONMPOTHBIICHUE 30HBI MPOHUKHOBEHHS 3a MPEJeiIaMH IMOJTHOCTHIO

HPOMBITBIX IOPOJ NPEBBILAET I, U ) ITO OOBACHAETCS TEM, YTO (QUIIBTPAT OYPOBOIrO PacTBOpa, OTTECHSA
He(Th U3 30HBI OJHOCTHIO MPOMBITBHIX HOPOJI, YBEIMUUBACT €€ KOHIIEHTPALUIO 3a IpeesaMH 3TOi 30HbI, a
MIOCKOJIbKY He(dTh HMMeeT oueHb BbicOKOe YOC, TO OHa yBEIMYMBAET U COMNPOTHBIIEHHWE BCEW 30HBI
MIPOHUKHOBEHUS B 11e70M. 110 TOM ke nNpuuKrHe 3HAaYUTEJIbHOTO (Ha HECKOJIBKO MOPSIKOB) MpeBbliiieHus Y OC
Heptrn Hax YOC MmacTOBBIX BOJ COINPOTHBIICHHUE HE(PTECHACBIIICHHOTO jIacra MIPEBBIIIAECT

CONPOTHUBJICHHE BOJOHACHILIEHHOTO PHe>6n.

HecMoTpss Ha TO, YTO CONPOTHUBIEHHWE B 30HE IPOHUKHOBEHHUS HE OCTAETCS IOCTOSHHBIM, IPH
TEOPETUYECKUX pacyeTax MPUHUMAIOT €ro 32 HEKOTOPYIO MOCTOSHHYIO BEJIIMYMHY p', PaBHYIO CpEeIHEMY
CONPOTHUBIICHUIO B 3TOH 30HE. VIMEHHO 3TO CONpPOTHUBJIEHHUE p' U ONPEAEIAIOT, Harpumep, Nnpu
MHTEPIIPETALIMM TPEXCIONHBIX KpuBbIX bK3.

[Ipu uHTEpIpETalIMU TaHHBIX AIEKTPUUECKOT0 KapoTaXka CIeLyeT YUUThIBaTh, uTo ¥ IC mopos paspesa
HE OCTaeTCsl MOCTOSHHBIM - M B BEPTHKAJbHOM HAIIPAaBJICHHM, KaK 3TO MOKa3aHO Ha puc. 5.2, U B obuem
Cllydyae M3MEPEHHOE CONPOTHUBICHHE OYIET 3aBHCETh OT LIEJIOr0 Psjia DIEKTPUYECKHX M F€OMETPUYECKHX
napaMeTpoB:

pg =J(Pnn.Py, Pric. Priir P Por»dv g, Dby L), (5.1)

[To »TOlf mpuuMHE H3MEPEHHOE B CKBAXMHE COIMPOTUBJICHHE IUIacTa OyIeT HE €ro HMCTUHHBIM
conporusienueM, a kaxymmMmcs KC wm p,. U3 1ol ke GopMyssl BUAHO, YTO JUIS TOTO, YTOOBI 1O L

OIIPCACIINTD pl’lﬂ’ HYKHO UCKIIIOYUTD UJIN YUYCCTh BJIMAHHUC BCCX OCTAJIbHBIX ITapaMETPOB.

FPuc. 5.2, DaxrTopiI, BAHMAFOII(HEe HA
BeJIHYHHY Ka>*KyILIEerocsa CcCollpoTrHB-
e HHA TP H3IMS DS M S B
YCHOBHAX OyYpOoBOA CKEAMKHHBI

Meton KaxyImuxcsi COnpoTUBIcHU PU3n4ecKue 0CHOBbI MeTOAA

Meron KaKYLIUXCS CONPOTUBIICHUI aHAJIOTMYEH 3JIEKTPONPOPUINPOBAHHUIO B
MIOJIEBOM AJIEKTpOpasBeAke. B CKBaxuHE NPOU3BOIAT U3MEPEHUs C YETBIPEX JIIEKTPOJHOM YCTAaHOBKOMU
AMNB, oaun u3 35eKTpo0B KOTOpoi (B mmm N) 3a3eMisitoT Ha MOBEPXHOCTH Y YCThsI CKBaXXHUHBI U €TO
neiictBuemM mpeneOperator. OcTaBmmecss 3 3JIEKTpPOAa TMEpPeMElIaloT IO CKBAXHUHE C COXpaHEHUEM
HEU3MEHHOTO PACCTOSIHUS MEXKJY HUMH M Ha3bIBAIOT 30HIAOBOM YCTAaHOBKOW WM mpocto 3oHA0M KC.
DJNeKTpoJ, 3a3eMJICHHBIH Ha MOBEPXHOCTH, Ha MPOPECCHOHATHLHOM >KaproHe KapOTaXHHUKOB Ha3bIBAETCS
"prIO0#".

JlonyctiM, 4TO y Hac Ha MOBEPXHOCTH 3a3eMiieH 31eKTpos B. TokoBblfl 3nekTpox A B NEpBOM
MPUOIMKEHUH MOXKHO TIPUHSTH 32 TOYCUHBIH MCTOYHUK, PACIIOJIOKECHHBIH B OAHOPOJHOU cpene. ToKoBbIe



JMHUU PacXOJATCSl OT HEro pajlalibHO, @ SKBUIIOTEHIIMAIBHBIEC TIOBEPXHOCTH UMEIOT chepudecKkyto Gpopmy.
Kak u3BecTHO M3 Kypca (PHU3UKH, TOTEHIMAT TOJIS TOYEYHOTO UCTOYHMKA TOKA / HA PACCTOSIHUU T OT HETO B
OJTHOPOJIHOM M M30TPOITHON CpeJie ¢ CONMPOTUBIICHUEM p PaBEH:

a1
dr r (5.2)
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Otcro
Jla CJIeYeT, 4TO, U3BMEPUB CHITY TOKa | cTeKaromero ¢ 3aeKkTpoja A, U pa3HOCTh NMOTeHIManoB AUpn MexXIy

HU3MCPHUTCIIbHBIMU 3JICKTPOJaMU M u N, MOKHO BBIYHUCJINUTH COMPOTUBJIICHUEC CPCIbI:

AM - AN AU _, AU
MN ' I
54
HerpynHo BHIETh, YTO MHOXHUTENb, cTOSIIMIA nepen otHomeHueM AU/I, ecTh BeMWYMHA MOCTOSIHHAS
JUTSl TAaHHOW 30HI0OBOM YCTaHOBKH, Ha3biBaeMas ko3 durmentom 30u1a KC:
AML - AN
AN (5.5)
Jns cinydas, korja Ha MOBEPXHOCTH 3a3eMileH 3jekTpoa N, a He 3nekTpoa B, MOXHO moayduThb
3HAYEHUE

47\ AM AN

p=4r

K =4

fF = A PO N
AB (5.6)

HetpynHo BUAETh, YTO NPU HEM3MEHHOM PACCTOSHUU MEXy JIEKTPOJaMH U MPU U3MEHEHUU TOJIBKO
WX Ha3HAYEHUS, YUCICHHAs BeluynHa Kod(dduuumenra K He n3MeHseTcs. TO O3HAYAET, YTO K MU3MEPEHUSIM
COIIPOTHBIICHUS B CKBaKMHAX MPUMEHUM IMPUHIUI B3aUMHOCTHU (MPUHLUI CYNEPIIO3UIIMN ), KOTOPBIH IJ1aCHUT,
YTO pe3yibTaT U3MEPEHMsI CONPOTHUBIICHUS CpEeAbl HE M3MEHSAETCS NPU CMEHE Ha3HAYEHMs NPHUEMHBIX U
MUTAIONIUX AJIEKTPOAOB 30H]A.

B oM ciyuae, ecniu u3MepeHus IPOU3BOAATCS B HEOJHOPOAHOM CPEJE, COIPOTUBIIEHUE, BBIYMCIEHHOE
no d¢opmyne (5.4), UMEET CMBICT KaXymierocss compoTuBicHUs. OHO paBHO CONPOTHBJICHUIO TaKOW
(UKTUBHON OIHOPOJHOM Cpeibl, B KOTOPOH NMpH 3aJaHHBIX pa3Mepax 30HAAa M CHUJIe MUTAIOIIEr0 TOKa B
M3MEPUTENBHOM LIENU CO3/1aeTcs Takas e pa3HOCTh MOTEHIMAJIOB, KaKk M B JJAaHHOM HEOJHOPOAHON cpere.
T.e. okonuatensHO opmyna (5.4) npuoOperaeT BUL:

o ans-ae (5.7)

Kaxymeecs conporusnenue KC uzmepsiercss B OM-M. [lo ¢pusndyeckomy cmbicny OM-M MpencTaBiseT
co00ii conpoTHBIeHNE 1 M’ TOPHOI TTOPO/IBI, H3MEPEHHOE B HATPABIICHHH, IAPAICTHLHOM TPAHSM.

Tunsl 30108 KC

Hecmotps Ha To, uto 30HABI KC coctosT Bcero u3 3-x 3J1€KTPOJOB, pa3iMyHble KOMOMHAIIMU 3TUX
ANEKTPOI0B 00pa3yroT 30H/Ibl Pa3HOT'O THUIIA.

[IpenBapuTesbHO JOTOBOPUMCS, YTO T€ U3 AJIEKTPOAOB, KOTOPHIE UMEIOT OJIHO U TO )K€ Ha3Hau€HHUE, Mbl
Oynem Ha3blBaTb napuuimu. Tak, MapHBIMU SIBJISIOTCS MHUTAIOIIME WM TOKOBBIE 3JIEKTpojabl A u B m
U3MepUTENbHbIE, OHU ke IpueMHble, M u N.

3ouasl KC mpunHsTO 0003HAuaTh CBEpPXy BHHU3, YKa3blBasg MEXIy OYKBEHHBIMH OOO3HAUEHUSIMU
JIEKTPOZIOB PACCTOSHUE MEXIy HUMH B MeTpax. Takoe o0O0O3HaYeHHE HAa3BIBAIOT CUMBOIOM 30HJA.
Hamnpuwmep, N 0,10 M, 0,95A.

30H/1bI, Y KOTOPBIX COJNMKEHbI ApHBIE 3JIEKTPO/bI, Ha3bIBAIOTCS cpaduenm-3ondamu (lateral device);
a 30H/IbI, Y KOTOPBIX COJNMKEHBI HEMIAPHBIC JICKTPOIBI - HomeHyuan-3onoamu (normal device).

Touka 3amucu O, T.e. Ta TOYKa 30HJA, K KOTOPOH OTHOCATCS pe3yJbTaThl H3MEpPEHUs, Bcerna



pacrosiaraercsi HoCpeJuHe MeX 1y CONMKEHHBIMH JIEKTPOJaMH, T.€. y TPaTUCHT-30H]1a - MEX/1y MapHbIMHU, a
y MOTEHIMANI-30H/1a - MEKy HEMapHBIMU 3JIEKTPOJIaMHU.

BHyTpu KaxIoi TIpymnmbl CyIIECTBYET eIle MOApa3JelieHHe I0 MECTy pacloJIOKEHUs IapHbIX
3JIEKTPO/IOB U 1O KOJIMYECTBY NMUTAIOLIUX AIEKTPOIOB, KaK IM0OKa3aHo Ha puc. 5.3.

lToalduertrr-30rds:e [Tomer,uax-30rdet
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Odwonan fJeyrion Obdworor [Jeyreax,

Pue. 5.3, Mpannent- ¥ motenuman-aonnes KC

Tak, 30HIBI, y KOTOPBIX MapHbIE 3JIEKTPOIbl PACHOJIAralOTCS BbBIIIE HEMApPHOI0, HA3bIBAIOTCS
oOpallleHHBIMH, a T€, y KOTOPbIX MapHbIe HIKE HEMApHOTO - MOCJIEI0BATEIbHBIMU 30HIaMH.

30HIBI C OAHUM MHUTAIOUIUM 3JIEKTPOJOM HA3BIBAIOTCS OJHOIOIIOCHBIMU WM 30HJIaMH MPSMOIO
MUTaHUS, a 30HbI C IBYMsI TUTAIOIIMMHU 3JIEKTPOAAMH -ABYIIOIIOCHBIMU WM 30HAAMH B3aUMHOTO MMUTAHUSI.

W nocnenHuii TEPMUH U3 OMUCAHUS 30HIO0B - JUIMHA 30H1a L.

VY rpaaueHT-30HAa 3a €ro JUIMHY HNPUHUMAIOT PAcCTOSHUE OT YNAJeHHOTO AJIEKTPOJa J0 CEpeIUHBI
PACCTOSIHUS MEX]y COMMKEHHBIMU; y TTOTEHIIUAT-30H/A - PACCTOSIHIE MEXKIY CONMKEHHBIMH DJICKTPOJIAMHU,
T.€. U1 moTeHIHaI-30Haa Bcerna L=AM, a qis rpaguent-3ou10a L=A0 nwiu L=MO.

[To cumBoOITy 30HJa BCETJla MOXHO OMPEIEIUTh €ro MOJHOE HAa3BaHUE U JIIMHY, TakK, HAlpUMEp, yKe
npuBoauBIuiics Hamu cuMBoJI N 0,10 M, 0,95A.03HadaeT: 0OpaIeHHbIN TPpaIueHT-30H,] IPSIMOTO TTUTaHUS,
mimHa 30542 1=1,0 M.

Kpome rpaauveHT- ¥ MOTEHUMANI-30H/IOB CYIIECTBYIOT €Ill€ TaK Ha3bIBa€Mble 'CrEIUaIbHbIC 30HIBI",
KOTOpBIe NpHUBENEHbI Ha puc. 5.4, a. Tak, 3051 AMN, y kotoporo AM=MN, ¢ paBHbBIM OCHOBAHHEM MOKET
OBITh OTHECEH U K MOTEHIHUaN-, U K rpaJleHT-30H1aM. Takoil 30H]I Ha3bIBAE€TCS CUMMETPUYHBIM, 32 TOUKY
3anmucu npuHUMaroT Touky M. 3onnq MAN HasbsiBaetcs aud@epeHuuanbHbIM 30HIOM AJBIUHA. 30HT
NIM1AM2N2 npeacrasisieT co00i KOMOMHAINIO OOPAIIEHHOTO U MOCJIEIOBATEILHOTO TPaAUCHT-30HI0B U
HA3BIBAETCS JBOWHBIM TpamueHT-30HI0oM. OH Xxopomio auddepeHIrpyeT BRICOKOOMHBIN pa3pes, MOITOMY
aMepukaHckue reousuku HasbiBalOT ero hard-rock device, T.e. 30HA mns TBepAbIX Mopoj. CyIIecTBYIOT
TaK)K€ OJHORJIEKTPOIHBIE 30HbI, B KOTOPBIX OAMH M TOT K€ B3JEKTPOJ HIPaeT pojb W IMUTAIOMIETO U
npueMHoro. Takue 30HbI yA0OHBI AJIs OJTHOKUIILHOTO KapOTaKHOTO KaOels.
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Puc. 5.4. Cnenuansiele 3onasl KC
Jlnis yMeHbLIeHHs BIUSHUS HU3KOOMHOro OypoBoro pactBopa Ha BeianuuHy KC mo obe cTOpoHbI OT

AJIEKTPOJIOB 30HA JISJIAIOT YTOJIICHUS U3 U30JSIIIMOHHOTO Martepuaia - "oydepa". O0muit Bua OydepHoro
30H/1a IPEACTABJIEH Ha puUcC. 5.5.

ROAYMYPMO arexmpodu  Sywepa

Pue. 5.5. O6nmmit mun zouma KC

Cxema perucrpanuu auarpamm KC

Huxe Oyzner paccmoTpena cxema 3anucu auarpamm KC ¢ aBTOMaTHYecKOW KapOTa)KHOW CTaHIMEH,
OCHAIIIEHHO! ()OTOPETUCTPATOPOM.

Cxema BKITIOYAET B ce0s1 TOKOBYIO U U3MEPUTEIbHYIO Lenb (puc. 5.6).

TokoBast 11enb NUTaeTCs OT UCTOYHUKA ['€H MepeMEeHHOro0 CHMHYCOMJAIbHOIO TOKA YacTOTOM OT 5 10
12,5 I'i. TakuM UCTOUHUKOM MOXKET CIIYKMTh JIEKTPOMAIINHHBINA YCUIIUTENb WU 3JIEKTPOHHBIN T'eHepaTop.
[locnenoBarenbHO ¢ MUTAIOLUIMMU 3JIEKTPOJAMHU BKIIIOUEHBI: IEPEMEHHOE HAarpy304HOE CONpPOTUBIEHHE Ry,
MUJITHaMIIepMeTp MA U HabOp KOHTPOJIBHBIX IIYHTOB Ro. Ry M MA city»xaT Juist peryJIupOBKH U KOHTPOJIS
MUTAIOUIETO TOKa, a Ro - 17151 ero usmepenus u ycraHoBku Maciuraba 3anucu KC.

W3meputenbHas Lenb BKIOYAET pas3ieiuTeNbHbIi KoHAeHcaTop C,, HE NpPOMyCKAalOIMUHA Ha BXO[
M3MEPUTENILHOTO KaHajla MEIJIEHHO MEHSIOIIYIOCS Pa3HOCTh MOTEHLIMATIOB CaMOIPOU3BOIbLHON MOJISIPU3ALUU
[1C; BempsiMuTens Boinp u criaxuBaromuii GUiabTp BeIIpsIMIEHHOTO curHaia Cg,.

Cxema wusmeputenbHoro kaHaiga KC Bkimowaer 3 mocCiieJOBaTE€IbHO BKJIIOYEHHBIX 3€PKabHBIX
rajJbBaHOMETPA, U YK€ paccMaTpHuBajach HaMH paHee (cM. puc. 3.4).

Cornacuo dopmyre (5.7):

Px =K—.
I
Eciu 3a4aTbCs OTKIIOHCHUEM 6J'II/IKa OCHOBHOI'O T'aJIbBAHOMETpPA, paBHbIM 1 CM, TO KOJIMYECTBO OM-M B
1 cM coctaBuT MacmITad 3aIucH 1, T.€. px =N, a
AU E =
oM - HOCTO?[HHYIO I/I3MepI/ITCJ'IBHOFO KaHaJIa II10 HaprDKeHI/IIO, CcM

CJIEAOBATCIIbHO:



n=k2 .
(5.8)
Jns m3mepeHust cuiibl TOKa u3MeputenbHbl KaHan KC moakio4aroT K OJHOMY W3 KOHTPOJIBHBIX
IyHTOB RO (ITyHKTHpHBIE TUHUM HA pUC. 5.6).
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Puae. 5.6. Cxesa sanuceH gearpasmbl KC pa TpexsHapHoNM kabene
o 3akony Oma:
Tea AUy _m-ly
Ry Ry

£

(5.9)
rae /p - OTKIIOHeHHEe OJIMKa OCHOBHOTO TaJIbBAHOMETPA U3MEPUTENIBHOTO KaHaja MpU MOIKIIOYEHUH €T0
K Ro.

TTAameArabd nrrarrtatrua I'o l:l'\r)pMyHy (5-8)’ HOquI/IM

m
n=K——Ry=Ry—.
m-ly Ol

OT0 03Hayaet, 4yto Aus 3anucu auarpammbl KC B 3amanHOM Maciitabe # HEOOXOAMMO MOJKIIOYNUTH
n3meputenbHbiil kaHan KC k kKoHTponbHOMY WIyHTY RO B TOKOBOH Lienmu W JOOUTHCS MOCPENCTBOM

HU3MCHCHHA CHJIBI TOKa B IICIIM AB nmm YYBCTBUTCIIBHOCTU U3MCPUTCIIBHOTO KaHAJIa TAKOI'0 OTKIIOHCHHSA

lo — Ry
ONMKa OCHOBHOTO TajdbBaHOMeTpa [ 0, YTOOBI n (5.10). 3aTem, He U3MEHsA U CHIIbI TOKa U

YyBCTBUTEILHOCTH U3MEPUTEIBHOTO KaHalla, KO BXO/AY MOCJIEIHEr0 MOKII0Ya0T IPUEeMHbIE 3JeKTpoasl MN
u npuctynaroT Kk perucrpanuu KC mpu nogbeme 30HAa 10 CKBaXHHE.

CBs3b KaKylIerocsi CONpOTHBJICHHS C IVIOTHOCTBHIO TOKA
CornacHo BbIBeieHHOU HaMu Gopmyde (5.4), st rpaJleHT-30H1a
py = dm AM AN AU
MY Fy
Bosbpmem Tak HazpiBaeMbli "TIpenenbHbIN" TpagueHT-30H1, y Kotoporo MN -> 0; AM -» AN = AO, u
nepenuieM popmyiy (5.4) B TakoM BHJIE:

LALS
T AT

&

e - (5.]])

, e L L - .
HerpynHno Buners, 4yto m o T ~am - ac2” T Y _IOTHOCTh TOKa B Touke O B OJHOPOIHOM

cpeze.
B 1o e Bpems, cormacHo 3akoHy Oma B auddepenunansHoit Gopme, E = p- j, Tae j - peanbHas
IJIOTHOCTh TOKa MEXKy d1ekTpoaamMu M u N, a P ~ PMN ~ peanbHO€E COITPOTUBIICHUE CPEbl MEKLy HUMMU.

A =



[Honcrasus B (5.11) nmomyueHHbIe 3HAUSHUSI YUCTUTENS U 3HAMEHATeNs, OyJeM UMETh:
Pk = Pmn “J"‘
Jo (5.12)

Taxum o6pazom, KC, n3mepeHHoe rpaleHT-30H0M, MMPOMOPIIHOHAEHA YACTLHOMY COIPOTHBICHUIO
cpelbl U OTHOIICHUIO (PAKTMYECKOro 3HAu€HMsI IUIOTHOCTH TOKa K IUIOTHOCTH TOKa B OJHOPOAHON u
n30TporHoi cpene. T.K. It 3aIaHHOTO pa3Mepa 30H/a jg = Const, TO Py =f(Pux,J) B

HetpynHo noka3zatb, 4TO TO € COOTHOLIEHHE CIIPaBEAIMBO U JUIsl MOTEHIMAI-30Ha.

[Tonyuennoe cootHomenue (5.12) oueHnb ya00HO 7151 TPUOIMKEHHOTO pemienus npsamon 3aaaun KC.

Kpusbie KC Ha KOHTaKTe MOPOJ Pa3HOro CONMPOTUBJIEHH /AJ5 30HI0B PA3JJHYHOI0 THIIA

Crporoe perieHue 3Toi 3a7ja4i MOKET ObITh IOJIYYEHO METOJIOM 3€pKaJIbHbIX 0TOOpaxkeHuil Tomncona
WIA HETOCPEACTBEHHBIM HMHTErpupoBaHueM auddepeHunansHoro ypasHenus Jlammaca. Mbl ke mocTpoum
kpuBble KC npuOiMKeHHBIM METOJOM Ha OCHOBE cooTHOIIeHus (5.12), BOCHOJB30BaBIIMCH TOJIBKO
HEKOTOPBIMU U3 PE3yJIbTaTOB CTPOTOro PELICHMUS.

Haunem noctpoenue /it obpamieHHoro rpaauent-3ou1a OA (puc. 5.7, a), nBurast 30HJ CHU3y BBEpX,
KaK 3TO JIeNlaeTCs Ha MPaKTHKE.
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Puc. 5.7. JInarpammer KC Ha KOHTakTe MOPOJ HHIKOrO M BLICOKOI'O CONPOTHBICHHA A/1A
obpamenHoro rpagneHT-30H1a (a), MOCAENOBATENLHONO IpagHeHT-3ouma (6) #n notTeHumat-
30H12 (B)

B mo3unuu 1, xorja 30H1 HAXOUTCS TaJeKO OT KOHTAKTa, BIMSIHUEM ITOCJIETHET0 MOKHO TIpeHeOpeyb,
J = Jjo px=pi- Ilo mepe npubamxeHuss 30HIa K KOHTAKTy BBIIIEIES)KAIIas BEHICOKOOMHAsI Cpella HauyWHaeT
OTTAJIKUBATh TOKOBBIC JMHUU, IUIOTHOCTh TOKA HUXKE 3JIEKTPOJa A BO3pAcTaeT, a BbIIIE -yMEHBIIAECTCS, B
no3uuu 2, korga touka O yCTaHOBUTCS Ha KOHTAakT, Pk = Px™  Kak Tonbko Touka O MEePEXOTUT BO
BTOpYIO cpeny (Mmo3urus 3), CONPOTUBICHHUE p,, CKAYKOOOPa3HO BO3PACTAET OT py JO Py, UTO MPHUBOJIUT U K
CKauKy B 3HAUCHUH Dy

Crporoe TeOpeTHYECKOE pEIICHHE IOKa3bIBa€T, YTO BCE BpEMs, MOKAa IMPUEMHbIE U MUTAIOLIUE
AJICKTPOJIBI Pa3ACiICHbl KOHTAKTOM, T.€. Ha MPOTSHKECHUU OTpEe3Ka AUarpaMmbl, paBHOTO anuHe 30H1a, KC
OCTaeTCs MOCTOSIHHBIM, PABHBIM

p;— -2 21 0 P>

Korma snextponm A Boimer B cpeny p, (mosurus 4) wm OyneT HaXOOUThCA BONHM3M KOHTAKTa,
HIKCJICKalnasd HU3KOOMHas cpe;[a GYI[GT BTATI'MBAThb 3Ha‘II/ITeHI:Hy10 49yaCTb TOKa, U B O6HaCTI/I HpI/IeMHbIX
3JIEKTPOJIOB IUIOTHOCTH TOKA j < jo Ml pyx < p, . Ho, M0 Mepe ymajneHus OT KOHTAKTa, BIMSHUE HIDKEISKAIIeH




Cpebl YMEHbIIACTCA, U Py = P..

Takum 00pa3om, 0OpaIeHHBIN TPaJUeHT-30H/T "0OTOMBAET" MOJIOIIBY IIACTa BRICOKOTO CONPOTHUBIICHHUS
toukoit min KC.

Jlnis mocnenoBaTeabHOTO TpaaneHT-30HAa (puc. 5.7, 0), Mo Mepe ero NpUOIMKEHUS K KOHTAKTY
(mo3unus 2), BbIIENEXallas BHICOKOOMHAs cpeslla HaYyMHAET OTTAJKWBaTh TOKOBBIE JIMHUM, YBEIMUYUBAs
IUIOTHOCTh TOKAa HUXKE IMUTAIOLIETO 3JEKTpoJa A, TaM, IJle HaXOAATCA MPUEMHBIE AJIEKTPOABL, j > jo U px
MPEBBIIIAET P, A0 TEX IOp, ITOKa IEKTPOJ A HE BCTAHET Ha KOHTAKT (MO3UIMs 3), TOUKA 3alUCH MIPH 3TOM
HaXOJUTCsl Ha JUIMHY 30HJa L HMKe KOHTakTa. Tak ke, Kak M B mpeablaylieM ciayyae (puc. 5.7, a), moka
MUTAIONIUI 1 IPUEMHbIE AJIEKTPOAbI pa3jienenbl koHTakToM, KC ocTaercs mocTOsIHHBIM, paBHBIM p*. Korna
Touka O MEPEeXOAUT B BEPXHIO cpeAy (MO3UIHS 4), Pyn MPETEPIIEBACT CKAYOK, YBEIMUUBASICH OT p; /10 p2, A
IUIOTHOCTh TOKa OCTAETCS j>jo W3-3a BIMSAHMUSA HW)KHEH, HU3KOOMHOH cpenbl. IlosToMy Ha KOHTakTe
noy4aercst p” 'y > p,. [1o Mepe yaaneHus OT KOHTaKTa €ro BIUSHUE YMEHBIIACTCS, J > Jjo, a px => pa
Takum oOpa3oMm, MOJOLIBA MOIIHOIO IUIACTa BBICOKOIO CONPOTHUBIEHHSI OTMEYAETCS IMOCIEeI0BaTEIbHBIM
rpajieHT-30H10M TOYKOM p" ;.

Jns upeanpHOro moTeHuuan-3oHna AM (anmekTpoa N HacTolbKO yjaaieH oT M, 4To ero BIUsSHHE
MO)XHO HE YUWUTBIBaTh) IpH NpHOMMKeHHH K KoHTakTy (mosumus 2) KC pacrer u3-3a TOro, 4ro BEpXHSSA
BBICOKOOMHasI CpeJla OTTAJIKMBAET TOKOBBIE JIMHUM U YBEIMYMBAET IUIOTHOCTh TOKAa B 00JacTu Touku M 1o
TEX IMOp, IOKa Touka A He BCTaHET Ha KOHTAakT. [Ipu mepeceuyeHnM KOHTaKTa 3neKTpoaoM A (mo3uuus 3) -
TOYKa 3allUCH TpU 3TOM Ha AM/2 HU)XE KOHTAKTa - p, = p*; U OCTAeTCs MOCTOSHHBIM, MOKa 3JeKTpo] M
TaK)Ke He repeceder KOHTakT. [lo mepe ymaneHus or koHTakTa (mo3unus 4) B 304 MN BkiIodaercs Bce
OONBLINI y4acTOK Cpelbl C CONPOTUBICHUEM p; U Py, — P> > KpoMe TOro, j,, — jo ¥, KOrjaa yJaJleHHbIH
anekTpoa N mepecekaeT KOHTAaKT, CTAHOBUTCA pyy = P2 U px = p>. MOXHO TOKa3aTh MOCPEICTBOM
aHAJIOTUYHBIX PACCYXIEHUH, YTO I mepeBepHyToro noreHnuai-3ouaa MA kpusas KC Oyzaer BoIrisineTh
TOYHO TakK k€, KaKk U B ciy4ae 5.7, B, T.e. KpuBble KC 11 00pamieHHoro U mociieioBaTeNIbHOTO MTOTSHIINAI-
30H10B He paznuyarorcs. Ilo sTol mpuumHe HeT cMbiciaa AupdepeHIupoBaTh MOTEHLUUAN-30HAbI 0
MECTOIIOJIOKEHHUIO APHBIX 3JIEKTPOJIOB.

KonTpoJbHbIe Bonpockl

1. Ilouemy  SJIEKTpUYECKOE  CONPOTHUBIIEHHWE  IUIACTA-KOJUIEKTOpPA U3MEHSETCS B PaUalIbHOM
HaIpaBJICHUU 110 Mepe YAAJICHUS OT OCU CKBAXXHUHBI?

2. Tlouemy YOC HedTeHachIIIeHHOTO TutacTa Oombire, dem Y DC BOJOHACHIIIEHHOTO?

3. BriBeaure popmyny KC.

4. Kakoli 30HA Ha3bIBa€TCS TPAJAMCHT-30HIOM M KaKOW MMOTEHIHAI-30HA0M?

5. JlaiiTe mOJIHYIO XapaKTEpPUCTUKY 30HAA 10 ero cuMBoay A 0,5M 4,0A.

6. V3 dopmynsl kodpuUIMEHTA IPpaTueHT-30H1a MOJydnTe (Gopmyny KoddduimenTa moTeHIuai-
30H/a, ycTpeMuB 31ekTpo N unu B B 6eCKOHEYHOCTb.

7. lloscHuTe Ha3Hau€HUE BCEX OJJIEMEHTOB B cxeMme perucrpanuu nuarpamMm KC nHa puc. 5.6.

8. BriBeaute Gopmyiy, cBasbiBatollyto KC ¢ mIoTHOCTBIO TOKA.

9. Uemy paBHo KC Ha miomagkax paBHOTO COIIPOTUBIICHHUS?

10. Tlogcuuraiite, uemy paBHO p*, IpU p, = .



Jlekuust 6

HNuarepnperanus nnarpamm KC

Wurepnperanuss auarpamm  KC 3akiiodaercss B ONpPENENCHUU TIOJIOKEHHUS KOHTAKTOB ILIACTOB
Pa3IUYHOTO 3JIEKTPHUUECKOr0 COMPOTUBIICHUS U B OINPENEICHUH UX UCTUHHOTO COMTPOTUBIICHHUS.

[IpaBuna unreprnperanuu 3aBucat ot tuna 30HAa KC U COOTHOILIEHUS MEXAY MOILIHOCTBIO IJIACTa U
JUIMHOM 30HIA.

Momninblie maacTsl BBICOKOro conporusjenusi. B merone KC mnact cunraercst MOILIHBIM, €ClId NPU
dhopmupoBarnn kpuBoii KC Ha oqHOW ero rpaHuile MOKHO NpeHeOpedb BIUSHHEM Apyrod rpanuibl. Ha
MPAKTUKE TUIACT CYUTACTCS MOIIHBIM, ecliu /1> 5L.

Paccmorpum  Teopermueckyro dopmy kpuBod KC mis oOpaimeHHOTO TpaiMeHT-30HIAa W s
UJICATM3UPOBAHHOTO CITydasi, KOTJa OTCYTCTBYET BIIMSHHUE OypOBOW CKBaXKWHBI, T.€. TOTJA, KOTJIa YCIOBHO
MOXHO I10JIaraTh, YTo quaMeTp ckBakuHsbl d = 0 (puc. 6.1, a).

Pre. 6.1. @opma cpueenc KC Han MommemM nac

£ TOM BEICOKOIO CONPOTHRISHHS Ans
PALIEHHOTO TPRIHEHT-30HAA B CAYYAE OTCYTCTEBHA (a) u npy HanHumnK (G) BAHANKA
CHBAMHHE]

[Tockonbky npu popmupoBanuu kpuBoii KC Ha HIKHEH rpaHuIie MOIIHOTO IJIacTa BIMSHUEM BepXHEH
TpaHUIIBI MOKHO TPeHeOpedb, TO Ui OTPHCOBKU HIDKHEH mosioBHHBI KpuBoii KC MOXHO BOCTIOIB30BaTHCS
TEMH HAIIUMU PacCyXIAESHUSIMH, IPU OMOIIM KOTOPBIX ObLI MOCTPOEH puc. 5.7, a.

[Ipn panbHelmeM nogbeMe 30HAA W NPUONMKEHUM TOUYKM O K BEpXHEMY KOHTAaKTy (mo3umus 1)
IUIOTHOCTh TOKa B 00JacTH MPHUEMHBIX 3JIEKTPOJOB HAUMHAET pacTU H3-3a BTATMBAIOLIETO JAECHCTBUS
HU3KOOMHOM TIEPEKpBIBAIOIICH Cpemsl, j > jo u pr, — p'x > ps Ilocne mepexoma touku O B
NepeKphIBAIOLIY0 cpeay (mo3uuus 2) p,, CKAuKOM MajaeT 10 YPOBHSA py M, MOCKOJbKY HpPUEMHBIE U
MUTAFOIIUE JIEKTPOIBI pa3ieneHbl KOHTakToM, KC ocTaercst HOCTOSHHBIM p, = p*, 10 TEX MOp, IMOKa TOUKa A
TaKXke He Iepecever KOHTAaKT. B mo3umuu 3 (31ekTpox A HajJ KOHTAaKTOM) IUNIOTHOCTh TOKa OCTAaeTcs j > jj, a
P« > P1, HO IO Mepe YIAIEHUA OT KOHTAKTa j — jo, & P — Pi

Hanuuue OypoBoro pactBopa B CKBaXXMHE NPUBOJUT K CIVIAXHMBAHUIO peabHbIX KpuBbix KC,
IUTOMIAIKA PABHOTO CONPOTHBJIECHUS (p*, ) Ha HUX, KaK MpaBuio, ucye3aror. OIHAKO OCTAIOTCS TouKa p”' 'y
Ha KpOBIE IUIAcTa U Touka p”"; - Ha ero mojomBe. BhIBaeT Takke XOpONIO 3aMETHA TOUKA f - PE3KOTO
Bo3pacTanust kpuBoi KC, pacrnonoxeHHast Ha pacCTOSHUM L BbIlIE MOAOLIBEI 1acTa (puc. 6.1, 0).

Takum oOpa3om, Ha AuarpamMmax OOpallleHHOTO TpaJUeHT-30HJa KpoBis MolrHoro miacra BC
"oTOuBaercsa" Toukoit MakcumyMma KC, a nmojomisa -To4koii MUHUMYyMa.

OOpalleHHbIN I'paIueHT-30H/1 Ha3bIBAaeTCA elle U "KpOBeIbHBIM" 30HJI0M, T.K. HanloJiee YBEepeHHO (110
Touke max) "orouBaet" kposiio macta BC.

Ha ocHoBaHWU aHANOTMYHBIX paccyXJIeHH Ha puc. 6.2 moctpoeHsl auarpammbl KC Haa MOIIHBIM
TUTACTOM BBICOKOTO COTPOTHUBIICHUS JUTSI TIOCIIEOBATEIBHOTO TPAIMEHT-30H1a. DTOT 30H]] OTUETIUBEE BCETO
[0 TOYKE 3KPAHHOIO0 MakcHMMyMma "oTOuBaeT" MoJOLIBY IUIAacTa, Onarojaps 4yeMy OH U IMOJY4YWJl Ha3BaHUE
"MOIOBEHHOT0" 30Ha.



Puc.6.2. @opma kpuseix KC Hajg MOLIHBIM NITACTOM BRICOKOFO CONPOTHBIEHHA IR
nocneAoBaTeNbHOTO IPagHEHT-30H/1a B CyYae OTCYTCTRAN (2) H NPH HATHYHK (0) BAUAHHA
CKBaKHHEI

BenuunHy MCTMHHOTO COMPOTHBIIEHHS BBICOKOOMHOTO IIACTa MOKHO CUWTaTh MPUMEPHO PaBHOM
CpeIHEB3BEIIEHHOMY pP) 110 MOIIHOCTH KaKYIIEMYCs CONPOTHUBIICHHIO B IPEAEiaX MEKIYy KOHTaKTaMU
iacra. Benwuunna p?y onpepensercs rpaguyecku Tak, Kak 3TO IOKa3aHo Ha puc. 7.6.

Paccmotpum kpuByto KC nag momubeM tuiactom BC mist motenmman-3oana AM (puc. 6.3 a, 6). Tak
K€, KaK W B TPEIbIAYIIEM Ciydae, HapuCyeM HIKHIOO 4YacThb KpHUBOM, mepeHecs ee ¢ puc. 5.7. Ilpm
JaNbHEUIIeM TMOJABEME 30HJAa W NPUOMMKEHHH JJIEKTpoja A K BEpXHEMY KOHTakTy  (mo3urus 1)
IUIOTHOCTh TOKAa HAYMHAET MaJaTh j < j o W3-3a BTSATMBAHUS TOKA MEPEKPHIBAIOLIEH HU3KOOMHOU Cpelioi, U py
YMEHBINACTCS (Px < p2 ) IO TEX TOP, MOKA IEKTPOA A HE BCTAHET HA BEPXHHI KOHTAKT (TOUYKA 3aMUCHU MPHU
9TOM Ha L/2 HWKE BEpXHEro KoHTakTa). B mosumuu 2 (Mexay ToukamMu A m M HaxoaWTCs KOHTAKT)
BBITIONTHSIETCS YCIIOBHE P, = p ¥, 10 TE€X MOP, MOKa dIIEKTPol M He mepeceueT BepXHUI KOHTAKT.



Pue. 6.3. ®opMa kpHeeix KC Hal MOIHEIM IUIACTOM BRICOKOTO CONIPOTHRISHHA 114
NOTEeHUHAN-30HAA B CIIYyH4ae OTCYTCTBHA (a) ¥ npH HamHduu (0) BAMAHNA CKBAKHHEI

B nozunuu 3 B uHTEpBan Mexay anekTpoaamMu M u N HauMHaeT BKIIOYAThCS BCE OONBIIMN y4acTOK
MIEPEKPBIBAIOLLIEN CPEbl C HU3KUM CONPOTUBIIEHUEM P U P — P

[Ipn Hanmuuu 6ypoBOro pacTBOpa B CKBAKMHE IUIOMIAJKU PAaBHOTO CONMPOTUBICHUS HMCUE3aI0T, HO,
KaK TIpaBWJIO, 3aMETHbl TOYKM pe3koro Bo3pactaHusi kpuBoil KC, oTnoxuB oT koTopeix AM/2 B
cTopoHbl OoT Makcumyma KC, MOKHO HalTH MOJI0XKEHHE KOHTAKTOB IJIacTa.

MOo’kHO BOCIIOJIB30BAThCs TAK)KE IPABUIIOM 'yIBOEHHOT'O CONPOTHUBIICHUSI BMELIAIOIIMNX TOpoL".

Eciv monoxuTh, 4TO MJacT KMMEET COINpPOTUBIEHHE p, — 00, TO Ha IJIOLIAAKaX paBHOTO
CONPOTHUBIICHUS, TPOTHB CEPEAMHBI  KOTOPBIX PACIOJIAraroOTCsl KOHTAKTHI IU1AcTa,

lim px = lim 2212 —2p,.

P b Ry == s —w o0 2+ 2o

Ot1o o3HauaeT, uro KC Ha rpaHunax miacta He MOXET ObIThb OOJblle yJBOEHHOTO CONPOTUBICHUS
BMEUIAIOIIMX IIOpPOJ, MO3TOMY IIOJIOKEHHE TPAHUIBl IUIACTA ONPEACIAIOT IO TOYKAaM  IIEPEeCEdYECHHUs
muarpammbel - KC ¢ ropu3oHTalbHBIMU JUHUSIMM, COOTBETCTBYIOIIMMHU COMPOTHUBIICHUIO
BMEUIAIOIIMX I0POJ, 3HAYEHUE KOTOPOTO HaxoIAT, ocpelHsas KpuByro KC Bbllle M HMKE aHOMAaaUM OT
miacTa.

Bennuuny uctunHOro comportusieHus miacta BC Oonbiioil MOIIHOCTH Ha auarpaMMe MOTEHLHA-
30H]1a MOJKHO CYMTATh IPUOIM3UTEILHO paBHOM p™ .

[Tockonbky KC Ha muomaakax mano (He Oojiee ueM BABOE MPEBBILIAET CONPOTHBICHUE BMELIAIONIIUX
[IOpPOJ), TO MPU CPABHEHUM IIMPHUHBI OTYETIIMBOM YaCTH aHOMAJIMHM M MOIIHOCTH IUIaCTa MOXKHO 3aMETHUTH,
yt0 U1t m1actoB BC 0010l MOIIHOCTH IIMPUHA aHOMAJIMU MEHBIIIE MOLITHOCTH IL1acTa Ha pa3Mep 30Ha.

Tonkue miacTel BbICOKOro comnporusjienus. B merone KC miactel cuutaroTcs TOHKMMHU, €CIIH UX
MOIITHOCTh MEHbLIE JUIMHBI 30HAa (h<l). Han HUMM KOHGUrypalusi KpUBBIX HHas, 4eM HaJ IJacTaMu
6omp1oit MmoiHocTH. Ha puc. 6.4 npencrasnena kpuBas KC, nmonyueHnHas HaJl TOHKAM IJIACTOM C TIOMOIIBIO
oOpaleHHOro rpajueHT-30H1a. Korjga 3017 pacnonaraercss Huxe miacrta (nmo3uuuu 1 u 2), popmMupoBaHue
kpuBoil KC npoucxoauT Tak ke, Kak 1 i1 MolHoro mniacta. Koria Touka 3anucu BXOAWT B IacT (MO3ULMS
3), BMECTO IUIOIIAAKH PaBHBIX CONPOTHUBICHHUN MOJTy4aeTCsl HAKJIOHHAS IUIOIIAJKa C BO3PACTaHUEM K KPOBIIE
I1acTa u3-3a TOro, YTo NMEPEKPhIBAIOIAs IIACT HU3KOOMHAs! Cpefla BTSATMBaeT B ce0d TOK M, TEM CaMBIM,
yBEJIMYMBAET IUNIOTHOCTh TOKa B 00JIACTH MPUEMHBIX 371eKTpooB. Korja Touka 3amicy BBIXOAUT U3 IU1acTa B
MEPEKPHIBAIOLIYI0 cpely (mo3unusa 4), MEeXIy NUTAIOIUM M NPUEMHBIMH D3JIEKTPOJAMHU OKa3bIBAETCS
BBICOKOOMHBIN IUIACT, KOTOPBIA KPAaHUPYET NPUEMHBIE 3JIEKTPOJBl OT MCTOYHHMKA TOKA, IUNIOTHOCTh TOKA



nasnaet, u Ha kpuBoil KC dopmupyercs 30Ha 5KpaHHOrO MUHMUMYMa, KOTOpast OyJeT mpoaosKaThes A0 TeX
1op, MOKA JIEKTPOJA A He MepecedyeT HUKHUAN KOHTaKT IutacTa (rmosunus 5). [Tocae aToro, mo mepe ynaneHus
JIEKTpoZa A OT MOJOLIBHI IIacTa, Bce OOJbIIAs YacTh TOKA OyAET BTATMBATHCS BEpXHEW cpenoi M, Korma
NEeKTpoA A mepecekaeT KpoBiwo Iiacta, Ha kpuBoid KC gopmupyercst s3KkpaHHbII MaKCUMYM, PAcCTOSTHUE
KOTOpOT'O OT KPOBJIY IUIACTa PABHO JJIMHE 30H]A.

Puc, 6.4. ®opma kpusbix KC Han TOHKHM MIACTOM BLICOKOrD CONMPOTHBASHHA JUTA

ofpaleHHoro rpaNHeNT-10HAa B CNyYat OTCYTCTBHA (a) v mpu ianu4aud (6) BanAHNA
CKBAWHHBI

[Ipu nanmuuu BnusiHUS ckBakuHbl Ha KpuBoi KC He Bcerjma coxpaHsieTcs SKpaHHBIM MUHUMYM Ha
MOJIOIIBE IJIACTa, HO, KaK MPaBHJIO, OBIBAIOT XOPOIIO BHIPAXKEHBI TOUYKU OCHOBHOTO M 3KPAaHHOTO (TOoYka a)
MaKCUMyMOB M TOYKa SKPAHHOTO (TOYKa B) MHUHMMYyMa MeXAy HUMHU. [lojokeHHe KOHTaKTOB ILIacTa
HaxoJAT, OTKJIaJbIBasi OT TOUYEK a U 6 pa3Mep 30H/1a B CTOPOHY OCHOBHOI'O MaKCHMMYMa, KaK 3TO [TOKa3aHO Ha
puc. 6.4, 6.

Benuuuny comporuBnenus tiacta, corjacHo C.I'. KomapoBy, MOXHO OIIEHHTH IO NMPUOIMKEHHOU

P = 2o 'F%
bopmyiie £% 3Ha4YEHMs BCEX BEJIMYMH, BXOJSIIMX B 3TO BBIPAKEHHUE, CHUMAIOTCS C KPUBOM
KC (cm. puc. 6.4, 6).

Ha puc. 6.5 npencraBnena kpuBas KC, 3amucanHasi HaJ TOHKHM IUIACTOM C TOMOIIBIO MOTEHIHAT-
3ouAa. [Ipu mpubnmkeHun 30HAA K MOAOIMIBE  IUIacTa (MO3UIMsS 2) TUIOTHOCTh TOKA HaJ SJEKTPOAOM A
YMEHBIIAETCS M YBEIWYMBACTCA TOA HUM, B o0macTu mnpueMHoro »siekrpoga M. CoOTBETCTBEHHO
yBenmuuuBaercsi KC u gocturaer MakcumMyMa, KOrja 3J1eKTpoA A JOCTUTaeT MOAOMIBHI MacTa (TOUKa 3aIUCH
MPU 3TOM HAXOJUTCS Ha TOJIOBUHY IJUHBI 30HAa HWke). [lociie mepeceueHus 37eKTpPOAOM A TMOIOUIBHI
mwiacta (mo3unusg 3) BMECTO IUIOIIAAKH PABHBIX COMPOTHUBICHUHN TMONTy4YaeTcs HAKJIOHHAs IUIOIIAIKa C
ymenbiienneM KC u3-3a Toro, 4ro Bce BO3pacTarollyio (M0 Mepe MoabeMa 30HJa) 4acTh TOKAa BTATHUBAET
HU3KOOMHAasl TepekphiBaromas cpena. Ilpu mepecedeHnH 3a€KTpoAOM A KpOBIM IUIaCTa MEXKIYy HUM U
MIPUEMHBIMU 3JIEKTPOJAMH OKa3bIBAETCSI BRLICOKOOMHBIN 9KpaH - miacT, u Ha kpuBoit KC dopmupyercs 30Ha
SKpaHHOI'O0 MUHHMYyMa, NPOAOJDKAIOIIAsACS OO TeX IMOp, MOKa 3IEKTpoJ M He mepeceuer MOJOMIBY IIacTa
(mozunus 4). [locne 3TOro B 3HAYCHHUE P, BKIIOUYAIOTCS BCE BO3pACTAIONIME YYACTKHM MOUTHOCTH IUTacTa C
BBICOKHM COTPOTUBIECHUEM p, (d1ekTpol N HaXOAWUTCS HAMHOTO HIDKE 3JeKTpoga M M Ha pHCYHKE He
rokasaH). Bkiag cpenbl ¢ COMPOTUBICHUEM P B 3HAYEHUE Py JOCTHUTHET MAaKCUMYyMa TOT/Ia, KOT/Ia AJIEKTPO/T
M pnoiiger 1o KpoBiM Iuiacta (BCS MOUIHOCThH IuiacTa BoimeT B oTpe3ok MN), mpu stoM Ha kpuBoir KC
chopmupyercs emie OJuH MaKCUMYM, OTCTOSIIIIUN OT BEPXHEH I'PaHMIIBI TUIACTA HA TIOJIOBUHY JIJTUHBI 30H/IA.
[Ipn mepeceyeHNM KPOBIM IIAacTa HJEKTpoaoM M (MO3umust 5) pmn YK€ HE MEHSETCS, BIHUSHHUE
BBICOKOOMHOTO IIJIACTa Ha IJIOTHOCTh TOKA MOCTENEHHO cXOIUT Ha HeT, u KC npubimkaeTcs kK 3Ha4EHUIO p;.
Takum obpazom, Ha kpuBoii KC mist moreHnuan-30HAa HaJl TOHKHM IJIACTOM BBICOKOTO COMPOTHBICHUS
BMECTO OXKHJIAEMOTO YBEJIMYCHHUS COMPOTUBIICHUS (POPMUPYETCS 30HA IKPAHHOTO MUHHMYMA, T.C. KPHBas



KC kaxymerocs CONPOTHBIIEHHS COBEPIIEHHO HE COOTBETCTBYET PACIPEACICHUI0 HCTUHHBIX
CONPOTUBIICHUN CPEMBI.
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Pue. 6.5. Gopua kpusbix KC Han toukmM niactoM BHICOKOrO CONPOTHAIEHHA JUIA
NOTCHUNAN-I0ILAL B CAYy¥ae OTcyTeruMd (a) W upu daawqm (B) BIHAHHR CKBAKMILL

BinsHne ckBaxunbl Ha kpuByro KC mposBisercs B TOM, 4YTO HCYE3aeT IUIOMIAJKA PAaBHBIX
COINPOTHBIIEHUI B 30HE dKPAaHHOTO MMHHMYyMa, HO 0053aTE€JIbHO COXPAHSIOTCS OOpaMIISIONIUE €€ SKpaHHbIE
MakcuMyMbl. KOHTaKThl m1actTa MOKHO "OTOUTBH", OTJIOKUB OT SKPaHHBIX MAKCHUMYMOB IOJOBUHY JJIMHBI
30H/a B CTOPOHY SKpaHHOTO MUHHMYyMa, KakK IMMOKa3aHO Ha puc. 6.5, 6. OUeHHUTh BEIMYUHY HCTUHHOTO
conpoTusiieHus 1iacta 1o kpuBoit KC B 3TOM citydae HEBO3MOXKHO.

[loTenunan-30H1bI HE PEKOMEHIYIOTCS ISl KapOTaka TOHKUX IJ1aCTOB.

Momnbie miIacTsl HU3K0ro conporusiaenusi. Kpussie KC Hax macraMyu HM3KOTO CONPOTHBIICHUS
(HC) moryT OBITh IOCTPOEHBI 10 TEM K€ MpaBWIIaM, YTO U HaJ IlacTaMu BbIcOKoro conpotuBieHus (BC),
HY’KHO TOJIbKO IOMHHTB, YTO KPOBJIS IUIACTa BBICOKOTO CONPOTHUBIIEHMS - 3TO IMOJOIIBA IUIACTa HU3KOTO
CONMpOTUBIIEHUS U HaoOopoT. Creayer MMETh B BUAY M €LIE OJUH MOMEHT: MOCKOJIbKY Ha IJIOLIaAKax
PaBHOTO CONPOTHUBIEHUS p*. HE MOXeT ObITh Oonbllle, YeM YJIBOCHHOE 3HAYCHHWE MEHBLIETOo U3
COIIPOTHBIICHUH JBYX KOHTaKTHPYIOIIUX Cpel, TO MHUpuHa aHoManuu Haja rmactamMu HC OwiBaeT Gosbiie
MOIITHOCTH IuIacTa Ha JUIMHY 30HAa. OCOOEHHO SIPKO MpOSBISETCS 3TO, KOTJa IUIACT HUMEET HyJeBOe
COINPOTHUBIIEHUE, YTO COOTBETCTBYET ydacTKaM METAJUIMYECKUX TPYyO, YIYIIEHHbIX B CKBaXXKUHE IIpU OypeHuw,

HJIM XOpOoLmo NpOBOAAIINM PYAHBIM HUHTCpBAJIAM. B 3TOM clIy4dac
limm 2w = lim z—p;_;_pz_= o, .
e P01 P2 IUIOLIAIKH PaBHBIX COTNPOTUBIIEHHH MOJYYAOTCS Ha

HYJIEBOM YpOBHE, U MPOTSKEHHOCTh 30HbI HYJIEBBIX conpoTuBieHui Ha nuarpamme KC nonyvaercs Oosblie
MOIITHOCTH H/I€ATbHOTO MPOBOJHHMKA Ha JJIMHY 30HJA, YTO CJIEAyeT YUYMTHIBATh NPH HMHTEpHpeTauuu (puc.
6.6).
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Pue. 6.6. @opma kpueoil KC ans ofpaitesnoro rpaquenT-30H0a HAD MOIIHEIM [LIACTOM
HHIKOro CONpOTHEASHHA (a) H Haj oTpeikom MeTanna (5) B CKBamHne

Inactel cpeaneii MmomuocTu. B Meroge KC mmacTel cYMTAIOTCS MUMEIONIMMHU CPEIHIOI0 MOIIHOCTH
npu cootHomeHuu L<h<SL. Teopernyeckue kpuBbie KC Haa mimactamMu cpeqHeil MOIIHOCTH OTIWYAIOTCS
TE€M, YTO BMECTO IUIOIAJOK PABHBIX COMNPOTUBIICHHUM, XapaKTEPHBIX /JISI MOLIHBIX IJIACTOB, Ha HUX
MOJIyYal0TCs HAaKJIOHHBIE IUJIOMIAJKH M3-32 TOTO, YTO MPH MOJOKEHUH 30HJA Y OJHOM I'paHMIIbI IUIacTa Ha
(opmMHEpoBaHUE KPUBOI BIUSET U Apyras rpaHuia (puc. 6.7).
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Pue. 6.7. Anomanuu KC nan nnacramMu cpeanei MOIMHOCTH BEICOKOro (a) H Hu3Koro (6)
COTIPOTHRIIEHHS

WuTepnpeTupyroTcs 3TH KPUBBIE T10 TEM K€ IIPABUJIAM, YTO U JJIs MOIIHBIX IJIACTOB.

ILnacTel cjoxkHOrO0 crpoeHusi. Hanbomnee nmpocTeiM cilyyaeM IUIacTa CIO0XKHOTO CTPOEHHUS SIBIISETCS
nayka MPOIUIACTOB HU3KOIO U BBICOKOIO COIPOTHUBIIEHUS OAMHAKOBOW MOIIHOCTH. Hauiydmime pe3ysbTaTsl
MOJIy4YaroTCsl NPH MCIOJIb30BAaHUM TPATUEHT-30HJOB, [UIMHA KOTOPHIX OOJbIIE MOLIHOCTH OTAEIBHOIO
MpOIUIaCTKa /4, HO MEHbIE MOUIHOCTH Bced mauku H - puc. 6.8. OueHb HEUYETKHE pe3yJbTaThl NAIOT
MIOTEHIIAAJI-30H/IbI.



Purc. 6.8, hopma kpapny KO Haa naskofl TOHKNE NI2CTOR ANA obpalieiHoro TpagesT-
JOHIA TpH yonopud i<L<H (a)u L=H (B}

KoHnTpo/ibHbIE BOPOCHI

1. Kakwue miacTel cuuTaroTcst MOIIHBIMH B MeTone KC?

2. Tlomb3ysick Gpopmynoii 5.12, o6bsicante noBenenue KC na puc. 6.2.

3. Tlouemy Ha MOUIHBIX TIJIACTaX BBICOKOTO COMPOTUBIEHUS wmupuHa aHoMannu KC meHsbIne, uem
MOIIIHOCTG IiacTa?

4. Tlouemy Ha MOIIHBIX IIACTaX HHU3KOro compotuBieHUs aHomanuu KC mupe, 4eM MOIIHOCTb
mracra’?

5. Tlodyemy moOTEeHIMAN-30HABI HE PEKOMEHIYIOTCS Ui KapoTaka TOHKUX IUIACTOB BBICOKOTO
COTIPOTUBIICHUSA?

6. Hapucyiite, kakue anomanuu KC momyuaroTcss HaJ HHOKHMM KOHIIOM 0o0cagHOW  TpyObl  Ha
quarpaMmax, 3aliCaHHBIX C Pa3IMYHBIMU 30HIAMH.



Jlekuuss 7

Metoa pe3ucTHBUMETPHHU

Pe3ucmusumempusa - 3TO0 MU3MEpPEHHE CONPOTHBIICHUS XHUIKOCTH, 3aIOJHAIONICH CKBaXHHY, Yalle
BCero - OypoBoro pactsopa (po).

W3mepeHuss TpOM3BOMATCS C TOMOLIbIO PE3UCTUBUMETpPA - TAaKOTO 30HAA, PACCTOSHUS MEXITY
JNEKTPOJaMU KOTOPOTO HACTOJBKO Mallbl, YTO TOK 3aMbIKAe€TCs BHYTpU OypOBOrO pacTBOpa, M CTEHKHU
CKBRXXHMHBI HE BIMSIOT Ha pe3ynbTaThl u3MepeHuil. KoHdurypauum sieKTpoIoB pe3sUCTUBUMETPAa MOTYT
UMETh caMylo pa3inuHyio (popmy. Heckonbko KOHCTpyKIMH Hambojee paclpOCTPaHEHHBIX CKBaXXUHHBIX
PE3UCTUBUMETPOB IIPEJICTABIECHO Ha puc. 7.1.

O
[N

PA-3 PT-65 Posencrozo PCH-57T

Puc. 7.1. ©@opma u pazmewenue 31eKmMpO008 8 CKBANCUHHLIX PEe3UCMUBUMEMPAX PA3TUUHBIX
KOHCMPYKYUUl

CylecTBYIOT TaKKe HMHIYKIHMOHHBIE PE3UCTHUBUMETPBI, IPEACTABIAIOIIME COOONH 2 KaTyLIKH
WHAYKTUBHOCTH - T€HEPATOPHYIO U NPHUEMHYIO, CBS3b MEXIY KOTOPBIMH OCYILECTBIISICTCS depe3 OypoBoit
pacTBop.

DnekTpuueckas cxema U3MEPEHUH C pe3UCTUBHMETPOM IOJHOCTHIO aHajoruyHa cxeme merona KC.
EnvHCTBEHHOE OTIMYME, CBA3AaHHOE C MajbIM pAcCTOSHHUEM MEXIY OJJIEKTPOJAaMH, 3aKioyaercs B
HCIIOJIb30BAaHUU NIPU PE3UCTUBUMETPUN MajbIX TOKOB (MOpsiiKa HECKOJIBKUX MA). JlJis yMEHBUIECHUS CHIIbI
TOKA B MUTAOLLYIO LENb PE3UCTUBUMETPA BBOAAT OOJIBIIOE TOTOJIHUTEIBHOE CONTPOTHBIICHUE.

ConpotuBieHne OypoBOro pacTBopa BHIYHUCISIIOT [0 U3BECTHOU (opMyie:

i
o 7

rae K— xkoaduimeHT pe3sucTuBUMeTpa, M.

B orimume ot 30HDOB, KO(DPHUIMEHT pE3UCTUBUMETPA HE pPACCUUTHIBAIOT, a OMPEICISTIOT
9KCIIEPUMEHTAJILHO, TPOBOSI U3MEPEHHUS B PACTBOPAX C U3BECTHBIM COMPOTHBIICHUEM.

Pe3ynbTaThl pe3uCTUBUMETPUM KCIIONB3YIOT MPH KOJIWYECTBEHHOW HWHTEPIPETAIUN JAHHBIX JPYTUX
METOZIOB KapoTaxka - snektpuueckoro u paawoaktuBHoro (HTK, HHK). Kpome Ttoro, omm umeror u
CaMOCTOSITENIFHOE 3HAUEHHE: M0 HUM MOXHO (DUKCHpPOBATHh MOMEHT BCKPBITHUS CKBXKUHOW BOJOHOCHBIX
IJIACTOB, ONPEAEIAThH MOJI0KEHNE MECT MPUTOKA U MOTJIOMICHUS KUAKOCTH B CKBAXKHHAX, IPOBOJIUTH TOUCKHU
CyIb(OUTHBIX MECTOPOKICHUN U TIP.

MeToa G0KOBBIX KapOTaXKHBIX 30HIUPOBAHUI

boxkosgvle kapomasicuvie 30nouposanus (BK3) - 310 ocHOBHOM Meron ompezeneHus YIC TopHBIX



MOpOJI B yCIOBUAX OYpOBBbIX CKBakuH. bonbmiol Bkian B Teopuio u npaktuky BK3 BHecan oreuecTBeHHBIE
reopmsuku -B.A. @ok, JI.M Anenun, C.I'. Komapos, RM. JlaxHOB.

CymHocts MeTofa BK3 3akirouaercss B U3MEPEHUM KaXKyIIErocs CONPOTHBIEHUS TOPHBIX MOPOJ
30HJaMH OJHOT'O TUIA, HO PA3HOM JJINHBI.

Anagornsg metonos BK3 u B93

Meron BK3 ananoruuen metony BO3 B anekTpopasBeke.

B BDO3 u3yuaroT u3MeHeHHe p, C yBEIUYEHUEM Pa3HOCOB MUTAIOIIEH YCTAaHOBKH, T.€. C YBEIMYCHHEM
rITyOWHBI IPOHUKHOBEHHS JIEKTPHUYECKOTO TOKA.

B BK3 Takxke u3yyaroT U3MEHEHHE p, C YBEIMUYEHHEM IIyOMHbI NPOHMKHOBEHMs TOKa - 10 Mepe
yBenuueHus JUIMHbI 30H4a. [Ipn Manbix 30H1ax L < d TOK 3aMBIKaeTcsl B MajIoM 00beMe, BHYTPU CKBAXKHHBI,
U TOJIY4aeMOe€ p, ONpeAessieTcs, B OCHOBHOM, CONPOTHBIECHHEM OypoBOro pactsopa py. C yBelndeHHeM
JUIMHBI 30HJa TOK INPOHUKAET BCE Jajbllieé OT OCH CKBA’KMHBI, 3aXBaThIBasl CHadajla 30HY MPOHUKHOBEHHS
OypoBOro pacTBOpa ¢ CONPOTUBICHHUEM p', @ 3aT€M U HEM3MEHEHHYIO YacTh IUIACTa C CONPOTHUBICHHUEM p.
CoOTBETCTBEHHO, MEHSIOTCS M TOJydyaeMble 3HadueHus p.. Pesynprar BK3 mpencraBnser coboil KpuByIO
3aBUCHUMOCTH P, = f(L), MOCTpOeHHYI0 B Ousorapudmuueckom maciraoe.

Taxwue xe KpuBsIe p, = f(AB/2) ctposT u B BO3.
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Puc. 7.2, Q'opMa cIOes patiHyH0T0 CONPOTHBNCHHE B cyyae B33 (2) n BK3 (5)

Opnnako ananorus mexay merongamu bK3 u BO3 He nonHas, Mex1y HUMU UMEIOTCS U OTiIuusA. Bo-
nepBbIx, MeTo] BO3 npennazHayueH A TOPU30HTAIBHO CIOUCTBIX CPEM; TPAHULIBI CIIOEB, UMEIOIINX pa3HOe
JNEKTPUYECKOE COMPOTHUBIIEHHWE - TapauienbHble TuIockocTH; B BK3 rpaHumel cinoeB ¢ pasHbIM
COIIPOTHBIICHUEM IWIMHAPUYECKNE, KOAKCHAIbHBIE (COOCHBIE), KaK MOKa3aHo Ha puc. 7.2, 6. Bo-BTopsix,
gymucio cnoeB B BO3 He orpannyeno, a B bBK3 ux kommuecTtBo He MOXeT ObITH Oojiee 3: CKBa)XKMHA, 30HA
MIPOHUKHOBEHHUSI OYpPOBOTO pacTBOpa, TiacT. B-tpeThux, mpu BO3 BO3MOXKHBI caMble pa3HbIe COOTHOIICHUS
MEXIy CONPOTHUBICHUSIMH CJIOEB. Tak, Al TPEXCIOMHOTO pa3pe3a BO3MOXKHBI 4 BUAa COUETaHUI
COTPOTHUBIIEHUS ITUX CJIOEB, COOTBETCTBEHHO KOTOPBIM MOJIy4atoT 4 Tuma TpexcioiHeix kpuBbix BO3 (H, K,
A u Q). B BK3 conpoTuBieHrne 30Hbl MPOHUKHOBEHUSI P' HE MOXET OBITh MEHbIIIE, YeM COMPOTHUBIICHUE
OypOBOTO pacTBOpa pp. ITO OOBACHIECTCS TEM, YTO 30HBI MPOHUKHOBEHHUS BO3HUKAIOT TOJIHKO Ha TUIACTaX-
KOJJIEKTOpax -MeCYaHuKax, ajJeBPOIUTaxX, MOPUCTHIX U3BeCTHAKaX. COMPOTHBICHNE MUHEPATBLHOTO CKelleTa
ATHX MOPOJI BCeraa OOJbIIe, YeM CONMPOTHBIIEHHE OypoBoro pactBopa. I1o 3Toil mpuyrHE M COMPOTUBICHUE
BCEH 30HBI MPOHUKHOBEHUS, MPEACTABIAIONICH MHUHEpPaIbHBIH CKEJEeT, MOPbl B KOTOPOM 3aIlOJIHEHBI
¢mIbTpaToM OYpOBOTO pacTBOpPa, BCeraa OOJIbIIE, YeM CONMPOTUBIIEHUE CAMOTO pacTBopa: p'> py. O6paTHOTO
COOTHOIIICHHS HE OBIBAET.

Meroauka BK3

s nposenenust bK3 ucnons3ytor Habop u3 4-6 30HAOB OJHOTO THIIA, HAPUMEp, OOPAIICHHBIX WIH
MOCIICJIOBATEeIIFHBIX TPATUCHT-30HI0OB JUIMHA KOTOPBIX Bo3pacTtaeT oOT l«</ go 1«30<*. Kaxmprit
MOCNEAYIOMUN 30HA MPUMEPHO BIABOE MJMHHee mpeabiayiero. Kpome Ttoro, B kommiekT 30HA0B BK3
BKJIIOYAIOT emie | 30HA, "mepeBepHYTHIN" MO OTHOIICHUIO K OCTaJbHBIM (T.€. IMOCJIEIOBATEIbHBIN, €CIu
ocTajbHbIe OOpalleHHbIe, U HAo00poT), | MOTEHIMAN-30HI W PE3UCTHUBUMETP. 3alHCHIBAIOT TaKXKe
nuarpammy [1C u kaBepHOTpaMmy



CrauameTp CKBa)KUHBI).

st TOBBIIIEHUST TPOW3BOJAUTEIBHOCTH HM3MEPEHUN TPHUMEHSIOT TaK Ha3bIBAEMbIE€ KOMILUIEKCHBIC
MpUOOPHI SMEKTPUYECKOTO KAapOTa)ka, COCTOSIIKME W3 MHOTOAJIEKTPOJHOTO 30HAA C PE3UCTUBUMETPOM U
3JeKTpOHHOTO OJi0Ka. Takoi mpuOop Mo3BOJSET 32 1 CIyCKO-TIOABEMHYIO OTIEPAIMIO 3aMMCaTh 3 JUarpaMMbl
KC ¢ paznbsiMu 30u1amu 1 [1C. Tlepenaua 3 curnanos KC mo ogHoi f ToM ke TMHUU CBSI3U JOCTUTAETCS 3a
CYET MPUMEHEHMsI YaCTOTHOM MOAYJISIIUU Ha pa3HbIX Hecymmx Yacrorax (7,8; 14,0; 25,7 kI'n); curnan [1C
Tepe1aeTCsl MOCTOSIHHBIM TOKOM.

[Tpu noctpoenun kpuBbix BK3 ncnons3yoT cpegHue 3Ha4eHUs p, , KOTOPbIE CUUTHIBAIOT C JUArpPaMM
KC, kak »T0 nokazaHo Ha puc. 7.7.

Tunsl kpuBbsix BK3

[Monyuennsie kpubie BK3 p?,=f(L) ObBaroT IByCIOiHBIC U

BriepTrie 3amaua o 3aBucumoct KC ot umHBI 30H1a ObUIa pelieHa COBETCKUMH reo(pu3uKaMu: Jyist
IBYCHOWHOM cpenbl B.A. @okoMm, a 17151 TpeXCIO0MHON, HECKONBKO no3aHee, JI.M. AnbIUHBIMIO

JIBycnoitabie kpuBble bK3 nmomyvarorcst Ha moponax, He o0najalOIUX NPOHUIIAEMOCTBIO, HAIPUMED,
Ha TJIMHAX, MJIOTHBIX M3BECTHSAKAX WM MarMaTH4eckux mopojax. JIBycrnoinweie kpuBbie BK3 ObiBaroT 2-x
TUmnoB. [lepBbIii THUN COOTBETCTBYET Ciy4yalro, KOTJa COMPOTHUBICHUE TOPHBIX TIOPOJ BHIMIC YeEM
COMPOTUBIIEHUE OYypOBOTO pacTBOpa (p>p,)- TeopeTnyeckue KpuBbIe 3TOro THMa coOpanbl Ha nanetke bK3-
la (puc. 7.3). OTu KpHuBBIE UIMEIOT 2 ACHMITOTHI: JIEBYIO, HA KOTOPYIO KPUBBIE BBIXOJAT MPU p=00, OHA 001Ias
JUISL BCEX KPHBBIX, U TPABYIO Py = Py, WHAMBHIAyAIbHYIO AN Kaxaod kpusoil. Kpuseie BK3 mocturaror
CBOEH MpaBoil acUMINTOTHI npu L=co0, monxonast Kk HeW cBepxy. TOUKH MepeceueHus: TEOPETUIECKUX KPUBBIX
BK3 ¢ ux mpaBpIMH aCUMIOTOTaMHU Ha TMaJeTKe COCAMHEHBI KUPHON MyHKTUpHOU nuHuer (uHus A). JleBas
ACUMIITOTa OTCEKaeT Ha TOPU30HTAIBHOM OCH OTPE30K, paBHBIN %2 /g8, W HampaBieHa moj yriom 63°26' k
TOPU30HTAIH.

JIByci0iiHbIE KpUBBIE BTOPOTO THIA MOJYYAOTCSl TOT/IA, KOT/Ia CONPOTHUBIICHHE TOPHBIX TOPO HIDKE,
YeM COMPOTUBIEHUE OYpOBOTO pacTBopa (p<pg), TEOPETHUECKHE KPHUBBIE STOTO THMA COOpAaHBI HA MaJeTKe
BbK3-16 (puc. 7.4).
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Pue. 7.4. Oeycnoiinas nanerka BK3-16. udp kpuesx 2/ 2g

Tpexcnoitnbie kpuBble BK3 nonyyaroTcss Ha MOPUCTHIX M MPOHULIAEMBIX MTOPOJAX, HA KOTOPBIX MEXIY
OypOBBIM PACTBOPOM U CaMOU MTOPOJIOH 00pa3yeTcs MPOMEKYTOUHBIHN CIIOH - 30Ha IPOHUKHOBEHHSI Oy pPOBOTO
pacTBopa ¢ COMpOTUBIEHHEM p'. [MUHUCTYI0O KOPOYKY, OOpa3yIOIIylocs Ha 3THUX MOPOAAX, MOXKHO HE



paccMaTpuBaTh KakK OTHENbHBIM CJIOH MOTOMY, 4TO, BO-IIEPBBIX, €€ CONpPOTHBIEHHE OJIM3KO K
COIIPOTHBIICHUIO OypOBOTO pacTBOPA, @ BO-BTOPHIX, €€ TOJIINHA OYCHb HeBeNMKa - 1-2 cM.

Tpexcnoiinble kpuBble BK3 Taxke ObIBalOT ABYX THUIIOB - MPUNOAHATHIMU U BBIMOJIOKEHHBIMU - B
3aBHCUMOCTH OT COOTHOIICHUS MEXY CONMPOTHUBICHUEM 30HBI IPOHUKHOBEHHS 1 HEM3MEHEHHOTO TUIACTA.

B ciryuae ecniu conpoTuBiieHHe OypoBOIO pacTBOpa BBIIIE, YEM COMPOTUBJICHUE MJIACTOBBIX BOX (py >
Ps), @ 3TO HamboJiee YacThIi CIydaid MPU pa3BeAKe HEPTIHBIX U Ta30BBIX MECTOPOXKICHUH, T.K. TUIACTOBBIC
BOJIbl HA HUX OOBIYHO CHJIBHO MHUHEpAIN30BaHbl U3-3a CBOEH MOBBILICHHOM TeMIIepaTypbl, MMEET MECTO TaK
Ha3zbiBaeMoe ''moeviuarouiee’” TpOHUKHOBEHUE OypoBOro pactBopa: py < p™ p. Takue TpexciolHble
KpHUBBIE HA3bIBAIOTCA "mpunoonamvimu” - y HUX CpPEeIHSS 4acTh MPUIIOAHATA MO CPaBHEHMIO C JIEBOM U
MpaBoi BeTBbIO (puc. 7.5).

5 - T ™=

2 <=prpr

R<p=p
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Fare. 7.5, Tpexcmofinee kpuneie B3 1 nx
CPRaBHENHE ¢ ABYCIOHHEIME (NYHKTHD)

B cnyuae ecnu compoTuBieHHE OypOBOTrO pacTBOpa MEHBIIE, YE€M CONPOTHBIIEHUE IIACTOBBIX BOJ
(Po<ps), UIMEET MECTO "noHudcaroujee"” MPOHUKHOBEHHE OYPOBOTO pacTBopa: py < p' < p, T.K. CONMPOTUBIICHHUE
B 30HE NMPOHUKHOBEHHUS CTAHOBUTCS HWXKE, YeM OBUIO J0 BBITECHEHHUS IUIACTOBOro (Quonaa (puiabrpaTom
OypoBoro pactBopa. Takue kpusbie bK3 Ha3bIBAIOTCSA "evtnonoxcennvimu'. Kondurypamus
TaKO! KpUBOW B CpaBHEHMH ¢ ABYcioiHOM KpuBoi bK3 npencrasnena Ha puc. 7.5.

Ha ocHoBanum teopetmdeckux pacuetoB JI.M. ANBIMHBIM COCTaBIICH albOOM TPEXCIONHBIX KPHBBIX
BK3. Kaxnpni nuct anpboma umeeT mudp B BUAE ApOOM, YHUCIUTENb KOTOPOW O3HAYAET OTHOIICHUE
JamMeTpa 30HbI IPOHUKHOBEHHS K IHaMeTpy CKBakuHbl D/d, a 3HaMeHaTelNb - OTHOLIEHHE COMPOTUBICHUS
30HBI IPOHMKHOBEHHS K CONPOTHBIICHHIO OYpOBOro pactBopa p' /py . Ha omHOM mHMCTe HAXOAATCA
U TIPUIIOAHATHIE, BBHINOJOXKEHHBbIE KpuBble. Kaxaas kpuBas UMEeT MOJyJib, PaBHBIA OTHOLIEHUIO L=p/po
s mpumepa Ha puc. 7.6 mpuseneH auct nanetku AjnsnuHa BK3 4/10. Bee manerku BK3 moctpoens B
ownorapupMUIECKOM MaciiTade; Mo OCH OpAMHAT OTKJIAJBIBACTCS OTHOIICHHE Pi/pPo, TIO OCH abcIuce —
otHomenue L/d

HNuartepnperanus kpusbix BK3

Wntepnperanms BK3 ocHoBaHa Ha CONOCTaBIEHUM TMPAKTUYECKUX M TEOPETHUYECKUX KPHBBIX.
[TocTpoenue Tex u Apyrux B OuorapupMuueckoM macirade odecreuynBaeT BO3MOKHOCTh X COBMEIICHUS,
JUIL Yero TMpakTHYECKyI0 KpPUBYIO CTpOST Ha Kanbke. [locie  coBMeUIeHMS HPOYUTHIBAIOT MOAYINb fj
COOTBETCTBYIOIICH TEOPETUUECKOW KPUBOH WU=p/py, TPH ITOM MOJOKEHHE "KpecTa" MalleTKH, T.€. TOUKH C
KoopauHaTamu pi/po=1, L/d=1 nHa OnaHke KpHBOH ompeenseT mapaMeTphl IEpBOro Clos, T.e. pp U d AN
IBYCIOHOrO pa3pes3a. COnpoTUBICHHE MIACTa BBIYUCISAIOT M0 HAWJEHHOMY MOJIYJIIO p, p = /j-Do.



Puc. 7.6, Tperenadinam nancres Aasnama. NMuer BE3 4010, ey wpasss o/ og

JIBycnoitable nanerku bK3 M0XHO MCHONIB30BaTh M JUIsl MHTEPIPETALMU TPEXCIONHBIX KpUBBIX. B
3TOM CJIy4yae NMPUMEHSIOT TaK Ha3bIBA€MbIW "MPUHIIMI SKBUBAJIEHTHOCTU' - JIBA MEPBBIX CJOS: CKBAXKUHY U
30HY IPOHUKHOBEHUS 3aMEHSIOT OJHUM (PUKTHUBHBIM CIIOEM, UMEIOILIUM TapaMeTPhl Py U dyp, a C AICTOYHON
COBMEUIAIOT MIPABYIO YACTh MPAKTUUECKON KpUBOH, (POPMHUPYIOILYIOCS, B OCHOBHOM, I10J] BIUSTHUEM TPETHETrO
CJIOSl -HEeM3MEHEHHOro Iacta. KpecT mameTkud mpu 3TOM Ha OJIaHKe KpUBOM OIpenenseT MapaMmeTpbl
MEepBOTO, GUKTUBHOTO CIIOSI.

Jlns mepexojia OT MapaMeTpoB CKBAXKUHBI U 30HBI IPOHUKHOBEHHUS K MapameTpaM (PUKTUBHOIO CJIOS
paccunTaHa JononHuTenbHas nanerka OK-1. Orta manerka A yao0CcTBa MCIOIB30BaHUS BbIHECEHA HA OJIUH
muct ¢ najgerkamu bK3-1a u BK3-26. Takue nanetku Ha3bIBAIOTCS c800HbIMU U UMEIOT o003HaueHne bK3-1c
u BK3-2c.

[Tonpo6HO MpHUeMBbl MHTEPIIPETALIMH KAaK TPEXCIOMHBIX, TaK M JABYCIOHHBIX KPUBBIX pACCMAaTPHUBAIOTCS
Ha NPAaKTHYECKUX 3aHATHUSAX.

Kpusble 30H1upoBaHus

Mertonuka unteprperaunu bK3 paspaborana ans miactoB 0€CKOHEYHON MOIIHOCTH, T.€. JUIsl Ciaydvas,
KOI'Zla OTCYTCTBYIOT IPAHHULIbI, IEPIICHIUKYJISIPHBIE OCH CKBAXKHHBI.

B peanbHBIX yCIOBHUSAX MOIIHOCTH IIACTOB BCETAA KOHEUHA, Y KaX/I0T0 IUIacTa €CTh MOACTUJIAIOIINE U
MEPEKPBIBAIOLINE TOPOJIbI, KOTOpbIe 005A3aTEIbHO OKa3bIBAIOT BiIMsHUE Ha (opmupoBanue Kpubbix KC
eIMHUYHBIX 30HO0B H, clefoBaTesbHO, KpuBoi BK3 B 1emnom.

OTO BAMSHHUE NPOSIBIAETCS Hamboyiee CUIbHO, KOI/la JJMHA 30H/A CTAaHOBHUTCS COM3MEPUMOM ¢
MOIIHOCTBIO Tu1acta. Kpussle px=f(L), nony4yeHHble AJIs IJIACTOB OTPAaHMYEHHON MOLTHOCTH, OTIMYAIOTCA 110
CcBOeMy BHemnIHeMy BHUIYy oOT KpuBbIX BK3 u HasbiBaroTcs kpusvivu 3onouposanusa - K3. HauGombiine
pacxoxaenus mexay kpuBbiMu BK3 u K3 maGmromatorcs B oOnactu A<L<2h. 3pech Ha kpuBbix K3
¢dopmupyeTrcss MHHMMYM M3-3a pacTeKaHUs TOKa BO BMellamoliue Imiact moponasl (puc. 3.3).
WnuTepnpeTupoBaTh KpuBble 30HAMpoOBaHMs 1o mnanetkaM bK3 Henb3s, HO pa3paboTaHbl MPUEMBI U
paccuuTaHbl CHeLUaNbHble MaJeTKH, Mmo3Bossonme nepectpoutse K3 B kpuBsle bBK3, uT0OBI
MIPOMHTEPIIPETUPOBATH UX IO OOBIYHON METOMKE.

Ha »Tux manerkax HaHeceHbl JIMHUM Touek oTxo/a KpuBoi CK3 (kpuBoii 30HAMPOBaHUS, TOCTPOSHHON
no cpennuM 3HadeHusiM KC) ot teopernueckoit kpuBoil bK3 u nuHum touek nepeceuenus kpusoir MK3
(xpuBOI 30HIMPOBaHUSA, TOCTPOCHHOH MO MakcuMalibHbIM 3HaueHusAM KC) ¢ Toif ke TeopeTndeckoil KpuBoi
BK3. Otcuer cpenHuX U MakCUMalbHbBIX 3HaueHUH p, o kpuBoit KC mnoka3zan Ha puc. 7.7. Ilpu HanoxxeHuu
KpPUBBIX 30HAMpoBaHus Ha manetky TII-1 xpecT maneTku COBMEIIAIOT C TOYKOW ydeTra MOIMHOCTH TYM,



uMeroIei KOOpauHaTel L = h U py = pey,. TeopeTudeckas KpuBas oT Hadaia 70 Toukd otxona TO uzaer mo
kpuBoit CK3, ot TO u 1o Touxku nepeceuenus TII - mexxny kpubimu CK3 u MK3 u nocne Touku TII yxonut
BhIle KpuBoit MK3, kak 310 nokaszano Ha puc. 7.8.
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Pire. 1.7. Orcuet cpeiiiero M Puc. 7.8. Makcamannias (MEK3) n cpejiligs Kpunasg
MAKCHMANBHOND 3HaqcHn KC waonpoBaius (CK3), ranowennee ga nanerky TIT-1

Cranpaprabie 300161 KC

Henocrarok meroma BK3 - OGompmas tpymoemkocts (3-4 ciycka KOMILIEKCHOTO CKBaKMHHOTO
npubopa), TpoAOKUTENbHas oOpaboTka u wuHTepnperamms. [lo stoit mpuumne BK3, kak mpasuo,
BBIMOJIHSAIOT TOJBKO B TMPOJYKTHBHOM YacTH pa3pe3a HEe(TAHBIX CKBaXuH, riae mo YOC OLEeHUBAIOT
MOPUCTOCTh U HE(PTEHACHIIEHHOCTh KOJUIEKTOPOB. BCIO OCTanbHyH0 4acTh pas3pe3a KapoTHPYHOT OJHUM
cTa”zapTHbIM 30H10M KC.

B kauecTBe CTaHAapTHOrO 30HIA BHIOMpAIOT TaKoW 30HI M3 Habopa 30Hm0B BK3, kotopslii maer p?,,
ONMM3Koe K MCTUHHOMY COIPOTHBIICHHUIO TIACTa, M XOpowo "oTOMBaeT" KOHTAaKThl Hauboyiee MHTEPECHBIX
IJIaCTOB.

s BeIOOpa CTAaHAAPTHOTO 30HIA MPOBOIAT W oOpabaThiBaioT pe3yibTarhl BK3 mo Bcemy cTBOIY
OJTHOM WJIM JIByX CKBaXXMH Ha MECTOPOXKICHUH.

Tak, Harpumep, 1151 HePTAHBIX MecTOpoXkaAeHH 3anagHol CuOUpU B Ka4eCTBE CTAHIAPTHOTO MPUHSAT
301 B0,5A2,0M; nns kapOoHATHBIX OTIIOKEeHHMH Bonro-Ypansckoi HedTsaHon npouHimn — M4,0A0,5B;
JUISL METHO-KOJTUEJaHHBIX MECTOPOXKIEHUI Y pasa - METPOBBIE U MIOJYMETPOBBIE I'PaJIUEHT-30HIbI.

[IpumeHeHne cTaHIapTHBIX 30HIOB yIpouaeT conocrasieHue auarpamMm KC, 3ammMcaHHBIX B pa3HbIX
CKBa)KMHaX.

KoHnTpo/ibHbIE BOPOCHI
Yro sBnseTcs 00BEKTOM HU3YyUCHHS B METO/E PE3UCTUBUMETPUH?

Kak onpenenstor K03 HUIHEHT CKBaXKUHHOTO Pe3UCTUBUMETpa?

B uewm 3akmrouaercs cyniHocts Metoga bK3?

HazoBute 3 ocHoBHBIX paznuuus mexay bK3 u BO3.

Ckonpko cymectByeT THNOB KpuBbIX bK3 Ha JBYyCIIOMHOM M TpeXciaoWHOM paspese?

B kakux ciydasx HaOyr01aeTcsl MOBBILIAIOIIEE U B KAKUX MTOHMIKAIOLIEE IPOHUKHOBEHHE OYpPOBOTO
pacTBopa B IJIACTHI-KOJIEKTOPHI?

7. Kakue acuMOTOTHI UMEIOT ABYCIOHbIE KprBble BK3?

8. Uto o3Hauaer mmdp aucToB TpexcioiHbix nanerok bK3 Ansnuna? Hanpumep, BK3 - 8/207

9. MoxHO &M HHTEepHpeTUpoBaTh TpexcioiHble KpuBble BK3 mo aBycnoiiHbiM nmaneTkam?

10. Yem oTnmMuaroTcss KpUBbIE 30HAUPOBaHUs OT KpuBbiXx bK3?

11. KakuM TpeGoBaHUAM J10JIKEH YJOBIETBOPATH cTaHAApTHBIN 30HA KC?

SNk



Jlekuuss 8

MeToa MUKPO30HI0B (MUKPOKAPOTAXK)

OTOT METOJ] IpeIHa3Ha4YeH AJIs BbIACIEHUS KOJUIEKTOPOB B pa3pe3ax CKBaKMH, U3YUEHHUS UX CTPOCHUS
U OMpEeNeeHUs] CONPOTUBIICHUS 30HBI MPOHUKHOBEHUS OypoBOro pacTtBopa p' 3a rpaHHUIEH 3TOT METO[
n3BecTeH nmoja pupMeHHbIME Ha3BaHusIMU Microlog u Minilog.

CymHocTs MeTona 3akimodaetrcs B m3mepennn KC naByMs 30HIaMU C OY€Hb MaJbIMHU PAaCCTOSIHUSIMH
MEXIYy SJEKTPOJaMH, KOTOPbIe yCTAaHOBJICHBI Ha "OamMake" W3 HePTECTOMKOW pPEe3WHBI, MPKUMACMOM K
CTEHKE CKBA)XMHBI. PaccTosiHue MexXly eHTpaMu 3JeKTpoJIoB - 2,5 cMm. U3 Tpex anekTpoaoB Ha "Oammake"
cobuparoT 2 MEUKpO30H1a: MUKPOTpaaueHT-30H1 AMN 1 MUKpomoTeHITHan-3081 AM, nuarpaMmmbl KOTOPBIX
PETUCTPUPYIOT OAHOBpeMeHHO. CyIecTBYIOT MHUKPO30HIbI Ha TPEX’KWJIBHOM M OJHOXWIBHOM KaOeine. B
nocieaHeM HHGOPMAIUS O IBYX M3MEPSEMBIX mapamerpax p "k u p """k mepemaercs 10 OAHOM U TOM XKe
nvuHAH CcBsi3u: neHTpanbHol kwie kabens (LIDKK) u omnerke kabens (OK) 3a cuer 4acTOTHOW MOIYJSIIUN
NIBYX pa3HbIX Hecymux dactoT - 7,8 u 14,0 xI'u. KoaddurmenTsr 30H10B ONpeAesitoT SKCIIEPUMEHTAIBHO
MIPU U3MEPEHUSAX B )KUIKOCTH C U3BECTHBIM COMIPOTHUBIICHUEM.

KoHcTpyKkius MUKpO30H1a MOKa3aHa Ha puc. 8.1, a, a yrponieHHas cXxeMa U3MEPEHUN C HUM - Ha pHUC.
8.1,6.
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Fue. 8.1, KONCTPYRUNA MUKPOIOHE (2) 1 yIpoIlessas cxema ofuoapeMerHof Jan1cH
metarpanine KO suxponotenmew- o MugporpaImMenT-aom10s (5)

Kak u3BeCTHO, MOTEHIMAN- ¥ TPAJUEHT-30HbI 00IaNAI0T PA3IUYHON JATbHOCTHIO MCCICIOBAHUS: Y
MMOTCHIIMAI-30H1a OHa B 2-5 pa3a OoJibllie, 4eM y TPaJHCeHT-30HAa TaKoW ke JInHBL [lo 3Tol mpudunHe Ha
IUIACTAaX-KOJUIEKTOPaX MOKAa3aHHWsi MHKPOTPAJAHCHT-30HIa ONM3KH K  CONPOTHBICHHUIO  [IIMHHCTOM
KOpoukd p """k —> p.., & TIOKa3aHUsI MUKPOMIOTEHIHAI-30H/1a OTPEICISIFOTCSI, B OCHOBHOM, COITPOTHUBIICHUEM

HOJIHOCTBIO NIPOMBITBIX TOpoA (Pnn) uau P'. TIocKonbKy p.« < p', Ha IIACTax-KOJUIEKTOpax OTMEYaeTcs

IIOJIOKHUTEIIBHOC IIPUPALLICHUC!

Apy = ana _Pf‘t‘ﬂn >0. (8.1)

Ha rannax 30HBI IPOHUKHOBEHUSI OypOBOTO pPacTBOpa HET, MO3TOMY 00a 30HAa U3MEPSIIOT OJHO U TO

K€ - COIMPOTHUBJICHUEC I'JIMH, CJICA0BATCIBHO,

PF{'#!IJ e P}&E{I? - (8.1)

Ha xapOoHaTHBIX, TUIOTHBIX MOPOAAX TAK)KE HET 30HBI MPOHUKHOBEHHUs, U 00a 30HMA, Ka3ajaoch Obl,
JOJOKHBI J1aBaTh OJMHAKOBBIC (HO 00Jiee BRICOKHE, YeM Ha IJIMHAX M NEeCYaHMKax) rmokazanus. OMHaKo u3-3a
6ombmoi pazHuibl B YOC kapOOHATHBIX MOPOJ M OypOBOTO pacTBOpa Majeiline TPelIMHKHA Ha CTEHKax
CKBa)XXHMHBI, OKa3aBIINECS MEXAY 3JeKTponamu, cuiibHO cHIKaloT KC mexay Humu. Ilo 3toif mpuunnae obe
KpPUBBIC TIOJYYAOTCSl CHJIBHO M3PE3aHHBIMU C HE3aKOHOMEPHBIMHU B3aUMHBIMU TepeceueHussMu. [IpumepHbIit
BUJL ILI/IanaMM MI/IKpOSOHILOB Ha CXCMaTI/I3I/IpOBaHHOM T'€OJIOTNYECCKOM pa3pe3e, BKJIFOHAKOIIIEM B CGG}I T'JIMHBI,
MECYaHUKHU U U3BECTHSKHU, ITOKa3aH Ha puc. 8.2.



Foe. 5.2, CxemarasdponanuniE reonormueckn il paspes (a) 1 auarpasaas mukposomgos (G
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TakuMm 00pa3oM, TuarpaMMbl MUKPO30HJIOB XOpOIIo MU (HEepeHIMPYIOT MeCYaHO-TITUHUCTHIN pa3pes3 u
BBIJCJISIIOT B HEM IUIACTHI-KOJUIEKTOPBl, @ B HHMX -BCE, JaX€ OYEHb MAaJOMOILIHbIE HENPOHUIIAEMbIE
MPOIUIACTKU. ['paHUIBl IUJIACTOB W TPOIUIACTKOB OIPEACNSIOTCS Tak ke, kak B Meroge KC s
COOTBETCTBYIOIIUX 30H/IOB U IJIACTOB OONBIIION MOIIIHOCTH.

CrnenyeTr OTMETHTH, YTO B KOJUIEKTOpPAaX C BBHICOKOMHUHEPAIU30BAHHBIMU BOJAMHU TMPU OTCYTCTBUU
MPOHUKHOBEHHUS, a TaKKe€ HANpOTUB HEMPOHUIAEMBIX IIJJACTOB BBICOKOTO COMPOTUBJIEHUS, MOTYT
HaOII0aThCs OTpHIlaTeNIbHBIC pupamieHus Ap, <0, KOTOpble OOBSICHSIIOTCS YTEUKOW TOKAa MEXKIYy CTEHKOU
CKB)KUHBI U OAllIMakOM MUKPO30H/IA.

[Ipn wammumm Ha Ilnactax-KoJUIEKTOpax TJIMHUCTOM KOPKHU OOJBIION TONMIUHBEI (h,x > 1,5 cMm)
MHUKPOTIOTEHIIMAI- U MHUKPOTPAAUEHT-30H] [AIOT ONM3KME TMOKa3zaHusA. B Takux choydasx MpUXOTUTCS
npuleraTh K UCIOJIb30BaHUIO IPYTUX MeT0/10B, Hanpumep, bK3 nnu MBK.

Pesynbrarel u3MepeHHMN € MHMKpPO30HAAMH IMO3BOJSIOT ONPEACIUTh BEIWYUHY CONPOTUBIICHUS
MOJHOCTBIO MPOMBITBIX MOPOA Py, I 3TOM ey paccunTana crenuaibHas HOMOTpaMma, MpeICcTaBICHHAS
Ha puc. 8.3.

Puc. 8.3, TTaneTka Ana ofpeielicHHA CONPOTHRIEHHA NOAHOCTHIO NPOMBITEIX NOPRL { 25y In
TOMUIHHE TAHIHCTOR KOpodkH (Ape ) N0 pe3ynnTaTaM H3MepeHdid © MHUKPO3OHOAMM

ConpoTuBieHHE TJIMHUCTON KOPKH p., KOTOPO€ HYXHO 3HaTh, YTOOBI BOCIIOJIb30BAaThCA ITOU
HOMOTPaMMOIHi, ONPeeNAIOT O Ipyroil HoMorpaMMme (37ech He MIPUBECHA), OTPAXKaIOIIEl 3aBUCUMOCTD P o«
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Merton 6okoBoro kapotaxka (BK) HampaBieH Ha yCTpaHEHHE OCHOBHOTO HEIOCTAaTKa KJIACCUYECKOTO
metona KC, 3akimrouaromierocsi BO BIUSHUUA CKBa)XMHBI, TOYHEE, 3aIONHSIONIETO €€ OypoBOro pacTBOpa, Ha
U3MEPEHHOE py.

CHHOHMMaMH 3TOTO METOJa SIBISIOTCS: MeTOA (OKYCHPOBAHHBIX 30HIOB, METOJ CONPOTHUBICHUS
sKkpaHupoBaHHOTrO 3a3eMiicHus (CO3); 3a pyoexkom -Laterolog, Quard Log u Focus Log.

Haubonee ueHHble pe3yabTaThl 3TOT METOJ [aeT MPH KapoTake TOHKUX IacToB (h<l[2vi) mpu
OOJBIIION pa3HUIE B CONMPOTHUBICHHUSIX MEX]Y IJIaCTaMH, BMEIIAIOIMIUMH MOPOJAaMH U OYPOBBIM PacTBOPOM
(Pna / po > 100 ¥ ppry/ Py >10), T.. IMEHHO B T€X CIydasiX, KOrja OObIYHBIE 30HABI JAIOT OYEHb IIOXHE
pe3yabTaThl M3-3a IKPAaHUPOBAHHUS TOKA TOHKHMMH BBICOKOOMHBIMH IIIACTAMHU W M3-332 CHJIBHOTO BIIHSTHUS
CKBR)KMHBI M BMEUIAIOIIUX TTOPO/I.

BK mnpumeHsercs B HECKOJbKHMX BapHaHTax: C TPEXAJICKTPOIHBIMU, CEMHU-IJICKTPOJHBIMU U
MHOTO03JIEKTPOTHBIMH 30HIaMH.

[Ipunmun neiictBus 30H10B BK oCHOBaH Ha TOM, 4TO B 30HJE, MOMHUMO OCHOBHOI'O MHUTAIOUIETO
AMEKTpoAa A, UMEIOTCS TOMOTHUTENbHBIE - (OKYCUPYIOIINE (MIIM SKPAHHBIE) SJEKTPOABI A| U Aj.

DNIEKTPUYECKHE TOTEHIMAIBI OCHOBHOTO M (DOKYCHPYIOIIETO 3JIEKTPOIOB MOIIEPKUBAIOTCS OYEHBb
ONMM3KUMHU MEXIY COOOM, YTO 3acTaBisieT TOK, CTEKAIOIIUH C OCHOBHOTO DJEKTPOJa, HAIMpPaBIATHCS
MEPICHINKYJSIPHO OCH CKBaXXHHBI, B €€ CTCHKH. B pe3yibTaTe CONMPOTHBIECHUE OYpPOBOTO pacTBOpA,
BMEIIAIOMIMX MOPOJ U OTPaHUYEHHAs] MOIIHOCTH IIACTOB OKA3bIBAIOT MEHBIIEE BIUSHUE HAa H3MEPIEMYIO
BenMIHHY, KoTopas B BK HocuT Ha3zBaHue a¢hpexmusnoco conpomuenenust - p..

PaccMoTpuM paboTy Tpexd3IeKTPOIHOTO U ceMUdIIeKTpo1HOTo 30H10B bK (puc. 8.4, a u 0).

B TpexanekTpolHOM BapHaHTE WCMOJb3YETCA 30HJ C JMHEUHBIMU JJIEKTpoaamu. lleHTpanbHbIN
anekTpoa Ao umeet juuny 0,15 M, skpanusie A, u A; - 1,5 M. Bee 3 anexTpoaa coequHsIoTCS Mexay coboit
MPAKTUYECKH HAKOPOTKO, YTO 00ECIEUMBAECT PABEHCTBO MX MOTEHIIMAJIOB W HAIMPABIAET TOK IEHTPATBLHOTO
ANEKTPO/a B CTEHKH CKBa)XKMHBI (3alITPUXOBaHHAs 30Ha Ha puc. 8.4, a). Tok, BeIpabaThIBa€Mblii FTeHEPATOPOM
I', monnepxuBaeTcsi MOCTOSTHHBIM. B mpoliecce kapoTaka u3MepsieTcs pa3HOCTh MOTEHITHATIOB MEXIY OJHUM

13 TOKOBBIX 3JIEKTPOJOB M YJAJIEHHBIM OT 30HJa 3JIEKTPOAOM N:
ALS
2 = K —7 - (83)

U T.K. [ = const, p, IpONOPILIMOHATBHO 3aPETUCTPUPOBAHHON pa3sHOCTH noTeHuanoB 4U. HexpocraTok
TPEeXANMEeKTpoaHOTO Bapwanta BK - B mmoxoif paspemiaromieii CHOCOOHOCTH IO MOIHOCTH TUTACTOB.
[TockonbKy LIEHTpaIBHBIN AIEKTPO TUHEUHBIN, annapaTtypa He 1aeT BO3MOKHOCTH ONPEAECTICHUS MOIIIHOCTH
IJIACTOB MEHBIIEH, YeM JUIMHA IEHTPAILHOTO JJIEKTPOAA. p, OyIeT MOBBIIICHHBIM BCE BpeMs, Moka AQ

IpoXOoauT MHUMO ILIacTa.
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3T1oro HEAOoCTaTKa JIMIICH CeMI/IBHeKTpOI[HBIﬁ BapuaHT, B KOTOPOM HUCIHOJIB3YIOTCA TOYCYHLIC
anekTponbl. Kpome meHTpambHOTO AO M SKpaHHBIX 3JIEKTPOAOB A| M AT 30HI CONEPXKUT eme 2 mapbl
HU3MCPUTCIIBHBIX 3JICKTPOAOB, MMOMAPHO COCAMHCHHBIX APYT C APYTOM U PACIIOJIOKCHHBIX MEKAY TOKOBBIMU.

OTHU 37€KTPOIbl Ha3BIBAIOTCS credAuumu. Pa3HOCTh MOTEHIIMATIOB CO CIESIINX 3JIEKTPOAOB MOJAeTCs
Ha BXOJl aBTOMAaTHUYECKOI'O PEryJIMPYIOLIETO YCTPOMCTBA, K BBIXOMY KOTOPOIO IIOJKIIOUYEHBI JKpaHHbIE
97eKTpo bl Al M A; ¥ TOBEPXHOCTHBIN 3ekTpoa B. Perynupytomee ycTpoiicTBO paboTaeT Takum oOpa3om,
I-ITO6I:I HAIlpsKCHUE Ha C€ro BXOAC MNOAACPKUBAJIOCH PABHBIM HYIJIIO. 3910 YCJIIOBUC BBIINIOJIHACTCA IIPU
PaBEHCTBE TOTCHIIMAIOB JJEKTpoaoB A, Ao, A,, Onarogaps dYeMy TOK IIEHTPAJBLHOTO JJIEKTPOJIa
HaMpPAaBIIAETCS B CTCHKH CKBXKMHBI U HE PACTEKAETCs IO €€ CTBONY. B Xo/e KapoTaxka u3MepsieTcs pasHOCTh
MOTEHIIMAJIOB MEXIY OJHUM U3 CIEALIUX IEKTPOAOB U YIaICHHBIM 3JIeKTPooM N, p, BRIYUCISETCS MO TOM
xe Gopmyre (8.3).

Humepnpemayua BK 3axmiodaercss B ONpeAeNieHUH TpaHUI] IUIACTOB M HUX DIEKTPHUYECKOTO
COILIPOTHUBIIEHUA Pryjy.

YTo06b! NPOMILTIOCTPUPOBATH ONPEIEICHUE IPAaHUI] IJIACTOB 110 AUarpaMMaM p,, Ha pHC. 8.5 IpUBeIEeHbI
auarpaMmel ceMudiekTpoaHoro BK u oOwrunbix 30H70B KC - Manoro moreHIMan-30HAa M OOJIBLIOTO
rpaJueHT-30H1a u3 MoHorpaduu P. Jle6panma, 1972.
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Pue. 8.5, [Tuarpase GoroRoro KapoTasa HAL TOHKEM NTACTOM BRCOROTO CONPOTHRACHNA

(no P. deGpanmy, 1972)
CpaBHeHI/IC 9TUX OUarpaMm IMOKa3bIBACT: AUArpaMMa BK Gonee oryernuBo BBIACISICT TOHKHUEC IT1JIaCThI



BBICOKOTO COINPOTUBIEHUS W JaeT 3HAuU€HUs p, Tropa3fo Oojee Omu3kue K p,, 4eM KC moreHnman- u
IPAaJUEeHT-30H10B. AHOMaIMs Ha KpuBoi bK cuMMeTpru4Ha OTHOCUTENBHO CEPEINHBI IUIACTA IIPH PABEHCTBE
CONPOTUBIICHUI MOJCTUJIAIONIMX U MEPEKPHIBAIOIIMX MOPOJ. B cilyyae HepaBeHCTBA 3THUX CONPOTHBICHUI
MakCUMyM Ha KpPHUBOM p, CMeUIaeTcs B CTOPOHY OoJjee BBICOKOI'O COINpPOTUBICHHS. ['paHUIlbl MJIACTOB
ONPENENAI0TCS M0 TOUKaM PE3KOr0 BO3PACTAHUS D,

[Ipn Gonbiioit MomHoOCTH MiIacToB (4 > 5d) p, NpaKTUUECKU HE 3aBUCUT OT MOUIHOCTH IIIacTa |
NPOTHB €r0 CEPEANHBI OJIM3KO K 3HAYEHUIO p, I A =00 U p," " —> p,,. [Ipn h<Sd Habnarogaercs CHIKEHHE
MakcuMyMa p,. PaccuuTanbl naneTku AJis ONpeneaeH s A 10 MUPUHE aHOMAIUH U Py, IO aMIUTUTYJIE P, IS
MOIIIHBIX U TOHKHX TJIACTOB (3/1€Ch OHU HE TIPUBOJISTCS).

Jlna moukux naacmoe BIVSIHHE OTPAHWYCHHOW MOIIHOCTH IUTacTa TEM CHJIbHEE, 4YeM OJnKe
COMPOTHBJIEHHE BMEIIAIONIMX MOPOJ (Pém) * CONPOTHBIEHUIO OYPOBOTO pacTBOpPa (P ).

Ha puc. 8.6 npuenaena nomorpamma (o M.I'. JlateimeBoit, 1966) nist onpeneneHus CONPOTUBICHUS
miacTa Mo HM3MEPEHHOMY 3(PPEKTUBHOMY

comporuBiieHuto. OHa paccuntana st d = const u Pew/ pp = 5. B HWKHEH 4acTH HOMOTPaMMBI
MIpUBE/ICHA JOTMOJIHUTENbHAS MajeTKa A Mepexojia OT PacuyeTHOro OTHOUIeHWs Pew/ K pealbHOMY.
BxomubiMu BenwunHamMu Juist Pew / Po 3TOH HOMOTPaMMBI SIBISIIOTCS MMApaMETPhl P, U Py, CHATHIC C
muarpammbl BK. Tlo koopnunatam p, /py u Pewm/ py CTpOST TOYKY Ha HIDKHEH YaCTH HOMOTPAMMBI,
MaJETOYHYIO0 KPUBYIO, IPOXOSAIIYIO Yepe3 3Ty TOUKY, MPOJOJKAIOT 10  TOPU3OHTAJIbHOW  JIMHUH,
MpoxXoJsie  uyepe3  TOuKy Pni/ pp= 1 ¥ BOCCTaHaBIMBAIOT MEPIICHIUKYJIAP A0 KPUBOM C HYKHBIM
OTHOIIICHUEM //d, Ha BEepXHEW 4acTh HOMOTrpaMMbl. OpAiHATa TOYKU MEPECEUCHUS TIEPIICHIUKYIISPA C ITON
KpHUBOH oIpenenseT HICKOMOe OoTHolIeHue Pni/ py,

B ciiyyae Hanmuus 30HBI IPOHUKHOBEHUA pe3yibTarhl bK Heckosbko HeTouHbl. [Ipu moBwimaromem
MPOHUKHOBEHUHU B BOJOHOCHBIX IUIACTAaX PE3yJbTaThl MPEBBIMIAIOT pr;, TPU MOHUKAIOIEM - HECKOJIBKO
3aHWKAIOT. B HETEHOCHBIX IIacTax TAKMX UCKAXKEHUI HET.

Cy1ecTByIOT HOMOTPAMMBI JI1 ONPEACIECHUS p,, B Cllydae TPEXCIOMHOW Cpelibl, HO 3[e€Ch Mbl HX
paccMaTpuBath He OyIeM.
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MukpoOOKOBOM KapoTax

MeTto MHMKPO30HAOB HE IO3BOJISIET TOYHO OINPEAEIUTh CONPOTHBIEHHE IMPOMBITBIX IOPOJ B
CKBaXXMHAaX, MPOOYpPEHHbIX Ha BBICOKOMHHEPAJIM30BAHHOM OypOBOM pacTBOpE WJIM TOTJa, KOTAa TOJIIMHA
IJIMHUCTOW KOPKM NpeBbImaer 1,5 cm.

Jlst Takux cirydaeB mpeaioskeH MUKpoOokoBoi kapoTax (MBK ninu BMK).

Ha puc. 8.7 mpencraBieHa cucreMa 3J€KTPOJOB M paclpeieiieHHE TOKOBBIX JMHUH OJHOH U3
pasHoBuaHOCTEH 30H10B MBK. Ha 6ammake n3 HeTeCTOMKON pe3nHBI yCTaHOBIIEH IEHTPAIBHBIA TOYSUHBIN
MEKTPO A0 M KOJIBLIEBOW 3KpaHHBIN IeKTpoa Ab MEXJy HUIMM PacIojararoTcs ABa CIEASIUX IeKTpoia



Mi u M,, taxke umeromue ¢popmy Kosen. Kak BUIHO Ha uepTeke MpPOIOJIBHOTO pa3pes3a uepe3 OalrMak,
pAacmoJIOKEHUE IIEKTPOJOB U PACIPEICTCHUE TOKOBBIX JMHHUM aHAJOTHYHO CEMHUDAJIEKTPOIHOMY 30HAY BK,
HO B MMHHUATIOpE (IUaMETp AJIeKTpoaa A) paBeH 9 cMm).

UIONUDYOUG L
(X LEd MCE N

Poe. 8.7, Cuctema 3CKTPOOOE H PACTIPEASTEHNE TOKDREIX THHMUH 20103 MuKpoSokosore
KapoTana

dopma Gammaka 1 JIEKTPOAOB 30H]1a MOXKET ObITh U IPYTOH.

B nponecce kapoTtaxa U3MEPSIOT Pa3HOCTh MOTEHUIMATIOB MEXAY OJHUM U3 CIEIAIINX AIEKTPOJIOB U
KOpItycoM 30HAa. M3mepseMas pa3HOCTh OTEHIMAIOB ITPONOPLIMOHANIBHA P, .

Huarpamma MBK, Gmaromapst ¢okyCHMpOBKEe TOKa M MaJIbIM pa3MepaM 3JIEKTPOJOB, OUYEHb OTYETIUBO
pacuneHsieT pa3pe3 ckBaxwHbl. (OcoOeHHO pe3kod nuddepeHIanmel XapakTepu3yrTCs TPEIUHHO-
KaBEpHO3HbIE NOpOAbL. ['paHMIBI IJIACTOB ONpENENsAIOT Tak ke, kak u B BK - mo Toukam peskoro
BO3PacTaHUs p,.

Koaddumment 30u12 MBK onpenensitoT onmbITHBIM Ty TEM.

IIo pe3ynpraram U3MEpEeHUI ONPENEIAIOT COIPOTUBIEHUE MTOJTHOCTBIO MMPOMBITBIX MTOPOJ Py, [lpumMep
HOMOT'paMMBbl JUIsl OTMPEACIICHUSI ATOTO MapaMmeTpa NpeacTaBieH Ha puc. 8.8. TonamuHy TIIMHUCTON KOPKH
ONpEACIAIOT 10 JAHHBIM KaBEpHOMEpa, KOTOpPbI BXOAUT B cocraB ammaparypsl MBK - omun u3
LHEHTPUPYIOIIUX  PbIYaroB CKBAXKMHHOTO MpuOOpa  YIpaBisIeT PEoCTaTHBIM  IMpeoOpa3oBaTesieM,
COIIPOTUBJIEHUE KOTOPOr0 U3MEHSAETCS B 3aBUCUMOCTH OT IMaMETPa CKBAKUHBL.
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Puc. 8.8, Homorpassa OnA onpelclcHER CONPOTHENSHWE NROMETRN [MOp0R {Ppn) Mo
PEIYILTATAM MHKPOGOKOBOTD KAPDTAHA. Mudp ¥pHBRIY — TONUIHEA FTHHACTOR HOPOUKH, CM

KOHTpOJ’IbHLIe BOIIPOCHI



l.
2.

ZL]'IH 4ero npeaHasHa4CeH MCTOQ MI/IKpOSOH,I[OB?
VYkaxure IMPU3HAKKW KOJUICKTOPOB, TJIMH MW IIJIOTHBIX Kap6OHaTHI)IX nmopoa Ha guarpammax

MHUKpO30HI0B (M3).

M3?

3.

00N

Kakue KonuuecTBEHHblE JaHHbIE MOTYT OBbIThb MOJy4YE€Hbl [PU MHTEPIPETALUU JUarpaMM

Jyist uero nmpeaHa3HauYeH MeTo ] O0KOBOTO KapoTaxa?

B uewm 3akmiouaetcst ocHOBHOM HenocTaTok kapotaxa KC ¢ 0ObuHBIME 30HIaMU?
Chopmymnupyiite obmacts mpumeneHust bK.

Kak ompenenstoT KOHTaKTHI I1acTOB 1Mo Auarpammam BK?

Kak ouenuBarot conpotuiienue miacra no auarpammam bK?

Jl11g 9ero Hy)eH MUKPOOOKOBOI KapoTax?



Jexnuga 9

NHAYKIUOHHBIN KAPOTaX

du3uyecKue 0CHOBBI METOa

Wnpykumonnsiii  kapotrax (MK) mnepBonadanmpHO OBIT  IpegHa3sHaueH IS AJIEKTPHUECKUX
HCCIIEIOBAaHUI B CyXHX CKBa)XMHAX WM CKBaXHUHaX,

OypsiMXCsi Ha HEMpOBOIAIINX (HE(TAHBIX) pacTBOpax. MOXKET NPHUMEHSATHCS B cliydyae oO0CalKu
CKBA)KMH acOOLIEMEHTHBIMHM WJIM IUTaCTMAccoBbIMU TpyOamMu. OCOOEHHO XOpoIlne pe3yibTaThl JaeT MpH
W3yYEHUH I1acTOB HU3Koro conpotusieHus (ot 0 1o 50 Om/m).

[IpuGop wuHmyknmmoHHOTO Kapotaxka (puc. 9.1) comepxut reHeparopHyr KI' u mpuemnyio KII
KaTyIIK{, pa3MEIICHHbIE B KOPITyCE M3 MPOYHOTO AMAIEKTpHKa. PaccrosHue L MeXIy HUMU Ha3bIBACTCS
OnuHol 30H0a. Yepes TeHEpaTOPHYIO KaTyIIKy MPOIyCKaeTCs MepEeMEHHBIN TOK reHepaTopa ¢ 4actoroit 10-
200 xI'u. TlepeMeHHOE MAarHUTHOE TOJIE ATOTO TOKA WHAYIUPYET BUXPEBBIE TOKU B MOPOJAX, OKPYKAFOIIUX
CKBOKMHHBIM CHapsi[. MarHuUTHOE I0JIe BUXPEBBIX TOKOB, B CBOIO Oue€pe/b, WHIAYLHUPYET B MPUEMHOM
karymke D3JIC, KoTopasi MOCTymaeT Ha YCUJINTENb. ECIN TOK reHepaTopa UMEET MOCTOSTHHYIO YacTOTY U CHUITY
u L - const, To DJIC B mpueMHOM KaTylIKe MpSMO MPOMOPIHMOHATbHA B3AMMHON MHIYKIIMU KATYIEK, T.€. B

UTOr€ JIEKTPOIPOBOIHOCTH cpenbl O:

e=c-a 9.1
U, CJEIOBATEeNbHO, OOpaTHO MPOMOPIIMOHATBHA AIEKTPUIECKOMY COMPOTHUBIICHUIO p, U3MEPSIETCS
Cum 1
= —_: c —
OB I | Om - ™M MOCTOSIHHAS, 3aBUCAIIAS OT KOHCTPYKIIUH 30H/A.

[lepen cryckoM B CKBaKMHY CHapsii HACTPAUBAETCS C MMOMOUIBIO JOMOJIHUTENbHBIX KOMIIEHCAMOHHBIX
KaTyIleK Tak, YTOObl OTCYET B Bo3ayxe Obul paBeH 0. [IocKoIbKY perucTpupyemblii CUrHaI B MHIYKIIMOHHOM
KapoTa)ke MPONMOPLHMOHANIEH KaXyIIeicss MPOBOAUMOCTH, TO MAacHITad MPOBOJUMOCTEN Ha AMAarpaMmax
MOJTy4yaeTcsl JIMHEWHBIM, a MaclITad CONPOTUBIECHUN - TMIIEpOOIUYECKUM, PACTAHYTHIM B 00JaCTH HU3KHUX
COIIPOTHBIICHUA W CKaThIM B OOJIACTH BBICOKHX. JTa OCOOCHHOCTHh JHAarpaMM OOECIIEYMBAET XOPOIIYIO
nuddepeHmaIuio pa3pesa ¢ yIeIbHbBIMU AIEKTPUUECKUMH CONPOTUBICHUSAMH TOJIBKO 10 50 OM-M.
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Puae. 9.1. KoHcTpyKUHA
CHBAMHHHOITD CHApAIA
HHAYKTIHOHHOT BOfHO-
Tasa

Puc. 9.2. Paguaneutiil reomerpaseckni awrop
FIOHIOn MLy K TLMO TR roE L e T
asyxEaTyimeynora (1) n TpexkarTymweyHoro (3)

HccaenoBaresbckue xapakrepucTuku 300108 UK

OOnactp wccienoBaHUs WHAYKIMOHHOTO 30HIA B DPaJHabHOM M BEPTHKAIGHOM HAIPaBICHHSIX
XapaKTepu3yeTcs rpadKaMy COOTBETCTBYIOIINX FCOMETPUIECKUX (WA TIPOCTPAHCTBEHHBIX) (haKTOPOB.

Ha puc. 9.2 npencraBieH rpaduk paaralibHOTO TEOMETPUYIECKOTO (aKTopa ¢, IBYXKATYIICYHOTO
30HAa. OJTOT TpaduK TMOKA3bIBAET OTHOCUTENBHOE BIMSHHE HAa TOJHBIM CHUTHAN 3JIEMEHTApHBIX
MWIMHAPUYECKUX CJIOEB pa3IMyHOro pamguyca. V3 rpaduka BHIHO, YTO TMPH PABHOM CONPOTHUBICHUHU
HaMOOJIbIIICE BIMSIHUEC UMEIOT CJIOM, HAXOMSIIMECsS Ha PaCCTOSHUM r=(0,5L, HauMEeHbIIIee - B



6eckoHeyHocTd (r>>L) u BOmu3u cHapsaa (r<<L). [Ipu paznuunoit ANEKTPOMPOBOTHOCTH BKIIA]
Ka)XJIOTO CJI0Sl B OOIIMI CHTHAJ MPONOPIIMOHATIECH IPOU3BEJCHUIO €0 FEOMETPUIECKOro (hakTopa Ha
ANIEKTPONIPOBOAHOCT. Tak, Hampumep, ecnu Ha puc. 9.2 cpena A - OypoBoOil pacTBOp CKBaXXHMHBI, B - 30Ha
npoHUKHOBeHUS U C - HEM3MEHEHHas 4acTh IJIacTa, TO CyMMapHBIA T€OMETPUYECKHA (aKTOp KakIOou u3
3THX cpe OyAeT COOTBETCTBOBATH IUIOMIASIM ¢, 6 WM ¢ HA palUalIbHOIN XapaKTepPHUCTHKE.

Bruitag kaxmoil M3 3THX 30H B CyMMAapHBI CHUTHAJ OIPENENIeTCs MPOW3BEICHHEM MPOBOAMMOCTH
Cpenbl Ha ee CyMMapHBIi reoMeTpuueckuii pakTop. Takum oOpa3om, rpauk pagruaabHOTO TEOMETPUIECKOTO
(akTopa ysm00€eH /115 OICHKH BIUSHHS CKBAKUHBI M 30HBI IPOHUKHOBEHHSI HA PE3YJIbTAaThl H3MEPEHHIA.

Ha puc. 9.3 mnpexacraBneH rpaduK BEpTHUKAIBHOIO TE€OMETPUYECKOrO (aKTopa ¢. KOTOPBIH
XapaKTepu3yeT OTHOCHTENBHOE BIHUSHHE HA CHTHAJl DJIEMEHTAapHBIX TOPU3OHTAJIBHBIX CIIOEB, IMPOTHB
KOTOPBIX pacrnoiaraercsi npudop. [Ipu paBHOM cONpOTHBICHUN HAMOOJBIINKA BKJIAJ B OOIIUI CHTHAN JArOT
CIJIOH, PACIIOJIOKEHHBIE HAIPOTUB CEPEJAMHBI CHApSAIa, C yAAJCHUEM CIIOEB OT IIEHTPa CHapsAda WX BIHMSIHUE
OBICTPO YOBIBAET.
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Proe. 9.3, Bepruramami reoMeTpaaecsul gasrop sonaa HE

Kax noxazpiBaet puc. 9.3, cioii koHedyHOU MomHocTH D mexny OeckoHeuHsiMu E u F Oyner umers
CYMMAapHBIi TeoMeTprudecKuil (pakTop ¢., COOTBETCTBYOMUH miuomann d, a cinou E u F - coorBeTcTBY!IO01ITINE
WIomaasM € W/Ha TpaduKe BEPTHKAIBHON XapaKTePUCTHKH. ['paduk BEPTUKAIBLHOTO TEOMETPUUYCCKOTO
(dakTopa sBISETCS OCHOBOWM [UIsi OLEHKH BIHSHUS BMEIIAIOUINX MOPOI.

J1st yMEHbIIICHHS] BIUSHUS CKBAXXUHBI M 30HBI MMPOHUKHOBEHUs Ha cymMapHbii curHan MK B 30HA
BBOJST JIOMOJHUTENbHBIE TEHEpaTOpHbIE KaTYyUIKW, HasbIBaeMble @okycupyrowumuy. Dokycupyromme
karymku @I (cMm. puc. 9.1) BKiItOUaloT HaBCTpedy OCHOBHOM U MO3TOMY CHUTHAJ, KOTOPbIIl HABOJUTCS MU B
npueMHoi karymke KII, BelunTaercs U3 curnana ocHoBHOM reHepatopHoil karymku KI'. Tak, Ha puc. 9.2
KpuBas 2 XapaKTepHU3yeT paauabHBI FeOMETPUYCCKHi (haKTOp JOMOJHUTEIBHOTO 30H]1a, 00pa30BaHHOTO
OCHOBHOU npueMHON KaTymkod U @I'. [TockosbKy JiuHa 3TOro 30H1a L MEeHbLIE, YeM JUIMHA OCHOBHOIO, TO
Y MaKCHMyM Ha KPUBOH ¢, CMEILIEH OJIMKe K OCH CKBOXKHUHBIL. [ paduk cyMMapHOTro CUrHaja, CO31aBaeMoro B
KII oberMu reHepaTopHBIMU KaTyIIKaMu, MpeAcTaBieH Ha puc. 9.2 kpuoit 3. Kak BuAHO Mo 3TO# KpUBOH,
BIIMSIHUE CKBAXKMHBI (TJIOMIAJKA @) TOYTH TOJHOCTHIO MCKJIIOYAETCS, a BIUSHHE 30HBI MPOHUKHOBEHUS
(momagka B) 3HAYUTEIBHO YMEHBIIAaeTcsa. J[Is MOMTHOTO MCKIIOYEHHS BIMSHUS 30HBI MPOHUKHOBEHUS
BBOJST HE OJIHY, a HECKOJIbKO JOTOJIHUTENBHBIX KATYIIEK, C MX IMOMOILBI YJAETCs CKOMIIEHCHPOBATH
BIUSIHUE UWIMHAPUYECKOW 30HBI, pacnoyioxkeHHo B paauyce oT 0 mo 50-100 cm. OcHOBHOE BIMSHUE Ha
M3MEPSIEMBIN CUTHAJ B MHOTOKATYIIEYHOM 30H]I€ OKa3bIBaeT 30Ha paauycom ot 0,5-1,0 no 1,5 m.

Ha puc. 9.4 mpencrasiensl rpadUKu paguaTbHBIX reoMeTpUUYecKux (HakTopoB
HECKOJIBKUX MHOTO- KaTyIIEUYHbIX 30H/I0B MHAYKIIMOHHOTO KapOTaxa.
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Puc. 9.4, lpaduxu panuansHOro reoMerpHuecKoro
hakTopa HECKONMBKNX MHOorokaTymeunnix 3onios MK

TakuMm 00pa3oM, B MHAYKIIMOHHOM KapoTa)k€ yAAaeTcs MOYTH MOJHOCTHbIO M30aBUTHCA OT BIMSHUSA
CKBR)KUHBI U 30HBI POHUKHOBEHUS, OCOOCHHO TPH COMPOTUBIIEHUHN OypoBOTO pacTBopa Oonee 1
OM'M u noBbIIAIOIIEM TPOHUKHOBEHUH €T0 B IJIACT.

Ckeajrcuna paKTUYECKH He BIMAET Ha pe3ynbTaThl uaMepenuit npu d < 0,4. IIpu auamerpe d>0,4
BIIUSTHUE CKBaXHMHBI MOKET OBIThH OIMPEIETICHO MO MOKA3aHUAM MTPOTUB IIOTHBIX, BBICOKOOMHBIX TTOPO/I.

KpuBas MHAyKIMOHHOTO KapoTa)ka MPOTHUB TaKUX IJIACTOB JOJDKHA JOXOAWTH 10 HYJEBOW JIHHHUH
(0=0; p=o0). [lonpaBka Ha BIMSHHE CKBaXKMHBI MOKET OBITh BBEJE€HA HEMOCPEICTBEHHO Ha JUarpaMme
IyTEM COOTBETCTBYIOIIETO CMEUIECHUS HYJIEBOU JTMHUU.

3ona nponuknoeenus npu HeriayOoOKoM (2 - 4d) NPOHUKHOBEHUH HE BHOCUT UCKaXEHUH B pPe3yJIbTaThl
n3Mepenuil. B cinyuae riry6okoro, 1 0COOEHHO MOHMKAIOIIETO MPOHUKHOBEHHUS, YACILHOE COMPOTHUBICHUE
MOPO/I MOXKET OBITH Hal/IEHO TOJNBKO MPH UHTEPIPETAIMN KOMIIEKCHBIX 3JIEKTPUUYECKIX U3MEPEHHIA.

Bmewarowue nopoost B MHIYKIMOHHOM KapOTaXKe BIMSIIOT HA PE3yIbTaThl U3MEPEHUN 3HAYUTEIBHO
MeHblne, yeM B Metojae KC, a 1t TiracToB MOIIHOCTRIO 60s1ee 2-4 M (B 3aBUCUMOCTH OT MapKH 30H]1a) STUM
BITUSTHUEM MOXKHO MpeHeOpeyb.

JI71s TOHKMX TUTACTOB Ha OCHOBAHWU BEPTHKAIBHOTO T€OMETPUYECKOro (pakTopa paccuuTaHbl MAIETKH
y4eTa BIUSHUS BMEIIAIOIIUX TOPOJI.

HNuTepnperanus pe3yjbTaToB

PaccmoTpuM mopsiIOK pelieHHs OCHOBHBIX BOIIPOCOB HHTEPHpPETAMU JharpaMM HHAYKIIHOHHOTO
KapoTaxa.

Onpeodenenue KOHMAKMOE U MOUSHOCHIEIl NIACMO8

Kak moka3bIBalOT TEOPETUYECKUE pacCyeThl, KPHUBbIE HHAYKIHOHHOIO KapoTaka HMEIOT MPOCTYIO
CUMMETPUYHYIO QopMy 0O€3 3aMETHBIX MCKXEHUH Ha TpaHUIaX MiacToB. JlJis ompeneneHus MOIIHOCTEH
IJIACTOB MPUMEHSETCSI TIPABUIIO TTOJIyMaKCUMyMa aMIUTATYbI aHoMaiuu (puc. 9.5). MomHocTh, HalieHHas
o 3TOMYy MpaBmily, obOo3Hauaercss M, (dukrtuBHas). [lpu OGOMBIIMX MOMIHOCTAX IUTACTOB (/T > 2L) Ky
COBMAJIa€T C UCTUHHOM MOIIHOCTBIO, JJIi MaJOMOIIHBIX IJIACTOB /5 OTIMYAETCS OT UCTMHHON MOIIHOCTH
TeM OOJbIlle, YeM MEHBIIE MOIIHOCTh IUTaCTa W 4YeM OOJbIIEe OTHOIICHHE COMPOTUBJICHHS IUIacTa K
COTIPOTHUBIICHUIO BMEIAIOMUX TOpOo. [Ij1si MalOMOIIHBIX MJIACTOB UCTUHHAS MOLTHOCTH 1O M MOKET OBbITh
HalieHa ¢ TOMOIIIbIO NaneTku (puc. 9.6).

Onpeodenenue conpomuenienus niacmos

DKCTpeMalibHOE 3HAUYCHHE KaXYIIErocss COMPOTUBJICHHS TMPOTUB CEPEeIUHBI MOIIHOTO IIIacTa
MPAKTUYECKH PaBHO YACIBHOMY COINPOTHBICHHUIO IUIacTa HeorpaHu4YeHHOW Iwiomaau. C yMeHbIICHUEM
MOIIHOCTH IJIaCTa aMIUIUTYJ[a aHOMAJIMH YMEHBILIAETCS TeM OOJIbIIIE, YeM MEHbIIIE MOIITHOCTD TIIacTa.

[To xaxymemycs COMPOTHUBICHUIO, CHATOMY C JMarpaMM HHIYKIIMOHHOTO KapoTaxka, B Cllydae
OTCYTCTBHSI INIyOOKOT'O MPOHUKHOBEHHsI OYPOBOTO pacTBOPA, MOXKHO ONPEAETUTh UCTUHHOE COMPOTHUBICHHUE
mnacta mo Homorpammam (puc. 9.7). OTH  HOMOTpaMMBl PACCUUTAHBI JUIsl JUAMETpa CKBAKUHBI,
paBHoro 0, ¥ Isl OAMHAKOBBIX COMPOTUBICHUN MOICTUNAIOIINX U
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Pre. 9.5, Onpeperense rpansil naacta no Pue, 9.6, Tlanetka ana onRpegelcHHA

AHArpaMME HHOVKUHOHHONO Kaporasia MOIHOGTH — TOHKWX  TUIRCTOE 00 Hg -

FOLHOCTH, HafmeHnOR o NpaBHny
NOAYMAaRKCcHMYMa amomManua HK

UK nambosee YyBCTBUTENIEH K TMPOIUIACTKAM TIOBBIIMICHHON 3JEKTPONPOBOJAHOCTH M TIOYTH HE
(uKCUpyeT MpOCION BBICOKOTO CONMPOTUBIICHHUS, T.K. IPU 3aMepax OTCYTCTBYET SKpaHMPOBAHUE, MPUCYILEE
00braHbIM 30H1aM KC. Takum o6pa3om, kpubie MK moxy4yaroTcss HEIOCTATOYHO JCTaTbHBIMU.

Henocrarox UK, cBsA3aHHBIA ¢ orpaHuueHHOM oOnacteio mpumeHeHus (p = 0 - 500mM), BbI3bIBaeT
HeoOxoaumocTh KomriekcupoBanus UK ¢ npyrumu meronamu, Hanpumep, bK.

CymiecTByeT KOMIUIEKCHAs anmnaparypa AJis1 OIHOBpeMeHHOH peructpanuu nuarpamm MK u bK.

B mnacrosimee Bpems MK mmpoko mpumeHsiercs W B OOBIYHBIX CKBa)XKMHAX, MPOOYPEHHBIX  Ha

OpOCTOM  TIJIMHHCTOM  pacTBope,  Ojarofaps  TOMY,  YTO IO3BOJIET ONPENENsATh WCTUHHOE
COIPOTHUBIIEHUE IJIACTOB OBICTpee U JelieBie, yueM meto bK3.
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Meton BUKI3

BUKN3 pacmuppoBsIBaeTCS KaK "BBICOKOYACTOTHOE MHIYKIIMOHHOE KapOTa)XHOE
n3onapameTpuueckoe 30HaupoBanue’. Meroj pazpadoran B MHcTuTyTe reosoruu u reodpusuku Cudupckoro
otrnenenus PAH.

ITo cBoeit cytu BUKU3 sBnsercs BapuaHTOM OOKOBBIX KapoTaKHbIX 30HAMpoBaHuii (BK3) B
MHAYKIIMOHHOM HCIIOJIHEHUHU.

B metozne ucnonb3yercs NpUHIKUI YaCTOTHO-T€OMETPUYECKOTO 30HIUPOBAHNUS, B KOTOPOM yBEJINYECHHE
rITyOWHBI HCCIIEIOBAHUH JOCTUTAETCS, BO-TIEPBBIX, 32 CYET YMEHBIIECHHUS YaCTOTHI JIEKTPOMArHUTHOTO TOJIS
U, BO-BTOPBIX, 33 CUET YBEINUYECHUS JJIMHBI 30HA.

[Tpumensiemsbie yacTotsl - oT 800 k['1y 1o 20 MI'n. Jnunst 3ou108: 0,5; 0,7; 1,0; 1,4; 2,0 m.

Hszonapamempuunocms TOJIKYETCS aBTOpAaMU METOJA KaK IOCTOSHCTBO OTHOLIEHWS JJIWHBI 30HIA K
TOJIIIMHE CKHUH-CJIOS B OJAHOPOJHOW M H30TponHOM cpene. HamomHum, 4TOo Ha TIiIyOMHE CKUH-CIIOS
IIPOUCXOJUT YMEHBIIEHUE HHTCHCUBHOCTH 3JIEKTPOMAarHUTHOI'O TOJIS B € pas.

BeprukansHble U paauanbHble XapakrtepucTuku 30HA0B BUKU3 ontuMusupoBaHbl A T€0JIOTO-
TEXHUYECKUX YCIIOBUM HEPTSIHBIX U ra30BbIX CKBAKUH 3amnagHoit Cubupu.

5 30HJ0B PA3IMYHOMN JITUHBI, PAOOTAIOIINX KAl HA CBOCHM YacCTOTE, MOOYEPEIHO MOIKIIOUAIOTCS K
U3MEpUTENbHOM IuHKU. M3Mepsemast BeIMuuHa B Buje HU(PPOBOro Ko/a epeaaeTcsi Ha IOBEPXHOCTb.

Mauible 30H/BI TAI0T Py, OMU3K0E K p', OOJBIINE - K P TUIACTA.

CHapsa uMeeT CrelalbHbIi 31eKTpoa 1uist 3anucu quarpammel [1C.

Pa3paboTranbl mporpaMmel Jijisi KOMIIBIOTEPHOH 00padoTku nanHbix BUKI3.

Conocrasnenue pesynapratoB BUKM3 n BK3 nokaspiBaeT, 4To 1O BEJIMYMHE CONPOTUBIIEHUS ILIACTa
o0a MeToJia Jar0T OYeHb OJNM3KHUE MOKa3aHMs, a BOT MO BEIWYHHE p' U D UMEIOTCS OOJBIINE PACXOXKICHUSI.
IIpu stom BUKU3 no3Bonser Gosee NeTaabHO M3YyUUTh CTPOECHUE 30HBI NPOHMKHOBEHHS M OIPENEINUTh
CONPOTHBIIEHUE €€ Pa3IMYHBIX YacTel, BKJIIOYas IMOJIHOCTbIO MPOMBITHIE MOPOABI pn, U 30HY "BOJASHOU
OTOPOUYKHU" B HE(TEHACHIILICHHBIX KOJIEKTOPAX.

MeTo1 TOKOBOTO KapoTaxka

TokoBeiii  kapotax (TK) sBnsercs Hambonee NpPOCTHIM M3 METOAOB, HANpPaBICHHBIX Ha
Qg QepeHIHaInio pa3pe30B CKBAKUH IO AIEKTPUIECKOMY COMPOTHBIICHHIO.

[TpuHuMNIHanbHAs cXeMa METoJa NpeAcTaBiieHa Ha puc. 9.8. Tok B nenu anektponos AB onpenensercs
IIEPEMEHHBIM CONPOTUBIICHUEM 3JIEKTpoAAa A, MEpEeMeIaeMoro Mo CKBaXXHMHE, a OHO, B CBOK O4YEpE.b,
3aBUCUT OT CONPOTHBIEHHS TOPHBIX MOPOJ, Yepe3 KOTOpPble OH NMPOXOJHUT (OCTaJIbHbIE CONPOTUBIECHUS B
uernu AB He MeHsoTC).

@D

P, 8. TIpHHUMNHANLIILA CROMa
TOHOGBOID  Hapacrnssa

B Tex cmydasx, xorga CONMpOTUBJICHHE MOPOA MHHHMMaibHOe, a KpuBas KC wumer mo 3HaueHUsM,
omu3kuM K 0, Ha quarpamme TK dukcupyrorcs MaKCUMaIIbHbIE

NoKa3aHus, Ha (POHE KOTOPBIX XOPOIIIO BBIICISIOTCS BCE TOAPOOHOCTH CTPOSHHSI HU3KOOMHBIX 30H.

CrienuaiabHO IS JETABHBIX JIEKTPUYECKUX uccienoBanuii pynHbix 30H B CCCP Obut paspabotan
BapuaHT TK, momyuuBIINii Ha3BaHUE METOAA CKOJIB3SLINX KOHTaKTOB (MCK).

OCHOBHOE OTJIMYME ATOTO BAPHAHTA - HMCIIOJIF30BAHHUE IIETOYHOTO 3JIEKTPOJA, YIPYTHE MPOBOJIOYKU
KOTOPOTO KacaroTCsl CTEHOK CKBaXKHHBI. CxeMa n3MepeHuit ¢ Takum 30H10M 1 quarpamma MCK B cpaBHeHun
¢ nuarpammoit KC npusenens! Ha puc. 9.9.
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Puc. 9.9, Cuesia o pedyibTareln MOK

[IpeumymiectBom MCK sBiisieTcst TO, 4TO € €ro MOMOIIbIO MOYXKHO UCCIIE0BATh CYXUE€ CKBAKUHBI WIIH
0OBbIUHbIE CKBR)XMHBI B HHTEPBAJIE BbIIIE YPOBHS OYpOBOIO pacTBOpa.

s Toro, 4toObl 3aBUCHUMOCTh TOKa B Lenmd AB oT compoTHBiIeHHsS 3J€KTpoia A TpOSBISLIACH
HauboJee OTYETIMBO, BCE OCTaJbHbIE COMPOTHUBIICHHUS B TOKOBOM IEMU CTPEMATCS CBECTH K MUHUMYMY:
HCKJIIOYAIOT BCSIKME HArpy304YHbIE COMPOTHUBIIEHUS, YCTPAUBAIOT XOpOIIee MOBEPXHOCTHOE 3a3emiieHue B,
WCIOJIb3YIOT HU3KOOMHBIE MOJIBOSININE ITPOBOAA.

['panuiibl 30H HU3KOTO COMPOTUBIICHHS OMPEACNAIOT MO TOYKAM PE3KOT0 BO3pacTaHUsi Ha KPHUBBIX
MCK.

Meton MCK He npurojieH i yriiepa3BeJOYHBIX CKBaXKUH, TTOCKOIBKY Ha YTOJBHBIX TUIACTaX OOBIYHO
o0pa3yroTcs 00JIbIINE KaBEPHBI, U KOHLBI IIETOYHOTO 3JEKTPOAa He JOCTAIOT 10 CTEHOK CKBa)KHH.

CrienmanbHO TSl YIJIepa3BeIOUHbBIX CKBaXXHUH pa3paboTaH apyroit BapuanT TK, Ha3pIBaeMblii O0KOBBIM
TokoBbIM KapoTaxeM (BTK). 3oug BTK (puc. 9.10) cocTouT u3 HeHTpaabHOTO 3JIeKTpoaa Ao IIUHOMN 2 CM U
2 DBKpaHHBIX JJEKTPOJIOB A, U A, 1m0 75 CM KaxAblid, COECIWHEHHBIX APYr C JPYroM HAKOPOTKO.
DIIEKTPObI pa3aeneHbl

M30JISIHIMOHHBIMU TIPOMEXYTKaMU IIUPUHON 1-2 cM. DnexkTtpona Al COEAUHEH C OAHMM U3 3KPAHHBIX
3JIEKTPOIOB uepe3 pe3uctop R, = 1 Om. K sTomMy pe3ucTopy M MOAKIIOUYAETCS PETUCTPHUPYIOMUN MPrUoop.
Pa3HOoCTh NOTEHLMANIOB, CHUMaeMas C 3TOrO PE3UCTOpa, MPONOPLUOHAIBHA CUJIE TOKA, CTEKAIOIIETO C
LEHTPAIBLHOTO 3JEKTPOAA.

T.K. BCce 3JIEKTPOAbl COEIUWHEHBI MPAKTUYECKH HAKOPOTKO, TO MOTEHIMAl UX OJIMHAKOB, U TOK C
3MEeKTpoAa A0 HampaBisieTcs MEPIeHIUKYISIPHO CTEHKaM CKBa)KHMHBI. TeM caMbIM yMEHBIIAeTCs BIUSHUE
JMaMeTpa CKBaKUHbI, IPOMBIBOYHOU KHUIKOCTH U BMEUIAIOLIUX MOPOI.

Huarpammbl BTK 4deTko pacuieHsiloT pa3pe3 yriepa3BeJOYHbIX CKBAKMH M MO3BOJISIIOT BBIICIATH B
HUX YTOJbHBIE MPOCION MOITHOCTHIO 3-5 CM.
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Metoa snekTpoAHbiX noTeHnuaiaoB (MOII) B mpakTuke pyJHOro KapoTaxka IMpUMEHseTCs Jis
paszeneHys aHOMalIui HU3KOTO CONPOTUBIIEHUS IO MPUPOJIE MPOBOAUMOCTH HA aHOMAJIMU C AJIEKTPOHHOMN
MIPOBOJIUMOCTBIO (T.€. PYJHbIC) U AHOMAJIUN ¢ HOHHOU POBOJUMOCTBIO (T.€. HEpYIHBIE).

MDOII ocHOBaH Ha U3MEPEHUU PA3HOCTU MOTEHIUAIOB MEXIY JABYMS JIEKTPOJIaMHU, U3TOTOBJIEHHBIMU
u3 oxHoro Meramna. OAMH W3 HUX (CKOJB3ALIMM 3JEKTPOJ) MPH 3TOM IOCTOSIHHO KacaeTcsi CTEHOK
CKBAYKUHBI, APYTOH 3JIEKTPOJ (3JEKTPOJ CPaBHEHUS) HAXOIUTCS B OypOBOM pacTBOpE.

DNEeKTpOoJ CpaBHEHHUS B IPOLECCE KApOTaka MOYTH HE M3MEHSET CBOW INOTEHLMAN, a CKOJb3SALINN
ANEKTPO/ MPUOOPETAET MOTEHIIMA TIOPO/I, IO KOTOPBIM OH Iepemernaercs. [loaTtomy pa3HOCTh MOTEHIMATIOB
MEX]y JeKTpoJaMH B O€3pyAHbBIX YaCTAX CKBaKMH OYEHb HEBEJIMKA U HE MPEBBIIIAET HECKOIBKUX JECATKOB
MUJUIMBOJIBT. boiblias pa3HOCTh NMOTEHLUANIOB HAOJIOJAeTCsl TOJBKO B TOM Cily4ae, KOTJa CKOJb3ALIUI
NEKTPOJ KacaeTcs DSJIEKTPOHHOTO IPOBOJHUKA, KOTOPBIM IO CBOEMY DJJIEKTPOJHOMY TMOTEHLHUAIY
OTJIMYAETCA OT OJJIEKTPOAa 30HAA. TakuMU MPUPOAHBIMU 3SJIEKTPOHHBIMU TPOBOJHUKAMHU SIBISIETCS
OOJIBIIMHCTBO CYJIb(GUI0B, HEKOTOPbIE OKHCIBI, I'padUT U aHTPALUT. OTH HPUPOAHBIE BIIEKTPOHHBIE
IIPOBOTHUKHU o CBOUM  JJIEKTPOXHMHYECKUM CBOMCTBaM OmM3KH K "OnaropoaHbIM"
(27EKTPOTIOJIOKUTENBHBIM) METAJITIaM.

Jns  momydeHWst HaWOOJBIIUX  AaHOMANUK  dJeKTpoabl 30HHa MOIl  W3roTaBIMBalOT U3
"3IeKTPOOTPHUIIATENBHBIX" METaIIOB, Hanpumep, 2n (£=-0,16 B; unu Fe (£ = -0,44 B;.

[Ipu Takom BBIOOpPE MaTepuasia >JIEKTPOHHBIC INPOBOJHUKA B CKBAKMHAX OTMEYAIOTCS PE3KHMHU
MOJIOKUTEIbHBIMU aHoMausiMu Ol1, a noHHBIE HE 0TMeuatoTcs coBceM (puc. 9.11).

AMmutyna aHomanuid Ol 3aBUCHT OT MMHEpaJbHOIO COCTaBa MPUPOJHOTO IMPOBOJHMKA.
DNeKTpoHbIE MOTEHUHUANbI CyJIb(UIHBIX MHHEPAJIOB BO3pAacTalOT OT cdajepuTa K MapKaszuTy, Kak 3TO
cienyet u3 tabn. 9.1 (mo I'.b. CeemnukoBy, 1967).

Tabiuya 9.]. INeKTPOANLIC NOTEHIHANLE CYALGHANLIX MIIHEPAIOB

Munepan DAeKTPOAHEIT NOTCHLMAT,
B
Cipanepur 0,12
Canequr 0,14-0,25
MuppoTHH 0,25-0,34
ApCEnoaHpuT 0,35
XankKonHpuT 0,33-0,42
1Tupur 0.41-0.46
Mapkaiut 0,56
Hasmepum
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Takum o6pazom, MOII maer MOTEHIHAIBHYIO BO3MOXKHOCTh HE TOJIBKO OOHApy>KMBaTh JJIEKTPOIHBIC
MIPOBOJHHKY B pa3pe3e CKBAXKUH, HO U CYJIUTh 00 MX MUHEPATHLHOM COCTaBE.
OnHaKo, MOCKOJBKY BeauunmHa aHoManuil DIl maxke mjisi OHOrO M TOrO € MHUHEpayia HE SIBJISETCS



MIOCTOSIHHOM M B CWJIBHOM CTENEHM 3aBUCUT OT PA3IMUYHBIX YCIOBHUIl: COCTaBa W TemIeparypbl OypoBOro
pacTBopa M MOA3EMHBIX BOJI, HAJIMYMs NPUMECEH, pa3MepOB AIEKTPOAOB U T.I., To Metor Oll He Hamen
IIPaKTUYECKOr0 IPUMEHEHHUS Ul ONPEIEIICHUs COCTaBa Py .

B HacTosimee BpeMsi 3Ta 3ajada pemraeTcsi ¢ MOMOINBI0 0ojiee TOYHBIX SAEPHO-TEOPH3MUECKUX
METO/I0B, OCHOBAaHHBIX Ha IpsMoM omnpeaenenuu snementos (HAK, PPK u np.).

B nacrosimee Bpemst MOII coxpaHsieT CBOIO pOJIb TOJIBKO B PEIICHHI BOMPOCa O MPHUPOIEC aHOMAIHH
HU3KOTO CONPOTUBJICHUS M MIPU YTOUHEHUH TPAHULl PyIHBIX MOJICEYEHUH, KOTOpble OTOMBAIOTCS MO TOYKAM
PE3KOro BO3pacTaHUs aHOMAJINi, TOCKOJIbKY CKOJIB3SIIUI 3JIEKTPO/] 30H1a MOKHO CUUTATh TOUEUHBIM.

Ha MecTopoxxaeHusax 31eKTponpoBoaHbIX pyx Meton MOII npumensitor B komiuiekce ¢ meronoM MCK
U UCTIOJIB3YIOT AJI1 3TOTO OAMH U TOT K€ IMIETOYHBIA  30HJ, KOTOPBIH MpEeABApUTENbHO  JIOMOJIHSIOT
JJIEKTPOIOM CPAaBHEHUS.

KoHTposbHBIE BOITPOCHI

1. Ilouemy B CKBa)kKMHaX, 3allOJIHCHHBIX PACTBOPOM Ha HE(PTSIHOM OCHOBE, HE BO3MOXKEH KapOTax
00bryHBIMH 30HHaMU KC?

2. KakoBa 001acTh MpUMEHEHHS] MHIYKIIMOHHOTO KapoTaxa UK?

3. Kakyto ponb B 30H1€e UK urparot gonogHuTeNbHBIE (HOKYCHPYIOUIHE KaTyIIKN?

4. Yro Takoe paauanbHbIi reomeTpudeckuit pakrop? s Kakux 1enei ucnoiab3yoT rpaduku g, ?

5. Yto Takoe BEpTUKAILHBIN reoMeTprueckuid haktop? st Kakux mesei HCrmoib3yroT rpaduku g, ?

6. Kakosrl HenocTatku UK?

7.- Umeet mu cmbicn poBoauTh MK Ha kapOonaTtHOM paspese? Ecnu Het, To mouemy?

8. B ueM npenMylIecTBa u HEIOCTATKH TOKOBOT'O KapoTaxa?

9. Ilouemy meron MCK He npuMeHSIOT B yriaepa3BefodyHblX ckBaxuHax? FO.Ilouemy — 3nekTpojibl
3oH0a gugd  MOII  wu3roraBiIuBalOT U3

"37EKTPOOTPHUIIATENHHBIX" METAIIIIOB?



Jexkuua 10

MeTOI[ IMOTCHIINAJIOB COGCTBeHHOﬁ noJjgsipu3anvu

MeTOI[ MMOTCHIINAJIOB COﬁCTBeHHOﬁ l'IO.]ISIpl/Ba]_[I/II/I HC AHAJOI'TYCH MeTOI[y
€CTEeCTBEHHOI'0 IMOJIA B MOJIEBOM IJIEKTPOpPa3BEAKE.

Cymmuocts Mertoma IIC 3akmrouaercss B W3MEPEHMH DPA3HOCTH €CTECTBEHHBIX AJICKTPUYECKUX
MOTEHIIMAIOB MEXIy DJIEKTPOJOM M, mepeMeliaeMpIM 10 CKBaXKHHE, M HETOJBI)KHBIM 3JIEeKTporoM N Ha
noBepxHocTu (cM. puc. 11.1).

OOpa3oBaHuEe €CTECTBEHHBIX OJJIEKTPUUYECKUX IOTEHIMAJIOB B CKBAXMHAX CBSI3aHO C (PU3UKO-
XUMHAYECKIMH TPOIIECCaMH, IPOTEKAOIIMME Ha TPAHUIE pa3zelsia MeXIy CKBOKUHON M TOPHOM MOpOIOi U
BHYTPH TOPHBIX ITOPO/I.

[lo npwumnam, Bb3BIBatomMM X, noteHuuansl [IC memsarcs Ha: nuddy3HOHHO-aICOPOLMOHHEIE,
(GUITBTPAIMOHHBIC H OKHCIIUTEBHO-BOCCTAHOBUTEIBHBIC.

Juddy3nonHO-a1cOpOIMOHHBIEC TTOTEHIIHATBI

[Motenumansl AU (Hy3HOHHO-aACOPOLIMOHHON TPHUPOJBl  BO3HMKAIOT —BCIEACTBHE pa3luuus B
XAMHUYECKOM COCTaBE M KOHIIEHTPAIMH COJICH, PaCTBOPEHHBIX B IUIACTOBBIX BOJax W OypoBoM pactBope. Ha
KOHTaKT€ pacTBOPOB DPAa3HOW KOHIIEHTpAlMW (MM COCTaBa) HPOUCXOMUT Iuddy3uss HOHOB U3 Ooiee
KOHIICHTPUPOBAHHOTO PAacTBOpA B MEHEEe KOHIEHTPUPOBAHHBIA. OHAKO CKOPOCTh MU QY3UH HEOIHMHAKOBA
y Pa3sHONOJISIPHBIX MOHOB: Yy KaTHOHOB (+) OHa MEHbIIIe, Y aHHOHOB (-) - Oonbine. BenencTBue pazHocTH B
MOJIBUKHOCTH 4Yepe3 HEKOTOpoe Bpemsi B Oosee ciaboM pacTBOpe HAKOMHUTCS HM30BITOK OTPHIIATEIBHBIX
WOHOB, 2 B KOHLICHTPHPOBAHHOM - TIOJIOKUTEIBHBIX, M 3TH PACTBOPHI MPUOOPETYT COOTBETCTBYIOLIHMIA 3apsia
(puc. 10.1).

Puc. 10.1. Bo3uukHoBenue nuddysnonHoit /[C Ha KOHTaKTe IByX PacTBOPOB pa3HOM KOHIEHTpalUu
Pa3HoCTP MOTEHLMANIOB MEXIy JABYMs SJEKTPOJIMTAMHU pA3HON KOHLEHTPAUUH MOJUUHSIETCS
ypaBuenuto B. Hapucra (1864-1941):

RT e — Vv
Ey =——- - e
»m - 4+ v Co 10.]
Cz (10.1)
; o
roe R — yHMBepCcansHan rasosas mocToanuas (R=8314 ———— )
K -mone
I — s RAcIac» lﬂ:—‘i“.—l.]:lél..,}_l_l:}i (F" = DHRO0D & ¥z

Pl OB B

T- abcomoTHast Temriepatypa, K; 7 — BaJleHTHOCTh HOHOB B PACTBOPE; U - MMOIBUKHOCTH KATHOHOB; V -
MOJIBUKHOCTHh aHHOHOB; ¢|,¢; — KOHIIEHTPAIIMA KOHTAKTUPYIOIIMX PACTBOPOB.

Hetpyauno Buaets, uto mpu T = const Bce MapaMeTphl, CTOAIIAE TEpe] 3HAKOM Jorapudma, AaroT
MOCTOSIHHYO BEJIMYMHY, HA3bIBAEMYIO KOO @uyuenmom ougphy3uoHHbvlx ROmeHyuanios.

Ed :E.SE'H_VIEE—'=K|5I§€—[+
nF u+v o Cq (10.2)

®opmyna HapHcTa cipaBeanuBa Uit CHIIBHO pa30aBIeHHBIX PACTBOPOB OIHOM U TOH K€ COJH.




B ycroBusX CKBa)KHH IIACTOBYIO BOJY U OYPOBOI pacTBOP MOXKHO CUUTATH (B IEPBOM MPUOIMIKECHUH )
pactBopamu NaCl.
[MocMoTpuM, Kakyro BeTHUUHY Oyaet umeTh K, 1uist 3Toi conu. [1o cripaBOYHBIM TaHHBIM, a0COTIOTHAS
MOBHKHOCTD HOHA Na pu 20°C «= 0, 00045 cm/c, a mona CI" - v= 0, 00067 cm/c.
Ecnu nmoictaBuTh 3TH 3HaYCHUS B BhIpakeHHe K, TO OyieM HMeTh
RT w-—vw

Ky=23——=
nF w4+

8314-293 0,00045— 0,00067

> 56500-1  0,00045 + 0,00067 | & MB- (10.3)
Orcrona
¢
E,=-116lgL =-1161g22 wMB.
cy el (10.4)

Hns npyrux coneit E, Oyaer wHOHM, HO Takoro ke mnopsaka. C M3MEHEHHEM TemIeparypbl Oyer

MeHHTT na Tx V\ . 2?3
=+ £
Kf =Kk3° "
293

(10.5)

Ecnu KOHTakT pacTBOpPOB pa3sHOM KOHIEHTPALMU HNPOMCXOJUT HE HEMOCPEICTBEHHO, a Yepe3
MeperopoKy (MeMOpaHy) U3 FOPHBIX MOPOJ, TO MOTEHIIUAN B TOM ciiy4ae OyAeT OTIUYaThCs OT MOTEHIHAa
Hbopaera u3-3a Toro, yto MemOpaHna (meperopojika) o0nagaeT CroCOOHOCTHIO 3aepKUBATH (COpOUPOBATH)
ompeneieHHbIe HWOHBI. [loTeHHmMam B OSTOM clydae Ha3bIBACTCS MeMOPAHHLIM WA  Oughghy3uoHHo-
aocopbyuonnvim - Ey,.

MeMOpaHHBI  MOTEHIMAT TakXe MPONOPLUOHATIEH JIorapu(My OTHOLIEHHS] KOHILIEHTpalUii
KOHTAKTHUPYIOLINX PAacTBOPOB, HO KOA(Q(QUIMEHT MPOMOPIUOHAIBHOCTU 371eCh UHOW - K, 3aBUCAIIUN OT
aJICOpPOIIMOHHBIX CBOWCTB MEMOPAHBI M OTJIMYAIOIIUICS OT K KaK 10 BeTMYUHE, TaK U MO 3HAKY.

JUis 9MCTBIX KBapIIEBBIX NECKOB U MECYaHUKOB, 001aJal0IINX HYJIEBOH aIcOPOLIMOHHOM aKTUBHOCTHIO,
Koy -Ky =-11,6 MB (mpu *=20 °C), .and1 TOHKOJUCHEPCHBIX TJMH, MMEIOIIHUX MAaKCUMAJIbHYIO
a7cOpOLIMOHHYIO0 aKTUBHOCTD, Ky, = K™TM = +58 MB. V rHUHUCTBHIX MECYAHUKOB, aJI€BPOJIUTOB U JP. TOPOA
K, nMeeT npoMexXyTOYHOE 3HAaYCHHUE.

Haubonpmiei Benrmuunsl AU(Py3n0HHO-aJCOPOLMOHHBIE TOTEHIMAIIBI JOCTUTAIOT Ha TPAHULIE TIOPOJ C
MUHUMAaJbHOH M MaKCHMaJbHOH aJICOPOLMOHHON aKTHBHOCTHIO, T.€. HA TPAHUIE YHUCTHIX KBapPIEBBIX
MIECYAaHUKOB U TOHKOJUCIIEPCHBIX IIUH:

Epc =Ey—E,=-116lg - —58Ig L = _69,61g L.
c c

2 2 2 (10.6)
PaccmotpuMm Takoif mpumMep Uisl YCIIOBUN CKBA)XHMHBI, KOTJa HAOIIOJACTCS TUMUYHOE COOTHOIICHUE
MeX Iy MUHepaiu3aueii 0ypoBOro pacTBopa Co U INIACTOBBIX BOJ ¢, - Cp <4 (puc. 10.2).
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Puc. 10.2, Bosauxnoreune anddyznonto-ancopbunonnoft 3JC p ckpakune npH "mpamom”
nose (¢; <¢, )

[Tecuanslii muacT He OKa3bIBaeT BIMSHUA Ha mpouecc nupdy3uu M Ha JIBWKEHHE WOHOB. [IpoTHB
MECYaHOro IJIacTa MEHee KOHLEHTPUPOBAHHBIN OypOBOM pacTBOp 3apspKAaeTcs OTPHUIATEIbHO, MECYaHMUK,
HACBIIEHHBIA COJICHOW IIIACTOBOM BOJOW, - MOJOXKHUTENbHO. Jlamee, BMECTO TOro, 4TOOBI YYUTHIBATH 2
JIPYTUX KOHTaKTa (MeCYaHuK - TJIMHA U TJIMHA - OYpOBOM pacTBOp) Oy/IeM CUNTATh, YTO UMEET MECTO KOHTAKT
IJIACTOBOM BOJBI ¢ OYPOBBIM PAacTBOPOM Hepe3 TIIMHY, KOTOpasi UTPaeT poiib MeMOpaHbl. [TocKONbKY TMHA
HE TMPOIMYCKAeT aHUOHBI (-) M MPOIMyCKaeT KaTHOHBI (+), TO 0YEHb CKOPO PACTBOP MEHBIIEH KOHIIEHTPAIUU
3apsKaeTCsl TIOJOKUTENIBHO MO0 OTHOIIEHUIO K 0ojiee KOHIIEHTpHUpOBaHHOMY. Takum 00pa3oMm, pacTBOp B
CKBa)KMHE MPOTHUB IUIMH NMPUOOPETAET MOJIOKUTEIBHBIN 3aps]], IPOTHB NECUaHUKOB - OTpULlaTeNbHbIN. Takoe
pacnpenenenue 3HakoB [1C, HaOmonaromeecs mpu YCIOBUH €y <Cq, HOCHT Ha3zBaHue "npsamoco noas" T1C.

[Ipu oOpaTHOM COOTHONICHHH C) > C; UMEET MecTO "oopamnoe none” I1C, korja TJIMHBI B CKBAKHUHE
BBIICTISIIOTCS TTOJIOKUTEIHHBIMU, & IECYAHUKHU -OTPULIATETHHBIMU TOTEHI[UATIAMHU.

Ob6patnoe moise IIC BcTpewaeTrcs AOBONBHO PEIKO IMOTOMY, YTO IUIACTOBBIE BOABI  HE(TIHBIX
MECTOpPOKIEHUH, 3aJeralolMx Ha JIOBOJBHO OONBINON TTyOWHE, Iie TeMIepaTypa MOBBIIMIEHA, KaK
MIPaBWJIO, UMEIOT U MOBBIIIEHHYI0 MUHEPATU3allnio; OypoBOil e pacTBOP MPUTOTABIMBAIOT Ha OCHOBE BOJIbI
U3 TIOBEPXHOCTHBIX MCTOUYHHUKOB (03€p, PEK) M ero MHUHEpalu3alus HeBelUKa ¢y <c, OOpatHoe moie I1C
MOXKET UMETh MECTO MpU OypeHHH CKBa)XKMH B 3aCYIUIMBBIX pailoHaX, KOrja AJisi IPUTOTOBJIEHHSI OypOBOTO
pacTBOpa MNPUXOAMUTCS HMCHOJIB30BaTh COJOHOBATYIO BOJY MECTHBIX HCTOYHHMKOB, a IOJ3éMHas BojAa -
TIPECHAs (C,>Cy).

Eciu w3omupoBaTh MpU TOMOIIM TEPErOopoJOK W3 HEMPOBOJAIIETO MaTepuaja ydacTOK CTojba
OypOBOTO pacTBOpa MPOTHB IJIACTA-KOJUIEKTOPa TaK, KaK 3TO MoKa3aHo Ha puc. 10.2, 6, To MeX1y MJIaCTOM U
BMEIIAIONMMH €r0 IIMHAMH Oy/JeT 3aperucTpUpOBaHO '"cTaTHYecKoe" 3HaueHUE MOTEHIHana cOOCTBEHHOM
nonsApuzauuu  E,., rpaguK KOTOPOro MPHUBEAEH PSIIOM.

B peanbHBIX yCIOBHSX TaKMX MEPErOopoOJOK HET, W BCETJa CYIIeCTBYeT HUpPKyIsinus TokoB IIC |, B
CKBa)KMHE, 3aMBIKAIOLINXCS Yepe3 CONMPOTUBICHUE CaMOW CKBaXKUHBI R, miacta A,, 1 BMEUIAIOUINX MOPOJ]
Rpy (puc. 10.3). o sroit npuunHe HaOMr0oAeHHAsS aMITUTyaa A U, COCTaBISET JIUIIb YacTh ""CTaTUYECKON" 1
paBHa NAJICHUIO HAMPSDKEHMUS HA YUACTKE 1IETH, 00Pa30BAHHOM CKBAXKHUHOM - R..

AUpe =ipge *Re =Epe —ige(Rpy + Rpar ) (10.7)

T.x. ceuenue IIpOBOAHUKA R, mHOTO MCHbBILIC, YCM CCYCHHA B IIJIACTC W BMCHIAOMIUX IMOpOAaAX, TO
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Puc. 10.3. Cxema, nosgcHstomas OTIMYNE U3MEPSIEMON PA3HOCTH MOTEHIIUAJIOB {AU rc) oT

crarnyeckoit ammutyasl [1C {E,.)

Ecny MOIIHOCTBH MUIACTOB MECYAHUWKOB M IVIMH OYEHb BEIUKA, TO CEUYECHHE MPOBOJHHUKOB R,jj U Rpy
HEOTPaHWUYEHHO, U TIpH H->a>, R,;/*> 0 u Rpy-* 0; mostomy AUy, 51 E,.. Ecim MOITHOCTH TTacTa HEBEUKA,
BOJIM3U BTOPOM I'paHHUIBI IUIACTa TAK)KE MPOTEKAET TOK i, U CEYEHHE NMPOBOAHUKA R, OyIeT orpaHUYEeHO
JUIIb TTOJIOBUHOW MOIIHOCTH IJIacTa, W MaJICHUEM HaNpsDKEHUS Ha YYacTKe IUIACcT - BMEILAIOIINE TOPOAbI
y>Ke Henb3s OyJeT npeHedpeub, 0COOCHHO, €CIIU TUIACT UMEET BHICOKOE CONpoTHBIeHHE. Cie10BaTeNbHO, IS
IJIACTOB OTPAaHUYEHHOU MOIITHOCTH
Aui =F=1.

E ne (10.8)

P naszwiBaercs kosgppuyuenmom cHudxceHuss amMnaumyosl WM Kod@hduyueHmom yuema MOwHOCMU.

3amada o pacupeneneHnn noreHnuana AU,. 10 OCU CKBAKHUHBI PEIIEHAa TEOPETUYECKH U Ha CETOYHBIX
Mozensix. Paccuntansl Teopernyeckue kpusbie [IC u HoMorpammel aiist onpenenenus 3. Takas HoMorpamma
npuBeaeHa Ha puc. 10.4.

Hanudaue 30HBI MPOHUKHOBEHHSI OYpPOBOTO pacTBOpa YMEHBIIAET aMIUIUTYaAy HaOmooneHHO AU,
T.K. B KaKOW-TO Mepe DOKBUBAJCHTHO YBEJIMUEHHUIO JUaMeTpa CKBAXXUHBI d W  YMEHBIICHHIO
otHomenus h/d.

N3menenune anomanuu [1C, cBsizaHHOE C paciIMpeHrueM 30HbI MPOHUKHOBEHUS, MTOKa3aHo Ha puc. 10.5.
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Pue. 10.4. KoadddHuHesTR yYeTa MOUTHOCTH NIACTOB Puc. 10.5. Bawauue 30
Poan NPOHUKHOBCHEA Gyposora
pacTROpa Ha SCITHUYHEY
anosmanun [1C
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ITo pesynpTatam mHTepnperauuu AudQy3noHHO-aacopOLIUOHHBIX [IC MOXHO HE TONBKO ONpEAeIuTh
TPaHUIBl TUIACTOB C pa3IMYHBIMU  JUPPY3HOHHO-aICOPOMOHHBIMUA CBOMCTBAMH, HO W OIPEICISATH
COIIPOTHBIIEHUE M MUHEPAIM3ALMIO IJIACTOBBIX BOJ - @ 3TO BakKHas 3ajada il HEPTSIHON M Jaxe pyJHOM
re0JIOTUH.

@OuabTpanoOHHbIE MOTEHIUAJbI

QOunbTpaOHHBIE TOTSHIIUANIBI WIIA TIOTCHIMAIBI TEYCHUST HAOMIOAIOTCS MTpH QHIIBTPAuu OypOBOTO
pacTBOpa M3 CKBAKUHBI B IUIACT UM, HA00OPOT, MJIACTOBBIX BOJ U3 IIACTa B CKBaKMHY (B 3aBUCUMOCTH OT
COOTHOIIEHUS J1aBJICHUH B IJIACTE U CKBAXKUHE).

[ToreHnanel Te4eHUs] BO3HUKAIOT B CBSI3U C aJcOpOLUEil MOHOB MOBEPXHOCTHIO YACTHULI, CJIAraloLINX
TOpHYI0 mopoay. Benenctsue npeobianaromnieid ancopOounyu HOHOB OJJHOTO 3HaKa B HAIPABICHUU BM)KCHUS
KHUJIKOCTH 00pa3yeTcs HEIOCTaTOK 3THUX HMOHOB, U Ha KOHIAX KaHaja (Kamwuisgpa) BO3HHMKAET Pa3HOCTh
noteHmainos (puc. 10.6).

MaremaTnueckoe 000CHOBaHUE TEOPUN (PUIBTPALIMOHHBIX MOTEHIUMAIOB ObUTO faHo I'. I'enbMronbueM
(1821-1894), mostomy mnoOTEHIMANbl TEUYEHHUs Ha3bIBAIOTCS e€lle W moTeHuuanamu [enpmronbua. Ilo
I'enpmronsuy:

& = iL‘f - Ay,

S (10.9)

rae Ap - nepenaj 1aBICHUN;

U - BSI3KOCTb pacTBOPA;

€ - AURJIEKTPUUECKasl IPOHULIAEMOCTb;

p - YOC pactBopa;

f - DIEeKTPOKUHETUYECKUHN WIN E-TIOTEHIUAL.

& -moTeHIal NpeAcTaBisieT coO00H Pa3HOCTh MOTEHIIMAIOB MEX/1y HEMOIBUKHOMN yacThio 1uddy3HOro
ClI0S MOHOB B Kamwuisipe M cBOOOAHBIM pacTBopoM (puc. 10.7), & -moreHuuanm MOXKET OBbITh Kak
MIOJIOKUTEIBHBIM, TAK U OTPULIATENIbHBIM.
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FPue. 10,6, Cxesma poinsknosenis (GHIETPATHOHHBTY TOTEHUHATOE
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Pue. 10,7, B:ITQ'H.TPUH:IIH-ETM PECEMA MOTEHLHAT

®opmyna (10.9) crnpaBemuBa A MOPUCTON cpelbl, cpeiHui 3((EeKTUBHBINA paauyc KalWIpOB
KOTOPOM CYIIECTBEHHO MPEBBIIIAET TOIIUHY JIBOHHOTO AIEKTPUUYECKOTO CII0S1 Y CTEHKU KaWuspa.

3Hak (QUIBTPAIIMOHHOM pPA3HOCTH MOTEHLHUAIOB OIpeleNnsercss 3HakoM & - TMoTeHIuana |
HaTpaBJICHUEM (QUIBTPAITUH.

Habmionenus, npoBeIeHHbIE B PEaJIbHBIX CKBAXKMHAX, MOKA3bIBAIOT, YTO MOTEHIMAJIbI TEUEHHS] HETOYHO
nomuusstorest popmyse (10.9). IIpu mpounx paBHBIX YCIOBUSIX FE¢ OKa3bIBAIOTCS 3aBUCSIIUMH €IIe OT
MIPOHUIIAEMOCTH MOPOJ, T.€. OT POPMBI U Pa3MEPOB KAMMIIISPOB, 110 KOTOPBIM QHIBTPYETCS PacTBOP.

[Ipodeccop B.H. [laxHOB cuuTaer, uyTO pazauuve MEXKAY HPAKTUUYECKUMH U TEOPETHUYECKHUMHU
3Ha4eHUsAMU E¢) CBA3aHO ¢ HATMUMEM 3aCTOMHON KUAKOCTH BO BIaJnHaX (pacIiMpeHusiX) KanmuIsIpoB, U3-3a
Yero MPOBOJIAIIEE CEUEHHE HICKTPHUECKOT0 TOKa OOIIblIIe, 4eM ceueHHne GUIbTPYIOIIeics KUIKOCTH.

OunbTpallMOHHbIE TOTEHIMAJIBI B CKBA)KMHAX HEBEJIMKHU U COCTABIISIOT 00bIYHO 4-5, pexxe 10 MB. Jlns
CpaBHEHHs - (WIBTPAIMOHHBIC IOTEHIMANBI, HAOJIOJaeMble B TIOJCBOW AIIEKTPOPa3BENKE, JOCTHTAIOT



WHOT/Ia HECKOJIbKHX B.

HecMoTtpst Ha HEOOMNBIIYIO0 BEMYNHY, (DHIBTPANMOHHBIE MTOTCHIIMATBI MOTYT OBITH MCIOJIB30BaHBI HA
MPAKTUKE ISl ONIPEICIICHUS IJIACTOBBIX JTABJICHUI.

B dpopmyne (10.9) Bce mapameTpsl, CTOSIINE TIepea Ap, SBISIOTCS BETUIHHAMHA MTOCTOSHHBIMH, a

Ap = Peoxs — Prgs
F,ue, PCKG’ FI/IIIpOCTaTI/ILIeCKOG JaBJICHUC B CKBAXKHUHC, KOTOpOG JICTKO MOJKET

OBITh BBIYKMCJIICHO IO BBICOTE CTOJI0A MXHMIKOCTH HAJ IUIACTOM; p,, - JaBJeHUE B Iuiacte. Takum
obpa3zom,

I/ISMCpI/IB Pa3sHOCTb q)HJIBTpaHI/IOHHI)IX IMOTCHIHUAJIOB B CKBAXWHC, MCHAIOT THAPOCTATHUYCCKOC
JaBJICHHUC, OTKadaB MHIJIH, HaO60pOT, AOJIMB  KAaKOC-TO KOJHUYCCTBO pacTBOpA. CHoBa HU3MCPAIOT

uABTR T omaran

Ey =Ky(pexs — Pan)

(10.12)

VpaBuennst (10.11) u (10.12) oOpa3yioT cucteMy ¢ JIByMs HeusBeCTHbIMU K¢ wu p,, KOTOpYIO
HECJIO’KHO PEIIUTh U ONPEACIUTD Py

OKHCIUTEIbHO-BOCCTAHOBUTEIbHbIE MOTEHIMAJIbI

OKHCIUTENbHO-BOCCTAHOBUTEIbHBIE MOTEHIUAJIBI HaOIII01at0TCA npu OKHUCIIUTENBHO-
BOCCTAaHOBUTEJBbHBIX PEAKIUAX, B pe3yJibTaTe KOTOPBIX OKUCISAIOUIAasCS Ccpena, OTAaBasl AIIEKTPOHBI,
MPUOOPETAET MOJTOKHUTEIBHBIN 3aps/l,  BOCCTAHABIMBAIOIIAS, TPUCOSAUHSISI SJICKTPOHBI - OTPHUIIATEIHHBIN.

Pa3HOCTB 3THX MOTEHIMAIOB YIOBJIETBOPSET YPAaBHEHUIO:

.
B = 2 i T
n¥ c

rae, K - KOHCTaHTa paBHOBECHUS peaKIMU, MPOTEKAIOIe B OKUCIUTEIHLHO-BOCCTAHOBUTENBHOMN Cpejie;
¢'u ¢"- KOHIICHTPALIMH BEIIECTB, HAXOASAIINXCS B BBICIICH U HU3IIECH CTETICHH

OKUCJICHUS.

bonpmme 3Hauenuss FE,;, HAOMIOJAIOTCS B 30HAX CYJb()HUIHOW MHUHEpATH3AINK B PE3YyJIbTATE
OKUCJICHUS PYAHBIX MUHEPAJIOB KUCIOPOAOM BO3AyXa MM PACTBOPEHHBIM B MOI3EMHBIX BoJaxX (M OypoBOM
pactBope). IlpuMepoM MOXKeT CIyX HUTh peakuus okucieHus nupura: 2FeS, +10, +2H,0 = 2FeSO4 +
2H>80,.

Katnonsl Fe n30uparenbHO COpOMPYIOTCS Ha MOBEPXHOCTH MHPUTA, 3apspKas €ro IMOJOXKUTEIBHO, a
BOJIbI, HACBIIIAIOIIUE TIOPOJTY, 32 CYET AaHHOHOB

SO4? ~ MPHOBPETAIOT OTPHLATEIBHBIN 3apsi.

E,s Han pyaHBIMU TOJACEUEHHUSIMH B CKBaknHax MoskeT gocturatb 300-400 mB. Takas Oomnblias
BEJIMYMHA OOBSCHAETCS HE TOJHKO MHTEHCUBHOCTHIO OKHUCIUTEIHHO-BOCCTAHOBUTENBHBIX IMPOIIECCOB, HO U
HU3KUM COMPOTUBJICHHEM PYIHBIX TEI JIEKTPUIECKOMY TOKY.

AHaJOTUYHBIC TOJISI HAOJIOMAIOTCS HaJ YTIUCTBIMU CIIAHI[AMHU, MCKOMAEMBIMH YTJISMH, TpaduroMm.
[IpyurHOl MX BO3HUKHOBEHHS SBISIETCS OKUCICHHE HE TOJBKO YIUVIeH, HO W BKPAIUICHUU CYIb(OUIHBIX
MUHEPAJIOB.

OKHCTUTENFHO-BOCCTAHOBUTEIBHBIC TOJS PACTIPOCTPAHSIOTCS HA AECATKH METPOB OT PYIHBIX TEJ WIH
YTOJBHBIX TJIAaCTOB. B CKBakMHAX, MEPECEKAIOIMIUX PYIHBIC 3aJIEKU B 30HE BOCCTAHOBJICHUS, MOJIIPHOCTH
AHOMAJMI €CTeCTBEHHOTO MOJIsI MOXKET UMETh 00paTHbIi 3HaK (puc. 10.8).




Pric. 10.8. BoaHHKHOBEHHE OKHCTHTENEHO-BOCCTAHOBHTEMEHE NOTEHLHATOR TMNC wan
PryoHo#l FamTeHhi

WNurencusaeie aHomanmu [IC HaOmomaroTcs Takke Hal 0O0CaaHBIMH TPyOamH.

B oOmem cinydae anomanuu [IC B cCKBaXMHaX MOTYT OBITh 00s3aHBI NEHCTBUIO HE OAHOM, a cpasy
HECKOJIbKUX TNpuyuH. Hampumep, Ha mNeCHYaHO-TIMHHUCTBIX pa3pe3ax MposaBIAOTCS U AU dy3nOHHO-
a/IcOpOIIMOHHbIE, U (UIBTPALIMOHHBIE MPOLECCH, a HA OYyPbIX yIISIX - U JUPPY3MOHHO-aICOPOLIMOHHBIC, U
(buUIbTPAMOHHBIE, U OKUCIUTEIHHO-BOCCTAHOBUTENBHBIE.

KonTpoabHbie BOpochl

1. Iepeuncnure  (U3MKO-XMMHUYECKHE  MPOLECCHl,  BBI3bIBAIONIME 00pa30BaHNE €CTECTBEHHBIX
ANEKTPUYECKUX NTOJIEH B CKBAKHUHAX.

2. Hammmmrte ¢opmyny Hopucta u  0OBSICHHTE 3HAYEHHE BCEX MapaMETPOB, BXOASIINX B
Hee.

3. UeM oTiiM4aeTcs MOABUKHOCTH MOHOB B PACTBOPE OT CKOPOCTU UX JBHXKCHUS?

4. Yo Takoe "mpsimoe" u uto Takoe "obparHoe" none I[1C?

5. Kakyto MHTEHCUBHOCTh HUMEIOT aHOMaJIUHU I1C T Py3MOHHO-aICOPOLIMOHHOTO
MIPOUCXOXKACHUA?

6. Kakue ycnosus HEOOXOIUMBI ISt BO3HUKHOBEHUS M (Hy3nOHHO-aICOPOIIMOHHBIX
HOTEHIIHAIOB?

7. OT yero 3aBUCUT 3HAK (PUIBTPALMOHHBIX MOTEHINAIOB?

8. Kakyro BennuuHy UMeroT GUIbTPAMOHHBIE TTOTEHIIUAIBI?

9. [Ilouemy (uiIbTpaMOHHBIE MOTEHLMAJIbl HA IOBEPXHOCTM HAMHOIO HMHTEHCHUBHEE, YEM B
CKBa)KMHax?

10. OOBsicHUTE  BO3HMKHOBEHHE  OKHUCIIUTEIbHO-BOCCTAHOBUTEJIBHBIX TOTEHIIUAJIOB.

11 .Kakyto BenmnunHy umerot anoMaiuu [1C oKucnuTebHO-BOCCTAaHOBUTEIBHOTO MTPOUCXOKICHUSA?

12.006®scHUTE, Kakoi 3HaK uMeroT anoManuu [1C Hag oOcaaHBIMU TpyOaMHu.



Jexnua 11

Cxema 3anucu guarpamm IIC

Cxema peructparuu IIC npuBenena Ha puc. 11.1. OHa kpaliHe TpocTa M COAEPKHUT TOJBKO 2
MIPUEMHBIX JJIEKTPOJAa M M3MEPUTEIbHBIM KaHaJl perucrparopa. JlONMOJHUTENBHO B CXEMY BBOJSAT
rpaayupoBaHHbI KommnieHcaTop nossipu3aiuu ['KII, ¢ moMoIpio KOTOpOro yCTaHABIMBAIOT MacITad 3amucu
U BBIBOJAT ONUK rajJibBaHOMETpa (POTOpPETrHUCTpaTopa Ha CEpeluHy IUarpaMMHOM JIEHTHI IMEpe]] HadyaioM
3anucu. Macmrab n auarpammel [1C paBeH MOCTOSSHHON W3MEPUTEILHOTO KaHaIa 10 HAIIPSHKEHUI0 m, mMB/cm

Fuc. 11.1. Cxema perucrpaiiuu
OAHarpasMM | )

HHTEpecHO OTMETUTh, YTO, HECMOTPS Ha KpaiiHioro npoctoTy cxemsbl, Metoa I1C nosBuics Ha 2 rona
no3aHee meroga KC, B 1929 rony. o storo noreniuansl I[1C paccmaTpuBamuch TOJBKO Kak MOMeXa MpU
3amuc KC 1 OT HUX CTpeMWINCh U30aBUTHCS, MPUMEHSSI KOMIIEHCATOPHI MOJIAPU3ALMU TPU MMOTOYEYHON
3anucu KC u nmynbcatopsl npu HenmpepblBHOW. M TOMbKO Mo3aHee ObLIO 3aMEUYEHO, YTO €CIIU 3Ty MOMEXY
pEerucTpupoBaTh, TO MOXHO MOJIYYHTh JONOJHHUTENbHYI0 HHpopmauuio. C Tex mop meron IIC cran
npuMeHsaThes BMecte ¢ MetogoMm KC, mpudem Oblia paspaboTana anmnaparypa, Mo3BOJISIONIAs OJHOBPEMEHHO
3anuceiBaTh 00e auarpammbl. Kommiieke KCAHIIC mnosnyuun HasBaHuE cmanOapmuoz2o 21eKmpuvecKoeo
Kapomaoica.

Ilomexu npu 3anucu ouazpamm I1C

ITpocrora anexrpuueckoit cxemsl [IC sBnsieTcs, ¢ ONHON CTOPOHBI, JOCTOMHCTBOM METOJA, a C IPYrou
- HejocraTtkoM. Henmocrartok mnposiBisiercss B TOM, 4TO BXojA peructparopa B cxeMme IIC oTkpeIT g
pa3HooOpa3HbIX noMex. 1o ¢pusnueckoit npupoie BHIACIAIOT CIEAYIOMINE BUIbI ITHUX MOMEX: HOJISpU3aIus
ANEKTPO/IOB, MOTEHIHAJIbI FAJIbBAHOKOPPO3UH, MOTEHIM ALl TPUOONOIApU3alMY, TOTEHIUANBI OCAXICHUSI U
MOTEHINAIIbI OJTYKAAIOLINX TOKOB.

THonapusayus snekmpoodos co3zfaer nomexy npu 3anucu 11C B ciydae, ecnu 37€KTPOAHBIA TOTEHIHAA
OJTHOTO U3 3JIEKTPOJIOB (MM 000MX) MOABEpPraeTcsi U3MEHEHUsIM B Ipoliecce KapoTaxka. Takue M3MEeHEHUs
ObIBAalOT CBSA3aHBl C M3MEHEHHUEM COCTOSIHMSI MOBEPXHOCTU 3JIEKTPOJA B PE3YJIbTAaTE OTJIOKEHHUS HAa HEM
Kakou-mubo conmu miaM cMeHsl cocraBa okucioB (C.I. Komapos, 1973). Yame Bcero 310 citydaercst Npu
IePEeXOo i€ MEKTPOA B PACTBOP MHOT'O COCTABa, YEM TOT, B KOTOPOM OH OBbLI paHee.



W3meHeHne 31MeKTPOIHBIX MOTEHIINAIOB MPUBOAUT K MOCTENEHHOMY cMelnieHnio kpuBoi [1C B Ty mnu
JPYTYIO CTOPOHY.

Bo u3bexxanue momMex 3eKTpOAHON monspuzanuu 30eKTpoasl s 3anuck [1C usroraBnusatot u3 Ph,
T.K. B KHUCJIOPOJIOCOJEp X AIICH cpelie OH MOKPBIBACTCS IUIEHKOW okucia PhO W MO CpaBHEHUIO C JPYTUMU
MaTepuasamMu J1aeT HanboJiee yCTONUMBBIN 3JIEKTPOIHBINA MOTEHIIUAT.

Ecim 3TOM Mepbl HEINOCTATOYHO, WCIIOJB3YIOT HEMOJIIPU3YIONINECS SJEKTPOIBL. TakoW 3IeKTpOX
COCTOMT UX CBHUHIIA, 3aKPBITOro Ope3eHToBON 00010uKoi. [IpocTpaHCTBO MEKIY CBUHIIOBBIM 3JIEKTPOAOM H
000J104KO 3anoNHsA0T coibio KC/. [Ipy moMeneHnn Takoro 31eKTpoAa B JKUIKOCTb MEXIY 3JIEKTPOAOM U
000J104KOi 00pa3yeTcsi HAChIIEHHbIH pacTBOp KO, a Ha TOBEPXHOCTH CBUHIIA OTKJIAABIBAETCS CIOW COJH
PbCl;, uTo obecrieynBaeT MOCTOSTHCTBO JIEKTPOJAHOTO MOTEHIIHANIA.

Tomenyuanvl 2anvbeanHokoppo3uy TPOSIBISIIOTCS MPU UCHOIB30BAHUU TPY30B, COCTOAILIUNX W3 Pa3HBIX
METaJUIOB, (HampuMep, CBUHIIOBOTO TPy3a C KEJIE3HBIM KpPEIUICHUEM K 30HIY). B pacTBOpe Takoi Tpy3
MIPEICTaBIsAET COOOM OJUH MM HECKOJBKO TaJIbBAHMUYECKUX AJIEMEHTOB, IIEMb KOTOPBIX 3aMBIKAETCS Yepes
OypoBoii paCT}aopl, co3maBas Ha dJieKTpone M MOTCHIHMAJ, IPOMOPIIUOHATBHBIA COMPOTHUBICHHIO

s R | S
cpempl: 4w R (R — paccTosiHHE 31eKTpoaa M ot rpysa).

HpI/I HaJIMYUU TOTCHIHAJIOB TaJIbBAHOKOPPO3UKU AUarpaMma IIC OpsMO WK 3CPKAJIbHO IMOBTOPSACT
muarpammy KC (cm. puc. 11.2). IIpu stom anomanuu [IC cmematorcs otHocutenbHo aHomanuit KC Ha
pacctosinue, paBHoe MO B MaciiTabe AuarpaMMel.

Py KC e wuxu MC

Frec. 11.2. BoanuxHoReHUe nOTeHIHATOR FATLBAHOKOPPOIHH M HX NPOARTEHHE HA
Iearpammax TTC

ITomexu Takoro jxe NPOUCXOXKJICHHsS BO3ZHHKAIOT M B Cllyyae, €clld B 3ymide, Iae YCTaHOBJIECH
MTOBEPXHOCTHBIN IEKTPOA N, UMEIOTCSA APYTUe METaJIbI.

Kpussie I1C, 3anucanHble ¢ MOMEXO0M ralbBaHOKOPPO3UH, CYMTAIOTCS OPaKoOM.

JI71s1 UICKITFOUEHNS 3TUX TIOMEX MOHO HMCIIOJIb30BATh CIEAYIOLUIUE MEPBI: IPUMEHATH IPY3bl, COCTOSIINE
U3 OAHOIO MeETajlla; MU30JIMPOBATh I'Py3 OT pacTBOpa € INOMOUIbK IOJUXJOPBUHUIOBOM HW30JIEHTBHI WIIU
MapajieHThl; YBEIMYUTh PACCTOSIHUE OT 3JeKTpoja M 110 rpy3a (110 TEXHUYECKONW MHCTPYKIUU OHO JIOJIKHO
ObITh HE MeHee 1,5 M); MOMEHATh MOJI0KEHUE TOBEPXHOCTHOT'O 3JIEKTPOJIA.

Tlomenyuansr mpubononapusayuu (TOTEHIUANIBl ABMKEHNS) BO3HUKAIOT MPU JIBUKEHUH 3JIEKTPOJOB B
O0ypoBoM pactBope. [To mHenwuro npod. B.H. JlaxHoBa, mpu IBM)KEHUN HapyIIaeTCsl ABOMHOM 2NEKTPUYECKHIA
CJIOM Ha IOBEPXHOCTH METAJUIMYECKOI'O JJIEKTPOJA, B PE3yJIbTaTe€ 4YEro MEHSAETCS U €ro AJIEKTPOIHBII
noteHuai. [loaTBepkaeHNEM TaKoro OObSCHEHUSI MOXKET CIIYKUTh TOT (DAaKT, 4TO MOTEHIUAJIBI JBHXKEHUS
HE IPOSBISIOTCS, €CJIU METAIUTMUECKUN AJIEKTPOJI 3aKPhITh MATEPUaTO 000I0UKOH.

[Ipn nBWXEHMM C TOCTOSIHHOM CKOPOCTBIO H3MEHEHHE OJJIEKTPOJHOTO IOTEHIHMala JOCTaTOYHO
CTaOWUIBbHOE, HO MOTYT HAaONIOAAaThCs M "OpOCKH" KpPHWBOW, HAmpuUMep, TMPU HEAKKypaTHOH  yKJIaJKe
Kabenst Ha Jiedenke H

COCKaJIb3bIBAHMM OJJTHOTO BHUTKa C Apyroro. [Ipym ocTaHoOBKe 30H1a NOTEHIMAI 2JIEKTPOAa M MTHOBEHHO



MIOBBIIIIAETCSL.

OT noreHuuManoB TpPUOOMOJSPU3ALMK JIETKO H30aBUTHCS, HAJEB Ha AJIEKTPOJ MaTepuaThlii 4yexo,
OJTHAKO BpAJ JIM 3TO CTOMT JedaTh, T.K. MOTEHUUAIbl TPUOOMOISIPU3ALMM JAIOT JONOJHUTEIbHYIO
nHpopmanuto. Kak BuaHo 1o puc. 11.3, 6marogapst um vHa auarpammax [1C otyeTnuBo pukcHpyeTcs MOMEHT
OTpbIBA 30H/a OT 320051 U BCE OCTAHOBKH 30H/IA.

B TexHuKe W3BECTHO WCHOJB30BAHME SBICHUS TPHOOMONAPU3AIMH I H3MEPEHHs] CKOPOCTH
JBYDKEHUS JKUAKOCTH.

Ilomenyuanel  ocadxcoenusi  (CEAUMEHTALMOHHbIE) BO3HUKAIOT TOJBKO TPU  HCIOJI30BAHUU
HEKa4eCTBEHHOIro OypoBOro pacTBopa B mporiecce Oypenus. Takol pacTBOp He yJepKHMBaeT B cebe 1uiam -
MEJIKHE YaCTHIBI Pa3pyLICHHOW IMOPOIbI, U OHH, OCAXKAASACh HA 3a00W, M30MpATETHHO COPOMPYIOT HOHBI
OJHOTO 3HakKa (aHMOHBI). B pe3ynbraTe OT 3a00s K yCThIO HabOmrojaercs moBbllleHHe mnoTteHuuana IIC,
JOCTHUTaIIee HUHOTrAa Heckoinbkux B (puc. 11.4). Beigenuth aHoManuu, CBs3aHHBIE C W3MEHEHUEM

JIMTOJIOTUH pa3pe3a Ha (I)OHe TaKoOU MMOMEXU, MPAKTUYCCKHU HEBO3MOXKHO.
_20mxB ~—ged-58
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Puc. 11,3, [IpoAsneswe moMey  oT Puc, 11.4, TloTantidalis: ocakaenns na
Tpwhonorsprateg Ha mearpamse [1C mearpanse [10

i ycTpaHeHMs BAMSAHUSA CEIMMEHTALMOHHBIX IIOTCHLMAIOB CKBAXKUHY IIEpe]  KapOTaKeM
HE00X0IMMO MPOMBITh KOHJIUIIUOHHBIM OyPOBBIM PAaCTBOPOM MJIU YUCTOH BOJOM.

Tomenyuanel ocyxcoarowux u menrypudeckux mokos. TelmypuyecKue TOKH HMEIOT €CTECTBEHHOE
MIPOUCXOXKACHHUE, OHU SBIISIOTCS YacThIO OOIIEr0 AMEKTPOMArHUTHOTO MOJIST 3€MITH.

brnyxnaromme TOKM MMEIOT MNPOMBIIUIEHHOE NpPOMCXOkAeHHE. OHM CYIIECTBYIOT B OKPECTHOCTSAX
SHEPreTHUYECKUX YCTAHOBOK, TOPHBIX MNPEANpPUIATHI, >3JIEKTPOTpaHCHOpTa W np. biuyxknaromue TOKH
pacnpoCTpaHsAIOTCA Ha AECATKH KM OT UCTOYHHKA.

[Tpu 3anucu [IC Ttemmypuueckue W OMyXKIAOUIME TOKA CO3JAIOT MOMEXH, aMIUIMTyAa KOTOPBIX
IIPONOPLIMOHANIbHA TUIOTHOCTU 3TUX TOKOB B JaHHBIH MOMEHT, cpeaHeMy YOC cpeibl MEXay 3JIEKTpoJaMu
M u N #u pacCTOSHUIO MEXKIy HHUMHU. DTH MOMEXH HCKaxaroT nuarpammbl [IC, a uHOrma u He OaroT
BO3MOKHOCTH X 3aIlUCATh - IPU HETIOABMKHOM 30H€E IMOKa3aHUs PErHCTPUPYIOLIETo NprOopa HEMPEPhIBHO
MEHSIIOTCS, OJIUK TallbBaHOMETpa ""Opoaut" 1o 1uarpamme.

OnHa U3 OCHOBHBIX MEp 10 YCTPAHEHHIO MOMeX OJTyKIAIOIIUX TOKOB - 3TO BBIOOP BpEMEHH, KOT1a OHU
MMEIOT HAaUMEHBIIYI0 WHTEHCHUBHOCTh, HAmpuMep, paboTa B BBIXOJAHBIE HU WJIM HOYHbBIE Yachl, WIH B
UHTEpBAJIbl BPEMEHU MEXAY 9JIeKTpuukamMu. Kpome Toro, BIMSHHME O3TUX I[OMEX MOXHO HCKIIIOUUTD,
3anuceiBas rpagueHT noreHnuana [1C wim npuMeHss cnenuanbHble 30HbI.

[Ipn 3anucu rpapuenta IIC (puc. 11.5, a) momexa MHMHMMAaibHa, MOCKOJIbKY 371eKTpoasl M u N
HaxXOJATCsl OYeHb ONM3KO APYr K APYTy OAHAaKo auarpammbl grad U,. CIHWIIKOM HU3pe3aHbl U TPYAHO
HUHTEPIPETUPYIOTCS.

Cnemmanpabiii 3081 [IC cocTouT M3 ToUeyHOTO AMeKTpoaa M u nuHelHoro 3nektpoaa N (puc. 11.5,
0). Jluneitnslii snektpon ocpeanser noreHnuan [IC B ckBaKMHE Ha BCEM CBOEM INPOTSHKEHUH, Onaromaps
YeMy OH MEHSETCSl MaJlo U He pe3Ko, a Majioe paccrosinue Mexxay M u N oOecrieunBaeT OJIM3KO€ 3HaUECHUE
MOTEHI[MAaJa, CO3/1aBaeMOT0 Ha 3TUX AJIEKTPOAAX Oy KIAIOIMIUMU TOKaMHU.
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Puze. 11.5. Mepsl Gopebrl ¢ noMexamu ot
Onyxoarownx TokoB. 3anuch rpaamenTa
I'NC (a) u cneunansubii zoun I1C (6)

Humepnpemayusa ouazpamm INC

Kauecmeennas unmepnpemayus puarpamm [IC 3axmrodaercs B JIMTOJOTHYECKOM pacUJICHEHUU
pa3pe3oB ckBaxuH. Hawmnyumne pesynbraTel naet metol [IC Ha mecuaHO-IIIMHHUCTBIX pa3pes3ax, MOpoibl
KOTOPBIX 00JIaJat0T PA3IMIHON aJICOPOITMOHHON aKTUBHOCTBIO.

[Ipu npsmom mnone IIC (c,<c,) TAMHBI XapaKTEPU3YIOTCS TMONOKHUTEIBHBIMH, a TIECUAaHUKH -
oTpunateabHbIMU aHomanusmu I1C.

Jlns uckiIroYeHHsT HEOMHO3HAYHOCTH WHTeprperanuu guarpammbl [IC HyXHO paccMmaTpuBaTh B
KoMIuiekce ¢ quarpammamu apyrux MeronoB I'MC: KC, M3, I'K, HTK, AK u np.

Konuuecmseennas unmepnpemayusi 3akiIio4yaeTcss B PEIICHUU IIEJIOTO psAda BOMPOCOB, TAKUX Kak
ONpeEIEHUE MOILIHOCTU IUIACTOB, MHHEpPAIM3alUM IUIACTOBBIX BOJ, TJIMHUCTOCTH M IOPHUCTOCTH
KOJIJIEKTOPOB U HEKOTOPBIX JIp.

Onpeoenenue mownocmu naacmog no auarpammam I1C npousBoauTcs 1o mpaBuily HOJyMaKCUMyMa
(WM MOTYMMHUMYMa) aHOMAJIUH, KaK 3TO MOKa3aHo Ha puc. 11.6.

Onpedenenue Mmunepanuzayuu NIACMOBLIX 600 BO3MOXHO Tpu TUh(HY3HOHHO-aACOPOIIMOHHOM
npoucxoxaeHuu nomueu I1C.

Kak ciienyer u3 teopuu (popmynsr 10.2, 10.8):

AUpc =+ Kpa A8 =g K, lg =
Cq Po ( 11.1 )

Amrutyy aHoManuu [IC oTCUMTBHIBAIOT OT YpPOBHS YHMCTBHIX TJIMH (OT CaMbIX BBICOKHX IOKa3aHMM) C
y4eToM MaciuTaba quarpamMmmebl.

Benmuuny koaddunmenta yuera MOIIHOCTH B onpenenstoT no cnenuaibHON HOMOTpamme
(cm. puc. 10.4).



Pue. 11.6. OnpegeneHHe KOHTAKTOB MAACTOB MO
auarpamse I1C
Bennuuny KOB(b(i)I/IHI/IeHTa Ky, omnpenenstoT B J1a0OpAaTOPHBIX YCIOBUSAX MO M3MEPEHHSIM Ha KEpHE.
ComnpotusieHnue 0ypoBOTro pacTBOpa py ONPEIEISIOT ¢ MOMOIIBIO PE3UCTUBUMETPHH. B uTOre B BhIpa)kKeHUU
(11.1) ocraercs omHa HEM3BECTHAsI BEIIMYUHA P, - COMPOTUBICHUE MJIACTOBBIX BOJI, KOTOPYIO U HAXOJT,
peras 3To Jorapu(pMUIEecKoe ypaBHEHHE. 3aTeM 110 3HAYEHUIO CONIPOTHUBIICHUS p, U U3BECTHOM TeMIepaType
¢t onpeaeiII0T MUHEpAIN3alylo IJIaCTOBBIX BOJ C 1O Q)opMyne:

. 10 __
(l+ 0,04r) - o, (11.2)

WJIM TI0 OJIHOM M3 cooTBeTcTBYOmMUX HoMorpamm (B.H. Jlaxuos, 1982).

Ecnu 3nauenus K,, HE ONMpeNesUIUCh M HE WU3BECTHBI, MOXXHO BOCIIOJIb30BAThCS METOJIUKON IBYX
pactBopoB: u3Meputb AU ,. cpa3y mnocie OypeHHs CKBaXXUHbI, IPU €€ 3alOJIHEHHHU DPACTBOPOM C
COTIPOTUBIIEHUEM Po; 3aT€M 3aMEHHUTH PACTBOpP Ha JIPYroM, C CONMPOTUBIECHHEM p’,, M TOBTOPHO H3MEPHUTH
AU'JIQ, n, pemuB CUCTEMY U3 JIBYX YPAaBHEHUM C IByMsI HEU3BECTHBIMHU:

AL e = 7 K, g £
o C11.3)
AU e = 5 - Kh, Ig 22
20
HAMTH CONPOTHUBIICHUE P
Oty cucremy (11.3) MOXKHO pelIuTh U rpadUIECKUM CIIOCOOOM.
Onpeodenenue 2nunucmocmu kKonnekmopog no IIC ocHOBaHO Ha 3aBUCHUMOCTH aJCOPOLIMOHHOM
AKTUBHOCTH, a, CJICAO0BATCJIbBHO, U FJIy6PIHBI agomanuu IIC Haa KOJUICKTOpaMHM OT COACPIKAHUA B HHUX
[JIMHUCTOrO Matepuaia. s ompeneneHuss HCHOdb3YIOT SMIUPUYECKHE 3aBUCHUMOCTH OTHOCUTEIBHOMN

aMIUIUTY 16l aHOMAJIMH azc OT TIIMHUCTOCTH. [IprMep Takol 3aBUCMMOCTH IpEICTaBIeH Ha puc. 11.7.
AL Fr
orf
AU e (11.4)

rne AU'pc- amiumaryna anomaiauu I1C Hat MCCIIeayEeMBIM TUIACTOM;

AU?";e - To ke s 9MCTHIX KBapILIEBbIX TECUAHUKOB, 00€ aHOMaJIMH OTCUUTHIBAIOTCA OT YPOBHSA
MEJIKOIUCIIEPCHBIX "UUCTHIX" TJIHH.

3aBUCHUMOCTH, N300pakeHHbIe Ha puc. 11.7, cipaBe/UIUBbI i1 BOJOHOCHBIX MECYAHUKOB C OOJNBIION
IIOPUCTOCTHIO.

Onpeodenenue nopucmocmu 1o IIC Takke OCHOBAaHO Ha MCIOJB30BAHUM CTATUCTUYECKOW CBS3HU
Mexay KodpdunueHToM mopucroctn K, u ammmutygoi aHomaymu [IC, yCTaHOBIGHHOW ITyTeM
conocTaBinenus aquarpamm [1C ¢ pesynbpratamu 1a0opaTOPHBIX HCCIEAOBAaHUN KepHA.

[Tockonpky anomanus IIC 3aBUCUT OT COOTHOIICHHS CONIPOTUBIICHHUH p, M Pp U MOIIHOCTH IJIACTa, TO

aﬂcz



nu3MepeHHble aHoManu 4 Upc IepecunThIBAIOT, IPUBOIAT K CTAHJAPTHBIM YCIOBUSM, COOTBETCTBYIOIIUM /i
=00 U po =1 OM-M, WJIN BBIUUCISIOT apaMeTp dn. (popmyna 11.4).

Puc. 11.7. Onpepencese FMMARCTOCTH BOGOHACKNICHHEN (ECUAHHKOE NG NAPEMETRY -
{mo P, MeGpanmy)

bnaronpusTHbIMM ~ YCJIOBUSMH  JJIi  NPUMEHEHHs 3TOro cmoco0a  sBISETCS  MOCTOSHCTBO
MUHEpaJIU3allii IUIAaCTOBBIX BOJI, OJHOPOJHBIM COCTaB IIMHHMCTOTO IIEMEHTAa U OTCYTCTBHE KapOOHATHOTrO
LIEMEHTA B UCCIIEAYEMOM pa3pese.

Omnpenenenne nopucroctd mo I1IC umeer Bce HEAOCTAaTKH, CBOMCTBEHHbIE METOAAM, HCIOIb3YIOIINM
CTaTUCTUYECKU YCTAHOBJICHHBIE CBSI3U, U B HACTOSILEE BPEMSI HCIIOJIb3YETCS PELKO.

Kpome paccmotpenHsbix 31echk 3anad, metoa [IC MoxkeT ObITh HCIIOJIB30BAH €ILE U IS ONpENeICHUS
IUTACTOBBIX AABJICHHUH MO (PMIBTPALIMOHHBIM MTOTEHIMAIAM (CM. IIPEIBbIIYIIYIO JEKIHUIO).

KoHnTpo/ibHbIE BOPOCHI

1. Hapucyiite cxemy peructpauuun auarpamm 1IC. Vkaxurte ee TOCTOMHCTBA M HEJOCTATKH.

2. Ilepeuncnure, kKakue MomMexu uckaxarot auarpamMmmsl 11C.

3. HazoBute Mmepbsl OOppObI C MOMEXaMHM OT O3JIEKTPOAHON MOJSpU3ALUMK, TalbBaHOKOPPO3UHU,
MOTEHLIMAJIOB  OCAXJCHHUSA, ONyXKIAOIUX | TEUTypPUYECKUX TOKOB.

4. Kak onpenenuts ammuTyry anomanuu [1C?

5. Kak onpenensitor rpanuiibl mwiactos 1no auarpammam [1C?

6. Kak rpaduueckum crnocoOOM ONpeAeTUTh MHUHEPAIM3alMI0 IUIACTOBBIX BOJ IO METOAY 2-X
pacTBOpoB?

7. Uemy paBeH napameTp dp. ?

8. Kak no auarpamme IIC oueHUTh TIMHUCTOCTD NECYAHHKA, €CJIM HE U3BECTEH MUHEPANIbHBIN COCTaB
[JIMHUCTOrO Marepuasa’?

9. Bcerna nu Ha quarpammax [1C rmuHam COOTBETCTBYIOT MOJIOKHUTEIbHBIE aHOMAJIUHY, @ IECYaHUKaM -
oTpunarenbHele? Ecnu He Bcerna, TO Ipy KaKUX yCIOBUAX?



Jlekuusa 12

PAJIMOAKTUBHBIN KAPOTAXK

OrtorT pa3gen OOBEIWHSET METONbl, OCHOBAaHHBIE HAa W3MEPEHHUH KaK ECTECTBEHHBIX, TaK U
HCKYCCTBEHHO BBI3BAHHBIX PAJUOAKTUBHBIX U3TYUYEHUN B CKBaKUHAX.

[loneBple M 51a0OpaTOpHBIE AHAIOTM 3TUX METOJNOB paccMaTpuBaloOTCs B Kypce "Pammomerpus u
snepHas reodusnka’.

I'amma-kapoTax

PDu3nyecKue 0CHOBBI METO/AA

lNamma-kaporaxx (I'K) 3akimrouaeTcss B M3MEPEHUU Y-M3JIY4YEHMsI E€CTECTBEHHBIX pPaJUOaKTHBHBIX
anementoB (EPD), comepkamuxcss B TOPHBIX MOpOJaX, MEPECECYCHHBIX CKBAKUHOW. MHTEHCHBHOCTH W
SHEPreTUYECKUH CIEKTP PErUCTPUPYEMOIO M3JIy4EHMs] 3aBUCUT OT COCTaBa, KOHLEHTpaUuu WU
MPOCTPaHCTBEHHOTO pacmupeneneHuss EPD, a takxke oT miIoTHOCTH U 3(P(EKTUBHOTO aTOMHOTO HOMeEpa
TOPHBIX MOPOJ.

Haunbonee pactipocrpanennsiMu EPD siBnsitotes: U (n obpasyrommiics u3 Hero Ra), Th u K. Kaxnast u3
Pa3HOBUAHOCTEN TOPHBIX HOPOJ XapaKTEpPU3yeTCs CBOMM JMalla30HOM H3MEHEHMs conaepxkaHuil EPD m,
COOTBETCTBEHHO, CBOUM JINAIIa30HOM €CTECTBEHHOW PaJMOAKTUBHOCTH.

Y MarmMatuyeckux nopoj MaKCUMaJbHON aKTUBHOCTBIO OTJIMYAIOTCS KUCIIbIE TOPO/IbI (B OCHOBHOM, M3-
3a TIOBBIIICHHOTO COJEPIKAHUS Kallksl, B KOTOPOM cozepkutcst okono 0,7% paauoakTUBHOTO m30TOoma K°),
MUHUMAJIBHOMH - YJIBTPAOCHOBHbIE MOponabl. Cpenu OcCalouHBIX IMOpoja Haubojiee AaKTUBHBI TJIMHBI,
oOnagaronue BBICOKON aJCOPOIIMOHHOW CIIOCOOHOCTBIO, MEHEE AaKTHBHBI IIECYAHWKH |, HAKOHEI],
HaMMEHBIICH aKTUBHOCTBHIO 00JIa1al0T U3BECTHAKH U JIOJIOMHUTBI, @ TAaK)KE THAPOXUMHUYECKHE OCajKu (THIIC,
aHTUJPUT, KaMEHHas coyb). VICKIIloYeHHe TMpeACTaBIAIOT TOJBKO KaJIWWHBIE COMH, OTJIMYAIOIIHECs
MOBBIIICHHOW aKTUBHOCTBIO, OJaroaaps conepxkamiemycs B ma K.

Anmapatypa U MeTOMKA KapoTaa

Amnmnaparypa I'K umeer, B npuHLHIE, TaKOE XKE yCTPOWCTBO, KaK U IOJIEBBIE paguoMeTphl. OTanuus
3aKJII0YAKOTCS B TOM, YTO, BO-IIEPBBIX, B KAPOTAXKHBIX pafuoOMETpax ACTEKTOP Y-KBAHTOB C HCTOYHUKOM €T0
NUTAHUS U OJIOKaMHU TEPBUYHOM 0OpabOTKM CUTHANA MOJCOCIUHICTCS K M3MEPUTEILHOMY MyJbTy  Yepe3
KapOTaXXHBIM Kabeslb, WMEIOIUN [UIMHY [0 HECKOJbKHX

KUJIOMETPOB U, BO-BTOPBIX, B TOM, YTO B U3MEPUTEIBLHOM IIYJbTE MPENLYCMOTPEH BBIBOJ CHUTHAJIa HA
perucTparop Juisi HEMPEPbIBHOM 3aKUCH €ro B (yHKIUU TTTyOUHBI CKBaKHUHBI.

3anuch NOKa3aHUM MPOU3BOJAUTCS B €IUHHUIIAX MOIIHOCTH 3KCMO3ULMOHHON 1036l u3nydenus (MD/I),
BbIpakeHHBIX B A/KT (eqununia C1) unm B MxP/4yac (BHecucTteMHas enununa); 1 mA/kr = 13 mxP/gac.

B kauecTBe I€TEKTOPOB y-KBAHTOB MCIIOJIB3YIOTCS, TIIABHBIM 00Pa30M, CIIMHTHILISIIMOHHBIE CUETYHKH,
MpUYEeM JJisl TOBBIIIEHUS HMX TEPMOCTOMKOCTH KPUCTAI-CUMHTUIIIATOP BMeECTe € (POTORJIEKTPOHHBIM
ymHoxkuteneM (PDY) momemaror B cocyn [proapa (mpumep TOMY - JIBYXKAaHAIbHBIA pPaguOMETP
CUMHTWUISIIUOHHBI  TepmocToiikuii [IPCT-2). Kak mnpaBmiio, KapOTaKHbIE€ paJUOMETPbI SBISIOTCS
JIByXKaHaJbHbIMU U, KpoMe KaHana ['K, comepxar emie oauH KaHai, NpeJHa3HaYeHHbIN JJIs1 OTHOBPEMEHHOM
3anucu eme ogHou quarpammel - HTK, I'TK ninu 'HK.

CoBpeMeHHbBIE KAapOTaKHBIE PATUOMETPHl OOECIEUMBAIOT BO3MOKHOCTH HE TOJBKO OMpPEIeICHHUS
UHTErpaJbHOM MHTEHCUBHOCTU [y, HO MU BO3MOXKHOCTb CHEKTPOMETPHM, T.€. OIpPENEICHUs] SHEPTrUu
MOCTYNAIOUIMX HA IE€TEKTOP Y-KBAHTOB, YTO MO3BOJISIET ONPEAEIINTD, ¢ KakuM EPD cBs3aHa pagnoakTUBHOCTh
ropHoid moponpl. [yst 3Toro oAMH KaHal paJuoMeTpa HAacTpauBalOT HA SHEPruUI0 OCHOBHOM JIMHUM Y -
W3IIy4YEHUs Ra™ - 1,76 MbB, JIPYTroil - Ha OCHOBHYIO JIMHHIO Th*? - 2,6 MaB u TPETUH - HA SHEPIHIO Y-
usmyaenns K* - 1,46 MsB.

[Tpu Boimonuenuu 'K BaKHBIM MOMEHTOM SIBIISIETCS COOTIOACHHE ONTHUMAIbHON CKOPOCTU ABUKCHUS
CKBRXMHHOTO CHapsina. [loCKONbKYy BCE paJMOMETphl OOJIAar0T ONpEACICHHON IOCTOSHHOW BpEeMEHHU
WHTETPUPYIOLIEHCS sYeHKH, TO CKOPOCTh KapoTa)ka JO0JDKHA OBITh TaKoW, YTOOBI NIPU JBUKEHUH JETEKTOpa
MIPOTHUB IJIACTa MUHUMAJIbHOW MHTEPECYIOIIEN HCCIeA0BaTeNsl MOIHOCTH /1 TIOKa3aHUsl paglioMeTpa ycleau
JOCTUYh MaKCUMaNbHbIX 3HaueHui /™. Tlpu Goree BBHICOKOW CKOPOCTH, KaK 3TO IMOKa3aHo Ha puc. 12.1,
aHomanus ['K momyvaercs mMeHblIel MHTEHCUBHOCTU M PacTAHYTOM MO IiyouHe. ONTUMANbHYIO CKOPOCTb
KapoTaka BBIYHCIISIOT, UCXO/S U3 MOIIHOCTHU IJIACTOB /1 B METPax U MOCTOSHHON BPEMEHHU 7, B CEKyHAaX IO

dbopmyite
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12.1. 3apHcHMOCTE KOHGHIYPALHH AHOMANHA ramMma- KApoTREa Haj MacToM

Puec.
MOBLINEHHON PATHOAKTHBHOCTH OT CKOPOCTH KapoTaka

B o0miem ciyuae ckopocts I'K He nomkna npessimare 360-400 m/gac.

HNurepnperanus pe3yjbTaToB

Kauecmeennaa narepnperanus nuarpamm ['K 3axirrodaercs B JINTOJIOTHYECKOM PACWICHEHUH pa3pesa,
KOTOpPOE OCHOBAHO HAa Pa3IMYMM TOPHBIX MOPOJ MO MX PAaTUOAKTUBHOCTH. B o0miem ciyyae oJHO3HAYHOE
OINpeZesIeHUe MOpoJ IO OAHMM Jmimib auarpaMMaM 'K HEBO3MOXHO M pemiats 3Ty 3afady CIEAyeT IpH
KOMIUIEKCHOM HCII0JIb30BaHUU AuarpaMm Bcex BuaoB kaporaxa (KC, I1C, HTK, AK u np.).

Haubonee s¢pdextuBern 'K mpu momckax um passeake pya EPD, Hanmpumep, ypaHOBBIX pyI WIH
KaJIMIHBIX COJICH.

[Ipn konuuecmeennoit vntepnperanuu auarpamm ['K momydaroT ucxoaHble AaHHbIE (MOIHOCTH
PYIHBIX MHTEPBAJIOB U COJEPKaHUE PAaAMOHYKIINIA) Ui MO/ICYETa 3alacoB PaJMOaKTUBHBIX pya. Ilpu sTom
'K maer Oonee MAOCTOBEpHBIE peE3yJbTaThl, 4YeM ONPOOOBaHME KEpHA 3a CUET CBOEH Oomblmeit
IIPEICTaBUTENBHOCTH.

KonunuectBennas untepnperanus guarpamm 'K ocHoBbIBaeTcs Ha 3aBUCUMOCTH TUIOIIAIM aHOMAJIUH S
OT MOIIHOCTH paJMOAKTUBHOTO MHTEpBaja /1 W COAEp)KaHUS B HEM paJMOAKTUBHOIO 3JEMEHTa ¢,
BBIPA)Ka€MOU YPaBHEHHUEM:

S =Kyqh, (12.2)

rae K, - Ko3pPHUIHEHT IpONOPIUOHATHLHOCTH, ONPEACISIONINNA HHTCHCUBHOCT y-U3ITyYeHHS TIacTa
HACBIIEHHOW MOIIHOCTH IPU E€IMHUYHOM COJAEP>KAHMHM B HEM PaJUOAKTHBHOIO 3jeMeHTa. Benmnuuna K,
3aBUCHUT OT THUIIa M Pa3MEpoOB JETEKTOPA, a TAKXKe OT IUIOTHOCTU M 2,4 pyIbl. IlockonabKy ydecTb Bce 3TH
(akTOphl AHATUTUYECKU BECbMa CIIOXKHO, TO BEJIMYMHY K, ONPEAEIAIOT SKCIEPUMEHTAIBHO 110 U3MEPEHUSIM
Ha MOJENAX IUIaCTOB C M3BECTHBIM COJIEp)KaHUMEM paAuoHyknujaa. Hampumep, uisi ypaHOBBIX pPyZ
ruaporeHHoro tuna u cuetunka MC-13 Ky=115 mkxP/gac na 0,01% U.



Puc. 12.2. Onpenenenwe KOHTAKTOR NiacTa
Gonpmoff MOIMHOCTH M pacdeT MIOIUANH AHOMAIMH
o auarpamme 'K

Onpedenenue mownocmu. Jjisi  ONpEENeHHsT  MOIIHOCTH — PYAHOTO MHTEPBAJa MCIONB3YIOT
cmoco6 1/2 I"*, 4/5 I,"* 3ananHOi MHTEHCUBHOCTH | Jp. BbIOOp crmoco06a 3aBUCHT OT  MOLIHOCTH
PYIHOTO  TOJICEYEHHUS, PABHOMEPHOCTH OPY/ICHEHHUS U HEKOTOPBIX APYTHX (PaKTOPOB.

Jlns npumepa Ha puc. 12.2 mokazan cnoco6 1/2 I"*, KOTOpbIi NPUMEHSIOT HPH YCIOBUH
HACBIIICHHOM 10 Y-M3JTyYeHHIO MOITHOCTH pyaHbIX Tei (h>0,6 M) u 1pu PaBHOMEPHOM OPYICHEHHH.
Amrututyny aHomanuu [, OTCUMTBHIBAIOT OT YpPOBHS Y -(D)OHA BMEIIAIOMIAX MOPOJI C YYETOM DPA3HOCTH
MOKa3aHUi HaJl IEPEKPHIBAIONIMMH U MOJICTHIAIONIUMH OPOIAMH.

Jlpyrre crnocoObl onpeielicHust /1 pacCMaTpUBAIOTCS B CIICIUAIBHON  JIHTEPATYypE.

Onpeoenenue cooepcanuii. OnpeneneHre COAEpKaHUs JIsl BCEX BUJIOB aHOMAJUW MPOU3BOIUTCS

o gopmyre:

100K, - h (12.3)

r7ie /1 - MOIIIHOCTb UHTEPBAJIa, M.

3naueHue miomaan S B cM-MKP/4ac ornpenensieTcs Mo 3aMKHYTOMY KOHTYPY, OTPaHUYCHHOMY KPUBOM
I'K, ochlo TiIyOMH ¥ KOHTaKTaMH IIJIACTa, Kak 3TO TTOKa3aHo Ha puc. 12.2.

Beeoenue nonpasok. Ilpu onpenenennu conepxanuii EPD HeoOXoIuMo y4uThIBaTh, YTO KaKasi-TO
YacCTh Y -M3JIyYEHHUS TOTJIONIAeTCs B OYPOBOM pacTBOPE M 0OCAIHBIX TpyOax (€Ciu OHH €CTh).

[Tonpaska Ha nornomeHue B 0ypoBoM pactBope /75 , 1 00caHbIX TpyOax

11,,, onpenensiercs 1Mo oAHON U TOM ke Homorpamme (puc. 12.3), Ha KOTOPOil HAHECEHO 2 KPUBBIX: OJTHA
- 715 pacTBOpa (BOBI), aApyras - Ui xKene3a (00caaubix TpyO). MicnpaBieHHas TUIOMIAlb PACCUUTHIBACTCS T10

dhopmyue:

3 5-10°
“ 100~ 114, )-(100- 11, )
rac ng )41 Hmp - HO0JK U3JIYy4YCHHA B THPOLUCHTAX, MNOTJIOIICHHBIC, COOTBCTCTBCHHO, 6ypOBBIM

pacTBOpoM M TpyOamu. DTH BEIMYMHBI CHUMAIOTCS C HOMOTPAaMMBI puC. 12.3 MO pa3HOCTH B AMAMETpPax
CKBaXXMHBI U CKBaXHHHOTO mpubopa ['K u mo tonmune 06cagHoi TpyOBI.



1,%

75

y‘

50 2 "

/ r—"':y)

10 20 30 HpQcm
8, MM

Pue. 12.3, Homorpasima 178 oNpEIZneiind MONPEikH 38 NorAcuenne FMMi-HITyIeius B
m0le 1 B DOCLTHE TRyDax

IIpu ompenenenun no IIC conepxkanus U HEOOXOOUMO BBOIUTH €IIE€ MOIMPAaBKYy Ha COCTOSHHE
PaaMOAKTUBHOIO PABHOBECHS MEXAY YPAHOM M paaueM, MOCKOJIbKY CaM ypaH Y -KBAaHTOB NPAKTHYECKU HE
JIaeT, a BCE Y -U3JIy4E€HUE UAET OT paausl U MPOLYKTOB ero pacnana. CocTosHuE paJuOaKTUBHOTO PaBHOBECHS
OTIPENIETISIOT MO cojaepxaHuto B pyae U u Ra, KOTOpbIe HAaxXoIAT IO JabopaTOpHBIM aHaimW3aM KepHa. B

PAaBHOBECHOU pyJE COLECpPKaHUE R?; B 3,4-10' pa3 Mesbmie, 4yeM U. CoOOTBETCTBEHHO, B
3 = —— R —
HEPaBHOBECHOU py/ie S qu -3,4-1077  ConpaBKoil HA  COCTOSHHE PaJHOAKTUBHOIO PABHOBECHUS
coaepxxanue U:
_ 9
Qucn = K—_
o (12.6)

B ckBaxnHax He(TSHBIX U Ta30BBIX MECTOPOXKACHHMA 1m0 auarpammam [IC ompenenstoT rIMHUCTOCTh
koymiekTopoB. Ha nuarpammax IIC mpoBOAST OOHY JIMHHUIO, COOTBETCTBYIOIIYIO TJIMHAM, IPYIylo -
COOTBETCTBYIOIIYIO YACTHIM KBapLEBbIM TleckaMm. BenuuuHy OTKIOHEHUss [, OT OJTUX JUHUN Ha
HCCIIEYEMOM IUIAacTe€ IMOJaraloT JIMHEWHO CBSI3aHHOM C TJIMHUCTOCTHIO KoJieKTopa (.

ITo MHEHHMIO IPYTHX HCTOYHUKOB,

IgC,,=al, -8

TAC a U 6 - TOCTOSIHHLBIC, BEJIMYUHY KOTOPBIX OMPCACIIAIOT IJISA KaKA0T0 MECTOPOKACHUA HAa OCHOBC
71a00paTOPHOTO aHAIN3a KEePHA.

I'amma-2amma-kapomaoic

l'amma-ramma-kaporaxx (I'TK) 3akmiowaercs B 0Ody4eHMHM TOpHBIX TMOpOJ 7Y  -KBAaHTaMHU
HCKYCCTBEHHOI'O MICTOUYHUKA M U3MEPEHNUHU PACCESIHHOTO Y -U3JTyUeHHS.

Amnmnaparypa I'TK ycrpoena Tak xe, kak u annaparypa 'K, HO CKBaXMHHBIM CHapsi OMNOJIHIETCS
HCTOYHHUKOM y-KBaHTOB. PaccTosiHMe Mex a1y LEHTpaMH JE€TEKTOpa U UCTOYHUKA Ha3bIBACTCS OIUHOU 30HOA.
UroObl IpsiMOE Y-M3JIy4€HHE UCTOYHMKA HE IOMAJalo Ha JAECTEKTOp, MEXIY HMMHU MOMELIAI0T CBHHIIOBBIN
akpaH (puc. 12.4). I[TockonabKy paccestHHOE U3IydeHUE UMEET 00Jiee HU3KYIO SHEPTHIO, YeM MPsIMOE, TO IS
YMEHBIICHUSI €ro MOTJOMIeHUsI B OypOBOM pacTBOpE IETEKTOp Y -KBAaHTOB TaK JkK€, KaKk M HCTOYHUK,
NPUXKUMAIOT K CTEHKE CKBaXHMHBI. JlJI1 YMEHBIIEHUsS BIUSHHUS KaBEPHO3HOCTH CKBAXHH U JIETEKTOP, U
UCTOYHHUK MOTYT OBITh pa3MeIleHbl B HEOOIBIIOM BHIHOCHOM OJIOKE, MPUKUMAEMOM K CTEHKE CKBaKHMHBI U
CIIOCOOHOM 3aXOAMTh B KABEPHBI.



Puc. 12,4, VerpoficTbo CKBDENH AR CHIQENME [T Tk 3-TiRodi- REpOTEED

[Tockonbky oOwvexkToM u3Mepenuss B ['TK sBnsieTcs y -u3inydeHue, NpoB3aMMOJCHCTBOBABIIEE C
BEIIECTBOM TI'OPHOM MOPOABI, TO I AAJbHEHUIIEr0 pacCMOTPEHUs ATOM TeMbl HEOOXOAMMO BCIOMHUTh
MIPOIIECChHI B3aMMOACHCTBHS Y -M3JIyUEHHsI C BEIIECTBOM.

IIpoueccsl B3auMoAeHCTBHA y-H3JIY4YeHHs C BeleCTBOM

Cy1ecTByI0T 3 OCHOBHBIX IpoIecca, KOTOPbIE HOCAT Ha3BaHMs (POTOIMOTIIOUICHUSI, KOMOTOHOBCKOTO
paccessHus 1 00pa30BaHus map.

@omonoaenowenue (GorodPpdeKT) 3aKiouaeTcss B IMOTJOMIEHUU Y -KBaHTa aTOMOM BEIIECTBA, €ro
SHEPIus yXOIUT Ha OTPBIB OT aTOMA 3JIEKTPOHA U COOOIIEHHUE NOCIEIHEMY UMITyJbca 3Hepruu (puc. 12.5, a).
ATOM ocTtaeTcs BO30YXKICHHBIM U MEPEXOJUT B HOPMAJIBHOE COCTOSIHUE, UCIYCKas (POTOH pPEHTTeHOBCKOTO
U3ITY4YEHHUS.

®oTor¢pext HabIIOAACTCS IPU CaMBIX MaJIBIX SHEPTUsAX Y-KBAaHTOB. Y CIIOBHO MOKHO cuuTath £, <0,5
Mb5B. BeposTHOCTB morsomeHus 7, npu GorodPdexre caoKHbIM 00pa3oM 3aBUCUT OT PHEPrUM y-KBaHTa E,
1 XMMHYECKOTO COCTaBa BEIIECTBA:

<1
33_,p
T..ﬁ, =& = - o
-
rn€ € - IIOCTOsAHHAaiA,

m - Koo uuueHt, 3apucsammi ot E, , npu E, >0,5 MsB m=1; npu

E, <0,2 MsB m=3;

Z»¢ - I(P(EKTUBHBINA aTOMHBII HOMEP CpPEJIbI.

Jl51 cpent CI0XKHOTO COCTaBa Z,p, pacCUUTHIBAIOT Mo hopmysie [lopoiikosa:

F=rz ..i.,":‘
E : . =
- =1 A, .
s 2| d=r =
i
=
i=1 A,

rae zi u Aj - aTOMHBIA HOMEpP U AaTOMHBIH BEC;
gi - BECOBOE COJIEp>KaHuUE i-T0 AJIEMEHTA B Cpe/ie.
J1Jist BeIIeCTB, COCTOSAIIUX U3 JIETKUX AJIEMEHTOB (zi/A; ~0,5), popmyna (12.8) ynporiaercs 10 Buaga

B i=n L
Eagh — R > =, g,

FE 3|

Takum o0pa3om, Ha (POTOMOTIIOMICHHE OYCHb CHJIBHO BIHWACT Jake HEOObINas MpHUMECh B Cpele
JJIEMCHTOB C 60HBH_II/IM ATOMHBIM HOMCPOM.

Komnmonosckoe paccesnue (koMnToH-3()(PEKT) - 3TO HEYIIPYTOE PACCESTHUE Y -KBAHTOB HA JIEKTPOHAX
BEIIIECTBA, B PE3YJIbTaTe KOTOPOTO Y -KBAHT TEPSIET YaCTh CBOCH SHEPTUU M MEHSET HANPABIICHUE JIBHKCHUS
(puc. 12.5,6). Habmonaercs koMnToH-3((eKT npu 6oJiee BEICOKUX IHEPTHUSAX, YCIOBHO MOKHO CUMUTaTh £y >
0,5 M»sB.

BeposiTHOCTH KOMITOH-3()()eKTa X, 3aBUCUT OT CEUCHHSI KOMIITOHOBCKOTO PACCESHHS d,, KOTOpOE, B



CBOIO O4Yepeb, sBSCTCS (DYHKIMEH SHEPrMM M aTOMHOTO HOMEpa JJIEMEHTa, W OT YHUCIIa AJICKTPOHOB B
eanHHIIe 00beMa BEIIeCcTBa an
0P "2
P =0, <M, =, “—A—--—,

rie N, - ancio Asoragpo (N,= 6,02-10"* momp");

P - TUIOTHOCTB BEIIECTBA.

Taxum 006pa3oM, KOMITOH-3Q(EKT 3aBHCUT OT IFIOTHOCTH BEIIECTBA.

Obpazosanue nap (pokJeHue Map) - MPOUCXOIUT MPHU B3aUMOICHCTBUH Y -KBaHTA € MOJIEM Sijpa aToMa,
Y -KBaHT IPEKpaIaeT CBOe CYIIECTBOBAHNE, BMECTO HEro oOpa3yeTcs mapa: 3JIeKTPOH U MO3UTPoH (puc. 12.5,
B). BeposiTHOCTH 3TOro  mporecca HEBEIHKa, BO-TIEPBBIX, I[OTOMY, 4YTO SAPO3aHMUMACT JIHIIb
HEOOJBIIYI0 YacTh O0OBbEMa BCETO aTOMa U, BO-BTOPBIX, MOTOMY, YTO DHEPrUs y-KBaHTA JIOJDKHA OBITh
JOCTAaTOYHOM J1st aTOM peakuuu {E, > 1,02 M»sB).
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Puc. 12.5. Bunbl B3auMOACHCTBHS raMMa-KBaHTOB C BemiecTBOM: (oTodddekT (a), KOMITOHOBCKOE
paccesiaue (0), oOpa3zoBanue map (B), siaepHbId  GoTtodaddekt (T)

[Iponiecc oOpazoBanus map B AAEPHO-T€OPU3NIESCKUX METOIaX TIOKA HE HCIIOIB3YIOT.

Kpome 3 0OCHOBHBIX BUIOB B3aUMO/JICHCTBHUS C BEIIECTBOM, Y -KBAaHTBI ~ BBI3BIBAIOT CIIE HECKOJIBKO

pEaKIyii, He UTPAIOIINX 3aMETHOM POJIM B OCIIA0JICHUH HM3JTyYeHUs, HO MHTEPECHBIX C TOYKU 3PEHHUS
BBI3BIBAEMBIX UMM BTOPHYHBIX H3Iy4eHUi. Hambonee MHTEPECHOW M3 ITHX PEAKIMH SIBISCTCS SACPHBIN
dbotorddexr.

Hoepnotii pomosghgpexm 3akimovaercss B IMOTJIONICHUU Y -KBAaHTA SAPOM aTOMa, IMOCIE YEero Sapo
CTaHOBHTCS BO30YXKICHHBIM U TEPEXOIUT B HOPMAILHOE COCTOSHHE Yepe3 MCITyCKaHWe HEUTpoHa (CM. puc.
12.5, 1). HeliTpoH MMeeT TEIUIOBYIO 3HEPTUI0. JTa PeakKilus MMOpOroBasi - SHEPTUs y-KBaHTa JOJDKHA OBITh
OoJIbIIIe SHEPTHH CBSI3M HEUTPOHA B ApE, @ OHA 3aBUCUT OT MACCHI TIOCIICTHETO.

Bce paccMoTpeHHBIE TIPOIIeCChl B TOPHBIX MOPOAAX MPH OOJYYCHHH MX Y -KBAHTAMH HMCKYCCTBEHHOT'O
WCTOYHHKA IMPOUCXOMAT HE 10 OTACIHHOCTH, & COBMECTHO. BBICTpBIE Yy -KBaHTBI MCYE3aIOT B PE3yJIbTaTe
00pa3oBaHUs Map M 3aMEUIAIOTCS B PE3YJIbTaTe KOMIITOHOBCKOTO PAcCEsHUS, PACCESHHBIC MOTJIOIIAIOTCS B
pesynbrare (otodddekra. [Ipeobramanne TOro WIM WHOTO TPOIECca 3aBUCHUT OT SHEPTUU Y -KBAHTOB U
CBOWCTB TOPHOM TIOPO/IBI - €€ MIIOTHOCTH U APPEKTUBHOTO HOMEPA, KaK 3TO MOKa3aHo Ha puc. 12.6.
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Pure. 12,6 BepoaTHOCTE pAITHTHERN BAGA BEAMOISHCTRHA F-HITVICHHA ¢ BELMECTBOM B
FABHCHMOCTH OT EID 3HCPIAH R 3¢IIIJI:H.T‘I-IBH|:II'O BTOMHADIT I!mlﬁpﬂ BEMECTRA

B 3aBucuMocTu OT TOro, Kakoil W3 TpoIecCOB MojaBepraercsa uccienoBanuio, B ['TK Beigenstor 2
OCHOBHBIE Pa3HOBUJAHOCTH METOAA: IJIOTHOCTHOM U CEJIEKTUBHBIN Y - Y -KapOTaxK.

II1oTHOCTHOM raMMa-raMMa-KapoTamx

[TnoTHOCTHOM ramma-ramma-kapotax (I'TK-IT) ocHoBaH Ha U3yuyeHHH KOMIOTOHOBCKOI'O pacCcesHus y -
KBAaHTOB B TOPHBIX noponax. [lockombky 3ToT 3¢hekt HabmronaeTcss mpy T0CTaTOYHO BBICOKOW SHEPTHH Y -
kBaHTOB, TO B [TK-II  ucnonp3ytor wucrounuku c sHeprued  E, > 0,5 MaB. Takumu uctouHukamu
SIBIISIFOTCS HCKYCCTBEHHBIE H30TOIIBI

C06°(EV =1,17 MaB u 1,33M>5B), Cs'’ (E, =0,66 M>B) u ecTecTBeHHBII

EPD - Ra™’, koTophIii 1aeT menblii CIIEKTp Y -KBaHTOB ¢ sHeprusivu ot 0,35 10 1,76 MsB. Jlnuua
308108 0T 20 1o 50 cm.

Oébnacme npumenenusn. I'TK-II HaxoauT NMpUMEHEHHE TNPH HCCIEIOBAaHUM HE(MTSIHBIX U Ta30BBIX,
YTJIEPa3BENOYHbBIX U PYJHBIX CKBAXKHH.

Ha wedrsaabix m razoBeix MectopoxiaeHusix ['TK-II mpumenstor mis auddepeHnuanau pa3pe3on
CKBAJKMH IO IUIOTHOCTU WM Ul ONPENEICHUs MOPUCTOCTH MOPOJ-KOJUIEKTOPOB. Kak M3BECTHO, MIOTHOCTH
MOPOJIBI Gy, U K03 uitmeHT noprucroctu K, cBI3aHbl PyHKIIMOHAIBHOW 3aBUCUMOCTBIO

&, Z(I_Kn)'gc!c +R‘n AT (1211)

IJI€ G U Gy - COOTBETCTBEHHO, IJIOTHOCTH MUHEPAIBHOIO CKEJIETa U KHUIKOCTH, HACBIIAIOLIEH MOPHI
MOpOJIbl. DTH MapaMeTpbl ONPEAEISAIOT IPH J1a00PaTOPHBIX UCCIEI0BAaHUAX KEpHA.

[InoTHOCTH MOPOABI B LEIOM G, ONPEENSIIOT MmO pe3yiaprataM IuioTHoctHoro I'TK. Ilpu stom
anmnaparypy TpalyMpylOT Ha STAJOHHBIX 00pa3liax ¢ M3BECTHOM MIOTHOCThIO. COBpeMeHHas ammapaTrypa
no3Bojsier nonyuyaTh auarpammbl ['TK-II, macmTad KoTOpbIX cpa3y pa3OMT B €IMHHUIAX IUIOTHOCTH.
Boipaxxenue nns K, nomydaror u3 ypasHenus (12.11).

I'TK-II npuMeHSIOT TakKe INpPU LEMEHTOMETPUHM SKCITYyaTallMOHHBIX CKBAKUH IJIS ONpPEIEICHUS
BBICOTHI MTOJbEMA U HAJIWYMS MyCTOT B LIEMEHTHOM KaMHE, MTOCKOJbKY IJIOTHOCTh LIEMEHTHOrO0 KaMHA 2,2
r/em’ , @ JKUJKOCTH, 3aIOJIHSIOLIEH TyCTOThI B HeM, 1,0-1,2 r/em’.

Ha wmecropoxnenusax wuckonaembix yriaed [TK-II npumeHsror misd BblIEICHUA YIOJIBHBIX
UHTEPBAJIOB.

T[ToCKOJBKY MIOTHOCTB yIuteit (o, =1,15-1,75,) r/cM® HAMHOTO MEHbIIE, YeM IUIOTHOCTh MeCYaHO-
[JIMHUCTBIX BMEINAIOMIMX TOPOA (Csy = 2,5 - 2,7) r/cMm, TO Hajg YTOJIbHBIMU MHTEpBaJIaMU

MHTEHCUBHOCTb PACCESHHOTO Y -U3JyUYEHUS 3HAUUTEIBHO MMOBBIILIACTCS (puc. 12.7).
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Puc. 12.7. AHomanuu Ha pAuarpaMMe IUIOTHOCTHOTO TamMMa-TaMMa-KapoTaka HaJ IUIacTaMu
MTOHMKEHHOM (MCKOTAeMBbIi YTOJIb) M TIOBBIIIEHHOHN (M3BECTHSK) TUIOTHOCTH

I'panuter YTOJIBHBIX IJJACTOB ONPEACISIIOT MO NPaBWIy IOJyMaKCUMyMa aHOMAJIUU.

Ha pyaueix mecropoxaenusx I'TK-I1 mpuMeHstoT i BelACICHUS pyAHBIX HHTEPBAJIOB B TEX CIIyYasx,
KOTJa UX BBIJEJIICHUE 3aTPYIHEHO MO JAHHBIM JAPYTHX METO/OB.

CeJleKTHBHBII raMMa-raMmMa-KapoTa:K

CenexruHblii ramma-ramma-kaporax (I'TK-C, on xe Z-I'TK) ocHOBaH Ha n3y4eHUH (POTOIMOTIIOMIECHUS
Y -KBaHTOB B TOpHBIX mopojax. [lockonbky 3T0T 3¢ ekt npeBanupyer npu HU3KOH 3HEPTHH Y -KBAHTOB, B
I'TK-C ucnonp3yror uctouHuku ¢ 3Hepruei E, < 0,5 M»aB. Takumu HUCTOYHUKAMHU SABJISIIOTCS
HCKYCCTBEHHBIC PaIOHYKIIHUIBI: Sn'" (E, = 0,39 M»sB), Se” {E, =0,27 MsB), Hg’" (E,
=0,28 M»sB). Jnuna 3on1a 10-20 cMm.

Oonacmo npumenenusa. ['TK-C npumensiercs, TaBHbIM o00pa3oM, Ha YTOJBHBIX W PYAHBIX
MECTOPOXKIEHUSAX.

Ha yronenbix mectopoxaenusx ['TK-C ucnonb3yror st onpeneneHust 30JbHOCTH  yriied. YucThii
YTOJIb UMEET Z,3~0, NOCKOJbKY COCTOUT W3

yriepona. Heroprouunii octatok yriei (30j1a) COCTOMT, B OCHOBHOM, M3 KpeMHE3eMa M TJIMHO3eMa C
MPUMECHIO OKHCIIOB JKEJIE3a, Z,g 30JbI COCTaBisieT 12-13  emuuumi. Mexay 307bpHOCTBIO yrielr A° wu
UX Z,5 CYLIECTBYET (pYHKIMOHAJbHAsl 3aBUCHUMOCTH, NpeacTaBieHHas Ha puc. 12.8. [lockonbky meTon
ITK-C uyBcTBUTENEH K MaJIEUIIUM HU3MEHEHHUSIM Z,; CPEIbl, TO IO €ro pe3yJibTaraM JEerko OIEHUTh
30JIbHOCTh MCKOMAEMBIX yTJIed. DTOT MeTon Obl1 paspaboran mpod. Ytkuasiv B.M. MM xe mpemioxeHa
yaoOHas TmajneTka Ui oneHkn 4A° HermocpeacTBeHHo 1o auarpamme I'TK. OOmuit BuI MajaeTKu MpeacTaBicH
Ha puc. 12.9.
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Fue. 12.8. 3apHcHMOCTE 3uPpekTHEHOrD ATOMPOro HOMCPA OT IONEHOCTH A Yrach
pasilymex Baccelinon (no B.H. Yoy}
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Pue. 12,9, [anerka B.M. YTRHza AM8 onpeneienns 3006HOCTH HCKONAEMEDX Yraci oo
nparpasmam [TE-C

Ha pyansix mecropoxaenusix meroa ['TK-C npumeHstoT s BbIACIECHHS PYIHBIX HHTEPBAJIOB B
paspe3ax CkBaxuH. IIpu H3MEpeHMHM CIEKTpa PpAaCCESIHHOIO Y-U3JIYyYEHHsS MOXKHO OIpEIENINThb, KaKUM
3JIEMEHTOM BBI3BaHO MOTJIOLIEHHE, T.€. BO3MOXHO U3y4YEHHE BELIECTBEHHOI'O COCTaBa pPy.l.

Ha nedrsapix u ra3zoBeix MectopoxkaeHusx meroa ['TK-C HaxoguT mpuMeHEHHE TOKa TOJIBKO MpH
nedeKToOMEeTprur 00CaIHBIX KOJIOHH. MeXIy TeM, aBTOpOM COBMECTHO ¢ foil. bpenneeim M.U. u k. r.-M. H.
Koprynem I'.I'. mpemioxeH crnoco0 BBIAEIECHUS IUIACTOB-KOJIJIEKTOPOB B pa3pe3ax U OINpeAeNieHUs HX
MOPUCTOCTH, OCHOBaHHbIM Ha mnpumeneHun cenektuBHoro I'TK. Cormacno stomy cnocoby, I'TK-C
BBIITOJIHSIIOT B CKBa)KMHE JBAXBL: 10 3allOJHEHUS CKBAKUHBI KUJKOCTBIO C MOBBIIICHHBIM Z,p U IOCiE. B
KauecTBe

TaKOW ’KMJIKOCTH UCHOJIb3YIOT, HAIlpUMeEp, BOAHBINA pacTBOp auerara cBuHUA. [Ipu 30% KoHuLeHTpauuu
€ro Z,5 =45,6. Y MUHEpaJIbHOTO CKeJleTa MECUaHUKOB Z,p =12,4, y nu3BecTHskoB-15,0.

JKunkocTh ¢ BBICOKMM aTOMHBIM HOMEPOM, ITPOHMKAsS B MOPHI IUIACTA, MOBBIIIAET  Z,p KOJUIEKTOPA B
[[EJIOM, TIPUYEM TeM CHIIbHEE, YeM BBIIIEe MOPUCTOCTh, KaK ATO Moka3zaHo Ha puc. 12.10, a. Dt1oT 3dpdext
OTUETIUBO (UKCUPYETCs 1O pa3HOCTH TokazaHuii kapotaxka [TK-C, mpoBemeHHOro 1m0 W mocie
3alOTHEHHUS CKBXKUHBI PACTBOPOM C AaHOMAJIbHO BBICOKHM Z,4 (puc. 12.10, 6). PacueTsl mokasbIBaior,
YTO 3TOT MeTO]1 00J1a/1aeT OUEHb BHICOKOW YYBCTBUTEIHLHOCTBHIO U MO3BOJISIET OMPENEISITh IOPUCTOCTH MOPO/I,
HaunHas ¢ K,=2%. Cnoco0 mpu3HaH n300peTeHrneM W 3auuiieH nareHToM Poccuiickoit deneparu Ne
1702793.
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Pue. 12.10. Beigenenue konnektopos B kapboHarnom paspese no pesynsratam ['TK-C nocne
3anoITERHS CKBAKHHBI PACTBOPOM € MOBLIEHHBM () eKTHBHEM aTOMHLIM HOMepoM (nar,
P® Nel702793) a — aasucumocts 3hdexkTHEHOro aromioro Homepa necuadoro (1) u
kapSoHaTHOro (2) KolneKkTopa npu 3anonHeHny ero nop 30% pacTBopom alleTaTa CBHHIA OT
NOPHCTOCTH, O — KOMIUIEKE KAPOTAXHEIX AwarpamMM: | — kouTponsas anarpamma ITK-C, 2 -
TO #e NOCe 3anoiHenns cxkpaxunel 30% pacTBopoM auerara caunia

KonTpoabHbIe BONIPOCHI

1. B 4em 3akiro4aercsi CynIHOCTh TaMMa-KapoTaxa?

2. Ha3oBuTe OCHOBHBIC €CTCCTBCHHBIC PAIMOAKTHBHBIC JICMEHTEL.

3. Kakue marmaTuueckue mOpoJbl U ModyeMy OOIaJaloT MOBBIIEHHOW paanoakTHBHOCTHIO? Kakue

ocago4HbIe?

4. Kaxue Bam u3BecTHBI JE€TEKTOPBI FaMMa-KBaHTOB?

5. Kakue oCHOBHBIE y3JIbI BXOAAT B COCTAB KAPOTAXKHBIX PATUOMETPOB?
6. Ilouemy orpanuuena ckopoctb ['K?

7. Kakoit cmoco0 WCHOAB3YIOT [JIs1 ONpEACNCHHUS TPaHUI[ IUIACTOB OOJIBIION MOIIHOCTH IO

nuarpammam ['K?

I'K?

8. Kak onpenensator o 'K congepkanue pagnoakTUBHBIX 3JIEMEHTOB?

9. Kakue wmematonme (akTopbl YYHUTHIBAIOT MPH KOJUYECTBEHHON MHTEPIIPETAH JHArpaMM

10.Ha3zoBute 3 OCHOBHBIE BHJA B3aMMOJICUCTBUS TaMMa-U3TyUeHHUs C BEILIECTBOM.
11.Kak yctpoen ckBaxkuaHbIN Tpuoop ['TK?
12.Yem otnuuaercs miotHocTHOH I TK ot cenextusHoro?

13.Kaxkue 3amaun pemarotcs ¢ momonisto ['TK-IT Ha HEDTAHBIX U PyTHBIX MECTOPOXKICHUSX ?
14 Kaxkue 3anaun pemarorcs ¢ nomoursto I'TK-C?

15.ITonyuute Belpakenue s pacueta K, no pesyiabraram ['TK-IT u3 popmynst (12.11).



Jlekmua 13

PeHTFeH-paI[I/IOMETpI/I‘leCKI/Iﬁ KapoTaixx

PeHTreH-painoMeTpuiyecKkuii METOJ OCHOBaH Ha M3YYEHUHU PE3yJIbTaTOB B3aUMOJEUCTBUS MSATKOIO Y-
W3ITyYEHUS C DJIEKTPOHAMU TTTyOMHHBIX OPOUT aTOMOB BEIIECTBA.

OTO B3aUMOJICHCTBUE 3aKII04YaeTcsd B (POTORIEKTPUUYECKOM IOTJIONIEHUH Y-KBAaHTOB JJIEKTPOHAMHU
Kakoi-mubo 000104ku. B pesynbrare 3MeKTpOH BBUIETAET W3 aTOMA, a aTOM NPUXOAMT B BO30YKIECHHOE
coctositHue. MecTo, ¢ KOTOpOro yjAajieH 3JEKTPOH B pe3ysbTare IMOIJIOIIEHUS Y-KBaHTa, MOXET ObITh
3aIl0JIHEHO AJIEKTPOHOM C JIpyroi, Ooyiee Aajekoi OT siipa 3IEKTPOHHOH oOojouku. Hampumep, ecnu npu
(hoTomornoneHun BEIOUT 3IEKTPOH ¢ K-0007109KH, TO €ro MECTO MOKET OBITh 3aHSTO AJIEKTpOoHAMH ¢ L-, M-,
N- u gpyrux o6osouek. COOTBETCTBEHHO Pa3HOCTSAM SHEPrHil JEKTPOHOB Ha 3TUX YPOBHAX, UMH IpHU
Mepexo/ie UCIMYCKaOTCs (OTOHBI PEHTTEHOBCKOTO U3JTy4EHUS.

Cosoxynnocms ¢homoHo6 PeHTTEHOBCKOTO M3IYUYCHHUS, BO3HUKAIOWUX BPU Nepexoo0ax 21eKmMpoHO8 Ha
00uH obwul, Oonee 21yOOKUU ypoeHb, HOCUT HA3BAHUE XAPAKMEPUCMUYECKOU Cepul peHmeeHO8CKO20
cnekmpa.

JIuHMM XapakTepUCTUYECKOrO CHEKTpa pas3jInyaroTCs HE TOJIbKO JHEPrued, HO U MHTEHCUBHOCTHIO,
MOCKOJIBKY BEPOATHOCTh MEPEXO0Aa AJIEKTPOHOB MEXKAY PAa3IMYHBIMU YPOBHSIMH He ojuHakoBa. Camoi
WHTEHCUBHOM siBNIAeTCS TMHUA K, COOTBETCTBYIOIIAsA MEPEXOY JIEKTPOHOB ¢ ypoBHs L Ha yposenb K.

Kaxnplii XUMUYECKHI SJEMEHT O0JIaaeT CBOMM XapaKTEPUCTUUYECKUM CIIEKTPOM PEHTTEHOBCKOTO
M3IIy4YeHUs, TIpUYeM DSHeprusi Kaxmod omnpenenennoit ymamu cnektpa (K, L, M, N) Bospacrtaer c
YBEIMYEHUEM aTOMHOTO HOMEPA DJIEMEHTA.

Ouneprust manii K-cepun (E,), Hanboiiee KECTKOM Il BCEX AJIEMEHTOB, He TpeBbimaet 116 k3B. Jlns
CBUHIIA OHa cocTaBisieT 88,2 k3B, a mus nerkux snemeHToB Bcero nuib 0,05-0,87 xkaB. Takum obpazom,
PEHTI€HOBCKOE U3ITyUYCHHE SIBIISIETCS "MATKUM'" M CIIa00TIPOHUKAIOIITUM.

OObrynble  cueTunku [eiirepa ero He QUKCHPYIOT U JUIsl  PETUCTPAMUA  TPUMEHSIOTCS
MIPOMOPLHOHANIbHBIE WM CUUHTUIUISLUOHHBIE 1eTeKTOpbl (Nal+Tl), KoTOpble B COCTOSIHUM PETUCTPUPOBATH
n3nyudeHue c sHeprueil He MeHee 0,5 k3B. [loaToMy peHTreH-paguoMeTpUUEeCKU METOI IPUMEHUM TOJIBKO
JUJIS1 3JIEMEHTOB C aTOMHBIM HOMepoM Z > 25-30.

Eme onun Hemocratok Merona PPK - HEBO3ZMOXXHOCTH pa3ieiuTh W3Iy4YeHHE OJIM3KHX MO aTOMHOMY
HOMEpY 3JIEMEHTOB, CBSI3aHHAs C HU3KOM pasperiarolieid CHoCOOHOCTIO MO SHEPTUH Y CHUHTUUISIIMOHHBIX
JETEKTOPOB.

Teopernueckre pacyeTbl IMOKA3bIBAIOT, YTO JUISl TOJYYEHHs] JIOCTATOYHOH HWHTEHCUBHOCTH
XapaKTePUCTHUECKOTO H3IYYCHHSI DHEPrHsl Y-KBAaHTOB BO30YKIalomero w3iydeHus FE, MOKHA OBITH B
npezaenax:

l,l EH_ ":E?, {3,3 Eh:' (131)

KBanTer ¢ sHeprueit mensie 1,1 E, He BO30YXIaIOT XapaKTEPUCTUUECKOTO U3JIYUYEHUs, a C DHEprue
6omnpbmie 3,3 E, cO3MaI0T BBICOKMN Memaromuil (JOH BCIEACTBHE KOMITOHOBCKOTO PACCESHHS MEPBUYHOTO
u3mydeHust. [l paboT Ha CBUHEL[ HCIIONB3YETCs HCTOYHHK Se’” (E, =0,27 MaB).

Pentren-paanomeTpudeckuii Metoa mpumeHsiercsi B sabopatopHom (PPA) u B ckBaxkunHoMm (PPK)
BapHaHTax, a TAKXKeE JJIs ONPOOOBaHUS CTEHOK TOPHBIX BhIpaboToK (PPO).

B PPK ucnomns3yrorcst 30H1bI, B KOTOPBIX OCYIIECTBJIEHA '€OMETPUS "TIPAMOM BUIUMOCTH'": IETEKTOP
pErucCTpUpyeT BTOPUYHOE H3IIyUYEHHE (XapaKTePUCTHUECKOE M PACCESIHHOE) C TOro K€ y4yacTKa h3ydaeMoun
MOBEPXHOCTHU, KOTOPBIN TOJBEPraeTcs Y ~-00Iy4eHUI0 HCTOUHHUKA.

Ha puc. 13.1 nmpexacraBnen cxemarnueckuii paspe3 3012 PPK. 30H1 0OBIYHO BBITIONTHSIETCS B BUIIE
BBIHOCHOTO OJI0Ka, MPMKMUMAEMOT0 K CTCHKE CKBaYKUHBI.

HcTOYHUK MATKOTO Y -M3JIy4eHHsI OO0JIy4aeT y4acTOK CTEHKH CKBAXKMHBI 4Yepe3 KOJTMMAIMOHHBIH
KaHaJl ¥ BXOJIHO€ OKHO, KOTOPOE€ IJisi MPOMYCKAaHUS MSTKOTO M3JIyUYEHHUs 3aKpPbIBAETCS TEKCTOJUTOM WIIU
oepuiueM. VICTOUYHUK U AETEKTOP pa3ziesieHbl CBUHIIOBBIM 3KpaHOM. J[eTeKTOp peHTI€HOBCKOIO M3IIy4YEeHUS
MOMENIAIOT B JIPYTrOM KOJUIMMAIIMOHHOM KaHaje, CTEHKH KOTOPOIO MOKPBITHI CIOEM KaJMUs MU MEAH s
MOTJIOLIEHUS] XapaKTEPUCTUYECKOTO PEHTTEHOBCKOTO W3JIyYEeHHs, BO30YXKIAEMOrO pACCEIHHBIM 7Y -
U3JIy4YE€HUEM UCTOYHHMKA HETIOCPEICTBEHHO B CBUHIIOBOM 3KpaHE.

W3mepeHuss HMHTEHCUBHOCTH XapaKTEPUCTHUECKOTO U PACCESHHOTO W3JyYEHHUs MPOU3BOIAT C



NIOMOIIIBIO CKBA’)KUHHBIX T'aAMMaA-CIICKTPOMETPOB.
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Pue. 13.1. YerpoiicTeo 30013 peHTred-PaHOMETPHYECKOID KapoTaMa

C menpio CcTaHIApPTU3alMA M3MEPEHUN W YMEHbIIeHHs BiIusHus nomex B PPK mpumenstor cnoco6
cnekmpanvHblx omuouleHuu. CyIIHOCTb CII0c00a 3aKII0YaeTCsl B PETUCTPAIMK OTHOIICHUS! HHTEHCUBHOCTEH
B JIBYX KaHajlax raMMa-CIIEKTPOMETpa, OJMH W3 KOTOPBIX HACTPOEH HAa SHEPrUI0 XapaKTEPUCTHYECKOTO
PEHTTCHOBCKOTO0 W3Iy4yeHHus osiemeHta (N)), apyroi -kaHan "BHYTpeHHEro craHaapTa' - (QUKCUpyeT
WHTEHCHUBHOCTD y-U3ITydeHus crpasa oT K-ypoBHs (N,).

[MosicauM 3T0T croco® ¢ momornibio puc. 13.2. Kpuas @ moka3pIBaeT CIIEKTP PaCCEIHHOTO y-U3TyUYeHHUs
HCTOYHMKA Se’ (Ey= 0,27 M»5B), 3apeructpupoBaHHBI Ha MOJENM IUIacTa, COCTOSILEr0 U3 YHCTOTO
KBapleBOro mecka. MakcumyMm Ha »sHepruu okono 120 k3B Qopmupyercss mon neiictBueM JBYX
KOHKYPHPYIOIIUX IPOLIECCOB - KOMIITOHOBCKOIO paccesHusl y-KBaHTOB HCTOYHUKA M (HOTOMOTIOLICHUS
paccessHHBIX Y -KBaHTOB. [Ipu no6asnenuu B necok 10% PPH Ha CHEKTpe MOSIBISICTCS YETKUI MaKCUMyM Ha
sHepruu 88 k3B, cooTBeTcTBYIONMN K-TMHUM XapaKTEPUCTUYECKOTO CHEKTPA PEHTIEHOBCKOIO W3JIYyUYEHHUS
cBuHIA. VIMEHHO Ha ATy PHEPIUI0 HACTPAUBAIOT | KaHAJI CHEKTPOMETPAa U PETUCTPUPYIOT B HEM CKOpPOCTH

cyeta N;. Il xaHan crnekTpoMeTpa HACTPAWBAKOT HA DHEPTUI0 MAKCUMyMa pacCesHHOro usinydeHus — 120
KB n PETUCTPUPYIOT CKOPOCTH CUCTA N2.
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HECTONG KBAPHESHTO OECHAMHEa (4} © necunnmia, cogepoazinero 10% connma (n)

[TockonbKy 001acTH 3HEPrHid, U3MepseMbIX 000MMM KaHaJlaMH, JOCTATOYHO OJM3KH, TO U3MEHEHHUs
TUIOTHOCTH, 3()(HEKTUBHOTO aTOMHOTO HOMEpa Cpelbl U TEOMETPUN U3MEPEHUN OyIyT OAMHAKOBO BIIUATH HA



00e UHTEHCUBHOCTH.
B pesymerate, otHOmenwe #n= N;/N; OKa3bIBACTCS JIMHEWHO 3aBHCSAIIMMOT COAEPKaHUSA

COOTBETCTBYIOILIETO AJIEMEHTA (B IaHHOM ciy4ae, Pb).
I'maBupiM HenmoctaTkoM Metoga PPK sBnsercs ero mamas rimyOMHHOCTB, CBsI3aHHAsi C HHU3KOM
MIPOHUKAIOIIEH CIOCOOHOCThIO peHTreHoBckoro u3nyudeHus. Meton PPK saBnsercs mo cytu "miueHouHBIM".

TeMm He MeHee,
pe3yJbTaThl ONPEEICHUsI COAepKaHusl MeTaioB B pyae no PPK xopomio cornacyrorcs ¢ g1aHHbIMU

KEpHOBOT'O OIPOOOBAHUS.

Metoabl HEUTPOHHOTO KapOTa)ka ¢ UCIOJIb30BAaHUEM CTALlMOHAPHBIX UICTOUHUKOB HEUTPOHOB

MeTo1bl CTalIMOHAPHOTO HEUTPOHHOTO MOJIA MOSIBUIIMCH PAHBIIE UMITYJIbCHBIX HEUTPOHHBIX METOJIOB U
BKJIIOUAIOT B ceOst Takue Buibl kaporaxa, kak HTK, HHK-T, HHK-HT, meron HelTpoHHO# akTUBanuu U
HEKOTOpBIE IP.

HetiTponnsrii ramma-kapotax (HI'K)
Meton HI'K siBisieTcss OMHUM W3 BEIYIIUX METOJOB WCCIICIOBAHMS CKBAXHH HE(TSHBIX U Ta30BBIX

MeCTOpO)KI[CHI/Iﬁ. B xommiekce ¢ APyrumMmu METoAaMu HCﬁTpOHHHﬁ raMMa-KapoTaxx IMPUMCHACTCA I
JIATOJIOTUYCCKOr'o paCHJICHCHHA pa3pC30B CKBAKWH, BbBIACIICHHUA KOJUICKTOPOB, OLUCHKHN IMOPUCTOCTH, OTOMBKU

BOI[OHe(l)THHOl"O n FaSOHe(bTSIHOFO KOHTAaKTOB H T.II.

du3nyeckne 0CHOBDI ME€TOdAa
B HeﬁTpOHHOM raMmmMa-KapoTaxxe HU3MCEPACTCA HCKYCCTBCHHO BbLI3BAHHOC TaMMa-H3JIYUCHUC T'OPHBIX

nopof. /11 Bo30yKI€HHsI TOr0 U3Iy4YEHHUSI CTEHKU CKBAaXXMHBI O00MOapAMPYIOT HEUTPOHAMH.
CxkBaxunsbiii cHapsin HI'K Bkitouaer B ce0s MCTOYHMK HEHTPOHOB M JETEKTOpP raMMa-H3JIy4deHMs

(puc. 13.3).
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Puc. 13.3. VYcrpoiicTBO 30H1a HEUTPOHHOTO TaMMa-KapoTaxka

Paccrosnne mexay LeHTpaMHM MCTOYHMKA M JETEKTOpa COCTaBISIET JIMHY 30HAa L. Touka 3amnucu
pacnoJjlaraeTcsi Ha CEpelIMHE PAcCTOSHHUS MEKIy HMMHU. B KaduecTBe MCTOYHMKOB HEWTPOHOB B Poccum
MPUMEHSIIOT OOBIYHO aMITyJIbl, 3aMOJHEHHBIE CMEChIO MOPOIIKOOOPa3HOTO Oepusuiug M KaKoW-THOO CONu



nosionus. [lox Bo3elcTBUEM a-4acCTHLL, UCITyCKAaEMBIX sIIpaMH ITOJIOHUS, IPOUCXOANUT PEAKLIUS:

B+ He'=4C'+on’ +y.

Po-Be uctounuk gaet okono 2-10° HeliTpOHOB B CeKyHIy Ha 1 T' TIOJOHHS M IPUMEPHO CTONBKO e
raMMa-KBaHTOB. boibiiast 4acTh HEUTPOHOB - OBICTPHBIE, C FHEPTUSIMH OT 3,5 10 6 MaB.

[TockonbKy HEWTPOHBI HE HMMEIOT 3JIEKTPUYECKOTo 3apsia, MPOHMKAIOIAs CIIOCOOHOCTh HUX OYEHb
Benuka. CTalKuBasCh C AIpaMH aTOMOB TOPHBIX IOPOJA, HEHTPOHBI TEPSAIOT 4YacTb CBOEH 3Hepruwy,
3amemusitores. [Ipu 3TomM Gosbinas yacTh KMHETHUECKOW 3HEPruu TepsieTcsl NMpH COYAAPEHHU C SIpaMu
JIETKUX aTOMOB, TJIaBHBIM 00pa3oMm, Bojopoxa. llocie mpumepHo 25 coymapeHuil ¢ sapamMud BOJIOpOIa
HEHUTPOHBI 3aMeUIAIOTCs 0 "TernoBbiX" sHepruit (okono 0,025 3B) u nuddynaupyroT yepes3 mopoasl, Moka
He OyIoyT 3axBadyeHbl. TeIuIOBbIE HEHTPOHBI MOTYT 3aXBaThIBATHCS SIPaMU BCEX DIIEMEHTOB, Kpome He.
Huskue ceuenus 3axBara TEIUIOBBIX'HEMTPOHOB MMEOT O n C. AHOMAJIBHO BBICOKHE CEUYECHMs 3axBara y
Takux o3yeMeHToB, kak IR, Cd, B, CI u HEKOTOpbIX JApyrux. AKT 3axBaTa TEIUIOBOIO HEHTpOHa
COIIPOBOKIAETCS  HUCIYCKAHHWEM y-KBaHTOB, KOTOpble OOpa3yloT Tak Ha3blBa€MOE Y-H3JIydyeHHUE
panuarronHoro 3axsata (I'MP3). YacTe 3THX y-KBaHTOB (PHMKCHPYETCSI IETEKTOPOM B CKBR)KHHHOM CHapsie
HTK.

Kpome pammanmonnoro ramma-usnydenus (1,,,), nOeTekrop Oyner

(UKCUpPOBATh TAKXKE M TaMMa-KBaHTbI JPyroro mpoucxoxaeHus. CyMMapHYyIO 3aperuCTpUPOBAHHYIO
MHTEHCUBHOCTh F'AMMa-U3JTy4Y€HHUsI MOKHO NPEACTaBUTh B BUJIE pAJIa:

Is =1, +1,+1+1,, (13.2)

rae [, - ecTeCTBEHHOE raMMa-u3J1ydeHHe MOpo;

1y - poHOBOE raMMa-u3IydeHne HICTOUHUKA HEUTPOHOB;

I, - TaMMa-u3IydyeHUE MCTOYHHMKA, NPETEpHeBIIee KOMITOHOBCKOE

paccessHUE B MOpoJiaX U 00CaTHBIX TPyOax CKBa)KUHBI. J[JIsl BbIAETIEHUS UCCIEAyEeMON COCTABISIONIECH
1, mpuxXOIUTCS IpUOETaTh

K YMCHBIIECHUIO BIUSHUSA OCTaIbHBIX cocraBisomux 1, Ip 1, Jlud yMEHbIIEHUS BIHAHUA
€CTECTBEHHON paJuO0aKTUBHOCTH I, BBIOMpAIOT, C OJHOW CTOPOHBI, MOIIHOCTh MCTOYHHKA HEUTPOHOB
TaKkoW, 4YTOObI BBI3BAHHOE UM TraMMa-u3Iy4deHue Obulo, IO KpailiHel Mepe, Ha MOPAAOK OoJjblie
ectectBeHHOro. C Jpyroil CTOpPOHBI, YPOBEHb €CTECTBEHHOM paJMOAaKTHUBHOCTU MOXET OBITh YUTEH
BelunTanueM nokaszanuil I'K u3 auarpamm HTK. Jlns ocnaGnenuss GoHOBOro raMma-u3inydeHHuss HCTOYHHUKA
lp MeXay MCTOYHHMKOM M JETEKTOPOM pacIojiaraloT MOIIHBIM CBUHIIOBBIM 3KkpaH (cMm. puc. 13.3). Jlns
MOTJIOIEHUS]  MSTKOTO  PAacCesiHHOTO  M3IydeHus [, JETeKTOp M3JIy4YEeHMs IOMEUIAlOT B CTAIBHYIO
ruiib3y. Beigenennas Takum o0pa3oM cocTaBisomas /,,, 3aBUCUT, B OCHOBHOM, OT COJEpP>KaHUsl BOJOPOJia B
uccrnenyemoit cpene. Korna CkBaXXMHHBIM CHapsJ MPOXOAUT yepe3 (opMalMy € BBICOKUM COJEpKAHHUEM
BOZIOpOJa (B cOCTaBe BOJIbI WIIM HE(PTU U raza), ypoBEHb HaBEJECHHOI'O raMMa-U3JIy4eHHs OyJeT HU3KUM, T.K.
OOJIBIIMHCTBO HEUTPOHOB OyAET 3aMEAJICHO U IMOIJIOIIEHO B HEMOCPEICTBEHHOM OJIM30CTH OT UCTOYHUKA U
TOJIbKO HEKOTOPBIE M3 TaMMa-KBaHTOB CMOTYT JIOCTHYb JIETEKTOpa U OyayT 3apeructpupoBansl (puc. 13.4, a).
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Pue. 13.4. JaprcumocTs Dokasanwht "Gonsmoro” ousa HIK ot conepmanus Bojopona B

cpenie

Eciu mopoasl coxmepkaT Majo BOJOpOJa WM HE COJEp>KaT BOOOIIE, HEUTPOHBI YCIEBaIOT
pacmpocTpaHUThCA AaJeKO OT UCTOYHHKA Mpexk]e, YeM OHM OyAyT 3aMeUIeHbl M 3axBaueHbl. llpu mimne
302 0,6 M U BbIlIe OoJiblIas YacTh HEUTPOHOB OyJET MOTJIONIEHA TAe-TO BOJIM3M JEeTeKTopa ramma-
n3ny4enus, u Ha nuarpammax HTK Oyner nabmronarecs Beicokuii ypoBeHb uHTeHcuBHOCTH [ YIP3 (puc. 13.4,
0).

[Ipu ucnonszoBanuu 30H70B Majoit anuubl (0,3 M 1 MEeHee) 3aBUCUMOCTD pacCIpeesIeHHs] BTOPUUHOTO
raMMa-u3JIy4eHus OT COJEpKaHWs BOJOPOJa Mojydaercs oOpaTHou (puc. 13.5). 30HmBI Mamoil ITMHBI
MPUMEHSIFOTCSL TOpa3o pexke, T.K. B HUX TPYAHO H30aBUTHCS OT JCHCTBUS raMMa-M3Iy4deHHs] CaMOTo
WCTOYHMKA HEHUTPOHOB, W paspemaronias CrocoOHOCTh WX Majia. B manbHedmeM HamMu Oyaer
paccMaTpuBaThCS HEHUTPOHHBIA TaMMa-KapoTax TOJNBKO ¢ OonbimmuMu 30HAaMu (6onee 0,4 M), KOTOPBIU
0OBIYHO U UCIIOJIb3YETCS Ha MPAKTHUKE.

Takum ob6pazom, meroa HTK sBnsercs nHANKATOPOM KOJTUYECTBA BOAOPO/A (BOJBI U HE()TH) B TOPHBIX
nopoaax. A Tak Kak HJIKOCTb COJEP’KUTCS B OCHOBHOM B mopax mnopoj, To HTK mgaer Bo3MOXHOCTH
OLICHUBATh MMOPUCTOCTD MOPO/I.

HNmeercs Bo3MOkHOCTH Takke 1o auarpammam HTK BbIIensiTh KOHTAaKT MHHEPATM30BAHHBIX
IJIACTOBBIX BOJ C HE(THIO 3a CYET TOro, YTO XJIOp, COAEpKAIIMUWCA B IUIACTOBBIX BOJAAX, MOBBIMIAET
WHTEHCUBHOCTHh BTOPUYHOTO TaMMa-U3TyYeHUSI.
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Puc. 13.5. JapicHMOCTE [IOKasammi
HI'K oT OmHMHEl 30HIA

K coxanenuto, Ha HTK oxa3piBaeT neiicTBue psii Memalonux (GakTopoB, KOTOPHIE TOJKHBI OBITH
YUTEHBI TIPU HHTEPIPETALUU JuarpamMm. Bo-mepBbIX, pe3yibTaThl U3MEPEHUN B 3HAYMTEIILHOW CTEMEHU



3aBUCAT OT KOHCTPYKLMHU CKBa)KUHBI, IOCKOJIBKY BOAa OypOBOIO pacTBOpa 3aMmeisieT HEUTPOHBI, a
oOcanHbeie TpyObl MOTNIOIMIAIOT TramMMa-u3nydeHune. Kak mokaspiBaer puc. 13.6, yMEHBIICHHE Iuamerpa
ckBaxuHbl casuraer kpuBble HTK BmpaBo, a yBenndyeHue TONIMHBI OOCAgKU - BIEBO OT YpPOBHS,
COOTBETCTBYIOLIETO CTAHAAPTHBIM YCIOBUAM. [IpM KOIMYECTBEHHOW WHTEpHpETAlMU YYeT JuaMerpa
CKBaXXMHBI TPOU3BOJAT IO CIEIHAIbHBIM HOMOTpaMMaM, a BIMSHHUE 00CaIKU YYUTHIBAeTCS TaK K€, KaK B
metoze ['K (cm. puc. 12.3). Bo-BTOpEIX, CONpOTHBIIEHHE OYpPOBOTO PacTBOPa, XOTS U HE BIHSIET CaMo 110 cede
Ha pe3yabTatel HTK, sBnsieTcst Mepoil coeHOCTH OypOoBOro pacTBopa, T.€. €ro XJIOpPOCOAEpKaHus. A XJop,
Kak YK€ OTMEYajoCh, IIOBBIIIAET HWHTEHCUBHOCTh pAJMAallMOHHOTO wu3iaydeHud. llostomy mnpum
KOJIM4ecTBeHHON mHTepnperanuu B pe3ynbTarel HTK BBoasTCS monpaBku 3a BiusiHME OypoBOro pacTBopa
0 CHEUATbHON HOMOTpaMME.

HNurepnperanus pesyiastaroB HTK

W3 Bcero xpyra 3azmad, pemaeMbix npu uHtepnperanun auarpaMMm HTK, MBI paccMOTpuM TOIBKO TpH
BOIPOCA: JINTOJIOTUYECKOE PACUJICHEHHE pa3pe30B CKBAXKUH, OIPEAEICHUE KOHTAKTOB U MOIIHOCTEU
IJIACTOB, ONPEAEIECHUE IIOPUCTOCTH.

S INEINEE i

Pirc. 13,6, Bronsine ckpasnemn yenosnf Ba moxaznmms HUK

Jlutosiornueckoe pacwieHeHHe pa3pe3oB CckBaxkuH. Kak yxe

otMmevasiock, Mmeto HTK nuddepenmupyer moposr mo BoA0pO10COACPKAHUIO.

Kak u3BecTHO, cpeau 0calouHbIX TOPOJT HAMOOIIbIIee KOJTMYECTBO BOAOPOA COACPKAT TIIMHBI B BUJIC
XUMUYECKH CBSI3aHHOW W TOpoBO# Boabl. OOmiee cojaepkaHue BOABI B TIIMHAX MOXET MOCTHUTaTh 44%.
[Moasromy Ha nuarpammax HTK riavHbl BBIIEISIOTCS CaMbIMU HU3KUMH 3HAYEHUSIMU U TIPEICTABISIIOT COOO0M
HaJIe)KHBIA "0a30BbIN" WM OTIOPHBIN TOPU3OHT.

Campble k€ BBICOKHE YPOBHH PAAMAIMOHHOTO TaMMa-M3IIy4eHUs HAOIIOMAIOTCS MPOTHB IUIOTHBIX
MaJIOMIOPUCTBIX H3BECTHSKOB, KOTOPBIE MOTYT CIIyXKHUTh Ipyrum OIOPHBIM TOPU30HTOM, c
MHUHUMAJIBHOW TOPUCTOCTHIO (K, ~1%).

[lecuaHuk M TECKM HE COAEpKAT XMMHUYECKH CBSI3aHHOW BOJBI, BCJEACTBHE YEro Ha)Ke CaMble
MOPUCTBIC U3 HUX OTMeHYaroTcs Oonee BeicokuMU 3HadeHUsMU HTK, gem rouwnbl. Cpenu THAPOXUMHYECKUX
0CaJIKOB HaMMEHBIIMMH 3HAUYEHUSMU [,, BBIACIAIOTCS TUICHI Onaronapst Beicokomy (10 48%) conmepkaHuio
KPUCTAITU3AIMOHHON BOJIbI, HAUOOBIIIMMH - AaHTUPUTHI.

Hawnyumme pe3ynpTaThl MOJy4YalrOTCs NpU COBMECTHOM wuHTeprnperanuu auarpamm HTK wu ap.
MeTonoB. Tak, HampuMmep, eciau B pa3pe3e MPUCYTCTBYIOT U TJIMHBI, U TUIICHI, KOTOPbIE HE Pa3InuyaroTcs o
muarpammam  HTK, wux nerko muddepenuupoBats mo guarpammam [K (y TrImH mOBBIIIICHHAS
paanoakTuBHOCTH) Ui KC (y IVIMH 3JIEKTPUYECKOE CONPOTUBIIEHUE TOPA3/10 MEHBILIE, YEM Y TUIICOB).

Ha puc. 13.7 noka3zan npuMep pacuj€HEHHs YIPOIIEHHOTO Ie0JOTHYE€CKOTr0 pa3pesa, COCTOSIIETO U3
[JIMH, IECYaHUKOB U U3BECTHSIKOB.
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Fue. 13.7. Yepemesian anarpasmn HUE-60 A8 rUnomeTH 08 PEOAOTHIECEOM PLIpes

VpoBens 3amucu I, HaJ MIACTOM-KOJJIEKTOPOM (MIECYaHKK) 3aHUMAeT MPOMEKYTOUYHOE TOJIOKEHHUE
MEXy TJIMHAMU U U3BECTHSIKAMH U 3aBUCUT OT MOPUCTOCTH U TIIMHUCTOCTH KOJIJIEKTOPA.

Onpenesienne rpaHun M MoOmHOcTed miacToB. KoHtaktel w1 MoumHoctH tiactoB B HTK
OTIpEeICTISAIOTCS TaK ke, Kak U B ['K, rmaBHBIM 00pa3oM, Mo MpaBUy MOTyMaKCHMyMa aHOMAlUH (CM. pHC.
13.5). XoTs u3-3a BAMSHUS JJIWHBI 30HJIa TOYKA, COOTBETCTBYIOIIAS IMOJOBHHE MaKCUMyMa aHOMAallid B
MOJOIIBE TUIACTa HU3KOM MHTEHCUBHOCTH, cMmelleHa BHU3 Ha 0,1 L, a B kposiie -Ha 0,3 L BBEpX OT I'paHULIbI,
9TH TOTPEUTHOCTH MOYKHO HE YUUTBIBATh, T.K. Mpu Macitade 3anucu 1:200 uaum 1:500 oHM He npeBbImaroT 1
MM.

Onpenesenne kodpduuuenta mopucroctu. Ilockonbky mnokazanuss HTK 3aBucat ot momHOTro
BOJIOPOAO-XJIOPOCOJAEPKAHUS TIOPOJIbI, BKJIIOYAs COJEpXKAHUE KPUCTAUIM3AIMOHHOW BOJBI W BOJBL,
a7copOMpPOBAHHON TJIMHUCTOM YacThiO MOPOABI, TO HauboJiee TOYHBIE PE3yNbTaThl MO OMPEIEICHUIO
MMOPUCTOCTH TONy4alOTCsS B KapOOHATHBIX OTIOKEHUSX. [Ipy KOIMYECTBEHHONW WHTEPIIPETAUU TUArpamMmm
HTK BenuunHa WHTEHCUBHOCTH [,, , CHATas NPOTUB H3Y4a€MOIO IUIACTA, HEMOCPEICTBEHHO HeE
ucnonb3yercs. [IpuunmHOi 3TOro SBISIOTCS OTCYTCTBHE CTPOTrOW 3TAaJOHUPOBKU PAAHMOMETPOB U HAIUYUE
CTOPOHHHUX H3IyYEHUH OT CaMOro UCTOYHHKA HEHTPOHOB U PACCESIHHOTO raMMa-U3Iy4eHHs], KOTOpPble OYEeHb
TPYJIHO YY€CTb MOJHOCTHIO.

[ToaToMy wuHTEpHpeTans TPOBOIUTCA TO OTHOCUTENbHON amrmuutyae anomanuu HTK ("nBoiiHoi
Pa3HOCTHBIN MapameTp') Ui JaHHOTO IUIAcTa!

_ vy o WY
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ny ny ry
rae Iy, - wHTeHCHBHOCTH anoMannu HTK mpoTuB nccieayemMoro miacTa;

I, - MHTEHCHBHOCTH HPOTHB IEPBOrO OIOPHOrO TOPHM30HTA, 33 KOTOPBI NPHHMMAETCS OOBIYHO
TIJIACT TJIMH C U3BECTHBIM cojiepkanreM Boaoposa (40%);

1", - MHTEHCUBHOCTH MPOTHB BTOPOTO OIIOPHOIO FOPH30HTA, 38 KOTOPHI IPHHAMACTCA  KaKasi-THOO
U3 IUIOTHBIX MOpOJ paspe3a C  u3BecTHOM mopuctocthio (1%). Bee Benmuuussl /,, BXOAsIIUE B
dbopmyny (13.3), momxHbBI

OBITH TPEBAPUTEIHLHO HUCIPABJICHBI 32 BIMUSHUE CKBXXHHBI, 00CAJAHBIX TPYO, XJIOpCOIEpKaHUS W
€CTECTBEHHON PaJuOaKTUBHOCTH.

Ilo  oTHOCWTENBHOW  amMIIUTYAe A I,, W  ONPEACTSIOT  KOI(PQPHUIMEHT IMOPHCTOCTH IO
HOMOTpamme o 1y, = f(K,), npuBeneHHo# Ha puc. 13.8.

i

(13.3)
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Fre. 13.8. 3asmcunmocTs noeasaanit HIK (apodnodi pranocrisi napasep) oT nopicTocTs
nopon

Takne HOMOTPaMMBI CTPOSTCS MO SKCIIEPUMEHTATBHBIM JaHHBIM. [Ipy onpeaeneHnn mo 3Toi MeToIuKe
MOPUCTOCTH NECYAHBIX KOJJICKTOPOB YYUTHIBAIOT UX IIMHUCTOCTD, BBOJIS MIOTIPABKY:

AK,, =Can*0,4,

rae Cen - oObeMHasl TNIMHUCTOCTb KOJUIEKTOpa, % (ompexpensiercs no 'K wmnm mabGopatopHbiM
HCCIIEIOBAHUSM);

0,4 - conepxanue BojbI B rimHe (40%), (00beMHOE).

HelTpoH-HeHTPOHHBIN KAPOTasK 0 TEIVIOBBIM HETPOHAM

HeiliTpon-HeiTpoHHbIii kKaporax 1o TeruioBbiM Heitponam (HHK-T) 3akmiouaercss B u3MepeHHH
IUIOTHOCTH TOTOKA TEIJIOBBIX HEHTPOHOB, 00pa3yloUIMXcs B pe3yjbTaTe 3aMeAJIeHHs B TOPHBIX MOPOAax
OBICTPBIX HEHTPOHOB OT CTAIIMOHAPHOTO UCTOYHHKA.

[Ipu moCTOSTHHOM JIJTMHE 30H/a TIOTHOCTH MOTOKA TEIJIOBBIX HEUTPOHOB (E,,, = 0,025 3B) 3aBucur ot
3aMEJIIONINX U TOTJIOMIAIOIINX CBOMCTB CpEJbl, T.€. OT BOJOPOJIOCOJAEPNKAHUS U HAJIMYUS 3JIEMEHTOB C
BBICOKUM CEUCHHUEM 3axBaTa TEIUIOBBIX HEHTpoHOB. Takum o6paszom, HHK-T naet Takue ke pe3ynbTaThl, KaK
u merog HTK.

[Ipu pabote ¢ OONBIIMMH 30HIAMHU, YeM OOJIbIIIE B CPEC COACPIKAHUE BOJAOPOIA, TEM MEHBbIIIE
Linm . C TIOBBIIICHUEM  COJEpXKaHUS HelTpoHomoriomarmmx ementoB (TR, Cd, B, Hg, Mn, CI) L,y
najiaeT mpu 000 JJIMHE 30H1a.

B kaudecTBe JETEKTOPOB TEIUIOBBIX HEUTPOHOB HCIOJB3YIOT MPOMOPLHMOHATIBHBIE Tra3opa3psiaHble
CUYETYUKH WIN CUUHTWIIATOPHI ZnS, akTuBUpoBaHHble Cu win Ag.

T'a30paspsiAHble CYETYHKH 3aMONHSIOT TpexdroprcTeiM Gopom BFi, oGorameHsiM m3otomom B'Y,
[Ipoxonsuiye yepe3 cueTYUK HEUTPOHBI MHTEHCUBHO MOIJIOMIAIOTCS OOPOM, HMEIOLUM aHOMAJIbHO OO0JIbIIOE
CEYCHHE 3aXBaTa TEIUIOBBIX HEUTPOHOB. B pe3ynbpraTe IpOUCXOoasIeld peakIuu:

B+ n'— He +3Li7 +y

oOpa3yrorcst siapa Li, a-4acTUIBI U y -U3Ty4eHHE. B CHUHTWIISIIMOHHBIX CYETYMKAX HCIIOJIB3YIOT
CMECh KPHUCTALIOB ZnS ¢ KakuM-TuO0 Oop-copepskamuM BemiecTBoM. T.K. ZnS He oOpasyeT OoJbIINX
KPUCTAJJIOB, CMECh 3aChIalOT B LMJIUMHIP M3 MPO3PAYHOro IUIEKCUIIaca, ) -KBAHT, BO3HHUKAIOIIUNA IMpHU
B3aUMOJICCTBUM B C TEIIOBBIM HEUTPOHOM, BBI3bIBAET CIIMHTUIUISLIMIO B OTHOM U3 KpUcTaILIOB ZnS. Takum
00pa3oM, TEIUIOBbIE HEUTPOHBI PETHCTPUPYIOTCS TI0 MPOIYKTaM UX B3aUMOJEHCTBHSA C B.

[Tpu uccnenoBannn HePTIHBIX U Ta30BBIX CKBAXUH UCTIONB3YIOT 30HA6I HHK-T nnunoit 30-50 cm.

VY4eT cKkBa)XKMHHBIX yCJIOBUI M KOJIMYECTBEHHAsl MHTEpIIpeTanus npousBoaurcs no ananoruu ¢ HTK.

[Ipu wmccnemoBaHuM HE(TSIHBIX W Ta30BBIX CKBAXHH XOPOIIUE PE3YJBTATHI JACT MHO2030HOOBbIL
nelimpou-netmponnwviti kapomaxc (MHHK). B ckBaxxunnom npubope MHHK usmepenmne HEWTpOHHOTO
MOTOKA TMPOU3BOJAT C TIOMOIIBIO JIBYX WJIM HECKOJBKUX JE€TEKTOPOB, PACIOJOXCHHBIX Ha pPa3HOM
pacCTOSTHUU OT UCTOYHUKA. B IBYX30HJOBBIX YCTAHOBKAX anmnaparypa cpasy onpeaesnseT OTHOLIECHUE

A= Ian/Inm6



7€ Lymy ¥ Ly - TIOKA3aHUSI MAJIOTO M OOJIBIIIOTO 30HIOB.

Jmnuna manoro 3oH1a coctasiseT 30-40 cMm, a 6ombiioro - 60-70 cMm.

OTtHoleHne A xapakTepu3yeT CKOPOCTh Claja MIIOTHOCTH HEUTPOHOB MPHU YAAICHUU OT UCTOYHUKA, a
OHa BO3pacTaeT C YBEIMYEHHEM BOJOPOIOCOJEPKAHHUSA H, CJIEIOBATEIbHO, TOPUCTOCTH TOPOJ TPU KX
HEU3MEHHOH JIUTOJIOTUHU M MTOCTOSIHCTBE CKBAYKMHHBIX YCIIOBUIA.

Pan (akTOpOB, CBSA3AHHBIX C YCIOBUSMHU HW3MEpPEHUH, MPUMEPHO OAMHAKOBO BIHUSET Ha
MOKa3aHWs KaXIOr0 W3 JETEKTOPOB, YTO OJArOMPHUSATCTBYET TIOBBIIMICHHIO TOYHOCTH TOJTY4aeMBbIX
pe3yIbTaTOB.

HeHTpoH-HEeHTPOHHBIN KAPOTAK M0 HAATEIUIOBBIM HETPOHAM

HefiTpon-Heittponnslii kapotax mo HaarermaoBeiM HeliTpoHam (HHK-HT) 3akmrouaercs B uamMepeHuu
TUTOTHOCTH TIOTOKA HAJITETIOBBIX HEUTPOHOB, 00Pa3yIOIIMXCs B PE3yJIbTaTe 3aMEeJICHHsI B TOPHBIX TIOPOAAX
OBICTPBIX HEUTPOHOB OT CTALIMOHAPHOTO UCTOYHHKA.

HanrennoBeiMu cumtarorcst Hetponsl ¢ sHeprue or 100 3B nmo 20 x»3B. IlnotHocTh moToka
HA/ITEIUIOBBIX HEHUTPOHOB OIpeNeNsieTcs, IIaBHbBIM 00pa3oM, 3aMeJISIONIMMU CBOWCTBAMH CpeJibl, T.€. €€
BOJOPOJOCOAEPKAHUEM, U MPAKTUYECKH HE 3aBUCUT OT €€ MOTJIOLIAIOIIMX CBOMCTB (0T coaepkaHus '
9JIEMEHTOB € OOJIBIIMM CEUYEHHEM 3axBaTa TEIUIOBBIX HEHTPOHOB). B 3TOM 3akiiodaercss mpenMyIIEeCTBO
HHK-HT nepen HHK-T u HTK.

JletekTopaMi ~ HAATEIJIOBBIX ~ HEMTPOHOB  ciayaT  Oop-propucTtble  razopaspsiiHble U
CIMHTHUTSIIIAOHHBIC CYCTUYNKH TETUIOBBIX HelTpoHOB JIJIH, okpyxeHHbBIE TapaduH-O0PHBIM (QUITBTPOM.

[Tockonpky B cpefie, rae pazMeniacTcs JETEKTOpP, CYLIECTBYIOT U HAATEIUIOBBIE, U TEIUIOBbIE HEUTPOHBI,
60p, conepkammuiicss B GuiIbTpe, MOTIIONIAET TEIUIOBBIE HEUTPOHBI, MOCTYMAIONINE Ha CUETUHUK, a mapaduH, B
KOTOPOM COZAEPKHUTCSI MHOTO BOAOPOAA, 3aMEIISET HAATEIUIOBBIE JO TEIUIOBBIX JHEPTUM, KOTOPHIE 3aTEM
IIONAJa0T HAa CYETYUK U PETUCTPUPYIOTCS UM.

B HHK-HT Tak e, kak u B Apyrux HEHTPOHHBIX METOJaX, MOTYT UCIIONB30BAaThCS  KaK  OOIbIIHe
(3auHBEpCHOHHBIE), TakK M  MaJble (JOMHBEPCUOHHBIE) 30H bl [Ipu paboTe ¢ OoNbIIMMU 30HIaMU, YEM
60J1b1IIe BOAOPOAOCOIEPKAHNE, TEM MEHBIIIE OKa3aHUS ,,,; IPU paboOTe ¢ MaJIbIMU ~-Ha00O0POT.

Jiist HEUTPOH-HEUTPOHHOTO KapoTaka XapakTepHa HeOOJbINas TITyOMHHOCTD UCCIIEI0BAHUS, KOTOpas B
3aBHCUMOCTH OT CBOWCTB MOPOJ M MX BojopoaocoiepxaHus coctaBiseT oT 20 10 30 cMm (yMeHbIIAsCh €
poctoMm Boxppoaocoaepxkanus). Hammenwinas rmyouHHocTh xapaktepHa it HHK-HT, T.x. oGmacte
pacnpoCTpaHEHUs HAATEIUIOBBIX HEUTPOHOB MEHBIIIE, UEM TEIUIOBBIX.

KonTpoabHbie BOpochl

1.  Iloschute, B uyeMm 3akimouaeTcs (GuU3NYecKasl CyIIHOCTh PEHTI€H-PaAMOMETPHUUECKOr0 METoaa
(PPM)?

2. B uem 3akmouarorcs TpyAHOCTH puMeHeHUs: PPM B CKBaXKMHHBIX yCIOBHUSAX?

3. Ilouemy meron PPK He npumMeHUM Ha 371€MEHTHI C aTOMHBIM HOMEPOM MEHbIIE 257

4. B ueM 3aKiII04aeTCs METOJ, CIIEKTPAIbHBIX OTHOIIEHUI?

5. VYkaxwute nmpeumyinecTtBa U Hegoctatku PPK.

6. Ilo xakomy cBOICTBY ropHbIX mopoj nuddepenupyet pazpes HTK?

7. Ilouemy pesynpratl HTK 3aBucAT OT BOgOpOmOCOAEpKaHUS MOPOJBI?

8. Kakue  moponapl  XapakTepU3yHOTCSI ~ MUHUM@JIBHBIMH M KAaKM€ MaKCUMAaJIbHBIMU

nokaszanusMu Ha auarpammax HTK?
9. Ilouemy npu onpeaenenuu nopuctocty miactos o HTK HyXHO y4nTeIBaTh X IIIMHUCTOCTS?
10. B uem npeumymectso HHK-T nepen HTK?
11. B uem npeumymectso HHK-HT nepenq HHK-T u HTK?
12. KaxoBa riyOMHHOCTh HEUTPOHHBIX METO/I0B KapoTaxa?



Jexkuua 14
NMnyabcHblil HeUTPOHHBIN KapoTaxk (MHK)

du3nvecKre 0CHOBDI MeToaa

B sTtoM MmeTone ropHsle MOpoAbI 00JIydalOT KPaTKOBPEMEHHBIMU MOTOKAMM OBICTPBIX HEWTPOHOB U
M3Yy4aroT pe3yJIbTaThl UX B3aUMOJECUCTBUS C OKPYIKAIOIIEH CPEION.

B kadecTBe MCTOYHMKA HUCIOJIB3YIOT CKBA)XKMHHBIN T'€HEPATOP HEUTPOHOB, OCHOBHYIO YacThb KOTOPOTO
cocraBiseT "ormasHHas" HeWTpoHHas TpyOka (puc. 14.1). DTa TpyOka mpencrtaBisieT cOOOH CTEKISTHHBIN
0aJyIoH, 3aMoHEHHBIN AeiTepueM mpu HU3KoM AaBieHuu nopsaka 0,02-0,05 Ila. Buytpu TpyOku ¢ ogHOM
CTOPOHBI paCIlONaraercs Karod, C JAPYTrOM -BBICOKOBOJIBTHBIM 3JIEKTPOX, BHYTPH KOTOPOIO HAXOAMTCS
TUTAaHOBAsl MUUICHb, HACBILICHHAs TpUTHEM. Ha BBICOKOBOJIBTHBIN 3JEKTPOJ MOAAIOT OTPULATEIBHOE
Hamnpspbkenue nopsaka 150 kB. Mexay KarogoM M BBICOKOBOJBTHBIM AJICKTPOJIOM PAaCIOJIaraeTcsl MOJIbIN
LWIMHIPUYECKUN aHOJ, Ha KOTOPBIN MOAAIOT MOJIOXKUTEIBHOE HANPSYKEHUE B HECKOIBKO coTeH B. CHapyxu
TpyOKH BOKPYT aHOJa pacrojaraercsi KaTylKka HHIYKTUBHOCTH.

Ka rywka
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Puc. 14.1. Yerpoiicreo HefiTpoHAOro reneparopa

DNEKTPOHBI, SMUCCUPYEMBIE KAaTOI0M, YCKOPSIOTCS MOJEM aHOJA U MOHU3UPYIOT aTOMBbI JAEUTEpHs B
TpyOke. OJTHOBpEMEHHOE JAEHCTBHE JEKTPOCTaTUYECKOr0 MO  aHOAa M MAarHUTHOTO HOJIs
KAaTyIIKd WHAYKTUBHOCTH 3aCTaBIISIFOT 3JIEKTPOHBI ABUTATHCA 110 CIUPAJIH, YTO YBEIUYUBACT JUIMHY UX IyTH
U yCUJIMBAaeT MX MOHM3MpYolee aeiicTBue. [1og0kuTeNbHO 3apsHKeHHBbIE HOHBI JeHTepus MPUTIATUBAIOTCS
[I0JIEM OTPHUIATEILHOTO BBICOKOBOJBTHOIO JJIEKTPOJA, YCKOPSIOTCS U OOMOapIupylOT MMILEHb,
HACBIIICHHYIO TpUTUEM. B pe3ymbTare siiepHOi peakiuu:

1H2+/H3=2He4+0n1

o0Opa3yeTcsi MOTOK HEUTPOHOB ¢ »Heprueil no 14 M»sB. Brixonm HelTpoHOB -10° -10° HEHUTp/c.
JUIMTenbHOCTh IOTOKA 3aBUCHUT OT BPEMEHH I0/1aYy HANPSHKEHUs Ha aHOA U cocTaBiisieT 00br4Ho oT 10 10 20
MKc. Pacxon nmeiliTepusi KOMIEHCHpYETCsl 3a CUET €ro BBIJENCHHs U3 XpaHWIUIIA MPH NPOIyCKaHUH Yepe3
HETro 2JEKTPUYECKOT0 TOKA.

JUTuTensHOCTh HEUTPOHHOTO UMITyJIbca 0003HauaroT Jr, a HHTepBal BPEMEHH MEXIy MMITYJIbCaMH -
m. Yactora cnenoBanusi ummyiabcoB - oT 10 mo 500 I'm. Yepe3 HekoTOpoe BpeMs IOCIE HCIYCKaHHS
UMIIyJIbCa, HA3bIBAEMOE BPEMEHEM 3a/I€P)KKHU I3, IPOU3BOIAT U3MEPEHHE MJIOTHOCTH OTOKA HEUTPOHOB MITU
MIPOJYKTOB MX B3aUMOJIEUCTBUS C BEIIECTBOM B CpeJieé B T€UEHHE KAaKOro-TO MHTEpBajla BPEMEHM 3aMepa
ATsay (puc. 14.2").
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Pare. 14.2. Mpadis uisensnus MOOTHOSTH METENHEX HERTPOHON IO DREMENTH TTRH
HMITYALCHOM HERTROHHOM KapoTase

W3MeHsst BpeMs 3aJepKKU IPU MOCTOSIHHOM ATsy,  MOYKHO IOJIYYUTbh 3aBUCHUMOCTh  IUIOTHOCTH
HEHUTPOHOB (TEIUIOBBIX WJIM HAATEIJIOBBIX) WU

WHTEHCUBHOCTHA PaJAMAIlMOHHOTO Y-W3JIy4YeHHs] OT BpEeMEHU 3alnepkku. Takum o6paszom, HMHK
MIO3BOJISIET MCCIIEN0BATh HE TOJIBKO MPOCTPAHCTBEHHO-IHEPrETHUECKOE, HO U BPEMEHHOE paclpeiesieHue
HEHTPOHOB B cpelie U, CIIE0BATENbHO, 00JIee MOIHO U3YYUTh HEUTPOHHBIE XapaKTEPUCTUKU TOPHBIX MOPOI.

[Ipu uMIyabCHOM OOMYyYEHHMM MPOIECCHl 3aMeUIeHUs] ObICTPhIX U AU (y3UN TEIUIOBBIX HEHTPOHOB
MIPOUCXOJAT, TPyOO TOBOPSI, MOCIEJOBATEIBHO U MOTYT OBITh MCCIEIOBAHbBI PA3/lelbHO B 3aBUCUMOCTH OT
BPEMEHMU 3a/1CPIKKH.

Kak BuaHOo u3 puc. 14.2, mI0THOCTh MOTOKA TEIJIOBBIX HEHTPOHOB CHAyaja YBEIMYMBACTCS 33 CUET
3aMezieHust ObICTPBIX HEHTpoHOB 1 yepe3 10-100 MKC JOCTHUraeT MaKCUMyMa, a 3aTeM YMEHBIIAETCs 3a CUET
TOTO, YTO TEIUIOBbIE HEUTPOHBI HAUMHAIOT TUGGYHIUPOBATH BIOJIb OCH CKBAKUHBI, @ U3 CKBAKUHBI - B IIACT
u nornomarbes. KommuecTBo ux yObIBaeT 1o 3aKOHY

— VI
N = Ng - "/;" 2 (14.1)

I1€ T, - CpeaHee BpEMsl >KM3HM TEIUIOBBIX HEHTPOHOB (OT MOMEHTa 3aMENJICHUs A0 MOMEHTa
TIOTJIOIICHHS ).

Bpems 3amesnenns ObICTphIX HelTpoOB (10-10% MKC) XapakTepu3yeT 3aMeIsIONIie CBOHCTBA, T.c.
BOZOPOOCONCP)KAHAE TOPHBIX IOPOX, a Bpems ubdysuu TemwioBeix HeiirporoB (10° -10% Mkc)
OTIpeNieNIIeTCs. U BOAOPOAOCOACPKAHUEM, M HaTU4MeM sjep ¢ OONBIIMM CEYCHHMEM 3aXBaTa TEIUIOBBIX
HeUTpoHOB (Hampumep, C/ B IIIaCTOBBIX BOJAX).

NMnynbcHbIN HEUTpOHHBIN KapoTax Bo3MokeH B Bapuantax MHHK-HT, MHHK-T, MTHI'K u UTHI'K-C
(co criektpometpueit [ IP3). HauGonpmmum pacnipoctpanenuem mnoib3yercs Bapuant MHHK-T.

IIpyMeHeHre UMITYJILCHOTO HEMTPOHHOI0 KAPOTAaKa

C nomompro MHK pemrarorcss pasHooOpas3Hbie Teosornyeckue 3amadd. Ha HeTsSHBIX M Ta30BBIX
MECTOPOKIEHUSAX 3TO - JUTOJIOTMYECKOE pacwieHEeHue paspe3oB, omnpeneneHue nonoxenuns BHK, I'HK,
I'BK, xak B pa3BelOUHBIX, TaK U B AKCIUTyaTallMOHHBIX CKBaXXMHAX; Ha PYIHBIX - ONPEJCICHUE COACPKAHUS
3JIEMEHTOB C MMOBBIIICHHBIMA HEUTPOHHBIMU CBOHCTBAMH.

[Tpu MHHK-T HedTAHBIX CKBa)KWH UCHOJIb3YIOT KaK HEMPEpBhIBHBIC, TaK W MOTOYCUHBIC U3MEPCHUS.
[Ipy HempephIBHBIX 3aMKCHIBAIOT OAHOBPEMEHHO, KaK MUHUMYM, JBE IUArpaMMbl IJIOTHOCTH ITOTOKA
TEIUIOBBIX HEUTPOHOB C Pa3HbIM BPEMEHEM 3aJCPKKU IPU MOCTOSHHOM Ats,y. Kaporaxk mpousBomsT npu
MepPEeMEIIEHUN CKBOKMHHOTO MpUOOpa CHU3Y BBEPX CO CKOPOCThIO Topsaka 120 m/yac W ¢ MOCTOSHHOM
BpeMeHH npubdopa 12 c.

[To oTHOWIEHUIO TTOKa3aHUM B JIBYX KaHallaX CYyIsT O CpEIHEM BPEMEHH JKU3HH TEIUIOBBIX HEHTPOHOB
T, UeM cuibHEe OTJIMYAIOTCS STH IOKa3aHHs, TeM MeEHblIe T, KOJM4YeCTBEHHO T, pPacCUMTHIBAIOT IO

bopmye:

Ta — T,
z_ﬂ — E]
InN, —InN, (14.2)
TOe T1, T2 - BpeMd 3aJepKKH 11 1 1 2 KaHAJIOB;

N; " N,- nokazaHus (CKOPOCTb CUETa) B TE€X XK€ KaHaJax.
ITpu BEIOOpE BpeMEHM 3aJEPAKKH T3 U BPEMEHH 3aMepa ATs,y, COOTIONAOT YCIOBUE



T3 > -
32 Tn > ATsg - (14.3)

B nactosiiiee Bpemsi umeeTcsl anmapaTypa, KOTopas aBTOMaTH4ea PacCUUTBHIBAET T, U BBIIAET 3TOT
napameTp Ha peructparop. CpeaHee BpeMst KU3HU TETUIOBBIX HEHTPOHOB 3aBHCHUT OT COJIEPKaHUS BOJIOPOIA
U COJEep>KaT MOTJIOTUTENEH HEUTPOHOB (XJI0pa) B cpene. i miacToB, HACHIIEHHBIX HEPTHIO WIH MPECHOMN
Bojou, 1,=0,3-0,6 McC; 1 TIACTOB, HACHIIIEHHb MUHEpaJM30BaHHOM Bomol T, =0,11-0,33 wmc; nmus
ra3oHacChIeHHLIX 11acT T, =0,6-0,8 Mc.

Takum  oOpa3oM, 1O mapaMmeTpy T, IUIaCThl, HACHIIIEHHb MUHEPAJTU30BAHHOW  BOJIOH,
XOpOILIO  OTJIMYAIOTCS  OT  He(dTe-ra30HacChIMEeHHBIX. Ha 3TOM OT/IIMYMM OCHOBAaHO NMPUMEHEHHE METO/Ia
NHHK-g1s1  nmpocnexuBanust usmeHenuit mnonoxxkenns BHK uw  I'BK B mpomecc paspaborku
MecTopokaeHui HedTu u raza (puc. 14.3).

[Ipu Oouspmioi MHUHEpaJM3auK IIACTOBBIX Box (Oomee 100 r/m pasnereHWe BOJOHACBHINICHHBIX H
He(TEeHACBIICHHBIX YacTel TIacTa BO3MOXHO naxe mo oxHod kpuBoit MHHK ¢ Gonbmium BpemeHem
3aJIEPIKKH.

Han BomoHachIIIEeHHON YacThIO 1, 3HAYUTEILHO HIDKE, YeM Ha He(DTeHACHIIIEHHOMH, KaK 3TO BUAHO IO
puc. 14.4, rne Hapsay ¢ nuarpamme MHHK-T Ha Bpemenu 3anepxku 13=780 MKC pUBEAEHA ISl CPaBHEHUN
nuarpamma metoga HHK-T ¢ ammynbHbM ucTouHrkoM, Ha kotopoit BHK H oTOuBaercs BoBce, HO Hanbomnee
WH(POPMATHUBHBI TOUCUHBIC UCCIICIOBAHUS.

PaccrosiHre Mexay TouKkaMu HaOIIOIeHUsI BHYTpU He(PTEeHOCHBIX TuiacToB coctaBisieT oT 0,4 no 0,8 wm,
B BOJIOHOCHBIX - 0,8-1,0 M. Ha ka)x10#1 TOUKe MPOU3BOIAT IO HECKOJIBKO 3aMEPOB, MEHSISI BpEMS 3aACPIKKH T3
IIP MOCTOSHHOM ATs,y, U TaKUM 00pa3oM MOAPOOHO MCCIEAYIOT 3aBUCHMOCTh TUIOTHOCTH MOTOKA TETLIOBBIX
HEHUTPOHOB OT BpeMeHH. [10CKOIBKY BpeMsl *KH3HU TEIUIOBBIX HEHTPOHOB B IJIacTe OOJIBIIE, YeM B CKBAKUHE
n3-3a OOJNBIIET0 KOJMYECTBA BOJOPOAA B CKBAXKMHE, TO, CIYCTS HEKOTOPOE BpEMS MO HCIYCKaHHs
HMMITYJIbCA, KOJIMYECTBO TEIJIOBBIX HEHUTPOHOB B CKBAXXWH CTAHOBHUTCS MEHBINIE, Y€M B IUIACTe, U OHU
HaynHAIOT IudGyHAUpPOBaTh W TUIacTa B CKBaXHHY. C yBETMYEHHEM BPEMEHH 3aJEP>KKH IETEKTOP
pPErUCTpUpPYET BCE MEHBIIEE KOJUYECTBO TEIUIOBBIX HEUTPOHOB, HO OSTH HEUTPOHBI MPEACTABISIIOT
HauOOJBIINN UHTEPEC, T.K. OHU UIYT U3 HAUOOMBIIIE TIIyOUHBI IJIacTa.
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Pme. 14.3. OnpemsneRe Texyuero  Puc 1dad. Onpepenerme moposcH =
MonoMEENHE  BRONOWEdTIHOrG  KOHTAKTA [d W0 AHATPasiss HHHE-T ¢ Goakime
JLLFIED LA s 1 ERCFOTo HERTPOMITOTD  BREWMEHER AR EPHECHKH

HAPOTANGG B IECTUIY ATRIHOITH O SRR
{no BH. Monceeny)

[Ipy moTOUYEYHBIX U3MEPEHUSAX CTPOST rpaduK 3aBUCUMOCTH Joraprudma mokazaHuil /nN; oT BpeMeHH
3alIepKKH T3;. Takol rpaduk (puc. 14.5) mo3BoisieT TOYHEE ONMPEACTUTh 3HAYCHHE T, TUIACTA KAK BEJTHYUHY
KOTaHI'€Hca yIJla HaKJIOHa KpUBOH /n N = f(T) ipu OOJBIINX T3.

[Ipu ManbIX T 3 HAKJIIOH KPUBOW 3aBHCUT, KPOME T,, TAKXKE OT AUAMETpa CKBAXHHBI U CBOWCTB CpPEJIbl, €€
3anonssomei. [Ipu Gonpmux T 3 Takoe BIHUSHHUE MOCTETIEHHO MCYE3aeT. Y MEHbIIICHUE BIUSHUS CKBA)KMHBI
SBIISICTCST OOJIBIIMM TPEUMYIIECTBOM HMITYJILCHBIX HEHTPOHHBIX METO/OB Tepe/ CTAIlHOHAPHBIMHU. Eme
OIHO  TPEUMYIIECTBO -  0OoJee  BBICOKAs UYBCTBUTEIHHOCTH K COJIEPIKAHUIO AJIEMEHTOB, CUIBHO
MOMIOIIAKOIIUX HEUTPOHBI.
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Puc. 14.5. 3aBuCHMOCTbH IJIOTHOCTH IMOTOKa TETUIOBBIX HEUTPOHOB oT BpEMEHU
3a/1IEPKKH U ompeneneHue
CpEeIHETO BPEMEHH  JKM3HU TEIUIOBBIX HEUTPOHOB B cpeie m,,

B pyaHBIX CKBa)KMHAX UMITYJIbCHBIE METOBI TIO3BOJISAIOT OMPEENIATh FrOpa3l0 MEHbIINE KOHIIEHTPAIUH
JJIEMCHTOB C ITOBLIIMNICHHBIM CCUYCHHUEM 3aXBaTa TCIIJIOBBIX HCfITpOHOB, 4YCM CTAllUOHAPHBIC MCTO/IbI.

Nmnynecueii HHK ¢ peructpanueid 3ama3aplBalONIMX HEUTPOHOB MOKET HCMOJIb30BATHCS IS
OTIpeNIeNICHUs] COJIepKAHUSI ypaHa B YCJIOBUSIX OYpOBBIX CKBaXHH. IIpy 3TOM NpPUMEHSIOT TeHepaTop
HEUTPOHOB C MajoOW YacCTOTOW HMMITYJIbCOB, a BpeMs 3aJepKKH BbIOMparoT B 5-6 pa3 Ooblne CpeaHETo
BPEMEHHU KU3HU HEUTPOHOB B rOpHOM mopoae. IIpu Takux yclIOBHAX NETEKTOP PErMCTPUPYET MPAKTUYECKU
TOJBKO TaK Ha3bIBa€MbI€ '3ama3ibIBaroiive” HEUTPOHBI, KOTOpPHIE COMPOBOXKIAIOT pPaCHaJ HEKOTOPHIX
NpOAYKTOB ACIICHUA ypaHa, BBI3BAHHBIN IIOTJIOIICHUEM HGfITpOHOB HCKYCCTBCHHOI'O UICTOYHUKA.

I'aMMa-HeHTPOHHBI KAPOTAXK

["amma-neiTponnsii kapotaxk (I'HK) ocHoBan Ha siBiieHnn simepHoro (GotodddexTa u 3aKIovaeTcs B
pErucCTpaIi TEIUIOBBIX HEHTPOHOB, BO3HUKAIOIIMX B pE3yJbTaTe OOJYyYEHHUS TOPHBIX MOPOJ SKECTKUM Y-
U3IIy4YEHUEM.

Peakuuu sipepHoro hotosddexta moporossie, OHU BO3MOKHBI TOJBKO TOI' /1A, KOTJa 3HEPTHUs Y -KBaHTa
MIPEBBIIIACT SHEPTHIO CBSI3U HEUTPOHOB B sifjpe. s GONBIIMHCTBA XMMHUYECKHX DJIEMEHTOB 3Ta SHEPTHUs
JEeKUT B nipeaenax 4-16 MaB. Paanon3oTonHbele HCTOYHUKH TaKHMX Y -KBAaHTOB He AatoT. Hanbonee yn1o0HbIE
13 HUX MCIIyCKalOT Y -KBaHTHI € 3HEprueut e 6oxnee 2,5-3,0 MaB.

Haumensineit sHepruei cBs3u HEUTPOHOB B sAnpe obnamatoT O6epuwnuit (E=1,67 M»aB) u nelitepuii
(E=2,23 MaB).

IIpy HCIONB30BAHMH PAIHOM30TOIHOrO HcTounnka Sb'>* ¢ sueprueii y -kanToB 1,69 M5B Ha sapax
OepuiIns IPOTEKAET PEeaKIIMs:

. . :
4Be” +y—>,Be +qn' ~1,67MsB —2,He* +,n' ~1,67M3B.

CKBaXMHHBI TpUOOP COAEPKUT HUCTOYHHUK 7Y -KBAHTOB M JIETEKTOpP HEWTpoHOB. B KauecTBe
JIETEKTOPOB HCIMOJB3YIOT MPONOPIMOHAIBHBIE ra30pa3psiiHble WM CUMHTWUISILMOHHBIE (Ha OCHOBE ZnS)
CUETYMKH TEIUIOBBIX HEUTPOHOB. [[nmuHa 30H1a 12-13 cm. ['yOuHa ucciaenoBanus NpUMEPHO Takas ke, KaK B
metone HHK-T. IIpumep nuarpammel ' HK npuBenen Ha puc. 14.6.

[TockonbKy ApyTUX SJIEMEHTOB, OOJIAJAIONINX CBOWCTBOM sigepHoro (otodddexra, B paszpese
ckBakuHbl HeT, To ['HK Ha Oepummii oOecnedynBaeT OYEHb BBICOKYIO TOYHOCTb B OIpPEIEICHUU
MPOLIEHTHOTO cojepkanust 3toro snemeHtra - a0 0,001%. 3aBUCHMOCTHh TJIOTHOCTHM MOTOKA TEIJIOBBIX
HEHUTPOHOB OT cojJep)kaHusi Be mnpaktuyecku nuHeiHa (puc. 14.7). BnusHue u3MeHEeHUl HEHUTPOHHBIX
CBOWCTB pPyAbl M BMELIAIOIIUX IMOPOJA (Hampumep, 3a cueT coaepkaHuss B u Li) MoXeT ObITh yUYTEHO
komiiekcupoBanrem merogoB 'HK u HHK-T.
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Pue. 14.6. Bryrenenne GepunnomocHbx Puc. 14.7. JanucumocTs Hasexelioro sdderta
MErMATHTOR B pAIpeIs CKBAKHHEL 110 OT coaepaning DCpUITHA MPH raMsa-
auarpasse FHE HeHTPpOHHOM KApOTawE

HNmeercs Takke NpUHOUIMAIBHASA BO3MOXHOCTH ucnosnb3oBaHud ['HK mo nedtepuro Ha
MECTOPOXJIEHUIX HeQTH Ul ycTaHoBieHus nonoxenus BHK, nockonbky conep:kanue aeitepus B He(hTH B
1,5 pasa Beie, ueM B Boje. [IpenmyiiectBo 3Toro metona npu orouske BHK - HezaBucumocts pe3ynbraTos
OT MUHEPAJIN3ALIUHU TUIACTOBBIX BOI.

HelTpoHHO-aKTUBAaLIMOHHBIN KapOTaxK

Heiitponno-aktuBanuonusiii kapotaxx (HAK) ocHoBaH Ha M3MEpeHUM aKTUBHOCTH HMCKYCCTBEHHBIX
PaAMOaKTUBHBIX U30TOIOB, 00Pa3yIOLIMXCs B TOPHBIX MOPOJAX MpU 00JyUYEHUHU UX TEIJIOBBIMU U OBICTPBHIMU
HEUTPOHAMMU.

BONbIIMHCTBO XMMHUYECKUX 3JIEMEHTOB IpPH OOIYy4eHHMM HEWTpOHaMU 0Opa3yeT MCKYCCTBEHHBIE
PaaMOaKTUBHBIE U30TONBL. SIpa aTOMOB 3TUX W30TOIOB MOTYT MCITyCKaTh (.-4ACTHLbI, IPOTOHBI U Y -KBAHTHI.
BeposTHOCTh simepHOM peakuuu, NPUBOASILEH K OOpa30BaHUIO DPAJMOAKTHUBHBIX SAEp, OINPEAEIAeTCs
CCUCHHEM aKTUBALIUU OC,. IIOBBIIICHHBIMH CEYEHHUSMH AaKTHBALMM IOCPEICTBOM TEIUIOBBIX HEHUTPOHOB
OTJIMYAIOTCSl Takue 3jieMeHThbl, kKak Na, Al, P, Cl, Ca, Sc, V, Mn, Co, Cu, Ag n np. lloBbllIEHHBIMU
CEUYCHUSIMU aKTHBAIIUU TTOCPEJICTBOM OBICTPBHIX HEHTpPOHOB obOnanatot F, O, Al, Si, Fe u HEeKOTOpBIEC ApyTrUe
JJIEMEHTHI.

B kaporaxe HCHOJNB3YIOTCS TE€ PpEAaKUUU aKTUBAILMM, KOTOpbIE MPHUBOAAT K 0Opa30BaHUIO
PaAMOHYKIIMJIOB, TAIOLIUX Y -U3JIy4ECHHUE.

Ha nmpaktuke a1 Bo30yXKI€HHs 3TOTO0 M3JIyYeHHs] B CKBRXXKMHY MOMEIIAIOT CTAllMOHAPHBIN MCTOYHUK
HEHTPOHOB M OOJIy4alOT MM TOPHYIO MOPOJY, HMPEABAPUTEIHLHO U3MEPUB B 3TOW TOUKE E€CTECTBEHHYIO Y -
aKTUBHOCTb. Bpems 00iayuyeHHs HOIKHO OBITH COM3MEPUMO C IEPHOAOM IOIypachajza HCCIeayeMoro
MCKYCCTBEHHOT'O PaJIMOHYKJIHM/IA, YTOOBI OH yCIIed HAKOMUTHCS B JOCTATOYHOM KOJIMYECTBE. 3aTE€M Ha MECTO
HCTOYHUKA HEUTPOHOB MOMEINAIOT IETEKTOP Y -KBAHTOB M U3MEPSIOT HABEACHHYIO aKTMBHOCTh. HaBenennas
aKTUBHOCTb IIPONOPLMOHAJIBHA YHUCIY sI€p aKTUBUPYEMOIO 3JEMEHTA B IOPOAE U CHAJAET C TEUEHHEM
BPEMEHH, KAK U PaJlMOAKTUBHOCTb €CTECTBEHHBIX JJIEMEHTOB, 10 SKCIOHEHTE. [I0CKONIBKY OZHOBPEMEHHO C
HCCIIEyEMBIM JIEMEHTOM AKTHUBUPYIOTCS W Ap. 3JIEMEHTHI, BXOJAIIME B COCTaB T'OPHOM MOPOJBI, TO IS
BBIJICJICHUS U3JTy4YEHUsI UCCIEAYEMOro 3JIEMEHTa UCIOJIb3YIOT BPEMEHHYIO (II0 MEpHOAy MOIypacnana) Wiu
SHEPIeTUYECKYIO CEJIEKIUIO.

[Ipn BpeMEHHOI CEJIEKIMU PETUCTPUPYIOT W3MEHEHHs HAaBEICHHOW aKTHMBHOCTH [, BO BPEMEHU U
CTPOSIT KPUBYIO 3aBUCUMOCTHU [nl,,=f(t), IpeaBapUTEILHO BBIUTS u3 MU3MEPEHHBIX 3HAYEHUI



HHTCHCHUBHOCTb CCTCCTBCHHOI'O Y -HU3JTy4YCHHA. Ilo »toit KpI/IBOfI PpaCCUUTBIBAKOT IIEPpUOA TITOJIypaciiaza
HCCICaAYyEMOro n30TOI1A.

IIpu oHepreTMueckor CEJNEeKUUMHU HCHOJB3YIOT Y-CHEKTPOMETPUUYECKYIO amnmaparypy, KOTOPYIO
HaCTpauBarOT HA SHCPTHUIO Y -U3JTYUCHUA COOTBECTCTBYIOLICTO U30TOIIA.

HAK mpumeHstoT, r1aBHBIM 00pa3oM, Ha PYIHBIX MECTOPOKICHUSIX IJIS ONpEAeNeHUS COAEpKAHHIMA
Cu, Mn, Al, Si, F.

[Ipumepsl peakunii, KOTOPBIE IIPU TOM UCIIOIB3YKOTCS:

Cu®(n,y)Cu® Ty, =128y, E, = 0,5 M>B);

Cu® f’n.y}Cuﬁ'ﬁ {‘I"%1 =51 mun., E, =1M>dB);

Mnﬁ(ﬂ.y)Mnﬁ(T,z =2,64, E, =0,85M>dB);

Al (n,¥) Ar (T, =23mun., E, =178 MaB)Ha Teiossix HefTpoHax;
2

Si*®en, p) Al (T, =23 Mun., E, = 1,78 MoB) na GeicTpbIX HelATpoHax;
2

FY(na)nN'® (T, =73mmn., Ey =614 M>B).

MeTtoauky ompenenaeHust MpoLUeHTHOro coaepkanuss Cu B CKBaKMHAX IO JIOJTOXKUBYIIEMY H30TOILY
BIiepBblie pazpadoran mpod. I'.C. BozxeHHUKoB.
Ha yronpnabix MectopoxaeHusx HAK MoxeT ncnoib30BaThbCs AJIsl ONPENETCHUS 30JIbHOCTH YTIIEH MO
HaBeICHHOW aKTUBHOCTH A/ 1 Si (Takas MeTronuka Obuia pazpadorana noi. U.M. bpenHeBsim).
Ha mectopoxnennsix Hedptn HAK MoxeTr ncmonszoBarbes s kaptupoBanus BHK no naBenennoi
AKTUBHOCTH XJIOpA U HATPHUSL:
13 ¢, ) CL1PEB (Ty, =37 mun., E, =215u1,6 M>B)

[
Na?? (rn, y INa?? (Ty, =15=, E, =2,15u 1,37 M>B).

[pu Tip < 3 MUH. aKTUBAIMOHHBIM KapOTa)X BO3MOXKEH B HENPEPHIBHOM BapUaHTE, MPH 3TOM
HCTOYHUK HEHUTPOHOB JBMXKETCS BIIEPEAM NETEKTOpa M aKTUBHpYeET nopony. CKOpOCTh KapoTaka IOJDKHA
OBITH TaKoW, YTOOBI BpeMsl MPOXOXKICHUS MHTEpBaja, PaBHOTO JUIMHE 30HNA, MPHUMEPHO COOTBETCTBOBAJIO
NepHoAy IoJIypacaia U3y4yaeMoro paIuoHyKJIna.

KoHTposbHBIE BOITPOCHI

1. IlosicHuTe yCTPOMCTBO CKBAKUHHOI'O I€HEPATOPA HEUTPOHOB.

2. B yem 3axiouaroTcs MNpeuUMyIIECTBAa KapoTaXa C  HMMITYJIbCHBIM HUCTOYHMKOM  MEpen
KapoTaXeM CO CTallMOHAPHBIM HCTOYHUKOM HEHTPOHOB?

3.  Kakue Moaudukamuum KapoTa)ka BO3MOXHBI C INPUMEHEHHEM HUMITYJIbCHOTO HCTOYHUKA
HEUTPOHOB?

4.  Ort 4ero 3aBUCHUT BpeMs 3aMeJIJIEHUSI HEUTPOHOB?

5. Kakue (akTopsl OnpenenstoT cpeiHee BpeMs KHM3HM TEMJIOBbIX HEUTPOHOB?

6. Ilpu kakoM XapakTepe HACBIIIEHUS TOp IUIACTOB-KOJUIEKTOPOB (HE(PTIHOM, BOJHOM WU
ra30BOM) CpeJiHee BpeMs KHU3HH TEIIOBBIX HEHTPOoHOB MUHUMaNIbHO? [Ipy KakoM - MakCUMaIbHO?

7. Kax nposBisercs nonoxxenue BHK npu MHHK-T B 06cakeHHBIX cKBaknHaX?

8. B uewm 3akmrouaercs raMMa-HEUTPOHHBIN KapOTax?

9. Ha kxakue snementsl npumensitor ' HK?

10. B uem 3akimroyaeTcss HEUTPOHHO-aKTUBALIMOHHBIA KapOTaxK?

11. B kakux ciayuasx Bo3moxHo nposenenre HAK B HenpepsiBHOM BapuaHTe?



Jlekuusa 15

INPOYUE BU/bI KAPOTAXA

TepmMoMeTpUs CKBAKUH

TepMmomeTpuss 3aHUMaeTCsl H3YYEHHEM ECTECTBEHHBIX U HCKYCCTBEHHBIX TEIUIOBBIX IIOJieH B
CKBA’)KMHAX U OKPYKAIOMUX UX T'OPHBIX MOPOJAax.

Ecmecmeennvie noniss MOTYT OBITh CBSI3aHBI C PETHOHAJIBHBIM (TIyOMHHBIM) TEIUIOBBIM TOJIEM 3eMilH, a
MOTYT OBITH OOYCIIOBIIEHBI M MECTHBIMH IIPOLIECCAMM, HANpUMeEp, OKUCIEHUEM CyIbQUAHBIX Py,
PaAMOaKTUBHBIM pachajoM, PacTBOPEHHUEM COJIEH, MPUTOKOM IMOJ3EMHBIX BOJ WM BBIJEICHHEM Tra3a B
CKBQ)XHHY.

Uckyccmeennvlie nons MOTYT BO3HUKHYTh TOJ JeiicTBHeM Temia OypoBOro pacTBopa,
CXBAaTbIBAOICTOCA ILIEMCHTHOI'O KaMHA HWIIN CIHCOUAJIBHBIX CKBAaXHWHHBIX HaneBaTeHeﬁ. HOI[pOGHO BCEC
MPUYMHBI BOSHUKHOBEHHMS TEIJIOBBIX MOJIEW B CKBAXKMHAX MEPEUUCIICHBI HA puc. 15.1.

Fenxogesle nrROTA
& CHASQNUEHOAX
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Puc., 15.1. Knac'.cmi‘mxm:_un TenAoRMY Nogcl B CHBAMHHAK M0 HX MPOHE 0 IS HHIN

TeMmmepaTypHble H3MEPEHUS MOTYT IPOBOJIUTHCA 6 YCMAHOGUBUIEMCS WIIA HEeYCMAHOBUBULEMCS
TEIUIOBOM pEXHME CKBOKUHBI. [Ipw yCTaHOBUBIIEMCS peXHME TeMIleparypa OypoBOTO pacTBOpa HeE
OTJIMYAETCS OT TEMIEPATYPbI CTEHOK CKBaXKUHBI, T.€. TEIUIOOOMEH MEX/ly HUMHU y>K€ 3aKOHYEH.

[Ipn HEeycTaHOBHBIIEMCS PEXHUME MPOUCXOTUT TEIIOOOMEH MEXIy OypOBBIM PAaCTBOPOM M TOPHOM
nopoaoi. Paznocts Temnepatyp Mexay HUMH Onpenensercs no Gpopmyse:

e
Ar = Atg| 1 — el®aT

rae Aty - pa3HOCTb TEMIEpATyp B HauaJbHbI MOMEHT BpeMeHH m = (;

d - nuameTp CKBa)KUHBI;

a - k03 PUIHEHT TeMIIePaTyPOTPOBOIHOCTH (0 HEM JAIIBIIIE).

Pacuersl moKa3bIBalOT, YTO MJIi YCTaHOBJEHHUS CTAllMOHAPHOTO pEXHMa C TOYHOCTBIO 110 5%
HeoOxouMma 3kcno3unus okono 100 cyTok (mpu quameTpe CKBaKuHBI 20 cM).

du3nyecKne 0CHOBbI MeTO/1a

CoriacHO TEOpHH, PacCHpPOCTPAHEHUE TEIUIOBOTO TOJNSI B Cpele OMUCHIBACTCS TU(PEepeHINATbHBIM

YpaBHEHHEM TEIJIONPOBOIHOCTH (ypaBHEHHE Dypbe), KOTOPOE A OAHOPOAHOM M30TPOIHON Cpelbl UMEET
BU/I:



o _ av2y (15.2)
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rmue V- onepatop Jlannaca, B IpAMOYTONBHBIX KOOPOAHHATAX
8%t 8% 8%
ox

! — TEMIIEPATYpPAa;
T - BpeMs;
a —  KOMIUIEKCHBIH napameTp, Ha3k!BaeMElH ko3t bHIIHEHTOM

TEMIEPATYPONPOBOITHOCTH {szc}, OH XapaxKTepH3IYeT CKOpPOCThH
nepeaady TeEMNepaTypsl NpH TennootMeHe B cpefe HIIH:

A
a= . (15.3)
[ L
T
roe A — koadpHUHEeHT TENIONPOBOAHOCTH, H
=M
T
o - VACNBHAR TENNOCMKOCTE, —
Kr - K
o — IMMNIOTHOCTE, -5 -
M
Benuuuna, obOpaTtHas A, Ha3bIBacCTCA VOenbHbIM menuioeviM COnpomueierHuem
sl MoK
A’ BT

WHTerpupoBaHre 93TOTO0  YpaBHEHUS B  YCIOBHAX HEYCTAHOBUBIIMXCS TEIIOBBIX MPOIECCOB,
xorza Ot/0T#0, npencrapiseT coboii CIOKHYIO 3aa4y, PelIaeMyIo JIUILIb 1J Haubolee IPOCTBIX CIIydYaes.

IIpu ycTaHOBUBILEMCS Ipoliecce Temiooomena Ot/OT=0 5To ypaBHeHHe 0OpaIiaeTcs B ypaBHEHUE
Jlarnaca: V=0, T.e. pacmpe/eseHie TeroBOr0 OIS ONHMCHIBACTCS TEM e 3aKOHOM, 4TO M CTAIMOHAPHOE
AJIEKTPUUYECKOE TI0JIC WM TPAaBUTAIIMOHHOE TOJIE B IPOCTPAHCTBE, TIE HET JIOTIOJIHUTEIILHBIX MAacC.

[IpocieauM aHAJOTHIO YCTAHOBUBIIMXCS TEIUIOBBIX M JJIGKTPHUYCCKUX MMOJICH Oojiee MoapoOHO
(Tabm. 15.1).

Tabruya 15.1. Ananorus TenfoBore H 3MMEKTPHYECKOro YCTAHOBHBIIHXCH moaeii

XapakTepHcTHKA Nons OnexTpHueCKoe None Tennosoe none
" | 3akoH pacnpocTpasenus | g2y - o v =0
IToTenusan mons B LK
Japan Q.Kn 0, D
Tox, Tennosoit notok __dQ_KH_h ﬂ'&-BT
dr' ¢ dr’ ¢ ]
IInoTHoCTs TOKA, ) dIQ A dEQ Br
ILTOTHOCTE TEILIOBOTD sz d Ty q=d d Y
N r-ds M Tods M
[pamuenT noTenuuana g-_9U B = o K
A'm al’ m ]
Ynensnoe u,. t K
COTPOTHBIEHHE p=rri;Om-m 'f_dgf.r & Br
Jakon Oma B E=jp I's§-q
AndpepenunansHoi
opMe

W3 npuBeneHHO aHalOrMu BHJHO, YTO YJAEIbHOE TEIUIOBOE COINPOTHBIEHHE & HIPaeT TaKylo e
BAYKHYIO POJIb Ul TEIJIOBBIX MOJIEH, KaK U yAEIbHOE 3JIEKTPUUECKOE COMPOTUBIIEHUE p JUISl DJIEKTPUUECKHX.
3HaveHus & Ui pa3InYHbIX TOPHBIX MOPOA MIPUBEACHBI B Ta0. 15.2.

Tabauya 15.2. Ko3(pGuumueHT TeMIoNnpoBOAHOCTH U y/AeJbHOE TeNJIOBOe CONPOTHBJIEHHE TOPHBIX MOPO/



(mo I'.A. Yepemenckomy, 1972)

Ne/n VY aenbHOE TEMI0BOe CONMPOTUBRIICHUE
KosddumpeHT TemonpoBoagHOCTH K - ne
['opnas nopoza, BemmecTso Bt g —
e, ~ BT
K- um
1. ['panut 2,3-4,1 0,24-4,3
2. I"a66po 1,7-29 0,34-5,9
3. JyauT 3.1-5.0 0.20-5.0
4. I'nuna 0,17-1,7 0.58-5.8
5. ITecok 0.35-3.5 0.29-2.9
6. Ilecyanuk 0.7-5.8 0.17-1.43
7. W3BecTHIK 0,8-4.1 0.24-1.25
8. KamenHast coJib 6.2 0.16
9. Bona 0.6 1,67
10. Hedts 0,14 7.15
11. Bozmyx 0,024 41,6

Takum o0pa3oMm, yieJIbHOE CONPOTUBIIEHUE PA3IMYHBIX TOPHBIX MOPOJ pa3indaercs OoJbllIe, YeM Ha
nopsoK. Ero BenuynHa CUIIbHO 3aBUCUT OT MOPUCTOCTH U BiaxxHOCTH nopo. (ITociaennum dakropom
o0BsicHseTCs OONBIION Tuana3oH U3MEHEHUSI TEIJIOBOTO COMTPOTUBIIEHUS OCAJ0YHBIX MOPOJ).

[To naHHBIM HOBEWIIMX MCCIIEIOBAHUIN TEIIOBBIX CBOMCTB, IPOBEACHHBIX METOIOM ONTHYECKOTIO
ckaaupoBanus (1O. Tlomos u ap., 2001), TernaoBoe COMPOTUBIICHUE TOPHBIX MOPO]T OUCHb U3MEHYUBO U B
npenenax uHTepsana B 5-10 M, a nHOrJa U ydyacTka KepHa AnuHou 7-20 cM, MoxkeT uzMeHaTeest Ha 70-100%.
Tax ke, KaKk 1 IEKTPUUECKOE CONPOTUBIICHNE, TEMNIOBOE COMPOTUBIIEHNUE OJTHUX U TEX KE TOPHBIX OPOJT
MOJKET pa3InyaTbcs B 3aBUCMOCTH OT HalpaBJIeHUs, B KOTOPOM OHO U3Mepsiercsa. Hanbonee Benuka

AQHU3OTPOTIHSI TEIIOBBIX CBOMCTB Y CJIOUCTBIX TOPHBIX MOPO/1. Pa3HHIIA B TETUIONPOBOJHOCTH 10 CIIOMCTOCTH
(A, = A,).
Y TIOTIEPEK Hee MOXKET Jocturath 2,0-2,5 pa3

BbiBoa ypaBHeHHS Ie0TEPMOrpaMMBblI

BriBoa sToro ypasHenus naetcs no npod. A.K. Kossipuny.

Paccmotpum pemenne ypaBuenus Jlarnnaca i ciaydast yCTaHOBUBILIETOCS TETNIOOOMEHA MEXTY ABYMSI
MOy IPOCTPAHCTBAMHU, OJJHO U3 KOTOPBIX UMEET MOCTOSHHYIO TeMIepaTypy. Takoil npoiecc HabmogaeTCs,
HarmpuMmep, B mopoaax, NCPECKPLIBAIOMIUX MarMy, Npyu YCJIOBHUU UX TOPU30HTAJIBHOT'O 3aJICTAHUA U OTCYTCTBUS
JIOTIOTHUTEIHHBIX HCTOYHUKOB Teruta (puc. 15.2).

Hauano xoopauHaT pacmnojiokuM B TIpeenax TaK Ha3blBAEMOTo "HEHUTpajabHOro cjos", B KOTOPOM
CC30HHBIC U CYTOYHBIC KOHGGaHI/I}I TCMIICPATYPbl HC MPCBBIIIAKOT TOYHOCTHU H3MepeHI/II>'I, a BCJIWMYMHA
MOCJeIHEN paBHA cpeaHero1oBor temmeparype t0 nanHoi MecTHOCTH. OCH X U Y pacmoiokKUM B INTIOCKOCTH
HEHUTPATBLHOTO CIIOSI, & OCh Z HAIIPAaBUM BEPTUKAIBHO BHU3. TakuM 00pa3oMm, pactpe/esieHue TEIIOBOTO MO
He OyJeT 3aBHCETh OT KOOPJIWHAT X M Yy, CIeOBaTeIbHO, Oy/IeT UMETh OCEBYI0 CUMMETPUIO, a YpaBHEHUE
L

YIPOCTUTCS IO BBIPXKEHUS '
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MOCTOSIHHBIC, 3HAYCHUE KOTOPBIX HYKHO OMPENENTUTh. IlOCKONBKY &
TEMIIepaTypa pacTeT

- - :

Jlammaca V=0 CJIEIOBATEILHO roe cl u c2-
_j" .

, a B HameHd 3agaye

B HAMNpaBJIECHUHU OCU Z, MOKHO Tonararh, 4to cl=I". B miockocTu HEeHTpaIbHOIO

= = t=lz+1;.
cios, Ipu z=0 « fﬂ", cienoBarenbHo, c2=t0, u peleHreM 3a1aun GYI[CT BbIpaXKCHHUE: 0



Puc. 15.2. K BbIBOY YPaBHEeHHS re0TEPMOrpaMMblI
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Opnaxo 3T0 pelieHne ObuIo ObI CIpaBeUINBBIM, €CIIU Obl TEMJIOBbIE CBOMCTBA BCEX CIIOEB, IEPEKPHIBAIOIINX
Marmy, 6su1M ouHakoBbl. Ho oHM pasnble. [loaTomy ob1iee pemienne 0yaeT uMeTh BU:

= I=n

t=tog+ 2. T Az, =ty +q ) Az, _ _
i= i=] rae { - MOIIHOCTH 1-T'O CJIOS

DTO0  ypaBHEHME  JMHHHM,  KOTOpas Ha3bIBACTCS

5 . . =t + 4

JIOMaHOM! re0TePMOrpaMMoOii. Y paBHEHHUE OJHOTO, i-TO 3BEHA Fe0TEPMOrpaMMbI:
r sty Ly K

i = P
Az, Hi-Hiy M 310 pemmuuma MaJleHbKasl, II09TOMY Ha ITPAKTHKE OIEPUPYIOT C

rlnn =IUUF

! KOTOpasi Ha3bIBAETCS Fe0TEPMHUYECKHM IPAIMEHTOM.
K
@

OTKy/a:

0oJiee KpyImHOM BEIMUYNHOM

. 1o =3 ——
Cpennee 115 Beei 3eMili 3HaUEHHUE 100m (15.7), XOT4 B pasHBIX MeCTaX 3HAYCHHUS I 00 BAPLUPYIOT
| S

o1 0,2 10 20 1 0O » . VicHONB3YIOT TaKkKe 0OPaTHYIO BEJIUYKMHY - T€0TEPMHYECKYIO CTYNEeHb

1

Iioo (15.8)

M3mMepeHue reoTepMUYecKoro rpaiueHTa u u3y4yeHue reoTepMorpaMM COCTABIISAET MPeIMET re0TepMUN
WA METOZA €CTECTBEHHOI'O TEIJIOBOI'O MOJIS 3EMIIH.

HeoOxoauMpiM  ycroBHEM  NOJY4YEHHsT TE€OTEpMOrpaMM B CKB@KHMHAX SBJSETCS  HaJlW4Me
YCTaHOBHUBILIETOCS TeII000OMeHa (q = const) MEXIy CKBaXXMHON U OKpPY KAIOIIUMHU [TOPOAAMH, T.€. PABEHCTBO
Temreparyp OypoBOro pacTBopa U rOpHbBIX MOPO/I.

B miockocTH reosIorTHUecKux pa3pe3oB Pe3ysbTaThl T€OTEPMUUECKUX HCCIEIOBAHUMN N300pakaloTcs B
Bujie reorepmorpamMMm ckBaxkuH t = f(H), koTopsle mpeacTaBisioT coOOW JOMaHble JMHUU C TOYKAMHU
nepesoMa HalpoTHB T'PAaHUII IUTACTOB C Pa3HBIMU TEIIOBBIMH CONPOTUBICHUSMH (puc. 15.3). Dtu rpaduku



MOTYT OBITh MEPECYUTaHbl B JHArPAaMMbI TEMIIEPATYypPHOTO TPAaJMEHTa WM TEIUIOBOTO COIMPOTHBIICHUS IO
3akony Oma B muddepennmaibaoi popme, T.K. = const, TO <=« TPONOPIMOHATHHO [
CrposT Takxke npoduiam reousorepm (puc. 15.4).

20 2 qztﬁo i 2 S{rﬁa

H *+ 7 camannar coxd
Puc. 15.3. Bna reorepmorpammer u Puc. 15.4. Tlpoduns reonzorepm Han
rpadMKa reoTEpMHYECKOrO rpafiueHTa Ha CONAHBIM KYTIONIOM

FHNOTETHYECKOM reoNIorHyecKoM paspese

B 1ulaHe pe3ynpTaThl Ie€OTEPMUYECKHX MCCIEJOBAaHUMN M300pakaloT B BHJAE IUIAHOB U KapT
M30TEPMHUECKUX MOBEPXHOCTEH (t=const) wiu kapt penbeda reouzorepm (H=const), KOTOpbIE BBITTISAIAT TaK,

Kak MoKa3aHo Ha puc. 15.5, au 0.
Puc. 15.5. Kapra reousorepm (a) u kapta peabeda reounsorepmbl t=30" (0)

Qa H=Const ] f=Const




TexHuKa H3MEpPEHU TeMIepaTypbl B CKBAKHMHAX

JUiss CKBa)XKMHHBIX W3MEPEHUH HCIONB3YIOT 3JEKTPUUECKHE W DIIEKTPOHHBIE TepMOMETPHI. JlaTunkom
TEMIIEpPAaTypbl U B T€X, U B JIPYTUX CIYKHUT METAIIMYECKUI TEPMOPE3UCTOP, BBHIMIOJHEHHBIH B BUIE TOHKOM
MEIHOU MPOBOJOYKHU, CIOKEHHONW B HECKOJIBKO pa3 M MOMEIIEHHONW B TOHKYIO MEIHYIO TPYyOOUKY, OMBIBAEMYIO
OYpOBBIM PacTBOPOM.

3aBUCHMOCTh COMPOTUBJICHHS] METANIMYECKOTr0 MPOBOAHUKA OT TEMIIEpaTyphl, CTPOTO TOBOpS, HE
JWHEWHa, HO B TIpejesiax HeOONBIIOro (HECKOJIBKO JECATKOB TPayCcoB) AMAra3oHa TEMIIEpaTyp MOXKET ObITh
ONMCAaHA JINHEMHBIM 3aKOHOM:

R" - Rﬂ [1 ¥ ﬂ'(f - tﬂ ] TAe R'D - COIIPOTHUBIICHUE MPOBOJIHUKA IIPH I =rﬂ, a 0. — TeMIepaTypHBbII
kod(durment, rpaa-1. Y UYHUCTBIX METAJIOB TeMIIepaTypHbIH KOA(D(PHUIIMEHT MOJIOKHUTEIICH, €r0 BEIUYHHA
cocramsieT ot 0,0035 mo 0,0068 rpan-1, y momynmpoBOIHUKOB a B JECATKU pa3 OoJbIlle, HO CUIIBHO 3aBUCHT OT
TEMIIEPaTyphl.

B ajekTpuyeckHX TepMOMeETpax NpPUPAIICHUS COMPOTUBICHHUS YYBCTBHUTEIHLHOTO JJIEMEHTA B
3aBUCHUMOCTH OT TEMIIEPATYPbl U3MEPSIOTCS HEMOCPEACTBEHHO C TOMOIIBI0 MOCTOBOI CXEMBI, PEACTaBIEHHOM
Ha puc. 15.6.
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Puc. 15.6. Cxema u3aMepeHmnil CO CKBaKUHHBIM JIEKTPOTEPMOMETPOM



Kitou K BbINOIHEH B BUAE PTYTHOTO pa3MbIKaTessl, IpU MEPEBOPAYMBAHUN CKBAKUHHOTO TEPMOMETpPA
"BBepX HOraMu" OH OTCOEIMHSET MOCT CONPOTHUBICHUNA OT KOpIyca CHapsa, YTO HEOOXOJUMO JUIsl TPOBEPKH
COIIPOTHBIICHHSI U30JIALIMU BBIBOJIOB CKBA)KMHHOI'O CHAPs/1a OTHOCUTENIBHO €ro KopIryca.

[lepen nayamom pabOTHl CKBRXWHHBIK TEPMOMETP TPaAyUpPYyIOT, MOMEIIas €ro B BEAPO C BOJOH,
TeMIepaTypy KOTOPOI MOCTENEHHO MOBBIIMIAIOT ¢ NOMOIIBIO KMITATWIBHUKA WX IEKTPOIUIUTKU. TeMmneparypy
BOJIbI B BEJPE KOHTPOJIUPYIOT OOBIYHBIM PTYTHBIM TEPMOMETPOM M uepe3 Kaxable 5° 6epyTt orcuer AU 1o

n3MepurenbHoMy mpuoopy. Ilo moctpoenHomy rpaduky AU = f(t) onpenenstor MOCTOSHHYIO TEpMOMETpa C,
MB

rpan - C u Temnepatypy T0, npu koTopoi BeixoHOM curHai paseH 0 (puc. 15.7).
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Puc. 15.7. I'paduk rpagynpoBKH CKBaXKUHHOTO 3JIEKTPOTEpPMOMETpA
B nasnpHeiiineM TeMepaTypy B CKBXXHWHE BBIUHMCISIOT 110 popmyiie f = To + <AL (1510)
OOmuit BUJ CKBaXKMHHOTO JIEKTPOTEpPMOMETpa MpeICTaBlIeH Ha puc. 15.8.
Puc. 15.8. BHemHuii BUJ CKBaXXMHHOTO AJIEKTPOTEPMOMETPA

LEOCTOR LN

CEPENOX MOLT kg ‘ i
o gareuk T SO UTH B 2exon

B 371eKTpPOHHBIX TEepMOMETpax HM3MEHEHUs COIIPOTHBIIEHUS] TEPMOPE3UCTOpa Mpeodpa3yroT B
WU3MEHEHHUS YaCTOThI AJIEKTPUUYECKOTO TOKa, JJIS YEro TEPMOPE3UCTOPHI BKIoYatoTcsl B cxeMy RC-reneparopa,
pa3MeILeHHOro B CKBXXMHHOM cHapsiie  (puc. 15.9). ITorpemHocTs Kak 3JIeKTPUUYECKUX, TaK U 3JIEKTPOHHBIX
tepmoMeTpoB He mpesbimaeT +0,1 °C. Kpome omucaHHBIX CKBaXXMHHBIX TEPMOMETPOB, CYIIECTBYIOT €IIE
IPaJiuEeHT-TEPMOMETPHI, PETHCTPUPYIOLINE PA3HOCTh Temmeparyp Ha paccrosHuu 1,5-3,0 M, u aHomanuii-
TEPMOMETPBI, U3MEPSIOIINE OTKIOHEHUE TEMIIEPATYPbl OT €€ CPEIHETO 3HAUCHUS.

Puc. 15.9. Ilpuniun aeicTBust CKBaXXUHHOTO TEPMOMETPA 3JIEKTPOHHOI'O THIIA
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Bce TemneparypHble U3MEpEHUsI POM3BOIAT TP CIIyCKE  CHapsiia B CKBAXHMHY,  YTOOBI
n30eKaTh MepeMenTnBaHms CKBaXKUHHOTO (PIIroua.

HpnMeHeHne TEPMOMETPHUM CKBAXKHH IJISl PCIICHUSA I'COJOT'MYCCKUX U TEXHUICCKHUX 3ada4

N3mepeHne ecTeCTBEHHBIX TEIUIOBBIX IIOJICH Jake B HETTyOOKHMX CKBaXMHAX TIO3BOJISIET CHEAaTh
OHpG[[GJIeHHLIC BBIBOJBI O FJIYGI/IHHOM T'€OJIOTHUYECCKOM CTpOGHI/II/I.

Tak, Hampumep, B CHWJIy TOro, 4YTO TEIUIOBOE COMPOTHBJICHUE Yy KaMEHHOW COJIM MEHBIIE, 4YeM Y
TeppI/IFeHHBIX 0CaA0YHBIX HOpO,Z[, INIOTHOCTH TCILJIOBOI'O INIOTOKA HAJA COJIAHBIMU KYHO.HaMI/I BbIIIC, YEM 3a HUX
MpeesiaMy, TI03TOMY U TeMIlepaTypa B CKBaXWHAX HaJ[ IIEHTPOM KyTIOJjia YBEJIWYUBAeTCS C TIyOuHON Oosee
pe3ko, ueM Ha ero nepudepun (cMm. puc. 15.10, a).

AHanornyHas KapTWHa HaOJIOAAeTCs HaJl CBOAOBBIMH YaCTSIMU aHTUKIMHAIBHBIX CKIIamoK (puc. 15.10,
0).

a > i"m..-"':ﬂﬂif o
oun” G > Qop




Puc. 15.10. [ImoTHOCTH TETJIOBOTO NMOTOKA HAJT COJISTHBIM KYTIOJIOM (2) ¥ HaJl aHTHKJIMHAIBHOM CKIIaIKoM (0)

Orcroma criemyer, 4TO CTPYKTYpBI, 3ajieraionide Ha OONbIIONW TIIyOMHE, MOTYT OBITh OOHApy’>KEHBI IO
TEMIIEPATyPHBIM U3MEPEHHUSIM B HETUTYOOKHX CKBaKUHAX.

OpHako MMPOKOTO MPUMEHEHHUS JJIsl IOUCKOB I€0JIOTHYECKUX CTPYKTYp TEPOMETPHS HE Halllla U3-3a OYEHb
CWIIBHOTO BIHUSHUS Ha TEIUIOBOE IIOJIE MOA3EMHOro BojxooOMeHa. Tak, Hampumep, W3-3a 3TOH NPUUUHBI
T€OTEPMUYECKHI TPaJUEHT Ha ceBepHOM Kpbuie HoBorposneHckod antuknuHaim cocraBiser 0,133° c¢/m, a Ha
FO)KHOM - TOJIBKO 0,097° ¢/M.

HccnenoBanue JIOKAJbHBIX TEIVIOBBIX MOJel Ha He()TEra30BbIX MECTOPOKIACHUSIX MO3BOJISIET OOHAPYKUTH
MeCTa BBIICTICHUS ra3a W3 IJIACTOB B CKBAXHHY. BCle[CTBHE pacIUpeHUs Ta3a MpH €ro BBIACICHUU U3 IUIacTa
MPOMCXOJUT TMOTJIOIIEHHE TeIla U TOHIKEHHE TeMIleparypbl OypoBOTO pacTBopa. OTO TakK Ha3bIBaeMbId
"npoccenbublil 3pdext" (puc. 15.11). [Ipu s3ToM noHMKEHNUE TeMIepaTypbl MokeT qocturats 10 °C.

Bennuuna temnepaTypHOl aHOMaJIMKU 3aBUCUT OT Tepenaaa AaBieHus Ap MEXAy CKBAXKHUHOM U TJIaCTOM

At =-g,, - A115"-,(15.11)

rae “m= - ko3duuuent xoymns-Tomicona. s pacummpsionierocs rasa 3ToT K03(pQUIUEHT MOJ0XKUTENEH,
JUISL JKUJKOCTHU - OTPULIATENIEH.

bnaronapst 3TOMy MecTa HapyllIE€HHUs LEJIOCTHOCTH OOCaJHBIX KOJIOHH BBIJCISAIOTCS TOJOKUTEIbHBIMU
TEMIEpPAaTYpPHBIMH AaHOMAJIMSMHU TIPH KOMIIPECCHPOBAHWU (OTKayKe C TOMOIIBIO0 3piu(Ta, NTPUBOAUMOTO B
neiictBue KommpeccopoM) ckBakuH (puc. 15.12). Ilo mepe yBenuueHHs BPEMEHH MEXAY OTKAUKOH M 3aMepoM
TEMIIEpaTypbl aHOMAaJIHUsl YMEHBbIIAETCS 3a CUET OXJIAXJACHHS KUAKOCTU B CKBAXKHMHE, M TEMIIEpaTypHasl KpuBas
npuOIMKAETCs K Te0TepMOrpaMMme.
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Puc. 15.11. Onpenenenue MecTa NpUTOKA ra3a B CKBAXKUHY

Puc. 15.12. BrisiBneHue HapylIeHHs LETOCTHOCTH OOCaAHOM KOJOHHBI IO JAaHHBIM TEPMOMETPUU TPU
KoMIIpeccupoBaHuu ckBaxuHbI. 0 - "goHoBas" kpuBasi; 1 - uepes 5 MUH. MOcie Hayana OTKavky; 2 - yepe3 30 MuH.
MOCJIE MPEKPAICHHUs] OTKAuYKH

TepMomeTpusi CKBaXXMH MO3BOJIAET BBIABUTH HAJIW4YMe 3aTPYOHBIX IEPeTOKOB IJIACTOBBIX BOJX U
ONPENICIUTh WX HAalpaBlIeHUE, a B HEOOCAKEHHBIX CKBaXKMHAX - OMNPEICIUTh MECTONOJIOXKEHHE IPUTOKOB
MIOJI3EMHBIX BOJ.

IIpu ycraHOBHBLIEMCS peXHME JABIXKYIIUMecs B 3aTpyOHOM TNIPOCTpaHCTBE CHHU3Y BBepx Ooiee
BBICOKOTEMIIEpAaTypHBIE BOJBI HArpEeBAlOT Y4YacTOK OOCATHOW KOJIOHHBI BIOJb CBOETO JBWKCHHS, M Ha
TEPMOTpaMM€ 3TOT yYacTOK BBIAEISAETCS CTYNEHbKOH, pe3KMM YMEHbIICHHEM TEMIEepaTypbl HalpOTHUB KPOBIIU
MOTJIOINAIOIero ropu3oHTa (puc. 15.13, a); mpu 3aTpyOHON LUPKYJSILMK CBEpXYy BHHM3, HA0OOPOT, MPOUCXOAUT
OXJIaXJIEHUE COOTBETCTBYIOLIETO Y4acTKa 00Ca HOM KOJOHHBI U OTMEUAETCs PE3KOe YBEIMUCHUE TeMIepaTypbl Ha
MIOJIOIIBE MOTJIOMIAIONIETO TOPU3OHTA, KaK IMOKa3aHo Ha puc. 15.13, 6.
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Puc. 15.13. BrisBienue 3aTpyOHBIX (UIIOMIOB B CKBRXHHE MO JAaHHBIM TEPMOMETPUHU B YCTAHOBHBILIEMCS
pexuMe: a - MePEeTOK CHU3Y BBEPX; O - MEPETOK CBEPXY BHU3

[Ipun ompeneneHud MecT NPUTOKA TMOA3€MHBIX BOJ B CKBaKMHY CHayala >XHUJIKOCTh B CKBa)KHUHE
MEePEMEIITNBAIOT 10 YCPEIHECHUs €€ TEMIIEpaTyphbl OT YCThs /10 320051 U CHUMAIOT KOHTPOJIbHYIO TepMorpammy O.
3aTeM 4acTh >KMJIKOCTH M3 CKBKMHBI OTKAYMBAIOT (WJIM OTTApPTHIBAIOT), MOHIIKAS B HEW JaBJieHHE U BO30OYyKIas
MIPUTOK MOJ3eMHBIX BOJ. [loCKONMBKY TemmepaTypa MpUTEKaroiel BOJbI 3aBEJOMO OTIUYACTCS OT TEMIIEPaTyphl
nepeMenaHHoro OypoBOro pacTBopa, TO MECTO MPUTOKa OTUETIMBO (DPUKCHpyeTcs Ha TepMorpamme 1, CHATOU
nocye oTkauyku. OTKauKU MOBTOPSIOT, KXKIBIM pa3 COMPOBOXKAAs UX TEMIIEPATYPHBIMU U3MEPEHUSIMHU (KPUBBIE 2,
3, 4), moka maacToBbI€ BOJbI HE JOUIYT J0 YCThS CKBaXXHUHHI (puc. 15.14, a).

BmecTo oTkauku MOXHO HCIOJIB30BaTh MHOTOKPATHBIC JOJMBHI B CKBAXHUHY BOJBI, OTJIWYAIOLIEHCS T10
TeMIlepatype oT OypoBOro pacTBopa, Hampumep, nogorperoil. Ilocne kaxxaoro JoaMBa CHUMAIOT TEPMOTPAMMBI
CKB&)XHHBI, HA KOTOPBIX MPOCIICKUBAETCS OMYCKaHUWE KOHTAKTa JIOJIMTOM TEIJIOW BOJBI M XOJIOJHOTO OYypOBOTO
pacTtBopa. B cuily HeCKMMaeMOCTH KUAKOCTH 3TOT KOHTAKT MEPECTAeT OMyCKAThCS HUXKE MOJIOIIBBI BOJOHOCHOTO
TOPU30HTA -BCA JIOJIMBAaEMasi BOJAa YXOJHUT B BOJIOHOCHBIN 11acT (puc. 15.14, a).
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Puc. 15.14. Onpenenenue MecTa MPUTOKA MOJ3EMHBIX BOJ B CKBKMHY METOAOM "oTTapThiBaHus" (a) u
MeTo1oM "mponasnuBanus’ (0)

HckyccTBeHHBIE TEIJIOBBIE TIOJI, BO3HUKAIONIME TPU CXBAaTHIBAHUM I[IEMEHTHOTO KaMHS, TO3BOJISIOT
OTIPECTUTh BHICOTY MOJAbeMA LEMEHTAa B 3aTpyOHOM MPOCTPAHCTBE MPHU IIEMEHTHUPOBAHUH OOCATHBIX KOJOHH B
CKBa)XMHaX. JTa Oomeparus yCIOBHO Ha3biBaeTcs "oTOuBKOM 1eMenTHOro Kobia" (OLK). M3mepenus mpoBosT B
MepBBIC CYTKH MOCJE 3AIMBKY IleMeHTa. Ha TepMorpamme Ta 4acTh CKBaXXUHBI, T]IE 32 CTEHKOM 00CaIHON KOJIOHHBI
3aJUT LEMEHT, BBIACISIETCA MOJIOXKHUTEIbHON TeMIepaTypHOW aHOMalHel OT OJHOTO JO HECKOJbKHUX IpaycoB
(puc. 15.5). U3pe3aHHOCTh KpUBOH CBA3aHA C U3BMEHEHUSMHU JUAMETPA CKBAXKUHBI.

HckyccTBeHHbIE TEMIIOBBIE MMOJISA, CBSI3aHHBIE C JEWCTBHEM OYypOBOIO pacTBOpPa, OTKPBHIBAIOT BO3MOXHOCTH



Il peleHus 3afauu JudQepeHnmuanuy pa3pe3a CKBaKUHbI 110 TEIUIOBBIM cBoMcTBaM. [l peleHus 3Toi 3agauu
pacTBOp B CKBa)XMHE MEPEMEIIMBAIOT M CHUMAKOT KOHTPOJIbHYIO TepMmorpamMmy 0. 3areM BBIIEPKUBAIOT
CKBRXHMHY HECKOJIBKO CYTOK M IOBTOPSIOT TEMIEpaTypHbIE H3MEPEHUSI.

[TockonbKy mociie NepeMelnBaHus pacTBOpa €ro TEMIEpaTypa B BEPXHEH 4acTU CKBaKUHBI CTAHOBUTCS
BBIILIE, YEM TEMIIEpaTypa OKPY’KaloIUX TOPHBIX MOPOJ, OH HAUYMHAET OCThIBaTh, OTJaBasi CBOE TEIJIO FOPHBIM
nopojaMm. B HIDKHEH yacTH CKBa)KMHBI IIpOIlECC UIET B OOpaTHOM HANpaBJICHUHU - PACTBOP HArpeBaeTCs 3a CUET
TEII000OMEHA C TFOpPHBIMM NopojaMH. TernnooOMeH MPOMCXOAUT MHTEHCHBHEE Ha TEX Y4acTKaxX CKBAXKHHBI, I'Zie
TEIUIOBOE CONPOTHBIIEHHE MOpoJ MeHblIe. I1o 3Tol mpuuMHE Ha MOBTOPHBIX TepMOrpamMmax 1, 2 Bce MiacThl €
MOHMKEHHBIM TEIJIOBBIM COINPOTHBIEHUEM OYAyT BBIIEIATHCA KaK y4acTKu Oojiee OBICTPOro MNpUOIMKEHUS
KpUBOH K YPOBHIO r€0T€pMOrpaMMbl (ITyHKTHpHas KpuBas Ha puc. 15.16). Bce TepmorpaMMsbl, CHATBIE C Pa3HBIMU
SKCIO3UIUSAMH, TIEPECEKAlOTCsl B OJHOM TOYKE, Ha3bIBAEMOM TOYKOW paBHOBECHUs. 37I€Ch TEMIleparypa
NepEeMEIIaHHOr0 PacTBOpa paBHa TEMIIEpaType CTEHOK CKBAKUHBI, M TEIUIOOOMEH MEXy HUMH OTCYTCTBYET.
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Puc. 15.15. "Or6uBka" meMeHTHOTO KOJIbIIa 10  JaHHBIM TepmomeTpuu (1o 3. T. KonHonn)

Puc. 15.16. IlpuMeHneHnue TEpMOMETPUM AJsi CKBAXMHHOW  BBIJCIICHUS B pa3pe3e CKBAKHUHBI IJIACTOB,
OTJIMYAIOIIUXCS o TeIioBoMy comportuBieHuto: 0 - reorepmorpamma; | -TepMorpamma mociie
nepeMennBanus; 2, 3 -TepMOrpaMMBbl, 3apErUCTPUPOBAHHBIC Yepe3 2 U 5 CYTOK MOcje MepeMellInBaHus pacTBOpa.

KOHTpOJII)HbIe BOIIPOCHI

1. Tlepeunciaute NpUYMHBI, BBI3bIBAOIINE AaHOMAJINH TETJIOBBIX MOJIEH B

CKBa)KMHAX.

Hanummre nuddepenunanbHoe ypaBHEHHE TEIIONPOBOAHOCTH.

Uro Takoe ko3 (HUIUEHT TEMITIepaTyPOIPOBOTHOCTH?

OT yero 3aBUCHUT yeIbHOE TEMJIOBOE CONPOTUBIIEHUE TOPHBIX TOPO]?

UYemy paBHa TeMneparypa "HeTpanbHoro" cios?

Ot Kakux (akTOPOB 3aBUCHUT ITyOHHA J10 "HEUTpaIbHOro" cios?

MOYHO JIY OTIPEJICNTUTH TTOJI0KEHNE KOHTAKTOB PA3JIMYHBIX TIOPOJ IO

reorepMmorpamme?

UYem 3aHMMaETCs T€OTEPMHUSL?

9. Hanumute popmyny 3akona Oma B nuddepeHnanbHoi hopme st
TEIIOBOTO TOJIS.

10. YeMm oTiMyaeTcss CKBaXXMHHBINA 3JIEKTPOTEPMOMETP OT 3JIEKTPOHHOTO?

11. Kak nmpoBoasiTcst M3MEpEHUs TEMIIEPaTyphl B CKBaKWHAX: TIPU TIOIbEME
WIN IPU CIyCKe CKBaXMHHOTO npubopa? [Touemy?

12. Tlepeuncnure, Kakue TEXHUUECKUE U T€OJIOTUIECKHE 3a7a9l MOTYT
OBITh PELLEHBI C MOMOIIBIO CKBAKMHHON TEPMOMETPHH.

Nowvhkwd

o



Jlekima 16
MarHuTHBIN KapoTaK

MarHuTHbBI KapoTaX WM, TOYHEEe, KapoTak MarHuTHOW BocnpuumumBocTH (KMB) 3akmiouaercs B
M3MEpPEHUN MArHUTHOW BOCIPUUMYHMBOCTHU (K) TOPHBIX NOPOJ U PYyJ, Clararmlux CTeHKHU cKBakuHbl. KMB - 310
OCHOBHOM METOJ HCCIIEIOBaHUS CKBAaXXHMH Ha MECTOPOXKICHHSIX MArHUTHBIX JKEJE3HBIX Py, OH IpUMEHSETCS
TAKKC Ha MCCTOPOKICHUAX 60KCI/ITOB, MOJIMMETAJIJIOB U MAPTaHIICBBIX PY.

duznyeckue 0CHOBLI METO1A

JlaT4MKOM MarHMTHOM BOCHPMMMYMBOCTH B CKB&)XMHHOH alaparype CIy>KUT KaTyllKa WHIYKTUBHOCTH,
HaMoTaHHasg Ha (eppuToBoM cTepkHe mmuHON 10-12 cm (puc. 16.1). HAYKTUBHOE CONMPOTHUBIICHUE KATYIIKW
3aBUCUT OT DJIEKTPOMAarHUTHBIX CBOMCTB Cpelbl, B KOTOpPOHM OHa Haxomurcd. g U3MEpeHHs H3MEHEHUU
MHIyKTUBHOT'O CONPOTHUBIICHUS KaTYLIKH €€ BKJIIOYAIOT B MOCT MEPEMEHHOro Toka (MocT MakcBeiia), Kak 3TO
caenano B annapatype KMB-1 u KMB-2, wiu B cxemy LC-reneparopa, BbIXOAHAsI 4aCTOTa KOTOPOI'O 3aBUCUT  OT
WHIYKTUBHOCTH JaTydKa, T.€. OT K OKpyxaromieil cpezasl (ammapatypa TCMK-40, TCMK-30 u np.).

Nem U TOBMYU
| A

? Karyusxa
! QYK TUBNOCTU

-

Puc. 16.1. Koncrpyxkuus narunka annapatypsl KMB

HNurepnperanus pesyabtatoB KMB

C nomoupto KMB pematorcss Takue 3anayd, Kak JUTOJIOTMYECKOE pacujI€HEHHE pa3pe30B CKBAXKUH,
ONpeJIeJICHUE KOHTAKTOB M MOIIHOCTEW HMHTEPBAJIOB C MOBBIIIEHHBIMH MarHUTHBIMH CBOMCTBaMH, ONpEJEICHUE
WUCTUHHOW BEJIMYUHBI MAarHUTHOW BOCIPUUMYMBOCTU TOPOJ U PYyA, OINpPEAETICHHE MPOLEHTHOrO COJEp:KaHus
xKeses3a B pyJlax.

Jlutosiornueckoe pacujieHeHue paszpe3oB 1o AaHHbIM KMB OCHOBaHO Ha pa3jauyHOM COJEpPKAHUHU
MarHUTHBIX MUHEpPaIoB (B OCHOBHOM, MarHeTuTa) B pa3HBIX TOPHBIX mopojax. M3 u3BepKEHHBIX MOPOJ
MUHUMAaJIbHBIMU 3HAUEHUSIMU K XapaKTepU3YIOTCS MOPOJbl KHUCIOrO COCTaBa - TPAHUTBl, CUEHUTHI U Jp.;
MOBBIIICHHBIMUA - TOPOJABI OCHOBHOTO M YJIBTPAOCHOBHOTO COCTaBa; M3 OCAJAOYHBIX MOPOA HAUOOIBIIUMU
3HAYEHUSIMU K OTINYAIOTCS TIUHBL. OCpeHEHHbIE JAHHbBIE IO MArHUTHOW BOCIIPUUMYHMBOCTHU psifa TOPHBIX IOPOJ
npuBeaeHbI B Ta0m. 16.1.



Ta6muma 16.1. MarHuTHasi BOCOPHUMYHBOCTH TOPHBIX MOPOJI

I'opnas mopoaa MarnuTtHasi BOCIPUUMYHBOCTb,
x,-107 en. CH

I'panut 5-100

["a66po 150-600

[Tepunotur 380-1500

3BecTHIK 0-5

Ilecuanux 0-100

I'nunaa 0-500

Mpamop 0-5

CraHisl 5-500
MarneruroBas pyaa 75000-150000

OmnpeneneHne TIpaHUl] MHTEPBAJIOB C IOBBILIEHHBIMA MAarHUTHBIMM CBOMCTBAMH BBINOJHSAETCA 110
[IpaBUJLy IOJIYMAaKCUMyMa aHOMAJIMM, T.K. PACUEThl U U3MEPEHHUS HA MOJEIAX IIOKA3bIBAIOT, YTO aHOMAJIMHU HA
KPHUBBIX K UIMEIOT MPOCTYIO (hOpMy, CHMMETPHUHYIO OTHOCUTEIBHO CEepeAMHBI HHTEPBaja, KaK 3TO MOKa3aHO Ha

puc. 16.2.
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Puc. 16.2. Anomaanu KMB Hax miiactaMu pa3Jid4HOi MOIIHOCTH € MOBBIIIEHHO MATHUTHOMN

BOCIIPUMMYHMBOCTHIO

Ecnu momuocTs mutacta h Menblie JuiMHbI / 1aTYMKa K, TO IIUPHUHA AHOMAJIMH MEPECTAeT 3aBUCETh OT h U
CTaHOBHTCS PaBHOM / B cepeIiHEe aHOMAJIUU TOSBIISIETCS HEOOIBIIOE MTOHIKEHHE, @ €€ MAaKCUMYM HE JOCTUTaeT
TOTO 3HAYEHUS, KOTOPOE OH MOT ObI UMETh IIPU OOJIBIIEH MOIIIHOCTH IJIaCTa.

HcTuHHas MarHuTHas BOCIIPUMMYKBOCTD MOPOJ U PYJ JOJDKHA ONPEAEHAThCS I KOJIMYECTBEHHOU
MHTEpIIpPETallMd  JTaHHBIX M0JIeBOM MarHuToMeTpuu. Bennuuny K, HaXoOsaT mo pe3ysbraTtaM IrpagydpOBKU
CKBOKMHHBIX KalMaMETPOB, JUIS YEro M3roTaBIMBAIOT HAOOp CIEIUANBHBIX ATAIOHOB, KAXKABIH M3 KOTOPBIX
npecTaBisieT co00il KapTOHHBIN WM IMJIACTMACCOBBIM 0apabaH ¢ HMIMHAPUYECKHM OTBEPCTHUEM BJIOJIb OCH.
Bremnunii quamerp 6apabaHOB JTOMKEH, MO KpalHEH Mepe, BABOE MPEBHINIAThH JJIMHY JAaT4MKa K, a AUAMETP
HEHTPAIBHOTO OTBEPCTHUS JIOJDKEH OBITh paBeH TMAMETPY UCCIeAyeMbIX OyPOBBIX CKBaKHUH. BricoTa GapabaHoB
JOJDKHA ObITh B 4-5 pa3 OoJjblie ATUHBI AaTyhka. bapaOaHbl 3aMONMHAIOT CMEChIO CKYJIBNTYPHOTO THUIICA WU
[IEMEHTa C U3MEeJIbYCHHBIM MarHeTUTOM.

MarauTtHy0 BOCHPUMMYHMBOCTh K@XKIOTO JTAJOHA ONPENEISOT C IOMOLIbK0  KOHTaKTHOTO
(;mabopatopHoro) kammamerpa. [Ipu rpagyupoBKe CKBaKMHHBIM CHapsJ MOMELIAIOT BHYTPb OTBEPCTHS
6apabaHa Tak, yTOOBI IaTUYMK K pacrojaraics B cepeldHe OTBEPCTHS IO BBICOTE M OBUT MPUXKAT K €ro CTCHKE
(kak mokazaHo Ha puc. 16.3). Ha kaxapIit ©3MEpUTEIIbHBIN TUAMa30H CKBRXXMHHOTO KarmameTpa J0KHO ObITh

e A=l .

~A=0l~
hel |-




W3TOTOBJICHO 3-4 ASTajioHa C Pa3JIMYHOM MAarHUTHOW BOCTIPUMMYHWBOCTHIO. THUNUYHBIA TpaduK TpaaydpOBKH
n=f(K,cr) mokxa3as Ha puc. 16.4.
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Puc. 16.3. Pa3smelienne cKkBa)XMHHOTO
npubopa KMB BHyTpu 3Tanona
MarHuTHON BOCTIPUMMYUBOCTH MPU
rpalyupoBKe

Puc. 16.4. I'paxyupoBounslii rpaduk anmaparypsl KMB



Onpedenenue npoyenmuoz2o cooeprycanus xeeaesa no nuarpammam KMB ocHOBaHO Ha TOM, YTO MEXY

HUM U BETMUMHON K MATHUTHEIX PYJI CYIIECTBYET KOPPE/IAIMOHHAS 3aBUCUMOCTh Xuen = #(Cr)

. . c
B o0meM ciaydae 9Ta 3aBUCHMMOCTB HE SIBISETCS JUHEHHON. JIIs ompemeneHus '*  MOXKHO

HCIIOJIb30BaTh HE HMCTHHHBIC 3HAUCHUA K, a4 OTCYUCTBI N, CHATBHIC, HCIOCPECACTBECHHO C JUarpaMm KMB.

n= f{% s nﬂf['cﬁj

[Tockonbky ,TOHU , IPUYEM TIOCJIEIHSS 3aBUCUMOCTD MOJTydaeTcs Jaxke 0osiee OJIM3KON K

JIMHEHHOM, YeM Ipeblaymas (Kuem =P(Cre ),

JInst DKCIIEpUMEHTAJIBHOTO ITOCTPOEHHUS 3aBHCHUMOCTH n=¥{Cry) HCIIOJIB3YIOT CKBaXXUHBI C XOPOIIUM

(6mm3kum k 100%) BbIxOomoM kepHa. KepH, oTOOpaHHBIN M3 PyIHBIX WHTEPBAJIOB, OMPOOYIOT U OMPEIENIIOT
coJiepKaHre B HEM jkeje3a ¢ moMomrsio xumaHanuza. C quarpamm KMB cHEMaioT ocpeHEHHbIE 3HaYCHUS K
WIH CPEIHHE OTCYETHI 11 MPOTUB ONPOOOBAHHBIX MHTEPBAJIOB. 3aBUCHMOCTD =¥(Cre) (puc. 16.5) orcekaer
Ha OCH COJCp)KaHW HEOOJIBIIION OTPE30K P, KOTOPBIM XapaKTepU3yeT COJCpKaHWE B pylax xKelesa,

MpUXOAAIICTOC Ha €0 HEMArHUTHBIC MUHCPAJIBI (CI/IJ'II/IKaTLI 201041 Kap60HaTBI).
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Puc. 16.5. 3aBucumocts nokazanuii KMB ot conepxanus xenesa B pyne. luamerp CKBaKUHBI 79 MM,
Mectopoxaenue Cesepo-Ilecuanckoe (mo O.H. MonuaHoBy)

CogepiaHue xeje3a B Pyie MOXKET OBbITh PacCUMTaHO Kak Cre=4'n+p. (16.1)

rae A - yriaoBodl Ko3(h(HIIMEHT, TOKAa3bIBAIOIINI, CKOJIBKO IPOIICHTOB JKejie3a COOTBETCTBYET
€IMHUYHOMY OTCUETy IO IIKane Hu3MepuTenbHoro mnpubopa. Kcratu, cmaraemoe A*n xapakTepusyeT TO
KOJIMYECTBO >Keje3a, KOTOPOe MOXKET ObITh M3BJIEYEHO U3 PY/IbI IIPU €€ MAarHUTHOM cenapariyi.

[TorpentHocTh onpeaenaeHus: CoAepKaHUN OMUCHIBAEMBIM CIIOCOO0M cocTaBiisieT 1 -2 % aOCOMOTHBIX.

OnucaHHble 3aBUCUMOCTH COCTAaBJISIOT 00S3aTeNbHO S OAHOTO M TOTO K€ JUaMeTpa CKBa)KUHBI,
IIOCKOJIBKY JAMAMETP CKBAKMHBI BIUSAET Ha pe3ynbTarbl usmepeHuid. Ilo »atoit  xe mnpuumne KMB
00s13aTE€IbHO  COMPOBOXK/IAIOT KaBEPHOMETPHUEH.

3aBucuMocTd K X =#Cr ), MOCTPOEHHBIC IJISI OJHOTO MECTOPOXICHHS, HE MPUMEHHUMBI JUIsS JPYTHUX,
MOCKOJIbKY OHM SIBJISIFOTCS HE (DYHKUMOHAJIBHBIMM, a CTaTUCTUUYECKHMMHM, U Ha HUX BJIMSET elle LEeblid psij
Apyrux (HakTopoB, TAKUX, KAK MHHEPAIbHBIN COCTAB Py, UX CTPYKTYpa U TEKCTypa | T.II.

Tax, HanpuMmep, kene3ucTbie KBapUuThl ¢ conepkanueM Fe 21% umeror k = 3 en. CU, a y nuaba3os ¢
conepxanueM Fe 27% - k = 0,9 en. CU.

CkBaKMHHAsi MATHUTOPA3BeAKA

CkBa)XMHHAsi MAaTHUTOPA3BEIKA 3aKII0YAETCA B U3MEPEHNUN HANPSXKEHHOCTH 36MHOT'O MAarHUTHOT'O TOJIS B
ckBakuHaX. [1ockonbKy B OONBIIMHCTBE CKBRKMHHBIX MAarHUTOMETPOB H3MEPEHHUS BEKTOPA HANPSKEHHOCTH
MarHUTHOTO TOJISI OCYHIECTBISIIOTCS MO €r0 TPEM MPOCTPAHCTBEHHBIM COCTABJISIIOIIMM, TO U METOJ MOJTyYn
HA3BaHHME TPEXKOMIIOHEHTHOW CKBaxxuHHOUW MmarHutopasBenku (TCM). B HeKoTOphIX y4eOHHMKaX METOJ



Ha3bIBAETCs "KapoTa)k MO HAIPSHKEHHOCTH MAarHUTHOTO MOJISL", HO 3TO HEBEPHO C METOJ0JIOTMUYECKON TOUYKH
3peHMs, T.K. BCE METOAbl KapoTaka H3y4daloT TIeo(U3NYEeCKHe XapaKTePUCTHKH CTEHOK CKBAaXKHHBI, a
HAIpsDKEHHOCTh MAarHUTHOTO IO B CKBAaXMHAX 3aBUCUT HE TOJIBKO OT MAarHMTHBIX CBOMCTB IOpOZ,
CJIaralolUX CTEHKH CKBa)XKMHBI, HO M OT HaJIM4YUsl HAMAarHUYEHHbIX OOBEKTOB, HaXOAALIMXCS B AECATKAX U
COTHSIX METPOB OT CKBaYKUHBI.

duznyeckue 0CHOBLI METOAA

JUia wusmepennii B TCM wucnone3yloT cucreMy U3 3-X B3aUMHO NEPIEHIUKYJISIPHBI MarHUTO-
MOJTYJISIIUOHHBIX JATYUKOB (MMJI), opreHTUPOBAHHBIX MO OCEBOW WJIM BEPTHKAJIBHON CXeMe, Kak
nokaszaHo Ha puc. 16.6, a u 6, coorBercTBeHHO. OpHEHTUPOBKA OCYILECTBIISCTCS MO/ JCHCTBUEM CUJIBI TSDKECTH
C MOMOIIBIO HKCHEHTPUYHO PACIIONIOKECHHBIX I'Py3UKOB. [Ipn 3TOM natynk X-cOCTAaBIAIOIIEH pacIoyiaracTcs B
BEPTUKAIBHOU IUIOCKOCTH, IIPOXOASIIEH Yepe3 OCh CKBAXKUHBI B TOUKE U3MEPEHHUs, a JATUUK Y -COCTABIISAIOLIEH
- TOPU30HTAJIBHO, NIEPIICHANKYJIISIPHO 3TOHM INIOCKOCTH.

Puc. 16.6. OpueHTHpOBKA JATYMKOB CKBAXMHHOTO MarHUTOMETpPa MO OCeBOH (a) M BepTHKaIbHOU (0)
cxeme

ITockonbKy Ha JaTYMKU B CKBAKMHE BO3JEHCTBYET CYMMapHO€ MarHuTHoe nojie T, ckiaapIBaroLieecs us3
HOopMaJibHOTO To M aHOManbHOrO Ta Mmojen, To BEKTOp HAIPSAKEHHOCTH aHOMAJIBHOTO TOJIS, MPEICTABISIOIINIA
MHTEPEC C TOUKM 3PEHUS PA3BEKH TONE3HBIX NCKOTAEMBIX, BHIUHCIIIOT KE?K pa3HOCTh:

T T TB—{X XD)I"F[(Y }’ﬂ);+(Z Zﬂ)ﬁ:

(16.2)
rae X, Y,Z - COCTaBJSIOIINE MAarHUTHOIO MOJI, U3MEPEHHBIE B CKBAKUHE;
Xo, Y0, Z0 — COCTaBIISIIOIIME€ HOPMAJIBHOTO MarHUTHOTO TOJISl, U3BMEPEHHBIE HA KOHTPOJIBHOM ITYHKTE;

1,j,k - eaMHUYHBIE BEKTOPHI-OPTHI.

CnoxxHocTh 00paboTku pe3ynbTatoB TCM 3akimtodaercss B TOM, YTO M3-3a MPUMEHEHUS TPaBUTAITMOHHBIX
OpUEHTATOPOB OPUEHTUPOBKA CUCTEMBI JATYMKOB B CKBRXKMHE 3aBUCHUT OT YIJIOB HCKPUBJICHUS MOCIEAHEN U HE
OCTaeTCsl MOCTOSIHHOM B mpouecce m3mepeHuil. COOTBETCTBEHHO, HE OCTAKOTCS MOCTOSHHBIMM WU 3HAYECHUS
COCTaBJIAIOLIMX HOPMaJILHOTO 1ot X0, YO0, Z0, KOTOPBIE HY’KHO BBIYUTATh U3 U3MEPEHHBIX 3HaUeHU X, Y, Z.
Heo6xomumbie 3HaueHuss Xo, Yo, Zo Uil COOTBETCTBYIOIIMX YTJOB HCKPUBJIEHHUS CKBAXUHBI CHUMAIOT C
rpauKoB HOpMAIBHOTO Mo (pHuc. 16.7), KOTOpbIe 3a01arOBPEMEHHO CTPOST MO pe3yJIbTaTaM M3MEpPEHHN Ha
KOHTPOJIBHOM ITYHKTE IPH PA3TUYHBIX OPUEHTUPOBKAX CKBAXKMHHOTO CHAPAA.
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Puc. 16.7. I'padmku 3aBHCUMOCTH COCTaBJISIFOIIIMX HOPMAJIBHOTO TOJISI 3€MJIM OT YIJIOB MCKPUBJICHUS
CKB)KUHBI IIPH BEPTUKATILHOM (a) U oceBol (0) cxeMax OPHEHTUPOBKHU TaTYMKOB CKBAKUHHOTO MarHUTOMETPA

TOYHOCTh CKBaOXMHHOM MAarHUTOMETPUU H3-3a MOTPEIIHOCTENH OPUEHTUPOBKU JATYUKOB HE IPEBBIIIACT
+100 HTn, mo3TOMY pa3nMYHbIC BApUALIUK 3€MHOTO MAarHUTHOTO TIOJISI B HEW HE YUUTHIBAIOT.

Metoauxa pador

N3Mepenns B CKBaXKMHAX, KaK MPaBWIO, BBIMOJHAKOT B 2 3Tana. Ha mepBoM sTtane uM3MepsoT K U Z-
COCTAaBJIAIOIIY1O. B CJIydac €CJIM B CKBAXXUHC BBISABJISACTCA aHOMAJIUA Z-COCTaBHHIOIL[eﬁ, KOTOPYIO HECBO3MOXKHO
O0OBSCHHUTPH 3aPETUCTPUPOBAHHON BEIMUYMHOMN K, POBOST BTOPOH 3TAM - U3MEPSIOT X- U Y -COCTABJISIONINE TSI
TOro, ‘ITOGBI OIPCACIINTL, B KAKOM HAIIPABJICHUU OT CKBAXXWHbI HAXOJUTCA OG"bGKT, c03z[a101um71 AdHOMAaJINIO
MarHuTHOTO mojisi. Mi3MepeHus: MOryT MpoBOJUTHCS KaK IMOTOYEYHO, TaK U HEMPEPBHIBHO, 00pabOTKa - TOIBKO
MOTOYEYHO.

HNurepnperanust pe3yibTaToB

HNutepnperanuio pe3ynbtaroB TCM BBINOJHSIOT MO KpUBBIM Za U K, a Takke IO BekTopam Ta.
[TockonbKy OpUEHTHPOBKA BEKTOPOB Ta B MPOCTPAHCTBE HE MOCTOSIHHA, TO JJIsI YIPOINEHUS UX U300paXKEHUS U
MHTEPIIPETALIMU CTPOSAT MPOEKIUU BEKTOPOB Ta Ha MIOCKOCTH MPOJOJIBHOrO (IO MPOCTUpaHMIO mopoa) T u
MONEPEYHOro (BKpecT  mpocTupaHusi) Ta reoslornyeckoro paspesa.

B npunnune, s MHTEpHIpeTaluy pe3ybTaTOB CKBAKMHHON MarHUTOPa3BEAKH MOYKHO MPUMEHSTH Te€ JKe
METOAMYECKUE MPUEMbI, UTO M B IMOJICBOM MAarHUTOPA3BEIKE, €CJIM CUYUTATh CKBAXKUHY MNPSIMOJIUHEHHBIM
npodunem HaOIIOACHHS, @ PACCTOSTHUE 10 HAMATHUYEHHOTO O0BEKTa BBIYUCIIATH 10 HOPMAJIM K OCH CKBaKHHBI.
OnHako HY>KHO UMETh B BULY CJEAYIOIINE PA3IUYUSL.

1. B nmomeBoli MarHMTOpa3BelIKE AaHOMAJIBHBIA OOBEKT pacrojiaracTcsi BCETJa B HIDKHEM
MOJIYIIPOCTPAHCTBE, B CKBAXXUHHOM — re yroaHo. [loaTomy, eciiv B M0JIeBOM MAarHUTOPA3BENIKE MOJIOKEHUE
00BEKTa MOXHO JIOKaJTU30BaTh, U3MEPUB 2a MO cucrteMe Mnpoduiel, TO B CKBOKUHHBIX YCIOBHUSAX 3TO
HEBO3MOXXHO: U MPOQHIIb HAONIOACHHUS BCETO OJWH, U TMOJIOKEHHE OOBEKTa OTHOCHUTEIHLHO TPOQUIIL
pou3BOJIbHO. OTCIOZa U BBITEKAET HEOOXOAUMOCTh TPEXKOMIIOHEHTHBIX U3MEPEHUN B CKBa)KMHAX, YTOOBI IO
TPEM COCTABJISIOLIUM MTOCTPOUTH BeKTOp Ta, a Mo HEMY ONpPEEIUTh MECTOIMOI0KEHUE UCTOYHIKA aHOMAJINH.

2. B CKBaXMHHOW MarHutopasBelKe K yciyram HaOIofaTens BCEro TOJIbKO OJUH MpOouib
HaOmoeHust (0HAa CKBa)KMHA), IPUYEM YacTO OH JaK€ HE JaeT BBIXOJa B HOPMAJIbHOE MAarHUTHOE TIOJE,
3HaHHE KOTOPOro HeoOXoIuMO isi OOJbIIeH YacTH METOIOB MHTEPIpPETAlUd B MOJEBOM MarHUTOpPa3BEAKE.
Otcroma - HEOOXOOUMOCTh  pa3pabOTKM  crneuu(uYeckux MpHeMOoB MHTeprperaruu s TCM.



3. Tlpu CcKBaXHMHHBIX HAOMIOJECHUSX BO3MOXKHBI H3MEPEHUS BHYTPHU HAMAarHMUYEHHBIX TEIl.

4. AHOMamuu Z-COCTaBJISIONIEH B CKBAXWHHOW MarHMUTOpa3BeIKEe HMMEIOT "oOpaTHBIM" B IO
CPaBHEHHUIO C NIOJIEBOM. Tak, HampuMep, €CJIM B MTOJIEBOM MAarHUTOPA3BEIKE AaHOMAJIUS  Z-COCTaBIISIIOLLEH I
mapa, M3MEpeHHas Mo MPOQMII0, HMEET MAKCUMyM HaJ IIapoM C JABYMS HEOOJBIIMMH MUHMUMYMaMH Ha
nepudeprr, TO B CKBaXHUHE, MPOXOMAAIIEH PSIIOM C ITHM XK€ 00BEKTOM, HabmomaeTcs MUHUMYM Z-
COCTABJISIIONIEH  HAMpPOTHB  IIEHTpa Imapa | HEOOJbIINE MAaKCUMYMBI BBIIIE M HIDKE MOCJIEIHETO (pHC.
16.8). ITpu 3TOM 1O OAHOM JIMILL AHOMAJIUU  Z-COCTaBIISIIOIIEH HEBO3MOXHO YCTAHOBUTD, C KAKOH CTOPOHBI OT
CKBa)KWHBI HAXOJUTCA 3TOT 1Iap.

)
/
¢

Puc. 16.8. AHOMaIMu MarHUTHOTO TOJII OT HAMAarHWYEHHOTO I1apa MpY HAOIIOJEHUSX HA TTOBEPXHOCTH U
B OYpOBBIX CKBAKHHAX

3amaua ompesieseHnsT MECTOIONOKEHHST HAMAarHUYEHHOTO OOBEKTa JIErKO pelaeTcs Mo Bekropam Ta,
HY>KHO TOJIBKO IIOMHUTH, YTO OHU HAMpPABJIEHBI IO KacaTeIbHbIM K MATHUTHBIM CUJIOBBIM JIMHUSM aHOMAaJIbHOTO
OIS

Kak cnegyer u3 Toro ke puc. 16.8, Bektopbl Ta OT M30METPUUYHBIX TE€Jl OYEHb PE3KO MEHSIOT CBOIO
aMIUTUTY]ly ¥ HalpaBlICHUE.

Kak Bumno u3 puc. 16.9, B ceBepHOM monymapuu 3emiid BeKTopa Ta OT BBITAHYTOTO (JLTUNITHYECKOTO
WIN JTMH30BUIHOTO Tena) o0pa3yioT "cxonsdmumiicss Beep" Yy BEpXHEro KOHIA HAaMarHMYEHHOro OOBEKTa
u "pacxomsuuiics Beep" - y HwkHero. Ilpum »TOoM Bektopa '"cxomsumierocsi Beepa' HampaBieHbl K
HaMarHMYE€HHOMY OOBEKTY, U MECTOIIOJIOKEHHE €r0 BEPXHETO0 KOHIA MOXHO OIPECNIUTh MO TEepECeUCHHIO
ATUX BEKTOPOB; BEKTOpa 'pacxojsiierocs Beepa" HampaBJICHbl OT HAMarHWYEHHOTO OOBEKTa, MOJIOKCHHUE
HIDKHET0 KOHIIA 00bEKTa MOXHO OIPEEIIUTh 110 MEPECEUCHUIO TPOIOJDKEHUN 3TUX BEKTOPOB.



Puc. 16.9. KpuBble Za u Bekropa Ta B CKBaXMHaxX OT HaMarHW4eHHOro oOBbEKTa B (hopMe HAKIOHHO
3aJIEraoIlero AUIUIICOUIA BPALLEHUS (JIUH3bI)

Pa3paboranbl cnenuanbHble MPUEMbl HHTEPIPETALUU BEKTOPHOM MarHUTOPA3BEAKH, IO3BOJISIOIINE
OIpENICNIUTh HE TOJIKO HAINlpaBJIEHUE U3 CKBa)XKMHBbI HA HAMAarHWYEHHBbIH OOBEKT M paccTOSHHE JI0 HETO, HO U
ero (opMy, pa3mMepsl, SIIEMEHTHI 3aJIeTaHHsL.

Ob6nacte mnpumeHenus TCM - 3To, mpexae BCero, MarHeTHUTOBbIE MECTOPOXKICHMSA, 3aTeM
MOJINMETAINTINYECKHE, PEKE - MECTOPOXK/IEHUSI OOKCUTOB M MAPTaHIIEBBIX PY/I.

Pemraemble 3amaun: oOHapy’>keHHE HE BBIABJICHHBIX paHee, "cienmblX" pyAHBIX Tell, ONpeesieHHEe HX
MECTOIIOJIOKEHUS, IEMEHTOB 3aJI€TaHMs U PAa3MEpPOB, OLICHKA MAarHUTHBIX CBOWCTB, OIPEACIICHHE IPUPOJIBI
HA3€MHBIX MarHUTHBIX aHOMAJIUH.

[Ipn pa3Benke MarHeTHTOBBIX MECTOPOXKACHHWM pyAHBbIE Tela C MUHUMAJIBHBIMU IIPOMBINUICHHBIMH
3armacamMM MOTyT ObITh OOHapy:keHbl ¢ momolsio TCM Ha paccrostaun 10 200-300 M.

Bonpmioit Bkiam B pa3BUTHE CKBAXWHHON MarHMTOPa3BEIKH BHECIH ypalibckue yueHble: mpod. B.H.
[Tonomapes, nokropa reon.-MmuH. Hayk A.H. ABnonuH nu A.M. MyxamMmeTuH.

AKYCTHYECKHMI KapoTak

Axyctuueckuil kaporax (AK) ocHOBaH Ha M3yuYeHUH MMOJIEH YIPYTHX BOJH B CKBAKMHAX U 3aKJIHOYAETCS
B U3MEPEHUH CKOPOCTH PACIIPOCTPAHEHUS YIIPYTHX BOJH YJIbTPa3BYKOBOH (Y3) 4aCTOTHI U UX 3aTyXaHMUsL.

Kak u3BecTHO, CKOPOCTh pacpoOCTpaHEHMsI YIIPYTUX BOJIH B Pa3IMYHbBIX TOPHBIX NOPOAaX HE OJMHAKOBA.
Jlns mpumepa B Tabi1. 16.2 npuBeeHbl CKOPOCTH NMPOJOIBHBIX BOJIH B pa3IMYHBIX Cpeliax.

Tabmuma 16.2. CkopocTh paciipoCTpaHESHUS IPOAOIBHBIX BOJIH B PA3IMIHBIX Cpeaax

Cpena Vo 107 Mlc_
I'nmmua 1,2-2.5
Ilecyanuk NJIOTHBIN 3-6
M3BecTHIIK 3-7.1
Kamennas conib 4,5-5.5
Kpucrananueckue nopojsl 4,5-6,5
Ilement 3.5
Cranp 5,2
Bozayx 0,33
Hedts 1,3-1,4
Bona 1.5
BypoBoii pactBop 1,5-1,7




Jus AK 0OBIMHO HWCHONB3YIOTCS TaK Ha3blBacMble 'TpexdIeMEHTHbIE" 30HIBI, COJICpIKAIIhe J1Ba
W3IIydaTeNss W OJWH NPHEMHUK YIPYTUX BOJH WJIH, HAoOOpOT, JBa MPUEMHUKA W OJUH U3Iy4aTelb.
N3nyuaTtenu, kak mpaBuiI0, MarHUTOCTPUKIIMOHHOTO THIA, IPUEMHHUKH - MIE303JIEKTPUUECKOTO.

Paboty anmapatypst AK paccMoTpuM Ha mpUMepe 30HIa ¢ AByMs U3Iy4aTeNIIMH U OJTHUM MPUEMHUKOM
I'Ur (puc. 16.10).

W3nyyaTenu nepruoanyecku MOChIIal0T MakeThl u3 3-4 nmepuoaoB Y3 konebanuit ¢ yacroroit 10-75 xI'1y ¢
KOJIOKOJI000pa3Ho#t popmoii orubaromieit. Yactora mochUIKK camux makeroB— 12,5-25,0 I'm.

VYrpyrue uMIyabChl OT HICTOYHUKOB, TIPOMIA uepe3 OypoBOi pacTBOp, BO30OYKAAOT KOJIeOaHMS B CTEHKaX
CKBOXUHBL. YTpPyrue KoJeOaHWs, TMOMAJaroliie Ha CTEHKY CKBXKHUHBI TMOJ YIJIOM IIOJIHOTO BHYTPEHHETO
OTpaXke€HUs, BO30YXTAIOT B HEH CKOJB3SIIYIO TPEJOMIICHHYIO BOJIHY, KOTOpas, pPacHpOCTPaHSsAChH CO
CKOPOCTBIO, IIPUCYLIEN JAHHOW FOPHOM IIOPOAE, JOCTUTAeT IPUEMHUKA.

. f) 3 Tgs +Eop +7
ITyTe BonHBI oT ucTounuka Hi 1o npuemunka I1 cocrasur M1010I1, a Bpems npobera '~ M9 ™ "o ™ Fan

Ty =7 sad
. Iytb BomHbl oT mcrounuka W, —M,0,0I1, Bpems mpoGera - 2 0 T 70,0, T To0  Top. Vnrepsan
BPCMCHU Me)KI[y HepBbIMI/I BCTyHHeHI/IﬂMH BOJIHBI OT HepBOFO H BTOpOFO HNCTOYHHUKOB AT COCTaBUT
FET =1 =T .

Kak cnenyer u3 puc. 16.10, paccrosane O201 paBHO paccTOsIHUIO MeXAy oboumu uctouHukamu JIb,
Ha3piBaeMOMy 0a3oil 30HAa. 3a TOYKY 3alMCH TNPUHUMAIOT cepeauHy ©0a3pl. OTCloJa CKOpPOCTh

podL

pacrpoCcTpaHeHus yIPYTuxX BOJIH: At (16.3)
Fme. 16.10. T]'JEX3J'.IE.'HE!H11II.I'_H' ICHI BEYCTHUECKOITD

EAPOTAHE H NYTH PACIPOCTPANEHIS YIPYIAX BOJH OT
HETOUHHKOR K IPHEMARKY

i
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OOpatHOe OTHOIIEHHWE 4 ¥’ M Ha3bIBAECTCS MHTEPBATLHBIM BPEMEHEM. AMIUIUTYIbI  KOJIEOaHUH  OT
00OMX UCTOYHHKOB  OJIMHAKOBBI, II0O3TOMY OTHOILIEHHE  aMIuuTyn Al n A2,
3aperUCTPUPOBAHHBIX IMPUEMHHUKOM, XapaKTepU3yeT 3aTyXaHue YNpyrux BosiH Ha ydactke AL. Koadduunent
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3aTyXaHuUs 4;) A
3aTyxaHue ynpyrux BOJH 3aBHCHT OT COCTaBa FOPHBIX MOPOI, MOPUCTOCTH U COCTaBa (hironaa B mopax (B
rase 3aTyxaHue OoJblle, YeM B KUIKOCTH), 2 CKOPOCTh MX PACIIPOCTPAHEHHS - OT COCTAaBa U IOPUCTOCTH.

CBs3b  Mexay mnopuctocthio K, M CKOpPOCTBIO paclpOCTpaHEHMs] OIUCHIBAECTCS TaK Ha3bIBAEMbIM
| _k, 1-K,

1_K 1-&
"ypaBHeHueM cpeaHero Bpemenu': ¥ = Fa (16.5)

rae VK- CKOPOCTh YNPYTHX BOJIH B JKHUAKOCTH, 3ATIOJHSIONIEH TOPBI MOPOJBI;, VCK- CKOPOCTh YNPYTHX
BOJIH B MUHCPAJIbHOM CKCJICTC.

Vx u VCK omnpenensior 1o pe3ysibTaTaM JJa0OpaTOpHBIX U3MEPEHUN MM OepyT U3 CIIPaBOYHUKOB; V—
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onpeaenstot o gaHHsIM AK. M3 3TOr0 ypaBHEeHHS MOKHO HATH MOPUCTOCTD:

Kpome mopucrtoctu u xapakrepa HacbieHus, 1o AK MoxeT ObITh OIPEIEIICHO MOJI0KEHNE KOHTAKTOB U
MOIIHOCTb IJIACTOB, OTIUYAIOIINXCS 110 CBOMM aKyCTUYECKUM CBOWCTBaM.

Jst utactoB 6oboi MoutHocT (h>AL) oHa onpezenseTcs 1o npaBuily MOoJyMaKCUMyMa, /7Sl TOHKHUX -
MOIIHOCTh, HaWJ€HHAs MO MpaBWIy IOJIyMakcuMyMma, OoJbllie MCTUHHOM Ha pa3Mmep 0a3bl 30HAa. B obOoux
ClIydasx Hnpu pPaBCHCTBC aKyCTHYCCKUX CBOMCTB MOACTWIAKOIINX W HNCPCKPLIBAIOIINUX IMOPOA aHOMaJIuU A/
CHUMMETPUYHBI OTHOCUTEIIBHO CEPE/IMHBI IJIaCTa, HO B MEPBOM ciiydyae Vmax = Vm, a Bo BTopoM Vmax < Vm
(puc. 16.11, a u 6).
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Puc. 16.11. KpuBble aKycTHYeCKOro KapoTaka HaJ IUIacTaMH OOJbIIOW W Majoid MOIIHOCTH,
OTJIMYAIOIIMMHUCS MOBBILIEHHOW CKOPOCTBIO PACIIPOCTPAHEHUS YIIPYTHX BOJIH

Ob6nacte npumeHenus metofa AK - rimaBHbBIM 00pa3oMm, MECTOPOXXICHHMS HEe(TH U Tas3a, B IMOCIEIHEE
BpEMsI METOJ] HAUMHAET IPUMEHATHCS U Ha PYJIHBIX, U HAa YTOJbHBIX MECTOPOXKICHHSIX.

Pemraemble 3amauu: JIUTOJOTMYECKOE PACUJIEHEHHWE pa3pe30B, ONpPENENEHUE IMOPUCTOCTH M XapakTepa
HACBIIICHUS TI0p, OIpeJesIeHUe MoIoKeHHUs BogoHepTssHOTO KoHTakTa (BHK) M ra3zo-KuIkoCTHBIX KOHTAKTOB
(I'KK), memeHTOMETpHS CKBAXUH; HA PYIHBIX MECTOPOXKICHUSAX - U3YUYCHHE TE€OJIOTO-TEXHUYECKUX YCIOBHUH.

Kpome ynpTpa3BykoBOro MeToia, OMMCaHHOTO BBILIE, IPU I/ICCJIGILOB’iHI/II/I CKB&)XMH HaXOJsIT IPUMEHEHUE
HU3KOYACTOTHBIN IIMPOKOMOJIOCHBIN akycTuueckuii meton (HIIIAM), B KOoTOpoM H3ydaeTcs aKyCTHUYECKOe
110JIe B uana3oHne 4acTtoT oT 5 10 20 kI'1; uHTerpaibHblil aKyCTUUECKUM METO/I U BEPTUKAJIBHOE CEHCMHUUECKOE
npodpunupoBanne (BCII), mpu KOTOpPHIX HCTOYHHK KOJIeOAaHWUN YyCTaHABIMBACTCS Ha IIOBEPXHOCTH, a
MIPUEMHUKH B CKBa)XXMHE; METOJ] aKycThuueckoro npo3ByuuBanus (MAII), mpu KOTOPOM UCTOUYHHUK U IPUEMHUK
YIPYTUX BOJIH yCTAHABIMBAIOTCS B PA3HBIX CKBAXKUHAX, U HEKOTOPBIE JIp.

KoHTponbHbIE BOIPOCH

1. Yo sBHsieTcs mpeaAMETOM U3MEPEHHS] B MATHUTHOM KapoTaxe?
2. Kak ycTpoen natuuk anmnapatypsl KMB?
3. Kakwue reosiornyeckue 3a1aun pemarorcs ¢ nomoupio KMB?
4. Kak pacrnonaraercs CKBR)XHMHHBIM NpuOOp B UWIMHIPUYECKOM JTallOHE TNpPU TPagyUpPOBKE
annapatypsl KMB?
C kakuMM MeToJaMu ciaeayeT koMmiiekcupoats KMB?
[ToueMy kapoTa)k 10 HAIPSHKEHHOCTH MAarHUTHOTO TOJISl MPaBUIJIBHEE CUMTATh HE KapOTaKeM, a
METOJIOM CKBaXMHHOU Te0(hU3UKHU?
7. llouemy B CKBa)XMHHOM MarHUTOpa3BeJKe HEOOXOAMMO 3HATh BEJIMYMHY M HAIPaBJIEHUE BEKTOpa
Ta?
8. KaxkoBa norpenrHocts TpeXKOMIOHEHTHONW CKBa)KMHHOM MarHUTOPa3BEIKU U IoYemMy?
9. HazoBuTte OTIMYMS CKBa)XUHHONW MAarHUTOPA3BEIKU OT MOJIEBOM.
10. Kyna nanpasnen cxoasmuiicst Beep BektopoB Ta ? Kyna -pacxogsmuiics?
11. Kakue napameTpbl U3MEPSAIOTCS B aKyCTUYECKOM KapoTaxe?
12. Kak yCTpoeH 30H] aKyCTUYECKOT0 KapoTaxa?
13. Yro Takoe 0aza 3oaga AK?
14. Kak cBsi3aHa CKOPOCTh YIIPYTUX BOJIH C TIOPUCTOCTHIO?
15. Hapucyiite auarpammy AK 11 macta, MOITHOCTh KOTOPOTO paBHA 6a3e 30H/a.

SN



Jlexuuss 17
MexaHn4yecKHil KapoTax

MexaHnuecknuil KapoTa)x MU KapoTaX IO MPOJOJIKUTEIBHOCTH MIPOXOIKH 3aKIII0UAETCsl B pErMcTpaluu

BPEMCHH, 3aTPAYMBAEMOT0 Ha Pa30ypHBAHHE KAX/IOTO IOTOHHOTO METPA CKBAXKHHBI - 3, MUH./M.
[Ipy oAMHAKOBBIX TEXHMUYECKUX YCIOBUAX OypeHHs NPOAOKUTEIBHOCTh TMPOXOAKH 3aBUCUT OT
COTMPOTHUBIISIEMOCTH TOPHBIX TOPOJ HX MEXaHMYECKOMY pa3pylIeHHUI0, T.€. HMX MPOYHOCTH, KOTOpas

XapaKTepU3yeTcss KpHTHUECKHM CONPOTHBIECHHEM MEXaHHUECKOMY paspyinenuio - Fxz.

Haunbonee Kpenmkumu SBIAIOTCS W3BEPKEHHBIE M MeTaMOpP(pHUUECKUE MOPOIbl, OCOOCHHO HEKOTOpHIE
KBapUIUTHI M 0a3aJIbTH, 3aTeM UIyT KapOOHATHBIE OCAJ0YHBIE OPOAbI, KOHIIIOMEPAThl, NECYAHUKH, TIINHUCTHIC
cnaHipl. HamMmeHbliedl KpemocThiO OTIMYAIOTCS TJIMHBI M TMECKU-TUIBIBYHBI. Pasnumume mopox mo wux
MEXaHWYECKOH KPETIOCTH M MO3BOJISIET UCTIOIB30BATh U3MEPEHNUS T ISl JIMTOJIOTHYECKOTO PacuJICHEHHUs pa3pesa

CKB)KWH HETIOCPEJICTBEHHO B MpoIiecce OypeHHs..
S

rme— g
kenpt (17

S- mnomans MOpoxOpaspyLIAIONIET0 HAKOHEYHMKA; YHCIO OOOpPOTOB 3a €AMHHIYy BPEMEHH OypoBOTO
CHapsi/a; ero JaBJICHHE Ha 3a00ii;

n- KOOQPHUIMEHT, YUYUTHIBAIOIMIMKA THII TOPOJOPA3PYLIAIONIETO HAKOHEUYHUKA U CTETIEHb €0 N3HOCA.

p- IlapameTpsl p M W PETHCTPUPYIOTCA Ha caMoil OypoOBOW yCTAaHOBKE MO IOKa3aHUSM NPHOOPOB,
BXOJISIIIUX B KOMIUIEKT U3MEPUTENILHOW ammaparypbl Ha OypoBoi, K03()(DUIIMEHT K OmpeensieTcss ONbITHBIM
nyTeMm. BenmuunHa akp y pa3IHyHBIX TOPHBIX TIOPOJ MOKET OTIMYATHCS Ha HECKOJIBKO MOPSIIKOB.

I[I/Ial"paMMBI IpOAOJDKUTCIIBHOCTH MPOXOJKHM HMCIOT OYCHb XapaKTepHI:Iﬁ BUI - OHH HNpPCACTABIIAIOT
co00i1 JTOMaHbIe JIMHHUY, JUIMHA KaXXJOr0 OTpe3Ka KOTOPHIX 10 BEpTUKANIM paBHa B macmrade 1 m (puc. 17.1).
JlmarpaMMbl MEXaHHUYECKOTO KapoTaka OYeHb XOpOIIO Koppenupyrorcs ¢ mpuarpamMamu KC, xors o06e oHH
OTpakalOT M3MEHEHNE COBEPILECHHO PA3IUYHBIX (PU3NUECKUX CBOICTB TOPHBIX TOPOI.

Bonbmoe npenMytecTBo MexaHudeckoro kaporaxa nepea KC 3akimrodaeTcst B TOM, 4TO €0 AHarpaMMbl
MOJTY4YaloT MPSIMO B TIpoliecce OypeHHsl CKBaKUH, 0€3 JIOTIOIHUTENbHBIX 3aTPaT BPEMEHH U CPEJICTB.

WNHTEpecHO OTMETHTH, YTO XOTS MEPBbI aBTOMATUYECKUN MPUOODP ISl PETUCTPAIIMH T OBUT MPEII0KEH
U3BECTHBIM COBETCKHM Teo(pHu3uKOM-TipombicioBukoM B.H. JlaxHoBeiM emie B 1937 r., 3a rpaHuneil K 3TomMy
METO]ly MPUILIN CPaBHUTEIBHO HEAABHO, 0KoJi0 20 JeT Ha3a.l.

T anry A, Ossas

n

Puc. 17.1. Jlmarpamma MeXaHMYECKOTO KapoTaxa.u ee conocrapiienue ¢ guarpammon KC






["a30BbIi WIIM T€OXUMHYECKUM KapOTax

la3oBBIif KapoTak MpelHa3HAueH [JIi CBOEBPEMEHHOTO BBISBICHHS HE(TEHOCHBIX W Ta30HOCHBIX
MJIACTOB, K KOTOPBIM MOJXOMT 32001 CKBOXKHHBI BO BpeMs ee OypeHus. IToT Meroa ObL1 pazpadboran B CCCP
B 1933-34 r.r., Heckonbko no3aHee oH nosBuics B CLIA mox HazBannem mud logging (mud -rps3b).

dusnueckre 0OCHOBLI METOIA

B ropsbBIX mopojax, Jake 3ajeraroluxX Ha OYeHb OONBIION TyOWHEe, BCeraa COMEPKHUTCS HEeOOJbIIoe
KOJIMYECTBO Ta30B, KOTOPbIE MOTYT HaXOAMTHCS B HUX B CBOOOJHOM, COPOMPOBAHHOM WM PAaCTBOPEHHOM
COCTOSTHUH. DTO a30T, TeIHi, YIIIEKUCIBINA ra3, yriaeBoI0pOaHbIE Ta3bl. [locneaHre pacpocTpaHeHbl B TOPHBIX
Mopo/ax HE(TAHBIX, Ta30BBIX U YTrOJbHBIX MECTOPOXKIEHUH. [IJis ra30BBIX MECTOPOXKIEHUH XapaKTepHO
npeobnananne Merana (CH4) mons kotoporo cocraBiser Oonee 93%; B razax He(TSHBIX MECTOPOXKICHHUM
npeobnagaroT Tsokenble yriaeBogoponabl: 3tadH (C2H6), nmpoman (C3HS), O6yran (C4H10), nenran (C5H12) u
rexcad (C6H14), nonst merana cocrasiser menee 48% (cm. tadm. 17.1).

T'a3 Bun 3anexu
I"azoBasa I"'azokoHneHcaTHas Hedranas
MerTtan CH4 93.5 82 48
Oran C2H6 3.0 4.5 3
IIponan 2.0 3.5 2
byTan 1.0 4.3 2
IlenTan - 1 2
I'excan - 1 2
I'entan - 3,0 40

Tabmuma 17.1. CocraB yrieBoIOPOAHBIX TA30B HA MECTOPOXKICHUSAX YTIIEBOTOPOIHOTO

CBIpBS

IIpu BBICOKMX TeMmmepaTypax camMa He(Th MOXXET HAXOJUThCS B Ta3000pa3HOM COCTOSIHUHU
(razoxoHaeHcat). Ha Gonpmmx riryouHax Npu BHICOKOM JaBiieHUH B 1 M3 HedTH MoxeT coaepxarbes 10 200
M3 NPUPOAHOrO ra3a, IPUBEACHHOIO K HOPMaJIbHBIM yCIOBHSIM.

IIpy BCKpBHITUM CKBaXXMHOM Ta30HOCHOIO WJIM HE(TEHOCHOIrO IUIacTa TOpHas MopoJa MOABEepraercs
paspylleHuIo, a ra3, COJIEp)KaBIUMICS B HEH, BblAeNsercs B OypoBOM pacTBOp W YBIEKaeTcs MM Ha
MIOBEPXHOCTh. [lerasupys pacTBOp Ha NOBEPXHOCTH M H3ydas KOJIMYECTBO M COCTAB ra30B B HEM, MOYKHO
HENPEPBIBHO ONpPEAEATh COJEp’KaHUE YIJIEBOJAOPOJIHBIX T'a30B B IOPHBIX Mopojax. B aToMm u 3akimrouaercs
ra3oBblil KApOTaXK.

Bmecte ¢ OypoBBIM pacTBOpOM C 3a00s CKBKMHBI H3BIIEKACTCSI M BBIHOCHUTCS Ha TOBEPXHOCTH
U3MeNbUCHHAs TOopHasl MopojAa - uuiaM. B mnuiame ropHbIX MOpOA HEPTSHBIX MECTOPOXKICHHUH conxepKaTcs
YaCTHUIIBl ONTYMHHO3HBIX BEIIECTB, CITIOCOOHBIX JIIOMUHECIIMPOBATH B yIITPa(dUOIETOBBIX JTydax. Ha uzyuenun
JIOMHUHECLEHIIMY OUTYMOB B LIUIaM€ M OypOBOM pacTBOPE OCHOBAH JIFOMUHECLIEHTHO-OUTYMUHOJIOTHUYECKUI
ananu3 (JIBA), KOTOpBIl BBIMIOMHSAETCS OJHOBPEMEHHO C ra3oBbIM KapoTaxeM. JIBA 1o3BOJsSET ¢ BBICOKOM
TOYHOCTBIO onpeaensaTh mansle (10 0,01-0,005%) conepkanust HedTH, a B HEKOTOPHIX CIyd4asX IO IBETY
CBEUEHUS PaCIO3HABATh Ka4eCTBO HE(PTU: IS JIETKOM, MAaCISTHUCTON HE(PTH XapaKTEPHBI CBETJIBIC TOHA, IS
TSKEJIOU, TYCTOM — TEMHBIE.

Anmnapartypa u perucTpupyemMblie apamMeTpbl

Annapatypa Ui razoBoro kapotaxa M JIBA Ha3piBaeTCs aBTOMaTHMUECKUMH Ta30KapOTaKHBIMU
cranuusimu (AI'KC).

PaccmoTpuM cxemy ra30BO3AYIIHBIX JIMHUM COBPEMEHHOHN ra3okapoTaxHoi ctaHiuu (puc. 17.2).

Ha mytum OypoBoro pacTtBopa, BBITEKAIOMIETO M3 YCThS CKBAXHHBI B OTCTOWHHUK, YCTAaHABIMBAIOT



Jiera3aTtop, B KOTopoM yrieBoaopoansie rassl (YBI') Boiaenstorcs u3 OypoBOro pactBopa M, CMEIIUBAsChH C
aTMOoc(epHBIM BO31yXoM, 00pa3yroT razoBo3aymnyio cMmeck (I'BC). U3 gerazatopa I'BC mpoxomut uepes
OTCTOMHUK, TAE OCENalOT KaIeJbKU >KUIKOCTH; PEOMETp, KOTOpPbIA H3MepsieT ckopocTh nauxeHus ['BC;
YBIIQXHUTENb, MPUIAIOMINA €M MOCTOSHHYIO BJIAXKHOCTh, W HarpeBaTellb, CIyXKallUuk A MOAAepKaHUA
MOCTOSIHHOM TeMIIepaTypbl CMECH, U TTOCTYIAET HA KaTapoOMETP IJIsl UBMEPEHUs coaepxkanus B Her YBI'.

jecasarep —'{#FM

Puc. 17.2. Cxema ra30BO3yIIHBIX JIMHUNA aBTOMAaTUYECKON ra30KapOTaKHOM CTAaHIIUH

Karapomerp npezacraBiser co0oil MOCT CONPOTHMBICHMH, JBa IUIe4a KOTOPOTO BBIMOJIHEHBI B BHJIE
TOHKOM TIJIATUHOBOM MPOBOJIOYKH, HarpeBaeMoil TokoM oT uctounuka E2 no remneparypst 850 °C. Ogna Takas
IIPOBOJIOYKA IIOMELICHA B M3MEPUTEIBHYIO KaMepy, 4epe3 KOTOpylo npokauuBaercs ucciaenyemas ['BC, u
o0pa3yeT Tak Ha3bIBaEMBI YYBCTBUTENBHBIN d7eMeHT UD. Jlpyras, COBEpIIEHHO WACHTHYHAs MPOBOJIOYKA,
o0pasyeT KoMIeHcupyomuil anemeHT K3, oHa moMelieHa B Takylo e KaMepy, Kak U3MepHUTeNbHas, HO Yepes3
Hee MPOKAYMBAETCSl YUCTHIM BO3AYX C TOU e CKOPOCThIO, uTo U YBI" uepe3 usmepurensuyto kamepy. CiayKut
KD mi yuera oxnakaaroniero AeMcTBHs ABMXKYLIETOCs ra3a Ha YyBCTBUTENbHBIN 351eMeHT. [Ipu Temneparype
850 °C MOCT cOonpOoTHBIIEHUI ypaBHOBEIINBAETCA ¢ MOMOIIBI0 peoctata R1, u perucrpupyrommii npudop PIT
JIacT HYJIEBBIE MIOKA3aHUS.

[Ipu nanuuuu B I'BC, npoxonsdiieil yepe3 uaMepuTenbHyto kamepy, YBI' onu croparot, Belaenstomieecs
TEIUIO TOBBIIIAET TemmepaTypy U3, ero compoTHBICHHE YBEJINYMBAETCS, OanaHC U3MEPUTEIILHOW CXEMBbI
HApyIIaeTCsd W PETUCTPUPYIOIIMH INPHOOP HaeT IOKa3aHMsA, XapaKTEPH3YIOIIUE CyMMapHOE COJEpKaHHe
YIIICBOJOPOJIHBIX T'a30B (M JIETKHMX, W TSOKEIBIX BMECTE) B ra30BO3MYINHON cMecH - [ow “DTH mokazaHust
HENpepbIBHO (UKCUPYIOTCSI Ha JMAarpaMMHON JIEHTE CaMONMCLA, KOTOpas NPOTATMBAETCS CHHXPOHHO C
yIiayOJieHHeM CKBaYKUHBI.

JUid TpamyupOBKHM KaTapoMeTpa 4epe3 HEro IpPOIYCKalT Ta30BO3AYLIHBIE CMECH C HM3BECTHBIM
cogepxanueM YBI'. UYyBcTBUTENBHOCTH Tra3oaHanu3aTopa mno wmertaHy coctaBiuser 0,1%, a nuanason
n3Mepenuii ero - ot 0 10 10 %.

ITocne xartapomerpa I'BC mpoxomuT udepe3 BakyyMMETp M BaKyyMHBIM HAacOCOM BBIOPAcChIBaeTCS B
atMocdepy.

Ilepen karapomerpoM otxaenbHble nopuuu ['BC MoryT ObITH OTOOpaHBI ¢ MOMOLIBIO OTBOAHOMN JMHUU
JUI TIOCJIEYIOIIETO TOKOMIIOHEHTHOT'O aHAJIN3a, O3BOJIAIOIIEr0 onpenenuTts cogepxkanue B ['BC kaxnoro us
VBI' - oT MeraHa A0 rekcana. OTu IpoObl OTOMparoTCs MO 3aJaHHON mporpamme (Hampumep, depe3 1 M
MIPOXOAKY CKBAKMHBI) MJIH TI0O KOMaHJI€ orepaTopa B CIeUaIbHBIN TPOO0OTOOPHUK €MKOCTHIO 0KoJ10 200 cM3.
[Tpo6GooTOOpHHK TpeacTaBiseT cOO0M CTEKISHHBIM CTakaH, B KOTOPOM IMOMEIIEH OayuioH W3 MOJUAMHIHON
mieHkn. OT OalyloHa OTXOJUT TpPyOKa, dYepe3 KOTOpyr mpoba raza IOCTymaeT B HETO M3 CXEMBbl
ra30BO3AYIIHBIX JHHUN CTaHLMU WIM OTOMpAeTCs M3 HEro Ha aHalW3, a B NMPOOKE CTakaHa MMeeTcs TpyOka,
KOTOPYIO MOJKIIOYAIOT MO0 K BaKyyM-Hacocy, Ju00 K kommpeccopy (puc. 17.3).

IIpu  orbGope  mpoObI TPYOKY MOAKIIOYAIOT K BaKyyM-HACOCY, MOJIMAMHUIHBIA MEIIOK pa3lyBaeTcs U
3acaceiBaeT mpoOy ['BC, mpu nmoakmoueHnn TpyOKH K KOMIPECCOPY B CTaKaH 3aKauUBaeTCs BO3AYX, KOTOPBIH
BBIJIaBJIMBAET MPOOY M3 MEILKA JJIsl aHAJIH3a.

JUIA  NTOKOMIIOHEHTHOTO aHajJiu3a  HCIOJb3YETCsS YCTPOHUCTBO, KOTOPOE Ha3bIBACTCS XpoMa-
tepmorpadom. OCHOBHBIMH y3J1aMU €ro sBIsIOTCS no3artop I, pasnmenurenbHas koinonka PK, muamenno-
nonu3anuoHubii aetexrop [11]J] u mpudop perymupyemoro HarpeBa [IPH (puc. 17.4).



PaznenuTenpHas KOJNOHKA MpPEACTAaBIsAET COOOW CTEKISHHYIO TpYOKy, 3allOJHEHHYIO COpPOEHTOM -
BEIIECTBOM C OONBLION ynenbHOM moBepxHOCThIO. IloBepx TpyOKkM HamoTaHa CHMpaib HarpeBaTeds,
noakiroueHuoro x I[1PH.

IIpu ananmze npoda I'BC u3 no3aropa BbAyBaeTcs Ha pasfelUTeNbHYI0 KOJMOHKY. Ilpu koMHaTHOM
Temnepatype copoeHT B PK BnuThIBaeT Bce yriaeBogOpOAHbIE ra3bl, KpOME METaHa.

K KoMApeccopy xcxeme [BC

UL SanyyM- UAU XPOMO-
vacocy repmoepapy

Puc. 17.3. YcrpoiicTBo no3aTopa
{Tnanrenpo-yuonssa-
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Puc. 17.4. Cxema xpomartorpada razokapoTaXHOU CTaHIIUH

Meran npoxonut uepe3 PK u mocrynmaer Ha miameHHo-uoHu3auuoHHbM nerekrop [MUJ]. B TTUJL
HaxOJIUTCS TOPEJIKa, B KOTOPOH CKUTAETCS BOJAOPOI, MOCTynaronuii ¢ reneparopa Bogopoaa (I'en. H2). Comto
TOpPEJIKUA PACHOJIOKEHO MEXIY AJIEKTPOJaMU, Ha KOTOpBIE MOJAETCS BBICOKOE HampspkeHue. [lmams uucroro
BOJOPOJIa MOYTH HE COAEPKUT MOHOB, U €ro 3JEKTPONPOBOAHOCTH Onm3ka K 0, MOITOMY perucTpUpyIOUIHii
npuOop, BKIIIOUEHHBIN B IIETh 3JEKTPOIOB, (PUKCHpyeT HyeBoi TOK. [Ipu cropaHum yriieBOJOPOIHBIX T'a30B
00pa3yroTcsi MOHBI, YHCIO KOTOPBIX MPOMOPLHMOHAIBHO YUCIYy aTOMOB yriepoja B Mousekyie YBI' u ero
KOHIIEHTpauuu. braronapsi 3ToMy B LEMU AJIEKTPOJOB MPOTEKAET TOK. AMIUIUTYAHOE 3HAYEHHE 3TOTO TOKa
peructpupyetrcsa camonucuem PIT Ha auarpamMMHOW JIEHTE, TPOTATUBAEMOMN € MOCTOSHHON CKOPOCTHIO, T.€. B
(byHKIMU BpeMeHH.

Taxkum oOpazom, Tpu aHaiau3e MpoObl mepBoe mokazanue PII mpomopumoHambHO COmEp)aHUIO B HEH
Metana Q (puc. 17.5).

Uepes Hexotopoe Bpemss T2 I[IPH mnoBeimaer Ttemmeparypy pa3AeiMTENbHON KOJIOHKH, W3 HEe
BbIenstercs 3tad u PIT ¢pukcupyer ero conepxanue - C2.

Eme depe3 nexoTopoe Bpems T3 Temmeparypa PK moBwimaercs eme Oombmie, u PIT duxcupyer
conepskanue npomnana C3 u tak ganee, 1o rekcada Cs. Yepes nnrepsai BpeMenu 17 uepe3 PK npokaunBaercs
YUCTBIA BO3MyX JJIA €€ OYMCTKH M OXJaXKACHHs. Bech UK n3MepeHus OIHOM MpoObl 3aHUMAET OKOJI0 6 MUH.
[lepen nadamom pabor Xpomarepmorpad KamuOPYyIOT TPONMYCKAaHWEM dYepe3 HEero NJTaJOHHOH cMecHu C

1
o (17.2)
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Puc. 17.5. IlpumepHbIif BUJ XpoMaTOrpaMMbl KOMIIOHEHTHOTO aHAJIM3a YTJIEBOAOPOAHBIX T'a30B HE(PTSIHOTO
MECTOPOKACHUS

Kpome mapamerpoB Ty % 1 Cr-Co % g ra3oKapoTa)XHOM CTAaHIMU  PETHCTPUPYETCS ele
MHH.

TPOJIOIKHTENBHOCTE TIPOXOAKA M , H Pacxoj GypoBOr0 pacTBOPA Ha BBIXOIE M3 CKBAKHHBI Qe 1/E.
a/c.

[Tocnennue nBa mapameTpa HEOOXOAUMBI JJIsl TOTO, YTOOBI paccunuTaTh K03 duumeHT pazdaBieHus rasa
B OypoBom pactBope E, M3/M3 u ot I'cym mepelitu k mpuBeaeHHOMY razocojaepkanuto ['mp, m3/M3 (T.e. K
KOJIMUYECTBY ra3a B M3, coAepiKalleMycsl B KaKJJOM M3 rOpHOM IOpoJibl, MOCKONbKY conepxkanue YBI' B 'BC
HE PaBHO MX COJEP’KaHHUIO B CaMOM MOpoJie U3-3a pa3yO0KMBaHUA raza B OypOBOM pacTBOPE U HE IOJIHOTO
M3BJICUEHHS €r0 U3 PacTBOpA B

JIera3aTope).

Py =Ky E-Tey (17.3)

rne Kn - koaddunment nerasammm, KOTOPHIN MOKa3bIBAET, BO CKOJIIBKO pa3 CoAepKaHHe Ta3a B OypoBOM
pacTBOpeE BBILIE, YEM B T'a30BO3AYIIHOM CMECH;

E - xoaddumment pa3baBieHUs, KOTOPHIH MOKa3bIBaET, BO CKOJBKO pa3 00beM OypOBOTO pacTBopa,
IIPOKAYaHHOTO uepe3 CKBaXXMHY, Ooiiblle oObeMa TOpPHOM MHOpOABI, Pa3pyLIEHHON 3a TO e BpeMs IpH
OypeHum.

K onpenenstor onbITHBIM IyTEM, CpaBHUBAsI KoJinuecTBO Y BI', n3BiIeueHHOE 1era3aTopoM U3 pacTBOpa,
C UX IOJHBIM cojepkaHueM B pacTBope. [locieaHee ompenenstoT MOCPEACTBOM TIyOOKOHM Jera3aiuu
pacTBopa.

Kosdduunent pa3daBiaeHns pacCUnTBIBAIOT, 3Has MPOJOHKUTENIBHOCTh MPOXOJKU T U pacxo OypoBoro

Oseux

pacTtBopa
__G.p Qm.r r-l
Ven — md” , '

% (17.4)

rae d — aumameTp CKBaKUHBI,
| - nHTEpBAI YIITyOJICHHS CKBaXKHHBI.

Q&Hx

C yderoMm TOTO, 4TO B 3TY (popMyIy d MOACTABISIOT B CM, T U3MEPSETCSI B MUH./M, ~Bu/c,aE-B

M3/M3, OKOHYATEILHOE 3HAUCHHE
£=077.10° ous 7 M
(] B 3 ®
Mo (17.5)

JluarpaMmHasi J€HTa, Ha KOTOPOM pPErucTpUpyroTCs nokasanus ['cym, T u Onnax C IIOMOILBIO CEIILCUHHON
nepesiadu MPOTATHBACTCS CHHXPOHHO C yIIIyOJieHHeM OypoBOTO CHapsia, MOSTOMY IPH Ta30BOM KapOTaxe



pasnuuarot aercTByromyto Hia u uctuanyto Huct riryOuHy CKBa)KHUHBI.

JeiicTByromas riryOMHa - 3TO Ta, KOTOPYIO MoKa3biBaeT cueTuuk riayoun Ha AI'KC, 1.e. riiybuna 3a6o0s
CKBa)KUHBI B KJKJIbIi MOMEHT.

HcTtunnas rirybuHa - 370 Ta riyOuHa, K KOTOPOH OTHOCATCS pe3yJIbTaThl 3MepeHus ['cym, monydeHHble
B JJAaHHBIA MOMEHT.

. .=H, -—dH,’ (17.6)

rne AH HazpiBaeTcsi IIIyOMHOM OTCTaBaHMs, OHA MPEACTABIAET cOO00I MHTEpBaN yriyOJeHHUs CKBaXKHHbI
3a To BpeMs ToT, KOTopoe TpaTuT OypoBOil pacTBOp Ha IBM)KEHUE OT 32005 CKBaKUHBI J10 IOBEPXHOCTH

AHLLE.
r (17.7)
Tom
Bpemsi orcraBaHus ONpeAeNsAoT JIMOO pacyeTHbIM IyTeM, Kak
'Vﬂ!'d‘

[-1.

Oeus OO SKCHEPHMEHTATBHO, KAK MOJOBHHY MPOMEKYTKA BPEMEHH, MOTPAUYEHHOTO KAKUM-THOO
UHMKAaTOPOM, JJOOABICHHBIM B OypOBOI pacTBOp (KpacHTelb aHWIINH), HA JBH)KCHUE OT YCThsl CKBOKHHBI JI0
32005 1 00paTHO.

,Z[Hﬂ Qﬂhlx

U T ICUCTBYIONIAs TTyOMHA COBITaIaeT C UCTUHHOM Ho=Hucn

B HacTosimiee BpeMs MEXaHUYECKUN M ra30BbIH KapOTaXK BBIMOJHSIIOTCS C MOMOILBIO CTAHLUN Te0yIoro-
TexHojoruueckux wuccnenoanuit (I'TH), ammapatypa KOTOpbIX 0O€cHeYMBAeT HE TOJBKO PErucTparfio
BBIILIETIEPEUNCIIEHHBIX, HO 1 MHOTUX JONOJHUTENbHBIX IMapaMeTPOB, XapaKTEPU3YIOLIMX Mpoluecc OypeHHs
(wacToTy  BpamieHuss ~ poTopa, Bec OypOBOTO WHCTPYMEHTA, BPALIAIONIMI MOMEHT pOTOpa, JaBIICHHE
IIPOMBIBOYHOM HUJIKOCTH U €€ YPOBEHb B EMKOCTSIX), a TAKXKe CBOMCTBA MPOMBIBOYHOM JKUAKOCTH (TIJIOTHOCTD,
BSI3KOCTB, TEMIIEpaTypy u conpoTtusienue). OxnoBpemeHHo Ha ctannusax [ 'TU uccnenyercs u nuiam.

J1s1 BBITOJIHEHUSI JIIOMUHECLIEHTHO-OUTYMUHOJIOIMYECKOTO aHaJIn3a B KOMIUIEKT cTaHuuu ['TU Bxonut
JIOMHHOCKOIL. BHYTpH y HEro mmeercsi MpUCcocoOIeHUe I yCTaHOBKH MPOOHPKHU C KUAKON MpoOoi u amst
uccaenoBanuss TBepAbIXx mpoO. IIpoOGer OypoBoro pactBopa oTOMparoT BOJU3H YCThS CKBaXXHWHBI O00BEMOM
okoio 200 cm , pazbaBistioT B 2-3 pa3a YMCTOM BOJOM, 4YacTh MPOOBI 3alIMBAalOT B MPOOMPKY M BEIyT
BU3yaJIbHOE HAOJIOEHUE 32 €€ CBEUYEHUEM B JIOMHHOCKONE. CBeYeHue ucciaeyeMoil mpoObl CpaBHUBAIOT CO
CBEUEHHUEM ITAJIOHHOM M TaKUM 00Pa30M OIPEEIISIOT cofepkannue HeTu B Mpode U KauecTBO HE(PTH.

IIpoObl nutama mnepen JIOMHUHECLEHTHBIM aHAJINW30M IPOMBIBAIOT B BOZAE JO IOJHOIO YJaJIEHUsS
TJIMHUCTOTO MaTepuaia, BHICYIIMBAIOT M u3Menb4aoT. CopepikaHue OMTYMOB B MpoOe OINpEeNeNsioT TakkKe
MOCPEJICTBOM CPAaBHEHHSI UX CBEUEHHUS CO CBEUEHUEM STAIOHHOM ITPOOBI.

KonTposbHbie BOIpOCH!

1. B deM 3axirodaercs MEXaHUUYECKUN KapoTax?

2. KakoBbl mpeuMyIecTBa MEXaHUUYECKOTO MEepeT Ap. BUAAMH KapoTaxa?

3. Kakue nopojpl OTIIMYAIOTCS MAaKCUMAJIbHOW U KAKM€ MUHUMAJIbHON

MIPOJIOJKUTENIBHOCTBIO MPOXOJKH?

4. KakoB cocTaB yriieBOJOPOIHBIX Ta30B HA HEPTSIHBIX U Ta30BBIX
MECTOPOKICHUSIX?
[TosicHuTE cXeMy ra30BO3AYIIHBIX JUHUN ITA30KaPOTAKHOU CTAHIUU.
UeMm oTnmyaeTca cymmapHoe razocojaepsxkanue ['cym ot npuseaennoro ['TIP?
Kakum 06pa3oM n3y4aroT MOKOMIIOHEHTHBINM COCTAB YIIIEBOJIOPOIHBIX Ta30B?
B uem 3akirouaercs TIOMUHECIICHTHO-OMTYMUHOJIOTHYecKuil aHam3 JIBA?
Uro Takoe UCTUHHAS U JEHCTBYIOIIAs TNTyONHA CKBKUHBI IIPU Ta30BOM KapoTaxe?
0 Kaxk paccunrarh Bpems oTcTaBaHusi 0ypoBOro pactBopa’?

S0 e o e



Jlekmma 18
PA3JIEJI 111
OIIEPAIINHU B CKBAXKHNHAX

Ortor pazgen ['MC BkiodaeT METOAbl MCCIEHOBAHMUS TEXHUYECKOTO COCTOSIHHUSI CaMHUX CKBAXKHH U
BBITOJIHEHHE psijia paboT (omeparuii) B HUX.

KaepHomerpust

KasepuomeTtpus (KM) 3akimrodaercs B U3SMEPEHUU CPEIHETO TuaMeTpa OypoBOW CKBaXKUHBI.

Hleno B ToM, 4yTO (haKTUYECKUH IHaMEeTp CKBa)XKMHBI HE BCEr/a OINpeAesseTcss IUaMeTpoM OypoBOTo
HaKOHEeYHMKa (monoTa). Tak, Ha XPYNKHX MOpojaax (MCKOMAeMbIX YIJSAX, HAlpUMEp), B 30HAX ApoOIeHUs
JIaMeTp CKBAXKUH YBEJIMYUBACTCS 110 CPaBHEHUIO ¢ HOMUHANBHBIM dH; 13-3a BBIKpalvBaHUs U BBIBAJIOB MOPOJ
B CKBaXXMHE 00pa3yroTcsi KaBepHbl. KaBepHbI 00pa3yloTcsl U B TIIMHHUCTHIX IJIACTAaX M3-3a pa3MbIBaHUS TJIMH B
npouecce OypeHus. YMEHbIIEHUE TUaMeTpa MO CPaBHEHHIO C HOMHHAJIBHBIM HaOyonaercss OOBIYHO MPOTHUB
IUIaCTOB-KOJIJIGKTOPOB. braromapsi xoporeld mMpoHUIIaeMOCTH B HUX 3ajlaBIMBaeTcst OypoBoil pactBop. M3-3a
MaJIoTO JMaMeTpa IMop B IUIACT MPOHHMKAET TONBKO (PHIbTpaT (3KMIKasi OCHOBA) OYpOBOTO pacTBOpa, a IIMHA
OCeaeT Ha CTEeHKaX CKBAXUHBI, 00pa3ysl IIIMHUCTYIO KOPKY, KOTOpasi yMEHbIIAeT AUAMETP CKBAKHHBI.

a 7]
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Puc. 18.1. IIpumep npaBuiibHO¥ () 1 HENMPaBUILHOM (6) YCTAaHOBKH 00CaHOM TPYOBI B CKBAKHHE

3HaHHe JUaMeTpa CKBAKWHBI HEOOXOIUMO IS PEIICHHS KaK TEXHUYECKUX, TaK ¥ Te0JIOTUYECKUX 3a/1a4.
Taxk, HanpuMep, 3HaTh JUAMETP CKBAYKUHBI HY>KHO JIJIS1 TOTO, YTOOBI MPAaBUIILHO YCTAHOBUTH 00CaIHYIO TPYOY B
ckBakuHe (cM. puc. 18.1), paccuntars 00bEM IIEMEHTa, HEOOXOAUMOTO ISl 3aKPETUICHUS o0caTHBIX
KOJIOHH, MPaBUJIbHO BBIOpATh CKBAXXMHHBIE IPUOOPHI IS KapoTaska.

3HaHHWe JUaMeTpa CKBAKWHBI HEOOXOIUMO TPU KOJIWYSCTBEHHONW HMHTEPIPETAIUN PE3yJIbTaTOB TaKUX
MetozoB, kak KC, BK3, BK, UK, I'K, HI'K u ap., a Takke /Isi TUTOJIOTHYECKOTO pacwjieHeHUs paspesa (puc.
18.2).

[Ipubops! A M3MepeHus AuaMeTpa CKBaKHHbBI Ha3bIBalOTCs kKaBepHOMepaMu. OHH ObIBAIOT pa3InyHbIMU
M0 KOHCTPYKIMH: PHIYaKHBIMU, (DOHAPHBIMHU, YIPABISIEMBIMU U HEYNpaBIsieMbIMH. B 1H000M ciiydae B HUX
UMEETCSl KaKOW-TO CICISANIUN MEXaHU3M, CKOJB3SIIUN 10 CTEHKE CKBA)KHHBI, M MPeoOpa3oBaTellb MOJIOKCHUS
3TOr0 MEXaHW3Ma B AJICKTPUUYECKUN CUTHAJI, Yallle BCETO, MOCPEACTBOM M3MEHEHHS] aKTUBHOTO COMPOTHBICHUS
BJIEKTPUYECKOMN LIETIH.

Ha puc. 18.3 moka3zaHa HIKHSISI 4ACTh PhIUAXXHOTO KaBEpPHOMEDA.



Puc. 18.2. 3aBucumMocTh CpegHEro

JTUaMeTpa CKBOKUHBI OT JINTOJIOTHH

paspesa

Puc. 18.3 YcTpolicTBO kKaBepHOMEpPA PHIYAXKHOTO

K kopmycy a3Toro ckBaXKMHHOro mnpuOopa KpemsTcsi Ha IIapHUpPax 3 NOANPYKUHEHHBIX pblyara,

00pa3yIonux creasumil Mmexanu3Mm. HukHre KOHIIBI phlyaroB CKOJIb3AT MO CTEHKE CKBa)XKWH. OJIMH U3 pblUuaroB
VIOpaBIsIET MOJM3YHKOM TIIEPEMEHHOTO COmpoTuBieHHs Rd, aBa npyrmx ciyXar i UEHTPUPOBAHHSA
KaBepHOMEpa MO OCH CKB@XHHBI (MOATOMY H3MEpSEMBbI HapaMeTp M XapakTepuszyeT CpeIHHM auamerp
ckBakuHBI). llepen cmyckoM Takoro kaBepHOMEpa B CKBAXKMHY €ro pblYaru NPHXKUMAKOTCA K KOpIyCy M
YAEPKUBAIOTCSI B 3TOM COCTOSIHHUM C IIOMOIIBIO CIELHUAIBHOIO YaleoOpa3sHOro 3aMka, KOTOpbIM o
TOCTIDKEHHH CHApSAAOM 320051 PaCKpPBIBAIOT C TIOMOIIBIO CIIEIUATIBHOTO 3JIEKTPOMAarHUTa, Ha KOTOPBINA MOAAI0T
MIUTAHUE C TOBEPXHOCTH.
Kasepaomep ¢onaproro tumna (puc. 18.4) He Hyk1aeTcs B 3aMKOBOM yCTPOHCTBE, KOHCTPYKLHUS €r0 phIYaros,
Ha BHUJle COOKY HAallOMUHAIOIIMX KUTAWCKUH (POHApUK, 0OECIEUnBAET EMy XOpollee MPOX0KICHUE KaK BBEPX,
TaKk W BHU3 MO CKBaxuHe. Ha 3TOM jke pHCyHKE H300pa)keHa »JJIEKTpHUYEcKash cXemMa H3MEepeHHi ¢
KaBEPHOMEPOM.

[epen cryckom mpubopa B CKBaXXMHY BBIIOJIHSIOT IPayUpOBKY prudopa. st 37TOro Ha KOHIBI PHIYaroB
OJICBAIOT KOJbIIA M3BECTHOI'O IMAMETPa, M COOTBETCTBYIOLIME UM IIOKa3aHUS PErMCTPUPYIOLIEro mnpuodopa
3allMCBHIBAIOT HA JMAarpaMMHON JIGHTE B BHJE CBOEOOpa3HBIX cCTymeHeK. MacmTald 3amucu peryimpyroT
MOCPEICTBOM U3MEHEHHS TUTAIOLIETO TOKA.

CoBpeMeHHbBIE KaBEPHOMEPHI UMEIOT a0CONIIOTHYIO TOTPEIIHOCTE nopsiaka +0,5 cM, MUKpOKaBepHOMEPHI-
mo+0,1 cm.
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Puc.18.4. Cxema wu3MepeHHH CO CKBa)XMHHBIM KaBEPHOMEPOM U IIPUMEp 3alMCH pe3yibTaTOB
rpagyupoOBKU KaBepHOMepa



Ipoduaemerpus

[Mpodunemerpus - 3TO HU3MEpPEHUE Cpa3y HECKOJBKUX TUAMETPOB B OJHOM IIOMEPEYHOM CEUCHUU
CKBaXHHBI. HeoOXOAMMOCTh B TaKMX W3MEPEHHUSX BO3HUKAET TOTOMY, YTO CKBAXHMHBI HE BCETJa HMEIOT
ceueHne KpyroBoil ¢opmbl. Ha rimuax, aneBpoiuMrTax W JAp. HENPOUHBIX IMOPOJAAX 4acTo 0o0pa3yroTcs Tak
Ha3bpIBacMbie 'KenmoOa"' cO CTOPOHBI BHUCSYETO OOKa HAKJIOHHOM CKBaXKHMHBI -TpyObl OypoBOTO HaboOpa,
UMEIOIIMEe TUaMeTp MEHBIINH, yeM OypoBO HAaKOHEUHHK, NMPOJEIBIBAIOT YINIyOJeHWE B CTEHKE CKBA)KUHBI -
xkenob. Takue ke yrimyOneHus MoOXeT oOpa3oBBIBATh M KapOTaXKHBIN KalOeiab MPH MOJbEME CKBAKHHHOTO
npubopa (puc. 18.5).
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Puc. 18.5. O6pa3zoBanue xenoda B BUCSIEM OOKY HAKJIOHHOW OypOBOI CKBaKHHBI

OTH kenoba co3AalT OMacHOCTh "MpHuxBaTa" OypoOBOro CHapsjga WM CKBAXMHHOTO MpuOopa Mpu HX
noabeMe. Bo3MOXKHO Takke M3MEHEHHE CEUEHHs OOCAKEHHOW CKBaKMHBI M3-32 HEPAaBHOMEPHOTO JEUCTBUSA
TOPHOTO JABJICHUS U CKAaThUs 00CaTHBIX TPYO.

[Ipu npodunemerpun 0OBIYHO U3MEPSIIOT 2 B3aUMHO MEPHEHANKYJSPHBIX JAMaMeTpa C MOMOIIbIO 2 map
pBIYATOB, KaXIbIH M3 KOTOPBIX YIPABISET CBOMM PEOCTAaTHBIM (WM WHAYKTUBHBIM) IpeoOpa3oBaTelnem,
BBIPa0ATHIBAIOIINM DJICKTPUUECKHUI CUTHAJI, TPOIIOPIIMOHAILHBIN OTKJIOHEHHIO pbryaroB ot kopmyca CII.

NmeroTest Takke npuOOpbI, Ha3bIBaeMble paguycoMepaMu. Takoil mpuOop uMeeT 8 pbluaroB, Kbl U3
KOTOpBIX YIIPaBJISIET CBOMM pEOCTAaTHBIM IpeoOpa3oBareneM. Kpome Toro, B HeM HMeeTCs eule U JaT4uK
MOJIOKEHHS MPHOOpa OTHOCHUTENBHO arlCHUIATbHON IIOCKOCTH, T.€. BEPTUKAIBHON IUIOCKOCTH, MPOXOJIICH
Yepe3 OCh CKBAXUHBI B TOUKE U3MEPEHHS. DTOT AaTdrk (puc. 18.6, 0) mpeacTariaseT coO0H KOJIBIIEBOM peocTaT
(peoxopa), yCTaHOBJICHHBIM MepHeHIUKYIsIpHO mpononbHo ocu CII. Hauwano peoxopaa cCOBMEIIEHO C
MOJIO)KEHHEM TiepBoro pbruara. [IoABMXKHBIN KOHTaKT peoxopjaa CHaOXKeH Tpy3uKoM, Oyiarojgapsi KOTOpOMY
KOHTAaKT pacrojaraercsi B arncHIalbHON IJIOCKOCTH CKBa)XMHBI B CTOPOHE, IPOTHBOIIOJIONKHOM TOM, Kyna
HampaBlieH 3a00if ckBakuHbl. CONPOTHBIEHHE yYacTKa peoxopja OT Hayaja A0 MOJBHUKHOIO KOHTAaKTa
OIpeAEsAeT MOJOKEHUE MEPBOrO pblYara OTHOCUTEIBHO allCHUIAJIbHOMN I'IJIOCKOCTI/I, MI0JIO)KEHUE TOCIeaHEN
OTHOCHUTENILHO CTOPOH CBETa OMpEeNdioT Mo pe3yibTaram uHKIMHOMeTpuu. B CII paanycomepa nmeercs
NEPEKIII0YaTeNb, KOTOPBIA 110 KOMaHJE C MOBEPXHOCTH IPOU3BOJUT ONPOC BCEX AATYMKOB, BKIIOYAsS JATUUK
OPUEHTHPOBKU mpubopa. B HazeMHOM H3MEpPUTETHLHOM IYJbTE COJEPKUTCSA TaKKe YyKaszaTellb IMMO3ULUN
CKBAKMHHOTO NEPEKII0YATEIS.
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Pe3ynbpTatel n3mMepeHuii ¢ painycoMepoM MpecTaBieHbl Ha puc. 18.6, a.
Puc. 18.6. Pesynprarel m3MmepeHuil co ckBakMHHBIM paauycomepom CIIP-1 (a) u xoHCTpyKLus
JaTYMKa MOJIOKEHUS pailycoMepa OTHOCUTENIBHO allCHJaJIbHON TNIOCKOCTH CKBa)KUHBI (0)



HNukianHoMeTpus

WNHknmuHOMETpHS - 3TO U3MEpPEHUE YIIIOB UCKPUBIICHUS OYPOBOW CKBa)KHUHBI.

BypoBbie CKBaXUHBI 33J1al0T OO0 BEPTUKAIBLHBIME, THO0 HAKIOHHBIMH, UCXOJS U3 T€OJOTHUYECKUX WU
TeXHUYECKUX cooOpaxeHuid. HakiIOHHBIE CKBa)XKMHBI MPUXOAMUTCS OypUTh TPU A00bIYe HEDTH C MOPCKHX
w1aTt($opM, C HACHITHBIX OCHOBAHUH B OOJIOTUCTHIX paiioHax 3amagHoit Cubupu, 4ToObI, HE MEHSS MOJI0KECHUS
OypOBOM BBIIIKH, BCKPHITh HEPTIHYIO 3aJICKb B HECKOJbKMX MecTax (puc. 18.7, 0), HaKJIOHHBIMU OypAT H
JOTIOJTHUTEJIbHBIE CTBOJIBI, OTBETBJISIOIIMECS OT OCHOBHOTO. Ha pyAHBIX MECTOPOXXKICHHUSX HAKIOHHBIC
CKB&)XHMHBI 33Ja10T MPU Pa3BEeAKE KpyTONaaaronux pyaHsix Tei (puc. 18.7, a). B mponiecce OypeHus: CKBaKUHBI
MOTYT OTKJIOHATHCS OT 33/IaHHOTO HAMPABJICHHUS - UCKPUBJISITHCS.
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Puc. 18.7. PacnonoskeHrne HaKJIOHHBIX CKBaKHMH MpPH pa3Benke pyaHoiu (a) u HedTsaHOU (0) 3amexu B
3ananHoit Cubupu

[TonoxxeHne CKBaXXMHBI B MPOCTPAHCTBE ONpEAEsIeTcs ee TIyOMHON 1 IByMsl YIJIIOBBIMU MapaMeTpaMH -
3€HUTHBIM U a3UMYTAJIbHBIM YIJIaMHU.

3€HUTHBIH YToJI - 3TO YTOJ MEX/AY OChI0 CKBRKUHBI U BEPTHKAJIBIO.

A3MMyTanbHBI Yrojl - 3TO Yrojl MEXJy HalpaBiI€HUEM Ha CEBEp M TOPHU3OHTAIBHOM NpOEKLHEn
CKBaXKMHBI.

Wnorpa mpuberaroT K TakoMy TEpMHUHY KaK Yrojl HAKJIOHa CKBaXHMHBI - 3TO YTOJ, JOTOJHSIOLIHHA
3eHUTHBIN 10 90°.

3HaTh yIJbl UCKPUBJICHUS HEOOXOIMMO, YTOOBI MPAaBUIBHO OMPEICTUTh, B KAKOW TOYKE MPOCTPAHCTBA
CKBa)XXKMHA IIEPECEKAET IOJIE3HOE MCKOMaeMoe, Ha KaKOil MCTMHHOW IIyOMHE, 4TOObI O BHUAMMOW MOIIHOCTH
paccuuTarh UCTUHHYIO, T.€. YTOOBI HE JOMYCTHTH OIIMOOK INpH MojacyeTe 3amacoB. [IpuOopsl 11 u3MepeHus
WCKPUBJICHHSI CKBAYKUH HA3bIBAIOTCS MHKIMHOMETPAMH.

Haubonpmmm pacpocTpaHeHHEM MOJIB3YIOTCS 3JEKTPOMHKIMHOMETPHI ¢ TATYMKOM a3UMYTaJIbHOTO yTiia
B BHJIe OyCCOJIM C MAarHUTHOM CTPEITKOM.
VYnporieHHas IeKTpUYeCcKas CXeMa TaKOro MHKIMHOMETpa IIpUBEIeHa Ha puc. 18.8,
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PHc. 18.8. YnpoieHHas ayieKTpudeckas cxeMa CKBaKMHHOTO HHKJIMHOMETpa
JlaT4uK a3MMYTaJbHOTO yTJa MPEJICTaBIsAeT cOO00W OycCOib C MarHUTHOM cTpenkoil. Bmecto nmumba c

OTCUeTaMH B Heil MMeeTcs KONBIIEBOH peocTaT (PeoXopd) © a MarHWTHAs CTPENKa CHabGKeHa KOHTAKTOM,
CKOJIB3SILIUM I10 ’TOMY PEOCTary.

JlaTuuk 3€HUTHOIO yIJla - 3TO OTBEC, MOJOKEHUE KOTOPOro Mpeodpa3zyeTcsl B ANEKTPUUECKUN CUTHAT C
MIOMOIIIbIO aHAJIOTUYHOI'O PE0X0opaa

O0a natunka pa3MeIIeHbl B TTOBOPOTHOW paMKe, CHA0KEHHON OChI0, COBMAIAIONICH C MPOIOIBLHON OCHIO
CII, n skcueHTpUyHBIM rpy3ukoM. I[lox nelicTBHeM rpy3uMka paMKa YCTAHABIMBAETCS TaK, YTO IIOCKOCTb
KayaHWs OTBECa COBMANACT C AalCHUAAIBHON IJIOCKOCTBIO CKBAaXXHHBI, IUIOCKOCTH OyCCONM pacroiaraercs
TOPU30HTANBHO Oylarojiapsi TOPU3OHTAIBHON OCH, 3aKpeIUIEHHOW B TOBOPOTHOW pamKe, M COOCTBEHHOMY
Ipy3uKy OycCoH.

Hauano peoxopaa a3uMyTainbHOr0 yria COBMEUIEHO C IUIOCKOCThIO KauyaHUs OTBECA U CMOTPUT B CTOPOHY
HaIpaBJIEHUs] HU)KHETO KOHLA pubopa.

[Ipu wu3MepeHusix, KOTOpbIE BBIIOJHIIOT IOTOYEYHO, KOHTAaKThl MarHUTHOW CTPEIKHM M OTBeca
NPWKHUMAIOT C TOMOILBIO CHEUUAIBHOIO appeTHUPHOrO YCTPOICTBA K COOTBETCTBYIOLIUM peoxoplamM H
MoOYepeTHO (B 3aBUCHMOCTH OT MOJIOKeHUs nepekittouatesns 1) u3mMepsroT BeIHUrnHy COMPOTHBIICHUS MEXKIY
Ha4yaJloM KaXXJOro M3 PEOXOPAOB M €ro IMOJABIKHBIM KOHTakTOM. BenuumHa STHUX CONPOTUBICHUM
XapaKTEepPU3yeT, COOTBETCTBEHHO, a3UMYTaJIbHbII 1 3€HUTHBIHN YTJIbI.

N3mepenust yriioB uckpubiieHUs npoomsaT yepe3 20, 50 mnmm 100 M B 3aBUCUMOCTH OT TITyOWHBI
CKBa)XUHBI.

Kpome »neKTpOMHKIMHOMETPOB, €CTh €Ill€ TaK Ha3blBAEMbIE OJHOPA30Bble HMHKJIMHOMETPBL. ITH
WHKIMHOMETPBl TaKKe HMEIT Oyccollb M OTBEC, HO MX IMOJIOKEHHE MPOCTO (PUKCHUpyeTcs B mpubope ¢
MOMOUIBI0 YAaCOBOTO MEXaHHW3Ma U ONpENeNsieTcs BU3YyalbHO IOCIE W3BJICYEHHUS NpuUOOpa M3 CKBAKUHBI.
OnHOpa3oBbIe HMHKIMHOMETPBI CBOOOTHO OIMYCKAIOT B YCThE CKBAKMHBI M U€pe3 HEKOTOPOE BpeMs U3BJICKAIOT C
MOMOIIIEI0 OypOBOTO MHCTpYMEHTa. M3MepeHus: mpousBOASTCS CHIIaMU OypoBOil Opuranbsl 0e3 MpHUBIICYCHUS
reo(u3nUecKoi CiryKOBbI.

WHKIMHOMETPBI C MarHUTHOM CTPEIKOM HE MPUrOJIHBI AJI1 U3MEPEHUH B OOCaKEHHBIX CKBAKMHAX HWIIN
CKBa)XMHAaX, MEPECEKAOIINX MarHUTHBIE PYIbI.

B Takux cimydasx MCNONB3YIOT TUPOCKONMYECKHE MHKIMHOMETPBL. B 3THX npubopax AaTyuKkoM asumyTa
CIIY’KUT PACKPYUYEHHBIN THPOMOTOP - TUPOCKOII, YPABHOBEIICHHBIN B KapJaHHOM MOJBECE. Y PaBHOBEUICHHBI,
T.€. TOABEIIECHHBIN 32 LEHTpP TAKECTH, TUPOCKON 00JIaJaeT CBOMCTBOM COXPaHSITh MOCTOSHHON OPUEHTHUPOBKY
ocH cBoero BpauieHus. Kak MarHuTHas CTpejika CMOTPUT CEBEPHBIM KOHIIOM Ha CEBEPHBIM MOJIOC, TaK U
YPaBHOBELIEHHBIN TMPOCKOII, KaK €ro HU MOBOpAayMBaii, HalpaBiseT CBOIO OCh TyJa, KyJa OHa CMOTpea Ipu
€ro pacKpy4rnBaHHH.

3€HUTHBIM Yrojl B THPOCKONMYECKOM MHKIMHOMETPE U3MEPSIETCS € MOMOIIBIO TAKOTO )K€ OTBECA, KaK U B
OPYTUX UHKIMHOMETPAX.

AOGCom0oTHAs OTPEUTHOCTh ONMUCAHHBIX WHKIMHOMETPOB 10 a3UMYTaJbHOMY YIJy cocTaBisieT +4-5°, a
10 3eHUTHOMY - £0,5°.

ToyHOCTh W3MEpEeHHsT 3EHUTHOTO YIJIa MOXET OBITh TIOBBIIIEHA TPH HCHOJIb30BAHUM JAaT4YHKa,
MIPEAJIOKEHHOTO aBTOPOM CcOBMeECTHO ¢ mpod. A.B. JlaBbinoBsiM. KOHCTpYKIMS maTdvka MpUBEICHAa Ha PHC.
18.9. OH cocTOMT M3 LMIMHAPUYECKONH M3MEPUTEIBHONW KaMepbl, B KOTOPYIO 3aJIUTA JKUIKOCTh C BBICOKHMU
OTpaXaloIIMMU CBOMCTBaMH, HampuMmep, pTyThb. Bbliie Ha ocu mpubopa HaxXOIWUTCS HUCTOYHUK CBETa U
KoJbLIeBOM (oTonpueMHuK. [Ipu BepTUKaIbHOM TMOJIOKEHUHM JaTyuka Ha (OTONMPUEMHUK IOMAaJaeT
HauOoJIbIlIee KOJTMYECTBO CBETA, M OH BhIpAaOATHIBAET MAKCUMAJIbHBIN CUTHAI.
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Puc. 18.9. JKuakocTHbIi JaT4MK yrjla  HakJIOHA CKB&)XWHBI,  IPEIIOKECHHBIN A.B.

HaBbiioBeiM 1 U.I'. CKOBOPOAHUKOBBIM

[Ipu OTKIIOHEHUH JaTYMKA OT BEPTUKAIU YaCTh OTPAKCHHBIX JTy4Yell YXOIUT 3a Mpeeibl (OTONpUEeMHUKA,
U €T0 BBIXOJIHOM CUTHAJI yMEHbILIAETCsl.

JloTIOTHUTENhPHOE JTOCTOMHCTBO TAKOTO JaTYMKA -BO3MOXKHOCTH HETPEPHIBHOTO HM3MEPEHHUS 3€HUTHOTO
yria. Onucannapiid gaTauk npusHal nzoopereHueM CCCP (aBt. cBua. Ne1509518).

Bormpockl 00paboTKu pe3yabTaTOB HHKIMHOMETPUU W MOCTPOCHHUS HHKIMHOTPAMM OYIyT pacCMOTPEHBI
HaMU Ha MPAKTUYECKUX 3aHITUSIX.

IL1acToBast HAKJIOHOMETPHS

[InacroBas naximoHomerpus (ITH) 3akmiowaercss B ompezelneHuM yria M a3uMyTa MaJeHUs IJIaCTOB,
MEPECEUCHHBIX CKBAXKUHOM.

CxBaxxkunnbiii ipuoop st [TH mpeacrasmsier coboit KOMOMHAINMIO U3 3-X JTaTYMKOB, MPETHA3HAYCHHBIX
st 3anucu puarpamm 1IC, MCK, C33, I'K unn KMB, pacnonoxeHHbIX B OAHOW TOPU30HTAIBHOM MIOCKOCTH
moa yriaom 120° apyr k apyry. Ilpubop momosHseTcss yCTPOHCTBOM i ONPENCICHUS €r0 OPHEHTHPOBKH
OTHOCUTEIBHO allCUAAIBHOU TJIOCKOCTH CKBAaYKUHBI.

Ha puc. 18.10 nuzo0OpaxeH Takoil HAKJIIOHOMED, NTEPECEKAIOIINI HAKJIOHHBIA KOHTAKT TIOPO/I, 00J1a1at0IIHnX
pa3IMYHBIMUM CBOMCTBAMM, HAIIPUMEp, Pa3HOH MarHUTHOM BOCIPUUMYHMBOCTHIO. JlaTunku 1, 2, 3 B 3TOM citydae
noioKHBI ObITh matunkamMu KMB. Ecnu Obl cCkBakWHA IMepecekana KOHTAKT 10 HOPMalld K HeMy, CKauyoK Ha
auarpamMmax, 3aliCaHHBIX BCEMHU TpeMs JaTdyMKaMH, HaOIroAalncs Obl HA OMHOM W TOH ke TiyOuHe, T.K. BCE
JATYUKU MEepenIn Obl KOHTAKT OJTHOBPEMEHHO.

[Ipu HaKJIOHHOM MEpPEeCceYEeHUN CKBAXKUHOM KOHTAKTa CHavalla €ro mepecever AaTyuk 1, 3aTeM 2 U TOIbKO
MOTOM JaTuyuk 3 (Ipu JBWKEHUM HakIOHOMepa CHU3y BBepX). COOTBETCTBEHHO, M aHOMAJHH,
3a(hUKCHpOBaHHBIC 3TUMH JaTYMKAMU, IPUIYTCS HA pa3Hylo Tayouny (puc. 18.10).

PaspaboTaHbl MpHUEMbI, C MOMOIIBI KOTOPBIX IO PAa3HOCTH TIIyOHH dhy_p. dhy 3 m Ahyy MOKHO
paccYuTaTh Yroj BCTPEYH CKBAXKWHBI M KOHTAKTa W, CJICIOBATEbHO, 3HAs 3CHUTHBIA YIOJ CKBaXKUHBI,
ONpEIEUTh YroJl NMajeHus miacrta. Hanpasienue najeHus onpenesisorT ¢ HOMOIIBIO JaTYNKa OPUEHTHPOBKU
prOOpa OTHOCHTEILHO AICHAIAIBHOM TIIOCKOCTH.



Puc. 18.10. IlpuHuun neilcTBUs MIaCTOBOTO HAKIIOHOMEPA: a - PACIIOIOKEHHUE TaTYNKOB HAKJIOHOMEPA;
0 - IuarpaMMbl, 3aperHCTPUPOBAHHBIC YTHMH JaTYMKAMH Ha KOHTAKTE MOPOJ C Pa3INIHBIMU (DU3HUECKUMHU
CBOMCTBaMU

Jlns 6osiee moApOOHOIO 3HAKOMCTBA C METOJIOM IUIACTOBOM HAKJIOHOMETPUU PACCMOTPUM YCTPOMCTBO U
MPUHIUI AeHCTBUSA 1macToBoro HakimoHomepa HIT-3 (puc. 18.11).

B srom mnpubope wumerorcs 3 snexkrtpona mus 3anucu auarpamm MCK. Onu pacrnonararorcss 1o
OKpY’KHOCTH npudopa uepe3 120° u nuTaroTcs OT UCTOYHKKA OocTOosTHHOTO Toka E uepes nuoast J(1-/13.

B neBoMm nonoxenun nepexirovatens LI Ha snekTpoasl mogaerca "-" muTarOIEro HaNMpsHKEHUS, JUOIBI
J11-J13 BKJItOYEHBI B TPSMOM HANpaBICHUU M M3MepHUTenbHbIe npudopsl M1-U3 peructpupyior 3 auarpammsl
MCK. TokoBasg 1enb 3aMbIKa€TCs 4Yepe3 IMOBEPXHOCTHOE 3a3eMJIEHHE, K KOTOpoMy moakiatoudaercs "+
ucrounuka (maata I11-5). Yepes xaxnapie 50-100 M 30HA OCTaHABIMBAIOT U ONPEAEISAIOT €I0 OPUEHTUPOBKY
OTHOCHUTEJIBHO allCUJIAJIbHOM INIOCKOCTH CKBa)KHHBI.
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Puc. 18.11. IlpuHuunuanbHas 3I€KTpUUECKas cxema IactoBoro HakiioHoMmepa HII-3

Jlia storo mepekimrouatens 111 mepeBomsaT B mpaByro mo3unuioo. B pesynprate ko Bcem 3 KuiaM
nojkiroyaerca "+" uctounuka Toka, a Kk "semne" - "-". Inoasr [[1-/13 3akpbIBatoTCs, U TOK Yepe3 AIEKTPOIbI 1-
3 He IpoXOoauT. 3aTO OTKpbIBacTCs 1uoa 14, M TOK MPOXOIUT Yepe3 MEKTPOMarHuT M, KOTopbiil Mexay 2 u 3
KUJIaMH KaOeJls MOJKII0YaeT JaTYNK OPUEHTUPOBKH CKBaXXMHHOTO NMpHOopa. DTOT JaTUUK YCTPOEH TakK XKe, KakK



u B pamuycomepe (cM. puc. 18.6, 6). Hagamo peoxopna maTdyrika COBMEIICHO C TMOJIOKEHHEM | 3JIeKTpoja.
ConpoTuBieHue naTuvka U3MEpSIOT perucrparopoM W4, mocne dvero Bo3BpamaroT nepexiatodarens [11 B
IIPABYIO MO3ULUIO U IPOJOKAIOT MIOABEM.

[lo pa3HocTH B TiayOMHAaxX aHOMAJMii, 3amHMCaHHBIX TpeMs perucrparopamu WI1-U3, m mo naHHbIM
MHKJIMHOMETPHUH CKBA)KMHBI BEIYUCIIAIOT YIOJ M a3UMYT IaJeHUs IUIACTOB, IEPECCUCHHBIX CKBAKUHOM.

KonTposnbHbie BOIpOCH!
1. Ilouemy kaBepHOMED U3MEPSAET CPEAHUM TUAMETP CKBAYKUHBI?
2. Jlig yero Hy>KHO 3HaTh CPEIHUI AUAMETP CKBAKUHBI?
3. Ha kakux mopojax ¢akTuueckuit ruamerp 0oJbIie HOMUHAIBHOTO?

Ha xakux menbiie? Ha kakux nmopoaax OHUA paBHBI?

4. ]Jlng yero Hy>kHa NpouUIeMeTpust CKBaXHH?

JlaliTe onpeneneHne 3eHUTHOMY U a3UMYyTallbHOMY YTJIy CKBa)KHHBI.

6. B yem 3aKJIF0YAI0TCA HEJ0CTaTKU CKBAKMHHOTO AJIEKTPOMHKIMHOMETPA C
MAarHUTHOM CTPEJIKOM?

7. Tlouemy Takoi MHKIMHOMETp HEJb3s UCIOIB30BATh B 00OCAKEHHBIX
CKBa)KMHax?

8. B uem, nHa Bam B3rusa, 3akioyaeTcss pasHHUIA  MEXAY
TUPOCKONMYECKUM UHKIIMHOMETPOM U TUPOKOMIAcoM?

9. Kakue 3a1auu pemarT ¢ MOMONIbIO MJIACTOBBIX HAKIIOHOMEPOB?

10. Kakum 00pa3oM ompenessitoT reoJIord YIroJl U a3uMyT MaJCHHS
IJIACTOB, IIEPECEUEHHBIX CKBAXKUHOM?

e

Jlexkuuss 19
IleMeHTOMETPHS CKBAKUH

[leMeHTOMETPHUS — ITO UCCIICTOBAHMSI, UMEIOIINE [IEIbI0 OLIEHKY KayecTBa IIEMEHTHPOBAHUS 00CAIHBIX
kosoHH (OK) B ckBakMHaX.

DKCIUTyaTalliOHHbIE CKBAKWHBI HAa HE(TSHBIX U TA30BBIX MECTOPOXKACHHUSX MO OKOHYAHHU OypeHUs
00CaXMBaIOT CTAJIbHBIMH KOJIOHHAMHM, IMPOCTPAHCTBO MEXAY KOJIOHHOM M CTEHKOM CKBAa)KUHBI 3aIOJIHSIOT
[IEMEHTOM BBICOKMX MapoOK M TOJBKO IOCIE JTOTO0 BCKPBIBAIOT NPOAYKTHBHBIE IIIACTHI C IOMOIIKIO
nephopaTopoB, 4TOOBI OTKPBITH JOCTYI HePTH (UK Ta3a) U3 TIacTa B CKBakuHY (puc. 19.1).

ementupoBanue OK HeoOXomuMo Ui TPeIOTBpAIICHHS 3aTPYOHBIX MEPETOKOB MOJ3EMHBIX BOI W3
HUKe- U BBIIIENIEKAIINX TUIACTOB B MPOIYKTUBHbBIE TOPU3OHTHI.

KauecTBo 11eMEHTHPOBaHUS XapaKTePU3yETCs:

® BBICOTOH MOJbEMA [IEMEHTA B 3aTPYOHOM IIPOCTPAHCTBE;

® TIOJHOTOW M PaBHOMEPHOCTBIO 3aITOJTHEHHS 3aTPYOHOTO MPOCTPAHCTBA
LIEMEHTOM,;

e cremneHpio cremneHus nemenTHoro kamus (LK) ¢ xomoHHOM u €
MOPOJIOH.

Omnpenenenne BbICOTHI ObEMa LIEMEHTA B 3aTPyOHOM MPOCTPAHCTBE — 3Ta OIEpalys Ha3bIBAETCS €Ile
"oTOuBKOI IeMeHTHOTO Koibla" (OLIK) —mpormie Bcero mpou3BOAUTCS METOAOM TEPMOMETPHH B TEUCHHE 6-
24 gacoB ToCIIe 3aJIUBKYU IIeMeHTa (cM. Jiekiuto 15, puc. 15.15).

Onpenenuts BBICOTY MOAbEMA IIEMEHTa MOXHO TAaKXE C MOMOIIBI0 METOAA PaTUOAKTHBHBIX HU30TOIOB.
Jis 3TOoro B LEMEHT J00aBISIOT KaKOH-TMOO HMCKYCCTBEHHBIM pPaJMOHYKINJ € HEOONBIIUM IEPHOI0M

oy
noJtypacrajia (Harpumep, /2 =8 nHell), WM pa3MeNbUCHHYI0 YpPaHOBYIO pyIy C

3abanaHcoBbIM conepkanueM U. HemoctaTok 3TOro Meroaa - HEOOXOOUMOCTH COOJIOACHUS MpPaBUII
TEXHUKHU 0€30MacHOCTU MpH paboTe ¢ paJMOaKTUBHBIMH BEIIECTBAMU. 3aTO 3TOT METOJ MO3BOJISIET HE TOJBKO
BeIMONHUTH OLIK, HO U OIEHUTH MOJTHOTY 3aMOJHEHUS 3aTPYyOHOr0 MPOCTPAHCTBA IIEMEHTHBIM KaMHEM, €CIIH



JETEKTOP Y-U3IyUeHHs IOMECTUTh BO BPAIIAIOIIUICS SKPaH C IPOPE3BIO.

W3ydyenue paBHOMEPHOCTH 3allOJHEHUsI 3aTPyOHOTO MPOCTPAHCTBA LIEMEHTHBIM KAaMHEM YCIEIIHO
ocymectisiercs MmetogoM ['TK. IIpu 3ToM ucnonb3yeTcst pa3nuune B IMJIOTHOCTH IeMeHTHoro kamHs (1,8-2,0
r/cm3) m oxuakoctn (1,0-1,2 r/em3), sanonnsromei myctoTel. [IpubGopsl st y-y-IEMEHTOMETPUH COEPHKAT

O E = 137
Heckobko 30HmoB ITIC, cocroAmmx W3 HMCTOYHHKA Co™(Ey =133MsB) nma Cs"'( E, =066 MaB) y

OTJIEJIEHHOTO OT HETO CBUHIIOBBIM 3KPaHOM JIETEKTOPA PACCESIHHOTO Y-U3TyYEHUSI.
B anmaparype [IMTY-1 Takux 30H10B 3, 1 OHU PACHOJIOKEHBI B OJHOM MJIOCKOCTH Mo yriaoMm 120° npyr
K Apyry (puc. 19.2).
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Puc. 19.1. Cxema 000pya0OBaHUS SKCILTYyaTAllMOHHON CKBaKUHBI HA HEPTETA30BOM MECTOPOKACHUN

Puc. 19.2. PacnionoxeHue N1aTYMKOB CKBaXKMHHOIO raMMa-TaMMa-IIEMEHTOMEpPA B MONEPEUHOM CEUEHUU
CKBa)KUHBI

B nementromepe L{®-4 ux 4, pacnonoxkeHbix noja yrioM 90° apyr k apyry. MoOImHOCTh HCTOYHUKA OKOJIO
50 mxKu, cuetumnku - razopazpsanbie. Kaxaplii C4eTUMK SKpAaHUPOBAH TaK, YTO HA HErO MOMA/AET PACCESIHHOE
y-H3ITydeHHE TOJBKO C TOW CTOPOHBI, TJI€é OH MpPHMBIKAaeT K KOJOHHE. Takue IEeMEHTOMEpHl Kak Obl
OCMAaTPHUBAIOT CKBAXKMHY M3HYTpH 1o 3 unu 4 oOpasyrommm. VHTepBanbl, rae neMeHTHbIH kameHnb (LIK)
OTCYTCTBYET MJIM HE MOJHOCTBIO 3aIOJIHAET 3aTPyOHOE MPOCTPAHCTBO, OTMEYAIOTCS KAaK yYaCTKU MOHMKEHHON
mioTHocTU. OgHOBpeMeHHO pemtaetcs 3anaya OLK.

OpHako y-y-LIEeMEHTOMETPUSL HE TO3BOJISIET UCCIIE0BATh pacHpe/IesIeHne IEMEHTA 110 BCEMY MEPUMETPY
CKB&)XMHBI B €€ [TONIEPEUHOM CEUCHUHU.

N3ydyeHue cTeneHn CUEIUICHUS LIEMEHTA ¢ KOJOHHOW W C TOPHOM MOPOAOW OMPEAENSIETCA TOJIBKO IO
naHHbIM akyctudeckor nementomerpun (AKLL). Ecnu xomonna TpyO He MMeET CIETIICHUS C ILEMEHTOM,
cB0OO/HA, TO ympyrue kosebanus, Bo30OyxaeHHble B OK, He mepenaroTcsi IEMEHTHOMY KaMHIO, U yIpyras
BOJIHA PACTIPOCTPAHSIETCS MO KOJIOHHE CO CKOPOCThIO 5200 M/C pu OTHOCUTENHHO HEOOIBIIIOM OCIa0ICHUH.

B cnyuae kauecTBEHHOW 3aJIUBKM M MPU XOPOILIEM CUEIUIEHHWH, MEXy KOJOHHOW M LIEMEHTOM HMEETCs
aKyCTHUECKUN KOHTAKT, yHpyrue KoyueOaHUs B KOJOHHE BO30YXKIAIOT Takue ke KojeOaHHs B IIEMEHTHOM
KaMHE, B CBS3H € 4yeM OoJIbllIasi YacTh UX YHEPIHH PACCEUBAETCS HA MYTHU MEXKIY UCTOYHUKOM U MPUEMHHUKOM.
[IpueMHUK perucTpupyeT 3HAUYNTEIHLHOE OCTa0JIeHNE U OBICTPOE 3aTyXaHHUE ITUX KOJIeOaHMIA.

AMITIUTY/]a IEPBOTO BCTYIUIEHUSI Ap OOBIYHO MEHBIIIE aMIUTHTYABI MOCIEIYIONINX KOJICOaHHH, TTIOITOMY
B AKI[ peructpupyercs BenuumHa AK, XapakTepu3yrollas aMIUTUTYJIy HECKOJBKUX KoJie0aHuh -
BBITIPSIMJICHHBIN CUTHAJ 3 MEPUOJI0B BOJHBI B YCIOBHBIX €IMHULIAX - MB, B BUJie HENPEPHIBHON KPUBOM.

Xopoliiee CIEMIeHHne [IEMEHTa CO CTEHKOM CKBa)KHMHBI MPOSBIIAETCS MOBBIIIEHHBIM BpeMeHeM T mpobGera
BOJIHBI CO 3HAYUTEIHHOW aMIUIUTYION KoseOaHuil Am, T.K. B 3TOM ciiy4ae OoJbliasi 4acTh YHEPTHH YIPYTUX
KOJIeOaHUH pacrpoCTpaHsAeTCs IO TOPHOM TMOpOoJe C XapaKTEPHOW JII ATOM TOPOABI CKOPOCThIO. Jlymst
OOJBIIMHCTBA OCATOYHBIX TOPHBIX MOPOJ 3Ta CKOPOCTh MEHBIIE, YeM CKOPOCTh B CTAIBHBIX Tpy0Oax (CcM. TallI.
16.3). HckmtodyeHne COCTaBISIIOT TOJIBKO KPETKHUE, OKPEMHEIbIE U3BECTHAKH, ISl KOTOPBIX Vp mocturaet 7000
Mm/c. Takum 00pa3oM, COBMECTHOE pacCMOTpeHHE KpUBbIX AK M T MO3BOJSET ONpenenuTh BBICOTY IMOIbEMa
neMmenta B 3arpyoHoM mpoctpanctBe (3TII), momnory 3amomuenus 3TII memMeHTOM, Ka4eCTBO CIICTUICHHS
[IEMEHTa C KOJIOHHOH, a TIpu OJaronpHusTHRIX YCIOBUSX - U C TOPHOU TIOPOOH.

AKyCTHYECKHE IIEMEHTOMEPHI, KaK MPaBHUIIO, IPEACTABISIOT COOON IBYXAJIEMEHTHBIM aKyCTHYECKUN 30H]T
C KOJIBLIEBBIM MarHUTOCTPUKIIMOHHBIM M3JIy4aTelIeM U KOJIbLIEBBIM MbE303JIEKTPUUECKUM NMPUEMHUKOM. JlnnHa
30HIa -0Koio 2,5 M. MCTOYHMK M NpPUEMHUK H30JHMPOBAaHbl JAPYr OT Apyra aKyCTHUYECKH - PE3UHOBBIMHU
MOTJIOTUTENAMHU KoseOaHuil. McTouHuK BbIpabaThIBaeT MauKU yJIbTPAa3BYKOBBIX UMITYJIBCOB C 4acTOTOM 25 kI



YacroTa cinenoBanus navek -12,5 I'n. CurHanel ¢ IpUeMHHKA YCHIMBAIOTCSA M MEPENAIOTCS HA MOBEPXHOCTD,
rae obpabarbBaloTCs W (UKCHPYIOTCS B BUAE TpeX Auarpamm: AK- aMIUIMTYy[bl BOJHBI, MPUIIEANICH IO
KOJIOHHE, A,, - aMIUTUTY/IbI BOJHBI, MPUIICANICH MO TopoJe U T — BpeMEHHU MPUX0Ja BOJIHBI ¢ HAMOOJBIICH
amruuTy1oi. Kpome Toro, nmpeaycMoTpeHa BO3MOXKHOCTh PETHUCTPAIlMM BOJHOBBIX KapTUH C ONPEAEICHHBIM
aroM Juckperusamuu. Mimerorces nporpaMMel ajis 00padoTku 1 mHTepnperanuu nanabpix AKL nHa DBM.
Ha puc. 19.3 npencrasnens! pe3yabtarsl AKL 11 HECKOIBKUX YaCTHBIX CIy4acB.
a .

A Aa T

Puc. 19.3. Pe3ynbpTarhl aKyCTHUECKOH IIEMEHTOMETPHUM: a - IPU OTCYTCTBUU LIEMEHTa B 3aTPyOHOM
IIPOCTPaHCTBE; O - MPU MOJHOM 3arOJIHEHUH 3aTpyOHOr0 MPOCTPAHCTBA M XOPOLIEM CLEIIEHUH LEMEHTHOTO
KaMHsI ¢ 00CaIHOM KOJJOHHOM M CTEHKOW CKBa)KMHBI; B- IIPU YaCTUYHOM 3aIlI0JTHEHUH 3aTPyOHOIr0 IPOCTPAaHCTBA
LIEMEHTHBIM KAMHEM

B cnydae oTcyTCTBUS IleMEHTa B 3aTpyOHOM MPOCTPAHCTBE (a) MpHILEAIIas MepBOi BOJIHA MO KOJOHHE
UMEET MAKCHUMAJIbHYIO0 aMIUIUTYy. DTOMY CiIy4ar0 COOTBETCTBYIOT BBICOKHME IOKa3aHUS Ha KpUBOM AK U
Hu3kue — An u T. B ciydae nosnnoro 3anonnenust 3TII u xopomero crensienus (6) BojHa, NMpHUILEANIas O
KOJIOHHE, UMEET MaIlyl0 aMIUIUTYIy, MpHINeAIas MOo3JHee BOJHA MO IMOpojae - OONBIIyI0. JTOMY CIIydaro
COOTBETCTBYET MUHHUMYM Ha KpHBOW AK U MOBBIIICHHBIE MTOKa3aHus Amn u T. B ciydae HemomHOro 3anmoiHeHus
3TII (B) mepBOi MPUXOAWT BOJHA MO KOJOHHE, T MHHHMAaJbHO, Ha KPUBBIX AKHA,, - TPOMEKYTOUYHBIC
MOKa3aHusl.

Takum oOpazom, AKIl sBnsercs Hambosjee yHUBEpPCATbHBIM U HH(OPMATUBHBIM METOJOM OLIEHKHU
KauecTBa [IEMEHTUPOBAHUS CKBAXKHH.

JedexTomeTpus 00caTHBIX KOJTOHH

Hedexromerpust OK nmeer 11e51p10 KOHTPOIIb COCTOSTHUS 00CAAHBIX KOJIOHH U BBISIBJICHUE HX J1€(DEKTOB.

K xapakrepuctukam OK, onyieHHBIX B CKBa)KHHY, OTHOCSTCS; BHYTPEHHUM JUaMETp KOJIOHH, TOJIIMHA
CTEHOK, MECTONOJIOXKEHNE MY(PTOBBIX COCIMHEHMH M YyYaCTKOB HapyLIEHHUs LIEJIOCTHOCTH TpyO B pe3yibTare
nepdopaluu, TperH U KOPPO3UH, MECTOTIOIOKEHNE "IPUXBATOB" TPYO TOPHBIMH MTOPOIAMH.

Jlia xoHTposs coctossHus OK NpUMEHSAIOT MEXaHUYECKUE, PaJUOAKTUBHBIC, MHAYKTUBHBIE U ONTHYECKHE
METO/IBI.

Buytpennnii nmamerp OK ompeneistoT ¢ MOMOIIBIO CHEHUAIBHBIX MHMKPOKaBEPHOMEPOB U
npodunemepoB. ITu NpuUOOPHl YCTPOEHBI, B MPHUHIMIE, TAaK K€, KaK U KaBEPHOMEPHI U MpPOPUIEeMEphl IS
OTKPBITOTO CTBOJIA, HO UMEIOT 00Jiee BHICOKYIO TOUHOCTH (+0,1 cm).

BuyTpenHuil nuaMerp HeoOXOIMMO 3HATh MJI KOJWYECTBEHHOM M KAuyeCTBEHHOW HWHTEpIIpeTaluu
JAHHBIX LIEMEHTOMETPUH, PACXOAOMETPUH U PATUOMETPHUH.

TonmuHa cTeHOK TpyO MOXKET M3MEHSTHCS MOJ BO3AECHCTBUEM MEXAaHMUECKHX HAIPSHKEHUH, KOPPO3UH,
B3PBIBHBIX paloT.

Jns onpenenenus TOIMHBI CTEHOK NpUMEHSOT [ T'M 1 mHIyKIIMOHHBIN

METOI.



[Ipubopsl, ocyuiecTBIsIOMME Y-Y-Ae(EeKTOMETPUI0, OOBIYHO SIBJISIOTCS KOMILJIEKCHBIMH W, KpOMe
ne(GeKTOMETPHH, PEeIIaloT elle U 3a/laud LHEMEHTOMETPHH CKBaXXKUH. [IpMepoM MOTYT CIIy’KHUTh CKBA)KMHHBIE
ramMmma-ramma-jaedexromepsl-rommuaomepsl, Takue kak CIIT-2 w CI'AT-3. Ha puc. 19.4 mnokazano
ycTpolicTBO ckBakuHHOro mnpubopa CI'IT-3 B mpomonbHOM paspese. I[lpubop mnpencrasisier co0oif
koMmOuHanumio 2 30H10B [ TK, KopoTKOTO M AJIMHHOTO, C OTHUM HCTOYHUKOM.

B kadyecTBe MCTOYHMKA y-KBAaHTOB HMCIOJb30BaH paauoHykiug Csl37. Jlerekrop KOPOTKOro 30HAA-
TOJIIIMHOMEpa pa3MelieH B 19 cM OT HCTOYHUKA. DTO PACCTOSHHME W YIUIBI HAKJIOHA KOJUIMMAalMOHHBIX
OTBEpCTHI BBIOpaHBI TaK, YTOOBI MHTEHCUBHOCTH PACCESTHHOTO Y-U3JIy4YeHHs 3aBHCeNa, TIIaBHBIM 00pazoM, OT
TONIUHBI 00canHOM KooHHBL. Ha puc. 19.5 npuBenen npumep auarpammsel 1 30H1a-ToImuHoMepa. Jlerekrop
JUTMHHOTO 30Ha-1e(EeKTOMEPa COCTOUT U3

3 (uepe3 120°) CUMHTUIUTSITMOHHBIX CYETUUKOB.

WeHmpaman

Sty
Qi s z
A
7 7 b ™
Mecma
oDy
Hm
Puc. 19.4. Koncrpykius ramma-gedexromepa-  Puc. 19.5. [Ipumep 3amucu pe3yabTaToB
tonuHomepa CI'/IT-3 raMMa-ramma-aeeKToOMeTpUu

Pasmep nmnauaHOTO 30HHA (42 cM) BBIOpaH TakuM, 4yTOObI Ha €ro MOKa3aHWs BIMsIA, B OCHOBHOM,
IUIOTHOCTh cpenbl 3a creHkod OK. Mexnay netekropaMu M HCTOYHHMKOM pa3MEIlEeH CBUHLOBBIA 3KpaH.
YcTpanenue (QoHa M3ITY4YEHHs], CYIIECTBYIOIIETO 3a CYET PACCESHUS Y -KBAaHTOB CKBAKUHHOM KHUIKOCTHIO,
no0uBarOTCsA yMEHbIIIeHHEeM 3a3opa Mexay koxyxom CII u crenkoit OK no 8-10 MM ¢ OMOIIBIO CTaJIBHOTO
BBITECHUTENS] TPOMBIBOYHOM KUKOCTH.

B Bepxueit yactu CII yctanoBneH nerekrop kanana I'K, quarpammbl KOTOpOro ciay»kaT JIJsl NPUBSA3KU K
pa3pe3y CKBaXMHBI KPUBBIX TOJIIMHOMEpa u nedekromepa. [Ipubop meHTpupyeTcss B CKBAXHHE pblUaramu
HEHTPHUPYIOMUX (QoHapel, 00ecIeYnBaONUX €r0 YCTOHYMBOE IOJIOKEHHE 10 OCH CKBKWHBI IMPH yriax
HakyoHa o 30°.

OnexkTpoHHas cxeMa npubopa BBINOJIHEHA HA MHTETPAJbHBIX MHKPOCXEMaxX M o0ecreyuBaeT
(dbopMupOBaHUE U TIepeady Ha MOBEPXHOCTb CUTHAJIOB M0 TPEXXKUIBHOMY KaOelo.

Wupykuuonnsle  Ae@eKToMepbl OCHOBAaHBI HA TPUHIMIE AJIEKTPOMArHUTHOH  1e()EeKTOCKOITHH.
CKBa)XMHHBIN TPUOOP COAEPKUT TEHEPATOPHYIO U MPUEMHYIO KaTYIIKH, AJIEKTPOMArHUTHAs CBSI3b MEXIY
KOTOPBIMH OCYIIECTBISETCS 0 o0camubiM TpybaM. Yacrora mepemeHHOro Toka reHeparopa - 300-400 I'm.
3aTyxaHMe CUTHaJIa 3aBUCUT OT TOJILIUHBI CTEHOK TpyO. [1o 3T0if npuunHe n3Mepsior 1100 aMIUIUTY Iy CUTHAIa
B IPUEMHOH KaTyIIKe, TU00 CABHUT (a3 MEeXAy CUTHaJlaMi B NPUEMHOW M FeHEepPaTOPHON KaTyIIKax.

Jlnst mpumepa Ha puc. 19.6 nmpuBeeHa 3anmuch pe3yJIbTaTOB HHAYKIIMOHHON JeheKToOMEeTpruH, Ha KOTOPOH
xoporto pukcupytorcs kak aedextsl OK, Tak u coenMHUTENbHBIE MY (DTHI.
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Puc. 19.6. Ilpumep 3anucu pe3yIbTaTOB HHIIyKIIMOHHOH Je()eKTOMETpHH

Ontryeckre  METOIBI BKIIOYAOT (poTorpadupoBaHne W Tenenepenady M300pakeHUs] M3 CKBAKHUHBL
OHM UCHIONB3YIOTCA JUIS U3YUYEHUS COCTOSHUS 00CaHBIX KOJIOHH U (DMIIBTPOB, @ B HEOOCAKEHHBIX CKBAXKMHAX -
JUI U3YYCHMsI T€OJIOTHYECKOTO pa3pesa.

IIpu ¢orockemke uIM mnepenadye H300pa)XKeHHUs CTEHKAa CKBAXXKMHBI OCBEILIAETCS JIAMIOW-BCHBIIIKOM.
EcTecTBeHHO, XHAKOCTh B CKBaXHMHE JIOJDKHA OBITh IPO3pavyHOM.

OmnpeneneHue MoJIOKEHUsI COEAUHUTENBHBIX My()T MPOU3BOAUTCS C MOMOILBIO NMPHOOpa, Ha3bIBAEMOTO
nokatopoM Myt (JIM).

[Ipocreiimmit JIOKaTop MydT (puc. 19.7) cocTouT U3  KaTYIIKU UHAYKTHUBHOCTH c
OOJIBIINM KOJMYECTBOM BHTKOB M 2-X TOCTOSIHHBIX CTEP)KHEBBIX MAarHHTOB, YCTAHOBIICHHBIX MO 00€ CTOPOHBI
OT KaTyUIKd OJHOMMEHHBIMHU IIOJIFOCAMHM HAaBCTpedy Apyr Ipyry. Ocu KaTylIKd M MarHuTOB COBIAJaroT.
MarsuTHbl€ CHIIOBBIE JTUHUU MTOCTOSIHHBIX MATrHUTOB NPOHU3BIBAIOT KATYLIKy MHIYKTUBHOCTH U 3aMBIKAIOTCS
yepe3 TpyOy. [Ipu n1BrxkeHnn gokatopa B TpyOe, UMEIOLIEeH MOCTOSHHYIO TOJIIUHY CTEHOK, MarHUTHbIE TIOTOKU
00OMX MarHUTOB OJWHAKOBBI W KOMIECHCHUPYIOT Apyr Apyra. CHTHaN Ha BBIXOAE KATYMIKH HHIYKTHBHOCTH
paBer 0. Ilpu mpoxoxaeHuM JOKaTopa MHUMO CTaJbHOW COEAMHUTENbHONW My(Thl CHayala yCHIMBAETCS
MAarHUTHBIN IOTOK BEPXHEr0 MAarHuTa, 3aT€M - HUKHETO.
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Pnc. 19.7. Yeorpoiicrg npocreiiuera
mokaTopa My (8) 1 BHA THAMPAMMED
nokaTopa [H)

Puc. 19.7. YcrpoiicTBo mpocretiniero jokatopa Myt (a) 1 BUI JuarpaMmbl JokaTopa (0)

Ha BBIBOIax KaTymIKW TOSBISETCA ABYIOJSPHBIM UMIyJbc HampsbkeHus (puc. 19.7, ©), KOTOpblii H
pPErUCTPUPYETCs Ha MOBEPXHOCTH. AMIUIUTYIA CUrHaJja JOCTAaTOYHO BEJIMKA, TaK YTO HUKAKUX
ycunuTeneil 3gech He TpeOyercs. Jlokartop pearupyer W Ha HeKoTopble moBpexiaeHuss OK - Tpeuiussl,



nepdopanronnpie orBepctus. Juarpammer  JIM - HCHONB3YIOT  JUIsl  TOYHOM  TNPUBS3KH ~ WHTEPBAJIOB
neppoparuu.  MydTer  chmykat pemepamu. X moNokeHHE — YBA3BIBAIOT € MAapPKHPYIONIMMH
TOPU30HTAMHU OOBIYHBIX KapOTaXXHBIX IuarpaMM HeoOCaXKeHHBIX  CKBa)KHUH IyTEM COBMECTHOM
3anucu auarpamm 'K u JIM. 3arem rnyOuHy cmycka nepopaTopoB MpOBEpPSAIOT MO My(TaM KOJOHHBL
OOBIYHOE PACCTOSIHUE MEXKTY COCTMHUTEILHBIMU MydTamu - okosio 10 M. Onpenenenne mect mnpuxBara OK
OCYILECTBIISIIOT C IOMOIIBIO MPHUOOPOB, HA3BIBAEMBIX PUXBATOOIPEACIUTENSAMU. DTH MIPUOOPHI UCTIONB3YIOT
W3MEHEHne MarHuTHbeIXx CcBOMCTB OK, cBs3aHHOE C €€ MeXaHWYeCKHM HampsbkeHneM. Kak u3BecTHo,
BBHIIIIE TPHXBaTa HANpsOKEHHUE MEHbINe; (31ech TPyObl Kak Obl OMHUPAIOTCS HA TOPOIY), YeM TOJ HHM.
[IpuxBaroomnpenenuTenn Tak e, Kak M JIOKaTop My(T, coaepKaT KaTylUIKy HHIYKTUBHOCTH W TMapy
MOCTOSIHHBIX MarHUTOB, MarHUTHBIA MOTOK KOTOPBIX 3aMbIKA€TCSl Y€pe3, CTEHKY KOJOHHBI M MEPECEKAET BUTKHU
KaTyIIKU UHTyKTUBHOCTH.

[Tonoxenue "npuxpara" MOXKHO ONPENETUTh U C MMOMOIIBIO OOBIYHOTO JIOKaTOpa My(T. MeTouKa Takux
pabort nosicasiercs puc. 19.8.
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Puc 19 8 Omnpenenenue MeCTONONI0KEHUS TPUXBATa 00CATHON KOJOHHBI C TOMOILBIO JIOKATOpa My(T:
1 - mepBUYHas nuarpaMma JIOKatopa; 2 - MOcjie MPOCTAaHOBKM MAarHUTHBIX METOK; 3 - Mociie 3aKpy4yMBaHUs
KOJIOHHBI

CHayana cHumaroT o0ObluHYyr0 auarpamMmy JIM (kpuBas 1). 3areM B CKBaXKMHY OIYCKalOT
HaMarHW4MBAIOIEe yCTPOICTBO U uepe3 ONpPEAEICHHBI MHTEpBal CTaBsAT Ha KOJOHHE MAarHUTHbIE METKU -
HamaranuuBaioT HeOonpmue ydactku OK. CHoBa cHumarot amarpammy JIM (kpuBast 2), Ha KOTOpOH OymyT
OTOMTHI yXe HE TOJBKO COCAMHUTENIbHbIE My(Thl, HO U MarHUTHble MeTKU. Ha auarpamme 2 OHM NMOMEYEHBI
toukamiu. ITocne atoro TpyOy moJBepraloT MEXaHUYECKOMY YCUJIMIO - HAUMHAIOT BBITACKUBATH €€ C TIOMOILBIO
CTHELUANbHBIX JOMKpPATOB MJIM 3aKpy4yHBaTh. DTO MEXaHHMUECKOE BO3/IEHCTBHE BBI3bIBACT pa3MarHWYMBAHUE
MarHMTHBIX METOK, M OHM ucye3atoT. Ho Huke mpuxBaTta MEXaHUYECKOE YCUIIUE HE MEpPEeAaeTCs, U MarHUTHBIE
METKH TaM coxpaustorcs. Eme pa3 cHumatror nuarpammy JIM (kpuBas 3). Ilo mpomexyTky, Iie ucue3aroT
MarHuTHBIE METKH, ONIPEIEIISIOT MOJ0KeHne npuxsara. [locie s3toro Tpyda MoxeT ObITh 00pe3aHa BhIIIE MECTa
IpUXBaTa U U3BJIEYEHA HA TOBEPXHOCTH JJIs1 IOBTOPHOI'O MCIIOJIb30BaHMUS.

IToToxkoMeTpus B CKBAXKUHAX

[ToTokOMeTpHsI — 3TO U3MEpPEHHE CKOPOCTH MOTOKa (MM pacxoja) *KUAKOCTU MO CTBOIY CKBA)KUHBI.
Jlpyrue Ha3BaHUs 3TOTO METOJIa: pacX0JIOMETPHUs, 1€OUTOMETPHSL. \

3amauy, pemraeéMbleé 3THM METOAOM: OIpeneneHue aeOuTa HeTH MO IIacTaM M INPOMJIACTKaM B
JOOBIBAIONIMX CKBaKMHAX MJIM pacxo/ia BOJbl B HArHETATENbHBIX; ONpEACICHUE MECT IPUTOKA U MOTJIOLICHUS
KHUJIKOCTU B CKBAKMHAX; U3YUYEHHE TUAPOIUNHAMUYECKUX XapaKTEPUCTHUK IJIaCTOB-KOJIIIEKTOPOB.



[Ipubopkl, TpUMEHsIEMBIE B 3TOM METO/IC, Ha3bIBAIOTCS CKBAXKHHHBIMH PacXoJ0MepaMu (J1IeOUTOMEPaMH ).
HauOonpiiee pacmpocTpaHeHHE HMMEIOT WH)KEKIMOHHbBIE, TEPMOKOHAYKTUBHBIE U TaXOMETPUYECKHE
pacxoaoMepsl.

Wmxekunonnesie pacxonoMepsl (puc. 19.9) coctosaT u3 Kopmyca ¢ HEHTPUPYIOUMMU (OHAPSIMH, BHYTPH
KOTOpPOT'O pacrojaraercsi MHKEKTOp METKU MOTOKa M 2 JETeKTOpa METOK. MHKEKTOp BIPBICKMBAET B MOTOK
METKY, T.€. TOPLHIO KHUIKOCTH, OTIIMYAIOIIYIOCS OT MPOMBIBOYHOH JKUIAKOCTH IO KaKOMY-JIMOO (PU3UUIECKOMY

CBOMCTBY (paJiMOaKTUBHOCTH, TEMIIEpaType, MPO3PAYHOCTH WM BIJIEKTPONPOBOJHOCTH). DTa MeETKa
MEPEHOCUTCST TIOTOKOM U YJIaBJIMBAETCS CHavaja MePBbIM, a 3aTEM BTOPBIM JIE€TEKTOPOM.
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Puc. 19.9. Ilpunuun nerictBus

CKBAKMHHOT'O MHYKEKIIMOHHOTO

neburomepa

3acekaloT BpeMsl NpPOABM)KEHHS METKM OT | 10 2 JeTekTopa M, 3Has PACCTOSHUE MEXIy HHUMH,
PacCUUTHIBAIOT CKOPOCTh MOTOKA, a 3Has JAMAMETP CKBAKMHBI U JUAMETP CaMOro MpUOOpa - pacxo]l MOTOKa.
OTHOcuTENbHAS TOTPEIIHOCTh U3MEpEeHU — 2-5%.

TepMOKOHIYKTUBHBIE PACXOOMEPHI (TEPMOAHEMOMETPHI) MPECTABIAIOT COO0M TEPMOUYBCTBUTEIbHBII
anemMeHT R,, momemaemslil B HccaeayeMblid IOTOK M HAIPETHIM 10 TEMIIEpaTyphl, IPEBBIIIAOIICH TEMIIEpaTypy
notoka. Cxema H3MEpeHUH C TepMoaHeMoMeTpoM TmpuBeneHa Ha puc. 19.10. Ilpm nepBoHauyanbHOMI
TeMreparype (B HEMOABUKHOM >KHIKOCTH) U3MEPUTEIbHBIM MOCT COalaHCUPOBAaH, U MPUOOpP, BKIIOYCHHBIN B
€ro JuaroHajb, JaeT HyJIEBble OKa3aHHUs.

HabGeraromuii MoTOK >KUIKOCTU OXJIQXKJAeT UYyBCTBHUTEIBHBIM 3JIEMEHT TEeM WHTCHCHUBHEE, YEeM BBILIC
CKOpPOCTh MOoTOKa. bananc Mocta Hapymaercs, ¥ perucTpUpyIOUINil MpuObOp HaYMHAET  JaBaTh MOKa3aHMUS.

[TpuGopsl 3TOr0 THNA 06Ia1AI0T XOPOLIEH YyBCTBUTENILHOCTBIO, OJHAKO  PE3YyJbTAaThl U3BMEPEHUN ¢
HUMH TPYJHO NOAJAIOTCS KOJIMYECTBEHHOW HMHTepnperannu. K Tomy e, Ha pe3ynbTaThl CUJIBHO
BIIUSIET M3MEHEHHE TeIIO(PU3MUECKUX CBOWCTB  Cpelbl,  HalpuMep, NpPUMeECh Tra3a, U3MEHEHHUE
COCTaBa, INIOTHOCTH Cpefbl U T.11. TaxomeTpuyeckue (MEXaHHYECKHE) PacXoJ0MEpPHI COCTOST U3 MEPBUYHOTO
npeoOpa3oBares — JaTYhKa CKOPOCTU MOTOKA B BUAE TYPOUHKU WIIM KPBUIBYATKH, COOCHOM ¢ TOTOKOM, H
BTOPUYHOTO MpeoOpa3oBarers, BbIPa0aTHIBAIOILIETO JIEKTPUIECKUI CUTHaJI,
MPONOPLHUOHATIBHBIN YUCITy 000POTOB KPBHUIBYATKH 33 €AMHHUILY BPEMEHHU.
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Puc. 19.10. DIIeKTpuyecKas cxema M3MEPEHU C TEPMOKOHIYKTUBHBIM  PaCXOJO0MEPOM-

neOuToMepomM
Cam mpeoOpa3oBareinb yCTaHABIMBAIOT B KOPITyCE pacxoloMepa, a Ha Baldy KpbUTbuaTKH pa3MeniaroT

AJIEMEHT, YIIPaBJISAIOMNMA ero padotou (puc. 19.11).
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Puc 19.11. IlpuHuun neicTBUS CKBa&XKMHHOTO TAXOMETPUUECKOTO pacxogomepa
Taxomerpuyeckne  mpeoOpazoBaTend  MOTYT  OBITh  pa3HbIE: OMHUYECKHE,  UHIYKTUBHEIE,
MarHuToymnpasisiemble, ontuueckue. COOTBETCTBEHHO MPeoOpa30BaTENI0 Pa3IMnyaroTCsl U UX YNPaBJISAIOIIHNE
aneMeHThl. Hampumep, ecnmu mpeoOpazoBaTenh MAarHUTOYMIPABIsSEMbld (T.. MArHUTHBIM KOHTAaKT, WIH
(beppo30HT), TO YIPABISIOUIUI JIEMEHT - OCTOSIHHBIA MAarHuT; €ClIM UHAYKTUBHBIN (KaTyIllKa UHIYKTUBHOCTH
Ha HE3aMKHYTOM CEpJCYHHUKE), TO YMIPABISIONUI 3JEMEHT - IJIacTUHA M3 (EeppoOMarHUTHOTO Marepuaa,

3aMBIKaromasa CEPpACYHUK, U T.II.



Ot uncna oOOpPOTOB KpBUIBYATKHM W MEPEXONAT K pacxody MoToka (Q ¢ MOMOIIBIO ClenUaIbHbIX

TapUpOBOUHBIX rpadukoB (puc. 19.12) n=f(Q) 1pt @exa =CONSt | KOTOpBIC CTPOST OMBITHBIM ITyTEM, IIPOBOJIS
U3MEPEHUS C pacX0JA0MEPOM Ha CIELHUAIbHBIX TAPUPOBOYHBIX CTEHAAX.

Kak crnenyer n3 TapupoBOYHBIX TPapHUKOB, UUCIO 00OPOTOB KPbUIBYATKU 3a €UHUILY BPEMEHU JTMHEHHO
3aBUCHT OT pacxoza. [lopor 4yBCTBUTENBHOCTH A0 TaKuX IpHOOpoB cocTasisieT nmopsaxa 0,01 n/c.
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Puc. 19.12. TapupoBouHbIe TpapUKH pacxoioMepa TaXOMETPHUECKOTO TUIa

Ha HedTaHBIX MecTOpOXAEHUAX B JOOBIBAIOUIMX M HAarHeTaTelbHBIX CKBAKMHAX HAOMIONEHUS C
TaXOMETPHUECKUMH PacX0J0MepaMH BBIIOJIHIIOT JUOO MOTOYEUHO, TUO0 HEmpephlBHO. B mocnenHem ciydae
IPOBOJAT 3alMCh ABAXKIBI: IPU JIBHKEHUU CHApsila BHU3 M BBEPX IO CTBOJY CKBAXKHHBI. B onHOM ciydae
CKOpPOCTh [JBM)KEHHUSI IIOTOKA CKJIAQJbIBACTCS CO CKOPOCTBIO TIEpEMEIIEHHs] pPacXoioMmMepa, B JPYIOM -
BbIuuTaercs. [1o pa3HOCTH pe3ysIbTaTOB BBIYMCISIOT CKOPOCTh MTOTOKA.

[Ipu uccnenoBaHUM TUAPOTEOTOTMYECKUX CKBXKUH M3MEPEHMS BBIMOJHSIOT, KaK MPaBUIIO, MOTOYEYHO.
IIpu 5TOM, UYTOOBI BBI3BATH JBWKCHHE JKUAKOCTH MO CKBA)XKHHE, €€ MPEIBAPUTEIBHO BO30YXKIAIOT 0
KBa3HCTAIl[MOHAPHOTO pPEXUMa IOCPEICTBOM OTKAYKM WM JOoJMBa KHUIKOCTU. CTeneHb BO30YKIACHUS
CKB2)XHMHBI 3aBHCHUT OT Pa3HHUIBI 5 MEXKIY CTaTHUYECKUM YPOBHEM JKHAKOCTH B CKBOKMHE W AMHAMHUYECKUM
YPOBHEM B HEW IIpU OTKAYKe UIIU JTOJIHBE.

PesynbraThl pacxoJOMETpUU B THAPOTCOJOTHYECKHX CKBAXHHAX IIO3BOJISIIOT OMPECIUTh TPAHMIIBI
BOJIOHOCHBIX TOPU30HTOB, MX JI€OUT U paccuuTaTh Ko3puuueHt punbrpanuu.

Ha puc. 19.13 npuBenensl pe3ynbTaThl pacXOJOMETPUU IO OJHOM M3 CKBaXXUH. YMEHbBILIEHUE YHUCIIA
00OpOTOB T KPBUIbUATKU IpU BXOJe B 00camuyro TpyOy (puc. 19.13, a) oObscHseTcss OONBLIIUM ITHAMETPOM
TpyOBI IO CPABHEHHUIO C OTKPBHITHIM CTBOJIOM. [10 Wnciry 000pOTOB KPBUIBYATKH ONpEIENCH pacXo MOTOKa B
KXo Touke ckBakuHbl Q (puc.19.13, 0), a mo HeMy BbIUHCIEH AeOUT Qi ompeneneHa MOIIHOCTh 2-X

BOAOHOCHBIX TOPU30OHTOB.
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Puc. 19.13. Pe3ynpratel n3MEpeHU ¢ TAXOMETPUIECKUM PACXOIOMEPOM: a — rpadK U3MEHEHHUS YHClIa
00OpOTOB KPBUIBUATKM IO OCH CKBaXHHBI, 0 — WHTerpajbHas pacxojorpamma; B - auddepeHunanbHas
pacxomorpaMma.



Kak wu3BecTHO, mpM CTalMOHAPHOM pEXHUME BO30YX ACHHUS MPUTOK (Q B CKBAKUHY ONHCHIBAETCS
ypaBHeHHeM /[lromrou:

02K h(pk - po)

ln R—“
F (19.1)

rae h - MOIIHOCTH BOJIOHOCHOTO TOPU30HTA;

PK ¥ pO - TaBJICHUS B BOJOHOCHOM T'OPU30HTE Y KOHTYpa MUTAHUS U Y CTEHKU

CKBa)KUHBI,

Rk - paguyc BIUsSHUS CKBa)KUHBL;

I - panyCc CaMOW CKBaKUHBI.

VYuursiBas, 4to pK - p0 = S - NOHMKEHNE YPOBHA IIPU OTKAuKe (MM MOBBIIEHUE IIPU JI0JIUBE), U 3aMEHSA
B popmyne 19.1 HartypayibHBIN jorapudM Ha OECATUYHBIN, MOXKHO TOJYYHTHh (opMyiy s KoddduiumeHnTa
K, =ﬂ.366—Q~ -Igﬁ
uneTpanum: h-S F

Paguyc BrnusiHUS ONpeAensioT MO 3aMepaM YpPOBHS B HaONIOAATENbHBIX CKBaXXMHAX KaK paauyc
JETIPECCUOHHUON BOPOHKM WM IO JaHHBIM TIOJIEBBIX TI'e€O(U3NYECKHX METOOB, MPOBEACHHBIX BO BpEMs
BO30YKIeHUs] CKBaXHHbl. OJHAKO, TOCKOJBbKY 53TOT MapaMeTp HaXOAUTCS IOJA 3HAKoOM Jiorapudma H,
CJIEZIOBATENIbHO, HE CHJILHO BIIMSIET HAa KOHEYHBIN pe3ysbTaT, Ul pacueTa MOXXHO BOCIIONIB30BaThCs JaHHBIMH O

RK, OIPECACIICHHBIMU JJIsI COCCAHUX YHACTKOB CO CXOAHBIMU I'€COJIOTHYCCKUMU YCIIOBUAMMU.

KonTposbHbie BOIpOCH!
1. Kakumu napamerpaMu XapakTepHU3yeTcsl KaueCTBO IIEMEHTUPOBAHUS
CKBaXUH?
2. Ha3zoBute reopu3anveckue METOAbI, C MOMOIILI0 KOTOPBIX MOXHO mipoBectr OLIK.
3. Kakue MeTo/Ibl UCIIONIb3YIOTCS [Tl ONPEEICHUS TOJIHOTHI 3aMIOJIHEHUS
LIEMEHTOM 3aTpyOHOT0 MPOCTPaHCTBA?
4. Kakoit n3 METOZ0B IIEMEHTOMETPUH SBJISICTCSI HAaMOOJIee
MH(POPMATUBHBIM?
Kak ycTpoeH CKBa)KMHHBIN aKyCTHUYECKUN [IeMEHTOMEp?
6. Kakumu mapamerpamMu XapakTepU3yeTCsl COCTOSTHIE 00CaIHBIX KOJOHH
B CKBaKHHE?
7. Kakue metoas! npumenstores npu aedexkromerpun OK?
Kaxk ycTpoen nokaTop coeTMHUTENbHBIX My (PT?
9. Kak onpenensaror nosnoxenue mect npuxsara OK B ckBaxuHax?

hd

*®

10. Ha xakux NpHHOMIAX OCHOBAHBI NPHUOOPHI Ui W3MEPEHHUS CKOPOCTH IOTOKA >KUIKOCTU B
cKkBaxuHe? YKaXUTe UX JOCTOMHCTBA U HETOCTATKH.

11. [TosicauTe yCTPONUCTBO CKBAXKMHHOT'O pacXxo/ioMepa TaXOMETPUUYECKOT0 THIIA.

12. Kakue 3a1a4n pemarTcs ¢ MOMOIIBIO PACX0IOMETPUHN CKBAaXKUH?



Jlexuus 20
OT1060p npod miaacToBbIX (GJIIOHI0B

O6BI‘-IHO€ OHpOGOBaHI/Ie IJ1aCTOB 3aHUMACT MHOI'O BPCMCHHU. Ero BBIIONHSIOT mHOCHE 3aBCPUICHUA
OypeHusi, CIycKa M IEMEHTUPOBAHHs 00CaIHON KOJOHHBI METOJOM MPOOHOW SKCILTyaTalluu: HCCIETyeMBbIid
MHTEPBAJI BCKPBIBAIOT MeppopaTopaMu, U30IUPYIOT OT Jp. HMHTEPBAIOB U OTKAYUBAIOT U3 HETO HE(Th, ra3 WiH
BOIy (B 3aBHCHMOCTM OT XapaKTepa HachIlIeHWs Iutacta). MHTepBanbl [UIsi ONMpoOOBaHMS BBIICIAIOT HA
OCHOBAHUHU U3YUCHU KOMIIJICKCA KAPOTAXKHBIX JUArPAaMM U KCpHA.

YCKOpUTh ATOT TPOLECC W TOBBICUTH A(PPEKTUBHOCTh OYpPOBBIX pPabOT MOXHO, €CIIM ONMpoOOBaThH
NEPCIEKTUBHBIE TUIACTHI Cpa3y IOClie UX BCKPBITUS OypeHueMm, 0e3 KpemsieHHs CKBaXUHBI. J[nsg sToro

HCIIONB3YIOT UcTbITaTeNH miactoB Ha TpyOax (UIIT) u ompobosatenu miuactoB Ha kademne (OI7K).
[Tpumenennem Ol K 3aHMMaIOTCS COTPYAHUKU T€OPHU3UUECKON CITYKOBL.

OmnpoboBarenp MIacTOB COAEPIKUT KOPITYC C MPHKUMHBIM YCTPOHCTBOM M TepMETU3UPYIONINHA Oammak ¢
KaHaJIOM JUIS IPOXOXKAeHHS (hronaa, kamepy /Ui coopa mpoOsbl, a TaKKe MPUBOJI.

bonee moapoOHO MpUHIIKIT ACHCTBUSA W KOHCTPYKIIHIO OMpOOOBaTeNiel MiacToB pazdepeM Ha mpumepe
npubopa OITY-65 (puc. 20.1).

B OI1VY-65 npuMeHeH 3J1eKTPOruAPABINYECKUI TPUBO/I.

B kopmyce mpubopa, 3anoimHeHHOM paboueil xuakoctbio PXK, pasmemiensl snexktpomotop OM ¢
nopmHeM II w mopmam mpwkumHOro ycrpoirictBa I[IY u repmermsupytomero Oammaka ['b, a Takxke
noanpyxkuHeHHbli mTok L. [Tpubop omyckaloT B CKBaOXMHY Ha KapOTaXHOM KaOele M yCTaHABIMBAIOT
HAIIpOTUB ucciexyemoro miacra. [Ipy nmogade nuraHus Ha 3J€KTpOMOTOpP OM OH NPUXOIUT BO BpPALICHHUE H
HauMHaeT omyckath nopuens [1. JlaBnenue paboueit >xuaxoctu PXX Bo3pacTaer u BBIIABUTAET MPHUKUMHOE
ycrpoiictBo 1Y u repmerusupytronuii 6ammak I'b. TTpubop okaseiBaeTcss IPOYHO 3aKIMHEHHBIM B CKBa)KHHE.
[Momnpyxunennsiii mtok I, omyckasice, oTKpbiBaeT kamepy K i cOopa mpoObl UM COeAMHSET ee ¢
OTBEpCTHEM B repMeTusmpytomeM Oammake ['b, KoTopbelii pa3zolmmaetl MCCAeayeMbli y4acTOK CTEHKH
CKBaXHMHBI U caMy CKBaxuHy. JlaBneHue B kamepe K paBHO aTMocdepHOMy, AaBieHHE B IJacTe€ -MHOTO
oonpmie. [Tox neiicTBUEM TIIACTOBOTO JaBiIeHUs (IO U3 TUIACTA IMTOCTYyNagT B KaHai ['b u 3anmonHseT kamepy

K. O nmocrynnenuu npoOsl B kamepy K cBHIETENbCTBYET MOBBIIICHHE TABJICHUS B HEH, 3aperuCTPUPOBAHHOE
natankoM nasieHwst JIJ[. [locnme 3amonHeHmss kamepsl aBuratens DM peBepcupyior. JlaBieHue pabodeit
xuakocty PXK na nopunu I'b u ITY nanaer.

[Hrox I mogHuMMeTcs, 3aKynopuBas CBOEW HMKHEW 4acThl0 Kamepy K M OZHOBpPEMEHHO COEIMHAA
otBepcTue pazrepmeruzannu OP ¢ kaHaIOM B repMeTU3UPYIOLIEM OalmMake.
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Puc. 20.1. YcrpoiicTBo onpo6oBarens mactoB Ha kabdene OITY-65

Hasnenne noz 6ammakoM I'b 1 cHapysku ero BEIpaBHUBAETCS, POUCXOIUT pasrepMeTH3amus Oanmaka,
U OH BTATMBAETCS B yIiIyOJeHHe Kopiyca onpoOoarens. Brsarusaercs u npuwxkumuaoe ycrpoiicto I1Y. ITocne



ATOTO OMPOOOBATEh MOXKHO MOJHHUMATh K YCTHIO CKBXUHBI U M3BIIEKATh Ha MOBEPXHOCTh. [10 M3BIICUCHUHN
orpoOOBaTellsl U3 CKBAXKWHBI €T0 MOJBEIINBAIOT HAJl BEIPOM HIIH Jp. eMKOCTBIO, BRIBHHUMBAIOT MPOOKyY [1p u
CIIMBAIOT Ty/a oToOpaHHyto nmpody. EMkocTh kamepsl K cocraBisiet 4,5 1.

[Ipu oTCyTCTBMHM TpUTOKAa NPUOOP MOXKHO TEPEMECTUTHh Ha JPYTyI0 TOYKY W TONBITATECA OTOOpPATh
npoOy eme pa3. OmpoboBarenb JOMycKaeT 10 § MOBTOPEHUH MOMBITOK 0ToOpaTh mpoly. OIIY-65 sBusercs
YHHUBEPCAILHBIM MPHOOPOM, €r0 MOKHO TPUMEHSTH HE TOJBKO B HE(TAHBIX W Ta30BBIX, HO M B PYIHBIX,
YrOJIbHBIX U TUAPOTEOJOTHUECKUX CKBaxknHaX. Ero mmmHa - 3,7 M, Macca - 65 kr, auameTp - 65 M.

OIlY-65 sBnsercs ogHuM u3 Hambosee mpocthix. pyrue ompobosarenu (OITH, OIIT, OIT wu T.x)
UMEIOT OOJIBIIINE pa3Mephl M CHAOXKAIOTCS 3apsIaMH B3PhIBUATOTO BEIIECTBA JIJIs MPOOUBAHMS KaHaa B MOPOJIE
U JIJISL OTPBIBA TEPMETH3HPYIOMIETO OallIMaka OT CTEHKH CKBaXKHHBI.

PesynbraTel onpoOoBaHMs TUIACTOB MPUOOpaMU Ha KaOesie TMO3BOJSIFOT BBIICNIATH B pa3pe3e MOPOIbI
KOJIJICKTOPBI M HEKOJUIEKTOPHI, ONPENENIATh XapaKTep HACBHIIICHHUS TUTACTOB U, CIIEIOBATEIBHO, yCTaHABINBATh
nonoxkenue BogoHedrsiHoro (BHK), rasonedrsanoro (I'HK) u razoBomsnoro (I'BK) konTakToB, a Takke
OLIEHUBATh THUAPOJUHAMHYECKHE XapaKTEPHCTUKU IUIACTOB. Tak, HampuMmep, HaJIM4Yhe NPUTOKA B Kamepy
CBHUJICTEIILCTBYET, YTO TUIACT SBISETCS KOJUICKTOPOM, OTCYTCTBHE TIPUTOKA - HEKOJIJICKTOPOM.

XapakTep HACHIIEHUS ONPEACISIOT 10 pe3ysibTaTaM aHaju3a 0TOOpaHHBIX Mpob. HedreHocHbIe T1acTh
BBIICTISIIOTCA TIO0 cocTaBy YBI' C MOBBIIEHHBIM COJEpKaHUEM TSDKEJIBIX yriaeBoaopoos. [lpuszHak
BOJIOHOCHOTO TUIACTa -HU3KOE ra30co/epkaHue ¢ mnpeolragaHneM MeTaHa. Bwicokoe cojep)kaHue MeTaHa
CBHUJICTEIILCTBYET O Ta30HOCHOCTH ILIACTOB.

Haub6onee s¢pdexruBro npumenenune OIIK B ciaydae onpoOoBaHus TpaHyISIPHBIX KOJJIEKTOPOB. B cirydae
KOJJICKTOPOB TPEHIMHHOTO THIA BEIIUKA BEPOSTHOCTh TOTO, YTO OTBEPCTHUE B TEPMETU3UPYIOIIEM OarimMake
PACIIOJIOKUTCSL TIPOTHB HEMPOHHUIIAEMOTO TPOMEXKYTKAa U, CJIEJOBATEIbHO, NOTPEOYeTCs MHOTO TOYEK
onpoOoBaHUsI.

PesynbraTel ompoOOBaHMs MMO3BOJISIOT ONMEPATUBHO YTOYHUTH PE3YJIbTATHl HHTEPIPETAIIMH KaPOTAXKHBIX
JarpamMmm.

IIpocTpesiouHo-B3pbIBHBIE PA0OTHI B CKBAKMHAX

[IpocTpenouno-B3pbiBHBIE paboThl B ckBaxuHax ([IBP) Bxmouator orGop rpyHTOB (0TOOp 0OpasIoB
MIOPOJ] M3 CTEHOK CKBAYKUHBI), Iep(hopariio 00CcaaHbIX KOJIOHH, TOPIIEINPOBAHNE i HEKOTOPHIE JP. ONIEPAIUH.

Ot6op rpyHToB

OCHOBHBIE CBEICHHS O TEOJOTHUYECKOM pa3pe3e MPOOYPEHHBIX CKBAXXHH TEOJOTH IIONyYaloT Ha
OCHOBAHUU U3yUYEHHs KepHa, U3BJIECUEHHOr0 NMpH OypeHHH, U YTOUHSIOT MO KapoTaxy. B Tex cimyuasx, koraa
3TH JaHHBIE HEIOCTATOYHBI WJIM BCTYMAIOT B IMPOTHBOPEUYME, WM KOTAA OTCYTCTBYET KEpH, CTPOCHHE
re0JIOTHYECKOT0 pa3pe3a YTOUYHSIOT ¢ MOMOIIbI0 00pa3LoB, JOOBITHIX U3 CTEHOK CKBAXXHH C TMOMOIIBIO TaK
Ha3bIBa€MbIX "TPYHTOHOCOB". PaboThl 10 OTOOPY IPYHTOB BBINOJHSIOTCS IeO(QU3UKAMU C HCIOJIb30BaHUEM
Kabells ¥ CITyCKO-MOAbEMHOI0 000PY/JOBAHUS KApOTAXKHBIX CTAHLIUHN (MM OIBEMHUKOB).

Haubonpimmm pacripocTpaHeHUEM MOJIb3YI0TCSI OOKOBBIE CTPEIIAIONINE TPYHTOHOCHI (puc. 20.2).
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Puc. 20.2. YcTpoiicTBO 60KOBOTO CTPETISIONIETO TPYHTOHOEA

Takoli TpyHTOHOC COCTOUT M3 MAaCCHBHOTO KOPITyca, B KOTOPOM BBICBEPJICHO HECKOJIBKO OTBEPCTHH JIJIS
cTBOJIOB. [lo3amy KakJoro OTBEPCTHSl pacIojiaraeTcsi MOPOXOoBas Kamopa, KOTOpas 3aloiHICTCS 3apsiioM
B3pbIBUaTHIX BeecTB (BB) u oTnensiercst oT cTBOJIA TEPMETU3UPYIOLICH MPOKIIAJKOM, TIOCIIE YeTr0 B OTBEPCTUE
BBUHUYMBAETC KOPOTKHH cTanbHOM cTBOJ. CTBOJ 3apspkaeTcss CTajdbHBIM OOHKOM, uMeroumMm Gopmy
CTaKaHYMKa C OCTPBIMH KPOMKAaMH M YTOJIIEHHBIM JHUIIEM. Yepe3 OTBepcTUs BOMW3M JHMINA OoiKa
MPOJEPHYT TMOKUI CTaIbHOM TPOCUK, KOTOPBIM 0OEK KPEMUTCS K KOPILyCy.

B mopoxoBoii kamope pacrosaraetcs IeKTpo3anai. [ pyHTOHOC MOACOSIUHSIOT K KAPOTAKHOMY KaOelto
U OIyCKalOT Ha HeoOXoamMmyro TiyOuHy. Uepes aiieKTposamnan MpOIyCKAOT JJIEKTPUYECKHH TOK, KOTOPBIN



BOCIUIAMEHSET 3aps] B MOPOXoBOoM kamope. [Iporcxoaut BwICTpen, O0OEK BBIJIETACT M3 CTBOJIA U BOH3AETCA B
CTEHKY CKBa)KMHbI, BHYTPEHHSIS ITOJIOCTh €0 3aI0JIHAETCS TOPHON ITOPOJOM.

3apsi moaouparoT TakuM, 4TOObI O0EK BXOIWI B IOPOIY JI0 TOHBIIIKA, HO HE TIy0xke (00bI9HO 3TO OT 0,5
70 6 T IOpOXa, B 3aBUCHMOCTH OT KpermocTH mopobl). [locie BBICTpena KapoTaKHBIM KaOelh HaMaThIBAIOT Ha
nebeqKy, TPyHTOHOC HAUWHAET MOJHUMATHCS U BBIIEPTUBAET OOWKHM U3 CTEHKH CKBa)KUHBI.

Uwucno cTBOIOB B 01HOM TpyHTOHOCE - OT 10 mo 30. JIuamerp oOpa3ioB B pa3HbIX IPyHTOHOCAX - OT 10
10 26 mM, nnuHa - 20-65 MM, 06beM poosr — 3-27 cm3.

[Ipu oTGOpe rpyHTOB KOJIMUECTBO BEIHOCUMBIX 00pa31oB He npesbiimaer 50-70% oT koinyecTBa CTBOJIOB
B TPYHTOHOCE, T.K. KaKas-TO 4acCTh CTBOJIOB HE "BBICTpENUBaET" M3-32 HAPYIICHUS T€PMETHYHOCTH MPOKIAIKU
W TOTNAIaHUs BOJBI B TIOPOXOBYIO KaMopy, 9acTh OOHKOB OOpBIBACTCS, €Il M3 KaKOW-TO JacTh OOHKOB MpHU
MobEME BBICHITIAeTCS Mpooda.

Hapsimy co cTpenstommMu TpyHTOHOCAMH CYIIECTBYIOT M HEB3PBIBHBIC, CBEpIISIINE H (pe3epyrolue
KEPHOOTOOPHHKH.

Cepisimuii  KEpHOOTOOPHHK COCTOWT M3 KOpITyca C MPMKUMHBIM YCTPOHCTBOM M MHHHATIOPHOTO
MyCTOTENIOTO HUIUHAPUIECKOro Oypa, 0Ch KOTOPOTro MepreHANKyIsspHa ocu mpudopa. [IpuBon u monaya 6ypa
anekTpuueckue. B kopryce umeercs Oynkep maiis cOopa obpasioB. JuameTrp kaxmaoro oopasia okoso 20 M,
mrHa - 40 MM. 3a OIMH CIyCK OTOHpatoT oT 5 10 15 06pasiuos.

[IpencraBnsier WHTEPEC KOHCTPYKIMS (pe3epyroliero TpPyHTOHOCA, BIEPBBIE pa3padOTaHHOTO
aMEpUKaHCKUMHU HH)KEHEpaMH B paMKax mpoekta "Moron", MMeBHIero LeNbl0 OypeHHe CBEepXIiIyOoKuX
CKBOKMH B JHE MHPOBOTO OKEaHa, JAOXOIImMX A0 MaHTHH. Ceiiyac TakWe TPYHTOHOCHI BBIMTYCKAIOTCS H
OTE€UYECTBEHHON MPOMBIIUIEHHOCTHIO (HapuMep, AUCKOBBIN Mpu3Matndeckuit kepHooToopHuk JII1K-140).

[Tpubop, n3o6pakennsrit Ha puc. 20.3, COCTOUT U3 MACCUBHOTO KOPITyCa ¢ MPKUMHBIM yCTPOMUCTBOM H
JBYX apMUPOBAHHBIX ajMa3aMU JUCKOBBIX (ppe3, BHICTYMAIOIIUX U3 KOPITyca MO OCTPhIM YriioM. C MOMOIIbIO
ANEKTPOABHUTraTeNs (Ppe3bl MPUBOIATCS BO BPAIICHUE W TIOMYYAIOT €I U MTOCTYNaTeIbHOE IBIKEHUE. J[BUTasCh
CHH3Y BBEPX, (Ppe3bl BHIPE3aIOT U3 CTEHKH CKBAKUHBI TPEXTPAHHYIO IPU3MY JUTMHOH 1,5 M.
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Puc. 20.3. YcTpoicTBO AUCKOBOTO MPU3MAaTHUECKOTO rpyHTOHOCA (110 P. JleObpanny)

B HepTAHBIX U ra30BbIX CKBAXMHAX MO 00pa3llaM M3 CTEHOK CKBa)KMHBI YTOUHSIOT MHTEPIPETALUIO
reoU3NUYEeCKUX JaHHbBIX, MPOBEPSIOT 3aKIIOYEHHE O HEe(PTEra30HOCHOCTH IUIACTOB U MX KOJUIEKTOPCKHUX
CBOMCTBAX.

B yrnepa3BenodHbIX CKBa)KMHAaX KOHTPOJIMPYIOT IPAaBUIBHOCTH BBIIEICHHS YTOJBHBIX IUIACTOB H
M3Yy4aroT UX KaYECTBEHHBIC XaPAKTEPUCTHUKHU.

B pyIHBIX CKBaKMHAX yTOYHSIOT MHTEPIPETALUIO U ONPEACIIAIOT IPOLEHTHOE COIEPKaHNEe MeTalla.

[Tepdoparust 00camHbIX KOJTOHH

Ilepdopanus OK HeoOxomuma A TOro, 4TOOBI BCKPHITh HE(PTEHOCHBIE MM T'a30HOCHBIE IUIACTHI U



obecneuynTs AOCTYN (UIOUa U3 TUIACTa B CKBAXKUHY .

[TyneBsie mepdopaTopsl yCTPOEHBI, B TNPHHIHUIE, TaK K€, Kak OOKOBBIE CTPEISIOUINE TPYHTOHOCHI,
TOJIBKO 3apsDKAIOT UX HE MOJIBIM OOMKOM, a CIIJIONIHOM CTanbHOMU IyJied, KOTopas J0JKHA NpoOuTh 00CaaHyIO
KOJIOHHY, IIEMEHTHBIN KaMeHb ¥ BoWTH B 1uiacT Ha 30-40 cM.

Jlnist TOBBIIEHUS TPOOUBHOM CIOCOOHOCTH IyJIM CTBOJIBI B NepdopaTopax YUIMHSIOT 3a CYET TOTO, YTO
pacrnojaraloT MX BEpTHUKaJIbHO, 3aKpyTJss B HW)KHEW YacTu 10 BbIxoAa u3 kopmyca (puc. 20.4). Oto Tax
Ha3bIBaeMble BEpTUKaJIbHbIE ITyJieBble epdopaTopsl (Hanpumep, [IIBH-90).

[lyneBble mepgopaTopbl OBIBAIOT CEJNEKTUBHBIE W 3aJMOBblE. B 3aJMOBBIX BCE MOPOXOBBIE KaMOPBI
COEAMHSAIOTCS IPYT C APYTOM, M BCE CTBOJIBI BHICTPEJINBAIOT OJJHOBPEMEHHO. B CEJIEKTUBHBIX
nepdopaTopax MUMeeTcs MEPeKI0YaTeb KOHTAKTOB, MO3BOJISIOMINN TPOW3BOIUTH BBICTPENBI TTOOUYEPEIHO.
KymynstuBHble nepdopatopsl mpoxurator orBepctue B OK u cTeHKe CKBa)KHMHBI CTpyell pacKaleHHBIX
ra3oB M pacIuIaBJI€HHOTO MeTaslia.
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Puc. 20.4. YcTpolcTBO BEpTHUKAIBHOTIO IyJIEBOTO Nepdoparopa
YcTpolicTBO  KyMyJISITUBHOTO Tepdoparopa moka3ano Ha puc. 20.5. OH cOCTOMT W3 KOpIyca,
METaJLTMYECKOI BOPOHKH M KPBIIKU. [IpOCTPaHCTBO MEX Ty KOPIYCOM ¥ METAJUTMYECKOH BOPOHKOM
NODRYC  AMEM.BOPONKE  KPSLUNQ

CemL iRyD RPOMEeNym. OCHOSNOL cmbyf 2asoe u
demonamiop Japsd napoe Memaxra

Puc. 20.5, Ipunmun aeiictus neppoparopa KyMyJIITUBHOTO THIIA

3all0JTHEHO TMPOMEXKYTOUYHBIM JETOHATOPOM W OCHOBHBIM 3apsiioM BB. IIpoMexyTouHbIl neToHaTop
HY)XKeH ans Oosee OBICTPOrO HWHHULMUPOBAHHS B3pbIBA OCHOBHOTO 3apsia. I[loApbIB MPOMEKYyTOYHOTO
J€TOHATOpa OOBIYHO MPOU3BOAMTCS C MOMOIIBIO JETOHHPYIOIIEro MIHypa, MPOXOAALIEro y IHHILA KopIyca
3apsina. [IpocTpaHCTBO MEXIy METaJUIMYECKOW BOPOHKOM M KPBIIIKOW 3apsiia OCTaeTcs CBOOOTHBIM. OTO
Heo0xoauMo Ui (OpMHUPOBAHUS y3KOM CTPYH pacKalleHHbIX I'a30B U pacIulaBlIeHHOro Metaima. Ilpu B3pbiBe
3Ta CTPysl BBUIETAET CO CKOpOocThio 8-10 kM/c u pa3BuBaet aasneHue 250-300 Thic. KI/cM .

Kymynsatusabele nepgopaTopbl ObIBalOT KOpIyCHbIE M OeckopiycHble. KopmycHble MMEIOT NPUMEPHO
TaKue K€ CTBOJIBI, KaK U OOKOBBIE CTPEJISAIOIINE TPYHTOHOCHI, HO BCTABIISAIOT B HUX HE OOMKH, a KyMYJISTUBHBIC
3apszbl. B 6eckopiyCHBIX 3apsi/ibl KpersTcs K paMe U3 NPOJOIbHBIX KEJIE3HBIX IPYTHEB.

Kpome onmcanHbix mephopaTopoB, CYHIECTBYIOT emie W mepdopaTtopsl HEB3pBIBHBIE, HAIpUMED,
TrUApoadpa3uBHEIE.

B ruapoabpasuBHbix nepdoparopax orepctue B OK u mopoae nmpojaesnsiBacT CTpys BOJbI, HACHIIIICHHAS
KBapIEBBIM II€CKOM, KOTOpas 1oJ OOJbIIMM JaBJICHHEM I[IOAaeTCsl Ha CTEHKY CKBaXKUHBI. Bpewms
IIPOJIEIJIBIBAHUS OJJTHOTO OTBEPCTHUS - HECKOJIBKO MUHYT.

JIOCTOMHCTBO TuAPOAaOpa3sUBHBIX MEepPOPATOPOB B TOM, YTO, MEUIEHHO IIOBOpAauyMBas HUX BOKPYT
MIPOJIOIBLHOM OCH, UMU MOKHO 00pe3ats OK.

OntuManbHOE KOJIMYECTBO NephOpalMOHHBIX OTBEPCTHMH, KaK MOKa3aJld CIEeLUaIbHbIe UCCIIEAOBAHUS, -



oT 4 10 30 Ha | NOrOHHBIM METP CTBOJIA CKBAKUHBI.

TopneaupoBaHue CKBaKUH

TopnenupoBaHrueM Ha3bIBAIOT B3PHIB B CKBa)KUHE.

TopnenupoBaHue MPOU3BOIAT C LEJIBIO JIMKBUIALNUN IPUXBATOB OYPHIIbHBIX, HACOCHO-KOMIIPECCOPHBIX U
ap. TpyO B CKBa)XXMHAX, Ul JTUKBUIALWN aBapuil pu OypeHUH, Ui OYUCTKU (PUIBTPOB B CKBAXKHMHAX, a TAKKE
s "0KUBIICHHA" CTApbIX HEPTIHBIX M FA30BBIX MECTOPOXKICHHIA.

CkBaxMHHasE TopIena COCTOMUT M3 3apsga BB um cpeacTBa B3pbIBaHUS -3JI€KTpO3amnana, Karcrois-
JI€TOHATOpa M LIAIIKK BICOKOOpu3aHTHOro BB, ycunuBaroniero HauyanbHbINA UMITYJIbC I€TOHALINH.

Topnens! pa3nuyaroT repMeTHYHbIE U HETepMeTUYHbIE, (pyracHble M KyMYJISTUBHBIE U TIP.

Jns "BcTpsixuBaHusi" OypoBoro wuHcTpymeHTa win OK B ckBaXumHax ¢ 1EIbI0  OOJIETYeHUs
MOCTEYIOIero pPa3BUHUMBAHMS, [UIS OYMCTKH (UIBTPOB MCIOJB3YIOT TaK Has3blBaeMble "TOpIIEAbI
netonupytomiero muypa" (TLL) -oTpe3kn 00bIMHOTO AETOHUPYIOUIETO IITHYPA.

Jl1sl O)KUBJIEHUS CTapblX HEPTSIHBIX MECTOPOXKJIEHHHM B CKBa)XMHAX B3PHIBAIOT OYEHb OOJIBILUE 3apsiibl,
BKJIIOYasi aTOMHBIE MOITHOCTBIO 4-5 KT.

SInepHbIi B3pbIB CO3/1a€T B TOPHBIX MOPOJax JaBjieHue Oojee 4eM B MUJLIHOH atMocdep. HacTb ropHoii
MOPO/IbI IPEBpAIlAETCS B a3, HA MECTE B3pbIBa 00pa3yeTcs MOJIOCTh AuaMeTpoM okoiio 30 M. B Tomiie ropHeix
MOPOJ] TMOSIBIISIETCS. MHOXKECTBO MEJIKMX TpEIIMH, MPOHHMKAIUX Ha paccrosHue Ao 100 M oT wneHTpa.
VBenmuyuBaeTcsl MPOHUIIAEMOCTh TOPHBIX TOPOA, M B pe3yJbTaTe BO3pacTaeT ACOUT HEPTSHBIX M Ta30BBIX
CKkBaKMH. Takue "MupHble" B3pBIBBI HEOJHOKpATHO npousBoamianchk Ha teppuropun CCCP. [IBa snepHBIX
B3pbIBa, MPOBEJACHHBIX HAa Ta30BbIX MecTOpoxkJaeHusx Bocrounoit Cubupu B koHue 70-x romoB, NPUBEIH K
YBEJIUYEHUIO J00bIYM ra3a B 20 pa3 u MO3BOJIMIN JONOJHUTENBHO A00bIBaTh HE(PTH. Eie 2 simepHbIX B3phIBa B
1969 . Ha OcuackoM MecTtopokaeHnn B Ilepmckoit obnactu obecrieumnn no0sray 6omee 300 ThIc. T HEDTH
(razeta "Ypanbckuit pabounit” ot 15.03.95).

OpnHako, KpOME€ IOJIOKUTENbHBIX PE3YyJIbTaTOB, SJAEPHbIE B3PbIBBI B CKBAXKMHAX HMEIOT U OYEHb
CYLIECTBEHHbIC OTpULATEIbHbIE MOCIEACTBUSA, CBSI3aHHbIE C 3apaXCHHEM IMOA3EMHBIX BOJ PaAHMOaKTHUBHBIMU
3JIEMEHTaMHU.

KoHTposbHbIe BOITPOCH

1. Kak ocymecTBisieTcs onpoOoBaHue NPOAYKTUBHBIX I1JIACTOB METOJIOM
pOoOHOM IKCIUTyaTanuu?
B gyem nmpenmymecTBa onpoOOBaHuUs IJIACTOB MMPUOOpaMu Ha Kabere
nepes onpoOOBaHUEM MO TPAJAULMOHHOW METOAUKeE?
Kakwue ycTpoiicTBa BXOAAT B cocTaB onpoOoBaTesisi Ha Kabee?
Kakwue 3apaun no3BossoT pemnTs pe3yabTarsl OIIK?
B kakux ciayuasx npubderaror K oT00py rpyHTOB U3 CTEHOK CKBAYKUH?
ITosicHuTe, KaKk yCcTpoeH OOKOBOM CTPENSAIOLINIA TPYHTOHOC.
C noMouIpI0 KaKMX yCTPOMCTB HEB3PHIBHOTO JIEHCTBUS MOTYT OBITh
0TOOpaHbI MPOOBI TPYHTOB U3 CTEHOK CKBaXKUH?
Kak ycTpoeHbI CKBaXXHHHBIE ITyJIEBBIE TIEp(OpaTOpHI?
9. Kak ycTpoeH KyMyJISTUBHBIHN niepdopaTop?
10. KakoBo onTrManbHOE KOJTHMUYECTBO Tep(OpalHOHHBIX OTBEPCTHH Ha |
MIOTOHHBIA METP CTBOJIA CKBAXKUHBI?
11. Yto Takoe ToprneaupoBaHue CKBAKUH?
12. C kako# 1es1b0 TPOU3BOAAT TOPIEAUPOBAHNE CKBAKUH?
13. KakoBbI JOCTOMHCTBA ¥ HEJOCTATKU JICPHBIX B3PbIBOB B CKBaXKMHAX?

Nowvbkw N
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PA3JIEJI IV

CKBA’KUHHASA TEO®PU3UKA

CkBaxuHHass reousmka, B OTIMYHE OT KapoTaxa, - 3TO TeO(U3NYECKHE METOIbl HCCIICIOBAHUS
00bIIMX 00BEMOB TFOPHBIX MOPOJ, HAXOAALIMXCS B MEKCKBR)XKHHHOM IMPOCTPAHCTBE MM OKOJOCKBAXXHMHHOM
IIPOCTPAHCTBE, C LIENBIO MOMCKOB U Pa3BEIKU MOJIE3HBIX HCKOMAEMBIX.

Kak camocrostensublil paznen ['MC ckBaxunHas reodusuka chopmupoBaiach B 50-x romax XX Beka,
XOTSI OTAENIbHBIC €€ METO/Ibl OBLITM U3BECTHBI C HaYala BeKa (HarpuMmep, METOI 3apsiKeHHOTo Tena - ¢ 1908 r.).

B Hacrosimee BpeMsi CKBaXkHMHHas reous3Mka MMEeT Ha BOOPYXKEHMH IOYTH T€ XK€ METOJbl, YTO U
noJieBasi reohu3rKa, HO IPU ATOM OTIIMYAETCS OOJBIIEH TITyOMHHOCTBIO, T.K. TO3BOJISET MPUOIU3UTE K OOBEKTY
UCCIIeIOBAaHMSI H3MEPUTEIH €CTECTBEHHBIX U MCKYCCTBEHHBIX (PU3UYECKUX I0JIEH U UCTOYHUKHU TOCIIETHUX.

WNuorma ckBaxwHHYIO Treop3WKy OOBETUHSIOT C IIAXTHOM MMOJX OOMMM Ha3BaHHEM '"TOA3eMHast
reopusuka" (A.I'. Tapxos, 1973).

Bonpmoii Bkiagm B pa3BUTHE CKBAXHHHOW Te€O(DH3MKH BHECIH YpalbCKHE YYEHBIE - COTPYAHUKH
Wucturyra reopusukun YpO PAH u reodpusmueckoro ¢akynbrera Ypaiabckoll rocyaapcTBEHHOW TOpPHO-
re0JOrMYECKON aKaJCMHH.

N3-3a orpanmuenHoro odwvema kypca I'MC nanee OyayT pacCMOTpPEHBI TOJBKO HECKOJIBKO METO/0B
CKBRXMHHOW TeO(U3NKHA, K TOMY JK€ METOJ TPEXKOMIIOHEHTHOW CKBOKMHHONH MAarHUTOPa3BEIKH OBLT
o0CyX/ieH B JIeKIMU 16, a METOA 3apsDKEHHOrO Tela 3HAKOM CTYACHTaM [0 M3y4YaBIIEMYCs paHee Kypcy
"DnexTpopaszBeaka'.

MeTon 3JIeKTPUYeCKOii KOppeasuu

Mertopn snekrpuueckoii koppemsiuuu (MOK) paspaboran B CBepAIoBCKOM TOpHOM HHCTHTYTE Tipod. A.K.
Koszpipuabiv. MOK nmpuMeHsieTcs B ABYX BapHaHTaX - CKBAXKUHHOM M TOMCKOBO-KAPTHPOBOYHOM.

Ha3naueHne CKBa)XMHHOTO BapHaHTa - YBs3Ka NPOBOIAIINX IIOJCEYCHUH B Ppa3HBIX CKBAKHHAX,
MIOMCKOBO-KapTUPOBOYHOTO - TOUCKH IPOBOJHUKOB B OKPECTHOCTSX CKBWKHH U  KapTHPOBaHUE
r€03JIEKTPUYECKUX HEOTHOPOJHOCTEH 1101 HAHOCAMH.

Pdusnyeckue 0OCHOBBI METO/1A
CymHocTh ckBakuHHOTO Bapranta MOK nosicasiercs puc. 21,1. B pynHoe (mpoBojsiiee) nojaceueHue B
ckBakuHe C-1 MOMEIIaloT TOKOBBIHN 3JEKTPoa A, MOAKIIOYEHHBIHN K "+" nctouHuka Toka. Bropoii anextpon B
OTHOCSIT Ha JOCTaTO4YHO Oonbioe paccrosinue (B "OeckonewHocTs"). Ilo cocemneit ckBakune C-2, Takxke
UMeEIoIIeH pyHOE (TTPOBOAIIEE) MTOJACCUCHHE, IEPEMEIAIOT MIEKTPO ] M U M3MEPSIIOT Pa3HOCTh MOTEHIIMAIOB
MEXIy HUM U 3JIeKTpoaoM N, 3a3eMJICHHBIM Ha MOBEPXHOCTH, BOIM3H YCThsl CKBOKUHBI C-2.
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Puc. 21.1. Cxema HaOmoieHUid U KPUBBIE NMOTEHIIMANIA B CKBaXXKMHHOM BapuanTte MOK npu Hanmmuuu (a)
AJIEKTPUUYECKON CBSI3U PyIHBIX MojacedeHuit B ckBaxkuHax C-1 u C-2 u ipu ee otcytcTBuu (0)

B ciryuae, ecnim pyaHBIE MTOJICEUYEHUS B 00EMX CKBaKMHAX JJICKTPUYECKH CBSI3aHBI MEXIY COOOM, TOK 110
XOpOLIEMY IPOBOJHUKY YCTPEMIISETCS U3 3apsAHON ckBaxkuHbl C-1 B uccienyemyto ckBaxuny C-2, 1 IpoTUB
PYZIHOTO TOJCEUYEHHUs B HEH OyeT 3aUKCUpOBaH MaKCUMyM NoTeHLuana (kpusas a). Ecnu ke anexkrpuueckoit



CBSI3W HET, a Cpela MEXIY CKBa)XWHAMH OJHOPOJHAs M HM30TPOIHAs, TO MaKCUMyM IMOTeHLIuana Oyner
HaOIIOAAThCS TaM, T/Ie EKTpoA M Ommke BCero K HMCTOYHUKY Toka A, T.e. B Touke OIIl — ocHOBaHuM
NEePIEHANKYIIpa, OMYIIEHHOI0 U3 TOUKH 3apsa Ha OCh UCCIIEyEeMOM CKBaXXMHBI (KpuBast 0).

Takum 00pazoMm, NMPU3HAKOM YBSI3KM WIM HAEHTU(GUKALWU PYIHBIX MOJCEUECHUHN SBISETCS CMELICHHUE
MaKCHUMyMa IOTEHIMala KOppeasquoHHOM kpuBoi ¢ Touku OIl Ha mpoBozsdiee NMOACEUEHUE B UCCIIELYyEMOMN
CKBa)KUHE.

IIpn nouckoBo-kapTUpOBOYHOM BapuaHTe MOK TOKOBBINM 271€KTpoA A MOMENIAlOT Ha NOBEPXHOCTH, B
TOYKaX, pacloJIOKEHHBIX Ha JIyyaxX, IPOXOJSIIMX Yepe3 YCTh€ CKBAKMHBI HA PA3HBIX PACCTOSHUSX OT HEro
(puc. 21.2, a), a u3MepeHus MOTEHIMala MPOBOJAT MO CTBOJIy CKBaXHMHBI TaK )K€, KAK U B IpPeIbIIyLIEM
BapHaHTe.

a
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Puc, 21.2. TlouckoBo-kapTupoBouHbIii Bapuant MOK. Pacnonoxenue mnutaromero siektposaa (a) u
KpuBbIe NoTeHIana (0)

Ecnu MexXly TOKOBBIM 3JIEKTPOZIOM U CKBAKUHOM OKa3bIBAETCSl IPOBOJHMK, 3TO MPOSIBISETCS B TOM, YTO
MakCUMyM IIOTE€HLIMaJda CMELIAeTCsl C TOYKM OCHOBAaHUS MEPHEHAMKYJSpa M pacrojaraercs Tam, IJe
IIPOBOJHUK OJIMXKE BCEro MOAXOIUT K ckBaxuHe (puc. 21.2, 6). Paccmorpum Oosnee neTanbHO CKBaKMHHBIN
BapuanT MOK.

W3mepeHHble 3Ha4YeHUs MOTeHIMajda B MB mpuBoadT k enmHuuHoMy ToKy mB B 1 A u momyuaior B

B
pe3ynpTaTe MaciTab KpHBBIX A “™  Macmrab n3o0pakaeTcsi B BHJE  CTPEJIKH, YKa3bIBarollen
HaIpaBJICHUE BO3pACTaHUs MOTEHIHAIA.

[lonmyyaemass  BenMuMHA  MMeeT HOpocTo  gusmueckuit  cmbici.  OHa mpexacrtaBiseT coOoi
COIPOTHBIICHHE (PUKTHBHOTO OOBEMHOTO MHUTAIOIIETO. SJEKTPOJa, IO (GOpPME U MOJIOKEHHIO COBITA/IAIOIIETO
C 9KBUIMIOTEHIIMATHHON TOBEPXHOCTHIO, IEPEeCeKaeMOi CKBaKUHOW B JaHHOW TOYKE.

WuTepnperanus u n300paxxeHne pe3yIbTaToB

B ocHoBy uHTepnperanuu aaHHbIX MOK 1NOJI0KEHBI r€OMETPUYECKUE NPUHLUIBL, & UMEHHO: aHAJIN3
B3alMHOI'0 PacIOJIOKEHUSI OCEH UCCIEeTyeMbIX CKBaXKMH, TOUEK 3apsiia U OCHOBaHMM neprnenaukyispos Oll, a
Tak)Xe TOYEK MAaKCUMyMOB, MUHUMYMOB U TUIOIIA/IOK PaBHBIX 3HAUEHU Ha KPUBBIX MOTCHIIMANIA.

MaxkcumyMmbl oTeHnuana GpopMupyroTes Ha KpuBbix MOK, kak 3T0 mokasano Ha puc. 21.1, tam, rme
uccienyeMasi CKBaKMHA MepeceKaeT 3apsKeHHbIN MpoBoaHUK. [Ipu xopoiieil mpoBOAMMOCTH MPOBOJHUKA HAJ|
HUM MOJKET HAONIOAAThCs IUIONIA/IKa PaBHBIX 3HAYCHHWH TOTEHIHANA, T.K. 3/€Ch NPOUCXOAHUT OCPEIHEHHE
MOTEHIIMaja 1Mo BCEil MOITHOCTHU MPOBOIHUKA.

MaxkcumMyM MOTEHIMAaa MOXKET HaOJII0IaThCs U B CKBAKHUHE, HE TIEpECeKarome 3apsHKeHHOEe TeJo, eCln
OHAa HaXOJHTCS B 30HEC AMHUCCHUU TOKA XOPOIIUM MPOBOAHUKOM (cM. ckBaxuHy C-4 Ha puc. 21.3). Hammuue
MakCHUMyMa IIOTEHIMaja CBHUJETENBCTBYET O TOM, 4YTO MEXKIY 3apsiioM M HCCIEIYyeMON CKBa)KMHOMN
pacrmojaraercsi XOpOIUIUMN NPOBOJAHMK WJIM BOJU3M CKBOXHHBI HAXOAUTCS OKOHEYHOCTh 3apsSKEHHOIO
poBOJHMUKA. Pa3paboTaHbl mpuemMbl TeOMETPHUECKON HHTEPIIPETAIIMH, TO3BOJISIONINE ONPEIEIUTh PACCTOSHUE
MIPOBOJHMKA OT CKBAYKUHHBI.



BaxxHOl 0cOOEHHOCTBIO KOPPENIALUOHHBIX KPUBBIX SBISIOTCS TOYKM MUHUMYMa, KOTOpble HaOII01al0TCs
B 30HaX HATE€KaHMs TOKa Ha MPOBOJHUK (ckBaxuHa C-2 Ha puc. 21.3). SIBneHue HaTekaHUs] TOKA UMEET MECTO
Ha OMKHEH K TOYKe 3aps/ia 4acTH NMPOBOJHUKA, HE CBSI3aHHOTO JIEKTPUYECKHU C 3apsiiHBIM MojiceuenueM. Kak
MoKa3aHo Ha puc. 21.3, TOKOBbIE TMHHUH 3/1€Ch N3THOAIOTCS, KaK ObI BTATHBASICh B IPOBOJHHUK, & T.K. H30JIMHUU
NOTEHIMaja NEepIEeHAUKYJIAPHBl TOKOBBIM JIMHUSIM, TO HaJ HPOBOJHUKOM 00pa3yercs 30Ha MHUHHMYyMa
MOTEHIMAJIA.

Taxkum o6pa3zom, HanMYMe MMHUMYMa Ha KOPPEIsSLUOHHONW KPUBOW CBUJETEIBCTBYET, BO-TIEPBBIX, O TOM,
YTO IPOBOJIHUK B HCCIEAYEMOM CKBaKMHE HE UMEET 3JIEKTPUUECKOM CBSI3HU C 3apsiioM U, BO-BTOPBIX, O TOM, YTO
3TOT NMPOBOJAHUK UMEET OOJBIIYIO MPOTSHKEHHOCTh B CTOPOHY, IPOTHBOIOIOXKHYIO OT 3apsija.

o 08 -3 o4
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Puc. 21.3. ®opmupoBaHue KpUBbIX MOTEHIIUANA B 30HE HATEKAHUS M SMHCCHH TOKA

Pesynprarel HabOmogenunit mo M7 K wu3o0paxkaroTcs B BHAE CXEM KOPPEJSIMOHHON  YBS3KH,
KOPPEISIIUOHHBIX MPO(UIICH U IIIAHOB KOPPEISIIMOHHBIX OCEH.

CxeMbl KOpPpENAIMOHHOW YBSI3KU CTPOST C ydeToM penbeda. Ha HUX BBIHOCAT CIHPSIMIICHHBIE OCH
CKBAKMH C PYAHBIMU IOJCEYEHUSMHU, I'€OJOTMUECKMMM KoJOHKamMu M auarpammamu KC, BBIHOCST TOYKH
3apsoB 1 kpusble MOK (puc. 21.4).

C-f c-2 €-3
r: T i Pk o

Puc. 21.4. Cxema KOppensIMOHHON YBSI3KU PYJHBIX MOJACEUeHUH 1o gaHHbIM MOK

KpuBble HyMepyrOT B COOTBETCTBMM C HOMepoM 3apsia. Ha cxeme NmpoBOAST KOPPENSLIMOHHBIE OCH,
COEIUHSS TOUYKH 3apsiia C TOUKaMH JPYTHMX CKBa)KUH, HaJl KOTOPbIMH HaOJIOIal0TCSl MAaKCUMYMBI MTOTEHLIMAa
IIpUu 3TOM 3apdaac, U ACJIAa0T 3aKIIIOUYCHUC O HAJITMYHUU BHGKTpI/I‘IeCKOfI CBsA3H MCKAY PYAHBIMU NOACCUCHUSAMU B
Pa3HbIX CKBaKHUHAX.

Koppenayuonunsie npogunu - 510 OOBIYHBIE TPOQPHUIBHBIE TEOJIOTO-TeOU3NUECKUE pa3pe3bl ¢
HAaHECEHHbIMH Ha HUX pesyibraramu MOK. WX cocTaBisfioT B TOM ciydae, Korma Bce uccienyembie MOK
CKBa)XMHEI JIEXKAT B OJTHOM pas3pese.

Inanwv kKoppenayuonnvlx oceil N300paxarot pe3ynbratel MOK B ropu3oHTanbHOM M1ockocT. Ha mman
BBIHOCAT YCTbA CKBAXWH W MCIKAY HHUMHU HAHOCAT KOPPCIAOHUOHHBIC OCH B BUAC CTPCIIOK. HanpaBneHHe
CTpEJKH YyKa3bIBaeT, B KaKoW CKBakuHe pacnojaraicsi 3apsi. CIUIONIHBIE CTPEJIKHM O3HA4yaroT HaJludue
ANEKTPUYECKON CBSI3U, CTPEJIKM C pa3pblBOM - €€ OTCyTCTBUE. C yUETOM 3THX PE3YyJIbTaTOB OTPHUCOBBIBAIOT
KOHTYPBI PYJIHBIX TN B IaHe. [I[pumep miiaHa KOppessiiuOHHbBIX OCEil MpeACTABIICH Ha puc. 21.5.
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Puc. 21.5. IInan koppensiiuOHHBIX OCel

MeTo 37eKTpUUECKON KOPPESALUHU MO3BOJSET YBA3BIBATh HE TOJBKO MPOBOJSALINE, HO U BBICOKOOMHBIE
obpazoBanust. COOTBETCTBYIOLIME IPUMEPBI Oy IyT pACCMOTPEHBI HAMH Ha MPAKTUUECKUX 3aHATHUIX.

PanuoBo/1HOBOE IPOCBeYHBAHUE

PusuyecKkHe 0CHOBBI METO1A

Meton pannoBosHoBoro mpocBeurnBaHus (PBII) ocHoBaH Ha M3ydyeHUM paclpoCTpaHEHHs
anekTpomMarHuTHoro moist (OMII) Beicokoit wactoTel B |X)pHBIX TOpoAax. XOpOIIO MPOBOISIINE
reoJlornyeckre o0pa3oBaHus 00J1a1al0T CIIOCOOHOCTHIO MOBBILIEHHOTO MOTJIOMIEHUS 3TUX MOJIEH.

B PBII ucnonssyror OMII paguouacror ot 150 xI'm o 40 MI'n. Ckopocts pacnpoctpanenuss OMII B

BO3yXC paBHa CKOpPOCTH CBCTa V=C, a JJJIMHA BOJIHBI A’“ CBsI3aHa C HEMl COOTHOIICHUEM:

g = ?
(2D
rae f- vacrora ODMII.
B ropubIx mopojgax NpouCXOAUT YKOPOUEHHUE AJIMHBI BOJHBI 110 CPABHEHHUIO C BO3JYXOM B Je pa3 (e -
Ay
JMAJICKTPUYECKast TIOCTOSIHHAS CPEJIbI): Ve

B Hacrosmiee BpeMss HE CYMIECTBYeT TEOPUH, JOCTATOYHO TIOJHO OOBSICHSIOUICH TPOLECCH
pacnpoCcTpaHeHHsl PaJMOBOJIH B TOPHBIX mopoaax. [lo 3Tol mpuyMHE BO MHOTHX CilydasX Uil OOBSICHEHUS
pesynbraroB PBII npuxoauTcst mosib30BaThCss TEOPETUUECKUMHU IOJIOKEHUSAMH, CIIPaBEAJIUBBIMU TOABKO IS
OJTHOPOJIHBIX U U30TPONHBIX cpea. MHorue ocooeHHocTH J{O111a0BOTHOBBIX TIOJIEH XOPOIIO OOBSICHSIOTCS MPU
ITOMOUIY NPUHIUIIOB FEOMETPUUECKOMN ONTUKH.

HamomMHMM KOPOTKO OCHOBHBIE U3 HHX.

1. B oaHOpOIHON H30TPONHOM cCpelne Jiydd, IO KOTOPBIM BOJIHBI PACIIPOCTPAHSIOTCS OT
UCTOYHUKA, - IPSIMBIE.

2. Ha rpanune pasznena JByX CpeA C pa3HbIMM CBOMCTBAMM IPOUCXOOUT OTpPaKEHUE U
IIPEJIOMJIEHUE BOJIH.

3. 3a "HempospauHbiMu" OOBEKTaMH OOpa3yeTcs 30Ha TEHH, TPAHUIBI KOTOPOH OMpeaemstoTCs
Jy4aMu, IPOXOAAIINMU Yepe3 Kpasi MPENsATCTBUS.

4. B HeoIHOpPOAHON cpefe MyTh BOJHBI omnpezensercs npuHuunom depma, T.e. OH  JOJIKEH
OBITh TakMM, 4YTOOBI BpEMs, 3aTpauMBacMOE€ Ha €ro MNPOX0XKJIEHHUE, ObLIIO0 MUHUMAJIbHBIM.

5. Bce OTKJIOHEHHS OT MPUHIUIIOB T€OMETPHUECKON ONTUKU HA3BIBAIOTCS U pPAKLIKECH.



PBII npoBoAsAT ¢ 11€71bI0 BBISIBIEHUS IPOBOJHUKOB B OKPECTHOCTSAX CKBaKUH MJIM TOPHBIX BBIPaOOTOK U B
IIPOCTPAHCTBE MEXKIYy HUMH, a TaKKe Ul ONPENCIICHUS [UIMHBI BBIKIIMHKA M PAa3MEpPOB PYyAHBIX Tell,
MIOJICEUYEHHBIX BEIPAOOTKAMH U CKBaKHHAMHU.

PaboThl BBHIMONHAIOT B BapUaHTax: CKBaXMHA-CKBa)XKMHA, CKBA)XKMHA-TOpHas BBIPAOOTKA, CKBAXKUHA-
noBEpXHOCTh U T.A. IIpu 3TOM B 0JHON CKBa)kuHe (TOpHOI BbIpaOOTKE, Ha MOBEPXHOCTH) YCTAaHABIMBAIOT
UCTOYHHUK pPaJUOBONH (TeperaTyuk), a B JAPYyrol - mnpueMHUK. IIpoBoas u3MepeHHMs NpU Pa3TUYHBIX
MIOJIOKEHUAX MPUEMHHUKA U NIepeaTurKa, "MpOoCBEUYUBAIOT" PaIMOBOJIHAMY HCCIEAYEMOE TPOCTPAHCTBO.

Amnmnapatypa PBII o6ecrieunBaeT BO3MOKHOCTh pabOThl Ha pa3HbIX (PUKCHpPOBaHHBIX yacToTax. Ilepexon
C OJHOM YacCTOThI Ha JPYTYIO OCYIIECTBIISIETCS 32 CYET CMEHBI YaCTOTHBIX (MIIBTPOB B CXeMax MepefaTiynka u
IIPUEMHHKA U 34 CYET U3MEHEHMSI 1apaMETPOB AHTEHH.

B kauecTBe aHTEHH, H3Iy4alOUIMX M NPUHUMAIOLIUX pPAJUOBOJHBL, NMpPU padoTaXx B CKBaKMHAX
HCTOJB3YIOT 3JIEKTPUYECKHE AUIONIU, NpU paboTax B TFOPHBIX BBIPAOOTKaX M Ha MOBEPXHOCTH - MarHUTHbBIE
nunonu. U e, u qpyrue xapakTepu3yroTcs ONpeIeIeHHON HalpaBIE€HHOCTHIO U3JIy4YE€HUS U IpUEMa.

Hanpsoxennocts E anexkrpuueckoit komnoneHTs OMII Beuucisior no gpopmysie:
= F

E =Eu%-~3fnﬂl - 5indy - cosp 21.2)

rae Eo - nanpspkeHHOCTH 1mosst mpu r=0 (MOILHOCTh NIEpPeIaTuuKa);
I - PpacCTOSIHHE MEXAYy NIPUEMHUKOM U MepeaTinKkoM;

I — yrom MexIy OChIO IEepeaaromiell aHTCHHBI U HAIIPABJIICHHEM Ha
MpUEMHUK (cM. puc. 21.6, a);

& . yIoJI MEXJy OChbIO IPUEMHON aHTEHHbl W HalpaBJIE€HUEM Ha
nepenaTumK;

- YTOJI MEXJy MJIOCKOCTSMH, OJHA U3 KOTOPBIX MPOXOAUT Yepe3 aHTCHHY INepelaTyiKa U OTPE3OK T,
COEUHSIONINI MepelaTINK C MPUEMHUKOM, ApYyTas - Yepe3 aHTEHHY MPUEMHHUKA U TOT K€ OTPE30K T (CM. puc.
21.6, 6);

aK — KQKYIUACA  KOO(QGUIMEHT MOINOIEHHs paauoBONIH. Takum obpa3zom,

sin 8, sin 0, u cos g

YUHUTHIBAIOT B3aMMHYIO OpPHUEHTHUPOBKY AaHTEHH IepeJaTduuka u
MIPUEMHHKA U SBIISIOTCS MHOKHTEIISIMU HAIPABICHHOCTH.
l e—ﬂ' xF
MHoXxuTenb F - XapakTepHU3yeT paccesiHue Mo B IPOCTPAHCTRE, a -ero TMOTJIOIIEHUE Ha IMTyTH OT

nepcaaTiunka K NpueMHHUKY.
KOS(I)(i)I/II_II/IeHT TIOTJIOIICHHUSA aX 3aBUCUT OT 3JICKTPOMATHUTHBIX CBOMCTB Cpeabl 1 HaCTOTHI ITOJIA

a,=F(fype) (21.3)
[Ipu 3TOM mornomeHue TeM OoJIbIle, YeM BbIIIe YyacToTa mojs f u yem Ooublie 3JIeKTPOIpOBOJHOCTS v,
MAarHuTHas MPOHUIIAEMOCTh | U AUAJIEKTpUUYECKas MOCTOSHHASA € CPEbl, B KOTOPOM pacnpoctpansercs DMII.

Puc. 21.6. Cxema HabmroieHnid B CKBaXMHHOM BapuaHnte metona PBII (a). Yron mexay BepTHKaIbHBIMU
IUIOCKOCTSIMH, B KOTOPBIX JIEXKaT aHTCHHBI NIepejaTyiKa U MpUEeMHHIKa paJnoBoiIH (0)
Bistanem i.l Ha KOA(G(DHUIMEHT MOTIONIEHUS MOXKHO TTPEeHEOpeUb, TTOCKOJIbKY JIJIs1 OOJIBITMHCTBA TOPHBIX

MOPOJ U Pyl =1, ¢ m3mensiercs B npenenax otT 1 qo 81, a tnana3oH U3MEHEHUS y COCTaBISIET HECKOIBKO (/10
6) OpSAKOB. DTO O3HAYAET, YTO HAMOOJbINEE BIMSIHUE HA BETHMUMHY KOA((UIIMEHTA MOTIOMICHUS OKa3bIBAaCT
ANEKTPONPOBOIHOCTh TOPHBIX MOPOJ: YeM OOJIbIlIe 3IEKTPONPOBOJAHOCTb, TeM Oofibiiast yacTh 3Hepruu DMII



YXOIUT Ha BO30YXKICHHE B CPEJie BUXPEBBIX TOKOB.
MeToauka u3MepeHHii B CKBa:KMHAX

[Ipn wm3MepeHHsXx B CKBaXWHAX (BapHaHT CKBaKWHA-CKBAKMHA) HCIONB3YIOT HECKOJBKO CIIOCOOOB
MIPOCBEUMBAHUS: CHHXPOHHBIH, IarOBBIN, OTHOCKBa)KUHHBIH.

[Ipu cunxponHom cnocoOe (puc. 21.7.1) npueMHHUK U NEepeJaTUnK MMOMEIIAIOT B pa3Hble CKBAKUHBI (HE
00513aTeNIbHO HAa OJMHAKOBYIO TTyOMHY) U HAUMHAIOT UX CUHXPOHHBINA MOJIBEM C OJJUHAKOBOM CKOPOCTHIO. Jlyun
MIPOCBEYMBAHUS B 3TOM CIyyae MOXHO M300pa3uTh B BUJE MapajljieNIbHbIX OTpe3KoB. lIpenMyiectBo 3Toro
crioco0a - BbICOKasi POU3BOAUTEIBHOCTb, HEIOCTATOK - HEBO3MOXKHOCTb TOYHOH JIOKAJIM3aIlUH MOTJIO0IIAIOIIETO
00BEKTa B IPOCTPAHCTBE MEKAY CKBRKUHAMH.

IIpu maroBom crnoco0e mNepesaTyuK HEMOJBM)KHO YCTAHABIMBAIOT B OJHOW CKBakKMHE, MO JApPYrou
NepeMelaloT NIpUeMHUK. TOUKM CTOSHUS NepelaTuhKa MEHSIOT (JIe1atoT Mark 1o ckBakuHe). Takas MeToauka
HaOmoaeHuit (puc. 21.7.2) tpeOyer OoibIIMX 3aTpaT BPEMEHH, HO 3aTO TO3BOJISIET TOYHO OIPENECIUTh
MECTONOJI0KEHNE MOTTIOLIAIOILEr0 0OBEKTA.

Puc. 21.7. Paznmuunsie crocoObsl HaOmomenuit B mMerone PBIL: 1 - cHHXpOHHBIN; 2 -IIaroBeiif; 3 -
OJTHOCKBaXUHHBIA (a - omHOCKBakuHHOe PB mpodunuposanue; 6 -PB 3onaumpoBanue OgHOCKBaXKMHHBIN
Croco0 MPUMEHSIOT B TE€X CIIy4asix, KOT/Ia B pacropsHKEHUU UCCIIEI0BATENsI UMEETCS TOJIBKO OJHA CKBaXkuHa. B
3Ty CKBOXHHY WM TOMEINAIOT W NPUEMHUK, W mepenatduk (puc. 21.7.3). Ilpu 3TOM BO3MOXHBI BapHaHTHI
PaIuoOBOIHOBOTO TpodriinpoBanus (KOrja TMepefaTduK ¢ TMPUEMHHUK TIEPEMEIIaloT IO CKBaXHHE C
COXPaHEHHEM IOCTOSIHHOTO PACCTOSIHUS MeXTy HUMH) U PB 30HaupoBanus (korga mepenaTiuk M MPUEMHHUK
pPa3HOCAT Ha pa3HbIE pACCTOSIHUSA WM IPU COXPAHEHUU IIOCTOSHHOTO PACCTOSHUS MEHSIOT YacTOThI
MIPOCBEYUBAHUS).

Baxusim Boripocom metoauku PBII siBrsiercst Be160op ontumanbHoi yactotel OMIL. C omHON CTOPOHHI,
’KeJlaTeabHO, YTOOBI YacToTa ObUIa HaMMEHBIIEH, T.K. YeM MEHBIIE YacTOTa, TEM MEHBIIE IOIVIOIIEHUE H,
CJIeIOBATENBHO, OOJBINE JATBHOCTh MpocBeunBanus. C Ipyroil CTOPOHBI, YeM MEHbBIIIE YacTOTa, TEM OOJIbIe
JUTMHA BOJIHBI U TE€M JIeTYe TaKWe€ BOJHBI OTHOAIOT MPENSATCTBUS (IPOBOAHUKH), CIEIOBATENFHO, YMEHBIIIACTCS
paspemaroniasi cnocooHoct meroda. Ilo aroil mpuumne pabGotsl B PBII, kak mpaBuio, nmpoBoaar Ha 2-X
4acToTax: OCHOBHOM M JIOMOJHUTENHHOW. B KauecTBe OCHOBHOU BBHIOMpalOT HamOoJee BBICOKYIO YacTOTY,
00eCTICUNBAIONIYI0 HEOOXOIUMYIO JAIBHOCTh NMPOCBEUMBAHUS; B KAUECTBE JOIOJHUTEIHHOU -ONMKANUIIYI0 K
Hel 0osiee HU3KYIO YaCTOTy M3 IMana3oHa 4acToT, Ha KOTOPhIX paboTaer anmaparypa.

HNuTepnperanus pe3yibTaToB
Wutepnperanmio pesynabratoB PBII BeIMONHSIOT pa3sHbIMU criocobamu. Hambonee mpocTeiM sIBISIETCS
crnioco0 3aceuek. CyTb 3TOr0 crnocoba nosicusercs puc. 21.8, a.
o &2 {73 4] ar
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Puc. 21.8. UnTepnperanus pesyastaToB PBII meTomom 3aceuek (a) u iydeBbIM MeTO10M (0)



[Tpyn Kxaxmoi TOUKe CTOSIHUS TepeJaTdhKa ONPENeNIOT TPAaHHUIBl PAaJUOTCHH, IMOJB3YSACh IPABHIOM
MOJTyMaKCUMyMa aHOMAJIUH, W 3TH TPaHUIBI COCTUHSIOT C TOYKOW CTOSHUS MEepeaTuhKa - MPOBOASAT 3aCEUKH.
HpOBOILﬂ 34aCCYKM IIPHU PAa3HBIX CTOSAHKAX MNCPEAaTYMKa, OKOHTYPUBAIOT 06H1y10 JJIA BCEX TOUCK CTOSAHUA
nepefaTyiuka 30HY, TJ€ pacrojaraercs MOIIOMAIMA 00beKT. DTOT crnocod MO3BOJSET OIpPEaeInTh
MECTOIIOJIOKEHUE U Pa3Mepbl 00bEKTa, HO HEe AaeT MH(POpMAIMU O PACHPEAEICHUH IMOTJIOIMAIOIINX CBOMCTB
BHYTpH HETO.

bonee wuHpopmaruBen myudeBoil cmoco0. CormacHo 3TOMy crHoco0y, MO pPa3IUYHBIM Jy4yam
NPOCBEYHMBAHMS BEIYHMCIISIIOT TaK Ha3bIBaeMble "KOA(PHUIUCHTHI SKpaHUPOBaHHS"

I= y
E
e (21.4)
rac E - HaNpsPKCHHOCTL HOPMAJIBHOI'O ITOJISA, BBIYMCIICHHAA JId HJAHHOI'O PACCTOSAHUA

npocBeuuBaHuss 1o  Qopmyne (21.2) wuam ompeneneHHas 10 COOTBETCTBYIOLIEH HOMOTPaMME;

W3IM y3MepeHHasl HAMPsDKEHHOCTh MOJS MO0 TOMY JKe Nydy. PaccumTtaHHble 3HaueHUs KO3((UINEHTOB
SKpPaHUPOBAHUS MOANUCHIBAIOT HA COOTBETCTBYIOLIMX JIy4aX WM OTKJIAJbIBAlOT B BUAE CTPEIOK B
oTpeieIeHHOM MaciiTade, a 3aTeM IO JTydyaM C TOBBIIICHHBIMHI 3HAYEHUAMU D

PBII npoBoAdT ¢ 11€1b10 BBISBICHUS IPOBOJIHUKOB B OKPECTHOCTSAX CKBA’KUH MJIM TOPHBIX BHIPAOOTOK U B
MPOCTPAHCTBE MEXKIy HUMH, a TakKe [JIs OMpEeIeNIeHUs [JIMHBl BBIKIMHKA M Pa3MEpPOB PYyAHBIX Tel,
MIOJICEUEHHBIX BHIPAOOTKAMH U CKBaXHHAMHU.

PaGoTbl BBHIMOJMHAIOT B BapHaHTax: CKBa)KWHA-CKBAXXMHA, CKBAKMHA-TOpHAsi BBIPAaOOTKAa, CKBa)KHWHa-
NOBEpXHOCTh U T.A. IIpu 3TOM B OJHON CKBaXXMHE (FOpPHOI BBIpaOOTKE, HAa MOBEPXHOCTH) YCTAHABIMBAIOT
UCTOYHUK pPaJUOBONIH (TepefaTyuk), a B JApyroil - mpueMHuK. [IpoBoas u3MepeHUs NpU Pa3IMYHBIX
II0JIOKEHUSAX IPUEMHUKA U NIEpPEJaTUrKa, "TIPOCBEUYUBAIOT" PAIMOBOJIHAMY HCCIEAYEMOE IPOCTPAHCTBO.

Amnmapatypa PBII oGecrieunBaeT BO3MOKHOCTh paOOThI Ha pa3HBIX (PMKCHUPOBAHHBIX yacToTax. [lepexon
C OJIHOM YacCTOTHI HA JAPYTYIO OCYIIECTBIISCTCS 32 CUET CMEHBI YaCTOTHBIX (PMIBTPOB B CXeMax IepenaTiynka 1
MPUEMHHKA U 332 CYET U3MEHEHHUSI TapaMeTPOB aHTEHH.

B kayecTBe aHTEHH, H3IY4YalONMX M TPUHAMAIONIUX PATUOBOIHBI, MPH paboTax B CKBAKHUHAX
UCIOJIB3YIOT JIEKTPUYECKHE TUIOIHN, MPH paboTax B TOPHBIX BHIPAOOTKaX M HA MOBEPXHOCTU - MAarHUTHBIE
nunonu. U e, u qpyrue xapakTepu3yrTcs ONPeIeIeHHON HAalPaBJIEHHOCTBIO U3JIyYE€HUs U IIpUEMa.

Hamnpspxkennocts E anekrpuueckoi kommoneHTs OMIT BeIYucsior mo ¢popmyiie:

e—ﬂt r
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¥ (21.2)

rjae Eq HaIpsHKEHHOCTH T0J1s 1TpHu =0 (MOITHOCTH MepeIaTINKa);

r- PACCTOSIHUE MEX]Ly TPUEMHUKOM U MEPEIaTINKOM;

01-yromn Mexy OChbIO TIEpeIaoIIei aHTEHHBI U HAIIPaBJICHUEM Ha IPUEMHUK (cM. puc. 21.6, a);

02-yron Mexay OChl0 IPUEMHOM aHTEHHBI U HApaBICHUEM Ha MEePelaTuHK;

(-yToJI MEXIy TUIOCKOCTSIMH, OFHA M3 KOTOPBIX MPOXOJHUT Yepe3 aHTEHHY IepeaaTdyhuka U OTPE30K T,
COEIUHSIONINI NepelaTINK C MPUEMHHUKOM, APYTas - Yepe3 aHTEHHY MPUEMHUKA U TOT K€ OTPE30K T (CM. puc.
21.6, 0);

Ak KOKyIIUNHCS KOAPGOUITUEHT MOTIOMEHUS PaTUOBOIH.

sin 0, sin H
Takum obpazom, ’ & coz @ YYUTBHIBAIOT B3aMMHYI0 OpPHUCHTHPOBKY aHTCHH

nepeAaTunKa U MPUEMHHKA U SBIISTFOTCS MHOKUTEIISIMA HAIPABIICHHOCTH.
=& F
3 @ K
MHOXUTENb ~ - XapaKTepU3yeT paccesiHue MOJsl B MPOCTPAHCTBE, a -ero MOTJIOLIEHUE Ha MyTH OT
nepenaTynKa K MpUueMHUKY .

KoaddummeHT moriomneHus ak 3aBUCHT OT 3JIEKTPOMArHUTHBIX CBOWCTB CPEIbI U 4YaCTOTHI OIS
% =¥(fy.me) (2123
[Ipu 3TOM morsoieHne TeM Oosblle, YeM BbIlIE YyacToTa nojs f u ueM Oosbllie 3JIeKTPONPOBOJHOCTS v,
MarHuTHas IPOHHUIIAEMOCTb [l U AUIIEKTPHUECKas IIOCTOSHHAS € CpeJibl, B KOTOPOil pacnpoctpansercs OMII.



Puc. 21.6. Cxema HabmoeHM B ckBa)XMHHOM BapuaHTe MeTtona PBII (a). Yron mexny BepTHKanbHBIMU
TUTOCKOCTSIMH, B KOTOPBIX JIE)KAT aHTCHHBI TIepeJaTyiKa U MPUEMHHUKA PaIHOBOIH (0)

BrustareM P Ha KO3 (GUIIMEHT MOTIONICHUS MOXHO MPeHeOpeyb, MOCKOIBKY /sl OOJBIIMHCTBA TOPHBIX
NopoA U pya U=1; € u3MeHsiercs B mpezaenax oT 1 1o 81, a tuana3oH U3MEHEHHS y COCTABISET HECKONIBKO (710 6)
MOPSIAKOB. JTO O3HAYaeT, YTO HamOOJbIIee BIMSHWE HAa BETMYMHY KOX(PQHUIMEHTA IOTIOMICHUS OKa3bIBaeT
3JIEKTPOIPOBOTHOCTh TOPHBIX MOPOJA: YeM OOJIbIle 3JIEKTPONPOBOJHOCTh, TeM Oouiblias yacTh sHeprun OMII
YXOJUT Ha BO30YKIICHHE B CPEJIC BUXPEBBIX TOKOB.

MeToanka u3MepeHHii B CKBa)KHHAX

[Ipun wm3MepeHHsX B CKBaXWHAX (BapuMaHT CKBa)KMHA-CKBAKMHA) HCIONB3YIOT HECKOJBKO CIIOCOOOB
MIPOCBEUMBAHUS: CHHXPOHHBIN, IarOBBIN, OJTHOCKBa)KUHHBIH.

[Ipu cunxponHom cnocoOe (puc. 21.7.1) npueMHHUK U NEpeJaTUUK IMOMEIIAIOT B pa3HbIE CKBAKUHBI (HE
00513aTeNIbHO HAa OJJMHAKOBYIO TTyOMHY) U HAUMHAIOT UX CUHXPOHHBINA MOJIBEM C OJJUHAKOBOM CKOPOCTHIO. Jlyun
MIPOCBEYMBAHUS B 3TOM CIIyyae MOXHO M300pa3uTh B BUJE MapajljieNIbHbIX OTpe3KoB. lIpenMyiecTtBo 3Toro
crioco0a - BbICOKasi MPOU3BOAUTEIBHOCTb, HEIOCTATOK - HEBO3MOXKHOCTh TOYHOH JIOKAJIN3aIlUH MOTJIO0IIAIOIIETO
00BEKTa B IPOCTPAHCTBE MEKAY CKBAKUHAMH.

[Ipu maroBom crnoco0e mNepesaTyuK HEMOJIBM)KHO YCTAHABJIMBAIOT B OJHOW CKBakKMHE, MO JApPYron
NepeMelaloT NpUeMHUK. TOUKH CTOSHUS NepejaTuhKa MEHSIOT (JIeatoT ark 1o ckBakuHe). Takast MeToauka
HaOmoaeHuit (puc. 21.7.2) tpeOyer OoibIIMX 3aTpaT BPEMEHH, HO 3aTO TO3BOJISIET TOYHO OIPEIEINUTh
MECTOIOJI0KEHNE MOTTIOLIAIOILEr0 0OBEKTA.

OHOCKBa)XMHHBIN CIIOCOO MPUMEHSIOT B T€X ClIydasiX, KOTJa B PaCHOPSDKEHUH HCCIIEOBATENs UMEETCS
TOJIBKO OJIHAa CKBa)XMHA. B 3Ty CKBaXMHY M NOMEILAIOT U NMPUEMHHUK, U nepeaatuuk (puc. 21.7.3). Ilpu satom
BO3MOYKHBI BapUaHThl PaJMOBOIHOBOIO NPOPUINPOBaHUA (KOT/a MEepelaTYMK M NMPUEMHUK IEpeMEIaoT 110
CKBAJKMHE C COXPAHEHHEM MOCTOSIHHOI'O PAacCTOSIHUS MeXay HUMHU) U PB 30naMpoBanus (korna nepegaTdyuk u
IIPUEMHHK Pa3HOCAT HAa pa3Hble PACCTOSIHUSA WU IIPU COXPAHEHUHU MOCTOSIHHOTO PACCTOSHUS MEHSIOT YacTOThI
IIPOCBEYMBAHUA).
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Puc. 21.7. Paznuunbie crnocoOsl HaOmonenuit B mMerone PBII: 1 - cunxponHbIil; 2 -maroBslif; 3 -
OJIHOCKBaXMHHBIH (a - oqHOCKBaxknuHHOEe PB nmpodunuposanue; 6 - PB 30na1poBanue)

Baxusim Boripocom Metoauku PBII siBrsiercst Be160p ontumansHoit yactotsl OMII. C oHON CTOPOHB!,
KeNaTeIbHO, YTOObI YacToTa ObUTa HaWMEHBIIEH, T.K. YeM MEHbIIEe YacTOTa, TEM MEHBIIE IOTJIOUICHUE H,
ClIeZIOBATeNIbHO, OOJbIIe NanbHOCTh MpocBeurnBaHus. C Apyroil CTOPOHBI, YeM MEHbIIE YacTOTa, TeM OoJbliIe
JUIMHA BOJIHBI U TE€M JIETYE TaKWE€ BOJIHBI OTMOAIOT MPENSATCTBUS (IPOBOAHMKH), CIEIOBATEIbHO, YMEHbBILIAETCS



paspemaromas crnocodHocte Merona. [lo stoit mpuumne pabotel B PBII, kak mpaBuio, mpoBOmsT Ha 2-X
4acTOTax: OCHOBHOM M JIOTIOJHHUTENHHOW. B KauecTBe OCHOBHOU BBIOMpalOT HamOoJee BBICOKYIO YacTOTY,
00eCTICUNBAIONIYI0 HEOOXOIUMYIO JaIBHOCTh NMPOCBEUMBAHUS; B KA4ECTBE JOMOJHUTEIHHOU -ONMKANUIIYI0 K
Hel 0osiee HU3KYIO YaCTOTy M3 IMana3oHa 4acToT, Ha KOTOPhIX paboTaer anmaparypa.

HNuTepnperanus pe3yibTaToB

Nutepnperanuio pesynastatoB PBII BemonHsIOT pasHsiMu criocobamu. Hanbonee mpocThiM sBIsiETCS
cnioco0 3aceuek. CyTh 3TOr0o cmocoba nosicHsiercs puc. 21.8, a.

iz}
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Puc. 21.8. UnTepnperanus pesyastatoB PBII meTomom 3aceuek (a) u iydeBbIM MeTOI0M (6)

[Ipu KakaoH TOYKE CTOSHMS IEpeJaTyuKa OINpPeNeNsioT I'PaHUIbl PAaJUOTEHM, HOJb3YSCh IMPABUIOM
MOJIyMaKCUMyMa aHOMAJIUU, U 3TU TPAHUIIbl COSIUHSIIOT C TOYKON CTOSTHUS MEpPEeaTuMKa - IPOBOJAAT 3aCEUKHU.
ITpoBons 3acedku IMpH pa3HBIX CTOSIHKAX IepelaTuMKa, OKOHTYPHBAIOT OOLIYIO0 Ul BCEX TOYEK CTOSHUS
nepefaTyiKa 30HY, TJE pacrojaraercs IMOTJIOMANINA 00beKT. DTOT Crmocod IO3BOJISET OIPEISIUTh
MECTONOJI0XKEHNE U pa3Mepbl 00BEKTa, HO HE JaeT MH(POpMAlUK O paclpeieieHUu IMOTJIOMIAIONMX CBONCTB
BHYTpU HETO.

bonee wunHdopmatuBen mydeBoit crnoco6. CorimacHo 3ToMy cnocoOy, MO pPa3IUYHBIM JIydaMm
MIPOCBEUNBAHUS BRIYHCIISIIOT TaK Ha3bIBaeMble "KOAPPHUIIMEHTHI SKpaHUPOBaHHSA"

E
=

E (21.4)

rae E - HaMpPsDKEHHOCTh HOPMAJIbHOTO TIONS, BBIYMCIEHHAS IS JAHHOTO PACCTOSHUS
npocBeunBaHusg 1o  Qopmyne (21.2) wunawm ompenereHHas O COOTBETCTBYIONIECH HOMOTPaMME;

EusMm - wu3MepeHHas HampsHKEHHOCTH TOJIS TI0 TOMY ke JTydy. PaccuntanHbie 3HaUeHUsT KO (OUIIMEHTOB
SKpaHUPOBAHUS MOAMKCHIBAIOT HA COOTBETCTBYIOIIMX JIy4aX WM OTKJIAJbIBAIOT B  BHUAE CTPEIOK B
oTpeAeieHHOM MaciiTade, a 3aTeM 1O JiydaMm C TOBBIIICHHBIMU 3HAUYCHUSIMH O TPOBOMASAT 3aCEUYKU, KaK U B
npenplayIeM ciydae. 3HaueHus Kod((UIMEHTOB »HKpaHMpPOBAaHUS Ha JyyaX, MPOXOIAIIUX uepe3
MOTJIOIIAIOIINNA 00BEKT, XapaKTEPU3yIOT €ro MOTJIOUIaloIIe CBOHCTBA.

Ecte m Oomee crnoxkHble CcnocoObl 00pabOTKM W WHTeprperanuu pesyiabratoB PBII, marorme
KOJIMYECTBEHHYIO XapaKTEPUCTUKY TOTJIOLIAIOIIMX CBOMCTB BCEr0 IPOCBEYMBAEMOI0 MPOCTPAHCTBA.
[TpumMepoM MOXKET CITYKUTh CITOco0 000OIIEHHOM MITOCKOCTH HAOJIIOICHHMS.

Obnacteio npumeHeHuss Merona PBII sBIsAIOTCS MECTOPOXACHUS XOpOLIO TMPOBOIAIIUX pPYyA U
MECTOPOKICHHUSI KAJIMHWHBIX COJei, Ha KOTOPbIX METOJ MCIOJNB3YIOT JUIsl IMOMCKOB KapCTOBBIX IYCTOT,
3aIOJTHEHHBIX MUHEPATU30BAHHBIMH BOJAMH.

KonTposnbHbie BOIpOCH!

1. Kakme mnpenmymiecTBa HMEIOT METOIAbl CKBAXMHHON TE€O(PH3MKH TEepe] METOJaMH II0JIEBOM
reoGpu3uKu?

2. KakoBo HazHaueHHE CKBAXMHHOTO BapHaHTa METO/1a AIEKTPUIECKON KOppesun?

3. Ha3oBure npu3HaK yBA3KH PYIHBIX OJCCYEHUN B KOPPEIUPYEMBIX CKBAKUHAX.

4. O 4yem CBUJETENBCTBYET HAJINYME MHUHUMYMa I[OTEHIMala Ha KOPPEISILUUOHHON KpUBOM?

5. B kakom Buae nzo0pakaroTcs pe3ynbratel MOK?

6. Kakume 4YacTOTBl »AJIEKTPOMATHUTHBIX TMOJEH HCIONB3YIOTCA B METOAE PaTUOBOJIHOBOIO
MPOCBEYNBAHMUS?

7. Hammmute opmyny A pacdeTa JIEKTPUYECKOW COCTaBJIIONICH HOpManbHOTO mosis B PBIL.

8. Ot gero 3aBUCHT KOA(PPUITMEHT MOTIIOMICHHSI IIEKTPOMArHUTHOTO TIOJIS B cpefe?

9. Kakoe u3 2JIEKTPOMAarHUTHBIX CBOWCTB TOpPHBIX INOPOJ CHJIbHEE JPYIMX BIMSET Ha HX




noryomenne? [Houemy?
10. HazoBute u nosicaute crioco6sl PBII B ckBakmHax.
11. B uem 3akmtouaetcst crioco0 nHTepnperanuu pe3yipratoB PBII ¢ momomisio "3aceuex"?
12. HazoBuTe JOCTOMHCTBA U HEAOCTATKU CIIOCO0A 3aceUek.
13. Onpenenure o6sacts npumenenust Mmeto1oB MOK u PBII.



Jexmus 22

PA3JIEJI V

KOMIIVIEKCUPOBAHUE METOJOB TI'MC TIPU PA3BEJIKE MECTOPOXIEHUI
PA3JIMYHBIX ITOJIE3HBIX HCKOITAEMBIX

[Ipexne yeM paccmarpuBath Bonpockl koMiuiekcupoBanust [ IC, orMeTnm, 4To MHTEpIpETAIs TaHHBIX
I'MIC ycnoBHO MOKeT ObITh MOApa3iescHa Ha 2 sTana.

[ »Tam - onepatuBHAs WU TeOPUINIECKAST HHTSPITPECTALINS.

31ech ONpENeNsitOT MECTOIOJIOKEHUE B pa3pe3e CKBAKUHBI OTACNIbHBIX JUTOJOTMUECKUX PAa3HOCTEU U
OTIPECIAIOT WX (M3MUSCKHE CBOWCTBA; BBIACISAIOT WHTEPBAIBI, 3aHUMAEMBbIC IOJIC3HBIM HCKOIAeMbIM, U
ONPEIENAI0T €ro KAUYeCTBEHHBIE M KOJIMYECTBEHHBIE XapPAKTEPUCTUKHU.

II ATall - CBOJIHAS WJIM KOMILUIEKCHAS T€0JIOTMYECKasi MHTEPIpETaLHS.

Ha sTom sTame mo COBOKYMHOCTH TeO(PHU3UUYECKHX TAHHBIX 00 OTAENBHBIX IUIACTaX U UMEIOUIUMCS
re0JIOTMYECKUM MaTepHraiaM JaroT 3aKIYEHUE O CTPOEHUH 3aJI€KEHN MOJIE3HOr0 UCKOMMAEMOT0 U €ro 3amacax.

Ha »ToM »3Tame mnpou3BOAAT KOPPENALMIO pa3pe30B CKBAXUH, CTPOAT MpOGUIbHBIE T€0JI0ro-
reopu3nUECKHe pa3pe3bl, CTPYKTYPHBIE U TIACTOBBIE KAPThI, MOACUYUTHIBAIOT 3aMaChl MOJIE3HOT0 UCKOTIAaeMOTrO0.

KommiiekcupoBanue metogoB I'MC Ha mecTopo:k1eHUsIX He()TH U ra3a

I'eodmsmueckue rccne0BaHns HEPTSIHBIX U TA30BBIX CKBAKHH UMEIOT OCOOCHHO Ba)KHOE 3HAYCHUE. JTO
OOBSICHSIETCS, C OJIHOM CTOPOHBI, HEOOXOAMMOCTHIO OYpeHHs TITyOOKHMX CKBaKUH C MHUHUMAJIbHBIM OTOOPOM
KepHa Wik BooOIIe 0e3 Hero (isi yAeleBIeHUS M YCKOPEHHs paboT) W, ¢ APYrod CTOPOHBI, XOPOIIEH
muddepeHManeid 0CaJOYHBIX TONII MO JIETKO HU3MEpSIeMbIM JIIEKTPUYECKHUM U SAEPHO-PU3NIECKUM
rapaMeTpaM, BBIIEPKAHHOCTBIO PA3pPE30B OCAJOYHBIX MOPOJ IO MNPOCTHUPAHHUIO, YTO JAET BO3MOKHOCTh
MPUBA3KH KapOTa)XXHbIX JUArpaMM MHOTHX CKBAXKMH K pa3pe3y OJHOM WM HECKOJIbKUX OIMOPHBIX CKBAXKHH,
poOypeHHBIX ¢ 0TOOpOM KepHa. OCHOBHBIC 3a/1a4uH, pemaembie ¢ ToMolibio [ IC Ha MecTopokIeHuIX HedTH
M Taza:

—_

JIutosmoruueckoe pacuJeHEHHE Pa3pe30B CKBAXKHH.
BeiesnieHne B pa3pe3ax KOJUIEKTOPOB, OTMPEACICHUE UX MOITHOCTH U CTPOCHHUS.
3. OrmpexeneHne KOMJIEKTOPCKUX CBOMCTB:

N

¢ TIOPUCTOCTHU,
MPOHUTTACMOCTH;
TJIMHHUCTOCTH.

Omnpenenenne He(hTEra30HACHIIIEHHOCTH KOJIEKTOPOB.
Onpenenenne nonoxenuss BHK, 'HK, I'BK.
Koppensiius pazpe3oB CKBaKuH.

N3yuyeHne TeXHUUECKOr0 COCTOSTHUS CKBAXHH.

. Kontpons Hax pa3zpaboTkoil MeCTOPOXKICHUH.

[Ipu KﬁpOTﬁ)Ke CKBa)KMH Ha MECTOPOXACHUIX HE(PTHU U raza MPUMEHSIOT OOIIMPHBIA KOMIUIEKC METO/I0B
I'"C, yrBepxkaennsiii B 1999 r. Munnpupoasl 1 MuntomsHepro Poccuiickoit ®enepanuu.

JInTonornueckoe pacujieHeHne paspesa

Pacunenenue reosioruueckoro paspesza CKBaXKMHBI 110 COCTaBY MOPOJl U COCTABIICHUE MPEBAPUTEIBHOMN
JUTOJIOTUYECKON KOJIOHKU MPENICTABISIOT OCHOBHOE CO/IEp KaHNE OTIEPATUBHOM MHTEPIPETAIIH.

[Ipexae yem MpUCTYNMUTH K PEHICHUIO 3TOTO BOMPOCA, TUArPaMMBbI Pa3IMYHBIX METOJOB YBS3BIBAIOT IO
rryoune. JIjist Toro BEIOMPAIOT TJIACTBI ¢ HanboJiee YeTKMMHU OCOOCHHOCTSMH Ha KapOTaKHBIX TUarpammax.
Petrenue Borpoca 0 IUTOJOTHYECKOM PaCUJIEHEHUH 3aBUCUT OT TUIIA F€OJIOTMUECKOT0 pa3pesa.

IMecuano-rauHucTHI pa3pe3. [lecyaHO-TIMHUCTBINA (TEPPUTEHHBIN) pa3pe3 OOBIYHO COJEPIKHUT IECKH,
MECYAHWKH, TJUHBI, TIMHHUCTHIC MECYAHWKHU, AJICBPOJUTHI. Pexe B €ro CoCTaB BXOMAT: KOHTJIOMEpATHl,
TJIMHUCTBIE CJIAHIIbI, apTUUIUTHI (KAMEHHUCTBIE TJIMHBI), MEPTeH.

TUNWYHBEIM TPUMEPOM TECYAHO-TIMHHUCTOTO pa3pe3a Ha TeppuTopuu Poccwm MOTYT CIIyXKHTh
Me3030icKre 0TiIoKeHUs 3anaaHoi CuOupH U JEBOHCKHE OTIOKeHUs Boro-YpanbCckoit TpOBUHITHH.

Takue pa3pe3sl pa3OypHUBarOTCS Ha MPECHOM OypOBOM pPacTBOpE, T.e. MPH MUHEpaTU3aluu OypOBOTO

%N oLk
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pactBopa c0 MeHbIllE, YeM MHHEpAIH3alMs CB IUIACTOBBIX BOJA M, CJIEAOBATENbHO, OPH - . ITO

oOycnaBnuBaeT cymectBoBanue "mpsimoro noist" 11C u oOpa3oBaHue MOJOKHUTEIBHOTO IpupaiieHus JIpk Ha
TuarpaMMmax MUKpO30HI0B (cM. sekiuio 10).
KpaTko oxapakrepu3yemM OCHOBHBIE JIMTOJIOTMUECKHE PA3HOCTHU IIECUAHO-TJIIMHUCTOrO pa3pesa.

Tnunbl M TIMHUCTBIE MOPOABLI OTJIMYAOTCS MOJOKUTENbHBIMU aHoManusiMu [1C; cambimu Hu3kumu KC
P o o MiT3 . .
(or 2 mo 20 Owm-m), “* K, TIOBBIIICHHOW €CTECTBEHHOW PaJMOAKTUBHOCTHIO; MHUHHUMAJIBHBIMU

MET
AT =300 - 500—)
IMMOKa3aHUsMH Ha AUarpammax HFK—60, BBICOKMMHU 3HAUCHUAMU HUHTCPBAJIBHOI'O BPEMCHU ¢ M

Ha JuarpaMmax AK, YBCIIMUCHUCM q)aKTI/I‘-IeCKOFO ANaMCTpa CKBA)KWHBI [IPOTHB HOMUHAJIBHOTIO.

KC rimH 3aBHCHT OT HX OTCOpTI/IpOBaHHOCTM, OHO MHHHUMAJIBHO Y MOPCKHX, l"J'Iy'6OKOBOI[HHX T'JIMH U
HCCKOJIBKO BBIIIC Y KOHTUHCHTAJIbHBIX.

Ilecuanvku u AJICBPOJIMTBI MMCHOT OTPULATCIIBHBIC IIOKA3dHUA Ha AUarpammax HC, 0osiee BBICOKHE

3HayeHuss KC (ot emumnun, 1o coteH OM-M); MOJIOKUTENbHBIE TPHPAIIECHUSI dpg Ha JMarpaMMax
MHUKPO30H/IOB; IPOMEXYyTOuHble TNokasaHus Ha aumarpammax [K wum HTK; Oomee Huskue 3HaueHUs

MES MEC
AT =175 =330 — 200-275 —
uHTepBanpHOro BpeMeHn 1o AK (y mnecyaHukos MYy AJICBPOJIMTOB M

KaBepHOrpaMMax (UKCUPYETCs YMEHbIIEHUE JUaMETpa MPOTUB HOMUHAIBHOTO.

KC necyaHukoB U ajeBpOIMTOB MEHAETCA B OUYEHb IIMPOKUX MPEAEIaX B 3aBUCUMOCTH OT UX IUNIOTHOCTH
Y TIOPUCTOCTH, XapaKTepa HACBILICHMS IO, COCTaBa LIEMEHTA U IPUMECH INIMHUCTOT0 MaTepHaIa.

AJEBpOIUTHI XapaKTEPHU3YIOTCs, B 00IIEM, TAKUMU )K€ IIPU3HAKAMU, KaK U TIECYAHUKH, HO BBIPAKCHHBIMU
MEHee OTYETIIUBO.

Ha puc. 22.1 mnpeacraBieH YCJIOBHBIM I€CYaHO-TJIMHUCTBIA pa3pe3 M CXEMaTU3UPOBAHHBIM BUJ
KApOTAKHBIX THArPAMM.
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Puc. 22.1. JInTonorudyeckoe pPaCwICHCHUEC TECYAHO-TJIMHUCTOT'O pa3pe3a MO0 AaHHbIM KOMIIJIEKCAa METOJOB

I'C: 1 - rnuna; 2 - aneBpoauT; 3 - mecYyaHuK; 4 - U3BECTHSK
234



JUia mecdaHo-riIMHMCTOrO paspe3a ocHoBHbIMM Meronamu ['MC ssmstorea: M3, IIC u KC,
nononauteabHbIME: 'K, HTK, AK, KM.

Kapbonartusiii pa3pes. KapOoHaTHbII pa3pe3 conep>KUT OOBIYHO M3BECTHSIKU U JOJIOMHUTHI B pa3HBIX
BUJAX: IUIOTHBIE U KPENKHUE, MOPUCTBIE U TPELIMHOBATHIC, TJIMHUCTBIE U T.II. Pexe B pazpe3e NpUCyTCTBYIOT
TUIIC, aHTUJPUT, KaMeHHast coib. [IpuMepoM kapOOHATHOTO pa3pe3a MOTYT CIYXKHTb IEPMCKUE OTIIOKCHHS
Bouro-Ypanbckoil mpOBUHIUH.

Pacunenenune kapOoHaTHOrO paspe3a - Oosiee TpynHas 3a7ada, HEXKETU pACUICHEHHE IecyaHo-
TJIMHUCTOTO.

C nomorsio 'MC B kapOOHATHBIX pa3pe3ax MOKHO OTIEIUTH PhIXJIbIE, BHICOKOMIOPHUCTHIE U3BECTHSIKHY,
U3BECTHIKU-PAKYILICYHUKHU OT IUIOTHBIX KPUCTAIUIMUECKUX U OKPEMHEIBIX U3BECTHSIKOB.

Ha puc. 22.2 npencrasnen pa3zpe3 KapOOHATHON TOJILH, COAEPIKAIICH MIOTHBIE U IOPUCTHIE PA3HOCTH
M3BECTHIKOB C Pa3HbIM XapaKT€pPOM HACBILIEHHSA, M CXEMaTH3MPOBAHHBIE KapOTAXKHBIE TUArpaMMbl Haj

HUMH.
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Puc. 22.2. Jlutonorudeckoe pacujicHeHHWE KapOOHATHOTO pa3pe3a MO JaHHBIM KOMILUIEKCAa METOOB
I'YC: 1 - rnuHa; 2 - U3BECTHSIK IUIOTHBIN; 3 - U3BECTHSIK TPEUIMHOBATHIN HE(TEHACHIIIICHHBIN; 4 - H3BECTHSK
TPELIMHOBATHIN BOAOHACKIIICHHBIN; 5 - H3BECTHSK

Ha muarpammax KC kapOoHaTHBIE TONIIM BBIIACNAIOTCS KaK 30HBI BBICOKOTO COMPOTHBICHHUS - OT
COTEH JI0 ThICSIY M JECATKOB Thicsidy OMM. PbIxiible, KaBepHO3HbIE U3BECTHIKU 00sagatoT noHmwxkeHHbM KC.
B cnyuae HedTerazoHachIIEHHOCTH, a MOPUCTHIE W3BECTHSKU MOTYT OBITh HE(TETa30HACHIIIEHHBIMU, UX
COIPOTHBIIEHUE COM3MEPUMO C COIPOTUBIICHUEM IIJIOTHBIX U3BECTHAKOB. [IprMepoM MOKET CIyKUTh IIacT
2 Ha puc. 22.2.

Ha mmarpammax IIC kapOoHaTHBIE TOPOABI BBIIEISIOTCS OTPULATEIFHBIMH aHOMAJIHSIMHU Ha (oOHE
[NIMH. AMIUTUTYJ]a aHOMAallMi YBEJIMUYMBAETCS C POCTOM MOPHUCTOCTH (TUIacThl 2 M 4) M yMEHbIIAeTCs C
pocroM rimHHCTOCTH (TutacT 6). B obmem cmydae nmarpammbl [IC Ha kapOoHaTHOM paspese cirabo
nuddepeHIpPOBaHbI.

MUuKpo30HIbl O4YEHb PEAKO, TOJIBKO B CIy4yae XOpOIIEH MOPUCTOCTH IIJIACTOB, O0pa3yrT 30HbI
MOJIOKUTEIBHBIX MpUpaIeHuil JIpK, B OCTaNbHBIX CIy4asX UX AUarpaMMbl He Jar0T MOJIe3HOW HH(OPMAIIHH.

Huarpammber 'K Beigensitor kapOOHATHYIO TOJNIIY TOHWKCHHBIMH 3HAYCHUSMH E€CTECTBEHHOM
paanoakTuBHOCTH (3-6 MKP/4ac), kKoTopas HECKOJIBKO MOBBIIIAETCS C YBETUYSHUEM TTIMHUCTOCTH (T1acT 6).

Ha muarpammax HI'K-60 pazHocTH KapOOHATHBIX MOPOJ] OTMEUAIOTCS BHICOKUMU TOKA3aHUSAMHU 11y,
MOCKOJIBKY COJIEpKaT O4eHb Masio Bojaopoza (miacTel 1, 3, 5, 7). B kaBEpHO3HBIX M MOPHUCTHIX PA3HOCTSIX
Iy 3HaUMUTENBHO MOHMKAETCS, YTO MO3BOJISET HAZEKHO BBIACIATh UX CPEAM IUIOTHBIX Nopon. - [Ipumepom
MOJKET CIIYKHTb IJIacT 2, KOTopblil He Bbiaensercs o KC u3-3a cBoeii He(hTeHACHIIIEHHOCTH.

AKycTudeckuil kapoTak xopouo "orOuBaer" BCI0 KapOOHATHYIO TOJIIY MOHMKEHHBIMH 3HAUYEHUSMU




MEC,
MHTEPBAJILHOTO BPEMEHU AT =10-2075 BBIJIENISIsl BHYTPU HEE BCE MOPUCTBIE U TPEUIMHOBATHIE PAa3HOCTH
(mmactel 2 1 4) noBbimeHneM AT, HE3aBUCHMO OT XapaKTepa HaChIIIEHUS.
[To xaBepHOTrpaMMETPUM IUIOTHBIM W3BECTHSIKAM COOTBETCTBYIOT 30HBI, TJe (PAKTHYECKHH TUAMETP
CKBA)XMHbI paB€H HOMUHAJIILHOMY .
Takum 00pa3oM, OCHOBHBIMU MpPU pacuwyieHEHUU KapOoHaTHOTro paspesa siBisitorcst Meroabl: KC, HTK

u AK; gononaurensueivu: I1C, I'K, KM.

BrlneseHne K0JJIEKTOPOB B pa3pe3ax CKBAXKUH

[Ipexxne ueM paccMarpuBaTh pPELIEHHWE 3TOrO BOMNPOCA, HAIIOMHUM OCHOBHBIE XapaKTEPUCTHKU
IIaCTOB-KOJIJIEKTOPOB.

KonnexkTopamu Ha3bpIBalOTCS IOPOABI, CIOCOOHBIE COAEPKATh B ce0e )KUIKOCTh MU a3 U OT/AaBaTh HX.
OCHOBHBIE KOJUIEKTOPCKHE CBOWCTBA -[TOPUCTOCTh U MPOHULIAEMOCTb.

JUia BblAENEHUS TAaKUX KOJIJIEKTOPOB HYXXEH TUIATEJIbHBIM KOJIMYECTBEHHBIM aHAJINW3 JAHHBIX BCEX
metonoB ['MC.

Mesx3epHOBbIE KOJIEKTOpa KapOOHATHBIX OTJIOKEHUH OTIMYAOTCS MEHbLIEH MOpucTocThio (#,,=10-
20%), HO 3aTO ¥ MEHBLIEH MTMHUCTOCTHIO, YEM TEPPUTECHHBIE.

OcHOBHBIE IIPU3HAKY HA KAPOTAKHBIX AMArpaMMax Y HUX T€ K€, UYTO U Y TEPPUTECHHBIX KOJIJIEKTOPOB.

IIpu ux BbIIENEHUU MOCTYNAIOT TaK: OTMEYAIOT B pa3pe3e INIMHUCTHIE MOPOAb! (TJIMHBI, apTUILIUTHI,
IJIMHUCTBIE M3BECTHSAKM) MO MOJIOKUTEeNbHbIM 3HadeHusM [IC, mosbimeHHbIM 3HaueHusM ['K u AT,
noHmwxkeHHbIM KC. OcTtaBiinecss HEMNIMHUCTBIE OPOJbI Pa3/IEsOT HA MOPUCThIE (BO3MOYKHBIE KOJIJIEKTOPHI)
u Majonopuctsie no ganaeiM M3, HTK u AK.

TpeumHHbIe KOJUIEKTOpa BCEX PAa3HOBHAHOCTCH HE WMEIOT YETKHX OCOQCHHOCTEH Ha KapOTaKHbIX
auarpaMmmax. 9To CBSI3aHO € TeM, YTO MOPUCTOCTh UX Majia MU mo3ToMy Ha auarpammax I'MIC oHM nposiBIsioT
ce0sl KaKk IMJIOTHbIE MOpoAabl. JlJig MX yCTaHOBJIEHUS B pa3pe3e HEOOXOJUM KOJUYECTBEHHBIM aHalIM3 BCEX
JAHHBIX.

B oTaenpHBIX ciiydasx Xopolue pe3yabTaThl AaeT akycTtuueckuil kapotax (yBenuuenue AT) u ['TK-IT
(YMeHbIIIeHHE TIJIOTHOCTH).

Cy1iecTBYIOT TakKe CHEHalIbHbIE METOJUKU BBIACIEHUS TaKUX KOJIJIEKTOPOB, HalpUMeEp, METOAMKA
"KapoTak-BO3AEUCTBUE-KAPOTaX'"', KOTOpask 3aK/II0YAETCS B TOM, YTO HA IJIACTHI B CKBAKUHE BO3/IEHCTBYIOT
OTIPENICIICHHON JKUJIKOCTBIO, OTJIMYAIOMICHCS TO KAaKHUM-THOO CBOMCTBaM (MarHWTHBIM, IUIOTHOCTHBIM,
AepHBIM) OT OypOBOrO pacTBOpa M IUIACTOBBIX (UIIOMJOB, @ 3aT€M BBISBISAIOT PE3yJbTaTbhl 3TOTO
BO3JICHCTBUS MO KapOTaKHBIM JHarpaMMaM, 3allMCaHHBIM JI0 BO3AeWCTBUA U mociie. O4eBUIHO, UTO TaKOe
BO3/ICHCTBUE CUIIbHEE BCETO MPOSBISETCS Ha MIACTaX-KOJIJIEKTOPAX.

B mnepcnexkTtuBe xopoliue pe3ynbTaThl MPH BBLACIECHUM TPEIIMHHBIX KOJUIEKTOPOB MOTYT JaTh
CKBR)XMHHBIE TPAaBHUMETPOBbIE HAOMIONEHUs, MO3BOJSIOIINE BBIYUCIATH CPEAHIOI IUIOTHOCTh OOJBIIMX
00BEMOB TTOPOJI, a 10 HEH YCTaHABIUBATh TIACTHI-KOJIEKTOPEI.

OmnpenesieHne NOPUCTOCTH KOJLVIEKTOPOB

[TopucTocTh sIBAsIETCS Ba)KHEWILIEH €MKOCTHOW XapaKTEPUCTUKOM IJIACTOB-KOJUIEKTOPOB U 3HAHHUE €€
HE0O0XO0IMMO JUTs TIOJICUETA 3aI1acOB MECTOPOXKICHUH HEDTH U Ta3a. ,

B Hacrosimee Bpems pa3paboTaHbl CIOCOOBI OMpEENICHUs MOPUCTOCTH MO JaHHBIM Pa3IMYHBIX
METOJIOB KapoTaxka. HEKOTOphIX M3 HUX MBI YK€ KacaluCh, Korjaa 3HakoMuwinch ¢ merogamu [II'TK, HI'K u
AK. Huxe Mbl pacCMOTPUM OIPEAEIIEHUE TOPUCTOCTHU 0 JAHHBIM 3JIEKTPUUYECKOTO KapoTaxa.

Onpeodenenue nopucmocmu no y0enbHOMy 31eKMPUUeckKkoOmMy CONpOmMuUGIeHUuI0 nopoo. ITOT crocod
MPUMEHSIIOT JUIs onpeneneHust K,, Mexx3epHOBBIX KOJIJIEKTOPOB TEPPUTCHHBIX U KAPOOHATHBIX OTIOKEHHIA.

Crioco6 ocHOBaH Ha 3aBHCHUMOCTH MEXAY KOA(h(UIIMEHTOM MOPUCTOCTH U MapaMeTPOM MOPUCTOCTH
Pr1 (111 OTHOCUTENBHBIM COMPOTUBICHUEM MTOPOJIBI).

[Mapamerp mopucTtocTH €cTh KOIDPUIMEHT MPOMOPIHOHATBHOCTH MEXIY COMPOTHBIICHUEM

Pan

BOJIOHACBHIIIIEHHOHN TTOPO/IbI Y COTIPOTUBIIEHHUEM F# BOIbI, €€ HACKIIIAIOIICH:



s
pu.u=Pr|"-":"r*m:"M P.u=l

o, (22.1)

OTKyJa

[TapaMeTp MOPUCTOCTH 3aBUCHUT OT MOPUCTOCTH, XapaKTepa IMOPOBOTO MPOCTPAHCTBA, U3BHIMCTOCTH
0P, CTETNEHU IIEeMEHTAIMU U JIp. (aKTOPOB. DKCIIEPUMEHTAIBHO BhIBEJICHHAs (hOpMYyJTIa UMEET OO BU:

u.ﬂ
P, = =
n (22.2)
a
rae  ? - mocTosHHAs, Ha3bIBAEMask CTPYKTYPHBIM KO3 (HIMEHTOM, KOTOpas

3aBUCUT OT cocTaBa mopoasl U coctaBisier or 0,4 mo 1,4; T - Tak Ha3bIBaeMbId ''TOKa3aTelsb
[eMEHTAIMK'", KOTOpBI 3aBUCUT OT CTENEHHM CIEMEHTHpOoBaHHOE™ wu wuMeeT BenuuuHy OT 1,3 mna
HECLIEMEHTHPOBAHHBIX /10 2,3 JJIsl CHJIBHO CLIEMEHTHUPOBAHHBIX MOpoja. M3BecTHbI BapuaHThl (OPMYJIbI

1
P” = 2 5
(22.2), cmpaBemuBBIE Ui KAKUX-TO KOHKPETHBIX T'€OJIOTHUECKHUX YCIOBHH: GopMyia Apun -
0,625
n Tl
bopmyna Xamba "W Ap.

P,=f(K,)

OcpelHEeHHBIE 3aBUCUMOCTH
JlaxHOBY IpuBeJIeHbI Ha puc. 22.4.

Taxum oOpaszom, 4yToOb! onpeaenuts K, Hy)kHO HaiiTh 3HaueHue P, a 1i1sl 3TOro Hy)XKHO 3HATH PB H
pBI (cM. hopmymy 22.1).

ConpoTHuBIEHHE MJIACTOBBIX BOJ MOXKET OBITh HalieHO 1o n3MepeHuto Y OC npob Boabl, 0TOOpaHHBIX
u3 macta, Hanpumep, ¢ nomouisro OIIK, wim no nanaeiM naTepnperanuu [1C.

C ompeneneHueM COMPOTUBIICHUS IUIACTOBBIX BOJ IO TMpoOaMm, OTOOpaHHBIM OMpPOOOBATEISIMH
IUIaCTOB, JIEJI0 OOCTOUT HE TaK MPOCTO IOTOMY, YTO B MPOOYy BMECTE C IJIACTOBOM BOJOM MOIMAAAeT U Kakoe-
TO KOJIM4YECTBO (uiibTpaTa OypoBOro pacTBOpa, KOTOPOE TPYAHO OLEHUTh U YUECTb.

VY3C BOgOHACHIIEHHOTO T1acTa MOXKHO onpeaenuts no ganaeiM bK3, UK, BUKI3 nnu BK.

JUISL OCAJOYHBIX MOPOJ pa3iudyHoro cocrasa no B.H.
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Puc. 22.4. OcpenHeHHbIe 3aBUCUMOCTH TapaMeTpa MOPUCTOCTH OT KOIPPUIIMEHTa MOPUCTOCTH IS
TOPHBIX MOPOJ pazHoro coctana (o B.H. /laxHoBy)
Jlns  pacyera mapaMeTpa IOPUCTOCTH MOXKHO BOCIIOJB30BAThCS pe3yJbTaTaMd HU3MEPEHUH ¢



MHUKpO30H/IaMH, TIOCKOJBbKY B 3TOM CIIy4ae JIEr4e OINPEAEIUTh COINPOTUBIEHHUE JKUIAKOCTH B IOPAX 30HBI
MIPOHUKHOBEHUS, T.€. QUIbTpaTa OypoOBOrO PacTBOpa, CONMPOTUBIEHUE KOTOPOro ppM ierko paccuyurarsb,
Harpumep, 1o SMIUPUIECKOi Gpopmye:

_26-y

2 o)

TJIe PO - CONPOTUBIIEHNE OYPOBOTO pPacTBOPA;

Y - €ro IJIOTHOCTb.

A CONpPOTHUBJIEHNE BOJOHACHIILIEHHON OPOIBI, T. €. P onpenensercs no JaHHBIM MUKPO30HIOB.
OnHako Juis 30HBI NPOHUKHOBEeHHs (opmyna (22.1), umeromas BHI

p, ~ Lo

n

P (23.4), OyIneT He TOYHOH, a MPUOTU3UTENHHOW, MOCKOJBKY JaXX€ B 30HE IMOJHOCTHIO
MIPOMBITBIX TOPOJ C COMPOTHBIICHHEM pIIl (pUIbTpaT OYpOBOrO pacTBOpa 3aMeIlaeT He BECh IUIACTOBBIN
¢baroua. U xotd ero nons B mopax 30HbI MPOHUKHOBEHHSI HEBETIMKA, €70 MPUCYTCTBUE CHUIIBHO CKa3bIBACTCS
Ha 00ILIeM CONpOTUBIEHUH (iIrona B ATON 30HE. B HETEHACHIIEHHBIX TUIACTaX ATOT OCTATOYHBIA (IO
(HedTh) TOBBIIIAET, a B BOJOHACHIIICHHBIX (MHUHEpaIM30BaHHAs IJIACTOBas BOJAA) 3aHMXKAaeT ooIlee
COTPOTHUBIICHUE CMECH TIIaCTOBOTO (uironaa U GuiabTpara OypoBOro pacTBopa.

Hwuxe npuBenens! 60s1ee TouHble 3HaUeHUs (HopMyIbl (22.4).

Jl1g He(TeHaChIIIEHHBIX IJIACTOB:
pﬂ?‘l

n= e o m
Pou T Cw (225)
rae I1 - ko3 PuIHeHT TOBEPXHOCTHOW MPOBOJUMOCTH, YYUTHIBAIOIMINN BIMSHHE TIMHUCTOCTH, €TI0

IT= ffcm,ptﬁ-m)

OMPCACIIIOT 1O CHCHHUAJIBHBIM HOMOI'paMMaM JIIsL CI1a00TTTMHUCTHIX KOJUICKTOPOB

MOYKHO TIPUHATH [1-1;

Q’m — K03(pPULIMEHT yBETUYEHUS] COMPOTUBJICHUS 3a CYET OCTATOYHOTO COJACp)KaHUs HEe(PTH B
IIPOMBITOH 30HE:
1

Qm:' e . b
rne Koo -  kooppuuMeHT  0CcTaTOYHOro  He()TEHACBHILEHHS,  KOTOPBIA XapaKTepU3yer
=) 2-
YCIIOBUSL BBITECHEHUS HE(PTU M3 KOJIEKTOpPA; OOBIMHO MNPU pacdeTax IPHHUMAOT fuh2 {],3_. s
BOOJOHACBIIIICHHBIX KOHHCKTOpOB:
pﬂ‘ﬂ‘
Bt
Pew (22.7)

Pew COIIPOTHUBIICHUE cMecH (prUiIbTpaTa OypOBOTO pacTBOpa IIIACTOBOW BOJBI B 30HE p Rit*

Pea

COHpOTI/IBHCHI/IC MOKHO pacCUUTaTb KaK COIIPOTUBJIICHHC IABYX MNapaUICJIbHO COCAWMHCHHBIX

IMPOBOAHUKOB - IJIACTOBOM BOAbBI 1 (I)I/IJILTpaTa - U3 COOTHOILLICHUS
1 = -z
il

Po Pr P (22.8)
rze z — A0js1 00bEMHOTO CO/IEPIKaHUs MIACTOBBIX BOJ B 30HE MTOJHOCTHIO MPOMBITHIX IOPOJ.
Ota 70715 3aBUCHUT OT KOJJIEKTOPCKHUX CBOMCTB Iu1acTa U BappupyeT B npeaenax 0,01-0,2. /{ns xopoio
IIPOHULIAEMBIX KOJIJIEKTOPOB npuHumarot z=0,05.
Taxum 06pa3om, 371€Ch HAMU PACCMOTPEH OOIINI TOAXO0/I K OIIEHKE MOPUCTOCTH MO JAHHBIM KapoTaxa
conpotuBieHuif. CymectBytor cneunanshble Metoauku C.I'. Komaposa, llnromOepike, H.JI. Pycakosa, A.



ne Yurre, 3. bapnau u ap., oTAMYaONIMEcs OCHOBHBIMHM (PM3WYECKHMMU MOJEIISIMHU IJIaCTa-KOJUIEKTOpa M
IIPEICTaBICHUSMH O PACIPENEICHUH B HEM INIMHUCTOTO MaTepHala.

Onpenenenne nopucroctu no komiuiekcy MeronoB HI'K u III'TK. Kak y»xe orMeuaioch B JIEKIUAX 110
HI'K, 5TOT MeTOA JaeT pe3ynbTaThbl, KOTOPBIE OIPEIEISIIOTCS TOJIHBIM CONEPKaHUEM BOJOPOJA - U B COCTABE
CBOOOJHON BOJBI, M B COCTaBE CBS3aHHOH, KOTOpas BXOMUT B INIMHBL [lo 3TOi mpuuyMHE B 3HAYECHUS

HIK
ko3 duureHTa nopuctoct, Haigenuele no meroxy HI'K - n Heo0XOAMMO BBOJIUTH MOIpPABKY 3a
[JIMHUCTOCTD (CM. Jekuuio 13). B To e BpemMss Hajluyue TJIMHUCTOTO MaTepuana cKa3blBaeTcs M Ha
ITK
o

IJIOTHOCTH =~ M ‘KOJUIEKTOPOB a,, , kotopasa omnpenensiercs no [II'TK. [To »Toit mpuunHe OTKphIBaeTCs
BO3MOXXHOCThH KOMIUTIeKCHOTO Hcnonb3oBanus MmetoqoB HI'K u [II'TK nis onpenenenus u nopucroctu (yxe
WCIPABIIEHHOM 3a TIMHUCTOCTD), U TTIMHUCTOCTH KOJUIEKTOPOB.

C sroii nensto Gpupmoii HntomGepxe ObuIa MpeATokKeHa HOMOTPAaMMa, Ha KOTOPOH B KOOPAMHATHBIX
K HTK 'H oK
ocax = M m  [OCTPOEH TPEYrojibHUK Mo TpeM ToukaM ABC, IJIOTHOCTh M HMOPUCTOCTH KOTOPBIX
COOTBETCTBYET: I TOUKU A - MUHEPAILHOMY CKEJIETYy KBApIIEBOTO MECYaHuKa, Touku B - Bone, Touku C -
YHUCTOM IIIMHE. DTa HOMOTpaMMa n300pakeHa Ha puc. 22.5, Ha KOTOPOM IOKa3aHO TaKXe, KaK MOJIb30BaThCs

ATON HOMOTPAMMOHM.
ﬁ:’.‘ T, %Ma
&g

i B ?
it A= Aisin caeagm

@2 6, =265 3w Ky 0%
_ . /‘j’ mfl - wodn
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Puc. 22.5. Homorpamma a1 onpezeneHusi HOpUCTOCTH KOJUIEKTOPOB MO JTaHHBIM KOMIUIEKCa METO0B
HI'K u I'TKII (pupma Ilnrombepixe)
KonTtponbHbIe BOITPOCHI
1. Ilepeumcinre BOIPOCHI, KOTOPBIE PELIAIOTCS IPU ONEPATHBHOW M IPU CBOJHOM HMHTEPIPETALUH
JAHHBIX KapoTaxa.
2. Ilouemy KapoTa)xxy Ha MECTOPOKICHUSAX HE(TU U raza mpuaaercs 00iblIoe 3HaueHue?
3. Ilepeuncnute OCHOBHBIE 3amaud, pemaeMble ¢ mnomompio [MIC Ha HEPTIHBIX M Ta30BBIX
MECTOPOKICHUAX.
4. Kaxkue nopojsl BXOAAT B COCTAB NECYAHO-TIIMHUCTOIO pa3pe3a?
5. Kaxwue mopoibl BXOJST B COCTaB KapOOHATHOTO pazpe3a?
6. VYKaXWUTE€ OCHOBHBIE U JOMNOJHUTEIbHBIE METOAbl JUISl PACUICHEHUS NECYaHO-IIIMHUCTOrO H
KapOOHATHOTO pa3pesa.
7. JlaiiTe onpeaeseHne MOPOIbI-KOJJIEKTOPa, OXapaKTEPU3yHTE OCHOBHBIE KOJUIEKTOPCKUE CBOMCTBA.

*®

Ilepeuncnure OCHOBHBIE THIIBI  KOJUIEKTOPOB M JAWT€  UX XapaKTEPUCTUKY.
9. Vkaxure TmpU3HAKU KOJUIEKTOPOB Ha JMarpaMMax pPas3IMYHBIX KapOTaKHBIX METOJIOB.



10.

11.

12.

13.
14.

10. Hepqu/ICHI/ITe, M0 JAaHHBIM KaKuX MCTOAOB KapoOTaXxa MOKHO
onpeneauTh KodhGHUIHMEHT MOPUCTOCTH?
Uro Takoe mapameTp HOPUCTOCTH?

[TosicHuTe, KakWe BEIMYMHBI BXOIAT B (QOPMYINY, CBS3BIBAIOIIYIO TApaMETP MOPUCTOCTH C
OIpeICTICHHUE.

Kak MOKHO ompeeuTh COMPOTHBIICHHE BOJIOHACKIIIEHHOTO I1acTa’?

Kak moxxHO OnpeaACIMTbL COIPOTUBJICHUEC IJIACTOBBIX BOI[?

K



Jlekmua 23
Omnpenesienne HedTerazoHACHIIIIEHHOCTH KOJIJIEKTOPOB
HedTterazonacrliiieHHOCTh KOJUICKTOPOB XapaKTEPHU3YETCs

H

K03 DHIHEHTOM He(Tera30HACHIICHHOCTH &', paBHBIM OTHOIICHHIO 00beMa, 3aHMMAeMOro HeThIO 1

rasom e, K 00BeMy BceX TOp VNop KOJIEKTOpa:

H2 V e
np - (23-1)
OCTaBHIa?[C?I qacTb HOp, HC 3aHdATasA He(l)TI)IO U ra3oM, 3aI10JHACTCA BOI[OI\/JI, TakK 4ToO
K, +K,=1.

(23.2)

[Ipu stom KB xapakTepu3yeT CyMMmapHOE BOAOCOICp)KaHHUE, T.€. COJCP)KAHHE BOJBI CBOOOTHOW H
CBS3aHHOM C IIOBEPXHOCTbIO MUHEPAJIBHOIO CKEJIETa IOpOJbl CHWJIAMHU MOJEKYJSIPHOIO CLEIJICHUS.
ConeprxaHue CBS3aHHOM BOJBI ompeenseTcs Kod(pGUIIMEHTOM OCTaTOYHOro BojoHachieHus: KB0, KoTopsIi
Ha3bIBAETCS TAKXKe KO (HUIIMEHTOM MUHIUMAIBLHO HECHUKAEMOT'O BOIOHACHIILICHHS.

Taxum oOpazom, conepkaHre BOJbI B IOPOJIE HE MOKET ObITh MeHbIIe KBO

Omnpenenenne Kur u KB mo oOpasmam kepHa He MOXET OBITh IIOCTj)BepHLIM, T.K. B Iporecce OypeHus
KEpH IMPOIUTHIBaeTCA PMILTpaTOM OypoBOro pactBopa. X MOKHO OMpeNeNuTh TOJIBKO MPHU YCIOBUU OypeHUs
CKBRXHMH C TPUMEHEHHEM HE(DUIBTPYIOLIEroCcs H3BECTKOBO-OMTYMHOTO pacTBOpa -pacTBOpa Ha HE(PTIHOM
ocHoBe (PHO), ucrnonb3oBaHHE KOTOPOTO MPUBOAUT K YAOPOXKAHUIO OYpeHHsS] U OCIIOKHSET BBIIIOJHEHHE
KapoTaxa.

[lo »TOi mpuUuyMHE MpH ONpesesieHuH He(TEera3oHaChIIIEHHOCTH KOJUIEKTOPOB OOJbIIOE 3HAaYCHHE
pUaeTcs TeOPU3NIECKUM METOIaM.

B naumbosee mpocThIX cilydasx COCTaB M KOJIMUYECTBO (DIIrOM[a, HACKHIMIAIOLIETO MOPBI MOPObI, MOKHO
orpenenuts Mo YOC miuacToB, T.K. BOJOHOCHBIE IIACTHI MMEIOT HHM3KOE, a He(Te- W ra30HACHIIICHHbIC -
BBICOKOE compoTtuBiieHne. OpHako aOcomoTHbie 3HaueHuWs YOC 1iacta eme He JaloT OOBEKTUBHOU
XapaKTepUCTHKHU, T.K. OHU 3aBUCAT HE Tonbko OoT KHr um KB, HO eme W OT JUTOJOrMM IjJacTa U OT €ro
MTOPUCTOCTH.

3akmioyeHre O He(Tera3oHachIIEHHOCTH IUIaCTOB  JENAloT 1O  KOA(PQHUIMEHTY yBEIUYEHUS
conpoTtuBiieHUs] Q, KOTOPBIM MOKA3bIBAET, BO CKOJBKO pa3 COMPOTHUBICHHE HE(PTEHACHIIIEHHOIO IIACTa PHT
., HPan
00JIbIlIe, YeM CONPOTHUBIIEHUE TOrO ke miaacTa npu 100% HackllieHuH ero nop BoAOH

0= Pz

Pen  (23.3)
Mexnay Q u KB cymecTByeT oOpaTHasi cTerneHHast 3aBHCUMOCTb!
0-—

¢« rTaen=1,73-4,33 B 3aBUCHUMOCTH OT JINTOJIOTUH 1 CBOMCTB BOJBI.

DTa 3aBHCHUMOCTH JIJIsl TICCUAHO-TIIMHUCTHIX U JUI KapOOHATHBIX TOPOJ IpeacTarieHa Ha puc. 23.1. Ilo
3TUM rpadukam MoxxkHo HaiTu Kur u KB, eciu u3BECTHBI pHT U pB

ConpoTuBieHne He(TEra3oHachIIEHHOrO IjIacTa p,,I MOKET ObITh ompeneneHo mo pesyipratam BK3,
WK, BUKI3 unu BK.

ConpoTHuBIEeHHE BOJOHACHIILIEHHOTO IUIaCTa PBI MOKHO ONpPEAEIUTh TEMH K€ METOAaMH, HO B JIPYTUX
CKBa)KMHAX, MEPECEKAONINX ITOT IJIACT 3a MpeleiaMu KOHTypa He(pTEeHOCHOCTH, NP yCIOBUM HEU3MEHHOCTH
KOJJIEKTOPCKUX CBOMCTB IJIacTa.

1 pBO MOXHO TaKXe BBIYUCIHUTH, €CIM HM3BECTEH MapaMeTp MOpPUCTOCTH P,, U compoTuBiIeHHE PB
IUIACTOBBIX BOJI, HACBILIIAOIINX IUIACT.

3Hadenne P MOXHO ompenenuTh Mo pe3ysibTaTaM U3MEPEHHUN ¢ MUKPO30HIaMU (CM. JIEKIHIO 22), apB -
no auarpammam [1C (cm. nekmuto 11).

[ToBeiieHHbIe 3HaUeHUS Q>1 CBUIETENHCTBYIOT O HATMYMU HEPTH UK Ta3a B IOPax IJ1acTa.

Koadduuuent Q, takxe kak u KHr, xapakrepuzyeT HedTe- UM ra30HACBHIIICHHOCTh, HO HE HedTe- Win
ra30HOCHOCTD, IOl KOTOPHIMU TOHUMAIOT CITIOCOOHOCTSH IUIacTa OTJaBaTh HEPTH UITU Ta3.

CymecTByloT Tak Ha3biBaeMble "Kputuueckue 3HadeHus" QKp, HauMHas ¢ KOTOPBIX IJIACT CIOcOOeH
OTJaBaTh HEPTH WU Ta3. DTU 3HAYEHUS HE OJAMHAKOBBI JJIS TUIACTOB Pa3HOM JINTOJIOTUH.

=1} Q«:
JI1sl YUCTBIX MECYAaHO-AJIEBPOIUTOBBIX ILUIACTOB Boro-YpanbCckol NpOBUHLIMU QNP 10’; npu nu3
IIJIAaCTOB MOXKHO HOJ‘Iy‘II/ITI) TOJIBKO BOI[y.
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Puc. 23.1. 3aBucumocTth KO3h(UIMEHTA YBEIWYEHUS COMPOTHUBICHUS KOJIJIEKTOPOB Q 0T wuX
He(Tera3oHaChIIEHHOCTH

Uem OGomblie TIIMHUCTOrO MaTepuaia B KOJJIEKTOpe, TeM MeHbIle 3HadeHus: Kur, nmpu KoTOpbIX IuacT
crocobeH otmaBath HePTh. Tak, HaMpuUMep, W3 TIMHHUCTHIX MMECYAHHUKOB MOXKHO TOJIy4YaTh HEPTh YK€ MpH

K.H'

K22 30% rorpa xak us KapOOHATHBIX KOJUIEKTOPOB -TOJIBKO IMpH *“/2 Z 'E'G%. 310 00BACHAETCA TEM, UTO C
YBEJIMUEHUEM TJIMHUCTOCTH PACTeT COJAEp)KAHME CBS3aHHOM BOJABI, TOrJa KaK Ha MOJBW)XHOCTh HedTu
[JIMHUCTOCTD MPAKTUYECKHU HE BIIMSET.

Omnpenenenne NPOHUIIAEMOCTH KOJLJICKTOPOB

KauecTBeHHas oneHka npoHuriaeMoctu 1o AanHeIM ['IC MoskeT ObITh MOTy4eHa 10CTaTOYHO JIETKO.

[IpoHnnaemple TOpU30HTHI XOpOUIO BbiAeNsAt0Tca 1o auarpamMmaMm [1C, mMukpo3onnaps. B pesynbrate
uHTepnpetannu bK3 MoxxHO onpeaenuTs quaMeTp 30Hbl IPOHUKHOBEHUS [l, a OH TeM Oouiblile, YeM BBILIE KIIp.

KonnuecTBeHHas oljeHKa MPOHULIAEMOCTH CIIOKHEE, T.K. KIIP SBJISETCS CI0KHOM (QyHKIMEH NOPUCTOCTH,
BOJIOHACBIIIEHHOCTH U TIMHUCTOCTH. CyIIECTBYET HECKOIBKO Pa3IMYHBIX METOJUK KOJIMYECTBEHHOW OLICHKU
KIIp.

Meroauka I'.C. Mopo3oBa 0CHOBaHa Ha MPEANOJIOKEHUU O HATMUUH 3aBUCUMOCTH MEXAY COAEPKaHUEM
cBs3anHOi Bojbl (KBO) u mponumaemocteio. [Ipu 3TOM nenmaercs AOMyIIEHHE, YTO COJEpPKaHUE OCTATOUYHOMN
BOJIbI IPOMOPIIMOHAIIBHO yAeIbHOM noBepxHOocTH nop. KB0 nmonaraercs paBHbiM KB, KOTOpPBIN ONpEAENsIOT 10
BemauHe Q B He(TEHACHIIEHHOM 9acT IwiacTta. Jlanee HCHOB3YIOT SKCHEPMMEHTATBLHO MOCTPOECHHYIO

3aBHCUMOCTb Q= / (k"au' )

HCCIIEOBAaHUSAM KEPHA.

Metonuka Mopo3oBa Obiia ompoOoBaHa Ha TyiimasuHckoMm, Pomamkuackom, IllkamoBckoM u ap.
MECTOPOKIACHUSX.

Metoauka IllmoMOepxe OCHOBaHAa Ha CBA3M INPOHUIAEMOCTH C MOPHUCTOCTBIO, (HOpMOM 3epeH u
COAEP)KAHUEM OCTATOYHOM BO/IBI.

®dupwmoii [nrombepxe mpeiokeHa sMnupudeckas Gopmyna:

Kj
k;}é =250—"

, Tie Q ompeaensIoT Mo KapoTaxy, a KIIp - 10 JJabOpaTOpHbIM

2 (23.9)
ITo stoit hopmyne paccuntansl u rpaduku (puc. 23.2), Mo KOTOPHIM MOYKHO ONPENEIUTh TPOHUIIAEMOCTh
KOJIJIEKTOPA, 3Hasi €r0 MOPUCTOCTh U OCTATOYHYIO BOJOHACBHIIIEHHOCTb.
Metoauka Tukcbe UCHONB3YyeT TpaJUMeHT COMNPOTUBJICHUS B IEPEXOJHOM 30HE BOJOHE(PTSIHOrO WIH
ra3oBOJITHOTO KOHTaKTa

2 2
knp 24,63 (U‘ _-D'H) ] (236)

ﬂ.ﬂ‘! ll:rl’l .
rac IINIOTHOCTH BOABI U HG(I)TI/I,
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Pan NPUBEJCHHBIN IPaIUEHT CONPOTUBIICHHUS,

a=

Ah

rac p - IMpUpamCHUC COMMPOTHUBJICHUA HA PA3HBIX YPOBHAX B

o " Ap= - ,

HeTEHOCHOH W BOJOHOCHOM 4acTAX IUIACTa: P=Puz = Pan
CormocraBiieHHe PE3yJIbTATOB ONPEAENICHHs MPOHHMIAEMOCTH 110 JAaHHBIM KapoTaka M 10 KEPHY
MOKA3BIBAET, YTO JIaXKe B OJArONPHATHBIX CIy4asX OTHOCHTEIbHAs ONIMOKA ONMpPEAEIeHHH 10 KApOTaKy MOXKET

nmocturath 35-50%.

Crons  Oompmras ommoOKa, kKak B cBoe Bpems mokazan C.I'. Komapos, o0ycioBieHa HE TIOTPEIIHOCTIMU
U3MEPEHUH TPH KapoTaXke, a HEJIOCTaTOYHO TECHOW CBS3bI0 KOX(P(QUIMEHTa MPOHHUIAEMOCTH C TEMHU
napameTpamu, KOTOPBIE OIPEIENAIOTCS 10 KapOTaxy.

B 10 ke Bpems ompeneneHue K,,p U Jp.CBOIMCTB IUIACTOB IO KapOTaXy UMEET M CBOW NMPEUMYILECTBA,
TaKHu€, KakK OIICPaTUBHOCTH OHpCHGHeHI/Iﬁ, OoJIbIIIast NpeaACTaBUTCIBHOCTL U OoJibIast JACTAaJIbHOCTH
pE3yJIbTaToB, BO3MOXKHOCTH OypeHus 6e3 oTOopa KepHa

X,q:;

Ay

o “a,i,' | Aon)o
Heu"" j )"ﬁ Jp

L7
/!

Jo //

NS
&
&

20 /’
0 e ,.-f‘/
0

5 10 15 20 25 30 35 A%

Puc. 23.2. 3aBUCHMMOCTP MTPOHUIAEMOCTH KOJUJIEKTOPOB OT HX TOPUCTOCTH U OCTATOYHOTO
BogoHackimeHus (pupma HlnromoOepxe)

Onpenenenne MNOJI0:KeHUS] BOJOHEPTSIHOTO M Ta30:KUIKOCTHBIX KOHTAKTOB

[Tox neiicTBHEeM rpaBUTALIMOHHBIX CUIT HEPTH COOMpPAETCS B BEPXHEH YaCTH MJIAaCTa, BOJA - B HIXKHEH.

[Tepexox oT HEPTEHACHIIIICHHOTO TUIACTA K BOJOHACKHIIIEHHOMY TPOUCXOJHUT HE PE3KO, a TIOCTEIIEHHO Ha
HEKOTOPOM MHTEpBaje MO BEPTUKAIHU, HA3bIBAEMOM MepeXxoHON 30H0H. B npeaenax 3toit 30ub1 KHT MeHseTCS

(0K, <1- (1<K, <K,,)

oT 0 10 HaubOJIBIIEr0 3HAYCHUS de g0 ) ,aKs -or 1 no Ks0 BwMmecrte ¢
BOJIOHACKHIIEHHOCTBIO M3MeHseTcs u YOC 1miacta -oT ypOBHS PT [0 YPOBHS PHI, KaK 3TO IOKa3aHO Ha pHC.

23.3.
Ilepexoanas 30Ha MMeeT B 3aBUCHUMOCTH OT COCTaBa IIIacTa, CBOMCTB He(TH M IUIACTOBBIX BOJ

IIPOTSKEHHOCTD 10 BepTUKaIH oT 1 10 20 M.

OOBIYHO TOJaralT, 4TO He(TEeHAChIIEHHAss ¥ BOJOHACHIIIEHHAs YaCTH IJIacTa pa3fesieHbl HEKOTOpOi
YCIIOBHOM MMOBEPXHOCTHIO, Ha3bIBaeMOU BoIOHEPTsIHBIM KOoHTaKTOM (BHK).

3a ycnoBueii BHK mpuHuMaroT Takoii ypoBeHb B NEPEXOIHOW 30HE, BBIIIE KOTOPOTO IJIACT CIIOCOOCH

OTAaBaTh HE(PTb.



Puc. 23.3. Ctpoenune BoOHE(DTIHOTO KOHTAKTA U OTMPEACIICHUE €T0 MOJIOKEHUS 10 JaHHBIM MeTo10B KC
ullC

VY7aenpbHOE CONPOTHUBICHHME IUIACTA HAa 3TOM YPOBHE COOTBETCTBYET KpPUTHUECKOMY 3HAUYCHUIO
kod(durmenta ypenuueHus comnpotuBieHuss QKp. Jlnst OGoNbIIMHCTBA MECTOPOXKIECHUW 3TOT YpPOBEHBb
pacnosaraercs BbllIE IIOJOLIBbI IepeXoAHOM 30HbI Ha 1,0-1,5 m.

Onpenenuts nonoxkenne BHK moxHo no manaeiM KC, HEUTPOHHBIX METOAOB WM MO aKyCTUYECKOMY
KapoTaxy (1o Ko3QPHUIHUEHTY 3aTyXaHus).

3Hath ke nojoxxkenrne BHK neobxoaumo nist mpaBuiabHOM nepdopanuu, 11 onpeneiacHus 3hPpexTnBHON
MOIITHOCTH IJIACTOB U MOJICUETA 3aI1aCOB MECTOPOXKICHHSL.

lNazoBogsHoM koHTakT (I'BK) Tarke He siBAseTCS pe3KUM, OJHAKO MOITHOCTH MEPEXOTHOM 30HBI 3/1€Ch
MHoro menbuie, ueM B BHK. Metoauka onpenenenust 'BK ananornuna or6uske BHK. Kpome Toro, 31ecs
MO>XHO TPHUMEHUTh W HEHUTPOHHBIE METOJIbI, TMOCKOJIbKY BOJOPOJIOCOJAEPKAHUE B Ta30HACHIINIEHHON YacTu
1acTa BO MHOTO Pa3 MEHbIIE, YeM B BOJOHACKIIIICHHOM.

lazonedrsnoit kontakt (I'HK) o00bpaHO peskuit. YcranoBuTh Mecromonokenue [HK 1o
ANEKTPUIECKOMY KapOTaXXy HE YIaeTcsl, MOCKOJbKY CONMPOTHBIICHUE Ta30HACHIIICHHBIX U HE(DTEHACKHIIIEHHBIX
IJIACTOB IPUMEPHO OJIMHAKOBOE.

I'HK ycranaBnuBaercs no ganabiM HeWTpoHHBIX MeTonoB HI'K, HHK-T n HHK-HT, MHHK, nockonsky
coJiepaHue BOJOpoJa B HedTEHACHINICHHOW 4YacTh B 623/p pa3 Ooiblie, yeM B Ta30HACHIIMICHHOW (p -
JaBJICHHUE Ta3a B IUIACTE).

Jst Goneieit nmoctroBepHocTd oTOMBKM ['HK HEHTpOHHBIH  KapoTa)k BBITIOJHSIOT ABYMS 30HIIaMH
pasHoil muHBL. Manbiid 3001 (PUKCHPYET, B OCHOBHOM, BapHallid TMOPUCTOCTH M JIMTOJIOTMH TOPOJ, T.K. €ro
rIyOMHA UCCIIEIOBaHUS HE BHIXOJWT 3a MpeAesbl 30Hbl NPOHUKHOBEHHS OYypOBOTrO pacTBopa; OOJBIION 30H]
¢ukcupyer nonoxenue 'HK (puc. 23.4).

FRK-HT-50  HHK-HT-30

THR P — e — — o

Puc. 23.4, OmnpeneneHue TOJOXKEHUS Ta30HEPTIHOrO KOHTAKTa IO JAaHHBIM MHOTO30HIOBOTO
HEUTPOHHOI'O KapoTaxa |

[Tonoxxenne I'HK MoXeT OBITh ONpEACICHO TaKXe C IMOMOIIBI0 aKyCTHUYECKOrOo KapoTaxka - IO
M3MEHEHMIO KO PHUIMEHTA 3aTyXaHHsl yIPYTUX BOJIH.

KonTpoJs 3a pa3pa6oTkoii HepTAHBIX MeCTOPOKICHUH

Kontpons 3a pa3paboTkoii - 3T0 HOBas 00JacTh MPHIOKEHHUS T€OPU3UIECKUX METOAOB HCCIEIOBAHUS
CKBa)XMH, KOTOPOH yeIsIeTCsl BCe OOJIbIIIe BHUMAHMSI MpU J0ObIYe HETH U Tasa.

Kontpons 3a pa3paboTkoii BKiItoYaeT B ceOs pelieHne CIeAYIOIIHNX BOIIPOCOB:

1.  Konrpoinb 32 TEKyLUM MOJIO’KEHUEM BOJOHE(DTIHOTO U Ta30’KUIKOCTHBIX
KOHTAKTOB U 3a OOBOJHEHHMEM IUIACTOB. OJTH BOMNPOCH pemraiorces ¢ nomoibio meronoB MHHK, HHK-T,
aKyCTHUYECKOIo KapoTa)xa 1 MeTo/1a U30TOIOB.

2.  HccnenoBaHue  NPUTOKA M IOTJIOLIEHUS JKUIKOCTH raza B OKCIUTyaTallUOHHBIX H
HarHeTaTelbHBIX CKBAXXHHAX. 37I6Ch OCHOBHBIE METO/IbI - I€OUTOMETPHS U TEPMOMETPUS CKBAXKHH.

3.  Omnpenenenue coctaBa (QUioWIa B CTBOJE IKCILTYaTAIMOHHBIX CKBaKWH. OCHOBHBIE METOJIBI -
BJIarOMETPUS, TUIOTHOMETPHS U PE3UCTUBUMETPUS. r(

4.  Omnpenenenue TEXHUYECKOTO COCTOSIHUS HKCIUTYyaTallMOHHBIX Y HarHeTaTelbHBIX
CKBaKMH. /[ pemieHus 3TUX 3a7ad MPUMEHSIOTCS METOJbI TEPMOMETPHUM, MHAYKIMOHHOW M ramma-raMmma-



neGeKTOMETPUH, aKyCTUIECKON [IEMEHTOMETPUH U TIP.

I'eosiornyeckue MOCTPOEHMs MO AAHHBIM KaPOTaka HA He(PTAHBIX U Fa30BbIX MECTOPOKIEHUAX

CocraBieHre THUIIOBOTO, HOPMAJIbHOTO M CBOJHOTO T€0J0ro-reopH3mYeckoro paspesa. THITOBOH,
HOPMaJIbHBIH, CBOJAHBIA pPa3pe3bl SBIAIOTCS OCHOBOW KOPPEISALMH (T.€. YBSI3KH) TI'€OJIOTHUECKHX pPa3pe3oB
Pa3HBIX CKBAKUH U ATAJOHOM MHTEPIPETALINH.

TunoBoii pa3pe3 — 3TO OCPEAHEHHBIH T'e0JOro-re0pU3NUECKHid pa3pes, Ha KOTOPOM COIIOCTABIISIOTCS
JUTOJIOTUYECKHE W OCHOBHBIE TE€O(PHU3UYECKHE XapakTepuCTHKH. OH OTpakaeT IOCIIeA0BATEILHOCTh
TeOJIOTHYECKUX HAIUIACTOBAHMH, WX CPEIHIOI BHIMMYIO MOIIHOCTb, JHTOJOTMYECKUH COCTaB, BO3pacT U
HE(TEHACBIIICHHOCTD, C OHON CTOPOHBI, U OCPEIHEHHBIE 3HAUCHHSI OCHOBHBIX T€O(PH3MUECKUX XapaKTEPUCTHK
(KC, TIC, 'K, HTK u 1p.), ¢ 1pyroi CTOpOHBI.

Ha pa3spese BBIAETSIOTCS IJIACTHI-PENIEPHl C YKa3aHUEM HX TeoJormdeckux oOo3HaueHmid. CocTaBisieTcs
pa3pe3 B Macmtade riryOuH, IPHHATOM IpH KapoTaxke (kKak npaBmio, 1;500). CkBaXHHBI, HA OCHOBE KOTOPBIX
CTPOSAT THIIOBOW pa3pe3, HE JIODKHBI MMETh TEKTOHHYECKHX OCIIOXKHEHHH. [lpumep THmOBOro reosoro-
reou3MYECcKOro paspesa MpuBeaeH Ha puc. 23.5.

HopmanbeHbiii pazpe3 OTIMYAETCs] OT THIIOBOTO TOJBKO HCIIOJNB30BAHHEM HCTUHHBIX, & HE BHIUMBIX,
MOIIHOCTEH T1acToB. Ero MOYKHO MOJYYHTh U3 TUIIOBOTO MOCPEICTBOM YMHOXECHHUSI BUANMBIX MOIIHOCTEH Ha
KOCHHYC CPEIIHETO yTJIa BCTPEUH IJIACTOB U CKBAXKHHBI.

CBOIHBII pa3pe3 COCTAaBISIOT B TEX CiIydasX, KOTJa TEOJIOTHYECKOE CTPOCHHE MECTOPOXKICHUS
OTJIMYACTCS W3MEHYMBOCTHIO JIUTOJIOTHM M MOIMHOCTH IUIacToB. [Ipw MOCTpOEHWHM CBOJHOTO T€OJIOTO-
reoGpU3UIEecKOro paspesa KOJIOHKH OepyT U3 HECKOJIBKUX CKBa)KUH, @ KAPOTAXKHBIEC JHAarpaMMBbI -H3 OJTHOH.

Koppemnsitust  pa3pe3oB CKBaXHH W COCTaBJICHHE NPOQPIIBHBIX T'eOJIOT0-TeO(PU3NIECKUX pPa3pe3oB.
Koppensuus pa3pe3oB CKBa)XKHH UIPACT BXKHYIO POJIb B H3YYEHUH I'€0JIOTHYECKOTO CTPOCHUSI MECTOPOKIACHHIH.
Jlnist Koppensanuu OTOMpAaloT TOJBKO KAYECTBEHHBIC TMAarpaMMbl M HAa HUX BBIHOCST PE3yJIbTaThl UCCIIEIOBAHUS
KepHa. MacmrTad KapoTaXHBIX TUarpaMM B Pa3HBIX CKBaKHHAX JIOJKEH OBITh OIMHAKOBBIM.

Koppemnsius 3akiarodaercsi B BBIICICHUH TUIACTOB-PENEPOB M B OINPENEICHUH TIyOHHBI X 3ajleTaHus B
Pa3HbBIX CKBa)KHHAX.

B kadecTBe pernepoB BHIOMPAIOT TUIACTHI, KOTOPHIE YIOBICTBOPSIOT ABYM TPEOOBAHUSM: BO-TIEPBBIX, OHU
TOJDKHBI CO3/1aBaTh XapaKTEPHbIE aHOMAJIHU Ha KapOTAXKHBIX JUArpaMmax, BO-BTOPBIX, - MPOCICKUBATHCS Ha
OOJIBIION TUIOMIAH.
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Pue, 23.5, Tunosof recnoro-reodmasmeckaii paipes Aenoickix oTIOKERHA MECTOPOHICHAR
Tymase (no BB [lUascoesdi w P.C. Cafurony]. He paspess ykasamm penepsr (P) u

sapkupyromme nosepxnocts (MIT): PDI - wsbecron; MDY pauiickne crom,

. i 1k P
spomax wasectnakay, PO - gnorcknil wanceTimg ‘BT MHD{"S. CApTREACKHIl

p—— - 2=
wineeTasg;, MUDT - davenckas cora, wasestite T 0 Ty - nefrerocnee necanms;

I = necuanns; 2 — apriaanT; 3 — MIBCCTHRK, @ ~ rounMCTE HIRECTHAK, 5 — gosoMIT; & -
HEdrTEHOCHELE mec Ak

XopomuMu perepamu, HampuMep, MOTYT CIYKUTh MeCYaHO-TIIMHUCTBIC IJIACThl CpeAr KapOOHATHBIX
OTJIO’KEHUH WM, HA000POT, U3BECTHAKU CPEI TEPPUTEHHBIX TOPOI.

OuyeHp 4YacTO JaHHbBIE KapoTa)ka IMO3BOJSIOT BBIIEIUTh pENEpbl, KOTOPbIE HE BBIIEISAIOTCS IO
re0JIOTHYECKUM JaHHBIM.

[Ipu koppensiuu CTPOSIT KOPPEIALMOHHBIE CXEMbI, HAHOCS Ha 4YEpTeX KapOTa)KHbIe AHarpaMMbl B
MOPSI/IKE PACTIOJOKECHUSI CKBKUH U COCITUHSSI MEKAY COOOW TPaHUIBI COOTBETCTBYIOMIMX IUIACTOB-PEIIEPOB.
[Tpu >TOM OTMETKH, U300paXKaIOIINE MOBEPXHOCTh KAKOTO-TO OIMpPENEICHHOTO perepa, pacroiararoT Ha OQHON
TOPU30HTAJIBLHOW JIMHUH.

KoppensuunonHasle cxembl MO3BOJIAIOT OLICHUTh CTENEHb BBIACPKAHHOCTU OTHAEIBHBIX TOPHU30HTOB,
BBISIBUTh TEKTOHUYECKUE HAPYIIECHUS, HEPAa3phIBHbIE CTPYKTYPbI, TPAHCTPECCUBHBIE HAJIETAHUS U T.II.

Ha puc. 23.6 npuBeneH npumep KOppEsiLUU, BBIABISIONIEH TPAHCTPECCUBHOE 3aJIETAHUE OAHOU CBUTHI
Ha apyroii (mo B.H. [laxHoBy).






Puc. 23.6. [Ipumep xoppensiiuu, BhISIBISIOUEH TPAaHCTPECCUBHOE 3aJ€raHue CBUTHI A Ha Touie nopoa (1o
B.H. /laxHoBy)

[IpodwmibHble pa3pe3bl MOKa3bIBAIOT T'E€OJIOTHYECKOE CTPOSHHE MECTOPOXICHUS B BEPTUKAIBHOMN
IUIOCKOCTH. VX CTpOSIT BKPECT MPOCTUPAHUS U MO MPOCTHPAHUIO MOpo. s MOCTpOoeHUs pa3pe30B MOTYT
OBITh UCIIOJIb30BAaHbl M CKBAXXHMHBI, KOTOPBIE HE JIEXKAT B IJIOCKOCTU pa3pesa - UX MPOEKTHPYIOT Ha HEero o
HAINpPAaBIICHUIO MPOCTUpaHUs Mopoi. BeprukanpHblii MacmTa® OOBIYHO KpYINHEE, Y€M TOpPU3OHTAJIbHBIM.
Bronb oceil CkBayKUH BBIHOCST TUarpaMMbl CTaHIAPTHOTO KapoTaxa.

[Toctpoenue paznuyHbix KapT. CTPYyKTYpHBIE KapThl H300pakaloT CTPOCHHE MECTOPOXKICHHS B ITUIaHE
B BUJIC M30THIIC (JIMHHUI paBHBIX INIyOWH) KPOBIU WJIM MOJOLIBBI MPOJTYKTUBHOTO rOpH30HTa. [l 3TOrO Ha
IUIaH BBIHOCAT TOYKU PACIOJIOKEHHUSI YCThEB CKBAXKHH, CTPOSIT TOPU3OHTAIBHBIE TPOEKIMH KaKI0H
CKB2)XMHBI U BBIHOCSAT HAa HUX TOYKM BCTPEUYH CKBAXKUHBI CO CTPYKTYPHBIM T'OPH30HTOM. Psiiom ¢ 3THMH
TOYKaMH BBIMHMCHIBAIOT a0CONIOTHYIO OTMETKY TOUYKHM BCTPEYM M MPOBOAAT JUHUM PaBHBIX ITyouH. [Ipumep
CTPYKTYPHOM KapThl OJHOTO M3 HE()TEHOCHBIX IJIACTOB MPHUBEIEH Ha puc. 23.7.

L
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Puc. 23.7. Tlpumep ctpykrypuoit kapthl (o C.C. Utenbepry). M 1:25000. 1-ycTbe CKBaXUHBI U €€
HOMeEp; 2 - TOYKa BCTPEUU CKBAXKUHBI CO CTPYKTYPHOM MOBEPXHOCTHIO U €€ TITyOrHa

KapTbl paBHBIX MOIHOCTEH (KapThl M30MAXUT) XapaKTEePU3YIOT U3MEHEHHE MOIIIHOCTH IPOyKTUBHOTO
rracta. V301MHUE paBHON MOIIHOCTH TPOBOAST JIMOO MO MUCTUHHOU, MO0 10 3()(PeKTHBHOM MOUTHOCTH
I1acTa.

D¢ dexkTrBHAST MOITHOCTH OMpPENEISIETCS KaK MOJHAasi UCTUHHAST MOLIHOCTH IUIACTa 32 BBIUETOM BCEX
HEMPOHULIAEMBIX TMPOCIOEB M BOJOHACHIIIEHHOW (Hmke ycinoBHoro BHK) uwactu mnacra. KapTel paBHBIX
3pGEKTUBHBIX MOITHOCTEH - OAMH W3 OCHOBHBIX HMCXOIHBIX JOKYMEHTOB [UIS TOJCYETa 3aIracoB
MECTOPOXKICHHUS.

KapTel TOpH30HTAIBHOTO Cpe3a (WM IUIACTOBBIE KapThl) MPEICTABIAIOT I'EOJIOTHYECKOE CTPOCHHE
MECTOPOXKJICHHS B €0 TOPU30HTAIILHOM cpe3e Ha omnpenesneHHoi rimyoune (H=const). [Ipu noctpoenuu kapt
TOPU30HTAJIBHOTO cpe3a 10 NPO(UIBHBIM pa3pe3aM ONPENeNAIOT MECTONOJIO0KEHHE IEePeceueHus
BbIOPAHHOM FOPU30HTAIBHON MIIOCKOCTH € T€0JIOTHYECKUMU T'PAHULIAMH, BBIHOCST UX Ha MJIaH U COEAMHSIOT.

KoHTposbHBIE BOITPOCHI

Jaiite onpenenenue KodppuureHTa HeTera30HaChIILEHHOCTH.
2. B KaKHX npenenax MOJKET U3MEHSTHCS KO3 PHUIHIEHT



He(Tera3oHachIIeHHOCTH?
3. B kakmx mpedenax — MOXKET  HM3MEHAThCS  KOA(D(PHUIIMEHT BOJIOHACHIIICHHOCTH?
4. Kaxume mmactel umeror Oonee Beicokoe YOC - He(TeHACHIIEHHBIE WM BOJOHACHIIICHHbBIE?
[Touemy?
MOHO JI1 KOJIMYECTBEHHO OLEHUTD CoAepxKaHue HedTu B miacte mo ero YO ?
Urto takoe "korhpuireHT yBenuueHus conpoTuBieHus"?
7. Kak CBsI3aH KO3 PHUIHEHT YBEIMYEHUS COINPOTHUBIICHUS ¢ k03 PpunmenTom
BOJOHACKIIIIEHHOCTH?
i
8. Uro Ttakoe "KpuTHueckoe 3HaueHUE" pr
9. Ot Kakux CBOMCTB KOJIJIEKTOPA 3aBUCUT €TI0 MPOHUIIAEMOCTh?

10. B xakux equHHIIAX U3MEPSIETCA o
11. YUro npencrassier coboit BOMOHEPTSIHONW KOHTAKT?
12. C nomomibto kakux metofos ['C moxHo onpenenuts nonoxenne BHK?
13. Uto npencrasmisier coboit 'BK u THK?
14. C nomomipto kakux metogoB ['IC moxHo onpenenuts nonoxenne 'BK u 'HK?
15. CxonbKO CKBaKMH U300paXeHO Ha TUIIOBOM Ie0JIOro-reopundeckompaspese?
16. Kak BBIIOJHAIOT KOPPEISIHIIO Pa3pe30B CKBaKHUH?
17. KakuMm TpeGOBaHUSIM IOJKEH YIOBIETBOPSTH IIacT-pernep?
18. Kak cTposIT CTpyKTypHbIE KapThl?
Jlexiina 24

KommiiekcupoBanue metogos I'MC npu pa3Beake moa3eMHbIX BOJ

Posab I'MC npu pa3Beke noa3eMHbIX BOJ

[ToTpebnenue mpecHbIX BOA JUIsi 00€CTICUCHHSI TPOMBIIIUIEHHOCTH, CEJICKOTO XO035SHUCTBA U OBITOBBIX
HYXJT HAceleHHs HEYKJIOHHO VyBEJIMYMBaeTCs BO BceM wmupe. Jlonsg TOI3eMHBIX BOA B OOIIEM
Bojomnorpediennu Poccun coctarmsier okono 8%, B TO BpeMsl KaKk B Pa3BHUTHIX €BPOICHCKHX CTPAHAX OHA
nocturaer 60-80%. Her coMHeHuii, uTo M B Halieil cTpaHe poJib MOA3EMHBIX BOJ OyIEeT BO3pacTaTh,
MMOCKOJIBKY PECYPCHI IOBEPXHOCTHBIX BOJI OTPAHUYCHBI, a 3aTPS3HEHUE UX YBEINUUBACTCA.

VYxe B Hacrosiee Bpems s Ieledl BOJOCHAOXKEHHS, THAPOTEONIOTUYECKUX U WHKEHEPHO-
TEOJIOTUUECKUX UCCIICIOBAHUIN HA TEPPUTOPUU POCCHUM €KEroJIHO COOpPYX AEeTCsl CBBINIE 18 THIC. CKBaXUH,
npuueM OypeHHe MX BeAeTcsl B OOJIBIIMHCTBE CIIy4aeB CIUIOMIHBIM 3aboeMm, 0e3 otbopa kepHa. Ilo sToif
npuunHe [MIC CcTaHOBSTCS OCHOBHBIM WCTOYHHKOM WH(OpPMAIMM IS PEIICHUS 3aJad  W3YYCHHS
re0JOTMYECKOro pa3pes3a U TEXHHUECKOTO 000PYI0OBAHUS ITUX CKBAXKHH.

B Hacrosiiiee Bpems pu pas3Beake noa3eMHbIX Boa ¢ noMoibio I'MC pematores cienyromniie 3ai1aqu:
JIuTonornueckoe pacwieHEeHHE pa3pe30B CKBAKUH HA BOLY.
Brinenenue B pazpe3ax BOJOHOCHBIX TOPU3OHTOB, OMPEEICHUE X MOIITHOCTH U CTPOCHHS.
Onpenenenue (GUIBTPAIIMOHHO-eMKOCTHBIX  cBOMCTB (PEC) BOJJOHOCHBIX TOPU30HTOB:
omnpe/ieJIeHUE OPUCTOCTH;
orpeneneHue kKodppuirenTa GUIbTpaIuH.
OrnpenenieHne MUHEPATU3AINH TTOJ3EMHBIX BOJI.
N3yueHue 31eMeHTOB TMHAMUKHU MTOA3EMHBIX BO/I.
N3yueHne TeXHUYECKOTO COCTOSIHHSI CKBaKUH Ha BOY.
JInTonoro-rugporeoiornyeckasi JOKyMeHTaIusl pa3pe3a
Pemienne »TOM 3amaun  SABASETCA TEPBBIM M HEOOXOAMMBIM 3TAllOM THUIPOTEOJIOTHYECKOTO
uccienoBaHus ckBaxuH. O4eHb 4acToO, HApUMEP, IPU UCCIIETIOBAHUH PBHIXJIBIX U CIa00IIeMEHTHPOBAHHBIX
TEPPUTEHHBIX OTJIOKEHUH JINTOJIOTHUECKOE pacuCHEHUE pa3pe3a Mpenorpenesser ero auddepeHnnaniio
M0 KOJUIEKTOPCKUM CBOMCTBaM, KOTOpBIE IJI 3TUX MOPOA OOYCIOBICHBI MEK3€pHOBOW MOpPUCTOCThIO. He
MEHbIIIEEC 3HAYEHUE MMEET JUTOJOTUUECKOE pacujeHEHUE pa3pesa MpHU pa3BeAKe TPEHIMHHBIX BOJI, XOTS B
3TOM Clly4ae KOJIJIEKTOPCKHUE CBOKMCTBA BOJIOHOCHBIX TOPU30HTOB M HE OMPEAEIISIIOTCS UX JINTOJIOTUEH.
3agada JTUTOJOTUYECKOTO pa3pe3a CKBAXKHMH Ha BOJY PEIIAETCs, B MPHUHIUIE, TaK XK€, KaK U TpHU
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UCCIICIOBAaHUH HEPTSIHBIX U Ta30BBIX CKBAXKUH.

OTnuyuTeNnbHOM 0COOEHHOCTBIO THAPOreOIOrMUYEeCKUX CKBAKUH SBISIETCS UX Majas riyOuHa. Okoso
90% Bcex CKBa)kKMH Ha BOJly MUMEIOT IIyouny, He npesbimatonryto 400 m. [Ipumenenue s uccie10BaHUs
TaKMX MAJIOMETPAXHBIX CKBOKHUH CJOXHBIX U JIOPOTMX METOJOB CTAHOBHUTCS HEpEHTAOEIbHBIM.

Kakx mnokaseiBaer craructuka (B.A. CumopoB u gap., 1985), B Poccum st uccienoBaHus
TUIPOre0JOTHUECKUX CKBaXKMH vaile Beero npuMmensatoTes meroasl KC, 11C u 'K, 3HaunTensHo pexe - M3,
AK, HTK u [II' TK (ue 6onee 2-3% CKBaXuH).

Ha puc. 24.1 npencraBieH mnpuMep pacwiIeHEHUs pa3pe3a TUIIPOTeOJIOrMYECKOr CKBaKUHBI IO
KOMIUIEKCY KapoTaxkHbIX auarpamm (o C. I3sucy u P. ne Yucry, 1983). Kak cienyer U3 atoro pucyHka,
Jy4lle BCEro IecCYaHble BOJOHOCHBIE TOPHU3OHTHI BBIACISAIOTCA IO MHUKPO30OHAAM -TOJOXKUTEIbHBIMU
npupamenusMu Apk (tutactel 1, 5, 7), torna xak no IIC 3tuMm 1utactaM MOTyT COOTBETCTBOBAaTh Kak
MOJIOXKUTENbHBIE (IUIacT 1), Tak W OTpHIATeNbHBIC (TJIAaCT 7) aHOMAJWW, WM TaKWe aHOMAJIUU MOTYT
OTCYTCTBOBaTh BOOOIIE (IJIacT 5) B 3aBUCHUMOCTH OT COOTHOIICHHUS MEXIy MHUHepalu3anueil 6ypoBoro
pacTBopa U MJIACTOBBIX BOJ.

Onpenenenue rpaHuil BOJOHOCHBIX TOPU30HTOB

TouHoe ompeneneHne rpaHUl] BOJOHOCHBIX TOPU30HTOB B pa3pe3ax CKBa)KUH MO3BOJISET MPaBUIBHO
YCTaHOBHUTH (DMIIBTPHI U TEM CaMbIM HOBBICUTH 3(PPEKTUBHOCTH OypeHus: Ha Boay. HecMoTps Ha Ba)KHOCTh
3TOr0 BOMNpOCA, TPAAULIHUOHHBIE THUAPOTEOJIOTUYECKUE HCCIEIOBAaHUS HE paclojaraloT MeTOoAaMH,
MO3BOJISIOIIMMHU TOYHO ONPEETUTh IPAHULIBI BOJJOHOCHBIX TOPU30HTOB B CKBAXHHAX M, TEM 0oJjiee, OLIEHUTh
UX HEOJHOPOIHOCTb.

Metonel ['MIC, HanpoTuB, JalOT BO3MOKHOCTb HE TOJBKO TOYHO YCTAHOBUTH OTMETKHM KpPOBIHM U
MOJIOIIBBI BOJOHOCHOT'O TOPU30HTA, HO U WM3YYHUTh €r0 XapaKTEepPUCTUKH. JTa 3aJadya MOXKET OBbITh pelleHa
TEMH K€ METOJIaMH, YTO U 3aJlaua BBIJEJICHUS KOJUIEKTOPOB B pa3pe3ax He(TAHBIX U , Ta30BBIX CKBAKUH (CM.
nexkuuto 22). Kpome Toro, 1j1s BbIACTEHUS BOJOHOCHBIX TOPU30HTOB B CKBRKMHAX MOTYT OBITH IPUMEHEHBI
U TIPSIMBIE METO/IbI, TAKUE KaK PacX0JOMETpHs (CM. JIeKIHI0 19), pe3UCTUBUMETPHS U TEPMOMETPUS

(cm. nekruio 15).

ABTOpOM coBMecTHO ¢ foil. B.H. KananmrHukoBeIM MpeuiokeH elle OJWH, Ha3BaHHBINH yCKOPEHHBIM,
METO/1 BbI/IEJICHUSI BOJOHOCHBIX TOPU30HTOB.
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Puc. 24.1. Komiuiekc KapoTaXHbIX JUarpamm Ui JINTOJIOTHYECKOTO PacUICHEHMsI pa3pe3a CKBAKUHBI
Ha Boxy (mo C. /IpBucy u P. ne Yucry): 1 - ruHa; 2 - mecok, HaCBIIIEHHBIN MPECHOM BOJOW; 3 - U3BECTHIK;
4 - cnanen; 5 - MeCYaHWK, HACHIIICHHBIA COJIOHOBATOW BOJIOM; 6 - CiIaHEI] ¢ MPOCIOSMU TecHaHuKa; 7 -
MeCYaHWK, HACHIIICHHBIA COJICHOM BOJION; 8 - KOpeHHas mopojaa (TpaHuT)

Oror merox (aBr. cBun. CCCP Nelll3522) 3akmrodaercs B IPOTAaCKMBAHMM 110 CKBAa)KUHE
YIUIOTHEHHOT'O MOPIIHSA-CBa0a, MPUKPEIUIEHHOTO K KapOTaXKHOMY KaOellto, MPU OJTHOBPEMEHHOM HM3MEpPEHUHN
CWJIBI HATSDKEHUS KaOels.

Ha puc. 24.2 uzo0pakeHa cxeMa OCyIIeCTBICHUS MeToja (a) U rpaduK U3MEHEHHS CHJIBI HATSHKCHUS
kabenss (0) B CpaBHEHMH C KOHTPOJBbHOH pacxomorpammoil (B). Ilpu nBwkenunm caba mTpPOTHB
HEMPOHUIAEMBbIX TIOPOJ CHJIa HATSOHKEHHs] Kabenss ocTaeTcsi TOCTOSHHOW, TIpU TEpPeceueHUur UM

BOOOHOCHBIX T'OPU30HTOB MPOUCXOAUT MMOACOC BOJBI, U CHUJIa HAaTsOKCHUA I1agacT, KaK 3TO IIOKa3aHO Ha
nuarpamme puc. 24.2, 0.
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Puc. 24.2. Cioco6 BbIeNIeHUs] BOJOHOCHBIX TOPU30HTOB B pa3pe3ax OypOBBIX CKBa)KHUH C MOMOIIBIO
YIUIOTHEHHOTO TIOPIINHS - cBaba: a - cXema OCYIISCTBJICHHS croco0a; 0 - rpaduk W3MEHEHUsS  CHJIBI
HATsDKEHUsI KaOels o CKBaXMHE; B - KOHTPOJIbHAsT pacxojiorpamma

I[OHOJIHI/ITGJH:HBIM npeuMyicCTBOM criocoba SIBISIETCS TO, YTO BO | BpEMs €ro OCYHICCTBJICHUA

MIPOUCXOJUT Pa3TIMHU3AIMS BOJOHOCHBIX TOPU30HTOB, U OTKPBIBAECTCA OOCTYN MJIS IMOA3EMHBIX BOJ B
CKBQ)XHHY.

OnpeneneHue MOPUCTOCTH BOJTOHOCHBIX FTOPU30HTOB
Koaddunment nopucroctu K,, BOJOHOCHBIX TOPU30HTOB MOKET OBITH OIPEAEIEH MO JAHHBIM OJHOTO
n3 kapotaxHbix MeToqoB (III'TK, HTK unun AK), koTtopsie yxe paccMarpuBaiuch Hamu panee. Hauboiee

MOIXOJISAIINM SIBIISIETCS CIIOCO0 omnpeneneHus K,, Mo JaHHBIM 3JEKTPUYECKOro KapoTaxa (CM. JIEKIHio 22),
MOCKOJIbKY OH IIPUMEHSIETCS B CKBaKMHAX Ha BOJAY Haubosee 4acTo.

EMKOCTHBIE CBOMCTBAa TPEIIMHOBATHIX KOJUIEKTOPOB XapakTepu3yroTcs Ko3dduuumeHtoMm o0BeMHOM
TPEITMHHOW MyCTOTHOCTH (11 KpaTKOCTH -Kod(dpuiueHT TpemmaaoBatocty - Ktp). Jns onpenenenus Ktp
HaMU TpeioxkeH HOBbIM crmocol (aBT. cBun. CCCP Nel12297), ocHOBaHHBIN Ha M3MEPEHUH BBI3BAHHOM
MOJIIPU3aLUU TIOPOJ MPH PA3IUYHBIX TOKaxX MPOMYyCKaHHs. DKCHEPUMEHTAIbHO YCTAHOBJIEHO, YTO YEM

OoublIIe KOSCI)(I)I/II_II/IGHT TPCIIMHHOBATOCTH, TEM MCHJICHHECC IIPOUCXOAUT BO3pPACTAHUC i npu

YBEJINYECHUH 4 UHE.



Onpenenenne ko3ppuunenta GpuiabTpaun

Koapdurmment dunptpanmm K¢ BOAOHOCHBIX TOPU30HTOB OMNPEACISIIOT TIO0  pe3yiabTaTam
pacxoJOMETpUN CKBAXXMH B YCTAaHOBUBIIEMCS peKUMe BO30YXAeHUs. [ oCcyIIecTBIEHUs 3TUX CIIOCOOOB
Ha Kadenpax reopu3MKd U TEXHOJIOTUHM U TEXHUKU Pa3BEAKH MECTOPOXKICHUN MOJE3HBIX HCKOMAeMbIX
VITTA pa3paboraH psii OpUTHHAIBHBIX CKBR)KMUHHBIX PACXOJIOMEPOB U YPOBHEMEPOB.

OpnoBpemenHo ¢ ompenenenneM K¢ pacxomoMerpusi Mmo3BONsIeT YTOUHHUTH TPaHUIBI BOJOHOCHBIX
TOPU30HTOB, U3YYUTh UX OJTHOPOJHOCTH, OTPEACIUTD YCIbHBINA AEOUT U T.11.

BooO1e, mpu ncciaenoBaHUU CKBaXXKHH HA BOJY PacXoJOMETpUs SBISETCS CaMbIM HH(QOPMATHUBHBIM
METOJIOM.

Onenka MUHepaJIu3aluH MO3eMHBIX BOJ

OmnpeneneHne MHUHEpaIM3alMd BOJ IO MEPBBIM JKE€ CKBaXXMHAM, BCKPBIBAIOLIMM BOJOHOCHBIE
TOPU30HTHI, UTPAET BAXKHYIO POJIb, T.K. MO3BOJISIET ONEPATHUBHO OLEHUTH KaueCTBO BOJ, OINpPEAETUTh UX
INPUTOJHOCTD JUISI NMUTHEBOIO BOJOCHAOXKEHUS M B 3aBUCHMOCTH OT pPe3yJbTaTOB peEIIaTh BOMPOCHI HUX
JajapHeuIen passeaku. HanoMHuUM, 4TO IPUTOIHBIMU ISl IUThSI CYMTAIOTCS BOJIBI C MUHEpaIM3auueil 1o 1
/1.

CeneHusi 0 MUHEpaIM3allMU IMOA3EMHBIX BOJ MOTYT OBITh IOJIyYEHBI IOCJIE€ HCCIEIOBaHHS MPOO
BOJABI, OTOOpaHHBIX OMpPOOOBaTENSIMH TUIACTOB Ha Kabeme (cM. sekmuio 20), wim B pe3yibTare
unTepnpetauuu guarpamm I1C, B ciyyae ux quddy3noHHO-a1cOPOIMOHHOTO MPOUCXOKICHUS.

Haubonee TOYHBIE W JOCTOBEpHbIE pe3yJbTaThl [aeT HUCCIEAOBAaHUE TMPOO TOA3EMHBIX BO[,
MOJTyYE€HHBIX IIPU MPOOHON OTKauKe U3 CKBAXHH,

Onpenesnenue 3JieMeHTOB IMHAMHMKH MOA3€MHBIX BOJ

N3yyeHnne nuHAMUKKA TOA3EMHBIX BOJ HEOOXOJUMO IMPH PpEUIeHHH BOIPOCOB OOECHeUeHUs
BOJIOCHA0XKEHUS Pa3IMYHBIX 00BEKTOB, OOPHOBI C 0OBOJHEHHEM TOPHBIX BBHIPAOOTOK M HE(TSHBIX 3aJIeKel,
IIPU UCHOJB30BaHUU KOJUIEKTOPOB I 3aXOPOHEHHUs MPOMCTOKOB M PaJMOAKTUBHBIX OTX0A0B. M3 Bcex
BOIIPOCOB IMHAMUKH MOJ3EMHBIX BOJl OCTAHOBUMCS Ha OINPEAEICHUH Haopa MOA3€MHBIX BOJ, HAaIIpaBJICHUS
U CKOPOCTH UX (UIBTPAIIH.

Omnpenenenue Hamopa MOA3EMHBIX BOJ B HanOoliee MPOCTHIX CIIydasiX, KOT/Ia CKBAXHHOW MepeceueH
TOJIBKO OJINH BOJIOHOCHBII TOPU30HT, MPOU3BOIUTCS IO U3MEPEHUSIM CTATUYECKOTO YPOBHS B CKBa)KMHE.

B Gonee cnoXHBIX cllydasix, KOTJa CKBaKHWHA BCKPBIBAET HECKOJIBKO BOJOHOCHBIX TOPU30OHTOB, B HEl
YCTaHABJIMBAETCS CTATUYECKHM YpPOBEHb, OOYCJIOBJIEHHBIH B3aUMOJEHCTBUEM BOJOHOCHBIX TOPU30HTOB
MeXay co0oH, B pe3yibTare KOTOPOTO BO3HHKAIOT OCEBble MEPETOKM B CKBAKHUHE, HAIPaBICHUE H
WHTCHCUBHOCTh KOTOPBIX 3aBUCSAT OT HANOpa, MOITHOCTH ¥ KOd(QQHIHMeHTa (WIBTPALUU KaKIOTO U3
MepeceyeHHBIX TOPU30HTOB.

Hamop kaxoro u3 ropu3OHTOB OINpPEAESAIOT B PE3YyJbTaTe KOMIUIEKCHBIX PAaCXOJOMETPUYECKUX U
YPOBHEMETPUYECKUX HAOMIOACHUIA TPH HECKOIBKUX YPOBHSIX BO30YXKIEHUS CKBAKUHBI, MO JIaHHBIM
KOTOPBIX CTPOST TpaduKH 3aBUCHMOCTH pacxoja KaXKIOro TOPU30HTAa OT TUHAMUYECKOTO YpPOBHS B
ckBakuHe. [IpomomkeHne 3TUX rpaduKoB A0 YPOBHSI HYJIEBOTO pacxoja M AaeT BEIHMYHWHY CTAaTHYECKOTrO
YpOBHA (T.€. HAaNlopa) Ka)kJ0ro U3 rOpU30HTOB.

HampaBnenne u  ckopocTh  (UIABTpallMd  TOA3EMHBIX BOJA  TPAAULUOHHO  OINPEAETSIOTCS
THIPOTeO0JIOraMu € MOMOUIBI0 MET0/1a UHAUKATOpoB. CyTh 3TOr0 METO/1a 3aKJII0YAETCS B TOM, YTO B OJIHY U3
CKBa)KMH, BCKPBIBAIOIINX BOJOHOCHBIH TOPU30HT U HA3BIBAEMYIO HCIBITATEIbHOM, 3aIMyCKaIOT KAaKOH-THOO0
WHIWKATOp, a B JPYIHMX CKBaXHHaX (HAONIOAATENbHBIX) CIEAST 3a €ro IMosBICHHEM. B KauecTBe
WHAUKATOPOB MOTYT OBITh HCIIOJIB30BAHBI 3JEKTPOJIUTHI, KPACUTEIH, PaJUOAKTUBHBIE W30TOMbI. Jlns
OCYIIECTBIICHHUSI 3TOTO METoAa TpeOyeTcss HalW4yhe KyCcTa CKBRXHH W OOJNBIIME 3aTpaThl BPEMEHH.
I'eodu3uky UCTIONB3YIOT AJISL PEIICHUs ATOU 3a/1a4ll METOJ 3apsijia, AJIs Yero CO3/1al0T B BOJOHOCHOM ILIacTe
JIMH3Y XOPOILIO NPOBOASAIIUX IMOA3EMHBIX BOJl, HMCKYCCTBEHHO 3acajliBas BOAY HPOTHB BOJOHOCHOTO
TOPU30HTA B CKBAXXHMHE, TOMEIIAIOT B ATy JHH3Y TOKOBBIN 3JIEKTPOJ, a 3aTeM MPOCICKUBAIOT  M3MEHEHHE
KOHQUTypalii W30JIMHUM TOTEHIMANa Ha MOBEPXHOCTH.

Ha puc. 24.3, MOKa3aHa CXeMa STOro MeToja U rpaduKu MOTeHIMAaNa, U3MEPEHHOTO cpasy

MOCIIe 3aCOJIKH CKBaXkMHHI (1) 1 yepes WHTEpBAJl BPEMEHHU AT pocre mee (2). Ha puc. 243, 6

TIpHMBE/ICHbI H30JIMHNAM MOTEHIMANA, CHITHIE cpa3y mocie 3acoiku (1) u uepes unteppan Bpemenu 4T moce
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Puc. 24.3. Onpenenenue HanpaBiIeHUs: U CKOPOCTU JBUKEHUS OJ3EMHBIX BOJI C TOMOIIBIO METoa
3apsOKEHHOTO TeJla: a - CXeMa MeToa; O - cMeleHue W30JIMHUM TOTEHIMajla B HaIpaBJICHUU IIOTOKA

yepe3 MHTEPBANl BPEMEHU dr

HanpasieHnue noroka onpenensioT o U3MEHEHUI0 (POpPMbI N30JUHHMA, & CKOPOCTh IMOTOKA PACCUUTHIBAIOT
Fa'W oy

Kak oTHomieHue y/uinHeHuss AR wm3onunum 2 k WHTepBamy  BpeMeHH AT Haubormee TOYHBIC
OIIpEeZICNICHUs] CKOPOCTH

MOTOKA MOJIyYaroT MPU U3MEPEHUSX C OOIBIIUMH HHTEPBATAMU BPEMEHHU 4t

3TO0T crocod Takxe TpedyeT T0BOJIBHO OOJNBIINX 3aTPaT BPEMEHH M JAaeT HAJeKHBIE PE3yJbTaThl TOJIBKO
MIpH TJIyOMHE BOJOHOCHBIX TOpHU30HTOB He Oosiee 100 M. bonee mpon3BoauTeIbHBI U HE UMEIOT OTPAHUYEHUS 110
rinyOuHe crmocoObl M yCTPOWCTBA, OCHOBAaHHBIC Ha HMCCIEJAOBAaHMM JBI)KEHHUS TMOA3EMHBIX BOJ B Iperenax
IUIOIIAH MOTIEPEYHOI0 CEUEHHs CKBAYKUHBI, IEPECEKAIOIIEH BOJOHOCHBIN TOPU30HT.

OmHO W3 TakMX YCTPOWCTB, KpailHE NpOCTOe MO KOHCTPYKLMH, MpPEUIOKEeHO aBTopoMm (mar. P®
Nel484120). Oto ycrpoiictBo m300paxkeHo Ha puc. 24.4. OHO cOCTOMUT W3  pEIIeT4aToro  Kopiryca,
CBOOOJHONW  MAarHUTHOW  CTPEJIKH, CKPEIJICHHON C TOHKUM JIMCKOM, IMOKPBITHIM CI0€M MaTepuaa-copOeHTa
(marmpumep, (UIBTPOBaIBHON OyMaru), ¥ pacloJIOKEHHOTO HaJ HUM IMepPOPHPOBAHHOTO KOHTEWHEpa C
BOJIHOPACTBOPUMBIM KPACHUTEJIEM.

oRAKE ducK
O CAGELE
copfenma

Puc. 24.4. ABTOHOMHOE yCTPOMCTBO AJIsl ONpEe/ICHUs HAPaBJICHUS IBUKEHUS TIOJJ3€MHBIX BOJ

VYCTpOHCTBO OITyCKalOT B CKBaKWMHY Ha J0OOW JMHUM CBSI3U (IIHYpe, KAaHATHKE WIM JKWIKE) U
YCTaHABJIMBAIOT HAIPOTUB BOJOHOCHOTO TOPHU30HTA, IOJOXKEHHE KOTOPOTO B pa3pe3e CKBaKHUHBI OBLIO
3a0JIarOBPEMEHHO OIPEJIENIEHO MO KapOTaKHBIM JaHHBIM. JIMCK cO ciioeM copOeHTa MOBOPAaYMBAETCsl BMECTE C
MAarHUTHOM CTPEJNKOM, KOTOpas OPUEHTHUPYETCS MO MarHUTHOMY MepuauaHy. Kpacurenb, 3achlllaHHBIA B
nephopupoBaHHbII KOHTEHHEP, paCTBOPSIETCS M BBIHOCUTCS IO HAIPABJIEHUIO ITOTOKA, OCTaBIIsAsA HA MaTepHale-
copOenTe ek Kpacsiero BeniecTna.

VYron Mexay ocklo nuielda U ceBepHbIM KOHIIOM MAarHUTHOM CTPENIKU JaeT MarHUTHBIN a3MMYT MOTOKA.
O cKkopocTH TIOTOKa MOKHO CYJIUTh IO IIMpPHHE nuielda KpacuTelns Ha copOeHTe: 4yeM OOoJbIe CKOpOCTh, TEM
yKe nuiend.

Bcero B YI'TT'A u300peTeHO HECKOIBKO JIECATKOB CIIOCOOOB U YCTPOMCTB JIJIsl UCCIIEOBAHNS CKBAXMH Ha
BOJY, MIO3BOJISAIOIIMX PEIATh NPAKTUUECKH BCE 3a]a4M 3TUX UCCIIEI0OBAaHUI, IEPEUNCIICHHBIE B HaYaje pa3/ea.

Komnexkcuposanue I'MC Ha MecTOpPOXKICHUSIX HCKONIAEMBIX YIJICH

3nayeHue ['MC Ha MeCTOPOXKIEHUSAX HCKOMAEMBIX yrield OOyCIIOBIEHO TEM, UYTO M3-3a XPYHKOCTH YTJIS
ObIBaeT MaJ BBIXOJ KEpHA U3 YTOJNBHBIX TACTOB. [lo 3TOW NpWYMHE TO JaHHBIM OypeHUs HEBO3MOYKHO
TOYHO YCTAHOBHUTH MOIIHOCTb YIOJbHBIX IUIACTOB, & MHOI/IA U ONpPEAEIUTh UX cBoiicTBa. Hepenko ciydarorcst
MIPOITYCKU YTOJBHBIX IUIacTOB. biaronpustHeiMU npeanocsiikaMu i npumenenus [MC ciyxar paznuuus
(¢u3n4eCcKUX CBOICTB yriel u BMeIaIuX Mopo1 (TJIMH, apriUTUTOB, aJIEBPOJINTOB, IECYAaHUKOB).

du3nyecKHe CBOCTBA yrjieil 1 BMEIIAKIINX MOPOJ

dusnueckue CBOMCTBAa MCKOMAeMbIX YIUIEH 3aBUCAT OT CTENEHHM MX MeTamop¢usMma, BiaaxkHoctd (W) u
MUHEPAJILHOTO COCTaBa.

Ilo crenenn meramopdusma paznuyaror: Oypsle yriu (coaepikanue yriaepona 60-70%, BIaKHOCTBH 110
40%), xkamennusie yriau (yraepoaa 80-95%, BnaxxHOCTh 10 5%) u aHTpanmThl (yriaepoaa 6oiee 95%, W~0).



DOTU Ppa3HOBUAHOCTU YIJIEH, KPOME TOr0, MOAPA3ACISAIOTCS Ha TPYNIbl (TEXHOJOTMYECKHE MapKH),
MMEIOIINE Pa3HOE MPOMBILIIIEHHOE 3HAYEHHE.

BaxHOIl KayeCTBEHHON XapaKTEPUCTHUKOM YIJeW SBISETCS 30JIbHOCTb. 30JIBHOCTh ONpEIEIseTcs
MIPOLICHTHBIM COJIEPKAHUEM B YIJIE HEFOPIOUUX KOMIIOHEHTOB, IIPEICTABICHHBIX IIIMHO3EMOM, KDEMHE3EMOM U
OKHCJIaMHU JKeJe3a. DTH KOMIIOHEHTHI MOMAal0T B Yroib B MPOIECCe 0Opa30BaHUS €T0 3aleKei M SBISIOTCS
MpUMECHI0 BMemarouux nopo. [Ipu 3ompHOCTH OT 50% 1 BBIlIE NOPOJA HA3BIBAECTCS TOPIOYUM CIIAHIIEM.

PaGouasi MOIITHOCTH YTOJBHBIX TUIACTOB B PA3IMYHBIX Teorpado-3KOHOMHUYECKHUX paiionax - ot 0,45 mo 1
M.

[To cpaBHEHHIO ¢ BMEIIAIOIIUMHU MOPOJAMH KaMEHHBIE U OyphbI€ YIJIH XapaKTEePH3YIOTCS MOBBIIICHHBIM
YOC. YOC yrneit Bo3pactaeT ¢ yBenudeHueM cteneHu mertamopdusma ot 10-200 Om-m y 6ypeix g0 50-1000
Om-Mm - y Tommx kameHHbIX. IIpu mepexone x anTpauutam YOC pesko nagaer - go 5,0-0,01 Om-m. C
YBEJIMUEHUEM 30JIbHOCTH CONPOTUBJICHHE OypbIX W KAaMEHHBIX yIJedl yMEHbUIaeTcs, aHTPalUTOB -
YBEIUYUBACTCH.

VYrium crnocoOHBl OKUCISTBHCS U, CIEA0BAaTENbHO, CO3/1aBaTh aHOMAJIMHM €CTECTBEHHOTO 3JIEKTPHUYECKOIo
TOJIsl.

Anomanuu [IC nHan antpaumramu pocturator 400-600 mMB, nHag xamenneimMu yriasmu - 100 mMB, Han
Oypbimu - +50 MB. Han GypsiMu yrimsimu anomanuu [1C BO3HHKAIOT HE TOJIBKO MO IEHCTBUEM OKUCIUTEIBHO-
BOCCTAHOBUTEJBHBIX, HO M B pe3yJibTare 1uhy3uoHHO-aICOPOITMOHHBIX M (PHUIIBTPAIIMOHHBIX MPOIIECCOB.

Yrnu takke 0071a1a0T ClIOCOOHOCTHIO TOJISIPU30BATHCS M CO3/1aBaTh AHOMAIMH BBI3BAHHOW MOJISIPU3AIIAN
(BID).

EcrecTtBeHHass paiMOaKTUBHOCTh YTJIEH, Kak MPAaBWIO, HUXKE, YEM BMEIIAIOIMIHUX IME€CYAHO-TIUHUCTHIX
MOPOJL.

[Mnotuocts yruew (1,15-1,75 r/cM3) 3HaUUTEIHLHO MEHBIIIE, YeM y BMemaromumx nopoa (Ha 0,5-1,0 r/cm3).
[InoTHOCTH yriel pacTeT ¢ yBenudeHHeM cTeneHu wMeramopdusma. Pactrer oHa u ¢ yBeJIWYeHHEM
3osbHOCTU. TeM He MeHee, MIIOTHOCTh - 3TO TO (PU3UUECKOE CBOICTBO, MO0 KOTOPOMY BCE€ THIIBI YIJieil Bceraa
OJIHO3HAYHO OTINYAIOTCA OT BMELIAOIIUX MOPOI.

Kpome Ttoro, yrimm o01amaroT CpaBHUTENIBHO HHU3KUM 3(()EKTHBHBIM aTOMHBIM HOMEpPOM (y YHUCTOTO

_ Zap _
yriiepoaa z=6), y BMEIIAIOMUX TOPOI =13-15, T.e. 3HaumTenbHO BhIEe. Jlaxke HeOosbmIas
MpPUMECh 30JIbI 3aMETHO

yBEJIMYUBAET zmp YIS,

CKopocTb pacnpocTpaHEHHs! YIIPYTHX BOJIH B YIJISIX MEHBIIE, YEM BO BMEIIAIOLIMX IIOPOJIAX.

Ha xaBepHOQammax yriam oTMedaroTCs Kak 30HbI YBEJIMUYEHHOIO JUAMETpa U3-3a UX pas3pylLIeHUs Npu
OypeHHH.

Takum 00pa3oM, CyIIECTBYIOT OJIaronpusiTHble NPEANOCHUIKM JJii NPUMEHEHHUS B YIJIEpa3BEIOYHBIX
CKBAJKMHAX JIEKTPUYECKUX, PAIMOAKTUBHBIX U Jip. MeTonoB ['MC.

3agauyu, pemaembie ['MC B  yriepasBego4yHbIX CKBa)XKHHAX M MeTOAUKa padoT

C nomoupio ['MC npu pa3Benke MCKOMAEMBIX YIJIEd PEIIaeTcsl CICAYIONIMN IMUPOKUI KOMIUIEKC
re0JOrM4eCKUX U TEXHUYECKUX 33]1a4:
JIutosmoruueckoe pacuieHeHHe Pa3pe30B CKBAXKHH.
Brlaenenue miacToB yriis, olpeAeIeHUe UX MOLIHOCTH U CTPOECHHSI.
OnpeneneHne 30JbHOCTH YTIICH.
OmnpeneneHue EMEHTOB 3aJI€ETaHus YTOJIbHBIX IUIaCTOB.
OmnpeneneHne TEKTOHMUECKUX HAPYILIEHUH yTrOJbHBIX II1ACTOB.
ITocTpoeHne KOPPEIALMOHHBIX Pa3pe30B, CTPYKTYPHBIX KapT U T.II.
N3ydeHne TeXHNYECKOIO COCTOSHUS CKBAYKUH.

I'eodpusuueckue ucciae10BaHus YIiIepa3Bel0UHbIX CKBKUH BBITIOJIHSIOT, KaK MIPAaBUJIO, B 2 3TaIa.

I 3Tan OCHOBHBIX UCCIIEOBAaHUI O0XBAaThIBAET BCIO INIyOUHY CKBAYKUHBI.
3amuce gumadamm  Bexercs B macmrabe  1:200.  PemaroTcs  3a1a4M TUTOJOTMYECKOTO PACUIICHEHHS
pa3pe3oB, BBIACICHHS YTOJIbHBIX IUIACTOB U UX KOPPEIALMH, NU3yUEHHs] TEXHUYECKOT'O COCTOSTHUS CKBAyKUH.

II aTan geTanpHBIX UCCIIEI0OBAaHUI OXBATBHIBAET TOJIBKO Ty YacTh CKBAaXXUHBI, I'/1€ JJOKAIU3YIOTCS YIOJIbHBIE

Nk W=



acTel. MacmTab 3amucu quarpamm - 1:50. PemaroTcs 3agadu onpesiesieHrs MOIIHOCTH U CTPOSHUS YT OJIBHBIX
IUTACTOB, ONIPEIETICHUS] WX 30JIbHOCTH, 3JIEMEHTOB 3ajleraHus, 30H TEKTOHWYECKUX HapyLICHHM.

Kommiiekc MeTo0B OCHOBHOTO 3Tamna BKJIo4YaeT, kak MuHuMyM, 4 meroaa: KC, I'TITK, 'K, KM, npuuem
rmaBeHCcTBYomy0 posib urpatoT I[II'TK u KC. Inarpammel 'K 1 kaBepHOMETpHUM HYKHBI JjIs1 00Jiee TOYHOM
WHTEPIPETALMH MEPBBIX ABYX U UTPAIOT BCIIOMOTATEIbHYIO POJIb.

Ha puc. 24.5 npencraBieH yHpOIIEHHBIM I'€OJOTMYECKUI pa3pes3, coAeprKaluid 2 KaMEHHOYTOJIbHBIX
IU1acTa, U CXeMaTU3UPOBAHHBIN BU/I KAPOTaXKHBIX MarpamMM Ha 3TOM pas3pese.

KC ITK-77 TK KM
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Puc. 24.5. Boiaenenue niuacToB KaMEHHOIO YTJs CPEAM IECUYAHO-IIIMHUCTBIX BMEILAIOIIUX MOPOJ IO
komruiekcy ['IC

Hns 3anucu nuarpamMm KC ucnonb3ytoT Ha OypbIX yriisix IpaauneHT-30HAbl JiuHOH oT 0,5 mo 3,0 M u
noreHnuain-30a1 AM=0,1 M; Ha KAMEHHBIX yTJISX -00JbIINE TPAAUCHT-30HIbI JUTUHOU 2,5-3,6 M; Ha aHTpaIUTax
- moreHnuan-3ou4 JiuHo# 0,1 nmm 0,2 M.

3ouasl 1111K ans yrieit Bcex tunoB numerot JuinHy 0,4 M npu ucnosnb3oBanuu ucrounuka Co60 u 0,2 m -
npu ucrounuke C5137.

MOUIIHOCTh YTOJIBHBIX IIIACTOB, COTJIACHO TPEOOBAHUSM CYIICCTBYIOIIMX WHCTPYKIWH, TOJHKHA OBITH
OIIpezieIeHa C MOTPEIIHOCTBIO, HE IPEBBIIIAIONICH 5 CM, U HE MEHEE, YEM 2 METOJaMH.

[o »TO# MpuuKMHE Ha dTare AeTaNnbHBIX HcciaenoBanuid kK Meroxy KC nobGasistor eme oaua Metos. Kak
npaBuio, 370 BTK - G0koBo#l TOKOBBII KapoTa)k C 30HIOM, B KOTOPOM LIEHTpPalbHbIM 31€KTpo Ao uUMeeT
JUIMHY 2 CM, a 9KpaHHbIE 3JIEKTPOJIbI - IO 75 CM.

3onbHOCTh yried oObiyHO ompenessitor MerogoM CITK. Dtor Meron yxe paccMaTpuBajics HamMH B
nexuuu 12. KpoMe TOro, 30J5HOCTh MOXKET OBITH ONpPEEICHa METO/I0M HaBEAECHHON aKTUBHOCTU IO M30TOIY

28
A ym o Metony KC Ha ocHOBE KOppENALIMOHHOW 3aBUCHUMOCTH MEKIY 30JbHOCTBIO U AIEKTPUUYECKUM

conpotunenueM yriei (B.B. I'peuyxun, 1965).

KoHTpoibHBIE BOITPOCHI
1. KakoBa pons metonoB ['MIC nipu pa3Benke noa3eMHbIX BOA?
2. Kakue wmerompt [TMC  mpumeHstoTcs O JIMTOJOTHYECKOTO PAacUJICHEHHUs Pa3pe30B
CKBa)XMH Ha BOJly U BbIIEJIEHUS BOJOHOCHBIX TOPU30HTOB?

3. Kakumu metonamu I'MC MOXKHO onpeaennTh MOLTHOCTh U CTPOEHHE BOJOHOCHBIX TOPU30HTOB?
4. Kak M0OXHO ONpeAenTh MOPUCTOCTh BOJOHOCHBIX TOPU30HTOB?
5. Kak MoxHO  ompenenuts  KOXPPHUIHMEHT  TPEIIMHHOBATOCTH TPEUIMHHBIX KOJUIEKTOPOB

IIOI3€MHBIX BOA?
6. Kaxumu ciocobamu onpeAemnsitoT CKOPOCTh U HAalpaBJICeHUE TBUKCHUS TIOA3EMHBIX BOJT?



*®

10.
1.
12.

13

14.
15.

Kak oneHnTs MUHEpaIM3aUIo NOI3EMHBIX BOA?

HazoBuTe OCHOBHBIE THUIIBI HCKOIIAEMBIX YIJICH.

Kaxumn 0COOEHHOCTSIMH ¢busneckux CBOICTB 00J1aJ]al0T UCKOIMAeMble YT MO
CPaBHEHHIO C BMEIIAIOLMMHU TopogamMmu?

Kak Bnusiet 301bHOCTD yIUIel Ha uX (pu3n4YecKue CBouWcTBa?

KakoB cocTaB 30J1b UCKOTIAEMBIX YTJeh?

Kakwue 3agaun pematorcs ¢ nomouisto Meto10B I'IC npu pa3Benke HCKONaeMbIX yriaeun?

.KakoB coctaB xkommiekca wmetogoB ['MIC mjisi  JIMTOJIOTMYECKOrO pacuieHEHUs] pa3pe30B

yIJI€pa3BEAOYHbIX CKBAXKHUH?
Kakumu anoManusiMu Ha quarpaMmmax 3TUX METOJOB BBIICIIAIOTCS IIACTBI YTIJIs?

KaKI/IMI/I MeTOoOAaMHUu MOXHO OHpeI[eHI/ITB 30JIHOCTH yrneﬁ HGHOCpeI[CTBeHHO B
CKBaKNHax?



Jlexuust 25

Komnexkcuposanue I'MC npu pa3Benke pyaAHbIX MeCTOPOKICHU I

Oco0enHocTn (uU3HYECKHX CBOWMCTB Py, peliaeMble 3aJa4d W MeTOAMKA padoT

Br160p panmonansHoro komriekca MetofoB I IC Ha pyAHBIX MECTOPOKICHUSAX 3aBUCUT OT (PU3UICCKUX
CBOWCTB pyAbl M BMemaromux mnopoxa. Ilpum BeiOope komruiekca yduThiBaloT YOC, 3IEKTPOXUMHUYECKYIO
AKTUBHOCTb, NOJIIPU3YEMOCTh, MATHUTHYIO BOCIIPUMMYHMBOCTb, €CTECTBEHHYIO PaJMOAKTUBHOCTD, IJIOTHOCTb,
3¢ deKTUBHBIN aTOMHBIH HOMEp, HEMTpoHHBIE cBoiicTBa. Kak mpaBuito, mobas pyaa XoTs Obl O OJHOMY M3
3TUX CBOMCTB, a 4Yallle BCEro IO HECKOJbKHM W3 HUX, OTJIMYAETCA OT BMewaromux nopoA. Ilouru Bce pynasl
HUMEIOT XapaKTepHbIE 0COOEHHOCTH SAEPHO-PU3NUECKUX CBONCTB, MO3BOJIAIONINE HE TOIBKO BBIICIATH PyIHbIC
MHTEPBAJIbl, HO U ONPEAEIATh B HUX NPOLIEHTHOE COAEP/KaHUE METAJLIA.

3anaun, pemaemble [ IC Ha pyIHBIX MECTOPOKIEHUSX, CIETYIOIINE.

1. IluTosiormyeckoe pacuieHeHUE Pa3pe30B CKBAXKHUH.

2. BeblneneHue pyJIHBIX MHTEPBAJIOB, ONPEIEICHHE HMX MOLIHOCTH, M CTPOEHUS.
3. OmnpeneneHne TPOIEHTHOIO COJIEPXKAHUS METalljIa B pyaax. |

4. W3zydeHue CTpOEHUs pyAHBIX TEJ B IPOCTPAHCTBE MEXAY CKBAKUHAMMU.

5. H3yyeHue TEXHUUECKOTO COCTOSHUS CKBAXKUH.

Takum o0pazom, crienupUUEecKUMH 3afayaMH B 3TOM IEpEYHE SBISIOTCS OIpeeIeHUe MPOLEHTHOTO
COJlep’KaHusl MeTajula B pyJaX M M3yUYEHUE CTPOEHHUS PYIHBIX TEl B MEXCKBA)KUHHOM IPOCTPAHCTBE.
[locnennsis 3amaya BO3HHMKAeT MMOTOMY, YTO pYyAHBIE 3al€KHM, Kak IPABHIO, MMEIOT OYEHb CJIOKHYIO
MOP(OJIOTHIO ¥ TIO3TOMY MTPOBOJIUTH KOPPEIISIHIO Pa3pe30B CKBAKUH TaK, KaK 3TO JIETaeTCsl Ha He()TSHBIX WU
YTOJBHBIX MECTOPOKIACHUSAX, HA PYAHBIX MECTOPOXKICHHUIX HEBO3MOXKHO.

I'eodusudeckne rccae10BaHus B pyIHBIX CKBaKWHAX MPOBOJIAT, KakK MPAaBHUIIO, B 3 3Tara.

I 3Tan OCHOBHBIX MCCIIEIOBAaHUI OXBATHIBAET BCIO CKBAKMHY M HAMPABIICH
Ha pEIIeHHE 3a4ady JIUTOJOTHYECKOIO pacCUIEHEHUS pa3pe30B CKBa)KHH,

BBIJICJICHUE PYAHBIX HHTEPBAJOB M HU3YYEHUE TEXHUUYECKOIO COCTOSHHS
CKBa)XHH. MacmTad riryOuH KapoTaXHBIX quarpamm - 1:200.

Ha »ToM »Tame wucnons3yloT OOBIYHO KOMILIEKC METOJOB, OOIIMN Asis OOJBIIMHCTBA PYIHBIX
MecTOpoXKIaeHu u Brmoudamommii Takue wmeronbl, kak KC, TIC,| I'K, IIITK, kaBepHomeTpuio u
WHKJIMHOMETPHIO.

II 3Tan JAETajbHBIX HCCIECJOBAHMN pelIaeT 3aJadyy YTOUHEHHUS MOIIHOCTH HCTPOECHUS PYyAHBIX
WHTEPBAJIOB M OMpEJETICHHUs] TMPOLEHTHOTO COAEpKaHMs MeTajuia B pyae. Macmtab nguarpamm 31ech Oonee
KpynHbIi - 1:50 umu 1:20, 1 uccnenoBaHust MPOBOIAT TOJIBKO B MpeieiaX pyaHBIX HHTEPBAJIOB.

Ha »TOoM sTame OCHOBHBIM SIBISIETCA TOT crielu(pUUecKuil METO/, KOTOPBIA 00ecIeynBaeT ONpeaeeHue
KOJIMYECTBEHHBIX XapaKTEPUCTUK PY/Ibl, B IEPBYIO OYEPE/Ib, IPOLIEHTHOIO COAECPkKaHUs B HEW MeTaa.

Taxk, HanpuMep, 17151 SIEMEHTOB, 00JIaJA0IINX MOBBIIICHHBIM ceueHneM aktuanuu (Cu, Al, Mm u ap.) -
3TO HEHTPOHHO-aKTUBALIMOHHBIA KApOTaX; I PYJ TSKEIbIX METAIJIOB ¢ OOJIbIIUM aTOMHBIM HoMepoM (Cu,
Pb, Hg, Sr u ap.) - peHTreH-paauoMeTpUUEeCKUil KapoTax; AJisl 3JIEMEHTOB C BBICOKMM CEYEHUEM MOTJIOLIEHUS
TeIUIoBbIX HeTpoHoB (B, Hg, M) - HEMTPOHHBII KapoTa)K MO TEIUIOBBIM HEHUTPOHAM; JUIsl paJlOaKTUBHBIX
metamoB (U, Th, K) - ramma-kapotax; mist Be - ¢oTOHEHTPOHHBIN KapoTax; AJs MarHUTHBIX PY[ Kene3a -
KapOTa)K MarHUTHOM BOCIPUUMYUBOCTH U T.JI.

JInst yTOYHEHUs1 TPaHUI] U CTPOEHHUS PYAHBIX MHTEPBAJIOB B KOMIUIEKC Ha 3TOM 3Talle€ 4YacTO BKIIIOYAIOT
meronsl MCK u MOII.

III »Tan pemaer 3aaadyy HM3y4YEeHHs CTPOEHHUS PYAHBIX TeJl B MEXKCKBAXKMHHOM IpocTpaHcTBe. K
BBITIOJTHEHUIO 3TOT'0 ATAala MPUCTYNAOT TOTAA, KOI/Ia yKe MpoOypeHbl BCE HEOOXOIUMBIE JIJIsl 3TOT0 CKBaYKUHBI.
Ha »ToM »Tame BBHIMOJHSIOT HCCIENOBAHUS METOAAMHM CKBOXXUHHOW TE€O(MU3UKH: TPH MOBBIIICHHON
AJIEKTPONPOBOJIHOCTH PYJl - METOJAAMU 3apSKEHHOIO TeNa, PaJMOBOJHOBOIO IMPOCBEUMBAHUS, JUIIOJIBHOIO
ANEKTPOMArHUTHOTO MPOGUIHPOBAHUS CKBAKUH U TIP.; MPU TMOBBIINIEHHOW HAMATHUYEHHOCTH -CKBAKHMHHOMN
MarHuTOpPa3BEIKOM.

[Ipumenenne I'MIC Ha MECTOPOKIECHUAX PA3IUUHBIX Py

PaccMoTpuM KOHKpeTHble TpuMepbl KomiuiekcHoro npumeHeHuss [MIC npu u3ydeHUM pasiuyHBIX
PYAHBIX MOJE3HBIX HCKOAEMBIX.

XKenesnsie pyasl. Fe BXoaut B cocTaB 0OJIBIIOT0 KOJIWYECTBA MHHEPANIOB. M3 HUX pyIHBIMU SIBIISIOTCS:



MarHeTuT, TUTAHOMArHeTUT, TeMaTUT, TeTUT, THIPOTETHUT, CUACPUT W HeKoTopwie np. Pyael Fe comepxkar
CKOIUICHUSI PYJHBIX MHHEPAJIOB C MPUMEChIO HEPYIHBIX. [IpOMBIIIIEHHBIE PY/IbI TOMKHBI UMETh COJEp)KaHUE
Fe ne menee 20% 1 MOIIHOCTb PYJIHBIX TE€J - HE MEHEE

1-2 m.

BrIenstoT HeCKOIbKO TUIIOB JKETIE3HBIX Py 0 MUHEPATHbHOMY COCTaBY,

CTPYKTYyp€ WJIH yCIOBUSM 00pa30BaHMUsL.

Jlyiss GONBIIMHCTBA THUIIOB KEJIE3HBIX PYJ XapaKTepPHBI MOBBINICHHBIE MArHUTHBIC CBOWCTBA, OOJbIIAs
MI0THOCTh (3-5 r/cM3) M Xopomias 3JIEKTPONPOBOAHOCTb, a TAKXKE TMOBBIICHHBIH ()(PEKTUBHBIA aTOMHBIN
HOMep, T.K. 1yt Fe z=26.

VYkazanHble ocoOeHHOCTH omnpeaensoT Beioop kommuiekca ' MIC: na I atame - KC, I1C, T'K, III'TK, na II
srane - KMB u III'TK unu CITK, na III stane -TCM, PBII, MOK. Ha puc. 25.1 npeacraBieH KOMIUIEKC
KApOTXHBIX JMarpaMM B pPYIHOW CKBaXXMHE OJHOTO U3 YPalNbCKUX MAarHEeTHTOBBIX MECTOPOXKICHUMN
KOHTaKTOBO-METAaCOMaTUYECKOTO THUIIA.
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LIGECMRAK  EPANCOWNOPUMT MASHEMum  CHOPH Dycned
25.1. KoMmmiekc KapoTaXHbIX JIuarpaMM pa3BEAOYHONM CKBAKMHBI OJHOIO U3 Y PaIbCKUX

Puc.
MarHeTUTOBBIX MECTOPOXKACHUNA KOHTAaKTOBO-METACOMAaTUYECKOTO THUIIA
Pynubiit uarepsan 383-411 M BeIensieTCSl HU3KUM KaXKyIIUMCS COIIPOTUBIICHUEM, OBBIILIEHHOH 110 (4,5

r/cM3) IUIOTHOCTBIO U OYEHb OTUETIMBOW aHOManuel MarHUTHOM BOCTIPUMMYUBOCTH.
Ha puc. 25.2 npuBeneHbl JaHHbIE CKBa)XMHHON TPEXKOMIIOHEHTHOW MaruropasBeaku Ha Kuzupckom

MecTtopoxxaeHuu (Pyanbriit Antait).
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Puc. 25.2. VYTOuHEHHS T€OJOTMYECKOrO0 CTPOCHUS MArHETUTOBOIO MECTOPOXKACHUA IO JTAaHHBIM
TPEXKOMIIOHEHTHOM CKBaKMHHOM MarHuTopasseaku (mo A.I'. Tapxosy u np., 1973)

CkBakuHOHM 61 ObLTa BCKPBITA 30HA CIUIONIHBIX MarHETUTOBBIX pyn B mHTepBasie 443-465 M. CormacHo
TeOJIOTUYECKUM TPEACTABICHUSAM, PyIHas 3aleKb JOJDKHA ObLIa pacroyiaraThCs B BYJKAaHHUECKHX Ty(dax
BJIOJIb MX KOHTakTa c rpaHoauoputamu. OpHako CKBakWHa 76, NpoOypeHHas i TPOBEPKU DBTUX
MPEANON0XKEHUH, pyly HE BCkpblia. [Ipu mpoBeeHN MarHUTHBIX U3MEpPEHUN B CKBaxknHe 76 (ckBaxuHa 61 K




3TOMY BPEMEHH 3aBajJMjiach) ObLI MOJYYEH XapaKTEPHBIH CXOAAIIMICA Beep BEKTOpOB Ta, HampaBlIEHHBIH K
3amajay OT CKBaXUHBI 76.

Orot Beep Ta MO3BOIMIT yCTAHOBUTH, YTO BEPXHSS KPOMKA PYAHOTO Tella HAXOIUTCS HA TIIyOMHE OKOJIO
200 M Hemanexko OT CKBaXXWHBI 61, M pyna BBITATHBAETCS BAOJIb KOHTaKTa Ty(poB ¢ ampOuTodupamu, Kak
MOKa3aHo Ha puc. 25.2.

Mapranen. OxucHble W KapOOHaTHbIE Pyabl Mm o6pa3yior TIACTOBbIC  3aJIEKH MAaCCUBHOW WJIN
BKpAIuIeHHON TEKCTYphl. BMemiaroriye nopobl -lec4aHo-TIIMHUCTOIO COCTaBa.

Pynpl maprania B 0CaOYHBIX MECTOPOKIAEHUSAX OUYEHb MAJIO OTIMYAIOTCS OT BMEIIANOIIMX MOPOJ IO
OCHOBHBIM (pu3muecknM cBoicTBaM. MHOTIa pyabl 0oJiee MAarHUTHBI, OJJHAKO MX MArHUTHBIC XapaKTEPUCTUKH
OueHb He BblAEpKaHbl. [Ipu Meramopdu3me pyJ MOBBIMIAETCS WX MArHUTHOCTb U 3JEKTPOINPOBOAHOCTD.
[1n10THOCTB Py TaKKe HECKOJIBKO BBIIIE, YEM BMEIIAIOUIUX TOPO/I.

OcHoBHast 0COOEHHOCTh (PU3MUECKHX CBOMCTB MI - 3TO MOBBIIEHHOE CEUEHHE 3axXBaTa TEIUIOBBIX
HeiitponoB (13,2 Gapna). [lo stoif mpuumne Ha nuarpammax HHK-T pynHble MHTEpBajbl BBIACISIOTCS
MOHWXEHUSAMU 1T Kak mpu OOJIBIION, TaK M MPU Majou JuirHe 30Haa. OOBIYHO MPUMEHSIOT 30HABI JJIMHOU
0,15-0,35 m.

OrnpenenieHne TPOLEHTHOIO COJAEPKaHUS BO3MOXKHO TakKKe MO METOJy HEUTPOHHOM aKTHBALUHU I10
H30TOIy

Mn**(T,, =2,6uac, E, =0385MsB)
/2 /2 |

oOpasyromemycs u3 ctabuibHOro n3orona Mmns5 mo peakiuu (n, v).

Ha puc. 25.3, a npeacrasnens! guarpammel KMB, I'TK-I1 1 HHK no temnoBeiM HEHTpOHAaM, Ha KOTOPBIX
YBEPEHHO BBIJIEISIETCSI UHTEPBAJI CIUIOIIHBIX MapraHLEBbIX Py Ha riryOouHe ot 47,6 1o 54,7 m.

Ha puc. 253, 6 mnpuBeneHa pauarpaMMa TOYEUHOTO HEHTPOHHO-aKTUBAIIMOHHOTO KapoTaxa B
COTIOCTABIICHUHM C pe3yJbTaTaMH XHUMHUYECKOro orpoOoBanusi kepHa (rmo Mystokuny JI.B. u ap., 1967).
[orpemnocts HAK Ha Mn - nopsiaka 15-20% otH. Henoctatok Meroaa - HU3Kas MPOU3BOAUTENBHOCTD. [1o
stoit npuunHe HAK 1ienecoobpa3zno ncnonp30Bath A7 onpoOOBaHMS TUTACTOB, yke BhiaeneHHbIx 1o HHK-T.

XpoM. XapakTepHas OCOOCHHOCTh XPOMHTOB - UX TECHas CBA3b C YJIbTPAOCHOBHBIMH TMOPOJaMH,
CepNEHTUHUTAMH, AYHUTAMU U MEPUIOTUTAMH, CPEIN KOTOPBHIX W 3aJIeTaloT PyAHbIE Tejia, uMeromme Gopmy
KU U JINH3.

[lo MarHUTHBIM, 3JEKTPUYECKAM W YIPYTUM CBOWCTBAM XPOMHUTHI €1a00 OTIMYAIOTCS OT BMEIIAIOLINX
nopoa: YOC XpoMHUTOB BbIlIE, a MarHUTHasE BOCIPUUMYHUBOCTh HHMXKE, YEM Y BMELIAIOIUX MOPOJA. 3aTO OHU
OYEHBb XOPOIIIO BBIIEISIFOTCS 1O TUIOTHOCTH. J[JIs1 XpOMUTOBBIX pyJ XapakTepHa IIoTHOCTH 4,0-4,8 r/cM3, mis
yIBTPAOCHOBHBIX MOpof - 3,1-3,2 r/cm3.

Y XpOMHUTOB TOBBIIICHHBIH A(PQPEKTUBHBIN aTOMHBIH HOMep Z3(}=\9, y NEepUIOTUTOB H JYHHTOB
Z>¢p=12,51 eme Cr oOnagaeT MOBBIIICHHBIM CEUYCHHEM 3axBaTa TCH{HOBHX HEUTPOHOB C MCIyCKaHUEM

sxecrroro (Ey =8 MaB) Y--usnyuenns.
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Puc. 25.3. Brigenenne MapraiueBbIX py/l B pa3pe3e CKBaXHHbI 10 JaHHBIM Komiuiekca metoaoB ['UC (a)
U COTMOCTaBJICHUE PE3YyIbTATOB HEUTPOHHO-AKTHUBAIIMOHHOTO KapOTa)ka Ha MapraHell ¢ JaHHBIMH ONPOOOBaHUS
kepHa (0) (o JI.B. My3tokuny u U.M. Cenbko-bynatHomy, 1967)

Takum oOpa3oM, AJsl BBIAEICHUS XPOMHUTOBBIX MHTEPBAJIOB B pa3pe3ax CKBAKUH M OICHKHU COACPKaHHM
umeroTcs onaronpustHsie npeanocbuiku K npumeneranto HI'K-C, II'TIC u CITK.

DTOT BBIBOJ MOJATBEPKAAETCS PE3YJIbTaTaMU KapOTaxka, MPUBEACHHBIMU Hapuc. 25.4.

Kaxk nokassiBatot uccinenoanus (Kaponukono B.®. u ap., 1968), no HI'K-C Bo3MoxkHa KOTMYeCTBEHHAS
OLIEHKa XpOMHUTOBBIX py.a mnpu coaepxkanusix 0203 Jlo 20%, mpu Gosiee BBICOKMX COAEpKaHUAX HaOI0maeTcs

KOHICHTPAITMOHHOC BBIPOXKICHUC.
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Puc. 25.4. Tlpumep BeIEIEHNS XPOMHUTOBBIX Py B CKBaXKHMHAX IO JaHHBIM KomIuiekca metoaoB ' MIC (o
B.®. Kaponukosno u zip., 1968)



Menb. OcHoBHBIMEH Ui Poccum Tumamu MeETHBIX MECTOPOXKACHUHM SIBISIIOTCS  MECTOPOXKIACHUS
MEIHOKOIYEJaHHBIX Py U MEJUCTBIX IIECUaHUKOB.

Haubonee 6maronpusTHbIN 17151 IPUMEHEHUS Te0(U3NIECKUX METOI0B OOBEKT - 3TO MEJHOKOIYEIaHHbIE
MecTopoxxaeHus. Cpeau MUHEpalioB MeOU IJIABHOE IPOMBIIIJIEHHOE 3HAa4eHHE MMEIOT Cynb(UIbl, Kak
NpaBuUjIo, OONagaromye BBICOKOM HSJEKTPONPOBOAHOCTHIO M TIOBBIIICHHOH IUIOTHOCTBIO, Y HHUX TaKkKe
MOBBIIIEHO 3Ha4YeHue ra¢. OOBIYHO METHOKOIUYEIaHHbIE Pyl KOMIUIEKCHBIE M KpoMe Cu conepxkar eme Zn,
Pb, Fe, Au u np. MmeTaibl.

Ha ocnoBHoM stane 'MC Ha MenHOKoUenaHHBIX MecTopoxaeHusXx npumenstor metoasl KC, 11C, T'K,
III'TK, Ha geranpHoM 3Tane - MCK u MOII 15 yTouHeHHs rpaHULl Py IHBIX HHTEPBAJIOB U METOJ] HAaBEACHHOMN
aKTUBHOCTH JUIs OTIPEIENIEHUs POLIEHTHOT 0 coaepkanus Cu.

Hctopuuecku nepsbiM B 60-X rogax XX Beka OblI pazpaboTaH METOJ ONpeeTICHHs CoJlepKaHUU
cuﬁ"(:r}; =126 u; E, ~05M3B),
o JOJITOKUBYIEMY  U30TOILY 2 , oOpa3yromemycsi u3 CTaOUIBLHOTO

n3orona Cub3, copepkaHWe KOTOPOTO B MPUPOJHON Menu Okoyo 69%. ABTOpPOM 3TOr0 METOJA SIBISETCS
npodeccop YITT A T'.C. BO3KeHUKOB.

Hab6mronenus BeIMONHSIOT ToTouedHO. OO IyueHrne HeUTpOHAMH TIPOI0JKAIOT OT 8 10 12 JacoB, 3aTem Ha
MECTO MCTOYHMKA HEUTPOHOB MOMEUIAIOT JETEKTOP Y-KBAHTOB M U3MEPSIOT HaBEACHHYIO aKTUBHOCTb TaKXKE B
TE€YEHHE HECKOJIbKUX YacoB, YTOObI M30aBUTHCA OT MEMIAIOIIEr0 BIMSHUS IPYruX, 0ojiee KOPOTKOKHUBYIIHX
u3oronoB Na2*, Mn5s, JI/28.Pe3ynbTarel HaOMOAeHUN MPUBOAST K OECKOHEYHOMY BPEMEHH OOYyUYeHMS U K
€IMHUYHOM MOIIIHOCTH UCTOYHHKA, IIOCTIE YETO JIEAT MOJyUeHHBIH pe3ysbTaT Ha NepecyeTHbIH KOdhUILIUEHT,
HalJCHHBIN ONBITHBIM IyTEM M BBIPAXKAIOIIMN HAaBEJEHHYIO aKTUBHOCTh, Ipuxojsuryrocs Ha 1% Cu. Ilopor
YyBCTBUTEIbHOCTH 3TOr0 MeToza 0,3-0,5%.

[lo3nHee nosiBIeHNE CIEKTPOMETPUUECKON Y-KapOTaKHOM anmnaparypbl MO3BOJIMIO OTKa3aTbCsl OT 3TOTO
MeToga WM NIEepeTM K  ONPEAENIEHHI0  MEIW 10  KOPOTKOXKHMBYILIEMY M30TOITy

Cuﬁf'(Ty =51mun, E, ~1 MaB)
1 -

B sTrom meroze OT BIMSHHS MEIIAIONIETO M3MyUYEHHUS APYTHX U30TOMOB M30aBISIOTCS C MOMOIIBIO
SHEpreTHYecKoi cenekuuu. Ilopor uyBcTBUTENBHOCTH - 0KOJIO 1%.

Ha puc. 25.5 mnpencraBieHbl pe3ylnbTaThl KOMILIEKCA METOAOB KapoTaka Ha [ymemieBckoM
MeaHocKapHOBOM MecTopoxkaeHuu (Cpeauuit Ypain). Pyansie unrepBanst 50,8-54,8 u 98,7-100,8 yBepeHHO
BBIICTISIIOTCA 10 Xopoiued snektponpoBoaHoctu (auarpammbl KC ' MCK) ¥ MOBBIIIEHHON MIIOTHOCTH
(IIT'TK).

Ha wMecTopoxaeHMsIX MeTHBIX pyA [ U3YYEHUS CTPOCHUS PYIOHBIX Tel B MEXKCKBAKHHHOM
MIPOCTPAHCTBE M IIOMCKOB HEBCKPBITHIX (CJIENBIX) PYAHBIX TeNl YCHEIIHO TPUMEHSIOTCS BCE METOJbI
CKBKMHHOM DIIEKTPOPa3BEIKH - OT METOJAA 3apsijia 10 MEeToJa paauoBOIHOBOro mpocBeunBanus (PBII) u
JMIIOJIBHOTO 3JIEKTPOMArHuTHOTO npoduinrposanus ckBaxud (JJOMIIC).

Ha puc. 25.6 npuBeneHs! pe3ybTaThl paboT MO0 METOY dJeKTprudeckoi koppesiuuu (MOK) Ha omHOM U3
MEJIHOKOMYEaHHbIX MecTopokaeHuid Cpennero Ypana. PyaHbIMH TenaMu SIBISIOTCS KBapIlEBBIC JKUIIBI,
oboraieHHple CyIb(OUIHBIMH MUHEpadaMu (MMUPUTOM, XaJbKOIMUPUTOM, MAarHETUTOM, MOJUOJACHUTOM H Jp.).
Pynnble JKWIBI JIOKAMU3YIOTCS B PACCIAHIIOBAHHBIX TIOPOJAX CpPEAHM IUIATMOTPAHHUTOB, JAHOPUTOB U
nop¢uputoB. CONMpOTUBICHUE PACCIAHIIOBAHHBIX 30H - 0K0s0 200 OM-M, BMematomux mopoA - cBoiie 2000
OmM-M.

[To pesynbpTaram OypeHus: U Te0J0rHYeCKOro U3yUYeHHs KepHaA MPEANoIaraiochk, 4YTo pyAHbIE MOICEUCHUS
B ckBakuHe C-58 1 Ha rimyOune okoio 190 M B ckBaxkune C-190 00beIUHSIOTCS B OHO PYJHOE TENIO, KOTOPOE,
COXpaHsisl MOCTOSHHBIM YToJ TAJCHUs, YXOAUT HIDKE 32005 cKkBaKWHBI C-219, 0cTaHOBIEHHON B TO BpeMs Ha
rnyoune 277,6 M. Ilogceuenne Ha riiybune 263 M B ckBaxuHe C-190 oObeIUHSIIOCH C TOACEYCHHUEM B
ckBaxkuHe C-190 Ha rmybune 163 M B npyroe, mapaiebHOE IEPBOMY, TEJIO.

OpnHako KOoppensLMOHHbIE KpUBBIE, CHATHIE Npu 3apsaaax 311-1 B ckBaxxkune C-219 u 311-2 B ckBaxkune C-
190, ybenurenbHO MOKA3bIBAIOT, YTO pyAHBIC TojceueHus B ckBakuHe C-58 u ckBaxune C-190 Ha riryOune
190 M coenuHAIOTCS ¢ pyJHBIM NojceueHueM B ckBaxxune C-219. Bepxuee ke noaceyenue B ckBaxkune C-190
SIBJIIETCS JIOKAJIbHBIM U HE UMEET CBSA3H HU C OJTHUM TOJICEUCHHUEM B JAPYTUX CKBAXKHHAX.'
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Puc. 25.5. Ilpumep BblIENEHUST MEAHBIX PYJ 10 KOMIUIEKCY KapOTaXXHBIX IuarpamMm Ha I'ymemieBckom
Mectopoxaenuu (o B.T. [lepensiruny)

28 - 219

Puc. 25.6. Pe3ynpTaThl MeTOMA BIEKTPUUECKOM KOPPEISIMUA MO OJHOMY M3 MEIHOKOTYEAAHHBIX
MectopoxaeHuit Cpeanero Ypana (mo A.K. Ko3sipuny)

Ceunen ¥ nMHK. CBHHIIOBO-LIMHKOBBIE MECTOPOXKIAEHUS OTHOCAT K IOJIMMETAJUIMYECKHM, T.K. B HX
pynax, kpome Pb u Zn, ObiBator mpomsbliiuieHHble conaepxanus Cu, Ag, Au u ap. metaisioB. OCHOBHbIE
MUHEpaJbl MOJUMETAIINYECKUX Py - TAJICHUT U caeput, KpoMe HUX B pyAax MHOTO APYTUX CyIb(HUIOB, B
NEPBYIO OYEPEb, XaIbKONMpPUTAa M nupura. Kak mpaBuio, MoJMMETaNINYECKUE PYAbl OTINYAIOTCS HU3KUM
COTIPOTHUBJICHUEM (32 HUCKITIOYECHUEM OOTaThiX C(haIepUTOBBIX PY), TOBBIIMICHHON INIOTHOCTHIO M BEICOKUM T3]
(T.x. s P'b z=82, a nnst Zn z=30).

Kommnekc T'MC Ttakoi ke, Kak Ha MEIHOKOIYEAAHHBIX MECTOPOXKIACHUSAX. (OCHOBHOE OTJIMYHE
3aKioyaercs B npuMeHenuu meroga PPK aiis onpenenenus npoueHTHbIX coaepxanuii P'b u Zn.

Onpenenenne Pb mpou3BomdT B reoMeTpu MOpsiMONM BUIAMMOCTH C HcTOYHMKamu Se75umu CoSl, y-
CIIEKTPOMETP HacTpauBaroT Ha ’Hepruro Ka - 1MHMM XapakreprucTUuueckoro crnekrpa (B nuanazose 70-90 x3B).
UyscTBUTENBHOCTH Onpeaenennii - 0,2-0,3%, oTHoCUTENbHAS. NOTPEIHOCTD -0K0JI10 20%.

Omnpenenenue Zn BeIMONHAIOT ¢ uctouHnkoM Cd ¢ m3mepenuem Ka msnydenust Zn B nuanasoune 6,3-8,8
k3B. Ilopor uwyBcTBUTEnbHOCTH - 0,1-0,2%. IIpn 3TOM BO3MOKHO OZHOBPEMEHHOE OIPEAEIICHHE COJEpPKaHUS
P'b no La usnyuyenuro B ntuanazone 20-24 x3B.

Ha puc. 25.7 npuBeneHsl pe3yiabTaTbl PEHTICH-PAAUOMETPUYECKOTO KapoTa)xa IO OINPEAEICHUIO
IIPOLICHTHOrO coaep:xanust Pb Ha 0fHOM U3 OIMMETAIIINYECKUX MECTOPOXKICHHUMN.
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Puc. 25.7. Pe3ynpTaThl pEHTIE€H-paJUOMETPUYECKOIO KapoTa)ka Ha CBHMHEL 10 OJHOMY W3
noymmMeTaiindeckux mectopoxaeHuit (mo FO.I1. Aumceckomy u ap., 1976)

Co® (E, =123k3B)

HN3Mepennsi MNpOBOAWIUCH C HCTOYHUKOM npu qiauHe 3oHga  1=30 cwm.

n= N/ |
CormnocraBieHue KpI/IBOfI CIICKTPAJIbHBIX OTHOILICHUU 2 C COACPIKAHUAMU P}), ONpCACIICHHBIMU I10

n

KEpHY, IOKa3bIBAET, YTO MEXKY 3HAUCHUSIMHU u cogepkanueM Pb cyiecTByer nuHelHas 3aBUCUMOCTb.

Ha nonumeTannuyeckux MECTOPOKICHUSAX TaK K€, KaK U Ha METHOKOTYETaHHBIX, IIUPOKO MPUMEHSIFOTCS
METO/bl CKBAXMHHOM TEO(PHU3MKH, MHOTOYMCICHHBIE MpPHUMEPHl KOTOPHIX MPHUBEIEHBl B CIEHUAIBHON
JUTepaType.

AmomuHuii. OCHOBHBIM CBHIpbeM Ui TodydeHus:t Al sBisttorcs O0KCcuTH. B cocTaB OOKCHTOB BXOIMT
rmmHOo3eM A1203 (50-65%); ot 2 1o 20% okwucnoB xene3a, ot 2 10 10% oxucnor kpemuus SiO2 u ot 10 10
30% KOHCTHTYIIMOHHOHM BOABI. BOKCUTHI 00pa3yoT JIMH30- WIX TIACTOOOPA3HbIe 3aJIeKU B TOJIIIIE OCAJT0YHBIX
MOpOJ WM KOpE BBIBETpHBaHMS MarmMatudyeckux mnopoi. I[lo reHesucy BbIACNAIOT IJIaTQPOpPMEHHBIE U
T€OCHHKIIMHAJIBHBIE 3aJI€KH OOKCHUTOB.

ITo cBouM (u3nyeckuM CBOMCTBAM OOKCHUTHI OJMM3KM K TiMHAM: y HUX HH3Koe YOC, MOBBIIMICHHAS
€CTECTBEHHAs PAJMOAKTHBHOCTh M HECKOJBKO IOBBIIICHHAs MarHuTHas BocrnpuuM4HuBOCTh. Ha puc. 25.8
MPUBE/ICH KOMIUIEKC KapOTaXKHBIX JUArpaMm, XOpOILO BBIAEISIOMUX OOKCUTHI Cpeid KapOOHATHBIX MOPOJ.
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Puc. 25.8. Beigenenne O0OKCUTOB B pa3pe3e CKBaKUHBI M0 JaHHBIM KoMmiuiekca ['TC




OCHOBHBIM METOAOM BBIJCNICHHUSI U U3y4eHHUs OOKCUTOB B pa3pe3ax CKBaXHMH SIBISETCA HEHUTPOHHO-
aKTUBALlMOHHBIN KapoTax o u3oromy Al . Ilpuuem, NOCKOJIBKY 3TOT HM30TON HMEET KOPOTKUM MEPHOL
T,
/2

nojypacnazga = 2,3 muH., HAK B03MO€H B HEIPEPHIBHOM BapHaHTE.

YroObl M30€KaTh aKTUBALMU Si, KOTOPBIN TaKkKe COJIEPIKUTCS B OOKCHTaX U aKTUBUPYETCS OBICTPBIMH, C

E, 23,9 MsB

SHEprUen HEUTpOHaMH, B KayecTBE MCTOYHMKa ucnoyb3ytoT Cf2S2, narommii HEHTpOHBI
HU3KHUX SHEPruil (OCHOBHOE KOTUYECTBO HEUTPOHOB, UcityckaeMbix Cf2il, nexut B auanazone ot 0 1o 4 MaB ¢
™
MakCHMyMOM B paiione 0,6 M3B) u umeromuii  * 2
25 w/ugac.

[TockonbKy HMCTOYHHMK HEHTPOHOB pacrojiaraeTcs B HW)KHEM 4YacTH 30HZIa, TO MPH CIyCKe cHapsia
U3MEPSIIOT CyMMY HaBelleHHOro u ectectBeHHoro y-usnyuenuss (HAK+I'K), a mpu moaseme - TOJIBKO
ectectBeHHoe y-usnydenue (I'K). PasHocTh mokaszaHuii mpu CIycke W MOJbEME J1aeT YHUCTHIA HaBEIACHHBIN
a¢dexT, KOTophIii mponopuuoHaneH coaepxkanuio Al B pyzae. [Ipumep npumenenns HAK na Al npexncrasien
Ha puc. 25.9. HaBeneHnnbiit 3¢ (HEKT MponopiroHaIeH CoIepKaHuIo TIMHO3EMa.

=2,55roga. JlnuHa 30Hma 1=2 M, CKOPOCTh KapoTaxa -

3 § HAK + K Ik HAK |
BT :,'r , HHJE/I“ _';rﬂ . HM%MH
HH AR A 2

= |

: l\ L HAK+TK
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Puc. 25.9. Pe3ynbTaThl HEUTPOHHO-aKTUBALIMOHHOTO KapOTaXka Ha aTFOMUHUI

C
AL
M=

. C
JIist OLICHKM Takoro TEXHOJIOTMYECKOTO IapaMeTpa pyAbl Kak KPEMHHUEBBIM MOIYJIb %% HAK

Cf 252

BBIIIOJIHSIIOT ABaXKIbI - C HCTOYHUKOM it onpenenenus coaepxanus A1203, u ¢ Po-Be ucrounukom st

OTIpeieNIEHUs] CYMMapHOTO CO/IEpP KaHUS .

KpemuneBsiii Moayb MOXET ObITH onpeserneH Takke ¢ momombio CI'TK,. pe3ynpTaTsl KOTOPOTO 3aBUCAT OT
obero cogep:xanus Fe B pyze, a OHO OJTHO3HAYHO KOPPETUPYETCs C CyMMapHbBIM coaepkanueM A!203 u Si02.

Kpome HAK, B xommiekc I'MIC Bxomar 'K (mnsa ydera ecrectBenHor paamoaktuBHOCTH), HHK-HT (s
onpenenenus BnaxHoct) u [II'TK (nns onpeneneHust niI0THOCTH pyn).

bepumnmii. K mpoMBIIIEHHBIM THIIAM MECTOPOXACHUN Be OTHOCAT KWJIbI, TMH3BI M TeJla CIOKHON (HOpMBI
TPaHUTHBIX TIETMATUTOB U OEPUINIOHOCHBIX MarHETUT-(IIFOOPUTOBBIX CKAPHOB.

OTH Tela XapaKTEepU3YyKTCS MOBBIIEHHbIM YOC W MUHUMalbHBIMU 3HauYeHUSIMH K. HoO OCHOBHOI
ocoOeHHOCThIO Be, kak yke oTMeuasoch B JIeKUUU 14, sSBisgeTcs COCOOHOCTH K siAepHOMY (HOTOX(PQEKTy mpu

CPaBHUTEIBHO HEBBICOKOU ( ¥y MBB) SHEPTHUH y-KBAHTOB.
Ilo 3Toif mMpUUMHE OCHOBHBIM METOAOM MJIsi BbIIEJIEHUS OEPUIIJIOHOCHBIX HHTEPBAJIOB B CKBAKMHAX U
onpeleseHusl NMpOoLEHTHOro coaepkanua Be saBusercs meron 'HK, Ha nuarpammax KOTOpOTrO 3T MHTEPBAJIBI



BBIJIEJIAIOTCS YETKMMH TIOBBIEHUAMU 7T (cM. puc. 14.6).

Kamnii. OcHOBHBIM HCTOYHUKOM K SIBISIOTCS MECTOpPOXKAECHMS KaIMMHBIX COJIEH, KOTOpbIE MPUYPOUYEHBI K
TOJIIAM TUIPOXUMUYECKHX OTJIOKEHUU (KaMEHHas COJb, THIC, aHTUIPUT). DTH TOJIIM BKJIIOYAIOT TAKXKE U
ICCYAHO-TIIMHACTBIC U KapinHaTqL}e‘ nopoasl. MuHepansl, coaepxamue kamuid: cunbBUHUT (KC!), xapHammut

(KCl - MgCl, - cH,0) . (CaMgKy(SOy),- 2H,0).

OcHOBHast OCOOCHHOCTH (PU3UYECKUX CBOWCTB KAIMWHHBIX COJIEH - WX TMOBBIINICHHAs PaJIuOaKTUBHOCTH,
CBsI3aHHas ¢ cojepkaHueM B pupogHoM K ecrectBenHoro pagnonyknuga K40.

Kanuiinple comu XapakTepu3ylOTCs OYEHb BBICOKMM, KaK Yy BCEX THIPOXMMHMUYECKHX ocaakoB, YOC u
MTOHWKEHHOM MJIOTHOCTBIO.

OCHOBHOH METOJ BbIIEJCHUS KAJIMHHBIX coslel B cKBakMHax - ['K, Mo HeMy ke onpenensitoT U NpOLEHTHOE
conepxkanue K. Bxmouenne B kommieke ['MMC meromoB HTK (wnmu HHK) u III'TK mo3Bomnser ompenenuTh
MHHEPAJIbHBIM COCTaB KaJUMHBIX COJIeW. KapHa/UINT M KU3EpUT COJep:KaT MHOTIO KPUCTAJUIM3ALMOHHOW BOJBI U
no3romy Ha guarpammax HTK BeIIensroTcss NOHMKEHHBIMH 110 CPAaBHEHUIO C CWIIBBUHUTOM nokasanusmu. [II'TK
BbIICIISIET MOHMKEHHBIMU TIOKa3aHUSMU HanOoJiee IUIOTHYIO COJIb - CUJIBBUHHT.

Ha puc. 25.10 mpuBeneH ¢parMeHT U3 Te0JIOTMYECKOro paspe3a ckBaxuHbl 419 CrapoOHHCKOrO
MECTOPOXKIEHUS KaMUHBIX cojielt (benopyccus).
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Puc. 25.10. Pacunenenue Tonmu rUAPOXUMHUYECKUX OTIOXKEHHH mo naHHbIM komiuiekca ['MC (mo M.A.
3bikoBy u JI.U. Ponuonosy, 1977)

Kpome kanuitHbIX coiiei, ToJIa THAPOXUMUYECKUX OTIIOKEHUIN COAEPKUT KapOOHATHO-TIIMHUCTBIE TTOPOIbI
MOHMKEHHOTO0 CONPOTHUBICHUS M KAaMEHHYIO coib - ranuTr. Ha mnpuBeneHHOM (QparMeHTe KaluiHbIe COJU
NIPEJCTAaBIICHBl CHUJIIBBHHUTOM, KOTOPBIA XapakTepusyeTcss NOBbIIeHHOH (mo0 27 wmkP/4) ecrecTBeHHOM
PallMOAaKTUBHOCTBIO M TOBBIIIEHHBIMH TMoka3zaHusMHU Ha nuarpamvme HHK-T c¢ Gonpmmm 3oH10M. KapOonatHo-
TJIMHUCTBIM OTJIO)KEHUSM COOTBETCTBYIOT MAaKCUMYMBbI cUJibl TOKa Ha Auarpammax BTK u nonmxeHHble noka3zaHus
HHK-T. KameHHO# coiii COOTBETCTBYIOT NOHMKEHHbIE 3HaUeHUs Ha kKpuBbIX BTK 1 HHK-T.

Meroauka omnpeneneHuss MpoIeHTHOro cozaepkanus K ommcana B nekiuu 12.

Bbop. BoparoBsle py/bl 3aierarT cpeiy INIMH U NIeCYaHUKOB, B TYp(OTreHHbIX 00pa30BaHUAX, a TAKXKE Cpein
HCKOIIAEMBIX COJICH.

OCHOBHYIO POJIb TPHU pa3BeKe MECTOPOKIACHUN B urpatroT HeHMTpoHHBIE METOJbl, MOCKOJILKY B obmamaer
aHOMAJIbHO BBICOKHMM (755 GapH) ceueHueM 3axBaTa TEIJIOBBIX HeWTpoHOB. Ha guarpammax HEHWTPOHHBIX
METOJIOB MHTEpBajbl PyJ B BBIIEIAIOTCA PE3KMMHU NOHWKEHUSAMU NOKa3zaHuM. /[ uccnenoBaHus CKBaXMH Ha B
npumensaoT meroq HTK ¢ 3oumom mnmunoit 40-50 cm u HHK-T ¢ 3onm0M 15-20 cm. Ilpu HeBbicokux (mo 5%)
COJIEPKaHUsX 10 JaHHBIM 3TUX METOJ0B MOKHO IIPOBECTH KOJIMYECTBEHHBIE ONIPENIEICHUs coiepkaHus B B pyne.



Ha puc. 25.11 mpuBeneHsl pe3ynbTaTbl HEUTPOHHBIX METOJOB KapoTa)ka B COIMOCTABICHUM C JaHHBIMU
CIEKTPaJbHOTO aHanu3a KepHa Mo OJHOW u3 ckBaxkuH JKomawiOaiickoro pynomposiBieHuss B Kazaxcrane.
Conepxamum B nHTEpBanaM COOTBETCTBYIOT NMOHMKEHHBIE 3HaueHUs U Ha aquarpamme HHK-T ¢ manbeim 30H10M,
u Ha nuarpamme HTK ¢ Gonbmmm 30H10M.
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Puc. 25.11. Beigenenue coaepkamux B mHTEpBaIOB 1O TaHHBIM HEHUTPOHHBIX METOAOB KapoTaxa (1mo B.A.
[lep6axoBy u I1.[]. PsbunoBy, 1984)

KoHTponbHbIE BOPOCH
1. Kakue ocoOeHHOCTH (PU3MUECKHX CBOMCTB XapakTEPHBI IJIsi OOJIbIIEH YaCTH PYAHBIX TOJIC3HBIX
HCKONAeMbIX ?
2. Kakme 3amaun pematorcss [MMC npu  pa3Beake  pyIHBIX MECTOPOXACHUMN?
C noMouIpl0 KakuxX METOJIOB BO3MOXKHO OIPEACNICHHE MPOLEHTHOTO cojepkaHus Fe B pyaHbIX
HOJICEYECHUAX CKBAKUH?
[To naHHBIM KaKUX METOJI0B MOXHO OLIEHUTH CoepkaHue MIl BCKBaKUHAX ?
[To kakuM MeTOJ]aM MOKHO OLEHHUTH cojiepkanue O B CKBaKMHAX?
Ilo kakuM MeTO1aM MOYKHO OLIEHUTH cozepkaHue CH B CKBa)KMHAX?
[To naHHBIM KaKUX METOJOB MOXHO OLIEHUTH cojiepkanue Pb u Zn B yciaoBusix ckBakuH?
[To xakum metonam 'MC onpenensitor cogepxanue All
Kakum metonom 'NMC moxxHO onpenenuTs conepkanue Be B pynax?
10 Kaxkoit meton 'MC npumenstoT ans onpenenenus coaepxanus K B pyne?
11. Kaxoit meton ['MMC MoxeT ObITh UCTIOJIB30BAH ISl ONIpEACIICHUsI coaiepkanus B B pyne?

(O8]

00 No LA



CIIMCOK JIMTEPATYPLI

OcHoBHast

Ho6peiaun B.M., Bengpensinteitn b.}O., PezBanos B.A. u np. IlpombicioBas
reomsuka: YaeOnuk s By30B / [lox pen. B.M. JloOpeiauHa. - M.: Henapa. - 342 c.

Hpbsixonos JI.1., JleoutseB E.N., Ky3nenos I'.C. O0mumii kypc reopusnueckux
HCCTIe0BaHUM CKBOXKUH: YUueOHUK [ By30B. U3n. 2. - M.: Hexapa, 1984. - 432 c.

I'op6aues F0.U. 'eopusnueckue rcciae1oBaHNs CKBaXXHUH: Y UeOHUK U1 BY30B /
[Tox pen. E.B. Kapyca. - M.: Heapa, 1990. - 398 c.

JlonosHUTENBbHAS

ApupibaiieB B.A. SnepHoreodusmnueckast pazpesika: Y4ueOHoe nocodue asis By30B.
- M.: Atommuzaar, 1972.-400 c.

Bosxenukos I'.C, benpimes FO.B. Paqnomerpus u snepras reodusuka: YaeOHoe
noco6ue. - ExarepunOypr: U3n. YI'TTA, 2000. - 406 c.

I'eodmsmueckue uccienoBanust HePTIHBIX U Ta30BbIX ckBaxkwH / JI.W. [TomepaHntl,
M.T. bounapenko, FO.A. I'ynun u ap. - YueOHUK 11 TeXHUKYMOB. - M.: Henpa, 1981. -
316c.

['peuyxun B.B. M3yuenue yrieHocHbIX popmaruii reopusnaeckuMu METOIaMu. -
M: Henpa, 1980.-360 c.

JaxaoB B.M. HWutepnperanusi pe3yiabTaToB TIeOPU3MUESCKUX HCC/ICTOBAHUI
pa3pe3oB CKBAXXHMH: YUeOHUK JUId By30B. - 2 u31. - M: Henpa, 1982. - 448 c.

Jebpann P. Teopus u uHTEepIpeTanus pe3ybTaToB reoPU3NIECKIX METOI0B
uccrnenoBanus ckBaxud. [lepeBon ¢ ¢p. - M.: Heapa, 1972. - 288 c.

3aBopotbko KO.M. ['eoduzndeckne METOAbI UCCIEAOBAHUS CKBOKUH: YUSOHUK IS
TeXHUKYMOB. - M.: Heapa, 1983. - 211 c.

Urenbepr C.C., Jaxxwmibros T.J1. ['eodpusndeckue nccienoBaHus B CKBaXKUHAX. -
M.: Henpa, 1982.-351 c.

Utenbepr C.C. HuTepnperanus pe3ysbTaToB T'eO(U3NYECKUX HCCIEAOBAHHMA
CKBaXXHH: YueOHOe mocoOue /it By30B, u3f. 2. - M.: Henpa, 1987. - 315 c.

Kosbipun A K. Dnextpuueckast Koppensuus pa3pe3oB ckBaxkuH. - M: Henpa,
1985.-136 c.

Komapos C.T'. 'eousudeckre MeTOIbI HCCIEAOBAHUS CKBOKUH: YUSOHUK IS
TexXHUKyMOB. -M.: Hexapa, 1973.-348 c.

Konnomnu O.T. CripaBouHUK 10 KapOTa)Ky 3KCIUTyaTallMOHHBIX CKBax(uH. [lepeBon
c auri. - M.: Heapa, 1969. - 104 c.

Kpusko H.H., llapoapun B./1., [llupokos B.H. [IpomsicnoBas reodyznueckas
amnmaparypa u odopyaoBanue: Y4ueOHoe mocobue s By30B. - M: Henpa, 1981. - 280 c.

Jlapnonos B.B., Pe3BanoB P.A. Slnepnas reopusumka u panuoMerpudeckas
pa3Beaka: YueOHUK jutst By30B. M3, 3. - M.: Henpa, 1988. - 325 c.

JlateimoBa M.T'., Benaensiureitn b.1O., Ty3os B.I1. O6paboTka u MHTEpIIpeTaIus
MaTepuaioB reo(pU3NIECKUX UCCIIeIOBaHNN CKkBaxuH. - M3a. 2. - M.: Henpa, 1990. - 312 c.

JlateimmoBa ML.I'. IIpakTudeckoe pyKOBOACTBO II0 HHTEPIPETALUU JHUArpamMm
reopU3NIECKNX UCCIEAOBaHUN CKBOXXKHMH: YUeOHOe ocoOue s By30B. - 3n. 3. - M:
Henpa, 1991.-219 c.

Meiiep B.A. T'eodpusndeckue nccaeqoBaHus CKBaXXHH: Y4eOHOE TTOCOOue IS
By30B.-JI.: U3n. JII'Y, 1981.

Moucees B.H. [Ipumenenne reopu3nvaecKux METOIOB B MIPOIIECCE IKCILUTyaTalluN
ckBaxkuH. - M.: Hegpa, 1990. - 240 c.

Myxep A.A., HlakupoB A.®D. I'eopusndeckne U MpsMbIE METOJIBI HCCIICTOBAHUS
CKBa)XMH: YueOHUK i npodTexodpazoBanus. - M.: Henpa, 1981. - 295 c.

Opmunckuit .M. KoHnTpoib 3a pa3paboTkoi 3anexeit HeTH reoPpu3ndecKuMu
Merogamu. M.: Henpa, 1977. - 236 c.

[Tonzemnuas reopusuka / A.I'. Tapxos, B.M. bounapenko, B.®. KoBanenko u ap. -




M.: Henpa, 1973.-312 c.

[IpaBuna reopusznyeckux HUCCIEeIOBaHUN U pabOT B HEPTAHBIX U Ta30BbIX
CKBaXMHax. - M.: Munnpupoast 1 Muntonssepro, 1999. - 67 c.

Cunopos B.A., Kanrames C.H., Koporuenko A.I'. CocrtosiHue u pa3BUTHE
reoU3NUecKuX HCCIEAOBaHUN THUAPOTEONOrMUeCKUX ckBaxkuH. - M., 1985 / Passen.
reomsuka: O630p / BHUU 3x0H. MUH. CBIphs 1 Teoi.-pa3B. pabor. BUDMC. - 34 c.

CkBakMHHas U 1IaxTHas pyaHas reodpusuka. CrpaBouHuk reodusuka. B 2-x
kaurax / [Tox pen. B.B. Bpomosoro. - M.: Henpa, 1989. - 320 c. u 440 c.

CkBaxxunHas pyaHas reopusuka / [Toa. pen. I'.K. Bonocioka u H.M. Codponosa. -
JI.: Henpa, 1971.-536 c.

CkBaxkuHHas siaepHas reodusuka. CnpaBounuk reodusuka / Ilog. pen.
O.JI. Kysuenona, A.JI. [Tomstaenxo. - U3n. 2. - M.: Heapa, 1990. - 318 c.

CxoBopoauukoB W.I". HoBble ciocoObl 1 yCTpoicTBA IS UCCIEIOBAHUS CKBAXKUH
Ha Boxy. - M., 1995 // Tunporeomn., uak. reonorusi: O63op / AO3T "I'eonndopmmapk”.

43 c.

31. CxoBopoanukoB W.T". [IpakTnyeckoe pyKkoBOJCTBO 110 00padOTKE U MHTEPIIPETALIUU
PE3yNbTAaTOB re0pU3NIECKUX UCCIeIOBAaHUIN CKBaXHUH: YueOHoe nocobue. - EkarepunOypr:
Wzn. YITTA, 2001.-80 c.

VYr1kun B.W. CenexkTuBHBIN raMMa-raMma-kKapoTak Ha YroJIbHBIX MECTOPOKICHUSIX.
-M.: Hayxka, 1975.-127 c.

UYepemenckuii I'.A. [Ipuknagnas reorepmus. - JI.: Henpa, 1977. - 236 c.

SnepHas reopu3MKa TpPU HUCCIECAOBAHMM HEPTSIHBIX MECTOPOXKICHHHA /
®.A. Anekcees, 1.B. I'noBankas, FO.A. I'ynun u ap. - M.: Heapa, 1978. - 359 c.

35. Serra O. Advanced interpretation of wireline logs. - Houston: Shlumberger, 1986. -
295 p.



COJAEPXAHUE

Jexnusl

BBEJIEHUE 3

Knaccudukanus meronos I'MC 3
Jleknua 2

PA3JIEJI 1. AITITAPATYPA 1 ObOPYIOBAHUE I'IC
Cnoco6s! u3mepennst B TUC .9

CriocoObl U3MepeHus: pa3HOCTHU MOTEHITUAIOB U CHJIBI TOKa 12
CniocoObI M3MEpEeHHs 4acTOThl TOKa 13

Crnioco6 u3MepeHus: BpeMEHHbIX UHTEpBaJIOB 14
KoHTposbHBIE BOIIPOCHI, , 14

Jleknua 3

Kaporaxnsie ctanuun B

Peructpupytoiue npubOpsl KAPOTAXKHBIX CTaHIUNA 18
Kaporaxnsie ocmmiorpadst (poroperucrpatopsr) 18

ABTOMaTHYECKHE KapOTAXKHBIE TOTEHLINOMETPbI 20
Hudpossie perucTpaTopsl 22
KomnbroTepu3npoBaHHbIe KAPOTAXKHbIE CTAHLIUU 25
KonTponbHble Bonpocs27

Jlekna 4

CkBaXWHHBIE TPHOOPHL.......... ; 27

Kaporaxusie kabenun 31

CuHXpoHHU3a1Us IEPEMELIECHUS] HOCUTENIS 3alUCH C IBH)KEHUEM
ka0ess ¥ CKBaXXMHHOTO Tpubopa 33

KonTponbHble Bonpocsi34

Jlexuuss 5

PA3JIEJ II. METObI KAPOTAXA 36

DJIEKTPUYECKUI KAPOTAXK 36

DneKTpuuecKas XapaKTepUCTHKA 00bEKTa HCCeI0OBaHuN 36
Meroa Kaxylmuxcs CONpOTUBICHUA 38

dusnyeckue OCHOBEI MeETOAA 38

Tune! 30u108 KC 40

Cxema peructpanuu KC , 42

CBs13p KaXKyILIErocsi CONPOTUBIIEHUS C INIOTHOCTBIO TOKA 44
Kpusbie KC Ha KOHTaKTe MOpOJ pa3HOTO CONPOTUBIICHUS ISl 30HI0B
Pa3IMYHOIO THUIIA 45

KonTponbHble Bonpocsi47

Jlexuus 6

Wurepnperanus nuarpamm KC 47

MoluHbIe IacThl BBICOKOTO CONIPOTUBIIEHUS 47
ToHKHMe MIacThl BBICOKOTO CONPOTUBIEHU 51

MolHble MIacTbl HU3KOIO CONPOTUBIIEHU 53

[Inactel cpegneit MmomHocT 54

[Limactsl c10KHOTO CTpOEHU 55

KonTponbHble BonpocsS6

Jlexuust 7

Meroa pe3ucTUBUMETPUN 57

MeTto 60KOBBIX KapOTaXHBIX 30HIUPOBAHUN 58



Amnanorusa metonos K3 1 BO3 58
Meroauka BK3 60

Tuns! kpusix BK3 60
Wurepnperanus kpussix bBK3 63
Kpusbie 30H1upoBanus 65
Crangaptabie 30H161 KC 67
KonTposbabie Bompochi67

:1

Jleknua 8

Meroa MuUKpo30HIOB 68
Meron OokoBoro kapotaxa 71

MukpoOOKOBOI KapoTax 76
Kontposnbsnsie Bonpocst77
Jlekna 9

WNHAyKIMOHHBINA KapoTax 78

dusnueckue oCHOBEI MeTOna 78

WccnenoBatenbekue xapakrepucTiku 308108 UK 79
WNurepnperanus pe3ynbTatoB 82

Meton BUKIU3 85

MeTtox TOKOBOrO KapoTaxka 85

Mertoa 37eKTPOAHBIX MOTCHIIMAIOB 88
KoHTtponbHbIE BOIIPOCHI, 90

Jlekmma 10

Meroa noTeHnanoB cOOCTBEHHOM MOJISPU3aALIUN 90
Juddy3noHHO-a1cOpOIIMOHHBIE TOTEHIHABI 91
OubTpallMOHHBIE TOTEHIINATIBI 96
OKUCIINTENbHO-BOCCTAHOBUTENIbHBIE MOTEHIIMAIBl 98
KonTponbabie Bonpocs,99

Jlekmma 11

Cxema 3anucu auarpamm [1C 100

ITomexu npu 3anucu quarpamm [IC 101
Wurepnperanus nuarpamm I1C 105

Kontponbnsie Bompocs 108

Jlexuus 12

PAJIMOAKTUBHBIM KAPOTAX 109
INamma-kapoTtax 109

dusnueckue ocHoBsl MeToma 109

Amnmnaparypa u Mmetoauka kaporaxa 109
WNurepnperanus pezynbratoB 111
I'amma-ramma-kaporax 114

[Iponecchl B3auMOAEHCTBHS raMMa-U3Ty4eHuUs ¢ BeuiecTBoM 115
[InoTtHOCTHOM ramMMa-ramma-kaporax 118
CenexTuBHBIN ramma-raMmma-kaporax 119
KonTposbHbIE BONPOCHL,, 122

Jlekmma 13

Pentren-pannomerpuyeckuii kaporax 123

Metoabl  HEHUTPOHHOrO  KapoTaXka C  HCHOJIb30BAHUEM




CTallMOHAPHBIX UCTOYHUKOB HEUTPOHOB 127

Helitponnsiii ramma-kapotax (HI'K) 127

dusnueckue ocHOBEI MeTona 127

Wnrepnperanus pesynsraroB HTK 130

Jlutonoruueckoe pacuieHEeHUE pa3pe30B CKBaKUH 131

Ornpezenenne rpaHul] ¥ MOIIHOCTEH Tu1acToB 132

Omnpenenenne kodpdurnmenta mopucroctu 132

HelTpoH-HEUTPOHHBIIN KapOoTaX 110 TEMJIOBBIM HeliTpoHam 134

HeitpoH-HENTPOHHBIN KapOTax MO HAATEIJIOBEIM HEUTPOHAM 135

Kontponbnsie Boripocs 136

Jlexuus 14

NmmynbcHblil HeWTpoHHBIH kapoTaxk (MHK) 137

dusnyeckue ocCHOBEI MeTomga 137

[IpuMeHeHre UMITYIbCHOTO HEUTPOHHOTO KapoTaxa 139

[Namma-HeHTpOHHBIN KapoTax 142

HeiitpoHHO-akTUBaIMOHHBIN KapoTax 144

KonTponsnsie Bonpocs! 146

JJexuus 15

[MPOUME BUJIbI KAPOTAXA 147

Tepmomertpus ckBaxuH 147

dusnyeckue OCHOBEI MeTona 148

BriBo ypaBHeHus reorepmorpamMmsl 150

TexHuKa U3MEPEHN TEMIIEPATYPBI B CKBAXKUHAX 154

IIpuMeHeHre TepMOMETPUN CKBAXKUH JIJIS1 pEIIEHUs T€0JIOTMYECKUX U
TEXHUYECKHX 3a1ad 157

Kontponbnsie Borpocsi 162

Jlekmua 16

MarnuTHslil kKapotax 162

dusnyeckue OCHOBEI MeToga 162

WNurepnperanus pesynbratoB KMB 163

CkBaXKMHHasi MarHUTOPa3BeIKa 167
dusnueckue ocHOBLI MeTOna 167

Metonuka pabot 169

Wurepnperanus pedynbratoB 170
AKyCTHYECKHI KapoTax 173

Kontponbnsie Borpocs 176

Jlekmma 17

MexaHu4eCKHil KapoTax 177

["a30BbIi WM T€OXUMHYECKHUIN KapOTax 178

dusnueckue ocHOBEI MeToga 178
Anmaparypa U perucTpupyemsble napameTpol 179

KoHTtposnbHbIE BOITPOCHI, —. °m° ] 185
Jlekmug 18

PA3JIEJI I1I. OIIEPAIIMN B CKBAXKNHAX 186
KasepuomeTpusi 186

[Ipodunemerpus 189

NuxnuHOMETpUS 190

[InacroBas nHakmoHomeTpus  jo°



KonTposbHbie BOIpOCH!

Jlekima 19

[HemenTOMETpUS CKBAXKUH 197
Hedexromerpus oocamupix koioHH 201
IToTokomeTpust B ckBaxkuHax 206
KonTposbnbie Bonpochi2 11

Jexuusa 20

OT60p TPOO TIACTOBBIX (ITIOUIOB 212
IIpocTpenouno-B3pbIBHBIE PA0OTHI B CKBAXKMHAX 215

OTt6op rpyHTOB 215

[Tepdoparus o6caaHbIX KOJIOHH 217

TopnienupoBanue ckBaxkud 219

KoHnTtponbHbI€ BOIIPOCH; 220

Jlexuus 21

PA3JIEJI IV. CKBAJXKUHHA TEO®U3UKA 221

Merton snektpudeckoit koppemsiuun - 221
dusnueckue oCHOBLI MeTOna 222
WuTepnperanus u n300pakeHne pe3ybTaToB 224
PannoBonHOBOE MpocBeYrBaHUE 227
dusnyeckue OCHOBEI MeToma 227
Meroanka usmMepeHuil B CkBaxxuHax 229
WuTepnperanus pesynbrato 231
Kontponbnsie Bompocsi232
Jlexumst 22
PA3JIEJI V. KOMIUVIEKCUPOBAHUWE METOJ0B I'IC ITPU

PA3BEJIKE MECTOPOX/IEHUI PA3JIMUHBIX

ITOJIE3HBIX MCKOITAEMbBIX 233
KommnexcupoBanue metonos ['IC Ha MecTOpOXKIEHUAX
Heptu mraza 233
JluTomornueckoe pacuIeHEHHE pa3pesa 234
[lecuano-rnuHuUCTHIN pa3pe3 234
KapOonatnsiit pazpe3 236
BeriieneHne KouIeKTOpoB B pa3pe3ax CKBaXXUH 237
OrmpezenieHne MOPUCTOCTU KOJJIEKTOPOB 240
OmnpezneneHyue NOPUCTOCTH MO YJEIBHOMY 3JIEKTPUUECKOMY
COIIPOTHUBIIEHUIO TTOpoJ1 241
Onpenenenne nopucroctu no komiviekcy MeronoB HTK u IIITK 244
KonTponbhbie Bonpocsi245
Jleknua 23
Onpenenenne HeTEra30HACKIIIEHHOCTH KOJIEKTOPOB 246
Onpenenenne NpOHULIAEMOCTH KOJUIEKTOPOB 249
OmnpeneneHne noyI0KeHNs BOAOHE(PTIHOTO U ra305KUIKOCTHBIX
KOHTaKTOB 250
Kontpoub 3a pa3paboTkoit MecTopoxacHU 252
I'eosiornyeckre NOCTPOEHUS IO JAHHBIM KapoTa)ka Ha He(TSIHBIX
U Ta30BbIX MECTOPOXKJIEHUSAX 253
CocraBieHue TUIIOBOI0, HOPMAJIbHOI'O M CBOJIHOTO I'€0JIOT0-



reoU3nIECKOro paspesa 253
Koppensmus pa3pe3oB CKBaKUH U COCTaBICHHUE TPOQUIBHBIX
re0JIOTO-Te0(PU3NIECKUX Pa3pe30B 253

ITocTpoeHue pa3InyHBIX KaprT... 256
KoHTposbHbIE BOMPOCHL.... roeeeermpers 2T
Jexnua 24

KommnekcupoBanue metonos I'MC nipu pa3Benke

MOJ3E€MHBIX BOJ 258

Pons I'MC nipu pa3Begke MoJ3eMHBIX BOJ 258
JIutonoro-ruporeogoruveckas T0KyMeHTalus pa3pesa 258
Omnpezenenne rpaHul] BOJOHOCHBIX TOPU30HTOB 259
Omnpenenenne NOPUCTOCTU BOJLOHOCHBIX TOPU3OHTOB 262
Onpenenenne kodhpunuenTa urprTpamuu 262

OueHka MUHEpaJIU3aluy MOA3EMHBIX BOJ 262
OrnpezenieHne 3JeMEHTOB JUHAMUKH MO3EMHBIX BOJ 263
KommnekcupoBanue metogos ['IC Ha MecTOpOXKACHUAX
UCKONAeMbIX yriied 265

®u3nuecKue CBOICTBA yriel U BMeAIuX nopoa 266
3agaun, penraemMbie KapoTaxeM B yTiepa3BeI0YHBIX CKBaXKHMHAX
U METOAMKa paboT 267

KonTponbnbie Bonpocsi269

Jleknua 25

KommnexcupoBanue meronos ['MIC npu pa3Beake pyaHbIX
MECTOPOKIECHU 270

OcobeHHOCTH (PU3UIECKUX CBOMCTB PA3IMYHBIX Py, pelIaeMbIe
3a/1la4il U METoIuKa paboT 270

[Tpumenenne 'MIC Ha MECTOPOXKICHUAX PA3TUIHBIX Py 271
» Kenesnble pyibl 271

Mapranerg iypegegennes 274

Xpom 274

Memnr 276

Csunen u 1TMHK 279

AnmoMUHUI 280

bepunnmit 282

Kamnit 282

bop »-283

Kontposnbnbie Bonmpochi285

CIIMCOK JIMTEPATYPbBI 286

OcHoBHas 286

JlonmorHUTETEHAS 286

3asiBKM Ha KHUTY HAMpPaBISATh MO aApecy:
620144, r. ExatepunOypr, yn. Kyiiosimesa, 30
VYpanbckasi rocygapcTBEHHas! TOPHO-TE€0JIOTUYECKas aKaJeMus
HNHcTUTYT Teonornu U reohru3nKu

Urops ['puropbeBry CKOBOPOIHUKOB



I'EO®PU3NYECKHWE NCCIIEJJOBAHUSA CKBAXHWH

Kypc nexuuit

JIP Ne 020256 ot 20.01.97 1.

[Moanucano B meuath 25.04.03 r. bymara nucuas. @opmat 60><84 1/16. Ileu. n. 18, 125. Vu.-u3x. 1. 18.
[Tewats odpcernas. Tupax 100. 3axaz735

NudopmannoHHO-U31aTENbCKUI LIEHTP

620144, r. ExatepunOypr, yn. Kyiiosimesa, 30

VYpanbckasi rocygapcTBEHHas! TOPHO-TE€0JIOTUYECKas aKaJeMus

No 4 pAOTIOJIUTPAD®UCT" r. EKATEPUHBYPT. TYPI'EHEBA, 20



