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PE®EPAT

Ponb cTpykTyphl HOpOBOTO MPOCTpaHCTBA MpU BhIOOpe kadyecTBa Boabl [ITT/1,
BBIMYCKHAsl KBaNM(pUKalMOHHas paborta Oakamaspa, 2017 — 57 c., 16 Tab6u., 10 puc.
PykoBoautens - bynuaes H./l., kaunuaat TeXHH4ecKUX HayK, JOLIEHT, 3aB. Kadenpoil
pa3pabOTKU U SKCIUTyaTalluu HE(QTAHBIX U Ia30BbIX MECTOPOXKICHUN.

B nannoii pabote paccMOTpEHbI OCHOBHBIE METOJIbI OMPEIEICHUS CTPYKTYPHI
IIOPOBOI'0 NPOCTPaHCTBA. Tak Kak BaXHOM XapaKTEPUCTUKOW CTENEHU YHUCTOTHI
3aKa4MBaeMOU BOJBI SIBJISICTCS pa3Mep 4acCTHIL] B UX COIIOCTABIIEHUU C pa3MepaMu Iop
acTa; C TOYKHM 3PEHHUS YCIIOBHM TNPOXOKICHMS WIH 3aJ€p/KaHMs B3BELICHHBIX
YacTUIl B TIOPUCTOMN CpeJie, BBIABIECHA CBA3b MEXKIY IUAMETPOM MOPOBBIX KaHAJIOB U
JTOMYCTUMBIM pa3MepoM TBepAbIX B3BeleHHbIX yacTull B Boae /] (ITogaepxanus

IJIaCTOBOT'O }IaBHGHI/IH).
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BBEJIEHUE

B Hacrosmee BpeMs akTyaldbHbl MpoOJIeMbl pa3pabOTKU  HEQPTAHBIX
MECTOPOXKICHUNA C NPUMEHEHUMEM 3aBOJAHEHHUA. Boxa sBISIETCS Ba)XHEUIIUM
BBITECHSIOLIUM, 3aMEILAIOIIUM HEPTh areHTOM.

OnpIT pa3pabOTKU HEPTAHBIX MECTOPOKIECHUN C MPUMEHEHHEM 3aBOJHEHUS
MOKa3bIBAET, YTO HArHETAHHUE BOJIbI B TUIACT HE TOJILKO YBETMUMBAET TEMIIBI pa3pa-
00TKH, HO U o0ecrieunBaeT Hanboubinil Koddduinent negreotnaun — S0—60 %

OT HAYAJIbHBIX 3aM1acOB.

J11s1 3aBOTHEHUS TIJIACTOB UCIIOIB3YIOT IPECHBIE, MOPCKUE, TIIIACTOBBIE, MOITO-
BapHbI€, MOBEPXHOCTHBIE, TPEHAKHBIE BOJIbI, IPOMBIIIICHHbBIE U X039 CTBEHHO-
OBITOBBIE CTOYHBIE BOJIBL. OpPHUEHTHPOBOYHBIA PACXOJ BOJbBI ISl JOOBIYM OJIHOM
TOHHBI He(TH COCTAaBIsIeT B cpeaHeM: 1,52 M° — NpPH IUIOMAXHOM 3aBOXHCHHH H
2—2,5 M° IpU 3aKOHTYPHOM 3aBO/IHCHHM.

[lagenne ypoBHS [0OBIYM HEPTH CBSI3aHO C YXYALICGHUEM CTPYKTYpbI
u3BJIeKaeMbIX  3amacoB. CyMMapHass  J0Js  TPYJHOM3BJIEKAEMBIX  3alacoB
MaJIONPOAYKTUBHBIX KOJUIEKTOPOB Ha psJie IOl 1 MECTOPOKIAECHUN CYIIECT-
BEeHHO yBenunuuBaercs. OcTaTouyHbie 3amachl HEPTH COCPEIOTOUYCHBI, B OCHOBHOM, B
OTZIEJIbHBIX HW30JMPOBAHHBIX JIMH3AX, PA3JIMYHOrO POJA TYHNUKOBBIX U 3aCTOMHBIX
30HAaX, CBSA3aHHBIX C IPEPHIBUCTOCTHIO KOJJIEKTOPOB BEPXHUX IMAYEK MJIACTOB.

Kpome Toro, mopucTtocTp M NIPOHHUIIAEMOCTh IIJJACTOB XapaKTEepU3YHOTCS
KpailHell HEeOJHOPOAHOCTHIO, B CBSA3H C 4eM HE(PTh, B NMPHUHIUIE, HE MOXKET OBITh
BBITECHEHA M3 YYacTKOB HM3KOM IPOHHULIAEMOCTH, OCOOCHHO, €CIU IyTh
3aKauyMBAaEeMOUl BOJI€ MPErpakJar0T 30HbI IJIACTa, KOJIbMATUPOBAHHBIE YACTULIAMH,
HaxXOJAIIUMHUCS B HeW. B Takux ciaydasx Ui IJIACTOB C  YXYAUIEHHBIMU
KOJUIEKTOPCKUMM CBOMCTBAMHM HYXHO HCHOJB30BaTh /JIA 3aKaykKd B IUJIACT BOMY
BBICOKOI'O Ka4yeCTBa.

[Ipy HOpMHpOBaHMM KadyecTBa BOJbI, 3aKauyMBaeMoOW B IUIACT, 0cC00oe
BHUMAaHUE YJIENAETCS COJEPNKAHUIO B3BEIICHHBIX BEIIECTB M SMYJIbUPOBAHHOU
He(TH, KOHLIEHTpPALMS KOTOPBIX OIpEIeNseTcs] KOJUIEKTOPCKUMHU CBOMCTBAMHU

jIacra.



Hakomnnen oOmupHBIA OTEYECTBEHHBIM M 3apyOeXHbIM MPOMBICIOBBII OIIBIT,
yKa3blBAIOMIMM Ha 3aBUCUMOCTh THOKa3zarened 3(P(EKTUBHOCTH pa3pabOTKH
HE(PTAHBIX MECTOPOXKACHUI OT Ka4eCTBa >KUAKOCTH, UCIOJIb3yEMOM JJIsi 3aBOJHEHUS
miactoB. Hamuuwme 3arpsi3HEeHMM B BOJE, 3aKauuBaeMOM B IUIACT, B BHUJIE
TBUY(TBepabie B3BEIICHHbIE YacTUIBI) W He(PTH SABIAETCS NTPUUYMHON psia
HEraTUBHBIX TMOCJIEACTBUI, HanboJsiee CYIIECTBEHHBIMU M3 KOTOPBIX SIBIISIIOTCS
KOJIbMaTalusi  Npu3a0OMHOM  30HBI  HArHEeTaTeJIbHBIX  CKBaXHH, CHUKEHHUE
OPUEMHUCTOCTH TOCJIEHUX, 3aKylNOpKa TIOPOBBIX KaHAaJOB, MO KOTOPHIM BOJa
NOCTYyNaeT B MPOAYKTHUBHBIE MiacThl. [103TOMYy 0c000 Ba)XKHO y4MTHIBATh KaueCTBO
3aKauMBaeMOM BOJBI, TAK KaK 3aKayka €€ B IUIACThI JOJKHA CYHIECTBEHHO YJIYYIlaTh
yCIIOBUSL BBITECHEHUSI HE(DTH U TOPMO3UTH YXY/ILIEHHWE KOJIEKTOPCKUX CBOMCTB
acta, o0ecreunBasi BhITeCHEHHE HE(PTH W3 OOJBIIEr0 Yuciia MOPOBO-TPEUIMHHBIX
KaHaJIOB, YBEJIMYMBAsl TEM CaMbIM He(TEOTAauy IJIACTOB.

B cBsa3u ¢ 3TuM B JaHHOW pabore OynyT paccMOTpPEHBI BONPOCHI KauecTBa
3aKa4MBaEMOM BOJBI B 3aBUCUMOCTH OT CTPYKTYpPBI IIOPOBOTO MpocTpaHcTBa. Llenbro
JaHHOM paboThI SABJISETCS MPOBEACHHUE aHAIN3a MOPOMETPUUYECKUX XapAKTEPUCTHUK
[IOpOJ B BHJE KANMWILIAPOMETPUYECKUX HCCIEAOBAHMI, a TaK)KE BBIABICHUE CBS3H
MEXAYy JHaMETpOM IIOPOBBIX KAaHAJIOB M JOMYCTUMBIM pa3MEpOM TBEPIBIX

B3BEIICHHBIX YacTull B Boje I1I1/].



1 I'eostorust MecTOpOKACHHUS

1.1 O01ue cBereHUs 0 MECTOPOKACHUM

Hedrerazokonnencatnoe mectopoxacHue uMm. B. OUIaHOBCKOTO OTKPHITO B
2005r. B 2016 rony MecTOposk/IeHHE BBEIEHO B MPOMBIIUICHHYIO SKCIUTYaTalUIo.

Mecropoxaenue nm. B. OUIAHOBCKOrO HAXOAUTCS B POCCUHMCKOM CEKTOPE
nHa Kacnumiickoro mops, B 190 km ot Acrtpaxanu, B 20 KM BOCTOYHEE OCTPOBa
Mauneiit XKemuyxHbiii 1 B 20 KM CEBEpO-BOCTOYHEE OCTPOBA TrONEHUH, B aBaHIENIBTE
Bonru wa rnybune 7—I11 M. bawkaiimmii MOpCKOM MOpPT pacmoJyiaraercst B T.
Actpaxanu (190 km). XKenesHonopoxkHbI€ CTaHIMU - T. AcTpaxaHb, Maxadkana,
Kusnap u Jlepbentr. OO030pHas cxema pacrloJIOKEHUS MECTOpPOXKACHUus uM. B.
@uIaHOBCKOrO NPEACTaBIEHA HA PUCYHKE 1.

Mecropoxaenue uM. B. OunaHOBCKOr0O HaxOIUTCS B CEBEPHOM YACTH
Kacnuiickoro mopsi Ha nuiieH3HOHHOM ydacTke «CeBepHbiii». [lobepexbe B paiioHe
MECTOPOXKJICHUS Ha CeBepe IpaHUYUT C TEeppUTOpHUEil AcTpaxaHCKOW 00JacTH, Ha
BOCTOKE - c Teppuropueil Kaszaxcrtana, 3amanHas 4dactb — ¢ KaiMblkuei, roro-
3anagHas — ¢ JlarectaHoM.

Pernon wumeer Xxopomio pa3BUTYIO TMPOMBIIUIEHHYD M TPaHCHOPTHYIO
uHdpacTpyktypy. Bmonbp mobepexps Kacrnmiickoro Mopsi IpOXOmsT JKelle3Has u
aBTOMOOWJIbHASL IOPOTH, CHUCTEMa MarucTpaibHbIX HedTe- u razomnpoBonoB ¢ KC u
HIIC. TomiuBHO-?HEpreTUYeCKasi MPOMBIIUICHHOCTh MPEACTaBIeHa TEIJIOBBIMU
ANEKTPOCTAHIIUSAMH,  JT0ObIYe  mpupomHoro raza u  Heptu. Umeercs
CYyJOCTPOUTENbHAsI, CyIOPEMOHTHAsI, MAIIMHOCTPOUTEIIbHAS, XUMUYECKAST U APYTUE
OTPACJIM IPOMBIIUIEHHOCTH.

Ha ceronusamuuii nens Ha Kacnuiickom Mope GyHKIIMOHUPYIOT TPU OCHOBHBIX
nopta — Actpaxanb, nopt Ong u Maxaukana ([larectan). Mopckoii TOproBbiii MopT
Ons aBnsieTcss HanbOoJEe MEPCIEeKTUBHBIM poccuiickuM noptomM Ha Kacnuu. Yepes
HEro OCYHIECTBIISIIOTCS MEPEBO3KU IPy30B MO MOpCcKOoMy ToproBoMy kaHany (MTK)
"CeBep-lOr" (coegunsitoniero crpansl CeBepnoit EBponsl, Poccuto, Upan nu Uuauio),
KypcupytoT mnapombl Ha juHUsAX Ons - Hoymaxp u Auzanmu (Mpan), Onsa —

Typkmen6Oamu (TypkMeHUCTaH).
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Pucynok 1 — O630pHas cxema pacnosoxkeH!s: MecTopokieHus um. B. dunanosckoro

bimxaliimMy MECTOPOIKICHUSIMU Ha CyIlie, 3anackl Y B KOTOPBIX yTBEPK/ICHBI
B ['K3 P®, sasuaiorcs Actpaxanckoe, OuineitHukoBckoe, IIpombicioBckoe,
Kacnuiickoe, Tenrytunckoe. Ha wmope Ommkaiiimmie MECTOPOXACHUS - HM.
Kopuaruna, Pakymeunoe, XBansiHCkoe, uM. FO.C. KyBblkMHa, a Takxke B
POCCUHCKOM YacTH aKBAaTOPUU HAXOAUTCA MecTopoxkiaeHue HMHuxe-mope ¢
HE3HAUYUTEIbHBIMU 3aI1aCaMU.

1.2 IlpupoaHoO-KJIUMATHUYECKHE YCJIOBHS PAaliOHA MeCTOP 0XKAeHM I

Paiion wmecropoxnaenus wuM. B. OuiaHOBCKOTO OTHOCHTCA K 30HE
KOHTUHEHTaJIbHOrO kKinumata. CpenHerogoBas Ttemneparypa pasBHa 10,5°C,
a0CoMIOTHRI MUHUMYM HaOmomaercs B stHBape, ¢eBpaine (-31°C), aOconroTHBIN
MakcuMyM - B utoje, aBrycte (40°C). MuHUManbHbIe 3HAYCHUS TEMIEPaTyphbl BOIBI
OTMEYAKOTCAd B SHBape-MapTre, a MAaKCUMAJIbHbIE — B HIOJE-aBIyCTE, CpPEIHSA
TEMIIepaTypa BOJbI Ha TOBEPXHOCTU MOps coctaBisieT 11°C, makcumanbhas 29.6°C.
VYcroitunBoe 1e1000pa30BaHUE HACTYNAET K HAYally SIHBapsi Mecsla.

Cpennsis mpoI0IKUTEIBHOCTD Je0Boro nepuoaa — 100 gHei.
B paiione mMecTOpoKIeHHUs B LI€JIOM 3a roJi Npeo0i1afaloT BETPhl IOr0- BOCTOYHOTO
HanpasieHus. HaroHHbIMM SBISIOTCA BETPbl BOCTOYHOIO M KOTO-BOCTOYHOIO
HarpaBlieHH#l. 3anaJHblii BETEp U BETPbl CEBEPHBIX pymMOOB — croHusie. ITmmm
HaOmoparoTcst peako. CKOpoCcTh BETpa HaJlT MOPEM B cpeHeM cocTtaBiseT 8-9 m/c. 3a

T'OJl BBITIAJIAET OCAJKOB B cpeaHeM 177 MM, u3 HUX 3a Temiblil nepuos 60-110 mm, 3a
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xonoaHbI — 40-80 MM. MUHMMYM OCaJKOB MpUXOAMUTCA Ha (eBpaib-MapT (g0 12
MM), MAaKCUMyM Ha UIOHBb-UI0Jb (10 24 MM). OcaJki B OCHOBHOM BBINAJAIOT B BUJIC
nox . I'ogoBoe koaudecTBo JHel ¢ TymaHoM 121, u3 nux 106 nHel npuxoauTcs Ha
3UMHUUN Mepuo ¢ HOsIOpsi o MapT. MakCUMaJIbHOE KOJIMYECTBO COJHEYHBIX JTHEH -
106. BennuuHa npuinBa-oTiauBa He npeBbimaeT + 4-7 cM. [loabemM Boabl HAUMHAETCS
B KOHIIE amnpens — Havane mast. Cnaja BOJbl 3aKaHYMBAETCS B KOHIIE HIOJIA. BbICOKMX
BOJIH Ha UCCJIEAYEMOM aKBaTOPUU HET.

1.3 Crparudukanus pa3pe3a CKBAKUHbI Ne2 MO NAJEOHTOJOTHYECKHUM
AAHHBIM

CxBaxknHa Ne2 pacnonokeHa Ha OJHOMMEHHOM cTpykType CeBepHoro Kacmus.
OHa BCKpbUIa pa3pe3 ME30KaWHO30MCKUX OTJIOKEHUU, Toimuuon 1730 M, Boiias B
Oaitoc Ha Tnyouny 1497 m. Ctpykrypa cTpaturpaduyeckoro paspes3a CKBaKHHBI

HoMmep Ne2 mpejcTaBieHa Ha pUCYHKE 2.



OT60p 00pa3IoB KepHa IS TaHHON paboTe MPOU3BOAMICS U3 HEOKOMOBCKUX

OTJIOKEHUN HIKHEeTo Mena (1348 -1412 m).

Pucynox 2 - CtpykTypa crpaturpaduaeckoro papesza ckBaxuHbl No2 OHIaHOBCKOTO

MCCTOPOXIACHUA
2 PakyweyHas
OTMETKa
Apyc no Kposae, M
TONLLMHA,
abc.otm.,, | M
o) 9 z rnybuHa | alt
Q. .
3 5 5 3 g 24,31
5 g g g o ’
= = (e} © Q
o o oy T (&)
NAUOLEH BEPXHUM aKyarbl/IbCKUM 398 -373,7 117
MaWKon-
O/MTOLLEH | HUXKHWUM 515 -490,7 159
CKas
674 -649,7 14
cpeaHumn
688 -663,7 4
MaaCTPUXTCKUM 692 -667,7 100
KaMnaHCKui 792 -767,7 158
. CaHTOHCKUM 950 -925,7 34
BEPXHUI
OHCKUN+
U . 984 -959,7 97
KOHbAKCKUM
CeHoMaH 1081 -1056,7 29
1110 -1085,7 60
1170 -1145,7 178
1348 -1323,7 64
KUMMEPUOKCKUIA 1412 -1387,7 19
BEPXHUN
okcdopackuii 1431 -1406,7 35
1466 -1441,7 31
1497 -1472,7 233
1730 -1705,7




Hwxnuit otnen. Jlanubiit otaen, BeiiesieHHbIH B unTepBane 1110,0-1412,0 m, B
o0beMe anTCKoro M aJbOCKOro fApycoB, C TIyOOKHM cTpaTUrpaduuecKum
HECOTJIaCHeM TIEPEKphIBaeT IOPCKHE OTJIOXKEHHS. B  paspese CKBaXWHBI 2
OTCYTCTBYIOT OTJIOKEHMSI BEPXHEW IOpbl — HUKHETro Meja (TUTOHCKOTO (BOJIKCKOIO)
— BaJIAH)KUHCKOTO SIPYCOB).

Haumnaer paspe3, 3ameraromiuid Ha pa3MbITOM KpOBJIE HU3BECTHAKOB
KkuMepuka cioi (tommunon — 5,08 m) anesponutoB (rnyouna 1407,02-1412,10 m)
CEpPBIX, C HEPABHOMEPHON Oypoil MUTMEHTAIMEH, KPYITHO3EPHUCTHIX, HEPABHOMEPHO
MEJIKOTICCYaHHUCTBIX, C TEJIUTO-TICAMMHTO-AICBPUTOBON  CTPYKTYpPOH, TpyOoi
CyOrOpU30HTAITBLHON CJIOWYATOCTHIO, IO TYEPKHYTOU HEPABHOMEPHBIM
pacnpeneiieHueM TJIMHUCTOTO MaTepuana, ¢ (OpMHUPOBAaHHMEM MHOTOYHCICHHBIX
HEYETKO OTIPAHWYCHHBIX JIMH30BUIHBIX CJIOWKOB CHJIBHO TJIMHUCTBHIX aJCBPOJIUTOB
(BBIICTIAIONIMXCS TEMHOIIBETHOM oOKpackoi). CraolyaTrocTb CHJIBHO HapylleHa
TEKCTYpaMH B3MYYHBaHUS U OUOTypOanuu (MpeuMyIIeCTBEHHO CYyOTOpPHU30HTAIbHbBIE
xombl, 10 2,0-10,0 MM B ceueHun).

1.4 ®u3uko-xuMHYECKHe CBOICTBA MJIACTOBLIX (UIIONI0B

Hedtn HEOKOMCKOTO Haabsipyca M BOJDKCKOTO Sipyca B IJIACTOBBIX YCIOBHSX
nerkue (miotHocTh  807-810 KF/Ms), manossizkue  (0,52-0,46 wmlla-c), ¢
rasocomepxanuem 107,8-118 m%/1. JlaBinenue HachlleHWs He(TH Ta3oM paBHO
HavyaIbHOMY TuTacToBOMY Ha razoHedTsiHoM koHTakTe (I'HK) u coctaBnser 16,5-16,6
MIIa. MaccoBoe coxaepxkanne cMoi B Hedtu paBHO 2,8%, achamprerHor 0,1 %,
napagunoB 8-9%, comerri  9,5%, mexanmueckux mpumecerr 0,05%. Temmeparypa
miasienus napapuna pasHa 53 °C. O0bémubI BeIxoa ¢pakuuii 10 100 °C pasen
6%, 10 200 °C — 28%, 10 300 °C — 52%, m0 350 °C — 66%.

['a3 HEOKOMCKOTO HambApyca W BOJDKCKOTO sSpyca WMEET CIEAYIOINE CBOWCTBA:
k03 dureHT ceepxcknumaemoctu (z) — 0,89, o0bémHBIN K03PPuMeHT — 0,00633,
MJIOTHOCTh B yCJIOBUSAX Tuiacta — 115,9 KF/MS, BSI3KOCTh B ycioBusax muracta — 0,013
mlla*c, rtemmoemkocts — 60,5 Jx/°C, MonekymspHas wmacca — 19,3 1/MOIb.
[LmacToBeiil Ta3z coctouT u3: nByokucu yriaepoma 0,32%, azora 1,46%, merana

89,14%, nsrtana 4,66%, mnpomana 1,73%, wuzodyrana 0,25%, nH-Oyrtana 0,57%,
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n3onentana 0,20%, ©-mentana 0,27%, wusorekcana 0,15%, H-rexcana 0,22%,
ocTaBiuecs komnoHeHTsl (0T C7 u 6omee) — 1,03%.

'a30BBIli  KOHJEHCAT HEOKOMCKOTO HaAbspyca M BOJDKCKOTO sipyca HMMeEeT
ClIeyOIHe CBOHCTBA: MIOTHOCTH (CTAHIAPTHBIC YCIOBHS) — 722 KI/M°, BA3KOCTD
(cranmaptele ycioBusi) — 0,54 wmlla*c, monexkymspuas macca — 108 r1/MOJb.
[InacToBBIfl Ta30BbIM KOHAEHCAT COCTOMT u3: AByokucu yriaepoaa 0,11%, azora
0,08%, merana 14,83%, stana 4,24%, nponana 4,63%, nzo0yrana 1,68%, H-Oyrana
5,2%, n3onenTana 3,29%, u-nenarana 5,51%, u3orekcana 3,99%, u-rekcana 7,38%,
octaBiuecs komnoHeHThI (0T C7 u 6onee) — 49,06%.

1.5 3anacel HedTH, Ta3a, KUH

banancossie 3anacel ornieHuBatorcs B 220 miH ToHH HedTtu u 40 Mipa ky0. M
ra3a. M3Bnekaemple 3anacel orieHuBaoTcs B 129 muta TouH Hedtu 1 30 Miipa kyO. M
raza. [IpoekTHbI ypOBEHBb NOOBIYM HE(PTH M Ta30BOr0 KOHJEHCATa COCTaBjseT 6
MJIH. TOHH B ToJ. Pa3paboTka MecTOpOXIE€HHS B COOTBETCTBUU C TPOEKTHBIM
BapMAHTOM TO3BOJIUT JOCTUTHYTh KOHEUYHBIM KOd(h(UIMEeHT u3BieueHus HedTu
(KNH), paBusiii 35 %.

1.6 Ocaoxusiomue GpakTopbl pa3padoTKU MeCTOPOKICHUS

I'maBHas wm odeBugHas TmpobiieMa pa3pabOTKUM MECTOPOXKICHHS WM. B.
OWIaHOBCKOTO - TPOPBIBBI Ta3a M3 Ta30BOM IIANKKA B JOOBIBAIONIME CKBAKHHBI.
OTOMYy CHOCOOCTBYIOT BBICOKas IO CpPaBHEHHUIO C HE(PTHIO TMOJBM)XHOCTH ra3a u
OOJBIION 3amac MOTEHIIMATBLHON YHEPTUH.

Pacnionoxenue mectopoxxaeHusi uM. B. @unaHoBckoro Ha menbde SBIseTCS
JIOTIOJTHUTENBHBIM ~ OCJIOXKHSIOMMM  (aKTOpoM ero ocBoeHusa. Pazpabotka wu
DKCIUTyaTanusi IeTb(OBBIX MECTOPOKICHWI HaMHOTO CIIO)KHEe W 3aTpaTHee
MECTOPOXKJIeHU cymu. J[oObIBaeMyr0 IKHAKOCTh, KaK TMPaBUJIIO, TPUXOTUTCS
oOpabaTpiBaTh Ha MaThopMe. DKOIOTHUECKUE TPEOOBAHUS TIPH STOM CYIIECTBEHHO
KECTYE, 4YeM Ha cyle. Bce 3To BHOCUT 3HaUUTENIbHBIE 3aTPaThl B pa3padOTKYy.

Kpome Toro, mecropoxnenue nm. B. DHIAHOBCKOTO pacmoyIO)KEHO B PETHOHE C
HEYCTAHOBHUBIIMMCS CEMCMHUYECKUM pexUMOM. Ha HEro okaspIlBarOT BO3JIEUCTBUE: C

foro-zamajga — MaxaukaJuHCKasg, a C IOro-BOCTOKa — MaHTbIINIaKCKas
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CECMOAKTUBHBIC 30HBI, TJ€ CHJIa 3eMJETpSICEHUN pocTuraer / OalioB, a B
snuueHTpe — cBbime 9 G6amio no mkane MSK-64. Tlo nanasiM OO0BEIUHEHHOTO
uHcTuTyTa pusuku 3emnu PAH, celicMuueckast omacHOCTb pailoHa paboT cOCTaBiIseT
4-5 6annoB. IHTEHCUBHOCTh CEMCMUYECKON aKTUBHOCTU CHUKAETCS C I0ro-3amnaja Ha
ceBepo-BOoCTOK. PoHOBas celicMuyHOCTh o mkane MSK-64 onun pas B 100, 500 u
1000 net cocraBisiet 4, 5 1 6 6a1710B COOTBETCTBEHHO.

2 TexHosornyeckasi 4acTh

JIVKOMJI 06HAapyu1 KpYyMHOE MHOTOILIACTOBOE HE(TEra30KOHIEHCATHOE
MECTOPOXJCHUE Ha JIMIICH3MOHHOM YyyacTke «CeBEpHBI» B CEBEPHOWM YaCTH
Kacnuiickoro mops. M3 mepBoil ke MOMCKOBOM CKBaXKMHBI MOJY4YeH (OHTAHHBIN
MPUTOK JIETKOW Oe3BOJHON ManocepHucTor HedTh aeoutom Oonee 800 T/cyT. mpu
nernpeccun 0,2 MIla. Takue nebuthl B Poccun M3BECTHBI TOJBKO HA €AMHUYHBIX
ckBakuHax (cpeanuii aedbut no Poccum pasen 10,5 1/cyt). HoBoe mecTopoxaeHue
ABIIIETCS CaMbIM KPYIHBIM HE(PTSHBIM MECTOPOXKACHUEM U3 OTKPHITHIX B Poccun 3a
nocinequue 25 ner. Ero pa3paboTka MO3BOJUT CYIIECTBEHHO IMOBBICUTH
penTabenbHOCTh pabor B Kacmwmiickom Mope. MecTopokeHne Ha3BaHO B YeCThb
Brnagumupa ®unaHOBCKOro, BHECHIEro OOJBIION BKJIaa B pa3BUTHE He(TSIHON
OTpaciii CTPaHbI.

B 2011-2012 rr. Havasoch NIPOCKTUPOBAHHE U CTPOUTEIBCTBO OOBEKTOB
0o0yCTpOMCTBa  MECTOPOXKIEHHUS:  JIEAOCTOMKOW  CTAallMOHAPHOW  TUIaT(OPMEI,
wiatGopmMbl  paif3epHOro OJIOKA, JKUIOTO MOIYJS C TIEPEeXOJHBIMH MOCTaMH,
HeHTpanbHON TexHonormdyeckoit tuatrgopmel (L[TII). 3amymena mnpokiaaka
MOJBOJHBIX TpyOompoBogoB Ha Kacmmu. B dgacTHOCTH, JIYKOWJI 3akirount
KOHTPAaKThl HAa CTPOUTEIHCTBO HEPTEMPOBOAA U Ta30MpPOBOJIA, CBI3BIBAIOIINX
mectopoxkaenuss um. B. ®wunanoBckoro u uM. HO. Kopuarmna, a Ttakxke
TpyOOIPOBOIOB BHEIIHETO TpaHCTOpTa HeTH U Tra3a ¢ MecTopoxkaeHuit CeBepHOTO
Kacnms. B menmom mpoekT oOyctpoiicTBa MecTopokaeHus uMm. B. dumaHOBCKOTO
npeaycMaTtpuBaeT mpokianky oonee 330 kM moaBOAHBIX U 350 KM CyXOIMyTHBIX

TpyOOIIPOBO/IOB.
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K 2014 rony Ha MecTOpOXAEHUH ObUIM U3TOTOBJIEHBI U YCTAHOBJIEHBI OMIOPHBIE
OCHOBaHUs MiIatgopM TmepBoMl  ouepeau  cTpoutelibcTBa.  OcyliecTBiIeHa
TpaHCHOPTUPOBKA U ycTaHOBKAa BepxHux ctpoenuit L[TII, [IDKM-1, JICII-1 u PBb,
CMOHTUPOBAHBI TEPEeXOAHbIE MOCTHI M (hakenbHasi crpena. Bemucs moctpoedHbie
paboTtsl Ha BepxHux ctpoeHusix JICII-1 u IITII. BemonHeHsr paboThl Mo ykiaake 258
KM MOPCKHX TpPyOOIIPOBOJIOB BHEIIHEro TpaHcmopTa HedTu u raza. B 2015 roxy
Obu1a BBeieHa B akcruryaTanuio [IDKM-1, a mo octansHbIM TpeM miiatgopMam BeIUCh
CTPOUTEIIBHO-MOHTAXKHBIE U MYCKO-HAJIaJI0YHbIE paOOTHI.

Ha tekymuii MOMEHT TmpoJobKaeTcss OO0yCTPOHCTBO BTOPOM ouepenu
MecTopoxaeHuss uM. B. @unanoBckoro. BbIBe€HbI M YCTAHOBIEHBI HA 3aJJaHHBIX
Toukax B Kacnuiickom MOpe OMOpHbIE OCHOBAHMS MJIS JIEAOCTOMKOM CTallMOHAPHOM
maThopMbl — 2 U 1A TIaTGopmMbl Kuitoro moayis — 2. Ha actpaxanckux Bepdsax
BEJIyTCS CTPOMTEIIHHO-MOHTaXHBIE Pa0OThI IO BO3BEJACHUIO BEPXHUX CTPOCHUM
BTOPOU OYEPEU.

B ampeie 2017 r. IIAO «JIYKOMJI» mpeonoreno py6esk B 2 MIIH TOHH HEDTH,

TOOBITON Ha MeCTOpOXJeHWH uMeHu Bramumupa ®PunanoBckoro B Kacmuiickom
Mope. B HacTosiee Bpemsi C JI€IOCTOMKON CTallMOHAPHOW TMIaTGOpMbI 100bIYa
YIJIEBOJAOPOJIOB  BENETCS TMOCPEACTBOM HYEThIpeX JOOBIBAIOIMIUX CKBAXHH C
TOPU30HTAIBHBIM OKOHYaHUEM. [Ipogomxaercs CTpOUTENBCTBO MATOW CKBAKHUHBI.
B cooTtBercTBUM ¢ TpadMKOM BBINOJHSETCS OOYCTPOHCTBO BTOPOW oOdYepenu
MecTopoxacHuss uM. B. @unaHoBckoro. B HacTosimee Bpems BeAETCA YCTaHOBKA
BEPXHETO CTPOCHHMS JIETOCTONKOM cTanmoHapHoi miatdopmsl (JICII-2) Ha onmopHbIe
ocHoBaHuA. Crenyrolmuid 3Tam - BBIBOJ Ha MECTOPOXKACHUE BEPXHETO CTPOEHUS
1aT(OPMEBI JKUIIOT0 MOAYJIS BTopoi ouepenu (IDKM-2).

BBoa B skcrmyatanuio 0OBEKTOB BTOPOW OYEpEed MECTOPOXKACHUS uM. B.
@uIaHOBCKOro IIaHupyeTcs 10 koHna 2017 r.

3 CnenunaabHasi 4acTh

3.1 MeToabl onpeaeieHUs: MOPUCTOCTH

[TopucTocTh MOPOJIBI - BAXKHBIN apaMeTp, HEOOXOUMbIN JIJI OLIEHKHU 3aI1acoB

He(TH U BBIICHEHUS MPOLECCOB GUIbTpalluu B opuctoi cpeje. [log mopuctocTrio
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TOPHOM MOPOJbl MOHUMAIOT HAJTMYUE B HEW MYyCTOT (IOpP, KaHAJIOB, TPEIIUH, KaBEPH).
Koapdummentom nopuctoctu Kn OyaeT Ha3bBaThCsd OTHOLIEHHME OOBEMa IOP
oOpasna Vi k o0bemy Toro ke oopaszua. KoadduiueHt mopuctocTu BbipaxkaeTcs B
JIOJISIX €TMHUIIBI WK B MPOIEHTaX K 00heMy oOpasia.

Paznu4aroT mopucToCTh MOPOIBI CJICIYIOMINX BUIOB!

1. Obmas (abcomtoTHas ) mopucTocTh K1, BKItOUaroias CBI3aHHbIE U HE CBA3aHHBIC
MEXITy COOOM MyCTOTHI.

2. OTtkpbiTas MOPUCTOCTHh  (MOPUCTOCTh  HACHIIIEHHWSA), BKJIIOYAONIAs  BCe
cooOmmarImuecss Mexay coboil mopel. He yuuthiBaeTcss TOT 00BEM MYyCTOT, B
KOTOpPBIA HE TPOHHMKAET JaHHAs >KUJAKOCTh MPU JAHHOM JaBJICHUM HACHIIIEHUS.
OO6BIYHO B KaveCTBE HACHIIIAIONICH JKUIKOCTH OepyTcs KepOoCHH (XOpOoIIo
MIPOHMKAIOIINN B TOPHI M HE BBI3BIBAIONIUNA pPa30yXaHHsS TIIMHUCTHIX YacTHIl) WU
IJIACTOBBIE BOJIBI.

3.9 pexTrBHAsg TOpUCTOCTH KIl,4,¢, BKIFOYAIOIIAS TONBKO TY 4acCTh IIyCTOT, KOTOPHIE
3aHATHI TOJBMYKHOU KHUIKOCTBIO B IMpoliecce GUIbTPALMU MPU MOTHOM HACBIIEHUU
MOPOJIBI KHUIAKOCTHIO.

Ha nmpakTuke nHTEpeC MpeICTaBIsAIOT TOIBKO coodiatomuecs nopsl. [loatomy
JUISL OTIpENIeTICHUS] W3BJIEKAEMbIX 3alacoB HCIHOJB3YIOT KOA(DQPHUIIMEHT OTKPHITOU
OPUCTOCTH.

Omnpenenenue ko3¢ durreHTa OTKpbITON MOpuUcTocTH (K,,;) BXOJUT B IMEPECUCHb
CTaHJAPTHBIX HMCCJEAOBAaHUN KEPHOBOIO MaTepuaja Ha 3Tanax IMOJCYEeTa 3aIacoB,
MPOEKTUPOBaHUS pa3paboTku. CylIecTBYeT HECKOIBKO METOJOB OINpPECIICHUS ITOM
BEJIMYUHBI M, COOTBETCTBEHHO, CIIOCOOOB OIIEHKH BEIMYUHBI MOPUCTOCTH TOPHBIX
nOpoJ.

3.1.1 OnpenesieHne OTKPHITOI MOPUCTOCTH MOPO TA30BOJTIOMETPUYECKUM
JKCIpecc-MeTOA0M

N3mepenne mnOPUCTOCTH Tra30BOJIIOMETPUYECKMM METOAOM OCHOBAaHO Ha
3akoHe boiings—MapuoTrra: u3MeHss B cHUCTeMe OOBbEeMBbl Ta3a WM JaBJICHUE,
MOJIYy4YaloT JaHHBIE, 10 KOTOPBIM MOJCYUTHIBAIOT 00bEM YACTHUIl U TOPUCTOCTh.  JLJist

ATOTO UCIOIB3YIOTCS IPUOOPHI TOPO3ZUMETPHI.
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JIro60¥ ra30BOTIOMETPUUYECKUN MOPO3UMETP MMEET JABE KaMepbl U3BECTHOIO
o0béMa u wmaHomeTp (pucyHok 3). llepen Hadamom -SKClEpUMEHTa KaMmepbl
pa3zo0maoT, B KaMmepe 1 co3nairoT u30bITOYHOE JaBiieHuWe rasa P;, B kamepy 2
MIOMEINAIOT 00pa3el] KEPHA U3BECTHOI'O BHEIIHETO 00BEMA V4, gyew IPA ATMOCHEPHOM
nasiaeHuu. llocine coequHeHUss Kamep [JaBJIE€HUE B CHUCTEME BBIPABHHBAETCS U
CTAHOBUTCA paBHBIM P,. B cooTBeTcTBMM ¢ 3aKOHOM bonins-Mapuorra:

P1V1=P2(V1+Vg), .................................................................. (11)

VicknaasiBaercs u3 o0bEéMa kamepsl 1 1 00bEMa Tpyook 1 u 2:

V1=VK1+VTp1+VTp2, ................................................................... (12)

V5 CKIIaBbIBAETCS U3:

V2=VTp3+VK2_VO6p.BHeH_I+VOTKp.HOpl .................................................... (13)

rae V3~ 006EM TpYOKH 3, Vo nop — HICKOMBII 00BEM OTKPBITHIX TOP.

O06bEMBI TPYOOK M KaMep MOTYT ObITh U3BECTHBI 3apaHee, B IPOTUBHOM Cliydae
UX HY>KHO pacCUMTaTh, IPOBEIS U3MEPEHUE «IOPUCTOCTU» CIIOIIHOTO 3TAJIOHHOTO

oOpasna (3TajioHa) U3BECTHOTO 00BEMAV,,,; g

1 Kamepa 1 2 3 Kamepa 2

N

VKl VKZ
4

PI/ICYHOK 3- HpI/IHHI/IHI/IaJ'ILHaH CXEMa I'a30BOJIFOMECTPUYCCKOI'O ITIOPO3HUMETPA.
Jlns1 aToro xamepy 1 ¢ M30BITOYHBIM JIABJICHUEM COSTUHSIOT C ITyCTOW KaMepou
2, IOBEPHYB BEHTWIIb 4:
P1V1:P2(VK2+VTP3), .................................................................. (14)
BHOBB co371aB M30BITOYHOE J1aBICHUE B Kamepe 1,e€ COeAUHSIOT ¢ KaMepou 2,
BMENIAOIIEH ATAJIOH:

P 1V1:P z(VK2+VTp3 -V;,T_BHem) N (1 . 5)
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Cucremy ypaBHeHui 1.4-1.5 pemaroT oTHOCHUTENbHO HEU3BECTHBIX Vi u (Vio+V,,3).
[Tonyuennsle 3HaUeHUs MoACTaBIsAOT B 1.1-1.3.

3.1.2 OmnpeaejieHue OTKPBLITOH TMOPUCTOCTH MOPOJA MO  METOXY
sknakocTeHacbieHus (IlpeodpaxeHcKoro)

Metonuka ompeneneHus: OTKPHITOM MOPUCTOCTH COCTOUT B TOM, UTO
IPEABAPUTENBHO DKCTParupoBaHHbBIM M BbIcymieHHbIH npu 105°C cranmapTHBIN
WIMHJIPUYECKUN 00pa3el] mopoisl B3BEIIMBAIOT U MOJydalT maccy ml. 3atem
oOpazery TOJ BaKyyMOM HachlaeTcss pabouyed KUAKOCThIO (KaK MpPaBUIIO,
KEPOCHHOM WJIM MOJICNIbIO TUIACTOBOM BOJIbI). HachileHHbIM 00pa3el] BRBIHUMAIOT U
OCBOOOXKIAIOT €ro OT U30BITKA KEPOCHHA IMyTeM OOKaThIBaHUA Ha cTekie. HanexxHpiM
MIPU3HAKOM JIOCTAaTOYHOTO YJaJeHUs BJIard SIBIAETCS MCUE3HOBEHHME OJiecka Ha
MOBEPXHOCTH 00pa3iia M IMOSBJICHUE XapaKTEPHOI0 MAaTOBOro BHia mopoibl. [locie
ATUX OIEepaluii HACBIMICHHBIM OOpa3ell B3BemMBaOT B Bo3ayxe (m2). Ilomenus
Pa3HOCTh MacC HACBHIIIEHHOTO U CYXOro 00pa3IoB Ha MJIOTHOCTh paboueil >KMIKOCTH
(6x), momyyaem o0beM mmop VI JTaHHOTO 0Opasiia MOPOIb:

VIEZ (M2 = ML) Oy e (2.1)

Jlanee HachIlIeHHBIA 00pa3el] TUAPOCTATUYECKH B3BEIIMBAIOT B paboueit
x)uakoctu (m3). IlomenuB pa3HOCTH MacC HACBIMIGHHOTO 00pa3ila B BO3JyXe U B
pabodeil KMJIKOCTH Ha TUIOTHOCTH paboyel KUIKOCTH, TMOoJIydaeM OO0BEM JTaHHOTO
oOpas1ia mopo/Ib:

VO =(M2 = M3 G0,y veentteteit et et (2.2)

CormacHo Tomy, 4T0 KO3(h(UIMEHT OO0Iel MOPUCTOCTH - 3TO OTHOIICHHE
o6bema mycToT (Top) Kk 00beMy 00pasiia, MoTydruM ClieayIolee ypaBHECHHE:

Ko = Vi/Vo = {(m2 — m1)/ &x}/{(m2 - m3)/ &k} = (m2 — m1)/(m2 - m3)( 2.3)

Kax BumHo, BenmumHa OX B ypaBHEHUW cokparmraercs. CreaoBaTenbHO,
OMpENIENATh €€ HET HEOOXOAUMOCTH.

N3 Beipaxkenus (2.1) Haxonum K03 PUITUEHT OTKPHITON MOPUCTOCTH.

3.2 MeToabl onpeaeeHUs: MPOHUIIAEMOCTH

[IpoHunaemMoctTh — mapameTp, XapakKTepU3yIoluid CIOCOOHOCTh MOPOJI TIaCTa
MPOMYyCKaTh (PIIOUSI.
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B nmponecce skcmyaranuu HEPTAHBIX U Ta30BbIX MECTOPOXKICHUNM BO3MOKHA
paznuuHas QuIbTpalusi B MOPUCTON Cpele KUJIKOCTEW U ra30B WM UX CMecer —
COBMECTHOE JIBH)KEHHE HE(TH, BOJABI U ra3a WM BOABl U HEPTH, HE(YTU U raza Wiu
ToJIbKO He(TH miM raza. Ilpu 3TOM NPOHUIAEMOCTh OAHOW M TOW K€ MOPUCTOU
cpenbl s AaHHOW (a3bl B 3aBUCHUMOCTU OT KOJMYECTBEHHOI'O M KaYECTBEHHOTO
cocraBa (a3 B Hedl Oynmer pasznuuyHoil. I[loaTomMy st XapaKTepUCTUKHU
IPOHUIIAEMOCTH TOPHBIX MOPOJ HedTecoaepKalluX IJIACTOB BBEJAEHBI MOHSATHS
a0bcoyoTHOM, 2(P(EKTUBHOM UM OTHOCHUTENBHOM TpoHHIIaeMocTu. s oOmeit
XapaKTepUCTUKH  (PU3MYECKMX CBOWCTB TMOPOJ  HCIOJNb3yeTCs  abCOIOTHAs
IPOHULIAEMOCTb.

- Tlox aOconoTHOM NPOHUIIAEMOCTHIO MPHUHATO MOHUMATH MPOHUIIAEMOCTh
MIOPUCTOM CpeJibl, KOTOpasi OnpeiesieHa MPU HAIMYUU B HEM OJJHOM (a3bl, XUMUYECKU
WHEPTHON IO OTHOIIECHUIO K mopoje. g ee olleHKH OOBIYHO MCIOJIb3YeTCs BO3AYX
WM ra3 (KaK mpaBuilo, a30T), TaK KaK YCTAaHOBJIEHO, YTO MPHU JBUKEHUHU KUIAKOCTEH B
MOPUCTOM Cpelle Ha €€ MPOHUIAEMOCTh BIHSIOT (DU3UKO-XUMUYECKHUE CBOMCTBA
JKUIIKOCTEM.

- OTHOCUTENHHOM MPOHUIIAEMOCTHIO TOPUCTON CpPEIbl HA3BIBAETCS OTHOIIICHUE
3¢ GeKTUBHON TPOHHUITAEMOCTH ITOM Cpeabl s JaHHOH (ha3bl K aOCOTIOTHOM.

- D deKkTUBHON MPOHHUIIAEMOCTHIO HA3bIBAETCS MPOHUIIAEMOCTh MOPOBI s
JIaHHOM (Da3bl MPU HAIUYUU B TIOPOBOM MPOCTPAHCTBE HETMOJABUKHOMN (has3bl IPYroro
¢darouna, T.€. IPU HAIMYUU OCTATOYHOMN BOJO- WU HE(TEHACKHIIIIEHHOCTH.

- @a30BOil Ha3bpIBa€TCAd MPOHUUAEMOCTh IOPOJA JUIsl JIaHHOTO rasza WId
KUJIKOCTH MPU HATMYUHU WIH JBIDKCHUH B MOpaX MHOTO(A3HBIX cucTeM. Benmunna
€€ 3aBUCUT HE TOJIBKO OT (PU3MYECKUX CBOMCTB MOPOJ, HO TaKKe OT CTENEHU
HACBIIEHHOCTH TTOPOBOTO MPOCTPAHCTBA KUIAKOCTSIMHU WM Ta30M U OT UX (pU3UKO-
XUMHUYECKHX CBOMCTB.

Koadpurment MIPOHUIIAEMOCTHU TOPHOU OPO/IbI onpenenseTcs
COBOKYITHOCTBIO CBOICTB CKeJieTa FOpHOM mopojasl U (puiibTpyromerocs (iaouaa, B
CBSI3U C 3TUM BO3HHMKJIAa HEOOXOAMMOCTH BBEJCHUS MapameTpa, XapaKTepU3yUIero

TOJIKO CKEJET TOPHOW TOpOAbl W TMO3BOJSIOIIETO CPAaBHUBATH MEXAY COOOM
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pa3liUyHbIe TOPHUCThIE Cpelbl. TakuM MapaMeTpoM SBISIETCA Kodghpuyuenm
abconomnuoii nponuyaemocmu — Kod3(pQPUUUEHT NPOHUIIAEMOCTH TOPHON MOPOABI
no oaHomy ¢mouny, (QuU3NUEeCKd U XUMUYECKH HWHEPTHOMY IO OTHOIICHUIO K
CKEJIeTy TOpOAbl M  3alOJHSIONEMY BCE OTKPBITbIE MOpbL.  AOCONIOTHas
IPOHULIAEMOCTb - 3TO CBOMCTBO MOPO/JIbI, OHA HE 3aBUCUT OT CBOICTBA (hrona.

BemectBamu, MakcuManbHO MPUOIMIKEHHBIMH MO CBOMCTBAM K «HMHEPTHOMY
drou1y», MOKHO Ha3BaTh raswl (a30T, renaui, Bo3ayx). Koadduiuent abconroTHon
MPOHUIIAEMOCTH HAXOAT PACUETHBIM MYTEM W3 DKCHEPUMEHTOB IO (PUILTpaIUU
yKazaHHBbIX Ta30B. [lopsanok mpoBeaeHust sxcriepuMenTa persiamentupyetrcss ['OCT
26450.2-85 «Meton onpenenenus koddduirieHTa abCOTOTHON Ta30IPOHUIIAEMOCTH
IIPYU CTAIMOHAPHOM M HECTAIMOHAPHOUN (DUIIBTPAITUN.

[IpenBapuTenbHO BBIOYPEHHBIE CTAHAAPTHBIC IWIMHAPUYECKHE OOpasibl
BbICyIIMBAtOT Ipu Temmepatype (105+2)°C. CuiibHO TIMHUCTBIE TOPOJIBI CyLIAT MPH
temneparype (70+2) °C. Tlotom onpenenstoT pa3Mepbl 00pa3OB MITAHTCHIIUPKYIEM
Kak cpelHee u3 3—35 ompeieNieHrii B KaXKJI0M HalpaBJIEHUH ¢ TOYHOCTHIO 710 0,1 mMm.
Pacxoxnenue Mexay ornpeaelieHusIMH He J0DKHO npeBbimarh 0,5 mMm. KoHetpykius
YCTaHOBKH, MpeHa3HAYCHHAs JIJIsl U3MEPEHHs aOCOIIOTHOM Tra30MpOHUIIAEMOCTH KaK
Ipu CTAallMOHApHOW (UIBTpAIMK, TaK U TMPU HecTalroHapHOW 19 ¢uubTpanuu,
npenycMaTpUBaeT HaJIM4YMe€ HWCTOYHUKA JaBICHUS WU pa3pexeHus, peryisTopa
JaBIICHUsI, KEPHOJCPIKATEII M U3MEPHUTENICH AaBlieHus U pacxona rasa (Pucynok 4).
[Ipu cranwonapHOW (UIBTpAlMM WCTOYHUKOM JABJIEHUS CIYXUT OaloH C
razoo0pa3ubiM a3zotoM (1). ['a3 ouMIIaroT OT MapoB BOJBI U 3arpsS3HSIONICH MBLIU C
OMOIIEI0 GUIbTPa (5) U XJTOPUCTOTO KAIbIUs (4), U3MEPUTEISIMU JABICHUS CITYXKaT
TEXHUYECKHE NpYyKHUHHblIe MaHoMeTphl (7), B KauecTtBe pacxogomepa (10)
UCTIONIb3YeTCS TpaJyupOBaHHAs CTEKIsHHAs TpyOka. llunmuaapuueckuii oOpasers
NOMENIAIOT B PE3MHOBYI0 MAHXKETY KepHoJepkarenst Xacciepa (8) TakuMm o0pazom,
9TOOBI 3230p MEXIy OOKOBOM MOBEPXHOCTHIO 00paslia M CTEHKAMU MaHXETHhI OBbLI
MUHUMaNbHEIM. Co3maloT  JaBjieHHe OOKOBOro oO)kmMa, oOecIeynBaroniee
OTCYTCTBHUE NMPOHUKHOBEHUS (MPOCKAIb3bIBAHUS) Ta3a MEXKAY 00pa3lioM U MaHKETOU

He Boimie 2,5 MIla (onmtumanbHOe 3HavueHue ocrtapnser 1,3-1,5 MIla) ¢ momoibio
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MpEeAyCMOTPEHHOU B ammapaTte mHeBMocucTeMbl (9). JlaBneHue oOkuma 3aHOCAT B

Ta0IUIy pe3yJIbTaTOB.
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Pucynox 4 - [IpuHuunuanbHas cxeMa YCTaHOBKH JJI ONPEIEeTICHHS Ta30ITPOHUIIAEMOCTH. | -
WCTOYHUK JIABJICHUS, 2 - PEIyKTOP BBICOKOTO AABIICHUS, 3 - peAYKTOP HU3KOTO JIaBJICHHUS, 4-
OCYIIIUTENb Ta3a, 5S- GUIbTp, 6 - TPEXXOJ0BOM KpaH, 7 - MAHOMETP, 8 - KEpHOACPKATENb, 9 - JIMHUS

co3nanus o0kuma, 10 - rpamyrpoBaHHas TpyOKa M3MEPEHHS pacxo/ia raza

C momompio peaykropa (3) ycTaHaBIMBAIOT paboOuyuil mepernaj aaBlICHHUS,
KOHTPOJIMPYEMbId MaHOMeTpamu. M3mepeHue pacxona ra3a MPOU3BOJUTCA C
MIOMONIBI0O  OTCYETAa BPEMEHU IMPOXOXKJICHHUS MBUIBHOIO Iy3bIpbKa uepes
oTIpeJIeIeHHBI 00BheM rpagyrupoBaHHoOi TpyOku (10), ycTaHOBIEHHON Ha BBIXOJIE U3
oOpasiia ¥ CoOeIMHEHHOM ¢ aTMocepHbIM AaBieHrneM. ONTUMATBHO OJHO U3MEPEHHE
JOJKHO TIPOoJoiDKaThess okoio 30-90 cexyHn, 9ro oOecnedynBacT MHUHUMAJIBHYIO
MOTPEIIHOCTh  3amepoB. OpHako B cioydyae CUJIBHO MPOHUIAEMBIX  HIIH
HEMPOHUIIAEMBIX MMOPOJI BPEMEHHOW WHTEPBAI MOXET OBITh 3HAYUTEIHBHO CABUHYT,
COOTBETCTBEHHO, B Ty WJIM HHYIO CTOPOHY, YTO JIOJDKHO OBITh OTPAXKEHO B
pe3yabTupylolleid Tabnuie. M3MepeHue pacxoja raza udepe3 oOpasel] BBIMOJHSIOT

TPU pas3a MpU pa3InuHbIX nepenagax nasiaeHus B npeaenax 0,1 — 0,2 Mlla. I[lpu

20



KaKJIOM €IMHUYHOM 3aMepe WK uyepe3 Kaxable 10 00pas3ioB npu NpoBeIeHUH CEpUU
U3MEPEHU HE0O0XO0auMO (UKCUPOBATH TEMIIEPaTypy M JAaBICHHE OKpY Karollen
cpenbl, yTo TpeOyercs JUisl BBEIACHUS COOTBETCTBYIOUIMX MONPAaBOK M pacuera
BA3KOCTH raza. KosdduimeHt ra3onpoHuaeMoCcT Mpu CTallMOHAPHOU (UIbTpaIiuu

BBIYHCIISIETCS 110 (hopMyIie:

V ’ # ’ L ’ R?a
K,, = 1000,
I'AP'(AP/Z_R’WP)'F
................................................ 3.1)
rac KHp — K03(I)(1)I/II_[I/ICHT ra3onpoOHHUIACMOCTH, HBMCPCHHBIﬁ Impu

OTIPENICICHHOM CpeJHeM JaBiieHuu B oOpasie,(M/l); V — oObem rasa, mporieainmi
gepes oGpasels, cM° ; t — BpeMs IPOXOXKICHHS ra3a, C; | — BSI3KOCTb Ta3a B pabounx
ycioBusx, mlla*c; AP — nmepeman naBieHust Ha 0Opas3iie MEXIy BXOJOM M BBIXOJOM
u3 Hero notoka, 0,1 MlIla; P6ap — 6apomerpudeckoe nasienue, 0,1 Mlla; L — niouna
o6pasta, cM; F — Iomap onepedHoro cedeHns 06pasma, M- ;

[Ipu u3MepeHnn ra3onpoHUIIAEMOCTH 3aK0H Japcu MoXeT He coOItoaaThes, B
OCHOBHOM W3-3a CKOJIBKEHHUSI Ta3a, OCOOCHHO 3aMETHOTO B OO0JacTH HU3KUX
NABIICHU M MallbIX DPOHMIIAEMOCTEN, a TakXKe H3-3a [OTeph JaBIICHMUS,
POMOPIUOHATBHBIX KBaApaTy (GUIBTPAIMN, HECYIIECTBEHHBIX IHUIIL B 00JACTH
Manblx — mepenamoB  gasneHud.  Oddexr  Knmakenbepra wumm sddexr
«IPOCKAIB3bIBAHUS» Ta3a BO3HUKAET BCIEICTBHE IIOBBIIIEHHONW MOABUKHOCTU
MOJIEKYJl Ta3a B HEMOCPEICTBEHHOW OJIM30CTU OT CTEHOK IMOpP TOPHOM MOPOILI U
NPUBOJIUT K 3aBBIIMICHUIO U3MEPEHHOTO KOd((HIMEHTa MPOHUIIAEMOCTH IO Ta3y B
00J1acTH HU3KUX JaBJICHUHA M MaJIbIX MpOHHUIIaeMOCcTel. Takum 00pa3om, CyIIecTBYET
3aBUCUMOCTh M3MEPEHHOW W BBIYMCICHHOM 10 3akoHy Jlapchm BeIWYMHBI
NIPOHUIIAEMOCTH OT CPEIHETO MaBJICHHS B oOpasie. BenwumHa NpPOHHUIIAEMOCTH,
M3MEPEHHON IPH CPEJHEM [AaBICHHUHU, MPHOIMKAIOMIEMCS K IUIACTOBOMY Pep—>Prs
(MHOTJ]a TOBOPAT «OECKOHEUHOMY»), SIBJSIETCSI aOCOJIFOTHOM.

CymectByeT Tpu noaxoaa k yu€ry s¢gdexra KinvnkenOepra npu usmMepeHuu

Ko3(ppunrenTa abCoMOTHON MPOHUIIAEMOCTH:
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- OmpeneneHne MPOHHUIAEMOCTH IO Ta3y MPH TPEX-YEThIPEX Pa3THYHBIX
CpeIHMX JaBICHUIX IO JUIMHE oOpasta P., U moctpoerue 3asucumoct K.=f(1/p.).
[IpeumymecTBO moaxona: HauOoJiee TOYHBIA, OH MO3BOJAET Y4yecThb A(PdexT
KiunkenOepra mms Kaxaoro wuccieayemMoro obpasia. HemocraTtok moaxoja:
SBJSICTCSl Haubojee TPYAOEMKHM C TOYKH 3PCHHS MPOBCICHHUS H3MEPCHUM,
MOCKOJIbKY JUIS KaKAO0ro oOpasiia HYXKHO CO31aTh HECKOJbKO CPEIHHX IaBICHUMN
¢unbTpanuu raza.

- BBeienue monpaBku Ha CKOJIBXEHHUE TS KOJIEKIIUU 00pasIioB, SBIISIOMICHCS
MPE/ICTABUTEIILHON 110 OTHOIICHUIO K HCCICIyeMOMY MAacCHBY. B maHHOM ciydae
OTPEACTSIOT KOIPPHUIUCHT MPOHUIIAEMOCTH MO Ta3y K. Mpu pasinvHbIX CPEIHUX
NaBICHUSX P, U CTposAT 3aBucumoctu K=f(1/py,). Hanee mnst kaxmoro obOpasma
BBIYHCIIAIOT BEIMYMHY KOI(PQHUIMEHTA CKOMBKEHUS D W cTposT 3aBUCHMOCTH
b=f(k.,s.). Ha ocHOBaHWM TOJyYCHHON 3aBHCUMOCTH CTPOSAT HOMOIPaMMY B
KoopauHatax K - Kase/Kr ¢ mudpom xpuBbIx pg,. [IpenMymnecTBo moaxoaa: MeHslnee
YHCII0 U3MEPEHUH, YeM B TIepBOM moaxoie. HemocTatok moaxo/a: Xopouio Mo X0 auT
JHIIb IS UCCICNOBaHHWS OOJBIINX KEPHOBBIX KOJUICKIIUH, OTOOpAHHBIX U3
OJTHOPOIHBIX TLIACTOB.

- Jlna ompeneneHUss TONMPAaBKM Ha CKOJBKEHHE TOJNB3YIOTCSA 3apaHee
MOJYYeHHBIMA HOMOTpamMMmamMu. Jliisi kaxaoro obOpasiia JeaaeTcsi OJHO H3MEpPCHHE
K03 uIlMeHTa NPOHMIIAEMOCTH IO Ta3ly, Jajee 0 HOMOTPaMME OIPEaeIIIeTCs
3HaueHHe a0COJIOTHOW HpOHUIAeMOCTH. [IpeuMyIiecTBO MOAX0Ja: MUHHMAILHOE
qucino u3MepeHuil. HenocTaTtok moaxoja: HEBO3MOXKHO CO31aTh YHHBEPCAIbHYIO
HOMOTpaMMy, TO3TOMY TpH pacuére kKod(hduimeHTa abCOMOTHON MPOHUIIAEMOCTH

HEU30EKHBI OIIUOKH.
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Pucynoxk 5 - Homorpamma mist onpeneneHust koddduipenta abcoa0THON TPOHUIIAEMOCTH C

yaéroMm s dexra Knnukenbepra

Koaddurment abcomoTHON MPOHUIIAEMOCTH SIBIISIETCS OJTHUM M3 MapaMeTpoB,
ONpENENAeMbIX TPU  CTAHAAPTHBIX MCCIEAOBAaHUAX KEPHOBOIO  MaTepHala.
Onpenenus 3TOT MapameTp AJIs KOJJIEKIIMA KEPHOBOTO MaTepHalia MOXKHO CYyIUTh 00
OJTHOPOJHOCTH  (PMIIBTPAIIMOHHBIX XAPAKTEPUCTUK TNPOAYKTUBHBIX ILIACTOB U
oTOMpaTh 00pa3Iibl AJis CIICNUATBHBIX (DUIBTPAITMOHHBIX UCCIICIOBAaHUH.

3.3 MeTtoabl onpeaeaeHUsi OCTATOYHONH BOTOHACHIINIEHHOCTH

CocTostHME OCTATOYHOW BOJABI W HAYaJIbHOE pacmpeseneHue HepTH, raza u
BOAbl B MOPUCTOM Cpelie IUIacTa OMPEAENSIIOTCS MHOTOYMCIECHHBIMU CBOMCTBaMU
MIOPUCTOM CPEABI U TUIACTOBBIX )KUIAKOCTEH — CTPYKTYPOM MOPOBOTO MPOCTPAHCTBA,
COCTaBOM TMOpOA, (PUMKO-XMMUYECKUMHU CBOMCTBAMU TOpPOA U  IJIACTOBBIX
KUJKOCTEU, KOJIMYECTBOM M COCTABOM OCTATOYHOW BOJIBI U T. .

ITog xosdduuuentom octarouHoit BogoHackiieHHOCTH (KoB) mnonumaror

TOJTI0 00BeMa ocTaTOYHOM BOJIBI (VB.OCT) B 00BhEeMe MOPOBOTro mpocTpancTBa (Vi):

KOB = VB.OCT/ VI, ..ottt e, (3.2)



HavanbHoe pacnpenenenne He(TH, OCTATOYHOM BOABI M raza B IMOPUCTOU
cpele IIacTa BIMSET Ha TNPOLECChl JABMXKEHUS HePTH B TOPUCTOM cpene u
BBITECHEHUsI €€ BOJAOW M3 Iuiacta. Eciau ocTtaToyHas BOJA B IUIACTE B BUAE TOHKOU
MJICHKU TTOKPHIBAET MOBEPXHOCTH MOPOBBIX KaHAJIOB, TO MOBEPXHOCTh TBEPJOH (Pa3bl
ocraerca ruapoduibHOM. Ecnum ke 1eHKa BOABI OTCYTCTBYET, TO HE(PTh
HEMOCPEICTBEHHO KOHTAKTHUPYET C TBEPAONM TMOBEPXHOCTBIO U  BCIEICTBUE
a7copOlMM  TIOBEPXHOCTHO-aKTUBHBIX BEIIECTB HEPTEH MOBEPXHOCTh IMOPOBBIX
KaHAJIOB KOJUICKTOpa CTAHOBUTCS B 3HAYUTEIBHOM CTemeHUu TuapodoOHOM.
CrnenoBarenbHO, (OpMBI CYIIECTBOBAaHUS OCTAaTOYHOM BOJIBI HEOOXOJIUMO YUH-
THIBATh BO BCEX TMPOIECCaX, B KOTOPBIX MOJEKYISPHBIE XapaKTEePUCTUKHU
MOBEPXHOCTH TBEPJ0M (a3l UMEIOT CYIIECTBEHHOE 3HaueHue. PacrpenencHus
OCTaTOYHOW BOJIBI B TMOPOBOM IMPOCTPAHCTBE CYIIECTBEHHO BIMSIOT Ha (pa3oBbIe
MPOHMUIIAEMOCTH TOpPOABl Ui HepTHu, BOABI U Taza. MHorue Apyrue xa-
PAKTEPUCTUKHA IUIACTA: CMA4UMBAEMOCTb IIOPOJ  KUIAKOCTSIMHM, HWHTEHCUBHOCTH
KalMWUSIPHBIX ~ TIPOLIECCOB,  KOJIMYECTBO HE(PTH, OCTalOMIeicsi B  MOPOBOM
IIPOCTPAHCTBE IUIACTA IIOCJIE UCTOIIECHHUSI IUIACTOBOM 3HEPTUU U JIP., - TAKIKE 3aBUCAT
OT IIEpPBOHAYAJIBHOIO pacupeieseHus XuAKocTen B Iuiacte. lIpeanomnaraercs, 4o
mOpo/Abl OONBIIMHCTBA HEPTIHBIX M Ta30BBIX KOJUIEKTOPOB OBUIM H3HAYAIBHO
3aMoJHEHbl U CMOYEHBI BOJIOM, a HE(PTh MOSBUIACH B IJIACTEe B 0oJiee MO3THUN
nepuoji. Bona, mepBoHauyanbHO 3amoOiHSBINAS TOPOAY, HE MOrjia ObITh yrajeHa
MOJIHOCTBIO M3 IIacTa MpH o00pa3oBaHMM 3ajexu. YacTh ee ocTalach B BHIE
norpe6eHHON Boabl. HecMOTpsl Ha HaaWM4KMe pa3IMYHBIX MHCHHUH, KaCAIOIIUXCs BHJIA
OCTaTOYHOM BOJbI, HAXOMSMICHCS B MMOPUCTOUN cpejie, OOJIBIIMHCTBO HCCe0BaTene
IMPUXOJUT K 3aKIIOUCHHUIO O CYILIECTBOBAHUH:

1) kKanWIIPHO-CBSA3aHHON BOABI B Y3KUX KAMUIAPHBIX KaHAJIaX, IJI¢ HHTCHCUBHO
MPOSIBIIIIOTCS KallWJUJISIPHBIE CUIIBI;

2) aacopOIMOHHON BOABI, YACPKUBAEMOW MOJICKYJIIPHBIMHA CHJIAMHU Y TIOBEPXHOCTH
TBEPJIOTO Te€Jda M MPOYHO CBSA3AHHOW C YAaCTUI[AMU MOPUCTOM cpeabl (CBOWCTBA

a7coOpOMPOBAHHOM BOABI 3HAUMTEIBHO OTINYAIOTCS OT CBOMCTB CBOOOHOM BOJIbI);
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3) mIeHOYHOW BOABI, TOKPBHIBAIONICH THIAPOQHUIbLHBICE YYaCTKH IMOBEPXHOCTH
TBep0i1 (ha3sl;

4) cBO0OAHOII BOABI, YJICPKUBACMOW KANMWUIAPHBIMA CHJIAMH B JIHCIICPCHOU
CTPYKType (OTpaHMYMBAETCS MEHUCKAMHU HA MOBEPXHOCTAX pasjesa Boja — He]Th,
BOJla — Taj).

OCHOBHBIM METOJIOM OIIEHKHM OCTaTOYHOM BOJIOHACHIIIIEHHOCTH SIBJISICTCS
npsiMOe OMpeJeNieHHe KOJUYeCTBa BOJIBI B KEpHE, OTOOPAaHHOM U3 CKBaXKUH,
npoOypeHHbIX Ha 0e3BOAHOM pacTBope. K KOCBEHHBIM METOAaM OTHOCSITCS
7a00paTOpHBIC  OMBITHI [0 HCKYCCTBEHHOMY MOJCIHPOBAHUIO  COJICPIKAHUS
OCTaTOYHOM BOJBl OJHUM W3 CIEIYIOIMMNX METOJOB. KaNWUISIPUMETPUICCKUM,
HEeHTPU(YTUPOBAHUS, UCTIAPCHHUS, KATTMJUIAPHON BBITSIKKH.

Heo6xonuMo oTMeTuTh, 4TO Haubosiee HAJEKHBIM ISl OLICHKU COJEepPKaHUS
OCTaTOYHOM BOJOHACBIIIEHHOCTH fBJIsieTcs mnpsiMod  metod. ComnocTaBlieHUE
pPE3YyIbTATOB OLEHKH OCTAaTOYHOW BOJOHACBHIIIEHHOCTH, IMOJYYEHHOW MPSIMBIMU H
KOCBEHHBIMM METOJAaMH, IIOKa3blBa€T, 4YTO B psAae ciaydaeB 3HaueHus Kos,
ONpEIeJICHHbIE STUMH METOJIaMH, 3HAYUTEIIbHO PACXOIATCS.

3.3.1 OnmnpenejieHne  OCTATOYHOW  BOJAOHACHIIIEHHOCTH  METOAOM
KANMWLISIPOMETPUH

Meron 3aKJI0YAETCS B U3MEPEHUU COJIepKaHuUs BOJIbI B
KaMWUIIPUMETPUUECKON  YCTAaHOBKE C  IMOJYNpPOHUIIAEMON MeMOpaHOW  Ipu
BBITECHCHMM BOABI M3 oOpasma HePThI0O WIM BO3AYyXOM. B TakoMm ormbITe
MOJIETTUPYETCS MPOIECC BHITECHEHHS BOJBI MPHU 3aMOTHEHUH JIOBYIIKH HEPTHIO WU
ra3oM, BCJEACTBHE 4YEro CHoco0 HWHOT/Ia HA3bIBAIOT CIIOCOOOM BOCCTAHOBIICHUS
HAYaJIbHOTO COCTOSIHMSL cUCTeMBbl. JJIsI TpoBeAeHUs KamWLISIPOMETPUUYECKHUX
UCCIIe0OBaHUI TIpejiaraeTcs ucnosb3oBaHue yctaHoBku YI'K-1 . [Ipunuun paGoTsl
YCTAHOBKHM OCHOBAaH HA BBITECHEHUU >XKUJAKOCTU U3 MOPOBBIX KAHAJIOB TOPHBIX MOPOJ
M30BITOYHBIM JaBICHHEM. V3BECTHO, YTO BBICOTA MOABEMA JKHIKOCTH B KANWILUIAPE

paBHa:

D= 20C0S0/ GOl ke venteetee ettt (3.3)
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r7ie G - MOBEPXHOCTHOE HATSXKEHHUE; O - yrojl cMauMBaeMOCTH; OXK - MJIOTHOCTh
KHUIKOCTH, g - YCKOPEHHE CBOOOTHOTO MAJACHHUS; Iy, - PaINyC KaujuIsIpa.

ITon neiictBueM wu30ObiTOuHOro pabieHus (P), co3gaBaemMoro B oOBbeme
KalMWJUBIPUMETPa, BBICOTA TMOABEMAa JKHJAKOCTH B KamWUIApax IOHIKAETCS Ha
BEIIMYUHY:

N0=P/(050) e ene et (3.4)

KXuakocTh, BBITECHSIEMas W3 IOPOBOIO TMPOCTPAHCTBA oOpasla, MPOXOIUT
yepe3 Kanmwuisipbl MeMOpaHbl M 10 KaHajaM OTTOKa BBIBOAUTCS HAPYXKY
KamuusipuMeTpa. MeToauKa MOJSIMPOBAHUS OCTATOYHOW BOJIOHACKHIIICHHOCTH
COCTOUT B CJICTYIOIIEM:

OOpa3ipl OpOABI, BBICYIICHHBIC 10 ITOCTOSTHHOW MAacChl, B3BEIIMBAIOT Ha
aHANMTHYECKMX Becax (ml). 3aTeM MX HACBIIIAIOT PAacTBOPOM, MOICITHPYIOITUM
IUTACTOBYIO BOJly, M TIOBTOPHO B3BEIIMBAIOT Ha Bo3ayxe (m2). Ilo momydeHHBIM
JAHHBIM, YYUTBIBAs, YTO IUIOTHOCTH BOJIBI paBHA €AWHUIIE, OMpPE- JIEISIOT MOJHYIO
BOJIOHACKIIIIEHHOCTh 00pa3noB KB100% (en. oobema) Kak:

KBI00% =2 — ML, .ot (3.5)

Ha mnoaroroBineHHyr0 ¥ YCTaHOBJIEHHYIO B KaNWUBIPUMETP MeMOpaHy
noMmemniaoT oOpasnsl  KepHa. B OmopeTke, yCTaHOBJIEHHOW Ha  BBIXOJIC
KamUIIpUMETpa JJIsI MHIUKAIIMU MPOoIlecca BRITECHEHHS KUIKOCTH, YCTAaHABINBAIOT
HYJICBOM ypOBEHb M TIOJAIOT HAYaJIbHOE JaBJCHWE BhITeCHeHHUs. JlaBieHue
MOJIIEP)KUBAIOT 70 TEX MOp, ITOKa MEHHCK B OIopeTke He ycrtaHoBuTcs. Ilocie atoro
00pa3Iel BEIHUMAIOT, B3BEIIUBAIOT, ONMPEICIIIIOT MAacCy M2 ¥ BHOBb YCTaHABIHMBAIOT
B KammuispuMmeTp. [logaroT naBiieHUE CICAYIOMIEH CTYIICHH - M TaK A0 JOCTHKEHUS
MaKCHUMAJIbHOTO JIABJICHHUS, 3aBUCSIIETO OT CBOWCTB IMOJIYIPOHUIIAEMON MEMOpPAHBHI.
Ha ocHoBaHMM TIONYYEHHBIX JIAHHBIX BBIYHCIAIOT KOA(DPHUIIMEHT OCTATOYHOM

BOJIOHACBHIIIIEHHOCTH 00Pa3IoB:

KOB = KB / KB 10090, ..eetuttteieiiiitiie ettt (3.6)
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Takum o00pa3om, ompeneneHre KanWULSIPHOIO JaBJICHHS W OCTaTOYHOM
BOJIOHACBIIIEHHOCTH MOPOJ 3aKIIOYaeTcsl B IOBTOPEHUU HECKOJBKUX IIMKIOB C
MOCIIEI0OBATEIBHBIM YBETMYCHUEM JAaBICHUS B KaMepe KamwIIpuMeTpa.

3.3.2 OmnpenesieHne  OCTATOYHOW  BOJOHACHINMIEHHOCTH  METOAOM
HEeHTPU(PYIrupoBaHus

M3MepeHne 0CcTaTOYHO BOJOHACHIIIEHHOCTH METOJIOM LEHTPH(YTHpOBaHUS
3aKJII0YAETCs B MOMENIEHUH HACBIIIEHHOTO 00pa3ia Mmoposl B M0JIe ¢ YCKOPEHUEM, B
€ pa3 MpeBOCXOJslIee YCKOPEHHE CBOOOJHOIO TMaJleHUs, TMOJ BO3JAEHCTBUEM
KOTOPOTO TPOUCXOJIUT €ro TIpaBUTAIMOHHOE OOE3BOKMBAaHUE. 3HAayYeHUE e
paccUMThIBaeTCA 10 cienytouieit popmye:

€ = 02 Tipl Jy enenenenet i, (3.7)

FAC TIyp - paauyC BpalliCHHA 06pa311a, ® - yrijoBasg CKOPOCTb, g - YCKOPCHUC

cBoOoHOTO MaaeHus (~9,81 M? /c).
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P, arm

Kanmmpﬂoe J1aBJIEHHE

0 100% Koe

Pucynox 6 - KpuBble KanmMJUIAPHOTO JTaBICHUS

Hcxons u3 pacueta yrioBoi ckopoctd ® =2 wrn/ 60, e OyaeT paBHO:

e=1,11.10° r,,n’,

i€ N - YUCJIO 000POTOB IEHTPUDYTH.

Cnoco6 ueHTpudyrupoBaHus OMNPENETICHUS OCTATOYHOW BOJBI TOCTATOYHO
Obictp u ToueH. Tak, ayusg O0Opa3lOB TMECUAHBIX TOPOJ CO3/aeTCA JaBJICHHE
BBITECHEHHS 10 3 KIc/cM’ , 4TO 0BECIIeUnBACT yIaleHHe U3 HUX B OCHOBHOM TOJIBKO
CBOOOJHOM BOJBI W TIOJYyYE€HHE OCTATOYHOW BOJOHACHIIICHHOCTH, OJU3KOH K
onpeneNseMol KanuisipuMeTpuueckuM MeTo oM. OOpasiibl Mopoabl (CTaHJApPTHBIE
UUINHAPBI), BBICYIIEHHBIE /10 MOCTOSHHOM MAaccChl, B3BEIIMBAIOT HAa aHATUTUUYECKHUX
Becax (M1). 3areM uX HaAchIIAIOT PacTBOPOM, MOJEIUPYIOLIMM IUIACTOBYIO BOJY,
NOBTOPHO B3BEIIMBAIOT Ha Bo3ayxe (M2) um u3mepsitor ux comportunieHue. Ilo

IMOJYYCHHBIM JaHHBIM OIIPCACIIAIOT IIOJHYIO BOJOHACBIIICHHOCTD 06p33HOB.

KBL00Y) = M2, ..o (3.9)



IIpoBenenue nucciaenoBaHu

[TonOuparot oOpa3upl B mapbl Tak, YTOObI UX Macca ObUIa MOYTH OAMHAKOBOM,
Y NIOMEIAIOT B CTaKaHYMKH, KOTOPbIE YCTAaHABIMBAIOTCA B LIEHTPU(]PYry HANpPOTHUB
apyr npyra. Ilpob6amu AOKHBI OBITH 3alMONHEHBl BCe CTakaHYyukh. OOpasibl
YpPaBHOBEILIMBAIOT, A00aBisisi pa3HoBechbl. [IpoObl, B3ATBIE JIsI OJHOBPEMEHHOM
3arpy3Ku, JOJIKHBI UMETh IPUMEPHO OJAMHAKOBYIO IPOHUIIAEMOCTb.

Hentpudyrupyror o0pasibl Npd BBIOPAHHOM pEXUME - UEHTPUDYTY
BKJIIOUAIOT W Ppa3rOHSIOT €€ JI0 HeoO0XoauMoil ckopoctu BpamieHus. [lonbop
CKOPOCTH BpalleHus onpeensercs no popmyie:

P = 1,10%105 *1,y NN AS *1, ...t (3.10)

rae P — pacderHoe xamwuispHoe naBieHue, A0 — pa3HuIla MIOTHOCTEH JIBYX
¢da3 (B HaieM cirydyae *KHUIKOCTU HACBIIICHUS U BO3/yXa, T.€. MPUOIU3UTEIIHFHO paBHA
IUIOTHOCTH KUAKOCTH HachilleHus), h — Beicota oOpasua. Yepe3z 30 muH (Bpems
MycKa M OCTAaHOBKM HE YYUTHIBACTCS) OCTAHABIMBAIOT IEHTPU(DYTY, BHIHUMAIOT
o0pa3Ipl M3 CTaKaHYMKOB, B3BEIIMBAIOT 00pa3llbl ¢ ocTraToyHoil Bogor (M3) wu
U3MEPSIOT MX CONPOTHBJICHUE. PaccumThiBalOT KOAX(PGUIMEHT HACHIIIEHUS TOPOT
OCTaTOYHOM BOJI0H IO hopmyJie:

Ko = Voct/Viop=(M3 —MI1)/(M2 —=MI1),.ccoiiiiiiiiiiiiiiiinannn. (3.11)

rae VocT — 00beM ocTaBIIelCs B TOPOBOM MPOCTPAHCTBE BOJIBI, VIIOP — 00BEM
nop oOpasna. BennunHa mI0THOCTH KUAKOCTH HACBHIIICHUS HE BIUSCT Ha PE3YJIbTaT,
T.K. OHa B 000MX CITy4asX OJ{Ha U Ta XKe.

3.4 TlpeanochbLIKH YJy4lleHHsl KadecTBa BOJAbI B 3aBHCHUMOCTH OT
CTPYKTYPbI NOPOBOT0 NMPOCTPAHCTBA

OOGmupHBIC JaHHBIE, COOpaHHBIC TTOYTH 33 SO-TH JICTHHH TTepruoa HaOII0ICHHIA
u 00o0mennple criermanuctamMmu TartHUIIMHED T, MO3BONMIM BBIIBUTH TEHICHIIHIO
W3MEHEHUS MPUEMHUCTOCTH HAarHETaTeNbHBIX CKBAXWH B 3aBUCHMOCTH OT KadyecTBa
BOJI, 3aKa4yMBaeMbIX B He()TAHBIC TUIacThL. 1o Habmr0IeHeM Haxoauioch 0oiee 150
CKBQXHUH C Pa3JUYHBIMH KOJUICKTOPCKUMH XapaKTepUCTHUKaMHu. KOHTpOIUpPOBAIHCH
JAHHBIC 10 JUHAMHUKE U3MEHEHMS MPUEMHUCTOCTH, JABJICHUE HArHETaHUs, JETPEeCCHs

MCIKIAY 3a00MHBIM H  IIJIJACTOBBIM JaBJICHUAMHM, KOJIMYCCTBO PCMOHTOB IIO
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BOCCTAHOBJICHHUIO TPUEMHUCTOCTH, coaepkanne TBY u HedTH, 3aKkauyaHHBIX C BOJIOH B
CKBa)KUHBI.

VYcraHoBIIEHA NpsAMas 3aBUCUMOCTD IAJICHHUS] PUEMHUCTOCTH B TeUeHHE 2...3
JeT, B pAnae ciaydaeB B 3...3,5 pasza, mpu NpeBbIIeHMU KOHIeHTpauuun TBY B
3akaunBaemoil Bozae 30...35 mr/mutp m HedTtu 50...70 Mr/autp. BwigBieHo, 4To
HEHAJJIEXkKAIIEe KaueCTBO MOATOTOBKM BOJBI CO BPEMEHEM IMPUBOJIUT K MOBBIIIEHUIO
NABJICHHUsI HArHeTaHWs, NOpU OTOM Jenpeccus Bo3pactaeT. KOHTpoIMpoBaioch
KOJIMYECTBO PEMOHTOB 110 BOCCTAHOBJIEHUIO TPUEMUCTOCTH Ha 2-X TPYIIIaX CKBaKUH
C TOPUMEPHO OJWHAKOBOM CTPYKTYpOM IIJJaCTOB B 3aBUCHMOCTH OT KadecTBa
3aKayrBaeMoil Bojbl. 3apUKCUPOBAHO, YTO YMCIO PEMOHTOB Ha IpYINEe CKBAaXHUH, B
KOTOpbIE 3aKauHWBajach BOJA C Jy4YIIUM KadyeCTBOM MOATOTOBKH, MEHbIIE HA 25% 1o
CPaBHEHHIO C IPYroi IpyMION CKBaXXWH, B KOTOPhIE 3aKauMBaJIach BOJA C OOJIBIIUM
COJZIEp/KAHUEM 3arpsA3HECHUN.

C npyroél CTOpOHBI, TOKa3aHO KaK HM3MEHAETCS NPUEMUCTOCTh MHOTHUX
CKB)KHH TOCJIE Mepexojia Ha 3aKauKy 0o0Jiee «IUCTO» BOJbI. BBISBIEHO, UTO B 3TOM
cillydae TPUEMHUCTOCTh OCTaBajlach CTAa0WIBHOW B TEYEHHE BCEro INepuoja
HaOmoneHun (4 roma), Ha psiAe CKBaXMH 3aUKCUPOBAHO yBEIUYCHUE
IPUEMHUCTOCTH.

BaxHOM XapakTEepUCTUKOM CTENEHW YUCTOTHI 3aKAUYMBAEMOM BOJbI SIBIISIETCS
pa3Mep 4acThll B UX COMNOCTABJIEHUU C pa3MepaMH IOp IUIACTA, C TOYKU 3PEHUS
YCJIOBUW MPOXOXKICHUS WM 3aJ€P/KAHUS B3BCLICHHBIX YAaCTULl B MOPUCTOU Cpexe.
ONBITHBIM MTyTEM YCTAHOBJIEHO, YTO MOPHUCTAs Cpe/ia 3a0MBaeTCs YaCTUIIAMU, TaKe B
TOM CJIy4ae, €CJIM pa3Mep 4YacTULl B MSTh pa3 MEHbLIE JUAMETPa IMOPOBOro KaHaia.
NubiMu cmoBamu, 4TOOBI TIJIACTHI HE 3aWJIMBAINCH, pa3Mep B3BEIICHHBIX B BOJE
YacTUIl IOJKEH ObITh KaK MUHUMYM B 4 pa3a MEHbIIE IUaMETPOB MOPOBBIX KAHAJIOB
nopoj miacta. Eciu OpuHATH CpeaHUN pa3Mep JIUaMeTpa MOPOBBIX KaHAIOB
KOJUIEKTOPOB paznuuHoro tumna 20....30 MxkM, ToO TOHKOCTH oTceBa TBY B mpouecce

MOATOTOBKHU BOJBI JIOJKHA OBITh, 110 KpailHEN Mepe, He Xyxe 6 MKM
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3.5 Kommuekc wucciieoBaHuil omnpeJeieHUsl CTPYKTYpbl TOPOBOIO
NPOCTPAHCTBA 00pPa3l0B KepHA

OT60p 00pa3ioB KepHa AJisl JTaHHOW pabOThl MPOU3BOIUICS U3 HEOKOMOBCKHUX
oTioxkeHu HrkHero mena (1348 -1412 m). Komiuiekc uccnenoBaHUil Ha KepHE
BKJIFOYAJT OTIPE/ICTICHHUS CIEYIONUX TapaMeTPOB:

- OTKpPBITOH  TOPUCTOCTH  METOJAOM  >KMJKOCTEHACHIIEHUS (METOH
N. A. IIpeoOpaxkeHCKOTO), TJe B KayeCTBE HACHIMAOMICH IKUIKOCTH IS
OTIPENICJICHUs] EMKOCTHBIX XapaKTEPUCTUK B aTMOC(HEPHBIX YCIOBUSX HCIOJIH30BAJICS
KEpOCUH, Il W3y4YeHHUs MeTpoPU3NYECKUX TapaMeTpoB B aTMOCHEpPHBIX U
TEpMOOAPUUECKUX  YCIOBHUSAX HCIOJb30BajlaCh MOJIENIb IUIACTOBOM BOABI  C
muHepanuzauend Cpnacl = /5 T/1 sl albOCKUX M anTCKUX OTIOXEHUW U ¢
muHepanuzaruend Cyacr = 95 1/11 — 1711 HEOKOMCKUX OTJIOKEHHM. MeTouka U pekum
HachIeHus Beioupanuck B coorBeTcTBUM ¢ ['OCT 26450.1-85 «Metoa onpeneneHus
KO2()PUITMEHTA OTKPHITON TOPUCTOCTH JKUIKOHACHIIIIECHUEM);

- Ta30MPOHUIIAEMOCTH TMPU TIOCTOSHHOW (cTanmoHapHOM) (uiIbTpanuu raza
gyepe3 oOpaszell TOpHOM MOpO bl B TUHEHHOM HaIlpaBIEHUH IO TEWCTBUEM 3aJaHHBIX
naBlieHui (ra3zoBosroMeTpuueckuii Meton) B coorBercTBUM ¢ ['OCT 26450.2-85
«Meton omnpenenenus koddumueHta aOCOMIOTHOW Ta30IMPOHUIIAEMOCTH TPH
CTaIlMOHAPHOM M HECTAllMOHAPHOH (DHIIBTPALIHI;

- aHU3O0TPOITMH TIOPOJI TI0 Pe3yIbTaTaM U3MEPEHHs Ta30IPOHUIIAEMOCTH B JIBYX
B3aMMHO TIEPICHIUKYJSAPHBIX HANpaBICHUAX Ha o0Opa3lax KepHa, BBITOYCHHBIX
napajuielIbHO W TEePICHIUKYIJISIPHO HAIIacTOBaHUIO mopoA B cooTBeTcTBUM ¢ ['OCT
26450.2-85;

- 3(hpeKTUBHON MPOHMIIAEMOCTH Ha 00pasmax ropusix moposa co 100%-Hoit u
OCTATOYHON BOJOHACHIIMIEHHOCTEI0O B cooTrBeTcTBUM ¢ ['OCT 26450.2-85 «Meton
onpeneneHus: KodppuureHnTa abCONMIOTHON Tra30MpPOHUIIAEMOCTH TIPU CTAllHOHAPHOU
Y HEeCTallMOHAPHOMN (DYITBTpAITHNY;

- OCTaTOYHOM  BOJOHACHIIICHHOCTH  METOJOM  IEHTpU(YyrupOBaHMS,

OCHOBAaHHOM Ha BBITECHCHHMH CBOOOJHOW BOABI M3 o0OOpaslia IMoJ JIeUCTBUEM

31



HeHTpoOexHbIX cui, B coorBercTBUM ¢ OCT 39-204-86 «Metox omnpeaeneHus
OCTAaTOYHOW BOJIOHACHIIICHHOCTH KOJIJICKTPOB HE(TH U razay,

- cMauuBaemocTu mopoa B cootrBetctBuM ¢ OCT 39-180-85 mo naHHBIM
KalmWUIIPHOTO BIUTHIBaHHWs B oOpas3el; BOJbI M KEPOCHMHA MpHU aTMOChHEpHBIX
YCTIOBHSIX U B TPABUTAIIIOHHOM TI0JI€ TIPH LIEHTPU(PYTUPOBAHUY;

- OCTaTOYHO! BOJOHACHIIEHHOCTH W W3yYEHHE CTPYKTYpPHl MTYCTOTHOTO
NPOCTPAHCTBA KAMMUIIPUMETPUICCKUM METOJ0M (TIONYNPOHHUIIAEMOl MeMOpaHbl) B
cootBerctBu ¢ OCT 39-204-86  «Metong  ompefeneHuss  OCTaTOYHOU
BOJIOHACHITIICHHOCTH KOJUIEKTPOB HEPTH U Ta3ay.

Yacrora orOopa 00pa3iioB Ha UCCIICOBAHMS OMPEACIAIach B 3aBUCUMOCTH OT
TUIIAa KOJJIEKTOpa U ero ogHopoaHoctu cornacHo PJ1 39-0147716-505-85 «Ilopsimox
oT0OOpa, MPUBS3KU U XPaHCHHS, IBIDKECHUS U KOMIUIEKCHOTO MCCIICJIOBaHHUS KEpHA U
TPYHTOB HE(TETA30BbIX CKBKUH.

JUis  XapakTepUCTUKA (QUIBTPAIMOHHBIX W EMKOCTHBIX CBOWCTB TIOPOJT

HCIIOJIb30BaJIaCh KHaCCI/I(i)I/IKaHI/ISI A. A. XaHI/IHa, IMPpUBCACHHAA B Ta6JII/IlIe 1 amxke.

Tabnuna 1 — Knaccuduxkanus mopos no NpoHUIIAEMOCTH U TIOPUCTOCTH

Knaccudukarus mopon

10 MMPOHHUIIAEMOCTH 10 MIOPUCTOCTH
| kimacc >1000¢10°MKM — OUCHB BBICOKAS | kimacc >20% - BoICOKas
Il ximace 500-1000+10°MxM” - BBICOKasE Il ximacc 15-20% - moBBIIIICHHAS
11 xitacc 100-500210MrMm” — CpenHsis Il xitacc 10-15% - cpennss
IV kmace | 10-10010°MKM” — MoHMmKEHHAs IV knacc 5-10% - noHm>KeHHAas
V knacc 1-10+10°MKM” - HU3Kas V kiacc <5% - HU3Kad
VI kmace | <1+10°mkm° — BecbMa HH3Kas
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XapaKkTepUCTUKA CTPYKTYpPBI

TIOPOBOTO  TPOCTPAHCTBA

kinaccudukanuu O. K. baxxeHoBoii (B Tabnuile 2 HIKE).

Tabmuua 2 — Knaccudukanus nop no O. K. baxxeHoBoi

NpuBOAUTCA 110

Pa3mep kanumisipoBs (paaunyc), MKM

CBEPXKAIUIUIAPHI >50
KaITAJUISPBI 2,5-50
CyOKanuuIspsl <2,5

Bunel, cioco6sl, annaparypa, 000pyI0BaHHUE U YCIOBUS MPOBEACHUS

AdHaJIN30B HA 06pa3uax KCpHa NPUBCIACHBI HUXKC .

Tabnuua 3 - Bunbl, cioco6sl, anmnaparypa, 000py/I0BaHHE U YCIOBHUS IPOBEICHUS

dHaJIN30B Ha 06pa3uax KCPpHa

Bun
HCCIIeIOBAHNUS, OTIEPAIIT Meron YcnoBust mpoBeICHUS Anmnapatypa,MFHCTpyMEH
q T
Cymka - Cymka npu t=105°C (3- | CHOJI-3.5,
6 cyToK
YIoK) WST-3010

Hacrpimenue o6pasios

Haceinenue B
BaKyyMe ¢
JIOHACKIIIEHUEM
0] JaBJICHHUEM 15
MlIIa

BakyymupoBanue B
TeueHue 7-8 4acos,
JIOHACHIIIICHUE 10T
nasienueM P=15MIla B
TEUYSHHE 2-X YacOB

ITOPII-1, TIOPII-3

Onpenenenue OTKPBITON
MIOPUCTOCTU

I HAPOCTATHYCCKO
€ B3BCIIIMBAaHHUC

ATMOChepHbIe YCIOBUS

ABTOMAaTHU3UPOBAHHbBIE
Becel "SCALTEC-SBA"
I'epmanms)

"A and D"HF-300

(Amonmus)
Omnpenenenne CranuonapHas AtmocdepHble ABTOMaTHU3UPOBAHHBIE
abCOIIOTHOM M YCIIOBHSL. Becol "SCALTEC-SBA"
ra3oIpOHUIIAEMOCTH HECTallMOHApHAas ['epmanmus)

¢unpTpamus rasa

JlaBnenue o0xxuma —
1,5-1,8 MIla

"A and D"HF-300

(Amonus)
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Oxkonuanue Ta0Onuie! 3

Onpenenenue
OCTaTOYHOM
BOJOHACBIIIICHHOCTHU
KalmUJIIPUMETPUICCKUM
METOJIOM H TOJTydeHHUE
KPHBBIX KAITUJIJIAPHOT'O
TABJICHUS

Meton

MOJIYTIPOHUIIAEMO

11 MeMOpaHbl

CryneHnuatsie
KaIllWUIIpUMETPUUECKU
€ U3MEPEHMUSI J10
nasienus P=1.0 MIla c
BBIJICP/KKOW HA KaKJI0M
CTyIIEHU He MeHee 4
CYTOK

1

I'pynmosoit
karmnsipumeTp KI'M-2-

3.6 OuneHka pe3yJabTATOB HCCAEI0BAHUI (PUIBTPANMOHHO-eMKOCTHBIX

CBOMCTB KepHa

Sw, n.em.
06;\;93% m% | kmD | , | 0014 | 005 | 012 | 021 | 033 | 048 | 075 | 1
0>K'2160' 231 | 33 | 100 | 097 | 084 | 076 | 070 | 063 | 058 | 056 | 053
0>K'2163' 255! 8 | 100 | 097 | 074 | 067 | 061 | 055 | 051 | 049 | 048
0>K‘2166‘ 58| 52 | 100 | 097 | 081 | 072 | 063 | 055 | 051 | 049 | 048
0>K‘2175‘ 8| o1 | 100 | 098 | 092 | 085 | 079 | 073 | 069 | 0,67 | 067
0>K‘2178‘ 288 | 15089 | 100 | 056 | 024 | 020|017 | 015 | 015 | 014 | 013
0>K‘2179‘ 271 | 9325 | 100 | ©65 | 031 | 025|022 | 019 | 018 | 017 | 016
0>K‘2180‘ 101 | 3806 | 100 | 074 | 048 | 039|035 | 032|031 | 029 | 028
0>K‘2182‘ 254 | 8615 | 100 | 064 | 039 | 034|031 | 028 | 027|026 | 026
0>K'2186' 27| 216 | 100 | 073 | 043 | 035|020 | 025 | 022 | 021 | 019
0>K'2189' ona| 10089 | 100 | 066 | 023 | 019|017 | 015 | 0,14 | 013 | 0,12
O>K'2193' 26,9 | 2762,9| 1,00 | 036 | 015 | 013 | 012 | 0,41 | 0,10 | 0,10 | 0,09
O>K'2196' 279 | 4978 | 1,00 | 077 | 031 | 025 | 022 | 019 | 0,18 | 0,16 | 0,15
O>K'2199' 27,7| 3615 | 1,00 | 083 | 035 | 029 | 025 | 023 | 020 | 0,18 | 0,17
O>K'2201' 236|1451,7| 1,00 | 051 | 021 | 014 | 011 | 0,0 | 0,09 | 0,08 | 0,07
OH208 1 247 | 2845 | 100 | 080 043 | 038 | 033 | 031 | 029 | 028 | 027
OX-218- | 185| 0,2 | 1,00 | 096 | 089 | 0,81 | 0,75 | 0,73 | 0,71 | 0,69 | 0,68




K221 96 | 15 | 100 | 091 | 072 | 059 | 052 | 048 | 046 | 045 | 0,43
OH222 1 55 | 16 | 100 | 085 | 061 | 042 | 033 | 028 | 026 | 024 | 023
K231 1 280 o142 | 100 | 072 | 027 | 023|020 | 0,18 | 017 | 016 | 014
A 241 | 256 | 8714 | 100 | 057 | 027 | 023 | 019 | 0,18 | 016 | 015 | 0,14
K243 1 212| 767 | 100 | 074 | 048 | 043 | 034 | 036 | 033 | 030 | 028
K241 232| 35 | 100 | 076 | 055 | 049 | 043 | 040 | 034 | 038 | 037
K249 1 229 1931 | 100 | 075 | 051 | 045 | 041 | 039 | 0,36 | 034 | 033
K241 204 202 | 100 | 092 | 069 | 059 | 053 | 048 | 045 | 043 | 042
Q2581930 | 532 | 100 | 085 | 050 | 042 | 038 | 035 | 033 | 033 | 032
Q2011 926 | 755 | 100 | 085 | 052 | 041 | 037 | 033 | 032 | 030 | 0,20
Q2031 250 | 2541 | 100 | 082 | 038 | 033 | 020 | 027 | 025 | 024 | 023
OH208 | 1856 | 2083 | 100 | 071 | 039 | 033 | 020 | 025 | 024 | 024 | 0,24
OH2M8 1 213| 45 | 100 | 092 | 046 | 040 | 036 | 034 | 032 | 031 | 030
2801 972 6013 | 100 | 075 | 023 | 019 | 016 | 015 | 015 | 014 | 0,13
Q2831205 | 83 | 100 | 093 | 059 | 051 | 046 | 044 | 042 | 041 | 0,40
K28 1196| 17 | 100 | 094 | 079 | 067 | 060 | 057 | 055 | 053 | 052

Ornenka pe3yibTaTOB HCCIEIOBAaHUN (DUIBTPANIMOHHO-EMKOCTHBIX CBOWCTB
HCOKOMCKHX OTJIO)KeHWH (Tabmuma 4) B I1eOM  IOKa3bIBaeT, 4YTO CpPEIu
UCCJICOBAaHHBIX 00pa3IoB JOMHHUPYIOT 00pasmbl ¢ raszonpoHunaemMocteio |11
xinacca(100-500010%) u V kracca (1-10210°mxm?) 1 cocrapisior mo 24% 0T 061ero
komuectsa. O6pasibl ¢ razonporunaemMoctsio | (>1000210mxm?), 11 (500-1000+10°
MM, 1V (10-100210°mxm’n VI (<1210 MkM?) KI4CCOB MMEIOT MPAKTHYCCKH
paBHOe cooTHomeHue — B cpenHeM mno 10-13%. Cpenu 3HayeHUN MOPUCTOCTH

npeobialalouMu SBIAIOTCA BenuuuHbl | kmacca (>20%), Ha UX OO0 TPUXOIUTCS

okosio 80% ot oOuiero uucia onpexaeneHui. [lo comepkaHuI0 OCTATOYHOW BOJIBI
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JOMUHHUPYIOT o0Opa3lbl C OCTaTOYHOM BOJOHACBHILIEHHOCThIO 10 20%, OHHU
COCTaBIIAIOT OKOJIO 35% OT 00111ero KoJIM4ecTBa.
Hcxons w3 MONyd4eHHBIX JaHHBIX Kanwuisipomerpun (Tabmuia 4) , mocTpoum

3aBHCHMOCTH KaIMJUISIPHOTO JaBJICHUS Py, OT BOJIOHACKHIIIEHHOCTH (PUCYHOK 7)

1,200

1,000

0,800

0,400

0,200

0,000
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
SB, g.eq.

PI/ICYHOK 7 - 3aBUCUMOCTH KalmUJUTIPHBIX JaBIIEHUM OT BOJOHACHIILIEHHOCTU
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N3BecTHO, 4YTO KaNWUIAPHOE [AaBJIICHUE MPU 3aJaHHOM HACBIIIECHHOCTH
SABJIACTCS XapaKTEPUCTUKON MeJbYallled MOpbl, B KOTOPYK B 3TOW TOYKE BOIILIA
HecMeluBaromas ($asza, 1 3T0 onpenesnser To, YTO KPUBU3HA KPUBOM KaUJUIAPHOTO
JaBieHus sBJsieTcs QyHKUMEH pacnpeneseHus mop no pazMepam.

[TerTasice mpoBecTu paznuuue Mexay dddekramu pasmepa TMop U
pacnpeneneHuss mop mno pasmMepam, JleBepeTt mnpennoxui Oe3pasmepHyro (opmy
KPUBOM KaNWIUISPHOTO JaBJi€HUS MpPU JPEHUPOBAHUM, KOTOpas JOJKHA OBITh
HE3aBHCUMOM OT pa3mepa nop. J-GyHKIMs MoayyeHa U3 CAeAYIOMUX COOOPaKEHUN.

Oyukius JleBeperra mnpencTtaBisieT coOOW OTHOUIEHUE HSKCIEPUMEHTAIBHO
NOJIYYEHHOT'O0 KANWJUIAPHOTO JaBieHUsi Py, COOTBETCTBYIOIIEr0o pa3HOW CTENEHU
HACBIIIEHHOCTH MOP (S;) K BENTUYMHE CPEAHETO KAaWJUIIPHOTO JIaBJICHUs B TIOpax cO

cpeaHuM paguycom R:

200080 2000sf 20cosOVm _ o cosf/m

Kcped = geseeseascesentrans (312)
Ry gk, 28/, K,
m
P P [k
J(S,)=—""—= - e .
(5,) P ocosd\ m”’ (3.13)

K cped

rjae P, — KanwuIsipHOE naBjicHue, [la;

o — TIOBEPXHOCTHOE HaTsbkeHue, H/M;

— KpaeBO# yroj CMauMBaHUs, B TPaJI.;

Kyp — IPOHUIIAEMOCTS, M

M — TOPUCTOCTb, TOTU CAUHUIIEI.

JleBepeTT mpeaIoKmI, 4To J-QyHKIHS OyaeT YHUBEPCAIBHOW IS BCEX THIIOB
nopoa. OaHako, MO3JTHUE UCCIASAOBAHUS TOKa3ad, 4TO J-QyHKIHS UMEET pa3HbIe
3HAUEHHUs IS PAa3HBIX THUIIOB MOpPOA. MBI IEpecurTaid KPHUBbIC KAIUJUISPHOIO
nasjiaeHus B J-pyHkiuio JleBepeTTa M MOJYYHIIA ONPEACICHHBIC 3aKOHOMEPHOCTH MX

pacronoxenus ( pUCYHOK 8).
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Pucynok 8 - J —pyHkmmn 00pas3ioB OUIaHOBCKOTO MECTOPOKIACHHUS

HOJ’IY‘—IeHHBIe JaHHBIC TOBOpPAT O HNPUCYTCTBUU 2 Pa3siINIHbIX JIMTOTHUIIOB B

paccMaTpuBaeMom

KOJJICKIINH

00pa3ioB

38

KEpHa.

O6pa3irsl

C

IJIOXOM



MIPOHUIIAEMOCTBIO COJIEp’KAaT KapOOHATHBIM IIEMEHT, KOTOPBIM, B CBOIO OYEpEb,
yXyAIIaeT  MPOCBETHOCTh  MOPOBBIX  KAHAIOB U UX  (UIBTPAllMOHHBIC
XapaKTEPUCTHUKH.

Ha ocHoBanuu mosrydyeHHbBIX J-QYHKIMHA MBI MOXEM BBIACIUTH 2 JIMTOTUIIA
MOPOJI, TOCTPOUTD JIJIsi 2-X TPYII 3aBUCUMOCTH CpeHEro paauyca GUIbTpalud OT
OPOHUIIAEMOCTH U ONPENEIUTh UCXOMsl U3 CpeAHero paauyca QuibTpanuu
JIOIYCTUMBIN pa3Mep B3BELICHHBIX YyacTull B BoAe miist [TTT/1.

Tabnuia 5 - 3aBUCUMOCTH CpPEIHETO paauyca GUIbTpPaAIUU OT MPOHUIIAEMOCTH

IIEPBOU IPYIIIBI

1 rpymma [IponunaeMocTs, Cpennuii paauyc
Howmep oGpa3siia K, mxm? *10° usTpans
R,MkM
0OX-231-2 914,2 5,05
OXK-241-2 871,4 7,21
0OX-280-2 601,3 7,21
0OX-196-2 497,5 6,03
0OX-199-2 361,5 7,21
0X-208-2 284,5 4,23
0OXK-186-2 216 6,03
0XK-283-2 8,3 6,03
0XK-246-2 3,5 5,05
0OXK-285-2 1,7 1,74
0XK-222-2 1,6 1,74
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Tabnuia 6 - 3aBUCUMOCTh CpPeAHETO paguyca GUIbTpaluy OT MPOHUIIAEMOCTH

BTOPOM I'PYIIIBI

2 rpymnmna IIpoHuniaemMocTs, Cpenuuit pamuyc

Howep obpasa K. micv? ¥10° ¢bunsrpanuu R,MkmM
OX-160-2 3,3 2,48
OX-163-2 8,8 2,96
OX-166-2 5,2 8,61
OXK-175-2 0,1 2,48
0OX-180-2 380,6 4,23
0OXK-196-2 497,8 6,03
0OX-218-2 0,2 1,22
0OX-221-2 1,5 1,74
OXK-243-2 76,2 4,23
OX-258-2 53,2 2,96
OX-261-2 75,5 5,05
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3aBUMCUMOCTb NPOHULLAEMOCTU OT cpeaHero paguyca dunsTpauum ana
mecTopoxaeHua um. B.dunaHoeckoro

10
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Pucynoxk 9 - 3aBucuMocTh cpefHero paanyca GUIbTpauu oT a0COTIOTHOM MPOHUIIAEMOCTH

oOpasna mst rpynmsr Ne 1

3aBMCMMOCTb NPOHULLAEMOCTHM OT CpeagHero paguyca ¢guabrpaymnm gna
mMmecTopoxaeHuAa mm. B.PnunaHoscKoro
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Pucynok 10 - 3aBUCHMOCTB CpeHEro paanyca QIIBTPAMK OT a0COTIOTHOI MPOHUIIAEMOCTH
oOpasua st rpynmst Ne 2
9KCHepI/IMeHTaHBHO YCTAHOBJICHO, YTO B3BCIHICHHLIC YaCTHUILI IIPOXOJAT 4YCPEC3

MOPUCTYIO CpeAy, €Clu UX pa3Mephl B 4-6 pa3 MeHbIe pa3Mepa Mop WU TPEIIUH U
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€CIM CKOpPOCTh IIOTOKa TakKoOBa, 4YTO OOECNEeYrMBaeT HUX TPAHCIOPTUPOBAHUE.
Ucxons u3 toro, uto nuametrp TBY nmomxkeHn ObiTh B 4 paza MeHbIIE JUaMeTpa
MIOPOBOT0 KaHajla, HOCTPOUM TaOJUIy COOTBETCTBHS TONMYyCTUMBIX pasmepoB TBY c
JUaMeTpaMH MOPOBBIX KaHAJOB JJi1 00pa31oB 1-i rpynmsl (Tabnuma 9) u 2-i rpynmsl
(rabmuma 10).

Tabnuua 11 - Tabnuna cooTBeTCTBUS 1O0NMYCTUMBIX pazmepoB TBY ¢ quamerpamu

IMOPOBLIX KaHAJIOB HepBOﬁ I'pyHIibl

[IpoHuniaeMocTs, Cpennuii  panuyc | Jluametp JlomycTumbiit
K, mxm® *10° bunbTpanuu IIOPOBOIO pazmep TBY, MM
R,MKkM KaHaja,MKM

914,2 5,05 10,1 2,53
871, 7,21 14,42 3,61
601,3 7,21 14,42 3,61
497,5 6,03 12,06 3,02
361,5 7,21 14,42 3,02
284,5 4,23 8,46 2,53
216 6,03 12,06 0,87
8,2 6,03 12,06 0,87
3,5 5,05 10,1 3,02
1,7 1,74 3,48 3,61
1,6 1,74 3,48 2,12
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Tabnuua 12 - Tabnuna cooTBETCTBHS TONMYCTUMBIX pazmepoB TBY ¢ quamerpamu

ITIOPOBBIX KaHAJIOB BTOPOU IPYyMIIBI

[Iponuniaemocts, | Cpennuii  panmyc | Jluametp JlomycTumbiit
K. miov? *10° bunsTpanuu IIOPOBOTO pasmep TBY,Mmkm
R,MKkMm KaHaja,MKM
3,3 2,48 4,96 1,24
8,8 2,96 5,92 1,48
5,2 8,61 17,22 4,3
0,1 2,48 4,96 1,24
380,6 4,23 8,46 2,1
497,8 6,03 12,06 3,01
0,2 1,22 2,44 0,61
1,5 1,74 3,48 0,87
76,2 4,23 8,46 2,1
53,2 2,96 5,92 1,48
75,5 5,05 10,1 2,5
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4 Be30nacHOCTb M IKOJOTHYHOCTh

Ha npennpuatusix TOTIMBHO-PHEPTETUUYECKOTO KOMIUIEKCA yIENIsIeTcs: 0coboe
BHUMaHUE OOECICUCHUI0 TEXHUYECKOM Oe30MacHOCTH U MPOTHUBOABAPUMHOU
YCTOMYHUBOCTU MPOU3BOJACTB U OOBEKTOB, TaK KaK BBIMOJHEHHE TEXHOJIOTUYECKUX
MPOIIECCOB  OCYIIECTBIISIETCS. C  HMCIOJIB30BAHUEM  B3PBIBOMOXKAPOOMACHBIX U
TOKCUYECKUX BEIIECTB, KOTOPBIC MPU HECOOIIOJEHUN MPaBUJI 0€30MaCHOCTH MOTYT
HAHECTU CEPbE3HBIN Bpe/l YEIOBEKY U OKpYKarolIeh cpejie.

OnuuM U3 KpynmHEHIux npeanpustuii B cdepe A00buum HedTH U rasa
sapiusiercss  kommnaHus [IAO  «Jlykoitm», KoTopas 3aHUMaeTCsi pa3pabOTKOU
MecTtopoxaenust uM. B. dutanosckoro.

Komnanus ynenser 3HauuTeIbHOE BHUMAHHE OXpaHE TpyAa COTPYIHUKOB U
AKOJIOTUYECKUM HOpPMaM TMPOM3BOJICTBA, IIOCKOJBbKY obOecredeHue Oe30macHbIX
YCIOBUM TpyHa, OXpaHbl OKpYXXAlOLIEW Cpeapl, CHIKEHUE aBAPUUHOCTH H
TpaBMaTU3Ma SIBJISIFOTCS OCHOBHBIMU 3aJladyaMy COBPEMEHHOTO MPOU3BOCTBA.

4.1 AHanuM3 NOTEHIHAJIBbHBIX ONACHBIX W BPEIHBIX NPOM3BOICTBEHHBIX
(¢axTopoB npu nposegeHnu pador

PaGounm Mectom omepatopa 10 A00bMe HeTH M Ta3a  SABJISMIOTCS
NPOU3BO/ICTBEHHbIE MOMEUIEHUS], ITYHKT KOHTPOJS YIPaBICHUS, HAXOISICh HA KOTOPBIX
COTPYOHHUK TIOJIBEPracTcsi BO3ACHCTBUIO BPEIHBIX M OMNACHBIX IPOU3BOJICTBEHHBIX
(bakTOpoB, BHIIEIAIOMUXCA B atMocepy Jerkux ¢pakiuidi He()TH U TOMYTHBIX Ta30B.
[Ipu BBIOpOCE B atmocdepy OOJIBIIOTO KOJMYECTBA IOMYTHOTO Ta3a COAEpIKaHUE
KUCJIOpOJIa B BO3YyXE PE3KO CHIDKAaeTcs, arMoc(epa HachIIaeTcsl mnapamud HedTu u
COITyTCTBYIOLIUX BEIIECTB.

B mpouecce BbImonHEHUST pabOT BO3HUKAIOT OMACHBIE M BPEAHbBIC
MPOM3BOICTBEHHBIC (haKTOPHI:

- (QuBuueckue: IMIyMOBOE BO3JCHCTBHE OT paboTaromEero oO0OpyAOBaHUS;
MOBBIIIIEHHAS 3aMbUICHHOCTh U 3ara30BaHHOCTD BO3AyXa paboyveil 30HbI;

- XMMHUYECKHe: mapbl He(TH, MPUPOAHBINA (NOMYTHBINA) HEPTIHOW ras, CIHUPT

METWIOBBIA  (METaHOI), CEPOBOJIOPOJ, VYrapHbld Ta3, pEareHTbl; TOKCHUYECKOE
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BO3/ICMCTBME Ha OpraHbl JbIXaHUS;, KOXXHBIE TMOKPOBbI M CIU3UCThIC OOOJIOUKH;
00Opy/IOBaHUE  TOJBEP>KEHO  BHEIIHUM  BO3JICHUCTBUSIM,  KOPPO3HH,  HU3KUM
TeMIepaTypam;

- ICUXO(U3UOJIOTUYECKUE: HEPBHO-TICUXUYECKUE U IMOITUOHATBHBIC TIEPErPy3KH,
MOHOTOHHOCTB Tpyza [24].

Bricokuii  ypoBeHb dIEKTpUPHUKAIMM TPOMBICIOB M JKECTKUE  YCIIOBUS
AKCIUTyaTallid 3JIEKTPOOOOPYAOBaHUsS (BIaXKHOCTh, MEpernaj TemIeparyp, Hajaudue
TOPIOYMX, B3PHIBUATBHIX M arpECCUBHBIX BEIIECTB) MOTYT MPUBECTH K AJIEKTPOTPaBMaM,
BO3HUKAIOIIUM TPY KOHTAKTE C TOKOBEAYITUMH YACTSIMU, TPH MPOOOE FIEKTPOUZOIISAIIIU
U TIOSIBJICHUM HAMPSKEHUs] HA HOPMAJILHO TOKOHETIPOBOSIIMX YacTsIX, MPH TMOMaIaHuN
B I0JIE pacTEKaHUsl TOKAa B 3€MJIE OKOJIO YMAaBLIMX MPOBOAOB. OMAacHOCTh MOPAXKEHUS
YeJloBeKa B3PHIBOM, JHOO OTpaBJCHUE razamMH WM TMOpakeHUe Npu BbIOpoce HePTH
BO3MOKHBI H3-32 HEUCHPABHOCTH apMaTyphl CKBaXHHBI WM COOPHOTO KOJUIEKTOpA.
Taxxke BO3HHUKHOBEHHIO B3pbIBA MOKET MPEAIIECTBOBATH MCKpa, 0Opa3oBaBIIasics B
pe3yibTaTe 3aMbIKaHUs KaOenst. ABapuifHbIE CUTYallud MOTYT BOSHUKHYTH IPH MOIBEME
CITyCKOTOTbeMHOTr0 000opynoBanus [1].

[lo ocHOBHOMY BHy 9KOHOMHYECKOU NeATeIbHOCTH ycTaHOBIeH XXX Kiacc
npo(ecCHOHATBPHOTO PHUCKA, XapaKTepU3YIOMIMK YpPOBEHb MPOU3BOICTBEHHOTO
TpaBMaTtu3Ma, pod3adoaeBaeMOCT M PacXxoJ0B MO OOECICUYCHHIO MO MpOorpamme
00s13aTeNTbHOTO COIMaNIbHOTO cTpaxoBaHus. CTpaxoBble Tapudbl Ha 00s3aTEIBHOE
CTpaxOoBaHMWE OT HECYACTHBIX CIydYaeB Ha MPOU3BOJCTBE M MPO(ecCHOHATBHBIX
3a0oJieBaHui cocTaBisIoT 7,4 % K HAYUCIICHHOM orutare Tpyaa [2].

4.2 HHxeHepHble W OPraHU3ALMOHHbIE PpelIeHUs] MO0 olecNeYeHUIo
0e3omacHocTH padoT

[IpoBenenre pabOT MPOUCXOIUT B 3aKPHITOM MPOCTPAHCTBE HA JIETOCTOUKOM
CTallMOHApHON TuIaTpopme MecTopoxkaeHuss uM. B. ®OumaHoBCKOro, KoTOpoe
pacmoiokeHo B AcTpaxaHCKO# obnacTu B kimMartndeckom peruone 1V (1), cpemnsis
TEMIIEpATypa BO3AyXa 3UMHUX MecsueB paBHa -2,3°C, CpefHsAs CKOPOCTh BETpa W3
HanOoJiee BEepOSTHBIX BEITMYMH paBHa 2,8 M/c [2].

Paiton wMectopoxaenuss wuMm. B. @OuIaHOBCKOrO OTHOCHUTCS K 30HE
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KOHTUHEHTaIbHOTO Kinmata. CpegHeroioBas Temmnepatypa pasia 10,5°C. B paiione
MECTOPOXKACHHMSI B LIEJIOM, 3a TOJ NpeodiafalT BETPbl IOr0-BOCTOYHOTO
HampaBieHus. CKOpOCTh BETpa HaJ MOPEM B CpeJHEM cocTaBisieT 3 m/c. 3a ron
BBINIAJIAET OCAJKOB B cpeaHeM 177 MM, u3 HUX 3a Terisli nepuon 60-110 mm, 3a
xonoaHbil — 40-80 MM. MuHUMYM OCaJIKOB MPUXOAUTCS Ha (eBpanb-MapT (1o 12
MM), MaKCUMYM Ha HIOHb-UIOJb (10 24 MM). Ocajku B OCHOBHOM BBINIAJAIOT B BUE
noxs. [25].

[lomemenre, B KOTOpoM paboTaer omnepaTop, OOOPYIYIOTCS CHCTEMaMH
LEHTPAJTBbHOTO OTOIJICHUS! U IPUTOYHO-BBITSKHON BEHTUIISIIIUEH.

st moasiep KaHusl HOPMAJIbHBIX YCIIOBUM PabOThl ONEpaToOpoB HEOOXOIUMO

co0JIr01aTh ONpeIeIEHHBIH MUKPOKIMMAT BO3/yXa paboueii 30HHbl.

0 OtHOCHUTETBHAS CKOpOCTh IBUKEHUS,
Temneparypa, C o
BIIAXKHOCTB, %0 Mm/c
Homnyctumast
n 3 Bepxusss | Huwxknsisa S S
€pruon T T Honyctumast Ha T Honyctumast Ha
= rpaHuIa rpaHuIa =) A
roja = o pa6 5 | paboumx mecrax 5 | paboumx mMecrax
= a agoqnx MeCTa: = MIOCTOSIHHBIX U = MTOCTOSIHHBIX U
=) : =) =
= 5 3 5 3 = HEIMOCTOSTHHBIX = HEIMOCTOSTHHBIX
©) ) = =} =t o o
= | E Q
o am
3 3 ~
X OJIOAHBIH . 21 | 23 | 15 13 S 75 S He 6onee 0,4
— <
N 3 0 ™
Tennbrii S | 2712916 | 15 Sl’r 70 (mpu 25°C) S 0,2-0,5
N

Tabnuna 13 - OnTuManbHbIC U JOIMMYCTUMBIE HOPMBI TEMIIEPATYPhI, BIAKHOCTH U
CKOPOCTH JABUKEHUS BO3yXa B paboueit 30HE MPOU3BOICTBEHHBIX TTOMEIIICHUN
orieparopa 1o J00bIYu HeTH

XapakTepuCTUKHA ONTUMAIBHBIX ¥ JOMYCTUMBIX HOPM  TEMIEpPaTypHl,
BJIQKHOCTH U CKOPOCTH JBWKCHUS BO3/yXa JJIS TIOMEIIEHUH, B KOTOPBIX pabOTaroT
orepaTopsbl, MpeAcTaBieHbl B Tadmie 13 [3].

PaboTel, BbIMONHAEMBIE oOmepatopoM Mo JoOblye HepTH W Taza Mo

sHeprosarparam OTHOcsITCS K karteropuu I10. 9To paboThl, CBSI3aHHBIE C XOAbOOH U
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nepeHockon TsxecTeil (o 10 Kr), conpoBOXKAAOIMIMECS] YMEPEHHBIMU (PU3NYECKUMHU
Harpy3kamu. [4].

4.3 CanurapHble TpPe0OBAaHHUSI K TMOMEIIEHUI0 M  pPa3MelleHUIo
HCIO0JIb3yeMOro 000py10BaHM s

Bricota 1mexa cocraBisier 6 M, miomans 60 M2, oobem 140 M3, uyTO
COOTBETCTBYET YCTAHOBJICHHBIM HOpMaTHBaM. [5].

OG6miee ocenieHue B 1exe JAOMKHO ObITh HEe MeHee 200 nk, kodpdunmreHt
ectectBeHHOM ocBemeHHOcTH KEO npu BepxHem ocemieHnn He MeHee 1,8%, mpu
ookoBoM — He MeHee 0,6%. [6].

B OCHOBHYyIO [€4TE€NBbHOCTH OMNEpaTopa BXOAUT CHSTHE TIOKa3aHUs Co
CUETYMKOB, HAONIOICHHE 3a OOIIMM TEXHOJOTMYECKUM IPOILIECCOM, PEMOHT
Ha3eMHOro O00OpYyJIOBaHUS, CIEJOBATENIbHO, /JIsi ONepaTopa NPUHUMAEM paspsi
3puTenbHOM pabotel V moapaspsan 6. Ilokazarenu mpou3BOJICTBEHHOI'O OCBEILICHUS

npeacTaBiensl B Tabnuie 14. [11].

Tab6muia 14 — [NokazaTenu mMpou3BOICTBEHHOTO OCBEIIECHUS

XapakTep 3puTeIbHON PabOTHI Marnoii TOUHOCTH
PasMep 00beKTa pa3IMUeHHns, MM 1-5
Pazpsina 3putenbHOi paboThI V
[Tonpazpsa 3puTenbHON pabOThI §
Kontpact o6bekTa ¢ hoHOM Maunsriii CpenHuii
Xapakrepuctuka ¢poHa Cpenuuii TeMHblH
OCBEILEHHOCTD ITPH 00IIEeM OCBELICHUH 200
HckyccTBeHHOE
[Tokazarenb OClemIeHHOCTH 40
OCBEILIEHUE
Koapduiuent mynscanuu 20
EcTecTBeHHOE TIIPH BEPXHEM 3
OCBCILICHUE px OOKOBOM 1
KEO, e, %
CoBMeILIEHHOE TIpU BEPXHEM 1,8
OCBEIIEHHE pu G0KOBOM 0,6

B mnomemieHusx W Hapy>KHBIX YCTAaHOBKAX, TIJI€ BO3MOXHO OOpa3oBaHUE
OMMACHBIX B3PBIBY M TMOXApy CMECEH, OCBEHIeHHEe O0OpYyIOBaHUS JOKHO OBITh
BBITTOJTHEHO BO B3PBIBOIIOXKApOOE30IMaCHOM HCIIOTHCHUU. [7].

VYpoBenb 1myma Ha pabouem mecte onepatopa OII3 He qoiken nmpesbimath 60
nb. [8]. TlpeaenbHO IOMYCTUMBIA YPOBEHb HAMPSDKEHHOCTH AJICKTPOMArHUTHBIX

moJiel Ha paboYeM MeCTe B TCUEHHME CMEHBI paBeH 5 kKB/M. [9].
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B Bo3myxe paboueil 30HBI omepaTopa Mo J00bYe HEPTH U Ta3za UMEIOTCS
BpEIIHBIC BEIIeCTBa (TOMYOJ, KCHIION U T.J.), COOTBETCTBYIOLIUE 3 KIacCcy OMaCHOCTH
— YMEPEHHO OIacHsbIE. [3].

Onepatopsl 1Mo J00bue HeTU M Ta3za OOECHEUMBAIOTCS CIEIHOJCKION U
CpeICTBaMH MHIWBUAYaTbHON 3alUTHI:

- KOCTIOM JIJISl 3alIUTHI OT BOJIBI;

- KOCTIOM C OIHE3alUTHOW IPOIUTKOM;

- TOJIOBHOM yOOD;

- CaroTy Pe3MHOBBIC JIETKHE;

- IepYaTKU PE3NHOBBIE;

- OYKH 3alUTHBIC;

- KOCTIOM Ha YTETUISIOIIEH POKIIaIKe;

- Carory yTeIUICHHEIC,

- manka TérJias; nepyaTky mepcTsHbie. [7].

4.4 Ob6ecnieueHue 0€30MACHOCTH TEXHOJOTHYECKOT0 Mpoiecca

[Ipu noGwiue HedTH M Tra3za MMeEeT MECTO 3ara3oBaHHOCTb BO3jayxa paboueit
30HBI.

OCHOBHBIMH BpEAHBIMU BEIICCTBAMHU SBISAIOTCA: Tapbl HePTH, HEDTH H
IPUPOIHBIN (TTONYyTHBIN) HEDTSIHOM ra3, CIUPT METUIIOBBIN (METaHOJI), CEpOBOAOPOI,
yrapHbIi Ta3, pearcHThI.

[Tepeuens u [1/IK BpeaHBIX BEmIECTB MpeCTaBICHbI B Ta0imie 15. [12].

Tabnuna 15 - Xapakrepuctruka Bpeanbix BemiecT U ux [1JIK
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C 300 (cp. BrizbiBatot
v Z10 CMEHHBIN) HEYCTOWYMBOCTH 255.
L meB:f‘OPOH 900 4 | uepsHoii 7-44 | 220 | 13065
(maxc. CUCTEMBI,  3y[
He-24
paszperi.) KOXU
Mertanoun 5 (makc. 3 OtpasieHue 6 440 | 6,98/34,7
CH4O | paspemr)
2
CepoBojiopoa 10 (makc. 2 OtpaBnenue - 260 | 4/46
H,S | paspermr)
3
20 (makc. 4 Yxynmraer - 610 | 12,5/74
VYrapHslii ra3 co |P aspem) orTAaty
4 KHACJIOpOoaa
TKaHIM

Tabmuma 15 - Xapakrepuctrka BpeaHbix Bemects u ux [TJIK

AHanu3 BO3IYIIHOW cpeabl pabodeil 30HBI MPOHM3BOJIUTCS C TOMOIIBIO
razoaHajiM3aTopa mepes BXOJOM B MPOU3BOJCTBEHHBIE MOMEIIEHUSI U MPOBEICHUEM
ra30oMacHbIX padorT.

[Ipy TOBBIIEHHONW 3ara3oBaHHOCTH BO3JyXa paboudeid 30HBI CIEAYyeT
IPOU3BECTH  BEHTWIALMIO TIOMEUIEHUS, NpPH HEBO3MOXXHOCTH  IPOBEACHUS
BEHTWISIIIUU HEOOXOIUMO MPUMEHUTH COOTBETCTBYIOIIME MPOTUBOTa3bl. Jlo Haudama
paboT He0OXOIUMO TTPOBEPUTDH UCTIPABHOCTDH MTPOTUBOTa30B U IIUIAHTOB.

B pabounx moMmemnieHusiXx YCTaHOBJICHBI pacHpelelUTEeNbHbIE YCTPOWCTBA U
CEeTH, B CXEMBl KOTOPBIX BXOAST pPYOWJIBHMKHM C TMEpPEKIoYaTesiMd |
IpEeAOXPAHUTEISIMHA, aBTOMATUYECKHE BBIKIIIOYATENIH, KOHTAKTOPhl C ammapaTypoi
aBTOMAaTHYECKOTO BBOJIA pE3E€pBa, a TAKXKE amnmapaTrypa u3mepeHus wid yderta. Ha
paboueM ydYacTKe omeparopa Mo 100bde HeDTH MW Ta3a UCHOJIB3YIOTCS CEeTH
HanpspkeHnem 380 B.

Jlns  oOecrmedeHnss ~ 0€30mACHOCTH  JIIOJEH  METAUIMYCCKHE  YaCTH
ANEKTPOYCTAHOBOK, KOpIyca 3JIEKTPOOOOPYJOBaHUS U MPUBOJHOE OOOPYIOBAHHE
JOJKHBI OBITh 3a3eMiieHbl. Bce TOKOBenylMe 4acTh U30JMPOBAHBI UM MOMEIICHBI

Ha I[OCT&TO‘-IHOﬁ BBICOTC OJIA 3alllUTbl OT BO3MOXKXHOI'O IOPAKCHHA SJICKTPUICCKUM
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TokoM. [13].

4.5 Obecneyenne B3pbIBONOKAPHOI U MOKAPHOIi 6€30NACHOCTH

B npomecce TpynmoBoit aestenbHoctu omnepatop JHIT nambonee wuacto
HaxoAuTcd B cinenyromux nomemenusax: AI'3Y, bl

AI'3Y 1o B3pBIBONOXKAPHOM U MOXKAPHOM ONMACHOCTU OTHOCUTCS K KaTErOpHUH
A (Bbicmiasi) —  moMemieHus — cojaepxamue — roproune  rasel  (I'T),
JIETKOBOCILJIAMEHSIOIIMECST  B3pbIBomoxkapoomnacHas — kuakoctu  (JIBXK) ¢
TeMrepaTypoii Bembiuka He Gomee 28 C° B TAKOM KOJMYECTBE, 9TO MOTYT
00pa3oBbIBaTh B3PHIBOOINACHBIE MAPO- ra30- BO3AYIIHbIE CMECH, NPU BOCIIJIAMEHEHUU
KOTOPBIX Pa3BUBAETCS pacueTHOE M30BITOYHOE JABJIICHHE B3pbIBA B IMOMEIIEHUH,
npesbimatoiiee 5 klla. BemecrBa u matepuaibl, cnocoOHbIE B3pBIBATHCS U TOPETh
IpU B3aUMOJIEMCTBUU C BOJOW, KUCIOPOJOM BO3JlyXa WIH APYr C APYrOM B TAKOM
KOJIMYECTBE, YTO pacyeTHOE M30BITOYHOE JaBJCHHE B3pbIBAa B IOMEUICHUU
npesbimaer 5 klla. bBI' B 3aBUCHMOCTM OT cocTaBa IEPEKAYMBAEMOU KUIAKOCTHU
OTHOCHUTCS K KaTteropun A wiu /[ (moMemieHusi, CoaepKallue Heroproyne BelecTBa u
MaTepHabl B XOJIOJAHOM COCTOSTHUHM). [14].

OCHOBHBIMU IPUYMHAMH I10KAPOB SBJISIOTCS

- XaJaTHOE M HEOCTOPOKHOE oOpallleHrne C_OTHeM (KypeHHe, ocTaBiieHue 0e3
IPUCMOTpa HarpeBaTeIbHbIX MPUOOPOB, pa30rpeB AeTallel OTKPHITHIM OTHEM T.I1.);

- HEUCIIPAaBHOCTh OTOMUTEIbHBIX U BEHTUJISALIMOHHBIX CUCTEM;

- HEWCHPAaBHOCTh  NPOU3BOJICTBEHHOTO  OOOpYIOBaHUS,  HapylIeHHUE
TE€XHOJIOTUYECKHUX MPOIECCOB (BBIAEICHUE TOPIOUUX ra30B, MbLIN);

- CaMOBOCIUIAMEHEHUE WJIA CaMOBO3IOpPAHUE HEKOTOPBIX BEIIECTB W
MaTepHaoB IPU HAPYLICHUU ITPABUJI UX XPAHEHUS U UCIIOJIb30BAHUS;

- pasnIu4yHbIE TPUYMHBI  JJIEKTPUYECKOTO  XapakTepa: HCKpPEHHE B
AJIEKTPUYECKUX allllapaTax U MallMHAX; TOKHM KOPOTKUX 3aMbIKaHUM U 3HAYUTEIIbHbBIC
NEepPErpy3Kku MPOBOJOB M OOMOTOK 3JIEKTPUUYECKUX YCTPOICTB, BBI3BIBAIOIINE HX
HAarpeB J10 BBICOKOW TeMIIEPaTyphl;

B Tabnuue 16 npuBegeHbl TOKCUYHBIE U MOKAPOONACHBIE CBOWCTBA FOPIOUMX

BeniecTs. [2].
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Tabnuua 16 — TokcuuHbIE U TOKapOONACHBIE CBOMCTBA TOPIOYMX BELIECTB

BOCIINITaMCHCHHUA

ITokazarenu HanmenoBanue BemecTs

MeTaH HEPTH
[110THOCTB 1O BO3AYXY 0.5543 3.5
Temmneparypa camoBociuiameHnenus, °C 450 270-320
Temneparypa Bcobiiku, °C - 40-17
[IpenenpHO-MOMyCTHMAS 300 300
KOHIICHTpanusi, Mr/M3 B pabodeii 30He
Knacc omacnoctn 4 3
KonnenTpannonHsie npeaeist 5-15 1.26-6.5

JleficTBHE Ha OPraHU3M

B Gosib1nX KOHIEHTpaALUAX

0051a1aeT HAPKOTHIECKUM

CT HAPKOTUYCCKUM

elicTBUEM

I[J'ISI TCXHOJIOTNMYCCKHUX 30H,

coacpxKamux TJIIEBOAOPOABI, MHHHMAJIbHAA
5

MHTEHCUBHOCTh OpOIIEHUS [0 pacTBOPY Boja/meHa cocTaBiser 12 J/MUH Ha

KBaJ]paTHBIﬁ MCTP, AJI1 30H YCTBCB CKBAJKHH MHTCHCUBHOCTDL OPOLICHUA COCTABJIACT

20 1/MUH Ha KBaJIpaTHBINA METP.

s obecrnieueHus Oe3omacHOCTH pabo4YMX Ha ciaydaidl Tokapa B HaJW4YUU

JOJIDKHBI OBITH IMCPBHUYHBIC CPCACTBA ITOKAPOTYHICHUA

- OTHETYIINUTENb IEHHBIN — 8IIT.;

- JIOMBI — 21IT.;
- TOMOPHI — 21IIT.;
- O0arpsl — 21IT.;

- Be/Ipa MokapHble — 41T.

HpOTHBOHO)I(apHBIﬁ HHCTPYMCHT HOOJDKCH HaxXOIWTbBCA Ha IMUTAX B

ClicouajJIbHO OTBCACHHBIX MCCTaX. 3anpemaeTCﬂ HCIIOJIBb30BAaTh HpOTHBOHO)KapHBIﬁ

MHCTPYMEHT He 10 Ha3HadYeHuo. [15].

4.6 QOoOecneyeHne 0e30MACHOCTH B ABapPUIlHBIX W Ype3BbIYaHBIX

CUTyalludAXx

OCHOBHBIMH aBapUIHBIMU CUTYAIUSIMU TIPHU T00bIUE HE(DTH U Ta3a SBISIOTCS:

- OTKpbITOE (POHTAHUPOBAHMUE,

- YICUKa XMMHWYCCKUX BCIICCTB U PCAarcHTOB,

- B3pBIBbI T'OPHOYE-CMA30YHBIX MAaTCPHUATIOB,

o1




- KOPOTKHE 3aMBIKAHUS U YAAPbl TOKOM.

B cayyae oOHapyxkeHuss aBapuHHOM CHUTyalluud MEpCOHANY KyCTOBOM
TJIOIIAIKU HEOOXO0UMO:

1) mpekpaTUTh BCe pabOTHI;

2) IPUCTYIHUTh K 9BaKyalldd APYTHX COTPYIHUKOB U3 OMACHOTO MECTOIOJIOXKCHHUS 1
OTPAHUYUTH MPOXOJ JIIOJIEN B ONACHYIO 30HY;

3) M0J0XKHUTH PYKOBOJCTBY O CIIOKUBIICHCS CUTyallMH;,

4) HavaTh JIMKBUIAIMIO aBAPUHU WK JPYTrOd HEMCIIPABHOCTH.

Jns mpenoTBpallleHUsT aBapUWHBIX CUTYallMd MPUMEHSIOT CIElUaIbHbIC
CHUCTEMBI O€30MMaCHOCTH, KOTOPhIE OCHOBAHBI Ha:

- MPOBEICHUN TMOCTOSHHOTO MOHUTOPUHTA W KOHTPOJISI CUCTEM YIpaBlICHUS
TE€XHOJOTHYECKUM MPOLECCOM;

- TPOBEICHUU TOCTOSSHHOTO MOHUTOPHUHTA BO3MOKHBIX HMCTOYHUKOB
OMAaCHOCTH M YCTPAaHEHUU BO3MOKHBIX UCTOYHUKOB BO3TOPAHMUS;

- o0ecleyeHUH CHUCTEM 3BYKOBOIO M BH3yaJIbHOTO OIIOBELIEHUS 00
OTKJIFOYEHUHU YCTAHOBKH, aBAPUIHOTO cOpOca JaBiICHUS U MoxapoTyiieHus. [17].

JlaHHBIN TTPOM3BOJICTBEHHBIN 00BEKT OTHOCUTCA Ko Il kaTeropuu mo rpymnmnam
ro. [18].

Ha paboumx mecrax WUMEIOTCS CIelUajIbHble WHIAMBUAYalbHbBIC 3alllUTHHIE
3arpaxkaenus. Bece paGoTaroriye mojHOCTHI0 00€CTICUnBAIOTCS UHIUBUIYATbHBIMUA U
MEIULMHCKUMHU CPEACTBAMHU 3alUTHl. B NMpPOW3BOACTBEHHOM NOMEIIEHUN UMEETCS
MEIULMHCKAs allTeuKa JUIsl OKa3aHUs IEPBOM IMOMOILIH MOCTPAIaBIIUM.

BHemHUX © BHYTPEHHUX HWCTOYHMKOB IS OOpa3oBaHMsI BTOPUYHBIX
($aKkTOpOB TMOpPaKEHUS TMPH BO3MOXKHBIX aBapUAX B HETMOCPEACTBEHHOW OJIM30CTH
paccMaTpruBaeMOro y4acTKa Her.

OnekTpocHaOxeHne  obOecneyuMBaeTcsi  OT  JM3EJIBHOIO  TeHepaTtopa
HanpspkeHueMm 10 380 B. CBs3b OCYIIECTBISIETCA Yepe3 MPOBOJHYI0 BHYTPEHHIOIO
JUHUIO M 4Yepe3 CHOyTHUK. Temno mojaercss ¢ MOMOIIbI0 obOorpeBaTeseH,

paboTaroUMX OT SIEKTPOCETH.
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4.7 IK0IOrH4HOCTH NMPOEKTA

TexHonornyeckue mnpouecchl B HEPTAHOM M Ta30BOM MPOMBIIUICHHOCTH
MOTYT COIPOBOXIATbCA BbIOpOocaMM B TIOYBY, B BOJOEMBI M aTtMochepy
3HAYMUTENILHBIX KOJNYECTB MPOU3BOACTBEHHBIX OTXO0B, KOTOPBIE UX 3arPA3HSIOT.

HNcrouynnkamMym ~ BO3MOXKHBIX — 3arps3HEHUN  SIBIIIOTCA:  pE3€pBYaphl,
TEXHOJOTUYECKHE €MKOCTH, YCTAaHOBKM IO TOATOTOBKE HedTH, HePpTe- Hu
ra3olpOBO/BbI.

JUisi  MakCUMallbHOTO COKpalleHUs BpEIHBIX BBIOPOCOB B arMmocdepy
HEOOXOIUMO:

- o0opynoBaHHME JbIXaTE€JIbHBIMU  KJIAalaHAMH  pe3epByapoB  HedTH,
UCKJIFOYAIOIMMH 3HAYUTEIbHBIE TOTEPH YIIIEBOAOPOIOB,;

- JIOJDKEH OBITh MPEayCMOTpPEH cOpoC C MPEAOXPAaHUTENbHBIX KJIalmaHOB U
yJIaBJIMBaHKUE Ta30BOI0 KOHJEHCATa, BObI U He(TEIIaMOB B IPEHAXHBIE EMKOCTH;

- UCIIOJIb30BAHUE ITHEBMATUYECKON CHUCTEMBI YIIPABICHUS TEXHOJIOTMYECKUM
IIPOLIECCOM € WHIUKALIMEH OCHOBHBIX TEXHOJOIMYECKUX I1ApaMETPOB  Ha
LEHTPAJIbHBIN IIyHKT YIIPABICHUsS YCTAaHOBKOM, B CIy4ae aBapUHHOIO OTKIIOYECHUS
JaHHas ~CHCTeMa YIpaBJl€HHMs IIO3BOJIAET IepeiiTh K  Oe3omacHOMYy U
OpPraHU30BaHHOMY OTKJIIOUEHUIO YCTAHOBKU;

- obecrieueHue MPOYHOCTU U FEPMETUYHOCTU TEXHOJIOTMYECKUX amlapaToB U
TpyOOIIPOBOJIOB;

- Ha BCEX pe3epByapax, UCMOJIb3YEMBIX AJis XpaHeHUs He(TH, TpUMEHEHHUE
CIIELMAIIBHBIX YCTPOMCTB Ul IIPEAOTBPAILECHUSA YTEUKH JIETYYUX YIVIEBOJOPOAOB U
JIpYTHX Ta30B B atMochepy;

IIpoaHamu3upoBaB COCTOSTHUE OKPY)KAOLIEH Cpexbl B 30HE pa3pabOTKu
MeCTOpOKJaeHHsT uM. B. DWIaHOBCKOIO MOMXHO CIenaTh BbIBOJ, YTO YPOBEHb

o0ecreYeHHs YKOJOrHYECKON 0€3011aCHOCTH IMPOCKTAa JOCTATOYHO BBEICOK.
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3AKIIFOYEHUE

[IpoaHanu3upoBaB NOJyYEHHBIE JAHHBIE O CTPYKTYPE MOPOBOI0 MPOCTPAHCTBA
2-x Tpynn obpasnoB @unanoBckoro MectopoxaeHus (Tadmuma 9 u Tabauma 10), a
Tak)K€ MOCTPOUB 3aBUCHUMOCTU CPEHEro paauyca QUiIbTpaluud OT MPOHUIAEMOCTH,
MBI MOXKEM CJIiejaTh BBIBOJ, 4TO JuIs 1-of rpymmsl obpasior (Tabmuma 11) mpu
WU3MEHEHNH MPOHULIAEMOCTH OT 1,6 10 914*10™° MkM® GOIBIINIA IIPOLIEHT IOPOBBIX
00BEMOB ~ MOXET ObITh 3a0JIOKUPOBaH TBEPABIMU B3BEIICHHBIMU YacTUIAMU
pasmepom Oosiee 3 MKM, a CpeJHUN JOMYCTHUMBIM pa3Mep TBEPHAbIX B3BEHICHHBIX
YacTHUI[ COCTaBIIAET MpUMepHO 2,6 MkM. [J{ist 2-oit rpynmbl oOpasioB (Tabnuma 12)
IpH M3MEHEHHH 3HaueHuil nponniaeMoctn ot 0,1 10 497*10°Mkm® Gombirast yacTh
OPOBOT0 O00BEMa MOXKET OBITH 3a0JIOKMpOBaHA YacTUIIAMHU pa3MmepoM Ooree 1,5
MKM. Menbiuit nonyctumMbiid pazmep TBY miist 2-oit rpynmbl 00ycloBIEH pa3HUIICH
pa3MepoB MOPOBOIO MPOCTPAHCTBA. Y MEPBOM TPyMIbl 00pa3OB CPEeAHUIN AUaMETP
MOPOBBIX KaHajoB cocTaisieT 10,46 MM, y BTopoil - 6,7 mkMm. CremoBaTenbHO,
MIOPOBOE TMPOCTPAHCTBO Yy 00pa3loB 2-il Tpymnmbl MOXKET OBITh 3aKOJIbMATUPOBAHO
B3BELICHHBIMH YaCTUI[AMUA MEHBIIUX Pa3MEPOB, YEM y 1-il IpyMIbl, B BUIY MEHBIINX

AUaMCTPOB ITOPOBBIX KAHAJIOB.

54



BbIBO/bI

B pabore paccMOTpeHBI OCHOBHBIE METOJbI OMNpelefeHUus (QUIbTPallMOHHO-
€MKOCTHBIX CBOWCTB KOJUIGKTOpOB HedTtn u Traza. Hcxonms u3 pe3ynbTaToB
UCCIIEIOBAaHUN  (PUIBTPAIlMOHHO-EMKOCTHBIX CBOMCTB, OIpeJelieHa CTPYKTypa
MOPOBOTO MPOCTPAHCTBA. PaccMOTpEHbl OCHOBHBIE MPEANOCHUIKM  YIyUIICHUS
kauectBa Boabl IIIIJ] (momgaepskaHusi TIACTOBOTO JABJIEHUS])) B 3aBUCUMOCTH OT
JMaMeTpa MOPOBBIX KAHAJIOB.

BeinmosiHEH pAn  KanWUIIPOMETPUYECKUX  HUCCIENOBaHWW, TMOJYYEHBl U
POAHAIU3UPOBaAHBI J-QyHKIMU 00pa3oB kepHa DUTAHOBCKOTO MECTOPOKIACHUS, HA
OCHOBE KOTOPBIX B pacCMaTpUBaeMON KOJUICKIIMM KepHa  OBUIO BBISBICHO
NPUCYTCTBUE 2-X Pa3IMYHBIX JUTOTUNOB. McXoAsi U3 pe3ynbTaTOB OMNpEEIICHUS
CTPYKTYpbl ~ MOPOBOrO  MpOCTpaHcTBa  oOpa3noB  kKepHa  DuraHOBCKOTo
MECTOPOXKJICHUsI, TOCTPOCHBI 3aBUCHMOCTH CpEIHEro paauyca QGUIbTpalluu OT
MPOHUIIAEMOCTH. 10 MOJIydeHHBIM JaHHBIM IMOKA3aHO, YTO AONYCTUMBINA pazmep TBY
(TBEpIbIX B3BEIICHHBIX YAaCTHUI]) 3aBUCHT OT IHAMETPA MOPOBBIX KAHAJIOB U y ABYX
IPYIIl MMEET pa3HOE CpeIHEeEe 3HAUYEHUWE B BUAY pPa3jIMUUi pPa3MEPOB IIOPOBOTO

IPOCTPAHCTBA.
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