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I'HBKHE KAPOTA>KHBIE CKBA>KHHHBIE
30H/bI MA/IOI'O AHAMETPA /I PEIIEHHA

CIIELIHA/IBHBIX 3AAY

PaccMmoTtpeHsr Mpeariochl/Ikk co3AaHHs H TeXHHYeCKHe TpeOOBaHHA K CIIeLHa/IbHOMY
060pYAOBaHHIO /11 CKBaXXHHHOIO 30HAHpOBaHHA. I IpescTaBier BHOBb pa3paboTaHHBIE
SKCTpeMa/IbHO TMOKHE 30H/, TO3BO/ISIOMHH MPOBOAHTh FeOhH3HUECKHe H3MEpPEeHHS B
CKBayKHHaX Ma/Ioro AHaMeTpa H C/I0OKHOF (DOPMBI.

KrroueBble c/ioBa: reohH3HUeCKHUR CKBaKHHHBIFT 30H/, IeOGhH3HYEeCKHe H3MepeHHs,

TOPHBIH MAcCHB.

C eroaHsa [BUMKEHUEe B 3alIMUTY
OKpYzKalolller cpeabl 3aBOEBbI-
BaeT IO HACTOSAIEMY TPOYHbIE TTO3ULIMH
Bo BcéM Mupe. Ha done Hemnpekpa-
IIAIOIIErocss PocTa MOTpebrieHNs 371eK-
TPO3HEPIrUM M WCTOLIeHHS HCKOMaeMbIX
pecypcoB Bcé Borblilee BHUMaHWE TTPU-
KOBBIBAIOT K cefe BO30GHOB/SEMbIE HC-
TOUYHVKY SHEPTHH.

OoHMM M3 caMbIX YHMBEpPCAIbHBIX
VICTOUHWKOB 3HEpryu SIB/ISeTCH Terl/io-
Basl sHeprua 3emau. B oTamure ot con-
HEeUHOM SHEePrvM, SHeprus 3eMiay He 3a-
BUCUT OT TIOrObI WM BPEMEHU CYTOK,
OHa He TNpPUBs3aHa K GO/MbIIMM AKBAaTO-
pUsAM Kak ruaposHeprus. [Ipoussoact-
BO 3HEPryMd M3 TepMa/lbHBIX PecypcoB
3eM/1 ABSAETCA SKO/IOTHUECKU UYMCTBIM 1
MIpakTHU4YecKU He BrieueT BoibpocoB COq
B atMocdepy (65 r Ha 1 kBt/uac).

B To Xe Bpems, MpYU CRUTAHUU TIPY-
poaHoro rasa amuccus COq cocrapnser
453 r Ha 1 kB1/4, Hedptvt — 906 T Ha 1
KBt/u, yris — 1042 r va 1 gBr/u. Tlo
ocuiManbHeM AaHHEM, K 2020 roay Es-
POCOI03 HaMepeH [OBeCTH OO BO306-
HOB/ISIEMBbIX MCTOUYHMKOB B OOILIEM CTPYK-
Type sHepromnortpebnenns mo 20%, K
2040 r. no 50 %. Takum obpasom, reo-
TepMa/IbHbIe 3/IeKTPOCTAHLIMY MOXKHO BbI-

AernuTb KaK OAHO K3 CaMbIX TI1epPCIrIeKTHB-
HBIX HalTpPaB/IeHHI SHEPreTUKH Byayilero,
pa3BHBaeMOro Ha poHe APYryux UCTOUHU-
KOB, TaKMX, B YaCTHOCTH, KaK Yro/ib.

CozmaHvie W 3KCIVyaTalWsl TUAPO-
TepMa/IbHBIX 3/IeKTPOCTAHLIMM, a TaKXKe
APYTUX COBPEMEHHBIX T'eOTeXHUYECKHX
OOBEKTOB, TPeOYIOT MWHHOBALIMOHHBIX
TEeXHUUYECKUX PellleHuit MO0 MHOTUM Ha-
npaBnenvaM. OnHUM U3 HUX SBASETCH
CO3MaHWe MaKCUMa/IbHO MHHHATIOPU3U-
POBaHHOTO U (PYHKLHOHA/IBHOIO Teo-
dUBNYECKOTO CKBaXKMHHOTO 30HIa, He-
00XOAUMOTO A/l KaueCTBEeHHOM U CBOe-
BPEMeHHOM AMarHOCTHKH CKBaXKUH.

HoBrle reotepmasnbHble MPOEKTH B
["epMaHHy KCITO/MB3YIOT CKBaXKHUHBI Masio-
ro ceydyeHud, 4TO YCTaHaB/IMBaeT KECT-
Kye OrpaHuuYeHMs Ha auaMeTp U3MepH-
TenbHbIX 30HAOB. [lnsl pellleHMs 3TOM
3a7a4uu ObIIM pa3paboTaHbl SKCTPeMallb-
HO TOHKMUE Y TMOKHe 30Hbl, MPH MOMO-
1 KOTOPBIX BO3MOMKHO [MPOMU3BOIUTh
M3MepeHUst flake B CKBaXkHMHaX Heborlb-
ILIOTO CeueHMsl.

Takue ycTpoHCTBa SABAAIOTCA Mpead-
CTaBUTe/IIMM 11e/IOTO psifa MOoAUpHKa-
LIMH TMOKMX 30H/OB, MMEIOIIMX PasHbIiA
avMaMeTp W oT/Mvaiommxcs  cdpepoit
[IPHYMEHEHMUS.
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Brok mepenaun 1aHHBIX
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Biiox moarorosxu
JIAHHBIX

/5

Puc. 1. Cxema pacrnono:keHHs1 3/IeMEHTOB B CKBaKHH-

HOM 30Hae

1. CraHgapTHBIM aUaMeTp CKBaXKHH-
Horo 3oHAa 80-125 MM, rayGrHa H3Me-
penuit a0 5000 M. Takoit 30HA MOXKET
OBITb WCTIONB30BaH TMPU TeMIlepaTypax
npumepro 10 130 °C. Cdepa nprme-
HeHUs - HarpuMep, B HeTAHOM U reo-
TepPMa/IbHOM [MPOMBIII/IEHHOCTH.

2. [luaMeTp TOHKOTO CKBaKMHHOTO
3oHaa He mpeBbimiaer 40 mM. Makcu-
MasibHO aorycTuMoe aaeneHrve no 200
6ap, paboure Temnepatypsl oT 70 ° 10
90 °C. Tl'pumeHseTca B reoTeXHUKe U
NpY pa3Be/Ike MO/Ie3HbIX NCKOTAaeMbIX.

3. DKCTpeMaribHO TOHKWHM CKBaXKMH-
HbIN 30HA. [[MaMeTp 3KCTpeMasibHO TOH-
KOTO CKBAXKMHHOTO 30H/AA COCTaB/IfeT
MeHee 20 MM. MakcuMasibHO AOMYCTH-
Moe maBnenre no 100 Gap, MakcuMarib-
Hasi Temriepatypa ao 70 °C. [lnvna on-
HOTO 3/1eMeHTa cocTap/asieT He Gonee 20
cM. [lepenaya naHHBIX OCYILECTB/SETCH
Ipy TOMOIIM CTaHAAPTHBIX YCTPOKCTB
(HarpuMep, IIeCTUTUKaHa/IbHas CHCcTeMa
repegaud AaHHBIX (UpMBI Robertson).
CoxpaHeHa COBMECTUMOCTb CO CTaH-
NAapTHBIM KapoTaxHbIM Kabenem (1 wmm
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KabenbHEBII BBOI

Jarauk

an)omamm }

4  xunbHbiM).  KoHueBas
MydbTa BBIMO/IHEHA B Tpaau-
LIMOHHOM opMaTe U He

“‘ ’:::‘:‘-\
/ e —— — R a
oy S~ npesbinaer 18 MM B aua
y TS MeTpe.
s p Haubonbmmii vHTEpeCc B
e 3TOM pAAYy  [peacTaB/seT

TpeTu, 3KCTpeMaZlbHO TOH-
KWM CKBa;KMHHBIM 30HA, WU30-
OpaxenHsit Ha puc.l. Pac-
CMOTPHM ero 0COBeHHOCTH U
BO3MOXKHOCTU.
HMamepurenbHble cHCTEMBI

e Ha 0a3e TaKuX 30H/IOB Ipes-
S —— -’ Biok
., HasHaueHwl /18 OIpenene-
Bamn il TIPCABAPUTEIHOR 1y TeMmepaTyphl M KOHLICH-
‘ EET 06paboTku paryp

TpalMK Ccoferl B TPYHTax.
[lvamnasoH W3MepeHUM — A0
ray6unbl 300 M. BoamoxHo-
CTU U3MEpeHMsi KOHIIeHTpa-
LUMA COMerl COOTBeTCTBYIOT
rnapaMeTpaM CaMbIX 3aco-
NeHHBIX Yro/IbHBIX MaxT B [ epMaHuu.
3oHA MoXeT ObITb HCMO/B30BaH B H30-
THYTBIX Tpybax avamerpom ao 20 cwm.
Yron mnoBopota B Tpybe AOMKEH CO-
craBaath He Gonee 70 rpaaycos, mpu
3TOM HECKO/IbBKO W3rMOGOB  C/IeAYIOMMX
APYr 3a APYroM He CO3AaayT HHUKAKHX
npobeM. Takke MpU TOMOIIM TaKOH
M3MepUTe/IbHOM CUCTEMbl MOXKeT ObITb
YCTaHOB/IGH YPOBEHb BObl B IIAXTHOM
CTBO/IE.

[locie Toro Kak Takue 30HAbI ObiN
YCTIeNIHO BBeZIeHbl B  3KCIIYaTallHIo,
MOABW/INCh HOBBIE 3a/audl CKBarKHHHOM
reousrKy, KOTOphle MOTpeboBaar
AanbHenle MHHUATIOPU3aLlMKU CYILeCT-
BYIOIINX U3MEPUTE/IbHBIX CHCTEM.

[Ipy oOueBUAHBIX MPEUMYIIeCTBaX
3KCTpeMasibHO TOHKOTO CKBa)KMHHOTO
30HAa KaxkeTcs /OTMYHBIM DPearn30oBaTh
B TakoM opMaTe MaKCUMa/IbHO BO3-
MOKHOE KO/IMYeCTBO METO/IOB reodprsu-
yeckux uaMepenwuit. OaHaKO 31ech BO3-
HUKAIOT YMCTO TexXHUYecKue Mpob/eMbl,
CBfA3aHHbIE C TPYAHOCTAMU Ja/bHEMIero
YMeHBIIIeHHsT pa3MepoB IMPU COXpaHe-



Bo3MoOKHOCTD MHHHaTIOpH3allHH CKBa;KHHHbIX 30HA0B,
HCNO/Ib3VIOLUHX pa3/IHYHble MeTOoAbl H3MepPeHHusA

Meroa (usuue-
CKMH NMPHHLIHI)

Pemaemas 3anaua,
u3MepsaeMblie (pu3nUecKHe
BeIUYHHBI

B03MOXKHOCTbh MHHHA-

TIOPHU3ALUHH JaTYHKa

H 3N1eKTPOHHOrO O/10-
Ka

Pdusnueckas ocy-
LIeCTBHMOCTD B
ruGKoM 30HIE

EcrectBennoe ram- | Onpenenenye comepxaHus a a
Ma-M3/y4eHre [/IUHBI
Akyctrueckoe mpo-| CKOpPOCTH  MPOAOBHBIX U
3BYUMBAHME C Peri-| TOMePeUHbIX YIpYrix BO/H HeT na
CTpalmed  TO/HOM
BO/IHBI
Koutpors  iemen- | LlementrpoBa-
THPOBAHWA aKYCTH- | HUe/HHBeKTHPOBaHHe HeT oa
YeCKHM METOZIOM
Onektprdeckoe co- | CompoTHBeHMe 1acTa
Het Het

[MPOTHB/ICHME

MHAYKTVBHBI MeToa | DMeKTpoMarHuTHas — Mpo-
na, YC/IOBHO [a - YC/IOBHO

BOAMMOCTb I/1acTa

Marnvromerpust MarHutHass ~ BOCITPHUUMUYM-
7a, KayeCTBeHHO na

BOCTb
[NnotHoCTH(raMMa- [lnoTHOCTE  OKpYKAIOMMX a 12
ramMma MeTo/l) MaTepHasioB
HeitrponHeiit  ram- | BraxkHocTs, 06BEM TOD, na
Ma-KapoTax aACoOpOLMOHHas  Croco6- na
HeHlTpoH-HelTpoH- | HOCTh OKPYKAIOIIMX MaTe- 12
HbIA KapOTazK pUasIoB
[Ipodunemerpus M3rub v HamnpaBieHue 30H-
M WHKAMHOMeTpUS | 4a/CKBaKHHbI na aa
CKBazkKMHBI

HUM KadecTBa. B t1aba. 1 paccMmoTrpeHa
peanu3yeMocTh PAasIUUHbIX reodusnye-
CKMX MEeTOOB W3MEpPeHH B 3KCTpe-
Ma/IbHO TOHKMX TMOKUX 30HIaX.

AHanu3 naHHBIX Taba. 1 rokasbl-
BaeT, UTO B 3aBUCHUMOCTU OT MCIIO/Ib-
3YeMOoro MaTepuasza Mexkay TOPHBIM
MacCHBOM M BHYTPEHHel MOBEepPXHO-
CTBIO CKBaXKHWHBI, Ha/IMUMA WU OTCYT-

CTBUA

HU30/ALIMH,

reorepmMma/ilbHbIM

30HOM MOTYT OBbITb HW3MEpEeHBl: raM-
Ma-usnyueHue, nuHus mnpoduas (Ha-
NpaB/ieHhe W MPOTHKEHHOCTh CKBa-
JKUHBI, Yro/l HaKk/OHa), MarHUTHOe Mo-

e ¥ TeMIiepatypa.
M3MepeHHs, KOTOophble

Te wMetoabl

OKa3a/lochb BO3MOXHBIM MMHMUATIOPHU-
3UpOBaTh, ObIMM peanyu30BaHbl U MC-
NbITaHbl Ha /1abOpPaTOPHOM 6ase KOM-
rnauuu «DMT GmbH & Co. KG».

[ns npuMepa paccMOTpPUM CpaB-
HeHWe HOBOTro ramMMa,/ TeMIiepaTypHO-
ro 30HZa C OuYeHb Ma/IeHbKUM CLIMH-
TU/AMALMOHHBIM KPUCTA/ZIOM C OOBIY-
HBIM TaMMa 30H/IOM (pa3Mep KpucTas-
ma 1% x 4%).

amepeHusi MPOBOAM/INCH B CKBaKU-
He C AMaMeTpOM BHYTPEHHEero CeueHus
125 mm. ['opHble Mopoab! MpeacTasie-
HBI 'PaBreM HW H3BECThIO. PeSyf[bTaTbI
CKBaXXKMHHOM ChEeMKM Tpe/ICTaB/IeHbl Ha

puc. 2.
Kak BMAHO U3 3TOro pPHCYHKA,
CpaBHEHHE He BHISBISET CH/IBHBIX

pasmuyuil B TOMYYEHHBIX /aHHBIX.
Kpome TOrO, GOMee MHUHUATIOPHbBIN
30H TO3BONAET U3MepPHATh ellle U 3Ha-
YeHHs TeMIlepaTyp.

Cxokue pesybTaThl JaloT U CpaBHe-
HUA 3KCTPEMa/IbHO TOHKHX CKBaXKWHHBIX
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Puc. 2. /lanHble nonyyeHHble KIaCCHYECKHM CKBa*KHHHBIM raMma 30HAOM (To/cTast /u-
HHs c/leBa), B CPaBHEHHH C AaHHBIMH, NMO/AYYEeHHbIMH HOBBIM 3KCTpeMa/lbHO TOHKHM
raMma/TeMrnepaTrypHbIM 30HAOM (TOHKasi /IHHHUA C/IeBa H THHHA ClIpaBa)

30HAOB C TPaAWLIMOHHBIMM 30HAAMU B
obnacty npodruIeMeTpur W HHKIWHO-
METPUU, U3MEPEHUSI MarHUTHbBIX T10/1ei.

BbiBoabr

1. HoBble vyc1oBust IpoBeneHs
CKBaXKHMHHBIX Te0o(pH3NUecKux HaMepe-
HUM TPeOyIOT MHHHATIOPHU3aLIMM Cyille-
CTBYIOIINX CKBaKMHHbIX 30H/IOB.

2. He Bce dusuueckre MpHHLIUIBI
M3MepeHU MOTryT ObITh peanr30BaHbl

KOPOTKO OB ABTOPAX

B 3KCTpPeMa/IbHO TOHKMX CKBaKHHHBIX
30HAaX.

3. Munuatiopyzalivg CKBaXKHHHBIX
30HIOB, OCHOBaHHas Ha TeX MeToAHKaX
M3MepeHHi, KOTOphble 3TO TO3BO/ISAIOT,
MX MCMBITAaHWE U CpaBHEHMWE C Tpaauliv-
OHHBIMH H3MEpPHTE/TbHBIMH  CUCTEMaMH,
ObI/IM YCTIeIIHO TpOBeaeHbl Ha 1abopa-
TopHOM 6ase KommaHuu «DMT GmbH
& Co. KGo.

Ulrechar [Metepc — OWIUL. VHXK.-TEOIOT, PYKOBOAUTE/IL OT/E/NCHHsS UHKEHEPHOM Teo/Iorvy B rop-
HoM zerte pupMsl «HeMelikue ropHbie TeXHOMornm,

Axum Pro6e/ip — mUIi1. MHxeHep, Beaylivii crieliManvcT pyupMel «HeMelkvie ropHblie TeXHOOTUH»,
DMT GmbH & Co. KG, Am Technologiepark 1, 45307 Essen, Germany

Phone: +49 201 172-01; Fax: +49 201 172-1462

E-mail: dmt-info@dmt.de.
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