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BBEJAEHUE

DKOHOMUYECKH HanOoJiee 3HAaUMMOM COCTaBHOM YacThIO TOIIMBHO-
DHEPreTUYECKOro KOMIUIEKca Poccnu Ha CETrONHAIIHMAN JIEHb SIBISETCS
He(dTerazoBblii komiuiekc. HedrerazoBplii koMiuieke BKiIO4YaeT Hedrera-
30/100BIBAIOITYI0 M HE(TETra3zonepepadaThIBAIOIIYIO0 OTPACINA TPOMBIILICH-
HOCTH, a TaKXe pa3jM4Hble OTPACIH TpaHCIopTa (TpyOONpPOBOAHBIN, XKe-
JIE3HOAOPOXKHBIM, BOJHBIN, MOPCKOW U Jp.) HE(TH, TA30BOT0 KOHJIEHCATA,
MPUPOAHOIO ra3a U NPOAYKTOB UX MEePepadbOTKH.

Hedtp 1 ra3 B Hactosiee BpeMs BO BceM Mupe U B Poccrun — 0CHOB-
HbIE BHUJbl 3HEPIETUUYECKUX PECYpPCOB, HA JOJIKO KOTOPBIX MPUXOIUTCA
okosio 70 % Bcex BHIOB UCHOJIB3YEMBIX pecypcoB. BaXHbIMU U akTyab-
HBIMH 33Ja4aMH SBJISIIOTCS BOIPOCHI, CBSI3AHHBIE CO BCEU LEMOYKOM TeX-
HOJIOTMYECKUX MPOLECCOB — OT Pa3BEAKA MECTOPOXKIAEHUM 10 MCIOJIb30-
BaHMsI HEPTETPOAYKTOB U Ta3a.

TexHonoruueckue mpouecchl AOOBIUM YTIEBOAOPOJOB, TAKHE Kak
OypeHHe U HKCILTyaTalusi CKBaXUH, cOOp, MOJIFOTOBKA, Mepeaada U XpaHe-
HuEe He(TU U ra3a, BJIAIOTCS BHICOKOTEXHOJIOTMYHBIMU U HA CErOAHSIIHUNA
JI€Hb HE MPEACTaBIIIOTCS BO3MOXKHBIMU 0€3 MCIOJIb30BAHMSI KOHTPOJILHO-
U3MEPUTEIBHBIX MPUOOPOB U ABTOMATHUKH.

3aodaueit kypca «Texnonozuueckue npoveccovl A6MOMAMUIUPOCAH-
HbIX RNPOU3600Ccme» SBISiCTCs (POPMUPOBAHUE Yy CTYIEHTOB 3HAHUU O
CTPYKTYpE U KJacCU(PUKALUKU MPOLECCOB He(TEerazoBoil OTpacim; O TeX-
HOJIOTMYECKOM 00OpY/IOBaHUU U aBTOMATHUKE, TpUMEHseMol B HedTera3o-
BOW OTPaciif; O TEXHOJOTMYECKUX CXEMaX, PEXKUMAX U TEXHOJOTHYECKUX
BO3MOKHOCTSAX TEXHOJIOIMUECKHUX MPOLIECCOB HE(PTEra30Boi OTpaciu.



1. BBEAEHHUE B HE®TEI'A3OBYIO OTPACJIb
HNPOMBINIVIEHHOCTH

1.1. AHasIM3 COCTOSIHUSI BONPOCa 100bIYU He(pTH U ra3a

Pecypcwr u mecmopoorcoenus nepmu. MupoBbie U3BIIEKaeMble 3ara-
cbl HeTH orleHuBaroTcs B 141,3 Murapa TOHH. DTUX 3aMacoB MPU HbI-
HEITHUX 00beMax no0bran HedTH XBaTUT Ha 42 roga. M3 Hux okoso 66 %
pacrionoxeHo B crpaHax bimxaero u Cpegnero Bocroka. s atoro pe-
THOHA XapaKTepHO HE TOJHKO HAJMYME OTPOMHBIX 3amacoB He(THU, HO H
KOHIICHTpAIIH WX MPEUMYIIECTBEHHO Ha YHUKAIBHBIX (Oonee 1 mummap-
na ToHH) ¥ TurainTckux (ot 300 MUJITHOHOB 10 | MUJIIMap/ia TOHH) MECTO-
POXKICHUSIX C HUCKIIOYUTEIHHO BBICOKOH MPOIYKTUBHOCTHIO CKBAXKHH.
Cpenu cTpaH 3TOTO pErMoHa MepBOE MECTO B MUPE MO 3TOMY MOKAa3aTEIIO
3anumaetr CaynoBckas ApaBus, TIe COCPEIOTOYEHO Oojiee YeTBEpTU MHU-
POBBIX 3aM1aCcOB HEPTH.

BTopoe mecTo cpeau pernoHoOB Mupa 3aHUMaeT AMEPUKAHCKUNA KOH-
TUHEHT — 14,5 % MupoBbIX H3BJIEKaeMbIx 3anmacoB Hedtu. Hambonee
KpyIHBIMU 3amacamu HegTu obnangator Benecyana, Mekcuka, CIIA, Ap-
reHTuHa u bpaswius. M3Brnekaemble 3anacel HeTH B APpUKE COCTABIISIOT
6,9 %, B T. 4. B JIuBuu — 2,9 %, Hurepuu — 2,3 % u Amxupe — 0,9 %.
B 3anannoit EBpone kpynHble MECTOPOXACHUS HEPTH U ra3a pacronoxe-
Hbl B akBaropuu CeBepHOro MOps, TJIaBHBIM 0Opa3oM Ha OpUTAHCKHUX
(0,5 mupa T) 1 HOpBeXKCKUX (1,5 MIIpA T) TEPPUTOPHSIX.

B A3snarcko-THX00KEaHCKOM PErMOHE MPOMBIINIJIEHHBIMU 3alacaMu
Hetu obmanaror Kuraii (2,35 %), Uunonesus (0,5 %), Unaus, Manaitzus
u ABctpamus (B cymme 1 %). BocrouHnoeBporeiickue OBIBIIME COIUAH-
CTUYECKHE CTpaHbl U cTpansbl, ObBIINE B coctraBe CCCP, Bmanerot 5,8 %
M3BJIEKaeMBIX 3amacoB HedTH, B T.4. Poccus — 4,76 %, T. e. 6,64 mupx T.

Kak BugHO u3 Tabin. 1.1, Poccust ¢ Hagana HOBOro CTOJETHS HHTCHCHB-
HO HapaiyBaeT 100b1dy HeTH, HECMOTPS Ha OTPaHUYCHHOCThH €€ 3aIacoB.

Pecypcor u mecmopooicoenus npupoonozo eaza. MupoBble u3BIe-
KaeMBble 3aI1achl IIPHPOJIHOTO ra3a oleHuBaoTca B 154,9 tpiau M. Pecyp-
COB Ta3a MpU HBIHEIIHMX TeMMaxX ero JoObM xBaTuT Ha 63,1 roma. Ilo
pa3BelaHHBIM 3aracaM MPUPOAHOTO raza NepBOE MECTO B MUPE 3aHUMAET
Poccust — 31 %. OngHa TpeTh OOIMEMHPOBBIX €O 3allacoB IMPUXOJAUTCS HA
bmwxuunit u Cpeannit Boctok, rie oH 700bIBaeTCsS MPEUMYIIECTBEHHO T10-
MyTHO C HE(ThIO, T.€. HA CTPaHbI, 00JAAIOIINE KPYITHBIMH MECTOPOXKIC-
Husmu Hedtu: Upan (14,9 % ot oOmemMupoBbix 3amaco), AOy-Jlabu
(4,0 %), Caynosckas Apasusi (3,9 %) u Kyseiirt (1,0 %).



B A3suarcko-TUXOOKEaHCKOM PEruoHe 3HAYUTEIbHBIMU PECYpPCaMHU
raza oomanaror Manonesns, Manaiisus u Kurai.

Jloctatouno Gonbime 3anacel rasza (7,2 %) pasMeineHsl B Adpuke,
IIPEXkIE BCEro B TAKUX CTpaHax, kKak Amxup (2,9 %), Hurepusa (2,2 %) u
JIuBus (0,9 %).

Ha AmepukanckoM KOHTHHEHTE 00HapyxkeHo 12,7 % oT obmemupo-
BBIX 3amacoB npupoaHoro rasza, B T.4. CIIIA — 3,1 % (5-e mecro),
Benecyana — 2,7 %, Kanaga — 1,1 %. 3anagnas EBpoma o6nanaer 2,9 % ot
MHPOBBIX 3aI1aCOB NPHUPOAHOro rasa, B T.4. Hopserus — 0,8 %, Hunepnan-
1wl — 1,1 % u Benmukobpuranus — 0,5 %.

[To o6bemam 10OBIYM Ta3a B MUPE CO 3HAUUTEIBHBIM OTPHIBOM OT
apyrux crpad auaupytot Poccust u CIIIA. B uncno xpynHbIX ra3ono0bl-
BaroIMX cTpaH mupa Bxonaar Kanana, Benukoopuranus, Muanonesus, Hu-
nepianabl, Amkup, Hopserus, pan, Mekcuka u Y30ekucraH.

Kpynneitimne xomnanuu HedrerazoBoi npomsiinuieHHOCTH Poccuu:
OAO «Taznpom», OAO «JIYKOMJI», OAO «PochedTsb», OAO «CypryT-
Hedrerazy, OAO «Taruedtp», OAO «AHK «bamuedts», OAO «HK
«PyccHed1ob».

Junamuka a00b14u npupogHoro raza B Poccuun B 2000 — 2014 rr.
npuBeaeHa B Tadi. 1.1, oTkyna cienyeT, 4To IPOU3BOJCTBO T'a3a, KOTOPBIN
M0 CPABHEHUIO ¢ HEPTHIO 3HAUUTEILHO MEHEE UCUEpIlaH, 3aMETHO BO3pPOC-

JIO C HA4YaJ1ia CTOJICTHUAI.
Tabmuma 1.1

Junamuka n100b14u HepTu 1 raza B Poccuu B 2000 — 2014 rr.

['ontel 2000 | 2002 | 2004 | 2006 | 2008 | 2010 | 2012 | 2014
Hedtp, Mmat | 320 380 459 486 494 510 526 526
a3, mipa M 583 595 591 610 665 647 655 640

Pasymeercs, Takue BbICOKHE 00bEMbI ra30400bIUM B CTPAHE, B OTJIH-
yre OT He(PTSIHON OTpaciv, SJKOHOMUYECKU OMpaBliaHbl, MOCKOJIbKY 000C-
HOBAHBI HCKIIIOUUTEIHHO OOJILIIUMU €TI0 PECYPCAMHU.

1.2. YcaoBus 3aneranust He(pTH, ra3a M BoJAbl Ha MECTOPOKACHUSX

["opHbIe MOPOIBI, UMEIOIIME OONBIIOE YUCIIO KPYIHBIX MOP, — Pe3ep-
Byapbl He(TU U raza (HeTsiHbIe U ra3oBble 3anexu). [lopoabl, Takue Kak
TJIMHBI, CJIAHIbI U IPYTUe, MPAKTUYECKU HEMPOHUILIAEMBbIE JJIs TIACTOBBIX
ra30’KUJIKOCTHBIX CMECEl, — €CTECTBEHHBIE MOKPBIIIKH MPOJYKTUBHBIX
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KOJUIEKTOPOB HEe(THU U rasza, CHOCOOCTBYIOIIME HMX HakomieHuto. [Ipo-
MBIIUIEHHAs [ICHHOCTh MECTOPOXK/ICHUS ONPEIEIISETCS HE TOJIBKO €ro pas-
MepamMH, HO U B 3HAYUTEJIbHOM CTENEeHU (PU3NYECKHMU CBOMCTBAMH KOJ-
JIEKTOPOB, IJIACTOBBIX KUJKOCTEH U ra30B, a TAKKE BUAOM U 3al1acoM ILJia-
CTOBOM JHEPIUU.

HedTs u Ta3 B HEDTIHBIX ¥ TA30BBIX 3aJI€)KaX HACHIIIAIOT MyCTOTHI
MEXIY 3€pHaMH, TPEIIMHBI U KaBEPHBI MOPOJI, ClIaraloniux miactel. bosib-
IIMHCTBO HE(PTETa30BBIX MECTOPOKICHUI MPUYPOUEHBI K OCAI0YHBIM I10-
poJilaM — XOPOUIUM KOJUIEKTOpaM HePTH (IECKHU, eCYaHUKH, KOHTJIOMepa-
ThI, TPEIIUHOBATHIC ¥ KABEPHO3HBIC U3BECTHIKU U JOJIOMUTHI). EcTecTBeH-
Hble pe3epByapbl HE()TU U Ta3a MO MPOUCXOXKJECHUIO U TEOMETPUUECKOM
¢opme MoryT OBITH CaMbIMU pa3nu4HbIMU. [Ipocreiimias mnpupoaHas
CTPYKTYpHas JIOBYILIKA — AHMUKIUHAIbHAA cKaadKa (puc. 1.1).

W —=

m sE==9

Puc. 1.1. AHTUKIMHAIbHASA CKJIQJKA:
1 —ra3; 2 — He(Th; 3 — MeCYaHUKHU, HACBIIIEHHBIC BOJOW; 4 — MECYaHUKU;
5 — u3BectHAKY; 6, 7, 8, 9 — IIIMHBI Pa3JIMYHOTIO COCTaBa

B 3aBucuMoOCTH OT yCIOBHM 3aJIETAHUS U KOJIMYECTBEHHOTO COOTHO-
IIEeHWsT HeTH ¥ rasza 3aJ1eKH MOoApa3IessioT Ha:

1) uncTo ra3oBsie;

2) ra30KOH/ICHCATHEHIE;

3) razoneTsHBIC (C TA30BOM IIATIKON);

4) nedtsaubie (0€3 ra30BOM MIAMKU C PACTBOPEHHBIM B HE(PTH ra3om).



["a30KkOHI€HCATHBIE MECTOPOXKICHHS XapaKTEPU3yIOTCS TEM, YTO CO-
JeprKalecs: B HUX YIJIEBOJOPOJHBIE CMECU HAXOASTCSI OOBIYHO B OJIHO-
(pa3HOM COCTOSIHUU — TSDKEJIbIe YTIIEBOJOPO/IbI MOTHOCTHIO PACTBOPEHBI B
Macce JIETKUX ra3000pa3HbIX KOMIOHEHTOB. [Ipu pa3paboTke ra3oKoHIeH-
CaTHOTO MECTOPOXAECHUS 10 MEpPE IMaJCHHs NABJICHHS U3 ra3a HaYMHAET
BBIICNIATHCA KOHJEHcaT. B mepBylo odepenh KOHACHCHUPYIOTCS Haubosee
TsDKEJIbIe KOMIIOHEHTHI, a 3aTeM — Bce Oosee sierkue. [laBiaeHue, npu KoTo-
POM HAYMHAETCS BBIICJICHUE U3 Ta3a KOHACHCATa, Ha3bIBACTCS 0aG/1eHUEeM
HAua1a KOHOeHCauuu.

KonaeHcar MOXeT BBIICISTHCS KaK Ha TOBEPXHOCTH, TaK U B TJIACTE
IIpU CHWIKEHUHU J1aBJICHHS. B mocineaHem ciydae KOHACHCAT BIUTHIBACTCS
MOPOJON TJIacTa, U 3HAYMTENIbHAS YacThb €r0 MOYKET OCTAaThCs B ILIACTE
0e3B03BpaTHO. [l03TOMYy Tra30KOHIEHCATHBIE MECTOPOXKIEHUSI CIIEAYyeT
pa3pabaTheiBaTh MpU 3a00MHBIX NABJICHUSIX, KOTOPHIC OOJbBIINE TaBIICHUS
Havasa KOHJCHCAlUU.

HedTs, ra3 u Boaa pacrpenensitoTcs B 3aJIeH COOTBETCTBEHHO CBOUM
ioTHocTsM. Kak mpaBuiio, B MPOJYKTUBHOW 30HE MJIacTa Kpome HepTH U
rasa COJIEP)KUTCS TaKXKe€ BOJa, XOTS MPOJIYKIMEH CKBaXXUH MPU pa3padOTKe
ATOrO MJIacTa MOXET ObITh 0e3Bo/HAst HePTh. Bona, mo Bcel BEpOSTHOCTH,
ocTajnach B HE()TSIHOM U Ta30BOM YaCTAX IJIACTOB CO BPEMEHU 00pa30BaHUS
3anexu. [1oposibl HEPTSIHBIX U ra30BBIX MJIACTOB OTJIAraJIMCh B Bojoemax. B
MPOLIECCEe HAKOIJICHUS HE(PTh U ra3 HE CMOIJIM MOJIHOCTBIO BBITECHUTH BOIY
U3 MopucTor cpenbl. B 3HaunTeNbHON Mepe 3TO O0ObsSICHAETCS TUIPODUIIb-
HOCTBIO OOJIBIIMHCTBA MOPOJ, CJArarmlliuxX MpPOAYKTHUBHBIE MmiacTel. Boxa
YACTHUYHO OCTAETCS B NOPax IJIACTa B BUJE TOHYAMIINX IJIEHOK, KaleseK B
MeCTaxX KOHTaKTa 3€peH MOpPOAbl, a TaKKe B CyOKaMMUIAPHBIX MOpax. ITy
KalWULIPHO yIEP>)KUBAEMYIO BOAY Ha3bIBAKOT ceA3aHHou. VIHOTIAa ee uMme-
HYIOT TaKXe MOrpeOeHHOM, OCTaTOYHOM, PETUKTOBOM U T. .

CaoiicTBa HEPTH, BOJbI U ra3a HA MOBEPXHOCTU CUIIbHO OTJIMYAIOTCS
OT UX CBOMCTB B IJIACTOBBIX YCJOBHSX, IJIE€ OHU HAXOASTCS MPU CPAaBHU-
TEJIbHO BBICOKMX JAABJICHUSX U Temreparypax. CBoHCTBa HEPTH, BOAbI U
ra3oB B IJJACTOBBIX YCJIOBHSIX BJIMSAIOT HA 3aKOHOMEPHOCTH MX JIBUXKEHUS B
nopucroii cpeae. C pocToM TIIyOMHBI 3aJieTaHUs TIJIaCTOB TOBBIIIACTCS U
TeMrneparypa. PaccrosHre nmo BepTHKalv, HA KOTOPOM TeMIeparypa rop-
HBIX MOPOJ 3aKOHOMEpHO NoBbIaercs Ha 1 °C, Ha3bIBaeTCs ceomepmuue-
ckoil cmynenvio. CpeHee 3HAUCHUE T€OTEPMUYECKON CTYNEHHU 33 M, HO
JUISL Pa3JIMYHBIX MECTOPOXKJICHHUM €€ BEJIMYMHA HEOJWHAaKoBa. V3MeHeHus
IJIACTOBOIO JIABJICHUSI PETHCTPUPYIOTCA MPH SKCIUTyaTall HEPTIHBIX U
ra3oBbIX MECTOPOXKJIECHHU. DTO JAET BO3MOXKHOCTh CYOUTH O IpOLECCaX,
MIPOUCXOASAIINX B ILIACTE.



1.3. OcHoBBI GpU3MKOXMMHUM He(PTH U ra3a
1.3.1. @u3uxo-xumuueckue ceoiicmea Hejpmu

He¢pmv — cnoxHas MHOTOKOMIIOHEHTHasi B3alMMOpacTBOpUMAs
CMECh Ta3000pa3HbIX, KUAKUX U TBEPIbIX YIIIEBOJOPOAOB Pa3IMYHOIO
XUMUYECKOT'0 CTPOEHUS C YHCJIOM yriaepoaHbix atoMoB 10 100 u 6oree ¢
MPUMECHIO T€TEPOOPIaHMYECKUX COCIMHEHUHN Cepbl, a30Ta, KUCIO0poaa U
HEKOTOPBIX METAJJIOB.

[To xuMHuYeckoMy cOCTaBy, (PU3UUYECKHMM CBOMCTBAM U KOJUYECTBY
PacTBOPEHHOTO raza He(TU Pa3TUUYHBIX MECTOPOXKIACHUIM BEChbMa OTJIMYa-
I0TCSI APYT OT Jipyra. DTU pa3inyusi 00yCIOBIMBAIOTCS B MEPBYIO OUEPEIb
re0JIOTUYECKUMU U OMOXMMHUYECKMMH YCJIOBUSIMH, BO3PacTOM HE(TH,
TepMOOapPUUECKUMU YCIOBUSIMH B IUIACTE, TIIyOMHON 3aieraHus 1iacra, a
TaK)Ke BO3JICHCTBHEM Ha HEYTH MUKPOOPTaHU3MOB U JIp.

B cBs31 ¢ 3TUM pedb MOKHO BECTHU JIMIIL O COCTABE, MOJIEKYJISIPHOM
CTPOEHUU U CBOMCTBAX «CpEAHECTATUCTUYECKO» HepTH. MeHee Bcero Ko-
nebnercs AIeMeHTHbIN cocTtaB Hedreit: 82 — 87 % yrnepona; 12 — 16,2 %
Bosiopoaa; 0,04 — 0,35 %, penxo 1o 0,7 % xucnopoxa; 1o 0,6 % azora u 10
5 u penko g0 10 % ceprl. Kpome Ha3BaHHBIX KOMIIOHEHTOB, B He(pTU 00-
HapyXEHbI B HEOOJILIIUX KOJIMYECTBAX JAPYTUE DJIEMEHTHI, B T. Y. METAILIbI
(Ca, Mg, Fe, Al, Si, V, Ni, Nau gp.).

[Tockonbky HE(PTH MPEACTaBISET COOOW MHOTOKOMIIOHEHTHYIO HeE-
NPEPHIBHYIO CMECh YTJIEBOJOPOJOB M TE€TEPOATOMHBIX COCTUHEHHH, TO
MPUHATO pa3esiTh HePTh U HEPTENPOAYKTHI IIyTEM NEPETOHKHU HA OTAEIb-
HbI€ KOMITIOHEHTBI, KQX/IbIi U3 KOTOPBIX SIBJISIETCSI MEHEE CIIOKHOM CMECHIO.
Takue KOMIIOHEHTHI Ha3bIBAIOT IPaAKUUAMU VU OUCHULIAMAMU.

@pakiuonHbiil coctaB HedTH, cormacHo 'OCT 2177-99, onpenens-
€TCsl MpHU €€ MeperoHke (pexTU(UKAIMKU) HA CTAHAAPTHBIX MEPErOHHBIX
anmnaparax, CHaOKEHHBIX PEKTU(UKAIIMOHHBIMU KOJIOHHAMH, HampuMep
APH-2. CymecTByeT HECKOJIBKO CIIOCOOOB TaK Ha3bIBA€MOU MPSIMOM T'OH-
KM, HO CYTh UX OJHA: JIIOOOM KUJKUN YTIIEBOJOPO] UMEET CBOIO TEMIIEpa-
Typy KUIIEHUS, T. €. TEMIEPATyPYy, BBILLIE KOTOPO OH UCTIAPSETCS.

Hamnpumep, 6enzon C¢Hg xunut mpu 80 °C, a Tomyon C;Hg — mpu
111 °C. [Ipu neperonke THMUYHON HEPTU MOKHO MOIY4uTh: 31 % OeHzu-
Ha (yraeBogopoasl Cy — Cyy), 10 % xepocuna (Cs — Cys), 15 % muzensHOro
toruBa (Cyz — Cy), 20 % cmazounsix macen (Cy; — Cy), 24 % ocTaTka —
Mma3yta (¢ Cyo ¥ BbILLIE).



Yeneeoonwtii cocmas negpmu siBnsercs HanOosiee BaXHBIM TOKa3a-
TEJEeM KauecTBa, OMPEACIAIONIMM BbIOOp MeToAa mepepadoTKH, acCOpTH-
MEHT U 3KCIUTyaTal[MOHHbIE CBOIMCTBA MOIY4aeMbIX HEPTEMPOIYKTOB.

B 3aBucumocTu ot mpeoOnamanus B HEPTH OJHOTO M3 TPEX Mpe.-
CTaBUTEJICU TPYyNIl yTJIEBOJAOPOJIOB B KoiuyecTBe Oosee 50 % HedTu
UMEHYIOTCS:

1) MeTaHoBBIMU ¢ TIpeoOaganueM ankanoB — C,Hypio;

2) HadgTeHOBBIMU C TipeoOaaganremM ankeHOB — C Hoy;

3) apomaruueckumu ¢ ipeodaaganuemM apeHoB — CHy, 6.

Ecimn x moMuHUpYMOWIEH Tpynmne yrjieBOJOPOAOB IMPUCOCAUHSIECTCA
Apyroi yriaeBoaopoj B KojauuecTBe He MeHee 25 %, TO UM JaroT KOMOU-
HUPOBAHHOE Ha3BAHUE, HATIPUMED MemaHoHaghmeHosble.

AJIKaHbI COCTaBJISIIOT 3HAUYUTENBLHYIO YacTh I'PYHIOBBIX KOMITOHEH-
TOB HE(TH, TA30KOHJEHCATOB 1 MPUPOIHBIX Ta30B. O0IIee comepKaHue ux
B He(Tu cocrtaBisieT 25 — 75 % U TOJBKO B HEKOTOPBIX MapapUHUCTHIX
He(TsaX THMa MaHThIILUTaKCKON gocturaet 40 — 50 %.

AJIKEeHbl BXOJAT B COCTaB Bcex (¢pakuuil HedTHu, Kpome razos. B
cpenHeM B He(DTAX pa3IMYHBIX TUIIOB OHU cojiep:karcs oT 25 1o 80 %.

Apenbl conepxkatcsi B HepTu 0OBIMHO B MEHbIIIEM KosmuecTBe (15—
50 %), yeM ajKaHbl U AJKEHBI, U MPEACTABJICHBI TOMOJOraMyu O€H30JIa B
OeH3MHOBBIX (PpakiusX. JJaHHbIe BelIeCcTBa ONPEEISIOT XapaKTEpPHbIN 3a-
nax HeTH.

OcHoBHBIE  (u3MUECKHEe  CBOHCTBA  HepTH  ONpenensitoTcs
CJIEIyIOIIMMU BEJIMYUHAMMU:

1. Ilnomnocmo negpmu — 310 Macca eAUHUIIBI 0ObeMa HEYTU TIPU
temreparype 20 °C u atmocdepHom aaBienuu, konednercs or 700 mo
1040 kr/m’. HedTh ¢ IIIOTHOCTBIO p,, HUke 870 KI/M> Ha3bIBAIOT J1€2KOll, OT
870 10 970 kr/m° — cpeonett, Boiie 970 KI/M° — mAadicenoi.

MasyTt nMeer miotHocTh 0T 900 10 990 kr/™m°, KepocuH — 800 —
840 kr/m’, Gensunbl — 700 — 800 Kr/M°, ra3oBble KOHmeHCATHI — 650 —
720 xr/m’. VI3Mepsiercs IIOTHOCTh apeomempom — IPHOOPOM JUIsl OTpe-
J€JICHUSI TUIOTHOCTHU >KUJIKOCTH T10 TITyOMHE MOTpY>KEeHUs MoIiaBka (Tpyo-
Ka C JICJICHUSIMUA U TPY30M BHU3Y).

[lon omnocumenvnoit niomnocmoio Hegpmu p), NTOHUMAIOT OTHO-
HIEHUE BEJMYUH a0COIIOTHOM IIOTHOCTU HEPTH p, K MIOTHOCTH JUCTUII-
JMPOBAHHOM BOJBI p,, Onpenienénnon npu 4 °C:

P, =2n. (1.1)
P
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C Bo3pacTaHueM TemmepaTypbl MIOTHOCTh JIEra3upPOBAHHON HEDTH
yYMEHbIIAeTCsl. 3aBUCUMOCTh IJIOTHOCTH HE(TH OT TEMIEPATyphl OIICHUBA-
€TCSl BBIpAXKEHUEM

p(T)=pypll+¢(20-T)], (1.2)

r7ie poo — oTHOCTH HedTu nipu 20 °C; { — ko3pdunmeHT 00bEMHOTO pac-

mupenus Hegru (tadma. 1.2).
Ta0muma 1.2

3Hauenns ko3ppuuueHTa 00bEMHOrO paciiMpeHus Hedpru

D, Ko/M ¢, 1/°C P> Kr/M’ g, 1/°C

800819 0,000937 900-919 0,000693
820839 0,000882 920-939 0,000650
840859 0,000831 940-959 0,000607
860—879 0,000782 960-979 0,000568
880-899 0,000738 980-999 0,000527

2. Baszkocmw negpmu — cBONCTBO HEPTH OKA3bIBATh COMPOTHUBIICHUE
MEPEMEIIICHUIO €€ YaCTULl OTHOCUTENBHO JIPYT Ipyra, T. €. XapaKTepu3yeT
MOJIBUXKHOCTH (T€KYUYECTh) KUKOCTH.

CyliecTByeT Ounamuueckas [, N Kuhemamuueckas (omuocu-
menvHasn) v, eazkocms Hepmu. Kunemarnueckas BSI3KOCTh MOXET OBITH
MOJIy4€Ha KaK OTHOIICHHE TUHAMUYECKON BSI3KOCTHU K MJIOTHOCTH HEPTH:

y =t (1.3)
P,
JlnHamMudeckas BA3KOCTh ONpeIessieTcs 1o ypaBHeHHIO HbioTOHA:
F v
ot (1.4)
A dy

rne F — cuna, TpeOyromasics s MoAAep>KaHusl Pa3HUIIBI CKOPOCTEH JBH-
KEHHSI MEX]Ty CIIOSIMU Ha BelM4IHnHY dV; A — momaap nepeMeniaronix cs
c0€B He(pTU; dy — pacCTOSIHUE MEXTY IBIKYIIIMMUCS CIIOSIMU HEPTH.

C nmuHAMUYECKOH BS3KOCTHIO HETU CBSI3aH MapaMeTp meKyuecmsy —
BEJIMUMHA, 0OpaTHasl BI3KOCTH:

1
0, =—. (1.5)
1,
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Enunuinia qunamudeckoil Bsizkoctu u, B cucteme CU — [Ia-c], kune-
MATHYECKOH v, — [M*-¢c]. Ha mpaxTiKke 4acTo MOIb3yIOTCS SIHHHLIAMU CHCTE-
mbl CI'C — nyas [I1] u cantumyas [cII]: 1 IT = 0,11Ta-c; 1 ¢IT = 10" ITac u
crokxcamu [Ct] u cantucrokcamu [cCt]: 1 Cr= 10" Mm%/c; 1 cCr =1 mm/c.

[Ipy moBbIIICHUH JaBICHUS BETWYMHA BA3KOCTH HECKOJIBKO BO3pac-
TaeT, HO He3HaunuTelbHO. C BO3pacTaHUEM TeMIIEpaTyphl BS3KOCTh HEPTH
YMEHbBIIIAETCsl, a C MOHWKEHUEM — BO3pacTaeT, 0COOCHHO MHTEHCUBHO IPU
OTPHUIIATEILHBIX 3HAYCHUSIX TEMIlepaTypbl. Bs3kocTh HeTH yMEHBIIAETCs
C MOBBILLIEHUEM KOJIMYECTBA YIIEBOJAOPOJHOTO T'a3a, PACTBOPEHHOTO B HEU
(puc. 1.2). Yem BbilIe MOJIEKYJISIpHAst Macca ra3a, TO €CTb 4YeM OOJIbIIIe CO-
Jep>KaHUe Ta30BOI0 KOMITIOHEHTA ¢ OOJIbIIeH MOJIEKYJIIPHON MAacCOu yriie-
Bogopona (ot CHy x C4Hyg), pacTBOpeHHOTO B HEPTH, TEM HUXKE BSI3KOCTh
He(TH.

8,0
(@]
<
E
. 6,0¢
= \ 40 °C
4
= \
2 40
o N .
% 60 °C \\D
=

O —
aal 2.0 —C
25 50 75 100

3,3
KommyectBo pacTBopeHHOTO B HE(TH raza, M /M

Puc. 1.2. I3MeHeHune BA3KOCTH HEPTHU OaIaxaHCKOTO
MECTOPOK/ICHUS TIPH HACHIIIICHUH €€ Ta30M

Hunamuueckas Bsa3kocTh Boabl npu 20 °C coctausier okoino 1 cll,
BA3KOCTh HEPTH B 3aBHUCUMOCTH OT €€ XapaKTEPUCTUKH U TEeMIIepaTypbl
MOXET U3MEHATHCS OT 1 1O HECKOJBKHUX JIECSITKOB CAHTHIYya30B, a y OT-
nenbHBIX HedTel Bsa3kocTh gocturaet 100, maxe 200 cII (0,1 — 0,2 I1a-c).

OnpeneneHue AMHAMUYECKOM BSI3KOCTHM He(TH BecbMa 3aTpyIHU-
TeJIbHO. Ha mpakTuke onpenesstoT OTHOCHUTENIBHYIO BSI3KOCTh, 4 MO HEU
KMHEMAaTHYECKYI0 U a0CcoMoTHYI0. OTHOCUTEIbHAS BSA3KOCTh IMOKA3bIBAET,
BO CKOJIBKO pa3 BA3KOCTb JJaHHOW He(THU MpH aHHOUM TemriepaType 00b-
1I€ WA MEHBIIE BS3KOCTU BOJABI (BsI3KOCTh BoAbl mpu 20 °C = 1 clI3).
OTHOCUTENBHYIO BS3KOCTh ONPEIEISIOT C IOMOILBIO GUCKOZUMEmpaA
DHenepa, T0 €CTh OLICHUBAIOT OTHOLIEHWE BPEMEHU MCTECUEHUS HCIBITYE-
MOM XKHUJKOCTU NpH Temneparype I KO BPEMEHM HCTEUYCHHS TaKOrO K€
o0béMa Boab! nipu 20 °C.
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3. Cxcumaemocmsv Hegpmu — >T0 U3MEeHEHHE oObema HeTH TpH
M3MEHEHUU JaBieHus. CKUMaeMOCTh XapaKkTepu3yeTcs Koaghguuyuenmom
00vbemMH020 cxHcamus f3,, KOTOPBIA TIPEACTABISET OTHOCUTEIILHOE U3MEHE-
HUE 00beMa, MPUXOISAIICeCs Ha €AUHUILY U3MEHEHUS 1aBJICHUS:

1 AV
Bu=0"

- , 1.6
Ve Ap (1.6)

rae AV — u3Menenne oorema Heptu, M’; Vo — HCXOIHBIN 00beM HedTH, M;
Ap — n3meHenue nasieHus, [1a.

Koapdumment cxxumaeMocTu Jiera3upoBaHHON He(TH, HE colepKa-
1eit pacTBOpEHHbIH ra3, pasex 4-107'° —7-107'° 1/I1a.

Oovemuslii KOIpPuyuenm naacmoeoit Hegpmu b — 5T0 OTHOILIICHUE
o0beMa He()TH B IUIACTOBBIX YCIOBUAX K 00bEMY Je€ra3upoBaHHON HedpTu
npu armochepHoM naBieHuu u temmeparype 20 °C:

bt | (1.7)
V()ez

N3BecTHBI MECTOPOXKIEHUS, U1 KOTOPBIX OObEMHBIN KOI(PPUIIUEHT
nacToBoi HedTH nocturaet 3,5 u 6osee. s mi1acToBOM BOABI OOBEMHBIC
koa¢dunuents! coctapisiot 0,99 — 1,06.

C noMoiipio 00beMHOr0 KO3(PUIIMEHTa MOXKHO ONPEICTUTh YCAOKY
Hehmu — yMeHblIeHHe 00beMa IJIaCTOBOW HE(TU NpU M3BJICUEHUU €€ Ha
MIOBEPXHOCTB:

u=%-1oo %. (1.8)

4. /laenenue nacovlujenusn negpmu 2azom — IaBJICHUE ra3a, HaXo-
JSIIETOCs] B TEPMOJMHAMUYECKOM PAaBHOBECHUH C T1acToBOU He(Thio. Ecim
JaBJICHUE, OKa3bIBa€MOE Ha TJIACTOBYIO HE(Th, CTAHOBUTCS HIDKE JaBJie-
HUS HACBIIIECHUS, TO U3 HE(PTH HAUMHAET BBHIACIATHCS PACTBOPCHHBIN Tas.
HedTp, Haxonsmasicss B TuiacTe Mpu JaBJICHUU BBIIIC JTaBICHUS HACHIIIIE-
HUS, HA3bIBACTCS HedoHacvhiuyenHou. Ecau naBlieHWE HACHIINICHUS PaBHO
MJJACTOBOMY JIABJICHUIO, TO TIJIACTOBast HE(DTh HA3bIBAETCS HACHIUECHHOL.

5. Ta306blii pakmop — KOIMIECTBO Ta3a B M, IPUBCICHHOE K aT-
MochepHOMy maBieHuto, npuxopsmieecs Ha 1 T Hedtu. Jna HePTIHBIX
MeCTOpOXIeHHiT Poccuu ra3oBblit axtop Konebaercs or 20 go 1000 M/t
(B cpeHeM OH cocTaBiseT okono 100 M/T).

6. Hcnapaemocmv Hedpmu — CBOWCTBO HE(DTU TEPSATH JETKHE
dbpakuuu BCIENCTBUE UX yleTyunBaHus. VcrmapeHue ¢ MOBEPXHOCTH TO-
KOSIIIIEHUCS )KUIAKOCTH Ha3bIBAaCTCsl CTaTU4YeCKUM. VcmapeHue ycuiamBaeTcs
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B JINHAMUYECKUX YCIOBHSIX, TO €CTh MPU OTBOJE ra3za, COrJIACHO MPUHIUITY
Jle Ilatense. [Ipouecc ucnapeHuss MHTEHCU(DUIIUPYETCS C MOBBIILIEHUEM
TEeMIIepaTyphl U MOHMKEHUEM JABJICHUS, TaK KaK JJIsl OTPbIBA MOJIEKYJN OT
KUJakon (a3bl U mepexoda MX B MapoByI0 (ra3o00pa3Hyl0) HEOOXOIUMO
3aTpaTUTh SHEPTHIO.

[Ipu ucnapenuun B aauabaTUYECKUX YCIOBUSX TEIJIO OTOMpaEeTCs OT
UCTIApSIeMON KUAKOCTH, BCJIEICTBUE YEro MPOUCXOAMUT €€ OXJIaXKICHHE.
Hcnapenue B 3aKpbITOl EMKOCTH MPOUCXOIUT A0 TE€X MOp, MOKa HACHI-
HICHHBIC Tapbl BELIECTBA HE 3aMOJIHAT MPOCTPAHCTBO HAJ >KHJIKOCTBIO.
HcnapsiemocTh HEPTH HAXOJUTCS B MPSMO MPONOPLIMOHATBHON 3aBUCUMO-
CTH OT €€ J1aBJICHUS HACBIILIEHHBIX MaPOB.

7. Temnepamypa 3acmwviganun Hegpmu — Temneparypa, Ipu KOTO-
poii He(Th, HaJIMTasE B MPOOUPKY Mo yriioM 45°, ocTaércs HEMOIBUKHOM
B TeueHue 1 mMuH. JlJig ManoBs3koil HeTH BETUUYMHA TEMIIEpaTyphl 3aCThI-
BaHUA cocTtapisieT —25 °C u €€ TpaHCHOpT BEAYT MPU TEMIEpPAType OKpY-
xatouieit cpenpl. C yBennueHUeM cojepxkanus napaduHa Temmneparypa 3a-
CTBIBAaHUS YBEJIMUYMBAETCA U MOXET jocturaTh 3HaueHus +30 °C (Hedru
MOJIyOCTPOBAa MaHIBIILIAK).

8. Tokcuunocmsv negpmu u Hepmenpooykmoe 3aKar04acTCs B TOM,
YTO UX Mapbl OKAa3bIBAIOT OTPABJISIONIECE NEHCTBUE HA OPraHU3M.

1.3.2. @uzuxo-xumuueckue ceoiicmea npupooHo0 2a3a

Ipupoonwtii 2az npencrapisier coO0N cMeCh MPEACIBbHBIX YTIEBO0-
ponoB coctaBa C,Hy,», B KOTOPO#1 cofiepkarcsi MeTaH, 3TaH, mpomaH, Oy-
TaH ¥ WHOT/Ia TIaphl 00Jee THKETBIX YIIIEBOAOPOaA0B. YacTo B cocTaB npu-
pPOIHBIX ra3oB BXoAAT a30T N, (mo 40 % no obbemy), yraekuciora CO,,
cepoBomopoa H,S u penkue raspl. CocTaB ra3oB, HOOBIBAEMBIX U3 YHCTO
ra3oBbIX MECTOPOKICHHM, MpeICTaBlIeH B Ta0. 1.3.

Ta0muna 1.3
CocraB rasa ra3oBbIX MeCTOPOKAeHHUH, 00bEMHBIN Yo

0] .

MCCTOpO)KI[CHI/IC CH4 C2H6 C3Hg C4H10 Nz COz Hﬂf)lizf)lgzb
Cesepo- 989 | 029 | 0,16 | 005 | 04 | 0.2 0,56

CraBponoJbckoe

Ypenroiickoe 98,84 0,1 0,03 0,03 1,7 0,3 0,56
IaTnaeIkckoe 95,58 1,99 0,35 0,15 0,78 1,15 0,58
Mensexnbe 98,78 0,1 0,02 - 1,0 0,1 0,56
3anosisipHoe 98,6 0,17 0,02 0,013 1,1 0,18 0,56
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B raze ra3oBbIX ¥ Ta30KOHJEHCATHBIX MECTOPOKACHUIN OOBIYHO TIpe-
oOnamaet MetaH: ero foust gocruraet 98,8 %; B He(TAHOM (MOMMyTHOM) Ta-
3€ J0JI1 ME€TaHa HaMHOTO MEHBIIIE, OJTHAKO YBEJIIMUUBAETCS 10Js OoJiee Tsi-
KEJBIX YTJIEBOIOPOJIOB — 3TaHa, mpomana u OyraHa. CocTaB ra3oBbIX CMe-
ceil BhIpakaeTcsi B BUJIE MACCOBOM, 0OBEMHOM WJIM MOJIIPHOM JOJIM KOM-
MTIOHEHTOB B MPOIEHTAX.

OcHoBHbIE (HU3UYECKHUE CBOWCTBA MPUPOIHOTO ra3a OMPEIesIOTCS
CHEIYIOUMMU BETUYUHAMU:

1. IInomnocms 2aza xak Maccy eUHUIIBI 00bEeMa ra3a MOXKHO Ofl-
pENEeTUTh B3BEIIMBAHUEM WJIA BBIYUCIIUTH, 3HAsI OTHOCUTEIBHYIO MOJISP-
HYIO Maccy ra3zoBou cmecu M:

M M

_ M , 1.9
Pe =y = 2405 (19)

m

rjae V,, — MOJSIpHBIA 00bEeM raza Mpu CTaHJAPTHBIX YCIOBUSIX.

OOBIYHO TIJIOTHOCTH Ta3a p. HaxoauTcs B mpexaenax 0,73— 1,0 KI/M°.
B pacuerax yacto MCnosb3yrT Oojice YIOOHYIO BEIUYHMHY — OMIHOCU-
MenbHyw HJIOMHOCHbL po. — OTHOIICHHE TUIOTHOCTH Tra3a K IUIOTHOCTH
BO3/yXa p, Npu HopMmaibHbIX ycioBuax (20 °C u 0,1013 Mlla). Jns
YTIIEBOJOPOIHBIX Ta30B OTHOCUTENbHASI TUIOTHOCTD po. IO BO3IYXY HU3Me-
Hsercs B npenenax 0,6 —1,1.

po. == (1.10)

2. Bazkocmpw caza xapaxTepusyeT CIOCOOHOCTH ra3a OKa3bIiBaTh CO-
MPOTHUBJICHUE TEPEMEIICHUIO OJTHON YacTH Ta3a OTHOCUTEIBHO JPYrou u
3aBUCHUT OT €T0 COCTaBa, TEMIIEPATYPHI U IaBJICHHUS.

C noswmenueM gasieaus ot 0,1 go 1,2 Mlla ounamuueckaa 6sa3-
Kocmb 2a3a [, yBEIVNYMBACTCS, & KUHEMAMUYECKas 6:A3KOCMb vV, TIPAKTH-
YECKH HE MEHAETCS (CHIDKEHHE CKOPOCTH M JIJIMHBI TTpoOera MOJICKYJT TpH
YBEITMYCHUH JTABJICHUS KOMIICHCUPYETCSI POCTOM IIJIOTHOCTH). Temmepary-
pa BIMSIET Ha NTMHAMHUYECKYIO BS3KOCTh MO-Pa3HOMY: MPU HU3KUX JaBJie-
HUSX C TIOBBIIICHUEM TEMIIEPAaTyphl OHA yBeau4yuBaeTcs (y >KHIAKOCTEH,
HA00OpOT, YMEHBIIIAETCS TIPU YBEIUYCHUN TEMIIEPATYPHI), a MPHU BBHICOKUX
(5 — 10 MIIa) — camxkaetcs. Takue CBOMCTBA OOBICHSIIOTCS CTETICHBIO OJIH-
30CTHU Ta3a K )XUJAKOMY COCTOSHUIO. JluHaMuueckasi BI3KOCTh MPUPOIHOTO
rasa 06braHo0 cocrasisier (1,1 — 1,6)-10° Ia-c.

A30T, YIJIEKHUCIIBIN a3, CEPOBOJIOPO/I, TEIIHU, B TOM YUCIIE U BO3AYX,
SABJISIIOTCS 00JI€€ BS3KMMU COCTaBIISIOIIMMHU TTPUPOTHOTO Ta3a. BennunHbl
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BSI3KOCTH [UI HUX M3MEHSIOTCS B auarasone ot (1 — 2,5)-10° Ila-c. Oco-
0o€ BIMSHHE Ha BEJIMYMHY BSI3KOCTH Ta3a oKasbiBaeT a3or. [Ipu comepixka-
HUU B YIJIEBOAOPOJHOM raze 6omee 5 % a3zora cleayeT YYUTHIBATh €ro
BIIMSIHME Ha BA3KOCTh Ta3a M OIICHUBATh CPEIHEB3BEIICHHYIO BSI3KOCTH
CMECH IO IPUHITUITY aJITUTUBHOCTH

s =Ny, i, + (=N, e (L.11)

rIe [, — JUHAMUYECKasl BSI3KOCTb CMECH ra30B; [N, U [icy — AMHAMUYECKUE
BSI3KOCTH a30Ta U OCTAJIBHBIX YIJIIEBOAOPOAOB cMecH; Ny, — MOJISIpHAsL JOJIS
a30Ta B COCTaBe rasa.

3. Cocumaemocms 2aza XapakTEpU3yeT CBOMCTBO ra3a yMEHbIIIATh
CBOIl 00BEM MOJ JIEHCTBUEM BCECTOPOHHETO PaBHOMEPHOI'O BHEIIHETO
JaBJICHUSL.

Jlist pacueTa COCTOSIHUS PUPOTHOTO ra3za 0ObIYHO MOIb3YIOTCS 0000-
IICHHBIM ra30BbIM 3aKOHOM B BUJI€ ypaBHeHus KiamnelipoHa, B KoTopoe BBO-
IUTCS TIONIPaBKa Ha Koaghghuuuenm cocumaemocmu Ky, npensioxKeHHbIN
J1. bpaynom u /1. KaTtiiom 1 y4uTHIBAIOIMM OTKIIOHEHUS MIOBENCHUS PEAIb-
HOTO Ta3a OT UACATBHOTO COCTOSIHUSL:

pV = K;NRT = K;MRT/m, (1.12)

riae N — oTHocUTeNbHAs MOJISIpHasi Macca rasza; M — macca rasza; m — Mo-
JsipHas Macca rasa; p — JnaBiieHue; V' — o0bem rasza; R — ra3oBasi OCTOSH-
Has (0,0831 x/monb:-K); T — abconroTHas Temreparypa.

Koagppuuuenm cocumaemocmu 2aza — 3170 OTHOUICHHUE YJIEIIBHOTO
0o0BbéMa raza K yAeJIbHOMY 00bEMY HICATHLHOTO ra3a C TAaKOW e MOJISIPHOU
Maccoil. Hampumep, s MeTaHa NMpU CTAaHJAPTHBIX YCIOBHUSIX, COTJIACHO
I'OCT 30319.2-96, K, = 0,9981.

Ecnu npu mocTrosiHHOM TemIiepaType MOBHINIATh JABJICHHE KaKOTO-
aub0 rasza, TO TOCJE JOCTHXKEHHUsS OMPEJEICHHOTO 3HAYCHUs TaBJICHUS
ATOT ra3 CKOHJEHCHUPYETCS, T.€. IEPEUNIET B KUJIKOE cocTosiHUE. [ Kax-
JIOTO rasza CYIIECTBYET OIpEJECICHHAs MNpejeibHas TeMIlepaTypa, BBIIIE
KOTOpPOW HM MPU KAKOM JIaBJICHUU Ta3 HEJb3s MEPEBECTH B KUIKOE CO-
crosiHue. Hanbonbimas TemrepaTrypa, Mpu KOTOPOW ra3 He MEpPeXOouT B
KUJKOE COCTOSHHME, KaK Obl HU OBLIO BBICOKO JaBJIECHUE, HA3BIBACTCS
Kpumuueckoii memnepamypoit (1adn. 1.4).

JlaBlieHNE, COOTBETCTBYIOIIEE KPUTUUECKOW TEeMIlepaType, Ha3bIBa-
eTcsa Kputudaeckum (cM. Taom. 1.4). Takum oOpa3oM, Kpumuueckoe oasine-
Hue — 3TO NPEJEIbHOE JAaBICHHUE, IPU KOTOPOM U MEHEE KOTOPOro ra3 He
MEePEXOIUT B KUJKOE COCTOSHUE, Kak Obl HM HU3Ka ObLIa TeMreparypa.
Tak, Hampumep, KPUTHYECKOE [aBJIICHHE [JIi MeTaHa MPHUOIU3UTEIHHO
paBHo 4,7 MIIa, a kputnueckas temreparypa — 82,5 °C.
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Ta0Omuna 1.4

KpnaneCKne HABJICHUA U TEMIIEPATYPbI He(l)TﬂHLIX ra3oB

No OrHocurenbHas MoJIsipHast | Pgp,
1/ Kowmnonent Macca NV, F/MOJ'IBp Mll('ia Tice, K
1 | Meran CH,4 16,04 4,63 190,55
Otan C,Hg 30,07 4,87 | 305,45
3 | Ilponan C;Hg 44,09 426 | 369,82
4 | U306yTan (CH;3);CH 58,12 3,65 | 408,13
5 BYTaH C4H10 58,12 3,797 425,16
6 | N3onenrtan (CH;),CHCH,CH; 72,15 3,381 | 460,40
7 | Ilentan CH3(CH,);CH; 72,15 3,369 | 469,60
8 | I'ekcan CH;3(CH,),CH; 86,17 3,031 | 507,40
9 | I'enrran CH;3(CH,)sCH; 100,20 2,736 | 640,61
10 | AzoT N, 28,02 3,399 | 126,25
11 | dIuokcup yrnepona CO, 44,01 7,387 | 304,15
12 | CepoBogopoa H,S 34,08 9,01 373,55

4. Pacmeopumocms 2aza B KUIKOCTH TNPU HEM3MEHHOH TemIiiepa-
Type onpenensiercs no popmyie

S=aP?, (1.13)

rae S — o0beM raza, paCTBOPEHHOTO B €MHUIIC 00hEMa KUJIKOCTU, TIPUBE-
JCHHOW K CTaHJapPTHBIM YCJIOBUSM; P — NaBlieHUE ra3a HaJl KUJIKOCThIO;
0 — Koy(hpuuuenm pacmeopumocmu raza B XUIAKOCTH, XapaKTEPU3YIO-
il 00beM rasza (MpUBEIECHHBIN K CTaHAAPTHBIM YCJIOBHSIM), PACTBOPEH-
HBII B euHUIE 00beMa JKUJKOCTH MpHU yBennyeHuu nasieHus Ha 1MIla;
b — mokazarelb, XapaKTepU3YIOUIU CTENEHb OTKIOHEHHUS PacTBOPUMOCTHU
pEeanIbHOro ra3a OT UICAIBHOTO.

3HaueHus1 KO3(Q(PUIMEHTOB o U b 3aBUCAT OT COCTaBa ra3a u >KHJKO-
ctu. KoadgduimeHt pactBOpuMoCTH ¢ 1711 He(TU U ra3a OCHOBHBIX MECTO-
poxienuit Poccuu m3Mensiercst B npejenax 5 — 11 m°/m° ma 1MITa. TToka-
3atenb b mamensiercs B mpeaenax 0,8 — 0,95. PactBopumocTs razoodpas-
HBIX YIJIEBOJAOPOAOB B HE(TH MOAUYMHAETCS 3aKOHY ['€HpH MpH HUBKUX
JABJICHUSIX, TO €CTh PACTET A0 ONPEIETEHHON BEIUYUHEI (puc. 1.3).

PactBOprMOCTh Ta3000pa3HbIX YIIIEBOAOPOIOB B HEPTH yBEIMYMBA-
€TCs C TIOBBIIICHUEM COJIep KaHusl B Hell mapauHOBBIX ¢pakiuii. Padora-
€T IMPUHLIMUII TOA00Us: MOA0OHOE pacTBOpsieTcs B moaooHoM. M3 anamuza
MPE/ICTABICHHBIX 3aBUCUMOCTEH CJIEAyeT, YTO PacCTBOPUMOCTH Ta30B B
He(TH 3aBUCHUT OT COCTaBa U CBOMCTB HEPTH.
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Puc. 1.3. M3oTepmbl pacTBOPpUMOCTH ra30B B HeQTH nipu Temneparype 50 °C
no nauabM T.I1. Cadponosoit u T.I1. XKysze:
1 — pomamikunckas (P); 2 — cypaxanckas (C); 3 — nebutnarckas (H);
4 — tyitmaszunckas (T)

5. Hcnapaemocmp 2a3za sBIseTCsS TOKa3aTeleM MOIMYTHOTrO HeQTs-
HOT'O Ia3a U XapaKTepU3yeTCsl KOIPpuuuenmom pazeazuposanusi, onpeue-
JSIEMBbIM KOJIMYECTBOM T'a3a, BbIICUBIIETOCS U3 €UHUIBI 00bEMa HeTH mpu
cHIkeHNH e€ gasiaeHnst Ha 1 MI1a.

6. Tennoemkocms 2aza — KOIUUECTBO TEIUIA, HEOOXOAUMOE ISl Ha-
rpeBaHMs €AMHUIIBI Beca Wid oObema »toro BemiectBa Ha 1 °C. Becosas
TeII0EMKOCTb ra3a H3Mepsiercs B kJDK/KT, 00beMHas — B KJK/M .

7. Tennoma ceopanusa 2aza ONPENENACTCI KOJIMYECTBOM TEILIA,
BBIJICJIAIOMIUMCS TIPU COKUTAaHUM €IUHUIBI Beca WIM E€AUHMIBI 00beMa
JaHHOTO BellecTBa. TemnoTra cropaHusi ra3oB BbipakaeTcs B KJDK/Kr u
KkJK/M’ ¥ SBJISIETCSL OCHOBHBIM TOKa3aTeIeM, XapaKTepPH3YIOIHM KadecTBO
rasa.
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8. Bocnnamenaemocmo 2aza. llpupoansie razpl MOTyT BOCILIaMe-
HSATHCS WM B3PBIBATHCS, €CJIM OHU CMEILIaHbl B ONPEAEIIEHHBIX COOTHOIIIE-
HUSX C BO3JIyXOM U HarpeThl J0 TeMIepaTypbl UX BOCIUIAMEHEHUS IIPU Ha-
JUYUHA OTKPBITOTO OTHSA. MUHUMAaIbHBIE 1 MaKCUMaJIbHbIE COIEP KaHUs ra-
3a B ra30BO3AYIIHBIX CMECSIX, PU KOTOPBIX MOXKET MPOU30MTH MX BOCILJIA-
MEHEHHE, HA3bIBAIOTCS BEPXHUM W HUNCHUM RPEOEIOM 63DbleaeMOCHU.
JInst MeTaHa 3T Npeaesbl COCTaBISAT OT S5 10 15 %. Ota cMech Ha3bIBa-
eTcs rpeMydel 1 JaBieHue npu B3pbeiBe gocruraet 0,8 MITa.

1.4. Knaccupuxanust Hepren

CyliecTByeT MHOXKECTBO Hay4yHBIX Kiaccuukanuii Hedrei (Xumu-
YyecKasi, TeHeTUYecKasi, TEXHOJOTHYeCKasi U Jp.), HO J0 CHX IMOp HET eu-
HOM MEXyHApOAHON MX KJIacCU(UKAITIH.

Ipomvruunennas kraccugurxayus. Ha HayanbHOM 3Tamne pa3BUTHS
HEe(PTSIHOW TPOMBIIUICHHOCTH OCHOBHBIM ITOKa3aTelieM KadecTBa HedTu
ObL1a IWI0THOCTh. HedTh ¢ mimoTHOCTHIO p, HIKE 870 KI/M° Ha3bIBAIOT Jieo-
koti, oT 870 10 970 Kr/M’ — cpedneii, Boiue 970 Kr/M’ — msicenot.

B nerkoit Hedtu comepxurcs 60mbIe OCH3MHOBBIX U KEPOCHHOBBIX
¢dpakiuii ¥ CpaBHUTEIBHO MaJIO Cepbl U cMOJI. M3 3TOM HETU MOKHO BBI-
pabaThiBaTh CMa304HbIE Maciia BHICOKOTO KadecTBa. Tspkeabie HedTH, Ha-
MPOTHB,  XAPAaKTEPU3YIOTCA  BBICOKMM  COJEPKAHHUEM  CMOJIUCTO-
ac(habTEeHOBBIX BEIIIECTB, T€TEPOATOMHBIX COCIMHEHUM, TTOITOMY OHU Ma-
JIOTIPUTOAHBI ISl IPOU3BOJICTBA MAceJl U JAlOT OTHOCUTEILHO MaJiblii BbI-
XOJT TOTUTMBHBIX (DpaKIIuii.

Xumuueckas knaccugpuxayus. Knaccudukanus npenioxerna ['po3HeH-
CKUM He(TSHBIM Hay4yHO-HccaenoBarenbckuM uHeTutyToM (I'posHUN). 3a
€€ OCHOBY MPHUHATO MPEUMYIIECTBEHHO COJIEp>KaHuEe B HE()THU OJHOTO WU
HECKOJIbKUX KJIACCOB YTJIEBOOB.

Pazmuator 6 TumoB HeTH:

1) mapacdunoBasi;

2) mapadUHOIIUKIAHOBAS;

3) UMKJIaHOBAs;

4) mapaduHoHaTeHOaApOMATHYECKAS;

5) HadTeHoapomaTHUecKasi;

6) apomaTuueckas.

B mapaduHOoBRIX He]TsX (THUMAa y3€HBCKOW, >KETHIOAWCKOM) BCe
bpakuuu conepxat 3HAUUTEIbHOE KOJIMYECTBO AJIKAHOB: O€H3MHOBBIE — HE
menee 50 %, a macnsubie — 20 % u 6onee. KonmnuectBo acdanbTeHOB U
CMOJI HCKJTIOYUTEIHHO MaJIo.
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B nmapadunoimkiaHoBbIX HEPTIX U UX (pakUUsIX TpeodsIaaloT ai-
KaHbl U IIUKJIOAJIKAHBI, COACPKAHUE apeHOB U CMOJMCTO-AC(PaTbTEHOBBIX
BenecTB Majnd. K Hum otHOCcAT GonbmHCTBO HedTelt Ypano-IloBomkes u
3anannoit Cubupu.

Jlist ukiiaHoBBIX HedTel xapakTtepHo Bbicokoe (10 60 % u 6omee)
COJIep KaHKe 1IMKJI0ATIKaHOB BO Beex (pakuuax. OHU copepkaT HEKOTOPOe
KOJIMYECTBO TBEPJbIX mapaduHoB, cMoa U acdanbTeHoB. K 1UKIaHOBBIM
oTHOCST HedTH, T0oOBIBaeMble B baky (OanaxaHckas U CypaxaHCKas) U Ha
OMbe (moccopckast M MakaTcKas) u JIp.

B nmapadunonadTeHOapOMaTHUECKUX HEPTIX COJEPIKATCS MPUMEPHO
B PaBHBIX KOJMUYECTBAX YIJIEBOJbBI BCEX TPEX KIJIACCOB, TBEPAbIX MapaduHOB
He 6onee 1,5 %. KomumaectBo cmon u acanbrenoB gocturaet 10 %.

Hadrenoapomarnyeckne HepTH XapakTepU3yIOTCS MPEOOIaaroNM
COJIEp>KaHUEM IMKJIAHOB M apEHOB, OCOOCHHO B TSDKENBIX (hpakiusax. AJjka-
HBI COJIEP)KATCs B HEOOJBIIIOM KOJMYECTBE TOJILKO B JIETKHX (pakiusax. B
COCTaB JIaHHbIX Hedrel BxoauT okoio 15-20 % cmon u achabTeHOB.

Apomarnueckue He(TH XapakTepHU3ylOTCs MpeoOialaHueM apeHOB
BO BCEX (PpaKiusiX U BHICOKOW INIOTHOCTHIO. K HUM OTHOCAT MPOPBUHCKYIO
B Kazaxcrane u Oyrypycnanckyio B Tatapcrane.

CornacHO XMMHUYECKOW KiaccU(UKalMK, HauOoJiee pacrpOoCTpaHEHbI
YeThIpe OCHOBHBIX TUIA HedTeil: A — ankaHoBbIM napaguHUCThIif; B — anka-
HOBBII MasnonapaduHUCTbIN: C — UKJIAHOAIKAHOBBIA U D — LIUKIIaHOBBIIA.

Texnonoeuueckas kraccugukayus. COraacHO TEXHOIOTHYECKOU
Kkjaccuukanum, HeTy nMoaApa3AessIoT Ha:

1) 3 xnacca (I — III) mo comepxanuto cepbl B HEYTU (MaTOCEPHU-
CThI€, CEpPHUCTBIE U BHICOKOCEPHHUCTHIE);

2) 3 Tuma mo TMOTEHIHMAIBLHOMY COACPKAaHUIO (PPAKIUN, TEPero-
Hstromuxcs 10 350 °C (T1 - T3);

3) 4 rpynmbl MO MOTEHIMAIBHOMY COACPKaHUIO Oa30BBIX Maceln
(M1-M4);

4) 4 moarpynmsl O KadyecTBy 0a30BBIX Maces, OIEHHBAEMOMY WH-
nekcom Bs3koctu (M1 — N4);

5) 3 Buaa no coaeprxkanuto napaduuos (111 —I13).

N3 manonapapuuucteix Hedrel Buaa Il moxHo momydars 6e3 ne-
napapuHU3alMK PEaKTUBHBIE U 3UMHUE JU3EIbHbIE TOTUINBA, & TAKXKE JUC-
TWJUISITHBIE 0a30Bbie Maciia. 3 mapadunucteix Hedreit 112 6e3 nenapadu-
HU3ALUHA MOXHO MOJIYYUTh PEAKTUBHOE TOIUIMBO U JIUIb JIETHEE AU3EIb-
Hoe TorumBo. M3 Beicokonapaduuucteix HedTel 113, conepxkamux Oonee
6 % mnapaduHOB, HaKe JICTHEE IU3EILHOE TOIJIMBO MOXKHO TMOJYYUTH
TOJIbKO TOCJIE JenapaduHU3aum.

20



[IpeaBapuTenbHYIO OIIEHKY MOTEHIMAIBHBIX BO3MOXKHOCTEH HedTs-
HOT'O ChIPbSI MOKHO OCYIIECTBHUTbH 10 KOMILIEKCY MOKa3aTesen, BXOIAIINX
B TEXHOJIOTMUYECKYIO Kiaccudukanuio HedTel. Pe3ynabTaTsl uccneoBaHmit
He(pTU MPEACTABISIOT OOBIMHO B BHUJE KPHUBBIX 3aBUCUMOCTH HCTUHOU
TEeMIIepaTypbl KUMEHUS, TIOTHOCTH, MOJEKYJISIPHONH Macchl, COAEp KaHMUs
Cepbl, HU3KOTEMIIEPATYPHBIX U BSI3KOCTHBIX CBOMCTB OT (PPaKIMOHHOTO
coctaBa HeTH, a Takke B opMe TaOIHI] C TTOKA3ATEISIMHU, XapaKTepH-
3YIOLMMHU KaueCcTBO JaHHOW HeTH, ee Ppakiuil U KOMIIOHEHTOB HedTe-
MPOJTYKTOB.

Texnuveckas knaccuguxayus. JIns OLEHKH TOBAapHBIX KadyecTB
MOJAr0oTaBIMBaeMbIX Ha mpombiciax Hedrteidr B 2002 1. OblT paspaboTaH
NPUMEHHUTENBHO K MEXIYHApOAHBIM CTaHJApTaM U MPUHSAT HOBBIN
['OCT P® P 51858-2002, B COOTBETCTBUM C KOTOPBIM IOATOTOBJIEHHBIE
He(pTH moapa3AensoT:

1) mo coxepskanuto 00IIel cephl Ha YeThIpe Kiacca (1 — 4);

2) no miotHocTty npu 20 °C Ha 1aTh TUIOB (0 —4);

3) 1o colep>KaHUIO BOJBI U XJIOPUCTHIX cosert Ha 3 rpynmsl (1 — 3);

4) 1o coaep>KaHUIO CEPOBOOPO/A U JIETKMX MEPKAINTaHOB Ha 3 BU-
na (1-23).

VYcnoBHoe 0003HAaUeHHE MapKu HE(THU COCTOUT U3 ueThipex nudp,
COOTBETCTBYIOLIMX OOO3HAYEHUSIM KJjlacca, TUMa, TPYMIbl U BUAA HEPTH.
Hanpumep, nedts mapku 2,293,1,2 03Ha4aeT, 4TO OHA CEPHUCTAs1, TOCTABJIS-
€TCS Ha DKCIOPT, CPEAHEN IUIOTHOCTH, IO KA4ECTBY IPOMBICIOBOM ITOATO-
TOBKM COOTBETCTBYET l-if TpymIe u no coiepKaHuI0 CEpOBOAOPOIA U JIeT-
KHX MEpPKaNTaHOB — 2-My BUJLY.

YToOBl yIPOCTUTH 3KCIOPT, ObUTM MPUIYMaHbl HEKUE CTaHAAPTHBIC
copta He(THU, CBA3AHHBIC JTUOO C OCHOBHBIM MECTOPOXKACHUEM, JIMOO C
I'PYIION MECTOPOKICHUM.

Mapkepnvle copma nepmu — 310 copra HEPTU C OINpPENEICHHBIM
COCTaBOM, LIEHbl Ha KOTOPbIE IIUPOKO MUCTIOIB3YIOTCS MPU MOKYIIKE U MPO-
JakKe pa3IMYHbIX BUAOB ChIpOM HE(DTH ISl yI0OCTBA MPOU3BOAUTENEH U
notpebureneli HedTH. BBeneHne copTHOCTH HEOOXOAUMO B CBSI3HM C pas-
HOCTBbIO cOCTaBa HE(PTH (COAEpXKaHUSL CEPbI, PA3NTUYHOTO COJEp>KaHUS
IpyNN aJIKaHOB, HATUYKS MPUMECEH ) B 3aBUCUMOCTH OT MECTOPOXKIACHHUSL.

Crangaptom ana ueH ciayxar Heptu coproB West Texas
Intermediate (WTI) u Light Sweet (CILIA), Brent (BemukoOpuranus),
Dubai Crude (Hy6aii, O6veaunéunsie Apabckue Omupatei), Urals u
Siberian Light (Poccus), Statfjord (Hopserus), Kirkuk (Mpak), Iran Light
u Iran Heavy (Hpan).
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1.5. Knaccuduxanusi 1 CBOMCTBA TOBAPHBIX He(pTEeNpPOAYKTOB

HedrenepepabarbiBaroiiiasi mpOMBIILUIEHHOCTh BhIPA0ATHIBAET UCKITIO-
YUTENLHO OO0NbIIoN accopTuMeHT (Oosnee 500 HamMmeHOBaHHWI) Ta3000pa3-
HBIX, )KUJIKUX U TBEPJBIX HEePTEeNnpoayKToB. TpeboBaHMs K HUM BecbMa pas-
HOOOpa3Hbl U JUKTYIOTCSI MOCTOSSHHO M3MEHSIONIMMUCS YCIOBUSIMU TIpUMe-
HEHUSI WM SKCIUTyaTal[ii TOTO WJIM MHOTO KOHKPETHOTO HEPTEMPOIYKTa.

[Tockonbky TpeOOBaHUs Kak K 00beMy MPOU3BOJCTBA, TAK U K Kaue-
CTBY TOBapOB JUKTYIOT UX MOTPEOUTENH, TO MPUHATO KIACCUPUIIUPOBATDH
He(TEnpoIyKThl IO UX HA3HAYEHUIO, T. €. [0 HAIMPABJICHUIO UX HCIOJIb30-
BaHMSI B OTPACIISIX HAPOJHOIO XO3SICTBA.

Paznuyarot cienyroniye rpymmbsl HePTenpOayKTOB:

1. MotopHbI€ TOILIMBA.

2. DHepreTuyeckue TOIUIUBA.

3. Hedtansie macna.

4. VYranepoJHble U BSXKYIIUE MAaTEPUATIBL.

5. Hedrexumuueckoe chipbe.

6. HedrenpoaykTsl cienuaibHOrO Ha3HAYEHUSI.

1. MoTopHbIe TOIUIMBA B 3aBUCUMOCTH OT MPUHLIUIA pabOThl IBUTA-
TEJIEN MTOAPA3ACISAIOT Ha:

1.1. Ben3unsl (aBUAIIMOHHBIE U ABTOMOOMIIbHBIC).
1.2. PeakTUBHOE TOILIMBO.
1.3. Jn3enbHOE TOIIUBO.
2. DHEpreTUYECKUe TOILIMBA MOAPA3AEISIOT Ha:
2.1. T'azorypOuHHBIE.
2.2. KoTenbHbIe U CY10BBIE.
3. Hedranble macna nmoapasieisior Ha:
3.1. Cma3ouHnsle.
3.2. HecmazouHnsle.

Paznuyarot ciemyroniye noArpynbl CMa304HbIX MACEI:

® MOTOPHBIE JUI OPIIHEBBIX U PEAKTUBHBIX JBUTATEIICH;

® TPAHCMUCCHOHHBIEC M OCEBBIC, IPEIHA3HAYEHHBIE ISl CMA3KH aB-
TOMOOUJIBHBIX U TPAKTOPHBIX TMIOUIHBIX TPAHCMUCCUN (3yOUaThIX mepe-
Ja4 pa3IMYHbIX TUIIOB) U LIEEK OCEH >KEeJIE3HOIOPOKHBIX BaroHOB M Tel-
JIOBO30B;

® HHJYCTpUAJIbHbIE Macja, MPEeIHA3HAYECHHBIC /Ui CMa3KH CTaHKOB,
MaIlTMH ¥ MEXaHU3MOB Pa3JIMYHOTO TIPOMBIIIJICHHOTO 000pyI0BaHUs, pado-
TAIOUIMX B Pa3HOOOPA3HBIX YCIOBHUSX U C Pa3IMYHONW CKOPOCTBIO U Harpys-
koH. [1o 3HaueHuIO BA3KOCTU MX MOAPA3IEISIOT Ha JIETKME (IIBEHHOE, cera-
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paTopHOe, Ba3eIMHOBOE, MPUOOPHOE, BEPETEHHOE, BEJIOCUT U JIp.), CPEIHUE
(V11 CpeaHMX PEXKUMOB CKOPOCTEM M HArpy30K) W TsDKEJble (IUIsl CMa3Ku
KpaHOB, OYpOBBIX YCTaHOBOK, 000pY/I0OBaHUS MAPTEHOBCKUX MEYEi, MpoKat-
HBIX CTaHOB U JIp.);
® DSHepreTuyeckue macia (TypOMHHBIE, KOMIIPECCOPHbIE U ITWIJIMH/I-
POBBIE), MPEHA3HAYCHHBIE JI1 CMa3KH SHEPreTUYECKUX YCTAaHOBOK U Ma-
HIMH, pa0OTalOMINX B YCIOBUSX Harpy3Ku, MOBBILIEHHOW TEMIEpATyphl U
BO3JICUCTBUS BOJIBL, I1Apa U BO3AyXa.
HecMazounsle (crienuanabHble) Macia MpeAHa3HAuYeHbl HE ISl CMa3-
KM, a JIJIsl IPUMEHEHHS B KaUeCTBE pab0YuX KUJKOCTEN B TOPMO3HBIX CHC-
T€Max, B NapOCTPYHHBIX HACOCAX W THAPABIMYECKUX YCTPONCTBax, B
TpaHchopMaTopax, KOHACHCATOPAX, MACIOHAMOJIHEHHBIX 3JEKTPOKaOemsixX
B KQYECTBE AJICKTPOU3OIHUPYIONIEH cpelibl (TpaHCc(hOpMaTOpHOE, KOHIEHC Ca-
TOPHOE, TUJPABINYECKOE, BaKyyMHOE). K HUM ke OTHOCSTCS Ba3€IMHOBOE,
MEJUIIMTHCKOE, Map(IOMEPHOE U IPyTrHe Macia.
4. YriepoaHbIe U BSDKYIINE MaTepUaiibl BKIIIOUAIOT:
4.1. HedTsaHble KOKCHI.
4.2. butymsl.
4.3. Hedrsnble neku (CBA3yrOUIUE, TPONUTHIBAIONINE, OPUKETHEIE,
BOJIOKHOOOPA3yIOIME U CHEUAIILHBIC).
5. Hedrexumuueckoe cbipbe. K 3T0i rpynmne MoXHO OTHECTH:
5.1. Apensl (0€H301, TOJTyOJI, KCUIIONBI, HAadTaIuH U Jp.).
5.2. Coipbe qi1s1 nupoJimsza (HedTe3aBOJCKUE U MOMYTHBIE HEd-
TSHBIE Ta3bl, MPSIMOTOHHBIE OCH3MHOBBIE (paAKIMK, AJKEHCOJEpIKaIINe
rassl 1 Jp.).
5.3. Ilapadunbl u uepe3unsl. BoipabaTbiBaloTCs Kak *KUAKUE Mapa-
(GuHBI, TTOTy4aeMble KapOaMHUIHON U aACOpPOIMOHHON JenapapuHu3amen
HEPTSHBIX JUCTUIUISTOB, TaK W TBEpJible MapaduHbl, NOJy4aeMble NpHU Je-
napadunnzanuu Macen. Kujakue napaduHbl SBISIOTCS ChIPhEM IJISL MOJTY-
YeHUs OEJIKOBO-BUTAMUHHBIX KOHIIEHTPATOB, CHHTETUYECKU-)KUPHBIX KH-
CJIOT ¥ TOBEPXHOCTHO-aKTUBHBIX BellecTB (IIAB).
6. HedrenponykTel criennaibHOTO Ha3HAYEHUSI MOAPA3ACIISIOT Ha:
6.1. Tepmorazoins (11 MPOU3BOJICTBA TEXHUYECKOTO YIJIEPOAA).
6.2. KoHcucteHTHble cMa3kud (aHTU(PUKUIHUOHHBIC, 3allUTHHIE U
YIUIOTHUTEJIbHBIE).
6.3. OCBETUTEIBHBIN KEPOCHH.
6.4. [Iprucanku k TOIIMBaM U Macjam, A€3MYJIbraTOPBbI.
6.5. DneMeHTHas cepa.
6.6. Bogopon u np.

23



B notpebnenuu HedTenpoaykToB 6osee 50 % B HacTosIee Bpems
COCTaBIIAIIOT MOTOPHBIE TOIUIMBA. Tak, €XKEroJHO B MHUpE HoTpediisiercs
6ornee 1,5 Mipa T MOTOPHBIX TOIUIMB, C)KMIA€MbIX B MHOTOMMJITMOHHBIX
JBUTATEISIX BHYTPEHHEr0 CropaHus, YCTaHOBJICHHBIX B aBTOMOOMWJIbHBIX,
KEJIE3HOJOPOKHBIX U aBUALMOHHBIX TPAaHCIIOPTHBIX MallMHAaX, PEYHbIX U
MOPCKHMX CYIax, CEIbCKOXO35MCTBEHHOM, CTPOUTENBHOW, TOPHOPYAHOU U
BoeHHOW TexHuke. EcrectBenHo, B crpyktype HII3 mpeobnanaior TexHo-
JIOTUYECKHUE MPOLECCHI MO MPOU3BOACTBY MOTOPHBIX TOILIUB, & TAK)KE MO-
TOPHBIX Macell.

Bcio COBOKYMHOCTh CBOMCTB HE(PTENPOAYKTOB, ONPEACISIONUX HX
Ka4eCTBO, MOXKHO MOJPA3AEIUTh Ha CIEIYIOLIUE TPU TPYIIIbL:

®  (PU3MKO-XMMHUYECKHUE;

® OSKCIUTyaTallMOHHbIE;

® TEXHHUYECKHE.

K ¢usuxo-xumuueckum OTHOCSTCS CBOMCTBAa HE(TEMPOTYKTOB, Xa-
pPaKTEepPU3YIOIIME COCTOSIHUE U COCTaB HE(PTENPOAYKTOB (TUIOTHOCTH, dJe-
MEHTHBIM, (PPAKIIMOHHBI U TPYIIOBOM YriIeBOJOPOJIHBI COCTaBbI, BA3-
KOCTb, TEIJIOEMKOCTh U T. A.). OHM MO3BOJISIIOT KOCBEHHO CYJIHUTh O TOM
WM MUHOM 3KCIUTyaTallMOHHOM cBoiicTBe. Hampumep, no (pakimonHomy
COCTaBY CYAST O MMYCKOBBIX CBOMCTBaX OCH3WHOB, IO IMJIOTHOCTU PEAKTHUB-
HOT'O TOIUIMBA — O JAJIBHOCTH IOJETA U T.[I.

IKenayamayuorHvle C80UCMBa Hepmenpodykmos TpPU3BaHbl 0Oec-
IIEYUTh HAJIEKHOCTh U SKOHOMUYHOCTB AKcIutyaTauuu JIBC, MamuH u me-
XaHU3MOB, XapaKTEPU3YIOT MOJIE3HBINH 3P(EKT OT MX HCIOJIb30BAHUS MO
HA3HAYCHUIO W OMNPEACIAIOT 00JacTh UX MPUMEHEHHs (Hampumep, hcma-
pPSAEMOCTb, TOPIOYECTh, BOCILNIAMEHSAEMOCTb, JETOHAIMOHHYIO CTOWKOCT,
IPOKAYUBAEMOCTh, CMa304HYIO CIIOCOOHOCTD U JIp.).

Texnuueckue ceoticmea Hegpmenpodykmos (puznueckas U XUMHUYE-
CKasi CTaOMJIbHOCTh, TOKCUYHOCTb, MOXKapo- U B3PBIBOONACHOCTh, KOPPO-
3MOHHAsl aKTUBHOCTb W JIp.) HPOSBIISIFOTCA B MPOLECCAX UX XPaHEHHS,
TPAHCIIOPTHUPOBAHHUS U ITTUTEIbHON 3KCIUTyaTalllH.
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l.

KOHTpOJIle)Ie BOIIPOCHI U 3a1aHUA

HazoBurte cTpaHbl, 3aHHUMAIOINIKUE JIMIUPYIOIIUE MECTa MO 3ara-

caM He(TU U IPUPOHOTO raza.

2.

WX kW

10.

Ha3osure MecTa 3aneranus yriaieBoaopoaoB B IPUPOJIE.

KakoBa cTpyKkTypa aHTUKIMHAIBHOW CKIAIKU?

[lepeuncanTe TUIBI YTIIIEBOJOPOIHBIX 3AJICIKEH.

YTo Ha3pIBaeTCS JABJICHUEM Hadaia KOHACHCAUu?

Yro nmpeacrasusieT codboit HeTh?

[IpuBeauTe MOJEKYISAPHBINA COCTaB HEPTH.

Yro HazbiBaeTcs (pakuusiMu HedTr?

Kak knaccudpuuupyrorcst HeTu 1o yriieBoJOpOJIHOMY COCTaBy?
[lepeuncnuTe BEIMUYMHBI, ONPEIEISIONINE OCHOBHBIE (PU3NYECKUE

CBOMCTBa HEPTH.

11.
12.
13.
14.

YTO MOHUMAIOT MOJI OTHOCUTEJILHOU TIJIOTHOCTHIO HEe(TH?

Kak onpenensercs Tekyuectb HeQTH?

B uem usmepsiercs Bsaskocth Hegtu B cucteme CU u CI'C?

Kak BnusitoT Ha BsI3KOCTh HeTH TemiiepaTypa U KOJIHMYECTBO

PacTBOPEHHOTO B HEMl ra3a?

15.
16.
17.
18.
19.
20.
21.

KakoBo Ha3HaueHUE BUCKO3UMETpa DHIIIepa?

Kak onpeaenuts 00beMHbIH K03 PuIeHT maactoBoit HedTH?
Kak onpeaenuts ycanky Hedru?

Yro npencraBisieT co0oii JaBjIeHUE HACKIICHUs HeTH ra3om?
Yro nmpeacrasiusieT coooi ra3oBbii hakTop?

Yo nmpencrasisieT coO0M MPUPOIHBIM Ta3?

[lepeuncnuTe BEIMUYMHBI, ONPEIETSIONINE OCHOBHBIE (PU3NYECKUE

CBOWCTBA ITPUPOJHOTO Tasa.

22.

rasa?

23.

neaue?

24.
25.
26.
217.
28.
29.
30.
31.

UTO NMOHMMAKOT MOJ OTHOCUTEIIBHOM IUIOTHOCTBIO MPUPOIHOTO
Kak BiMsSIOT Ha BSA3KOCTH NMPUPOHOrO Ta3a TEMIEpaTrypa 1 J1aB-

Yro nmpeacrasiusieT coooi Kod(pPUIUEeHT CKMMaeMoCTy raza?
UTo Ha3bIBAETCSA KPUTUYECKOU TeMIIEPaTypOr MPUPOHOIO raza?
YTo HaA3BIBAETCS KPUTHUECKUM JIaBJIIEHUEM IIPUPOIHOIO ra3a?
Yro npencraBisieT co00i TEMI0EMKOCTh ra3a?

[lepeuncnure knaccudukanuu HepTe.

[lepeuncnure MapKepHbIE COpTa HEPTH.

B uem cyTh xumuueckoil kinaccupuxanuu HeQreit?

[IpuBeauTe Kiaccuukanuio TOBAPHBIX HEPTETIPOIYKTOB.
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2. BYPEHUE HE®TSAHBIX U 'A30BbIX CKBAKUH
2.1. O0mue cBeeHUs M KiaaccuGUKaMs CKBAKUH

Ckearcunoll Ha3bIBACTCS TUIMHAPUYECKAsi TOpHAs BBIPAOOTKa (BEp-
TUKaJIbHAs WM HAKJIOHHAs) TJIYyOMHOM OT HECKOJbKUX METPOB [0
HECKOJIbKMX KWJIOMETPOB M JUAMETPOM CBBIIE 75 MM, COOpyXaemas B
TOJILIE TOPHBIX MOPOJI.

Bypenue ckeajxcunbvt — 3T0 TEXHOJIOTMYECKUN MpOLIECC YIIIyOaeHus
B TOJIIY TOPHBIX MOPOJ MYTEM WX HAMPABICHHOI'O PAa3pyLICHHS CHELH-
aJIbHBIM UHCTPYMEHTOM.

CkBaXUHBI OYypsT Ha Cylle U Ha MOpPE MPHU MOMOUIU CIEHUATbHBIX
OypOBBIX ycTaHOBOK. HempepbIBHBIN pocT 100bIYM HE(THU U ra3za BO3MO-
’KEH JIMIb TPU YCIOBUM OYpEeHHsI ThICSY CKBAXKUH, 00€CIIEUMBAIOIIUX Pa3-
BEJIKY U BBOJI B OKCILTyaTallMIO I€CATKOB HOBBIX HE(TSHBIX U ra30BbIX Me-
CTOPOKICHUM.

DneMEeHTBI CTPYKTYpPbI CKBaKUHBI (pHcC. 2.1):

1) ycmve — nepeceuenue Tpacchl OypoBOM CKBaXHHBI C JTHEBHOM
MOBEPXHOCTHIO;

2) 3a6oii — 1HO OypOBOM CKBaKUHBI, TIEpEMEIIAIoieecs B pPe3yibTa-
T€ BO3JCUCTBUS MTOPOJOPA3PYIIAIOIIETO HHCTPYMEHTA HA MOPOJY;

3) cmenka — 60KOBasi MOBEPXHOCTh OYPOBOM CKBa)KUHBI;

4) ocb ckearxcunvl — BOOOpakaeMasi JTUHUS, COCTUHSIONIAs IEHTPbI
MOTNIEPEYHBIX CEUCHUN OYpOBOM CKBAKHHBI;

5) cmeon ckeaxcunpl — IPOCTPAHCTBO B HEJIpax, 3aHUMaeMoe 00-
CaJIHOM KOJIOHHOM;

6) ob6caonasa KONOHHA — KOJOHHA COCIMHEHHBIX MEXIY CO00M 00-
CaJHbIX TPYO, MpeIHA3HAYCHHBIX Ui YKPEIUUICHUSI CKBaKUHBIL;

7) uemenmmuoe Koibyo — IEMEHTHBIN PACTBOP, 3aKAYaHHBIN MEXTY
CTEHKOM M 00CaHOM KOJOHHOM C IEJIbI0 TepPMETH3AINN CKBAYKUHBI.

VYriyOneHne CKBaKUHbBI OCYILIECTBIISIETCS MyTEM pa3pylleHHs Mopo-
IIbI TIO0 BCEW TLIOMIanu 3a00s (cniaouwinoe dypenue) Wiu 1o ero mnepude-
puiiHON YacTu (KoJionkoeoe Oypenue) (puc. 2.2). B nociennem ciydae B
LEHTPE CKBAXXUHBI OCTACTCS KePH — UWIUHAPUYECKUN CTOJIOUK MOPOJIBI,
KOTOpBII TMEPUOJIMYECKH MOJHUMAIOT Ha TMOBEPXHOCTh MJisi H3yUCHHUS
MPOWAECHHOTO pa3pe3a MOpoI.

Paccrosinue ot ycThs 10 320051 IO OCH CTBOJA — JIJIMHA CKBAXKUHBI L,
a 10 MPOEKIIMK OCH Ha BEPTUKAJIb — €€ I1yOuHa H.
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Puc. 2.1. Cxema cTpyKTypbl CKBaXKUHbI:
1 — ycThe CKBaXKUHBI; 2 — 32001 CKBaXXHHBI; 3 — CTCHKA
CKBA)KUHBI;, 4 — OChb CKBa)KMHBI;, 5 — CTBOJI CKBa)KUHBI;
6 — oOcajHas KOJOHHA; / — [IEMEHTHOE KOIBIIO

Puc. 2.2. Cxema yrity0sieHUs] CKBaKUHBI:
a — CIUIOIIHOE; 6 — KOJIOHKOBOE

CkBaXuHBI, JJI1 KOTOPBIX MPOEKTOM MpeaycMaTpHUBaeTCs OmNpenie-
JIEHHOE OTKJIOHEHHE 320051 OT BEpPTUKAJIM, a CTBOJI POBOJIUTCS IO 3apaHee
3aJJaHHOW TPAaeKTOPUH, Ha3bIBAIOTCS HAKIOHHO HANPAGIEHHbIMU.

HakJioHHBIE CKBa)KMHBI OypsT, KOTJla MPOAYKTUBHBIC TUIACTHI 3aJie-
rarloT MOJi aKBaTOPUSIMU MOPEH, 03ep, PEK, MOJ TEPPUTOPUSIMU HACEIICH-
HBIX MTYHKTOB, MPOMBIIUIEHHBIX OOBbEKTOB, B 3a00J0YEHHON MECTHOCTH, a
TaKKe JUIsl YICIIEBICHUS! CTPOUTENIBCTBA OYPOBBIX COOPYKEHUHM.
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B nocnennue roapl Bce OoJIblIee pacpoOCTPAHEHUE TOIYyYalOT BEP-
TUKAJIbHBIC U HAKJIOHHBIE CKBAYKUHBI, UMEIOIINE TOPU3OHTAIIbHBIE OKOHYA-
HUs OOJIBIION MPOTSKEHHOCTU. DTO JENaeTCs 715l TOTO, YTOObI YBEIUYUTD
IJI0LIaAb MOBEPXHOCTH, Yepe3 KOTOPYIO B CKBXKHUHY MOCTyMHaeT HEPTh, U
COOTBETCTBEHHO YBEJIUYUTH J1€OUT.

Kpome coBepiiieHCTBOBaHUSI TEXHOJOTUU pa3pabOTKU HEPTSIHBIX U
ra3oBbIX MECTOPOXKICHHUIM HAKIOHHO HaINpaBJICHHbIE CKBaKUHBI 3 dek-
TUBHBI BO MHOTHX JIPYTUX CIIydasx:

v’ 1ipu OypeHur B 00X0,1 OCIOKHEHHBIX 30H TOPHBIX MTOPOI;

v’ 1pu OypeHHH 110/ HEJOCTYITHBIE WM 3aHSThIC PA3IMYHBIMU 00b-
€KTaMHU y4aCTKH 36MHOU MOBEPXHOCTH;

v’ [IpH TIyIIEHUH OTKPBITHIX (JOHTAHOB;

v/ [IpH BCKPBITHU KPYTOIAaIOIINX IIACTOB U T.]I.

[lepBoouepenHpiMi  OOBEKTAMU HCHOIB30BAHUS HAMPABICHHBIX
CKBAXXUH SIBJISIOTCS:

® MOPCKHE MECTOPOXKJEHUS YTIIEBOOPOIOB;

® MECTOPOXACHHUS Ha TEPPUTOPUH C OTPAHUUYEHHON BO3MOXKHO-
CTBIO BeJIeHUs1 OYpOBBIX padoT;

® 3aJIe)KM BBICOKOBSI3KMX He(pTEeH NpU ECTECTBEHHOM pPEXHUME
buneTpauy;

® HU3KOIPOHHUIAEMbIE, HEOJHOPOIHBIE TIACTHI — KOJIJIEKTOPHI Ma-
JIOM MOIIIHOCTH;

e kapOOHATHBIEC KOJUIEKTOPHI C BEPTUKAIBHOU TPEIIMHOBATOCTHIO;

e [iepeciaMBalONIMecs 3aJIeXu HeTU U rasa, 3aJeKd Ha MO37HeH
CTaJuM pa3pabOTKH.

B ckBaxxuMHy CIyCKarOT clieluajibHble TPYyObl — 00CaHble KOJOHHbI
OIIPEICIICHHOTO Ha3HAUYCHUS: HanpaeneHue, KOHOYKMop, nPOMedcymou-
Hble KOJIOHHbL, IKCNIAYAMAWUOHHAA KOJIOHHA.

[lon Koncmpykyueil ckeéarcunpl TTOHUMAETCS COBOKYITHOCTH JlaH-
HBIX O YHUCJIe U pa3Mepax (Juamerp U JUiMHa) 00CaJHbIX KOJIOHH, JUaMeT-
pax CTBOJIa CKBaXXMHBI O]l KAKIYIO KOJIOHHY, MHTEpBaJlax IEMEHTUPOBa-
HUS, @ TAKXKE 0 cCrloco0ax U MHTEepBajiaX COCAMHEHHS] CKBAKUHBI C MPOYK-
TUBHBIM 1acToM (puc. 2.3). Ha paboueli cxeme KOHCTPYKIIUA CKBa>KUHBI
(puc. 2.3, 6) BBepXy HaJ KaXIbIM PSIAOM 00CaIHBIX KOJIOHH MUILETCS JaUa-
MeTp (MM), a BHU3Y — I1yOrHa (M) TpyOBI; HHTEpBAJ MOIbEMa IEMEHTHOTO
pacTBOpa 0003HAaYAETCS IMITPUXOBKOM, BBIIIIE KOTOPOM OTMEYAETCS BBICOTA
€ro NoJabeMa; MHOTIa MPUBOAUTCSI HOMEP J10JI0TA.
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Puc. 2.3. CTpyKTypa CKBaKUHBI:
a — npoduib CTBOJNA; 6 — paboyas cxema

Hanpaenenue criyCKaeTcsi B CKBOXUHY JJI NMPEIYNPEKICHAS pa3-
MbIBa U OOPYIIEHUs] TOPHBIX MOPOJ BOKPYT YCThsl MpU OYpEeHUM MOJ KOH-
IYKTOp, a TaKXkKe JJi1 COCAUMHEHUS CKBAaXXUHBI C CUCTEMON OYMCTKH Oypo-
BOro pactsopa. KoJiblieBO€ MpOCTpPaHCTBO 3a HAINPABICHUEM 3aIlOIHSIOT
10 BCEU JUIMHE MAMHOHANCHBIM UeMeHmMHbIM pacmeopom. HanpasieHue
CIIyCKalOT Ha MIyOMHY OT HECKOJBbKUX METPOB B YCTONYMBBIX MOPOJAX 0
JECSATKOB METPOB B 0OJIOTAX U WIIUCTHIX IPYHTAaX.

Konoykmopom oObIMHO NEPEKPHIBAIOT BEPXHIOK YacTh I'eoJioruye-
CKOro paszpe3a, rie MUMEKTCd HEYCTOWYMBBIE MOPOJBI, IUIACTHI, IOTIJIO-
njaroniue OypoBOW pacTBOpP WJIM MPOSBIAIONIME, MOAAIONIME HAa MOBEpPX-
HOCTb IIACTOBBIEC (DIIIOUJIBI, T.€. BCE TE€ MHTEPBAJIbI, KOTOPbIE OYAYyT OC-
JIOKHATH MPOLECC NajbHENIIero OypeHus U BbI3bIBATH 3arpsi3HEHUE OKPY-
Karolel mpupoaHou cpeabl. KoHAYKTOpoM 00s3aTelbHO JOJKHBI OBITH
IIEPEKPBITHI BCE IJIACTHI, HACBILIEHHBIE ITPECHOW BOnoM. KoHaykTOop ciy-
KUT TaKXKe NIl YCTAaHOBKU MPOTHUBOBBIOPOCOBOTO YCTHEBOTO 00OOPYIOBa-
HUS U TIOJIBECKHU MOCTEeAYIOIUX 00CaHbIX KOJOHH. KOHIYKTOp ciycKaroT
Ha MIyOMHY HECKOJBKUX COTEH METPOB. {715l HaJIe)KHOTO pa300IleHus a-
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CTOB, MPUJAHUS JOCTATOYHOW MTPOYHOCTH U YCTOWUUBOCTH KOHAYKTOD IIe-
MEHTUPYETCS 1O BCel mmHe. HU3 KOHIyKTOpa, Kak U HU3 BCEX CIIyCKae-
MBIX MOCTI€ HETO KOJOHH, 3aKaHUYMBAETCS KOPOTKOW YTOJIIEHHON TPYyOOH,
Ha3bIBAEMOU DamimMaKkom.

Ilpomestcymounvie (mexnuueckue) KoJa0HHBI HEOOXOIUMO CITyC-
KaTbh, €CJIM HEBO3MOXXHO MPOOYPUTH 10 MPOEKTHOW IIyOHHBI O3 mpejBa-
PUTEIBHOIO Pa300IleHUs 30H OCIOKHEHUM (mposiBiieHui, oOBasoB). Pe-
ImeHue 00 WX CIyCKe MPUHUMAETCS TOCIe aHallhu3a COOTHOIIEHUS JaBJie-
HUMW, BOSHUKAIOIINX MPU OYPEHUHN B CUCTEME «CKBaKUHA — TLTACTY.

IKcnayamayuoHHaa KOJI0OHHA CITyCKAETCsl B CKBOXXHUHY JIJISl U3BJIE-
yeHus HedTH, ra3a WM HarHETaHUS B MPOAYKTUBHBIN TOPU30HT BOJBI HIIH
rasa c IeJIbI0 MOJIJIEPKaHus TIaCTOBOTO JaBlieHus. Beicota mogbema Tam-
MOHAXHOTO PacTBOpa HaJ KPOBJEH MPOIYKTUBHBIX TOPU30HTOB, a TaKXKe
YCTPOMCTBOM CTYIIEHYATOTO IIEMEHTHUPOBAHUS WM Y3JIOM COCIUHEHUS
BEPXHUX CEKIMM OOCAJHBIX KOJOHH B HE(QTAHBIX M Ta30BBIX CKBAKHHAX
JIOJIKHA COCTaBIIAITHL coOTBeTCcTBEHHO HEe MeHee 150 — 300 m u 500 M.

Kononna, mepexpsiBaroias HEKOTOPBIM HMHTEpBal 0O€3 BBIXOJA K
YCTBIO CKBAKWHBI, HA3bIBAETCA X60CHIOBUKOM (HOMAUHOU KOJIOHHOIL).
XBOCTOBHUKH 9aCTO MPUMEHSIIOT IIPH KPETUICHUH TTTyOOKUX CKBAYKHUH.

Knaccugpuxayus negpmanwix u 2azoswvix ckeasxicun. CKBaOXUHBI MOXKHO
KJIacCU(UIIMPOBATh IO Ha3HAUYCHUIO, TPOGUITIO CTBOJIA U (PUIIBTPA, CTETICHH
COBEPIIIEHCTBA U KOHCTPYKIMHU (UIBTPA, KOJUYECTBY OOCAIHBIX KOJOHH,
PacMoJIOKEHUIO Ha TIOBEPXHOCTH 3€MJIH U T.1I.

[To Ha3HAYEHHIO PA3TNYAIOT CKBAKUHBI:

OTIOPHBIE;
napaMeTpu4eCcKue;
MIOMCKOBBIC;
pa3BeIOYHEIE;
AKCIUTyaTallMOHHBIE;
CrielhaJIbHbIE.

Onopnosle ckeéax»cuHpl TPOSKTUPYIOTCS C 3a7a4€il M3y4eHUs] OCHOB-
HBIX YepT TIIyOMHHOTO CTPOCHHUS MaJOMCCIICIOBAHHBIX KPYIMHBIX PETHO-
HOB, OMpeeNICHUs OOINUX 3aKOHOMEPHOCTEH cTpaTUrpaduieckoro u Tep-
PUTOPUATILHOTO pacmpeielieHUs] OTJIOKEHUM, OJaronpusTHBIX 11 HedTe-
ra3oHakorieHus. B mporiecce M 1o OKOHUYaHMHM OypeHHS B CKBOXKHHAX
MIPOBOJIUTCSI KOMIUIEKC HCCJIEAOBaHUM, MPEIYCMOTPEHHBIX CHEIHATbHOM
WHCTpYyKIMeH. B pe3ynbrare onmopHOro OypeHus: JaeTcsi OIleHKa MPOTHO3-
HBIX 3aITacoB HE(PTH M Ta3a.
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Hapamempuueckue cKeax cuHvl 3aKIaABIBAIOTCS I U3YYCHUS TITy-
OMHHOTO CTPOCHUS M CPABHUTEIHHOW OIEHKHU MEPCTIEKTUB HePTEra30HOC-
HOCTH BO3MOJKHBIX 30H He(TerazoHakoruieHus. B oTimuue oT OmopHBIX
CKBAXUH B IIENIAX YCKOPEHHS MOMCKOBBIX paOOT M CHUKEHHUS UX CTOMMO-
ctu 0e3 ymiepba JJIsl peleHruss OCHOBHBIX T'€OJIOTMYECKUX 3a7a4 3TH CKBa-
KUHBI OypATCS ¢ COKpalIeHHbIM OTOOpPOM KepHa. B pesynbrare OypeHus
MapaMeTPUIECKUX CKBAKUH MOTYT OBITh YTOUHEHBI MPOTHO3HBIC 3aMMachl U
BBISBJICHBI 3amackl HePTH U raza kareropuu Co.

Iouckoevle ckeadxcunpl TIPOSKTUPYIOTCA TIO JIaHHBIM TapaMeTpuye-
CKOTO OypeHHs U reopu3ndeckux padoT JJis BBIACHEHUS HAJIUYUS WK OT-
CYTCTBUS 3aJieKel HE(PTH U Ta3a Ha HOBBIX IUIOMIAISMX U BBISBICHUS HOBBIX
3aJieKel Ha pa3pabaThIBAEMBIX MECTOPOXKACHUAX. [Ipu MpoBOIKEe CKBAKUHBI
MIPEeIyCMATPUBAIOT TTOJIHBIN OTOOP KEPHA B MpeEJIesiaX BO3MOXKHO MPOTYKTHB-
HBIX TOPU30HTOB W Ha TPAHMIAX CTPATUTPaAUUECKUX PA3/EIOB, a TaKKE
MIPOBEJICHNE KOMIUIEKCA MPOMBICIOBO-T€O(DU3NIECKUX UCCIICIOBAHUNA U OII-
poOOBaHME BO3MOXKHO MPOITYKTHUBHBIX TOPU30HTOB. B pesynbrare OypeHus
MTOMCKOBBIX CKBKUH MOTYT OBITh OIpeieNneHbl 3anachl kateropuit C; u C,.

Pazeedounvie ckeaxcunpl OypsSTCs Ha TJIOMIAAX MOCIE BBISBICHUS
MpU MOUCKOBOM OypeHun ux HedTerazoHocHoctu. Ha mepBoit craauu
(mpenBapuTenbHas pa3BeqKa) I€Jib OypeHUs TaKuX CKBaXMH — OIICHKA
MPOMBIIIJIEHHOTO 3HAYEHUSI MECTOPOXKICHHM (3aliekel) U COCTaBJICHHE
TEXHHKO-DKOHOMHYECKUX A0KIanoB (TD/]) 00 3xoHOMHUYECKO# 11e71ec000-
Pa3HOCTU UX Pa3BEIKH. 3ajlaya BTOPOW CTaauu (JAeTaibHas pa3BenKa) Imo-
cie yrBepxaeHus TO]] — noAroToBka 3amacoB MPOMBIILICHHBIX KaTErOpHil
(A + B + C) u coop UCXOAHBIX JAaHHBIX JJIsi COCTaBIEHUS MPOEKTOB pa3pa-
OOTKH MECTOPOXKISHUM (3ajexKeit).

[Ipu OypeHun pa3BeNOYHBIX CKBRKHH MPEIYCMATPUBAIOTCS OTOOP
KepHa B Mpenesiax MPOAYKTHUBHBIX TOPU30HTOB, MPOBEICHUE KOMILIEKCA
MIPOMBICIIOBO-T€O(U3UYECKUX HCCIICIOBAHUN, B TOM YHCJIE OTOOp KepHa
OOKOBBIM TPYHTOHOCOM M OIMPOOOBAaHME TOPU3OHTOB, BKJIOYAs MPOOHYIO
sKcIuTyaTanuio. [IpoayKTUBHBIE pa3BeOYHbBIE CKBAKUHBI HA MECTOPOXKIC-
HUSX, BBOJMUMBIX B pa3paboOTKy, epeaatroTcs B (POH]T SKCIUTyaTallUOHHBIX.

IKcnayamayuonHnsle CKea)3cuHovl OypsSTCS B COOTBETCTBUU C TIPOCK-
TaMH pa3pabOTKu HE(TAHBIX U Ta30BBIX MECTOPOXJeHUM. B 3Ty Katero-
pUIO BXOJAST TaKKE€ HarHeTarejbHbIC, OICHOYHbIC, HAOJIOMATEIbHBIC U
MbE30METPUUECKUE CKBAXUHBI. DKCIUTyaTallMOHHBIC CKBAXKUHBI MpETHA-
3HAUEHBI JJIA U3BJIeUeHUs He()TU U Ta3za u3 pazpadaTbiBacMoil 3aJIexu; Ha-
rHETaTeIbHbIC — JIJIs1 3aKaYKU B MPOYKTUBHBIN IJIACT BOJIbI, Ta3a WUITU BO3-
TyXa; OIEHOYHBIC — JIJI OIEHKH KOJUIEKTOPOB MPOAYKTHUBHBIX TOPU30HTOB;
HaOII01aTeIbHBIE U MhE30METPUUYECKUE — JIJISi CUCTEMAaTUYECKOro HaoIIto-
JICHUSI 3a U3MEHEHUEM JIaBJICHUS, BOJOHE(TSIHOTO KOHTAaKTa B IPOIIECCEe
IKCIUTyaTalliyd CKBAKUHBI.
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B HedTsHOW M ra3oBOil MPOMBINUIEHHOCTH OYpPSTCS TakkKe cheyu-
a/lbHble CKEAMNCUHBL, KOTOPBIE NPEAHAa3HAUEHBI 17151 cOpoca MPOMBICIOBBIX
BOJI, JIMKBUJAIIUU OTKPHITBIX (POHTAHOB HE(THU U Ta3a, MOATOTOBKU CTPYK-
TYp JUIsl IOJI3EMHBIX Ta30XPaHWIIMI] U 3aKAYKU B HUX ra3a, pa3BeJKd U J10-
ObIYM TEXHUYECKUX BO/I.

2.2. O6opynoBanue Ajisi OypeHusi He(PTAHBIX U Fa30BbIX CKBAKUH

B kauectBe 00OpynOBaHuUs NSl MPOKIAJIKH CKBaXXUH HCIOJb3YETCS
OypoBasi yCTaHOBKa, MpeAHA3HAUYCHHAS IS yEp KaHUsl Ha BECy OypHIIb-
HOI1 KOJIOHHBI, €€ MO0JJauH, CITyCKa, MOIbeMa U HapalluBaHUsl.

Byposasa ycmanoska — 3>T0 KOMIUIEKC HA3€MHOTO OOOpYAOBaHUSA,
HEO0OXOIUMBIH JIs1 BHITIOJHEHUS ONEpalfii MO0 MPOBOAKE CKBAXUHBI, B CO-
CTaB KOTOPOT'O BXOMST:

1) OypoBas BbIIIKA;

2) oOopynoBaHHe JJIs CITyCKOIOABEMHBIX OMepalnii;

3) OypwibHOE 000pYAOBaHUE;

4) cunoBO# NPUBOL;

5) UMPKYNISIMOHHAS cUcTeMa OypOBOIrO MPOMBIBOYHOI'O PACTBOPA;

6) NPUBBILICYHBIE COOPYKEHHUSL.

B T'OCT 1629389 Bxmtouensl 11 kmaccoB OypOBBIX YCTaHOBOK,
IJIaBHBIMU TapaMeTpaMH KOTOPBIX SBIIIIOTCS JOIMycKaeMas Harpys3ka Ha
KPIOKE M YCJIOBHBIN Juana3oH riyouH Oypenusi. COOTBETCTBEHHO B MK (pe
HOBBIX OYpOBBIX YCTAHOBOK YKa3bIBalOT YCJIOBHYIO IIyOMHY OypeHus u
JOIyCKaeMylo Harpy3ky Ha kpioke (Hampumep, bY1600/1000Y). K Baxk-
HBIM OTJIMYUTENIbHBIM MPU3HAKaM, yKa3bIBaeMbIM B mudpe OypoBo# ycTa-
HOBKH, OTHOCSITCS THUII CUJIOBOro npusoja (Il — ausenbusiid, I — nu3zens-
rujpaBiuueckuii, [IDP — nu3enb-3JIeKTpUYECKUN peryiupyeMblid, D —
AIEKTPUYECKUN Ha IepeMeHHOM Toke, DI — anekTprudeckuili Ha TOCTOSH-
HOM TOKE U JIp.) U MOHTaXECIIOCOOHOCTh OypoBOil ycTaHOBKH (Y — yHH-
BepcaibHasi MOHTaXECIIOCOOHOCTB ).

B xomrmuiekTHbIe OypOBBIE YCTAaHOBKH BXOJIAT OypoBOE 00OpyI0Ba-
HUE U COOPY>KEHHUS, 000pYyJOBaHUE CUCTEMbI LIUPKYJISIUU OypOBOIro pac-
TBOpa B CKBaKHHE, €r0 OYHCTKU OT BHIOYPEHHOU MOPOJBI U ras3a, BoccTa-
HOBJICHHSI €r0 CBOMCTB, KOMIUJIEKC MEXaHU3MOB JIJI1 aBTOMATU3AIMH CITyC-
konoabeMHbIX oneparmu (ACII), perynstop nmojgayu 100T1a U JIp.

Ha puc. 2.4 nokasan o01muii BUI M COCTaB, a Ha puc. 2.5 mpuBecHa
CTPYKTypHasi cxema OypOBOI YCTaHOBKHM MJisi TJIyOOKOTO BpAalIATEIbHOTO
OypeHHsI C MPOMBIBKOM CKBaKUHBI OYPOBBIM ITPOMBIBOYHBIM PACTBOPOM.
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Puc. 2.4. O6muii Bug OypoBOi yCTaHOBKH:
1 — nonoT0; 2 — HAAAONIOTHAS YTSHKEJIICHHAS
OypwibHas TpyOa; 3 — NEPEBOIHUK;

4 — nentparop; 5 — My(QTOBBII IEPEBOIHUK;
6, 7 — yTsDKEJICHHbIE OypHIIbHBIE TPYOBI;

8 — nepeBoHUK; 9 — IpEeNOXPaHUTEIBHOE
K0JIb110; /(0 — OypuiibHBIE TPYOBI;

1] — ipe1oXpaHuTENbHBIA IEPEBOIHUK;
12, 14 — nepeBOAHUKY ITAHTOBbIE HIKHUN U
BepxHUH; /3 — Benyuas Tpyo0a;

15 — nepeBOIHUK BEPTIIOTra; /6 — BEPTIIIOT;
17 — crosik; 18 — nutanr; 19 — Kprok;

2(0) — TaneBbId 0J10K; 2/ — BBIIIKA;

22 — KpoHOJIOK; 23 — peayKTop;

24 — nebenka; 25 — poTop;

26 — 1UIaMOOTAENNTENb; 27 — OypoBOil Hacoc
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Puc. 2.5. CtpykrypHas cxema 0ypoBOi yCTaHOBKHU:
1 — nepeBOAHMK K LEHTpaTopy; 2, 3 — NepEBOIHUKH BEAYLIEH TpyObl U BEPTIIOra;
4 — Xp1oK; 5 — BeyIasi BETBb KaHata; 6, 7, 9 — TpaHCMHCCHHU JIEOEIKH U POTOPA;
8 — TMHUS BBICOKOTO AaBiieHus; /() — 3aKUMbl poTopa

B nacTosiiiee BpeMsi 0T€4eCTBEHHBIMU PEANPUATUSIMU BBITYCKAIOT-
cst OypOBBIE€ YCTAHOBKHU:

1) OAO «YPAJIMAILl» rpy3onogsemHocThio 160 — 500 T
(bY2500/160 ATIBM; BY3200/200 AI'Y-1M; BY4000/260 AT'Y-T u ap.);

2) OAO «Bonarorpaackuii 3aBoji 0ypoBOW TEXHUKN;

3) mpennpustue «UPET SA» (PymbiHus), BXOJdilee B MallUHO-
cTpouTenbHyto kopnopauuto [1I" «I'enepanus»;

4) OAO «KyHrypckuii MallMHOCTPOUTEIbHBIN 3aBOJIY;

5) 3AO0 «XIPWUJI» ycranoBku OypoBbie MoOuiabHbie K160,
AES520RU-125.

JJisi BBIMIOJTHEHUST CITYCKOMObEMHBIX OIepanuil MOKHO MPUMEHSITh
pa3IMYHbIC TOTBEMHBIE CUCTEMbI: MEXaHMUECKHE MOTUCIACTbI, PhIYa’KHbIE
Wi 3yOuarble, ruapaBaudyeckue u Ap. OJAHAKO 0 HACTOSIIEIO BPEMEHU
KOHCTPYKTOpPaM HE€ yJaJoCh CO3/1aTh MOJBEMHYIO CHCTEMY HJisi OypoBOM
YCTaHOBKH 00JI€€ KOHKYPEHTOCTIOCOOHYIO, UeM MOJIUCIIACTHAS.
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O6opynoBaHue JUisi MEXaHM3allMM CIYCKOMOABEMHBIX ONepaluit
(puc. 2.6) BKIIOYAET TAJICBYIO CUCTEMY U JieOeaKy. TanmeBas cucreMa co-
CTOMT W3 HEMNOJBHXXHOIO KpoHoOnoka (puc. 2.7, a), yCTaHOBJIEHHOIO B
BEepxHEH "acTu OypOBOW BBHIIIKU, Maieeo2o Oaoka (puc. 2.7, 6), coenu-
HEHHOTO C KPOHOJIOKOM maieébim KAHAmoM, OJUH KOHEILl KOTOPOTo Kpe-
nuTcs K 6apabany nebenku, a Ipyroi 3aKperuieH HEMOABHKHO, U yp0oe02o
Kproka. TaneBasi cucTemMa sIBJISIETCS TOJIMCIIACTOM (CUCTEMON OJIOKOB), KO-
TOPBII B OypOBOI YCTaHOBKE MPEAHA3HAUYEH B OCHOBHOM J1JI1 YMEHBIICHHUS
HATSKEHUS TaJeBOr0 KaHaTa, a TAKKe JJIsl CHUXKEHUSI CKOPOCTH JIBHXKCHUS
OypHJIBHOT'O HHCTPYMEHTA, O0CaJHBIX U OypUIBHBIX TPYO.

el
LI

Puc. 2.6. BHenHui Buja TajIeBOM CUCTEMBI:

1 — kpiok; 2 — TaneBbli OJIOK; 3 — HECYIIIHE BETBY;
4 — kpoHOJIOK; 5 — BBIIIKA; 6 — JIebeKa; 7 — IMPHUCTIO-
coOJIeHHe 151 KPETUICHHST HETIOIBMKHOTO KOHIIA Ka-
HaTa; 8 U 9 — Bellyllasi U HETIO/IBM)KHASL BETBU KaHaTa
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Puc. 2.7. BHennuii Bua 000py10BaHMsI TaJIEBOM CUCTEMBI:
a — KpOHOJIOK; 6 — TajeBbIi 0JI0K

Jlis MexaHu3aluyu Orepanuii Mo CBUHYMBAHUIO M Pa3BUHUYMBAHUIO
3aMKOBBIX COEIMHEHUN OYypuIbHBIX TpyO BHEAPEHBI aemomamuyiecKue
oypoevie kmouu AKb-4 u noosecnwvie knwuu 11bK-1, nneemamuueckuii
Kkaunoeou 3axeam 11IKP-560 mist MexaHM3MPOBAHHOTO 3aXBaTa M OCBOOO-
KIeHUs OypUIILHBIX TPYO.

Kmrou AKB-4 (puc. 2.8) ycranaBauBaercss Mexay JieOenKo U poTo-
poM 4 Ha crienuaibHOM (QyHIaMeHTe. Ero OCHOBHBIMM 4acTsIMU SIBJISIFOTCS
0510k Kiroua /, KapeTka ¢ MHEBMATMYECKUMU HMUJIMHIApaMu 2, CTOMKA 3 U
IyJbT yIpaBieHus J. biok Kiroda — OCHOBHOW MEXaHW3M, He-
MOCPEICTBEHHO CBUHYUBAIOLIMN U Pa3sBUHUYMBAIOUIUN OypuiIbHBIE TPYOBI.
OH CMOHTHPOBaH Ha KapeTKe, KOTOopasl MepeMeIaeTcs Mpyu NOMOIIU ABYX
MTHEBMATUYECKUX IIUIMH]IPOB MO HAMPABISAIOUIUM: MO0 K OypUIIbHOH TpY-
0€e, yCTaHOBJIEHHOU B pOTOpE, IN0OO OT Hee.

3aKUMHBIE YCTpPOMCTBA, KaK M MEXaHM3M IMEpeABIKEHUs OJoKa
KJIt04Ya, pabOTaIOT OT MHEBMATUYECKUX IIMJIMHIPOB, BKIIOYAEMbIX C ITyJIbTa
yopasJyIeHUs J. /{75 3TOro B CHCTEMY NOAAETCS CKATBIM BO3AYX OT PECUBE-
pa. Kimtou [1BK-1 nonsemnBaercs B OypoBoil Ha kaHare. BeicoTta ero noj-
BECKH PEryJIUpPYeTCsl THEBMATUYECKUM IIMJIMHIPOM C MyJIbTa YIPaBICHUSI.

[TaeBmarnyeckuii kinHOBOM 3axBar I[IKP-560 cuyxutr nmus wme-
XaHU3UPOBAHHOI'O 3axBaTa M OCBOOOXKACHHUS OYpHJIBHBIX U OOCaJHBIX
Tpy0. OH MOHTHUPYETCSI B POTOPE U UMEET YETHIPE KJIMHA, YIPABISEMBIX C
MyJIbTa HOCPEJCTBOM MTHEBMOLIMIMHAPA.
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Puc. 2.8. Buemmnnii Buj ximoua OypoBoii aBromatndeckuii AKB-4

Bepmawe (puc. 2.9) — 310 MeXaHW3M, COEAUHSIOIIAN HEBpaaro-
HIMecs TaJeBYIO CUCTEMY M OypOBOIl KPIOK C BpalaIOUIUMUCS OypUIIbHbI-
MU TpyOamu, a Takke 00eCleYrBaIOIINi BBOJ B HUX OYpOBOTO pacTBOpa
noa aasnenueM. Kopmyc Beptitora 2 (puc. 2.9, a) noasemuBaercs Ha Oy-
POBOM KproKe (WJIH KPIOKOOJIOKE) ¢ TOMOIIIbIO IITpona 4. B nentpe xopiy-
ca MPOXOJUT HaropHas TpyOa J, epexosiias B CTBOJ /, COSIUHEHHBIN C
OypuibHbIMU TpyOamu. IMEHHO K HamopHOW TpyOe MpUCOeNUHSETCS Ha-
MOPHBIN pyKaB ISl Mojauu OypoBOTO pacTBopa B ckBaxkuHy. Hamopnas
TpyOa U CTBOJ KECTKO HE CBSI3aHbl, a MOCJIEIHUNA YCTAaHOBJIIEH B Kopityce 2
Ha TMOJIIMIHUKAX [, 4eM 00eclneynBaeTcs HEMOJIBUYKHOE IMOJIOKEHHE
HITporna, Kopryca W HamopHOM TpyObl MpU BpalleHUH OypHIIbHBIX TPYO
BMECTE CO CTBOJIOM. J[JIsl TepMeTH3aluyd UMEIOIIUXCS 3a30POB MEX]y He-
MOJIBU>KHOM M MOJABUKHOM YaCTAMM BEPTIIIOra CIIy>KaT CalbHUKHU 3.
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Puc. 2.9. Beptmor O0yposoii Bb-60+250:
a — cxeMa o0111as; 6 — BHEITHHHN BHU]]

Bypunvnaa xononna — xomiuiekc OypuUIIbHOTO OOOpYAOBaHMS, CO-
CTOSIIIMN U3 Beaylen TpyObl, OypuIIbHBIX TPYO, OYpHIIbHBIX 3aMKOB, I€-
PEBOJIHUKOB, YTSHKEJIEHHBIX OYpPUIIbHBIX TPYO, IIEHTPATOPOB.

Bedywaa mpyba vimeer B OOJIBIIMHCTBE CIy4aeB KBaJpaTHOE ceye-
Hue. Bpammarommii MOMEHT OT poTopa mepeaaeTcs Bemylien Tpyde depes
BKJIQJIBIIIN, BCTaBJsieMble B poTop. i Kaxmoro pasMepa TpyObl mpume-
HSIFOT COOTBETCTBYIOIME BKJIAJIBIIIH, TO3BOJISIONIME € CBOOOJHO mepeme-
IaThCS BJIOJIb OCH CKBAKHHBI.

Bypunsnsie mpyowt nipenna3HayeHbl 1)1 IEpejaud BpalleHUs J0I0TY
(mpu poTOpHOM OYpEeHMH) U BOCHPUSATHUSL PEAKTUBHOTO MOMEHTA JIBUTaTelIs
npu OypeHuu ¢ 3a00HHBIMU JBUTATEISIMU, CO3JaHUS HArpy3KHU Ha J0JI0TO,
nojiayu OypoBOIro pacTBOpa Ha 3200 CKBaXUHBI Ui OUUCTKH €ro OT pa3-
OypEeHHOI MOPOAbl U OXJIAXKACHUS J0J0Ta, MOAbEMA U3 CKBAXKUHBI U3HO-
HIEHHOT'O JI0JI0Ta U CITycKa HOBOr'o U T.M. J{Jist mpoBojKK CTBOJIOB HedTera-
30BBIX CKB&KMH Yalle BCErO HCHOJIb3YIOT OypUJIbHBIE TPYObl TUAMETPOM
114, 121, 146 u 168 mm. VX coeTUHSIOT MO JABE-TPU IITYKU B c8eyU, KOTO-
pbI€ yCTaHABJIMBAIOT BEPTUKAJIBLHO BHYTPH BBIIIKU HA CIEUUATIbHBIA HOO-
C6€YHUK VI TEM CaMbIM 3HAYUTEJIbHO YCKOPSAIOT U 00JIETr4aroT CIyCKOMOIb-
€MHBIE OIepalnu.

38



s OypeHuss He(PTSHBIX M Ta30BBIX CKBAXHH B Poccuu mprUMEHSIOT
TOJILKO BpalarenbHbiii Meroa. Hanbomnee pacnpocTpaHeHHbIE CIOCOObI Bpa-
IaTeIbHOr0 OypeHus — POTOPHOE, TYPOMHHOE U OYpEHUE IEKTPOOYPOM.

[Tpu poropHOM OypeHHH ABHUTraTellb HAXOAWTCS HA MOBEPXHOCTH U
MPUBOJAUT BO BpalllEHUE J0JIOTO Ha 3a00€ MpU MOMOIIH KOJOHHBI OypHUIiIb-
HBIX TPyO, COCIMHEHHBIX C CHUJIOBOM YCTaHOBKOW pomopom (puc. 2.10).
[Tpu 3TOM MeTO/Ee CKBaXKMHA KaK Obl BHICBEPIMBACTCS BPAIAIOIIUMCS T10-
POIOpa3PyIIAOIIIM UHCTPYMEHTOM — doomom (puc. 2.11). Pazpymen-
Hasl TIOpPOJia yAaIseTcsl U3 CKBRKUHBI 3aKaUMBAEMBbIM B KOJIOHHY TpyO de-
pe3 BEPTIIOr U BBIXOMSIIUM Yepe3 3aKOJIOHHOE MPOCTPAHCTBO OYypOBBIM
pacTBOpOM, NeHOM miu razoM. Harpyska Ha 0JI0TO cO3/1a€TCsl YacThIO Be-
ca OypWIbHBIX TPYO.

PoTopsl mpenHa3zHaveHbI ISl Tepeadyl BPaIaTeIbHOTO JBUKCHUS
OypHJIbHON KOJIOHHE ¢ TpeOyeMoi 4acTOTOM W AJid MOJAJEpKaHUsI Ha BECY
OypUIBHOM KOJIOHHBI BO BpeMsi OYpeHHUs, PU CITYCKOTIOABEMHBIX U BCITO-
MoraTellbHbIX paboTax. PoTop cocTouT u3 craHuHsl /, BO BHYTPEHHEH MO-
JIOCTU KOTOPOM yCTAHOBJIEH HA MOAUIUITHUKE CTOJN 2 C YKPEIUIEHHBIM 3Yy0-
YaThIM BEHIIOM, BaJia 6 C IEMHBIM KOJIECOM 7 C OJTHOM CTOPOHBI M KOHUYE-
CKOH IIecTepHEN — ¢ Opyrou, Koxxyxa 5 ¢ Hapy>KHOH pudenbHOi moBepx-
HOCTBI0, BKJIQBIIIEH 4 1 3aKUMOB 3 JIJIs1 BeyIieu TpyOsl (cM. puc. 2.10).

3 4

Puc. 2.10. Buennuii Bug poropa

JluaMeTp OTBEpCTHUSI B CTOJIE POTOpA OMPEACISIET MaKCUMAJIbHBIN
JUAMETP J10JI0Ta, KOTOPOE MOXKET MIPOUTH Yepe3 Hero. B CBsI3U ¢ 3TUM BbI-
MMyCKAIOT POTOPHI C Pa3IMYHBIMH JUAMETPAMU TPOXOJIHOTO OTBEPCTHS
(ot 400 mo 700 mm). B nieHTpanbHOE OTBEpCTHE BCTABJISIOT JIBA BKJIAJIBIIIIA
4, a BHYTpb — JiBa 3axuMa 3. B oOpa3oBaBiieMcs MEXIy 3aKMMaMH OTBEp-
CTUU KBAJIPaTHOTO CEUYEHHUsI CBOOOIHO pa3MeIaeTcs Beaylas TpyOa Takxke
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KBaJipaTHOro cedeHus. [loaromy Beayiasi Tpyda UMEET BOZMOXKHOCTb CBO-
00JHO TMepeMeIaThCsi BAOJb OCH POTOpa M BOCHPUHHUMAThH BpAIIAIOIIUNA
MOMEHT OT CTOJIa poTopa. JlJIsi CMa3Ku TPYIIMXCS AETAJIEH U OTBOJA TEILIA,
oOpasytolerocs mpu padoTe 3y0uaThix Nepeiad v MOAIIUITHIKOB, B KOPITYC
pOTOpa 3aJIMBAETCS MACJIO.

Puc. 2.11. BHewmnuii BuJ OypuIbHBIX JOJIOT:
@ — TPEXILAPOIIEYHOE J0JI0TO; O — JIOMACTHBIE J0JI0Ta

[Tpu TypOuHHOM OypeHHH 10JIOTO MPUBOAUTCS BO BpallleHUE 3a00M-
HbIM THUAPABIMYECKUM JIBUTATEIIEM — mypOOOYypoM, YCTAHOBJICHHBIM Haj
J0JIOTOM U MPEeoOpaszyIoIUM THAPABINUECKYI0 MOIIHOCTh MOTOKA MPOMBI-
BOYHOH JKUAKOCTH, MOCTyMNaroumed u3 OypuabHOM KOJIOHHBI, B MEXaHHUYe-
CKyI0 paboTy Bpalaromerocs Bajga TypooOypa u mosnora. Typbuna coBpe-
MeHHOro Typ0oOypa MHOrocTyneH4aras (4ucio crymnenei ot 25 ao 350),
OCEBOTI'0 THUIIA U COCTOUT U3 CUCTEM CTaTOPOB U POTOPOB (puc. 2.12).

Kak mpaBuio, cucrteMa cTaTopoB CBsi3aHa C KOpPIycoM TypOoOypa, a
crCcTeMa pOTOpPOB — ¢ BajloM TypOoOypa. B crarope u porope moTok >kuKo-
CTH MEHSET HalpaBJICHUE JBIKEHUS U, MEpETeKasi U3 CTYNEHU B CTYIEHb,
OTJAeT YacThb TMPABINYECKON MOIIHOCTU KaX/IoHi cTyneHu. B pesynbrare
MOIIHOCTb, CO3/IaBaeMasi BCEMH CTYNEHAMU, CYMMUPYETCS Ha Baly TypOo-
Oypa u moaBoaUTCS K J0JI0Ty. PacueTsl mokazanu, 4to it 3¢ heKTUBHON
paboThl TypO0Oypa HE0OX0 MO MMeTh okoJio 100 TypOuH, 1. €. 100 poto-
poB u 100 craropos. C yBenuueHuEeM Yuciia TypOrUH HE TOJIBKO MOBBIIIAOT-
Csl MOIIIHOCTh W BpAIIAIONIMiA MOMEHT, HO U CHIIKAETCsl YacTOTa BpallleHUs
BaJsia TypooOypa.
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Puc. 2.12. Baemnuii Bug TypOuHbl TypO600YyDpa:
1 — HapyHbII1 0001 cTaTopa; 2 — JionaTka poTopa; 3 — JlonaTka cTaTopa;
4 — BHyTpeHHUI 0001 cTaTopa; 5 — HapyKHbIi 000/ pOoTOpa; 6 — BHYTPEHHUIA
o000z poTopa

Jlsis OypeHusi CKBaKUH TYpOMHHBIM CITIOCOOOM C OTOOPOM KEpHa pas-
paboTaHbl KOJOHKOBBIE TypOOOYyphI (TypOO0JI0Ta), MpEeayCMaTPUBAOIINE
MIPUMEHEHUE ChEMHOM TPYHTOHOCKH. Ko10HKO06b1I mypHooyp IpEeICTaBIIsET
coboit TypO0oOyp C MOJbIM BaJIoM, Ha KOHEI] KOTOPOTO HaBMHYMBAETCs Oy-
pUIIbHASL TOJIOBKA. B BepXHEW 4acTW TOJIOBKM TPYHTOHOCKH HMeEETCs OypT
IS 3aXBara €€ JIOBUTENIEM, CITyCKaeMbIM B OypPHIIbHYIO KOJIOHHY IIPH TIOMO-
i Jiedenku. B ocrambHOM KOHCTPYKIIMSI KOJOHKOBBIX TypOOOYpOB aHajo-
IrMYHa KOHCTPYKIMK 0OBbIMHBIX TypO0oOypoB. B Poccun Beimyckarotcs Typoo-
Oypbl ¢ Hapyx HbIM guameTrpoMm oT 102 1o 235 MM, 4TO MO3BOJSET pUMe-
HSTh UX TPU OYpPEHUH CKBAKUH JIOJIOTAMHU PA3IMYHBIX THAMETPOB.

OCHOBHBIE MPEUMYIIIECTBA POTOPHOTO OypeHUs mepea TYpOUHHBIM —
HE3aBHCUMOCTh PETYJIMPOBAHUS IMapaMETPOB pekuMa OypeHHs, BO3MOXK-
HOCTh OTPaOOTKH OOJBIIMX TEPENaoB JaBICHUS HA JOJIOTE, 3HAYUTEIHLHOE
YBEJIMUYCHHE TIPOXOJIKHU 32 PEHC JI0JIOTa B CBSI3U C MEHBIIIMMU YaCTOTAMH €r0
BpAICHUS | JIP.

[Ipu ucnosib30BaHUU 271€KMPOOYPOE BpALIECHUE J0JIOTA OCYILECTB-
JSETCSl ANEKTPUYECKUM Tpex(a3HbIM JBUTATEIEM MEPEMEHHOTO TOKa.
DHeprusi K HeMy MOJIaeTCs C MOBEPXHOCTH O KaOeiro, pacioIoKEeHHOMY
BHYTPH KOJIOHHBI OYPHIIbHBIX TPYO.

OnexkTpoOyp (puc. 2.13) cOCTOUT M3 ABYX OCHOBHBIX Y3JIOB — DJICK-
TPOJBUTATENS U IIMUHACNA. Bpamaronmii MOMEHT JABUTATENs MEPeIacTCs
Ha BaJl MIMUHACIS Yepe3 3youaryro My(pTy. DIeKTpoOyp C 10JI0TOM CITyC-
KaeTcsi B CKBOXMHY Ha OypWJIBHBIX TpyOaX, KOTOpBIE CIyXKaT HE TOJIBKO
JJI TIOJIZICPKAHUS €r0 Ha BECy, BOCTIPUSTHS PEaKTUBHOTO MOMEHTA U TI0-
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7a4y Ha 32001 TPOMBIBOYHOM KUJIKOCTH, HO U JIJIS pa3MeIIeHusT TOKOTO/I-
BOJIAIIEr0 Kabenss. DIeKTpoOyp MPUCOCAMHSIOT K HIDKHEMY KOHITy Oy-
PUIBHOM KOJIOHHBI, a JOJIOTO KPEMST K Baly 3JIEKTpoOypa.
B tpyOHOM KOpmyce anekTpoOypa pasmeleH cratop 6. [lakeTst poTo-
pa 7 ¢ aJlOMUHUEBOM OOMOTKOW HAaca)XX€Hbl HA MOJIOM BaJly JBUTATENS J.
Porop pacrnionoxen B crarope ¢ 3azopoM 0,5 — 0,6 MM Ha cTopoHy. BHYT-
PEHHSIS TIOJIOCTh JBUTATENS 3alOJHEHA CyXUM H3OJSIMOHHBIM MaciaoM. Ot
BHEITHEN CpeJibl BHYTPEHHSS TTOJIOCTh JIBUTATENsI U30JMPOBaHA BEPXHUM 4
U HIDKHUM 8 calbHMKaMU. B caabHMKM mopaeTcs MalllMHHOE Macio. JIis
KOMITCHCAIIMU YTEUEK Maclia 4yepe3 CATbHUKHU U TOMJIEPKaHUsI HEKOTOPOTO
M30BITOYHOTO JABJICHUS BHYTPHU JBUTATENS, IPEMSATCTBYIOMIETO MOMAIaHUIO
MIPOMBIBOYHOM JKUJAKOCTH BHYTPb, B BEPXHEH YaCTH AJIEKTpoOypa B JTyOpu-
KaTOPHOM TOJIOBKE pa3MEIICHbI JTyOpUKATOPhI ABUTATEN 3 U CalbHUKA 2.
BHyTpHu BepxHEro nepeBoHUKA TTPOXOIUT

] KaOeIbHBINA BBOJI OT KOHTAKTHOTO CTEPXKHS [ 10
0oOMOTKHM cTaTopa. [l BocnpusTus Beca Baja B
! HIDKHEW €ro 4acTU HaJ HUKHUM CAJIbHUKOM YC-

TAHOBJICH YIIOPHBIM ILIAPUKOBBIA ITOAIIUITHUK.
CHH3y K JABUIaTeilr0 MNPUCOEAUHSETCS IIIUH-
nenb. B mmmHAene HaxoauTcs MHOTOPSAHAS
OceBasi OIOpa Ha IIAPUKOBBIX noAmuUITHUKax /0.
ITonelii Banm LEHTPUPYETCS B KOPIyCE C IOMO-
I[bI0 POJMKOBBIX U MIAPUKOBBIX MOIIIUITHUKOB.
Ban mmuHzaens coeauHEH C BajOM JIBUraTess
MOCPECTBOM COEIMHUTENILHON 3yOuaTon myd-
Tl 9. B Mecre coenMHEHHs BaJIOB HAXOIUTCS
HIAPHUPHOE YIUIOTHEHWE JUIsl W3OJISIUM BHYT-
PEHHETO IMPOCTPAHCTBA OT MPOMBIBOYHOM KHJI-
KOCTH, TIOCTYTaroeil K 320010 10 BHYTPEHHEMY
KaHAITy B BaJly JBHraresis u mnunaend. OceBble
Harpy3KH Ha MOpOJ0PA3PYLIAOIIUI HHCTPYMEHT
ITIOJTHOCTBIO BOCIIPMHHUMAIOTCS OCEBOM  OIOPOM
LINUHACIA U Ha BaJl JBUTATEIl HE MEPEAAOTCS.
B HmxkHel yacTu MIMUHAEHA IIOMEIICHO CaJIbHU-
KoBoe yruiotHenue [2. IlnuHaens 3amnojHeH
I'yCThIM MAIlIMHHBIM MacjOM M OCHAIlleH JIyOpH-
katopoM / /. I30bITOUHOE JaBIeHUE JIyOpUKATOP
CO3/A€T 3a CUET YCWJIMS CKATOW NPYKUHBI, KO-
m TOpas JaBUT Ha mopueHs. [lox mopmHeM Haxo-
IUTCSI PE3EPB Maciia, BOCHOJIHAOMINNA €ro 1more-
PH U3 IITAHES.

DNEKTPOIBUTATENh
I ] =

HInonaaens

-

Puc. 2.13. [IpunuunuanbHas
cxema JIeKTpooypa
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B nacTtosiee BpemMsi BBIITYCKAIOT 3JEKTPOOYpPHI C JUaMETpaMH KOp-
myca 250, 215 u 170 mm a1t OypeHusi CKBaXKUH J0JI0TAMU COOTBETCTBEHHO
muamerpamu 295, 243 u 190 mm.

[IpenMy11eCTBO 3JIEKTPUYECKOrO JBUTATENS MEPE] THIPABINYECKAM
TypOOOYpOM COCTOHUT B TOM, YTO Yy 3JEKTpoOypa yacToTa BpalieHHUs, MO-
MEHT W JIpyTU€ MapaMeTpbl HE 3aBUCAT OT KOJUYECTBA MTOJABAEMOMN KU/
KOCTH, €€ (PM3MUYECKHX CBOMCTB U TNIyOMHBI CKBaXXUHBI U B BO3MOXKHOCTHU
KOHTpOJIsL Tpolecca paboThl aBUraresis ¢ noepxHoctd. K HemocraTkam
OTHOCSATCSI CJIOXKHOCTh IOJIBO/IA SHEPTHU K JIEKTPOABUTATEIIO, OCOOECHHO
IPU MOBBILIEHHOM JaBJICHUH, U HEOOXOIUMOCTh FepMETU3AIMH IJIEKTPO-
JABUTATENs OT OypOBOro pacTBOpA.

CunoBoii npuBoj cHabxkaeT 3Heprueil edeaKy, OypoBbie HACOChl U
potop. IIpuBog OypoBOil YCTaHOBKH MOKET OBbITh OU3ENbHBIM, ITNEKMPU-
YyecKum, Ou3enb-31eKmpuyecKkum U ousenp-2uopaséauyeckum. Jluseinnb-
HBII IPUBOJ IPUMEHSIOT B pailoHaX, HE 00ECTIEUEHHBIX JIEKTPOIHEPTHEN
HEOOXOIMMOM MOIIIHOCTH. DIEKTPUUECKHUM MPUBOJ] OT 3JIEKTPOABUraTeNeH
MIEPEMEHHOI0 M MOCTOSHHOT'O TOKA OTJIMYAETCS MPOCTOTOM B MOHTaXE H
AKCIUTyaTallMy, BBICOKOW HAJEKHOCThIO M 3KOHOMHYHOCTBIO, HO IIpUME-
HUM TOJIBKO B 3JIEKTPU(ULIMPOBAHHBIX paioHax. JM3enb-371eKTprUuecKuil
IIPUBOJ, COCTOMUT U3 JIU3€EJs, KOTOPBIA BPAIla€T I'€HEpPaTop, MUTAKOLIUM, B
CBOIO 0YEpPENb, JIEKTPOABUTrATENb. JA3€Nb-TUIpaBINYECKUN PUBOJI CO-
CTOWT W3 JIBUTaTesl BHYTPEHHETO cropanus u typoonepenaun. [lociaeanue
JIBa THUIIA IPUBOJA ABTOHOMHBI, HO B OTJIMYHUE OT AU3EIBLHOIO HE COJEpKAT
IPOMO3AKUX KOPOOOK MEpPEeMEHbI Mepenaydy U CIOXKHBIX COCTUHHUTENbHBIX
yacTeil, UMEI0T yA00HOE YNpaBlIeHUE, MO3BOJISIIOT IJIABHO M3MEHATH pe-
’KUM paloThI JIEOEKU UM POTOPA B LIUPOKOM JHAMA30HE.

TexHnonoruueckoe 000pyAOBaHUE ISl MPOMBIBKM CKBaKUHBI MPEI-
CTaBJISIET PsJl B3aMMOCBS3aHHBIX CHUCTEM: IPUTOTOBJIECHUS U 00pabOTKU
OypOBOI'o pacTBOpa, OYMCTKHU €ro OT LIaMa U ra3a, HUPKYISIUH.

Hupkynayuonnasa cucmema 6ypoeoil ycmanogKu CIyXuT Jyist c0o-
pa U OYUCTKU OTPabOTaHHOTO OYPOBOTO PACTBOPA, MPUTOTOBIICHUS HOBBIX
€ro NOPLUUN U 3aKaYKU OYMIIECHHOIO pacTBOpa B CKBaXHHY. Llupkymnsaum-
oHHas cuctema (puc. 2.14) Bkitodaer B ce0s CUCTEMY OTBOJA MCIOJb30-
BaHHOTO pacTBopa (3ken00a 2 OT yCThsl CKBOKUHBI /), MEXaHUUECKHUE Cpe/l-
CTBa OTJIEJICHUS YaCTUYEK MOPObl (BUOPOCUTO 3, TUIPOLMUKIIOHBI 4), EM-
KOCTH JJIi XUMHYECKOH 00paOOTKM, HAKOIUICHUS U OTCTOS OYUIICHHOTO
pacTtBopa 6, 8, IUIaMOBBIM Hacoc 7, OJIOK MPUTOTOBJICHUS CBEXKETO PaCTBO-
pa 5 u OypoBble Hacochl 9 ISl 3aKauku OypOBOIO pacTBOpa MO HarHeTa-
TeabHOMY TpyOonpoBoay /() B CKBaXXHUHY.
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Puc. 2.14. Cxema HupKyJISALMOHHON cUCTEMbI OypOBOIM yCTaHOBKH

2.3. TexHosiornyeckuii mpouecc pa3padoTku HeTAHBIX U TA30BbIX
CKBAKUH

[TomHBIA 1MWK Ppa3pabOTKH CKBOKHWHBI BKJIOYACT CICAYIOIIHE
OCHOBHBIE OTlepaluu:

1) moAroTOBUTENbHBIE 3€MJIISIHBIE PAOOTHI;

2) MoOHTax OypOBO yCTaHOBKH;

3) MOAroTOBUTENbHBIE PA0OTHI K OYPEHHUIO CKBAXKUH;

4) mportecc OypeHus;

5) cmyck oO6caHbIX TPYO U UX EMEHTUPOBAHUE;

6) WCHbITAaHUE CKBOKUHBI HA TPUTOK HE(TU UK Ta3a (OCBOCHHE);

7) nmemMoHTaxx 000pyIOBaHUS.

B xo4e moAroToBUTENBbHBIX 3€MIISIHBIX paOOT BBIOMPAIOT MECTO ISt
OypOBOM, MPOKJIA/IBIBAIOT MOABE3IHYIO JOPOTY, MOJBOASIT CUCTEMbI JIEK-
TpOCHaOXKEeHUsI, BOAOCHAOXKEHUS U CBs3U. Eciu penbed MecTHOCTH HEPOB-
HBIW, TO TUIAHUPYIOT IUIOIIAIKY.

MoHTa)x BBIIIKA U 000PYJOBAaHUSI TPOU3BOAUTCS B COOTBETCTBUU C
IIPUHATOW Ul JAHHBIX KOHKPETHBIX YCJIOBUU CXEMOM HX Pa3MELICHHUS.
OO6opymoBaHue CTaparOTCsl pa3MECTUTh Tak, YTOOBI oOecreyuTs Oe3omac-
HOCTb B pabote, ya100CTBO B OOCIYy>KMBaHUH, HU3KYIO CTOMMOCTb CTPOM-
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TEJIbHO-MOHTAXXHBIX PA0OT U KOMIAKTHOCTh B PACIOJIOKEHUU BCEX 3Je-
MEHTOB OypOBOW.

[TonrotoBka K OypeHHMIO BKJIIOYAET YCTPOWCTBO HAIpaBJICHUS U
npoOHBI myck OypoBo# ycTaHOBKU. B xozme nmpoOGHOro OypeHust nposepsi-
eTcsl paboTOCIIOCOOHOCTh BCEX AJIEMEHTOB U Y3JI0B OypOBOM YCTaHOBKH.

Kak npaBuio, BepXxHUE Y4acCTKU pa3pe3a CKBAKHUHBI MPEJCTaBICHbI
COBPEMEHHBIMHU OTJIOXKCHUSIMH, JIETKO Pa3MbIBAIOIIMMHKCS B Ipolecce Oy-
PEHUS HUPKYJIUPYIOIIUM TOTOKOM KUAKOCTH. [lo3TOMY OypUTh CKBaXKUHY
HAYMHAIOT TOJILKO MOCJE TOTr0, KaK MPeArnpuMyT HEOOXOUMbIE MEPHI MPO-
THUB pa3MbIBaHUS TIOPOJIBI TTOJ] OCHOBaHUEM OypoBou. J[yis aToro mo Oype-
HUSI CKBAKUHBI COOPYKAIOT #ypgh 10 yCTOWMIUBBIX IopoA (4 — 8 M) U B He-
ro CIyCKaroT TpyOy C BBIPE3aHHBIM OKHOM B €€ BEpXHEW 4acTu — Hanpae-
senue (cM. ozp. 2.1). K okHy B TpyOe mpuBapuBalOT KOPOTKUN METaJIU-
YeCKUU kKenod, Mo KOTOpOMYy B Mpoiecce OypeHHs] MPOMBIBOYHAS KUJI-
KOCTb HAMpAaBIISIETCS B KEJIOOHYIO CUCTEMY U K OYHCTHBIM MEXaHU3MaM.
[IpocTpaHCTBO MEXKy HaIllpaBICHUEM U CTEHKOM IIypda EeMEHTUPYIOT.

[{ens nemeHTHpOBaHUS 00CATHON KOJOHHBI — MOJTYYEHNUE TPOYHOTO,
KOHI[EHTPUYHO PACMOJIO0KEHHOTO B 3aTPyOHOM MPOCTPAHCTBE KOJbLIA Iie-
MEHTHOTO KaMHsI, HAJIEKHO H30JIUPYIOIIET0 BCKPBIThIE CKBAXMHOM I1O-
TJIOIIAIONINE, a30-, BOJIO-, HEPTENPOSBISAIOUIME TOPU3OHTHL. 1 1iemen-
TUPOBAHUS OOCAJHBIX KOJIOHH MPUMEHSIIOT [IEMEHTHBIE PacTBOPBI, IPUTO-
TOBJISIEMBIE U3 MAMHOHAHCHBIX YEMEHM 06 Y BODIL.

HaubGonee pacnpocTpaHeHbl OTHOCTYIIEHYATBIA U JIBYXCTYEHYATHIN
CIOCOOBI IIEMEHTHUPOBAHUSI 00CaHbIX KONOHH. OIHOCTYIEHYaThIi CI1I0C00
[IEMEHTUPOBAaHMS 0O0CATHBIX KOJIOHH (puc. 2.15) 3akmrouaercs B Cleayro-
niem. Jlo 3akayku [IEMEHTHOI'O pacTBopa B 00CaJHYIO0 KOJOHHY OIyCKAaOT
HUKHIOIO LIEMEHTUPOBOYHYIO MPOOKY 2, MpelHA3HAUYEHHYIO IJIsl OTHese-
HUS LEMEHTHOIO0 PacTBOpa OT HAXOJAIICHCS B KOJOHHE MPOMBIBOYHON
xuakoctu. HiwkHsas npoOka 2 uMeeT OTBEPCTHE, MEPEKPHITOE PE3NHOBOM
nepenoHkoi. [locae 3Toro Ha KOJIOHHY HaBUHYMBAKOT TOJIOBKY / C BepX-
HEel IEMEHTUPOBOYHOM NPOOKOI, HE UMEIOILIEN CKBO3HOT'O OTBEPCTHUSL.

3aTeM IIEMEHTHBIM PacTBOP 3aKaYMBAIOT B 00CATHYIO KOJIOHHY. Tpe-
OyeMbIii 00BEM ATOTO PacTBOPA OMPEACIACTCS UCXOAS U3 YCIOBUS, UTOOBI
K KOHI[y LIEMEHTHpPOBaHHUS B 00CaJHON KOJOHHE OcCTajach HEOOJbIIas
MOPLHUS LEMEHTHOTO pacTBopa (LIEMEHTHBIA CTakaH), a 3a o0caaHOU KO-
JJIOHHOM LEMEHTHBIM pPACTBOP MOJHSJICS Ha 3aJaHHyl0 BbIcoTy. llocne
OKOHYAHUS 3aKauKH LIEMEHTHOTO pacTBOpa B 00CaTHYIO KOJOHHY MPOTa-
KHBAIOT BEPXHIOIO (0€3 OTBEPCTHS) [IEMEHTUPOBOUHYIO MTPOOKY 4 U 3aTeM
MIPOKAUMUBAIOT IPOMBIBOYHYIO KHJIKOCTb.
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Korga HmwkHss mpoOka JONUIET A0 yIMOPHOTO KOJIbIAa, OHA OCTaHO-

Butcs. JlaBiaeHue Haj MpoOKOM MOBBICUTCS U PE3MHOBAS MEPEMOHKA JIOM-

Ke 3aukcupyeT ckauok gaBieHus. [locie 3Toro kpaHsl IEMEHTUPOBOYHOM
T'OJIOBKH 3aKPBIBAIOT U CKBAXUHY OCTABJISIOT B MOKOE Ha 16 yacoB 1 3a-
TBEPJEBAHUS IIEMEHTHOIO PACcCTBOpPA 3a KOHAYKTOPOM M Ha 24 yaca — 3a

IMPOMCKYTOYHOU M SKCIINIYyaTaAHMOHHOW KOJIOHHAMMH.

HUKHET TUIPABINYECKUAN yaap.

Her. Ilpu panbHe
BEpXHsIsl MpoOKa MO0
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Puc. 2.15. Ctaauu 0JHOCTYIEHYATOr0 LIEMEHTUPOBAHUS
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[Tocrie ycTaHOBKM HAampaBJIeHUsS U MPOBEACHUS psiia APYrux padboT
(KOHTPOJIbHBII OCMOTp 000pYAOBAHMS, MOHTAX U HaJlaJlKa MPUOOPOB, OC-
HAcTKa TOJIUCTIACTHOW CHUCTEMBI, OypeHue mrypda moa BeAylryro Tpyoy)
COCTAaBIIIOT AKT O FTOTOBHOCTH CMOHTHUPOBAHHON OYpOBOW M MPUCTYHAIOT
K OYypEeHUIO CKBAXKHHBI.

[IpoOypuB HEyCTONYMBBIC, MSTKUE, TPEIIMHOBATHIE U KAaBEPHO3HbBIE
MOPO/JIbI, OCIOXKHAIOMIME mporecce Oypenus (0osraHO 50 — 400 M), mepe-
KPBIBAIOT U M30JUPYIOT 3TU TOPU3OHTHI, JJI YEro B CKBAXUHY CITyCKAIOT
NepByI0 00CaTHYIO KOJOHHY — KOHJIYKTOP, COCTOSIIYIO U3 CBHHYECHHBIX
CTaJbHBIX TPYO, a €€ 3aTpyOHOE MPOCTPAHCTBO IIEMEHTHPYIOT.

[Tocne crycka KOHAYKTOpa HE BCEraa yAaeTcsl IpoOypUTh CKBAXKUHY
710 TPOEKTHOM ITYOMHBI U3-32 MPOXOXKACHUS HOBBIX OCIOXHSIOLIUX TOPH-
30HTOB WJIM W3-32 HEOOXOJMMOCTH MEPEKPHITUS MPOAYKTUBHBIX IJIACTOB,
HE MNOJJICKAIIUX SKCIUTyaTallud JAHHOW CKBOXHWHOM. B Takux ciydasx
BO3HUKAET MOTPEOHOCTh B CHYCKE U TOCIEAYIOIIEM LEMEHTUPOBAHUU
MMPOMEXKYTOYHON KOJIOHHBL

[Ipu nanpHelem yrinyoJieHUHd CKBXUHBI BHOBb MOTYT BCTPETUTHCS
TOPU30HTHI, OAJIEKAIIME U30JSAIMU. Toraa CrycKaroT U U30JUPYIOT Tpe-
ThIO OOCaJHYI0 KOJIOHHY, HA3bIBAEMYIO 6MOPOI NPOMENCYMOUHOU KO-
JionHou. B 3TOM ciydae paHee crylleHHas oOcajHas KOJIOHHa OynleT Ha-
3bIBATHCS NEPBOIl NPOMeEIHCYmOouHoi. B OCI0KHEHHBIX YCIOBUAX OypeHUs
TaKUX TPOMEXYTOUHBIX KOJIOHH MOXKET OBITh TPH U JIaXkKe YEThIpE.

[IpoOypuB CKBaXXMHY A0 MPOEKTHOW TITyOMHBI, CIYCKAIOT U LIEMEH-
TUPYIOT 3KCIUTyaTallMOHHYIO KOJIOHHY, MpEIHa3HAYEHHYIO IS MOJbeMa
He(TH WM raza oT 32005l K YCThIO CKBaXXUHBI WJIM JJI1 HATHETAHUS BO/IbI
(raza) B MpOJYKTUBHBIN MJIACT B LEJSIX MOAIEPKAHUS TABJICHMUSL.

Eciu B CKBaXXMHY KpOME HANpaBiICHUS U KOHAYKTOpa CIYCKaroT
TOJIBKO KCIUTYaTallMOHHYIO KOJIOHHY, TO KOHCTPYKILIMIO Ha3bIBAIOT 0OHO-
Kononnou. Ecyi B CKBaXXHMHY, KPOME HAlpaBlIEeHUsI U KOHJYKTOpa, CITyC-
KAIOT MPOMEXYTOUHbBIE M SKCIUTyaTal[AOHHbBIE KOJIOHHBI, TO KOHCTPYKIUIO
HA3bIBAIOT O0GYXKOJIOHHOW (TPU OJIHOM TMPOMEKYTOYHOM KOJOHHE) WIIH
mpexKo10nnou (TIpU IBYX MPOMEXKYTOUHBIX KOJIOHHAX ).

Bo Bpemsi OypeHusi MPOUCXOAUT HENPEPBIBHBIN Ciyck (mojaua) Oy-
PWIBHOI'O MHCTPYMEHTa TaKUM 00pa3oM, 4TOObI YacTh Beca €ro HUXKHEU
YacTH NepelaBajiachk Ha J0JOTO i oOecrieueHus: 3pPEeKTUBHOTO paspy-
nieHus nopoAsl. [IpuMenenue BpamaTenbHOro crnocoda OypeHusi CKBaKUH
MPUBEJIO K HEOOXOAMUMOCTH HETIPEPHIBHON HPOMBIGKU VI NPOOYEKU VX B
npouecce OypeHus. JlaHHble onepanuy NPUMEHSIOT JJIsl OYUCTKHU 32005 U
CTBOJIa CKBXKMHBI OT YaCTUI BBIOYPEHHOU MOPO/IBI.
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OcHoBHbI€ (DyHKIIUK OYpOBOTO MPOMBIBOYHOI'O PACcCTBOpA:

1) BBIHOC pa30ypEeHHBIX YaCTHUIl TOPObI HA TOBEPXHOCTH;

2) yaep>KHBaHHE YacTHUIl BEIOYPEHHON MOPOJBI BO B3BELIEHHOM CO-
CTOSIHMHU TIPU MPEKPAIICHUH LIUPKYIISIIH;

3) co3naHue NPOTUBOJABJICHUSI HA CTEHKU CKBAXXUHBI U YKPETICHUE
CTEHOK CKBaXKHHBI,

4) ravHU3aIYs CTEHOK CKBAXKUHBI;

5) oxjaxaeHue A0J0Ta, Typ0oOypa u OypHIHbHON KOJOHHBI;

6) cmaska TpYIIUXCs AeTaliel 10JI0Ta, TypOooOypa;

7) mepemaua sHeprun TypOOOypY;

8) 3amuTa OypoBOro 000OpyI0BaHUs OT KOPPO3HH.

BypoBsie pacTBOPHI KJIACCHPUITUPYIOTCS CIEAYIONUM 00Pa3oM:

® Ha BOJHOM OCHOBE, IPEJCTABUTEISIMA KOTOPOU SIBJSIOTCS BOJA U
TJIMHUCTBIE PACTBOPBI;

® Ha yIJeBOAOPOIHOIN OCHOBE (HE(PTSIHBIE PACTBOPHI);

® A3pUPOBAHHBIC )KUIKOCTH.

CymHOCTh MPOAYBKH CKBaKUH BO3JyXOM 3aKJIIOYAETCS B TOM, YTO
JUIsL OYMCTKH 32005, BBIHOCA BHIOYPEHHOW MOPOJAbI Ha JHEBHYIO MOBEPX-
HOCTb, OXJIAKJIEHHUS J0J0Ta BMECTO MPOMBIBOYHOM KUAKOCTH B CKBAKUHY
HArHeTaT ra3o00pa3Hble areHThl: CKAThld BO3/AYyX, €CTECTBEHHBIN ra3 u
BBIXJIOIIHBIE Ta3bl IBUTaTEICld BHYTPEHHETO CTOPAHHSI.

[Ipu OypeHnu CKBaXMHBI OUYHUCTKA OypOBOTO PacTBOpPa MPOU3BOIUT-
csl Mo cienyroiien GyHKIMoHAIbHON cxeme (puc. 2.16). bBypoBoii pacTBop
MOCJIC BBIXOJ]a U3 CKBaXUHBI / 10 JuHUU R mocTtymnaer Ha BUOpocuta 2,
IIOCJIE OYUCTKM Ha KOTOPBIX MOMNAAAET B EMKOCTh 3, OTKyAa HacOCOM 4 1O
JIMHUN R2 momaercsl JUId OYMCTKU Ha meckooTrnemtelb 5. Ilo muanm R3
OUYMILEHHBIA PACTBOP MOCTYNAET B EMKOCTh 6, U3 KOTOPOU IO JIMHUH R4
HAcCOCOM 7/ IIOJaeTcs JUIA JaJIbHEUIIIEW OYMCTKU Ha MWiooTaeurels 8. 11o-
CJI€ OYMCTKM Ha WJIOOTAEIUTEIIE PACTBOP IO JMHUM R MOCTyHaer B €M-
KOCTb /(). JIy1s1 TOHKOI OYHUCTKHU PacTBOp U3 eMKkocTu /() Hacocom /2 mopa-
eTcs Ha HeHTpudyry /3 1mo JMHUM R6, TIOCIe Yero pacTBOpP Mo JUHUU R7
BO3Bpaniaercs B eMKOcTh /(). B ckBakuHy OuMIlIEHHBIN OypoBOil pacTBOp
nojaercs HacocoM /4 mo nuHuM RSE u3 emkoctu /0. lllnam ¢ Bubpocut u
HIHEK ¢ HeHTpudyru no gunusM R9 — R12 ypansiotcs B amoap.

Jliis nerazanuu OypoBOro pacTBopa Npu OypeHUU UHTEPBAJIOB C Ta-
30MPOSIBIICHUSMH B CUCTEMY OUMCTKH OYpOBOI'O pacTBOpa BKIIIOYAETCS Jie-
ra3atop /6, B 3TOM Cily4ae JIera3upoOBaHHbIN PAaCTBOP MOAAETCS HACOCOM 4
Ha MECKOOTACIUTENb 5 U3 eMKOCTH /] 4yepe3 3acioHKy 9 W Jlajiee ouulia-
€TCs 110 MPUBEACHHON BBILLIE CXEME.
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Puc. 2.16. ®yHKIMOHANIbHAS CXeMa CUCTEMbI OYUCTKH OYypOBOr0 pacTBOpa

[Tocne 3aBepieHrst pabOT MO COOOIIEHUIO AKCILTyaTallMOHHOM KO-
JIOHHBI C TJIACTOM MPUCTYMHAIOT K BBI30BY MIPUTOKA HE(PTH WM ra3a u3 Iia-
cta. CylllecTByeT HECKOJIbKO METOJIOB BbI30Ba MPUTOKA HE(TH W3 MIiacTa
[MeTon 3amereHus S>KUAKOCTH, METOJ BO3IYIIHOM MOJYIIKH, METO.
MOPIIIHEBaHUS (CBAOMPOBAHMS), METOJ a’pallud, MCIOJIb30BAaHUE ITyCKO-
BBIX KJIAMAHOB, CTPYWHBIX ammapaToB, IBYX(a3HbIX TMEH|, CyTh KOTOPHIX
CBOJUTCSI K CHIDKCHHMIO MPOTUBOJABICHUS HA TUIACT, T. €. K MPOBEJACHUIO
OTPENIETICHHBIX MEPOMPUSITHI, B PE3yJIbTaTe KOTOPHIX THAPOCTATUIECKOE
JaBJIEHNE B CKBAKWHE CTAHOBUTCS MEHBIIIE TJIACTOBOTO.

Pa3paboTka CKBaXMHBI B 3aBUCUMOCTH OT KOHKPETHBIX YCJIOBHIA
MOXET 3aHUMAaTh OT HECKOJBKHUX YacOB JIO0 HECKOJBKUX MecsieB. [locie
MOSIBJICHUSI HE(PTH U Ta3a CKBAXUHY MPUHUMAIOT JKCIUTyaTallMOHHUKH, a
OypWJIBHYIO YCTAaHOBKY MEPEABUTAIOT HA HECKOJIBKO METPOB sl OypeHus
OYEPETHON CKBAKUHBL.

2.4. YupaBJjieHue TeXHOJIOTH4eCKUM Ipoueccom OypeHust

TexHOJOrNM U TEXHUKE COOPYKEHHS CKBAXKUH yAesseTcs 0oiblioe
BHHUMaHUE, pa3pabaTbIiBalOTCs HOBElIlee OypoBoe 00OpPYJOBaHUE U UHCT-
PYMEHT, COBEPIICHCTBYETCSI TEXHOJOTUSI OypeHus, popcupyroTcs Bce BU-
IIbI pador.
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[Iporpecc 1 BhICOKHE TTOKa3aTeNN Mpyu OypPEHUH CKBAKUH BO MHOTOM
3aBUCAT OT OINEPATUBHOIO KOHTPOJISI U OpPraHU3alMH, MPUMEHEHUS KOH-
TPOJIbHO-U3MEPUTEIIBHONW amnmapaTypbl, BHEIPEHUSI CPEICTB aBTOMATHUKH.
[IpumeHeHue amnmapaTtypbl U CpEJCTB aBTOMaTUKU obOecrieyuBaeT Oe3aBa-
PUHUHOCTB paboT, YIydIIaeT TEXHUKO-9KOHOMHYECKHE TIOKa3aresy, Tpeoy-
€T TIOBBIIICHUS] TEXHUYECKOW TPAaMOTHOCTH OOCTYKHBAIOIIETO MepcoHania,
BJICUET 3a COOOM MOBBIIICHUE KYJIbTYPhl TPOMU3BOCTBRA.

Ynpaenenue mexnonozuueckum npoyeccom OypeHus: BKIIOYAET KOH-
TPOJIb, PETYIMPOBAHUE U YIPABISIONIME BO3JACHCTBUS, OOECIICUMBAIOIINE
s dexkTuBHOE PYHKIIMOHUPOBAHUE YIPABIIEMOr0 00BEKTa B M3MECHSIOIIIHX-
cs ycnoBusx. KoHTposs gaet nHGOpMAaIUio 0 TEXHOJOTMYECKUX MapaMeTpax
mpoliecca B JaHHBIE MOMEHT BPEMEHH, BO3MOKHOCTh MPOCIEANUTD 33 X U3-
MEHEHHEM U TIOJTyYUTh OTKJIMK Ha YIPaBJIIOIIEe BO3ICHCTBHE.

Pezynupoeanue — 510 1EUCTBUsI, HAIPABJICHHBIC HA IIPUBEICHUE OT-
JEIBHBIX TTapaMeTPOB Mpollecca B 3aJaHHBIC MPEETbl W UX U3MEHECHHE
B COOTBETCTBHHU C PETJIaMEHTOM IIpoIlecca. Y CIENTHOE YIPaBICHUE BO3-
MOXHO TOJIBKO TIPM YCIOBUU COOTBETCTBYIOIIETO HH(POPMAIIMOHHOTO
oOecrieyeHusl.

Hugpopmayuonnoe obecneuenue TEXHOIOTUYECKOTO Ipoliecca
BKJIIOYAET MOJydyeHre WHPOpMAINH, €€ TIepeady U aHaJIu3 JJis BbIpaboT-
KU YIOPaBJSIONIUX PEIICHUN B U3MEHSIIONIUXCS YCIOBUAX U OOECIICUCHHE
oOpaTHOI CBsI3M JJIsl peanu3aluu peiieHuid. YeM Bwile ypoBeHb UHMOP-
MaIIMOHHOTO O0eCIeueHs, TeM B OOJBIINEH CTerneHu 3Th GyHKIHUHU Tepe-
KJIaJIbIBAIOTCS] HA aBTOMATUYECKUE CUCTEMBI YIIPABICHUSI.

B nacrosiiee BpeMsi MOBCEMECTHO BHEAPSAETCS AUCTAHIMOHHOE WH-
dopmarmoHHoe odecreueHrne. ITo MO3BOJSAET Ha JUCTIETIYEPCKUX MyHKTaX
(ygacTkax) o0Opya0BaTh CIEIUALHBIE MYJBThI, HA KOTOPHIX MOHTHPYIOT
MOKA3bIBAIOIIME W PETUCTPUPYIOIMIHNE MPUOOPHl TEXHOJIOTHYECKUX Tapa-
METpOB OypeHus Kaxaon OypoBoil. Jlucneruep (MHKEHEP ydacTKa) MOJTy-
4aeT BO3MOXKHOCTh KPYTJIOCYTOYHO CIEIUTh 3a paO0TOM OypOBBIX U MpPH
HEOOXOMMOCTH HE3aMeJIUTEIIbHO BHOCUTh HY>KHBIE KOPPEKTHUBHI B IMPO-
11eCC MPOBOJKU CKBAKUHBL.

OTteuecTBeHHON pa3pabOTKON SBIAETCS CTAHIIUSI KOHTPOJIS U YIIpaB-
JeHus npoueccoM Oypenus «Jleysa-1», pazpaborannas [TH® «Ieodusu-
ka» 1 AHK «bamnaedTh». 3a pyOexomM noa00HbIE CTAHIIUN CEPUNHO BbI-
nyckatoTcsa dupmamu «Mugactpucy, «bapoum» u «Maptun [lekkep»
(CIIA), «XKeocepBuc» u «Marpa» (Opanuus).
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2.5. TexHoJIorM4YecKHe MapaMeTPhbl U PeKUMbI OypeHu s

[lon pestcumom Oypenus TOHUMAETCS ONPEIEICHHOE COYETAHHE
TEXHOJIOTHYECKUX NApAMETPOB, BIUSIONIUX HA HOKaA3amenu 0ypeHus:

1) oceBast Harpy3Ka Ha JOJIOTO;

2) yacToTa BpalleHUs J0JI0Ta;

3) pacxona mpOMBIBOYHOTO OYpPOBOIO PacTBOpa;

4) naByieHHE MPOMBIBOYHOTO OYpOBOT'O pacTBOPA;

5) Ka4ecTBO MPOMBIBOYHOTO OYpOBOro pactBopa (IJIOTHOCTb, BSI3-
KOCTb, BOJIOOT/Ia4a, CTATUYECKOE HAIPSKEHUE CABUTA).

[IpaBunbHOE Ha3HAYEHUE M KOHTPOJb HaJ PACXOJOM U JIaBJIEHUEM
OypoBOro pacTtBopa B Ipoliecce OypeHus SIBJISIFOTCS BaXKHbIM (haKTOpPOM
YCHEIIHOTO MPOBEACHUS CKBaXKMH. OJTHOBpeMEHHOE Ha0JII0/IeHUE 3a TIOKa-
3aHUSIMM PAcXOIOMEpa M HU3MEPUTEINsl JIaBJIEHUs IO3BOJSET MOJIy4aTh
BaXXHYI0 MH(pOpMalLIMIO 0 Iporecce OypeHus u padboTe Hacoca.

Hamnpumep, BHE3anHbIi pOCT pacxojia Mpu OJHOBPEMEHHOM IaJIEHUU
JABJICHUS MOXKET CIYXKUTh CUTHAJIOM OOpBIBa OypUIIbHBIX TPYO WM, B 00-
paTHOM cily4ae, — MpuxBaTa UHCTpyYMEHTa. Takxke HEOOXOAUMO KOHTPO-
aupoBaTh AudPepeHInaIbHBIA pacxo OypoBOro pacTBopa, KOTOPBIN OIl-
peaesieTcss pa3HOCThIO MEXKYy PACXOI0M JKUJIKOCTH Ha BXOJI€ B CKBAKUHY
Y Ha BBIXOJI€ U3 HEE, YTO OUEHb BAXKHO JIJIs1 CBOEBPEMEHHOI'0 OOHAPYKEHUS
MOTJIONIEHUSI OYpOBOr0 pacTBOpa WM MPUTOKA B CKBAXKHUHY IJIACTOBOTO
¢rouna.

I pexkmusnocms padomer 0os10ma ONCHUBACTCS apaMeTPaAMMU:

1) MexaHU4YeCKOW CKOPOCThIO OypeHus V.., M/4;

2) MpOXOAKOW Ha JA0JIO0TO /1, M.

[Ipu BBIOOpE pexkuma OypeHHs CleAyeT yYUThIBaTh, YTO C U3MEHE-
HUEM OJHOTO M3 MapaMeTpoB HE BCErJa yBEIMYUBAIOTCS MEXaHMUYECKas
CKOPOCTb MPOXOJKH V., M IPOXOJKA HA JTOJIOTO /. JIJist Kaxk a0 MOpOsl U
criocoba OypeHHs CYHIECTBYET ONTUMAIbHOE COUYETAHUE HATPY3KU Ha J0-
JIOTO, YaCTOThI BpAIllEHU JJ0JI0TA U pacxoia OypoBOro pacTBoOpa.

CouyeraHue TEXHOJIOTMYECKUX MapaMeTPOB, MO3BOJISIONIEE MOTYYaTh
HanOoJee BHICOKME KAYECTBEHHbIE M KOJIMYECTBEHHbIE MOKa3aTeln Oype-
HUS TpU JAHHOM TEXHUYECKOW BOOPYXEHHOCTH OypOBO#l, Ha3bIBaeTCS
ONMUMATILHBIM PEHCUMOM OYPEeHUA.

[Ipu TypOuHHOM crnocobe OypeHusi B Ciiydae YyBEIMYEHHS pacxoja
MIPOMBIBOYHOM JKUJKOCTH NPU HEU3MEHHOW HArpy3ke Ha JOJIOTO 4acToTa
BpalieHus Basia TypboOypa ([10J10Ta) 1, pacTeT MPSMO MPOHOPIUOHAIBHO.
Ecnu e Harpys3ka Ha JoJI0TO OyJeT yBEeJIUYeHa, a pacxo] MPOMBIBOYHOU
KUJKOCTH OCTAHETCs IOCTOSIHHBIM, TO 4acTOTa BpallleHHs Bajia TypOoOypa
(10J10Ta) YMEHBIIUTCSL.
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[Ipu cozmanuu Harpy3Ku Ha J0JOTO YacTOTa BpallleHUs Bayia TypoOo-
Oypa (monota) 7, YMEHBIIIAETCS, a BPAIIAONINH MOMEHT YBEIUYMBACTCA.
DddexTuBHas padora TypooOypa OyaeT obecrneueHa mpu TaKuX Harpy3Kax
Ha JI0JIOTO, KOrJa MOIIHOCTh Ha Baldy TypOoOypa N JOCTHTHET MaKCH-
MaJIbHOTO 3Ha4yeHHus. B ATOT mepuoj "acToTa BpailleHHs Bajia TypboOypa
COCTaBJISIET MPUMEPHO TOJOBHHY YaCTOTHI BPAIICHHUS JTOJIOTA MPU OTCYT-
CTBUH Ha HETO Harpy3KH, a BPAIIAIONUH MOMEHT — OKOJIO TIOJIOBUHBI MO-
MEHTa, Pa3BUBAEMOTO MPH TOPMOXKEHWU Baia TypOoOypa. Ilpm maxcu-
MaJbHOM MOIIHOCTH Ha Bally TypOoOypa TypOuHa UMEET U MaKCUMAaJIbHOE
3HaueHue KII/I.

[Tpu poTopHOM OypeHUHM OTCYTCTBYET SIPKO BBIPAKCHHAS B3aUMO-
CBSI3b TIAPAMETPOB peKUMa OYPEeHHUS, TOITOMY MOKHO YCTaHABIMBATh JIFO-
Oble KOMOMHAIIMU MapaMeTpPOB pexuMa OypeHHUs U KOHTPOJIMPOBATh HX.
Pacxon mpoMBIBOYHOH JKUIKOCTH YCTaHABJIMBAETCS C yYETOM KadeCTBEH-
HOM ouucTKH 32005 ckBakMHbI. Harpy3ka Ha J0JI0TO W yacToTa €ro Bpa-
HICHHS YCTAHABIMBAIOTCS C YUETOM TBEPIAOCTH MPOXOIUMBIX ITOPO/I.

[Tpy mpoeKTUpOBaHUM PEKUMOB OypeHHUS Ha XOPOIIO HU3YYCHHBIX
TUTONIAJITX OCEeBasi HArpy3Ka MOXKET OIMpeNesIThes Mo popmyre

P@ - azmek, (21)

r7e o, — KO3QUIMEHT, YIUTHIBAIOIIUN N3MEHEHHE TBEPAOCTU TOPHBIX TTO-
POJ B KOHKPETHBIX YCIoBUsAX 32004 (o, = 0,33 :1,59), myisi mpakTHYECKUX
pacy€ToB MPUHUMAETCS paBHBIM 1; p,, — TBEPAOCTH TOPHOM MOPOJIBI IO
mrramny; Fj — IUTONIA b KOHTAKTa 3yObEB JI0JI0Ta ¢ 3a60eM, M.

Jannas Qopmyna MoO3BOJSET MOJYYUThH JIMIIb OPUEHTHUPOBOUHBIE
3HaueHUs P,, Tak KaK HE YYUTHIBA€T pabOTOCTIOCOOHOCTH OMOpP U BOOPY-
’KEHUS 00T B 3aBUCUMOCTHU OT YaCTOTHI BPALICHUSI.

Ecnu o, u p,, HEU3BECTHBI, TO AJIA MAPOLUICYHBIX J0JIOT C JUAMETPOM
oompiie 190 MM OCeBYIO Harpy3Ky Ha JI0J0TO OMPEACIISIIOT MO CIIEAYIONICH

bopmyre:
Py = PyyD,, (2.2)
rine Py, — ynenbHas Harpyska 1o auamerpy gosnora, kH/mMm (cm. tabm. 2.1);

Dy — nuaMeTp A0JI0Ta, MM.
YacToTa BpallleHus 1070Ta onpenessercs mno Gopmysne

n= (Pmaxyd/Pi)npmina (23)

I1€ Prmaxyo — MAKCUMaJIbHAs pEKOMEHAyeMasl yAelIbHas Harpy3Ka 1o JuaMer-
py nonora, KH/MM; 71,min — MEHIMaJIbHASL 9aCcTOTa BpALIEHUs pOTOpa, OepeT-
Csl TI0 €r0 XapaKTePUCTUKE JIJIsl KOHKPETHOM OypoBOMl ycTaHOBKH; P; — TeKy-
1iee 3HaYeHUE Harpy3Ky Ha 1 MM tmameTpa JJisi KOHKPETHOT'O TUIIA JI0JIOTA.
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Tabaunma 2.1

Pexomenayemble 3HaueHus P,

*

I"opHbIe TOpOBI P, xH/Mmm
Becbma msirkue <0,2
Msrkue u cpeIHEMATKUE, a TAKKE MATKHE MOPOJbI C IPOCIONKaMHU 0.2-05
MOPOJ CPENHEN TBEPIOCTH U TBEPABIX ’ ’
[Topoasl cpenHEN TBEPAOCTH, a TAKKE MOPOJbI CPEAHEN TBEPAOCTH C 0.5_ 1.0
IIPOCIIOMKAMU TBEPIBIX OPOL ’ ’
TBepable oposl 1,0-1,5
Kpenkue 1 o4eHb Kpenkue nopoisl >1,5

"1.C YMEHBIIIEHHEM JUaMeTpa J10JI0Ta 3TU BEUYUHBI CHUXKATC U s D = 140 mm
JIOJIOT OHU HI>KE MpUMEpPHO B 1,5 — 2 pa3a.

2. HauGonbmee 3HaueHue P,, JTUMHUTHUPYETCS NPOUYHOCTHIO BOOPYKEHUS OJIOTA U
IIOIIIIUITHUKOB.

Pacxon OypoBoro pactopa onpeensieTcss UCX0s U3 CKOPOCTU BOC-
XOJSIIEro MoToka Vy,, KoTopas Ajisi MArKUX MOpoJ cocrasiser 1,5 m/c, a
st oueHb kpenkux — 0,4 m/c. JIjist ocTanbHBIX OPOJ CKOPOCTh BOCXOSI-
IIEr0 MOTOKA OTPEIEIIAETCA TUHEUHON NHTEPIOIAIMEH Wi 110 hopMyJie

0=V,(D2~d2, ). 4)

rme O — pacxon OypoBOro pacTBopa, M’/c; v — KOdMD(HIMEHT, Y4HTbI-
BAIOIIMI YBETUYEHUE NUAMETpPa CKBAXUHBI, JUIsI OYEHb MSTKUX MOPOJ]
(mecok) v = 1,3, ais kpenkux nopoa v = 1,05; D¢ — quaMeTp CKBaXWHBbI,
M; dg ., — AMaMeTp OypUIIbHBIX TPYO, M.

[1n0THOCTH OYpOBOrO pacTBOpa B MHTEPBajJaX COBMECTHUMBIX YCIIO-
BUii Oypenus omnpeaensiercs «lIpaBuiamu 0e3omacHocTH B HE(DTSIHOM U ra-
30BOU MPOMBIILICHHOCTH.

2.6. KoHTpOJIbHO-U3MepUTeIbHbIe NPUOOPHI M ABTOMATHKA B OypeHHH

O¢ddexTuBHOCTH OypeHUs] CKBaXKUH CYILIECTBEHHO 3aBUCHUT OT MOJIHO-
ThI U JJOCTOBEPHOCTHU PE3YJIbTATOB KOHTPOJISI TEXHOJIOTMYECKUX MTapaMeTpOB
pexxuMa OypeHus, IIeMEHTUPOBAaHUSI CKBa)XHH, TTOKa3aTesiell CBOMCTB Oypo-
BbIX U TAMIIOHAKHBIX PACTBOPOB, UCXOAHBIX MaTepuayioB U Jp. be3 monHoi
U JIOCTOBEPHOM HH(OpMAIUM HEBO3MOXHO BEICHHE TEXHOJIOTHYECKUX
MPOLIECCOB MpHU OypeHUHM CKBaXUH B ONTUMAJIbHBIX pEXHUMax, oOecreyu-
BAIOIIUX BBICOKHE TEXHUKO-PKOHOMHUYECKUE TIOKA3aTeIH.
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MHuorooOpa3ue perniaemMbix MpU COOPYKEHUU CKBAXKMH 3aj[a4, MHO-
roodpasue mpoleccoB U OMepaluii, yactas HEBO3MOXKHOCTh MPSMBIM ITy-
TEM U3MEPSTh TEXHOJOTUYECKUE MapaMeTPbl OOBICHSIIOT 00JIbIIIOE MHOTO-
o0Opasue KOHTPOJIbHO-U3MEPUTENBHBIX MPHUOOpoB 1 aBToMatuku (KNUITuA)
B Oypenuu. [Toatomy 6ypoByro KUITuA knaccudunupyrot He MO OJHOMY,
a 1o psiAy IPU3HAKOB.

OcHosnblie kiaccupukaimu Oyposoit KUInA:

e 10 (QYHKIHOHAIbHO-TEXHOJIOTMYECKOMY MPU3HAKY;

® 110 crI0cO0aM U3MEPEHUS U KOHTPOJIS;

® 110 coco0y oTOOpaXkeHus: HH(pOPMALIHH;

® 110 BUJY YHU(PUIUPOBAHHOIO CUTHAJIA JATUHKA.

[To ¢pyHKIIMOHAILHO-TEXHOJIOTUYECKOMY TTPU3HAKY (OCHOBHAsI KJjlac-
cudukanus) 6yposass KUIInA moxeT ObITh pa3zieiieHa Ha MATh KJIACCOB.

I-i1 knacc annapamypel: anmnapaTtypa JJisi KOHTPOJISL TEXHOJIOTHYe-
CKHUX IapaMeTpOB MPOIIECCOB, 000OPYI0BAHUS, MAIlIH, MEXaHU3MOB, UHCT-
PYMEHTA, CKBa)XKHH, areHTa JUisl yAaJeHUusl IPOAyKTOB paspyuienus. C mo-
MOIIIbIO JTAHHOW ammapaTypbl KOHTPOJIMPYETCS PEXKUM pabOThI, CHUIOBAS
3arpy3kKa, TEXHUYECKOE COCTOSIHUE, MapaMeTpbl 00OpYyIOBaHUS, HUHCTPY-
MEHTA U T.Jl., Y4aCTBYIOIIUX B IpOIECcCax.

B naHHOM Kiacce TEXHOJOTMYECKOW anmnapaTrypbl BAXKHEHUIIAMU SIB-
JISIFOTCS CEMb OCHOBHBIX T'PYIIIL:

1) annapamypa ona xommponas pedxcuma pabomvl HOPOOOPA3P)-
waruje2o UHCmMpyMeHma: U3MEPUTEN 0CEBOW HArpy3KH, 4acTOThI 000PO-
TOB (OypOBBIE TAXOMETPHI), arrapaTypa AJisi KOHTPOJISI peKUMa MIPOMBIBKH
WM TIPOJYBKHU (M3MEPUTENH pacxoja U JaBJICHHU ), U3MEPUTENN KPyTsLIe-
ro MOMEHTAa, U3MEPUTEIIN YAaCTOTHI U SHEPTUH YIAPOB;

2) annapamypa 0Ons KOHMpOAs pabomsl npueooa (21eKxmpoosucd-
menetl, ogueameinel GHYMpPEeHHe20 C2OPaHus, 2UOpPO- U NHEBMONPUBOOQ):
npUOOPBI 11 KOHTPOJISL HANPSIKEHUS] TUTaHUS 3JIEKTPOJBUTaTeNeH, pH-
OOpBI I KOHTPOJISL 3arpy3KH 3JIEKTPOJBUTaTeNIel 10 TOKY U Jp., almnapa-
Typa JUisl U3MEPEHHsI MOMEHTA Ha BaJly PUBOJIA, YACTOThI 00OPOTOB U Ap.;

3) annapamypa 018 KOHMPOJAS CUNOBOU 3a2PY3KU U COCMOSHUAL O)-
P08020 060PYO008aAHUA U UHCMPYMEHMA: U3MEPUTENH YCUITUHN, TaBICHUN U
HaIpPsLDKEHUH B y3J1ax U ITalIAX OypoBOro arperatra U MHCTpyMEHTa, amma-
paTtypa [l KOHTPOJISI TEXHUYECKOTO COCTOSIHUS OypOBBIX TPyO (TOJIIH-
HOMEPBI, HHAUKATOPBI U3HOCA, APEKTOCKOIBI), anapaTypa JJisi KOHTPOJIS
3arpy3Kd TaJeBOTO KaHara (CYETYMKH pabOThl TaJIEBOIO KaHaTa, U3MEpH-
TEJIW YCWINM), ammapaTypa JJisi KOHTPOJIs U3HOCA BOOPYKEHHOCTU U CO-
CTOSIHMSI IOPOI0PA3PYILIAIOIIETO HHCTPYMEHTA;
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4) annapamypa 011 KOHMPOJisi pabomuvl 3a00UHBIX OYPOBLIX MAULUH;

5) amnapamypa Ona KOHmMpOAS paboOmMvl CKEANCUHHBIX CHEYUATbHBIX
CHAPA008 U UHCMPYMEHMA: CUTHAIN3aTOPbl MPEKPAIICHUST KEKLINUU CTPYH-
HOT'0 HAaCOCa, CUTHAJIN3aTOPbl HAIOJIHEHUS! KOJIOHKOBOUM TPYObl KEPHOM, CHT-
HAJIM3aTOPBl U3MEHEHUS PeXUMa padOThI IPU CMEHE TOPHBIX MOPOJT U JP.;

6) annapamypa 011 KOHMPOJS CNYCKONOObEMHBIX ONepayuli: N3MepH-
TEJIM CKOPOCTHU U BBICOTHI IOJITbEMA 3JIEBATOPA, CUETUMKU KOJIMYECTBA MOIHS-
TBIX CBEUEH, U3MEPUTEIH MIyOUHBI CITyCKa U MO IbeMa HHCTPYMEHTA U JIp.;

7) annapamypa 015 KOHMPOJISL 2e0MEMPUUECKUX U 2e0J102ULEeCKUX
napamempo8 CK8aXCuuvl: amnmnapartypa uisi IPOBEACHUS UCCIEIOBaHUMN 10
CTaTUKE U TMHAMUKE MOJI3EMHBIX BOJ, JIJIs1 KOHTPOJISl TapaMEeTPOB MPOILIeC-
ca OTKa4Ku (CKBaKMHHBIE PAacXOIOMEpbI, JeOUTOMEPHI, YPOBHEMEPHI, OII-
peaenuTeNs HalpaBieHUsI TOTOKOB, MAHOMETPBI, TEPMOMETPBI, arnapary-
pa [71sl BBISIBJIICHUS 30H MOTJIOUIEHUI U BOJAOIPUTOKOB U JIp.), anmaparypa
IUIsL KOHTPOJISI TPOLECCOB KPEIUICHHs] CKBaXKUH, ammapaTypa JJisl omnpese-
JICHUS ¥ UCCIIEIOBAHMSI aBAPUMHBIX CUTYallUid B CKBAXKUHE.

2-i Knacc annapamypel: annapatypa s KOHTPOJS TEXHHUKO-
skoHOMHUeckux mnokaszatenedd (TOII) mpomecca OypeHus: CKBaXHH, KOH-
TpoJisi 3PPEKTUBHOCTH Mporecca OypeHUs] — U3MEPUTENN YIITyOKH 3a OT-
PE30K BPEMEHH, PEHCOBOM YIiyOKH, U3MEPUTEIN MEXaHUYECKON U perico-
BOM cKopocTu OypeHus, ammapatypa il KOHTPOJISL 3aTpaT BPEMEHU Ha
TEXHOJIOTUYECKUE TPOLIECCHl U OMNEpallH, 3JIEKTPOCUETUUKHU, CUETUUKU
pacxoja TOIUIMBa, BOJIbI, PACTBOPA, PEareHTOB.

3-it Knacc annapamypel: KOMIUIEKCHAs ammapaTypa, BKIIOYaroas
HECKOJIbKO M3MEpHUTENeN U3 MEePBOro W BTOPOroO Kjacca, KOHCTPYKTHUBHO
oopMIiIeHHAas B BUJI€ €IUHOTO KOHTPOJIbHO-U3MEPUTEIBHOIO MyJbTa C Psi-
JIOM TOKa3bIBAIOLIMX MPUOOPOB, OJIOKA MUTAHUSI U OPTaHOB YIIPABJICHUS U
OT/ICJIbHBIX JTATYMKOB Ha KOHTpoiupyembie napamerpsl (I'TI, [TKM, HPB,
KYPC, PYMB).

4-u1 knacc annapamyppl: annapaTtypa i ONPENCIICHUS CBOMCTB
MaTepHaJIOB, XKUJKOCTEH, PeareéHTOB, YYaCTBYIOLIMX B OCYIIECTBICHHUU
TEXHOJIOTUYECKUX TMPOLECCOB (ammaparypa AJis OIpeAesIeHUs CBOWUCTB
TOPHBIX TOPOJI, MAPAMETPOB MPOMBIBOUHBIX KUIAKOCTEH, IEMEHTHBIX pac-
TBOPOB H JIp.).

5-i1 knacc annapamypui: annapatypa AJis KOHTPOJISI TAPaMETPOB U
NoKazaresiel, XapaKTepU3yIOLUIUX COCTOSIHUE TEXHUKN O€30IaCHOCTH U OX-
paHbl TpyJa MpHU BBIIIOJHEHUHU padOT MO COOPYKEHHUIO CKBAXKHUH.
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VYcnous skermyataunu KUIIMA B OypeHHHM CKBaXKMH PE3KO OTJIH-
YaloTCsl OT YCJIOBHM AKCIUTyaTalluM €€ B JII000H Ipyroit oTpaciu. Ammapa-
Typa paboTaeT B YCIOBUSX CHJIbHBIX BHOpaluii, TPSCKH, TUHAMUYECKUX
HArpy30K, pe3Koil CMEHbl U OOJNbILION Pa3HOCTH TEMIIEpaTyp, BIAKHOCTH,
JaBJeHUs, OOJBIIMX KOJICOAHUI HANPSHKEHUS MUTAHUS M YaCTOTHI AJIEK-
Tpudeckoro Toka. Oomue TpedoBaHus K anmapaTrype OOIIenpOMBIILICHHO-
ro npuMeHeHus otHocsTcs U Kk 0ypoBoit KUIIuA: BeicOkast HaA€KHOCTD,
IIPOCTOTA YCTPOWCTBA M 3KCIUTyaTallMd, TOYHOCTb, MHUHUMAaJbHas CTOU-
MocTb. [Ipu OypeHnun ckBakuH 0cob0€e 3HaU€HHE MPUOOPETAIOT TaKUe Tpe-
OOBaHMUsI, KaK BbICOKAsi HAJIEAKHOCTh U MPOCTOTA YCTPOHCTBA.

KUIInA oCHOBHBIX MapaMeTpOB OypEHUS:

M3MEPUTEIIH BECA CHAPSIAA U OCEBOW HArpy3KU;
W3MEPUTENH YaCTOThI BpallleHus Oypa;

U3MEPUTETN MEXaHUIECKON CKOPOCTH OypeHus;
M3MEpPUTENH JJABJICHUS U pacxojia OypoBOro pacTBopa;
VU3MEPUTEIIH U OTPAHUYUTENN KPYTSIIETO MOMEHTA;
VU3MEPUTEIIA AKTUBHOU U PEAKTUBHON MOIITHOCTH.

Hsmepumenu eeca cuapsada u ocesoui naepysku. Hanbonee pacmpo-
CTPaHEHHBIMHM B HACTOSIIEE BpeMs SIBJSIOTCS M3MEPUTEIN BECa CHapsAaa U
OCEBOW HArpy3KH, CBS3aHHBIC C TUAPABINYECKON CUCTEMOU IOJaYM CTAaHKA
U C HEMOJBMKHBIM KOHIIOM KaHarTa TaJleBOM cucTembl. [[1s1 OypoBbIX cTaH-
KOB C IIMPOKO PACIPOCTPAHEHHON TMAPABIMYECKON CUCTEMOM IMOJA4YH Hau-
0oJiee MPOCThIM M MPUEMIIEMBIM SIBJISIETCSI BCTpaMBaHUE JAaTUYMKOB B TU-
PaBIMYECKYI0 CUCTEMY CTAaHKA, T.€. TOUYKOM Ch€Ma CHUTHAJIA SIBJISIETCS JaB-
JIEHWE Maclia B THApPOLMIMHApax Bpawmarens. [Ipu nomaye HHCTpyMEHTA C
ne0eIKu B KayecTBE TOUEK ChE€Ma CHUrHAJla MOTYT OBITh B3SThl PEAKIUU
(ycunus, KpyTSIIUA MOMEHT, HANpsDKEHUsI) Ha KPIOKE B 3JieMeHTax Oypo-
BOIl yCTaHOBKHM (XOJOBasi BETBb, pabO4YMe CTPYHbI, HEMOJBMXKHBIN KOHEI
KaHaTa TaJIeBOW CHUCTEMBbI, TaJeBbIA OJIOK, ONOPBI OCEW KPOHOIOKA, OTTSK-
HBIE POJIMKH, KpPOHOJIOUHAsI pama, HOTH MauThl).

T'uopasnuueckuii unouxamop eéeca I'MB-6 (puc. 2.17) npennasHa-
YeH I MHAWKAUWUWA U PETUCTPALlMA YCUIINS B HEITOJABUKHOM KOHIIE KaHa-
Ta TaJeBOW CUCTEMBI (T.€. U YCWIHS Ha KPIOKE) Mpu OYypeHUH CKBaXUH, a
110 BUJy 3alMCH 3TOr0 YCWJIMS, 3HAsl TEXHOJOTHYECKUHN MPOLECC, CYAST O
IIPOU3BE/ICHHBIX OIEPALIASIX BO BPEMEHH.

B I'IB-6 B xauectBe perucrparopa NPpUMEHEH CaMOIMUIIYIUA Ma-
HoMmetp Tuna MCTM-410 c 3amuceio oT 1ieHTpa K nepudepuu. YyBcTBU-
TEJIbHBIM JIEMEHTOM MaHOMETpA SBJISIETCS TpyOUaTasi Ipy>K1Ha Ha mpee
n3Mepenus 10 KFC/CMz; 1ieHa JeneHus auarpammsl — 0,1 KFC/CMZ, KJ1acc
TOYHOCTH — |, 3aBOJ] 4aCOBOI'0 MEXaHNW3Ma —Ha 8 CyT.
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Puc. 2.17. OOuuit Bua rugpasindeckoro unaukaropa seca ['MB-6:
1 — tpanchopmarop gaBrneHus; 2 — OCHOBHOM yKa3aTellb; 3 — BEpPHbEPHBIN
yKazarellb; 4 — perucrparop; 5 — npecc-0a4ok; 6 — BEHTUJIb; / — ILUT

[Ipecc-6adok Cy»KUT JJI 3aMOTHEHUSI BCEH CUCTEMBI paboydeil xKu/I-
KOCTBIO U MPEJICTABIISICT COOOM ITUIMHAP C THUIIEM U Kpbimkoi. K qHumry
KpEMuTCsL MTyUep I MOACOCAUHEHUS] TpyOorpoBoaa. Uepes KpbIIKY
IIPOXOJUT BHUHT C BOPOTKOM, BHHT LIAPHUPHO COEIHWHEH C mopuiHeMm. B
KpBIIIIKEe UMEeTCsl MpoOKa IS 3aKBa pabouei )KUIKOCTH.

BepHbepHBI yKa3aTellb NMPEIHA3HAYEH ISl YTOUHCHUS ITOKa3aHUU
WHJMKATOpa Beca IPU U3MEHEHUHW HArpy3KH Ha JI0JIOTO U YCTPOEH aHaJlo-
TMYHO OCHOBHOMY. B OT/IMUME OT OCHOBHOI'O BEPHBEPHBIN yKa3aTellb HMe-
et 360-rpagycuyro mkany ¢ 40 HeoumdpoBaHHBIMH naeineHusMu. [lpu
HOpMAaJbHOM jaBieHun 10 Kre/cM” cTpeika mprOopa MOBOPAUMBAETCS HA
180°. Takum 00pa3om, 4yBCTBUTEIBLHOCTb €r0 MPEBBIIIAET YyBCTBUTEIb-
HOCTh OCHOBHOTO YKa3zaress mpuMepHo B 6,7 paza (180°/270° = 6,6).

OcHoBHOl yka3arenb (puc. 2.18) cMOHTUPOBaH B JIUTOM Kopryce. B
KOpIlyce CMOHTHpOBaHa TpyOuaTasi MaHOMETpHUUecKas npy>kuHa bypnona,
HETIOJIBMKHBIN KOHEI[ KOTOPOU BIasiH B JIEp)KATeIb, a CBOOOTHBIN 3aKPHIT
HAaKOHEYHHUKOM, KOTOPBIM TATOM [APHUPHO CBSI3aH C XBOCTOBUKOM CEKTO-
pa TpUOOCEKTOPHOTO MEXaHU3MA.

Ha HenmoaBM)XHOM KOHIIE TajleBOr0 KaHara TpaHc(opmaTop AaBiie-
HUS MOHTUPYETCSl TaK, YTO KaHaT OKa3bIBAECTCS IMPEIOMIICHHBIM MEXKIY
KpallHUMHU pPOJMKaMU OOONMBI U CPEJHUM OMOPHBIM POJIMKOM, OMHUPAI0-
muMcs Ha Mmemopany. Tpancgpopmamop oaenenusn (TH-2A, THA-4, TH-5)
(puc. 2.19) cocTout u3 kopmyca /, B IpUJIMBaxX KOTOPOro KpensTcs o0o0ii-
MBI 2 U 3, Hecylue OOKOBBIE POJIMKU. B cpemHel yacTu Kopiryca pacrio-
JI0’KE€Ha KaMepa JaBJeHUs 4, IepeKpbITas pe3MHOBOM MeMOpaHoil, mpuka-
TOH K KOpIycy Kpblikoil 5. Ha MmemOpaHy onupaeTcsi momiaBok 6, Hecy-
i oboiiMy 7 cpeaHero poiuka. CoenuHeHHe TpaHcpopMaropa C TU/l-
PaBIWYECKOW JMHUEN WHAMKATOPA OCYLIECTBISIETCS AIOPUTOBBIM IIJIAH-

57



rOM, IPUCOEAUHEHHBIM K IITYIEPY &, pacloNoKEHHOMY B JIHE KOpITyca.
Tam >xe pacmnonokeHOo OTBEpCTHE AJIA BBITYCKa BO3/AyXa, 3ariyliaeMoe
npobkoit 9. Ha kanate TpancgopMarop JaBieHUs MOAACPKABACTCS 3aXKH-
MoM (). Tpanchopmarop npeaHazHadeH Ij1si KaHATOB AMAMETPOM OT 15 1o
19 MM U MOXET OBITh OTPETYJIMPOBAH Ha JIBa Mpeneia U3MEPEeHUs YCUIui
HaTspkeHusa kaHara: oT 100 mo 4000 u ot 200 no 8000 krc. PerynupoBka
MPOU3BOAUTCA U3MEHEHUEM yTJiia MPEJIOMIICHHS KaHaTa 3a CYEeT YCTaHOBKU
MPOKJIAJIOK TIOJT TOPIBI 000KM CpeIHEro U OOKOBBIX POJIMKOB.

Puc. 2.18. O6mwuii Bug Tpyouaroro manometpa: Puc. 2.19. [Ipunnunuanbraas cxema
1 —tpyOKa bypnona; 2 — mikana; 3 — ctpenka;  tpanchopmaropa nasiueHus T/[-2A
4 — noBOJIOK; J — 3y0UaThlii CEKTOP; 6 — MPOOKa;
7 —mrynep; 8§ —ynpyras npy>KuHKa

T'uopasnuueckuii uzmepumens eeca I'NB-13 (puc. 2.20, a) npenna-
3HAYEH JJI1 U3MEPEHUS U PETUCTPAIUK YCUIMM HATSDKEHUS HETIOABUYKHOTO
KOHI[a TaJIEBOr0 KaHaTa Mpyu OypEeHUHU U KalUTAIbHOM PEMOHTE CKBAXKHUH.

B cocraB nmpubopa Bxonatr: TpaHchopmarop nasiaeHuss TZ-300 c
ANEKTPOHHBIM TIpeolOpasoBarenem AasieHuss KPT-5-Ex, mukponporieccop-
HBII OJIOK U3MEpPEeHUs] U UHAWKAIINK, TTOKa3bIBAIOUIUN U PETUCTPUPYIOIIUN
ycuiiie HaTsbKeHus: kaHara B KH, u mpecc-6a4ok [ijisl 3anojiHeHus: mpuoo-
pa. B sHeprone3aBrucuMoi namsTiu npudopa XpaHurcs UHPopMaIus 3a mno-
ciennue 80 CyTOK, KOTOpasi MOKET ObITh CHSITA MPU MOMOIIM YCTPOHCTBA
CUMTBIBAHUS C 1IEJIbIO MPOCMOTPA U XPAaHEHUS B KOMIIBIOTEPE.
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[TpuHtUn HeWCTBUS M3MEPHUTENST OCHOBAaH Ha MpeoOpa3oBaHUU yCH-
TSl HaTsbKeHUs: () KOHIlA TaJeBOro KaHaTa 2, BBI3BAHHOI'O HArpy>KEHHBIM
BECOM MHCTPYMEHTA 6, B JJaBJIC€HUE B KaMmepe TpaHchopMaTopa U B mocle-
AYIOIIEM HEMpPEepbIBHOM MPOMOPIHUOHATIEHOM MPeoOpa3oBaHUU €ro B YHU-
(uIpOBaHHBIN BBIXOAHOW CUTHAJNI TOCTOSIHHOTO TokKa 4 — 20 MA mpeoOpa-
3oBareseM AasieHud S (puc. 2.20, 6). Kanar npenomieH Mex 1y KpatHUMU
ornopamu Ha Kopryce / U cpeHeil onopoil 3, onuparouieiicss Ha MeMOpaHy
4. DnexTpudecKuid curHai ¢ npeodpaszoBatens nasienus tuna KPT5-Ex
MOCTYMAET B MPOLIECCOP MHUKPOIPOLIECCOPHOTO OJI0KA, B KOTOPOM MPOUC-
X0IUT 00paboTKa CUTHAJIa C MOCIEAYIOICH WHAUKAIMENd pe3ysbTara W3-
MEPEHUN HA YCTPOMUCTBE UHAUKALIWH.

Puc. 2.20. I'mapaBnnyeckuii uzmepurens Beca [ UB-19:
a — BHEITHUY BUJ; O — IPUHIIMTIHAIBHAS cxeMa Tpancopmaropa aasienus T/[-300

N3mepurens 'NB-13 BoimomnuseT cienyronime GyHKINN:

® CHUTHAJIM3UPYET O MPEACNIbHBIX Harpy3Kax, KOTOPbIE MOTYT OBITh
YCTAHOBJIEHBI B 3aBUCHUMOCTH OT XapaKTepa BBIMOJIHIEMON pabOThl U THMA
MOJbEMHHUKA (CBETOBAs U 3BYKOBAsI CUTHAIM3AIH );

® ABTOMATUYECKYIO PETMCTpAIlMIO Beca MOJBEIIEHHOIO HHCTPYMEHTA
Ha HEMOJIBMXKHOM KOHIIE TAJIEBOTO KaHATa B MaciuTade peajibHOrO BpEMEHH;

e o0MeH uHpopMalMend C YCTPOMCTBOM CUUTBHIBAHUSI U XPAHECHUS
uHopmarmu (Y CXHN) u nepcoHambHbIM KOMITBIOTEPOM;

® BO3MOXKHOCTh 3alIMCH MOJYYEHHOW MH(OpMAIMU HA KECTKUE U
ruOKMe MarHUTHBIE TUCKU JJIsl CO3/1aHus 0a3bl JaHHBIX;

® IIPOCMOTP Ha PKpaHE MEPCOHATLHOTO KOMITbIOTEpA TUCTOTPaAMMBbI
HArpy30K B peaJlbHOM MacliTade BpeMEHH.
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Mazuumoynpyzuii  KOMREHCAUUOHHBIIL UIMEPUmMENb HAZPY3KU
MKH-1 npennaznauyeH ajisi ocHaueHUs: OypOBBIX CTAHKOB C TaJIEBOW CHC-
TEMOW IO CXEME C HEMOABMIKHBIM KOHIIOM KaHaTa, B KOTOPBIM BCTPANBACT-
Cs TaTYMK YCWJIMW, ONPENEIAIOIMN YCUIINE HA KPIOKE IIPU B3BEIIMBAHUU
OypoBOro cHapsja, npu OypeHuu, Mpu MPOU3BOJCTBE CITYCKOIOAbEMHBIX
onepanuii. [locne B3BelIMBaHUS U «3alIOMUHAHUS Beca CHapsiia mpu Oy-
PEHHHU OIIPENEIIAETCSA OCEBAsI HAIPY3KA.

Taxum o6pazom, usmepurens MKH-1 npennaznaden jis:

® BHU3YaJbHOI'0 KOHTPOJIA BECA CHAPANA;

® BHU3YyaJbHOI'O KOHTPOJISI U PETUCTPALMU OCEBOW HArPy3KH B MPO-
necce OypeHus;

® BU3YAJIBHOIO KOHTPOJISI U PETUCTPALMH YCUJIAS HA KPIOKE IpHU
CITYCKOIIOJTbEMHBIX OIEpalMsIX U aBapuiHBIX padoTax.

B cocraB uzmepurens MKH-1 Bxozsr:

v' narunk Harpysku JIH (pactsokenns — JIHP wmm oxarus — JTHC);

v’ [OKa3BIBAIONIUH U peructpupyromnii mpubop ITPII-1;

v’ KOMILIEKT KabeJeii (kabelb 1aTyrKa U Kabelb IIATaHus ).

N3meputenr MKH-1 moxxeTr cHa®X)aTbCsl YCTPOMCTBOM CHUTHaJIM3a-
MU, CpabaThIBAIOIINM IMPU JOCTHHKEHUH U3MEPSIEMBIM MapaMeTpoM 3aja-
BAaCMbIX HAWMCHBIIIETO W HauOonbIIero 3HadeHuil. [lpuHIMN nercTBUs
JaT4rKa Harpy3Kd OCHOBAH Ha MCIOJIb30BAaHUM MarHUTOYHpyroro 3¢ gek-
Ta, KOTOPBIN 3aKII0YAETCA B U3MEHEHUH MarHUTHON MPOHUIIaeMOCTH (ep-
POMAarHUTHBIX MATEPHUAJIOB MO/ JIEUCTBUEM MEXAHUYECKOTO HAIPSIKEHUS.

Hzmepumenu yacmomol 8pawenus 6ypa. 3HaHUE YaCTOThI 000POTOB
Bajia 3a00MHBIX MalIMH J3aeT BO3MOXXHOCTh ONTUMU3UPOBATH Ipoliecc Oy-
pEeHUsI P PUMEHEHUU PEryJIUPYyeMOro npuBojaa OypoBOro CTaHka U Ie-
penade KpyTsIIero MOMEHTa IOPOJOPAa3PyLIAIONIEMY UHCTPYMEHTY C IIO-
MOIIIbIO OYpPOBOTO Baja.

[lo mpuHLUIy ACUCTBUS JATYUKU YTJIOBOM CKOPOCTH MOTYT OBITh
pas3ziesieHbl Ha TPU OCHOBHBIE TPYMIbL: Mexanuueckue, cuopasiuieckue u
anexkmpudeckue. Camble pacrnpoCTpaHEHHbIE B OYypOBOW KOHTPOJIBHO-
M3MEPUTENBHON aIaparype — MEKTPUIECKUE TATIYUKUA MAXOMEMPDL.

DNeKTpUYEeCcKUue TaXOMETPhl BECbMa pa3HOOOpa3Hbl KakK MO TUITY UC-
MOJIb3yeMOro npeoOpa3oBaTesisi, TAK U 0 METOYy U3MEPEHUs] U THUILY U3-
MEPHUTEIBLHOM 1IETIH.

C TOYKM 3peHUsI TOUHOCTH MU3MEPEHHUI YIIOBOW CKOPOCTH 3JIEKTPH-
YEeCKHE TaXOMETPbl MOKHO pa3OUTh Ha JIBE TPYIIIIbI:

® TaxoMeTphl, paboTaroIue MO MPUHIUITY AMIUTUTYIHON MOTYJIS-
MU (TaXOMETPhI ¢ MHIYKIIMOHHBIMU MPeo0pa3oBaTesisiMK), BHIXOTHOM Be-
JUYUHOU KOTOpBIX siBisieTcst DJ(C;
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® TaxoOMeTphl, paboTaroNIke MO MPUHIUIY YACTOTHOW MOMYJISLINU
(MHIIyKTUBHbIE, KOHTaKTHBIE, OTOAIEKTPUUECKUE), BEIXOAHON BETUUHMHON
KOTOPBIX SIBJIETCS YaCTOTA TOKA WJIM HAIIPSKEHUS.

TaxomeTrpbl BTOpOW TpYMIBI XapaKTePU3YKOTCA OONblIEed TOYHO-
CTBIO, TAK KaK YaCTOTA BBIXOJHOTO TOKA WJIM HANPSDKEHUS IPAKTUYECKH HE
3aBUCHUT OT KOJI€OaHUU HANpsDKEHUS UCTOYHUKA MUTAHUS, TEMIIEPATYPhI U
Apyrux (hakTopos.

C ToukM 3peHusi UCHOJb3YEMBIX MpeoOpa3oBareneil U METOA0B H3-
MEpEHUS 3JEKTPUUYECKUE TAaXOMETPhl MOXXHO pa3OUTh Ha CIEIYIOIINe
IPYNObl:  WHIYKIIMOHHBIE; 3JEKTPOUMITYJIbCHBIC; (HOTOINEKTPUUECKUE;
CTPOOOCKOITUYECKUE.

B OypoBoii KOHTPOJIBHO-U3MEPUTEIBHON anmnaparype HaXoAsT MpUMe-
HEHHE TJIaBHBIM 00pa30M MHAYKIIMOHHBIE TAXOMETPbI — MAX02eHePamopbl.

Ha puc. 2.21 noka3zaHbl HEKOTOPBIE CXEMBI JTaTYUKOB TAXOMETPOB,
MPUMEHSIEMBIX B OypOBOM anmaparype U peryJupyeMoM MpUBO/JIE.

Uz

Puc. 2.21. [IpuHuunuanbHble 3JIEKTPUYECKUE CXEMbl MHAYKIIMOHHBIX TaAXOMETPOB:
@ — TaxOoTreHepaTop MOCTOSHHOTO TOKA; O — MATYUK C KaTYIIKOW WHAYKTUBHOCTH U
IJJACTUHKOU ITOCTOSIHHOI'O MArHAUTA; 6 — JaTYUK C TEPKOHOM U IINIACTUHKOU
IIOCTOSIHHOTO MarHuTa

TaxoMmeTpbl MHUPOKO MPUMEHSIOTCS JIJII U3MEPEHUS JTUHEHHBIX CKO-
pocTeil (mpy MpeaBapUTEILHOM MPEeOOpa30BaHUN JTUHEHHOTO TepeMelre-
HUS B YIJIOBOE), HAllpUMEp, CKOPOCTU CITyCKa M MOJbEMa WHCTPYMEHTA,
MEXaHUYECKOU CKOPOCTHU OypeHUSI.

Hsmepumenu mexanuueckou ckopocmu Oypenus. Ilpumenenue us-
MepUTeNIed MEXaHUYEeCKOW CKOPOCTH JaeT BO3MOXXHOCTh OMEPATHBHO
BIIMATH Ha MPOIECC OypeHHs, U3MEHSA PEKUMHBIC MapaMeTphl, 100uBa-
ACh OoJiee BBICOKMX TOKazarenen. M3Mepurenn MexaHUYeCKOU CKOPOCTH
OypeHust MOTYT paboOTaTh MO JBYM CXEMaM: U3MEPSIONIUE MZHOBEHHY IO
MEXAHUYECKYI0 CKOPOCMb W U3MEPSIOUINE CPEOHION MeXAHUUECKYIo
cKkopocmp. VI3MepuTtenu nepBoi TpyMIbl Jal0T 3HAYEHUE CKOPOCTH Oype-
HUS B KaXIbIi MOMEHT BPEMEHH (MTHOBEHHBIC 3HAUYEHUS), T.€. HAIJISA-
HYIO KapTUHY U3MEHEHHUs CKOpPOCTH. M3amepuTenu BTOpOH rpymnmbl JarOT
yCpeOHEHHbIE TTOKa3aHMUs 3a OINpPEEICHHOE BpEeMS WM B ONpPESICHHOM
UHTEpBAJeE.
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Curnan jyist JaTYuKa MEXaHUIECKON CKOPOCTH OypeHUsT MOXKET OBITh
B3ST OT MOCTYIMATEIbHO IBIKYIIUXCS CHHXPOHHO C yriyOKOW 3JIEMEHTOB
OypoBO# yCTaHOBKH (BEAyIlas IITaHTa, BEPTIIOr-CAIbHUK, TAJIEBBIA OJIOK,
pabourie CTpPYHBI M XOJIOBas BETBb TAJIEBOM CHUCTEMBI, Kpemajiabepa, Ha-
MPaBJISIIONIAE IITOKH, TpaBepca BpaIllaTelisl) WM BPalAIOIIUXCS YacTeil
(Oapaban nebGenku, poJUKH KpOHOJOKa U TajeBoro 6soka). Kpome toro,
CBSI3b JIATYUKOB MOKET OBITH OCYIIIECTBIICHA C THAPABIMYECKON CHCTEMOMN
CTaHKa WX MIPUCTPOCHHBIX TUIPOIMIIUH/IPOB.

Hszmepumenwv crkopocmu npoxooku VICII, pazpaborannwii CKb
HIIO «I'eorexnukay, peamusyet popmyny A.W. psxiaoBa

L., dG
Vie =Ve =— 0 =5 (2.5)
ES dt
rae V.. — MeXaHu4ecKass CKOPOCTh OypeHus; V; — CKOpOCTh MoJauu Bepxa
OypOBOTO MHCTPYMEHTA; L. — TIIyOMHA CKBaXXUHBI (JIMHA OypOBOTO WH-
CcTpyMeHTa); ES — >KEeCTKOCTb MOIMEPEYHOro CeueHUs OypoBOro HHCTPY-
MeHTa; G,. — 0CeBas Harpys3Ka.

W3meputens npeaHazHayeH Uil U3MEPEHUS] MEXAHWYECKOW CKOpO-
cTU OypeHus MpH Mojadye MHCTpyMEHTa ¢ jedenku 10 rnyounsl 1500 m
cTaHKamM pazianuHoro tuma ¢ tajaeBor cucremoit TC 1x2 wnm TC 2x3 co
BCTpOoeHHbIM u3MmepureneM Harpy3ku MKH-1. TlpuGop Bkitoyaer B ceOs
JaT4YUK CKOPOCTH oAy Bepxa 0ypoBoro uHctpymenTa //C 1 BTOpUYHBIH
noKa3bIBaroluii mpudop 1111.

N3mepurens UCII obecieunBaeT HENPEPHIBHBIN KOHTPOIb MEXAaHH-
YEeCKOM CKOpPOCTH MpPH Pa3IMYHBIX pexuMax OypeHus, B TOM YHUCIIE U «HA
BBIOYPKY» C MTOJIHOCTBIO 3aTOPMOKEHHOMU JI€OEeTKOM.

Jlatuuk ckopoctu nojaadu /{C COCTOUT U3 MPUBOJHOIO POJIMKA, pe-
AYKTOpa U aCMHXPOHHOIO JBHUTrareisi, padOTaroIero B FreHEpPaTOPHOM pe-
xKuMme. J[aTyuk cBOUM pOJIMKOM MPUCTpauBaeTcs K Topily Oapabana ieben-
ku. V3MepurtenbHas cxemMa npudopa MOCTPOCHA MO KOMIIEHCALIMOHHOMY
npuHIUIy (puc. 2.22).

Bropuunsiii mokasbiBaromuii mpubop /771 uMeer Ba KaHala: «Ha-
rpy3Ka Ha 3a00i» 1 «CKOpPOCTb noaauny». CUrHai, nponopluruoHaIbHbIN Ha-
rpy3ke Ha 3aboit, ot gatumka /[HP usmeputens MKH-1 mocrynaer Ha
BXOJ OJHOM W3 KOMIICHCAIMOHHBIX CHCTEM, YCUJIMBACTCA HYJIb-
ycwnutenem HY! v npuBOIUT BO BpalleHUE POTOP PEBEPCUBHOIO JBUTA-
tens P/[1, ocb KOTOPOro KHHEMAaTHYECKH CBSI3aHA C OCBKO KOMIIEHCATOpa
K. Hanpsbxenne Ha BbIXoJie ycwuutenss HY 1 nponopiimoHaabHO CKOPO-
CTH U3MEHEHUS Harpy3ku Ha 3a0oi dG,./dt. C BbIXOJa YCUIIUTENSI CUTHA
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MOJIACTCA HA JAEIUTENIb HANIPSOHKEHU /[H, KOTOPBI YMHOXAET 3TOT CUTHAJ
Ha BEJIWYUHY, MPOMOPIMOHATIBHYIO JJIMHE OypOBOr0 MHCTPYMEHTA M 00-
PaTHO MPOMOPIIMOHATIBHYIO JKECTKOCTH €r0 MOnepeyHoro ceuenus ES.

Ha mynbpTe nenuTens HANPsHKEHUS] UMEET MKy ¢ OIu(pOBKOM TiTy-
OMHBI CKBAXUHBI (TIEPEKITIOUAETCS OYPUIIBITUKOM B COOTBETCTBHH C TITy-
OuHOM CKkBakuHBI). Hampsikenue ¢ Bbixoga aenurens /JH cymmupyercs ¢
HanpspKEHUEM JaTuuka ckopoctd /[C m moAaeTcs Ha BTOPYIO KOMIIEHCA-
IIUOHHYIO CUCTEMY C OTCUETHBIM ycTporicTBoM OV. Dta cucrtema uamepsier
CYMMapHOE€ HAaINPSKECHUE, NPONOPIUOHAIBHOE MEXAHUYECKOM CKOPOCTH
OypeHus.

/ﬁ& Viex, M/
HY2 | PJ]2

AC

HYI L Pl

JTHP

Puc. 2.22. CtpykrypHas cxema UCII

Hzmepumenw ckopocmu oypenus VICh (CKb HIIO «I'eoTexHuka)
(puc. 2.23) mnpenHa3HaueH s OypoBbix cTaHKOB 3U®D-650M wu
3U®D-1200MP npu nogaue OypoBOro MHCTpYMEHTa CO MINUHAENA. TouKon
ChEMa CHTHAJIA SIBJISIETCA CKOPOCTh MOCTYIATEJIbHOIO JABUKEHUS HJIEMEH-
TOB BpalaTenis (TpaBepcChl, HAMPABJISIOUIETO MITOKA) IPU CUHXPOHHOM UX
JIBWKEHUH C BEPXOM OypOBOr0 HHCTPYMEHTA MpU OypEeHUH.

B xommext uzmepurens UCh BXoasST u3MepuTenbHbIN MyJbT, Ipe-
oOpa3oBaTeb, IITOK, TMOKUI BaJIMK, MPUBOJ] C SJIEMEHTAMH KPETICHUSI.

Pabota mameputens NCbh ocHoBaHa Ha MeXaHMYECKOM IpeoOpa3o-
BAHUU CKOPOCTH JIMHEWHOIO JBWKEHUS HAIPaBJISIOLIETO IITOKAa (TpaBep-
Chl) B YAaCTOTY BpallleHUsI pPOTOpPa TaxOT€HEpaTopa NEPEMEHHOTO TOKa H
U3MEPEHUU CHUTHajda TOKAa3bIBAIOIIUM MPUOOPOM HENOCPEICTBEHHOU
OLIEHKM (MUKpoammnepMerpoM M325), mikana KOTOPOro MporpajayupoBaHa
B €IMHUIIAX CKOPOCTH OypeHUs M/4.
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N3mepurensbHbiid peoOpa3oBatens ckopoctu Oypenust UIIC cocro-
uT u3 Taxoreneparopa AJII1-262, nmossimaroniero peaykropa (ip = 29,06) u
My(Tbl OJTHOCTOPOHHETO ACHCTBUS, KOTOpasi 00ECHeUUBAET Pa3beAUHEHUE
KMHEMATHYECKOM WEeNu NpHUBOJAa NPH JBWKEHUU HIMUHAENIS OypOBOTro
CTaHKa BBEPX MJIM €r0 OCTAHOBKE M TEM CaMbIM 3alUTY PEAYyKTOpa Mpeod-
pazoBaTesi OT MEXaHUYECKUX MEePErpy3oK.

UIIC nmpeobpasyer BpallleHWE BXOAHOIO Bajla B AJIEKTPUYECKOE Ha-
NpsHDKeHHE MEepeMEHHOro Toka. HoMHuHalbHOE HanpspKeHWE MUTaHus 00-
MOTKHM BO30YyxeHust Taxoreneparopa 100 B, 50 I'u. Hanpsbxkenue nocry-
naet ¢ peppope30HAHCHOTO CTA0MIN3aTOpa HAMIPSIKEHUSI, HaAXOSIIETOCs B
nyJbTe. BIX0JHOE HanpsKeHUE — CUTHAJ JaTYuKa MOJaeTcs Ha BXOJ W3-
MEPUTEJIbHON CXEMBbI MYJIbTa.

[IpuBox mpeoOpa3yeT MOCTymaTelibHOE MEepEeMENICHUE IITOKa BO
Bpanienue ocu UIIC. Cas3p npuBoaa ¢ npeoOpa3zoBaTeneM oOecrneynBacT-
Csl C TIOMOIIbI0 THOKOro Baiuka. [IpoBosouHbIi THOKHMI BaJIMK MPaBOroO
BpAIICHUS 3aKII0YEH B 3aIIUTHBIN IILJIAHT.
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Puc. 2.23. [IpunuunuanbHas cxema u oOuuit Buj nanenu usmepurens UCh:
I —npuson; /I — rubkuii Ban; /1] — npeoOpazoBaTesib ckopocTu; IV — n3mMepuTenbHbIN
nynbeT; I —3yOuaro-peeuHas nepenaya; 2 U 4 — NOBBIIAOIINN peayKTop; 3 — MydTa
OJHOCTOPOHHETO JAehCTBUs; 5 — TaxoreHeparop A/II1-262; 6 — usmepurennbHbIil Ipudop;
7 — TyMOJep NepEKITOYECHUS IPEAEIIOB U3MEPEHUS; 8 — CUTHAJIbHAS JlJaMIIa

Pecucmpamop mexanuueckout ckopocmu oypenusn PCh-TITY, pa3-
pabotanHbd Kadeapor «TexHuka pa3BeIKH MECTOPOKICHHUHN IMOJE3HBIX
nckornaeMbix» HMA TomMCKOro mojauTexXHUYeCKOro YHUBEPCUTETA, MTPEIHA-
3HAUYEH 711 OYpOBBIX CTAHKOB C TMO/1a4eii MHCTPYMEHTA C JICOSIKH.

OCHOBHBIMU y3JIaMU PETUCTPATOpa SBISIIOTCS: MYJbT, JaTYUK U Ca-
Monuiyumi muumammnepmerp H343.
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JaTuuk perucrpatopa / CBOMM OCHOBAHHEM 2 KPENMUTCS HA MauTe 3
(puc. 2.24, a) u UMeeT TPOCOBYIO CBA3b 4 C BEPTIIOrOM-CaIbHUKOM J. Tpo-
CHK OJTHUM BUTKOM OXBaThIBaeT OapabaH JaT4yrka U mMpeoOpasyeT MocTyma-
TeJIbHOE JBMKEHHE MHCTPYMEHTa BO BpalleHue sikopsa 6 (puc. 2.24, 0).
BTopoi KoHel TpocuKa NMPUKPEIUIEH K KapETKE-KOHTPIrpy3y 7, ABUKYIICH-
Csl 10 OTTSDKKE 8 MPU NEPEMEIIEHUH BEPTIIIOTa-CAIbHUKA.
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Puc. 2.24. Peructparop mexanundeckoil ckopoctu 0ypenus PCh-TIIV:
a — cXeMa MOHTa)XHasl 1aTYuKa; 6 — NIPUHIUIHAJIbHASA CXEMa 1aTYhKa;
6 — IPUHLMIHMAIIbHAS CXeMa MHAYKTUBHOIO ITpeoOpa3oBartes

[Tpuniun padotsl gaTunka (cM. puc. 2.24, 6) 3akiao4aercs B Bblaaue
YyepeayoUIerocs pajia UMIyiabcoB HanpsbkeHus Uy (0T mepBoro U BTOPOro
WHIYKTUBHBIX MpeoOpa3zoBaTeseil), MHTEpBal BO BPEMEHU MEXIY KOTO-
peiMu T cooTrBercTBYeT yriyoke B 1 cMm. MuTepBan T, 3amonHsercst cTaH-
JapTHBIMU UMITyJabcaMu. KoaMuecTBO CTaHAapTHBIX UMITYJIBCOB 332 BpeMs
T, npeoOpa3yercs B [MOKa3aHUs MPUOOpPa — CPEIHIOI0 MEXaHUUYECKYHO CKO-
pocTb OypeHus B peabIAyIIeM UHTEepBaje yriyoku B 1 cM.

NunykTuBHble npeobdpaszoBarenu 9 cobpanbl Ha IlI-o6pa3Hom cep-
JECYHUKE, UMEIOEM Pa30MKHYTYHO MarHuTHywo Lens (puc. 2.24, g¢). Ha
CPEIHEM CTEp’KHE PacIOJIO’KEHa KaTylIka ¢ 0OMOTKON Bo30yxjaeHust Wi.
Ha kpaliHuX CTepKHSX pacloioKeHbl U3MepUTeIbHbIe 0OMOTKH W2 u W3,
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BKJIFOYEHHBIE TTOCJIEI0BATEILHO U BCTPEeUHO. [Ipy 3aMbIKaHUN MIIACTHHKOMN
10 sikopst 6 3a30pa MHIYKTUBHOTO IpeoOpa3oBaTelisi BO3HUKAET HABE/ICH-
HBIM UMITyJIbC HanpspkeHust Uy, KOTOPBII OCTyNaeT Ha BXO/bl IpeoOpazo-
BaTeJIel NPAMOYTOJbHBIX UMITYJILCOB. KOIMYECTBO UMITYJILCOB MTOACUHUTHI-
BaeTCs B JIBOMYHOU opMe CXeMoM MepeHoca Ha JIOTUYECKUX JIEMEHTaX.
CocuuTaHHble CTaHAAPTHBIE UMITYJIbCHI 32 Bpemsi T, mocpeacTBOM Lu(-
POAHAJIOTOBOr0 IpeoOpa3oBaresis MpeoOpa3yroTcsi B MOKa3aHUsl CaMOIU-
mryiiero Muutnamnepmerpa H343.

Pecucmpamop mexanuueckoit ckopocmu oypenus PCI-TITY, pa3-
pabortanHblii Kadenpoit «TexHUKa pa3BEIKW MECTOPONKACHHUI MOJIE3HBIX
nckomnaeMbix» HM TOMCKOro moJIMTEXHUYECKOrO YHHUBEPCUTETA, IIPEAHA-
3HA4YeH 11 OypOBBIX CTAHKOB C TMAPABIMYECKON Mojauel U mpu mnojaye
CO MIMUHJENSA. MexaHudeckas CKOpOCTh OypeHHsl ompejesseTcss Mo HH-
TEHCHUBHOCTH Pacxoja *XUIKOCTU W3 HWKHUX IOJOCTEW T'MIPOLMIMHIPOB
nojayu OypoBOro MHCTpPYMEHTA. J[aTUMKOM CKOpPOCTH SIBJISIETCSI PacXojlo-
Mep 00TeKaHUsl MOCTOSTHHOTO Tnepenaaa AaBieHus. [IpuHiun paboTel nat-
YUK OCHOBAaH Ha U3MEPEHUU BEPTHUKAIBHOTO MEPEMENICHNUS MOIIaBKa KaK
(YyHKIIMY UHTEHCUBHOCTH pacxoja >KUJIKOCTH.

Hatuuk perucrparopa (puc. 2.25) MOHTHUPYETCS B BEPTHKAIbHOM
MOJIOKEHUH B Pa3pblB MACIONPOBOJIA, COCAUHSIOIIETO HWKHUE IOJOCTH
TUAPOIMIIMHAPOB MOJa4u ¢ IpubopoM ruapoynpasieHusi. OCHOBHBIMU
YacTSMH JaTYMKa SBJISIIOTCA: KOHYC /, TIOIUIABOK C CEPACYHUKOM 2, WH-
OYKTUBHAs JIBYXCEKIMOHHAs Kartywka 3 (L/ — L2 Ha puc. 2.26), TepMo-
KOMIICHCAIITMOHHBIM JaTYMK (TepMOpe3ucTop R/), BBUHUCHHBIH B KOPIYC
JaTYMKA U OMBIBAEMBII IOTOKOM KHUJIKOCTH. OTBEpCTUE B THE3/IE€ MOIIIAB-
Ka MPU OCTAaHOBKAaX IIMUHAEINS U JIBXKEHUU €ro BHU3 MPUKPHITO 0oOpart-
HBIM KJIAIIaHOM J, OANPYKUHEHHBIM IIPYKUHOM 4.

[Ipy aBMKEHWMH WINMHAEAS BHU3 MAcCJO MPOTEKAET Yepe3 LEHTPallb-
HOE OTBEpCTHE 8 B rHE3/E 6, MPUIIOJHUMAS MOIJIABOK C CEPACYHUKOM 2 Ha
COOTBETCTBYIOLIYIO BbICOTY. [IpH OCTaHOBKax MINMUHJIESA U JBUKEHUU €0
BBEPX MOIUIABOK 3aHMMAET CBOE HHMIKHEE IOJIOKEHUE, MPUYEM B MOCIEA-
HEM CJIy4ae MacJIO MPOXOJIUT Yepe3 oTBepcTrs 9 B rHE3AE 6, MOKAB MOA-
NPYXUHEHHBIM 00paTHBIN KiiaraH J.

Cexnun karymku LI u L2 (cMm. puc. 2.26) 1 BTOPUYHbIE OOMOTKH
Tpancpopmatopa W2a u W26 BkaoueHbl MO TpaHC(HOPMATOPHOM MOCTO-
BOW CXEME, B JUAaroHaJIb KOTOPOM Yepe3 BBIIPAMUTENbHBIA MOCT DI — D4
BKJIFOUEH 3JIEKTPOU3MEPUTEIbHBIN nipubop M1 — mukpoamnepmerp M325,
MPOTPalyMPOBAHHBIN B pa3MEPHOCTH CKOPOCTH OypEHHUsI CM/MHUH.
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Puc. 2.25. O0uwuit Bua natuuka peructparopa PCI-TITY

N3mepurenpHas cxema perucrparopa (cMm. puc. 2.26) BKIIOYAET Iie-
peKIoYaTelNb MpeiesioB u3MepeHus 112 u psj pe3uctopoB (R4 — R8) nns
HAaCTPOMKHM PErucTparopa Mpu MOCTAaHOBKE €ro Ha pPa3IMYHbIe CTAHKHU U
IIPY U3MEHEHUH COpPTa M KadyecTBa Macla.
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JIns KOMIEHCAllMM TEeMIEPATypHOW NOTPEIIHOCTH HW3MEPEHUM I10-
CJIEJIOBATEIbHO C M3MEPUTENIbHBIM MprOopoM HMII BKIIIOUEH TEPMOpE3H-
cTop RI ¢ OTpULIATENBFHBIM TEMIEPATYPHBIM KO3DPUIIMEHTOM COIMPOTHUB-
neHns. C MOBBIIIEHUEM TEMIIEPATypbl Macia 3a CYET YMEHBIICHUS BSA3KO-
CTM YMEHBIIACTCS MOJBEM MOIUIABKA C CEPJCYHUKOM IIPH HEU3MEHHOM
pacxojie Macia, T.e. U Ipyu HeU3MEeHHOU ckopoctu Oypenus. CrenoBaresb-
HO, IPUOOP JTOJDKEH MOKA3bIBATh 3aHMKEHHYIO CKOPOCTh OypeHHUs, HO TaK
KaK COIPOTHUBJICHUE M3MEPUTEIILHOM LEMH 33 CYET YMEHBLIECHHUS COIPO-
TUBJICHUSI TEPMOPE3UCTOpA MaJaeT, TO MOKa3aHHs MpudOopa aBTOMAaTHUYe-
CKU COOTBETCTBYIOT (DAKTUUECKOU CKOPOCTU OYpeHHUSL.

[Ipubop mmeer nBe mkansl u3meperus: 0 — 40 u 0 — 20 cm/muH.
Pacmmpenune nuarna3oHa n3MepeHuld MPOU3BOANTCS Nepekiodarenem 172 ¢
MOMOUIBI0 pe3ucTopoB R9 — RI1(). IIpu 3TOM CONPOTUBIEHUE U3MEPUTEITH-
HOI 1ienu He u3MeHsercs. Bepxuee 3Hauenne 40 cM/MUH IPUHITO UCXOS
U3 MPAKTUYECKUX CKOPOCTEN OypeHus.

CurHan ¢ U3MEpUTEIBHON CXEMBI MTOJAECTCS HA CXEMY PETHCTPALNH,
COCTOSIIYIO U3 YCHIIUTEJIS TOCTOSTHHOIO TOKA, BBIIIOJIHEHHOI'O HA TPaH3H-
cropax Tl — 76, u camonuiryuero Muumamiepmerpa H-343.

Hzmepumenu oasnenus u pacxooa 6yposo2o pacmeopa. Macnumoyn-
pyeuit usmepumernsy oasinenus MUJI-1 (CKb HIIO «I'eotexHukay) npeaHa-
3HA4YeH JJI1 HEITPEPHIBHOIO BU3yaJbHOIO KOHTPOJIS AABJICHUS IPOMBIBOUYHOM
Kunkoctd. M3mepurens obecrieunBaeT yCTONYMBBIE MOKA3aHUS KOHTPOJIU-
PYEMOro JaBJICHUS MPU €ro 3HAUYNTEIbHBIX (CBbIIIE 40 %) mynbcanusx.

W3mepuTens AaBiIeHUS COCTOMT W3 JaTYMKA JIABJICHHUS U ITyJIbTA.
Marnutoynpyruit gatuuk nasienus JJIII (puc. 2.27) ¢ momMomip0 Tpo-
HUKa /] ycTaHaBIMBAETCS B HAMOPHYIO MarucTpaib OypoBOTO Hacoca W
3akperuisiercs raiikoil /0. Cuiib(oH [ mprKaT K TOPIy YyBCTBUTEIBHOTO
MarHuToynpyroro snemenTta 2. Karymiku § (u3mepuresnbHasi) u 4 (KOMIEH-
CallMOHHAs1) Pa3MELICHbl BHYTPM MArHUTONPOBOJIOB 6 U 9, COEOUHEHBI
MeX 1y cOOO0M BCTPEUHO U MOAKIIOUEHBI K IITETICETbHOMY Pa3beMy 7.

[IpuHuunuaneHas snekrpuyeckas cxema uzmepurens MU/I-1 noka-
3aHa Ha puc. 2.28. Dmektpuueckui curHan ot maruuka JJIIT (cm. puc.
2.27) mopgaercsa yepe3 BeIIpAMUTENs /{1 — /[4 HAa W3MepUTEIbHBIN TpUOop
NIT (muxpoammnepmerp M325). Emkocts C2 obecnieunBaeTr nemmdpupoBa-
HUE IIyJIbCAlMK BBIXOJHOTO HaNpspKeHUs AaTurka. C NOMOILIBIO pE3UCTOpa
R3 npousBoauTCS peryaupoBaHUE aMILUIATYAbl BBIXOJHOIO CUTHANIA. Pe3n-
cTop RS ucnosnp3yeTcs A1 KOMIIEHCAIUU HauyajJbHOTO (JOHA U3MEPUTENb-
HOM CXEMbl — «YCTAaHOBKa HYJID». YCTAaHOBKA HYJISI MPOU3BOIUTCS [0
BKJIIOYEHUS HAacocCa.
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Puc. 2.27. O6mwuii Bung narauka gasienus I J111:
1, 5 — cubOHBI; 2 — IyBCTBUTEIBHBIN AIEMEHT; 3 — KOMIICHCAIIHOHHBIN AJIEMEHT;
4 — KOMIIEHCAlIMOHHAs KaTylIKa; 6, 9 — MArHUTOIIPOBO/IbI; 7/ — ITENCEIbHBIN
pa3beM; 8 — u3MepuTenbHas KaTyuka; /() —raika; // — TpOMHHUK
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Puc. 2.28. [IpunnunuanbHas anekTpuueckas cxema uzmepuresns MU/I-1
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Inexkmpomaznumnwle pacxooomepvt IMP niperHa3HAYCHBI IS W3-
MEpEHHS pacxojla BOAbl U TIMHUCTOTO PacTBOpa, 0OECIEUUBAIOT HEIpe-
PBIBHBII BU3YyaJIbHBIM KOHTPOJIb U MOCTOSIHHYIO TOYHOCTh U3MEPEHUSI pac-
X0Jla >KUJIKOCTU TMpHU IMIMPOKOM HM3MEHEHUH €€ (PU3UKO-MEXaHUYECKUX
CBOMCTB: BSI3KOCTH, IIJIOTHOCTH, TEMIIEPATYpPhI, NaBicHUsA. JlencTBrEe pac-
X0JIOMEpA OCHOBAaHO HAa M3MEPEHUH TOKa OT ucTouHuka DJ[C, MHIAYKTHU-
PYEMOI B MMOTOKE 3JIEKTPONPOBOIHOMN KUIKOCTH, ITEPECEKAIOIIEH ITPU CBO-
€M JIBIYKEHUH MArHUTHOE TOJIE.

DIEKTPOMAarHuTHBIN pacxoaoMmep OMP-2 npennasHaueH sl u3Me-
peHust pacxoja OypoBOro pactBopa, HE COAEPM AIIETO MACISHBIX MpUMe-
ceil. B ommmune ot pacxogomepa OMP-2 pacxogomep OMP-3 umeer cuc-
TEMY OYMCTKH 3JEKTPOAOB OT MACJIOCOAEPKAIUX [UIEHOK. DJIEKTpUYECKast
OUYHMCTKA 3JIEKTPOJIOB MPOU3BOAUTCA MpHU padboTe pacxojoMepa aBTOMAaTH-
YeCKM KOMOWHHUPOBAHHBIM BO3JEHCTBUEM TMOCTOSIHHOTO TOKa (10 7 MKA)
IIPY NTOAAa4€ Ha 3JIEKTPOAbI MAJIbIX OTPHULIATEIBHBIX OTHOCUTEIILHO KOpIyca
JATYUKA JICKTPUYECKUX MTOTEHUMAIOB U NEPHUOJIUYECKON M01aYe Ha HJIEK-
TPOJABI UMITYJILCOB MOBBILIEHHOIO HanpsbkeHus 10 120 B.

Pacxogomep OMP-2 (puc. 2.29) cocrout u3 Tpydbonposoaa 3 u3 He-
(eppoOMarHUTHOrO MaTepuaia, BMOHTUPOBAHHBIX B HETO B JAMAMETPAIbHO
IIPOTUBOIMOJIOKHBIX TOUKAX JBYX AJIEKTPOJIOB 2 U 3JIEKTPOMArHUTHOM CHUC-
TeMbl. MarHuTHOE ToJieé MEePHEeHIUKYISPHO OCH TPyOONmpoBOJa U OCH
anekTpoJoB. TpyOonmpoBoa M3HYTpU (PYTUPOBAH MOJIMITUICHOBON TpPyO-
Kol 4. Pa3HOCTh MOTEHIMATOB C 3JIEKTPOJOB 2 MOJAECTCS HA YCUJIUTENb.
VYCUNIEHHBI CHUTHAJ BBIIPSAMIBIETCS W IMOJAETCA HAa MHUKPOAMIIEPMETP
M325, nporpanyupoBaHHbIN B €IMHULIAX PACX0/Ia JI/MHH.
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Puc. 2.29. O6uwuit Bua natunka pacxojgomepa OMP-2:
1 — xaryuiku Bo30yxkaeHus (2 mr.); 2 — snekrpoA (2 mrt.); 3 — TpyoonpoBoa u3
He(eppOMarHUTHON HEPKABEIONICH CTaH; 4 — MOJUAITHIICHOBAs TPyOKa
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Pacxooomep PIJI-1 (CKb HIIO «I'eoTexHuKa») ¢ MOBOPOTHOM JIO-
MacThI0 OTHOCHUTCSI K pacxojoMepaMm oOTekaHus. Pacxomomep BKIO4aeT
JATYUK U NyJbT. JJaTYMK MOHTUPYETCS B TOPU3OHTAIIBHOM MOJIOKEHUH B
pa3pbIB HArHETATEIbHOM JIMHUMU.

Hatuuk (puc. 2.30) BkitodaeT TpyOoonpoBoj / U J0MacTh 2, 3aKper-
JICHHYI0O Ha YOpyrod mojaBecke 3, U MHAYKTHUBHBIA MpeoOpa3oBaTeib C
MarHuTONPOBOJIOM 5 U KaTyIIKaMH 6, pacIOI0KEHHBI C BHEIIHEW CTOPO-
HbI KOopIiyca 4 HanpoTUB Jionactu. TpyOonpoBoA U KOpIyC AaT4yMKa BbI-
MOJIHEHBI U3 HeprKaBerwlleld HeheppOMarHUTHON CTalu, JIONACTh — U3 He-
prkaBeronieil peppoMarHuTHOM CTajH.

Iloxg peiicTBHEM MOTOKA >KUAKOCTH JIONACTH OTKJIOHSIETCSI HA COOT-
BETCTBYIOIINMI YTOJI @, ABJISIOIIANCI MEPOU pacxoaa KuJIKocTu. [Iporuso-
JNEUCTBYIOIEW CHJION SIBJIIETCS BEC JIOMACTH U YIPYTHE CHIIbI IOABECKHU.
JlomacTb HCHONHSAET POJib CEpPACYHHKA MHAYKTUBHOTO IMpeoOpa3oBaTes,
B3aMMOJICUCTBYS C MpeoOpa3oBaTesieM uepe3 HeepPOMArHUTHYIO CTEHKY §.
C noBOpOTOM JIOMACTU U3MEHSETCsl paboyasi Miomaib UHAYKTUBHOTO JaT-
YUKa, YTO, B CBOKO OYEPE/Ib, BEJIET K N3MEHEHUIO BBIXOJHOIO CHUTHAJIA Ha-
MPSKEHUS JaTYUKA.

BpInpsiMIEHHBIM CHTHANT IATYMKA MOJACTCA HA AJIEKTPOU3MEPUTEIb-
HBII pubop — MuUKpoamnepmerp M325, nporpaynpoBaHHBIA B €TMHUIIAX
pacxoja Ji/MuH. B cxemy usmepurens BBEIEH NEPEKI0UaTelb C PSAOM pe3u-
CTOPOB, KOTOPbIE BKIIIOYAIOTCS MOCJIEA0BATENILHO C U3MEPUTENIbHBIM MPUOO-
poM. UeM OoJbliie MIOTHOCTD KUKOCTH, TEM Ha OOJIBIIUN YOl OTKJIOHSIET-
Csl JIONACTh, OOJIbIlIe pa30aiaHC CXEMBI, T.€. M MOKa3aHusl Mpudopa mpu He-
M3MEHHOM pacxofe *KuakocTtu. CiaeoBareabHO, C YBEIMUYECHUEM UIOTHOCTH
’KHUJIKOCTHU B 1I€TIb BBOJIUTCS PE3UCTOP C OOJIBIIINM COTPOTUBIICHUEM.
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Puc. 2.30. OOuuit Bua natuuka pacxonomepa PITI-1:
1 —TpybonpoBoa; 2 — 0MAacTh; 3 — ynpyras OJBECKa; 4 — KOPITYC; S — MarHUTOIIPOBO/I;
6 — KaTyuIku; /7 — IITETCENIbHBIA pa3beM; § — CTEHKa
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H3mepumenu u ocpanuuumenu xpymsaweco momenma. Kpyramui
MOMEHT SBJISIETCS BaXKHBIM IapameTpoM Tmpouecca OypeHus. KoHTponib
KpPYTSAIIIEro MOMEHTa Ha mmuHAeNe (poTope) OypoBOro CTaHKAa JAeT BO3-
MOYHOCTb:

" KOHTPOJHUPOBATH 3arpy3Kky OypOBOTrO MHCTpyMEHTa B HauOoiee
ONaCHOM BEPXHEM CEUCHHUH;

" CyIWUTh O 3arpy3ke IpuBOjAa U OypOBOTO CTaHKA, COCTOSIHUU CKBa-
KUHBI (3alJTAMOBAHUE, BHIBAJIBI), O PE3KUX UCKPUBJIECHUSX CTBOJA, O CMEHE
MIOPOJ1, O CTETIEHNA U3HOCA MTOPOI0PA3pyIIAOIIEr0 HHCTPYMEHTA;

" p30exaTh psiia OCJIOXKHEHUI U aBapuil B mpoliecce OypeHus.

Ozpanuuumens kpymauwezo momenma STM (puc. 2.31) npumens-
€TCsl B TeX Cllydasx, Korja TpeOyeTcs 3allUTUTh Nepeiayy OT Meperpy3ok,
YIapOB U CKAYKOB MOMEHTA Ha UCITOJIHUTEIIBHOM MEXaHU3ME.

[Io cpaBHEHHIO C TpaJAMUHUOHHBIMU (PUKUMOHHBIMU IEepeaadyaMu
orpannuutens STM nMeeT MHOTOYMCIIEHHbIE MPEUMYIIECTBA:

® OH BMOHTUpPOBaH 0€3 U3MEHEHHUs Pa3MEpPOB B OJHOCTYIEHYATHIE
yepBsiuHble penykTopsl RI/RMI, nByxcTyneH4yaTsie YepBSiUHbIE PETYKTOPBI
CRI/CRMI u nununapouepssiunble penyktopsl CR/CB Bo BceM amnamaszo-
He rabaputoB: 28, 40, 50, 63, 70, 85, 110, 130, 150;

® OH 3alUIIEH OT BO3JCUCTBUS BHEIIHEH HEOIArONPUSTHON CpPeabl
(Boa, mbLIb, MAcjo, CMa3Ka u Jp.);

® [PUMEHECHUE KapTEPHOW CMa3KH IMO3BOJSET MOBBICUTH CPOK
CITyKOBI U HaJIGKHOCT;

® [POCTOTa PEryaupoOBKH (IIOCPEICTBOM €IMHCTBEHHON IIECTH-
I'PAHHOW TFaliKh);

® MOET NPOCKAIb3bIBATh B TEYCHUE HECKOJIBKUX MUHYT, HE BBIXO-
151 U3 CTPOSL.

Puc. 2.31. BHewmnuii BUJ1 orpanuuuTens Kpyramero momenra STM
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[Ipu ucnonb3oBaHUM ISl TPUBOIa OYPOBBIX CTAHKOB aCHHXPOHHOTO
IIPUBOJIA U YKECTKOM KUHEMATHUYECKOW LENU KPYTAIIMA MOMEHT MOXKET
ObITh OIpEe/eSeH KOCBEHHBIM IMYyTEM MO BEJIMYMHE MOTPEOIIEMOMN 3JIeK-
TPOJABUTATEJIEM AKTUBHOM MOIIHOCTH Y YaCTOTE BPAILLICHMS IIITAHIEIIS.

_ 60P;n,m, 2.6)
“ 2m,, '
Py=3UI'coso, (2.7)

rae M, — KpyTsiui MOMEHT Ha mmnuHaene, Hvm; P, — akTuBHAs siekTpude-
CKasg MOIIHOCTh JBurarensd, Bt; n, — dYacrora BpalleHus MITAHIEIS,
06/mun; U — (a3Hoe HampspKeHne 00OMOTKH ABuraress, B; [ — Tok 00MOTKH
aBUTATEIs, A; COS(® — KOAPGUIIMEHT MOIITHOCTH aBuratesst; 71, — KI1I1 nBu-
rareist; 1, — KIIJ] penykropa OypoBoro craHka.

JUist u3MepeHusl KpyTSIIero MOMEHTa Ha IUIHAHJEIE, CUUTas JIeK-
TPOJIBUraTe)Ib CHMMETPUYHON HArpy3Kou, TpeOyIOTCSl JaTUYMK HAIIPSHKEHUS
U JAaTYUK TOKa, BKIJIIOUEHHBIE B OJHY U3 (pa3 AJleKTpoABUTATENSL; HEOOXO-
JUMO Y4€CTh KOHKPETHBIEC YACTOThI BPALLICHUS IIMUHAEIS U 3aTPaThl MOIII-
HOCTH JUIsl IPUBEACHUS B JIEMCTBUE CHJIOBOM KMHEMATUKH CAMOTO CTaHKa
(3aTpaThl MOIITHOCTH Ha XOJIOCTOE BPAIICHUE).

Annapamypa OMA40 npenHa3HaueHa I OCHAILCHHS CTaHKOB
3NUP-650M u 3UP-1200 ¢ npruBOAOM OT aCHHXPOHHOI'O 3JIEKTPOJABUTaTE-
JIS1 ¥ UMEIOIINX CTYIIEHYaTyI0 KOPOOKY IepeMeHbI repeaay.

Amnmnaparypa OM40 oGecnieunBaet npu OypeHUH U3MEpPEHUE KPYTs-
IIEr0 MOMEHTA HA IIMUHAENE, CBETOBYIO NPEAYIPEAUTEIbHYIO (MHIraro-
I[yH0) CUTHAIA3ALMIO TIPU TIeperpy3Ke (mepBas CTYNEHb 3alllUThl) U aBTO-
MaTHYECKOE OTPAaHUYEHUE KPYTALIEr0O MOMEHTA (BTOpasi CTYIIEHb 3aILUTBHI)
IIyTEM MPUNOIbEMA CHAPSAAA U OTKJIIOUYCHHS DJIEKTPOJBUIATENSI CTaHKA.
[Ipu cnyckonogbemubix onepanusix OM40 obecrieunBaeT U3MEpeHUE yCH-
TSl Ha KPIOKE, CBETOBYIO CUTHAJIM3ALMIO IIPU NEPETPY3KE TAIEBOM CUCTE-
Mbl (IepBasi CTYNEHb 3aIIUTHI), aBTOMAaTHYECKOE OTPAHUYECHUE YCHIIUS
(BTOpast CTYIIEHb 3aIIUTHI).

Anmnapatypy OM40 1o BbINONHSIEMbIM (QYHKIHSIM MOKHO pa3AeiuTh
Ha OTJIEJILHBIE OJIOKU:

® U3MEPUTENBHBIN OJI0K;

OJIOK CUTHAJIM3ALIUU NIEPETPY3KU;

0JIOK aBTOMaTHYECKOI0 OIPaHUYCHHUS;

OJIOK TUTaHWUS;

OJIOK THAPABIMYECKOW 3alllUThl — UCHOJHUTENbHBIA MEXaHU3M
npudopa JJIs ciaydas BO3JEHCTBHS MpHOOpa Ha MOIBEM IIMUHILIS Oypo-
BOI'O CTAHKA.
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Ha puc. 2.32 noka3ana npuHUMIMadbHas dJEKTpUYECKas CXeMa, a Ha
puc. 2.33 — cTpykTypHas 0s0Kk-cxema anmnaparypsi OM40.

CoriacHO MPUHIHUIMHATIBHON SJIEKTPUYECKON cxeMe TpaHchopmarop
HanpspkeHust 7H u TpaHchopmaTop Toka 77 BKIIOYEHBI Ha OJHY (hazy
nsurarens. KBagpatuunblii (ha30uyBCTBUTENbHBIN AeTekTop K@/] Bbigaer
BBIXOJIHOM CHUrHall HamnpsbkeHust U'), MponopUHOHAIbHBIN 3HAUYCHUIO aAK-
TUBHOM MOIIHOCTHU Ha mmmuHjene. YToObl COXpaHUTh HEM3MEHHBIM JIMara-
30H U3MEPEHHUS IPU U3MEHEHUHN YaCTOThl BpAllCHUs IITUH/IENS, IEPEKIIO-
yatenb 11 (cm. puc. 2.33) nepeBOUTCS B COOTBETCTBYIOIIEE MOJIOKEHUE
87, 118, ..., 800 06/MHH, ¥ CUTHAN JEIUTCS TaKUM 00pa3oM, 4TO TMPH O/I-
HOM U TOM K€ 3HaYEHUM KPYTAIIEro MOMEHTa Ha JitoOO# yacToTe Bpaillie-
HUS HA U3MEPUTENIbHBIN NPUOOp MOAAETCSA OJHO U TO KE HAMPSKEHUE.

Curnan nerekropa U’y mogaercss Ha ONEpPallMOHHBIN YCUJIUTENb CO-
riacyromero kackaaa CK, riae CpaBHUBAETCS C CUTHAJIOM, COOTBETCTBYIO-
MM MOMEHTY XOJIOCTOrO BpallleHus IIMHUHJEeNs OypoBoro ctanka U,,, U
Jajiee MHIUIUPYETCS U3MEPUTENIbHBIM MOKa3bIBAIOUIUM iprubopom H11.

JUisi mepexiroYeHus KOHTPOJIsI MOMEHTA Ha IIIUHJEIE U Harpy3KH
Ha KPIOKE TAJIEBOW CHCTEMBI MPU CITYCKOIOABEMHBIX OINEpPALUsiIX UMEETCS
nepexioyarens 112,
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Puc. 2.32. [IpunnunuanbHas 3neKTpuueckas cxema annaparypst OM40
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biok curHanuzanuu neperpy3Ku OCylecTBISIET CpaBHEHUE CUTHAIA,
MOCTYMAIOIIEr0 OT U3MEPUTETHLHOrO 0JI0Ka, C CUTHAJIOM, 3aJJaHHBIM Iepe-
kirouareneM /13 (cm. puc. 2.33). IIpu npeBbIllIeHUU CUTHAJIOM 3aJaHHOMN
BEJIMYMHBI BKJIFOYACTCSl CBETOBAsi MUTAIOIasl cUrHanu3amnus (pabora pene
1P, KOTOpOE BKJIIOYAET M BBIKJIIOYAECT NUTAHWE CUTHAIBHOW Jamnbl CJI).
OTO NPOUCXOJIUT KakK MpHU NEperpy3ke Mo MOMEHTY BO BpeMs Ipoliecca
OypeHusi, TaK U MpH Meperpy3Ke BO BpeMs MogbeMa OypoBOro CHapsiaa.
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Puc. 2.33. CtpykrypHas 610k-cxema anmnapatypsl OM40

b0k aBTOMaTn4yecKoro OrpaHuYeHrss MOMEHTA OCYLIECTBIISIET CPaAB-
HEHUE CUTHaJIa, MOCTYMNAIOUIEr0 OT MU3MEPUTEIBHOr0 OJIOKa, C 3aJaHHOU
nepekiouarenieM //4 BeIMunHOW orpaHuyeHusi, Harpumep, 1,5 kHwm. Ilpu
MPEBBILLICHUU CUTHANA 3a/aHus cpabarbiBaeT pene 2P. Konrakt 2P3 pas-
pBIBACT LIEMb MUATAaHHUS KATYIIKHM MarHUTHOro myckarens [MII smektpo-
naBuratessi OypoBoro cranka (cMm. puc. 2.32), u 3JeKTpOABUTATENb OTKIIIO-
yaercs. KoHTakT 2P4 BKIIOYAET 3JIEKTPOTUAPOPACHIPENCTUTENh MMaHETn
AIEKTPOrUaPaBINYECKON 3aUThl I/ 3 (cM. puc. 2.32), 1 30JJOTHUK NaHETU
NEPEeKII0YaeT TUAPOCUCTEMY OYpOBOTO CTaHKA Ha MOAbEM LIMUHICIS BMe-
cTe ¢ OypoBbIM UHCTpyMeHTOM. KoHnTakToMm 2P/ BKIIIOYAeTCsl HA MOCTOSH-
Hoe cBeueHue jgamna CJ/I. Bo3BpaTr cxeMbl aBTOMaTHYE€CKOTrO OIPaHUYCHUS
MOMEHTa B UCXOJTHOE ITOJIOKEHUE OCYILIECTBIISIETCS ITPU HAXKAaTUX HA KHOII-
Ky «CbheM», KOTOpasl BKJIFOYEHA MOCIEA0BATEIbHO ¢ KOHTakTOM 2P2 (pas-
MbIKaHU€ 1ienu nutanus pene 2P). Bo3Bpar cxembl B HCXOHOE MOJIOMKE-
HUE BO3MOXKEH TOJIBKO TOCJIE CHWKEHUS KPYTALIEr0o MOMEHTa A0 HOp-
MaJIbHOT'O YPOBHS (HHMKE 3HAUECHUS 3aJ1aHuUs).
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H3mepumenu axmusnou u peaxmugnou mowHocmu. ILlughpoeoii
wumoesoiu eammeapmemp CK 3021 (puc. 2.34, a) LIUpOKO NPUMEHSETCS
IUISL U3BMEPEHNSI U HETIPEPBIBHOW 3alIMCH AKTUBHOW WJIM PEAKTUBHOW MOIII-
HOCTH B CeTsIX Tpex(azHOro nepeMeHHoro Toka yactorout 50 I'u 6e3 Hye-
BOT'O MPOBOJIa C HEPAaBHOMEPHOM Harpyskoil ¢a3. BarrBapmerp CK 3021
U3MEPSIET IEUCTBYIOIINE 3HAYEHUS TOKA, HAIPSKEHUS, aKTUBHYIO M peak-
TUBHYIO MOIIIHOCTH, YaCTOTY CETH M MEPENAECT U3MEPEHHbIE 3HAUEHUS Ta-
paMeTpoOB CETH MO TaJlbBAaHWYECKH pa3BsizaHHOMY uHTepdeiicy RS485.
[Tonknrouaercs npubOOp HEMOCPEACTBEHHO K U3MEPUTEIBHOMY TpaHchop-
Matopy Toka 77 u usmepureabHoMy TpaHchopMatopy Hanpsbkenust TH 1o
cxeme (puc. 2.34, 6) u u3MepsieT MOIIHOCTh OJIHOM U3 (Pa3 ACUHXPOHHOTO
ANEKTPOJBUTATENSE OYPOBOIO CTAHKA.

[To 3anucsiM noka3zaHuii mpruOOpa MOKHO MOJYYUTh UH(OPMALIUIO O
COCTOSIHUU MOPOJIOPA3PYILIAIOIIEr0 HHCTPYMEHTa, paboTe OypuiabHOU KO-
JIOHHBI, O 3aTpaTax BPEMEHU Ha BBIIOJIHEHHUE OIEepaluil.
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Puc. 2.34. lludposoii murtosoit BarTBapmerp CK 3021:
a — BHEIIHUH BUM; 6 — CXeMa MOKITIOUEHUS
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5.

KOHTpOJIle)Ie BOIIPOCHI U 3a1aHUA

Yro npencraBisieT co00i CKBaXXUHA?

[Iepeuncnure OCHOBHBIE 3JIEMEHThI CKBAYKHHBI.

[TosicHuTE CyTh CIUIONIHOTO U KOJIOHKOBOT'O OypeHUsI.

Yem oTruaercs riryOMHa CKBaXXUHBI OT €€ JJTUHBI?

Yem XapakTepu3yrTCA U TJI€ NPUMEHSIOTCS HAaKJIOHHO HaIpas-

JICHHBIE CKBAKHUHBI?

6.
7.
8.
9.

OnuImnTe OCHOBHBIE AJIEMEHTHI KOHCTPYKIIUHM CKBAXKUHBI.

UYro Takoe u JIsl 4ero rnpeHa3HaveHa SKCILTyaTal[MOHHAS KOJIOHHA?
UTo Takoe KOHIYKTOpP CKBAKUHBI?

[IpuBenute knaccupUKAIMIO W HA3HAYEHUE PaA3IMYHBIX THIIOB

H€(1)T$IHLIX N I'a30BbIX CKBAXXHH.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.

K kxakoMmy TUIy OTHOCAT CKBaXXHHBI JUIsl COpOCa MPOMBICIOBBIX BOJ?
HazoBure onpenenenuie u cocraB OypoBOil YCTaHOBKH.
[IpuBeaute cTpyKTYpy OypOBOil YCTaHOBKHU.

[TosicHUTE KOHCTPYKIUIO U PUHLIUT PAaOOThI TAIEBOU CUCTEMBI.
Jlnst uero HyxeH kinrod AKBb-4?

[TosicHUTE KOHCTPYKIMIO U HA3HAYEHUE BEPTIIIOTa.

[TosicHUTE KOHCTPYKIMIO U HA3HAYEHHUE POTOpA.

[TosicHuTe TUTIBI, KOHCTPYKIUIO U Ha3HaYEHUE OYpUIIbHBIX JOJIOT.
N3 yero cocrout OypuibHas KOJIOHHA?

Onuiute 000pyI0BaHUE U IPUHIIAT POTOPHOTO OypEHUSI.
Onumure 000pyI0BaHUE U PUHIUI TYPOUHHOTO OypeHHUSI.
Onumure 000pyI0BaHUE U IPUHLUIT OYPEHUS SJIEKTPOOYPOM.
OnumuTe OCHOBHBIE OTEpalluy pa3padOTKU CKBAKUHBI.
OnumuTe NPUHIUI U AITOPUTM LIEMEHTUPOBAHUS CKBAYKUH.
KaxoBsl ocHOBHBIE (h)YHKITUH OYPOBOTO MPOMBIBOYHOT'O PacTBOpa?
[TosicHuTE CYyTh U METO/IbI IPOMBIBKH U MPOAYBKH CKBAKUHHBI.
Yewm ompenenseTcs pexxum OypeHus?

Yewm oneHuBaercsa 3PpPeKTuBHOCTh pabOTHI J0JI0Ta?

YTo Ha3bIBAETCS ONTUMAIILHBIM PEXUMOM OypeHus?

[IpuBenute knaccudukarmu 6yposoit KUITuA.

OnumuTe anmnapaTHbId COCTaB U MPUHIUI paOOTHI:

® u3MepuTesel Beca CHapsAaa U OCEBOM Harpy3Ku;

e y3MepuTeNiel 4YacTOThI BpallleHus 0ypa;

® H3MepuTeIeH MEXaHUYECKONH CKOPOCTH OYpeHHUS;

® u3MepuTenel AaBleHUs U pacxoia OypoBOro pacTBopa;
®  H3MEPUTEIICU U OTPAHUYUTEIIEU KPYTAILIETO MOMEHTA,
®  H3MEpPUTEIICH AKTUBHOU U PEAKTUBHOM MOIIIHOCTH.
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3. OKCIVNIYATAIUSA HE®TSAHBIX U I'A3OBbIX CKBAYXKUH
3.1. O0mue cBeeHUus 00 IKCIIyaTAIMU CKBAKUH

Ikcnayamayus HEPTIHOTO, TA30BOT0 WM Ta30KOHIEHCATHOTO MeE-
CTOPOXKJICHUS MPEJCTABISIET COO0M KOMIUIEKC MEPOINPHUATUHM, HAIpaBJICH-
HBbIX Ha U3BJICUCHUE U3 3aJIeKH HA TIOBEPXHOCTh He(TH, Ta3a, KOHJEHcaTa
MIPU OTNPEJICTICHHOM MOPSAKE Pa3MEILEHUs] CKBaXXUH Ha IUIOIIAU, OYepe/l-
HOCTH UX OypeHUsl U BBOJA B KCIUTyaTallMIO, YCTAHOBJICHUS U MOJAepiKa-
HUS PeKUMa UX pabOThl U PEryIMpPOBaHUs OallaHCca TIAaCTOBOM SHEPTHH.

OCHOBHBIE PJIEMEHTHI B CUCTEME HKCIUTyaTalluu KaxXoh HePTSHOM
WM Ta30BOM 3aJIKM — CXEeMa pa3MEIleHHs Ha IUIOIIAJM SKCILTyaTaluu
BCTIOMOTATEJIbHBIX U AKCILTYaTAI[MOHHBIX CKBAKUH U UX YUCJIO.

[Ipu sxcryatanyy HEPTIHBIX CKBOXXUH MX pa3MENIaloT MO pPaBHO-
MEpHOM CIUIOIIHOM CETKE (KBaIpaTHOW WJIM TPEYrOJIbHOW) MO BCEW ILIO-
miaau, T. €. Mo yrjlaM KBajpara WIM PaBHOCTOPOHHUX TPEYroJIbHUKOB, Ha
KOTOpbIe pa30uBaeTCs BCS IIIOIMIAb 3aJICKH.

Temn or6opa HedTH U3 3a€KU B aKTUBHBIA MEPHO]] €€ IKCILTyaTa-
uuu gocturaet 8 — 10 % u 0osiee B roJ OT HaYaIbHBIX U3BJIEKAEMBIX 3ara-
coB. ObOecnieueHre 3aIaHHBIX TEMIOB HE(PTH U3 3aJIEKU OCYILECTBIIAETCS
MyTEM YCTAHOBJICHHUS] COOTBETCTBYIOIINX JCOUTOB IO IKCILTyaTaIl[MOHHBIM
CKBRXMHAM U PETYJIUPOBAHUEM TEpPEeMENICHUSI BOJIOHE(DTIHOTO WM Ta30-
HEe(TAHOrO KOHTaKTa OT KOHTYPOB BOJJOHOCHOCTH U Ta30HOCHOCTH.

[lon pauuonanvnoin cucmemoin Ikcnayamayuu HePTIHBIX MECTO-
POXXJICHUHN MOJpa3yMeBaeTcsl Takas CUCTEMaA, MPU KOTOPOU MECTOPOXKe-
HUE pa30ypUBaCTCs MUHUMAIBHO JOIMYCTUMBIM YHUCIIOM CKBaXHUH, oOecre-
YUBAIOIINM 3aJaHHBIC TEMITbl T00BMU HE(TH, BHICOKYIO KOHEUHYIO HE(-
TE€OTAa4y MPU BO3MOKHO MUHUMAJIbHBIX KAMUTAIBHBIX BIOKCHUSIX U MU-
HUMAaJbHON CE0ECTOMMOCTH HE(TH.

["a30BbIe U ra30KOHACHCATHBIE MECTOPOXKIECHUS 3aJIeraloT B 3€MHOMN
KOpe Ha pa3nu4HbIX TiyonHax: ot 250 go 10 000 M u Goee.

["a30BbIEe CKBaXWHBI IKCIUTYaTUPYIOTCSA B T€UCHHE JUTUTEILHOTO Bpe-
MEHHU B CJIOKHBIX, PE3KO U3MEHSIONINXCS YCIOBUAX. [[eficTBUTENBHO, NaB-
JIEHHE Ta3a B CkBaxkuHax aoxoauT no 100 Mlla, remneparypa raza 10cTu-
raet 523 K, ropHoe naBneHue 3a kojoHHamu Ha rayoune 10 000 m mpe-
BhImaeT 250 MIla. B nponecce ocBOeHHMS, UCCIEIOBAHUM, KAaTUTAIbHOTO
PEMOHTA M BO BPEMs DKCIUTyaTallil CKBAXXWH PE3KO M3MEHSIOTCS JaBie-
HUE, TEMIIEpaTypa, COCTaB ra3a, JABIKYIIETOCs B CKBAKUHE.

79



OCc00EHHOCTH 3KCIUTyaTallM Ta30BbIX MECTOPOXKIACHUI 00ycioBIIe-
HBI OTIIMYMEM (U3MYECKUX CBOMCTB ra3za OT COOTBETCTBYIOIIMX CBOWCTB
HEe(TU: HAMHOTO MEHBIIEH BS3KOCTHIO W TUIOTHOCTHIO M 3HAYUTEIHLHOU
C)KMMAaeMOCTHIO.

JloOwITyI0 HEdTH TIEpe T IepepaboTKOM €€ Ha 3aBOJjaX MOXKHO B CITydae
HEOOXOJMMOCTH JITTUTEIEHOE BPEMsI XPAHUTh B €MKOCTSIX, PACIOJI0KEHHBIX
B paiioHax 100buM He(TH, Ha Tpaccax HE(TENPOBOJOB U HETIOCPEACTBEHHO
Ha 3aBojiaxX. VI3BIIeUeHHBI HA MOBEPXHOCTH Ta3 CIEAyeT HEMEIJICHHO Ha-
NpPaBIsIiTh B MardCTPajbHBIA Ta30MPOBOJ WJIM MECTHBIM IOTPEOUTEISIM.
CnenoBatenbHO, B OOJIBIIMHCTBE CIIy4a€B OCHOBHAsi OCOOEHHOCTh pa3pa-
OOTKM KPYIHBIX Ta30BbIX MECTOPOXKICHHUM 3aKIIIOUaeTCsl B HEpa3pbIBHOU
CBSI3U BCEX DJIEMEHTOB B CHCTEME «ILIACT — CKBAYKMHA — Ta30COOPHBIE CETH
Ha MTPOMBICIIE — MaTHCTPAIBHBIN T'a30MPOBOI — MOTPEOUTEITI.

3.2. Ctaguu 3IKCIUIyaTAlUM CKBAKUH

[Tpu skcrutyaranuum He(DTAHBIX U TA30BBIX CKBAKUH Pa3iINYaloT 4e-
TBHIPE CTATUN:

[ — Hapacraromas 100b14a;

II — craOmnu3anus 7OObIYH;

III — magaromast 7oObIUA;

IV — no3gHss sxcuryatanus.

[Ipu HapacTaromieit JoObue yBeIMYeHHE O0BEMOB JOOBIYM YTIIEBO-
JOPOJIOB OOECIIEYnBACTCS B OCHOBHOM BBEJICHHEM B Pa3pabOTKy HOBBIX
AKCIUTYaTallHOHHBIX CKBAKUH B YCJIOBUSX BBICOKMX TIACTOBBIX JaBIICHUM.
OOBIYHO B 3TOT nepuo1 JoObIBaeTCs 0€3B0IHAA HEPTh, a TAKKE HECKOJIBKO
CHIDKAETCS TIACTOBOE JIaBJICHHE.

Crabunu3zarust JOOBMM HAYMHAETCS TMOCcIe pa30ypruBaHUs OCHOBHO-
ro ¢oHna ckBaxuH. B 3TOT mepnoa mo0krda yriieBoJOpOOB CHavaia He-
CKOJILKO HapacTaeT, a 3aTeM HAaYMHAET MEJIJICHHO CHIKATHCSL.

YBenuueHne 100bIYU YTIIEBOAOPOAOB JOCTUTACTCS:

1) cryiiieHreM CeTKU CKBAXHUH;

2) yBenMUYEHUEM HATHETAHMS BOJIBI UJIM Ta3a B TUIACT IS MOJIIepKa-
HUS TUTACTOBOTO JIABIICHUS;

3) mpoBeneHueM pPabOT MO BO3JCHCTBUIO HA MPU3A0OMHBIC 30HBI
CKBa)KUH U TIO MOBBIIICHUIO MPOHUIIAEMOCTH TUIACTa | JP.

3amavell pa3pabOTYUKOB SIBJISETCS MAKCHMAIBHO BO3MOXKHOE IIPO-
JJIeHUuEe BTOpPOU cramauu. B 3TOT mepuon pa3paboTku HEPTSHON 3aJeKu B
MPOIYKIIMH CKBAYKUH TOSBIISETCS BOJIA.
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[Tamaromast mo00bMa XapakTepU3yeTcs CHIDKEHHEM HedTemnoObIuwu,
YBEJIMUYEHUEM OOBOJHEHHOCTH MPOJYKIIMU CKBaXXUH U OOJBIIMM IaJICHU-
€M IIAaCTOBOTO JIaBJICHUSI.

B Teuenue nepBhIX Tpex CTaauil JOJLKEH ObITh OCYIIECTBIEH OTOOP
80 — 90 % npOMBIIIJIEHHBIX 3aaCOB YTJIEBOI0OPOIOB.

[To3aHsis SKCIUTyaTalusi XapaKTepU3yeTcs CPaBHUTEIbHO HU3KUMU
obbemamu oTOOpa HepTu W OospluMH OTOOpamMu BOABL. OHA MOXET
JUTUTHCSI JOCTATOYHO J0JIr0 — A0 TEX MOp, MoKa Jo0bua OyleT 0cTaBaThCs
peHTa0EBHOIL.

B aTOT mepuoa mmpoKo IPUMEHSIOTCS BTOPUYHBIE METOABI JOOBIYH
He(TH O U3BJICUCHHUIO OCTABIICICS MIIEHOYHON HEPTH U3 TUIACTA.

[Ipu pa3zpaboTke ra30BOM 3aJIeXKH YETBEPTYIO CTAUIO0 HA3BIBAIOT 3a-
BepuIaromuM rnepuojgoM. OH 3aKaHYMBAETCA, KOTJA JIaBJIEHUE HA YCThE
ckBakuH cocraBisger MeHee 0,3 MI1a.

3.3. Cnioco0bI 3KCITyaTalMU CKBAKUH

B 3aBucuMoCTH OT 3Ha4YeHMs IUIACTOBOrO JABIECHUS, (PU3HMUECKUX
CBOMCTB He()TH, COAEpKaHUs B HEH BOJBI U rasza, MPOHUIIAEMOCTH TOPOJ
miacTa u apyrux (pakTopoB HEPTSHBIE CKBAXHUHBI HKCILTyaTUPYIOTCS pa3-
JUYHBIMH CIIOCOOAMHM.

Bce u3BectHble cIOCOOBI SKCIUTyaTallMd CKBAKUH TOJPAa3IEISIIOTCS
Ha CJIEYIOIINE TPYIIIBI:

1) dbonTanHBI crIOCOO;

2) ra3nuQTHBINA cr1ocoO;

3) HacOCHBII cIoco0.

JIBe mocneaHue rpymnmbl Cloco00B AKCIUTyaTalluy YCIOBHO TPHUHSTO
Ha3bIBaTh MEXaHU3UPOBAHHBIMH, XOTSl 3TOT TEPMHUH B OTIEIbHBIX CIydasx
HE OTPa)kaeT UCTUHHBIN IPOLIECC.

[Ipu ponTaHHOM CrOCOOE HKHUAKOCTh M ra3 MOJAHUMAIOTCS MO CTBOIY
CKBaXUHBI OT 320051 Ha MOBEPXHOCTh TOJBKO MOJ JECUCTBUEM ILIACTOBOMN
SHEpPruu, KOTOPoi 00sIaAaeT HEPTSIHON MIIACT. ITOT COCO0 SBISETCS Hau-
0osiee SKOHOMHUYHBIM, TaK KaK XapakTepeH JUisl BHOBb OTKPBITHIX, dHEpre-
TUYECKH HE MCTOIICHHBIX MecTopoxaeHui. [Ipu noaaepkaHuy maacToBOrO
JaBJICHUS] ITyTEM 3aKauyKd BOJIbI WJIM Ta3a B 3aJIEKb B OTJEJIBHBIX CIydasx
yIAeTCsl CYIIECTBEHHO MPOJUIUTh Nepro1 (POHTAHUPOBAHUS CKBAXKHH.

[Tpu razmudTHOM criocode T0O0bIYM I IoabeMa He(pTH Ha TTOBEpX-
HOCTb B CKBaXXMHY 3aKauMBAaIOT C MOMOIIBIO KOMIIPECCOPOB CXKAThIM ras
WM KpaliHe peKo BO3YyX, KOTOPHBIM, CMEIINBASICh C HE(PTHIO, MOJHUMAET-
Csl Ha MIOBEPXHOCTh B BUJIE Ta305KUAKOCTHONU CMECH.
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[Ipu HacocHOM crnioco0e MOABEM KUJIKOCTH Ha MOBEPXHOCTh OCYIIE-
CTBJISIETCSI C TIOMOIIBIO CIYCKAaEMbIX B CKBaXXMHY HACOCOB — IITAHTOBBIX
WJIU TIOTPY>KHBIX.

Bce razoBble CKBaXXHHBI HKCILTYaTUPYIOTCS TOJIKO (DOHTAHHBIM CIIO-
coOoM, T. €. IpH JIFoOOM IJIACTOBOM JIaBJICHUU HE MPUMEHSIOTCS MEXaHU3-
MBI /17151 U3BJICUEHHMSI Ta3a U3 IJ1ACTa.

CnocoObl 3KCIulyaTallid CKBaXXMH M MEPUOAbl MX MPUMEHEHUS
00OCHOBBIBAIOTCS] B MTPOEKTHBIX JIOKYyMEHTaX Ha pa3paboTKy MECTOPOXKe-
HUS U pean3yroTcsl HeTera3o100bIBAIOIMMU OpraHU3alUsIMU IO TIaHaM
re0JIOrO-TEXHUYECKUX MEPOIPUATUM.

[Ipn npoexkTupoBaHMU U Pa3padOTKE HEPTSHBIX MECTOPONKICHUIN
BBIICJIAIOTCS CIEAYIONIME TPYMIbI SKCILTyaTallUOHHBIX CKBAXKUH:

e OOBIBAIOIIIHE;

® HarHeTaTeNbHBIE;

® CICUUATBHBIE.

Jlooviearomue ckeaxcunvt MMEOT (HOHTAHHOE, HACOCHOE WJIM Tas3-
audTHOE 000pyAOBaHME U MpEAHA3HAYEHBI JUIsl JOoObIBaHUS HedpTH, HE-
TSHOTO Ta3a U MOMyTHOU BOJBI. B 3aBUCHMMOCTH OT criocoba moabeMa Ku/l-
KOCTH JIOOBIBAIOIIME CKBAXKMHBI MOAPA3NEISAIOTCA Ha (DOHTaHHBIE, Ta3-
TU(THBIE U HACOCHBIE.

Haznemamenwvnule cKeaxcunpl IpeTHA3HAYEHBI ISl BO3IEUCTBUS Ha
MPOJIYKTUBHBIE TUIACTHI IyTEM HarHeTaHUsl B HUX BOJIbIL, Ta3a U JAPYTUX pa-
004yux areHToB. B COOTBETCTBUM C MPUHATON CUCTEMOW BO3/AEUCTBHS Ha-
THETATeNIbHbIE CKBAXXHWHBI MOTYT OBbITh 3aKOHTYpPHBIE, NMPUKOHTYPHBIE U
BHYTPUKOHTYpPHBIE.

Cneyuanvnsle cKea)cuHbl PETHAZHAYAIOTCS 7151 TOOBIYM TEXHUYE-
CKOHM BOJIbI, COpOCa MPOMBICIOBBIX BOJI, TIOJJI3EMHOIO XpaHEHUS ras3a, JIMK-
BUJIAIIUU OTKPBITHIX (POHTAHOB.

3.4. ®OHTAHHBIH CIIOCO0 IKCIIYATALUH CKBAKUH

Donmannana IKcnayamayus — CNocod SKCIUTyaTallid HE(PTAHBIX,
ra3oBbIX M T'a30KOHJIEHCATHBIX CKBaXHUH, MPU KOTOPOM IOJIE3HOE HCKO-
aeMoe 1o/ IeUCTBUEM IIIIaCTOBOM YHEPTUU U3JIUBACTCS Ha IOBEPXHOCTD.

[Tpu noxbEme HedTH U KOHEHCaTa IJIAaCTOBAsi IHEPTHUsl CKIIAIbIBACT-
Csl U3 BHEPTUH, 3aBUCSIIEH OT BEJIMYMHBI THAPOCTATUYECKOTO HAMOPA, OIl-
penensieMoro 3a00MHBIM /aBJIEHWEM, M SHEPIHU Ta3a, BBIICISEMOro U3
He(TU U KOHJEHCaTa Mo Mepe NaJieHUs JaBJICHUs IPU IBH>KEHUU BBEPX IO
CKBa)KMHE TIOTOKA MPOYKIUH.
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Hedtp Haxoautces moj 3emiielt mMoj TakuM JTaBJIEHUEM, YTO MPHU IPO-
KJIQJIKE K HEW IyTH B BUJIE CKBa)KMHBI OHA YCTPEMIIIETCSI HA TIOBEPXHOCTb.
Kaxk npaBuio, pOHTaHUPYIOT CKBaXKMHBI TOJBKO B HauaJle CBOETO JKM3HEH-
HOTO IIMKJIa, T.€. cpasy nocie Oypenus. Uepe3 HEKOTOpOe BpeMs 1aBJICHUE
B IJIacTe CHIXKaeTcs U (oHTaH uccskaeT. Ocrarok HeTH Mocie OKOHYa-
HUs (POHTAaHUPOBAHUS 3a4acTyro npesbiiaeT 80 % HayaabHBIX 0OBEMOB.

[Ipu Bcex crnoco0ax AKCIUTyaTaluy MOIbEM KUIAKOCTU U ra3a Ha Mo-
BEPXHOCTh MIPOUCXOJIUT IO HACOCHO-KOomnpeccoprvim mpydam (HKT) ne-
OOJBIIOrO JAMaMeTpa, CIyCKaeMbIM B CKBaXXHHY. B 3aBHUCHMOCTH OT CHO-
co0a »KCIUTyaTallud UX TaKKe Ha3bIBAIOT (DOHTAHHBIMH, KOMIIPECCOPHBI-
MU, HACOCHBIMHU, a TAKXK€ MOAbEMHBIMU (JTU(TOBBIMH).

Ecnu ckBaxknHa 3KcIutyaTupyeTcsi OHTAaHHBIM CIIOCOOOM, TO Ha TO-
BEPXHOCTH YCTAHABJIMBAIOT CIELUAIbHOE 000pyJoBaHUE — (DOHTAHHYIO
apMaTypy. 9T0 000pyJ0oBaHHE HEOOXOAUMO JIJIsl YIIPABJICHUS] CKBAKUHOM.
C nomotipto (POHTAaHHOW apMAaTypbl MOXKHO PETYJIHPOBATH 100bIYY HEDTH
— YMEHBIIATh UM COBCEM OCTAHOBUT.

Donmannasa apmamypa — KOMIUIEKT YCTPOWCTB, MOHTUPYEMBIX Ha
yCcThe (DOHTAHUPYIOLIEH CKBAXUHBI AJis1 €€ repMeTU3aliu, OABECKH JTud-
TOBBIX KOJIOHH M YIIPaBJICHUS IOTOKAMH MPOAYKIMU CKBaXXUHbI. DOHTaH-
Hasl apMaTypa J0JDKHA BhIIEPKUBATh OOJIBIIOE JaBjeHUE (TIPU MMOJTHOM 3a-
KPBITUH (POHTAHUPYIOIIEH CKBAKUHBI), JaBaTh BOZMOXHOCTb ITPOU3BOAUTD
3aMephbl JIaBJIeHUs! Kak B JTU(PTOBBIX TpyOax, TaK M Ha BBIXOJE MPOAYKLIUU
W3 CKBaXKWHBI, ITO3BOJIITh BBIYCKAaTh WJIHM 3aKa4MBaTh a3 MpU OCBOCHHUH
CKBaXKMHBbI. DOHTAaHHAs apMaTypa BKJIIOYAET KOJOHHYIO U TPYOHYIO TO-
JIOBKH, (POHTAHHYIO EJIKY C 3alIOPHO-PETYIMPYEMON apMaTypoi U U3Mepu-
TEIbHBIMH TIpuOopamu (puc. 3.1).

Kononnaa zonoexa, pacrionoXeHHasi B HI)KHEW YaCTH, CIY)KHUT JJIS
MOJIBECKU 00CaJHBIX KOJIOHH, FT€PMETU3AIUU MEKTPYOHBIX MPOCTPAHCTB U
KOHTPOJISL AaBiicHUA B HUX. [Ipy mpocrenmend KOHCTPYKIMH CKBAKWHBI
(06e3 MpOMEXYTOUHBIX TEXHUYECKUX KOJIOHH) BMECTO KOJOHHOM TOJIOBKU
UCIIOJIb3YIOT KOJIOHHBIM (DiIaHel, yCTaHaBJIMBaeMbli Ha BepxHeil TpyOe
AKCILTYaTallMOHHON KOJIOHHBL

Tpyonasa 20106Kka MOHTHPYETCS HA KOJIOHHOM TOJIOBKE M CIIY>KUT
JUIsl IOJIBECKU U T€PMETU3AINH JTUPTOBBIX KOJIOHH MPU KOHLUEHTPUUECKOM
WJIY TIApAJUIETIBHOM CIIyCKE UX B CKBXKHHY.

Donmannan é1Ka yCTaHABIMBAETCA HA TPYOHOU T'OJIOBKE U CIIY>KHUT
JUISL pACIpPEACIICHUS U PETYJINPOBAHUS TOTOKOB MTPOAYKIIMHU U3 CKBAXKUHBI.
Enka cocTouT 13 3anopHbIX (33BUAKKH, IIAPOBBIE KPAHbI), PETYIHPYIOIIIX
YCTPOUCTB (IITYLEPhl HOCTOSTHHOTO WJIM IEPEMEHHOI0 CeUeHus1) U (UTUH-
roB (KaTylIKu, TPOMHUKH, KPECTOBUHBI, KPBIIIKH).
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[IpuBOA 3aMOPHBIX YCTPONCTB MOKET OBITh PYYHOM, NMPU BHICOKOM
JABJICHUW ITHEBMATUYECKUN WIIA TUAPABIMYECKUN C MECTHBIM, JUCTaHIU-
OHHBIM WJIM aBTOMAaTUYECKUM yrpaBieHUEM. [Ipu OTKIOHEHUM TaBiICHUS
MPOAYKIIMU CKBaXWHBI OT 3aJaHHBIX MPEJIEIOB WM B ClIydae MoKapa Ha
CKBa)XKMHE aBTOMATUYECKHU MEPEKPBIBAIOTCS 3alopHble ycTpoiicTBa. Pabo-
yee naBneHue ¢onTanHou apmarypel 7 — 105 Mlla, nmpoxoaHoe cedeHue
LHEHTPAITBHOTO 3an0pHOro ycrporcta 50 — 150 Mm.

Enka

v

TpyOnas
rOJIOBKa
i

SRR

Puc. 3.1. O6muii Bux KpecToBoOi (pOHTAaHHOM apMaTyphl:
1 — MaHOMETpBHI; 2 — TPEXX0J0BOH KpaH; 3 — Oydep; 4, 9 — 3aABMKKHU; 5 — KPECTOBHUK
€NnKu; 6 — IepeBOHAs KaTylllKa; 7 — IepeBOAHAas BTYJIKa; § — KPECTOBUK TPyOHOMU
roioBku; /(0 — mryuepst; /1 — ¢nanen kononssl, /2 — Oydep

Manugonvo — cucrema TpyO U OTBOJOB C 3aJBUKKAMHU WA KpaHa-
MU — CIYXHUT Uil COeTUHEHUs! (JOHTAaHHOU apMaTyphl C TPyOOIIPOBOIIOM,
0 KOTOPOMY MPOAYKILIHS CKBRKUHBI TOCTYNAET Ha aBTOMATU3WPOBAHHYIO
IPYIIIOBYIO 3aMEpHYIO ycTaHOBKY (AI3Y).

[Ipocreiimas cxema MaHU(OJIbJJa KPECTOBOW (POHTAHHOI apMaTypbl
nokazaHa Ha puc. 3.2. OHa npeaycMaTpyUBacT HAIMYNE ABYX NPAKTUYECKH
UJICHTUYHBIX OOBS30K (paboyvasi U pe3epBHas), B KaXKJIOM U3 KOTOPBIX €CTh
perynupyemsii mwrynep /, BEHTUIM 2 uist 0TO0pa mpoOd KUIKOCTH U rasa,
3aMopHOE YCTPOMCTBO 3 i cOpoca MPOAYKITMY Ha (pakes uiiu B 3eMIISTHOU
am0ap 1 IpeloXpaHUTENbHbBIN KIIanaH 6. DJIEMEHThI CXeMbl COOMPAIOTCS B
OJIHO IIEJI0€ C MOMOIIIBIO (PJIAHIIEBBIX COCTUHECHUI 7.
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Puc. 3.2. [lpuanunuansHas cxema MaHH(OIIb1a KPECTOBOM (POHTAHHOHN apMaTyphbl

[TpuHiMn paboThl cucmemsvl A6MOMAMUIUPOBAHHO20 YRPAGIEHUS
¢ponmannoin apmamyper (CAY @A), npeaHazHaueHHON sl AOOBIYY T1J1a-
CTOBOTO (PJIIOMIA, 3aKJII0YAeTCsl B aBTOMATHYECKOM OTKPBITUH/3aKPBITUU
3aMOPHO-PETYIUPYIOIIEH apMaTyphl ITyTeM HE3aBUCHUMOU MOAauu pabodeit
’KUJKOCTHU MHEBMOHACOCOM B MEXaHU3MbI PUBOIOB MOA3EMHOTI0 KJlarnaHa-
orcekarens (ITKO), 6okosoit (b3) u cTBONOBOM 3anBmxkek (C3) mpu mo-
MOUIM CTaHUMU yripaBiieHHs (mateHT PO Ne 2453683).

Cranuus ynpasiaenusst CAY @A conepkuT OJIOK ympaBieHUs], Tpu-
6opel KMIINA, ucrnonHUTENbHbIE MEXaHU3MBI, YCTAHOBJICHHBIE B LKAy
CTaHIIMK U 00pa3yrolIre MHEBMOTHAPABINYECKYIO CUCTEMY, COEAUHEHHYIO
yepe3 NaTYUKUA KOHTPOJISl apaMeTpoB ¢ OJIOKOM yIpaBieHUs cTaHluu. B
KadecTBe OJIOKa yIpaBJieHHs, OOECIEUMBAIOIIETO BBIMIOJHEHHUE JIOTHYE-
CKHUX OINEpalMii MO OTKPBITUIO/3aKPHITUIO CKBAXHHBI, MCIOJIB3YIOT IMPO-
IrPaMMHO-TE€XHUYECKUNA KOMILJIEKC B BHJIE€ KOHTpOJUIEpAa C JIOKAJIbHBIM
MyJbTOM YIPAaBIICHUS, COACPHKAIIUM MOHUTOP C CECHCOPHBIM YIIPaBICHUEM
JUIS BBOJIAa KOMaH]] B MHTEPAKTUBHOM PEXXKHUME U JIOKAJIIbHON KJIaBUATYpPOil.

CAY DA olecrieunBaeT BBITOTHEHUE CIEAYIOMNX (DYHKITHIM:

e ymopaBieHue oOopyaoBaHueM QoHTaHHON apmatypel b3, C3,
ITIKO ¢ moMomibio KJIaraHoB;

e (QopmMupoBaHue U BbIBOJ MHGOPMALUK Ha MaHENb OmepaTopa o
COCTOSIHUU 000pyn0BaHMs OHTAHHOUN apMaTyphl U CTAaHIUU;

® KOHTpPOJIb UCTIPABHOCTH JATUYMUKOB JABJICHUS, TaTYUKOB TEMIIepa-
TYpBI ¥ 3JIEKTPOMArHUTHBIX KJIAIIaHOB;

® KOHTpPOJIb YPOBHA MacJja B ruApoOaKe;
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e (QopMupoBaHue HHPOpPMALMHU AJIA MPEACTABICHUS Ha MaHEIH
oreparopa;

® [IpUEM CUTHAJIOB YIIPABJICHUS C IMaHEIH OrepaTopa;

e o0Omen uadpopmarmeit ¢ ACY TIIL.

[IpuHunnuaneHas cxema cranuuu ynpasiieHuss CAY @A npuseneHa
Ha puc. 3.3. ['a3 nuTaHus NOAAETCA B MHEBMATUUYECKYIO JTUHUIO OT BHEIII-
HEro CTAllMOHAPHOTIO MCTOYHHUKA Yepe3 MIapOoBOM KpaH / U 0OpaTHBIN KJja-
naH 2. JlaBneHue ra3a mUTaHHUS KOHTPOJIMPYETCSl MPU MOMOLIM JaTyrKa
aBJIeHus 3.

K npusonry 9
IIKO \

<

K npuBony B3

Kc2

K npusony C3

Hpenax

Hpenax

§

Puc. 3.3. IlpunuunuansHas cxema cranuuu ynpasiieHus CAY ®A

UYepes kpaH 4, Knamad S5 ¢ 3JEKTPOMArHUTHBIM IIPUBOJIOM, PETYJIIATOP
JABJICHUSI 6, HACTpaMBAaEMbId Ha JIABJICHUE YIPABJICHUS HACOCOM 7/, Ta3
IIOJAaeTCs Ha MPUBOJ Hacoca /. [IpenoxpaHuTenbHbIN KilallaH HaCTPOEH Ha
MaKCUMAaJIbHOE€ JaBJICHUE B JMHUM HarHeTaHus Hacoca. (s oTKpwITHs
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KJIallaHa 5 MOJAETCsA HANpsDKEHHWE HAa KaTylKy KianaHa. Knaman 5 mmeer
TaK)K€ PYYHOU MPUBOJI, UCHOJIb3YEMBIN MPU TEXHUUYECKOM OOCITY>KUBaHUU
WJIY HaJlaIKe CTaHLUU.

Yepes kpaH § ra3 noaaercs Ha BXOJbI KJIANAHOB C 3JIEKTPOMAarHuT-
HbIM yrpasieHuem 9, 10, 11, npeqHa3HauYCHHbIE JIJIs1 YIIPABJICHHUS COOTBET-
ctBeHHo npuBoaamu /2 11KO, C3, b3. ITpusoasl C3 u b3 ycioBHO He mo-
Ka3aHbl. /(g oTkpeiTUs kiamaHoB 9, /0, 11 nogaeTca HapsiKEHUE HA UX
KaTyLIKH.

[Tocne oTkpeITHS KianaHa 9 ras nojaercs Ha MPUBOJ pACIpEIeInTe-
ns 12. Ilpu oTKpbITUH pactpenenurelis /2 rTuapaBiIddecKas KUIKOCTb MO
JABJICHUEM Y€pe3 UroJIbuaThlil BEHTWIb nocTynaet Ha npuBoa [IKO. Kon-
TPOJb HAJ AABJICHUEM THApPaBINYECKOW *ujakoctu B muHuu [TIKO ocymie-
CTBJIAETCS JAaTYNKOM JaBiieHus /3.

JIaBJIeHUE TUAPABINYECKON KUIKOCTH, IPEUMYLIECTBEHHO Maciia, B
aunun ynpasienust [IKO co3zpmaercss mpu momonu macisiHoro 0yoka /4,
pPacroJioKeHHOro B 1kady cTaHiuu yrpasieHus. [Ipu nomaye naBieHus
YIOPABJISIOLIETO ra3a HAacoC / BKIJIKOYAETCS, YBEJIIMYMBAs JABJICHUE Macia
10 TpedyeMoro 3HaueHus. Jlanee Maciio moj aBjieHUEM MOJAETCS Ha BXOJ
pactpeaenurena /2. OIHOBPEMEHHO Ha MHEBMOIIPUBOJ PACIPEIETUTENS
12 nonaerca ynpasistoniee AaBieHue raza. Pacnpenemurens /2 oTKpbIBa-
€TCs, U MacJjo NoJ JaBjieHueM nocrynaet B rugponpuson [IKO. Busyaib-
HbII KOHTPOJIb JIABJICHHS MAaclia B JINHUM HAarHETaHUs Hacoca / B CTAHLIMH
OCYULIECTBIIAETCS 10 MAHOMETPY 5.

[Tocne otkpeiTus kianana /(0 ra3 moJ JaBJIEHUEM 4Yepe3 KiamaH Obl-
cTporo BeixJjomna nojgaercs Ha npuBoa C3. KoHTposb 1aBiieHHs yHpaBJsito-
niero ra3a B uHuu C3 oCyIIEeCTBIISIETCS IPU MOMOIIM AaT4uKa /6.

[Tocne oTkphITHs KianaHa // ra3 moj JaBJICHUEM Yepe3 KianaH Obl-
CcTporo BbIxyiona mnoxaaercss Ha npuBod b3. KoHTposb naBieHus ympas-
JSIOLLETO Tra3a B IMHUM b3 oCylecTBIsI€TCs PU MTOMOIIHM 1aTyuKa /7.

AnroputMm paboThl BCEX KJANaHOB B aBTOMATHUYECKOM PEXHUME, 3a-
KJIIOUYAIOLIEMCS B OTKPBITUH/3aKPBITUU 3allOPHO-PETYIUPYIONIEH apMary-
pbl B canenytomei nocieaoarenbHoctu: [IKO — C3 — B3 (3akpeiTue — B
OOpaTHOM TMOPSIIKE), OCYLIECTBISETCS MPU MOMOIIM IKada yrnpaBlieHUs
18 cranuuu (puc. 3.4). Komanael ynpasieHust BBOAATCS B OJIOK yrpaBJie-
HUs /9, BBINOJIHEHHBIM B BUAE MPOrPAMMHO-TEXHUYECKOTO KOMILUIECKCA, B
WHTEPAKTUBHOM PEKHUME IPU ITOMOIIM MOHUTOpPA 2() W KJIaBUuaTypsl 21.

[THeBMOTHIpaBINYECKAsT CUCTEMA CTAHUWW YIPABJICHUS COEAUHEHA
4yepe3 JaTYMKU KOHTPOJIA MmapaMeTpoB padoTel /3, 16, 17 craniuu ¢ 610-
KOM YIIpaBJIEHUS CTaHIUH /9.
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Puc. 3.4. O6muii Bux mkada ynpaBieHus
3.5. I'a31u@ THBI CIOCO0 IKCILNIyATALUN CKBAKHH

[Tocne mpexpamieHus: (OHTAHUPOBAHUS W3-32 HEXBATKHU IIJIACTOBOM
SHEPTHH TEPEXOAT HA MEXaHU3WPOBAHHBIN CMOCOO SKCIUTyaTalluM CKBa-
KUH, TIPH KOTOPOM BBOJAT JOMOJHHUTEIBLHYIO SHEPTHIO C MOBEPXHOCTH.
OnHUM U3 TaKUX CIIOCOOOB SIBJISIETCS Ta3muT.

I'aznugpm (3paudt) — cucrteMa, COCTOSIIAS U3 DKCITyaTalMOHHON
(o6cannoi) konoHHbI TpyO U onyieHHbIX B Hee HKT, B koTopoii moabem
AKUJIKOCTH OCYIIECTBIISIETCA C MOMOIIBIO CKATOTo ra3a (Bo3ayxa). MHorna
ATy CUCTEMY HA3bIBAIOT 2A306blil NOObEMHUK.
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[To cxeme mogaun OT BUAA UCTOYHUKA paboUero areHra — rasa (Bo3-
AyXa) — pa3audyaroT KOMRPECCOPHBLL U 0e3KOMNpeccopHblil Ta3nudT, Ko-
ria B KayecTBe pabodero areHrta Jyisg ra3oBOro MoAbeMHUKA MCIOJb3YIOT
ra3 u3 ra3oBbIX IIJIACTOB C BBICOKUM JaBieHueM. KommnpeccopHblit raznudr
XapaKkTEPU3yETCs HAIMYMEM KOMIIPECCOPHOU CTAaHIIMU CO BCEMU Y3JIaMHU U
arperaramu. ['aznudTHast SKCIUTyaTalus MOXKET ObITh HEenpepvbléHOll WU
nepuoouyeckoii. llepnonnyeckuil ra3nuT NpUMEHSIETCS HA CKBaXXUHAX C
neoutramu 10 40 — 60 T/CyT WK ¢ HU3KUMH TUTACTOBBIMU JIABJICHUSIMH.

[IpuHiun raznu@THONW 3KCIUTyaTallid COCTOMT B HAarHETaHUM rasza
BBICOKOTO JIaBJICHUA Ha 3a00H, B pe3yJbTaTe 4ero ypoBeHb KUJIKOCTH B 3a-
TpyOHOM MipocTpaHcTBe Oynet noHmwxkarbes, a B HKT — noBbimartecs. Ko-
rJa YPOBEHb KUJIKOCTA NOHU3UTCS A0 HUkHero koHua HKT, cxkareit ras
HauHet nocrynare B HKT n nepememmuBarscs ¢ )xuakocTero. B pesynbrare
IJIOTHOCTh TAKOM Ta30KUJAKOCTHOW CMECH CTAHOBUTCS HHKE IIJIOTHOCTH
KUAKOCTH, TocTynaronieil u3 miacra. Yem Oosbliie OyAeT BBEACHO Trasa,
TEM MEHbIIE Oy/IeT IJIOTHOCTh CMECH U TeM Ha OOJBIIYI0 BBICOTY OHA
nogHuMercs. [Ipu HenpepbIBHOM mojaade ra3a B CKBaKUHY T'a305KHIKOCT-
Hasi CMECh IOJHUMACTCS 0 YCTh M W3JIMBACTCS HA IOBEPXHOCTh, a U3
I1JIACTA IMOCTOSHHO MOCTYIIAET B CKBAKUHY HOBAs ITOPLUS KUJIKOCTH.

Jlebut raznmu@THON CKBaKUHBI 3aBUCUT OT KOJIMYECTBA U JABJICHUS
HarHeTaemoro rasa, riayounsl norpyxkenus HKT B xxuakocts, ux nuamer-
pa, BA3KOCTH KUAKOCTH U T.N. KOHCTpyKIMM Tra3mu(THBIX MOAbEMHUKOB
omnpenensarces B 3aBucuMocTd OT uncna panoB HKT, cmyckaembix B
CKBA)KHHY, U HaIlpaBJICHUsI IBXKEHUS CKaToro rasa (puc. 3.5).
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Puc. 3.5. Cxembl KOHCTPYKIHH Ta3MU(THBIX TOABEMHUKOB

IIpyn ogHOPSIAHOM MNOABEMHHUKE B CKBAXWHY CIYCKAIOT OAWUH P
HKT. Cxatblii Ta3 HarHeraeTcs B KOJBIIEBOE MPOCTPAHCTBO MEXKAY 00-
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cangnou konoHHoM HKT, a razoxuakoctHas cMmech nognumaercs mo HKT
i ra3 Haraeraercs no HKT, a razoxuakocTHas cMeCh MOJTHUMAETCS IO
KOJIBLIEBOMY IPOCTPAHCTBY. B mepBOM cirydae uMeeM 0OHOPAOHbLIL NOOD-
eMHUK Koaibyesoul cucmempl (puc. 3.5, a), a BO BTOPOM — O0OHOPAOHDBLIL
HOObEMHUK YEeHMPAIbHOU cucmemsl (puc. 3.5,0).

[Ipn IBYXpsiAHOM TNOJABEMHHMKE B CKBaXKMHY CITYyCKAIOT JIBAa psjaa
KOHIIEHTPUUECKH PaCIoOIOKeHHbIX TpyO. Eciu cxaTeiil ra3 HampasisieTcs
B KOJIBIIEBOE IPOCTPAHCTBO MEx Ay AByMs KonoHHaMu HKT, a razoxuako-
CTHasi CMECh MOJHUMAETCSI IO BHYTPEHHUM MOIBEMHBIM TpyOaM, TO TaKon
MOABEMHUK HA3bIBACTCS 0BYXPAOHBIM KONAbUEEoU cucmemul (puc. 3.5, 8).
Hapyxwubiit psg HKT o0braHO criyckaroT 10 GuiabTpa CKBAXKUHBI.

Ecmu cxkareii ra3 nogaercsa no BHyrpeHHnM HKT, a rasoxunkoct-
Hasg CMECh NMOJHMMAETCS MO KOJIBLEBOMY IIPOCTPAHCTBY MEXIY ABYMS psi-
namu HKT, To Takoil mOgbEMHUK HA3BIBACTCS OGYXPAOHBIM UEHMPATIbHOU
cucmemnt (puc. 3.5, 2).

[Ipu 08yxpaonom cmynenuamom nodvemHuKe KoJbUeeoll cucme-
Mbl B CKBaXUHY ciiyckaroT jiBa psaga HKT, ogun u3 kKoTopbIX (HapyKHbBIN
psiZ) CTYNEHYaThl; B BEPXHEW 4acTU — TPYObl OOJBIIET0 JUaMeTpa, a B
HIWDKHEN — MeHbliero auamerpa. CxaTblii ra3 HarbHeTaroT B KOJIBLIEBOE
IIPOCTPAHCTBO MEXAYy BHYTPEHHUM WM HapyxHbM psanamu HKT, a razo-
AKUJKOCTHAs CMECh MIOJJHUMAETCS IO BHYTPEHHEMY PSIAY.

HemocTtaTkoM KOMBIIEBOM CHUCTEMBI SIBISIETCS BO3MOXHOCTH alpa-
3UBHOTO M3HOCA COEIMHUTENBHBIX TPYO KOJOHH MPU HAJIUYUU B MPOIYK-
MU CKBOKWHBI MEXaHMUYECKUX mpumeceit (mecok). Kpome toro, Bo3Mox-
HbI OTJIOKCHUS TapaduHa U CoJiel B 3aTpyOHOM IPOCTpPaHCTBE, OOphoda C
KOTOPBIMH B HEM 3aTPYJHUTEIIbHA.

HenoctatkoM ABYXpPSIAHOTO MOJBEMHHKA SIBISIETCSI HEOOXOAUMOCTh
CIycKa JBYX pAOB TPyO, YTO YBEJIWYMBACT METANIOEMKOCTh Ipoliecca
no0brun. [ToaTromy B mpakTtuke HePTeAOOBIBAIOIIMX MPEANpUATHI Oosee
LIMPOKO PAaCHpPOCTPAaHEH TPETUI BapUAHT KOJIbLIEBOW CUCTEMbBI — HOJIYMO-
papaonstii noovemuuk (puc. 3.5, 0), KOTOpbII MMEET NpeuMyIIecTBa
IBYXPSAIHOIO IIPYU MEHBIIEH €ro CTOUMOCTH.

Kommuiekec 000py10BaHuUSI M TEXHOJIOTHUYECKAs CXeMa ra3au(THOM 3KC-
TUTyaTallud CKBAXUHBI HA3BIBACTCS 2aziugpmuvim yuriaom (puc. 3.6). Ipu
HaJIMYMUU Ta30BOM CKBa)XMHBI BBICOKOTO JAaBJICHUS pean3yercs Oe3KOM-
npeccopHbiii Tu@T. ['a3 U3 cKkBaXkuMHBI / yepe3 ra3oBblil cenaparop 2 noja-
eTcs B TeriooOMeHHuK 3. HarpeTslii ra3 mocie JOMmoJHUTEILHON OYUCTKA
B cemnaparope 4 MpOXOJUT Yepe3 razopacrpeaesiMTeNbHyl0 OaTapero 5 u
HampaBisgeTcsl K ra3nuTHbIM ckBakuHaMm 6. [Ipoaykius CKBaXuH Ha-
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MpaBJIAeTCA B Ta30HEPTSIHOM cenmaparop 7, Mocjie KOTOporo HedTh MoCTy-
MaeT B KOJUJIEKTOP, a ra3, COJAEpKalluil Kaneiabku HedTH, TPOXOIUT JI0-
MOJIHUTENBHYIO OYHUCTKY B CenapaTope § U IOCJE CKATUS B KOMIIPECCOp-
HOM cTaHIMU 9 MOCTYMAET B CUCTEMY MIPOMBICIIOBOTO cOOpa.

Ecnu ra3oBoii CKBayKHMHBI BHICOKOTO JaBJICHUS HET, TO JJIs raznudra
UCIIOJIb3YyeTCs MOMyTHBINM HedTsaHOM ra3. [locie koMmpeccuu ra3 u3 Kom-
MIPECCOPHON CTAHIMHU 9 TOCIEN0BATEIHLHO MPOXOAUT TEMIOOOMEHHUK 3,
ra3oBbIM cenapaTop 4 M Tak Jajiee, II0Ka BHOBb HE IOCTYIIUT HA CTAaHLIUIO
9. B naHHOM ciy4yae MCHOJBb3YyeTCsl 3aMKHYTBIM Ta3iu@THBIA UK, MpU
KOTOPOM HAarHeTaeMblil B CKBaXWHBI T'a3 MHOTOKPATHO MCHOJIb3YETCS IS
MOAbEMA KUJKOCTH.

[Ipyn KOMITpECCOpPHON 3KCILTyaTallui CKBaXXMHBI Ha HE(TAHOM Me-
CTOPOXKJICHUM HEOOXOIUMO TMPEAYCMOTPETh OAHY WJIA HECKOJIBKO KOM-
IIPECCOPHBIX CTAHLMI C YCTAHOBJICHHBIMU B HUX KOMITPECCOPAMH — MaIllu-
HaMH, C)KMMAIOIIMMU ra3 Wi BO3yX 0 HeoOxoaumoro naBieHus. Kom-
IIPECCOPBI MPUMEHSIOT NOPIIHEBBIE JBYX- M TPEXCTYIIEHYATHIE, Fa30MO-
topHbie Tumna 81'K, paccuntannbie Ha nasienue 10 5 Mlla npu npou3sBo-
JUTENBHOCTH 13 M /MUH.

=

Vil 111 TIT

Puc. 3.6. IlpuHuunuanpHas cxema ra3auTHOTO UKIa:
1 — ra3oBas CKBa)XKMHA BBICOKOTO JaBJIeHUS; 2, 4, 8§ — ra30BbIe cenapaTophl;
3 — TeII00OMEHHUK; J — ra3opacupeaeinTenbHas 0arapes; 6 — ra3nudTHast CKBaKHHA,
7 — Ta30HEPTAHOMU cenaparop; 9 — KOMIPECCOPHAs CTaHIINS,

1 — Ta3 BBICOKOTO JaBJICHUS U3 Ta30BOM CKBAXKUHBI; /] — IPOAYKIHS Ta3TuTHOM
CKBaXHHBI; /] — HeQTh; IV — ra3 HU3KOTO JaBJICHUS, COACPKAIIUI KanelbHy0 HE(PTh;
V' — ra3 HU3KOTO JaBJeHUS, OYUIICHHBIN OT HeQTH; V] — CKATHIi ra3 B CUCTEMY
IIPOMBICIIOBOTO cOopa; VII — ra3 BEICOKOTO JABJIEHUS NOCIE KOMIIPECCOPHOU CTaHIIUU
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CoBpemMeHHasi TEXHOJIOTUSI HepUoOuUecKo20 2aznugpma 6a3upyeTcs
Ha OJHOPSAHBIX TMOJBEMHHMKAX KOJBIEBOM CHCTEMbI, OO0OPYIOBaHHbBIX
nyckoevim Kaananom Ha konne HKT u nakepom (puc. 3.7).

Ilakep — ycTpONCTBO, IPEIHA3HAUYCHHOE JII T€PMETHYHOIO pazoo-
HICHUS] MEXTPYOHOT0 MPOCTPAHCTBA MEXKAY AKCILTYaTallMOHHOMN KOJIOHHOM
1 HKT m m3omsinuy BHYTPEHHETO NMPOCTPAHCTBA IKCILTYaTAllMOHHOW KO-
JIOHHBI OT BO3JICUCTBHS CKBAXKMHHOM cpenbl. [1akep cryckaeTcst B CKBaKHU-
HY B COCTaB€ JKCIUIyaTallMOHHOW KOJIOHHBI M YCTAHABJIMBACTCS B 3aaH-
HOM MHTEpBaJIE KOJIOHHBL

Ilyckogvie knananvt — IPUCTIOCOOICHHUS], TOCPEIACTBOM KOTOPBIX yC-
TaHABIIMBAETCS WM MPEKPAIIAETCS CBSI3b MEXAY MEKTPYOHBIM MPOCTpPaH-
ctBoM CkBakuHbI 1 HKT.

Paznuuaror uapyscnovie (cmayuonapmuwle) KianaHbl, KOTOPbIE Kpe-
narcst Ha kononHe HKT cuapyxu, u enympennue (cvémmusie), KOTOpbIe
kpensarca Ha HKT BHyTpu razmudtaeix kamep (puc. 3.8). H3Bnekarorcs u
YCTaHABIIMBAKOTCA BHYTPEHHHE KJAalaHbl, B OTJIMYUE OT HAPYXHBIX, C IO-
MOIIBI0 KaHATHOW TeXHUKHU 0e3 moabéma koionHbsl HKT Ha moBepxHOCTS.

e e s A S S N MR

Puc. 3.7. Tlakep I1B-AI'-H-122-30: Puc. 3.8. Cxema BHyTpeHHETO
1 —my@dTa ¢ nprCcOeIMHUTENBHON pe3b00ii; ra3nu@THOTO KIlanaHa:
2 — AKOpHBIX y3en; 3 — yiotHuTenbHbld [ — crenka HKT; 2 — skciienTpuaHas
JJIEMEHT; 4 — BTOPUYHBIM YIUIOTHUTENBHBIA  Kamepa (MaHIpenh); 3 — MOCaJOYHBIN
3JIEMEHT; 5 — CTBOJI HAKEPHBIN; 6 — KOHYC KapMaH
IIOCaJOYHBIN
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Krnamnanbl cnyckaioT B CKBa)XHHY Ha pacyeTHble r1yOuHbl. [Ipu Ha-
THETAHUU Ta3a YPOBEHb JKUJKOCTH CHUKAETCS B 3aTPYOHOM MPOCTPAHCTBE
U TIOBBIIAETCS B MOABEMHBIX TpyOax. Korga raz B 3aTpyOHOM mpocTpaH-
CTBE JIOCTUTHET YPOBHS KJalaHa U €ro JaBjieHue Pe MpeBbICUT rUApPOCTa-
TUYECKOE JaBJIEHHE CTOJ0a )KUAKOCTU B MOJABEMHBIX TpyOax Powc, OH mpo-
pBIBaeTCs uepe3 KianaH B TPYObl U ra3upyeT *KUIKOCTb, HAXOISIIYIOCS B
HuX (cM. puc. 3.8). [Ipoucxoaut 4yacTUUHBIM BBIOPOC KUIAKOCTH, KOTOpPAs
HAXOJUTCSl BHYTpU TpyO BbllIe kianaHa. [lociae BIOpoca KUIKOCTH KJja-
MaH 3aKPbIBAETCS M OTKPHIBACTCS BHOBbH TOJBKO MPU HAKOIUJICHUH KUIKO-
ctu B HKT 1o onpenenenHon BEIMYUHBL

Jljis crrycka ¥ U3BJI€UEHUS Tra3iu(THHIX KJIaMaHOB, YCTAHABIMBAEMbIX
B CIEIHUAIBHBIX AKCUEHTPUYHBIX Kamepax — MaHOpenax, Wi YCTaHOBKU
3ariyiieKk BMecTo ra3nudrHbeix kianaHoB yepe3 HKT B oOnactu razmudr-
HOM 3KCIUTyaTaluy NpUMEHSIeTCs crieliaibHasl KaHaTHas TexHuka. Kanar-
Hasl TEXHUKA COCTOUT U3 YCTHEBOTO JIyOpUKamopa M IKCmpaKkmopd.

[IpumepoM KaHATHOM TEXHUKHU MOXKET CIYKHUTh CIelUalibHOE 000-
pynoBanue yctbs razmudra OYI-80x350 ¢ npoxoausiM quamerpom 80 MM
U paccuuTanHoe Ha maBineHue 35 Mlla, npenacrasistomnee codboi TyOprKa-
TOp ocoboit koHcTpykiuu (puc. 3.9). Ha ¢nanern BepxHeil KpecTOBUHBI [
ra3au@THON apMatypbl Wik Ha ¢raHen OydepHoi 3aJBUKKN yCTaHABIIH-
BAETCA MaJora0apuTHBIN MEPEKPHIBAIOLUIUN MEXaHU3M — HpPEeeeHmop 2 C
PYYHBIM MPUBOJOM, UMEIOIIUN 3JIACTUYHBIE (PE3WHOBBIC) YITOTHSIOMIME
AJIEMEHTHI, C MOMOIIBI0 KOTOPBIX MOXKHO MEPEKPHITh CKBAXUHY JIaXKe B
TOM CJyd4ae, KOrja B Heil ocTtaeTcs mpoBojoka. Ha mpeBeHTOp ¢ MoMOIIbIO
OBICTPOCHEMHBIX COCIMHEHUMN KPEMSITCsl CeKLUU JiyOpukaropa 3, Ha BepX-
HEM KOHIIE KOTOPBIX UMEIOTCSI CAJIbHUK 4 JJI MPOMYyCKa MPOBOJIOKHU 5 WIH
TOHKOIO KaHaTa W POJUK 6. BHU3Yy apmaTypbl YKpemuseTrcs HaTsSKHOU
HIKWB 7, 4epe3 KOTOPbI KaHATUK HampasiisieTcss Ha Oapaban nedenku. [la-
pajieNbHO JTyOpUKATOPY KPENUTCs HEeOOJbIIasi CheMHast MauTa § ¢ MOJIu-
cnactoM 9 st oOneryeHus: NOAHATHS U COOpKH JIyOpuUKaTtopa U BBOJIa B
HEro HeoOXOAUMOIr0 MHCTPYMEHTA WJIM U3BJICUCHHUS MOJHATHIX KIIANaHOB.
HaTsoxHOM MIKMB CBSI3aH MEXaHUYECKH C JaTdyukoM (), mpeoOpa3yronmm
CUJIy HATSKEHHSI KaHATUKA B SJIEKTPUUECKHE CUTHAJIbI, NIEpe/laBaeMble 110
ka0emto // Ha MHIUKATOPHOE YCTPOMCTBO. JlaTuMK MOKa3bIBaeT HaTskKe-
HUE KaHaTHKa U JaeT MHGOPMALIMIO O 3aXBaTe U U3BJICUCHUH Ta3IU(PTHOrO
KJIallaHa U3 I0Cca0vyHOoN KaMepsl. [Ipy ucronp30BaHMM KaHATHOW TEXHUKHU
M0 HATSDKEHUIO KaHATMKAa MOXKHO CYJIUTh O MPOBOAMMBIX OIEpalusax Ha
riyOune. B cBsi3u ¢ 3TUM TOYHOCTH OINpPEJENICHUS HATSKEHUS KaHATUKA
npuaaeTcs ocodoe 3HaUeHHE MPU UCIOIb30BAaHUU KaHATHOM TEXHUKHU.
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Puc. 3.9. O6muii Buj ycTheBOro JTyOprKaTOopa
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B kadectBe nmpuBoma /s 6apabaHa JTyOpuKaTopa MCIOIb3YETCsS TH/I-
paBiMdeckas jebenka, CMOHTUPOBAaHHAS B Ky30Be MUKpoaBToOyca J1ubo Ha
CHelMaIbHON paMe, MePEHOCHMOM BEPTOJIETOM MPHU HCIOJIb30BAHUHU Ha 3a-
6onouenHbIx Teppuropusix. Arperar I’ TA-4 cMOHTHpOBaH Ha IIACCH aB-
TomoOmIst Y A3-452 1 cOCTOUT M3 MaciIHOrO Hacoca ¢ MPUBOJOM OT JBH-
raressi aBTOMOOWUJIS, IBYXCKOPOCTHOM JIEOEIKM ¢ MPUBOJOM OT THUIPOBH-
raressi, CHCTEMbl TUAPOOOOPYI0BaHMS, BKIIOYAIOIIECH KJIallaHHbIE U 30JI0T-
HUKOBBIE YCTPOICTBA, a TaKKe T'MJIPOCUCTEMY yrpaBieHus Jiedenkoi. Ile-
pe ornepaTopoM B KaOMHE YCTaHOBJICHBI MHUKATOP HATSYKEHUS MPOBOJIOKH
U yKa3aTelb r1yOnHbI.

IKcmpakmop — VHCTPYMEHT, MO3BOJISIONIMM 3aBECTU B MaHJIpPEIb
ra3au(THBINA KJanaH, a TAK)Ke U3BJIeUb ero u3 Mauapesns. st opueHTanuu
HKCTpPAKTOpa B BEPXHEW YacTH MaHJIpEJsl YCTAaHOBJIEHA ClelUalibHas Ha-
MpaBJsIIoIIas BTYJKA, [MO3BOJISIONIAS HANPABUTh MHCTPYMEHT B MOCaA04-
HBII KapMaH. DKCTPaKTOp UMEET MOANPYXUHEHHBIE IIAPHUPHBIE COEIH-
HEHUs, MO3BOJISIONIME TOYHO 3aBECTH KJIAlaH B MOCAI0YHbINA KapMaH MaH-
apensi. Ha HIDKHEM KOHIIE SKCTPAKTOpa MMEETCS 3aXBATHOE MPYKUHHOE
YCTPOMCTBO, KOTOPOE OCBOOOXKIAET (3aXBaThIBAET) TOJOBKY ra3d(THOTO
KJIallaHa, HAaXOJSIIErocsl B KapMaHe. DKCTPAKTOP CIyCKaeTcsl BHYTPb KO-
nonHbl HK'T Ha mpoBoroke.

[IpenmymiecTBa ra3nudTHOTO CIIOC00a IKCIITyaTallui CKBAYKUH:

1) BO3MOXXHOCTH 0TOOpa OONBIINX OOBEMOB KHJIKOCTU IMpaKTUYe-
CKM IIPU BCEX JMaMETpax AKCIUTyaTAllMOHHBIX KOJIOHH U (POPCUPOBAHHOTO
oTOOpa CHIIbHOOOBOHEHHBIX CKBAKHUH;

2) SKCIUTyaTalys CKBaXHH ¢ OOJBIITUM Ta30BBIM (PAKTOPOM, T.€. UC-
M0JIb30BaHUE 3HEPTUH IJIACTOBOIO Ia3a;

3) masioe BiusHUE MPO(UIISE CTBOJIA CKBAXKUHBI HA 3()PEKTUBHOCTD
paboThl Ta3nu(pTa, YTO OCOOCHHO BAXKHO JIJII HAKJIOHHO HaIPaBIICHHBIX
CKBaXWH;

4) oTcyTcTBUE BIUAHUA Ha pabOTy CKBaXXUH BBICOKUX JABJICHUH U
TEMIIEpaTyphbl, a TAKKE HATMYUS B IPOLYKIIMHN CKBAKUHBI MEXITPUMECEH;

5) rUOKOCTh U CpaBHUTENbHAS MPOCTOTA PEryIUPOBAHUS PEXKHUMA
paboThl CKBaXKHH I10 1€OUTY;

6) mpocrota OOCTY>KHMBAaHHMSI M PEMOHTA Ta3MUPTHBIX CKBAXUH U
0O0JBIION MEXPEMOHTHBIN MEPUOJT UX pabOTHI MPHU UCIIOIb30BAHUHU COBpE-
MEHHOTO 000pYI0BAHMS;

7) BO3MOXHOCTb INPUMEHEHUS OJHOBPEMEHHOM pa3/eIbHOM 3KC-
rryaTanuu, 3QQPexTuBHON O0OpbHObI ¢ KOPPO3UEH, OTIOKEHUSMU COJIeH U
napaduHa, a Tak’Ke IPOCTOTA UCCIEIOBAHUS CKBAKHH.
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Henocrarku raznudrHoro cnocoda skcrtyaTallid CKBaKUH:

e QoJbllIME HayaJdbHbIC KalMTaJIbHbIC BIOKEHHUS B CTPOUTEIHCTBO
KOMIIPECCOPHBIX CTAHIIUM;

e cpaBuutenbHO HU3KUK KIIJ] razmudrHol cuctemsr,

® BO3MOXHOCTh OOpa30BaHMS CTOMKHX OMYJIBCHH B MpOIEcce
MoJAbEeMa MPOTYKIIUU CKBAXKHUH.

Hcxonsa W3 yKa3aHHOTO BbIIIE, Ta3MU(THBINA CIIOCOO 3KCILTyaTalluu
CKB2)XHH B MEPBYIO OYEPE/Ib BBITOJHO MCIOIb30BATh HA KPYIHBIX MECTOPO-
KJICHUSX MPU HATMYUKM CKBOXHUH C OOJBIIMMH AEOMTaMU U BBICOKUMH 3a-
OOMHBIMH JTABJICHUSIMU TIOCTIE TTeprojia POHTAHUPOBAHMUSL.

3.6. HacocHblii cr1oco0 3KCITIyaTalMU CKBAKUH

Okcrumyatanus He(TAHBIX CKBaXMH HACOCAMHM — OJWH M3 OCHOBHBIX
BUJIOB MEXaHU3UPOBAaHHOU 100buM HepTH B Poccuu. Ilpu HacocHoMm crio-
cobe IKCIUTyaTallud CKBaXWH OCHOBHBIM Y3JIOM MEXaHH3allMd JOOBMU
MPOJAYKIIUY CKBAKUHBI SIBIIIETCSI HACOCHAA YCMAHOBKA.

Pa3HOBUAHOCTH HACOCHBIX YCTAHOBOK:

1) mTaHroBeie;

2) OecHITaHTOBBIC:

a) DJIEKTPOIIEHTPOOCIKHBIE;
0) BUHTOBBIE.

IlImanzoewtit Hacoc npencTaBisieT cOO0M TUTYH)KEPHBIA HACOC CIie-
UATBHOW KOHCTPYKIIMHU, TPUBOJI KOTOPOTO OCYIIECTBIIAECTCSI C TOBEPXHO-
CTH uepe3 COOpaHHYIO KOJIOHHY IITAHT.

Ycemanoeka  wimanzoeozo - cxkeaxcumnozo nacoca (YUICH)
(puc. 3.10, a) coctout u3 Hacoca /, HAXOAMIErOCs] B CKBaXKWHE, U CTaHKa-
Ka4yaJKy 6, yCTaHOBJIEHHOTO Ha MOBEPXHOCTH y ycThs. Lumuuap /2 Hacoca
YKpEIUIEH Ha KOHIE crylueHHbIX B ckBaknHy HKT 9, a murymxep /7 non-
BEIIIEH Ha KOJIOHHE mTaHT 2. BepxHsis mitanra (CalbHUKOBBIA IITOK) CO-
eIMHEHA C TOJIOBKOM 4 OallaHcupa 5 CTaHKa-KadaJKh ¢ KaHATHOW WJIU IIeT-
HOU MOABECKOM. B BepxHEH 4acTh NWIMHAPA YCTAHOBJICH HATHETATEIIbHBIN
kianaH /0, a B HIkHel — BcacwiBaromui kinamad /3. Koimoana HKT, mmo xo-
TOPBIM >KHJIKOCTh OT HAcOCa MOJIHUMAETCS] HAa MTOBEPXHOCTh, 3aKAHUYMBAETCS
Ha MOBEPXHOCTU TPOUHUKOM 3. CaJTbHUKOBOE YCTPOMCTBO B BEPXHEUN YacCTH
TPOMHUKA MPEAHA3HAYCHO I MPEJAOTBPAIICHUS YTEUYEK >KUIKOCTH BJOJb
JBKYIIErOCs CalbHUKOBOI'O IITOKA (T. €. BEpXHEW HacocHOM mtaHru). [1o
OOKOBOMY OTBOJAY B CPEIHEH YacTH TPOWHHUKA KUAKOCTh U3 CKBOKUHBI Ha-
MpaBJIsieTCd B BBIKUAHYIO JIMHUIO. BO3BpAaTHO-MIOCTYNATENbHOE JBUKEHUE
KOJIOHHE HACOCHBIX IITAHI MEPEAACTCS OT BJIEKTPOJBUTATENA 8 4epe3 pe-
IYKTOP 7 U KPUBOLIMUITHO-IIATYHHBI MEXaHU3M CTAHKA-KAYaJIKH.
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IIpuHIMI nercTBus Hacoca cnenyromui. [Ipu nBrKeHun miyHxxepa
BBEPX BCACHIBAIONIUI KJ1anaH /3 moj JaBJICHUEM >KUIKOCTH OTKPBIBACTCS,
B pe3yJIbTaTe Yero *HUJKOCTh MOCTyNaeT B HINHAP Hacoca. Haruerarens-
HbIY KnanaH /() B 3TO BpeMs 3aKPhIT, TaK KaK HAa HETO JIEUCTBYET JIABJIICHUE
cToji0a >KUAKOCTH, 3aloJIHUBIIEH HacocHble TpyObl. I[lpu nBHXEeHUU
TIyHxepa // BHHM3 BCACBHIBAIOIIMYN KiianaH /3 MO IaBIECHUEM >KUIAKOCTH,
HaxXOJSIIENCS O] TUTYHXKEPOM, 3aKPBhIBACTCS, @ HArHETATEJIbHBIM KiianaH
10 OTKpBIBAETCS, U KUJKOCTh U3 LUIMHJpPA MEPEXOJUT B MPOCTPAHCTBO
Ha/Jl IUTYHXEPOM.

Puc. 3.10. OGopynoBaHre MTAHTOBOM HACOCHOM IKCIUTyaTaIlHH:
a — cxema YIIICH; 6 — cTaHoK-Ka4Jajika
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Cmanok-kauanka — OaNaHCUPHBIA MHIUBUAYAIbHBIA MEXaHHUUYECKHM
MPUBOJ IITAHTOBOIO CKBaXMHHOTO Hacoca. CraHok-kauyanka (puc. 3.10, 0)
COCTOUT U3 CJIEIYIOUIMX OCHOBHBIX Y3JIOB: pambl / CO CTOMKOM 2, OanmaHcupa
3 C TOJIOBKOM 4, peayKTopa S C KpUBOIIUIAMU 6, HA KOTOPBIX 3aKPETUISIOTCS
IIPOTUBOBECHI 7/ W TpaBepca § ¢ aByms maryHamu 9. IIpuBomom cranka-
KaYaJIKM SIBJISIETCA AJIeKTpoaBUrarens /(). Bpanienue Bana 3JeKTpOoABUTaTENs]
P TIOMOIIY KJIMHOPEMEHHOW nepenaun /[ nepegaercs BEAyIIEMY Baly pe-
aykTopa. Hekoropble Mozienu CTaHKOB-KauaJloK NpeAcTaBieHbl B Ta0. 3.1.

TaOmuna 3.1
Moaeiu CTAaHKOB-KA4aJI0K
HommwausHas Jnvuna | Yucno kavyanuii | MoOIIHOCTH
CraHok- Harpyska Ha Macca,
YCThEBOro| OallaHCcHpa B |3JEKTPOJIBUTA-
KaJaJika YCTbEBOM 1 KT
nrroke, xH IITOKA, M | MUHYTY, MUH Tens, KBt
CKB80-3-40T 80 1,3+3,0 1,8 +12,7 15+ 30 12000
CK(C8-3,0-4000 80 1,4-+3,0 4,5+11,2 22 +30 11900
[1®8-3,0-400 80 1,8 +3,0 4,5+11,2 22 +30 11600
OM-2000 80 1,2+3,0 5+12 30 11780
OM-2001 80 1,2+3,0 2+8 22 +33 12060
[THII 60-2,1-25 80 0,9-+2,1 1,36 ~ 8,33 7,5+ 18,5 8450
[THIII 80-3-40 80 1,2+3,0 43+12 18,5 +22 12400

[IITaHTOBBIC CKBO)KMHHBIE HACOCHI IO KOHCTPYKIIMH U CIIOCO0Y yCTa-
HOBKH pa3JIeJsIFOTCS Ha JIBE TPYIIIbL: Heecmashvie (TpyOHbIE) U 6cmagHble.

Heeécmasnule Hacocbl XapakTepHbI TEM, UTO UX OCHOBHBIE Y3JIbI CITYC-
KalOTCs B CKBaKMHY pazaenbHo: mwmmHap — Ha HKT, a muyrkep B cOope ¢
BCACBIBAIOIIMMH KJIarlaHaMy — Ha mTadrax. [logbeM HEBCTaBHOTO HAacoca U3
CKBOKMHBI TaKXK€ OCYIIECTBIISICTCS B JBa IpHEMa: CHadyajla W3BJICKAIOT
IITAHTH C TUTYH)KEPOM U KJIallaHAMHU, & 3aTeM — TPYObI C IIHITUHIPOM.

Bcmaegnbie nacocel ciyCKaroT B CKBOXWHY U M3BJIEKAIOT HA MTOBEPX-
HOCTh B COOpaHHOM BHj€ (IIVIMHIAP BMECTE C IIYH)KEPOM) Ha HACOCHBIX
mTaHrax. Hacoc ycTaHaBIMBAIOT M 3aKPEIUISIIOT MPU MOMOIIY CHEIHalh-
HOTO 3aMKOBOTO MPUCIOCOOIEHUS], 3apaHee CIyCKaeMOro B CKBRXKHHY Ha
TpyOax. B pe3ynbrare 3TOro 1 CMEHBI BCTaBHOTO HACOCa JOCTATOYHO
MOJHATH HAa MOBEPXHOCTh TOJIbKO HACOCHBIE INTAHTH, & HACOCHBIC TPYOBI
OCTAIOTCS MOCTOSIHHO B CKB)KMHE, 32 CUET YETO CHIKAETCS BPEMSI CMEHBI
HAcoca U U3HOC HACOCHBIX TPYO.

98



HenocrarouHo BbicOokasi Mojayda INTAHTOBBIX HACOCOB, HEOOXOHH-
MOCTb YCTAaHOBKHM I'POMO3JIKOTO 00OPYIOBaHUs, OMIACHOCTh OOpbIBA IITAHT
npu OONBIIMX TTyOMHAX CKBOXXKHUH U JPyrue MPUYUHbI OTPAHUYUBAIOT 00-
JaCTh MPUMEHEHHUS IITAHTOBBIX HACOCOB.

Hapsiny ¢ 3Tum B HE(TSIHBIX CKBaXHMHAX HEKOTOPBHIX PAllOHOB C BSI3-
KoM HePTHhIO HEOOX0uMa OO0JIbIIas MOITHOCTh MTPUBO/IA OTHOCUTENILHO T10-
daud. B cBsi3W ¢ 3TUM B MOCJHEIHUE TOMAbI MPHU SKCILUTyaTallud HEPTIHBIX
CKBYKUH CTaJIU IPUMEHSTH YCHIAHOBKU I1EKMPOUCHMPODEHCHBIX HACOCOB
(YOUH) u ycmanoexu rnekmpogunmosvix nacocos (Y IBH).

VYOIIH (puc. 3.11, @) cocTonuT U3 HACOCHOTO arperara, OpPOHUPOBAH-
HOTO Kalenst 6, yCTheBOM apmaryphl /, KaOenpHOro OapabaHa CTaHIIMH
ynpasnenus /0 u aBrotpancgopmatopa 9. [lorpyxHol HaCOCHBIN arperar,
B COOpaHHOM BHUJI€ CITyCKaeMbIi B CKBXMHY Ha MOJBEMHBIX TpyOax J, co-
CTOUT U3 LIEHTPOOESKHOTO MHOTOCTYIIEHYATOro Hacoca 4, MOTPYNKHOro
ANeKTpoBUTaTelis I U npoTekTopa 2. Bee 3T y371bl COETMHEHBI MEXY CO-
0ol uanuamu. Banel gBuratens, npoTekTopa U Hacoca UMEIOT Ha KOHIAX
UMl U COEMHAIOTCS NUTHLEBBIMU My(pTamu. Tak Kak 371eKTpOoABUTaTeNb
pacIoNokKEeH HEMOCPEICTBEHHO MOJI HAaCOCOM, MOCIEAHUNA UMEET OOKOBOIA
MIPHUEM KUIKOCTH, KOTOpasi MOCTYIAET B HETO U3 KOJIBIEBOrO MPOCTPAHCTBA
MEXK1y SKCIUTyaTalliOHHOM KOJIOHHOM U AJIEKTPOJIBUTATENIEM uepe3 PHIIbTp-
cetky 3. Hexkotopsie monenu ycranoBok YOIIH npexncrasienst B Tadm. 3.2.

K HazeMHOMY 00OpYJIOBaHHIO CKBaYKUH OTHOCATCSI YCThEeBasi apMary-
pa 7, 6apabaH co croilkamu ajsi KaOessi, aBTOMaTu4ecKasi CTaHIUs yIpaB-
nenust /0 u aBroTpanchopmatop 9. ABroTpanchopmarop npeaHa3HAYCH
IJIS. KOMIIGHCAIlMU TAJIeHUs] HapspDKEHUsI B Kabesne 6, MOABOJSIIEM TOK K
NOTPY>KHOMY 3JIEKTpoABUraTetto /. YcrbeBas apmarypa 7 mpeiHa3HaueHa
IJIs. OTBOJIA MPOIYKIIMH CKBAXKUHBI B BBIKHIHYIO JIMHUIO, T€PMETHU3ALINM 3a-
TpYOHOI'0 MPOCTPAHCTBA C YUYETOM BBOJIa B HETO Kalens U Meperycka rasa
U3 ATOr0 MPOCTPAHCTBA MPU YPE3MEPHOM YBEIMUYEHHUH €TI0 JABJICHUSI.

[TpuHIMI AEWCTBHSA YCTAHOBKHM CIEAYIOUIUN. DJIEKTPUYECKUN TOK M3
MIPOMBICIIOBOW CETH Yepe3 aBToTpaHchopmarop 9 U CTaHIUIO yrpasieHus /0
MOCTYIAET IO KaOEeIIo 6 K AIIEKTPOJABUTATENIO /, B PE3YJIbTATE YETO IICKTPO-
JBUraTelb BpalllaeT BaJl HACOCA M MPUBOAUT €ro B JericTBue. Bo Bpems pa-
OOTBl arperara >XUAKOCTb MPOXOAMUT uepe3 (UIbTP, YCTAHOBJICHHBIA Ha
pHUeMe Hacoca, U HarHeTaeTcs Mo HACOCHBIM TpyOaM Ha MOBEpXHOCTh. UTto-
Obl KHUJKOCTb MPU OCTAHOBKE arperara He CIMBalach U3 KOJOHHBI TPyO B
CKB@)XHHY, B TpyOax HajJ HACOCOM CMOHTHpOBaH oOparHbIN KiamaH. Kpome
TOT0, HaJl HACOCOM YCTaHABJIMBAIOT CITyCKHOM KJIalaH, Yepe3 KOTOPbIN KUI-
KOCTb CJIMBAETCS U3 KOJIOHHBI TPpYO Iepe] MOIbEMOM arperara U3 CKBaXKUHBI.
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Puc. 3.11. OGopynoBanue OE3MTAHTOBON HACOCHOM IKCIUTyaTaIl|H:
a — cxema YDOIIH; 6 — paboune XapaKTepUCTUKHU AIIEKTPOIICHTPOOEIKHOTO HACOCA;

6 — IpUHIUIIHAJIbHAA CXCMa BUHTOBOI'O HACOCa
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K ocHOBHBIM napaMeTpaM LEHTPOOEIKHOTO 3EKTPOHACOCA OTHOCATCS
ero nojgavya ) ¥ pa3BUBaeMblil Harop /. BennunHa Hanopa xapakTepHu3yeT
BBICOTY, Ha KOTOPYIO JKUJKOCTh MOXKET OBITh MOJHATA C TOMOILIBIO JAHHOTO
Hacoca. Hanop u mojaua — B3aMM03aBUCUMBbIE BEJIMUMHBI: YEM BBIIIE Pa3-
BHBAEMbI JAaHHBIM HACOCOM HAIloOp, TEM HIDKE €ro rnojaaya. To XOpOLIOo
BUJTHO U3 pabouuX XapakTepUCcTUK Hacoca (puc. 3.11, 6).

Hampumep, Hacoc, paboure xapakTepUCTUKU KOTOPOro MOKa3aHbl Ha
puc. 3.11, 6, cnocoben noHATH BOy Ha BbicoTy 1150 M, HO mpu 3TOM OH
oyznet padotats BxosocTyro (Q = 0). Ecnu Hamop npubmmkaeTcs: K HyIIO,
TO HAacoC crocobeH mepekaunBath 10 500 m>/cyt sxuaxoctu, KITJI 5 Haco-
ca B 000MX CIIy4asiX HECKOJIbKO CHHKAETCSI.

Jliis kaxxJ10oro Hacoca uMeercs: paboyvast 001acTh, MPU KOTOPOH J10C-
turaercss MakcuMalibHbil KIIJ[ ycranoBku. B Hamem npumepe Makcu-
mansbiit KI1JT cocraBisier 55 % mpu O = 250 m*/cyT u H = 800 M.

[TpOMBIIIIEHHOCTHIO BBITYCKAIOTCSI HACOCHI, pacCUMTAHHBIC HA Ha-
nop ot 450 1o 1500 M u nozauy ot 40 10 700 M°/cyT.

[TpuBonom OIIH ciyxar morpyxHbI€ 3JEKTPOABUraTeNn Tpexdasz-
HbI€, aCUHXPOHHBIE C KOPOTKO3aMKHYTBIM poTopoM. [Ipu yactore Toka
50 I'u cuHXpOHHAas YacToTa BpamieHus ux Bajna cocrasisieT 3000 00/MuH.

TabOmuma 3.2
Mopenu yCTaHOBOK 3J1€KTPOLEHTPOOEKHBIX HACOCOB
Mojess MuyHMMabHBINA (BHyTpeHHI/H‘iI) Monaua, MomHocTh
IUaMETP IKCILTyaTallHOHHOM 3 Hanop, M | aBurarens,
yeTaHoBKH KOJIOHHBI, MM M /eyt kBT
YOIHMS-50 50 990 + 1980 | 32-+45
YOIIHMS5-80 1217 80 900 +1950 | 32+63
YOUHMS-125 ’ 125 | 745+ 1770 -
YOIHMS-200 200 | 640+1395| 45-+90
YOIIHMS5A-160 160 | 7901705 | 32-+90
YOIIHMS5A-250 130,0 250 | 7951800 | 45-+90
YOIIHMS5A-400 400 | 555+1255| 63+ 125
YOIUHM6-250 1443 250 | 920+1840| 63+ 125
YOIUHM6-320 ’ 320 | 755+ 1545 -
YOIHM6-500 148.3 500 | 800 + 1425 -
YOIHM6-800 148,3 800 | 725+1100 | 125+250
YOIHM6-1000 148,3 1000 | 615+ 1030 | 180 +250
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B nocnennee BpeMs Ha IPAKTHKE CTaId UCIIOJIb30BAThCS MMOTPYKHBIE
BUHTOBBIE Hacochl. Y IOBH cocrouT u3 Tex xe y3108, yto u YOIIH, T. €. u3
MOTPYKHOTO arperara (IBUTaTelh, THAPO3AIINATA, HACOC), Kabens, o0opy-
JIOBaHMs YCThs, aBTOTpaHC(opMaTopa W CTaHUMHU YympasieHus. Bmecto
HEHTPOOEKHOr0 Hacoca B MOA3EMHOM arperare MCHOJb3yeTCsi BUHTOBOU
Hacoc. Kpome Toro, B YOBH npuMEHSAIOT 4ETBIPEXIOIIOCHBIE ACUHXPOH-
HbIE 3JIEKTPOJBUTATENN C YacTOTOM BpamieHus Bana 1500 o6/mun. Koncr-
PYKTHUBHO JIBUTATEJIN UICHTUYHBI IBUTATEISIM [IEHTPOOEKHBIX HACOCOB.

B cocraB norpyxHoro BuHTOBOrO Hacoca (puc. 3.11, ) Bxoasr cie-
AYIOIIME OCHOBHBIE Y3JIbl U I€TaU: MycKoBasg My¢Ta /, ¢ TOMOIIbIO KOTO-
POl BaJl Hacoca 4epe3 Ball IPOTEKTOPA COCIMHSETCS C BAJIOM AaCUHXPOHHO-
ro 3JIEKTPOABUTATENS; SKCUEHTPUKOBbIE MYy(PThl 2 U 5; MpaBble U JIEBBIC
000iMbI 3 U 6 C BUHTaMU 4 U 7; IpEAOXPaHUTEIBHBIN KilanaH 8 u TpyOa 9.
Ero pabourimu opranamu siBJISIFOTCSI OJTHO3aXO/IHbIE CTaJIbHbIE BUHTHI U pe-
3MHOMETANINYECKHE 000UMBI, BHYTPEHHSS MOJIOCTh KOTOPBIX MPEICTaBIIs-
eT co00il JIBYX3aXOAHYI0O BHUHTOBYIO TOBEPXHOCTb C IIIaromM, B 2 pasza
OOJBIIIUM IT1ara BUHTA.

[TpreM KUAKOCTU U3 CKBAXKUHBI BEJETCS uepe3 /1Be (PUIbTPOBAHHBIC
ceTku. Harneraemas )KUIKOCTh MOCTYIIAET B MOJIOCTh MEX/y BUHTaAMH U 32
000iMOI 6 MPOXOAUT K MPEAOXPAHUTEILHOMY KianaHy & U Jajee B MOIb-
eMHbIe TpYOBl. BUHT, Bpaiasick B 000iiMe, COBEPIIIAET CIOKHOE TIaHeTap-
HOE JIBIDKEHHE. 3a OJMH O0OpOT BUHTA 3aMKHYThIE MOJOCTH, MMEIOLIUE
BUHTO0Opa3HyI0 (opMy, IEPEMELIAIOTCS C 3aKITFOUEHHONW B HUX KHUIKOCTBIO
Ha OJIMH 1Iar o0OKWMbI B OCEBOM HAIPaBJICHUU B CTOPOHY HarHeTanus. [Ipu
BpAIllCHUU BUHTA HEMIPEPHIBHO OTKPBIBAIOTCS M 3aKPHIBAIOTCS MOJIOCTH, 00-
pa3yembie BUHTOM U 000iMou. [Ipu 3TOM cymMa 3armoaTHEHHBIX KUIKOCTHIO
BBIXOJHBIX TUIOIIA/ICH MOMEPEYHOr0 CEUEHHsI BUHTA C OOOWMOM OCTaeTcs
IIOCTOSIHHOM M TOTOK HJKOCTH BCEr/la HEIMPEPBIBEH M NPOIOPLIMOHAIECH
4yacToTe BpailleHUs BUHTA. JKUAKOCTh mepexaynBaeTcs MpakTHUYecKu Oe3
yJIbCAIUi, HE CO3/1aBasi CTOMKOM SMYJIbCUU U3 HE(PTU C BOJIOM.

BUHTOBOI1 351eKTpOHACOC COYETAET B ceOe MONOKUTENIbHbIE KauecTBa
HEHTPOOSKHOIO0 U TOPIIHEBOro, OOecreurBas IJIaBHYIO, HEMPEPHIBHYIO
nojavy KHAKOCTH 0e3 MyJbCalluu, ¢ MOCTOSHHBIM BhicokuM KIIJ[ mpwu
HIMPOKOM JIMaNa30HE W3MEHEHMs JIaBJICHUs. XapakKTepHas OCOOEHHOCTb
BUHTOBBIX HACOCOB — 3HAYUTEIILHOE YIIYYIICHUE IMAPAMETPOB C yBEIUYE-
HUEM BSI3KOCTH TIepeKaurMBaeMou KUIKOCTU. [loaTomy Hambomnee 3¢gdek-
TUBHBI 3TU HACOCHI IPU 100bIYE BSI3KOM M BHICOKOBS3KOM JKHJIKOCTH.

102



3.7. PeMOHT CKBAKHH

B npornecce skcmtyataniuy CKBaXUMH (POHTAHHBIM, KOMIIPECCOPHBIM
WM HaCOCHBIM CITIOCOOOM HapyllaeTcs uX padoTa, UTO BhIpaXXaeTcs B IO-
CTEHIEHHOM WJIM PE3KOM CHUKEHUHU JeOuTa, MHOTAA JaXe B MOJHOM Ipe-
KpalleHUH 1MOJa4u KUIKOCTH.

K kanumanvnomy pemonmy ckeasrxicun OTHOCATCSI pabOThI, CBSI3aH-
HbIE C TIOJTbEMOM MOJI3€MHOT'0 000PYA0BaHUS JJIsl €r0 3aMEHbI MJIM PEMOH-
Ta, OUMCTKON CKBAKUHBI OT MECYaAHOU MPOOKHU KETOHKON MU POMBIBKOM,
C JIMKBUJAIMEN OOpbIBa WM OTBUHYMBAHUS HACOCHBIX IITAHT U JAPYTUMU
OTEepalUsIMU.

Haubonee pacnpoctpaneHHble pabOThl NpHU KaIUTAIBHOM PEMOHTE
CKBA)KUH:

® PEMOHTHO-U3OJISIIIMOHHEIE;

® PEMOHTHO-UCIPABUTEIbHBIE;

® JIOBWJIbHBIE.

Pemonmmno-u3zonayuonnsle padomsl 3aKI0YAIOTCA B JIMKBUAALMH
MPOpBIBA B CKBAKUHY MOCTOPOHHUX BOJI: BEPXHUX WJIM HUKHUX MO OTHO-
HIEHUIO K SKCIUTyaTUpPyeMOMY HE(TSIHOMY TOPU30HTY WJIHM MPOILIACTKY.
[IpuToK MOCTOPOHHEHN BOJbI B CKBKUHY OOBIYHO JTUKBUAUPYIOT IIEMEHTH-
pPOBaHMEM CTBOJIA CKBAXKMHBI B 33/ITaHHOM UHTEpBaJIE.

Pemonmmno-ucnpasumenshsie padomsl BKIIOYAIOT B ce0s: UCIIPaB-
JIEeHUE CMSITUH, CJIOMOB M TPEIIMH B KOJOHHAX U 3aMEHY HCIOPYEHHOM
YacTH KOJIOHHBI.

Jloeunvnvie padomur 110 N3BICUEHUIO 000pBaBIIMXCS TPYO U ymaB-
HIEr0 MHCTPYMEHTa 3aHUMAIOT 0CO0O€ MECTO B KAalUTaJIbHOM PEMOHTE.
HauGomnee cinoxHbl paboThI O 3aXBaTy U U3BJICYEHHUIO TPYO, TaK KaK KO-
nouna HKT, ynaBmias B CKBaXHHY, NpU yaape o 3a00il u3rudaercs mo
BCEH JNIMHE U 3aKJIIMHUBAECTCA B AKCIUTyaTallMOHHOM KOJIOHHE. Kpome Toro,
MHOTJIa TPYOBI MpU yAape o 3a00i JOMAaIOTCsl B HECKOJBKUX MECTax U pac-
M0JIaraloTCs B CKBaXKMHE psiiaMu. TpyObl MOTYT Tak)Ke Bpe3aThCsl B Iecya-
HYI0 IPOOKY Ha 3a00€, €clii OHa UMEETCSl B CKBAXKUHE.

Pa0oTbl M0 KanuTaJbHOMY PEMOHTY CKBA)KUH BBIMOJIHSIOT CIIELHU-
anbHble Opurajpl. 3agauei MPOMBICIOBBIX PAOOTHUKOB, B TOM YHUCIIE U pa-
OOTHUKOB MOA3EMHOI0 PEMOHTA CKBAXHH, SIBJISIETCS COKpAIICHHE CPOKOB
MOJ3EMHOT0 PEMOHTA, MaKCUMaJIbHOE YBEIIMYEHUE MEKPEMOHTHOIO Iie-
puojaa paboThl CKBaKHUH.

[Ipn kanuTaTbHOM PEMOHTE CKBAXXUH IMPUMEHSIOTCS OTEUECTBEHHbBIE
arperarbl U NmoAgbeMHble ycTaHOBKM: AsumHmamn 43-A, A-50Y, KOPO-80,
AP-32, A60/80, KBM-60, AIIPC-40 u 3apy0OexkHbIe YCTAaHOBKU (PupM
«Kapasemm, «/pexo», «Kpemko» u ap.
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Taxxe cyliecTByeT MHOXKECTBO CIEIHAIbHBIX BUJIOB MEKYUieco pe-
MOHmMA CK6AXMCUH, OJTHUM U3 KOTOPBIX SBIISIETCSI O0phOA C OTI0KEHUSAMU
napaduHa B GOHTAHHBIX CKBOXHUHAX (denapagunuzayus).

HedTtn MHOTrMX HEQTSIHBIX MECTOPOXKIECHUUN conepxkar napadpud. B
HOPMAJIbHBIX YCJIOBUAX NapaduHbl — TBEpAble KPUCTAIIMUYECKHUE BEIECTBA,
B IJIaCTaX OHM Yallle BCEr0 pacTBOPEHbI B HEPTH. B cooTBeTCTBYIOMIMX YC-
JoBUsAX mapaduH BbINAAAET U3 HEPTU B OCaZOK B BUAEC TOHUYAMIIUX KpH-
CTaJUIOB, KOTOPbIE MOTYT OCTaBaThCsl BO B3BEIIEHHOM COCTOSIHUA U BBIHO-
CUTbCS BOCXOJSLIUM IMOTOKOM He()TH Ha MOBEPXHOCTh. OJJHAKO OHU MOTYT
TaKXKE€ OTKJIAJbIBaThCs MO MYyTH JABUKCHUS B MOABEMHBIX TPyOaX, BBIKH/I-
HBIX TPyOONpOBOJaX, Tparnax, MPUEMHbIX pe3epByapax. Brinagenuto napa-
¢uHa U3 HEPTH CIOCOOCTBYET 3HAYMTEIHHOE IMOHMKEHUE TeMIlepaTypbl
BCJIE/ICTBUE PACIIUPEHUS, COMPOBOXKAAIOIIETO HEPTh ra3a ¢ MOHMKEHHEM
JABJICHUS WJIN BCIIEICTBUE HU3KOW TEMIIEPATYPhl OKpYyKarolen cpeapl. Yem
BbIIIIE Ta30BbIi (pakTOp, TeM Oosblie 3QEKT oxnaxaeHus: CTpyu HeTH.

OddexT oxmaxkaeHuss CTpyu, 00yCIOBICHHBIN pacIIMpEeHUEM Ta3a U
MOHIDKEHUEM TeMIIepaTyphbl OKPYXKAIOIIEH Cpelbl, YCUIIUBACTCS MO MeEpe
npUOMIKEHUsT K YCTbIO CKBakHMHbI. [loaTomMy oTnoxenusi mapadunHa Ha-
OJII0JAIOTCS TJIaBHBIM 00pa30M B BEpXHEH YacTH MOABEMHBIX TPYO Ha pac-
crostHuu 400 — 700 M OT yCThsl CKBXXUHBI, a TAKXKE B BHIKUIHBIX JIUHUSX, B
KOTOPBIX napagunuzayus TpyO yBEIMUUBAETCS B XOJIOIHOE BpEMsI ro/ia.

CnocoObl 60pbOBI C OTIIOKEHUSIMU TMapaduHa HA CTEHKax TpyO B
AEUCTBYIOMIMUX (POHTAHHBIX CKBKHHAX:

1) pacruiaBnenue napaduHa myTemM HarpeBaHUs;

2) pacTBOpeHue napaguHa pa3IuIHbIMUA PACTBOPUTEISIMHU;

3) MexaHnueckoe yaaieHue napaprHa co CTEHOK TPyO ¢ MOMOIIBIO
CKpEOKOB.

B kadectBe TepMHUECKOrO OOOpyAOBaHUA IS JAenapaduHUA3ZAINH
CKBa)XUH HCIHOIL3YIOTCS ycTaHOBKM OAQO «3aBoj yHHBEPCAIbHBIX IMApO-
BbIX YCTAaHOBOK», CMOHTHMPOBAaHHblE Ha 0a3e aBTOMOOWJIBHBIX IIaccu
«Ypam» numu «KamA3»: nepensuxubie naposbie ycranoBku AJIIIM 12/150
u [IITY A 1600/100, 2500/160, 200/100.

B kauecTBe MEXaHMYECKHUX CPEICTB JenapaduHU3AlUA UCIOJb3Y-
totrcst ycranoBku Y JIC-1M, YCIIC-3000.01-04 u ckpeOku CKBa>KUHHBIE
C-3.000, C-4.000
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KOHTpOJIle)Ie BOIIPOCHI M 3a1aHUA

1. Yro mpexacraBisier coOOM SKCIuTyaTanus HEQTSIHOTO, Tra30BOTrO
WJIM Ta30KOHJIEHCATHOT'O MECTOPOXKIEHU?
2. YTO NOHMMAKOT MOJ pAlMOHAIBHON CUCTEMOM SKCILTyaTaluu ?
3. IlepeunciuTe U OMUIIUTE CTAIUU IKCIUTyaTallUU CKBAXKUH.
4. HazoBUTE TUIBI FKCILTYaTaAllMOHHBIX CKBAYKKH.
5. Onumure TEeXHOJOrHi (POHTAHHOTO CHocoba SKCIUTyaTaluu
CKBaKHH.
6. UTo moHMMAIOT O]l HACOCHO-KOMITPECCOPHBIMU TpyOamu?
7. OnuiuuTe Ha3HAYEHHUE U COCTaB (POHTAHHOM apMaTypHI.
8. Kakue Tunsl NpuBOJOB UCTIONB3YIOTCS VISl 3alIOPHBIX YCTPOMUCTB
(oHTaHHOI apMaTypbI?
9. ChopmynupyiiTe ompeneineHrue, Ha3HAYE€HWE U COCTaB MaHH-
¢onba.
10. B uewm 3akiouarorcs npuHUun padotel U PyHkimuu CAY OA?
11. Onummure TEXHOJIOTUIO Ta3MU(THOro crocoda HKCIUTyaTaluu
CKBa)KHUH.
12. Kakue cxeMbl KOHCTPYKIUI ra3mu@THBIX TOTbEMHUKOB ObIBAIOT?
13. ChopmynupyiiTe OMNpeAeiCcHUEe W OMNHIINTE OO0OpyJOBaHHUE W
HNPUHIMI padOThI ra3M(THOTO UKJIA.
14. Onwumwure 000pyIOBaHHE MEPUOIUIECKOTO TaziaudTa (IIyCKOBOM
KJIallaH, makep, MaHJIpelib).
15. OnummuTe Ha3HAYEHUE U MPHUHILIMIT pabOThl 000PYJOBaHUS KaHAT-
HOM TEXHUKU JUIsl SKCIUTyaTalluu CKBaXUH (JIyOpUKaTOp, SKCTPAKTOP, Ipe-
BEHTOP).
16. OnuimTe NperMyliecTBa M HEIOCTATKU raznuTHOTO crocoda
AKCILTyaTallud CKBaYKUH.
17. OnummuTe TEXHOJOTHIO HACOCHOIO crocoba JKCILTyaTaluu
CKBa)KHH.
18. OnumwuTe yCTpOWCTBO M MPHUHIUI PaObOTHI CIEAYIOIIETO 000py-
noBanus: YIIICH, YOIIH, YOBH.
19. OnumwuTe HAa3HAYECHHUE, YCTPOMCTBO U MPHUHIMIT pabOTHl CTaHKA-
KayaJKu.
20. B udewm oTiMune BCTaBHBIX HACOCOB OT HEBCTABHBIX ?
21. Ha3zoBute 0CHOBHBIC TapAMETPHI IIEHTPOOEIKHOTO IEKTPOHACOCA.
22. OnumwuTe yCTPOUCTBO M MPUHITUI paOOThl BUHTOBOT'O HAacOCa.
23. OnumuTe OCHOBHBIE TUIIbI PEMOHTA CKBAYKHH.
24, OmnummuTe TEXHOJIOTHIO U 000pyI0BaHKE Tpoliecca AenapadHu-
3allMU CKBaXKHH.
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4. CbOP, IIOAT'OTOBKA, TPAHCIIOPTUPOBAHUE
N XPAHEHUE HE®THU U T'A3A

4.1. ABTOMAaTH3UPOBAHHBbIE CUCTEMBbI CO0Opa He()TH, ra3a U BOABI

[lon cucmemoni coopa u noozomoeku nedty, raza v 1MIACTOBOM BO-
JIbI TOHUMAIOT KOMIUIEKC arperaroB M Pa3BETBICHHYIO CE€Th TPYyOONpPOBO-
JIOB, TMPOJIOKEHHBIX Ha IJIOMIAIA MECTOPOXKIACHHUS IO WK HaJ 3eMJieH, a
TaKKe TMOJ WJIM HaJ| BOJIOHM (711 MOPCKHX MecTopokaeHuit). Cxema coopa
U TOATOTOBKH (puc. 4.1) 3aBUCHUT OT IUIOIIAJAN MECTOPOXKACHHS, ACOUTOB
CKB&XWH, (DU3MKO-XMMUYECKUX CBOMCTB TNEpEKAUMBAEMON KUIKOCTH,
penbeda MECTHOCTU U IPUPOIHBIX YCIOBHUH.

CxBaxkuns [T1]] JloObIBarOIIME CKBAKUHBI

————

| -

Puc. 4.1. Cxema cOopa 1 MOATOTOBKY MPOAYKLIHUN CKBAXKIH
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B nacrosiiee BpeMsi Ha HEPTSHBIX MECTOPOXKJICHUAX TPUMEHSIOTCS
HAIOpPHbIE T€PMETU3NPOBAHHBIE CUCTEMBI COOpa U MOATOTOBKH MPOAYKIIUH
CKBa)KMH, OCHOBHBIMH 3JIEMEHTAMHU KOTOPBIX SIBJISIFOTCS

e 10OBIBAIOIINE CKBAKUHBI U CKBAKHUHBI MOIJIEP>KAHUS TLJTACTOBOTO
nasienus (IT1]T);

® aBTOMAaTM3UPOBAHHBIC IPYIIIIOBBIE 3aMEPHbIEC YCTaHOBKU (AI'3Y);
onounHas kycroBas HacocHas crannus (BKHC);
onounas qokumHas HacocHas ctanius (bJJHC);

BoJi0pa3dopHas 6aza (BPbB);
YCTaHOBKH MpeiBaputesibHoro copoca Bojsl (YIICB);
HEHTPAJIbHBIM MyHKT cOOpa W MOArOTOBKH He(TH, ra3a U BOAbBI

(LIIIIH);

razonepepabareiBatomuii 3aBoj (I'TI3);
HedrenepexaynBatomias cranius (HIIC);
HedrenepepadatrBaromuii 3aso (HII3);
MarucTpaibHbiid HepTenposoa (MHII).

Ycemanoekoit komnnekcnoit noocomoexu negpmu (YKIIH) nazbiBa-
€TCSl KOMILIEKC 00OpYI0OBaHUS, OCYIIECTBISIONIUNA BCE TEXHOJIOTHYECKUE
orepanuu mno coopy, MOAroTOBKE U XpaHEHUIO HE(THU U ra3a 10 TPAHCIIOp-
TUPOBKU U HpeACcTaBistonunii cooorr munu-HII3.

VYKIIH nomkxHa o0ecneduTh BO3MOXKHOCTH OCYIIECTBIICHUS Clie-
OYIOIIUX OTEpaLHi:

® KOHTPOJb eOUTa IPOAYKIIMH KaXKIOU CKBAKUHBI;

® KOHTPOJIb KOJMYECTBA MEXAHWYECKHX MpPUMECEH B MPOMYKIIUU
CKBQKUHBI;

® TPAHCHOPTHUPOBKA MPOAYKIMU CKBAKHH 3a CUET DHEPTUHU ILIacTa
WJIM HACOCOB JI0 IIEHTPAJILHOTO MMyHKTA MOATOTOBKH HE(TH, Ta3a U BOJIbI;

® OT/EJCHHE Ta3a OT He(TU U TPAHCHOPTUPOBKA €ro 10 IYHKTa
MOJATOTOBKH WX 0 TOTPEOUTEIS;

® OTJEJNICHHE CBOOOIHOM BOJBI OT MPOIYKIIMK CKBXHH JI0 YCTaHO-
BOK IMOATOTOBKHU HEPTH (B ciydae J0ObIYU OOBOAHEHHOU HE(DTH);

® pa3zesbHbINA COOp U TPAHCIIOPT NPOIYKLMH CKBAXXUH, CYIIIECTBEHHO
OTJIMYAIOIIEHCS IO OOBOHEHHOCTH MM (DU3HKO-XMMHYECKIM CBOMCTBAM;

® [I0I0rPEB MPOIYKIUHN CKBAYKWH, €CIIM HEBO3MOXKHO €€ COOUparh U
TPaHCTIOPTUPOBATH MIPH OOBIYHBIX TEMIIEPATYPAX.

Cxema BbICOKOHanopHoil repmetusnpoBaHHort YKIIH, nmpumense-
MOU Ha KPYITHBIX MECTOPOXACHUSX, ITpuBeacHa Ha puc. 4.2. Hedts, raz u
BOJIa, TMOCTYNUBIIAE HA MOBEPXHOCTh, MOJI YCTHEBHIM JIABIICHHUEM
(= 1,5 MIla) o BeikuaHbIM JuHUSM [ Hampasisitorcs B AI3Y 2. 3arem
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HeQTh, Ta3 U BOJA TPAHCHOPTUPYIOTCA MO COOPHBIM KOJUIEKTOpam 3, 4
(mmunoi 1o 10 km) no B/IHC. Ha BJIHC ycTaHoBieHBI cenapaTtopbl NEPBOM
cTyneHnu 5 (nst 0OBomHEeHHON HepTH) u 6 (A1 uncToi HeTH), B KOTOPBIX
OTJEJIAETCS ra3 OT KUAKOCTH. OTAEIMUBIIUICS B CEMapaTopax OT >KUJIKOCTU

ra3 moj COOCTBEHHBIM JABJICHHEM HAIMpaBIISETCS IO Ta3ompoBoay 9 depes
»kekTop 16 Ha I'TI3 17.

17

9 12 { 13 14 15 16

L

—i}

Puc. 4.2. TexHonornueckasi cxeMa BbICOKOHAIIOPHOW Fe€pMETU3UPOBAHHON U
aBTOMAaTU3MPOBAHHON YCTAHOBKHM KOMIUIEKCHOM MOJArOTOBKU HEPTH

OOBonHeHHas chlpasi He(PpTh U3 cenapaTopa 5 3a0upaeTcsi ChIPHEBBIMU
HacocamMu 7, § W mopaercs mo TpyoOompoBoaam [0, Il B cemapaTopbl-
nojiorpesatesiu /2, B KOTOPbIX MPOU3BOAUTCS HATPEB U pa3pylIeHUE SMYJIb-
CUM. 3aTeM pa3pylleHHasi SMYJbCUs TIOCTYNAeT B TEIION30JIMPOBAHHbBIE OT-
CTOMHHMKH /3, TJ€ MPOUCXOAUT €€ Pa3/ieICHue Ha YUCTYI0 HEe(Th U BOJY.
O0e3BoKEeHHAsl 1 00€CCOICHHAs! B OTCTOMHUKAX /3 HETh HAIIPaBISETCS Ye-
pe3 mTyuep /4 B KOHIIEBbIE cenapaTopbl /5, B KOTOPBIX MOAJICPKUBAETCS
nasinenne 1 Mlla. ['a3 u3 cenaparopoB /5 HampaBisieTcs B 3KEKTOp /6 U
Tpancnoptupyetcst Ha ['TI3 /7, a o6e3BokeHHast U oOeccoyieHHast HePTh U3
ATHUX K€ CENapaTopoB IOMaJaeT CaMOTEKOM B JIBa MONEPEMEHHO paboTaro-
HIMX TePMETU3UPOBAHHBIX pe3epByapa /8 Ha KPaTKOBPEMEHHOE XpaHEHHE.
N3 pesepByapoB /8 HepTh 3a0MpaeTcs MOANOPHBIM HacocoM /9 u mojmaercs
Ha aBTOMATU3UPOBAHHYIO 3aMEPHYIO0 YCTAHOBKY KauecTBa U KOJIUYECTBA TO-
BapHo# He(TH Tuna «Pyoun-2» 20.

Ecnu ToBapHas He(Th OKa3anach KOHIUIMOHHOM, TO OHA Yepe3 OT-
KPBITYIO 33/IBIKKY 23 HanpaBJIsSIETCSl B TapK TOBAPHBIX pe3epByapoB 24 u
Jajiee HacocoM 25 B MaructpaibHbiil HedrenpoBo. Ecnu HepTh okaxeTcs
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HEKOHJUIIMOHHOW, TO 3aJIBMKKa 23 aBTOMATHYECKHU 3aKpPhIBACTCS, a 3a-
ABWKKA 22 HA TUHUM 21 OTKpbIBAaeTCS U HEPTH CHOBA MOCTYIAET Ha obec-
coJIuBaHUE U 00€3BOKMBaHKE 32, a CTOKU — B JIMBHEBYIO KaHAJM3AIIHIO 3 /.

OtnenuBmiasics oT HeTH B OTCTOMHMKAX /3 BOJIa HANPABJISIETCS ca-
MOTEKOM B YCTaHOBKY OYHCTKHM BOJABI 26, U3 KOTOpPOW OHa 3al0upaercs
nByMst Hacocamu. Hacoc 27 mogaer sty Bony Ha BKHC 30, otkyna ona
TPAHCIIOPTHPYETCS C MOMOILBI) HACOCOB BBICOKOI'O JIABJICHHS B HarHeTa-
TeJbHbIE CKBOXXHHBI, a Hacoc 28 mo TpybompoBoay 29 mojaeT ee B MOTOK
AMYJIbCUM TIepea cenaparopoMm I, pacnonoxenusiM Ha BJIHC. OTo nenaer-
Csl 1711 TOTO, YTOOBI ropsiuasi BOJa, COJIEprKaIiasi IOBEPXHOCTHO-aKTUBHbBIE
BemectBa (I[IAB), cmocobcTBOBana NpEeABAPUTEIBHOMY pa3pyIICHUIO
AMYJIbCUU HEMOCPEJICTBEHHO B CEMapaTope.

st mecTopokaeHuit HeOombimon mmiomanau o6suHo BJIHC He
CTPOMTCS, U BCSA NPOAYKLMSA CKBakuH TpaHcroprupyercs Ha L{IIITH nox
JaBJICHUEM Ha YCTbSIX CKBaXWMH. Kak BHIHO W3 cxeMbl, He()Th HUTZIE HE
KOHTAKTUPYET C BO3AYXOM M IIOTEPH €€ OT HCIApEHHs CBEIEHBI [0
muHumyma (0,2 %).

Bce TpyOonpoBozbl B cuctemMe cOopa, o KOTOPbIM TPaHCTIOPTHUPYETCS
MIPOYKIIS CKBAKHH, JCTISITCS Ha 00HOghazHble (HedTh, WU Ta3, WK BOJIA) U
MHoz2oga3nble (HehTh + ra3 wim HePTh + ra3 + Boja).

AT'3Y cepun «CrniytHuk» (puc. 4.3) npeaHa3HaYEHbI ISl aBTOMAaTH-
YEeCKOro 3aMmepa Je0uTa CKBaXUH, KOHTPOJS UX pPadOThl, a TAKXKE aBTOMa-
TUYECKON OJIOKUPOBKH KOJUIEKTOPOB MPU aBAPUIHOM COCTOSIHUM TE€XHOJIO-
TMYECKOro mporecca. PacuerHble NaBieHHUs KOHTPOJS M OJOKUPOBKU CO-
craBsitoT 1,6 u 4 MlIla. CymiecTByeT MHOXKECTBO MOIU(DUKAINN JTaHHBIX
yctaHoBOK: «CnyTHUK AM 40-1-400»; «CrnytHuk AM 40-8-400»; «Cryt-
HUK AM 40-10-400»; «CiytHuk AM 40-14-400»; «Crrytauk b 40-14-400.

AT'3Y cepun «CyTHHK» COCTOUT U3 CIEAYIOMINX Y3JIOB:

1) mepexirouarens ckBaxuH MHOroxogoBoro (IICM);

2) yCTaHOBKHM U3MEpPEHUs 1e0nTa;

3) ruiponpuBoJa;

4) oTcekarele;

5) 6;10Ka aBTOMATHKH.

[Tpoaykuusi CKBaKHUH MO BBIKUAHBIM JIMHUSAM [ TOAAETCS B MHOIO-
XOJIOBOM MEPEKIIOYaTeNb 3, KOTOPBIM JACUCTBYET Kak BPYYHYIO, TaK U aB-
TOMaTH4YeCKH. Kak1oMy MOJIOKEHUIO 3TOr0 MEPEKITI0YATENS] COOTBETCTBY-
€T MoJada Ha 3aMep NPOAYKIHMU OJHOW CKBaXUHBI. [Ipoaykuus naHHOU
CKBa)XMHBI HAIPABIISIETCS B CEMaparop 6, COCTOSIINN U3 BEPXHEU U HUXK-
Her éMkocTeu. [IpoayKuusi OCTaNIbHBIX CKBAXKMH, MUHYS CemapaTrop, Ha-
npaBiisieTcs B COOpHBINA KoyekTop /3.
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Puc. 4.3. Texnonornuyeckas cxema ycTaHOBKH «CITyTHUK»:

1 — BBIKUAHBIC TUHUH; 2 — CTIeLUaIbHbIe 0OpaTHBIE KJIalaHbl; 3 — MHOIOXO0JI0BOM mepe-
KJIIOYaTelb CKBAXUH; 4 — KapeTKa NEePEKIIIoUaTelis CKBaKUH; J — 3aMepHbII naTpyO0okK;
6 — TUIPOLMKIIOHHBIN cenaparop; 7 — 3acJIOHKa; § — CYETUHUK-PACXO0MED;

9 — perynstop ypoBHs; /0 — rugpoHococ; /1 — 3neKTpoaBUraTenb; /2 — oTceKaTemnu;
13 — cOOopHBI KOJEKTOP; /4 — CUI0BOM UINHAD; /5 — OJI0K aBTOMaTUKHU

Hedtp u3 BepxHell eMKOCTH cemapaTopa MEepeTeKaeT B HIKHIOIO,
3/1eCh €€ YpOBEHb IOBBIIIACTCS, U MPU OINPEACICHHOM IMOJIOXKEHUU IO-
IUTaBKa peryisTopa 9 3akpbIBaeTcs 3aC/IOHKA / HA ra30BOW JIMHUM Celapa-
Topa. [laBieHue B cenaparope MoBbIIAeTCs, 1 He)Th HAYMHAET MOCTYNAaTh
yepe3 cueTdyHk-pacxonomep 8 B cOopHblid kosiekTop. [locie atoro ypo-
BEHb JKHJIKOCTU B HM)KHEH €MKOCTH CHU)KAETCS, MOIJIABOK OIYCKAETCs C
OTKPBITHUEM 3aCTIOHKH ra30BO JIMHUU, TIOCJIE YETO MPOLIeCC MOBTOPSETCSI.

CueT4nk-pacxooMep SBIISIETCA OJHOBPEMEHHO CUTHAIU3aTOPOM
M0JIauu CKBaXUH. B ycTaHOBKE MperycMOTpeHa BO3MOXKHOCTh M3MEPEHUS
KOJINYECTBA ra3a ¢ MOMOIIbIO AHadparMbl, yCTAHOBJIEHHOH B cemaparope.

B 6iioke aBTOMaTHKU /5 PErHMCTPUPYIOTCS HAKaIlJIMBAEMble OObEMBI
’KMJKOCTH, IIPOLIEIIE yepe3 cueTurk-pacxonomep. Craenyromas CKBaxu-
Ha BKJIIOYAETCS Ha 3amMep M0 KOMaHJe OJOKa C IMOMOUIbI0 THAPONPUBOJA.
YcranoBka «CyTHHK» paOOTaeT Mo 3aJJaHHOW MPOrpaMme, Mpu STOM Kax-
Jasl CKBaXKMHA [I00YEPEHO BKIIFOUAETCS HA 3aMep Ha ONPEAEIICHHOE BPEMSL.

Br10op cucteMsl cOopa rasa 3aBUCHUT OT 3allacoB M COCTaBa rasa, OT
bopMbI 3anexu, pa3MENIeHus W MPOAYKTUBHOCTH CKBA)KHH, IJIaCTOBOTO
JaBJICHUSI U MHOTUX Jpyrux (aktopoB. [Ipu pazpaboTke ra3oBbIX WM razo-
KOHJICHCATHBIX MECTOPOXKJICHUIN MPUMEHSIOT YEThIPE CXEMBbI IPOMBICIIOBO-
ro cOopa rasa: JiuHeiHy10, 1y4esylo, Koiblegyto u cpynnogyio (puc. 4.4).
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Puc. 4.4. Cxembl IpOMBICIIOBOTO cOOpa rasa:
a — NTMHEWHast; O — JTy4eBas; @ — IPYIIOBasi; & — KOJIbLIEBas;
1 — CKBaXXUHBIL, 2 — CKBOXXUHHBIC TIUIEH(BI; 3 — IMHEHHBIN ra30COOPHBINA KOJIEKTOD;
4 — KOHTYp I'a30HOCHOCTH; 5 — KOJIbLIEBOM ra30COOPHBINA KOJIEKTOP

Haubonee coBepiieHHON SIBISETCS TPYIMIOBas CUCTEMA, B KOTOPOM
ra3 u KOHAEHCAT U3 CKBAXHUH / MO MHAMBUIYAJIbHBIM IIeHpaM 2 MocTy-
MAOT HA RYHKMbL BPOMBLC108020 coopa 2aza (IIIICT) u yemanoexky kom-
niaekcnoii noozomoeku 2aza (YKIII'), rie mpoucxoauT OYMCTKA U Yac-
TUYHAsl OCYILIKa rasa, peryJupoBKa pacxoja, yueT JoObIBaeMOW MPOIyK-
uua U 1.1. K onnomy IIIICTT wnm YKIII' noaxmrouarorest ot 10 mo 30
ckBaxuH. Yucno IIIICI" 3aBucuT oT pa3mMepoB 3ajiekd, OOBIMHO OHO CO-
craBisier 5 — 10, HO MoxkeT gocturarh 20 — 25. Jlanee nmoaAroToBIeHHbIN
ra3 nocTynaeT B Mazucmpanbuulii 2azonpoeod (MI') njist TpaHCIOPTUPOB-
KU MTOTPEOUTESIM.

K OCHOBHBIM JOCTOMHCTBAM 3TOW CHCTEMBI OTHOCSITCSI HE3aBHUCHU-
MOCTbh KOHTPOJIL U PETyJIUPOBKU pabOTHI OTACIBHBIX CKBAKHH, BO3MOXK-
HOCTb TOJIHOM aBTOMATH3al[MU MPOLIECCOB, BBICOKAsI HAJEKHOCTh PabOThI
YCTaHOBOK, OTHOCUTEJIBHO MPOCTOE pelieHue npodiaemMbl 00pbObI ¢ THIpa-
tamu. [Ipu rpynnoBoii cucremMe 3HAYUTENbHO YIPOIIAIOTCS MPOMBIIILICH-
Has KaHalM3alus, TeIUIO- U DHEProcHaOXEHUE, PEMOHT 00OpYIOBaHMUS,
pEBU3HSI €r0 COCTOSIHUS, OOJIEr4aroTCsl OpraHu3alusi CTPOUTENBbHBIX U
MOHTaXHBIX Pa0OT U UX WHIYCTpHUAIA3ALIMSL.
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Kommiekc texnonorudeckoro odopynoanust YKII npennazHauen
JUIsl OJITOTOBKY Ta3a K TPAHCIIOPTY B COOTBETCTBUU C OTPACJIEBBIM CTaH-
napromM OCT 51.40-93 ¢ mocneayronuM OXJIaXJICHUEM €ro 10 TeMIepa-
Typbl —2 °C, a Takke JJIs YaCTHYHOW CTAOMIM3alUd U OXJIAKIEHUS Ta30-
BOI'0 KOHJIEHCATa C LENbI0 3allMThl BEUHOMEP3JbIX TPYHTOB OT pa3Mopa-
’KUBaHUS MIPU MOJA3EMHOM MPOKIaJKe TPyOOIpOBOIOB.

Crpyxrypa YKIII' epBoit ouepenu npusenaeHa Ha puc. 4.5. Ceipoii
pupoAHbI ra3, nocrynaromuil B YKIII' ¢ KycTOB CKBaXKuH, TPEACTABIISIET
co00i1 ra30KOHJIEHCATHYIO HEOUYMIIEHHYI0 cMech. B cemapaTtope C-1 mpo-
M3BOAMTCS OYMCTKA T'a3a OT MEXAHUYECKUX IIPUMECEN. 3aTeM OH ITOCTyIa-
eT B abcopOep Biaru A-1, rae U3 HeTo U3BJIEKaeTcs Biara. B Temiooomen-
Hukax T-1 u T-2 npupoaHbIi ra3 pa3aensercs Ha TOTOBbIA K TPAHCIIOPTH-
pOBKe ra3 u ra3oBbiii koHaeHcat. C TemiooOMeHHuKa T-2 oCylmIeHHBIH 0X-
JAXJEHHBIM ra30BbIi KOHACHCAT MOCTYIIA€T HA y3€Jl MOArOTOBKHU YTJIEBO-
JOpPOJOB, T/I€ OT HEro OTIEJSIOTCS ra3oBble NMpuMecH. Ha xo3pacyeTHblit
3aMEPHBIN y3€JI MOCTYNarT TOTOBBIN ra3 ¢ T-1 u KoHAeHcar ¢ y31a noaro-
TOBKHM YIJIEBOJOPOJOB, I'/I€ MPOU3BOIUTCA OLIEHKA KAaYECTBEHHBIX U JKO-
HOMMYECKUX Tokazarenen. [locie 3Toro ras momaercs B MEXKIPOMBICIIO-
BBbIIl KOJUIEKTOP, 8 KOHJIEHCAT — B MIApK YIIE€BOAOPOIOB.

Cripas Coipast
HEOYHIIeHHASs OYHIICHHAA
Ta30KOHIEH- rasOKOH/CH-
" caTHas CMECh Afbcopbep
carHast CMech CenapaTop
KycTel ckBakpn ™| C-1 ————» BJIaru
A-1
Cyxas ounnicHHAS
ra3oKoHIeHcaTHast
Mexmpo-
. ['az CMecby
MBICTOBBIH -t
KOJLIEKTOP Y
Tl T2
I'oToBEIH
Konpencart | Xo3pacueTHsIil
Iapx ‘ﬂ— P © -« «ras — s —
TJIGBOIOPOOOB 3aMEepHBIH y3en )
Y P ras» KOHIEHCAT»
A
TennoobMeHHUKH
OcyeHHbBIi
I'oToBErit Y "
OXJIaXKIEHHbIN
KOHIeHCcaT .
ra30BbIHN
Visen
KOHJIeHCaT
MOJATOTOBKH
YIJIEBOAOPOLOB

Fa’s, OT,I[BJ'[BHHBII\/'I OT yriesoJ10poz108

Puc. 4.5. CtpykTypHasi cxema yCTaHOBKHM KOMIUIEKCHOM MOJATOTOBKHU ra3a
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4.2. TexHoJiorn4ecKue Npouecchbl MPOMbICIOBOM MOATOTOBKHU HeTH

[Toctynatomiass M3 HEPTSHBIX U Ta30BbIX CKBAKHUH MPOIYKIHUSA HE
MPEACTaBIIsIET COOOW COOTBETCTBEHHO YMCTYIO0 HE(PTHh U ra3. M3 ckBaxuH
BMECTE C He(DThIO MOCTYMNAIOT IIACTOBAsA BOJIA, MOMYTHBIN (He(TAHOI) Ta3,
TBEP/IbIC YACTULIBI MEXAHUYECKUX TPUMECEH.

Hanuyue Bosibl B HETU NPUBOAUT K YIOPOKAHUIO TPAHCIIOPTA B CBSI3U
C BO3paCTAIOLIMMHU 00bEMaMU TPAHCIIOPTUPYEMOM KUAKOCTU U yBEITMUEHU-
em ee Bsaskoctu. [Ipucyrcreue B Hedtu gaxe 0,1 % BoabI NPUBOIUT K €€ UH-
TEHCHUBHOMY BCIIEHMBAaHUIO B PEKTU(UKAMOHHBIX KonoHHax Ha HII3, uro
HApyIIAeT TEXHOJIOTMYECKUE PEKUMBI MEepepadOTKU U, KPOME TOro, 3arpss-
HSIET KOH/ICHCAIIMOHHYIO armaparypy.

Hannuue B HepTH MexaHMUYECKHX MpuMeced (YacTHIl MecKa U TJIH-
HbI) BbI3bIBAET a0pa3uMBHBIN U3HOC U YCUJIEHHYIO KOPPO3UIO METallia TPY-
OOIpPOBOJIOB M He(TernepekaynBaroIEero 000pyI0BaHus, 3aTPyAHSIET Iie-
pepalboTKy He(TH, MOBBIIIAET 30JbHOCTh Ma3yTOB U T'YAPOHOB, 0Opa3yer
OTJIOKEHUS B T€Yax, TEMIOOOMEHHUKAX, YTO MPUBOAUT K YMEHbBIIECHUIO
ko3¢ duirieHTa Teronepeaayu u ObICTPOMY BBIXOY UX U3 CTPOSL.

[ToaTOMy TEXHUYECKH ¥ SKOHOMUYECKH IIeJIeCo00pa3sHo HEDTh Tepes
nojavye B MarucTpajabHBIM HEPTEIIPOBO MOABEPrarh CIEUaTbHON MO-
TOTOBKE.

[Iponeccamu TPOMBICIIOBOM OJITOTOBKU HEPTH SBIISIOTCSL:

e yjaaneHue u3 HeTH NErKUX ra3oB — MPOLIECC Cenapayuu;

® OT/eNIeHHE OT He(TU BOBI — MPOLIECC 0DE380MHCUBAHUA HehmU;

® U3BJICUCHUE U3 HEPTHU COJIEH — TIPOIIECC 0OECCONUBAHUS,

® OT/EJICHUE MEXaHUYECKHUX TPUMECEN — MPOILIECC OUUCHKU.

KauectBO mnoaroroBku HedTH K TPAHCHOPTY pErIaMEHTUPYET
I'OCT P 51858-2002 (tabmn. 4.1).

Tabauma 4.1
IMoka3aTenu KayecTBa NOATOTOBKHU HepTH
IToka3zarenn I'pynna Hegn
| 11 111
Conepxanue Boabl, %, He Ooee 0,5 1 1
CopepxaHue XJIOPUCTBIX COJIeH, MI/I, He OoJee 100 300 1800
Conepxkanre MeXaHMYEeCKUX pumecei, %, He 6oiee 0,05 0,05 0,05
JlaBieHre HACHIIICHHBIX ITAPOB TIPHU TEMIIEPATYPE 66650 | 66650 | 66650
HedTH B myHKTE cnauw, [1a, He 6onee
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ITon cmabunuzayueit negpmu cnemyet MOHUMATH U3BICYEHUE JIET-
KUX YTIJI€BOAOPOAOB, KOTOPHIE MPU HOPMAJBHBIX YCIOBHUAX SIBJISIOTCS Ta-
3000pa3HbIMU, 71 JATBHEHIIIETO UX UCHOJIb30BaHUS B HE(DTEXUMHUUECKOM
mpOMBIIITIEHHOCTH. CyIIeCTBYIOT JBa Pa3IMYHBIX METOJIa CTaOMIU3allUN
He(TU — cenapayua v pekmugurkayu.

Cenapayus — oteneHue oT HeTU JIETKUX YTJIEBOJIOPOIOB U COIYT-
CTBYIOIIIUX Ta30B OJHOKPATHBIM WM MHOTOKPATHBIM HCIApEHUEM IyTEM
CHWKEHUS JIaBJICHUS (4aCTO C MPEABAPUTEIHLHBIM MOIOTPEBOM HEPTH).

Pexkmudgpuxayua — or6op u3 HeQTH JIeTKUX (HpaKUUil MPU OJTHOKpAT-
HOM WJIM MHOTOKPATHOM HarpeBe M KOHICHCAIIMU C YETKUM Pa3ACIICHUEM
YIIEBOAOPOOB A0 3aJaHHOW ITyOMHBI CTAOUIIM3ALIHH.

Jlnst crabunu3anuu HeTH Ha MPOMBICTAX WCIOJIB3YIOT B OCHOBHOM
Mmeto cenapaimu. [Iporecc cenapanum 10KEH HAUMHATHCS Cpasy ke Npu
IBIWKEHUM HePTH, KOTJa W3 Hee OTOMpAeTcs ra3, BBIICIUBIIUNUCS B pe-
3yJbTaTe CHUXCHUS JABJICHHUS WM TOBBIIMICHHUS Temmeparypsl. [Ipu pes-
KOM CHW)KCHHUH JaBJICHUS B CEmapaTope 3HAYMTEIbHO YBEIUYUBACTCS KO-
JUYECTBO TSKENBIX YIIIE€BOJAOPOAOB, YHOCUMBIX CBOOOAHBIM Ta3oM. [Ipwu
OBICTPOM MPOXOXKACHUHA HEPTH Yepe3 cenapaTtop BO3PACTAET KOJIUYECTBO
JIETKUX YTJIE€BOAOPOIOB B HEPTH.

MHorocryrneHyaTasi cCucCTeMa Cemapalyy IO03BOJISIET MOJIY4YUTh Ha
MIEPBBIX CTYICHIX METaH, KOTOPHIN HaIPaBJseTCS Ha COOCTBEHHBIC HYXKIbI
WM TIOTPEOUTEIISIM, a Ha MOCJIEAYIOIINX CTYICHSIX — HCUPHBLIL 2a3, CONIEP-
Kalil 0oJiee TsDKeIbIe yriaeBoAopoAbl. JKUpHBIN ra3 OTIpaBiseTcs Ha Ta-
300€H3MHOBBIE 3aBOJIbI JUIsl MOCieayole nepepadorku. [lpu Hammunu
ra300€H3MHOBOIO 3aBOJIa SKOHOMHYECKH I1€JIeCO00pa3HO MPUMEHSTH
JABYXCTYNEHYATYIO0 CUCTEMY Cerapalui.

Cocyn, B KOTOpOM IIPOMCXOAUT OTACICHHUE ra3a oT He(PTH, Ha3bIBAIOT
cenapamopom. B cenapaliuoHHBIX YCTAaHOBKaX MPOMCXOIUT U YaCTUYHOE
OTJI€JICHUE BOJIbI OT HEPTH.

[IpuMensiemble cenapaTopbl MOKHO KJIaCCU(UIIMPOBATH:

1) no npunyuny Oeiicmeus: TpaBUTAIIMOHHBIC, IECHTPOOCSKHBIC (TH-
POIMKIIOHHBIE), YIBTPA3BYKOBBIE, JKAFO3UUHBIC U JIP. ;

2) no gpopme u nonodcenuro 8 npocmpancmee: cpepuueckue, Lu-
JUHJPUYECKUE, BEPTUKAIbHBIE, TOPU30HTATIBHBIC M HAKJIOHHBIC;

3) no pabouemy oasnenuro: Bbicokoro (6onee 2,5 Mlla), cpennero
(0,6 — 2,5 MIla) u vuzkoro (0 — 0,6 MIIa) naBnenus;

4) no HazHayenuro: 3aMepHBIC U paboune;

5) no mecmy nonoosicenus 6 cucmeme coopa: NEPBOM, BTOPOM U KOH-
LIEBOW CTYIIEHEU Cenaparuu.
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B cemapatopax i000ro TUna no TeXHOJIOTMYECKUM MPU3HAKAM pa3-
JNYAIOT YETHIPE CEKIINU:

I — OCHOBHYIO CENMapanyvoHHYI0, B KOTOPOM MPOUCXOAUT OTIACICHUE
ra3a ot He(TH;

Il — ocapuTenbHy0, NPEIHA3HAYEHHYIO JJIS BBIJICICHUS My3bIPHKOB
ra3a, yBJICYCHHbIX HEThIO U3 CEMapallMOHHON CEKIIUU;

111 — cexuuro oTOOpa HEPTH, CIYXKAIILYIO I cOopa U 0TBoAa HEDTH
U3 cenaparopa;

IV — xanneynoBUTENbHYIO, HAXOAAIIYIOCA B BEPXHEN 4acTH amnmapa-
Ta U CIYyXaIlyto JJI1 OTBOJIA ra3a U yJIaBIIMBaHUS KamnelbHON He(TH, YHO-
CHUMOU ITOTOKOM Tas3a.

OddexTuBHOCTE PabOTHI CcemapaTopoB XapaKTEpU3YCTCs  YHOCOM
ICUOKOCIU — KOIMIECTBOM XKHJIKOCTH, YHOCUMO#H Ta3oM (I/M), 1 30X6aMOM
2a3a — KOIIMYECTBOM T'a3a, OCTABIIErocs B HE()TH TOCe cerapaiyy (M /T).
Yem HUKE 9TH MOKazaresu, Tem oosee apdexTrBHa paboTa amnmapara.

Koaddumments! ynoca xxunkoctu K, u 3axBara raza K, onpeaenstor
1o gpopmysam:

q
K =-; 4.1
) (4.1)
q
K, =——, 4.2
T (4.2)

TAE o ~ O0OBEMHBIN pacxo]| KamneJabHON >KUAKOCTH, YHOCUMOW MOTOKOM
rasa, M’/4; ¢. — 06T>CMHI>II/I pacxoj, OKKJIIOJJUPOBAHHOIO ra3a, YHOCUMOTO
[IOTOKOM JKHAKOCTH, M 3/4; Q. — 00beMHBIIl PacXo[I ra3a Ha BBIXOJE U3 Ce-
naparopa, M/a; O, — O6’beMHI)II/I Pacxojl JHKOCTH Ha BEIXOJIE U3 Cemapa-
TOpa HpH pabouHX TeMIIEPAType U IABICHHH, M /4.

B éepmukanvnom yununopuueckom cpagumayuonnom cenapamope
(puc. 4.6) razonedTaHas cMech uyepe3 marpyooK 5 MOCTYIMaeT B pa3aarod-
HBIN KOJUIEKTOp /] M 4depe3 1mIeNeBOM BBIXOJ MOMNAJaeT B OCHOBHYIO cema-
panronHyo cexuuio /. B ocagutensHOM cekiuu /] u3 HEQTH Npu ee Teue-
HUU 10 HAKJIOHHBIM IUIOCKOCTSIM 4 MPOUCXOIUT JajbHelIlee BblEICHNUE
OKKJIIFOJIMPOBAHHBIX MY3bIPHKOB ra3a. PazrazupoBanHas He(pTh MOCTYIAET B
ceknuio ee coopa /1, u3 xoTopoit uepe3 marpyOook /() OTBOAMTCS U3 cema-
patopa. ['a3, BeiaeuBIIMIiCA U3 HE()TU HA HAKJIOHHBIX MJIOCKOCTSX, MOMNa-
JAeT B KAIUICYJOBUTENIBHYIO CEKLHMIO [V, MPOXOAUT 4epe3 KaITIO3UNHYIO
Hacajaky 8 u mo TpyOOmpoBOaY BBIXOAUT W3 cemaparopa. Kammm nedtw,
3aXBaYEHHbIE TOTOKOM ra3a U He yCHeBaloLIUe OCECTh MO/ IEUCTBUEM CH-
JIbl TSDKECTH, MIPWIKIAIOT K CTEHKAM JKaJTIO3UMHBIX PEIIETOK U CTEKAIOT 10
IpeHaXHOU TpyOKe 3 B CEKIUIO coopa HE(TH.
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Puc. 4.6. TexHonornueckas cxema BEpTHKaJIbHOI'O IPaBUTALIMOHHOTO Cemaparopa:
1 — xopryc; 2 — NOIJIaBOK; 3 — ApeHa)kHas TpyOKa; 4 — HAKJIOHHBIE IJIOCKOCTH;
5 — matpy0o0K [u1sl BBO/A ra305KMIKOCTHOW CMECH; 6 — pEryJsTop AaBJIEHUS; 7/ — Iepe-
rOpoJIKa /Ul BBIPAaBHUBAHMSI CKOPOCTH ra3a; 8 — kKaJlro3uiiHas Hacaaka; 9 — perysarop
ypoBHS; 10 — narpy0ok st cOpoca Hedtu; // — pa3naTOUHBIN KOJUIEKTOD; /2 — JTIOK;
13 —3arnyuika
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T'uopoyuxnonnstii 0gyxvemkocmuulit cenapamop (puc. 4.7) npu-
MEHSIOT Ha MpPOMBICIAX AJig paboThl Ha MEpBOW CTyneHu cenapauuu. [a-
30HACHIIIEHHAs He(PTh Yepe3 TaHIeHIIMATbHBINA BX0/ / OCTyNaeT B TUAPO-
UKJIOHHYIO TOJIOBKY 2, IJI€ 32 CUET LEHTPOOESKHBIX CHJI He(Th U ra3 pas-
JEJISIFOTCSL HAa CAaMOCTOSITENIbHbIE MOTOKU. B BEpXHIOI0 eMKOCTh 5 HEPTH U
ra3 moctymnawT paszaenbHo. HedTs mo mHampapmstomield mojgke /2 cTekaer
Ha yTOJIKOBBINA pa3OpbI3ruBaress //, B KOTOpOM NMOTOK HepTu pazOuBaercs
Ha OTJEJIbHBIE CTPYH M INPOUCXOAUT JaJbHEWIIEe BblaesieHue rasa. Ilo
CIIMBHOM moJjike /3 pa3ra3upoBaHHasi HEPTb COOMPAETCA B HIDKHEW €MKO-
ctu cemnaparopa 9. Ilpu mocTwkeHUU ompenaeseHHOro ooreMa HedTu B
HIDKHEW €MKOCTH NOIUIABKOBBIA PETYJIATOpP YPOBHSI /4 4yepe3 HCIOJIHU-
TEJIbHBIM MEXaHM3M HaAIpaBJsIeT Aera3upoBaHHYIO HEPTh B OTBOJIHOMN TpY-
oompoBoj. ['a3, ornenuBmmiicss oT HeTH B Aera3arope, MPOXOAUT B BepX-
Hel eMKocTU nepdOoprupOBaHHBIE CETKH 6, I71e TPOUCXOAUT BHIPABHUBAHUE
CKOPOCTH ra3a U YaCTUYHOE BBINAJCHUE KUAKOCTH. OKOHYATEIbHAS OYH-
CTKa rasa MpPOMCXOJUT B >KAIO3UWHOW Hacaake 7. OraeneHHas OT rasa
KUAKOCTD T10 IPEHAKHOU TpyOKe /() CTeKaeT B HUKHIOI €MKOCTD 9.

Puc. 4.7. Texnonoruyeckasi cxema ruJJpoOLIMKIOHHOTO IBYXbEMKOCTHOTO cenaparopa:
1 — TaHTeHIMAIBHBIN BX0/T; 2 — FOJIOBKA THAPOLHUKIIOHA; 3 — OTOOMHBIN KO3BIPEK AJIs
ra3a; 4 — HanpaBIIAIOIINNA MaTPyOOK; 5 — BEPXHSS EMKOCTh cernaparopa; 6 — nepdopu-
pOBaHHbBIE CETKH; 7 — JKaIO3UIHAs HAacaaKa; 8§ — OTBOJ ra3a; 9 — HUKHSIS EMKOCTb;
10 — npeHaxxHas TpyOKa; // — yroJakoBble pa3OpbI3ruBareny; /2 — HanpapJsomas
noJika; /3 — cauBHAs NOJIKA; /4 — PeryysaTop ypoBHs
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D@ hekTUBHOCT Mpolecca cenapauu OnpeaeseTcss CIeIyIOIIMA
(akTopamu:

1. CpenHUMHU CKOpPOCTSIMHU Tra3a B CBOOOJHOM CEUEHUHU CerapaTopa,
3HAYEHUsI KOTOPBIX JJISl Pa3IMYHBIX KOHCTPYKIMN CEnapaTopoB MOTYT U3-
MmensaThes ot 0,1 1o 0,55 m/c.

3. ®U3UKO-XUMHYECKHMMHU CBOWCTBAMU HE(THU M rasza: BSI3KOCTHIO,
MOBEPXHOCTHBIM HATSHKEHUEM, CITIOCOOHOCTHIO K TEHO00PA30BaHUIO.

4. KOHCTpYKTUBHBIMU OCOOCHHOCTSIMU Ceraparopa: crocoOoM BBOJA
NPOAYKIIUHN CKBAXUH, HAIMYUEM MOJIOK, KAIJICYJIOBUTEIbHBIX HACAIOK U JIP.

5. YpoBHEM JXHUIKOCTH B cemaparope, KOTOpbId B CEKIUH cOopa
HEe(TU CIYXKUT THIPO3aTBOPOM JJIs Ta3a U MPeIoXpaHsIeT ero nomnaaaHue B
He()TecOOPHBIN KOJUIEKTOP.

6. Pacxoom HedTerazoBoit cMecu, KOTOPbIH BIUsET Ha KO3PPUIM-
eHT 3axBara ra3a HegTeio Ke. IIpu 0ombiIoM pacxojie yBeIUYMBAETCS KO-
s uimeHT yHoca rasa, T.K. U3-3a MaJIOr0 BPEMEHHU MPeObIBAHUSI CMECH B
CenapaTope BECh ra3 HE YCIEBAET BBIJICIUTHCS.

7. JlaBieHueM u TemrepaTypoil HepTerazoBoil cMecu B cenaparope.
[Ipu moBbILIEHWH NaBieHUsl cernapauuu Kod()(PUIMEHT yHOca XKUIKOCTH
yBenuuutca. [loBbilieHre TeMnepaTypbl IPUBEIAET K YMEHBIICHUIO KOA(]-
¢unuenTa 3axBaTa raza He(TbIo.

[Iponiecc obe3eorcusanun nHehTH HEOOXOAWM IJIA OTACICHUS
nJ1acmoe6oll 600bl — CUILHO MUHEPAITN30BAHHOM KHUJKOCTH (C COJEpKAHU-
em coneit 10 300 /1) OT yriIeBOAOpPOI0B.

[Ipu wu3BneuyeHUn cmecu HePTH C TUIACTOBOM BOJOM 0OpasyeTcs
IMYIbCUA — MEXAHUUECKAsI CMECh JIBYX HEPACTBOPHUMBIX >KHJIKOCTEHN (Hed-
TH W BOJBI), OJIHA U3 KOTOPBIX pacrlpeiessieTcsi B 00beMe IPYyroil B BUJIE
Karesb pa3InyHbIX pa3MEpPOB.

[1nacToBble BOABI Pa3HOOOPA3HBI 0 XMMHUYECKOMY COCTaBY, HO BCE
OHH MOT'YT OBITh Pa3/ieJICeHbI Ha IBE OCHOBHBIE TPYIIIIbI:

® JicecmKasn 600a, KOTopasi COJEPKUT XJIOPKAJIbLIUEBBIE WU XJIOP-
KaJIbLIHE€BO-MarHUEBbIE COCTMHEHUS;

® WeNo0YHan U 2UOPOKAPOOHAMHO-HAmMPUesas 600d.

VYBenuueHne KUCJIOTHOCTHU IJIACTOBBIX BOJI MPUBOJUT K MOITYYCHHUIO
0osee cToMkux 3Mysabcuil. CBeXME IMYIBCUU JIETUE MOANAI0TCS pa3pylie-
HUIO, TTIOATOMY 00€3BOKMBAHHE M 00ECCOIMBaHUE 11eJIecooOpa3Hee MPOBo-
IUTh Ha IPOMBICIIE.

Jlisi mpaBWIIBHOTO BBIOOpa CIIOCOOOB 00€3BOXKMBAHUSI HEPTH HEOO-
XOJMMO 3HaTh MEXaHU3M OO0pa30BaHMs 3MYJIbCUH W HUX CBoilcTBa. B
AMYJBCUSAX MPUHSTO PA3IUYaTh ABE (a3bl — BHYMPEHHION I 6HEUIHION).
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Buewinas ¢paza — 310 XKUJKOCTh, B KOTOPOM pa3MENIAIOTCS MEJIb-
Yallllike Karuid IpYyrou >KUJIKOCTU. BHympennas ¢paza — 310 )KUIAKOCTb, Ha-
XOIIIasiCsl B BUJE MEJIKMX Kallellb B JUCIEPCUOHHOM cpene. Ha mpaktuke
HamOoJIee YacTO BCTPEUAIOTCS IMYJIbCUHU THIA Bojia B HedTH (B/H) — 95 %.

Hedt1sHble sMynbcun XapakTEpU3YIOTCS BA3KOCTHIO, IJIOTHOCTHIO,
CTOMKOCTBIO, TUCIIEPCHOCTHIO U AIEKTPUUECKUMH CBOMCTBAMU.

Cmoitkocmb SMyIbCUH, T. €. CIIOCOOHOCTh B TEUEHHUE ONPEICIIEHHO-
ro BpEMEHHU HE Pa3AeAThCA Ha COCTABHBIE KOMITOHEHTHI, SBJIIETCA Hanbo-
Jiee BaXXHBIM MOKa3aTesieM JJisl BOJAOHE(MTAHBIX cMeceH.

Jlucnepcnocms — BeIMUMHA €€ XapaKTepu3yeT CTENeHb pa3apoOsieH-
HOCTH JUCTIEPCHOM (a3bl B AUCTIEPCUOHHON Cpe/IE.

Jliist 00e3BOKMBaHMS HE(PTU UCTIONB3YIOT CIEAYIOIINE TEXHOJIOTHYe-
CKHE METOJIBL:

® TpaBUTAIMOHHBIN OTCTON HEPTH;

® TOpsS!YUI TPAaBUTALMOHHBIA OTCTOM HEPTH;

® TepMOXHMMHUYECKas 00paboTKa;

® 3JEKTPOOOE3BOKMBAHUE HEPTH.

HauGonee npocT 1o TeXHOJIOTHH METO/] TPaBUTALlMOHHOr0 OTCTOs. B
KA4eCTBE OMCHIOUHUKOE NEPUOOUYECKO20 OeliCMEUs TIPUMEHSIOT [IUINH-
ApUYECKHE OTCTOMHUKHU. B 3TOM citydae HE(ThIO 3aMOJHSIOT pe3epByaphl
U BBLIEPKUBAIOT OIpe/ieieHHoe Bpems (48 4 u Ooree).

B zpasumayuonnvix omcmoiinukax HenpepvieHo20 Oelicmeus
(puc. 4.8) oTcTauBaHUe OCYIIECTBIIACTCA MIPU HEMPEPHIBHOM MOTOKE 00pa-
0aTbIBAEMOM KUIKOCTH.

Puc. 4.8. Cxembl OTCTOMHUKOB HENPEPHIBHOTO JICUCTBHUSL:
@ — TOPU3OHTAJILHBIN; 6 — BEPTUKAIBHBIN, 6 — HAKIIOHHBIN; 2 — KOHHYECKUN
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[Ipu rpaBUTALIMOHHOM OTCTOE€ AMYJIbCHUS PACCIAUBAETCS MOJ ACUCT-
BHUEM CHJIbI TSKECTH Ha MOBEPXHOCTH paszena. [Ipu gocraTouHoil jivHe
OTCTOWHHKA B BBIXOJHOW €r0 YacTH MPOUCXOJUT MOJHOE pa3jeieHue ¢as
AMYJIbCHUHU.

bonbuuit s ekt gaer copauuii zpasumayuonnsiit omcmoit 00BOA-
HEHHOU He(TH, KOrja 3a CueT NpeJBapUTEIHHOr0 HarpeBa HeTH 10 TeM-
neparypsl 50 — 70 °C 3HauuTENBHO OOJErYaroTCs MPOLECCHl KOAryJsluu
KarieJb BOJIbl U YCKOPSETCSl 00€3BOKMBAHUE HEPTH MTPHU OTCTOE.

Omcmoininux 2opuzonmansnsiit OI'-20011 (puc. 4.9) npennasznauex
1St 00€3BOKMBaHUs He(PTH, a TAKXKE Cernapaiyy OCTaBLIErocs B HEPTIHOU
AMYJBbCUU Ta3a. Amnmapar yCTaHaBIIMBaeTCs MOcie cenaparopa HehTU U
MpeACTaBsieT OO0 HUIUHAPUYECKYIO EMKOCTh C SJUTMIITUYECKUMU JTHU-
mamu. Orcroitnuk OI'-20011 paGoTtaeT B pexuMe MOTHOTO 3aMOTHEHUS C
MOJIOrPEBOM 3MYJIbcuU. BonoHedTsiHas 3MyIbCUsl IOCTyHAaeT Yyepe3 BXO-
HOU mTynep / B OTCTOMHUK He(dTH. {15 paBHOMEpPHOro pachpe/eieHus
KUAKOCTU MO oObeMy ammapaTa Ha BXOJE YCTAHOBJEH OTOOWHUK-
pacnpenenuTens 2, IpeacTaBistonmii coooi Tpyoy nuamerpom 700 mwm,
coaepxkalyr 64 psiga oTBepCTUil (B KaXKJIOM psiy 285 OTBEpPCTUi € MPO-
JOJIbHBIM BBIPE30M HIMPUHOU 6 MM U JUTHHOU 60 MM).

O6e3BoxeHHast HEPTh OTBOJUTCSI CBEPXY Uepe3 TPYOHBIN COOpHUK 3.
OTcrosBIIasics BOJa Yepe3 pacrnpeAesuTeIbHOE YCTPOHCTBO HAPABIIAETCS
B OTCTOMHHUK BOAbL. COpPOC BOJIbI OCYIIECTBISAETCSA MO CUTHAIY AaTdydKa
Mex(}a3zHOTrO YpOBHS «HEPTh — BOJA» Uepe3 PEryIupyIOIuil Kiamad J. 3a
c4yeT OOJBIIOr0 BPEMEHHU MPEOBIBAHUS U CO3/IaHUS YCIOBUN MOBTOPHOIO
NepeMeNIMBaHusl KUJIKOCTH B OTCTOMHHKE 00eCrneYrBaeTCsl JTOCTATOYHO
MOJIHOE OTJEJIEHUE BOJIbI OT HE(PTH.

Puc. 4.9. O6wuii Bup anmnapara OI'-20011:
1 —matpy0OoK BBOJIa SMYJIbCHHU; 2 — OTOOMHMK-PACIIPEIEIIUTEINb SMYIIbCHU; 3 — TPYOBI
ISl BBIBOJIA 00€3BOKEHHON He(pTH; 4 — BBIBOJI T'a3a; 5 — Ki1anaH cOpoca BOJIbI

HenoctatkoM rpaBUTAllMOHHBIX METOJOB OOE3BOKMBAHUSI SIBJISETCS
ux mMainasi 3p(HEeKTUBHOCTb.
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bonee »(pdekTUBHB METONBI XUMHUYECKHE, TEPMOXUMHUYECKHE, a
TaKXKe ANeKTpoxumuueckue. [Ipu XxuMudeckux Merojax B OOBOJHEHHYIO
HEe(Th BBOAST CHELMAIbHBIE BEUIECTBA, HA3bIBAEMBIE 0€IMYIAb2AMOPAMU.
B kauectBe geamynbraropoB ucnoib3ytoT [IAB. Mx BBoasT B coctaB Hed-
TH B HEOOMbIUX KommuecTBax (0T 5 — 10 1o 50 — 60 r va 1 T HedTH). Haun-
Jy4lIUe pe3yibTaThl MOKA3bIBAIOT TaK Ha3blBacMble HEMOHOreHHbIE [1AB,
TaKHhe KaK JUCOJIBAHBI, CEMapoJibl, AUMPOKCUINHBI U Ap. IHPEKTUBHOCTH U
CKOPOCTh XMUMHUYECKOT0 OOE3BOXKMBAHMS 3HAUUTENILHO TMOBBIIIACTCS 3a
CUeT HarpeBa He(TH, T.e. MPU TEPMOXUMUYECKUX METO/AX, 32 CUET CHHU-
KEHUS BA3KOCTU He(THU MpU HarpeBe v o0JIerueHus mpolecca KoajleceH-
LAY Karelb BOJBL.

Inexkmpoobessorncusanue HedTU CBA3AHO C NPOIyCKaHUEM HepTU
yepe3 ClelHANIbHBIE allllapaThl — 31eKmpooecuopamoput, rae HepThb mpo-
XOJIAT MEXLY 3JEKTPOJAAMH, CO3JAIOIMUMH 3JIEKTPHUYECKOE T0JIE BBICOKOTO
HanpspkeHust (20 — 30 kB). 11 mOBBIIEHUS] CKOPOCTHU JIEKTPOOOE3BOKU-
BaHUs He(Th MpeABapUTENHHO MOAOTPEBAIOT 10 TemnepaTypsl 50 — 70 °C.

Anekmpooezudpamop O1'-200-10 (puc. 4.10) npexacrasiser cobOoit
TOPU30HTAJIbHBIA LWJIMHAPUYECKUN ammapar, YCTAHABIUBAEMbIA HA JBYX
CEUIOBBIX OIOpPAax, OCHAIIEHHBIN MITYLEPAMH JJIs1 BXOAA SMYJIbCUH, BBIXO-
na HedTH, BBIXOJa BOJbI, HEOOXOUMBIMH TE€XHOJIOTMUECKUMHU IITYEPAMHU
u mryuepamu ana KUIIMA, npennazHayeHHbI 11 00€3BOKUBAaHUSA U
oOecconBaHus HEPTH.

Puc. 4.10. Buemnuii Bupg anexrpoaeruaparopa I1-200-10
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DJIEKTPUUYECKOE IOJIE B AJIEKTPOAECTUAPATOPE CO3LAECTCS CHUCTEMOM
JIBYX 3a3€MJIEHHBIX U JIByX BBICOKOINOTEHIIMAIBHBIX 3JIEKTPOJOB, pazme-
IICHHBIX B BEPXHEW YacTH amnmnaparta. 3a3€MJIEHHBIE AJIEKTPOIbl MPEICTaAB-
JSIOT cOOOM pereTyaTslii HACTHII, COCTOSAIINUNA M3 TpeX CeKiuil. Bricoko-
MOTEHIIMATBHBIE 3JIEKTPOJAbl BKJIIOUAIOT TOPU3OHTAJIBHYIO PELIETKY U3
npyTtkoB 12 mMMm. B BepxHell yactu ammaparta pa3MelleHa CUCTEMa dJIeK-
TPOMUTAHUS, BKIIIOYAIOIIAsl YCTAHOBJICHHBIA Ha TUIOMIAJIKE OOCITY>KHUBaHMUS
BBICOKOBOJIBTHBIM MCTOYHMK IUTaHus tuna UIIM-25/15 YVXJI1, u usons-
Top mpoxogHou Tumna MIID 25, coelrHEHHBI C UCTOYHUKOM BBICOKO-
BOJIbTHBIM KaOejieM, BXOJAIIMM B KOMIUICKT TTOCTaBKM MUCTOYHUKA. Amma-
paT cHaOXeH HEOOXOIWMBIMHU IITYIIEpaMHU JJIi MaHOMETpa, TEPMOTapHI,
YpOBHEMEPA, MPETOXPAHUTEIHHOIO KJIallaHa, JBYMsI JTFOKAMU-JIa3aMH JIJIst
BO3MOXKHOCTH JIOCTYIIa B HIDKHIOIO M BEPXHIOIO YacTH ammapara (B BepX-
HUH JIIOK-J1a3 Bpe3aH ITylep s BeiBoga HedTu). [lo HmkHEN oOpasyro-
LW BPE3aH MIJIAMOBBIN JIFOK, B KOTOPBIM BPE3aHbl WITYLIEPA IS OTKAYKHU U
cOpoca BOIbL.

HedTs ¢ mogaHHOl B Hee IMPOMBIBOYHON BOJOW BBOJAT B ammapaT
yepe3 mrynep. OHa TpoXOoUT MO KOJUIEKTOPY U OTBOJAM, UCTEKas U3 OT-
Bepctuid. [lo Mepe moabema HEPTH U3 HEE BBIACISAIOTCS Kallld BOJIbI, KO-
JUYECTBO U pa3Mep OCTABIIUXCS B HE(PTH Kareidb YMEHBIIAIOTCS 110 BBICO-
Te anmnapara. Jlo ypOBHS HWKHEH PEUIETKU BJIEKTPOAHOM CUCTEMBI JOXO-
JSAT TOJIBKO MEJIKHE KaIlIM BOJIbl; MOCKOJIBKY MOJ 3TOM PElIEeTKOM, HaXo-
JSIENUCS TIOJ, BBICOKUM HAIPSKEHHUEM, CYIIECTBYET AJIEKTPUUECKOE TOJIE,
B ero o0beMe MPOUCXOAIT KOAJIECIICHIIUS Kameilb BOJIbI, UX YKPYITHEHUE U
ocaxeHrue. OJHAKO HANPSHKEHHOCTH 3JIEKTPUYECKOIro MOJISl O] HUXKHEN
pEIIeTKON HEAOCTaTOYHO [JIsi KOAJECIEHIIMM HauOoJiee MEJKUX Kareib
BOJIbI, KOTOPBIE 3aHOCSTCSI TIOTOKOM HE(TH B 00JIACTH CHUIILHOTO AJICKTPH-
YECKOro TOJIA, CO3aBaeMOro B 00beME MEXKIy MPYTKaMU SJIEKTPOIHOU
cucteMbl. HedTh, poxoast uepe3 3JIEKTPOJAHYI0 CUCTEMY, OKOHYATEIHHO
o0e3BokmBaeTcs. Bmecte ¢ Booit U3 HePTH yHansarOTCs U COAEp KaIIecs
B HEU COJIN.

[Ipu nmpombICTIOBOM 00€3BOKMBAHUHM HE(PTH OCTATOYHOE CONIECPIKAHUE
XJIOPUCTBIX COJIEM MOMKET K0jeOaThcs B JOBOJIBHO IIUPOKUX MPEAeiax: OT
20 go 1000 mr/n. TToaTomMy OOBIYHO MpU TOATOTOBKE CHIPBIX HE(TEH C BbI-
COKOM MUHEpaIN3aIfel MIacTOBBIX BOJI MOCHE CTYNEHH ITyOOKOTro 00€3BO-
YKUBAHUSI IPETyCMATPUBAETCS JIONOTHUTENBHBIN MPOLIECC — 0deccoiusanue,
KOTOPBII 3aKJIF0YAETCS B MPOMBIBKE 00€3BOXKEHHOW HEPTH TTPECHON BOJIOM.
Pacxoa mpoMBIBOYHOM BOJIBI MOKET KoJiebaThes oT 3—5 1o 10-15 %.
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Opnum u3 Hanbosiee pacmpOCTPAHEHHBIX METOJIOB 00€CCONMBAHUS
He(THU SIBJIETCS PACTBOPEHUE COJIel mpecHOr Bo1oi. TexHomorus BeINod-
HEHUS ATOT0 METO/a OYeHb NMPOCTa. B 4aCTUYHO MOATOTOBJICHHYIO HEPTH C
OOJBIIMM COZEpKaHUEM coJiel o0aBisieTcs npecHas Boaa. Conu, Haxo-
asyecst B He(hTH, pacTBOPSIIOTCA B MPECHOM BOJIE U 3aTeM IPU 00E3BOXKHU-
BaHUM YAAJAIOTCS BMECTE ¢ Bojaoil. Ecnu conmepikanue coneid B HePTH HE
COOTBETCTBYET HOPMaM, MPOILIECC MOBTOPSIOT WM YBEIMYHMBAIOT KOJUYE-
CTBO I10JIaBAEMOM IIPECHOU BOJIBL.

[lepcieKTUBHBIM HANpaBJIEHUEM B COBEPIICHCTBOBAHUM TE€XHOJIOTH-
YEeCKOTO Mmporecca 00eccomBanus He(TU SBISETCS UCIOJIb30BAHHUE pac-
MBUIEHHOTO BBO/Ia POMBIBOYHOM MPECHOM BOJIbI B 00E3BOKEHHYIO HE(PTD.
OTO MOXKET OBITh JOCTUTHYTO BIIPHICKUBAHUEM O] JABJICHHEM IMPOMBI-
BOYHOM BOJbI B HEPTH Yepe3 HACAJKY CIlelUaJIbHOW KOHCTPYKIMU. B Ka-
YeCTBE PACMbUIMTENS MPOMBIBOYHON BOJABI B 00padaTbiBaeMylo He(Th
YI0OHO HUCIIONB30BATh Peyiupyemulii 2UOPOOUHAMUUECKUT OUCNEPZAMOp.
[IpeumyniecTBOM TaKUX yCTPOMCTB SIBISIETCS TO, UTO HA OCHOBHOM MOTOKE
obpabarpiBaeMoii He(PTH HE CO37AeTCs KaKOTO-THOO JIOMOJHUTEIBLHOTO
nepenaaa JaBiCHUs, YTO YPE3BbIUAWHO BAXKHO MPHU HAMOPHON cHCTEMeE
MOATOTOBKH HE(TH.

HHTepecHbIM NprueMoM, MO3BOJISIIOIINM YBEJIMYUTh MIyOHHY 00ecco-
JTUBaHUS HE(PTEH, SBISETCSA BBEJACHUE B 00€3BOKEHHYIO HE()Th MUHEpaJIH-
30BaHHBIX CTOKOB, BBINOJHAIOIIKUX POJb MOJBMKHON KOaJeCHUpYIOIIei
cpelibl. DTOT MPUEM IPU MOBBIIIEHHH 00beMa BBOAUMBIX B TPYOOIPOBOJ
CTOKOB U COOJIFOIGHUH HEOOXOJUMOTr0 JUCIIEPCUOHHOTO COCTaBa BOJABI U
TUAPOMHAMUYECKOTO peXuMa paboThl TPyOOINpOBOJa — MEPCIEKTUBHOE
HaIpaBJIeHHE B MpoIeccax 00ecCoMMBaHus HePTH.

4.3. TexHosiorn4eckue Mpouecchl MPOMbICJI0BOI MOATOTOBKH ra3a

[IpuponHsbl ra3, MOCTYNAKOWIUKA W3 CKBAXKHUH, COICPKUT B BHUJE
MpUMECEN TBEPJbIE YacTHUIlbI (ITIECOK, OKAJWHA), KOHJICHCAT TSHKENbIX YI-
JIEBOAOPOJIOB, Maphl BOABI, a B PAJIE CIy4acB CEPOBOJOPOI U YIIICKUCIBIN
ras. [IpucyrcTBue B raze TBEPAbIX YaCTHIl IPUBOJUT K aOpa3uBHOMY HU3HO-
cy TpyO, apMaTypbl U JAeTajieili KOMIIPECCOPHOT0 00OpyAOBaHMS, 3acope-
HUIO KOHTPOJIbHO-U3MEPUTENILHBIX TTPHOOpoB. KoHmeHcaT TsHKenbIX yriie-
BOJIOPOJIOB OCEHAET B MOHMKEHHBIX TOUYKAX ra3onpOBOJOB, YMEHbIIASA UX
MPOXOJHOE CEUCHUE.

CepoBosiopoa siBisieTcsl BpeaHou npumMeckto. [Ipu ero conepxanuu
oomnwiieM, yem 0,01 mr B 1 71 Bo3ayxa paboueii 30HbI, OH siI0BUT. B mpu-
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CYTCTBHMHM BJIATM CEPOBOJIOPOJ CIIOCOOEH O0OPa30BBIBATH PACTBOPHI CEPHU-
CTOM U CEPHOM KHUCJIOT, PE3KO YBEIMIUBAIOIINX CKOPOCTh KOPPO3UHU TPYO,
apMaTypbl U 000py/IOBaHMs. YTJICKUCIBIN Ta3 BPEAEH TEM, YTO CHIDKAET
TEIJIOTY CTOpaHUs rasa, a Takke MPUBOAUT K KOPPO3UU 00OpYAOBaHMUS,
MO3TOMY €T0 1IeJIECO00Pa3HO OTAEIUThH Ha MPOMBICTIAX.

[IpoueccamMu MPOMBICIOBOM MOJATOTOBKH IPUPOIHOTO ra3a sSBJIFOTCS:

® OuuCmKa OT MEXaHUYECKUX IPUMECEH;

® ocywKa OT IapOB BOJIbI;

® u361eueHue TKEIBIX YIIIeBOJAOPOIOB, CEPOBOAOPOAA U YIJICKHU-
CJIOTO Ta3a;

® 0Oopuzayusa — NPUJAHNE ra3y XapaKTEPHOTO 3aIaxa.

TpeOGoBaHusi K KayecTBy ra3y, MOATOTOBIEHHOMY K TpPaHCIOPTY,
periiameHTUpoBanbl orpacieBbiM ctanaapToM OCT 51.40-93 (Tabu. 4.2).

Tabauma 4.2

IToxa3aTenn kauecTBa NOArOTOBKH ra3a

3HaueHUs JJIA KIITUMAaTH4CCKUX paﬁOHOB

YMEPEHHOTO XOJIOJTHOTO
[Tokazarens

c01.05 | ¢c01.10 | c01.05 c01.10

no 30.09 | mo 30.04 | mo 30.09 | mo 30.04
Touka pocsl 1o Biare, °C, He BbIIIE -3 -5 -10 -20
Touka pocsl o yriesojgopoaam, °C, He 0 0 5 10
BBIIIIC
Macca cepoBOIOpPOa, I/M° He 60nee 0,007
Macca MepKanTaHoBO# Cepl, I/M° He 60nee 0,016
O6bemHas nois kuciopona, %o He 6oitee 0,5 He 60mee 1,0

Terora cropanust HU3MIAs, MI[)K/M3,
mpu 20 °C u 101,325 klla

He menee 32,5

Temmneparypa rasa, °C

Y cTaHaBIMBaAETCs MPOEKTOM

3
AOCOIIIOTHAS BJIAXKHOCTb, I/M

He 6onee 0,1

Macca MeXaHMYECKUX PUMECEN U
TPYJIHOJIETYUUX KUJIKOCTEN

ITo cormacoBanuto ¢ [IXI', I'TI3 u

IIPOMBICIIOB

Hecob6mronenue TpeboBaHMii, NMPEIbIBIIEMBIX K Ka4e€CTBY MPHUPO/I-
HOTO Trasa, MPUBOJUT K TOpYe 00OPYAOBaHUs, K OONBIIOMY TEpepacxory
CPEJIICTB, a MHOT/Ia ¥ K aBapusIM, YOBITOK OT KOTOPBIX HE BCET/Ia MO UIaeTCs

TOYHOMY YYETY.

124



JUis ouucmku TNpUpPOJHOTO Ta3za OT MEXAHMYECKHX MpUMeEced uc-
MOJIb3YIOTCS aMapaThl JBYX TUIOB:

e palorawilyde MO MNPUHIUIY «MOKPOTO» YJIaBIMBAHUS MbLIH
(MacsHbIE MbLICYJIOBUTEIN);

e paloTawllyde MO MPUHIUIY «CYXOro» OTAeNleHUs Mbu (1u-
KJIOHHBIE MbUICYJIOBUTEIIN).

[TpombiciioBbIe anmapaThl padOTaOT MO MPUHIIMITY BBINAICHUS B3BECU
MoJi JEMCTBUEM CHJIbl TSHKECTHM NMPU YMEHBIIEHHMH CKOPOCTH IMMOTOKA rasa
WM TI0 TIPUHIUIY UCTHOJIb30BaHUsI JEHCTBUS HEHTPOOEKHBIX CHII IIPU CIIe-
UAIBbHOM 3aKpyTke MoToka. [103ToMy MpOMBICIOBBIE anmapaThl OYKMCTKU
HENATCA Ha 2pasumayuoHuvie |
yukioHHble. 1’ paBUTAIIMOHHBIE arl-
napathl, B CBOIO Ouepe/ib, opa3-
JEJISIFOTCS. HA 6epmuKaibibie U 20-
PU30HMAabHbIE.

Beprukanbaele rpaBuUTaIu-
OHHBIE CEMapaTopbl PEKOMEHTYIOT
IUISL OYUCTKH Ta30B, COJEPKaIINX
TBEpAbIE YACTUIBl M TsDKEIbIE
CMOJIUCThIE (PPAKIINK, TAK KaK OHU
UMEIOT JIy4YIIUE YCJIOBUSI OUYUCTKU
U JpeHaxa.

Ha puc. 4.11 wuzobpaxen
2PAGUMAUUOHHBIIL  OOHOCEKUU-
onnwviii cenapamop. OH uMeeT
TaHTe€HIMAJIbHBIN MOJBOA raza 2
(CKOpOCTh B HEM JoCTUraeTr 15 —
20 M/c), 4TO cIOCOOCTBYET BbIIA-
JICHUI0O B CemapaTtope TBepAOH
B3BECHU UM KalleJIbHOM Biaru. B oc-
HOBHOM OH pa0®OTaeT Mo MPHUHIIK-
Ny BBIMAJCHUS B3BECU MIPU MaJIbIX
CKOPOCTSIX BOCXOJSILIETO MOTOKA
raza. OmBIT 3KCIUTyaTallMy IOKa-
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Puc. 4.11. OGmuii B rpaBUTAIIHOHHOTO
OJIHOCEKIIMOHHOTO cenaparopa:

3aJ1, 4YTO CKOPOCTh I'a3a Ha BBIXO- 1 — BBIXO/IHOM MaTpyOOK; 2 — BXOIHOMN
JIe U3 cemnaparopa HE J0JDKHa naTpyOoK; 3 — JIIOK JUIsl yAaJCHUS
npesbimate 0,1 M/c mpu gaBie- — IPOAYKTOB OUHCTKH; 4 — IATPyGOK MUt
Huu 6 Mlla IIPOYBKH ceraparopa
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B cBsi3u ¢ 00JbIION METaNIOEMKOCTBIO M HEIOCTaTOYHOU 3(Pdek-
TUBHOCTBIO I'PABUTALIMOHHBIE CENAPATOPhl MPUMEHSIIOT PEJIKO.

Ha puc. 4.12 uzo0paxeH oOuUMi BUJ YUKIOHHO20 cenapamopa.
Kopnyc nukinona u marpyOoK A BbIXOJAa ra3a oOpa3ylOT BHYTPEHHEE
KOJIBLIEBOE MPOCTPAHCTBO. B HMKHEN YacTu UMEETCsl OTBEPCTHUE ISl OTBO-
Ja ocanka u3 LMKIOHA. [Ipy TaHreHIMaTbHOM BBOJE a3 B CEnaparope
IpUOOpPETAET B KOJBLIEBOM MPOCTPAHCTBE U KOHYCE BpaLIaTEIbHOE IBH-
’KEHUE, BCIIEJICTBUE YEr0 M3 ra3a BbINAJAal0T MEXaHUYECKUE B3BECH (TBEp-
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Puc. 4.12. OOwuii Bug
LUKJIOHHOTO Cernaparopa:
1 — BEIXOA Ta3a; 2 — BXOJ Ta3a;
3 — yAalieHre MPOAYKTOB OUUCTKHU

JIbI€ U JKUJIKKE) U OIMyCKaITCs B COOp-
HbII OyHKep. ['a3 ¢ yMeHbIIIEHHON CKO-
POCTBIO BBIXOJUT YE€pPE3 BEPXHUI IaT-
pyOOK.

JIsl OYMCTKHU rasa OT MeXaHu4e-
CKUX MPUMECEN HAa OTEYECTBEHHBIX Ta-
30MPOBOJAX NPUMEHSIOT YCHAHOBKU C
MACAAHBIMU nblIeYn06UmMENAMU
(puc. 4.13). ITpupoauslii ra3 /', mpoitas
MBUICYJIOBUTENHN [, HaMpaBisieTcsl B
KOMIIPECCOPHBIN 1ieX. lIpuieymoBurenn
3arojgHeHbl MaciaoM. [lo mepe 3arpss-
HEHUsI Maciio M3 nepenaBiauBaeTcs U3
NBUICYJIOBUTENIEW [/ B OTCTOMHHUKHU /.
Cexee macino MC mocrymaeTr B IIbl-
JICYJIOBUTENIN CAMOTEKOM M3 MACJISIHO-
ro akkymymsitopa 2. [IpenBapurensbHo
B AKKYMYJIITOPE M MbUICYJIOBUTEISIX
BbIpAaBHUBAETCS J1aBieHue. B macns-
HBI AaKKyMYJSATOP MAacjloO MOJAECTCA
HAacocoM 3 M3 MEpPHOro 0aka J WM U3
Oaka cBexxero Mmacia 4. IIpu 3Tom ak-
KYMYJISITOp OTKJIFOHarOT OT TMbLIEYJI0-
BUTEJICH YW HAXOISMUNCI B HHUX Tras
BBIITyCKalOT B arMmocdepy. B mepHbIit
0aK Macio MOCTyHmaeT CaMOTEKOM W3
orcToitHUKOB 7. OTOpocHOe Macio MO
BMECTE CO IIJIAMOM, HAKAIIMBAOIIAM-
Cs B HI)KHEH 4YacCTH OTCTOMHHKOB,
CIIyCKaIOT B COOPHYIO €MKOCTb 0.
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Puc. 4.13. TexHonoruueckasi cCxeMa yCTaHOBKH IbLICYJIOBUTENEH

Bepmuxkanvuutii macaanstil notneynoeumens (puc. 4.14) npencras-
nsieT coO00M BEPTHKAIBHBIN CTAIbHOW MIJIMHAP CO CHEPUIECKUM JHUIIIEM,
paccUdTaHHBIM Ha pabouee IaBlIEHUE B Ta30MPOBO/IE.

Huametp nbeuieynoButens cocrasisier 1080 — 2400 mm. BHyTpu mbl-
JICYJOBUTEISI HAXOAATCA YCTPOUCTBA, 00€CTIEYMBAIOLIME KOHTAKT Macya C
ra3oM W OTAEJEHUE YaCTHL Macilia OT Ta3a IPHU BBIXOJIE €ro U3 amnmapara.
["a3 mocTymaeT B MbUICYJIOBUTENb Yepe3 BXOAHOU marpyook 7. bmaromaps
O0TOOMHOMY KO3BIPbKY § Ta3 MEHSIET CBOE HAIpPAaBJICHHWE U JIBUXKETCS K TO-
BEPXHOCTM MAacJia, HaXOJAIIETrOCs B HIKHEHM 4dacTu amnmapara. KpymHeie
ITOCTOPOHHUE YACTHIIBI IIPU 3TOM Cpa3y K€ BBIINAJAIOT U OCEAAOT HA JHO.
YpoBeHb Maciia yCTaHaBJIMBAETCA Ha paccTosHuM 25 — 30 MM OT KOHIIOB
BEpPTUKAJIbHBIX TPYyOOK 3. Ilpu 3TOM ra3z ycrpemisiercsi BBEpX, 3aXBaThIBasI
c coboit yactuilpl Macia. B TpyOkax 3, a manee B cpeiHei CBOOOIHOM Jac-
TH TBUICYJIOBUTENS I'a3 HMHTEHCUBHO NEPEMEIIMBAETCA C MAClIOM, KOTOPOE
MOTJIOIIAET COJIEPKAIIMECS B Ta3€ YaCTHUIbl, & TAKXKE IMOCTyNAaOIUld BMe-
CTE C ra3oM KOHAEHCAT TSHKENBIX YIJIEBOIOPOIOB.

IIpn aTOM ypoBeHb Macna nossiuaerca. 110 mepe BbIxonma rasa us
BEPTUKAJIBHBIX TPYOOK CKOPOCTh €r0 Pe3K0 yMeHblaeTcs. bonee kpymnHbie
YACTHUIIbI JKUIKOCTH MPU 3TOM BBINAJAIOT U MO IPEHAXHON TpyOKe 4 cTe-
KaroT BHU3. M3 cBOOOAHOM cpeAHeN YacTu MbUICYJIOBUTENS ra3 U Macis-
HbIl TYMaH IOCTYIAIOT B €r0 BEPXHIOK YaCTh, & OTTYAA B KaJKO3UIHOE
CenapalloOHHOE YCTPOWCTBO /, B KOTOPOM OTOMpPAETCS MEJIKO3epHHUCTas
B3BeCh. OUUIIEHHBIN T'a3 BHIXOUT Yepe3 NaTpyook 2. 3arpsi3HEHHOE Maciio
ylansieTcss U3 MojAJI0Ha Yepe3 ApeHaxHyto Tpyoky 5. [lonHast ouncTka mel-
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JIEeYJIOBUTEIIA pou3BoaUTCs 3 — 4 pa3a B roj uepe3 jok 6. KonnuectBo
3aJIMBAEMOr0 Macia B IbUICYJI0BUTENb AuaMeTpoM 2400 MM He mpeBbla-
et 1,5 — 2,0 M’. YroOsl 06eCIeunTh HOPMATBHYIO PAGOTy IbLICYJIOBHTE-
Jel, HeoOXOANMO MOJIEP’KUBATH MOCTOSHHBIN YpoBeHb Macia. [Ipomyck-
Hasl CIIOCOOHOCTh BEPTUKAJIBbHBIX MACJSHBIX MbUICYJIOBUTENEH MPU 3a7aH-
HOM JIaBJICHMM OTPAHUYMBAETCSI CKOPOCTBHIO MOTOKA ra3a B KOHTAKTHBIX
TpyOKax, KOTopasi He JI0J>KHA NpeBbiars 1 — 3 m/c.

[Ipenmy1ecTBO BEPTUKAIBHOIO MACISIHOI'O IMBUICYJIOBUTENS 10
CPaBHEHHIO C APYTMMHU KOHCTPYKUUSAMU MbUICYJIOBUTEIEH 3aKIIOYACTCS
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Puc. 4.14. OGmuii Bu BEpTUKAILHOTO
MAacCJISIHOTO MbLICYJIOBUTEIIA

B BBICOKOHM CTEMEHU OYMCTKH (OOITHIA
KO3 (DHUITMEHT OYUCTKU JOCTUTAET
97 — 98 %). K HenocTraTkaM OTHOCSIT-
csi OoJblllasi METAJIOEMKOCTh, HaJlU-
Yue KHUJIKOCTH U €€ YHOC (J0myCKaeT-
cst He Goxee 25 T Ha 1000 M’ rasa),
0OJBbIIOE THAPABIMYECKOE COMNPOTHUB-
nenne (0,0350-0,05 MlIla), uyBcTBU-
TEJIBHOCTh K U3MEHEHUIO YPOBHS KHU/I-
KOCTH U JIp.

IIpuponnbpie Ta3sl B oOIpexae-
JICHHBIX TEPMOJAMHAMHUYECKUX YCIO-
BUSX BCTYNAlOT B COCAMHEHHE C BO-
noi, oOpasys zcudpamsl, KOTOpHIC,
CKaIlJIMBasiCh B MPOMBICIOBBIX M Ma-
TUCTpajJbHBIX Ta30IpoBOJAX, CyLIe-
CTBEHHO YBEJIMYUBAIOT UX THAPABIIH-
YECKOE COIMPOTHUBIIEHHE, a TaKKe
YCUJIMBAIOT KOPPO3UI0 TPyOOIpoOBO-
JI0B ¥ 000PYyAOBaHUS.

Tuopamer 1pPEnCTaBIAOT CO-
00l COeIMHEHUSI MOJIEKYJISIPHOIO TH-
11a, BO3HUKAIOIINE 3a CYET JCHCTBUS
CUJI TIPUTSHKEHUS. MOJEKyNbl BOJBI
npyu 00pa30BaHWUM TUAPATOB KaK OBI
pa3ABUTAIOTCS  MOJIEKyJIaMH  rasa.
OO6pazyronuecss mMpu 3TOM TMOJOCTH
MEXKIY MOJICKyJaMH BOJIbI TIOJHO-
CThIO WJIM YaCTUYHO 3aMOJIHSIOTCS
MOJIEKyJaMH rasa.
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['uapatel NPUPOIHBIX TA30B MPEACTABISIIOT COO0M HEYCTONUYUBBIE CO-
€MHEHNS, KOTOPbIE TIPH MOBBIIICHUN TEMIIEPATYPhl WU TTOHMKEHUH J1aBJic-
HUS pa3yiaraiorcs Ha ra3 u Boay. [lo BHeniHeMy Buay 3T0 Oenasi KpucTasliu-
yeckas Macca, MoxXoxkasi Ha cHer wiu JieAd. Eciu npupoaHblie ra3bl conepxar
KUCJbIE IPUMECH, TO MPOIIECC TUAPATOOOPA30BAHUS YCKOPSIETCS.

Ha mpakTtuke mjisi OIEHKH BJIQKHOCTHM Ta3a 4YacTO TMOJB3YIOTCS
adCoIOMHOIL 8/1a)HCHOCHIBbIO, BEIPAKEHHONW MAaccol MapoB BOJbI (T') B €111-
HHIe 00beMa ra3a (M°), IPHBEACHHOT0 K HOPMAIbHBIM yeaoBmsiM (20 °C u
0,1013 MIIa).

Ommnocumenvnasn 61a3cHOCMp — 3TO BEIPAKEHHOE B MPOIEHTaX WU
B JIOJISIX €IMHUIIBI OTHOIIICHUE KOJUYECTBA BOMSIHBIX MAPOB, COJEPKAIINX-
Cs B Ta30BOM CMECH, K KOJIMYECTBY BOJSHBIX MApOB B TOM K€ 00ObeMe U
P TEX K€ TeMIIepaType U JaBJICHUH MPHU TTOJTHOM HACHIIICHUH.

Touka pocel Ta3a — 3TO 3HAUEHHE TEMIIEpaTyphl rasza, Mpu KOTOPOU
BOJISTHOM Tap, COAEP KAIIUICS B Ta3e, CTAHOBUTCS HACBIIIEHHBIM HaJ IJIO-
CKOM MOBEPXHOCTHIO BOJIBI, T.€. TEMIIEpaTypa, IPU KOTOPOI Ta3 CTAHOBUT-
Cs1 TIOJTHOCTHIO HACKIIICHHBIM TTPU JAHHBIX JABJICHUHU U BIAKHOCTH.

Ocywika raza asiusercs HanOosnee 3(PPEKTUBHBIM U IKOHOMUYHBIM
CrIocoOOM TMpeaynpexkaeHUs] 00pa30BaHUs KPUCTAIIOTHIPATOB B MAarucT-
paJIbHBIX Ta30MPOBOAAX MPU OOJBITUX 00BEMaxX TPAHCIIOPTHUPYEMOTO rasa.
[Ipu poMbICIOBOM MOArOTOBKE Ta3a K JaJbHEMY TPAHCIIOPTY €ro ocylla-
I0T COPOIMOHHBIM CIIOCOOOM WJIM OXJIAXICHUEM Ta30BOro moroka. B pe-
3yJbTaTe OCYIIKU TOYKAa POCHI MAPOB BOJABI JOJDKHA OBITh CHU)KEHA HIDKE
MUHHUMAaJbHOM TeMIepaTypsl MPU TPAHCIOPTUPOBKE Ta3a, HO HE HIDKE
temreparypsl, ycranoBieHHorn OCT 51.40-93.

JUJist OCYIIKM ra3a UCIOJIb3YIOTCS CIEAYIOIINE METOIbI:

® HU3KOTEMIIEpaTypHas cernaparus;

e abcopOmus;

e ancopOIus.

Abcopbenmpl — xxuKre COpOSHTHI, TPUMEHSEMBbIE JIJISl OCYILIKH TPU-
POJHBIX U HEPTSIHBIX Ta30B. OHU JOJKHBI UMETh BBICOKYIO PACTBOPUMOCTH B
BOJIC, HU3KYIO arpeCCUBHOCTbH, CTA0WJIBHOCTh IO OTHOIIECHHIO K Ta30BbIM
KOMITOHEHTaM, MPOCTOTY pereHepaliii, Maiayko BI3KOCTh, HU3KYIO YIPYTOCTh
MapoB TMpH TEeMIIepaType KOHTaKTa, cjIadoe MOTJIOMIEHUE YTIIEBOIOPOIHBIX
KOMITOHEHTOB Ta3a, MOHIKEHHYIO CITIOCOOHOCTh K OOpa30BaHUIO MEHBI WU
smyibcuil. Takue cBoiicTBa umeet smunenenukons (I1) (C,HeO,), ouamu-
nenznukonw (JI20) (C4H,003) mu mpusmunenznuxons (TOI) (CcH 40,).
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JIMDTUIICHTJIMKOJIb TTOJIY4alOT PEAaKLIHMEN COEAUHEHHUS JBYX MOJIE-
KyJl 3THJICHTJIMKOJISI ¢ 00pa3oBaHUEM MOJIEKYJbl BOAbl. B XxuMmuueckom
MJaHe 3TO BA3Kas TMTPOCKOINMYHAS OECIBETHas >KUAKOCTb 0e3 3amaxa,
CJIaJIKOBATOTO BKyca C MOJIeKyJsipHoi maccoit 106,12 r/momb, miIoTHO-

cteio 1,117 t/eM’ m TemmepaTypoii kumenns 518,8 K mpu maBieHun
0,1013 MlTa.

Puc. 4.15. TexHonoruueckas cxema aOCOpOLIMOHHON YCTaHOBKH

Ha puc. 4.15 uzo0OpaxkeHa cxema adcopouuoOHHOU yCmaHoeKu, 1o-
Jy4YuBLIasi IIMPOKOE PACIPOCTPAHEHUE HA Ta30BBIX MECTOPOKICHUSX.
Bnaxkublii ra3 BI' ¢ mpoMbIcia NPOXOIUT cenapaTop I, TIe OCaXKIaeTcs
KalebHas BJlara, ¥ MOCTYNAaeT B HIKHIOK 4acTh adcopbepa 2. CHavana
ra3 HarmpasJIsIeTCsl B HIDKHIOIO CKpyOOepHYIO CeklMio 3, B KOTOpPOM JOMOoJI-
HUTEJIBHO OUMIIAETCS OT B3BELIEHHBIX Kallejb BJIaru Ojarogaps OOJbIION
MOBEPXHOCTH KOHTAKTa C HAacaJKkaMH. 3aTEM Ta3 JIBHXKETCS BBEpX, MOCIe-
JIOBATEJIbHO NPOXOMs 4epe3 Tapeiku 4, MOJHUMAsACh BBEpX. UHCIIO KOJI-
MAaYKOBBIX Tapejok B abcopOepe 4 — 12. HaBcTpedy moToKy rasza mpoTeka-

130



et 95 — 97 %-ublii pactBOp /[OI', BBoaUMBI B abcopbep Hacocom /0.
OcylleHHBII BCIEACTBUE KOHTAKTa C pacTBOPOM Ccyxoil raz CI mpoxoauT
yepe3 BEPXHIOI0 CKPYyOOEpHYIO CEKIHMIO J, TJe OCBOOOXKIAaeTcsl OT 3axXBa-
YEeHHBIX Karejidb pacTBOpa M HampaBlisieTCs B Ta3onpoBoj. HackleHHbIH
pacTBOp, coaepkaiuit 6 — 8 % Biaru, ¢ HUXKHEN TIIyX0H COOPHOI Tapesku
abcopOepa mocTynmaeT B TEIJIOOOMEHHHUK 7/, B KOTOPOM HarpeBaercs
BCTPEUHBIM MOTOKOM PEreHepUPOBAHHOIO PAacTBOpa, a Jajiee MPOXOAUT
yepe3 BhIBETpUBATENb 8, TJI€ U3 HEro BBIIEISAETCS PACTBOPEHHBIN ra3, KO-
TOPBIA MCTOJIb3YETCS 3aTeéM Ha COOCTBEHHBIC HYXbl. V3 BhIBETpUBaTES
HacChIIEHHbI /D] HacocoM 9 3aKauuMBacTCAd B BBINAPHYIO KOJIOHHY —
decopoep 12, riie OCyIIECTBISAECTCS peEreHepaus pacTropa.

JlecopOep coCTOUT U3 ABYX YacTeil: COOCTBEHHO KOJIOHHBI Tapeibya-
TOTO TUIIA, B KOTOPOW U3 HACKIILIEHHOTO pacTBopa /O], CTEKAaIoEero BHN3,
BBITIAPUBACTCS Bjara BCTPEYHBIM MOTOKOM OCTPOTO BOJITHOTO Tapa U ma-
poB /[OI'; xkunsaTvibHUKa-ucnaputens //, B KOTOpOM MPOUCXOJIUT Harpe-
BaHME PACTBOPA IJITMKOJIS U UCIIApEHUE BOJbI. B KUIIATUIILHUKE TIOAIEPIKU-
BAE€TCSA TeMIleparypa pacTBopa TiMkoyst B mpexaenax 423 — 433 K, a B
BepxHel yactu necopoepa — 378 — 380 K. D10 mocTuraercs 3a c4eT opo-
IIEHUSI BEPXHEN 4acTHU KOJIOHHBI BoAoW ¢ temneparypout 303 K, yrto mo-
3BOJIAET CKOHAEHCUPOBATh Napkel /[O/' M yMEHBIIUTH €ro notepu. BoasHo
nap u3 jgecopdepa /5 moctymaeT B KOHACHcATop /6, TJie OCHOBHAS 4acThb
napa KOHJIEHCUPYETCsl, COOUpaeTcsi BAKyyMHBIM HacocoM /4 U HampasJisi-
eTcs Ha ckuranve. YacTe mojiydeHHOM BOJIbI, coAepaxkaiieit /31, momaercs
B BEPXHIOI0 YacTh KOJOHHBI HACOCOM /3 NJis OPOIICHMS U TOJACpPKaHUS
temnepatypsl 105 — 107 °C. PerenepupoBanHbiii pactBop /{2 HacocoM
10 mpokadymBaeTcs 4yepe3 TEIIOOOMEHHUK /7 M XOJOJWJIBHUK 6, TJIE €ro
TeMIlepaTypa CHIKAeTCs, U BHOBb IOCTYNAaeT HA BEPXHIOI Tapesky ao-
copbepa.

DOKOHOMUYHOCTh pabOThl aOCOPOIMOHHBIX YCTAHOBOK B 3HAUMTEIb-
HOU CTETEeHH 3aBUCUT OT MOTeph copOeHTa. JIJisi CHUKEHUS ITUX TTOTEPH B
NEPBYIO OYepeb HEOOXOAUMO CTPOro MOJJIEPKUBATH PACUETHBIA TeMIle-
paTypHbIil pexuM gecopOepa, THIATEILHO CENapupoBaTh a3 U BOJSHOU
1ap Ha BBIXOJIE COOTBETCTBEHHO M3 abcopbepa u jpecopOepa v 1o BO3MOXK-
HOCTH HCKJIIOYUTH IEHOOOpa3oBaHHWE MPH KOHTAKTEe C abCcopOeHTOM 3a
CUET CHEHAIBHBIX JTO0ABOK.

Aocopbenm — 3TO TBEpABIA MOTJIOTUTENb Biaru. B kauecTBe TBep-
JBIX TMOTJIOTUTENIEH BJaru B ra30BOM MPOMBIIIIIICHHOCTH TIPUMEHSIOT aKTH-
BUPOBAaHHYIO OKHChH aJTIOMHUHUS WIH Ookcum, KoTopbld Ha 50 — 60 % co-
crout u3 Al,0;. AxtuBusupyercs 60okcuT mpu Temreparype 633 K B te-
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yeHue 3 9 0e3 moctymna Bo3ayxa. [lormoTurenbHasi crmocoOHOCTH OOKCHTa
coctaBisieT 4 — 6,5 % oT Maccel. BOKCUT mocTaBisieTcs B IpaHyiax Jaua-
metpoM 2 — 4 mM. Hacemuas macca cocrasister 800 kr/m’. TTpoomkn-
TEIBHOCTh PabOThl OOKCUTOBOM 3arpy3ku — 0osbine roga. CKOpocTh mpo-
XOKICHUS raza yepe3 akTMBUpOBaHHbIA OokcuT paBHa 0,5 — 0,6 m/c.

Cxema aocopouyuonnoint ycmanosxku wuszobpaxena Ha puc. 4.16.
Bnaxusiil ra3 Bl duepe3 cenaparop / NocTymaeT B adcopoep 2, T Ipoxo-
IUT Yepe3 HECKOJIbKO CI0EB aKTUBUPOBAHHOTO OOKCHTA, HACBIIIAHHOTO HA
Tapesiku ¢ nepPopupOBaHHBIM OCHOBaHHEM 2. ToniuHa OJHOrO Cos He
npesbiaeT 60 cM. [Ipoxons yepe3 OGOKCHUT, ra3 0OCBOOOKAAETCSI OT BJIAru.
Cyxoit ra3 CI" namnpasisieTcs B razonpoBoi. Ilocne ompeneneHHoro mpo-
MEXYTKa BPEMEHHU B 3aBUCUMOCTHU OT 3arpy3Ku OOKCUTa U 0OOBEMHOU CKO-
pocTu raza (o0braHO 12 — 16 9) amcopOep mepeBOAST HA BOCCTAHOBJICHUE
(pereHeparnio), a BIKHBIN ra3 MEPEKII0YAIOT Ha BTOPOH ajgcopoep, KOTo-
PBIN YK€ IPOLIEI PETeHEPALUIO.
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Puc. 4.16. TexHonoruueckas cxema aJcopOLIMOHHON YCTaHOBKH
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[IpeumymectBa aacopOuuu nepen abcopOLKeil: HU3Kast TOYKa pOChl
ra3a; MpoCTOTa pereHepaluy NOTJI0TUTENSI; KOMIIAKTHOCTh, MPOCTAaTa KOH-
CTPYKLIMH U HU3Kasi CTOUMOCTh YCTaHOBKH.

Bokcur pereHepupyroT (OCylaroT), OpOyBas 4€pe3 HEro ropsyuuii
ra3. [Ipu 3ToM u3 G0KcuTa BBIAEISIETCS BCS Bilara, MOrJIOMIeHHAs! UM U3 Ta-
3a B IPOLIECCE OCYILKHU.

Perenepanuio 6okcuta B ajcopoepe 3 mpoBOIAT CIAEAYIOMMUM oOpa-
30M (cMm. puc. 4.16). IIpu mycke agcopbepa Ha pereHepaluio onpeecH-
HO€ KOJIMYECTBO ra3a, TpeOdyemoe /Jisl 3al0JHEHUSI CUCTEMBI PereHepalnH,
OTBOJISAT OT JIMHUM CYXOI0 rasza 4epe3 peryistop Aasienust P/ (mpu nas-
neHnu, Heckoybko OosbiieM 0,1013 MIIa). DToT ra3 mocrymnaer cHavaia B
XOJIOAUIILHUK 4 1 aanee B cenaparop 5. ['a3o1yBKoil 6 1o JTaBIEHUEM HE
6onee 3 MIla ra3 nmogaercst B moaorpeBarenb 7/, TJ€ OH HarpeBaercs 10
temmnepatypsl 473 K, manee narpersiii ra3 HI' moctymaer B amcopOep, B
KOTOpOM pereHepupyroT 0okcut. 1o Bbixoae u3 aacopbepa HarpeTblii Ha-
CBIICHHBIN ra3 [{H] mocTynaeT B XOJIOAWIBHUK 4, a 3aTEM B Cenaparop J,
r7ie OTHeJsieTCs Bliara, MorJIolIeHHas B aacopoepe. B pesynbrare moBTOp-
HBIX IIMKJIOB PEreHEepHUpYIOUIEro raza (ra3oyBKa — MOJIOrpeBaTeNlb — a-
copOep — XOJOIUIBHUK — CENapaTtop — ra3oayBKa) OOKCUT OCYIIaeTCs U
MO>KET CHOBA MOIJIONIaTh BOJY U3 rasa.

JIist TIiyOOKOM OCYIIKYA MPUMEHSIIOT MOAEKYAAPHbIE CUMmA, OOBIYHO
Ha3bIBaeMble yeonumamu. 1leonuTsl NpeCTaBisIOT cOOOW CIOXKHBIE He-
OPraHUYECKHE IOJIMMEPBI C KPUCTALIMYECKOW pemerkor. dopma Kpu-
cTajljia neosmrta — Ky0. Ha kakoi 13 ero mecTu CTOpPOH BBIIOJHEHBI 111e-
71, 4epe3 KOTOphIE Bilara MPOHUKAET BO BHYTpeHHEe MmpocTpaHcTBo. Kax-
JbIA LIEOJUT UMEET CBOM pa3Mep Iuesei, 00pa3oBaHHBIX aTOMaMU KHUCJIO-
pora (ot 3-107 mo 10-107 mxm). Bnaromaps 3ToMy II€ONHTBI CIIOCOGHEI
copOMpOBaTH B OCHOBHOM MEJIKUE MOJIEKYJIbI, T.€. IPU aICOPOIUU MPOUC-
XOJUT OTCEUBaHUE OOJee MEJIKUX MOJEKYJ OT Oojee KpymHbIX. Menkue
MOJIEKYJIbI IPOHUKAIOT BO BHYTPEHHEE MPOCTPAHCTBO KPUCTAILIA U 3aCTpe-
BalOT B HEM, a KPYITHbIE MOJIEKYJIbl HE MIPOXOST U, CIEA0BATEIbHO, HE OY-
oyt copbupoBathes. LleonuTel, npuMeHsemMble B BUJE MOPOIIKa WM Tpa-
HYJI ¢ pa3MepaMu J0 3 MM, 00J1aJ1al0T BRICOKOW MOPUCTOCTHIO (10 50 %) u
OrPOMHOI MOBEPXHOCTHIO TOp. HeoOXoAruMO OTMETUTH BBICOKYIO MOTJIO-
MIAIOIIYI0 CIIOCOOHOCTH IIEOJUTOB TIPU HU3KOM OTHOCUTEIBLHOMN BIAKHOCTH
ra3za Wwid Mpu MajoM NaplUUajIbHOM JIaBJICHUU BOJSIHBIX MapoOB, UTO oOec-
NEYMBAET OCYIIKY Ta3a /10 OYeHb HU3KOHM Touku pockl (1o 173 K). Ux ak-
THUBHASA MOTJIOTUTENbHAA CIIOCOOHOCTh nocturaer 14 — 16 r Boast Ha 100 T
[[€0JIUTA MPU MaplUaIbHOM JIaBlieHUU BOAsSHBIX mapoB 50 [la u npebimia-
€T aKTUBHOCTb CUJIMKaress U OOKCHUTA MOYTHU B 4 paza.
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[IpenMyIIecCTBOM MOJICKYJISAPHBIX CHUT SBJISIETCS UX XOPOIIask MOTJIO0-
TUTENIbHAsI CIIOCOOHOCTh TPH BBICOKMX Temmeparypax (mo 373 K ona
YMEHbBIIIAeTCsl BECbMa HE3HAUYMUTEIbHO). B TO e Bpemsi MOTJIOTUTENIbHAS
crnocoOHocTh OokcuTa yxe npu Temneparype 311 K cHuxaercss B He-
CKOJIBKO pa3, a npu temreparype 373 K nmpakruuecku paBHa Hy:mo. Leo-
auThl BeAEpkUBAIOT A0 5000 UKIOB pereHepainuu, Tepsisi Ipu 3TOM OKO-
710 30 % cBoel MOrJIOTUTEIBHON CIIOCOOHOCTH.

Hu3skomemnepamypnaa cenapauus 2azoe (HTC) nosBonsier B 3a-
BUCHUMOCTH OT TJTyOUHBI oxXytaxkaeHust u3Biekats oT 80 10 100 % Tspxenbix
YIJI€BOJIOPOJOB M OCYIIATh T'a3 MPU TPAHCIOPTUPOBKE OJTHOPA3HOTO KOM-
MOHEHTa JI0 HEOOXOJWMOM TOYKU POCHI MO Bjiare u yrieBojgopoaam. Ha
MPAKTUKE TPUMEHSIOT HU3KOTEMIIEPATYPHYIO Cemapaiuio, Ipu KOTOpOi
MOJIy4atOT OTHOCUTENILHO HEBBICOKHE TEMIIEPATYphl KaK 3a CYET UCIIOIB30-
BaHMS TJIACTOBOTO JIaBJICHUSI, TAK M UCKYCCTBEHHOT'O XOJIO/A.

Puc. 4.17. Texnonoruueckas cxema HTC Ha ra30cO00pHOM ITyHKTE

[IpuHinuansHas TexXHONOruyeckas cxema ycmanoeku HTC
(matenT PD Ne 2439452) npuBenena Ha puc. 4.17. B kadyecTBe Xjagarenra
HCIOJIb3YIOT MPOIIaH, a B KaueCTBe MHrHOUTOpa ruiparooopazoBanus — 1.
[lepBruuHast OUMCTKA WK CeNapalys OT KaneIbHON XKUJKOCTA U MEXaHUYE-
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CKHX NPHUMECEH YIJIEBOAOPOIHOIO Ta3a, MoJaBaeMoro mo JUHUM /, Ipous3-
BOAUTCS B cenaparope 2. Beog OI' B MOTOK OUHIIEHHOTO YrieBOJAOPOJHOTO
rasa pou3BOAMUTCS yepe3 cMecutenb 3. DI mogaercst HacocoM 4 1O JIMHHUU
5. TloTok OUMIIIEHHOTO Ta3a MOAAETCs 0 JIMHUK 6, a COPOC BOJIBI TTPOU3BO-
IUTCS TI0 TUHUM 7. OXJIaXXJCHUE OYUIIEHHOrO ra3a MPOU3BOAAT B TEILIO-
oOMEHHHMKE § peKymnepanuell Xxojioa MOAroToBJIEHHOro rasza. Iloaroros-
JIEHHBIU ra3 MOJAaeTcs Mo JUHUMU /(), a OUUIIICHHBIN YTJIEBOJIOPOIHBIN ra3 —
110 TMHUY /2. OUUIIEHHBIN YTIEBOJOPOAHBIN a3 OXJIaXIAI0T B UCIIAPUTETIE
13 xunkum npornanoM. [logauy )KUAKOro NporaHa Ha OXJIAXKJICHHUE YIIIEBO-
JOPOJHOTO Ta3a MPOU3BOJIAT MO JIMHUU [5 cO cOpOCOM €ro AaBJICHUS Ha
apoccene /6. Jlanee ounEHHBIN OXJIaXAEHHBINA ra3 uepe3 apoccensb /1 mo-
najgaer B cenapartop /7, rae Nporu3BOIAT OTACJICHUE OXJIAXKACHHOIO ra3a oT
CKOHACHCUPOBaHHOM kuakoi (a3el (uuaus 9) u O (nmuaus 18). OTBOA
MOJIFOTOBJIEHHOTO MOTPEOUTENTIO ra3a Mocie peKynepaiud ero Xouoaa mnpo-
W3BOJAT 110 JTUHUU /9.

W3 ucnapurens /3 no 1uHAA /4 IONAKOT Naphl MPOIaHa HA OXJIaxIe-
HUE U CKMKeHUe. CkaTue U OXJIaKICHUE ITPOIIaHa IPOU3BOIAT B 33KEKTOPE
20 nytem ero BcackiBanusa JOI', mogaBaeMbIM HacocoM 2/ 1o nuHuu 22.
CMmech, TOYYEHHYIO B PE3YJIbTaTe 3TOr0, Pa3/eisiioT B cenaparope 23 Ha
npomnad u O, orBogumblid o nuHuK 24. [Iponan no svHum /5 nogaroT Ha
oXJIaXKJeHue raza, a Ol HarHeTaroT HacocoM 2/, OXJaXIAlT B anmapare
BO3JIYIIHOTO OXJIKACHUS 25 U B TEIJIOOOMEHHUKE 35 M MOJAIOT B 33KEKTOP
20 o muausm 22 u 37. B TennooOMeHHUK 35 MOAroTOBJICHHBIN Ta3 i pe-
KyIepalyy X0JIoia Mo1aeTcs 1o JUHUSM 33 u 36.

Dorcekmop — yCTPOUCTBO, B KOTOPOM IPOUCXOAUT Iepeadya KuHe-
TUYECKOHN SHEPTUU OT OJHOM Cpebl, ABUKYILIEHCS ¢ O0bIlel CKOPOCThIO,
K JIpyroil. 9xkekTop, padoTas no 3akoHy bepHyinu, co3aaét B cyxatroniem-
Csl CEYECHNH MOHMKEHHOE JIaBJICHUE OJTHOM CPEbL, YTO BBI3BIBAET MOJICOC B
MOTOK JAPYTOM Cpebl, KOTOPasi 3aTEM NEPEHOCUTCS U YAAISIETCS OT MECTa
BCACBhIBaHMS DHEPTUEH IIEPBOU CPEJIBI.

OT perenepupyroT B 0510Ke 26, ynanss U3 HEro BOAHBIA KOMITOHEHT.
B 6mokx 26 OI', HachIIEHHBIM BOAHBIM KOMITOHEHTOM, MOJAIOT U3 cerapa-
Topa /7 no uHuK /8. JJonoJHUTENIBHO MPOU3BOJIAT pa3ACICHUE TponaHa u
OI" B ucnapurene /3 npu OXJIaKJICHUU YTIEBOAOPOAHOTO ra3a. DI u3 ucna-
putens /3 nmonparot mo auHUM 27 B 06510k 26. PerenepupoBanusiii O mocie
OXJIAKACHUS B TEIUIOOOMEHHUKE 38 MOJat0T HacCOCOM 4 1O JIMHUU 5 B CMe-
CUTENb 3, @ 3aTEM I10 MUTATEILHOM JIMHUK 28 B cenapaTop 23.

B ycranoBke nponas u3 cenaparopa 23 nepe nojadei 1no auHuu 29
Ha OXJIAXKJEHUE OYMILEHHOIO YIVIEBOJIOPOJHOIO ra3a JOIMOJIHUTENIBHO OX-
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JAXIA0T 10 Temieparypsl 15 °C u CKUXaT MOTOKOM MOJATOTOBIEHHOTO
ra3a, KOTopblii uMeeT temrepatypy —25 °C, B TermooomMeHHuke 30 u B Te-
mioooMeHHnKax 3/ u 32 xuakoi ($a3oil (CKOHACHCUPOBAHHBIMH YTJIEBO-
nopoaamu u OI', uMmeromumu temmepatypy —25 °C), OTIEIEHHON OT OX-
JAXJAEHHOrO ra3a B cemaparope /7 W OT XJlajareHra B ucnapurene /3.
[ToaroToBneHHBIN ra3 moaaercs Mo JuHusiM 33 U 34, xkunakas ¢aza — 1o
auHusM 9, 18 u 27.

Ecnu Ha ycThbe CKBaKMHBI TEMIIEpATypa U JAaBJICHHUE ra3a J10CTaTOYHO
BBICOKH, TO B ycTtaHOoBKe HTC ycTaHaBiIMBaroTCs JOMOJHUTEIBHBIE UCTOY-
HUKH XO0JI0/1a demanodepul (mypoooemanoepwl).

Jlemanoep — ycTpoWCTBO, IpeoOpasyroliee MOTEHIIMAIbHYIO SHEp-
TUIO Ta3a B MEXaHUUYECKYIO SHEPrHUI0, B KOTOPOM ra3, paclupssich, COBEp-
nraeT paboty u oxyaxzaaercs. [leTannep mo3BOISIET MOMY4YUTh OoJiee TITy-
O0OKO€ OXJIaKJIEHHE ra3a, a Takke NPOIUTh CPOK CIIYyKObl yCTaHOBOK
HTC. IIpumeHeHne HCKYCCTBEHHOIO X010/1a (XOJIOAUIbHBIX MAIIMH) B yC-
tanoBkax HTC mo3Bosisier 0OpabaThiBaTh ra3 10 KOHIA pa3pabOTKu Me-
CTOPOXKACHUSI, HO MPU ITOM KANHUTAIbHBIC BJIOKEHHS B OOYCTPOMCTBO
IIpOMBICIIa yBenruuBatores B 1,5 — 2,5 paza.

B cocTtaBe mpupOAHBIX Ta30B MHOTHX MECTOPOXKIACHUN COIEpIKATCS
CEpPHUCTHIC KOMIIOHEHTHI U YTJIEKUCIIBIN a3, TAK HAa3bIBAEMbIC KUCJIBIC Ta-
3bl. CEepHUCTBIE COESMHEHHS OTPABJISIOT KaTaM3aToOphl B MpoIleccax nepe-
paboTku rasa, pu cropanuu oopasytor SO, u SOs;, BEICOKOE COJEpKaHNE
KOTOpBIX B BO3AYyX€ OINACHO JJIs YeJOoBeKa M OKpyxarouieit cpeasl. Cepo-
Bojopos H,S u yriekucnsiii ra3 CO, B IpUCYTCTBUU BOJIbI BBI3BIBAET KOP-
pPO3HUI0 CTALHBIX TPYO, 000pya0BaHUs TPYOOIPOBOIOB, KOMITPECCOPHBIX
MalivH U T. A. X npucyTcTBue yCKOpsieT ruiparooOpa3oBaHue.

JUie u3eneuenus ceprHucmvlx KOMHOHEHMOE W3 TPUPOIHOIO rasa
MIPUMEHSIOT TJIaBHBIM 00pa3oM a0COpOIMOHHBIE pEreHepPaTUBHBIE TTPOIIEC-
cbl. CepHUCThIE KOMIIOHEHTHI U3 Ira3a U3BJEKAIOT B IIPOLECCE XUMUUECKOT
WIN pusuueckoil adocopoyuu. 3aTeM IIpu pereHepaluyd HachIIIEHHOrO a0-
copOeHTa MOJIy4aroT MOTOK KHCIIOTO ra3a, HalpaBisieMblid Ha yCTaHOBKY
IIPOU3BOJICTBA CEPBI.

B mporeccax xumudeckoi abcopOLuy MPUMEHSIOT BOJIHBIE PACTBO-
pBI TIOTJIOTUTEIICH, KOTOPBIE BCTYNAIOT B 0OPATUMYIO PEAKIIUIO C KUCTBIMU
KOMIIOHEHTAMH MPUPOJIHOTO Ta3a. B kauecTBe XUMUUECKUX TOTJIOTUTENEH
WCIIOIB3YIOT MOHO3TAHOJAMUH, JTUATAHOJAMUH, JUTJIMKOJIbAMHUH, PacTBO-
PBI COJIEH MIEIIOYHBIX METAJIJIOB, PACTBOPHI COJICH AMUHOKHUCIIOT U JIp.
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[Tpu ¢pusnueckoit abcopOLMK KUCIIBIX Ta30B U3 MOTOKOB MPUPOIHOTO
ra3a HCIOJIb3YIOTCS OPraHWYECKUE PACTBOPUTEIM: METAHOJ, MPOMHIICH-
KapOOHAT, AUMETUIIOBBIA 3(Up MOIUITUIICHTTIMKOIS U Jp. [Ipoueccsl pu-
3UYECKON abCOpOIMM XapaKTepU3yrTCS BBICOKOW CTEMEHbIO HACHIIICHUS
abcopOeHTa KHUCIBIMH ra3aMd W COOTBETCTBEHHO HM3KHMH CKOPOCTSMU
MUPKYJSIITAN TIOTJIOTUTENS, HU3KUMHE DHEPro3arparaMu, HeOOJIBIIMMU Ta-
OapuTamMu ¥ MPOCTOTOM 000PyIOBaHUS.

CxeMa asmomamu3zupoeannoii yCMaHo6Ku Jjisi OUUCTKU MPUPOJI-
HOTO WJIM MOMYTHOTO HE(PTSIHOrO Ta3a OT CEPOBOAOPOAA U MEPKAINTAHOB
(matent PD Ne 2398615) npusenena Ha puc. 4.18.
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Puc. 4.18. TexHonoruueckasi cCxeMa yCTaHOBKH JJI1 OYUCTKH PUPOJIHOTO WU
MOIYTHOTO HEPTSIHOTO Ta3a OT CEPOBOJOPOAa U MEPKANTAHOB

YcraHoBKa J11 OYMCTKU MPUPOJHOTO WJIM TOMYTHOTO HE(TSIHOTO
rasza BKJIOUYaeT 010K (OpMHUPOBAHMS Ta30TUIPATOB CEPOBOIOPOJIA U MEP-
KantaHoB /. BiOK colepKUT mapasuieNbHO YCTaHOBJIEHHBbIE padouuit 2 u
PE3EpBHBINA 3 CMECUTENH, OJAUH U3 BXOJIOB CMECUTENICH uepe3 3aBUKKU 4
1 J COCIMHEH C BBIXOJIOM TETUIOOOMEHHUKA 6, BXOJI KOTOPOTO Yepe3 pery-
JISATOP pacxojia raza 7/ U pacxoJoMep raza § COeAMHEH ¢ UCTOYHUKOM rasa
9. Bropoii Bxoa cmecuteneit 2 U 3 COOTBETCTBEHHO 4epe3 3aBUKKH [0 U
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11 coenrHEH 4yepe3 AO3UPYIOILIEee YCTPOUCTBO /2 ¢ UCTOYHUKOM BOJIBI /3.
Brixoabl cmecurenieit 2 U 3 COOTBETCTBEHHO 4epe3 3aABUKKU /4 u 15 co-
€IMHEHBI C BXOJIOM pa3JeIMTeIbHOro cenaparopa /6, CHa0XEHHOTO CeT-
4aTbiM GUIBTPOM /7, YCTAHOBJIECHHBIM HAKJIOHHO K HANpPAaBJICHUIO JBUXKE-
HUSI CMECH Ta3a U T'a30BBIX TMAPATOB CEPOBOJOPOAA U MEPKANTAHOB U K
€ro BepTHKaIbHOUN ocu. HiwkHMi 0TBOJ cenapaTtopa /7 uepe3 3aABUXKKY /8
COEIMHEH C €MKOCTBhIO-HaKonuTesnem /9, BepXHHU OTBOJ cenapartopa /7
COEJIMHEH Yepe3 peryysitop aasiieHus: 20 ¢ razonpoBojaoM 2/ I BbIXOAa
OYUIIIEHHOIO Tra3a.

PaznenurenpHblil cenaparop /6 mpenctaBisieT co00il BepTHUKab-
HBI UUIMHAPUYECKUI cemapaTop, CHAOKEHHBIA OTOOMHBIM CETYaThIM
¢unabTpoM /7, yCTAaHOBJICHHBIM HAKJIOHHO K MOTOKY CMECH ra3a W ras3o-
BBIX THJIPATOB CEPOBOJIOPOJIa U MEPKANTAHOB U K BEPTUKAIBLHON OCH pa3-
JEIUTENbHOTO cenaparopa /6. VIMeeT oquH BXOJ U BEPXHUU U HUKHHI
OTBO/IBI.

[Ipu otkpeiTHH 3aaBUXEK 7, 4, 14 1 18 ra3 NpoxXoauT 4epe3 TeIio-
OOMEHHHK 6, KOTOPBIM oOecreunBaeT TpeOyeMyro TeMIeparypy rasa, Imo-
CJI€ YEro ras Mnocrymnaer B cmecutelsb 2. OJHOBPEMEHHO BKJIIOYAIOT J03U-
pyroIiee yCTporucTBo /2 ajist mojayu TpeOdyeMoro KoJIMuecTBa BOJIbI B CMe-
CUTEJb 2, T/I€ MPOUCXOAUT MEepEeMEIIMBAaHUE BOAbI U HEOUUILEHHOTO OT Ce-
pPOBOJIOPOA M MepKanTaHoB ra3a. CMech ra3oBbIX THIPATOB U Ta3a MOCTY-
NaeT 4yepes 3aJBWKKY /4 B pa3ienuTenbHblil cenaparop /6, KOTOPbIA BbI-
JeJsieT U3 TOTOKA Ta30BbIe TUIPaThl CEPOBOAOPO/IA, MEPKANITAHOB U OCTa-
TOYHYIO BOJIy M YAAJSET UX Y€pe3 HIDKHUN OTBOJ M 3aJBHXKKY /8 B eM-
KOCTh-HaKonuTeb /9. OuuieHHbld OT CEpOBOIOPOIa U MEPKANITAHOB a3
gyepe3 KinanaH-peryasarop 20 nojgaercs B ra3onpoBoi 2/ u nanee morpeou-
TEJI0 WIHM Ha JIOTIOJIHUTENIbHYIO OUUCTKY.

VYcTaHOBKa COAEPKUT OJOK KOHTPOJSI KauecTBa M PEryJIMpPOBAHUS
OYUCTKU MPUPOJHOTO WM MOMYTHOrO HEPTSHOTO ra3a OT CEPOBOIOPOA U
MepkanTaHoB 22. ['azoananmuzarop 23 coelMHEH uepe3 3aJABUKKH 25 U 26
COOTBETCTBEHHO C UCTOYHUKOM ra3a 9 u razonpoBojioM 2 /. CoriaacHo mnpo-
rpaMMe YOpPAaBJICHUS, B KOTOPYIO 3aJ0KEHBbI aJITOPUTMBI U 3aBUCUMOCTHU
napaMmeTpoB, 00ECIEUNBAIOIIUX TPEOYEMYIO CTENEHb OYUCTKHU ra3a, KOH-
TpoJuiep 24 MOJaeT ynpaBJsiOIIMe CUTHAJIbI Ha KIIAlaH-peryasaTop JaBJie-
Hus 20, 1o3upyrouiee yCTpOUCTBO BOABI /2 W PETyJIATOp MOJAYM OXJIaX-
JAroIIeH KUJIKOCTH 27, COETUHEHHBIN ¢ MCTOYHUKOM OXJIaXKJAIOIICH KU /I-
KOCTH 28. DTO MO3BOJSET aBTOMAaTUYECKH PErYIMPOBATh OCHOBHBIE TEX-
HOJIOTMUYECKUE MapaMeTpbl Mpoliecca 00pa3oBaHUs Ta30BbIX THIPATOB Ce-
POBOJIOPOA U MEPKANITAHOB U KOHTPOJIMPOBATH KAU€CTBO OUMCTKH.
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IIpuponHbIi Ta3, OUYMIEHHBIN OT CEPOBOIOPO/A, HE UMEET HU LIBETA,
HU 3anaxa. [1o3roMy OOHApyKUTh YTEUKy rasza J1I0BOJHHO TPYAHO. UTOOBI
o0ecnieuuTh 0€30MaCHOCTh TPAHCIOPTa W KCIOJb30BAHUS Ta3a, €ro
000pupyom, T. €. CHENUAIIBHO NPUIAIOT PE3KUN U HENIPUATHBIN 3anax. s
ATOM 1IeJIM B Ta3 BBOJST 00OPAHmMbL, B YACTHOCTU ITUIIMEPKAITAaH, CyIb(aH,
METUJIMEPKANTAaH, MPONUIMEPKANTaH, KaJIOAOPAHT, IIEHTajIapaM u JIp.

Opopusanuio raza MpoBOAAT HAa TOJIOBHBIX COOPYKEHHSIX Ta3oIpo-
BOJIa M Tra3opaclpeleuTeNbHbIX CTaHIUAX. KOoHUeHTpauus mapoB OJ0-
paHTa B ra3e JI0JDKHA ObITh TAaKOH, YTOOBI PE3KHM 3amax OIylIaics MpH
00BEMHOM KOHIIEHTpAIMK Ia3a, He MpeBbIlaoiei 1/5 oT HukHero nopora
B3pbIBacMoCTH. CpeqHerooBas HoOpMa pacxojia STUIMEPKAITaHa COCTaB-
nsier 16 r Ha 1000 M° ra3a. B neTHee BpeMms pacxoj 0JJ0paHTa IPHMEPHO B
2 pa3a MeHbLIE, YEM 3UMO.

YcrpoiicTBa, IIpU MOMOIIY KOTOPBIX OJOPAaHT BBOAMTCS B IIOTOK rasa,
HA3bIBAKOTCA 0O0opuzamopamu. Pa3nuyaroT KamneiabHbIC, UCIAPUTEIbHBIC,
0apOoTaXKHBIE U MOJIyaBTOMATHYECKHUE OI0PU3aTOPHI.

Kanenonwiit 00opuzamop BBOIWAT ONOPAHT B Ta30NPOBOJ KaILUIAMHU
WY TOHKOM cTpyen (puc. 4.19). OnopuzaTop AEHCTBYET 3a CUET nepenaja
JaBJeHUs], co3aaBaeMoro Auadpparmoit 6. OnopaHT U3 MOIMJIAaBKOBOM Kame-
pbl 4 IpoXoauT uepe3 auadparmMy 6, CMOTPOBOE CTEKJIO 7 U MO TpyOke §
nocrynaer B razonpoBoj /(). B monnaBkoBoi kamepe 4 BCe BpeMs coxpa-
HSIETCSl MOCTOSIHHBIA YpOBEHb. Pacxon omopaHTa MOXXHO M3MEHSTh MpPU
MOMOIIM CMEHHOU JnadparMsl.

Hcnapumenwvuotii 000pu3zamop BBOIUT Napbl OJOPAHTa B MMOTOK ra3a
(puc. 4.20). B pe3zepByap ¢ 0J10paHTOM YaCTUYHO MOTPYKEHbI (PI1aHEIeBbIC
noJyiockl. Haj mMoBepXHOCTBHIO O/I0paHTa MEXAY (IIaHENIEBBIMU MOJOCAMHU
(¢puTHIM) MPOXOAUT ra3 W HACHIIAETCS OJAOpaHTOM. PesepByap cHabOxeH
HarpeBaTeseM JUIs MOJIOrpeBa oAopaHTa. TeMmmeparypa OJopaHTa, OT KO-
TOPOW 3aBUCUT MHTEHCUBHOCTb MCHAPEHMS, A CJIEAOBATENIBHO, U CTEIICHb
0JIOpHU3aLIH, ITOAJACPKUBACTCS TEPMOPETYISATOPOM.

OpnHako u1si paCCMOTPEHHBIX OJ0PU3ATOPOB XapPAKTEPHO OTCYTCTBUE
IIPSAAMOU MPOIOPLUMOHAIBHON 3aBUCUMOCTH pacxoa OJOpPaHTa OT pacxoaa
ra3a, Tak KaKk BBOJl OJOpPaHTa MPOUCXOAUT MOJ JIEUCTBUEM MEHSIOIIETOCA
CTOJI0A JKUJIKOCTH, HE 3aBUCSIIEIO OT KOJIMYECTBA MpOoXosiiero raza. [lpu
KO0Je0aHUU pacxojla B TEYEHHE CYTOK YacTO MPUXOJIUTCS MEHSATHh PEXKUM
paboThl yCTaHOBKU. PerymupoBKy BBIMOJIHSIIOT BPYUYHYIO UTOJIbYATHIM BEH-
TUJIEM, IO3TOMY TOYHOCTH JI03UPOBAHUS 3aBUCUT OT OIBITHOCTH OOCITYXH-
BAIOLIETO MTEPCOHAA.
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Puc. 4.19. Texnonorudeckas cxeMa KarneJbHOTO 0Jlopu3aropa ¢ auadpparmoi:
1 — 6avok 1151 ojopaHTa; 2 — (PUIBTP-OTCTOMHUK; 3 — MOIUIABOK; 4 — MOIJIaBKOBAas Ka-
Mepa; 5 — COeAMHUTENNbHbBIE TPYOKH; 6 — TOHKas nuadparma; 7/ — CMOTPOBOE CTEKIIO;
8 — orcekaromuii kinanas; 9 — nuagparma B razonpoBoe; /() — ra3onpoBoj

A-A 4

Puc. 4.20. TexHosoruueckas cxema UCIapUTEIbHOIO 040pU3aTopa:
1 — nuaparma; 2 — razonpoBoz; 3 — pe3epByap; 4 — BEpTUKAIBHO MOBELIEHHbIE
buTHM; 5 — peryIMpoBOYHbIN BEHTWIb; 6 — 3aMepHas TpyOka
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Ha coBpeMeHHBIX Ta30paclpeleIUTEeIbHBIX CTAHIMSIX BHEIPCHBI
nonyasmomamuieckue yCMaHoeKu 000pu3ayuu 2a3d, KOTOpble MPOCTHI
10 KOHCTPYKITMH, HAJSKHBI B pa00Te M 00CCIICUNBAIOT MPAKTUYCCKHU TOJI-
HYIO NPONOPIIMOHATIBHYIO 3aBUCMMOCTh PAcXo0/a OJI0paHTa OT pacxoja ra-
3a. YcTaHoOBKa paboraet cieayromum oopazom (puc. 4.21). Ha mytu razo-
BOI'0 MOTOKA B ra30IpOBO/JIE YCTaHOBJIEHA quadparma 9, Ha KOTOpOH CO3-
JaeTCs OMpENeNICHHBIN TIepena IaBJICHHs B 3aBUCUMOCTH OT pacxojia ra-
3a. ['a3 ¢ maBiieHueM p; 10 auadparmbl NOCTYMAET B 0a40K 3 ¢ 0A0paHTOM
U CcO3/aeT JaBJICHHUE p, Ha cToib onopanrta. OpopaHt u3 Oauka 3 depes
¢unabTp 2 ¥ KanMOPOBOYHOE CTEKJIO / BIPBICKMBAETCS B ra30mpoBOj 3a
nuadparMoil ¢ 1aBJieHUEM p,. JlaBiieHre BIPHICKUBAHUS MEHSCTCS B 3aBH-
CUMOCTH OT KOJHMYECTBa Tra3a, MPOXOAIIero depes auadparmy, U 3TUM
JOCTUTAEeTCsl MPOMOPIMOHATBLHOCTh pacxoia OJOpaHTa W Tras3a. YpoBHe-
MEpHOE CTEKJIO 4 MCIOJIb3yeTCs AJig HaOMI0/IeHUs 32 pacXo/I0M OJI0paHTa.
EmMkocte 8, mpenaHazHaueHHas [JIs 3alojHEHUs Oadyka JIe0J0paHTOM,
cHaO)XKeHa MPEIOXPaHUTEILHBIM KJlanaHoM 5. JlaBneHue 3amoigHeHus Oad-
Ka TIOJIJICP)KUBACTCS PEIYKTOPOM 7 M KOHTPOJIHMPYETCS MO MaHOMETPY O.
[Ipn mMoHTaxke daHel] ¢ COmIOM KpenuTcs K ¢iiaHiyy 3aaBWKKU (), 4To
MO3BOJISIET 3aMEHATh W YHUCTUTH COTUIAa. MI3MEHEeHUe CTEIICHH OJI0pH3alliH
JOCTUTAETCS 3a CYET M3MEHEHMs nuameTrpa coruia. CTeneHp oJl0pu3aluu
OTIpeNIeTISICTCA XPOMATOTPAPUIECKUM METOIOM.
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Puc. 4.21. TexHonoruyeckas cxema 1oxyaBTOMaTHYECKOW 0JIOPU3aLlMOHHON YCTAaHOBKU
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4.4. OcHoBBI TPYOOIIPOBOAHOIO TPaHCNIOPTA HedTH U raza

Ilpomwicnosvie mpyoonpoeodst — 370 KaNUTAIbHbIE WH)KEHEPHBIC
COOPYKEHUSI, PACCUMTAHHbBIC HA JUIMTEIbHBIA CPOK AKCILUTyaTalluu U MPe/-
Ha3HA4YEHHbIe JUIs OecriepeOOoiHON TPaHCIOPTUPOBKUA MPUPOJHOIO Trasa,
He(dTH, HePTENPOAYKTOB, BOJBI U UX CMECEH HAa MECTE UX JTOOBIYH.

OCHOBHOM COCTABJISIFOIIEH MPOMBICIIOBOIO TPYyOOIIPOBOJIA SIBISIETCS
JIUHENHAA Yacmb — HENpephiBHAs HUTh, CBAPEHHAs! U3 OTICIbHBIX TPYO
WJIM CEKIUI U YIOKEHHAs! B TPAHIICIO TEM WJIK UHBIM CIIOCOOOM.

B nHacrosiee BpeMsi CyIIECTBYIOT CIAEAYIONINE MPUHIMITHAIBHO pa3-
JUYHbIE KOHCTPYKTUBHBIE CXEMBbI MPOKJIAJKU IPOMBICIOBBIX TPYOOIpPOBO-
JIOB: NOO3eMHAs, HA3EMHASI U HAO3eMHAs, a TAKKE PEIKO UCHOJIb3yeMast
NPOKAAOKA 8 KAHANIAX U KOJLIEKMOPAXx.

HazemHble cxembl MPOKIAJKH MPEUMYIIECTBEHHO HCIIOIb3YIOTCS B
CUJIbHO OOBOJHEHHBIX M 3a00JIOUEHHBIX pallOHaX MPU BBICOKOM YpPOBHE
TPYHTOBBIX BOJ M OYEHb MaJIOM HECyIeld CIOCOOHOCTH BEPXHETO CIOS
IpyHTa, Ha COJIOHYAKOBBIX I'PYHTaX, MIPU HAJTUYUU MOJCTUIAIOMINX CKaJlb-
HBIX TTOPOJ, a TAKXKE MPHU MEPECEUCHUN C IPYTUMU KOMMYHUKALIUSMHU.

HanzemHyto npoxianky TpyOOImpOBOAOB WIIM MX OTAEIbHBIX y4acT-
KOB PEKOMEH/yeTCs IPUMEHSTh B IYCTHIHHBIX U TOPHBIX pailoHax, B 00JI0-
TUCTBIX MECTHOCTSIX, B pallOHaX rOpHBIX BbIPAOOTOK, OIMOJI3HEH U B paii-
OHAX PaclpOCTPaHEHHUs] MHOTOJIETHEH MEp3JIOThI, a TaKXKe Ha IMepexojax
Yyepe3 €CTECTBEHHbIE U HCKYCCTBEHHbBIE IIPETISITCTBHUSL.

B kaHanax u KOJJIEKTOpax MPOKJIAJbIBAIOT BOAOBObI, TEILJIOMPOBO-
Ibl, TPYOONIPOBOABI JJIsl IEPEKAYKH BBICOKOBS3KMX M 3aCThIBAIOUIUX HE-
TeH, B TOM YHCJIE C MTyTEBBIM MOJOIPEBOM, a TaKkKe TPyOONpoOBOAbI B BEU-
HOMEP3JIbIX TpYyHTax. JJisi COKpaleHus TEMIOBbIX NOTEPh CTEHKU KaHAJIOB
M3TOTABJIUBAIOT U3 TEIIOU3OISILMOHHBIX MaTEPUAIIOB.

Knaccudukarys npoMbICIOBBIX TPYOOTIPOBOIOB:

o [lo sudy nepexauyugaemozco npoodykma. He(PTEMPOBOABI;, TA30IPO-
BOJIbI; HEe(pTEra3onpoBOAbl; METAHOJIONPOBObI; KOHAEHCATOIIPOBO/IbI; UH-
TUOUTOPOIIPOBO/IBL; BOJOMPOBOIBI; MAPOIPOBObL; KAHAM3ALMOHHBIE.

e [lo HazHayeHuto: CAMOTEUYHbIE; HATTOPHBIE; CMEIIaHHBIE.

o [lo pabouemy oasnenuro. nuszkoro (no 0,6 Mlla); cpennero (7o
1,6 MIIa); Beicokoro (cBbime 1,6 MIla) naBnenus.

e [lo cnocoby npoxnadku. TOA3EMHBIC, Ha3eMHbIC; HAJI3E€MHBIC;
MO/IBOJTHBIE.

o [lo ¢hynxyusam: BeIKUAHBIE (OT YCThEB CKBAXKMH JI0 TPYIIIIOBOM ycTa-
HOBKH); COOpHBIE KOJUIEKTOPHI (IIPUHUMAIOLINE MPOIYKLIUIO OT HECKOJIBKUX
TPyOOIPOBOIOB); TOBAPHBIE (TPAHCIOPTUPYIOIIME TOBAPHYIO MIPOAYKITHUIO).
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o [lo cnocoby uzeomognenusi: CBapHbIe; COOPHBIE.

o [lo ¢opme pacnonoxcenus: NUHEHHBIE (COOPHBIM KOJIEKTOP
MpEeACTaBIsieT COOOM OJHY JIMHHUIO); KOJbLEBbIE (COOPHBIN KOJUJIEKTOP
MPEICTaBIsIET COOOM 3aMKHYTYIO KOJIBLIEBYIO JIMHUIO); JTy4eBble (COOpPHBIE
KOJUIEKTOPBI CXOJISATCS JTy4aMH K OTHOMY ITyHKTY.

e [lo mamepuany.: cTallbHbIE; YYT'YHHBIE; MTOJIUMEPHBIE; CTEKJIOIJIa-
CTUKOBBIE; MOJMMEPMETATUNINYECKIE; KOMOMHUPOBAHHEIE.

o [lo u30mAYyUOHHVIM HNOKpbIMUAM: BHEIIHHE, BHYTpEHHUE; 0e3
W30S Y.

Ha HedTsHBIX MEeCTOpPOXKIEHUSIX HauOoJiee PacpOCTPaHEHBI TPYOO-
MPOBOABI TUaMeTpoM OT 75 10 350 MM, Ha Ta30BBIX MECTOPOXKICHUSIX HC-
MOJIL3YIOTCS TPYOOIPOBOABI AMAMETPOM 110 1420 mm.

Mazucmpanvueim mpyoonpoeooom TIPUHSITO Ha3bIBaTh TPyOOIpo-
BOJ, IPEIHA3HAUCHHBIH SISl TPAaHCIIOPTUPOBKH YTIIEBOJOPOJOB U3 palioHa
O0OBIUM WIIM MPOU3BOACTBA B pailOH €ro moTpedIieHus, Ui TpyOOnpoBO,
COEJIMHAIOIIUN OTIETbHBIE YTIEBOJAOPOTHBIE MECTOPOXKICHUS.

Cornacao CHulI 2.05.06-85", B cOCTaB COOpYKEHHil MarkCTpaib-
HBIX TPYOOIIPOBOOB BXO/IAT:

® [OABOJSILINE TPYOOIIPOBO/IBI;

® JIMHEHHBIE COOPYKEHHS — TPYyOONpPOBOJ, CHCTEMA MPOTUBOKOP-
PO3UOHHOM 3aIUTHI, TIWHUU CBSI3U U T.1.;

® TOJIOBHBIE M TPOMEXKYTOYHBIC IMEPEKAYMBAIOIINE M TEIJIOBBIC
CTaHIIUY;

® KOHEYHBIC MYHKTHI.

Ha MaructpanbHbIx HEPTENPOBOAAX PacIoNaraloT nepeKayrnBaronme
Hacocuele ctaniuu (I1C) ¢ uareppanom 100 — 150 kM. IIC HedTenpoBo-
J0B U HEPTENPOAYKTOIPOBOJOB 00OPYOBaHbI IIEHTPOOESKHBIMU Hacoca-
MU C MPUBOJOM OT dJeKTpojasurareins. [lomaua nmpuMeHsieMbIX B HACTOS-
1ee BpeMsi HacocoB cocTanisieT 12 500 /4. B Hauane HerenpoBoaa Ha-
XoAauTcs royioBHas nepekaunBaromas crtanius (I'TIC), koropas pacroJara-
eTcs BOMM3U HePTIHOTO MPOMBICTA WJIM B KOHIIE MOJBOSAIIUX TPYOOIpo-
BojioB. I'TIC oTinuaercs oT MPOMEXYTOUYHBIX TE€M, YTO Ha €€ IUIOIAJIKE
YCTaHOBJICH PE3€pPBYapHBIM MapK 00BEMOM, PaBHBIM JBYX- WM TPEXCY-
TOYHOU MPOMYCKHOM CIOCOOHOCTH HEPTEIIPOBOIA.

[TepexaunBaromue kommpeccopHbie cranimu (KC) marucrpaibHbIX
ra3oInpoBOJIOB pacloJiaratoTcs BA0Jb Tpacchl ¢ uHTEpBaiom 100 — 200 km.
O6opyaytoT KC ra3onpoBoioB MOPITHEBEIMU WU IIEHTPOOESKHBIMU KOM-
Ipeccopamu ¢ MPUBOJOM OT MOPIIHEBBIX ABUTATENIE BHYTPEHHETO Cropa-
HUS, Ta30BbIX TypOMH U 3jekTpoaBurareneid. OObIMHO IEHTPOOECKHBIC
KOMIIPECCOPBI padOTAOT IPyIIaMy 1O ABA WM TP MOCJIEI0BATENIbHO, He-
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CKOJIBKO TPYIII MOT'YT OBITh BKJIIOUEHBI Ha MapaijiesibHyto padoty. [logaua
OJIHOTO arperata MOXeT J0CTUraTh 50 MIIH M°/CYT, a JIaBJIeHHE Ha BBIXOJIE
cranuuu — 10 MlIla. ITpu BBICOKOM MIIACTOBOM JAaBJIEHUU B MEPBbINA MEPH-
O]l AKCILTyaTalldd MECTOPOXKJEHUSI T'a30MpPOBOJ MOXKET padoTarh 0e3 ro-
JIOBHOU KOMIIPECCOPHOM cTaHimu. Korga MmectopokaeHue BCTynaeT B CTa-
IO TaJaroiei 100bIYM, Ha MPOMBICIIE YCTaHABIMBAIOT JOKUMHBIE KOM-
MIPECCOPHBIEC CTAHLINH.

Koneunsiii nmyHKT HedrenpoBoaa — m1bo ceipbeBoi napk HII3, nudo
nepeBasioyHass HereOaza, 0OBIMHO MOpCKas, OTKyAda HEPTh TaHKEpaAMHU
nepeBO3UTCs K HedTenepepadaThIBAOIIUM 3aBOJAaM WM 3KCIOPTUPYETCS
3a rpanunly. KoHeuHblli MyHKT He(TENpOIyKTONPOBOAA — PE3EPBYAPHBIil
napK NepeBajoYHON WK KPYITHOM pacnpeenuTesbHol HedTedassl.

MarucTpanbHblii Ta30MPOBOJ] MOJAET ra3 K ra3zopacnpeaeauTeIbHbIM
cranisM (I'PC) u xoHTposbsHO-pacnpenenurensHbiM myHktaMm (KPII), Ha
KOTOPBIX MPUHUMAIOT MOCTYNAIONINN MO TPYyOONPOBOY MPOIYKT U pacipe-
JETSAI0T €ro MEXIy MOTpeOUTENsIMUA, TOJAI0T HA 3aBOJ IS MepepadoTKu
WM OTTIPABJISIIOT Jlajiee APYTMMU BUJIaMU TPAHCIIOPTA UJIM TOTPEOUTEISIM.

Ha I'PC xak KOHEUHBIX ITyHKTaX ra30IpOBOJOB OCYIIECTBISIOTCS

1) cHwXeHue IaBjeHUs raza J0 3aJaHHON BEJIMYMHBI;

2) aBTOMAaTHYECKOE MOJIIEPKAHKUE 3TOTO JIABIICHUS;

3) KOJIMYECTBEHHBIN YYET rasa.

CoBpemennbie apromaTtusupoBaHubie [ PC no ¢opme obcayxuBaHus
nonpazzaenstorcss Ha ['PC ¢ 6e3BaxTOBbIM 00CTYyKMBaHHUEM IMPHU MPOIYCK-
HOM criocoGHOCTH 10 200 THIC. M/4 M C BaXTOBBIM OOCTY)KHBAHHEM IIPH
TIPOIYCKHOI CrIocoOHOCTH Gomee 200 ThIC. M /4.

AstomatuzupoBanHble ['PC mojpa3fensioTcss Ha OCHOBHOM psif C
nporyckHou criocooHocTrro 10, 50, 100 u 200 M’/ ¥ JTOTOJHUTENBHBIA —
C TIPONYCKHOM crocoGHOCTHIO 1, 5, 25 1 150 Thic. M /4. IIpomyckHas cro-
COOHOCTD MpUHATA NIpH AaBjieHuU Ha Bxoje B [ PC, paaom 2 MI]a.

HeszaBucumMo OT MPOIYCKHOM CIOCOOHOCTH, YHCJa TOTpeOuTENeH,
napamMeTpoB raza Ha BXOZ€ U BbIxoje cTtaHiuu B coctaB ['PC Bxoasr cie-
TYIOIINE OCHOBHBIEC OJIOKHU:

1) mepexiroueHus;

2) OYMCTKH rasa;

3) mpenoTBpallieHus THAPATOOO0pa3oBaHUs (TP HEOOXOIUMOCTH);

4) aBTOMAaTHYECKOTO PETYIMPOBAHUS IABJICHUS Ta3a;

5) u3MepeHus pacxojia rasa;

6) aBTOMATHYECKOW OI0pU3aIuu raza (IIpu HEOOXOIUMOCTH).

Ha puc. 4.22 npencraBieHa KOMIIOHOBKa aBToMaTtu3upoBaHHo ['PC
Ha OJHOTO IOTPEGUTEIS IPOITYCKHOMN CIIOCOGHOCTBIO 25 — 100 ThIc. M/4.
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Puc. 4.22. TexHonoruyeckasi cxema razopacrnpeesIuTeIbHON CTaHLUN:
1 — BojlorpeitHble KOTIbl; 2 — IOMEIIEHUE ISl pAaCXOA0OMEPOB; 3 — MOJOTPEBATEND;
4 — OJ10K MaCIISIHBIX MbUICYJIOBUTENEH; 5 — KOHTPOJIbHBIN PETyJIATOP JaBICHUS;
6 — pabouuii peryJsaTop JaBieHus; 7 — IpocceiibHas Kamepa; § — CUeTUHK rasa; 9 — yzen
nepexiaodeHus; /(0 — o10pu3alMOHHAas yCTaHOBKA

Pabora razopacnpenenuTebHOW CTaHIMU CBOJUTCS K CIEAYIOIEMY:
ra3 U3 BXOJIHOTO I'a30IIPOBO/JIa MOCTYNAET B OJIOK OTKJIFOUYAIOIIUX YCTPOMCTB
Y HampaBJIsieTCsl HA OYUCTKY B MacCJIsIHbIE TbUIeyaoBUTEH 4. /{1 60pbOBI C
rusiparooOpazoBanreM Ha ['PC npumeHsIoT aBTOMaTUYECKYIO Mo1avyy B ra-
30MpOBOJ] METaHOJa U MOAOIPEB rasa B nojxorpesaressix 3. Ha HekoTopsix
I'PC BHenpeHbI MTHEBMATHYECKUE aBTOMATHI [T TIOJJauld METaHOJIa B TIOTOK
raza. [locne ouncTku ra3 moctynaer B TpyOOIpOBOJ AJISl PEAYLIUPOBAHMUS,
rJie IPOMCXOJIUT CHIKEHUE JaBJICHUS Ta3a JI0 3aJJaHHbIX BEJIMYUH IpPU TO-
MOILH PETYJIATOPOB 5, 6. 3aTEM ra3 HalpaBIIETCA B BBIXOJHBIE Fa30IPOBO-
Ibl (K MOTpEeOUTENSIM), HAa KaKIOM U3 KOTOPBIX MPOU3BOJUTCS KOJIUYECT-
BEHHBII 3aMEpP CYETYUKOM & ¥ OJJOpU3ALIMs ra3a yCTaHOBKOM /().

4.5. Xpanenue Hed)TH M ra3a

Bunbl Tapbl, XpaHWIHIL U TPAHCHOPTHBIX CPEJICTB ISl HEPTH U HE(-
TEMPOIYKTOB (B TOM YHUCJE YIIIEBOAOPOIHBIX CKMKEHHBIX Ira3oB), TpeOo-
BaHUS K UX MOATrOTOBKE, 3alIOJIHEHUIO U MapKUPOBKE, YCIOBUS TPaHCIOP-
TUPOBAHMS U XPAHEHUS, a TaKke TpeOOBaHUs OE30MaCHOCTH IMPHU YHaKoO-
BBIBAHUHU, TPAHCIIOPTHUPOBAHUU U XpaHEHUU HeDTH U HEPTENPOAYKTOB
permamentupyet I'OCT 1510-84.
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Hedtp u HedTenpoaykTsl xpaHsarcs Ha HedTeba3zax U CKiagax, Ko-
TOpbIE MO WX HA3HAYEHUIO MOJPA3JCISIOTCS Ha JIBE TPYIIbI: K MEPBOi
rpynmne OTHOcSTCs He(preOdas3bl, MPeACTaBISAIONINE COOOW CaMOCTOSATENb-
HbI€ TIPEANPUATHS; KO BTOPOU rpyImine — CKIaabl, BXOASAIIUE B COCTAB MPo-
MBIIIJICHHBIX, TPAHCTIOPTHBIX U APYTHX MPEIIPUITHH.

Hedreba3bl pacnonaraiorcss B MOPCKUMX U PEUHBIX MOpPTax, Ha Ke-
JIE3HOAOPOKHBIX MAaruCTpaJiiX M Tpaccax MarucTpalibHbIX HePTEIpOIyK-
TOB U B 3aBUCHMOCTH OT 3TOT'O Ha3bIBaIOTCS, HAIPUMEpP, BOJAHBIMU U XKe-
JIC3HOAOPOXKHBIMH WJIM BOJHO-KEJIE3HOAOPOKHBIMU. Kpome ykazaHHBIX
UMEIOTCsl TITyOuHHbIE HeTeOas3bl, KOTOPbIE COOPYKAIOTCS ISl CHAOXKEHMUS
OTJIaJICHHBIX PAlOHOB MPU OTCYTCTBUM KEJIE3HOJOPOKHBIX, BOJIHBIX U
TpyOONPOBOAHBIX KOMMYHHUKAIMK. JIocTaBka Ha HUX HEPTENPOAYKTOB OT
nuTaromux HedTebdaz B ITOM cllyuyae MPOU3BOAUTCS ABTOMOOMIBHBIM
TPaHCTIOPTOM.

Hedrebassl u cknansl npu HII3 Ha3bBaloT TOBapHO-CHIPbEBBIMU Oa-
3amMu (pe3epByapHbIMU Mapkamu). Ha3HaueHue pesepByapHBIX MApKOB —
MPUHUMATh CBHIPYIO HEPThH C KEJIE3HOJOPOKHOI0, BOAHOIO U TPyOOIpo-
BOJIHOT'O TPAHCIOPTA MPHU XpaHEHUH HEOOXO0IMMOro 3arnaca HepTu u noja-
4M €€ Ha 3aBOJl AJIs IepepadOTKH.

Ha nedrebazax BBIMOIHAIOTCS pa3IndHbIe TEXHOJIOIMUYECKHE OMepa-
MU, K KOTOPBIM OTHOCSITCSL:

1) npueM HePTH U HEPTEHPOAYKTOB C KEJIE3HOJOPOKHOIO U BOJI-
HOTO TPAHCIIOPTA, a TAK)XKE U3 MATUCTPAJIbHBIX HEPTENPOBOAOB U HEPTe-
MPOJIYKTONPOBOIOB;

2) xpaHeHue He()TU U HE(PTENPOAYKTOB B pe3epByapax U TapHBIX
XpaHuiuiax (B 004kax v MEJIKOU Tape);

3) HaJIUB B K€JIE3HOJAOPOKHBIE IUCTEPHBI U HEPTECHATUBHBIE CY/Ia;

4) mepekauka Mo TPyOONpPOBOJAM Ha MPEANPUATHS, TOJOBHBIE U
pa3/laTOYHbIE CTAHIINU;

5) ormyck HeTH B aBTOMOOMJIbHBIN TPAHCIIOPT;

6) PEMOHT U MPOU3BOJICTBO OOYKOTAPHI.

Heg¢pmexpanunuwe — WCKYCCTBEHHBIN pe3epByap AJid XpaHEHUS
He(TH WK POTYKTOB €€ MepepadOoTKH.

ITo pacnionoxeHuo pa3anyaroT pe3epByaphl:

® Ha3eMHbIC;

® [I0JIyIIO/I3EMHBIE;

® T[OA3CMHBIE.

[To maTepuanam paznuyaroT pe3epByaphbl:

"  METaJUINYECKUE;
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" HeMeTaJuMyeckue (>Kesie300€TOHHbBIE UM IJIACTMACCOBBIE W3 pa3-
JIMYHBIX CUHTETUYECKUX MATEPUaJIOB);
"  [PUPOJHBIE (COOPYKAEMBIE B TOJILE OTJIOKEHU KAMEHHOW COJIN).
B Poccum pacnpocTpaHeHbl HA3€MHBIE METAJUIMYECKUE U MOJIYIIOA-
3eMHbIE JKEJI€300€TOHHBIE pPE3EPBYyaphl, KOTOPbIE H3rOTABIUBAIOTCS CO-
riacHo npaBuiiaM [1b 03-605-03 u crangapty 'OCT 17032-2010.
HaszeMHble pe3epByapbl BBINOJIHAIOT, KaK IPaBUII0, METALUTMYECKUMU
(CBapHBIMU).
[To popme HazeMHBbIE pe3epByapbl OBIBAIOT:
® I[WJIMHJPUYECKUE:
a) ropu3oHTaIbHbIE (puc. 4.23);
0) BepTukaibHbie (puc. 4.24);
o chepuueckue (puc. 4.25);
® KalJIeBU/IHBIC.

Puc. 4.23. BHemnuii BuJ TOPU30HTAIBHOTO IWJIMHIPUYECKOTO pe3epByapa

Cmanvnvle 6epmuKanvrbvle YUIUHOPUYECKUE Pe3EePEYyapbl HU3KOTO
naBieHUs («aTMOC(EPHOro» THUIA) MU3TOTOBISIIOT C KOHYCHOM KpOBJEH,
IIMTOBOM KPOBJIEH, CHEPUUECKUM MOKPBITHEM.
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Pe3zepeyapovt ¢ KoHYCHOIl Kpoeeil U3roTOBISIIOT eMKOCThio oT 100
1o 5000 »* (PBC 100 m* — PBC 5000 M*) u nmpeana3HadaroTcst 1Jisi XpaHe-
Hus HepTH u HedrenpoaykTOB TIOTHOCTHIO 0,9 — 1,0 T/M® 1 BHYTpeHHUM
JaBJICHHEM B Ta30BOM IIPOCTPAHCTBE pe3epByapoB 27 kH/m2.

Puc. 4.24. BHemnuii BuJl BEpTUKAIBHOTO LIJIMHIPUIECKOTO pe3epByapa

EMkocTh pezepeyapos ¢ wgumosoit kpoenen or 100 no 20 000 M, B
HUX XPaHIT He(PTEMPOILYKThI INIOTHOCTHIO 710 0,9 T/M>.

Pezepeyapul co chepuueckum nokpeimuem Kpymnsee 1no o0bemy 10
50 000 m* (PBC 50 000 M*) u npenHazHadeHbl sl XpaHeHUsT HedTenpo-
TYKTOB C TUWIOTHOCTHIO 110 0,9 T/M>,

Copepuueckue peszepgyapvt NIPUMEHSIOT I XPAHEHUS CKUKEHHBIX
ra3oB U KujkocTeil. Jlyis XxpaHeHus ra30B MOJ BbICOKHM JaBICHUEM OHU
COOpYy’KaroTcsa MHOrocioHsiMu. B Poccum crposar cdepudeckue pesep-
Byapsl eMkocTbio OT 300 mo 4000 Mm°, paccuuTaHHbIE Ha JIaBJIICHHE
0,25 — 1,8 MIla ¢ BHyTpeHHHM AuaMeTpoM OT 9 10 20 M U TOJIMHON
cteHku 10 38 mm. Haubombliee pactipocTpaHeHUE B HAIIEW CTpaHE MOJTy-
i cepudeckue peepyapbl eMKocThio 600 M.
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Puc. 4.25. O6mmii Bua cepudeckoro pesepByapa

B cranbHbIX pe3epByapax CHEHHAIbHBIX KOHCTPYKUUU: ¢ n1asaro-
WUMU CMATTbHLIMU NOKDOIMUAMUY, CUHMEMUYeCKUMU HOHMOHAMU, NAd-
salowel Kpvluieu, AHMUKOPPOIUOHHBIM NOKPbIMUEeM U MenIousoaayue
XPaHAT CBETJIbIE HE(PTEPOTYKTHI.

Peszepeyapur ¢ naasarwuienn kpviweit (puc. 4.26) coopyxaroTcs
o6beMoM 100 — 50 000 M’ M PEeKOMEHIYIOTCS MPEHMYIIECTBEHHO JUIA
CTPOMUTEIICTBA B paliOHaX C MaJOW CHEroBoM Harpyskou. H3BecTHbI
KOHCTPYKIMU OTACJIbHBIX pPE3epByapoB, OOBEM KOTOPBIX JOCTHUraeT
160 000 M’ pu 1mameTpe pesepByapa 114 M u Beicote 17,1 M. ITnagaro-
miasi Kphlllla YMEHbINAET IUJIOMIA b UCHAPEHUsI IO CPaBHEHUIO C IJIOIIA-
IbI0 WCIapeHus OOBIYHOTO pe3epByapa, Ojarojaps 4eMmy pe3Ko CHMKa-
IOTCSl TIOTEPH HEDTEPOAYKTA.

OTHU pe3epByapbl HE UMEIOT CTAIIMIOHAPHOTO MOKPBITUS, & POJIb KPbI-
1M Y HUX BBINOJHAET JUCK U3 CTAJbHBIX JINCTOB, IJIABAIOLIUI HA TOBEPX-
HOCTH KUAKOCTU. J{JIsl cO3/1aHus TIaBYy4YECTH M0 KOHTYpPY JMCKa pacroia-
raercsi KoJIbLIeBOM MOHTOH, pa3/iefICHHbIA paAuaibHbIMU NepeOopKaMu Ha
TePMETUYHBIC OTCEKH (KOPOOKHM). 3a30p MEXKIY KPBIIMIEH M CTCHKOM IS
OOJbIIe TepPMETUYHOCTH BBINOJHSIOT W3 MPOPE3MHEHHBIX JIEHT (MeM-
OpaH), MPUKUMAEMBIX K CTEHKE PhIYaQXKHBIMU YCTPOUCTBAMH.
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Puc. 4.26. O6mwmii Bua pe3epByapa ¢ TUIaBAIOICH KPBIIICH:
1 —nepuna; 2, 3 — NOABUYKHAS U HETOJIBU>KHAS JIECTHUILIBL, 4 — MJIaBaloasl KPbIIIaA;
5 — 3aTBOp; 6 — OMOpHAs CTOMKA

JJ1st MEXCE30HHOTO XpaHEHUs ra3a, He)TU U MPOJYKTOB UX Iepepa-
OOTKH MPEAYCMOTPEHbI HOO3eMHble XPAHUIUWA, COOPYKAEMbIE Ha TITy-
oune ot 100 m u Hmwxke. Cormacuo CHull 34-02-99 u CII 34-106-98,
CYLIECTBYET HECKOJIbKO THUIOB MOA3EMHBIX XPAHUIUI B 3aBUCUMOCTH OT
CXEMBbI YCTPOMCTBA U CIIOCO0A UX COOPYIKEHUS.

K OCHOBHBIM THIIaM NOJI3EMHBIX XPAHWJIUI] OTHOCSTCS:

1) XpaHWanma B OTJIOKEHUAX KAMEHHOM COJIM;

2) MIaXTHbBIC XPAHUIIUIIA;

3) JIeIOrpyHTOBBIE XPaHUJIUIIA;

4) XpaHuWIMILA, CO3/1aBa€Mble B UCKYCCTBEHHBIX BbIPa0OTKaX;

5) XpaHWIHUIIA, COOPYKaeMble CHEeIMAIbHBIMU METOIaMHU.

HauGonbiiee pacnpocTpaHeHue MOIy4sid HedTe- U ra30XpaHuiu-
112, CO3/1aBaeMbl€ B OTJIOKEHUAX KAMEHHOW COJIM, TaK KaK B OOJIBIIUHCTBE
CJIy4aeB OHHU SIBJISIIOTCSI HanOoJiee SKOHOMUYHBIMH, & MECTOPOXKICHHS Ka-
MEHHOM COJIM IIMPOKO PaclpoCTpaHeHbl Ha Teppuropun Poccun. Takue
XpaHWJIUINA CO3JA0TCSl MyTEeM pa3MbiBa (BbIIIEIAYMBAHUS) COJMM BOJOU
yepe3 CKBKUHBI, KOTOPBIE MCIOJIb3YIOTCS BIOCIEACTBUM MPHU KCIUTyaTa-
MU XpaHUIHIIA. Pa3MbIB MPOU3BOIUTCS IMyTEM 3aKauKH IIPECHOM BOJBI MO
OJIHOM KOJIOHHE TPyO C BBIJABIMBaHUEM paccoja 1mo apyroit (puc. 4.27).
MaxkcuManbHBIN 00beEM noa3eMHON eMKOCTH B Poccun — 150 teIic. M3. Oc-
BOOOXKJICHUE XPAaHWIMILA OT HE(PTENPOTYKTOB OCYIIECTBIISETCS 3aKAuKOU
HACBIILIEHHOT'O pacTBOPA COJIH.
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Ha puc. 4.28 noka3zana cxema 3KCIUTyaTaluy MOJ3EMHOI0 XpaHUJIu-
ma i CKUKEHHOTO Taza (wim HeTempoaykTa) B colsiHOM ruiacte. U3
KEJIE3HOJOPOKHBIX IUCTEPH ACTAKAJbl / CXUKEHHBIN ra3 (MporaH) mnepe-
KauMBaETCsl B XpaHWIHIE 9 NpU MOMOIIM HACOCOB 3, BBITECHSSI U3 HEE
paccoin B pacconoxpanunuiie §. [locne ciuBa xuakon (asbl Kene3H00-
POKHBIE ITUCTEPHBI OCBOOOXKIAIOTCS OT MApOB MPHU MOMOIIHA KOMIIPECcopa
2, IOAAOIIETO ra3 B KOHAeHcaTop 5. B cOopHUKE 6 Ta3 C:KUMAeTCs 10 To-
Ty4deHust KoHaeHcara. M3 cOOpHHKa CKIKEHHBINA Ta3 MEPUOJUICCKUA OTKA-
YUBAETCS B MOJBEMHYIO eMKOCTh 9. OOpaTHBII MpoIiecc, T. €. Bhljlaua raza
13 XPaHWIUIIA, POU3BOIUTCS MTyTEM BBIJABIIMBAHUS €TI0 PACCOJIOM, 3a0H-
paeMbIM IIPU NOMOILM HAcOCOB 7 U3 paccosoxpanmwimma 8. [Tocie HacocoB
CKMKEHHBIN Ta3 MOJAETCS B JKEJIE3HOJAOPOKHBIC IUCTEPHBI, a TIPU HEOO-
XOJAMMOCTH MIPEJBAPUTEIBHO MPOITYCKAETCA YE€PE3 YCTAHOBKY OCYIIIKH 4.
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Puc. 4.28. Texnonornueckas cxeMa 3KCIUTyaTallluy MOJ3eMHOT0 XpaHUJIUIIA
B COJISTHOM IJIacTe:
1 —xene300eTOHHAs ACTaKaa; 2 — KOMIPEccop; 3 — HACOChI AJIsl epeKayKu HedTenpo-
IYKTa; 4 — yCTaHOBKa JUI OCYIIIKH rasa; J — KOHAeHcaTop; 6 — COOpHUK KOH/IEHCATA;
7 — HaCOCHI IS TIEPEKAYKH paccoiia; § — XpaHWIHUIIE paccoiia; 9 — moa3eMHast EMKOCTh

TI'az2onv0epamu Ha3bIBAIOT COCYAbl OOJBIIOIO 00beMa, MpEeAHA3HA-
YEHHBIC ISl XpaHEHUS MO/J1 IaBJICHHEeM Ta30B. [Ipu momoriu ra3roiibaepos
MPOU3BOAUTCA TAKXKE CMEIICHUE U PETYJIMPOBAHKUE pacxo/ia rasa.

[lo nmpunuumy paOOThl Ta3rojibACPbl Pa3IUYAIOT HEPeMEeHHO20 W
nocmosHHo20 00vema, a 1o Qopme — cghepuueckue N YUIUHOpUYECKUE
(puc. 4.29). I'azronbaepbl IEpEMEHHOT0 00BbEMa pacCUMTaHbl Ha XPaHEHUE
rasza npu Hu3KkoM nasieHuu 10 4 klla. B pesepByapax mocTossHHOTO o0ne-
Ma ra3 XpaHsT Npu BbICOKOM JnaBieHuu — ot 4 klla no 3 MIla. Otnuuu-
TeJIbHAasi OCOOCHHOCTh Ta3rOJIbJECPOB HHU3KOTO JABJICHUS 3aKJIIOYACTCS B
TOM, YTO pabounii 00bEM y HUX SBIIAETCS TIEPEMEHHBIM, a JaBJICHUE Ta3a B
MIPOIIeCCEe HAIMOTHEHUS WU OMOPOKHEHUSI OCTAeTCS HEM3MEHHBIM. Y Ta3-
roJbJACPOB BBICOKOTO JaBJICHHs, HAOOOPOT, T€OMETPUUECKHI O00BEM IIO-
CTOSIHHBIM, a JaBJICHUE MPU HATIOJHEHUH MEHSETCS OT MEPBOHAYAIBHOTO
3HAYEHMS 10 paboyero, KpoMe TOTro, OHU UMEIOT ABMKYIIHUECS YaCTH.
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Puc. 4.29. Buennuit BuJ HUIMHAPUUECKOTO Ta3rojbaepa

TexHomornyeckass cxema MNOJAKIIIOUCHHUA W 3allpaBKH Ia3rojbJAcpa

npeacrasieHa Ha puc. 2.30.
Beixonrasa 4

Puc. 4.30. Texnonorudeckas cxema MOAKIIOUEHUS U 3allPaBKU ra3rolibjiepa:
1 — HanOJTHUTEITLHBIN KJamnaH; 2 — KJamnaH oroopa mapoBoi ¢a3zbl, 3 — kiaman oroopa
KUIKOH (pa3bl; 4 — yKa3aTenb HaOMTHEHHS Ta3roIbAepa; 5 — MPeJOXPaHUTEIbHBIN
KJIanaH; 6 — MAHOMETp; 7 — PETyJIATOP JaBJICHUs; § — ra3roibJep
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Oco0oe MpOMBIIIICHHOE 3HAYEHUE HMEIOT HOO3eMHble 2a306ble
Xpanunuua, criocoOHbIe BMEIATh COTHH MIIH M° (MHOTIA MIIPA M’) rasa.
OHu MeHee omacHbl U BO MHOT'O pa3 3KOHOMUYECKU 3 PeKTUBHEE, YEM Ha-
3eMHbIC. YJIebHBIA pacxoj MeTajlla Ha UX coopyxkeHue B 20 — 25 pa3
MEHbIIIE, YeM Ha Ha3eMHble. B oTimuue OT ra3rojibaepoB, npeaHa3HayeH-
HBIX JJIsI CTUIQKWBAHUS CYTOYHOM HEPABHOMEPHOCTH TMOTPEOJCHUsS rasa,
MO/I3E€MHBIE Ta30BbI€ XPAHUJIUINA OOECIIEYUBAIOT CIIIAKUBAHUE CE30HHOU
HepaBHOMepHOCTH. Kpome Toro, moa3eMHble XpaHUIUIIa CITy>KaT aBapHii-
HBIM PE3E€PBOM TOIUIMBA U XUMUYECKOTO CHIPBA.

[lom3emMHbIE  Ta30BbIE  XpPaHWIMINA  COOPYXAKOTCS  COIJIACHO
CHulI 34-02-99 u CII 34-106-98 u ObIBalOT BYX THUIIOB: 8 HOPUCHIbIX
nOpoOax U 8 NOA0CMAX OPHbLIX NOPOO.

K nepBoMy THITY OTHOCATCSI XpaHUJIUIIA B UICTOIEHHBIX HEPTIHBIX U
ra3oBbIX MECTOPOXKICHHSIX, a TAKXKE€ B BOJIOHOCHBIX IIacTax. B HUX mpu-
POJHBIN Ta3 OOBIYHO XPAaHUTCS B ra3000pa3HoM cocTosiHuu. [IpuHium ycT-
pOICTBa 3TUX XPAaHWJIMIL OCHOBAaH Ha 3aKauKe rasa HEMOCPEJCTBEHHO B
HCTOIICHHBIN Ta30HOCHBIM WM HE(TEHOCHBIN IJIACT 4Yepe3 CYIIEeCTBYIO-
1€ WU JAOMOJIIHUTEIBHO COOPYKAEMbIE CKBAKUHHBI.

Ko BTOpOMy TUIy OTHOCSITCSI XpaHWIHILA, CO3JJaHHbIE B 3a0pOIIICH-
HBIX IIaXTax, CTAPBIX TYHHEJSX, B TMEIIEpax, a TAKKE B CHEIUATBHBIX TOP-
HBIX BBIPAOOTKAaX, KOTOPHIE COOPYKAIOTCS B IJIOTHBIX TOPHBIX MOPOJaX
(M3BECTHSIKAX, TPAaHUTAX, TJIMHAX, KAMEHHOU COJIU U JIp.).

B tex paifoHax, r/ie Hy>KHbI pe3€epBbI ra3za, a UCTOIIEHHBIC HEPTSIHBIC
U ra30Bble 3aJ€KU OTCYTCTBYIOT, Fa30BbI€ XpaHWIUIIA yCTPAUBAIOT B BO-
JOHOCHBIX IJIacTax. XpaHWJIUIIA B BOJOHOCHOM ILJIACTE MPEICTABIISIET CO-
00l MCKYCCTBEHHO CO3/IaHHYIO Ta30BYIO 3aJI€Kb, KOTOpas SKCILUTyaTHUPYET-
csl UMKJIMYecKu. JIyist ycTpolicTBa Takod 3aeKu HeOOXOAMMO, YTOOBI BO-
JOHOCHBIN IMJIACT ObUT JOCTaTOYHO MOPUCT, MPOHUIIAEM, UMEJ Obl JIOBYILIKY
JUIS Ta3a U JIOMyCKal OTTECHEHHE BOJIbI U3 JIOBYIIKU Ha mnepudepuro mia-
cTa. ['a30Bble XpaHUIIUIIA B BOJOHOCHBIX IJIACTaX YCTPAUBAIOT OOBIYHO HA
riryoune ot 200 g0 1200 m.

[lepen ycTpoiicTBOM J100O0T0 XpaHUIIHIIA MPOBOISAT UCCICAOBAHUS U
NpOOHBIEC 3aKAYKHU Ta3a JAJis OLICHKU MapaMEeTPOB IJIacTa U CBOWCTB HACHI-
HIAIONIMX €ro KUAKOCTEH U Ta3a, a TakKe JJIs MOJyYEeHUsI TAHHBIX O TeX-
HOJIOTMYECKOM pexume padoThl ckBakuH. C 3TOMU 1ENIbI0 UCMOJIB3YIOT CY-
IIECTBYIOIINE CKBAXUHBI UM OypsAT HOBbIE. OOBIMHO CKBAKMHBI IMOJ3EM-
HBIX XPAaHWIUII TIEPUOAUYECKH BBIMOIHAIOT (YHKIIMM HATHETATEIBHBIX U
AKCIUTYaTaIlMOHHBIX CKBAXKHUH.
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KOHTpOJIle)Ie BOIIPOCHI M 3a1aHUA

1. Yro moHMMAIOT MO/ CHCTeMOM cOOpa M MOATOTOBKU HedTH, ra3a
U IJIACTOBOM BOJKI?
2. JlaiiTe onpenenenue, HazoBute GyHKIMU U obopynoBanue YKITH.
3. Onuuurte Ha3HA4Y€HUE, YCTPOUCTBO M HpUHIMN padoTel AI'3Y
cepuu «CIIyTHUKY.
[lepeuncnuTe 1 ONUIIMTE CXEMbI TPOMBICIIOBOTO cOOpa rasa.
Yro takoe YKIII™?
Onumute Ha3HaueHue, GpyHkuuu U crpykrypy YKIII.
[Iepeuncnute nmporecchl IPOMBICIOBOM MOATOTOBKU HE(DTH.
Kakum o06pa3om BiusieT Haqu4ue BOAbl U MEXaHUYECKUX MpUMeE-
cell B He(pTH Ha TEXHOIOTHYECKOE 000pyaI0BaHUE?
9. Yo Takoe cenapauus Hedptu?
10. IIpuBemute KimaccudpuKaIuio CernapaTopoB.
11. Onumwure yCTpONUCTBO W MPUHLHUI PabOThl BEPTUKAIBLHOTO Ipa-
BUTALIMOHHOT'O U TUPOLMKIOHHOTO IBYXbEMKOCTHOIO CEMAapaTopa.
12. Kakumu mapamerpamu orieHuBaeTcs 3pPEeKTUBHOCTh pabOTHI Ce-
naparopa?
13. Yro Takoe HeTIHAS SMYIbCUS?
14. Tlepeuncnute MeToAbl 00€3BOKMBAHUS HEPTH.
15. Onummure ycTpoWCTBO M MPUHIMI PaOOThl OTCTOMHUKOB HETpe-
PBIBHOTO IEUCTBHSL.
16. B uyem cyTh XMMHUUECKUX METO/I0B 00€3BOKUBAHUS HEPTU?
17. OnumwuTte yCTpONUCTBO U MPUHIUIT paOOThI 3JIEKTPOACTHUAPATOPA.
18. OnwummuTte TEXHOIOTHIO 00eCCONMBaHus HE(PTH.
19. Ilepeuncnure npoueccsl TPOMBICIOBOM MOATOTOBKY Ta3a.
20. OnuuuTe yCTpONUCTBO U MPUHLMUIT pabOThl TPAaBUTALMOHHOIO Ce-
rapaTopa Juisi O4MCTKH rasa.
21. OnuimuTe ycTpOMCTBO U MPUHIUI PabOThl LIMKJIOHHOTO cernapa-
TOpa JJIs1 OYUCTKU Ta3a.
22. OnumuTe yCTpONCTBO M MPUHIMI pabOThl BEPTUKAIBHOI'O Mac-
JITHOT'O TbLICYJIOBUTENS.
23. Kakum oOpa3zoMm (DyHKIMOHUPYET YCTAHOBKA C MACJISHBIMU IIbI-
JIEYJIOBUTEIISAIMU ?
24. Yto npeacTaBiIsiOT COOOM TuapaThi?
25. Yro Takoe aOCONIIOTHASI U OTHOCUTEJIbHAS BIAKHOCTH raza?
26. Yto Takoe TOYKa pOChl raza?
27. llepeuncinure METOJIbI OCYIIIKHY ra3a.

A
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28. Kakwue BemiecTBa UCIOJIB3YIOT B Ka4eCcTBE aOCOPOEHTOB U aJ1CcOp-
OEHTOB?

29. OmnumwuTe HA3HAYCHHE, YCTPOUCTBO W MPUHIIHUI pabOTHI abcopO-
IIMOHHOM M aJICOPOIIMOHHON YCTAaHOBKH.

30. Yrto mpeacTaBistoT COOOM 1EOTUTHI?

31. Onumwure Ha3HAUYECHHE, YCTPOMUCTBO M MPHUHIIUI pabOThl yCTAHOB-
KM HU3KOTEMIIEpaTypHOIl cenapaluu rasa.

32. Yto Takoe 3:KeKTop?

33. Yro Takoe neranaep?

34. Ilepeuucnaute METOJbI U3BJICYCHHS] CEPHUCTHIX KOMIIOHEHTOB U3
MPUPOJHOIO rasa.

35. Onwumurte Ha3HAUYECHHE, YCTPONUCTBO U MPUHIIUIT pabOThl yCTAHOB-
KU JUIsl OYMCTKU MPUPOTHOTO UM MOMYTHOTO HE(TSAHOrO ra3a OT CEepOBO-
J0pO/ia U MEPKaINTaHOB.

36. OnuiuTe TEXHOJOTHIO OJ0PU3ALUY PUPOAHOIO rasa.

37. Onumwurte Ha3HAUYE€HHUE, YCTPOICTBO U MPUHIUN pabOTHI Karelb-
HOTO oJiopu3aropa ¢ auapparMoil.

38. OnumwuTte Ha3HAUYEHUE, YCTPOUCTBO U MPUHLMUI padOThl UCHAPHU-
TEJIBHOI'0 0JI0PU3aTOopa.

39. Onumwurte Ha3HAYEHUE, YCTPOMCTBO M MPUHLIUI PaOOTHI MOTyaB-
TOMATUYECKOW YCTAHOBKH OJIOPU3ALIMH ra3a.

40. Onummre OCHOBBI TPYOOIIPOBOJAHOTO TPAHCIIOPTA HEPTH U Taza.

41. Kakue KOHCTPYKTHUBHBIE CXEMbI MPOKJIAJAKU MPOMBICIOBBIX TPY-
OOIPOBOIOB UCHIOIB3YIOT HA CETOAHSIIHUN ACHb?

42. IlpuBenute Ki1acCUPUKALMIO IPOMBICIOBBIX TPYOOTIPOBOIOB.

43. HazoBute cOCTaB COOPY>KEHUI MarucCTpabHbBIX TPYOOIIPOBOIOB.

44. OnummTe Ha3HA4Y€HHWE M O0OpPYJOBAaHUE IMEPEKAUMBAIOIIUX Ha-
COCHBIX CTaHLIMI U MePEKauMBAIOIINX KOMIIPECCOPHBIX CTAHIIMA.

45. OnuuuTe Ha3HavYeHUe, 000pyaoBaHue U npuHIMNI padotel ['PC.

46. HazoBuTe OCHOBHBIE MMOHATHUS XpaHEHUsI HEPTHU U rasa.

47. IlepeunciuTe OCHOBHbIE TEXHOJOTUUYECKUE onepanuu Hedredas.

48. IlpuBeaute KinaccuPukanuio HeTerazoBeIX Pe3epByapoB.

49. Ilepeuucnure TUIBI MOA3EMHBIX XPAHWINIL HEDTH U raza.

50. Onumwure TEXHOJOTHIO COOPYKEHUS He(TEXpaHWIUIIA B IJIACTE
KaMEHHOMW COJIN.

51. OnumwuTe NPUHUMUI 3KCIUTyaTallMy MOJ3E€MHOI0 XPaHWIUIIA JIJIs
COKMDKEHHOTO Ta3a B COJISTHOM ILIACTE.

52. Yro Takoe ra3roypJaep U A 4Ero OH NpUMEHSETCS?

53. Onwumwure cnocoObl MOA3EMHOTO XpaHEHHs IPUPOIHOTO Ta3a.
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3AKVIIOYEHUE

CoBpeMeHHbIE TEMITbl Pa3BUTHsI HEPTEra30BbIX TEXHOJIOTHI BIEKYT
32 cO0OM MOCTOSIHHO MEHSIOIIYIOCS M YBEJIMYMBAIOIIYIOCA 0a3y 3HAHUN B
naHHOW oOnactu. OJHAaKO aBTOPhI IMOCTApAMCh COOpaTh B JaHHOM
nocoOuu HauboIee akTyalbHYI0 Ha CErOJHAIIHUMN 1eHb UH(OPMAIIHIO.

N3noxxeHHblt B y4ueOHOM MOCOOMHU MaTepuan O TEXHOJIOTMYECKHUX
mpoiieccax, OOOPYJOBaHMM W aBTOMAaTH3aIMM J0O0BMM HEPTH HW Tasa
MO3BOJIUT CTYJIEHTaM BBICIIETO Y4€OHOTO 3aBEIECHHS OCBOUTH OCHOBBI
TEXHOJIOTUM OypeHus U SKCIUlyaTallu CKBaXXWUH, cOOpa, MOATOTOBKH,
nepeayd M XPaHEHUsl YIIEBOAOPOJOB, a TaKKE O3HAKOMHUTBCS C
000pyIOBaHMEM ¥ AaBTOMATUKOW, NPUMEHSEMONW B BBIIICOMUCAHHBIX
TEXHOJIOTUYECKUX MPOIIeCcCaXx.

Jliis 6osee MOTHOrO MPEICTABICHUS O TEXHOJIOIMYECKHUX MPOLieccaXx,
o0Opy/ZIOBaHMM W  aBTOMaTHKE  He(pTera3oqoObIBalOLIEi  OTpaciu
MPOMBIIIIEHHOCTH aBTOPhl COBETYIOT O3HAKOMHUTHCA C MarTepuaiami,
Mpe/ICTaBIEHHBIMU B OMOnrorpauueckom Crmcke.
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