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BBEJAEHHUE

AKTYaJIbHOCTh TeMbl HcCJIe0BaHus. | HIPO3HEPIreTHKA SBIIAETCS OJHUM W3
OCHOBHBIX CEKTOPOB 3KOHOMHUKU CHOCOOCTBYIOIAs YCTOMYHMBOMY Ppa3BUTHIO
Tamxukucrana. Co3gaHue  KOMIUIEKCA  THMAPOTEXHUYECKHX  COOPYKEHUU
T'HJIPOIHEPTreTUUYECKOIO0 Ha3HAYEHHUs, MO3BOJSIOIIUN IOCPEICTBOM BO3BEJICHUS
BOJIONOJIIOPHBIX ~COOPY)KEHUH (IUIOTMH) M CO3JaHMsI BOJOXPAHWIMIL Ha
TEPPUTOPHUSIX HEOTATOMPUATHBIX B HHKEHEPHO-TEOJIOTUYECKOM OTHOIIICHUH, B TOM
YKUCJIE HAIMYUMEM B OCHOBAaHUHU BBICOKOHAIIOPHBIX IUIOTMH PACTBOPUMBIX ITOPOL,
JIOJKHO COIIPOBOXKJIaThCA OOOCHOBAHHBIM BBIOOPOM HHKEHEPHBIX MEPONPUATUN
0 3alluTe€ MOpoJ OT pacTBOPEHUS B BHUAE MNPOTHBOPWIBTPALUOHHBIX U
npOoTUBOCY(H(PO3MOHHBIX YCTPOUCTB M KOHTPOJISL B peajlbHOM MaclTabe BpeMEHU
3a WX pabOTOW, a TaKXKe OpraHu3alui0 HAOJIIOJEHUN 3a pa3BUTHEM (PU3HUKO-
XMMHUYECKUX TPOLIECCOB B OCHOBAaHUM IUIOTHUHBI, OOecreyrBaeT O€30MacHOCTh
TUAPOTEXHUYECKUX  COOPYKEHMM M WX  OKCIUIyaTaluilo, B  YacCTHOCTHU
BBICOKOHAMOPHBIX MJIOTHH BO3BEAEHHBIX HA PACTBOPUMBIX MTOPOJAX.

Peanuzanus oOecrnieueHus: 0€30MaCHOCTH IUIOTHHBI, OCHOBAHHS KOTOPBIX
pacrnosjararoTcs Ha pacTBOPUMBIX IMOPOJax, JOJIKHO  COMPOBOXKAATHCS
(byHIaMEHTaJIbHBIMU MCCIIEOBAHUAMHU, Pa3pabOTKON U MPUMEHEHHEM HaJEXKHBIX
METOJOB BEJEHUS MOHHUTOPHMHIA, [IO3BOJIAIOIIME CBOEBPEMEHHO OLEHUTH
3h(HEKTUBHOCTH MPOTUBOPUIBTPALMOHHBIX 151 poTUBOCY(H(PO3MOHHBIX
MEPOIPUITHIA 00ECIIEUNBAIOIIUX COXPAHHOCTh COJIEBOIO IUIACTa; BBIPAOOTKOM
OCHOBHOT'O KPHUTEPUATIBLHOTO IIOKa3aTesss CUCTEMbl MOHUTOPMHIA  OLEHKH
3¢ (HEeKTUBHOCTH pabOThl JAAHHBIX YCTPOWCTB U MEPONPHUATUNA MO O0OECHICUCHHIO
0€30MMacHOCTH OCHOBAHUS IJIOTHUHBI, C YUETOM M3MEHEHHUS THUIPOreOXHMMHUYECKO
00CTaHOBKH, I10CJI€ HAIIOJHEHUS BOJOXPAHWINIIA U B IIPOLIECCE €€ IKCILITyaTallly.

B cBs3u Cc oTuM, peanu3alus KOMIUIEKCA HAy4YHBIX M NPAKTHYECKUX
UCCIICIOBAaHUI 1O YNPaBICHUIO TUIPOr€OXMMUYECKHM, T€OTEPMUYECKUM U
(GUIBTPALIMOHHBIMU ~ pEXMMaMH PEXKUMaMH B  PAacTBOPUMBIX  OCHOBAHUSIX

BBICOKOHAIIOPHBIX IIJIOTHUH, O6€CH€‘-II/IBaIOIHI/IX 0e30MacHOCTh T NAPOTCXHUYCCKUX



COOPYKEHHH U THAPOIKOJIOTHIECKYIO 0€30MaCHOCTD B 1IEJIOM, SIBJISIETCS aKTYaIbHON
3aJlaueil pa3BUTHSI HOBOT'O HAIPaBJIEHUS B 00JIACTU HAyK O 3eMJIe.

CreneHb Hay4yHoOIl pa3padoTaHHOCTH M3y4aeMoii mpodJiembl. [IpoGiemam
3allUThl OCHOBAHUS IUIOTUH HAa PAcCTBOPUMBIX MOPOJAX OT BbIIIEIAYMBAHUS U
cypdo3uu npu CTPOUTENHCTBE M AKCILTyaTallMM THIPOTEXHUYECKUX COOPYKEHHM
JIOCTUTaeMbl€ CO3JaHHEM BBICOKOIJIOTHBIX MPOTUBOMUIBTPAIIMOHHBIX 3aBec,
aHaJIu3y M OLIEHKE a TaKXe pacu€Ty UX MapamMeTpoB CBS3AaHHBIX C MHKEHEPHO —
re0JIOTMYECKUMHU  yCIOBUSAMHM TocBsimeHsl Tpyael C.J[. BoponkeBuua, A.H.
AnamoBuya, JI.U. MansiueBa, ['.B. 3epnoa, B.Il. Hegpuru, N.A. I1apabyuesa,
JLA. MomnokoBa, H.I'' Tpynaka, b.A. Pxanuunmna, B.M. Cepreesa, B.E.
CokonoBuua, A. Xoncou, K. Kapona, A. Kambedopa, a Takxke 1npyrux
HCCIIeIOBaTEIEH.

Axanemuk B.II. Bepnaackuii co3maBummii  (yHAaMEHTAIBHBIA TPYyJd B
00JIaCTH TEOPETHUECKUX MPOOJIEM THIPOr€OXUMUU, OCHOBOIOJIOKHUKOM KOTOPOI
OH SBJISIETCS, OCYIIECTBWJI CHUCTEMATH3AIMIO TOA3EMHBIX BOJ MO XUMHUYECKUM
CBOMCTBAM U COCTaBaM, BBISIBUJ OCOOCHHOCTH UX Pa3BUTHS U  BBISBUJ
TUAPOreOXUMHUYECKHE 3aKOHOMEpHOCTHU. CyIEeCTBEHHbIM BKJIAJ B Pa3BUTUU
HAyYHBIX 3HAHHUI B 00JaCTU TUIPOTCOXUMHUUYECKUX MCCIIEIOBAHNUN BHECTH YUCHbBIC
O. A. Anexkun, M. E. AnproBckuii, M. I'. Baismko, A. II. Bunorpanos, B. II.
3Bepes, C. P. Kpaitnos, A. M. OBunnnukos, K. E. [IuteeBa, B. C. Camapun, B. M.
[IIBem, I'. A. MakcuMOBHUY U JIp.

Cy1iecTBeHHBIN BKJIAJ] B pa3BUTUE TEOpUU (UIBTPALIMOHHBIX MPOIECCOB B
OCHOBAaHUU U TeJIe IJIOTUHBI U oOecrnedYeHue O0e30MaCHOCTH TUIPOTEXHUYECKUX
coopyxenuii BHecnu yuénble B.C. PacckazoB, H.A. Anuckun, B.A. Bonocyxun,
J.B. Koznos, I'.B. OpexoB, A.C. becryxea, M.II. Caunos, B.B. ManaxaHos,
M.P. bakues u np.

[IpoGnemaM reoAMHAMUYECKUX UCCIICAOBAHUIA U TTOBBIIICHHS O€30MTaCHOCTH
TUAPOTEXHUYECKUX  COOpY)KeHHl B  TapKUKHUCTaHE  TOCBSIICHBI  TPY/bI
Ta/HKUKCKUX yuéHbIX U ucciuenonareneit - M.C. Caumosa, M. Tamxubekona, C.X.

Hermarymnaesa, X.O. Apudona, A.P. ®a3wuiosa, [1.A. AcyHoBa u ap.
9



Hecmotpst Ha To, 4TO MCClenoBaHusl B O0JIACTH Pa3BUTHS TEOPUH W METOJIOB
yIpaBJICHUS (GWIBTPAIMOHHBIM ~ PEXHMOM B PAaCTBOPHUMBIX  OCHOBaHUSIX
BBICOKOHAMOPHBIX IUIOTUH B MpOIECCEe MPOCKTUPOBAHMS, CTPOUTENBCTBA U
AKCIUTyaTallii TNPOBOAWIMChL W TPOBOJISTCS, COBpPEMEHHas JACHCTBUTEIHLHOCTH
TpeOyeT JalbHEHIIIEro W3y4eHUsi MpoOJIeM CBS3aHHBIE C Pa3BUTUEM TEOPHUH
COCPEIOTOUYECHHONW (UIBTpAlMd B OCHOBAaHUM IUIOTHUHBI, YCTAHOBIJICHUS CTEIICHU
ONPECHEHUS]  TOJ3EMHBIX  MHUHEPAM30BAHHBIX  BOJ ~ MOJA  JICHCTBUEM
TUJIPOCTATUYECKOTO JABJICHUS; Pa3padOTKU YHPaBISIeMbIX MPOTUBOCY(H(PO3NOHHBIX
YCTPOMCTB  JJiIi  3allMTBI  COJIEBOrO  IUIACTa, ONTHUMAJIbHONW  TEXHOJIOTHH
VIUIOTHUTEILHOM  I[IEMEHTallud  Tejla  NPOTUBOMUIBTPAIMOHHOM  3aBECHI,
COOTBETCTBYIOIINX COBPEMEHHBIX METOJIOB U TEXHUUYECKUX CPEJICTB UCCIEIOBAHUN U
Ap.

CBsi3b HccIeI0BAHMSA C MPOrpaMMaMu (MPOEKTaAMHU), HAYYHOM TeMATHKOM.
HMuccepranrionHas pa0oTa BBIMOJNHSIACH C Y4eTOM MoJjiokeHuit «CTtpaTteruu
PecnyOnuku TamKukuUCcTaH B 00JIACTM HAyKH, TEXHOJOTMH W HWHHOBAlUM Ha
nepuox a0 2030 roma» (ot 30 wurons 2021 roma, No263), «IIporpammer
BO300HOBJISIEMBIX UICTOUHUKOB 3Hepruu Ha 2023-2027 rr.» (ot 1 mapta 2023 roaa,
No51), «3akon Pecriyonumku Tamkukucran «O 06€301maCHOCTH THAPOTEXHUYSCKUX
coopykenuit» (ot 29 npexabpss 2010 roma, Ne666), tempr HUP «Crparerus
Pa3BUTHS W ONTUMH3ALMS OajlaHca sHepropecypcoB. ['uapo-yroyibHBIN ClieHapuid
pa3BuTHs HHepreTuku TamkukuctaHay (cpok ucnonHeHus: 2020-2024 rr.) wu

peanu3zanuu npoekta Porynckoit I'DC.

OBILIAA XAPAKTEPUCTUKA NCCJIIEJOBAHUA

Heab wucciaegoBanuit -  Pa3Burthe TeopuMm W METOJIOB YNPABICHUS
(GUIBTPAIIMOHHBIM PEXKUMOM B PACTBOPUMBIX OCHOBAHHUSX BBICOKOHAIIOPHBIX
TIJIOTHH.

JIIst  TOCTYDKEHMsI Ha3BAaHHOM 1€ HEOOXOIMMO pPEIIUTh  CIEAYOIIHe

3aJa4un:
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1. W3y4uTh CyIIECTBYIONIUME JIATEPATypHbIE WCTOYHUKH, (OHIOBHIE H
apXWBHBIC  MaTepHasbl; 0a3y MaHHBIX PEKUMHBIX HAONIONCHHWA, a TaKxKe
c(hOpMHUPOBABIIUNACS THUAPOTCOXUMUYECKUM U JPYrHE PEKUMBI B OCHOBAHHH
IUIOTHHBI;  TEOJIOTHYECKOE  CTPOCHHME, TEKTOHHYECKYI0 OCOOCHHOCTh U
XapaKTEPUCTUKY TOPOJ] paiioHAa CTPOUTEIHCTBA BBICOKOHAMOPHOM IJIOTHHBI
Porynckoit I'9C. OcymiecTBUTh aHalnW3 M OIEHKY COBPEMEHHOTO COCTOSIHUS
TEOPHUH ¥ METOJOB MCCJICAOBAHUMA U YIIPABICHUS THAPOTCOXUMUICCKUM PEKUMOM
B OCHOBaHUH BBICOKOHAMOPHBIX TUIOTUH HA PACTBOPUMBIX MTOPOJIAX.

2. Pa3BuTh TeOpHIO W METOOB yIpaBicHUS (DUILTPANMOHHBIM PEKUMOM B
pPacTBOPUMBIX  OCHOBAaHMSIX BBICOKOHAMOPHBIX TWIOTHH. CdopmymupoBaTh
KOHIIECTITYaJIbHbIE OCHOBBI COBEPIIIEHCTBOBAHMS METOOB BEJIEHUSI MOHUTOPUHTA, C
pa3pabOTKOW  KPUTEPHAIBHOTO  TIOKA3aTels Il ONEpPaTUBHON  OICHKH
b exTuBHOCTH MPOTUBOPHIIBTPAITMOHHBIX " poTrUBOCYH(HO3MOHHBIX
MEpOTNpUATUA U (POPMHUPOBAHUS MEPONPHUATUNA O 0OecreueHuto 0e30MacHOCTH
OCHOBAHWSI TUIOTHUHBI.

3. Pa3paborarh BBICOKOUYBCTBUTEIBHBIM JIBYXKAHAJIBHBI T'€OTEPMOMET-
TEIJIOMEp C BBICOKOW TOYHOCTBIO MW CO3[IaTh MATEMATHYECKYH0 MOJEIb
ONTUMAJILHOTO MOUCKA MyTeH COCPEAOTOUCHHOM (DUITbTpaIUy.

4.  PaspaboraTh  MaTreMaTHYECKHH  MOJEIb  TpaHC(HOPMATOPHOTO
KOHJIYKTOMETpPA, METOJ M ammaparypa i OIEepaTUBHOTO M3MEPEHHS yACITbHOMN
AJIEKTPOIIPOBOIHOCTH TMOJI3EMHBIX MUHEPAIU30BAHHBIX BOJ B IIIMPOKOM JHAIa30He
KOHIICHTPAITUU BOJTHBIX PACTBOPOB.

5. Ha ocHOBe Teopuu TemJIOMAaccomepeHoca, pa3paboTatb METO]
ompeneneHus kKodpduimenTa (QuIbTparii B OCHOBAaHWUU IUIOTUHBI, C YYETOM
WU3MCHEHHS TETUIOBOTO ITOJISI OCHOBAHUS TJTIOTHHBI.

6. HccrnemoBath aHOMalIbHOE paCIpECIICHHE COJIEBOIO 00Jiaka BOKPYT
COJIEBOTO IJIaCTa B OCHOBaHUHU IUIOTHHBI Porynckoil ['DC; dusnueckyto npupoy
CYIIIECTBOBAHMS TPAHUIIBI PE3KOT0 IMepeXxojia 3HAYCHUS MUHEPATH3AIUUd MEKITY
MEHEEe ¥ CUJIbHOMUHEPAIN30BAaHHBIMA TOA3EMHBIMH BOJAaMHU Ha KOPOTKOM

PaCCTOSIHUM, U3MCHCHHC C€Iro rmApOrcOXMMHYCCKOro pexuma IIpH IMOBBIIICHHWHA
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TUAPOCTATUYECKOTO JABJICHUS U pa3paboTaTthb yHIpaBIISIEMbIE
npoTuBocy((Ppo3uoHHBIE YCTPOICTBA MO 3aIUTE COJIEBOTO IJIaCTa B OCHOBAaHUU
MJIOTHHBI.

OO0beKT mccjeJ0BAaHUA: OCHOBAaHME BBICOKOHAIIOPHOW IUIOTMHBI Ha
pacTBOPUMBIX TMOpOJaX M TMPOUCXOJAIIME B HEM TEOTEPMUYECKHE WU
TUIPOTEOXUMHUYECKUE TTPOLIECCHI.

Ilpeamer mccjeq0BaHUA: BIUSHAE M3MEHEHHS THMAPOCTATHYECKOTO
JIABJICHUSI HA aHOMAaJIbHbIE U3MEHEHHSI T€OTEPMUYECKOTO U THAPOrC€OXUMUYECKOTO
peXrMa B OCHOBAHMH BBICOKOHAITOPHOM TJIOTUHBI HA pACTBOPUMBIX TOPOAA.

Metoabl  HMCCIEAOBAHUM: TEOPETHYECKHE, SKCIEPUMEHTAIbHBIE H
71a00paTOpHbIE HUCCIENOBaHMs, C MPUMEHEHHEM JEUCTBYIOIIMX CTaHJAPTHBIX
pa3paOOTaHHBIX U PEKOMEHIYEMbIX METOAMK; METOJbI 0TOOpa MPoO U3 CKBAKUHBI
JUISL TIOCJIETYIOIIETr0 XUMUYECKOTO aHaIn3a; reo(hU3nuecKkre KapoTaKHbIE METObIL:
TEPMOMETPHsL,  KOHAYKTOMETpPHUS,  CEHUCMOAKYCTMYECKHME W  anmaparypsl
pa3pabOTaHHOM aBTOPOM; TEIUIO(GU3UYECKUE METOMBl TEIIOMACCONEPEHOCa;
METOAbBl MAaTEMaTW4YEeCKOro  aHainu3a. B HcclaelnoBaHUsAX — MCMOJIb30BaHbI
TPaJMLMOHHBIE  METOABbl MaTeMAaTUYECKOW  CTAaTUCTHKH, MaTE€MaTU4YeCKOIo
MOJEIUPOBaHUST (DYHKIIMOHUPOBAHUSI OTIEIBHBIX DSJEMEHTOB, MaTEeMaTHYECKUN
METO/I HAUMEHBIIINX KBAJPATOB, a TAKXKE Pa3IUYHbIC IPOrpaMMHBIE 00€CTICUeHUSI.
HatypHble wuccieoBaHusl MPOBEIEHbl HAa OCHOBE CYIIECTBYIOIIUMX METO/IOB
OpraHU3alMH U IPOBEACHUS N3bICKAHUI.

HayyHasi HOBH3HA HCCJIEIOBAHMS 3aKIIFOYACTCSI B CICAYIOLIEM:

I. Tlomyunnu panbHeiiee pa3BUTHE TEOPHUST M METOAbl YIPABICHHS
(GUIBTPAIMOHHBIM PEXUMOM B PACTBOPUMBIX OCHOBAHHUSAX BBICOKOHAIOPHBIX
mi0TiH. ChopMyIMpOBaHbl KOHIIENITYaldbHbIE OCHOBBI COBEPIIEHCTBOBAHUS
METOJIOB BEJIEHUS CHCTEMbl MOHHUTOPHHIa, C pPa3pabOTKON KpUTEpUaIHLHOTO
NoKasaTelis JJis ONepaTUBHON OLEHKH 3(P(HEKTUBHOCTH MPOTUBO(PUIBTPAIITMOHHBIX
U MPOTUBOCY(DPO3MOHHBIX MEPONPUITHH U (POPMUPOBAHUS MEPONPHUITHI 10

o0ecrieyeHu 0 0e30MaCHOCTH OCHOBAHUS TUIOTUHEIL.
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2. BrepBsie co3aHa MaTeMaTUyecKas MOJIETb ONTUMAJIBHOTO MTOMCKA MyTen
COCPENOTOUYECHHOM buapTpanuun, pa3zpaboTan BBICOKOYYBCTBUTEIIbHBIN
JBYXKaHAJIbHBI ~ IF€OTEPMOMETP-TEIIOMEP C  BBICOKOM  TOYHOCTBIO IS
UCCIIEyeMOTO 00bEKTA.

3. Bnepsble pazpaboTaHa maTemMaTH4ecKas MOJENIb TPaHCPOPMATOPHOIO
KOHJYKTOMETPA, METOJ U IPUOOP I U3MEPEHUS YACIbHOU 3JEKTPONPOBOAHOCTH
MOA3EMHBIX MHUHEPAIM30BAHHBIX BOJI B IIMPOKOM JHANa3zoHE KOHIIEHTpaIuu
BOJHBIX PacCTBOPOB.

4. DKCHEpUMEHTAJIbHO YCTAHOBIIEHO pPAaHEE HEU3BECTHOE, (PU3UUECKOE
SBJICHUE - BO3HUKHOBEHHE T'€OTEIUIOBOM 3aBEChl M H3MEHEHHS PACIOJ0XKEHUS
reOTeIJIOBOM 3aBeChl IO BEPTHKAIM JJIsi HCCIeIyeMoro o0bekTa. BrisiBieHa
MpUYMHA AaHOMAJIBHOTO MPOrpeBa MPUMOBEPXHOCTHOM YaCTH 3€MHOU KOPBI, B 30HE
UCCIIENyeMOT0 00beKTa, C pa3pabOTKON METo/la U CHUCTEMBI JABYXYPOBHEBOTO
KOHTPOJISI UBMEHEHUS TETIOBOTO PEKHUMA.

5. BrepBble Ha OCHOBE TEOPUHU TEIIOMACCONEPEHOCa, pa3padOTaH METO.
omnpeneneHus kKoddduirenTa GUIBTPALMKA U MTyTH COCPETOTOYCHHON PUIBTPALIUH
B OCHOBAHWHM TUIOTUHBI, C YUETOM U3MEHEHUS TEIJIOBOT'O COCTOSHUSI 3€MJIH.

6. YCcTaHOBJIEHO paHee HEM3BECTHOE (DU3NUECKOE SIBJICHUE - BOSHUKHOBEHUE
TUAPOHANIOPHO - OCMOTHYECKOMU 3aBEChI MEXY MEHee U
CUJIbHOMUHEPAJIM30BAaHHBIMU TOJ36MHBIMU BOJIaMH, CBS3aHHOE C TOBBIIICHHUEM
THAPOCTATHYECKOTO JAaBJIEHUs, HA OCHOBAaHWU KOTOPOTO, BIEPBBIE pa3zpaboTaHO
yhpasisieMoe MpoTUBOCY(H(HO3MOHHOE YCTPOMCTBO MO 3aIUTE OTrOJIOBKA COJIEBOTO
MJIacTa B OCHOBAHUH TUIOTUHBI.

TeopeTuquKaﬂ H HAYIYHO-IIPAKTHYECCKasA SHAYUMOCTD HCCJIeA0BaHUA
3aKJII0YacTCA B:

- pa3paboTKe BBICOKOUYYBCTBHUTEIILHOTO JABYXKAHAJIBHOTO TE€OTEPMOMETP-
TEIJIOMEPA C TOYHOCTBHIO 0,001°C, PEKOMEHIYEMBIN 711 ONTUMAJIBHOIO TOMCKA
YYaCTKOB 3apOKJICHUSI TYTEeH COCPEAOTOUYCHHOW (DHIbTpaluu W OmpeneieHus

koddurrenTa GuabTpanuy ¢ TPUMEHEHUEM TEOPUH TEIIIOMACCOMEPEHOCa.
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- pa3paboTke, Ha 0a3e COBPEMEHHBIX MUKPOMPOIECCOPHBIX CHUCTEM C
YIIy4IIEHHBIMU XapaKTEPUCTUKAMU UHIYKTUBHOTO KOHJYKTOMETpA,
PEKOMEHAYEMBIN ISl U3MEPEHUS DSIEKTPUYECKOW IPOBOJUMOCTH MOJ3EMHBIX
MUHEPATN30BaHHBIX BOJ B auamnazoHe oT 0,2 no 600 MCwm/cM ¢ MOTPEmIHOCTHIO
+0,1mMCwm/cM, nipu KoHIeHTpanuu B auanazone ot 0,2 mo 300 r/1 ¢ TOYHOCTHIO
+0,1 r/m.

- YCTAaHOBJIEHMM (SKCHEPHUMEHTAIIBHO) paHee HEW3BECTHOIO, U
UCCIENyeMOTro 00beKTa, (PU3MUECKOTO SIBICHHUS - BO3HUKHOBEHHE T'€OTEIIOBOU
3aBEChl M M3MEHEHHUS paCIOJIOKEHUSI TE€OTEIUIOBOM 3aBechl 10 BEPTUKAIH,
PEKOMEHIyEeMbIi MCIIOJIb30BaTh NP ONPENEICHUN CYKEHHsI 30Hbl aKKyMYJISLUN
COJIHEYHOM 3HEepruu (IpUIOBEPXHOCTHAS YaCTh 3€MHOM KOpbI) U €€ MPOrpeBy Kak
MHIUKAaTOpa U30BITOYHOIO TEIJIa B 3€MHOM KOpE.

- METOJMKE ompefeseHus KodpduuueHta (QUIbTpalud ¢ NPUMEHEHUEM
TEOpPUH TEIUIOMACCONEPEHOCa, PEKOMEHJ0BAaHA JUIsl ONPEIEICHUS W3MEHEHUs
(UIBTPALIMOHHON XapaKTEPUCTHUKKA OCHOBAHUS IUIOTMHBI M 30HY 3apOKICHUS
MyTe cOCPeOTOUCHHON (DUITBTpaIUu.

- YCTaHOBJIEHMM HEU3BECTHOTO paHee (PU3MyecKoe SIBJICHUE ONPECHEHUS U
OTXaTHUsl TOJ3EMHBIX MHHEPAIM30BaHHBIX BOJ, U1 HCCIEAyeMOro oOBEKTa, a
TaK)K€ HEU3BECTHOM paHee (U3NYECKON 3aKOHOMEPHOCTH MOBBIIIECHUH TIyOUHBI
OMPECHEHUS  TOJ3EMHBIX  MHUHEPAIM30BAHHBIX BOJ M  PEKOMEHAYEMBbIE
VCITOJIB30BATh I MPUHATUS aJ€KBAaTHOIO TEXHUYECKOIO PELICHHs, KaK Ha JTare
BO3BEJICHMS, TAK U B TIEPHUOJ] IKCIUTyaTallud COOPYKEHHUSI.

- pa3paboTKe YINpaBisieMbIX MPOTUBOCY(PPO3MOHHBIX YCTPOMCTB MO BCEH
JUIMHE 3allMIIaeMOro YYacTKa COJIEBOIO IUlacTa B OCHOBAaHUM IUIOTHHBI
OpUMEHUMBIE [Ji1 TNPUXKATUS MHUHEpPAIM30BaHHBI BOJ K COJIEBOMY ILIACTY,
3aIMIIAOLIME TUIACT COJU OT PACTBOPEHUS TPECHBIMU BOJIAMH.

Pesynprars VICCIIEIOBAHU IIPUMEHSIOTCS B IIPOEKTHOMU 51
JKCIUIyaTallMOHHOM MPAKTUKE COOTBETCTBYIOLIUX MOJApasaeaeHnii MuHucrepcTsa
DHEPreTUKU U BOJAHBIX pecypcoB PT, AreHTcTBa MeIMOpanvy U UPpPUTALUH [IPU

[IpaButenbcTBe PT, mpu 4TEHUM JIEKIMKA M HA MPAKTUYECKUX 3AHATHAX, a4 TAKXKE
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IpU MPOBEICHUH Ja00PATOPHBIX PAdOT I CTYJEHTOB IO CIEHUATBHBIM Kypcam:
«I'uapOTEXHUYECKUE  COOpPYKEHUS», « HMIPOTEXHUYECKOE  CTPOUTEIBCTBOY,
«I'maponorus», «KOMIUIEKCHOE HCIIONIB30BAaHUE M OXpaHa BOJIHBIX PECYpCOB», a
TaKKE€ 10  CIEHHAIBHOCTH  «YTpaBlI€HUWE BOAHBIMA  pecypcaMm», U
PEKOMEHIYIOTCS IpU YTCHWM JIEKIMM W Ha MNPAKTUYECKUX 3aHATUAX, IS
CTYAEHTOB COOTBETCTBYIOIIMX CHEIUAIBHOCTEM O00ydaroumxcs B  BBICHIMX
y4eOHBIX 3aBEICHHSIX, a TAKXKE IPU MOATOTOBKE U MEPENOATOTOBKE CIIELIMAICTOB
paboTaroux B 00JaCTH HKCILTyaTallui THAPOTEXHUUECKUX COOPYKEHUI.

ITos10:keHNEe BBIHOCHMBbIE HA 3AIIUTY:

1. KoHumenTtyanbHbIE OCHOBBI COBEpPLICHCTBOBAHUS METOJOB BEICHHUS
MOHUTOpPUHIA, C Pa3padOTKOW KPUTEPUATBHOTO IOKa3aTels Il ONEepaTUBHOU
OLICHKH 3()PEKTUBHOCTH MNPOTUBOPUIBTPALMOHHBIX M NPOTUBOCY(H(HO3HMOHHBIX
MeponpusITUd U (OPMUPOBAHUSA TEXHUYECKHMX M TEXHOJOTMYECKUX Mep II0
oOecrieyeHnto 0e30MaCHOCTH OCHOBaHUS IUIOTUHBI. Pa3zBuTHe Teopuu U METOJ0B
yOpaBieHUs  (QUIBTPALMOHHBIM PEKUMOM B  PacTBOPUMBIX  OCHOBAHMSX
BBICOKOHAIIOPHBIX IJIOTHH.

2. Marematnyeckass ~ MOJAENIb  ONTHUMAJIBHOTO  IIOMCKA  MYTEW
cocpenoToueHHOM  ¢unpTpauuu.  KOHCTpyKUHsST ~ BBICOKOUYBCTBUTEIIBHOTO
JBYXKaHAJIbHOTO T€0TEPMOMETP-TEMIIOMEPA C BBICOKOM TOUHOCTBIO.

3. Maremartndeckasi MOAENb TPaHCHOPMATOPHOTO KOHAYKTOMETPA, METO U
anmaparypa s U3MEpPEHHs YACIBHOW  AJIEKTPOIPOBOJHOCTH  MOJ3EMHBIX
MUHEPAIM30BaHHBIX BOJ B UIMPOKOM JIMAla30HE KOHIIEHTPALUU BOJHBIX
pPacTBOPOB.

4. DKCIEpUMEHTAIBHO YCTAHOBJIIEHHOE paHEE HEU3BECTHOE (PU3MUECKOE
SBJICHHE - BO3HMKHOBEHHUE T€OTEIJIOBOM 3aBEChl M W3MEHEHUS PACIOIOKEHUS
r€0TEIUIOBOM 3aBEChl IO BEPTUKAIH JIsl UCCIEAYEMOTO 0OBEKTA.

5. Meton onpeneneHuss kodpduuueHta  QuiIbTpauMd U MOYTU
COCPEeNOTOYEHHON (DUIIBTPAllMM B OCHOBAHWHU IUIOTHMHBI C MPUMEHEHHUEM TEOPHH

TCIITIOMACCOIICPCHOCA.
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6. Pe3ynbrarhl nccaeqoBaHUl M3MEHEHUS THAPOrE€OXMMHUYECKOTO pexUMa
BOKPYT COJIEBOTO IIacTa B OCHOBaHUM IUIOTHHBI PoryHckoit ['DC, no3BonuBime
YCTAaHOBUTh paHEe HEU3BECTHOE (PU3MYECKOEe SABJICHHE - BO3HUKHOBEHHUE
TUAPOHATIOPHO-OCMOTHYECKOM 3aBECHI MEXIY MEHee U
CUJIbHOMUHEPAIN30BaHHBIMU TOJ3EMHBIMU BOJIaMH, CBA3aHHOE C IOBBIIICHHUEM
TUAPOCTATHYECKOTO JABJICHUS " pa3zpaboTaHHOE yIpaBJsieMOe
npoTuBoCcy((Po3MoOHHOE YCTPOWCTBO MO 3aIlUTE OTOJIOBKA COJIEBOTO IjlacTa B
OCHOBAHUH IUIOTUHBI.

CreneHb J0CTOBEPHOCTH Pe3yJbTAaTOB. J(OCTOBEpHOCTH pPE3YJILTATOB
pabOThl OCHOBaHbl Ha MPUMEHEHUU CYIIECTBYIOIIMX METOJOB M CPEACTB
WCCJIEI0OBAHUM, TOATBEPAMUBIINECS MHOTOJIETHUMHU pe3yJbTaTaMU IOJIYYEHHBIC
OTCUECTBCHHBIMU U 3apyOC)KHBIMH YYEHBIMHU; B peE3yJibTaTaX, IOJYYCHHBIX B
MPOLIECCE HAYYHBIX IIOJIEBBIX HWCCIEAOBAHUM; TOATBEPKIACHUU PE3YJIBTATOB
HAaTypHBIX HCCIEAOBAaHUN B CpPaBHEHUU C PE3YJIbTATAMH MOIYYEHHBIMU C
IIPUMEHEHUEM COBPEMEHHBIX METOJIOB U TEXHOJIOTHH, a TaKXKe pe3yabTaTOB JPYIHX
UCClIeIoBaTeNiel;  pealu3allid  KaMepalbHbIX  padOT €  HUCHOJb30BaHUEM
CYUIECTBYIOIIIMX METOAOJOTHI; MPUMEHEHUEM METOAOB CTaTMYECKOIo aHaiu3a U
KPUTEPUEB CTATUCTHUECKON OILIEHKH PEe3yJIbTAaTOB, MOJATBEPIMBIINE HEOOXOAMMON
MOBTOPSIEMOCTBIO MOJIYYEHHBIX PE3YJIbTATOB U COIMOCTABIEHUEM C JJAHHBIMU JPYTUX
aBTOPOB; OJ0OpEeHHEM, B TIpollecCe OOCYXKIEHHUs, Ha HAyYHbIX CEMHUHapax u
KOH(EpEeHIMSIX pPa3IMYHOTO YpoBHS. B mporecce npoBeneHusi SKCIEpUMEHTa B
MIbE30METPUYECKON CE€TH OCHOBaHMA IUIOTHHBI Porynckoi ['DC momyuyeHHbIe
pe3ynbTaThl KOJMYECTBEHHO M KAYECTBEHHO COIIACYIOTCS C AKCIIEPUMEHTAIbHBIMU
JAHHBIMHU TI0 XMMHYECKOMY aHalM3y, paHHUX Npo0 W3 CKBaXWHBL. B mporecce
pa3paboTku u u3rotoBiieHUs: KOHAYKTOMeTpoB «NELT» u «Kansmap» uzmepenus
VYOIl mposoamin no ['OCT 8567-90. IloBepouHble pacTBOpPbl TOTOBHWIIUCH
cormacHo Metoauke, ykazaHHod B ['OCT 22171-90. Pe3ynbTaThl u3MepeHUN
CPaBHUBAJIHUCH C METPOJOTUYECKUMH XapaKTEPUCTUKAMH aTTE€CTOBAHHOIO NMpUOopa

«AHNOH-7500» ¢ ncrons3oBanueM oopasmnop Y III.

16



CooTBercTBHE JAHCCEPTANMH NACHOPTY HAYYHOH CIEeHHMAJIbHOCTH.
Huccepranmsi  cooTBeTcTBYeT  (opmyne cnemumanpHoctm - 05.23.07 -
«'HIpOTEXHUUECKOE CTPOUTEIBCTBO» MO CIAEAYIOLIUM IMOJT0KEHUSIM:

- n. 1 «Pa3paboTka TEOpuH, METOJOB PACUETHOTO OOOCHOBAHUA,
MIPOCKTUPOBAHKUS W CTPOUTENBCTBA IUIOTUH W3 TPYHTOBBIX MaTEpHUAJIOB;
COBEPILICHCTBOBAHUE T€OTEXHUYECKUX, JAUHAMUYECKUX U  (UIBTPAIIMOHHBIX
MCCIIEIOBAHUN TPYHTOBBIX BOJOMNOAIIOPHBIX COOPYKEHUM, UX OTKOCOB, OCHOBAHUI
OeperoBbIX MPUMBIKAHMM W CKJIOHOB, Hay4yHOE€ OOOCHOBAHHE MEPCHEKTUBHBIX
HaIlpaBJIEHUI pEMOHTA, KOHCTPYKIIMH U SKCILUTyaTalluy 3€MJISIHBIX [JIOTHH;

- 1.9 «Pa3paboTka METOJIOB OLIEHKA BIMSAHHUS THUJIPOTEXHUYECKOTO
CTPOMTEIBCTBA HA MPWIETAOIINE TEPPUTOPUHU, CO3JAaHUE HOBBIX METOJOB
PAcyYE€TOB M MMPOEKTUPOBAHUS COOPYKEHNN NHKEHEPHOU 3aIIUThD;

- . 11 «OkcmyatanmonHas HaEKHOCTh THIPOTEXHUYECKUX COOPYKEHUH,
pa3paboTka HOBBIX KpPUTEpUEB UX OE30MACHOCTH, HOBBIE CHCTEMBI KOHTPOJIS U
HAOJIOACHU 32 COOPYKEHHUSIMH, COBEpPUIEHCTBOBAHHME METOJOB TEXHUYECKON
JTMAarHOCTUKU U MOHUTOPUHIA BOJHBIX CUCTEM U OOBEKTOBY.

JIuuHbIi BKJIAJ cOMCKaTe/Isl Y4€HOIl cTeneHu B ucciaenoBanus. Jluccepranus
ABJIAETCSI  pE3yJbTaTOM MHOIOJIETHUX HCCIIEJOBAaHUM aBTOpa B  IEPHOJI
HernocpencTBeHHoN padoThl (1989 — 2019 rr.) Ha cTpoutenscTBe Porynckoit '2C
B KayecTBe: HayalbHUKa reodpusuueckod maptun OI'Mull  HMuctutyTa
I'uaponpoekt 1. MockBbl (1989-1992), 3am. TIaBHOrO HHXKEHEpa, IJIABHOTO
WHXKEHEpa W JUpeKTopa Jupekiuu crposieiics Porynckoir ['9C (1993-2003),
3aM. TeHepaimpHOro gupekropa AOOT «[mwapocmerncrpoi»  (2004-2007),
HAaYaJIbHUK oOT/Aena pabouero mnpoektupoBanus (OPII), nauvanpHMKa oTHENA
«I"eousnueckux ucciaegoBaHuii U HaTypHOro HaOmoaeHus» OAO «PoryHckoit
I['DC» (2008-2011) u mupexkropa OOO «I'mapocnenmpoext» (2012-2019), a B
nocneAcTBue B Jabopatopun «l'uaporexHuueckue coopyxeHus» WHcTuTyTa
BOJHBIX NIpo0OsieM, ruaposHepreTuku u s3kojgorun HAHT.

ABTOpOM CHOPMYITHPOBAHBI U TTOCTABJICHBI 1€ UCCIEAOBAHMM, 0000IIEHBI

pe3ynbTaThl  PEKUMHBIX  HAOMIOAGHWM  MpeplayliuX  JeT, pa3pabdoTaH
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KOHJIYKTOMETPUUECKU METOJI H3MEPEHHUSI DJIEKTPOIMPOBOJHOCTH MOA3EMHBIX
MUHEPAJIM30BAHHBIX BOJI, H3TOTOBJIECH KOHAYKTOMETP U SKCIEPUMEHTAIBHO
UCCIICOBAHbl METPOJIOTUYECKHE XAPAKTEPUCTUKU KOHIAYKTOMETpa, a TakKkKe
pa3paboTaH TEOTEPMOMETP U MPOBEACHBI IKCIIEPUMEHTHI TI0 U3MEPECHHIO CTETICHU
MUHEpAJIM3AMA M TEMIIEPATypbl B IbE30OMETPUYECKUX CETSIX OCHOBAHUSA
cTposieiicss miotubl PoryHckon I'9C. O6paboTka pe3ysbTaToB MCCIEAOBAHUM
MO3BOJIMIIA aBTOPY YCTAaHOBHTH HEW3BECTHBIC paHee (U3MYCCKHUE SIBICHUS, IS
UCCIIeNyeMOro 00beKTa.

Anpodauusi W peajuzaunusi pe3yabTatoB guccepramuu. (OCHOBHBIC
pe3ynbTaThl AUCCEPTALMU ObUIH JIOJIOXKEHBI U OOCYXKIACHBI Ha MEXIYHAPOIAHBIX U
pecnyOnMKaHCKUX —Hay4yHo-TipakTudyeckux koH(epennumsix (HIIK): X Mexn.
tertodusnyecko mkoibl «Termnoguznueckue HUCCIEeIOBaHUS U U3MEPEHUs MpHU
KOHTpOJIE KauecTBa BELIECTB, MaTepuaioB U uznenuit», 2016, dymanoe-Tam0O0B,
Pecn. H.-mpakT. koH}. «CoBpeMEHHBIE MPOOJIEMBI ECTECTBEHHBIX HAYK,
Hyman6e, 2017, mexa. koH]. «Da3zoBbie nepexoabl, KpUTUIECKUE U HETUHEIHBIE
ABJICHUS B KOHJICHCUPOBAHHBIX cpenax», Maxaukana, 2017, XXVIII Mexa. H.-
npakT. koH(]. «IIpenorBpamenue. Cnacenue. [Tomomb», Xumku, 2018, mex.
HAy4.-TIPaKT. KOH(. «AKTyalbHbIE BOIPOCHl Pa3BUTHS COBPEMEHHOW HAyKH,
TeXHUKH U TexHoysorui», Camapa, 2018, IX Mexa. Hayd.-pakT. KOHGQ.
«AxTyanpHble TIPOOJIEMBbl TOXXKAPHOW OE30MACHOCTH, MPEAYyNpEeKACHUS U
JUKBUJALUWNA Ype3BbIUANHBIX cuTyauuit», Kokmeray, 2018, IX Bcepocc. Hayy.-
npakT. KoH(. «IloxkapHas 6e30macHOCTh: TPOOIEMBI U NEPCIEKTUBBDY, BOopoHEeK,
2018, VII mexn. nHayd.-mpakT. KoH(]. «VcTopuueckue acmekThbl, aKTyajlbHbIE
poOJIeMBI U TIEPCTIEKTUBBI PA3BUTHS TPAKITAHCKON 000poHBI», Kokmeray , 2019,
MeXI. KOoH(p. «Da3oBble MEPexoibl, KPUTUUECKUE U HEJIWHCUHBIC SIBJICHUS B
KOHJICHCUPOBaHHBIX cpenax», Maxaukana, 2019, XXIX Mexa. Hayd.-TIpakT.

koH(D. «IIpemorBpamenne. Cmacenne. I[lomomb», Xumku, 2019, XII mexn.

Hay4.-nipakT. KoH(. «[loxkapHas u aBapuiiHas 6€30MacCHOCTbY, MOCBALEHHOH "oy
KylIbTypel Oe3omacHoctH, MBanoo, 2018, VIII Bcepoc. Hayu.-mpakT. KoHO. ¢

MCXKO. YUaCTHEM ((COBpeMCHHaSI TCXHHUKA U TCXHOJIOIHH: HpO6JI€MBI, COCTOSAHUE U
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nepcrnekTuBb», Pyomoscek, 2018, Mexa. koH(. «Da3oBbie nepexoabl, KpUTUUECKUE
Y HEJIMHEWHBIE SIBJICHUS B KOHJCHCUPOBAaHHBIX cpemax», Maxaukama, 2019, V
MeXJ. Hayd.-TeXH. KOH(. «CoBpeMEHHbIE METOJIbI M CpPEJICTBA HCCIIEOBAaHUMN
Teropu3nueckux cBoicTB  BemiecTBy», Cankt-IlerepOypr, 2019, XIV mexn.
MoionéxkHas Hayd. koHd. «TunuypuHckue urteHusi», Kazanb, 2019, Pecmnyo®.
Hay4d.-lIpakT. KOH(. «DHEpreTuka: COCTOSHHUE W TIEPCHEKTUBBI PA3BUTHUNY,
Hyman6e, 2020, IV Bcepoc. Hayd.-ipakT. cemuHap «COBpEMEHHBIE MPOOIEMBI
TUAPABIMKH U TUAPOTEXHUYECKOTO CTpoUTeNbcTBa», MockBa, 2021, V wmex.
Hay4d. kKoH(. «Bormpockl Ppu3nueckoil KOOpAUHAIMOHHON XUMUN», MOCBAIICHHON
naMATH JOKTOPOB XMMHUYECKUX HayK, npodeccopoB fAxyboa X.M. u IOcydona
3.H., Jdyman6e, 2021, 12 wmexna. temiodpus. mkonsl «Temrodusuka u
uHpopMaliMoHHbIe TeXHOJOTHM», TambOoB, 2022, Pecny0. Hayd.-TIpakT. KOHO.
«B0/10X035CTBEHHBIN KOMIUIEKC: TPOOJIeMbl W MyTU WX perieHus», [ymanoe,
2022, 13 wmexna. temnodus. mKoidbl «Temnodusznka u  MHGOPMAIIMOHHbBIE
TexHonorun», [yman6e-TamOo0B, 2022, V Bcepoc. Hayd. IpakT. CEMUHApa
«CoBpeMeHHbIE MPOOJIEMBbl THUAPABIUKUA U TUIPOTEXHUYECKOTO CTPOUTEIHCTBAY,
Mocksa, 2022, VI Bcepoc. Hayu. mpakT. ceMuHapa «CoBpeMeHHbIE TPOOIeMbl
TUAPABIUKA U TUIPOTEXHUYECKOTO CTPOUTENBCTBa», MockBa, 2023, a Takxke B
HAay4yHbIX ceMuHapax kKadeapsl «TemnoTexHuka ¢ TEIUIOTEXHUYECKUE
obopynoBaHus» TamKUKCKOTO TEXHUYECKOTO YHUBEpcUTETa uM. akagemuka M.C.
Ocumu, [yman6e, 2007-2023 rr. u B HMHcTHTyTE BOJIHBIX MpPOOJEM,
ruapos3HepreTuku u skonoruu AH PT, Jlyman6e, 2020-2023 rr.

Peanu3zanusi wucciaenoBanusi. V3roroBieHHbIE, B MPOU3BOJCTBEHHBIX
ycioBusix, 30HAbBI-KOHAYKTOMETpHl «NELT», «Kansmap» u reorepmomerp-
terioMep coBMecTHO ¢ OO0 «NELT» skcrmyatupoBanuck ¢ 2012 roga mo 2018
roJi Jyisi MOHUTOPHUHTA TUAPOT€OXUMUYECKOTO PEKUMa B TbE30METPUUECKON CETH
ocHoBaHUA IUIOTUHBI PoryHckoit I'DC (cnpaBka mnpuiaraercs); pe3yJbTaThl
UCCJIEIOBAHUM  TUIPOT€OXMMHYECKOW OCOOCHHOCTEH OCHOBAHHWSI  TJIOTHUHBI
CIIOCOOCTBOBAJIM  MPUHSATHIO  AJCKBATHBIX  TEXHUYECKUX  PEIICHHH  TI0

IMPOCKTUPOBAHUIO MGpOHpI/I}ITI/Iﬁ 3allUuTbl COJICBOI'O II1aCTa OT pPa3MbIBa,
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pa3zpaOoTaHHas, W3TOTOBJIIEHHAs W TMPHUHATAs B OSKCIUIyaTallUI0 MPUKUMHOE
yCTpOMCTBa ISl  CEMCMHUYECKUX JAaTYUKOB (TPU3HAHHOE HU300pETEHHEM)
MPUMEHSIETCS JUIsl OLIEHKU KayeCTBa IIEMEHTAMOHHBIX Pa0OT TOPHBIX MAaCCUBOB.

Bce »9stu  pa3paborku  ObLIM  HCOBITAaHBI B MPOU3BOACTBEHHO-
HKCILTYyaTAIlMOHHBIX YCIOBHSIX, pa3pab0TKu ocHOBaHuA MIoTHHBI Porynckoii ['DC.

BHeapenne pe3yJbTaToB  HCCAEA0BAHHMA. I3rOTOBIICHHBIE  30HIbI-
koHaykTomeTpbl  «NELT», «Kampmap» © reorepMoMeTrp BHEAPEHBI B
skcrryatauuio ¢ 2012 roma i1 MOHUTOPUHIA THIAPOTCOXUMUYECKHX U
r€OTEPMUYECKHX PEKUMOB B Th€30METPUYECKON CETH OCHOBAHMS ILIOTHHBI
Poryuckont I'9C. KonaykroMeTpsl M reorepMomTep 3KcruryatupoBaics OOO
«TuapocnenmpoekT»  (akT  BHeApeHus — mpuiiaraercs).  PaspabortanHas
MaTeMaTU4yecKas MOJENb KOHJIYKTOMETpa BHEApEHa B Y4Y€OHBIM Mpolecc INpu
MIPOBEICHUH JTA0OPATOPHBIX 3aHATUN Ha Kadeape «Oo6meit puznkn» TamKukcKoro
['ocynapCTBEHHOrO MEeNaroruuyeckoro yHupepcutera mMmeHu CaapunavHa AWHU
(COOTBETCTBYIOIIUM aKT npuiaraercs). Pe3ynabTaThl HCCiienoBaHUN U pa3pabOTOK
3amuuieHsl ManeiMu nateHtamMu PT u EBpa3uiickoll NMaTeHTHOW OpraHu3aluu
(mpunaratorcs).

Iyomukanun mo teme auccepranmun. OCHOBHOE COJEpKaHUE JUCCEPTALMH
OTpaxeHo B 82 MeyaTHBIX paboTax, B TOM uuciie 29 - B peleH3upyeMbIX KypHaIax
u3 nepeunst BAK npu IIpesuaente PT u BAK PO, 8 mansix natentax PecniyOnmku
Tamxuxuctan u 4 nateHtax EBpoaswuiickoit marentHoit opranuzamnuu (EAIIO), a
Takke B 36 CTaThsiX, OINYOJMKOBaHHBIX B COOpPHUKAX MEXIYHAPOHBIX,
pecnyONMKaHCKUX Hay4dHbIX KOH(pepeHUud U B 5 MoHorpadusax. 16 paGor
HAIMCaHbI ¥ OMyOJMKOBAHBI aBTOPOM €UHOJINYHO.

Crpykrypa u 00béM auccepranuu. Jucceprauusi COCTOUT U3 BBEICHUS,
HIECTU [IJ1aB, 3aKJIIOYCHHS, PEKOMEHIallhi, CHUCKA JIMTEPATYpPhl, BKIOYAOLIETO
302 Oubmmorpaduveckux CChUIOK W3JIokeH Ha 325 ctp., w3 Hux 250 cTp.
OCHOBHOI'O  TEKCTa, BKitovarouui 41 tabnuiyy 1 womoctpupoBanubid 103

pucynkamu. [IpuBenensl Takxe 6 npuioxeHui Ha 42 cTpaHUIlax.
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I'masa 1. BOAHO-OHEPTETHYECKHUE PECYPCBI PECIIYBJIUKHA
TAAKNUKUCTAH

1.1. Boano-pecypcHbiii moTeHuuaa Tagkukucrana

«BoaHble pecypchl UTPAIOT BaXHEHIITYIO POJIb B 00ECIICYEHUH YCTOMYHUBOTO
pasButus Tamkukucrana» [1].

«Boma B Hacrosiliee BpeMs CIYKUT OCHOBHBIM HCTOYHHUKOM DJHEpPrUU B
ctpaHe — Oosiee 95% DIEKTPOdPHEPrMM B CTpaHE BbIpabaThHIBAETCA Ha
THJIPOIJICKTPOCTAHIHIX» [2].

«BomHble  pecypchl  HCHONB3YIOTCA B OpOIIAEMOM  3E€MIJICIECIINH,
oOecrnieunBaroniee okoyno 80% CenbCKOXO3SIMCTBEHHON MNPOAYKLMH, ISl LEeei
MUTHEBOTO BOJOCHAOKEHUS U CAHUTAPUH, B MPOMBIIIJICHHOCTH U PBHIOHOM
XO3SIICTBE, WrparoliMe BaXXHYIO pOJb B 00ECIIEUEHUH MPOJOBOJIBCTBEHHON
0e30I1acHOCTH CTPaHbI» [2].

«B Tamxkukucrane 30Ha (GopMUpOBaHUs CTOKAa pek cocrtaBiser 90% ero
Tepputopur. OCHOBY BOJHBIX pecypcoB PecnyOnuku TaIKUKUCTaH COCTABIISIIOT
JIETHUKH, PEKH, 03€pa, BOJOXPAHWIIUILA U MTOA3EMHBIE BOJIBI.

B memom  cpenmHeMHOrojieTHUH  CTOK  peK, (QOPMUPYIOIIMXCS B
Tamxukuctane, paBeH 64km*/roj, B TOM uuciie B 6acceiine peku Amyaapeu 62,9
km*/roq u B Oacceitne Ceipaapeu 1,1km*/ron. Peku Tamkukucrana GpopMUpYOT
55,4% cpeaHEMHOTOJIETHETO MMOBEPXHOCTHOIO CTOKa OacceiiHa ApanbCKOTro MOps.
Ha pucynke 1.1 mnpuBeneH o0bEM (QopMUpOBaHUS MOBEPXHOCTHOTO CTOKA
Oacceitna Apaabckoro mopsi» [3].

«Cpeny OCHOBHBIX PEUHBIX OacceilHOB TeppuTopuu TaJKUKUCTaHA CaMbId
OOMBITION - OacceiH pekn AMyJapbu, BKIIOYAIONTUN B c€0s TPU PEUHBIX OacceiiHa
— Ilsamx, Baxm wu Kadupauran. B QopmupoBanum BOJHBIX pecypcoB
BBIIIEYKa3aHHBIX PEYHBIX 0aCCEHOB OCHOBHYIO POJIb UTPAIOT KPYIHEUIINE PEeKU
ctpanbl: [laamx, Baxm, Banu, f3rynem, bapranr, ['yan, O6unxunroy Cypxo0,

Mykcy, Kadbupuuran, 3epadinan, @angapbs u T.4.» [1].
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Pucynoxk 1.1. - DopmupoBaHue IOBEPXHOCTHOIO CTOKa OacceiiHa

Apanbckoro Mops

Ha pucynke 1.2 mpencrtaBieHa cxema pacIlOJIOKEHHUS PEYHBIX OacceiiHOB

Tamxukucrana.
= —_—
Pec}yﬁm YENQBHbIe 0503HAYEHUA!
Tall”‘"k\!gj'a" = 39,,:;1:::: ] - 032pa v BOAOXPAHUNMWA
[MaBHble pedHble I KadwpHMrad  __— - rnasHble peku /

GaccenHbl

K/f’\
Y3BEKUCTAH

e S e - o
~= EYHOTO CTOKa
I O3 Kapakynb v M apkaHcy 3 i 2

B Naupk v Kbisbincy A - yYacTku pexc
3aperynMpoBaHHbIM CTOKOM

APTAHNCTAH — —

B
MCTONHUK © MNaBTaaXuKrMaApoMeT (A. S6n0KoB, [DKOHC OH) =10 35 ,’J L) 105 140 km

Pucynoxk 1.2. - ['maBabIe peunsie 6acceitnbl Pecniyonukn Tamxukuctan

«Okono 133 Teic. KM® TOPHBIX TeppuTopHii TaIKMKHCTAHA SBIAIOTCS
AKKyMYJISITOPOM BOJHBIX PECYPCOB, OHU 3a CTOJICTHUSI COXPAHWIM aTMOC(hEpHbIC
OCagKM B BHJEC JICAHUKOB M CHEKHHUKOB - 845KM3, ozepa - 46,3 KM,
BOJOXpaHunia - 15,34 KM3, [IOJ3€MHBIE BOABI - 18,7 KM [1].
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«IIutanme pex ompemensercs oporpadUuecKuM W BBICOTHBIM IOJIOKEHUEM
BOZ103a00pPOB, KaK WHTETPAIbHBIMH TIOKA3aTENsIMU YBIAKHEHUS OacceiHOB, U
HECKOJIBKO MEHSIETCS MPY MPOABUKEHHUH C CEBEPA HA IOT 33 CUET YBEJIIMYCHHUS AOJIN
CHETOBOTO U JIOKIEBOTO CTOKA. B 11€710M %€, OCHOBHBIM UCTOYHUKOM MUTAHUS PEK
ABJISIFOTCS TaJble BOABI CE30HHBIX CHETOB, MEHBIIIYIO POJIb UTPAIOT BEYHBIE CHETA U
HE3HAUUTENbHYIO - J0XAW. [lo HWCTOYHMKaM NHUTaHUA ©  XapaKTEPY
BHYTPHUTOJIOBOTO pacIpeieiieHusl CTOKa peku Ta/pKUKUCTaHa JIENATCS Ha YEThIpe
THUIIA:

1. Pexu 1eAHUMKOBO-CHETOBOTO MUTAaHUS, Oepyliue Ha4yajio B BEPXHUX
TOPU30HTAX TOp Yy JIEJHUKOB M BEUYHBIX CHeroB. [losoBojbe Ha HuUX JIUTCs 6-7
MECSIIEB, @ HAUOOJIBIIUN CTOK MPUXOJAUTCS HA UIOJIb-aBTYyCT. D10 - [Lsanmk, Baxi,
peku 3anaaHoro u Bocrounoro Ilamupa, Ceipaapss, 3epadiian, @angapsbs.

2. Pexkum CHero-ieqHUKOBOrO TMWTaHUA, Takxke Oepylue Hayaio B
BBICOKOTOpHOU 30He. [lomoBoabe mmuTcs 5-6 MecsieB, a HAUOONBIINN CTOK
npuxoauTcs Ha mai-utoHb. 1o Kadupuuran, Copoor, Bap3o06, Xanaka, Kaparar
u 1p.

3. Peku CHEroBOro muTaHus - HEOOJbLINE PEKH, IPUTOKU KPYMHBIX PEK 2-TO
u 3-ro mopsaka. IlomoBoase mmmrcs Ha HUX 4-6 Mec., HaMOOJBIIUNA CTOK
HaOoMaeTcs B anpene - Mae. [IpumMepoM Takux peKk MOTYT CIIYKUTh HEOOJIbIINE
peunble nputoku Kadapuurana, Bap3oba, Baxm, stu peku SBpo3, Jlyuo0,
Xapanros, Kypoprhas, J[amuturypon u zp.

4. Pexku CHEro-J0’KJI€BOr0 MUTaHUsI, Oepylllhe Hayajlo B CPEIHEBBICOTHBIX
30Hax mnepudepuitHpix XpeOToB. [1onoBOIbE MIUTCA HA HUX 10 4-€X MEcCsIEeB, a
MaKCUMyM CTOKa MPUXOAUTCS Ha MapT-mai. 1o - peku Kezbuicy (FOxnas),
Sxcy, Taupcey u np.

B obmieli cnoxuocT Ha TeppuToprn TaKUKUCTaHA HACUMTHIBAETCS Ooee
14 000 nexHUKOB ¢ 00LIeH mIomanbo 0ko1o 8500 kM®. JISIHUKH C MIIOMALBIO 10
1 kM2 COCTABIISIOT OKOJIO 80%, a mromaaeo 6oiee 1 KM% — 0K0J10 20% OT oO1rero
UX KOJIMYECTBAa, HO OCHOBHYIO IUIOIIA[Ib OJIENCHEHUS COCTaBIISIIOT JICIHUKHU

2
pasmepom Oonee 1 km” - 10 85%; Masbie ke JeIHUKH, HECMOTpPSl Ha OO0JIbIIIOE UX
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KoaudecTBo - Bcero 15%. Ilo nmnmHe HamOombiee pacmpOCTPAHEHHE HMEIOT
JICTHUKY pazMepamu 2-6 KM - 0kos10 60% ot o01iero koandecTBa; JIHHON 6-10 kM

- 4% u yaHou 10-20 kM - 2% (tabmumna 1.1)» [1].

Tab6aunna 1.1. - Kpynusie nennuku Tampkukuctana

JleTHUKH Iaomanm, O0Bém
KM° JIeTHUKA,
KM’
deueHko 651,7 93,6
I'pymm-I"pxumaiino 143 19,84
I"apmo 114,6 -
BuxroBckoro 50,2 6,882
AH CCCP 48,0 5,242
Hanmuskun 45,2 8,588
BriBaunii 37,0 8,05

«IToTeHmuanpHble 3amachl IOA3EMHBIX BOJ COCTaBIAIOT 18,7 KMS/FOI[, pu
3TOM AKCIUTyaTAl[MOHHBIC OLCHHBAIOTCA B 2,8 KM /rox. Hambomslmme 3amachl
MOJI3EMHBIX BOJI UMEIOTCS B OacceitHax pek: Baxmn — 4919 mun. M /rox, Ceipaapbu
— 3579 M. m/rox 1 Kadupauran — 2505 miua. M>/ros. Pecypchl MOA3eMHBIX BOL
no  Corauiickoi  o0jacTd  OIGHHMBAIOTCI B pasmepe  25,6% ot
oOl11IepecnyOIMKaHCKOTO  3HA4YeHUs, a JKCIUTyaTalluOHHble 3amackl 45,8%,
COOTBETCTBEHHO 110 XatrjoHcKoi oOmactu — 21,8% wu 25,9%, mo I'opHo-
bamaxmianckoit aBToHOMHOW oOmactu — 21,4% wu 1,28%, mno palioHam
pecyOJIMKaHCKOTo Mo auuHeHus» [1].

«Ilomzemubie BOMbI B TaIPKUKUCTAHE MCTIOB3YIOTCA JJI PA3JIMYHBIX LIEJIEH,
B TOM uucine [1]:

- 39,3% - Ha XO35UCTBEHHO-TTUTHEBBIC HYK/IbI;

- 1,7% - Ha TPOU3BOJCTBEHHO-TEXHUYECKUE HYKIBI;

- 38,1% - na opomenue» [1].

«B Tamxukucrane HacuuThiBaeTcs okojo 1300 o3ep obmiei miomaaso 705
kM°. BOJBIIMHCTBO 03ep MPEACTABICHO BOZOEMAMH ¢ ILIOLIA/bIO0 3epKaia MeHee |
kM°. 1 Ha ux moimo npuxoxutes 97,5% obmero uncio 03ép» [3].

«OcHoBHOE komuecTBO 03€p (73%) cocpenoroueHo B ropax I[lamupo-Anas

B uHTepBasie BbicOT 3500-5000 M. Hax ypoBHeM mops. MX miomanb cocTaBiseT
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80% o01iero BogHOTO MPOCTpaHCTBA 03Ep pecnyOnnku. B o3épax Tamxukucrana
comepxuTCs Goiee 46,3 KM° BOMBL, U3 KOTOPBIX 20 KM® SaISTIOTCS IIpecHbMm» [3].
«Hapsimy ¢ npyrumu BoIHBIMH pecypcamul TapKUKUCTaHa BOAOXPaHUIIHINA
SBIISIIOTCS WCKYCCTBEHHBIMH COOPYXKEHHUSIMHU TJI€ MOKHO HAaKarlluBaTh BOAY MJIs
HYKJ] SHEPTeTUKH U UPPUTAINH, UTPAIOIIIE BAXKHYIO POJIh B PETYIMPOBAHUE CTOKA
peK Ui WX PAIMOHAIBHOTO HCIOJB30BaHUS B HMHTEpPECax AIKOHOMHUKH CTpaH
pEeUHBbIX OaCCEHHOB. DTO 3HAYEHHE BOJAOXPAHMIINIL CTAHOBUTCA 00JI€€ OUEBUIHBIM

Ha (I)OHe MMPpOUCXOAIICIO HU3MCHCHUA  KJIIMMATaA. He wmanoe 3HaueHue

BOOOXpaHUINIITA UrparoT B NpCAOTBpAIICHUN IIaBOJKOB n 341U ThI

HapOJHOXO3SIICTBEHHBIX OOBEKTOB OT MX pPa3pyLIUTEIbHOTO BO3JAEHCTBUA,
KOTOpBIC Hepeku B ycinoBusx LlenTpanbroii Asum» [3].

«B Tamxukncrane NOCTPOEHBI M JKCILUTyaTUpyroTcsa 11 BomoxpaHwmmmig
paznuuHOro HasHaueHus. Haubonee kpymHble U3

Hux: Kailpakymckoe,

pACIIOJIOKEHHOE B CEBEpHOM 4YacTh, W Hypekckoe — B LEHTpaJIbHOM YacTu
2
Tamxukuctana. OOIIass akBaTopus BCEX BOJOXPAHUIMUIL COCTaBisIeT 664 kMm®,
. . 3 o 3
OJHBIA 006EM 15,344 kM°, B TOM dmciie HOae3HbIH 7,63 kM™» [3].

B Tabnuue 1.2 npencraBiieHbl XapaKTEPUCTUKU KPYIMHEUIINX BOAOXPAHMIIULLL
Tamxukucrana [1].

Tab6aunna 1.2. - OCHOBHbIE XapaKTEPUCTUKN BOAOXpaHMWIMIL TaKUKUCTaHa

Bopoxpanu-numa Pexka TIoa 3ke- O0bem, MJTH. KM® Inomann He.nb*
Iy aTauust IToax- IMone3-
HbIH HBIH

Baitnmazunacoe Baxm 1986 0,23 0,02 50 non,p
baxpu Tounk Coipaapes 1956 4,10 2,67 520 no,P,B
JlaxaHacaiickoe Jlaranacai 1981 0,06 0,02 2,1 ", B,C
T'onoBHOM Baxm 1962 0,10 0,02 6,5 n,o,P,B
Karracaiicoe Karracaii 1965 0,06 0,03 2,0 nC,P,B
MymuHabaackoe Ooucypx 1958 0,03 0,03 2,9 n,P,B
Hypexkckoe Baxm 1979 10,5 4,50 98 n,o,P,B
Canrryna-1 Baxmm 2009 0,26 0,01 51 n 5,B
Canrryna-2 Baxiu 2012 0,02 0,01 51 nu,o,P
Cenp0ypckoe Ke3pincy 1963 0,03 0,03 2,6 n,P,B,C
dapxajckoe Chipaapbs 1948 0,33 0,20 46 n5,P,B

Ilpumeuanue: D — snepeemuxa; M — uppueayus, B — eodocnaboicenue;
P — pexpeayus; C — cenrezawuma.
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«31ech, BaXXHO OTMETUThb, YTO CO3/IaHME KPYMHBIX BOJAOXPAHUIUI] B
3HAYUTEIIBHOM CTENEHHM BIIMSET HE TOJIBKO HA PEXKUM PEK, HO U Ha YCIOBUA
OKpYXalollei cpenbl, MPUPOJHBIE PECYpChbl, CAHUTApPHYIO  OOCTaHOBKY
HACEJIEHHBIX ITYHKTOB, CEJIBCKOE X034MCTBO. [ima pex TamkukucraHna xapakTepHO
HaJJMYue 3HAYMUTEIHOTO KOJIMYECTBA TBEPAOrO CTOKA, YTO MPUBOIUT K MOTEpE
GyHKUIMM BOJIOXPAHWIIUIN KaK PETyJIATOpa CE30HHOTO, TOJOBOTO M MHOTOJIETHETO
CTOKa PEK M3-3a UX OBICTPOrO 3aWJICHUS W YBEJIMYEHHUSI MEPTBOTO 00BEMa, UTO
TaKXe COKpaIaeT MOTSHIIMA BRIPAOOTKHU 3JIEKTpOdHEeprum» [1].

«Ha Tteppuropun pecnyOnuku 3apeructpupoBaHo cBbilie 200 MCTOYHHKOB
MHUHEPAJIIBHBIX BOJA. B permoHax pa3BuUTHA MAJCO30MCKUX OTIIOKEHUW U
MarMaTH4eCKUX IOPOJ OTMEYEHO 86 €CTECTBEHHBIX BBIXOJIOB YIJIEKHUCIBIX U
a30THBIX BOJA; okojso 70 w3 Hux Haxoautcs Ha Ilammupe. Haubomnee
BBICOKO/ICOUTHBIE MCTOYHUKH — Ob6urapm, Xomka-OOurapMm pacroyio)KeHHbIE B
npuzenax ['uccapckoro xpeoTay [3].

«Oco0y10 U3BECTHOCTh TMOJYYMIIM TaKXKE€ MHUHEpPaIbHbIE WCTOYHUKHU:
[[TaamGaper, AH300, aiizaban, lcrapaBmian, TepMaiabHBIE U JieUcOHBIC
uctoyHuku: Xamarar, TaOomap, Anpacman, fABpo3, Kaparar, babGarar, 'apm-
gamma, AWBamk, baxmep, Dmmc u ap. Ha 0a3e HEKOTOpPHIX HCTOYHHMKOB

MIOCTPOCHBI KypOPThI ¥ caHaTopum» [3].

1.2. OcoGeHHOCTH THIPOTEXHHYECKOr0 CTPOUTEILCTBA B TauKuKHCTaHe

«CTpOUTENTBCTBO THAPOTEXHUUECKUX M THIPOIHEPTETHUYCCKUX OOBEKTOB B
TamKxukucTaHe, Kak OCHOBA TOIUIMBHO-3HepreTudeckoro komuiekca (TOK) Obu10
00yCJIOBIIEHO MPUPOHO-TeorpaduueckumMu GpakTopamu, 00YCIOBICHHOE TEM, UTO
cepimie  50%  ruapopecypcoB  llenTpanpHON — A3MM  COCPEIOTOYEHO
B Tamkukucrane. PazButue rugpoOTEXHUUYECKONW OTPACIM CTPAHbl HAYAIOCH €IIIE
B 30-¢ rr. XX Beka. [lepBbie THAPOTEXHUYECKHUE KOMIUICKCHI OBLIA BO3BE/ICHBI
Hap. Bap30o6. B konme nexkabpss 1936 r. Oblla BBeIEHA B IKCIUTyaTaIUIO
Bapzobckas IDC-1 — mepBas THAPOIIEKTPOCTaHIMS B TalKUKHUCTaHE,

W3HaYaJbHas MOIIMHOCTh KoTOpoil cocraBuna 7,4 MBT. Bap3ob6ckas ['DC-1
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obOecrieunna »Heprueil Bap3oOckwmii paiion u r. [lymanGe, OIHAKO MOTHOCTHIO
pemuTh NpoOJEMYy 3HEProoOecrnedeHusl pa3BUBAIOIIETOCS TOpoJa HE CMOrJja,
MO3TOMY CTPOUTENTHCTBO Bap3oOckoro kackana Obuto nponosnkeno. K cepenune
1950-x r1T. (QYHKIIMOHUPOBAIO YK€ TpU TuApoarperata. Bwmecte ¢ Tem
HaOuparoniass 000pOTHl  MPOMBIIUIEHHOCTh CTpaHbl TpeboBasia  OONBIIMX
AHEpro3arpaT U BbIpabaThIBaeMON dJEKTPO’HEpruu Ha p. Bap3o0 okazanoch
HEJIOCTAaTOYHO VIS YJIOBJICTBOPCHHS pacTymmx moTpedHocteit. Tak, B 1956 T.
Ha p. Celpaapbs Obuia co3nana Oosee kpymnHas - Kaipakkymckas '9C, a Ha peke
Baxm coopyxen kackag ['DC - Ilepenmannas, ['onoBHas, LleHTpanbHas Ha p.
Baxmy [4].

«B xonne 1970-x — B Havasie 1980-X rr. OBLT B3ST Kypc Ha CTPOUTEIHCTBO
kpynHeix ['DC: mocTpoeHbl M cAaHbl B OJKCIUTyaTalMio camas OoJibluas
B Takukucrane u Bo BceM LlentpanbHo-A3uarckom pernone Hypekckas ['DOC [1,
4], nanee bainasunckasa, Canrryaudckas ['DC-1 uI3C-2 u gp, aTakxke
MOJIO’KEHO Havyajdy CTPOUTENbCTBA POTYHCKOM THAPOIIEKTPOCTAHIIUH.

['unposnepretuka 3anumaetT B Tamkuxuctane 98% oOImeil MOIIHOCTH
MIPOU3BOIUMOM AIIEKTPOIHEPTUH. Junamuka pa3BUTHUS SHEPIreTUKU
TamxukucTaHa, B BUAE pPOCTa CYMMapHOM MOIIHOCTH 3HEPTOCHUCTEMBI, TOKa3aHa

Ha pucynke 1.3» [1, 4].
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«Takum oOpa3oM, BO BTOpPOW TOJOBHHE MPOIJIOTO BEKa, OCOOEHHO B
nepuox ¢ 50-x o 80-x romoB, PHEpreTuka pecnyOIMKHA pa3BUBAIACh BBICOKUMU
TeMnamMu. BpIpaOoTKa 53JI€KTPOIHEPruud K KOHIy 3TOrO IEpHoja AOCTUINIA B
cpeanem 16 mipa. kBt.4. B rog.

[To moreHumanbHbIM TUApO’HEpropecypcam Tamxukucran (Tabmune 1.3)
cpenu crpadn CHI' 3anumaer BTOpoe Mecto mocie Poccum, B Mupe 3aHUMAaeT
BocbMoe MecTo mnocne Kwurtas, Poccuu, CIIA, bpasunuu, 3aupa, NHnuum u

Kanansn» [1].

Ta6auna 1.3. - [TorenuuanbHble 3an1aChl THIPOIHEPropecypcoB TamkukucTana

Baceiinbl pek CpenneromoBas CpennerooBas Jlost B 00111eM
MOIIIHOCTh, MBT.4u SHeprus, TBT.4 00BéMme, %
[Tsamx 14030 122,90 23,2
['yan 2260 19,80 3,73
bapranr 2969 26,01 4,93
Banu 1191 10,34 1,96
Szrynom 845 7,40 1,39
Ko13pu1Cy 1087 9,52 1,78
Baxim 28670 251,15 48,00
Kodapuuxon 4249 37,22 7,00
03. Kapa-Kyns 103 0,90 0,17
Cypxannapps 628 5,50 1,03
3epadrinan 3875 33,94 6,38
Ceipapbs 260 2,28 0,43
Htoro 60167 527,06 100,00

NcTounuk: MUHUCTEPCTBO HEPTETUKU U BOJHBIX pecypcoB PecniyOnuku Tamxuknucran

«O0mass  BeJIMYMHA TOTEHIMAJIBHBIX  3aMacoB  THAPOIHEPrOpecypcoB
Tamxukucrana cocrapnsget 527,06 mupa. kBT/4 B roj, U3 KOTOPHIX UCIOIB3YETCS
ToJBKO 4-5%.

K cepenune 1990-x rr. 06miass MOUTHOCTh SHEPrOCUCTEMbl TaJPKUKHUCTaHA
coctaBisiia 4,4 I'Bt, npuyeM TEIUIOBBIX 3JIEKTPOCTAHIIMN HACUUTHIBAIOCH JUIIh
nBe — Jymanounckast (196 MBT) u SIBanckas (120 MBT) TOLI, octansHas 4yacTh
MPUXOJINIIACh HA THIPOIHEPTETHUKY .

HaunGosee OCBOEGHHBIM TIO THUIPOIHEPTETUUECKOMY MOTCHIMATY SIBISCTCS

peka Baxui, TUAPOIHEPreTHYECKU MOTEHUUAI, KOTOpol omeHeH B 251,15
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MIpA.KBT.4ac., mHpu 3ITOM TEXHUYECKH BO3MOXKHBIE U  SKOHOMUYECKU
11eJeco00pa3Hbie THAPOIHEpropecypchl aiist crpoutensctBa ['DC coctammstor 37
mipa.kBT.gac. [To uMeromumMces olieHKaM CyIecTBYeT 9 CTBOPOB, BBITOJIHBIX JIJIS
ctpoutenscTtBa ['DOC ¢ Bomoxpanwmmmamu. B Hactosdmee Bpemss Ha 7 u3 9

BO3MOXHBIX CTBOPOB MocTpoeHbl ['DC ¢ o00miell ycTaHOBIEHHONW MOIIHOCTBIO

4775,05 MBT (pucynok 1.4)» [1].
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Pucynok 1.4. - Cxema kackana 'OC B 6acceiine p. Baxur. 1 - noctpoennsie ['OC;

2 - nepcnektuBHble ' DC; 3 — crposmasica [9C

«B roaer HezaBucumocTH, B Hadane 2000-x rr. TamkukucTaH B3s1 Kype
Ha MPOJIOJKEHUE CTPOUTEIILCTBA HE3aBEPLICHHBIX CTAHIMN, COOPYKEHHE HOBBIX
Y MOZEPHU3ALMIO YCTAPEBIINX MOITHOCTEMN.

CerogHss TUIPO’HEPreTUKA SBJISETCA TJaBHBIM HCTOYHUKOM SHEPTUU
ctpaHbl. OCHOBHOM TMOTEHIIMAT THIPOPECYPCOB COCPEIOTOUYECH B OacceiHax pek
[Taumx, Baxm, Kadupuuran u 3epaBman. CorjacHo naHHbIM EBpasuiickoro
0aHKa pa3BUTHS MO THAPOIHEPTETUICCKOMY MOTEHIIMANY TaJKUKUCTaH 3aHUMAET
BOCBMOE€ MECTO B MHpE, HO IPU OTOM, HCHOJb3yercs Jauib 4-5% ot ero
noreHinmanay [5]. «B crpane HacuutThiBaeTcsi 11 kpymHBIX U cpennux [DC
umnopsaka 300 wmameix»  [6].  «Ilo mamueim  IRENA, B2021r. oOmias

ycraHoBjeHHast MoriHocTh ' DC TamkukucTana npessicuia 5274 MBt» [7].
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«BpIpaboTka anexkTposnepruu 6osee ueM Ha 90 % ocyiiecTBiIseTcs 3a cueT
rupocTtaniui.  lloTeHIManbHBIE  BO3MOXHOCTHM  TIE€HEpPAIMA  Ha OCHOBE
THIPOIHEPTUU COCTABIAIOT mopsaka 527 mapna kBt-u, texnudeckue — 317 mapn
kBt-u» [8 - 10]. «lynsa cpaBHeHus mo utoram 2022 r. ObUTO BhIpaboTano 21 mipn
KBT'4 31eKTpOo3HEepruu, 4To CTajJo PEKOPAHBIM IMOKAa3aTeJIeM 3a BCIO HCTOPHUIO
C MOMCHTa CTaHOBJICHHMSI CTpaHbl B KQUeCTBE HE3aBUCHUMOTO rocyaapctsa» [11].
«1o 2030 r. ITlpaBurenpctBo TamKUKHUCTaHa HaMEPEHO YBEJIUYUTH BBHIPAOOTKY
10 40,7-45 mapn kBt'u, npu stom Ha I'DC nomkHO mnpuxoautcs ot 37,6—
41,6 mapa kBt-g (mmopsiaka 92,4 % ot obmiero oobema reeparau)» [12].

«Ha cragun npoextupoBanust Haxogurest [lypooekas ['9C. Pacnonoxena oHa
oyner w™exnay Porynckoit u Hypekckoit ['2C, a opueHTUpOBOYHAs MOITHOCTb
coctaBuT 862 MBT. B Hactosee Bpemsi, nomumo ['DC Illypabd, npeaapurenbHoe
TOO0 ¢ pUHAHCOBBIM U TEXHUUECKAM aHATN30M pa3padbotansl st S TIC» [9].

«OcymiecTBiseTcss  MOAEpHM3auusl  paga  cucteMooOpasyroumx [OC
Tamxukucrana: Hypekckol, I'onoBHol, Kalipakkymckoit. B okTsiope 2022 r. nmocie
MOJIEpHU3ALIMY, ObUI BBEACH B OKCIUTyaTalluio, MepBbId ruapoarperat Hypekckoi
ID2C» [13]. «Okumaercs, 4To IO UTOraM PEaOMIUTAIMOHHBIX PAa0OT MOIIHOCTD
Hypexkckoit I'9C cocraBut 3375 MBT (+375 MBT), a cpenneromoBasi BbIpabOTKa
srepruu 12,6 mupa kBt-u (+1,4 mapa kBt-u) [14]. Tlocne monepuuzanmu Hypekckoii
['DC »5Hepro6e30MmacHOCTh CTpaHbl TIOBBICUTCSI W TOSIBUTCS  BO3MOXHOCTH
YBEJIMYCHHUSI BO3MOYKHOCTH 3KCIIOPTa «UUCTOM» dICKTpo3Heprun» [14].

«Cnenyer  OTMETUTh  BKJaJl  MajOM  TUAPOPHEPIETHUKH B OOILIYIO
PHEProoOECIICUCHHOCTH CTpaHbl. B HacTosiiee BpeMsi B CTpaHE HACUMTHIBACTCSA
nopsiaka 300 mansix ['DC (MomHocThiO Topsiaka 132 MBT), ogHako OKOJIO TpeTH
OT 3TOT0 KOJIMYECTBA HE (DYHKIIMOHUPYIOT BBUY TOTO, YTO MHOTHE W3 HUX MTOCTPOCHBI
0e3 MpoBeICHNsT HAIJICKAIINX THIPOJIOTHISCKUX HecienoBanuiny [15]. «Kpome Toro,
HEBO3MOYKHOCTh AKCIUTyaTallid HEKOTOPbIX Mabix ['DC cBsA3aHa ¢ HEXBATKOM BOJIBI:
BJICTHUM TEPHOJ, — BCBSI3U C UPPUTAIIMOHHBIMU HYXKJIAMH MECTHBIX XO3SHCTB,
B 3UMHHI — B CBSI3M C OTCYTCTBHEM HEOOXOAMMOro cToka. [Ipu 3ToM mpaBUTEIHLCTBO

HaMEepeHo MoIepKnBaTh JanbHenee pazsuriue MI'OC B pamkax «Crparernn-2030»,
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NpeClieAyIoass 1ellb, B YCIOBUAX TOPHO-TIPEATOPHOM  30HBI, OOECHECUUTH
AIIEKTPOSHEPTHEN HACENECHUS YAAJIECHHBIX TPYAHOAOCTYIIHBIX pAlOHOB, a TaKXkKe
CO37aTh TEPCIeKTUBHBIC ycioBus pa3Butusi MI'OC, cnocoOCTByrOMIas CO3IaHUIO
HOBBIX MPEATIPUSTHI MaJIOTO ¥ CPETHEro OM3Heca, B 3THX paroHax» [15].

«B Hacrosimiee BpeMsi HaumOoJiee 3HAYUTENIBbHBIM  COOBITHUEM  JJIs
TUAPOIHEPTETUYECKOTO CTPOUTENBCTBA TaIKUKUCTAHA SBISETCS CTPOUTEIBCTBO
Porynckoit 'DC, nHa pexe Baxi. [IpoekTom npemxycMaTpuBaeTcs yCTaHOBKA IIECTH
ruapoarperatoB oomieit momHocThio 3600 MBT co cpeaHeroqoBoil BeIpaOOTKOM
13,8 mupa kBt u» [16].

«OcBOEHHME THIPOIHEPrETUUECKOTO MOTEeHIMaNa B OacceitHe peku Baxm
MOCPEICTBOM 3aBeEpPIIEHUs cTpouTesbecTBa Porynckoit 'DC u ero BooxpaHuInina
MOXET TOJIHOCTbIO TOKPBITH BO3pACTAIOIIME BHYTPEHHUE MOTPEOHOCTH B
AIIEKTPOIHEPTUHN U OOECICUUTh YBEJIMUYECHHUE €€ DKCIOopTa B 3apyOeKHbIC CTPaHbI
(HaumonanbHas BogHas crpaterus Pecnyonuku Tamxukuctan 1o 2040r.).

[Inotuna Porynckoir I'DC BeicoTol 335 MeTp CTaHET caMOMl BBICOKOU
KaMEHHO-HaOpocHoM  mioTuHOM B Mupe. Owna oOpasyer PoryHckoe
BOJIOXPAaHWIIUILE TOJHBIM 00bEMOM 13,3 kM® u mone3nbiM o0béEMOM 10,3 km3.
OcHoBHbIM Ha3HaueHueM PoryHckoit ['DC cumTaercs wucnonb3oBaHue €€ B
KauecTBE  MHOTOIIECJIEBOTO  TUApOy3Ja -  BBIPabOTKA  AJIEKTPOIHEPTHUH,
peryJIMpoBaHMs CTOKA, CHIYKEHUE PUCKA HABOJAHCHUN U CMsTYeHUS 3acyx [16].

Hwxe n3nosxkeHbl OCHOBHBIE (DaKTOPHI, TOBIUSBIINE I 000CHOBAHHUSI BIOOpA

ruzpoysia Porynckoii I'9C, B kauecTBe 00beKTa AUCCEPTAIIMOHHBIX MCCIICIOBAHUI.

1.3. XapakTepucTtuka 00beKTa UCCIe0BAHNM

(paiion crpoutenncTBa Porynckoii I'IC)

1.3.1. Boi6op 00beKTa UCCJIeI0BAHUIA. AHAJIN3 U OI[€HKA I'e0JI0OTMYeCcKOoro

CTPOEHHS PailoHA CTPOUTEILCTBA IIOTHHBI Porynckoii I'9C

PoryHckunii runpoys3en pacnosiokeH Ha TeppuTopuu TapKUKHACTaHA B
obOnactu cowieHenus xpeoToB: Kaparerunckoro, Iletpa |, Baxmickoro u Cypx —

Ky (pucynok 1.5).
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p. O6u-XwuHroy

Pucynok. 1.5. - O63opHas cxema paiiona Porynckoro ruypoysna (macmra6 1:1
500 000)

«CoctaB coopy>kenuii Porynckoit I'DC Bxitouaer (pucyHok 1.6):

- KaMeHHO-HaOpOCHYIO IUIOTHHY € NPOTHUBO(PUIBTPALMOHHBIM SIPOM H3

cyriuHKa BeicoTol 335 M 1 00beMoM 73,6 MITH M?;
7 CTPOMTENBHBIX M IKCIUIyaTallMOHHBIX BOJIOCOPOCHBIX TYHHEIBHBIX

COOpYXeHUM ¢ pabounMu HamopaMmu Ha 3atBopax oT 150 mo 200 M u quameTpamu

tyHHenel oT 10 7o 15 M, obmiei mpormyckHoM ciocoOHOCTRIO 8220 M3/cek;

- MHOTOYPOBHEBBIH S-SpYCHBIN TJIyOMHHBI BOJONMPHUEMHUK C TPOEKTHBIM

HAaIopoM Ha aBaApUUHO-PEMOHTHBIX 3aTBOpax B 140 m;
- 6 MOABOAAIIMX TYpOMHHBIX BOJOBOJOB C METAJUIMYECKON OOIUIIOBKOM

auaMmeTpoM 7,5-7,0 M ¢ HamopHOM MAaxXTOW BBICOTOM 212 M M TOPU3OHTAIBHBIM

y4acTKoM 356 M;
- moa3emHuoe 3panue 1'0C;

- MOJI3EMHOE TTIOMENIEHHUE TpaHCPOPMATOPOB;
C METaAJLUINYECKOMN

CGHGSaH_[I/ITHEJﬁ KOMIIJICKC B OCHOBAHHMHM IIJIOTHHBI

OOJMIIOBKOM U 000pyOBaHUEM;
- TPAHCHOPTHBIE TYHHEIU M MOJIXOJHBIC IITOJILHU OOIEW JUIMHOW OKOJIO 75

km» [17].
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Pucynok 1.6. - Cxema crBopa miotunsl Porynckoit I'DC (1-ctBop (ock siapa) mioTunsl, 2-MoHaxmckuil pasiom (coneBoi miacT), 3-
Mbe30MeTpHuUecKas HabJIro1aTeNbHas CeTh, 4-IeBoOepeKHAs COIeBas MTONBHS, S-pa3znom Ne35, 6-cTpouTenbHbIe TYHHENH 1-TO U 2-T0 sipyca, 7-
CTPOUTENbHBINA TyHHEINB 3-TO sipyca, 8-Bo10BOAbI 1-6-T0 arperara, 9-mamunHbIH 3271, 10-TpancopmaTopHoe nomenieHue, 11-kadenbHble TyHHENH,
12-KomIuiekTHOE pacripeaesuTeIbHOe YCTPOHCTBO 3rera3oBoit m3osnueit (KPYD), 13- TpancrnoptHblil TyHHENS T-4
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CrpoutenbecrBo PoryHckoit I'DC mmaHupyercsl OCyIlIeCTBUTh B HECKOJBKO
ATANoB, B COCTAB MEPBOM OYEPEIN BXOJUT OTCHINKA MIOTUHBI A0 BBICOTHI 135 M n
MOHTaX JIByX THAPOArperaToB, padoTaIOUIMX Ha MOHUKEHHOM Harope.

29 oktsa6ps TamxuKucTaH MPUCTYMUI K MEPEKPBHITUIO pycia peku Baxm
W Hauajgy CTpoMUTeNbcTBa IUIOTUHBI Porynckoit ['DC (pucynoxk 1.7). B
MeponpuaTuu 29 oKTI0ps MPUHAI y4acTHe TJiaBa rocyaapcTBa OmomManu PaxMoH.
Ero compoBoxganu 4jeHbl MPaBUTENbCTBA, JEMyTaThl 00EUX MaiaT MapiaMeHTa,
npeacTaBuTeNn  akkpeautoBaHHoro B PT  aummomarnueckoro — kopmyca,

WHTCIUIUTCHITNSA, MHOTOYHMCIICHHAS TpyIma Moyioaéxu [18].

BN o e B et

Pucynok 1.7. - HeppBITI/Ie peka xm B CTBOpE POI‘yHCK I'aC

[TepBorit Tunpoarperar Porynckoit I'C 0wl BBeACH B AKCIUTyaTanuio 16
HOs10pst 2018 tomy. C BBomoM B 3kcruryaranuto Poryackoit ['DC B monHyrO
MOIITHOCTb, TTO3BOJIUTH MOJHOCTHIO TOKPHIT ACHUIIUT AIEKTPOIHEPTUU B 3UMHEE
BpeMsI M YBEIUYUTH SKCIOPTHHIE BO3MOMXHOCTH HHEPIETHUYECKOM CHUCTEMBbI
TamxukucTtana, a Takke OyAeT CHOCOOCTBOBaTh  YBEIMYEHHUIO  CpOKa
AKCIUTyaTallM BCEX TUIIPOY3JIOB Kackaga peku Baxm. Hapsgy ¢ 3TuM nosiBsTCA
TEXHUYECKUE BO3MOXHOCTH 1o KAaCKaJHOMY pEeryJIupOBaHUIO
TUAPOSJIEKTPOCTAHIINI, 4YTO  MO3BOJUTH  ONTUMHU3HUPOBATH  JICSTEIBLHOCTH
DPHEPTreTUYECKON CHCTEMbl H yBEJIHMYUTH BBIPAOOTKY JJIEKTPOSHEPTHH Ha

HMKCIICKAIINX CTaHIIUAX.
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OcyiiecTBiisisl MHOTOJIETHEE peryaupoBaHue crtoka, PoryHckas ['DC He
TOJIBKO YBEJUYUT o011y10 BBIPA0OTKY  3JIEKTPO3HEPTUU Kackaza
TMAPORJICKTPOCTAaHIMM Ha p. Baxm, HO W caMoe TIJaBHOE, IO3BOJUT €MY
BbIpabaThiBaTh Oa3MCHYIO DJHEPIrui0, KoTopas OyneT HMeTb, MPEeXAe BCero,
peruoHanbHoe 3HaueHue [18].

Bonoxpanunuiue PoryHckoro ruipoysia, coBMecTHO ¢ Hypekckum Ha peke
Baxm u TysaMmyloHCKHMM Ha peke Amynapbs, oOiieil mosie3Hoil eMkocteio 18-19
KM?, clIOCOOHO 00ECIIeYnTh MHOTOJIETHEE PETYJIMPOBAHNE CTOKA PEKU AMYIapbH C
JONIOJIHUTEIBHON TApaHTUPOBAHHOM BOAOOTHAauYer B pazmepe 5,0-5,9 km® Ha 3emun
AMyaapbHUHCKOTrO OacceilHa, pacroJIOKEHHBIX Ha TEPPUTOPUM Y30eKHCTaHa u
TypkMmeHucrana.

C yd4eTroM 3HAUYMMOCTH CTPOUTEIBCTBA POTryHCKOro ruapoysia, a Takke ¢
Y4€TOM TOTO, 4YTO OH pACIIOJIOKEH B CJIOKHBIX HMHKEHEPHO-TE€OJIOTHYECKHUX,
IE€OTEKTOHUYECKHUX, TMAPOTCOXUMHUYECKUX M CEHCMUYECKHX YCIIOBHSX, CIEAYET
MOBBICUTh TPEOOBAHUE K HCCIIEOBAHUIO U U3BICKAHUIO OCHOBAHUS COOPYKEHUS BO
BpEMsI CTPOMTENIBCTBA M 3KCIUTyaTallMOHHBIE MEPHUOABI HA OCHOBE COBPEMEHHBIX
METO/IOB M amnmaparyp, pa3paOOTKe HHKEHEPHBIX MEpPONPHUITHI MO 3auiuTe
OCHOBAHMSI IUNIOTUHBI OT Pa3pyLICHUS.

Paition coopyxenust POryHckoro ruzipoysia - I0JWHA BEPXHETO TEUYECHUS P.
Baxm - nmpuypoyeH K 30H€ pasferna JABYX KPYMHBIX T'€0JOTMYECKUX PETMOHOB
Cpenneit A3um — 1oro-zamagHoro TsHb — mrans u Adrano — TaKUKCKOU
JENPECCUH, PE3KO OTINYAIOUIUXCS TEO0JOTMYECKUM CTPOCHHEM U HUCTOpUEH
pasBuTusA. ['paHuueld Mexay OTUMHU pPETMOHAMU sABJsieTCs Baxmickuil pasinom
(ITerpoBcko — Misikckasi 30Ha pa3aoMOB) MPOTATUBAIOLIEHCS B IOTO — 3aMaJHOM
HamnpasiaeHun no nonuHe p.Cypxo0, 3ateM o aoiuHe p.Baxm no ero mpasoro
nputoka p. OOUIKYIIOH U 3aTeM BIOJb MOCIEAHEH 3a nepeesbl 10JIuHbI p. Baxm
[18].

B reoJIOTUYECKOM CTpPOEHUU paccMaTpuBaeMom TEPPUTOPUH,
HEMOCPEACTBEHHO MpPUMBIKAIONIAsA K y4acTKy crpoutenbeTBa PoryHckoit ['DC,

NPUHUMAIOT y4yacThe Me30 — KalHO30MCKUEe 00pa3oBaHUs, CpPeIud KOTOPBIX
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npeobsaaroT OCalO0YHble MOPOJAbI MEJIOBOIO BO3pPACTa, CMSATHIE B CIOXKHBIE,
MECTaMH OIPOKUHYTHIE, CKiIaaku [18].

Ha yuactke ctpoutensctBa PoryHckoir ['DC pacnpocTpaHeHbl CKajJbHBIE
MOPOJIbI C YEpeIOBAaHUEM [IECUAHUKOB, aprWIMTOB, ajieBpoiauToB [19, 20].
WNHXeHEepHO — Te0JIOrMYecKasi XapaKTEpUCTUKa pailoHa THIPOY3J1a, TEKTOHUYECKUE
0c00EHHOCTH MeCTHOCTH U pasniombl m3ydeHbl CAO ['maponpoekra [21 - 23].

TpemuHOBaTOCTh MOPOJ COBEPIICHHAS, UHTEHCUBHOCTh TPEIIMHOBATOCTH
MPEUMYIIECTBEHHO CPEHSSI, TPEUIUHBI MOJbIe, UPUHA UX BHE 30HBI OCIA0JICHUS
HE MPEBBINIACT TEPBBIX J0JieM MM. boyiee KpynHbIe pa3pbIBHBIE HapYyIICHUS
3alOJIHEHBl TJIMHKOM W OpekurMer TpeHUsT MOIIHOCThIO 2-3 cM. MoIHOCTh
Opekunn TpeHust B paznome Ne 35 nocruraer 20 cMm, B Monaxmickom — 1-2 M.
OcHOBHBIE (PU3HUKO — MEXAaHUUECKUE CBOMCTBA MOPO/I MpUBEeHBI B Tabmule 1.4.

CampIMU TIPOYHBIMHM SIBJISIFOTCSI MECUYAHWKHU KBI3BUITAICKOM M BEpXHE-
OOMrapMCKOM CBWUT, CcCllaralolde TMpPUMBIKaHUS sapa ITUIOTHHBI W padoH
pasmemienuss HCY. BpemeHHOe CONpPOTHUBICHHWE OJHOOCHOMY CXKaTHIO B
BOIOHACHIIICHHOM coctostamr  1020-1100 krc/cm®. Momynb  gedopmarmu B
obpasie 370 TeIc. KFC/CMZ, B MaccuBe 80 TwIC. Krc/cm?, C=20 Kre/cm?, Q= 67°.
Monynu nepopmanuu 00Opa3OB aJIEBPOJIUTOB W APTWIUIMTOB cocTaBisaioT 310
TBIC. KIC/CM”.

B 30Hax TeKTOHMYECKOTro APOOJICHUS TPOYHOCTh CUIILHO MEPEMATHIX TTOPOJT
CYILLECTBEHHO HE OJTHOPOJHO U B OOIIEM CHHKEHA.

DU3UKO-MEXaHUYECKUE U YNPYTO-IIPOYHOCTHBIE CBOWCTBA MacCUBa IOPOJ
3aBUCAT KaK OT CTPYKTYpPhl MacChBa M CBOWCTB TOpojJ B o0Opaslie, TaKk U
DK30TCHHBIX HW3MEHEHMM, OOYCIIOBJICHHBIX TMpOIllECCaMU  BBIBETPUBAHUA U
pa3rpy3KoOi €CTECTBEHHBIX HANPSHKEHUI. B pe3ynbTrare BHIIIOJHEHHBIX B IIPOLECCE
W3BICKAHUM WHXXEHEPHO-TEOJIOTMYECKUX paldOT, KOTOphIE€ BKIIOYAIUM B ceOs
TUAPOre0JIOTHYECKUE, TeOMEXaHUUeCKHe U TeOo(PU3MUYECKUE HCCIICIOBaHUS, B
MacCUBE BBIJICJIEHb YEThIPE HWHXKEHEPHO-T€OJIOTHYECKUE 30HBI, KOTOpbIC

OTJIMYAIOTCS M0 3HAYEHUSIM ITUX CBOMCTB [19]:
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| - 30Ha cHJIBHOTO BBIBCTPUBAHUA U parpy3Ku,

Il - 30Ha BRIBETpUBAHUS U Pa3TPy3KH,

Il — 30Ha pasrpy3ku

IV — IMPAKTHICCKUC HCU3MCHHBIC I'OPHBIC ITIOPOIHLI.

Ta6auua 1.4. - OcHoBHBIE (PU3HKO — MEXaHUYECKHE CBOWCTBA MOPOJT

Kpatkas xapaxkrepuctuka Hnxe - Mopyns | Ilapametpbl ®u3.-MeX. CBOHCTBA MOPOJ B 00pasIie
TOpOJ U cTpaTurpadudecuit | HepHO — | medop- C/IBHTA Bpementioo Momymh
HHJICKC reoJIOTH | MAllMM B | CKAJbHOTO
COTIPOTHBIICHHE nedpopma-
- UECKHE | MacCHBE | MacCHBA OIIHOOCHOMY CHATHIO, L
SOHH E;er(bcfcll\i)z Kre/cm? E,e X107
0, C, Bozaymso | Bomonacst - Kre/cm?
rpag. | kre/em’ | - cyxoe IEHHOE
Taypnakckas cButa J;gr
o \Y, 14/130 | 56/56 | 1/5 160 62 130
P POTHTBI 310 230 130
-KaMeHHas COJlb
Asanckasn ceura Ky,
-aneBpouTH (48%) I 15/28 56/63
-aprusutuTH (45%) Il 25/30 10/10 210 - 330
-iecqanukd (7%) I\ 25/40 15/13 | 680 - 1010 370 - 860
Kbi3bliTamckas
ceutaK kz | 15/22 56/56 1/5
-ecqanuku (87,3%) I 22/40 56/63 3/15 1180-1260 | 1020-1170 310-370
-aJIeBPOJIUTHI Il 28/57 59/63 5/6
-apPTUIITATHI v 30/80 5/20
Hukeoourapmckasn/c.K
10b; v 30/70 56/63 5/15 590 570 260
-aneBposuThl (85%)
-~apruJIJINTBL
BepxHeoOurapmMmckasi/cB.
K,ob, | 16/24 56/56 1/5
-iecqanuku (95%) I 24/50 56/63 5/15 1080-1200 970-1110 290-390
-aJIeBPOJIUTHI Il 65/60 59/67
-apPTUIUTATHI v 30/90 5/20
Kapaky3ckas cButa K;rz
-ecqanuku (69%) | 10/17 56/56 1/5
- aneBporuthl (12%) I 21/40 3/15
- aprwmuthl (19%) Il 27/55 56/63 5/15 720-1060 530-660 250-280
v 35/80 59/63 5/20
MMUHIOaATMAHCKAS CBUTA
Kimg | 15/22 56/56 1/5
-TeCYaHUKH 1 22/40 56/63 5/15
Il 28/57 59/67 5/15 1100-1210 820-830 300-340
v 42/90 5/20
IHopoasbl B 30Hax
TEeKTOHHYECKOro
apobsenusi v 15/20 45/56 1/5 200-800 100-700 100-300
CHJIBHO TTepeMsThIC
MIECYAHUKH, AIICBPOJIHTHL,
APTHUUIHTEI

WHxeHepHO-Te0I0THUECKHE 30HBI: |
Il - pasrpy3ku; [V - MaccuB BHe BIMSIHHSI 9K30T€HHBIX MPOLECCOB; 27/55 — 3HaueHus u3.— MeX. CBOIMCTB ITOPOI;
B YHCJIUTEJIC — B 00J1aCTH OCITa0JICHHBIX IOPOJ; B 3HAMEHATENe — B €CTECTBEHHOM MacCHUBE CKAIbHBIX IOPOJ .

- CHJILHOTO BBIBETPUBAHUS U pa3rpyskuy; ||

- BBIBETPUBAHUS U pa3Tpy3Ky;
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B IV 30He u3MeHEHUS T€OMEXaHUYECKHX XapaKTEPUCTUK U BEIUYUH
YAEABHOTO BOJOIOMIAIIEHUS] UMEIOT CITyYalHbIM XapaKTep.

Tor >xe xapakTep H3MEHEHHH MOXHO NpUHAT, U Mg | 30HBI, rAe
HEOJTHOPOAHOCTh W AHU30TPOIHOCTh CBOWCTB MAaCCHUBA CIJIaK€HA BIUSIHUEM

IMPpOLCCCOB BLIBCTPUBAHUA.

1.3.2. Oco0eHHOCTH TEKTOHUYECKHX XaAPAKTEPUCTUK 30HbI 00beKTa

HCCJIeJ0BaHUA

Paiton ctpoutenbctBa PoryHckoit ['DC HaxoguTcs B 30HE BIHSHUSA
Baxmickoro paszinoma — ceicMOreHepupyrolel CTpyKTyphl, T0 KOTopoil AdraHo-
Tamxukckas aenpeccust Haauraetcss Ha IOxubid Tsanb-Illane. Kak cBumerens-
CTBYIOT pe3ynbTaThl S50-TH JETHUX HATYpHBIX HAOMIOEHUH, BEpTUKAIbHAS
COCTaBJISAIONIAsl CKOPOCTH 3TOTO JABMXKEHHUSI COCTaBWIA, B CpeaHeMm, 1,6 MM/Tof,
ropuszoHTajgbHoro — 9 mm/ron [24]. CoriiacHO COBPEMEHHOMY CEHCMHUYECKOMY
palioHUpOBaHMIO TeppUTOopun TamKHKHCTaHa CEMCMUYHOCTh Tepputopuu ['9C
OIICHUBAETCS B 9 OaJLIOB.

3ona IOro-3anagnoro Tsub-lllans mmeer GI0KOBOe cTpoeHHE O€3 OTUET-
JMBO BBIPAXEHHOM ckiagyaTtocTu. [lopoabl 3aneraroT NPEUMYIIECTBEHHO
MOHOKIIMHAIBHO H UMEIOT yrutbl magenust 1o 40° Ha for u roro-3amap.

Pa3pbiBHBIE HapYIIEHUS UMEET CEBEPO — 3aIaIHOE MPOCTUPAHUE C KPYTHIM
MaJieHUEeM Ha CEBEepO — BOCTOK. MOIIHOCTh 30H JpOOJICHUS] W3MEHSIETCS OT
HECKOJIbKUX METpOB 0 100 M. AMIIIUTYABI CMEMIEHUS] — HECKOJIBKO KHJIOMETPOB.
OCHOBHBIC CMEIIEHHUS MO pa3pbiBaM MPOU3OILLIM Ha TMO3AHETCPIIMHCKOM 3Tarie
nedopmanuu.

CeBepo — 3amajgHasi 4acCThb OINMMCHIBAEMOTO paioHa (TIpaBbIii Oeper peku
Cypxo0 u Baxm) oTtHocutTcss K TSHBIIAHCKOMY pPEruoHy, JUisi KOTOPOTO
XapaKTEPHO IIUPOKOE Pa3BUTHE TPAHUTOUIOB, CIIAHIICB, KapOOHATHBIX IAPO]I
CpPEIIHET0 Tayie030s, pPa3OUTHIX pa3phIBHBIMU HAPYIICHUSAMH Ha OTHICIbHBIC
TeKTOHUYecKue Onoku. B HoBelmee Bpemsi 3T OJOKM NEpPEMEIIATUCh JIPYT

OTHOCUTEJIBHO JPYTra B BEPTUKAIBHOM HampaBieHUH. OTIOXKEHUS Me30305 31ECh
38



UMEIOT OTHOCHUTEIBHO HEOONBIIYI0 MOIIHOCTh W OTPAHUYEHHYIO IUIOMIAb
pacIpOCTPaHEHUS.

KOro — BocTouHas wacth miomanu — (Adrano — TamKuKcKasi Jernpeccusi)
UMeeT IBYXSIpyCHOe cTpoeHue. B HemocpenctBeHHoW Onm3octy K Baxmckomy
pasznomMy mopojabl (yHIaMEHTa OMYyIIeHbl Ha 3-5 KM W MOrpykaroTcsi B IOTo-
BOCTOYHOM HAaIlpaBJICHUH.

Bepxuuii sipyc (4exos) NpenCTaBlIieH, B OCHOBHOM, MapojamMu Me30304
MOIIHOCTBIO 2-3 KM. OTH OTJOXKEHHUS CMSTbl B KpPYIIHbIE aCUMMETPHYHBIC
CKJIAJKH, OCH KOTOPBIX BBITSHYTHI CyOnapamienbHO Baxiickomy pasinoMmy Hu
pacceyeHbl pEIKUMH KpPYyTONAJAIOIIMMHM Pa3IOMaMH, MAapAJUIEIbHBIMUA OCSAM
CKJIAJIOK.

3oHa Baxmickoro pasioMa MpeACTaBISIET COOOM CIIOKHOE COYETaHHE
MHOTOUHCJIEHHBIX CyOnapajjieNIbHbIX KpyTOMaJarolux pa3pbiBoB. CyMmapHas
MOILHOCTh Pa3/po0JIeHHBIX Mapoja B 3TOW 30HE jpocturaer 1,5 kM. AmmiuTyna
MEPEMELICHHUS TI0 Pa3JIoMy S - 6 KM.

Baxumickuii pasiioMm sBISETCA CEUCMOIEHHBIM, C HUM CBSI3BIBAIOTCS TaKue
pa3pylIuTeIbHbIE 3eMIICTPACEHUsT cuio 9 GamnoB u Oonee, kak KaparermHckoe
(1907r.), 'apmckoe (1941r.), daiizabanckoe (1943r.), Xaittckoe (1949r.).

Haubonee BaxHBIMU ONpENEISIONIMMH TEKTOHMYECKOE CTPOEHHE y4dacTKa
pPacHoJIOKEHUs TUIOTUHBI SBISItOTCA, ['ynu3nnganckuii 1 MoHaxmickuii B30pOCHI.
O0a pa3peiBa OTWIEHsIOTCA OT Baxickoro pasioma B paiioHe ycTbs p. O06u —
['apM U mpociexuBaroTcs cyOnapajjielbHO B IOr0 — 3alaJHOM HalpaBJICHUH,
OrpaHU4MBasi TEKTOHMYECKUW OJOK B TMpejaesiax KOTOpOTo, pachoJiaraeTcs
PoryHnckasa minotnHa. B npeaenax ydactka pacnoyioKeHus IUIOTUHBI [ ynu3uHaaH-
CKUW B30pOC MpOTATMBAETCS BJIOJIb JeBOro Oepera, Monaxiickuii mepecekaeT
pycno p. Baxm Ha ero nznyunsHe B 0,5 KM BBIIIE 110 TEUEHHUIO OT OCH IJIOTHHBI U
nanee mpociexuBaercss BAojib xpedta Cypx — Ky Ha NpaBoM Oepery pekH,
ITOCTEINEHHO YAAISSACH OT HEe.

O6a pasmoma TPOCICKHBAIOTCA Ha paccTosHuu Oosiee 100 kM, UMEIOT

kpyTtoe (70-85°) majeHre Ha OO0 — BOCTOK M aMIUIUTYAy mHepemenieHue oosee 1
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KM. XapaKTepHOW 0COOEHHOCTBIO 3TUX B30POCOB SABISETCSA TO, YTO OHHU MPOXOJSAT
0 TMPOCTUPAHUIO BMEMIAIONIMX WX TOPOJ W Ha OOJNBIIEH YacTH CBOETO
IIPOTSKEHUS IPUYPOUEHBI K COJICHOCHBIM OTJIOXKEHUSIM BEPXHEH IOPBI.

W3 aByx pasznoMoB 2-r0 TOpPSAKA, HEMOCPEACTBEHHO OOpa3yrolux Ha
CTBOPHOM Yy4YacCTKe €JUHBIM TEKTOHWYECKUM OJIOK, ['yIM3WHIAHCKUI MPOXOAUT B

CTOpPOHE, 3a IpeJieIaMi OCHOBHBIX COOpYKeHui (pucynke 1.8 u 1.9).

Pucynoxk 1.8. - ['eonoruueckasi CTpykTypa cTBOpa

Porynckoit I'OC

Haunlbonee KpymHBIMH pa3pbIBHBIMH HAPYIICHUSIMH, HAOIIOJAIOIIUMUCS
HenocpeACcTBeHHO Ha ywactke PoryHckoil I'DC, aBusitorcs ['ynu3MHAaHCKUN U
Nonaxmickuii mpaBbie B30pOCO-CABUTH, onepsitomne Baxiickuit paziom | mopsiaka
Y IPOCTUPAIOIIUECS APAILIENBHO CIIOSIM IIOPOJI B FOr0-3alaIHOM HaIlpaBJICHUH.

['ynusunganckuit paznoM [25] mpoTaruBaeTcs BAOJL JIeBOro Oepera p.
Baxm u3 BepxHero Obeda B HHKHUI, OTBETBISSICH OT Baxmickoro Hajgsura B 4-5
KM CEeBEpHEe T'Hipoy3ia. MUHUMaNbHOE pacCTOsIHUE OT MIOTUHBI 0,5 KM. A3UMYT
najenus miockoctd cMmecturens 110-130° mox yTJIOM 70-88°. Bucsuee KPBLIO
CJIOKEHO BEPXHEIOPCKUMHU THUIICAMHU, AJIEBPOJUTAMH, aprUIIUTAMHU; JexkKadee —

OTJIOKCHUAMHA BEPXHET'O U HMXKHETO MCJIA.
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VciaoBHBIE 0003HAYEHHS
Ornos3HeBbIe Tejlla CKATbHBIX ITOPO. _—— Crparurpadpuyeckas rpaHuLa
650.] PBIXTBIE H CBA3HBIE YeTBEPTHYHbIE <~ T'paHuIIa ONON3HEBHIX TeJl CKATbHBIX
o6GnazoBaHuA Iopon
[N;] Konrmomeparsl INTHOLIEHA PasJIoMBI, HX TIOPSIOK
[K] W3BeCTHAKH. aDTWUIHTHL. Mecyanuky, — — I (I7TyGHHHBIH)
M THIICBI BEPHEr O OTIeNIa Meja — I
TTecHYaHHKH U aNeBPONUTH HipkHero  —— 11
oTIeNna Mena _ = HamnpaeneHue IBHKeHHe
[er]  Aprwume! Huke VIIB - KaMeHHas o HUS
COJIb BEPXHET0 OTHeNa IOPEI #> 3omanpoGne
@ rpa]{mo}mm /l Bapnal-rrbl CTBOPOB IUIOTHH
w2 ITog3eMHBIH Mam3an

Pucynok 1.9. - Cxema cOBpeMEHHBIX TEKTOHUUECKUX JIBUKEHUIN

MomrocTr 30H apobneHus Monaxmickoro u ['yqM3WMHIAHCKOTO Pa3jioMOB
coctapistor 8-10 M, maorma mo 100 M. AMmmuTynbl cmerieHust 6onee 1,0 kwm,
B30pOIICHBI  FOTO-BOCTOYHBIE  Kpbulbsi. IIIBBI  pa3iioMOB  MpejCcTaBICHBI
nepepoOIEHHBIMU  TTOPOJJaMd M TJIMHKOW TpPEHWs. BhIXOASIIHMEe BIOJb IITBOB
TUTICHI TaypJIaKCKON CBUTHI (MOIIHOCTHIO 2,4 — 3,1 M), ¢ mapauiebHBIMU Pa3IoOMy
MPOCIOSIMH W JIMH3aMHM  aJIeBPOJIMTOB, YAaCTUYHO OBLUTM  BBIJABICHBI B
MPUTIOBEPXHOCTHYIO 30HY B pE€3YJIbTaTe TEKTOHUYECKUX JABMKEHUM [26].

[Topoast MoHOKIMHANMK paccedeHbl Oonee Menkumu (1 u IV mopsiaka)
paspbiBaMu, KOTOPbIE B OOJIBIIMHCTBE MPEJACTABIISIOT cO00M HaaBuru (a3.maxa. 310-
350°, yraer 20-50°), oGpasoBaBmIHecs OIHOBPEeMEHHO ¢ MOHAXIICKHM W
['ynu3WHIaHCKUM pa3ioMaMU U SBIISIOIIHECS UX OTICPEHHUEM.

[IpumepoMm wmoxkeT cayxkuth pazaom |l mopsaka Ne35, koTopslit
npotsaruBaercs oT ['ynmusuHgaHckoro g0 MoHaxmickoro pasinoMa U TepeceKaeT

pycno pexu Baxm B 110 M HUMKEe OCHOBaHMS TJIOTHUHBI. [ITOCKOCTH CMeCTUTENS
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NajaeT B HAMPaBICHHH BepxHero obeda mox yriaom 45-50°. AMmInTyna cMemeHus
oko0Ji0 200 M. MOIIHOCTh TJIMHKKM TPEHUs IO MIBY pasjioma He npesbimaer 10-15
cM. 30Ha ApoOJieHHs MMeeT MOIIHOCTH N0 10 M, B OCHOBaHUM IUIOTHHBI HE
npesbimaet 5-7 M [27].

[To pazmomam Ne 1 u No 35 ¢ukcHpylOTCS COBPEMEHHbIE TEKTOHUYECKUE
JBIDKEHUSA, CpPEIHUE CKOPOCTH BEPTUKAIBHBIX CMEIICHHH 10 KOTOPHIM
COCTaBJISIFOT, COOTBETCTBEHHO, 1.6 1 0.8 MM/roa. Bo Bpemst moBBILIIEHHS B paiioHe
yucia 3emiieTpsiceHud 8 -15 KiIaccoB CKOpPOCTh CMEUIEHUsS MO 3THUM pasjioMam
BO3pacTaer B 2- 3 paza. OTHOcUTeNbHas JedopMalis CKaTUsl € B 30HE IPOOJICHUs
Wonaxtckoro pasizoma cocrasmser (0,5-7,5)x10°, pasmoma Ne 35 — ¢ = 0.3x10~.
C 3710l 0COOEHHOCTHIO TOPHOTO MAacCHBA CBS3aHBI BBICOKHE CKOPOCTH CMELICHMS
TPYHTOB B 30Hax pa3iOMOB B CTOPOHY BBIPAOOTAHHOI'O MPOCTPAHCTBA, KOTOPHIE
paBHBI COOTBETCTBEHHO 2,8 U 1,8 mMMm/roa. BHe 30H pa3jioMOB OTHOCHUTENIbHAs
neopMaNHst CKATHS B MaccHBe &, = 8x10° [27, 28].

CoBpeMeHHass  TEKTOHMYECKAass AKTHMBHOCTb  paiioHa  CTPOUTEIBCTBA
TUApOY3Jia 00yCIOBHIIa BEICOKMM YPOBEHb €CTECTBEHHBIX HANpsHKEHU. 3HAYSHUS
ATUX HANPSHKEHUN U3MEPSIIOCH C TOMOILBIO re0(pU3NIECKUX METOJ0B U METOJIOM
TOPLEBOIN pPa3rpy3Ku B CKBaXXMHaX, PAacCIOJIOXKEHHBIX B T'OPHBIX BBIPAOOTKAX Ha
riyorne 10 350 M. YCTaHOBJIEHO, YTO ¢ HEKOTOPOU TIyOMHBI (J11 HM>KHEW 4acTH
ckJoHa 310 TiyouHa 120-150 M), 3HaUYeHUS HAMPSDKEHUN OCTAIOTCSA MPAKTHUYECKU
NOCTOSTHHBIMU. BEKTOp MaKkCHUMalIbHbIX HANpsDKEHUH MMEET CyOropu30HTAJIbHOE
3aJI0)KEHHE M HaNpaBJIeH BKPECT CJIOUCTOCTH MOPOA M OCHOBHBIM pa3jioMaMm
ydacTka. 3HaueHue ero oimmsko k 19 Mlla, uro 6osee yem B 2 pasza MpeBOCXOIUT
HaIpsDKEHUsT OT Beca JIeXKalUMX BBIIIE TOPOJ, BEPTUKAIbHAS COCTAaBJISIOIIAS
€CTECTBEHHBIX HampspkeHUHM B 1.5 pasa MeHblIe Tropu3oHTaldbHbIX [29, 30].
Crnenyer OTMETHUTB, YTO U3MEPEHHBIE HA YYAaCTKE IMapaMeTphl MOJI €CTECTBEHHBIX
HaIpsHKEeHUH OJIM3KU K TAKOBBIM, YCTAHOBJICHHBIM MO CEHCMOJIOTHYECKUM JTAHHBIM
[28]. HaGmronmenus 3a AMHAMUKOW MapaMeTPOB TIOJS HAMPSHKEHUN, KOTOPHIC
NPOBOJMINCH, B TEYEHHE TPEX JIET, CBUJECTEILCTBYIOT, YTO JTH IapameTpbl

INPaKTHYCCKN  HC  HU3MCHAIOTCA. Takum o6pa30M, MOXHO TOBOPUTbL O
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CTaOMIM3UPOBAHHOM  HANPSKEHHO-AE(POPMUPOBAHHOM  COCTOSIHUM  MacCHBa
nopoj,, OOYCIIOBJIEHHOM JMHAMUYECKHUM PABHOBECHUEM MEXKIY MOBBILIEHUEM
YPOBHSI HANIPSKEHUH U €r0 peaau3alueil B BUAE CMELMIEHUS 110 Pa3IOMaM.

PaspeiBel IV mopsiaka pacnpocTpaHeHbl NOBCEMECTHO. B OonbIIMHCTBE
CBOEM 3TO B30pOCO-HAJBUTH C AaMIUIUTyJAaMH cMelleHus He Oonee 1,0 M
(uckiroueHust coctapisieT pasziaoMm Ne70, uMeromuil aMIUIUTYAy nepeMenieHus 15
M). MOIIIHOCTH TJIMHKU TPEHUS 10 STUM Pa3pbiBaM HE MPEBBIIIAET NEPBHIX CM.

Nonaxmickuii B30poc u onepstomuii ero Hagsur Ne35 orpaHM4MBaioT OJIOK
ckanbHOro MaccuBa Porynckou ['DC, rae Bwiaensitorcss 4 CUCTEMBbI TPEUIMH, U3
KOTOPBIX TMPEUMYIIECTBEHHOE PA3BUTHE MOJNYYWIH TPEUIUHBI, COIJIACHBIE C
HartactoBanueM. OO0beMHas TpemHHas myctoTHocTh 0,5-0,7%, 6mounocts 30-
40 cm [31]. BONBIIMHCTBO KPYIHBIX TPELMIMH UMEIOT NPOTsKEHHOCTh 100-200 M,
MOIIHOCTh 30H apoOienus 10-30 cMm, majgeHue B CTOpOHY BepxHero Obeda mon
YIJIOM 20-40°, paccrosiare mexay Humu 30-50 M, cMmelieHusi He3HAYUTEIbHBI.

Cucrembl TpelIMH, pa3BUTHIE B MAacCHUBE, UMEIOT CIEIYIOLIUE MapaMeTphbl
[32]:

- 1 cucrema (TpellMHbI HAIJIACTOBAHUS ) — a3.TIa/l. 130°, yrou 7 0°;

- 2 cuctema (TpeIHHbI TeKToHndeckne) — as.max. 30°, yrom 30°;

- 3 cucrema (TpeIHHbI TeKToHIYeckne) — a3.max. 220°, yrom 55°;

- 4 cucteMa (TpEIIMHBI TeKTOHMYecKkne) — a3.maz. 340°, yrom 40°,

KpyTble TpeumHbl €IMHUYHBI U UMEIOT TY JK€ OPUEHTAIIUIO, UTO U TPEIUHBI
cucTeMbl 4. BBIITOJIHEHBI 3TH TPELIMHBI TIIMHKON TPEHUS MOITHOCTBIO 10 1 cM.

Paznom Ne70, koTOphIi nEepecekaeT BbUIOMKY MalIMHHOTO 3ana Ha [1K0+60
— [IK1+00, nmeeT aMmuTyay CMEIIeHUs, Kak ObIJIO yKa3aHo BbIIIe, 10 15 M, 30Ha
npoOsnenust mopos He 6osee 0,5-1,0 M, MOIITHOCTB TJIMHKHU TpeHUs 10 3-5 cMm. 30Ha
MOBBINICHHON TPENIMHOBATOCTH BIOJIb pazioma -8-10 m. [lmockocTs cMmecTuTens
najaer Ha ceBepo — 3amay (as.max. 330°, yrod 659).

['opHbli MaccuB B paliOHE MAIIMHHOIO 3ajla  XapaKTepU3yeTcs
CPaBHUTEIIBHO BBICOKUMH CKHMAIOIMIUMH TEKTOHMYECKUMH HANPSKECHUSIMU:

CpeIlHss BEIMYMHA TOPU30HTAIILHOTO HampsikeHus: paBHa 18 Mlla, BepTukaabHOrO
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— 14 MlIla, HanpspKeHHE OT MacChl BbIIIENEKAUX opoA coctasisger 10 Mna [33,
34].

Bbicokass mpOYHOCTH TMOPOJ, €CTECTBEHHBbIC HAIPSDKEHUS MAacCHBa
OOyCIIOBMJIM 3HAUEHUS €ro YIPYro — TMPOYHOCTHBIX CBOMCTB M HH3KYIO

BOJIOITPOHHULIAEMOCTH (BHE 30HBI 9K30T€HHOro n3MeHeHus nopon K4y=0,003 m/cyT.).

1.3.3. UcciaenoBaHue U OLleHKA COCTOSIHUS COJIEBOI0 ILIacTa

OCHOBAHMA IIJIOTHHbBI

B Bepxnem Obede, B 400 — 500 M OT OCH IUIOTHHBI, MOJ] €€ BEPXOBHIM
KJIMHOM, HI)KHEMEJIOBAsi TOJIIIA COTJIACHO TMOJACTUIACTCA OTJIOKECHUSIMU BEpXHEH
IOpBI, MPEICTABICHHON MayKOW apriWJJIMTOB MOIIHOCTBIO OKO0JIO 20 M M IJIaCTOM
KaMEHHOM COJIM, HEMOCPEACTBEHHO KOHTAKTUPYIOIIEH ¢ MOHAXIICKUM Pa3ioMOM,
[IEPECEKAIOIINM PEKYy IOJ YIJIOM OKOJO 30° (pucynok 1.10). Ilpu sTOoM 1I0B
pasjioMa OPOCTUPAETCS NapAJIIENbHO CJIOSIM TOPOJ HHUKHEMEIOBOM TOJIIIM H
OTJIO’KEHHUM BEPXHEH IOpBI U MaJaeT B Ty K€ CTOPOHY, B CBSI3U C UEM IUIACT COJIU
kojebnercs ocpeaHeHHo ot 1 mo 10-12 M m wa kaxnapie 100 M TiIyOWHBI

yBenmnuuBaeTcs Ha 15 m [17, 35].
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Pucynok 1.10. - IIpogonbsHbIN pa3pe3 OCHOBHOM MJIOTUHBI 1 OCHOBAHUS
Porynckoit I'OC
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[ToBepxHOCTH 3€pKaia COJIEBOIO IIacTa npociiexxuBaerca Ha 20 - 25 M HUXKe
ype3a BOJbI B PEKE€ W Ha YPOBHE TPYHTOBBIX BOJ B OopTax ymienbs. [loa sapom
KPYTOIAQIAIOMINI MJIACT KAMEHHOM COJIM HaXOJUTCS Ha pacCTOsTHUM 0K0Jyi0 900 M.

[Imact comu wWMeeT CIOXKHYIO  KOHQUrypaiuio, OOyCIOBICHHYIO
TEKTOHHUYECKUMU MPOLIECCAMM.

BMemaromumu nopoaaMu miacta Coju SBJISIOTCS:

- B BHCSYeM OOKy IUlacTa — Iladyka BEPXHCIOPCKUX AapTUJIIIUTOB
CTpaTUTpapUIECKH COTIACHO 3aJIeralolIuX Ha COJIH;

- B JIe’)KaueM OOKY IIJIacTa COJIU 3aJIeTal0T MeCYaHUKH MUHTOATMaHCKOM
CBUTHI,  CJararollue  3/1€Cb  TEKTOHUYECKYI0  JIMH3Y,  OIPAaHUYCHHYIO
BBIIIICONMCAHHBIMU BETBSIMU paszjioma.

IOpckue apruyimuThl BOJIM3M KOHTAKTa C COJIBIO CHJIBHO MEPEMSTHI, Cladbie,
MPUOOPETAIOT 3EMIIMCTYIO CTPYKTYpy. B cpemnelt m BepxHel 4acTsAX Maykd OHU
IJIOTHBIE, KpENKue. BpeMeHHOE CONMpPOTUBIIEHUE CKATHIO MOPOJ, IPHIETAIOIINX K
paslioMy, B BO3AYIIIHO — CYXOM COCTOSIHMM M3MEHSIOTCS B mpenenax 43,2 - 450,0
KF/CMZ, B BOJOHACHIIIEHHOM COCTOSIHMM MaKCUMaJIbHOE 3Hauenue 140 kr/cm? .

Bonu3u mnacta conu (10 - 15 M) aprusuiithl 3arurcoBasbl. [ Uric 3amnoHser
MUKPOTPEIIMHBI U MEJKHE MYCTOThI, Kak Obl 1leMeHTupys nopoay. CoaepxaHue
TUIICAa B MOPOJIE COCTABIAECT B cpeaHeM 5,5% Mpu MakCHMalbHOM COJCp>KaHUU
19%.1Topoasl MUHIOATMAHCKON CBUTBI, 3aKJIIOUCHHBIE MEXIY IIBAMHU pa3iioma,
MPEACTaBICHbl WHTCHCUBHO JUCIOIMPOBAHHBIMU IECYAHUKAMHU C MPOCIOSIMU
aneBpoauToB. CpeHee pacCTOSTHUE MEXKIY KPYIHBIMU pa3pblBaMU B 3TOM OJIOKe
C aMIUTUTYJOM CMEHIEHUs] OT HECKOJbKHX CAHTUMETPOB 1O MEPBBIX METPOB
coctasisier 10 - 15m.

Menkue TpemuHbl 00pa3yroT 4 - 5 cucTeM, Co3ar0IInue CPeIHEI0 OJIOUYHOCTh
He Oosiee 8 - 15 cM. ANIEBPOJIUTHI 37I€Ch CUIILHO MEPEMSTHI C OJIOYHOCTHIO MEHEe
S cM. TpemHbl B OCHOBHOM 3arOJIHEHbI TJIMHKOM, HA TIOBEPXHOCTU CTEHOK
cienpl cKobkeHusa. O0beMHas TpelIMHHAs MYCTOTHOCTh COCTAaBJISIET B CPEAHEM
2 - 3%.
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[Ipounocts mopox B oOpasiie MO BHU3YaldbHOW OILIEHKE YCTYIMAeT TEM K€
MOpOJIaM, PAcHOJIOKEHHBIM BHE JHUH3BI B 1,3 - 1,5 pa3a. MomHOCTh JIMH3bBI Ha
JIEBOM O€pery COCTaBJIsieT HECKOJIBKO METPOB, Ha MEPBOM PE3KO Bo3pacTaeT 10 80
M B paiione 1-ii mpaBoii pacceuku mroiapHd 1001° 1 qajgee Ha Oro — 3amajg BHOBb
yMeHbIIaeTcss 10 28 MEeTpoB B 2 - i MpaBoi pacceyke TOM ke IITOJIbHU .
YMeHbIIIEHHEe  MOUIHOCTH TakXe HaOII0AaeTcsl MO BOCCTAHHIO W TMAJECHUIO
paznoma.

KoHTakT comm ¢ IOpCKMMHM apriwUIMTaMH IUIOTHBIM, YacTO HEPOBHBIM, C
SABHBIM IIPOPACTAHUEM WM B3aUMOIPOHUKHOBEHUEM J3THX JBYX HOpOJ;
MPUKOHTAKTHBIX TPEIIUH HUTJIE HE YCTAHOBIICHO.

B mnyiaHe KOHTakT MPSIMOJIMHEEH, B BEPTUKAIBHOM pa3pe3e YIJIbl MaJCHUS
KOHTAaKTa HE BbIAEpKaHbl. Tak B CEBEPO — BOCTOYHOM KOHIIE Yy4acTKa pa3BEIKH
COJICBOTrO IUIACTA KOHTAKT MMeeT mamenue 74 - 77°. B BepxHell wacTH yrox
najgcHus 700, a HIke oTMeTKH 640 M - 550, B OO — 3amaJHOW 4acTU BBEPXY
MaJicHe KOHTAKTa 850, amxe 98° - 72°,

KonTtakt mmacta coaum ¢ MecCYaHUKAMU  MHUHTOATMAHCKOM  CBUTHI
TEKTOHUYECKH U, IO BUIUMOMY, HEOJHOPOJeH. HMHorma coiib TJIOTHO
KOHTAKTUPYET C MECYAHWKAMU, UHOTJA MEXKIY COJIbI0 U MEeCYaHUKAMHU 3aJIeraeT
IPOCIION MEePeTepToro CynecyaHo — CYIIIMHUCTOrO MaTepuaja MOIIHOCTBIO /10
HECKOJIbKUX CAaHTUMETPOB.

DNeMeHTHl 3aleraHdsi KOHTAaKTa — asuMmyT magenns 130 - 140° | yron
nageHus 75 - 68°. B HEKOTOPBIX MECTaX HMEIOTCS Pa3HbIC HCKPHUBICHHS KOHTAKTA.
Tak, mpu cowleHEeHWH BTOpOro IBa HMoHAXIICKOro paszjaoma C ONHCHIBAEMBIM
KOHTaKTOM MPOMCXONT MEPErud MOCISTHETO C YMEHBIIEHHEM MOIITHOCTH COJIH.

Tperberl MOBEPXHOCTHIO, KPOME ONMMCAHHBIX KOHTAKTOB OTPAHWYMBAIOLICH
IJIACT COJIM, SIBJSIETCS TIOBEPXHOCTh pa3MbIBa COJIM TPYHTOBBIMU BOJIaMHU.
[ToBcemecTHO OHA pacIoiaracTcsi HUKE€ YPOBHHM TPYHTOBBIX BOJ Ha 25 - 30 M, npu
yAQJIEHUU OT pPEKH OTMETKM Bepxa COJM TOCTENEHHO MOoBbIIAaTcs. Tak,
ckBaknHa Ned, mpoOypeHHasi BOJIM3U PEKH, HA JIEBOM Oepery, BCKPHIBAeT BEpX
CoJIM Ha oTMeTKe 956 M, Ha mpaBoM Oepery, B 500 m ot p. Baxmr Ha otmeTke 964

M. , (ckB. 2013"), Ha meBoM Oepery — Ha orMeTke 972 M. (ckB. 1019).
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ITo mepe ynanenus ot crBopa PoryHckoin ['DC Monaxuickuii pa3inoMm Bce
0oJiee OTXOAUT OT COBpeMeHHOTro ype3a Baxmia. Tak, B 8 kM OT cTBOpa, pa3iom
oTcTouT oT Baxmia Ha 2,5 kM, a B 12 1 27 KM COOTBETCTBEHHO 4 1 6,2 KM.

B 1,5 kM or cTBOpa, B Ipenenax COCTABICHHOM CXEMAaTHYECKOM KapTbl
TUAPOU30TUIIC OTMETKA MOBEPXHOCTU pa3MbIBa coyid He TipeBbiiaet 1080 m.

HanconeBoe mpocTpaHCTBO, T€ COJb BBIMIETOUYEHA, 3aMOJHEHO OpeK4Hei.
Ona mpexacraBimsieT co0OM KOPUYHEBATO-KPACHYIO, MECTaMHU CEpYI0, TECUYaHO-
CYIJIMHUCTYIO0, TUIOTHYIO, 3ardlCOBAaHHYIO MacCy C BKIIOYEHHEM OO0JIOMKOB
aprujiuTa M rurca pasmepom oT 1 - 2 mMm 10 3 - 5 cM, BCTpedaroTcsi 00JIOMKHU
runca u aarugaputa a0 30 cM. MommHocTs Opekunn Ha orMmerkax 1010 - 1020
m3Mensiercss or 1 - 3 M mo 15 - 20 METpoOB, HEMOCPEACTBEHHO HAJ COJBIO
3aI0JIHEHO €1I€ HE YIUIOTHEHHOW Maccou. Ha 3To yka3pIBarOT pe3Kue NMOBBIIICHUS
CKOPOCTHU OypeHUs, a TaKKe POBaJIbI OypPOBOIO HHCTPYMEHTA.

Tak mpu Oypennn ckBaxkuusl Ne 1004° 1o ymoTHeHHOH GpeKdHH B
uHntepBaiie 46,8 - 58,4 M cpeliHsIsi CKOPOCTh OypeHus coctaBisia 7 - 10 cm/MuH
10 pa3yIuIOTHEHHOW Opekunu B umHTepBase 58,4 - 61,8 - 21-50 cm/mMuH, a B
uHtepBaiie 61,8 - 64,8 M mpousoien npoBaji 0ypoBOro cHapsja.

[Inact conud, OrpaHUYEHHBIA OINUCAHHBIMU TPEMS [OBEPXHOCTSIMH,
nepecekas peKy, MpoTATUBAETCs U3 BEPXHETO B HIDKHMMA Obed.MoIIHOCTh coiu, B
€e BepXHEeW 4acTu, Ha pacCMaTPUBAEMOM YYaCTKE YBEJIMUYMBAETCA K IOTr0-3amaiy, T.
€. B HampaBlieHUU HIKHero Owneda. Tak mo ckBaxkuHam 1019 u 1001 ona
cocraBisieT cootBercTBeHHO 1,0 1 0,5 M, a Ha mpaBoM Gepery (cks. 1004,1004“%)
nocturaet 12,0 m.

VYBenuueHne MOITHOCTH COJIM TI0 TPOCTUPAHUIO YKAa3bIBAET HA HEOOMBITIOE (
1 - 2° ) pacxox/eHHe B HATPABICHHM MPOCTHPAHHS pa3ioMa U ruiacta comu. C
TJIyOMHON TIO MAaJIEHHUI0 MOIIHOCTD TIJIacTa COJIM YBEIUYMBACTCS B CPEIHEM OKOJIO
15 m Ha kaxable 100 M, 4TO COOTBETCTBYET CPEIHEN pa3HMIEC B YIVIAX MaJCHHS
pasiioma ¥ iacrta conm, T. e. 8 - 9°.

Conp (rasut), cinaraemasl IIacT, MPEICTaBIseT COOOM TJIOTHYIO TEMHO-

CEPYI0, PO30BYIO, OXPUCTYIO TOPOAY, C XOPOIIO BBIPAKEHHON KPHUCTANIMYECKON
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CTPYKTYpOH, CTEKJISHHBIM OJIECKOM B CBeXHX wu3nomax. [lo xumudeckum
aHallu3aM CPETHHUI COCTaB COJH, BHIPAKCHHBINH B (hOpME TMIOTETUYECKUX COJICH

[36], mpencraiieH B Tabsumie 1.5.

Tao6auua 1.5. - 'unoretnueckue coiut B %%

NaCl | MgCl, | MgSO, | MgCO; | CaCl, | CaSOs | CaCO; | Ca(HCO3) | o6m. | cymma
OpOJI

79,32 | 0,05 0,08 1,08 0,03 11,1 1,69 0,03 6,76 100,06

Kak BugHO U3 TaOIUIIBI, OCHOBHOM coJibIo 311ech sBasiercs NaCl T. e. ranwr,
OCTaJIbHBIE COJIM UMEIOT MOAYMHEHHOE 3HAUCHHUE.

PacTBOpuMas B BOJE 4acTh COJM MPECTABICHA FaJUTOM U COCTaBIISIET 75,8
- 92,0% oT Bceil moponabl, a HEpacTBOpUMAas NPEACTABICHA BKIIOYEHUSIMHU
aHTUApUTA, KapOOHATOB, OOJOMKOB BMEIIAIOIIMX TOPOJ U PYAHBIX MHUHEPAJOB.

OO6miee conepKaHWE Pa3IUUHBIX METPOrpaPUUYECKUX Pa3HOBUAHOCTEH

HEPaACTBOPUMBIX B BOJI€ BKIIOUCHUI MpUBEICHBI B Ta0iuiie 1.6.

Tabauua 1.6. - Conepkanue u nerporpapuueckuii COCTaB BKJIIOYEHUH B MJIacTe COIU

Copepxanne
HaunmeHoBaHue Koaunuect- Y T—— [T P — Cpen-
Ne BO omnpe.
Hoe HOE Hee
1 2 3 4 5
1. AHTH]IPHT B T.4U. 25 4,2 31,6 14,4
a) | uauoMopdHbIe 4.2 27,5 13,0
0) | okaTaHHBIC 0,0 41 1.4
2. KapOonaTts! B BHJIE 25 1,3 4.4 2,4
pomM0031pOB
3. [lecuano-aneBponn- 25 0,8 10,2 41
TOBas MOPOa
a) | okaTaHHbBIE 0,8 6,1 2,7
0) | yriioBateie 0,0 4,1 14
4, Benas xapbonatHo- 25 0,0 15 0,4
[JIMHUCTAS TI0PojIa €
AHTHJPUTOM
a) | oKkaTaHHbBIE 0,0 11 0,3
0) | yrioBarsie 0,0 0,4 0,1
5. Pynnble (xambKOmUpUT 25 0,0 0,2 0,1
u oanepur)
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Hanuuwe pyaHpIx MUHEpPAJOB B COJMM 1O BHAMMOMY YyKa3blBaeT Ha
TUAPOTEPMAIIbHBIE TPOIIECCHI, MPOTEKaBIIME B 30He MOHAXIICKOTO paszioma, 4To,
B CBOIO OYepeab, MOXET YyKa3blBaTh Ha YHACICIOBAaHHOCTh €r0 pPa3jioMy,
CYIIIECTBOBABIIEMY B TAJICO30MCKOM (DyHIaMEHTE WJIM BOSHMKHOBEHHUIO pa3phiBa
Majco30MCKOro (yHAaMEHTa B aJbIIUHCKYIO OPOTCHHIO TIpH 0Opa30BaHUHU
Monaxiickoro pasioma.

XapaktepucTtuka (U3HKO-MEXaHUYECKHX CBOWCTB COJM TIPUBEICHA B
tabmure 1.7.

O COCTOSIHMH COJIM B €CTECTBEHHBIX YCJIOBHSIX MOXHO CYIUTH TOJIBKO IIO
pe3ynbTaTaM KOJOHKOBOTO OypeHHUs, BCKPBHITh COJIb TOPHBIMH BBIPAOOTKAMHU JI0
HACTOSIIET0 BPEMEHU HE MPEACTaBUIOCh BO3MOXHBIM. Cyls IO IOJIYy4YEHHOMY
KEpHY, COJIb UMEET IUIOTHOC MOHOJUTHOE CTPOCHHWE, TPEIINHBI, KABEPHBI, CIICIIBI
BBIIIEIaYMBAaHNS B HEH OTCYTCTBYIOT, UTO JJa€T OCHOBAaHUE CUMTATh JAHHBIH IIJIaCT
COJIM BOJOHEIPOHHIIaeMbIM. [Ipu W3BIEUECHHWH KEepHA MO MHOTHMM CKB)XXHMHAM C
nIyouH, mpeBblmaromux 60 M, OH paccilaMBaeTcs Ha  IUIACTHUHKH,
MePICHINKYJIIPHBIC OCH KE€pHA, HE3aBUCHMO OT HAKJIOHA CKBAaYXHUHBI M DJICMEHTOB
3ajleraHusl COJIM. DTOT (DaKT yKa3bIBaeT Ha HAIPSHKEHHOE COCTOSHHUE COJIH, TIPH

KOTOPOM CYILIECTBOBAHUE OTKPBITHIX TPEIIUMH HEBO3MOKHO.

Taﬁ.lmua 1.7. - ®u3nko - MEXaHUYCCKHUE XapaKTCPUCTHUKU COJIHN

Ne IToka3zarenn Eanauna 3HayeHusn
H3MepEHHs MAaKC. MMHH. cpenHee
1 2 3 4 5
1. | YaensHEbIlN Bec r*p/CM2 2,24 2,21 2,23
2. | O0BeMHEBIN BeC I‘p/CM2 2,33 1,97 2,18
3. | BpemeHHOE CONpOTHBIICHUE
CKATHIO
a) B E€CTECTBEHHOM COCTO- Kr/cMm® 460,1 155,6 319,7
STHUU
0) B COJICHACHIIIEHHOM pac- Kr/cm® 298,8 1115 2294
cone
4. | BpeMeHoe COMpPOTHUBICHHE Kr/cm® 23,9 18,0 19,7
PaCTsHKCHHUTO
5. | Moayns nedopmanuu 10°kr/cM® 130 97 114
6. | Momysb ynpyroctu 10~ kr/cm’ 380 104 260
7. | Koaddunment ITyaccona 0,42 0,153 0,26
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beicTpoMy 3ajleyMBaHUI0 TPEIIMH B COJIM, B CIly4ac BO3HUKHOBEHUS
TaKOBBIX, HECOMHEHHO, JIOJDKHO CIIOCOOCTBOBATH HAJIMYME PACCOTIOB, OMBIBAIOIIMX
coib. B mabopaTopHBIX yCNOBHUSX ISl KOMIIPECCHOHHBIX HCCIIETOBAaHUI COJH B
HApYIICHHOM COCTOSIHUM O0pa3ilbl M3TOTOBISUIMCH cieayromumM crnocoooM. Comb
(mopona) npoOunack Ha OTAEIBHOCTH, C MAKCUMAJIbHBIM Pa3MepoOM TIpaHybl 2 -
2,5 MM (TpaHyO-METPUUECKUM COCTAaB MOATOTOBUTENILHOrO Marepuana: 2,5 - 1Mm
=35%, 1-0,5mm =25% u < 0,5 mm = 40%).

[ToAroToBiEeHHBIN TaKUM 00pa30M MaTepuall yBIAXKHsUIICA JOOABICHUEM 5 -
6% BOOpl W mnomemancs Ha 24 Yaca B DOKCHKaTtop s PaBHOMEPHOTO
pacnpeneneHus: Biaaru B npooe. [locne yero marepuan mpomyckaics 4epe3 CHTO
2,5 MM (@i CcOXpaHEHHMs arperupoBaHHOIO COCTOSIHUSI) MW 3arpyxajics B
KOMIIPECCUOHHBIN MPUOOP, B KOTOPOM YIUIOTHSUICS Harpy3kamu jio 32 - 37 Kr/cM’.
M3roToBieHHbI TAKUM CIIOCOOOM OOpas3ell BHEIIHE  HUYEM HE OTJIMYAJICA OT
OPUPOJTHOM COJNM, HO IUIOTHOCTh €ro, XOTsS W HE3HAUMTEIbHO, ObLIa HUXKE
OpUPOAHON conu (cM. Tabnuiy 1.8).

OTOT ONBIT SBISETCS OJHMM W3 J0KAa3aTeIbCTB CIIOCOOHOCTH COJIUM K

OBICTPOMY CaMO3aJICYMBAHUIO PA3PHIBHBIX JAehOpMAIIHiA.

Tadauua 1.8. - CBoiicTBa colii B U3TOTOBJIEHHOM 00pasiie

Ne CocrosiHre 00pa31oB O6mbemubli Bec ckenera | KoadduuueHnt nopuctoctu
HapymeHHOH CTPYKTYpHBI 2,12 0,057
2 | HenapymeHHOH CTPYKTYpHI 2,18 0,027

1.3.4. O030p, aHAJIN3 U OLIEHKA NPOTUBO(PUILTPALUOHHBIX 3aBeC B 30HE

00beKTa HCCaeI0BAHUSA

C OCBOGHHEM HOBBIX DJKOHOMHYECKHU BBII'OAHBIX CTBOPOB THAPOY3JIOB
IIOsIBHUJIACH HCO6XO)II/IMOCTB CTPOUTCIIBCTBA KPYIIHBIX FI/I)IpOBJ'ICKTpOCTaHHI/Iﬁ Ha
y4dacTKax, HC6HaFOHpI/I$ITHBIX C HHIXCHCPHO — Ire0JOTMYECKON TOYKM 3pCHUA.
CI0XXHOCTh HHXXCHCPHO — I'COJIOrMYCCKUX YC.HOBI/II\/’I TaKHX YYACTKOB 3aKIHOYACTCsA

HaJIW4YKWHK B UX NpCAciax JErKOPaCTBOPUMBIX ITOPOA.
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3amuTa TOpPOA OT BHINIENaYMBaHUSA U Cy(h(PO3uu NMpU CTPOUTENBCTBE U
AKCIUTYaTallMM THIPOTEXHUYECKUX COOPYKEHUNM MOXKHO JIOCTUTHYThH B Pe3ysbTaTe
CO3JIaHUSA BBICOKOILIOTHBIX NPOTUBO(UIBTPAIUOHHBIX 3aBec.
[IpotuBOpMIBTPAIIMOHHBIE ~ 3aBECHl  SIBIAIOTCS ~ OCHOBHBIM  DJIEMEHTOM
OOJIBIIMHCTBA IIJIOTHH THAPOSJEKTPOCTAHIIMM B pe3yJbTaTe MCIOJIb30BAHUS,
KOTOPBIX PEIIAIOTCS CJICAYIONINE OCHOBHBIC 3a/1auu:

a) YMEHBIIICHHUE MTOTEPHh BOJBI 0 JOMYCTUMBIX MPEEIOB Ha (PHIBTPALIUAIO U3
BOJOXpAHWINII;, O) CHIDKCHHE CKOPOCTH (UIBTPAMOHHBIX TOTOKOB BOJBI B
TpelMHAaX ¥ TPEJAOTBPAICHUE PA3BUTHS MEXaHUYEeCKOM ¢ XUMHYECKOU
cy¢pdo3uu; B) CHIKEHHE BO3JCHCTBUS (DUIBTPAIIMOHHOTO MOTOKAa HAa OCHOBAHUE
IJIOTUHBI; T) OOECreYeHWe PaBHOMEPHOIO pacHpeAesiCHUs] CTaTUYECKOro |
JMHAMUYECKOT0 BO3JACUCTBUS (PUIBTPAITMOHHOTO MOTOKA HA OCHOBAHUE IJIOTUHBI;
1) IpeI0TBpAIlleHHE 00pa30BaHus MyTel COCPEAOTOUCHHBIX (DUIBTPAIIUM.

B pa6orax C.JI. Boponkeuua [37 - 39], A.H. AnamoBuua [40 - 42], JI.W.
MansimieBa [43, 44], [I.B. 3epuoBa [45], B.Il. Henpuru [46 - 48], U.A.
[TapabyueBa [49, 50], JI.LA. MonokoBa [51, 52], H.I'. Tpynaka [53], B.A.
Pxxannmuna [54, 55], B.U. Cepreesa [56], B.E. CokonoBuua [57], A. Xoncou [58,
59], K. Kapona [60, 61], A. Kambedopa [62, 63], a Takxke Apyrux
ucclieaoBaresnei 0000111eH 00JIbIIION OTIBIT 1o CO3/IaHUIO
NpOTUBO(UIBTPALIMOHHBIX 3aBEC M Pacdy€T WX [apaMEeTPOB CBS3aHHBIX C
WH)XEHEPHO — T'€0JIOTUUECKUMH YCJIOBUSIMU OCHOBAHUSI TIJIOTHUHBI.

[Ipu HANMMUKUK JETKOPACTBOPUMBIX MOPOJ B OCHOBAHUHM TIJIOTUHBI (KaMEHHAas
COJIb, TUIICHI, aQHTUJPUTBI)  TpedyeTcs CO3/IaHHE€  BBICOKOILJIOTHBIX
MPOTUBO(DHIIBTPAIMOHHBIX 3aBEC B BUJE YCTPOWCTBA JBYXPSIHBIX WM
TPEXPSIAHBIX 3aBEC B 3aBUCUMOCTH OT MPOHHUIIaeMOCTH niopoy [40].

B mpakthke TUIPOTEXHUYECKOTO  CTPOUTENbCTBA TMPU  CO3/JAaHUU
NPOTUBO(UIBTPALIMOHHBIX 3aBEC IIMPOKO HCIIOIB3YIOTCS METOJbl (PUBHKO —
XUMHUUYECKON MEJIUOpalii, KOTOPbIE MOTYT MPUBOJIUT K U3BMEHEHUIO NHKEHEPHO —
r'€0JIOTHYECKHUX YCIIOBUI OT/ICIBHBIX YYaCTKOB U TeppUTOpHii [64 -66].

B tpynax C. JI. BoponkeBuua [67 - 69] ormedaercs, 4To IpU NPUMEHEHHUH

METOJIOB TEXHHYECKOM MENMOpalud B BEPXHUX TOPU30HTAX JHUTOCHEPHI
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o0pa3yloTcs  HCKYCCTBEHHble  (U3MYECKHME  TeJa C  ONpeleJCHHBIMU

r€OMETPUYECKUMHU MapaMeTpamu.

B pa6orax JI.M. MansnueBa u ap. [43, 44], B.M. Bpezramoa u A.Jl.
[ymapuna [70], K.M. MakcumoBa u H.A. Cramesckoii [71], E.C. bapanoBa u
ap. [72], B.A. Muponnuera u B.I'. CkokoBa [73], A. Pabano [74], a Takxke Ipyrux

HCCHGHOBaTCHCﬁ MNpCaACTAaBJICHbBI  JAaHHBIC  MHOI'OJICTHHX H3.6JII-O,HCHI/Iﬁ 3a

3(1)(1)CKTI/IBHOCTI)}0 OCMCHTALIMOHHBIX 3aBCC THAPOTCXHUYCCKUX COOpY)KeHI/Iﬁ

IIOCTPOCHHBIX Ha CKaJIbHBIX OCHOBAHHAX (FpaHI/ITaX, AUOopUuTax, Tpalax,

HN3BCCTHAKAX, IICCHAHUKAX U I[p)

B Tabmuue 1.9 npuBenaeHsl pe3ynabTaThl  ONEHKA APPEKTUBHOCTH

YCTPOCHHBIX HOCMCHTALIMOHHBLIX 3dBCC Had  HCKOTOPBIX THAPOTCXHHUYCCKHUX

coopykeHusx [43]. AHanu3 JaHHBIX HATYPHBIX HCCIENOBAHMM (PUIbTpAIUu

IIOKA3bIBACT, 4YTO 3(1)(1)GKTI/IBHOCTI> OCMCHTAIMOHHBIX  3aBCC  3aBHCHT OT

WHKEHEPHO-TEOJIOTMUYECKUX YCIOBUH (sIuToNIOrO-TIeTpOrpaduIECKUX

OCOOEHHOCTEH), rapaMeTpoB TPEIIMHOBATOCTH u HaIpsHKEHHO-

ne(opMUPOBAHHOTO COCTOSIHUS TTOPOJT OCHOBAHUS TIJIOTUHBI [72].

Tab6auua 1.9. - O6001mEHHBIE pe3ybTaThl OLEHKH 3()(PEKTHBHOCTH [IEMEHTAIIMOHHBIX 3aBEC B

CKaJIbHBIX ocHOBaHMX (110 JI.W. ManbliieBy)

I'2C IHoponst Heiict- Koad. IManenue I'panu-
OCHOBAHUA BYIOLIUIA ¢uabTpanuu, Hamopa Ha €HT
HATIOP, M M/CyT nem3sasece,% Hanopa
Uupkelickas U3BECTHIKHU 223 0,01 10-70 3,0-9,3
JIOJOMHTEI
Wurypckas TOXE 181 0,02 45-60 5,0-6,0
TokTOrysabCcKas U3BECTHSIKU 152 0,03 10-55 4.0-9,0
Casmo- CIIAHIIBI 134 menee 0,02 30-60 4,0-6,0
IymeHckas
Kpacnospckas TPaHUTHI 92 0,005-0,015 72,5 4,5-6,0
Bparckas IIECYAHUKH, 106 menee 0,02 30,5 2,6
TPAIIEI
Yers-Unumckas ITECUYaHUKH, 89 0,01 1 menee 56-68 5,0-6,0
AJICBPOJIUTHI,
TPAITIIEI
Yapsakckast U3BECTHSIKU 157 okoJo 0,03 53,8 8,3
Hypekckas ITECUYaHUKH, 270 menee 0,02 10-20 2,0-5,0
AJICBPOJIUTHI

52




O¢ddexTuBHAS TONIMHA LIEMEHTAIIMOHHOM 3aBECHl 3aBUCUT OT XapakTepa
pacrmpejielieHdss Hamopa 1o MyTd (QuibTpaumd B OCHOBaHUU. DdeKTUBHAS
TOJIIIMHA LIEMEHTALIMOHHOM 3aBEChl  OINpEAeNAeTcs TEM, UTO HACKOJbKO
MPOUCXOJUT COCpeloTodeHHoe raimienne Hamnopa. Ha Wuarypm I'DOC Takas
sbdexTuBHasS TONIIMHA B PYCIOBOM CeYEHUH cocTaBiser 15-17 M, rne
HaOJIOMaeTCsl COCPENOTOUYEHHBIM Tmepernan Hamopa. Ha apyrux ruupoysnax
(Toktorynwsckoii, Yupketickoit, Casao — lymenckoit 'DC u ap.) sapdextuBHAsS
TOJIIITMHA 3aBec npesbimaeT 10 — 12 m [73 - 75].

O¢dPexTUBHOCTh yCTpOMCTBA 1LIEMEHTALMOHHON 3aBEChl CYIIECTBEHHO
3aBHCUT OT CTEIIEHU BOJONPOHHUIAEMOCTH NOopoJl. B cnabonpoHuiiaeMbIx nopogax
neMmeHTanus, HeagdextuBHa. Ha psje 00bEKTOB IPU HU3KOM CpeHENd MCXOTHOMN
BOJONPOHMIIAEMOCTHU CKaJIbHBIX nopox Yupkenckon n Casno — lymenckon 1'9C
nocie Ipouecca LEMEHTAllMM MOopoJ B 3aBece ObUIM IOJIyY€HbI YJEIbHbIC
Boponoriouienuss 0,01 n/mun. Takod BblcOkuE 3¢ (EKT LEeMEHTAalUuH 3aBECHI
CBSA3aH C OTIEIbHBIMM MEIKHMH, CpeIHUMH W KpynHbiMu (1o JI.W. Heimranr
[76]) TpermHaMu, KOTOPBIE XOPOIIO IEeMEHTUPYIOTCS [43].

B nocimegHue roapl Hayald CTPOUTh KPYIHBIE THIPOTEXHUYECKHE
COOPY’KEHHs Ha CKAJIbHBIX T'PYHTAaX THIIA apTUJUIATHI, aJ€BPOJIUTHI, IECUYAHUKH,
I'PaBEJIUThI, U3BECTHSAKHU, OJOMUTHI M Jp. DTH MOPOJbI OTHOCATCS K Tpynram
OCAJIOUYHBIX CIEMEHTHUPOBAHHBIX M OCATOYHBIX XMUMHYECKMX U OMOXMMHYECKHX
nopoy no kinaccudukanuu E.M. Cepreesa [77].

[Ipy nemMeHTaUMu TAaKUX THUIOB TMOPOJ TOSBISIOTCA 3HAYUTEIbHBIE
CJIO)HOCTH, 00YCJIOBJICHHbIE X MH)KEHEPHO-TE€OJIOTHYECKUMHU yCIIOBUSIMH [39]:

- MHOTHE JIMTOJOTMYECKHE PA3ZHOCTH JTUX MOPOA HMEIT HU3KYIO
MIPOHUIIAEMOCTh, KOIPGUIIUECHTHI (PIIIBTPAIMM B MacCHBaX W3MEHSIOTCS OT 1-3
m/cyT. 1o n x 107 m/cyr.,

- MEXaHM4YecKasi MPOYHOCTb MX OTHOCUTENIBHO HU3Kas, YTO HE MO3BOJISET
IpU UHBEKIMOHHBIX pabdOTax HCIOJB30BAaHWE BBICOKUX aBICHUN HarHeTaHUs
pacTBOpoB. ONBIT HHCTUTYTA «I HIPOCIEUNPOEKT» MMOKa3aj, YTO B TAKUX CIIydasxX
MPOUCXOMST THUAPABIUYECKHE Pa3pbhIBbl MOPOJ M KAYECTBO HHBEKIUU PE3KO

MMajaceT,
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- MHOTHE JUTOJOTHYECKHE PA3HOCTU O0JIaJal0T MHUKPOTPEUIMHAMH. ITO
BBI3bIBACT TMOTJIOIIEHHWE BOJABI M3 HHBEKIMOHHOTO pPAcTBOpa MPOHHUIIAEMBIMH
CTeHKaMH TpemuH. B pe3ynbrare 3TOro MpOUCXOIAT MU3MEHEHHUsS (HU3UUECKOro
CBOMCTBa  pacTBOpa, Takue Kak BS3KOCTb, BpeMsl reineoOpa3oBaHUs
(«cXBaThIBaHUS») U APYTHE.

Pasmep nHanbonee KpYIMHBIX YacTUIl JJIS LIEMEHTa OOBIYHOTO 3aBOJCKOIO
nomosia cootBerctByer 0,9 — 0,15 MM, TIe pacnpocTpaHeHHE LEMEHTHON
CYCIIEH3UM MOXKET OECHPENsITCTBEHHO TMPOUCXOJUT TOJBKO IO TpEIIMHAM,
uMerImuM packpbitue 6osee 0,1 MM [54]. B TpemmHax, MMEOIUX MEHbLIEE
pacKphITHE, TIPU IIEMEHTALUKA 00Pa3yloTCsS CBOJABI U3 KPYIMHBIX YaCTHUI[ IIEMEHTA,
KOTOpBIE MPEMATCTBYIOT €ro JajibHeHIeMy NOCTYIUIEHUIO B TPEIIMHY U OCTAlOTCs
HEKOTOpBIE OOBEMBI OTKPBITHIX IMYCTOT. DTH IYCTOTHI OMPEAEISIOT OCTATOYHYIO
BOJIONIPOHUIIAEMOCTh TIOPOJl TOCJE ILEMEHTAlluu, TIe B PAAE CIy4yaeB MOMKET
OKa3aThCsl BECbMa 3HAYUTENbHBIN, U TIPU ATOM HEOOXOIUMBIN 3((HEKT LIeMEHTaIH
He gocturaercs [63].

Takum  oOpazom, mnpu  BO3BEIEHUWU  IUIOTUHBI Ha  OCAJ0YHBIX
CIIEMEHTHPOBAHHBIX  IMOPOAAaX TMPUMEHEHHE IIEMEHTHBIX CYCIEH3HMOHHBIX
pacTBOpPOB HE oOecrieunBaeT Tpebyemoit BBICOKOILJIOTHOM
IPOTUBOPMIBTPAIIMOHHOM 3aBechl. C LENbI0 JOCTHKEHUS BBICOKOTNIOTHOM 3aBECHI
B TIOCJICIHUE TOJBI HAPSAY C IIEMEHTHBIMH PACTBOPAMHU UCTOJIB3YIOT MAJIOBS3KHE
XUMUYECKHE Teleo0pa3ylomue pacTBOPbI, O0JIaaloIIMe BBHICOKONM M TIIyOOKO
MIPOHUKAIOMIEH CITOCOOHOCTHIO. B MpakTHke THAPOTEXHUYECKOTO CTPOUTEIHCTBA B
HACTOSIINI MOMEHT HAKOIUICHHBIA OIBIT MPUMEHEHUS XWMHUYECKUX PacCTBOPOB
CBUJCTEIBCTBYET O 3HAUUTEIBHOM CHIKEHHU MPOHHUIIAEMOCTH YIUIOTHEHHBIX
MaccuBOB mopo [78 - 81].

Ha ocHoBaHMM HATypHBIX JaHHBIX W aHaJIW3a pPE3yJIbTAaTOB OIMBITHBIX
WHBEKIMOHHBIX ~ pabor Ha [lepemagnoit IDC-1 wu  Kamckoit [DC
IIaBEJICBOATIOMOCUIIMKATHBIE XHUMHUYECKHE Teieo0pasyronfe pacTBOpPHl Oblia
PEKOMEHJIOBaHbl K HCIOJB30BAaHUIO TMPU COOPYKEHUH WM JOYIJIOTHEHUHU

IpOTHBO(UIFTPALIMOHHEIX 3aBEC KaK Ha BBIIIE MPUBEIAEHHBIX COOPYKEHHSIX, TaK U
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OpU BO3BEJICHUU THUAPOTEXHUUYECKHX COOPYKEHMH Ha CIabOompOHUIIAEMBIX
TpyHTax B IPyrux paiioHax [38].

[Ipu BO3BeJEHUM IUIOTMH Ha OCAJOYHBIX CIIEMEHTHUPOBAHHBIX TpPYHTaX,
COJEpKAIINX JIETKOPACTBOPUMBIE TOPOJBI, B pe3yiapTare cybdo3un u
BBIIICJIAYUBAHUA ~ MUHTEHCUBHOCTh  (DUIBTPAIIMOHHBIX  TTOTOKOB  IIOCTOSIHHO
MOBBIIIAECTCSA, YTO MOKET MPUBECTU K HAPYLIECHUIO pabOThl THAPOTEXHUYECKOTO
COOPY)KCHHSI M PUCKY TTOSIBJICHHS aBapuitHOU cutyaruu [82 - 85].

N3yyenuto  Bompoca O  BBIIEIAYUBAHUM  I[EMEHTHOTO  KaMHS,
(UIBTPALIMOHHBIMU BOJAAMH, MOCBSIIEHBI psii ucciaenoBaHuil [42, 86 - 88]. B
paboTax OTMEYaeTcs, YTO BBILIEIAYMBAHUE LEMEHTHOTO KAaMHS B OCHOBaHUU
IJIOTHHBI SIBJISIETCS YCIIOBUE JUTUTEIIBHOTO BO3ICUCTBUS (QDUIBTPYIOIIEHCS BOIBI.

beronnas rpasuranmonHas miuotuHa KpacHospckuit ['DC BeicoTon 124 M
Bo3BeaeHa B 1961-1969 rr. HaGmtonenus 3a GuibTpaninoHHBIMUA pacxoaaMu ObLITH
opranuzoBanHsl B 1971r., a B 1975 T. KOJMYECTBO CHUCTEMAaTHYECKHU
KOHTPOJIMPpYEMBIX Touek cocTaBwio 194. Ilpeanmonaranock, 4To Mmoj AEHCTBUEM
(GUIBTPAIIMOHHOTO TOTOKAa MOXET MPOUCXOJIUTH MOCTENICHHOE BBINICTAYHMBAHUE
LHEMEHTa  NPOTUBOPUIBTPALMOHHOM  3aBechl.  JIs  OUEHKM  CTENEeHHU
BBILIEIAYMBAHNS [IEMEHTA U3 [IEMEHTAIIMOHHOW 3aBEChI ONPEIEISIN XUMAYECKUI
coctaB ¢uibTpyromeics Boasl 3-4 pasa B rox (mo 50-60 mpoO). Anamuz
MOJTYYEHHBIX JaHHBIX MOKA3bIBAET, YTO B PEAJbHBIX YCIOBUSIX JKCIUTyaTallMu U3
riyookoit (10 60 M) MPOTHBOPMIBTPAIMOHHOM 3aBeckl TommuHOM 10-15 M 3a
onud roj (1975) BeiHeceno 6240 xr uzsectu (B popme CaO) [89]. [TocrenenHoe
BBIIICJIAYMBAHUE 1IEMEHTHOTO KaMHS M3 Tela 3aBEeChl MOXXET MPUBECTH K
U3MEHEHUIO0 (UIBTPAIIMOHHBIX TapamMeTpoB 3aBechbl. (COOTBETCTBEHHO JTa
OpUBEAET K CHWKEHHUIO TMEpernagoB Hamopa Ha 3aBece H3-3a YBEJIWYEHUs
koadumrenTa GuabTpanuu.

B mactosimee Bpemsi HakomjieH OOJIBIION OMBIT 1O  CO3/IaHHUIO
NPOTUBOPUIBTPALIMOHHBIX 3aBEC M OSKPAaHOB B JIUCIEPCHBIX TPYHTaX C
WCITOJIb30BAHUEM XHMHYECKUX TAMIIOHAXHBIX PACTBOPOB M HMMEETCS OO0JbIIIOE

KOJIMYECTBO [JAaHHBIX IIO KOB(I)(I)I/IHI/IGHTaM (i)I/IJII)TpaHI/II/I Pa3jINYHbIX THUIIOB
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JUCTIEPCHBIX TPYHTOB, 3aKPEIUICHHBIX XUMUYECKUMHU BSDKYIIMMU pacTBopamu |54,
55, 90, 91].

[Tepuon 3¢dHEeKTUBHOTO CYIIECTBOBAHUS MPOTUBOPUIHTPALIMOHHON 3aBECHI
B ocHoBaHuu PoryHckoii ['DC omnpegensercss HE TOJIBKO HW3MEHEHUEM
kodpdunmrenta QuibTpanu B pe3yibTaTe  (PU3MKO —  XUMHYECKOTO
B3aMMOJICUCTBUSI MHBEKIIMOHHOTO pacTBOpa W HHBELUUPYEMOrOo TpyHTa, HO H
pacTBOopeHHEeM KaMeHHOW conr. OCyIIECTBICHHE MEPOIMPHUITHIA IO CO3IaHUI0
3aIIUTHOTO PKpaHa MO3BOJUT 3HAYUTEIIbHO CHU3UTh CKOPOCTh MOTOKA MOI3EMHBIX

BOJI.

1.3.5. ®opMupoBaHus COCTABA MOA3EMHBIX BOJ

B 30He 00beKTa HccJaeJ0BaHMM

JIns  yAOBJIETBOPEHUS TMOTPEOHOCTEH B BOJE BBICOKOTO KayecTBa,
NPUTOJHOW IS TWThS, JJIsl JIEYEHUS W COJIEBapeHUsT W Jp. Iepen
MCCIIEIOBATEIIMU BCTAaBaJIN BONPOCHI, CBA3AHHBIE C OIPEICICHUEM XUMUYECKOTO
COCTaBa MOJA3EMHBIX BOJI. M3yyanock cojiep:kaHue B MOA3EMHBIX BOJIaX OTIAEIbHBIX
AJIEMEHTOB, TA30B U OPTaHUYECKUX BEIIECTB M OOIIMI MUHEPATbHBIN COCTaB.

JlanpHelilie TUAPOreOXUMUYECKUE UCCIAEOBAaHUSI ObUIM CBSI3aHBI €
pa3BuTHEM He(TAHOW MPOMBINUICHHOCTH. B o00iactu Teopernueckux mpodiieMm
THAPOTEOXUMHUH, OCHOBOITOJIO)KHUKOM KOTOpOii siisietcst B. T1. Bepnaackuii, Obut
co3fiaH (yHIaMEHTaIbHBIN Tpya 00 ucTopuu (GOPMUPOBAHUS MPUPOJHBIX BOJI,
CUCTEMATHU3allMsl TMOJ3EMHBIX BOJ MO XWMHYECKMM CBOWCTBAM M COCTaBaM,
OCOOCHHOCTH MX PA3BUTHS U OCHOBHBIC THIPOTCOXMMUYECKHE 3aKOHOMEPHOCTH.
Hayunsie nccnenoanus B. I1. Bepuaackoro [92 - 94] nocBAIeHHBIE pa3BUTHIO U
dbopMHUpOBaHUIO TTPOOJIEM THAPOTCOXUMHUHN B IPUKIIATHBIX IEJISX, CO3AAIA OCHOBY
JU1s1 €€ TIPEACTABIICHUS B KAUECTBE CAMOCTOSATEIILHOTO pa3esia TupOre0I0ruu.

B Hacrosimiee BpeMs THAPOr€OXUMHUYECKHE HWCCIEAOBAHUS IOJIYUYUIIU
HanOoJiee IMMPOKOE PACIPOCTPAHECHUE B CIEAYIONMUX OO0JACTIX HCMOJIb30BaHUSA
MOA3EMHBIX BO/I:

1) pu U3BICKAaHUSX JJI MUTHEBOTO M TEXHUYECKOTO BOJOCHAOKEHNS,
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2) mpu UCTIOIB30BAHNUH TIOJI3EMHBIX BOJ] B KAYECTBE MUHEPATHHOTO CBHIPHS, a
TaK)Xe B JICYCOHBIX MEIIAX;

3) npu OWCKaX PYIHBIX U HEPYIHBIX MOJIE3HBIX HCKOIMAEMBIX;

4) mpy MOI36MHOM BBINIETAYMBAHUY U3 TTOPOJ IICHHBIX JJICMEHTOB;

5) mpm MOA3EMHOM 3aXOPOHEHWH OHWOJOTHYECKH BPEIHBIX CTOKOB
MPOMBINIIJICHHBIX TPEATPUATHIH;

6) TIpY U3BICKAHUSAX JIJIS TTOA3EMHBIX XPAHIIIUII Ta3a,;

7) Ipu METUOPATUBHBIX paboTax;

8) mpu 3aKauyke BOJ B TUIACTHI IS MOJACP)KAHWS JAaBJICHHUS B IPOIECCE
IKCILTyaTaIi MECTOPOKICHNN He(TH U Ta3a;

9) ipu pa3paboTKe PYIHBIX MMOJE3HBIX UCKOITAEMBbIX.

B  mocmemnee  BpemMsi  MCXOAd W3 BAXKHOCTH  TEOPETHYCCKHUX
THIPOTEOXUMHUYECKUX BOMPOCOB JIJII MHOTHX OTpaciiel HapOIHOTO XO3sHCTBa,
HEKOTOpbIE MCCIEAOBATENN CUUTAIOT TUIPOTCOXUMUIO CAMOCTOSITEIbHOW HAYKOM,
U3yJaroniell XUMUICCKUN COCTaB MOA3EMHBIX BOJI, €T0 M3MECHECHHSI B TIPOCTPAHCTBE
U BPEMEHH, TPOUCXOISIIUE MO BO3/IEHCTBUEM €CTECTBEHHBIX W MCKYCCTBEHHBIX
(hakTOpOB.

MHOTOYMCIEHHOCTh H pa3HOO0pa3ue BOIMPOCOB BHI3BAHBI CIOKHOCTHIO H
MHOTOTPAaHHOCTBIO ~ TPOOJIEM  THAPOTCOXMMHUYECKUX  3aKOHOMEPHOCTEH U
(bopMHUpPOBaHUS XUMHUYECKOTO COCTaBa MOA3EMHBIX BOJI, @ TAK)KE HEOOXOIMMOCTHIO
WX PEIICHUS] C TO3WLUNA KOMIUIEKCHOTO PAaCcCMOTPEHHS] MaKCHUMaJIbHOTO YHCIIA
3a1a4. DTO - 3a/1a4d 10 (POPMHUPOBAHUIO XUMHUYECKOTO COCTaBa MOJ3EMHBIX BOJI,
UX KIacCU(PUKANMK 110 XHMHYECKOMY COCTaBy M YCTaHOBJICHHIO BHIOB
THAPOTCOXUMHUYECKUX Pa3pe30B 3€MHOM KOPHI, a TAKXKE XapakTepa 30HAIbHOCTU
MO/I3€MHBIX BOJ M JIp. HEKOTOPBIM M3 yIIOMSHYTHIX 3a/1a4 JI0 HACTOSIIETO BPEMEHU
YACTIAJIOCh Majo BHUMAHHUSA, B CBS3M C 4YeM OHHM HAXOJATCS Ha CTaJuu
cTaHoByieHHs. B wacTHOCTH, 3TO 3a7ma4n 110 pazpadoTke GhakTopoB GopMUpoBaHUS
COCTaBOB  BOJI, TPHHIMIIOB THAPOTCOXUMHUYCCKOTO  pPAaWOHUPOBAHHUSI M|
KJacCU(UKAIMK TOA3EMHBIX BOJ MO YCJIOBHSAM (HOPMHUPOBAHHS XHUMHYECKOTO

cocCTraBa.
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MHoroo0Opa3sue XHUMHUYECKOrO0 COCTaBa CaMbIX Pa3HbIX THUIIOB MPUPOIHBIX
BOJl TOOYIMJIO HCCIIEOBATEICH CHUCTEMATH3MPOBATh M KIACCU(DHUIMPOBATH WX.
beuio mpemioxkeHo Oo0JbIIOE YHCIO KilaccU(UKAUMNA TPUPOAHBIX BOJA MO HUX
XUMHUYECKOMY COCTaBy. Pe3ynbTaThl THIPOTCOXUMUYECKUX  HMCCICAOBAHUMN
U3NI0KeHbl B MOHOTpadusix u cratbsix O. A. Anekuna [95], M. E. AnbTroBckoro
[96], C. A. Bpycunosckoro [97], A. H. Byneesa [98], M. I'. Bansmko [99 - 101],
A. I1. Bunorpanosa [102], E. A. bapca u M. U. 3aiinenscona [103], 1. K. 3aiineBa
[104 - 107], B. I1. 3Bepena [108], H. K. Urunatosuua [109], B. B. Kpacunueoii
[110], C. P. KpaiinoBa [111], A. M. OBunnnukoBa [112 - 115], K. E. IlutbeBoii
[116], E. B. ITocoxoma [117, 118], B. C. Camapuna [119, 120], C. 1. CmupHOBa
[121], B. M. llIBena [122], I". A. MakcumoBuua [123, 124] v JIp.

Bomnpockl xumMuu mpUPOJHBIX BOJA COJAEpKATCAd B y4COHUKAX U y4eOHBIX
nocobusx: ui.-kopp. AH CCCP O. A. Anekuna «O6mas runpoxumus» [125] u
«OcHoBBI Tugpoxumumn» [126], a Takxke I'. A. MakcumoBHYa «XHUMHUYECKas
reorpadus Bog cymm» [127].

CaoiicTBa 1 yciaoBusi (GOPMUPOBAHKS XUMHUECKOTO COCTaBa MOJ3EMHBIX BOJI
paccMOTpeHbl B crenayrommx kHurax: A. M. OBuMHHUKOBa «l MAPOTEOXUMUS»
[112]; K. E. IIutbeBa «OCHOBBI PErMOHATILHON T€OXUMHUM MOI3EMHBIX BO» [116];
E. B. IlocoxoBa «®opMupoBaHHE XUMUYECKOTO COCTaBa MOJA3eMHBIX Boa» [117],
«O6mas ruaporeoxumus» [118].

CBeieHHsI 0 XMMHUYECKOM COCTaBE IOJI3EMHBIX BOJI OTICIBHBIX OOJacTen
Coserckoro Coro3a NnpuBeEeHbl B yUeOHUKAaX MO PETMOHAIBHOW THIPOrEOJIOTHH:
I'. H. Kamenckuii «Bompocsl (opmupoBanust moazemusix Boa» [128]; I'. H.
Kamenckuit. M. M. Tonctuxuna, H. 1. Tonctuxun «l'maporeonorus CCCPy»
[129]; A. M. OBuunnHukoB «OOmas ruaporeosiorus» [130]; K. E. IlutbeBa
«IToxzemublie Boabl nmasieo30st CepepHoro IIpukacmus» [131].

XHUMHUYECKHI COCTaB TMOJ3EMHBIX BOJI HAa YYacTKax pa3BUTUS COJM B
OCHOBaHUHU TIOTUHBI PoryHckoit I'DC, HaunHas ¢ OTMETOK €€ CBoja (OroJIOBKa),
Oomee omHOOOpa3eH. 34eCh, KaK MPaBUIO, TOJA3EMHBIC BOJBI XJIOPHIHO -

HaTPHCBELIC. Bennunna CyXOoro ocCrtaTrka, Ipu KOTOpOM BOJbI HpI/IO6pCTaIOT 9TOT
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TUN MUHepajIu3aluy, pasznuueH. Ha ydacTke HM3BECTHBI XJIOPUIHO-HATPUEBBIC
BOo/bI ¢ MuHepanu3zarueit 5,0 - 8,0 r/n. OgHako yCTOWYMBBIE BOJIBI STOTO THUIIA
o0pa3yroTcs NMpyu MUHEpaIU3aluu okojio 60 /1 [2-A, 47-Al.

[Tpu m3menenuu oOmelt MuHepanuzauuu oT 3 g0 60 r/nm HabmogaeTcs

MOCTEIEHHAs: CMEHA TUIIOB BOJI B TAKOM MOCJIEI0BATEILHOCTH [2-A, 47-A]:

cysb(aTHbIE KaJIbIIMEBbHIE He Oounee 4 r/n
cynb(aTHBIC HATPUEBHIC ot 2,5 1o 12 r/n
CyJb(haTHO-XJIOPUIHBIC HATPUEBBIC ot 2,5 nol7 r/n
XJIOPUHO - CyJb(aTHbIE HATPUEBBIC ot 7,5 no 60 r/n
XJIOPU/IHBIE HATPUEBBIE 6onee 60 r/n

['panunbl MUHEpaMU3alMKU TEepexoja OT OJHOTO THUIA BOJ K JIPyrou
YCTaHOBJIEHBI BECbMA YCJIOBHO U 3aBUCST OT LEJIOr0 psja (hakTOpOB.

[locne Bcero oOka3aHHOTO, OOIIEr0 KapTUHA THAPOTEOJIOTHYECKOM
00CTaHOBKH MOKET OBITh MPEACTABICHA CICIYIONINM 00pa3oM.

Ha yuacTtke paszButus conu no HoHaxImICKOMy pas3jioMy OTMEYaeTcs
BEpPTUKAJIbHAS 30HAJLHOCTh MHHEpPATU3AIMK MOA3EeMHBIX BOJ. [log3emHble BOIBI
1o riayounsl 40-50 M 06manaroT HU3KOM MuHepanu3auuei 2 1010 r/a, oTHOCACH 1o
TUIYy K CyJb(aTHBIM KaJbIMEBBIM, CyJIb(aTHbIM HATPUEBBIM U CYyJIb(aTHO -
XJIOPUIHBIM HaTpueBbIM. Hanbonee HU3KOM BeMMUMHOM MUHEpanu3anuu (2-3 /i)
oOJiajjaeT MEpBBIM TUMI BOJ M COOTBETCTBEHHO Oojee Bbicokoi (3 - 30 r/m) -
BTOPOM, TPETHI 1 YeTBepThIil. OOpa30BaHUIO ITUX BOJ HECOMHEHHO CIIOCOOCTBYET
U MHQUIBTpAIUs U3 PEKHU, B 30HE [IUPKYIISIIIUNA BO3BPATHBIX BOJI.

[TogzemHuble BOnbI ¢ MuHepanu3amnueil cBoimie 30 T/1 OTHOCATCS, Kak
MpaBuiIo, K XJOPUIHO - HATpUEBBIM. [lepexon Kk 3TOMy THIY BOJ MPOUCXOJUT Ha
a0COJIIOTHBIX OTMETKAX 0K0JI0 950 M, T.e. HA OTMETKaX BepXa COJIU.

N3MeHeHnsT XMMHYECKOrO0 COCTaBa IMOA3EMHBIX BOJ B IMPOCTPAHCTBE U
BPEMEHHM, MOXET MPOUCXOJUT TMOJA  BO3JACHCTBUEM  E€CTECTBEHHBIX U
HUCKYCCTBEHHBIX (pakTopoB. OAMH M3 TAKUX HMCKYCCTBEHHBIX (DAaKTOPOB MOMKET

OBITh BO3BEJICHUE BBHICOKOHATIOPHBIX TUIOTHH, KOTOPBIM MPHUBEAET K U3MEHEHHIO
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TUAPOTCOXUMUYECKOTO, TEOTEPMUYECKOTO U (UIBTPAIIMOHHOTO peXuUMa B
OCHOBAHUU TJIOTUHBI.

Hwxe wu3znaraiorcss MEeTOquKa W TEXHOJIOTHS MCCIEIOBAaHUS H3MEHEHHUS
cocTaBa TMOA3EMHBIX BOJ  KJIACCHUYECKMMH  METOJaMU ®  Ipudopamu
PE3UCTUBUMETPUEH, TEPMOMETPUEH U OTOOPOM MPOO U3 CKBAKUHBI.

B rmaBe 2, jauccepranuu, TakXKe PpacCMOTPEHbl ©  0OOCHOBAHBI
BO3MOXXHOCTH TPUMEHEHUSI COBPEMEHHBIX TEXHOJIOTMH H3YyYEeHUS] HU3MEHECHUS
COoCTaBa TMOJ3EMHBIX BOJ (THAPOTCOXMMHUYECKUNA PpEXKUM), TE€OTEPMUUYECKOU

00CTaHOBKH M (PMIIBTPALIMOHHOTO PEKUMA.
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I'masa 2. METO/IbI U TEXHUYECKHUE CPEACTBA UCCJIEAOBAHUA
W OBJIACTh IPUMEHEHHMS COBPEMEHHBIX TEXHOJIOT UM

B mepBoil rnmaBe guccepraniii  ObUIM  OCBEHIEHBI  OCOOEHHOCTH
re0JIOTHYECKOr0 CTPOEHMUsl paiioHa ctpoutenbetBa PoryHckoit 'DC. Hwuxke ¢
Y4E€TOM OCOOEHHOCTEW, HCCIEIYyeMOT0 OO0BEKTa PACCMOTPEHBI COBPEMEHHBIC
TEXHOJIOTHH W TEXHWYCCKUE CpeACcTBa MOHUTOpHHTra ycioBwid [80-A] m pexnma

paboThl paCTBOPUMBIX OCHOBAHUM BHICOKOHAMOPHBIX (TPYHTOBBIX ) IJIOTHH.

2.1. lIpuHUMIIBI OPraHU3ANMU WHKEHEPHOT0 MOHUTOPUHTa. HaTypHbIe

(moJieBbI€) MI3MepeHHs U HADJIIOICHHS.

Jist ruaporexunueckux coopyxenuid (I'TC), aBapum KOTOpPBIX MOTYT
IPUBECTH K BO3HMKHOBEHMIO upe3BbluaiiHOM cutyauuid (UYC), ycraHaBIMBaroT
Kputepun  Oe3omacHoctd. Kpurepum  Oe3omacHoCcTH — pa3pabaTbiBalOT U
yCTaHABIMBAIOT HAa CTaINU NpoeKTUpoBanus [32-A — 34-Al.

[Ipumensiemple TIpU TMPOEKTUPOBaHUM KkpuTepuu OezonmacHoct ['TC
YTOUYHSIOT Ha CTaUAX CTPOUTEILCTBA, IPU BBOJIE OOBEKTA B IKCILIyaTalMIO, MPU
DKCIUTyaTalluu, PEKOHCTPYKLIMM, KOHCEPBALIUH, B CBA3U C U3MEHEHUSAMH YCJIOBUHI
AKCIUTyaTallM, a TaKKe NP U3MEHEHUU TpeOOBaHUI 3aKOHOJATENbCTBA, HOPM U
MPaBHJI TEXHUYECKOTO peryiaupoBanus B oonactu 6e3onacHoctu ['TC [32-A — 34-
Al.

K «kputepusm Oe3omacHoctu ['TC ycraHaBiMBarOT 1O OCHOBHBIM
noKasaTesiiM 0€30MaCHOCTH COOPY>KEHHI OTHECEHBI CleNyIolue MOoKa3aTelu:
MPOYHOCTh, YCTOWYMBOCTh, (unbTpanmoHHas (cyddo3uoHHas) MPOYHOCTS,
(GUIBTpallMOHHBINA pacxoji, GUIbTPALIMOHHBIN PEKUM B OCHOBAHUU IJIOTUHBI [32-
A —34-A].

[Ipu coctaBieHnn NPOrHo3a (UIBTPALMOHHOTO pPEKKMMa B OCHOBAaHUU
COOpPY)KE€HUI 0co00€ BHHUMAHHME VYACNAIOT HCCICAOBAHUIO B3aUMOJIEHCTBUS
(GUIBTPAIIMOHHBIX BOJ U3 BOJOXPAHUJIMINA C MOA3EMHBIMA MHHEPAIN30BAHHBIMU

BOJIaMH U C COJICHOCHBIMH ITOPOJaMU OCHOBaHus [5-A, 48-A].
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[Ipu NOBBILIEHWH YPOBHS BOJABI B BOJOXPAHUIIUIIE POUCXOIUT YBEIHUUYECHHE
(UIBTPALIMOHHBIX IOTOKOB B OCHOBaHMHM IUIOTHHBI. [IpecHas Bosia B 3aBUCUMOCTH
OT JIEUCTBYyIOLIETO0 Hamopa (TUAPOCTATHYECKOTO JABJICHUS) TMPOHUKAS IO
UMEIOIIUMCST  TpEIMHaM,  JOCTHras  BBICOKOMHUHEPAJIM30BAHHBIX  BOJ,
3alUIIAOIME  IUIACT  COJIM,  M3MEHAET  KOHLEHTPAaLUUI0  MOA3EMHBIX
MUHEPAIM30BaHHBIX BOJ M0 TiyOuHe. Jlanee moj AecTBUEM (PUIBTPALlMOHHBIX
IOTOKOB OTXKaTasi YacTh MHUHEPAIW30BAHHBIX BOJ MEPEHOCUTCS JaJbLIE OT
COJIEBOTO IUIACTA, BEAyllasd K HW3MEHEHUIO THIPOr€OXHMMHYECKOr0 pexuma B
OCHOBAHMH IUIOTUHBI.

Crnenyer OTMETUTB, YTO B CHUCTEME MOHUTOPHMHIA PEINAIOTCS 3aJaud Kak
y3KOW JeTanu3aluy, TaK W 3aJayd, TPeOYyIoIIMe  MPUHATUA «TJI00ATBHBIX)
pELICHH, MEHSIOUIUX LEJble 3B€HbS B CHCTEME 3alllUThl OCHOBaHUA. B cBs3u c
3THM, CHCTEMa MOHUTOPHHIA JOJDKHA ObITh BCECTOPOHHEH, YHU(DULIMPOBAHHOMN U
ruOKOH, yIOBJIETBOPSIONIEH NOTPEOHOCTH BCEX YPOBHEH CUCTEMBI yIpaBieHus [4-
Al.

K ocHOBHBIM 3a7auaM, penraeMbie B MTPOLECCE MOHUTOPUHTA, OTHECEHHI [63-

Al:

- KOHTPOJb 3a THAPOTICOXUMHUYCCKHUM PCKUMOM B OCHOBAHHH ITIJIOTHHBI;

- KOHTPOJIb I'€COTCPMHUUCCKOIO H (bHHBTpaHI/IOHHOFO pe€KrMa B OCHOBAaHUU
TUIOTHHBI;

- opraHu3aIys HaOIIOACHHM 32 pab0TON CUCTEMBI 3alTUTHl OCHOBAHUS;

- 00Hapy)XeHHUE TIPUYNHBI OTKITFOYCHHUH OT 3aJJaHHOTO PEKUMA;

- OIICHKa HaOJIOAacMbIX OTKJIOHCHHMH B OCHOBAaHMHM BO  BpeMs
CTPOMTEIBLCTBA, IKCIUTyaTallX U YIIPABJICHUN TEXHOTCHHBIMH ITPOIIECCAMHU;

- TMPOTHO3 Pa3BUTHS BO3HHKAIONINX CHUTYallMd W BBIOOP ONTHMAJILHOTO
BapHaHTa, MCKIIOYAIOIIETO OTPHUIATEIbHBIC TOCIICACTBUS HAPYIICHUH 3aJJaHHOTO
pexuma.

OcymiecTBieHHEe MOHUTOPUHTA TpeOyeT HaIW4Hs JeTaabHOW MH(pOopManuu
00 OCOOCHHOCTSIX THUIIPOTEOXUMHYECKOTO PEKHMMa B OCHOBAHHMH TUIOTHHBI BO
BpEMSI CTPOUTENIbCTBA, B HOPMAIBHOM JKCIUTYaTaIll[HOHHOM PEXUME U BBIPAOOTKE

KpUTCpHUaJIbHbIX 3HAYCHUH ITUX napaMcTpoOB.
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Ecnu pesynpTaThl paboThl HAONIOAATENILHONW CETH CBUICTEIBCTBYIOT O
BO3HUKHOBEHWH HOBOW CHTYaIllMW, PEIIEHUE MO KOTOPOW OTCYTCTBYET, TO 3TO
BJIEYET 3a CO0OM HEOOXOJUMOCTh CHEIHANbHBIX OOCIEIOBAHUM U BHECECHHS
JIOTIOJTHUTEIIBHBIX TAHHBIX B CHCTEMY MOHUTOPHUHTA.

CucrteMa MOHHMTOPHMHIAa OCHOBAaHMS IUIOTHHBI SIBJISIETCSI aBTOHOMHOM
COCTaBHOM YacThi0 OOLIEr0 MOHUTOPWHIA, NPUHIMIHAIbHAS CXeMa KOTOPOTro

MPEICTABICHA HA pUCYHKE 2.1.

OCHOBAHHE IINTOTHUHbI

Harypuble
MeTO/IbI
HCecTe0BaHMI

\ »  ba3a nanneix u 3HaHnii

A

{HPIBHRRH ONACHBIX necl:opmauuﬁj—

IIpunsitie ynpasBJsiiOIIHX pelleHHii H NpeBeHTHBHBIX MePONPHATHIH

U

KonTpoas 3¢eRTHBHOCTH peain3anii NpeBeHTHBHBIX MeponpHSTHI

DkcneprHas .| IIporno3ubie
OlleHKA pacuéTnl

Y

[Hpnpouuoe B03ﬂEﬁCTBIIeJ

[TGXHOFEHHOE BO3£I€‘IUICTB1I8]

Pucynok. 2.1. - O0mas cxema cucTeMbl MOHUTOPUHIa OCHOBAHUS TUIOTHHBI

Hust  sddextuBHOM pabOTBl BCEH CUCTEMbl MOHHMTOPHHIA OOJIBILIOE
3HaUYE€HHWE UWMeeT co3JaHue (YHKUMOHAIBHOM MOJENIM MOHUTOPUHTA H
IUTAHUPOBAHHUE BCEH TEXHOJOTHYECKOW IIETIOYKH OT MOJy4eHHUs MHGOpMaluu 10
npuHsATUs pemieHus. Hemoctatounas mnpopaboTka — Kakoro-imOo 3BEHa ATOU
HENOYKH HEen30€KHO MPUBENIET K PE3KOMY CHIKEHUIO IIEHHOCTHU BCel MoTyyaeMon
OoT MOHUTOpUHTa uHpopmaru. [IpoekTupoBaHUE CUCTEMbI MOHUTOPHUHIA 3AIUTHI
IJIacTa COJIM BKJIIOYAET MATh ATAnoB [63-A].:

1. OmnpeneseHue 3aga4 cHCTeMbl MOHHMTOPMHIAa W TPe0OBAHMH K
nHpopManMu, HEOOXOAMMON JUIi MX BBIIOJIHEHHA. Ha JITOM  3Tale
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MPOECKTUPOBAHUS JOJIKHBI OBITH BHIOPAHBI OCHOBHBIE CTATUCTHUYECKHUE METO/IbI
00pabOTKH MAaHHBIX, T.K. OT HHUX 3aBUCUT B 3HAUYUTEJILHOW CTEMEHU YacTOTa U
CPOKH HAOJIOJICHUH, a TaKkKe TpeOOBaHUs K TOYHOCTHU MOJTy4aeMbIX 3HAUCHUH.

2. Co3naHue OPraHW3alMOHHON CTPYKTYpPbl ceTH HAOJIOAeHud u
pa3padoTKa NPUHUMIIOB UX NMPOBeJeHUsi. DTO OCHOBHOW M HauboJyiee CIOKHBIN
3Tam, B IMPOIECCE KOTOPOT0, C Y4YETOM TIIOCTABJICHHBIX 3a/1au OIMpeIesieTCs
OCHOBHAsl CTPYKTypa HaOII0aTEIbHON CETH.

Ha stom ke »Tame pemiaercs BOMPOC O I€JIeCOO0OPa3HOCTH U MaciiTabax
VCITOJIb30BAaHUSI aBTOMATHU3UPOBAHHBIX, JHCTAHIMOHHBIX WM JPYTHUX IOACHCTEM
MOHMTOpPHUHIA CUCTEMBI 3alIUThl OCHOBaHUsA. Ha BTopoMm »Tame paspabarbiBarorcs,
TaK)K€, METOJUYECKHME PEKOMEHJAMM M PYKOBOJACTBA I0: BBIOOPY MeCT
PAaCIIOJIOKEHUS ITYHKTOB KOHTPOJISI, UX KAaTErOpHsl B 3aBUCHMOCTH OT Ba)KHOCTH
O0OBEKTa M €ro COCTOSHUS;  OIpPENEICHHE PACIONOKEHHUs] HaOII0AaTeIbHbIX
CTBOPOB U T. J1.; COCTaBJICHHUE IPOrpaMM HaOJII0IeHUH (KaKue IoKa3aTely, B KaKue
CPOKM M C KakoW dacTorod HaOmomaTh). BpIlmaloTcs peKOMEHIAuu 110
COOTHOUICHHIO (PM3NYECKUX U XUMUYECKUX TOKa3aTesel Uil TUITHYHBIX CUTYaluil
Y OpraHmsanusi cucreMbl KOHTpousis. IIpu 3TOM, mpenmosaraercs, 4To UMEKTCS
CTaHJApTHbIE PYKOBOJICTBA MO OTOOpPY, KOHCEpPBALMU MPOO U UX XUMUYECKOMY
aHaJIM3y, a Py HEOOXOJIMMOCTH OHH JIOPA0ATHIBAIOTCS MJIM COCTABIISIFOTCS BHOBb.

3. IlocrpoeHue ceru wmoHuTOpuHra. Ha »sTom »Tame yTouHsercs
COOTHOIIIEHHE BHUAOB HAONMIOJATENbHBIX CETEH; yCTaHABIMBAIOTCS MeECTa
pacmoyiokeHuss ~ MyHKTOB ~ cOopa  uH(OpMauuu. I[Ipuy  Hamuuumn
aBTOMATU3UPOBAHHBIX M JAMCTAHIIMOHHBIX CHUCTEM YTOUYHSAETCS MporpaMma ux
pabor.

4. Pa3paGoTka cucTeMbl NOJYYeHHUS] NAHHBIX M TMPeJCTABJICHUS MX
norpedourTeasam. Ha sTtom srtame omnpenemnsitorcsi 0COOCHHOCTH HEPApXUUYECKOM
CTPYKTYpbl TOJIydeHHsI U cOopa uMH(OpManuu; IUIaHupyeTcsl pa3paboTka OaHKa
JAHHBIX, OMNpPEAENSAIOTCS BHABI W YCIOBUS  MH(POPMALMOHHBIX  YCHYT,

BBIIIOJIHACMBIX C HMX IIOMOIIbIO; OACTCA ACTAJIbHAA XapaKTCPUCTHKA OCHOBHBIX
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uHpopMaMoOHHBIX  dopM (otuer, o0030p, cHOpaBka, KOMaHJA);
NpeIyCMAaTPUBACTCS, TaK)KE€ CHCTEMa KOHTPOJSI TOYHOCTH W TMPABUIHLHOCTH
JTaHHBIX Ha BCEX dTarnax padorT.

5. Co3naHue cuCTeMbl MPOBEPKH TMOJYy4YeHHOl wuHoOpManuM Ha
COOTBETCTBHE HCXOJHBIM TpPEOOBAaHHMSIM M TIEPECMOTp, MPH HEOOXOAMMOCTH,
CHUCTEMbI MOHUTOPHHTA.

AHanu3 (QYHKIIMOHUPOBAHMS CYIIECTBYIONIUX CHCTEM MOHHUTOPHUHTOB
MOKA3bIBACT, YTO B ps/ie CIydacB, KOTJa CUCTEeMa MOHHUTOpPHHTA CTpoujach 6e3
CHEIUATBHBIX HWCCJICIOBAHUMA, TMO3BOJISIOMNUX YTOYHUTH M OTKOPPEKTHPOBATH
KpUTEpUAIbHBIC 3HAYCHHWS HM3MEPSEMBIX TapaMeTpOB, 3¢ PEeKTUBHOCTH
MOHUTOPHUHTA CYIIECTBEHHO MTOHMKAETCS.

Bwmecte ¢ Tem, ciaemyeT MMETh B BHIY, YTO Kakhe ObI MEPOTPHUSTHS HE
pa3pabaThIBAINCh TI0O MOHHTOPHHTY, BCETZa CIEAYeT YYUTHIBATH BO3MOYKHOCTH
BO3HUKHOBEHHUS HEMPOTHO3UPYEMBIX  CHUTYaIlUi u MpeaycMaTpuBaTh
peaynpeanTeNbHBIE MEPHI, JIeXKAIIUE 3a TIpeieslaMyd CUCTEMbl MOHUTOPHHTA.

PexomenmyemMass apXuTeKTypa MOHUTOPHHTA JIOJDKHA OBITh B JalbHEHIIIEM
ONTUMHU3UPOBaHA B OTHOUIEHWU KOJMYECTBA TMEpBUYHONW  HH(OpMaIuwy,
MOCTYIAIIIEH W3 KOHTPOJIUPYEMOM Cpeibl, U TMPUBEICHA B COOTBETCTBUE C
pasperaronieil ClocoOHOCThIO U3MEPUTEIHLHOM aIrmapaTyphl.

Kpome TOro mo mepe OCBOECHHSI CHCTEMbl MOHHMTOPHHTA HAKOILJICHUE H
00paboTka mH(pOpPMAIMK JTOJDKHBI OBITh aBTOMATH3UPOBAHBI MIIM IIEPEBEACHBI Ha
TeJIEeMETPUUECKUN Croco0 OCyIIecTBIeHUsT cbopa, oOpabOoTKM W aHaIM3a
uHpopmaruu. [Ipumep Takoro MOCTPOCHHS] CHCTEMbl MOHUTOPUHTA MPUBEIEH HA
pUCYHKe 2.2.

Nudopmarus ¢ aBTOMAaTHYECKUX  HM3MEPHUTCIBHBIX  YCTPOWCTB,
YCTAaHOBJICHHBIX HA MYHKTE U3MEPEHUS, TI0 TEIEMETPUIECKUM KaHaJlaM MOCTYIaeT
B IICHTP MOHUTOPUHTA, KOTOPBIA OCYIIECTBIISACT HAKOIUICHHE, KIacCU(UKAIIHIO,

OLICHKY MH(pOpMalUi U 00eCreunBaeT nojavy npeaynpeauTesIbHbIX CUTHAJIOB Ha
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OyJbT YIPABJICHUS CUCTEMOW OOECHEYEeHUs THAPOTCOXUMHUYECKOTO pPEKUMa.
Takas  opraHuszanus  MOHMUTOpHMHra Ja€T  BO3MOXKHOCTH  OCYILECTBIIATH
BCECTOPOHHUM KOHTPOJIb HAKOIUIEHHBIX JAHHBIX M IPOBOAUTH MEPCHEKTHUBHOE
IJJAHUPOBAHUE MEPONPUATUI, HAIIPABICHHBIX HA COXPAHEHHUE 3aJaHHOTO pPEKUMa

9KCILIyaTallud CHUCTCMBI.

CHceTeMa KOHTPOJIS (PHIABTPANHOHHBIX
IOTOKOB H 3AIIHTHI IVIACTA COJIH
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IIpnaATHE YHpaBIAKINAX pellleHHil H NPeBeHTHBHLIX MepPONPHATHI

@Hrema pAHHEr o npenynpe@

PucyHnok 2.2. - [IpyHunnuansHas cxemMa apXUTeKTypbl CUCTEMbl MOHUTOPUHTA

TreOTEPMHUYCCKOro U THAPOIr€OXUMHUYCCKOT'O pEXKUMaA

66



OcHOBHOM  3adauell HATypHBIX HAONIOEHUN SABISETCS YCTAaHOBJICHHE
MOMEHTa Hayajla BbIHOCA MPOAYKTOB PAaCTBOPEHUS W3 3allMILAEMOro IJIacTa;
YCTaHOBJICHHE TPaHUI] 00JIACTH, 3aTPOHYTON MTPOLIECCOM PACTBOPEHUSI.

KonuyecTBeHHBIE TOKa3aTend, XapaKTEpHU3YIOMIME Hayallo Ipolecca
XUMUYEeCKON cyddo3un B JaHHOW TOUKe, MPEACTABIAIOT COO0N KpUTEpHAIbHbBIE
3HauYeHHUA HaOII0JaeMOT0 TapaMeTpa.

KoHTposIbHO - wu3MepuTenbHbIE NPUOOPHI pasMenialoTcsa B Haubosee
XapakTepHbIX  TOYKaxX  3allMIlaeMoro  Komiuiekca. Ha ~ koinmuecTBo
HaOJI0/IaTeNIbHBIX TOYEK, HEOOXOAUMBIX JId TOJy4YeHHUs HauOosee MOJHOW U
JIOCTOBEPHON KapTHUHBI W3MEHEHUS (UIBTPALMOHHBIX W THUIPOXUMHYECKUX
napamMeTpoB BOJU3M IJIaCTa COJIM, OKAa3bIBAIOT CYIIECTBEHHOE BIIMSIHUE TaKUE
CBOMCTBa MOPOJ, KaK PACCTOSHHE MEKIY TPELIMHAMU B IOPOJE U HUX PACKPBITHE.

[IpoBenennble oOcCieAOBaHMUS OCHOBaHUs Oyayiied MIOTUHBI PoryHckoi
['DC, mo3BOMMIM OIEHUTh HM3MEHEHHUS THAPOTCOXUMHYECKON OOCTaHOBKH BO
BPEMEHHU U B3aUMOJICHCTBUU (PUIBTPAIMOHHOIO MOTOKA C MOJ3EMHBIMHU BOJAaMH,
CoJeHOCHBIMH  mopogamu  [60-A, 62-A, 67-A, 72-A] wu npemaoxeHa
aBTOMATU3HWPOBAHHAS CUCTEMa MOHUTOPUHTA 3allIUThl OCHOBAHUS TIJIOTUHBI.

Y4uuThiBas MHKEHEPHO-TEOJIOTUUECKHE OCOOEHHOCTH (TUIPOTCOXUMUYECKHE
YCIIOBUSI BOKPYT COJIEBOTO IIIacTa, (PU3MKO-MEXaHWYECKUE U (DUIbTpaIMOHHBIC
XapaKTEPUCTUKN BMEUIAIOUIUX MOPOJ], OTKATHE, TIEPEHOC COJIEBOI COCTABISIOIIEH
U TEpeoTIONKEHUE MHUHEPATU30BAHHBIX BOJ (DHUIBTPAIMOHHBIMA TOTOKAMH
npecHbiXx Boja) B ctBope Porynckoit I'DC, mpemyiaraercs cxema pa3MelieHUus
KOHJYKTOMETPUYECKHX M3MEPEHUH 3a IUIACTOM COJM M3 COJEBOM IITOJIBHU
(pucyHok 2.3).

B kadectBe wu3Mepurened CTENEHW MHUHEPAIM3ALUUM  TPEAIaraeTcs
UCIIOJIb30BaTh KOHJYKTOMETPUUECKUE HW3MEPUTEIN, YCTaHaBIMBaeMble B 12
CTBOpAaX U 4 -X YPOBHSIX MO ITyOHMHE U3 COJICBOM IITOJIbHM, JIJISI U3MEPEHUS YPOBHS
MUHEpaIu3aluu, ONpeesSonel N3MEHEHUSI YCTAHOBUBIIEICS TpaHUIIbl ¢1ab0 U

CUJIbHO MHUHCPAJIM30BAHHBIX BOJ B 3dBHUCHUMOCTH OT I[GﬁCTB}GOIHCFO Haliopa Ha

BepxHeM Obede [14-A, 15-A, 55-A, 56-A, 58-A, 59-A].
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Hentp npuéma, 00paboTKH 1 XpaHESHHA
HHGOPMALNH KOHAYKTOMETPHUESCKHX H3MepUTEneii

|

Co/ieBasi MTOIbHSA
Y Y Y Y Y Y Y Y Y Y Y
[ 1] [2] lj-l [ 4] lil l]l l]l [8] [¢o] lljjl III ITI OTM. 992.0
Cl:l C2=] C}__l C4_.l C5=1 CGI_] CT,I CB 1 Cg.l C]Gl Cll,l C12__1
— OTM. 965.0 M
Ci2f] Ca2 Cs,z:[ Cu:[ Csaf C67I C?.z:[ Csle Co ClO,EICII" C]:,zl
— oM. 910,0 m
Cusf] Ca3[] C33[] Cas[] Csa[] Cos[1 3] Cssf] Cosf] Cros[] Ci13[] Ci2s
' ' —o1M. 850,0 M

Cia[] Cz24f] G4 C Csaf | Ceaf] C7 Csaf] C C C Ci2
|:| D |:| 4__4U |:| |:| ,4|:| [| 9,4|:| 10.4|:| 11--‘1|:| 124 —_oTM™. 760,0 M

Pucynoxk 2.3. - Cxema pacrnoyioxeHus KOHIYKTOMETPHUIECKUX U3MEPUTENICH

3a IJIACTOM COJIM U3 COJIEBOM INTOJbHEH

IIpoexktom Porynckoit I'DC, Ha BCHO MIMHY 3alIMIIaEMOr0 IUIACTA COJIU
(1100 M), nas Bcex BUAOB HAOMIOACHUS MPEITyCMOTpPeHO 12 HaOII0IaTeIbHBIX
CTBOPOB. McX0oas U3 3TOro B NMPEIIOKEHHON CXEeME NMPEAYCMOTPEHO 12 CTBOPOB
KOHJYKTOMETPUUYECKHX HM3MEpPUTENeH, COBMEHIEHHBIX C HAOJIIOAATEeIbHBIMU
CTBOpaMU, YTBEPKIAEHHBIM ITPOCKTOM.

ITo xaxxmoMy CTBOpY IO TJIyOMHE, B CXE€ME MPEAyCMaTPUBACTCS HA YETHIPEX
YPOBHSIX pa3MEIICHUS] KOHTYKTOMETPUUECKUX U3MEPUTEICH:

1 - ¥ ypoBeHb Ha oTMmeTke 965,0 M, rae Ha 3TOM ypPOBHE HaXOIUTCS
OT0JIOBOK COJIEBOTO IJIACTA;

2-#,3-1wu4 - ypoan Ha ormetrke 910,0, 850,0 m u 760,0 m, mus
OTpEeIeSICHUs] CKOPOCTH, TIyOUHBI OTXKATHS MUHEPATM30BAHHBIX BOJI M U3MEHEHHUS
IPaHUIIBl YPOBHS C€1a00 M CHIIBHOMHHEPAJIM30BaHHBIX BOJ B 3aBUCHUMOCTH OT
JEUCTBYIOIIETO Harlopa Ha BepXHeM Obede (pucyHok 2.4).

Nudpopmanust ¢ aBTOMaTHYECKUX U3MEpUTENbHbIX ycTpoiicts (Cij, rae i =1

- 12, ] — 1 - 4), yCTAaHOBJICHHBIX Ha ITYHKTE H3MEPEHUs, 10 TEIEeMETPHUUECKUM
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kaHamam (6moxk 1 - 12) mocTtymaer B IeHTp MOHUTOpuHTa (Uepe3 Oyok 13),
KOTOPBIA OCYIIECTBIISIET HAKOIJICHHE, KJIACCH(UKALNIO, OLEHKY HMHpOpMaluu U
obecrieynBaeT Mojaady MpenyNpeAuTENbHBIX CUTHAIOB HAa MYJIbT YIPaBIICHUS
CHUCTEMOH 3aluThl CoMU. Takas opraHu3alys MOHUTOPHHIa JAET BO3MOKHOCTD
OCYIIECTBIISITh BCECTOPOHHMI KOHTPOJIb HAKOIUICHHBIX MaHHBIX U MPOBOJIUTH
NEePCIEKTUBHOE TUIAHUPOBAHHE MEPOIPHUITUN, HANpaBICHHBIX Ha COXpaHEHHE

3aJIaHHOT'O PCKMMa SKCIINTyaTallu CUCTCMBI.

1050 Conepad MTONBHSA

['pannua cnabo- i CIIBHO
\ MHHEPATH30BAHHBIX BOJL

N
YA

PucyHnok 2.4. - I3MeHeHue rpaHullbl ypoBHS c1a00 U CHIIBHO MUHEPAIU30BaHHBIX BOJL

850

800

[Ipennaraemasi KOHUEMILMS CHUCTEMbl MOHUTOPHUHIA, TO3BOJSET IOBBICUTH
3allMTy OCHOBAaHMS IUJIOTHUHBI, KaK rapanta Oe3aBapuiiHON €€ paboThl B IIEJIOM.
MOHUTOPUHT OCHOBaHUS IUJIOTMHBI HAa PAaCTBOPUMBIX TOPOJax OOeCIeUnBaeT
OpraHU30BaTh PETYISPHBIC HAOIIOACHUS, MO3BOJIIONINE BBISIBUTH OTKJIOHCHUS B
AKCIUTYaTallMOHHOM PEXHME OCHOBAaHMS W TPHUHIATH MEphI, NPEAOTBpPAIIAIOITUE
OTpHULIATEIIbHBIE TIOCJIEACTBUA MPOU3OMIEAIINX H3MEHEHUM. BaxHou 3amaden
NPEVIO)KEHHOW CUCTEMBl MOHUTOPUHIA SBJSIETCS TO UTO, HAKOIUICHHE U
o0paboTka wHGOpPMAIUU NOKHBI OBITH ABTOMATU3UPOBAHBI U TEPEBEACHBI Ha
TEJIEMETPUUECKUI CIOCO0 OCYyIIeCTBICHUsT cOopa,  00paOOTKM © aHaIM3a

uHpopmaruu.
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2.2. Oco0eHHOCTH M 00J1aCTh MPUMEHEHUsI METOAA Pe3MCTUBUMETPHUH U

TePMOMETPHSI CKBAKUH

Meron pe3UCTUBUMETPUU TMPUMEHSAETCS I HM3MEPEHUs YACIbHOIO
AIIEKTPUYECKOTO COMPOTUBJICHHUS PACTBOPOB JJIEKTPOJUTOB, MpPoO BOJABI B
7a00paTOPHBIX YCIOBHSIX M TPYHTOBBIX BOJ,  IMPOMBIBOYHOM IKUAKOCTU B
CKBaKMHaX. V3mMepeHne nponu3BOAUTCSA PE3UCTUBUMETPAMH, KOTOPbIE MOTYT OBIThH
CKBOXKMHHBIMUA U JIA0OPATOPHBIMM, TMOCJEIHUE MpPEeIHAa3HAUYCHBI JJII HW3MEPECHHUS
COIPOTHUBIICHHUS JKUIKHUX P00 B 1a00paTOpHBIX ycmoBusax [132].

DJEeKTpUYECKUE  PE3UCTUBUMETPHl  NPEIACTABISIIOT  COOOM  cucTeMy
AJIEKTPOJIOB, PACIOJIOKEHHBIX Ha HEOOJIBIIOM PpAcCTOSHUM JApPYyr OT JApyra,
MOMEIIEHHBIX B CIEHUATBHOM KOPITyCE W3 HU30JIATOpa C ILETbI0 YMEHBIICHUS
BJIMSTHUSI TOPHBIX TIOPOJ M OOCAJKH Ha BEIMYHUHY U3MEPSIEMOTO COMPOTHBICHHUS
TPYHTOBBIX BOJ M OYpOBOTO PacTBOpa Po, 3AMOTHSIONIETO CKBAKHUHY.

Koadduimentsl pe3ucTUBUMETPOB ONPENETSAIOT C MOMOUIIBIO PAacTBOPOB
U3BECTHOTO YJENbHOIO 3JIEKTPUUYECKOTO CONPOTUBICHUS. /[l mnomyuyeHus
KO3 puIMEHTa MOBEPXHOCTHOTO PE3UCTUBUMETpA TIIATEIBHO TOTOBST PacTBOP
AJIEKTPOJINTA M3BECTHOM KOHUEHTpauuu. Jljis 3TOoro HeoOXoIMMO HCIOJIb30BaTh
JTUCTUUTUPOBAHHYIO BOJIY M XMMHYECKH 4YUCTyIO coib, Hampumep NaCl u KCI.
[lepen B3BemIMBaHUEM COJIb CIEAYeT OOE3BOAUTH MYTEM IPOKAJbIBAHUS.
YaenpHOE€ CONMPOTHBICHHE JJICKTPOJIMTA C yYETOM TEMIIepaTypbl HaXOASAT W3
tabmu [132].

KoadduimenT CKBaKMHHOTO pPE3UCTUBUMETPA OOBIYHO OMPEACTSIOT B
pacTBope, YAEIbHOE COIMPOTUBICHHE KOTOPOrO YCTAHABIMBAIOT C IOMOIIBIO
MPO3TAIIOHUPOBAHHOTO MOBEPXHOCTHOIO pe3uctuBumetpa [132].

Pe3uctuBUMETpHs TakKe HUCHOJIB3YeTCs AJi YCTAaHOBJICHUS MECT IPUTOKOB
U CKOpOCTH (UIBTpAllMd TIOA3EMHBIX BOJA, HWHTEPBAJIOB  TOTJIOMICHUS
MIPOMBIBOYHON KHUAKOCTH B CKBKWHE, OMPEEICHHs] MECT HapYIICHUsS 00CaTHBIX
KoJIoH [132 - 134].

Lenbto crenuanbHBIX TeO(U3NUECKUX HCCIECIOBAaHUM B 30HE 3alUTHI
iacTa COJM  SBJICTCA  ONEPaTHBHBIA  KOHTPOJb  THUAPOTE€OJIOTHYECKOro,

TUAPOXUMHUUYCCKOI'O U TCOTCPMHUUICCKOI'O PECIKUMOB.
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3anaun reopU3NIECKUX UCCIICIOBAHUIA:

- YTOYHHUTb MOJEJHM BOJONPOHUIAEMOCTH MACCHBa MOPOJA HAa Y4YacTKe
cojieBOii  3aBechbl  (M3ydeHHE  (WIBTPALMOHHOM  HEOJHOPOJHOCTH U
AHU30TPOITHOCTH, ONPEJEICHUE THIA JBMXKCHHS MOA3EMHBIX BOJ, H3YUYCHHE
JUHAMHUKU (QUIBTPALIMOHHOTO TIOTOKA),

- M3YYUTh BJHSIHHE TEXHOICHHbIX BO3eHCTBHI HAa HW3MEHEHHE
BOJONIPOHUIIAEMOCTH FOPHOr0 MaccuBa (PEKUMHbIE HAOIIOACHUSA 32 TUHAMUKOM
(UIBTPALIMOHHOTO TOTOKA, 3a OOLIe MHMHepanu3alMeld IMOA3EMHBIX BOJ U HUX
TeMIlepaTypoil, u3yueHue cyPpHO3MOHHBIX SIBICHH).

JUist u3ydeHHusT U3MEHEHHsS MHUHEpPATU3alli B 30HE OrOJIOBKA COJIEBOIO
m1acta ObUIM BBIOpAaHbl TEPMOMETPUS U pe3UCTUBUMETpUs. Kak moka3bIBaeT OMbIT
NPEAIECTBYIOIUX PA0OT Ha 3TOM OOBEKTE, 3TH METOJbl SBJISAIOTCS HamoOoJee
3(p(EKTUBHBIMU U TEXHOJOTWUYHBIMU. OCHOBHBIM METOJIOM B 3TOM KOMILIEKCE
SBIIIETCS T€OTEPMHUUECKHM METOJ ¢ IMpUMEHeHueM TepMmucTtopoB. OH oOiamaer
BBICOKOM HMH(MOPMATHUBHOCTBIO W BO3MOXHOCTBIO HW3YYEHHUSI BCEro paspes3a
CKBa)KUH, BKJIIOYasi OOCa’K€HHbIE 3alleMEHTUPOBAHHbIE M O€3BOJHBIE WHTEPBAJIBI
NbE30METPUYECKUX CKBaXHMH. ['eoTepMHUYecCKH MeToJ B (QUIbTPALMOHHBIX
VCCJIEIOBAHNUSX OCHOBAH HAa BBIABICHUM AHOMAIMM T'€OTEPMUYECKOTO MOJIH,
OOyCNIOBJIGHHBIX ~ KOHBEKTUBHBIM  TerionepeHocoM. @Popma  aHOMaIMid
re0TEPMUYECKOTO TOJIA, aMIUIUTYJa M 3HAK ONPENESIOTCS TeOTePMHYECKUMU
napaMerpamMu (QUIBTPAMOHHOTO IOTOKAa TMOA3EMHBIX BOJ, XapaKTepoM HX
B3aMMOJICUCTBUS C TOBEPXHOCTHBIMH BOJAMH, HAMpPaBICHUEM U CKOPOCTHIO
bunbTpayy.

Pe3uctuBrMeETpUs OCHOBaHA Ha BBISBIECHUU THMIPOXWMHUYECKUX aHOMAJIHM,
OOYCIJIOBJIEHHBIX COCPEIOTOUYECHHBIMU MOTOKaMHU (UIIBTPYIOIIUXCS PYCIOBBIX BOJ,
HaIpPaBJICHHBIX B 00XOHBIEC CTPOUTEbHBIE TYHHEIH.

['eopusnueckue wuccaeoBaHUSA B CKBAKMHAX IbE30METPUUYECKON ceTu
BBINOJIHAUIMCH C IIOMOILBIO [IEPEHOCHOU almnaparypbl, BKIFOYAIOIENH CKBAKUHHBIN
tepmomeTp KT - 1 u cenuansHbIi TpexdneKTpo bl pesuctuBumerp PCM - 56.

OTIMYUTENLHOM 0COOCHHOCTHIO JAaHHOI'O pE3UCTUBHUMETPA ABJIACTCA €0 H_II/IpOKI/Iﬁ
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JIAAINIAa30H U3MEPSIEMBIX YIEIbHBIX IEKTPUUYECKUX CONPOTUBICHHUN JIEKTPOJIUTOB
OT YJIBTPAIIPECHBIX J0 PACCOJIOB.

OcoOeHHOCTh METOAMKHU IPOBEJIEHUS IOJIEBBIX padOT 3aKioyalach B
CTPOrOM COOJIOJJIEHUM OYEPEIHOCTH BBINOJHEHUS BBIOpAHHBIX METOI0B. B
IIEPBYIO OYEPEb, C LIEJIBI0 MUHUMAIBHOTO UCKAKEHUS TEMIIEPATypPHOTO IOJISL, IIPU
CIycke ImpuOopa B CKBAXWHY, BBIIOJHSIACH TEPMOMETPUS C TOYEUHOU
perucrpauuerd ¥ ¢ maroM 2 M. B uHTEpBanax pe3Kux H3MEHEHUH TeMmepaTryp
npexycMarpuBanacek geranusanus ¢ marom 0,5 - 1 M. M3Mepenus temneparypsl
ITPOU3BOJIWIIACH IO BCEMY CTBOJY IbE30METPUUYECKON CKBAKUHBI, BKIIFOYAs CYXYHO
¥ OOBOJHEHHYIO €r0 4YacTU. 3aTe€M BBINOJIHSIIACH PE3UCTUBHUMETPHUS O TOU XKe

CXCMC, HO TOJIBKO B 06BOI[H€HHOM HHTCPBAJIC IIbE30MCTPOB.

2.3. FeOTepanecmle HCCJICI0BAHUA IHE3OMETPUUYCCKHUX CKBAKUH

B 2008 rony navanuch paboThl 1o poctpoiike Porynckoir I'DC u Obu10
pemieHo B koHue 2011 roma BO30OHOBUTH T€OTEPMHYECKUE HCCIEAOBAHMS B
OCHOBAHMM IUIOTHHBI. DBUIO NpOM3BEAEHO JBa LUKIA TIE€OTEPMHUYECKUX
MCCJIEIOBAHUM B HOAOpE U JiIekabpe Mecsiax.

TepmomeTpuyecKkre UCCIEN0BAHNS B CKBa)XKMHAX IbE30METPUUYECKON CETH
BBITNOJIHSUIMCH C TIOMOILBIO TIEPEHOCHOH anmnapaTypsl (PUCYHOK 2.5), BKIIoUaroias
B ce0sl CKBa)KMHHBIE MPEOOpa3oBaTEIN TEMIEPATYpPbl U3MEPUTEIbHBIE CTPYHHBIC
tuna [ITC-60, npenHa3HayeHHbIE [JI1 W3MEPEHUS TEMIEPATypbl B 3JIEMEHTaxX
THJIPOTEXHUUYECKUX COOPYKEHHH M HU3MEPUTENIbHOTO Mpudopa JUisl CHATHS
nokazanuii npeobpazosarens tuma [1II1-1(cnenuann3upoBaHHbIi TOPTATUBHBIN
uudpoBoit nepuogomep) [135, 136].

[Tpunuun paboThl CTpyHHOro mnpeoOpa3oBaTelisi OCHOBaH Ha 3aBHUCHUMOCTH
COOCTBEHHOW 4YacTOThl CBOOOJHBIX 3aTyXalolUi KoJieOaHUM  CTPYHHOTO
pe30HaTOpa OT €Tr0 CTEMEHH HATSHKEHUA. POJb CTPYHHOIO pe30HATOpA BBINOJIHSET
HATSHYTas CTalbHAsI CTPYHA BJIOJIb MPOJIOJILHOM OCH CTPYHHOTO MpeoOpa3oBaTers,
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KOTOpPBII coBeplIaeT CBOOOJHBIE 3aTyXarole CHHYCOUAAIbHBIE KOJIEeOaHMS.
CTpyHHBI PE30HATOP TPUBOIAUTCS B KojeOaTelIbHOE NBIKEHUE IOCPEICTBOM
BO30YIUTENS CHUHYCOMJIAJIbHOIO KoJieOaHUs,, (YHKIHUIO KOTOPOTO BBIIOJIHSAET

QJICKTPOMAarduTHaA KaTylIKa.

Pucynok 2.5. - CkBa)XMHHasi TEPMOKapOTa)KHasl yCTaHOBKa. 1 —

ITII-1, 2 —xartymka qst kabens, 3 — [ITC-60

Bo30ynutens cuHycomMmalbHOTO  KoJeOaHHs mpeoOpasyeT  HHEPTHUIo
3JIEKTPUYECKOTO UMITYJIbCA, MOCTYIAIOUIETO OT U3MepUTENbHOTO ycTpoiicTaa [1LI1
B DHEPIHIO KOJI€OaHUI CTPYHHOTO pe30HaTopa.

DJEeKTPOMarHUTHOE KaTyIllKa CTPYHHOI'O MpeoOpa3oBaTessl HCIOJIb3YeTCs
KaKk s IoJauu BO30YKIAIOUIEro HUMIyJbca 3ampoca, Tak WU JUIsl IpHUeMa
3aTyXaIlUX CBOOOIHBIX CHHYCOMIAIBHBIX KOJIEOaHH M, TeHEpUPYEMBIX CTPYHHBIM
PE30HAaTOPOM.

Yacrota KojeOaHUSA CTPYHHOTO PE30HATOPA, SBISAETCS HHPOPMATUBHBIM
napaMeTpoM BBIXOJHOIO CUTHaJa CTPYHHOTO peoOpa3oBaTelis.

[IpeoOpa3oBarenb CONEPKUT TPyOUaThIii UYBCTBUTENBHBIA JJIEMEHT U
BCTPOCHHBII B HEr0 COOCHO CTPYHHBIM pPE30HATOpP, NPUYEM UYBCTBUTEIBHBIN
JIEMEHT M CTPYHHBI pE30HATOP BBIIOJHEHBI M3 MAaTEpUAJIOB C PA3HBIMU
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KodpuueHTaMu JMHEeHHOro pactupenus. [Ipu konebaHuu TemmepaTypsl B
CTpyHE BO3HUKAET YCWIME, KOTOpPOE€ NPHUBOJUT K HW3MEHEHUEM Iepuoaa
COOCTBEHHBIX KOJI€OAHUI CTPYHHOIO pPE30HATOpa, KOTOpbIE H3MEPSIOTCA
BTOpUUYHBIM mpudopom - TILII. 3aBucumMocTs Mexay U3MEpPSIEMON TeMIrepaTypoi
W YacTOTOM KoJieOaHUs (BBIXOJHBIM CHUTHAJIOM), [JIi KaXJOr0 CTPYHHOTO
npeoOpa3oBateis SABISETCS WHIUBUIYAILHOW U OMpENENsieTCs] TpaayupOBOUYHBIM

ypaBHEHHEM (XapaKTEPUCTUKOM) CICTYIONIEr0 BUIA!
Y=A/X*+B/X+C (2.1)

rae Y-3HaueHHe u3MepsemMon temneparypsl, K CC);

X-3HaueHne MH(OPMATUBHOTO MapaMeTpa BBIXOJHOIO CUTHAJIA CTPYHHOIO
npeoOpazoBates, Mc;

A, B, C-moctrosHHbie KO3(P(UIMEHTHI, OMNpEAeNsieMble IO pe3yJbTaTaM
IpayMpOBKH MpeoOpa3oBaTes.

TepmokapoTaxkHble  HccleAOBaHUs  ObUIM  TPOBEACHBI  CTPYHHBIMH

npeoOpazoBarensimMu temrepatypbl tuna [ITC-60 ¢ 3aBoackumu HOMepamu 518
u 457 (tabmunax 2.1 - 2.2). I'pagyupoBouHbie rpaduku TpuOOPOB MPUBEIEHBI Ha

pucyHkax 2.6-2.7.

Ta6auna 2.1. - TexHnyeckue XxapakTepUCTUKU ITpeoOpazoBaTeiei TeMnepaTypbl

Tun: IITC-60  3aB. Homep: 518  Jlata usrorosnenus: 09.12.88
Nen/m | HaumeHoBaHue mapaMeTpoB 3HavyeHus
1 I'pamynpoBovHast XapaKTepUCTHKA Y =15,37/X* + 71,06/X — 123,3
2 Juama3on n3mepenuit, °C ot -20 no +60
3 IIpenen nomyckaeMoil CyMMapHOM IOTPELTHOCTH
IIPUBEAEHHBIN K 1MaNla30Hy U3MEPEHUI oT -2% 110 +2%
4 Bapwuanusi, npuBenéHHast K Juamna3oHy
U3MepeHuit He 6onee 1%
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Tadauua 2.2. - TexHudeckrue XapakTePUCTHKU ITpeodpa3zoBarTeseii TeMnepaTypsl

Tun: IITC-6 3aB. Homep: 457  Jlata usrorosnenus: 22.08.89
Nen/m | HamumeHoBaHUE apamMeTpoB 3HaueHus
1 I'pagyrpoBOYHas XapaKTEPUCTHKA Y =33,92/X* + 10,99/X — 123,3
2 JHuanas3on n3mepenuii, °C ot -20 1o +60
3 [Ipenen nomyckaemoil CyMMapHOM MOrPEIIHOCTH
MPUBEAEHHBIN K THMaNa30Hy U3MEPEHU ot -2% 1o +2%
4 Bapuanus, npuBenénnas Kk 1uanazoHy
U3MepeHuit He 6onee 1%
I'panyupoBounasa kpuBasa I[ITC - 60, Ne518
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PucyHok 2.6. - I'panynpoBouHas XxapakTepUCTHKA

ITTC-60, Ne518
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Pucynok 2.7. - I'panynpoBodHas XxapaKTepUCTHKA

ITTC-60, Ne457
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2.3.1. ba3oBble NPUHLIMIIBI, METOAMKA U TEXHOJIOTHS

oT00opa nNpod U3 CKBAKUHbI

N3yuyenue coctaBa MOJ3EMHBIX BOJ SIBJISIETCS OJJHUM W3 OCHOBHBIX BHJIOB
THIPOTEOJIOTHYECKUX ~ HCCIIEIOBAaHUA W MPOU3BOAMTCS Ha BCEX CTAIUAX
TUAPOTEOJIOTHYECKUX paboT B TIpOLEcCEe CTPOUTENbCTBA M AKCILTyaTalluu
THAPOTEXHUUYECKUX CoopykeHHil. Taxke B mpoliecce BCKPBITHS, OCBOEHUSI U JKC-
IUTyaTalli BOJJOHOCHBIX TOPU30HTOB U BXOJUT B KPYT 3a/1a4 TUIPOT€OTOTHUECKUX
paboT MO U3yYEHHUIO KAYECTBA MOI3EMHBIX BOJ.

[lomyuyeHne MOCTOBEPHBIX JAHHBIX O THUAPOTCOXHMMHUYECKOM COCTaBe
MOJI3EMHBIX BOJI OCYIIECTBISIETCS IMyTeM OTOOpa MpoO BOABI M3 PAa3TMYHBIX
WHTEPBAJIOB CKBAKUH C MOMOIIBIO CHEIHMATBHBIX TNIYOMHHBIX MPOOOOTOOPHUKOB.
Ha mnpakTtuke NOpUMEHSIOTCS MHOXKECTBO MPOOOOTOOPHUKOB, BBITYCKABIINXCS
pPa3IMYHBIMKU  3aBOJIaMH-U3TOTOBUTEISIMU, KOHCTPYKTUBHO PA3IMYAIOIIUXCSA TI0
crioco0y HaIlOJIHEHUS NPUEMHOW KaMepbl, €e 00beMy, CIOCO0y YIpaBICHUS
paboToil KIanaHoB | T.1.

PaccmoTpum ycTpoiicTBO mpoOOOTOOpHUKA HA MpUMeEpe MpoOOOTOOpHUKA
[1P-1,5 (pucynok 2.8), MO3BOJSIONMIETO OTOMpaTh MPOOBI BOJBI M PACTBOPOB M3
ckBakMH ri1yOmHo# 10 200 M. OH mpencTaBisieT co0OM MWIMHAP 5 HAPYKHBIM
nuameTpoM 50 MM, BHyTpeHHUM - 46 MM u anuHod 900 MM, B BepXHEW yacTu
KOTOpPOTr0 YCTAHOBJIEH KJIamaH 3, MOJHUMAEMbIil YIUIOTHUTEIBHON raiikou 4, a B
HIDKHEH 4acTu - mpoOkoi-kpanoMm 6 [137].

[lepen cmyckoM mpoOOOTOOpHMKA B CKBAaXXMHY Ha MOBEPXHOCTH CIIETYET
OTIPEICTUTh MAKCUMAIbHOE BpEMs HAMONMHEHUS LUIUHApPA IMyTEeM MOTPYKEHUS
npubopa B €MKOCTh C BOJOW M OTKpBHITHS KiamaHa BpyuyHyro. [locrme uero
HEOOXOJMMO TIPOMBITh LWJIMHAP YUCTOM TMPECHOM BOJOH, coOpaTh TIpo-
000TOOPHUK, 3aKpenuTh JeOeAKy Ha 00caiHOW TpyOe W, peryiupys TOPMO30M,
IUTABHO OIMyCTUTh MPOOOOTOOPHUK Ha HEOOXOIUMYIO INIyOMHY U 3a()UKCHpPOBATh

€ro.
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Pucynok 2.8. - IIpo6ootdopuuk I1P-1,5
(1 - Tpoc; 2 - mot; 3 - KinanaH; 4 - MoUKMMHAs raika; 5
- HWJIAHIP; 6 - TpoOKa-KpaH)

Tpoc (mmuuoit 200 M, auamerpoM 2 MM), Ha KOTOPOM CIyCKaeTcs
poOO0OTOOPHUK, HE JIOJKEH MMETh MeperuooB, cMsATHS, OOpbIBOB MpoBOJIoK. Ha
HEM HE JIOKHO ObITh HMKAKUX METOK, YBEJIWYMBAIOIIMX €ro auamerp. B ckBa-
JKWHE OH JIOJKEH OBITh B HATSHYTOM COCTOSIHUH, T.€. MPOOOOTOOPHHUK HE JOJIKEH
ynupaThes B 38001 WU YCTYIBI B CKBOXKHUHE.

[Tocne cnycka mpoOOOTOOpPHUKA B CKBAXKMHY HAa HEOOXOIUMYIO TUIYOHUHY 1O
Tpocy cOpachiBaetcs JIOT 2 maccor 0,5 Kr, KOTOpBIA yaapsieTcss o mpubop, U B
pe3yJibTaTe OTKPhIBAETCS KiiamaH 3.

[To mporiecTBUM Pacue€THOTO BPEMEHH KHUAKOCTh B 00beme 1,5 11 3amoiHseT
MWIMHAP W TPOOOOTOOPHHUK TIOJHUMAETCS HAa TMOBEPXHOCTh. [ e€pPMETHYHOCTH
BOJIOHAOOPHOT'O cocyla peryiaupyercss raiikoi 4. Ilpu OoTBUHUMBAHUU MPOOKHU-
KpaHa 6 >KUIKOCTh BBUIMBAETCA M3 MPOOOOTOOPHUKA B €MKOCTh JJISI XPAHEHHUS U
TPAHCIIOPTUPOBKHU B JIAOOpATOPUM JIJIsl MPOBEICHUS] XUMUYECKOT'O aHAJIN3A.

NuxeHeppl -  T€OJOTH,  OCYLISCTBISIIONIME  THIPOTECOJOTHUUECKHUE
UCCJICIOBAHMSI, TPUMEHSIM  3a4acTyl0  IPOOOOTOOPHUKH  COOCTBEHHOTO
W3TOTOBJICHUS, HE BCErJa YJOBJIECTBOPSIONINE HEOOXOIUMBIM TpeOOBAHUSIM
(pucyHoK 2.9).
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Pucynok 2.9. - [Ipo6ootr6ophuk (1 - Tpoc;
2 - KpBIIKa; 3 - MIIAHID;
4 — map-KJarnas; 5 - OTBepcTHe)

[Tocne cmycka nmpoOOOTOOpPHUKA B CKBAXXUHY Ha HEOOXOAMMYIO TIyOWHY,
TpocoM | mogHuUMAarOT MPoOooTOOPHHUK Ha BhICOTY 0,5 METpa U Pe3KO OTMYCKaloT
BHM3. B 9T0 Bpems map-kiamad 4 MOAHUMAETCS BBEPX M BOJAA MOCTYIAET IO
orBepctuio B muiuHAp 3. Takum oOpa3om, 3Ty MNporeaypy BBIIOJHSIOT
HECKOJIBKO pa3 JI0 3arnojHeHus nuianuHApa. [lo npomecTBun pacyeTHOro BpeMEHU
XKUJKOCTh B 00beMe 1,5 J1 3anoHsAeT HWIUHIP U MPOOOOTOOPHUK MOJHUMACTCS Ha

MOBEPXHOCTb.

2.4. Ob6saacTh NPUMEHEHMSI M TEXHUYECKHUE 0COOEHHOCTH 30H/1a-
koHayktometrpa NELT nnst usmepenusi ypoBHsI MUHepaiu3aluu B
CKBAKMHAX M NPOCTPAHCTBEHHO-BPEMEHHOE H3MEHEHHUE

IT'HAPOIr€OXMMHUYECCKOI0 pe€kKuMa BOKPYI COJIEBOIO IJIaCTA

Hasnauenue u cocraB konHaykromerpa NELT. Kougykromerp NELT
OpelHa3HayeH [Uid ONpEACNICHUS KOHLIEHTpalMM U TEeMIIepaTypbl BOJHOIO
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pactBopa moBapeHHoi comu NaCl (pucynok 2.10). B Tabmume 2.2 npuBencHbl
TEXHUYEeCKue  xapaktepuctuku  KoHayktomerpa  NELT.  Konuenrpanus
ONPEIEIAETCS MO SJIEKTPONPOBOJHOCTH PACTBOPA M3MEPEHHOW WHIYKIIMOHHBIM

metonom [136, 138, 139, 4-A, 50-A, 57-Al.

Pucynok 2.10. - Kongykromerp B cOope

O6mactT  NPUMEHEHHWS: MOHUTOPUHT  COJIEHOCTH TPYHTOBBIX  BOJ,
MPOU3BOJICTBA, CBSA3AHHBIE C NPUTOTOBIEHUEM M HCHOJIB30BAHHEM COJIEBBIX
pactBopoB. COCTOMT M3 JABYX 4YacTeil: MOTPYXKHOTO 30HAAa M PErucTparopa,
CITy’KaIIlero JUIsi OTOOpa)KeHUsI M COXPAHEHUs pe3ysibTaToB u3Mepenuii [140 - 142].
[Torpy>xHOM 30H] CBSI3aH C PErMCTPATOPOM KabelleM M MOXKET ObITh yHal€éH OT
peructpatopa Ha paccrogaue g0 100 M. IlpemycmoTpeHa BO3MOXKHOCTh
KaMOpOBKU TIprOOpa Il M3MEPEHUs KOHIIGHTPAIlMU JAPYTHX HE arpecCHBHBIX

PacTBOPOB SJIEKTPOIIUTOB.
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Tabauua 2.2. - Texaudeckas xapakTepucTuka konaykromerpa NELT

HaumeHnoBanue napameTpoB

3HaueHue napaMeTpoB

,HI/IaHa?)OH N3MECPACMBIX KOHHCHTpaL[I/Iﬁ

2 +300r/n

Tounocts n3mepenus konnentpayu Na Cl | £2 r/n
Temneparypa u3amepsemMoro pactsopa 10+30°C
TouyHOCTh NU3MEpPEHUS TEMIIEPATYPbl +0,5°C
HHuTepdeiic morpyxHoOro 30H1a Tokosas netnsa 1 — 100 MA
WuTepodeiic peructparopa RS - 232
Bpewmst usmepenus 2c
[ToTpebisiemMast MOIITHOCTh 1 Br
Cpennuii cpok cy)Obl IOTPYKHOTO 30HAA | 5 JieT
Cpennuii CpoK CIIy>KObI perucTpaTopa 10 net
JlnuHa nHpOPMAITMOHHOTO Kales Jlo 100 m
Macca norpy>kHoro 30H1a 850r
["abapuThl MOrpy>KHOTO 30H1a 301 x 34 mm

I"aGaputsl perucrpatopa

140 x 100 x 30 MM

[Tutranune nmpubopa

Bcerpoennoe, 12 B

Konnykromerp «NELT» wucnonas3yer TOpouganbHbIil CEHCOP, KOTOPBIM HE

UMEET IEKTPOIOB, paboTaroMMid B pexxuMe TpanchopmaTopa Toka. Perucrparop

(pucyHok 2.11) u morpyHOM 30H]I CO3/IaHBI HA

TEXHOJIOTHUH TO3BOJISIIONINE COXPAaHUTh MHPOPMALMIO (KOHLEHTPAUU B IpaMmax

Ha JUTP U TEKyllyr Temmeparypay) Ha [I3Y (IOCTOSHHOM 3amOMHHArOUIEM

yCTpOMCTBE) peructparopa [143 - 145].

6a3e mukponpoueccopror (MII)

o -
2-320t/h
s

~————
1030

Pucynok 2.11. - DneMeHTHI yripaBieHUs

perucrparopa
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PeructpaTtop mMeer cieayiouiye 3JI€MEHTHI ympaieHus: 1 - TymOmep
BKJTFOUCHMS/BBIKITIOUCHUS;, 2 - pa3bEéM MOJKIIOUCHUS U3MEPUTEIHHOTO OJI0Ka; 3 -
KUJKOKPUCTAJUIMYECKUN AUCIIEH; 4 - KHONKAa NPOBEACHUS HU3MEPEHUH; 5 -
KHOIIKA TIEPEKITFOYCHHS PeKUMa 0TOOpaskeHHS HHPOPMATIHH.

[Ipu paccmorpennu u cpaBHeHuU KoHAaykTtoMeTpa «NELT» ¢ anamoramm
npousBojautenei ABB, HashlLange, EndressHauser, HyXHO uMeTrpr B BHIY
(W3 (1441011 SISk

* KOMIUIEKTHl  NPUOOPOB  JAHHBIX  KOMIAHUW Ui  HU3MEpPEHUS
AJIEKTPONPOBOJHOCTH  COCTOSIT U3 CEHCOpPOB  (caMHUX  JaTYUKOB) U
npeoOpa3oBareseil (TPaH3MHUTTEPOB), KOTOpPbIE OTOOpa)xaroT pe3ysbTarhl. JmHa
COEIMHUTENBHOr0 Kalenst y 3Tux npubopoB Bcerga MeHee 30 M, MOCKOJBKY
aHAJIOrOBBIE CUTHAJNBI, UAYIIME MO ATOMY KaOemt0, YyBCTBUTEIbHBI K HABOJKAM H
IIOMEXAaM.

* mnorpyxHoi 3o0HI KoHaykTomeTpa «NELT» saBnsercs mudpoBbiM
CEHCOPOM M JIOMYCKAET yaJIeHHe OT perucTparopa Ha pacctosiaue 6osee 100 m o
unTepdeiicy nudpopoi TokoBol netiu [146-148]. [Tutanue 30H1a 1 uHGOPMAITHIS
OT HEro MCHOJIb3yeT ABYXNapHbId Teneponublii mpoBod TII 724, koTopklil K TOMY
K€ CILY’KUT U CHJIOBBIM TPOCOM.

* MUTaHHE MPUOOPOB BHIIICYKA3aHHBIX KOMITAHUI OOBIYHO OCYIIECTBIISIETCS
HanpsbkenueM 220 unu 36 B, npu norpedisemoii moutHoctu 6oiiee 10 Br.

» konnykromerp «NELT» mnuraercsa HampsbkenueM 12 B mpu morpebisiemoit
MoiHocth Menee 1 BT.

Koncrpykuusi morpyskHoro 3oHaa. IlorpykHOM 30HI COCTOMT U3
METaJUIMYECKOr0  KOpIyca, JJIEKTPOHHOM YacTU M TePMETU3UPYIOIIETO
HAIOJIHEHHUS.

Merannuyeckuii kopmyc (pucyHOK 2.12) cocToUT U3 TPEX HIEMEHTOB —
TpyOBl U JBYX LITYLEPOB, HAKPYUYMBAEMBIX Ha TPyOy ¢ 006eux ctopoH. CHapyku u
V3HYTPU METAJUIMYECKUN KOPITYC IOKPBIT BOJOCTOUKOM AIOKCHUIHON 3MAJBIO.

DnexkTpoHHAas 4acTh (pucyHOK 2.13) BKiItoUaeT B ceOs1 MHAYKTUBHBIN CEHCOP

(1),MuKpompoIIeCCOPHOE YCTPOUCTRBO (2), TaTUUK TeMIiepatypsl (3) ¥ BUTYIO Mapy
81



COEIMHUTEIBHBIX MPOBOAOB (6), BENyIIHX K perucrparopy. MHIyKTUBHBIN CEHCOP
pearupyeT Ha WM3MEHEHUE KOHLIEHTpPAlUu PacTBOpPA SJIEKTPOJIATA M HAXOIUTCS
CHapyHU METAJUINYECKOro kopnyca. CoCTOUT UX ABYX KOJIEL UHAYKTUBHOCTH

3AJIMTBIX SIMOKCUIAHBIM KOMIIAYHIOM.

Y]

1]

28

19
o~

210

PucyHnoxk 2.12. - Kopmnyc norpykHoro 301aa

Muxkponpornieccoproe ycrpoiictso [145, 148 - 150] orBeuaer 3a 06pabOTKy
W TIepeIady Ha perucTparop o0paboTaHHOTO CHUTHAJa OT MHAYKTHBHOTO CEHCOpa.
YCTpoiCTBO PACTONOKEHO B METAUIMYECKOM KOPITyce, 3allMINAIIIeM €ro OT
BHEIIIHUX BO3JICHCTBUI — BBICOKOI'O JABJICHMS U IIOIMAJaHMS KUIKOCTH. JlaTumk
TEMITepaTypbl BMECTE C MHUKPOMIPOIIECCOPHBIM YCTPONUCTBOM PpACIIOJIOKEH B

METaJUIMYECKOM KOpITyCE.
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Pucynok 2.13. - Cxema
PAacIoyIOKEHHS 3JIEMEHTOB
MOTPY>KHOTO 30HAA:
VHyKTUBHBII CEHCOP,
2-MHKPOIIPOIIECCOp,
3-1aT4uK TemmnepaTypsl, 4-
napauHOBBIH
HAITOJTHUTEIIb,

5 —AIOKCUHBIN KOMIAYyH/I,

6-CUTHAIILHBIN TTPOBOI,

7-pe3uHOBBIC IPOKIIATAKU

I'epmeruzupytomiee HamonmHeHue (puc. 2.13) CiIOyXuT JUisi  3allUThI
AJIEKTPOHHOM YaCcTH JaTyuhka OT IMOMNaJaHusl >KUJIKOCTH H3BHE. BHYTpeHHOCTH
TpyObI, BMECTE C MHUKPOIIPOIIECCOPHBIM YCTPOMCTBOM M JATUYUKOM TEMIIEPATYPHI,
3amonHeHa mnapadguHoM (4). BHyTpeHHOCTH 000MX MITYLIEPOB M PE3bOOBBIX
COEJIMHEHUI 3aroJHEHa 3MOKCUIHBIM KoMmayHaoM (5). B Topuax TpyOsl ¢ 06enx
CTOPOH HMEIOTCS PE3MHOBbIE MNpoKIagku (7) ¢ mOpope3sMu Uisi IPOBOJOB,
Cly’Kalllie JIONOJIHUTEIBbHOM TrepMeTu3alel MecT COEIUHEHUN MITYLUEpPOB C
TpyOOH.

HaxoxaeHue KOHUEGHTPALMOHHON M TEMIIEPATYPHOH 3aBHUCHMMOCTH
3JIEKTPONPOBOAHOCTH. /[ HaxO0XJEHUA 3aBUCHUMOCTU MOKa3aHUW mpudopa oOT
koHleHTparuu pactBopa NaCl, ObUI0O NPUTOTOBIEHO BOCEMBb CTaHIAPTHBIX
pacTBOpoB MoBapeHHOM conu KoHueHTpauuu 10, 30, 60, 120, 180, 240, 300 u 340
r/n [151 — 154, 60-A, 70-Al.
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PacTBOpBI rOTOBWIMCH U3 MUIIEBOM MOBAPEHHOM COJIM MapKu «IDKCTpay ¢
conepxxaareM NaCl 99,7%. Jlns pacTBopeHHs MCIOJIB30BAIACh BOAOIPOBOIHAS
BOJ1a OOIEN KECTKOCTHIO 2 MI-3KB/JI.

[Ipy MOCTOSIHHOW KOMHATHOM TeMIeparype MoodepéaHOo ObUIM MPOMEPEHBI
BCE PACTBOPHI U BBIABIICEHA 3aBHCHUMOCTb MOKAa3aHUM MpuOOpa OT KOHLEHTpAIUU.
KpuBas 3aBucumMoctu mnpuBeneHa Ha pucyHke 2.14. Kak BUIHO U3 pHUCYHKA,
KpHUBasi UMEET SKCTpEeMyM B paiioHe koHueHTpauuu 300 1/1. ITO 3HAYUT YTO BBILIE

koHneHTparuu 300 1/71 HEBO3MOXKHO TOYHOE ONPEACIICHHE COJIEHOCTU JaHHBIM

METOOM.

[ SO S ]
— 0
(o= =}

0 40 80 120 160 200 240 280 320
C, r/n

Pucynoxk 2.14. - 3aBrcuMocTb 3Ha4eHHiA cos ¢ oT kKoHueHTparuu NaCi npu

Temneparyps 21 o°c

3Ha4YeHUs JIEKTPONPOBOJHOCTH U OTPaAKAIOIIETO €€ 3HAYEHHUS COS () CHIIBHO
3aBUCAT OT HM3MEHEHHU Temreparypbl. JUIs omnpeneneHuss 3TOM 3aBUCUMOCTH

HOHal]O6I/IJ'IOCB CHATHL HCCKOJIbKO KOHICHTPAIMOHHBIX KPHUBBIX IIPpHW Pa3JIMYHBIX

TeMIepaTrypax.

N3mepennst npoBOAWINCH B JUHAMHUKE, MEIJICHHO HATPEBAsl WM OXJIAXIast
UCXOnHbIM pacTBOp [154]. [lnmd HaxoXIeHUs TEMIIEpaTypHOW 3aBUCHUMOCTH IS

TEMIIEpaTyp BbIIIE KOMHATHOM, sYEHMKa C PAaCTBOPOM HAarpeBajach Ha BOJSHOMU
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6ane Beime 30 °C, w3bManach W3 BOASHOW OaHW W IO MEpEe OCTHIBAHUS [0
KOMHATHOM TeMIepaTypbl CHUMAIHNCh MTOKazaHus mpubdopa ¢ uarepsaigom 0,5 °C.

JIns HaxoXIEeHUs TEMIEPATYpHOM 3aBUCHUMOCTH ISl TEMIIEpATyp HUKE
KOMHATHOM, sYeiKa ¢ paCTBOPOM OXJIAXKIAJacCh JIbJOM Ha BOJSHOM OaHe Hike +10
°C, u3piMasiach W3 OaHW W TI0O Mepe HarpeBaHusl 10 KOMHATHOM TeMIlepaTyphbl
CHUMAJIUCh TIOKa3aHus rnpudopa ¢ uatepsaiom 0,5 °C.

JUist monydeHusi JOCTOBEPHBIX pe3yJbTaTOB, H3MEHEHHS TEMIIEpaTyphl
JIOJDKHO TIPOMCXOJIUTh OYE€Hb MEJUIEHHO, CO CKOpOCThI0 He Oonee 10 mMuH/rpan,
YTOOBI NPUOOP LETUKOM yCIEeBa MPOTPETHCS WU OXJIAAUTHCS.

PesynbraTel W3MepeHnid, NPEACTABICHHbIE Ha pUCYHKe 2.14. mo3Bosmim
CZIeJIaTh CIEAYIOLIEE 3aKIYEHUE:!

1. TemnepaTypHble KpUBbIE TOAOOHBI U OTIUYAKOTCS TOJIBKO YIJIOM HAKIOHA
K OCSIM KOOpJIMHAT;

2. Yros HakJIOHa U3MEHSETCs JIMHEWHO B TEMIIEPATypHOM Auana3oHe 8-21
°C ¥ HEITMHEWHO Ipu TeMIieparypax csbie 21 °C;

3. BbIsiBIIEHME TOYHOM 3aBUCMMOCTH YIJia HAKJIOHA KPUBOW OT TeMIIEpaTyphl
MO3BOJIUTh BBICTPOUTH BCE MPOMEXKYTOUHBIE KPHUBBIE CMEUIEHUEM paHee
U3MEPEHHBIX TOUEK, 0€3 MPOBEACHUS TOMOTHUTENbHBIX U3MEPEHUI.

JUIsi  HaxOXIE€HHS  TEMIIEpaTypHOM  3aBHCHUMOCTH  yIjla  HakKJIOHA
KOHIICHTPAIMOHHOM KPUBOM ObLIO MPOBEEHO uccaeaoBanue cosd pactsopa NaCl
koHneHTparuu 180 /i B nmanaszone temnepatyp 20 - 30 °C.

OCHOBBIBasICh HAa SKCIIEPUMEHTANBHBIX JAHHBIX I TemnepaTypsl 21°C u
BEJIMYMHE CMEIICHUS HAJIEeHHON N0 pucyHke 2.15, ObUIM TPOCYUTAaHbl OCHOBHBIE
7 TOYEK AJisl MPOMEXYTOUHBIX KPUBBIX KOHIEeHTpauui ¢ maroM 0,5°C (pucyHOK
2.16). Jlnsa xaxaod KpuBOM OBLIO HAWJEHO MaTEMaTUYECKOE OIMUCAHUE C IIEJbI0
HaXOXKIEHUS IIPOMEKYTOUHBIX 3HAYEHUH. Kpussie OIHMCBIBAOTCS
OJMHOMHAILHON (DYHKIIMEH BTOPOro MOpsiaka cieayromiero suaa [155 - 157]:

cos¢p=-arc2+bc+d (2.2)
rne ¢ — koHueHnTpauus pactsopa NaCl;

a, b, d — ko3 dunreHTsI.
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Pucynok 2.15. - 3aBucumocts 3HaueHu# cos ¢ ot koHueHntparuu NaCi

IIPH pa3HbIX TeMIepaTypax

A cCosd
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T,9C
Pucynok 2.16. - Cmemenuii 3HaueHU cos ¢ ¢ pOCTOM TeMIIEpaTyphl

ITo ypaBHenuto (2.2) ompeaeneHbl OCHOBHBIE TOUKH KOHIIEHTPAIIMOHHBIX
KPUBBIX M MIOJTMHOMHUAIIbHBIC (DYHKIIMH JIJIST KaXKI0W TeMITepaTyphl.

JI71st Kak10ro ypaBHEHUs ObUIM PacCYMTaHbl BCE BO3MOYKHBIE 3HAUCHUS COSP
B Juama3oHe KoHmeHTpamui 2-300r/i1 u cocraBiieHa TabIWIa KOHIIEHTpAIWM,
COOTBETCTBYIOIIMX 3HAYEHUSIM COs@ B Auamnazone temmneparyp 10-30°C c¢ marom

0,5 °C. lannas tabnuua Obuta 3anucana B [13Y konaykromerpa (pucyHok 2.17).
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Pucynoxk 2.17. - KoHueHTpamoHHas 3aBUCUMOCTb

COS( B JIMAIa3oHe 10-30°C ¢ marom 0,5O

HcnbiTanus KOHAYKTOMETPA. M3Mepsiack cepust paCTBOPOB MOBAPEHHOM

COJIM U3BECTHOM KOHIEHTpauuu npuremneparype 22 °C. Pe3ynbTarsl U3MEpPEHUM

NpuBe/IeHbI B Ta0nuIe 2.3 u Ha pucyHke 2.18.

Tab6aununa 2.3. - [lorpemrHocTh KOHAYKTOMETpPA B 3aBUCUMOCTH OT KOHIIEHTpaLUH

COJIEBOTO PacTBOpa

Konnentpanus uCTHHHAS, Konnentparus namMepeHHas, [TorpemHocTb,

r/n A %

10 11 10

30 31 3,3

60 62 3,3

120 124 3,3

180 180 0

240 244 1,7
300 320 6,7

I/ICXO)ISI M3 MOJYUYCHHBIX OAHHBIX IMPHHAIW PCHICHHUC YMCHBIINTL 3HAUCHUS

CoS ¢, 3ammuThie B Tabmuiy [13Y npubopa, Ha Benmuuuny 3,3%. Pesynbrarel

UCIIBITAHUN KOHIYKTOMETpa ¢ Tabmumeir cosd,

NpuBEICHBI B TabuIe 2.4.
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Taouauna 2.4. - [lorpemiHOCTh KOHAYKTOMETPA B 3aBUCUMOCTU OT KOHIIEHTpAUH

COJIEBOTO PacTBOpa

KoHueHnrpanus ucTuHHas, Konuenrpanus ITorpemnocTs,
/71 U3MEpeHHas, T/J1 %
10 9,5 -5
30 30 0
60 61 1,67
120 120 0
180 178 -1,11
240 234 -2,5
300 310 3,33
12,0
10,0

st O 1710
w—mg . CTANO

x
=}

o
=}

o
=}

N
[=)

50 300 350

2,0 Munepamuzauma NaCl, r/a

MorpewHocTb nameperHus, %

-6,0

Pucynoxk 2.18. - Bennunna norpemnoctu koHaykromerpa NELT B 3aBucumocti ot

konueHtpanuu pactsopa NaCl mpu remneparype 21°C

Meroauka kaauOpoBku KoHaykromerpa «NELT» pasi usmepenus
NaCl. TTpudop MoxeT ObITh KATUOPOBAH HA M3MCHECHUE KOHIICHTPAIMH JIFIOOBIX HE
arpecCMBHBIX PACTBOPOB  3JIEKTPOJIUTOB. Jlamee omuchIBaeTcCss METOAMKA
KaJIMOpOoBKY prOOpa Ha BOJHBIE pacTBOPHI oBapeHHoi conu (NaCl) [142, 158].

TpeGoBanus K M3MEPUTENBHOU sUCiiKe MUHUMaIbHBIC (pucyHku 2.19 u
2.20). Ona mMoxeT ObITh U3 JII000ro Marepuaia, riIaBHOE YCIOBHUE - 3a30p MEXAY
M3MEPUTETBHBIM KOJIBIIOM M CTEHKAMH COCYJa IOJKEH OBbITh HE MeHee 15 MM U B
OTBEPCTUH KOJIbLIA HE JOJIKHO HAaXOIUTHCA MOCTOPOHHUX IMPEAMETOB, TPA3H WIH

My3bIPbKOB BO3/IyXa, MIPUCYTCTBHE KOTOPBIX UCKA3UT PE3yIbTaThl U3MEPEHUM.
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Pucynok 2.19. - UsmepurenbHas siueiika ¢ Pucynok 2.20. - IsmeputenbHas siueiika Ha

KOJIBIIOM KOHAYKTOMETpa: 1 -cocy BOJIIHOM GaHe co spoM: 1- cocyn ¢
(u3mepuTenbHas saueiika), 2-pacTBop, 3- pacTBOpPOM, 2- U3MEPUTEIBHOE KOJIBLIO
M3MEPUTENILHOE KOJIBII0 KOHAYKTOMETpa, 4- KOHJIYKTOMETpa, 3-EMKOCTb, 4-JIE1
Kabesb

2.5. OdaacTh NPUMECHCHUA METOdAa CeﬁCMoaKyCTquCKOFO KapoTaika

CKBAKMH U NPUKUMHOE YCTPOMCTBO CEMCMUYECKHMX TaTYUKOB

CeiicMOaKyCTUYECKHE UCCIIEIOBAHUS B TIOJI3EMHBIX BhIpaOOTKax PoryHckoi
['DC pewmanuch METOIOM CEHCMUYECKOTO KApOTaKa CKBAYKUH.

Jlns  ucciaenoBaHUs CKOPOCTH TIPOXOXKICHUS CEHCMUYECKMX BOJH TI0
CKBaXKMHE OblIa pa3paboTaHa celicMUYecKas Koca, COCTosas U3 6-TH KaHaJoB.
CelicMUYeCKyl0 KOCY JUISl KaXJIOTO ISTH METPOBOTO MHTEpBajia MEPEABUTAIHU C
NOMOIIbI0 IITAaHTM TIO CTBOJY CKBOXKHMHBI W BO30YXJIEHHE KoJieOaHUM
OCYIIECTBJISUIM C IHEBHOM MOBEPXHOCTU B YCThE CKBA)XKMHBI C TIOMOIIBIO KYBaJIIbI
BECOM & KT.

B pesynprate 00paOOTKM STHUX MAaTE€pUajOB BBISICHWIOCh, YTO JIaHHAS
METOJIMKa TEXHUYECKH HE BCerja oOecrneunBaja XOopollee KayecTBO Marepualia
(pucyHok 2.21), TaKk KakK HCCIEIOBaHHUS TMPOBOJUINCH B TOPU3OHTAIBHBIX

CKBAKMHAX W HAKIIOHHBIX U BCPTHUKAJIbHBIX CKBA’)KMHAX B CBOJIC BBIpa6OTOK.
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Pucynok 2.21. - [Ipumepsl ceiicMorpaMm CEHCMUYECKOT0 KapoTaxa

CEHCMUYECKON KOCOHM, OTCYTCTBUME KOHTAKTa CEMCMOIPUEMHHKA CO CKaJION

Toraa OpUIO MPUHATO pelIeHHE NMEPEUTH Ha paboTy ¢ OJHOKOMIAHEHTHBIM
CEHCMUYECKUM 30HIOM (MMEIOIIKUM MPHXKUMHOE yCTpOCTBO) [36-A], Korga oquH
CECHCMOIIPUEMHHUK YCTAaHABJIMBAJICA B YCTbE CKBAXXUHBI U1 CHUHXPOHU3ALMUHU

MOJy4aEMbIX  3aIlHCEH,

a Jpyrou,

MnepCaABUTAJICA 110 CTBOJY CKBAXXHHBI C ITaromM IMm.

Takum oOpazoM, nmnsi Kaxaoro yjaapa Oblla MOJydeHa JBYXKaHajbHas

3amuch (Ha OJHOM KaHajie peruCTPUPOBAIUCH KoJjieOaHusl BOJM3M MYyHKTa yJapa,

Ha JPYTroM - Ha TiyOune) (pucyHok 2.22).

HamepuTensHsle KaHas!

0

2

16 18
Bpema, ms

B 6 8 10 12 14

Pucynok 2.22. - [Ipumeps! celicMorpamm, nojxy4eHHble Ipu padoTe

[Tomy4yeHHbIe 3amUCH COOMPATIMCH B CBOAHYIO CEHCMOrpaMMy C MOMOIIBIO

C OAHOKaHaJIbHBIM 30HA0OM

nporpammbl RAdEXPro (pucynok 2.23).
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Whepiensibe kakany

Pucynoxk 2.23. - CBogHas ceiicMorpamMmma, COCTaBJIEHHAas U3 OJTHOKAHAJIbHBIX 3aIUCeH,

IMOJIYUYCHHBIX C UCITOJIb30BAHUEM OJHOKOMIIOHCHTHOT'O CEMCMHUYECKOTO 30HJa

B CBsI3M C BBIIIEU3I0KEHHBIM, U3MEHEHUEM JIHAMETPA CKBAXKUHBI 10 CTBOITY
OT Hayaja J0 KOHLA, AaBTOPY MPHUILIOCH H300pPECTH COBEPUIEHHO HOBOE
YCTPOMCTBO MPUKUMA CEHCMHUYECKOTO aTYMKA K CTCHKE CKBaXKUHBI [36-A].

N300peTeHne OTHOCUTCA K 001aCTH CKBRXKMHHOW CEMCMOpa3BEAKU U MOXKET
ObITh HCIIOJIb30BAHO TPU TPOBEIEHUUM pabOT METOAAMU BEPTUKAIBHOTO
ceiicmuyeckoro npodunuposanusi (BCII), ceficMuueckoro kapoTaxka U APYTHMH
METOJaMH, TPEOYIOIUMH HAJEKHBIM KOHTAKT CKBAKMUHHOTO IPHOOpa CO CTEHKOMN
CKBaXKUHBI.

[Ipu npoBenenun B ckBaxkuHax padot merogamu BCII u celicMuueckoro
KapoTa)ka OJIHUM M3 OCHOBHBIX YCJIOBUHM IMOJYYEHHUS KAUECTBEHHBIX PE3yJIbTaTOB
SIBIISICTCS HAAC)KHBIM MEXaHMUCCKUH KOHTAKT CKBaXMHHOT'O IPHOOpaA CO CTCHKOM
CKB&)KHMHBI, IPU KOTOPOM HMCKJIIOYAETCSl UCKa)Karolllee BIUSHUE Ha CEMCMHUYECKYIO
3alliCh TakKWX IOMEX, Kak KaOeJbHbIe BOJHBI M PE30HAHCHBIE MEXaHHUYECKHE
koneOanus. [Ipu HEXeCTKOM KOHTaKTe€ CKBRXMHHOTO IpHOOpa CO CTEHKOMH
CKB)KMHBI MOTYT UMETh MECTO MPOCKAJIb3bIBAaHUE MTPUOOPA OTHOCUTEIBHO CTEHKH
CKBaKMHBI B TIpOIlECCe MpUeMa YOPYyTrux KoiebaHuil, a TakkKe BpallaTelbHbIE

KOJICOAHUS OTHOCUTEIHLHO JIMHUM KacaHUs KopIryCca HpI/IGOpa CO CTEHKOH
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CKBa>KUHBI, Hauboee OLLyTUMBIE HA  3ammcsx TOPU30HTATBHBIX
CEMCMOMPUEMHUKOB MPH TPEXKOMIIOHEHTHBIX HA0IIOICHUSX.

Takum 00pa3om, MONyYEHHBIE JAaHHBIE MPEAONPEACIUIN HEOOXOIUMOCTh
pa3paboTKu mpuOOpa pa3periaroIiero JaHHY mpooIeMy.

Lenpto  u300pereHus ObUIO  oOecreyeHWe  HAACKHOrO0  MPHKHUMA
celicMO/IaTuyMKa K CTEHKE CKBAKMHBI C M3MEHSIOIIMMCS TUAMETPOM, YIPOIICHHE
KOHCTPYKIMU CKBRXHHHOTO TNpUOOpa, TMOBBIILIEHUE TOYHOCTH H3MEPEHUI
NapamMeTPOB BOJIH U MOBBIIIEHUE YyBCTBUTEIBHOCTH CEHCMUYECKOTO JaTUhKa MpH
PETUCTPALINU UX B CKBOXKUHE .

[TocTraBrneHHast 1enb AOCTUTACTCA TEM, YTO B CKBAXXHHHOM CEHCMHUYECKOM
npudope, cofepxkalieM KOpIyC U3 YIPYro — IJIACTUYHOW IIACTMAacCOBOU TPYObI
pa3pe3aHHOW BIOJb B HECKOJBKHUX MECTaxX Ha PaBHbBIC PACCTOSHUSA, HA OT/EIbHBIC
pebpa W BBIMYKIbIE TMOCEPEANHE, CIY>KUT OJHOBPEMEHHO  KakK MPKUMHON
AJIEMEHT K CTEHKE CKBa)KMHBI, JJIMHA KOTOPOIO COM3MEpUMa C JUIMHOM Ipudopa.
JuameTp npubopa J0JKEH ObITh OOJIbIIIE JUaMeTpa UCCIIeyeMOoi CKBaKUHBI. [1pu
nepeMerieHie mnpudopa MO CTBOJNY CKBAKUHBI, MPUOOpP OecnpensiTCTBEHHO
npuHUMaeT GopMy THaMeTpa CKBaKHUHBI.

Ha wueprexxe (pucynoxk 2.24) cxemaTuuecku TOKa3aH paspes

IpeIaraéMoro CKBaXXKMHHOTO CEMCMUYECKOro mpuoopa (CeHCMUIeCKUM 30H1T).

PucyHnoxk 2.24. - CKBaXUHHBIN CEICMUYECKNN 30H/: | -T1acTMaccoBBIN KOpIyc, 2-
CEUCMUYECKHUN TaTYuK, 3-IBYXKUIHHBIN MPOBOJ, 4-00/1THI, S-TIJIaTMaccoBas BTYJIKa, 6-

IITaHTa, 7-BUHTHI
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YcerpoiicTBo paboTaeT cienyoummM 00pa3oMm:

CKBaXXMHHBIN CEMCMUYECKUN 30HJ COCTOUT M3 CIEAYIOIINX OCHOBHBIX
Y3JI0B: JBE€ TOPLIOBBIE MIJIACTUKOBBIE BTYJKH 5, COEIMHEHHbIE BUHTAMU 7 C YIPYTO
— IJJACTUYHOM TJIACTMACCOBOM TPyOOil pa3pe3aHHO BJ0JIb B HECKOJIBKUX MECTax,
Ha pPaBHBIE PACCTOSIHUE M BBIMYKJIOE MO CEPEANHE 1, KOTOPOE COCTABISAET €AUHBIN
KOpITyC cericMuuecKkoro npubopa (3oH1a). B ogHo u3 pedep KecTKo, MpUKpeIieH
ceficMuueckuii natyuk 2 OonToBbIM coeauHeHueM 4. Ha ocrampHbIX pebpax
BUHTHI 4 CIIYKHUT JUJISl 3alIUTHI KOPIyca OT MUCTUPAHUS O CTEHKH CKBaXXUHBI. Mx
MOXHO OyJIeT 3aMeHsTh NepuoAndecku. Brimykmas ¢opma kopmyca mnpudopa
MO3BOJISIET MPUXKATHE CEHCMUYECKOTO 30HJIa K CTEHKE CKBAKMHBI M 00ECIEYUTh
HAJICKHBI KOHTAaKT CEMICMUYECKOr0 IaT4hKa K CPEAE U JIETKOE MPOCKaIb3bIBAHUE
10 CTBOJIY CKBa)KHHBI.

CkBaXWHHBIN cedicMuueckuii 30HA (pucyHok 2.25 - ¢oro, uYHTaTh
COBMECTHO C PHUCYHKOM 2.24) TIOCPEICTBOM HapallMBaHUs IITaHTU 6
MOCTYNaTEIbHO MEPEMENIAETCS MO CTBOJY CKBa)XKMHBI, CEICMUYECKUN CUTHA U3
JaT4hKa 2 TO DJIEKTPUYECKOMYy Kabemo 3 mepemaeTcs Ha IMOBEPXHOCTh Ha
OOpTOBOI KOMIIbIOTEp (HE TIOKa3aH) W JaHHbIE PETUCTPUPYIOTCS B BUJC
ceificMorpaMMbl B peaibHOM MaciiTtabe BpeMmeHu. CeiicMorpaMMbl COXPaHSIOTCS B

BUJIE OTJEILHOTO (pailia 1 Kaxa0i TOUYKH CKBRXKUHBI Ha )KECTKOM JTUCKE.

Pucynoxk 2.25. - CKBaXUHHBIN CEHCMUYECKUN 30H]T — IPHKUMHOE YCTPOHCTBO
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[IpumeneHue mpeasaraeMoro CKBRXMHHOTO  CEHCMHUYECKOro  30HIa
(mpubopa) TMO3BOJISAET TMOJY4YaTh HAJEKHBIE pPE3yJbTaTbl IPU IPOBEACHHUH
OJTHOKOMITOHEHTHBIX HAOJIIOACHUM B OOCaXEHHBIX M HE OOCaXKEHHBIX IITyOOKHX
CKBOKMHAX, JMAMETP  KOTOPHIX  CYIIECTBEHHO  IMPEBBIIIACT  JUAMETPHI
COBPEMEHHBIX CKBaXXMHHBIX IPUOOPOB.

B nanHOI ry1aBe nuccepTraluyd pacCMOTPEHO KOMIUIEKCHOE HCIOJIb30BaHUE
METOJIOB U TEXHUYECKHX CPEJCTB HCCIEIOBAaHUS U 00JacTh MNPUMEHEHUS
COBPEMEHHBIX  TEXHOJIOTUH  H3MEpPEHUs  TE€OTEMIEPATypHOTO  MOJs U
THAPOTEOXUMHUYECKOTO PEKUMA B OCHOBAHUH TUIOTHHBI HA PaCTBOPUMBIX MOPOAAX
Porynckon I'DC.

B rmaBe 3, nuccepranuu, paccMaTpUBAIOTCS — TEOPETUYECKUE U
MPAKTHYECKUE OCHOBBI CO3/IaHUs U3MEPUTENS TEIIOBBIX TTOTOKOB (TEIIOMED) IS
MOHMTOPUHTIA ITYyTH COCPETOTOUEHHON (PMUIBTPALIUU B OCHOBAHUM IJIOTUHBI. Takxke
pa3zpaboTaHa MaTeMaTHuYecKas MOJIENb OIpPEACIICHUS] HaIpaBJICHUs TEIIOBOTO
[OTOKAa, MPOBEAEH aHajIM3 JMarna3oHa M3MEHEHUs TIeoTeMIepaTypHOTo IO,

Pacu€T TOUHOCTH U3MEPEHHUS TEMIIEPATYPhI U CO3/IaHUE TEILIOMEDPA.
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I'maBa 3. TEOPETUYECKHUE U ITPAKTUYECKHUE OCHOBBI
CO3JAHUSA UBMEPUTEJIA TEIIJIOBBIX HIOTOKOB IS
MOHUTOPUHI'A MIYTEW COCPEJOTOYEHHOMN ®UJIHTPAIIUU B
OCHOBAHNWM IIVIOTUHBI

I'unporexuuueckue coopyxenuss (I'TC) cymiecTBeHHO OTIUYAIOTCA OT
JPYTUX WHXCHEPHBIX COOPYKEHUW TEM, YTO MOABEPrarOTCS BO3IAECHCTBUIO
JBIOKYILIEHCS WM HAXOAIIEKHCS B TTIOKOE BOJABI, OKa3bIBAIOIIAsl BEPTUKAJIBLHOE WIIN
TOPU30HTAIBHOE JABIICHUE.

OcHoBaHue JII0OOTO TOAMOPHOTO COOPYXKEHUSI, B TOM YHUCJE U TUIOTUHBI
COCTOSIIIEE U3 PA3IMYHBIX THIIOB TOPHBIX MOPOJ MPOHHUIIAEMBI JIJISi BOJBI (B TOM
Yyucie CKaJlbHBIE W pPacTBOpUMBIE). BcliencTBue co3/aHusl MOANOpa W MOJHSITHUS
IUIOTUHOM YpOBHA BOJIbI B BEpXHEM Obede, OCHOBAHHE COOPYKEHUSI HACHIIIACTCS
BOJIOM, TPAHCTIOPTUpPYEMAasi 4epe3 MOPbl U TPEIIMHBI U3 30HBI OOJIBIIETO JTABICHMUS
B 30HY MEHBIIIETO JaBjeHUA. Takoe ABUKEHHUE MOTOKA Ha3bIBaeTCA (QuibTpaluen
BO/IBL.

OunbTpyrOMascs BOAA OKA3bIBAET KAK MEXAHUYECKOE, TaK U XUMHUYECKOE
BO3JICHCTBUE HA TPYHT, CJaralolliii OCHOBAHHME COOPYKEHHUS, yBJICKas ¢ cobOoi
MEJIKUE YacCTUIlbI U PACTBOPSAS COJU PACTBOPAS M YHOCA HMX B HIDKHHM Obed
COOpykeHusA. B mepBoM cilyyae ONpUCYTCTBYET MEXAaHUYECKas, a BO BTOPOM —
xumudeckas cydpdosus. Hanmnuue momoO6HOTO SIBICHHS CIOCOOCTBYET TOMY, UTO
IPYHT OCHOBAHHUS CTaHOBHUTCS Oojiee MPOHUIIAEMBIM i1 BoAbl. IIpu sTOM
CKOPOCTH  (puibTpaluu  BO3pacTalOT, o0Opa3yss TaKk Ha3bIBaeéMble IMyTH
COCPEIOTOYCHHOM (PMIIBTPAIUU U BBIHOCOM YaCTHIIBI OoJibiiero pasmepa. Cremnyer
OTMETUTh, UYTO TMpPH JaJbHEUIIEM pa3BUTUU T[OJOOHOTO SBJICHUS BEIET K
Pa3pyLICHUIO OCHOBAHHS U KaK CIIEICTBUE CTAHOBUTCS MPUYMHOW BOSHUKHOBEHUSA
aBapuu COOCTBEHHO COOPYKEHHUSI.

BrisiBiieHHE MyTH COCPEAOTOYEHHOW (DUIbTpallid HAa HAYaJIbHOM JTame eé
3apOXKICHUS OCYIIECTBIIETCS C MCIOJIb30BAHUEM TEOPUH TEINIOMACCONEPEHOCA,

Ha OCHOBE€ HCCICOOBaHHA HU3MCHCHHMA TCIIJIOBOIO IIOJII B OCHOBAHHHM IIJIOTHHBEI.
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OguuM W3 HaOpaBi€HUW — pealu3alud  ONpEACCHUs  3apOXKICHUS
COCPEIOTOYCHHOW (PMIIBTPAIIH, SBISICTCS CO3JAHHUE CHECIUATBHBIX HU3MEpHUTEICH
TEIJIOBBIX TOTOKOB JJIsi MOHUTOPUHTA MyTEH COCPENOTOYEHHOW (uibTpanuu B
OCHOBAHUU TJIOTUHBI.

Hwuxe, B 3.1. paccMoTpeHbl HayYyHO-IPAKTHYECKHE OCHOBBI pa3pabOTKH

TAaKOT'O UBMCPUTCIIA.

3.1. MaTremaTu4yeckasi “”TepallMOHHAsI MO/IeJIb U AJITOPUTM ONTUMAJILHOTO

MOMCKA MyTel cocpeA0TOUYeHHOM GUuIbTpannu

TeMHepaTypHoe ImoJic T¢jia HWJInW CHUCTCMBI TCI — OTO COBOKYIIHOCTbH
MTHOBEHHBIX 3HA4YC€HMU TCMIICpATyp BO BCCX TOYKAX pacCMaTpuBacMoro

IIpOCTPaHCTBA. B O6H1€M CJIydac YypaBHCHHC TCMIICPATYPHOTO I10JIsI HMCCT BUI
t=f(x,y,z 1), (3.2)

rae t — remneparypa; X , Y, Z, - KOOPAUHATHI; 7 - BPEMS.
Takoe TemmeparypHOe TIOJIe  Ha3bIBAa€TCsA HeCTaUMOHApHbIM.  Ecnn
TEeMIlepaTypa C TEYEHHEM BPEMEHM HE HM3MEHSAETCsS, TO TEMIIEPATypHOE II0JIE

Ha3bIBACTCA CTAHUOHAPHBIM. Tor):[a

at

t=f(x,y,2), ©7 (3.2)

Temneparypa MoXeT ObITb (PYHKIMEH OIHOM, IBYX W TpeX KOOPIWHAT;
COOTBETCTBEHHO  TEMIEpaTypHOoe TMmojie  OyAeT OAHO-, ABYX- U TPEXMEPHBIM.
HaubGonee mnpocToil BHUI HMEET YypaBHEHUE OAHOMEPHOTO CTAIMOHAPHOTO
temnepatyproro mosst: t =f (x ).

[ToBepxHOCTH, OOBEIUHSIONMINE TOYKU TN C OJMHAKOBON TEeMIIEPaTypOM,
Ha3bIBA€MbI€ U30TEPMUUYECKUMHU, HE IEPECEKAOTCs, OHM JINOO 3aMBIKAlOTCS Ha

ceOs, MO0 3aKaHUYMBAIOTCS Ha IpaHulle Tena. llepeceueHne M30TEPMHUECKUX
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MIOBEPXHOCTEN C IUIOCKOCTBIO JAaeT Ha HeW cemercTBo uzorepM: t,t - At t
+ At (pucyHok 3.1).

HampaBnenue, 1o KOTOpOMY pPACCTOSAHUE MEXKIAY HU30TEPMUUYECKUMU
MOBEPXHOCTAMHA MHHHMMAJIbHOE, Ha3bIBaeTCS HOPMaJIbio (N) K U30TEPMUYCCKOM
IOBEPXHOCTH.

[IpousBogHass TemMneparypsl 10 HOPMAIU K M30TEPMHUUYECKOU MOBEPXHOCTH

HAa3bIBACTCSA TEMIIEPATYPHBIM IPATUEHTOM

ot =grad t

on (33)

t - At

Pucynoxk 3.1. - CeMeiCTBO H30TEPMHUUECKON

MTOBEPXHOCTH, OTIMYAIOLIEIHCS Ha BENUYUHY At

TemmeparypHblil Tpague€HT — BEKTOpP, HAIPABICHHBIM 10 HOPMalIU K
M30TE€PME B CTOPOHY YBEIMYEHHS TEMIEPATYPHI.

OO111ee KOJIMYECTBO TEIUIOTHI, IEPEJaHHOE B MPOLECCEe TEIIIO0OMEHA yepes
U30TEPMUYECKYIO MOBEPXHOCTh iomazasio F B TE€UEHUE
BpeMeHu 7, o0o3Hauaercs Q,, Ix., a temnoBoir motok Q, BT 3T0 KoIMuecTBO
TEIJIOTHI, TEpelaHHOe Yepe3 HM30TEPMHUECKYI0 TOBEPXHOCTh IuIomaabio F B
€MHUIY BPEMEHHU.

[170THOCTH TEMJIOBOrO MOTOKA 3TO TEIUIOBOM MOTOK, MEpeJaHHBIN uepes

SAMHUITY TTOBEPXHOCTH, U oripeaensercs mo dhopmyre (3.4.):

Q Bt
q=>> -
M

F (3.4)
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Bektop MJIOTHOCTM TEMJIOBOrO MOTOKA HAmpaBiI€H [0 HOpPMald K
M30TEPMHUYECKOI OBEPXHOCTH B CTOPOHY YMEHBIIEHUS TeMneparypsl (puc. 1.1).

['eorepmuyeckue UCCIENOBAHUSI T'EOJIOTUUECKOW Cpelbl Kak OOBIYHO
UCIONB3YIOTCS ~ OpH  PEIICHWU  PaA3IMYHBIX  HMHXKEHEPHO-T€OJOTUYECKUX,
THIPOTEOJIOTUICCKUX, THIPOTEXHUUCCKUX U T€O3KOJIOTHUeCKuX 3a1a4 [159 - 162].

Crnemyer OTMETHTh, YTO OOBEKTOM HCCIICIOBAHUS, TPU ITOM, SIBISIFOTCS
€CTECTBEHHBIE TEIUIOBBIE TIOJIS,, @ TaKXKe IIOJIS, CO3JAaBAEMbIE PA3TUYHBIMHU
VCKYCCTBEHHBIMA HMCTOYHUKAMH (HampuUMep, TepMonois, oOpasyrwomuecs B
pe3ynbTaTe (GUIbTpAIlMU BOJBI U3 BOJOXpaHUIUIIA). IHTEHCUBHOCTB U CTPYKTYypa
TEMIEPATYPHBIX MOJIEN 3aBUCAT OT TEIUIOBBIX CBOMCTB, reoTepMuyeckux (hopm u
pa3MepOB UCCIEAYEMBIX CpEl HCTOYHUKOB.

CrnenoBaTelbHO, U3yUYEHUE CTPYKTYPhl M XapaKTEPUCTUKU TEIJIOBOTO IOJIS,
MO3BOJIIET MOJYYUTh OIPEIEICHHbIE CBEIACHUS O CTPOCHHH MAacCHUBOB TOPHBIX
MOpPOJl W BBIACTUTh B HHUX IYTH TPAHCIOPTUPOBaHUA (IIEpEHOCA) TEIIOBOM
SHEPIruM, KOTOpbIE, KaK MPAaBUJIO, B MPUIIOBEPXHOCTHBIX YAaCTAX 3€MHOU KOPBI,
COBIAJAIOT C TMyTSAMH JIBOKEHUS TOA3eMHBIX BojA. HecmoTpsi Ha CcBOO
OTHOCUTEJIBHYIO TPOCTOTY, TeMIEpaTypHbIE HCCIEIOBAHUS TO3BOJISIIOT OBICTPO
pemaTh psiJl BAXKHBIX 33/1a4 MHKEHEPHOW I€0JIOTUH U, B YACTHOCTH, Takue Kak [ 163
- 165]:

- OTIpeJIeJICHNE BETMYMHBI €CTECTBEHHBIX TEMIIEpaTyp Ha pa3HbIX TITyOWHAX,
JIMana3oH U3MEHEHHSI TeMIlepaTypbl U IIyOMHAa NMPOHUKHOBEHUS TEMIIEPaTypPHBIX
BO3JCHUCTBUN B 36MHOW KOPE B TEUEHUE FOJOBOTO LIUKIIA;

- PaCWICHEHHE U KOPPEJIALMS Ie0JIOTMUYEeCKUX Pa3pe30B CKBAKUH;

- YCTAaHOBJIEHHWE UHTEPBAJIOB BOJAONPOTOKA B CKBAXKUHAX U PEILICHHUE JPYTUX
BOIIPOCOB T'MIPOT€0JIOTUH;

- TIpoBeieHne (PUIHTPAIIMOHHOTO KOHTPOJS B OCHOBAHWUU M MPUMBIKAHUSIX
IJIOTHH, a TAaKXKe HEKOTOpBIE IPYyTUe 3a/1auu;

- YTOYHEHHE MOJENIM BOJONPOHUIAEMOCTH MacCHUBa IOpPOJ HA Y4YaCTKE

cojieBoro  muacta  (u3yyeHue  (QUIABTPAIMOHHOW  HEOJAHOPOJHOCTH  H
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AHU30TPOMHOCTH, OINpPEJCICHUE THUIAa JBUKEHUS TMOJ3EMHBIX BOJ, H3y4YECHHUE
JTUHAMHUKU (GUIBTPAIIIOHHOTO MOTOKA),

- W3y4YCHHUE BIUAHHUS TEXHOTCHHBIX BO3JEHCTBUA HAa HU3MEHEHHUE
BOJIOITPOHUIIAEMOCTH TOPHOTO MaccuBa (PEKUMHbIC HAOIIOCHUS 32 JTUHAMUKOU
GUIBTPALIMOHHOTO TOTOKA, 3a TEeMIEparypoi, usydeHue cy(pPpo3noHHBIX
SABJICHUN);

- OIIpEJICICHUS HAMPABJICHUE TEIJIOBOTO MOTOKA.

«TepMomeTpusi 3aHMMAeTCs] M3yUYEHUEM €CTECTBEHHBIX M HMCKYCCTBEHHBIX
TEIUIOBBIX TIOJIEM B CKBAXKMHAX M OKPYXKAOIIUX UX TOPHBIX MOpoAax.
Ecmecmeennvie nona Moryt ObITh CBSI3aHBl C PETHOHAIBHBIM (TITYOMHHBIM)
TEIUIOBBIM TosieM 3emiiu. HMcKyccmeeHnHble noA MOTYT BO3HUKHYTH TI0]
JEeUCTBUEM Terla OypoBOrO pacTBOpa, 3aKAaUMBAEMBIX BOJI, CXBAaThIBAIOIIETOCS
IICMEHTHOTO KaMHS WJIU CIICIIMAIbHBIX CKBAXKUHHBIX Harpesateneii» [166, ¢. 202].

JI71st u3yueHust ”3BMEHEHUs TeMIIEPaTypPHOTO MOJI B 30HE Or'0JIOBKA COJIEBOTO
macTa HaMu ObLIa BBIOpaH MMEHHO METOJ] TepMoMeTpun. Bmecte ¢ Tem, ciemyer
OTMETHUTbh, YTO Ha TUIPOTEXHUYECKUX COOPYKEHHSIX HambOosee dYPPEKTUBHBIM U
TEXHOJIOTUYHBIM  SIBJISICTCSI THUAPOTCOTEPMUYECKUI METOJl C TMPUMECHEHUEM
TEPMUCTOPOB, OOJAJAIONINI BBICOKOW HWH()OPMATUBHOCTHIO U BO3MOKHOCTHIO
M3YUYEHHUS BCETO pa3pe3a CKBAXKHUH, BKIIIOYas 00CaKEHHBIE 3alleMEHTUPOBAHHbBIC U
0€3BOJIHbIC MHTEPBAJIbI MbE30METPHUCCKHUX CKBAXKUH [167].

Ha yuacTke coneBoii 3aBechl ocHOBaHMS TO0TUHBI PoryHckoi I'9C B 1990-
91 rr. 6puH BBITIOHEHBI 10 [UKIIOB PEKUMHBIX T€OTEPMHUUECKUX HAOIIOACHUN 10
12 crBopam. OOmee KOJIUYECTBO IbE30OMETPOB, 3aJCHCTBOBAHHBIX B
uccinenoBanusix 28, (Cxema pacrojioK€HUsT CTBOPOB M MECTOMOJIOKEHUE
NbE30METPOB NIPUBEICHBI HAa pucyHKke 3.2 [168, 169].

I'mpporeorepmuueckrue UCCIEIOBaHUS B CKBAXKHHAX IMbE30METPUUECKOU
CEThU, BBINOJHSINCH C MOMOILBIO MTEPEHOCHOTO CKBAXXUHHOTO Tepmomerpa KT-1.
OTnMuuTEeTFHON OCOOEHHOCTBIO JAHHOTO TEPMOMETpA SIBISIETCS €r0 IIUPOKHMA

JIAANAa30H U3MEPSEMBIX TEMIIEPATYP.
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Pucynok 3.2. - Cxema pacrnosioKeHusi UCCIIEOBAHHBIX CKBaKUH Ha Y4aCTKE BPEMEHHOM

cosieBoii 3aBecsl Porynckoit I'OC

Cnenyer OTMETHTb, YTO OCOOCHHOCTHIO METOJUKU HPOBEICHMS IOJIEBBIX
U3bICKAHUI SIBIISIETCS CTPOro€ COOJIIOJIEHUE CIycKa TEPMO30HAA CBEPXY BHU3,
MO3BOJISIFOIIMNA JOCTUYh MHUHUMAJIBHOTO UCKaXKEHUA TemmeparypHoro mnoiist [170,
171]. C yuyeroM BBIIIEU3IIOKEHHOTO, MPU CIYCKE TEPMO30HJAa B CKBAXHHY,
BBITIOJIHAJIACH TEPMOMETPHUSL C TOYEHYHOM perucrtpainued, c¢ marom 2 M. B
WHTEPBAJIAX PE3KUX U3MEHEHHUM TEMIIEPATYpP IMPEIyCMaTpUBaNACh IETaln3auus C
marom 0,5-1 M. M3mepenus Temmeparypbl NPOU3BOAWINCH IO BCEMY CTBOILY
IE30METPUYECKON CKBa)KMHBI, BKJIIOUAst CyXYI0 M OOBOJIHEHHYIO €r0 YacTH.

beuto mpomsBeneHo 10 HMKIOB TeOTEPMUYECKHX HCCienoBaHud mo 11
crBopaM (pucyHok 4.15: NeNe 1, 2, 3, 4, 4%, 5, 6, 6°, 7, 8, 9). Ilo pesyabratam
00pabOTKM TOJEBBIX TEPMOPA3BEAOYHBIX MATEPHAIIOB OBLIM  HAPHUCOBAHBI
n3oTepMuuecknue paspessl o 11 ctBopam. OtnenbHbBIE TEOTEPMHUUECKUE PA3ZPE3BI
npejcTaBiieHbl Ha pucyHkax 3.3 - 3.4. OOpaboTka TMOJYyYEHHBIX JIaHHBIX
MO3BOJIMJIA YCTAHOBHUTb, YTO H3-3a KaMHENaJa Ha JIeBOOEPEKHOM CKJIOHE,
HEIMOTro/lbl U TEXHUYECKUX HEMOJIAJIOK, IO HEKOTOPBIM IMbE30METPAM HE BEJUCH

perymsipHble HaOIIOCHUS.
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Pucynok 3.3. - ['eorepmuueckuii pazpes no crsopy Ne 2

Ha ocHOBe aHamu3a HW30TEPMUYECKONM TOBEPXHOCTH T€OTEPMHUUYECKOTO
paspe3a 1o ctBOopy N2 (pucyHok 3.3) yCTAHOBJIGHO, YTO TEIUIOBOWM ITOTOK

HarpaBJIACTCA B CTOPOHY PCKU Baxi.
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Pucynok 3.4. - ['eorepmuueckuii pazpes no ctsopy Ne 4
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AHanu3 H30TEPMUYECKON MOBEPXHOCTH TEOTEPMUUYECKOrO paspesa Mo
ctBopy Ned (pucyHok 3.4) MO3BOJIMIJ YCTAHOBHUTb, YTO AHAJOTUYHAS CUTYallMs
xapaktepHa Takxke B crBope Ne2. Ha Hamn B3risaa, BeISIBJICHHAs CUTYalUs CBsI3aHa C
CyIIECTBOBAHMEM  MOJA3EMHOIO TEYEHHs BOJBI  BJOJb  OrOJOBKAa  COJH
pasrpykaromascsi B CTOPOHY pekn Baxmi, winu cBsi3aHa € TEIUIONEPEHOCAIINM
CBOMCTBOM BOJIOBO3JIYIIIHOI'O T€UEHUs peku Baxumi.

C uenbio BBISBIEHUS MPOIECCOB TEIIOMACCONEPEHOCA, HA OCHOBE JAaHHBIX
TEPMOMETPUUYECKUX HCCIEN0BaHUN B Mbe3oMeTpuueckux ckBaxunax I1-30, I1-31,
I1-31°, 11-32, I1-33, 11-35, 11-36, I11-7, T1-21, 11-23, 11-23, T1-27, 11-29 u I1-29" a
OBLJIO HCCIIEIOBAHO HW3MEHEHHE TIpaJueHTa TeMIlepaTypbl B OOBOAHEHHOM
uHTepBajie coriacHo Gopmyinsl (3.5) Ha 6aze mmuHoro L (tabmuimst 3.1 u 3.2) B

teueHue rogosoro nepuoaa 2011 roxa.

oT _To-Ti_ | .
ot~ z,—z; (3:5)

rae, I' — teMnepaTypHsbiil rpaaueHT Wik usMeHenue remneparyp T, u T Ha

riyouHax Z, U Z; (OCh Z HalpaBJIeHa BHU3 IO HOPMAJIH K TIOBEPXHOCTH).

Tab6auna 3.1. - TaGnuma BerYMcIeHUS TPaIMEHTa TEMIIEPATYPhl B BOAHOM MHTEpPBaJie
bE30METPUUYECKUX CKBAXKUH

I1-30 I1-31 I1-31% 11-32 I1-33 11-35 I1-36
Mecsanpl | L=32wm | L=31wm | L=34 ™M | L=35m | L=26 M | L=14 M | L=10 ™

SHBapp

@epans | 0,0147 | 0,0215 | 0,0346 | 0,0050 | 0,0290 | -0,0249 | -0,0550
Maprt 0,0178 | 0,0388 | 0,0209 | 0,0007 | 0,0336 -0,1154
Arnpenb 0,0147 0,0461 | 0,0064 | 0,0439 | 0,0580 | -0,0776
Mai 0,0294 | 0,0224 | 0,0719 | 0,0050 | 0,0673 | 0,0935 | -0,0857
Hronb -0,0094 | 0,0192 | 0,0356 | 0,0057 | 0,0638 | -0,0107 | -0,0201
Wronb 0,0442 | 0,0208 | 0,0457 | 0,0172 | 0,0613 | 0,0516 | -0,5830

ABrycT 0,0478 | 0,0219 | 0,0317 | 0,0159 | 0,0505 | 0,0018 | -0,1894
Cents16ps | 0,0426 | 0,0532 | 0,0521 | 0,0235 | 0,0570 | -0,0301 | -0,0199
Oxts6psr | 0,0315 | 0,0347 | 0,0245 | 0,0219 | 0,0132 | -0,0440 | -0,0198
Hos6pp 0,0184 | 0,0127 | 0,0180 | 0,0121 | 0,0297 | 0,0141 | -0,0248
Jexabpb 0,0199 | 0,0165 | 0,0236 | 0,0515 | 0,0315 | 0,0175 | -0,0396
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Tabauua 3.2. - Tabnuia BEIMUCICHUS TPaIueHTa TEMIIEPATyPhl B BOJHOM HHTEPBaJe
MbE30METPUUECKUX CKBAXKUH

I1-37 I1-21 I1-23 I1-25 11-27 11-29 I1-29°
Mecsibl L=24Mm | L=20m | L=18M | L=24 M | L=18 M | L=21 M | L=28 m

SHBapp

DeBpaib -0,2920 -0,0356 | -0,0386 | -0,0431 | 0,0070 | 0,0360
Maprt -0,2810 -0,0207 | -0,0565 | -0,0529 | -0,0224 | 0,0009
Arnpeib -0,0156 | 0,0357 | 0,0179 | -0,0439 | -0,0501 | 0,0082 | 0,0299
Man -0,0115 0,0166 | -0,0325 | -0,0392 | 0,0130 | 0,0230
Hronb -0,0094 -0,0223 | -0,0031 | 0,0028 | 0,0130 | -0,0036
Wb -0,0115 0,0207 | -0,0316 | -0,0236 | 0,0262 | 0,0238

Asrycr 0,0190 | 0,0264 | 0,0096 | -0,0255 | -0,0198 | 0,0280 | 0,0216
Cents16ps | -0,0188 | 0,0062 | 0,0207 | -0,0511 | -0,0634 | 0,0655 | 0,0246
Oxtsi6ps | -0,0248 | -0,0481 | -0,0082 | -0,0218 | -0,0237 | 0,0058 | -0,0114
Hos6pp -0,0227 | -0,0149 | -0,0150 | -0,0217 | -0,0277 | 0,0151 | 0,0158
Jlexkalpb -0,0144 | -0,0219 | -0,0068 | -0,0321 | -0,0263 | 0,0069 | 0,0201

JIns  neTadpHOrO H3yYEeHUsT HW3MEHEHHMS TIpaJeHTa TEMIIEpAaTyphl B
OOBOJIHEHHOM  HMHTEpBajieé IbE30OMETPUUYECKUX CKBAXWH OBUIM  BBIOpPAHBI
nbe3ometprl [1-31 u [1-33. I'padux m3meHnenus temmeparypbl B 0OBOJHEHHOM
WHTEpBaJe Mbe30oMeTpuueckoil ckBaxxuubl [1-31 B mepuon mosioBoausi (aBrycr,

2011r.) u B MmexxeHHbIN Tiepuo (nekadbpsb, 2011r.) npuBeaeHbI HA pUCYHKE 3.5.

feotepmuueckuii paspes s N-31 (2011r.)
——Tasrycr ——Tnexabpsb

v lo
:7: 14
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Pucynok 3.5. - ['paduk u3amMeHeHus TemMneparypsl B 00BOTHEHHOM

YaCTH NMbE30METPUIECKOi ckBakuHbI [1-31

[TockonbKy  mar W3MEpEeHHs  paclpenesieHus  TeMIeparypbl IO
IIbE30METPUYECKUM CKBaKMHAaM COCTAaBJs€T | METp, TO BBIUMCIEHUE AUana3oHa
M3MEHEHHUS TPaJueHTa TeMIeparypsl no nee3omerpy [1-31 npownsseneHo ¢ marom

1 metp (pucyHoxk 3.6.).
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MameHeHWe rpagmeHTa TemnepaTtypsl B M1-31 (2011r.)
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Pucynok 3.6. - I'paduk usMeHeHus rpaJieHTa TeMIepaTypsl B

00BOJTHEHHON YaCTH MbE30METPUIECKON CKBaKUHBI [1-27

VYcranoBneHo (pucyHok 3.6), UYTO JAMana3oH W3MEHEHMsI TpajueHTa
TeMmieparypel Haxoautcsi B npuaenax ot -0,03 go 0, 17. Ilpuuém cuiibHOE
U3MEHEHHE TPaueHTa TeEMIIepaTyphl IPOUCXOIUT Ha ri1youHe oT 13 metpoB j0 22
METPOB. OJTO CBS3aHO C BJIMSHHUEM TEIJIOOOMEHAa C BO3AYIIHOW YacThIO
MbE30METPA.

JInsi TOCTOBEPHOCTH pE3YyJIbTaTOB HCCIEIOBAHUI OCYIIECTBICH aHaIU3
rpaguka (pUCyHOK 3.7.) MU3MEHEHHUs TeMIlepaTypbl B OOBOJAHEHHOM MHTEpBAJIE
nbe3oMeTpudeckor ckBakunsl [1-33 B mepuon mosnoBoabs (aBryct, 2011r.) u B

MEKEHHBIN nepuo/ (a1exadps, 2011r.).

FeorepmMmuuecKuii paspes B N-33 (2011r.)
——Taeryct ——Tnekadpb
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Pucynok 3.7. - ['paduk u3MeHeHHs TeMIIepaTypbl B 00BOTHEHHOM

YaCTH Mbe30METPHUUECKOM CKBaxHHbBI [1-33

104



Pe3ynbTaThl BBIYMCICHUN Juaria3oHa M3MEHEHHUs TPaJUeHTa TeMIIepaTypbl
no neezoMetpy [1-33 npousseaeHHoro ¢ marom 1 mMeTp, NpUBEIEHBI HA PUCYHKE
3.8. AHanu3 nmoJiydeHHbIX pe3ynbTaToB (PucyHok 3.8.) 1M03BOJIMI YCTAHOBUTH, UYTO
JIMana3oH U3MEHEHUs IPaIueHTa TeMIIepaTypbl HAXOUTCA B mpeaenax ot -0,12 1o
0, 17. IlpuuéM cuiibHOE W3MEHEHUE TPAJIMCHTAa TEMIEPATypbl MPOUCXOAUT Ha
riyoune ot 13 MeTpoB 10 22 MeTpoB. MBI CUUTAEM, YTO OHO CBSI3aHO C BIMSIHUEM

TETJI000MEHa C BOBI[YHIHOﬁ YaCTbIO IMIbC30MCTpaA.

M3meHeHMe rpagmeHTa Temnepartypsbl B [1-33 (2011r.)

—1" -1133-07.2011 ——1 -1133-12.2011

I'TE33
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-0,05 I hil-33, m
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Pucynok 3.8. - I'paduk n3mMeHeHus rpaueHTa TeMIepaTyphl B

00BO/IHEHHOM YacTH Mbe30MeTpUdecKoi ckBaxxkune I1-27

Takum o0O0Opa3oM, yCTaHOBJIEHO, YTO NPUYMHAMH HW3MEHEHMS TpaJMEHTa
TEMIIEPATypPhI ABJISIIOTC:

- ACUHXPOHHBIN CHEM MH(POPMAIIMU 1O CTBOJY MbE30METPUUYECKUX CKBAKUH
(OT mbe30MeTpa K MbE30METPY O BPEMEHH);

- 0COOEHHOCTb TOPHOTO MAacCHBa CBA3aHHOIO C TPEIIMHOBATOCTBIO H
(GUIBTPALIMOHHON XapaKTepUCTUKON MACCHUBA;

- TUJPABINYECKUNM PEXKUM;

- BOAOBO3AYIIHOC TCUCHUC PCKU Baxi.
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«B Hayke, TEXHUKE W IKOHOMHKE YaCTO BO3HUKAIOT CUTYaIlUH CBS3aHHBIC C
BBISIBICHUEM HAWOOJBIIUX W HauMEHbIUX BenuduH. CremoBarenbHO, IS
NPUMEHEHUsI MAaTeMaTHYeCKUX METOJIOB UX PEIICHHS W aHaiu3a, HeoO0XOIUMO
NEPEXOIUTh OT COAEPKATENBbHOW K MaTeMaTHYeCKOM TOCTAaHOBKE 3aJayH,
MpeIoIpeeIAIoNnIast HEOOXOIUMOCTh ONPEACIICHUSI CIECAYIONINX TapaMeTPOB:

- nenepas pynkuuio f (x) :R" —R;

- MHOYKECTBO JOIYCTHMBIX pemenuii X € R" (momycTumMoe MHOXKECTBO) 11
byukiuu f (X);

- KpuTepuid ontuMm3anmu extr € {min,max}» [172, c. 6].

«Takum obOpazom, Tpoiika Buga (f , X, extr) 3amaeT 3KCTpeMaIbHYIO WJIU
ONTUMH3AIMOHHYIO 3a7ady. DopManbHO MaTeMaTUYEeCKas MOCTAHOBKA BBITJISIUT
cieayromuM odpaszom» [172, c. 6]:

f(X) — extr, x € X (3.6)

«3agaya ONTUMHU3AIMH 3aKIII0YAETCS B CIIEyIOIeM: TpeOyeTcst HalTu Xg € X
(ecn OH CYIIECTBYET), JOCTABJISIONIEE SKCTpeMalbHOE (MUHUMAJIBHOE WIIU
MaKCUMaJIbHOE) 3HaueHue 1eneBoit ¢pynkuuu f (x) Ha MHOXKecTBe X, a UMEHHO JIJIs

Xo JOJDKHO BBITTOJIHATHCS OJTHO M3 YCIoBHiA» [172, c. 6]:

6o f (xg) < f(X) mis Bcex X € X, (3.7)
6o f (xg) > f(X) ms Bcex x € X. (3.8)

«Ontumuzanusa (QyHKOUMU OJHOM NepeMeHoM — Hauboyiee MPOCTOW THI
ONTUMU3ALMOHHBIX 3a7ady. Ho BMmecTe ¢ TeM cieayeT OTMETUTh, YTO JIaHHBIM
METOJ 3aHUMAaeT BaXKHOE MECTO B TEOPUM ONTHUMM3AIMH, CBS3aHHOE C TE€M, UYTO
3aa4d OJHONIAPaMETPUUECKON ONTUMHU3AIMU JOCTATOYHO YacTO BCTPEYAIOTCS B
WH)XCHEPHOW TPaKTHKE U, KPOME TOro, HaxoJsAT CBOE IMPUMEHEHHUE IpH
peamm3anu 00Jie CIOKHBIX WTEPAKTHBHBIX TPOIEAYP MHOTOMAapaMeTPUIECKOM
ontumm3armm» [173, c. 11].

B cBs13u ¢ BBIIIEU3I0KEHHBIM PACCMOTPUM CleAyIolyto cuTyanuto. «Ilyctp
TpeOyercs HaliTh MuHuMyM pyukinun f(X) Ha HekoTopoM nHTepBasie [a, b]. Ecau o

¢ynkuun f(x) Ha 3TOM WHTEpBalie HUKAKOW JIOTOJHUTEILHOW WH(POpPMALIUU
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HEU3BECTHO, TO JIJIs IOMCKAa MHHUMYyMa Ha [a, b] MOXHO mpuMeHUTh TpocTeHIImiA
MeToJT iepebopa, Wik, HHave, oomero metomaa» [173, ¢.11].

«B atoM MeTome uHTepBan [a, b] meauTCsS Ha HECKOJBKO PAaBHBIX YacTeH C
MOCJICAYIONTUM BBIYUCIICHHEM 3HAYCHUH (PYHKIIMH B y3J1aX MOJYyYEeHHOU ceTKu. B
KauyeCTBE MHMHHMyMa IpPUHUMAETCS ablucca ¢ MHHHUMAJBHBIM BBIYHCICHHEM

3HaueHUS QyHKIHH (pucyHok 3.9)» [173, c. 11].

=X1 2 X3 X4 X5 X5 X7 Xz b=x

Pucynoxk 3.9. - Mnmroctpanus K MeTo1y 0011ero moucka

«bonee 3¢ HEeKTHBHBIX METOJIOB MOKHO JOCTUYb, TIPH MPEATIOI0KEHUH, YTO
uccieayemass (yHKIUS HMEET B pacCMaTpUBAaeMOM HMHTEPBAje TOJBKO OJHMH
MUHHMYM. bojiee KOHKpETHO 3TO MPEAINOIOKEHUE, YTO B MHTEpBaje [a, b] umeercs
eIMHCTBEHHOE 3HadeHne X Ttakoe, 4o f (X)) — MuaumyMm f (x) Ha [, b] u uto f (X)
CTpOro yObIBaeT Jjsi X < X W CTpPOro BO3pacTacT Ijiad X = x . Takas byHKUIMS
Ha3bIBaETCsl YHUMOabHOW» [173, c. 12].

[Tpu 3TOM ClieyeT OTMETHTD, YTO YHUMOAAIbHAS (PYHKIUS HE 0053aTEIBHO
JOJDKHA OBITH TJIAIKON MITH HEIIPEPHIBHOM.

«W3 mpeanonokeHus: YHUMOIATbHOCTH CJISYET, UYTO JIJIS JIFOOBIX TOYEK X1,
X, HHTepBana [a, b], Takux 4o X, < X, <X crpasemmso f(x,) < F (Xy).
AHAIOTHYHO, €CITH X < X3 < Xz, TO £ (X,) > f (Xy). O6patHo, ecimu x1 < x, 1 £ (xq) > f
(X2), To X, <X <b, a ecin £ (x;) < f (X2), Toa<x < x» [173, c. 13].

Pacnpenencnne Temmeparypel T TIO MBbE30METPUYECKAM CKBaKHHAM
(pucynku 3.3 u 3.4) xak ¢ynkmus f(T) umeeT ogwH MHUHUMYM H SIBIISETCS
YHAMOJAIHBIM.  MMHHHMMaabHOE  3HAUEHUE  TEMIepaTypbl  OMpPEIeIsIeTCs

TEMIIEpaTypOil TEIIOHOCUTEIIS (BOBI).
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[IpuMeHss BbIILIE M3JI0KEHHOE K OINPEACIICHUIO T'PaJueHTa TeMIEpaTyphl
cornacHo ¢opmyne 3.5 ompenenseM BUA MaTeMaTHYECKH UTEPAMOHHON MOJIEIH
IoMCKa MHUHUMAIbHOM TOYKM (QYHKIUMM Ha OCHOBE oOmero Merona

OIITUMMH3AIITMOHHOI'O ITOUCKA, CHGI{YIOH_[CFO BH A
Tiy1—T;

T =
L hit1—h;

(3.9)

rae, I' — reMneparypHsiil rpaueHT Wik u3menenue remmeparyp T, u T; Ha
riryounax h, u h; (ock h HampaBieHa BHH3 110 HOpMaJIH K IIOBEPXHOCTH).

[Tockonbky ¢yukuus I' ormuuaercs ot ¢yakiuu f(T) B 3aBHCHMOCTH OT
BHEIIIHBIX BO3/ICHCTBUM MOXKET MPUHUMATh (PYHKIIMIO CTIIEHHOTO XapakTepa, TO I i
BO3BEJEM B KBaJpar

Fy)? —0 (3.10)

min
2
Torna (yHKLIHS (Fi) CTAaHOBUTCI YHHUMOJAJIBHBIM, MHHHMYM KOTOPOI'O

CTPEMHUTCS K HYJIIO.
Takum oOpa3zoMm, pe3ylbTHPYIOIIUM HTOTOM SIBIIIETCS TO, YTO Ha OCHOBE

dbopmyin 3.9 u 3.10 cocraBisieTcs anroputM padboTel Mojaenu (pucyHok 3.10).

E Hawano j

1i=1;n=0; k=50

n

Ali=Ti+1 - Ti

Ah =hit1 - hi

[?= (AL / Ahi)

E Kosnen j n=n+1

1
Pucynoxk 3.10. - Anroput™ onTuMaibHOTO NOUCKAa MUHUMYMa (DyHKIIUN
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3.2. CoBepuIeHCTBOBAHME CIIOCOO0B NPUMEHEHUS TEIVIOMEPOB /IS
HUCCJICAOBAHMS MYTEH COCPEI0OTOYECHHON (PMJIbTPALUM B OCHOBAHUM IJIOTHHBI.

HaquO-npaRTuqecm/le OCHOBBbI KOHCTPYMPOBAHUA U U3I'0TOBJICHUSA

3.2.1. AHAJIU3 ¥ OLIEHKA U3MEHEHHUS IUANA30HA re0TeMIIEPATYPHOIO MOJIS B

30HC 3aJjicranud 1mjacra CoJim. CHeHl/IaJIbeIﬁ AnamnasoH TemiomMepa

OcCHOBHBIM KpUTepueM TpeOOBaHHM Tmpu pa3paboTKe TerjoMepa u
MOBBIIICHNUS CTENEHU TOYHOCTU HM3MEPEHHI OE€3yCIIOBHO SBIISIETCS OMPEEICHHUE
CHEUalIbHOIO  Juama3oHa ero  (QyHkuuoHwpoBanud. g peamuzanuu
BBIILIECH3JI0KEHHOM 3a1au ObuM 00paboTaHbl JAHHBIE TEMIIEPATYPHBIX U3MEPEHUIN
IIPOBEAEHHBIX HA YYACTKE COJIEBOM 3aBEChl OCHOBaHUsA IIOTHHBI Porynckon ['DC
B 1990-91 rr. IIpn 3T0M OBLIIO BBITONIHEHO 10 HUKIOB PEKUMHBIX T€OTEPMUUYECKUX
HaOmoaeHuil o 12 ctBopaMm u 28 mbe3oMeTpaM sl ONpPEEICHUS HU3MEHEHUs
rE€OTEMITEPATYPHOTO TOJIA.

AHamu3 u o00paboTKa TMOMYYEHHBIX JaHHBIX ObUIa MPOM3BEIEHA IO
CIEYIOINM Mbe3oMeTpaM: 1UKa 5, 14 - mo 14 meesomerpam; 1nuka 6 - mo 13
MbEe30MeTpaM; UK 7 - mo 15 nee3omeTrpam; nukna 8, 9 - no 17 nbe3omMeTpam; UK
10 - mo 16 mee3ometrpam; ki 11,12, 13 - mo 12 mpe3omeTpam.

Cnenyer OTMETHTb, 4TO HpuU OOpabOTKE MaTepuanoB T€OTEPMUUYECKUX
UCCIIEIOBAaHUM CTBOJ KaXXJI0TO MbE30METpa YCIOBHO ObLT pa3dMT Ha JBa
WHTEpBaja: BO3AYIIHO - CyXOd W OOBOJHEHHBIH. B »TUX uHTepBanax ObLI
onpenesnieH auana3zoH wudMeHeHuss TeMneparyp (Tyuw + Tyaxe). Pe3ynbrarsl
HCCIICIOBAaHUM MpHUBEACHBI B Tabumax 3.3 u 3.4.

B BO3aymHO - CyXOM WUHTEpBaJie, B IbE30METPUUYECKUX CKBaKMHAX
MUHUMAJIbHOE 3HA4YeHue TemmepaTypbl coctaBiasuio - 143 °C. Ilpu stom
yCTaHOBJIEHBI cieayromue mokasatenu: B I1-15" B 9 ke (T, = -14.3 °C) npu
MakcuManbHOM 3HaueHuu temmneparypsl -30 °C; no T1-18(11-19) B 5, 14 nukie u B

I1-29" B 5 nukie (T, = 30 °C).
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Tab6auna 3.3. - Pe3ynbrarsl reorepmudeckux uccienosanuii (1990-91rr.)

Ne Ne WNurepBain Temnepatypa, °C
CTBOpa | MbE30- | H3MEPEHHUS Huxa 5 [uxma 6 Huka 7 [k 8 [ukn 9
MeTpa **.08.90 18.10.90 29.10.90 12.11.90 11.01.91
23.10.90 05.11.90 14.11.90 13.01.91
2 I1-14 | Bos.-cyxoii 18-29 9.9-15.1 9.6-19.3 6.0-12.7 | -12.4+5.5
O6BOHEH. 14.5-15 13.5-14 12.8-14 12.9-16 11.9-13.6
I1-15 | Bos.-cyxoii | 20.5-27 9.9-15.6 8.0-12.7 | -12.5+10.7
O6BOHEH. 13-15 11.8-13.7 | 13.5-15.7 | 11.3-13.1
I1-15* | Bos.-cyxoii 18-28 7.7-13.7 11.5-16.4 12.9-14 -14.3+0.7
OO6BOAHEH. 13-14.5 11.2-12.7 | 11.2-12.6 11.3-15 9.5-11.7
1 I1-17* | Bos.-cyxoii 10.2-15.5 | 145-16.9 | 7.3-14.8 |-14.2+12.7
OO6BOAHEH. 13.7-14.0 | 13.5-13.8 | 13.7-14.3 | 13.3-13.4
3 I1-18 | Bos.-cyxoit 22-30 13.8-16.2 | 10.5-14.5 | -11.9+10.5
(I1-19) | OGBoxHEN. 13.5-15 12.8-14.5 15-16.6 11.6-13.3
I1-19* | Bos.-cyxoii 22-27 9.7-16.6 13-16.6 11.9-16.6 | -13.9+9.8
O6Boguén. | 11.0-14.5 | 10.3-13.8 | 10.5-14.6 11-16.6 10.5-13.5
11-19° | Bos.-cyxoii | 22.5-27.5 | 8.1-14.5 10.6-14.7 | 10.9-16.0 | -8.3+4.6
O6BOHEH. 13-14.5 10.6-13.8 10.4-14 13.2-16.7 | 9.3-13.3
4 I1-20 | Bos.-cyxoii 18-29.5 14-18.3 8.8-16.1 13.1-17.1 | -9.9+6.0
O6BOHEH. 14.5-16 12.6-14 13.5-17.5 | 13.4-17.1 | 11.4-13.3
[1-21 | Bos.-cyxoii | 20-29.0 11.9-17.5 | 8.8-17.1 15.3-16.4 | -2.5+7.2
OO6BOJHEH. 12.7-15 13.2-14.7 | 14.3-17.0 | 14.7-17.0 | 11.2-13.8

Ta6auua 3.3 (mpoaoJikeHue). - Pe3yapraTsl reoTepMudeckux uccienoanuit (1990-91rr.)

Ne Ne WuTepBan Temmnepatypa, °C

CTBOpa | NbE30- | U3MEPEHUs Huxa 5 Hukn 6 Huxa 7 Huxa 8 Hukn 9
MeTpa **.08.90 18.10.90 29.10.90 12.11.90 11.01.91
23.10.90 05.11.90 14.11.90 13.01.91

4 I1-21* | Bo3.-cyxoii 23-35 145-17.8 | 8.1-135 15.3-17.1 | -7.2+4.4
O6Bonuén. | 13.5-15.5 | 12.5-145 | 13.3-17.1 | 15.6-16.9 | 10.7-13.8

6 I1-25 | Bo3s.-cyxoii 20-27 9.5-14.3 15.8-16.8 | 9.0-11.4 0.4-2.8
OOBOJHEH. 15-16 14.1-15.0 | 14.6-15.0 | 15.7-16.5 | 11.7-13.6

I1-25* | Bo3.-cyxoii 20-27 12.1-16.4 8.8-12.3 5.1-6.8
O6Bomuén. | 14.5-16.5 | 13.8-14.4 145-16.1 | 13.2-13.4

7 I1-27 | Bo3s.-cyxoit 18-30 13.7-15.0 | 12.4-13.1 | -3.6+1.6
O6Boguén. | 13.5-14.0 13.6-14.8 | 13.1-16.0 | 11.1-13.3
8 I1-29 | Bo3s.-cyxoit 19-29.5 7.0-12.0 -4.1+-3.3
Oo6BomuéH. | 13.5-14.0 13.2-16.6 8.9-13.7
I1-29"* | Bo3.-cyxoii 21-30 13.4-15.7 | 14.2-194 | 7.6-13.7 | -8.7+12.8
OO6BOJTHEH. 13.5-16 15.9 14.2-14.5 15-15.7 13.0-13.3

9 I1-30 | Bos.-cyxoit | 18.5-29.5 | 13.3-15.9 | 12.5-154 | 8.9-155 -6.9+6.7
OO6BOJTHEH. 13.5-15 13.2-14.2 | 13.7-14.8 | 15.7-16.7 | 11.5-13.6

6 [1-37 | Bo3s.-cyxoit 20-28 10.4-14.8 | 16.5-17.4 | 12.8-16.1 | -4.6+-1.9
O6BOJTHEH. 13.5-16 13.7-145 | 14.6-154 | 16.1-16.2 | 12.6-13.9
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Tabauna 3.4. - Pe3ynpraTsl reoTepMUuecKux uccaenoBanuii (1990-91rr.)

Ne Ne WNurepBain Temnepatypa, °C
CTBOpa | mbe30- | uaMmepeHusa | Iluki 10 Hukn 11 Huxi 12 Huxa 13 Hukn 14
MeTpa 17.01.91 25.03.91 24.05.91 03.06.91 25.07.91
18.01.91 23.04.91 31.05.91 09.06.91 27.07.91
2 I1-14 | Bos.-cyxoii | -10.9+4.7 | 14.5-12.2 24-14 25.4-15.4 25-17.2
O6BoxnéH. | 12.1-13.6 12-12.6 12.5-115 | 12.7-11.8 15-13.8
I1-15 | Bos.-cyxoii | -11.4+-1.1 | 20-13.2 23-16 25-16.4 29-18
O6BOAHEH. 8.8-12.8 12.8-12 13-11.8 12.7-11.8 15-13.8
I1-15" | Bos.-cyxon | -4.9+4.6 | 13.5-12.2 | 23.5-15.7 | 25.4-15.4 25-17.2
OOBOTHEH. 9.7-12.0 12.5-13 13-12.2 12.6-12.2 15-13.6
1 I1-17* | Bos.-cyxon | -9.9-13.3
O6Boanén. | 13.5-13.4
3 I1-18 | Bos.-cyxoii | -10+10.2 18-14.5 25-15 24-13.8 30-19
(I1-19) | O6Bomnén. | 11.4-13.3 12.5-13 12.8-12 12.5-12 16-14.2
I1-19* | Bos.-cyxoii | -8.2+3.5
OO0BOIHEH. 8.5-13.5
11-19° | Bos.-cyxoii | -7.8+-0.6 21-15 25-16 23.6-15.6 24-18
O6BOHEH. 8.8-13.3 12.5-13 12.8-11.5 | 12.6-11.6 15-13.8
4 I1-20 | Bos.-cyxoii | -3.1+10.2 12.6-12 24.8-15.2 | 24.8-14.6 25-17.7
O6Boanén. | 11.8-13.3 | 11.5-11.6 13-11.5 13-11.5 15.5-14
[1-21 | Bos.-cyxoit | -2.7+5.8 27.5-19
Oo6Bomuén. | 11.0-13.6 16-14

Ta6auna 3.4 (mpogosxenue). - Pe3ynbrarel reorepmudeckux uccnenoanuii (1990-91rr.)

Ne Ne HNHurepBan Temmnepartypa, °C
CTBOp | mbe30- | m3mepeHus | [uxa 10 ukn 11 Hux 12 Hwuxo 13 Hwxa 14
a MeTpa 17.01.91 25.03.91 24.05.91 | 03.06.91 25.07.91
18.01.91 23.04.91 31.05.91 | 09.06.91 27.07.91
4 I1-21* | Bo3s.-cyxoii | -7.4+5.9 24.5-17.2 26-17 24-18.2
O6Bomuén. | 10.2-13.3 12.7-11.4 | 12.5-11.5 15.5-14
6 I1-25 | Bos.-cyxoi 7.1-7.4 14.5-12.5 26-18.1 26.4-18.1 | 25.6-20.1
O6Boguén. | 13.1-13.6 12.4-11 13.7-11.3 | 12.8-11.4 | 16.7-15.2
I1-25* | Bos.-cyxoii 0.5-3.5 17-14 25.8-18.6 | 26.4-17.4 26-20.4
O6Boguén. | 13.7-14.2 12.4-14 14-11.8 12.8-11.4 16.8-15
7 I1-27 | Bos.-cyxoui | -4.3+4.7 16-12.5 28-20.3
O6Boguén. | 11.4-13.3 11.8-12 15.8-15.3
8 I1-29 | Bos.-cyxoii | -1.5+8.2 13.7-12.7 28-15.5 28-16.8 28.3-20.3
O6Boguén. | 11.7-136 | 12.1-11.4 | 12.8-11.8 13-11.8 16.8-15.3
I1-29* | Bo3s.-cyxoit | -4.1+11.0
O6Bomuén. | 11.1-13.3
9 I1-30 | Bos.-cyxoif | -2.8+7.1 14.3-12.6 25-14.6 26.4-14.8 | 28.5-19.6
O6Bomguén. | 11.7-13.6 | 12.2-10.8 | 12.4-11.6 | 12.5-11.8 16.2-15
6 [1-37 | Bos.-cyxoit 18-16.5 26.4-19.5 | 27.3-19.9 28.4-22
OOBOTHEH. 11.8-11 13.7-11.4 | 12.8-11.5 | 16.4-15.2
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B 0OBOJHEHHBIX YACTSIX MHE30OMETPUUECKUX CKBAXKUH MHUHUMAJIbHOE
3HaYeHHe TemrepaTypsl paBHoe 8,5 °C ob6HapyxeHo B I1-29° B 10 mukite (T, =
8,5 °C), makcuMalibHOE 3HaUYeHHE Temmeparypsl paBHoe 17,5 °C oOnapyxkeno B I1-
20 B 7 nuxie (Tyaee= 17,5 °C).

Takum o0pa3om, AMana3z3oH W3MEHEHHs TeMmIepaTypbl B OOBOJHEHHBIX
YacTsX IMbE30METPUUYECKUX CKBAXKUH BO BCEX BBIIIE MPUBEICHHBIX IHUKIIAX

CJICTYFOLLIHM:

Ty = 8,5 °C, Tyaxe= 30 °C.

Jlist Oonee TOYHOrO OIpPEAENICHHs] HUAla30Ha H3MEPEHUs TeMIIepaTyphl
MOJATOTOBKM TpeOOBaHUM K pa3pabaTblBaeMOMY TeIIOMEpY ObUIM 00paboTaHBI
JTaHHBIE Te0TepMHUUECKUX HccaeaoBanuil mposeneHubie B 2011 roqy (Ilpum. 1).

TepMomeTpuyeckre UCCIENOBaHMS B CKBa)KMHAX MbE30METPUUYECKON CETH
BBITIOJIHSTUCH C TIOMOIIBIO MEPEHOCHOW ammaparypsl (puc. 2.5), BKIIOYAIOMUN B
cebe CKBaKMHHBIE MPeoOpa3zoBaTeIN TEMIEPATYPhl - U3MEPUTEIbHBIE CTPYHHBIE
tuna [ITC-60, npegHa3HaueHHBbIE [JIs1 U3MEPEHUS TEMIIEpATypbl B 3JIEMEHTAX
TUAPOTEXHUYECKUX COOPYKEHUH W HU3MEPUTEIBLHOro mnpubopa s CHSTHUS
nokazanuii npeoOpazoarens tuna [1II-1(cnenuanu3upoBaHHblii TOPTATUBHBIN
uudpoBoii mepuogomep) [61-A, 65-Al.

Ha yuacTke cosneBoro macra jieBoro oepera pexku Baxiin ObUtH BBITOTHEHBI
peXUMHBIE TEMIIEpATypHbIe HAOTIOIeHUS O 12 CTBOpaM ¢ MOMOUIBIO EPEHOCHON
anmapatypsl [IIII-1 ¢ 3ong0M IITC-60. OOIIee KOIUYECTBO MMHE30METPOB,
3aJICCTBOBAHHBIX B HccaegoBanusix - 29. M3 Humx B 11 mbe3omerpax, mo
TEXHUYECKUM MPUYMHAM, UCCIIEA0BAaHUS MPOBECTH HE yaanock. Beero 3a 2011 roa
MpoBeIeHO 39 NMMKIOB TEPMOKAPOTAXKHBIX HcclenoBaHui. Cxema pacroaoKeHUs
CTBOPOB U MECTOIOJIOKEHHE MhE30METPOB MpUBEAEHBI Ha puc.3.11.

Tabmuibr 3aMepa TeMnepatypsl BOAbI U TpahuKd U3MEHEHUS TEMIIEPATyPhI

B IIb€30METPUUYECKUX CKBRXXMHAX MPUBEICHBI B Tabmuie 3.5.
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Pucynoxk 3.11. - [Tnan pacnonoXeHus: Tbe30METPUIECKUX CKBAKUH HA y4acTKE JIEBOTO

Oepera coseBoro miacTa p. Baxm

Tab6auuna 3.5. - Pe3ynbratsl reorepmMuueckux uccneaopanuii (2011r.)

Ne nbeso- Temmnepartypa, °C

MeETpa ®eBpainb Hromnb ABrycr Hexabpb

I1-23 6,284-14,264 19,328-13,988 20,357-12,292 6,687-12,954

[1-23/a 4,085-14,264 21,207-13,243 29,743-12,627 7,003-12,971

I1-25 3,804-14,919 27,463-14,767 25,693-15,294 3,204-14,113

I1-25/a 3,012-13,988 30,052-13,664 28,128-13,095 2,588-12,701

I1-26 8,905-15,325 25,927-13,466 26,368-15,096 7,093-13,515

I1-27 2,398-14,465 30,734-13,764 23,303-15,122 -0,548+14,013
I1-29 2,230-13,889 27,020-13,615 22,739-12,334 8,050-12,163

[1-29/a 3,546-13,317 23,332-12,652 28,430-14,214 -1,348+12,897
I1-30 3,934-13,540 18-552-12,480 25,869-13,466 8,464-12,848

I1-31 4,606-13,441 23,077-13,292 23,190-14,239 7,661-12,603

[1-31/a 1,373-13,342 20,384-12,066 21,097-13,416 2,651-12,652

I1-32 1,957-13,739 24,792-13,640 30,890-14,793 4,584-13,095

I1-33 3,225-12,529 25,605-10,837 22,795-12,652 1,145-11,969

I1-35 5,683-14,088 22,402-13,466 30,360-14,490 7,433-13,144

I1-36 3,998-15,249 31,423-14,540 31,612-13,615 3,890-13,540

I1-37 4,410-14,793 16,170-14,038 25,343-14,742 3,718-13,441

Takum 00pazom,

MIPUBEAECHHBIX IUKJIAX CICTYIOLINM:

MpeAea W3MEHEHHS] TEMIIEPATYPBI

Ty = -14.3 °C, Tyae = 31.612 °C.
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C yuerom mnpoBen€HHbIX uccienoBanuii B 1990-1991 ror. u 2011 rony
nmpenes W3MEHEHHS TeMmIepaTypbl B OOBOAHEHHOW YacTH MbE30METPUUYCCKUX

CKBa’XHUH COCTaBJIACT:

Ty = 2,9 °C, Tyaxe= 17,5 °C.

C y4€TOoM BBISBIIGHHOI'O JMala3OHa HW3MEPEHHs TEMIEPATypbl B
OOBOJHEHHOM 4YacTH TMbE30METPHUUECKUX CKBAXUH M TMOBBIIICHUS TOYHOCTH
pa3pabaTbIBa€MOro JIByXKaHaJIbHOTO TEIIOMEPA PEKOMEHIYETCS OIPaHUYMTh

nuranaszoH usmepenuii ot 8°C no 25 °C.

3.2.2. Pacyér cTeneHu TOYHOCTH, 0a3a U3MepeHUs U KOHCTPYKTHBHbIE

0CO0EHHOCTH TenJjaoMepa

«TemmoBoM peKUM 3eMIIM  CKJIAIBIBACTCS W3 JBYX BHJIOB. BHEIIHEH
TEIJIOTHI, TOJIy4aéMOM B BHJE COJHEYHOW pajaualid, W BHYTPEHHEH,
3apOoJKIaroIIeics B Hepax iaHeTol» [174].

«ConHue paer 3emyie OIPOMHOE KOJHMYECTBO TEIUIOBOM 3HEPIUU,
n3MepsieMoii wudpoii 5,4+ 10% spr, win 1,29 «10* kan. PasHble Y4acTKH 3¢MHOTO
mapa TOJIyYaroT HEOJWHAKOBOE KOJUYECTBO TEIJIOBOM JHEPTrUu: 00JIacTH,
pacmnoyio)KeHHbIe OJMKEe K JKBAaTOpy, - OOJbINe, a 00JacTH, PacroJIOKEHHBIC
OJMOKe K MoJTrocaMm, - MeHbIne» [174].

«CoylHeUHass DJHEPTrHs  ONpENeseT BCE TEOJOTUYECKHE  IIPOIIECCHI,
MPOTEKAIONIUE Ha MOBEPXHOCTH 36MHOTO 11apa, BHI3BIBACT JIBUKEHUE BO3IYIIHBIX
Macc M OIpeAeNIIeT KPyroBOPOT BOABI B NPHUPOAC W OHA OOBIYHO MPOHUKAET Ha
HEOOJIBITYIO TIIyOMHY B TONINY 3eMHOUM Kophl. [Ipu aToMm, ¢ yrioyOneHueM B Henpa
3eMi yBETMYMBAETCS POJb BHYTpEeHHEW sHepruu. Ha HekoTopol riiyOmHE OT
MOBEPXHOCTH 3€MJIM PACIOJIaracTCsl TMOSC TOCTOSHHOW TeMIepaTyphl, TAC HE
HAOJIOMAeTCsl €€ M3MEHEHHE B TEYCHHE CYTOUHBIX U CE30HHBIX KOJICOAHUH,
MPOUCXOISAIINX HA TOBEPXHOCTH TUTAHETHI. 371eCh HAaXOIUTCS YPOBEHD MOCTOSHHOM
TEMITepaTypbl, COOTBETCTBYIOIIUH  CPEIHETOJOBOM  TeMIlepaType JaHHOU

MecTHocTH» [174].
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«B pasHBIX pailoHax 3€MHOrO IIapa IOsC PacHojlaraeTcsl Ha pas3IMYHBIX
rIyOnHax. B HEKOTOpBIX MecTax OH OTMEYaeTcsl BCero Ha riyomHe 1-2 M ot
noBepxHocTu 3emun (Ha 3KBaTope), B Apyrux - Himwke 40 m, B MockBe - Ha
riyoune okono 20 m. B [Tapuke TepMomeTp, ycTaHOBJICHHBIN Ha riryoune 27,6 M,
yke B TeueHue 6oisiee 100 sieT moka3pIBacT BCEe BPEMs OJIHY U TY ke TeMIlepaTypy:
+11,85 °Cx» [174].

«Hmwxke mosca TOCTOSHHBIX TEMIIEPATYp OTMEYAaeTCAd 3aKOHOMEPHOE
MOBBIIEHUE TEMIIEPATYpPbl, YTO 3aBUCUT OT TEIUIOTHI, MOCTYHAOLIEH W3 HEIp
3emum» [174].

«Crenyer OTMETHUTBh, YTO B PA3HBIX paiOHaX 3€MHOr0 IIapa TemIeparypa
u3Mepsiiach B OypOBBIX CKBAKMHAX M IIaXTaX HEPEIKO Ha OOJBIIUX TiIyOWHaXx.
Tak, B maxte, B TpancBaame, B Adpuke, Ha T1iIyouHe 2289 M BbIsBICHA
temriepatypa paBHas 40 °C, B CIIA B maxte, rie 100bIBaJIOCh 30J10TO, B 3a00€ Ha
riyoune menee 2000 m ona nocturia 46 °C, 4To 3aCTaBWIIO MPEKPATUTH PAOOTHI»
[174]. «B Konbckoii cBepXIiIyOMHHOW CKBa)XKMHE, HANPUMEpP, TJI€ TEMIIEPATyphI
TOPHBIX MOPOJA HENOCPEACTBEHHO H3MEpsulch a0 TiayouH 11 kM urae oHu
nocturaroT +200 °C, I'C pasuo 19-20 m» [175].

«/laHHBIE TIO 3aMepy TeMmIeparypbl B TIYOOKHX OYpOBBIX CKBa)KHHAX
MIOKAa3aJId, YTO HAPACTAHHE €€ B PA3IMYHBIX palilOHAX MPOUCXOIUT MO-PA3HOMY.
Hanpumep: B MockBe Ha rinyoune 1630 m Temnepatypa coctaBuia 41 °C, a B
TamxkenTte Ha riyoune 900 m - 55 °C. B HEKOTOPBIX CKBa)KMHAX, JOCTUTAIOIINX 3
KM U Oousiee, Temneparypa cocrasisieT 6onee 100 °C, a B CILIA Ha rmyOune Oosee
4 kM Ttemmeparypa gocturia 250 °C. JInsg Ka4yeCTBEHHOW M KOJIMYECTBEHHOMU
XapaKTePUCTHK MOCTYMAOLIEH U3 TITyOuH 3eMJIM TEIUIOThl MPUHATO MOJIb30BATHCS
JByMSI BEIMYMHAMU: TEOTEPMUYECKUM IPAJAUEHTOM U F€OTEPMUYECKON CTYTEHBIOY
[174].

«['eoTepMuYeCcKM IPAJUEHT - 3TO BEJIWYMHA MOBBILICHUS TEMIIEPATYPHI B
rpanycax Llenbcus Ha equHUIYY yIiTyOJICHHUS.

PaHnblie nonarany, 4To 3a CPEIHIOK BEIMYMHY I€OTEPMHUECKOrO IpagueHTa

cienyetr cuutartb 3 °C Ha kaxapie 100 M morpyxeHusi, OJHAKO JaHHbIC
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HEMOCPEICTBEHHBIX M3MEPEHMI B Pa3HbIX CTpaHaxX MOKa3ajH, YTO BEIMYHHA €rO0
MOKET Kosie0aTbcs B IIMPOKUX mpeaenax -- ot 5 1o 148 °C va 1 km wium ot 0,5 g0
15 °C na 100 m» [174].

«I'eoTepMuyeckasi cTyleHb - PacCTOSIHUE, Ha KOTOPOE HAN0 YriyOUThCA,
4yTOOBI TeMIepaTypa nosbicuiiachk Ha 1 °C. ['eoTepMuueckasi CTyleHb TAKKE MOKET
Kojebarbcsi B JOBOJIbHO IMpokux mnpeaenax. Tak, B CIIA, mo ganueiM b.
['yrenbepra, MUHUMaIbHOE 3HAYEHHUE T€OTEPMHUUECKON CTYIIEHH COCTaBIsEeT 6,7 M
(mrrat Operon), MakcumaiibHoe - 137,8 M (oTMedeHo Jutst mTata Anmadama)y [174].

«B OpBiemM CCCP BenMuumHa TeOTEPMHUYECKON CTYNEHH H3MEHSIACh OT
HECKOJbKUX MeTpoB 10 30 - 40 M B palioHaxX C TOPU3OHTAIBHO 3aJICTAOIIUMHU
TOPHBIMH TTOpojaMu U 10 150 M- B palioHax ¢ pa3BUTHEM MeTaMOp(PHUUECKUX U
MarMaTH4ecKux mopoa» [174].

«BenuuuHbl TEOTEPMUYECKOIO TpajiM€HTa U TEeOTEPMUYECKOW CTYIEHH
3aBUCSAT OT TEIUIOMPOBOJHOCTH IMOPOJ], T'€0JIOTUYECKOTO CTPOEHHSI MECTHOCTH H
psifa Apyrux NPUYMH. 3HAHWE JTHX BEIMYMH HMMEET OOJbIIOE MPAKTUYECKOE
3HaueHue. B cBs3u ¢ mpoxoakoil riyOokux maxt (o 1 - 3 kM) HeoOXoaumo
3apaHee 3HATh, KaKWe TEMIIEpaTyphl CIEAyeT OXHUAAaTb Ha MPOCKTHPYEMOM
rinyouney» [174].

«B HacTos1ee BpeMst TOCTYITHBIMU JIJIS1 U3MEPEHUS TEMIIEPATYyPhl SIBISIOTCS
rTyOWHBI TOpsiiKa 6 - 8 KM, T/ie TIOBBIIICHHE TEMIIEPaTyphl IPOUCXOANUT OoJiee HITn
MeHee 3aKOHOMepHO. Eciu mnpeamojokuTh, 4TO OHA HApacTaeT MO TEM XKe
3aKOHaM, 4TO M B IIOBEPXHOCTHBIX 30HAX HIKE TOsCa TOCTOSHHBIX TEMIIepaTyp, TO
Jake P MUHUMAaJbHOM T'€OTEPMHUYECKOM TPAJAMCHTE, B IICHTPE HAlllel TUIaHEThI
oHa noipkHa gocturath 46000 °C. B Takux ycioBHsX HE Moruia Obl CyIIeCTBOBATh
TBepasi o0oouka 3emiin - 3eMHast kopa. O TemmnepaType riIyOMHHBIX 30H 3eMJIU
MOJKHO CYJHUTh 110 JIaBaM, U3JIMBAIOIINMCS U3 BYJIKaHOB)» [174].

«Hampumep: temmepatypa naB BesyBusi komeOnercs B mpenenax 1100 -
1200 °C, Bynkana JtHa — 1060 - 1300 °C, Ommuma — 1200 - 1300 °C, BynkaHa
Kinrouesckoro - 1200 °C. ITpu 1BuKE€HUM MarMbl 4YEPE3 3€MHYIO KOPY MPOUCXOIUT

€C OXJIAXKJACHHC, IIOOTOMY TCMIICpATypa MAIMATHYCCKHUX OYaroB BbBIIIC H, II0-
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BUauUMOMy, cocTaBisier okosio 1500 °C. CornmacHO pacyeTHBIM JaHHBIM,
TeMIlepaTypa B sJIp€ Hallel IIaHEeThl COCTaBIIIET HECKOJBKO THICSY TIpagyCcoB
[enbcus u, oueBuaHO, He npesbimaeT 3000-4000 °Cy [174].

«OCHOBHBIM napaMeTpom TEIJIOBOTO OJISI SIBJISIETCS
temnepatypa (T B °C), uamepsieMasi B mnypax, CKBa)kKMHaX, TOPHBIX BBIPAOOTKaX,
JIOHHBIX OCaJKax, T. €. B 30HaX HAaUMEHBIIErO BIUSHUS BapUaluid TEIJIOBOTO MOJIs
32 CYET COJHEYHOM aKTUBHOCTU. B pe3ynbpTare BBISBISIOTCS TEPMHUUECKUE
aHOMAJIUU, T.€. PA3HOCTU HAOIIOJEHHBIX U (OHOBBIX 3HauYeHH. DOHOBbBIE
TeMIepaTypbl HEMOCTOSHHBI B MIPOCTPAHCTBE BCJICICTBUE U3MEHECHUM TeMIepaTyp
Ha pa3HbIX TIyOMHAX W3-3a M3MECHEHUW TEIJIOTCHEpAIlMu | TEIJIoNepeaayun.
K pacuetHbiM napameTpam OTHOCATCS BEPTUKAIbHBIC IpaJIuCHTHI

temnepatyp (AT/AH) B untepBanax riayoun (AH) Huke HEUTpPambHOTO CIOS»

[175].

«Ha pucynke 3.12 mpusenensl kpussie T °(H) 1o Tpem ckBakuHam B psijie
palionoB Ykpaunbl u CeBepHoro KaBkaza. [lo HUM MOXHO paccuuTaTh
reorepmudeckyto crynenb (B M/°C). OHa mMeHseTcs B mpenenax riyowd 1 - 2 km
cremyronuM obpazoM: Ha YkpanHckoM mute — 67-100, B KpacHogapckom kpae —
22-50, B CtaBpononbckoMm kpae — 15-31y [175].

«ITo m3BectHbIM TpagueHTaM Temneparyp (AT/AH) wu temnmonpoBogHOCTAM
TOpPHBIX TOPOoA (Ar) pPAacCUUTHIBAIOTCS TUIOTHOCTH TEIUIOBBIX TMOTOKOB (0 =~ —
AMAT/AH), B TOM umcne cpemuee (Qcp = Arepl). I[lo anomamusm (T, AT, T, qcp)
TEIJIOBOTO TOJISL BBISBJISIIOTCS TEPPUTOPUHU C MOBBIIIEHHBIMH TeMIEpaTypaMu Ha
rIyOuHe («TEIJIOBBIE KOTJbDY), M3-32 OCOOCHHOCTEH T€OJIOTMUYECKOTO CTPOCHUS
Y pa3MELICHUs1 IOJIE3HBIX HMCKOIAEMbIX, BKJIKOYAas HAJIMYME TEPMaJbHBIX
BOJI, @ MHOT/Ia U He(pTera3oHaCHIICHHBIX clloeBy [175].

Jlnst orpenienieHust CTeNeHN TOYHOCTH Pa3pabaThiBA€MOro TEIioMepa U ero

0a3pl U3MEpPEeHHs] TNPUHUMAEM [Uana3oH TeO0TePMHUYECKOro TpaJueHTa Ha
0

OCHOBAaHUM BBIIIENPUBENIECHHBIX 0030poB oT 5 1o 148°C na 1 xm. Janee
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paccunThiBaeM TreorepmMudeckuid TpagueHT ATnmin U AT, ymenbmas 0azy
u3mepenus AH. HaxonuM onTumanbHBIM BapUaHT TOYHOCTH M 0azy M3MEpEHUs
pa3pabarpiBaeMOro TeruioMepa. Pacu€r cremeHW TOYHOCTH M 0a3bl U3MEpPEHUS

TEIJIOMepa MPUBEAEHBI B Ta0IULE 3.6

010 20 30 40 50 60 70 T,°C Pucynok 3.12. - I'paduxu
[ | | | I [ [
pacmpeseNieHus TeMIepaTyp 1o
| CKBRKUHAM B PsJIe
04 .
paiioHoB YkpauHbl 1 CeBEpHOIo
i Kagkaza: 1 - YkpauHckuit mur; 2 -
08 - CraBpornonbckuil kpaif; 3 -
r Kpacnonapckuii kpaii (o JaHHBIM
12 E. A. JIrobumoBOIA)
1,6
20
241
H, v

Tadauua 3.6. - Pacuér crenenn TOYHOCTH U 6a3bl U3MEPEHUS TEIIJIOMEpa

AH, m AT min, °C ATmax, °C
1 kM 5 148
100 M 0,5 15
10 M 0,05 1,5
1M 0,005 0,15
0,5 M 0,0025 0,075
0,2 m 0,0001 0,03

Pacuérel moka3pIBaloOT, YTO MPU NPUHIATHH 0a3bl U3MepeHust paBHou 20 cM,
TOYHOCTH TerioMepa cocTtasisgeT 1/1000, yTo Mo3BOIISIET BHICOTY 30H/a TEIJIOMepa
npuHATh paBHOW 20 cMm. PexoMeHmyemasi BbICOTA IMO3BOJISIET 30HAY TEIIOMEpa

CBO60,21HO MOrpyKaTtbCsa B IbE3OMETPUYCCKUE CKBAXXKUHBI IIPOXOJsA BO3MOXKHBIC UX
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KPUBH3HBI, TIOCKOJIBKY HE Bcerfa ymaércss MpoOypUTh CKBAXKHUHY HJI€ATBHO
IIPSAMOM.

C uenblo YTOYHEHHMS JMaMeTpa 30HJa HAaMU HM3yYEHbl KOHCTPYKTHUBHBIC
OCOOEHHOCTH ThE30METPUYECKON HAOIIOJATEeILHONM CETH CO3JIaHHOM B
JIeBOOEPEKHOIM 30HE COJIEBOrO IIacTa B OCHOBaHWMU IUIOTHHBI Porynckoit I'2C.
[Ipumep T€0I0TrHYecKOTo pa3pe3a YCTaHOBJICHHBIX MbE30METPOB MO CTBOPY No2

MpPUBEJICH Ha pucyHke 3.13.
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2 030249080 Cr.-2
0503¢ 5050
0 050405049 \
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Pucynoxk 3.13. - ['eonornueckuii pazpes

YCTAHOBJICHHBIX MTbE30METPOB Ha CTBOpE Ne2

Bcst mbe3omMerpuueckas ceThb COCTOUT M3 CTAbHOW TPYOBI THaMeTpoMm 72
MM. B koHie 3a60s1 cranbHble TpYOBl nephoprupOBaHHbI (30HA (UIBTPAIUM) IS
oOecrieueHHsi ~ HaOMIOJCHUA 3a TEOTEMIEpPaTypPHbIM M T'HIPOr€OXUMUYECKUM

PEXKUMOM.
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C munenpto CBOOOAHOTO TMPOXOXKIAEHUS 30HAAa MO MBE30METPUUECKUM
CKBA)XMHAM UM BO3MOXKHOCTE€H COBPEMEHHOH MHKPOIJIEKTPOHUKH JHUAMETP
IIOTPY’KHOI'O 30HJa IPUHUMAEM paBHBIM 20 MM.

C yu€toMm ompeneneHus JWana3oHa W3MEHEHUs TeMIlepaTypbl B
O0OBOJIHEHHOM HMHTEpBaJE NMbE30METPUUECKUX CKBAXKUH U MPOBEAEHHBIX pacdyérax
[0 ONPEJEJICHUI0O TOYHOCTH U KOHCTPYKTHUBHBIX OCOOEHHOCTEH JIByXKaHaJIbHOTO
TEIUIOMEpa COCTaBJICHO TpeOOBaHKE K pa3pabdaThiBaAEMOMY TEIJIOMEPY, MapaMeTphl

KOTOPOTo IIpUBe/IeHbI B TabuIe 3.7.

Tab6auna 3.7. - TpeboBaHUs K TEXHUYECKUM XapaKTEPUCTUKAM JIBYXKaHAJIbHOIO

TeroMepa
Ne i/m
HanmenoBanue napameTpoB 3HavYeHHE MapaMeTpPOB
1 Junana3on u3mepsieMbix Temmepatryp | 8-25 °C
2 basza, paccrosinue Mexay 20 MM
TepMOJaTUNKAMHU

3 TouHOCTE 0,001 °C

4 JInaMeTp norpyKHoro 30H1a 20 mm

5 BricoTa morpy»Horo 30H1a 240 mMm

3.2.3. Haznauenue u coctaB TerioMepa. KoHCTPyKIMs MOTPY:KHOTO 30H1a

TepmomeTp-TerioMep NpeAHa3HAYEH Uil BBICOKOTOYHOTO HM3MEpPEHUS
TEMIIEpAaTypbl M TEIUIOBBIX MOTOKOB B "CyXuX'" HMHXKEHEPHO-T€OJIOTHYECKUX
CKBa)KMHAX, UM 3al0JHEHHBIX BOJoM [176 — 182, 18-A, 19-A, 68-A, 69-A, 71-A].

O1oT TpHOOP TO3BOJISIET WCHOJB30BATh TOJBKO OJWH JBYXKAHAJIBHBIN
30H]I, PE3KO NOBBICUTH NPOU3BOJAUTEIBHOCTh TEPMOMETPUM 'CYXUX' CKBaXKHH,
YBEJIMYUTh TOYHOCTh PETUCTPALUM TEMIIEPATYPhl, H3MEPSITh TEMIEpaTypy B
10001 MHTEpeCyroIell TOYKe, CO31aTh HEOOXOIUMBIC YCIOBUS CKAaHMPOBAHUS
BCEW CKBa)KMHBI, WJIM HAOMIOACHUE NPOLECCOB (PUIbTpalMu MOA3EMHBIX BOJ Ha
mo0oi BbIOpaHHOUM riyOune [180 - 182]. Panee mpuxoauiaoch HCIOJIB30BATH
CBS3KY PTYTHBIX WM WHBIX TEPMOMETPOB, C OOIBIIMM TEPUOJAOM OXXKHIAHUS
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YCTAHOBHUBIIUXCS PEKUMOB. 30HJ TEPMOMETpPAa CBSI3aH C  PETrUCTPATOPOM
O0ecpoBOIHBIM uHTepdencom, 4TO 3HAYUTEIBHO YCKOpSIET
MPOU3BOAUTEIILHOCTD MOJIEBBIX Pa0OT.

B kadectBe peructparopa ucnonb3yercs Joboi Bunmosc (Windows)
COBMECTUMBIN KOMIIBIOTEP C TPUKIAIHBIM TPOTPAMMHBIM OOECIICUCHHEM B
KOMIUIEKTe Tipubopa. BHyTpu mnporpamMmHOro oOecredeHusi TakKe HMEIOTCs
MPOTPaMMHBIE  CPEICTBA KaTMOPOBKH, OOpaOOTKM M HAKOIUICHHUS JaHHBIX,
rpaduyeckas 000J049Ka ¢ MOAAEPKKOM opmaTa Jpkuner (jpg) A OTYETOB.

brnaronapsi 0co0oli KOHCTPYKIIMU 30HJA MPEAIOKEHHOW aBTOPOM yIaeTCs
n30eKaTh BIMSHUS 30HANPOBAHUS HA YCTAHOBUBIIUICS TEMIIEPATYyPHBIN PEKUM
CKBQ)KHMHBI B IIPOLIECCE CKAHUPOBAHMSI.

KoHcTpykins Takke oOecreunBacT Malyl IIOCTOSHHYIO BpPEMCHH
TEPMOJAaTYNKOB B  COYETAHUU C  MEXAHUYCCKOM 3aMUIIEHHOCTHIO.
Hudbdepenuuanbuas  4yBCTBUTEIBHOCTh  NMPUOOpa  TO3BOJISIET YBEPEHHO
oOHapyXuBaTh Inepenajsl (rpaJueHT) TeMIepaTyp B BOAHOW Cpele Ha YpOBHE
0,00010 °C/cwm.

Konctpykius TEpMOMETpa-TerioMepa MO3BOJISIET U3MEPATH
BEPTHKAJIBbHBIC TEIUIOBbIC TIOTOKH MCXOAS W3 HaijaeHHoro rpaauenta dT/dz.
Kpome 4HCHOBBIX [JaHHBIX, B MPOLECCE U3ZMEPEHUN CTPOUTCS «OHJIAWH»
TepMorpaMMa, KOTOpasl IO3BOJIICT OIEpaTopy cpasy OOHAPYKUTh BO3MOXKHBIC
TeMneparypHble anomanuu [ 183, 184].

B cBi3m ¢ OSTUM U3MEHSETCSs METOAMKA TIPOBEICHUS TEPMOMETPUH
BOJHBIX  CKBAXMH. DBMECTO 3alMBKM TaKUX CKBaXHUH TOpSYEd BOIOM U
HAOJFOICHUS 3aT€M CKOPOCTH IMPOIIECCOB OCTHIBAHMUSI, TIOSBISIETCS BO3MOKHOCTh
MIACCUBHOTO TIOCTPOCHHUS BBICOKOTOYHOTO TIPO(MHIISL CKBOKHHBI C BBICOKHM
paspermieHueM 10 TIIyOMHE W TeMIepaTrype. OTO J1laeT BO3MOXKHOCTB
YBEPEHHOTO OTPECIICHUS 30H BEPOSTHON (PUIBTPALIUU TOA3EMHBIX BOJI.

OCHOBHBIC TEXHHYECKHE XapaKTCPUCTUKH TEPMOMETpa IPUBEICHHI B

tabimie 3.8.
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KoMmmiiekranust repmoMerpa. TepMOMETpP COCTOUT U3 CIAEAYIOIIHNX YacTeu

(pucyHok 3.14):

1 - morpy»HOM 30H1, 2 - CHTHAJIbHBIN Ka0esb, 3 - KaTyllKa JJi1 HAMOTKH

Kabers, 4 - KOXKyX I XpaHSHHsI TIOTPYKHOTO 30H1a, COBMEIIEHHBIN C KATYIITKOM,

5- PadIruoICpCaAaTINK CUT'HAJIA C IIOI'PYIKHOI'O 30Hd, BCTPOCHHOI'O B KAaTYHIKY, 6 -

perucTparop, 7 - paAMoNpUEMHUK CUTHAJIA C OTPYKHOTO 30H/A.

Tadauua 3.8. - OcHOBHbBIE TEXHUUECKUE XAPAKTEPUCTUKHN TEPMOMETpa

Ne ni/m
HaumenoBaHue napameTpoB 3HayeHue napamMeTpoB

1 Jnana3oH u3MepseMbIX TeMIepaTyp 8-25°C

2 KonmdecTBo kaHaI0B U3MEPEHUS 2

3 baza, paccrosiHre MeXy TEPMOAATYMKAMU 180 mm

4 Hauxynmas ToyHOCTB 0,010 °C

5 Pa3pemaroniasi cmocoOHOCTH 0,0010 °C

6 HonroBpemMeHHasi CTaOMIBHOCTD 0,0050 °C/ rox

7 [TocrosiHHas BpeMeHu mpubopa ¢ puinbTpoM / 6e3 1 cexynma/ 0,1
¢unbTpa CEeKyHJa
[Tepuos 0GHOBJIEHUS JAHHBIX 0,1 cexynna
JlanbHOCTB IeficTBHS OecrIpoBOIHOrO HHTep(eiica 50-100 m

10 JlnnHa norpy»kHoro ka0esns 60 m

11 JlnamMeTp norpy»Horo 30H1a 20 mm

12 Macca norpy>kHOro 30H/1a 920

13 ["aGapuTsl MOrpy»HOTO 30H]1a 240x20x20 mm

14 Hanpsiokenne nuranus 6atapeu 3-5B

15 Cpok ciy:x0bl BHyTpeHHEl OaTapen 1-3 rona

16 Bunaro v neesammra usmepuTens IP57
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NOrpyKHOIT 30H1

: ericTpar
PABIONPHEMHIK F parop

CHIrHaTa aariika

Karyuika

KOAYX persicTparopa

CHIHANBHBIT Kabens

pamionepeaarsix KOAYX 30HAa
CHrHaia ¢ 30oH/1a

Pucynok 3.14. - KoMrekraius reoTepMoMeTpa - TerioMep

[lutaerca moOrpy>KHOM 30HI OT TpEX IIETOYHBIX OaTapeek dopmara AA

pPa3MENIEHHBIX TaKKe BHYTPHU KaTyIIKU (pucyHOK 3.15).

v Pucynoxk 3.15. - PacnionoxeHnue

AJICKTPOHHOU YacTH
MOTPY>KHOTO 30H/1a U 3JIEMEHTOB
IMATAHUS 107 OOKOBOM

KPBILIKOW KaTYyIIKH

Ipunmun padorsl. I[lorpyxkHoit 30HA Ha Kabene MOrpykaercs Ha
TpeOyemyto TIIyOUHY B HccleayeMyto cpeay. JlanHble 0 TeMieparype mocTynaroT
Ha pErucTpaTop OJHOBPEMEHHO OT JABYX TEPMOJATUYMKOB pPa3MENIEHHBIX Ha
norpykHoM 30H1e. OT NOTPYKHOTO 30HAAa IO CHUTHAJIBHOMY KaOenlo 10
paguonepenaTyrka M Jajaee IO pPaauOKaHANy IIONMAJAal0T Ha PaJdONpPUEMHHK
MOJKJIIOYEHHBINM K PErucTpaTropy.

Cnenumanu3upoBaHHass I[porpaMMma  3amyllleHHas Ha  PETHCTPaTope
oToOpaxaet B rpaueckoM BUE U COXpaHseT B (paiiye moxydeHHbIe JaHHBIE.
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Jliist Hadana paboThl HEOOXOAMMO MOAKIIOYUTE Pa3bEM MOTPYKHOTO 30H/a K
perucTpaTopy, pojb KOTOPOTO  BBIMOJHSAET HETOYK, BKIIOYHTh  HETOYK,
3alyCTUTh MPOrpaMMy KOHJIYKTOMETpa W OMYCTUTh TOTPY>KHOM 30HJ Ha
kKa0bene IMEeTUKOM B HCCIEIyeMbI pacTBOp (30HA HE JODKEH KacaThCsl CTEHOK
U JTHA COCYJIa).

JlaHHBIE C 30HJa — TeMIepaTypa, UCXOJHbIC JaHHBIE TEPMOJATUMKOB
HEIPEPHIBHO BBIBOSTCS HAa SKpaH KOMIBIOTEpA U TPU HEOOXOTUMOCTH MOTYT
OBITh 3amrcaHbl B TEKCTOBBIM ¢aiin. KnaBuma npoben wucmoib3yercs s
MPOCTAHOBKHU METOK ITyOUHBI MOTPYKEHUS 30H/1A.

JIns mosiydeHusi TOYHBIX JAaHHBIX TEMIleparypa 30HAa M HCCIeTyeMOi
JKUJIKOCTH JOJDKHBI CPaBHSATBHCSA, HA YTO MOXKET TNOTpeOOBaThCS HECKOIBKO
MUHYT.

Koncrpykuusi morpy:kHoro 3ouaa. IlorpyxxHoii 30HI (pucyHOKk 3.16)
COCTOMT W3 OTpE€3Ka MPOYHOM IUIACTHKOBOM TpyObl 1, 3armymeHHol ¢ o0oux
KOHIIOB CTaJbHbIMU 3ariaymkamMu 3 u 4. CranpHas 3ariymka 3 HUMeeT
CKBO3HOE OTBEpCTHE IJisg Kabeisl, 3ariynika 4 Hariiyxo 3akpeita. B oTpe3ok
MJJACTUKOBOM TpyOBI 2 TMOMEIICHBI ABa TepMoaaTumka 2. O0a gaT4yvKa 3aIuTh
SMIOKCUJHOW CMOJIOM C UEJIbI0 MX THAPOU3OISAUUU. OJIEKTPOHHAS 4YacCTh
MOTPYKHOTO 30HJA pACMOJOXKEeHAa BHYTPU KATYyIIKU JUIsI HAMOTKH KaOems

(pucyHok 3.14).
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TCPMOAATHHKH

Pucynok 3.16. - ITorpyxHoii 30H/1: 1 -0Tpe30K MIaCTUKOBOM

TpyOBI, 2-TepMOJIaTUNKH, 3-CTajbHAs 3arJIyllIKa, 4-3arayIiKa

Perucrparop m pagmomonyib. Peructparop coeguHsercs ¢ 30HAOM IO
paauoKaHaly yepe3 NpUEMHBIA paguoMoayiib (pUCYHOK 3.17) MOAKIIOYEHHBIN K
USB nopty koMmmbiorepa. YToObl paaroMoysib 3apaboTai ¥ Havyayl MPUHUMATh
CUTHaJbl C 30HJA, Ha KOMIBIOTEpPE JOJKHBI OBITh YCTaHOBIJIEHBI JIpalBep

pagvuoMOAdyJisd U CIeMaIN3UpOBaHHAs ITporpaMMa TEPMOMETPA.
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\
AHTCHHA \
\

t
KOPITYC C WIEKTPOHHKOH |

USB pa3ssénm

NPOTHBOBEC
Pucynok 3.17. - Paquomonynb

KoMmneioTep ¢ MOAKIIOUEHHBIM PaJMOMOTyJIEM N300paXKeH Ha PUCYHKE
3.18. 30Ha nercTBUsA paauoMonynis coctasisieT nopsaka 100 m npu ycimoBuun

prlMOﬁ BHUANMOCTH.

Pucynok 3.18. - Komnbrorep ¢ mogKJIIOYEHHBIM paguoOMOayJIeM: |-

komnbioTep—HeTOyK, 2-paaromMoaynb, 3-aHTeHa

IIpucnocod/ienne 1jisi HAMOTKHM Ka0eJis U TPAHCIOPTUPOBKU. JJ1s1 CBA3M
MOTPYKHOTO 30H/Ia C 3JIEKTPOHHOM YACThIO U pAAMOMOAYJIEM, KOTOPBIA pa3MEIICH
B KaTymike Uil  HAaMOTKM  COCIMHHUTEIBHOTO  Kalenas  HMCIOJIb3YeTCs

HKpPaHUPOBAHHBIA UYETHIPEXKUIBHBINA KaOelb TUaMeTpoM 6 MM.
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Jngs  XpaHeHHUS M TEPeHOCKH  Kaleds  MCIOJIb3YeTCs KaTylIka

n3o0pakeHHass Ha pucyHke 3.19. B karymky yxmaneiBaetcs 10 60 M kaGes.

NPHJIOAHTE MArHHL U
BKTIOYCHIS 30118 /“\‘

&N
o

Pucynok 3.19. - [Ipucnocobnenue st
TPAHCIIOPTUPOBKH MOTPYKHOTO 30H/Ia CKPEIIIICHUEM

JUISL 30H/Ia U PYYKOM JUIsl IEPEHOCKHU

K oCHOBaHMIO KaTylmIKM KpPENUTCA YEXOJ MOTPYXKHOro 30HHA. BrHyTtpHn
KAaTYIIKA PACMOJIOKEHA 3JIEKTPOHUKA 30HA.

IIporpammHuoe odecnieuenne Rogun termom. [Iporpamma Rogun termom
B pEaJIbHOM BPEMEHH OTOOpa)kaeT Ha dKpaHe W Mo KoMmaHje (puxcupyer B daiin
CIIEAYIOIINE TapaMeTPhI:

* TEMIIEpaTypy KOHIYKTOMETPUUECKOTO JaTYMKA,

* NIyOMHY TIOTPY’KEHHsI 30H/1a,

* UICXO/IHbIE JaHHBIE C 30H/Ia,

* KOMMEHTapHUH K 3alIMChIBAEMbIM JIAHHBIM.

N3MeHeHuss TeMreparyphl Tak)Ke BBIBOJIATCS Ha OJKpaH B  BHUE
TUarpaMMbl KOTOPYIO MOKHO MAacHITaOMpPOBATh U IKCIIOPTUPOBATH B (haidll.
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YroObl [aHHBIE 3alMUCHIBAIMCH B (aiin, HeoO0X0auMO, YCTAaHOBKA
crenMaJIu3MpoBaHHOM nporpaMMbl Rogun termom

Jliig ycTaHOBKM TpeOyeTcs CKOIMPOBATh MAIKy C MPOrpaMMOM Ha >KECTKUN
JMCK KOMITBIOTEPA U YCTAHOBUTH JIPABEDP PATAUOMOAYJIS.

3anmyck mporpaMmsl. 3alyCK IPOrpaMMbl OCYIIECTBISIETCA C MOMOUIBIO
Apiblka Ha paboyeM CTOJE€ WIM HEMOCPEACTBEHHO C Jaucka. C moMouipro
npwiokeHus: «Moil KOMIbIOTEp» MOTpeOyeTcsl HaWTH B KOPHEBOM TUPEKTOPUU
OJTHOTO M3 JUCKOB KOMIbIOTEpa manky Rogun Termomwu 3amycTuts u3 Heé
ucnonHsgembld  (aiim Rogun Termom.exe. [lpm mnepBoM 3amycke mporpaMmebl
U3 BBIAJAIOLIETO
CIHMCKAa HYXXHO BBIOpAaTh IOCIENOBATENbHBIM MOPT K KOTOPOMY HOJKIIIOUYEH
pPaguoOMOLyJIb.

HaznauyeHue 531€MEHTOB OCHOBHOI'O OKHa I[mporpaMmhbl IIPHUBOJAHUTCA Ha

pucyHke 3.20.
@ Tepmomerp - olEH
Qeitn  Ypaewerua fpwmt Copaexs HIJIHKATOP JAIHCH JHarpaMMpl JAT0JI0BOK AHAT PAMMBI
Q/ [nybuna = 0,00 M

K1 t1 e Feeeesseeee T 7
2,12345 | 2,12345 I
HCXOANLIC AANILIC \ TeKyIAs TeMueparypa )'s"i """"""" """"""" "’
K2 2 / ; : : ; .

E OTACTL il!.!l’l.l\l\ll-l E

2,12345 | 2,12345 | o
B Ofessecssssceanefeassannsescnnrpenasacnasens Aeennessunnnuanl

2 . i

by i | s s
........... e e

HHH(h.HH;) JANNCH 1aHnnuIX E E

HOKAIANNE JTAIOHNNOIO Iki‘r\l‘r\l\l[).l ; E

BRANYCHNE CrAaRNBaomero guiasrpa
B caeccesnsejuncessnousnnstlssonnsnonaune .i ...............
1 0,5 0 05 |

Bpems, ¢
Filter = 10; LogTime = 60 0

Pucynok 3.20. - OxHo nmporpaMmMsl Rogun Termom

Cpa3y mocne 3amycka Ha 53KpaH IporpaMmbl

TeMIiepaTypa
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BBIUMCIISIETCS] TEMIIepaTypa. 3amnuch JaHHBIX B (aill He MPOUCXOAUT 0 TEX MOP

MOoKa He OyJIEeT yCTaHOBJIEHA TaJlouka «3anuch B 1og» B MeHIO «Daiim.
3.2.4. YpaBHeHUs1 TeMIIEPATYPbl M1 METOAUKA KAJINOPOBKH TEPMOMETPA

YpaBHEHUSI BBIUKUCIICHUS TEMIIEPATYPHI HCHOJIB3YIOTCA MPOTrpaMMOMN IS
BBIYMCJICHMSI TEMIICpATypbl pacTBOpa HCXOAA M3  HU3MCPCHHOIO  3HA4YCHUA
kodpdummentTa K. B mporecce kaamOpOBKH TEPMOMATUYHUKOB IS  KaKIOTO
TCMIICPATYPHOT'O JHAIlA30HA OSKCIICPHUMCHTAJIBHO OIIPCACIIACTCA CO6CTBGHHO€
YpaBHEHHUE. ['panunb TEMIIEPAaTypHOTO Jamna3oHa ONpEACIAIOTCS
H€O6XOI[I/IMOI>1 CTCIICHBIO TOYHOCTH, YEM YIKC JUAITA30H, TEM TOYHOCTD BBIIIIC.

[Ipumepsl ypaBHEHUHN TeMIIEpaTyphl.

yl 00=0x>+0x*-17x+25,91//Ypasrenue 1(8-12C)

yl 01=0x>+0x*-17x+25,91//Ypasrenue 2(12-20C)

yl 02=0x>+0x*-17x+25,91//Ypasrenue 3(20-25C)

B oOmem cinydyae ypaBHEHHUE OINUCHIBACTCS KyOUUECKHUM IOJIMHOMOM U

2
MOXHO BBOIHTH KOdpGHIUHEHTH mpH X° H  X°. JIIs Y3KHMX IHMANa3’oHOB

3aBHCHMOCTb JIHHEHHAs, MOOTOMY KOI(bOUIMEHTHI NpH X° H X HYyICBBIC.
JIMHEeNHOCTh YpaBHEHUN YIIPOLIAET KaJTUOPOBKY U MOBEPKY.

[Ipubop MoxeT ObITh MNPOKATMOPOBAH HAa HW3MEHEHUE TEeMIEepaTyphl B
nuara3one ot -20 mo +50 °C. s npoBeaeHus: KaTuOpPOBKH TPeOyeTcsl TepMOCTAT
W STalIOHHBIN TepmomeTp Tuna TP-1 ucn 2, 4, 5, 6 3aBoga Tepmompubop s
TpeOyeMOoro TeMIlepaTypHOTo Auarna3ona c neHoi aenenus 0,01 °C.

Koncrpyknusi kaaudpoBouHoii siueiiku. TpeOoBaHUS K U3MEPUTEIHLHOU
suelike MUHUMabHbIe. OHA JOMKHA OBITH CHAEIaHa U3 MHEPTHOTO IMPO3PAUYHOTO
Marepuaga — IUIaCTUKAa WM CTEKJIa U uMeTh nuamerp okono 300 mm, 3a3op
MEXy TEPMOJIaTYMKOM, CTEHKaMHU M THOM cocyJia Obul He MeHee 20 MM.

B kauyectBe u3MEpUTENbHON sYEKU OblIa MCIOJB30BaHA MATUIUTPOBAS

OeciBeTHasi IIJIaCTUKOBas €MKOCTb HAroJIHEHHass BoJod. B Boay 1enukom
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IIOTPYKEH 30HJ, PAAOM C 30HIOM B HM3MEPUTEIIBHOW SYEHKE pacIloIaracTcs
ATAJIOHHBIA PTYTHBIA TEPMOMETP.

Cxema KOHCTpPYKIIMHM TpuBeneHa Ha pucynke 3.21. UroObl Temmeparypa
BO/IbI OblIa OJTMHAKOBOM BO BCEM 00BEME TpeOyeTcs MOCTOSIHHOE MTEPEMEILINBAHUE

MHHHUATIOPHON BOJSHOU ITOMITOU.

I B Pucynok 3.21. - Cxema
\ KaJIMOPOBOYHOM STUCHKHU:
\ 1 — norpyxHoii 30H1,
‘ 2 — JTaJOHHBINA TEPMOMETP, 3

2 — COCY/Jl C BOJIOM

IIpuOops! 1 MaTepuaJIbl, HCIOJIb3yeMble MPH KAJTMOPOBKe:

N3mepurenpHas ssuenka cocya EMKOCTBIO 5 J1
Tepmometp pryTHbIil TP-1 ueHa nenenus 0,01 °C
Bona BomonpoBoHas TEeMIIepaTypa BHYTPH JMaIla30Ha U3MEPEHUM

Haxoxaenue TemneparypHoil 3apucumoctu kodgduuuenra K:
1. 3anoMHUTE U3MEPUTENBHYIO SUYEHKY, N300paxkEHHYI0 HAa pUCyHKe 3.18
BOJIOM C TeMmiieparypoll Ha 2-3 rpajayca OTJIMYAIOUIEHCAS OT TEeMIIepaTyphbl

BEPXHEW WM HUKHEW TPaHMIbI AUANa30HA.
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2. B sA4eliky norpy3uTh W3MEpPUTEIbHBIA 30HI M 3TAJOHHBIA PTYTHBIN
TepMOMeTp. 30H MOAKIIOUUTH K PETHCTPATOPY AJSl OTOOPaKEHUSI U COXPAHEHUs
pe3yJbTaTOB U3MEPECHUM.

3. Temnepatrypa BOIBI IOCTENEHHO CTPEMUTCA K  KOMHATHOU
TeMmreparype, HeoOxomumo Tmepuoaudecku, ¢ uHTepBasom 0,01-0,5 rpamyc,
CHUMATh MIOKa3aHusl PTYTHOTO TEPMOMETPA.

4. B TabnuyHOM peNakTope TMOCTPOUTh TpadUKUd  3aBUCUMOCTHU
temriepaTypbl 0T koddduimento K1 u K2, noctpouTs A HUX JTUHEHHbIC TUHUU

TpeHJia ¢ 0OTOOpaKEHUEM YpaBHEHUH KakK MMOKa3aHO Ha pUCYHKe 3.22.

14.0

f(x)=17,3378+25,9186
R"=079994

Temmneparypa °C

f(x)=178946+25,9007
R2=0,9994

11,0

10.0
0.65 0.70 0.75 0.80 0.85 0.90
Koaddument K

Pucynoxk 3.22. - TemneparypHbsle 3aBUCUMOCTH K03 duunenTa K

JBYX TE€PMOJATUYNKOB

5. 3anucarb HalJICHHBIE YPAaBHEHUS B IIPOTPaMMy KOMIBIOTEpA  IIO
oOpasiry:

yl 00=0x>+0x*-17x+25,91//Ypasrenue 1(8-12C)

Hacrosiiume pexkomeHmanuum 1O  THOBEPKE  PACHpPOCTPAHSIOTCS  HA
TEPMOMETP-TEIIOMETP C JUANla30HOM M3MEPEHUS TEMIEparyp € NpPenesioM
OCHOBHOW mnpuBenéHHor norpemHoctd + 0,01 °C, nuanazoHoM  HU3MepeHUA
TEMIIEPATYPbl KOHTPOJIMPYEMBIX KUAKOCTe OoT 8 no 25 °C M yCTaHaBIMBAIOT
METOJBI U CPELICTBA TIOBEPKH.

[Tpubop moanexXUT NEPUOANUYECKOIN MOBEPKE C MEPUOJIUYHOCTBIO 2 pa3a B

roa.
131



IIpoBenenue mosepku. OnpeaeneHne MeTpPOJOrHIECKUX IAPaAMETPOB.

AOCONIOTHYIO  TOTPEIIHOCTh ~ W3MEPEHHM  ONpEeAeNsioT  METOIOM
HENOCPEICTBEHHOTO CIMYEHHUS DPE3YyJIbTaTOB M3MEPEHUs] TEMIIEpaTypbl OJHOU M
TOM ’K€ KOHTPOJBHOM JKHUJIKOCTH TOBEPSIEMBIM W HTAJIOHHBIM TEPMOMETPOM.
OCHOBHYIO NPHUBEAEHHYIO IOTPEIIHOCTh ONPEACNIAIOT HE MEHee, YeM B TpEX
TOUYKAX JIMalla30Ha U3MEPEHUsl TEMIIEpaTyphl, PacloOKEHHBIX Ha HadaibHOM (10
— 30)%, cpennem (40 — 60)%, u koneunom (70 — 90)% yuacTkax auamnazona. B
Ka)XIO0M MOBEpSIEMOM TOUYKE MPOBOJIAT HE MEHEe TPEX H3MEPEHUN 3HaYCHUS
TeMriepaTypsbl. [Ipy Kaxa0M n3MepeHnH J00MBAaIOTCS YCTAHOBUBILIETOCS 3HAYEHUS
TEMIIEpaTypbl JKUIKOCTH, KOTOpask KOHTPOJHMPYETCS TEPMOMETPOM, a TAKXKE I10
BBIXO/IHOMY CUTHAIIy TEMIIEPaTypPHOIO KaHaJja.

3HaueHue abcomoTHOM norpemnoct « T»B °Conpenensitot no popmysie:

T=To T (3.11)

rae: Tj — 3HaueHue TeMnepaTypsl, ONpeaeIEHHOE TOBEPSAEMbIM TepMOMETpoM, °C;
Ty — 3HAueHUe, U3MEpeHHOEe 00pa3IOBLIM TepMoMeTpoM, °C.

HauGosnpiiee w3 TONYYEHHBIX 3HAYEHUH TMOTPEIIHOCTH HE JOJDKHO
npesbimath + 0,01 °C Bo BCcéM quarna3zoHe U3MEpeHUi.

Odopmiienue pesyabraTtoB moBepku. [Ipy npoBeneHunm  oneparui
MOBEPKM HEOOXOAMMO BECTH MPOTOKOJ 3alUCH PE3yIbTaTOB HAOIIOJICHUN IO
cooTBeTcTBYIOMIEH hopme (cMm. [Tpunoxkenue).

Pe3ynbTaThl TOBEPKM CUMTAIOTCS TOJOKUTEJIBHBIMH, €CIU MpUOOp
YIOBIIETBOPSIET BCEM TPEOOBAHUSIM METOIUKH.

[TonoxxutenbHbIE peE3yabTAThl TMOBEPKU OQOPMIISIOTCS TYTEM BbIIAUU
CBUJIETEIHCTBA TI0 YCTAHOBJICHHOHW (hopMme.

PesynbTaThl CUMTAIOTCS OTPHUIATEIBHBIMA ¢ OQOPMIISIOTCS  yTEM
BBIJJAYM M3BEIICHUS O HEMPUTOAHOCTH, €CJIM TPU MPOBEICHUH IOBEPKHU
YCTAaHOBJICHO HECOOTBETCTBHE TOBEPAEMOro mpubopa XOTs Obl MO OJHOMY

MYHKTY TPEOOBaHUMN HACTOSIIEH METOIUKU.
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B nmaHHOM TyaBe guccepranyMM, PacCMOTPEHBI  TEOPETHUYECKHE U
PaKTUYECKUE OCHOBBI CO3/IaHMSI U3MEPUTENSL TEIUIOBBIX MOTOKOB (TEIJIIOMEp) IS
MOHUTOpPUHIA MyTeH COCPENOTOYCHHON QUIbTPAlUM B OCHOBAHUM TIJIOTHHBI.
[IpuBenena mareMaTu4ecKas UTEPALMOHHAS MOJEIb U aJrOPUTM ONTHUMAIbHOTO
MOWCKa IyTeH COCPEeOTOYECHHON (UIbTpalMi, NPOBEIEH aHalu3 M OIICHKA
M3MEHEHHS JHafna30Ha TeOTEMIIEPATypHOTO MOJIsA, MPOBEAEH pPAacyE€T CTENEHU
TOYHOCTH TeIuioMepa. Takxke ompenencHa 0a3a HW3MEPEHUH, KOHCTPYKTHBHBIC
OCOOEHHOCTH U CO3/IlaHuE ABYXKaHAIBHOTO TEIIOMEPA.

Hwxe B rnaBe 4, jguccepraupu pPacCMOTPEHBI TEOPETUYECKHE U
MPaKTUYECKUE OCHOBBI CO3JaHUS MU3MEPUTENbHBIX MPUOOPOB IS MOHUTOPHUHIA
TMIPOT€OXUMHUYECKOTO PpPEKMMa OCHOBaHMS IUIOTUHBL. OTaenbHBIE pa3iesbl
MOCBSILIEHBl PACCMOTPEHUIO BOMNPOCOB pPa3padOTKHM MATEMaTHYECKOW MOJETn
TpaHC(HOPMATOPHOTO KOHAYKTOMETpPa U €€ METPOJIOTUYECKUX XapaKTEPUCTHK
IIPSAMOI0 U3MEPEHMs; IIPEICTABIICHbl PE3YJIbTaThl aHAJIN3a U OLICHKA U3MEHEHUS
JMara3oHa CTENEHW MUHEpAIM3aluy TOA3EMHBIX BOJ; OCBEIIECHBI METOIBI H

TCXHOJIOTHH p33pa6OTKI/I " CO3JaHuA KOHAYKTOMCTpPA.
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I'maBa 4. TEOPETUYECKHUE U TPAKTUYECKHUE OCHOBbBI
CO3JAHUA KOHAYKTOMETPUYECKOI'O UBMEPUTEJIBSA JIA
MOHHUTOPHUHI'A UBSMEHEHUA I'NMIPO'EOXUMHNYECKOI'O
PEKUMA B OCHOBAHUMU IIVIOTUHBI

be3onmacHOCTh JKCIUTyaTallMM BBICOKOHANOPHBIX IUIOTMH HA PAaCTBOPHUMBIX
opoJiax BO MHOTOM 3aBHCETb OT OOOCHOBAaHHOTO BBIOOpAa MEPOMPUSITHN IO
3allUTe TMOPOJ OT pPAcTBOPEHUS, BBICOKOIUIOTHOW MPOTUBO(QUIBTPALMOHHOM
3aBEChl M KOHTPOJIb 3a HMX pPabOTOH, a TakKe OpraHu3anuu HaOJIOJCHHI 3a
pa3BUTHEM (DU3UKO-XMMHUYECKHX IPOLECCOB B OCHOBAHWM IJIOTUHBI. PekuMHbIE
(UIBTpALIMOHHBIE, TUAPOJUHAMUYECKHE W THIPOT€OXMMHYECKUE HAOJIOIECHUS
IIO3BOJISIOT ITPOCIIEUTh TEXHOICHHBIE N3MEHEHUS B OCHOBAHUY INIOTUHBI.

[Ipu oOpa3zoBaHuM (PUIBTPAIMOHHOTO IMOTOKAa B OCHOBAaHUU COOPYKEHUU
0co00€ BHHMMAaHHE JOJDKHO YACNATHCS  HCCIEAOBAHUIO  B3aUMOJEHCTBHS
(GUIBTPALIMOHHBIX BOJ U3 BOJOXPAHUJIMINA C MOA3EMHBIMU MHHEPAIU30BAHHBIMU
BOJAMH U COJIEHOCHBIMH TIOpPOJAaMH OCHOBAHUsA, B pE3yJbTaTe€ KOTOPOTO
U3MEHAETCS €r0 TUAPOreOXUMUYECKUN PEKHUM.

HaGntonenue 3a pa3ButueM (PU3MKO-XMMHUYECKOTO MpoLecca B OCHOBAHUU
IUIOTUHBI  1a00paTOPHO-XUMUYECKUM  aHAJIM30M  SIBISIETCS  TPYJNOEMKUM U
3aTpaTHBIM METOJIOM, a XHMMUYECKUH aHaimu3 MpoO, B3SATHIX U3 OCHOBaHUS
IUIOTUHBI, TPYAOEMKHM M 3aTpPaTHBIM MO BpPEMEHU. DbBICTPO MeEHSrONMECs
TUAPOr€OXMMUYECKHUE YCIIOBHSI B OCHOBAHWM IUJIOTMHBI HE MOJJAIOTCSA OLEHKE B
pealbHOM BpPEMEHHU C MPUMEHEHHEM JIabOpaTOPHO-XMMHUYECKUM aHaJIU30M, T.€.
NOJIYYEHHBIE PE3YJIBTATHl CTAHOBSTCS HE AaKTyaJIbHBIMH 32 INEPUOJ BPEMEHHU
MPOU3BOJICTBA aHaimu3a Mpo6. OIHUM U3 peHieHUH JaHHON NPOOJIEMaTUKU
SBJISIETCS] IPUMEHEHHE KOHIYKTOMETPUYECKOTO CI0co0a N3MEpPEHUSI.

Kak wn3BeCTHO, COBpEMEHHBIE KOHAYKTOMETPUYECKHE METOMBI MO3BOJIAIOT
ONpENeNsTh  MHOTHE  (PUBMKO-XMMHUYECKHE  XapaKTePUCTUKH  pacTBOPOB
AIEKTPOJIMTOB, MOA3EMHBIX MUHEPAIN30BAHHBIX BOJI, ONHCHIBAsl UX PABHOBECHBIE

CBOMCTBAa, KHMHETUKY TMPOTEKAIOUIMX pPEaKIHil, a TakXke CIOCOOCTBYIOT

IMPOBCACHUIO KOJWMYCCTBCHHOI'O aHalInM3a pacTBOPOB. Ha CGFOI[H)IIHHI/Iﬁ JACHDb
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HamOoJiee COBEPIICHHBIM M YHUBEPCAIbHBIM SIBISETCS KOHIYKTOMETPUYECKUI
Croco0, MOCKOJIbKY BEJIMYMHA €ro AjeKTpuueckoi npoBoaumoctu (II1) sBrsgercs
GbyHKIMEW KOHUEHTpAIlMM BCEX PACTBOPEHHBIX B HEM HOHOB M MPEACTABISET
coboli 000OIMIEHHYIO XapaKTepUCTUKYy €ro KadecTBa, 4dYTO oOecleurnBaeT
HEOOXOIUMYIO CEIEKTUBHOCTh METO/IA.

KoHaykTOMETpBI SBISIIOTCS OJHUMHU M3 HauOoJyiee MIMPOKO MPUMEHSEMbIX
NpUOOPOB TEXHOJIOTMYECKOTO KOHTPOJS KayecTBa MNPOAYKIMHU, MOHUTOPHUHIA
MUTHEBOM, NPUPOJHOM U CTOYHBIX BOJ, B HAy4YHBIX HWCCJICIOBaHUSAX U
MNPUMEHSIIOTCSI B Pa3UYHBIX ~ OTPacisiX MPOMBIIUICHHOCTH  (PHEPreTUKe,
XUMHUUYECKOHN 1 HeTera3oBoil, IIBETHON U YEPHOU METAIUTYPIHUH U JIP.),.

CrnenyeTr noA4epKHYTh, UTO B KOHAYKTOMETPUHU CYIIECTBYET JBA MOIX0/1A:

- KOHTAKTHBIM - HCCIIEIyEMbId PacTBOP CONPHUKACAETCS C 3JIEKTPOAAMHU
W3MEPUTEIIBHOU STYCUKH;

- OECKOHTAaKTHBIM - OJJEKTPOJbl TaJbBAHMYECKH HE KOHTAKTHUPYIOT C
aHaJM3UPYEMbIM PACTBOPOM U BIIMSIHUE HA HETO OTCYTCTBYET.

BoctpeboBaHHOCTh ~ OECKOHTAKTHOTO  KOHJIYKTOMETPUUYECKOTO  METoja
MOBBIIIAETCA M3-32 TOYHOCTH ompeneneHuss Il m coBepileHCTBOBaHUS CPEACTB
n3Mmepenuil (CH), a Ttakke ONTUMHU3AIMU METOJIOB M3MEPEHHM M 0O0pabOTKU HX
pE3yJbTATOB.

Takum oOpaszom, pa3paboTka KOHAYKTOMETPHUYECKOTO METoJa U mpudopa
JUIS. BEACHUS PEKUMHOTO HAOJIOACHUS 3a M3MEHEHUEM THAPOTC€OXHMHYECKOTO
peXuMa B OCHOBaHUM IUIOTHHBI B PeaJbHOM MaciiTabe BpeMEHU U 00ecrieYeHus
0e3omacHOr0  (PYHKIIMOHUPOBAHUS IUIOTHHBI, YIYYIICHUS METPOJIOTHIECKUX
XapaKTEPUCTHK TPUOOPOB KOHTPOJS YIACTHHOW DJICKTPUUYECKON MPOBOIUMOCTU
(VOII) xugkux cpen 3a CYET YBEJIMYEHUS! YYBCTBUTEIBHOCTH IEPBUYHOTO
u3MmepurensHoro mnpeooOpazoBatenss ([IMII) m nHa €€ ocHOBE pa3pabOTKH
aBTOMATHU3UPOBAHHOW  CHUCTEMbl THIPOTC€OXMMHYECKOTO MOHUTOPHHIA IO
BBISIBJICHUIO TPU3HAKUA yTpo3a OE30MacHOCTH COOPYXKEHHUS W MPOTHO3UPOBAHUS
YpE3BbIYANHBIX CUTYALIUH SBJISCTCS aKTyaJIbHOM.

B cooTBeTCTBUM C BBIIIEU3IONKEHHBIM, HUXKE TMPEICTABICHBI PE3yJbTaThl
pa3pabOTKM COBPEMEHHOIO HKCIPEcC METoJa M Mpubopa A ONEepaTUBHOIO
MOHUTOPHUHTA THAPOT€OXUMHYECKOTO PEKMUMA OCHOBAHUS TIJIOTUHBI.
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4.1. CnenuajibHble H3MeEpPHUTEIbHbIE YCTPOMCTBA — KOHAYKTOMETPBL.

MarteMaTH4eckoe MOAeTMPOBAHUE TPAHCHOPMATOPHOr0 KOHAYKTOMeETpa

AHanmuz U OlEHKa pe3ybTaTOB paHee TMPOBEACHHBIX aBTOPOM,
uccnenoBanuit DPC pactBopa nmoBapeHHOU conu [185, 186] mo3Bonma caenath
BBIBOJL O TOM, YTO MpH HU3MepeHuu Oosbmmx 3HadeHuit YOI, namnbonee
() PEeKTUBHO HCIIOJIB30BaTh TpaHCcPopMaTOpHBIH KoHAYKTOMETp [187, 6-A, 54-A,

73-A] (pucyHok 4.1).

Tpi Tp2

L — Ls4

Pucynoxk 4.1. - TpancdopMaTopHBIi KOHIYKTOMETP

Paccmotpum MPUHIIUTI paboThI TpaHchopMaTopHOTO
(zByxTpaHcpopMaTtopHoro) kKoHaykromerpa. IlepBuunsiii Tpanchopmatop Tp;
SBJIETCS] MUTAOIIMM, HHIYLUUPYIOIIWA MarHUTHOE M0JI€ B AHAIU3UPYEMYIO CpELy
u Hapogsuwmii B Hed OJIC, B Toxke BpeMsa BTOpuuHbIA TpaHchopmarop Tp;
SBJIIETCS. U3MEPUTEIbHBIM, MUTAIOIIEH OOMOTKOW KOTOPOTO SBIIIETCS PACTBOP C
aHanu3upyeMon KuAakocTbio. [Ipu nsmenennn PC pacTBopa, B HAIIEM Cllydae —
KOHIICHTpaIusi moBapeHHou conu, MmeHsiercs DJIC BTOpuuyHON OOMOTKH, UTO U
CIIy’KMT Mepoil koHueHTpauuu. Ha pucynke 3.1 L; , — B3aMMOMHIYKTUBHOCTh
MEXIy TepBUYHOM 0O0MOTKOM TpaHchopmatopa U pactBopoMm, Lzq -—
B3aMMOMHAYKTUBHOCTh ~ MEXAY  pacTBOPOM U BTOPUYHOM  OOMOTKOM
TpaHncopmaropa. Ha pucynke 4.2 mpexacraBieHa »JIIEKTpUYECKas CcXema
TpaHc(HOPMATOPHOTO KOHAYKTOMETPA.

JIByxTpaHcopMaTopHble KOHTYKTOMETPBI PEaTU3yIOT CIACAYIOLIUE METOIbI
WU3MEPEHUS: HEMOCPEICTBEHHAs OLIEHKA, KOMIIEHCAIMOHHBIE W CPABHUTEIIBbHBIC
[188].
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i L Lis L3y Ly Uspex
Lis L34

PucyHok 4.2. - DnekTpuueckas cxema TpanchpopMaTropHoro

KOHIYKTOMETpa

B anexrporexnuke [189] nmpunHsATo npu aHanu3e padoThl TpaHcopmaropa
UCIIOJIB30BaTh JKBUBAJICHTHYIO T-00pasHyro cxeMy 3amenieHust (pucyHok 4.3).
[Tapamerpamu 53TON cxembl SBIAIOTCSA: Rj, X; — aKTHMBHOE M PEaKTUBHOE
COMPOTHUBJICHUE TEPBUYHON OOMOTKHM TpaHchopmartopa; R;', X;' — akTtuBHOE UM
PEaKTHBHOE CONPOTUBJICHUE BTOPHUYHOM OOMOTKM TpaHcpopmaropa; Rg —
CONPOTHUBJIEHUE TOTEPh B MATHUTONPOBOAE; Xy — PEAKTUBHOE CONMPOTHUBIICHUE

MaTepHuaia cepAeuHuKa; Z, — CONPOTUBIIEHNE HArPY3KHU.

Rl Xl ! Rl !
_:_NYW\;_S__/YW\/‘\_D_
U R“ J UBLI)\.
Ro

Pucynok 4.3. - DxBuBanentHas T-o0pa3Has cxema 3aMelIeHUs

TpaHchopmaropa

Paznuuaror aBa pexuma paboOThl TpaHCpopMaTopa: XOJOCTOTO XoJa |
KOPOTKOT'O 3aMbIKaHHSI.

B nepBom ciyuyae BTopuuHas 0OMOTKa pa30MKHYTa, TOK B HEH paBeH HYIIIO,
a BeJIMYMHA M (opMa TOKa XOJIOCTOTO XOJa OINpPEAESIOTCS MarHUTHBIM MOTOKOM
TpaHcopmaropa M CBOMCTBAMH €ro MAarHUTHOM cucTeMbl (MarHUTHBIMU
MOTEPSIMU).

B pexxume xonmocTtoro Toka BTOpHUYHAs OOMOTKa 3aMKHYTa, HalpsDKEHUE B
HEll paBHO HYJIO, a BEJIMYMHA MOTEPb OMNPENEISETCS MOTEPSIMU B OOMOTKax

TpaHnchopmaropa.
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B mHamem cnydae »5SKBHBAJEHTHYIO CXeMy Ha pucyHke 4.3 MOXKHO
NPEACTaBUTh B CIEIYIOIIEM BHJIE (IIPU 3TOM IIpeHeOperaeM ConpoTUBIEHUIMH R,
R; u R,), rne mapamiensHoe coeauHenue C u R momenupyror DPC pacTBopa

noBapeHHou comu (pucyHok 4.4) [187, 6-A, 70-A].

U le L34 Ru UBMX

PucyHok 4.4. - DxBUBaJIeHTHas cXxeMa TPaHCPOPMATOPHOTO KOHAYKTOMETPA

JIns mOCTPOCHHMST MaTEMAaTHYECKOH MOJCIN KOHIYKTOMETpa HEOOXOAUMO
COCTaBUTh YPaBHEHHE, CBA3BIBAIOIIEE BBIXOJHOM IMapamMeTp KOHIYKTOMETpa
(manpsoxerre U wm Tok 1) ¢ YOIT pactBopom:

5 = R
37 1+ jeC

~ R, mOCKOJIbKY KOHIIEHTPUPOBAHHBIA PACTBOP MOBAPEHHOM

COJIN ABJICTCA CUIIBHBIM 3JICKTPOJIMUTOM. B sTom ciay4dac, uJs oCjaca0oBaTCIIbHO OT

IIATOTO YUAaCTKa K IICPBOMY, ITOJTYyUUM:

Zs =R, + joly, (4.1)
Z,Z —o’L,L, + joR L
Z45: Z 4 ; — ;4 4- JL H 34’ (4.2)
st 45 s oL,
RR —w’L,L, +jo(RL, +R L
235 — 23 + Z45 — H 34R4+ JJ(OIE 4 H 34) ’ (43)
H 4
_ Lyl ~oRL, —oR, Ly, +j(RR, -0°L,,L,)
L5 = = ol 2 . ) (4-4)
Z,+Z, RR, -0?L, (L, + Ly,)+ jo[RL, + R, (L, + L,)]
-RL, - R, (L, + L;,)
—_ _ 2 4 H 2 34
218 = 214 225 = OTLRR 7L, (Lyp + L)+ JOIRL, + R, (L + )]
il RR, — o’ L, (L, + Lsy) (4.5)
10 RR, - ®’ L, (L, + Lgy) + j(D[RL4 +R, (L, + L34)] . .

[Tocne n30aBneHus OT UPPAITMOHAIILHOCTH B 3HAMEHATEIE, BHIpAXKECHHUE Z;5

IIPUMET CIIEAYIOIINNA BU:
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R2+C‘)2(|—12+L34)2 (
; . (4.
RR, —0’L, (L, + L34)] + o [RL4 +R, (L, + L34)]2

Z15 = joLy(R.2 + ©°Lsd) [ 6)

Bripaxxenue (4.6) sBIsieTCS AOBOJBHO CIOXHBIM JUISI €TO aHain3a, HO W3
HETO IIPU IIEPBOM PacCMOTPEeHHH ciaeayeT, uTo Zis = f(R), mpu R = — monyuum Zis
X

= f(y), cnemoBarenbHO, TpaHCHOPMATOPHBIH KOHIYKTOMETP MOYXHO HCIIOJIb30BaTh
1151 kKouTpounst Y OII pactBopa.
BeixogHoe HampspkeHue cxemsbl Ha puc. 4.4 U, paBHo (U — HampsikeHue

MUTaHUA):

U Z,
U,=U-1Z;=U- -2 =Ul- )=
ZlS

Zs
U L, —Q)RL4—coRHL34+j(RRH—(x)2L34L4) 4.7)
- L, —oRL, —wR, (L, +L,)+ j[RRH -0’ LL,(L,+L,)° .
[Tocne u30aBICHUSA OT UPPANMOHATLHOCTH B 3HAMEHATEJIC IOy IHM:
Ly e oLd) 1 iy
" L, o’[RL, +R, (L, + L) [ +[RR, 0’ L, (L, + L))
Q)
b (4.8)

T RL R, (L, + LI+ [RR, —07 L (L, + LT

PaccmoTpum ciywailt xonocroro xoza tpaHcdopmartopa, korma R, — oo,

toraa U, «x paBHO

U 2U 2 [ oo o S p )
o L, "o’ (L, + L) +R’ ®° (L, + L) +R, .
O6b1yHO R >> (L1, + L3s), modTOMY
_ o Lo - 1, L . oL,
UB XX U L1 (1 _JO‘)LIZ R ) =U L1 (1 _J A X)a (410)

T.. B PEXHUME XOJOCTOTO XOJa JACHCTBUTENIbHASI COCTABISAIONIAS BBIXOJIHOTO
HampspkeHus: He 3aBUCUT OT YOI, a MHuUMas 3aBUCUT, NpUYEM, MPIMO

IPOMOPIMOHAIIBHO.
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PaccmoTpum citydait KOpoTKOTO 3aMbIKaHUsI TpaHchopmaropa, korga R, —
0, torna U; , paBuo (4.9) u (4.10), T.e. B peKUME KOPOTKOTO 3aMbIKaHUS
JEHCTBUTEIbHAS COCTABIIAIONIAS BHIXOJAHOTO HaNpsOKeHHs HE 3aBUCHT oT YOI, a
MHHUMasl 3aBUCUT, TIPUIEM, TIPSMO TPOMOPIIHOHATBHO.

PaccmoTpum mpomexxyTouHblil ciywai, korma R = R,, Torma mpu RL,4
>>>> R, (L, + L) u RR, >> o)z(le + L34) cHOBa nosyuuM ypaBHenue (4.10).

BrixoaHoit Tok cxembl Ha pucyHke 4.4 |, paBeH:

IB _ UB UB L12
ZS Ll
L, —oRL, —oR L, + j(RR, —»’L,,L,)

—U (4.11)

L (RH + jc0L4)[—OJRL4 _CORH(le + L34) + j[RRH _(’32 L1L4(L12 + L34) .
[Tocne nzbaBieHus: OT UPPALMOHAIBHOCTH B 3HAMEHATENIE MTOTYUYUM

L (R? +07L)
L,

R?R —?RL,,L, +®°R L, (L, +Ly,)
[ZoaRR L, —o(Ly, + L) (R2 —0?L2) [ +[R(R2 —02L2)* —20°R L, (L, + L)}

®R’L, +®wRL,L, +oRR L, +o’L,,L,(L,+L,,)
J[Z(DRR L, —o(L, + L, )(R; —o Lz)]z [R(Rj_m Li) —20 RHL4(L12+L34)]
(4.12)

2 }-

Paccmotpum ciydait xomocroro xoma tpancdopmartopa, korma R, — oo,

toraa l, v paBHO:

L,, R*+o’L +L oRL,,
IB XX = U 2 2 2 34(L12 33) _j 2 ) (413)
L, " RO+’ (L, +Ls,) R* +o (L12+ Lss)
065140 R >> (L1, + Las) 1 R* >> @0°Las(Ly, + Las), mosTOMY
L
= U T joLag) =U P02 ) (4.1
1
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T.€. B PSKHME XOJIOCTOTO X0J1a JCHCTBUTEIbHAS COCTABJISAIONIAS BBIXOJIHOTO TOKA
He 3aBUcUT OT Y OII, a MHUMas 3aBUCHUT, TPUYEM, TIPSMO TIPOMIOPIIHOHATIBHO.

PaccMmoTpuM citydait KOpOTKOTO 3aMbIKaHUS TpaHCchopMaropa, korga R, —
0, rornaa |, , paBHO:

L, s ol,, R i R2+0)2RL34(|_12+L34)
oL L, * R*+0’(L,+Ly,)° ] R® + 0% (Ly, + Ls,)°

IBK3 =U ) (415)

O6b1yHO R >> (L + Lgg) m R? >> c02L34(L12 + L34), B pe3yJIbTaTE 4€TO

IIOJIy4uM

L.,
oL L,

L,
oL L,

oL,
A

o =U P Colpn ) =U 2 (k) (4.16)
T.€. B PSKHUME KOPOTKOTO 3aMBIKaHHMsI JICUCTBUTEIbHASI COCTABIISIONIAS BEIXOHOTO
ToKa 3aBUCUT OT YOII, mpuuém, mpsMo TPONMOPIHUOHAIBHO, a MHHMas — HE
3aBHICHT.

PaccmoTpum mpomexyTounblid ciydail, korma R = Ry, Ttorma ¢ yuérom
MAaJIOCTH CJIaraeMBIX coZRHL34(L12 + Lay) m 033L34L4(L12 + L34) ypaBHeHue (4.13)

IPUMET CIEAYIOLIUN BUL:

~

oy LR oY)
B L

R?R —w’RL,L,
20RR.L, —o(L, + L )R —0L2)] + [R(R? —0?L%)" —20°R L, (L, + L)}

_ oR?L, + oRL,L, + oRR L,
T20RR L, — (L, + L)(R? —0"L2)F +[R(R? —0?L2)’ —207R L, (L, + Ly,)]
(4.17)

2}

DTO ypaBHEHHE B 00IIEM BHUE YNPOCTUTH HE yAAETCS, MOCKOIBKY BCE €T0
claraeMbl€ MMEIOT MPUMEPHO PABHBIM BEC M UX BKJIAJ B KOHEYHBIN pE3yJIbTaT

3daBHUCUT OT KOHKPCTHBIX BCIIMYMH BCCX ITIAPaMETPOB, BXOIANINX B 9TO YPABHCHHUC.
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B pe3ynbprare MareMaTHyeckoro MOJEIMPOBAHUS TpaHC(HOPMATOPHOTO
KOHJTYKTOMETpa MPSIMOTO U3MEPEHUS:

- MOJy4Y€Ha AaHATMTUYECKas 3aBUCHUMOCTb KOMIUIEKCHOTO CONPOTUBIICHUS
TpaHcopmatopa ¢  TEPBUYHBIM  HM3MEPUTEIBHBIM  IpeoOpazoBaTesieM
KOHJYKTOMETpPA, YYHUThIBAIOLIAsi dJICKTPOPU3UYECKHE CBONCTBA HM3MEPSEMOIO
COJIEBOT'O PacTBOPA;

- YCTaHOBJICHO, 4YTO KOMIUJIEKCHOE€ COIIPOTUBIEHHE TpaHchopmaropa
3aBucUT  OT  compotuBieHuss (YOII) pacTtBopa H,  clem0BaTelbHO,
TpaHC(HOPMATOPHBIA KOHAYKTOMETPUUECKUN METOJ MOKET ObITh UCIIOJIb30BaH IS
U3MEPEHUN;

- pa3paboTaHa MaTeMaTudeckas MOJENb 3aBUCUMOCTH  BBIXOJHOTO
HanpspkeHus: TpaHcdopmatopa oT conportusiieHus (YOII), koropas mnokasana
3aBUCUMOCTh B PEXHME XOJOCTOIO XOJa M KOPOTKOTO 3aMbIKaHUSI OT MHUMOM
4aCTH KOMIUIEKCHOTO conpoTuBiIeHus oT YOIl pacTBopa B IEpBO CTEINEHH;

- pa3paboTaHa MaTemMaTH4ecKas MOJENb 3aBHCHUMOCTHU BBIXOJHOIO TOKa
Tpancopmaropa ot conpotuienus (YOIII), kotopas mokaszana 3aBUCUMOCTh B
PEXHUME XOJIOCTOTO X0J1a OT MHUMOM YacTH, & B PEXKUME KOPOTKOIO 3aMbIKAHUS —
OT JECUCTBUTEIBLHOM YAaCTH KOMIUIEKCHOTO compoTuBiieHUs: oT YOIl pacTtBopa B

MEPBOM CTEIICHHU.

4.2. MeTpo1oru4ecKue XapakTepuCcTUKH TPaHC(HOPMATOPHOIO

KOHAYKTOMETPA NMPAMOIo U3MEPECHUS

Breimie B pasmene 4.1., (puc. 4.1. u 4.2.) Hacrosmed nuccepTanuu ObLIa
NpUBEAEHA peajbHas cxema TpaHC(HOPMATOPHOTO KOHAYKTOMETpa OTIMYAIOIIAsCs
OT TEOPETUUYECKOM.

PaccmoTpum NPUHIUNHAIBHYIO CXeMy TpaHc(hOpPMaTOPHOTO
KOHJIYKTOMETpa, IIPU 3TOM HAJ0 MUMETh B BHJY, UTO MOJI YCUJIUTEJIEM MTOHUMAETCS

nerexrop, ycunurenb, AL u nip (puc. 4.5).
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Pucynoxk 4.5. - TpanchopmaTopHbIi KOHAYKTOMETP:
I"— reneparop HanpsikeHus; KA — KOHIYKTOMETpAYECKAs! TYCHUKa;

YV — ycunurens; BII — BropuuHbIi iprbop

[Toyynm MaTeMaTHYeCKyH0 MOJENb TpaHCHOPMATOPHOTO KOHIYKTOMETpA
JUJISl UBMEPEHUS HATIPSHKEHUS B PEKUME XOJIOCTOTO X0/a B cOOTBETCTBUM C (4.10)

UolZ,x y

UB XX = U ALl ]

(4.18)

rie U — HanpsbkeHHE NUTaHUS; ® — 4YacToTa HaNpsbKeHus nuradus; L; —
UHIYKTUBHOCTh NEPBUYHOU 0OMOTKH TpaHchopMarTopa; Lo —
B3aMMOUHAYKTUBHOCTh MEPBUYHONM OOMOTKM TpaHc(hopMaTropa M pacTBOpa; K —
K03 pULIMEeHT ycuneHus; A — MOCTOsTHHAS TYEHKU.

O4eBHIHO, YTO CTaTUYECKas XapaKTepUCTHKA TaKOro KOHAYKTOMETpa
JMHEWHA, @ YyBCTBUTENILHOCTh MIOCTOSIHHA.

YyBCTBUTEIBHOCTH S KOHAYKTOMETpPA paBHA

dUBXX UO)LiZK
S= dy ~— AL

(4.19)

W3 ananuza BeipaxkeHus (4.19) cnenyer, 4To HAAO yBEJIMYMBATH 3HAYECHHUS
U, L1z, o, k 1 ymenbmath Ly u 4.

Boeraucium abconoTHy 0 orpenrHocTh u3meperust AU, 4

AU, .. =3 | Ax 4 AU + UL,y Aw + 2 225K
— BXX A - _ + _ +
B XX X ) |U H ALl AL]_ () ALl 12
Uol?, UoLf,x Uol?«
+ — A+ —5—AA+ —5— AL, (4.20)

AL, AL, AL
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OTHOCHUTENbHAS MOTPEIIHOCTH u3MepeHus OU; , paBHa

AU B XX

Uy =X AX,; = 06U + 0w + 20L 4, + dx + 0A + dL;. (4.21)

B XX

CpennexBanpatuyeckas omunoka (CKO) usmepeHus 6y; xx paBHa

_ 2 2 2 2 2 2
GUs xx = \/GU +o, +4o|_+0, +05 +o . (4.22)

CBenéM  METPOJIOTMUECKHE  XapaKTEPUCTUKA  TPAHCPOPMATOPHOIO
KOHJIYKTOMETpa MpU U3MEPEHUH BBIXOJHOTO HarpsikeHus: U, u Toka |, B pesxxumax

X0JIOCTOTO X0/1a U KOPOTKOTO 3aMbIKaHus B Tadnuiie 4.1.

Tab6auna 4.1. - MeTposlorndeckue XapakTepUCTUKHA TPAHCHOPMATOPHOTO KOHAYKTOMETPA

N3zmepsiembrit Pexum MaremaTtnyeckas MOJEIb
rnapameTp HU3MEPEHUS
N3mepenne X0JIOCTOTO U 0)L2 K
BBIXOJHOT'O xoaa U, o = 12 ’
HanpsHKEHUs Al—l
U U(ol_fzk
S=——",
AL,
03'—52’{ ULiz’{ Uol,,x
AUy « = AL AU + AL Ao + ZTAle +
1 1 1
Vol,, A oLy AA Yol AL
+ +
AL T AL ALz STh
0UL xx =0U + 0w + 20L 1, + 0x + dA + 8Ly,
6Up xx = \/06 +Gi +4csi12 +0§ +(sf1 +c5i1
KOPOTKOI'O U O)Lf K
3aMBIKAHUSI U...= -1z
B K3 ALl X’
UoLZ,k
S=—-—",
AL,
oL’k UL,k UoL,,x
AUsw = T AU+ T Aot 2 Ale
1 1 1
Uol,, A ol AA Uobye AL
+ + >
AL, T A% ALZ ~h
o0Ug s =0U + dw + 28L 1> + 0x + dA + 8Ly,
SUnsa = /05 +02 +462 +6%+0% +07,
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IIponoskenune Tadauna 4.1.

- MeTpomnoruueckue XxapakTepUCTHKH TpaHCHOPMaTOPHOTO

KOHYKTOMETpa
N3mepsiemblid Pexum Maremarnueckast MOJEIb
napameTp M3MEpPCHUSI
N3mepenne XOJIOCTOrO U(DLf K
BBIXO/IHOTO xo/a l, o = —1z %
TOKa AL,
s Uol?x
S=—"
AL,
2 2
oli,x UL« UoL,,x
Aly x = Ty AU+ — 7 Ao + 2=  AlLp +
AL, AL, ¢ AL,
Uol,, A oL« AA Vol AL
+ 5 A+ T
AL, T A% ALZ O
dls xx = 8U + dw + 28L3, + 8k + 6A + 8L,
Gl xx = \/GfJ +Gi +4<5i12 +0§ +Gi +c5i1
KOpPOTKOTI'O ULf K
3aMBIKaHUSI l, o = — 127 %
AL L,
ULk
S="7 . .
AL L,
Lk UL« UL,
Aly . AU + 2/ ALy, 1 Ak +
AL L, AL L, AL.L,
b AA + Ul ALy {+ + ULk AL
APLL, AL, TN T ALL: T

Ol s =0U + 28L 1o + 0k + 0A + 8L1 + L4,

2 2 2 2 2 2
Glp s = \/GU +40| +0,+0,+0 +O,

HOJ’Iy‘-ICHHBIG PE3YyJIbTAaThI ITO3BOJINIINA 000CHOBATH CJICaAyroaue BbIBO/JbI:

- INOJYYCHBI MAaTEMATHYCCKHE MOIAECIN cTaTHYEeCKOM XapaAKTEPUCTUKH

U, = f(p u I, =

f(y), ayBcTtBUTEenbHOCTH S, abcomotHOW (AU, m Aly)) wu

oTHocHuTeNnbHOM morpemHocTH 0U, u 0l,, CKO 6y, u 6, 11 TpanchopMaTopHOTO

KOHJIYKTOMETpA,

UCIIOJB3YIONIETO B KadyecTBe MH(POPMATUBHOIO MapameTpa

BBIXOJTHOE HAMPSDKCHUE WU TOK, JJIA JIBYX PEKHUMOB PabOTHI (XOJIOCTOTO XOJa H

KOPOTKOTO 3aMbIKaHUA);
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- CTaTH4YecKasi XapaKTePUCTHKA KOHAYKTOMETPa B Pa3HbIX peKUMAax
JIMHEIHA, €CIM WCMOJh30BaTh MHHMYIO YacTh KOMIUIEKCHOTO HAMPSOKEHUS U
JNEHCTBUTEILHYIO — TIPH U3MEPEHHH TOKA B PEKUME KOPOTKOTO 3aMBIKAHHS, YTO
cornacyercs [160, 7-A]:

- BBISIBJICHA TEXHOJIOTHS YBEIUYCHHUS YYBCTBUTCIIBHOCTH KOHYKTOMETPA;

- pa3paboTaH METOJ YMCHBIIICHHUS ITOTPEITHOCTH H3MEPCHUS;

- B KauecTBe KOJHMYECTBEHHOTO KPHUTEpUS TPHU  ONTHMHU3AIUU

KOHJYKTOMETpa MOkHO ucnonb3oBath CKII.

4.3. HayuyHo-npaKTH4YeCKHe OCHOBBI Pa3padoTKN U U3rOTOBJIEHUSA

koHaykromerpa KAJIbMAP

4.3.1. AHAJIU3 U OLIEHKA U3MEHEHUS IUANA30HA CTelleHH MUHEePAJIN3aluy B

30HE 3aJIeTaHuA 11J1acTta CoJIn

IIpoektom Porynckoit [I'9C mnpeaycMOTpeHO, YTO TIpU BO3BEACHUU
NEPEMBIUKH U MEPEKIIIOUYCHHs pacxoia peku Baxin 1mo CTpOoUTENbHBIM TYHHEISIM
MOTYT (opmMupoBatrbcsl (PUIBTPALIMOHHBIE MOTOKH BJOJb COJIEBOTO ILIACTA.
YuuTeiBas NPOCTPAHCTBEHHOE IIOJIO)KEHHE M MOIIHOCTH COJIEBOTO IIJacTa B
OCHOBaHUM OyJylIeil MJIOTUHBI, B KAUECTBE Cyry00 BPEMEHHOTO MEPONPUATHUS, 10
TOTOBHOCTH OCHOBHOI'O KOMILJIEKCA 3allMThI COJIEBOTO IJIacTa, ObUIO MPEJI0KEHO
CO3J/IaHHE CICIMAIbHON BpeMeHHOM coieBoit 3aBecwl (BC3) [1-A, 30-A].

[TpuHumn paboThl TakOW 3aBEChl 3aKJIIOYAETCS B TOM, YTO BAOJIb COJIEBOTO
1acta, ¢ 000UX CTOPOH, MO JUIMHE 3alllMIIAeMOr0 y4acTKa OCHOBAHUS MEPEMBIUKU
[1-A, 30-A] ycTpauBarTCs COJEBBIC CKBOKWHBI, C TOJa4Yeidi B HUX CTPOTO
JIO3UPOBAHHOIO  KOHLEHTPUPOBAHHOrO paccona. [locrosHHOE BO3MEIIECHHE
OBITOBOIO COJIEBOTO IIJJaCTa B OCHOBAHWUHU MEPEMBIYKH, CO3/1a€T YCTOWYHBYIO
THAPOT€OXUMHUYECKYIO CPely M CIOCOOCTBYET COXPAHHOCTHU COJIEBOIO IJIACTA.

Bpemennas coneBas 3aBeca B BHUJIE JIBYX PSI0B HarHETAaTENIbHBIX CKBAKHUH
BBITMIOJIHEHA BJIOJIb JIEBOOEPEXKHOM YacTh Iuiacta coiid. Pabodas 4yacTh CKBaXKUH

COJIEBOM 3aBechl UMeeT quaMeTp 93 MM u junHy 15 M. [lar Mexay ckBaXuHbI 6 M.
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CKBaXXMHBI 3al0JIHEHbI TECYAHBIM MAaTE€pUAIOM, BHYTPU KOTOPOIO MPOXOIUT
nojaromas paccoi nepdopupoBanHas Tpyda [1-A, 30-Al.

Paccon ¢ comepxxkanmem 280-310 r/m nmis momayu B CKBAKUHBI COJICBOM
3aBEChl TOTOBUTCS HAa PACTBOPHOM Y3JI€ M3 NPUBO3HOW COJM M, NEpeiias depes
cucteMy (UIBTPOB M OTCTOMHHUKOB, MOCTyMaeT Ha paclpeAesIUTeIbHBIN y3e,
OTKYyJla CAMOTEKOM I10 CHUCTeME TPyOOIpPOBOJOB MOJBOAUTCS K HArHETATEIbHBIM
ckBaxkuHaM [1-A, 30-A].

OcHoBHBIE TpeOOBaHUS K BPEMEHHOM COJIEBOM 3aBECE:

- HarHeTaeMbld paccoil JOJDKEH MMETh KOHIEHTpauuto He MeHee 250 r/n
NaCl, 3-5 r/m CaSO,, conepxxaHwe wu3Becu He Oojee 3 T/, KPYHHOCTb
HEPACTBOPUMBIX YaCTHI] HE OoJiee 25 MM;

- CHCTE€Ma COJIEBBIX CKBa)XMH JOJKHA oOecrneuuTh oOpa3zoBaHue Iuiekda
paccoia BOKpPYr COJIEBOIO IUIacTa C MOJJAEpPKaHUEM B TMOPOJHOM MAacCHUBE
KOHIICHTPAIIMY HE HUKE €CTECTBEHHBIX ypoBHEH [1-A, 30-A].

[Ibe30MeTpuueckass Habo1aTeIbHAsl CETh HA y4acTKe BPEMEHHOM COJIEBOM
3aBechl (300 M) Obuia mpezacTaBieHa 12-to ctBopamu 1o 1 wim 3 mbe3omMeTpaMm B
Kax1oM. PaccrosiHne Mexay cTBOpaMu NpUHSTO B nipeaenax 17-30 m; paccTosiHue
MEXIy TNhe30METpaMH B CTBOpe He mnpeBbimaeT 5 M. OOiiee KOJIWYECTBO
MbE30METPOB, 3a/ICMCTBOBAHHBIX B HccieAoBaHUAX 28. (CxeMa pacrnojgoXeHus
CTBOPOB U MECTOTIOJIOKEHHE MMhE30METPOB MPUBE/IcHA Ha pucyHKe 3.2 riase 3.

JUist u3ydeHHus: M3MEHEHHsS MHUHEpPATM3ali B 30HE OrOJIOBKA COJIEBOTIO
miacta ObLT BbIOpAaH METOJ PE3UCTUBUMETPUHU, KOTOPBIN SBIAETCS Hambojee
3 PEeKTUBHBIM U TEXHOJOTUYHBIM reodusnyeckuM MetojgoM. OH oOnagaer
BBICOKOW MH(OPMATUBHOCTBIO M BO3MOKHOCTBIO M3Yy4YeHUs] OOBOJHEHHOM YacTu
MbE30METPUYECKON CKBaKWHBI. Pe3uCTUBUMETpHsS OCHOBaHA Ha BBISBICHUU
TUAPOXUMUYECKUX AaHOMAJIMM, OOYCIIOBJIEHHBIX COCPEIOTOUYCHHBIMU TOTOKAMU
(GUIBTPYIOMIUXCSA PYCIOBBIX BOJ, HANpPABJICHHBIX B OOXOJHBIE CTPOUTEIHHBIC
TYHHEJIH.

Pe3uctuBuMeTpuYecKre HCCIEIOBAaHUSI B CKBAXXMHAX MhE30METPUYECKOM

CE€TH BBIIIOJIHAIUCH C ITOMOIIBIO HCpCHOCHOﬁ arrmaparypnl, ClIeuraJlbHbIM
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TPEXANEKTPOAHBIM pe3uctuBuMeTpoM PCM-56. OTnnuntensHO 0COOEHHOCTHIO
JAHHOTO PE3UCTUBUMETpA SBISETCS €ro IIUPOKUM JHUara3oH HU3MepsSeMbIX
YVACNBHBIX ANEKTPUUECKUX COMPOTUBICHUM 3JIEKTPOIUTOB OT YJIBTPAMPECHBIX IO
paccoJioB.

OcoOEHHOCTh METOJIMKH TPOBEACHHS IMOJIEBBIX padOT 3aKiovaiach B
CTPOrOM COOJIIOJICHUM OYEPETHOCTH BBINIOJHEHUS BBIOpAHHBIX METOJ0B. B
MEPBYIO OUEPEh, C LETBI0 MUHUMAIBHOTO UCKAXXEHHUS TEMIIEPATypHOTO MOJIs, PU
Cmycke mpubopa B CKBAXKHHY, BBITIONHSIACH TEPMOMETPUS C TOUYCYHOM
peructpanueid. 3aTeM BBINOJIHAJIACH PE3UCTUBUMETPUS MO TOM KE CXEME, HO
TOJIBKO B OOBOJHEHHOM WHTepBaje mbezoMeTpoB [190, 191]. B ocHoBHOM
METOJMKA PE3UCTUBUMETPUUYECKUX HCCICIOBAHMNH B CKBaXXMHAX HOCHIIA
TPAAUIMOHHBIA XapakTep M HE OTJIuYajach OT IIUPOKO HCIOJIb3yeMOil B
HNucTuryre ['napornpoekr.

B 1990 - 91 rr. 6buto mpousBeneHo 10 MUKIOB PE3UCTUBUMETPUYECKUX
uccaenoBanmii mo 11 crBopam (NeNe 1, 2, 3, 4, 4% 5,6, 6° 7, 8, 9). IIpu 06paboTke
MaTepuasioB ObUIO BBISBIEHO, YTO MO HEKOTOPHIM IhE30METPAM HE BEJIOCh
peryispHbIx HaOmoaeHui. [lpuurHaMu SBISIOTCS KaMHEMaJl Ha JIEBOOEPEKHOM
CKJIOHE, HEMOTroJla U TEXHUYECKUE HEMOIAIKH.

O6paboTka MaTepyalioB MPOU3BEICHA IO CIAEAYIOUIMM MbE30METPaM: LUK
5,7, 10 - mo 15 mpe3omeTpam, 1uka 6, 11, 12, 13-mo 12 mpe3omeTpam, muki 8, 9-
no 16 nee3omerpam u Uk 14 - no 14 nee3omeTpam. Pe3ynpTarhl uccieqoBaHum
M0 ONpEJEICHUIO Juana3oHa U3MEHEHUsI CTEIeHU MUHEpaU3alliid MPUBEJICHBI B
tabmmuax 4.2 u 4.3.

JIns aHanW3a BPEMEHHBIX M3MEHEHUWU MUHEpalu3alliy MOJ3EMHBIX BOJ B
pailioHe COJICBOTO IUIacTa OBUIM KCCIICOBAHBI W3MEHEHUS MHHEPATU3AINHA C
IyOMHOW MO KaXaoMy M3 28-MHU TMbE30METPOB C YKa3aHUEM JaThl U HOMeEpa
nukia. HecMoTpss Ha Bapuanuu aOCONIOTHBIX 3HAYCHUH, XapakTep H3MEHEHUS
MUHEpaIu3alid C TJIyOMHON B IIEJIOM COXpaHSETCS C Hayajla W J0 KOHIA
VCCIIEIOBAHUM.

B Tabmuue 4.4 u 4.5 npuBeneHbl CpeIHUE 3HAYCHHUS MHHEpaIU3alUu

MMOA3CMHBIX BO/J IO CTBOJY IIbE30METPOB U 11O MUKJIAM.
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Tabauua 4.2. - Pe3ynbrarhl pe3uCTUBUMETPUUYECKUX UCCIICIOBAHUM 110 ITUKJIaM 5 — 9

No No Munepanuzanusi, C /1
crBopa | mbe3omerpa | Iluki 5 Hukn 6 Huxa 7 Huxn 8 Huxn 9
**.08.90 18.10.90 29.10.90 12.11.90 11.01.91
23.10.90 05.11.90 14.11.90 13.01.91
2 I1-14 19-236 15.5-201.1 | 13.0-202.9 | 113.3-283.3 | 194.4-288.7
I1-15 98.0-235 64.5-161.9 | 163.6-268.5 | 198.6-283
I1-15* 7.5-205 | 244.9-285.2 | 161.2-288.3 | 209.2-227 229-262.8
1 I-17° 54.4-150.2 | 59.7-151.3 | 88.7-221.1 | 89.6-247.4
3 I1-18 130-242 250.7-283.7 | 214.3-263.5 179-279
(T1-19)
I1-19* 85-172 89.4-226.2 | 89.4-221.1 | 89.9-198.8 120-251
I1-19° 08-245 | 182.3-291.5 | 193.2-288.3 | 193.8-256.2 | 222.1-349
4 I1-20 107-235 | 203.4-221.6 | 188.9-202.1 | 73.6-279.4 205.5-274
I1-21 96-205 190.6-247 | 216.4-266.8 | 235-261.6 244.2-304
I1-21° 97-202 | 171.0-205.0 | 150.5-197.2 | 213.7-241.6 | 274.2-298.2
6 I1-25 156-235 | 46.6-275.2 131.4-278 | 150.5-358.6 | 122.4-364
I1-25° 84-295 | 45.0-237.7 | 44.1-243.7 | 57.3-335.4 | 33.4-259.6
7 I1-27 135-245 228.2-280.8 | 118.1-217.3 | 166.6-283
8 I1-29 15.8-245 6.2-280.9 27.9-276
9 I1-30 104-240 | 112.8-273.6 | 112.0-260.3 | 108-238.4 | 118.5-271.1
6 I1-37 51-245 77.3-266.8 | 74.7-257.8 142-314 75.7-256.9

Tabauua 4.3. - Pe3ynbrarsl pe3ucTUBUMETPUUECKUX UCCIIEN0BaHMM o 1ukiiam 10 — 14

No No Munepanuzanus, C r/n
cTBOpa | mpe3omerpa | Ilukm 10 Hukn 11 Hukm 12 Huka 13 Huxn 14
17.01.91 25.03.91 24.05.91 03.06.91 25.07.91
18.01.91 23.04.91 31.05.91 09.06.91 27.07.91
2 I1-14 105.5-285.6 | 8.4-265 13.2-270 13.5-221 18.8-150
I1-15 214.7-287 | 150-293 118-279 131-270 100.0-
150.0
I1-15° 186.7-266.7 | 120-282 109-270 120-268 62-144
1 1-17° 89-247.4
3 I1-18 179.2-280 | 123-202 | 125.0-230.0 | 130.0-220.0 | 82.0-187.0
(I1-19)
I1-19° 117.9-252.7
1-19° 209.9-270.5 | 52-188 60-140 68-153 57-140
4 I1-20 111.7-274.9 | 180-270 12.6-240 12-245 63-153
I1-21 246.0-303.8 73-160
I1-21° 310.4-323.9 96-300 70-300 78-145
6 I1-25 122.4-272 82-292 70-292 68-300 60-154
I1-25° 33.3-241.5 | 40-262 44.5-220 38-172 36.2-156
7 I1-27 166.6-282.7 | 140-286 80-120
8 I1-29 25.1-273.9 | 10.3-270 15-245 15-275 20-118
9 I1-30 117.7-219.4 | 100-280 80-295 78-298 66-156
6° I1-37 75-250 72-260 90-385 43-160
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Taoauua 4.4. - Cpenssist munepanuzanus C, r/n mo neezomerpam Poryuckoii [[DC

NeNe  mweso- | Lukma 5 Huxn 6 Hukn 7 ukn 8 Hukm 9
METPOB ABryCT 18.10.90- 29.10.90- 12.11.90- 11.01.91-

1990 r. 23.10.90r. 6.11.90r. 14.11.90r. 13.01.91r.
1 2 3 4 5) 6
IT-14 103,9 113,1 109,8 219,9 237,3
IT-15 172,4 - 132,6 230,4 2599
IT-15a 176,5 271,0 239,1 2227 2479
IT-18(19) 176,0 - 267,6 2451 257,1
I1-196 199,8 235,7 250,9 233,2 304,4
IT-20 216,5 215,8 195,7 217,8 248,0
IT-21 193,5 2124 2437 243,2 280,2
IT-21a 184,3 187,6 172,2 230,6 286,2
IT-25 207,1 220,5 221,3 249,8 261,6
IT-25a 195,5 140,4 145,8 201,4 158,1
IT-27 2125 - 257,4 186,8 265,2
IT-29 134,7 - 326,1 210,3 211,2
IT - 30 172,6 173,6 144.5 127,6 167,3
IT-37 170,3 179,0 176,3 276,8 189,4
Cpen-nee 110 167,1 1949 205,9 2211 241.9
UKITY

Tabauua 4.5. - Cpennsist Munepanmuzanus C, /1 o neezomerpam Porynckoit 'DC

NoNe  mbeso- | Hukm 10 | Huxo 11 Huxom 12 Huxom 13 Huxn 14
METPOB 17.01.91- | 25.03.91- 24.05.91- 3.06.91- 25.07.91-

18.01.91r. | 23.04.91r. 31.05.91r. 9.06.91r. 27.07.91r.
1 7 8 9 10 11
IT-14 218,1 175,0 170,1 130,0 63,9
IT-15 261,4 246,3 231,2 230,8 136,6
IT-15a 242.5 240,5 231,3 216,8 128,8
IT-18(19) 257,9 191,6 200,7 198,9 160,0
IT-196 240,2 130,3 119,9 125,2 1149
IT-20 233,5 260,5 149,5 136,3 139,8
I1-21 280,4 - - - 145,7
IT-21a 315,3 - 258,4 256,6 1240
IT-25 216,0 225,3 2174 2214 131,1
IT-25a 136,8 161,5 119,8 112,1 104,2
IT- 27 263,6 263,7 - - 107,3
I1-29 207,2 117,9 131,2 134,0 77,3
IT-30 168,6 2159 2139 211,6 138,3
IT-37 - 189,6 201,1 235,8 138,9
Cpen-Hee 110 238,7 201,5 187,0 184,1 122,2
UKITY

I/ICCHGI[OBaHI/ISI 10 OIIPCACIICHUIO mnpeacia HN3MCHCHUA CTCIICHHU

MUHCpPpAJIMN3alIN B IIBC3OMCTPHUYCCKNUX CKBAXXHMHAX ITO3BOJIMJIIM YCTAHOBUTL, 4YTO
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MUHHMMAaJIbHbIE 3HaYE€HUs] MUHEpan3aluu paBHas 6.2 r/1 oOHapyxeHo B [1-29 B 8
nukie (C,uy=6.2 1/1), a MakcCuMaabHOE 3HaUeHHE MuHepanu3anuu paBHas 300 r/n
B [1-25 B 13 nukie (Cyae = 300 r/m).

Takum obpazom, KOMRnAEKC pPealu308aAHHbLIX UCCAEO06AHUIL NO360AUNU
yCmanoeums, npeoen U3MEHEHUs CMENneHUu MUHEPAIU3ZAUUU 60 6cex Gblule
HPUBEOCHHBIX UUKNAX cledyiouee:

Cou=06.22/n, C,...=~300 2/n.

Takum 00pa3oM, ¢ y4€TOM BBISBICHHOTO JMara3oHa MU3MEPEHUs CTETICHU
MUHEpaIU3alM1 TOI3EMHBIX BOJ B ME30METPUUYECKUX CKBAKUHAX W MOBBIIICHUS
TOYHOCTH pa3padaThIBAEMOr0 KOHJIYKTOMETPA PEKOMEHAYETCS OTPAaHUYUTCA B
nuamna3one ot 0,2 r/im no 300 /.

B tabmume 4.6. mnpuBeneHbl TpeOOBaHUA K  pa3pabaThIBAEMOMY
KOHJIYKTOMETPY, MapaMeTpbl KOTOPBhIX CHOPMHUPOBAHBI C YYETOM OIpEACTICHUS
TUana3oHa  M3MEHEHWsl  CTENEHW  MUHEpaIM3alid  TOJ3EMHBIX  BOJ B

MNbC3OMCTPUICCKUX CKBAKHMH M KOHCTPYKTHBHBIX 0COOEHHOCTEM KOHAYKTOMCTpA.

Tab6auna 4.6. - TpeboBaHMs K TEXHUYECKUM XapaKTEPUCTHUKAM KOHIYKTOMETpa

Ne n/n
HaumenoBaHue mapameTpoB 3Ha4yeHue napaMmeTpoB
1 Jlnana3oH nu3mMepseMbIxX 0,2 +300 r/n
KOHILICHTpalun
2 TouHOCTH U3MeEpeHus + 0,1 r/n ( B tMana3zone
konteHTpanuu NaCl 8-25°C)
3 ["abGapuTsl MOrpy»HOTO 30H]1a 230 x 33 mm

4.3.2. Hazna4yenue u cocrtaB koHaykromerpa KAJIbMAP

beckOHTaKTHBIE KOHIYKTOMETPUYECKHUE METO/Abl YCTYMAalOT KOHTAKTHBIM
METO/JaM TI0 TOYHOCTH, HO OHH JIyYIlle IO YyBCTBUTEIbHOCTH. HeoO0xomumo
MOAYEPKHYTh, YTO U3-32 OTCYTCTBHS B3aUMOJICHCTBUSI MaTepralia U3MEPUTEILHOIO
AJIEKTPOJIA C AHATM3UPYEMOU Cpenoii OECKOHTAKTHBIE METOIbI TaI0T BO3MOXKHOCTh
MIPOBEICHUS] M3MEPEHUS TIPH HU3KUX W BBICOKUX TEMIEpPaTypax, B HECTAOMIbHBIX

aHAM3UPYEMBIX CpeflaX, B 3aMKHYTHIX 00bEéMax u T.1. [35-A].
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Konaykromerp unnyktuHoro tuna KAJIbBMAP - npubop ans usmepenus
TEMIIEPaTyphl, JIEKTPOIPOBOJHOCTH M KOHUEHTPAIMH PACTBOPOB 3JEKTPOJIUTOB
[57-A, 58-A, 74-A, 75-A]. KoHueHTpalys onpeaesieTcs Mo JIeKTPOIPOBOIHOCTH
pacTBOpa U3MEPEHHON HHAYKIMOHHBIM MeTofoM [192]. OGnacth mpUMEHEHUS:
MOHUTOPUHI  COJEHOCTH TPYHTOBBIX BOJ, IIPOM3BOJCTBA, CBS3aHHBIE C
IIPUTOTOBJICHUEM U HCIIOJIB30BAHUEM COJIEBBIX PACTBOPOB.

B konapykromerpe KAJIBMAP wucnonb30BaH TOpOMIANbHBIA CEHCOp, HE
uMermui  anexktpoasl. Ha pucynke 4.6. mpuBeneHa CTpPYKTypHas cxema
KOHIYKTOMeTpa.  PaccmMoTpum  NmpuHOMO — JEWCTBHAA  KOHCTpyKUuu. B
BO30Y)K/IAIOIIEM  TOPOMJIE€ TEHEPUPYETCS  NEPEMEHHBIM  CHUHYCOMAAIbHBIN
MarHUTHBIM MOTOK C IOMOIIIbIO BEICOKOCTAOUIIBHOTO T€HEPATOpa CUHYCA YaCTOTOM
10-20 x['n u ycunurenss momuoctu. Ecian BHYTps Topoma momnaaaeT 3aMKHYTast
npoojsas cpena (pactop NaCl), To B 310l cpene uHAyIUpyeTcs (HaBOIUTCS)
INEPEMEHHBIN TOK, OXBaTbIBalOLUMil o00a TOpouga - BO3OYXKAArOIMA U

YyBCTBUTEbHBIN.

avcnnen | ¢, r/n | N3Y rabnuya

t°C c,rin cos ¢/koHU-A
~ 7~
- M N =]__sin cunutens
sin ycunutens [ KBappaTypHuin e 4 + e d
redeparop MOLWHOCTH _| AeTekTop cos & OHY
g __- Aatumk
NNacTUKOBLIN _—"" temneparypsi

KOXYX \
>

uccneayemblil —= | |
pacTeop —=
BX0A

| | — uccnepyembin
——= pacTBop
—— BbIXOA

reHepupyiouwmnin  YyBCTBUTENbHbIN
Topoua Topoua

PucyHnoxk 4.6. - CtpykrypHas cxema KOHIYKTOMETpa

Topounanensiii [IUIT cocTouT u3 GheppuTOBBIX KOJEL AUAMETPOM 22-25MM

(BHEIIHUM) ¢ MarHuTHOW mpoHumaemocteio 5000 - 6000, H = 1200 A/wm.
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B0o3MOXXHO mpUMEHEHHE TMepMauIoeBbIX CIUIaBOB. KoiaM4ecTBO BHUTKOB B
NepBUYHOM Karyiike 80 BUTKOB, & BO BTOPUYHOM KaTYIIKH COOTBETCTBEHHO 120
BUTKOB.

UyBCTBUTENBbHBIA TOpOU paboTaeT B pexkume TpaHchopmaropa Toka. Ero
BBIXO/ ITPOTIOPIIMOHATIEH TOKY, TEKYIIEMY B KUJKOCTHOM BUTKE. B o0miem ciyyae
uMeeTcss oOmmid (a3oBeIM CABUT ¢ MEXAY BO30YKJICHHBIM M IPUHATHIM
M3MEpPUTENIBHBIM cUTHaANIOM [3-A, 4-A, 30-A, 31-A, 49-A, 64-A]. KBaaparypHsbiii
JIETEKTOP BBIACNAECT CUTHAJ MPONOPUMOHAIBHBIA MPOBOJUMOCTH Sind U COSO U
BBIBOJUT UX Ha peructparop (HeTOyk). J1jig mosrydeHusi KOHIEHTpAIMU B TpaMMax
Ha JIUTP, CUTHAJ COS$, BMECTE C TEKyIlIeW TeMIepaTypoil MOJICTaBIACTCS B
TabnuIy KOHIEHTpamuu, pasMmeménHoit B [I3Y (mocTtosHHOM 3amoMUHAIONIEM
ycTpoiicTBe) peructparopa [193, 194]. HcruHHOE 3HaueHHE KOHIICHTpAIUU
BMECTE C TEMIIepaTypoil 0TOOpa)karoTCs Ha JUCIIJIEE PErucTpaTropa.

KonngykromeTp mocrapisieTcs KaTMOpOBaHHBIM Ha KOHIICHTPALIUIO BOJAHOTO
pacTBopa moBapeHHOW conu. lIpemycMoTpeHa cMmeHa BEIIECTB MYTEM 3aMEHbI
pabouero ¢aiina.

ABTOMAaTU3UPOBAHHBIA  MPOIECC KATHMOPOBKU TIO3BOJSIET  3aKa3UUKY
CaMOCTOSITEJIbHO KaauOpoBaTh MNpUOOpP HAa U3MEPEHUE KOHIEHTpPALUU APYTUX
AJIIEKTPOJIUTOB.

[TpuGop cocTouT 13 TPEX OCHOBHBIX YACTEH:

1 - morpyXHOro 30HJa, OIYCKa€MOI'0 HEMOCPEICTBEHHO B HCCIEAYEMbIi
pacTBop,

2 - PETUCTPATOPA, BBIMOJHSIONIET0O MAaTEMAaTUUECKYI0 00pa0OTKyY, XpaHEHHUE
U OTOOpa)K€HHE JAHHBIX MOCHUIAEMBIX 30HAOM (MalorabapuTHBIN KOMIBIOTEP
(HeTOYK) ¢ omeparmoHHOM cuctemoit Windows U chneruaIn3upOBaHHOM
MPOTPaMMOM I KOHTYKTOMETPA),

3 - COEIMHUTENILHOrO Kabess, OCYIIECTBIISIIOIIETO CBS3b pErucTparopa ¢
MOTPYKHBIM 30H]IOM.

JlnuHa kabens Moxet nocturath 10 200 MeTpoB.
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Texnnueckas xapaktepuctuka KoHaykTomeTpB KAJIBMAP npusenena B

Tabnure 4.7.
Tabauua 4.7. - Texuudeckas xapakTepUCTHKA KOHJIYKTOMETpa
Jrana3oH u3MepseMbIX KOHIEHTPALHM 0,2 +300 r/n
TounocTs n3mepenust korreHTpamuu NaCl + 0,1 r/n ( B ntnamazone 8-25°C)
Huanaszon u3mepenus snekrponpopogaoctd | 0,2 -600 MmCm/cm
TounocTh n3Mepenus snexrponposoguoctu | +0,1 MCm/cm
Junana3oH U3MEpeHHs TeMIEPATYPbl 0+45°C
To4HOCTBH U3MEpPEHUs TeMIIEpaTyphl + 0,05 °C (0 +45°C)
HHuTepdeiic morpyxHOro 30H1a RS-232 ycunennsiii 10 200 M
HuTepdetic perucrparopa USB
[Tepuon usmepenuit 0,1 cex
[ToTpebnsieMass MOIITHOCTh 0,16 Bt
Cpennuii cpok ciyObl TOTPYKHOTO 30HAA 5 ner
Cpennuii cpok ciy>KObl perucTparopa 10 net
JnuHa nHGOpMaIIMOHHOTO Kabes o 200 m
Macca norpy>xHoro 30H1a 850r
["aGapuThl MOrpy)HOTO 30Ha 230 x 33 mm
["aGapuThl peructparopa 270 x 170 x 30 Mmm

bnarogapst manbiM rabaputam 30H7a U OOJBIION JJIMHE COCIUHUTEIHLHOTO
Ka0eJsi KOHYKTOMETP MOKET UCTIOIb30BaThCS JJIsi UCCIIEI0OBAHUS COCTAaBa BOJIBI B
Y3KHUX U TJIyOOKUX CKBaKUHAX.

IIpn paccmoTrpenun u cpaBHeHun KoHAykTomerpa KAJIbMAP ¢ Benymmmu
3apyOexxHbpIMU aHasnoramu mnpousBoguteneit ABB, HashLange, EndressHauser,
HY’KHO UMETh B BUJly CJIETyIOLIEE:

* KOMIUIGKTHI ~ NPUOOPOB  JAHHBIX  KOMIAHUWA  JUIsI ~ M3MEPEHHUs
AIEKTPONPOBOJHOCTH  COCTOSIT M3  CEHCOPOB  (caMHMX  JIaTYMKOB) U
npeobpazoBareneid  (TPaHCMHUTTEPOB), OTOOpaXkarolue pe3yiabTaThl. [[nuHa
COCMHUTENBHOr0 Kalenst y 3Tux mnpubopoB Bcerga MeHee 30 M, MOCKOJBKY
aHAJIOrOBBIE CUTHAJNbBI, UAYIIUE MO ATOMY KaOelto, YyBCTBUTEIbHBI K HABOJAKAM U
OMEXaM.

* morpyxHoit 30HA KoHAykToMeTpa KAJIBMAP sBnsercs uudpoBbiM
CEHCOPOM M JIOIYCKAET yIaJIeHHe OT perucrparopa Ha pacctosiHue 6osiee 100 m o
unteppericy RS-232.
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* MATaHUE TTPUOOPOB BHIMICYKA3AHHBIX KOMIAHUN OOBIYHO OCYIIECTBIISIETCS
HanpspkenueM 220 wu 36 B, nmpu notpebisemoit mourHoctu 60ee 10 Br.

» xoHaykroMerp KAJIbBMAP nuraercsa nHanpspkenueM 5 B mopra USB npu
noTpebsiemoint morntHocTr Meree 0,2 BT.

Konnykromerp KAJIBMAP coCTOUT U3 MOrpy>KHOTO 30HAa, PETUCTPATOPA U
coenMHUTENbHOrO Kabens (pucyHok 4.7). K perucrtparopy coeauHUTEIbHBINA
Kabenb  TMOJAKIIOYAETCS  TMOCPEICTBOM  BCIIOMOTATENBHOTO  YCTPOMCTBA

coeauHénHoro ¢ USB nopTtoM KoMmbrOTEpA.

BCIIOMOraTe/IbHOE YCTPOHCTBO

COCTWHHTEThHBIH Kabems

D e
PasbEM MOMKITIOYEHNUS

perucTparop NOrPYKHOI0 30HAa

Y Knonkal«my6una»

KPEIUICHHSA NOTPYKHOTO 30HAA
7

DYXHOH 30H/1

Karyuika juis Kabens

Pucynok 4.7. - neMeHTbI KOHIYKTOMETpa

Jlnig Havyasa paboThl HEOOXOAMMO MOJIKIIOUUTh pa3bEéM MOTPYHKHOTO 30H/A K
pEerucTpaTopy, pojib KOTOPOTrO BHIMOJHSAET HETOYK, BKIIOUUTH HETOYK, 3aIlyCTUTh
IporpaMMmy KOHIYKTOMETpa M OIyCTHTh MOTPYKHOM 30H] Ha Kabelie HEINKOM B
UCClIelyeMblIi pacTBOP (30H/ HE JIOJKEH KacaTbCsl CTEHOK U JIHA COCY/a).

JlaHHBIE C 30HJAa - TEMIlepaTypa, 3JIEKTPONPOBOAHOCTh W KOHILIEHTPAIHS
pacTBOpa HEMPEPHIBHO BHIBOJATCS Ha SKPaH KOMIbIOTEpa M MPU HEOOXOIUMOCTH
MOTYT OBITh 3alMcaHbl B TEKCTOBBIM (ain. KnaBuma mnpoben wiM KHOIKa
«riyOuHa» Ha KOXyXe, HWCHOJBb3YIOTCA I MNPOCTAHOBKUM METOK TIIyOMHBI

NOTPYKEHHUS 30H/1a.
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JIist ToydeHusT TOYHBIX JIaHHBIX TeMIlepaTypa 30HAA W HCCIELyeMOM
KUIKOCTHU JIOJDKHBI CPABHATHCS, HA YTO MOXET MOTPEOOBATHCS HECKOIBLKO MUHYT.
Bbonee moapodbHO paboTa ¢ KOHAYKTOMETPOM onucaHa B pazzaeine [lopsgok padboTsl
KOHTyKTOMETPAM.

OTnuuuTenbHble 0COOEHHOCTU KOHYKTOMETpA:

* TMOrpyXHOW 30HI (CEHCOp) KOHAYKTOMETpa sBIAETCS HUGPOBBIM
aBTOHOMHBIM TPHUOOPOM C YyHHBEpPCaJIbHBIM HWHTEp(deiicoM, padoTaromuM C
TOOBIMH yJIaJIEHHBIMH PETUCTPATOpaMU WM B COCTaBe CETH. PerucrpaTtopom u
HAKOITUTEJIEM B YACTHOCTH MOXKET CITY)KHTh OOBIYHBIN MEPCOHATBHBIA KOMITHIOTED,

* BBICOKOTOYHBIC HW3MEPEHHsSI TEMIIepaTyphbl, AJICKTPOIPOBOJANMOCTH,
BHYTPECHHSISI TEPMOKOMIICHCAIIMS, aBTOMATUYECKOE TMEPEKIIOUEHUE TPe/IesioB
W3MEpPCHUS, TIO3BOJMIM PACIIMPUTh JUana3oH paboTel B 00JACTH MajbIX
koHuentpamuii (0,1 mMCwm/cm), paHee AoCTHKUMBIA Toimbko mius 2-EL (4EL)
CEHCOPOB,

* JUISI TIOACYETAa KOHIIEHTPAITMH DJICKTPOJUTOB HCIOJB3YETCS TpeXMepHas
aHanuThueckas 32-OuTHas MOJIEIb, KOTOpasi B OTJIMYKE OT OOBIYHOTO TAOJINYHOTO
Metona EEPROM mno3BOJ€T yBEIMYUTH TOYHOCTH B IIMPOKOM JUANA30HE
U3MEpPEHUH,

* MpEeAyCMOTpPEHa BO3MOXKHOCTh aBTOMATH3WPOBAHHOM KalUOpPOBKU 03
NPUMEHEHUSI  CJIOKHOTO  00OpymOBaHWsA.  OJTO  TO3BOJSET  3aKa3yuKy
CaMOCTOATENFHO CPOPMHUPOBATH HOBYIO MaTeMAaTHYECKYIO MOJENb JJIsl pacyeTa
KOHIICHTPAIIUU MMPOU3BOJILHBIX JIEKTPOJIUTOB,

* MuHUMalIbHOE dHepromnotpebnenue (<0,2 Brt/ceHcop) MO3BOJISIET
7¢h(}HEKTUBHO pa3BOpavyMBaTh W3MEPHUTEIBHYI0 KOHIYKTOMETPUUYECKYIO CETh B

MOJIEBBIX YCIOBUSX C AJIbTEPHATUBHBIM TUTAHUEM.
4.3.3. KoHCTpYKUMS NOTPYKHOI0 30HAa

[TorpyxHo# 30HI (pUCYHOK 4.8) COCTOUT U3 JIBYX OTPE3KOB ILIACTUKOBOM
BOJONPOBOHON TPYObI 1 1 2. OTpe3Kku COSTUHSIOTCS MEXIY cO00i pe3rOOBBIM

COCMHEHHEeM Mpu mnomouu crtanbHo My(dThl 3. CrampHas mydra 3 umeer
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CKBO3HO€ OTBEPCTHE Il MPOBOJOB. CBEPXY 30HJ MMEET CTAIbHYIO 3ariyuiky 4
COCUHIEMYIO TaKXe pe3b0OBBIM coenuHeHHueM. B oTpe3ok TpyOwrl 2 moMeniéH
WHIYKTUBHBIM JaTdyuk 5 W jgatdyuk Ttemmeparypbl. O0a [aTyvka 3alldThI
ATOKCUIHOW CMOJIOW C TENbI0 WX THApom3oysiuu. B Tpybe 1 pacmonoxeHa

QJICKTPOHHAA YaCThb IIOT'PYKHOI'O 30HIa 6 3ajuTas HallOJIHUTEIIEM.

=T
4

1
AN

(=]

921

226

¥
I |
| oTBEPCTHE

o A
= ”f_‘
S B—— HHIAYKTHBHOIO

= = " naTuwka
32

= 5

= = o

Pucynok 4.8. - IlorpyxHoii 30H1:1,2-0Tpe3Ku IIIaCTUKOBOI

BOJIONPOBOAHOM TpyOBbl, 3-cTanbHas My(Ta, 4-cTanbHas 3ariaymika, 5-

MHAYKTUBHBIN U TEMIIEPATypHBIA AaTUMK, 6-3I€KTPOHHAS 4acTb

Hpunuun padorsl. IlepBuyHas karymika HWHIYKTHBHOTO jgaTumka (1)
co3maer nepeMeHHoe MarHutHoe mone [30-A, 31-A] wu, creaoBarenbHO,
AIIEKTPUUYECKOE HaIpsDKeHHE B KUAKOCTU (pucyHok 4.9). Iloa BAMsSHUEM 3TOTO
HaIpsDKCHUST  TOJIOKUTENbHBIE W OTPUIIATENIbHBIE HWOHBI, COJEpIKaIldecs B
KUJKOCTH, MPUXOASIT B JBUKEHUE, PE3YIbTATOM YEro SBIISIETCS NEPEMEHHbIN
ANEKTPUUYECKUN TOK (2). DTOT TOK HABOJIUT MEPEMEHHOE MArHUTHOE II0JIE BO
BTOPUYHOM KaTyIlIK€ MHAYKTUBHOIO AaTdyvka (3) U, COOTBETCTBEHHO, BBI3BIBAET
TOK BTOPUYHOU 0OMOTKHU. BennunHa Toka BTOpUYHONM 0OMOTKH IIPOMOPIIMOHATIEHA

IMPOBOAUMOCTH JKUAKOCTH U USMEPACTCS IMOIPY>KHBIM 30HAOM.
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Pucynok 4.9. - Cxema MHIYKIMOHHOIO
JlaT4MKa: 1-mepBUYHas KaTylIKa HUHAYKTUBHOIO
JaT4nKa, 2-IepEeMEHHbIN 3JIEKTPUUECKUM TOK, 3-

BTOpHWYHAA KaTyllKa MHAYKTUBHOI'O JaTYHWKa

Hcnionb3yeTcsi dKpaHUPOBAHHBIN UYETHIPEXKUIBHBIM Kabenb AuamMeTpoM 6
MM. JJisi XpaHeHUs: ¥ MEPEHOCKU KaOessl UCMOJb3yeTCsl KaTyIlKa, N300pakeHHas
Ha pucynke 4.10. Bo wu3bexaHue mnepekpydyuBaHus KaOenss B Ipoiiecce
HAaMaThIBAaHUS/CMATBHIBAHMSI, HCIOJB3YETCS  METOJ  YKJIaJAKH  BOCHMEPKOM.
["abaputsr kaTymiku 90 x 40 cM MO3BOJISIOT JIETKO YIOKUTH 60 M Kabers.

K ocnoBanuto KaTyIIKU KPCITUTCA HOFpY)KHOﬁ 30HI.

Pucynoxk 4.10. - [Ipucnioco6nenne nms
TPAHCIIOPTUPOBKHU MOTPYKHOTO 30HAA U
KpETUICHHEM 30H]1a C PYYKOU ISl IIEPESHOCKU
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[TorpyxHOM  30HA,  MOCPEICTBOM  MPOMEXYTOUYHOTO  YCTPOMCTBA,
noaktouaercss k USB [195, 196] nopty komnbroTepa (pucyHok 4.11). Uepes Hero

30HI ITOJY4acCT IMIUMTAHHUC U HepeﬂaéT JaHHBIC.

Pucynok 4.11. - [lonkitouenue peructparopa K 30H1y

[IpoMexyToUHOE YCTPOHCTBO COJAEPKHUT B ceO€ HCTOUHUK NUTAHUS U
nepexomnHuk USB - Com. OpHuM KOHLOM YCTPOWCTBO IPU HOMOIIU
BJIArO3aIMIIEHHOTO pa3bEéMa COEIUHAETCA C KaOeleM HIYIIUM OT MOrPYXHOTro
30H]1a, Ipyroi KoHel coeanHeH ¢ USB nmopToMm KoMIbroTEpA.

Hcrounnk nurtanusa npeodpazyer 5 B mopra USB B HeoOxomumble Ajs
nutanus yctporicta 8§ B. [lepexonnuk ST Lab U-224 perpanciupyer naHHbIE C
norpyxHoro 30H1a Ha USB nopt komneroTepa.

[Iuraromue mpoBoAa OT UCTOYHUKA MUTAHUSA U MPOBOJA JTAHHBIX MAYIIHE K
Ka0eo-NepexoAHUKY, OOBENUHAIOTCA Ha  pazbéMe Uil  MOAKIIOUEHUS

TIOTPYXKHOTO 30H/1a.

4.3.4. MatemaTtuueckasi Mo/JieJib PYHKIIMOHMPOBAHMS KOHAYKTOMETpa

KAJIbBMAP

BoNbIIMHCTBO TMPOMBIIIIEHHBIX KOHIYKTOMETPOB pabOTalOT Ha OCHOBE
AMIIMPUYECKUX TAOJMYHBIX 3aBUCHUMOCTEH, 3anokeHHbIX B EEPROM Ha ocHoBe

WHIUBUAYabHOU KanmuopoBku [197, 198].
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Konnykrometp «KampMap» paboTaer 1Mo eIMHONH MaTEeMaTHYCCKON MOJIEIH,
MOJIy9acMOi MeTOJ0M HanmMeHbIMX KBajapaTtoB (MHK) B aHamuTtHueckoM BHIIE,
4TO O00ECIeYMBAeT MOHOTOHHOCTh M BBICOKYIO TOYHOCTh u3MepeHuid. YOII
pactBopoB BemiectB, B dYactHoctd NaCl, omnmceiBaeTcs (QyHKIHEH TpEX
nepeMeHHbIx [199, 200, 3-A]:

Fraci(C, ¢, 1) =0, (4.23)

rae C — koHueHtparwus, /11 y - YOI, MCwm/cm; t - Temneparypa, °C.

UtoObl M30€kaTh pPEHICHUsS] CUCTEM YPAaBHEHUU B YACTHBIX MPOU3BOJIHBIX,
BBOJIUTCSl TOHSITHE W30KOHILICHTPAT WU ceueHue noepxHoctu (4.23) mpu C =
const. Oto mo3BossieT (UKCUPOBATH 3HAUYCHUE KOHIECHTPALIUM U 3aBUCHUMOCTD

(4.23) moxet ObITh TpeoOpa3oBaHa B BUJIE:

Ci= ¢i(x 1), (4.24)

rae 1 =1, 5, 10,... 300-¢pukcupoBaHHbIC KOHIIEHTPALIMK PACTBOPOB, I/JI; X -
VOII, Cm/m; t - TemnepaTypa Bojsl, °C.

CewmelicTBo (DyHKIIUN @ 00pa3yloT JUHEWHO - HE3aBUCUMBIN 0a3uc, T.€. ITU
GyHKIMHA, HUKAK HE CBSI3aHBI JIPYr C JIPYrOM B CHIIY Pa3IMYHBIX (HU3UYECKUX
MIPOIIECCOB MPOUCXOAAIINX HA PA3HBIX KOHIICHTpAIUSIX W TeMiiepaTypax. Kaxmas
13 (PYHKIUHA HM30KOHIIEHTPAT (j JOCTATOYHO XOPOIIO OMHUCHIBACTCS ITOJIUHOMOM
BTOPOTO TIOpSAJKA, B CIydae JIOCTATOYHO ONM3KOW OKPECTHOCTH H3MEPCHHH M

¢dbukcupoBanHoi Temneparypsi [201, 202]:
C = ay’ + by + ¢, mpu t = const (4.25)

Beruncnenune xkoaddunuentos @, b, ¢ mpoussoautcs merogom MHK wmim mo
UHTEPIONIAIHOHHON (hopmyite Jlarpamxka. OtMerum uto GyHKIuU @i(y, t) HUrIC He
XPAHATCS U UX BBIYMCIIEHUE NPOUCXOAUT B PEXKUME PEAJTbHOTO BPEMEHHU BCETIA B
Onmuznexamux o0JacTsaX, 4yTo O00ecrmevYMBaeT BBICOKYIO TOYHOCTb. B  (ailnax

U30KOHIIEHTpAT XpaHsaTcs yukuuu ¢i(y, t) = 0 win
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x = f(t) mpu C; = const. (4.26)

Oyuknum y = at + b nuHeiHsl B auamasone temmeparyp 8 - 20 °C wim
OMUCHIBAIOTCSL TMOJMHOMAMH 3-5 TOpsKa B PaCUIMPEHHOM TEMIEPATypHOM
JMara3oHe.

Takum o0pa3om, maTemaTHdeckas MOJeNb KOHAykToMmerpa «Kambmapy»
COCTOUT U3 (PUKCUPOBAHHOW YACTH YPABHEHHI M30KOHLEHTpAaTa U BBIYUCIISIEMOM
YacTU pealbHOW KOHUEHTpAlMM METOJOM HauMeHbmMX KBaapaToB [200, 201,
203]. Beruucnenust mpou3BOaATCS Ha 32 pa3psIHOM IIpolieccope 10 5-6 3HaJammx
ugp.

[Mporpamma conductometr_ NELT B peampHOM BpeMeHH OTOOpa)kaeT M 0
KoMaHie (UKCUPYET Ha 3KpaHe B (pailyn cieayronye napamMmeTpsl:

— TEMIIEPATYPY KOHAYKTOMETPUUYECKOTO TATUHKA;

— KoHLIeHTpanuio u YIII uccinenyemMoro pacteopa;

— TJIyOUHY TIOTPY>KEHUS 30H]1a;

— UCXOJIHBIC JTAHHBIE C 30H/1a;

— KOMMEHTApHUH K 3aMMChIBAEMBIM JaHHBIM.

Ha3HnaueHue 3511€eMEHTOB OCHOBHOTO OKHa MPOTPaMMbl IPUBOJUTCSA Ha PUC.
4.12.

JIns yCTaHOBKM JOCTATOYHO CKONMPOBATH IANKY € MPOTPaMMOM Ha KECTKUMN
JIMCK KOMITbIOTEPA.

3amyck MmporpaMMbl OCYIIECTBIISIETCS C TIOMOIIBIO SIpJbIKa Ha pabodem
CTOJIE WJIM HEMOCPEACTBEHHO ¢ Jaucka. C mnomomplo npuwioxkeHus «Mou
KOMITBIOTEP» TMOTpeOyeTcs HAaWTU B KOPHEBOM JUPEKTOPUM OJIHOTO M3 JIMCKOB
KommbpioTepa manky Conductometr u 3anmycTuTh M3 HeE HCIONHSEMBbIH (aiin
conductometr.exe.

Cpa3zy mocne 3amycka Ha DSKpaH BBIBOASTCS TEKyIIUME IapaMeTphI:
Temneparypa, KoHieHntpausa u YOIl uccinegyemoro pactBopa. 3anuch JaHHBIX B

¢aiin He TPOU3BOAMUTCA IO TEX MO, TOKa HE OyeT Ha)KaTa KHOTKA «3aruchy.
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TeKymme
NOKAIANMN
KOIIYKTOMCTPA

KHONKa
BRIAOMCHNR
janucu

Kuonka subopa paiaa
HIOKOHIEHTPAT
HCCACAYEMOTO BEUICCTBA

raybuna
NOTPYKCHNA
TR

AaMHMC [ Rave  oposen ¢ mylema TesnDa zosm-n  HIN AOUT AN tav KI barx
JANNCHIBACMMIC

B $aiin

Henoansyemmi -
nocaeAoBaTeALNLIH
nopry

HHAMKATOP  Henoaniyemsiil gaiia nocacanme 10 crpox
HCHPABHOCTH  WIOKONUCHTPAT JanucsBacmoro gaiaa
onia

Pucynok 4.12. - OcHOBHOE OKHO IporpaMMbl KOHAyKTOMeTpa Kanbemap

3anuch gaHHbIX B (aitia. [Ipy HaxxaTMM Ha KHONIKY «3anucCh» MOSABISIETCS
JouepHee OKHO ¢ (opMOMl Juisl 3alOJIHEHMsI [apaMeTpPOB  3aIlMCHIBAEMOIO
HKCIIEPUMEHTA. 3alucCh HE HAYHETCS TOKa Bce MOoJisi (OPMBI, 3a HUCKIIOYCHHUEM
npuMevaHusi, He OynyT 3amonHeHbl. [lons 3amoyHAIOTCS IS JaidbHEHIIero
ya0o0CTBa TOMCKAa HEOOXOAMMBIX [IaHHBIX B OOJIBIIOM O0BEME HH(pOpMAIUU
TEKCTOBOTO (paitna.

BemecTBo. B 3TOM 11071€ YKa3bIBAETCS TUII UCCIIEAYEMOTO PACTBOPA.

Konuenrpanus. /lanHoe mosie ucronb3yeTcsi B OCHOBHOM IMPHU KaTHOpPOBKE
KOHJIYKTOMETpa MO CTaHJApTHBIM pacTBopam. [Ipu OOBIYHBIX H3MEPEHUSIX HE
3aMOJIHAETCS, T.K. KOHIIEHTpauus Hem3BecTHa. OHa 3a1a€Tcs B TpaMMax Ha JIUTP
pactBopa.

NurepBan 3anucu. HWHTEepBam BpeMeHHM uepe3 KOTOPBIM Tpedyercs
MIPOU3BOJIUTH 3AIUCH TAHHBIX B (paiiil 3aa€TCs B CEKyH/Iax.

Ne nbe3omerpa. [lopsakoBbIT HOMEP UCCIEAYEMOTO TBE30METPA.

IMpumevanus. [[pumeuanus Kk SJKCIEPUMEHTY.

[Tocne HakaTHusi KHONKH «3amuCh» B Mamnke ¢ MporpamMMoi OyaeT co3jaH
TEKCTOBBIN (Daill UMEHOBAHHBIM TEKyIleH natoil. B daiine OyayT HaxoauThCs

JIaHHBIE W3 3alOJIHCHHOM (bOpMBI 3a KOTOpOﬁ nocjacayroT MgaHHBIC C
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KoHAykToMeTpa. llepBast 3ammch OyneT caenaHa 1O KMCTEYEHUH BpPEMEHHU
yKazaHHoro B mnoiie « MHTepBaJ 3anucw». 3anuch B OJHAXbI CO3/IaHHBIN (aiin
OyJeT MpOUCXOUTh A0 TE€X MOp Moka He OyAeT HaxkaTa KHomKa «CTom 3aluchy.

Jlasxke ecnu TMpoW30ILIa CMEHA JaThl, HOBBIM (ailn co3maH He Oyner.
CnenaHo 3TO JUIsl TOrO YTOOBI PE3YNIBTATHI OJTHOTO IKCIIEPUMEHTA HE OKA3aJIKCh B
pa3HbIX (aitnax.

HogBas 3anuce, 3amyiieHHas B TOT e JIeHb Oy/IeT 3alucaHa B TOT e (daii.

Pazpenurenem naHHbIX B (aiiie ciiy>kat 3HaKku rpooerna.

Jlist octaHOBKM 3anmucH B (aitsl ciykuT kHomka «Cromnm 3amuchy. [Ipu eé
Ha)KaTUM 3auch B (a1 IpeKpaiaeTcs, ¥ TaHHbIC BBIBOSITCS TOJIBKO HA DKPaH.

«CTon 3amuch» HMCHOJIB3YETCA MPU H3MEHEHUU YCJIOBUN ASKCIEPUMEHTA,
yTOOBl HayaTh HOBYIO 3allMCh, HANpPUMEpP MpU TMEpPEeXoJie K CIEAYIOIEMY
bE30METPY WM TMEpexoJie OT TMOrPYXKEHUs 30HJa K €ro MOoabEMY, YTOOBI
OOHYJIUTH CUETYUK TITyOUHBI.

PacuumpeHHble  BO3MOKHOCTH  KOHAyKTOMeTpa.  KoHIaykroMeTp
«Kanbmap» KanmuOpoBaH Ha HW3MEPEHHE KOHIIEHTPAallUd BOJHOTO pacTBOpa
noBapéuHoii comu (NaCl) B r/m pactBopa. be3 gomosHuUTENbHONU KaJIHMOpPOBKHU
JIPYTHE€ pacTBOPbI DJIEKTPOJMTOB MOTYT OBITh OXapaKTEPHU30BaHbI TOJIBKO
temneparypoir u YOII. Ilpomecc kamuOpoBkm omucaH B pasuene «MeToanka
KanmuOpoBKU KoHAykTOMeTpa «Kamsmapy Ha mpumepe NaCly.

Ecnu koHnykroMeTp Obul KaJIMOPOBaH HA PACTBOPHI APYTUX JIEKTPOIUTOB,
TO BBIOOp TpeOyeMbIX B JIaHHBIM MOMEHT HACTPOEK OCYIIECTBISETCS KHOIKOM,
o0o3HaueHHOU Ha pucyHke 4.12 kak «NaCly. Hannuce Ha KHOTIKE M3MEHUTCS B
COOTBETCTBHUH C XUMUYECKON (HOPMYJII0i BRIOPAHHOTO MCCIIEyEeMOTO BEIIECTRA.

daiinbl ¢ ypaBHEHUSIMH M30KOHIEHTPAT. OTH (ailibl HCHOIB3YIOT
MPOTrPaMMOM /ISl BEIYMCIICHUSI KOHIIEHTPAIMK pacTBOpa MO TEKYILIEH TeMIepaType
n YOI Jlng kaxaoro BeHeCTBa SKCIEPUMEHTAIBHO OMNPEAEISAETCS HOBOE
CeMENCTBO 3aBuUcUMOCTed. Pe3ynbrarhl 3amuchiBaloTCd B (Qaill ¢ HMMEHEeM
BemectBa (tabnuue 4.8). Hampumep, ¢aiin NaCl.txt coaepxut ypaBHEHHS st

paboThI C pacTBOpaMu MOBapEHHON COJI. MOTYT COXPaHSITBLCS B TIOOOM MECTE.
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Tabauua 4.8. - [Ipumep cocrapiienus ¢aiina ¢ ypaBHSHUSIMHA

W30KOHIICHTpAT
y=NaCl c=1 x =0,3317t+9,716
¢=4,983 v =1,5868t+54,742
¢=9,951 x =3,317t+97,16
¢=19,841 x =5,987t+189,77
¢=29,67 x =8,721t+267,37
¢=39,435 v =10,935t+347,94
¢=49,138 v =13,42t+421,3
c=73,11 y =18,453t+595,78
¢=96,672 y =22,997t+743,41
¢=119,82 x =26,929t+881,4
c=142,54 x =30,511+992,73
¢c=164,84 y =33,47t+1098,2
¢=186,72 x =36,196t+1177,2
¢=208,18 x =38,369t+1248
¢=229,22 y =40,67t+1298,7
c=260,14 y =42,34t+1349,6
€=299,89 y =45,21t+1391,9

@Daiisibl ¢ ypaBHEHUSIMU COJIEPIKAT:

— 3arosioBok Buja y = NaCl, rae NaCl - xumudeckass ¢popMyia BeIIeCTBa,
JIJISL UCCIIEIOBAHUSI KOTOPOTO MpeIHa3HAYEHbI YPaBHEHUS,

— CTPOKM CO 3HAUECHHUSIMU KOHIIEHTpAllUM CTAaHAApPTHOrO pacTtBopa (I/1)
WCIIOJIB30BABIIIETOCS B TIpoliecce KanuOpoBku-mapametrp c. [amee cnemyer

ypaBHEHHE TeMmIiepaTtypHoi 3apucumoctu YOI Buna:
y =at+Dh, (4.27)

riae t - remneparypa, °C; y - YOII B enuanmax npudopa (A_OUT).

CHUMBOJIBI ¥ TPYIIITBI CAMBOJIOB B (paiiyie pasieneHsl mpobdenamu.

[TomydyeHne UCXOMHBIX JAHHBIX APYTHX BEMISCTB JIS 3aITOJTHCHHS TAOJIUIIBI
ONMMCAaHO B pasleie METOAWKa KaauOpOBKM KOHIykToMeTpa «Kampmap» Ha

npumepe NaCl.

HaxoxaeHue TeMnepaTypHOd 3aBHCMMOCTH OT 3JIEKTPOINPOBOJIHOCTH.
DKCIEpUMEHTAIBHO OMPEIETSAIOCh CEMEUCTBO TEMIIEPATYPHBIX 3aBUCHUMOCTEN
VOII nna cepuM KOHLEHTpalMid BO BCEM Juamna3oHe H3MepeHuu. JlaHHbIE

3aBUCUMOCTH JIMHEHHBI B ipeaenax oT < 5 °C go ~20 "C (pucyHoxk 4.13).
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Pucynok 4.13. - CemeiictBo TemmiepatypHbix 3aBucumocteit ¥ II1 pactopa NaCl

C noMmoIpo 3JIEKTPOHHOM TaOJIUIBI WM allpOKCUMAalUMed MO METOoIy
HAVMEHBIINX KBaJPaTOB, HAXOATCS YpaBHEHUS s Kaxaou npsmoit x = f(t). Dtu
ypaBHEHUS OYIyT UCTIOJIB30BAaHbI B JAJTLHEHIIIEM JIJIs1 HAXOXK/IEHUS OMTOPHBIX TOYEK
MPU TOCTPOCHUH KOHLEHTPALIMOHHOW KpuBoH Y OII.

Xon skcriepuMenTta. M3 moBapennoit comu ¢ coaepxanviem NaCl 99,7%
MPUTOTOBWJIM CEPUI0 CTAHJIAPTHBIX PACTBOPOB PA3IMYHONW KOHIEHTpanuu. Yem
OoJbIlIE  PAacTBOPOB, TEM BBHIIIE TOYHOCTh KaNMMOPOBKUA. YUTOOBI MOIYYHTH
MOTPEIIHOCTh BBIYMCICHUS KOHIleHTpanuu MeHee 1%, tpeOyercs mopsiaka 10
pacTBOpPOB.

Cocyn  3amojiHsuICs — CTaHAApPTHBIM  PacTBOPOM,  MPEABAPUTEIILHO
OXJaXIEHHBIM 70 TemrepaTtypbl 5 - 8 °C, Takum o0Opa3oM, 4YTOOBI TMOCHE
MOTPY>KEHMsI 30HJIa HA MAKCUMAJbHYIO TIIyOMHY ypOBEHb PacTBOpa HaXOIUJICS
4yTh HWXKE ropyia cocyia. B pacTBop morpyskajicsi 30H], pacCTOSHHE OT JHA U
CTEHOK cocyJa A0 30HJAa JOKHO ObITh He MeHee 1,5 cMm. 30HJ MOAKIIoYAIN K
perucTpaTopy, Ha KOTOpOM 3amyiieHa nporpamma conductometr_Nelt, Bkiroganu
3anmuch JaHHbIX B aitn (pasgen Ilporpamma conductometr NELT) u pactBop
OCTaBJSIIM TMPU KOMHATHOM TemmepaType Ha HECKOJbKO YacoB MEJICHHO

Harpe€BaThbCs.

165



Korpa temmeparypa pacTBOpa M OKpPYXKAIOLIEHM Cpeabl BBIPABHUBAJUCH,
pacTBOp 3aMEHSUIM CIEAYIOIIMM IO CIHMCKY M IPOLEAypa 3aluCH IIapamMeTpoB
pacTBOpa MpU HArpeBaHUMU IMOBTOPSUIACh C HOBBIM pacTBOpoM. Takum o0paszom,
MCCIIE0BAIIM BCIO CEPUIO CTAHAAPTHBIX PACTBOPOB.

ANTOpUTM HaxXOXACHUSA KOHUEHTpauuu pactBopa. Ilocine mnomydeHus
KanuOpoBoyHOro  (haiija  M30KOHUEHTPAT,  KOHJAYKTOMETP  ONpEeIseT
KOHIICHTPAIUIO HEU3BECTHOTO PACTBOpA CIIEAYIOMUM 00pa3oMm:

1. KonnykroMeTp (Orpy»HOM 30HA) U3MEPSIET U YCPEAHSIET Napy 3HAYCHUN
VYOII, temneparypa — y,., t. Jlamee mporpamma conductometr nelt mpousBogut
HEOOXOMMbIE BBIUMCIICHUS, YKA3aHHbIE HUXKE.

2. 3HaueHUE TeMIepaTypbl MOACTABISAETCS B CEMEHCTBO ypaBHEHUH (ailia
NaCl.txt u nHaxoasarcs Tpu Ommkaimme K x, Touku Y I x1, x2, %z

3. MeTtonoM HaMMEHBIIMX KBAApPaTOB WM HHTepnossinuel no Jlarpanxy
HaxoJAT KodpUIMeHTHI &, b, C 3aBucuMOocTH (4.25) B KOTOPYIO BITUCHIBAOTCS BCE

TP TOYKH, BKJIKOYAS ), ¢ morpemHocThro +0,1%

C=ay’ +by+c. (4.28)

4. HaxoatT HCKOMYIO KOHIIEHTPAIIUI0, COOTBETCTBYIOIIYIO ¥y IO (hopMyrie:

C, = ay’ + by, + C. (4.29)

[IpoBepka mMpaBUIBLHOCTH (YHKUMOHUPOBAHUS aJITOPUTMa OMNPEEsiach
HEU3MEHHOCTBKO IIOKAa3aHWW KOHIEHTpauuMW JUIsl JaHHOTO pacTBOpa IMpH
u3MeHeHuH Temneparypst ot 8 1o 20 °C.

B ngaHHOM TyNaBe aHMcCcepTAllMM  PACCMOTPEHBI  TEOPETHUYECKUE U
IPAKTUUECKUE OCHOBBI CO3JaHMSI M3MEPUTENIbHBIX MPUOOPOB IS MOHUTOPHHIA
IUAPOr€OXUMUYECKOTO pEKMMa OCHOBAHUSA IUIOTHMHBI. Takke paccMOTPEHBI
BONPOCHl  pa3pabOTKW  MaTeMaTH4YeCKOM  MOJAENU  TpaHC(HOPMATOPHOTO
KOHJIYKTOMETPA M €€ METPOJOTHYECKHNE XAPAKTEPUCTUKH IPSMOIO H3MEPEHMUS,
aHaJau3 U OLEHKAa W3MEHEHHs IHMANa30Ha CTEIEHUM MUHEPAIU3alUu IOA3EMHBIX

BOA, pa3pa60TI<a " CO3AaHUC KOHAYKTOMCETPA.
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B rimase 5, quccepranuu paccMaTpruBarOTCA

- TEOPETHYECKHE W TPAKTUYECKHE OCHOBBI HCITOJIb30BAHUS HW3MCHCHUS
T€OTEPMUUYECKOTO PeXKIMa 3eMHOU KOPHI;

- pa3paboTKa METOJa M CHCTEMBl KOHTPOJS H3MEHCHHS TEIJIOBOTO IO
3eMHOM KOPBI U PACTIOIOKECHHSI TEOTEIIIIOBOM 3aBECHI;

- pa3paboTka Meroja ompeneseHus KoddduimeHnta ¢GUIbTpaldd B
OCHOBAaHWH TUIOTHHBI U TTyTEH COCPEAOTOUCHHON (DUITBTpAITNy;

- TEOPETUIECKHE U TPAKTHICCKHE OCHOBBI H3MEHEHHS THIPOTCOXUMUYECKOM
OCOOCHHOCTH B OCHOBAaHWHW BBICOKOHATIOPHOM TUIOTHHBI,

- pe3yabTaThl aHAJM3a U OIEHKH T'€OJIOTMYECKUX U THAPOTCOXUMHUUYECKHUX
YCJIOBUI B 30HE 3aJI€raHusl IJIaCcTa COJIU;

- pe3yJbTaThl HATYPHBIX WCCICAOBAHMA U3MEHEHHS THAPOTCOXUMUICCKOTO
pexuMa BOKPYT COJIEBOTO IIacTa B 3aBUCHUMOCTH OT MU3MEHEHHUs YPOBHS BOJIbI B
peke Baxi;

- MOHUTOPHHT OTIPECHECHHMSI, OTXKATHUS MTO3EMHBIX MUHEPATN30BaHHBIX BOJ U

ITOABJICHHUC FI/I,Z[pOHaHOpHO-OCMOTI/I‘-ICCKOﬁ 3aBCCHhI.
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I'iasa 5. TEOPETUYECKHE U HATYPHBIE UCCJIEJJOBAHUSI
TEOTEPMUYECKUX U TUJIPOTEOXUMUYECKHNX
OCOBEHHOCTEM CTBOPA POI'YHCKOM I'C

5.1. Pa3Burue TECOPETUYECCKUX U MPAKTUIECCKHUX OCHOB UCIIOJb30BaHUS

M3MEHEeHHUsI Te0TEPMUYECKOr0 PeKUMAa 3eMHO KOPbI

5.1.1. TeopeTnuyeckue 0OCHOBbI (POPMUPOBAHUSA TENJIOBOIO0 MOJIA 3eMJIH.

Teopust TepmopasBeaku

«V/IcTOYHHKAMU TETUIOBOTO IMOJIA 3€MIIU SBJISIFOTCS MPOLIECCHI, TPOTEKAIOIINE
B €€ Helpax, u TemioBas sHeprus ConHna. K BHYTpEeHHMM HCTOYHUKAaM TeILia
OTHOCST paJUOTe€HHOE TEIUI0, KOTOPOE CO3/1aeTcs Oyiarogapst pacnaay paccestHHbIX
B FTOPHBIX MOPOJIaX U30TOIMOB ypaHa, TOPHUS, KaJIUs U UHBIX PaIiOaKTUBHBIX
3JIEMEHTOB, U TEIUIO, O0YCIOBIEHHOE Pa3IMYHBIMU MPOLIECCAMU, POTEKAIOIUMHU
B 3emsie (rpaBUTAlMOHHON auddepeHnranueii, MIaBICHUEM, XUMUYECKUMU
peaklUMsIMU C BBIJICJIICHHEM WJIM MOTJIOIIEHHEM Teruia, aedopmaiueil 3a cuer
npuiuBoB Boa  mnon jneiictBueM JlyHbl CoiHII@ W HEKOTOPBIMH JAPYTHUMHU).
TenoBasi sHEPrUs NEPEUUCIEHHBIX UICTOYHUKOB, BRICBOOOKIAIOIIASICS HA 36MHOU
MOBEPXHOCTH B €AUHUILY BPEMEHU, 3HAYUTEIHHO BBIIIE SHEPTUU TEKTOHHUYECKHUX,
CEMCMUYECKHX, THIPOTEPMANbHBIX TporieccoBy [204, 205].

«BHyTpeHHee TemnoBoe MoJie OTIANYAETCS BBICOKUM MOCTOSHCTBOM. OHO He
OKa3bIBaCT BJIMSIHUSI HA TEMIepaTypy BOJW3HM 3€MHOW MOBEPXHOCTHU WM KIUMAT,
TaK KaK dHEpIus, MoCTynarouias Ha 3eMHY0 moBepxHoctb oT Connua, B 1000 pasza
Oonbiie yem u3 HeAp. BMmecte ¢ TeMm cpenHee TeroBoe BosaehcTBue CoiHIa He
ONpe/eNsieT TEIJIOBOIO COCTOSHUS 3eMJIM U CHOCOOHO  MOJIepKHUBATh
MOCTOSIHHYIO TEMIIEPATypPy Ha MOBEPXHOCTU 3€MIJIM OKOJIO 0° C. dakruueckn xe
Oslarosiapsi USMEHEHUIO COJTHEUHON aKTUBHOCTU TEMIIEpaTypa MPUIOBEPXHOCTHOTO
CJIOSI BO3/JyXa, a C HEKOTOPBHIM 3ala3fblBAHUEM U TEMIIEpaTypa TOPHBIX MOPOI

usmensercs» [206, 207].
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«CyTOYHBIE, CE30HHBIE, MHOIOJETHUE M MHOIOBEKOBBIE Bapualuu
COJJHEYHOM aKTUBHOCTM MPUBOAAT K  COOTBETCTBYIOUIUM  LUKIAYECKHM
U3MEHEHUSIM Temreparyp Bo3ayxa. Uem Oosbllie mepuoj] HUKIMYHOCTH, TEM
Oonble TyOMHA MX TEIIOBOro Bo3JedcTBUs. Hampumep, cyTouHble KojeOaHHS
TEeMIIepaTyphl BO3/1yXa MPOSBISIOTCS B TOUBEHHOM cioe Tiyounoi 1 - 1,5 M. Oto
CBS3aHO C MEPEHOCOM COJIHEYHOrO TEIJIOBOTO IMOTOKA 33 CUET MOJIEKYJISIPHOM
TEIUIONPOBOJAHOCTH  NOPOA M KOHBEKUMH  BO31yXd, MapoB  BOJBI,
UHOUIBTPUPYIOIIUXCS OCAaAKOB M MoA3eMHbIX Boj. (Ce30HHBbIE (TOJOBHIC)
KoJIe0aHUsl BBI3BIBAIOT M3MEHEHHs Temmeparyp Ha rayoumny mo 20 — 40 m. Ha
TaKUX TIJIyOMHax Teruionepeaadya OCYIIECTBISIETCS B, OCHOBHOM, 3a CYET
MOJIEKYJIIPHON TEIUIONPOBOJHOCTH, a TakKKe JBWKEHHs NOJI3eMHBIX BoA. Ha
rryounax 20 — 40 m pacnosiaraeTcst HEUTpaJIbHBIN CJION (MJIM 30HA MTOCTOSTHHBIX
rOJIOBBIX Temreparyp). B HeM Temneparypa ocTaeTcsi IpaKTUYECKH IIOCTOSIHHOM 1
B KaXIOM paiioHe B cpexHeM Ha 3,7°C BBIIIE CpPEIHEr00BOI TeMIIEpaTyphl
BO31yxa. MHOIOBEKOBBIE KIIMMAaTUYECKUE N3MEHEHHS CKa3bIBAIOTCS HA BapUaLUAX
TEMIEpAaTyp CpaBHUTEIbHO Oonbliux TNyOuH. Hampumep, mnoxonomanus u
MOTEIJIEHNSA B YETBEPTUYHOM IMEPHOJE BIUSIM HA TEIUIOBOW PEXKHUM 3EMIIA 10
rinyoud 3 -4 km» [207, 132].

«Takum oOpa3oM, €clii HE YYMTHIBaTh MHOT'OBEKOBBIX KIMMAaTUYECKUX
U3MEHEHUH, TO MOYKHO CUUTaTh, YTO HMXKE 30HBI MOCTOSHHBIX TeMmmeparyp (Ha
riyOuHax cBbiiie 40 M), BAMSHUEM UUKIUYHOCTH COJIHEYHOW aKTHUBHOCTH MOXHO
npeHeOpeyb, a TEeMIEePaTyPHBIA PEXXUM MOPOJT ONPENEAETCS TIIyOMHHBIM IIOTOKOM
TEIIa 1 OCOOCHHOCTSMHU TEPMHUCECKUX CBOMCTB Topo 1y [184, 204].

«Hwxe HENTpAIBHOTO CJI0s1 TEMITEpaTypa MOPOJ MOBBIIIAETCS B CPEHEM Ha
3 C npu norpyxkeHun Ha Kaxjasle 100 M. DTo OOBACHSETCS HAIUYHUEM
PErHMOHAJIBHOIO TEIJIOBOIO MOTOKA OT HMCTOYHMKOB BHYTPEHHErO Teruia 3eMIH ,

MMOJHUMAIOIIETOCS K IMOBEPXHOCTU. Ero BEIWYMHY NPUHATO XapaKTepU30BaTh
IUIOTHOCTBIO TEIJIOBOTO MOTOKA (WJIM MPOCTO TEIUIOBBIM MOTOKOM) (. Cpennee

SHAYCHUC TCIIJIOBOTO IIOTOKA KaK Ha CyIIC, TaK W B OKCaHax OJHMHAKOBO H

2
cocrapmsier 0,06 BT/M® , oTKIOHASCH OT Hero He Oosee yeM B 5 — 7 pas.
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[ToCTOSIHCTBO CpeqHUX TEIUIOBBIX ITOTOKOB CYIIM W OKEAaHOB TIPH PE3KOM
W3MEHEHUH MOIIHOCTEH U CTPOCHUS 36MHOU KOPHI CBHJICTEILCTBYET O Pa3IMuWU B
TEIJIOBOM CTPOCHUM BepxHed MaHTuH. [lo3TOMYy aHOMajaMM TEIUIOBBIX MOTOKOB,
T.€. OTKJIOHEHHS OT YCTAaHOBJECHHBIX CPEIHUX IMOTOKOB, HECYT MH(OpPMAIHIO O
CTPOCHHMH 3E€MHOM KOpBI, U BepxHei manTuny» [207].

«Y CTaHOBIIEHO, YTO OCHOBHOM MCTOYHMK TEIla HA KOHTUHEHTaX — SHEPIHUs
pPaAMOAaKTUBHOTO  pacmana. ITO OOBsICHSAETCS OOJbINEH  KOHIICHTpaluen
PaIMOAKTUBHBIX JJIEMEHTOB B 3€MHOM Kope, YeM B MaHTHH. B okeaHax, rIe
MOIIIHOCTh 3€MHOW KOpPBl MaJla, OCHOBHBIM WCTOYHHUKOM TeEIUIa SIBIISIOTCS
npolueccbl B MaHTMM Ha rayoumHax ao 700 — 1000 kM. PagmorenHoe Ttemuio
SBJIIETCSI OCHOBHBIM CpEIU JAPYTUX BUJOB TEIUIOBOM JHEPrHHM HENp. 3a Bpems
CYILIECTBOBAaHMS 3eMJid OHO Oojiee 4yeM B 2 pa3a MPEBBICMUIIO IMOTEPH 3a CYET
TeTuIonpoBoAHOCTHY [132].

«TemmoBoil MOTOK OMpeAenseTcs He TOJBKO MPUPOAOH U MOUTHOCTHIO
VMCTOYHUKOB TeIJla, HO W €ro IEepeHOCOM Yepe3 TOpHble MNopoAsl. Temo
nepeIaeTcsi MOCPEACTBOM MOJEKYJSIPHONH TEIUIONPOBOIHOCTH TOPHBIX TOPO/I,
KOHBEKIIMU U u3nydeHus. Ha Gonbmmx rimyounax (cBoeimie 10 kM) nepefada Teria
OCYIIECTBIISIETCSI, B OCHOBHOM, 3a CYET HM3JIyY€HHUs HarpeToro BeIIecTBa HENp U
KOHBEKI[MHU, 00YCIIOBJICHHOW IBM)KEHHWEM OJIOKOB 36MHOW KOPBI, pacCIlJIaBICHHBIX
naB, ruiporepM. Ha MeHbpIIMX rIyOMHAX MEPEHOC TeIia CBSI3aH C MOJEKYISpHOU
TETUTONPOBOAHOCTBIO M KOHBEKIMEH MO I3eMHBIMHU Boamu» [132].

«VICTOYHUKH JIOKAQJTbHBIX TEIJIOBBIX ITOTOKOB, BBI3BIBAIOIIUX aHOMAJIUU
TEeMIIepaTyp, pPa3HOOOpa3HbI: HAJIMYHWE MHOTOJETHEMEP3JIOTHBIX IMOpPOJ, T.€.
MOIIHBIX (10 COTEH METPOB) TOJI C OTPUIATEIHHBIMH TEMIIEPATYPAMH;
NPUCYTCTBHE TIOPOJ Y PyA C TOBBIIICHHON PaJMOAKTHBHOCTHIO; BIIUSHUE
AK30TEPMUYECKHUX (C MOTJIONIEHUEM TEeIa) U SHAOTEPMHUYECKUX (C BBIACICHUEM
TEeIjia) MPOIIECCOB, MPOUCXOIANIMX B HE(TETa30HOCHBIX TOPH30HTAX, 3aJekKax
VI, CyIb(PUAHBIX U IPYTUX pyAax; MPOSIBICHUS COBPEMEHHOTO BYJIKAaHHM3Ma U
TEKTOHUYECKHUX JIBFDKCHUM, ITUPKYJIAINHN TMOA3EMHBIX, B TOM YHCJIE TEPMAaJbHBIX,

BoA u Ap. Pomb kaxmoro w3 3Tux (PaKTOPOB OMPENESETCS TEO0Joro -
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TUIPOTEOJIOTHYECKUM  cTpoeHueM. JlokanbHble TEIJIOBbIE TIOTOKH, Kak M
pErvuoHaNIbHBIE, 3aBUCIT HE TOJBKO OT HAJIMYMsI MCTOYHUKOB, HO U OT YCIIOBUU
nepeHoca Temia 3a CYeT TEeIUIONPOBOJHOCTH TOPHBIX MOPOJ U KOHBEKIUH
IIOYBEHHOT'0 BO3/yXa U MOA3eMHbIX Boa» [207].

B Hactosiiiee Bpemsi €CTECTBEHHOE TEIUJIOBOE TMoje 3eMIIM HM3ydaeTcs
METO/IaMH T'€0TEePMHUUECKON Pa3BEeIKH.

«l'eoTepmuueckas pasBefka (TepMopasBelika) OObeIUHAET (U3NUYECcKue
METO/Ibl UCCIIEAOBAaHUI €CTECTBEHHOI'O TEIIOBOTO MO 3EMIIM C LETbI0 U3YUYECHHUS
JaHAmAa(TOB, TEPMUYECKOTO pEeXUMa 3EMHOM KOpPbl U BEpXHEH MaHTUH,
BBISIBJICHHE T€OTEPMUUYECKHX PECypCOB, pEUIEHUE IMOUCKOBO — Pa3BEAOYHBIX U
WHXKEHEPHO — THAPOJIOTHYECKUX 3alad. TemmoBoe T0Jie  OmpenessieTcs
BHYTPCHHUMHU U BHEUIHUMH HMCTOYHUKAMH TeIJla W TEIUIOBBIMU CBOMCTBaAMU
ropusix mnopoa. Ilpu TepmopasBeake PETUCTPUPYIOT PATUOTEILNIOBOE U
uH(ppaKpacHOE H3IYyYEHHUS 3€MHOM TMOBEPXHOCTU, U3MEPSIOT TEeMIEparypy, ee
BEPTUKAIBHBIM TPAJAUEHT WJIA TEIUIOBOM MOTOK. Pacmpenenenne 3Tux napamerpon
B IJIJaHE W MO0 TIyOWHEe HeceT HHPOPMAIMI0 O TEPMHUYECKUX YCIOBHUSX H
r'e0JIOTHYECKOM CTPOSHUH M3y4aeMoro paiona» [132, 133].

Teopus TepMopa3BeAKM OCHOBBIBACTCS HAa  PEIICHUM  YpPaBHEHUS

temnonpooanoctu [132, 159, 184]:

92T  9%T 92T oT
a = — (5.1)

dx? dy? dz2 at

XapakTepu3yrouero n3MeHeHue temrneparypsl T 1o ocsam koopauHat (X,y.z) no t
C TemnepaTyponpoBoaHocTeio L.
B Teopuu TepmopasBeAku mnoiydeHa crieayromas Qgopmyna s pacdera

BCPTHUKAJIbHOI'O TCIIJIOBOI'O IOTOKA!:

aT
q, = — )‘TE +oCV,T (5.2)
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rac

T To-Ti _ .
at  z,—z, (5:3)

3necwy I' — TeMneparypHblil rpagueHT uin u3MeHenue temmeparyp T, u T

Ha IIyOuMHAax Z, U Z; (OCh Z HAIIPABJICHA BHU3 110 HOPMAIM K IIOBEPXHOCTH);
A7 _K03p(QULIHMEHT TEMIONPOBOIHOCTH;

G - IUIOTHOCTH;
C - TCIUIOEMKOCTB;

V, - BepTHKaJlbHas CKOPOCTh KOHBEKIMHU (MJIH CKOPOCTh (PHIIBTPAIIUH
MOJI3EMHBIX BOJI, €CJIM CYMTATh, YTO KOHBEKIIMS OCYIICCTBISCTCS B OCHOBHOM 3a
CYET IMOJ3EMHBIX BOJI);

T - temmeparypa Ha riyouHe Z = (Z1 + 2,)/2,

B ckanpHBIX TOpPOJax, a TaKXKe B YCAOBHAX CTAIlHOHAPHOTO TEIIOOOMEHA

KOHBEKIIMEH MOKHO npeHeopeub ( V;), U TEIIOBOM MOTOK PaBEH:

q,=—A4rT (5.4)

T.e. OH OIPENEISIETCS  TOJBKO  TEIUIONPOBOAHOCTBIO  IMOPOA U
TEMIIEPAaTYPHBIM I'PATUECHTOM.

Takum 00pa3oM, pErHMOHAJIbHBIA TEIMJIOBOM MOTOK 3eMJU MOXKET OBITh
paccuuTaH 4yepe3 M3MEpPEHHbIE Ha pPa3HbIX TIIyOMHAxX TeMIepaTypbl U TEIUIOBBIC

CBOMCTBA Cpcabl, B OCHOBHOM, TCILIOIIPOBOJHOCTD.

5.1.2. Pa3zpa0oTka MeToa U CUCTEMbI KOHTPOJISI U3MEHEHHS TEII0OBOI0 MOJIst

3eMHOM KOPbI  PACIIOJIOKEHUS Te0TENJI0BOM 3aBEChI.

«Cnemunanuctel MexnpaBuTenbCTBEHHOM rpynnbl dkcreproB OOH 1o
m3menennto knmumara (MI'OUK wmm [PCC), BeIsIBUIIM, UTO TUIaHETAa HArpeBaeTCs
HAMHOTO OBICTpEe, YeM CUMTAJIOCh paHee, U C Hadajla MHAYCTPUAIbHOW 3IMOXU
TeMIiepaTypa yxe yBenuuwiach Ha 1,1 rpagyca no Llenbcnro, XOTS KpUTUUECKUM

nokasareynieM cumtaercs 1,5 rpagyca. C rino0aidbHBIM TMOTEIUICHUEM CBS3BIBAIOT
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aHOMAaJIbHBIE JIOKIU, yparaHsbl, JIECHbIE NTOKApbI U 3acyxu. Ho npu 3ToM 3KCcnepTsl
YBEPEHBI: OCTAHOBUTH M3MCHEHHS KJIMMaTa eié MoxkHo» [208].

W3meHenus kiaumara, BKJIIOYAIOT B ce0sl yBEIMYEHHE CPEIHEH TOJ0BOM
TEeMIIEpaTyphl, BHI3bIBAIONIASl TASHUE JIGTHUKOB, U MOBBIIICHUE YPOBHS MHUPOBOTO
OokeaHa. l3MeHeHus KiauMara SBISAIOTCA CIEACTBUEM HApyLIEHUsS pPeEXUMa
TEIJIO00MEHa MEXAy BCEMU MPUPOJHBIMH CHCTEMaMH, KOTOpbIE MpPHUBEIU K
U3MEHEHUIO DPEXHMa BBINAJECHAS OCAJAKOB, TEMIEPATYPHbIM aHOMAIUSAM U
YBEJIMYEHHIO YaCTOThI SKCTPEMAJIBHBIX SIBJICHUN, TAKUX KaK yparaHbl, HABOJHEHUS,
JIECHBIE MOXKaPbI U 3aCyXHU.

Bnusgnaue riio06aibHOrO NOTEIUIEHUS HAa U3MEHEHUE KIMMaTa Ha TePPUTOpUN
TamKuKUCTaHAa TOATBEPKICHO MHOTOJIETHUMHU JIaHHBIMHU METEOPOJIOTHYECKHUX
CTaHIIUM HA3eMHOTO OA3UPOBAHUS.

Hapsany ¢ u3ydeHueMm TMOBBIIICHHUS 3HAYEHUS TEeMIEpaTypbl HA3€MHOTO
BO3/lyXa THAPOMETCOPOJIOTHUECKUMHU  CTAaHIMSAMU  ObUIO OBl  aKTyaJbHO
UCCJENOBATh H3MEHEHUE TEIUIOBOTO TOJiI 3eMHOM KOpbl. Pa3paboTka
COBPEMEHHBIX METOJOB M CUCTEM KOHTPOJII U3MEHEHMs TEIUIOBOIO MOJIS 3€MHOM
KOPBI MOIJIO OBl OTBETUTh HA MHOTHE BOIMPOCHI CYTOUYHOT'O, CE30HHOTO, TOJJOBOTO U
MHOT'OTO/IOBOTO PEXHUMa TEINIOOOMEHAa MEX/y COJIHEYHBIM M3IyYEHHEM U 3€MHOMN
KOpOH a Tak)Ke 3eMHOM KOPbI C aTMOC(HEPHBIM BO3TYXOM.

[Ipouecc TemnonepeHoca BOJHBIM MOTOKOM M M3MEHEHUS! TeMIIepaTyphl MO
riyOrnHe ObUI MCCIEOBaH M€OTEPMHUECKUM METOJIOM B OCHOBAHUU CTPOSIIECHCS
m1oTuHbl PoryHckon I'DC, mo npe30MeTpUYECKMM CKBa)KMHAM, PACHOJIOKEHHBIM
Ha JieBoOepexxHOM yacTu peku Baxmn [20-A, 22—-A, 25-A - 27-A, 29-A].

Ha yuacTtke coneBoro miacta JieBoro oepera peku Baxin ObIIM BBITTOTHEHBI
peXUMHBIE TemmeparypHble HaOmojeHus mno 12 crBopam. OOuiee KOJIMYECTBO
MbE30METPOB, 3a/ICICTBOBAHHBIX B UCCeA0BaHUAX- 29. 13 Hux B 11 nbe3omeTpax,
M0 TEXHUYECKUM MPUYMHAM, UCCIEI0BAHUS MPOBECTH HE yIaloch [65 - Al.

Ha pucynke 5.1 mpuBeneHbl rpaduky pacrpeiesieHus TeMIiepaTypbl IO
CTBOJIy mbe3oMeTpuueckor ckBaxkuHbl [1-31 usmepennsie 2011 roxy, korma peka

Baxu enie He Obl1a IEPEKPHITA, T.€. PEKa TEKJIa [0 CBOEMY CTApOMY PYCIy.
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Pucynok 5.1. - I'paduku pacnpeneneHus TeMrepaTypsl B Ibe3oMeTpudeckoit ckBaxkune [1-31

B2011r.

Ha ocHoBe moisryueHHBIX IpaUKOB, YCTaHOBJIEHO, YTO B 3aBUCHMOCTH OT
CE30HHOTO M3MEHEHHMsI TeMIlepaTypbl M pacxoja BOJbl B peke Baxmi, peskoe
U3MEHEHUE TeMIlepaTypbl HaOdroAaeTcs B OOBOJHEHHOM YacTW NMbE30METpa, Ha
rnyoune 10 -12 metpoB. Ha Takux riyOuHax Tersionepenada OCyIIeCTBIISIETCS B,
OCHOBHOM, 32 CUET MOJIEKYJISIPHOM TEIJIONMPOBOJAHOCTH, KOHBEKTUBHOE JABUKEHUE
NOJI3EMHBIX BOJ U TeueHueM peku Baxui. [Ipu aTom, cieyeT OTMETHTB, UTO HUXKE
ryOuHel 12 MeTpoB  TemiepaTypa U3MEHsIeTCsl CTaOMJIbHO  JIMHEWHO-
HapacTaroLUUM TEMIIOM.

[ToTok Boabl B pyciie peku 00JiafjaeT CBOMCTBOM TEIIOMAacCOIlEpeHoca M3
OKpyXXarollel mopojabl W Bo3ayxa. Ha riyOumHe 12 MeETpOB OTHOCHUTEIBLHO
CTaOUIIbHO JAEpKUTCI MUHUMallbHasg TemrepaTypa. Temmeparypa B Oosblieit
CTENEHU PE3KO MOHMKAETCA 3a CUET Terla MEPEHOCSIIErocss TeUeHUEM BOJHOTO
MIOTOKA B PyCJI€ PEKH.

Kaxk u3BecTHO, 3eMHast KOpa OTJIMYAETCS BBICOKMM ITOCTOSTHCTBOM 3HA4E€HMIA
cpenHeil TtemmonpoBogHocTH. [lpm  3TOM, HE3aBUCUMO OT HWHTEHCUBHOCTH
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COJTHEYHOTO M3JIy4Y€HHS Ha TMPUIIOBEPXHOCTHOM YacTH 3€MHOM KOpPBI, CPEAHSI
TEIJIONMPOBOJAHOCTD MOCIEHEN OCTAETCs MOCTOSIHHOM.

CamMoe 0o0mbIIOe KOMMYECTBO IHEprum 3emis mosydaeT oT ConHia, HO
3HAUUTEbHAS €€ YacTh M3JIy4aeTcs 0OpaTHO B MPOCTPAHCTBO. JIMmip Manas Aois
COJIHEYHOM HHEPruu MPOHHKAET B TIYOMHY 3eMHON KOpel. B TO ke Bpems
TEIUIOBOE BIMSHHUE COJHEYHON SHEPrUM Ha IpPOLECChl B HEApax 3eMJIM BECbMa
Maibl TIO CpPaBHEHHIO C TOM DJHEpruel, KOTOpas BBIACISCTCSA BHYTPEHHUMHU
UCTOYHUKaMU Teria. B Hacrosimee Bpemsl MPUHSATO CUYMTATh, YTO OCHOBHBIM
UCTOYHUKOM COBPEMEHHOW TEIJIOBOM OHHEpPruuM B HEApax 3eMJIu SBISETCS
paZMoOaKTUBHBIN pacnaa JOJAT0KUBYLIUX H30TOIMOB.

Ha pucynke 5.2 npuBeaeHa Mozelb B3aUMOJECHCTBUS JIBYX BCTPEUHBIX

MTOTOKOB B 3€MHOM KOpE.

Pucynok 5.2. - Mozeinb B3auMoAeiCTBUSA JIBYX
BCTPEYHBIX TEIJIOBBIX IIOTOKOB B 3eMHOM Kope (1-
IIPUIIOBEPXHOCTHAS YacTh 36MHON KOPBHI (30Ha
AKKYMYJISLIUY COJTHEYHOMN 3HEPIUn), 2 - 3eMHast
KOpa (30Ha aKKyMYJISILIUH TEIUIOBOW SHEPTUU
uayeit u3 Heap 3emin), 3 - BHEIIHEE ]P0
3emiy, 4 - MOBEPXHOCTh 3eMJIH, 5 - TpaHuIIa
BHEIIIHETO sijipa 3emin, 6 - reoTeruioBas 3aBeca, 7

- TIOTJIOIIEHHUE COJIHEUHOM OHCPIUuu U NpeB-

| pareHue e€ B TEIIOBYIO SHEPTHIO ((z-ren), 8 -
\ BCTPEUYHBIN TETJIOBOW MOTOK UAYIIHI U3 HENP
'\ 3eMi#t (Qz-rms)
\

[TornoméxnHass  SHEprus  COJMHEYHOI'O  M3JIyYEHMS  3€MHOM  KOpOH
MPEBpPAIACTCS] B  TEIUVIOBOM TMOTOK (yqpey W PACXONYETCd HAa  HArpes
IPUIIOBEPXHOCTHOM  4YaCTH  3€MHOM  KOpbl. Takxke TermoBas  JHEprus
MIPUITOBEPXHOCTHOM YacTU TMOCPEACTBOM MOJIEKYJISIPHOW TEIUIONPOBOJHOCTH U
HA3€MHBIM BOJIOBO3IYIIHBIM T€YEHHUEM BO3BPAIIAETCS B aTMOCHEPY 3eMIIH.
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TeroBol NOTOK COJHEYHOTO W3JIYYEHHS] B NPUIIOBEPXHOCTHOM 4YacTU
36MHOW KOpbl MpPU PACIPOCTPAHEHHH HA TIyOMHY 3€MJIM  BCTPEYaeTCs C
BCTPEYHBIM TEIUIOBBIM MOTOKOM  z.rpys, MAYIIMM W3 Henp 3eMiu. B pe3ynbrarsl
BCTPEYH JBYX TEIUIOBBIX IIOTOKOB IIOSIBJIAETCS HEUTpaJbHAsl ITOBEPXHOCTD,
IpaHUIA PE3KOT0 UBMEHEHUS TEMIIEPATYPHI.

I'pannna pe3koro M3MEHEHUs TEeMIEpaTypbl - 3Ta TIEOTEIJIOBas 3aBeca,
pasmersromas 3€MHYI0 KOPY Ha 30HY AaKKyMyJBIUM COJHEYHOM JHEPTUH
(MpUIMOBEPXHOCTHAS YacTh 3€MHOM KOPbI) U 30HY aKKyMYJSIIUUA TEIJIOBOTO
IIOTOKA, MAYIIETO M3 HEAP 3€MIIH, ONpEAessieMas HHTEHCUBHOCTBIO COJHEYHOTO
U3ITy4YEHHsI, CKOPOCTbIO M OOBEMOM IOTOKa BOJABI, KOTOpas TEUET MO pyCIy,
CPEIHEH TEIIONPOBOAHOCTBIO MTOPOJ 3€MHOM KOPBI, TEINIOEMKOCTBIO MOJ3EMHBIX
BOJ M BCTPEYHBIM TEIUIOBBIM OTOKOM, UAYIIUM U3 HEJP 3E€MJIU.

Ha Teppuropusx, rAe OTCYTCTBYIOT pEKH, T€OTEIUIOBas  3aBeca
OINPEIENSIETCS] UHTEHCUBHOCTBIO COJIHEYHOT'O H3JIY4YEHUs, CKOPOCTBIO HAa3€MHOIO
BETPA, CPEIHEN TEIUIONPOBOJHOCTBIO IOPOJA 3EMHOM KOpPBI, TEILNIOEMKOCTBIO
MOA3EMHBIX BOJl MU BCTPEYHBIM TEIUIOBBIM MOTOKOM, MAYIIMM W3 HEAp 3eMIH,
TEIJIOBAs 3aBeca HAXOAMUTCS Iry0xe.

B 3eMHOl KOpe moJ OKeaHaMH, MOPSIMH, 03€paMH M BOJOXPaHUIUIIAMU
OTCYTCTBYET TI€OTEIUIOBas 3aBeca. B TakMx MecTax BO3MOXHO CYIIECTBOBAaHUE
TUAPOTEINIOBOM 3aBECHl MEXAHU3M IOSBIICHUS, KOTOPOM CIENYET U3YUHTh.

«B pe3ynbTaTe W3MEHEHWS WHTEHCUBHOCTU COJIHEYHOTO W3JIYyYCHHUS B
3aBUCUMOCTH OT TOJIOBOTO CE€30HA M TEIUIOBOW PHEPTUEHN MAYIIEH U3 HeAp 3EMIIH,
TIOJIOXKCHHE T€OTEIIJIOBOM 3aBEChI 110 BEpTUKAIHM MeHseTcs» [29-A, c. 78].

IIpu BbIMONHEHUE YCIOBUH  Uzornew > OQromms TE€OTEILIOBAS  3aBeca
nepeMeniaeTcsl BHU3 B TIyOUHY 3€MIIH, a IPU BBITOJIHEHUH YCHOBUS Uz-rnen < Uz-rmms
reoTeruIoBasl 3aBeca MPHUOJIKAETCs K MOBEPXHOCTU 3€MIIM, CBHJIETEIbCTBYIOLIEE
U30BITOK TEIUIOBOM SHEPrUU B Helpax 3emilu.

[Ipu nmpubmKEeHUH TEOTEIJIOBOM 3aBEChl K TOBEPXHOCTH 3eMIIH O00BEM
30HbI AKKYMYJILIMM COJTHEYHOM 3HEPIMM YMEHBIIAETCS, BEAYIIAsl K aHOMAJIbHOMY

MPOTPEBY MPUINOBEPXHOCTHOW YACTU 3€MHOM KOpBI, YTO CTAHOBUTCS OJHUM
176



3HAUMMBIX MPUYUH: HAarpeBa aTMOC(PEPHOro BO3yXa; HAPYIICHUS TEeMIepaTypbl
CHErooOpa3oBaHHsl B HaYaJbHBIA TMEPHUOJ]] 3UMHETO CE30HA; SKCTPEMAaJIbHBIX
JIO’KJIEBBIX OCAJIKOB; HABOJIHEHUIO; yparaHam; Aerpajaliu JISTHUKOB; YCUICHHOMY
UCIIAPEHUIO TOBEPXHOCTHOM BOJIBI; 3aCyXH, a TaKkKe YBEIWYCHUIO IUIOMIAIH
JIECHBIX TIOKapOB.

«l'eoTeryioBass  3aBeca MO  OTHOIIGHHWIO K  KOHTYpy 3eMiu B
TEPPUTOPUAIIBHOM IIJJaHE MMEET HEPABHOMEPHYIO TIIYOMHY paCIOIOXKEHUS,
peacTaBiIsis coool opMy HempaBuiabHOU chepbh» [29-A, c. 78].

CrnenoBaTenbHO, T€OTEIUIABasl 3aBeca SBIACTCS (DPU3NYECKUM UHIAMKATOPOM
pPa3BUTHSl KIUMATUYECKUX YCIOBUUM K TMOTCIUICHUIO WJIH K€ TOXOJIOJAaHUIO
KJIUMaTa Ha 3emuie.

«B  pesynpTaTe MPOBENEHHBIX  HMCCIEIOBAHUM, SKCHEPUMEHTAIBHO
YCTaHOBJICHO (07151 ycnosuil o00vbeKkma Uccied08anuii) paHee HEU3BECTHOE
dbu3nyeckoe SBJICHHE: BO3HUKHOBEHHME T'€OTEIUIOBOM 3aBECHI, pa3elisrolias
3€MHYIO0 KOPY Ha 30HY AKKYMYJAAWUU COJTHEYHOU IHepeuu (IPUIIOBEPXHOCTHAs
4acTb 36MHON KOPbI) U 30HY AKKYMYJIAUUNU MEN106020 NOMOKA, UTYLIETO U3 HEAp
3emuin, OMpenesieMOro HMHTEHCUBHOCTHIO COJIHEUHOTO W3IIYYEHHS, CKOPOCTHIO U
00BEMOM TIOTOKA BOJBI, B PYCJE€ PEKH, CKOPOCTHIO HA3eMHOTO BETpa, CpenHei
TEIJIOMPOBOHOCTHIO TOPOJT 36MHOUW KOPBI, TEIUIOEMKOCTBIO TIOJ3EMHBIX BOJI W
BCTPEUHBIM ITOTOKOM TeIIa OT siapa 3emum» [29-A, c. 78].

Pe3ynbTaThl WCClENOBaHW TO3BOJIMIN CACNATh BBIBOJ O TOM, 4YTO Ha
TOYHOCTb BEJIMYMHBI U3MECHECHHSI TEMIIEPATYPHI 110 CTBOJIY MbE30MeTpa HEOOBIION
riyounsl (riryousa 10 50 METpoB) MOTYT HOBJIHSTH:

- aCHHXPOHHBIN ChEM MH(GOPMAIIMH 10 CTBOJIY ITbE30METPUICCKUX CKBAKUH;

- TIOCJICJIOBATEIPHOE BBITIOJTHEHNE H3MEPEHUH OT MbE30METPa K IMbE30METPY
C BPEMCHHBIM 3ama3/IbIBaHuEM;

- CMCIICHHE BPEMEHHOTO MHTEPBaIa U3MEPEHUS B TEYCHHUE CYTOK, CYTOYHOE
KoJie0aHuE TeMIlepaTyphbl BO3AyXa, KOJUYECTBO COTHEUHOW paJualiy;

- IBMCHYHBOCTbD IIOI'OJHBIX YCJIOBI/Iﬁ;
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- OJIU3KOE PACIIONI0KEHUE MbE30METPUUECKUX CKBAXXUH K pyciy peku Baxi,
CIIy’Kalas, JOMOJHUTEIbHBIM HCTOYHUKOM TEIJIONEPEHOCA;

- 0COOCHHOCTBIO TOPHOTO MAaCCHUBA, CBA3AHHOIO C TPEIIMHOBATOCTHIO M
(bUIBTPAIIMOHHBIMU XapaKTEPUCTUKAMU MACCHUBA.

C uenpl0 yCTAaHOBJIEHUS JOCTOBEPHOCTH PACIpPENICIICHUS TEMIIEPATyphl B
36MHOWM KOp€, OIpPEIEJICHUs TOYHOTO PACIOJIOXKEHHUSI TEOTEIJIOBOM 3aBEChl U
BEITMYMHBI TEOTEPMUYECKON CTYNEHU pa3paboTaH METOJ M aBTOMATH3WPOBAHHAS
MHOTOKaHaJIbHAasl U3MEPUTEIIbHASA CUCTEMA U3MEPEHUSI TEMIIEPATYpPhl B peaIbHOM
Mmaciirabe BpeMeHu [26-A, 29 — A, 46-A].

PazpaboTtanHbie aBTOpOM METOJ M CHCTEMa NpeArnoiaraloT OypeHue
CKBaXUHBI TTyOnHOM 10 200 METpOB B 3apaHee BRIOPAHHOM MECTE 36MHOMN KOPHI 1
C YCTAaHOBKOM 3J1€Ch TE€PMOKOCHI cocrosmer u3 10 matdynkoB TemmepaTyphl.
IlepBas rpynma patuyukoB T;-Ts ¢ maroMm OT OJHOTO JO IISITH METPOB
YCTAHABJIMBACTCS B MPUIOBEPXHOCTHOM YaCTH CKBa)KUHBI JIJISI U3MEPEHUSI HarpeBa
MIPUMIOBEPXHOCTHOM YacTH 3€MHOM KOPbl OT HMHTEHCHUBHOCTH COJIHEYHOTO
W3JIYYCHUS W TJIYOHMHBI PaCIIOJIOKEHHS T'eOTCIUIOBOM 3aBechl. Bropas rpymma
natuukoB Tg-Tip ycranaBnuBaeTcs Ha riayoune 150 merpoB ¢ marom 10 meTpoB
Ul ONPEACIICHUs  pacupelelicHus TeMIeparypbl B 3€MHOM KOpe |
r€O0TEPMUYECKON CTYMNEHH, TJ€ UCKIIOYEHO BJIIMSIHUE BHEIIHETO BO3JCUCTBHUS Ha
MOKa3aHus NaT4MKOB. CXema pacrojiOKEHHUS] TEMIEPATyPHBIX NATYMKOB TPYIIIIbI
T;-Ts u Te-T1o IpuBeEHA HA pUCYHKE 5.3.

Bce patumkm Ti-Typ MOOKIIOUEHBI K CHUCTEME KOHTPOJISI W HAKOIUICHUS
uHpopMaru, HaxoAsmecs B 6ecpoBoiHOM OJioke mnepenade naHHbix (BBILJT).
BBIIJ] mepemaér maHHbIC B IICHTP OOpaOOTKHM JAHHBIX, TJE IO STHM JdaHHBIM
COCTaBJISIIOT MEPBOE IMIMPUUYECKOE YPABHEHHE MO MOKA3aHUSIM TPYIIbI JaTYUKOB
temreparypel T;-Ts u BTOpOoe MmO TpynmaM JAaTYUMKOB Temrmeparypbl Tg-Tig
CJIEAYIOLIETO BUAA!

Tus(i, j)=ai h(i, j) + by, (5.5)

Te.10(k, n)=ax h(k, n) + by, (5.6)
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rae, aj, bj, ax, by, — ko3hGUIHEHT SMIMPUYCCKOTO YPaBHEHHS,
h — rnyOuHa HaOJIIOIeHNS U3MEHEHHUS TEMIIEPATYPhI [0 CKBAXKHHE,
T15, Te.10 — TEMIIEpATYpA,
I, K =1+ n— uHACKC BBIBEACHUS YMIIUPUUYCCKOTO YPABHCHHUS,
J, N =1+ 5— KOoIM4YeCcTBO TOYCK NU3MEPCHHSI BEIIMYMHBI TEMIICPATYPBI

I10 KOTOPBIM , BBIBEACHO SMIITMPHUICCKOC YPABHCHHUC.

bBILT

12
13
T4
15

T6
17 |
T8
19 |
110

PucyHnok 5.3. - Cxema pacnoioxKeHus1 TEMIIEpaTypHBIX

JaTdyukoB rpymbl T1.5 U Te.10 B CKBaXKUHE

[To rpynmam TemriepaTypHbIX JOaT4yukoB T31-Ts SMIIMpUYECKOE ypaBHEHUE
JIOCTATOYHO TOYHO OIKMCHIBAECT U3MEHEHUE TEMIIEPATYPhI B PUIIOBEPXHOCTHOW YaCTH
3eMHOM KOpBI TIPU HOPMAJILHOW TMOTO/E, U MPOCISKUBACT TIIYOMHY PACIIOIOKEHUS
reoTeryioBou 3aseckl. [1o rpynmam temmneparypHbix JaT4ukoB Tg-Tip aMIupuyeckoe
YpPaBHEHHE OIPEAEISAET 3aKOHOMEPHOCTH PACIPENEICHUs] TeMIleparypbl. Takxke

MOYKHO ONPEAETUTH MTyOUHY pPacloI0KEHHs TE€0TETIOBOM 3aBECHI.
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Pemenne ypaBHenuit (5.5 wm 5.6), TMO3BOJIIET BBISBUTH TIIyOWHY

pPacHoJIOKEHUST TEIJIOBOW 3aBECHl ONPEAEISAIONIAsl MUHUMAIBHYIO TEMIIEPATypy

T

hi. j) = T1—5(i»i)_bi1 (57)

a;

h(k, n) = T6—10(k»n)_bk’ (5.8)

ag

rae, T1_5(1,j)= Te—10(k, )=ty
a;, b;, ax, by — KO3 GUIMEHTHI SMIMPUIESCKOTO YPaBHEHUS,
h(i, J) = h(k, n) — r1yOuHa pacmoJOKEHUSI T'COTCIUIOBON 3aBECHI
paBHOM MUHUMAaJIBHOM TemIieparype t,.

I[To mepBoMy smnupuyeckoMy ypaBHeHuUro (5.5 u 5.7) omnpexaensiercs
riyOMHa PACMOJOKEHUS TEOTEIUIOBOM 3aBechl W €€ CEe30HHOE KoJjiebaHWe IIo
BEPTUKAJIBHON IIJIOCKOCTH, a TaKXKe JHEBHOW (JIETHSISI aKKyMYJISLMS TEIIOTHI
COJIHEYHOTO M3JyYEHHs]) U HOYHOHN (3MMHHIA) TEMI00OMEH MPUIIOBEPXHOCTHOM
YacTH 3€MHOM KOPBI C aTMOC(EPHBIM BO3TyXOM.

I[To BTOpOMY HSMHHMpHUEecKOMY YypaBHeHUIO (5.6 u 5.8) ompeaensiercs
pacnpenieliecHue TeMreparypbl B 3€MHOM KOpE, 3a TEOTEIJIOBOM 3aBECOM U
W3MEHEHHE TeOTEPMUYECKOM CTYNEHHM B TEUEHHE TroJa W B IMOCIEAYIOLIUE
MEePUO/IBI.

CoBmecTHOE penieHHe O0OMX ypaBHEHHUM Ha€T TOYHOE PaCIOI0KCHHUE
TEIIOBOM 3aBECHI U €€ Ce30HHBIC BapHalluu B MEPUO/] HAOIIOICHUM.

Takum 00pa3oM, MeTOX M CHCTEMAa KOHTPOJIS W3MEHEHHMs TeIJIOBOIO
pe:KuMa 3eMHOM KOPbI NMO03BOJIsSIET ONPeeTUTh:

- ITyOUHY PaCIOJIOKEHUS T€OTETIOBOM 3aBECHI;

- 00BEM 30HBI AKKYMYJSIUA COJHEYHOW SHEPTHUU B TMPUIIOBEPXHOCTHOM
YaCTHU 3€MHOM KOPBI;

- HampaBJIEHUE TEIJIOBOTO MOTOKA;

- U3MEHEHUS T€OTEPMHUYECKON CTYIIEHHU B 36MHOM KOPE;
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- OINPENEIINTh U3MEHEHHUS 3aKOHOMEPHOCTH PACHPEACICHUS] TEMIIEPATypPhl B
3eMHOI KOpe B TeMIle HaOJII0CHU;

- ONIPEACIUTD THEBHBIC - JIETHUE HAKOIUJICHUS! COJTHEUHOU YHEPIUU B 3€MHOU
KOpe, a TakKe HOUHYIO — 3UMHIOIO TEIUIOOTIauy B aTMocdepy;

- ONPEACIUTh OCTATOYHOE TEIJI0O B 3€MHOM KOpe B TEYEHHE Trojaa |
MOCIICIYIONINE TIEPUO/IBL;

- OMNPEJCTUTh BIMSHUE KPYITHBIX MPUPOIHBIX U TEXHOTCHHBIX 0OBEKTOB Ha
M3MEHEHHUE TEMJIOBOIO PEKUMa 3€MHOUM KOPBHI,

d TaKXKC - COCTAaBUTh SOMIIUPHUYCCKHUC YPABHCHUS B JIr000€ 3alaHHOC BpPpCM:1.

5.1.3. Pa3padoTrka meToaa onpeneeHus Kodppuuuenta GpuiabTpauuu B

OCHOBAHHUMU IIVIOTUHBI " HyTeﬁ COCpe)]OTO‘IeHHOﬁ (l)I/IJIpra]_[l/II/I

I'mapoTrexHuyeckue COOpYXKEHUsI TO TMOCIEICTBUSM BO3MOXHBIX aBapuit
OTHOCSITCSI K KaTeropuu HamOoJiee OTBETCTBEHHBIX COOPYKEHUMU, IJII KOHTPOJIS
COCTOSIHUSI KOTOPBIX, HA HUX pa3MENIal0oT COTHHU, & WHOTJIA U THICSYU CPEICTB
U3MEPEHUN U BEAYT MOCTOSIHHBIE HHCTPYMEHTAIbHbBIE U BU3YyaJbHbIC HAOIOICHMUS.
3a aedopmaiusaMu, HaMpsOKeHUs MU, (PuiibTpamvedl BOJbI, TeMIEpaTypoul W Jp.
napaMmerpamu. TemreparypHble HaOJIIOCHHUS 3a (PUIBTPAIMOHHBIM IMOTOKOM B
TeJie TPYHTOBBIX IUJIOTMH BXOJSAT B COCTaB PEKOMEHJYEMBIX BHUIOB HATYPHBIX
UCCJIEIOBAHUM TUAPOTEXHUUECKUX coopykeHuil. Hanbonbliiee pacnpocTpaHeHue
TeMrepaTypHble HaOII0ICHUS TTOTYYHIIM Ha TPYHTOBBIX IJIOTHHAX, BO3BE/ICHHBIX B
palioHax BEYHOM MEP3JIOTHI, JUISI KOTOPBIX KOHTPOJb MOJIOKeHHS HyJeBoi (0°)
M30TEPMBI MTO3BOJISIET CYJIUTh O HAJIE)KHOCTH MPOTUBOPUILTPAIIMOHHBIX YCTPOICTB
[209 - 211].

JIns TPYHTOBBIX IIJIOTHMH, TMOCTPOCHHBIX BHE 30HBI BEYHOM MEP3JIOTHI,
TeMrepaTypHble HaOMIOACHUS HE MOJYyYMJIM OOJIBIIOTO PACHpPOCTPAHEHUS, U B
NEPBYI0 OYepe/lb BBUIY CIa00Oro HaAy4YHOTO U METOJMYECKOrO OOOCHOBAHMS UX
npuMeHumocTu [209, 212]. DxkcrmnyatalldOHHBIN NEPCOHAT TUAPOY3JIOB, BEYIIUN

HaTYPHBIC Ha6J'IIOI[eHI/IH, HC 3aMHTCPCCOBAH B IPOBCACHHHN TEMIICPATYPHLBIX
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U3MEPEHUN, TaK KaK HE BUIUT B HUX MPAKTUYECKOW IMOJNB3bl I aHaJIN3a
COCTOSIHUS TPYHTOBBIX IUIOTHH, a CYHIECTBYIONINE MyOIMKAIMKU Ha 3TOT CYET JIUIIb
yOexJaloT uX B OTOM. Tak, H3BECTHbIE CHEUUATUCTHI-TUIPOTEXHUKU TIO
bunbTpanonnsiM  HaOmoneHusim B.M. ApaBun u O.H. HocoBa ormeuanu:
«CBelleHHus O 3aKOHOMEPHOCTSAX HM3MEHEHUS TeMIlepaTypbl (QUIbTPALIMOHHOTO
MOTOKAa JAal0T BO3MOXHOCTh MOJbKO KA4eCm8eHHO OLEHUTHh (DUIbTPAIMOHHBIN
pexum» [209, 213]. Bmecte ¢ TeM, HAKOIUICHHBIA OIBIT TEMIIEPATYPHBIX
HaOJIIOICHUI HA TPYHTOBBIX TUIOTHHAX FOBOPUT O MPAKTUYECKON €ro 3HAYUMOCTH
U CTaBUT 3aJlayy 00001IeHusI U HayuyHOTO oOocHOBaHus [209, 214, 215].

B mannoM pasznene paccMaTpuBaeTCs N3MEHEHHE TEMIIEPATYPhI, CBSI3aHHOE C
IIPOLIECCAMM TEIUIONEPEHOCA B OCHOBAaHUU cTposielics mIoTuHsl Poryncekoit I'OC,
0 MHhE30METPUUECKUM CKBA)XKHMHAM, PACIIONIOKEHHBIM Ha JIEBOOEPEKHOW YacTH
peku Baxmi. ['eoTepmMuueckue uccienoBanus ObUTH IPOU3BEACHBI 10 CTaHJAPTHOM
metoauke [182, 20—-A, 22—-A, 25-A — 27-A, 29-A].

[Tpumepsl U3MEHEHUS TeMIIEpaTyphl B 00BOAHEHHON YacTu mhe3oMeTpoB [1-
27, 11-31, I1-33 u I1-37 npuBenensl Ha pucyHkax 5.4 u 5.5, ¢ marom 1 metp, B

NePHUO/T TTOJIOBOIBS (aBrycT, 2011r.) 1 B MeKeHHbIN niepuoa (nexkadps, 2011r.).

Freotepmuueckuit paspes s N-27, N-31, MN-33,

O

o MN-37 (aerycr)

o

e 18

= 16 -

= 14
12
10 Tn-31aser.
8 Tn-27asr.
6
Vil Tn-33asr.
2 Tn-37asr.
0

0 10 20 30 40 50 hl'l.M

Pucynok 5.4. - I'paduk n3mMeHeHus TeMneparypbl B 00BOTHEHHOM

YaCTH MbE30METpUYECKON ckBakuHbI [1-31
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N3meHenus temriepaTtypsl BOJBI NPOUCXOAUT B PE3YIbTAaTE IPOLIECCOB
KOHBEKTUBHOI'O TEIUIONEPEHOCcA. TEIuIonepeHoc B 3TOM Ciydae IPOUCXOIUT 3a
cuéT GUIBTPYIOMIMUX CBOMCTB MOPOJBI, O KOTOPOMY JABIIKETCS BOJA, BCIEICTBUE

TUAPOCTATUYCCKOTO OABJICHUS.

Freotrepmuueckuii paspes e M-27, N-31, N-33,
N-37 (aekabpob)

3 Tn-31aex.
6 Tn-27nex.
A Tn-33aekK.
2 Tn-370ek.
0

0 10 20 30 40 50 hi, m

Pucynoxk 5.5. - I'paguk nu3mMeHenus temrnepaTypsl B 0OBOJHEHHON YacTu

bE30METPHUYECKON CKBaXHHBI [1-33

KoHnTponb Temmeparypbl BOJbI 1O CTBOJY MbE30METPUUECKUX CKBAXKUH, B
OCHOBAHMM  IUIOTUHBI ~ MOXET  OBbITh  HCHOJB30BAH A ONPEIEICHUS
(GUIBTPAIIMOHHBIX XapaKTEPUCTUK MOPOIbI OCHOBAHUSI.

Taxoke, mo rpymnmam nbe3oMerpudeckux ckBaxut [1-27, T1-31, I1-33 u [1-37
B OOBOJHEHHON 4YacTH MbE30OMETPOB, OIPEACIICHO CpPEJHEE T0J0BOE 3HAUCHHE
pacnpezielieHusi TeMIepaTypsl MO TIyOMHEe, B OCHOBAaHMM IUIOTHHBI PoryHckoi
I'SC (Tabmuma 5.1).

Ha ocHoBanum pacnpezgenenusi temneparypbl B nbe3omerpax [1-27, 11-31,
[1-33 u I1-37 BbIBEACHO CPEAHErOJIOBOE 3HAUECHUE PACTIPEICIICHHS TEMIIEPATypPhl U
IMIIMPUYECKOE YpaBHEHUE paclpeneseHuss Ttemieparypbl. ['padux cpegHero
rOJIOBOTO 3HAYEHUS paclpeieiIeHUs] TEMIIEPATyphl IPUBEIEH HA PUCYHKE 5.6.
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Taouauna 5.1. - CpenHue rogoBble 3HAYCHUS PaCpeeIeHUs TEMITEPATYPhI

o mbe3omerpam [1-27, T1-31, I1-33 u I1-37

I'myouna | Temneparypa ['my6una Temnepatypa ['my6una Temnepatypa
MbE30MeTpa bE30MeTpa bE30MeTpa
14 13,121 25 13,644 36 13,709
15 13,117 26 13,656 37 13,55
16 13,545 27 13,647 38 13,572
17 13,57 28 13,655 39 13,604
18 13,561 29 13,661 40 13,874
19 13,601 30 13,67 41 13,661
20 13,614 31 13,67 42 13,687
21 13,62 32 13,676 43 13,724
22 13,636 33 13,691 44 13,761
23 13,641 33 13,694 45 13,778
24 13,669 35 13,69
CpepHee 3HaueHWe pacnpesieleHUs TeEMNepaTypbl Mo rpynne
Nbe30MeTPUYECKUX CKBaXKUH
14
¢ 139
%" 13,8 A
E 137 A 7
g 136 Mﬂx;«{ou 113,329
E 13,5 — R¥=0,3967
13,4
13,3
13,2
131
13
0 10 20 30 40 50
Fny61Ha CKBaXWHbI, M

Pucynok 5.6. - CpenHee 3HaU€HHE pacpeIeICHUS] TEMITEPATYPhI

10 rpynIiiaM mbe30MCTPUICCKUX CKBAKUH

Ha ocnoBanuu BBILICTIPUBCACHHOTO, BBIBCACHO SMIIMPUYCCKOC YPABHCHHC

pacnipenenenus remnepartyp (5.9).

Y =0,01X + 13,329 (5.9)
Pe3ynprarel uccnenOBaHUN MOKA3bIBAIOT M3MEHEHUS TEMIIEPATYPhI I10

CTBOJIy IIbE30METPA IPHYHMHAMH, KOTOPBIX ABJIAIOTCA aCHHXpOHHBIﬁ ChEM
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uHbOpMAIlMU 1O CTBOJY MBE30OMETPUYECKUX CKBAXXKHUH, TOCIEI0BATEIbHOE
BBIIIOJTHEHWE H3MEPEHHM OT TMbE30METpAa K TBE30METPY C BpPEMEHHBIM
3ana3/IbIBAHUEM, CMENIEHNE BPEMEHHOTO UHTEPBAJa U3MEPEHUS B TEUEHUS CYTOK,
CYTOUHOE KojeOaHue TeMIlepaTypbl BO3/1yXa, KOJIMYECTBO COJIHEUHOUW paJHallvy,
TEIUIOBOE COCTOSIHUE OCHOBAaHMSI, OJM3KOE PACIOJIOKEHHE Mhe30METPUUECKIX
CKBaXMH K peke Baxmi, KoTopast MOXKET CIIy>KHTb, JONOJHUTEIbHBIM HCTOYHUKOM
TEIUIONEPEHOCA  CBA3aHHBIM c 0COOEHHOCTHIO TOPHOTO MacCHBa,
TPEIIMHOBATOCTHIO U (PHIIBTPAITMOHHBIMU XapaKTEPUCTUKAMU MAacCHBA.

Temneparypa NOI3EMHBIX BOJ 3aBHCUT OT KIMMAaTUYECKUX YCIOBUM:
TEIJIOBOTO COCTOSIHMSI 3€MHOWM KOpBbI, TEMIIEpaTypbl BO3JyXa W KOJUYECTBA
COJIHEUHOU PaJvalNH.

M cTOYHMKOM TEIJIOBOTO NOJIA 3€MJIN SIBISIOTCS IPOLECCHI, IPOTEKAKOIIUE B
€€ HeApax M TeIuloBas 3Heprus cojHoa. K BHYTpEHHMM HMCTOYHMKAaM TeIlia
OTHOCSITCSI  PaJMOTEHHOE TEIJIo, KOTopoe co3faércs Onarojaps pacnaay
paccesHHbIX B TOPHBIX IIOPOJAX H30TONOB YypaHa, TOpUs, Kalusi W JAPYTHX
paZlOaKTUBHBIX AJIEMEHTOB, U TEIUIO, OOYCIOBIEHHOE Pa3IMYHbIMU MPOLIECCAMHU,
OPOTEKIOIMMU B 3emiie (TpaBUTaLMOHHOW auddepeHnranyuen, IUIaBIeHUEM,
XUMUYECKMMH  pEaKkUMsIMU C  BBUICJIIEHHEM WM  IOTJIOIIEHHEM  TEIUIa,
neopmanmeit 3a cu€tr npwiIMBOB Boja mon aeWictBueM Jlynwel, ConHia u
HEKOTOpBIMU ApyrumMu) [204].

[Tomyyennoe omnupuyeckoe ypaBHeHue (5.9) moaTBepkKmaeT, UTO
BHYTPEHHEE TEIJIOBOE I0JI€ 3EMJIM OTJIMYAETCS BBICOKUM IOCTOSIHCTBOM M PacTET
c rinyOuHoil. OHO He OKa3blBae€T BIUSHUS Ha TEMIEpaTypy BOJM3M 3E€MHOI
MIOBEPXHOCTH.

N3 ypaBuenus (5.9) ciaenyet, uro Ha kaxabie 100 M rimyOuHBI TemmepaTypa
B 3eMHO# Kope, B cpeiHeM, ysennuusaetcst Ha 1°C. ITpy yBeIHMUeHHH KOTHYECTBa
NIbE30METPOB B TIpYIIE JUIsl BBIYUCICHHUSA, CpPEAHEE TOJO0BOE paclpeieleHue
TeMrepaTtypbl U ypaBHeHwe (5.9) Oosee TOYHO ONKCHIBAET HApaCTaHUE

TeMIIepaTyphl MO IIIyOuHE.
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C uenpl0 MOJATBEPXKACHUS BHIBEACHHOM 3aKOHOMEPHOCTU pacIpeneseHus
TeMIlepaTypbl MO TJIyOMHE, B OCHOBaHMU IUIOTHHBI PoryHckoit ['DC Obutn
oOpaboTanbl JaHHble [J1aBHOTO ympaBieHus reojiorud mpu IlpaButenbcTBe
PecniyOnuku  Ta/pKMKUMCTAH 1O pacHpeesieHuI0 TeMIepaTypbl MO Tpymmnam

HaOJII0/1aTeNIbHBIX CKBAXKUH Ha TeppuTopun TapkukucTana (Tadmauma 5.2).

Tabauua 5.2. - Pacnipenenenue remmneparypsl 1o rpynnamM HaOJIr0aTeIbHBIX CKBOKUH Ha
Tepputopun TaKUKUCTaHa Mo JaHHBIM [ TaBHOTO yrpaiienus reosioruu npu [IpaButenbcTBe

PecniyOmmku Tamkukucran

Ne xagactpa/ MectoHaxox1eHue Bpewms Temneparypa, | ['myOuna,
aBropckuid Ne | 10 palioHam ¥ ropojam U3MEPEHUS °C M
TEMIEPATYPhI

278/440° JTxanonuauan banxu 26.03.1965 18 176
326/5 TypcyH3zona 01.03.1964 15 193
329/8 TypcyH3ona 03.12.1964 15 150
13/20 HcrapaBman 04.10.1968 12,3 245
17/19 VcrapaBman 18.05.1968 14 195
23/14 Hcrapasman 26.10.1968 13,5 167
40/26 Hcrapasman 28.02.1968 13,2 352
45/29 VcrapaBiian 20.11.1968 11,2 220
13/25 JleBamtuy 18.08.1968 15,2 202
49/10 JeBamTug 19.05.1969 13,2 200
50/27 JeBamtuy 13.09.1968 20 260
118/60 ['uccap 23.09.1961 38 1961
119/2 ['uccap 15.10.1956 36 1825
121/89 Pynaku 30.05.1965 24,5 2437
123/81 Pymaku 08.01.1962 37 1437
124/82 Pynaku 01.06.1961 29 508
145/220 Baxnar 12.08.1963 22 320
146/170 Baxngar 22.12.1964 35,5 1320
149/10 Baxnar 27.04.1961 14 293
154/354 SBan 31.07.1958 12 151
169/1 SBan 24.04.1968 18 300
231/335 Janrapa 17.03.1958 19 196
232/261 Jlanrapa 19.03.1958 18 300

Ha ocnHoBanum 3Hauenuii muororogoBoro (1958-1969rr.) pacnpenenenus
TeMrepaTypbl IO TpynnaMm HaOJII0JaTebHBIX CKBAKHH Ha TEPPUTOPUHU
TamxukUcTaHa BBIBEACHBI CPEIHE - MHOTOIOJIOBBIC 3HAYEHUS PETHOHAIBLHOIO
pacmpeniesieHdss TeMmIepaTypbl U SMIMUPUYECKOE YpPaBHEHHE PETHOHAIBHOIO
pacnipeneneHus Ttemmneparyp. ['paduk cpegHe - MHOTOroJIoOBOro 3HAYECHHS

PErMOHANILHOTO pachpeeeHusl TEMIIEpaTyphl IPUBEJIEH HA PUCYHKE 5.7.
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[Ipu 00paboTke MaTepuajgoB TMOJYYCHO OJMIUPUYECKOE YpPaBHECHHE

PErMOHANIBHOTO PACIpPENEICHUs TeMIepaTypbl 3€MHOM KOpbl Ta/KMKUCTaHa
(5.10).

Y =0,0103X + 14,115 (5.10)
PacnpepeneHue Temnepatyp no rmybmnHe 3eMHOM KOPbI
TapMMKMUCTaHA

Y a5
E 40
= ¢
g 35 o *
E 30
3 L 2

25 <+

Py y=0,0103x+ 14,115
F. 9

20 ’v R*=0,6391

15 {

10

5

0

0 500 1000 1500 2000 2500 3000
rnybuHa, m

PucyHnoxk 5.7. - PernonansHoe MHOIOrofi0BO€ pacipeeaeHue TeMnepaTrypsl 1o

ri1youHe 3eMHOM Kopbl TapkuKkucTana

Pe3ynbTaThl MccaeAOBaHUN MOKA3bIBAIOT HA OUYEHb OJIM3KHE U WUJICHTUYHBIC
cootHotienus (5.9 u 5.10) Mex 1y 3aKOHOMEPHOCTBIO pacIpeiesieHus TeEMIEPaTyp
B OCHOBaHMM TIUIOTHHBI PoryHckoii ['DC W 3aKOHOMEPHBIM PETrHOHAIBHBIM
pacnpeaeneHueM TeMnepaTyp B 36eMHOM Kope TaKUKrUCTaHa.

VYpaBuenue ornuyaerca (5.9) ot ypaBaenus (5.10) ¢ pazHuuei B 1°C, uro
CBSI3aHHO C PACIOJIOKEHUEM MbhE30METPUUECKUX CKBAXKUH BOJIM3M peku Baxi,
KOTOPOE MOKET CIY>KUTh JOTOJHUTEIHbHBIM UCTOUHHKOM TEILJIONEpPEeHOCa.

HaGnronenust 3a M3MEHEHHEM TEMIIEpaTypbl BOJABI B MHE30METPUYECKUX
CKBQXMHAX OCHOBAHUS IUIOTUHBI TIO3BOJISIET KOHTPOJUPOBATH HW3MEHEHUS
TEMIIEPATypHOTO TOJs, B TIyOWHE, OMM3KOM K TeMIepaType TEIUIOHOCHUTENS
(IBMKEHUE TMOA3EMHBIX BOJ|) MNpPpH HM3MEHEHUU THAPOCTATUYECKOrO Harmopa B

BOJOXPAHWIUILE U ONpeneauTh K0O3hGOUIUEHT GUIbTPALMU ¢ HAXOXKIACHUEM ITyTH
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cocpenoToueHHON QuiubTpanuu. Yem Oonblie rIyOrMHA U3MEHEHUS TEMIEPaTyphl
OJIM3KOM K TeMIlepaType TEIUIOHOCUTENS 3a €AMHHILY BPEMEHH, CBSI3aHHON C
HOBBILIEHUEM THIPOCTATUYECKOTO HAIlOpa, TEM CUJIbHEE (PUIbTpaLus.

TemnepaTypHblil peKMM FPYHTOBBIX IUIOTHH 3aBUCUT OT UX KOHCTPYKIMH U
KJIMMATUYECKHUX YCIIOBUM: TEMIIEpaTypbl BO3/1yXa U BOJIbI, KOJIMYECTBA COJIHEUHOMN
paaManuy, TEIUIOBOTO  COCTOSIHMS ~ OCHOBAaHUS UM TEIUIOBOTO  peXHUMa
Bogoxpanwmma [208]. TemneparypHblid pe>XHUM OCHOBaHUSA IJIOTUHBI 3aBUCHUT OT
TEIUIOBOTO COCTOSIHMSI OCHOBAaHMsSI M TEIUIOBOTO peXUMa BOJOXPaHWJIUIIA.
BimsiHue TemmepaTypbsl BO3lyXa M COJHEYHOW paavalyMyd Ha OCHOBAaHUE
BBICOKOHAIOPHOM MJIOTUHBI UCKITFOYEHO.

N3yuenue punpTpanuu BoAbl B IPYHTAX, PA3JIMYHBIX IOPUCTHIX MAaTEPHUAJIOB
U CKaJIbHOE OCHOBAaHHWE BBICOKOHAMOPHBIX IUIOTHH MPEACTABIAECT OOJIBIION
IPAKTUYECKUA MHTEPEC MpPHU PEIICEHWH MHOTUX HMHXEHEPHBIX 3aJad B 00JIaCTH
TMIPOTEXHUKHU.

Kak wu3BecTHO, CKOpoCTh (uuibTpauuu V TpU JIAMUHAPHOM JIBHXKCHHH

YKUJKOCTH B TIOpaxX IpyHTa noauuHsercs 3akony Japcu [208]
dh
V= kI——ka, (5.11)

dh
rae K — xoaddunment gpunptparnuu, cm/c; | = — < ~ TP/IMEHT HATOpa, TOJT

JEHCTBMEM KOTOPOTO MPOUCXOAMT JBHKEeHUE BoAbl. CKopocTh (uiabTpanuu V
SABJISACTCS OCPEAHEHHON XapaKTEPUCTUKON JBUKEHHUS BOBI.

[TorpemHocTh onpenenenus koddduiuenta GUIbTpaIii TPYHTOB METOOM
TEIUIOBOM BOJIHBI HE mpeBbIaeT 30 %, 4TO 3HAYMTEIBHO MEHBIIE MOTPEIIHOCTEN
onpenenenus kodhpduirenTa GuIbTpaluyd rPYHTOB APYTUMHU METOJIaMU: HAJIMBA,
OTKa4eK, UHIAUKATOpoB u Ap. [209, 213]. Pesynbratel 06paboTku ganHbix mo K.A.
boGkoBy [215] mnoOKa3pIBalOT, YTO BEIUWYMHA MOTPEIIHOCTH OMNpeneNeHus

ko3 dunrerHTa GuUIbTpAIMd METOJIOM TEILJIOBOM BOJIHBI M3MEHSCTCS B MpeIeiax

ot 20 1o 40 %.
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Kak u3BectHo, npumenenue 3akona Japcu (5.11) npu dopmupoBanuu myTH
cocpenoTodeHHoOW  uiapTpanuu  (KaHalbHas  (UIBTpaMs) B  CKAJIbHBIX
TPEIIMHOBATOBBIX TIOPO/IaX OCHOBAHUS BHICOKOHATIOPHOM TIJIOTUHBI, TJ€ JBUKEHUE
bunbTpyromencs BoAbl IPUMET XapakTep TypOyJIECHTHOCTH, HE IPHUEMIIEM.

[IpuMeHeHrne TeEOpUU  TEIJIOMACCONEpPEHOCAa TO3BOJIAET  ONPEICIIUTD
CKOPOCTh (UIBTPALMM MIPU JAMUHAPHOM U TypOYJIEHTHOM XapaKTepe JIBHXKCHMUS
KUAKOCTU. MacconepeHoc B 00sA3aTENbHOM  MOPSIAKE  COMPOBOXKIAETCSA
TEIJIONEPEHOCOM. TeIIonepeHoCc Npu JaMUHAPHOM U TYpOYJIEHTHOM JBUKEHUU
JKUJKOCTH 3aBUCUT OT CKopocTd uiubTpauuu. Yem OoJibllie  CKOPOCTH
bunpTpanyy, TeM OOJIbIIE CKOPOCTh TEIUIONEpEHOCa M TIyOMHA W3MEHEHHS
TEMIIEpaTyphl.

JIBrkeHue QUIbTPAlMOHHBIX BOJI 4Y€pe3 TPYHTHl M CKaJbHbIE, TOPHBIC
IOPOABI  COIPOBOXKIAETCS TEIUIONIEPEHOCOM H3 OKpYyXaromen mnopoasl. Eciu
U3MEPATh TEMIIEPATypy B CTBOJIE IIbE30METPa, HAOIIOJAETCS] MUHUMYM 3HAYEHUS

TeMIIepaTyphl paBHOU TeMIiepaType Terionocutens t(i)=t,, (pucyHox 5.8).

NpaduK MameHeHMA TemnepaTypa sogbl 8 CKB MN-33
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Pucynok 5.8. - I'paduk usmenenus remmneparypsl Boasl B [1-33

HpI/I IMOCTCIICHHOM IIOBBIIICHHWHK HAIlOpa B BOJOXPAHHUIMIIC BO3MOXKHO

IIOABJICHHUE 30HBbI COCp@I[OTO‘-ICHHOﬁ (bHJ'IBTpa]_II/II/I B OCHOBAaHHHU IIJIOTHUHBI,
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TEIUIONEPEHOC YCKOPSIETCS W BCJIEACTBUE OATOrO0 TMPOUCXOAUT CHUKECHHE
TeMIepaTypbl 10 TeMIiieparypsl TeroHocurens t.,. TemnoHocurternem B JTaHHOM
ciiydae siBsieTcst GUIbTpYIoIasicss Boja.

[TpumeHsist TeOpUIO TETJIOMACCONIEPEHOCa U BHIOOP CTBOpa HAOMIOACHHUSA IO
riyOrHEe B OCHOBAHHUH TUIOTUHBI, MOXHO OIpPEAEIUTh KOdPPUIUMEHT HUIbTparuu

CJIEAYIOIIMM 00pa3oMm:

Ahy

Ki ==
AT

(5.12)
rae, Ahy, = h(i + 1) — h(i) — uHTEepBaI BBHIPABHUBAHUS TEMIIEPATYPHI 110
TeMIIepaTypbl TEIUIOHOCUTENS NP IMOBBIMICHUM HAlopa B BOJOXPAHUIIUINEG Ha
BenuuuHy AH;;
AT =T({i+ 1) —T(i) — Bpems, B TeUCHHE KOTOPOTO (HUKCHPYETCS
3HaueHue Ah,y;
{ =1+ N — MHAEKC BBIBEICHUS SMITUPUIECKOTO YPABHEHHSL.
®opmyna (5.12) mo cBoei cyTu, sBIAETCS aHaloroM 3akoHa Jlapcu,
TI03BOJISFOIIAsT BBIYMCIIUTG KOA(D(MUIMEHT (HIBTPAIMM B CKATBHBIX OCHOBAHHMIX
BBICOKOHATIOPHBIX TUIOTHH BO BPEMsI CTPOUTEIILCTBA M AKCILTyaTalluid COOPYKEHHUSL.
JIBmkeHre (UIBTPAMOHHBIX IMOTOKOB M TEIIONEPEHOC B OCHOBAHHH

IJIOTHHBI MOYKHO OIMCATh MOJI0OHBIM ypaBHEHUIO (5.10) crneayronuM oopa3oM:
t(i) =ah(i) + b, (5.13)

rue, t — remneparypa,
h — riyOuHa MUHMMAIBRHOW TeMIepaTypsl pPaBHOW TeMIeparype
TEMJIOHOCUTETI,
a, b — ko3 pUIMEHTHI SMIIMPUIECKOTO YpaBHEHUS,
[Ipy cTyneHYaToM HaNOJHEHHH BOJOXPAaHWJIMINA JI0 BEpXHEH
OTMETKH KOI(DPUIMEHT (UIbTpallid MOXKHO OIpPEACIUTh MO  CIEAYyIoIIeH
dbopmyre:

K= K1 + K2 + ... +Ki, (514)
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rae, Ki - xosbdunument ¢unpTpanmmm Ha KaxAOW CTYNEHU MOBBIIICHUS
HAIopa B BOJIOXPAHUIIHIIIE.

MeToa MOXXHO TTPUMEHHUTH, MPU TIOCTENIEHHON CpabOTKe BOJOXPAHMIIHUINA H
IPOCIIEIUTh YMEHBIICHHE KOdPPUIIMeHTa GUIBTPAIUU. A TakKe, METOA MOXKHO
MPUMEHATh, KOTJIa YPOBEHb BOJIOXPAaHWJIMINA HE H3MEHsAeTcs. B aTom ciyuae
HaOITI0/IeHNE TIO3BOJISIET OMPECIUTh U3MEHEeHHEe KodddummenTta GumpTpanuu npu
IIOCTOSTHHOM ypoBHe Bopoxpanmmiia [20-A, 22-A, 25-A, 27-A, 43-A, 44-A, 81-
Al.

B crmydae mosiBiieHHs myTed COCPEIOTOYEHHOW (UIBTPAlMA B OCHOBAHHH
IUIOTHUHBI, TEIUIONEPEHOC YCKOopsieTcs M 001acTb, B KOTOPOM TeMiiepaTypa
MOHMYKAETCS JIO TEMIICPATYPhl TEIJIOHOCUTEIIS, 3aMETHO yBenuuuBaerces ty,, — t(i).

B ocHOBaHMM TJIOTHHBI MOKHO 1O CTBOPHO OpraHW30BaTh HAOJIOJIECHUS 32
U3MCHCHUEM TEMIIEpaTyphl B BEPTHUKAIBHON IIJIOCKOCTH IO TIIYOWMHE (PHUCYHOK
5.9). TlockonbKy TeMmmepaTypHOE II0J€ B OCHOBAaHWUU IUIOTUHBI SIBIISETCS
CTaOWJIbHBIM, TJI€ BHEIIHME HCTOYHUKU TEIJla HE BIUAIOT Ha €ro M3MEHEHHE,
KpOME TETUIOHOCHUTEINS (BOJa), MOYKHO HAa HECKOJIBKO TOPSIKOB TOYHEE U3MEPHTH

KO3 PULIMEHT PUIbTpaLUU.

2 Pucynok 5.9. - Cxema

1 pa3MCIICHUSA TEMIICPATYPHBIX
3 JaTYHMKOB B OCHOBAHHUH IIJIOTHHBI

(1-ymopHbIe pU3MBI, 2-511pO

IUIOTUHBI, 3-CMOTpOBas rauepes, 4-

POTUBOGUIBTPAIIIOHHAS 3aBeca,
Tle
4 S-TeMriepaTypHbIe JaTYUKH B

nd konuuecTBe 10 wrT., ¢ marom 10 M)

T3

T9

T10
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Ha pucynke 5.9, noka3zana cxema HaOmoaeHui 3a Temmeparypoil mo 10
ToukaM, ¢ maroM 10 m. I[lockonbky mar Mexay Toukamu 10 M, TO 3HaYeHUE
MEXKJy TOYKAaMU OIPEAEIUM OHSMIIMPUYECKUM YPAaBHEHUEM, IPUBEIEHHBIM B
dbopmyroii (5.15)

t(i, j)=ai h(i, j) + b;, (5.15)
rae, aj, bj — K03 OUIMEHTHI SMIMPUICCKOTO YPABHEHUS,
h — rmyOuHa HaOIOICHHS IO CKBAYXKUHE,
t — Tremnieparypa,
I =1+ N — UHICKC BBIBEJACHUS IMIIUPHUYECKOTO YPABHCHHS,
] =1+ 8 — mHIEKC YPOBHS BBIBEICHHS SMIMPUICCKOTO YPABHEHHUSI.

IIo pecatu u3MepseMbIM TOYKaM 3MIMPUYECKOE YPABHEHUE JOCTATOYHO
TOYHO ONMUCBHIBAET HW3MEHEHHE TEeMIepaTyphl B OCHOBAaHUU IUIOTUHBI, U
IPOCJIEKUBAET 30HY (POPMUPOBAHUS COCPEIOTOUEHHON PUIBTPALIUH.

Pemas ypaBHeHue (5.15), MOXHO ONpeAenuTs W MPOCIEAUTh [IIYOUHY

BBIPABHUBAHUSI TEMIIEPATYPHI O TEMIEPATYPBI TEMIIOHOCUTENS 1y,

t(i,j)—b;

l

h(, j) = (5.16)

rae, t(i, j)=tm,
a;, b; — k03 HUITUEHTHI SMIUPUIESCKOTO YPABHEHUS,
h(i, ) — royOwHa BBIpAaBHUBAHHS TEMIIEPATYPhl 10 TEMIIEPATYPHI
TEIJIOHOCUTENA 1.

B TaGmuie 5.3 npuBOaMTCS cXeMa U alrOpUTM TOCIEI0BATEIHHOTO BBIBOIA
IMITUPUYECKOTO YPABHEHUS U €T0 MCIOJIb30BaHHS.

Korma temmneparypa TeruioHocuTens jgocturaer Toukd T1, To mpm
BBIBEJICHUHM OMIIMPUYECKOTO YPaBHEHUS CIEIYIOMEro ypoBHS Todyka 11
UCKITFOUaeTcss. TakuM 00pa3oM, MOCTENCHHOE YBEJIMUYEHHE 30HBI TEMIICPATYPhI
TETUIOHOCHUTENSl HakphiBaromee Touky T1 mo Ttoukm T8, mociemoBaTenbHO
TEMIIEpaTypPHbIC TOYKH TIPU BBIBCICHUM YPAaBHECHHUS CICIYIONMIETO YPOBHS

HCKIIIOYarOTC .
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Taoauna 5.3. - AIropuT™ Mocaea0BaTeIbHOTO BHIBOIA AMIIMPUYECKOTO YPABHEHUS

1 €ro UCII0Jb30BaHUA

Ne KonuuectBo | OMnupuueckue Pemenne Ahy mpu T+ 1) =T ()
/T | TOYEK YpaBHEHUSA

1 | TI=TI10 t(i, )=ai h(i, 1) + bi | n(i,1)= % h(i+1,1)- h(i,1)

2 | T2+T10 t(i, 2)=ai h(i, 2) + bi | n(i.2)= % h(i+1,2)- h(i.2)

3 [TTI0 [t 37 3) +bi [ 3= T22 [h(i+1.3)-h(i.3)

4 | T4+T10 t(i, 4)=ai h(i, 4) + bi | n(j.4)= % h(i+1,4)- h(i,4)

5 | T5+T10 t(i, 5)=ai h(i, 5) + bi | h(i5)= t(li—)l_bl h(i+1,5)- h(i,5)

6 |T6+T10 (i, 6)=ai h(i, 6) + bi | (i ,6)= @ h(i+1,6)- h(i,6)

7 | T7+T10 t(i, 7)=ai h(i, 7) + bi | h(i,7)= t(‘z—)l‘bl h(i+1,7)- h(i,7)

8 |T8:TI0 16, 8)=an(,8)+bi | p(jg)= L2 [ h(i+18)- h(i8)

5.2. TeopeTnueckne U NPAKTHYECKHE OCHOBBI M3MEHEHUS
TUIPOre0OXMMHUYECKON 0COOEHHOCTH B OCHOBAHHMHU BBICOKOHANOPHOM

INJIOTHHBI

5.2.1. AHaaM3 ¥ OLIEHKA re0JIOTHYeCKUX U TMIPOre0XuMHYECKHUX YCJIOBHH B

30HEC 3aJjiecraHud 1mjiacra CoJanu

[TIpouecc npoextrpoBanHust u crpoutenbcTBa Porynckon ['DC, nzHayanbHO
CBOIWJICS K BBIOOPY CTBOpa €€ IUIOTHHBI. YCTAHOBJICHHE CTBOpA IUIOTHUHBI
NpEeONPEICUIO HAavyallo MAacIITaOHBIX U3BICKAHUM W UCCJICAOBAHUM 30HBI
CTPOUTENIbCTBA IUIOTHHBI, BKJIO4Yass OHaxXmICkuii pa3ioM, XapaKTEepHBIN
HAJMYMEM BBIXOJa COJICBOTO IiacTa. PexuMHble HAOMIOEHUS 3a YPOBHEM
MOA3EMHBIX BOJl U UX XMMHU3MOM B H3BICKATEIbHBIX CKBaxuHax (pucyHku 5.10,

5.11 u 5.12) npousBoaunuce ¢ 1968 o 1977 roast [216, 30-A].
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Pucynok 5.10. - Cxema pacrnoiioxeHus

ckBaxkuH (Macmrrad 1:10000)

3epKano cpyHmoevix 600 umeem yYKaoH X pycny [217] pexun Baxm u
W3MEHSETCS B 3aBUCHMOCTH OT KOJHMYECTBA BBINAJAIOIINX OCAJKOB C OTCTaBaHHUEM,
OT HECKOJIBKUX YaCOB JI0 OJHUX CYTOK Makcumyma YI'B oT Mmakcumyma ocasikoB, B

3aBUCUMOCTH OT YAAJICHHOCTHU Ha6JIIOI[aeMOI>'I CKBa’KUHBI OT PCKH.

A-A B-B

B
A A B
1050 Cka.1071 Cka.1081 Cka.1071
‘ ['xaiIU(Jﬁ
504 3 h%""‘ . SOs

850

800

750

Pucynok 5.11. - Pactipesienienre ypoBHSI MUHEpATH3aIUN TTOA3EMHBIX BOJI

(macmrrab 1:5000)
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Pucynok 5.12. - Pacnipeenenue ypoBHS MUHEpaIU3allUU MOI36MHBIX BOJ

(macrad 1:5000)

YpoBeHb TOA3EMHBIX BOJ BCKphIBaeTcs Ha otMeTkax 1008 - 1010 M, Bcemu
CKBOKMHAMH BHCSUYET0 KpbUla MOHAXIICKOTO pasjioMa Ha MpaBOM OEpery pekd
Baxmi. [Ipu mpoxokIeHHH CKBOKHWH 4Yepe3 30HY Pa3yIUIOTHEHHBIX apTHUIUIATOB,
XapaKTEPU3yeMBbIX OOJIBIION BOJOMPOHUIIAEMOCTHIO, YPOBEHBb ITOA3EMHBIX BOJI
pe3Ko Tmajaj 10 OTMETOK, OJM3KUX K ype3y Boasl p. Baxmr (980 - 981m.).

B ckBaxnHax, BCKpHIBAIOIIUX COJIb HA IryOuHe Oojiee 10 M OT ee Bepxa
(ckB. 1004, 1004°, 1003°, 1006), MOBEpPXHOCTb YPOBHS IOA3EMHBIX BOJ
yCTaHaBJIMBAETCS HEMHOTHM BBIIIIE€ YPOBHS BOJIBI B p. Baxi.

B mporiecce OypeHust BCyXyr0 MO COJIM MTOCTENEHHOE CHIKEHUE YPOBHS 10
rryouHsl 132 M. Habmroganock u o ckBaxkuHe 1028. B TeueHune mecsia noguaTvs
ypoBHsI He ObL10. [TyTem HanmuBa ypoBeHb OBBICHIM Ha 31,5M. 3a mocnemyromnuit
rojJ HaOJIOJCHUS OH IMOBBICHICS Ha 6 M., T. €. B cpeaHeM 1o 0,3 m/MmecsIl, 9To
CBUJIETEIHCTBYET O BECbMa HU3KOW BOJAOIPOHUIIAEMOCTH TTOPO/I.

[IpuBeneHHbIC BBIIIE PE3YNHTATHl PEKUMHBIX HAONIOJACHHUM IMO3BOJSIOT

COCTaBUTH clicayromiec MNpCACTAaBJICHHUC O THAPOTICOJIOTHUYCCKUX YCIOBHAX 30HBI

HNonaxuickoro pazmoma.
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B mpaBom 6opTy, B 30He MOHAXIICKOTO pa3yioMa, BCIEICTBHE CIOKHOCTH
€ro TEKTOHMYECKOTO CTPOCHHUS W PA3HOPOJHOCTH (DHIIBTPAITMOHHBIX CBOWMCTB
nopoj, PUKCUPYIOTCSL pa3UYHbIe YPOBHH MOJ3EMHBIX BOJ B BUCSUYEM U JIekKAYEM
KpbUIbsIX pasznoMa. [lpucyTcTBUE OpeKUYMPpPOBAHHOM PpPa3yIUIOTHEHHOW MOPOJBI,
oOnafaronieil MOBBIIEHHBIMU (UIBTPALIMOHHBIMUA CBOMCTBAMH 1O CPABHEHHUIO C
OCTAJIbHBIMU TOPOJIaMU  TEKTOHMYECKOW JIMH3bI, 00yciaBiIuBaeT Oojee HU3KOE
MOJIOKEHUE YPOBHS MOJI3EMHBIX BOJ Hal Hel [2-Al.

Jpenupytoiee BO3EUCTBHE PA3YIJIOTHEHHOW OpEeKYMH B 3HAYUTEIBHOU
CTEMICHHbI CKA3bIBACTCS B JIEKAYEM KpbUIE pasjioMa U MPOSBISETCS C HUBKUX
oTMeTOK ypoBHEH oT 993 M (ckB. 1070) u 986,6 M (ckB. 1069). B Bucsiuem KkpbLie
oTMevaroTcs Hanboisiee Beicokne ypoHu 1008-1012 M (ckB. 1003, 10037 1004,
1004?, 1004°, 1028,1029). CnenoBarensHo, Ha (hoHE OOIIETO MOTOKA MOI3EMHBIX
BOJI, HampaBJieHHOTO K p. Baxu, mo 3oHe Monaxiickoro pasioma QuKcUpyercs
MOHMKEHHUE YPOBHSI, CBA3aHHOE C JPCHHUPYIOIIMM JCHCTBUEM pPa3yINIOTHEHHOU
30HBI HaJCBOJOBOM YaCTH COJIH.

XUMHUYECKHI COCTaB MOJ3EMHBIX BOJ B JIETIPECCHM BIOJIb pa3jioMa
cBoeoOpa3zeH. OcOOEHHO ATO KacaeTcs BEPXHEW 4acTH BOJOHOCHOTO TOPU30HTA JI0
OTMETOK IpuMepHO 950 - 960 M (Bepx coun).

OtMmeueHa TeHJEHIUS K TTOBBIIICHUIO BEIMYUHBI OOIIEH MUHEpATU3alluU 110
psany ckBaxkun 1003, 1004, 1029, T.e. npu yaaneHuu OT PEKH.

BOnusu peku, B BepxHEH COPOKAMETPOBOM TOJIIE BOJOHOCHOTO
TOPU30HTA PACIPOCTPAHEHBI BOJbI, B OCHOBHOM, CYJIb()aTHOIO HATPUEBOTO WJIU
KaJIBIIUEBOTO0 cocTaBa ¢ MUHepaynm3auuet 3 - 5 r/n ( ckB. 1005, 1070). ITo mepe
yIaJleHus OT PEKH Ha ATUX XK€ TIyOMHaX OTMeYaeTcs CyJb(aTHO-XJIOPUIHBIC
HaTpueBble BOJbI ¢ MuHepaym3auuer ot 3 mo 18 r/m (ckB. 1004). Kpome
MOBBIIIICHHON 0O0IIel MHUHEpalnu3allid CKBAa)KMHOW BCKPBIBAIOTCS BOIBI C PE3KO
BO3POCIIINM COJiep>kaHueM cynbdaT-uona. Ero konnenrparus 2,0 - 2,5 pasa Bblie,
yeM B ckB. 1003 u cocraBiasier 80 - 160 mr/axe (3,9 - 8,1 r/;m). CkBaxxkuHa
nepecekaer pazioM 70 M, BUAMMO, MOJNUTHIBAETCS MOABOAHBIMU IO HEMY

CyJIb(aTHBIMU BOJAMHU.
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Haneme oT pekw, Ha ydacTke ckBaxuH 1069 - 1029, oOmas
MUHEpaIu3alys BO3pacTaeT He3HAUUTENIbHO U Kojebnerca B npenenax 8,0 - 20,0
/1, OJTHAKO BOJa MpHoOpeTaeT XJIOPUIHO-CYIbhaTHBIM HaTpueBblil (CkB. 1029) u
XJIOPUHO- HaTpueBbIk (CkB. 1069) Tun Boabl. 3/1eCh HE TPOUCXOTUT OOOTaIIEHHE
MOHAMH XJIOpa, a XJIOPUJIHBIN THUIl TMOSBISETCS 33 CUET CHUDKEHHUS COJEp KaHMS
cyJbdaT noHa.

PaccmarpuBas paspe3st uepe3 ckBaxunbl 1071-1081 u 1071-1006,
OoTMEuYaeM, 4YTO B TIpaBoOepexHOi ckBaxkuHe 1071 oTMeTKa MOCTOSTHHOTO
CYILIECTBOBAHMS XJIOPUIHO - HATPUEBBIX BOJ pacroioxeHa Ha 30 M BbllIe, YEM Ha
neBobepexbe B ckB. 1081 u 1006. Mmest rpaHuIly XJIOpUAHO- HATPUEBBIX BOJ HA
0oJee BHICOKHX OTMeTKaX, (0k0Jsi0 980 M abc. OTM.) €CTh OCHOBAHHE MOJaraTh, 4To
Ha IpaBoOEPEkKbE CYIIECTBYET UICTOYHUK — MOCTABIIMK TAKOTO TUIA BOJ.

Haubonee BEpOATHBIM HMCTOYHUKOM BBICOKOMHHEPAIU30BAHHBIX BOJ
XJIOPUJHO-HATPUEBBIX  SBIAIOTCA ~ MOIIHBIE  TeJla  KaMEHHOW  COJIH,
pacrnoJiararouecs B paiione caa [lacumypaxo.

Bo Bcex ckBakuHax 0€3 MCKIIOYEHHS, B TOpOJaxX IOPhl U HIDKHETO MeTa,
3aUKCUPOBAHBl XJIOPUJHBIE HATPUEBBIE BOJBI, MpaBla, OHM 3aJEral0T Ha
pa3nUYHbIX aOCOMIOTHBIX OTMETKax, U BOIu3u peku ( ckB. 1081, 1003 ) Bbime ux
3aneratoT Oosiee mpecHble, a Ha ydacTke ckB. 1028, 1069 xnopuaHo- HaTpHUEBbIE
BOJIbl HUYEM HE MEePEKPHIBAIOTCS.

B rugpoxumuueckux mnpopuiasix or HMoHaxmickoro pasjiomMa BHH3 110
TEUEHUIO peKH (TpaBoOEpeXbe M JIEBOOEPEKbE), B BUCAUYEM KpbUIE OTMEUYAETCA
MOTPYKEHUE XJIOPUIHO- HATPUEBBIX BOJ [0 MEPE yJalleHUsI OT COJ (PUCYHKHU 4.2
u 4.3).

3nech HAOMIOMAIOTCS KaK IMEPEXOJHbIE OT XJIOPUAHO - HATPUEBBIX K
CyJb(paTHO-XJIOPUAHBIM HATPUEBBIM W CMEIIAHHBIM  XJIOPUIHO-CYJIb(aTHBIM
HaTpueBbIM. Bonbl 007a7al0T JOBOJIBHO pPaBHOMEpPHOM MUHEpaiau3aluend B
npenenax 22 - 30 r/m, B TO BpeMs Kak CyJb()aTHO - HATpUEBBIE BOIBI 00Ja7at0T

MuHepanuzainue 1 - 19 /1. Cxema pacnpocTpaHEHUs] ONUCAHHBIX THUIIOB BOJI
197



BecbMa Ipy00 MOKET ObITh MPEACTAaBICHA B TaKOM BHUJE: XJIOPHIHO-HATPUEBBIC
BOJIbI B MOPO/JIaX, 3aJIEralolMX Ha COJM COTJacHo (fopa, HUKHUN Mel); HaXOASTCs
HIKE T[IOBEPXHOCTH pa3MblBa cojM B mojoce mmpuHod 150 - 200 ™.,
IPOTATMBAIOIIMECS MapajieibHO MOHAXIICKOM pa3iiomMy, Jajee OHU NEpPEXOAST B
cynb(daTHO-KanbleBble BOJbl. CO CTOPOHBI TEKTOHUYECKOT'O KOHTAKTA XJIOPUJTHO-
HaTpUeBash BOJA HAXOIUTCS BBIIIE MOBEPXHOCTH pa3MblBa COJNM (HAa CKBaKMHE
Nel071, mpumepHo Ha 25M.)

Ha xmopunHbeIX BoJax 3ajeraroT MOYTH MOBCEMECTHO Cylb(aTHbIE BOMBI,
JUISL KOTOPBIX OOJAacThl0 MUTAHUS CIYXaT CKJIOHBI AOJUHBI p. Baxmi, a 6azucom
JPEHUPOBAHUS — CaMa peKa.

Ha oOcHOBaHMM  BBIIEU3JIOKEHHOTO, IUIACT  COJM, OTPAaHUYCHHBINA
HMoHaxmIcKuM pa3jioMOM, BMEIIAIOMIMM €ro MOPOJAbl W THUJIPOTr€OIOrHYECKHUE
YCIOBHUSI ~ MOTYT  OBITh ~ OXapaKT€PU30BAHbl  CIEAYIOIIMMH  OCHOBHBIMU
nojoxxkeHusimu [30-Al:

1. ITnact conm, OorpaHUYEHHBIA C OJHOW CTOPOHBI COTJIACHO 3aJIEraloluMU
Ha HEM BEPXHEIOPCKUMH aprHITUTaMU, ¢ APyroi - MOHaxIICKUM pa3ioMoM, IO
KOTOPOMY C COJIbIO KOHTAKTUPYIOT B OCHOBHOM IIOPOJBI BEPXHErO0 MeEJa,
NPOTATMBAETCS B BEPXHUNU M HWKHUN Obed, mepecekasi peKy Mo OCTPhIM YIJIOM C
JIEBOT'O Ha MpaBblii Oeper B pailoHE BEPXOBOU MEPEMbIYKH. DJIEMEHTHI 3ajieraHus
mracta —asuMyT magenust 130 - 140° | yron 75 - 88°.  MoHaxIuckuii pasioM B
IUIAaHE HAa YYAaCTKE PACMOJIOKEHHUS IUIOTUHBI NTapaJIeeH IUIACTy COJM, MMAaJICHUE y
Hero kpyde Ha 8 - 9°, yeM y mIacTa CoiH, MOITOMY MOIIHOCT COIH C TTyOHHOI
YBEIUYHUBAETCS.

2. Conp B mjiacTe MpEJCTaBICHA TaTUTOM, OOBIYHO MEJIKO3EPHHUCTAsl, C
pEAKUMHU ydacTKaMu KpPYIMHO3E€pHUCTOM pa3HocTH. M3 CcHHTreHeThyecKkux
BKJIIFOYEHUI B COJM NPUCYTCTBYET AHTMAPUI W KalbIUT. B comm Takxke
NPUCYTCTBYIOT BKItOYeHUs (~16%) uMermux miacT nopoj, NPUBHECEHHBIX B
COJIb B pe3yjbTaTe ABMIKEHHUS IO TEKTOHMYECKOMY pasiomy. Coyib - MIOTHas
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nmopoga 0e3 TPEmHWH W KaBepH. YUUTHIBAsh CIIOCOOHOCTH COJMU K OBICTpOMY
camM03aJIeUMBaHUIO0 O0pa3yIOLIUMXCsl TPEUIMH B MPUCYTCTBUU paccosioB. Cremyer
CUHMTATh COJb HOPOJIOH MOHOJIUTHOM.

3. Bmemaroniue nopoasl. BepXHEIOPCKUE apriiiIuThl IUIOTHBIE, KPENKUE; B
€CTECTBEHHBIX YCIOBHUSX MOPOJbl y IUIACTa COJM CHJIBHO 3arWIiCOBaHbl IIO
TpeuHaM U 1o Macce. CojaepkaHue rurca B aprujuidrax coctaBisieT 5,5%.
KOHTaKT conu ¢ apruuinTaMy IJIOTHBIN, U3BUIUCTBIA. [Topoasl MUHIOATMAaHCKOM
CBUTBI, UMEIOIINE C COIbI0O TEKTOHMYECKUN KOHTAKT, MIPEACTABICHBI IECYAHUKAMU
C MpociHosiMU  aneBpoJiTOB. [lopoapl CHIIBHO TPEUIMHOBATHI, TPELIUHBI
BBIIIOJIHEHBI [EPETEPTHIM T[JIMHUCTBIM MaTepuasioM. HemocpeacTBeHHO Ha
KOHTAKTE€ C COJbI0, KAK MPABUJIO, 3aJIETA€T TJIMHKA TPEHHS MOIIHOCTBIO OT
HeCKOJbKUX 10 20 - 30cm.

4. Ha moBepXHOCTH 3€MJIM COJIb OTCYTCTBYET - OHa BbILIENOYEHA. Toper
IJ1acTa COJIM WM MOBEPXHOCTh pa3MbIBa HAXOASATCS HUKE YPOBHS IMOJ3EMHBIX BOJI
Ha 25 - 30 m. ITpocTpaHCTBO BBIMBITOM COJIM BBIMOJIHEHO OpEKYMEN, COCTOAILIEH U3
BKJIFOYEHHUI IUIacTa COJM, OOJOMKOB BMEIIAIOIIUX MOPOJ, CIEMEHTUPOBAHHBIX
[JIMHUCTBIM  3arUIICOBAHHBIM MAaTE€pUAIOM. bpekuuss HMeeT O4YeHb IIOTHOE
CIIOKEHUE, 33 MCKIOYEHUEM Yy4YacTKa HEMOCPEICTBEHHO HaJl IOBEPXHOCTHIO
pa3MbIBa COJIM. 3J€Ch HEMOCPEACTBEHHO HaJl MOBEPXHOCTHIO pa3MbiBa COJM Ha
BBICOTY 710 20 M Opekuus pa3yrmioTHEHA. DTO ObLJIO OMPEEICHO MO MOBBIIIEHHOM
cKopocTH OypeHusi, mnpoBajamM OypOBOTO CHapsa, MOBBIIICHHON BEIMYUHE
bunpTpanyy. MOIHOCTH TJIacTa COJIM MO MOBEPXHOCTH pa3mbiBa coctasiseT 0,5 -
12 m. Tlopoapl, Ha y4acTKe pacrpoCTpaHEHUS HEAOYIUIOTHEHHON OPEKYNH CHUIIHLHO
TPEUIMHOBATHI.

5. Kosboumment ¢umpTpanun comn He mpesbimaer 5-10°  wm/cyT.
BoaonpoHniaeMocTs BMEIIAOIINX [TOPOJ] TAK)KE OYEHb HU3KA. BomonoriomeHue,
32 BeCbMa  PEAKMMHM  HMCKIIOYeHUsMH, He  gocturaer 0,01  i/muH.

BononponuriaeMoctb  HEAOYIJIOTHEHHOHW  OpeKYMHM  HEMOCPEICTBEHHO  Hall
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MOBEPXHOCTHIO pa3MbIBa COJIM KOJEONeTcss B IIUPOKUX Tmpenenax. Cnemyet
OTMETHThb, YTO MAaKCHMaJIbHOE 3a()UKCHPOBAHHOE 3HAYEHUE  YJEIBHOIO
BojomnoriomneHuss cocrapisier 10 i/muH. CrefoBarelbHO AAHHYIO BEJIHYUHY
MO>KHO ITPUHUMATh, KaK pacyeTHYIO.

6. T'umporeosoruueckue  yciaoBUSL — pailoHa  OOYCIIOBJIEHBI — MallbIM
KOJIMYECTBOM BbINMaaomux ocagkoB (750 - 820 MM B ron1); KpyTbIMH CKIOHAMU
JIOJIMH, CIIOCOOCTBYIOIITUMHU TTOBEPXHOCTHOMY CTOKY 3HAYHMTEIILHON YacTH (10 85-
90%) BBINAJAIOMIMX OCAJKOB U HU3KOM BOJOIMPOHUIIAEMOCThIO KOPEHHBIX MOPOJI.
JIpeHoli moA3eMHBIX BOJI ydacTka siBisiercs p. Baxm. Kosebanust ypoBHs BOJbI B
peke uMerT aMIuTyay 1o 6 - 7 M. HenoynnaTHeHHass OpeKkudsi B HaJCOJIEBOM
IIPOCTPAHCTBE, MPOTATMBAIOIIAACSA BIOJIb IUIACTA COJM, CYAS IO IPOBOIALIMMCS
HAOJIOICHUSIM, TaKXKe SIBJSETCS APEHON NOI3EMHBIX BOJ.

7. 1lo XMMHUYECKOMY COCTaBY, MOJ3EMHBIE BOABI MOYKHO pa3JeiuTh Ha 3
tuna [2-A, 47-A]:

- cylb(aTHble — KaJIbLIMEBbIE, BCTPEUAIOIINECS JTOBOJBHO PENKO, U TO Y
caMOi TOBEPXHOCTH TMOJ3EMHBIX BOJ, U oOJamaroniue MuHepaitusanuei ot 0,7
(ckxB. 1020) no 4 /7 (cxB. 1003);

- cynb(aTHbIE HATPUEBbIE PACIIPOCTPAHEHHBIE T0BOJIBHO IIUPOKO, IPUUEM B
O5v3u conu, oHu GuKcUpyroTcs 10 Tiyouns 40 — 50 M, a Mo Mepe ynaneHus OT
HEE HWKHSS TPaHULA MTOCTENEHHO Norpykaercs u Ha pacctosiaue 200 — 250 M ot
acTa cold (PUKCUPYIOTCS TOJIBKO Cysb(aTHbIE HATpUEBBIE BOJABI C MHUHEpa-
au3anuen ot 2,5 mo 12 r/m;

- XJIOPUJHBIE HATPUEBBIE BOJIbI PACIIPOCTPAHEHBI HAa y4YacTKax, e pa3BuUTa
KaMeHHas coJib. MIX MUHepanu3anys U3MEHSETCS B OYE€Hb IIMPOKUX NpeAeax oT 2
1o 326 r/n. IlepexogHasi 30Ha MEXAY CyJIb()aTHBIMA HATPUEBBIMU M XJIOPUIHO-
HATPUEBBIMHU BOJaMU (PUKCUPYETCS Ha OTMETKax Bepxa COJH, T.e. okoyio 960 wm.
Kpome TOro mexmy nepBbIM M BTOPBIM, BTOPBIM M TPETBUM THUIIAMHU BOJ
CYILLECTBYIOT CMEILIAHHBIE BOJIbI C OUYEHb MECTPHIM XUMUYECKUM COCTABOM.

8. B mpomecce o0000meHns wmaTepuagoB PEKUMHOTO HAONIOACHUS

OpeabIAyIIuX  JIET  BBISBIEHO  CyIeCTBOBaHHME  OappaxkHoro  3ddexra
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CHJIbHOMHHEPATU30BaHHBIX TMOJ3EMHBIX BOJl TIO O0OOEMM CTOPOHAM COJIEBOTO
IJ1acTa, KOTOPBIM 3aIMIIAET IJIACT COJIM OT pacTBopeHus [186].

Takum 00pa3om, BEICOKOMUHEPATU30BAaHHBIC XJIOPUIHBIC HATPUEBBIC BOIBI,
MPUYPOUYCHHBIE K MEJIOBBIM OTJIOXKEHUsSM (BepxHUU Obed), cyas mo Oojee
BBICOKMM OTMETKaM HMX BepXHEW rpanHuiibl mo ckB. 1071, uMmeror HampaBieHHE
JBH>KCHUSI U3 TIIyOMHBI MaccuBa K macty coyiv. VICTOUHMKOM uX oOpa3oBaHus,
MO-BUJIUMOMY, SBJISIFOTCS.  MOIIHBIE COJICHOCHBIE OTJIOXKEHUS B  palioHe
npaBobOepexHoro npuroka p. Baxm — cas [laccmypaxo.

B nmopopax 1opbl 1 HIXKHETO Mena, T.e. B HUKHEM Obede, pacripocTpaHeHUE
BBICOKOMHHEPAIM30BAHHBIX XJIOPUIHBIX BOJ B BHJE IOJIOCHI, BBITSIHYTON BIIOJb
miacTa COJIM, MOXKET ObITh OOBSICHEHO MHOTMMH MPUYMHAMHU, HO B HACTOSIICe
BpeMsl HU3-3a HEJOCTATOYHOCTH (DAaKTOJOTMYECKOrO0 MaTepuaja YTBEpPXKAaTh O

IMPUOPUTETHBIX (DAKTOpaxX HE MPEACTABISAETCS BOZMOKHBIM.

5.2.2. HatypHble ucciie10BaHUsA U3MEHEHHUs THAPOre0OXHMHUYECKOr0 pexuma
BOKPYT €0JI€BOr0 IJIACTA B 3aBUCMMOCTH OT U3MEHEHUsI YPOBHS BO/bI

B pexe Baxm

IIpu cocraBieHuu mporHo3a (UIBTPALIMOHHOTO PEXHMa B OCHOBAaHUU
COOpY)KEHUI 0c000€ BHHUMAHHE VACIAIOT HCCIEAOBAHUIO B3aMMOJICHCTBUS
(GUIBTPAIIMOHHBIX BOJ M3 BOJOXPAHWJIMINA C TIOJI3EMHBIMH MUHEPAITN30BaHHBIMU
BOJIaMU U C COJICHOCHBIMU MTOPOJIAMH OCHOBAHUSI.

BzaumoperictBue (bUITBTPAIMOHHOTO MOTOKA Cc MOJA3EMHBIMU
MUHEPAJIM30BAHHBIMA  BOJAaMU W COJIEHOCHBIMU  TOPOJaMH  OCHOBAHUU
XapaKTepUu3yeTcsi KOHBEKTUBHO - TU(PPY3UOHHBIM OTKATUEM MHUHEPATU30BaHHBIX
BOJI, COJIETIEPEHOC (PHIIBTPAIIMOHHBIM TIOTOKOM, PACTBOPEHHUEM OTOJIOBKA COJIEBOTO
IJ1aCTa U TPABUTALIMOHHONW KOHBEKIUU (TIEPEOTIIONKEHUE) CONEBOIM COCTABIISIOIIUIA.

PacTBOpeHUE CONEHOCHBIX MTOPOJT MOXKET MHTEHCU(DUIIMPOBATHLCS MPOIECCOM

MUTPAIUU PACTBOPEHHBIX COJIEH MOJ AecTBUEM (DPUIBTPallMU-BhIIIETaYUBAHUEM.
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[Ipouecc BbIIIEIaYUBAHUS  CONPOBOXKAAECTCS M3MEHEHHMEM BOJO - WU
PacCOJIONPOHUIIAEMOCTH COJICHOCHOM MOPOIbl, 3aBUCSIINE CIACAYIOMUX (HaKTOPOB:

— HWCXOIHBIA MHHEPAJIOTMYECKUH COCTaB M CTPYKTYPHO-TEKCTYypHOE
CJIOKEHHUE TIOPOJ] OCHOBAHUS;

— (PUBUKO - XMMHYECKOE COCTOSTHUE MOJ3EMHBIX BOJI (MUHEpAJIOTHYEeCKUN
COCTaB, IUIOTHOCTb, BA3KOCTb, TEMIEpPATypa, BAJIEHTHOCTh  KaTHOHOB,
KOHIICHTpAIUsI BOJIOPOJAHBIX MOHOB, KO3 uirenT auddy3un coyneir B pacTBOpax
IIOPUCTO-TPEIIMHOBATOMN CPEB);

— CKOPOCTb (DUIIbTpALINH;

— HanpsHDKEHHOE COCTOSIHUE MACCHBA.

JUist pemieHuss 3aiad CBSI3aHHBIE C ONPEIECICHUEM XHMHYECKOIO COCTaBa
MOA3EMHBIX BOJI, B 30HE coJieBOro miacta Porynckoit '9C, B peaibHOM MaciiTade
BpEMEHH, ObUIa MPUMEHEH KOHAYKTOMETPUUYECKUNA METOJI U 30H1-KOHIYKTOMETPBI
«NELT» u «KKAJIbBMAP» [3-A — 5-A, 49-A — 53-A].

Crnengyer OTMETUTh, UYTO BBIIIEHA3BAHHBIE MPUOOPHI IKCILUTYaTUPOBAIUCH B
IIbE30METPUUYECKON CETH OCHOBaHUS IIIOTUHBI PoryHckoit I'OC.

CxeMa pacrosoKeHus: Nbe30METPUUYECKUX CKBAXKUH NPUBEICHA HA PUCYHKE
5.3.

K 3agadam 3TuX HcclieOBaHUN OTHECEHBI:

- aHAJIM3 BIUSHUS KoJieOaHWM ypOBHS BOJbI B peke Baxiu, Ha u3MeHeHHe
YPOBHSI MUHEPAIIU3ALMH ITOA3EMHBIX BOJI B Ib€30METPUUYECKUX CKBAKUHAX;

- U3y4YeHHE THUJPOXMMHUYECKOW OOCTAaHOBKM TMOJ3EMHBIX BOJ Ha
JgeBoOepekHOM ydacTke HoHaxmickoro pasjioma [0 TEpEeKphITUS pycia peKd
Baxm (B €CTECTBEHHBIX yCIIOBHSIX).

B Hos16pe - nexadbpe 2011 roga ObUTH TPOBEACHBI JIBa ITUKJIA W3MEPEHUM.
W3mepennsi MUHEpaIu3aldd NPOBENEHBI B 16 MbE30METPUUYECKHX CKBAKHHAX,
yepe3 Kaxapiii 1 metp rmyounsl (IIpun. 2). UccneqoBanust ObUTH MPOIOKEHBI B
2013 mo 2015 rony.
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[To pe3ynpTaTaM aHanaM3a BHITIOJHEHHBIX PA0OT, BBISBICHO, YTO N3MECHCHHUSI
MUHEpaIN3allii TIOJI3EMHBIX BOJ B CKBAKMHAX 3a IUIACTOM COJHM W OJM3KHE K
1acTy He mpoucxojsaT (pucyHku 5.13 — 5.14). Ora cBsizaHo ¢ popMUpPOBAHUEM

TUAPOCTATUYICCKOI'O AABJICHUA JAJIbIIC OT IJIaCTa COJIN.

FpadmK M3MEHEHMA MUHEPANWU3aLMK BOAbI C rYBMHOR B Nbe3oMeTPpHUIeCKOH chBaxune M-36
E/:" ——22,11,2011 —W—27,12,2011
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Pucynoxk 5.13. - I'padux u3smeHeHus: MUHEpaau3aluu B nbezomerpe 11-36
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Pucynok 5.14. - 'padgux u3smMeHeHus: MUHEpaIu3aluu B mbe3omeTpe 11-36
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[Tomy4yeHHBIE PE3yNbTATHI, MO3BOJUIN YCTAHOBUThH, YTO TaK KaK COJIEBOM
TJIACT SIBJSIETCS BOJOYIOPHBIM AJIEMEHTOM, TO BBINIE IUIACTA MO TEUYCHUIO PEKHU
dbopmupyeTcsi TUIPOCTATUYECKOE JaBJICHHUE, TMPUBOJSIIECE K H3MEHEHHUIO
MUHEPATN30BaHHBIX MOA3EMHBIX BOJI IO TIOMIATN U TI0 BEPTUKAIN B 3aBUCUMOCTH
OT KojiebaHus ypoBHS Bojabl B peke Baxm (tabmn. 5.3 — 5.4). HMccnenoBanus
MOKa3aJiv, YTO NMpU MOHWKEHUU YPOBHS BoAbl B peke Baxm Ha 0,26 - 0.40 M,

MUHCpAJIM3alnA IIOA3CMHBIX BOA B IIbE30MCTPAX YBCIIMYMNBACTCA B IIPEACIIAX OT 16

mo 130 r/m [66-A].

Ta6auna 5.3. - Texunyeckue XapakTEPUCTUKU MTbE3OMETPUUECKUX CKBAKHH

No cxa- ['myOuna AGc. oT™. OtM. m3mep-s
CKBayKMHBI, YCT.CKB., MUHEp-H,
JKHHBI
M M M
I1-26 31 1004.78 963.78
I1—27 35 1005.62 970.62
I1-29 41 999.21 958.21
I1- 29° 40 999.78 959.78
IT-30 45 998.08 953.08
Im-31 44 998.12 954.12
Im-31° 46 998.82 952.82
IT- 32 48 999.12 951.12
IT-33 38 996.14 958.14

Tab6aunna 5.4. - ConocraBieHusi U3MEHEHHUs] MUHEpAJIU3alluK BOJbI B TbE30METPAX OT

KoJieOaHus YPOBHA BOJBI B PCKE Baxm

Ne cka- YpoBeHb MUHEpAIH- OTM. ypoB. BOJBI Pa3zaunna Pa3zauna

— 3auuu C, r/n B peke Baxui,m MUHEpaIN- | OTMETOK

18-21. 27-28. 18-21. 27-28. 3a1un YpOBHS

11.2011 12.2011 11.2011 12.2011 AC,r/n peKu, M
IT- 26 225 310 986.92 986.64 +85 -0.28
IT—27 205 310 986.92 986.64 +105 -0.28
IT-29 130 175 986.92 986.66 +45 -0.26
I1-29° 200 315 987.06 986.66 +115 -0.40
IT-30 180 310 987.06 986.66 +130 -0.40
I1-31 180 310 987.06 986.66 +130 -0.40
Im-31° 150 210 987.06 986.66 +60 -0.40
IT-32 210 310 986.94 986.66 +100 -0.28
IT-33 38 o4 987.06 986.66 +16 -0.40

B kauecTBe npuMepa nmpoaHaIM3UpyeM U3MEHEHUs YPOBHSI MUHEpAU3aIun
HOA3EMHBIX BOJ B mbezomerpe Ne 29  (pucynok 5.15). B rpaduke ykazana

204




MIyOMHA PacIoJIOKEHUsT orojioBka comm Ha myomHe 39 M (/). B usmepenmsx
npoBeneHHbIX B HOsi0pe 2011 r. rpanuma MeXay HPECHbIMH U TOA3EMHBIMU
MUHEPATN30BaHHBIMU BOJaMH ompezaeneHo Ha riayoune 24 m (C), a B gexaOpe

2011 r. nomauMaeTtcs Ha Tryouny 20 M.

MpaduK U3MEHEHUA MUHEpPanK3aLMK Boabl € ryBMHOKW B Nbe30METPUYECKOM CKBaKKHe [1-29a
r/n
——19,11,2011 —@—28,12,2011
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Pucynok 5.15. - I'padvik M3MeHeHMs1 MUHEPAIU3aluK B ibesomerpe [1-29

PesynbTarhl TPOBEACHHBIX HCCICIOBAHUN B MHE30METPUUYECKOM CETH
ocHOBaHMs Oyaymed totuHbl PoryHckoir ['DC 3a TUIpOreoXMMHYECKOM
PEKHMMOM JOKa3bIBAIOT, UTO B 00OUX LMKJIAX U3MEPEHUM, MPOBEICHHBIX B HOSIOpE
2011 roga no rmyounsl 6onbine 40 meTpoB u B nekadpe 2011 roga no rimyounst 40
MeTtpoB (B), mpoucXoaAT H3MEHEHUs CTENEHW MUHEpaIu3alui TOA3EMHBIX
MUHEPAIN30BAHHBIX BOJI.

UccnenoBanusi TMOKa3bIBAIOT: B HM3MEPEHUSX HOSOpS Mecsia WHTepBal
W3MEHEHHS CTETICHH MUHEpaIu3alys Moa3eMHbIX BoJ (A-b) coctaBmnser Oosblie
20 MeTpoB U MaKCHMaJIbHOE 3HAUCHUE MUHEpaIH3auy noBeimaetcs 10 200 r/11; B
U3MEPCHUSIX JeKaOpsi HHTEPBA U3MEHEHUS CTETICHU MUHEPAIN3AINK MO3EMHBIX
BoJ (A-Bb) coctaBiger 19 mMeTpoB M MakCUMallbHOE 3HAUYEHUSI MUHEpPAIA3ALUU
noBeImaercs a0 320 r/m; HadanpHOe cMmernienue rpadukoB (A - C) cocrasiser 4
meTpa. M3mepenuss mpoBenE¢HHbIE B JeKaOpe TOKa3bIBalOT, 4YTO YPOBEHB
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MOJ3€MHBIX MUHEpAIN30BaHHBIX BOJ MOJAHUMAETCS, TO €CTh MUHEPAIM30BAHHBIC
BOJIbI BO3BPAILAIOTCS HAa IPEKHUN YPOBEHb.

ITo rpaduky W3MEHEHHWs] CTEMEHH MUHEpaau3aluu B mbe3omerpe I1-29°
HAOIOMAIOTCS CIEAYIOIMNE AaHOMAIWW: TpadUKH OTIUYAIOTCS OTHOCHTEIIBHBIM
HayvaJbHBIM CMelleHreM; o0a rpaduka He SBISIOTCS CUMMETPUYHBIM CMEIICHHEM
JIpyr OTHOCUTENIBHO Jipyra; B 000uUX Trpadukax CTENEeHH MHUHEpaIU3alun
U3MEHSIOTCS  CXOXXHMHM  HEJIMHEHHO-CTYNEHUYaThIMH  HapacTaHUSIMH [0

MaKCHUMAJIbHBIX 3HAUCHUH.

5.2.3. MOHUTOPHHI ONPECHEHUSI, OTKATHS NMOA3eMHbIX MUHEPAJIN30BAHHBIX

BOA U IOSABJICHHEM FH}IpOHaHOPHO-OCMOTquCKOﬁ 3aBeChbl

N3meHenne MUHEpaTU3aiy MOI3€MHBIX BOJ B 3aBUCUMOCTH OT H3MCHCHUS
MbE30METPUYECKOTO YPOBHS PAacCCMOTPUM Ha TMPHUMEPE MbE30METPUUECKON
ckBakuubl 11-29% 3a 2013 u 2014 r.r. (pucysku 5.16 u 5.17). Y3 npuBeneHHBIX
rpauKOB BUIHO, YTO TIPH TIOJIOKUTEIBHOM W3MECHCHHH THAPABINICCKOTO
rpagvueHTa MPOUCXOJAUT ONMPECHEHUE MOA3EMHBIX MUHEPAIM30BAaHHBIX BOJ, a TIPH
OTPHUIIATETFHOM W3MEHEHUH THIPABIMYECKOTO TPAaTUEHTa MPOUCXOIUT OTKATHE

MUWHCPAJIN30BaHHBIX BO.

MpadMK OTHATUA MMUHEPaANM30BaHHDbIX BOA B Nbe30MeTPUYECKON
cKBaXXuHe I-29a
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Pucynok 5.16. - 'paduk oTxaTrss MUHEPATU30BAHHBIX BOJI B MTHE30METPHUECKOM

ckBaxxune [1-29?
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MuHepanusauua soabl, (r/n)
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[Ipy NOHMXEHUU TUAPOCTATUYECKOrO MABJICHUS MPOUCXOAUT TUIPATALMS
MOJIEKYJ BOJbI B MOHHOM COCTaBE PacTBOpa MHHEPAIM30BAHHBIX BOJ (OTKaTHE

MUHEpalIn30BaHHbIX Box). Ha pucynke 5.18 mpuBeaeHa Mopenb rujpaTarus

Pucynok 5.17. - I'paduk onpecHeHusi MUHEPAJIM30BaHHBIX BOJI B

[bE30METPUUECKOM ckBaxkuHe [1-29°

MOJICKYJ BOJAbBI B HOHHOM COCTaBC paCTBOPpa MUHCPAIIN30BAHHBIX BO/I.

1) — WoH HaTpus

(—) — WoH xnopa

®

/
)
‘.3}

Monekyna soapl
(aunone)

Pucynok 5.18. - ['uaparanus MoneKys BoJbl B HOHHOM

COCTaBe pacTBOpPa MUHEPAIM30BAHHBIX BOJ
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[Ipu NOBBIIEHUU TUAPOCTATHUECKOTO IABICHUS MPOUCXOAUT JETUApATAIIUS
MOJEKYJI BOAbI M3 HMOHHOTO COCTaBa pPacTBOpa MHUHEPAIU30BAHHBIX BOJI
(ompecHenue MuHepanu3oBaHHBIX Bon). Ha pucynke 5.19 mpuBeneHa mojenb
JeTUpaTalus MOJEKYJ BOJIbl B MOHHOM COCTaBE€ pacTBOpa MHUHEPAIU30BAHHBIX

BOJI.

) — WoH Hatpus ® Monekyna Boabl
- Mo xnopa 3 (annons)

Pucynok 5.19. - /lerunparanust MoieKys BOJbI U3 HOHHOTO

COCTaBEC paCcTBOPa MUHCPAJIIN30BAHHLIX BO

['upparanus  MoOJeKyl  BOJAbI B~ HMOHHOM  COCTaBe  pacTBOpa
MUHEpaJIN30BaHHBIX BOJ MPHUBEACT K YMEHBIICHHIO OCMOTHYECKOTO JaBJICHUS
MOI3€MHBIX MUHEPAJIM30BAHHBIX BOJI, & JICTUAPATAIINS MOJICKYJ BOJBI U3 HOHHOTO
cCocTaBa pacTBOpa MHHEPAJIM30BAaHHBIX BOJ TMPHUBEIET K  TOBBIIICHUIO
OCMOTHYECKOro  naBieHus. OcMOTHYECKOEe JaBlieHHE - O3TO  H30BITOYHOE
THAPOCTATHYECKOE JABJICHUE HA PACTBOP, OTACIEHHBIA OT YACTOTO PACTBOPUTENS
MOJIYIPOHUIIAEMO  MEeMOpaHO#, TIpu KOTOpOM mpekpamiaercs auddysus
pacTBopuTelsis uyepe3 MemMOpaHy (ocMoc). DTO JaBJEHHWE CTPEMUTCS YpPaBHSTH
KOHIICHTpAIlMu O00OUX PacCTBOPOB, BCJEACTBHE BCTPEYHOU AUPGY3UH MOJEKYI
PacTBOPEHHOTO BEIIECTBA M PACTBOPHUTEIIS.
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B Hamem  ciaydae, MeXIy ~ MEHEE  MHHEPAJIM30BAHHBIMU U
CUJIbHOMUHEPAIIM30BaHHBIMU TOJ36MHBIMU BOJIaMH TMOSIBJISIETCS 3aBeca, KOTopas
OTIPENICNIACTCS PABHOBECHBIM COOTHOIICHHEM MEXIY THIPOCTATHYCCKUM M
OCMOTHYECKUM JaBJICHUSIMU. B 3aBUCUMOCTH OT BEIMYHUHBI THAPOCTATUYECKOTO
JIaBJICHUE 3aBeca MOXKET M3MCHUTL CBOE IIOJIOJKeHHE. PacrolioskeHne 3aBechl
CITY)KUT rpa”uIen MEXTY MEHEe MHUHEpaJIM30BaHHBIMU "
CHUIbHOMHUHEPATM30BaHHBIMU TI0JI3EMHBIMH BojiamMu [23-A, 24-A, 45-A, 82-A].

CyTb BBISIBIEHHOTO HamH, (PU3UUYECKOTO SIBJICHHS 3aKJII0YAeTCS B TOM, YTO
IpH TOHWKCHWHM YpPOBHSA BOABI B peke Baxm Ha BenmwuuHy —Ahggu,
TUJPOCTATUYECKOE J1aBieHUE P... CTAHOBUTCS MEHBIIIE OCMOTUYECKOTO JaBJICHUS
Py TOA3EMHBIX MHUHEpaIU30BaHHBIX BOJ (P..; < Pocy) U TOTOK MOJEKYJ BOJBI
HaIpaBJISIETCS. B CTOPOHY CHJIBHOMUHEPAIM30BAaHHBIX BOJ (TIPSMOM OCMOC —
OT)KaTHE MHUHEPAJIM30BAaHHBIX BOJ), KOTOPBIA TIPUBEAET K  CHUKEHUIO
KOHIICHTPAIIMH, CMCIIEHUIO PACIONOKEHUS 3aBeChl Ha BEIMYUHY +AN, e, H
IPEKPAIICHUIO MacCoIIepeHoca MOJICKYJT BOJbI [21-A, 23-A, 24-A, 45-A, 82-A].

B ciyuae moBbllieHHs1 YPOBHS BOABI B peke Baxin Ha BenmuduHy +AN,o.
TUAPOCTATUUECKOE JaBieHue P, CTAaHOBUTCS OOJIbIIIE OCMOTUYECKOTO JaBJICHUS
Pocy TTOJI3EMHBIX MUHEPATU30BaHHBIX BOJ (P > Pocy) M MOTOK MOJIEKYJ BOJBI
HaIpaBJIICTCS. B CTOPOHY MEHEEe MHHEPAIM30BAaHHBIX BOJI (0OpaTHBI OCMOC —
ONPECHEHUSI MUHEPATU30BaHHBIX BOJ), KOTOPHIA MPUBOAUT K TMOBBIIICHUIO
KOHIICHTPAIIMH, CMEIICHHIO PaCIOJO0KEHHUS 3aBEChl Ha BEIUYMHY -ANypec, H
MPEKPAICHUI0 MAacCONIEPEHOCa MOJIEKYJT BOIBI.

CooTHomIeHHE THAPOCTATUUYECKOTO W OCMOTHYECKOTO JIaBJICHUH U
dbopMHpOBaHUE 3aBECHI MKy HUIMH MO>KHO OIHUCATh B CICTYIOIIEM BHUJIE:

Prey <Poew -  OTKaTHEe  (CHMIXKEHHME  KOHIICHTPAIMU)  TOJ3€MHBIX
MMHEPaTU30BaHHBIX BOJI,

Prer = Poen - 3aBeca MeXIy MEHEE M CHIIbHOMUHEPAIM30BAHHBIMU BOAAMU
(MaccomepeHoC MOJIEKYJT BOJIbI OTCYTCTBYET),

Piet > Poew - omlpecHeHue (MOBBIIEHHWE KOHIICHTPALMM)  IOJ3EMHBIX

MHHCPAJIN30BaHHLIX BO.
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HOCKOHBKy 3aBCCa IMOSABIEICTCA B PE3YJIbTATC PABHOBECHOI'O COOTHOUICHUA
MCKAY TMAPOCTATUYICCKUM U OCMOTHYCCKHUM HABJICHUAMM, TO €€ MOXHO Ha3BaTh
I‘H,I[pOHaHOpHO'OCMOTH‘IGCKOﬁ 3aBECOM.

5.11

Ha puc. n 5.12 mnokazaHa 4érkas TpaHUIA MEXIYy MEHeEe

MUHCPAJIM30BAHHBIMHU W  CUJIBHOMHUHCPAJIM30BAHHBIMU BOJaMH, HUWMCHOIINMH

TFOPHU30HTAJIBHOC IIOJIOKCHHUEC MW JaJIbIIC, OHO HpI/IO6p€Ta€T BCPTUKAJIBHOC
pacCIIoJIOKCHUEC, TIOATBCPIKAAIOMICC, YTO THAPOHAIIOPHO-OCMOTHYCCKAA 3aBCCa
MCKIAY MCHCC MHHCPAIN30BAHHBIMH W CHIBHOMHHCPAIN30BAHHBIMHU BOJaMHU
MOXET CyHICCTBOBAaTb B TOPHU3O0HTAJIIBHOM,

noyiokeHusX [21-A, 23-A, 24-A, 45-A, 82-A].

BCPTHUKAJIbHOM HW B HAKIOHHOM

IIo pe3yiibTaTaM pPCAIN30BAHHBIX aBTOPOM HCCHGI[OB&HHﬁ, HpOBGI[éHHBIX B

2013-2015 romax, cC [ENbIO BBISBICHUS  (PU3NYECKOM 3aBUCUMOCTH MEXKIY

OIPECHEHUEM IOJI3EMHBIX MUHEPAIN30BaHHBIX BOJ U YPOBHEM
T'HJIPOCTaTUYECKOI0 JAaBieHUs (IIbE30METPUUYECKOTO YPOBHS) IO XapaKTEPHBIM
NIbE30METPaM COCTaBJIeHa Ta0aMIA 5.5 ¥ rpaduK U3MEHEHUS TIIyOUHBI OLIPECHEHUS
MOJI3EMHBIX MUHEPAJIM30BAaHHBIX BOJ OT M3MEHEHHUS YPOBHSI T'MIAPOCTATUYECKOTO

napyieHus: (pucyHok 5.20).

Tab6auna 5.5. - I3MeHnenue rujpocTaTHyecKOro YpoBHsl U IN1yOrHA OTIPECHEHUS
MUHEPAIN30BAHHBIX BOJI B IbE30METPUUECKUX CKBAKMHAX

Ne mpe3omerpa | I'mapocra- I'my6una Ne nbeso- I'mapocra- I'nmy6una
THYECKUI OIpecHe- MeTpa TUYECKHUN OIIpecHe-
YPOBEHb, HUS, ypoBeHb, Ahg,, HU,
Aher, M ANgnpec, M M ANgnpec, M
I1-29° 5,73 4,2 I1-33 4,84 2,18
(05.08.2013- (16.03.2015-
09.12.2013) 16.08.2015)
I1-29° 6,01 5,56 I1-27 0,28 3,12
(07.01.2014- (21.11.2011-
07.08.2014) 27.12.2011)
I1-29° 1,91 4,37 I1-29 0,26 1,98
(07.08.2014- (21.11.2011-
08.12.2014) 28.12.2011)
I1-29° 2,15 4,04 I1-29° 0,4 4,0
(14.01.2015- (19.11.2011-
15.04.2015) 28.12.2011)
I1-31 4,3 1,78 I1-31° 0,4 2,1
(07.06.2013- (19.11.2011-
05.08.2013) 28.12.2011)
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lpPaduK ameHeHUA MyObUHbI ONpPecHeHUA MUWHepaIn30BaHHbIX

s BOJ, OT TMAPOCTaTUYECKOTO YPOBHA
;? 6
I 4
g s
g .
g' 4 & * *
% , Le y=0,1772x+ 2,8673
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E 2o e
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0
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M'MapocTaTMyeckuini ypoBeHb, M

Pucynok 5.20 . - I'paduk n3mMeHeHus riryOMHBI ONTPECHEHHSI MUHEPAIM30BaHHBIX BOJ OT

THAPOCTATUYCCKOI'O YPOBHS

Ha ocHoBanuu IIOJIYUYCHHBIX  PC3YyJIbTATOB BBIBCIACHO CICOYIOIICC

AMIIUPUYECKOE YPABHCHUE

Y =0,1772X + 2,8673. (5.17)

[ToBbIIIEHUE THAPOCTATUYECKOTO J1aBJICHHs (YPOBEHb BepXxHero Obeda) Bemyliee K
YBCIIMYCHUTIO FJIY61/IHI>I OIIPCCHCHUA IIOA3€EMHBIX MHUHCPAJIN30BaHHBIX BO,
CBHUJICTEIILCTBYET 00 OTCYTCTBHU IMyTEH COCPEJOTOYCHHOW (PHUIBTPAIIMKM B OCHOBAHHHU
IIJIOTUHEI.

Pe3ynprarel peasiM30BaHHBIX aBTOPOM MCCIEIOBAHUN HA YYAaCTKE COJIEBOM
3aBeckl Porynckoit I'DC mo3Bonuiu, copMyaupoBaTh CIEAYIONINE BBIBOJBI O
XapakTepe MPOCTPAHCTBEHHOTO PACIPEACICHUS U BPEMEHHBIX BapUalUsAX YPOBHSA
MUHEpaIU3alliy MOA3EMHBIX BOJI B 30HE COJICBOTO IUIACTa U BHIOPAHHOTO METOJa
HUCCJICIOBAHUM:

1. BpemenHble KojeOaHHS YpPOBHS MHUHEPAIH3AIMA HMMEIOT CE30HHBIN
xapakTep. MakcuMallbHbIe 3HAa4YeHUs OOIeH MHUHEpalu3alui HaOII0JaloTCS B
3UMHHUI TIEPHOJl, & MUHUMAJIbHBIE - B JIETHUH. DTO CBSI3aHO C YMEHBIICHUEM
YPOBHSI BOJIbI B peke BaxIl B 3MMHUI NEPUOA U MTOBBILIEHUEM YPOBHS BOJIBI B PEKE

B JIETHUH TIEPUOJ.
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2. «BpisBIeHO HewsBecTHOE paHee (M3MUECKOE SBJICHHE OMPECHEHUS H
OTXKATHS MOA3EMHBIX MUHEPATU30BAHHBIX BOJ noJ NeHCTBHEM
TUAPOCTATHYECKOTO JIABJICHMS 3aKJIIOYalolieecss B TOM, YTO NpPHU TMOBBIIICHUU
BEJIMYMHBI THUAPOCTATUUECKOTO JABJICHUS HAJ OCMOTHYECKHUM JIaBJICHUEM
MUHEPaIU30BaHHBIX BOJI MPOUCXOAUT ONPECHEHNE MUHEPATU30BaHHBIX BOJ, a MPU
MOBBIIIEHUH OCMOTHUYECKOTO JIaBJICHHUS HaJ THAPOCTATHUYECKUM JaBJICHUEM,
IIPOUCXOANT OT)KaTHE MUHEPATM30BAaHHBIX BOI» [24-A, c. 412].

3. YCcTaHOBJIEHO HEU3BECTHOE paHee (PU3NUECKOE SIBJICHUE BO3HUKHOBEHUS
TUPOHATIOPHO-OCMOTHYECKOM 3aBEChI MEXITY MEHee u
CUJILHOMUHEPAIM30BaHHBIMUA ~ BOJAMH  3akjoyarolnieecs B TOM, 4YTO TIpHU
JOCTUKEHUH PABHOBECHOTO COCTOSIHHMSI MEXKAY THAPOCTATUYECKUM u
OCMOTHYECKUM JTABJICHUEM, MEXJy HHUMHU TOSBISETCS THAPOHAIOPHO-
OCMOTHYECKasi 3aBeca W MAacCOINEPEHOC MOJIEKYJT BOJbI B 00€ CTOPOHBI
npekpainaetcs [24-A, c. 412].

4. BrIsiBlieHa 3aKOHOMEPHOCTh U3MEHEHUS TITYOUHBI OIIPECHEHUS UIIH K€
OTKATHS TOA3EMHBIX MUHEPAIM30BAHHBIX BOJ OT BEJIMYMHBI THAPOCTATUYECKOTO
nasienus [24-A, c. 412].

5. TomydeHo >MIUPUUECKOE YpaBHEHUE U3MEHEHUS TIIYOMHBI OTIPECHEHUS
MOA3EMHBIX MUHEPAJIM30BAHHBIX BOJ OT BEJIMYUHBI TUAPOCTATHUECKOTO JIABJICHHUSI.

B rnaBe 6, quccepranuu paccCMaTpUBAIOTCS TEOPETUUECKUE U TTPAKTHUECKUE
OCHOBBI aHAJIM3a U OIIEHKH IpOoliecca IKCIUTyaTallii BPEMEHHOUM COJIEBOM 3aBECHI
Ha JIeBOOepexXHOW uacTh coseBoro macta Porynckoit ['DC; pe3ynbrarbl
pa3pabOTKU YMpaBIsIEMOTro MPOTUBOCY(DPO3UOHHOTO YCTPONCTBA 3a OTOJOBKOM
COJIEBOTO TIlacTa M YMPABIIEMOro IepexBaTa OOXOIHBIX (UILTPAIIMOHHBIX
MOTOKOB JIPEHAKHBIMM ~ YCTPOMCTBaMH; OIICHKA KayecTBa YKpENUTEIbHOU
LEMEHTAallMM BMEMIAIOIIEr0 MAacCUBa I[I€CYAHMKOB Ha OMNBITHOM YYacTKe
TpaHchopmatopHoro momenieHus Porynckorr I'D9C, a Taxke mNpeAcTaBICHBI
pa3paboTaHHbIE PEKOMEHJAIUM TI0 CO3JIaHUI0 BBICOKOIUIOTHOM MPOTHUBO-

(bUIBTPAIIMOHHON 3aBEChl B OCHOBaHUM TUIOTHHBI Porynckoit 'DC.
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I'maBa 6. HAYYHO-IIPAKTHYECKHUE PEKOMEHJIAIIUHA ITO
CO3JAHUIO YHPABJISAEMbBIX IPOTUBOPUJIBTPAIIMOHHBIX
MNPOTUBOCY®®O3MOHHBIX UH)KEHEPHBIX MEPOIIPUSITUI

6.1. Pekomenaannu no paspadorke U 00J1acTb NPUMEHEHUS YIIPABJISAEMOIr0

NMPOTUBOCY(P(PO3MOHHOI0 YCTPOMCTBA 32 Or0JIOBKOM COJIEBOI0 IJIACTA

6.1.1. Ouenka HaIe:KHOCTH U I(PPEKTUBHOCTH MPUMEHEHHS CIENHATbHOM

BPEMEHHOM C0JIeBOM 3aBeChI

[lomydyeHHBIE pPE3YNbTATBl HCCIENOBAHUWA, HW3JI0KEHHBIE B IIPEIBLAYLIUX
rjaBax JAMCCEPTALlMOHHOW paboThl, MO3BOJISIIOT YTBEPXKAATh, YTO IOBBILLICHUE
pUCKa YpE3BBIYAHON CUTYAIlMM HA MCCIEAYEMOM Y4YacTKE TMIPOY3Jd, CBA3AHO C
TeM, uTo B npoekte PoryHckoi ['DC (pucyHok 6.1), ock BEpX0OBOI CTPOUTEIHHON
IIEPEMBIYKH 3 pa3MelleHa, npsamMo Haj MoHaxmickuM pa3inomMoMm 2, BMEIIAIOIIETO
IJIACT COJIM, KOTOPBIM MPOXOAUT 4Yepe3 OCHOBAHUE BEPXOBOW CTPOUTEIBHOU
NepeMbIUYKH OT JieBoro Oepera peku Baxmi 1 x mpaBomy Oepery u crnocoOCTByeT
TOMY, 4TO 00€ CTOPOHBI COJIEBOTO IJIacTa OKa3bIBAIOTCS B 30HE WHTEHCUBHOI'O
(GUIBTPAIIMOHHOTO MOTOKA.

VYuuthiBas HamMedaeMblii IO MPOEKTY KPAaTKOBPEMEHHBIH XapakTep padoThl
NEPEMBIUKH, a TAKXKe creu(pUUECKUe yCIOBUS YYacTKa, B T.4. IPOCTPAHCTBEHHOE
3aJleTaHue W MOIIHOCTh COJIEBOTO IUIacTa B OCHOBaHHMM, B KadecTBe Cyry0o
BPEMEHHOTO MEPONPUSITHSI, PACCUUTAHHOTO Ha 2-JE€THUHN CPOK IKCILTyaTaluH, T.€.,
JI0 TOTOBHOCTHM OCHOBHOI'O KOMIUIEKCA 3alUThl, OBLIO MPEIJIOKEHO CO3JaHHE
CrieliMaJbHON BpeMeHHOM coseBoit 3aBechl (BC3).

[IpuHuun paGoThl TakoW 3aBEChl 3aKIKOYAETCS B TOM, YTO BJIOJb ILJIacTa
COJIM, C 0OOMX CTOPOH, Ha JJMHE 3alIUIAEMOr0 y4acTKa OCHOBAHUS MEPEMbBIUYKH
YCTPauBaIOTCA COJIEBbIE CKBAXXMHBI, C TOJAa4ell B HUX CTPOro JO3MPOBAHHOTO
KOHLIEHTPUPOBAHHOTO paccojia. [locTossHHOE BO3MenieHHue OBITOBOIO COJIEBOTO

IJIJACTa B OCHOBAHUH MEPEMBIYKH, CO3AAET YCTOMUMBYIO THAPOXUMHUYECKYIO CPELY
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u CHOCO6CTByeT COXpPaHHOCTHU COJICBOI'O IIIaCTa Ha 3alllUIIaCMOM Y4YaCTKC IIpU

PACYCTHBIX UCXOJHBIX JTaHHBIX.

_7‘ " SN Q/ ...' N —— ~ S
4 . ¢ : Lo \ — s \ .‘
PucyHnoxk 6.1. - [Inan pazMeleHns BepXoBOil NEpEeMbIYKHU: 1- pek

Baxmi, 2 — Monaxmickuii pazinom, 3 — ock BEpX0OBOil nepemMbIuky, 4 —

KOHTYD IUIOTUHBI IIEPBOM OUEpENH

Wnest 3Toro pemieHusi B NMPUHIUIE CO3BYYHA C 3aJ0KEHHBIM B OCHOBHOH
NPOEKT 3alUTON, HO, YYUTHIBas HEOOXOIWMOCTHh JBYXCTOPOHHEW 3alUTHI
COJIEBOTO IJJacTa OT pa3MbIBa, OHA MpEJCTaBjiIeHa B 0oJjiee CIOKHOM BapUaHTE C
TOUYKH 3PEHUSI TEXHOJIOTUYHOCTH, CIIOCOO0B KOHTPOJISI U CTETIEHU Ha/IeKHOCTH.

CKBaXuHBI B 3TOM ciy4ae OypsTCS ¢ IOBEPXHOCTU 3€MJIM, UX OTOJIOBKH C
MOJIBOASIIEH CEeThbI0 OETOHUPYIOTCS U TIPU BO3BEJICHUU MEPEMBIUYKH 3aChINAIOTCA,
T.. B TMpOLECCe IKCIUTyaTalldd CKBa)XWHBI OCMOTPY M BOCCTAHOBJIGHHIO HE
HoJuIeXar.

Habmonenus 3a TUIPOXUMUYECKUM COCTOSIHHEM MaccuBa
OpeayCMaTpUBAIOCh  CIIEHUAIBHOW  CEThI0  MBbE30METPUYECKHX  CKBAXKHH.
CkBaxxunbl BC3 mo o6e CTOpOHBI COJEBOro IUIacTa OypsSTCS HAKJIOHHO TaKHM

o0pa3oMm, YTO OHH TMEPECEeKasiCh HaJ OTOJIOBKOM COJIM 00pa3yroT HaJl HUM IIaTep;
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mar CKBAKWHBI 6 M; HU3 CKBXWH 3aBOAUTCS Ha riayomHy 0 5-10 M Hibke
Or0JIOBKA COJIEBOIO IUIACTA.

ITogaya cosieBoro paccoia K CKBaXXMHAM HaME4allach Kak W JJIsi OCHOBHOTO
KOMILJIEKCA 3alllMThl OT CHEUHUATBHOTO Yy3Ja IPUTOTOBIEHUS Ha Oepery cas
[Taccumypaxo, ¢ YCTpOMCTBOM BPEMEHHOI'O y3Jla PACIpENEiICHUs Ha CTBOPHOM
Y4aCTKe.

Cyrounslii 00beM nogaBaemoro paccoia B BC3 o pacuety ObU1 onipeneneH
B 40 M’/cyr. B peanbHBIX YCIOBHSX PACXOJ PAaccoiia HAa SKCIUIYaTALHOHHOM
yuactke BC3 npoTsikeHHOCTHIO B 190 M (MOTHAS MPOTSKEHHOCTH 0 TipoekTy 300
M) Ha OCHOBE pAacue€TOB M pe3yJbTaTOB HaOmoaeHWil 3a pabdotoit BC3 ObL1
cKoppekTtupoBad 10 10-12 M3/CyT.

[IprHIMIIMATBHBIE TOJOKEHUS BPEMEHHOW COJIEBOM 3aBECHI B OCHOBaHUU
BEPXOBOM CTPOUTENBHON MepeMbIuku nocie 3kcneptu3bl Munsnepro CCCP Ob1n
BHECEHBI B MPOEKT C MOCIECAYIOIIMM PAaCCMOTPEHUEM U YTBEPKICHHUEM IIPOCKTA B
I'maBrocakcnepruse ['occtpost u CoBera Munnctpo CCCP B 1980 r.

Jlns HabmroeHus 3a pabOTOM BPEMEHHOH COJICBOM 3aBECHI IIPEAYCMOTPEHO
12 HabmroaTebHBIX CTBOPOB C Pa3MEIIEHUEM B HUX MO 000OMM CTOPOHAM IjlacTa
COJIU THhE30METPUUECKUX CKBRXMH W B JIBYX CTBOpax emie W reou3nvecKux
ckBaXMH. CKBa)XHUHBI MPOOYPEHBI C OTKPBHITON TUIONIAJKKA BPEMEHHOUW COJIEBOM
3aBeChbl U 000pYyIOBaHbl pabOYMMHM KOJOHHAMU U3 TpyO auamerpoMm 76 M,
KOTOPBIE 110 MEPE OTCHINKH MIOTUHBI HapanuBatoTes [168, 169, 186].

B nmbe3oMeTpuyecKHX CKBaKMHAX OCYIIECTBIISIIOTCA 3aMepbl YPOBHEU
IPYHTOBBIX BOJ, TeMHeparypbl, oTOOp Mpod st JabopaTOPHOTO OMPEETCHHUS
CTEMEHU UX MUHEPAJIU3AIMHA U XUMCOCTABA.

Kpome TOro, Ha y3ne pacnpeneneHusi OCyILIECTBISIETCS HaOJI0JIeHUE 3a
pacxo/ioM paccolia B KaXIylo Mapy CKBaXXUH U 0TOOp mpoO paccosna, oaaBaeMoro
HETMOCPEACTBEHHO B CKBAXXUHBI JJIsI ONPEACIICHUSI €70 KOHIIEHTPAlUK, MyTHOCTH U
XUMCOCTAaBa.

Bpemennasa cosieBas 3aBeca B OCHOBAaHMM BEPXOBOW CTPOUTEIBHOMU

MepeMBbIYKA TIOCTPOCHA W JEUCTBYeT B cocraBe (pucyHku 6.2 m 6.3): 105-tu
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paccoJIONOAAIONMX CKBaKUH, IONApPHO pacrlojaraeMblx 10 00€ CTOPOHBI
Nonaxmickoro pasnoma, Ha pacctosHu 200 M, BpeMEHHOIO y3J1a paclpenencHus
paccoia, pa3MelaeMoro Ha MOpTajle CTPOUTEIBHOIO TYHHENI 2-Tro spyca H
CUCTEMBI PacCOJIONOJAIONINX TPYO OT y3J1a paclpefesIeHus K OroJOBKaM Kaxa0u
napbl ckBaxuH (okoisio 50 Tpy6 auamerpom 50 Mm). Pacconononaroiue ckBaXuHbI
Oypsitcst ¢ marom 6 M, B IIaXMaTHOM IOPSIKE OTHOCUTEIBHO IOJIOKEHUS K
pasyiomMy, ¢ HaKJIOHOM B CTOPOHY OI'0JIOBKA COJIEBOIO IlIacTa TaKuM o0Opa3oM, OHU
CO3/1al0T JBa psfa CKBa)XKMH, MEPECEKAIOINXCSI CBOMMHU paOOYMMM YacTsIMHU Haj

OI'OJIOBKOM COJICBOI'O Ij1acCra, € ImocCjacayrounum SaFHY6HCHI/ICM HMXE OI'0OJIOBKA Ha

5-10 m.

| |
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Pucynok 6.2. - [1nan pacnonoxeHus: pacCcoJIONOIal0IIUX U U3bICKATEIbHBIX CKBAXKUH

K BepxHeil 4yacTh CKBa)KUH MPUCOEAUHSIOTCS Pa3BOJAHbIE TPYObl TUAMETPOM
15-20 MM, MOAKIIIOYAaEMbIE K PACCOJIONOJAIOUIUM TpyOaM, WHAUBUAYAIbHBIM JIs
KQ)KJI0M mapbl CKBAKWUH, HAXOJAIIUXCS 10 OJHY CTOPOHY COJIEBOTO IUIACTA.

CuctemMa paccoJionojarolux Tpyo TMposiokeHa B oboiimax (TpyOax
OOJBIIOTO JAMAMETpa), YCTaHABIMBAEMbIX Ha METAJUTMYECKOM 3CTakajae BIOJb
OroJIOBKa COJIEBOTO IJlacTa. B mocriemyromeM 3Ta 3CTakaja BMECTE C Y3JIaMH
pa3BOAHBIX TPyO M OrOJIOBKAMHM CKBaXHUH OblIa OMOHOJMYEHA OETOHOM H
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3aChblIlaHa HACBIIIBIO BerOBOﬁ CTpOHTGJ’IBHOﬁ IEPEMBIYKM W BCPXOBOI'O KJIMHA

IJIOTHUHBI.
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Pucynoxk 6.3. - Pa3pe3 pacmnonoxeHus paccoIoNnoAaroNIuX U U3bICKATEIbHBIX CKBAKHH

KoHcTpykIust CONEBBIX CKBXXKUH MPHUHATA JUAMETPOM 76 MM c 0Ocaakoi
BEpPXHEH 4acTu U ¢ 00opynoBanueM padbodeil 30HbI MepHOPUPOBAHHBIMU TPYOAMHU
Mmajoro nuamerpa (15 mMm) ¢ OOCHIIKOW WX TMecuaHbIM (GUIBTPAIMOHHBIM
matepuanoM. [logada 103MPOBAHHOTO KOJMYECTBA paccojia Uisl KaKIOoW mapbl
CKBaXUH MPEAYyCMOTPEHA UHAUBUYaIbHOM, OT BPEMEHHOTIO y3Ja paclpeIesICHUs
paccosia, pa3MeliaeMoro BO BpPEMEHHOM BaroHYMKE Ha BXOJHOM MOpTaie
CTPOUTEIBHOTO TyHHENS 2-T0 sipyca (oT™. 1018 m.).

¥ BXOAHOro mopTajia TPaHCIOPTHOTO TyHHENS T-3 MOCTPOEHO U AEHCTBYET
BPEMEHHOE  XO3SIICTBO MO  MPUTOTOBJICHUIO  KOHJIMIIMOHHOTO  paccola,
paboTaromero Ha TPUBO3HOM COJM; CMOHTHUPOBAHBI W BBEJACHBI B CTPOU
MarucTpajbHbIE COJIETIPOBO/IbI, MOAAIOUIME PACCOJI OT XO34iCTBA MPUTOTOBICHUS
710 y3J1a pacripeeaeHusl.

Ha  pgelictByromiem  yuactke BC3  co3mana  mbe3oMeTpuyeckas
HaOmoarenbHas cetb U3 20-TH MbE30METPOB, pa3MelIaeMbIX B 7-MH CTBOpax.

YacTe M3 3TUX MbE30METPOB €xXerogHo (mHorma 50%) BBIXOJUT U3 CTPOS IO
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INPpUYNHC KaMHCIaga MW TCXHOJOTHMYCCKHX HapymeHHﬁ IMpHU OTCBIIIKC HACBIINU
BCPXOBOT'O KJIMHA IINIOTUHBIL.

[Ton nmopranaMu CTPOUTENBHBIX TYHHENEH BBINOJHEHO BBIIIECIAYNBAHUE
COJIEBOTO IUIacTa Ha MIyouHy a0 20 M C MOCHEIYIOIIUM 3arOJHEHHEM IMa3yX
MeCYaHO-IIEMEHTHBIM pacTBopoM. OOIas IjuHa y4acTKa BhIIEIadynBanus 158 M.
PaboTa BBINOJIHAJIACH C TTOBEPXHOCTH, KpoMe 44-X METPOBOTO Y4acTKa BBIIIE T10
TEUEHUIO OT MOopTajia TyHHENsl 1-ro sipyca, Tlie BbIIEIaYMBaHUE MPOU3BOINIOCH
MOJl TPUKPBHITUEM CIICIUATBHON IKEJIe300€TOHHOM KaMHE3alUTHOW rajepen
(capkodara).

[ITonbHU TPOEKTUPYETCS CYXHMMH, K HHUM OOECIEYUBACTCS TMOIbE3] U
BO3MOXXHOCTh BBITIOJIHEHHSI aBApUNHBIX W BOCCTAHOBHUTENIBHBIX pabOT, B T.U.
WHBEKIMOHHBIX; U1l KOHTPOJSI COCTOSIHUSI BCEH 3allMINAEMOW 30HBI IITOJBHU
ocHamaTcs Heooxomumoit KMA st HaOnrofieHust 3a COCTOSIHUEM COJIEBOTO
1J1acTa, Mbe30METPUUYECKUMHU YPOBHSIMHU U PEKUMOM (PUIBTPALIMOHHOTO MOTOKA Y
€ro OrojIOBKa M HHU30BOM TIpaHU; CTENEHb MUHEpAIM3allui, HaIpaBICHHUE
JBIDKEHHUSA, a TaKKe MapaMeTpoB Iulei(a CoJeBOro paccoia B 30HE 3allHTHI;
oco00€ BHUMAHHE YACISAETCS HaNPSHKEHHO-IE(POPMUPOBAHHBIM  COCTOSIHUSIM
BMENIAIOLIMX MOPOJ MACCHBA U CAMHUX IITOJICH.

B nporiecce ctpouTenbeTBa M OKCIUTyaTaIlliy HAOIIOIEHUS 3 MTOBEJCHUEM U
COCTOSIHUEM COOPYKEHUHM COJIE3AIIUTHI MPEIyCMAaTPUBAIOTCS 0 CIENHUAIBHOM
porpaMMe MOHUTOPUHTA.

Bnone mnacta conM BBINOJHEHA COJIEBas 3aBeca B BHUAE JBYX PSIOB
HarHeTaTelbHBIX CKBa)XWH. Pabouyasi 4acTh CKBa)XXMH COJIEBOM 3aBEChl HMEET
auametp 93mMm u mmHy 15M. CKBaKHUHBI 3all0JIHEHBI MECUAHBIM MATEPHAIIOM,
BHYTPH KOTOPBIX MPOXOIAT Mojaromue paccos nepdopupoBannbie TpyOsl. [lo
MIPOEKTY IIar CKBAKUH OM.

Paccon nnma mnomaun B CKBAXKHMHBI COJIEBOM 3aBEChl TOTOBUTCS  Ha

pPacTBOPHOM Yy3Ji€ U3 TMPUBO3HOM COJM M, MPOIas uepe3 cUCTeMy (PUIBTPOB U
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OTCTOMHMKOB, MOCTYMAaeT Ha PacCHpeleIUTENbHbIA y3€l, OTKyJa CaMOTEKOM IIO
cUCTeMe TpyOOIPOBOJOB TOJBOAMUTCS K HATHETATEIHHBIM CKBOKHHAM.

[MpuroroBneHHbii  paccon gomkeH coaepxkare 280-310r/m  NacCl,
COJICp’)KaHUE HEPACTBOPUMBIX B3BEUICHHBIX YAaCTHUI[ HE JOJDKHO MPEBHIINIATH 2-
3mr/11, a KpynmHOCTh ux-He 6osee 0,025Mm.

N3yuenne S(PPEeKTUBHOCTH KOMIUIEKCA COJIC3ANTUTHBIX MEPOTPHUSITHIMA
POBOMIIOCH Ha OCHOBE aHajM3a JAHHBIX HATypHBIX HAOIIOJIEHUI 32 ypOBHEM H
MUHEpaJu3aluell IPyHTOBBIX BOJA B 30HE pabOThI COJIEBOTO 3KpaHa, a TaKKe
aHalM3a pe3yJbTaTOB HATYPHBIX HAOMIOJEHUI 3a M3MEHEHUEM MOTJIOMIAIONICH
CIIOCOOHOCTH PacCOJIONOIAI0IIUX CKBaXKUH COJICBOTO AKpaHa [1-A].

Hatypuble nHaOmroneHus, npoBogumble ¢ naekaOps 1987 roma u 1o
HACTOAIIETO BPEMEHHU, MOKAa3bIBAIOT, YTO B YCIOBHUSAX, HWMEIONIMX MECTO Ha
BPEMEHHOW COJICBOM 3aBece, MOIJIOMIAIONIAs CIOCOOHOCTh PAaCCOIOMOIAIOIINX
CKBa)KUH 3aBHCHUT OT MECTOPACHOJIOKEHUSI CKBaXKHUH, U U3MEHSIETCS 10 BPEMEHHU.
CkBaXuHbI, TPOOYpEHHBIE «B CTOPOHY pEKH», MPOXOIAT Yepe3 IUIOTHHIC
HEHapyIIeHHbIe MOpojbl. [lormomeHne 3TUMU CKBaKMHAMHU Paccojia HEBEIHKO
(0,01 n/muH u menee).

OcHOBHOII 00BEM paccona MOAAaeTcsl CKBAKMHAMH, NPOOYpPEHHBIMU B
CTOPOHY «OEperoBOro CKJIOHA», MEPECEKAIOIMMH HAJICOJIEBOE MPOCTPAHCTBO, TIC
U3BICKAaHUSIMU OTMEUYEHO HAJIMYUE 30HBI PAa3yIUIOTHEHHBIX MOPOJ. DTH CKBAKUHBI
UMEIOT BBICOKYIO TOTJIOMAOIIYI0 criocoOHOCTh (0 10 n/mun) [1-A, 2-A, 30-Al.
[Tornomaromasi CHOCOOHOCTh TMOPOABI BHCSYETO KpbUla K TOTJIOIIAOIIEH
CIIOCOOHOCTH TIOPOJIBI Jieskauero kpeuia Ha 1,5 — 1,7 mopsigok Beime (Tadmn. 6.1,
6.2, 6.3, 6.4).

AHanu3 JaHHBIX HATYPHBIX HAOMIOACHUI 3a M3MEHEHHUEM IMOTJIOIIAI0IIeH
CIIOCOOHOCTH PACCOJIONOJAIONIUX CKBAXKUH 3a 3-X JIeTHUM nepuon pabdoThbl
BPEMEHHOM 3allUThl IUIacTa COJM OT PACTBOPEHHUS, CBUICTEIBCTBYET O
HOpMaJIbHON pabOTe CUCTEMBI 3alIUTHI TUIACTa COJU OT pacTBOpeHus (Tabm. 6.5).
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Tab6auna 6.1. - I3MeHeHus pacxoza paccoiia B paccoJIONOAAONNX TPYOKax B Jekaunidi 60K
HNonaxmickoro paszinoma Bo BTopoM nojyroauu 1990 r.

Nerop. 2 4 6 8 10 12 14 16
NeCks. | 4-5 6-7 8-9 10-11 12-13 14-15 16-17 18-19
Jara

4.07 0,36 0,14 0,064 0,159 0,067 0,004 0,035 0,18
11.07 0,38 0,20 0,078 0,98 0,07 H/3 0,06 0,15
18.07 1,60 | 1,092 0,06 H/3 0,055 H/3 H/3 1,48
25.07 0,14 1,18 0,06 0,04 0,07 H/3 0,90 0,18
8.08 1,34 1,41 0,09 0,03 0,08 H/3 0,75 0,42
7.09 H/3 0,27 0,102 0,046 0,095 H/3 1,37 0,047
20.09 4,00 0,24 0,061 0,046 0,033 H/3 0,95 0,15
22.09 1,9 0,28 0,039 0,053 0,106 H/3 0,97 1,02
27.09 1,25 0,30 0,106 0,043 0,100 H/3 4,78 0,043
3.10 1,60 1,09 0,057 0,03 0,07 H/3 0,06 0,01
10.10 2,67 0,27 0,07 0,029 0,096 0,005 2,17 0,01
17.10 2,36 1,15 0,081 0,036 0,077 0,005 2,82 0,0054
26.10 2,67 0,42 0,026 0,035 0,076 0,05 2,82 0,064
31.10 |2,004| 0,97 1,20 1,37 1,35 0,005 2,66 H/3

Hroro:

[Ipumeuanue: H/I — HE MPUHUMAET; H/3 — HET 3aMepa.

Tadauna 6.1(mpoxokenne). - MI3MeHeHus: pacxojia paccoia B pacCcoIonoJalonux TpyoKkax B
nexxaunit 6ok Monaxmickoro pasnoma Bo BTopoM noayroauu 1990 r.

Nesop. 18 20 23 25 27 29 31 Cym. Q
NeCxa. | 20-21 | 22-23 | 24-25 | 26-27 | 28-29 | 30-31 | 32-33
Hara

4.07 0,22 7,96 6,61 1,34 0,95 0,56 6,62 25,27
11.07 0,38 3,68 4,08 1,23 0,73 0,72 0,64 13,38
18.07 0,36 H/3 2,99 1,07 0,55 0,118 0,92 10,30
25.07 0,30 6,83 6,41 1,05 0,53 0,06 3,31 21,06
8.08 0,33 4,35 4,49 1,08 0,54 0,12 5,15 20,18
7.09 0,07 7,96 5,61 0,86 H/T 6,34 4,21 26,98
20.09 0,11 3,67 7,47 1,07 H/T 5,55 2,31 25,66
22.09 0,12 6,83 5,61 0,84 H/T 5,55 2,89 26,21
27.09 0,02 6,83 5,61 0,65 H/I 7,40 3,09 30,22
3.10 0,16 5,31 5,61 0,61 H/T 5,55 3,45 21,61
10.10 0,2 2,9 4,5 0,53 H/T 8,90 11 23,45
17.10 0,36 2,52 6,41 0,77 H/3 8,88 2,11 27,58
26.10 0,17 2,40 7,47 0,72 H/3 8,9 2,32 28,14
31.10 191 0,37 4,99 1,26 H/3 11,1 1,72 30,91

HUroro: 332,95

[Ipumeuanue: H/I — He IPUHUMAET; H/3 — HET 3aMepa.
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Tab6auna 6.2. - M3MeHeHus pacxoza paccoiia B paccoIONOAAIONINX TPyOKax B BUCSUMNA OOK
HNonaxiickoro paszioMa Bo BTOpoM nojyroauu 1990 r.

Nepop. 1 3 5 7 9 11 13 15
NeCkas. | 50-61 | 62-63 | 64-65 | 66-67 68-69 70-71 72-73 73-74
Hara

4.07 0.26 4.58 1.02 9.16 3.52 0.016 1.37 1.83
11.07 | 0,32 9,16 0,14 11,46 2,29 0,80 1,56 1,35
18.07 | 0,83 3,05 0,06 H/3 1,46 H\3 1,87 1,30
25.07 | 0,51 5,73 0,10 9,16 1,99 0,013 2,23 1,70
8.08 0,83 5,73 0,30 9,16 1,53 0,065 1,2 0,60
7.09 0,62 9,17 0,03 H/3 191 0,019 1,42 1,99
20.09 | 0,48 9,17 ] 0,0005 | 7,63 3,81 0,04 0,93 1,99
22.09 | 0,95 5,09 0,32 9,16 5,72 0,02 1,73 1,63
27.09 | 1,02 11,46 0,13 9,46 6,94 0,2 1,56 2,55
3.10 0,65 6,55 H/I 7,64 2,54 3,13 151 1,99
10.10 | 1,02 6,55 H/I 7,64 2,30 2,20 3,34 2,90
1710 | 1,12 6,55 H/I 7,64 2,08 0,31 1,62 191
26.10 | 1,07 9,17 H/I 6,54 1,83 0,17 1,56 1,83
31.10 | 1,09 5,73 H/I 4,58 4,16 1,99 0,52 6,55

Hroro:

[Ipumeuanue: H/I — HE MPUHUMAET; H/3 — HET 3aMepa.

Tadauua 6.2(mponoJkenue). - MI3MeHeHUs1 pacxojia paccoya B pacCcoIONoJaloIUuX TpyOKax B
Bucsumii 60k Monaximickoro pa3ioMa Bo BTopoM monyroauu 1990 r.

Neop. | 17 19 21 22 24 26 28 Cym. Q
NeCks. | 75-76 | 77-78 | 59-33 | 79-80 | 81-82 83-84 | 85-66
Hara

4.07 | 6.54 4.16 1.76 9.16 0.52 0.31 9.52 53,73
11.07 | 1,24 1,90 1,64 5,09 0,12 0,13 9,52 46,72
18.07 | 1,02 0,7 1,30 3,27 H/3 H/3 2,07 16,93
25.07 | 1,53 3,27 1,46 5,09 0,17 0,23 2,07 35,25
8.08 | 1,76 1,99 2,08 4,17 0,05 0,28 6,80 36,55
7.09 | 0,76 0,85 1,31 4,58 0,07 0,47 0,79 23,99
20.09 | 0,68 3,05 0,83 3,82 0,06 0,50 0,40 33,39
22.09 | 0,79 3,82 1,31 9,16 0,10 0,57 7,93 48,30
27.09 | 0,70 1,20 0,286 7,63 0,012 0,43 6,80 50,98
3.10 | 7,63 0,79 0,13 3,27 0,02 0,14 4,76 40,75
10.10 | 0,50 1,14 0,12 4,60 0,01 0,23 5,30 37,85
17.10 | 1,31 5,09 0,21 7,64 0,019 0,097 0,59 36,19
26.10 | 1,24 4,58 0,12 9,17 0,015 0,093 0,53 37,92
31.10 | 5,09 2,18 1,53 3,06 0,008 0,58 2,8 39,87

HUroro: 537,82
[TpuMeuanue: H/T — HE MPUHUMAET; H/3 — HET 3aMepa.
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Tab6auna 6.3. - I3meHeHus pacxozia paccoiia B paccoIoNoAaoNNX TpyoKax B Jekaunii 60K

HNonaxmickoro paszioMa Bo BTopoM nojyroauu 1991 r.

Nerop. 2 4 6 8 10 12 14 16
NeCks. 4-5 6-7 8-9 10-11 12-13 14-15 16-17 18-19
Jlara

6.06 1,34 0,23 0,04 H/TI 0,09 0,003 0,35 H/TT
13.06 0,53 0,34 0,09 H/TI 0,24 0,002 0,54 H/TT
18.06 H/3 0,48 0,096 H/TI 0,60 0,0012 0,54 H/TT
27.06 H/3 0,24 0,60 H/TI 0,36 0,001 0,48 H/TT
3.07 H/3 0,32 0,02 H/TI 0,08 0,01 0,50 H/TT
12.07 0,57 0,32 0,08 H/TI 0,17 H/TI 0,60 H/TT
17.07 0,50 0,25 0,74 H/TI 0,16 H/TI 0,64 H/TT
23.07 0,40 0,36 0,03 H/TI 0,13 H/TI 0,40 H/TT
29.07 0,30 0,31 0,04 H/TI 0,16 H/TI 0,63 H/TT
7.08 0,97 0,24 0,07 0,06 0,08 0,02 0,15 0,30
14.08 H/3 1,25 0,11 0,07 0,10 0,018 0,13 0,22
21.08 1,05 0,97 0,47 0,03 0,06 0,02 0,31 1,40
28.08 0,61 0,26 0,065 0,003 0,08 0,002 0,13 1,04
4.09 0,37 0,23 0,05 0,02 0,06 0,02 0,36 0,16
11.09 0,58 0,23 0,08 H/TI 0,09 0,01 0,25 0,25
18.09 0,50 0,65 0,07 H/TI 0,09 H/TI 0,10 0,20
25.09 1,00 H/TI 0,06 0,05 0,07 H/TI 0,19 0,23
2.10 1,13 0,97 0,31 0,04 0,10 0,04 0,02 0,15
23.10 0,42 0,97 4,79 0,02 1,43 0,02 0,09 0,10
11.11 0,348 0,15 1,77 0,04 0,096 0,012 0,078 0,138
Hroro:

[Ipumeuanue: H/T — HE IPUHUMAET; H/3 — HET 3aMepa.

Tabauua 6.3(nmpoxoskenue). - I3MeHeHHs pacxo/ia paccoiia B paccooNnoaloUINX TpyoKax B
nexxaunit 0ok Monaxmickoro pa3ioMa Bo BTopoM nosyroaunu 1991 r.

Nerop. 18 20 23 25 27 29 31 Cym. Q
NeCks. 20-21 22-23 24-25 26-27 28-29 30-31 32-33

Jlata

6.06 0,15 4,35 H/1I 1,23 H/II 8,88 1,10 17,76
13.06 0,06 2,34 H/1I 0,84 H/II 8,88 0,77 14,63
18.06 0,12 2,04 H/1I 0,90 H/II 8,88 1,16 14,82
27.06 0,18 9,54 H/1I 0,90 H/II 8,88 0,84 22,02
3.07 0,17 6,83 H/1I 0,90 H/II 8,88 0,72 18,43
12.07 0,14 4,35 H/1I 0,86 H/lI 8,88 0,92 16,89
17.07 0,14 4,78 H/TI 0,78 H/TI 8,88 1,03 17,90
23.07 0,37 1,91 H/TI 1,23 H/TI 8,88 0,13 13,84
29.07 1,06 1,91 H/TI 8,60 H/TI 8,88 0,36 22,25
7.08 0,22 2,50 0,003 0,78 11,7 14,8 0,48 32,37
14.08 0,43 5,97 0,002 1,22 9,36 6,34 0,45 28,67
21.08 0,22 2,81 H/TI 1,22 9,36 8,88 0,02 26,82
28.08 0,34 3,19 H/TI 0,84 2,12 8,88 0,05 17,61
4.09 0,32 3,42 H/TI 0,86 3,12 6,34 1,19 16,52
11.09 0,34 1,91 H/TI 8,60 1,34 8,88 0,03 21,57
18.09 0,14 5,31 H/TI 1,08 4,25 3,42 0,05 18,86
25.09 0,12 6,00 H/TI 1,16 11,7 14,8 0,42 55,8

2.10 0,19 3,98 H/TI 0,66 4,68 8,88 0,08 21,23
23.10 0,08 0,30 H/TI 1,23 3,12 8,88 H/T 21,45
11.11 0,072 0,042 0,012 0,996 7,80 8,88 0,012 20,45
Hroro: 439,89

[IpuMeuanue: H/T — HE MPUHUMACT; H/3 — HET 3aMepa.
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Tab6auna 6.4. - l3meHeHus pacxoza paccoiia B paccoIONOAAIONINX TPyOKax B BUCSUMNA OOK

HNonaxiickoro paszinoma Bo BTOpoM nojyroauu 1991 r.

Negop. 1 3 5 7 9 11 13 15
NeCks. | 60-61 | 62-63 | 64-65 | 66-67 68-69 70-71 72-73 73-74
Hara

6.06 0.35 6.55 H/TI 0,91 2,54 0,096 1,87 1,31
13.06 1,01 6,55 H/TI 5,73 2,54 0,11 1,34 4,16
18.06 0,36 6,55 H/TI 1,01 4,58 0,17 0,58 1,83
27.06 0,36 4,56 H/TI 3,78 6,54 0,12 0,58 0,54
3.07 0,34 4,56 H/TI 3,78 5,72 0,16 1,86 2,29
12.07 0,92 6,55 H/TI 7,64 2,69 0,15 1,34 1,83
17.07 0,76 9,17 H/TI 9,17 2,29 0,14 1,58 1,14
23.07 0,61 9,17 H/TI 4,58 3,05 0,12 1,17 2,29
29.07 0,91 9,17 H/TI 2,30 4,58 0,14 1,87 9,17
7.08 0.37 11.46 0.71 5.09 6.54 4.87 1.56 1.06
14.08 0,37 7,63 0,56 1,43 5,72 0,10 1,26 3,05
21.08 1,06 11,46 1,99 5,09 2,08 0,073 2,46 2,08
28.08 0,38 6,54 0,51 6,54 3,562 0,14 0,30 0,30
4.09 1,48 9,17 0,78 1,02 3,562 0,11 1,43 1,43
11.09 0,33 6,54 6,33 1,53 1,83 1,12 1,15 1,15
18.09 0,32 5,09 0,19 7,64 2,86 0,09 1,15 1,15
25.09 1,24 9,17 0,80 4,58 3,05 0,09 1,12 1,12
2.10 1,02 4,58 0,17 5,73 H/TT 0,07 H/TT H/3
23.10 0,30 6,54 0,06 1,26 3,78 1,20 2,58 1,50
11.11 1,08 5,04 0,24 3,00 3,18 0,06 1,56 2,28
Utoro:

[Ipumeuanue: H/I — HE MPUHUMAET; H/3 — HET 3aMepa.

Tabauua 6.4(nmpogoskenue). - I3MeHeHHs pacxo/ia paccoiia B paccoJONoIAl0IMX TpyOKax B
Bucsunil 0ok Monaxmickoro pa3iaoMa Bo BTOpoM mosyroauu 1991 r.

Negop. 17 19 21 22 24 26 28 Cym. Q
NeCks. | 75-76 | 77-78 | 59-33 | 79-80 81-82 83-84 85-86

Hara

6.06 1,83 H/TI 0,02 11,46 H/TI 0,5 4,32 31,31
13.06 4,58 H/TI 1,24 11,46 H/TI 0,61 1,06 40,39
18.06 0,76 H/TI 1,01 11,46 H/TI 0,63 4,76 33,70
27.06 0,66 H/TI 0,78 11,46 H/TI 0,48 0,48 30,30
3.07 7,6 H/TI 2,29 11,46 H/TI 0,65 9,52 50,23
12.07 9,16 H/TI 0,92 9,17 H/TI 0,57 7,93 48,92
17.07 2,29 H/TI 0,90 11,46 H/TI 0,48 9,52 48,88
23.07 0,83 H/TI 0,76 11,46 H/TI 0,65 4,76 39,46
29.07 4,58 H/TI 0,86 11,46 H/TI 0,57 5,95 51,56
7.08 4.58 1.06 0.09 15.28 H/TI 0,59 0,29 53,56
14.08 0,70 0,43 0,02 6,54 H/TI 0,45 5,95 34,81
21.08 11,44 0,42 0,071 5,03 H/TI 0,55 2,80 46,66
28.08 1,30 0,39 0,032 6,54 H/TI H/3 3,17 30,86
4.09 6,54 0,35 H/TI 7,64 H/TI 0,51 2,80 34,46
11.09 0,64 0,38 H/TI 11,46 H/TI 0,30 0,89 36,96
18.09 3,81 0,38 H/TI 2,29 H/TI 0,46 0,07 25,69
25.09 0,11 H/TI 0,33 11,46 H/TI 0,17 H/TI 33,87
2.10 H/3 H/TI 0,01 11,46 H/TI 0,14 H/TT 23,18
23.10 1,50 H/TI H/TI 11,46 H/1I 0,18 3,96 32,82
11.11 2,28 0,78 1,56 9,12 H/1I 0,24 0,90 29,64
Hroro: 757,71

[Ipumeuanue: H/I — HE IPUHUMAET; H/3 — HET 3aMepa.
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Tabéauuna 6.5. - Onpenenenue o0IIero pacxoaa paccoia mo kBapranam 1988 - 1992 rr.

Bpewms CKBa)KHHBI TTOIAIONINE Htoro B % k
paccou MIPOEKTY
K peke Kcknony | Ilomano K npoekty
(v°) (v°) (v°) (v°)
1-p1i1 kBapTan 1988 1. 342 856 1198 1064 113%
(c24.12.87 mo 31.03.88)
2-oi1 kBapran 1988 r. (c 1.04.88 o 283 445 728 1019 71%
30.06.88)
3-br1it kBapTan 1988 1. (¢ 1.07.88 mo 244 706 950 1019 93%
30.09.88)
4-prit kBapran 1988 r. (¢ 1.10.88 1o 212 656 868 1019 85%
31.12.88)
Hroro mo 1988 r. 1081 2663 3744 4121 90,5%
1-p1it kBapTan 1989 r. (¢ 1.01.89 mo 172 594 766 930 82%
31.03.89)
2-o#t kBapran 1989 . (c 1.04.89 no 268 811 1079 1347 80%
30.06.89)
3-brit kBapran 1989 r. (¢ 1.07.89 mo 526 881 1407 1362 103%
30.09.89)
4-p1ii kBapran 1989 r. (¢ 1.10.89 mo 492 888 1380 1362 101%
31.12.89)
Hroro mo 1989 r. 1458 3174 4632 5001 91,5%
1-p1i1 kBapTan 1990 1. (¢ 1.01.90 mo 359 796 1155 1347 86%
31.03.90)
2-oii kBapTan 1990 1. (¢ 1.04.90 o 424 774 1198 1362 88%
30.06.90)
3-prit kBapran 1990 r. (¢ 1.07.90 o 446 683 1129 1362 82,9%
30.09.90)
4-prit kBapran 1990 1. (¢ 1.10.90 o 423 579 1002 1362 73,6%
31.12.90)
Hroro mo 1990 r. 1652 2832 4484 5433 82,6
1-p1it kBapTan 1991 r. (¢ 1.01.91 mo 315 572 887 1243 71,4%
31.03.91)
2-o#t kBapran 1991 r. (c 1.04.91 no 320 875 1195 1347 89%
30.06.91)
3-p1it kBaprtan 1991 r. (c 1.07.91 o 449 680 1129 1362 82,9%
30.09.91)
4-prit kBapran 1991 r. (c 1.10.91 o 356 510 866 1362 63,6%
31.12.91)
Hroro mo 1991 r. 1440 2637 4964 5314 76,7%
1-p1it kBapTan 1992 1. (¢ 1.01.92 mo 331 444 775 1347 57,5%
31.03.92)
2-o# kBaptan 1992 r. (¢ 1.04.92 no 137 207 344 636 78,9%
13.05.92)
Hroro mo 1992 r. 468 651 1119 1983 68,2%
Bcero 6099 11957 18056 21852 82,6%
B nponenTax 35,4% 64,6% 100%
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Pesynbrarel HaOmoneHUN 3a CpeAHUMH 3HAYCHUSIMH TIOTJIOMIAIOIIEH

CIIOCOOHOCTH CKBa)XMH BPEMEHHOM COJIEBOI 3aBECHI MTpeICTaBICHBI B TabmuIe 6.6.

Tadauua 6.6. - VI3MeHeHus cpeHero 3HaueHUs pacxo/ia paccoja B PaccoIONOIAIIINX TPYOKax

Bropoe nonyrogue 1990 r. Bropoe nonyrogue 1991 r.
Hara Jlexaunit Bucsaunii [ara Jlexxaunii Bucsuwnii
WU3MEPCHUS 00K 00K HU3MEPCHUS 00K 060K

04.07.90 25.27 53.73 06.06.91 17.76 31.31
11.07.90 13.38 46.72 13.06.91 14.63 40.39
18.07.90 10.30 16.93 18.06.91 14.82 33.70
25.07.90 21.06 35.25 27.06.91 22.02 30.30
08.08.90 20.18 36.55 03.07.91 18.43 50.23
07.09.90 26.98 23.99 12.07.91 16.89 48.92
20.09.90 25.66 33.39 17.07.91 17.90 48.88
22.09.90 26.21 48.30 23.07.91 13.84 39.46
27.09.90 30.22 50.98 29.07.91 22.25 51.56
03.10.90 21.61 40.75 07.08.91 32.37 53.56
10.10.90 23.45 37.85 14.08.91 28.67 34.81
17.10.90 27.58 36.19 21.08.91 26.82 46.66
26.10.90 28.14 37.92 28.08.91 17.61 30.86
31.10.90 30.91 39.87 04.09.91 16.52 34.46

11.09.91 21.57 36.96

18.09.91 18.86 25.69

25.09.91 55.80 33.87

02.10.91 21.23 23.18

23.10.91 21.45 32.82

11.11.91 20.45 29.64
Cym. Q 332.95 537.82 Cym. Q 439.89 757.71

CymMapHbIil pacxop paccojia mo ooeum cropoHam MoHaxmickoro paszioma
MOATBEPKAAET pPaHEE YCTAHOBJICHHYIO TIOBBIIICHHYIO MPOHUIIAEMOCTh TOPOJ
BHCSYETO OOKa 10 CPaBHEHHIO ¢ JiexkaduM [ 1-A].

[Tormomaromiasi cnoCOOHOCTh MOPOABI BUCSYETO KPbUIA MO OTHOIICHUIO K
nopoje jexauero kpeuia B 1,5 — 1,7 pa3 Beie.

[Ipe30MeTpuueckas HabtOaTENbHAS CETh HA YYacTKE BPEMEHHOM cojeBOn
3aBechl (300 M) Obia pencraBieHa 12 — 1o ctBopamu 1o 1 wim 3 mpe30MeTpamMu B
KaxaoM. PaccrosHue Mexay cTBopaMd NOpUHATO B mpeaenax 17 — 30 wm;
paccTosiHUE MEXIy Nhe30MeTpaMud B CTBOpe He mpeBbimaeT 5 M. OoOmiee

KOJIMICCTBO IMbE30MCTPOB, BaﬂeﬁCTBOBaHHBIX B UCCJICOOBaAHUAX 28.
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[lenpto ¥ 3agayamMu CHENUATbHBIX THIPOTC€OXUMUUYECKUX HUCCIEIOBAHUI B
30HE€ IUIaCTa COJIM SIBJIAETCS ONEPATUBHBIA KOHTPOJIb THUIPOTCOXUMUYECKOTO
pexuma, T.e.:

- YTOUHEHUE MOJENM paCHpEe/IeSICHUs] MUHEpAIU3allMi MOA3E€MHBIX BOJ Ha
y4acTKe COJIEBOTO IIacTa (M3y4YeHHE IBUXKEHHUS TMOA3EMHBIX (PUIbTPALMOHHBIX
MTOTOKOB);

- U3YUYCHHE BIIMSIHUS TEXHOTEHHBIX BO3JIEUCTBUN HA U3MEHEHUE MOJI3EMHBIX
MUHEpaIU30BaHHBIX BOJI;

- HaOJMIoAeHUs 3a  U3MEHEHUEM  MOTJOIIAIEed  CIOCOOHOCTH
pPacCoIONOJAIONINX  CKBOXHH  COJIEBOTO  9KpaHa IMO3BOJAIONIUMX  U3Yy4yaTh
3¢ (HEKTUBHOCTH COJIC3AMUTHBIX MEPOTPUSITHIA.

JIns aHanu3a BPEMEHHBIX M3MEHEHUW MUHEpalv3alliy MOJ3EMHBIX BOJ B
paiioHe COoJIEBOrO TulacTa OBLIM MCIOJIb30BaHBI pe3ysbTaThl HaOmroaeHuit 1989-
1991 rr. Xotst paGoThl MepBBIX 2 - X HHUKIOB 1989 r. HOCWIM METOIUYECKUI
XapakTep U HCCIENOBAHUSM TMOJJIekKaau 6 - 7 MbEe30METPOB, TEM HE MEHEe
OLICHUTh YPOBEHb MHUHEpAIM3ALMU MPEACTABISETCA BO3MOXHBIM.  bbuin
UCCJIEIOBAHBl HM3MEHEHUS MUHEPATM3AMKU C MIyOMHOW MO KaxaoMmy H3 28 - MU
MbE30METPOB C YKa3aHUEM JaTbl M HoMmepa uukia. HecmoTrps Ha Bapuanuu
aOCOJIIOTHBIX 3HAYECHHUM, XapaKTep W3MEHEHUS MUHEpAIM3aIlMu C TIyOMHOU B
1[EJIOM COXPAaHSETCs C Hayaja U JI0 KOHIIa UCCIIEAOBaHUM.

B taGnuie 6.7 npuBeneHbl cpelHNE 3HAUYCHUS MUHEPATU3alUU MTOA3EMHbIX
BOJI 110 IIUKJIAM XapaKTEPU3YIOIINE U3MEHEHUE MUHEPAIM3alUK TTOA3EMHBIX BOJ B
[[eJIOM 1O BpEeMEHHOM cojeBod 3aBece. Hauwmnas co 2 mukia (ampens 1989)
HAaYMHAETCS TUIAaBHOE YBEIMUYEHUE MUHEpann3auuu 10 suBaps 1991 r., korga ona
nocturaer 225r/1, 3aTeM IpOUCXOUT MepBbIi pe3kuit cian 1o 175 r/n (mapt 1991
r.), BeIpaBHuUBaHue 10 160 r/m Ha mporsokenmu 11, 12, 13 muknoB (MapT, Mai,
utoHb 1991 r.) u B 14 nukie (Mr0yib) OPOUCXOAUT BTOPOE PE3KOE MOHUKEHHUE 0
110 r/n. Ctonp HU3Kass MUHEpalu3alus Oblla OTMEUYEeHa B IIUKJIax 1 U 2 ¥ TO JIMIIIb
MOTOMY, YTO JUIA T€O(U3NIECKUX UCCIETOBAHUN OBLITM OTOOpaHBI MTEE30METPHI C

3aB€AOMO H3BCCTHBIMH IIO J'Ia60paTOpHI>IM JaHHBIM HCBBICOKMMH 3HAYCHHUAMMU
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MuHepanu3auuu. PexxumHublii Xxapakrtep paOOTbl CTadl HOCHTH C 5 - TO IMKIA,

CPEIHSSI MUHEPATTU3aIIHs 110 ATOMY ITUKITy Obla 156 /.

Tadauma 6.7. - Cpegnue 3HaUeHUsT MUHEPATU3alUKA Ha YYaCTKE BPEMEHHOM
cosieBo# 3aBechl Porynckoii I'9C

Ne [uxkna Ton Mecsn Crenennr muHepamzaiuu, C, 1/
Musnepanu3zanus Munepanuzanus
ITOI3€MHBIX BOJI 3aKa4MBaeMOI0
paccona
1 1989 02 135
2 04 61
3 11 149
4 12 147
5 1990 06 179 321
6 10 200 318
7 11 200 317
8 12 225 317
9 1991 01 224 314
10 02 222 308
11 03 175 305
12 05 160 314
13 06 160 318
14 07 110 305

B unwmkne 14 30HBI NMOHMKEHHBIX 3HAYCHUN MUHEPAIHU3ALMS HECKOJIBKO
Cy>KaeT CBOU OYEpPTaHUs, OMyCKAETCA HUKE Ha 1,6 M, 110 - CPaBHEHHUIO C 9 LIMKIIOM
U IPUOITMKAETCS K BRICOKOMUHEPAIM30BAaHHOMY OKOJIOIIJIACTOBOMY OpPEOITY.

[ToMmumo nBWXKeHUS (GUIBTPYIOUIUXCS BOJ CBEPXY BHH3 [0 TPEIIMHAM
HaIJIaCTOBAHUS TOPOJ COJIEBOM 3aBEChI, OTMEUAIOTCS (DUIIbTPAIIMOHHBIC SBICHUS B
30HE OTOJIOBKA IJIACTa COJIA B MHTEPBAJIC TIIyOWH MEXITY MPUTPY30YHON OETOHHOM
IUIATOW U LIEMEHTAIHOHHOM 3aBECOU.

TemnepatypHbie u3MepeHUsS OBLUTM BBIMOJIHEHBI BO BCEX IMHhE30METpax
COJICBOM 3aBechl. JlMama3oH HW3MEHEHUsI TEMIIEpaTypbl B BO3IYIIHO - CYXOM
MHTEpBAJe Mbe30MeTpoB BHcsuero 6oka or -13,9°C mo 10,5°C, B mbesomerpax
nesxadero 6oxa ot -14,3°C 1o 12,8°C. Temmeparypa 06BOJHEHHOH YacTH MAacCHBa
MOPOJT COJIEBOM 3aBEChl MMEET JMAaNa30H WU3MEHEHUS TeMIleparyp OT 8,7°C o
13,9°C. Cpennee 3madenne temmepatypbl 12,5°C. O61acTh KPOBIH COIEBOTO

. 140
riacTa xapakrepusyercs temmneparypoit 13°C.
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[Ipoananu3npoBaB SKCIUTyaTallUl0 BPEMEHHOW COJIEBOM 3aBECHI MOYKHO
CHENaTh CIEAYIOIINE BBIBOBL:

- MarucTpajbHbIN TPYOOIPOBO/ MOAAUM COJIEBOTO PACTBOPA HAXOAUTCS O]
naBieHueM c¢ cBbime 30 atMocdep, dKCIUTyatanus KOTOPOTO OYeHb OMacHa s
YKW3HU TEXHUYECKOTO MEPCOHAIIA;

- OCaXkJICHHE COJIM B TPYOOIIPOBOIAX U PACCOIONOAAIONUX TPyOKax;

- ©KEeCyTOUYHBIN pacxo] CoJid B 00bEMe 4,5 TOHHBI,

- mepedoil B cucTeMe MOoJayu paccojia, KOTOPbIH MOXKET NPHUBECTH K

IMNOHMXCHHIO YPOBHA MUHCPAJINM30BAHHBIX BOJ B 30HC OIr'0OJIOBKA COJICBOI'O ILJIaCTaA.

6.1.2. Pazpa6oTka ynpasJjisiemoro nporuBocy¢@o3uoHHoro ycrpoiicraa 3a

Or0JIOBKOM C0JIEBOIO ILJIACTA

AHanu3 W OLEHKAa Ipolecca AKCIUTyaTalliM BPEMEHHOM COJIEBOM 3aBECHI
NO3BOJIMJ CHI€NaTh BBIBOJ O TOM, UYTO MPEAJIOKEHHBIM BapHaHT TEXHUYECKOTO
pElIeHUs MO 3alIUTE COJIEBOIO IJIacTa B OCHOBaHMM IJIOTUHBI Porynckoit I'DC
SIBIISIETCS] TPY03aTPATHBIM, HEHAJEKHBIM U MPEACTaBIsET OO0 MCTOYHUK pUCKA
KU3HU TEXHUUECKOMY TepcoHally BO BpeMms okcmtyarauuu. C  yyeToMm
BBIIIICH3II0KEHHOTO HAMU B PaMKaxX peasi3alliy [EeNH W 337ad JUCCePTAI[MOHHOM
pa®oThl mpensIaraeTcsi BapHaHT YNPaBICHUS THAPOr€OXMMHUUYECKUM PEKUMOM 3a
CUET CO3JaHMsI CHUCTEMbI 3allUThl COJIEBOTO IJIACTa HAa OCHOBE YCTAHOBJIEHHOTO
($u3NYECKOTO SBIEHUS T.€. BO3HMKHOBEHHE THIAPOHATIOPHO - OCMOTHYECKON
3aBEChl MEXJy MEHEee M CHJIbHOMMHEPAIW30BAHHBIMU  TOJ3EMHBIMH BOJaMHU
MIPUBEJICHHOE B Iiase 5.2.3.

B mnpouecce wuccnegoBaHuii, aBTOpoM pa3paboTaH BaphaHT (CHoco0 u
YCTPOMCTBO) 3alIUTHI COJIEBOTO IJIACTa OT PACTBOPEHUS B COCTABE COJIE3AIUTHOTO
KOMILIEKCa TIPU3HAHHBIA Ha ypoBHE m300peteHms [28-A, 39-A - 41-A, 78-A)],
MO3BOJIAIOIIME YMEHBUIUTH JIaBjeHHE (UIbTPALIMOHHBIX BOJ Ha OTOJOBKE
COJIEBOTO IUIACTa, MYyTEM MepexBaTa MPECHBIX (PUIBTPALMOHHBIX MOTOKOB B 30HE
Or0JIOBKA COJIEBOIO IUIACTa W MPUKATUEM MUHEPAIM30BAHHBIX BOJ K TEIy

COJIEBOTO Tj1acTa (PUCYHOK 6.4).
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[TepexBaT mpecHBIX (PHIBTPAIMOHHBIX BOJA OCYIIECTBISACTCS 32 CUET TOTO,
YTO W3 IITOJBHU (2) pacnosararomascs MexXay coleBbiM mactoM (3) u
MPOTUBO(PHIILTPAITMOHHOM 3aBecoi 6 B OCHOBaHWM IUJIOTUHBI 1, mpoOypuBaercs
psAn CKBaXWMH 4 B CTOPOHY OrOJOBKAa IUIacTa COJIM, BBIINIE 3al[UTHOTO
[EMEHTAllMOHHOTO CJosi 5 Ha BCIO JJIMHY  3alllMIIAEMOT0O  y4acTKa,
CIOCOOCTBYIOIIME CU(DPOHHOMY TIEpeXBaTy IMPECHBIX BOJ YEpe3 IUTOJNBHIO H

cOpcoOM B HWKHUH Obe() COOPYKEHHUS MTOCPEICTBOM CUCTEMOM TPyOOIIPOBOIOB.

PucyHok 6.4. - Cuctema 3amuthl cojieBoro iacta (1- miatuna, 2- coneBas
HITOJIbHS, 3- COJNIEBOM IUIACT, 4- psJl CKBaXXUHBI JJIs IEpeXBaTa MPECHBIX
(UIBTPAMOHHBIX BOJ, 5- IEMEHTAIIMOHHBIN 3aIIUTHBIN CII0H, 6-

IPOTUBO(MMIBTPALIMOHHAS 3aBECa)

JInst CHYDKEHMSI OTPUIIATENIBHOTO BO3JICHCTBUS MPECHOTO (hUIBTPAIIMOHHOTO
IIOTOKa Ha COJICBOM IlacTa B OCHOBAaHMHM IIJIOTHHBI, M3 IITOJBHU 2
poOypHUBAIOTCS Pl CKBaXXUHBI 4, B CTOPOHY BBIIIE€ PACIOJIOKEHHOTO 3aI[UTHOTO
IIEMEHTAIlHOHHOI'O  CJI0Sg  OrojJIoBKa  cojieBoro Imiacta 3.  CKBaXUHBI
00yCTpanBaroTCsl CTAIbHBIMU Mep(POPUPOBAHHBIMU TPyOAMU. ITUMH CKBOKHMHAMU
MIePEXBATHIBAIOTCSA TIPECHBIE (UILTPAIMOHHBIC IMOTOKM W Yepe3 IITOJIBHIO 5 10
cUCTEMaM TPYOOIPOBOJAOB COPACHIBAIOTCS B HIKHUN Obe() COOPYKEHHUS.

Perynupytromue BeHTWIH 8 (pUCYHOK 6.5) BMOHTHPOBAHHBIE B OT'OJIOBOK

psiga  CckBaXHH 4 MO3BOJSIIOT OOECIEeYuTh paBHOMEPHBIM O0BEM mepexBaTa
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(UIBTPAIIMOHHBIX TTOTOKOB, BCIEJCTBHE KOTOPOTO /IaBJIEHWE HANoOpa BOJBI B 30HE
MPOTUBO(DMIIBTPAITMOHHON 3aBECHl MPEBBIMIACT JABJICHUE HAIMOpa BOJBI B PsIe
CKBa)KUH 4.

[To Bceil mMHE 3alllMIAEMOr0 Yy4yacTKa COJIEBOrO IUIacTa co3AacTcs
IpaJIMCHT Hamopa MEXAy pAJIOM CKBOXKMHAM 6 W TPOTHUBOGUIBTPAIIMOHHON
3aBeCOM, 4yTo oOecreunBaeT NMpUKaTue MUHEPATU30BAHHBIX BOJ K TEJy COJICBOTO

IU1acTa, KaK CIeICTBUE, 3TO CBOJUT K MUHUMYMY €T0 pacTBOpeHHE U ¢y o3uio.

4 |

PucyHok 6.5. - Cxema pacrnosoeHusl CKBaXXHUH B COJIEBOU MITONBHE ( 2- coNieBas MITONbHS, 4-

PAI CKBaXHH JUISI epexBaTa MPECHbIX (PUIBTPALIMOHHBIX BOJ, 8- PEryJIMPYIOIIIe BEHTUIIH, /-

CUCTEMBI OTBOJSIINX TPYOOIIPOBOIOB)

[locne HamomHEHUs BOJOXpPAHWIMINA U OO0pa30oBaHUS yYCTOWYHUBOIO
TUAPOr€OXUMHUYECKOT0 PEKMMa 3a COJIEBBIM IIJIACTOM PETryJHUPYIONIUE BEHTHIS B
CUCTEME TiepexBaTa (PHIbTPAIMOHHBIX BOJ 3aKPHIBAIOTCS.

UccrienoBanusiMA BBISIBIICHBl 3HAYMMbIE MPEUMYIIECTBA MNPEIJIOKEHHOTO
croco0a M yCTpOMCTBA, 3aKIIIOYAIOIIEECs B CASAYIOIIEM: JOCTUTAETCS MOBBIIICHUE
HAJ©KHOCTh 3alllUTHl COJIEBOTO IlacTa OT pacTBopeHus u cyddosuu;
YMEHBIIAETCS CTOUMOCTh TPOU3BOACTBA PAOOT MO 3aIIMTE MJIaCTa OT PACTBOPEHUS
B CTPOMUTEIBHBIA M SKCIUTyaTAllUOHHBIA TEPUOMAbI, HCKIIOYAIOTCA IMOCTOSHHbBIC

3aTpPaThbl B nepunoa 9KCILTyaTallnun COOPYKCHHU, COXPaHACTCA
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I I/II[I)OFGOXI/IMI/ILIGCKI/II\/'I PEKNM B OCHOBAHHH sJipa INIOTUHBI U 3TUM o0ecreynBaeT

0€30I1aCHOCTb JKCIITyaTallui COOPYKEHHUS.

6.2. HaquO-npaKaneCKue PEKOMEHIAIUA YIIPABJIACMOI'0 IepexBarta

00X0HBIX (PUJIBTPAUMOHHBIX MOTOKOB JIPEHAKHBIMH YCTPOHCTBAMM

Pesynbrartel uccnegoBaHUMN TO3BOJIMIM YCTaHOBHThb, YTO K HaumbOojee
KPYIHBIM pa3pbIBHBIM HapyLIEHUSM, HAOIIOAAIOMIMMUCS HEMOCPEICTBEHHO Ha
yuactke Porynckoit I'DC, otnecens! ['ynu3nnnanckuil 1 MOHaXIICKU pa3ioMsl,
onepsmoomue Baxmickuil pazmom | mopsiaka ¥ MPOCTUPAIOIIMECS IMAPAUIEIBHO
CJI0SIM MOPOJ B FOro-3anagHoM Hanpasiienuu [30-A].

N3 nByx pasioMoB 2-TO TOpPSAKA, HEMOCPEICTBEHHO OO0Opa3ylolux Ha
CTBOPHOM YYacTK€ €AMHBbIM TEKTOHUYECKUU OJIOK, [ yIM3MHAAHCKUN MPOXOJIUT B
CTOpPOHE, 3a MpejieslaMi OCHOBHBIX coopyxeHuit (puc. 1.8 u 1.9).

CoOCTBEHHO yYacCTOK CTBOpa IMpENCTaBISIET cO0OM y3koe, S - o00pa3HO
W30THYTOE VILIENIbe MPOTHKEHHOCThIO OKOJO OJHOTO KHIIOMETpA C KPYTHIMU,
MeCTaMHu OTBECHBIMU OOpTaMH, MOJHUMArOIUMHUCS Ha BbicOTy 350 - 600 M Han
pexoi. CnoXeH y4yacTOK MOpOJaMH MEJOBOTO U BEPXHEIOPCKOIO BO3pACTa,
KOTOpbIE€ KOHTakTUPYIOT 1o Monaxmickomy pasziomy — B30pocy Il mopsiaka, ¢
aMIUTMTYJ0M cMeleHuss Oosnee oaHoro kujomerpa. IlimockocTes pasnoma
HAKJIOHEHA B CTOPOHY HIDKHEro Obeda mox yriaom 80°-85°. Pazmom mepecekaer
pEKy B Ipeenax BEpXHEH, N0 TEYEHUIO TPAaHULIbl yYacTKa CTBOpPA: BBEPX MO peKe
OH TpaccUpyeTcsi BIOJIb OCHOBaHHUSI €€ JIeBOro OOpTa, BHU3 — YXOIHUT BIIyOb
npaBoro Oepera. Kpome Honaxmickoro, Ha y4yacTKe CTBOpa pa3BHUTHI
TEKTOHMYECKHE HapylleHus Oojee BbICOKMX mopsaakoB. [lomasnsromee wux
OONIBIIMHCTBO TMMAJalOT B CTOPOHY BepxHero Obeda mox yriaom 20°-40°
[TpOoTsKEHHOCTH Pa3IOMOB JOCTUTAET COTEH METPOB, MTPe00IIaatoIiee pacCTOIHNE
mexnay Humu 40-60 M. HamGonee kpymHbIM U3 HUX siBisieTcss pasinom Ne 35 —
B30poc ¢ amrumnTynoi 200 M, KOTOpsI HakIOHEH mox yrioMm 45°-50° B cTropony

BEpXHEro Obeda U rnepecekaeT BeCh y4acTOK CTBOpA.
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XapaktepHoil 0cOOeHHOCTBIO pasziomMoB HMonaxmickoro u Ne 35 sBusiercs
HaJIMYue 30H JIPOOJICHHS B BUJIC BBITSHYTHIX BIOJb WX IJIOCKOCTENH TEKTOHMYECKUX
JUH3, B MpeJenax KOTOPBIX MOPOJAbl CHIBHO AHMCIOLUHUPOBAHBI M OCJIA0JEHBI B
KycKe. MomHOCTh TeKTOHNYECKUX JInH3 Monaxmickoro pasnoma pocruraer 80 M,
MPOTSHKEHHOCTD 70 1 KM, aHAJOTUYHBIE XapaKTEPUCTUKHU g pazioma Ne 35 — 40
M 1 0,5 kM, cooTBeTCTBEeHHO [ 18, 19].

['ynu3uHmanckuii pasiom [26] mpoTsSruBaeTcs BAOIb JeBOTO Oepera p. Baxim
U3 BepxHero Oneda B HWKHUM, OTBETBISSACH OT Baxiickoro Haasura B 4-5 KM
CeBEpHEE TruApoysyia. MUHHMaNbHOE paccTossHhe OT MIOTUHBI 0,5 kM. A3uMyT
MaJCHUS INIOCKOCTH CMECTHTEIIS 110-130° MoJl yrjioM 70-88°. Bucsuee KPBLJIO
CJIO’)KEHO BEPXHEIOPCKUMHU TUIICAMU, aJIEBPOJUTAMM, apTUWIIUTAMU; JexkKadee —
OTJIOKEHHUSIMU BEPXHETO U HIKHETO MeTa.

TpemmHOBaTOCTh MOPOJ COBEPIIEHHAS, WHTEHCHUBHOCTH TPEIIMHOBATOCTH
MPEUMYIIIECTBEHHO CPEIHSAS, TPEIIMHBI MMOJble, IUPUHA UX BHE 30HBI OCJIA0ICHUS
HE TMPEBBINIACT TEPBBIX J0Jie MM. bojee KpyrHble pa3pbIBHbIE HapYIICHUS
3aMOJIHEHBl TJIMHKOM W Opekuher TpeHuss MOIIHOCThIO 2-3 cM. MOIIHOCTh
Opexunu TpeHus B paznome Ne 35 nocturaer 20 cm, B Monaxmickom — 1-2 m.

BonomnponunaemMocth mopoja TEKTOHUYECKHUX JIMH3 pa3iioMoB MoHaxmickoro
1 Ne35 -0,002 j1/MuH.

B cBsa3u ¢ tem, uro pazinom Ne35 u3 OCHOBaHUS IIJIOTUHBI MPOXOJUT IO
oOerM OopTaM BOJU3U 3a/JHEU TPpaHH siApa TJIOTUHBI U SIBJSIETCS OTHOCUTEIBHBIM
BOJIOYTIOPOM, TO (PHIBTPAIIMOHHBIE MOTOKM MOTYT NPUBECTH K TMOBBIIICHUIO
(GUIbTPAlIUOHHBIX JIaBJICHUH B 30HE MPUMBIKAHUS IUIOTHHBI K OopTaM U
MOBBIIEHUIO IENPECCUOHHON MOBEPXHOCTHU B TEJIE INIOTUHBI.

ABTOpOM TIpemJIOKeHa CXeMa, T[IO3BOJISIONIAsl  PEIICHUE MPOOJIEMBI
nepexsara OOXOJHBIX (PUIBTPAIMOHHBIX TIOTOKOB Ha TMPUMEpPE IJIOTHUHBI
Porynckoit I'DC [37-A, 38-A, 42-A, 79-A]. TlpononbHbI pa3pe3 IIOTUHBI 6
Porynckoii I'DC mpeacrasieH Ha puc. 6.6, cocTosAMiA W3 YHOPHBIX MpU3M 7 U
sqpa TUIOTHHBI 8. 3a siAPOM IUIOTHBHI IO JIEBOMY M TPaBOMY OOpTaM MPOXOIUT
pazioMm 9 (Ne35), KOTOpBIN TEeperopaKuBaeT MyTH OOXOJHBIX (UIBTPAIIMOHHBIX

IIOTOKOB.
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PucyHnoxk 6.6. - [IpononbHbIil pa3pe3 ocHoBHOM miatuHbl Porynckoit 'DC

C OCJIbIO HCAOIIYIICHUA COCPCAOTOUCHUA O6XOI[HBIX (I)I/IJIBTpaHI/IOHHBIX BOJ
B CTOPOHY IINTOTHUHBI IMpCaJIOKCHA CHCTCMa IIepexBaTa 06XOI[HI>IX
q)HHBTpaHI/IOHHBIX IIOTOKOB BBICOKOHAIIOPHBIX 3E€MIIAHBIX IINIOTHH, CXEMa KOTOPBIX
IMpUBCACHA Ha  puc. 6.7. ]_—[aHHBIﬁ BAapHAHT, IIO3BOJINTD YMCHBIINTDH
(bHHBTpaL[I/IOHHOG JaBJICHUC B 30HC IIPHUMbIKAHUA IIJIOTUHBI K 60pTaM u

ITOHUXXCHHUIO I[CHpCCCHOHHOﬁ MMOBCPXHOCTU B TCJIC IIJIOTHHBI.

PucyHok. 6.7. - Pazmerienust cucteMsl nepexsara (UiIbTPallMOHHBIX BOJ HA OCHOBHOM

miotuHe Porynckoi I'OC

OcHOBHOI 3a7aueif, B CJOXXUBIICHUCS CHUTyaIlud, SIBISETCS OOecTeueHue

OpPraHn30BaHHOT' O rnepexpara 0 6XOI[HI>IX (I)I/IJ'IBTp AllTMOHHBIX IIOTOKOB
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BBICOKOHATIOPHBIX 3€MJISTHBIX IIOTHH, TPOXOSINIUX Yepe3 JIEBbIE U TpaBbie OopTa
IJIOTHHBI B TOPHBIC MOPOJBI, OTBOJA B HIKHHN Obed (PMIBTPAIIMOHHBIX BOJ U
MOHIDKEHUE JIENIPECCUOHHON TIOBEPXHOCTH B TEJi€ BBICOKOHAIIOPHBIX 3EMIISTHBIX
TJIOTHH.

CymHOCTh TpeIaracMoro BapHUaHTa TEXHUYECKOTO PEUICHHsS COCTOWT B
TOM, YTO OPTaHW30BaHHBIA TIEpeXBaT OOXOMHBIX (QHIBTPAIIMOHHBIX IMOTOKOB
OCYILECTBISIETCS CHCTEMOH JpeHaka 1o o00euM OOopTaM BBICOKOHAIIOPHOI
3eMJITHOM TUIOTHHBI IO HETPOHHMIIAEMOTO pa3jioMa M OTBOJ BOJ B HIKHHUH Obed
COOPYKEHHS TI0 JIOTKY, MO3BOJISIONIEMY, YMEHBIIUTH (QUIBTPAIIMOHHOE JTaBJICHHC
B 30HC NPHUMBIKAHUS TUIOTHHBI W OOPTOB IIOTHHBI, TIOHU3UTH JCTIPECCHOHHYIO
MOBEPXHOCTh B TeJI€ BBICOKOHAIIOPHOW 3€MJISTHOM TUIOTHHBI, a TaKKe IMOBBICUTh
CEHCMUYECKYIO YCTOMYNBOCTD TIJIOTHHEI.

[TonepeuHblit pa3pe3 CHCTEMBI MepexBaTa OOXOJHBIX (UIBTPAIIMOHHBIX
MOTOKOB BBICOKOHANIOPHBIX 3E€MIIHBIX IJIaTUH 1, mpencraBieH Ha puc. 6.8,
KOTOPBIH COCTOUT W3 YETBIPEX APEHAXHBIX TYHHEJIEH C IKeIe300€TOHHBIMHU
oOnenkaMu 2, MPOXOASAIIMMH IO JIEBBIM M TMPaBbIM OOpTaM Ha JBYX YPOBHSX
BBICOKOHATIOPHOM 3EMJISTHOM TIJIOTHHBI, BKIIOYAIONINE B CEOSI CHUCTEMY CKBaKUH
poOypeHHBIX BHU3 3, 7151 cCU(POHOBOTO MepexBaTa (PUIbTPAIMOHHBIX BOJ B JJOTOK

4 nnst cOpacbIBaHUS BOJT B HIKHUI Obed) COOPYKEHUS.

Pucynok 6.8. - Ilonepeunslil pazpe3 pasMelleHns ApeHaXHbIX TYHHEJIEH
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[Ipoxoaka 4eThIpEX APEHAKHBIX TYHHENEH 2 ¢ JIOTKOM 4 OCYyIIEeCTBIISIETCS
CO CTOpOHBI HWXKHEro Obeda B CTOPOHY BepxXxHero Obeda Ha ABYX YPOBHIX,
MPOXO/Isi HAMHOIO JaJbIlle OT Tella sapa IUIOTHUHBI 5, oOecrieurBasi IpOCTPAHCTBO
JUISL pa3MelleHusl CUcTeMbl CKBaKMH 3. IIpu sTOM, CKBaXuUHBI MPOOYpUBAIOTCA
Jajbliie OT Tella sapa IJIOTUHBI 5, B CTOPOHY BEpXHETo Obeda.

Crnenyet 0co00 OIYEPKHYTH pabOTy CUCTEMBI, 3aKIIIOUAIOIIMICS B TOM, UTO
oOecrieuynBaeTcs HaAEKHBIM U OPraHU30BaHHBIN CU(POHHBINA MepexBaT 00XOIHbBIX
(GUIBTPALIMOHHBIX BOJI B APEHAXKHBIX TYHHESX 2 OCYIIECTBIIAIOT CKBaXXUHAMU 3 U
cOpachIBaIOT uepe3 JOTOK 4, B HIDKHUM Obed coopyKeHUSI.

O0BEM TEepexBauCHHBIX BOJI PETYIUPYETCS KOJUYECTBOM CKBAXKHH U UX
rIIyOMHOW B JIPEHAXHOM TYHHENE, U JIOBOAMUTCS JO YPOBHS MPETyCMOTPEHHBIM

HOpMaMH U IIPOCKTOM COOPYIKCHHUA.

6.3. OcHOBHBIE NPUHIOMAIIBI OCHKH KaYeCTBa preHHTeHbHOﬁ
HEMEHTAIlM1 BMEIIAIIIEro MacCuBa NECYAaHUKOB B OIIBITHOM YYaCTKeE

TpancpopmaTopHoro nomemennst Poryunckoit I'C

Mammnssiii 3an Porynckon I'DC numeer nponet 21 m, Beicoty 70 M, aimmHy
220 M (pucyHok 6.9). [TapannensHo eMy Ha pacCTOSTHUU 63 M B OCSAX PaCcHOJIOKEHO
nomelnieHue Tpauchopmaropon ¢ nposietoMm 19 M, BeicoToit 37 M 1 ayuHOM 182 M
[8-A, 9-A].

Omno W3 XapakTepHOM  OCOOCHHOCTM  MAIIMHHOTO  3ajla |
TpaHC(HOPMATOPHOTO OMEILIECHHUS SIBISETCS HAJMYKME JIMTOJIOIMYECKUX pa3sHOCTen
nopoA: 0oyiee TPOYHBIX TOJCTOIUIMTYATHIX TIECUAHUKOB BEPXHEOOUTapMCKON
cBUThl K 0D, 1 MeHee MpPOYHBIX aJICBPOJIMTOB HMKHeoOUTrapMckon cBuThl K00,
(okono 30 % ero mmuubl) [10-A, 12-A]. KopeHHble mopojabl Ha yd4acTKe
MAalIMHHOTO 3ajla U TpPaHC(HOPMATOPHOTO MOMEIICHHS] MPEICTaBICHbI TOJIIEH
MEPECTANBAIOIINXCS NTECYAHUKOB U AJIEBPOJIMTOB HMKHEMEJIOBOTO BO3pacTa, CJIOU
KOTOPBIX HAaKJIOHEHBI B CTOPOHY HUXKHero Owneda moxa yriaom 65 — 75 rpamycos.

Ilecuanuku u AJICBPOJIMTHI ABIIAIOTCA KPCIIKUMHU CKAJIbHBIMU I'PYHTaMH: BCIIMYKHA
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UX COIPOTHUBJIEHUS OJHOOCHOMY C)KaTHIO B 00paslie paBHa, COOTBETCTBEHHO, 100 -
120 Mna u 60 — 80 Mmna [11-A, 13-A].

Crenuguyeckoii 0COOCHHOCTBIO PACIONIOKEHUS MAIIWHHOTO 3aja |
TpaHC(OPMATOPHOTO  TIOMELICHHUsS  SABIACTCA  HalIW4ue, B  ITOM  30HE
JUTOJOTHYECKUX  Pa3HOCTEH TOpoa: Oojiee MPOYHBIX  TOJICTOILTUTYATHIX
NIECUAHUKOB BepxHeoOuTrapMckoid cBuThl K;0D, 1 MeHee MPOYHBIX aJeBPOIUTOB
HIDKHeoOurapMmckoii cButThl K 0b; (okomo 30 % ero mmummbl) [10-A, 12-A].
KopeHnHble mOpoabpl Ha Yy4YacTKE MAIIMHHOTO 3ajla W TpaHCcHOpMATOPHOTO
MOMEIIEHUSI TPEJCTABICHBI TONIIEH TMEepecIanBarOIIUXCs TECUaHUKOB U
aJIEBPOJIMTOB HI)KHEMEIIOBOTO BO3PACTa, CJIOUW KOTOPBIX HAKIOHEHBI B CTOPOHY
HIDKHETO Obeda mojg yriom 65 — 75 rpagycoB. Kak HM3BECTHO, MECYaAHUKH U
QJICBPOJIUTHI ~ SIBIISIIOTCS ~ KPEMKUMH  CKaJIBHBIMH TPYHTAaMHU: BEJIMYMHA WX

COIMPOTHUBJICHHUA OAHOOCHOMY CIKAaTHUIO B O6p&311€ paBHa, COOTBCTCTBCHHO, 100 -

120 Mma u 60 — 80 Mmna [11-A, 13-A].
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Pucynoxk 6.9. - Pazpe3 B H30JIMHUAX CKOPOCTEN MPOJOJIHHBIX BOJIH LIEJIMKOB MEXITY
MAaIMHHBIM 3aJIOM U TpaHC(l)OpMaTOpHBIM IIOMECIICHUEM, MAIIMHHBIM 3aJIOM U MOHTAaXXHOU

Kamepou

Hpyroii 0COOEHHOCTHIO pacCMoOiOKeHUs MammuHHOTOo 3ama (M3) w
TpaHchopmaropHoro nomemienus (TII) siBnsercs Hamuuue, B 3TOM 30HE BBICOKHX

CKUMAIOLINX HaIpPsSHKEHUM, HMMEIOLINE TEKTOHUYECKYIO MIPUPOTY,
236



MOATBEPAKIACHHBIE  BBIMOJHEHHBIMA ~ HW3MEPEHUSIMH, TO3BOJUBIIHNE  OIIEHUTH
BEPTUKAJIBHYI0O W TOPU3OHTAIBHYIO KOMIIOHEHTHl HaNpsKEHUW, COCTaBIIUE
COOTBETCTBEHHO, 12 Mmna 17 Mna u 6onee [11-A, 13-A].

[Ipy TpOEKTHUPOBAHUM  MOA3EMHBIX  KOHCTPYKIIHMHM, OSTH  3HA4YEHUS
HaIpsHKEHUN TPUHATHI KaK TOCTOSIHHBIE BEJTMYUHBI.

[Iporao3upoBanock, 4TO MpPU CO3AAHUU B 3TOM MACCHUBE KPYIHON BBIEMKHU,
ABSITCSI OJHOM M3 OCHOBHBIX TMPUYUH BO3HUKHOBEHHUSI MHTEHCHUBHBIX IMPOIECCOB
pasrpy3Kkd, OcJa0JieHHss TOpoJl B TMpU KOHTYpHOH 30HE  BCIIEJCTBUE
pa3yImioTHeHusi, jAedopMalid CTEH, HapacTaHusl JaBJIEHUS Ha Kpenb U
dbopMupOBaHUE 30H HEYCTOMUUBBIX MTOPO/I.

B nmoazeMHbIX kamepax OOJIBIIOTrO pa3Mepa Ha MpUMEpPe MAIIMHHOTO 3ajia U
TpancopmaropHoro mnomenieHusi Porynckoir ['D9C cTeHBl moJBepraroTcs
OTPOMHBIM T'PaBUTALIMOHHBIM U TEKTOHUYECKUM JIaBICHUEM, KOTOPBII MIPUBOJIUT K
KOHBEpIreHIUH (COMMKEHHUE) CTEH.

Heo06xonumMo oTMETUTh, YTO peakivsi MacCHMBa Ha pa3pabOTKy MaIIMHHOTO
3aJja ¥ TpaHCHOPMATOPHOTO TOMEIIEHUS HE OrPAHHYUBACTCS MPOIlecCaMu
Pa3yIUIOTHEHUSI U TIOCIEAYIOMIEro yIUIOTHEHUsT MaccuBa. OJTHOBPEMEHHO C ATUM
MIPOUCXOUT KOHBEPIEHIMs CTEH BbIpaOOTKU. VHTEHCHBHOCTh W JUIMTEIBHOCTH
KOHBEPT€HIIMU CYIIECTBEHHO PA3JINYHbI B IECUAHUKAX U aJIEBPOJIMTAX.

Jl1st MaccuBa, HAXOSIIIETOCS B YCIIOBUSIX HAMIPSIAKEHHOT'O COCTOSIHUS CHKaTHUs
pasrpy3ka MpUBOJUT K M3MEHEHUIO HANPSHKEHHOTO COCTOSHMSI MAacCuBa B
NPUKOHTYPHON 30HE TMOPOJ, TJe HANpsHKEHUS B pajvalbHOM HampaBJCHUU
YMEHBIIIAIOTCS, @ B TaHrEIUOHAJBHM BO3pPACTAlOT, YTO MOXKET NPUBECTH K
pa3pyIIeHUIO TIOPOI Ha KOHTYPE BHIPAOOTKH.

UccnenoBanne ympyrux ¢ MNPOYHOCTHBIX XapaKTEPUCTHUK TMOPOJ B
MOA3EMHBIX BBIPaOOTKAX pemancs o CTaHJapTHOM METOJUKE
CEHCMOAKyCTUYECKOTO  METOJIa  CEMCMHUYECKOro  KapoTaxa CKBaXWUH U
yJIBTPa3BYKOBBIM METOJIOM UCCeA0BaHUs Ha oOpasmax [182, 218, 219, 8-A, 9-A].

B cooTBeTcTBMM C MEpPONPUATHUAMHU 1O MPOBEACHUIO YKPENUTEIbHOU

[EMEHTAllMM BMeEIAIIero maccuBa TpaHchopmaropHoro mnomemieHus (TII)
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Porynckoit 'DC Ha ONBITHOM yYacTKe, JUIsl OLEHKM KayecTBa YKPEMUTEIbHOU
IIEMEHTAllUA TICCYAHWKOB OBUTH TPOBEACHBI TE€O(OU3UUECCKUE WCCICIOBAHUS B
CKBa)XMHAX MeTosoM ceiicmuyeckoro kaporaxka (CK). Ha ykazanHoM ydacTke B
COOTBETCTBHHM C TPUHATON TEXHOJOTUEH IIEMEHTAIMOHHBIX paboT ObuH
pa30ypeHbl OMBITHBIE M KOHTPOJIbHBbIE CKBXKHHBI JJIMHOW 25- 35 M, nmuamerpom
105 mMm. BypeHue BceX CKBaXHH BBINOJIHSJIOCH C OTOOPOM 0O0pa3OB-KEPHOB
nuametpoM 61 mm [8-A - 11-A].

B crene Bepxnero 6neda (Bb) u Huxnero 6seda (Hb) Tpanchopmaroproro
MIOMEIIEHUS B TiecuaHoi 30He (necuannku K;0b,) Obun BEIOpaHBI JBA yyacTKa s
BBINIOJIHEHUS YKPENUTENbHON UeMeHTauuu. B crteHe BepxHero Oneda ObLIO
pa3oypeno 5 ckBaxkuH B paiione [IK 14+21,60, a B creHe HmxHero Oneda ObLIO
pa3oypeno 4 ckBaxuH B paiione I[IK 1+21,60. IleMeHTarmoHHbIE PaOOTHI
BBITIOJIHSUTMCh B HECKOJIBKO JTAloOB Ha KaXJIOM ydacTke, ¢ anpeis nmo uwonb 2015
r., TreodusnyecKkue HCClIeqOoBaHUS ObUIM TPOBENEHBI JUIsl KOHTPOJS KadyecTBa
IIEMEHTAIIUX B TPH JTara.

CxeMa pacrnoiookeHHs 00CIETI0BAHHBIX CKBAXKUH MPEACTABICHBI HA PUCYHOK
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Pucynok 6.10. - Cxema pacronoxKeHus! CKBR)KHH Ha OMBITHBIX Y4acTKaxX (30HA MECYaHUKOB)
B TpaHchopmaroprom nomeniennu Poryuckoit '9C, a) IIK 1+21,60 M, Bb;
6) I1IK 1+21,60 m, Hb
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Ha »Toi1 cxeme BHIHO, YTO PACCTOSHUS MEXIY YCThSIMH ONBITHBIX U
KOHTPOJIbHBIX CKBOXMH Ha O0OOMX y4YacTKaX HE MPEBBIMMAIOT 1-2 M, MO3TOMY
MOXHO CUMTaTh, YTO BCE CKBXHHBI HAXOAATCS B TMpeaesiax JBYX YCIOBHO
OJIHOPOJIHBIX OJIOKOB UCCJIEAYEMOr0 MacCHBa.

Ha nepBom stane, no | nukia nemeHTtanuu, B cteHe BepxHero oneda TII
OBLIT TPOM3BEICH CeHCMHUUECKU KapoTax 3-x ckBaxud M1 (ITK 1+22,60, aG¢c.oTw™.
984,00 m), M2 (IIK 1+20,60, adbc. ot™m 984,00 m), M3 (IIK 14+21,60, ab¢c. oTm.
985,73 M) 1 B cTeHEe HIDKHETO Obeda ObLIT MPOU3BEACH CEHCMHUECKUN KapoTaxk 3-X
ckBaxkud O1 (ITIK 14+20,60, abc.ot™. 984,00 m), O2 (IIK 1+21,10, ab¢c. ot™m 984,00
M), O3 (TIK 14+22,60, abc. ot™m. 985,73 Mm).

Ha BTtopom sTame, cpa3dy mocie 3aBepuieHus | mukia meMeHTaI[MOHHBIX
paboT, celicMUuYecKuil KapoTak ObUI BBINOJHEH B cTeHe BB B KOHTpoOJbHOMU
ckBakune MCI1 (ITK 1+21,60 a6c. otm. 984,58) u B crene Hb B koHTponbHOIM
ckBaxune OC1 (IIK 1+21,60, a6c¢. oM. 984,58 m).

Tpetuit sTan reodusnueckux wuccieaoBaHUN ObUT BbIONHEH nepea |l
IIUKJIOM IIEMEHTAIMOHHBIX PabOT BCEr0 B OJIHOM CKBAXKUHE B CTEHE BEPXHETO
oreda: M4 (IIK 1+22,10, abc. ot™. 984,87 m).

Ha onbITHOM yyacTke (mecuaHuku BepxHeoourapmckoii cButhl (K;00,)
— B cTeHe BepxHero 0beda tpanchopmaropHoro nomemnienus (TII) B paitone [1K
1+21 na mnepBoM dTame u3MepeHud (mo | HMKIA LEMEHTAIMK) HCCIIeIOBAHbI
ckBakuuael M1 (ITK 1+22,60, a6c.otm. 984,00 m), M2 (ITK 1+20,60, abc. ot™
984,00 m) u M3 (IIK 1+21,60, adc. ot™. 985,73 ™). [Tocie | nukia rieMeHTanuy,
Ha BTOpOM OJTame u3MepeHuil Obuia mnpokapoTupoBaHa ckBaxxkuHa MC1 (TIK
0+22,70, abc.otm. 965,08). Ha Tperbem »Tanme wu3Mmepenuit, a0 |l 1ukiia
IIEeMEHTAIMH, ObliIa ucciaenoBana ckBaxxuda M4 (ITK 1+22,10, adc. otm. 984,87 m).
PesynpTaTel 00pabOTKH MaTepUaIoB CEMCMHUYECKOTO KapoTaka B CTEHE BEPXHETO
obeda TII mpencraBmensl Ha puc. 6.11. (TyHKTUPHOW JMHUEH TOKA3aHBI
BEJIMYMHBI CKOPOCTEH IMOTIEPEYHBIX BOJIH).

MaccuB MOXHO pa3feianTh Ha TPU 30HBL. YCJIOBHO HMX MOXKHO Ha3BaTh:

NPUYCTbEBasi, MPOMEKYTOUHAS U MpU3ab0HHasl.
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Ha mepBom stame pabot, mo pesyiapTataM oOpaboTkm MmarepuanoB CK B
ckBaxknHax M1, M2, M3

ckopocteit Vp=2,80-3,20 xm/c. BpIgenuTh MONEpeyHyI0 BOJHY BOJM3U OT

B npuyctbeBoil 30He (0-4 M), MOSy4YeHBI 3HAYEHHUS

WCTOYHHKA HE YJajJoCh, W3-32 BBHICOKOW WHTEHCUBHOCTH MPOJOJILHOW BOJHBI.
Hanee, no riyOunsl 21-22 M 3HadyeHHs ckopocted coctaBisioT: Vp=4,10-4,30
km/c, Vs =2,30-2,40 km/c. bmmke k 3a0010 CKBaXMH Ha TiyoOmHax 21-36 M
3HaueHUsA CKopocTted mamaroT g0 VpP=2,60-3,30 xm/c, Vs=1,45-1,80 xm/c.
[ToHmKEHUE CKOPOCTEH B 3TOM MHTEPBAJIC TIYOMH MOXHO OOBSICHUTH TEM, YTO OH
HIDKHETO Obeda

nomaaact B 30HY pacCTATrWBarOIIMX HaHpH)KCHI/Iﬁ CTCHBI

MallIMHHOT'O 3aJia.
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Pucynok 6.11. - Pe3ynbTaThl ceiicMUYeCKOTO KapoTa)ka CKBXHH B CTCHE BEPXHETO Obeda
(TTIK 1+21,60 m, nmecuanas 3ona) TII: a) no nemenTanuu, 6) mocie 1-ro NUKIa MEMEHTAIUH,

B) 1o |l mukia nemMeHTanumn

Ha Btropom stane usMmepenwuii, B ckBaxkune MCI1 B untepBane 0-10 m
NoJIy4eHbl 3HaueHusi ckopocrei: VP=3,50 km/c, VS omnpenenutrb HE YHanoCh.
3aTeM, pnanbllie OT CTEHbl, B HUHTepBaje ©youH 10-30 ™M, HaOmomaeTcs

yBenu4ueHne 3HadeHuil ckopocreir VP=4,20 km/c, Vs=2,40 xkm/c. U B 3aboitHOMU
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4acTu CKBaXXuHBI Ha Tiyomne 30-35 M momyuenst VP=3,30 km/c, Vs=1,85 km/c.
[ToHm>xeHue CKOPOCTE Ha TOM y4YacTKE CBSA3aHO C TeM, YTO 3200 CKBaKHHBI
npuOJMKAETCS K CTEHE MAUIMHHOrO 3aia, TJIe CHJIBHO pa3BUTa MOJS
PACTATUBAIOIIUX HAIPSKEHUI.

Ha tperbem stame paboT B ckBaxkuHe M4, koTopas u3ydeHa BCEro 0
rryounsl 20 M, B uHTEepBajie riayoud 0-5 M, momydeHo 3Hadenue VP=3,40 xm/c,
COOTBETCTBYIOIIIEE, OUEBHIHO, 30HE Pa3rpy3Ku, H, 3aTeM, 0 3a00sl B MHTEpBaJe
riryouH 5-20 M noaydensl ckopoctu: Vp=4,05 km/c, Vs=2,30 km/c.

[To pesynmpratam CK Ha 3TOM y4YacTke MOPOCIECKUBAIOTCS HEKOTOPHIE
3aKOHOMEpPHOCTH. B mpuycThEeBON YacTH CKBa)KMH, B 30HE PAa3rpy3KH, CKOPOCTH
Ha TIEPBOM 3Tale MMENU IUPOKUi pa3dpoc 3Hauenuit Vp=2,80-3,20 xm/c, yTo,
0OyCJIOBJIEHO BBICOKMMH 3HAUEHUSIMHU PACTIATUBAIOIINX HAIMPSHKEHUN B 3TOM 30HE.
[Tocne 1-ro nukmIa neMeHTaluu CKOPOCTH BO3pociu A0 3HaueHus VP=3,50 km/c,
YTO YKa3blBaeT Ha TMOJOXKUTEIbHBIN 3(P(GEeKT [eMEHTAIMOHHBIX paboT. B
UHTEpBaJe MIyOuH 4-22 M 10 U TOCJIe [IEMEHTAI[MU 3HAYEeHUE CKOPOCTH MOYTH HE
U3MEHUJINCh, YTO, BO3MOXKHO, OOBSCHAETCS OTCYTCTBHEM TpellMH. B mHTepBane
ryoun 22-30 M, XapaKTepu3yloIIeMcs HU3KUMHU HadalbHbIMU 3HAYEHUSIMU
cKopocTelt, mociennue Beipocan a0 VP=4,20 km/c, Vs=2,40 km/c, 4TO MOXKET
yKa3bIBaTh HA YCHENIHYIO IIEMEHTAIMI0, a B uHTepBaie riayouH 30-35m 3HaueHus
CKOPOCTEH MOYTHU HE U3MEHUIIHCh, CBSI3aHHOE C OTCYTCTBUEM OTKPBITHIX TPEILIUH.
Ha tpethem sTane pabot B uHTepBasie 0-5 M 3HaYEHUST CKOPOCTEH MPAKTUYECKU HE
WU3MEHUIINCh 10 CPABHEHUIO CO CKOPOCTSAMH 2-TO 3Tama, a B MHTepBaje 5-20 M
3HaueHus1 ckopocteit ynanu g0 Vp=4,05 km/c, Vs=2,30 km/c.

IloHM>keHust CKOpPOCTEM Ha JOTOM Y4YacTKE CBS3aHO C JCHUCTBUEM
pPACTATUBAIOIINX HANPSOHKEHUNA MPUBOJAUIMN K PEAKCAlUI0 HANpsLKEHUS 110
(hOHOBOTO YPOBHSI.

Ha onbITHOM yyacTke (mecuaHMkKH BepxHeoourapmckoii ceuthl (K;0D0,)
- B creHe TII co croponsl HuxkHero Obeda, B paiione I1IK 1+21,60 m Ha mepBom
srane uaMepenuit (mo | nukna nementanuu) ucciaenoBanbl ckBaxkuHbl O1 (TIK

1+20,60, a6c.otm. 984,00 M), O2 (TIK 1+22,60, abc. otm 984,00 m) u O3 (IIK
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1+21,60, abc. ot™. 985,73 M), mocne 1eMeHTanuu (BTOPOM 3Tam U3MEPEHHI) —
ckaxkuHa OCl (IIK 1+21,60, abc. otm. 984,58 ™). PesympraTsl 00paboTKu
MaTepHaioB CEHCMUYECKOTO KapoTa)ka Ipe/ICTaBlIeHbl Ha puc. 6.12.

[To pesynpraTam 00paboTku matepuanoB CK Ha mepBoM 3tame paboT, B
cTeHe HmKHero Obeda, B ckBaxkuHax Ol, O2, O3 B 30He pasrpy3ku 0-4 M,
MOJy4eHbl 3HaueHHs ckopoctedt Vp=2,45-2,51 kwm/c (puc. 6.19). Ilonmepeunas
BOJIHA B 3TOM MHTEpBaJIe HE 3aperucrpupoBaHa. B uHtepBane riyoun 13-22 m B
ckBaxuHax O2 u O3 Vp=3,05 km/c, Vs=1,75 km/c u Vp=3,1xm/c, Vs=1,70 km/c
COOTBETCTBEHHO, a B CkBaknuHe Ol Ha rimyOune 10- 25 M, 3HaueHHUs CKOpOCTEH
coctaBisroT: VP=3,05-3,30 xm/c, Vs =1,70-1,80xm/c. bimke k 320010 CKBaXKHH Ha
riryouHax 22-34 M 3HaueHHs ckopocter manarot 1o VP=3,20-4,10 km/c, VS=1,75-

2,20 km/c.
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PucyHnok 6.12. - Pe3ynbTarhl ceiCMUYECKOTO KapOTaka CKBKUH B CTCHE
HwkHero opeda (IIK 1+21,60 M, 30na necuannkoB) TII: a) mo nemenTaruu, 6) mocne 1-ro

[MUKJIA [IEMEHTAIINH.

Ha BTropom stane usmepenuii, B ckBaxkune OC1 B unTepBasie 0-6 m (30Ha
pa3rpy3ku) MOJydeHbl 3HaueHus ckopocrtei: VP=3,20 km/c, VS omnpenenuTs HE
ynainock. Jlanee, B unTepBaie riryoun 6-21 M, HabmogaeTcs yBeIMueHnEe 3HaUeHHH
ckopocteit 1o Vp=3,65 km/c, Vs=2,05 km/c. I B 3a00iHOM YacCTU CKBaXKHHBI Ha

riryoune 30-36 M monmyuensl VP=3,87 km/c, VS=2,10 km/c.
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[Io pesynapTaram pabOT BBISBIEHBI CIEAYIOLUIME 3aKOHOMEPHOCTH. B
NPUYCTHEBOW YAaCTU CKBA)XMH, B 30HE PACTATMBAIOILMX HANPSUKEHUH (pa3rpy3Ku)
CKOPOCTH Ha MEPBOM JTare JAOCTaTOYHO HU3KHE, YTO, BEPOSITHO, OOYCIIOBICHO
TpemuHoOBaToCcThi0. [locne 1-ro mukima memMeHTanuu CKOPOCTH BO3pPACTAlOT H
npuHuMaioT 3HadeHus VpP=3,20 km/c, UYTO YyKa3blBaeT Ha TIOJIO)KUTEIIbHBIN
pe3ynbTaT IEMEHTAMOHHBIX pa0doT. B 1ieHTpanbHON YacTy CKBaXXWH, B HHTEpBAJIe
riyOuH 4-22 M 10 IEeMEHTAluu HAOI0Ial0TCs TOHM)KEHHbIE 3HAYCHHSI CKOPOCTEH,
YTO, BEPOSTHO, OOYCIOBJICHO MPOXOMSAIICH 3/1eCh 30HOH TPEUIMHOBATOCTHIO
MaccuBa. [lociie mepBoro nyKiIa NeMEHTAMN 3HaYE€HUsI CKOPOCTEN BO3PACTAIOT 10
Vp=3,65 km/c, Vs=2,05 km/c, 4TO CBUACTEILCTBYET 00 YCIEIIHON IIleMeHTalu. B
3a00MHOM 4YacTW CKBAXXWMH, 3HAYCHHUsS CKOPOCTEH, XapaKTepU3YIOLIUECs
OTHOCHUTEJNIBHO BBICOKMMM II€PBOHAYaJIbHBIMUA 3HAYEHUSMH, 1O M IIOCIE
LEMEHTAlMM II0YTH HE W3MEHWIIOCh, YTO YKa3blBaeT Ha IIEPBOHAYAIBHOE
OTCYTCTBHE TPEIIUH B 3TOM UHTEPBaJE IITyOuH.

Peasm3oBaHHblE ~ WCCHENOBaHWsS  IO3BOJIMJIM  BBIABUTH  CIEAYIOLIUE
3aKOHOMEPHOCTH, JJI1 pAaCCMAaTPUBAEMOr0 0ObEKTA UCCIIEIOBAHMIA:

- B npuycTheBOI 4aCTH CKBaXXWH, B 30HE Pa3rpy3Kd CKOPOCTU HA MEPBOM
3Tare JOCTaTOYHO HU3KHUE, YTO, BEPOATHO, 00YCIOBICHO TPEUIMHOBATOCTBIO.

- Ilocne 1-ro nukia HEeMEHTAalMKW CKOPOCTH BO3PAcCTalOT W MPUHUMAIOT
3HaueHus: VP=3,20 kM/c, UYTO YyKa3bIBa€T Ha TMOJOXUTEIbHBIN pe3yiabTaT
[IEMEHTAIMOHHBIX PalboT.

- B nenTpanbHON 4YacTHM CKBaXWH, B HWHTepBaje riayouH 4-22 M Jo
LEMEHTAlUKU HaOJII0IAI0TCSl MOHWKEHHbIE 3HAYEHHsS] CKOpPOCTEH, 4YTO, BEPOSATHO,
00yCIIOBJIEHO MPOXOAAIIEH 37IeCh 30HOM TPEIIMHOBATOCThIO MACCHBA.

- [locne mepBoro nukiIa HEMEHTAUWMU 3HAYECHHS! CKOPOCTEW BO3pPACTAIOT 10
Vp=3,65 xm/c, VS=2,05 km/C, 4TO CBHIETETHCTBYET 00 yCTEIIHON IIEMEHTAIIUH.

- B 3a00iiHOI YacTH CKBa)XKMH, 3HAYEHUSI CKOPOCTEH, XapaKTEPHU3YIOIIHECs
OTHOCHUTEJNIBHO BBICOKMMM II€PBOHAYaJbHBIMUA 3HAYEHUSIMH, 1O M  IMOCJE
LIEMEHTALMM TIOYTH HE W3MEHWJIOCh, YTO YKa3blBaeT Ha I[IEPBOHAYAIBHOE

OTCYTCTBHE TPEIIUH B 3TOM UHTEpBaje rTyOuH.
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VY pTpa3ByKOBBIE UCCIIEIOBAHMS OBLIM IPOBEICHBI HA 00pa3ax U3 CKBaKHH
M1, M2, M3, M4, MC1 (onsitasiii yuactok [1IK 1+21,60 Bb, necuanuku) u Ol,
02, 03, OC1 (onbiThbIM yuacTok I1IK 1+21,60 Hb, necuanukn).

[To pesynmbraTam 00pabOTKH ObLIa MOCTpPOEHA CyMMapHas KyMYJSTUBHas
KpUBasi U3MEHEHHS CKOPOCTEH MpPOJIOJBHBIX BOJH B 00pa3llax MECYaHWKOB IO U
MOCJIe MEPBOTO ATana eMeHTauu puc.6.13.

AHanmM3 TMOMy4eHHOTO TpaduKa, MO3BOJWI K CICAYIOIIEMY 3aKIIOYEHHUIO:
CKOPOCTH TPOJOJBHBIX BOJH B o0O0Opa3iax IeCYaHUKOB TPAKTUYECKH HE
W3MCHIWINCH TIOCJI€ BBIMOJTHCHUS pPaldOT 110 IIEMEHTAIMH COOTBETCTBYIOIINX

OIIBITHBIX Y4aCTKOB.

KymynATuBHBIE KpHBBIE 3HAYEHHII CKOPOCTEH POJONIBHBIX BOIH B
obpasiax

1.2 [UIA TIECYAHHKOB
== K yMyJIATHBHAA
1 KpHBas 10
0.8 LIEMEHTAIHH

0.6
0.4 // == KyMynaTHBHAA

KpHBas IOCIe
02 TIEPBOTO ITHKITA
LIeMeHTaIHH

0 1 1 Il Il

2500 3000 3500 4000 4500 5000 5500
CKOpOCTH TPOIOIBHBIX BOJH M/C

Pucynok 6.13. - KymynatuBHas KprBas 3HaU€HUN CKOPOCTEN MPOJOIbHBIX BOJIH B

06pa3uax J0 M IIOCJIC YKpCHHTCHBHOﬁ OEMCHTAIIMHU MaCCHBa IICCYaHUKOB

Pe3ynbTaThl CEMCMUYECKOTO KapoTaXka IOKa3bIBAIOT, YTO JJIS TOPOJa C
MEePBOHAYAILHBIMU TIPOJ0JbHBIMU cKopocTamu (V) mensbine 3,50 km/c — adpdekr
IIEMCHTAIIMM CYIIECTBEHHO Jydine. [IpudeM, dYeM HWXKE IepBOHAYAIbHBIC
CKOPOCTH, T.€. BBIIIE TPEIIMHOBATOCTh, TeM OobIe dpdexT nementanuu. Ecnu
NIEpPBOHAYAIBHBIC CKOPOCTH BBINIE 3TOW BEIUYHMHBI, TO 3((EKT HYyJIEBOH WU

OTPHULIATEIIbHBIN.
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[Ipu 06001meHnn pe3yabTaTOB Tre0(PU3NUECKUX HCCIEAOBAHUN BBISBICHO,
YTO OTpULIATENbHBIE 3HAYCHHUS 3¢ (PeKTa EeMEHTAIMH MOJYy4YeHBl NIJs MOpOXa C
BBICOKMMM TE€PBOHAYAJIBHBIMU IPOJOJIBHBIMU CKOPOCTSMH, TMOATBEPKAAOIINN
TE3UC O TOM, YTO INpPU IPUMEHEHHOM TEXHOJIOTUM LEMEHTAllMM MPOUCXOIUT
pPacKpBITUE MEIKUX TPEHIMH U MposiBIcHHE d(deKTa JTOKAIbHBIX THAPOPA3PHIBOB.
Jlia mopoA ¢ nepBOHAaYaIbHBIMU MPOAOJIBHBIMU cKopocTsMH (V) menbiue 3,50
KM/C — 3¢ (eKT IIeMEHTallu1 CYIIECTBEHHO Jyulie. Hu3kue ckopocTH i JaHHBIX
TUIIOB MOPOJ, KaK MpaBuiio, 00yCIaBIMBAIOTCS TPEUIMHOBATOCThIO. [Tpruem, uem
HU)KE IMEpBOHAYAJIbHBIE CKOPOCTH, T.€. BBILIE TPELUIMHOBATOCTb, TEM OOJbIIE
3¢ ¢deKT 1eMeHTauuu. DTO TOBOPUT O TOM, YTO B NEPBOM CIyyae MPOUCXOJUT
3alMOJHUTENbHAS ~ LEMEHTalus TPEUMHOBAThIX 30H, & BO BTOPOM Cllydae
IPOUCXOAUT PACKPBITHIE MEIKUX TPELIMH U MposiBIeHUs 3 (eKTa rupopa3pbiBOB
[12-A, 13-A, 16-A, 17-A, 76-A, 77-A].

Takum 00pa3oM, CyIIECTBYIOIIAs B HACTOSIIEE BpeMs HEOOXOAMMOCTb
o0ecrieueHnsT HaJEKHOCTH TUJIPOTEXHUUYECKUX COOPYKEHHH COOpYKaeMbIX B
YCIOBUSIX Pa3BUTUSL PAaCTBOPUMBIX TOpPOJ TpedyeT ONTUMAaIbHOIO BbIOOpa
HanOoJiee BaKHBIX HAMPABICHUN HMCCIEIOBAHUNA M HAOIIOJEHUS 32 OCHOBHBIMU
napamMeTpamMM OCHOBAaHMSI COOPYXEHHUS B OCOOEHHOCTH 32 HaJEKHOCTHIO
MPOTUBO(PHIIBTPAITMOHHBIX 3aBEC, M CIIEIOBATENBHO, 32 Y(PPEKTUBHOCTHIO paOOTHI
BCETO KOMILIEKCA COOPYKEHHUM.

C LEbIO oOecrieueHus YCTOMYUBOCTH BBICOKOHAIIOPHOTO
TMIPOTEXHUYECKOIO COOPYKEHUS B OCAJOYHBIX CIIEMEHTHPOBAaHHBIX TI'PYHTax
OCHOBaHMsI  (apruwjuiMrax M  TECYaHWKax)  Mpeanojaraerca  Co3JAaHue
MPOTUBOPMIBTPALMOHHOTO 3KpaHa BBICOKOW TUIOTHOCTH. [Ipu cozmanum sKkpaHa
Hapsy C LEMEHTHBIMU CYCIIEH3MOHHBIMH pacTBOpamMH OyIeT HCHOIb30BaH
XUMHUYECKUW  reneoOpasyronuii  pactBop, paspaboransblii  [IpoOGraeMHoM

naboparopuelt reosiorudeckoro dakyiaprera MI'Y [220].
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6.4. TexHuko-3KkoHOMHUYECKasA IPPEeKTUBHOCTH

NpPUMeHEeHNs1 pa3padoTAaHHBIX NPUOOPOB

Habmronenune 3a pasButueM (PU3MKO-XMMHUYECKOTO Mpoliecca B OCHOBAHUU
mioTuHbl Poryackon I'SC Benoch, TPYI0EMKUM U 3aTpaTHBIM METO/IOM, KaKOBBIM
SBJISIETCSI OTOOPOM MPOO TMOA3EMHBIX MUHEPATM30BAHHBIX BOJI W TPOBEICHHUEM
7a00paTOPHO-XUMHUUYECKOTO aHaiau3a. B BuAy TOro, 4TO THAPOJWHAMHYCCKHE U
TUAPOTrCOXMMHUYECKUE YCIOBUS B OCHOBAaHHUM IUIOTHHBI OBICTPOM3MEHSIOIIUECS
(bakTophl, TO ONEepaTUBHAs OIEHKA COCTOSIHUS MPOIECCOB, B peaIbHOM MacIiiTade
BPEMEHHU HE TIPEICTABIIICTCS BO3MOYKHBIM.

Crnenyer OTMETHTh, YTO Ha CETOMHAIIHWN JICHb PEIICHHE IPOOIeMBI
OTEpAaTUBHOM  OIICHKM HCCIEAYEMBIX IapaMeTpOB, MOXKHO pEan30BaTh
UCITI0JIb30BAaHUEM Han0oJiee COBEPIICHHOTO M YHUBEPCAIBHOTO CIIOCO0a KaKOBBIM
10 HaIeMy TBEPAOMY YOeKICHUIO, SBISICTCS KOHIYKTOMETPHUECKHI CIOCO0
W3MEpPCHUs, OCHOBAHHBIH HAa YydYeTe TOro, YTO BEJIWYWHA DJIEKTPUUCCKON
npooguMocT (OI1) sBnsiercs QyHKIMEH KOHIIEHTpAIlMM BCEX PACTBOPEHHBIX B
HEM HOHOB M TIPEACTAaBIISACT cOO0M 0OOOMIEHHYIO XapaKTEPUCTUKY €ro KauecTBa,
4YTO 00€CIeUnBaET HEOOXOIUMYIO CEJIEKTUBHOCTh METO/IA.

Pazpaborannwiii (nHa yposne uzobpemenuti — manvii namenm T1J 80
«Yempoiicmea 0na kKoHOyKmoMempuyeckux uzmepeHuil») W W3TOTOBICHHBIN B
MIPOMBITIUICHHBIX YCIIOBUSX BapUAHT KOHAYKTOMETPOB, BHEIPEHBI B MPOU3BOICTBO
JUISL MCCAEAOBAHUS THAPOTCOXUMHUYECKOTO pEXKHUMa B OCHOBAaHUE IUIOTHHBI
Porynckoit I'DC.

Peanu3oBaHHbIE  TPOW3BOJICTBEHHBIC  MCCIEIOBAHUS  TOATBEPIUIIH
BO3MOYKHOCTh OIICPAaTUBHOW OIIEHKH MCCIICyeMOro TIpolecca, ¢ IOMOIIBIO
pa3paboTaHHOTO TIPUOOpa, a TAKKE MMO3BOJUIN BBISBUTH SIBHBIM SKOHOMUYCCKUN
3 PEeKT OT X IPUMEHCHHS

TexHUKO-IKCTUTYaTaIlMOHHBIA M SKOHOMUYECKUMH PacueTaMU TOITBEPKIACH
OKHJIa€MbIi SKOHOMUYECKHA 3(H(PEKTOM OT BHEAPECHHUS] KOHIYKTOMETPHUECKOTO
MeToJa U npubopa B pazmepe 456192 (dyeThipecta MATHACCAT MIECTh THICAY CTO

JIEBSTHOCTO JIBa) COMOHHU B rof (CM. npusnoxxeHue 4 nuccepraiun).
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OCHOBHBIE BbBIBO/JIbI

1. BHeceH BkJiaj B JajdbHEHIIEe pa3BUTUE TEOPUU U METOJOB YIIPABICHUS
(GUIBTPAIMOHHBIM PEKUMOM B PACTBOPUMBIX OCHOBAHHUSX BBICOKOHAITOPHBIX
mi0oTiH. ChopMyIMpOBaHbl KOHIIETITYaldbHbIE OCHOBBI COBEPIICHCTBOBAHUS
METOJ/IOB BEJICHUSI MOHUTOPUHTA, C Pa3padOTKON KPUTEPHAJIBLHOIO NMOKAa3aTeJisi
JAJIS1 ONepaTUBHON oOueHKU J(PekTUBHOCTH NPOTHUBOPUILTPANUOHHBIX U
npoTuBoCy(PPO3UOHHBLIX MEPONPHUATHA U (POPMHUPOBAHUS MEPONPHUATHN IO
obOecrnieueHuto0 0€30MaCHOCTH OCHOBAHUS IJIOTHUHBI [63-A].

2. BriepBble co3/laHa MatemMaThyecKass MOJACNb JiJIi ONTUMAJILHOTO MOUCKA
YYaCTKOB 3apOKJICHUSI TMYyTEeW COCPEAOTOUYCHHOW (PHIIbTpalluu W OIpeaeseHus
ko3 duienTa QuiIbTpalud € MPUMEHEHHEM TEOPHHM TEIIOMAcCONEepeHoca,
pa3paboTaH  BBICOKOUYBCTBHUTEIbHBI  JBYXKAHAJBLHBII  reoTepMOMeETP-
TeIJIOMEP ¢ BHICOKON TOYHOCTBIO IS McclieyeMoro oobekTa [18-A, 19-A, 68-A,
69-A, 71-A].

3. Pa3zpaborana marTemaTuyeckasi Mojejlb TpPaHCcHOPMATOPHOIO
KOHJIYKTOMETPA, KOHJAYKTOMETPUYECKUM METOJ U anmaparypa HW3MEpeHUs
ANEKTPUYECKON TMPOBOAMMOCTHA  MOA3EMHBIX, MHUHEpPAIU30BaHHBIX BOJI B
nbe3oMeTpudeckor cetu B jaumamazone oT 0,2 mo 300 r1/m. ¢ PyHKIusAMU
ABTOMATHU3MPOBAHHOW KAJTMOPOBKH 0€3 MPUMEHEHUS CI0KHOr0 000pymaoBaHus [3-
A, 4-A, 6-A, 7-A, 14-A, 15-A, 30-A, 32-A, 35-A, 50-A, 54-A, 58-A, 64-A, 70-A,
73-A].

4. DKCHEpUMEHTAJIbHO YCTAaHOBJIEHO paHEe HEU3BECTHOE (HUBUYECKOE
SBJICHUE BO3HUKHOBEHHUS TE€OTEIIOBOM 3aBEChl pa3Aeiisiionias 3€MHYIO KOPY Ha
30HY aKKYMYJISILIMM COJTHEUHOM PHEPTUM (MPUMOBEPXHOCTHAS YaCTh 3€MHOU KOPHI)
Y 30HY aKKyMYJISIIIUY TEIUIOBOTO MOTOKA, HAYLIEr0 U3 HEApP 3eMIIH, onpeaesseMast
WHTEHCUBHOCTBHIO COJIHEUHOTO M3TYyYEHHUs, CKOPOCTHIO U 0OBEMOM MOTOKA BOJBI B
pyciie, CKOPOCThIO HA3€MHOI'0 BETPa, CPEeIHEN TEIIIONPOBOJAHOCTHIO MOPO]T 3eMHOU
KOPBI, TEIMIIOEMKOCTBIO MTOJ3EMHBIX BOJI U BCTPEYHBIM TEILJIOBBIM IMOTOKOM OT s/Ipa

3emin. YCTaHOBIICHO SBJICHHE aHOMAaJbHOI'O IMporpeBa HpHHOBCpXHOCTHOﬁ qaCTu
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3€MHO KOpBbI, CBSI3aHHOE C YMEHbIIIEHHEM 00bEMa 30HbI AKKYMYJISILIMA COJTHEYHOU
SHEPrUu NpU NPUOIMKEHUH T€0TEIJIOBOM 3aBECHI K TOBEPXHOCTU 3E€MJIIH, KOTOPOE
SBJIIETCS. OJIHUM M3 OCHOBHBIX (DAKTOPOB MPUBOASIIMN K JETpaJalluyl JEIHUKOB,
WCIIApEHUsI BOJbI, BO3HUKHOBEHHS 3aCyXH M YBEIWYEHUS IUIOIIAAU JIECHBIX
okapoB [26-A, 29-A, 46-A].

5. Pa3paboran MeTonq M cucTeMa ABYXYPOBHEBOIO KOHTPOJS M3MEHEHUs
TEIJIOBOTO PEXUMa 3€MHOM KOPBI, C UCIOJb30BAaHUEM HU3MEPEHUSI TEMIEPATYPHI B
IPUIIOBEPXHOCTHOM YacTH 3€MHOM KOpbI J0 I€OTEIJIOBOM 3aBEChl U TIyOxke 3a
reOTEIIOBOM 3aBecor. lIpemnoxkeHo >SMIUpPUYECKOE YpPAaBHEHUE COCTOSTHUSA
TEIJIOBOTO MOJIs, TO3BOJISIIOLIEE KOCBEHHO ONPENEIUTh U3MEHEHHUE pacpeiesICHus
TEMIEPATYPHI 110 IIyOMHE 36MHON KOPBI, @ TAKXKE CIIOCOOCTBYIOIIEE MCCIIEA0BATh
JTHEBHOM M JIETHUM HAarpeB MPUIIOBEPXHOCTHOW YAaCTH 3€MHOW KOPBI COJIHEYHBIM
U3IyYEHUEM U HOYHYIO 3MMHIOIO TEIUIOOTHady B arMmocdepy, Ui COCTaBJICHHUS
roJI0BOro OajaHca TEMJIOHAKOIUJIEHHUs B 36MHOM KOpE U TEIUIOOTAauy B aTMochepy
[26-A, 29-A, 46-A].

6. Ha ocHoBe Teopunm TEIIOMAaccOlEpeHOca, pa3paboTaH METoA
onpeneneHuss KodpduuueHta (QuIbTpauud B OCHOBAaHUHU IUIOTUHBI, C YYETOM
U3MEHEHHUs TEIIOBOTO COCTOSIHUA 3eMiiu. Pa3zpaOoTaHHBIN MeTOA W MOJydeHHas
dbopmyna koddduimenta ¢uabTpanuu (aHamor 3akoHa Jlapcw) mo3BosseT
ONpENENsATh  CKOPOCTh (UIBTPALMH, B OCHOBAHUM IUIOTMHBI Ha CKaJbHBIX
TPEIIMHOBATHIX MOPOJaX, C JBMKEHHEM (UIbTPYIOIIEHCS BOJbI MPUHUMAIOIIEE
TypOyneHTHbIN xapaktep [20-A, 22-A, 25-A, 26-A, 27-A, 29-A, 43-A, 44-A, 81-
Al.

7. YCTaHOBJIIEHO HEU3BECTHOE paHee (PU3MUECKOE SBIICHUE OINPeCHEHMs
BO3ZHMKAIOIIEE MPU TOBBIIIEHUH BEIMYHMHBI THIPOCTATUYECKOTO JABJICHUS HaJ
OCMOTHYECKHM JABJIEHUEM MHUHEPATM30BAHHBIX BOJ M OTKATHSA IPU MOBBILIEHUU
OCMOTHYECKOIO JAaBJIECHUS HaJ TMAPOCTATUYECKUMM JaBi€HUEM. BhIsBIEHO paHee
HEU3BECTHOE (PU3UUECKOE SIBJIEHNE BO3HUKHOBEHHS THAPOHATIOPHO-OCMOTHYECKON
3aBECBHI MEXKy MEHEE U CUIIbHOMHHEPAIU30BAHHBIMU BOJAMU BO3HHKAIOILEE MPU

AJOCTHXKCHHMHM  PABHOBCCHOTO COCTOAHHA  MCXKAY THAPOCTATHYCCKHUM 141
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OCMOTHYECKHM JIaBJICHHEM, NpU KOTOPOM MAacCOIMEPEHOC MOJEKYJbl BOJABI B
o0eux HampaBJICHUSX Mpekpamaercs [21-A, 23-A, 24-A, 45-A, 82-A].

8. IlpensiokeHHbI cocod M YCTPOHCTBO CU(OHHOIO MepexBaTra MPECHBIX
(GUIBTPAIIMOHHBIX TOTOKOB, U COPOC UX B HWKHHUI Obed) COOpyKEeHHUS, TTO3BOJISET
yHOpaBIsATh U OOECeunuBaTh HEPABHOMEPHOE JaBJICHUE (QMIBTPALIMOHHBIX BOJ
MEXIy CKBOXMHAMU  HNpOOYpeHHbIE B  CTOPOHY OrOJOBKa COJIM U
IPOTUBOPMIBTPAIIMOHHON 3aBeCOl Ha BCIO JUIMHY 3alllUIIAEMOr0 ydacTka |
IPUKATUS MUHEPAJTIM30BaHHBIX BOJ| K TENy COJIEBOrO IUIACTa, yMEHbIIAs IIPU ITOM
pactBopeHue u cy(do3uio oroyoBKa cojieBoro miacra. [28-A, 37-A, 38-A, 42-A,

78-A, 79-Al].

PexomeHnaanuu nmo npakTu4ecKoMy MCIO0JIb30BAHUIO Pe3YJbTATOB U
NepPCNeKTUBBI JaJIbHel el pa3padoTKN NMPeAJI0KeHHOT0 HAYyYHOT 0

HaIpaBJCHUA

1. Pa3paboTaHHbIii aBTOPOM BBICOKOUYBCTBHUTEIIbHBINA JBYyXKaHAIbHBIN
r€OTEPMOMETP-TEMJIOMEP €  TOYHOCTBIO 0,001°C  mozBosieT HU3MEPATH
TEMIIEpaTypHbI  Apeiid W  ompenensTh  y4yacTKH  3apOXKICHUS  MyTel
COCPENIOTOYEHHOM  QuibTpanuu ©  omnpeAeneHus e€  kodddummenta ¢
MIPUMEHECHUEM TEOPUH TermoMacconepeHoca [18-A, 19-A, 68-A, 69-A, 71-Al.

2.  Paszpaboranbpl = MareMaruyeckas  MOJENb  TpaHCHOPMATOPHOTO
KOHAYKTOMETpPa, KOHAYKTOMETPUUYECKH METOJ U ammaparypa H3MEpEeHUs
AIEKTPUYECKON  MPOBOJAMUMOCTA  TMOA3EMHBIX MHUHEPAIM30BAHHBIX BOJA B
MMbE30METPUYECKON CETH, KOTOPBIM PEKOMEHIYETCS NMPUHUMATh 3a OCHOBY JUIA
HaOJII0/ICHUST U3MEHEHUS THUAPOTCOXUMHUYECKOT0 PEKMMa B OCHOBAHWU TUIOTUHBI
Ha PacTBOPUMBIX MOpOJIax nmopoaax [3-A, 4-A, 6-A, 7-A, 14-A, 15-A, 30-A, 32-A, 35-
A, 50-A, 54-A, 58-A, 64-A, 70-A, 73-Al.

3. IlpennoxxeHHy0 MaTEMaTUYECKyI0 MOJENbh TpaHC(HOPMATOPHOTO

KOHJIYKTOMETpA  PEKOMEHIYETCS TMpU  MPOEKTHUPOBAHUM  KOHJIYKTOMETPOB
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Pa3IMYHOTO Ha3HAYEHHUs nopoaax [3-A, 4-A, 6-A, 7-A, 14-A, 15-A, 30-A, 32-A, 35-A,
50-A, 54-A, 58-A, 64-A, 70-A, 73-A].

4. [lonyueHHbIE AMITUPUYECKHUE YpaBHEHUS 3aKOHOMEPHOCTHU
CPEOHETONOBOrO0  pPACHPEACICHUS] TEMIEPATypbl, B OCHOBAHUM  ILUIOTHUHBI
Porynckoii 'DC 1 3aKOHOMEPHOE PETMOHAIBHOE PACIPENECICHUE TEMIIEPATYPHI B
3eMHOW Kope TaKuKHCTaHa, PEKOMEHIYIOTCA HCHOJIb30BaTh ISl ONPEACIEHUS
Te0TEPMHUECKOMN CTYNEHU 3€MHON KOPBI, KaK MHANKATOP M30BITOYHOTO Teria [20-
A, 22-A, 27-A, 43-A, 44-A, 81-A].

5. Pa3pa0OoTaHHBIE METOJ M CHUCTEMa KOHTPOJS HM3MEHEHHUS TEIUIOBOTO
peXrMa 3€MHOM KOpbI, PEKOMEHIYETCS MCIIOJIb30BATh JUIsl PACIIOJIOKEHHUS
F€OTEIUIOBOM 3aBECHI M 30HBI AKKYMYJISIIUM COJHEYHOW JHEPrUU MO3BOJISIFOIIUN
MCCIIEIOBATh JTHEBHOW M JIETHUM HarpeB NPUIIOBEPXHOCTHOM YaCTU 3€MHOM KOPBI
COJIHEYHBIM H3JIyYCHHEM W HOYHYIO 3UMHIOIO TEIIOOTHady B arMmocdepy, 1o
KOTOPOM MO>XHO COCTaBUTh T'OJI0OBOM OajaHC TEIUIOHAKOIUICHUS B 3€MHOUW KOpe U
TEIJI00TAauy B aTMochepy [26-A, 29-A, 46-Al.

6. Pa3paGoTtanHblii MeTOJ U BBIBEACHHYIO (GopMmyiny Ko3duuueHTta
bunpTpanu (aHamor 3akoHa Jlapcw) peKoOMeHIyeTcs MPHUHSATh 3a OCHOBY IS
OTIpEJICICHUs]  CKOPOCTH (UIIBTPAIIMM, B OCHOBAHHM ITUIOTMHBI HAa CKaJIbHBIX
TPEIIMHOBATHIX TTopoaax [20-A, 22-A, 27-A, 43-A, 44-A, 81-A].

7. YCcTaHOBJICHHOE HEM3BECTHOE paHee (PU3NYECKOe SIBJICHUE ONPECHEHUS U
OTKaTuA MOJ3EMHBIX MHHEPATU30BAHHBIX BO/I (V)i NEUCTBUEM
TUIPOCTATUYECKOTO JIABJIEHUS U BO3HUKHOBEHUS THIPOHAIOPHO-OCMOTHUYECKOMN
3aBEChI MEK/1y MEHEE U CUIIbHOMUHEPAIN30BAHHBIMU BOJIaMH IMO3BOJIAET HA JTaIle
MPOCKTUPOBAHUSI U  OKCIUIyaTallud  TMO3BOJSET MNPUHUMATh  MPABUIIBHOE
TEXHUYECKOE PELIEHHUE MO 3alIUTE MOPOJ OCHOBAHUS IJIOTUHBI OT PAaCTBOPEHUSA
[21-A, 23-A, 24-A, 45-A, 82-A].

8. Jns 3amuThl COJIEBOTO ILIAacTa OT pa3MblBa PEKOMEHIYETCS
WCITIOJIB30BaTh TIPENJIOKCHHBIH aBTOPOM YIPaBISIEMOE MPOTHBOCY(hPo3uoHHOE

YCTPOICTBO [28-A, 37-A, 38-A, 42-A, 78-A, 79-A].
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9. Jlns ymeHbIleHUs (QUIBTPALIMOHHOTO JABJICHUS B 30HE MPUMBIKAHHS
IUIOTUHBI K €€ O0pTam, a TakyKe JJI1 MOHMKEHHS IETPECCUOHHON OBEPXHOCTH B
TeJle BBICOKOHANIOPHOW 3E€MJIIHOW IUIOTHHBI, PEKOMEHIYETCA MCIO0JIb30BATh

YCTPOKCTBO YMPaABIIEMOT0O TepexBaTa 00XOAHBIX (UIBTPAMMOHHBIX TOTOKOB [28-

A, 37-A, 38-A, 42-A, 78-A, 79-Al.
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Ipunoxenne 2.
I'pauku pacnpenesieHust cTeneHd MUHEPAJU3ALUN B Ibe30MeTPUYECKUX
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TpaduK U3meHeHMA MUHepanmM3auum Boabl ¢ rybuHON B Nbe30MeTPUYecKoi ckBaxuHe MM-32

| l;{:‘ —$—18,11,2011 -8-28,12,2011
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fnybuHa ckBamuHbl (M)

IpaduK U3MEHeHUA MUHepanu3aLumu Bogbl ¢ FyBMHON B Nbe30MeTpUYecKon ckeaxuHe M-33
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TnyBuHa ckeamuubl (M)
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IpadmK M3MeHEeHUA MUHEPaNU3aLMM BOAb! C IYBUHONM B Nbe30MeTpHUIeCcKor cKBaxuHe M-35

r{g'l —4=21,11,2011 —8=26,12,2011
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lpadmk M3meHeHnAa muHepanu3auumn Boab! ¢ MybMHON B Nbe3oMeTpHUYecKon ckeaXkuHe M-36
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Ipunoxenne 3.

CnpaBka 00 yyacTue B pa3pad0oTKe M U3rOTOBJIEHUN KOHIYKTOMETPOB

OBLI.IECTBO C OrPAHUYEHHOMW OTBETCTBEHHOCTbIO «H3NT»

Taoacuxucman, 734042, 2. Jlywanbe, yr. Axademuxa Padicabosa 11-38
Ten: (992)-37-2212844, ®akc: (992)-37-2212847 E-mail: nelt@nelt.info , www.nelt.info

Ne 01-12/2018 ot 10 gekabpa 2018r.

CNPABKA

HacToslyym [OKYMEHTOM MOATBEpXAaeTcs ¢akT  Toro, 4TO Mpu  NUYHOM
HEenocpeACTBEHHOM yvacTuu r-Ha [laBnatiioesa C.K. B nepuog 2011-2013 r.r. rpynnow
nxeHepos OO0 «HIJMT» Gbinu paspaboTaHbl M M3roTOBMEHbl Credywne npubopsl:
koHayktometp — conemep «NELT» u koHayktomeTp «KAJIbMAP». [aHHble npubopsbl
npepHasHaveHbl Ans usmepenns YOI noA3eMHbIX MUHEPann3oBaHHbIX BOA U UCMOb3YOTCA B
NbE30METPUYECKMX CETHAX OCHOBaHUS NIOTUHbI PoryHckort [3C pAna  MOHUTOpUHra
rnaporeoxumuyeckoro pexwuma. Cucrema, KOHTPONMpys rMAPOreOXMMUYECKUA PEXUM B
OCHOBAHWM MMOTUHbI, MO3BONAET CBOEBPEMEHHO KOPPEKTUPOBaTb MPOEKT MEeponpusATvs Mo
NPUHSTUIO TEXHNYECKOTO PELLIEHNA NO NMKBUAALINM aBapUHBIX cuUTyaLui.

Komnanus OO0 “ImapocneunpoekT”, KOTOpoi pykoBoaun r-H [laBnatiuoes C.K. B 2011-
2013 rr. senAnack 3akasumkom OO0 «HO3MT», duHaHcupoBana paboTtel no paspabotke U
WSrOTOBMEHMIO YKa3aHHbIX KoHaykTomeTpos. -H [aenatwoes C.K. npuHuman aktmeHoe
yyacTvie B paspaboTke NpUGOPOB 1 TEXHUYECKOW [OKYMEHTaLMK:
1. KongyktomeTp — conemep «NELT». TexHu4yeckoe onucaxue;
2. Konayktometp KAJIbMAP. PykoBOACTBO Nomnb3oBaTens.

Bonee nogpobHas MHopmaunss O KOHAYKTOMETpax npueeaeHa  Ha oduLmanbHomM
caiite OO0 «HIMT» No HKecneayoLen CCbiNKe:
www.nelt.info/energy.htm

C yBaxeHuem,

[upekTop A. Ilazapes
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Ipunoxenne 4.

AKT BHCAPCHHUSA B IKCILTIyaTallnlio

«YTBEPX ) AIO»

I'naBHb1 HHXeHED

AKT 0 BHeIpeHHe

PE3YJITATOB HAYIHO — MCCIIe0BATENbCKOM paboTsl Jlasnatmoesa C.K. «Konmykromerp
KAJIbMAP» saupnnennsimu natentamu TJ 80, TJ 120 u TJ 371.

M3roToBNCHHbI POMBILICHHBI BAPHAHT xoHaykToMcTp KAJIBMAP Ha ocHoBaH#uC
TEXHHYCCKHMX PE3YJIbTaTOB 3allkileHHbMK naTeHTaMu TJ 80 «YcrpoitcTsa s
KOHIYKTOMETPHYECKHX H3MepeHHit», TJ 120 «Crocob n3mepeHus Temnodusnueckux
XapaKTEePUCTHK XUIAKOCTEH U yCTpOHCTBa 11 ero ocyuectsiaenusy, TJ 210 «Croco6
M3MEPCHHS IH3NICKTPUECKON NPOHHLIAEMOCTH JKUKUX nudnekTpuxos» u TJ 371 «Ycrpoiictsa
AJis OIPENENCHUS INEKTPODUINIECKUX CBOMCTB IIEKTPOIMTOB B 3aBHCHMOCTH OT JaBJICHHS
BHE/IPEHO B NPOM3BOACTBO ¢ 2012 roxa /s HCCIENOBAHMS THAPOrEOXMMUYECKOTO PEXIMA B
OCHOBaHHe MIOTHHBI Poryrckoii 'OC.

Konznykromerp KAJIbMAP BHOCHT BeCOMBIif BKNIaJi B pelLICHHE CIEAYIOLIMX 33/1aY;

- U3yY€HUE THAPOr€OXUMHYECKHE OCOOEHHOCTH 30HbI COJIEBOTO TIACTA U XUMHUYCCKHUE
COCTaBH MOA3EMHBIX BOJ,

- U3MEPEHHE YPOBHSI MUHEPAJIN3aLliH BOJIU3H COJIEBOTO JIACTa,
- 3 PEKTHBHOCTD 3AUHTHBIX MEPONPHATHI{ COJIEBOTO TUTACTa OT PACTBOPEHHS,
- YTOUHEHHE QUITBTPALMOHHBIX XaPAKTEPHCTHK B OCHOBAHHE UIOTHHBL,

- UIBMEPEHHUEC ONTUMAJILHOI O YPOBHsI MHHEPAJIU3allMH 3aKa4YMBAEMOT0 HCKYCCTBCHHOI'O
paccona no obeum CTOPOHAM NJIacTa COJN.

Oxunnaempiit sxoHOMIYecKnit 3pdexT cocTanser 456 192 CoOMOHH B ro.

Havanenuk 1110 Konmupos LL.C.

OKOHOMHCT é;éz el % Ab6nynnoes C.H.
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IIpuioxenue S.

AKT BHeJIpeHMs B y4e0OHOM mpoluecce

«Y TBEpKIAIO»

HayuHO-TeXHHYeCKON KOMHCCHH O pealu3allid U BHEIAPEHUH Hay4YHbIX BBIBOJIOB
KaHauaarckoi muccepranmu  [laBmarmoeBa Canomara KanoartmioeBuya Ha
COMCKaHWe YYEeHHOW CTEMeHH KaHAWAATa TEXHUUYECKUX HayK M0 CMeLHalbHOCTAM:
05.11.13 —«ITpu6Gopsl ¥ METOABI KOHTPOJS TIPUPOJHOW Cpe/bl, BEIIECTB,
MaTepuaioB W u3aeNuii»,05.23.07 —«I'mapoTexHudeckoe CTPOUTENBCTBO» Ha
Temy: «PaspaGorka meTona u mpubopa JUlsl HaOMIOAEHHS THAPOTEOXUMHYECKOro
peXxrMa B OCHOBAaHUY IJIOTUHBITUAPOSIEKTPOCTAHLIUI.

Komuccuss B cocTaBe: npopekropa mo HayuHoit pabore TITIY wnmenn
Campunnuna Aitau, mpodeccopa Y6aiiayiioesa H., 3aB. kadenpsr o6imei pusuki
TITIY wumenn Canpummumba AiHu , jgoueHta YmapoBa A.A., 3aB. Kadepbl
teopetnyeckoit dusuku TITIY umenn Campumiuua AWnu, pouenra Tyiiuuesa
X.1I., kauauzara (U3MKO-MATeMAaTHYECKHX HayK, JOLEHTa Kadeipbl oOuieii
¢usuku  TITIY umenu Canpuanuna Aiuun Hebmarosa A., 7. 0. HOIEHTA
kadeps! obureit pusuku TITIY nmenn Caapummna Aiian Mupsomamasosa Al
— CBUJIETENBCTBYIOT O TOM, 4TO Tpu ju4HOM ydacTuu Jlanarmoesa C.K. Gbuio
pa3paboTaHO MaTeMaTHYeCKHil MOJEeNb KOHIYKTOMETpa, MpeAHa3sHa4YeHHbIH s
usmepenus: YOIl moa3eMHBIX MHHEpPATU30BaHHBIX  BOJ. Pa3paboTaHHbIi
MaTeMaTHYECKUH MOJENb KOHAYKTOMETpa UCIONB3YIOTCS B HAYYHBIX M y4eOHBIX
nabopatopusx kadenpsl «O6weit ¢usnkuy», Tamkukckoro I'ocyrapcTBEHHOro
mearorudeckoro yHusepcutera umenu CajapuuivHa AWHH, aclMpaHTam H

npenoaaBaTeIsIMu - 15 BBITNNOJIHEHUSI HaAY4YHbIX pa60T, a TaKiKe CTYyACHTaMH,
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MaruCTpanTaMu, IIpU BBIIIOJIHEHUM IHUIUIOMHBIX, KYPCOBBIX U na6opaTopr,1x

pabor.
IIpencenarens KOMHCCHU:
[Tpopexrop no Hayke TI'TIY
umenu Canpunnuza Aiinu, npodeccop @;{fdé;ﬁ/y VY6aiinynnoes H.
YneHbl KOMUCCHU:
3aB. kadenpoii obweit puzuku TITIY
umenu CaapuaannHa AWHH, TOUEHT - %Z/ Ymapos A.A.
Houent kadeapoit obmeit puzuku TITIY
umenu CanpunauHa AWHA ) HebMmaTtoB A.
3aB. xadenpoit TeopeTnyeckoi Gu3nKu
TI'TIY umenu CagpunauHa ANWHH, TOLIEHT TyitunesX.111.
. 0. loLieHTa Kadenpsl obiieil Gu3nuku

TI'TIV umenu Canpunauna AWHA 667( Mup3omamanos AT

[Toxnucu npopekropa mo Hayke, Y6aiimymioesa H. u nouentoB TITIY wmenu

Canpunnuna AifHu, HewmaroBa A., TyiuueBa X.II. wu

Mupzomamanosa A.I'.
PAECATH
KALPXO

. BA KOPXOM
3aBepsito: MAXCYC

umenu CaapuaauHa AWHU Hazapos /1.
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IIpunoxenue 6.

Mauibie natentbl PecnnyOumku Tagxukucran u nteHTsl EAIIO
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Pecnybiimka TakuKkacTan

l'ocynapcTBeHHOE MATEHTHOE BEOMCTBO

MAJIBIA IATEHT
NeTJ 80

Ha n3obperenue
YerporicTBo uis KOHAYKTOMETPHIECKHX H3MEPEHHH

Marenroobnanarems  Jlagnarmoen C.K.

Crpana PecnyOnuka TapkukucTan

Asrop () Jlanatmoes C.K., Cadapos M.M., 3apunosa M.A.,
boGouepos JI.U., Maxmaaunes M.C.

Ipuopurer usobperenns  10.04.2007
Jara nogawn saseke  |().04.2007

3ama Ne (0700102

3apeructpuposaso B [ocyaapcTseHEOM peecTpe
u3obperennit PecryGin TapxuxucTan 31 asrycra 2007

Mansii
narent aeiicrenrenes ¢ | () anpens 2007 r.oo_ |0 anpens 2017 r
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Pecnybsinka Tagxkukucran

I'ocynapcTBEHHOE aTEHTHOE BEJOMCTBO

MAJIBIA TATEHT
708

NeTJ

Ha u3obperenue
CKBAXHBIH CEHUCMHYECKHH ITPUBOP

INarenroobnanarens

Crpana

AsTtop (b1)

IpuopHTeT H30GpeTeHus 16.03.2015

16.03.2015

Jlara noaauu 3aABKH

1500927 |

3asBka Ne

3aperucTpupoBaHo B ['ocyaapcTBEHHOM peecTpe
n3obperenuit Peciybnuku TakuKHCTaH

Mansiit
MATeHT ACHCTBUTENCH ¢

16 mapta 2015

JlasnartmoeB Canomar KaHoaTioeBu4

Pecny6nuka Tamxukucran

Jlasnarmoes C.K., Xaitpumaunos I'.K., Kogupos I11.C.,
JlasnaTtmoes K.C., Kanoarmoes C.C.
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PECIIYBJIMKA TAJUKHKUCTAH
ITATEHTHOE BEJIOMCTBO

YAOCTOBEPEHHE

Fpaxaammn  JlasnaTmoes C.K.

Amnsercs asropom wsobperenns  CHCTEMa NepexBaTa OOXOMHBIX QHIBTPAaHOHHBIX
IIOTOKOB BEICOKOHAIIOPHBIX KAMEHHO - 3eMJISHBIX IUIOTHH

Ha n3o6perenne suitan mansii narenr NeTJ 1149

MarenrooGnazaress  MHCTHUTYT BOAHBIX NPO6JIEM r'HAPOIHEPreTHKH H IKOJIOTHH
HauuonansHoit akagemMuy Hayk TapkMKHCTaHa

Crpana  PecnyGnuka Tampxukucran

Coastoput  Ammp3sona O.X.

Tpuopurer usobperenns  20.10.2020

Jlara nogaun sasmnenns 20.10.2020

Zasmaenne No 2001473

JaperucTpuposaso B [oCYIaPCTBERHOM peecTpe 14 anpens 2021
n3obperennii Pecry6muxn Taxuxucran

Mamuii aeiicrsurencn ¢ 20 OKTAOps 2020 r mo 20 oxTa6ps 2030 .
Iarenr

Hacrosiee yaocTroBepeHie NpeIssBIsCTCA NPH PEATH3AINH TIPAB H ILIOT,
YCTAHOBJICHHBIX ACHCTBYIOMNM 33KOHOAATE/ILCTBOM




311



-

"'

X

DXICHDCHOCH IR

- - AN

-

IR

v,
-

o

COENOEHIHCX

X

-

N

EXEX

-

HOCHIHROCNOCHEX

XDCHIHRDCN

ATATN

<

XA

PECITYBJIMKA TAJUKKUKHUCTAH

[TATEHTHOE BEJIOMCTBO

MAJIBIHA ITATEHT

NeTJ 1161

Ha u3obperenne

Criocob nepexsara 06XOAHEIX (HIIBTPAHOHHEIX HOTOKOB BEICOKOHAITOPHEIX
3EMJIAHBIX IIOTHH

Narewroobaaaarens, MIHCTHTYT BOAHBIX NMpobieM, rHAPOIHEPreTHKH H 3KOJIOTHH.
HaunonanbHas akanemus Hayk TajokukucTana

Crpana PecnyGnmka TajkukucTan

Asrop (w) Jlanarmoes C.K., Amupsona O.X.

Npuopurer mobperenns 20.10.2020
Jlara nogaun sasexn 20.10.2020

3asska Ne 2001472

3aperscTpuposano B [locynapcrseHHoM peectpe
niobperernit PecnyGomkn TamkuKHeTan 26 masn 2021

Manwii
narent aeiicranrenen ¢ 20 okTsOpst 2020  r mo 20 oxTa0ps 2030

AABJIATH BA
HAIIPHET
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