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IMpeaucaoBue

B CaparoBckoM rocynapcTBeHHOM yHuBepcuteT nMmenn H.I'. UepHbleBcKoro
kypc «l'eodusuueckue uccinenoBanusi U pabOThl B CKBOKMHAX» B y4eOHOM IUIaHE
pacnosiaraercsi B BapuaTuBHOM 4actu bnoka 1 «/lucuurumasspy. Lensamu ocBoeHus
mucuuiuinabel  «['eodusnueckue uccnenoBanus M pabOThl B CKBAXXUHAX» SIBISETCS
U3YyYEHHE CTYACHTAaMH METOOWKH, alIaparypbl, OCHOB TEOPUH U NPHUHIUIIOB
WHTEPIIPETALUA  JBJIEKTPUYECKUX, PATUOMETPUUYECKHX, AaKyCTUYECKUX H  Ap.
reoU3NYECKUX METOJIOB HCCIIEIOBaHUS HE(PTSIHBIX M Ta30BbIX CKBAXKWH; a TaKKe
METO/IOB TEXHUYECKOTO COCTOSIHMSI CKBAXKUH, Nepdopalid U KOHTPOJIS pa3pabOTKu
He(Tera3oBbIX MECTOPOKICHUH.

B pesynbrare ocBOEHUS MUCHUIUIMHBI OOYYarOLIUIICS JNOJDKEH 3HATh: (PU3UKO-
TEOPETUYECKHE OCHOBBI METOJIOB T€O(PU3MUECKUX HCCIEIOBAHUN CKBAKUH; OCHOBBI
CTPOUTEIBCTBA CKBAKWH WM IPHUHIMIBI KOHTPOJS 32 €€ TEXHUYECKHM COCTOSHHEM;
MPUHLHUINBI TPOBEJICHUS] CKBAKUHHBIX H3MEpeHHil paznuudbiMu MmeTonamu [UC;
IPUEMBI PyYHOH U aBTOMAaTU3UPOBAHHOW MHTEPIPETALIMN KAPOTAXKHBIX JUATPAMM.

JloJKeH yMeTh: MPOBOJIUTH Me0(U3HUECKYIO U T€OJOTHYECKYI0 HHTEPIPETALUIO
quarpaMMm pasinuuHbix MeTonoB ['MPC; u3yyaTh M y4yuThIBaTh MelIarolue (akTopbl
perucTpalMd MNapameTpoB; KOHTPOJIUPOBATH M OIEHUBATH KAYECTBO IOJIYYAEMbIX
MaTepUasoB; ONPENeNATh (U3MUECKHE U TEOJIOTMYECKUE MapaMeTpbl paspesa;
oOpabaTbiBaTh M HWHTEPIPETUPOBATh KApOTaXHBIC JHAarpamMmbl; paboTaTh C
quarpaMMaMH Ka)Joro METOJla, MPAaBUJIBHO BBIAEIATh IPAHUIBl IUIACTOB, BBOJHTH
HE0OXOJMMbIE MOTIPABKU € ATON LENbIO YMENO MOJb30BaThCS NAJIETKAaMU U (POpMYJIaMHU.

A Tak ke BIaJeTh. MeTojaMu 00padoTku maHHbIX komiuiekca ['UC.

B pesynbrare ocBoeHus qucumiiuHbl «['eodusnueckue uccaenoBanus U paboThl
B CKBOKMHAX» OOYyYarOUIMHCS NOJDKEH NPHOOPECTH CIENYIOLIME YHUBEpPCAJIbHBIE U
npo¢eCCUOHANIbHBIE KOMIIETEHIINH:

a) obumekynbrypHeie  (OK):  cmocoOHOCT, K caMOOpraHuzaluu |
camooOpazoBanuio (OK-7);

06) o6menpodeccuonanbupie (OIIK): cmocoOHOCTh OCYIIECTBIATh TOUCK,
XpaHeHue, oOpabOTKy W aHaiu3 WHGOPMAIMU W3 Pa3IMYHbIX HMCTOYHHUKOB W 0a3
JNaHHBIX, TMpPEACTaBIsATH ee B  TpedyeMom ¢opMare C  HCIOJIb30BAaHHEM
UH(POPMAIIMOHHBIX, KOMITBIOTEPHBIX M ceTeBbiX TexHosoruit (OIIK-1); cmocoOHOCTH
BJIa/IeTh OCHOBHBIMHU METOJAaMH, CHOCOO0aMHU M CPEICTBAMHU IOIYYECHHsI, XpaHEHHS,
nepepadoTku uHpopmaluu, padoTaTh C KOMIBIOTEPOM KaK CPEACTBOM YIIPaBICHUS
uHdopmanueii (OI1K-4);

B) mnpodeccuonanbupie (IIK): cnmocoOHOCTH OCYyIIECTBISATH U KOPPEKTHPOBATH
TEXHOJIOTHYECKHE MPOLIECCHl MPU CTPOUTENBCTBE, PEMOHTE M AKCILTyaTallMM CKBaXXUH
pa3IMYHOrO Ha3HAYeHWs W NpoQuis CTBOJA HAa Cylle WU HAa MOpe, TPAHCHOPTE H
XpaHeHuu yrieBojgopoaHoro ceipbsi (I1K-2); cnocoOHOCTH 3KCILTyaTHpOBaTh U
00CITy>KMBaTh TEXHOJOTUYECKOE O0OpYyJOBaHME, HMCIOJb3yeMOE IpPU CTPOUTENILCTBE,
PEMOHTE, PEKOHCTPYKIIMU U BOCCTAHOBJICHUHM HE(PTSHBIX U Ta30BbIX CKBaXUH, 100bIYE
He(dTU U raza, cOope U MOJATOTOBKE CKBAKMHHOM MPOAYKIIMHU, TPAHCIIOPTE U XpaHEHUU
yrieBogopoaHoro ceipbsi (ITK-3); TroTOBHOCTH pemiaTh TEXHUYECKHE 3a7add IO
IPENOTBPAIICHUI0O W JMKBUJALMHA OCJIOKHEHUMM M aBapUMHBIX CHUTyalWW IIpU
CTPOUTENBCTBE, PEMOHTE, PEKOHCTPYKIIMM U BOCCTAHOBJICHUU HE(PTSIHBIX U Ta30BbIX



)
CKBaXXWH, J100bYe HepTH M raza, cOOpe W MOATOTOBKE CKBAKUHHOW MPOMYKIIUH,
TPAHCIIOPTE U XPaHCHHUH YTIeBOI0pOoAHOrO Chiphs (ITK-13);

YuyebHoe mocoOue COCTaBJIEHO B COOTBETCTBUM € pabodei Mmporpammoit
TucIUIUIMHBL «I'eodu3nueckue ucciaeaoBaHus U pabOThl B CKBAXXKHWHAX ), COCTABICHHOMN
B CapaTtoBcKoM rocyaapcTBeHHOM yHuBepcurere nMenu H.I'. UepHbleBckoro.

B HactosmieM mocoOMM aBTOPBI MOCTApPAIUCh MAKCUMAaJbHO CKAaTO U
KOHIICHTPUPOBAHHO M3JI0KUTh, MEPBBIA pa3fien Kypca, HalpaBJICHHBIM Ha WU3y4YCHHE
MeTomoB Teodusnueckux wucciuenoBanuii ckBaxkuH (['MIC) Bxomsmmx B oOmue
o0s13aTENIbHBIC KOMIUIEKCHI TE€O(PU3NUECKHX HWCCIACAOBAaHUN TIO0 BCEMY pas3pe3y He
00CaKEHHBIX CKBKHUH JIJISI PEIICHHSI TEOJIOTHICCKUX M TEXHUYCCKUX 3a71a4.



Jleknus 1. CkBakuHa Kak 00beKT reo(pu3nyecKnux UCC/ae10BaHN

['eopmsmueckue uccienoBanus U padbotel B ckBaxkuHax (['MIPC), BKitouaroT B
ceOs HM3yueHHWE eCTECTBEHHBIX W HCKYCCTBEHHBIX (PU3MYECKHX TOJNEeH BO
BHYTPUCKBA)KUHHOM, OKOJIOCKBKUHHOM M MEXCKBRXMHHOM MPOCTPAHCTBAX, F€OJIOT0-
TEXHOJIOTUUECKHE HCCIEIOBaHUs B Tpoliecce OypeHus, a Takke paboThl, CBA3aHHbBIC C
BTOPUYHBIM BCKPBITUEM MPOAYKTHBHBIX IJIACTOB Tepdopanueid U UHTCHCUUKAIHeH
putoKkoB.[10]

I'eoduznueckue uccnenoBanusi B ckBaxkunax (I'MC) seustores vacteio ['MPC,
COCTaBJISISI UX OCHOBHOM 00beM. ['eodusunueckue ucciaeaopanust ckBaxud (['MC) — ato
COBOKYMHOCTh (PU3MUYECKHX METOJIOB, NMPEIHA3HAYEHHBIX I M3y4YEHHUS TOPHBIX
MOpPOJ B OKOJOCKBRXXMHHOM U MEXCKBOXHHHOM IMpPOCTpaHCTBax. | eodusmueckue
UCCIIeIOBaHUS, MPEeIHA3HAYCHHBIE JJI1 U3YYEHHs] TOPHBIX MOPOJ, HEMOCPEICTBEHHO
MPUMBIKAIONIUX K CTBOJY CKBa)XKHHBI, Ha3bIBAIOT KapOTaXKeM, COBOKYITHOCTh METOJIOB
KapoTaka, IPUMEHSIEMBIX B HE(TEra30BbIX CKBAXKHMHAX — MPOMBICIIOBON T€0(U3UKOM.

B ocHoBe m000Oro MeroAa CKBOKMHHOW T€OPU3UKU JIEKHUT PErUCTpALIHS
apaMeTpPOB COOTBETCTBYIOIIETO MOJIsI, HECYIIEro HH(GOPMAIIMIO HE TOIBKO (PU3NIECKUX
CBOMCTBax TOPHBIX MOPOJA, HO U 00 YCIOBHUSX M3MEPEHHS, TAKMX KaK TeMIieparypa u
JIaBJICHUE B CKBAXXUHE, €€ JUAMETP, CBOMCTBA MPOMBIBOYHOM KUAKOCTH U T.11. [ToaTOMY
U3MepAeMblid re0pU3NUECKUil mapaMeTp (PIEKTPUUECKOE COMPOTHBICHHUE, MOTEHIIUAT
CaMOTPOU3BOJILHON MOJISPU3ALIMU, €CTECTBEHHAS! PaIUOAKTUBHOCTD U JIp.) HE SIBISETCS
WUCTUHHBIM, XapaKTEPHBIM JIJIi €CTECTBEHHOIO 3alieraHusi TOPHBIX mopox. s Toro
YTOOBI MOJIYYUTh 3HAYEHHE MCTUHHOTO (PU3UUYECKOTO MapameTpa HEoOXOIUMO BHECTH
MOTIPABKU B PETHUCTPUPYEMBIiA, UTO COCTABJISIET CMBICT FeOPU3NYECKON HHTEPIIPETAIIUN
JTAHHBIX KapoTaxa.

CkBaXMHAa — 3TO TOpHAas, NMUIMHAPUYECKas BBIPAOOTKA, JMHA KOTOPOM MHOTO
Oonpire ee quamerpa.CkBaKMHA OKa3bIBa€T CYIIECTBEHHOE BIIUSHHE Ha CHenu(UKy
reopu3NIECKUX METOJI0B U TEXHOJIOTHIO UX MPOBEICHUS.

Ilo cBoemMy HAa3HA4YeHMIO CKBaXXMHBI JENATCA HA: OMOPHBIC, IOUCKOBBIC,
pa3BelovHbIe, IKCIITyaTallMOHHbIC, HHKEHEPHBIE,

TUAPOTEOJIOTHYECKHE.

Onnako c¢ Touku 3penusi [ UC pemarommee 3HadeHUE MUMEET TEXHOJIOTHUS HX
IPOBOJIKHU.

[To TexXHOI0TMH MPOBOJAKH CKBAXWHBI MOYKHO Pa3/CIUTh HA YETHIPE TPYIIIIHI:
«cyxue» — npoOypennbie 6e3 mpombeiBouHOM xKuakocTH (I1K);
. mpoOypeHHbIC Ha BOJE;

3. mpoOypeHHbIe Ha HEPUIBTPYIOMMUXCS U HEMPOBOASAIIUX IJCKTPUUECKUN TOK

(n3BecTKOBO-OMTYMHBIX) [10K;

4. npoOypeHHbIe Ha BOAHBIX QuiabTpyromuxcs (rauHuctbix) [DK.

Brnusitaue ckBakMHBI HAa TOPHBIEC TIOPOBI COCTOUT B CIEAYIOIIEM:

- YCIIOKHAET CTPYKTYPY U3ydaeMbIX (PU3UUECKUX MOJIEH;
- HapyllaeT YCJOBUS 3aJleTaHUsl TOPHBIX MOpoaA (M3MEHSEeT TeoCTaTUYECKOe
JaBJICHUE U TeMIIEpaTypy, IPUBOJUT K MepepacipeieICHUI0 HAPSHKEHUH ).
- TPUBOAUT K OOpPa30BaHUIO  MHKPOTPEIIMHOBATOCTH B TMPOYHBIX MOPOAAX U
pa3MbIBY ¢ OOpa30BaHMEM KaBEPH — B PHIXJIBIX, TPEIIUHOBATHIX, PACTBOPUMBIX
nopojax.
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;
Uto OBl u30eXkaTh, HEKOHTPOJUPYEMBIH BBIOPOC TIIACTOBBIX (HIIFOMJIOB
naBieHre npombiBouHON skuakocTH (IDK) B ckBakmHe MOIEpKUBAIOT HECKOJIBKO
BBIIIIE IJIACTOBOTO. B pe3ynbrare 4ero BO3HUKAET (PMIbTpaIius OypoBOTO pacTBopa B
MIPOHHUIIAEMBIE TUTACTHI (TUTACTHI-KOJUIEKTOPHI).
du3nyeckre CBOMCTBA B KOJUICKTOPE 3HAYUTEIHHO U3MEHSIOTCS, KaK MMOKa3aHO Ha

pucyHke 1:
1. IPOTHUB IUIACTOB-KOJUIEKTOPOB HA CTEHKE CKBa)XKMHBI 00pa3yeTcs TIIMHHUCTAs
KOpKa,;

2. BOJW3M CTEHKH CKBaXUHBI TIOPHI HAaMOOJIEe CUIILHO MPOMBITHI (prstbTpaTom bP
— 30Ha npoMbIToro racta (I11T);

3. mpoHuKas B nmopony, (puibrpaT BP cmemmBaeTcs ¢ MIacTOBOM KUIKOCTHIO
— 30Ha nipoHukHoBeHus (311);

4. HeW3MEHHas YacTh IJIacTa — B 9TOM 30HE CBOMCTBA KOJUJIEKTOPA COXPAHSIOTCS
TaKUMH K€, KaK U 1O BCKPBITHS.

Pn — YAEIBHOE CONPOTUBIICHUE HEHM3MEHEHHOM

|
R i

m JacTH MJjacTa
o | g el # bl s | 2 HeonnopomHocts macta B paJdaIbHOM
== EREAT T | HAIIpaBJICHUU Ha3bIBACTCA paluaIbHOU
h_r_"f_" XapaKTEPUCTUKOMN CPEIBbL — Iy .

P

Pan < P — HE(DTEHACHIIICHHBIA TUIACT
Psn > Pr — BOJOHACKIIIEHHBIN TIACT

.
R

3ona npombiToro miacta (IIII) - owna
HEMOCPEACTBEHHO MPUMBIKAET K CTEHKE CKBAXKMHBI. JTa 30HA TMOJTHOCTHIO MPOMBITA
bunpeTpaTomM OypoBoro pactsopa. ConpoTuUBII€HHUE 3TON 30HBI 0003HAYAECTCS Py, U
UMEET JUaMeTp HECKOIbKO CAaHTUMETPOB.

3ona nponukHoBeHusa (3I1). B sToit 30He ¢uabTpar OYypOBOro pacTBopa
cMeluBaeTcss U QurouoM, HaxoAsmumcs B miacte. COnmpoTUBIEHHE ITOW 30HBI
o003HavaeTcs p,,. JAuamerp 30HBI OT AECATKOB JJO COTEH CAHTUMETPOB.

['panunl  OPOMBITOM 30HBI M 30HBI TPOHUKHOBEHHUS HUMEIOT HESAPKO
BBIPAKCHHBIN XapaKTep.

Heunsmenennas yacts minacta. ConpoTUBIEHHE 3TON 30HBI 0003HAYAETCS Py

W3meHeHue CONMPOTUBICHUN MIIACTA Pry, Pany Pr- IO PAAUYCY OT CTEHKH CKBAKHHBI
Ha3bIBACTCSI PATUATLHON XapaKTePUCTUKOM 30H A (I¢p)-

[Ipy u3ydyeHWM XapakTepa HACBIIEHHUS IUIACTa-KOJJICKTOpPA, KOJWYECTBEHHOMN
OLIEHKE €r0 He(TEra3oHOCHOCTH U (PHIBTPALIMOHHO-EMKOCTHBIX XapaKTEPUCTHK, 30HA
NPOHUKHOBEHUS SBISETCS CEPbE3HBIM OCIOXKHIIOUIUM (aKTOPOM, OJHAKO CaMm
dakT ee cymecTBOBaHUS TOBOPUT O TOM, YTO JAHHBIA IJIACT KOJIJIEKTOP.



Cxema npoBeeHHs] KAPOTakKa

Cxema ycTaHOBKM ISl T€OPU3NUECKUX HCCIAEAOBAHMM CKBa)XMH MOKa3aHa Ha
pucynke 2. K kabenmo 2, HaMOoTaHHOMY Ha OapabaH JjeOeku MOoJIbeMHHUKA 6,
MOJCOCIUHICTCS CKBXUHHBIM mpubop 1, B KOTOpOM  HaxoAsTCAd MJaTYUKA U
ANEKTPOHHBIE Y3Jibl. [IprOOp OMyCcKalOT B CKBaXWHY Yepe3 HAMPABJISAIOMUNA 00K 4 U
onok-6ananc 3. BeimonHsasg rpy3oHecymue QyHKINH, KaOelb 2 CIyXUT TakXe I
noJa4yd MUTAHHUS U CUTHAJIOB YNPAaBJICHUS K CKBAXUHHOMY NMpuOOpy M mepenadu
uH(opmaiuu Ha oBepxHOCTh. Kabenb coeannen ¢ reopuznueckoit padbopartopueit 7
yepe3 coeauHuTenbHBI TpoBog 8. IloneBoil uHPOpMaMOHHO-U3MEPUTETHHBIN
KOMILIEKC, BKJIIOYAIOMMNA MNOJBEMHUK M Ja0OpPaTOPHUIO, HA3BIBAIOT KapOTaXHOMH
CTaHIIUEN.
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Puc. 2. Cxema YcraHOBKH nas reodHsHge-
ckux wuccaenosaHuit ckpaxuu (o O. M. Oesa-
KOHOBY)

B Hactosimiee Bpems Tpu TPOBEACHUM TeO(DU3NUECKUX HCCICIOBAaHUN B
CKBaXHMHAX OOBIYHO MCTOJIB3YIOTCS KapOTAXKHBIC CTAHIIUH, OOBETUHSIONINE B €TUHBIN
0JIOK CIyCKO-TIOABEMHOE 000pyaoBaHUEe (KapOTaKHBIA MOABEMHHUK) U KapOTaXHY IO
Ja00paTOpUI0, BKIIOYAIONIYI0O B Cce0d HU3MEPUTEIBHYID U PETUCTPUPYIONIYIO
amnmaparypy, a TaK)Ke UCTOYHUKHU MTUTAHMS.

KapoTaxHblii MOABEMHHUK CTAaHIIMU 000PYI0BaH JI€0EIKON C DJICKTPONPUBOIOM.
Ha Gapabane neGenkyu HaMOTaH OPOHUPOBAHHBIN TPEX KUIBbHBIM KapOTaXKHBIN KaOeb.

Jlnst onpeneneHuss TiyOMHBI, Ha KOTOPOM HaXOJIUTCS CKBaXUHHBIA TpUOOP,
KapOTaXHbIU Kabellb pa3MeydaeTcs, T.€. Ha HEro Yyepe3 paBHbIE MHTEPBAJIbI (OOBIUHO —
20 MeTpoB) HAHOCSTCSI METKH, MATHUTHBIE UJIA BEIIECTBEHHBIE.

MarHuTHbple METKH TPEACTABISIOT CO0OM HaMarHMYEHHBIE yYacTH KaOes.
BemecTBennbie — HeOOIbIITME OaHIAKN U3 U30JAIIMOHHOM JICHTHI, HAKJIAbIBAEMbIC HA
ka0enb. Jlns Gonee HaneKHOM MPUBS3KH K riTyOuHaMm MeTkH, KpaTHeie 100 mMeTpawm,
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JNeNalTCS  OTIMYHBIMU ~ OT  psiioBbIX.  CUMTBIBAaHME  MArHUTHBIX  METOK
OCYIIIECTBIISIETCS C MOMOIIBIO JaTUMKAa MAarHUTHBIX METOK riyouHsl (JAMI'), koTophiii
bopMHpYeT AIECKTPUUSCKUN CUTHANT «TJTyOHHA-METKa» B MOMEHT MPOXOXKICHUS MUMO
HETr0 HaMarHUYEeHHOIo ydacTka KaOeis. BeriecTBeHHBIE METKH KOHTPOIUPYIOTCS
BU3yallbHO, TMPHU OSTOM B MOMEHT UX MPOXOXKICHUS MEXKIY PpPOJUKAMU
KabeJleyKIalunKa Ha TUarpaMMHOM JICHTE CTaBUTCS METKA.

Jlnst mpoBeAeHUsT KapoTaka CTaHIMIO yCTaHABIMBAIOT Ha paccrosuun 10-20
METPOB OT YCThS CKBAXHHBI TaK, 4YTOObI OCh JieOEIKH Oblla TOPU30OHTAIbHA U
MEPICHANKYJIIPHA K HAIPABJICHUIO HA YCThE, U TIPU HEOOXOIUMOCTH 3aTOPMaKHUBAIOT,
TIOJIKJIAIBIBAS TOJT KOJIeca KIIMHBS (PUCYHOK.2).

Han ycThbeM CKBa)XKMHBI HAJICKHO 3aKperuisieTcs 0JI0K-OajlaHC TaKuM o0pas3oM,
qTOOBl IIJIOCKOCTH €ro Kojeca ObUla MNEepneHAuKyIsIpHa ocu OapabaHa nebenkud u
HaIlpaBJeHa Ha €ro cepejuHy, a MPOMYIIEeHHbIN Yepe3 0yiok-0anaHc kabenb cBOOOIHO
oImycKaJics B yCThe CKBaXXuMHBI. C OCblO OJIOK-OajaHCa COCAMHSIOT MEXaHMYECKHH U
AJIEKTPOHHBIN JaTYMKW TIyOWH, a Ha ero pame, BOJM3U KapOTaXHOTO Kabers,
pasmemaoT JAMI'. IMI" 1 31eKTpOHHBIN NaTYUK TIIYOUH COCAMHSIOTCS KaOeasiMu CO
craHuuel. CTaHIMS HANEKHO 3a3€MIISIETCA M TOJIBKO IOCJIE ATOrO pa3MaThIBAETCSA W
MOJKJIFOYAETCS] CETEBOM MTPOBO/I.

Ckopocth cmycka He nomkHa mnpesbimarb 10000M/4, oHa perynupyercs
TOpMOKeHUEM OapabaHa JieOeaKU, KOTOpPOE MPOM3BOJUTCS IUIABHO, 0€3 PBHIBKOB.
[Ipouiecc cmycka BHUMATEJIbHO KOHTPOJHUPYETCS U HEMEMJICHHO 3aMEJISIETCS WU
BOBCE MpEKpallaeTcs B ciydae pe3koro mpoBucaHus kadens. Cyck Mpexkpaiiaercs
Cpazy IO JOCTHXXEHHHU CKBaXXUHHBIM MOpUOOpOM 3a00s u Jiebeaka CTaBUTCS Ha
TopMo3. B mobGoM cinydae Ha OapabaHe neOeIKHM JOJDKHO OCTaBaThCsSd HE MEHEe
MOJIOBUHBI TIOCJIETHETO Psi/ia BUTKOB

BoNbIIMHCTBO KapOTAXKHBIX HMCCIEAOBAHUM  BBITIOJIHSACTCS TMPU  TMOJBEME
CKBaXHHHOTO TIprbopa. C nmpubImKkeHneM CKBaXKMHHOTO MpUOopa K yCThIO, CKOPOCTh
noAbeMa CHIIKAETCS 1O MUHUMAJIBHOM MU BHUMATEIIBHO OTCIEKHBAIOTCS MOKA3aHUS
CUCTYMKOB  TIYOMH W  mOpenynpeaurenbHas  MeTka. [lpu  mosiBiaeHuu
NpeaynpeIuTeIbHON METKH, KOTOpasl YCTaHABIUBAETCS Ha pacCTOSTHUU OKojo 10 M
OT KOHIIa Kabeyisi U JOJDKHA OBITh XOpOIIO BUIMMOM, JieOeKka OCTaHABIMBACTCS U
CKBXUHHBIN MPUOOP U3BIICKAETCS U3 YCThSl BPYUHYIO.

JIns mpuUBSI3KKM  pe3yiabTaTOB HM3MEPEHUN K TiyOMHaM, HEOOXOIUMO 3HaTh
paccTosiHUE OT POJIMKOB KaOesIeyKJIaJunKa 10 MOBEPXHOCTH 3€MJIM Y YCThs CKBAKUHBI
(«mepTBBIF 3amep»- H,;) u neny aenenus nepBodt metku (Hyjyp) — paccrostHue ot
touku 3amucu CII(30Hma) 10 METKH OT KOTOPOW OTMEPSUIMCh PACCTOSHUS TIpHU
pa3MeTke Kabens. ITU PacCTOSHUS U3MEPSIOTCS BIIOJb KapOTaXXHOTO Kabens MepHOH
JICHTOM.

[lepen mnpoBemennem ['MIC OypeHue mnpekpamarT U OypoBOM HMHCTPYMEHT
W3BJICKAIOT M3 CKBOXHHBI. BMecTe ¢ TeM Bce OoJiblliee pacrnpoOCTPaHCHHE MOTYyYaroT
WCCIIETIOBAHMS CKBAXXUH B TIpOIlecce OypeHHs.
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Jlekuus 2. KaBepHomeTtpust

Kasepaomerpus (KB) 3akimrodaercs B u3MEpeHUN CPEIHEro AuameTpa OypoBOi
CKBKUHBL[1]

N3MepeHne nuaMmeTpa CKBaXKUHbI IPOUCXOIUT:
- Ha XPYIKHUX MOPoJax (MCKOMAEMbIX YIJISIX, HAIPUMED),
- B 30HaX JApOOJICHHS JUaMeTp CKBaXUH YBEJIMYMBAETCS IO CPaBHEHUIO C
HOMUHAJIBHBIM d;; N3-32 BHIKPAILIMBAHUS ¥ BHIBAJIOB MTOPOJT
- B IJIMHUCTBIX IJIaCTaX M3-3a pa3MbIBaHUs TJIMH B Mpoliecce OypeHus.
- MPOTHB IUIACTOB-KOJUIEKTOPOB HAOIIOAAETCSl YMEHBIIICHHE IMaMeTpa M0 CPABHEHHUIO C
HOMUHAJIBHBIM.

3HaHWEe OUaMeTpa CKBAKHHBI HEOOXOMWMO IS PEIICHHWS  TEXHUYECKUX U
FE€O0JIOTUYECKUX 33]1a4.

Texunueckne 3agaun:
-IIPABUJILHO YCTAaHOBUTH 00CAHYIO TPYOy B CKBAXKHHE;
-paccuuTaTh 00bEM IIEMEHTa, HEOOXOIUMOTO JIJISI 3aKPETUICHHs] 00CATHBIX KOJIOHH;
-IIPABUJILHO BBIOPATH CKBAKUHHBIE TPUOOPHI I KapoTaxKa.

['eonornueckue 3anayu:
- KOJIMYECTBEHHAsI MHTEpIpeTanus pe3yiabratoB metoaos ['UC.
- JINTOJIOTUYECKOE PACUJICHEHUE pa3pes3a U JIp.

[Tpubopsl Isi U3MEpeHHs] TuaMeTpa CKBaKMHBI HA3BIBAIOTCS KaBEPHOMEPAMH.
Onu OBIBAIOT PA3IMYHBIMU IO KOHCTPYKITUU: PHIYAKHBIMUA U (DOHAPHBIMH.

B Hux mMmeercs caedsmuid MEXaHW3M, CKOJIB3SIIMU MO CTEHKE CKBaXXHUHBI U
npeoOpa3oBaTesb MOJOKEHHS 3TOT0 MEXaHU3Ma B DJIEKTPUUYECKUN CUTHA.

Ha pucynke 3 rmokazaHa HIKHSS 9acTh PHIYaKHOTO KaBEpHOMEpa.

= . bl aywr siii
_,- CRegRUGLILL
AEXLLMH UM
SEEATDOMI2H.
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Pucynok 3 — YcTpoiicTBO kKaBepHOMEpPa PHIYa)KHOTO THTIA
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K xopmycy 53Toro CKBaXMHHOrO TIpuOOpa Kpemsarcs Ha IapHupax 3
MOANPYKUHEHHBIX pbluara, OoOpa3yloIIUX CHeAimuid MexaHu3M. HukHue KOHIIBI
pbIYaroB CKOJIB3AT IO CTEHKE CKBaXWH. OJWH W3 phIYaroB YINPABIAET IMOJ3YHKOM
MIEPEMEHHOTO COMPOTHUBJICHUS, JIBA JPYTUX CIYKaT JJIs IEHTPUPOBAHUS KaBEpHOMEpa
M0 OCH CKB&XHUHBI (IIO3TOMY H3MEpSEMBI MapaMeTp M XapaKTEepU3yeT CpeIHUi
JMaMETP CKBAKHUHBI).

ITepen cryCKOM Takoro KaBepHOMEpPA B CKBaXKUHY €0 PhlYaru MPUKUMAIOTCs K
KOpPIYCY U YJEpPXKHUBAIOTCSI B HATOM COCTOSHHMM C TIOMOIIBIO CHEIUAIBHOIO
ganeoOpa3Horo 3aMKa, KOTOPBIM IO OCTM)KCHHHM CHapsaoM 3a00s1 pacKphIBAIOT C
MOMOIIBI0  CHEHUAILHOTO JJICKTPOMAarHuTa, Ha KOTOPBIA TMOAAIOT MHUTaHUE C
MTOBEPXHOCTH.

KaBepHomep oHapHOTO THITA MOKa3aH Ha PUCYHKE 4.

OH He HY)XJaeTCs B 3aMKOBOM YCTPOMCTBE, KOHCTPYKIIHS €TI0 PhIYaroB ¢ OOKY
HaIIOMHUHAIOIIUX KUTAUCKUKM (poHAPHK, 00ECTIEYMBACT €My XOpolliee MPOX0KIACHUE KaK
BBEPX, TaK W BHH3 M0 CKBakxnHe. Ha 3TOM ke pucyHKe H300pa)keHa dJIeKTpUuYecKas
CXeMa U3MEPEHUM C KaBEpPHOMEPOM.

Hamepu T
KaHaxX
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i 599
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Pucynox 4— Kasepnomep onapaoro tuna. CxemMa U3MEpPEHH CO CKBRXKMHHBIM
KaBEPHOMEPOM M MPUMEP 3alUCH PE3YNIBTATOB IPaJyUPOBKU KaBEPHOMEPA.

[Tepen cmyckom mpubopa B CKBAXHUHY BBIOIHSIOT TPaayHpoBKy mpubopa. s
3TOTO Ha KOHIIBI PHIYArOB OJICBAIOT KOJbIA M3BECTHOTO TUAMETPA, H COOTBETCTBYIOIIHE
UM TIOKa3aHUS PETUCTPUPYIOMIETO MpUOOpa 3alMChIBAlOT HA AHATPAMMHOW JIGHTE B
BUJIE CBOCOOPA3HBIX CTYIMEHEK (PUCYHOK 4).
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Jlexusi 3. Kapora:xk comporuiienus (KC).

Kaporaxx conpotusienuss (KC) mnpenHazHadyeH [ HM3Y4YEHHS YIEIbHOTO
anexkTpudeckoro conpotusiieHus (YOC) ropHeix mopoj, NPOHIECHHBIX CKBAXKHHOM.
[1,2]

B merone KC compoTuBieHue cpenbl (p,) ONpeAesercs Mo HaOJI0ICHHBIM
3HadeHusM mnoteHrmana (U), pasHoctn moreHimanoB (AU), HampsoKeHHOCTH
anexTprdeckoro moiis (E), co3manHoOro HCTOYHUKOM TOKa CHIION |.

VY AeNnbHOE 3JIEKTPUYECKOe COMPOTHUBICHUE OJHOPOJHON CpeIbl BBIYHCIISACTCS TIO
dbopmye:
pn= KAU/I, (1)

rae K - a3to koadpuiueHT 301412, TOCTOSTHHOM MHOKUTEIb, 3aBUCSAIIUN OT
pacctosaauii AM, AN 1 B3aMMHOTO PacrojIOKEHUs ANEKTPOAOB, PACCUUTHIBAETCS 1O

dbopmyie:
K=4n AM-AN/ MN

TakuM 00pazoM yJIeIbHOE 3JIEKTPUUECKOE COMPOTUBIIEHUE CPEBI Py PABHO:

pn=(@4n AM + AN/ MN) AU /1 (2)

rne AU — pa3HOCTh MOTEHIMANOB Mexay ToukaMu M u N;— paccTosiHue Mexmy
COOTBETCTBYIOIIMMH 3JIEKTPOJAMH KapOTAXKHOTO 30H/A.

[Ipn SIEKTPUYECKOM  KapoTaxe pPa3HOCTh TOTEHIMAJIOB BBIPAXXAETCS B
MUUIMBOJIbTaX (MB), cuia Toka B muwimnammnepax (MA), paccrosiuus MN u AM u AN -
B MeTpax (M), a yIeJTbHOE IJIEKTPUUECKOE COMPOTUBIICHHUE B OM-MeTpax (OmM-M).

Bripakenue (2) crpaBemyivBo i BeluucieHUsT Y OC HM30TPOIHON M OJHOPOIAHON
cpenbl. OHAKO, MPU KAPOTAXKE BCET/Ia KMEET MECTO HEOAHOPOIHAS CPEla COCTOALIAS U3
IJIACTOB C PAa3jMYHbIMU YJIEJIbHBIMH CONPOTUBIEHUSMU W TJIMHHUCTOTO PAacTBOpA,
3aMOJHSIOUIET0 CKBAKHUHY, IOATOMY MOIYYEHHBIN 1O opMyiie (2) pe3ybTaT Ha3bIBAIOT
kaxynmmces: conpotuBiieHrueM (KC umu py).

Cxema npoBenenusi kapora:xka B meroae KC.

Jlnst 3amepa cOMpPOTUBIIEHUS TTOPOJT MEPECEUYCHHBIX CKBAKUHOMW, TPUMEHSICTCS
4-x snektpoaHas yctanoBka AMNB — kapotaxssiii 30u4. 3o KC cocrout us
HECKOJBKUX DJIEKTPOJOB 3aKPEIUICHHBIX Ha OTPE3KE NIIAHTOBOTO KapOTaKHOTO
Kabes.

Uepe3 nnektpoasl A u B, Ha3piBaemble TOKOBBIMHU, MNPOMYCKalOT TOK |,
CO3/AIOIINN JICKTPUUYECKOE TI0JI€ B TIOPOJIE.

[Ipy mnomomu u3MEpUTENbHBIX AMeKTpoAoB M u N H3MepsioT pa3HOCTbH
noteHiuanoB AU Mexay AByMsl TOUKaMH JIaHHOTO 3JIEKTPUYECKOTO MOJIs.

Tpu anexrpoaa (N M, A) unu (M,A,B) npucoeuHAIOTCS K KOHIIAaM Kabens u
MYyCKAalOTCA B CKBaXXUHY, 4eTBEepThIM aiekTpoa B uim N ycranaBiauBaeTcs Ha
MOBEPXHOCTH, BOJIM3U YCThsl CKBAXXHHBI (CM. PUCYHOK 5).
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Pucynok 5- Cxema npoBeeHus

kapoTaxa conpotuBieHus (KC)

PII - peructpupyromuii mpudop:
I'EH - reneparop nepeMeHHOro Toka

GHCKTPOI[BI 30H/J4, BKIIOYCHHBIC B OJHY LCIIb, TOKOBYIO WJIMW HW3MCPHUTCIIbHYIO
Ha3bIBAKOTCA IMAPpHBIMHA, a4 TpeTI/Iﬁ QJICKTPOA, BKJIIOUCHHBLIA B OIHY LCIIb C JJICKTPOAOM
HaxoasAmurMcCs Ha IMMOBECPXHOCTH — HCIIAPHBIM.

3onabl MeToga KC

Jlis u3MepeHust p, MOpoj MPH KapoTake CONMPOTHUBIICHUN MPUMEHSIOT JIBa THIIA
30H10B: rpaaueHT 308 (I'3) u motenuman 3017 (113).

I'paauent 30ua (I'3) - 30HI cO CONMMKEHHBIMU MAPHBIX JIEKTPOJIAMU, B KOTOPOM
pacCTOSIHUE MEXIy HUMHU Majo MO CPABHEHUIO C PACCTOSHUEM OT MAapHBIX AJIEKTPOIOB
710 HEMapHOTO.

Morenuuan 3ona0M (I13) Haz3pIBaIOT 30HI, Y KOTOPOIO PACCTOSHUE MEXITY
MapHBIMUA DJEKTPOJAMU BEJIMKO [0 CPABHEHUIO C PACCTOSIHUEM OT IapHOTO O
O KaIIero K HeMy HEMapHOTo AJIEKTPo/a.

3ouabe1 KC npunHsATO 0003HaYaTh CBEPXY BHU3, YKa3bIBask MEXTy OYKBEHHBIMHU
0003HAYCHUSAMH AJIEKTPOIOB PACCTOSTHIE MEXKIY HUMHU B MeTpax. Takoe 0003HaueHUEe
Ha3bIBAIOT CUMBOJIOM 30HAa. Hampumep: N 1 M 3 A.

PaccrostHust MeXIy SJEKTpoJaMH BBIOMPAIOTCS MCXOMAS M3 PEUIaeMbIX 3a7ad U
0COOEHHOCTEH N3y4aeMoro paspesa.

Ha pucyHnke 6 moka3aHbl OCHOBHBIC THITBI IPHUMCHSIEMBIX B T€O(PHU3UKE 30H/IOB
[7].
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A m B - TOKOBHE 3JIEKTPOXE
M u N - mMBMepUTEJBbHEE 3JIEKTPOXIE
O - Touka Banmcmu BOHIA

Pucynox 6 - OcaoBHbIe THIIBI 30H10B KC.

30HI C OJAHMM MHTAIOUIMM 3JIEKTPoaAoM (A) u aByMs uameputeabHbiMH (M N)
Ha3bIBACTCSl OAHOIOIIOCHBIM (UJIM 30H]1 MPSMOTO MUTAHUA); 30HJ C ABYMS MUTAIOITUMU
anektpoaamu (A B) u ogHuM u3aMeputenbHbIM (M) — NBYXIOJIOCHBIM (KMJIM 30HJIOM
B3aUMHOTO [TUTAHMUS).

CymectByer ee knaccudukanus 305108 KC nmo MecTy pacnoiioKeHus: HapHbIX
AIIEKTPOJOB OTHOCUTEILHO HEMapHOTO.

Tak, norenuuan 3081 (I113), y KoToporo mapHbie 3JIEKTPObI PACIOIaratoTCs
BBIIIIE HETTAPHOTO, Ha3bIBaeTCA 00OpaieHHbIM, a [13 y KoToporo mapHbIie 3JIEKTPOAbI
HIKE HETTAPHOTO — MOCIEA0BATEIbHBIM 30H]IOM.

B rpamuent 3oume (I'3), ecnu mapHble 3JIEKTPOABI B PACIHOJIAralOTCS BBIIIE
HEMapHOro, TO TAKOW 30HJ Ha3bIBACTCS KPOBEIbHBIM (WM OOpallleHHBIM), a €CJIH
HA000POT, HUXKE HEMAPHOTO, TO MOOIIBSHHBIM (MJIH TIOCIIEI0BATEIBHBIM).

BaxxHoi xapakrepuctukoit 30u10B KC sBnsiercs nux mHa ( L).

VY rpaaveHT-30H7a 3a €ro JJIMHY MPUHUMAKOT PACCTOSHUE OT HEMAPHOTO
AJIEKTPOA 10 CEPEUHBI PACCTOSIHUS MEXKTy COIMIKEHHBIMU; Y TTOTEHITUATI- 30H/1a -
paccTosIHUE MEXITY COMMKEHHBIMU JICKTPOIAMH.

[To cuMBoOJTY 30H/1a BCET1a MOYKHO OMNPEACIIUTh €0 MOJTHOE Ha3BaHUE U JJINHY,
TaK, HampuMep, y>ke npuBoauBIuiics Boiiie 3081 N 1M 3A o3HadaeT: KpoBEIbHbBIN
IPaIMCHT-30H/1, IPSIMOTO MUTAHUS, JJITMHOW paBHOU 3,5 M.

Kpusble, mnonydennsie 30HAamMu [3 wu I3, HOpoTUB OAHOPOJHBIX ILJIACTOB
OTPAaHUYEHHONW MOIIHOCTU UM paznmuuHyro ¢opmy. Ha muarpammax 13 momHbnif miacT
BBICOKOTO (HHM3KOIO) COIPOTHUBIICHUS OTMEYAETCSI MAaKCUMyMOM (MUHUMYMOM)
CUMMETPUYHBIM OTHOCHUTENILHO cepeluHbl miacta. Ha nuarpamme '3 miact BBICOKOTO
CONMPOTHUBJIEHUS, €CJIM MOIIHOCTh IJIaCTa MPEBBINIAET JJIMHY 30H]a (MOIIHBIA ILUIACT)
OTMEUYAETCS AaCUMMETPUYHBIM MaKCUMYMOM, a B CJIy4a€ MOIIHOTO IUIACTa HHU3KOTO
COMPOTUBIIEHUSI ACUMMETPUYHBIM MUHUMYMOM (PUCYHOK 7).
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PucyHok 7 - TeopeTuueckne KpuBble KaXKyILIETOCS YAECIBHOTO MIEKTPUYECKOTO
COTIPOTUBIICHUSI, TOJIYICHHBIE IOTEHIHA- ¥ TPAIUEHT-30HIaMH B TJIACTaX BEICOKOTO
COMPOTHUBJICHUS OOJIBINONM (a) U OrpaHUYEHHOM (0) MOIIIHOCTH

NuTtepnperanms kapotaxHeix KpuBblx KC, kak m ma apyrux meronos [MC,
coctouT B: 1) o00pabotke pguarpamMm; 2) reodu3nyecKol UWHTepHpeTanuu; 3)
reonorndyeckoi uHrepnperauuu Ilpumenenme merogxa KC. Meron kaxymmxcs
CONPOTUBJIEHUI, OJWH U3 OCHOBHBIX METOJOB CKBAKUHHBIX TIe€0(H3NYECKUX
VCCIICIOBAHNM, TMPUMEHSETCA JUIsl BBIACIICHUS IUIACTOB PAa3HOTO JIMTOJOTHYECKOIO
COCTaBa, OMNpPENEICHUsS TIIyOMHBbI MX 3aJe€raHus M MOIIHOCTH, OLEHKH IMOPHUCTOCTH,
BBISIBJICHUS XapaKTepa HACBILIEHUS IJ1aCTOB.

Jlekuus 4. Mertoa ecrectBeHHoi camonossipuzanuu (I1C).

EctecTBeHHOE TIONIe, BO3HHUKAIONIEE B CKBAXHMHE M OKOJO HEE, Ha3bIBAIOT
CaMOTIPOU3BOJILHOM MOJISIpU3aIIieH, a U3MEPSIEMYIO BEITUYUHY OJIS
CaMOIPOM3BOJILHBIM MOTSHIIMATIOM M COKpariieHHo obo3Havatot [1C. [1, 4]

30HIOM I U3MEPEHHS COOCTBEHHBIX TOTEHIIMAJIOB CIIY>)KaT CBHUHIIOBBHIE
npueMHbie ekTpoasl M u N . Pabotel B MmeTone [1C yartiie BBIMOTHSAIOTCS CIIOCOOOM
MOTEHIMAJIAa, TO €CTh YCTAHOBKOM, COCTOSIIEH M3 OJHOTO HEMOJBHKXHOTO MPUEMHOIO
anexktpora N, 3a3eMJICHHOTO BOJM3U YCThSl CKBaXUHBI, U BTOPOro sjekrpona M,
nepeMeIaeMoro no CKBaKuHe (PUCYHOK 7, a).

B pesynbTarte 37I€KTpPOXMMHUYECKOW aKTMBHOCTH TOPHBIX MOPOJ, HAXOIAIIUXCS B
YCIJIOBUSIX €CTECTBEHHOIO 3aJIETaHus1, BOSHUKAET €CTECTBEHHOE 3JIEKTPUUYECKOE TIO0JIE.
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Pucynok 8 - Cxema kaporaxa I[IC cnocoOom noTeHIMana ¢ nojiyaBTOMaTH4eCKON perucTpaiuei: a -
cxeMma ycTaHoBKM: 1 - Onok-OamaHc, 2 - nebeaka C KOJUIEKTOPOM, 3 - MWJUIMBOJIBTMETP, 4 -
perucTparop, 5 - JIEHTONPOTSDKHBIA MEXaHHU3M, COEIMHEHHBIN I'MOKUM BaJTMKOM (6) ¢ pOJIMKOM OJIOK-
Oamanca, 7 - nuarpammHas Oymara, 8 - kapaHjgaml; 0 - AuarpaMMa €CTECTBEHHBIX IMOTEHIIMAIOB IO
ctBony ckBaxuHbl: | (mouBa) u |ll (uW3BecTHsIKM) - mHacTel co crnabol AIEKTPOXUMHUYECKOU
aKTUBHOCTHIO, || (cyrmuuku) u V (MmHBI) - IIACThl ¢ NOJA0XKUTeNbHbIMU aHoManusmu I1C, IV - mnact
¢ orpunarenbHoi anomanuei 11C, xapakTepHO# 11 IPOHUIIAEMBIX CJIOEB.

Bo3HUKHOBEHHE 3TOTO MOJIS 3aBUCUT OT HECKOJIBKMX B3aMMOCBSI3aHHBIX (PU3UKO-
XAMHUYECKUX PEaKIIUM:

1. OcHoBHOM npu4ynHOK Bo3HUKHOBEHMS [IC B 0caiouHbIX MOpOJax SABISETCS
Hanuuue nporeccoB auddysuu. U3BecTHO, 4TO MpU PACTBOPEHUH KAKOW-TMOO COJH B
Bosie (Hampumep NaCl) ee MosiekyIbl TOJTHOCTHIO WIIM YaCTUYHO TUCCOIMHMPYIOT, T.C.
PaCILEIUIAIOTCS Ha TIOJIOKUTENIBHO U OTPULIATENIBHO 3apsbKeHHBbIE MOHBI. Ha KoHTakTe
JIBYX PacTBOPOB (HarpuMep, CKBaKUHA — TJIACT) MOHBI MEPEMENIAIOTCS U3 PpacTBOpPA C
OoJiblliel KOHIIGHTpaIlMeld B pacTBOp C MEHbIIEH KoOHIeHTpauue. Paznuuue B
CKOPOCTSIX JBIDKCHHSI MOHOB TIPUBOJUT K OOpa30BaHUIO 3.1.C., Ha3bIBaeMOU
Ha3bBaeMo# 1uddy3rnorHsM noteHnuanoM (Ey).

Juddy3noHHO-a1cOpOIIMOHHBIC TOTEHIIMATB — BO3HUKAIOT MPHU TEPECCUCHUU
CKBQXMHOW TIECYAHUCTHIX TUIACTOB KOJUIGKTOPOB. B  €CTECTBEHHBIX  YCJIOBHUAX
MUHEpAJIM3als TIaCTOBBIX BOJ BBIIIE, YEM MUHEPAIU3AIUs POMBIBOYHOMN KUJKOCTH.
B 6ypoBom pactBope mosekyasl NaCl mucconmupyror Ha xatroH Na u anwon CL,
KOKIBIM #W3 KOTOphIX  AUGGYHAUPYET C ONPEACIICHHOW CKOPOCTBIO, TMPUYEM
noaBmwkHocTh CL B 1,5 pasa Beime moaBuxHOcTu moHa Na+. CnemoBaTenbHO, Ha
rpaHulle CKBaKUHA-TUIACT-KOJUIEKTOP MPOUCXOJUT MepepaclperesieHue 3apsiioB
(pucynok 8). ITpoMbIBoYHas )KHIKOCTH 3a cdeT HoHOB CL - 3apspkaeTcst OTpHUIaTeNIbHO,
a tuact 3a cuer Na+tmonoxurenbHo. Takum 00pa3oM, Ha KOHTAaKTE MECYAHOTO IjIacTa
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CO CKBOXHUHOW 0Opazyercsi JIBOMHOM 3JICKTPUUECKUU CJIOHM, MOTEHIMA KOTOPOIO
Ha3bIBaeTcs IUQPPy3nOHHO-a1cOopOOHHBIM (Efa).

ITIMHA

HECYAHUK

ITIMHA

SRR i UK IR IEN T e o

Pucynox 9 - luddy3rnonno-aacopO1rioHHbIe TOTEHIIMAIIBI, IEpepacnpeieicHue
3apsJI0B B CKBAKUHE

2. OUIbTPAIMOHHBIM TOTEHIIMAJ BO3HUKAET BO BpeMs  IPOJABIUBAHUS
(punbpTpanuu) BOMHOTO pacTBOpa COJEM dYepe3 TOHKHE Kamwuisipbl. [loTeHmmaibl
bunbTpalu BO3HUKAIOT MPHU JBUKEHUM B TMOpax TOPHOM TOPOJbI, MPU STOM
MPOUCXOJUT aJCOpOLMsI AHUOHOB COJIed TJIACTOBBIX BOJl, a BHYTPH  Kamwjuisgpa
oOpa3zyeTrcsi M30BITOK KaTHOHOB. [Ipu JBMKEHHM >KUJIKOCTH Ha BXOJI€ Kamwmuisapa
BO3HUKACT M30BITOK TIOJIOKUTEJBHBIX 3aps/ioB, a Ha BBIXOJE - H30BITOK
oTpuratebHbIX. O0pa3zyeTcs Kak Obl raJbBaHUYECKUI IJIEMEHT, TOCHUIAIOIINI TOK Ha
BCTPEYY JIBUKEHHUS KUJIKOCTH.

3. OKUCIUTEIBHO-BOCCTAHOBUTEIHHBIC MTOTEHIMAJIBI. OKucIuTENnbHO-
BOCCTAHOBUTEJBHBIC MOTEHIMAIbl BO3HUKAIOT IPU HAJWYMHA B pa3pe3e PYyAHBIX M
Cynb(OUIHBIX TeN. DTHU TMOTCHIHMAIBI BO3HHUKAIOT MPU XHUMHYECKUX PEAKIIUAX MEXKITY
AJIEKTPOIIPOBOAIIMMU TeJaMu (CyiabGuUIbl, TpapuT, aHTPAUT U AP.), MPOMBIBOUYHOMN
JKUJIKOCTBKO CKBOXXWHBI W IUIACTOBBIMU BOJAaMHU. Pa3HOCTh IOTEHIMATIOB MEXIY
OKHCJISIFOIIEN CPEIOW U OKUCIIUTEIIEM HAa3bIBAETCA OKHCIUTEIbHO-BOCCTAHOBUTEIILHBIM
MTOTEHIIUAJIOM.

N3menenue norenuuana [IC Oyaer HauOoybIIMM MPOTUB HMHTEPBAJIOB € Oojee
IJIOTHBIMU TOKOBBIMHM JIUHUSIMU (TpaHUIbI IJIACTOB). B mecyaHoO-rIMHUCTOM paspese,
KOI/Ia MUHEpalM3alusl IJIAaCTOBOM BOJbI OOJbIIEe MHUHEpPAIM3aALUUU MPOMBIBOYHOMN

KHUAKOCTHU, KOJUICKTOpaM COOTBCTCTBYIOT OTPHLATCIIBHBIC aHOMAJIMWHU Ha KpI/IBOfI I1C
(AUmin).
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VYcnoBublid Hynb orcuera noreHuuanoB CII - nuHMS TAMH, T.€. OpsMasd,
MPOBE/ICHHAS NTapaJlJIeIbHO OcH TIyOuH Yepe3 yuacTtku kpuBoid CII, cooTBeTcTBYIOITNE
rmactaMm TiMH. [lokazanust kpuBoil CII mpoTWB cepennHbI IIaCTa, OTCYUTAHHBIE OT
JIMHUY TJIMH, HA3bIBACTCS aMILUTUTYI0M OTEHIIMAJIa CAaMOIIPOU3BOJILHON MOJISIpU3AIIUT
( AUcn).
['muaucThie mopoasl oTMeuaroTcss Ha nquarpaMmax [IC moBBIIIEHHBIMU 3HAYECHUSIMU 10
MaKCHMaJIbHBIX 3HaueHUH B rimHaX (AUmax) . B mecyaHO-TIIMHUCTHIX OTIOXKCHHUSIX Ha
kpuBoil CII HamOOJBIIMMH OTPUUATEILHBIMA AHOMAJUSMH OTMEUAIOTCSl TECKH,
MECYaHUKH, u AJIeBPOJIUTHI.
B kapOoHaTtHOM pa3pese HauOOJIbIIUMU OTPULIATEILHBIMU aHOMANIUSIMU Ha KpuBoil CII
XapaKTEPU3yIOTCS HETJIMHUCTBIE U3BECTHIKU, HE3aBUCUMO OT UX MOPUCTOCTH.

Onpenenenue ko3gppuueHTa INIMHACTOCTH 10 JAHHBIM
MeTO0/1a MOTEHIIMAJIOB COOCTBEHHOM MOJIAPU3ALNH

Huarpammsl Mmetoga [1C ucnonb3yrores amis onpeaenenus rauaucroctu (Krir) B
TEPPUTCHHBIX KOJIEKTOPAX C pacCesTHOM B 00bEME NOPO/Ibl INIMHUCTHIM MaTEPHAIIOM U
B CJIOMCTBIX TJIMHHUCTHIX KOJuTeKTopax [3,6].

[leTpoduznueckoit OCHOBOM sl OLEHKH IITMHUCTOCTH B KOJIJIEKTOPE C

pacCesTHHOM TJIMHUCTOCTBIO SBJISETCS CBSA3b MEX/Y OTHOCHTEILHOU aMILTHTYIOM (Ol )
u korpdurmentom rimuauctoctu (Krim).

Bun cBsizeit Mmexny o, u K;3aBUCHT OT psijia reosoro-reopuszueckux hakTopoB,
CpeIr KOTOPBIX IJIaBHBIC — afCOPOITMOHHAS CTIOCOOHOCTh MIMHUCTOT0 MaTepuaia - Qri
¥ MUHEpaJIM3aIus T1acToOBBIX BOJ - CB.

Onpenenenue K., mo auarpamme [1C cBoaUTCS K CaeayliemMy.

BennunHa OTHOCHUTEIHPHOM aMIUTUTYIBI O, BEIYUCIISICTCS 1O GOpMyIie

O, = AUric max -AUmnc w1 / AUnc max - AUmnc min,

rae Ucnl u Ucn2 — mokazanus [1C, cooTBeTCTBYIOIMNE MTOKA3aHUSM B TJIMHAX U B
YHUCTBIX OT TNIMHUCTOTO MaTepuasa OMOPHBIX IJIACTAX C TITMHUCTOCThIO (0%.

Jlanee Bo3MOKeH paccu€T kodpuimeHTa rMTMHUCTOCTH MO TaJIeTKe 300payKeHHON
Ha pUC yHKE 9.

Oobaacts npumenenus IIC: B npaktuke kapotaxa kpusble [IC ucnons3yrorcs mist

- JINTOJIOTUYECKOTO PACWICHEHUS pa3pe3a U KOPPESIIUU Te€0JIOTMYECKOr0 pa3pesa;

- OIpeJIEJICHNE TPaHUI] TIJIACTOB.

-BBIJICJICHUS TTIOPUCTHIX U MMPOHUIIAEMBIX HHTEPBAJIOB (ILJIACTOB-KOJIJIEKTOPOB);
-onpeneneHuss TIuHUCTOCTH TutacToB (Krim), a B OTHENBHBIX ClIydasX MOXKET
UCIIOJIL30BATHCS I onpeaeneHus nopuctoctu (Km);

- OlpeJieIeHNs MUHEPAIU3alluK TIACTOBBIX BOJI.
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Pucynok 10 - [TaneTka mins onpeaeneHuss OTHOCUTENBHON TIIMHUCTOCTH I10
BEJIMYMHE OTHOCUTENBbHON aMIuTy bl oHoManuu [1C (arc).

Jlekuus S . Mukpokaporax

N3MepeHne ynenbHOro 3JIEeKTPUUECKOTO COMPOTUBIICHHUS! TOPHBIX MOPOJ 30HAaAMU
MaJIoi JUTMHBI Ha3biBaeTcss Mukpokaporaxkem (MK) [1, 2].

[lenb mpoBeneHUST MHUKPOKApOTaka COCTOUT B M3YYEHUU IPOMBITON 30HHI,
JIETaIbHOM DPAaCWwICHEHUU pa3pe3a CKBaXWH, 00Jiee TOYHOM OIPEJCICHUU TPAHUI]
MJIACTOB, ONPEACIICHUH JIMTOJIOTUH TJIACTOB, BhIACICHHUE TJIaCTOB-KOJUIEKTOPOB.

Mukpo30H4 — 30HJ MaJIOr0 pa3Mepa, IJIEKTPOAbl KOTOPOrOo YKPEIJICHBI Ha
OaniMake 13 U30JAIMOHHOTO MaTepuasa Ha PacCTOSTHUU 2,5 CM APYT OT Jpyra.

bammMak mpwKMMarT K CTEHKE CKBaXUHBI (UTOOBI YCTPAHWUTHh €€ BIIMSHUE Ha
pe3ynbTaThl UBMEPEHHUS) C MIOMOIIIBIO JIMOO PEeCccophl, TUOO YMPaBIIEMOro pblyara, Kak
MIOKa3aHo Ha pUcyHke 11.

Pazmuuarot mukporpaauent 3ou1 (MI'3) A 0,025 M 0,025 N u MmukponoTeHuan
3o (MII3) - A 0,05 M. Jnuua rpaguedt 30H4a Lyrz = 4 ¢cM , a JIMHA [TOTEHIIMAT
30H4a Lyiz = 5 oM.

Pamnyc wuccnegoBanus MI'3 npumepHo paBeH ero jiauHe 4cMm, a paauyc
uccnenoBanust MII3 B 2 — 2,5 paza 6ombie 10-12cm.

UccnenoBanusi mpoBOJATCS OJHOBPEMEHHO IBYMS 30HAaMH. DTO HEOOXOIUMO
JUI TOTO, 4YTOOBI YCTAaHOBUTH B pa3pe3e HHTEpBaJl, IJe CHCTEMa JIBYX 30HJIOB
KOHTAaKTUpYeT ¢ nopoaoi uepes ['K.

Tak kak paauyc ucciegoBanusi MI'3 menbiie paguyca ucciegoBanuss MII3, To
MI'3 wu3mepsieT CONpOTUBJICHUE TJIMHUCTOM KOpku (prx), a MII3 wusmepser
COIPOTHBIICHUE MPOMBITOTO IIIacTa (Pr).
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PucyHnok 11 - IIpuHuunuanbHas cxeMa u3MepeHruid MUKPO30HIaMu
a — o0 BUI MUKPO30HIa: 1 — 3JIeKTpoIbl, 2 — Oammak, 3 — kabeib; 0 — cxema

3aIInucu1

[IpoTuB mIACTOB-KOJJIEKTOPOB TMoKazaHusi Ha MII3 Oombine, yem Ha MI'3.
Hab6mrogaeTcst mosokuTenbHOe MpupalieHue:

MI'3

Apg =Py = Py

Ha nauarpamMMax MHKPO30HIIOB IUIOTHBIC MOPOBI OTIMYAOTCS OYEHb BHICOKMMHU W
OYeHb M3PE3aHHBIMU TOKa3aHUsIMUA. OHU TJI0XO0 MOAJAI0TCSA HHTEPIIPETAIINH.

[TpOTHB MIACTOB IVIMH — MMOKA3aHUsI COBIMAIAIOT U MMEIOT MUHUMAJIbHbI 3HAYCHUSI.
[To COOTHOIIECHHIO KPUBBIX p," OICHUBACTCSA BIMSHHE O0Opa3yeMoil B HHTEpBaIax
NPOHUIIAEMBIX IUIACTOB TJIMHHUCTOW KOPKH U CJOS MPOMBIBHON JKHUAKOCTH B

COOTBETCTBHUH C PUCYHKOM 12.
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Pucynoxk 12 - Ilpumep nmoBenenus kpusix MK3 u KB B untepBane ob6pazoBanus
TJIMHUCTON KOPKU HAJl MPOAYKTUBHBIM IIJIACTOM

1 — mecuaHuK, 2- TIMHA IIECYaHas1, 3 — MIECYaHUK TIMHUCTHIN, 4 — IIECYaHUK
ra30HACBIIICHHBIMN .

Jlekuus 6. bokoBoi kaporak

bokoBoii kaporax (bK) siBisiercss ogHONM W3 pa3sHOBUAHOCTEH SIEKTPUUYECKOTO
KapoTa)ka II0 METOJy CONpPOTHUBJIEHUNW. bDOKOBOM KapoTaxX NpUMEHSETCS IS
UCCIICIOBAaHNs CKBAXXUH, pa3pe3 KOTOPBIX  MPEACTABIEH IIOPOJAMH BBICOKOIO
COIIPOTUBIIEHUS, C YaCTbIM YEPEAOBAHMEM TOHKHUX ILIACTOB HU3KOIO M BBICOKOTO
COIIPOTUBIICHUS, @ TAKXKE€ CKBAXKMH 3aNOJIHEHHBIX MUHEPAIN30BAHHOW MPOMBIBOYHOU
KHUIKOCTBIO. [1, 7]

Meton BK HampaBneH Ha yCTpaHEHHME OCHOBHOTO HEIOCTATKA KJIACCHYECKOIO
Meroga KC, 3akimroyaromierocss BO BIMSHUM CKBa)XKMHBI, TOYHEE, 3aAIIOJHSIONIETO €€
OypOBOTro pacTBOpa, Ha U3MEPEHHOE P

HauGosee 1ieHHBIE pe3yJIbTaThl 3TOT METOJ Ia€T NPH KapOoTake TOHKUX IJIACTOB
(h < 1,2 m) npu OONBIIOW pa3HHWIIE B CONPOTHUBICHHUSAX MEXIY ILJIaCTaMH,
BMEILAIOIIUMH TIOPOJaMU U OypOBBIM pacTBOPOM, TO €CTb MMEHHO B TEX ClIydasX,
KOI/1a OOBIYHBIE 30H/BI JAAIOT OYEHb IUIOXHUE PE3YNbTAaThl M3-32 HKPAHUPOBAHUS TOKA
TOHKAMHM BBICOKOOMHBIMHM IUIACTAMH W H3-32 CWJIBHOIO BIIMSIHASL CKBAXXUHBI W
BMEIAIOIINX TTOPOJT

B Mertone O0koBOro kapoTaka MPUMEHSIOT 30HABI C JOMOJHUTEIBHBIMHU, TaK
HAa3bIBAEMBIMH JKPAHHBIMH JJIEKTPOJIAMM.

IIpu peructpanum bK npumeHSIOT Tpex- , CeMU- U AEBATUNIIEKTPOIHBIE 30H/BIL.
HawnbomnbIiee pactpocTpaHeHHE TOTYIHI TPEXAIEKTPOAHBIN 30H (pUCYHOK 13).
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Pucynox 13- Tpexanexrpoansiii 3051 bK.

BOKOBOM TpPEXAIEKTPOAHBIN 30HJ COCTOMT W3 LEHTPAJIBbHOIO BJIEKTpola Ay U
JBYX JKpPaHHBIX Ajo M A 14, Pa3feiCHHBIX HU30JUPYIOLIUMU IpoMexyTkamu. I[lpu
npousBojictBe ['MIC Ha Bce Tpu 3yeKTpoAa MOJAETCS OJWHAKOBOE HANpPSIKEHUE U
U3MEPSIETCA BEIMYMHA MAaJCHUS HANIPSKEHUS MEXKAY LEHTPAIBbHBIM 3JIEKTPOJIOM Ay H
yIAJIEHHBIM 3JIEKTPOJIOM PAaCIOJIOKEHHBIM Ha Kopmyce mnpubopa. [lockonbky Ha Bce
anekTpo sl 30H1a BK mogaeTcss olMHAKOBBIM TOK MPOUCXOIUT (HOKYCUPOBKA CHUIIOBBIX
JIMHUAN TOKa HEHTPAIBHOTO 3JIEKTPOa MO OCU NEPIEHAUKYIISIPHON OCU CKBaYKHUHBI U TOK
HaIIpaBJISIETCS B IUIACT.

Uepes sKkpaHHBIE AIEKTPOJIbI MPOMYCKAETCS TOK TOM K€ HANpPaBJICHWHU, YTO U
4epe3 OCHOBHOW TOKOBBIM JJIEKTPOJA 30HAA. OJTO MPENSATCTBYET PACTEKAHHUIO TOKA
OCHOBHOTO (IICHTPAJIbHOTO) JJICKTPOJa MO CKBAKMHE W BMEHIAIOIIMM IOpOJaM U
HaMpapJseT TOKOBbIC JUHUM HEMOCPEACTBEHHO B UCCIEAYEMBbIN IJIACT, B HANPaBICHUN
MEePICHAUKYJISIPHOM OCU CKBAXKUHBI.

DKpaHHbIE JJICKTPOJbl TO3BOJISIOT TaK)Ke H3MEHATh (OpPMY TOKOBOTO ITyukKa
[EHTPAIBHOTO  DJIEKTPOAA, YTO JAeT BO3MOXKHOCTh HW3MEHATH TJIyOWHHOCTH
MCCIIEIOBAaHUS B PaJaIbHOM HaIlPaBJICHUH.

NuTepnperanus nuarpamMm 00KOBOT0 KapoTaxa

I'paHnuupr  mmacToB  Ha nuarpamMmax  bK  HaxoasTcs 1o TOYKam,
COOTBETCTBYIOIIUM HAdyally KPYTOTO MOJIbeMa KPUBOM MO OTHOIICHUIO K OCH TIyOWH.
[Ipu ompeneneHun TpaHULl IJIACTOB MO JHArPAMMaM CEMHU- U JEBATH SIECKTPOJHBIX
30HJI0B BEPXHSISl TPAHULIA IPOBOJIUTCS BBIIIE, @ HUKHSS - HHXKE CEPEAMHBI HUCXOISILIEH
(BocxopsIiei) TMHUM KPUBOW CONMPOTUBIICHUS HA BEJIMYHMHY PABHYIO MOJOBUHE JIJTUHBI
30H7a. [2]

MoIHOCTh MmacTa Ompeaensercs Kak pa3HOCTh MEXKIY 3HAYEHUSAMH TIIyOUH
KpPOBJIY U MOJOIIBBI BbIIEJICHHOTO IIACTA.
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CHsATHE CYIIECTBEHHBIX 3HAUEHUHN pPy. 3HAUEHUS CONPOTHBIICHMS IUIACTA Py
€ClIi IUIACT OJHOPOJEH, IMPOU3BOJUTCS B TOUKAX HIKCTPEMYMOB  Pymax U Pkmin- B
HEOJHOPOJHBIX  IUIaCTaX  ONPENENeTcs  CPEIHETapMOHHUYECKOE  YIEIbHOE
COIPOTUBJICHUE Py cp.

HckiroueHre BIUSHUS CKBaXKUHBI HA PE3YJIbTaThl U3MEPEHUM.

BBeneHue nomnpaBoK 3a BIMSHUE CKBOXKHHBI OCYIIECTBISIETCA M0 NAJETKE,
NpUBEICHHON Ha pucyHKe 14, Ha KOTOpPOWl H300pa)KeHBI 3aBUCHUMOCTH pPyi/ Py OT
OTHOILEHUS P/ Pp VI PA3INYHBIX AUAMETPOB CKBaKMHBIL. [IpakTHueckoe NpuMEHEHUe
NaJETKU MPUBEAEHO HA pUCYHKE 14.

HcknroueHre BIMAHMS HAa pe3yibTaTbl M3MEPEHH MOIIHOCTH IUlacTa H
BMEUIAIOIINX TOPO/I.

BBeneHue mompaBoK 3a OIpaHMYEHHYI0 MOIIHOCTB IUIACTA W CONPOTUBIICHUE
BMEILAIOIINX ITOPOJ OCYLIECTBISAETCS IO MMAaJeTKe NMPUBEICHHONM Ha pucyHke 15. Ha
3TOW MaJeTKe MpPEACTAaBICHBI 3aBUCHMOCTH pPyo/ Py OT MOIMHOCTH Iutacta hy, s
Pa3INYHBIX OTHOLICHUH Pyi/Pay. 3AECH Pgy - YACIBHOE JIEKTPUUECKOE COMPOTUBIICHUE
BMEIIAIOIINX IOPOJ; Py~ KaXylleecs CONPOTUBICHUE HCIPABICHHOE 3a BIMSHUE
CKBaXXUHBI; Ny, - MOIIHOCTH IUTACTA; Pyo- KAXKYIIEECs COMPOTUBIICHIE HCIPABICHHOE 32
BJIMSIHUE CKBaXMHBI M 32 BIMSHUE BMEIIAOIMUX MopoA. lIpakTuyeckoe mpumeHeHUE
MAJIETKA MPUBEJICHO HA PUCYHKE 15.
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Pucynoxk 14 - Tlamerka mjis BBEIEHUS MONPABKH 3a BIMSHUE CKBAKWHBI B IMOKa3aHUS
3on1a bK-3.
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PucyHnok 15 - [TaneTka nis BBE€HUs MOMPABKHU 3a BIUSHUE BMELIAOIINX OPOJ
¥ MOIITHOCTH T1acTa B noka3anus 30H1a bK-3, rae p,- 3HaueHue Kaxyuierocs
COIIPOTHUBJIEHUS, OTCYUTAHHOE C TUATPaAMM, Py, - YAEIbHON DJIEKTPUIECKOE
COIIPOTHUBIICHUE MPOMBIBOYHOM KUIKOCTH, Py - KAXKYILIEECS COMPOTUBIICHHUE,
UCIPABIICHHOE 32 BIUSHUE CKBAXHUHBI, d; - TMaMeTp CKBaXKHHBI.
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Jlekuus 8. 'amma-kaporaxk

PannoakTuBHBIA KapoTaX, OCHOBAaHHBIM HAa W3MEPEHHHM E€CTECTBEHHOW TIamMMa-
aKTUBHOCTU TOPHBIX NOpoA, Ha3biBaeTcs ramma-kaporaxeM (I'K). B I'K wuzyuaercs
MHTECHCUBHOCTH €CTECTBEHHOTO TaMMa-H3JIydeHUsI OPO/ BIOJb CTBOMA CKBaKUHbI (17 —

MHTEHCHBHOCTb TaMMa-H3TydeHns ). Peructpupyem 3asucumocts |7 = f(H).

| | > EcrecTBeHHass pajiMOaKTUBHOCTh TOPHBIX MOPOJ 00O3HAYAETCs
OykBoii "

—+ Hsmepsercs ' B rpaMM-dkBuBaieHT Ra (panus) / rpaMM-1I0po
(r-axB Ra /)

JIn60 P/a (peHTrex B uac)

PannoakTHBHOCTH TOPHBIX MOPOJ] 00YCIIOBJICHA MPUCYTCTBHEM B
HUX paJnoakTUBHBIX 3neMeHToB U (ypama), Ra, Th (topwus),
paguoaktuBHoro wmsoroma K. Bce 9TH  paIHOaKTHBHbIC
JJIEMEHTHl Hax-CS B OCAJOYHBIX IOPOAAX B PACCESTHHOM
COCTOSIHUH.

PeructpupyemMoe mnpu 3TOM €CTECTBEHHOE TIaMMa-H3JIy4YeHUE OIpeaesseTcs
COJIEp>KaHUEM B MOPOJAX MPUPOAHBIX PATUOAKTUBHBIX AJIEMEHTOB — PAJUOHYKIIUJIOB,
Cpelr KOTOPBIX OCHOBHYIO pouib urparoT ypas (22U, 2°U ), topuii ( **Th ) u mpomykTsl
WX pACIiajia, a TAKKe PaaHoaKTHBHbI n3oTomn Kamus ( °K ). Y MarMaTudeckux mopo, B
LEJIOM OTJIMYAOIIMXCS TOBBIIIEHHOW €CTECTBEHHOW PpPaJMOaKTHUBHOCTBIO, OHa
3aKOHOMEPHO YMEHBIIIAETCS OT KUCIIBIX PA3HOCTEH K YIBTPAOCHOBHBIM [1].

Cpean ocajoyHbIX IMOPOJ MAKCUMAJIbHOM E€CTECTBEHHOM pPagMOAKTUBHOCTBIO,
KaK MpaBujio, 00Jalal0T TJWHBI, OJarogaps MX OrPOMHOM MOBEPXHOCTH abcopOIuw,
JUIUTEIBHOCTHIO HAKOIJICHHSI TIEIMTOBOIO MaTepHralia, 00eCIeUnBarOIIEeTo MOBBIIIEHHOE
cogepxkanue U, Th u np snemenToB B ocaake. MUHUMAIIbHOW — YUCTHIC (HE TIIMHUCTHIC)
Pa3HOCTU TECKOB, MECYAHUKOB, M3BECTHSKOB. VICKIIOUEHHE COCTABISIOT HEKOTOPHIE
Pa3HOBUJIHOCTH TOJMMUKTOBBIX TI€CYAHUKOB, Ybsl TOBBIIICHHAas €CTECTBEHHAs
PaAMOAKTUBHOCTh MOXET OBbITh O0OYCIOBJIEHAa MPUCYTCTBUEM B HUX KaJIUE€BOIO
MOJIEBOrO IINaTa, OMTYMUHO3HbIE MOPOJbI, (ochaThl U HEKOTOPBIE APYTHUE MOPOJBI.
MO>HO CUMTaTh, YTO PAIMOAKTUBHOCTD OOJBIIMHCTBA OCAIOUYHBIX MMOPOJ HAXOAUTCS B
PSIMOM 3aBUCHUMOCTH OT UX TJIMHUCTOCTH.

B cospemennoi anmaparype I'K B KadecTBe AETEKTOPOB raMMa-u3Iy4eHUS
OOBIYHO MCHOJIB3YIOTCS CHUHTUUISILIMOHHBIE CUETYMKU Ha OCHOBE MOHOKpHcTa/uia NaJ
(T wm Cs) (Na) B codyeranuu ¢ (HOTOYMHOKXUTCIIAMH WIHM OaTduk [eiirepa —
Mronnepa.

[Ipu npoBenenuu 'K BaxkHOE 3HAUeHWE MMEET MPABUJIBHBIN BHIOOP CKOPOCTH
KapoTaxka V M MOCTOSSHHOW BPEMEHHM MHTEIPHUPYIOIIEro Kackaaa — T, [lpu u3nunixe
OonplIoON BenuuuHe mnpousBeneHus V-t; kpuBble ['K uckaxarorcs, nOpu 3TOM
aMIUTATYJIHbIE 3HAYEHUSI YMEHBIIAIOTCA, aHOMAJIUMU "pacIIbIBAIOTCA" U CTAHOBATCS
ACUMMETPHUYHBIMH, CMEIIASICh MO HAMPABICHUIO JBUKEHHS CKBAXXUHHOTO Mpudopa.
Ecnu t, m3numue mano U V-1, - MEHbIIE ONTHUMAJIbHOI'O, KPHUBBIE, HCKA)KEHHBIE
CTaTUCTUYECKUMU (PIYKTyallUsIMU, CTAHOBSTCS HU3PE3aHHBIMHM, MPHU 3TOM MOXKET
OTCYTCTBOBATh MX TOBTOPSIEMOCTh. Pe3ynbTaThl HU3MEPEHUS E€CTECTBEHHOM
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paZIMOaKTUBHOCTA IMOPOJ OTHOCAT K TOYKE, COOTBETCTBYIOUIEH CEpEAUHE
JNETEKTOPA, ABISIOUIEHCS TOYKOMN 3aIHUCH.

Bo3MoxHOCTP uCHONb30BaHUs JOaHHBIX ['K I KOJIMYECTBEHHOM OLIEHKU
TJIMHUCTOCTH OCHOBBIBAETCA HA CYIIECTBOBAHWM KOPPEISLHMOHHOW CBSI3HM MEXKIY
TIMHUCTOCTBIO OCA0YHBIX TIOPOJT U UX paaroakTuBHOCTEIO ( = f (C,,;). C moBbimeHnemM
PaAMOAaKTUBHOCTH TJIMHUCTOCTh NOPOJ 3aKOHOMEPHO yBenu4yuBaerca. B OoapIIMHCTBE
CIIy4aeB 3TH 3aBHUCUMOCTH HOCAT HEJIMHEHHBIN Xapakrep, Mo3romMy nauarpammy |,
ATAJIOHUPYIOT C HCIOJIb30BAHUEM 3HAYEHUNM MHTEHCHUBHOCTH TaMMa-U3Jydye€HHUS B
OITOPHBIX TUTacTax. [3]

3a onopHbIe TPUHUMAIOTCS TUIACTHI C MUHUMAIBHBIMU |y min (OmopHsIi miact 1 -
IJIaCT C HYJIEBOM TMIMHUCTOCTHIO) U MAKCUMAIBHBIMU |, max (OMIOPHBIN TIACT 2 - MIIACT
TJIMH) TIOKa3aHUsIMU Ha UarpaMmMe raMmma-KapoTaxa.

3a ONOpHBIM TOPU3OHT YHUCTHIX TJIMH NPUHUMAIOT MOIIHbIC TOJIIHA TJIMH,
pacroyIoKEHHBIE KakK MOXKHO OJbke K IUlacTy, Uil KOTOpPOTO  ONpeessieTcs
[NIMHUCTOCTh, M XapaKTepU3YIOLIUMECS MAaKCHUMalbHBIM JIMAMETPOM  CKBAYKHUHBI
(kaBepHOM) M MaKCUMaJIbHOW HHTEHCUBHOCTBIO |, max, MPHUBEAECHHON K YCIOBUSAM
HOMHUHAJIBHOTO IHAMETPa CKBAKUHBI.

3a OMOPHBIM TOPU30HT TOPHBIX ITOPOJ C HYJIEBOW TNIMHUCTOCTBIO NMPUHUMAIOT
JIOCTATOYHO MOIIHBIE TIUIACTHI YHUCTHIX TMI€CKOB, TECYAHUKOB WJIM HW3BECTHIKOB,
XapaKTEePU3YIOIIUECS MHUHUMAJIbHOM HWHTEHCUBHOCTBIO |, max, Ha KkpuBoil I'M wu
HOMHUHAJIBHBIM IUAMETPOM CKBXKMHBI HA KABEPHOTpaMMe.

JIJ1st KaXKI0T0 UCCIIEAYEMOTO TUTACTa BBIYUCIISIFOT PA3HOCTHBIN mapametp Al,.

Aiy = Iy - Iymin / Iymax - Iy min (1)

[lpumenenne pa3HOCTHOro mapamerpa Al, MO3BOJSET WCKIIOYHUTH BIUSHHE
WHIUBUIYAIbHBIX ~ OCOOCHHOCTEH  paJiOMETPUYECKON  ammaparypbl, CHHXKAET
TpeOOBaHMS K TOYHOCTH U3MEPEHUN U MPU MPABUIHHOCTH BHIOOpA ONTOPHOTO TOPU30HTA
[NIMH HWCKJIIOYAeT BIIMSHUE HM3MEPEHHI PaAuOaKTUBHOCTU TIJIMH MO IUIONIAAM Ha
xapaktep 3aBucumocta Ai, = f (C,,).

[Ipu KOMMUECTBEHHOM OLIEHKE TJIMHUCTOCTH NTopoa 1o JaHHbIM [ 'K ucnonp3yercs
3aBUCUMOCT:

C.= f (K Al), ®)

rae K - koahdUIMeHT yYyuThIBAIOIIMNA, YTO COJAEpkKaHUE METUTOBOM (pakuuu
Jake B YUCTHIX riuHax oObidHO He paBHO 100%. Bennumna K mpuHuMaeTcs paBHOM
COJIEP KaHUIO TEIUTOBOM (PpakiMKU B OMOPHOM ILIACTE TJIMH, BHIPAXKEHHOMY B JIOJSIX
equuuipl. Tak, npu C,, o IMHUCTOTO 1acta, paBHOM 90 %, K = 0.9, npu C,, o, paBHOE
80 %, K = 0.8 u t.n. IIpy oTcyTCTBUM KEPHOBBIX AaHHBIX BennuMHy K mpuHUMAaroT
paBHo#t 0.7 (T.K. TTMHUCTOCTD TJIMHUCTBIX IJIACTOB M3MeHsieTcs B mpeaenax 0.6 - 0.8).

K npumepy, 3aBUCHUMOCTH OTHOCUTEIIBHOW WHTEHCUBHOCTU €CTECTBEHHOIO
ramMmma-usiaydeHus: Al, OT mmMHUCTOCTH TOpHBIX mopon C., s  ONMKHEro
[TpaBoOepexbs B IepBOM MPUOIMKEHUN TIPUHSITA!

C,=0.52 * Al, (3)

Cpennee 3HaueHHe norpaBoyHoro MHoxurens K ais paccmarpuaemoro paiioHa
OTpEJENSIETCS] HA OCHOBAHHUM JIaHHBIX I'PaHYJIOMETPUYECKOro aHanu3a oOpaslioB IJIHH,
OTOOpPAaHHBIX U3 OMOPHBIX IJIACTOB.
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Jlekuusi 8. HeliTpoHHBIE METOABI

HeliTpoHHble METOIBI NIENSATCA Ha JIB€ TPYMINbl CTAllMOHAPHBIE HEUTPOHHBIC
meroasl (CHM) u umnynbcHble HelTpoHHbIE MeTo bl (MHM).

B nanHOM y4eOHOM MOCOOMHU PacCMOTPUM CTAallMOHAPHBIE HEHTPOHHBIE METOIBI
(CHM). B 4yucno KOTOpbIX BXOJIUT HEUTpoHHBINM ramma-kapotax (HI'K), HedTpoHHBII
MeTo 1o TemioBbiM HelTpoHam (HM-T) u HEWTpOHHBIM METOJ MO HAATEIIOBBIM
Heritponam (HM-HT).

[Tpu netitponnom kapotaxke (HK) uzyuaercs apdext B3auMomencTBUs MOTOKA
HEHUTPOHOB, NOCBHIJIAEMBIX U3IIy4aTEISIMU C SIpaMH 3JIEMEHTOB TOPHBIX TOPOA

Lon — Heiitpon. HelTpoH — 9T0 4acTuIa ¢ MACCOBBIM YHCIIOM = 1, a 3apsi ero = 0.
HeliTpoH He MMeeT 3JeKTPUYECKOro 3apsiaa, HE MOHU3UPYET Cpeny, UMEET OOJIbIIYIO
IPOHUKAIOIIYIO CIIOCOOHOCTh, €IUHCTBEHHBIM (PAKTOp, BIUSIOMMN Ha JBHKCHHE
HEHUTPOHOB SIBJISIETCSI MX CTOJKHOBEHHME C siIpaMH aroMmMoB. B pesyibTare 3TOro
B3aMMOJICUCTBUS IIPOUCXOIUT 3aMEIJIEHUE HEUTPOHOB.

r

> @
1

S

IIpy KaxIOM COYJApeHUM HEUTPOH TepsSeT MAKCUMAJIbHO BO3MOXHOE
KOJIMYECTBO DJHEpruu. B pesynbrare IOCIE HECKOJBKUX JECATKOB COYIApEHUM 3a
MIEPUOJT BPEMCHH 10° cex HauanbHas sHeprust HelTpoHa E™6,crpmii neimpon = 4-6 M2B
(Mera AJIeKTPOHBOJBT) CHIDKAIOTCS 10 PHEPTUU HAATEIUIOBBIX HEUTPOHOB Eyr ~ 1 Mo
(OBICTpBIN HEUTPOH TIPEBpAIACTCS B HATEIIOBOW HEUTPOH). 3aTeM LN manbime TepsieT
CBOIO DHEPTHIO U MEPEXOAUT B TEINIOBOW HEMTPOH, a €T0 SHEPrUsl TAHOBUTCS paBHOM Er
~ 0,025 OB. B TemioBOM COCTOSHMM HEUTPOH 3aXBaTHIBACTCS SIAPOM KaKOTO-HHOYIb
AJIEMEHTAa TOPHOM MOPOABI M INPU ITOM IPOUCXOIWT H3IydeHUE Y — KBaHTOB. Ha
HaOMIOACHUM OBICTPBIX HEHUTPOHOB /0 HAATEIUIOBBIX, @ 3aTEM JI0 TEIJIOBBIX M Ha
perucTpauuyu BTOPUYHOTO Y — WM3JYyYEHMS, BBIICISAIONIMXCS MPU 3aXBAaT€ HEUTPOHOB,
ocHoBaHbI HelTpoHHBIe MeTopl: HM-HT, HM-T, HI'K. [4]

['maBHBIM 3amMennuTENEM HEUTPOHOB SBISIETCS BOAOpoX. B ropuoi mopoxe H;
conepkutcsi B ocHOBHOM B H,0O, HedTH, T.e. B JKHUIKOCTH BBINOJHSIIONIEH MOpPOBOE
npoctpancTBo. [loaTOMy B HEHTPOHHOM KapoTa)X€ MBI MOXEM ONpPEIEIUTh OOIIYIO

MMOPUCTOCTh TOPOBI: Oy = Oy = o = K,

raie Ko -xoadduimeHT mopucTocTH; ®yp — BOAOPOAOCOJSpKaHHWE HEPTH B
miacTe; My — BOJOPOAOCOACpKaHWE BOABI B IJIACTE, Oy — CyYMMapHOE
BOJIOPOJIOCOIEpIKAHHE.

&6
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Ecou B cpene, kpome H, mpucCyTCTBYIOT 3JIEMEHTBI C aHOMAJIbHO BBICOKHAM
ceueHrem 3axBata: Cl (xmop), B (6op), Kd (kammuii), Fe (kene3o mu  ap., TO OHH
MOPa3HOMY BIUSIIOT Ha IJIOTHOCTh HAJITEIUIOBBIX M TEIJIOBBIX HEHUTpOHOB. OCOOEHHO
BaXHO BiusHHE Xjopa. Cl (xy0p) He OKka3bpIBaeT HUKAKOTO BJIMSHUS Ha IUIOTHOCTb
HA/ITETUIOBBIX HEWTPOHOB, a OKa3bIBAC€T BJIMSHHUE TOJIBKO HA TEIUIOBBIE HEWUTPOHBI.
[IJTIOTHOCTH TETJIOBBIX HEMTPOHOB C YBEJIMYEHHUEM XJIOpa B Cpelie yMeHbluaeercs. B
merone HI'K, mpucyrcrBue xijiopa nmpuBOAUT K YBEIMYEHUK) MHTEHCUBHOCTH IYHeﬁTPOH
HEUTPOHHOTO Y — U3JTy4YCHUS.

Heittponnsiii ramma kaporaxk (HI'K) ocHOBaH Ha u3MepEeHHN MHTEHCUBHOCTH
raMMa-u3JydeHHs] paJualliOHHOTO 3aXBaTa, BO3HHUKAIOIIETO B pPe3yibTaTe OOIydCHUS
TOPHOM MOPOJIbI TOTOKOM OBICTPBIX HEHTPOHOB.

CKBa)XMHHBIN TpUOOP COCTOUT U3 UCTOUYHUKA OBICTPBIX HEUTPOHOB U YAAIEHHOTO
or Hero Ha paccrosHue 40-80 cM OJHOrO WM HECKOJIBKHUX JIETEKTOPOB ramma-
u3IydeHus. MexXly UCTOUHUKOM M JIETEKTOPOM MOMEMIAIOT (UIBTP, MOIJIONIAIONTUN
npsiMoe u3MydeHue (MeTaul, napaduH M T.I1.) , Kak MOKa3aHO Ha pucyHke 16.

R R LRI I R e N O T e o i e e S R R R T

Pucynok 16 — CxemMa 30H1a HEUTPOHHOTO TaMMa-KapoTaxa.
I' — nerexTop ramma-usnyudenust, IC — 3JIeKTpOHHAs cxema

|i| — U3Ty4daTesab ObICTPHIX HEUTPOHOB

§ — GuIbTp

A
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B HI'K perucrpupyercst HHTCHCUBHOCTS | y¢jirpon HEHTPOHHOTO Y — U3ITydEHHSI.
[Ipu HI'K onpenenarcs CKOpOCTh cyYeTa UMI/MUH, pe3yJbTaThl H3MEPEHHUS
NPEACTABIAIOTCA B YCIOBHBIX €IUHULAX. 3a YCIOBHYK €IWHHIYy IPUHUMAIOTCS
IIOKA3aHUsI, COOTBETCTBYHOIIME BoAe. LleHy yCIIOBHOW €AVHUIBI ONPEAEISIIOT 110
HM3MEPEHUSM B OaKe ¢ MPEeCHON BOJIOM.

I'pannnbr 1uractoB Ha auarpammax HI'K omnpenensercs nmo Hawamy KpyToro
noabeMa (TI0/I01IBA) M Havajy KPyToro ciycka (KpoBJif).

JIutonmornuyeckoe pacwieHeHne mnopon HI'K BO3MOXHO 1O KadeCTBEHHBIM
npusHakaM Max 1" - IJIOTHBIE HU3KOMOPUCTHIE IIACTHL; MUH | — ITIMHBI, HU3KHE MK
cpeanue nokasanus | — mIacTel KOJUIEKTOPHI

[Ipyr KOIMYECTBEHHOW MHTEPIPETALHH ITOIb3YIOTCS OTHOCHTEIBHOW BEJIIMYMHOU
— Pa3HOCTHBIM ITAPAMETPOM:

AiTY = Ig‘l};_fr?&n
U = v (1)
max " 'min

'Y

max

rae
T
3BECTHSIKA, fm}sn- MHUHHUMAJIbHOE 3HAYE€HUE MHTECHCHBHOCTH IPOTHB OIOPHOrO ILIACTA
n
TJIMH, .’mf - 3HAUCHUE UHTEHCUBHOCTH UCCIIEYEMOTO TIJIACTA.
Koaddumment nopucroctu ompeaensercs Mo 3aBUCHUMOCTH, KaK TOKa3aHO Ha

MAaKCUMAJIbHOC 3HAYCHUC HWHTCHCHBHOCTHU, IIPOTHUB OIIOPHOTIO IIIaCTa

pucynke 17: Ai™ = f(1gK,), (7)
A™ ep
15
5 :__:\ a— HHp PHBBIX - d . B ¢M
4 = -——___‘__“\ 0
S 25
7 -
1 >
3% 3% IBK,

Pucynox 17 — 3aBucumocts ko3 duiimenta nopuctoctu ot naTeHcuBHOCTH HI'K

IIpumenenne HI'K. B xommiekce ¢ ApyrumMu METOJaMU HEUTPOHHBIA raMma-
KapoTaX NPUMEHSETCS IJsl JIMTOJIOIMYECKOr0 pacueHEHUsS pa3pe30B CKBaXUH,
BBIICTICHUS] ~ KOJUIGKTOPOB,  OLIGHKM  Ko3((uIMeHTa  MOPUCTOCTH,  OTOMBKHU
BOJOHE(PTSIHOTO ¥ Ta30HE(PTSIHOTO KOHTAKTOB M T.II.
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Jlekuust 9. AKyCTHYECKHMIA KAPOTAK

CyIIHOCTh aKyCTHYECKOT'O METO/Ia COCTOUT B M3MEPCHUU MMapaMeTPOB BOIHOBOTO
HOJIsI, CO37aBaeMOr0 IMOMEIIEHHBIM B CKB&KHHY aKYCTHYECKHM HMITYJIbCHBIM
UCTOYHUKOM YIPYIrHX Kojebanuii. [5]

BosiHOBOE 10JI€ CHCTEMBI CKB@)KMHA-TUTACT BKJIIOYA€T MHOXKECTBO BOJIH,
pPa3IMYHBIX IO THIy W HPUPOJAE BO3HUKHOBCHHSA. B HEOrpaHHYEHHOM MacCHBE
OJHOPOJHBIX TOPHBIX IOPOJ TOYCYHBIM HCTOYHHKOM MOTYT OBITh BO30Y)KICHBI
IPOJIOJIbHBIC U TONEepeUHbIe BOJHBL. CKOPOCTH pacnpOCTpaHEHHUs MPOIOJbHBIX VP |
HOTEPEYHBIX V'S BOJH Pa3InUHbI, MPUOIMKEHHO MOYKHO CUMTATh, YTO

Vp/ Vs = 1.73.

Ckopoctu VP u VS 3aBUCAT OT JMTOJOTMYECKOIO COCTaBa, IMOPHUCTOCTH,
CTPYKTYpPBI ITOPOJ] M XapaKTepa HACHIILIEHHOCTH.

AMIUTATYIBI BOJTH 3aBHCST OT CTEIICHHU ITOTJIOIICHUS YHEPTUHN B Cpe/ie, HATHYIUS B
pa3pe3e OTPAKALIUX TPAHHULL, T.€. OT TPEIIUHOBATOCTH, CIIOUCTOCTU TOPHBIX MOPOA U
Ap.

st BO3OYykaeHUsT U HAOJIOCHUs] YIPYTUX BOJH B CKBOKHUHY OITYCKAaIOT 30H]I,
KOTOPBIN MOKET COJIepKATh OJIUH UM HECKOJIBKO M3NTydaTesel U MPUEeMHUKOB YIIPYTUX
BOJTH. OCHOBHBIMU BHIAMH 30HJIOB SIBJISIFOTCSI TPEXDIIEMEHTHBIE (CKBaKUHHBIE TPUOOPHI
tuna CITAK u 1p.), npeacraBieHHbl Ha pucyHke 18.

TpexsneMeHTHbIM aKyCTUYECKUU 30H[, COCTOUT U3 JABYX IpueMHUKoB II; II, u
onHoro wu3nydarens WM. PaccrosHue wmexnay mNpueMHUKamMu (U3JydaTensiMi) B
TpexdneMeHTHOM 30HAe AK siBisercs 6azoit 3oHma S (pucynok 18). O6praro S=0.3-
0.5m.

JlnviHe 30HAA COOTBETCTBYET PACCTOSHHUE OT CpeOHE TOYKH MEXIY
OJIHOMMEHHBIMH 3JIEMEHTaMHU (KOTOpas SBISETCA TOYKOW 3aMHMCH) A0 Pa3HOMMEHHOIO
anemenTa (LS). nmuHy 30812 L BEIOMparOT Takok, 9TOOBI OJYYUTh JOCTATOYHO MHTEH-
CUBHBIN CHUTHaJI B MOPOJAX C OOJBIIUM IOTJIONICHUEM BOJH, a TakK)Ke, YTOOBI MpsiMas
BOJIHA 10 MPOMBIBOYHON J>KHJIKOCTH TPHUXOAMIA K TMPUEMHUKAM II03KE TOJOBHBIX.
OOb1yHO 3TH TpeboBanHms cobmoaatorces, ecinu L = 1.5 2m.

B kauecTBe m3imydaTesnsi MPUMEHSIOT MarHUTOCTPUKIIMOHHBIE TIPE0Opa3oBaTeu:
dbeppoMarHuTHBIE BEIIECTBA, H3MEHSIONME (OPMY H pasMepbl TMOA JICWCTBHEM
MEPEMEHHOTO MAarHUTHOTO TIOJISI.

[IpueMHUKOM yJIbTPa3BYKOBBIX KOJ€OAHU OOBIYHO CIYXKUT IhE303JIEKT-
puyeckuil mpeodpa3zoBaTeib, B KOTOPOM MeXaHuyeckas Aedopmaiusi NPUBOAUT K €ro
AIEKTPUUECKOM TMONSpHU3alMU - TOSIBJICHUIO Ha JJIEKTPOJAX dBJIEKTPUUYECKOTO
HaIpsHKEHUS!, TPOMOPIIMOHAIBHOIO MEXaHUYECKOMY M MEHSIOIIEro CBOM 3HaK BMECTE C
nociaeaAHuM (TIPSAMOM MTbe303JIEKTpUIeCKUil 3P heKT).
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S — pacCTosHHE MEXIy ABYMS

CEHCMONPUEMHUKAMM.
OT ucTOYHMKA IyJbcalus, KOTOpast UIeT
\ / B Cpeay CKBaKMHBI (OypOBO# pacTBOp) H
\ / uner cdepuueckas BOJHA U JOCTUraeT
NcTouHMK CTEHKM CKBRXHHbBI W BOJHA JMOO

oTpa)kaercs, JIN0O MPEIOMIISIETCS.
[IpenomuBmiasicst BoaHa npuxoaut Kk 1CIIT
(IT;), morom ko 2-omy CII (Ilp). Msr
¢ukcupyeM BpeMs mpuxoia BOJHBI K [1
t — 910 t; 1 BpeMs npuxoja k I1, — ato to.

1 _ & Baxxno, 4ro0b1 mpubop pacrmonaraicsi B

IICHTPE CKBaXUHBL. BBepxy u BHH3Y
S npubopa  HaIEBAIOT  AKyCTUYECKHE
/ LCHTPATOPHI.

LleHTpatop

Pucynok 18 —Cxema TpexasneMeHTHOro 30H1a AK

CranmaptHas anmapatypa tuna CIIAK (CITAK-4, CITAK-6) oOecneuuBaer
pPErHCTPALIMIO TAKUX MMAPAMETPOB MPOAOIBHBIX BOJH KaK:

Ty, T, - BpeMeHa nepBOro BCTYIUICHUS JJIsi IEPBOTO M BTOPOTO TPUEMHHUKOB;

Aj,A, - aMIIUTyObl TEpPBOTO BCTYIUIGHHS Uil OJMKHETO W JTAJIbHETO
PUEMHUKOB;

AT — BpeMs NPOXOKIECHUS NPOJOJIBHON BOJIHBI B MHTEpBane Mexnay I1; u I, Ha
paccTosHUM, paBHOM 0a3e akKyCTHUECKOTo 30H/aa S.

ATs = To - T41/S, (1)

o - Ko uimenta ocnabiaeHus (3aTyXaHus) aMIUTUTYIbl, OTHECEHHOU K €TMHUIIC

JUTUHBI.
7 | A
o == ip 2L, (2)
S Ao

3nauenus Ty, Ty, AT peructpupyrorcst B MUKpOCeKyH1ax; Ay U A, - B YCTIOBHBIX
eauHuIax (Hampumep, MB), a - B nenubeniax Ha metp (1b/m) .

Huarpammer AT,  npurogHeie Ijisi UHTEPHPETALNM, NOJDKHBI YIAOBIECTBOPSTH
CJIEYIOIINM TIPaBUIIaM:

1. Hyxno, uto6sl kpuBbsie T; U T, KOPOTKOTO U JJIMHHOTO JBYXAJIEMEHTHBIX
30HJIOB B OOIIUX YepTax MOBTOPSIIN APYT IpyTa.

2.  Heobxommmo, 4TOOBI MOBTOpHBIE KpuBbie T; m T, oTnuvamuch OT mep-
BOHAYAJIBHBIX HE Oosiee ueM Ha 1.5 % , a xkpuBbie AT  He Gonee vem Ha 3% .

3. Tpebyercs, utoObl 3HaueHWss AT B ASTaJOHHBIX cpelaX COOTBETCTBOBAIHU
XapaKTEPHBIM ISl HUX 3HAYCHUSM, NMPUBEJICHHBIM B Tabmuile. /{1 BBITTOJIHEHHS 3TOTO
ycioBus Ha muarpamme AT M0KHBI OBITH BBIJICJICHBI IBA OTMIOPHBIX TUIACTA.
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Tadoauna
XapakrepHble nokazanusi AT B onopHbIX cpexax

CPEJIA AT, MKc/M I[TPUMEYAHUE
KaBepHa Oosibioro quametpa  |980-600 MaKCHUMAaJIbHBIC TOKa3aHUS
mIoTHeIe u3BecTHsIkn K >1% |155-160 MHHHUMaJIbHBIEC TTOKa3aHUs
IUIOTHBIE TOJIOMUTHI K, <1% (140-145 TO XK€
HE3alleMEHTUPOBaHHAas 185 TO e

oOcajHas KOJIOHHA

Kpuspie T;, Tp, AT He yHOBIETBOpSIOIIME OJHOMY H3 IIEPEUYNCICHHBIX
TpeOOBaHUM, ABJISIIOTCS OPAKOM M MHTEPIPETALIMHN HE MMOJJIEKAT.

OnpeneneHue rpaHuil IIacToB.

KpurBasi HHTEpBAJIbHOIO BPEMEHU PETUCTPUPYETCS B JIMHEHHOM MacIlTade Tak,
yto BenmmuuHa AT pacrer cneBa HampaBo. KpuBas 3aTyxaHusi 0 PETHCTPUPYETCS B
JUHEUHOM, TUOO B Jlorapu(MUIECKOM MaciiTade.

[Topoasl ¢ BEICOKOU MOPUCTOCTHIO M MOBBILIEHHBIM OCHIA0JEHUEM SHEPTUU BOJH
OTMEUalOTCs Ha (OHE BMEIIAIOIIMX IOPOJI MakcMMyMamu Ha KpuBblx AT u o.
AHOMaJINM CUMMETPUYHBI OTHOCUTEIIBHO CEPE/IMHBI IJ1acTa.

['panunpl miacta HaXOOAT MO TOYKaM, CMEILIEHHBIM Ha BEJINYUHY
MOJIOBUHBI  0a3bl 30HAa S/2 , OT OCHOBAaHUS AHOMAJIUU K CEPEeIMHE IJIacTa.

Yewm OoJbIlIe CKOPOCTH PACTIPOCTPAHEHUS BOJH, TEM MEHBIIE BpeMs. DTOT ¢akT
UCITIOJIB3YETCSl PU JIUTOJIOTUYECKOM PaCUJIEHEHNUH pa3pesa.

B miotHBIX mopogax (M3BECTHSKAaX, MECUYaHUKax) CKOpPOCcTh Oynet Oosbine. Ha
nuarpammax At IIOTHBIC TTOPOJIbI OTMEYAOTCS MIN. B phIXJIBIX MOpoaax — TIIUHBI U JIp.
3HaueHus At — max.

A‘t CBsi3b MeXIy MOPUCTOCTBIO U HMHTEPBAIIOM
BpeMeHH Al BbIpakaeTcsi depe3 ypaBHEHHUE
WHTEpBaja BPEMEHHU:
At = Atx*Km + (1 — Km)* Atck
AUk - At JKHIKOCTHU
K — x03¢-t nopuctoctu
AtcK — MHTEpBaJIbHOE BPEMsI CKEJeTa MOPOIbI
Atx u Atck — CONST
Atck n3B-xa = 154
max Atck mon-ta = 144
Atck nmecu-ka = 179
Atmacra mo nuarpaMme y3Haem
- AtTé — Atfié
Atfié — Atee

U3BecT-
HAKU

MuHbI

1 <
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Ces3p K1 u At — nuneitnas. Kak ato cienyet u3 rpaduka Ha pucyHnke 19.

Ecan IMOPUCTOCThb, OTJIIOKCHHAsA II0 OCH X paBHa HYIIO, TO IIO OCH y,
OTKJIAABbIBACTCA CKCJICT ITOPOAbI Afck.

At
A

Casisb Kn uAt nuneiinas

v

0 \ \ \
20 40 60 Kn

IIpumenenne AK. B xoMIulekce ¢ IpyrumMu METOJaMH aKyCTHUYECKHNA KapOTax
IIPUMEHSIETCS ISl JIUTOJIOTMYECKOTO PACUJICHEHUS Pa3pe30B CKBAXHWH, OIPEACICHUS
Ko3(pHIIIEHTa MOPUCTOCTH, B TOM YHCJIE€ TPEIIMHHON U KaBEPHO-TPELIUHHOM.

Jlekuus 10. Boiaesienne njiacroB - KOJJIEKTOPOB
U olpejieJieHHe XapaKTepa uX HaChIIeHUs.

BbiesieHue nJjiacToB — KOJUICKTOPOB.

Konnektopom HedpTn u rTa3a OOBIYHO HA3BIBAIOT MOPOJY COJEPXKAIIYIO, B
MyCTOTHOM TIpocTpaHcTBe (uronabl (HedTh, Ta3, BOAY) W OTHAOIIME WX MPHU
pa3paboTke.

Paznenenue mopos B paspe3e Ha KOJUIEKTOPHI U HEKOJUIEKTOPHI BBITOIHIETCS TI0
naaaeiM THUC. [3]

C yuetom TexHosoruu OypeHus: caMm ¢GakT IPOHUKHOBEHUSI OypOBOTO pacTBOpa B
IUTaCT CBHUJCTENBCTBYET, YTO TMOPOAA - KOJUIEKTOp. OTO HEOOXOAMMBIH, HO HE
JIOCTaTOYHBIN MPU3HAK KOJUIEKTOPA.

Bce dusnueckue crienctBusi, BoITeKaromue u3 ¢akta NPOHUKHOBEHUS OYpOBOTO
pacTBOpa B IUIACT, TOPOXKIAIOT CHCTEMY TIPHU3HAKOB, HA3BIBACMBIX MPAMBIMHA
KayeCTBEHHbIMH NMPHU3HAKAMH, KOTOPBIC OTINYAIOT KOJJICKTOP OT HEKOJIJIEKTOpa
YCHEIIHO MPUMEHSIOTCS B IPAKTUKE reosiornueckor nurepnperauuu ['NC.

[IpssiMbIMU ~ KaueCTBEHHBIMM MpPU3HAKAMU TEPPUTEHHOTO U KapOOHATHOIO
KOJUIEKTOPA C MEX3EPHOBBIM TUIIOM MTOPUCTOCTH SIBIISTIOTCS:

1.CyxxeHne nuaMeTpa CTBOJIA CKBAKUHBI, IPYTUMHU CIIOBAMU HAIMYUE TIIMHUCTON
KOPKH, OTMEYaeMoe Ha KaBepHorpamme, dckB <dHoM.
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2. XapakTepHble T[OKa3aHHWs Ha JMarpaMMax MHKPO30HIOB, T.C. HaIWYHe
TIOJIOXKUTETLHOTO TIPUPAIIICHHUS.
VienpHOe 3JCKTPUYECKOE COMPOTHUBIICHHE IUIACTA-KOJUIGKTOPA, CHITOE C
JAMarpaMMbl MHKDOIIOTCHIMA 30HAAa Py~ OOJbIINE, YeM YIETbHOE DICKTPUUECKOE
COTPOTHBIICHHUE 0 HarpaMMe MKKPOTPAIUEHT 30HIa Py -

MII3 MI3

Pc ~ Px

[Ipu 5TOM 3HAYCHHUS P, U Py~ HE BBICOKHE.

3.Hanuure m3MeHeHus yIeIbHOIO 3JIEKTPUYECKOIO CONPOTUBIICHUS 110 PaAUYCy
CKBOXHMHBI,  YCTAaHABJIMBAEMOE [0  JaHHbIM  pAa3HOINIyOMHHBIX  YCTaHOBOK
anekTpuueckoro kaporaxa (Hanpumep BK m MBK), myrem conocraBieHus yaeabHOTO
COMPOTHBICHHS TIOposl (P > mmn < p"® ). Tak ke MOXHO HCIIOJIb30BaTh JAHHBIC
bK3 wim BUKI3.

PanuanbHbIil TpaJleHT CONMPOTUBIICHUS B KOJJIEKTOPE OOYCIIOBJIEH HAJIMYUEM B
HEM 30HBl IIPOHUKHOBEHMs, YACJIBHOE COIPOTUBIECHUE KOTOPOM, KakK IPaBUIIO,
OTJINYAETCS OT YACIBHOTO COIPOTUBIICHUS HEU3MEHEHHOM YaCTH IUIACTA.

4 OTpunarenbHble aHOMAJIMK HA JUarpaMmax CaMOIIPOU3BOJIBHOW MOJIIPU3ALNH
(IIC).

OTrcyTcTBHE WM HAJIMYAE JTUX IPU3HAKOB 3aBUCUT HE TOJNBKO OT
(UIBTPALIMOHHO-EMKOCTHBIX CBOMCTB IUIACTa, HO M OT TEXHOJOTHYECKHX (PaKTOPOB,
BKJIIOYAOIINX CBOMCTBA NPOMBIBOYHOM JKHUJKOCTH, BEIMYMHY PENPECCMU HA IUIACT,
BOJOOT/a4N, KOJbMaTaxka U T.A. OTCYTCTBHME NPSIMBIX KAYECTBEHHBIX INPU3HAKOB Ha
JyarpaMMax KapoTaxka €Ile He TOBOPUT, YTO OPOJA HE KOJUIEKTOP.

Paznenenue mopoabsl Ha KOJUIEKTOPBI M HE KOJUIEKTOPBI BO3MOXHO IIO
KOCBCHHBIM KOJMYECTBEHHbIM KPHMTEPHUSIM C NPUMEHEHHEM TI'DAaHWYHBIX 3HAYEHUUI
reousznueckux napameTpos. Ilyrem cocraBieHusI HEpAaBEHCTB, HAIPUMED:

K," O K,? wm K, 1Ky,

Omnpenenenue ko3pPpunuenTa HeQTera30HACHIIIEHHHOCTH

Koaddurment HedTerazoHachleHHOCTH MPEACTaBIseT co00i a0t 00beMa
1op, 3aHATYIO0 HE(DTHIO U Ta30M, U YUCJICHHO PaBEH OTHOIICHUIO 00beMa Iop, 3aHATHIX
He(THIO ¥ Ta30M, K CYMMapHOMY 00bEMY TTOD:

Kur = = (¢H)

O6beM Top MOPOBI-KOJUIEKTOPA JIMIIb YaCTUYHO 3aMOJIHEH HEPTHIO WIH Ta30M,
MOCKOJIBKY 4YacTh 3TOTO 00beMa B THAPO(MUILHOM KOJUJIEKTOPE 3aHHMAaET OCTaTOYHas
Boja. CojeprkaHue OCTaTOYHOW BOJbI B KOJUIEKTOPE XapakTepusyercs: KoahhuiuueHToM
OCTaTOYHOTO0, BojoHachieHus Ko, mim npocto koadgduimenToM BogoHackienus K,
KOTOPBI paBeH OTHOILIEHUIO 00beMa MOp, 3aHUMAEMbIX BOAOH, KO BCeMy 00BEMY IOp
(Ks = Vil Vi)

Jlnisa Hanbosiee 4yacTO BCTPEUAIOIIMXCS B MPUPOJE THAPO(PUIBHBIX KOJUIEKTOPOB
MyCTOTHOE MPOCTPAHCTBO MX 3aHATO B 00IIEM ciay4ae Tpems (azaMu - HeThIO, Ta30M U
BOJIOH, T.€.:

Ki+K+K; =1 (2)

WIN

KiotK;=1 (3)
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Onpenenenue kodddunmenta Hedterazonaceiniennoctd (Ky) mo yaensHOMY
COIMPOTHUBIICHUIO TOPOJBI (p,) OCHOBAHO Ha CBS3SIX MEXAY IMapamMeTpOM HACHIIICHUS
(Py) m xosddummentom BomonacwimeHuss ( K, K;,). OTu cBsizu BbIpaxkaroTcs
ypaBHEHUSMUA APYH ¥ UMEIOT BU/I:

Po = p—
K @)
b

P = P
o (5)

rae P, = pan / ps - OTHOCUTEIBHOE CONPOTUBIICHUE, A Py = pyy / Pan - KOG dULIHEHT
YBEJIMYEHUS CONTPOTUBIICHHUS.

3HayeHHUs KOHCTaHT a W D, a Tarke mokasarteneit cremeHH N W M
YCTaHABIMBAIOTCS HKCIIEPUMEHTAIBHO ISl JAHHOTO THUMA KOJUIEKTOpa, C YYETOM €ro
TEKCTYPHBIX M CTPYKTYPHBIX OCOOCHHOCTEH. BenmunHa mokasatenst N ompeaensercs
TJIaBHBIM 00pa3oM XapaKTepoM CMauyMBaeMOCTH, HO TakK)K€ 3aBUCHUT M OT CTEICHU
TJIMHUCTOCTH KOJUIEKTOpa. B THApOoUIBHBIX TJIMHUCTBIX KOJUIEKTOpAxX €ro BeIMYWHA
cocraBusieT 1.3 - 1.8, B uucThix u crmabormuuucteix N = 1.8 - 2.0. B xapOoHaTHBIX
KOJUIEKTOpax MOKET HaOJII01aThCsl HEKOTOPOE yMEHbIIEHUE N 10 1.6, a B KaBEpHO3HBIX
naxe 10 3HaueHWid MeHblie 1. B ruapodoOHBIX KOJUIEKTOpax MOKa3aTelb N HMEET
MOBBIIIEHHBIE 3HAYEHUS OT 2.5 10 5.

KoaddummeHT BogoHACHIIIIEHHOCTH BRIYUCIISICTCS 110 (hopMyJIe:

K,="/b= pm;'pn =®b=P, pz;‘pn == larbK;™ - pﬁ;'pn (6)
v N N
B npuBegeHHOE ypaBHEHHE BXOJAT OINPEIEISIEMbIE B MPOLECCE MHTEPIPETALMH
BenuuuHbl K;; (M0 JaHHBIM KapoTakell MOPUCTOCTH), P, (IO JAHHBIM SMIIUPUYECKON
3aBucHUMOCTH p, = (H).
B ympolilleHHOM BHJIe paccUUTaTh BEIMYUHY KO3(D(UIIMEHTa BOJOHACHIIIECHUS

MO>KHO CYUTAsl, 4YTO KOHCTaHTHI a U b =1, a mokasarens crenenu N = 2.
Ii
- « P=
KB - || PI.'_[ ) /pl.-.[ (7)

Y
Brruncnug 3nauenue kordduimenta HedTerazoHachleHus mo Gopmyse:

K, = (1-K8)*100%
MOXHO OINpeNeIuTh XapakKTep HACBHIIIEHUS HUCCIEAYyEMBIX IUIACTOB IO
craenyromeMy npuHimmny: ecimn K, ™" > 50% - 370 HedTeHACHIIIEHHbIH TUIACT, €CIIH
K, "™ < 50% - BOgOHACHIILIECHHBIMN.
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