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1. Ilesu v 3a7a4M OCBOEHUS M CITUNJINHbBI

[enpro nucrurumabl «IIpoMbiciioBast reopu3nKa» SIBISETCS 03HAKOMUTH CTYJIEHTa C TEOPETH-
YECKUMHU U TEOJIOTMYECKUMH OCHOBaMH METOJIOB KOHTpoJisa pa3padborku MIIU, BO3MOKHOCTHIO
MPUMEHEHHUST METOJIOB T'e€O(DU3MYECKUX HCCICAOBAHUHN ISl PEIICHUS Te0JIOTOre0(U3HUECKUX 3a1ad
MIPU CTPOUTEIHCTBE U IKCILTyaTaIllul HEPTETa30BbIX MECTOPOKICHHM, & TAKXKE JUIsl IPOU3BOIACTBCHHO-
TEXHOJIOTMYECKOM, IKCIIEPUMEHTAIIbHO-UCCIIEA0BATEIbCKOM, TPOEKTHON JIEATEIIbHOCTH.

3agauu AMCUMIINHBIL:
—  HAY4YUTh OOYYAIOUIUXCS MCIIOJIB30BATh IMOTYYCHHBIE 3HAHUS 0 OMPEICTICHUIO MapaMeTPOB
MPOYKTHBHBIX TIACTOB U CKBKUH T'€0(U3HUECKUMU METOIaMU;

— ¢dopMupoBaHHE Y 00YYaIOIIMXCS TEOPETUUECKIUX OCHOB METOJIOB MTPOMBICIIOBBIX reo(pu3u-
YEeCKUX HUCCIIeI0BaHUM.

— pa3BuTHE y 00yYarOMIUXCS CIIOCOOHOCTH PEaM30BhIBATh MPUOOPETEHHBIC HABBIKH MTPOBE-
JICHUS CAMOCTOSITENIbHBIX Te0(hM3UMYECKUX MCCIeIOBAaHUN CKBAXHH U IJIaCTOB;

- O6yLII/ITI) Ka4€CTBCHHO W HA JOJKHOM YPOBHEC IINIAHUPOBATh, IIPOBOJAUTHE U UHTCPIIPETUPO-
BaTh IIOJTYYCHHBIC PC3YJIbTAThI FGO¢)H3I/I‘-IGCKI/IX I/ICCJICIIOBaHI/Iﬁ JUIA I[aJII)Hef/'IHICFO IMPUMCHCHUA.

2. Mecto aucunminnsl B crpykrype OIIOII BO

JIMCIMITJIMHA OTHOCHUTCS K 3JICKTUBHBIM TUCHUIUTHHAM (Moayisim) 3 (IB.3).
Heo0xoauMbpIiMu yCITOBUSIMU /1711 OCBOSHUS TUCLUTIIMHBI SBIISIOTCS:
3HAHME:

— OCHOBHBIX IOKa3aresei pa3paboTKU MECTOPOXKIECHUN YTIEBOAOPOIOB;

— OCHOBHBIX CBOMCTB TOPHBIX ITOPOJ;

— ocHOB uHtepnperanuu aanubix ['NC;

— OCHOBHBIX TPHUOOPOB U 00OPYIOBAHUS TIPUMEHSEMBIX B TIPH MTPOBEICHUHN IreOPU3NICCKUX HC-
CJI€JOBAaHUH.

yMeHue:

— TMPUMEHSTH NPUOOPHI U 000PYI0BaHHE JIs TeOPU3NIECKIX UCCIECTOBAHUM CKBaXKHUH U TUIa-
CTOB;

— HHTCPIPETUPOBATH PE3YJIbTATHI FCO(bH3quCKHX HCCIeIOBaHUM CKBaXKUH U IJ1aCTOB;

— OINpPCACIITh 3(1)(1)CKTI/IBHOCTB Pa3JIMIHBIX METOA0B I'ncC AJIs1 pCHICHUA KOHKPETHBIX 3KCIIIyaTa-
OUOHHBIX U TCXHHUYCCKHX 3a1a4,

— J1aTh PEKOMEHJIAIUU 110 KOPPEKTHUPOBKE PEKUMA paOOTHI CKBaXKMHBI HA OCHOBE JaHHbIX [ C-
KOHTPOJIA.

BJIaJICHUC:

— METO/AMKAMHU pacyeTa OCHOBHBIX TEXHOJOIMUYECKHX TOKa3aTenel npu pa3paboTke HEPTIHBIX U
ra30BbIX MECTOPOKICHUN;

— HaBBIKaMU MPOBEACHUS CAMOCTOATENbHBIX UCCIIEJOBAaHNUN CKBAXUH U IJIACTOB;
— METOJMKOM OmpeneneHns cocTaBa (Ion/ia B CTBOJIE CKBOKUHBI
— HaBBIKaAMHU Hﬁy‘IHI)IX I/ICCHe}IOBaHI/Iﬁ

COIlep)KaHI/IC JAUCIHHITIINHBI «HpOMLICJ'IOBaH reo@mnxa» ABJIACTCA JIOTUYCCKUM IMMPOAOJIKCHUCM
COACPIKAaHUA NUCHUIIIINH «Pa3pa60TI<a HC(l)T}IHBIX MCCTOPO)KﬂCHHﬁ)), «HC(I)TCFaSOHpOMLICHOBaH reo-
JIOTHSD).



3. Pe3yabTarhl 00y4eHUsl MO0 TUCHUNIHHE
[Ipouecc u3yueHus: AMCUUIIIIMHBI HAIIpaBiieH Ha pOpMHUpPOBAHHUE CIAEAYIOUIUX KOMITETEHITHI:

Taodnuua 3.1

Kox n naumenoBaunue
KOMIIETEHIINU

KOI[ 1 HAMMCHOBAHUC MHAMKA-
TOpa JOCTUKCHUA KOMIICTCHIINUN

Kox u HauMeHOBaHue pe3yapTara
00y4eHUs TT0 TUCIUIUIAHE (MOJTYITIO)

(MUAK)
IIKC-4 CriocobHOCTB IKC-4.2 [Ipuaumaet ucnosiHu- | 3HaTh (32): METOJUKY COCTaBICHUS
OCYIIECTBIISITh ONIEPATHB- | TEIBCKUE PEIICHHS TP pa30po- | TU1aHa MPOBEACHUS YKCIIEPHMEHTOB
HOE CONPOBOXKJCHHUE T€X- | c€ MHEHHI U KOH(DINKTE Ymerts (Y2): o6pabarbiBaTh U

HOJIOTUYECKHUX ITPOLECCCOB HHTEPECOB

B COOTBETCTBHUH C BBIOpaH-
HOM cdepoii mpodeccuo-
HAaJIbHOM JEATEIIbHOCTH

HHTEPIPETHUPOBATH PE3YJIbTAThI I'€0-
(hu3HYECKUX HCCTIETOBaHUI

Brnaners (B2): mHaBeikamu 06001118~
HHS U CUCTEMATU3aI[MH HAydYHOH U
HPOU3BOICTBCHHON MH(DOPMAITUH

4. O0beM TUCHHUILIHHBI
OO0muit 00beEM TUCHUILINHELL COCTABIIAET 3 3aueTHBIX equHuLb], 108 yacos.

Ta6iuma 4.1.
AynutopHble 3aHATHS / KOHTAKTHas
pabora, Jac.
IIpa
KTH- ®opma npome-
®dopma Kypc, CamocrosiTenb- pMa TP
ye- Jlabopa- KYTOUYHOM arre-
oOyudeHus | ceMecTp KOH- | Has paborta, yac.
Jlexuuu | ckue | TOpHBIE CTaINH
TPOJb
3a- 3aHSTHS
HS-
THUS
OYHast 4[7 16 30 - 36 26 9K3aMeH
OYHO-
5/9 10 20 - 36 42 9K3aMeH
3a04Has

5. CTpyKTYypa M coJep:KaHue TUCHUIIMHBI

5.1. CTpyKTypa AUCLUILUIUHBI

-ouHast (ODO)/ouno-3a0unas (03PO)




Tabmuua 5.1.1

CtpyKkTypa IUCUUIUIA- | AYIUTOPHBIE 3aHSTHS,
HBI qac. Ore-
No | Ho CPC, | Beero, HOU-
wm | MP | Haumenosanme Jla yac. gac. Kon MK HblC
pa3 JL IIp. cpen-
Te- pasnuena 0. o
na
DeKTpUYCCKUE 2/1 4/2 - 2/4 8/7 IIKC-4.2 | Tect
! ! KapOTaxXu
PaguoakTrBHBIE 2/1 4/2 - 4/6 10/9 I[IKC-4.2 | Tecr
2 2 KapOTaXu
AKyCTHYECKHE 2/1 4/2 - 4/6 10/9 IIKC-4.2 | Tecr
3 3 KapOTaXu
MeTob! nccie- 2/1 412 - 4/6 10/9 [IKC-4.2 | Tecr
JIOBaHUS TEXHU-
4 4 YECKOI'0 COCTOS-
HUS CKBOKUH
Brienenue B 212 4/4 - 4/6 10/12 I[IKC-4.2 | Tecr
5 5 | pa3pese Koek-
TOPOB
I'eodpusnueckue 2/2 4/4 - 4/6 10/12 IIKC-4.2 | Tecr
HCCJICAOBAHUS B
CKBa)KMHAX CO
6 6 .
CIYLIEHHON 00-
CaJIHOU KOJIOH-
HOM
Kontpons pazpa- 4/2 6/4 - 4/8 14/14 I[NIKC-4.2 | Tecr
OOTKH MECTO-
7 7 .
POXKICHUI
He(TH U raza
36/36 buie-
THI K
9K3a-
8 DK3aMeH MEHY
Hroro: 16/10 30/20 26/42 | 108/108

5.2. ConeprxaHue TUCHUILIIUHBI.
5.2.1. CopeprkaHue pa3faenoB IUCIUTUTHHBI (IUJAKTUIECKIE STUHUIIBI).

Pazneu 1. DuiekTpryeckne KapoTasku
DJeKTpUYecKoe MoJie U YCTaHOBKA JJIsi U3MEPEHHUs YIEIbHBIX CONPOTUBICHUHN I/M; TeOpeTude-

CKHC OCHOBBI KapOTaixKa CaMOHpOHSBOHBHOﬁ noJesipu3anuu (HC), BHCKTpI/I‘-IeCKI/Iﬁ KapoTax OOBIYHBIMHU
30HIaMU; OOKOBOE KapOTaKHOC 30HAUPOBAHUC,; MUKPOKAPOTAK; BHGKTpI/I‘-IeCKI/Iﬁ KapOTaxX yCTaHOBKa-
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MU ¢ (POKYCHPOBKOM TTOJISI; MHAYKITMOHHBIA KapOTaX; JUIICKTPHUICCKUN KapOTaXkK; sI€PHO-MarHUTHBIN
KapoTax

Pa3znen 2. PaainoakTuBHbIE KAPOTAKU
DNEMEHTBI €CTECTBEHHOI'O M MCKYCCTBEHHOTO 110JIEW PajiiOaKTUBHOCTH B TOPHBIX MOPOJAX;

BSaHMOI[efICTBI/IC ramMma U3JIydCHHusd C BCIICCTBOM;, B3aI/IMOI[€I>'ICTBPIe Hef/'ITpOHOB C B€CIICCTBOM, UCTOY-
HHUKHW HOHHU3AIIUMOHHOI'O U3JTYUYCHUS (1)I/I3I/I‘-IGCKI/I€ OCHOBBLI METOJIOB PAJHOAKTUBHOI'O KapOoTaxxa.

Paznen 3. AkycTuYecKHe KapOTaKu
du3nyeckrue OCHOBBI METOJJOB aKYCTUYECKOT0 KapOTaXka; aKyCTHUECKHE BOJIHBI.

Pazgen 4. Meroabl HCCJIeI0BAHUS TEXHHYECKOI0 COCTOSTHUSA CKBAKHH
OrnpenenieHne UCKPHUBJICHUS CTBOJIA CKBAKUHBI; U3MEPEHUE TuaMeTpa U Mpoduiis CeYeHuUs: CTBOJIA

CKBa)KUHBI; OIIPEICIICHNE YIeIbHOIO COMPOTUBIICHUS JKUJIKOCTH, TEMIIEPATyphl U MECT MpuxBara Oy-
PHIBHBIX TPYO B CKBaXKHHE.

Paznes 5. BoiiesieHue B paspe3e KOJLUIEKTOPOB
MeTo BpeMEHHBIX 3aMEepPOB KKYIIUXCS COMPOTUBICHHUM M METOJ IBYX PAaCTBOPOB; METOJ| «KapOTaxk
— BO3JEHCTBUE — KAPOTAXK».

Paznen 6. 'eopuznueckne ucciieIoOBAaHUA B CKBAKUHAX CO CIYIIEHHOI 00CaTHO KOJIOH-
I/I3yquI/Ie TCXHHUYCCKOT'O COCTOAHUA CKBAa>XUH O6C21)K€HHI>IX KOJIOHHaMU.

Paznen 7. KonTpouab pa3padoTku MecTOpPOKIeHHd HeTH U ra3a
MexaHuueckasi pacxoJIOMETpusl; TEPMOKOHAYKTUBHAS PACXOJA0OMETPUS; UHIYKIIMOHHAS PE3UCTHBU-
METpUSI; TUIIbKOMETPUYECKast BIaroMeTpusi; 0apoMeTpusi; CKBaKMHHBIE TEPMOMETPBI; raMMa-raMMa-
IUIOTHOMETPHS; aKyCTUUYECKasi IIYMOMETPHS; MArHUTHBIE JIOKATOPBI My(PT MPUXBATOONPEACTUTEND.

5.2.2. CoaepxaHue AUCUUIUTMHBI/MOIYIIS 110 BUJIaM YYE€OHBIX 3aHSTH.

JleknmnoHHBIE 3aHATHA
Tabmuma 5.2.1

No | Homep paznena Obpem, gac.
i [ —— 010]0J Tema ek
0300
1 1 2/1 DJIEKTpUIECKHE KapOTaKu
2 2 2/1 PaanoakTHBHBIE KApOTaXH
3 3 2/1 AKyCTHYECKHE KapOTaXXH
2/1 MerTobl HccieI0BaHUS TEXHUYECKOTO COCTOSIHUS CKBa-
4 4 KUH
5 5 2/2 Briienenue B pa3pese KOJUIEKTOPOB
2/2 ['eo¢usnueckre uccieoBaHus B CKBaXXKMHAX CO CIYLICH-
6 6 HOW 00caHOM KOJIOHHOM
7 7 4/2 KonTtpomns pazpaboTku MecTopokeHuii HedTu u rasa
Hroro: 16/10




IIpakTHYecKHne 3aHATUSA

Ne | Homep paznena Obpem, gac.
i [ — OO/ TeMa nIpakTUUECKOro 3aHATUS
030
1 1 4/2 OO0mre MpUHIKIBI Te0(OU3NIECKUX HCCIICIOBAHUN B CKBa-
JKUHAX
2 2 4/2 N3yuenune 30H10B JIEKTPHUECKOTO KapoTaxKa
3 3 412 N3yuyenue NpuHLOMNA 3alACH YAECIbHOW 3JIEKTPUYECKOU
MIPOBOAMMOCTH TOPHBIX MOPOJL
4 4 4/2 Teopus TeMnepaTypHbIX U3BMEPEHUN B CKBAXKUHE
5 5 4/4 OcHOBHBIE 3aKOHBI B3aUMOJCHCTBUS SIAEPHBIX U3ITY4EHUN
C BEIIECTBOM
6 6 4/4 WHauKaTopsl (I€TEeKTOPHI) N3ITyYESHHUs
7 7 6/4 M cTOYHUKM MOHU3AIMOHHOTO U3JTyYCHHUS
HWroro: 30/20

JlabopaTtopHbie paGoThI
JIaGopatopHble paboThl y4eOHBIM TUIAHOM HE TIPETYCMOTPEHBI

Tabmuua 5.2.2

CamocrosTeabHas paﬁoTa CTyACHTa

Tabmuua 5.2.3

OO0neMm,
Howmep 4ac.
Ne azzena ODO/
/o F;LI/I(?HI/I- 0O3D0/ Tema Bun CPC
TJIMHBI 300
1 1 214 Obume HpHHHHHHU reogu3me- [ToaroroBka k 1abopaTopHBIM pado-
CKHX MCCENOBAHMH B CKBAXM- |
Hax
9 2 4/6 N3ydyenune 30Hm0B 3iexTpuue- | [logroroBka k nadoparopHbsiM pado-
CKOT'0 KapoTaka Tam
4/6 N3yuenne mnpunnuna 3anucu | [loaroroBka k maGopaTopHbIM pabo-
3 3 YIEIbHOW DIIEKTPUYECKOW NpO- | TaM
BOJIMMOCTH TOPHBIX TTOPOJT
4 4 4/6 TeopI:m TeMreparypHbix u3Me- | [loaroroska k mabopatopHbIM pabo-
pEeHMIi B CKBaXKHMHE Tam
4/6 OcHoBHbIe 3akOHBI B3aumojiei- | [loaroroBka k mabopaTopHbIM pado-
5 5 CTBUS SIICPHBIX U3IYyYCHHUH C TaM
BEIIECTBOM
6 6 4/6 Wuaukatopsl (1€TEKTOpHI) U3- [ToaroroBka k 1abopaTopHbIM pabo-
JTy9deHUs Tam
7 7 4/8 Uctounnku nonusanuonnoro | [loaroroBka k mabopaTopHbiM pabo-
W3IIy9eHUs Tam
HUroro: 26/42




5.2.3. [IpenogaBanue TUCIUILTHHBI/MOTYIISI BEIETCS ¢ MPUMEHEHHEM CIICIYIOUINX TPAIHUIIMOHHBIX
Y MHTEPAKTUBHBIX BUJIOB 00Pa30BATEIbHBIX TEXHOJIOTHIA:
- JICKI[MH: JICKIIUS — BU3YyaJIU3aIisl C UCIOJIb30BAHUEM MYJIbTUMEIUHHOIO MaTepralia; JCKIHsI
poOJIEMHOTO XapaKTepa; JeKIusI — Oecena;
- JabopaTopHbIe paboThI: paboTa B Mapax; HHAWBUIyalbHas paboTa; paboTa B rpynmnax; pazoop
NPaKTUYECKUX CUTYaIUH.

6. TemaTuka KypcoBBbIX padoT/IIPOEKTOB
KypcoBblie paboThl/IpOeKThl YIeOHBIM IIIAHOM HE MPEIYCMOTPEHBI.
7. KouTtpoJbHbie padoThl
KonTtponbHble paboThl y4eOHBIM IJIAHOM HE MPEIyCMOTPEHBI
8. OneHka pe3y/1bTaTOB OCBOCHMS AUCHMIIIMHBI/ MOAYJISI
8.1. Kpurepuu oneHHBaHUs CTENEHU IOJHOTHI U KayecTBa OCBOCHUS KOMIIETCHLUI B COOTBET-
CTBHH C IUITAHUPYEMBIMHU pe3yJibTaTaMu 00y4deHHs npuBeaeHs! B [Ipunoskenun 1.

8.2. PeiiTuHroBas cucrema OLCHMBAHHS CTEIICHU IMOJHOTHI M KaueCTBAa OCBOCHUS KOMIIETCHIIUH
o0yyJaromuxcs npecrasieHa B Tadmuue 8.1.

Tabmuua 8.1
Ne /mm | Buasl MeponpusiTuil B paMKax TEKYHIIEr0 KOHTPOJIS | KonmaecTtBo 6amios
1 Texymias arrectanus
1 Boinonnenue npakruyeckoro 3aHsaTHs Nel 0-10
2 Boinonnenue npakruyeckoro 3aHsaTHs No2 0-10
3 Beinonnenue nmpaxkruyeckoro 3aHsatus Ne3 0-10
HNTOI'O 3a epByro TEKYNIYIO aTTECTAIHIO 0-30
2 Tekymlas arTecTaluus
1 Beinonnenune npaktuyeckoro 3aHsaTs Ned 0-10
2 Brimonnenune npaktudeckoro 3ansatust Ne5 0-10
Tect Nel o Temam «DJIEKTPUIECKUE KAPOTAKI; 0-10
3 «paJlnOAKTUBHBIE KAPOTAXKNY»; «aKyCTHUYECKHE Kapo-
TaKH»
NTOT'O 3a nepBy1o TEKYIIYIO aTTECTALUIO 0-30
3 TeKyIIas aTTeCTaIvs
1 Beinonnenune npakTuyeckoro 3aHATHs Ne6b 0-10
2 Boinonnenue npakruyeckoro 3aHsATHs No7 0-10
Tect Ne2 mo TemMam: «MeTO/IbI HCCIEIOBAHUS TEXHU- 0-20
YECKOTO COCTOSHUSI CKBOKWH», «BBIICIICHHE B pa3-
3 pe3e KOJUIEKTOPOBY; «re0(pHU3NUECKUE UCCIeIOBAHUS
B CKB&)XMHAX CO CHYUIEHHOW 00cagHOW KOJIOHHOM;
«KOHTPOJIb Pa3pabOTKU MECTOPOXKICHUH HehTHu u
raza»
NTOI'O 3a BTOpYIO TEKYIIYIO aTTECTALNIO 0-40
BCEI'O 100




9.1. [lepeueHb peKOMEHIYEMOM JIUTEPATYPHI MpeAcTaBiicH B [Ipunoxenun 2.
9.2. CoBpeMmeHHbIe podhecCHoHAIbHBIE 0a3bl TaHHBIX U NHPOPMALMOHHBIE CIIPABOYHBIE CHCTEMBI

9. YuebOHo-MeToaHYecKOe H MHPOPMALMOHHOE 00ecTeYeHUe U CHUILTMHBI

Tabmuma 9.1

IHepeyens norosopos IbC TUY BUK

Y4eOHbIi HaumeHoBaHuUe T0KyMeHTA ¢ YKa3aHHeM PeKBU3UTOB |CpOK JeiCTBUsA
roj
2020/2021 DNEeKTPOHHBIN KaTajor/ieKTpoHHas 6ubimoreka TIOMEHCKOTO

HHAyCTpHaIbHOrO yHUBepcuTeTa http://webirbis.tsogu.ru/

Horosop Ne09-16/19 ot 18.10.2019 B3aumMHOr0 OKazaHHs yCIIyT
JIBYXCTOPOHHETO JIOCTyNa K pecypcaM HaydyHO-TEXHUYECKOH
oubmmoreku ®I'AOY BO PI'Y Hedtu u raza (HUY) um. .M.
I'yoxunra u ®I'BOY BO «TUVY» http://elib.gubkin.ru/

C 18.10.2019 no
16.10.2021

Horosop Ne 5124/2019/09-20/2019 ot 20.12.2019 Ha oxa3anue
YCIIYT 1O NMPEAOCTaBICHHUIO JBYCTOPOHHETO JOCTYyIa K pecypcam
Hay4yHO-TexHHU4eckoil Oubnumorexku O®I'BOY BO «YTHTVY» u
OI'bOY BO «TromeHCKHI HMHIYCTPUAIBHBI YHUBEPCUTET»
http://bibl.rusoil.net

C 20.12.2019 no
18.12.2021

Horosop Ne 09-19/2019 ot 12.12.2019 Ha oka3anme yciyr
JBYCTOPOHHETO JIOCTyNa K pecypcaM Hay4HO-TEXHHUYECKON
oubmmoreku ®I'BOY BO «VI'TY» u ®I'BOY BO «TromeHckwit
WHIyCTpUabHbIH yHuBepcuteT» http:/lib.ugtu.net/books

C 12.12.2019 no
10.12.2021

Horosop Ne5067 or 20.12.2019 nHa oka3aHue yciayr 1o
IPEJOCTaBICHHUIO OCTYIA K pecypcaMm 0a3bl naHHbIX «Hayunas
ANIeKTpOHHAas Oubnmoreka «eLibrary.ruy

C 01.01.2020 no
31.12.2020

I'paxxmancko-npaoBoit norosop Ne 6627-20 ot 13.07.2020 c
OO0  «Ilomutexpecypc»  http://www.studentlibrary.ru 1o
MPEIOCTaBIEHUI0 JocTynma K ©Oa3e mJaHHbIX KoOHCymbTaHT
CTYJeHTa «DJeKTpoHHas Oubnunoreka Texunyeckoro BY3ax»

C 01.09.2020 no
31.08. 2021

I'paxnancko-npaBoBoit ~ Ne6628-20 ot  10.08.2020 Ha
MPEAO0CTaBIICHUE JIOCTYIIA K JIEKTPOHHO-OMOIMOTEYHON CUCTEME
IPRbooks ¢ OOO Kommanuss «Aii Ilu Ap Meauay
http://www.iprbookshop.ru/

C 01.09.2020 no
31.08. 2021

I'paxnancko-npaBoBoil gorosop Ne6629-20 or 25.08.2020 na
OKa3zaHHWe YCIyr Mo mpeaocraBieHuto noctyna k ObC ¢ OO0
«M3narenscrBo JIAHDB» http://e.lanbook.com

C 01.09.2020 no
31.08. 2021

I'paxnancko-npaBoBoil gorosop Ne 6630-20 ot 25.08.2020 c
00O «KHOPyc menna» Ha oka3aHHE yCIyT 11O NPENOCTABICHUIO
JOCTyIa K 3JEKTPOHHO-OMOMmoTeuno cucreme BOOK.ru
https://www.book.ru

C 01.09.2020 mo
31.08.2021

I'paxnancko-npaBoBoil goroBop Ne6632-20 ot 25.08.2020 c
000 «DnekTponnHoe wn3natensctBo FOPAWTY» Ha okasaHme
ycInyr mo mpemoctaBieHnto goctyma Kk OBC  www.biblio-
online.ru», wwwe.urait.ru

C 01.09.2020 no
31.08. 2021

Horosop Nel01HDB/6258/09/17/2019 o mnoakimtoueHUd K
HanuonaneHON 37€KTpPOHHOM OMONIMOTEKE M NpPedOCTaBICHUH
nocrtymna K oobektam HannoHalibHO 371€KTpOHHOM OMOINOTEKH

C 29.10.2019 no
28.10.2024

9.3. JlunieH3noHHOE M CBOOOJHO pPacHpOCTpaHsIeMOe MpPOrpaMMHOE oOecrieueHre, B T.U.

OTEYECTBEHHOT'O ITPOU3BO/ICTBA!
- Microsoft Windows (loroBop Ne6714-20 ot 31.08.2020 mno 31.08.2021),

- Microsoft Office Professional Plus (ToroBop Ne6714-20 ot 31.08.2020 no 31.08.2021),
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- Adobe Acrobat Reader DC (Cro6oano-pacnpoctpansiemoe I10)

10. MaTepnaﬂbno-TexnnquKoe odecrneyeHue AUCHHUIIIMHBI

[Tomerenus st MpOBEICHUS BCEX BUOB PAOOTHI, MPEAYCMOTPEHHBIX YUCOHBIM IIJIAHOM,
YKOMIIJIEKTOBAaHbI HEOOXOIMMBIM 000PYZAOBaHUEM U TEXHUUECKUMH CPEJICTBAMU O0yUCHMSL.

Tabauua 10.1

Ilepeuens obopymOBaHUA,

[lepeueHs TEXHUYECKUX CPENCTB 00yUdeHUs, HEOOXO M-

Ne /mt HE0O0XOAUMOTO JUIsl OCBOE- MBIX JUISl OCBOCHHMS JUCLMILTHHBI/MOTYJIS
HUS TUCUUTUTHHBI/ MO IS (meMoHCTpanoOHHOE 000PY/TOBAHHE)
CTeHI ¢ reodH3HIeCKH- KommiekT MyabTUMEIHIHOTO 00OpYAOBaHUS: IPO-
1 M IO HGODAMI €KTOP, DKpaH, KOMIIbIOTEP, aKyCTHUYECKask CUCTEMA.
pHbop JlokanpHas ¥ KOPIOpPAaTUBHASL CETh
Cremy ¢ TeodHIHIeCKH- KommiekT MyabTUMEIUIHOTO 00OpYAOBaHUS: HpO-
2 ML IO HGODAMIL €KTOP, DKpaH, KOMIIBIOTEP, aKyCTHUYECKask CUCTEMA.
prbop JloxanpHas 1 KOPIOPAaTUBHASL CETh
Crem ¢ reodusHccK- KommiekT MynabTUMEIUIHOTO 00OpYyAOBaHUS: HpO-
3 M IDHGODAMI €KTOP, SKpaH, KOMIIBIOTEP, AKyCTHYECKasi CUCTEMA.
pHbop JlokanpHas U KOPIIOpAaTUBHAS CETh
T m—— KommiekT MynabTUMeIUIHOTO 00OpYyAOBaHUS: HpO-
4 ML IO HGODAMI €KTOP, JKpaH, KOMIIBIOTEP, AKyCTHYECKasl CUCTEMA.
pbop JlokanpHas ¥ KOPIIOpAaTUBHAS CETh
CTeH ¢ reodH3HIeCKH- KommiekT MyapTHMEIHIHHOTO 00OpYAOBaHUS: HpO-
5 €KTOP, JKpaH, KOMIIBIOTEP, aKyCTHUYECKasi CUCTEMA.
MU nipubopamu ’ ’ ’
JloxanpHas 1 KOPHIOpPAaTUBHASL CETh
CTeRz ¢ TeodH3MICCKH- Kommiekt MyabTUMEIUHOTo 00OpyJAOBaHUS: MpO-
6 €KTOP, JKpaH, KOMIIBIOTEP, aKyCTHUYECKasi CUCTEMA.
MU npubopamu
pHbop JlokanpHas U KOPIIOpAaTUBHAS CETh
CTeH ¢ Teo(H3HIECKH- KoMmmiekT MynbTuMeAMHOrO 000pyJIOBaHMs: HPO-
7 €KTOP, JKpaH, KOMIIBIOTEP, aKyCTHUUECKasi CUCTEMA.

MU pudopamMu

JloxanpHas 1 KOPHIOPAaTUBHAS CETh

11. Metoanueckue ykazanusi
11.1. Meroan4yeckue yKa3aHus M0 NOATOTOBKE K MPAKTHYECKHUM 3aHITHSIM.

Ha npaktudeckux 3aHATUAX OOydYarolIuecs M3ydaloT METOAMKY Teo(pH3UYEeCKUX HCCIeq0Ba-

HuM, mpuOopbl U 000pyAOBaHKE, & TAKXKE BBIMOIHIIOT TUIIOBBIE pacueTsl. [ 3¢ dekTuBHON pabOThI

o0yyaromuecs JOJKHBl UIMETh WHKEHEPHbIE KaIbKYJIATOPhl M COOTBETCTBYIOIIUE KAHLEIAPCKUE TPH-

HaJJIeXKHOCTU. B mporecce MOAroTOBKY K MPAKTUYECKUM 3aHATUSAM 00ydaroluecs MOTyT npuderath K
KOHCYJIbTAIIMSIM IpernoiaBaTens. Hannuue KoHCIeKTa JeKIHUi Ha 3aHsATUH 00513aTeNbHO.

3ajaHus Ha BBHIIOJHEHHE THUIOBBIX pAacueTOB HA MPAKTUYECKUX 3aHATUAX OOydaromuecs

10JIy4ar0T NHIUBUIYAJIBHO.
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MGTOI[I/I‘IGCKI/IG YKa3aHHud K IPAKTUUCCKHUM 3aHATUSAM!

IpakTnyeckoe 3ansitue Ne 1

Oﬁmne NPUHIHUIIBI reoqm3nqec1mx HCCJIeJOBAHUH B CKBAKHHAX

1. Heab u conep:kanue

Llenbro 3aHATHS SABISACTCS: M3YUYCHUE MPUHIIMIIA 3aTMCH KaPOTAXKHBIX JUArpaMM C IEJIbI0 H3Y-
yeHHs PU3NIECKUX CBOMCTB TOPHBIX MOPO/I.

B Meronnyeckux ykazaHHMAX K MpakTHuecKkomy 3aHsaTHio Ne 1 conmepxkurcs uadopmarus o Gpu-

SHYCCKHUX OCHOBAX PAUOAKTHUBHOI'O, DJICKTPHUYCCKOI'0, aAKYCTHYCCKOI'O U APYTIUux KapOTaX(eﬁ.

2. TeopeTnueckoe 000CHOBaHUE

DIIEKTPUYECKUN KapOTaAXK

CmanoapmHuulil Kapomasic

Jlns 3amMepa COnpOTHBIICHHS TOPHBIX IMOPOJ B IPOMBICIIOBOM re0(U3UKe MPUMEHSIOT OOBIYHBIC
30H/IBI, CIICIUAIBHBIC 30H/IBI U MHUKPO30HABI. Hanbosee mupoko mpuMeHsIeMblii OOBIYHBIN 30H] CO-
CTOMT M3 TPEX DJIEKTPOIOB, pACIIOaraeMbIX BJOJIb OCH CKBAXXMHBI HA HEKOTOPOM PACCTOSTHUU JIPYT OT
npyra, usmepenus: kaxyierocs conportusienus (KC) takumu 30HIaMU Ha3bIBA€TCS - CTaHAAPTHBIM
KapOTa)XOM OOBIYHBIMU T'PATUEHT WM MOTCHIIMAJ 30HaMHU.

YuuThiBasi HEOAHOPOJAHOCTh CKBAXUHBI B paauaibHoM Hampasienuu (IDK, rmunucras xopka,
MIPOMBITast 30HA, IJIACT) KapOTaX OOBIYHBIMU 30HAAMH B KQU€CTBE PE3YJIHTATOB BBIJAET 3HAUCHUE Ka-
KYILErocsl COMPOTUBIICHUS PK.

KpuBbie rpaineHT-30H1a HE CHMMETPUYHBI M 3aBUCAT OT CONPOTUBIICHHUS TIACTa U COOTHOLIE-
Hus hy, /L, Te hny - Tommmaa nacta, L - pymmaa 30812, Kak nmpaBuiio, B ruractax 00JbIION TOMIIUHBI
Y BBICOKOTO COIMPOTHUBJICHHS, 3HAUYEHUS SKCTPEMYMOB KPHBOM MPEBBINIAIOT UCTUHHBIC 3HAYEHUS, a B
IJIacTax MaJod TOJIIMHBI 3HAUEHHS SKCTPEMYMOB KPUBOM 3aHUKAIOT UCTUHHbBIEC 3HAYEHHSI.

KpuBble moTeHIMan-3041a CHMMETPUYHBI, UX (popMa Takke 3aBHCUT OT COMPOTHBIICHUS IIJia-
cta u cooTHomenus hy,/L. Kak mpaBuiio, 3HaueHus: SJKCTPEMYMOB KPUBOM 3aHIKAIOT UCTHHHBIC 3HA-
YEHUS B IJIACTaX BBICOKOT'O COMMPOTUBJICHHS M 3aBBIIIAIOT B HU3KOOMHBIX TUIACTaX.

@DakTHUUYECKUE KPUBBIE COTPOTUBIICHHUS], IOJYUYEHHBIE B PE3YJIbTAaTE 3aMepPa B CKBAXKUHE, UMEIOT
3HAYUTENBHO 0oJiee CIOXKHYI (opMy, UYeM pacueTHbIe WM H3MEpEeHHble Ha Mofensx. CI0XKHOCTh
dhopmbl (HaKTUIECKON KPUBOM COMPOTHBICHHUS OO0YCIOBJIEHA HEOJIHOPOTHOCTHIO TJIacCTa M BMEIAI0-
IUX TIOPOJI, U3MEHEHHUEM JIMaMeTPa CKBaKWHBI U 30HBI IPOHUKHOBEHUS PMIbTpaTa OypOBOTO PacTBO-

pa B IJ1aCT, HC NECPICHAUKYIIAPHOCTHIO OCHU CKBAXKUHBI K IIJIOCKOCTAM HAIJIACTOBAHUS.
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HecMoTpst Ha oOmnre GakTopoB, BIUSAIONIMX HA TOKa3aHHUsS OOBIYHBIX 30HJIOB, MIPHU OJaromnpu-
ATHBIX YCJIOBUSX, 0 KpuBbIM KC, Momy4yeHHBIM OOBIYHBIMU 30HAaMHU, MOKHO OIPEICIUTh TPAHULIBI
I1acTa, OLIEHUTh KOJJIEKTOPCKHUE CBOMCTBA U XapaKTep HACHIIIEHUS I1J1acTa.

Jlns onpenenenus TpaHul] IJIaCTOB CTaHAAPTHBIM KapOTa)KOM, KaK MPaBHIIO, UCHOJB3YIOT JIBE
CTaHJApTHBIE YCTAHOBKH MOAOMIBEHHBIN TpagueHT-30H1 — A2MO0.5N u norenuman-3oug — N11MO.5A.
Perucrpanusi KpUBBIX KaXYIIMXCSl CONMPOTUBICHUH BhINMONHAETCS B MaciuTade 1, 5 wimm 25 Omm/cm
(puc. 1).

bokosoe kapomasicnoe 30nouposarnue (bK3)

CymHOCTh METOJa 3aKJIF0YAETCsl B U3MEPEHUU Pk 30HAAMU Pa3IUYHON ATUHHBI (CM. puc. 1).
Kak npasuno, B kommiekt bK3 Bxogst mnare rpaauent-3oH10B: A0.5SMO.IN, A1.0MO.IN,
A2.0MO0.5N, A4.0MO0.5N, A8.0M1.0N.

3oua BK3 npencrasnser coboit «kocy» ¢ BMOHTUPOBAHHBIMU B Hee 3lekTpoaaMu. Ha mokasa-
Hus 30H10B BK3 oka3piBatoT BiMsiHHE Te k€ (DaKTOpPHI, YTO U HA METOJABI KapoTaka OOBIYHBIMU 30H-
namu. VX ydet u BBOJ MONPABOK OCYLIECTBIIAETCS aHAIOTHYHO.

[Tpu uHTEpIpETALlMU KPUBBIX PK ONPEAEISIOTCS CIENYIOIIHNE TapaMETPhl: yEIbHOE CONPOTUB-
JIEHUE IUIacTa, COMPOTHUBIICHHWE MPOMBITONW YaCTH IJIacTa, TUAMETP 30HBI MPOHUKHOBEHUS, XapaKTep
Hacheimaroniero ¢iarouga. KpoMe olieHKH HCTUHHBIX MapaMeTpoB miacta, bK3 mo3pomser yetko oTou-
BaTh I'PaHULBI [1J1ACTOB.

["opHble TOPO/BI COCTOST U3 MOPOA000PA3YIOIIUX MUHEPATIOB, KOTOPbIE UMEIOT OUYEHb BBICO-
KM€ 3HAUYCHUS JIEKTPUUECKOT0 conpoTuBieHus. OqHaKo MPUCYTCTBUE B IOPOJIaX MUHEPATHU30BAaHHOM
BOJBI B 3HAUUTENIBHON CTENEHU CHMKAET UX COIIPOTUBIICHHE, TAK KAK HACBILICHHbIE MUHEPAIN30BAH-
HOM BOJI0M ropHBIE OPOABI 001a/1al0T HOHHOW MPOBOAMMOCTEI0. He(Th U ra3, KOTOpbIMU MOTYT OBITH
HACBILIEHHBI TJIACTHI KOJJIEKTOPA, TAK)KE UMEIOT OUYEHb BBICOKOE AJIEKTPUYECKOE COMPOTHUBIIEHHE, HO
npu peructpauuu KC mmacTsl, HachlllleHHbIe HE(PTHIO MM ra3oM HE MMEIOT OECKOHEYHO BBICOKOTO
COIIPOTHBIIEHUS], TOCKOJIbKY HE()Th 3aMOIHSET TOJBKO LEHTPAJIbHYIO YacTh MOp, & CAMHU 3€pHA MUHeE-
paJioB, KOTOPBIMHU CIIO’KEH IUIACT, BCETJa COJAEp:KAaT Ha CBOEH MOBEPXHOCTH (PU3MUECKH CBSI3aHHYIO
BOAY.

Jl1s u3MepeHns yAeIbHOro COIPOTUBIIEHHUS TOPHBIX NOPOJ] BCKPBITBIX CKBa)KUHON IPUMEHSIOT
HECKOJIBKO JJIEKTPUYECKUX 30HJOBBIX YCTpOMCTB. IIpuMep mpocreiero 30H10BOT0 yCTpONCTBA AJIS
M3MEpEeHUs YAEIbHOTO CONPOTUBIIEHHUS B CKBaKMHE MMOKA3aH Ha PUCYHKE 2.

ITockonbky 3nekTponsl A U B ABIAOTCA TOKOBBIMH, a AIEKTpoabl M u N H3MepUTeNbHBIMA
JaHHAasI cXeMa IMO03BOJISAET MPOBOJUTh U3MEPEHMSI HE TOJIBKO HEMOCPEICTBEHHO BEIUYMHBI YJIEIBHOIO
ANEKTPUYECKOTO CONMPOTUBIICHUS 3a CUET U3MEPEHUS BEJIUUMHBI MTAJICHUS CUJIBI TOKA MEKIY JIEKTPO-

naMu A v B, HO 1 U3-MepsITh BEJIMUUHY MAJICHUS TOTEHIIMAI0B MexXy 3yiekTpogamMu M u N. [TonsTHO,
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9TO B 000X ClIydasix U3MEHEHHUE PEerHCTPUPYEeMON BEJIMYUHBI BCETJ]a 3aBUCUT HANPSAMYIO OT U3MEHe-
HUS YACIBHOIO 3JIEKTPUUYECKOTIO COMPOTUBIICHUSI TOPHBIX MOPOJ BCKPBITHIX CKBAXKUHOM.

Hemnapusie snexktpossi 3ou1a — A u M, Bu N unu A u N, B u M (puc. 3).

CraHAapTHBLIA KapoTax BK3 MK3
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Pucynok 1 — CBOJHBIN IUTaHILIET TaHHBIX JIEKTPUUYECKOT0 KapoTaxa
[TapHbIMU (OJHOMMEHHBIMH) JEKTPOJAAMHU 30H]1a PUHATO HA3bIBATh 3JIEKTPOIbI, BKIIOUECHHBIE

B OJJHOMMEHHYIO 3JIEKTPUYECKYIO [IeMb (TOKOBBIE AJIEKTPOIABl A U B MM M3MEPHUTEIbHBIC IEKTPOIBI
M u N).
30H]1 ¢ IBYMSI IUTAIOIIMMHU U OJTHUM U3MEPUTEILHBIM 3JICKTPOIOM Ha3bIBAIOT JIBYXIIOIIOCHBIM,

a 30HJ C ABYMS U3MEPUTEIbHBIMHA U OJIHUM MHUTAIOIIUM 3JIEKTPOIOM — OJHOMOIKOCHBIM. J[ByXMmoJroc-
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HOM M OJTHOTOJIIOCHOM 30H/IbI OJTHOTO pa3Mepa B3auMo3aMeHseMbl. B mpakTuke yaiie npuMeHsoT O/1-
HOTIOJIOCHBIC 30HbI. 30H/, B KOTOPOM PAaCCTOSIHHE MEXAY MapHBIMU dIeKTpoaMu B 5-10 pa3 GomnbIie
PACCTOSIHUSL MEXK]ly HEMAapHBIMHU 3JEKTPOJIaMH, HA3bIBAIOT MOTEHIMAI-30HA0OM. B maeanbHOM moTeH-
Mai 30H/€ yAaJCHHBIA 3JEKTPOJ HAXOAUTCA B OECKOHEYHOCTH (JIBYX 3JIEKTPOIHBIA 30HM). 30HI, B
KOTOPOM PAacCTOSTHUE MEXAY CONMKEHHBIMH MapHBIMU 3JIEKTPOJaMH Majlo MO CPaBHEHHUIO C paccTos-
HHUEM MEXy HENMapHBIMH 3JIEKTPOJIAMH, HA3bIBAIOT IPAAUEHT-30HA0M. B naeanbHOM rpaiueHT-30H]1e
paccTostHue Mex Ay napHeiMu 35ekTpoaamMu MN win AB cTpeMuTCs K HYIIO.

I'paouenm-30n0amu Ha3BIBAIOT 30H/Ibl, Y KOTOPBIX PACCTOSIHUE MEXY MapHBIMH AJIEKTPOJIaMU
M u N wi A u B mano no cpaBHeHu1o ¢ pacctosinueM AM unu MA.

Pa3zmepom rpanuent-3onna sisnserca BenuuuHa AQO; O - cepeiriHa MEX]y MMAPHBIMU JIEKTPO-
namu MN (AB), Touka 3anucu. Ot BenuunHbl AO 3aBUCUT TIIyOWHA HCCIICOBAHUS, KOTOpAs TEM
OoJbie, yeM OoJblle pa3Mmep 30HAa. [ paaueHT-30HA, Y KOTOPOTo COJNIMKEHHBIC MapHbIE SJIEKTPOIbI
PacCToJIOKEHBI MO, HEMAPHBIM 3JIEKTPOJIOM, HA3bIBAIOT MOCIEA0BATEIbHBIM WJIM MOJOIIBEHHBIM Tpa-
JTUEHT-30H]IOM.

[Ipu pacnonoxeHuu COMMIKEHHBIX TMAPHBIX AJIEKTPOJIOB HAJl HEIAPHBIM 30H]] HAa3bIBAIOT 00pa-
IICHHBIM WJIA KPOBEIbHBIM IPaIUEHT-30HIOM.

['paarieHT-30HA0M TaKOW 30HJ Ha3bIBAETCS MOTOMY, UYTO 3aMep KaXyIIUXCs COMPOTHBICHUN

9TUM 30HAOM CBOJUTCA K U3MECPCHHUIO I'PaJUCHTA-IIOTCHIHAJIA SJICKTPUYCCKOI'0 IIOJIA 3JICKTPOaa A, T.

€. IpHUPAIICHHUIO ITOTCHIMAIa Ha CAUHUIY NJIMHBI.

| I'enepartop .

PI/ICYHOK 2 — CxeMma 3aMCpa YACIbHOI'O SJICKTPUUCCKOI'O COIMPOTHUBIICHUS T'PaJUCT-30HAOM
BK3

Ilomenyuan-30n0amu Ha3bIBAIOTCS 30HABI, Y KOTOPBIX paccTosHue AM Maio 1Mo cpaBHEHUIO C
paccTostHueM Mexy napHeiMH dnekTpogaMu MN (AB). [Ipu sTom notenman snektpoja N HEBENUK,

YMCHBIIACTCA C YBCIIMUCHUCM PACCTOAHUA MCIKIY SJICKTPOAaMU MN, HpI/I6J'II/I)I(a$[CB K HYJIIO.
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Paccrositnue AM siBisieTcs pa3MepoM MOTEHIMAI-30H/1a. 3aMep KaXKyIIEerocs CONpPOTUBICHUS
OTHOCHT K cepeanHe AM.

Kaxxymieecst conpoTuBiaeHue nMpyu NpUMEHEHUH MOTEHIIMAT-30H/a ONPEACIIAETCS MOTECHIIMAIOM
aNeKTpuyeckoro noss B Touke M. [103ToMy 30HABI TAKOTO TUIIA ¥ HA3BIBAIOTCS MOTEHIIMAT-30HIaMHU.

30H] C OJIHUM MHUTAIOLIUM JJIEKTPOJOM U JIBYMSI U3MEPUTEIIbHBIMH Ha3bIBA€TCSA OHOIONIOC-
HBIM (MJIM 30HJIOM MPSIMOTO MUTAHHUS); 30H] C JABYMs MUTAIOIMIMMH 3JIEKTPOJIaMU U OJHUM H3MEpU-
TEJbHBIM HA3bIBAETCS JIBYXIOJIIOCHBIM (MJIM 30HAOM B3aUMHOI'O IMUTAHUS ).

B npaktuke Hanboliee 4acTo MPUMEHSIIOT ABYXIIOJIIOCHBIE 30H/IbI, KOTOPbIE O0jee yIo0HbI Ipu
oJIHOBpeMeHHOH peructpaiuu kpuBord KC u KpuBoO# ecTeCTBEHHBIX CKBAXKMHHBIX noTeHInanoB (I1C).

30H/1bI 3aITUCHIBAIOT IO 0003HAYEHUSM 3JIEKTPOIOB B MOPSAKE UX PACIIOJNOKEHHS B CKBAXKUHE
CBEpXY BHU3, IPOCTABJISII MKy HUMH PACCTOSIHUS B METpax.

Tak, narpumep, M2,5A0,25B o6o3HavyaeT rpaAMeHT-30H JIBYXIIOIIOCHBIH, MOIOIIBEHHBIH, Y
KOTOpPOTO BEPXHUH AIEKTPOJ SABJISETCS U3MEPUTEIBHBIM; Ha PACCTOSIHUM 2.5 M HUXKE €0 PacIoyioKeH

NEpBBIA TOKOBBIN AJIEKTPOJ A U Ha pac-CTOSIHUM 2,75 M - BTOPOM TOKOBBIN A51eKTpoa B.

A@ M
2 rrLy
B@® N M QA
M@ A B @M
Of O 0O |0
N BO MO A oM 61 ON OB
I'pagueHT-30H1bI IHoTeHUaI-30HAbI

A u B - TOKOBBIE 3JIeKTPOABbI
M un N - u3mepuTebHbIE )JIEKTPOAbI
O - Touka 3amUCH 30HAa

Pucynok 3 - O603HaueHNs U3MEPUTENIbHBIX 30HI0B

Kapomaosic nomenyuanos cobcmeenHou norsapusayuu.

MeTol MOTEHIIMAJIOB COOCTBEHHOM MOJIIPU3ALMHU 3aKIIOYAeTCSl B M3YUYEHUU E€CTECTBEHHBIX
ANEKTPUYECKUX TOJIeH B CKBaXXUHAX U MO3BOJISIET MOJIYYUTh OOIIMPHYIO MHPOPMAIUIO O JIUTOJIOTUN
pa3pe30B CKBAXKMH, XapaKTepe HACBILICHU IUIACTa U JAPYTUX I'EOJIOTMYECKUX mapaMmerpax. Hapsany c
pa3NUYHBIME MOAM(UKAUAMU MeToAa conpoTuBieHuid Meto I1C Hamien mupokoe NpuMeHeHue Ipu
MOMCKaX U pa3BeAKe HEPTEra30HOCHBIX, YTOJbHBIX U PYAHBIX MECTOPOKIEHUH (cM. puc. 1).

EcTecTBeHHbIE 3JIEKTpUUECKUE T0JI1 B CKBaKMHE BO3HUKAIOT Onarojiapsi MpoTeKaHUIO Ha rpa-

HHUIAax MCKIAY HOpOI[OfI n 6ypOBLIM pacTBOpPOM, a TAKIKC MCKAY IJIACTAMU IJICKTPOXUMHUYCCKUX IIPO-
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1eccoB, oOycinoBiaeHHbIX aubdy3ueit comeit, duupTpanuenn JKHIKOCTM W OKHUCIHTEIbHO-
BOCCTAaHOBUTEJIbHBIMU peakUusMU. B pe3ynbrare KakIoro u3 3THUX IPOLECCOB BO3HUKAIOT COOTBET-
CTBEHHO MOTEHIHaNbl Au(p(Hy3HOHHO-aACOPOIMOHHBIE, (UIBTPALMOHHBIE M  OKHUCIUTEIHHO-
BOCCTAHOBUTEJIbHBIE.

Juddy3noHHo-aacopOLMOHHBIE OTEHIHUANBI 00pa3yloTCs, €CIM MUHEpAIN3aLus IIACTOBBIX
BOJI 1 IPOMBIBOYHOM >KUAKOCTH pa3nuysbl. [Ipu nuddy3un nonsl u3 pactBopa Oosbliei KOHIIEHTpa-
un (CB - miacroBast Boaa) nudGyHIUPYIOT B pacTBOp ¢ MeHbIeil koHueHtpamuen (Co - punprpar
OypoBOIo pacTBOpa), IpuueM OoJiee MMOIBUKHbBIE HOHBI ONIEPEKAIOT MEHEE MOIBUXKHbIE. B pe3ynbraTe
pacTBOp ¢ MEHbLIEH KOHLEHTpaluel npuodperaeT 3Hak OoJsiee MOJBMXKHOTO MoHa. B GypoBom pac-
tBOpe Mojekyisl NaCl nuccounupyrot Ha katuoH Na u anuoH Cl, Kaxblii U3 KOTOPBIX TUGPyHANPY-
€T C ONpEeeNICHHON CKOPOCThIO, puyeM noABmkHOCTh Cl” B 1,5 pa3sa Belle MOABMKHOCTH HOHA Na+.
CrnenoBarenbHO, Ha TpaHMIIE CKBAXMHA-IUIACT-KOJUIEKTOP MPOUCXOAUT HepepacipeiesieHle 3apsioB.
ITpombIBOUHAS KUAKOCTH 3a cueT HOHOB Cl” 3apspkaeTcs OTpULIATENIBHO, a IUIACT 3a cyeT Na+ MOoI0XKH-
TenbHO. TakuM 00pa3oM, Ha KOHTAKTE MECUYaHOTo IUIacTa CO CKBAXMHOM oOpa3yeTcs JBOMHON 3ieK-
TPUYECKHIA CJIOW, TIOTEHIIAI KOTOPOTO Ha3bIBaeTCsl TUPPy3MOHHBIM (pHcC. 4).

Juddy3nonHo-aacopOLMOHHBIE TOTEHIHANBI 00pa3yloTCs, €CIM MUHEpPAIN3aLus IIACTOBBIX
BOJI M IPOMBIBOUHOM >XUAKOCTH pa3nuyHbl. [Ipu nuddy3un nonsl u3 pacrsopa Oosbliel KOHLIEHTpa-
uu (CB - mactoBas Boaa) AMPGyHIUPYIOT B pacTBOp ¢ MeHbInel konneHntpanueid (Co - ¢punbrpar
OypoBOr0o pacTBOpa), Mpu4eM OoJIee MOIBHKHBIE HOHBI OTIEPEKAIOT MEHEE MOIBIKHBIE. B pesynbraTe
pacTBOp ¢ MEHbLIEH KOHLEHTpaluend npuodperaer 3Hak OoJjiee MOJBMKHOTO MOHA. B GypoBom pac-
tBOpe Mojekyibl NaCl nuccounupyroT Ha katuoH Na 1 anuoH Cl, kaxblii U3 KOTOpBIX TUPGYyHAUPY-
€T C ONpeeNIEHHON CKOpOCThIO, puueM noaBukHocTh Cl” B 1,5 pasa Bhile moABUKHOCTH HOHA Na+.
CnenoBatenbHO, Ha TPaHUIE CKBAKMHA-TIJIACT-KOJUIEKTOP MPOUCXOIUT IepepacipeiesieHue 3apsiioB.
ITpombIBOUHAS KUAKOCTH 3a cueT HoHOB Cl™ 3apsbkaeTcs OTpHLIATENbHO, a TUIACT 3a c4eT Na+ MOJ0KH-
TenbHO. TakuM 00pa3oM, Ha KOHTaKTe MEeCYaHOTo IJIacTa CO CKBAKUHON oOpaszyercs JBOWHOM 3iek-
TPUYECKUN CTIOM, MOTEHITMAT KOTOPOTO Ha3biBaeTcsa MU Ppy3uoHHbIM (puc. 4).

['panune! muactoB no auarpamMmaM [1C omnpenenstoT Ha ypoBHE TOYEK KPHUBOM, COOTBETCTBY-
foux nosjoBuHe aHoManuu AUcq. TonmuHa mmacta h paBHa 0ObIYHO IIMPUHE AaHOMAJIMM HA YPOBHE
MIOJIOBUHBI €€ MaKCUMaJIbHOIO 3HaYeHUs. [ miacToB Majnoil MOLTHOCTH M, 0COOEHHO, IIPU BBICOKOM
UX CONPOTUBJICHUM OMpenenseMas TaKUM CIocoOOM TOMIIMHA hguk, ABISETCS (QUKTUBHOM, MpUYEM
Npuc > h. UT0OBI M30€KaTh 3aBBIIICHHS MOIIHOCTHA TAaKUX IJIACTOB, BHAYAJIC OMPEACIISIFOTCS BEIMYUHY
Neux, @ 3aTeM, TONB3ysich rpadukamu h = f(huc), YIUTHIBAIOIMMY yIeIbHBIE CONPOTUBIICHUS TIIAcTa,
BMEIIAOLINX TOPO U OypOBOrO pacTBOpa, NEPEXOAT K 3HAYSHHUIO h.

Kak BHIHO M3 XapaKTEPUCTUK 3TOTO0 METOJa OH SIBJISIETCA JIOCTATOYHO MH(OPMATUBHBIM JUIS

BBIJICJICHHS KOJUIEKTOPOB (CM. puc. 1).
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Pucynok 4 — Ilone Tokos I1C u kpuBas uamMmenenus norenuuana [1C

boxkosou kapomaoic.

ITpu perucrpauuu 3ouaamMu BK3 aMHHUM TOKa, OT NUTAIOLIMX 3JIEKTPOIOB, PACIPOCTPAHSIIOTCS
BO BCE CTOPOHBI U HAIIPABJICHHE MX JIBUKEHHUS HEBO3MOYKHO KOHTPOJIMPOBATH, COOTBETCTBEHHO OC-
HOBHOM IOTOK JIMHUHM yCTPEMJISIETCS B 30HbI HAUMEHBIIETO COIIPOTUBIIEHUS, a IPU IPUMEHEHUU Oypo-
BBIX PAaCTBOPOB C BBICOKOW CTENEHbIO MUHEPAIU3aLUU MPOUCXOJUT LIYHTUPOBAHHUE JIMHUK TOKA IO
OypoBOMY pacTBOpY.

Jnis yerpaHeHust moloOHON CUTYaIK A7l U3MEPEHUs yIeIbHOTO CONPOTUBIICHHS TOPHBIX T10-
POl B pa3zpe3ax C 4acThbIM YEpEAOBAHHUEM IIJIACTOB PA3IUYHBIX YAEIbHBIX CONPOTHBICHUN MPUMEHS-
10Tca (hOKycHpOBaHHbIE 30HABI. Peructpaius KpuBOil cCONMpPOTHUBIECHUS (OKYCHPOBAHHBIMU 30HAAMHU
Ha3bIBaeTCs1 OOKOBBIM KapOTaXeM.

bokoBOI1 KapoTax sIBJISETCS OAHON U3 PA3HOBUIHOCTEH 3JIEKTPUUECKOIO KapoTaXka 10 METOAY
conpotuieHuil. [Ilpu OOKOBOM KapoTake NMPUMEHSIOTCS CEMHU BJIEKTPOAHBIE U TPEX BJIEKTPOAHbBIE
30H/IBI.

bOoKOBOI TPEXANEKTPOAHBIN 30H] COCTOUT U3 LIEHTPAIBHOrO 3ekTpoaa A0 U ABYX 3KpaHHBIX
Al1,0 u A 1,1, pazgenennsix uzonsartopamu. [Ipu npoussonactse I'MC Ha Bce Tpu 3i1eKTpoa nogaeTcs
OJINHAKOBOE HANPSDKEHUE U U3MEpsIeTCs BEIMUMHA MaJIeHUS HAMPSHKEHUS MKy HEHTPaIbHbIM dJIEK-
TpoaoM A0 M ynaneHHBIM 3JIEKTPOJOM pACIONIOKEHHBIM Ha Koprmyce mpubopa. Ilockonabky Ha Bce

QJICKTPOAbI 30HIA BK MOJAeTCs OJMHAKOBBIN TOK, IMPOUCXOOUT (bOKy'CI/IpOBKa CHJIOBBIX JIMHHUM TOKa
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LEHTPAJIBLHOTO AJIEKTPOJa MO OCHU MEPIEHIUKYISIPHOW OCH CKBAXKUHBI M TOK HANpaBiseTCs B IUIACT
(puc. 5).

N3mepenus KC meronom BK cBoauT K MUHMMYMY BIIMSIHUE CKBA)XKMHBI M BMELIAIOLIUX TOPOJ.
BK pexomennyercss npUMeHSATh B CKBaXHHAX, OypSIIMXCS Ha CHJIBHO MUHEPAIM30BaHHOM OYpOBOM
pactBope ¢ conpoTtuBieHueM oT 0,2 OMM U HHXKE, a TaKKe BCKPBIBAIOILIEM pa3pe3bl KapOOHATHBIX U
THAPOXUMHUYCCKUX ITOPOI, O6JI&I[3.IOH_[I/IX BBICOKHMMMU COIIPOTHUBJIICHUSAMU.

Ha Benmnuunny KC manoe BiausiHMe OKa3bIBalOT MOIIHOCTH IUIAcTa, MpeBbIaromias B 4 pasa
nuameTp ckBakuHbI. [loaToMy 3TOT MeTon BecbMa 3¢ (EeKTHUBEH MpHU BBIIEICHUH IUIOTHBIX MPOCIOEB
BBICOKOT'O COTIPOTHUBIICHHUS U OLIEHKE UX MOIIHOCTH.

BK umeer npeumymectso nepen bK3 m1st BeineneHus KoIEKTOPOB METOJOM JIBYX PacTBOPOB.

I'eneparop

Pucynoxk 5- Cxema 3amepa 30H10M BK

[Ipu Oypennn ckBaxxuHBI Ha cojieHOM pacTBope kpuas [IC umeer cnabyro auddepenuupo-
BaHHOCTh. B TOM ciryuae [uis pacuiieHeHHs pa3pe3a M OICHKH JIMTOJIOTHH IIeJIecO00pa3HO OHOBpE-
MeHHO ¢ KpuBoil KC 3anucannoif metonom BK peructpupoBarh KpUByIO raMma KapoTaxa.

Unoyxyuonnwiti kapomaosic (UK).
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[Ipu mpoBeneHnH MHAYKIHMOHHOTO KapoTa)ka M3y4yaeTcsl yJelibHas 3JIeKTpUYecKas MPOBOAU-
MOCTb TOPHBIX ITOPOJI MOCPEACTBOM HHIYLIMPOBAHHBIX (HaBEIECHHBIX) TOKOB (pHC. 6).

JJ1s1 3TOTO B CKBa)KMHY OIYCKaeTCs MPUOOP (30H/1) UMEIOIIUI B CBOEM COCTaBE TeHEPATOPHYIO
(I') m m3amepurensuyio (1) kaTymku. PaccTossHre MEX Ty TEHEPAaTOPHOU U U3MEPHUTEIILHON HA3hIBACTCS
uiHOM 30H7Aa. [Ipy nmpoBeaeHnH U3MEPEHUN B TeHEPAaTOPHOM KaTyIlKe C TOMOMIbIO MIEPEMEHHOTO TO-
ka yacrotoit 20 - 80 k['11 ycranaBiuBaetcst nepeMmeHHoe MaruuTHoe noje. CornacHo 3akony ®Dapages,
B 9TO BpeMsI B TOPHOM MOPOJie BO3HUKAIOT AJIEKTPOMArHUTHBIE BUXPEBbIE TOKU, KOTOPbIE (PUKCUPYIOT-
Csl U3MEPUTENIbHOM KaTylIKoN 30HAa. BennunHa BUXpEBbIX TOKOB, BO3HUKAIOIIUX B FOPHOW MOpPOJE,
3aBHCHUT OT BEJIMYMHBI €€ YIEeIbHOMN 3JeKTPOonpoBoAHOCTH. CHila TOKOB, MHIYLIUPOBAHHBIX B MOPOJIE,
IIPOIOPLIMOHAJIPHA IPOBOJMMOCTH OKpYXkatomien cpenpl. CienoBarenbHO, BTOPUUHOE MAarHUTHOE I10-
ne u OJIC unaynupyemMoe B IPUEMHON KaTyIIKE, IPONOPLMOHAIBHBI IPOBOJIUMOCTH CPEAbI, OKpPYKa-
fo1el TITyOMHHBIA TPHOOpP.

MaruuTHoe noje

perucrpupyemoe <
H3MEPHTEILHOH KaTyIRGi

Buxpesbie TOKH HaBeJeHHbIE
MArHHTHBIM 110J1eM

arHUTHOE NoJie
EHEPATOPHON KATYIIKH

Pucynok 6 — [IpuHiunuanpHas cxeMa H3MEpPEHH TPOBOIUMOCTH TOPHBIX TTOPO]] HHYKIIMOHHBIM Ka-
pOTaXKOM

Pesynprupyromas kpusas MK cooTBeTCTBYeT KpHUBOM COIPOTHBIEHUS ¢ OCOOBIM (THIEpOOITH-
YeCKMM) MaclTaboM. DTO O3HAYaeT, YTO YacThb KPUBOM C HU3KUMH CONPOTHUBICHUSIMU OKA3bIBAETCS
CHJIBHO PacTSIHYTOM, a ¢ BBICOKMMH CONPOTHUBIICHUSIMHU C)KaTa B HallpaBiieHUU IiKaibl. [Ipu runep6o-
JMYECKOM MacllTade yIydIllaeTcsl BbIIEICHHEe HU3KOOMHBIX MOPOJ M HUBEIUPOBAHUE TMOPOJ C BBICO-

KHUM COIIPOTHUBJIICHUCM.
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[Tpu nmepemeniennu TIyOMHHOTO MPUOOpPA MO CKBAKMHE MPH COOTBETCTBYIOIICH IPayHpPOBKE
npubopa 3amuChIBaeTCS KpHUBash MPOBOAMMOCTH. YAENbHAs SJICKTPONPOBOJHOCTH BBHIPAXKACTCS B
MCm/M.

s mostydeHust 6ojiee TOYHBIX JAHHBIX 00 yIEIbHOW 3JIEKTPONPOBOAHOCTH MOPOJ B 30HI,
KpOMe€ JIBYX T'JIaBHBIX KaTYIIIEK, BKIIFOYAIOT HECKOJIBKO JOMOJHUTEIbHBIX T€HEPATOPHBIX U MPUEMHBIX
KaTyIIeK, Ha3bIBaeMbIX (QoOKycupyromumMu. HazHaueHHe MOMOTHUTENBHBIX KATYIIEK 3aKII0YacTcs B
TOM, 4TOOBI B KOMIUIEKCE C IJIABHBIMU KaTYIIKAMH YMEHBIINTh HETaTUBHOE BIMSHUE OYpOBOTO pac-
TBOpA, 30HbI MPOHUKHOBEHUSI W BMEIIAIOIINUX MOPOJ, Ha BEIMYMHY U3MEPAEMON KaXKyIlecs: MpoBo-
JTUMOCTH, a TaK)K€ YBEITUYUTH TTYyOMHHOCTD UCCIIEOBAHUSI.

KpuBasg HHAYKIIMOHHOrO KapoTaka CUMMETPUYHA OTHOCUTENIBHO CEPEIMHbI IJ1aCTa U MIPAKTHU-
YECKU HE UMEET HUKAKUX MCKaXeHUW. [TokazaHus npOoTHB CpEeHEN YaCTH IUIAcTa SBISIOTCS JJISI 1aH-
HBIX KPUBBIX XapaKTEPHBIMU. BBIsBICHUE IpaHMI] IJIACTOB TOJIIIMHON 00JIee TIOJOBUHBI JITMHBI 30Ha
MPOU3BOJAUTCS [0 CEPEIMHE CIajia KPUBOM MPOBOJUMOCTH.

BenmuuuHbl Kaxynuxcss COMPOTHBIICHUN, TMOJdydaeMmble (OKYCHPOBAHHBIMU 30HAAMH, Oojee
OJIM3KU K UCTHHHBIM 3HAYCHHSIM CONPOTHUBJICHHUIA MO CPABHEHUIO C TOKA3aHUSMHU JBYX-KaTyIICYHOTO
30H]1A.

C yBenMuYeHHEM CONPOTHUBIICHHUS MTOPOJ, CIAralIlINX pa3pe3, BIUIHUE CKBAXKUHBI U 30HBI MIPO-
HHUKHOBEHUS BO3PaCTaeT.

BrnusiHre orpaHMYE€HHON TOJIILMHBI IUIACTA 3AMETHO CKAa3bIBACTCS IS IUIACTOB, TOJIILIMHA KOTO-
pPBIX MEHbIIE ABYKPATHOM JJIMHBI 30HAa. Ha nuarpamMmmax MHIYKIMOHHOI'O KapOTa)ka HE BBIIEISIOTCS
OUY€Hb TOHKHE IUIACTHI TOJUIMHON MEHEE MOJIOBUHBI JJIMHBI 30HJa. CTENeHb BIMSHUS OTPAaHUYEHHOU
MOIIHOCTHU TIjIacTa TeM OO0JIbIIIe, YeM MEHbIIIE COMPOTUBIECHUE BMEMIAIONIUX opo. Bmemiaroniue mo-
poabl, obnanarone OOJNBIIUM YASIbHBIM CONPOTUBIECHUEM, YEM IIJIACT, OKA3bIBAIOT MAJiO€ BIIUSHUE
Ha BEJIMYMHBI KaXYIIUXCS COMPOTUBICHHUI. DTUM O0BIICHSIETCS TOT (haKT, YTO HA TUarpaMMax MHIYK-
[IMOHHOTO KapoTa)ka 0COOEHHO YETKO BBIACNSIOTCS OoJee MPOBOASIIME MPOCIOU, HAPUMEDP TIUHU-
CTBI€ TIPOCIION B U3BECTHIKAX WJIM HEPTEHOCHBIX IJIaCTaX. B MHIYKIIMOHHOM KapOTake B OTIUYHE OT
JIPYTUX METOJIOB COMPOTHUBIICHUS HE TPEOYeTCs HEMOCPEICTBEHHOTO KOHTAKTa U3MEPUTEIIHBHONU CXEMBI
¢ OypOBBIM PacTBOPOM. DTO JaeT BO3MOKHOCTh MPUMEHSITh WHAYKIIMOHHBIA KapoTax B TE€X CIydasx,
KorJa mpu OypeHUU CKBaXKUHBI UCIIOJIB3YIOT HEMPOBOSIINE PACTBOPHI (IPUTOTOBJICHHBIE Ha HEPTS-
HOM OCHOBE), a TaK)K€ B CyXUX CKBa)KMHaX.

[IpumMeHneHrne WHIYKIIMOHHOTO KapoTaka OrPaHUYEHO MPH COJICHOM OYpOBOM pPacTBOPE M BHI-
COKOM YZEJIIBHOM CONPOTHUBJIEHUHU NTOpoJ. HeueTkoe pacuneHeHue paspesa npyu MHIYKIIMOHHOM Kapo-
Take HaOJII0AaeTCs B pa3pese, MPEeACTaBICHHOM MOPOIaMU C COMTPOTUBIEHUSIMU BhIie 50 OMM.

[Tpu BeIOOpE JUTHHBI 30HAa HHAYKIIMOHHOTO KapOTa)ka yUYUTHIBAIOT, YTO MIPH JJTMHHBIX 30HIaX

CHMXXACTCA BJIWAHHUEC CKBAXXWHBI U 30HBI IPOHUKHOBCHUA, YTO obneryaer OonpeaciICHUEC yacibHOTro Co-
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MPOTHBIICHHSI HEM3MEHEHHON YacTy 1acta. OHAKO ¢ YBEITMYCHUEM JITMHBI 30H/1a 3aTPYIHSICTCS BbI-
JIelIeHue TOHKHUX T1acToB. ToKoBasi pe3aucTUBUMETpUs. Pe3ucTUBUMETPBI HA TIOCTOSSTHHOM TOKE B OY-
PAMIMXCS CKBOKWHAX HMCIIONB3YIOTCS JUIsl OOHAPYKCHHSI HHTEPBAIOB MIPUTOKOB B CKBAKUHY, OIpEJIe-
JICHUS JICKTPUYECKUX CBOMCTB KHUKOCTH 3aIOJIHSIONICH CKBOKUHY (HEOOXOIUMBIX TIPU MHTEPIpETa-
nuu nanabiX bK3, BK u apyrux metonoB) u eii tuna (rugpodruibHas wim ruapodoOnas). Peskoe pas-
JTUYHE yIETbHBIX COMPOTUBICHHUI CMECEH JIBYX THUIIOB KHIKOCTEH MO3BOJISIET MMPOBOJUTH Ka4eCTBEH-
HbIC U3MEpeHHs 0€3 TapUPOBKHU MPUOOPA M ONPEACTCHUS UCTUHHBIX BEIMUUH YACTbHBIX COMPOTHBIIC-

Huil. CKBOKUHHBINA 30H]I pe3UCTUBUMETPA KOMILJIEKCHOTO Mpubopa anekrpomerpun K-3 npencrasnen

|
:

Ha pUCYHKeE 7.

DJIeKTPO/IbI
pe3ucTHBHMETPA

Pucynok 7 — TokoBblit pe3uctuBumetp npudopa K-3

Memoo muxpozonouposarus.

MMuKpO30HIOM Ha3bIBAETCSI YCTAHOBKA, Y KOTOPOU pa3sMeEp IIEKTPOIOB COM3MEPHUM C PaCCTOS-
HUEM MEX]ly HUMU. MeToJ MUKPO30HOB B Pa3JIMYHBIX €r0 BapHaHTaX MpPEJHA3HAYEH VIS BBIACICHHS
TOHKHX TIJTACTOB M MICCIICIOBAHUS MTOPO]T HAa HEOOIBIIYIO TTTyOUHY.

B cnyuae 0OBIYHBIX 30HJIOB Ha M30JIUPYIOLIEH IUIACTHHE pa3MEIIaloT TPU AJIEKTPOJa Ha pac-
crostHuu 0,025 M onuH ot apyroro. MX uCnonb3yroT AJii OAHOBPEMEHHOW PErHCTpalvy JUarpaMm
nByx 30H10B — A0,025M0,025N u A0,05M (N - xopnyc). 3ou1 A0,025M0,025N sBnsieTcst MUKpOTrpa-
nueHT 30H10M ¢ pazmepoMm AO = 0,037 m u panuycom uccienoanus R = 0,04 m, 3ou1 A0.05M -
MHUKPOIIOTEHIMAT 30HA0M ¢ pazmepoM AM = 0,05 m u R = 0,1 M. KapoTaxx 1ByMsi MUKpOYCTaHOBKaMH
C pa3IMYHON TITYOMHOM MCCIe0BaHUS MO3BOJISET OCYUIECTBIATH 30HIUPOBAHKE MOPOABI Ha HEOOINb-
IYIO TTyOUHY.

AHOMaJIlMK B MHTEpBalax 3ajeraHus IJIOTHBIX MOPOJ, TJ€ KPUBbIE CHIIBHO M3PE3aHbl, HE MOJI-

JeXaT uHTeprpeTanuu. JluarpaMMbl MUKPO30HIOB MOTYT OBITb.

21



HCIIOJIb30BAHBI IS ONpPEAETICHUSI CONPOTUBJICHHUS MPOMBITOTO MJIACTA Prn MPU YCIOBUHU, YTO
OTHOIICHUE Prun/Prk HE MPEBBIIIAET HEKOTOPOTO Tpenena Pun/pPrk ~20), TAE prk — YACTHHOE COMPOTHUBIIC-
HUE TJIMHUCTON KOPKH.

MeTo 1 MUKPO30OHIMPOBAHUS IPUMEHSIETCS ISl IETAIbHOTO PACWICHEHUs pa3pes3a U Ui BbIAB-
JICHUS MPOIIACTKOB MaJIOi TONIIUHBL.

OpnoBpemenHast peructpauus MukporpagueHt- (A0.025M0.025N) u  MHKpoOIOTeHIHAI-
(A0.05M) 30HAaMH MOKET MPOBOAUTHCS € MOMOIIBIO anmaparypsl J-2 B macmrabax KC 0.5 i 1.0
Omwm/cm. TIpubopom D-2 kpome 3aMepOB MUKPO30OHIAMU IIPOU3BOJUTCS 3aHCh MUKPOOOKOBBIM Kapo-
TaxxoM. PaccrosiHre Mexly BHEIIHUMU KOHIIAMU SKPAaHUPYIOLIUX 3JEKTPOA0B A1 M A2 MUKPOOOKOBO-
ro KapoTa)ka Ha3bIBAIOT OOLIUM pa3MepoM TPeXeKTpoiHoro 30H1a Lo. Jnmuuoit L TpexanekTpoaHoro
30H/1a OOKOBOTO KapoTa)ka CIYKHUT PACCTOSHHE MEXAY CeperHaMH H30JUPOBAHHBIX HWHTEPBAJIOB.
Kaxkyiieecsi yaenpHOe CONPOTHUBIECHUE OMpENENAeTcs MO pa3HOCTH moTeHIuanoB AU Mexay IeH-
TPAJIBHBIM 3JIEKTPOJOM Ao U OJJHUM M3 dKPAHHBIX AEKTPoaoB A1 (umu Ap). [IpeumyiiecTBo MUKpPO-
OOKOBOrO KapoTaxka mepea KapoTakeM OOBIYHBIMH MHUKPO30HAAMH B TOM, YTO TOKOBBIC JIMHUHU
YCTPEMJISIIOTCS. B TIOPO/Ibl, @ HE BBEPX WJIM BHU3 110 CKBAXKUHE.

Kasepromempus.

Korna u3yueHue reoMeTpuu CTBOJIa CKBAXUHBI MPOUCXOAUT MO JAaHHBIM U3MEPEHHUI HEeCKOIb-
KHX MaMeTpoB (He MEHee JBYX), TO AAHHBIA METOJ HOCHT Ha3BaHHUE - MPOPUIEMETPHS, KOTIa Tpo-
(Wb CTBOJIA CKBAYKUHBI MPEJICTABIISICTCSI CYMMapHOUW KPUBOM CpEeTHEro JHaMeTpa CKBaXHHBI, TO JaH-
HBI METOJ1 HA3bIBAETCS - KABEPHOMETPHUEH.

JlnameTp CKBaKMHBI ONpPENEIAETCS HOMHUHAIBHBIM JUAMETPOM JA0JIO0Ta, KOTOPBIM CKBa)KMHA
Oypuiack. MI3MeHeHue nuaMerpa CKBaXXHHbBI B IEPBYIO 04Yepeb 3aBUCUT OT JIUTOJIOTUH MOPOJ, BCKPbI-
BAaE€MbIX CKBaKMHOM. OTKIIOHEHHE (PAKTHUECKOIO JUaMeTpa CKBaXXUHbI OT HOMHUHAJIBHOTO TPOUCXOAUT
IJIaBHBIM 00pa3oM BCJIEACTBUE TMIPOMOHUTOPHOTO BO3AEHCTBHS TJIMHHUCTOIO pacTBOpa Ha CTEHKHU
CKB)KUHBI U (PUIIBTPALIUU TJIMHUCTOTO PacTBOPA B MIPOHHUIIAEMbBIE TTACTHI.

B npaktuke reogusznueckux pabOT NPUMEHSIOT KaBEPHOMEPHI IBYX THUIIOB: MEXaHUYECKHE U
aKycThuyeckue. MexaHM4eckuii KaBepHOMEP COCTOUT M3 HECKOJbKHUX MEXaHMUYECKUX pPhIYaroB, CKOJIb-
3SIIMX 110 CTEHKE CKBAXKUHBI. I3MeHEHNE MOJI0KEHN MEXAHUUYECKUX PBIYaroB BbI3BIBAET IEpeEMeEIlle-
HUE ppluara ITOKa CBS3aHHOTO C MOJI3YHKOM PE0CTaTa, 4To MPUBOJUT K U3MEHEHHIO CONPOTHUBIICHUS
MIEPEMEHHOT0 PE3UCTOPa MPONOPIHUOHATIBLHO TUAMETPy CKBaXKUHBIL. JlaHHBIE O (PaKTUUECKOM JTMaMeTpe
CKBaYKMHBI HEOOXOIUMBI JUIsI pEIICHUS CIIEeIYIOIMINX 3a/1a4:

1. OeHKM MPUXBATOONACHOCTHU Ke00O0B, CATbHUKOB, TIIMHUCTBIX M IIUIAMOBBIX KOPOK, HHTEP-
BaJIOB BBIKPAIIIMBAHUS U BbIBAJIa TOPOJI.

2. Boibopa nHTEpBasia yCTAHOBKH MTaKEPOB.
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3. Beibopa MHTEpBAJIOB ISl YCTAaHOBKH OalliMaka, IeHTpaTopa ¥ TypOOJIM3aTopoB 0OCaaHON
KOJIOHHBI.

4. Omnpenencausi 00beMa 3aTPyOHOTO MPOCTPAHCTBA ISl pacdyeTa KOJIMYECTBA TaMIIOHAKHOM
CMECH.

5. YTouHeHHEe reoJoru4ecKoro pa3pesa.

6. Boienenust KOJIEKTOPOB.

7. BBoga mompaBouHbIX Kod¢¢unpentoB npu untepnperanun aanasix BUKWU3, BK3, T'K,
HHKT, BK 1 np. MeTo0B.

Paouoaxmusnuiii kapomaoic.

PanpnoaktuBubiil kaporax (PK) — uccnegoBanusi, OCHOBaHHbIE HA U3MEPEHUU €CTECTBEHHON U
HaBE/IEHHOW aKTUBHOCTH TOPHBIX MOPOJI C LIEIBI0 OMpeAeTeHUs AIepHO-(DU3MUECKIX CBOWCTB M dJI€-
MEHTHOTO COCTaBa TOPHBIX MOpoJI. PaqnoakTuBHBIN KapoTaX HE(TAHBIX U FA30BBIX CKBaKUH BKJIIOYA-
€T CIEQYIOLIME OCHOBHBIE IPYIIbl U3MepeHuid: ramma-kaporax — I'K, ramma-ramma kapotax — I'TK,
HEUTpOHHBIN KapoTax — HK, HEeMTpOHHBIN aKTUBALIMOHHBIN KapOTaX.

Kaxnas rpynma BkiIrodaeT B ce0si HECKOJIBKO MOAM(DUKALNH, Pa3InYAIONIMXCsl TUTIOM B YHEP-
FETUYECKUM CIIEKTPOM PErUCTPUPYEMOrO M3JYUYEHHS, KOHCTPYKIIMEH U3MEPUTEIbHBIX 30H/I0B, METO-
JKaMu U3MEpeHUid 1 00pabOTKU MEPBUYHBIX JTaHHBIX.

[Tpubopamu PK HemocpencTBEHHO M3MEPSIIOTCS CUTHAbI JETEKTOPOB MOHU3UPYIOLIErO M3IY-
YEeHMsI B BUJE CKOPOCTHU CUETa — YHCIIa UMITYJIbCOB, PETUCTPUPYEMBIX B €IMHUILY BpeMEHU. B numnysib-
CHBIX U clieKTpoMmeTpuieckux moaudukanuax PK peructpupyroT ckopocTu cueta BO BPEMEHHBIX U
JHEPreTUYECKUX OKHaX.

T'amma-kapomadsnc.

[Tpunuun ramma-kaporaxa (I'K) ocHoBaH Ha perucTpanuu CKBaXMHHBIMHU NPUOOpaMH ecTe-
CTBEHHOW PaJIMOAKTUBHOCTH TOPHBIX MOPOJ CIAararmllUX pa3pe3 CKBaKMHBI. EcTeCTBEHHON pannoak-
TUBHOCTBIO Ha3bIBAETCSl CAaMOIPOU3BOJIBHBIN pacnaj siep HEKOTOPBIX XUMUYECKUX 3JIEMEHTOB Cllara-
IOLUX TOpHbIE MOpoJbl. EcTecTBEeHHAsl paJMOaKTUBHOCTh CJIaraeTcsi U3 ClIOCOOHOCTH TOPHBIX MOPOJ
ucnyckarb anbda-, 6era- 1 raMma-u3inydeHue. [ myonHa NpOHUKHOBEHUS aib(a-u3aydeHHs] B TOPHBIX
MOpOJIaX COCTABIISET NEPBBIE JECATKU MHUKPOH, OeTa-u3JIyuyeHHsl — MepBbleé MUIJUIMMETPHI, a ramma-
n3nyuenus — ot 30 no 40 cm. CrieqoBarenbHO, C TOUKU 3PEHUS U3YYEHHs Pa3pe30B CKBaXXKMH TOJIBKO
raMMma-u3JlydeHue MpeacTaBiseT MpaKTHYecKuii nHTepec. BennunHa ecrecTBEHHON panoaKTUBHOCTH
TOPHBIX MOPOJI OIPENENseTCs] B OCHOBHOM COJIEPKAHUEM B HUX TPEX OCHOBHBIX XMMHUYECKHX 3JIE€MEH-
TOB: ypaHa, TOpUs U u3oTona Kamusa-40.

CaMy10 BBICOKYIO €CTECTBEHHYIO PaJIMOaKTUBHOCTb CPEIH OCAJOUYHBIX FOPHBIX MOPOJ HMEIOT
rI1yOOKOBO/IHBIE WJIbI, YepHbIE ONTYMUHO3HBIE INIMHBI, apTHILIUTHI, TIMHUCTBIE CIaHIIbl, KaJTUIHHBIE CO-

JIA. Cp@)leIfI PaaAOaAKTUBHOCTE XapaKTCpHaA IJId HGFJ'nySOKOBO}IHLIX N KOHTHMHCHTAJbHBIX TJIMH, T'JIH-
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HHUCTBIX [TECYAaHUKOB, MEpreied TIIMHUCTBIX W3BECTHSAKOB U A0J0MUTOB. K moponam ¢ HU3KOW paano-
aKTUBHOCTBIO OTHOCSITCSI aHTMJPUTHI, TUIICHI, IECYAHUKH, TIECKH, JOJIOMHTHI, YIiu. B olmiem ciydae
kpuBas 'K xapakrepusyer pa3pe3 CKBaXXHHBI 110 COAEP>KAHUIO TNIMHUCTOCTU B TOPHBIX Nopojax (puc.
8).

Haun6Goinee yacto B npaktuke nposeneHusi [ IC npuMeHsFOTCS 30HbI IS peTUCTPAIlii UHTe-
rpaJibHOM KpuBOi raMMa u3nydeHus. Ha nokasanusa 'K BiusiHue OKa3pIBAIOT cleayromue GakTophl:
MIPOMBIBOYHAS KHUJKOCTh, 00CagHasi KOJIOHHA, IEMEHTHBIM KaMeHb U JUAaMETp CKBAa)XHUHBIL. BiusHue
CKBa)XMHBbI Ha nokazaHus ['K mposiBisieTcss B MOBBIIEHUH MHTEHCUBHOCTH TaMMa-U3JIy4E€HHUS 32 CUET
€CTECTBEHHON DPaJIMOaKTUBHOCTU KOJIOHH, OypOBOrO pacTBOpa M LIEMEHTa M B OCJIa0JICHWH ramma-
M3Y4YEHHUs] TOPHBIX MTOPOJI BCIECICTBHE MOTJIOMICHUS X KOJIOHHON, OYpOBBIM PaCTBOPOM M LIEMEHTOM.
B cBs13u ¢ mpeobanaromyM 3Ha4YeHHEM BTOPOTO MPOIIEcca BIUSHUE CKBAKUHBI CKA3bIBACTCS TIIABHBIM
00pa3oM B MOIJIOLUIEHUH FaMMa-u3i1yuyeHus ropHbIX nopoa. [Ipu nepexozae riryOuHHOro npubopa u3 He
00Ca)KeHHOHN YacTU CKBA)XMHBI B OOCAKEHHYIO, OTMEYAETCSl YMEHbILICHHE UHTEHCUBHOCTH €CTECTBEH-

HOIr'o raMMa-u3J1yuCHUA.

Pucynok 8 — luarpamma I'K npoTus nopo pasHoi JTUTOIOTHH
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VY CI0BHO CUMTAIOT, YTO painyc NEUCTBUS YCTAHOBKH raMMa KapoTa)a COOTBETCTBYET MpHOIU-
sutenbHO 30 oM, u3nydeHue ot OoJiee yAaJeHHBIX YYaCTKOB MOPOIBI MOTJIOMIAETCS, HE JOCTUTHYB MH-
JUKaTopa.

[{lemeHTHOE KOJBIO B OOJIBIIMHCTBE CIIy4aeB MPUBOANUT K YMEHBIUICHUIO PETUCTPUPYEMBIX 3HA-
YEeHUH ramma-usiydeHus. [ UCKII0YeHUs BIUSHUS YCIOBUN M3MEPEHUI 4acTO MOJIb3YIOTCA OTHO-

CUTEJIbHOW BEJIMYMHON €CTECTBEHHOMN PalNOaKTUBHOCTH:

Ay = _J7jmin 1)

Jmax—Jmin’

rae J, Jmin u Jmax - COOTBETCTBEHHO IOKa3aHUs MPOTUB IJJacTa, MUHUMAJIbHbIE U MaKCUMAaJbHbIE
IIOKa3aHUs HAa KPUBOM raMMma KapoTaKa B UCCIIEyEeMOM MHTEPBAJIC CKBaXKHHBI.

B HeKoTOphIX cily4asX HCHOJB3YIOT JONOJHUTEIIBHBIE PAcUEThl, MO3BOJISIIOIINE YUUTHIBATH
0COOEHHOCTH CKBKUHHBIX yCIOBHUH.

3Hasi €CTECTBEHHYIO PaJUOAKTUBHOCTh rOpHBIX nopox, Meton I'K no3sossier onpenensarts iu-
TOJIOTHIO ITOPOJ, UX TJIMHUCTOCTb, & TAKXKE PACUWICHATh IT'€0JIOTHUECKUI pa3pes.

B ckBaknHax, 3alOTHEHHBIX COJICHBIM pacTBOpoM, Korna kpusas [1C sBusercs cimabo nudde-
PEHIIMPOBAHHOMN, BbIEJIECHUE TJIMHUCTHIX IJIACTOB MPOU3BOJAUTCS IJIaBHBIM 00pa3oM IO KPUBOM ram-
Ma-KapoTaxa.

Macmta6 peructpanuu 'K 1 niam 2 mxP/gac/cwm.

K nocromHcTBaM MeToAa MOXHO OTHECTU JEIIEBU3HY, MHPOPMATHUBHOCTb, BBICOKYIO pa3pe-
LIAIOIIYI0 CIIOCOOHOCTh, BO3MOYKHOCTh IIPUMEHEHMSI METO/1a, KaK B OTKPBITOM CTBOJIE, TaK U B 00Oca-
YKEHHOW KOJIOHHE.

Hetimponnwiii memoo.

Metonsl HelTpoHHoro kaportaxa (HK) Gasupyrorcs Ha ucciiejoBaHMsSIX MPOLECCOB B3aUMO-
NecTBUS OBICTPBIX HEMTPOHOB, UCITYCKAEMbIX HCTOYHUKOM, C CUCTEMOW CKBa)KHMHA - TOPHBIE MTOPOJIBI.

OcnoBHoe Ha3HaueHue HK onpenenenne koadduiimenta nopucTocT 1 pasaeiaeHue mopos mno
JIMTOJIOTHYECKOMY cocTaBy. B3anMoneicTBre ObICTPhIX HEHTPOHOB C BELIECTBOM IPOUCXOAMT IO Ciie-
AyIOLIel cxeMe: BHauase HabroAaeTcs 3aMeJIeHne, TP KOTOPOM B Pe3ylbTaTe CTOJIKHOBEHMS U pac-
CEesTHUS Ha siipax BEIIECTBA OBICTPbIE HEUTPOHBI TEPSAIOT YHEPTHI0, CTAHOBSITCS CHavaja HaJTEIJIOBbI-
MU (co cpenHelt sueprueit 0,5 3B), a ganee ternoBbMu (co cpeaneit sHeprueit 0,025 3B). 3aTtem Bo3-
HUKaeT Auddy3us, mpu KOTOPOHl TEmIoBbIE HEHTPOHBI MUTPHUPYIOT O€3 CYIIECTBEHHOI'O M3MEHEHUS
sHepruu. Ha nmocnegnem sTane MUrpanui HEUTPOHOB IPOMCXOJUT UX MOIIOLIEHME, T.€. 3aXBarT spa-
MU 3JIEMEHTOB C HCITyCKaHHeM ramMma-kBaHTOB. Hanbonee pacnpoctpanennbiM metogoM HK sBisiercs
HEUTPOHHBIA ramMma KapoTaxk paauannoHHoro 3axsata. HI'K pearupyer Ha Hanmuuue Bomopoja B IO-
poJle HE3aBUCHUMO OT TOI'O, HAXOJIUTCS JIM OH B JKUAKOCTH, 3aIIOJIHSIOIIEH ITYCTOTHOE MPOCTPAHCTBO
MIOPO/IbI, UJIU JK€ B XMMHUYECKU CBA3aHHOM COCTOSIHUM B MMUHEPAJIBHOM CKEJIETE.
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[IpucyrcTBue B rOpHOW MOPOJE TIIMHUCTOTO Marepuaia TakKe YBEJIMYUBAET €€ BOJOPOJIOCO-
JepKaHUe, KOTOPOE B 3aBUCUMOCTH OT COCTaBa IJIMHUCTBIX MUHEPAJIOB Pa3IMYHO: TUAPOCIIOIb] KBU-
BaJICHTHBI BOJOHOCHBIM IIOPOJIaM € MOPUCTOCTHIO 25 %, KAOIMHUTOBBIE U XJIOPUTOBBIE TJIIMHBI - I1OPO-
JlaM C OPUCTOCTBIO 35 %, MOHTMOPUJUIOHUTOBBIE TJIMHBI - TopoAaM ¢ nopuctoctero 50 %. Ilorpem-
HOCTH B OLIEHKE MHMHEPAJOTMYECKOr0 COCTaBa MOTYT MPUBECTU K HEIONMYCTHUMBIM MOTPEUIHOCTSIM B
OIIPEIIETICHUU ITIOPUCTOCTH TIOPOA.

IIpucyrcTBue B UCCIEAYEMOM CpEle JIEMEHTOB C IOBBIIICHHBIM CEYEHUEM IOIJIOLIECHHUS TEll-
JIOBBIX HEUTPOHOB (0Op, XJIOp, U [Ip.) CYLIECTBEHHO BJIMSET HA MOKAa3aHHs HEHTPOHHBIX METOOB.
Xnopoconepxkanue nopoa ckaspiBaercs Ha nokazanuax HK-T u HI'K, yxe naunnas ¢ 0,1 %. Xmopo-
COZIEp’KaHUE HE OKa3bIBAET BIMsAHMSA Ha noka3zanus HK-HT.

3HauuTenbHOE BiusHUE Ha nokaszanus HI'K okasbiBaeT xsopoconepkaHue miacToBON BOJbI U
MIPOMBIBOYHOM KUAKOCTH. XapaKTep BIUSHUS PACTBOPEHHOIO B IJIACTOBOM BOJIE XJIOpA Ha MOKa3aHUs
HI'K cnoxxen u HeoJHO3Ha4YEH NpH pa3inuuHoi nopuctocty nopoxsl. [lokazanus HI'K cymectBenHo
3aBUCAT OT CJIIOMCTOCTH M3ydaeMbIX nopoA. IIpu nccnenoBanuum cpen, NpeACTaBICHHBIX IIEpECIanBa-
HHUEM IIPOIUIACTKOB OJHOIO JIMTOJOTMYECKOrO0 COCTaBa, HO PA3IMYHONW IOPUCTOCTH IMPOUCXOIUT
yCpEIHeHHE MOKa3aHU METO/1a, KOTOPbIE OTJIMYAIOTCS OT BEJIMUKUH, COOTBETCTBYIOLIUX CPEJIE C MOPU-
CTOCTBIO, PAaBHOM CPEIHEB3BEIICHHOMY €€ 3HAUEHHUIO JJII paCCMaTPUBAEMOr0 UHTEpBasia. Takoe OTiIu-
YK€ TeM CYLIECTBEHHEE, YeM 00JIbLIIE KOHTPACTHOCTh BOJIOPOAOCOIEPKAHUS [TPOCIOEB MTOPOIbI.

Macmab perucrpanuu kpusbix HI'K - 0,1 wm 0,2 ycn. en/cm.

Komnencayuonnuiii netimpounnwiii kapomagic (KHK).

Opnoii u3 pazHoBuaHoctet HK sBisieTcs AByX30HA0BBII METOJ CTAllMOHAPHOTO HEUTPOHHOIO
kapotaxka 1o terioBbiM HeillTpoHam (HK-T) ¢ komneHcauuel BiusHus ycnoBuil uzMepeHus. Meron
KHK ocHOBaH Ha TOM, 4TO OTHOIIIEHHE MOKA3aHUH JIBYX JETEKTOPOB TEIIOBBIX HEUTPOHOB, PACIOJIO-
KEHHBIX Ha (DUKCHPOBAHHBIX PACCTOSIHUSAX OT UCTOYHHUKA, cIa00 3aBUCUT OT MHHEpAIHM3AINH TIaCTO-
BOI M MIPOMBIBOYHOM KHUJIKOCTH, TUAMETPA CKBAXKUHBI, IKCIEHTPUCUTETA MPUOOPa B CTBOJIE CKBAXKH-
Hbl. BusiHue 3tux (pakTopoB HECKONBKO BO3pPACTAE€T C YMEHBIIEHHMEM JJIMHBI 30HJO0B, OJHAKO MpHU
9TOM CYILIECTBEHHO BO3PAaCTaeT CKOPOCTh CUETA U YMEHBIAECTCS CTaTUCTUYECKAsl TOTPEIIHOCTh U3Me-
penus. [losTomy nmpu npuMeHeHUH 30HA0B cpenneit IuHbI (30-60 cM) MOXKHO MOTYYUTh PE3yNbTaThI,
MO3BOJISIOIINE YUECTh YCJIOBUS U3MEPEHUH, CHU3UTh TPeOOBAaHUS K TOUHOCTH M3MEPEHUH U 0CIabuTh
BIIUSTHUE OCTAJIBbHBIX (PAKTOPOB.

[ToBbIlIEeHHE MOMEXOYCTOMUMBOCTH ammaparypbl Oa3upyercss Ha HpPHUHIMIE HalpaBiIeHHOU
reOMETPUH U3MEPEHUIN. DTO pealn30BaHO MIyTEM BBEAECHHUS JOMOIHUTEIBHOIO IETEKTOPA MaJoro 30H-

Aa C UCIIOJIb30BAHUEM PECCOPHI, HpI/I)KI/IMaIOH_Ieﬁ HpI/IGOp K CTCHKC CKBAa’>XHHBI.
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Peructpupyembie B mporiecce u3MEpPEHUid, OTHOIIEHUS MTOKa3aHU 30H0B pa3HOM JJIMHBI 3HA-
YUTENBHO cabee, ueM MOoKa3aHUsl KaXIOTO JIETEKTOpa, 3aBUCAT OT MUHEpaIU3alliu TIACTOBOM, MPO-
MBIBOYHOM XKUAKOCTEH U IPYruX (HaKTOPOB.

[TockonpKy BIMSIHHE CBOWMCTB MOPOJ IMOJIHOCTbIO HE HMCKIIIOYAETCS, HEOOXOAUMO YYUTHIBATH
KOMITOHEHTHBII cocTaB mopoa. HelTpoHHBIN KapoTax MPUMEHSIOT B HEOOCaKEHHBIX M 00Ca’KEHHBIX
CKBA)KMHAX C LIEJIbIO JINTOJOTUYECKOTO PACUJIEHEHUS Pa3pe30B, ONIPEIEICHHSI EMKOCTHBIX I1apaMETPOB
nopoJ; (00beMOB MHHEpPAIBbHBIX KOMIIOHEHT CKeleTa M IOPOBOIO MPOCTPAHCTBA), BBIIEICHUS Ta-
30KHKOCTHOTO U BOJOHE(TSIHOrO KOHTAaKTOB, OMpesesieHuss K03(PPUIMEHTOB ra30HaChIIIIEHHOCTH B
MPUCKBAXUHHON YacTu KoJuiektopa. O6mactamu 3¢ dextuBHoro npumenenuss HK npu onpenenenun
MOPUCTOCTU U JUTOJOTUYECKOM pacuwiieHeHuu paspesa sisitores: 1 HHK-HT — noponsl ¢ mo0bim
BOJIOPOJIOCOACPKAHUEM, JTIOOBIMH MHHEPATH3AIMAME TUIACTOBBIX BOA CIUT M TIPOMBIBOYHOU JKUIKO-
ctu Crk (B TOM ywcie ¢ 11000 koHTpacTHOCThIO Crut v CIik B 30HE MCCIIEOBaHUS METO/1a), IPU He-
BBICOKOW KaBEPHO3HOCTH CTBOJA CKBaKUHBL, - At HHK-T — mopoas! ¢ mr066IM BOOpOI0COAEpKAHU-
em, HeBbIcOKUMHU Crut u Crok (MenbIe 50-70 r/m NaCl) u cnaboit kontpactHocThio Crut u Crik; - st
HI'K noponbl ¢ Huzkum (Menbuie 8-12 %) BonoponoconepxanueM u 1o0biMu Crut u Crok, a Takxke
noposl co cpeauuM (8-20%) Bogoponocoaepxkanuem, ecian Crut u Crok He npesbimaioT 100 r/m.

Ob6nactsamu 3¢ dextuBnoro npumenennst HK npu BbiieneHn# ra30HOCHBIX IIACTOB, Ta30KHU /-
KOCTHOTO KOHTAKTa, OINpeIeicHIH KOAPPUIIMEHTAa ra30HACBIIICHHOCTH sBisitores: - it HHK-HT —
MIOPO/IBI € JIFOOBIM BOJIOPOIOCOIEPKAHUEM TIPH TMAMETPE CKBXKHUHBI, HE TIpeBbimatomemM 200 Mm;

- 1 HHK-T — moponst ¢ BomopoaoconepxkanueM 6omnee 10% mpu auamerpe CKBaKUHBI, HE
npesblmaroniem 250 Mmv;

- st HI'K — mopob! ¢ Bomopooconepkanuem menee 20%.

Axycmuueckuii kapomaoxc.

Axyctuueckuii kaporax (AK) ocHOBaH Ha M3MEPEHUHU MMapaMETPOB BOJHOBOTO MOJIS B CKBa-
KUHE, BOSHUKAIOIIETO TMOJI IEHCTBUEM MOMEIIEHHOTO B HEE MMITYJIbCHOTO MCTOYHUKA BO3OYKIEHUS
yrnpyrux BouiH (puc. 9).

OcHOBHOE Ha3HAaYEeHHE aKyCTUUYECKOI0 KapoTaXka IPU UCCIIEIOBaHUH HE(PTEra30BbIX CKBAXKUH -
KOJIMUYECTBEHHOE OIpe/ieJIieHHe MEXIPaHyIIpHONW MOPUCTOCTH MOPOJ pa3pe3a U pasfeieHue (B KoM-
IJIEKCE C JPYTMMU METOJAaMH) TMOPOJ MO JIUTOJIOTMYECKOMY COCTaBy. J[is HEKOTOPBIX T€0J0ro-
reopU3MUECKNX YCJIOBHM MO JAHHBIM aKyCTHYECKOTO KapOTa)ka BBIIEISIOTCS MHTEPBAJIBI TPEIIMHHO-
KaBEPHO3HBIX TOPOJ U OICHUBAIOTCS YIPYro-MEXaHHYECKHE CBOWCTBA TOPHBIX MOPOJ B HX €CTe-
CTBEHHOM 3aJIeTaHUMU.

CKOpOCTh pacrpoCTpaHEeHUs YIPYTruX KoieOaHUil B CHCTeMe CKBaXHHA-TOPHBIE MTOPOIBI 3aBU-

CHUT OT yIIpyro-mME€xXxaHn4e€CKux CBOI>'ICTB, JIMTOJIOTUYCCKOro coCtaBa, MOPUCTOCTHU, CTPYKTYPHEI 3THUX I10-

27



poA, a TakKe XapakTepa HACBHIIIAIONICH ee KUIKOCTH. YKa3aHHbIC (aKTOPBl OTPaKAlOT 3HAYCHUE U
JPYroro BayKHOTO CBOMCTBA Cpebl - KOAPPHUIIMEHTA MOTIIOMIECHUS.

AKYCTHYECKHI KapOoTak Ha TPEJOMIICHHBIX BOJIHAX MpEAHA3HAYEH ISl M3MEPEHUs MHTEp-
BAIBHBIX BpeMeH At B MKC B KO3()(UIIMEHTOB 3D (EKTUBHOTO 3aTYXaHHS O MPEIOMIICHHOW MPOJ0NIb-
HOH, monepeynoit niam JIsmoa - CTOyHIN BOJH, pacHpOCTPaHSIOIUXCS B TOPHBIX MOPOAAX MM 00caa-
HOM KOJIOHHE.

CkopocTb mpobera yrnpyroil BOJHBI V 110 U3y4aeMO# cpesie pacCUUTHIBAETCS COTJIACHO BhIpa-
KEHUIO:

v=q/At, (2)

rae q - 6a3a U3MEPUTEIHLHON YCTAaHOBKH (PACCTOSIHUE MEXTy e pueMHuKamu g = 12 - [1).

®dopma TeopeTUYecKuX KpUBBIX tl, t2 MpaKTUYECKU HE 3aBHCHUT OT B3aMMHOI'O PACIIOJIOKEHUS
HMCTOYHHMKA U NMPUEMHHUKA, & TAKXKE OT TOr0, IIPH CITYCKE WJIM MOJbEME BeaeTcs 3anuchk. OnpenernecHue
MTOPUCTOCTH 3aIMTOJIHCHHBIX KHJIKOCTBIO (BOJIOW MM HETa3UPOBAHHON HE(PTHIO) KOJUIEKTOPOB Oaszupy-
ercs Ha smmmprueckoit cszu Ko = f(At, Atck, Atk), rae At - u3sMepeHHOE 3HAYCHHE HHTEPBAILHOIO
BpPEMEHH JIJIs1 JAHHOM MOPOJIbl; AtCK - HHTEpBaIbHOE BpeMs podera akyCTHUECKON BOJIHBI IO CKETIETY
opoJibl; Alx - HHTEpBAJIbHOE BpeMs MpoOera akyCTUYECKON BOJIHBI 110 JKUIKOCTH, 3aIMOJIHSIONIEH ITy-
CTOTBI KOJUIEKTOpA.

Haubonbiee npruMeHeHne Ha MPaKTUKE HAIIeN Clloco0, OCHOBAHHBIN Ha MCIOJIB30BAHUM JaH-
HBIX TOJBKO aKyCTHUECKOrO KapoTaxka ¢ pacueTroM 3HaueHuil K, mo sMmupuueckoMy ypaBHEHHUIO

CPEHETO BPEMEHU:

_ AL — Atcx
T Apx — Atk (3)

YpaBHEHME CpPEAHETO BPEMEHH ISl ONIPEAETIECHUS MEKTPAHYIIIPHON MOPUCTOCTH HETJIMHUCTBIX
MOPOJ YCIIEIIHO MPUMEHSETCS HE3aBUCHUMO OT HUX JIUTOJIOTHYECKOr0 COCTaBa U MPU MOPUCTOCTH HE
6omnee 25-30 %.

TOYHOCTB OIIEHKM IOPUCTOCTH IPU UCIOJIB30BaHUU ITOIO YPAaBHEHUS ONPEAEIAETCS HE TOJIBKO
BEJIMYMHOMN MOTPEIIHOCTH HETIOCPEICTBEHHOIO U3MEPEHMsI 3HaUeHMsI At, HO U B 3HaYMTEIBHOU CTele-
HU 3aBUCHUT OT JIOCTOBEPHOCTH MPHUHATHIX 3HAUCHHN HOPMUPYIOMIMX MapaMeTpoB Atcx u Atx. Haubo-
Jiee CyIIECTBEHHOE 3HAaU€HHE UMEET MPHU 3TOM BO3MOKHAs IOTPEIIHOCTh B BeTMUHUHE Atcy.

Jannsle AK npuMeHsIoT:

1. 1J1 AUTOIOTMYECKOTO PACWIEHEHNUS Pa3pe30B U pacueTa YIpYyrux CBOMCTB MOPOJ;

2. JOKaJlM3aluy TPEIIMHOBATHIX MOPOJI, TPEIIUH I'HAPOPA3PHIBOB U HHTEPBAJIOB HANPSKEHHOTO

COCTOSIHUSI TIOPO/T;
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3. onpeneneHus KodHPHUIMEHTOB MEK3EPHOBOW U BTOPUYHOM (TPEIIMH-HOKAaBEPHOBOI) MOPH-
CTOCTH KOJIJIEKTOPOB M XapaKTepa X HACBHIICHHOCTH;

4. BBIACJICHHUA ITPOHULACMBIX HHTCPBAJIOB B YUCTLIX U I'NIMHUCTBIX MOPOJAAX;

5. pacyera CHHTETHUYECKUX CEHCMOTpaMM M MHTETPAIlUH PE3yIbTaTOB CKBAXHHHBIX N3MEPEHUIM

C Ha3eMHBIMH U CKBOXKUHHBIMU CEHCMHUYECKUMU JaHHBIMHU.

IlenTpaTop

HMcTOuHHK BOJIH =
- PBOJIHaA
= S=lsosHa
AKYyCTUYECKUM

HU30JIATOP

ITpueMHHUK BOJIH

A1§Is2-Tsl
p2-Tpl

Pucynok - 9 Cxema yctpoiicTBa u paboThl ckBaxxuHHOTO mprdopa AK

Hnxnunomempusi.

®akTHUUECKOE OTKIOHEHHE OCH CKBAXMHBI OT BEPTUKAINA B KAKOM-JTMOO HAIpaBJICHUU Ha3bIBa-
€TCSl UCKPUBJICHHEM CKBaKHUHBI. OHO OIpeAeseTcsl YoM UCKPUBJIEHUS \y U MarHUTHBIM a3UMYTOM
HCKPUBJICHHUS .

JlanHbie 00 MCKPUBIIEHUN CKBAKWHBI HEOOXOIMMBI JIJIsI ONIPEEIICHHS TIIYOUHBI PACTIONOKEHUS
320051 1 UICTUHHBIX TIyOWH 3aJIeTaHus TUTACTOB, JIJISl OCYIIECTBICHUSI KOHTPOJISI UCKPUBJICHUS CKBAXKU-
HBI Y BBISIBJICHUS YUYAaCTKOB PE3KUX OTKJIOHEHHUM CTBOJIA CKBAKUHBI OT BEPTUKAIIH.

PesynbpTaThl M3MepeHNil MHKIMHOMETPOM H300pa)kaloT B BHJE TaOJMIl YTJIOB HAKJIOHA Y H

a3uMyTa @, U B BUJE rpapUKOB MPOEKIMI CTBOJIA CKBAXKUHBI HA TOPU30HTAIBHYIO TNIOCKOCTb.

3. Annmaparypa u MaTepHaJbl

Jis 3aKperuieHus: TEOPEeTHUECKOro Marepuana B paboTe OyayT UCHOIB30BATHCS - CXEMBI U3Me-
PEHUH Pa3NUYHBIX (U3NYECKUX TOJIEH B OKOJIO CKBRXMHHOM IPOCTPAHCTBE, MEPBUYHBIE Mpeodpa3o-
BaTeJIM CKBAXXUHHBIX HpI/I60pOB " KapOTaXXHBIC JUarpaMMbl, B YaCTHOCTHU:

- (pyHKIIMOHAJIbHBIE CXEMBI H3MEPEHUH Pa3InYHBIMU BUIAMU KapOTaXKei;
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- KapOTaXkKHbIE AUArPaMMBbI JIMTOJIOTHYECKOT0 pacwieHeHus paspe3a MmerojoM OK, 'K u AK;

- BApUAHTHI PACWICHEHNUs pa3pe3a 110 KaBepHOrpaMMe ¢ ucnoib3zoBanuem nguarpamm 11C u OK;

- CBOJHBIN IUIAHIIET KOPPEJALMU Pa3pe30B CKBaAXKHUH IO KOMILJIEKCY METOJOB JJIsi OJHOBO3-
PacTHBIX OTJIOXKEHUI;

- CXEMEBI 3aMEPOB METOJAMH JICKTPUUCCKOI'O KapoTaKa.

4. YKa3aHHUA 110 TEXHUKE 0€30IIaCHOCTH

B ciryqae HeoOX0AMMOCTH BKIIFOUECHHS TPHOOPOB ISl BOCIIPOU3BEACHUS (PU3MUECKUX BEITHYUH
OJIHOT'O M3 BBIIICTICPEYHCICHHBIX METO/I0B KapoTaka, Te0(hU3NIECKYI0 HA3EMHYIO TMaHENb CIEIYeT 3a-
3EMIIHUTD.

Mertannuieckne 9acTu reou3nuecKux MpruOOpOB, KOTOPBIE MOTYT OKa3aTbCs MOJ MEpEeMEH-
HBIM HanpspkeHreMm Oosiee 42 B mim moctossHHBIM HanpspbkeHuem Oosiee 110 B, moimkHBI OBITH 3a3eM-
JIEHBI.

5. MeToauka v NOPsiA0K NMPOBeIeHU MPAKTHYECKOT0 3aHATHS

W3ydaercss pyHKIIMOHAIBHAS CXeMa W3MEPEHUH (U3NYECKUX MapaMeTPOB BHIOPAHHOTO Kapo-
taxa. Mcxons u3 GU3MKM MPOUCXOIAIINX MPOIECCOB, CXEMATUUECKU BbIUEPUUBAETCA KOH(MUTYpAIIHs
KpUBBIX pa3nuyHbiXx MeToJ0B ['IC B 3aBUCHMOCTH OT U3MEHECHHS JUTOJOTHH (WM HACHIIICHHOCTH)
reoJIOTUYECKOro paspesa.

Ha kpuBBIX B CBOJHOM IUTAHIIETE YKA3BIBAIOTCS BO3MOXKHBIC BapHaHTHI MacmiTaba perucrpa-
MU U €UHUIBI U3MEPEHUH BEIOPAHHBIX METOIOB.

Jns pa3sHOBO3pPACTHBIX OTJIOKEHUN BBIYEPUMBAIOTCS XapaKTEpPHbIE KapOTa)KHbIE KPUBBIE.

O6ocHoBbIBaeTcs paunoHanbHbIN komiuieke [ YIC s BBIOpaHHBIX OTIIOKEHUH.

6. Conep:kanue or4yera u ero popma

I[To pe3ynbTaTaM NMpPakTUYECKOTO 3aHATHUS COCTABISAETCS KPAaTKUH OTYET, KOTOPBIN JTOJKEH CO-
JepKaTh:

1. Llens u TeopeTHYeCKHe OCHOBBI OHOTO M3 METOJOB KapoTaXka, C OIMMMCAHHEM CXEMBI U3Me-
PEeHUS JaHHBIM METOOM.

2. CBOJHBIN MJIAHIIET TMIIOTETUYECKOTO I'€0JIOIMYECKOro pa3pe3a U CXeMaTHYeCKUe KpUBbIE
METOJIOB BBIOPAHHOT'O KapoTaxa.

3. 3aBECHUMOCTH 7SI OTIpeeNIeHNs Te0(hN3NIECKUX TTapaMeTPOB.

4. BbIBOJIbI, BBITEKAIOIINE U3 PE3YJIbTAaTOB PaOOTHI.

5. OcHoBHbIe maparpadpl CBOJHOTO IJIAHILIETA: HA3BAHUS METOAOB, €IMHUIIBI HU3MEpPEHUs,

MaciTad perucTpamuy, Ha3BaHue CKBAKWHHOTO MTpruOopa (He 00s3aTeNbHO).
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6. B cimydae nmpenocraBieHus npemnoaBareieM Tpadapera, 3aloTHEHHE ero MPOU3BOIUTCS O

BBIIIC OITMCAHHOMY CHOC06y TOJIBKO U1 OAHOT'0 ONPCACIICHHOTO JIMTOJIOTHYCCKOT'O 00BEKTA.

7. KoHTpOJIbHBIE BONIPOCHI

1. Cxema u3MepeHust KaKYIErocs y1eIbHOro COMPOTHUBICHNUS;
. Cxema u3mepenust KC npu BK, MK3 u MBK;

. Cxema uzmepenus reopusnueckux BemnunH npu AK u I1C;
. 3amepsieMble BennuuHbl 1pu PK;

. 3amepsieMble BETUYMHBI IPU HHKIMHOMETPHH;

. 3amepsieMble BennuuHbl npu HK;

. 3amepsieMble BEJIMUMHBI IIPU WIEKTPUUECKUX KapOTaxKax;

. ®U3UYECKHE OCHOBBI QJICKTPOMETPUHU,

O 0 I N »n kW DN

. Ou3nYeCcKrue OCHOBBI PAJIMOMETPHUH;
10. ®usnueckre OCHOBBI aKyCTHYECKOTO KapOTaxa,

11. ®usnueckre OCHOBBI METOI0B KOHTPOJISI IPOBOJKH CKBAYKUHBI.

IIpakTuyeckoe 3ansitue Ne 2
H3yuyeHne 30H10B 31eKTPUYECKOI0 KApOTaxa
HCJII)IO MMPAKTUYCCKOI'O 3aHATHA ABJISACTCA.
1. 3yueHune 30HI0B JIEKTPUUECKOT0 KapoTaxKa.
2. Uzydyenue Hpu3muecKuX OCHOB METOJIOB DJIEKTPUUECKOTO KapoTaxa.
B meroanueckux yka3zaHUAX COJEPKUTCSA MH(OPMALKS O MPUHILIMUIIE TOCTPOSHUS 30H/I0B JIEK-

TPUYCCKOT'O KapoTaKa.

2. Anlmapartypa u MaTepHaJbl

Jlnis 3aKkperuieHus] TEOPETUUECKOro Marepuana B paboTe JKelaTesIbHO MCIIOJIb30BaThCs peallb-
HBIC 30HJIOBBIC YCTPOWCTBA CKBRXMHHBIX MPHUOOPOB 3JIEKTPUUYECKOTO KapoTaka, KapoTaKHBIE Ha-
rpaMMBbI, a TAKXKE CXEMbl MHOT'OAJIEKTPOIHBIX 30HOBBIX YCTAHOBOK M CXEMBI PACIIOJIOKEHHS IIEKTPO-
10B (DOKYCHUPOBAHHBIX 30H]IOB.

Jliis mosmydeHus MpakTUYeCKOro HaBbIKa pabOoThI ¢ 30HJaMM CKBaXMHHBIX MTPUOOPOB AIIEKTPH-
4eCKOTo KapoTaxka OyIyT UCIIOIB30BATHCS:

- CKBaKMHHBIE PUOOPHI AJIEKTPUUECKOro kapotaxa cepuit 3-1 (wnu K-3), 9-2 u D-3M;

- Ha3eMHasl [TaHelb JIEKTPUIecKoro kaporaxa b1;

- KapoTaxxuslii peructparop HO-65 nnu HO-28;
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- IBMCPUTCIIbHAA IMAHCIIb,

- DKBUBAJICHT Ka0eJs.

3. Yka3zaHus 10 TeXHUKe 0€3011aCHOCTH

['eodusnueckoe 060pyI0BaHUE TOKHO MOAKIIOUATHCS K AJIEKTPUYECKOM CETH B COOTBETCTBUU
C TEXHUYECKON JOKYMEHTALIMEN 10 IKCILTyaTalluH.

Mertannudeckue 9acTu reou3nuecKux MpruOOpOB, KOTOPHIE MOTYT OKa3aTbCs MOJ MEpEeMEH-
HBIM HamnpspkeHueMm Oosiee 42 B mim moctossHHBIM HanpspkeHuem oosiee 110 B, momkHBI OBITH 3a3eM-
JICHBL.

JlommyckaeTcst He 3a3eMIiATh reodusudeckoe obopynaoBanue (mpubopsl) HanpsikeHuem 10 380
B, koTopoe paboTaeT 0T COOCTBEHHBIX MaJTOMOIIHBIX HCTOYHUKOB ITUTAHMSL.

ConpoTuBjeHHE 3a3€MJICHUS BMECTE C COMPOTHUBIIEHUEM 3a3€MIISIFOIIETO MPOBOJA HE JOJKHO
npesbimats 0,1 Om.

CyMMapHas BeTUYMHA COMPOTUBIICHUS 3a3€MJISIONIETO YCTPONCTBA HE JTOJDKHA TpeBbImath 10
Owm.

[TonkmtoueHue anmapaTypsl U MIPUOOPOB K SIEKTPUUECKOMN CETH JIOMYCKAETCsl TOIbKO U30JIHPO-

BaHHBIM ITPOBOJOM.

4. MeToaAMKa M OPSAIOK NPOBEAeHUS PAKTHYECKOI0 3aHATHUS

N3yuaroTcst TeXHUUECKUEe MHCTPYKLUH M0 AKCIUTyaTallud CKBaKMHHBIX NMpHOOpoB cepun O-1,
3-2, 3-3M, K-3, a Takke KOHCTPYKIMH 30HI0BBIX YyacTeil 3TUX MpHOOpOB.

[Tocne u3yyeHUs] TEOPETUUECKUX OCHOB METOJOB AJIEKTPUUYECKOTO KAapoTa)Xka U TEXHUYECKUX
WHCTPYKIIUH, TIOJIKITIOYAIOT HA3eMHYIO TaHelb - 010K b-1 k ckBaXmHHOMY mpuOopy K mpudopy 3-2
yepe3 SKBUBAJICHT Kales.

Bkir04aroT MCTOYHUK MUTaHUE JUIS CKBRKUHHOTO MpHOopa -2 M MPOM3BOAAT KOMMYTAIMIO
no3unui. biok b-1 yepe3 u3mMepuTenpHyI0 MaHeNb MOJKIIYA0T K OJJHOMY U3 JBYX KapOTaXXKHBIX pe-
ructpatopoB HO-65 nnu HO-28. BeinonusaT HacTpoliky MacmTaba peructpanuu 1 OMM/cM 17151 MUK-
PO30H10B Npubopa 3-2. Macmrad BbICTAaBIsAETCSA IO MAJIOMY CTaHAApT curHaiy 1 B.

Pe3ynbrarhl HACTPONKH 3alMCBIBAIOTCS B IPOTOKOJI OTUETA.

5. Conep:xanue oT4yera u ero gpopma

OTt4yer AOMKEH BKIIOYaTh B ceOs pe3ysbTaThl M3YYEHHS 30HIOB AJIEKTPUYECKOTO KapoTaxka,
npubopos cepuu K-3, 3-1, 3-2, 3-3M.

dopma npecTaBiIeHUs PEe3yIbTaTOB MPAKTHUECKONW PaOOTHI:

1. Llenb 1 TeOpeTUYECKHE OCHOBBI METOOB AIEKTPUUECKOTO KapoTaxa.
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2. Kparkoe conepxaHue (pU3MUECKUX MPOLECCOB BO3HUKAIOMIUX MPH U3MEPEHUSIX METOAAMHU
OK.

3. IlpenHazHayeHE 30H0B JIEKTPUUECKOTO KapoTaxa.

4. B Tabimunoit popme 0hOpMHUTH pe3yabTaThl HACTPOUKH Mprubopa D-2 U ONpeeInuTh COOT-
BETCTBYIOIINE 3TOM HACTONKE MacuITaObl perUCTpallid MUKPO 30HAAMU B Pa3IMYHBIX MO3HUIMIX U3-
MEpEHUM.

5. BBIBO/IBI, BHITEKAIOIIUE U3 PE3YIHTATOB PAaOOTHI.

6. KoHTpoJibHbIE BONPOCHI
1. Kakue mpoueccsl B CKB)KHHE OKa3bIBAIOT BIMSHUE HA aMIUTUTYAY KPHUBBIX AJIEKTPHUYECKOTO
KapoTaxa?
2. Kapotaxusie 301161 BK3?
. CxeMa pacroniokeHus IeKTPOMarHUTHBIX KaTyiiek B 30HAe 6D 1.
. Cxema mpoCcTpaHCTBEHHOTO PACIpeIeNICHHsI TOKOBBIX JIMHUN OOBIYHOTO MUKPO 30H/.
. Cxema mpocCTpaHCTBEHHOTO PAaCIpeIeNICHHsI TOKOBBIX JIMHUH OOKOBOTO MUKPO 30H/A.
. [Ipennaznauenue npudopos cepun I-1 mium K-3.
. [Ipennaznauenue npubopoB cepuu I-2.

. ®uznueckue ocHoBrl MeToa JAMK.

O 0 9 N n b~ W

. Indp 30H10B IEKTPUIECKOTO KAPOTaXKa.
10. dusnueckue ocHoBbl MeToAa BIIK.

11. OcHOBHBIE XapaKTEPUCTUKH TPUOOPOB MHAYKIIMOHHOTO KapOTaxa.

IIpakTnyeckoe 3ansaTne Ne 3
N3ydenne npuHIUINA 32N CH YAETbHOI 3JIEKTPHUYECKOIl MTPOBOIMMOCTH

TOPHBIX NOPOJ

Llenbt0 MPaKTUYECKOT 0 3aHATHS ABISAETCA:

W3yueHne MpUHIIAIIA 3aMUCH YISIBHOW dJIEKTPUIECKON MTPOBOIUMOCTH TOPHBIX TTOPOJ Teodn-
3MYECKUMH CKBOXHHHBIMH TTPHOOPaMH.

B Meronnyeckux ykazaHUSX cojaepikaTcs: MHpopManus o nmpuHuune aeicreus npudopos UK,
CXEMBI 30HJI0B MHIYKIIMOHHOT'O KapoTaxa, cxema 00pa30BaHUsl BUXPEBBIX MOJIEH.

2. Annaparypa u MaTepHaJibl

Jlns 3akperniieHus TeoOpeTHYeckoro Marepuana B padbore OyayT HCIONb30BaThesl (PyHKLIHO-

HasbHas cxeMma anmapatypsl MK3-1, snekTpoHHbIe TpUOOpPHI A MUTAHUS alnapaTypbl MHIYKIIHOH-
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Horo kapotaxka cepun AUII, HazeMHBIN OJO0K pErruCcTpalii METOI0B AJIEKTPHUECKOTO KapoTaxa OJI0K

b1 u HazemHEIC KapOTaKHBIC pCrUCTPaTOPLL.
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Pucynok 3.1 — Connsiii nnanmer kpuBbix UK un BK

3. Yka3aHus nmo TeXHuke 0e30MacHOCTH
BbezomacHocth pu pabote ¢ mpubopamMu MHAYKIIMOHHOTO KapoTaxa o0ecreunBaeTcs 3a3emMIe-

HUEM Ha3eMHOTro 0J0Ka perucTpaiui.
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3a3eMJIeHHE OCYILLIECTBISAETCS NEKTPUUYECKUM COEAMHEHHEM KIEMMBbI 3a3€MJIEHUS, paclolio-
KCHHOM Ha 3aJHell maHenu OJOKa M3MEpeHHs, C KOHTYPOM 3a3emiieHHs jJabopaTopuu. 3a3eMieHHE

JOJIDKHO OBITh BBIITOJIHEHO MCIHBIM IPOBOJAOM, CCHCHUECM HC MCHECC 1, 5 MMZ.

4. MeToauka U NOPSIIOK NMPOBeIeHUSI MPAKTUYECKOT0 3aHATHS
N3zyuatotcst Teopuss merona UK, dakropsl, Brusionme Ha nepeMeHHOE MarHWTHOE IOJie, CO-

31aBa€MO€ I'eHepaTopHOM KaTymkoi 30u10M UK.

5. Conep:xkanue oTuera u ero ¢popma

OTueT OMKEH BKIIIOYATh B ce0sl pe3ysbTaThl U3YUYeHUS (PYHKIMOHAIBHBIX CXEM amlaparypsl
UK.

®dopma npeAcTaBIeHus pe3yabTaToB pabOThI:

1. Llenb 1 TeOpeTHYECKHE OCHOBHI paOOTHI.
. Cxema 30112 UK.
. Cxema annapatypst UK3-1.

. Cxema pacupoCTpaHCHUA BUXPEBOT'O I10JIA.

[V, I S VS N )

. BBIBO,I[BI, BBITCKAOIHUEC U3 PE3YJILTATOB pa6OTLI.

6. KoHTpoJibHbIE BONPOCHI

1. JIns Kakux 1ene NpuMeHseTcs MHAYKIIMOHHBIA KapoTax.

. Kakoii mapamerp usmepsiercs npu ucciaenoBainu ckpaxuuel K.
. IIpeumymecra merona UK.

. CocTaB ¥ puHIUN 1EHCTBUS UHAYKIIMOHHOTO 30HA.

. Uro Takoe ckuH — 3 PeKT.

AN DN AW

. [TapaMeTppl MHOIOKaTyIIEYHBIX 30H]I0B.

IIpakTyeckoe 3ansaTue Ne 4

Teopnﬂ TEMIIEPATYPHBIX I/[3Mepel-ll/li71 B CKBA)KMHE

[{enbro MPaKTUUYECKOTO 3aHATUS SIBISETCS U3yUEHHUE IPOLECCOB NMPUBOAAIIMX K Iepepacipe-
JICJIEHUIO0 TeMIIepaTypbl MO CTBOJY CKBaXKMHBI JJIS OIpENEeHUs: €CTECTBEHHOIO TEIJIOBOrO MOJIs
3eMiii, MECTHBIX (JIOKQJIbHBIX) TEIJIOBBIX MOJieH, HaOII0AaeMbIX B CKBaXXHMHE B Ipolriecce OypeHus u
JKCILTyaTallii, UCKYCCTBEHHBIX TEIUIOBBIX IOJIEH, BHI3BAHHBIX HAJIMYMEM B CKBAKMHE MPOMBIBOYHOU

KUJIKOCTU U IEMCHTHOT'O PaCTBOPA B 3an}I6HOM MMPOCTPAHCTBE.

35



2. Anlmapartypa u MaTepHaJbl

Jis 3aKperuieHus: TEOpEeTUUYEeCKOro Marepuaiga B paboTe OyIyT MCIIOIB30BaThCs KapOTaXKHbIE
JMarpaMMbl, a TaK)K€ CXEMbl COCIUHEHHUH 3JIEKTPOTEPMOMETPOB Ha OJHOKWIBHOM U TPEX>KUIBHOM
ka0erne.

Jis monmy4yeHus MPaKTHYECKOro HaBbIKa 0OpabOTKM TEpMOTpaMM B paMKaX MPaKTHYECKOTO 3a-
HATHS Ne 4 OyAyT MCIIOJIb30BaThCS: TEPMOTPAMMBbI 3alICAHHBIE B KOMILUIEKCE C METOAaMU KOHTPOJIS
KayecTBa LIEMEHTUPOBAHUS, TEPMOIPaMMBbl 3alICAHHBIE B Pa3IMYHBIX PErHOHAX, TEPMOIPAMMBbl 3aIH-
CaHHBIE B pa3pe3ax C Pa3HOM JUTOJOTHEH M HACBILIEHHEM, TEPMOIpaMMbl 3allUCAHHBIE B JEHCTBYIO-

muX CKBaXXHHAax.

3. Yka3zaHus no TexHHKe 0€30IacHOCTH

B cinydae monkitoueHus CKBXXMHHOTO Mpubopa — TepMoMeTpa, reodusnueckas anmaparypa
JIOJKHA MOJKIIOYAThCS K AJIEKTPUUYECKON CETH B COOTBETCTBUM C TEXHUYECKOW JOKYMEHTAIMEW IO
JKCILTyaTaIUH.

MerTannnueckue 4acTu reopu3nyecKkux MpuOOpoB, KOTOPhIE MOTYT OKa3aThCs MO MepeMeH-
HBIM HanpspkeHreMm Oosiee 42 B mim moctossHHBIM HanpspbkeHuem Oosiee 110 B, moimkHBI OBITH 3a3eM-
JICHBI.

JlommyckaeTcst He 3a3eMIIATh reodu3ndeckoe odopynoBanue (MpuOOpsI) HampspkeHHeM 10 380
B, kotopoe paboTaer 0T COOCTBEHHBIX MAJIOMOIIIHBIX UICTOYHUKOB ITUTAHUS.

ComnpoTHBIEHUE 3a3€MJIEHUSI BMECTE C COMPOTHBICHHEM 3a3€MIISIIOLLErO MPOBOJA HE JTOIKHO
npessimath 0,1 Om.

CyMMapHas BeTU4YMHA COMPOTHBIICHUS 3a3€MJISIONIETO YCTPOUCTBA HE JIODKHA MpeBbImarh 10
Owm.

[TonkmtoueHue anmapaTypsl U MIPUOOPOB K DIEKTPHUUECKOMN CETH JIOMYCKAETCsl TOIBKO U30JIHPO-

BaHHBIM IIPOBOJIOM.

4. MeToauKAa M MOPSAI0K NPOBeIeHUsI MPAKTHYECKOT0 3aHATHUS

TemnepaTypy B CKBaXXHWHE HU3MEPAIOT SJIEKTPUYECKHMMH M 3JIEKTPOHHBIMU TEPMOMETPAMHU,
MIPUHITUIT TEUCTBUSI KOTOPHIX OCHOBAH HAa 3aBUCHUMOCTH DJIEKTPHUUECKOTO COTMPOTHUBICHUS METHOTO
MIPOBOJIHUKA OT TEMITEPATYPHI.

DNEKTPUYECKH TEPMOMETP MPEACTABISAET COO0M MOCT C ABYMS aKTUBHBIMH (4yBCTBUTEIbHBI-
M) R1-R3 u aByms maccuBHbiMU R2-R4 mieuamu, BHIMIOTHEHHBIMH COOTBETCTBEHHO M3 MEIHOTO U
KOHCTAHTaHOBOTO TMPOBOJia. YyBCTBUTEIBHBIE TUICYH MOMEIIEHBI B TOHKOCTEHHYIO MEIHYIO TPYOKY,

CcBOOO/IHO OMBIBAEMYIO TPOMBIBOYHOM JKUIKOCTBIO.
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Yepes BepmmHy MocTa 4 1 Kopiryc npudopa B nmoasoauTtcs Tok | (MA) ot uctounuka £ mocto-
STHHOTO TOKa, KOTOPBIN PETYIHUPYETCS PEOCTaTOM R M KOHTPOIHMPYETCS M0 MUJLTHAMIIEPMETPY, & MEXK-
ny nyms apyrumu BepimmHamu M u N u3mepsiercs peructpupytronmm npudopom PIT pasHocTs m0-
teHuuanos AU (B mMB), mponopuuoHaibHas U3MEHEHUIO TeMIIepaTypbl, KOTOPYIO ONPEAENSIOT IO
dhopmyre:

t=1t0+ CTAU/I (4.1)

rae CT — mocTossHHasE TepMOMETpa, MTOKA3BIBAIOIIAs U3MEHEHHUE TEMIIEPATyphl B Tpajycax mpH

W3MEHEeHUU conpoTuBieHus Ha 1 Owm;

fo — TeMIiepatypa, pu KOTOpPOil MOCT HaXOAUTCS B PAaBHOBECHHU.

TepMoMeTp Ha TPEXKWIBHOM Kabelle OTIMYAeTCs] MPOCTOTOW CXEMbl, HO M3MEHEHHE COIpPO-
TUBJICHUS KU KaOess Ipu U3MEHEHUU TeMIIepaTyphl B CKBaKUHE, CHU)KEHUE COIIPOTHBIICHUS UX U30-
JSLUY, HAJUYUE MOMEX, OOYCIIOBJIEHHBIX YT€YKaMHU TOKA, UCKAKAIOT pe3yJbTaThbl TEPMUUYECKUX HC-

clIeIOBaHUH.

RZ R

M N

Ri R4

8

Pucynok 4.1 — IlpunnunuanbHas cxema TEpMOMETpPa Ha TPEX>KUIIbHOM Kalere

Tepmorpammsbl peructpupytotTcst B Macitade riyous 1:500 (HedTsHbIe ¥ Tra30Bble CKBAYKUHbI)
u 1:200 (yronbHble M pyJHBIE CKBa)KHMHBI). 3allMCHIBAIOTCS TEPMOTrpaMMbl B OCHOBHOM IIPH CITyCKE
npubopa, yToObl HE HApyIIaTh YCTAaHOBUBIIMICS TeMIepaTypHBIA peXUM CKBaKHHbI. OnTHMalbHas
CKOpOCTh MoabeMa pubopa BEIOMpPAETCsl TaKOM, MPU KOTOPOW M3MEpEHHAas TeMIlepaTypa OTIHYaeTCs
OT TeMIIepaTyphl, UI3MEPEHHON Ha caMoil Masioi ckopocTH He 6osee uem He 0,2 °C.

Macmtad nt TepMorpaMmbl B HEQTSHBIX, Ta30BbIX M PYAHBIX CKBaXHHAX MpuUHUMAOT 0,25

°C/em nmm 0,5 °C/em, B yronpHbIX — 1 °C/eM.
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[Tpu pabote ¢ TepMomMeTpaMH Ha TPEXKMIILHOM Kabelle yCTaHOBKA MaciiTada ni IpOU3BOJIUTCS
IIPU TOJKJIFOYEHUH U3MEPUTENIBHOIO KaHala K KOHTPOJIbHOMY IIYHTY Ro B TOKOBOM LI€NU B COOTBET-
CTBHH C (OPMYIIOi:
t=C; ) Ro/nt, (42)
rae C; — MoCTOsIHHAs TEPMOMETpPA, MOKa3bIBaloIlas U3MEHEHUE TeMIepaTyphl B Tpajycax Mpu

M3MEHEHUH conpoTuBiieHus Ha 1 Om.

TpeGyemMoro oTKJIOHEHHUS AOOMBAIOTCS PETyIupoBaHHEM Toka B 1enu AB u m3MeHeHuem mo-
CTOSIHHOM 110 HANpsHKEHUIO B KaHAJe KapOTaXKHOTO perucTparopa.

[Tpu pabGoTre ¢ TEpMOMETPOM MacUITad Nt yCTaHABIMBACTCS CIEAyIOIUM o0pazom. Haxaruem
KHOMKH «20°» ¥ TpU MOJHOCTHIO BBIBEJICHHOM CONpPOTHBIEHNH Ry «MacmTad» MOTEeHIHOMETPOM
«YCcTaHOBKA HYIIs» MUIIYIIEe YCTPONWCTBA PETUCTpPATOpa YCTAHABIMBAIOT HA HYNb. 3aT€M KOMMYTH-
pytoT nozunuio «100°», uro coorBercTBYeT npupameHuto At = 80 °C, nocne yero ot I'KII mogaror
AU = +200MB u norenunomerpom Ry «Macmirtab» ycraHaBIuBarOT Ha Hylb LIKajibl. [lpu sTtom
npupamieHuo TemiepaTypbl B 1 °C cOOTBETCTBYET pa3HOCTh NOTEHIUAIOB paBHOE S = AUy /80.

Ecnu nocne sroro nuamenuts nokazanusi KI'TI, nanpumep Ha 5 MB, To 310 Oyzmer cooTBeTCTBO-
BaTh NpupalieHuio temmepatypsl At = 5/S. Tlepexoas k Macmitady nt, moyunm | = 5/Snt.

Pe3ynbTaThl HACTPOWKHM TEPMOMETpA 3alKUCHIBAIOTCS B IPOTOKOJI OTYETA.

5. Copepsxkanue oTyera u ero popma
OT4er NoJKEH BKIIOYATh B ce0sl pe3yibTaThl U3YYCHHs] TEOPUU METOAA TEPMOMETPUU, CXEMBI
COEIMHEHUS] TEPMOMETPA C TPEXKIIBHBIM KabeseM U METOJAMKU HACTPOUKH TEPMOMETpA.
®opma npeAcTaBIeHUs pe3yabTaToB padOThI:
1. enp 1 TeopeTHyECKrEe OCHOBBI METOIa TEPMOKAPOTAXKa.
. Kpatkoe conepxanue Teopuu METO1a TEPMOMETPUHN CKBAXKHH.
. Pemraemble reosornyeckre U TEXHOJIOIMYECKUE 3a1a4H.

. Onucanue METOAMKN HACTPOUKH TEPMOMETpPA B Pa3IMYHbBIX MacIITadax.

[V, I S VS B O]

. BBIBOI[LI, BBITCKAOIHUEC U3 PE3YJILTATOB pa60TLI.

6. KoHTpoJibHBbIE BONPOCHI
1. Kakue mporiecchl B CKBaXKWHE OKa3bIBAIOT BIUSHHUE HA aMIUTATY Ty KPUBBIX TEPMOKapOTaXKa.
. Bug xpuBoii TepMokapoTaxa MpOTHB IJIACTOB PA3IMYHON JTUTOIOTHH.

. Bun KpHBOfI TCPMOKapOTaKka IMPOTHUB IIJIACTOB PA3JIMYHOTO HACBIMICHUA.

AW

. Cxema COCAUHCHUA TCPMOMETPA C TPCXIKUJIbHBIM KabOenem.

5. JIutonoruyeckoe pacuieHEHUE pa3pesa.
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6. TexHoOrNYECKUE 3a7]a4l PEIIAEMbIE TEPMOMETPHUEH.
7. D¢ dexT BO3HUKAIONIUE MTPH JBMXKEHUH KUJKOCTH U Ta3a Mo IUIACTYy.
8. ®u3nuecKre OCHOBBI METO/Ja UCKYCCTBEHHOIO TEILIOBOTO MOJIS.

9. Onpenenenne BbICOTHI IOAbEMA LIEMEHTA B 3aTPyOHOM IIPOCTPAHCTBE.

IpakTnyeckoe 3ausitue Ne 5

OcHOBHBbIE 3aKOHBI B3aMMO/1efiCTBHS SIIePHBIX U3JIyYeHHI ¢ BeleCTBOM

HCJIBIO MMPAKTUYCCKOI'0 3aHATUA ABJIACTCA: I/I3yT-I€HI/I€ 3aKOHOB B33PIMOIICI>1CTBI/I$I AACPHBIX W3-

J'Iy‘leHI/Iﬁ C BCIIECCTBOM.

2. Anmapatypa u MaTepHaJibl
JIist 3aKperieHus] TCOPSTHYSCKUX 3HAHUH B pabOTE MCIIONIB3YIOTCS:
OYHKIIMOHAIBHBIE CXEMBI OCHOBHBIX TUIIOB B3aMMOJICHCTBHS Y-KBAHTOB C BEIIECTBOM.
AHanutuueckue (HOpMyNbl U PUCYHKH Ta30pa3psaHOro, CUUHTHIIISIUOHHOTO U MPOMOPIHO-
HaJIbHOTO CYETUHKOB.

[lepBuyHBIe TpeoOpa3oBaTean — JETEKTOPHI palnoakTUBHOTO KapoTaxa (PK).

3. Yka3anus 1o TexHuKe 0€30MacHOCTH

[Tpu pabote cneayeT MOMHUTH, 4TO JeTekTopbl PK Xpyrikue, cTeKIsTHHbIC U3IETUS.

B cnydae BKIIIOUEHMS IETEKTOPOB B CKBAKUHHBIN MPUOOP CIIEAYET 3a3eMJICHUE OCYIIECTBIIATh
AIEKTPUUYECKUM COCIMHEHUEM KIIEMMBI 3a3€MJICHUSI, C KOHTYPOM 3a3eMJICHUs JIabopaTopuu. 3azemiie-

HHUEC JOJI?KHO OBITH BBITIOJIHEHO MCIHBIM IIPOBOJAOM, CCUCHUCM HE MCHEC 1, 5 MMZ.

4. MeToaMKa U MOPSII0K NMPOBeAeHUsI IPAKTHYECKOT0 3aHATHS

BHavase u3y4aroTcs KOHCTPYKTHBHBIE OCOOCHHOCTH JIETEKTOPOB.

B Mertaymueckuil 3alMTHBIA KOXYX BCTaBJISCTCS CUUHTHJUISIIMOHHBIA CYETYMK, COCTOSIIUMN
u3 pocopa u GOoTOITEKTPOHHOTO YMHOKUTEIS.

["a30pa3psAAHbBII CYCTUMK M3ydaeTCss KOHCTPYKTHBHO: KaK PacrojararoTCss aHOI U KaTOJ JIPYT
OTHOCHUTCIIBHO Apyra, KaKOU ra3 3amoJIHsIeTCs B ACTCKTOP JIA MHAWKAIIUKY raMMa KBAHTOB U HeﬁTpO-

HOB, KaKOC HAIIPSPKCHUC IMOJACTCA Ha 3JICKTPOIBI.

5. Conep:xanue oT4yera u ero popma
OTuyer 0JDKEH BKIIOYATh B CeOs:

1. CxeMa OCHOBHBIX THUIIOB B3aMMOJEHCTBHUI Y-KBAHTOB C BCIHICCTBOM;,
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. KoHTpoJIbHBIE BONIPOCHI

. UTo Takoe MHTEHCUBHOCTb U3JIy4eHUs ?

. UTO Ha3bIBaeTCS CEUEHUEM pPEeaKLuu?

. ®oTo3(h(eKT U mpH KaKUX SHEPTHsIX raMMa KBAaHTOB OH BO3HHUKAET?

. Komnrou->pexr u npu Kakux SHEprusix raMmMa KBaHTOB OH BO3HHMKAeT?
. O6pa3zoBaHue napsl ¥ NpU KaKUX HIHEPrUsAX raMMa KBAaHTOB OH BO3HUKAET?
. B3aumojielicTBue HEUTPOHOB C BEIIECTBOM?

. B 3aBucuMocCTH OT CBOEH SHEPIUU KaK MOAPA3ACISIOTCS HEUTPOHBI?

. YIIpyroe paccessHue HEUTPOHOB.

© 00 N OO O &~ W N -k O

. Heynpyroe paccesHue HEHTPOHOB.

10. [Tornomenne HEUTPOHOB.

IIpakTnyeckoe 3ansaTHe Ne 6

NuaukaTopsl (1eTeKTOPbI) U31y4eHHU s

HCHBIO MMPAKTUYCCKOI'O 3aHATUA SABJIACTCA:
I/I3yquI/Ie Ta30HAINIOJHCHHBIX, COUUHTHIUIAOWMOHHBIX U IMOJYIIPOBOJHUKOBBIX CUCTUMUKOB.

2. PexoMeHayemasi annapaTtypa u MaTepHuaJbl

HCHOJ’ILSy}OTCH CJICAYIOIINC HpI/I60pH u YCTpOﬁCTBaI

ra3opaspsaHbld CYETUHK;

- CUMHTWUIALIMOHHBINA CUETUHK;

- 30HJOBOE YCTPOMCTBO;

- mpubopsl PK;

- OJIOK IeZIeKTUPOBAHUS;

- Ha3zeMHas naHeib PK;

- xpucramt Nal (TI);

- HMCTOYHMK BBICOKOTO HAINPSKECHMUS;
- ocmmuiorpad;

- IepecueTHOe YCTPOICTBO;

- (OTOANEKTPOHHBIN YMHOKHUTEIb.

3. Yka3zanus no TeXHukKe 0e30macHOCTH
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[Ipu pabore cienyer MOMHUTH, YTO YCTAHOBKA JIJIsl IPOBEPKU JAETEKTOPOB HCIIOJIb3YET BHICOKOE
(o 2,5 xB) nocrosHHoe HanpspkeHue. 1101p30BaThCsl YCTAaHOBKON 0€3 3aIIUTHOTO 3a3€MJICHUS CTPOTO
3aIperieHo.

3a3eMiIeHHEe OCYIIECTBIISIETCS SJEKTPUUYECKUM COSAMHEHHEM KJIEMMBbI 3a3€MIICHHUS, Pacrojo-
keHHOM Ha 3amHeit manenu UIIPKY, ¢ koHTypom 3a3zemiieHust nabopatopuu. 3a3emiIeHHE JTODKHO

OBITh BBIMIOJTHEHO MEIHBIM IIPOBOJIOM, CEYCHHEM HE MeHee 1, 5 MM,

4. MeToauka U NOPSIAOK NMPOBeJIeHUSI MPAKTUYECKOT0 3aHATHS

Jns mpoBepku paboTOCIIOCOOHOCTH T'a30pa3psAHbIX JETEKTOPOB HEOOXOAUMO:

1. O3HakOMUThCS € IPUOOpPaMH U YCTPOMCTBAMH, a TAKXKE C IPUHLIMIIOM ACUCTBUS JETEKTOPOB
PK.

2. CobpaTh yCTaHOBKY COTJIaCHO PUCYHKY 28, B KOTOPYIO BXO/IAT:

- HMCTOYHMK BBICOKOTO HamnpspbkeHus: b5-24A;

- Onok perekrupoBanusi bI'C-2;

- mepecdeTHoe ycTporcTtBo ®5137;

- ocumuiorpad C1-93.

b5-24A bI'C-2 ®5137

C1-93

PI/ICYHOK 6.1 — Cxema YCTaHOBKHU IJIg UCCIICAOBAHUA ACTCKTOPOB

3. CHATH CUETHYIO XapaKTEPUCTUKY JETEKTOPOB, MOBKIMIas Hanpsbkenue yepes 20 B. Cuet um-
IIyJIbCOB MPOM3BOAMTH B TeueHHe | MuHyTHI. [IpenensHoe 3HaueHne Hanpsbkenus 1 800 B.

4. CHatb 3-5 3aMepOB CKOPOCTH CUETa NMPHU OJHOM (PUKCHUPOBAHHOM HANPSYKEHUU NMUTAHUS J1e-
TEKTOpa C pa3jMYHbIMM 3HaueHusMu BpemeHu uzmepenus (20 c, 40 c, 60 c). J{nsg kaxxaoro BpemeH-
HOT'O MHTEpBaJIa U3MEPEHUH OIPENIEIUTh CPEIHIOI0 CKOPOCTh CYETA U BEIMUUHY JUCIIEPCUU:

o== {2 (Nj—Ny)?/n}, (17)
I7l€ G — JUCTIEPCUs;
Nj— ckopocCTh cueTa IeTeKTOpa B BHIOpaHHOM BPEMEHHOM UHTEPBAJIE;
Nep — cpenHsst CKOPOCTh CUeTa JIETEKTOpa B BHIOPaHHOM BPEMEHHOM MHTEPBAJIE;

1 — KOJIMYCCTBO 3aMCPOB.

5. Conep:kanue oT4era u ero popma
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Ortuer JOJIKCH BKJIIOYaTh B ceost:

- pe3ynbTaThl MIPOBEPKH PabOTOCIIOCOOHOCTH ra30pa3psSAHbIX JETEKTOPOB;

dopma MpeACTaBIeHUs Pe3yIIbTaTOB PaOOTHI:

1. Uenb u TeopeTHdecKrue OCHOBBI PAOOTHI.

2. CBectu pe3ynbTaThl paboThl MO MPOBEPKH PabOTOCIIOCOOHOCTH Tra30pa3psIHbIX JIETEKTOPOB

B TaOIUILy.
Tun nerexro- | Hanpsokenue | IlomaBaemoe CxopocTh PabGouee Haxnon mia-
pa Hayaja cuera, | HalpsiKeHUE, cuerTa, HaTpsDKEHUE, 10, %
B B AMII/MHUH B
1 2 3 4 5 6

3. Ilo JaHHBbIM Ta6J'II/II_[bI IMOCTPOUTDL CUHCTHBIC XAPAKTCPUCTHKH ACTCKTOPOB, OIIPCACINUTD pa6o—

4YCC HANIPSAKCHUC U HAKJIOH I1JIATO.

4. ITo uroram pabOTHI CACIIATH BHIBO/IBI.

6. KOHTpOJIbeIe BOITPOCHI

—

© 0O N oo o1 B~ W DN

. Ilonsatue MEPTBOC BpEMA cueTymnka?

. [IportopimoHaIbHBIE CUETYUKH.

. CI_II/IHTI/IJIJ'IHI_II/IOHHHﬁ CUCTYHK.

10. ®0oTO37EKTPOHHBIE YMHOKHUTEIH.

11. [TonynpoBOIHUKOBBIE CUETUUKH.

L[CJ'IBIO IMPAKTUYCCKOI'0O 3aHATUA ABJIACTCA: U3YUYCHUC UCTOYHHUKOB MOHHU3AalIlUOHHOTO HU3JIYy4C-

HUA.

IIpakTyeckoe 3ansaTue Ne 7

. KoHCTpyKIIMs ¥ IPUHIIUTT IEHCTBHSI TA30HATIOJHEHHBIX JIETEKTOPOB?
. Cxema paboThl ra30HANIOIHEHHOTO UHIUKATOPA U3JIYyUYCHHI?
. BonpramiepHas xapakTepuCcTUKa ra30HANOJHEHHbBIX HHIUKATOPOB?

. yCTpOfICTBO " CXCEMa BKIIIOYCHUA TUJIIMHAPHUYICCKHUX CUETYHKOB?

. CuerHas xapakrepucTuka cueTunkoB [ 'eiirepa-Mrosnepa?

. HpI/IHI_II/IHI/IaJ'IBHaH cXE€Ma CHUMHTUIIIAIIHUOHHOI'O CHCTUHKA.

HcTounukn HOHMU3AUOHHOIO U3JTYUYCHUSA

2. PexoMeHayeMas annmapatrypa U MaTepHaJibl
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Jlnis 3aKperieHus: TEOPEeTUYECKUX 3HaAHHUM B paboTe UCTIONb3YIOTCS:
— Pucynku UMU u cxembl koHTelHEpOB s M.
— Xapakrepuctuku M.

— Manunynstopst s padotst ¢ UWN.

3. Yka3zanus no TexHuke 0e30mMacHoOCTH

CrnenyeT moMHUTS, uTO pabotath ¢ UNMU 6e3 cpeAcTB 3alMThI — CTPOTO BOCIIPEIICHO.

4. MeToauka U NOPSIIOK NMPOBeJIeHUS MPAKTUYECKOT0 3aHATHS
Pa6ota mpoBoautcs ¢ umutatopamu MNU. N3ydaercs 30H10BOE yerpoiictBo st UUU am-

yJIbHOTO THMa. M3ydaroTcs koHTelHeps! 1yt nepesosku M.

5. Copep:xkanme oTuera u ero popma

[lens 1 TeopeTnyeckre OCHOBBI Hcionb30Banus MNN.

6. KoHTpoJibHBbIE BONPOCHI

1. UcToununky raMma KBaHTOB?

2. AMIynbHBIE HICTOYHUKHA HEUTPOHOB?
3. Koncrpyxuus Po-Be nucrounuxa?

4. I'enepaTopbl HEUTPOHOB?

11.2. MeToanyeckne yKa3aHus M0 MOATOTOBKeE K J1a00paTOPHBIM padoTram
JlabopaTopHblie pab0Thl Y4€OHBIM TUTAHOM HE MPEAYCMOTPEHBI

11.3. MeToanyecKue yKa3aHUs M0 OPraHU3ALMH CAMOCTOSITEIbHOMH PadoThI

3agauamu CPC sBisgroTcs:

— CHCTeMaTu3alMs M 3aKpeIUIeHHE MOJTYYCHHBIX TEOPETUUYECKUX 3HAHUN U MPaKTUYECKUX
YMEHH CTYyJIEHTOB;

—  yriiyOJieHWE W pacIIupeHHe TEOPETUICCKIX 3HAHU;

—  (dopMHpOBaHHE YMEHUI HCIIOIH30BaTh HOPMATUBHYIO, TIPABOBYIO, CIIPABOYHYIO JIOKYMEH-
TaIUIO U CICIIHAILHYIO JINTEPATYPY;

—  pa3BUTHE MO3HABATENbHBIX CIIOCOOHOCTEN U aKTUBHOCTH CTYACHTOB: TBOPUECKON WHUIMA-
TUBBI, CAMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH ¥ OPTaHU30BaHHOCTH;

—  (OpMHPOBAHHE CAMOCTOSITEILHOCTH MBINUICHHUS, CIIOCOOHOCTEH K CaMOpPa3BUTHIO, CaMo-
COBEPIICHCTBOBAHUIO U CaMOpEaIN3aIlHH;

—  Pa3BUTHUE HCCIEA0BATEIHCKUX YMECHHIA,

—  WCIOJb30BaHHE MaTepuajia, COOPAHHOTO M MOJYYCHHOTO B X0JIe CAMOCTOSTCIBHBIX 3aHs-
THW Ha CEeMUHAapax, Ha MPAKTHYCCKUX W JAOOPATOPHBIX 3aHATHAX, NMPU HAIMCAHUH KYPCOBBIX U BBI-
MyCKHOM KBaTU(PUKAITMOHHOM paboT, s 3P PeKTUBHOI MOATOTOBKH K HTOTOBEIM (JOpMaM KOHTPOJIS.
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1. Tlpu moAroTOBKE K 3aHATHIM HEOOXOAMMO U3YYHUTh TEOPETHYECKYIO0 YacTh BOMpOCA JaH-
HOM TeMbl 10 KOHCTIEKTaM JIEKIHI, TEOPETUYECKOMY MaTepuaiy, U3JI0)KEHHOMY B METOJUYECKUX YKa-
3aHUSX K IPAKTHYECKU 3aHATUSM, U YICOHHKY.

2. Bnectu nomonHEeHUs MO PACCMOTPEHHBIM BOMPOCAM B KOHCIIEKTHI JICKIIUH.

3. ToaroroBUThCS K MPAKTUUYECKOMY 3aHATHIO, IEPENICAB XOJ] PEIICHUs 3a/1a4, U PacCMOT-
PETh MOPSI0K UX BBIMONHEHUSI. OTMETUTH B KOHCIIEKTE, YTO HEMOHITHO B XO/I€ €€ BBIMOTHEHUS.

4. BbINOJIHUTH B TETPaaW JUIs MPAKTHUYECKUX PadOT pa3ieln «caMmocTosiTenbHas paboTa cry-
JIEHTOBY. J{J1s1 7TOro0 03HaKOMUTBCS C TUIIOBBIMHU 33/1a4aMH U IpUMepamu ux perienus. OTMETUTSh, Ka-
KM€ BOIIPOCHI U 33J]a4X BbI3BAJIM 3aTPYAHEHHUS B PELLICHUU.

CamocTosTenbHas paboTa CTYyI€HTOB OJIMH U3 JIYUIINX METO/I0B CaMOIPOBEPKH YCBOCHHUS TEO-
pPETUYECKOro MaTepuaia.

5. B cnyuae BOSHUKHOBEHHS 3aTPyIHEHUN MpPU HU3yUYEHUU Kypca ClelyeT MOAONTH K Mpemno-
JlaBaTeII0 Ha KOHCYJIbTALIMIO.

Bunel camoctosiTenbHON paboThI CTYAEHTOB:

Pa6ora ¢ kauroii. [Ipu pabote ¢ KHUTOH HEOOXOIUMO MOAOOPATH TUTEPATYPY, HAYUUTHCS Mpa-
BUJILHO €€ YWTaTh, BeCTH 3anucu. [ moadopa nurepaTypsl B OUOIMOTEKE UCTIOIB3YIOTCS aaBUT-
HbIW U CUCTEMATUYECKUI KaTaJIOTH.

Ba)kxHO MOMHHUTH, YTO pallMOHAILHBIE HABBIKK PA0OTHI C KHUTOM - 3TO Bceraa 0obliias SKOHO-
MUsl BpeMeHU U cuil. [IpaBuibHBIA M0A00p YUeOHUKOB PEKOMEHIyeTCsl IIPEoAaBaTeIeM, YUTAIOIIUM
JMEeKUUOHHBINA Kypc. HeoOxoaumas nureparypa MOXKeT ObITh TaKKe yKa3zaHa B METOAMYECKHUX pa3pa-
00TKaxX MO JAaHHOMY KypCy.

PasnuyaroT 1Ba BuIa 4TeHUs; MepBUYHOE U BTOpU4YHOE. [lepBUUHOE - 3TH BHUMATENbHOE, He-
TOPOIUIMBOE YTEHUE, IPU KOTOPOM MOYKHO OCTAHOBUTBHCS Ha TPYAHBIX MecTax. [locie Hero He AOIKHO
OCTaThCsl HU OJTHOTO HEMOHSATHOro oyioBa. ColepikaHue HE BCErja MOXET ObITh MOHSATHO IMOCIe Hep-
BUYHOT'O YTCHUSI.

3amaya BTOPUYHOTO YTEHHUSI TOJHOE YCBOEHHUE CMBICHIA LIENOro (IO CYeTy 3TO YTEHHE MOXKET
OBITh ¥ HE BTOPBIM, & TPETHUM WJIH YETBEPTHIM).

[TpaBuiia caMoCTOSITENEHOM pabOTHI C IUTEPATYPOH.

Kak yxe oTMe4anoch, caMOCTOsTENIbHAs padoTa ¢ ydeOHUKaMHU M KHUTaMH (2 TakXe CaMOCTO-
ATEJILHOE TEOPETUYECKOe HCCieNoBaHue MpobiaeM, 0003HAUEHHBIX MpernojaBaTeeM Ha JICKIHIX) —
3TO BaxkHeHIIee yciaoBue (HOpPMHUPOBAHHS y ce0s HaydHOro crocoba mo3HaHus. OCHOBHBIE COBETHI
3/1€Ch MOYKHO CBECTH K CIEIYIOLINM:

— CocraBuTh nepevyeHb KHUT, C KOTOPbIMU Bam cieayeT mo3HaKOMUTbHCS.

— CaM Takoil nepeueHb J0JKEH ObITh CUCTEMaTU3UPOBAHHBIM (UTO HEOOXOAMMO JJIsi CEMU-
HapoB, YTO JJISl 9K3aMEHOB, UYTO MPUTOAUTCS, a YTO Bac nuHTEepecyeT 3a paMkamMu oQHUIHATBEHON yueo-
HOU JESITENIBHOCTH, TO €CTh YTO MOXKET pacIupuTh Bamry o011yt KyibTypy...).

—  OO0s3aTeNbHO BBIMKUCHIBATH BCE BHIXOHBIC JAHHBIE 110 KaXI0H KHUTE.

— PazoOpatecs ans cebsi, Kakue KHUTH (MU KaKhe TJIaBbl KHUT) CIeAyeT MpOYHuTaTh Oojee
BHMMATEINIbHO, & KAKUE — MPOCTO MPOCMOTPETH.

— EcrecTtBeHHO, BCce NMPOUNTAHHBIE KHUTH, YYEOHUKH U CTAaThbU CIIEAYeT KOHCIIEKTHPOBATb,
HO 3TO HE 03HAYaeT, YTO HaJ0 KOHCIEKTUPOBATH «BCE MOAPSI»: MOKHO BBIHUCHIBATH KPATKO OCHOB-
Hbl€ MJIEM aBTOpa U HMHOTJA MPHUBOIUTH Hauboyiee SApKUe U TMOKa3aTeIbHBbIE LUTATHI (C YKa3aHUEM
CTPaHMII).

Brigenstor yeTbipe OCHOBHBIE YCTAHOBKU B UTEHHWH HAyYHOT'O TEKCTa:

1.MadopManimOHHO-TIOMCKOBEIH (3a7a4a — HAUTH, BBIJICTUTH HCKOMYIO HH(OPMAIIHIO)

2.YcBauBaromas (yCUIIMs YATATENs HAMpaBIeHbl HA TO, YTOOBI KaK MOXKHO TIOJIHEE OCO3HAThH H
3alIOMHUTH KaK CaMU CBEJICHUS U3JIaraeMble aBTOPOM, TaK M BCIO JIOTHKY €r0 PacCyKIeHUH)

3.AHAIUTUKO-KpUTHUYECKAsT (YUTATENb CTPEMUTCS KPUTHUECKH OCMBIC-IIMTh MaTepual, IMpo-
aHAJIM3UPOBAB €T0, ONPEJIEINB CBOE OTHOIICHHUE K HEMY)

4. TBopueckast (CO3aeT y uuTaressi TOTOBHOCTh B TOM MJIM MHOM BHJI€ — KaK OTIPABHOM MYHKT
JUIS CBOUX pacCyKJIeHuH, Kak oOpa3 Juisl IeUCTBUS 110 aHAJIOTHH U T.II. — UCIIOJIb30BATh CY)K/IEHUS aB-

44



TOpa, X0/ €ro MbICIIEH, pe3ynbTaT HaOIroAeHus, pa3paboTaHHYI0 METOAUKY, JONOJHUTH UX, MOJBEPT-
HYTh HOBOM MPOBEPKE).

OcHOBHBIE BH/JIbI CI/ICTeMaTI/I3I/Ip0BaHHOI\/JI 3aIlIMCH IMMPOYUTAHHOI'O:

1.AHHOTHpOBaHHE — MPEAEIbHO KPAaTKOE CBS3HOE OMMCAHWE MPOCMOTPEHHOM HIJIM MPOYUTaH-
HOM KHUTH (CTaTbhM), €€ COACPIKAHUsS, UCTOUHUKOB, XapaKTepa U Ha3HAUYCHHUS;

2.IInanupoBanue — KpaTKas JOTHYecKas OpraHu3alus TeKCTa, pacKphIBAIOIIas COAEpKAHUE U
CTPYKTYpy U3y4aeMoro MaTrepuala;

3.Te3upoBaHue — JAKOHUYHOE BOCIIPOU3BEICHUE OCHOBHBIX YTBEPKICHUIN aBTOpa O€3 MpHBIie-
4yeHus (PaKTHIECKOro MaTepuaa;

4.1lutupoBaHue — JOCIOBHOE BBIIIMCHIBAHUE U3 TEKCTa BBIICPKEK, U3BICUCHUHN, Hanbomee cy-
IIECTBEHHO OTPa)KaroIUX Ty WJIM UHYIO MBICIIb aBTOPA;

5.KoHcnektupoBanue — KpaTKOe U MOCIEA0BaTEIbHOE U3JI0KEHHE CO-/IepKaHUs TPOYUTAHHO-
ro.

KoHCneKT — cloKHbIi croco0 M3I0KEHHS COAepKaHUsI KHUTH UM CTaThU B JIOTHYECKON MO-
cienoBaTenbHOCTH. KOHCTIEKT akKyMyHpyeT B ce0e MpeabIIylie BUbI 3alUCH, TO3BOJISET BCECTO-
POHHE OXBAaTHUTh COJEpkKaHUe KHUTH, cTaThu. [l03TOMYy yMeHHe cOCTaBIsATh IIaH, TE3UCHI, 1eJIaTh Bbl-
IIUCKU U APYTUE 3aIUCH ONPENENSIET U TEXHOJIOTHIO COCTaBIEHUSI KOHCIIEKTA.

Camomnposepka. [locie uzyueHus onpeaeneHHON TEMBI [0 3aMUCSIM B KOHCIIEKTE U YUeOHUKY, a
TAKIKC PCIICHUA AOCTATOYHOI'O KOJIMYECTBA COOTBCTCTBYIOIIMUX 3ala4 Ha MPAKTUYCCKHUX 3aHATHAX H
CaMOCTOSITENIHO CTYACHTY PEKOMEHIYETCs, UCIOJIb3Ys JIMCT OMOPHBIX CUTHAJIOB, BOCIIPOU3BECTH IO
MaMSTH OTPEICICHHUs, BBIBOABI (popMyIl, GOPMYITHPOBKH OCHOBHBIX IOJIOKEHUH M JJOKa3aTeIbCTB. B
cilydae HeoOXOIUMOCTH HY>KHO €IIIe pa3 BHUMAaTEIbHO pa3o0paThesi B MaTepualie.

Koncynpranuu. Eciu B iporiecce caMoCTOSTeIbHOW pabOThI HAl M3YYCHHEM TEOPETUIECKOTO
MaTepuaia y CTy/IeHTa BOZHUKAIOT BOMPOCHI, Pa3pelIuTh KOTOPbIE CAMOCTOSTENILHO HE yIaeTcsl, He0O-
XOJUMO 00paTUThCS K IIPENoAaBaTelo AJis NOJy4YeHHUsl Y HETO pa3bsCHEHUN UM yKa3aHuil. B cBoux
BOIIPOCAaX CTYAEHT JIOJDKEH YETKO BBIPA3UTh, B UEM OH MCHBITHIBACT 3aTPYIHEHHs, XapaKTep 3TOTo 3a-
TpyIAHEHUs. 3a KOHCYJbTaluel cieayer oOpamarbes U B cay4yae, €Ciud BO3HUKHYT COMHEHUS B Ipa-
BUJILHOCTH OTBETOB Ha BOIPOCHI CAMOIIPOBEPKHU.

[ToaroroBka k 3k3ameHy. BHavasie cieayer mpocMOTPETh BECh MAaTEpHUAIl MO CAABAEMOW JIHC-
LUIUTMHE, OTMETUTh AJi ce0si TpyaHbIe Bompochl. O0s3aTenbHO B HUX pa3oOparbes. B 3akimtodueHue
elle pa3 1enecoo0pa3HO MOBTOPUTH OCHOBHBIE IOJIOKEHHS, UCIIONIb3Yys MPHU 3TOM JIUCThl OMOPHBIX
CUTHAJIOB.
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H.TIaHI/IpyeMbIe pe3yJbTaTbl oﬁyqe}mﬂ IJIs (l)OpMHpOBaHHH KOMIICTCHIIUU U KPUTEPUH UX ONCHUBAHUA

Hucnunnuna IlpombiciioBas reopusuka

Kon, nanpasnenue noarorosku 21.03.01 Hedreraszosoe aesio

HanpasiieHHOCTD JKCIUIyaTAUMA M 00C/Ty)KMBaHUE 00bEKTOB 100bIYM He(pTH

[Tpunoxenue 1

Kona n naumenoBanue
KOMITIETEHIIHHA

Kon n HanmeHoBanue
HWHAWKATOpa TOCTIDKE-
HHSI KOMIIETEHIUN

(MIK)

KOIL 1 HAMMCHOBAHUC

pe3ynbpTaTa 00y4eHus 110

JMCIUTUTNHE
(Momymo)

Kpurepun onieHHBaHUs pe3yabTaTOB 00yUCHHS

1-2 (0-60)

3 (61-75)

4 (76-90)

5 (91-100)

IKC-4 Cnioco6-
HOCTh OCYIIIECTB-
JISITh OTIEPATUBHOE
COIIPOBOKICHUE
TEXHOJIOTUICCKUX
IPOIIECCOB B CO-
OTBETCTBHH C BbI-
OpanHoil chepoit
npodeccuoHalb-
HOW JeSATETBHOCTH

IMKC-4.2 [Tpunu-
MAaeT UCIIOJIHU-
TEIBCKHUE PelIeHUs
pu paszopoce
MHEHUH U KOH-
(IIMKTE UHTEPECOB

3uats (32): meToau-
KY COCTaBJICHHS
TUTaHA TTPOBEICHUS
IKCIIEPUMCHTOB

HE 3HACT METOJUKY
COCTaBJICHUA ILIa-
Ha [IPOBE/ICHUSA
JKCIIEPUMEHTOB

ci1abo 3HaeT METO-
JTUKY COCTaBJICHUS
TJTaHA TTPOBEICHUS
AKCIIEPUMEHTOB,
JOTTyCKaeT OIIUOKH

3HAET METOJUKY
COCTaBJICHUS IJIaHA
IIPOBEJCHUS DKC-
IIEPUMEHTOB

3HACT METOJUKY
COCTaBJICHUS IJIaHA
IIPOBE/ICHUS DKC-
IIEPUMEHTOB, MO-
KET YBEPEHHO Ja-
BaTh NOSICHEHHUS

YwMmets (Y2): o6pa-
OaThIBaTh U
UHTEPIPETHPOBATH
pe3yabTaThl reopu-
3UYECKHUX HCCIIE0-
BaHUM

He ymeeT oOpaba-
TBHIBAaTh U UHTEP-
MIPETUPOBATH pe-
3yNnbTaThl reodu-
3UYECKUX HCclie-
JIOBaHUH

ymeeT 00padarhl-
BaTh U UHTEpIpe-
THUPOBATh Pe3yib-
TaThl Teodu3nye-
CKHUX UCCIIE/IOBa-
HUU, JOIIYCKAEeT

ymeet 00pabateI-
BaTh U UHTEpIpe-
THUPOBATh Pe3yib-
TaThl Teodu3nye-
CKHUX HCCIIE/IOBa-
HUU, JOIIYCKAeT

YBEPEHHO YMEET
o0OpabaTbIBaTh U
UHTEPIPETHPOBATH
pe3ysbTaThl I'eo-
duznyecKkux uc-
CJIEI0BaHUMU

OLIMOKHU HE3HAYUTENIbHbIE
HETOYHOCTHU
Brnaners (B2): HE BJIaJICET HABbI- ci1abo Biajeer BIIQJICCT HABbIKAMU | YBEPEHHO BJaJ€eT

HaBBIKAMH 0000111e-

HHUS U CHCTEMAaTH3a-
UM HAYYHOU U MPO-
U3BOJCTBEHHON NH-

dbopmaruu

KaMu 0000IIeHUs
W CUCTEMaTH3aIun
Hay4YHOU U IIPOU3-
BOJICTBEHHOH WH-
bopmanuu

HaBBIKaMHU 0000-
IICHHSI U CUCTEeMa-
TU3AIMU HAyYHOH
Y TIPOM3BO/ICTBEH-
HOU MH(pOpPMALUU

000011eHus U cu-
cTeMaTu3aluu
HAay4HOU U IIPOU3-
BOJICTBEHHOM MH-
dopmanuu

HaBBIKaMHU 0000-
IICHHSI U CUCTEeMa-
TU3AIMU HAyYHOMH
Y TIPOM3BO/ICTBEH-
HOW MH(pOpPMALIUU

45




KAPTA

[Ipunoxenue 2

00ecre4eHHOCTH U CHHUIIMHBI (MO1YJIs1) Y4eOHOH U Y4eOHO-MeTOANYEeCKO JIUTepaTypoit

Jucuunnuna IlpombiciioBas reopusuka

Kon, nanpasnenue noarorosku 21.03.01 Hedrerasosoe aeso
HanpasiieHHOCTD JKCIUIyaTAUMA M 00C/Ty’)KMBaHUe 00bEKTOB 100bIYM He(pTH

Hanu-
KoHTuHreHT que
Obecneuen-
Komnuue- o0y4aroumx- JJIeK-
Ha3Banue yueObHOTrO0, yaeOHO- HOCTh 00y4a-
Ne CTBO 3K- s, UCIIOJIB3Y- TPOHHO-
METOANYECKOTO U3/IaHHsl, aBTOp, U3/a- IOLIUXCS JIUTe-
n/m 3eMIUISIPOB | IOIIUX YKa- . ro Bapu-
TEJIbCTBO, BUJ U3JAHUs, TOJ U3IaHUS paTypoi,
B bBUK 3aHHYIO JIUTE- 0% aHTa B
parypy 9bC
(+/-)
Crpenbuenko, B. B. I'eodpusnueckue
WCCJICTOBAHMSI CKBOKUH: YUeOHUK / SeKT
1 | B. B. Crpenbuenxo. - M.: Henpa, cc I; 100 100 +
2012.-551 c. peeyp
CunnoB, M.A. Metoasl KOHTpoJsA 3a
JKCITyaTalueil  MeCTOPOXKICHUS
yuebHo-MeToauueckoe nocodbue / ULA. | Duexrp.
2 100 100 +
Cunno, M.M. 3a6oeBa, J[.A. Ocrar- pecypc
yyk. — Tromens : TioM[HI'Y, 2016.
—44 c.
SArodapos, A.K. CoBpeMeHHBIE T€O-
duznyecKkue W TUIPOAMHAMHUYECKUE
UCCIIeIOBaHMsI HE(PTEHHBIX U Ta30BbIX SHeKT
3 | ckBaxuH : ydyeOHoe mocoome / A.K. P- 100 100 +
pecypc

SArodapos, N.U. Knemenko, /I.B. Ho-
BocenmoB. — Tromens : TromIHI'Y,
2013. — 140 c.

3asenyroumii kadenpoit HJI

«31 » 08 2022 r.
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