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BBEJAEHUE

[Tponykmusi CKBaXKMH HE(PTIHBIX MECTOPOXKICHUN HE SIBISETCS OJIHO-
dasHoii cucremoii — HeThIO WKW Ta3oM. M3 ckBakuH BMecTe C HE(PTHIO
MOCTYIMAIOT TIUIACTOBasi BOJa, HETSIHOW MOMYTHBINA Ta3, TBEPAbIC YACTHUIIBI
MEXaHUYECKUX NpuUMecel (TOpHBIX MOPO/, 3aTBEPAEBIIETO IeMeHTa). Takum
o0pa3oM, CKBaKMHHas MPOAYKIHS (ChIpbe, Chipas HePTh) — MHOrodasHas,
MHOTOKOMIIOHCHTHAs CUCTEMA.

B 10 ke Bpems, ToBapHas HedTh, IIpoaBacMasi IOTPEOUTETIO, — OJTHO-
daszHas HeTsIHAS cHUCTeMa, KAYECTBO KOTOPOW COOTBETCTBYET TPEOOBAHUSIM
JEHUCTBYIOMNX HOPMATHBHO-TEXHUYECKHUX JTOKYMEHTOB. [loaTOMY Ha mIyTH OT
CKB)XHHBI JJO TOBAPHOTO pe3epByapa Chipast HePTh MOABEPracTCcsl Creralb-
HOU 00paboTKe, BKIIOYAIOIIEH yaleHne JErKuX yriieBOJOPOIHBIX Ta30B, Ha-
XOJIAIIUXCSA B CBOOOAHOM WIIM PACTBOPEHHOM COCTOSIHUM, OTIECJICHHUE BOJBI,
U3BJICUCHHUE PACTBOPEHHBIX COJIEH

Komrmiekc TexHoJoTHIecKoro o00pyI0BaHUS M IIPOMBICIIOBBIX COOPY-
XKEHUH, TJIe OCYIIECTBISIOTCS BCe HA3BaHHBIE MPOLIECCHI, MPECTABISIET COOOM
cucteMmy cOopa ¥ MOJATrOTOBKU B OOIIEM KOMILIEKCE 00yCTPOMCTBA HEPTIHBIX
MectopoxaeHui. [IpombicioBoe 00ycTpoiicTBO TpeOyeT Oomabpioro o0bEMa
KalMUTAIbHBIX BIOXKCHHUH, 3HAUYUTEIbHAS JIOJISI KOTOPBIX MPHUXOIUTCS Ha CO-
Opy>XKeHHe cucTeM cOopa u TpaHcropTta HepTH u raza. [loaTomy rpamorHas
IPOMBICTIOBAsI TOJATOTOBKA MMEET MEPBOCTENIEHHOE 3HAYEHUE KaK JIJIsi CHUXKe-
HUS KalUTaJIbHBIX 3aTPaT M 3KCIUTYaTallMOHHBIX PAacXOJ0B, TaK W JUIS COKpa-
IICHHsI CPOKOB 00YCTPOMCTBA U, CIIEIOBATEIBHO, — YCKOPEHUS BBOJIA B JCHCT-
BHE HOBBIX MECTOPOKICHHH.

CocrosiHue U CBOMCTBA HEPTAHBIX CUCTEM, MPEXKJIE BCETO, ONMPECISIOT-
csl TepMOOapUUECKUMU YCTIOBUSMHU. [Ipu ABMIKEHUU YTIEBOJAOPOIHON CHUCTE-
MBI TIO BCEH IeMouKe "TUIacT — CKBaXKMHA — cUcTeMa cOopa U MOATOTOBKH —
MarucTpaJibHbId TPYyOOIpoBOA" HEMPEPHIBHO U3MEHSETCS IaBICHUE U TeMIle-
patypa. B pesynbrate u3MeHsIOTCS (ha30BO€ COCTOSHUE CHUCTEMbI, KOMIIO-
HEHTHBIN cocTaB ¢a3, v Kak CIAEACTBUE, UX (PU3NKO-XUMHUUIECKHE CBOMCTBA.

[Tpu moaroToBKE JOOBIBAEMOTO YTIEBOAOPOJTHOTO CHIPhS K MaruCTpasb-
HOMY TPaHCIOPTY, HA COBPEMEHHBIX MPOMBICIIAX TOJYYHINA IIHUPOKOE TIPUMeE-
HEHWE TEXHOJIOTMYECKHE MPOIIECCHl, OCHOBAaHHBIC HA MAaKCUMAJIBHOM HCIIOJh-
30BaHUM DHEPTUU IJIACTA U BHYTPUCKBAKUHHOTO O0OOPYIOBaHMS, MPUHIIUIIA
pasnmeneHus (cemapanyu) TJIaCTOBOM CMECH TOJA JIEWCTBHEM E€CTECTBEHHBIX
CHWJI TpaBUTALIUU, UHEPIUU U APYTHX.



CoBpeMeHHBI UHKEHEP 10 MPOMBICIOBOMY TPYyOONPOBOJHOMY TpaHC-
NOPTY M TMOJATOTOBKE MPOJIYKIIMU CKBaXUH (HE(TH Ta3a W BOJbBI) JIOJKEH
3HATh COCTaB U (PU3UKO-XUMUYECKUE CBOICTBA HE(PTH, raza, BOJbI KaK MHOTO-
KOMITOHEHTHOM MHOTO(a3HOW CHCTEMbI, OCHOBHBIE MPUHIIUIBI U 3aKOHOMEP-
HOCTH MPOLIECCOB MOJTOTOBKH CKBAXKMHHOM MPOAYKIHUH U €€ TPAHCIIOPTUPOB-
K. DTH 3HaHUS TTO3BOJIST MPABUIILHO OLIEHUBATH CYIIECTBYIOIINE TEXHOIOTHU
MOJATOTOBKHU, TPAHCIIOPTA U XpaHEHUS! He()TU U ra3a U MOJAEPHU3UPOBATH UX.

Ha xomruiekce 3HaHuM, MOMyYEHHBIX MTPU U3YYEHUU JAHHOTO Kypca, OC-
HOBBIBAIOTCSI HOBBIE MOJIXO0J/Ibl TPAMOTHOIO M 00JIe€ COBEPIIEHHOI'O0 MPOEKTHU-
POBaHUSI CUCTEM MOATOTOBKU CKBOXXMHHOMW MPOJIYKIIMHU, TPAHCHOpPTA U €€ Xpa-
HEHHSL.



1. PUZUKO-XUMHNYECKHUE OCHOBBI ITPOIECCOB CBOPA 1
HOAI'OTOBKH MPOAYKLIHNUN CKBA’KUH

1.1. CocraB HedpT. Hed1h Kak qucnepcHasi cucrema

Hedtp npencraBnsier cobol CIOXKHYIO MPUPOJIHYIO CMECh YIJIEBOJIOPO-
JIOB PA3JIMYHBIX KJIACCOB, & TaK K€ MHOTOYMCIICHHBIX CEPHUCTBIX, A30THUCTHIX,
KHCJIIOPOJHBIX U HEKOTOPBIX JPYTUX COCAUHEHUM.

JJleMeHTApPHbIN COCTaB HeQTH, BCTPEUAIOLIEHCS B Pa3IMYHBIX I'€0JIO0TH-
YECKUX CTPYKTYpax, Ha Pa3IMYHBIX TIyOMHAX, U3MEHSAETCA B JIOBOJIBHO Y3KHX
npenensax M MpeAcTaBlIeH CleAyromUMHu aeMeHTamu - yriaepon (C 82-87%),
Bojopon (H 11-14%), cepa (S — 0,1-5%), azot (N) u kucnopos (O). O6mias no-
as S, N, O moxet gocturath 5-8%. B HepTH B 0U€Hb MaJIbIX KOJIMYECTBAX IMPU-
CYTCTBYIOT U JPYTHE DJEMEHThI, MPEUMYIIECTBEHHO METAJIbl: BaHAIUH, XPOM,
HUKEJb, JKeJie30, KoOAIbT, MarHWi, TUTaH, T€PMaHUI, HATPUM, KaJIbIIUMA, a TaK-
xe dochop u kpemuuid. Ux conmeprkanue He MPEBBIIAET COTHIX J0JEH MPOIICH-
Ta.

dpakiuuoHHbIi cocTaB HepTH. DpaKiKel HA3bIBACTCA 10 HEPTH, BbI-
KUIaloas B OMNpeAesieHHOM HuHTepBaje Temmeparyp. Hedrtu Bbikumaior B
OYEHb IIMPOKOM TEMIIEPATYPHOM HHTEpBasie: TEMIIEpaTypa Hayajga KUIICHUS
(1.x.) — ot 28 °C, konna kunenus (k.k.) 10 520 — 540 °C.

Havanom xumnenust ppakimy cuuTaroT TeMIiepaTypy MajieHus NepBoil Ka-
IUTH CKOHJCHCUPOBAHHBIX MapoB. KoHIIOM KkurieHust Gpakiud CUUTAIOT TeMIIe-
patypy, Ipu KOTOpOii ucnapenue QpaKiuy NpeKpariaeTcs.

PaznuuaroT creayromniyie ocHOBHBIE dpakiuu HeTH:

— 28-180 °C — mmpoxkast OeH3uHoBas (ppakuus;

— 140-200 °C — yailT—cnupur;

— 180320 °C — mmpoxas KepocuHoBas (ppaKius;

— 150-240 °C — ocBeTHUTENBHBIA KEPOCHH;

— 180280 °C — peakTuBHOE TOILIUBO;

— 140-340 °C — nu3enbHOE TOTIMBO (3UMHEE);

— 180-360 °C — nu3enbHOE TOTUIUMBO (JIETHEE);

— 350-500 °C — mupoxas Macisinas (ppakius;

— 380-540 °C — BakyyMHBI} ra30ilib.

[Tox rpymnmoBbIM cocTaBOM (GpaklMd MOHUMAIOT KOJIMYECTBEHHOE COOT-
HOILIEHUE B HEW OTAENbHBIX IPYII YTIEeBOAOPOIOB (TpyIa — HECKOJIbKO TOMO-
JIOTUYECKUX PSII0OB) WIIA F€TEPOATOMHBIX COSTUHEHUI.

KomnoHeHTHBIN cocTaB HeTH OINpEIeNsIeTC HOMEHKIATYPOU BEILECTB, BXO-
Jsamux B ee coctaB. OCHOBHBIE BEIECTBA, U3 KOTOPBIX COCTOUT HEPTh — yriie-
BOJOPOBL: apaduHOBBIE (AJIKaHbI), UKINYECKHE WIH HA()TEHOBBIE (LIUKIOAI-
KaHbl), apoMaTuuecKkue (apeHbl). BoIIETAIOT Tak &e 3JIEMEHTOOPTaHUYECKHE Te-



TEpOATOMHBIE COCAMHEHUS — KHUCJIOpoAcoaepxKaiue (achanabTo-CMOJIUCTHIE),
CEepHUCTHIE (MEpKaNTaHbl, CyIb(Ub), A30TUCThIC (MTUPUIUHBI U UX TOMOJIOTH).

IMapadunoBsie yrieBogoponbl. (C,H,,,). Conepxanue napaduHOBBIX
yTJIEBOJOPOIOB B HEPTH 3aBUCUT OT MPOUCXOXKIECHUS M KOJEOJIeTCa OT JI0Je
npoueHnTta 10 20%.

N3 Hedtu BbIIENEHBI BCE alKaHbl HOPMAJIBHOTO CTPOEHUS, BIUIOTH 10
Cs3Hgs. Cs — Cy6 — xunkoctu, Ci; 1 60j1ee — TBEpAbIC BEIICCTBA.

[TapaduHOBBIE YyTIEBOAOPOABI MIPU OMPEIEICHHBIX YCIOBUSIX CKJIOHHBI K
00pa30BaHMIO aCCOIMATOB (HAIMOJICKYJISIPHBIX CTPYKTYP). MeKMOIEeKYIIpHbIC
B3aMMOJICUCTBHS BHICOKOMOJICKYJISIPHBIX aJIKaHOB OOYCIIOBJICHBI BOIOPOIHBIMU
CBSA3SIMA W JTUCIEPCHOHHBIMUA cwiamu. I[lapadmHOBBEIE HaIMOJEKYIISIPHBIC
CTPYKTYPBI MOTYT CYIIECTBOBaTh B HE(PTSIHOW CHCTEME TOJIBKO B 00JIACTH HU3-
KUX TEMIEPaTyp U MOJHOCTBIO JI€3arperupyroTCs MpU MOBBIIICHUH TeMIepaTy-
pBI.

HadreHnoBblie yriieBogopoabl (HMKI0AJIKAHBI) B HEPTIX MTPUCYTCTBYIOT
B OCHOBHOM B BHJI€ YIJIEBOJOPOJOB THOPUIHOTO CTpoeHUs. CTPyKTYypHBIMU
3BEHBSMU TMOPUJIHBIX YTIIEBOJOPOAOB, KPOME 5- M O-UJIEHHBIX KOJIEI, SIBJISIOTCS
napauHOBBIC LIETIM U apOMaTHYECKUE IUKIbI. Pa3nnyaroT MOHOUMKIMYECKHUE
(C.Hyy), ounuknuueckue(C,Hy,), Tpu- n nomunmnuueckue (CpHa,u4, CoHone)
yTIeBoA0poabl. MOHO- U OUIIMKINYeCKre HA(QTEHBI B OCHOBHOM — YKHKOCTH.
[Tonuuukinyeckre — TBEPbIe BEUIECTBA.

B nedtn Hadrensl MoryT npeobnagaTh HaJ APYTUMH KIACCAMHU YTIIEBO-
noponoB. Conepkanue ux kojeodnercs ot 25 no 75% wmacc. HanGounpien yc-
TOMYMBOCTHIO 00JIATAIOT 5- U O-WICHHBIC IUKIIBI: ITUKIONEHTAH, ITUKIOTEKCaH,
METHIIIUKIIOTEKCaH, dTHINUKIOreKcaH. OHM ¥ TIpeo0IaIaroT B HEPTIHOM Ccuc-
TeMe

B oTnuune ot mapaduMHOBBIX YIJIEBOAOPOJOB C TEM K€ YHUCIOM aTOMOB
yriiepoja MUKI0aIKaHbl HAXOISITCS B aCCOLIMUPOBAHHOM COCTOSIHUM Mpu 0oJiee
BBICOKOW Temmeparype. Yucio Mojekya B accouurare ot 2 10 4-5 B 3aBUCHMO-
CTH OT TEMIIEpaTyphl U CTPOCHUSI.

ApoMaTnyecKue yrieBoaopoabl. B OoibIIMHCTBE CilyyaeB apeHbl IO
COJIepKaHUIO B HEPTH yCTyNarOT alKaHaM U IIUKII0AJIKaHaM.

ApeHbl TIpeACTaBiIeHbl B HEPTAX PA3NTMUYHBIMU TOMOJIOTHYECKUMU psiia-
MU: MOHOIIMKINYECKUE YTIEBOJOPOABI psiga OeH30Ja; OUIUMKINYECKHE - psiaa
HadTanuHa; Tpu-(dheHaHTpeH, aHTpaleH) U TeTpa- [MUKINIECKUE YTIIEBOIOPOIbI
(MMpeH U ero roMoJIoru).

ApeHbl, 0COOEHHO TOTUIUKINIECKAE, UMEIOT TTOBBIIICHHYIO CKJIOHHOCTh
K MEXMOJICKYJISIPHOMY B3auMojiecTBUI0. [lonunukinnyeckue apoMaTHYECKHE
YTIIEBOZOPOIBI 00Pa3yOT ABYMEPHYIO (TUIOCKOCTHYIO) CTPYKTYPY M CKJIIOHHBI K
MEKMOJIEKYJIIPHOMY B3aUMOJICUCTBUIO U B 00JIACTH BBICOKUX TEMIIEPATYp C 00-
pa30BaHUEM CJIO)KHOU CTPYKTYPHOU €IMHULIBL.



I'uOpuanbie yriaesogopoabl. K TruOpUIHBIM OTHOCST YTIi€BOAOPOIbI
CMEUIaHHOTO CTPOEHHUs: napapuHO-HAPTEHOBOro, NMapapuHO-apoOMaTHUECKOro,
Ha(TEHO-apOMAaTUYECKOT0. ITO TBEPJbIE YIIEBOAOPOAbI C (hparMeHTaMu JIJIUH-
HOLIEIIOYEYHBIX CTPYKTYp, COJAEPKAIIMUX LHUKIAHOBOE WM apOMaTUYECKOe
KoJIb10. B HEQTH mpencTaBieHbl MperMyIIeCTBEHHO 1iepe3nHamMu. BerpedaroT-
Csl TaK e B COCTaBE MapaUHOBBIX OTIOKECHHM.

JIEeMEHTOOPraHMYeCKHEe reTePpOaTOMHBbIE COCIMHEHMS IIPE/ICTABIICHBI
KHCIIOPOCOIEPKAIMUMH, CEPHUCTBIMU M a30THCTBIMU coeAuHeHusMu. Hau-
OosbIIee 3HAYCHHE C TOYKM 3PEHUS TEXHOJIOTMH cOOpa W MOATOTOBKM HedTH
UMEIOT KHUCIIOPOJCOJAEPIKAIIUE BEIIECTBA, K KOTOPBIM OTHOCSATCS CMOJIBI, ac-
¢danbTensl, HahTEHOBBIE KUCTIOTHI.

Acdanbro-cmonucteie BemectBa (ACB) — BBICOKOMOJICKYIIIPHBIE TETE-
POIMKJINYECKUE COCIUHEHHUsI, COJepKamume aBa U Ooiee rerepoatoma (S, N,
0O,). Ux conepkanue B HEPTU MOKET JOXOAUTH 110 25-50%.

Acdanbrenbl B HEPTSIX MOTYT HAXOAUTHCS B MOJIEKYJISIPHOM COCTOSIHUU U
B BHUJIE€ HAJMOJIEKYJISIPHBIX CTPYKTYp, B COCTaB KOTOPBIX BXOJIUT 110 S u Oonee
MOJIEKYI.

Hedtp npencrapnser coboif mo OoTHOIIEHHIO K acdaibTeHaM CMECh pac-
TBOpUTEJIEH, TMOPOOHBIX (METAaHOBBIEC YIJIEBOJOPOIbI M, BO3MOXKHO, Ha(DTEHDI)
U TMODUIBHBIX (APOMATHYECKHUE YTIIEBOIOPOIBI U, OCOOEHHO, CMOJIBI).

Ecnu nucnepcuonnas cpena (HedTh) COACPIKUT YIIIEBOJOPOABI, XOPOIIO
pacTBopsitole acpanbTeHbl, TO OHH, KaK MPaBUIIO, HE 00pa3yloT acCOIMATOB.
Ecnu xe nucniepcuonnas cpena auo¢oOHa 1Mo OTHOIIEHUIO K acdaibTeHaM, TO B
Takoil HepTH acdanbTeHbl 00pPa3yOT aCCOIMATHI, KOTOPHIE KOATYIUPYIOT U BBI-
najaroT B TBEPAYIO (a3y MpHU BHICOKOW CTETICHW accoruarnuu. Mnm oHn mMoryT
HaXOJUTbCA B CHUCTEME BO B3BELIEHHOM COCTOSIHHH, €CJIM BSI3KOCTb CUCTEMBI
BBICOKA, a CTETIEHb ACCOLUALNN ac(PaIbTEHOB HU3KAS.

OO6nactb ycnoBuM, IpU KOTOPbIX HEPTSAHAS CHCTEMa SIBJISIETCA MOJEKYJISp-
HOM, 3aBUCUT OT ee XMMu4eckoro cocrasa. C pocrom coaepkanusi acanbro-
CMOJIMCTBIX COEIMHEHMI 00JaCTh MOJICKYJIIPHOTO COCTOSIHUSI OCTEIIEHHO BbI-
pokJaercs, U HeTsAHAs CHCTeMa CTAaHOBUTCS TUCIEPCHOM MpH JIFOOBIX 3HAUe-
HUSX JIABJICHUS U TeMreparypbl. Tak, ChIpbIM HEPTSAM MpUCYIIa UCXOAHAS JTUC-
HEPCHOCTb, 00YCIOBICHHASI HATMYUEM B HUX ac(hajIbTO-CMOJIMCTHIX BEIIECTB.

Hed1b, kKak qucnepcHasi cucrema. /[ucriepcHoe COCTOSTHUE SIBJISIETCA Xa-
PaKTEepHBIM JiJIsi HE(TAHBIX CUCTEM KaK MPH HAXOXKJICHWU WX B TUIACTE, TaK U B
nporeccax JA00bIYM, TPAHCIIOPTUPOBKH, MEPEPadOTKH U APYTUX TEXHOJIOTHYE-
CKHMX OITEpaLlHi.

Crtpykrypable eauHUIB HeTsHBIX aucnepcHbix cuctem (HJIC) mmerot
CIIO)KHOE CTpPOEHHE, OOYCJIOBIEHHOE NPUPOJIOM M TreoMeTpudeckoi (opMoil
MaKpOMOJIEKYJI BEICOKOMOJEKYJISIpHbIX coeauHeHuit (BMC), noBepXHOCTHBIMU
CHWJIAaMHU MEXIy HUMH, B3aUMOJCHCTBUEM AUCHEPCHON (pa3bl ¢ IUCTIEPCUOHHOM
Cpenou u ApyruMH GpakTopamH.



JucniepcuoHHas cpega COCTOUT M3 CMECH IMOJSPHBIX U HENOJISIPHBIX CO-
€AUHEHN U B3aUMOJEHCTBYET C HAAMOJIEKYJISIPHBIMU CTPYKTYPaMH, B pe3yJib-
TaTe 4ero BOKPYI HAJIMOJEKYJSIPHOM CTPYKTYphl (accolMara Wi KOMIUIEKCA)
dbopmupytoTCs cosbBaTHBIE 000s0uku. Takas qucnepcHas 4acTHlla CI0KHOTO
CTpoeHUs (HaJAMOJICKYJISIpHas CTPYKTypa + COJBBATHBIA CJIOM) criocoOHa K ca-
MOCTOSITEJIbHOMY CYIIIECTBOBAHHMIO U TOJIy4YWsa Ha3BaHUE CJIOKHOU CTPYKTYp-
ol enunubl (CCE).

CCE mpexacraBisieTcsi Kak SApO, OKPYKEHHOE COJIbBATHOM 000IO0YHOMA.
CCE moxeT nepeMemaTrbcs B JUCIIEPCHOHHOMN cpefie, T.K., 0aroaaps coJibBaT-
HBIM 000JI0YKaM, 4acTUllbl achaibTEHOB WA BBICOKOMOJIEKYJISIPHBIX mapadu-
HoB (BMII), o6pasyromue sapo acconuara, He CIUIMAIOTCA MEXKIY COOOM.

XapakrepHoil ocobeHHocThl0 CCE sBisieTcss pa3HHMIA TOBEPXHOCTHBIX
DHEPIUM MEXKY HAJAMOJIEKYJSIPHOW CTPYKTYPOU M COJBBATHBIM CJIOEM U MEXKIY
COJIbBATHBIM CJIOEM U JUCIIEPCUOHHOM CPEIOH.

CCE moryTt 00pa30oBbIBaTh CBOOOTHOAUCIIEPCHBIE CUCTEMBI (30J1M) U CBSI3-
HOJMCIIEPCHBIE cUCTeMBI (Tenu). B CBOOOTHOIUCIIEPCHON CHUCTEME YaCTHIIBI
qucnepcHoi (a3bl He CBA3aHBI JIPYr C APYTOM M MOTYT MEPEeMENIaThCs IO
JEUCTBUEM BHEIITHUX CHUJI (CHJIbI TSXKECTU WIIM OPOYHOBCKOTO ABMXKeHUs). [uc-
nepcHas (aza CBSI3HOAMCIIEPCHBIX CHUCTEM OOpa3yeT CIUIOIIHON Kapkac (mpo-
CTPAHCTBEHHYIO CTPYKTYpPYy), BHYTPH KOTOPOH COIEPKHUTCS JUCIEPCHOHHAS
cpena.

HAC (cB0O6OIHO- M CBSI3BHOAUCIEPCHBIE) XapPAKTEPU3YIOTCS CTPYKTYpPHO-
MEXaHUYECKON MNPOYHOCTBIO. IlO CTPYKTYpHO-MEXAaHMYECKONM HPOYHOCTHIO
HE(PTIHBIX JUCTIEPCHBIX CUCTEM MOHHUMAETCS €€ CIIOCOOHOCTH COMPOTHUBIATHCS
JNEUCTBUIO BHEIIHUX CHJ. Uem Oouibllle CHIIbI B3aUMOJAECHCTBUS MaKpOMOJIEKYJ
BMC B accoumare u MeXIy accouMaraMy B CUCTEME, TEM BBIIIE CTPYKTYpPHO-
MEXaHU4eCKasi IPOYHOCTh HEPTAHON AUCIEPCHON CUCTEMBI.

C napyroii CTOpPOHBI, CTPYKTYpHO-MEXaHH4YecKass MPOYHOCTh HEPTIHON
JUCIIEPCHON CHCTEMbI T€M BbilIe, yeM Oosbiie B cuctreMe CCE pa3HbIX THIOB
(acdanbTeHoB, cMoJ1, TapaUHOB, MOJUIMKINIECKUX YIIIEBOJIOPOIOB).

CrpyktypHO-MexaHn4deckyr npodHocTh (CMII) HedTsHON nucnepcHON
CUCTEMBI OLEHUBAIOT CTEIECHBIO OTKIOHEHUS CTPYKTYPHOU BA3KOCTH [lmax OT
JTUHAMUYECKOU BA3ZKOCTH Lin.

[To BenmuuHE CTpyKTypHO-MexaHuueckod mnpouHoctu HJIC pacnosara-
10TCs B psif: renb—>301b—>CCE.

Temneparypa Biusger Ha CMII cucremsl. [Ipy noBbIIEHUN TeMIIEpaTypbl
CMII cHmxaeTcs U MCUYe3aeT, KOrAa CUCTEMA NEPEXOIUT B COCTOSHUE MOJIEKY-
JSPHOTO pacTBOopa. TemmnepaTypa BIMSIET U HA YCTOWYHUBOCTh AMCIEPCHOM CHUC-
TEMBI [IPOTUB PACCIOEHUS.

Ilog KuHETHYECKON YCTOMYMBOCTBIO HE(MTSHOW IUCHEPCHOM CHUCTEMBbI
MOHUMAETCS CIIOCOOHOCTh AUCTIEPCHOM (pa3bl COXPAHATh B TEUCHHE OMpE/IEIeH-
HOTO BpeMeHHM paBHOMepHoe pacnpeneiieHne CCE B AMCIEPCHOHHOM cpene.



HeycTolunBOCTh CHUCTEM OKa3bIBAET BIMSHUE HA MPOBEACHUE LEIEBbIX MPOLEC-
COB: 100bIYa, TPAHCIIOPT, XpaHEHUE HE(PTHU U BBI3BIBAET HEOOXOJUMOCTh ITPUHSI-
TUSL COOTBETCTBYIOIIMX TEXHUYECKUX MEP IO 3aLIUTE OT PACCIOCHUS.

HeycToitunBocTh NpOSBISETCS YKPYHMHEHHUEM YaCTHUIl AUCTEPCHON (hasbl
3a CUET UX CIIMIAHUS O] BIUSHUEM MEKMOJEKYJISIPHOTO B3aUMOJACHCTBUS APYT
¢ apyrom. [Ipu 3TOM TepsieTcs KWHETUYECKass YCTOMYMBOCTh U MPOUCXOAUT pas-
nenenue Qas, T.e. mpoucxoauT koaryisuus. [loBepxHocTh pazgena (a3 mnpu
ATOM YMEHBIIAETCA. DTOT NPOLIECC COCTOUT U3 2-X CTaTUN:

1) CxpeoiTas. Ha nepBoil craguu 10 Hadajla pacciOCHUSI acCOIMAThl YK-
PYIHSIOTCS;

2) SBHas. Ha BTOpO#l cTaauy YKpYIHEHHBIE YAaCTHIbl arperupyrorcss u
o0pa3ytoT oTaenbHyo (asy.

[TpuHIMIIHATBEHO MOXET OBITH TPH CIIOCOOA TOTYUYEHUS W BO3ZHUKHOBE-
Husl He(PTaHbIX cucTeM, coaepxkamux CCE:

1. Yanenue u3 CUCTEMBI YII€BOAOPOJIOB, SABISIOIIMXCA PACTBOPUTEISIMU
HAJMOJIEKYJISIpHBIX CTpyKTyp. Hampumep, ucnapenue nerkux ¢pakuuii Hedtu
npu xpaHeHuu. Torga B ocTaTKe HAaKaIUIMBAIOTCS BBICOKOMOJEKYIISIPHBIE KOM-
NOHEeHTH! (acanbTeHbl, CMOJbI, apoOMaTHYECKue, MapauHOBBIE YIIIEBOJIOPO-
JIbl), CKJIOHHBIE K 00Pa30BaHUIO CIOXKHBIX CTPYKTYD;

2. BBenenue B He(TAHYIO CHCTEMY CIHELHAIbHBIX J00aBOK, HampuUMeEp,
ITAB ¥ NOIMIUMKINYECKUX apOMAaTHYECKUX YIIEBOAOPOIOB. AHAJIIOTMYHAS CH-
Tyauus HaOJI0JaeTcsi Ipu CMelleHuu HedTH, coaepkallell 3HaUUTEIbHbIE KO-
audecTBa acaiabTeHOB ¢ HEe(ThIO mapaduHOBOTO ocHOBaHMs. [lapaduubl sB-
JsI0TCSt TMOGOOHBIM PACTBOPUTENIEM IO OTHOLICHUIO K acaibTeHaM U 3TO
IPUBOJUT K KOATYJISILIUU MOCAEAHUX U BBIIIAJEHUIO UX U3 PacTBOpA.

B n1acToBbIX yCIIOBHSX B HE(PTH B paCTBOPEHHOM BHJIE COAEPIKUTCA 3HA-
YUTEJIBHOE KOJMYECTBO ra3000pa3HbIX YIJI€BOJAOPOJIOB OT METaHa 0 NEHTaHa.
PacTBOpeHHBIE ra3bl OKa3bIBAIOT JECOJIbBATUPYIOLIEE JACHCTBUE HA aCCOLMUATHI
ac(aJbTeHOB, T.€. pa3pylIaloT COJbBaTHYI 000J704Ky. [loaTomy achanbTeHo-
BbIE aCCOIMATHI TEPSIIOT YCTOMYMUBOCTh M KOAryJHUPYIOT, T.€. JUCHEPCHBIC Yac-
TULBI achaabTEHOB CIMMAIOTCA MEXKIY COOO0M, YKPYIHSIOTCS. DTO MPUBOJIUT K
NOTepe IEHHBIX COCTABJISIOMIMX HEPTH M CHIDKCHHIO He(TeOoTAaud IuiacTa
(Tabmn.3.).

PasrazupoBanue HeTH NPUBOAUT K OTHOCHUTEIBHOMY BO3PACTAHUIO B
He(TH COJepKaHUsI apOMaTUUYECKUX YIJIEBOJAOPOJOB M, CIEA0BaTEIbHO, K pac-
TBOPEHHIO B HUX AMCIEPCHBIX YacTUL, 00Opa3oBaHHBIX achanmbTeHamu. [Ipum
3TOM BSI3KOCTb HE(DTH yBEITUUHBACTCS.

3. [lonm>keHne WM NOBBIIIEHUE TemIieparypsl. 1Ipu aToM mosBisroTCcs
HAJMOJIEKYJISIpHBIE CTPYKTYpPBI, B pe3yJIbTaTe Yero CUCTEMA NEPEXOAUT U3 CTa-
OMJIBHOTO COCTOSIHUS B HecTabuibHOe. Hanbosnee yyBCTBUTEIbHBI K TEMIIEpATY-
pe napadunossie CCE.



Takum o0pa3om, cTeneHb AUCHEPCHOCTH HEPTIHOM CUCTEMBI, pa3Mepbl
CCE 3aBHUCAT OT BHEUIHUX YCJIOBUH W CTENEHU BO3ACHCTBUS BHEIIHMX (PaKTo-
poB. Ilox UX BIMSHUEM NPOUCXOAUT U3MEHEHHUE PA3MEPOB s/Ipa U TOJIIUHBI
conpBatHoOro ciosi CCE. B 3aBucumoctu oT TepMoOapuueckux (pakTopoB BO3-
MO’KHO CYILECTBOBAaHUE TPEX COCTOSHUN HEPTSIHBIX JUCIEPCHBIX CUCTEM: MO-
JEKyJIpHbIE PACTBOPBI, 0OPaTUMO CTPYKTYpPHUPOBAHHBIE >KMJIKOCTH U HeoOpa-
TUMO CTPYKTYPHUPOBAHHBIE KUIKOCTH.

[Ipoueccamu pu3MUECKOro arperupoBaHMsi MOKHO YIPABIATh, IPUMEHSIS
MEXaHUYECKUE CIOCOOBI, IEKTPUUECKHE U MArHUTHBIC MOJIS, IPYTHE METOJbI
yTEeM U3MEHEHUs CIEeyI0MMX (GaKTOPOB:

— COOTHOLIEHUE CTPYKTYPUPYIOIIMUXCS U HECTPYKTYPUPYIOIINXCA KOMITOHEH-
TOB;

— TEMIIEpaTypa U JaBJICHHUE;

— PacTBOPAIOLLAS CUJIA CPEIBL;

— CTENEHb IUCIIEPrUPOBAHUS aCCOLMATOB.

B 3aBHCHMOCTH OT LI€IM TEXHOJIOTMUECKHX IPOLECCOB LEIECO00pPa3HO
OIHM OCYILECTBIIATH IIPM MUHUMAJbHBIX 3HaueHUAX pasMepoB sapa CCE, a
JApYTUe — IIPU MAaKCUMAJIbHBIX.

IIpumepoM mposIBIEHUSI CBOMCTB HE(PTU KaK JAUCIIEPCHON CHCTEMBI CIy-
KUT cienyromas curyanus. J[eOuT CKBaXKMHBI MOTYT OTPaHUYUBATh (DAKTOPBHI,
CBSI3aHHBIE C (PU3UKO-XMMUYECKUMHU CBOMCTBAMH IOTOKA, JBMKYILErocs B yc-
JIOBUSAX M3MEHSIOLIEroCs NaBJICHHUs U TeMneparypbl. K HUM OTHOCATCA: necya-
Hble MpOOKH, oOpa3yromuecs B pe3yibTare CKPEIUICHHS YacTHI] BSOKYLIUMHU
komnonentamu HeQTH, ACIIO, KpucTanmoruApaThl MIPUPOJHBIX Ta30B U JP.

1.2. ®Dusuko-xMMHU4YecKHe CBOiicTBa HedTH.

OCHOBHBIMHM CBOMCTBaMH HE(THU, BIUAIONIUMU Ha TEXHOJIOTHIO IOJIO-
TOBKH, TPAHCIIOPTAa M XPAHEHUS] B MPOMBICIOBBIX YCIIOBHUSX SIBIISIOTCS ILIOT-
HOCTb, BSI3KOCTh, TE€KYUY€CTh, TCIUIOBBIE M DJICKTPUUECKHE CBOWCTBA, TOKCHY-
HOCTb.

IlaoTHocTh. [lMOTHOCTRIO HEDTH CUUTAIOT KOJUYECTBO IOKOSIICHCS
MAacChl, 3aKJIFOUEHHON B €IMHUIIE 00beMa M BHIPAXKAIOT B KUJIOTpaMMax Ha Ky-
oudeckuii MeTp. Ha mpakTuke dyamie MMEIOT JeJI0 C OTHOCHTEIBHOM IIJIOTHO-
CTBIO, T.€. OTHOIIIEHHEM aOCOIIOTHOM TJIOTHOCTH HE(PTH K IIIOTHOCTU JUCTUII-
npoBaHHO# Bozbl mpu 4 °C. Dra BenmunHa 0003HauaeTcst cumBonoM pi?, rie

BEPXHUU UHJIEKC — TeMIlepaTypa HEPTH, HUKHUM — TeMIIepaTypa BOIbI.

Jlnst GonbmHCTBA HEe(PTEH MIIOTHOCTH HaxoauTces B mpeaenax 750-1000
Kr/M°. Pasiiiune B IUIOTHOCTH CBA3aHO C KOJIMYECTBOM YTJIEBOJIOPOIOB Pa3HBIX
KJIACCOB, BXOAAIIMX B cocTaB HehTU. Tak, HEPTH ¢ npeodiiajaHueM METaHOBBIX
YIJIEBOJIOPOIOB Jierde HedTH, Ooratoit apomaTukoi. IIIIOTHOCTH CMOJUCTHIX
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BemectB Hedtu Bbime 1000kr/M3, mosToMy cMonucTbie HEPTU OOJIee TSHKENbIe
(puc. 1.1)

Er: 7,04
B 844
g maf
£ D8 3 ¥
= a7 [
i
0,81

¥ £ 6§ 7 8§ 3 10 ¥

Hucao amomog J '.'.'C'{.fl'.k’.".‘l & MEATERVIE

Puc. 1.1. 3aBucumoctu QyHKUUH pacrpeeseHns OTHOCUTENIbHON TNIOTHOCTH OT YMCIIa aTo-
MOB yTJIepoJia B MOJIeKyJie isi: 1 — H-mapaduHoB; 2 — n3onapaduHoB; 3 — MUKIONapaduHOB;
4 — IMKJIOTEKCAHOB; 5 - apOMATHUECKUX

[To BenmuMHE MIOTHOCTH HE(TH YCIOBHO DPA3AeisiOT Ha TPH TPYMIIHL:
nerkue (750-860 kr/m’), cpemmne (860- 900 kr/m’) u Tspxemsie (900-1000 kr/n’)

[Ipu dbpakunoOHHOM pa3roHKe MIIOTHOCTh OTACNIbHBIX (pakluii BO3pacTaeT
C TIOBBILLIEHUEM TEMIIepaTypbl BbIKUNanus Gpakiuu. O01as mioTHOCTh HEPTH
3aBUCHUT OT COOTHOIICHMS JIETKOKUIISIIUX U THKENbIX dpakuuid. Jlerkue nedtu
cozepkaT mpeodIaaaroIiee KOMTMIeCTBO HU3KOKHUIISIINX (BPaKIIUd, a TSHKEIbIe —
BBICOKOKUITALIUX: Maces, cMoi. [loaToMy TIoTHOCTH HE(TH JaeT MepBoe Mpu-
OJM>KEHHOE MPEJCTABIIEHUE O €€ COCTaBe.

[InoTHOCTH HE()TH 3aBUCHUT OT TeMIiepaTypsl U AaBieHus. C MOBBILICHUEM
TEMIEPaTypbl TIOTHOCTh CEMapUPOBAHHON HE(PTH YMEHBIIAETCS M HA0OOPOT.
[In0THOCTH MIACTOBOM HE(TH MPH YBETUUCHUH TEMIIEPATYphl B 00JIaCTH JaBiie-
HUIl HIDKE JTaBJICHUS HACBIIICHUS BO3PACTaeT, a B 00JIACTH BBILIEC JABJICHUS Ha-
CBILIIEHUS] — YMeHbImaeTcs. [Ipu yBennueHnn naBieHHs TNIOTHOCTh HE(TH BO3-
pacTaer, XOTs ¥ OYeHb MaJjlo M0 CPAaBHEHUIO C HOMUHAIBHBIMU 3HAYCHUSMU.

Bsi3kocTh SBIISETCS BaKHEWIIEH (PU3MUYECKOW KOHCTAaHTOM, XapaKTepu-
3YIOILIEeH PKCIUTyaTalluOHHbIE CBOMCTBA HEPTH, €€ TeKyuecTh. BsizkocTh onpene-
JSIETCSL CTPYKTYPOU M COOTHOLIEHUEM YTJIEBOJOPOJIOB, COCTABISIOMIUX HEQPTH,
T.e. ee npupoaor. Cpenu pa3IUUHbIX TPYIIl YIJIEBOJIOPOJ0B HAUMEHBIIIYIO BS3-
KOCTh UMEIOT MapaduHOBBIE, HAMOOJIBIIYI0 — HAQTEHOBBIE YTIEBOJIOPO/IBI.

Hedtp, Kak yka3zaHo BbIlIE, NPECTABISIET COOON TUCIEPCHYIO CUCTEMY,
00J1a1al01y 10 ONpeAeIEHHBIMUA CTPYKTYPHO MEXaHUUYECKUMH CBOWCTBaMHU, 00Y-
CIIOBJICHHBIMU MEKMOJICKYJISIPHBIM B3aWMOJICUCTBUEM JJIEKTPOCTATUYECKOW U
3JIEKTPOIMHAMUYECKOW Tpuposl. [lapamerp BA3KOCTH Hambosee MOJTHO OTpa-
KaeT 3TH B3aUMOJCHCTBHS U BEIMYMHA €T0 KOPPETUPYET CO CTEMEHBIO UX IMPO-
SIBIICHUSL.
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C TOUYKM 3peHUS] MATEMATUKH MapaMeTpbl HEPTIHBIX AUCIIEPCHBIX CUCTEM
HEJIb35l PACCUUTHIBATh MO MPUHIUIY AJJUTUBHOCTH (CBOMCTBO BEJIUYUH, CO-
CTOSIIIIEE B TOM, YTO 3HAYCHUE BEJIUYUHBI, COOTBETCTBYIOIIEE 1I€JIOMY OOBEKTY,
pPaBHO CyMM€ 3HAaY€HUW BEJIMYMUH, COOTBETCTBYIOIIMX €ro dvactsam). [loatomy
BA3KOCTh HEPTH HEIb3 PACCUUTHIBATH KAK CYMMY BSI3KOCTEH MHAMBUIYAJIbHBIX
YIJIEBOJIOPOJIOB, BXOIAIINUX B €€ COCTAB

Paznmuuaror abCONMOTHYIO TUHAMUYECKYIO BSI3KOCTh, XapaKTEPU3YIOIILYIO
CUJIy TPEHHUSI, BOSHUKAIOIIYI0 MEXAY €IUHULIAMU IMOBEPXHOCTU JBYX CMEMKHBIX
CJIOEB BHYTPH KHUJKOCTHU IPU UX B3AUMHOM IIEPEMEIICHUH.

JlnHamuueckast BA3KOCTb OIPEEIIAeTCs 0 ypaBHEeHHIO HproToHAa:

F_ v
R (1.1)

r7ie A — oAb NepeMenIalommnXCcs CI0EB KUIKOCTH; F — cuiia, TpeOyroascs
JUTSL TIOACP>KaHUS PA3HOCTH CKOPOCTEH JBIKCHUS MEXKTY CI0SIMU Ha BEJTUUUHY
dv;dy — pacCTOsHHE MEXY JIBMXKYIIUMHUCS CIOSMH KUIKOCTH;, dV — Pa3HOCTh
CKOPOCTEH JBIDKYITUXCS CIOEB KHUIKOCTH, U - KOADPHUIIMESHT MPONOPIHOHATb-
HOCTH, TMHAMHUYECKAs BA3KOCTb.

Jns TUApaBIMYECKHUX PACUETOB YacTO MCIIOJIB3YIOT KHUHEMAaTHYECKYIO
BSI3KOCTh — CBOMCTBO KUJIKOCTH OKa3bIBaTh CONPOTUBIICHHUE MEPEMEIICHUIO O1-
HOT'O €€ CJI0Sl OTHOCUTENBHO JIPYTOro C YYETOM CHUJIbI TSKECTH:

n=wp. (1.2)

OnpeneneHne OUHAMUYECKOM BSI3KOCTH TMPEACTABISET ONPEACIICHHBIC
TpyaHOCTH. Ha npakTrke onpeaeistor OTHOCUTENBHYIO BSI3KOCTb, a 110 €€ 3Ha-
YEeHUI0 KUHEMAaTUYECKYI0 U a0COMOTHY0. OTHOCHTENbHAS BI3KOCTh ITOKa3bIBa-
€T BO CKOJIBKO pa3 BSA3KOCTb JaHHOW HE(TH MpHU JAHHOHN TemrepaType OoJiblie
WM MEHbIIE BA3KOCTH Boabl (mpumepHo ImIla‘c mpu 20°C). OTHOCHTEIBHYIO
BA3KOCTh OINPEIEISIIOT MPU MOMOILIM BUCKO3UMETPA DHIJIEPA, TO €CTh OLICHUBA-
I0T OTHOILLIEHWE BPEMEHU UCTEUEHUS UCIIBITYEMOM KUIKOCTH IIPU TEMIIEpaType ¢
KO BPEMEHH UCTEYEHHUs TOT0 ke o0beMa Bobl pu 20 °C.

[Io OTHOCHUTENBHON BA3KOCTH BBIYMCISIIOT KOA(DPUIMEHT KUHEMaTHue-
CKOH BA3KOCTH, U 10 hopmyJie (1.2) pacCUMTHIBAIOT AMHAMUYECKYIO BA3KOCTb.

BszkocTh HEQTH HE3HAYUTENBHO BO3PACTAET C MOBbIIICHHEM AaBieHus. C
YBEIIMYEHUEM TEMIIEPATypbl — YMEHBIIIAETCS, a C IOHMKEHUEM — YBEJIMUYHUBAET-
Ccsl, 0COOEHHO MHTEHCUBHO B 00JIACTH €€ OTPUIIATEIbHBIX 3HAUCHH.

BsizkocTh HepTH yMEHBIIAETCSl C MOBBIIIEHHUEM KOJIMYECTBAa PAaCTBOPEH-
HOT'O B HE YIJIEBOJOPOAHOIO rasa, pu4eM, 4eM BbILIE MOJISIpPHAs mMacca rasa,
TeM HUXKE BSI3KOCTh HePpTU. C yBEeIMUEHHUEM KOJMYECTBA a30Ta, PACTBOPEHHOIO
B He()TH, BI3KOCTh MOCIICTHEH OyIeT BO3pacTaTh.

AOCOJIFOTHOE 3HAYEHHUE BS3KOCTU 3aBUCUT OT KOMIIOHEHTHOTO COCTaBa
HedTH. Bs3kocTh cMeceill apeHOB OoOJbIlIe BS3KOCTH CMeEcei ankaHoB. Yem
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OosbIIe B HEPTU COAEPKUTCS CMOJ U ac(abTEHOB, TEM BBIIIE €€ BSI3KOCTb.
Bsi3kocThb cbipoil He()TH BbIIIE BA3KOCTH CENapUpPOBAHHOM.

Peosoruuyeckue cBoiictea Hepru. CylIeCTBYIOT IBE paACIIPOCTPAHEHHBIE
MOZENH KUAKOCTU. [lepBas U3 HUX MPEANoaaraeT, YTo B JKUIAKOCTH MPHU JIBHXKE-
HUU HET KacaTeJIbHbIX HAIPSKEHUI. DTO MOJAENb UACAIbHOMN KUAKOCTU. BTOpas
MOZEJIb YUYUTHIBAECT MOSBISIOMIMECS MPU JBUKECHUU KacaTEIbHbIE HAIPSKECHHUS.
DT0 MoJEeNb BA3KOU KUJIKOCTH.

B mpocreiimieM ciyyae npsIMOJIMHEHHOIO CIOUCTOrO (JaMUHAPHOIO) Te-
YEHHS CBA3b MEXKY KacaTeJIbHbIM HAIPSXKEHUEM 7 U MIPOU3BOJHOM CKOPOCTH U
10 HOPMAJIA OIPENENSAETCA 3aKOHOM BSI3KOTO TpeHus HproToHa:

=udu/dy, (1.3)
rJie L - TMHAMAYECKu K03(PPHUITUEHT BI3KOCTH (IMHAMHYECKAs BI3KOCTh).

O10T KO3DPUIIMEHT OonpeensieTcsi CBOUCTBAMU KUIAKOCTH U 3aBUCUT OT
JIABJICHUA U TEMIIEPATYPHI.

Cy1iecTByeT MHOTO Cpell, KOTOpPbIE XOPOLIO OMUCHIBAIOTCS Mojienbio (1.3)
BSI3KOM HBIOTOHOBCKOM XUJKOCTH. B TO k€ BpeMsi UMEIOTCS U APYTUE KUIKHE
cpeadbl, ISl ONMUCAHUS KOTOPBIX MOJEJb BSI3KOU JKUJIKOCTH HE MOAXOIUT. DTH
KUJKOCTH Ha3bIBAIOTCS HEHbIOTOHOBCKHUMH.

Ecnu nedte He comepxut CCE, To oHa mpeacTaBisieT coO0H MOIEKYJISIp-
HBII PacTBOP pa3IUYHBIX HU3KO- U BBICOKOMOJIEKYJIIPHBIX COCIMHEHUN U MOJ-
YUHSETCS 3aKOHY Bsi3koro Tpenust Herotona (1.3). Ilpu nBr>keHnn BA3KOW HbIO-
TOHOBCKOM JKHJIKOCTU IO TpyO€ KPYIJoro ceyeHus KacarelbHOE HANPSKEHUE T
IIPONOPLHUOHAIIBHO I'PAAUEHTY CKOPOCTH V:

= du/dr, (1.4)
rJie r — paanyc; du/dr — CKOpocTh cBUTA.

DTO MpocCTeuIee PeosIorTHYecKoe ypaBHEHUE KUJIKOCTH. OHO COAEPKUT
€IUHCTBECHHBIN PEOJIOTUYECKUAN NapaMeTp — JUHAMUYECKYIO BA3KOCTb.

3aBUCHMOCTb KacaTeJIbHOTO HANPSKEHUS OT CKOPOCTH CIIBUI'a HA3bIBACT-
Cs1 KPMBOM TEUYEHUS UIIM PEOJIOTMYECKON KPUBOM.

B koopaunartax t-duv/dr noBenenue HeTH yKa3aHHOIO BhIIIE TUMA OyAET
ONUCHIBATHCS NPSIMOH |, BRIXOASAIIEN U3 HAYaJIa KOOPAUHAT

T 4
2
1 1
TO’ 3
T |
>
av
dz

Puc.1.2. Kpusble TeueHusi | — HbIOTOHOBCKas KUAKOCTh; 2 — IICEBIOIUIACTUYHAS; 3 —
IUIaTaHTHas; 4 — BI3KOIIACTUYHAS KUIKOCTH
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TaHreHc yriia Hakja0Ha IPSAMOM / K OCH OPAMHAT XapaKTEpU3yeT BA3ZKOCTh
KUAKOCTH (HEe(TH) U IPHU NOCTOSHHOW TEMIIEpaType €CTh BEJIMYMHA MOCTOSH-
Hasl:

tg o=k =const (1.5)
dOuU3NKO-XUMHUUECKUEe U Mexanndeckue cBorictBa HIC 3aBucsT oT creme-
HU cTpykTypupoBanuss BMC u oT cooTHomenus aucrnepcHoi (assl U Iucrep-
CHOHHOU CpEBI.

Ecnmu HedTs mpencraBiser co6oit CBOOOTHOIUCIIEPCHYIO CUCTEMY, TO €€
TEUYCHUE KAYECTBEHHO COBIIAJAET C TEYEHHEM IT'OMOTCHHBIX )KUJAKOCTEH, T.€. IPU
JAMUHAPHOM PEXUME TEUCHHUSI COXPAHSAETCS MPONOPLUOHAIBHOCTh MEXIY Ha-
NPSIKEHUEM CJIBUTa U CKOPOCThIO cABUra. KOITMYeCTBEHHO OTIMYUE BhIpakaeT-
Cs B TOM, YTO BSI3KOCTh CHCTEMBbI OKa3bIBAETCS BBIIIEC BA3KOCTH YUCTOU (TOMO-
TE€HHOM) XHUJKOCTU, T.K. JUCIEPCHBIC YACTHUIIBI OKAa3bIBAIOT JOMOJHUTEIHHOE
CONPOTHUBJIEHUE NTEPEMEILICHUIO CIIOEB KUIKOCTH.

Hannuune cTpyKTypbl B )KUJIKOCTH W3MEHSET XapaKTep KPUBBIX TEUCHHS.
[[upoxkuii cnextp pazmepoB yactull B HJIC u ux B3auMoneicTBrue Mexay co-
0011 00yCJIOBIIMBAET OOJIBIIIOE PA3HOOOPA3Ue PEOTOTUUECKUX CBOMCTB HE(TEH.

Hedtu, npeacrasnstonue coboi CBI3HOAMCIIEPCHYIO CUCTEMY, YpaBHE-
HUIO HblOTOHA HE MOAYMHSIOTCS, T.K. IPU UX TEUYEHHUHM yTPAuyMUBAETCS MPOIOP-
MOHAJBHOCTh MEXY MPUJI0KEHHON HArpy3Koi (HampsKEeHUEM CABUIa) U BbI-
3pIBaeMOM €10 jaedopMainueil (CKOpOCThIO caBura), KpuBas 2 Ha puc.l.2. XKun-
KOCTh MPOJOJIKAET COXPAHATH CIIOCOOHOCTh K TEYEHUIO MPU CKOJIb YTOAHO Ma-
JIBIX HANPSKEHUSAX CIBUTA, HO MO MEPE YBEJIIMUYECHHSI CKOPOCTHU CABUTA B KUIKO-
CTH IIPOUCXOMT pa3pyLICHHUE €llle CIadbIX CBS3€W MEX]y accolaTamMu, yrnops-
JIOYEHHUE B3aUMHOIO TOJOKEHUS U OPUEHTAIMS YaCTUIl OTHOCUTEIBHO HaIMpaB-
JIEHHs TTOTOKA. Bce 3TO MpUBOAUT K OTHOCUTEIBHOMY YMEHBIICHUIO MpuUiarae-
MOTO K >KMJIKOCTH HANPSDKEHUs CABUTA T M KpUBasg TeUEHUs 2 CTaHOBUTCA 0O0-
PALIEHHOMN BBITYKJIOCTBIO K OCH T. Takue KUJIKOCTH HA3bIBAIOTCS IICEBIOILIA-
CTUYHBIMU.

TeueHne MCEeBAOIIACTUYHON KUAKOCTU NMOAYUHAECTCS CTEIIEHHOMY 3aKO-
HY:

r=k (duv/dr)", (1.6)
IJie K — KOHCUCTEHTHOCT CHCTEMbL; /1 — HHIEKC TCUCHHSL.

NHpuekc TedyeHus XxapakTepu3yeT OTKIOHEHHE CHUCTEMBI OT COCTOSHHUS
HbIOTOHOBCKOMW JKHUJIKOCTH:

n = | — HBIOTOHOBCKas KUIKOCTb;

n < 1 — nceBAo MIacTUYHAS )KUAKOCTH;

n > 1 — nuiaTaHTHas KUJIKOCTb, KpuBas 3, puc.l.2.

KpuBbie TeueHHUs CTENEHHBIX JKUIKOCTEN MPOXOIAT YEpe3 Hadajao Koop-
JIMHAT.
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Cucrembl, B KOTOPBIX XuAKas pa3za NpOHU3aHA CILIOIIHONW CTPYKTYpPHOM
CETKOHM, MpUOOpEeTaroT CHOCOOHOCTh K TEUEHHUIO TOJBKO MOCIE pa3pylICHHs
aTol ceTku. [IpumepomM Takol CUCTEMBI SBJISIETCS HEPTh, CoJepKaIlasi CETKYy U3
KpUCTaIoB napaduna win yactuil achaabTeHOB. MeanbHoe BA3KOILIACTUYHOE
TE€YEHUE ONMUCHIBACTCS MPSAMON 4, TAHTEHC YIjla HAKJIOHA KOTOPOM K OCH CKOpO-
CTH CIBUTa YHCJIEHHO PaBEeH IJIACTMYECKOM Bs3KOCTH L*. TeueHue Takux >Kuj-
KocTel (HedTel, BOMOHEPTIHBIX AIMYJIbCHI) HAYMHACTCS TOJBKO MOCJE TOTO,
KAaK HaNpspKEHUE CIBUTA MPEBBICUT HEKOTOPBIN mpenen To. [Ipu aTom cTpykTypa
HAaYMHAET pa3pylIaThCs, U JKUIKOCTh TEYET.

YpaBHEHHE, ONUCHIBAIOLIEE TEUYECHNUE BSA3KO-IJIACTUYHBIX JKUAKOCTEH, W3-
BECTHO Kak ypaBHeHue l1IBenoBa-bunrama:

T =10+ (U*) » dv/dr. (1.7)

[Ipn paccMOTpEeHHH KPUBBIX TEYEHUS PEAJbHBIX BA3KOIUIACTHUYHBIX KUI-
KOCTEH MOKHO HAOJII0OaTh TPU XapaKTEPHBIX TOUKHU:

T, — HAIPSDKEHUE CJIBUIa, IPU KOTOPOM HA4YMHAETCS TEYEHHE (CTaThde-
CKO€ HaNpsHKEHUE CIBUTA);

Top — IpelleJIbHOE (IMHAMUYECKOE) HAPSDKEHHUE CIIBUTa;

Tp — HAIIPSDKEHUE CIABUIA, IPU KOTOPOM CTPYKTYpa IOJHOCTBIO pa3pyliie-
Ha Y KUJKOCTh HAUMHAET T€Yb KAK HBIOTOHOBCKAsI.

HccnenoBanusi peosiornyeckoro MoBeACHUS HePTel Mmokas3aiu, 4To MpHU
TeMIlepaTypax, OJIM3KUX K TEMIEPATYpe 3aCThIBaHUs, HEPTH XOPOIIO MOTUNHS-
roTcs mosienu [lIBegoBa-bunrama.

[ImacTryeckyto BSI3KOCTb MOKHO BBIPA3UTh Y€pPE3 PEOJOTHUYECKUE Tapa-
METPBI To 1 L :

L= g+ fldufar) (1.8)

CrtpykTypooOpa3oBaHue MHOTOKPAaTHO TMOBBIIIACT 3()()EKTHBHYIO Bs3-
KOCTh HE()THU, OCOOEHHO MPU TEYEHUH CO CPABHUTEIBLHO HU3KHUMH CKOPOCTSIMHU.

HeHnbl0TOHOBCKHE BS3KME KUAKOCTH JEIATCS Ha JIBE TPYNIBL: MEpBas —
KUIKOCTH, 00JIaarolMe HAYaJIbHBIM HaIpsSHKEHUEM cABHUTa To (pu T<T( CHUC-
TeMa BeAeT ce0sl KaK TBepJOoe TeJ0); BTOpas — >KUJIKOCTH He oOJiajaroniye Ha-
YaJbHBIM HAIPSHKEHUEM clBura To. JlJIsI HEHbIOTOHOBCKUX BA3KHX KUIKOCTEU
BBOJIUTCS IOHATHE KaXKYILIEUCS BA3KOCTH.

Bs3K0CTh HEHBIOTOHOBCKOM JKMJIKOCTH, B OTJIMYKE OT BA3KOCTH HBIOTO-
HOBCKOM, HE SBJISIETCA MOCTOSIHHON BEJIIMYMHOW, a 3aBUCUT OT BEJIMYMHBI Ha-
NPSIKEHUS CIBUTA!

L# Feonst, H* = f(ndufdr,T) (1.9)

OTO CHUIIBLHO BIUSET HA 3aTPAThl SHEPTHH TIPH NIEPEKadKe 1Mo TPyOOIpoBo-
nam HedTel, colep KalluX AUCTICPCHBIE YaCTHIIHI.

Hampumep, n3-3a TOro, 4TO Ka)XXymascsl BI3KOCTh 3aBUCUT OT CKOPOCTH
casura (puc. 1.3), norpeOyroTcs AONOTHUTEIbHBIC 3aTPAaThl SHEPTUU HA pa3py-
IICHUE CTPYKTYPHI B HAYAIBHBINA MTEPUOJT TP IyCKE HACOCHBIX CTAHIIHM.
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Puc.1.3. 3aBUCUMOCTb KaXyIleliCs BI3KOCTU HEHbIOTOHOBCKOM 'KUJIKOCTH OT CKOpO-
CTH CIIBUTA M TEMIIEPATYPHI

3HaveHue npenenbHoro Hanpspkenus casura B H/IC 3aBucur ot temnepa-
Typbl HEPTSIHOU cucTeMbl. B o0Gmactu Temmneparyp, Mpu KOTOPBIX CUCTEMa Ha-
XOJIUTCSl B COCTOSIHUU T€llsl, CTPYKTYPHO-MEXaHWYECKasi IPOYHOCTh U YCTONYH-
BOCTb CHCTEMBI 3aBUCUT OT COCTaBa JUCIIEPCUOHHOW CPEBI, €€ PACTBOPSIOLIEH
CIIOCOOHOCTH, KOHLIEHTpaluu TBEpAOM ¢asbl, COOTHOLIEHUS B TBepAou (haze
napapuHoOB U acanbTeHoB. [Ipu MOBbIIEHNHN TEMIIEpaTypbl CBOMCTBA reis U3-
MEHSIOTCS, YMEHbIIIAETCS €r0 MEXaHU4ecKasi POYHOCTh, U CUCTEMA MTpHUOOpeTa-
€T TeKyuue cBoicTBa. IIpu Temmeparype, COOTBETCTBYIOLIEH TEMIEPAType 3a-
CTBIBaHHUSA, HEPTh U3 CBA3HOIUCIIEPCHOIO COCTOSIHUSA MEPEXOJUT B CBOOOIHO-
JUCIIEPCHOE COCTOSIHME (COCTOSIHME aHOMaJIbHOM »kujkoctH). Ilpu onpenenen-
HOI TeMmIeparype cUCTeMa HEPEXOAUT M3 COCTOSHMS aHOMAJIBHON (HEHBIOTO-
HOBCKOM) >KMJIKOCTH B COCTOSIHUE MOJIEKYJIIPHOTO pPAacTBOpa (HBIOTOHOBCKAS
KUJKOCTh), XapaKTEPU3YIOUIEECs HAUMEHbIIEH BA3KOCTBIO CHUCTEMBI NPHU JaH-
HOU TemIleparype.

Takum oOpazom, mpu moaorpeBe HeTH ee HEHbIOTOHOBCKHE CBOICTBA
CTTIQ)KUBAIOTCS, 3aBUCUMOCTH 3(PPEKTUBHON BSZKOCTH OT CKOPOCTH CIBUTA
YMEHBIIAETCS.

[Ipu HEKOTOPOM TeMIlepaType, COOTBETCTBYIOIIEN TOUKE CIUSHUS KPUBBIX
(puc.1.4), KUAKOCTb CTAHOBUTCS HBIOTOHOBCKOM: BSI3KOCTh MOJIOTPETOM KHUAKO-
CTH HE 3aBHCHUT OT CKOPOCTH CABUIA.
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Puc. 1.4. 3aBUCUMOCTD Ka)XylIeHcsl BA3KOCTH HEHbIOTOHOBCKOM JKHIKOCTH OT TEMIIE-
paTypbl U CKOPOCTHU CABUTA

3aBUCUMOCTb BSA3KOCTH CTPYKTYPUPOBAHHOW CHCTEMBI OT HAIpPSLKCHUS
cIBUTa IpeAcTaBieHa Ha puc.l.5.

Ha yuacTtkax 1 u 3 BA3KOCTb cUCTEMBI (|1 U Ll3) ABISAETCA BEIMYMHON MO-
CTOSIHHOM Ipu JaHHOU Temnepatype. Ha stux yuactkax HJIC cooTBeTcTBYET 110
CBOEH KOHCHUCTEHIIMM COCTOSIHMSM Teisl, U MOJIEKYJIIpHOMY pactBopy BMC
HepTu. Ha yuactke 2 He(pTh HaXOJUTCSI B COCTOSIHUM QHOMAJIBHO BSI3KOM >KM/I-
KOCTH, BSI3KOCTb (|1,) SIBJISIETCSI BEJIMUYMHOM MEPEMEHHON U XapaKTepU3yeT paB-
HOBECHE IIPOLIECCOB Pa3pYLUECHUsI U BOCCTAHOBJICHUS CTPYKTYPbI B 3aBUCHUMOCTHU
OT IIPUJI0KEHHOTIO T.

JU*‘ H

T=Const T

Puc. 1.5. KpuBas 3¢ peKTUBHOI BI3KOCTH TUIACTOBOW HEPTH

Pa3pynienue KoaryiasiiuOHHBIX CTPYKTYpP, OOpa3oBaHHBIX BBICOKOMOJIE-
KyJISIpHBIMU TlapaduHaMu U acdaibTeHaMHu, UMeeT cBou ocoOeHHocTH. [locie
MPUIOKEHUST ONPEIeICHHON HAarpy3ku K HedTH, o0sagaroieid Tako CTPyKTy-
pOii, HEMEMJIEHHOTO pa3pylIeHUs] CTPYKTYphl He Habmtonaerca. CTeneHb pas-
PYILIEHUS 3aBUCUT HE TOJIBKO OT CKOPOCTH CABHUTa, HO U OT BPEMEHHU BO3JIEHCT-
BUs HArpy3kH. XapaKkTEpHO, YTO MOCJIE CHATUS HAarpy3KU MPOYHOCTh CTPYKTYPHI
4yepe3 OIpPEACIICHHOE BPEMSI BOCCTAHABIMBAETCS IOJIHOCTBIO, T.€. BSI3KOCTb OT
BEJIMYMHBI |13 YBEJIMYMBAETCS J0 3HauyeHus L (puc.l.5). Takas crnocoOHOCTh K
CaMONPOU3BOJILHOMY BOCCTaHOBJICHHIO CTPYKTYpPBI IOCJE €€ pa3pylIeHUs Ha-
3bIBAETCSI TUKCOTPOITUEH.

[Tapaduuucteic HEPTH U arperaTUBHO-YCTONYHMBBIE KOHIIEHTPUPOBAHHbBIE
BOJOHE(TSIHBIE SMYJIBCUU 00JIAIOT CBOMCTBOM CAMOIIPOU3BOJILHOTO YBEIHMUCHHUS
IIPOYHOCTH CTPYKTYPBI Tp BO BPEMEHHM U BOCCTAHOBJIEHUS CTPYKTYpPHI MOCIE €€
MEXaHUYECKOr0 pa3pyLIeHUsI.

BpeMsi BoccTaHOBJIEHUS! CTPYKTYpbI MOCJIE €€ MEXaHMYECKOro paspyllie-
HUSL JUIsl PAa3IMYHBIX HEPTEH U AMYJIbCUA MOXET KOJe0aThCsl OT HECKOJbKUX
MHUHYT J10 JIECSITKOB YacoOB.

TukcoTporHbie cBoWcTBa HEPTH 3aBUCAT OT COJAEPKAHMS, XUMUYECKOTO
COCTaBa, JIMCIIEPCHOTO COCTOSHUSI BBICOKOMOJICKYJISIPHBIX MapauHOB HEPTH,
coJiepKaHusl ¥ aJcOpOIMOHHOTO JEHCTBUSI HA MPOLECChl KPUCTAJUIM3AlUU Ta-
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padrHa cMOIUCTO-ac(haTbTEHOBBIX BEIIECTB, TEMIIEPATYPHOrO BO3ACUCTBUS HA
He(Thb U Ap.

JUisi CHUYKEHUS TUKCOTPOIHBIX CBOMCTB HE(TU NPUMEHSIOT TEPMOOOpa-
00TKy He()TU U crielUaIbHBIE IETIPECCOPHBIE MPUCATKH.

Panee ObU10 MOKa3aHO, YTO CTPYKTYypHO-MexaHuueckas npounocts HIAC,
To, TEM MEHblIE, yeM MeHblle paguyc sapa CCE u 6osblie TOIIMIMHA COJIbBAT-
HOTO CJIOS.

[ToaTOMy Ha3HayeHUE NENPECCOPHBIX MPUCAAOK — IMOBBICUTH CTEIEHb
JUCHIEPCHOCTH HE(MTSIHOW CUCTEMbI M TEM CaMbIM CHU3HUTh CTPYKTYpPHO-
MEXaHUYECKYI0 IPOYHOCTb, Tg M MOHU3UThH TEMIIEPATYPY 3aCThIBAHUS HEPTH.

YcTaHoBI€HO, 4TO YeM OOJIbIlle MOJICKYJIIpHAs Macca napaguHoB HedTH
¥ YeM BbIIII€ UX KOHILIEHTpAlLMsl, TEM MEHbIIIE BIUSIOT achaibTeHbI U 100aBJIsie-
Mble Jenpeccopbl Ha Temrepatypy nepexoaa HJIC u3 xuIkoro cocrosiHus B
TBEPJOE.

MexaHu3M JEHCTBHUS JIEPECCOPOB MOXKHO OOBSCHUTH HMCXOJS M3 Clie-
JOYIOIIUX IPEACTABICHUN:

— BbICOKOMOJIEKysipHble mapaguuel B H/IC 00pasyroT HaaMosieKyssipHble
CTPYKTYPBI — aCCOLIMAThl MaKpPOMOJIEKYJI, CHOCOOHBIE CAMOCTOSITENIBHO CYILECT-
BOBAaTh MpPHU TEMIIEPATypax BBILIE TEMIIEPATYpPhbl KPUCTAUIU3AUU MTapadUHOBBIX
YIJIEBOJIOPO/IOB;

— JIEVCTBUE JAETPECCOPHBIX MPUCANOK CBOJIUTCS K BIMSHUIO Ha IPOLECC acCo-
[UAIMU TBEPJIbIX NapaUHOBBIX YIIIEBOJOPOAOB IIPHU TEMIIEpaTypax BhIIIE TEM-
nepaTypbl KpUucTajinzaluuu napaduHa u cBsizaHo ¢ 00pa3o0BaHUEM KOMILJIEKCOB
MEXIy PUCAAKOMN U mapaduHOM.

Mounekynbl prcanoK, Ojarojapsi HAIMYKIO B HUX TapadUHOBBIX IIETICH,
B3aMMOJCHCTBYIOT C MOJIEKYJaMU Hapa(uHOBBIX YIJIEBOJAOPOJOB Ha CTaauHU
(opMHpOBaHUA HAaIMOJIEKYJIIPHON CTPYKTYpbl U BXOJAT B COCTaB accolara.
[Tpu »TOM yBenmuumBaeTcst TOJMHIMHA coiibBaTHOM 000m0uku CCE, m3mensiercs
pa3Mep HaJAMOJIEKYJSIPHBIX CTPYKTYp, MPOUCXOAUT OCHabJ€HUE CUJI B3aWMO-
NEUCTBUSA MEXAY accollMaTaMHu U MEXAy AUCTepCHON (a30il U AMCIepPCUOHHON
cpenoil. B pesynbrare oOpasyroTcst Oosee poixibie, 00jee MoABUKHbIE accollra-
Thl U CHHXKAETCS IPOYHOCTh CTPYKTYPbI. DTO MPUBOJUT K CIEAYIOIIUM SIBJICHU-
AM:

— CMENICHUIO TEeMIIEpaTyphl 3aCThIBAaHUSI CUCTEM B 00JaCTh 00OJiee HU3KUX TEM-
neparyp

— CMEUICHHIO CTPYKTYPHBIX IEPEX0I0B MapapuHa U3 arperupoBaHHOIO COCTOSI-
HUS B IPOCTPAHCTBEHHOE, B 00J1aCTh 00JIe€ BBICOKUX €0 KOHLEHTPALUH.

TenoBble cBoiicTBA He(PTH XapPaKTEPUZYIOTCS TAKHUMHU MapaMeTpaMu,
KaK TeIIOEMKOCTb, TEIJIONPOBOJIHOCTD U TEIIOTA CTOPaHUSL.

Ilox Ten10eMKOCTBIO (c;) IOHUMAETCS KOIMMYECTBO TEILIOTHI (d()), KOTO-
poe HEOOXOUMO TIepeIaTh SAUHUIE MACChI BemecTBa (M) 4TOOBI TOBBICHTH €T0
temmeparypy (d7) ua 1°C wim 1K:
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¢, = dQ/MdT (1.10)

Benmnunna TETI0EMKOCTH 3aBUCUT OT TEMIEPATYPHI, TOITOMY KaXI0€ ee
3HaYeHNE HEOOXOAMMO OTHOCUTH K OTIPEICTICHHON TeMIIEpaType I UHTEPBAITY
temriepatyp. Jas 6onpmuHCTBA HEDTEH BEIMYMHA TETNIOEMKOCTH HAXOJWTCS B
urrepsaie 1500-2500/x/(kr'K) npu temneparypax 0-50 °C. TemioeMKOCTb
npecHol Bojwl - 4190 JIx/(kr K).

TennonpoBoaHoCTh HedTel ompeenseT MepeHoC YHEPTUH 0T OoJiee Ha-
I'PEThIX YYACTKOB HEMOJIBHKHOM MOBEPXHOCTH K 00JIe€ XOJIO0IHBIM.

KoaddunmenT TenmonpoBoaHOCTH (A) OMHUCHIBAETCS 3aKOHOM TEILIONPO-
BoAHOCTU Dypbe U XapaKTepu3yeT KOJIMYECTBO TEIIOTH (d(), MepeHoCuMOil B
BEIIECTBE Yepe3 enuHully miomanu (S) B eAuHuIly BpeMeHu (f) mpu rpagueHTe
temriepatypsl (d7/dx), paBHOM eMHUIIE.

@7
dQ = A=-Sdt (1.11)

Koaddunment rermonpoBogHoctu (A) 1 HedTEe HaXOAUTCS B UHTEP-
Basie 0,1 — 0,2 B1/(Mm - K)

Tensiora cropanusi (TeMIOTBOPHAasi CMOCOOHOCTB) XAapaKTEPU3YET KO-
JMYECTBO TEIIa, BHIACIUBLIETOCs MIPHU MOJHOM CrOpPaHUU KT TOIJIMBA [0 yIJie-
KHCJIOTHI U BOJBI.

Teruiora cropaHusi pacTeT ¢ yBEJIMYEHUEM MOJIIPHON Macchl yrieBOO-
pona u BinaxxHoctu. Hanbonpiiei TemioTBOPHOM ClIOCOOHOCTHIO 001aat0T OEH-
3unbl (=11230 kxan/kr). [lpu mepexoge K TsxKeIbIM (PpakuusM TETIOTBOpPHAs
CIIOCOOHOCTh CHMKaeTcsd. HauMEeHbIyl0 TEeIoTy CropaHusi HUMEKT Ma3yThl
(=10843 kkay/kr)

TemnoTy cropanusi OnpeAeNsioT SKCIEPUMEHTAIBHO CKUTAHUEM TOIUIUB
B KaJJOPUMETpaX, WM OLUEHUBAIOT M0 SMIUPUYECKUM (POpMysiaM, HaIpuUMep 1o
dbopmyne .. Menneneesa (C, H, O, S conepxanue B TOIUIUBE yIiiepoja, BO-
J0po/a, KUCIOPO/ia U cepbl B % COOTBETCTBEHHO):

0 =81C +300H—-26(0-3S) (1.12)

Temmneparypa 3acTbIBAaHMS NUMEET CYLIECTBEHHOE 3HAYEHUE JUIsSl TPAHC-
noptupoBku HedTu. TemmepaTypoil 3acTbIBaHUS HEPTH NMPUHATO CUUTATH TEM-
neparypy, Ipu KOTopoit HepTh, HaIUTast B MPOOUPKY, PACIIOIIOKEHHYIO 1O yT-
oM 45°, 0cTaeTCst HETMOABMUKHOM B TEUCHUE | MUHYTHI.

HedTh — MHOTOKOMITOHEHTHAsI CHCTEMa, TIOTOMY IEPEXOJ €€ B APYToe
arperaTHO€ COCTOSIHHE COBEPIIAETCS HE IPH KOHKPETHOM TeMIEpaType, a B He-
KOTOpOM MHTepBasie. BennurnHa TeMrepaTypbl 3aCThIBaHUS SABIISAETCS YCIOBHOM
U CYIIECTBEHHO 3aBUCHUT OT XMMHUYECKOI'O COCTaBa HEPTH. DTOT mapamerp Ju-
HEWHO CBSI3aH C coJiepKaHueM napaduHa B HEPTH.

Temmneparypa BCHBIIIKM WM BOCIUIAMEHEHHS] — 3TO TeMIlepaTypa 10
KOTOPOH HEOOXOIUMO HarpeTb HeTh B 3aKPHITOM THUTJIE, YTOOKI €€ mapsl oOpa-
30BBIBAJIM C BO3/IYXOM B3PbIBUATYIO0 CMECH, BOCIJIAMEHSIOIIYIOCS MPHU MO HECe-
HUU K HEW OTKpBITOro orus. Yem Oosbilie B HEPTH JIETKUX (PpaKIuil, TeM HUXKE
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ee TeMmreparypa BCIBIIKUA. TemnepaTypa BCHBIIIKH — OJHA U3 XapaKTEPUCTHUK
M0KapOB3PHIBOONIACHOCTU HE(TEN.

Hcnapenune — npouecc nepexoaa BelIecTBa U3 KUAKOTO (UM TBEPAOIO)
COCTOsIHMSI B Ta3000pa3Hoe (mapoodpasnoe). McrapeHue mpoucxoauT co BCSKOM
CBOOOJIHOI TOBEPXHOCTH M IPH JIFOOOH TeMIiepaType. UCMapeHUe C MOBEPXHO-
CTH MOKOAIIEHCS KUAKOCTH HA3bIBAETCS CTaTUYECKUM. VciapeHue ycuimBaeTcs
B JUHAMHYECKUX YCIIOBHSX, KOTJla €CThb OTBOJ Tra3a (mapa) OT HOBEPXHOCTH
(npunnun Jle-Ilarenke).

UcnapsieMocTs HeTH HAXOAUTCS B TIPSIMOM 3aBUCUMOCTH OT JaBJICHUS €
HacblleHHbIX NapoB. Ilox maBJjieHMeM HACBHIIIEHHBIX MAPOB [MOHUMAKOT J1aB-
JIeHHEe, CO3JaBacMoe MapaMu KOMIIOHEHTOB He(pTH B ra3oBOM (pa3e, COOTBETCT-
BYIOIIIEE MOMEHTY MPEKpalIeHUs UCTapEHUSI.

Ucnapenne uid KOHJEHCALMIO NApOB MPOU3BOASAT OJHOKPATHBIM WU
MHOTOKPATHBIM TOCTENEHHBIM crocobamu. OIHOKpAaTHOE HCHapeHue — 3TO
MPOIIECC MPU KOTOPBIX 00pa30BABIIMECS KHUKAs U Ta30Bas (pa3bl HE OTBOJSATCS
U3 npoiiecca A0 ero okoHuanus. [locne qocTukeHus 3aJaHHBIX TapaMeTpoB ¢a-
3bl pa3JIENSAIOT B OJIUH MPUEM, T.€. OAHOKpaTHO. [Ipu 3TOM npuHUMarOT, 4TO 00€
(a3bl HAXOATCS B PABHOBECHUHU.

Crynenuaroe (auddepeHiuanbHoe) UCapeHue — Mpolecc, MPU KOTOPOM
BBIICIIMBIUNCS U3 HEPTH Ta3 HEMPEPHIBHO OTBOAUTCS M3 cucteMbl. O0beM cuc-
TEMBI MIPU 3TOM HE MEHSAETCS, HO 00Ilee KOJIMYECTBO KaXJIOr0 KOMIIOHEHTA B
cucteme OyneT yMmeHbmaTbes ((ha30BBIi COCTaB CMECH TMOCTOSIHHO MEHSIETCH).
T.e. ra3, BpIACIAIOMMNACS HA KOKIOW CTYIEHU, HE HAXOJUTCS B PAaBHOBECUU C
HE(THIO, @ OTBOAUTCSA U3 HEe.

B HedTenpoMbICIOBOI MpakTUKE MPOILIECC UCHAPEHUs HA3bIBAIOT pasra-
3upoBanueM. Ha mpombiciiax pazra3upoBaHuE MPOU3BOJUTCS MOJ JABJICHUEM U
IpU TEMIIEpaType, XapaKTEPHBIX JJIs1 JAHHOW CUCTEMBbI cOOpa U CTaauu TEXHO-
JIOTUYECKOU LENOYKHU ITPOMBICIIOBOM MOATOTOBKUA MPOAYKIMUA CKBaXXKHUH. B ciry-
yae eclid OJIHOKPATHOE pa3ra3upoBaHUE MPOU3BOAMUTCS MPU aTMOCPEPHOM JaB-
nennn u temmeparype 20°C, ero Ha3bpIBalOT OJHOKPATHBIM CTaHIAapPTHBIM pasra-
supoBanueM (OCP)

[Ipy ucrniapeHnrn MHOTOKOMIIOHEHTHOM CMECH MPOUCXOAUT MOCTEIIEHHOE
U3MEHEHHE €€ COCTaBa. JTOT MPOIECC 3aBUCUT OT KOHIICHTPAIIUU JIETKUX (Ppak-
Ui B He)TU U TeMIIepaTyphl.

DiiekTpuyeckne cBoiicTBa HepTH. be3BoaHas HePTh U HEDTEPOTYKTHI
SIBJISIFOTCSL TURJICKTPUKaMH. Y O€3BOAHBIX YUCTBIX HEPTETPOIYKTOB DIICKTPO-
MPOBOJHOCTh COBEPIICHHO HUUTOXHA, YTO UMEET BAXKHOE MPAKTUUECKOE 3HAUe-
HUE U IPUMEHECHHUE.

JlusnexkTpuueckass MPOHUIIAEMOCTh (€) IMOKa3bIBAET, BO CKOJBKO pa3
B3aUMOJICHCTBUE MEXAY OJJICKTPUYECKUMHU 3apsijaMd B JaHHOM BEIIECTBE
MEHBbIIIE, YeM B BaKyyMe, IPU MPOYUX PABHBIX YCIOBUSIX.
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TeopeTrdecky cuMTaeTCs, UTO €CIU JUIsl BelllecTBa BeluyuHa € < 2,5, TO
ATO BEHIECTBO SIBJISCTCS AUDJICKTPUKOM. BelMuMHBI € U3MEHSIOTCS B CIEAYIO-
mUX Auanasonax: ajist HedrsHoro raza — 1,001-1,015; qist vedptu — 1,86 — 2,38;
115t cMoaT B acdanbTeHoB — 2,7 — 2,8; nist Boasl — 80 — 80, 1.

BricokuMu IMAIEKTPUYECKUMH CBOMCTBAMU OOYCJIOBJICHA DJIEKTPHU3ALINS
YTJICBOJIOPOHBIX XKUAKOCTeH. [Ipu TpeHuu yactuil HePTH MEXITy COO0OM U O
CTEHKH TEXHOJOTHYECKOTO OOOPY/IOBAaHMS BO3HHUKAIOT 3apsijibl CTATHYECKOTO
AJIEKTPUYECTBA JI0 HECKOJBKHMX JIECATKOB KWJIOBOJIBT. MIX paspsii MOXKET BBbI-
3BaTh MCKpPY, a, CICAOBATEIbHO, U 3aropanue Hedrenpoaykra. HamnexxHsiM me-
TOAOM OOpHOBI C HAKOTUICHHUEM CTAaTHYECKOT'O DJICKTPUUCSCTBA SIBIISCTCS 3a3€M-
JIEHWE BCEX METAJUIMYECKUX YacTel TexHojoruueckoro obopypoBanus. [lpe-
JTOTBPAIICHUIO Pa3ps0B CTAaTUYECKOTO JJIEKTPUUYECTBA CIOCOOCTBYET TaK Ke
OTrpaHMYEHUE CKOPOCTHU Nepekadku He 6omee 10 m/c.

1.3. CocrtaB u pU3NKO-XMMHUYECKHE CBOICTBA HETAHOIO ra3a

CocraB HedTsiHOro raza. Hedrsnoit raz — razoo6pasnas (asa miacro-
BOI He()TH, B KOTOPOU colepikaHne ra3000pa3HbIX KOMIIOHEHTOB MPH COOTBET-
CTBYIOIIIUX TEPMOOAPUUECKHUX YCIOBUSX, SBISETCS mpeobdnanaronmmM. NHIuBu-
JyallbHbI KOMITOHEHTHBIN COCTaB HE(DTSHOTO raza npu aTMOCHEPHBIX YCIOBUAX
IIPE/ICTaBIICH CIEAYIONIMMHU BEIIeCTBAMM:
CocraB HedTaHOTO ra3a

KoMmoHeHTHBI

Heyrnerogopoansie YrieBogopoaHbie

N2 C02 st CH4 C2H6 C3Hg iC4H10 1’1C4H10

B nedTaHOM raze B BuE NMapoB MOTYT MPUCYTCTBOBATh APYrue KOMIIO-
HEHTHI IJIACTOBOM HE(PTU — HOPMAJIbHBIA U M30-MIEHTaH, a TaK ke Oojee TsKe-
abie KoMnoHeHThl Cg-Cjp. CocTaB mapoB HepTH B HEPTSIHOM rase SBISETCS
(GyHKUMEH HEe TOJIBKO COCTaBa IJIACTOBOM HE(TH, HO U TEPMOOAPUUECKHUX YCIIO-
BUH pasrazupoBaHus. V3 HeyriaeBoIOpOAHBIX KOMIIOHEHTOB B HE(QTSHOM ras3e
BCEra PUCYTCTBYIOT IIapbl BOABI.

Bce yriieBogopoipl HEPTSHOrO Tra3a UMEKT JUHEMHOE CTPOEHUE U CUu-
TAKOTCSl HEMOJISIPHBIMU. Ero MOKHO paccMaTpHBaTh KaK MICAIbHBIN ra3, Tak Kak
CWJIaMU B3aMMOJICHCTBHUS MEXIy MOJIEKYJaMH MOXHO mpeHeOpeub. K Hedts-
HOMY HOITyTHOMY T'a3y MOXHO IMPUMEHSTh 3aKOHBI (DU3UKU JJIs1 UJICANIbHBIX CHC-
TeM. C TOYKH 3pEHUS MATeMaTUKU K pacyeTy (U3NKO-XMMHUYECKUX CBOMCTB
HE(TAHOIO IOMYTHOIO ras3a, Kak MHOIOKOMIIOHEHTHOM CHUCTEMBbI, MPUMEHHM
IPUHLAIN aJIATUBHOCTH. JTO O3HAYAET, YTO KAKJAbIM KOMIIOHEHT Ira3a B CMECH
BelleT ce0sl Tak, Kak eciau Obl OH ObUT OAMH. {151 OLIEHKM MaKpOCKOMUYECKHUX
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cBOMCTB HedTsiHOro nomytHoro rasa (Il.,) B HOpMalbHBIX M CTaHIAPTHHIX yC-
JIOBUSIX MIPUMEHSIIOTCS a/IMTUBHBIE METO/IbI pacyeTa:

Mew = L=y T - Nyl Vi), (1.13)
rae N; — MoJsipHasi 107151 i—TO KOMIIOHEHTA; g; — BECOBas J10J1s1 i—TO KOMIIOHEHTA;
V; — o6bemHas nons i-ro komrnoHeHTa; [, — pusuko-xumMudeckuii mapamerp i—
o KOMIIOHEHTa

XapakTepucTuyecKkue napamMmerpbl HepTAHOI 0 rasa.

IlnoTHOCTH HE(PTAHOIO raza — INEepBUYHAS XapaKTEPUCTHKA, OIpee-
JSAIOMIAsg MacCy rasa, 3aKJIOUYeHHYIO B | M, npu 0°C u arMocdepHOM aaBJie-
HUU.

[TnoTHOCTH HEdTSIHOTO Ta3a B cOOTBETCTBUU C dopmylioi (1.13) ompene-
JSIETCS KaK:

pr = Lo Ny 1.14
rae N; — MoJisipHast 107151 i—TO0 KOMIIOHEHTA; P; — INIOTHOCTb i—T'0 KOMITOHEHTA

OTHOcHUTENbHAS MJIOTHOCTh I'a3a — OTHOILLIEHHE MAacChl ra3a, 3aKJII0UECHHON
B ONPENEIEHHOM O0BbEME INpPU JAaHHBIX TEPMOOAPUUYECKUX YCIIOBUAX, K Macce
CyXOro BO3/lyXa B TOM € 00bEME, IPU TEX K€ YCIOBUSIX.

BszkocTh raza xapakTepu3yeT €ro COCTOSIHUE UCXO/s U3 HEKOTOPBIX MO-
JIOKEHUM KMHETUYECKOU Teopuu. IIpu HU3KUX AaBICHUAX U TeMIeparypax -
HaMUYECKas BA3KOCTh ra3a OLEHUBAETCS U3 TEOPUU COYJApEHUs YacTHI] U 3aBU-
CHT OT cpejiHeii JUIMHBI ipoGera MoieKys (A ), OT cpelHel CKOPOCTH JIBHKEHHUS

MOJIEKY (7} ¥ OT IIIOTHOCTH Ta3a (p)
oL
B = T 1.15
N3 dopmyins (1.15) cienyer, 4To ¢ yBEIUUYEHUEM TEMIIEPATYPhI BI3KOCTh
raza yBEJIMYMBACTCS, TaK KaK YBEJIMYMBAIOTCS CPEAHUE CKOPOCTh JIBUKEHUS U
JUTMHA CBOOOAHOTO TIpodOera MoJIeKy .
[ToBwimenue paBiaenus ot 0,1 go 1,2 Mlla He BiausIeT Ha BEJTUYHUHY BA3KO-
CTH Ta3a, MOCKOJIbKY YMEHBIIICHHE CPEIHEH JUTMHBI MpoOera MOJIEKYJIbl U Cpe/l-
HEW €€ CKOPOCTH JIBUKEHMS KOMIICHCHUPYETCS yBEJIUYECHUEM IUIOTHOCTH. [Ipu
nasieHuu Boimre 1,2 Mlla 3t 3akoHOMepHOCTH M3MEHAOTCS. BsaskocTs Y B ra-
3a IIpM HOPMAJIBHBIX YCJIOBUSAX HeBenuka n He npesbimaet 10 mxlla-c. Heyrne-
BOJIOPOJIHbIE KOMIIOHEHTHI ra3za oosiee Bsazkue (0,01-0,025 mlla-c). Haubonbiee
BIIMSHUE HAa BEJIMYMHY BSI3KOCTH HE(MTSHOTO MOMYTHOTO ra3a OKa3bIBaeT a30T.
[Ipu comepkanuu azota 6osiee 5% cieayer yuyuThIBaTh €ro BJIMSHUE U OLICHU-
BaTh BSI3KOCTh ra3a, Kak CPeAHEB3BEIICHHYIO BS3KOCTh CMECH IO MPUHIIUITY al-
JIMTUBHOCTH.
MoJsipaass Macca He(pTAHOIO ra3a, Kak MHOIOKOMIIOHEHTHOM CMECH,
ONpEAENsAeTC CYMMOM MPOU3BEACHUM MOJSIPHOM MacChl HHIAUBUAYaTbHBIX
KOMIIOHEHTOB Ha UX MOJISIPHYIO JIOJIIO.
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MoJsipablii 00beM HEPTSHOTO ra3a, Kak u J00ro Apyroro, npu CTaH-
napTHEIX yenoBusx (20°C U aTM. 1aBJeHUH) PaBeH MOCTOSHHON BEIUYUHE H CO-
craBiseT 24 M’/kMoinb (22,4M°/KMOJIb - IIPH HOPMAJIBHEIX ycioBusx: 0°C 1 aT.
nasieHun). OTcroa — INIOTHOCTD ra3a MOXKET OBbITh pacCYMTaHa KaK OTHOIICHHE
MOJISIPHOM MaccChl 3TOT0 Ta3a K €ro MOJISIpHOMY 00bemy: p,=M,/22,4 kr/m3.

YpaBHeHue COCTOAHUA U KOIPPUIHMEHT CBEPXCKUMAEMOCTH. YPas-
HEHUE COCTOSIHUS — AHAJIMTUYECKAsl 3aBUCUMOCTh MEXy IapaMeTpamu, OIu-
CBHIBAIOIMMHU W3MEHEHUE COCTOSIHMS BELIECTBA. B KayecTBe TakuX MapaMeTpoB
UCIOJIb3YIOTCS JaBlieHue, Temneparypa, 00bémM. CocTosiHUE ra3a Ipu HOpMalib-
HbIX M CTaHJAPTHBIX YCJIOBHUSAX OIMCHIBAETCS YypaBHEHHEM MeHpeneeBa-
Knanelipona:

PV = NRT, (1.16)

riae P — a0comroTHoe naBsienue, Ila; V' — o00béMm, M3; N — KOJIM4YecTBO BEIICCTBA,
MOJIb; R — yHHBepcabHas rasoas moctosuHas, Ila-m’/(Monb-rpan); T — abco-
JIOTHAs TemIiieparypa, K;.

Ha ocHOBe ypaBHEHHs COCTOSIHUS ra3a MOKHO PACCUUTHIBATH MHOTHE I1a-
pamMeTpsl He(pTSIHOTO ra3a: MIOTHOCTh, MOJBHBIM 00BEM, KOJIMYECTBO MOJICKYII,
YHUCIIO MOJIEKYJI, IAPIMAJIbHbIEC TABJICHUS U IPYTHE.

B npukiianseix pacuérax ypaBHEHUE COCTOSHUS MMEET TPAHUYHBIE YCIIO-
Busi. OHO crpaBeJIMBO MPU JaBlEeHUsIX, OMu3Kkux Kk armocdepHomy (ot 0,1 1o
1,0-1,2 MIla) u npu temneparypax 0-20 °C. IIpu NOBBIIIEHHOM JABJIECHHUH a3
cxumaetrcs. Ero cocrosHue oTianyaeTcss OT MOBEACHUS UACANBbHBIX ra3oB. Mo-
JIEKYJIbl TA30B CTAHOBSTCS CKJIOHHBIMHU K MEXMOJIEKYJSIPHOMY B3aWMOJIECT-
BUIO. JlJIs1 yd€ra 3TOr0 B3aMMOJEUCTBUS B WHKEHEPHOM IPAKTUKE IS pEajlb-
HbIX Ta30B HCHOJIb3yeTCsl ypaBHeHHE MeHneneeBa—Knamnelpona, comepixaiiee
KO3 (PUIIMEHT CKUMAEMOCTH Z, YUYUTHIBAIOIINI OTKJIOHEHUS MOBEICHUS peaib-
HOI'0 Ia3a OT UJICAIBHOIO COCTOSIHUS:

'V = ZNRT, (1.17)
rae N — KOTU4eCTBO BEIIECTBA, MOJIb; Z — KOY(PDHUIIUESHT CKUMAEMOCTH Ta3a.
PV
l=——
NRT

Ou3znyecknii cMbICT KO3(PPULHEHTa CKUMAEMOCTH 3aKJII0UaeTcs B pac-
IMIMPEHUHN TPAHUYHBIX YCIOBUM JUIsl BBICOKMX JIaBJICHUM ypaBHeHUs MeHpenee-
Ba—Knaneiipona.

Kosdpdunuent Z 3aBUCHT OT AaBJIEHUS U TEMIEPATYpbl, IPUBEIECHHBIX
JABJIEHUH U TEMIIEPATYP, IPUPOJIbI rasa:

Z= f(Tnpm.r Pflpm)a (1.18)

1€ rpys — IPUBEACHHAS TEMIIEPATYPA; Prpys — IPUBEACHHOE J1aBICHHE.
[IpuBeéHHBIMU TTApaMeTpaMHU WHAMBUIYATbHBIX KOMIIOHEHTOB Ha3bIBa-
I0TCSl O€3pa3MepHbIE BEIMYHMHBI, TTIOKA3BbIBAIOIINE, BO CKOJIBKO pa3 JACHCTBUTEIIb-
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HbIE NTapaMeTPbl COCTOSIHUS ras3a: TeMIepaTypa, JaBjeHue, 00bEM, IIOTHOCTh U
Ipyrue 00MbIlIe UM MEHbIIE KPUTHUYECKUX.

TEE"E.F.' FEE"E.F.' F;Eﬂm
Tnpm- =TI E‘Ip}ll}- = E. L’;lpma. T (1.19)
EpLER fRLER fRLER

JUist cmecelt ra30B IPUBEAEHHBIE TAPAMETPBI XapaKTEPU3YIOT OTHOLIEHUS
JNEUCTBYIOIUX (peajbHbIX) MapaMeTpoB (TeMIepaTypa, 1aBJI€HHUE U Ap.) K Cpel-
HE KPUTUYECKUM [TapaMeTpam CMECH:

Kpurnyeckas temneparypa (7,) — MakCUMalbHas TEMIIEPATypa, MPH KO-
TOPOM Ia3 U JKUAKOCTb MOT'YT €1I€ COCYIECTBOBATh B PABHOBECUMU:

Tnpm- = ;ﬁr Tepwp = 2=y MTy KPHT (1.20)

Ecnu ra3 Harper BbIllle KpUTUYECKOU TEMIIEPATYPhl €r0 CXKMIKEHUE TIPH JTF000i
CTEIIEHU C)KATHUS HEBO3MOXKHO.

Kputnueckoe naBineHue — JaBiE€HUE MAPOB BellecTBa (MU CMECH Be-
HIECTB) B €r0 KPUTUYECKOM cOCTOsSIHUM. [Ipu naBieHuM HUXKE KPUTUYECKOTO
CHUCTEMa MOXET pacmajaThCs Ha JBE PaBHOBECHbBIE (pa3bl — >KUIKOCTH W Tap.
[Ipu KpUTHYECKOM MaBIEHUU TEpSETCS (PU3MUECKOE PA3TUUNE MEKIY KHUIKO-
CTBIO M MapOM, BEIIECTBO MEPEeXOaUT B oJHOoPazHoe cocTosiHue. [loaTomy Kpu-
TUYECKOE JIaBJICHUE MOXXHO OMNPEACNIUTh €lI€ KaK MpeaesibHOe (HauBBICIIEE)
JIABJICHHE HACBHIIIEHHOIO TMapa B YCJIOBHUSAX COCYIIECTBOBAHUS XKUAKON (azbl U
napa. Kpuruueckoe naBiieHue NmpeAcTaBiIsieT co00l (PU3MKO-XUMHUECKYIO KOH-
CTaHTy BEILIECTBA.

Erpm- = %» rac R:!p.}ip ~ Z?:l N, F, KPHT (L.21)

[Tpu Temmepatype HIke T, Ta3, HAXOAAIMIUNCS IO AaBICHUEM P, MOXET OBITH
CHKUKEH

PacrBopumocTts raza B HepTH._IIpu HU3KHUX JaBICHUAX PACTBOPUMOCTH
ra3oB B YIJIEBOJOPOJHBIX KUIKOCTAX MOMUYMHSAETCS 3aKOHY ['eHpu: Bec rasa,
PaCTBOPEHHOTO B JTAHHOM KOJIMYECTBE KUIKOCTU IPU 3aJaHHOW TeMIeparype
IIPOINIOPLIMOHAJICH [ABJICHUIO a3a, U MaJI0 3aBUCUT OT MOJIEKYJISIPHOIO Beca
KUJKOCTH.
% kP wm V¥, — aFPl;

Vs

rae V. — 00beM pacTBOpPEHHOTO ras3a npH JaHHOW Temmeparype; K — koncranrta

I'enpu (K=f(a)); o — ko3 dumment pactBOpUMOCTH Ta3a; Vy — 00beM KHUIKOCTH
pacTBOpHUTENS

Kosdduiment pactBopumoctu raza (o) MOKa3bIBaeT, KaKO€ KOJIMYECTBO
raza (V) pactBopsieTcs B enuHHIE 00BEMA KUIKOCTH (V) MpU JaHHOM JaBe-
HUU:

a= (1.22)
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Koadduiment pactBOpuMOCTH 3aBUCUT OT MPUPOABI T'a3a U KUJIKOCTH,
NABJICHUS, TEMIIEPATYPBHI.

PacTBOprMOCTB, BhIpaXkeHHasi B 00bEME ra3a Ha Maccy YIrieBoJ0pojia 00-
pPaTHO MPONOPLHOHAIbHA MOJIEKYJIIPHOMY BECY YIIIEBOAOPOAA. DTO MOJIOKEHUE
CIpPaBeJUIMBO U AJIi PACTBOPUMOCTH raza B He(tu. PacTBopumMOcTh MeTaHa B
YIJIEBOJIOPOAAX YMEHBIIAETCS NP IEPeXo/ie OT napa(UHOBBIX K HA(QTEHOBBIM U
apomMaTHyecKuM. PacTBOpHMOCTh MeTaHa, BRIpaXKEHHAsI B HOPMAJIbHBIX 00beMax
rasa Ha Maccy He()TH, YMEHbBIIIAETCS HE TOJIBKO C YBEIMUYEHUEM MOJIEKYJISIPHOTO
Beca HE(TH, HO U C yBEJIMYCHUEM COJEpKaHMs B HEH Ha(TEHOBBIX U apoMaTu-
YECKUX YIJIEBOAOPOJIOB.

JI1s1 OpUEHTHPOBOYHOM OLIEHKM MOJIBHOM PACTBOPUMOCTHU PA3JIUYHBIX Ta-
30B B YTJI€BOJAOPOJHBIX >KHIKOCTSIX MOYHO HMCIIOJIb30BaTh ypaBHeHue Payis-
JlanbTOHA: MOJIBHAsE PacTBOPUMOCTh IPH IMAapLUUATIBHOM JABJIEHUU TIa30BOTO
KOMIIOHEHTa laTMm. B J11000M pacTBopuTEie, 00pa3yloleM € ra3oM HJ1eaJbHbIi
pacTBOp, paBHa OOpaTHOM BEIMYMHE JABJICHHS NTapa PACTBOPEHHOTO KOMITIOHEH-
Ta.

N, _ 1.23

pOi

Poct temnepaTypbl NpUBOAUT K YBEJIMYEHHUIO IABJICHUS MMapOB PacTBO-
pAEMOro BEWIECTBA M, CIEAOBATEIbHO, K YMEHBUIEHUIO PAacTBOPUMOCTU. Pac-
TBOPUMOCTb YTJIEBOAOPOJHBIX T'a30B B HE(PTH yMEHBIIAETCS MO aOCOIIOTHOM
BEJINYMHE MPU YBEIIMUYECHUH TEMIIEPATYyPBbL.

PacTBopuMOCTH ra3a B mjiacToBo Bojae. PacTBOpUMOCTb ra3oBbIX KOM-
IIOHEHTOB B IJIACTOBOM BOJIE 3HAUUTEIHHO MEHbIIE, YeM B HE(TH, HO OHA Ipe.I-
CTaBJISIET MHTEPEC C TOUKH 3PEHMSI TEXHOJIOTUU J10ObIYM, cOOpa U MOATOTOBKH
IPOIYKLUHN CKBaXUH. PaCTBOPHMOCTh TE€X WJIM MHBIX [a30B B BOJE XapaKTepH-
3yeTCsl UX COACpKAHHEM B BOJE, HAXOMASIIEHCS B (pa30BOM PaBHOBECHH C Ta3o-
BOH cpenoil. [1o pacTBOpUMOCTH B BOJIE ra3bl MOKHO pa3OUTh HA TPH TPYIIIIHI.

K nepBoil rpyriie oTHOCATCS ra3bl HENOJISPHbIE C KPUTUYECKON TemIepa-
Typoii 3HaunTenbHO Hibke 0°C. M3 KOMIIOHEHTOB HE(TSIHOTO Ta3a K 3TOM TPyIIIe
OTHOCATCS TeJIUid, BOAOPOJI, a30T, aprOH U METaH. Y Ka3aHHBIEC ra3bl XapaKkTepH-
3YIOTCSI OTHOCHUTEJIBHO HU3KOM pacTBOPUMOCTBIO. PacTBOpMMOCTH ra3oB 3TOM
IPYIIbl MHTEHCUBHO BO3PACTAET C YBEJIMUEHUEM JABJICHHUS.

Ko BTOpO# rpynme OTHOCATCS HEMOJSIPHBIE Ta3bl C KPUTUYECKOM TEMIIE-
parypoii Beitre 0°C. DTH ra3bl MOI'YT CKUKATHCS [IPU MOBBIIIEHUH JaBJICHUS B
ob6iactu Temreparyp Bbiiie 0°C 1 HIXKE KPUTHYECKOM TEMIIEPaTyphl COOTBETCT-
BYIOIIMX KOMIOHEHTOB. K 3TOW rpymme OoTHOCATCS 3TaH, MporaH U OyTaHbI.
PactBopuMOCTh ra3oB 3TOH IpymIbl ¢ NOBBIILIEHUEM JABJIEHUS BO3PACTaET HE
CTOJIb MHTEHCUBHO. [lo Mepe mpuOIMKEeHHs K JaBICHHIO, NPU KOTOPOM Tra3
CKMKAETCSI, POCT PaCTBOPUMOCTU 3ameyisiercs. [Ipu naBineHusix, npeBoCcXoms-
IIUX JIaBJICHUE COKM)KEHHUS I'a3a, PABHOBECUE a3 — BOJIa 3aMEHSETCS paBHOBECH-
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€M CKW)KEHHBIN ra3 — Boja. IIpu 3TOM pacTBOPUMOCTB CKUKEHHOI'O Ira3a Me-
JIEHHO YBEJIMYMBAETCA C MOBBIICHUEM JIABJICHUS.

K tpertbelt rpyrmne OTHOCATCS XOPOLIO pacTBOPUMBIE B BOJE Ira3bl — CEPO-
BOJIOPO/I, JIBYOKHUCH yrieponaa. Kpurnueckue temmeparypsl ux Boime 0°C. Poct
PacTBOPUMOCTHU PE3KO 3aMEIIAETCS MPU MPUOTUKEHUU K JaBICHUIO CKUKEHUS

[Ipunumas BO BHUMaHuE, YTO HE(PTSIHON ra3 B OCHOBHOM COCTOMT U3 Me-
TaHa, a COAECPKAHUE B HEM JPYIMX KOMIIOHEHTOB OYE€Hb HEBEIIMKO, PACTBOPH-
MOCTh HE(TSHOTO Ta3a B BOJIE€ NMPAKTUYECKH HE 3aBUCHUT OT €ro cocrtasa. lc-
KITFOUEHUEM SIBJISIFOTCSI Ta3bl HEKOTOPBHIX HE(DTSIHBIX MECTOPOXKICHUM, COIEepHKa-
1IMe a30T B KOJIMYECTBE, npebimarmnieM 50%. PacTBopuMoCTh B BOJI€ TOMOJIO-
rOB METAaHA U3 UX CMECEU C a30TOM BBIIIE, YEM U3 CMECEH C MeTaHOM. Paznnune
TeM OOJIbIIE, YEM BBIIIE MOJICKYJISIPHBIM BEC TOMOJIOTA, BBIIIE JIaBJICHUE U HIXKE
TeMIeparypa.

PacTBopeHHbIE B BOJIE CONMM PE3KO YMEHBIIAOT PACTBOPUMOCTH ra30B B
Bojie (puc. 1.9). 3aBUCHMOCTh PaCTBOPUMOCTH ra3a OT KOHIEHTpAILUU PACTBO-
PEHHBIX B BOJIE COJICH ONMKCHIBAETCSl ypaBHEHHEM CeueHoBa

N;'=N!*107%", (1.24)
rae N, — MombHas 1015 PAacCTBOPEHHOTO B COJIEBOM PACTBOPE KOMIIOHEHTA Ha-
XOJIAIIEroCs B PABHOBECHH C Ta30M; N;' — MOJIbHAS JOJISI PACTBOPEHHOTO B HHC-
TO BOJIE KOMIIOHEHTA, HAXOJIAILIErocs B paBHOBECUH C ra3oM; k; — Koappuu-
eHT CedeHoBa, XapaKTepU3yKOUIMK BIUSHUAE JTAaHHOW COJIM HAa PacTBOPUMOCTH
ra3oBOr0 KOMIIOHEHTA 1; 71 - KOHIEHTPALHMs pACTBOPEHHOM B BOJI€ COJIM I'-3KB/KT.

Koadduiment pacTBopuMOCTH Tra30B B BOJE HM3MEHSETCS B IIMPOKHX
TpeJieax ¥ OCTHTraeT BeIMIHHbI Topsiaka 4-5-107 v/(m’ITa).

PaBHOBecHas rasoBas (aza Bcerga coiepKuT mapsl Bojabl. CoaeprxaHue
BOJISIHBIX MAapOB B Ia3e HA3bIBAETCS BJIArocoAcp:kaHueM. PacTBOpeHHbIE B BOJIE
COJIM BJIMSIOT M Ha BJIAroco/iep:kaHue rasza. Yem BbIIE MUHEpAIM3ALUSA BOJBI,
TE€M HUXKE BJIArOCOJICPKAHUE.

Brnaroconepkanue ra3oB TECHO CBSI3aHO C MPOLIECCOM THAPATOOOpa3oBa-
HUsl. ['uapaTel — TBEpAbIE COEAUHEHUS, B KOTOPBIX MOJICKYJIbI Ta3a 3alOJIHSIIOT
CTPYKTYpPHBI€ MYCTOTHI KPUCTAJUIMUYECKON pEIIeTKH, 00pa30BaHHON MOJIEKYJa-
MM BOJIbl, C TIOMOILBIO MPOYHOU BOLOPOIAHOU CBSI3U. [ MApaTsl — XUMUYECKUE
COEJIMHEHUS CTPOro OIPEACICHHOIO0 COCTaBa, MOJEKYJSIPHOTO THIIA, BO3HU-
KaloIllMe 3a CUET BaH-/IepP-BaaIbCOBBIX (MEXMOJIEKYISIPHOTO MPUTSKEHUS) CHIL.

Ctpoenue MoJieKyd ruapaToB BeIpaxkaercs ¢opmynamu: CHy5,75H,0;
C3H8‘ 1 7H20, C4Hg' 1 7H20
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Puc. 1.6. KpuBble pacTBOPUMOCTH T'a3a B YUCTOM U COJICHOM BOJIE IPH PA3IMYHBIX TEMIIepa-
Typax u JaBieHusx: 1,2- muctuimupoBanHas Boaa; 3,4 -2 M pactop NaCl

1.4. HedrenpomsbiciioBbie Boabl. CocTaB, pU3NKO-XUMHYECKHE CBOM-
CTBa

[Tox HEedTEnPOMBICIOBHIMUA BOJIAMU OOBIYHO MOHUMAIOT CJIEIYIOLINE BU-
Il BOJI: TUIACTOBBIE, MPUCYTCTBYIONIME B HE(MTAHON 3alieKU M3HAYAIBHO; IO-
yTHO-J00bIBa€MbIE, MPEACTaBIAIONME cO00i cMeCh IMJIACTOBOM U 3aKadyuBae-
Mot B cucteme LII1J] Box; cTouHbIE MTOATOBAPHBIE BOJIBI — BOJIbI, OTJICIISIEMBIE OT
MPOAYKIIMU CKBAXXHH B IPOLIECCE €€ IOATOTOBKHU; 3aKAaUMBAEMBIE B CHCTEME
[T BOABI.

CocrtaB He(TEPOMBICIOBBIX BOJI, YpE3BbIYAHO pa3HOOOpa3eH. DTO Ofl-
pEIEICHO UX BUJOM M MPOUCXOXKJIeHUEM. [laxke B mpejesnax 0JHOTO MECTOPOK-
JIEHUSI COCTaB MOMYTHO-A00BIBAEMO BOJBI MOXXET BapbhbHPOBATH B IIMHPOKUX
npeaenax OT CKBaXUHBI K CKBAXKUHE, B 3aBUCUMOCTH OT PACHOJIOKEHUS €€ OT-
HOCUTEIHbHO (POHTA BBITECHEHMS, HEOJHOPOJHOCTH KOJUJIEKTOpA, CTEIECHU
B3aUMOJICMCTBUS MOPOJbI C 3aKkaunMBaeMor BoAoul. CoCTaB MJIACTOBBIX BOJ, B
CBOIO O4Y€peJib, 3aBUCUT OT I'€OJOTMUECKOTO BO3pacTa, crparurpaduu u XUMu-
YECKOT0 COCTaBa IMOPOJI IKCILTyaTUPYEeMOr0 TOPHU30HTA, (HU3UKO-XMMHYECKUX
CBOMCTB He()TH U ra3a, IUIACTOBOM TEMIIEPaTyphl, TABICHUS U T.1.

He cmotps Ha pazHooOpas3ue HeQTEnpOMBICIOBBIX BOJ, BCE OHH COAEP-
KaT B CBOEM COCTaBe pacTBOpeHHbIe conu. OOIee comepkaHrue pacTBOPEHHBIX
colleil B BOJIE XapaKTepH3yeTcsi MHHepaam3amueii (S, r/m; kr/m’; mr/i).

[To BenmnumHe MuHEpaIM3auu HEQTETPOMBICIOBBIC BOJIBI JIEISATCS Ha 4Ye-
TBIPE TPYMIIBIL:

1) paccomsr (S >50 1/m);
2) coxaensbie (10< S < 50 r/n);
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3) comonoBatsie (1< S < 10 r/n);
4) npecubie (S < 1 1/n).

Musnepanuzanus IJIacTOBOM BOJIBI pacTeT C TIyOMHOM 3ajeraHus Iuia-
CTOB. MuHepanu3anusi NOMyTHO-I00BIBAEMON BOJIbI MUMEET MPOMEKYTOUHOE
3HAYEHUE MEKy TUIACTOBOM M 3aKaUYMBAEMOU BOJIAMM.

MuHnepanu3anus BOAbI ONPEEIAETCS COAEPKALIMMUCS B HEH HOHAMMU
pacTBOpéHHBIX coneit: annonamu (OH, CI, SO,*, CO;>, HCO; ) katnoHamu
(H+, K", Na', NH4", Mg2+, Ca2+, Fe3+), rnoHamu mMukpoasiemeHtoB (I, Br). Ilo-
MHUMO 3THX HOHOB B BOJIE COJICpXKATCA TaKXKe KOJUIOWAHBbIC 4dacTHIlbl (Si0,,
Fe, 03, Al,O3), HadhTeHOBBIE KUCTIOTHI U UX COJIH.

Bonbiioe 3HaueHne Ha PacCTBOPUMOCTD COJIEH W yBEIWYEHUE UX KOHIICH-
TpalMy B IJIACTOBBIX BOJAX OKAa3bIBAIOT TeMIIEpaTypa, a JJig BOJA THMAPOKapOo-
HAaTHOTO TUMna 1 napunanbHoe aasienue CO,.

N3menenune Tepmobapruueckoil 0OCTAaHOBKU JlaXKe MPU HEOOJIBIION MHUHE-
panu3aluy MIacTOBBIX BOJ| BIMSIET HA pacTBOPUMOCTH COJieH, Ha mporecc (op-
MHUPOBaHHUS MEPECHIIEHHBIX PACTBOPOB OTHOCUTEJIBHO KaKOr0-TM00 KOMIIOHEH-
Ta U €ro OCAXKJICHHUS.

Benuunna mMuHepaniuzanuu KOPpEIUpyeT C IIOTHOCThIO HE(TErnpOMbI-
CJIOBBIX BOJ. B cpenHeM IIIOTHOCTH IJIACTOBBIX BOJI U3MEHSETCS B JAUAIAa30HE
10101210 xr/n’.

ITo TMMY pacTBOPEHHBIX B BOJC COJICH IUIACTOBBIC BOABI KiIacCUDHITHU-
PYIOTCSL Ha XJIOPKaJbIlMEBbIE (XJIOPKAIbIIMEBO-MarHUEBbIC) U THAPOKAPOOHAT-
HbIe (TUAPOKApOOHATHO-HATPHUEBBIC, IICIOYHBIC). THM MIACTOBOM BOJBI OIpe-
JENSIeTC aHUOHOM.

I'unpokapOOHATHBIN TUIT BOJbI OMPEAEISIETCS CONSIMU YTOJAbHOM KUCIOTBI
1 06yciIoBiIeH mpeobaagaomuM kapoonat (CO5 ), win Gukapbonat — (HCO;)
AHUOHOM.

B ciyuyae npeobnananusi anuona xsiopa (Cl) Boga OTHOCHUTCS K XJIOPHU/I-
HOMY TUIY (XJIOPKaJIbIIMEBbIE U XJIOPUIHOHATPHUEBBIC BOJIbI).

Tun Boabl BAMSET Ha BeJWYUHY BA3KOCTH. HaumOosnblnyro BS3KOCTh
UMEIOT BOJIbI XJIOPKAJIBIIMEBOrO THMa. Bs3zkocTh uX mpubiusutesnbHo B 1,5-2
paza Oouibllie BSI3KOCTU 4yuCTOM Bojabl. C BO3pacTaHWEeM MHUHEpPATU3alMK TLIa-
CTOBBIX BOJ BA3KOCTh MX BO3pacraeT. BiusiHue naBieHUs HA BEIUYUHY BSI3KO-
CTH IIJIACTOBBIX BOJ MPOSBIISIETCS JBOSKO.

B o6nactu auskux temmeparyp (0-32 °C) ¢ Bo3pacTaHHEM JaBJICHHS Bs3-
KOCTh YMEHBIIIAETCS, a B 00macTy Temieparyp Boiie 32 °C — Bo3pacTaer.

KucioTHOCTH BOABI ONpEEseTcsl KOHIEHTPAlMEe MOHOB BOAOpOAa U
BbIpaKaeTcsl MOoKa3aTesieM KOHIEHTpalUMu BOAOPOAHBIX MOHOB (pH), KOTOpHIit
paBeH OTPUIIATEITLHOMY JIoTapu(My KOHIIEHTPAIUH.

B 3aBucumoctu ot BenmmuuHbl pH BOIBI OoApa3AEisAOTCS HA:

— HeuTpanbabie (pH = 7);
— wmenounsie (pH > 7);
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— kucasie (pH < 7).

[Tokazatens pH xapakrepusyeT akTMBHYIO 4acTb HOHOB BOJOPOJIA, KOTO-
past oOpa3oBajach B pe3yJibTaTe AUCCOLMALUUA MOJIEKYJ Boabl. KoHcTaHTa nuc-
COLIMAIMK BOJIbI, a, CJIEIOBATEIBHO, U KOHIIEHTPAIMS HOHOB BOJOPOA, 3aBUCHUT
OT TeMIiepaTyphl u JgaBieHus. [loaTomy Tepmobapuyeckue yClIoBUs BIUSIOT HA
BenuunHy pH. C Bo3pactanuem temmepaTypsl pH ymeHnbIaercss u 370 00cTos-
TEIHCTBO HEOOXOAMMO YUUTHIBATH MPU OMPENEIEHUN KUCIOTHOCTH BOJIbI B TEX-
HOJIOTUYECKOM Mpoliecce.

Iox KecTKOCTHIO BOABI NTOHUMAETCSI CYMMAapHOE COJAEpP:KAHUE PACTBO-
PEHHBIX COJIEH BYXBAJICHTHBIX KATHOHOB: KaJIbIIMsI, MArHUS U KeJe3a.

KéctrocTh paznuyaroT 00IIyI0, KalbIMEBYI0, MAarHUEBYIO, KapOOHATHYIO
(BpeMeHHY10), HeKapOOHaTHYO0 (mocTosiHHY10). KanpuueBas, MaruueBast U Kap-
OOHaTHasi YKECTKOCTh OMpPEACIISIETCS COJIEpKAHUEM B BOJIE OJJHOUMEHHBIX HO-
HOB. [loa 001Ieil KEeCTKOCThIO MOHUMAIOT CyMMapHOE COJICp>KaHHE KaTHOHOB
Kanblug U Maraug. HekapOoHaTHast ®KECTKOCTh OMPEACIISIETCS Pa3HOCTHIO MEXK-
1y )KECTKOCTBIO 00111ei 1 KapOOHATHOM.

[IpombiciOBBIE BOIBI B 3aBUCUMOCTH OT BEJIMYMHBI OOIIEH >KECTKOCTU
NOAPA3AEISAIOTCS Ha CIAEAYIOUIUE TPYIIIIbL:

— OYEHb MATKas Boja — A0 1,5 Mr-sks/;

— wmsrkast Bojga — 1,5-3,0 M-3kB/11;

— yMepeHHo xécTkas Boja — 3,0—6,0 Mr-aks/i;
— x&cTKasg Bojia — 0osiee 6 MI-3KB/I.

ITapaMeTp 3J1eKTPONPOBOAHOCTH MPOMBICIOBBIX BOJI UMEET IIMPOKOE
npuMeneHue. Coiau mpOMBICIIOBBIX BOJ - SJIEKTPOIUTHI.

DJIEKTPUYECKHUE CBOICTBA IJIACTOBBIX BOJ UMEIOT HOHHYIO MIPUPOLY.

VienbHas 3JIEKTPONPOBOJHOCTH () XapaKTepHU3yeT KOJIUYECTBO DJICK-
TpHYECTBa, KOTOPOE NMPOTeKaeT B 1 ¢ yepe3 1 cM® IOINEPEUHOro CEUCHHs Pac-
TBOpa 3JiekTposiuta (S) mpu rpaguente snexkrpuueckoro nois (R/L) B 1 B Ha 1
CM JUIMHBI. Y JIeJIbHAs 3JIEKTPONPOBOIHOCTh OOPATHO MPOMOPIIMOHAIBHO CBsI3a-
Ha C y/ICJIbHBIM CONPOTUBIICHUEM pacTBopa (p):

v=L/(RS), x=1/p, (1.25)
rae R — compoTUBIIEHUE pacTBOpa djiekTposiuta, Om; L — paccTOSHHE MEXKITY
ANIEKTPOJaMH, M (CM); S — IornepeyHoe CeYeHUe CoCcyia, B KOTOPOM HAXOAUTCS
PacTBOP MEKTPoIHTa, M (CMY).

V HesbHast 9IeKTPONPOBOAHOCTS H3Mepsiercs B (Omm) ', (Om-cm) .

C yBelMYeHHEM MUHEpalv3alMy IJIACTOBOW BOJIbI YJEJbHAS JIIEKTPO-
TIPOBOHOCTH €& PacTET. Y iebHas 3MeKTPOIPOBOAHOCTh ((OM-M) ') M3MeHsIeTCs
B JIMANa3oHax JJis:

— JUCTUJIJIMPOBAHHOM BOJBI — 1073—104;
— PEYHOI BOJbI — 1071—1072;

— IIJIACTOBOU BOJBI — 10_1—1;

— MOPCKOU BOAbI — 3—4;
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— BoJbI ¢ coaepxkanneM 5 % NaCl — 6,6;
— Bojbl ¢ coxaepxkanuem 20 % NaCl — 20;
— wmedreii — 0,510 7—0,5-10°%;

— rasokonaencaros — 107°-107'¢,

1.5. TazoHedTtsiHbIe cMecH (TTEHbI)

[lenbl mpeAcTaBISIIOT CO00M BBHICOKOKOHIICHTPUPOBAHHYIO Ta303KUIKOCT-
HYIO JUCIIEPCHYIO CHUCTEMY, COCTOSIIYIO U3 SUEEK ra3a, pa3/ieICHHbIX TOHKUMHU
JOCTATOYHO YCTOMYMBBIMM M MEXAHUYECKU MNPOYHBIMU IUIEHKAMH KHUJIKOCTH.
OTH MJIEHKU CO3JAI0T KECTKUU KapKac, KOTOPbIA MPUIAET MEHAM OIpPEAesICH-
HbIE CTPYKTYPHO-MEXaHUYECKUE CBOWCTBA.

[IeHbl gensaTCsA HAa MOBEPXHOCTHHIE U BHYTPEHHHUE.

IloBepxHOCTHAsl MeHA TOSBISICTCS B PE3YyJIbTaTe U3MEHEHUS J1aBJICHUS
WU TEMIEPATyphl, YTO MO3BOJSET OCYIIECTBUTh YACTUUHBIA MEPEXO] HKUJIKOU
da3bl B a3 B 00bemMe KUIKOCTH. [losiBistonuecs my3bIpbKy OBICTPO TTOHUMA-
IOTCSL K TOBEPXHOCTHU. [Ipr HOpMaNbHBIX YCIOBHUSAX OHM MPOPBIBAIOTCS YEpE3
MOBEPXHOCTh U YXOJST U3 CUCTEMBI B BUJI€ OTJIEIbHON ra30Boi (a3kbl.

BHyTpeHHsis1 meHa 3To 60Jiee CIOXKHBIN TUIT CTPYKTYPBI, CYIIECTBYIOLIEH
B YCJIOBHUSIX HU3KOM TUIOTHOCTH M 00JIbIION BA3KOCTH. [Ipu aTOM ycnoBuu obec-
MEYMBACTCS BHICBOOOKIECHUE Ta3a U3 MACChI JKUJIKOCTU U 00pa3yloTcs My3bIpH,
KOTOPBIE CTPEMSTCS K MOBEPXHOCTH, HO M3-3a BIIMSIHUS CWJI BHYTPEHHErO Tpe-
HUs, a TaK K€ HU3KOM MIIOTHOCTHU KUJAKOCTH HE JTOCTUTAIOT €€, & PACCEUBAKOTCS
B 00bEeMeE KUKOCTH.

JlucnepcHOCTb MeHbI — 3TO CTENEHb APOOJICHUS My3bIPHKOB T'a3a B 00b-
eMe JKUJKOCTU. YeM Merbpue pa3Mep My3bIpbKOB M OOJIbIIE UX KOJUYECTBO TEM
BBIIIIEC JUCIIEPCHOCTH NEHBI. [I€HbI XapakTepru3y0oTCs BBICOKOW MOIUIUCIIEPCHO-
CTBIO. DTO 3HAYWT, YTO Pa3MEphl My3bIPHKOB HE 00S3aTEIHHO OJUHAKOBBI, a
BApBUPYIOT B IIUPOKUX Mpejiesiax.

KpaTtHoCTh meHbI — 3TO COOTHOIIIEHUE 00BheMa MEHbI U 00beMa KHUJKO-
CTH, HaXOJslIeHcss MEXKIy My3blpbkaMu Ta3a. KpaTHocTh omnpenensier dopmy
Iy3bIPBKOB M IUIOTHOCTH MX ynakoBKH. [Ipu kpatHocTH 10-20 my3bIpbKH UMEIOT
chepuueckyto popmy. Ilpu Oonee BBICOKMX 3HAYEHUSX KPATHOCTH MY3BIPHKH
uMeroT (POpMY MHOTOTPAHHUKOB U 00pa3yloT SYEHCTYIO “COTOBYIO” CTPYKTYpY,
KapKac KOTOPOil 00pa3yroT IJICHKH >KUIKOCTH.

IIpoYyHOCTH MEHBI U BpEMS €€ CYIIECTBOBAHUS 3aBUCAT OT CTPYKTYpbI U
COCTaBa IUIEHOK JIHCIEPCUOHHOM Cpeabl. Y CTOMYMBOCTH IIE€HBI OLICHUBAETCS
BPEMEHEM KHU3HU ITy3bIPbKOB, KOTOpAasi, B CBOIO 0YEPE/lb, 3aBUCUT OT POYHOCTHU
MJICHKH YKUJIKOCTH. Y CTOWYMBOCTD MEHBI (T) OMPEACIISIeTCS KaK OTHOIIECHUE BbI-
COTBI cTOJ0a TieHbI (1) K cpellHe JIMHEWMHON CKOPOCTH CaMOIPOU3BOJILHOIO €€
paspyuieHus (v)
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T=h/V 1.26
DTOT mapaMeTp 3aBUCUT OT BEJIMYUHBI IOBEPXHOCTHOI'O HATSXKEHUS U CO-
JepKaHus B HETH OBEPXHOCTHO-aKTUBHBIX BEIECTB, CIIOCOOHBIX afcopOupo-
BaThCS Ha TpaHUIle pasfena a3 u oOpa30oBBIBATH MPOUYHBIE “OpOHUpPYOIIHE
000JIOUKM Ha TMOBEPXHOCTU Ta30BbIX My3bIpbKOB. HedTh MOXeT comepx aTh
OosbiIoe KoaudecTBO npuponaHbix ITAB — cmoi, acdanbTeHoB, napauHoOB U
00pa30BBIBATh yCTONYMBBIC TICHBI IPH BBIICIICHUH Ta3a.

1.6. BompoHe@TsiHbIE IMYJIbCUH

[Ipu nmoabseme oOBogHEHHOW HePTH OT 32008 CKBaKUHBI 70 €€ YCTh U
JaJIbHEUIIEM JIBUKEHUH IO MPOMBICIOBBIM KOMMYHHUKAIIUSIM MPOUCXOIUT HE-
IpephIBHOE NEepeMelInBaHne He()TU ¢ BOAOMH, CONMPOBOXKIAaEMOe 00pa30BaHUEM
CTOMKHUX 3MYJIbcUH. B CBOIO ouepenp nmepeMenmBaHue — ABJISETCS CIEICTBUEM
TypOyIU3aluy MOTOKA 32 CUET YHEPTHH BBIACIISIONINXCS TA30BbIX My3bIPHKOB.

OO6pazoBanue U CTOHKOCTh BOJOHE(PTSIHBIX dSMYJIbCUN B OCHOBHOM OIIpe-
JIeNAETCS CKOPOCTBIO JBIIKEHHUSI BOJOHE(PTSIHOW CMECH, OTHOCUTEIIBHOMN BeEIu-
YUHOU conepkanus a3, GPU3NKO-XUMHUUECKUMHU CBOMCTBAMU 3TUX (a3, TemIe-
paTypHBIM PEKUMOM.

TepMoanHaMUYeCKH HEYCTOWYUBBIC, IMYIBCHH KIACCUPUIIUPYIOT IO TO-
JISIPHOCTH TUCTIEPCHOM (Da3bl M IUCIIEPCUOHHOM CPelibl, a TAKXKE M0 KOHIIEHTpa-
MU AUCTIEpCHOM (ha3bl B CUCTEME:

CoriacHO IEpBOMY MPU3HAKY, Pa3IUYaIOT IMYJIbCUU:

—  HEMOJIAPHOM XUAKOCTH (HeTH) B MOIAPHOM (BOAC) — IMYJIbCHH IIEPBOTO
pona, uiu npsambie («macio B Boae» - M/B) (puc. 1.7 a)

—  DMYJbCHH MOJISIPHOM JKUAKOCTU B HEMOJIAPHOW Cpelie AIMYJIBCUU BTOPOTO
pona, unu ooparssie (B/M) (puc. 1.7 6).

—  MHOXECTBEHHBIE 3MYJIbCHH (KaK IpsIMOro Tak W oOpaTHoro tumna). JlaH-
Hasl TpyNma 3MyJIbCHI 00BIYHO (POPMUPYETCS B MPOIIECCE IEIMYIIbCAIIUN HEDTH
¥ OYHCTKH HE(TEPOMBICIOBBIX CTOYHBIX BOJ| Ha TpaHuUIlEe pasaena ¢a3 HedThb-
BOJAa (MMPOMEXYTOUHBIE CJION).

a 0
L

Puc. 1.7. Hedrsaubie sMmynbcuu: a) — mepBoro poja, npsimsie, M/B;
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6) BTOpOTO poaa, ooparueie, B/M. 1 — auciepcuonHas cpena (CIUIONnIHAs, BHEIIHSAN);
2 — nucniepcans (asa (pa3o0ieHHas1, BHYTPEHHS).

B smynbecusix M/B BHemHelt ¢a3oii sBisercs Bojaa, U MO3TOMY OHH CMe-
[IMBAIOTCA C BOJOM B JIFOOBIX OTHOLIEHUSAX M 00JaJar0T BBICOKOW 3JIEKTPONPO-
BOJIHOCTBIO, B TO BpeMs Kak 3MmyJbcuu B/M cmemmBaioTcs TOJIBKO ¢ YIiIeBOAO-
POHOM >KUIKOCTbIO M HE 00JIaJIal0T 3aMETHOM 3JEKTPONPOBOAHOCTHIO. YCTa-
HOBJICHO, YTO THI 0Opa3yIoIeicsi IMYJIbCUM B OCHOBHOM 3aBUCUT OT COOTHO-
neHus: 00beMOB HE(DTU U BOJBI: JTUCIIEPCUOHHON Cpefoil OOBIYHO CTPEMUTCH
CTaTh Ta KUJIKOCTb, 00bEM KOTOPO OOJIbLIE.

CornacHo BTOpOMY NPU3HAKY HEPTSIHBIE SMYJIbCUU KIACCUPULMPYIOT 110
KOHIIEHTpALUU JTUCIEPCHON (a3bl B AUCIIEPCUOHHOMN cpejie, B CBSI3U C YEM OHU
HOJpa3AeiA0TCA Ha TPU THUIA: pa30aBlIEeHHbIE, KOHLIEHTPUPOBAHHBIE U BBICOKO-
KOHIICHTPUPOBAHHBIE

K pa3baBiieHHBIM OTHOCST 3MYJIbCUH, coaepskamue 10 0,2 % o00BbeMHBIX
nucnepcHor (as3bl; K KOHIEHTPUPOBAHHBIM — C COZAEpPKAHUEM JUCHepcHOM (da-
361 10 74 % 00BEMHBIX; K BBICOKOKOHLIEHTPUPOBAHHBIM — C COAEPKaHUEM JHC-
nepcHoi (aszwr 6ostee 74 % 0OBEMHBIX.

OcobOeHHOCTH pa30aBIEHHBIX 3MYJIbCUH: 1) HE3HAYMTENBHBIA IHAMETP
Karenb aucrepcHoit hassr (107 cM); 2) HaIM4YMe HA KAIUBIX DICKTPHUIECKUX 3a-
pA0B; 3) HU3KasA BEPOSITHOCTh UX CTOJKHOBEHHUS; 4) BBICOKAsI CTOMKOCTb.

Oco0EHHOCTH KOHIEHTPUPOBAHHBIX AMYJIbCUM: 1) Kaljin UMEIOT OTHOCH-
TEJBbHO OOJBIIKE Pa3MEPbl U MOT'YT CEAMMEHTUPOBATDH; 2) MOT'YT OBITh KaK ycC-
TOMYUBBIMH, TaK U HEYCTONYHBBIMHU.

Oco0eHHOCTH BBICOKOKOHIIEHTPUPOBAHHBIX AMyJbcuil: 1) kamim auc-
nepcHoil (a3bl MPAKTUYECKHM HE CHOCOOHBI K CEAUMEHTALUU; 2) BCIIEICTBHUE
OO0JIBIION KOHIIEHTPAIIUU MOTYT OBITh A€(OPMUPOBAHBI.

Pa3meps! kanens aucrnepcHoi ¢asbl B 3MYJIbCUAX MOTYT ObITh CaAMBIMHU
pazHooOpa3HeIMH U KosiebaThes B nmpenenax ot 0,1 go 100 u 6oree MKM.

Hedrsanpie sMynbcun XapakTepu3yIOTCS CIEIYIOIMIMMHA OCHOBHBIMHU (U-
3UKO-XMMUYECKUMH CBOMCTBAMU: JUCIEPCHOCTHIO, CTOMKOCTBIO, BSI3KOCTBIO,
IUIOTHOCTBIO U JIEKTPUYECKUMU CBOMCTBAMH.

JAMcnepcHOCTb SBIISIETCS BaXXHOW XapaKTEPUCTUKOW DMYJIbCUM, OIpele-
JSIOLEN UX CBOMCTBA. J{McrepcHOCTh AMYJIbCUI XapaKTEepU3yeTcsl TpeMs BeJu-
YUHAMU: JMaMeTpoM Karenb d, oOpaTHOM BennyuHOM quamerpa kanenb D=1/d,
Ha3bIBAEMOW OOBIYHO AMCIIEPCHOCTBIO, YNEIbHOW MeX(a3HON MOBEPXHOCTHIO,
T.€. OTHOILIIEHHEM CYMMAapHOM MOBEPXHOCTH I1100YJI AUCIIEpCHON (a3bl K 0011Ie-
My UX 00beMy. UeM OoJibliie yienbHasi HOBEPXHOCTh, YEM O0Jiee CTOMKOM sBIIS-
€TCsl AMYJIbCHUS.

HedrsHbie sMyiabcHM OTHOCSTCS K MOJHMIMCIEPCHBIM CHUCTEMaM, T.€. K
CUCTEMaM, COJIEp KAIMM YaCTULIBI CAMBIX PA3HBIX Pa3MEpOB.
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PewaromumMu napameTpamu, ONpPEAESIOIIMMUA CTENEHb AUCIEPCHOCTU
AMYJIbCUM NP COBMECTHOM JBUKEHUHU BOJBI U HE(PTH, ABISAIOTCS CKOPOCTH IO-
TOKa, BEJIMYMHA MMOBEPXHOCTHOI'O HATSKEHUS HA TpaHule paszjaena ga3 u mac-
mTad myJbcaruu.

CT0HKOCTb (YCTOHYMBOCTB) SIBIISICTCSA CaMbIM BayKHBIM IIOKA3aTeNIeM ISl
HEQTAHBIX dMyJsbcuid. 1107 yCTOWYMBOCTBIO MOHUMAIOT CIIOCOOHOCTH AMYJIbLCUU
B TEUYEHUE OINPEJEICHHOIO BPEMEHU HE pa3pyllaTbCsd M HE Ppas3leisAThCs Ha
HeQTh U BoAy. CTOMKOCTb 3MYJIBCHH OIPEAEISETCS] B OCHOBHOM pa3Mepamu Ka-
1eJb, MPOYHOCThIO OPOHUPYIOIUX 000JI0YEK, BOZHUKAIOIIKUX HAa MOBEPXHOCTH
Karenp B pesysbrare ajcopouuu [TAB HedTu (acdanbro-cmonucTeie BemecTBa
U TyrorviaBkue napadunsl) u GIoTaluyu MEXaHUIECKUX MTPUMECEH.

Ha ycroiiuuBOCTP HE(QTAHBIX BSMYJIbCUH OOJBIIOE BIUSHUE OKa3bl-
OKa3bIBAIOT: 1) AMCHEPCHOCTh CHUCTEMBI; 2) (U3UKO-XUMUYECKUE CBOMCTBA
AIMYJIraTOpOB; 3) HAJIMYUE HA TJI00yIax AUCHEPCHON (a3bl JBOMHOTO 3JIEKTPU-
YEeCKoro 3apsja; 4) TeMieparypa CMEIIUBAIOIIUXCS KUJIKOCTEH; 5) KUCIOTHOCTD
BOJIHOM (ha3bl.

AncopOuus IuCIeprupoBaHHbIX, OCOOCHHO TBEPABIX, dMYJIbraTOPOB Ha
BOJIOHE(PTSHOM MOBEPXHOCTU M YTOJIIEHUE UX CJI0s Ha MeK(a3HON MOBEPXHO-
CTH BCErja IIPOTEKaeT BO BPEMEHH, II03TOMY 3MYJIbCUS CO BPEMEHEM CTAaHOBUT-
csi Oosiee yCTOWYMBOM, T.€. MPOUCXOAMUT €€ CTapeHue. B HavanbHbBIN Mepuoa
CTapeHHE MPOUCXOJUT BECbMa MHTEHCUBHO, 3aT€M IIOCTEIIEHHO 3aMeMIAETCs U
4acTO YK€ 4epe3 CYTKH NPEKpaIlaeTcs. BCIEICTBHE 3TOTO CBEKHUE SMYJIbCUHU
pa3pylIatoTCsl 3HAYUTEIBHO JIeTYe U ObIcTpee.

Y CTONYMBOCTD 3MYJIBCUU ONPENEISAETCS BPEMEHEM €€ CYIIECTBOBAHUS U
BbIpa)KaeTcs OYeHb Mpoctoit popmynon = H/ v, rae H- BeicoTa cT0s10a SMyib-
CHUH, CM; V - CPEJIHAS JIMHENHAsl CKOPOCTh PACCIOEHUS AIMYJIBCUH, CM/C.

Pa3nuuaror arperaTuBHYX0 M KMHETHYECKYIO yCTOWUYMBOCTb. llepBas xa-
pakTepusyeT CHOCOOHOCTh TJ00yJl K YKPYIHEHHIO, a BTOpas paccioeHue
IMYJILCUH HAa HE(Th U BOJLY.

Mepoii o01mieii yCTOMUYUBOCTH dMYJIBCUU MOXKET CIYKUTh U3MECHEHHE €€
IUIOTHOCTH 32 OINPEAEIIEHHBIN TPOMEKYTOK BPEMEHH B ONPEEICHHOM CJIOE€ WU
KOJIMYECTBO BBIJECIMUBIIEHCS BOIBI IPH OTCTOE.

BsizkocTh HeQTAHBIX IMYJIbCHHM - HE aJTUTUBHOE CBOMCTBO.

Omna 3aBUCHUT OT CJIEIYIOIIMX OCHOBHBIX (hakTOpoB: 1) BsI3KOCTH HEPTH; 2)
TeMIIepaTyphl, MPU KOTOPOl GopMupyercst sMyibcusi; 3) COOTHOLIEHUSI O00be-
MOB (a3 (HedTH 1 BObI); 4) IUCTIEPCHOCTH IMYJIIbCUHU.

OMyJIbCUH, KaK TpyOOAMCIEPCHBIE CUCTEMbI, HE MOJYMHSIOTCS 3aKOHY
BA3KOro TpeHus: HproToHa. BA3KOCTE dMyJIbCHUM M3MEHSETCS B 3aBUCHMOCTH OT
IpaJi€HTa CKOPOCTH.

IIpu yBenuueHHUH OJU BOABI B OMYJIBCUU BBIIIE HEKOTOPOIO KPUTHYE-
CKOTO 3HaU€HUS BSI3KOCTh IMYJIbCUU CHUXkaeTcs. Kputuueckoe 3HaueHue Koag-
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dburnmenTa 00BOAHEHHOCTH W, , IPM KOTOPOM BSI3KOCTh AMYJIbCHH HAYHHACT
CHUXAThCS, HA3bIBACTCS TOYKOW HHBEPCHH.

B Touke nnBepcuu npoucxoaut obpamienue a3, B pe3yiabTaTe uero Juc-
nepcHas ¢aza (Boja) CTAaHOBUTCS AMCIEPCUOHHON cpenoil (BHEIIHEH, CIUIONI-
HOI), a tucniepcuonHas cpeaa (HedTh) - aucnepcHoi $ha3oit (pa3zoOIIeHHOM).

O6pamenue ¢as3» HEPTAHBIX IMYJIbCHN UMEET UCKIIOUUTEIHHO OOJIBIIOE
paKTUYECKOe 3HaueHue. OMyibcusi Tuna M/B, nMeromias BHeniHe# ¢da3oi Bo-
1y, TPAHCIIOPTUPYETCS MIPU MEHBIIIUX YHEPTETUUYECKUX 3aTpaTax, YeM IMYIIbCHSI
tuna B/M. umeromas BHemnen ¢azoit Hedth. [losToOMy mpu TpaHcmopTUpoBa-
HUU DMYJIbCUIA BCET/Ia HY)KHO CTPEMUTHCA K TOMY, YTOOBI BHEIIHEH (a3oi sB-
Jsach BoAa, a He He(Th (MpH YCIOBUH, KOHEYHO, YTO TPYOOIPOBO/IBI 3aIIUIIE-
HBI OT KOPPO3HUH).

Kputnueckoe 3Hauenue korduimenta 00BOAHEHHOCTH AJisi HeTel pas-
HBIX MECTOPOXKJICHUI MOXeT KosebaTrhes B npenenax 0,5-0,9, Ho B OOJBIIUHCT-
Be cinydyaeB oHO paBHO 0,71. Takoe pasHooOpasue 3HaueHuil W, oObsicHsETCS
paznuuueM GU3NKO-XUMHUECKUX CBOWCTB HE(PTH M BOJIBI.
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2. CbOP U ITPOMBICJIOBAS ITIOAI'OTOBKA HED®THU I'A3A 11 BO/IbI

[TpombicioBas moAroToBKa HE(THU U ra3a MPEAroaraeT JI0BeASHUE TPO-
JTYKIIUU JOOBIBAIOIINX CKBAXKUH J0 YHU(MUIIUPOBAHHBIX TOBAPHBIX KOHIAMIIMHA B
cootBeTcTBUM ¢ TexHuueckumu TpedoBanusmu ['OCT P51858-2002 na nedth u
OCT 51.40-93 na ras.

2.1. ToBapHasi XapaKTepUCTHKA He(pTH U raza

[To ¢uUBUKO-XUMHUUYECKUM CBOMCTBaM, CTEIEHH IMPOMBICIOBOM MOATO-
TOBKHU HEe(DTH MOJIPA3ACISIIOTCA HAa KIACChl, TUIbI, TPYIIIbI, BUJBIL.

[IpucBoenne Homepa UHAEKCA "Kiacc" OCYHIECTBISIOT B 3aBUCMMOCTH OT
COJICp>KaHMS CEPhbl B COOTBETCTBHUM C JaHHBIMU TaOiuilel 2.1. HedTs moapasme-
JISIIOT Ha 4 Kiaccea:

Tabnuya 2.1
Kiace HanmenoBanue nedtu Conepxanue cepbl, % | Metoa ucnbITaHus
Macc.
1 Manocepnucras J1o 0,6 BKJIrOU.
2 Cepnucras Ot 0,6 o 1,8 BxIIOU.
3 BricokocepHucras Ot 1,8 1o 3,5 BKJIIOU. FOCT 1437
4 OcobocepHucTas Cspiiie 3,5

[TpucBoenue nedtu nHAECKCAa "TUN" OCYIIECTBISIIOT B 3aBUCUMOCTH OT BE-
JTUYUHBI TIOTHOCTH (Tabi. 2.2). Hedts mompaznensiercs va 5 tumnos: 0 — 0cobo
nerkas; 1 — nerkas; 2 — cpennsisi; 3 — Tsbkenas; 4 —OMTyMHUHO3HAS.

Tabnuya 2.2
HopMmbl 3HaYeHMH IVIOTHOCTH /I TUIIOB HeTH

Tun vepH Merost we-
[Tapametp 0 1 2 3 4

PD | Dkc] PO | Dke. | P | Dkc| PO | Dke. | PO | Dxe| oo
KHFJ}f;HOCTII;H 20 H6863°0Hee 830,1-850 | 850,1-870 | 870,1-895 Eggsee FOCT 3900
remnepatype | o | He Oonee |  834,6- 854,5- 874,5- Bosee rOCT P
C 834,5 854,4 874,4 899,3 899,3 51069
Brixon 200 | — |30 | — |27 — 21 | — | — —
paxmmi, % | 300 | — |52 |— |47 — 42 | — | — _ | — |rocT2177
00. 350 — |62 | — [57 |— |83 |— |— |[— |—
Maccosas JTOJISt
napa¢uHa, %l | 6 | — 6 _ 6 | — | — | — | — TOCT
Mmacc. He Ooiee 11851
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[Ipumeuanus:

1. Onpenenenne miotHocty npu 20 oC obGs3arenbHo a0 1 siHBaps 2004 r.;
ornpenenenue miotHocTH rpu 15 oC obsa3arensHo ¢ 1 auBaps 2004 .

2. Ecnn mo omHOMy W3 mokazaresiedl (TUIOTHOCTH WJIM BBIXOAY (pakiuii)
He(Th OTHOCUTCS K THUITy C MEHBIIMM HOMEPOM, a MO APYroMy — K THUITy C
OOJILIITUM HOMEPOM, TO HE(PTh MPU3HAIOT COOTBETCTBYIOIMICH TUITY C OOJBIITUM
HoMmepoM. [Ipu mocTaBke Ha HKCIOPT YYHUTHIBAETCS JOIMOJIHUTEIBHO BBIXOJ
cBeTJIbIX (hpakiuii U MaccoBas A0Js napaduHa COTrjlacHO TpaJaluii, MpeacTaB-
JICHHBIX B Ta01. 2.2.

[To cTenenu MOATOTOBKMA HEPTH K TPAHCIIOPTY U Tepeaade MOTPeOUTENIO
TOBapHas HeQTh moApaszaensercs Ha 3 Tpynnsl kadyecTsa (Tabdi. 2.3) B cOOTBET-
ctu ¢ ycanoBusimu ['OCT P 51858-2002.

Tabnuya 2.3.

Texunueckue ycaosust 'OCT P 51858-2002 na rpynnbl kayecTBa

MOArOTOBKH TOBAPHO# HepTH

ITokazarenu Hopwmbl mokaszaTesns [ rpyIsl Ka-
JecTBa
1 2 3
MaccoBas 105151 BOfbI, % He Ooliee . X 0,5 0,5 1
KoHneHTpanus XI0pucThIX cojiei /M (Mr/am°, Mr/i), 100 300 900
He Oosee
MaccoBast 10511 MeXaHU4YeCKuX mpumeced, % HE 00- 0.05
nee ’
JlaBneHue HaCHIICHHBIX TAPOB MpU Temreparype 37,8
o . 66,7 (500)
C B 6om0e Peiina, klla (Mm pT. cT.), HE Gosee
CoziepkaHie XJIOPOPraHHICCKUX COCIUHEHHH, MIH He nHopMmupyercs, onpenencHue
(ppm) 00s13aTeIbHO

[Ipumeuanue.

Ecnu nmo ogHomy M3 mokasareneil HETb OTHOCUTCS K TPYyMIE ¢ MEHBIINM
HOMEpOM, a MO JIPyroMy — K Tpymnme ¢ OOJbIIUM HOMEpPOM, TO He(Th MpHU-
3HAIOT COOTBETCTBYIONIEH rpynme ¢ 60JbIIMM HOMEPOM.

[To comepxanuto cepoBOAOPO/IA U JIETKMX MEPKANTAaHOB TOBApHYIO HEPThH

NOAPA3ACNSAIOT HA Tpu BUAaA (Tadm. 2.4).

Buawbl ToBapHoil HedTH

Tabnuya 2.4

Hopmbl mokasarens aid  BHJOB
[Tokazarenun HepTH
1 2 3
MaccoBast 1031 CepoBOJIOPOIa MITH.  (ppT), He Goree 20 50 100
MaccoBas 101151 METHII- ¥ STUJI— MEPKAIITAHOB (B 40 60 100
cymme), MiH. | (ppT), He Gonee

[Ipumeuanus

CUHMTAETCS HE cofeprKallel CEpOBOAOPOI.

1. Hopmel mo mokazarensiMm TaOi. 2.4 sBIAIOTCS (aKyJIbTaTUBHBIMHU 10
1.01.2004 r. Onpenenenue o0s3aTeNnbHO I HAOOpa JaHHBIX.
2. Hedts ¢ HOpMOIT "MerHee 20 mutH.—1" 110 okazaresnto 1 JaHHOM TaOIUIIhI
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B cootBerctBun ¢ I'OCT P 51858 ycnoBHoe 0003HaueHHE TOBApHOM
He(TH (MHIEKCAls) COCTOUT U3 YeTbIpeX HU(pP, COOTBETCTBYIOIINX 3HAYECHHI
nokazarenei: (1) kmacca, (2) tuna, (3) rpynmsl, (4) Buaa ToBapHOU HedTH
(tabmn. 2.5). Ilpu moctaBke HePTH HA DKCIOPT K 0003HAYEHHUIO TUIIA TOBAPHOM
He(pTH 100ABIAETCS UHIEKC «I».

Tabnuya 2.5
Nupexkcaunust ToBapHou HedTH
XapaKkTepuCTUKa TOBAPHOU HEPTH VYcnoBHOe 0003HaUEHUE
Hedtn (mmdp)

1. ITocraBka HedTH norpedutento B Poccun. B ToBapHoit HedTH
conepxurcs: — 1,15, % macce cepsl, (kiacc 2); 2221
wioTHocTh HedTH mpu 20 oC — 860 kr/m3, (Tur 2); Ioct
KOHIICHTPAIIUs XJIOPUCTBIX coiel B HedTu — 120 mr/m; P 51858-2002
ob6BogHeHHOCTH — 0,4, % Macce, (rpymmna 2);
CEpPOBOJIOPOJT OTCYTCTBYET (BU 1).
2. IlocraBka HeTH Ha FKCHOPT. B TOBapHO# HehTH ComEepPIKUTCS :
— 1,15, % wmacc cepsl, (knacc 2);
wioTHocTh HedTH mpu 20 oC — 860 kr/m3;
BBIXO/1 (ppakimii pu Temmeparype neperonku jgo 200 °C — 26, % 2.23.1.1
00.; 10 300 °C — 46, % 006.; 1o 350 °C — 55 % 00.; I'OCT
MmaccoBas 1oy napaduna — 4, 1% 06. (tum 23); P 051858-2002
KOHIIEHTPALUS XJIOPUCTHIX colieit B HehTu — 90 Mr/i;
ob6BoaneHHocts — 0,4, % macc. (rpymmna 1);
CEpOBOJIOPOJ] OTCYTCTBYET, (BUA 1).

TpeboBanust k raszy, MOATOTOBICHHOMY K TPAaHCIOPTY, pa3paOOTaHHbIE
BcepoccuiickuMm HayyHO-HCCIIEOBATEIIbCKUM MHCTUTYTOM MPUPOJIHBIX T'a30B U
ra3oBbIX TEXHOJIOTHM, IPEACTABIECHBI B Ta0M. 2.6.

CrangapT pacrpocTpaHseTcs Ha Ta3bl TOPIOYHE MPUPOAHBIC U HE(TAHbIC
TOBapHbBIE ra3bl, HOCTABIISIEMbIE C POMBICIIOB B MarucTpaibHbIe ra30MPOBOJIbI U
TPaHCIOPTUPYEMbIE 110 HUM Tra30CHA0KAIOIIMM U Tra30COBITOBBIM OpraHu3alu-
M. CTaHgapT ycTaHaBJIMBAaeT TpeOOBaHMSI, HAIIPABJICHHbIE HA MOBBIIICHUE Ka-
YecTBa IMOCTABISAEMOro rasza, 3(()EeKTUBHOCTU U HAJEKHOCTU Ta30TPaHCIOPT-
HbIX cucteM. CTaHAapT HE pacIpPOCTPAHSAETCS Ha ra3bl, IOCTABISEMbIE C MECTO-
pOXKIeHUM [UIsi 00pabOTKM Ha TOJIOBHBIX COOPYKEHMSX, ra3olepepadarbiBaro-
IIMX 3aBOJaX U Ha rasbl, IpeHa3HauYEHHbIE [yl ra30CHA0KEHUS OTJIEIbHbIX M0~
TpeOuTeNel, MOIy4yarouuX a3 HEeMOCPEICTBEHHO C MECTOPOXACHHUS (3aB0ja),
IIXT.

B onpenenéHHple KIMMaTUYECKUE PallOHbI JIOIYCKAETCs IOCTABKA B OT-
JIeNIbHBIE Ta30IMPOBOJIBI ra3a ¢ 00jee BHICOKUM COICPKAHHUEM CEPOBOAOPOJA U
MEpPKaITaHOB IO COTJIACOBAHHBIM B YCTAHOBJIEHHOM IOPSIIKE TEXHUYECKUM yC-
noBusM. [l ra3oB, B KOTOpBIX colepxkaHue yrieBoaoponoB CS5+Bpicmi, HE
npesbimaet 1,0 r/M°, TOUKa POCHI O YTJIEBOJAOPOJAAM HE HOPMUPYETCH.
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Tabnuya 2.6

3HayeHus Il KIIMMaTUYECKUX pai-
OHOB
[TapameTpsl YMEPEHHOTO X0JI0JIHOTO

¢ 01.05 | ¢ 01.10 | ¢ 01.05 | c 01.10
1o 1o 1o 1o
30.09 130.04 |30.09 |30.04

Touka pocsl 1o Biare, He Bbimie “C 3 5 10 20

Touka pockl 1O yTIEBOAOPOAaM, He Bbile, “C 0 0 5 10

3

Macca cepoBogopoza, I/M°, He 6o3nee 0,007

Macca MepkarnTaHoBOM cepbl, I/M°, He 6oee 0,016

O6bemHas nons kucioposa (%) He 6onee 0,5 1

Teriora cropanust Husmas MJDi/m® mpu 20 °C u 32,5

101,325 kIla, HE MeHee

Temmeparypa rasa, °C Ha Bxoze 1 B caMOM 1a3onpoBo/e
YCTaHABJIMBAETCS IPOEKTOM

Macca MeXaHMYECKHMX IPUMECEH U TPYIHOJETY4YUX | YCIOBHS OIrOBAapUMBAIOTCA B COIJIA-

JKUAKOCTEN EeHUsX Ha moctaBky raza ¢ XTI,
I'TI3 u npombIcIOB

[Ipu cHmxeHuu copepkaHusi kKuciopojaa B arMmochepe 10 15-16 %, yrie-
BOJIOPOJTHBIE Ta3bl MO0 TOKCUKOJIOTMYECKON XapaKTEePUCTUKE BBI3BIBAIOT YYIIIbE.
[Ipenensno nomyctumas kouueHtpamus (IIJIK) yrieBomopoaoB mpupoaHOTro
raza B Bo3ayxe paboueir 30Hbl 300 mMr/mM3 B mepecuere Ha yriepoa (I'OCT
12.1.005), a cepoBOIOPO/Ia B CMECH C YIIICBOXOPOIHBIME ra3aMu 3 Mr/M’.

2.2. TpeOoBaHus Kk cucreMam c00pa ¥ MOATOTOBKH CKBAKMHHOM TPO-
AYKIUH

W3BnedeHne u3 3a€XH MJACTOBOM HEPTH HA MOBEPXHOCTh OCYILECTBIIS-
eTcs Yepe3 CUCTeMY J00bIBaloIuX CKBaKWH. Bmecte ¢ HepThIO M3 Heap mM0O0bI-
BAIOTCS 3HAUUTENbHBbIE OOBEMBI BOJBI, MOMYTHBIM (HE(TAHOI) ra3, TBEpABIC
YaCTHUI[bl MEXAaHUYECKUX MpUMecel (TOPHBIX MOPOJ, 3aTBEPACBIIET0 LEMEHTA).
[TosToMy CKBaKMHHAs MPOAYKIHA HEPTIHBIX MECTOPOXKIACHHUN BCeraa Mpen-
CTaBJsieT COOOH CIOXKHYIO MHOTO()Aa3HYI0O MHOTOKOMIOHEHTHYIO JUCHEPCHYIO
cucremy. Pa3jeneHne KOMIOHEHTOB 3TOM CUCTEMbI U IIOArOTOBKA UX 10 TOBAp-
HBIX KOHJIMIMHI — 3ajjaya, periaeMasl B CuCTeMax IIPOMBICIOBOrO 00yCTpoiicTBa
MECTOPOKICHUN.

IIpombIiciOBOE 00YCTPOMCTBO TpeOyeT OOJBIIOT0 00BheMa KamUTaJbHBIX
BJIOYKEHUH, 3HAUUTENIbHAS JOJI1 KOTOPBIX MPUXOJUTCS HA COOPY>KEHUE CUCTEM
cOopa U TpaHCIOPTa NPOAYKIIMH CKBaXKUH.
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ITox cucremoii cOopa Ha HEPTSIHBIX MECTOPOXKACHHUSIX MMOHHUMAIOT BCE
000py/0OBaHNE M CHUCTEMY TPYOOMPOBOJOB, MOCTPOCHHBIX A cOOpa MPOIyK-
IIUU OTICBHBIX CKBAXXUH M JOCTABKU €€ JI0 IEHTPAIBHOTO MyHKTA IMOATOTOBKH
HedTH, Taza U BOAbl. OOBIYHO HAa MECTOPOXKACHHUSIX MPUMEHSETCS HaIMOpHAs
repMeTU3UPOBAHHAS CUCTEMa cOOpa M MOJATOTOBKHU MPOIYKIIMHA CKBAXKUH, MOYTH
MOJIHOCTBIO UCKITIOYAONIAs TOTEPHU YTIEBOAOPOIOB.

EnuHoii yaHuBepcanbHOM ISl BCEX MECTOPOXKICHUN CHUCTEMBI cOOpa Mpo-
OYKIMHM HE CYLIECTBYET, TaK KaK Ka)KJ0€ MECTOPOXKIACHUE UMEET CBOM OCOOEH-
HOCTH: pa3Mepsl, GOpMbI, peiabed MECTHOCTH, TIPUPOTHO-KIMMATUYECKHUE YCIIO-
BUS, CETKy pa3MEIICHUS CKBaXHH, CHOCOOBI W OO0BEMBI JOOBIUH, (HU3UKO-
XUMHUYECKHE CBOMCTBA IJIACTOBBIX kuAKocTe. Ho mrobas cuctema cbopa mpo-
OYKIIMH CKBAXXUH JODKHA O0ECHeYUTh BO3MOXKHOCTH OCYIIECTBICHHS Clie-
JIYIOIIUX ONEPaIHii:

1. w3MepeHue MPOIYKINH KaXKI0H CKBaKHHBI

2. TpaHCMOPTUPOBKA MPOAYKIHUU CKBA)XHH 3a CUET SHEPTUU TUIacTa WK Hacoc-
HOTO 000PYIOBAHMS IO LIEHTPAIBLHOTO IMMyHKTA MOATOTOBKY HE(PTH, ra3a U BOJIBI,
3. otrneneHue rasza oT HepTH M TPAHCIOPTUPOBKA €r0 10 MyHKTa MOATOTOBKH
WIH J10 TOTPEOUTEIs;

4. otaeneHue cBOOOJHOM BOABI OT HEPTHU 10 YCTAHOBOK MOATOTOBKHU HE(DTHU (B
ciry4ae 100bdu 00BOTHEHHON HEDTH);

5. pa3genbHBIA COOp WM TPAHCIOPT MPOIYKIIMU CKBAKUH, CYIIECTBEHHO OTJIH-
YaromIeicsi 10 0OBOJHEHHOCTH MM (PU3UKO-XUMUYECKUM CBOMCTBAM;

6. MOJOrpeB MPOIYKIUU CKBAaXXUH, €CIM HEBO3MOXHO €€ COOMpaTh U TpaHC-
MOPTUPOBATH TP OOBIYHBIX TEMITEpATypax.

2.3. CymecTBylOmme cucTeMbl c00pa CKBa)KMHHOMN NMPOAYKIUH

B Hacrosimiee Bpemsi M3BECTHBI CIEAYIOLIME CUCTEMBI MPOMBICIOBOTO
cOopa CKBa)XMHHOM MPOLYKIMU: HEFEPMETU3UPOBAHHAs CaMOTEYHas IByXTpyO-
Hasi, BBICOKOHANOPHAsl OAHOTPYOHAsI U HallOpHasl.

HerepmernsnpoBannbie camoTedHble (puc.2.1) cucTemsl NMpPOJOSIKAIOT
JKCILTyaTUPOBATHCA HA CTAPBIX MECTOPOKIACHUSX. J[BMKEHHUE KMIKOCTH B HUX
OCYLIECTBIISETCS 3a CYET PA3HOCTH I'€OJIE3MUYECKMX OTMETOK IOJIOKEHHS Hayalla
U KoHIa TpyOonpoBona. IIpoaykuust ckBaXXUH 3aMepseTcs B UHIUBUIYaJIbHBIX
(U3Y) unu rpynnossix (I'3Y) 3amepHbIX yCcTaHOBKaX.

U3V pacnonaraercst BOiM3u ycThs ckBaxuHbl. HedTh u Boma, oTaenén-
HbIE OT ra3a IOCTYIAlT B CAMOTEYHbIEC BBIKUAHBIC JINHUH, a 3aTEM — B YYaCTKO-
BbI€ HETEPMETHU3HPOBaHHBIE pe3epByapsl cOopHoro myHkTa (CII). 3 Hux HETH
3a0upaeTcsi HUEHTPOOEKHBIMU HACOCAMHU U MOAAETCS IO COOPHOMY KOJUIEKTOPY B
celpbeBble pezepByapbl YIIH. OtTcrosiBmiascs Boia yTHWIM3UPYETCS WIN TPaHC-
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NOPTUPYETCS B BUJE AMYJILCUU JIO CHIPEBBIX pe3epByapoB. ['a3 moja coOCTBEH-
HBIM J1aBjiieHueM nonajaaet Ha ['TI3 unm Ha KOMIPEeCCOPHYIO CTAaHLIHIO.

Hal CECTOEWH RIS HY#IE
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Puc. 2.1. llpuHuunuanbpHasi cxeMa caMOTE4YHOM IBYXTpyOHOI crcTeMbl cOopa:
1— ckBaxkuHBI; 2 — cenmaparop 1—ii cTynenu; 3 — peryasTop AaBjieHus; 4 — ra3onpoBo; S —
ceraparop 2-ii ctynenu; 6 — pe3epByapsl; 7— Hacoc; 8 — HedrenpoBoy; Y CII — ygacTKoBbIi
coopubIil myHKT; [ICH — nienTpaibHbIii COOPHBIN MYHKT

I'3Y B ortnuuue ot U3V pacnonaraercs Baaiau oT ckBaxuH. Ha Heé mo-
CTyMaeT MPOMYKIMsS HECKOJbKUX CKBaXHH. VM3MepeHue neOuTta WHIAUBHUIYATIb-
HBIX CKBKMH MO JKUJIKOCTH TPOM3BOMIST MEPEKIIOYCHUEM 3aJBM)KEK Ha pac-
npeenuTeIbHON O0aTapee B 3aMEpHOM Tpalle Uil MEpPHHKE, a ra3a — P IOMO-
1 auadparMel ¥ camonuinyiiero npudopa (tumna I1-430).

OTnUYUTENTFHBIMU OCOOEHHOCTSIMU CaMOTEYHBIX HErepMETU3UPOBAHHBIX
CUCTEM SIBIISIFOTCSI:

— paboTa 1mo/1 HarmoOpPOM, CO37aBa€MbIM PAa3HOCTHIO T€OJE3MUCCKUX OTME-
TOK B Hayaje ¥ KOHIIE TPyOOIPOBO/Ia, TOATOMY MEPHHUK JOJDKEH OBITH MOIHST, a
B TOPHCTOM MECTHOCTH HEOOXOJMMO HM3BICKMBATHh TaKyl Tpaccy, 4TOOBI oOec-
NEYUTh HY)KHBIN HAIOp ¥ MPOITYCKHYIO CITOCOOHOCTh

— TIpU ITOW CHUCTEME HEeoOXoamMa TIIyOoKkas cemapamnusi HepTH OT rasa
JUTS. TIPEAOTBpAIeHUs 00pa30BaHUs Ta30BBIX MEIIKOB, MOTYIIUX CYIIECTBEHHO
CHU3HTH MPOMYCKHYIO CIOCOOHOCTHh HEPTETPOBOIOB

— CaMOTCYHbBIC BBIKUIHBIC JIMHUN HE MOTYT OBITh MIPUCTIOCOOJICHBI K BO3-
MO>KHOMY YBEITMYCHHIO JEOUTOB CKBAKWUH MM K CE30HHBIM M3MECHCHHSIM BSI3KO-
CTH HEe(THU M SMYJIBCUH B CBS3U C WX OTPAHUYCHHOW IMPOIYCKHOU CITIOCOOHO-
CTBIO

— B CaMOTEUYHBIX CUCTEMaxX CKOPOCTh MOTOKA KUAKOCTH HU3KAs, TOITOMY
IIPOUCXOANT OTIIOKEHNE MEXaHWYECKUX MpHUMeceH, coieid, mapaduHa u yMeHb-
IaeTCs MPOIMYCKHAs CTIOCOOHOCTH

— motepu HedTH 3a cuéT UcnapeHus JErkux Gpakuii gocturaroT 3% ot
o0miet 700k, OCHOBHBIMU MCTOYHUKAMH TIOTEPH SBIISIOTCS HETEPMETHU3UPO-
BaHHBIE MEPHUKHU U PE3EPBYaphI

— CHUCTEMBI TPYJAHO MOJJIAI0TCS aBTOMATU3allUU U TpeOyeT OO0JIBIIOro Ko-
JUYECTBa 0OCITYKHUBAOIIETO MepcoHana

I'epmeTrusupoBanHas cucrema coopa HedpTH M raza, nmpeaioKeHHAs
uHkeHepamu @. I'. bapousinom u C. A. Be3upoBbiM (puc.2.2) , cTana BHe-
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IpATHCS Ha MpoMbiciax oObenuneHus: Aznedpts B 1948 r. OCHOBOM ATOI CXeMBbI
SIBJISIETCS. COBMECTHBIM COOp M TPAHCHOPT MPOIYKIIMU BCEX HEPTAHBIX CKBAKUH
(HACOCHBIX, KOMIPECCOPHBIX U (DOHTAHHBIX) 1O TPOMBICIIOBOI'O COOPHOIO IMyHK-
Ta 10/ MOBBIIICHHBIM JaBieHueM (ropsaka 0,5 -0,6 MITa).
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Puc. 2.2. Cucrema coopa baposina — Bezupona:
1 — ckBaxkuHa; 2 — cenaparop BBICOKOTO JaBJIEHMsI, 3 — ITPYyMIIOBas 3aMepHasi yCTaHOBKA, 4 —
OaTapest 3a7BUXKEK, 5 — HedTera3oBblil cenapaTop, 6 — ra300CyIIUTENb, 7 — OTCTOWHHUK, , 8 —
Komrpeccop, 9 — ra3oBblil cenapatop, 10 — cOopHbie pe3epByaps! A HedTH, 11 — chipbeBBIC
pesepByapsl, 12 — Hacoc

Cucrema npeycMaTpuBaeT OJHOTPYOHBIN COOp C UCTIOIB30BAHUEM DHEP-
rum 1iacta g0 '3V u nanee mo o0meMy KOJUIEKTOPY /10 YYaCTKOBBIX IMYHKTOB
cOopa, rae He)Th cenapupyrOT B ABE CTYIICHH H YaCTHYHO 00C3BOKHUBAIOT.

I'az I crynenn otnensercs npu nasinennu 0,4-0,5 Mlla u tpancnoprupy-
€TCsl K MOTpeOUTeN0 3a CUET JABJICHUS B Cemaparopax WIHM MpU MOMOIIUA KOM-
npeccopoB. ['a3 Il crynenu ornensiercs npu pasinernu 0,1 Mlla; ero otbupator
BAKYYMHBIMHU HACOCaMH, OCYIIAIOT U 3aKaYMBAIOT B HAIIOPHBIN ra30IPOBOJ.

Jleamynbratop I03UPYIOT Ha ycThe, b0 Ha ['3Y, mubo nepen I cryme-
HBIO cemapauuu. B chIpheBbie pe3epByaphbl YYaCTKOBOTO COOPHOrO IyHKTa
(VIIC) nocrynaer aera3upoBaHHas oOBoJHEHHAs, 0OpaboTaHHAs JI€IMYJIbraTo-
poMm He(Th; oTcTamBaercs u nogaétcs Ha YITH.

Cucrema nedrerazocoopa baposna u BesupoBa 1mo cpaBHeHHIO C pas-
JeNbHON cucTemMoi coopa HedTn M ra3za obecneunsia 3HAYUTEIIBHOE YMEHbIIIe-
HUE TIOTeph HEe(DTHM W Ta3a M COKpAIICHHE pacxojia MeTayila U JICHEKHBIX
cpenctB. OrpaHn4uBaeT 00JaCTh MPUMEHEHHUS CUCTEMbl HEOOXOIUMOCTh CTPOU-
TEJIbCTBA OOJBIIOr0 YHCIA MEJIKUX ITYHKTOB cOOpa C pe3epByapHBIM IMapKOM,
HAaCOCHBIMHU U KOMIIPECCOPHBIMU CTAHIUSIMU.

Nnest coBmecTHOTO cOOpa M TpaHCIOPTA MPOAYKIIMHA HE(PTSIHBIX CKBAKUH
NnoJiyuusa CBOE€ JajibHeiiee pa3BuTue B paborax I'po3HeHCKOro He(pTSAIHOIO
HHCTUTYTA (puc. 2.3) U pacnpocTpaHeHa Ha TPYOOIPOBOIbI MPOTIKEHHOCTHIO B
JIECSATKNA KWJIOMETPOB, C AaBjeHueM 110 5-7 Mlla.
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Puc.2.3. Cucrema c6opa HepTH 1 raza nuacturyta [ po3HePTh

Ha xaxpaoi ruioniaayn CTpOUTCS JIMIIb OJHA LIEHTpalbHAas CerapaluoHHas
YCTaHOBKa C OJHOCTYINEHYATOW cenapanuend noa gasienuem g0 5 Mlla. Otne-
JMBUIMICS Ta3 HAIPABIISIETCS B XOJOAWIBHYIO YCTAaHOBKY, JUJII MaKCUMaJIbHOTO
OTJCJICHUSA KOHJIEHCATa, a 3aTeM I10J COOCTBEHHBIM jaBiieHueM - Ha [TI3.
OMyJbCUOHHYIO HE(PTH C OCTaBIIMMCS PACTBOPEHHBIM ra30M W Ta30KOHJIEHCA-
TOM IO OJTHOMY TPyOOIIPOBOlY MO/ COOCTBEHHBIM JaBJICHUEM TPAHCIOPTUPYIOT
Ha [EeHTpadbHbIN MyHKT noarotoBku Hedtu (LITTTH)

Buenpenue cuctembl ciep>KUBAETCsl U3-3a MyJIbCaluil 1aBJICHUs, BbI3BaH-
HBIX BBIJIEJIEHUEM CBOOOJHOTO rasa, MpUBOIAIINX K BUOpaluu TpyOOIpOBOJIOB,
BO3MO>KHBIM MOPBIBaM M0 CBAPHBIM COECIMHEHUSIM.

Ha 6a3e cuctem coBmecTHOro cOopa u TpaHCIoOpTa ra3oHeTIHONW cMecu
Ha OOJIbIIIME PAcCTOSHUS ObUI pa3paboTaH W BHEAPEH psl HedTerazocOOPHBIX
CUCTEM JUIsl Pa3jIMyYHbIX YCIOBHUM MOOBIUU. DTH CUCTEMBI MO3BOJISIOT OoJiee pa-
[IMOHAJILHO pelIaTh BONPOCH 00yCTPOIiCTBA HEPTIHBIX IPOMBICIIOB: YKPYITHUTh
U LIEHTPAJIM30BaTh TEXHOJOTUYECKUE OOBEKTHI, YBEIMUUTh YUCIIO CTyNEHEH ce-
napauuu, 0oJjiee MOJIHO MCHOJIb30BaTh €CTECTBEHHYIO SHEPruio Iulacta U T. 1.
[Tpumepom Takux yHU(UIIUPOBAHHBIX CHCTEM COOpa MOXKET CIYXHTh HAINOP-
Hasl cucrema cOopa mHcturyra I'mnposBocrokHedTh (puc.2.4). Jta cucrema
Ipe1ycMaTpUBaeT OAHOTPYOHBINA TPAHCHIOPT HEPTH U raza A0 YYaCTKOBBIX Ce-
NapalMoOHHbIX YCTAHOBOK, PACIOJIOKEHHBIX HA PACCTOSHUU 1O 7 KM OT CKBa-
KUH, U TPAHCIOPT Ta30HACHIIICHHbIX He(pTe B OJHO(PA3HOM COCTOSHHH [0
TEXHOJIOTMYECKHUX YCTAaHOBOK MO MOATOTOBKE HE(TH U rasa.

Ee ocHOBHbBIE OTIMYUTENBHBIE OCOOEHHOCTH:

— CTymneHu4aras cenapauus Hedtu, npuuéM | cTyneHb npoxoauT Ha Ipym-
NOBBIX WJIM YYaCTKOBBIX CENApallMOHHBIX YCTAHOBKAX IPH JABJIEHUSX, J1OCTa-
TOUHBIX JJIs O€3KOMIIPECCOPHOTO TpaHCHOPTHUpoBaHus raza jno ['113;

— BO3MOKHOCTb TPAHCIOPTUPOBAHMS HEPTU C YACThIO PACTBOPEHHOTO
raza or cemnaparopos no LIIIIH 3a cu€r naBienus cemapaTtopoB WM, IIPU
OOJIBIIMX PACCTOSIHUAX — IIPU MOMOIIM JTO)KMMHBIX HacocHbIX cTaniuil (JJHC);
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— pacu€THOe OIpeJesIeHHe YPOBHS JIaBlIEHUs B cUCcTeMe cOopa ¢ yu€Tom
JABJICHHS CEMapaly UCXOAS U3 YCIOBUM ONTUMAJIbHOTO HCIOJIb30BAHUS ILjia-
CTOBOM SHEPIHH Kak sl J0OBIYM, TaK U AJig cOopa;

— I u I crynens cenapauuu Kak rpasuio ocyuectsisercsa Ha L{ITITH;

— YKpyIHEHHE IyHKTOB cOOpa M MOATOTOBKU HE(PTH, ra3a U BOBI BILIOThH
no oguoro LIIITH, obcmyskuBaromiero rpynmny mpoOMBICIOB, PACIOIOKEHHBIX B
panuyce 50-100km.
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Puc.2.4. HanopHnas cuctema c6opa ['unpoBocTokHePTH:
Cenapatopsl;1 - I ctynenu (p=5-6 MlIla); 2 - II ctynenu (p — 3-4 MIla); 3 - Il ctynenu 0,9
MIIa); 4 - HacocHas; 5 - aBapuifHasi €MKOCTh; 6 - Tapbl CHIPhEBBIX PE3EPBYyapOB KOMILIECKC-
HOUM monarotoBku HedTH; | - mpoaykuus ckBaxus; Il - HegTh mocne I cTynenu cenapanuu;
I - veptp mocne I u Il crynenn cemapammu; [V - ra3 mocne I ctynenn cemapanuu

Henocrarok cuctembl — OOJIBIINE IKCIUTyaTallMOHHBIE PACXOJbl Ha CO-
BMECTHOE TpaHCIOpTUpoBaHue HeDTHU U BOALI ¢ MecTopoxacHui no LIITTH u
OOJBIION pacxoj]i PHEPrUM U MaTepuajoB Ha OOpaTHOE TPAHCIOPTHUPOBAHUE
OYMUIEHHOW IIACTOBOW BOJBI 10 MECTOPO)AeHUM s cucteM [IT/].

Cucrembl cOopa Ha MecTopoxaeHusix 3anagHoi Cudupu. Ha paspa-
OaTbIBaeMbIX HE(PTSIHBIX MECTOPOXKIEHUAX 3anagHoil CuOupu NMpUMEHSIOT He-
CKOJIbKO Pa3HOBHJIHOCTEH HAIOPHBIX cUCTEM cOopa, cnenuuka KOTOpPbIX B OC-
HOBHOM CBSI3aHA C KYCTOBBIM CITIOCOOOM pa3OypuBaHus CKBaXHUH (puc. 2.5).

Cemaparnus He()TH OCYIIECTBISETCS B IBe-TpHU cTymneHu. [lepBasi cTyneHs
cenapauuu HedTu npoucxoaut npu nasnenuu 0,4-0,8 Mlla nepen 10KUMHBIMU
HacocHbiMU cTaHmMsIMU (JHC) wnm Ha KOMIUIEKCHBIX  COOpPHBIX ITyHKTax
(KCII). I'a3 nepBoii cTyneHu nociie cenapalMoHHbIX YCTAHOBOK IMPH J1aBJICHUU
cenapalm MoxkeT TpancnoptupoBarbes a0 ['TI3 na paccrosuue 6osnee 100 k.

B 3aBucuMocTH OT TOro, Kakume TEXHOJOTMYECKHUE MPOLIECCHl BEIYT HA
KCII, cxeMbl cOopa Ha MecTopoxkacHUAX 3anagHoil Cudupu KiacCUPUIUPYIOT
Ha JIB€ CPYIIIHIL.

K mepBoii rpyrime oTHOCAT cxeMbl cOopa, B KOTOPHIX BCIO OOBOJHEHHYIO
He(Th okoHuarenpHO moaroraBimBaroT Ha I[IIIIH. B tom ciaydae na KCII
ocymecTBIs0T | cTynens cemapanuu HeTH W BBOJ JIeIMYJIbraTopa B 00BO/I-
HEHHYI0 He()Th A0 cemapaTopoB. B cemapaTopax miM HamOpHBIX €MKOCTSX, YC-
TAHOBJIEHHBIX ITOCJIE CEMAPAaTOPOB, HE TOJIBKO OTAEINSIETCS a3, HO U MPOUCXOIUT

43



4acTUYHOE 00€3BOKHMBaHUE HEPTU. DTOT MPOIIECC OCYIIECTBIsETCA 0e3 Moa0r-
peBa oO0BoiHEHHOM HePTH. YacTuHO 00€3BOKEHHYIO HE(DTH C PACTBOPEHHBIM B
HEel ra3oM 1o OoTAebHOMY TpyOomnpoBoay nepekaunBatotr ¢ KCII nacocamu Ha
LIIITH, roe npoucxoaut cenapauus II u Il cTynenu npu gaBieHUSIX COOTBET-
ctBeHHO 0,25-0,105 MIla 1 ee OKOHYATEIBLHOE TEPMOXMMHUUECKOE U TEPMODJIEK-
TpOXUMHUYEEKOe 00€3BOKHBAHUE.

Hegpfins Aipyand
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Puc. 2.5. Cxema cbopa Ha MecTOpOXIeHUsX 3amamnoit Cubupwu:

1 - CKBa)XUHBI; 2 - 3aMepHBIE YCTAHOBKH; 3 - OJIOKHU IO3UPOBAHUS AECIMYJbratopa; 4 -
cemnapaTopsl | ctynenu; 5 - anmapaTsl peaBapUTEIHHOTO cOpoca; 6 - OTCTOWHUKH (3JIEKTPO-
JeTUAPATOpPbI), 7 - OJIOKK HAarpeBa; 8 - TO’KUMHBIE HAaCOCHBIE cTaHIMH; 9, 10 — cenapaTopbl
IT uw I cryneneit cenmapauuu; 11 - neamynbcatopsr; I - raz Ha I'b3; 11 - Boga nva KHC; 111 -

ra3 norpebutento; IV - ToBapHas He(pTh

Ko Bropoit rpynmne otHocsaT cxeMbl cOopa, y kotopsix Ha KCII nmonno-
CTBIO MOJATOTABIMBAIOT HE(PTH B Ta30HACKHIIIEHHOM COCTOSIHMH. B 3TOM ciyuae
Ha KCII, kxpome cemapatopoB | cTyneHM W HAmOpHBIX anmaparoB IMpeaBapu-
TEIBHOTO cOpoca, UMEIoTCsl OJI0UHbIE (MM CTAllMOHAPHBIE) HArpeBaTeNu U OT-
CTOMHUKHU (PIEKTPOACTHAPATOPHI) JJisg TIyOoKoro o0e3BokuBaHus HedpTu. B
ATUX CXEMaxX peareHT-/IeIMYJIbIaTop U TOPSUYYI0 BOJY M3 OTCTOMHUKOB 00€3BO-
KUBaHUs He(DTU TOJAIOT B TpyOOnpoBoa niepen cenaparopamu | crynenu. Cpo-
0O0AHYI0 BOAY OTBOJASAT M3 CEnaparopoB | CTyneHW WK anmapaToB IMpeaBapu-
TEIBHOTO COpOca, a YaCTUYHO 00e3BOKEHHAs HEPTH MO JaBICHUEM Cerapaluu
MPOXOAUT OJIOK Harpea, TpyOOIpOBOI-Karjieo0pa3oBaTesb, 1 OKOHUATEIBHO €€
00€3BOXKHUBAIOT B OTCTOMHHUKAX. 3aTeM ra30HACHIIICHHYIO0 00€3BOKEHHYIO HEPTh
CMEIIMBAIOT C aHAJIOTUYHBIM IMOTOKOM 0€3BOJHOM He(TH, Mpoieaeil ToIpKo |
CTYIIEHb Cemapaluy, U OTKauYMBalOT HACOCAMU Ha LIEHTPaJIbHbIC MyHKTHI MPO-
MmbicioBoro coopa (LIIIIIC), rne npoucxoaut cenapauus Hedtu 11 u 11 crynenu
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nepe MocTyIIeHUEeM ee B MaructpanbHble TpyOonpoBosl. ['a3 II u III cryne-
Helt Ha [{IICC ucnons3yroT Ha COOCTBEHHbBIC HYX bl Wiu nojatoT Ha ['TI3.

YHupuuupoBaHHbIe TEXHOJIOTHYECKHE CXeMbl 00ycTpoiicTBa HeTe-
A00BIBAIONIUX PailloHOB. B ocHOBY 3THX cxeM (puc. 2.6) MoJ0KEHO COBMEIIe-
HUE B cHucTeMe HedrerazocOopa rUAPOAMHAMUYECKUX U (DU3UKO-XMMHYECKUX
IIPOLIECCOB ISl TOJTOTOBKM MPOJYKIMU CKBXHH: €€ pasjefieHus Ha (as3wl B
CrienuaIbHOM O00OPYOBAaHUU TOBBIIMICHHONW MPOU3BOIUTEIHHOCTH, TP MAKCH-
MaJbHOM KOHIICHTPUPOBAaHUU OCHOBHOTO OOOpPYJOBaHUSI MO MOATOTOBKE Ha
[EHTPAIBHBIX HEPTECOOPHBIX MyHKTaX. JTO Ja€T BO3MOXHOCTH pPeaTu3aliu
MEPOTIPUATUN TI0O KOMIUJIEKCHON aBTOMATHU3aIluu HEPTEIPOMBICIOBBIX 00BEKTOB
C HAMMEHBIIUMH KalUTaJOBIOKEHUSIMHU U 3KCIUTyaTallMOHHBIMU PAacXOJaMu, C
MOBBIIIEHUEM HAJISKHOCTH BCEH CUCTEMBI B IIEJIOM.
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Puc.2.6. YanbunupoBaHHas TEXHOJIOTHYECKas cxema coopa ¥ MoAroTOBKH HETH, Ta3a U BO-
161 HepTeJ00BIBAIONINX PAaOHOB: 1 - CKBaXHHA; 2 - TPyNIIOBas 3aMepHasi yCTaHOBKaA (CITyT-
HUK); 3 - OJIOK TI0/Iauu peareHTa; 4 - cenaparop nepBor CTyNeHH; 5 - EMKOCTb MPEABAPUTENb-
HOTO cOpoca BobI; 6 - euk; 7 - KarieoOpa3oBareib; 8 - OTCTOWHUK; 9 - cmecuTens; 10 -
anekTpoaeruapatop; 11 - cenaparop ropsiueit crynenu; 12 - Hacoc; 13 - ycTaHOBKa MOATr0-
TOBKHM ra3a; 14 - y3en yuera ToBapHoii HedTH; 15 - y3en kadecTBa; 16 - pesepByap ToBapHOU
Hedtu; 17 - pezepByap HeKOHAMIMOHHOW HedTH; 18 - pesepByap miactoBoi Boabl; 19 - y3en
3amepa pacxoja Bojbl; 20 - 6510k gerazatopa ¢ Hacocom; 21 - 60K mpruemMa u OTKaYKu CTO-
KOB; 22 - eMKOCTh-IIIJIAMOHAKOIUTENb; 23 MYJIBTHTUIPOLUKIOH; 24 - OJIOK MpueMa 1 OTKad-
KU yJoBIEHHON He(TH; 25 - OJI0K OUUCTKH; 26 - OJIOK OJauu HHrHOuTOpa; 27 - CeNTHK

B cBsi3u ¢ pazHOOOpa3HbIMU YCIOBUSIMU Pa3MELIEHUsI U pa3pabOTKu Me-
CTOPOXKJIEHHM, MX SHEPreTUYECKUX BO3MOXKHOCTEH, (DU3UKO-XMMHYECKUX
CBOMCTB IPOJAYKLHUU CKBaXMH, a TAK)KE€ OCOOBIX YCIOBUM OTAENbHBIX HedTeno-
OBIBAIOIIMX PaliOHOB BO3MOKHO NMPUMEHEHHUE HACOCOB JIJIsi TPAHCIIOPTHUPOBAHUS
ra30HaChIIEHHON HePTH KW OE3KOMIIPECCOPHOI0 TPAHCIOPTHUpPOBaHUs Traza [
CTYNEeHH Cernapalui Ha LEHTPaJbHbIM HedTecOOpHbI MyHKT. B 3TOM ciyyae
KOMIUIEKC cOOopa MOKET UMETh J1Ba BapHMAHTA TEXHOJIOTMYECKON CXEMBI.
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Bapuant I npegycmarpuBaeT pa3MelieHue Ha MECTOPOXKICHUU | CTyneHu
cemapanuu ¢ J0XUMHOU HacocHou cranmued (IAHC), ¢ mpenBaputenbHbIM
obe3BokuBanueM HeTH. [Ipu 3TOM Tporecc mpeaBapuTEIbHOr0 00€3BOKHUBA-
HUS IPOBOJUTCS TpH naBieHuu | crynenu cenapairuu. [lpyu 3ToM TUMUTHPYIO-
MM ToKa3aTesneM 3(()EKTUBHOCTH SIBISIETCS TaKOE€ KauyecTBO cOpachIBaeMoii
IJIACTOBOM BO/JIbI, KOTOPOE YIOBJIETBOPSIO ObI TpeOOBAaHUSAM IMPHU 3aKayKe €€ B
TPEIIMHOBATO-TIOPUCTHIE KOJIJIEKTOPHI (Kak Hanbosee paclipoCTpaHEHHBIE).

Bapuant 2 npenycmaTpuBaeT pasMelieHHEe Ha MECTOPOXICHUH cemapa-
IIMOHHOM YCTAaHOBKHM C HACOCHOM OTKa4yKoM 0e3 cOpoca BOJIbI.

[Ipu BeIOOpE BapraHTa TEXHOJIOTHUECKON CXEMbI cOOpa YUUTHIBAIOT:

—  DJHEPreTHYECKUE BO3MOXKHOCTH MECTOPOXKJICHUS B OCHOBHOMW IEPHOJ €T0
pa3paboTKy;

—  cmoco0 dKCIuTyaTalluu CKBaKHH;

—  (QU3HUKO-XUMUYECKHE CBOMCTBA HE(PTH U BOJOHEDTAHON IMYIIBCUU;

—  penbed MECTHOCTH, KOTOPBIN XapaKTepU3YeTCsS CYMMOHW T'€OIe3MYECKUX
MOABbEMOB Ha OJMH KWJIOMETP Tpacchl (mapametp 2h).
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3. IIpombicioBBIE TPYOOIIPOBOABI

3.1. Ha3na4yeHmue u KjIaccupukanmsi MPpOMbICTOBBIX
TPyOONIPOBOI0B

[TpombicnoBsie TpyOorpoBobl (I1T)— 310 KanuTalbHbIE HHKEHEPHBIE CO-
OpPYKEHHUsI, pACCUNTAHHBIE HA JUINTEIBbHBIA CPOK JKCIUIyaTalluyd W IpEeaHa3Ha-
YeHHbIe i1 OecrnepeOoiHOM TPaHCIOPTUPOBKU MPUPOIHOTO, HEPTSIHOTO MO-
MyTHOTO rasza, HeTH, BOJBI U UX CMECEH OT MECT JOOBIYM /10 YCTAHOBOK KOM-
IUIEKCHOM MOJATOTOBKM M Jlajiee K MECTaM BPE3KH B MAarucCTpaibHbIA TPyOOmpo-
BOJ, WIW I NOJAa4d Ha JPYroil BUJ TPaHCIOPTA (KEJIEe3HOAOPOKHBIN, MOp-
CKOM, pEYHOI1).

OcHoBHoii coctaBistonieit [T aBnsiercsa nuHeliHas 4acTh — HEMPEPbIBHAS
HUTh, CBAPEHHASI U3 OTACJIbHBIX TPYO WM CEKLHMH W YJOKEHHAsl B IPYHT TEM
WM WHBIM crioco6oM. K muHelHON 4acT OTHOCSTCS COOCTBEHHO HHUTKA TPYyOO-
IIPOBOJA C MEPEXOAAMU YEpE3 €CTECTBEHHBIE U MUCKYCCTBEHHBIE IIPETPAbI, pe-
3€pBHBIE HUTKH, JIYIIUHTU (IapaJljiebHble HUTKM HA OTIEIbHBIX y4acTKax I
NepeHoca TPAaHCIOPTUPOBKU MPU OCTAHOBKE OCHOBHOM HUTKH), KPAHOBBIE Y3JIbI,
KaMephl 3allycKa M MPUEMa OYUCTHBIX YCTPOMCTB M JUArHOCTUYECKHUX IpHOO-
pOB.

JIluneitHast yacTh TPyOOIPOBOJOB MPOKIAABIBACTCA B Pa3IUYHBIX TOTMO-
rpauecKux reoIOrMUeCKUX, TUAPOIOTHYECKUX U KIMMATHUYECKUX YCIOBUSX, B
IpyHTax C pa3jIMyHOM Hecyled CrnocoOHOCThIO (00JI0Ta, CKalbHBIE T'PYHTHI,
MHOTOJIETHUE MEP3JIOTHI).

IIT mpenHa3HaueHsl AJ TPAHCIOPTUPOBKU MPOAYKIIMU CKBAXKUH: He(DTH,
MPUPOIHOTO U HEPTSHOTO rasa, MomyTHOM BOjbl, nX cmecei. [IT ObiBaroT Mex-
IIPOMBICJIOBBIE, ITIPOMBICIIOBBIE U TEXHOJIOTUYECKHE.

IIT npuHATO KIaccu(PUIUPOBATH I10 CIAEAYIOIIUM ITApAMETPAM.

— MO cnoco0y MPOKJIAIKU — MOJ3EMHOM, Ha3eMHOM, HAJA3€MHOM, MOJIBOI-
Hol. IlomzemubIil cioco0 npeaycmatpuBaeT npokiaaky IIT Ha riyOGune, mpe-
BBIIIAIONICH TuaMeTp TPyObl, U MOCJIe OKOHYAHMS YKIIAJIKU TPyOOnpoBoaa 3eM-
JIs MOKET OBITh BO3BpAILIEHA B XO3IMCTBEHHBIN 000POT.

HaszeMHble cxeMbl IPOKIAJAKN UCIOIB3YIOTCSA MPEUMYLIECTBEHHO B CUJIb-
HO OOBOJHEHHBIX, 3a00JOYEHHBIX pailoHaX, MpPU BBICOKOM YpPOBHE CTOSHUS
IPYHTOBBIX BOJI, HA COJOHYAKOBBIX I'PYHTaX, IPU HAJIWYHUUA CKAJIbHBIX MOJCTH-
JAIOIIKX IOPOJ, IPU IEPECEYEHUN C APYTMMU KOMMyHUKauusaMu. 1Ipu Hazem-
HOM MPOKJIaJKe BepxHss oOpa3yroliast TpyOOIpoBoia pacnosaraeTcsi Ha ypoBHE
JTHEBHOM MOBEPXHOCTU WM Ha HEOOJbION TyOune. [Ipu aToM A yBenuueHus
YCTOMYMBOCTH YKJIaJKa BeleTcs B TpaHieio rimyounoit 0,4-0,8 M ¢ mocnemyro-
MM COOPY>KEHUEM HACHIT HEOOXOAMMBIX pa3MepoB. HazemHslil cmoco0d meHee
3aTpaTeH, 4yeM noa3zeMubli. Ho mpu aTom crnocobe NpoKIagku yBEIHMYHUBAETCS
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BEPOSATHOCTh YCKOPEHHOTO KOPPO3MOHHOTO pa3pylieHuss u JedopMaiuu Mpu
CMEHE TEMIIEpAaTypPHOI0 pexuMa U, Kak CJIEJCTBUE, COKpallaeTcsl Cpok Oezomnac-
HOW 3KCIUTyaTalyH.

Hanzemublii cmocod NpoOKIagKud PEKOMEHAYETCS B MYCTBIHAX, TOPHBIX
palioHax, OOJOTHCTBIX MECTHOCTSX, palOHaX TOPHBIX BBIPAOOTOK, OIOJI3HEH,
MHOTOJIETHEH MEP3JI0ThI, CEHICMUYECKUX paliOHaX, a TaK K€ Ha Mepexo/iax yepes
€CTECTBEHHBIC U MCKYCCTBEHHBIC MpemnsTcTBus. K HemocTaTkaM 3TOro crocoba
MPOKJIAJIKK CIIEyeT OTHECTH 3arPOMOXKICHHOCTh TEPPUTOPHUH, HEOOXOIUMOCTh
YCTPONCTBA OMOP, CHEIHAIBHBIX MPOE3IOB JJII TEXHUKU W MUTPAIUUA KUBOT-
HBIX, TOJBEPKEHHOCTh TPYOONPOBOJA CHIBHBIM KOJICOAHUSM TEMIIepaTyphl,
YTO TpeOyeT MPUHATHUS CIEITUATHHBIX MED.

[TogBomHBIN CHIOCOO MPOKIAIKUA HCIOJIB3YETCS] MPEUMYIICCTBEHHO IMPHU
00ycTpoiicTBE 1IeNb(OBBIX MECTOPOKICHHIA

— MO0 BHUJly NEPEeKayuBaeMOro MpPOAYKTa: HE(TENpOBOMbI, Ta30MPOBOJIBI,
He(dTera3onpoBo/ibl, BOJOIPOBOJIbI, KOHIECHCATONMPOBOAbI, WHTHOUTOPOIPOBO-
JIbl, TAPOTPOBOAbI, KaHATU3ALIHS;

— 10 Ha3HAYEHUIO: CAaMOTEYHbBIC, HATTIOPHBIE, CMEIIAHHBIC;

— 1o paboueMy naeneHuto (Hamopy) kmaccupuuupyrot: [IT, TpancnopTu-
pyIOLIME Ta3 U ra3oBbld KoHAeHcar: 1 knacc — ot 20 no 32 MlIla; 2 kimacc — ot
10 no 20 MlIla; 3 knacc — ot 2,5 no 10 Mlla; 4 kinacc — no 2,5 MlIa. IIT, Tpanc-
noptupyromme HeTh: BbICOKOHaNopHbie (Beime 2,5 MIla), cpeaHeHanopHsbie
(ot 1,6 no 2,5 Mlla), uuzkonanopusie (o 1,6 MIla), 6e3nanopHbie (camoTey-
HBIC);

— 10 (OYHKIMH: BBIKUIHBIE TUHUU — OT YCThsl CKBaXUHBI 710 [3Y, cOopHbIe
KOJUIEKTOPHI — MPUHUMAIOT TPOIYKIIMIO OT HECKOJIbKUX TPYyOOIPOBOJIOB, TO-
BapHBIC — NIEPEKaYKa TOBapHOU HePTH;

— 10 cnoco0y COeIMHEHUSI — pazbeMHbIe ((iaHIeBOe, pacTpyOHOE, Pe3b00-
BOE, pe3b00BOe My(PTOBOE COCIMHEHUS) HEPA3beMHBIC (CBApPHBIC, CKICECHHBIE)

— 10 ¢opMe pacroyOKEHUsI B MPOCTPAHCTBE — JIMHEHHBIE, KOJIbLIEBBIE, JTy-
4yeBbI€ (TEIECKOMUYECKUE, JIYITUHTOBBIC);

— 10 MaTepually: CTajbHbIC, YyTYHHBIC, MOJUITHUICHOBBIE, CTEKIIOTIIACTH-
KOBBIE, TIOJIMMEPMETAIUNINYECKHE, KEIE300€TOHHbBIE, ATFOMUHUEBBIE, KOMOUHU-
pOBaHHBIC

— TI0 THITY W30JISIIMN: BHEIIHSSI, BHYTPEHHSSA, 0€3 N30JIAIIUN

— IO CTENEeHM 3aIOJIHEHUS] CEYEeHHs TPyOOINpPOBOA: C MOJTHBIM 3aMOJIHEHHU-
€M ceueHus TpyOonpoBoAa (HamOpHbIE TOBApHbIE HE(PTENPOBOABI) U C HEMOJ-
HBIM 3aIl0JHEHHEM ceueHHMs (HarmopHble W Oe3HamopHbIe HedTEnpoOBOIbI, HEd-
TEeCOOPHBIE KOJIEKTOPHI);

— 1o guametpy IIT nns Tpancnopra HedTH MOAPA3AETAIOT HA TPpU Kiiacca: 1
— Iy — 600 MM u Goxee; 2 — I, — 600-300 mm; 3 — I, — MmeHee 300Mm
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— 1o pasMmepam: manioro auamerpa (57 — 426 mm), OONBIIOrO AMAMETpa
(530 — 1420 mm)

— M0 THAPABINYECKON cxeMe paboThl: MPOCThIC, HE WUMEIONINE OTBETBIIC-
HUW; CJIOKHBIE — HMEIOIIUME OTBETBJCHHMS, NEPEMEHHBIA 10 UIMHE PaCXOJ,
BCTaBKY JPYTOro JUaMeTpa, MapaliedbHbId YYaCTOK, KOJBIEBbIE TPYOOTPOBO-
JTBI.

Cocras u kareropus IIT. B coorBerctBum ¢ «lIpaBunamu no skcrurya-
TaIliy, PEBU3UH, PEMOHTY U BRIOPAKOBKE HE(PTETIPOMBICIIOBBIX TPYOOIIPOBOIOB)
(PI1 39-132-94) Beipenstor caenytomuii cocta IIT mas HeTsAHBIX, Ta30BBIX U
Tra30KOH/ICHCATHBIX MECTOPOKICHUI:

IIT Ha ra3oBBIX U Ta30KOHJAEHCATHBIX MECTOPOKICHUSIX:

— ['a301poBOIBI, Ta30BBIE KOJUIEKTOPBI HEOUMIIIEHHOIO Ta3d, MEXIIPOMBICIIO-
BbIE KOJUIEKTOPBI, TPYOOIPOBOJBI JJII TPAHCIOPTHPOBAHUS Tra3a M Ta30BOTO
kougeHncara ot YKIII', VIIIIT go I'C, JACK, KC, IIXI', I'TI3, nHe3aBucumMo OT
MPOTS)KEHHOCTHU

— Ta3onpoBojbI-ieldpl, MpeHa3HAYCHHBIE 1JI TPAHCIIOPTUPOBAHUSI ra3a U
koHJeHcaTa oT ckBaxkuH u ot IIXI" go YKIII', VIIIII, u or KC IIXI" o Harue-
TaTeNbHBIX U Ta3TU(THBIX CKBAXKUH

— TpyOonpoBobl, A MOAAYM OYMILIEHHOTO ra3a U MHIMOUTOpPA B CKBAYKUHBI
U Ha IpyTrue 00bEeKThl 00YCTPOIiCTa MECTOPOKICHUN

— TpyOonpoBoasl cTouHBIX BoA AaBieHueMm Oosieel) Mlla mns momaym ux B
CKBA)KUHBI JJIS 3aKaYKHU

— METaHOJIONPOBOIbI

I1T Ha HEPTAHBIX MECTOPOKICHUSX:

— Boikuanbie TpyOOIPOBOIbI OT HEPTIHBIX CKBAXKWH, 33 MCKIIOYECHUEM y4Ya-
CTKOB, PacIOJIOKEHHBIX HA KYCTOBBIX IUIOIIAJAKAaX CKBAXXUH, JJI TPAHCIIOPTH-
pOBaHUA NPOAYKIIUU CKBaXUH 10 ['3Y

— HedrerazocOopubie TpyOOTPOBOABI IsI TPAHCTIOPTUPOBAHUS TIPOIYKITUN OT
3V 1o cenapanvoHHBIX IYHKTOB | cTyIieHH

— T"a3ompoBobI ISl TPAHCIOPTUPOBAHUS HEPTSIHOTO Ta3a OT cenapaluOHHbIX
ycranoBok a0 YKIIT', VIIIIT unu notpebuteneit

— HedrenpoBoas! aist TpaHCIOPTHPOBAHUS Ta30HACHIIIEHHON WU pa3ra3upo-
BaHHOM 00BoHeHHOU nin 6e3BoaHoM HedTr oT HCIT u JIHC mo LIIC

— T"a30mpoBObI M1 TPAHCTIOPTUPOBAHUS ra3a K ra3Iu(THHIM CKBaXKUHAM

— Tpy6onpoBoas! cuctemsl [II1] 1 3aXxopoHEeHHs TOMYTHBIX BOA

— HedrenpoBoas! njis TpancrnoptTupoBanus ToBapHoi HedgTu ot LIIIC no MT
— HHrubutoponpoBosi

Bce BHyTpUIpOMBICIOBBIE TPYOOIIPOBOJIBI B 3aBUCMMOCTH OT MX Ha3Ha-
YeHUS, TUaMeTpa, pabodero MaBICHUS, Ta30BOro (paxTopa, KOPPO3ZHMOHHOHN aK-
TUBHOCTH NEPEKAYMBAEMOM Cpeabl noapasnesatorcss Ha 4 kareropun. Karero-
pus IIT onpenensercs cymmoit 6amios:
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K06m = ZKi 5

rae K; onpenensieTcss Mo 3aBUCUMOCTSM, MOJYyYE€HHBIM HA OCHOBaHUU IKCIIEPT-
HBIX OIICHOK BJIMSHHS YKa3aHHBIX (PaKTOPOB HA HAJICKHOCTh pabOTHI TPyOOIpO-
BOJIA.

K 1 kareropun otHOCsTCS TpyOONpPOBOILI ¢ cyMMoi O6amwtoB K > 50; ko
BTOpor — 33 <K < 50; xk Tperbent 16 <K < 33; k verBeproni — K < 16

Koadpounuent K, ompexnensercs B 3aBUCUMOCTH OT Ha3HA4YEHHUS TPyOO-
npoBoja (tabn.3.1).

Tabnuya 3.1
3navenue K; 1/ pa3jn4HbIX BUI0B TPYOONIPOBOI0B
Haznauenue tpyOonpoBoa Ry e
korbdunmenta K;

["a3011poBO/I BHY TPHUILIONIAJOYHBIN 20
HedrerazonpoBoi BHYTPHUILIONIAI0YHBIN 18
HedrenpoBoa BHYTPUILIONIATOYHBIHI 16
Bo10BOI BHYTPHUILIOIIAIOYHBIN 14
["a301poBO BHYTPUIIPOMBICIIOBBIN 12
HedrenpoBoa BHYTpUIPOMBICIOBBIN 10
HedrerazonpoBoansiii kosekrop 1 mopsiika™ 8

HedrerazonpoBoiHbIil KoJIEKTOp 2 mopsaka™* 6

BoaoBoa BHYTpUIIPOMBICIOBBIN 4

BrikuHas 1uHAS CKBaXKUH 2

* Komnexrop 2 mopsmka — HedTera3ocOOpHBI TPyOOIPOBO/, OTBONSIIMHA IIPOIYK-
IIIO HECKOJIBKUX KYCTOB CKBa)KHH JIO €r0 BPE3KH B KOJJIEKTOP | mopsaka.

**Komnektop 1 mopsanka — HeQTera3ocOOpHBINA TPyOONPOBOI, 0OBEIUHSIONINI TIPO-
JTYKIIMIO HECKOJIBKUX KOJIJIEKTOPOB 2 MOPSAKA IO BXOZA €ro B ITYHKT ITOATOTOBKH.

Koaddumument K, yuursiBaeT 0TBETCTBEHHOCTh TPYOONpPOBOAa B 3aBUCHU-
MOCTH OT AUaMeTpa:
K> =0,01Dy,
rae Dy - HapyxHbiid quametp [T
Kosdbdumuent K; yuuteiBaeT BnusiHue paboyero gaBjeHUS HA OTHOCHU-
TEIbHYI0 ONIACHOCTH €0 JUIS JIFOJAEH U OKPYKAIOIIEH Cpelbl U ONpEAeIIIeTcs 10
3aBUCUMOCTH:
K3 =P pabs
rie P,,; — pabouee naBiaenue B Tpyoonposone, Mlla
Koaddunment K, yuutsiBaeT BiusiHUE ra30Boro (pakrtopa Ha HaJCKHOCTh
paboThl TPYOONPOBOJIA U OMIPEACIISIETCS 110 3aBUCUMOCTU:
K4 =10,06 T
rie I'y — ra3oBbIi PaKTOp NTaHHOTO MECTOPOKICHNUS, MM
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Koaddunment Ks yuutbiBaeT BIUsHUE CKOPOCTU KOPPO3UU TPYOOIPOBO-
na (BHyTpEHHEH WJIM BHEIIHEW B 3aBHCUMOCTH OT €€ Mpeo0safaroiiero BIHs-
HUS1) HA HaJIEKHOCTH pabOThl TPyOOIIPOBOIA U ONIPEAEIISIETCS 10 3aBUCUMOCTH:
TIE Vyop — CKOPOCTh KOPPO3HHU TPYOOIPOBOAA, MM/TOJ

3.2. IIpoekTHpoBaHHE MPOMBICJIOBBIX TPYOOIIPOBOIOB.

Bce cymectByromue meronsl npoektupoBaHus [IT momxHbl OTBEYaTh
CIEAYIOIIUM KPUTEPHUAM: ONTUMAJIbBHAS METAITIOEMKOCTh, COBPEMEHHOE TEXHU-
yeckoe OOCTy>KMBaHWE, YYET CYIIECTBYIOMIEH CHUCTEMBbI cOOpa MPOIyKIUU
CKB&)XMH, Y4€T OYEPEIHOCTH BBOJA CKBAXUH, O€30MACHOCTD ISl OKPYKAIOIIEH
Cpeabl, ONTUMAIIBHBIE CPOKH CTPOUTEIBCTBA.

IIpoextupoBanue IIT cBOAMTCH K pPEeLICHUIO CJEAYIOIIMX 3a1a4: Bbl-
00p Tpacchl, BEIOOp panvoHalibHOM JuiMHBI U auametrpa IIT, ruapaBiudeckui,
IIPOYHOCTHOU Y MEXAHUYECKUM PACUYETHI.

Ha BbI6Op Tpacchl 0Ka3bIBAIOT BIMSHUE CIAEAYIOMIHE (DAKTOPHI: cecMOo-
CTOMKOCTb, DKOJIOTMs, HAJIE)KHOCTb, IEPCIIEKTUBBI Pa3BUTHUS MECTOPOKIACHUS,
3aTpaThl HA COOPYKEHHUE MEPEKAYMBAIOIICH CTaHIIMU. Tpacchl BRIOUPAIOT C yue-
TOM pa3MELICHUs CKBAKMH Ha IIOIIAJAA MECTOPOKICHHUS U €€ pa3MEPOB, XapaK-
TEPUCTUKHU MPOTYKTUBHBIX IUIACTOB U JEOUTOB CKBAXKUH, NMPUHATOW CXEMOMH
HOJIFOTOBKM CKBAXXUHHOW MPOAYKLHHU, KIMMAaTUYECKUX YCIOBHH U penbeda
IUIOIIA M TpoMbIcia. Tpaccy Mexay AByMs 3aJaHHBIMU IMYHKTaMU BBIOMPArOT
10 KapTe MECTHOCTH KPYIHOTO MaciuTada, OJM3K0i K IpsIMOW JIMHUHU, C 00XO-
JI0M 00JIOT, BOJIOEMOB, 0POT, IPOMBIIUIEHHBIX 00BEKTOB, H IIp.

OcHoOBHbIE TpeOOBaHUS K TpaccaM 3aKJIFOYAKOTCS B CIAEAYIOIIEM:

— BBIOOpP Tpacchl MPOU3BOAUTCS HA OCHOBE BAPUAHTHOW OLIEHKU dKOHOMHUYE-
CKOH 11€71€CO00Pa3HOCTH U SKOJOTHMUECKOW TOMYCTUMOCTH U3 HECKOJIbKUX BO3-
MOYKHBIX BAPUAHTOB;

— npoxknagka IIT mo TeppuTopun HACEIEHHBIX IIYHKTOB, IPOMBIIUICHHBIX U
CEJIbCKOXO3SIMCTBEHHBIX MPEANPUATAN HE JOITYCKAECTCS,

—  Ta30MpOBOJbI IOJDKHBI pacnoJiaraThCsl HaJl HEPTENPOBOJAMH MIPU UX Iepe-
CEYECHUHU;

— JIOIIyCKaeTCs COBMECTHAs B OJHOW TpaHIlee WJIM Ha OOIIMX OMopax Mpo-
KJ1aJIKa TPyOOIPOBOOB OJJHOTO WJIM PA3TMYHOTO HA3HAYCHUSI.

— KommuectBo IIT, yknaasiBaeMbIX B OJHY TPaHILIEIO, ONPEAEIAETCS MPOEK-
TOM, UCXOJs M3 YCJIOBHI HaJeKHOCTH M Oe3zonmacHocTH »kcruryaranuu IIT,
yA00CTBa BBIIOJHEHUS CTPOUTEIbHO-MOHTAKHBIX U PEMOHTHBIX paloT.

Bri0op panuonanbubix AauH U auametrpoB IIT. Pacuersl mpoBoasT
JUISL 3aIaHHOM TIPOITYCKHOM CITIOCOOHOCTH C YY€TOM IIOTHOCTH U BSI3KOCTH Tie-
peKauMBaeMoOu cpeapl s ABYX 3HAYECHUM TeMIEpaTypbl, IPUHUMAas BO BHUMA-
Hue auameTpbl coceqHux IIT Gosbliero U MEHbIIEro 3HAYEHUS, YEM Y PEKO-
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MEH1yeMOro. TeXHOJIOrHYeCKre pacyeThl MPOBOJIAT C UCHOJB30BAHUEM YKPYII-
HEHHBIX JKOHOMMYECKHUX I10KAa3aTeiel, OTBEYAOUIMX MHUHHMAJIbHON METAILIO-
€MKOCTM U MUHMMYMY 3aTpaT Ha CTpouTenbcTBO M dkcruryaranuro IIT. Ilo pe-
3yJbTaTaM pacyeTOB MPUHUMAETCS ONMXKAWIIMK B CTOPOHY YBEJIMYEHHUS BHYT-
peHHUM AuameTp TpyObl IO COPTAMEHTY.

I'mapaBanyeckui, TerioBoi, u mexannyeckuin pacuer IIT. B ocHose
ruzipaBianyeckoro onucanus padots! I1T, mo koTopomy ocyliecTBisieTcs: nepe-
KauKa, JIE)KUT ypaBHeHUE bepHyuin. MexaHndeckuil 1 TPOYHOCTHOM PACUETHI
CBOJIATCS K OLICHKE TOJIIHUHBI CTEHOK TPYO ¢ y4€TOM MAaKCUMAaJIbHO BO3MOKHOTO
pabouero JaBJICHHS U AMAMETpPa TpyO, BBIOOPY Mapku cTaid. TeruioBoi pacyeT
IIPOBOAMTCS JJIsS NPABUIIBHOM PACCTAHOBKM IMOJOIPEBATEIEH W HACTPOWKHU pe-
KHUMa UX pabOThl HA OCHOBE YPaBHEHUH TETNIOBOTO OanaHca.

I'mppasnuuecknii pacuer IIT momkeH BBINOIHATHCA :

— Ha MaKCUMAaJIbHYIO J0OBIUY >KHIAKOCTH, IPUHUMAEMYIO MO MPOEKTHBIM JOKY-
MEeHTaM, U 3(PPEKTUBHYIO BA3KOCTh, COOTBETCTBYIOLIYI0 OOBOJHEHHOCTH CKBa-
YKUHHOU MPOAYKLIHUH HA 3TOT MEPUOL;

— Ha MaKCUMaIbHYIO 3(P(EKTUBHYIO TUHAMUYECKYIO BSI3KOCTh M COOTBETCT-
BYIOIIYIO €i 10OBIUY JKHJIKOCTH.

Jist obecrieueHust TpyOOIPOBOIHOTO TPAHCIIOPTA BHICOKOBSI3KOW HEPTH C
TEMIIEpaTypoil 3aMep3aHMsl BbIIIE MUHUMAJIBHOM TEMIIEpaTyphl TPYHTA Ha IIIy-
oune yknaaku IIT, ciegyer mpenycmaTpuBath ClielMalibHbIe WHKEHEPHBIE pe-
LICHUA: IIyTEBOM MOIOIPEB, BBOJ JAEOMYJIBIATOPOB, CMELICHUE C MaJIOBA3KOU
He(ThIO, TA30HACKHIIICHUE U T.1.

BbIKniHbIE TMHUM TOJKHBI IPOEKTHUPOBATHCA B OJHY HHUTKY C COOJIIOJIE-
HUEM NPHUHLMIA KOPUIOPHOHN MPOKIAAKU C IPYTUMU UHKEHEPHBIMA KOMMYHHU-
KALUSMU.

Pa3penbHbIi cOOp M TPAHCIIOPT PA3HOCOPTHBIX HEPTEN U HEPTAHBIX Tra30B
Y OJIHOTHUITHBIX IUIACTOBBIX HE(PTEH B KAXKIOM Cilyyae JOJKEH IPOECKTUPOBATHCS
HA OCHOBAHHMH TEXHUKO-IKOHOMUYECKUX 0OOCHOBAHUI C YUETOM:

— 1EJIEBOr0 Ha3HayeHus ucnoyb3zoBanus Hedru u [THT

— BO3MOXHOCTH OCYUIECTBIICHHUSI TEXHOJIOTMYECKUX IPOLIECCOB COBMECTHOM
MOATOTOBKHU pazHocopTHBIX HedTel, [THI u noObiBaemoii BOIbI;

— MarucTpajbHOTO UX TPAHCIOPTA JI0 MOTpeduTenen

3.3. Ocio:kHeHMsI TPH IKCIUIYATAIIMHA CHCTEM COOpPa U TPAHCIIOPTA MPO-
AYKIUHN CKBAKUH

3.3.1. BuyTpurpyoOHasi koppo3usi TpyOONpPoOBOA0B U 000PYA10BAHUSA
[Tox TepMuHOM KOPPO3USI MOHUMAIOT CaAaMOIPOU3BOJBLHO MPOTEKAIOIIEE

XMMHUYECKOE B3aMMOJECICTBIE METAIA CO CPENOM, MPUBOASIIIEE K U3MEHEHUIO
cocTaBa MeTasuia U ero cBoicts. Cieayer oOpaTuTh BHUMAHUE, YTO, BO-TIEPBbIX
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KOPPO3HOHHBIN MPOLECC MPOTEKAET CAMOIPOU3BOJIBHO, TO €CTh 0€3 MOJyUYEeHHUS
SHEPrUu U3BHE, & BO-BTOPHIX B €r0 OCHOBE JISKUT XUMUYECKOE B3aUMOJICCTBHE
MeTamia co cpeaoi. Tak, ecnm METaINTIOKOHCTPYKILMS MEHSIET CBOIO HECYUIYIO
CIIOCOOHOCTH B PE3yJIbTaTe BO3JACHCTBUS MOTOKA CyXOI'0 YIIIEBOJOPOIHOTO rasa,
coJiepKaliero abpa3suBHbBIC YaCTHIIbI, pa3pyIlIeHUEe HE CBSA3aHO ¢ Koppo3uei. Ec-
JIM K€ B DTOM ra3e MpHUCYTCTBYIOT arpeCCHBHBbIE KOMIIOHEHTHI (BJlara, CEpoBO-
JOpOJ, YIJIEKUCIIBIA Ta3) U B OCHOBE pPa3pyLICHHUs JIEKUT XUMHYECKOE B3aUMO-
neiicTBre MeTaia TpyObl ¢ STUMU KOMIIOHEHTaMU CJIEyeT TOBOPUTH O KOPpPO-
3MOHHOM IOBPEXICHUN METaJlIA.

CrnencTBueM KOppO3uM BcCerja SIBISETCS M3MEHEHUE CBOWCTB MeTaylla
(XMMHYECKHX, MEXaHUYECKUX) U, KAK PE3yJIbTaT — U3MEHEHUE JKCILTyaTalMOH-
HBIX XapakTepucTuk Tpyodonposoza. [Ipu 3Ttom TpyOa, mopakeHHass KOppOo3Heil,
MOXET MPOAOKaTh 0e3aBapuUiiHO pabOTaTh B TEUEHHWE HEKOTOPOrO BPEMEHW.
Borpoc BO3MOKHOCTH 3KCIUTyaTallMy MOPaXEHHBIX KOPPO3Uel TpyOOnpoBOOB
SBJIIETCSI OJHUM W3 BaXXHEHIIMX B NPAKTUKE HHXKEHEpPA MO MPOMBICIOBOMY
TPaHCHOPTY MPOAYKIIMH CKBAKUH.

Ckopocmwb Koppo3uu 0O0paTHO NMPONOPLUOHATBHA CBOOOAHON YHTAIBITHU
peakuuu. Ha He€ oka3pIBalOT BIMSHUE CKOPOCTh MOTOKA, KOHIEHTPAIUS KOPPO-
sponno-omacHeix arentoB (H', HS, S*, OY) u mexmpumeceii, Temmeparypa,
JIaBJICHUE Y MEXaHUYeCKHUEe Harpy3Ku, TOPU30HTAJIbHAS XapaKTepUCTHUKA TPyOo-
IPOBOJA.

KonnuecTBEHHO CKOPOCTh KOPPO3HMM BBIPAXkalT B MAacCe MeTallia, KOTO-
pYIo noTepsija €AMHMIA €ro MOBEPXHOCTH B €IMHUILY BPEMEHHU:

IJIe V — CKOPOCTb KOPPO3UHM, I/M” * 4 (Mr/cM” - ¢yT); Am — MOTepst MacChl, T (MT);
S — IUIOLIAb IOBEPXHOCTH, M° (cM°); £ — Bpemsi, 4 (CyT).

[Tox CKOPOCTHIO KOPPO3UH MOHUMAIOT TAK)KE TITyOMHY MOBPEKIACHHUS Me-
TaJJla B €AWHMIY BPEMEHU — MM/TOJ. DTy BEJIMYUHY OOBIYHO HA3BIBAIOT TITy-
OMHHON CKOPOCTHIO KOPPO3HH.

Kaaccupukanusi KOppo3HOHHBIX MPOLECCOB Yallle BCETO MPOU3BOINUT-
Csl IO IBYM IPHUHIMIIAM: MEXaHU3MY Pa3BHUTHs MPOIECCa U XapaKTepy ero mpo-
SIBJICHHS.

[Tpu paccmoTpeHnn MeXaHU3Ma pa3BUTHS MPOIlecca B TIEPBYIO OYepe/Ih
OTIPEIEISIOT MEXaHU3M MPOTEKAHUSI XUMHUUECKOW PEaKIlnu, JIKaIIEH B ero oc-
HoBe. Kak mpaBuiio, koppo3us HE(QTEIPOMBICTOBBIX TPYOOIIPOBOIOB POTEKAET
IIPY HAJMYMHU HAa TTOBEPXHOCTH METaJlIa TUIEHKHU 3JIEKTPOJIUTA U TPOIECCY MPH-
CYIIIM 3aKOHOMEPHOCTH AJIEKTPOXUMHUYECcKuX peakiuii. [Ipouecc pa3aensercs Ha
JIBE COTPSDKCHHBIC PEAKIIMA — OKHCIIHMTEIBHYIO, aHOJAHYI0, B KOTOPOW MeETallI
NIEPEXOIUT B PACTBOP:

Fe —2e —> Fe™,
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U BOCCTAaHOBHTEIbHYIO, KaTOAHYI0, B KOTOPOW HMOHBI METasIa COCIUHSIOTCS C
KaKUMH-INO0O0 YacTuiiaMu pactropa (puc. 3.1):
02 +2H20+4e —>40H
2HT +2e > H,’
Fe** +20H™ — F(OH),

HA O0O;

Puc.3.1. CxeMa 3JeKTpOXUMHUYECKOU KOPPO3UH

B 3aBucMMOCTH OT TOTO, KAKOW arpeCCUBHBIA KOMIIOHEHT CPEbl aCCUMU-
JIMPYET 3JEKTPOHBL, PA3INYalOT CIEAYIOUIMUE BUIbI KOPPO3UH:

— YIJICKUCJIOTHAA:
co,+H,0 - H,CO

) +Hy 2¢0;
+ 2—
; H2CO3 +2H20 — 2H3O + CO3
2H,0" + F - Hy+ Fe? ™t 4+ 2H,0
Fe?t 4 0032 " FeCO,
— CEpOBOIOPOAHAS:
+ .2~
st + 2H20 - 2H30 +S
2H,0% + Fed H20 +Fe? T 4 2H,0
F62+ +Sz_ S FeS{
— KI/ICHOPOI[HaH:
O2 +2H20+4e —>40H™
4Fet 4 020 +2H,0 AFST +40H™
40H™ +2Fe** - 2Fe(OH),
60H ™ +2Fe>T = 2Fe(OH )3 — 2FeO(OH)+2H,0

Ilo xapakTepy KOPpPO3HOHHOI0 MOPAKEHHWSl PA3IMYAIOT: OOUIYI0, JIO-
KaJIbHYI0, MEXKPUCTAJUIUTHYIO KOPPO3UI0, KOPPO3MOHHOE pacCTpEeCKUBaHHE,
KOPPO3UOHHBIN OJIMCTEPUHT (pacciioeHue), MEIEBYI0 KOPPO3HUIO.
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OO6mast koppo3usi — 3TO NOpPAXKEHUE MeTallla, pa3BUBAIOLIEECss MO BCel
MOBEPXHOCTH KOHTaKTa co cpeoil. O6mast Koppo3usi MOKET ObITh paBHOMEP-
HOW, €CJIM PA3BUBAETCS MO BCEM MOBEPXHOCTHU IMTPUMEPHO C OJMHAKOBOU CKOPO-
CThIO, U HEPABHOMEPHOM, €CIIM IIyOuHA OJIHUX Y4aCTKOB MTOBEPXHOCTH OOJIBIIIE,
yem apyrux. OOmas koppo3usi — Haubosiee pachHpoCTpPaHEHHBIM U HaWMEHee
omacHbld B paspyuieHus. [lopakeHHbIH y4acTOK JIETKO UACHTU(DHUIIUPYETCS
BU3YaJIbHO WJIM 1O pe3yJibTaTaM YJIbTpa3ByKoBo nedexrockonuu. Eciu koppo-
3Usl paBHOMEpHasi, 00eCIieueHne pacueTHOro CpPOKa KCIUTyaTallud MOXKET, IO-
MHUMO CIIEHHAJIBHBIX METOJOB 3aIIUTHI, JOCTUTAaThCs 332 CUET YBEJIMYEHUS TOJ-
IIMHBI CTEHKU TpyObl. OmacHOCTh OOIIEH KOppO3UHU CBs3aHA C TE€M, YTO OHa
IPUBOJNUT K YMEHBLIECHUIO TOJIIIUHBI CTEHKU TPYObl U CHUKEHHIO IPOYHOCTH
TpyOonpoBoAa.

K o0mieit koppo3un OTHOCHUTCSA CTPYKTypHO-U30MpaTenbHas KOPpPO3Hs —
n30UpaTeNbHOE PACTBOPEHHE OTAENIbHBIX CTPYKTYPHBIX COCTaBIIAIONIMX, Ha-
npumep pepputa B ayCTEHUTHO-(HEPPUTHON CTAIH

Ecnu pazpyiieHue pa3BUBaeTCs JUIIb HA OTAEJIbHBIX ydacTKax MOBEPX-
HOCTH, TO KOPpPO3Us Ha3bIBAETCA JIOKATbHON WU MecTHOM. K joKanbHBIM OTHO-
CAITCS TAaKH€ BUJIbI KOPPO3HH, KaK S3BEHHAS, TUTTUHTOBAsl, MEKKPUCTAJITUTHASL.

SI3BeHHast KOpPpO3Usl — ATO pa3pylIeHUE MOBEPXHOCTH, KOTOPOE pa3BUBA-
€TCSl Ha OTACJIbHBIX ydacTKaxX, PUYEM IUIOLIAb [TOBPEXKIECHHON IMOBEPXHOCTH
CYILLECTBEHHO MPEBBIIIAET €€ TIyOuHy. DTOT BUJ KOPPO3UH JIETKO OOHAPYKUBa-
ercs BusyasibHO. IIpu ynbpTpa3BykoBOW A€(PEKTOCKOIUU SI3BEHHBIE MOPAKECHHUS
MOTYT HE MONacTh B 001acTh 0OCIEIOBAHUS U OCTaThCsl He3aMeueHHbIMU. [lo-
TOMY SA3BEHHOE IOPAKEHHE OINAacHee OOIIEero: Kak WU HepaBHOMEpHas o0Ias
KOPpO3Hsl SI3BE€HHAs] MOXET MPUBECTH K MOSBICHHIO cBUIIA. Kak mpaBuio s3-
BEHHAs! KOPPO3Us HE MPUBOIUT K KaTaCTPOPUUECKOMY Pa3pyIICHUIO0 TPyOOIpo-
BOJA.

[lurTHHTOBass KOPPO3Usi — 3TO BUJ JIOKAIBHOIO Pa3pyLIEHUs, MPU KOTO-
pPOM IIyOMHA MOPaXEHHOT'O y4acTKa 3HAYMTENIbHO OOJbIlE IUIOUIAAN MOpPaKe-
Husl. OOHAPYKUThH MOJAO0HBIE YYaCTKU OYE€Hb TPYAHO. YIIbTpa3ByKoBas Jedex-
TOCKOMUSI IPAKTUYECKU OECCHIIbHA, MOATOMY MUTTHUHIOBAsi KOPPO3Usl CYILECT-
BEHHO omnacHee 001el u si3BeHHOM. CaMM MUTTUHTH Pa3BUBAIOTCS OOBIYHO CO
CKOPOCTBIO COM3MEPHMOM CO CKOPOCTBIO OOINCH W s3BEHHOW Kopposzuu. Ho
OYEHb YaCTO IOJ JEWCTBHEM pAaCTATMBAIOIIMX HArpy30K BEpPIIMHA MUTTUHIA
CTAHOBUTCSI KOHLEHTPATOPOM HAIIPSKEHUM, C KOTOPOrO0 HAYMHAETCS KOPPO3U-
OHHas TPELIMHA, KOTOPast OBICTPO CTAHOBHUTCSA MPUYMHON MOITHON MOTepu pado-
TocrocoOHoCcTH TpyOompoBoaa. Hanbonee moaBepxeHa MUTTUHTOBON KOPPO3UU
ayCTEHUTHAs CTaJlb.

Mexkpuctamutias koppos3usi (MKK) — 310 Buj nokanbHOro paspyiie-
HUS, KOTOPOE pa3BUBAeTCA BIIIyOb MeTajula, mopaxas rpaHuiibl 3eped. Ha mo-
BEPXHOCTU y4YacTKa, MOJBEPKEHHOTO MEXKPUCTAIIUTHON KOPPO3UU HET Mpo-
JYKTOB KOPPO3HHM M BU3YaJbHO OHA MPAKTHUYECKU HEOTIMYMMA OT HEMOpaXKEeH-

55



Horo metayia. Ho nmpu MKK cuibHO cCHMXaeTcsi MmIacTUYHOCTb U IMPOYHOCTh
MeTaia.

Koppo3uonnoe pactpeckuBanue (KP) Taxke mpencrapisier coOoi oauH
U3 BUJOB JIOKAJIbHON KOPPO3UHU U CBSI3aHO C MOSIBJICHHEM TPEIIMH B METaJlIe
10/l OJJHOBPEMEHHBIM JIEMCTBUEM KOPPO3MOHHO-AKTUBHOW CpElbl U pPACTATU-
BaroIMX Harpy3ok. KP MoxeT mHUIMUpoBaThCsi KOPPO3ZUOHHOW S3BOM, MUTTUH-
rOM WM JIIOOBIM JIPYTHUM BHUAOM JIOKAJIBHOTO MOPa)KEHUs MOBEPXHOCTHU, CIIO-
COOHBIM CIIY’)KMTh KOHIIEHTpaTOpoM HampsbkeHuil. Koppo3uonHas tpemuHa Ha
HAa4yaJIbHOM JTale PacTeT O4YeHb MEJIEHHO, MOKa HE JIOCTUTHET KPUTHYECKHUX
pa3MepoB. C 3TOro MOMEHTa HaOJIO/aeTCsl JJAaBUHHBIA POCT TPELIUHbI, TPUBO-
JSIMINANA K KaTacTpo(hUuecKoMy pa3pylIeHHIO.

Koppo3uoHHblii OJUCTEpUHT — 3TO BUJI JIOKAIBHOTO KOPPO3UOHHOIO IO-
paXEHMsI, CBA3AHHBIN C IMOSBIECHUEM B TOJIIE METAJJIa HECIUIOIIHOCTH, CHU-
KaloLEH HECYLIYI0 CIOCOOHOCTh METANIOKOHCTPYKIUHU. DTO pa3pylIeHUE Xa-
pPaKTEepHO ISl TPyOONPOBOJIOB M3 HU3KOJIETUPOBAHHBIX CTajel, paboTalomuX B
aTMocdepe BIaXHOro0 cepoBoJopoa. Pa3BuBaercs OHO JTOBOJIBHO MEIJIEHHO,
JIETKO JUArHOCTUPYETCsl MPU MOMOIIM YJIbTPa3ByKOBOM Aedekrockonuu. Tpy-
OOIpPOBO/I, MOJABEP>KEHHBIN OJIMCTEPUHTY MOXKET paboTaTh €Ilie B TeUEHHUE OTHO-
CUTEJIbHO JUIUTEIBHOTO BPEMEHHU.

[IleneBasg KOppo3usi — BUJ JIOKAJIBHOM KOPPO3HMM, KOTOpask BO3HHUKAET B
00YCJIOBIICHHBIX KOHCTPYKITUEH IIETSAX WU MO0 MUHEPATbHBIMU OTJIOKEHUSIMHU
Y IPUBOJIUT K JIOKAJIBHO BBICOKMM CKOPOCTSIM KOPPO3HH.

lManbBaHMUYECKass KOPPO3HS Pa3BUBAETCS B CiIy4yae, KOrJa METaJJIbl pa3HOi
AKTUBHOCTU 3JIEKTPONPOBOIAHO CBSI3aHbI MEXIy coOoi. bonee mHepTHBI Me-
TaJyl CTAaHOBHUTCSI KaTOAOM W HE pa3pyllaercs. DTOT NPHUHLMI HCIOJIb3YETCs
IIPU KaTOJHOM 3aILNTE.

DakTOpbl, BIUAIIAE HA CKOPOCTH KOPPO3HOHHOI0 Pa3pyuIeHHs.

Brusnue peaxyuu 600HOU cpedbl u memnepamypbl Ha UHTEHCHUBHOCTb
IPOTEKaHUSI KOPPO3UU IMPOUJUIIOCTPUPOBAHO HAa puc. 3.2. BhLIEIAOTCS 3 00-
JACTU HHTEHCUBHOIO MPOTEKAHUS B 3aBUCUMOCTH OT BeJIMYMHBI pH BOAHOI
cpenbl:

— pH <4,3 (cuibHOKHCHAsE cpella) — CKOPOCTh KOPPO3UM UYPE3BBIYANHO
OBICTPO BO3pacTaeT ¢ noHmwxkenuem pH;

—4,3 <pH < 9-10 — ckopocTh KOppo3un MaJio 3aBUCUT OT pH.

— 9 — 10 < pH < 13 (cuibHolIENO4YHast cpelia) — CKOPOCTh KOPPO3UU
yObIBaeT ¢ poctoM pH 1 KOppo3us CTad NPAKTUYECKU NMPEKPALIAETCS MPU 3HAa-
YEHNH paBHOM 13.

[ToBbIlIEeHHE TEMIIEpaTypbl YCKOPSET aHOJHBIE, KaTOJIHBIE MPOLECCHl U
CKOPOCTb KOPPO3HH .

Cooepoicanue Kuciopooa pacmeopeHno2o 6 8600e — HauboJjee aKTUBHbBIN
(dakTop, BIMSAIOUIMI Ha IpOTEKaHue mpoluecca kopposuu. [IpucyrcrBue kucio-
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pOJia MPUBOIUT K MEepepaclpeIeICHUI0 3HAYMMOCTH BBIIIIEPACCMOTPEHHBIX (pak-
TOpoB (puc. 3.1).

Hirana
Snidnrmiin M.

40’

WHTEHCHMBHOGTE HOPPOSHE

2 4 i R 10 12 14 pH
Puc. 3.1. 3aBUCUMOCTH HMHTEHCUBHOCTU KOPPO3UH OT BeIHUuHbI pH
U TEMIIEPaTyphl BOIBI

Kak Opu10 OTMEUEHO BbIIIE, IPU OTCYTCTBUU B BOJIE PACTBOPEHHOIO KU-
CJI0pOJia KOppO3Usl MHTEHCUBHA B Kuciol cpene (pH < 4) u npaktuyecku mpe-
Kpautaercs npu Benuuune pH > 4,3 (puc. 3.2, kpuBas 4). B npoTtuBHOM citydae
KOppo3wusl xene3a OyAeT UATH U B KUCIIOH, U B MIEI0OYHOU cpenae (puc. 3.2, Kpu-
BbIC [—3).

HHTEH CHBHOCTh KOPPOIMM

n 2 F # ] w17 pH

Puc. 3.2. BnusiHue kucnopoja Ha UHTEHCUBHOCTb KOPPO3HUHU

llapyuanvnoe oasnenue CO, OKa3bIBa€T OrPOMHOE BIMSIHUE HA pa3pylue-
HUE MeTajuia Koppo3uen. [IpombiciioBbIe BOABI COAEPKAT 3HAUUTEIbHOE KOJIU-
4YecTBO CBOOOAHOM yriekuciorbl. [Ipu omunakoBbix BenmuuHax pH mporiecc
KOPPO3HH B YIJIEKUCIOTHOM CpeJie MPoTeKaeT 001ee MHTEHCUBHO.

Ha ocHoBanum ucciieoBaHUN yCTAHOBJIEHO, YTO CHUCTEMbI C MaplHalib-
HbIM naBieHuem CO, menee 0,02 MIla cuuTaroTcsi KOppO3UOHHO-HEOTIACHBIMH,
B nuamna3one 0,02 — 0,2 MIIa — BO3MOXHBI CpeIHUE CKOPOCTU KOPPO3UH, a MPHU

57



napuuanbHoM aaBieHun CO, OGonee 0,2 MIla cpena sBisIeTCS BBICOKO—
KOPPO3UOHHOM.

Bnusinue CO,; MOXXHO OOBSICHUTH IBYMSI IPUUUHAMU:

— npucyrtctBue CO, NIpUBOAUT K YBEJIIMUECHHIO BBIJICIICHUS BOJIOPOIA HA KATOAE;
— MPOUCXOAUT 00pa3oBaHHe KAPOOHATHO-OKCHUIHBIX IUIEHOK Ha MOBEPXHOCTHU
MeTajla.

Ipu B3anmozeiicteun Fe*" ¢ HCO5 mmn H,CO; 06pasyercst ocamok Kap-
oonara xenesa (FeCO;):

Bce uccnenoBarenu obpamialoT BHUMaHHWE HA OTPOMHOE BIIMSIHHE TIPO-
JTYKTOB KOPPO3UU KeJie3a Ha CKOPOCTh €€ MPOTEKaHUs. JTU OCAJKHU SBISIOTCS
MOJIYIIPOHUIIAEMBIMU JIJI1 KOPPO3UOHHO-AarPECCUBHBIX KOMIIOHEHTOB CpEbl U
3aMeUISIIOT CKOPOCTh pa3pylieHus: metamia. OIHaKo, B clly4ae YaCTUYHOIO OT-
CJIOCHUSI OTJIOKEHHM KapOOHATOB M NMOMNAaJaHUU B IEJIEBOE MPOCTPAHCTBO ar-
PECCHUBHOM Cpe/ibl CKOPOCTh KOPPO3UH PE3KO BO3PACTAET.

Brusnue munepanuzayuu 600vi. PacTBOpEHHbIE B BOJE COJIM SIBISIOTCS
AJIEKTPOJIUTAMU, TO3TOMY YBEIMYEHUE MX KOHIIEHTPAIMU 0 OMNPEICICHHOTO
Ipeeia MOBBIIAET 3JIEKTPOIPOBOJHOCTh CPEAbl M, CIEHOBATEIbHO, YCKOPUT
nporecc koppo3uu. C Apyroil CTOpPOHbI yBEIUUEHUE MUHEPATU3ALNU IPUBOIUT
K YMEHBILIEHUIO PACTBOPUMOCTH arpeCCUBHBIX I'a30B B BOJE, BO3PACTAHUIO BS3-
KOCTH BOJIBI M 3aTpyAHEeHHIO TG (Y3MOHHOTO MOABOAA KUCIOpOoAa K TMOBEpX-
HOCTH K KaTOAHBIM y4acTKaM METaJljla, YTO YMEHBIIAET CKOPOCTh KOPPO3UHU.

Tun 600vl. XJI0pKaNbIIMEBBIA JUOO0 XJIOPHUIHO-HATPHUEBBIA THUIT BOJIBI TaK-
K€ OKa3bIBAET BIMSHMUE HA MPOIecC Koppo3uu. MoHbI x0pa 001a1at0T BEICOKOM
aJICOPOIIMOHHON CITOCOOHOCTBIO MO OTHOIIEHUIO K METaUlaM M CITIOCOOHBI UX
aKTUBUPOBATh. XJIOPUI-UOHBI BBITECHSAIOT MMACCUBATOPHI (OKUCHBIC IUICHKHU) C
MOBEPXHOCTH METaJUIa, CIIOCOOCTBYIOT PACTBOPEHUIO MX M OOJIETYAIOT TEPEXO.
MOHOB METaJljia B pacTBOP.

Ocob6eHHO 00JIbIlIOE BIMSHUE MOHBI XJIOpAa OKAa3bIBAIOT HAa PACTBOPEHUE
kKesieza, Xpoma, HUKEJIs, allFOMUHUSL.

CmpykmypHas ¢popma nomoxa. BeiIensitoT ceMb OCHOBHBIX CTPYKTYPHBIX
dbopm MHOrOo(dazHoro moroka (puc. 3.3): my3bIpbKOBas, MPOOKOBas, pacciOeH-
Hasi, BOJIHOBAsI, CHapsAHAs, KOJbleBasd u aucrnepcHas. Kaxxnas dopma BiusieT Ha
XapakTep KOPPO3UOHHOIO Mpolecca.

Borpoc 0 ¢Bsi3u KOPPO3MOHHBIX MPOILIECCOB B TPYOOIIPOBOJIAX CO CTPYK-
TypaMu TOTOKOB HWHTEPECEH, HO KOPPEISLUHUOHHBIE 3aBUCUMOCTHU, IPUTOHBIE
JUIS. UHXKCHEPHOM MPaKTUKU, OTCYTCTBYIOT. M3BeCTHO, 4TO KoJiblieBas (Auc-
MEPCHO-KOJIbIEBAs) CTPYKTYpa CHUXKAET UHTEHCUBHOCTh KOppo3uu. CHapsigHas
(IpoOKOBO-IUCTIEPTUPOBAHHAS]) MOMKET  CIIOCOOCTBOBATh KOPPO3HUOHHO-
APO3MOHHOMY W3HOCY TPYOOTNpOBOja MO HUXKHEH 00pasyromiei TpyObsl Ha BOC-
XOJIAIIMX ydacTKax Tpacchl. PacciioenHas (M1aBHasi paccioeHHAas) — CocoOCT-
BYET Pa3BUTHUIO OOLIEH U MUTTUHIOBOM KOPPO3UM B 30HE HMKHEH 00pasyrolieil
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TpyObl U B, TaK Ha3bIBAEMBIX, "MOBYHIKax" >KUAKOCTH, OCOOEHHO IpPH BbIjEIe-
HUU COJICHOM BOJIbI B OTAEIBHYIO (a3y.

& T
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Puc. 3.3. CTpyKTyphbl Ta30’KHIKOCTHBIX IIOTOKOB B TOPU30HTAIBHBIX TPYOOIpPOBOAAaX

Muxpobuonozuueckas unu OUOKOPpPO3UsL — KOPPO3Usl, BBI3BAHHASI >KH3HE-
NEeSATENbHOCThI0 MUKPOOPTaHU3MOB, KOTOPbIE BbIPa0AThIBAIOT BELIECTBA, YCKO-
psAIOIIMEe KOPPO3UOHHBIE TPOLECCHl. B IPOMBICIOBBIX YCIOBUSAX Haubojee pac-
MPOCTPAHEHBI CYJb(aT-BOCCTAHABIMBAIOIINE aHAIPOOHBIE OaKTEpPUH, OOBIYHO
oOuTaIIMe B TEXHUYECKMX Bojax. B pesyibraTe AESATENBHOCTU Cyibdart-
BOCCTaHaBIMBAIOIIUX OakTepuil oopazyercs cepoogopon H,S, koTopsiil xopo-
10 pacTBOpSAETCS B HEPTU U B JAJIbHEHIIIEM B3aUMOJCHCTBYET C kKejle30M, 00-
pasys cynbbu Kenes3a, Bolanaronmi B ocaaok. [lox pmusauem H,S mopepx-
HOCTh METaJlyla CTAaHOBUTCA THAPODUIBLHOM M JETKO cMayuBaeTcsa Bojaou. Ha
HOBEPXHOCTH TPYyOOIpOBOJa 00pa3yeTcsi TOHKUM CJION AJIEKTPOJIUTA, B KOTOPOM
¥ TIPOMCXOIUT HAKOIJICHUE OCajKa Cyab(pua kenesa.

Cynbdun xenesa sBISETCS CTUMYJISATOPOM Koppo3uu. OH ydacTBYeT B
oOpa3zoBaHuM rajgpBaHnuyeckor mukpomnapel «Fe-FeSy», B koTopoil siBisiercs Ka-
TOJIOM, a pa3pymIaTtbcs OyAeT METaNIMYecKOe KeIe30, KOTOPOE WUrPaeT poiib
aHoza.

3ammuTa Tpy0ONpPoOBOA0B OT KOPPO3MH.

JIoOUThCSA MOBBILIEHUSI HAJIEKHOCTH U CHUKEHUS aBapUUHOCTU MPOMBbI-
CJIOBBIX TPYOOIIPOBOJIOB MOXKHO TOJIBKO 3a CUET NMPUMEHEHUS KOMIUJIEKCHBIX
Mmep. CrocoObl 3alUThl OT KOPPO3HMOHHOTO BO3JCUCTBUS MOJPA3JEIAIOTCS Ha
TEXHUYECKHE (MEXaHUUECKHE), XAMUYECKUE U TEXHOJIOTHYECKHUE.

Texnuueckue cnocobwvl 3awumul. Cpeld BCeX CIOCOOOB TEXHUYECKON
3alUThl OCHOBHBIM MOKHO CUMTaTh CMEHY Marepuasia TpyO Ha KOPpO3UOH-
HO-YCTOWYMBBIE, HAIIPUMED, ITOJTUMEPHBIE, PACCUMTAHHBIC HA PA3HBIC JABIICHHUS:
— JUIs TpyOOIpoBooB ¢ pabounM nasieHuem Ao 1,0 MIla TpyOsl usroraBnuba-
I0T U3 MOJUITUIIEHA HU3KOTO JABJICHHUsI, TIOJHUIPOINIICHA, TIOJMBUHUIXIOPUAA,
noJaudyTeHa, aKpUIOHUTPUIOYTaAHOHA;
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— 1151 TpyOOIpoBoAoB ¢ pabouum aasieHuem 4,0 — 6,0 MIla — u3 KOMIIO3UTHBIX
MaTepHaJIOB: CTEKJIOIIACT, OUIIJIaCTMACCa, ApPMUPOBAHHBIE, TEPMOIUIACTUYHBIE.

[TonuaTuneHoBbie TPyObl UMEIOT B 7 pa3 MEHBIIYIO MaccCy, YEM CTaJIbHbIE.
MoHTtax ux He TpeOyeT TSKEIOro MOoAbEMHO-TPAHCIOPTHOIO 000pPYAOBAHUS.
Onu o06najnaroT OOJBIION 3IACTUYHOCTBIO, MAJOW HIEPOXOBATOCTHIO, BBICOKOI
IJIaJKOCThIO, BCJIEICTBUE YEro UX MPOIMYCKHAsI CIOCOOHOCTh YBEIMYMBAETCS Ha
2-3 %. IlonusTHIEHOBBIE TPYOBI MOTYT UCIOJIB30BATHCS JIJISl TPAHCIIOPTA MUHE-
PaJIM30BAHHBIX BOJ JIIO00W arpeCCUBHOCTH.

Opnako st TpaHcnopTa HE(TH, HE(PTAHBIX SMYJIbCUH, Ta30BOIOKOH-
JileHcaTa IO HalOpHBIM TpyOompoBoaaM TpyObl U3 MOJUAITHIIEHA MAJIO IPU-
T'OJIHBI, BCJIEJICTBHE HA0YyXaeMOCTH ITOr0 MaTepuasa U CHIKEHUS IPOYHOCTH.

Pemennem »TOi mpoOnembl SBISIOTCS TPyObl U3 JTAMUHUPOBAHHOTO
KOMIIO3UTHOT'O MaTepuasa, KOTOPbId COYETAeT NMPEUMYIIECTBA BBICOKOIIPOY-
HOM CTAJIM C KOPPO3MOHHOM CTOMKOCTBIO CTEKJIOBOJIOKHA. TeIionpoBOaHOCTD
cTekyomiactuka B 250 pa3 MeHblle, YeM Yy MeTajlla, TO €CTh OH oO0Jjajaer
NOBBIILIEHHBIMU TEIIOU30JIILIUOHHBIMU XapaKTEPUCTUKAMM.

C nauana 80-X romos, B CBSI3M C POCTOM KOPPO3MOHHOM aKTUBHOCTH
NOOBIBAEMBIX KHUJIKOCTEH M yBEIMYEHUEM MPOTSIKEHHOCTH TPyOOIpPOBOJIOB,
CTaJlu IPUMEHATbCA ruOkue TpyOrl. B mepByro ouyepenps rudkue TpyObl mprMe-
Hsch B cucteme [IIT]] ¢ 0ocobo arpecCHBHBIMU CpellaMH, COACPKAIIUMH CEPO-
BOJOPOJI, YTJIEKHUCIIBII ra3, BHICOKOMUHEPAIN30BAaHHBIE PACTBOPHI C AKTUBHBIMU
MOHAMHU XJIOpa, CBOOOTHBIN KUCIOPO/I.

Cpoxk cityxO0bl CTalbHBIX TPYOOIPOBOAOB B 3TUX YCJIOBUAX HE MPEBbIIIAT
1 roga, a CpOK MPOMBICIIOBOM HapaOOTKH THOKHX TpyO cocTaBui cBbIme 15
JIeT.

Xumuueckue cnocobvl 3awjumul MPEANONAratOT UCIOIb30BAHUE UHTHOU-
TOPOB KOppo3uu. MHrHOUTOPEI MOTYT pa3IMuYHbIM 00pa3oM BO3AEHCTBOBATh Ha
OTJIETIbHBIE CTYNEHH Ipoliecca Koppo3uu. OOIKUM TPU3HAKOM SIBISETCS TO, YTO
y>K€ B MaJIbIX KOJM4YecTBax (I/T) 3aMeJIAIOT IPpoLiecc KOppo3un 0e3 3HaUUTEeIb-
HOT'O U3MEHEHHMsI KOHLICHTPALlMA KOPPO3UPYIOIIUX areHTOB.

MexaHu3M JeHCTBUS THTHOUTOPOB KOPPO3HUU:

— BO3JICHCTBHE HA aHOJHBIM WM KaTOJAHBIM MPOLECC: KNHETUYECKOE TOPMOKE-
HUE OTJIOKEHMS IPOAYKTOB KOPPO3UH METaJUIa HAa KaTOJIE;

— [AaCCUBATOPHI (IMXpOMAaThl, BaHAJAThl) OTHOCATCSA K aHOJHBIM HHIHOUTOpaM
3a c4€T 00pa30BaHUs 3aLIUTHOIO CJIOS OKCHJIOB Ha METAJLIE;

— (pu3nyecku IEUCTBYIOIINE UHTHOUTOPBI aICOPOUPYIOTCS Ha IOBEPXHOCTH Me-
TaJjia ¥ CO3JAr0T 3alIUTHYIO IIEHKY, AEUCTBYIONTYIO Kak nudy3Hbiii 6apbep u
3aMeIJISIOILYI0 MacCOOOMEH B KOPPO3MOHHOM MPOLECCE;

— OpraHu4ecKue IIEHKO0Opa3oBaTey;

— BEIECTBa, BCTYNAIOLIME B XMMUYECKYIO PEaKLUHUIO ¢ MPOAYKTaMU KOPPO3UH,
CO CpEJIoi UM METAJJIOM C 00pa30BaHUEM 3aIUTHBIX CIOEB;

— BEUIECTBA, CBA3BIBAIOLINE KOPPOZUPYIOIIMI areHT.
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Tpebosarus Kk unecubOUMOpam KOppo3uu.:

— obecnieunBath 3alUTHBIN 3QdekT He Huxke §5-90% mnpu ManbiX KOHILIEHTpa-
usix (~100 F/M3);

— UMETh BBICOKYIO aJIN€3MI0 K [IOBEPXHOCTH METAILIA;

— OBICTPO 00PA30BHIBATH IIEHKY;

— IMETb N30MpaTeNbHyI0 PACTBOPUMOCTb.

TexHonornyeckas 3amura TPyOOIPOBOJIOB OCHOBAHA HA BBIOOPE TEXHO-
JOTUM TIOATOTOBKM W TPAHCIOPTAa MPOMBICIOBON HE(PTH C MUHUMAIbHBIM
KOHTAKTOM CHUCTEMBbI "BOJA-MOBEPXHOCTH". DTO TexHOoJOruu uddepeHunpo-
BAaHHOTO OTJIEJICHUsI BOJBI B BHJIE CBOOOHOM (Da3bl

3amura TPpyOONPOBOAOB OT HAPY’KHON KOPPO3HH.

[ToxzeMHubie TpyOBl MOABEPralOTCS HAPYKHOM KOPPO3UU MO DIEKTPOXHU-
MU4YecKoMy Tuiy. TpyObl, yJI0KEHHbIE B MOYBY NpPU HAJIMYKMK B HEH COJEH U
BJIaru, HAXOJATCS B "AIEKTPONUTHYECKON BaHHE". B cyxom mecke Koppo3us He
IIPOUCXOINUT.

Crioco0blI 3a1uThl TPYOOIIPOBOJOB OT Hapy>KHOM KOPPO3UH MOApa3ieis-
I0TCS Ha [TACCHUBHBIC U AaKTHBHBIE.

[TaccuBHBIE CIOCOOBI 3aIIUTHI MPEAYCMATPUBAIOT H3OJIALMIO HAPYKHOM
MOBEPXHOCTH TPYObl OT KOHTaKTa C TPYHTOBBIMU BOJAaMHU M OT ONYXAAIOIIUX
AIIEKTPUYECKUX TOKOB. Takas 3ammra OCYLIECTBIIAETCS C MOMOIIBK IPOTUBO-
KOPPO3HOHHBIX JTUAIEKTPUYECKUX MOKPBITUH, 00NaJa0MMX BOJOHENPOHUIAE-
MOCTBIO, MPOYHBIM CHEIUIEHUEM C METAJLIOM, MEXAHUYECKOW IPOYHOCTHIO.
JIJist M30150MK POMBICIIOBBIX TPYOONPOBOAOB MPUMEHSIOT MOKPHITHE Ha Ou-
TYMHOUW OCHOBE U Ha OCHOBE I1OJINMEPOB.

butymHass mMacTuka I TOKPBITUH COJIEPKUT MUHEpAIbHbINA HAIOJIHU-
TE€JIb WA PE3NHOBYIO KPOUIKY JIJISl IOBBILLIEHUS €€ BA3KOCTU B TOPAYEM COCTOS-
HUW M YBEJIIUYCHHUS MEXAHUYECKOM MPOYHOCTU MOKPBITHUS. sl MOBBILIECHUS
IPOYHOCTH U JOJTOBEYHOCTH OUTYMHBIX MOKPBITHI HUCIIOJIB3YIOT MOAU(UKATO-
PBI B BUJIE CTEKJIOBOJIOKHUCTBIX MaTEPUAJIOB, IJIaCTMACC U JIp.

[ToxpbITHS HA OCHOBE MOJIUMEPOB MPEICTABIAIOT COO0M MOIUITUIICHOBBIE
WIH TOJIUXJIOPBUHWIOBBIE TUIEHKU C MPUMEHEHHEM Kies. JIeHTy MiIeHKu Hama-
THIBAIOT HAa OUUIICHHBIN, ¥ 3aTPYHTOBAHHBINA TPYOOIIPOBO/I.

[Ipu nuTEenpHON SKCIUTyaTaluu TPyOONPOBOAOB, 3aAIIMIIEHHBIX TOJIBKO
V30JILIMOHHBIM MOKPBITHEM, BOZHUKAIOT CKBO3HBIE KOPPO3UOHHBIE MOBPEXKIC-
HUS yKe uepe3 5-8 neT mocie yKIagKd TpyOONnpoBOAOB B T'PYHT BCIEICTBHE
IIOYBEHHOW KOPPO3WH, TAK KAK U30JSALHUS CO BPEMEHEM TEpSET IPOYHOCTHBIE
CBOMCTBA, U B €€ TpEIMHAX HAYMHAKOTCS WHTEHCUBHBIC IIPOLECCHl HAPYKHOU
KOPPO3UHU.

AKTHBHBIE CIOCOOBI 3aIIUTHI TPYOONPOBOAOB OT HAPYKHOM KOPpO3UU
IIPEAYCMaTPUBAIOT CO3/IaHUE TAKOTO AJIEKTPUUYECKOr0 TOKA, B KOTOPOM BECH Me-
TaJlJ1 TPyOONpOBOa, HECMOTPSI HA HEOJTHOPOJAHOCTh €r0 BKJIIOUEHUHN, CTAHOBUT-
Csl KaTOJIOM, a aHOJOM SIBJISIETCS JIONOJIHUTEIBHO Pa3MEILIEHHBII B IPYyHTE Me-
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taut. CyIecTBYIOT ABa BUJIa aKTUBHOM 3alTUTBI TPYOOTPOBOOB OT HAPYKHOM
KOPPO3HH — IPOTEKTOPHAS M KaTOTHAS.

[Ipu npoTEeKTOPHOMU 3aIKTe PSIAOM € TPyOOIPOBOAOM pa3MelIaloT OoJiee
aKTUBHBIA METAILI (IIPOTEKTOP), KOTOPBIA COCIUHSIOT C TPYOOIIPOBOIOM U30JIH-
POBaHHBIM TTPOBOJHUKOM. [IpOTEKTOpPHI M3TOTOBJISIOT M3 IIMHKA, AIFOMUHUS,
MarHueBbIX CIUTaBOB (Tadu. 3.2). [IpuHIUN NEeWCTBHS TPOTEKTOPHOM 3allUTHI
aHaJOTUYCH paboTe raJlbBaHUYECKOro dieMeHTa (puc. 3.4).

JIBa snektpoma: TpyOOMpOBOA W MPOTEKTOP, M3TOTOBIEHHBIN W3 OoJee
AIIEKTPOOTPUIIATETLHOTO METaJlla, YeM CTajlb OIMYIICHBI B MOYBEHHBIH  DJIEK-
TPOJUT U COCTUHEHBI MPOBOJHUKOM. Tak Kak Marepuan MPOTEKTOpa SBIISETCS
0ojee DIEKTPOOTPUIIATEILHBIM, TO TIOJ JIEHCTBUEM PA3HOCTH IMOTCHIIMAIOB
IIPOUCXOIUT HATPABICHHOE JBIKCHUE JIEKTPOHOB OT MPOTEKTOpa K TPyOOompo-
BOJY 1O MPOBOAHUKY. OTHOBPEMEHHO MOHBI MPOTEKTOPA MEPEXOAAT B PacTBOP.
DTO NPHUBOJUT K pa3pymICHUIO MPoTeKkTopa. Criia TOKa MPH 3TOM KOHTPOIHUPY-
€TCS C TIOMOIIBIO0 KOHTPOJBbHO-U3MEPUTEITHHON KOJIOHKH.

Tabnuya 3.2
DOu3NKO-XUMHUYECKAs XapaAKTePUCTHKA MAaTEPHAJIOB JIJIsl H3TO0TOBJIe-
HHSI IPOTEKTOPOB

IToka3zarenu Meranipl
Mg Zn Al
PaBHoBecHbII 5ekTpoHbIN oTeHuuan (E), B -234 | -0,76 | — 1,67
Tokootrmada, A-4/kr 2200 820 2980
Koadduument ucnonpzoBanus, % 50 90 85
vawwj:\inwmvm e
e :5 e
4
Zd

Puc. 3.4. llpuHuunuanbHasi cxema NpOTEKTOPHON 3alUThI

Pa3pymenue meramia Bce paBHO uMeeT mecto. Ho He TpyOompoBosa, a
nporekTopa. TeopeTHUecKu I 3alIUThl CTAIBHBIX COOPYKCHUH OT KOPPO3HH
MOTYT OBITh MCIIOJIb30BaHbI BCE METAJLIBI, PACIIONIOKEHHBIC B AJICKTPOXUMHUYEC-
CKOM PsIJTy HANPsDKCHUH JICBEE OT JKeJIe3a, TaK Kak OHU 00Jjiee JIECKTPOOTPHIla-
TeIbHBI. [IpaKTUYECKHU K€ MPOTEKTOPHI M3rOTaBIMBAIOTCS TOJBKO M3 MaTepua-
JIOB, YJIOBJICTBOPSIOIIUX CJICTYIOIINM TPEOOBAHUSIM:

— pPa3HOCTh TMOTEHIIMAJIOB MaTepuajia IMPOTEKTOpa M Kejeza (CTajau) JIohKHA
OBITh KaK MOKHO OOJIBIIIE;
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— TOK, TIOJTy4aeMbIi MPHU JIEKTPOXUMHYECKOM PACTBOPCHHUH CAWHHIIBI MacChl
MPOTEKTOpa (TOKOOTauya), T0KEH ObITh MAaKCUMAJIbHBIM;

— OTHOILIEHHE MAacChl MPOTEKTOpa, U3PACXOJOBAHHON HA CO3JaHUE 3AIUTHOTO
TOKa, K OOIIell morepe Macchl MpoTeKTopa (KOod(PGUIIMEHT HMCIOJIH30BAHMS)
JOJIKHO OBITh HAMOOJIBIIIIM.

JlanHbpIM TpeOOBaHUSM B HAMOOJIbIIEH CTENEHU YJOBICTBOPAIOT MarHui,
[IMHK ¥ aJJIOMUHUM, CTJIaBbl, KOTOPBIX W MCTIOIB3YIOTCS JJI U3TOTOBJICHUS MPO-
TEeKTOpOB. [IpuUMeHSIOT 3a1uTy TPOTEKTOpPaMH, PACTIONOKEHHBIMU KaK OO -
HOYKE, TaK ¥ TPYIIaMH, WU TPOTHKEHHBIMU TIPOTEKTOPAMHU.

[IpoTekTOpHYIO 3aIUTy OJAMHOYHBIMH WJIM TPYNIOBBIMHU KOJUIEKTOpaAMHU
PEKOMEHYeTCsI HCIIOIh30BaTh B TPYHTaX C YJIEJIbHBIM CONPOTUBIIEHUEM HE 00-
aee 50 Om - M, a mpoTsokeHHBIMU — He 6ostee 500 OM - M.

[Tpu kaTogHOW 3amUTE ¢ TOMOIILI0 MCTOYHWKA MOCTOSHHOTO TOKA Ka-
TOAHOM cTaHuuu (puc. 3.5) co3Mal0T Pa3HOCTh MOTEHIUAIOB MEXIY TpPyOo-
MPOBOJIOM M Pa3MEIICHHBIMU PSJIOM ¢ TPYOOIPOBOJOM KYCKOM MeTajljla Tak,
YTO Ha TPyOOMNPOBOJI MOJAETCS OTPHUIATEIBHBIN 3apsijl, a HA METAJlJI, KOTOPhIi
OyIeT pacTBOPSATHCS — MOJOKUTEITbHBIH.

\u

7

o i Ay i
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Puc. 3.5. [lpunnunuanbHas cxema katoaHoi 3aumrsl: 1 — JIDIT; 2 — tpancdopma-
TOPHBIN MyHKT; 3 — CTAaHIMSI KATOJHOW 3aIllUTHI; 4 — 3alUIIAeMbIi TPYyOOIPOBOI; 5 — aHO-
HOE 3a3emiieHue; 6 — Kabemb

M CTOYHMKOM MTOCTOSTHHOTO TOKA SIBJISIETCSI CTAHIIMS KATOJIHOM 3aIlUThI 3,
€ C IIOMOILIBI BBINIPSIMUTENIEH [EPEMEHHBIM TOK, NOCTYIAOLIUA OT
BaoJsibTpaccoBoil JIDII 1 uepe3 TpanchopMaTopHblid MyHKT 2, peoOpa-3yeTcs B
MOCTOSTHHBIN. OTpHUILIATENIbHBIM MOJIOCOM MCTOYHUK C TOMOIIBIO Kabems 6
MOAKJIIOUECH K 3aluIlacMoMy TpyOOmnpoBOy 4, a MOJOKUTEIbHBIM — K aHOJI-
HOMY 3a3emJyicHMIO 5. [Ipy BKJIIOUEHMM MCTOYHMKA TOKa 3JJIEKTPUUYECKAS LEMb
3aMBIKAETCS YE€PE3 MMOYBEHHBIN JIEKTPOJIUT.

[IpuHIMIT 1eHCTBUS KATOJHOW 3alMThl AHAJIOTHYEH IPOILECCY DJIEKTPO-
nu3a. [log BO3IEWCTBHEM MNPHIOKEHHOTIO JJIEKTPUYECKOrO I10JIs UCTOYHUKA
HAYMHAETCS JIBMKCHUE TOTYyCBOOOHBIX BaJCHTHBIX JIEKTPOHOB B HaIpaBJie-
HUM «AHOJHOE 3a3€MJICHUE — UCTOYHHK TOKA — 3alIMIIaEMOE COOpyKeHue». Te-
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psAsl BJEKTPOHBI, ATOMbl METAJUIA AHOJHOIO 3a3€MJICHHUSI TEPEXOJAT B BHUJIE
MOH-aTOMOB B pAaCTBOP MOYBEHHOTO JJIEKTPOJIUTA, TO €CTh AHOJHOE 3a3€M-
neHue paspyuaerca. MoH-aToMbl MOJABEPraroTcs rUApaTallid U OTBOJATCS
BIUIyOb pacTBopa. Y 3alllMIIAEMOTr0 K€ COOPYXKEHHUs BCIEICTBUE PabOTHI HC-
TOYHHMKA IOCTOSIHHOTO TOKa HaOIroAaeTcsi M30BITOK CBOOOJHBIX AJIEKTPOHOB,
TO €CTh CO3JAKTCS YCIOBUSA ISl NPOTEKAHUS PEAKIUN KUCIOPOJHOM U BO-
JOPOJTHOM AENOJISIpU3aLUH, XapaKTEPHbIX JJIsI KaTOAa.

Cuuraercs, 4To ISl 3aIIUTBl OT KOPPO3UHU MOA3EMHBIX METAIMYECKUX
TpyOOTIIPOBOJIOB HEOOXOAMMO, YTOOBI HMX TOTEHIMAN ObLT HE 00Jiee MUHYC
0,85 B. MuHuManbHbId 3alIUTHBIA TMOTEHIMAN JOJDKEH MOJJAEPKUMBATHCA HA
rpaHulle 30H JEUCTBUSI CMEXHBIX cTaHIMK KatogHo# 3amuThl (CK3). JononHu-
TEJILHO Pa3MEIIAEMbIii B TPYHTE METaUl KaK B MPOTEKTOPHOM, TAK U B Ka-
TOJHOW 3allUTE, SIBIIAETCS AHOJOM M IOJABEPracTcsi paspylICHUIO, & HaAPYXK-
Has Koppo3usi TpyOOMpoBOJia MUHUMAJIbHA.

DJNeKTpOoJIpeHaXKHasl 3amuTa TpyOorpoBoAoB. MeTos 3auuThl TpyOo-
MPOBOJIOB OT pPa3pylICHUsT OMYXIAIOUMMU TOKaMHU, MPETyCMATPUBAIOIIUNA X
OTBOJl (JIpeHaX) C 3aIIMIIAEMOT0 COOPYKEHHUS Ha COOPYKEHHE — HCTOYHUK
OJy>)KIalOIIMX TOKOB, JTUOO CHEIUATbHOE 3a3€MJICHUE — HA3bIBACTCS DIIEKTPO-
JIPEHAXKHOU 3aIUTON.

[IpumeHsoT TPsAMOM, NOJISIPU30BAHHBIA W YCWIEHHBIM JApeHaxu. [Ips-
MOW DJICKTPUYECKHUM JIPEHAX — ATO JAPEHAXKHOE YCTPOWCTBO JBYCTO-POHHEHN
npoBoAUMOCTH. CxeMa mpsIMOTO 3JIEKTPUUYECKOro ApeHaxka (puc. 3.6, a) BKIIO-
YaeT: peocTaT, pyOMIIbHUK, TUIABKUW MTPEIOXPAHUTEINb, CHTHAIBHOE Pelie.
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Puc. 3.6. IIpuHIMNINAIBHBIE CXEMBI 2JIEKTPUUECKUX IPEHAKEH:
a - IpsAMOIA; O - OJISIPU30BAaHHBIN; B — ycuIeHHbIH. R — peoctat; K — pyounbauk; [1p

— IUIaBKUH NpefoXpaHnuTenb, Cp — CUTHAJIIBHOE pelie.

Cuna Toka B HenH «TpyOOIpOBOA—pENbe» peryiaupyercst peocratom. Ec-
JIY BEJIMYMHA TOKA MPEBBICUT IOIYCTUMYIO BEJIIMYMHY, TO IJIABKUU IIpPEeaoXpa-
HUTEJIb CTOPHUT, TOK IMOTEYeT MO OOMOTKE pelie, IPU BKIIOYEHHUU KOTOPOTO
BKJIFOYAETCs 3BYKOBOM WJIM CBETOBOM CHUTHaJ. lIpsAMoON anexkTpuyeckuil ApeHax
IIPUMEHSIETCS B T€X Clydasx, KOIr/a MNOTEHUHal] TpyOOnpoBoAa MOCTOSHHO BbI-
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1Ie MMOTEeHIMaNa pelbCoBOM CEeTH, KyAa OTBOAATCS Onyskaaroiue Toku. B npo-
TUBHOM CJIy4yae JPEHaX MPEBPATUTCA B KaHAJ JJI1 HATEKaHWs OJy>KIAIOIIKUX
TOKOB Ha TPyOOTPOBO/I.

[Tonsipu3oBaHHBI 3ieKTpUUeCcKui apeHax (puc. 3.6, 6) — 3TO ApeHax-
HOE YCTpOWCTBO, 00Jaaroniee 0JJHOCTOPOHHEH TPOBOAUMOCTHI0. OT MPSIMOTO
JIpEeHa)ka TOJISIPU30BAHHBIA OTIMYAETCS HAJIUMYMEM DJIEMEHTA OJIHOCTOPOHHEH
MPOBOJAMMOCTH - BEeHTWIbHOro 3iseMenTa (BJ). Ilpu nonspuzoBaHHOM JpeHa-
e TOK IPOTEKaeT TOJBKO OT TPyOONpOBOAa K PENbCy, YTO HCKIIOYAeT Ha-
TeKaHue OJy>KIAroIIMX TOKOB Ha TPYOOIPOBOJ M0 IPEHAKHOMY ITPOBO/LY.

VYceunennsli ApeHax (puc. 3.6, B) IpUMEHAETCS B TEX Clyyasx, KOrjaa
HY’KHO HE TOJBKO OTBOJUTH OJIYKTArOIINE TOKH C TPyOOmpoBoaa, HO U obec-
NEYUTh HA HEM HEOOXOJUMYIO0 BEJIIMYMHY 3allUTHOIO MOTEHUHaja. Y CUJIeH-
HBIA JPEHaX NPECTaBIsgeT COO0H OOBIUHYIO KATOJHYIO CTaHLUIO, MOIKIIO-
YEHHYI0 OTPHUULATEIbHBIM IOJIOCOM K 3alIUIIAEMOMY COOPY>KEHHIO, a IOJIO-
KUTEJIbHBIM — HE K aHOJAHOMY 3a3€MJICHHUIO, a K pesibcaM 3J1eKTpU(ULUpPOBaH-
HOTO TpaHCNOpTa. 3a CYET TaKOW CXeMbl MOJKIIOYEHUS OOecreunBaeTCs: BO—
NEPBBIX, MOJSIPU30BAHHBIN JPEHaX, 32 CUeT PabOThl BEHTHJIbHBIX 3JEMEHTOB
B cxeme CK3, a BO—BTOpBIX, KaTOJHAsI CTaHLMS YACPKUBAET HEOOXOIUMBIIA
3alIUTHBIN TOTEHIIMAT TPYOOIpoBOa.

[Tocne BBOga TpyOONpoBOJa B KCILTyaTallMi0 MPOU3BOIAUTCS pPETYJIU-
pPOBKa mapaMeTpoB pabOThl CUCTEMBI 3alIUThl OT Koppo3uu. Ilpu HeoOxoaumo-
CTH MOTYT BBOJIUTHCSI B 3KCILUTyaTallMi0 JOMOJHUTENbHbIE CTAHIMU KaTOJHOM
U JPEHaXKHOM 3allUThI, @ TAK)KE MPOTEKTOPHbBIE YCTAHOBKHU.

3.3.2. O06pa3oBaHue KUIKOCTHBIX U THAPATHBIX MPOOOK

[TonyTHBIN Ta3 COMEPKHUT Mapbl BOJABI, KOJIMUYECTBO KOTOPHIX 3aBUCHUT OT
MHOTHX (haKTOPOB.

[Tapbr BOBI MOTYT HACHIIATh Ta3 A0 ONpPeAeIEHHOTO 3HAYCHHSI JaBICHHUS,
paBHOTO MJABJICHUIO HACHIIICHHWS BOASHOTO Mapa MpH JaHHON TeMIeparype.
[IpenenpHOE coaep:kaHUE BOJSHOTO Mapa B ra3e MpH JAaHHOW TeMIeparype U
JIABJICHUY HA3BIBACTCS «TOYKOW pochkl». [Ipu MpeBBIICHUH 3TOTO Mpeaesna mapbl
BOJIBI KOHJICHCHUPYIOTCH.

[Tpu aBWKEHHMH Ta3a MO TPyOONMPOBOJAM MPOHMCXOIUT IMOCTOSTHHOE H3Me-
HEHHE TePMOJAMHAMUYECKUX YCIOBHM M, BCIEICTBUE ITOro, 00pa3oBaHHE KOH-
JIeHCaTa: BOJHOTO M YTJIEBOJOPOAHOrO. B MOHMKEHHBIX MecTax pelbe(HBIX
TpyOOTIPOBOIOB MOTYT 00pa30BaThCs MPOOKH KOHACHCATA — KUJIKOCTHBIE TIPOO-
ku. [{nst mpenorBpamienust o0pa3oBaHUs KUAKOCTHBIX MPOOOK YCTaHABIMBAIOT
KaMephl ¢ pa3pbiBoM cTpyH. Kamepa mpencraBisieT co00il eMKOCTh, TEPMETHYHO
IPUCOEAMHEHHYI0 K OTBEPCTHIO B HIDKHEH CTEeHKe raszompoBonaa. Konpencar
CTEKaeT B ATy EMKOCTb, OTKY/Ia €r0 B MOCJIEIYIONIEeM OTKaYUBaIOT MO CHeIHalb-
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HOM TpyOe Ha MOBEPXHOCTh. ['a3 NBXKETCS 0€3 U3MEHEHUsI HANpPAaBJICHUS K KO-
HEYHOM TOYKE ra3oIpoBOa.

[Ipu onpenen€HHBIX TEPMOOAPUUECKUX YCIOBUSAX T'a3bl B KOHTAKTE C BOJ-
HBIM KOHJIEHCATOM MOTYT OOpa30BbIBaTh TBEP/Ible COCAMHEHUS ra3a M BOJbI —
ra3oBbl€ TUAPATHI, KOTOPBIE, OTJIArasich Ha CTEHKax TPyO, yMeHbIIAlOT paboyee
CEUYECHHE U CHIKAIOT MPOMYCKHYIO CITIOCOOHOCTD.

bonbmioe BniusHre Ha ¢azoBoe paBHOBECHE HE(TSIHOTO ra3a OKa3bIBAIOT
coepkalecss B HEM, Ia)K€ B MaJbIX KOJUYECTBAX, TAKEIBIE YIIIEBOAOPO-
1. Hamnaume TsKENBIX yriaeBoA0POIOB BIUAET HE TOJIBKO HA 00pa3oBaHUE KOH-
JieHcaTa, HO U Ha oOpa3oBanue ruapatoB. Tak, atan (C2H6), nponan (C3HS) u
n3o00ytan (u i-C4H10), a Takke cepoBOAOPOI, YTIACKUCIOTA U JPYTHE KHUCIBIC
rasbl pe3K0 YJIy4IlaloT yCIOBUS THAPATOOOpA30BaAHMSL.

CocraB ra3zoBbIX T'HIpaTOB:

CH, -5,75H,0;
C,H, -5,75H,0;
C,H, - 6H,0;
C,H,, - 7H,0.

Yenosus obpazosanus: Temneparypa, Ipy KOTOPOW ra3 CTAaHOBUTCS TIOJI-
HOCTBIO HACBIIICHHBIM BOJSIHBIMHU TapamMu MPU JaHHOM COJIEPKAHUU BOJbI B
rase, Ha3bIBAaETCA TEMIIEPATYPON TOYKHU POCHI raza Mo BOJAE MPU JaHHOM JaBJe-
Huu. Ecnu B ra3onpoBoJi OCTynaeT ras, CojiepKaHue BOJIbI B KOTOPOM TaKOBO,
YTO 10 YCJIOBUSAM TpaHCHopTa (M3MEHEHUE [JaBIEHUS U TEMIEpaTyphl) TEMIIe-
paTypa ra3a He CHHYKAETCSl HUKE TOUYKU POCHI, TO B TAKOM TIa30IPOBOJIE HE BbI-
najiaeT KarejbHas Biara u, CJIeI0BaTelIbHO, OTCYTCTBYIOT yCIIOBUS AJi 00pa3o-
BaHUS THAPATOB.

Ecnu Touka pockl raza BbIIIE TEMIEPATYPHI, 0 KOTOPOM MOXKET OXJIaIUTh-
cs ra3 B ra3onpoBojie (MPaKTHUYECKU T'a3 MOXKET OXJIAJUTHCS J0 TEMIIEPATyphl
TPYHTa, B KOTOPBII YJIOXKEH ra30mpoBOJl, WX JI0 TEMIEPATYPhl OKPYKAIOIIEro
BO3/1yXa, €CJIM T'a30IPOBOJI MPOJIOKEH MO MOBEPXHOCTH), TO B TaKOM ra3oIpo-
Bojic OyZIeT MPOUCXOAUTH KOHACHCAITUS TTaPOB BOJBI, TO €CTh OYAYT yCIOBUS
JUISl TUAPATOOOpa30BaHUSI.

Hanuuue B motoke rasza BoJibl B KUJIKOM (paze — HEOOX0IUMOE, HO HE J0C-
TaTOYHOE YCJIOBUE 00pa3oBaHMs THUAPATOB. ['Maparsl MOTyT 00pa3oBaThCs MPHU
onpenenEHHbIX AABICHUIX U TEMIIepaTypax B 3aBUCUMOCTH OT COCTaBa rasa.

Mepornpusitus 1Mo NpeaynpexIeHUI0 MpoIeccoB 00pa3oBaHUsS THUIIPATOB
UCXOJISAT U3 M3BECTHBIX JaHHBIX O MPUYMHAX UX oOpa3oBaHus. Bce npumense-
MbI€ METOJIbI OOPHOBI C THIpaTaMU OCHOBAHBI HA U3MEHEHHH DHEPreTHUYECKUX
COOTHOIICHHUI MOJIEKYJI raza-rufparooOpaszoBarens 1 Bojbl. Ha mpakTuke Hau-
0oJiee MUPOKO MPUMEHSIIOT CIEIYIONHNE METOIbI.

Iloooepes 2aza. Ecnu Ha BCEM MPOTSKEHUU ra30MpoOBOJIa TeMIepaTypa ra-
3a OyJIET BBIIIE TEMIEPATYPhl TOUYKH POCHI, U, CIIEIOBATEIILHO, CBOOOAHBIC Kall-
JU BOJbI BbINAJaTh HE OYIyT, TO €CTh HE OyJeT YCIOBUU [JIsi 00pa3oBaHMs
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ruapatoB. [logorpeB raza MCHOJIB3YIOT KaK IS MPEAYNPExRICHUS, TaK U IS
JUKBUJALUUA TUIPATHBIX MPOOOK.

[ToHM)KEHHIO TOYKH POCHI ra3a CIOCOOCTBYIOT:

— YMEHBIIIEHUE JABJICHUS MPU TPAHCHOPTE ras3a, pu 3TOM HApSIAy C NOHUKEHU-
€M TeMIIepaTyp TOYEK POChI CHHXKAETCS TakKe TeMIleparypa Havajia o0pas3o-
BAaHUS THIPATOB;

— HEeWTpaau3aIys BOJIbl, BRIMAAAIONMICH B XXHAKOH (ase;

— YMEHBILIEHUE COJICPKAHUS BJIard B ra3e, OCYIIKa.

Ymenvwenue nromumocmu 2aza N3BICYEHUEM W3 HETO TSHKENBIX YIIIEBO-
nopoqoB (Cs+). IIpu 3TOM yBEIMYMBAETCS W CHUXKAETCA TEMIepaTypa, HpH
KOTOPOM HAaYMHAIOT 00Pa30BbIBATHCS TUAPATHI.

Ocywka 2a308020 nomoxa OT BIard METoJaMu COpOLIMK WU HU3KOTEMIIE-
paTypHOI cenapaluu ¢ MOHUKEHUEM TOUYKHU POCHI 1O BOJIE HMXKE MUHUMAJIbHOM
TEXHOJIOTUYECKOU TEMIIepaTyphl, YTO UCKIIFOYAET KOHACHCAIIUIO MapOB BOJIbI, a,
cJe0BaTeIbHO, M 00pa30BaHUE TUAPATOB.

[IpuMeHsI0T HECKOJIBKO CIOCOOOB OCYIIKM TIa3a, BKIIIOYas MHTHOUTOPHI
IUIpaTO00pa30BaHus — CIUPTHI U AJEKTPOJIUTHI, KOTOPHIMH MOTYT OBITh MeTa-
Hos (CH30H), stuneHrnukonb, pa30aBlIeHHBIM BOJAOU, TUATUIICHTIIMKOIb, TPH-
TWICHINKONb, 30 % pacTBOp XJIOPUCTOro Kaiblug U Apyrue. MHruburop
B3aMMOJICHCTBYET C MapaMu BOAbI U MEPEBOJIUT UX B PACTBOP.

KonmdectBo TpebyeMoro peareHTa Jjisi Ta30mpoBOAa ONMpenensercs ¢ yué-
TOM YCJIOBHH ero pa0oThl. B cpenHeM st MeTaHoJa OHO KOJIeOJIeTCsl B mpe/ie-
nax 0,1 — 0,25 kr va 1000 M TpaHcmopTHpyemoro rasa. Pacxon uuruéuropa (g)
B KT Ha 1000M° rasa JUISL TMKBUIAUMUA THAPATHBIX OTJIOKEHUM B Ta30IMPOBOJIAX
omnpenaensercs no hopmyiie:

g=[(Wi=Wy) - CJ/(C, - Cy),
rae W; u W,- cozmepkaHue Biard B Ta3e JI0 U TOCJIE€ BBOJAa MHTHOMUTOpA,
kr/1000 > raza; C; u C, — MaccoBbl€ KOHIIEHTPALIMU COOTBETCTBEHHO CBEMXKETO
¥ 0OTpabOTaHHOT'O UHTUOUTOPA.

OnTumanbHasi KOHIIEHTpauus nHruoutopa C; BBOJUMOTO B MOTOK rasa, 3a-
BUCUT OT CTENIEHU HEOOXOJUMOTO MOHMKEHUSI TEMIIEPATyphl THIPAaTOOOpa3oBa-
HUS ¥ KOJIMYECTBA BJIaru (BOJIbI), BbIACIAIONICHCS U3 raza. MUHUMAaJIbHBIN pac-
XOJl MHTUOUTOpA JOCTUTACTCS TIPU HAMBBICIICH BO3MOKHOW KoHIeHTparuu C;.
O6bryno 1t Metanona (CH;OH) ata konnentpanus cocrasisier 93-95 %. Jlns
IIIMKOJIeN JomycTumas KoHueHtpauusi C; ompenensieTcs B OCHOBHOM JBYMs
dakTopamMu: BSI3KOCTHIO TIIMKOJISI, CHJIIBHO BO3PACTAIONIEH C MOHIKEHUEM TEeM-
nepaTypbl, U TEMIIEpATypoil 3acThIBaHMSI BOJHBIX PacTBOPOB. J[Jig X10pUCTOro
kanbis CaCl, nomyctumMas KoHLeHTpanus o0sdHO He npeBbimaeT 30 % mace,
TakK KaK cojepkaHue 3Toro nHruouTopa Beime 30 % He m1aéT 3aMeTHOTO YBEIH-
YEHMS U3BJICKAEMOU U3 ras3a BIIarH.
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3.3.3. O1i10:xeHNs Mapa(PUHOB

Kak mokazaHo B mepBoil riiaBe, cojaepxaHue napauHoB B HEPTH MOMKET
KOJie0aThCsl OT CJIeOBBIX KomudecTB 0 20-28 %. IlapameTp «coaepkaHue ma-
paduHOB» ompenensaeTca Bceraa Uisl XapaKTepUCTUKU HEPTSIHBIX cucTeM. Ero
BEJIMYMHA BJIMSET HAa BHIOOP TEXHOJIOTMU J00BIYU, cOOpa, MOATOTOBKU, TPOMBI-
CJIOBOT'O TPAHCIIOPTAa U MOXET OBITh PEHIAOIINM (DAKTOPOM B BEIOOpPE TEXHOJIO-
Ui TOATOTOBKH HE(DTH.

HccnenoBanus u HaOIOIeHUS, IPOBEICHHbBIE HAa OOJIBILIOM UYUCIIE MPOMBI-
CJIOB, MOKA3aJIM, YTO IPH MPOYHUX PABHBIX YCIOBHSX NMPSMOMN CBA3U MEXIY CO-
JepKaHueM napauHa 1 HHTEHCUBHOCTBIO €ro OTJIOKEHUS HeT. MI3BecTHBI city-
Yau HHTEHCHUBHOTO OTJIOKEHUS MapauHOB JlaXKe TOT/1a, KOTr/Aa Ux J0Js B He(hTH
odeHb Mana, (0,4 %).

dakTopkl, BIAUAOIINE HA Npouecc 00pa3oBaHUs Napa(UHOBBIX OTJIO-
’keHuil. B cuny MHoromapaMeTpuueckoll B3aMMOCBS3M KPHUCTAJUIM3ALUU U
dbopMHpoBaHUs OTIIOKEHUH MapaduHa 10 CUX MOP HE BBISBJIEHBI 3aBUCUMOCTH,
MO3BOJISIIOIIME PETYJIUPOBaTh 3TOT Ipoiiecc. KauecTBeHHbIE 3aKOHOMEPHOCTH
OTPENENSIOTCA COCTaBOM HE(PTH M, B YACTHOCTH, COACPKAHUEM U COCTABOM
THOPUIHBIX YTJIEBOJIOPOJOB, COOTHOLIEHUEM B MX CTPYKType (parMeHTOB YT-
JIEBOJIOPOJIOB Pa3IMYHOM Npupojbl. Hampumep, ¢ yBeIWYEHUEM COAEPIKAHMS
aJIKAHOBBIX Leneil B TUOPHUIHBIX COEIMHEHUSX BEPOSTHOCTh OOpa30BaHMS
IUIOTHBIX W MPOYHBIX MapaUHOBBIX OTJIOKEHHH YBEIWYMBAETCS, a B Clyyae
npeobiaaHusi apeHOBBIX KOJIEL — YMEHbIIaeTCs. BaxkHbIM sIBiIeTCS U KOJIHYe-
CTBO T€TEPOATOMHBIX COCIUHEHUM: yeM MeHble cepbl (10 1,4 %), Tem BbIle
BEPOATHOCTh 00pa3oBaHUs M pocTa HapaduHOBBIX oTioXkeHUi. CoaepikaHue
ac(aJbTeHOB, CMOJ, ap€HOB, MPUBOJUT K OOpPa30BaHUIO IUIOTHBIX, PHIXJIBIX,
BA3KUX acdanbrocMmononapaduHoBbix oTinoxkeHuit (ACIIO). [Ipu uzydyenuu co-
CTaBa OTJIOXKEHUH ¢ paboyeil MOBEpPXHOCTH HEPTEIPOMBICIOBOI'O 000PY10BAHUS
CTaJIKUBAIOTCSI B OCHOBHOM HMMEHHO CO CIIOKHBIMU CMECSMH, COJIepKAIIUMU
TBep/ble mapaduHbl, CMOJbI, achanbTeHbl, MEXaHUYECKUE MpUMecH, HeDTh U
MPAKTUYECKA HE BCTPEUAIOTCS OTIOXKEHHs 4yucToro napaduna. Takue oTiioxe-
HUS CJIOkKHOro coctaBa npunsaTo Ha3zbiBaTh ACIIO. B aTtom paznene 6ynyT pac-
cMOTpeHbI 3akoHOMepHOCTH oOpa3zoBanus ACIIO, MeTo1bI IpeIOTBpaIICHHS UX
oOpa3oBaHUs U YIAICHHUS.

Komnonenmmulii cocmaé negomu urpaeT 0CHOBOIIOJIATAIOILYIO pOJib B (hop-
mupoBanuu ACIIO. OT Hero 3aBUCHUT pacTBOPSIONMIAs CIOCOOHOCTh HeDTH TIO
OTHOIICHHIO K mapaduHy. B HedTsax mapaduHOBOTO OCHOBAaHHSA COJCpPIKAHHUE
TBEpAOro mapaduna 3HaunTenbHO. HedTH, B cocTaBe KOTOPBHIX MpeoOiagaroT
COEIMHEHMSI METAHOBOTO PsAJA, 1aK€ MPU MaJIOM COJIEPKAHUU BBICOKOMOJIEKY-
JSIPHBIX COEAMHEHMWH, 00pa3yloT IUIOTHbIE OTJIOXKEHHS. Yem OoJblle BbIXOJ
CBETJIBIX (PpaKLMii, BBIKUIAIOUIUX J10 350 °C, Tem GoJblie BBIMAACT Iapa-
¢una. Jlerkue, masioBa3kue He()TU C OOJIBIIUM COJAEPKAHUEM JIETKUX (DpaKIIUil,
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CrocoOCTBYIOT OoJsiee OBICTPOMY HAKOIUICHUIO OTJIOXKEHHM mapaduHa Mo cpas-
HEHUIO ¢ HePTsAMH OoJiee TKEIbIMU U Bs3kuMu. HedTu ¢ BhICOKUM cojepika-
HUEM YTJIE€BOAOPOI0B HAPTEHOBOTO U apOMATUYECKOTO PSAOB MEHEE CKIOHHBI K
(OpMUPOBAHHUIO TPOYHBIX MAPa(UHOBBIX OTIOKEHHI.

Acgpanomocmonucmole eewecmsea Hepmu (ACB) obGnagaror AUdUIBHO-
CTbI0, TApaMarHUTHBIMU CBOMCTBaMM. B 3aBUCHMOCTH OT IpPHUPOJBI IOBEPXHO-
CTH MaTepHuajia TpyO U MPOMBICIIOBOrO 00OpYI0BaHUsI, OHU CIIOCOOHBI OIpeie-
JAEHHBIM 00pa30M OpPUEHTHPOBATHCS M B3aUMOJCHCTBOBATH C HEH, GopmMupys
npu 3TOM ac(aibTOCMOJIUCTYIO MOMJIOXKKY Ul OTJIOKeHUs napaduuos. Ilon-
JI0’Ka UMEET Pa3BUTYIO IIEPOXOBATOCTh M UrpaeT poib PpyHAameHta g Gop-
MUPOBaHUs M pocTa nmapaduHOBBIX oTioxeHuid. [Ipu manom cogepxannu ACB
OTJIOXKEHUS TPEACTABIISIOT COOOM CIION C PBIXJION CTPYKTYpOH U HU3KUMH Me-
XaHUYECKUMHU XapaKTEPUCTHUKAMHU.

Acdanbrensl crnocoOHbI caMu (pOPMUPOBATH IUIOTHBIE OCaaKU. B mpucyt-
CTBUM CMOJ 3TOT mpolecc ycwinBaercsa. [lapadun BbeImoJiHIET (QYHKIUIO OC-
HOBHOT'O CTPOUTEJIILHOTO Marepuaia OTJIOXKEHUH, a CMOJbl 00Jaat0T 1IEMEHTH-
PYIOILMMU CBOMCTBAMH.

Mexanusm ¢opmupoBanuss ACIIO Ha MOBEPXHOCTH MPOTUBOPEUYUBBIN B
CHIIy CJIOKHOCTH caMHuX He(TAHbIX cucteM. CuuTaercs, 4To OTJIOKEHHUs oOpa-
3YIOTCSl BCJICACTBHE JBM)KEHUS, KAK MOJIEKYJ, TaK U B3BEIICHHBIX B HE(YTH MUK-
pOKpUCTaIIOB napaduHa B HANPaBJICHUU, NEPIIEHANKYJIIPHOM K HalpaBICHUIO
noToka 3a cuét 00koBoM kore3uu. [lo mocTkennn yactuiiamMu napaduHa cTeH-
KA TpyObl MM TPaHULIBI TBEPABIX OTJIOKEHUN MPOUCXOIUT UX MPUIMIIAHUE U
BBIBEJICHUE U3 NIOTOKA KUAKOCTH. [Ipr 3TOM MOKET MPOUCXOAUTh 3aXBAT MUHE-
paJIbHBIX B3BEIICHHBIX YACTHII.

B mexanm3me o0pa3oBaHus UM pocTa mapadUHOBBIX OTIOXKEHHH ocolas
POJIb OTBOJUTCSL TPAHCIIOPTY YacTUll K moBepxHocTu. [loa BoznelicTBreM Oomee
XOJIOJHOM OKpYXarolel cpe/ibl Ha CTEHKE TPyOOIpoBOia BO3HUKAET pajJinajib-
HBIM TeMIepaTypHbIid TPaJUeHT, KOTOPbIA MPUBOAUT K 00Opa30BaHUIO rpaueHTa
KOHIIEHTpAlluu pacTBOpeHHoro mnapaduna. Ilox pelictBueM MoOJIEKyJISIpHOR
TP y3un IPOUCXOANUT ABUKEHHUE YaCcTUIL TapauHa K CTEHKE TpYObl, CKOPOCTh
pocTa KOTOpBIX omnpezensercss ypaBHeHueM auddys3un duka: KOJINYECTBO Be-
mecTBa, TuGPyHAUPYOIMETo Yepe3 cior B enuHuIly Bpemenu (dM), mporop-
MMOHAIBHO TIomanu cios (dS), meprneHauKyasipHON HanpaBieHuto nuddysu-
OHHOT'O TIOTOKA, ¥ FPAaJUEHTY KOHIEHTpalluil B HanpaBieHUH 1uddy3uu:

dM =-D, ac ds,
dn
7 3HaK MUHYC yKa3bIBaeT Ha TO, 4To auddy3ust BemecTBa UAET B HaIMpaBJie-
HUW YMEHBIICHHSI KOHIICHTPAIIHH.
Temnepamypnolti ¢pakmop (TpagdeHT TeMIIEpaTypbl) SBISICTCS OIpee-
asronM B miporiecce popmupoBanust U pocta ACIIO. Ecnu  Temmepatypa

CTEHKU TPYObI HIKE TeMIIepaTypbl KpUCTaIU3aIMU TapaguHa, B TOTOKE HePTH
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OyIyT MHTEHCHBHO 3apOKJaThCA KpUCTaIbI apaduHa, GopMUPOBATHCS TBEP-
nas (asza HepTsaHOU cuctembl. HeoOXoaumblie TeMnepaTypHble YCIOBUSI BO3HU-
KaloT, MPEeXJe BCEro, Ha BHyTpeHHEeN cTeHKke TpyObl. C yBeTMYEeHUEM pa3HULBI
MEXAy TeMIlepaTypaMH OKpY:Karollel cpeibl U MOToKa HEPTHU KOJIUYECTBO OT-
Jaraolierocs napaguHa npornopluroHaIbLHO BO3PACTAET.

Cesoticméa nogepxHocmu ONPEAEISIIOT NPOYHOCTh CUEIUICHUS nmapaduHo-
BbIX OTJIOXKeHW. [lpu mnOpouyumx paBHBIX YCIOBUSX HWHTEHCHUBHOCTH Ia-
paduHMU3AIMN TTOBEPXHOCTH PA3IMYHBIX MATEPUAJIOB 3aBUCUT OT CTENEHU HUX
nossspHocTu. Cnaboit cuersiemoctsio ¢ ACIIO o0nagaroT mOBEPXHOCTH MaTe-
pHAJIOB C BBICOKOW MOJIAPHOCTHIO, UMEIOIKE THAPOoPMIbHYI0 mpupoay. Camas
HU3Kas CLHEIUIIEMOCTh Y CTEKJIa, GTOpOIIacTa, camasi BICOKasi — y MOJUATHIIC-
Ha.

[MunpodunpHBIE MaTepHUalbl, K KOTOPBIM OTHOCSITCS TIOBEPXHOCTH BCEX Ma-
pok ctajel, xopoio conpoTtusisitoTes hopmupoBanuo ACIIO. Illepoxosarto-
CTH Ha MOBEPXHOCTH CTANbHBIX TPYO MHTEHCU(PULUPYIOT MPOLIECCHI TepeMEeLIu-
BaHMS, BBIJICJICHUS raza U napaduHa, o0COOCHHO Mpu TypOYJEHTHOM PEKUME.
Bricokoe kauecTBO 00pabOTKH MOBEPXHOCTH CTAIBHBIX TPYO HE SIBIISETCA Ipe-
NATCTBUEM JUIsl UX 3anapaduHuBanus. TOJBKO HAa HAYaJIbHOW CTaJMM Ipoliecca
oTiiokeHus napaduna paxrop "kauecTBo 00pabOTKH CTABHBIX MMOBEPXHOCTEH"
uMmeet BiusHUE. [locime oOpa3oBaHus CI0S OTIOKEHUN HEOOJBIION TOJIIUHBI,
CKOPOCTbh HAKOIUICHHS YK€ HE 3aBHCHUT OT YHUCTOTHI 0OpaOOTKH MOBEPXHOCTH.
XOoTs 3TOT (PaKTOp UMEET MECTO B IpOLiecce YIANeHUs Mapa@UHOBBIX OTIIOXKE-
Huil. C yBETMYCHHEM CTEMECHU TOJAPHOCTH MaTepuaia U YUCTOTHI 00pabOTKH
MOBEPXHOCTHU CTETEHb CUEIUICHUS X C MapapUHOBBIMU OTIOXKEHUSIMH ociabe-
Ba€T, U CMBIB MOCIEAHUX OyAET MPOXOAUTH P MEHBIIUX CKOPOCTSAX MOTOKA.

/laenenue oxa3bpiBa€T KOCBEHHOE BiMsiHUE. JJisi 30H Havaya 00pa3oBaHUs
OTJIOXKEHUI XapakTepeH WHUpokuil nuamna3oH (5-10 MIla) usmenenus naBie-
Hull. [Ipu naBneHusix HUXKE JABIEHUS HACBIILIEHUS] HEPTH razoM HaOJt0AaeTCs
naZieHue TeMIepaTypbl Hayalla KpUCTAJUIM3alMU, YTO OOBSICHAETCS YBEIUYEHU-
eM 00bEMa pacTBOPEHHOTO B HETH Ta3a, COAEPKaHUE KOTOPOIO CYIIECTBEHHO
BJIUSIET HA PAacTBOPUMOCTb mapaduna B HedTu. [lpu napieHusx Bbile JaBe-
HUSl HAchIIEHUs] HepTH ra3oM Temmeparypa Hadajla KpUCTaJUIM3aluu napadu-
HOB BO3PacTaeT C YBEJIUYECHUEM JIABJICHHUSL.

l'azosviii pakmop He SBISETCS OCHOBHBIM MMapaMETPOM, OMPEACISIOIMINM
Havyasio (opMUpOBaHMS TapapUHOBBIX OTIOKEHUN. B HEKOTOPBIX CKBa)KMHAX
IPOIECC HAKOIUICHUS OTJOXKEHUH mMmapaMHOB HAYMHACTCS MPH JaBICHUSX,
3HAYUTENBHO MPEBBIIAIOIINX JaBICHUE HAachIIeHUs HedTH razoM. Bennuuna
€ro MHTEHCU(UIUPYET MPOIIECC.

C yBennueHHWEM CKOPOCTH NOTOKAa HE()TH HMHTEHCHUBHOCTH HAKOIUICHUS
OTJIOXKEHUI CHauyana pacTéT, BCIEACTBUE YBEJIWYEHUS MAcCONEepeHoca JI0CTH-
raeT MakCuMyma U IpH ONpeJeIeHHON CKOPOCTH HauuHaeT yObiBaTh. Takas 3a-
KOHOMEPHOCTh OOBSICHSETCSI CIIOCOOHOCTHIO HEPTU C BO3pacTaHUEM CKOPOCTH
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e¢ TeUeHHs Jydlle YISp)KUBATh KPUCTAUIBI TapaduHa BO B3BEHICHHOM CO-
ctosauu. Kpome TOTro, C yBEIMUYEHHEM CKOPOCTH TOTOKA BO3PAcTaeT BEPOSAT-
HOCTh OTpBIBA W CMBIBA OTJIOXKMBILIETOCS MapadyHa ¢ MOBEPXHOCTH U3-3a Tpe-
BOCXOJICTBA CHJI KacaTelIbHbIX HAIpPSHKEHUN HaJ CUJIaMH CLEIUICHUS MEXIY
yacTUIIaMU NapaduHa v MOBEPXHOCTHIO TPYO.

Hekoropble wucciepoBared CUYUTAIOT, YTO MaKCHUMAJIbHYIO HUHTEHCHB-
HOCTh MapauHOBBIX OOpa30BaHMI ClEAyeT CBA3BIBATH HE C IEPEX0JIOM
peXUMa TEUEHHUs W3 JaMHUHAPHOTO B TYypOYyJIEHTHBIH, @ CO CKOPOCTBIO MOTO-
Ka, XapaKTEepHOM JJIsl JAHHOTO THUIA HePTH.

VYBenuueHue cteneHu 00800HEHHOCMU HEPTH B MOTOKE MPUBOIUT K CHU-
KEHHUIO HHTEHCUBHOCTH OTJIOKEHHSI apaduHa BCIEICTBUE:

— YBEJNIMYEHUSI CYMMapHON TEIIOEMKOCTH (TETNIOEMKOCTh BOJBI BBIIIE, YEM
TEIUIOEMKOCTh He(TH), MPUBOAAIIECH K TOBBIIICHUIO TEMIIEPATYPhl OTOKA;

— U3MEHEHUSI XapakTepa CMaYMBaeMOCTH TOBEPXHOCTH, YBEIHUCHUS TUIOIIA N
KOHTaKTa CTEHKHU TPYOOIpoOBOIa C BOJIOH.

C TeueHueM gpemenu KOJIMYECTBO OTJIOKUBIIErocs napaduHa Bo3pacTa-
eT. Hanbosmbiiass ”HTEHCUBHOCTH Tpoliecca HaOI01aeTcs B HAYaJIbHBIA TEpH-
0], 3aT€M CKOpPOCTh POCTa OTJOKEHUW CHMXKAETCA H3-32 YMEHBIICHUS Tel-
JOOTAa4Yd OT HE(TH BO BHEIIHIOK OKPYKAIOIIYIO CPEIy, BCIEICTBUE YBEIU-
YeHMsI TOJIIIMHBI OTJIOXKHUBIIETOoCs CJos napaduHa.

CoctaB napaguHOBBIX OTJIOKEHHMI 3aBUCUT OT COCTaBa HE(PTU U TEPMO-
JUHAMHYECKUX YCJIOBHUH, MpU KOTOPBIX OHU (opMupyrorcs. Tak, MpU CHHXKE-
HUM TeMIepaTypbl HEPTH CHadaja KPUCTALIM3YIOTCS Oojiee TYromjaBKUe Yr-
JIE€BOJIOPOABI, @ B JaJIbHEUIIEM, IPU MACCOBOW KPUCTALTU3ALUN, MEHEE TYTO-
iaBkue. B 3aBucumMocTu OT TepMOOapUUECKUX YCIOBUN COCTaB MapaduHOBBIX
OTJIO)KCHHH JTake B OJJHOM CKBAXKMHE MOXET OBITh BechMa pa3zHooOpaseH. Paz-
JWYAIOTCS OHM 10 U COJEP)KaHUI0 ac(anbTeHOB, CMOJ, IEPE3UHOB U TBEPBIX
reTepOaTOMHBIX COEUHEHUM.

XapakTepHOl OCOOEHHOCTBHIO OTJIOXKEHUM SABIAETCS HEPABHOMEPHOE
pacmnpenenenue napapurHa B ©X Macce 1o cedeHuto ciosi. Hambombiiee xonnue-
CTBO TMapaduHa COAEPKUTCS B CIJIO€, HEMOCPEJICTBEHHO IMPUJIETAIONIEM K
CTEHKE. JTO YKa3bIBaeT HAa TO, YTO MO MEPE HAKOIUICHUS OTJIOKEHUN BO
BHYTPEHHUX CJIOSIX MPOUCXOJUT Mepekpucramunzanus napadguaon. Otioxe-
HUS YIUIOTHSIIOTCSA, U JKUJKas (a3a BHITECHSICTCS.

Hepenko napaduHOBbIE OTJIOXKEHHUS COJEpKaT BOAY U MEXaHUYECKUE
IPUMECH U XapaKTEPU3YIOTCs CIEAYIOIHUM cocTaBoM (%):

— napaduHbl ¥ TUOpHUIHBIE yTaeBoa0poab! 10-75;
— acanbTeHsl 2—-5;

— cmoubl 11-30;

— cBs3aHHas HedTh 10 60);

— MEXaHuYecKue npumecu 1-5.
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BbiHOC M3 macTa GOJBLIOrO KOJWYECTBA MIMHUCTBIX MATEPUATIOB MOXKET
MHTEHCU(ULIMPOBATH MPOLECC BbIJEICHUS MapaduHa, MOCKOJIbKY OHM 00Jaja-
10T TUAPOPUIBHBIMU CBOMCTBAMHU M MOTYT BBINOJHATH POJb LIEHTPOB KpUCTaJ-
JAU3anuu napagpuHoB.

TemnepamypHuulii epaduenm SBISETCS ONpeAesoluM (GakTopoM B Ipo-
1ecce BblnaaeHus napadguna uz Hedtu. CHUKEHHE TEMIEpaTypbl IOTOKA MPO-
UCXOJMT BCJIEJICTBUE OTAAUU TEIlIa B OKPY)KAIOIIYIO Cpely U Jera3auuu HeQTH
no jyuHe TpyO. IIpoBeeHHBIMU HCCIEAOBAHUSAMU YCTAHOBJIEHO, YTO B 0OOLIEM
TEMIEpaTypHOM OajaHce J0Jis OXJaXKJIEHHUS MOTOKa IpPU pa3ra3upoBaHUU CO-
craBiisgeT B cpegHeM 23—37 %. To ecTb OCHOBHAs 10JIsl TEIJIa TEPSIETCS MOTOKOM
3a CYET TEINIOOTJA4YH B OKPYXKalOU[yl0 Cpeay. DTO B OCHOBHOM IPOUCXOJHUT B
BBIKUAHBIX JTHHUSX MPHU JIBHKECHUHU Ta30HE(PTSIHOTO MOTOKA OT YCThsI CKBAKUHBI
70 myHKTOB cOopa HedTu. Ha xapakTtep mapaduauzanum cOOpHBIX TPyOOIpo-
BOJIOB NP COBMECTHOM TpaHCHOpTe He(TEra3oBbIX CMeCel JEHCTBYET pacIipe-
JIeJIeHHE TeMIIEPaTyphl MO JJUHE y4acTKa OT YCThsl CKBAKUHBI /10 YHKTOB cOO-
pa HedTH.

IToTepu Temia B BBIKMIHBIX JIMHUSX MOTYT Pa3JIMYHO BIUATH HA pacmpese-
J€HHE U MHTEHCUBHOCTh Napa(MHOBBIX OTJIOKEHUU IO JuiMHE. YeM Oosnblie
TEMIEPATYpPHBIN Mepenaja Ha eAUHMILY JAJIMHBL TpyOONpoBoJa, TeM OOJIblIEe UH-
TEHCUBHOCTb OTJIOKEHMI NapaduHa, HO MPHU 3TOM 30HA 3anapapuHUBaHUS CO-
Kpaiaercs. [[pyrumu cioBaMu, 4eM paHbllle HACTYNUT TeMIlepaTypHas cTalu-
JAU3anus MOTOKA, TEM MEHbBIIIE y4acTOK 3anapapuHUBaHUS.

[IpakTrka MOKa3bIBAET, YTO 110 BCEH JUIMHE BBIKMIHBIX JIMHUA HE HaOJIIO0-
JaeTcsi TeMIepaTypHOM CTaOMIM3aIlMi MOTOKAa. DTUM MOXHO OOBSICHHUTH TOT
dakt, uro mapaduHHM3AIMA TPYOONPOBOAOB B IMPOMBICIOBON cucTeMe cOopa
HeTH HaOII01aeTCs MOYTH 10 Beel aimuue. OnHako 30Ha nHTeHCUBHBIX ACIIO
He pacrpoctpansierca gaiee 200-300 M, yTo HEOOXOAUMO YUUTHIBATh MPU OCY-
HIECTBICHUHN MEPONIPUSITUHI 110 OOPHOE C OTIIOKEHUSIMHU.

[Ipouecc BeimaneHusi napaguua B TpyOOIPOBOJAX, IPU MPOUYMX PABHBIX
YCIIOBUSIX, ONpeAeseTcs AByMs (GaKkTopaMu: TEMIEPATypOil U CKOPOCTbIO JIBU-
KEHUS IIOTOKAa. Y MEHBIICHHE TEMIIEPaTypbl IIOTOKA MPHUBOJIUT K POCTY OTJIO-
KEeHUM napadurHa. YBeIMYEeHUE CKOPOCTH IOTOKA MPUBOJIUT K YBEIHMUEHUIO 30-
HbI 3anapaduHUBaHus TPyOONpPOBOJa U MEPEMEIICHUIO 30Hbl MaKCHUMaJbHBIX
OTJIO)KEHUI OT YCThsI 110 JUIMHE BBIKUIHBIX JIMHUM.

OKCNEpUMEHTAILHO YCTAHOBJIEHO, YTO POCT OTJIOKEHUH mapaduHa Ipe-
Kpalaercsi Mpu JOCTYIKEHHM ONIPENEIICHHOW CKOpOCTHM MoToka. Iloatomy, c
TOUYKH 3PEHUS MPEAOTBPAILICHUS OTIOXKEHUN apapuHa B TpyOOIpOBOAax *Kela-
TEJIbHO YBEJIIMYMBATH CKOPOCTU IOTOKA, YTO MOXET OBITh JOCTUTHYTO IyTEM
HEKOTOPOI'0 YMEHBUIECHUS AUAMETPA BHIKUIHBIX JIMHUM.

Metoabl 60pbs0BbI ¢ OT/I0KeHMAMHU NapaduHoB. MeTobl 60pbOBI € OT-
JIO’KEHUSMU MapadrHa BKIOYAIOT MEXaHUYECKUE, TEIVIOBbIE U XUMHUYECKUE.
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JlencTBrEe TEIUIOBBIX U MEXAHWYECKUX METOJOB HANPABIICHO HA yIaJICHUE
00pa3oBaBIINXCS OTJIOXKEHUH. JlefiCTBHE XMMUYECKHUX METOJIOB HAIIPaBJIEHO KakK
Ha yJaJeHHE OTJIOKEHUN C MOMOILBIO OPraHUYECKUX PACTBOPUTENECH U BOJHBIX
pacTBOpPOB pa3inyHbIX Kommo3uui [TAB, Tak 1 Ha npegoTBpalIeHUuEe OTJIOKE-
HUS TapaguHa MyTeM BBEICHMSI B CHUCTEMY XHUMIIPOAYKTOB, WHTHOMPYIOUIUX
nporiecc — uHruouTOpOoB ACIIO.

Ha npaktrvike TpUMEHSIOTCS METOJbl, KOTOPBIE TOMOJHSIOT APYT JApyra.
Tak, 10 BBeICHUS HTHTHOMTOPOB HEOOXOUMO TIIaTelbHO ouncTuTh OT ACIIO
BBIKUIHBIE JINHUU C TIOMOILBIO PACTBOPUTEIECH.

Bp1i6op XMMHUYECKHX pEareHTOB MPOU3BOAUTCS HAa OCHOBE DKCIEPUMEH-
TaJIbHBIX WCCIIEeNOBaHUM, UcXxoas u3 cocraBa Hedtu, ACIIO, rugpo- u Tep-
MOJIMHAMUYECKUX yCIOBUI (POPMUPOBAHHUS OTIOKEHUH.

CymHOCTh XUMWUYECKUX METOJOB YAAJICHHS Mapa()WHOBBIX OTIOKCHHM
3aKJII0YAeTCs] B NPEIBAPUTEIBHOM HX pa3pyLICHUH WM PACTBOPEHUU C IIO-
ClenyoluM yaaleHueM. g 3Tux 1eseid UCnoJib3yrTcsl OpraHuuecKue pac-
TBOPUTEIHU C BHICOKON PaCTBOPSIONIEH CIOCOOHOCTHIO; BOJHBIE pacTBOpHI [TAB,
KOTOpbIE MpPU KOHTaKTe ¢ MapadMHOBHIMU OTJIOKEHHUSIMH MPOHUKAIOT B UX
Tony, aucrneprupys ocHoBHYrO Maccy ACIIO, cHMXaloT IPOYHOCTh OTIIOXKE-
HUU BIUIOTH JI0 pa3pyLICHUSI.

O¢ddextuabiM ciocobom ynanenusi ACIO sBisieTcst uCmonb30BaHUE pac-
TBOPHUTEIIECH, 00BEMBI KOTOPBIX OMPEICIISIIOTCS KOJIMYECTBOM Mapaduna, ero co-
CTaBOM M pacTBOpPUMOCTHIO. PacTBopumMocTs mapaduna (K, Kr/Kr) 3aBUCHUT OT
€ro TemIeparyp IUIaBICHHA (fy;), PaCTBOPEHHA (fp;), KUICHHS PACTBOPUTEISA
(t«p) ¥ OIIMCHIBAECTCS COOTHOILIEHUEM:

InK = — 0,133 (s — #pn) — 0,00586¢,, + 7,4673.

B ocHOBe TeXHOJOTMU MPUMEHEHUS PEeareHTOB-yJIalUTENeH JEKHUT JIHC-
neprupyrouiee, Morllee, SMyJIbIUpYyIOLIee, JeIMYJIbIMpYIollee, NTeHOo00pa3yto-
niee aeiictue. OOBIYHO MCHOJIB3YIOT BOJIHBIN PACTBOP TAKUX PEareHTOB, Harpe-
Tl 10 Temnepatypsl 1iaBiaeHuss ACIIO, nepuonuuecku oOpadbarbiBas HedTe-
IIPOMBICIIOBOE 000PYI0BAHUE.

TexHoyiorusi NMPUMEHEHUs PACTBOPUTEIEH OCHOBAaHA HA PAaCTBOPEHUU U
JTUCHIEPTUPOBAHUU MAapa(UHOBBIX OTJIOKEHUN MPU TEeMIEpaType HUKE TeMIIe-
patypsl ux miaBienus. OO6paboTKy mpoBOAAT nepuogudecku. st aTux nenein
UCIIOJIB3YIOTCSL PAa3IMYHOTO POJIa PACTBOPUTENHN — OTXOJbl XUMHUYECKOH Mpo-
MbIieHHOCTH. Hanbonee 3¢ GEeKTUBHBIMU PACTBOPHUTENSIMHA SBISIFOTCS TEK-
caHoBasi (paxius, OyTUIOCH30IbHAST (PpaKIUs, JIETKAsI MUPOJIM3HAS CMOJIA, X
KOMIIO3UIIUU U JIP.

PacTtBoputenn ycmemHo TPUMEHSIOTCS IS JenapadUHU3AIUN BBIKA/I-
HBIX JUHUN, He(TeCOOPHBIX KOJUIEKTOPOB. [l menapadvHU3AIMN BBIKHIHBIX
JMHUN PacTBOPUTENh 3aKAYMBAIOT B 00bEME, HEOOXOAUMOM ISl 3aIllOJIHEHUS
OUHMILAEMOI0 HWHTEpBaia, BbIACPKUBAIOT 3—4 4, MOTOM 3aMyCKAIOT CKBAXKUHY.
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B nmpombICiIOBOM MPAaKTUKE HA | KM BBIKMIHOW JIMHUM PAaCXOAYETCS OKOJO 5
M® PacTBOPHTEIIS.

PactBoputenu u pactBopsl komnosuuuii [IAB Gonee spdexTuBHO neicT-
BYIOT IIpH MOBBILIEHHOW TemmepaType. Ha npakTuke XuMU4YecKue METOIbl ya-
aenusa ACIIO yacTo coyeTarTCs € TEIVIOBBIM M MEXaHWYECKUM BO3IEHCT-
BueM. [Ipu »TOoM nmocturaercss HauOOJIBIINI TEXHOIOTHYECKUNA U IKOHOMUYE-
cKuil 3QpeKT B pe3ybTaTe CYIIECTBEHHOIO YCKOPEHHs Ipolecca U MOJHOTHI
ynanenus ACIIO

OcoObIx orpanuyeHuit ayig npuMmeHeHust metonoB yaanenus ACIIO Her.
OnHaKo MpHU UCHOJIB30BaHUU TAKOTO KOMIUIEKCHOTO MOJX0Aa HeoOXoauma oc-
TOPOXKHOCTh. VIHTEHCUBHOE YyJlaJIEHUE OTJIO)KEHUI MOXKET BBI3BATh MX CPBIB U
oOpazoBanne nmapaguHOBBIX MPOOOK B TpyOompoBoae. OOBEKTHI 1eIeco00pa3Ho
oOpabaTbiBaTh B JIBa-TPHU 3Talla: BHAYaje C MOMOILUBIO JIETKHUX PACTBOPHUTENEH
npu OOBIUHBIX TeMmIeparypax, a 3areMm ajs Oosiee nmonHoro yxanenus ACIIO
npu noBeIeHHbIX (60-70 °C).

[IpenotBpanienue oopazoanuss ACIIO ocymiecTBisieTcs: pa3HOOOpa3HbIMU
KOMITO3ULIUSIMU  XMMHUYECKUX BEIIECTB (MHTMOMTOpPAMU), CYIIECTBEHHO pa3iu-
YalolKUMHUCS 10 MexaHu3Mmy BoszaeiictBus Ha ACIIO: aare3uoHHoro, cmayu-
BaIOUIETO, rUAPOUIN3UPYIONIETO, MOAUPUIMPYIONIET0, JIEPECCOPHOTO,
MOIOILIETO ACHCTBUS.

Komnosunmu [TAB Biausitor Ha TpUpPOAY MOBEPXHOCTH OOOPYIOBAHUS U
nucneprupytor ACIIO. IIpu 1mocTosHHON JT03UMPOBKE UX B CKBAXXHUHY Ha IO-
BEPXHOCTH TpyO co3maercs ruApouiibHas IJICHKAa U3 MOJIMMEPHOTO BBICO-
KOMOJIEKYJISIPHOTO TOJIAPHOTO aAcOpOeHTa, MpenaTcTBYomas (OpMUPOBAHHIO
Ha HEH OTJIOXKeHUil. AJCOPOSHT HWrpaeT pojb CMa3Kd i ciaabo MOJISPHOMN
napauHOBOI cocTaBisIomed He(TH, YTO OOECIeunBaeT COKpaIlleHHue OTJIO-
KEHUHN Ha MOBEPXHOCTU 000pyoBaHua. OJHOBPEMEHHO TaKOW PEareHT OKasbl-
BaeT JIelicTBHE Ha TBepAylo (a3y, aucneprupys napadpunsl u ACB, uro cro-
co0CTByeT OeCpensITCTBEHHOMY BBIHOCY MX TOTOKOM YKUJKOCTH.

B ocHOBe TeXHOJIOTMM MPUMEHEHUSI UHTUOUTOPOB aJCOPOLIMOHHOTO JeH-
CTBUA JICKHUT Mepuoanydeckas o0padoTka HEPTEIPOMBICIOBOIO 000PYI0BaHUS
BOJHBIM PACTBOPOM peareHTa ¢ MOCIEAYIOIIMM OCaXJICHHEM €ro Ha TpyOax B
TEYEHUU ONPENEIEHHOro BpeMeH!. K HerocTaTkaM ciiefyeT OTHECTH: IEPUOU-
YEeCKUE OCTAHOBKHM CKBa)XKMH, CMbIB Mapa()MHOBOTO CJI0S CO CTEHOK BOAOHE(TS-
HBIM [TIOTOKOM, 3arpsi3HEHNE 000pyAOBAHUS PEAreHTOM.

Moaupukarops! BAUSIOT Ha KPUCTAJUIMYECKYIO CTPYKTYypy mnapaduHoB B
nporecce ux (azoBOro mepexoia. TeXHONOTHs MX NPUMEHEHHsS OCHOBaHA Ha
NOHW)KEHUHU TEMIEPaTyphl 3aCThIBAHUS U YIYULIEHUU PEOJIOTMYECKHX CBOWCTB
He(tu. [Ipolecc ocyiecTBigeTcs Npy yCIOBUHM HENPEPHIBHOM MMOJa4uH peareHTa
B HE()TH MPU TEMIEPATYpE BBILLIE TEMIEPATYPhl Hayala KpUCTAJUIM3ALUU Napa-
¢buHa.
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JlenpeccaHTsl MpeAOTBpalIAlOT POCT KPUCTAIIIOB apauHOB U 00pa3oBa-
HUE CTPYKTYP C IJIOTHOM YIIAKOBKOM.

MHrubuTOpsl MOIOILIETO THIIA OKA3bIBAIOT CIEAYIOLINE ACHCTBUE:

— pacTBOpsisicb B He(THU HEMOCPEICTBEHHO WM uyepe3 KOHTakT (a3 "Boja-
UHTUOUTOP-HEPTH" asikaHOBBIE 00Kk Ui MosieKybl [TAB BHenpsitoTcs B AC-
I1O B MoMeHT (ha3oBOro mepexojia X B TBEPJIOE COCTOSHUE U COKPHUCTAILIU3Y-
I0TCS C HUMU;

— UX MOJIApHBIE OJIOKM KOHLEHTPUPYIOTCS Ha MOBEPXHOCTHU pasjena (a3 B BoJe
WIH B HEPTH;

— WUHTUOUTOPBI HEMPOYHO aJICOPOUPYIOTCS Ha METAJUIE U JIETKO CMBIBAIOTCA II0-
TOKOM IUTACTOBOM BOJABI MU HEPTH;

— MOJISIPHBIE AHWOHHBIE U KaTHOHHBIE rpynnsl IIAB Bo31eicTBYIOT Ha 3apokKae-
HUE, pOCT KpUCTAILIOB, pa3mepsl yactul ACIIO;

— JIBUTasCb C MOTOKOM, MHTHOMTOpPBI nojjep:xkuBaroT napapunsl 1 ACB B
MEJIKOAUCIIEPCHOM COCTOSIHMM, O0€CrIeYrBasi OTMBIB 3apOJIbIIIEH KPUCTAIIIOB CO
CTEHOK TpYO.

TexHOIOornM MCHOIB30BAHUS MHTMOUTOPOB MOIOIIETO JEHCTBUA Tpeay-
CMaTPUBAIOT JUCIIEPTUPOBAHUE M CMBIB 3apOJBIIIEH KpPUCTAUIOB MapaduHOB,
oOpa3zyroluxcsi Kak B 00beMe, Tak U Ha CTEHKax 00OpYJOBaHUs MPU YCIOBHUH
HENPEPHIBHOM 0/1a4M peareHTa B HeTh MIPU TEMIIEpaType BbIILIE TEMIIEPATYPbI
HavaJia KpUCTaJUTN3aluy napaduHa.

Ha npakrtuke npegynpexaenue oopazoBanuss ACIIO ocymiecTBisitoT KOM-
IUIEKCHO, OOBbEIUHSSI TEXHOJIOTHYECKUE METO/IBI: T0ObIYa HEPTH B YCTOMYMBOM
TypOyJICHTHOM peXuMe, MOAAEepKAaHUE IUIACTOBOTO JABJIECHUS BBILIE JIABJICHHUS
Hayvaja HACBIIICHHS; TEPMUYECKUE: MMyTeBOW MOAOTPEB HE(PTH, TETIIOU3OISAIHIS
TpyOOIIPOBOJOB, Pu3nNdYecKue (3MEKTPOMATHUTHOE TOJIE, YIbTPA3BYK) U XHUMHU-
yeckue (pactBoputenu, uHruouropsl, [IIAB)

Kaxapiii cnoco0 B yCIOBHUSX IMPOMBICIA UMEET CBOIO 00acTh 3P(HEKTUB-
HOro mnpumMmeHeHus. BpiOop cmocoba BO MHOIOM 3aBUCUT OT TI€OJIOTo-
bu3NUecKuX, TUAPOJUHAMUYECKUX W TEPMOJMHAMHUYECKUX YCIOBUN JOOBIYM
He(TH, a TaKXKE OT XapPaKTEPUCTUKU OTICIBHO B3SITOM CKBaKUHBI, OT HEOOXO-
JUMOCTH OYMCTKH BBIKUIHOW JIMHUH U TIP.

C SKOHOMUYECKON TOUYKH 3PEHHMS MPUMEHSITh PACTBOPUTENIN HYXHO I1OCIE
4-5 mpoMBIBOK ropsiueit HeThiO WM BOJHBIM pacTBopom [1AB.

3.3.4 O1aoxeHnue cojieu
[Tpu noObIye, cOOpe W BHYTPUIIPOMBICIOBOM TPAHCIIOPTE MPOAYKLIHH
CKBa)XHMH BCJICJCTBHME M3MEHEHUS TEPMOOAPUUYECKUX YCIIOBHM, COMPOBOXKIAIO-

IIETOCSl CMEIIEHUEM XUMHUYECKOTO PAaBHOBECHUS M M3MCHCHHUEM ITPOU3BEICHHSI
pPacTBOPUMOCTH COJIel, HaOJroAaeTCss O0pa30BaHUE TBEPJbIX OCAJKOB MHUHE-
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panbHBIX cojiel. B mponecce ABMKEHUS KUAKOCTH 3TH OCAJTKU OTJIAraroTcs Ha
BHYTPEHHEH MOBEPXHOCTU HE(PTENPOMBICIOBOr0 000pYAOBAHMS U TPYOOIPOBO-
JIOB, CHMJKas UX MPOU3BOJUTEIBLHOCTh M MPONYCKHYIO criocoOHOCTh. Hanbonee
4acTO BCTPEYAIOTCA OTJIOKEHHUs KapOOHATOB KajbllMs W MarHus, CyJib(aToB
KaJblLKs, Oapusi, CTPOHIIUS, XJIOPUIa HATPHSL.

Bce coneBble ocakyd UMEIOT KPUCTAJUTMYECKYIO CTPYKTYPY OT KPYIHBIX
YEeTKO BBIPAKEHHBIX KPUCTAJJIOB J0 IUIOTHBIX, KaMHEOOpa3HbIX OCAIKOB, CJO-
KEHHBIX MUKPOKPHUCTAIJIAMH.

I[Ipuyunbl 00pa3oBaHus coJieoT0:keHHil. OCHOBHOE yCIIOBHE 00pa3o-
BaHUSl TBEPJbIX YaCTHIl B JKUJKOCTH — 3TO O0Opa30BaHHE MEPEHACHIILIEHHOTO
pacTBOpa, KOrja KOHIIEHTPAIHs COJIe00pa3yomnX HOHOB JOCTUTAET 3HAUYCHUHN
pPaBHBIX WM MPEBBIIAIONIMX MPOU3BEACHUE PACTBOPUMOCTH JaHHOM COJIU.
[Tpuunnamu 0O6pazoBaHuUsl TAKMX PACTBOPOB B HE(YTEMPOMBICIOBOM 000pYI0Ba-
HUU CIIYXaT CJIeIyIOLIUE IPOLECCHI:

1) ucnapenue;

2) cMelleHne HECOBMECTUMBIX BOJ;

3) pacTBOopeHHE TOPHBIX MTOPOJ] U Ta30B;

4) u3mMeHeHue TepMoOapUIECKUX YCIOBHI;

5) nerazanusi BOAbL;

6) u3MeHeHue o0IIei MUHEPATHU3AIUU BOIBI.

[TposiBineHyre 3TUX NPUYMH 3aBUCUT OT HAYaJIbHBIX I'€OJOTMYECKHUX YCIIO-
BUI MECTOPOKJICHHUS U OCYIIECTBISEMOI CUCTEMBI pa3pabOTKH, U MO-Pa3sHOMY
CKa3bIBaCTCS Ha 00pa30BaHWM PA3NUYHBIX cojiell. Tak, cynbdaTsl oOpa3yroTcs
TJIaBHBIM 00pa3oM IOJ] BIUSHUEM CMEIICHUS HECOBMECTHUMBIX BOJ U PacTBOpE-
HUS TUICAa U3 TOpHBIX mopoj. KapOoHaTsl BbIAZarOT B OCAIOK B OCHOBHOM B
pe3yJbTaTe M3MEHEHUs TepMOOAPUUECKUX YCJIOBHIA, Jera3aliu BOJbI, pa30aB-
JICHHsI paCTBOPOB IPECHOM BOJOM. I J1aBHBIE IPUUYHUHBI OCAXKACHUS XJIOpUIA Ha-
TpUST — HUCHApPEHHE BOJIbl, CH)KEHUE TEeMIIepaTypbl, pACTBOPEHHE TaTUTOBBIX
TOJILL TOPOA-KOJIJIEKTOPOB.

Ioxg MexaHu3mMoM 00pa3oBaHUsl COJIEOTJIOKEHHII ClelyeT MOHMMATh
KOMILJIEKC MPOIIECCOB, MPUBOAIIMX K HAKOIUICHUIO TBEpAOH (a3pl Ha MOBEpX-
HOCTH 00opyoBaHus. [Ipu 3ToM HauOONBIINN UHTEPEC MPEACTABIISIET UCCIIEO-
BaHHUE CIOCOO0B 3aKPEIUICHUS COJIEBBIX YaCTHII

Xon ¢a3oBbIX MpEBpallleHUu OnpeaeseTcs 001acThio CYIECTBOBAHUS Tie-
PEHACBHIIIIEHHOI'0 PacTBOPa, KOTOPBIN OTIMYAETCS OT HACHIIIEHHOTO HECTaOMIIb-
HOCTBIO, OH MOXXET OCTaBaThCs B OJHO(A3HOM COCTOSHUM M HE 0Opa30BBIBATH
KpPHUCTAJJIOB TOJBKO B TEUEHHE HEKOTOPOIO OrPaHMYEHHOIO0 BPEMEHU, Ha3bIBae-
MOT'0 MHAYKIIMOHHBIM NEPUOJIOM KpUCTAILIM3ALMU. B TeueHrne MHAYKIMOHHOTO
HepHoJia pacTBOP YCTOMYMB J0 TEX IO, MMOKa HE 00pa3zyeTcsi ONpeneeHHOE KO-
JIMYECTBO TBEPAOH (pa3zbl. DTO COCTOSHUE MEPEHACHIIICHHBIX PACTBOPOB Ha3bl-
BalOT MeTacTabuibHbIM. [lanpHeliiee oOpazoBaHue TBEpAoM ¢asbl JaenaeT pac-
TBOPbl HEYCTOWYMBBIMU MpPU OECKOHEUHO MallbIX BHYTPEHHUX TepMoOapuue-
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CKUX M JUHAMHYECKUX BO3MYIIECHUAX. Takoe COCTOSHHUE MEPECHIIIEHHOTO pac-
TBOpa Ha3bIBAIOT MPEACIbHBIM, OHO COOTBETCTBYET MIHOBEHHOMY CaMOIIPOU3-
BOJIbHOMY 3apO>KJIEHUIO KPUCTAILJIOB.

MaccoBas KpucTaJUIM3alus MpeCcTaBiIsieT co00H COBOKYIMHOCTh MPOIEC-
COB NIEPEHACHILIEHUSI BOJJHO-COJIEBBIX PACTBOPOB, 3apObIllIe00pa3oBaHus, pocC-
Ta KPUCTAJUIOB U nepekpucraimumizanuu. [lociennue Tpu mnpouecca mpoTeKarOT
anbo moouepenHo, b0 oaHOBpeMeHHO. Ha mpomecc ocaakoHaKomIeHUs
BIIUSIFOT CKOPOCTh U CTENEHb TYPOYJIU3AIMH MOTOKA, COCTOSHUE MOBEPXHOCTH
TpyO.

Bopn0a ¢ coeoT/10:keHSIMU 3aKTI0YAETCs B MPEIyNPEKISHUN UX 00pa-
30BaHMUsI, TUOO — B yIaJICHUU YK€ C(HOPMUPOBABIIMXCS OTIOKEHUH.

PasznuyaroT cnemyromue cnocoobl npeaynpeskaeHuss oOpa3oBaHus OT-
JIO’KEHUH COJIeH: TEXHOJOTMYECKUE; XUMUYECKUE; (PU3NUECKUE K KOMOUHUPO-
BaHHBIE.

K mexnonocuueckum cnocobam MoryT ObITb OTHECEHBI:

— BBIOOp COBMECTUMBIX C IUJIACTOBBIMU BOJ JJI 3aBOJHEHHUS MPOAYKTHBHBIX

IJIACTOB;

— CEJICKTUBHAS H30JSILMA WU OTPaHUYECHHE MPUTOKA BOABI B JOOBIBAIOIIMX

CKBa)KMHAX;

— peryiaupoBaHue Npoduiis MPUEMHUCTOCTH B HATHETATEIbHBIX CKBOKUHAX, JIUK-

BHJIAIMS HAPYIICHUH B IIEMEHTHOM KOJIbIIE U 00CaIHOM KOJIOHHE;

— IpUMEHEHHUE Pa3IeIbHOrO 0TOOpa B cOOpa KUIKOCTHU C PA3IMUHBIX CKBAXKUH;

— U3MEHEHHUE HanpaBlieHUus QUIbTPAIMOHHBIX TOTOKOB, IPUBOIAIIEE K OTPaHU-

YEHUIO WM UCKIIFOUEHUIO0 BO3MOKHOCTH CMEILICHHS BOJ Pa3IMYHOTO COCTaBa;

— MOKPBITHE JACTANICH U y3J10B HE(TECOOPHOTO 000PYA0BAHMS JTAKOKPACOUYHBIMHU

Y TIOJIMMEPHBIMU MaTepuaiaMu, 00JIaIatoIMMU HU3KOUM aire3uei K COJIsiM.

Quzuueckue memoovl NPeOynpedcOeHUs. COIe0maodHceHusi OCHOBaHbl Ha

MPUMEHEHUU MArHUTHBIX, JIEKTPUUECKUX U aKyCTUUECKUX MoJiel st oOpa-
00TkM J0ObIBaeMoM kuakoctu. MccnenoBanus nokasaiu, 4YTo 3PQGEeKTUBHOCTb
MAarHMTHOI'O METOJA 3aBUCUT OT YCJIOBUU €r0 MPUMEHEHU U XUMUYECKOT0 CO-
cTaBa J100bIBaeMbIX BOJ. Hausmydime pe3ynbTaThl MOJIy4eHBbI Ipu 00paboTKe
MAarHuTHBIM TIOJIEM BOJI, COJAEP’KAIUX 3HAYUTEIbHOE KOJUYECTBO OKHCHOTO
Keesa.

Ilpu ucnonvsosanuu xumuyeckux mMemooos NpeaynpexaeHue OTI0KEHHS
coJiei ocTuraercsi 00pabOTKOM BOJBI PA3THMUYHBIMU MHTUOUTOPAMU COJICOTIIO-
*eHusl. THrMOUTOPHI CONEOTIIONRKEHUN IENATCSI B OCHOBHOM Ha TPU THUIIA B 3aBU-
CUMOCTHU OT ME€XaHU3Ma UX JACHCTBUS.

1) Xenatel — BemecTBa, CIIOCOOHBIE CBS3BIBATH B KOMIUIEKCHBIC COCIUHCHUS
KaTHOHBI KaJbIHs, Oapus, jKeje3a W MPEeNATCTBOBATh WX PEAKIMU C CyJibdar-
HbIMU U KapOOHATHBIMU aHUMOHaMU. Bricokas 3¢ ()EeKTUBHOCTh OT MPUMEHEHUS
ATUX BEIIECTB MOXKET ObITh MOJIyYeHA MPHU JTO3UPOBKE UX B CTEXHUOMETPUUECKUX
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konuuectBax. [lpu OonbIMX 3HAYEHUSX MEPEHACHIIIEHUS MPUMEHEHUE ITUX
BELIECTB B KAUE€CTBE MHTMOUTOPOB SKOHOMUYECKU HE ONPAB/IbIBACTCS.
2) HHrubutopsl «IOpOroBOro» IEHCTBUS — BEIIECTBA, 100aBICHUE KOTOPBIX
B PacTBOpP B MMHMMAJIbHBIX KOJMUYECTBAX IMPEMATCTBYET 3apOXKACHHUIO U POCTY
KPUCTAJJIOB COJIEH U, CJIE€10BATENIbHO, HAKOIUIEHUIO UX HAa IOBEPXHOCTU 000pY-
JOBaHUS.
3) Kpucrann paspymaroomnye HHrHOUTOPbI HE MPENsATCTBYIOT KPUCTAJUIU3AINH
coJieil, a JIMIb BUAOU3MEHSIOT (JOPMY KPUCTAILIIOB

He3aBucumMo oT mMexaHu3ma JNEUCTBHUS K MHTUOMTOpPAM OTIIOKEHHS COJICH
NpeabABJISIOTCA TPeOOBaHUsI, KOTOPHIE OINPEACIIUINCE B XOJ€ IPOBEICHUS
OTIBITHO-IIPOMBIIUICHHBIX Pa0OT M IIUPOKOTO BHEAPEHUS XUMHUYECKHX pearcH-
TOB B HE()TETIPOMBICIIOBOI MMPAKTUKE:
— HE JI0JDKEH IMOBBIIIATh KOPPO3HOHHYIO aKTUBHOCTH Cpebl (IJIACTOBOM, CTOY-
HOM, MONyTHO JOObIBA€MOM U IIPECHOM BOJ);
— HE JIOJDKEH CIOCOOCTBOBATH MOBBIIIEHUIO CTOMKOCTH BOAOHE(PTSIHON IMYJIb-
CUU U CHIXKEHUIO 3((HEKTUBHOCTH PUMEHIEMBIX J€3MYJIbraTOPOB;
— HE J0JDKEH OKa3bIBaTh OTPULIATEIBHOTO BIMSIHUSA HA IIPOLECCHI TOATOTOBKH U
nepepaboTKu HEPTH, a TAKKE YXYIIIATh KAYECTBO MPOTYKTOB NEPEPAOOTKH.
— JOJDKEH ObITh 0€30macHbIM IPU MPAKTUYECKOM HMCIOIb30BAaHUU M HE OKAa3bl-
BaTh OTPULIATEIILHOTO BIUSHUS Ha OKPY’KAIOIIYIO CpENy;
— JIOJDKEH KOJMYECTBEHHO ONPENENSIThCS B CIa0bIX pacTBOpax MPOCTHIMU, JOC-
TYNHBIMH JIJIS1 IPOMBICIIOBBIX JJAOOPATOPHii, METOJaMU;
— 00712/1aTh CIIOCOOHOCTBIO MPEOTBPALaTh OTI0KEHUE HEOPTraHUUECKUX COJIeH
IIPU MaJIbIX TO3UPOBKAX;
— COXPAHATh CTOMKOCTh M CIIOCOOHOCTh MPEAYNPEXKAATh OTIOKEHUE CONEH MTPU
IIOBBIIEHHOM TEMIIEPATYPE CPENBL;
— XOpOILIO PacTBOPATHCS B BBICOKOMHHEPAIM3OBAHHOW BOJIE C BBICOKMM COJIEp-
KAHUEM KaJIbLIUs;
— 00JaaTh YHUBEPCAIBHOCTBIO JACUCTBUS, T. €. UMETh CIIOCOOHOCTBH MpEemdy-
IIPEXKJIATh OTJIOKEHHUE COJIEN PA3IMYHOIO TUIIA;
— OBITh TEXHOJIOIMYHBIM B IIPAKTUYECKOM IIPUMEHEHHH, B PA3INYHbIX KIMMAaTH-
YECKUX YCJIOBMSIX, T. €. JOJDKEH UMETh CPABHUTEIBHO HU3KYIO TEMIIEpATypy 3a-
CTBIBaHMS, skenare’abHo 10 —50 °C, u 001a1aTh TEKy4eCThIO TIPU TaKUX HUZKUX
TeMIlepaTypax.

[TosyuyeHue MHrUOUTOPA COJIEOTIOKEHHS, OJTHOCTHIO yIOBIETBOPSIOLIE-
ro yKa3aHHbIM TpeOOBaHMSM, Hempoctoe aeno. [loaTomy MHOrme TOproBble
MapKyd MHTMOUTOPOB MPEACTABIISIIOT COOOU CIIOKHBIE KOMIIO3ULMOHHBIE COCTa-
BbI, COCTOSIIIME U3 BEIIECTB, 00JaJAI0IINX BHICOKUMH MHTHOUPYIOIIMMHU CBOM-
CTBaMH (TaK Ha3bIBAEMOI'0 «aKTUBHOI'O HA4yasa»), COOTBETCTBYIOUIUX PacCTBOPH-
Te’el U J00aBOK, yIyUIIAIOMINX TEXHOJOTUYHOCTh pearenta. MHorna B cocras
UHTMOUTOpPA BBOJSAT HECKOJIBKO TUIIOB BEIIECTB JJIS MOJTYUYEHUsI YHUBEPCAIBHO-
ro JEUCTBUS MO OTHOLICHUIO K HEOPTraHWUYECKUM COJISIM Pa3IM4HOro cocrasa. B
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Ka4yeCcTBE OCHOBHOTO BEIIECTBA HCIOJB3YIOT OOJBIIOE YMCIO Pa3INYHBbIX CO-
eAuHeHuil: Heopranuyeckue ¢ocdatrel (rexcameradocdar HaTpus, TPUIIOIH-
docdat Hatpus, nonuMmetaniyeckue ¢pocdatel U T. 1.), pocPopopraHuyecKue
COEIMHEHUS (KUCIOTBI M UX COJIN), OJUMEPHBIE COSIUHEHMS U JP.

Yoanenue omnoscenuit coneir npon3BoauTCs Tak K€ HECKOJIbKUMU CIIO-
cobamu:
— MEXaHWYECKUM — pa30ypuUBaHHUE COJISIHBIX MPOOOK, 3alyCK B TPYOOIPOBOJIBI
Pa3IMYHBIX CHApPSJIOB C PEXKYIIEH MOBEPXHOCTHIO;
— ¢u3nueckum — 00paboTKa yIbTPA3BYKOM JJISI CHWKEHUS CTEMEHU CIETUICHUS
OTJIO’KEHUS C TIOBEPXHOCTHIO TPYObI
— XUMHYECKUM — 00pabOTKa pa3IUYHbIMU PACTBOPUTEISIMU: TOpsvasi BOJIa, pac-
TBOPBI KACJIOT U IIEJN0YEn

3.3.5. Ilyabcanus AaBJIeHUS B IPOMBICJIOBBLIX TPYOONIpOBOAAX

[Tynbcanusi naBiieHHs HeW30€XHa MPU COBMECTHOM TPAHCIOPTHPOBAHUM
ra30KUJIKOCTHBIX cMmecel. E€ BO3HMKHOBEHHE CBs3aHO C OOpa3OBaHHEM IIO
JUTUHE TPYOOIIPOBOAa Ta30BbIX WM KUJIKOCTHBIX (B ra30MpoOBOJax) MpoOoK.

Iynabcanus qaBJjeHU ONpeieNsaeTcs aMIIUTyA0ou (A) U yacToToil (m):

Azpmax_Pmin3 m=%,
riae A — pa3HOCTh MEXy MAaKCUMaJIbHBIM U MUHUMAJIbHBIM JIABJICHUSMU B JIaH-
HOM TOYKe TpyOONnpoBoOAa; ® - YaCTOTa KOJI€OaHU B €IMHULLY BPEMEHHU.

NHTEHCHBHOCTD MYJIbCALIMA BO3PACTAET C YBEJIMUYEHUEM JJIMHBI KOJIJIEKTO-
poB 10 1500 M u nanee BoIpaBHUBAETCS.

OcHoBHAasi MPpUYMHA MYJIbCAIIUM JABJEHUSI — BbIJCJICHUE Ta3a U3 raso-
KUJKOCTHOM CMECH B MOIBEMHBIX TPyOaxX CKBaXKMH M OOpa30BaHUE Ta30BBIX
poOOK, pa3Mepbl KOTOPBIX YBEIMUMUBAIOTCSA MO MEpE ABWKEHHUS OT YCThs [0
['3VY; oOpa3oBaHue KOHJIEHCaTa B T'a30MpPOBOJaX, KOTOPBIM, CKAIJIUBAsCh B I10-
HWKEHHBIX Y4YacTKaX Ia30IpOBOJOB, MOXET IOJIHOCTBIO MEPEKPHITH CEUECHUE
TpyOOmIpoBO/IA.

Ha mynbcanmu naBieHus OKa3bIBaeT BIHMSHUE aOCOIIOTHOE /ABJICHHE B
cucreme HererazocOOpa: YeM OHO BHIIIE, TEM HIKE YaCTOTa IMyJIbCAIIUH.

OHeprus MmyJjbcaluui BCJIEACTBUE CONPUKOCHOBEHHUS MOTOKAa U TpyOompo-
BOJIa BBI3BIBACT KOJEOAHUS TPYOOIPOBOA U CBSI3AHHOTO C HUM 000pYI0OBaHUSI.

Haunbonee cunbHble KonebaHust TpyOOIIpoBOAa MPOSBIISIIOTCS B Clydae pe-
30HAaHCAa B MECTaX C HIEPOXOBATOCTHIO, OBAJIBHOCTBIO CEYEHHUs T.I., B MECTax
pe3Koro M3MeHeHus HampasieHHUs. Pa3BeTBIEHHOCTh TPyOOIPOBOA U CBSI3aH-
HOE ¢ HUM 000pYy/I0BaHHUE CIIOCOOCTBYIOT MOSIBJICHUIO COOCTBEHHBIX KOJEOAHMI
OTJIETIbHBIX YYaCTKOB.

Paznuuaror ABa BUAA NMYJIbCALMIA:
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— BBICOKOYACTOTHBIE MUKPOITYJIbCALIUH;
— HU3KOYACTOTHBIE MAKPOITYJIbCALIUH.

BO3HMKHOBEHHE MUKPOMYJIbCALIM BBI3BAHO HAKOIUJICHHEM KHUJKOCTU M
NEePUOUYECKUM €€ BBIOPOCOM MOTOKOM Taza. MakcuMmanbpHas aMmruiutyna (A)
MUKpONyJIbCcalnii HAOII0JaeTCsl B 00JIaCTH MPOOKOBOM CTPYKTYpPBhI MOTOKA MPH
3Ha4YeHUAX razoconaepxkanue 3 ~ 0,7+0,95, Fr = 10+100. ITpu Fr > 100 ammu-
TyJa MUKDOITYJIbCAIIM YMEHBINAETCS 3a cYeT apoOsieHus ¢da3 um mepexoaa
CTPYKTYPBHI ITIOTOKA B SMYJIbCUOHHYIO.

Pacuér ammiuTyibl A MUKpPOITyJIbCalvil BeIyT Mo GpopmyJie:

L:4O-B(I—B)-Fr-e_k

g-py-D
k =[0,067-(1-p)-Fr]
JlonmycTuMy0 HEpaBHOMEPHOCTb MyJibcalluid (04) MPUHUMAIOT HE Oojee

0,01, Toraa A0MyCTUMOE 3HAYEHNUE aMIUIUTY bl ITyJIbCAIU:

Ay =3 - Pep; Ay ~0,01Pg,

rae P, — cpennee pabodee naBiaeHue B TpyOONPOBOAE.

KpI/ITI/I‘-IeCKOG SHAYCHUC aMIIJINTYAbI:
2

Agp ~5.10"° L
C:Pem " Vem
IJI€ C — CKOPOCTb 3BYyKa B Ta30KUIKOCTHOMU CpeIE.
3HaveHue A JIOJDKHO OBITh MEHBIIE Ay,.
MeTogamu npeaorBpamieHuss 0€000 OMACHBIX HU3KOYACTOTHBIX MAK-
ponyJibCalMi SBIISIIOTCS:
— MoAJiepKaHUE JaBJICHUS B CUCTEME, UCKITIOUYAIOIIEr0 BOZBHUKHOBEHUE MTPOOKO-
BOU CTPYKTYDBHI;
— MOJJIep>KaHNE BBICOKOW MPOIYCKHOM CIIOCOOHOCTH 3a CUET MEPUOIUYECKON
OYNCTKHY;
—MPUMEHEHUE YCITOKOUTEIBHBIX KOHIIEBBIX YYACTKOB TPYO OOJBIIIOTO IHaMeTpa
nepen cenaparopamu (KOHIIEBBIX JaenuTenei (a3) u aemyabcaTopoB, o0ecnedu-
BAIOIIUX PACCIIOEHHOE TEYEHHUE.
OO6sacTh CyIIECTBOBAHUS PACCIOCHHOTO TEUEHUS I TOPU30HTAIBHOTO
notoka [OKC npu D > 0,2 + 0,3 M onpenensiercst Ly, < 2 M/c IpH 0,2<B<
0,95.
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4. HpOMbICJIOBaH MOATOTOBKA NPOAYKIIMHA CKBaKUH

4.1. llpenBapuTesibHOE pa3aejieHHe NPOAYKIMH CKBAKHH HA MPO-
MBICJIaX

[IpombICTIOBYIO MOArOTOBKY HE(TH CIIEyeT paccMaTpUBaTh KaK MHOIO-
CTYIIEHYAThI TE€XHOJOTMYECKUN MPOILIECC, KOTOPBIA BKIIKOYAET MPEABAPUTEIIb-
HOE€ pa3fesIeHHe NPOAYKIMU CKBaKMH HA MPOMBICIAX U OKOHYATEIbHYIO MOATO0-
TOBKY HE(pTHU 0 TpeOyeMbIX KOHAMIMI Ha LIEHTPAJIbHBIX MyHKTaX MOJATOTOBKHU
HedTu. B cBOIO ouepenb, MpeABAPUTENIbLHOE pa3fielieHue MPOIYyKIHUHA CKBaKHH
BKJIIOYAET pa3pyllieHUe WU MPeJoTBpallleHne 00pa30oBaHUsl CTOUKUX BOJOHE]-
TSHBIX 3MYJbCUN B TPyOOINPOBOAAX CHUCTEMBI cOOpa, cemapaluio raza otr >KuI-
KOCTH IOJl JTaBJIEHWEM, JIOCTAaTOYHBIM Ui €ro TpaHcnoptupoBanus no [TI3,
peIBapUTeNbHOE 00€3BOKUBaHNE HE(DTU U YTUIM3ALUI0 OCHOBHOM Macchl OT-
JEJSIEMOM BOJIbI HEMIOCPEACTBEHHO HA MECTOPOKICHUSX,

IIpenBapurtenbHoe 00e3BO:kMBaHUE HePTH HEOOXOAMMO TPOBOIUTH
IpU JAOCTHXKEHUU COACPKaHHs BOABI B MPOAYKIMH HEPTIHBIX CKBAKUH BBILIE
30%, korma TpaHCIOPTUPOBAHUE BCETO 00BbEeMa T0OBIBAEMOM KUIKOCTH Ha He-
00XO/IMMbIE€ PACCTOSHUS CTAHOBUTCS HELEIECOOOPA3HBIM WIIM 3aTPyIHUTEIb-
HBIM.

Cnenyer pasznuyarh JBa BapHaHTa MPEABAPUTENBHOIO pa3/ieJeHUsl Mpo-
TYKITUW CKBAYKHH:

— B cucTteMme cObopa, HampuMep, Ha TPYIIOBLIX 3aMEPHBIX YCTAHOBKAX WM JI0-
KUMHBIX HAaCOCHBIX CTaHIusAX, cOOpHbIX myHkTax Tumna KCII, uro cyimiecTByer,
HaIrpuMep, Ha MecTopoXkaeHusAX 3anaaHon Cubupu (puc.4.1);

— Ha LEHTPAJIBHBIX HEPTECOOPHBIX MyHKTaX MEpe]l yCTaHOBKaMU IMOJTOTOBKU
HE(TH HAa MECTOPOKIEHUSIX, CPAaBHUTEIBHO HEOOJBIIMX MO pa3MepaMm (puc.
4.2).

Pa3nuune 3TUX ABYX BapHaHTOB COCTOUT B TOM, YTO B cucTeMe cOopa (Ha
JIHC u KCII) Bogy o0b9HO cOpachIBaloT mpu TemIepaType oOpabdaThiBaeMOit
OPOAYKUMN CKBaXuH. MIHOra /Uit moJorpeBa, CUCTEMbI MOT'YT OBITh UCIIOJIb30-
BaHbI ITyTeBbIe Nojiorpesarenu. [Ipu sTom 3¢ peKTUBHOCTH IIpoLiecca MpeaBapu-
TEIBHOr0 cOpoca ONMPEIENsIeTCs] HE CTOJIBKO IIyOMHOM 00€3BOKMBAaHMS HEQPTH,
CKOJIbKO Ka4eCTBOM OT/EJIIEMOM IIACTOBOM BOJIbI, KOTOpPasl JOJIKHA OBbITh MPH-
roJiHa K 3aKayke B MPOJYKTUBHbBIE TOPU30HTHI 0€3 JOMOJHUTEIHHOU CIOXKHOM
OUYHCTKH U MOATOTOBKH, YTO UCKIIFOUAET HEOOXOJUMOCTh CTPOUTEIHCTBA OUUCT-
HBIX COOPYKEHHMI Ha 00bEKTaX CUCTEMbI cOOpa.

Jlnst cOopa 3arpss3HEHHBIX BOJI, MOJIy4aeMbIX MPU HAPYIICHUSX TEX-
HOJIOTUYECKOTO PEeXHMa TMpeJABAPUTEILHOTO0 O00€3BOKMBaHMSA HePTH, a
TaKKe JJIs1 yJIaBJIMBaHUS TJICHOYHOM HepTu B cxeMe (puc. 28) mpemy-
CMOTpeHBI OydepHasi eMKOCTb, CBS3aHHAsI C HACOCOM, IMO3BOJISIONINM IIe-
PHUOJUYECKHU WIHM MOCTOSIHHO OTKAYMBATh YJIOBICHHYIO HE(DTHh WIIM MPOME-
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KYTOYHBII cJI0i B cucTeMy cOopa AJisd ee JanbHeleil 00paboTKM Ha 1eH-
TpajabHOM HEPTECOOPHOM ITYyHKTE.

[Ipn opranuzanuu mMpeaBapuTEIHLHOTO0 00€3BOKMBAHUS HEPTH Ha
[EHTPAIHbHOM HEPTECOOPHOM MyHKTE MOYKHO MCIIOJIb30BATh KaK HAIIOPHBIE
(puc. 4.2, a) anmapatbl IpeaBapUTEILHOTO cOpoca BOJIbI, TaK U pe3epBya-
pbI-oTCTOMHUKH (puc. 4.2, 6), 000pyI0BaHHBIE CIIEIHMAIBHBIMU pacIpe/ie-
JUTENBHBIMU YCTPOMCTBAMU MAJISI BBOJA ChIpbs, O0TOOpa 00€3BOKEHHOM
He(TH, OTAETUBIICICS BOABI U MPOMEXKYTOUHOTO cios. Mcmonb3oBaHue
pe3epByapoOB-OTCTOMHMUKOB B KauecTBE alllapaToB MPEABAPUTEIHLHOTO
00e3BOKMBaHUA HEPTHU MpeArnoaraeT yCTaHOBKY IMepe HUMHU CerapaTo-
POB JJIsSI MPAKTUYECKHU MOJTHOTO pa3rasupoBaHus IMYJIbCHOHHON CHCTEMBI.
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Puc. 4.1. TexHonoruueckas cxema 00beKTa MPeIBAPUTEILHOTO0 00€3BOKUBaHUS HEPTH B
cucteme cbopa: 1 — CkBaKuHBI; 2 — 3aMepHasi ycraHoBKa Tuna «CryTHUKY; 3 — cenapatop |
CTYIEHH C YCTPOMCTBOM IPEIBAPUTEIBLHOr0 0TOOpa rasza (Aemyibcatopom); 4 — ammapar
npenBaputensHoro ooe3BoxkuBanus Hedru (tTuna CIIOHuB nnmu ACII); 5 — 6ydepnas em-
KOCTb; 6 — HAcOC OTKAauK{ YJOBJIECHHON He(hTH ¥ HEKOHIUIIMOHHOM IJIaCTOBOM BOJIbI HA
LIITITH; 7 — 6110k A03upOBaHMs peareHTa-aesmynsratopa; [ —ra3 morpedurento; I — xun-
kocth Ha L{IITTH; III — Boma na KHC

[Ipouecc mpenBapUTeNIbHOrO 00€3BOXKUBAHUS MHTECHCU(PHUIMPYIOT MOJa-
yeil (peHUpKyJSIUeil) Tropsyux IpPeHAXKHBIX BOJA, COAEPKAIIUX pPEareHT-
neamynbratop. [lpu 3Tom 3¢ HEeKTUBHOCTL mporecca mpeaBapuTeIbHOTO 00€3-
BOXKMBaHMS HETH OyAeT 3aBUCETh OT CTENEHH MOJTrOTOBIEHHOCTU K paccioe-
HUIO0 00pabdaThIBAEMOI1 3MYJIbCUOHHOM CHUCTEMBI.

Jlns  ompeneneHuss BO3MOXKHOCTH OCYIIECTBICHHS TPEIBAPUTEIHLHOTO
00e3BOKMBaHUsI HEPTH B cucTteMe cOOpa WM Ha LEHTPAIbHOM HePTecOOpHOM
IMYHKTE HE00X0IMMO 3HATh TeMIlepaTypHble KoJeOaHus IMYIbCUOHHON HeTH B
TEUEHHUE T'0/1a, €€ BSI3KOCTHBIE XapaKTEPUCTUKU, COCTAB M CBOWCTBA MPUPOTHBIX
CTaOMIIN3aTOPOB.
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Puc.4.2 Cxema npegBaputesbHOro 00e3BoknuBanus Hedtu Ha L[ITITH.

a — B HanopHbIX orcToiHuKax THna CIIOHuB u ACII; 6 — pe3epByapax-
BOJOOTIEIUTENAX: 1 — TOYKA 03UPOBAHUS peareHTa-1e3MyJibraropa; 2 — cernapaTop ¢
YCTPOICTBOM MpeIBAPUTENLHOTO 0TOOpa rasa; 3 — KOHTaKTHBIN TpyOonpoBo; 4 — OT-

croiinuk (CIIOHuB wmnm ACII); 5 — G0k HarpeBa; 6 — KOHLIEBOH cenapaTtop; 7 — OJI0K
rITyOO0KOro 00e3BOKUBAHUS; 8§ — HACOC PELUPKYIISILIHK TOPSYNX APEHAKHBIX BOJ; 9 — ycTa-
HOBKA TIOJITOTOBKY Ta3a; 10 — pe3epByap; 11 — cvIpreBoii Hacoc; | — ToBapHas HedTh; [1 —
Boga Ha KHC; Il — Boga Ha YOB; IV — ropsiuasg npeHaxkHas BoJa

[TpakTnka moka3piBaeT, yTo 3¢P(EKTUBHOCTH IMpollecca BHYTPUTPYOHOI
JIEOMYIbCAIIMH 3aBUCUT OT (PU3UKO-XHMHUYECKUX CBOWMCTB, THAPOJINHAMUYIECKO-
T'O peKUMa TEUEHUS U TeMIIepaTypbl YMYJILCUOHHON CHCTEMBI.

[Ipu ManbIX CKOPOCTSAX MOTOKA B TPYOONPOBOJE MIIM BBICOKOM BSI3KOCTH
CUCTEMBI (JTaMUHAPHBIA WK CIIa00TYpPOYJIEHTHBIN PEXUMBI) MPOIECCH MACCO-
oOMeHa MpoTeKarT MejIeHHO. Ecnu aMynabcusi HEyCTOWYMBA, TO MPOUCXOTUT
paccrnoenue ¢a3, 4yTo BI€YET HEOOXOTUMOCTh JOMOJHUTEIbHBIX MEpPONPUATUI
10 3a1uTe TPyOOIPOBOIOB OT KOPPO3HUH.

[Ipu BBICOKHX CKOpPOCTSIX MOTOKAa SMYJIbCHUU, 00OpabOTaHHOU Je3MyIbra-
TOpOM, BO3MOJKHO YXYAIIEHHE TMpolecca BHYTPUTPYOHOH IesMyibcamuu 3a
cuer 3 deKra nepeaucrneprupoBaHus rio0yn BoJbl C pa3pyLIEHHBIMU OpOHU-
PYIOLIUMH 000JI0UYKaMHU.

B 3aBHcHMOCTH OT cofep)KaHUsl U COCTaBa B HE(TAX BBHICOKOIJIABKUX TIa-
padUHOBBIX YTJIEBOJOPOIOB, MUKPOKPUCTAILTBI KOTOPBHIX MOTYT BXOAHTH B CO-
CTaB 3aIUTHBIX (OPOHUPYIOIIMX) 000JOUEK Ha TI00yJax BOJIbI, HEOOXOIUMa
olnpezieNieHHas TEIJIOBasi HHEPTrus, pazpyularomias (paciiaBisionias) KOHTAKTHI,
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o0pazyemble MEXKy KpUcTaUlaMH TlapaduHOB U 00JIeryaroniasi MpOHUKHOBEHHE
B 3alIUTHBIE CJIOW MPHUPOJIHBIX CTAOUIIM3ATOPOB MOJIEKYJ JI€3MYJIBIaTOPOB.
Kpome Toro, or TemmnepaTypbl 3aBUCIT BA3KOCTb dMYJbCHII U MPOYHOCTh MEXK-
(dha3HBIX TJICHOK HA TOBEPXHOCTSX TJI00YN BOJbI. TeMmnepaTypHbId HHTEPBAJ OT
10 mo 20 °C J1s1 OOJIBIIMHCTBA HE(PTAHBIX MECTOPOKIACHUN SBIISIETCS TEM KpH-
TUYECKUM TEeMIIepaTypHbIM HHTEPBAJIOM, IPU KOTOPOM BO3MOIKHA IIPEIABaApU-
TeJIbHAs MMOJIrOTOBKA TMPOJYKIIMH OOBOJHEHHBIX TI'a30HACHIIIICHHBIX HE(PTSHBIX
CKBaYXHH K OCYIIECTBIICHUIO MPEIBAPUTEIIBHOTO COpOCca BOJIBI.

Cenapauus raza ot Hedru. [Ipouecc oraenenus raza ot He)TH Ha3bIBa-
eTcs cemapanuyei. Anmnapar, B KOTOPOM MPOUCXOJUT OT/ACJICHUE Ta3a OT KUJKO-
CTH, Ha3bIBAE€TCS Ta30BBIM cerapaTtopoM. ['a30Bbie cemapaTtopsl MpeHa3HAYEHBI
JUTSL OTZIETIEHUS Ta3a OT He()TH, Kak 06€3 YaCTUIHOTO €€ 00€3BOKUBAHUS, TAK U C
WCIIOJIb30BAHUEM TEXHOJIOTHH, OOCCICUMBAIONIEH HEMPEPHIBHOCTH IMPOIIECCOB
OTJICJICHMS Tra3a U BOJIBI.

B coBpemeHHbIX cucTteMax cOopa HedTU U raza cemapaTopamu OcCHalla-
I0TCSI BCE OJIOUHBIE aBTOMATHU3UPOBAHHBIE TPYIIIOBHIE 3aMEpPHBIE YCTaHOBKH,
JIO)KMMHBIE HAaCOCHBIC CTAaHIIUU U LIEHTPAJIbHBIC ITYHKTHI cOOpa M MOATOTOBKH
HedTH, ra3a U BOJBI.

Ha 0m04HBIX aBTOMaTU3UPOBAHHBIX 3aMEPHBIX YCTAHOBKAX OT/CJICHUE Ta-
32 OT HE()TH OCYIIECTBIIIETCS TOJBKO C IEIbI0 Pa3/IeIbHOIO U3MEpPEHUs Ae0uTa
CKBQXKHH T10 KUJKOCTH M Ta3y, MO3TOMY TaKHE€ cemapaTopbl OTHOCST K 3aMep-
HbIM. [Tocne n3mepenns HeTh ¥ ra3 CHOBAa CMEIIMBAIOTCS U TTOAAIOTCS B OOIIHIA
He(dTera3oBbIi KOJUIEKTOP.

Cenapatopsl, kotopsimu ocHamatorest JIHC, YIICB otHocsiTCcs K cenapu-
pytommM. OTaenseMplii ra3 OTBOAUTCS 0 Ta30MPOBOAY U OOIbIIIE HE CMEIINBA-
€TCS C JKUJIKOCTBIO.

YacTo oTBOJI CBOOOJHOTO raza OT HEPTU OCYIIECTBISETCS B HECKOJIBKUX
MecTax. KaxxJplii MyHKT BBIBOJIa OTCEMapUpPOBAHHOTO Ta3a Ha3bIBACTCS CTyIIe-
HBIO cenapaluu rasa.

[To TexHOIOTHUECKOMY HAa3HAYEHHUIO CEMapaTophbl MOKHO KJIaCCHUPHUIIUPO-
BaTh CJICIYIOIIMM 00pa3oMm:

— cemapaTtopbl MEpPBOM CTYNEHHU Cemapaliid — PacCYUTaHbl Ha MaKCUMaJlbHOE
coJZiepKaHME Ta3a B IOTOKE M BHICOKOE JIaBJICHUE Celapalluu;

— KOHIIEBBIE CerapaTopbl MPUMEHSIOTCS 11 OKOHYATEIIBHOTO OTACICHUS HeDTH
OT raza npy MUHUMAJIbHOM JIaBJICHUM MEpe] Mojayeid TOBApHOW MPOAYKIHMH B
pe3epByaphl;

— CeMapaTopbl-ACTUTEIN MOTOKA — MCIOJIB3YIOTCS, KOrja HEoOXOoAuMO pasfe-
JIUTH BBIXOJISIIIYIO U3 HUX MPOAYKIIUIO HA TOTOKK OJMHAKOBOU MacChI;

— CeIapaTopsl C MPEIBAPUTEIILHBIM OTOOPOM ras3a: pa3ieiibHbId BBOJ KUIKOCTH
U raza B anmapaT yBEJIMYMBAET MPOMYCKHYIO CIIOCOOHOCTh JAHHBIX alapaToB
0 >KUJAKOCTH U Ta3y.
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MHorocrtyneH4aras cenapauysi NPUMEHSETCA Il TOCTEIEHHOTO0 OTBOJIA
CBOOOJHOTrO raza mo Mepe CHKeHus napieHus. OHa MPUMEHSETCS MPHU BHICO-
KHMX JIAaBJICHUSIX HA YCThE CKBAXHH.

HedrerazoByro cMech U3 CKBaKMHBI HAIPABIISIIOT CHavaja B razocenapa-
TOp BBICOKOTO JaBJE€HUS, B KOTOPOM U3 He(TU BbIENSAETCS OCHOBHASI Macca ra-
3a. DTOT ra3 MOXKET TPAHCIIOPTUPOBATHCS HA OOJBIINE PACCTOSHUS MO COOCT-
BEHHBIM JIaBJICHUEM.

N3 cenmapaTtopa BBICOKOTO AaBjieHHUS HE(PTh MOCTYIMAET B CEmapaTop Cpel-
HEro W HU3KOTrO JABJIEHUS /I OKOHYATEILHOTO OTNEJeHHUs OT Tra3a. Takum o0-
paszoM, cenapaTopbl MOKHO KJIACCU(PHUITUPOBATH 110 BETUYHHE J1aBIICHUS
— cemapaTopsl BEICOKOTO AaBieHus (Oonee 4 MIla)

— cenaparopsl cpeanero nasnenus (0,6-4 MlIla)
— cemnaparopsl HU3Koro aasieHus (no 0,6 Mlla)
— BaKyyMHbIE

Cenaparus raza oT HePTH MOXKET MPOUCXOAUTH MO/ BIUSHUEM IpaBUTA-
IIMOHHBIX, HHEPIIUOHHBIX CUJI 3a CUET CEJIEKTUBHOM cMaunBaeMocTu HedTu. B
3aBUCHUMOCTH OT 3TOr0 M PAa3janyaroT I'PaBUTALHOHHYIO, NHEPLUUOHHYIO U ILjIe-
HOYHYIO CEIapalny, a ra3ocenapaTopsl — IpaBUTAMOHHBIE, TUAPOLUUKIOHHBIE U
KATKO3UMHBIE.

I'paBuTanioHHas cenapanusi OCYILIECTBIISIETCS BCIEACTBHE Pa3HOCTH
IJIOTHOCTEW KUJKOCTH U ras3a, T.€. MOJ JAEHUCTBUEM MX CUJIbl TshkecTu. ['a3oce-
napaTopsl, paboTaroiiye Ha ’TOM MPUHIIKIIE, HA3bIBAIOTCS TPABUTAIIMOHHBIMU.

WNueprimonHas cemnapaiusi MPOUCXOIUT MPH PE3KUX MOBOPOTaxX razoHed-
TSHOTO TOTOKAa. B pe3ynbrare 3TOTr0 KUAKOCTh, KaK HanOoOJIee WHEPIMOHHAS,
MPOAOJDKAET JBUTAThCS IO MPSIMOM, a Ta3 MEHSIET CBOE HampasiieHUe. B pe3yib-
TaTe MPOUCXOANT MX paszaeneHue. Ha sTom mpuHIMIe moctpoeHa padora ru-
POIIMKIIOHHOTO Ta30cenaparopa, OCyllecTBisgeMas nojaauei razoneTsiHoN cme-
CH B IIUKJIOHHYIO T'OJIOBKY, B KOTOPOM >KMJAKOCTh OTOpAChIBACTCSl K BHYTPEHHEH
MOBEPXHOCTH U 3aTEM CTEKaeT BHU3 B HE(PTSIHOE MPOCTPAHCTBO Ta3ocernaparopa,
a ra3 ABUTraeTcs 10 UEHTPY UUKIIOHA.

[IneHoyHas cenapanunsi OCHOBAHA HA SIBJICHUM CEJIEKTUBHOTO CMaYMBaHUS
KUJKOCTH Ha METAJUINYECKON MOBEpXHOCTH. [Ipyu MpoX0oKaAEHUH MOTOKA rasa C
HEKOTOPBIM COfIep’KaHueM He(TH uepe3 JKalto3uiHbIe HACAIKU (KaIuleyJIOBUTE-
JIM) Karuid HeTH, COMPHUKACAACh C METANTUYECKON MOBEPXHOCTHIO, CMAYUBAIOT
ee 1 00pa3yloT Ha HEW CIUIONIHYIO >KHJIKOCTHYIO TUIEHKY. JKUAKOCTh Ha ATOM
IUICHKE JEPKUTCS AOCTATOYHO XOPOLIO M IPU JOCTHKEHUHU OIPEICICHHON
TOJIIIIAHBI HAYMHACT HEMPEPHIBHO CTEKATh BHU3. JTO SIBJICHUE HA3bIBACTCS (-
dbekToM TIIeHOUHOM cemapanuu. JKamo3uiHble cemapaTopbl paboTalOT HA ATOM
MPUHIINIIE.

Cenapatophbl Ki1acCU(DUIIMPYIOT TaK K€ MO T€OMETPUYECKON (opme: 1H-
JUHIPUYECKUE U CPEPUUECKUE; M0 PACIIOIOKEHUIO B MPOCTPAHCTBE BEPTUKATIb-
HbIE, TOPU30HTAIBHBIE, HAKJIOHHBIE.
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BuemHuii BUJ rOpU30HTAIBHOTO M BEPTUKAIBHOIO CENapaTopoB Ipel-
CTaBJICHBbI Ha puc. 3.41.

i)

Puc. 4.3. Topu3oHTaJIbHBIN (2) U BEPTUKAIBHBIN (0) cemapaTopbl

BeprukanbHblil cemapaTop MNpeacTaBisieT cO00W BEPTHKAIBHO YCTAHOB-
JICHHBIA MUIMHApUYEeCKUu cocy (puc. 4.4) ¢ nonychepuyeckum JHUIIEM U pa-
00TaeT clIeIyoMMUM 00Pa30M.

Hedrerasopast cmech 1o AaBiieHMEM MOCTYIAET 10 naTpyoky | B pasna-
TOUYHBIM KOJIJIEKTOP 2 €O IIEJIEBBIM BBIX00M. PerynstopomM naeneHus 3 B cemna-
paTope NMOAJEPKUBAETCSl ONPEAEIEHHOE JaBICHHE, KOTOPOE MEHbILE Hayallb-
HOT'O JIaBJICHHS Ta30’KUJIKOCTHOW CMECH. 3a CUET yMEHBUICHUS JaBJICHUS U3
CMECH B CENapaTrope BBIAEISAETCS pacTBOPEHHBIN ra3. ITockosbKy 3TOT mporecc
HE SBJIIETCS MTHOBEHHBIM, BpeMsl IIPEObIBAHUSI CMECH B CENapaTope CTPEMSITCS
YBEIMYUTH 32 CYET YCTAHOBKU HAKIIOHHBIX IOJIOK 6, [0 KOTOPBIM CMECh CTEKAET
B HIDKHIOIO YacCTh arapara.

Haknonnble miockocT 6 cHaOXeHBI Pa3IUYHOTO POja MperpajiaMu B BU-
Jie TIOPOTOB, MPEMSATCTBUNA, YTO OOJIETYaeT BBIACICHUE OKKIIOJAUPOBAHHBIX ITy-
3bIPHKOB Ta3a, KOTOPBIM MOJHUMAETCS BBEpX. B BepxHel yactu cenaparopa yc-
TaHOBJIEHA KAIIO3UIHAs KaIlJieyJIOBUTENbHAs HacalKa 4, ciyxalas Ajisg oT1e-
neHus kanenb HeQTu. Kamnu HedtH, oTOMBaeMble B jKalltO3MMHON Hacaake, cTe-
KaroT B IIOJJIOH U IO JAPEHaXHOH TpyOe 12 HampaBisAOTCS B HUKHIOKO YacTh ce-
naparopa. 3a HacaJkod IO XOJy IOTOKa ra3a YCTAHOBJIEHA IEPEropojka C
OOJIBILIMM YHUCIIOM OTBEPCTHI, BBIIOJIHEHHBIX 110 IPUHLHUITY IPOIyCcKa pPaBHbBIX
Pacxo10B, BEIPABHUBAIOIASL CKOPOCTh JIBMXKEHHMS rasa.

KoHnTponb ypoBHsI HETH B HIXKHEN 4acTH cernapaTopa OCyIIECTBIISETCS C
MOMOIIBIO PEryJisiTopa YpoBHSI 8 U ypoBHeMepHoro ctekia 11. [llinam B BHAE
NIECKa, OKAJIMHBI U Ap. U3 amnmapara yJausercs o Tpyoonpososy 9.

86

-

2/



10

Puc. 4.4. Cxema BEpTUKAJILHOTO Cemaparopa
A — ocHOBHasl cenapaioHHast cekuus; b — ocagurenbHas cexus; B — cexuus coopa HeTu;
I' — karuteoTaenenns; 1 — maTpyOOK BBOJIA 3a305KUIKOCTHOM CMECH; 2 — pa3aTOYHbBIN KOJI-
JIEKTOP CO LIENEBBIM BBIXOJOM; 3 — peryisTop JaBieHus "0 ceOs" Ha JIMHUM OTBOJA ra3a; 4
— aTIO3UUHBINA KaIlJICYJIOBUTENb; 5 — MPEAOXPAHUTEIbHBIN KJlanaH; 6 — HAKJIOHHBIE MOJIKH; 7
— MOIUIABOK; 8 — PETYIATOp YPOBHS Ha JIMHUK OTBOAA HePTH; 9 — nuHUs cOpoca nutama; 10 —
neperoponku; 11 — ypoBHeMepHOe cTekio; 12 — npeHakHas TpyOa

['opu3oHTANIBHBEIN cenmapaTop COCTOUT M3 TEXHOJIOTHUYECKONW €MKOCTH |
(puc. 4.5), BHyTpU KOTOPOM PacroyiOKeHbI IBE HAKJIOHHBIE TJIOCKOCTH 2, TIEHO-
racuTelnb 3, BIArooTAEIUTENb 5 U YCTPOMCTBO Uil TIpeAOTBpaIeHus: 0Opa3oBa-
HUs BOpPOHKH 7. EMKocTh cHaGxkeHa marpyokom 10 1js BBoja razoHedTsHOM
CMecH, IITyIlepaMHu BbIXo/a ra3a 4 u He)Tu 6 U JTIOK-JIa30M 8.

Puc. 4.5. Cxema ropu3oHTaIbHOIO cenaparopa:
1 — TexHOIOrHMYECKast EMKOCTD; 2 — HAKJIOHHEIE ’KeJ100a; 3 — IIEHOracuTeNb;, 4 — BBIXOJ ra3a; 5
— BJIarooTAeNuTeNb; 6 — BBIXOJ He(TH; 7 — yCTPOHCTBO /sl MPelOTBpallleHUs] 00pa30BaHUs
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BOPOHKH; 8 — JIIOKJIa3; 9 — pacnpenenuTeabHoe yeTpoicTBo; 10 — BBOA MpOIyKIIUU

Kopnyc ropu3oHTanbHOr0 W BEPTUKAIBHOTO CENapaTopoB YCIOBHO
MO>XXHO PAa3AeNIUTh HA YEThIPE 30HBI, PACHOJIOKEHHbIE BEPTUKAIBHO CBEPXY
BHU3!

— B TOPU3OHTAIBHOM cemnaparope: 1 — 30Ha IpeABapUTEIbHOIO PAa3eiIeHus ra3a
Y KUJKOCTU O HUKHEN KPOMKH KaIUICYJIOBUTENS; 2 — 30HA HAKOIUICHUS KU-
KOCTH U KMJIKUX MPOOOK JI0 BEPXHETO MPEJEITHHOTO YPOBHS KUAKOCTH; 3 — 30HA
pPEryJIMPOBAaHUS YPOBHS KUAKOCTU O €€ HUXKHEro NMPENEIbHOr0 YpPOBHSA; 4 —
«MEepTBas» 30HA JJ0 HUKHEHW TOUKH 0Oeualiki B CEnaparope;

— B BEPTUKAJIBHOM cernapaTtope: | — 30Ha TOHKOM OYMCTKM Tra3a 10 HUXKHEHR
KPOMKH KaIuIeyJOBUTEINS; 2 — 30HA MPEIBAPUTEIBHOTO PA3ACICHUS )KUIKOCTH U
ra3a 70 €¢ BEpXHEro NpeleJbHOI0 YPOBHS; 3— 30HA PEryJIUPOBAHMS YPOBHS
KUIKOCTH; 4 — «MEpPTBAsH 30HA 10 HMKHEHW TOUKM JHULIA.

Cxema mpenBapUTENbHOTO pa3ra3upoBaHus HeTH: HedTera3oBas CMeCh
nocrynaer B HedrerazoBbiii cenaparop. Hedtb mocne otaenenust ot rasza mo-
cTynaeTr B OyepHble eMKOCTH (ChIPbEBBIE MPOMBICIOBBIE pe3epBYaphl) U Aajiee
OTKauuBaeTcsi B HeQTecOOpHBIM KoyuekTop. ['a3 u3 HedTerazoBoro cemnaparopa
MOCTYNAeT B ra3oBblid cenaparop. Ilocne oraeneHns KaneabHOW KUJIKOCTH, ra3
1o/l COOCTBEHHBIM JABJICHUEM IO Ta30COOPHBIM KOJJIEKTOpPaM M ra3olpoBOY
Tpancnoptupyercsa Ha ['TI3.

Bri0op umcia cryneHei cemapaumu. [Ipu MHOTOCTYINEHUaToi cenapa-
My HeTU, TPUMEHSIEMOM, KaK TIPaBWIIO, IPU BBICOKUX NaBlieHusx (4-8 Mlla)
Ha YCTBSIX CKBa)XUH, B PE3yJbTaTe HE3HAUUTEIILHOI'O IOHWKEHUS JABJICHUS U
TEMIIEpaTypbl Ha KaKJI0M CTYIIEHHW ITPOUCXOAMT MTOCTENEHHOE BBIJEIECHHUE Ia30-
BOI1 (ha3bl (BHauane JeTkux (ppakuuii — MeTaHa, 3TaHa, 3aTeM YaCTUYHOE BBIJIe-
JICHHE TSDKENBbIX (PpaKiuil — mpornaHa, OyTaHOB, IEHTAHOB) U B HE(PTU ocTaeTcs
00JbIII0€ KOJTMYECTBO HE BBIICIMBINUXCS TsDKETbIX dpakiuil. Eciu xxe, mpu Tom
e, YCTbeBOM JIaBJICHUU MPUMEHUTH ABYXCTYNEHYATYIO Cenapaluio, TO B pe-
3yJbTaTe PE3KOr0 CHIKEHMs JaBJ€HHUS B cenaparopax OyJeT MHTEHCUBHO BbI-
NEeNSThCs Ta3oBas (a3a U BMECTE C JIETKMMHU YIIeBOAOPOJIaMU B ra3oByro (pa3y
u3 He(pTH nepeieT 00bII0e KOTMYECTBO MPOMAaH — NEHTAHOBOW Ppakiuu.

Takum oOpa3zoM, eciii CpaBHUTh MHOTOCTYIIEHYATYIO CEMapaiuio ¢ 0OJAHO-
JIBYXCTYIIEHYaTOM MO BBIXOAY He(TH, TO mepBas okaszbiBaercs Oonee 3G heKTHB-
HOW ueM BTOpas. OnHaKo, eciau, MHOIOCTyleHuYaTas cenapauus OyAeT npume-
HATBHCSl B HET€pPMETU3UPOBAHHBIX cUCcTeMax cOopa, TO BCsS MpONaH — MEHTaHOBasl
dpaxius, ocTaBmiasics B HEPTH TMOCTETIEHHO UcHapsATcs U 3(HEKT MHOTOCTY-
NIEHYaTOM Cerapanuuy CBEAETCS K HYJIIO.

OnTtumanbHO# (¢ TOYKU 3peHUs 3PPEKTUBHOCTH, METAIIIOEMKOCTH) CUU-
TaeTCsl TPEXCTyNeHYaTas Cenapanus, Ipu KOTOPOM BBIICIMBIIMICA HA NEPBON
CTYIICHU Ta3 MoJ COOCTBEHHBIM naBlieHHueM Hampasisercs Ha ['TI3 u Ha cobert-
BEHHBIE HYXKJIbl. ['a3 BTOPOU M TpEeThEW CTYNEHEW cemapalnuu, TAe MpeaycMmar-
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pUBaeTCa PEe3KOe CHIXKEHHE NaBJieHUs, OyAET KUPHBIM, MO3TOMY BHayajie Ha-
IIPaBJISIETCS HA KOMIIPUMHUPOBaHuUeE, a nocie cxkarus — Ha ['TI3.

4.2. IIpoMbIc10Basi MOATOTOBKA He(PTH

OxkoHuyaTenbHasi MOATOTOBKA HE(PTHU MPOBOAUTCS HA YCTAHOBKE KOM-
wiekcHoi noarotoBku HedTu (YKIIH). [Iporecc okoH4YaTenbHOM MOATOTOBKH
He(TH BKIIIOYAECT:

— nera3anuio (OKOHYaTeIbHOE OTACIICHHE ra3a OT HeTH)

— ray0okoe o0e3Bo:KMBaHMe (Pa3pylIeHUE BOJOHEPTSHON SMYIbCUU U
OT/ICJICHUE BOJbI)

— of0ecconmuBaHue (yAaJIEHUE COJIEH 3a CUET 100aBIEHUS IPECHOW BOJBI U
MOBTOPHOTO 00€3BOKUBAHUS)

— craduan3anuio (yaaaeHue JIeTKuX (Gpakiui ¢ Ieabl0 YMEHbBIICHUS M0-
Tepb HEPTHU NIPU €€ JalbHEMNIIeH TPAaHCIOPTUPOBKE)

VYKIIH npeacraBnsier co6oii HEOOIBIIONW 3aBOJ] 1O MEPBUYHOM (IIPOMBI-
cioBoi) moaroroBke HedpTu (puc.4.6). B memoM mporecc MOATOTOBKH Ha
YKIIH BoirnsauT cienyomum odpazoM. B ceipyto He]Th, MOCTYMAIONIYO 1O
aunuu 1, mogaercs nesmynwsratop (mo jgunuun II). Hacocom / HedTh Hamparis-
eTcs B TEINIOOOMEHHKK 2, B KOTOPOM HarpeBaercs o temmeparypsl 50 = 60 °C
ropsiueit crabuibHOM HedThIo, ocTymnatomei no jguann Il mocne crabunmsa-
IMOHHOM KOJIOHHBI 8. [lomorperas HedTh B OTCTOMHUKE MEPBOM CTyIEeHU 00€3-
BOXXMBaHUS 3 YaCTHUYHO OTIEISAETCS OT BOABI U MPOXOJUT Y€pe3 CMECHUTEND 4,
IJI€ CMEIINBAETCS C MPECHOM BOJOM, MOCTYIAOUIEH T10 JIMHUU V, ISl OTMBIBKU
COJIEW M HAIIPABIIIETCS B OTCTOMHUK BTOPOM CTYIIEHM J W IO JMHUU VI B diek-
Tpojeruaparop 6. OtaeneHHas Boja oTBoauTcs o auHusM V. Ilpu HeoOxo-
JUMOCTH YJIYYIIEHHs] CTENEHU OO0ECCOJIMBAHUS MPUMEHSIOT HECKOJIBKO CMECH-
TeJeil, OTCTOMHUKOB U AJIEKTPOJAETHAPATOPOB, BKIIFOUEHHBIX MOCIEA0BATENIBHO.
ObecconenHas HeTh HaCOCOM /4 HampaBIIeTCs] B OTIMAPHYIO YacTh CTaOWIIM-
3allMOHHOM KOJIOHHBI 4epe3 TeroooMeHHuk 7. HarpeB HedTH B TermiooOMeH-
ke 7 10 150 ~ 160 °C ocymiecTBiseTcs 3a cyer Telya cTabuibHON HedTH,
MOCTYMAIOIIEH HEMOCPEACTBEHHO CHU3Y CTAOMIIM3AIMOHHON KOJIOHHKI §. B cTa-
OWJIM3AIIMOHHON KOJIOHHE TIPOUCXOIUT OTNIEJICHUE JIETKUX (pakiuidi HedTH, KO-
TOpbIE KOHJIEHCUPYIOTCs U nepenatorcs Ha ['TI3. B Huwxkuelt (otnapHoit) U Bepx-
HEeHl 4acTAx CTaOWUIU3aIMOHHON KOJIOHHBI YCTAaHOBIIEHBI TAPEIOYHBIE YCTPONCT-
Ba, KOTOPBIE CIIOCOOCTBYIOT O0Jiee OTHOMY OTIENICHHUIO JIETKUX (ppakuuii. Buu-
3y OTMAPHOM YacTH CTAOMIM3alIMOHHOW KOJIOHHBI MOJAJEPKUBaeTCs 0oJiee BbI-
cokast Temmeparypa (10 240 °C), uem TemmepaTypa He()TH, IIOCTYMAIOIICH BBEPX
oTnapHol yactu. Temmeparypa MHOAJEPKUBACTCS LUPKYISLUUEH CTAOWIBHOM
He()TU M3 HIKHEW 4acTH CTaOMIIM3AallMOHHOM KOJOHHBI uepe3 neub 13. [upky-
Jsus CTabmiIbHOM HeTH ocylecTBIseTcss HacocoM /2 no nuauu X. B neun /3
MOXKET TaKXe MOAOrPEeBaThCSA YacTh HECTAOMIIbHOM He(TH, KOTOpas 3aTeM Io-
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JTAETCSl BBEPX OTIAPHOM KOJOHHKI 110 TuHuM XI. B pe3ynbrare HarpeBa u3 Hed-
T UHTEHCHUBHO HUCTIAPSIOTCS JIETKHE (PPaKLUUU, KOTOPbIE MOCTYMAOT B BEPXHIOIO
4acTh CTAOMJIM3ALMOHHON KOJIOHHBI, T/I€ Ha Tapejikax MPOUCXOIUT Ooliee yer-
KO€ pa3/ieJICHUE Ha JIETKUE U TsDKEJbIE YIUIeBOAOPOoAbL. [1aphl merkux yriesono-
ponoB u ra3 no guHur VII u3 ctabuin3anmoHHONW KOJOHHBI MOCTYIAIOT B KOH-
JIEHCATOP-XOIOAWIBHUK 9, T1e oHK oxyaxaarorcst 10 30 °C, ocHOBHaAsI X 4acTh
KOHJIEHCUPYETCS U HaKaIlJIMBaeTcs B eMKocTU opomieHus /(. I'a3 u He CKOHJEeH-
cUpoBaBIlKecs napsl Hanpaisitorcs 1o auHuu VIII Ha ropenku neun /3. Kown-
neHcat (mmpoxas Qppaxius JErKux yrieBoJA0poI0B) HacocoM / / mepeKkaynBaeT-
Csl B eMKOCTH XpaHEHUs, a 4acTh 1o JUHUM [X HampaBnseTcs BBepx cTaOMim3a-
IUOHHOM KOJIOHHBI HA OPOLICHHUE.

7 ( Bodr gweram) : Wﬂmﬁmﬁww i fers)

T [Jesmzpuzaimep i (epa 2ol weprs)

1

Puc. 4.6. Texnonornueckas cxema YKIIH: 1 — Hacoc; 2 — TermnooOMEHHHK; 3 — OTCTOHMHHK
(cTyneHb 00€3BOKHMBaHMS); 4 — CMECUTENb (C YUCTON BOOI); 5 — oTcToitHUK (1 cTymenn); 6 —
aneKTpoaeruTparop; 7 — remwtooomMeHHuK (150 — 160 °C); 8 — cTabumm3upoBaHHasT KOJIOHHA
(otmapnas); 9 — xonoauneHeI kKoHAeHcatop (10 30 °C); 10 — emxocTh opomrenust; 11, 12 —
Hacoc; 13 —meus; 14 — Hacoc

P

Merazanmusa. B HekoTOphIX ciydasx (MpuU MOATOTOBKE JIETKUX HedTeil)
cenaparuio JKeJIaTelbHO IPOBOAUTE NP HATPEBAHHUM U 110J] HEKOTOPBIM BaKyy-
MOM (ropsiyasi BAKyyMHasi cernapanusi).

KoHueBbIe cenapaloHHbIE YCTaHOBKH SIBJISIFOTCS YaCThK) COOPYKEHUM
Ui cOopa U TpaHCIopTa HEPTH U raza v MpelIHa3HavyatoTCcs 111 OKOHYATEIbHON
cenapauuy HeTH mepes NOCTYIUIEHHEM €€ B pe3epByaphl WM Nepell crayeil B
MarucTpajibHbIi TPyOONPOBO/I IO 3aKPHITON CXEME.

Y CTaHOBKH ropsiuyerl BaKyyMHOM Celapalyyd MMEKT TAKOE K€ Ha3Haye-
HUE, YTO U KOHLEBBIE CENapallMOHHbIE YCTAHOBKH, U PACIIOJIAraroTCs MOCHe yC-
TAHOBOK MOATOTOBKH HE(PTH /I OKOHYATEIHHOTO BBIICTICHUS U3 Hee raza nepes
NOCTYIIJIECHUEM €€ B TOBapHbIE PE3epByapbl WM MarucTpajibHble TPyOOIpPOBO-

ITBI.
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['opsiuas cenapauust HeTH OOBIYHO MPOBOAUTCS MPHU TEMIEpAType 00e3-
BOXKMBaHUS UM 00€CCOJIMBAHUSI.

B cBsi3u ¢ TeM, UTO C OSIBIEHUEM BbICOKO3((EKTUBHBIX JEIMYJILraTOPOB
polecchl 00e3BOKUBAHUSI U 00€CCONMBAHUSL OCYLIECTBISIOTCS MPU TEMIIEepa-
typax 40— 50 °C u HuKe, cemapauus Ipy TAKOH TEMIIEpPAaType He Beerjga odec-
neYrBaeT HeoOX0AUMYI0 ITyOMHY 0TOOpa JIETKUX YTIIEBOJOPOIOB U3 HEPTH.

B Takux cinydasx cenaparuio MpoBOJIAT MO BAKYYMOM.

Y CTaHOBKM KOHLIEBOM M TOpsSiYEN BaKyyMHOM cemapauuy COCTOSAT U3 OJI-
HOTO WJIM HECKOJBKHUX CENapaTropoB, TEXHOJIOTMYECKOM TpyOOmpoBOIHOU 00-
BS3KH, apMaTypsl, npudbopoB KUII u aBTomaTukwu.

[Ipu ropsiueit BakyyMHOW cemapaiuy ra3 u3 cemaparopa, paboTaromiero
nox Bakyymom 0,07— 0,08 MlIla, Taxxe TpaHCHOPTUPYETCS B ra30BbIi KOJUICK-
TOP MPHU NOMOILIM BUHTOBBIX KOMIIPECCOPOB.

I'oroBas HedTh MoOCIE ropsiueil BAKYyMHOM cenapaiuuu no TpyOonpoBOay
X mocTynaeT Ha MPUEM HACOCOB CUCTEMBI Oe3pe3epByapHOl clauu He()TU B Ma-
TUCTPaJIbHBIN He(TENnpoBoI, a ra3 no razomnposoay IX mogaercs Ha mpuem Ba-
KYYM-KOMIIPECCOPOB U J1aJIe€ HAa YCTAHOBKY MO MOJArOTOBKE rasa.

Jliist mocneiHet CTyleHu cenapaiuuy — BbIJCJICHUs Ta3a U3 HeTU 1oJ Ba-
KyyMOM TIpH TeMIlepaType MOATrOTOBKU HEPTU — pa3paboTaHbl OJIOYHBIE aBTO-
MaTU3MPOBAHHBIE YCTAHOBKM BAKYYMHOH Ce€Napauuy IMPOU3BOAUTEIBHOCTHIO
10000 u 16000 T/cyT 110 TOTOBO HEPTH.

JUIs1 KOMIIPUMUPOBAHUS I'a30B KOHIIEBBIX CTYIIEHEHN Cerapanuuy Uiv rops-
4yeill BaKyyMHOW cemapauuu Bce OoJiplliee MPUMEHEHHE MOJIy4yaloT BUHTOBbBIE
KOMITPECCOPHI (B OCHOBHOM HCTONIb3yeTcs kommpeccop 7BKI-25/5).

Ha 6a3e xommpeccopa 7BKI-25/5 unctutytom ['unpoBocTokHEDTH pas-
paboTaH MPOEKT OJIOYHON aBTOMAaTU3MPOBAHHONW KOMITPECCOPHOW CTaHIMH JJIs
cOopa M TpaHCIOpTa rasa KOHUEBBIX CTYNEHEW M ropsyeil BaKyyMHOH cemnapa-
uuu Ha ipousBoauTesbHOCTH 40, 80 1 160 ThIC.

Kommnpeccop obecniednBaeT 1oCTaTOYHBIN BakyyM Uisl 0TOOpa rasa u3 ce-
[apaToOpoOB ropsiYeil BaKyyMHOM Cenapauvy C LENbI0 CHUKEHHS J1aBJICHUS Ha-
CBIILIEHHBIX MapoOB, OCOOEHHO JETKUX He(PTeil, U COKpallleHUs] MOTephb JIETKUX
YTJIEBOJOPOIOB MpHU JalibHEWIeM TpaHcnopTe HedTu A0 HedTenepepadaThI-
BAaIOILIMX 3aBOJIOB.

C nenpio JUKBUJAIMH [TOTEPh HEPTHU MpPH €€ MOATOTOBKE BO BCEX COBpe-
MEHHBIX YCTAaHOBKAaX MPUMEHSETCSI TEPMETUUHOE 000pYyJ0BaHHE ¢ OTOOPOM Ta3a
1ocie HarpeBa HeTH B Meuyax WIHM MOJ0TpeBaTelsix-I1edIMylbcaTopax U ¢ Io-
CIeyIoIIel ropsiueii cenapanyeil ol BaKyyMOM Iepe/] OCTyIIEHuEM HeTH B
TOBapHBIE PE3EPBYapBhI.

[Tpu cenmapanuu moj BakyyMOM JaBJI€HUE ApOB HE()THU CTAHOBUTCS HUKE
aTMOC(EepHOro JaBieHUs U MOTEpH HePTH B pe3epByape, padoTaroeM Mol aT-
MOC(EPHBIM JaBJIEHUEM, OYIyT CBEICHbl K MUHUMYMY.
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Ooe3Bo:xknBanme. Coipas HeTh, noctynatomas Ha YKITH conepxut Bo-
1y B CBOOOJTHOM M 3MYJIBTUPOBAHHOM COCTOSTHUH, MUHEPATbHBIE COJTH, MEXaHU-
yeckue npumecu. O0e3BOKMBaHME U 00ECCOIMBAHUE HEPTU OCYIIECTBISETCS
JBAXIbI: TIEPBBIM pa3 HAa HEPTEMPOMBICIOBOM OOBEKTE, I/ie U3 HEPTH yAAISIOT
OCHOBHYIO MaccCy BOJIbl U MUHEPAJIbHBIX COJIEH (Ha yCTAaHOBKAax IMOJATIOTOBKH
HedTH), BTOpO# pa3 Ha HedTenepepadaThIBAIOIINX 3aBOAaX, IAe U3 HeDTH yia-
JISIFOT OCTAaTKU BOJBI U COJIE.

OcHOBHbBIE METOABl pa3pylI€HUs BOJAOHEPTSIHBIX 3MYJIbCHIA: IpaBUTALU-
OHHOE pazzelieHne (OTCTOW MOJ IEUCTBUEM CUJIBI TSKECTH), IEHTPUPYTUpPOBa-
HUE (32 CYET HUCHOJB30BAaHUS CHJIbI MHEPIHUH IPHU Pa3ACICHUU >KHUJKOCTEH
UMEIONINX Pa3jINYHyI0 IUIOTHOCTH), 0apOoTax (3a CUET BBIACNSAIOIIETOCS U3
HedTH raza), QuibTpanus (MpU MPOMYCKaHWU HECTOMKHUX OSMYJIbCHHA uepes
GUIBTPYIOMUN CIONH UMEIOIINN CEEKTUBHYI0 CMAaUUBA€MOCTh 10 OTHOIICHUIO
K ogHOW M3 (ha3), TepMOXUMHUYECKOE O0E3BOKMBAHUE (JIEHCTBHE TeIJa U Je-
AMYJIBraTopa), JIEHCTBUE SICKTPUUYECKOTO MOJIS, KOMOMHAIINN TEePEeYHCIECHHBIX
BBIIIIE METOJIOB.

CaMm TexHOJOTHYECKHI Mpoliecc 00e3BOXKMBAHUS MOKHO YCJIOBHO pas-
OUTh HAa HECKOJIbKO CTaJui: pa3pylieHue OpOHMPYIOUX 000J0YeK, Koajec-
LEHIUS 100y BOJbI, OCAXKACHUE YKPYIMHUBIIMXCS Kaleib, pacCIOCHHE MOTO-
Ka.

Pazpymieane OpoHHpYROIMX 000J0YE€K Ha TJIOOYJIaX IUIACTOBOM BOJIBI
JIOCTUTAETCd MEXaHUYECKUM JApOoOJIeHHEM Kaleab I0J BO3JEHCTBUEM MCTU-
paroiux U yaapHbiX 3Q¢GeKToB, BOSHUKAIOIIMX MPU KOHTAKTE TII00YI C TOBEPX-
HOCTBIO TPYOOIIPOBOJOB, amlapaToB M Pa3iHYHBIX HACAJOK, HATPEBOM AMYJIb-
CUM U TIPUMEHEHHEM JAE3MYJbraTOpOB, BO3ICHCTBHEM 3IIEKTPUUYECKOTO MOJIS.
Haub6onee s¢dextuBHO pa3pyiieHrne OpOHUPYIOMUX 0007I0YEK, OCYIECTBISIET-
Csl TIOJ] BO3/ICCTBUEM MOBEPXHOCTHO-aKTHBHBIX BEIECTB, KOTOPHIE SIBISIOTCS
BBICOKO3()()EKTUBHBIMH JI€IMYJIbIATOPAMHU.

MexaHu3M AeMCTBHSI AEIMYIBraTOPOB CBOAUTCA K IPOOSIIEMY, MENTH3HU-
pYIOIIEMY M BBITECHSIONIEMY JIEHCTBUIO BEIIECTB, BXOASAIIMX B COCTaB OpPOHHU-
pyronmx 000104€eK, C MOBEPXHOCTH Karellb U UX 3aMEHE aJICOPOIMOHHBIM CJI0-
eM, chopMHUpOBaHHBIM U3 MOJIeKys (MOHOB) ITAB, He oOmamaronux CTPYKTYyp-
HO-MEXaHUUYECKUMHU CBoWcTBaMU. [Ipu 3TOM Kamium MOTyT KoaJeclpoBaTh MpH
HOCTIEAYIOUIUX CTOJKHOBEHUSAX B TypOYJIEHTHOM MTOTOKE.

K naumbGonee »dPexkTUBHBIM JIE€IMyIbraTopamM OTHOCATCS  MAacio-
pacTBOpUMBIE, TaK Kak B STOM CIy4yae BO3ACWUCTBUIO [€IMYJIbraropa IMoOj-
BEPIKEHBI OpPOHUPYIOMIHE 000JIOYKHA BCEX B3BEIICHHBIX B 00heME HEPTH Kameib
Bojbl. [IpuMmenenne 3pPeKTUBHBIX 1€IMYIBIaTOPOB MO3BOJSET OBICTPO OCYIIIe-
CTBUTH IMPOLIECC pa3pyLIeHUs] OPOHUPYIOUIMX 00O0JOUEK Ha KAIlIsfX IIacTOBOI
BOJIBI M CO371aTh MPEATNOCHUTKH IS UX TOCIEIYIOIeH KOaIeCIeHIINN.

[Ipumenenune 3QpGeKTUBHBIX 1€3MYIBIATOPOB — HEOOXOAMMOE, HO HEAOC-
TaTOYHOE YCJIOBHE BBICOKOKAYECTBEHHOW MOATOTOBKH HedTH. Tak, mocne pas-
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pylIeHusT OpOHUPYIOMIMX 000J0YEeK Ha KarisiX BOJBI, HEOOXOAMMO OCYIIECT-
BUTH €IIle OINEpaIfio KOAIECHEHIIUN Kalleib, Ha MPOBEACHUE KOTOPOH OOBIUYHO
TpeOyeTcss HaMHOro OoJibllie BPEMEHHU, YEM I pa3pylIeHUss OpOHUPYIOIINUX
obonouek. KpomMe Toro, 3Ta oneparmusi TEXHOJIOTUYECKH OoJiee cinoxHa. B mpak-
THUKE M3BECTHO MHOTO CIy4yaeB, KOrjaa MmpuMeHeHne d(PPEKTUBHBIX IeIMYJIbIa-
TOpPOB HE TaPaHTUPOBAJIO BBICOKOTO KadecTBa MOATOTOBICHHONW He()TH U HU3KOH
cebecTOMMOCTH MpoIiecca.

OddexTuBHOCTD Mporiecca ONpeaeaseTcs MHOTUMU TapaMeTpaMu, B TOM
qyclie TEMIIEpaTypod HarpeBa, THUAPOJMHAMUYECKHUM pPEXKUMOM 00paboTKH,
KOHCTPYKTUBHBIM COBEPILIEHCTBOM NPUMEHSIEMON anmnaparypsl U T. J.

Hannuue B He(TH MeXxaHMYECKHX MPUMECEH M BKIIOYEHHE MX B COCTaB
OpOHUPYIOMUX O00O0JIOYEK pPe3KO CHIKaeT 3()(PEeKTUBHOCTH Tpoliecca Koajec-
LEHIMH Kareb IPU UX CTOJIKHOBEHUHU B MTOTOKE.

bonpmioe 3HaueHwe uis TOBBIICHHUS A(G(OEKTUBHOCTH pa3pylICHUS
SMYJIBCUU UMEET NPABWIBHBIA BIOOpP THAPOINHAMUYECKOTO PEKUMA €€ ABIKE-
HUS. PexxuM JBMKEHHSI BHIOMPAETCS ONTUMATBHBIN IS KaXAOW CTaaud Mpo-
1[ecca pa3pyuIeHus SMYJIbCHH. Pe3ylbTaTel mpoliecca MOArOTOBKY B 3HAYUTEIb-
HOW Mepe 0OYCIIOBJICHBI MPOJOIKUTEIFHOCTEIO 00paOOTKH IMYIBLCHU Ha KaXK-
noi craauu. Hampumep, He3aBepIIEHHOCTh Tpoliecca MaccooOMeHa (paspyiie-
HUEe OpOHUPYIOIIUX 00O0JIOUEK) BIIEUET 3a COOOW pe3Koe yBEJIMYEHHE BPEMEHH,
HEOOXOUMOro JJisl OCYILECTBJICHHs Ipoliecca KOaJeCIeHIIMH Kaleidb U pac-
cioeHus noroka. [Ipu 3ToM 0011ast MPOAOIKUTENHHOCTh 00paOOTKH IMYIbCUH
MOJKET YBEJIMUUTHCA B HECKOJIBbKO pa3. HeszaBepiieHHOCTh mporiecca Koasec-
LEHIMK Karenb npeornpeaenseT HeapdekTUBHY0 paboTy OTCTOWHOM ammapa-
Typbl. B 3TOM ciiyuae oOpaboTKka 3MyJIbcHM B T€UEHHUE HECKOJIBKUX MHUHYT MPHU
TypOYJICHTHOM peXHMe, HEOOXOAUMas JJIsl 3aBEepILICHHs Mpolecca KoalecleH-
LIUU KaIellb, MOXKET COKpaTUTh TpeOyeMoe Bpems otctost Ha 30-60 MuH.

BaxxHo Tax)ke BBIIOJIHEHNE U TaKOTo 0011ero TpeOoBaHus, Kak CHIDKEHUE
CTeTIeHH TypOYJIEHTHOCTH TMOTOKA B HAMPABICHUM JBMKEHHUS OT MECTa BBOJA
JedMYIIbraTopa 0 BOJOOTACIUTEIHHON anmnapaTyphl

O6e3BoxkrBaHNE HEPYTH C MPUMEHEHUEM JIEIMYIIBIaTopa MPOUJLIIOCTPH-
poBaHo Ha puc.4.6.

OU3UKO-XUMUYECKUE METOMbl pa3pyLICHUs] BOJOHE(MTAHBIX 3MYIbCHUM
HAIIIJIM CBOE OTPaX€HHE B pa3pabOTaHHBIX TEXHOJOTUYECKUX CXeMaX, TEXHOJO-
THSX U anmnapaTax.

OcHOBHas TIeNb aImapaToB JJIs 00€3BOKMUBAHUS HEPTH (TEPMETH3UPO-
BAaHHBIX WJIM OTKPBITHIX OTCTOMHHKOB) CBOJIUTCS K TOMY, YTOOBI OCYIIIECTBUTH
KayeCTBEHHOE pa3zesieHue HepTH U BOJbI, T.€. HEPTh 00E3BOAUTH U 0OEcco-
JHTh, & BOJLy OUYUCTUTH OT MEXAHUYECKUX MpPUMeEcel U Kamenb HeTH s Aalib-
HEWIIEeH 3aKa4YKH B ILJIACT.
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He o6paborarHHas aMynbcusi
ChIPOA He@TH (x 100)

Koarynsyus n ckopoe
C. nocne np.
Aeswynsraropa
Ancconveana (x 100).

OBe3BOXEeHHARA ChIPAanA HePTb.
Boga noYTv NONHOCTLIO
orgenunace (x 100).

Puc. 4.6. Pazpymenne BoJoHe()TSIHON SMyJIbCUU C TPUMEHEHHUEM JIeIMYJTIbraTopa

Ha puc. 4.7. noka3aHa TEXHOJIOrMYECKask CXeMa OTCTOMHUKA IpaBUTALU-
OHHOTO C pachpeaenuTeNbHbIM KouiekTopoM tuna O — 200 nis pazneneHus
HE(DTH U MJIACTOBOM BOJIBI.

OtcroiiHuk paboTaeT cienytomum obpasom. Ilo crosky /2 B pacmnpene-
JIMTEJIbHBIN KOJIJIEKTOP 3 OTCTOMHWKA MOCTYIMAET pa3pylieHHas sMyJbcus. U3
OTBEPCTHUI KOJUIEKTOpAa OHAa PAaBHOMEPHBIMHU CTPYSIMHU IOCTYHAaeT B HUXKHIOIO
4yacTh amnmapara Mmo Bcemy ero cedeHuro. [Ipoucxoaut mogbem kamnenb HEPTH
yepes3 Cloi BOJSHOM MOAYIMIKK /4 K BepxHel o0pa3yrollei OTCTOMHHMKA U T'pa-
Hulle pazzaena ¢a3z /3 (3aech Bcerna oopaszyercss IpOMEXKYTOUHBIN IMYJIbCHOH-
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HBIM CJI0i BBICOTA KOTOPOTO JOJKHA KOHTPOJIUPOBATHCS, NHAYE IIPU POCTE €ro
YXYALIAETCsl Ka4ECTBO Pa3JEeNeHUs), a BOAA OCEAACT B HM)KHEHW YacTH U 3aTeM
no nepopupoBaHHOI TpyOe 2 MmoAaeTcs B JEBYIO CEKLUIO OTCTOMHUKA, Jajee
BBIBOJIUTCS U3 anmnapara. CKONMBILAsACA B BEPXHEN 4acTU OTCTOMHUKA HEPTH 110
nepdoprpoBaHHOMY COOpPHOMY KOJIIEKTOPY // MOCTyHaeT B HEPTIHYIO JIMHUIO
9 ¥ BBIBOJIUTCS U3 anmapara.

w1 =L,

v

Puc. 4.7. OTCTONHHUK ¢ paclpeaeauTeabHbIM KojuiekTopoM tuna OI'-200

Henocrarkom ammapata sIBISIETCS HEPAaBHOMEpPHOE paclpelesieHue
AMYJIbCHH B Pa3AaTOYHOM KOJUIEKTOPE U, CJIE€I0BATEIbHO, PA3IMYHbIE CKOPOCTH
BBIXOJAIIIUX CTPYH M3 OTBOJOB, YTO MPHUBOJUT K HEPABHOMEPHON HArpy3Ke Io
BCEMY CEUCHMIO allapara, YBEJIWYEHUIO BPEMEHU OTCTOS M  CJIeIOBaTEIbHO
CHUKEHUIO MMPOU3BOAUTEIILHOCTH arnapara.

[Tpunmun padotel orcroiinuka BHUUUCIITaedTs (puc. 4.8) 3akmroya-
eTCsl B CIEAYIOIIeM: HeTsHAsL IMYJIbCUS MO0 KOJUIEKTOPY / MOCTyIaeT B pa3zia-
TOYHBIN KOJIJIEKTOP 2 U OTBOJIBI 3, UMEIOIINE PABHOMEPHO PACIIOIOKEHHBIE OT-
BEepCTHUs 10 HIDKHEHW o0pa3yromieid oTBoia. Boga cOpaceiBaeTcst M3 HMKHEH Jac-
TH anmnapara, HeTb OTBOJUTCS U3 BEpXHEN.

N B ToM U B ApyroM ciydae JOMUHHUPYIONUM TIPH pasaeiieHnd HedhTu u
BOJBI B OTCTOMHUKAX SIBJISETCS TUAPOIMHAMUYECKHHN 3(DPEeKT 00yCIIOBICHHBIHI
TPaBUTAIIMOHHBIMU CUJIAMU, T.€. PA3HOCTHIO IIOTHOCTEN (Da3 M CKOPOCTHIO TIO-
TOKa. B ropu3oHTaipHOM ammapare MOXHO OCYIIECTBUTh TOPU30HTAIbHOE M
BEPTUKAIBHOE JBWKEHHE OCHOBHOTO (BXOAHOTO) TMOTOKa. ['opu3oHTaNBHOE
JIBUYKEHUE OCHOBHOT'O MOTOKA (BBOJA 3MYJbCUU B OOKOBOM YacCTH OTCTOMHHKA)
HaIpaBJIeHO MEPIEHANKYIISIPHO OCAKIAIOIIMMCS KaIUIsiM BOJIBI.

BeprukanbHoe aBukeHUE (CHU3Y BBEpPX) OCHOBHOTO TOTOKAa (BBOJ
AMYJIbCUM B HIKHEW YacTH ammapara) HalpaBJIEHO HABCTPEUY OCAXKIAIOIIUMCS
KaruisiM BOJIbI (IBUXKYTCSI BHU3).

[Ipu ogmHAKOBOM CKOPOCTH BXOJHOTO MOTOKA B MEPBOM Cliydae pasielie-
Hue (a3 oyner 6onee 3PEeKTUBHBIM, HO B TOPU3OHTAIBHOM arapaTe CKOPOCTh
BOCXOJISIIIIETO TOTOKA (Kamesib HE(PTH U 3MYJIbCHUU) B HECKOJIBKO pa3 MEHBIIE
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YeM TOPU3OHTAIBHOTO, YTO B KOHEUHOM UTOTE ompejenser 0oyblnyto 3¢dek-
TUBHOCTh TOPHU30HTAJIBLHOTO OTCTOWHUKA C BOCXOJSIINUM JIBH)KCHUEM BXOIHOTO
notoka. Ho M OTCTONHUKH ¢ TOPU30HTAILHBIM BBOJOM CBHIPhS TIPH YCJIIOBHH Ha-
JWYUs TIEPEropoIOK-0TpaKkaTene-oTOOMHIKOB (yCTaHABIMBAIOTCS BEPTHKAIIb-
HO Ha MYTH JBIDKEHHUS OCHOBHOTO MOTOKA) Toxe 3dextuBHbl. U Te, u npyrue
BUJI OTCTOMHHUKOB TPUMEHSIOTCS B COCTaBE YCTAaHOBOK TOJTOTOBKH He(dTH,
KaK Ha CTYIIEHU MPEABAPUTEIILHOTO 00€3BOKMBAHUA, TAaK U HA CTyNEeHHU TiIy0o-
KOTro 00€3BOKMUBAHUS MIPH JIOBEICHUN HE(PTH /10 TOBAPHBIX KOHJIUIIUM.

Puc. 4.8. Orcroiinuk BHUUCIITHepTh: 1 — KOMIEKTOD; 2 — pa3gaToYHbIi KOJIJIEKTOP;
3 — oTBOABI C OTBEPCTUAMHU; 4 — xKen00; 5 - maTpyOoK A OTBOJA BOJBI; 6 — HedTeC-
OOpHBIN KOJIJIEKTOP; 7 — KOPITyC OTCTOMHUKA; 8§ — MPEeIOXpaHUTEIbHBIN KIanaH; 9 —

OTBEPCTHUS, PABHOMEPHO PACIOJI0KEHHBIE, HO pa3HbIE IO BEIUYHHE

CymHocTh Tporiecca o0eccoTuBaHusl HE(DTHU 3aKITFOYAETCS B CHUKCHUU
KOHIEHTPALIMU XJIOPUCTBIX COJEW B KaIleJIbHOM MOMYTHOM IJIACTOBOM BOJAE, KO-
TOpasi OcTajaach B MPOMBICIOBOM HE(PTHU MOCJE €€ MPEBAPUTEIIBHOTO U TTy0o-
Koro o6e3BokuBaHus. CyIIECTBYIOIIME METOAbl 00€3BOXKMBaHUS HEPTH Ha
MPOMBICIIAX HE IMO3BOJISIIOT MOJYYUTh TOBAPHYIO HEPTh C KOJIUYECTBOM OCTa-
To4HOU BoAbl MeHee 0,2 %. B 3aBUCMMOCTH OT MUHEpAIIN3allMU IOy THOM BOJIbI
npy Takod riryOumHe 00€3BOXMBaHUS HE(PTHU OCTATOUHOE COJAEpIKAHUE XJIOPH-
CTBIX COJIEH B HEM MOXKET K0JIeOaThCs B IOBOJILHO IIMPOKUX mpeaenax: ot 20 1o
1000 wmr/n. Bpicokasi KOHIIEHTpAIMsS XJOPUCTHIX COJIell B TOBapHOU HedTH
ormacHa Jyisi 000py/I0BaHUS U KaTalIU3aTOPOB IpH ee nepepadborke. TpedoBaHus
K CHIpbIO JI0 Hauaja mporecca nepepadorku Ha HII3 orpanuumBaroT KOHIEH-
TpaIIo XJOPUCTBIX coyied 3-5 Mr/i, TpeboBaHUS K TOBAapHOM HeTH, TOCTY-
natomieil B MaructpaibHblii HedrenpoBog mo CTBI'OCTPS51858 100-900 mr/n
(B 3aBUCUMOCTH OT TPYyMIBI HEPTH).

Kak mpaBuio, npu noaroroBke He(TH ¢ BHICOKOW MUHEpaIu3aluei mia-
CTOBBIX BOJI Ha MPOMBICIAX TOCJE CTaJAUU TIIyOOKOro 00e3BOKMBaHUS HedTH
npeaycMaTpUBaeTCsl CTaausi OOECCONMBAHMS, 3aKIIOYAIONIAsACS B IPOMBIBKE
00e3B0keHHOU HedTH mpecHoM BoJoM. [loToMy 4TO, CHUKEHUE KOHIIEHTPALIMH
XJIOPUCTHIX COJIEH B KamelIbHOM IJIaCTOBOM BoJIE (TIPEACTaBIISAIONICH cOO0M auc-
nepcHyo ¢ga3zy B oOpaTHOM BOJOHEPTSHON 3MYIBCUU) BO3MOKHO TOJIBKO B pe-
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3yJbTaTe KOAJECUEHUUHU (CIUSHUSA) UX C KAIUISIMU MPOMBIBHOW BOJABI (IIPECHOIN)
C TIOCJICAYIOIINM yIAJICHUEM UX U3 CUCTEMBI.

ITon obGecconrBaHWEeM TOHUMAIOT KOMIUIEKC TEXHOJOTHMUECKUX MEpO-
OPUATUN C TMPUMEHEHUEM IMPECHOM MPOMBIBOYHOM BOJIbI, HAMPABICHHBIX Ha
CHUKEHUE COJIEP KaHMS XJIOPUCTHIX coJiel B He(TU mepen ee nepepaboTKou 110
MUHUMYMa. {75 BO3MOKHOCTH 3()(PEKTUBHON KOATECIEHIIMN COJEHBIX U Ipe-
CHBIX Karellb BOJbl HEOOXOIMMO:

— TIPY CMEIICHUH MPECHOM BOJBI C HE(DTHIO AUCTIEPTUPOBATH MPECHYIO BOY TaK,
YTOOBI IJIOTHOCTh PACTpe/ECHHs Kaneidb MPEeCHON BOJIbI HE CIMIIKOM OTJINYa-
J1ach OT TUIOTHOCTH PACIpe/IeNICHUs] Kallellb COJIEHON BObI;

— no0aBieHHEeM B HE(PTH AeIMysbraTopa 00ecnednTh pa3pylIeHne CTPYKTYPHO-
MEXaHUYECKOTO Oapbepa Ha KaIljIsX IIaCTOBOM BOJIBI;

— TIOBBIIICHUEM TEMITepaTyphl 00€CTIeUnTh CHIDKCHHE BPEMEHU Ha COMMKEHUE
Kareyib BOJbL;

— YBEJIIMYUTHh BEPOSITHOCTh BCTPEYM Kameidb MPECHOW M IJIACTOBOM BOJBI IS
BO3MOXKHOCTH MX MHOTOKPAaTHOW KOQJIECIEHIMU U APOOJEHUS] B MUHUMAJIbHO
BO3MOXHOE€ BpeMsl pU TypOYJIEHTHOM PEKUME TEUEHUSI.

[Ipouiecc obecconuBaHus COMPOBOKAACTCS BhIPABHUBAHUEM KOHIIEHTpA-
U Karelsb MPEeCHOMN U MJIaCTOBOW BOJIbI M TPEOYET AJI CBOETO 3aBEpIIEHUS OIl-
peneIeHHOro BpeMEHH U yCiIoBui. [l ycmenrHoro BeeHus mpoiecca odecco-
JUBaHUA HEPTH HEOOXOIMMO CO37aTh TaKWUE€ YCJIOBHS, MPU KOTOPHIX, Kaxmas
MeJIKasl Karulis IJ1aCTOBOM BOJBI COJIBETCS C KaIlIeW MPEeCHON MPOMBIBOYHOM BO-
JIbI ¥ 3aTE€M OCSJIET Ha THO OTCTOMHHMKA. J[J1s1 OCyIIecTBIeHHs 3TOTO HEOOXO -
MO 00ecTeunTh HEKOTOPOE MepeMenTuBanie He)TH U IPECHON BOJIBI TIPU OTTH-
MaJbHBIX peXuMax (MOJAOUPAIOTCS IKCIEPUMEHTATBHO IS KaKIO0W MOATOTaB-
JMBaeMoi He(PTH B 3aBHCHMOCTH OT MUHEPAJIM3AINH MTOMYTHON BOJIBI, €€ KOJIH-
YECTBA, YCIOBUN MOATOTOBKH).

JIst oCyIIECTBIEHUS MPOIECCa CMEIIEHUS MPUMEHSIIOTCS CIelHalbHBIC
CMECHUTENIbHBIE YCTPOUCTBA U MPUEMBI (IUadparmsl, MITylIepa, TAHTCHIIMATbHBIC
CMECHUTEIHN, CMECHUTENIbHBIE KiamnaHa, TUCIepraTopbl-Koajieclepbl, BBOA BO/IbI
noj naBjeHueM). B cpenHeM pacxoi MpOMBIBOYHOM BOJBI COCTaBISAET OT 3 — 5
1m0 10 — 15% ot o0bema nmoarotaBauBaeMor HedTH. KonudecTBo (MUHUMATh-
HO€) MMPOMBIBOYHOM BOJIbI ONIPEACIISIETCS BRIPAKECHUEM:

QBOILLI . CBXOIL
- (pro/:L

— 1 ,
QHe(bTI/I CBHXOL{

(‘PBHXO,I[

171€:Qpos — KOJMYECTBO NPECHOM BOJIbI, MOJABAa€MONl Ha BXOJ CMECHUTEI,
M/CYT; Oreyrn — KOTTMYECTBO CHIPOM HE(PTU HA BXOJE B CTYIIEHb 00E€CCOIMBAHMUS,
M /CYT; Qaxon — OOBEMHAS OIS BOBI B HE(TH, OABAEMOMN Ha 00ECCOINBAHKE;
Qsuxon — OOBEMHAST TOJIT BOABI B 00ECCONIEHHON HEe(PTH; Cpyoy — MACCOBAS KOH-
HEHTPAIUs XJIOPUCTHIX COJIEH B BOJE CHIPOMl HE(DTH; Cyyxon — MACCOBAST KOHLICH-
Tpauus coyiel B Bojie 00€CCONIeHHOM HePTH.
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N3 dbopmynsl caeayer, yto Hambosee 3PPeKTUBHBIM CIOCOOOM 00€ecco-
JIMBAHUS CHIPOUM HE(PTHU SBIISIETCS €€ 00E3BOKHUBAHUE, T.€. IPU  Pgxon = 0, BBI-
paxkeHHue Opom/ Quegru = 0 ¥ KOJIIMUECTBO BOJBI, HEOOXOAUMOM I 00ECCOIMBA-
HHA Toke PaBHO 0. IIpH Cyxon = Copixon, BRIPAKEHUE  Opon/ Onera = 0 ¥ KOIIHUE-
CTBO HEOOX0IMMOM BO/BI paBHO 0.

Cpennsisi KOHIIEHTpAIUs COJIe B OCTATOYHOM BOJI€ 3aBUCUT OT KayecTBa
CMEIIEHUs IUIACTOBOM M MPOMBIBOYHOM BOABI. B mporecce cMeleHus 3a cueT
MHOTOKPATHO MOBTOPSIIOIINXCS aKTOB CIUSIHUS Karelb APYT C IPYroM U MmocJe-
JYIOIIETO MX IPOOJICHUSI KOHIEHTPAIUs COJiel B OTAENbHBIX KaIUIsIX BhIPaBHU-
BaeTCH.

[Ipu maeanrbHOM CMEIIEHUU KOHIIEHTPAIHS COJIEH BO BCEX Karumsix Oyner
MOJIHOCTBIO BBIPABHEHA, (T.€. IPOUCXOUT MOJTHOE CMEUIEHUE Kalleb MPECHOU U
MJIACTOBOM BOJIbI), UTO COOTBETCTBYET MOTEHIIMATBHON BO3MOXKHOCTH YCTaHOB-
KH.

[Ipu HEMOTHOM CMEIIEHNY BhIPAaBHUBAHUS KOHIICHTPAIIUH COJICH HE TPO-
UCXOJIUT, T.€. YaCTh Kamejb MIACTOBOM BOJIBI OCTAE€TCS C UCXOAHOW KOHIIEHTpa-
nuen coneil. CrneqoBaTelbHO, HETIOJIHOE CMENIeHne — yXyaieHue 3¢ HeKTuBHO-
CTU paboThl 00eccoMBaloIIel yCTaHOBKU. PacxokaeHue Mexay TeopeTrhye-
CKUMHU (MACaNTbHBIM, TIOJHBIM CMEIICHUEM) U (PaKTHYECKUM (HETIOJIHBIM) BhIpa-
xaeTcst KodhpuireHToM yxyameHus: padboTel yctaHoBKHU (K):

S HCIIOJIH

R‘ — BBIXOI _ 1 + (PHPOM])IB.BOZ[])I . A

ITOJIHBII b

BBIXO/I (PBXOILH (pBLIXOILH

rae A — cyMMapHbIii 00beM Kalleslb, HE CMEIIABIINXCS C MPOMBIBOYHON BOJIOH.
Ecmun A=0, To K=1. T.e. npu MoJHOM CMELIEHUU Kaleidb YXyAIIEHUs paboThI
YCTaHOBKHU HE IIPOUCXOJHT.

[TpyHuMNuanbHasE TEXHOJOTMYECKas CXeMa OJHOCTYIEHYaToro obecco-
JIMBaHUs IpUBEcHa Ha puc. 4.9.

Puc 4.9. llpuHnMnuanbHas TEXHOJIOTHYECKas cxeMa obecconmBaHus Ceipoit HedTu: 1 — cme-
CUTEJB; 2 — KoaJeclep —aucneprarop; 3 — anekrpoaeruapatop; I — ceipas HegTh Ha obecco-
nuBanue; 11 — ropsuas npoMeiBHas Bosa ais ooecconuBanus; 111 — obecconennas vedre; IV —
JIpeHakHas BoAa
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Yare mpuMEHSIFOTCS IBYXCTYTIEHUATHIE U TPEXCTYIIEHYaThIe CXeMBI 00ec-
conmuBanus. CxeMa mporiecca BBITIISAUT cienytommM obpazom. Ha ycranoBky
06€eCCOIMBAHHS MTOCTYIACT ChIpast HeTh ¢ OOBOJHEHHOCTBIO (' oy M COIEPIKA-
A C gyoy cOMEH. TTeper 1 cTyIeHbio HedyTh HArPEBAIOT U HOOABISIOT K HEil jie-
SMYJIBIaTOp H IPOMBIBOUHYIO BOLY Q' pomy 110CIIE HHTEHCHBHOTO MEPEMEIIHBA-
HUS HEQTH C MPOMBIBOYHOU BOJOM, 00pa3oBaBIIAsICS AMYJIbCHS MOCTYIAET B
anexTpoaeruaparop. Bmecre ¢ Bogoit uz HedTu ynanstorcs conu. C Beixoaa 1-i
CTyneH!u HeTh ¢ 0OBOJIHEHHOCTHIO (plBHXOH, coaepkaras CIBHXOH coJiell mocTymna-
€T Ha 2 CTyleHb 00eCcCOJIMBaHUA, Tepea KOTOporh K HedTU CHOBa JAO0ABISIOT
IPOMBIBOYHYIO BOTY (0 pons U HHTEHCHBHO TEPEMEIIMBAIOT. 110CiIe OTHCICHHS
BOABI M3 HEPTH HA 2 CTYNEHU TOBAPHYIO HE(PTh, COACPIKANLYIO Ppyxon BOIBI H
Caexon COJICH, HAINIPABIISIOT B TOBAPHBIE pe3epByaphl. B cirydae ecnu KOHIIEHTpa-
TSI XJOPUCTBIX COJICH TMOCTE BTOPOW CTYNEHU 00ECCOIMBAHUS HE JIOCTUTACT
TpeOyeMbIX 3Ha4Y€HHM, He(Th HaNpaBsETCS HAa TPEThIO CTYINEHb 00ECcCOIMBa-
HUSL.

[lepBas mHambonee mpocTas W, Kak MPaBUIIO, YCIEUIHO peanu3yemMas cra-
JIUsl TEXHOJIOTUYECKOTO TMpoliecca — AUCTIEPrupOBaHNE MPOMBIBHOW BOJIbI B 00-
pabateiBaemoit HedTH (TPUMEHEHUE AUCTIEPTUPYIOIINX YCTPOIMCTB).

Bropas, naubonee cioxkHas ctajaus mnpoiiecca — BhIpaBHUBAHUE KOHIIECH-
Tpalyi XJOPUCTHIX COJIeH B KalUIIX MPECHOH W IUIacTOBOM Bojbl. Heobxomu-
MBIM YCJIOBHEM JJisi BO3MOXXHOCTH BBIPDABHUBAHHS KOHIICHTPALIUMA SIBIISAETCS
MHOTOKPAaTHOCTh aKTOB KOAJIECIIEHIIMU U TIOCIEIYIOMIETr0 TUCIIEPTUPOBAHUS BO-
JbI B ChIphe. JlJIg KoalleCeHIIMK Kareilb He0OX0AUMO BpeMs, MPOIOJKUTEIh-
HOCTh KOTOPOTO 3aBUCHUT OT BSI3KOCTH HE(TH, THIA IEIMYJIBTaToOpa, €ro pacxo-
Ja, MeCcTa BBOJA, THAPOJMHAMUYECKUAX MapaMeTpoB moToka u T.7. CremoBa-
TEIBHO, MEXTy CMECHUTEJIEM U OTCTOMHUKOM JIOJDKEH OBITh AJIEMEHT, 00ecIeyu-
BAOIINIA BpeMs U TUIPOJIUHAMUYECKHIE YCIOBHS KOAJICCIICHIINA U TUCIIEPTHUPO-
BaHUS (HAIpUMeEp, KOoaJecCIep-auCcIepraTop). Y BEIMUNUTh BEPOSATHOCTh Koajec-
IIEHIIMN KameNlb 32 OrpaHWYEHHBIN TIEPHOJT BPEMEHH, BO3MOXKHO, YBEIMUYCHUEM
KOHIIEHTpaIMu Kanenb (aucrepcHoit ¢as3el) B HedTH. JlocTaToOuHAas KOHUEHTpa-
Usl — 9TO Takas KOHLEHTpalus, KoTopas obecrneunBaet 3QPeKT CTECHEHHOCTH
OCAQXJICHUS Karellb B IOJIE CUJIbI TshKecTu. Dd@ekT mpossisercs npu oOBOI-
HeHHOCTH 6osee 6 %. [Ipu o6BomHEeHHOCTH OoJiee 15 % HAaYMHAIOT MPOSBIATHCS
3¢ (deKThI, CBSI3aHHBIE C BO3pacTaHUEM BA3KOCTH 3MYyJibcuu. [loaToMy, BeTuunHa
TEXHOJIOTUYECKH ONTUMAJILHONW OOBOJIHEHHOCTH B TPOIECCE BHIPABHUBAHMS
KOHIICHTPAIIMU JIEKUT B nuanazone 6 — 12%. UeM meHble BOABI B MOTOKE, TEM
MEHBIIIE BEPOSITHOCTh BCTPEUHU Kalelb W, KaK CIEICTBHE, WX KOAJICCIICHITHS.
[ToaToMy, Ha TIpaKTUKE JJISl YBEIIMUEHUST BEPOSITHOCTH KOAJIECIICHITUN KaIlelb U
MOBBIMIEHUS 3(P(GEKTUBHOCTH HMCIOJB30BaHUSI MPOMBIBHOW BOJIBI, YacTh Jpe-
HAXHOU (LMPKYJIALMOHHOM) BOAbI ociie D" HampaBisieTcs B CMECUTEND J10-
MOJIHUTETHLHO K MPOMBIBHOUW BOjE (HampuMep, MPOTUBOTOYHOE BBEACHHUE Ha 1,
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2, 3 ctynensb). JlonogHUTENbHOE TPUMEHEHHUE ITUPKYISIIUOHHON BOJIBI MOJIEP-
YKUBaeT 0OBOJIHEHHOCTh He()TU HE MeHee 6 %o.

Tpetbst cranusg — 0TCTON U 00€3BOKUBAHUE HEPTH.

[IprMepbl TPUHUMIHAIBHBIX TEXHOJIOTMYECKUX CXEM TPEXCTYIEHYATOrO
npoliecca 00eCCOIUBaHUS C TOTIOJHUTEIBHBIM BBOJAOM LUPKYISIIUOHHOW BOJIBI
npuBeaeHbl Ha puc. 4.10, 4.11.

- s .

I
HedTb Nnocne

obecconuaeaHua :'k )

== o e E am e E Em  E= = om

5 :_ HedTb Ha
1 obecconueaHwne
e e — —_|cTyneus] _
[pexaxHasa Boga
LUnprynaumonHan
Boaa

Puc.4.10 TlpuHnunuaibHas TEXHOJIOTHYECKAs CXeMa TPEXCTYIEHYaTOro mpoiecca 06ecco-
TUBaHUS HEPTH MPU MPOTHBOTOUYHOH MO1a4€ TPOMBIBHON BOBI

1

Hed1s nocne | ;

DDecCconWBaHWA :\
I cr

___________ yneHs _
dpenaxHas soaa UmnprynaunoHHan
lNpombiBHasR BO.E_la‘i ______________

I

IpeHaxHan soga
MNpomMmeiBHAR BoAA

LIWpKynALMOHHER

]

e HedTb Ha
i pbecconuBaHue
1

_leTynens

UwprynaunoHHan
BOna

Puc. 4.11. llpuHnunuanbHas TEXHOJIOTHYECKAs CXeMa TPEXCTYIIEHYAaTOro mporiecca odecco-
TUBAHUS HEPTH MPU MOJa9e BOABI HA KAKIYIO CTYNIEHb B OTACIBHOCTH
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Kaxk mpaBuiio, nporiecc 00eccoiMBaHusI TECHO CBSI3aH C MIPOILIECCOM dJIEK-
TPOJETUAPUPOBAHUS HEPTH, KOTOPBIA MPUMEHSIETCS HAa TPETheH cTamuu obec-
coniBaHusi He()TU — 00€3BOKUBAHUMU.

[Ipu HE0OXOAMMOCTH MOJTYyUYEHUsS TOBAPHON HeDTU C HOPMHUPYEMBIM (I10
CTb T'OCTP 51858-2003) xosmuecTBOM cojiel (MaccoBas KOHIICHTpAIUS HE
ooiee 100 MF/I[M3) U BoAbI (MaccoBas koHIeHTpalus He 6oinee 0,5 — 1,0%) wuc-
MOJIb30BAHUE DJIEKTPUUECKOTO TOJSI OKa3bIBACTCS E€AMHCTBEHHBIM 3(P(HEKTHUB-
HBIM METOJIOM MOJITOTOBKH.

DneKTpUYecKuid crmocod 00e3BOKMBAHUS W OOECCOJIMBAHUS TPUMEHUM
TOJIBKO JIJIsl pa3pylieHus BOJOHE(DTIHBIX dMYJIbCUN THUIA «BOJA B HEPTH», TaK
KaK 3JeKTpooOpaboTKa IMYJIbCHI TUTIA «HE(PTh B BOJIE» HEBO3MOXKHA U3 — 3a
YIPO3bl KOPOTKOTO 3aMbIKaHUS 3JIEKTPOJOB Yepe3 sMyJibcuio. Kpome Toro, 3To
HPKOHOMUYECKHU HEIIeJIECOO00Pa3HO T. K. OCHOBHAS Macca BOJIbl YAAJISIETCs Ha CTa-
MU TIPEBAPUTEIHHOTO OO0E3BOKUBAHUS TPH OTCTOE W TEPMOXHUMHUYECCKOM
00€3BOKUBaHUMU.

Hedtsubie sMynbcuu Thna «Bojaa B HEPTU» pa3pylIalOTCsS B AJICKTpUYE-
CKOM T0Jie clienytouum oopa3zom. Eciau 6e3BoiHy0 HE(DTh HATUTH MEXIY JBY-
Msl TJIOCKMMHU MapajuieIbHBIMU JJIEKTPOJaMU, HaXOISUIMMUCS TOJ BBICOKHM
HaNpsHKEHUEM, TO BO3SHUKHET OJIHOPOJHOE AJIEKTPUYECKOE MOJIe, CHIIOBBIE JIU-
HUU KOTOPOTO MapajuieNibHbl ApYyT Apyry. [Ipu HamoKeHUn BHEIIHETO 3JIEKTPH-
YECKOTO TOJII Ha BOJAOHE(PTSIHYIO dMYJIBCHUIO KAaIUIM BOJBI, JUAJICKTpUUYECKas
MIPOHUIIAEMOCTh KOTOpO# npuMepHO B 40 pa3 Gosbiiie ueM y HedTH, TOISIPU3Y-
I0TCS, TpeBpamasch B aumnoiid. PacmonoskeHne CUIOBBIX JHHHUN MEHSAETCS, U
OJIHOPOJHOCTH 3JIEKTPUUECKOTO MOJISI HApYIIAeTCsl, MOJIPU30BAHHbBIE KAIIA BO-
JIbI BBITSITUBAIOTCS BIOJb CHJIOBBIX JIMHUMA C 00pa30BaHUEM B BEPIIMHAX KaIeib

BHCKTpI/I‘—IeCKI/IX BapHI[OB, HpOTI/IBOHOJ'IO)KHBIX 3ap;maM Ha 3HeKTpOI[aX (pI/IC
4.12)

i

Il
i
i

|
luuum
I.

+'

Puc. 4.12. Cxema noBeieHUs Kaleab 3MYJIbIMPOBAHHBIX B HE()TU BOJIBI, B 3JIEKTPUUECKOM
T0JIe: @ — PACIOJIOKEHHE CHIIOBBIX JIMHUI B 0e3BOIHON He(TH; 6, 6 — B HEPTH C KAIUIIMU BO-
pi1S
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JIBe Karumi BOJIbI, PACIIONIOKEHHBIE HAa IOCTATOYHO OJIU3KOM PacCTOSHUU
OJlHa OT APYTOH, BCIEACTBHE NCHCTBHUS AUIONIb-IUNOIHLHOTO B3aMMOJEHCTBUS
OPUTITUBAIOTCA APYT K Apyry ¢ cuioit (F):

cEr®
d*’

F=6

rjae: £ — HanpsbKeHHOCTh AJIEKTPUYECKOro Mo, BonbT/M; ¥ — paauyc Karum, M;
d — paccTOsiHHE MEXy LICHTpaMU Karellb, M; € — JUAJIEKTpUUecKasi IpOHULIae-
MOCTb CPEJIbI.

bnarogaps neWicTBUIO ATOW CHUJIBI KAl AeQOPMUPYIOTCS U ABHXKYTCS
HaBCTpeuy Apyr apyry. Ilpu 3ToM ¢ yMEHBIIIEHHEM PacCTOSHUSI MEXIY HUMHU
CUJIa B3aMMOJICHCTBHS BO3PACTAET, HAIPSHKEHHOCTh MOJsl B IPOCIIOWKE, pa3ze-
JSIOLIEN UX, PE3KO YBEJINYUBaeTcs (A0 AECATKOB €AMHMII, IIPU HAMPSKEHHOCTH
BHEIITHETO TOJIS MOPsAKA HECKOJBbKUX €IUHMUIL), TPOUCXOJUT IIICKTPUUECKUIM
npoOoli HEePTSIHOW MPOCIONKU, OPOHHUPYIOIIHME OOOJOYKHM Ha KaIlIsX BOJIbI
CHABJIMBAIOTCS U pa3pyILIAOTCs, KAk CIIMBAIOTCS U OCEAALOT.

N3 popmyiibl BUAHO, UTO CHJIa B3AaUMOJICUCTBUSI MKy KarlUIIMU YMEHb-
HIAETCS C YBEJIUYEHUEM PACCTOSHUS MEXIYy HUMU U BO3pAcCTaeT NMpHU yBEIUYe-
HUU Pa3MEpPOB Kalellb U HAIPSKEHHOCTU BHEIIHEr0 3JeKTpudeckoro noisd. Ox-
HAaKO, Ui MHTEHCU(PUKAIIMK TIPoIlecca KOAJIECICHIIMU Kalelb HaMPSKEHHOCTD
10JI1 MOKET OBITh MOBBIIIEHA JIMILB JI0 OIPEAEIIEHHOIO npeaena. ITo 00bsICHS-
€TCS TeM, YTO ISl KaXKJIOM KOHKPETHOM CHUCTEMBI CYIIECTBYET KPUTHUYECKOE
3Ha4YeHME Ly, BBIIIE KOTOPOrO KAl CTAHOBATCA HEyCcTOMUMBBIMU. Kannu nuc-
NEPrUupyroTcs Ha O0Jee MEJIKUe MO ACHCTBUEM 3JIEKTPUUYECKUX CHUIl. DTO sIBJIe-
HUE HOCUT Ha3BaHUE KOHTAKTHO-Pa3bEAMHEHHAs 3apsi/iKa U 3aKIF0YAETCsA B TOM,
YTO 3JIEKTPUUECKUN MPOOOH HEPTAHON MPOCIONKM MPOUCXOAUT HA TAKOM pac-
CTOSIHUH, YTO CHJIbl B3aUMOJEHCTBUS MOJIEKYJ BOAbI MEXY COJIMKAIOIIUMHUCS
MOBEPXHOCTSIMHU €I1I€ HE B COCTOSIHUM BbI3BaTh KOAJIECIEHUNIO, HO, TOCKOJBKY
AIEKTPUYECKUIN KOHTAKT YK€ YCTAaHOBJIEH, IPOUCXOIUT NEpEpPaACIIPEACIICHUE 3a-
PAIOB M DJIEKTPUYECKHE CHJIBI OTTAJIKMBAIOT Karuii. Ha mpakTuke, B 3aBUCHMO-
CTH OT BEJIMYMHBI MTOJAABAEMOTO Ha 3JIEKTPOo bl HampsbkeHus (22, 33, 44 xB) u
paccrostHust Mexay snekrpoaamu (120 — 400 MM) HampsKEHHOCTH JIEKTpUUe-
ckoro mnosist MmeHsietcst B mpenenax 100 — 300 kB/m.

B mone mepeMeHHOro Toka BCIEACTBHE LUKIMYECKOIO W3MEHEHMS Ha-
MpaBJICHUSI TOKA U HANPSKEHHOCTU MOJSl KaIllld BOJbl CUHXPOHHO H3MEHSIOT
HaIlpaBJI€HUE CBOET0 JBUKEHUS, B PE3YyJIbTaTE YErO HAXOAATCS B COCTOSIHUM KO-
nebanus. Takoe siBIeHHE MPUBOAMT K U3MEHEHHIO (POpPMBI Kamelb, uX aedop-
Mallid, pa3pblBaM OpPOHUPYIOHIMX 000JO0YEK Ha TJI00yJax BOJBI U MOCIETYIO-
[IeMy MHTEHCUBHOMY ciusiHuio. [103TOMy 3(hPeKTUBHOCTD pa3pyLIeHUs: 3MYJIb-
CHUU B I10JIE€ IEPEMEHHOT0 TOKA BBIIIE, YEM B MOJIE TOCTOSIHHOTO TOKA.

AnmapaTsl 19 pa3feNeHus] BOJOHEPTSHBIX dMYJIbCUNA C MPUMEHEHUEM
AIIEKTPUYECKUX TOJIEW HA3BIBAKOTCS DJIEKTPOJAETHUIPATOPAMU. DIIEKTPOAETHIpa-
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TOP OTJIMYAETCS OT OTCTOMHUKA HAJIMYHUEM B 30HE OTCTOS AJIEKTPOJOB, MEKIY
KOTOPBIMH CO3JAETCs AJEKTpUUECKoe mojie. TunuyHas KOHCTPYKIUS 3JIEKTPO-
JeruIpaTopa rnpuBeaeHa Ha puc. 4.13

¥ 6§ |

1 - U
i‘ |
"1 'Dﬁd'h';wcr,f 't'f'-i;;r;'.'.".'f:

™3

BE

Puc.4.13. Ceuenue ropu30HTaNBHOTO 3JIEKTPOAECTUIPATOPA C BBOAOM 3MYJIbCUU MO BOJS-
HYI0 TOAYIIKY: 1, 2 — 3JeKTpobl; 3 - pa3aTOUYHbIN KOJUIEKTOP

Haubonee 3¢hpexTuBHBI U IKOHOMHYHBI TOPU3OHTAIBHBIE AIEKTPOIETHI-
paTopbl. OMYJIbCHS MIPEABAPUTEILHO CMENIAHHAS C MOJIOTPETON IPECHON BOJIOM
yepes pa3laTouHbli KOJUIEKTOP MOJAETCS PABHOMEPHO IO BCEMY I'OPU30HTAIb-
HOMY ceueHuto ammapara. [Ipoxomut yepe3 Tpu 30HBI 00paboTKu. B meproii,
HIKHEN 30HE, OIMYJBCHS MPOXOIUT YE€pPE3 CIOU OTCTOABLICKUCS BOIbI, YPOBEHb
KoTopoil Beilie Ha 20 — 30 cM pa3naToyHOro KoJuiekropa. B 3Toit 30He mpowuc-
XOAUT BOJHAs MPOMBIBKA, B PE3yJIbTATE KOTOPOU TEPSIETCA OCHOBHAsA Macca BO-
IbI. 3aT€M SMYJIbCHUS, TMOJHUMASACh BEPTHKAIBHO, TOJBEpraeTcs oOpaboTKe B
30HE 3MeKTprueckoro nosst. CHavyana — B moJie c1adoil HapsHKEHHOCTH (MEXIy
YPOBHEM OTCTOSBIIECHCS BOABI U HIXKHUM 3JIEKTPOJIOM). 3aTeM B 30HE CHIILHOM
HAaNPsHKEHHOCTH — MEX/Ty HKHUM U BEPXHUM JJICKTPOJAMH.
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4.2. IIpomMbIc/ioBasi IOATOTOBKA BOJbI

[Ipu pa3paboTke HEPTSIHBIX M Ta30BBIX MECTOPOXKICHUN 3HAUYUTEIIbHBIC
00BEMBI BOJIbI PACXOYIOTCSl HAa MOJAJIEP)KaHUE IJIACTOBOrO JABJIEHUS, YTO IO-
3BOJIACT MPOJUIUTH Mepruoj (POHTAaHUPOBAHUS CKBXXUH U 3HAUUTEIHHO YBEJU-
yuTh Ko3(ppuuumentsl Hedrerazootaaun. C 3TON LEIBI0 UCHOJB3YIOT He]Te-
MIPOMBICIIOBBIE, TUBHEBBIE 1 IOBEPXHOCTHBIE BOJIBI.

Hcnonb3zoBanne HePTEMPOMBICIOBBIX BOJI B CHCTEME MOJJIEPKaHUs TII1a-
CTOBOTO JIaBJIEHUSI — BaXKHOE TEXHUUYECKOE U MPUPOJAOOXPAHHOE MEPOIPUATHE,
MO3BOJISIONIEE OCYIIECTBISATh 3aMKHYTBIM IIUKI 000OPOTHOTO BOJAOCHA0KEHUS T10
CXeMe: «IIacT — qoObIBaOIIas CKBaKMHA — CHUCTeMa cOopa W OJATOTOBKHU HEd-
TH ¥ Ta3a ¢ 0JoKoM BogonoAroToBku — cucrema III1J] (HarHeTaTeapbHas CKBa-
JKUHA)».

[Ipu u3BNeUYeHUM U3 HEAP IUIACTOBAs BOJAA, HAXOMASAIIAsICA B dMYJIBIUPO-
BAHHOM COCTOSIHUM MPAKTUYECKH HE COJEPKUT KaKue—Inbo 3arpsisHeHus (mpu-
Mecu He npeBbimaoT 10-20 mr/n). Ilocne paccioeHus SMyJIbCUU COJIEPIKAHUE
B3BEIICHHBIX YACTHUIl B OTAENIIEMON BOJE yBeauuuBaercs: Heptu o 4— 5 r/m,
MexaHudeckux npumeceit 10 0,2 r/1. OOBIACHIETCS 3TO TEM, YTO B PE3yJbTaTe
CHIKEHUSI Mex(a3HOro HATsHDKEHHsS Ha rpaHulle HeTb—Boja (BCIIEICTBUE BBeE-
JIEHUSI B CUCTEMY peareHTa—IeaMyJIbraTopa u TypOyJIu3aiiy paccliOeHHOTO T0-
TOKa) MHTEHCU(UIIUPYETCS] NUCTIEPrUpOBaHKEe HEPTH B BOJE, a TAaKXKE OTMBIB
Pa3JIMYHBIX [JIAMOBBIX OTJIOKEHUMN (IIPOYKTOB KOPPO3UH, TIIMHUCTHIX YACTHIL)
C BHYTPEHHEH MOBEPXHOCTU TPYOOIIPOBOIOB.

Kpome Toro, B ammapaTax-BOJOOTACIMUTENSIX HAKAIUIMBAETCS MPOMEKY-
TOUYHBIM CJIOM, COCTOALINI U3 Kamelb BOJbI C HEpa3pyLICHHBIMUA OPOHUPYIOIIN-
MU 000JI0YKaMH, arJIOMEpPaTOB TBEPIBIX YACTHUIl, MEXaHUYECKUX TPHUMECEH, ac-
($hanbTOCMOIUCTBIX BELIECTB U BBICOKOIUIABKUX MapaMHOB, MUKPOKPHUCTAILIOB
cosieil u apyrux 3arps3Huteneil. [lo Mepe HaKOIIEHHUS YacTh MPOMEKYTOUHOTO
ci0si cOpachIBaeTcsl ¢ BOJOM, M 3HAUUTEIIBHOE KOJUYECTBO 3arps3HAIONINX MPU-
Mecel IepexoauT B BOJHYIO CPEAY.

[IpupoaHbie U TEXHUYECKHE BOJBI MOTYT COJIEPXKATh MMPUMECH OpraHuye-
CKOT'0 M HEOPTraHUYECKOT0 MPOUCXOXKIEHUS: He(PTENMPOAYKThI, COMU, THUIPOKCH-
nel kene3a (Fe(OH),, Fe(OH);), Mukpoopranusmbl, 00pa30BHIBAIOIINE B pe-
3yJIbTaTe€ CBOEW KU3ZHEACATEIbHOCTU HEXKeNaTelbHblEe COeIUHEHHs. Tak, Cyib-
daTBoccTanaBnuBaoue 6akrepuu (CBB) BeipabaThIiBalOT cepoBOIOPOI, PEZKO
YBEIIMYMBAIOIINNA KOPPO3UOHHYIO arpecCUBHOCTH BOJbl. PacTBOpEHHBIE Ta3bl:
KHUCIIOPOJ], CEPOBOAOPO/I, YIIIEKHUCIBIN Ta3 WHTEHCU(DHUITUPYIOT MPOIECC KOPPO-
3UH, YTO CIIOCOOCTBYET BTOPUYHOMY 3arpsi3HCHHUIO BOJBI MPOIYKTAMHU KOPPO-
3UH.

C 1enpio npeaoTBpalIeHUs KaabMaTalluu MPOAYKTUBHBIX IJIaCTOB, a TaK
K€ KOPPO3MOHHOTO BO3JICUCTBUS HA CTajbHbIE TPYOOMPOBOJBI 3aKauMBaeMasi
BOJIa JIOJDKHA COOTBETCTBOBATH OMpe/ieIeHHBIM TpeOoBaHusiM. HopMbl kauecTBa
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BOJI B 3aBUCUMOCTH OT TuNa Kosuiekropa omnpeaenensl B OCT 39-225-88, koto-
pBIi B HacTosiee BpeMs siBisieTcs aencTpyomuM B PO. B Pb pa3paboTan aHa-
gornyHblid 1okyMeHT (CTII 09100.17015.043-2007), B koTOpOoM TpeOoBaHUs K
KauecTBY 3aKauMBaeMOW BOJIbI cOBHaAaroT ¢ TpeboBanusimu Poccuiickoro OC-
Ta. CormacHo 3TUM TOKYMEHTaM HOPMUPYIOTCA CIEIYIOLINE MOKAa3aTelld Kave-
CTBA:
— BoOpoaAHbIN nokazatens (pH) 3nHauenue pH noiKHO HAXOAUTHCS B TIpeaeiax
ot 4,5 1o 8,5, 4T0 XapaKkTepHO IS TUIACTOBBIX BOJ M HE BBI3BIBAET OCAXKICHHUS
TUAPOKCHJIOB LIEIIOYHO3EMENBHBIX METAIIOB;
— pa3Mep YacTULl MEXaHMYECKUX MpUMecedl M 3MYyJIbIMPOBAHHON HEPTH: MpuU
3aKayke BOJBI B IIOPOBBIC KOJUIGKTOPHI MPOHHIAEMOCTHIO CcBbime 0,1 MxM’
TOJDKHO ObITE 90% YacTull HE KpynHEe 5 MKM; IPH 3aKauyKe BOJAbI B IIOPOBBIE
KOJLIEKTOPBI IPOHUIIAEMOCTHIO 710 0,1 MKM’ - He KpymHee 1 MKM;
— coJiep KaHUe pacTBOPEHHOT0 KUCIOPOAa HE TOJKHO HpeBbiaTh 0,5 mr/i.
— Ha0yXaeMOCTh IJIACTOBBIX TJIMH B 3aKaUMBAEMOU BOJI€ HE JIOJKHA MPEBBIIATH
3HAYEHUs UX HA0yXaeMOCTH B BOJI€ KOHKPETHOI'O MECTOPOKACHHUS.
— MPU KOPPO3HUOHHOM aKTUBHOCTH BoAbl cBbilie 0,1 MM/rog HeoOXoaumo mpe-
JyCMaTpUBaTh MEPOMPUATHUS IO AHTUKOPPO3MOHHOW 3aIuTe TpyOOIpPOBOJIOB U
000pyI0BaHUSI.
— cojiepKaHUe IMYJIbIMPOBAaHHON HEPTH U MEXAaHUYECKHUX MpUMeEceil B 3aBUCH-
MOCTH OT IIPOHHUIIAEMOCTH U OTHOCHUTEIBHOM TPEHIMHOBATOCTH KOJIIIEKTOPA yC-
TaHaBJIMBaeTcs 1o Tadnuie 3.1.
— COJIEpXKaHUE CEPOBOJIOPOJA: B BOJIE, HAHETAEMOM B MPOJYKTUBHBIE KOJIJIEK-
TOPBI, IJIACTOBBIE BOJIbI KOTOPBIX HE COAEPKAT CEPOBOIOPOJ WU COAECPHKAT UO-
HBI JK€JI€3a, CEPOBOJAOPO/ IOJKEH OTCYTCTBOBAT.
— Hamuue CBB: e nomyckaercs npucyrctsue CBbB B BoJie, mpeqHa3HauY€HHON
JUTS 3aKaYKH B TUIACThI, HEPTh, ra3 U BOJIa KOTOPBIX HE COAECPIKAT CEPOBOJOPO.
— coJiepKaHUe MOHOB TPEXBAJIEHTHOIO JKeJe3a: MPU 3aBOJJHEHUHU MTPOTyKTUBHBIX
IJIACTOB, COJAEPXAIIUX CEPOBOJOPO, YCTAHABIMBATH BO3MOXKHOCTH 00Opa3oBa-
HUSI CEPHUCTOTO KeJie3a, HEOOXOAMMOCTh U MEPONPUSITHS ISl YAAJICHUS] HOHOB
TPEXBAJIEHTHOI'O JK€JI€3a U3 BOJIBI.

VYrpaBiieHHE Ka4eCTBOM BOJBI JISl 3aKaUKU €€ B IUIACT MPEIyCMaTPUBAET
BBIIIOJIHEHHE CIIEAYIOIINX TEXHOJIOTUYECKUX MEPOIIPUSATH.
1. KoHTponb (uiIbTpalMOHHON XapaKTEpUCTUKU: pa3Mep YacTHll, KOHLEHTpa-
IIUsI MEXTIPUMECEH U SMYJIbIMPOBAHHON HE(DTH:
— yJasneHnue rpy0ouCIIepCHBIX IPUMECEH U KaneabHOU He(hTH OTCTauBaHUEM
— yJajeHue TOHKOIUCIIEPCHBIX MPUMECEH KoalleClieHInen, Gaotanuei, GuibT-
POBaHHUEM YEpE3 pazInUHbIE MaTEPUAIIBL;
— OTJI€JICHUE B3BEIICHHBIX YACTHI B TUAPOLMKIOHAX U MYJIbTH T'MIPOLIMKIOHAX;
2. KonTposp conep:xaHusi NIOHOB TPEXBAJIECHTHOIO JKEJe3a:
— 00paboTKa U 3aKavka BOJIbI MO 3aKPbITOH (0€3 JOCTyIa BO3yXa) CXeMe,
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— OKHUCJICHUE, TIO/IIIEIaYuBaHIE WIA CMEIICHHE JKeJIe30- U CEPOBOOPOICOICD-
JKaIlUX MMPOMBICIIOBBIX CTOYHBIX BOJ| C TOCJCAYIONIUM OTCTAaMBaHUEM U (DUIIBT-
pOBaHHEM

Tabnuya 3.1
JonmycTumoe cogepxaHue MeXaHMYeCKHX MpuMeceil 1 He(pTH
B 3aKAYUBaeMOil B IPOAYKTUBHbIN KOJJIEKTOP BOJE € LeJIbI0 NOAIeP:KaAHUS
IJIACTOBOIO 1aBJICHUS

OITYCTUMOE COJZEPKa-
[IpoHuaeMocTh nopuc- Koaddumment ornocu- Hlomy AIEP
. > HHE B BOJIEC, MI/:
TOM Cpebl KOJJIEKTOpa, | TEIbHOW TPEUIMHOBATOCTU
2 MEXaHU4YeCKuX | HeTU
MKM KOJUIEKTOpa .
pUMecen
10 0,1 BKIIOUHTENHEHO - 1o 3 o 5
cebie 0,1 - o 5 mo 10
110 0,35 BKIFOYUTEIBHO oT 6,5 10 2 BKII mo 15 mo 15
cBoimie 0,35 MeHee 2 1o 30 o030
110 0,6 BKIIOUHTEIHEHO oT 3,5 10 3,6 BKII 1o 40 1o 40
cBoiie 0,6 MeHee 3,6 1o 50 1o 50

3. KoHTposb MUKPOOMOTIOTHYECKON 3apayKEHHOCTH:
— 00paboTka OaKTEepHUIMIHBIMY MPenapaTaMu
— 0b6paboTka ynbTpaduoieTom
4. KOHTpPOJIb KOPPO3UOHHON aKTUBHOCTH BO/IBI:
— MHrHOUpOBaHUE
5. ConepxaHue paCTBOPEHHOTO KUCIOpOaa:
— necopOuus He(TSIHBIM Ta30M,
— "XosioHas" BaKyyMHasl ieaspalnus,
— CBSI3BIBAHHME PEAr€HTAMU-BOCCTAHOBUTEISIMU

TexHOIOTHYECKHE CXEMBbl YCTAHOBKH MOJATOTOBKH HE(PTEPOMBICIOBBIX U
npupoansix Boj (YIIB) mpemycmarpuBarOT MX OYHUCTKY OT HEPTEHPOIYKTOB,
MexIpuMece u cepoBofopona. OxpaHa OKpYXarollell cpeabl JTOCTUTaeTCs
IIOJIHOM T'€PMETU3ALIUEN MPOLIECCOB, B TOM YUCJIE YTUJIA3ALKUEN ra3a U BBIBO3OM
nuiama.

TuroBasi cxema yCTaHOBKHM MOATOTOBKH MPUPOJHBIX BOJI MPEICTABIICHA
Ha puc. 4.14. Hacoc / 3abupaer Boay u mogaet ee B cmecurens 3. [lo mytu mo-
3UPOBOYHOE YCTPOWCTBO 2 BBOJUT B HEE KOAryJisiHT. B cmecurene 3 KoaryjasHT
WHTEHCUBHO MEPEMENINBAETCS C BOJOM, MOcie yero oopaboTaHHasi Boja MocCTy-
MaeT B OCBETIUTENb 4, IJe 00pa3yloTcs U 3aJepKUBAIOTCS Xjomnbsi. OkoHYa-
TeJIbHAsl OYMCTKA BOJIBI OT XJIOMBEB OCYIIECTBISIETCS B QUIBTPE J, OTKYyJla OHA
CaMOTEKOM HaIlpaBiIsIeTCsl B pe3epByapbl 6. 3aTeM HAcOC 7 MEPEKAYUBAET BOLY
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Ha KycroBble HacocHble ctaHuuu (KHC), xoTopeie uepe3 HarHerareiabHbIE
CKBa)XMHBI 3aKa4MBAIOT €€ B IacT. Hacoc § ciuyXuT 1 nmepuogudeckon O4u-
CTKA (UIbTPa 5 OT B3BELIEHHBIX YACTHUIl IyTEM MPOKAYKHU Yepe3 HEro YUCTOU

BOJIEL.

Iv

Puc 4.14. TlpuauunuaibHas cXeMa YCTaHOBKH MOJATOTOBKU MPUPOAHBIX BO: 1, 7, 8 —

HACOC; 2 — 103aTOPHOE YCTPOUCTBO; 3 — CMECUTENb; 4 — OCBETIUTEND, 5 — QUIbTp; 6 —
pesepByapsl; | — npupoansie Boasbl; I1 — koarynsaT; [II moaroroBiaeHHast Boga Ha KyCTOBBIE

HacocHble ctaHimy; [V — Boja i ouucTku puibTpa

JUts npeaynpexacHuss KOppo3uu, CTA0MIN3alud XUMUYECKOTO COCTaBa

BOJbI B HEE IPHU MOMOIIM JT03UPOBOYHBIX HACOCOB JI00aBISIOT PEAareHT rekcame-
Taochar HaTpus B KommdecTe 2 — 3 /M. C IeIbI0 YHHUTOKEHNS MHKPOOPra-
HU3MOB IPUMEHSAIOT 00pabOTKY BOBI XJIOPOM, WU YIABTPa(pUOIETOM.

I[JIH INOATOTOBKKU CTOYHBIX BOJ Ha HPOMBICIAX HCIIOJB3YIOT CXEMbI OT-

KPBITOI'O U 3aKPBITOI'O THIIA. HpI/IHIII/IHI/IaJIBHaH CXeMad YCTAHOBKH OYUCTKH ILjIa-
CTOBBIX CTOYHBIX BOJ OTKPBITOT'O THUIIA ITPUBCACHA HA PUC. 4.15.

13 4
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Puc 4.15. HpI/IHHI/IHI/IaJIBHaH CXCMa YCTAHOBKH OUYUCTKU CTOYHBIX BOJ OTKPBITOI'O TUIIA
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TexHuueckass BOJAa HAMPABISAETCA B MECKOJOBYUIKY [/, T/I€ OCaXIArOTCs
KpYITHbIE MEXaHUYECKHE MPUMeECH. M3 MeCKOIOBYIIKYA CTOYHAS BO/a CAMOTEKOM
NOCTyINaeT B HEPTENOBYLIKY 3, KOTOpasi CIYXHUT JJIsl OTAEJIECHHsS OT BOJBI OC-
HOBHOM Macchl HepTr U Mexanndeckux npumeceit (II). Ilpuniun nericTBus ee
OCHOBaH Ha TPaBUTAIMOHHOM pAa3JCIICHUU IPU MaJON CKOPOCTU JABUKEHHUS
cTtouHoi Bojsl (MeHee 0,03 M/c), KOTOPOW TOCTATOYHO JUIsl BCILJIBIBAHUS Kameib
Heptu nuamerpom 6osee 0,5 mm. Cxornupinyrocs B JoByiike HegThb (II1) oTBo-
1T 1o HedTecOOpHOM TpyOe W HacocoM 2 TMOJAI0T Ha YCTAHOBKY MOJTOTOBKH
He(dTH, HA TOBTOPHYIO 00pabOTKYy.

[Tocne HeTemOBYIIKH CTOYHBIE BOJBI JJIsl IOOUYUCTKH OT HEDTH U MeXa-
HUYECKUX MPUMECEN MOCTYNAIOT B MPYAbI-OTCTOMHUKU 4, TI€ IIPOJOJKUTENb-
HOCTbh OTCTaWBaHUS MOXET OBITh OT HECKOJIBKHUX YacoB JI0 IByX CyToK. MHoraa
JUISL YCKOPEHMSI Tpoliecca OCaKJICHUSI TBEPHABIX B3BEHICHHBIX YaCTHUIl TMEpen
Npy1aMU-OTCTOMHUKAMHU K BOJAE JOO0ABJISIIOT XUMHUYECKHE BEIECTBA: U3BECTD,
CEPHOKHCIIBIA aTIOMUHUM, aMMuak u ap. Ilocie mpynoB-0TCTOMHUKOB conep-
»kaHue HeTu B cTouHoM Bojie coctapisieT 30 — 40 mr/i1, a MEXaHUYECKUX TPU-
meceit 20 — 30 mr/n. Takas riayOuHa MOATOTOBKU CTOYHOM BOJIbI OOBIYHO JOCTa-
TOYHA JJIsI €€ YTUIN3allMK, U B 3TOM CJIy4dae, BOJAa 4epe3 KaMepsl J U 6 OoCcTyna-
€T Ha IIPUEM HACOCOB 7, OCYLIECTBIIAIOUIMX 3aKauyKy €€ B IOTJIOUIAOIINE CKBA-
YKUHBI.

3akayka BOJIbI B HArHeTaTelbHbIE CKBAXUHBI TpeOyeT Oojiee riryOoKoi
O4HCTKU. B 3TOM ciydae cTouHast BoJa U3 KaMepbl 6 HACOCOM & HaIpPaBIISIETCS B
nornepeMeHHo padortaromue GuibTpbl 9 u /0. B xayecTBe GUIBTPYIONIETO Ma-
TepHaja MCIOJb3YIOT KBapleBblid mecok (¢ppakmus 0,5 — 1,5 mm), anTpanuto-
BYIO KPOIIKY, KEPAM3UTOBBIN TIeCOK, rpaduTt. M3 ¢puiapTpa ouunmieHHas Boja mo-
CTYIIa€T B EMKOCTb / /, OTKyJ]Ja HACOCOM BBICOKOI'O JaBJICHUA /4 3aKa4ynBaeTCs B
HarHeTaTeJlbHYI0 CKBaKUHY.

Bopa, nocrynaromast B puibTp, A0KHA coaepxkaTh HedTu He Oonee 40
MI/1 1 ME€XaHW4yecKux npumeceir He Oosiee 50 mr/in. OcTaToyHOE Colep KaHUe
He(TH U MEXaHMUYECKHUX MmpuMecei nocie ¢punbtpa cocrasiset 2 — 10 mr/i. [lo-
cie 12 — 16 4 paGoThl GUIBTP 3arpsi3HIETCS U MOTOK NEPEKITIOYAETCS B IPYrou
buiabTp, a 3arpsA3HEHHbIM (QUIBTP MEPEKIIOYalOT Ha MPOMBIBKY. [IpOMBIBKY
buIbTpa MPOBOAAT OUUIIIEHHOW BOAOM, 3abupaeMoit HacocoM /3 u3 émkocTH 1/
U TIpoKavyrBaeMoil depe3 GuiIbTp B 0OpaTHOM HampaBieHUH. JJIUTEIbHOCTD
IPOMBIBKH cocTaBiisier /5 — 18 muH. Boga ¢ mpombiBaemMoii rpsizbio cOpachiBa-
€TCA B UJIOHAKONUTEIb /2.

VY CTaHOBKHU O MOATOTOBKE CTOYHBIX BOJ 3aKPBITOTO THUIIA MpEayCcMaTpH-
BAIOT UCKJIIOYEHHE KOHTAKTa BOJBI C KHCIOPOJOM BO3JyXa JUIsl MpeaoTBpalie-
HUS OKUCIUTENbHBIX peakiui. [lo mpuHIuy NelCTBUS YCTAHOBKH 3aKPBITOTO
TUTMA TOAPA3JETSAIOTCS Ha OTCTOWHBIC, (DUIBTPALIMOHHBIC, (IOTAIMOHHBIE U
3EKTPO(DIOTAIIUOHHBIE.
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Bononedtsinas smynbcus | B ycTaHOBKE 1O OJATOTOBKE CTOYHBIX BOJ 3a-
KpbiTOTO THMNA (puc. 4.16), mocTynaronias ¢ IpoMbIciia, CMEIIUBAETCS C TOpsTUei
BOoJioM VII, BRBIBOOAMMOI U3 OTCTOMHUKOB WJIU MOJIOIPEBATENICH-AEIMYIbCATOPOB
YCTaHOBKHM MOJTOTOBKM HE(DTU M coaeprKalleil peareHT-ae3aMyJIbraTop, mpoxo-
JUT KarieoOpa3oBaTelib / ¥ MOCTYIAET B PE3EPBYap-OTCTOMHUK C KUJIKOCTHBIM
rUApOPUIBHBIM (UIBTPOM 2, B KOTOPOM OCYIIECTBIISAECTCS TpPEIBAPUTEIbHBIHN
cOpOC BOJIBI.

Pe3epByap-0TCTOMHUK € >KUIKOCTHBIM THUAPOPUIBHBIM (PUIBTPOM BbI-
IIOJTHEH Ha OCHOBE THUIIOBOTO BEPTUKAJIBHOTO pe3epByapa W UMEET CHU(POHHOE
yCTpPOMCTBO, oOecreynBaroiiee noaepxKaHie 3aJJaHHOIO CJIOSI BOABI MO CIIOEM
HedTH. Bononedtanas smynbCcusi, U3MEHHBINAsA CBOM TUI ¢ 0OpaTHOrO Ha Mpsi-
MOM B PE3yJbTaTe CMELIEHUS C TOPAYEH BOJOU C pEareHTOM-IAEIMYIIbIaTOPOM H
TypOYJEHTHOTO MEpEMEIINBaHUs B KarjaeoOpa3oBarese, IOCTynaeT B Pe3epBy-
ap-OTCTOMHHUK 2 MOJ CJIOW BOJABI YEPE3 PACIIPEAECTUTEND.
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Puc. 4.16. TexHonoruueckasi cxema yCTaHOBKH 10 IIOJITOTOBKE CTOYHBIX BOJI 3aKPHITOrO THIA
Ha NPUHILIKIE OTCTOS

[Togaumasice uepe3 >KUAKOCTHBIN THUAPOGUIBHBIN GUILTP (CIIOM BOIBI)
Karil HeTH OCBOOOXKAAIOTCS OT AMYJIBCHOHHOM Bonbl. Takum oOpa3oM, mpo-
UCXOAMT TPEABAPUTEIBHOE 00€3BOKIBAaHIE HEPTH U MPEIBAPUTEIHLHO 00€3BO-
xeHHast HeTh 1] BEIBOAMTCS ¢ BepXHEH yacTH pe3epByapa-oTcroitHuka 2. Ot-
JenuBIIascs Ha 3ToW craguum crouHas Boga III meperekaer B pesepByap-
OTCTOMHUK C TUAPO(HOOHBIM KUJKOCTHBIM PUIBTPOM 3.

PesepByap-oTcToiiHUK ¢ THAPOGOOHBIM KUIKOCTHBIM (DUIBTPOM TaKkKe
BBINOJIHEH HA OCHOBE TUIIOBOTO BEPTHKAIBHOIO pe3epByapa U UMEET CUPOHHOE
yCTpOMCTBO, 00ecrieunBaoliee NoAIepKaHue 3aJaHHOTO Cl10sl He(TH Hax Cio-
€M BOJIBI.

Bona BBoguTCs 4epes sydeBoil mepOpUpOBAHHBIA pacHpenenuTeNb B
cioi HeTu (KUAKOCTHBIN THUIPOPOOHBIN (PUIBTP) U, OMyCKasCh BHU3, OCBOOO-
XKIaeTcs OT Karenek HedTu. YiosieHHas HedTh V (JioBymieuHas HedTb) coOu-
paeTcsi B KaMepe, BBIBOAMUTCS CBEPXY pE3€pByapa-OTCTOMHUKA M HAIPABIISIETCS
Ha YCTaHOBKY MOAroToBkH HedTu. Ha rpanuie paszmena HepTh — BOAAa MOXKET
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00pa30BBIBATHCS CIIOW HepaspyliaeMol 3mysbcuu [V, koTopas nmepuogudecku
BBIBOJIUTCS M HANpaBisieTCs] TaKKe Ha YCTAaHOBKY MOATOTOBKM HedTu. Bona,
IpoLIeAIIas yepe3 ciIoi HeTH U 0OCBOOOJUBIIASCA OT OCHOBHOM 4acTH Karlelb-
HOUM He(TH, MmojaBepraercs eime u orcTor. Bece 3Tu onepanuu oGecrneynBaroT
JIOCTATOYHO TJIYOOKYI0 OYMCTKY IJIACTOBOM BOJIbI OT KarneiabHOW HepTH, U OYu-
meHHas Boaa VI, mpoias eMKOCTh 4, HaCOCOM J 3aKa4MBAECTCSA B IMOTJIOMIAOIINE
WJIM HarHETaTEJIbHbIE CKBAXKUHBI.

OCHOBHBIM anmapaToM yCTaHOBOK IO MOATOTOBKE CTOYHBIX BOJI 3aKPBITO-
ro TUMNA Ha MNpUHIUIE (GUIBTPALMH SBISETCS KOAIECHUPYIOMHUK (QUIbTp-
orcrorinuk tuna ®XK-2973 (puc. 4.17), paszpaborannsiii uHcTUTYTOM barmHU-
[MNuedTs.

Puc. 4.17. Koanecuupytomumii GpuiibTp—oTcTORHUK THa ®XK-2973

CrouHas Boa NpeaBapUTENBHO OABEPTAETCS OTCTOK B TOPU30HTAIIBHOM
OTCTOMHUKE, a 3aTeM 4epe3 naTpyOoK BBOJAA 6 MOCTyMaeT B MPUEMHBIN OTCEK B
(GUIBTPa-OTCTOMHMKA, PACIOJIOKEHHBIM B CpellHel JacTu kopmyca 3. U3 npu-
€MHOr0 OTCEKa CTOYHas Boja yepe3 nepdopupoBaHHble Meperopojku /0 mo-
CTynaetr B (puiibTpanmoHHbIE OTCEKU b. OUIbTPAIIMOHHBIE OTCEKHU 3arOJHEHBI
KOQJIECIUPYIOMUM (UIBTPOM 5, B KAYECTBE KOTOPOTO MPUMEHSIOT TPaHyIUpPO-
BAHHBIN NOJIMATUIIEH C Pa3MEPOM TpaHyJI 4 — 5 mm. [NonmuaTunen obnamaer
ruipooOHBIM CBOMCTBOM: HE(Th CMayMBaeT €ro, a Bojaa Het. [loaTomy karum
HedTH, 3a/Iep)KUBAsICh HA TIOBEPXHOCTH TpaHyJl, CIMBAIOTCA (KOAJIECIUPYIOT) U
BBIXOJAT U3 (MIBTPAIMOHHBIX OTCEKOB B OTCTOMHBIE OTCEKH B YKPYITHEHHOM
Bujie. [1o 9T0# mpuurMHEe B OTCTOMHBIX OTCEKAaX MPOUCXOAUT OBICTPOE pacciioe-
HUE BOJBI U KameneKk HepTu 1 HeTh BRIBOJUTCS CBEPXY Uepe3 MaTpyOKH BBIBO-
na HedTu /, a OUMIEHHAas Boja — depe3 maTpyOku 7. Ocaxparomuecs B OT-
CTOMHBIX OTCEKaX MEXaHUYECKHUE TPUMECH BBIBOASATCS Uepe3 narpyoku §.

OtcToiiHble OTCEKH CHAOKEHBI JIOKaMH-JIa3aMu 2. 3arpy3ka U BbIFpy3Ka
I'PaHYJIMPOBAHHOTO TOJUATHIICHA B (DUIBTPAIIMOHHBIE OTCEKH MPOBOAUTCS Ye-
pe3 moku 4 u 9. IIpu 3acopeHnH IpaHyJIUPOBAHHOTO MOJMAITHIIEHA OCYIECTB-
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JISFOT €ro MPOMBIBKY IOJIadel B OUMIIEHHYIO Boay 10 — 15 % mucnepenn kepo-
cuHa B TeueHue 30 MuH.

[TonroToBKa CTOYHBIX BOJ, OCHOBAaHHAs HA MPUHIUIE (PIoTauu, Ocyie-
CTBIIsIETCS B pe3epByape-diorarope (puc. 4.18).
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Puc. 4.18. Pe3epyap—pmorarop

®dnoTanus — 3TO MPOLIECC M3BICUCHUS U3 KUJKOCTH MEIbYAUIINUX JHC-
MEPCHBIX YaCTUIl C MOMOIIBIO BCIUIBIBAIOIINX B )KUJAKOCTU T'a30BbIX ITy3bIPHKOB.
B pesepByape-dnorarope my3sIpbku raza 00pa3yrorcs Bo (pIoTallMoOHHON 30HE 5
3a CUET BBIJCIICHUS PACTBOPEHHOI'O ra3a M3 ra30HACHIIIEHHOW CTOYHON BOJBI B
pe3yJibTaTe CHUXKEHUS JABJICHHS MPH MOCTYIJICHUHU €€ B ATy 30HY. JlaBieHue
HachlmeHus Boawl razom 0,3—0,6 MIIa; komyecTBO BBIJICIICHHOI'O Ira3a U3 BOIbI
25 a1\,

["a3onacelienHas Boja yepe3 maTpyOoK BBojJia / BBOJUTCS B HIKHIOIO
4acTh (DJIOTAIIMOHHOW 30HBI C IMOMOIIBIO MEPHOPUPOBAHHOTO PACIIPEACITATEIIS.
Boga nogauMaeTcs co CKOpOCThiO, 00€CIIeUnBAOIIEN JUIMTEIBHOCT €€ PeObl-
BaHUs BO (PIIOTAIIMOHHOM 30HE 0K0JI0 20 MUH.

Breinenstonuecs my3slpbku ra3a, MogHUMAsICh BBEPX, BCTPEUAIOT Ha CBO-
€M MyTH JIUCTEPCHBIC YACTHUIIbI, pacpe/ieICHHbIe B Bojie. JlucnepcHbie 4acTu-
bl (Kanejabku He(PTH), KOTOPhIE MJI0X0 CMAuYMBAIOTCSl BOJIOW, 3aXBaThIBAIOTCS
ny3bIpbkaMu U (GJIOTUPYIOTCS Ha MOBEPXHOCTh, 00pa3ysi TaM CIJIOH MEHbI. YJIOB-
JeHHas HepTh coOupaeTcs B KOJIbIEBOU keno0 4 miis coopa HeDTH U BBIBOIUT-
cst yepe3 natpy0ok 2. Boga u3 (uiotanimoHHON 30HBI 5 IEPETEKAET B OTCTOMHYIO
30HY 6, PACIOJIOKEHHYIO B KOJBLIEBOM MPOCTPAHCTBE MEKIY KOPIMYcOM 3 pe-
3epByapa u QPIOTAIMOHHON 30HOM, I/Ie MEJIJIEHHO OIyCKaeTCsl BHU3.

JlucriepcHbIE YacTUIlbl, KOTOPBIE XOPOIIO CMAauyMBalOTCS BOJIOM, HE 3aXBa-
THIBAIOTCS My3bIpbKaMU ra3a BO (IOTAIMOHHOW 30HE, a MO JCHUCTBHUEM CHIIBI
TSOKECTH OCAXIal0TCA BHU3 BO (DJIOTAlMOHHON M OTCTOMHOM 30HAaX, OTKyJa oca-
JIOK BBIBOJIMTCS Y€pe3 COOTBETCTBYIONIHE MephOpHpOBaHHBIE TPYOBI U TATPYO-
ki 9 u /(0. OunieHHas BOAa BBIBOJAUTCA 4Yepe3 KOJBIEBOM mephopupoBaHHbIN
KOJUIEKTOp U maTtpyOok &. PezepByap-(diaoTaTop repMeTU3upoBaH, MO3TOMY BbI-
JEJSIFOUIUICS U3 BOJIbI r'a3 BBIBOJUTCS CBEPXY pe3epByapa uepe3 naTpyoox 7.
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Conepxanue nmpuMeceid B Bojie, OCTyNarole B pe3epByap-¢iaoratop Ha
OUYHUCTKY, JIOJDKHO OBITH Uil He(pTU M MexaHudeckux mnpumeceid 1o 300 mr/m.
OcrtaTo4yHO€ COAEp>KaHWE B OUMIIEHHOW BOJE, BBIXOISIIEH W3 pe3epByapa-
dbnotatopa, cocrapisieT 11 HepTu 4— 30 Mr/n, mexanuueckux npumeceit 10-30
MTI/I1.

Onektpodoranus — npoiecc QIoTanuu ra3om, o0pa3oBaBIIUMCSI B pe-
3ynbTare anekTponusa. [Ipu snexkrponause Boabl 00pa3yroTcs My3bIpbKU KHUCIIO-
pona u Bogopoja. IlpenmyiiectBo 3yeKTpoduioTaliiy M0 CPaBHEHHUIO C ra30BOU
¢noTtanueil — BO3MOKHOCTh MOJIYYEHUs IIPU JIEKTPOJIU3€ TOHKO TUCHEPTUpPO-
BAHHBIX Iy3bIPHKOB ra3a A0 16-mT/(M> * MHH), 9TO HPHBOAHUT K OBICTPOMY OC-
BETJICHUIO He(pTecoaepKaleit BOIbI.

Boma npu snexTpoduioTaiiioHHOM CIOCc00€ OYHMCTKH HAIpaBisieTCs B
TEXHOJIOTUYECKHE €MKOCTH, B KOTOPBIX YCTAaHABIMBAIOT AJIEKTPOJBI U MPOITyC-
KalOT MOCTOSIHHBIN 3JIEKTPUYECKU TOK. B pe3ynbTaTe 3JIeKTpoiau3a Ha 3JIEKTPO-
J1aX BBIACIAIOTCS ra30Bbl€ MYy3bIPbKH, KOTOPHIE MOJHUMAIOTCS BBEPX, MPOHU3bI-
Basg cioil oOpabarbiBaeMoil HedTecoaepx amieil Boabl. Ily3plppku npu gBUMXKE-
HUU B BOJE CTAJKUBAIOTCA C AUCIEPCHBIMU YacTHUIIAMH, B3BEIIEHHBIMU B BOJIE,
OPWIKNAIT K HUM U QroTupyroT ux. Takum oOpa3oMm, IUCTIEPCHBIE YACTHUIIbI
coOuparoTcs B BEpXHEH 4acTu cocy/a B BUJIE NIEHBI, KOTOPYIO YAAISIOT C IIOMO-
IbI0 CKpeOKOBOro TpaHcrnoprepa. OuuiieHHass BOAAa BBIBOJUTCS yepe3 MmaTpy-
OOK, pacroyIoKeHHbI BHU3Y ammapaTa. Ha mporecc O4MCTKH BOJ METOJOM
3NIEKTPOQIIOTALIMM CYLIECTBEHHOE BIMSHUE OKA3bIBAET PACIIONIOKEHUE IIEKTPO-
n0B. PexomeHyeTcsi pacronararb OJMH 3JEKTPOJ B HIJKHEW 4YacTH amnmapara
TaK, 4TOOBI OH [0 BO3MOXHOCTH 3aKpbIBaJl BCE JHO. DTO HEOOXOAUMO JJIsl TOTO,
YTOOBI Iy3bIPbKHU, BBIIEISIOIIMECS MPU JJIEKTPOIU3€ HA 3TOM 3JIEKTPOJIE,
IPOHU3BIBAIM BeChb 00beM 00pabaThiBaeMOil BOJIBI U 0OeCTIeYuBaIH (PIIOTALIHIO
JUCIEPCHBIX YacTUll. BTOpOW 3eKTpo/ 3aKpeIisiioT B BEPTUKAIBHOM IOJIOXKE-
HUM, TaK YTOObI OH HE MPEMSATCTBOBAN (DIOTALMH JUCIEPCHBIX YACTHUL. DJIEK-
TPOJIbl BBIMOJHSIOT B BUJIE MJIACTHH, PEIIETOK, MOKHO HCIOIb30BaTh MOBUXK-
HBIE 3JIEKTPOJIbI C IIEJIbI0 PEryJIMPOBAHUS PACCTOSHUS MEXy HUMHU.

Jlnst moBswimeHust 3GpOEKTUBHOCTH MPOIECCOB (uioTaivu U 3IeKTpodIIo-
TalMy B 00pabaThIBAEMYIO CTOYHYIO BOJIY BBOJSIT XUMUYECKUE pPEareHThl, KOTO-
pBI€ IO MEXAHU3MY JIEHCTBHSI Ha JUCIIEPCHBIE YACTHUILIBI TOAPA3IEISIOTCS Ha ABE
TPYIIIBL: KOAryJIsSHTHI U QIIOKYISHTHL. KoarynsHThl — 37I€KTPOJIUTHI, 100aBICHUE
KOTOPBIX B BOJIy MPUBOJIUT K OOBETUHEHUIO MEIIbYANIITNX TUCTIEPCHBIX YACTHII
B JIOCTATOYHO KPYITHBIE COEAVMHEHUS C MOCIEAYIONIMM UX ocaxaeHuem. Hampu-
Mep, KOATyJSHT CEPHOKHUCIBIM aJIIOMUHUM NPU B3aMMOJEUCTBUM C BOJIOM IOJ-
Bepraetcs ruaponusy. O0pasyromascs Npyu 3TOM THAPOOKHUCH ATIOMUHHUS TIPEI-
CTaBJIIET COOOM XJIOMBbEBUAHBIN CTYJIEHUCTBIA OCAJI0K, KOTOPBIA, Oceas, yBie-
KaeT 3a co0ol nucnepcHble 4acTUllbl (HEPTh U MEXaHUYECKHE MpuMecH). Tak
KaK 3TOT MPOLIECC MPOXOJUT aKTHUBHO B IIEJIOYHOM Cpe/e, TO OJHOBPEMEHHO C
KOAryJsiHTOM J00aBJs0OT aMMHAYHYIO BOJY WJIM M3BECTKOBOE MOJOKO (IOJIY-
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JaeMmoe raiieHueM u3BecTH). Kpome CepHOKHCIOro allfOMHHHS, KOATyJIsSHTaMU
TaKXkKe SBJISIOTCS XJIOPHOE KeJe30, XKeJIe3HbIH Kynopoc U Jp.

@DOKYISAHTHI — 3TO BRICOKOMOJIEKYJISIPHBIE BOJOPACTBOPUMBIE MOTHUAJICK-
TPOJIUTHL. J{JTMHHBIE LIENTU MOJEKYJ MOJIMAJIEKTPOINTA aJCOPOUPYIOTCS CBOMMHU
AKTUBHBIMH IIEHTpaMHy (TUAPOGUIBHBIMU IPYIIIaMU) Ha TIOBEPXHOCTHU AMCIIEPC-
HBIX YaCTHII, YTO MPUBOJUT K XJI0NbeoOpazoBaHuio ((iaokymnsuuun). B otinune
OT KOAaryJsiiuu Ipu (QIJIOKYJIALNUN JTUCTIEPCHBIE YaCTUIbl HE KOHTAKTUPYIOT JIpYyT
C IpYroM, a pasJieJIeHbl MOCTUKOM M3 MOJIEKYJISIpHOU Lenu ¢uokyisHra. B ka-
4yecTBe (PJIOKYJIIHTA MCIOJIB3YETCS BOJOPACTBOPUMBIN MOJIMMEP MOJUAKpHIIa-
MU/,

O} PexTUBHOCTD KOATYJISHTOB M (PIIOKYJISIHTOB CYIIECTBEHHO BO3pAcTaeT
IIPU UX COBMECTHOM IMPUMEHEHHUH B MPOLIECCE OYUCTKU CTOYHBIX BoA. [Ipu 3TOoM
J03UPOBKA (PIIOKYJISIHTOB B JECSTKU WM J1aXK€ B COTHU pa3 MEHBIIIE, YeM Koary-
JISTHTOB.

O4HCTKY MIACTOBBIX CTOYHBIX BOJ OT HE(TEMPOIYKTOB U MEXIPUMECEH
CleyeT MpeaycMaTpuBaTh MO OAHOMY M3 BapMAHTOB TEXHOJIOTUYECKUX CXEM

(puc.)

4.3. IIpomMbIc/i0Basi MOATOTOBKA MPUPOJAHOTO U
He(PTAHOI0 MOIYTHOI'O ra3a

HedrsHoii monmyTHBIN Ta3, 100ObIBaeMblii BMecTe ¢ HE(DTHIO, KaK U TPHU-
POJIHBIH ra3, MOXKET COIEPKATh B CBOEM COCTAaBE Pa3INYHOE KOJIMYECTBO: ApOB
BOJIbI, BOJYy B JKUJKOM COCTOSIHHH, CEPOBOAOPOJ (M IPYrHe CEpHUCTHIE COEIH-
HEHUs), YIIEKUCIBIN a3, a30T, reauid. CepoBOAOpO, YIIIEKHUCIIbII T'a3 U Mapsl
BOJIBI SIBJISIIOTCSL BPEAHBIMU TTPUMECSMH, BBI3BIBAIOLIUMH OCIIOKHEHUS B paboTe
He(PTENPOMBICTIOBOTO 000PYAOBAHUA U TPYOOIIPOBOIOB.

K OCHOBHBIM TEXHOJIOTUYECKUM MPOIecCcCaM MOATOTOBKH ra3a OTHOCSITCS:
— OYHCTKA OT MEXaHWYECKUX MPUMeECEi MPOBOIUTCS C LEIbIO MPEAOTBPAICHUS
3arps3HEHUN TEXHOJOTHYECKMX KOMMYHHKAIUH W O0OpYIOBaHUS, CHUKCHUS
aOpa3nBHOTO U3HOCA TPYOOIIPOBOJIOB;

— OCyIlIKa MPOBOJAUTCS AJI yAaJEHUs KallelbHOM BJaru, BOASIHBIX I1apOB C Iie-
JbI0 IPENOTBPAIEHHS THAPATOOOPA30BaHUs U KOPPO3UH ra30IpOBOIOB

— OYHCTKA OT CEPOBOJIOPO/IA U YIIIEKUCIIOr0 ra3a NpoBOJUTCS C LENbI0 IPEIO0T-
BpallleHUsI KOPPO3UU TEXHOJIOTUYECKOTO 000PYI0BAHUS

— OTOEH3MHMBAHUE NPOBOJIUTCS VI YJAIECHUS TSXKEIbIX KOMIOHEHTOB C LIEJIbIO
IpeIoTBpalieHHs] 00pa30BaHus KHUAKOCTHBIX TPOOOK B ra30MpoBOIax

Ouncrka ra3a oT MeXaHU4eCKUX npuMmeceii. /{711 04MCTKH TPUPOTHOTO
U MOMYTHOTO HE(PTSIHOrO ra3za OT MEXIPUMECEH MCIOIB3YIOTCS ammapaTrhl 2-X
THUIIOB:
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— paboTarolye Mo NPUHITUITY «MOKPOTO» yJIaBIUBAHUS MbUIH (MaCISHbBIC MbLIE-
YIIOBUTENN);
— paboTarniye Mo MPUHIIMIY «CYXOro» OTIEICHUS MbUIH (LIUKJIOHHBIE MbLIE-
YJIOBUTENN);

Ha puc. 4.19 npencraBiieHa KOHCTPYKUHMS BEPTUKAJIBHOIO MAaCISHOTO
NBUICYJIOBUTENSA. DTO BEPTUKAIBHBIN IIMIMHAPUYECKUNA COCYA CO ChepUuecKu-
MU THUIIAMHU. [TbUIeyIOBUTENb COCTOUT M3 TPEX CEKIUM: MPOMBIBOUYHOU A (OT
HIDKHETO JHUIA 10 NMEPEropoAKHd 5), B KOTOPOW BCE BpEMs MOIAAEPKUBACTCS
MOCTOSIHHBIN ypOBEHb Maciia; ocaautenbHor b ( oT meperopoaku 5 1o mepero-
ponku 0), rae ra3 ocBoOOXKIAaeTcss OT KPYIHBIX YacTHI[ Maciia, U OTOOWHOM
(cxkpy0OepHO#t) cexiuu B (0T meperopoaku 6 10 BEpXHEro JAHUINA), T MPOUC-
XOJIUT OKOHYATEJIbHASI OUMCTKA ra3a OT 3aXBAYEHHBIX YaCTHI] MacJa.
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Puc. 4.19. BeptukanbHbIi MaCIISTHBIN TTBUICYJIOBUTENb: | - TpyOKa /ISl ClIMBa 3arpss-
HEHHOTO Macia; 2 - TpyOKa /s TOJIMBa CBEXKEro Macia; 3 - ykazaresb ypoBHS; 4 - KOHTaKT-
HbIE TPYOKH; 5,6 - meperopoku; 7 - maTpyOOK JJisi BEIBOJA rasa; 8-ckpyT30ep; 9 - Ko3bIpek;

10 - marpyOok uis BBojia ra3a; 11 - npeHaknsie TpyOku; 12 - JTIOK A7 yAaaeHus [nuiama

[IpueynoButens padoTaeT ciaeayromuM oOpazoM. OuuiaeMblil ra3 BXO-
JUT B amnmapaT yepe3 natpyook 10. Harekas Ha ko3bIpek 9, OH MEHsIET Halpas-
JIEHUE CBOETO JIBM>KeHUA. KpynHbIe k€ 4aCTUIbI MEXITPUMECEN, BTN U )KUIKO-
CTU 0 MHEPLUU MPOJOJIKAIOT ABUTaThCS TOPU3OHTANIBHO. [Ipu ynape o ko3bl-
PEK MX CKOpPOCTb TaCUTCA U MOJ JCHUCTBUEM CHJIBI TSKECTU OHU BBINAJAIOT B
maciio. Jlanee ra3 HampaBigeTcs B KOHTaKTHbIE TPYOKU 4, HUKHHUM KOHEI KOTO-
pbix pacrnonoxed B 20...50 MM Haj noBepxHOCThIO Macna. [Ipu 3ToMm ra3 yBie-
KaeT 3a co00i Maciao B KOHTaKTHbIE TPYOKH, IJIe OHO OOBOJIAKMBAET B3BEIICH-
HBIEC YAaCTULbI MTbUIH.

B ocaguTenbHON CEKIIMU CKOPOCTH ra3a PE3KO CHMXKAETCA. Brimanaromue
IPU 3TOM KPYIHBIE YaCTHIIBI MBbUTH U >KUIKOCTH IO JPEHAXKHBIM TpyOkam [/
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cTekaroT BHU3. Hanboree nerkue 4acTuiibl U3 0CaAUTEIbHON CEKIUN YBIEKAIOT-
Csl Ta30BBIM MOTOKOM B BEPXHIOIO CKpy0OepHyto cekiuio B. Ee ocHOBHOI 3ie-
MEHT — CKpyOOep, COCTOSIIUN U3 HECKOJIBKUX PAJIOB MEPETOPOJIOK &, pacmoio-
KEHHBIX B IIaxMaTHOM mopsiake. [Ipoxoas uepe3 1aOMpPUHT MEPEropoioK, ras
MHOTOKPaTHO MEHSET HANpPABJICHUE IBUKEHUSA, a YACTULBI Macja M0 WHEPLHU
yAApSAIOTCS O MEPEropoJKU M CTEKAIOT CHavyasda Ha JHO CKpyOOEepHO CeKluu, a
3aTeM MO JAPEHaXHBIM TpyOkam // B HUXKHIOI 4YacTh MbUIeysnoButens. Ouu-
IICHHBIN T'a3 BHIXOJUT U3 allliapaTa yepe3 ra300TBOASIINN MaTpyOoK 7

OceBiuii Ha THO MBIICYJOBUTENS IIJIaM TIEPUOIUIECKH (pa3 B 2 — 3 Me-
cslla) yAAISIOT uepes JIoK /2. 3arps3HeHHOE Macio depe3 TpyOKy / CIMBAIOT B
OTCTOMHMK. B3aMeH 3arpsi3HEHHOTO B MBUICYJIOBUTENb MO TPyOe 2 JOIMBACTCS
ounieHHoe Macio. KoHTpoJib ero ypoBHs BeAETCs 1O IIKaJIE YKa3aTesl ypOBHS
3.

Hapsny ¢ «MOKpbIM» 11 OUUCTKH Ta30B OT TBEPAOU W KUIKOU B3BECU
NPUMEHSIOT U «CyX0e» MblieynaBiuBanue. Hanbonbiiee pacnpocTpaHeHue mno-
JYYUIN LUKIOHHBIE TTBUICYIOBUTEIH.

Cxema, noscHstonas padoTy HUUKIOHHOTO MbUICYJIOBUTENS, MPUBEICHA
Ha puc. 4.20. ['a3 BXoAUT B ammapar yepe3 nmarpyook 2 u momajaeT B Oarapero
nukJI0HOB 3. [loa nelicTBreM HEHTPOOEXKHOW CUJIbI TBEP/IbIE U KUJKUE YACTHUIIbI
otOpackIBatoTCsa K nepudepuu, 3aTOPMAKUBAIOTCS O CTEHKY IIMKJIOHA M BbITIa-
JAI0T B HIDKHIOK YacTh ammapara, OTKyJa BBIBOISTCS uepe3 marpyook 6. A
OUMILICHHBIN a3, U3MEHs HANpPaBJIEHUE JBUKCHUS, TONAJAET B BEPXHIOIO YaCTh
amnmapara, OTKy/a BIBOJUTCS Yepe3 naTpyook 7.

Puc. 4.20. 1IuknoHHBIN TBUICYIOBUTEN: | - KOpITyC; 2 - maTpyOOK Ui BBO/A Ta3a; 3  IIUKJIOH
4,5 - meperopoaku; 6 - maTpyOOK I yAaJIeHHs 11ama’ - maTpyOoK Jisl BRIBOJIa ras3a; § -
BHUHTOBBIE JIONIACTH

B ToBapHOM rasze conepxaHue MeXnpuMecei He T0JKHO npeBbimath 0,05
3
MI/M’.
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Ocymka ra3za. HedTsaHol nomyTHBIN ra3 coaepkar napbl BOAbI, KOJIWYe-
CTBO KOTOPBIX 3aBUCUT OT YCIIOBUM cemapauuu HedTU (JaBIEHUs, TEMIIepaTy-
pBI), TEpMOOAPUUECKUX YCIIOBUM B 3aJI€XKH, YCIOBUI KOHTAKTa HEPTHU C NOJICTHU-
JAOUMMU €€ BOJaMH, cocTaBa rasa. [Ipu 3aiaHHBIX NAaBJICHMHM U TEMIEPATYpPE
KOJIMYECTBO BOJSHBIX MApOB B €IMHHULE 00bEMa raza HE MOXKET ObITh BBILIE
IIPENEIbHON MAaKCUMAaJIbHOM BeJNW4YMHBL. [IpM M3MEHEHHH OIHOrO M3 Iapamer-
POB, U3MEHSETCS U BJIArOCOJAEPKAHKUE Ta30B (HapHUMEp, €CIU CHU3UTH TEMIIe-
paTypy rasa, HaxOJsIIErocsi B PABHOBECHOM COCTOSIHUH, TO 4acTh MapOB CKOH-
JICHCUPYETCH).

Touka pockl — 3TO Temmeparypa Ipu KOTOPOH MIPOUCXOAUT KOHACHCALUS
BOJSHBIX NIApPOB B rase, WM TEMIIEPATypa, P KOTOPOH COAEpKaHUE BOJSHBIX
1apoB B rase Mpu JaHHOM JIaBJIEHUH MaKCUMAaJIbHO.

[Tpu nepepaboTke, TpaHcopTupoBaHuu U ucnoiab3oBanuu HIII™ nannuue
NapOB BOJIbI B HEM SIBJISIETCS IPUUMHOM CIEAYIOIIUX OCI0KHEHHM:

— 00pa3oBaHMe KOHJEHCAaTa BOASHBIX MAPOB B TPyOOMPOBOAAX (32 CUET U3MEHE-
HUS TEMIIEpaTypbl MOTOKA U KOHJEHCAIIMU TapOB BOJIbI)

— oOpa3oBaHMe JeASHbIX NMPOOOK (IpU HAIMYUU BOJBI B Ta3€ BO3MOXHO €€ 3a-
Mep3aHUe B 3UMHMI Nepuo/] (€CIU ra30IpoBOJ PACHOIO0KEH HA TOBEPXHOCTH)

— o0Opa3oBaHME ra30BbIX T'MJIPAaTOB (IIPU MOBBIIIEHHBIX JABJICHUSAX U ITOHM)KEH-
HBIX TeMIIepaTypax)

— HEBO3MOXXHOCTh NMPUMEHEHUS] HU3KOTEMIIEPATYPHBIX MPOLECCOB OTOECH3MHU-
BaHUA rasa (T.K. CO37al0TCs yCIOBUS JIJIsi 00pa30BaHUsI Ta30BBIX THPATOB).

— KOPPO3Hsl TEXHOJIOTUYECKOTO 000PYJOBAHUS

— YBEJIMYEHHUE 3aTpaT Ha IMEpPEeKayKy BJIAXXHOTO ra3a, CHUKEHUE MPOU3BOJIU-
TEIbHOCTH ra30IpoBOJIA

MeTtoapl ocymiKu AenATCS Ha (Qu3ndeckue (MCKYCCTBEHHOE OXJIaKICHUE
ra3a, KOMIPUMHPOBAHUE, COYETAHHE JBYX METOAOB) M (PHU3UKO-XUMHUYECKHUE
(morsoiieHue BIaru pa3IndHbIMU peareHTaMu — afcopOuust 1 abcopOouus).

Oxuaxkaenne. [loka miactoBoe AaBieHUE 3HAYUTENIBHO OOJBIIE J1aBlie-
HUS B MarucCTPaJIbHOM Ta30MPOBOJAC a3 OXJIAXKIAIOT, APOCCENHUPYS U3IUIIHEE
nasienue. [Ipu 3ToM ra3 pacmupsiercst 1 B cOOTBETCTBUU ¢ 3 dexToM [xoyis-
TomMmcoHa oxyaxaaercs.

JIro60e oxJaXkJieHue ra3a, HaChIIIIEHHOTO BOASIHBIMU MapaMH, IPUBOJUT K
YMEHBUIEHUIO COJEPKAHMS B HEM BOJSHBIX IapoOB JIO TOTrO Mpejnena, KOTOPbIA
COOTBETCTBYET JOCTUTHYTOH TemIepaType OXJaXJIeHUs (TOYKe pocChl), H30bI-
TOYHOE KOJIMYECTBO BJIArW BBIAEISAETCS B BUAE KOHAEHcara. Meroa camocTos-
TEIbHO HE MPUMEHSETCA, CIYKUT KaK BCIIOMOIaTeIbHBIM.

Komunpumuposanue rasza. Taxxe BcriomorarenbHbei meroa. Hanpumep,
IpyU KOMIIPUMHUPOBAHUU ra3a C IEJIbI0 TPAHCIOPTHPOBAHUSA, OJHOBPEMEHHO
JOCTUTaeTCs U YaCTUYHASI €r0 OCYIIKA.

Cpenn (pu3MKO-XMMHUYECKUX METOJIOB OCYIIKHM ra3za HamboJiee MIHPOKO
pacupoCTpaHEHbl OCYIIKA KUJIKUMH MOIVIOTUTENSAMU (IUATUIICHTIIUKOIEM, TPU-
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ATUJICHTJIMKOJIEM, PACTBOPOM XJIOPUCTOTO Kajblysl), OCYIIKA TBEPIbIMH IOIJIO-
TUTEISAMHU (OKUCBHIO ATFOMHUHUS, CHJIMKArelieM, CHHTETHYECKMH IICOJUTaMU U
np.).

TexHonornyeckas cxema a0COPOLMOHHOM OCYNIKM ra3a C MOMOIIBIO JIU-
stuneHrimkons (J1217), npuBenena Ha puc. 4.21. I'a3, TpeOyronuii OCyIku, mo-
ctynaeT B abcopbep /. B HmxkHel ckpyOOepHON CEKIIMM OH OYMILIAETCS OT
B3BEIICHHBIX Kalesb )XUIKOCTH U TTOJHUMAETCS BBEPX, IIPOXO/ISl Yepe3 CUCTEMY
Tapenok. HaBcTpeuy ra3zy mo TapenkaMm CTEKaeT KOHIIEHTPUPOBAHHBINA PAaCTBOP
JIOI', 3akaunBaembiii B abcopOep Hacocom 2 u3 emkoctu 3. PactBop JIDI mo-
rJIoIAeT maphl BojABL. Jlanee ra3 mpoxoauT yepe3 BEPXHIOK CKPyOOEepHYIO0 CEK-
U0, TJIe OCBOOOXKTAETCS OT 3aXBAYCHHBIX Kallelh pacTBOpPAa M BBIXOJUT U3 all-
napara.

OcranpHasi 4acTh TEXHOJIOTUYECKON CXEMBI CITY)KUT JJISI BOCCTAHOBJICHUS
abcopOenta. Ucnonb3oBanubiii pactBop DI, comepxammuii 2 — 2,5 % BOJBI,
OoTOMpaeTCcsl ¢ HIKHEW TIyXoHl Tapesiku abcopOepa /, moAorpeBaeTcsi B TEIUIO-
0OMEHHUKE 4 BCTPEUYHBIM MOTOKOM PETEHEPUPOBAHHOTO PACTBOpPA U HAMPABIIS-
€TCsl B BBIBETPUBATEIb J, T/I€ OCBOOOXKAAETCS OT HEKOHACHCUPYIOLIUXCS Ta30B.
Jlanee pacTBOp CHOBa MOJO3pPEBAETCS B TEINIOOOMEHHHKE O M MOCTYIAET B Jie-
copOep (BbIMApHYIO KOJIOHHY) 7. BhlapHas KOJOHHA COCTOUT W3 JIBYX YaCTEW:
COOCTBEHHO KOJIOHHBI Tapeab4yaToro TUIA, B KOTOpou m3 pactBopa I, cre-
KaIOIIer0 BHHU3 BBIIAPUBAETCA Bjara BCTPEUHBIM MOTOKOM OCTPOTO BOJISIHOIO
napa 1 mapoB JIOI" (BepxHsisi OCHOBHAS YaCTh KOJOHHBI) U KUMSATUIbHUKA (HUXK-
HSIS 4acTh KOJIOHHBI), TJI€ TPOMCXOJIUT HAarpeBaHUE PacTBOpPaA JI0 TEMIIEPATYpPhI
150 — 160 °C u ucniapenue BOIbI

Ocywernnsiit ras Bona
~ 8
LI L8 3
f.v.¥.9 12 LEE]
Eal J< 5 Ab 7
Brausii ra3 r]]]_ -
— E Iap
I Qs Tl

Puc. 4.21. IlpuanunuanbHas cxeMa OCYIIIKH ra3a MeToioM abcopoiuu: 1 — adbcopbep; 2, 10,
11 — macocsl; 3, 9 — eMkocTy; 4,6 — TEINIOOOMEHHHKY; 5 — BBRIBCTPUBATEIND; 7 — Aecopbep; 8
— KOHJICHCATOP — XOJIOJUIIbHUK; 12 — XOI0AMIIBHUK

BopasHoli map u3 gecopbepa MocTynaeT B KOHJIEHCATOP-XOJIOAUIBHUK &,
I7le OH KOHJIEHCUPYETCS U coOupaeTcss U eMKOocTH 9. HacTh MOIy4eHHON BOABI
HacocoM /() 3aKkaunBaeTCsl B BEPXHIOK 4aCTh KOJIOHHBI, YTOOBI HECKOJIBKO CHU-
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3UTh TaM TEeMIIEpaTypy U YMEHBIIUTh UCIAPEHHE, a, COOTBETCTBEHHO, U YHOC
JOI'. PerenepupoBannslii ropsunid pactsop A3l mpokaunBaercs depes Temio-
OOMEHHUKU 6 U 4, XOJOAWIBHUK /2 ¥ IOCTyHaeT B eMKOCTb 3.

Pabota necopbepa ocHOBaHA Ha Pa3IUYHON TeMIlEpaType KUIEHUS BOJbI
u abcopOenra: s DT ona pasua 244,5 °C, a mis tpudtriaenraukois (TOI)
287,4 °C. IM3TUIEHTIMKOJIb TOHWKAET TOUKY POCHI Ta3a Ha 25 — 35 rpaaycos, a
TPUATHICHIJIMKOIIb — Ha 40 — 45. O6e KUAKOCTH 00J1a7al0T MaJION BSI3KOCTHIO,
HEarpecCUBHbl B KOPPO3HMOHHOM OTHOIIIEHHUU, OYEHBb CIa00 PACTBOPSIOT IMPH-
POJIHBIE Ta3bl M UMEIOT HU3KYIO YIIPYTOCTh MApOB, UTO O0JIETYAET UX pPEreHepa-
LHUIO.

Henocrarkamu aGcopOIIMOHHOM OCYIIKH Ta3a SBISIOTCS yHOC abcopOeHTa
U OTHOCUTENbHAs CIIOXHOCTh €ro pereHepanuu. YciaoBus abcopOIuOHHOMN
OCYLIKH raza:
— KOHIICHTpaIusi abcopOeHTa — YeM BbIIIIE, TEM BBIIIE CTEIIEHb OCYIIIKU
— TEMIIepaTypa MpoIecca — YeM BBIIIIE, TEM BBIIIE CTENIEHb OCYIIKU
— JaBJIEHHUE Ipoliecca — YeM BBIIIE, TEM MEHbIIE B T'a3€ BOJASHBIX MapoB, CIEH0-
BaTeJIbHO, MEHbIIIE a0copOeHTa MOoTpedyeTCs ISl OCYIIKH.

TexHoJiornyeckasi cxeMa OCylIKH ra3a MeTOIOM aJCOpPOIUM MTpUBEIE-
Ha ma puc. 4.22. BnaxxHblii ra3 rnocrymnaer B ajcopoep /, rie oH MpoXOoIuT CHU-
3y BBEpPX 4epe3 CIION aficopOeHTa - TBEPJOTO BEIIECTBA, MOTJIOMIAIOIIETO Maphl
BOJIbI U J1aJiee BBIBOAUTCA U3 amnmapata. [Iporecc ocyiiku rasa ocyuecTBIseTCs
B T€UEHUE omnpeeraeHHoro Bpemenu (12 — 16 yacos). [locie 3Toro BnakHsblit ras
MyCKaloT 4epe3 agcopoep 2, a aacopoep / OTKIIOYAIOT U BRIBOJAT HAa pereHepa-
uto. [l 9TOro uepes pe3ysaTop NaBiIeHHsS 3 THUIA «IOcie ceOsh U3 ra30BOM
CeTU OTOMpAETCsl CyXOW ra3, U BO3JAYXOJYBKOM 6 MOJaeTcsl B MOJ0rpeBaTenb 7,
rje ra3 Harpeaercs q0 Temmeparypsl 180 — 200 °C. Jlamee oH mogaercs B aji-
copOep I, rae orOupaer Biary oT ajacopOeHTa, MOCJe Yero MOoCTynaer B XOJo-
JIUJIBHUK 4.

l I§'3D Ocymennsif ras

O0 &
’ 5
Bnaocasii ras ?}4\ 6
NV

Puc. 4.22. TlpuanunuaibHas cXxeMa OCYIIKY T'a3a MeToI0M ajacopbuuu: 1, 2 — ancop-
Oephl; 3 — perynsTop AaBlieHus THMA "mocie ceds"; 4 — XOJIOIUIBHUK; 5 — eMKOCTh; 6 —
ra3o/lyBKa; 7 — mojorpeBareib ra3a
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CKOHIeHCHpOBaBIIAsCA BOJIa COOMPAETCA B EMKOCTH J, a ra3 UCIOJIb3yeT-
sl JUIsl OCYIIKM TOBTOPHO U T. A. [Iporecc perenepanuu aacopoeHTa npoaosKa-
etrcst 6 — 7 yacos. Ilocie 3TOro B Te4ue€HUE OKOJIO 8 4acoB aAcopOep OCTHIBAET.

Ocymiky raza ajgcopOeHTaMu MPOBOASAT, KaK MPaBUIIO, B T€X CIIy4asix, KO-
rja HeoOXO0AUMO JOCTHYh 3HAYEHUs TOUKH pockl MeHee munyc 30 °C. B kauect-
B€ a/ICOPOEHTOB JI OCYUIKU Ta3a OT BJIard MPUMEHSIOT CUJIMKAresb, ajJloMO-
rejib, MOJIEKYJISIPHBIE CUTA, OKUCHh aMtOMUHUA. OHU OTJIMYAIOTCS PAa3TUYHON I10-
riomaroniel cnocodHocteio. K HUM mpenbsBiseTcss psii TpeOOBaHMIA: CTOM-
KOCTh K YacCTON pereHepanuu, MeXxaHuyecKasi IPOYHOCTh, BBICOKAs MOIJIOIIA0-
11asi CHoCOOHOCTh, MPOCTOTA PEreHepaIuu, CTOUMOCTD U TIP.

OT0eH3MHUBaHUE TPUMEHSETCS C LENbI0 YAJEHUs U3 T'a3a TSHKEIbIX yT-
JIEBOJIOPOJOB, HATPUMEDP, MPHU MOJATOTOBKE K TPAHCHOPTUPOBAHUIO HA JTAJIbHUE
PACCTOSHUSIL.

OCHOBHBIMH METOZAMU SIBJISIIOTCS: KOMIIPUMHUPOBAHUE, ancopOrus, ad-
copOrvs, HU3KOTEMIIepaTypHas KOHACHcanus, pekTudukanus. Kaxnpii Mmeton
MMEET CBOM JOCTOMHCTBA U HEJIOCTATKY U Ha MPAKTUKE KaK, MPaBUIO, TPUMEHSI-
€TCSL COYETAaHNE OJHOTO METOJA C APYTUM.

IIpu colepaHHH KHUPHBIX YITIEBOIOPOAOB B Chipbe CBbImIe 300 /M
MPUMEHSIIOTCSI METOAbl KOMIIPUMHUPOBAHUSI B COYETAHUU C HU3KOTEMIIEpATYp-
HOM pekTUuduKaImendn 1 HU3KoTeMIepaTypHoi koHaeHcalme. M3 cxaroro rasza
noclie riIyOOKOro OXJIaxJaeHUs Bblensercs konaeHcaT. CMech ra3a U KOHJIEH-
cata (WM OTCenapupOBAaHHBIN KOHJEHCAT) MOAAETCS B peKTU(HUKAIIMOHHYIO KO-
JIOHHY, BEPXHSISl 4acThb KOTOPOM OXJAXIAeTCs, a HUXKHAS — moaorpeBaercs. B
pe3yibTaTe TEIUI00OMeHa MEXIy CTEKaroleld BHU3 (JIeTMON W MOJHUMAIOIIH-
MUCSI BBEPX IMapaMu JIETKHE YTIIEBOJOPOABI MIEPEXOIAT B Ta30BYIO (azy, a TsxKe-
JIble KOHAEHCUPYIOTCS. TspKenble OTBOJSATCS CHU3Y KOJIOHHBI, JIETKUE — CBEPXY.

OT10en3nHuBanue koMnpumupoBanueMm. CylIHOCTh METOJa 3aKIIIOYa-
€TCAd B BBIMAJCHUM W3 ra3a KOHJCHCAaTa MPU MOBBINICHUHW AABJICHUS U MOCIE-
JIYIOIIEM €r0 OXJIAXKACHUHU. DTUM JOCTUTAETCS MOBBIIIEHHUE MAPIIUATIBHOTO 1aB-
JICHUS MapOB TSHKEJNIBIX YTJIEBOJOPOJOB B ra3oBoil ¢aze o mpezena (10 AaBie-
HUS HACBILIECHUSI) MPU KOTOPOM HAUYMHAETCS MEepPexo U3 mapoBoul (aszbl B KUI-
Kkyto. Ilpoleccbl KOMIPECCMOHHOTO OTOCH3WHMBAHMSI OCHOBAaHbI Ha OJIHO-,
JBYXCTYIIEHYaTOM ITOBBIIIEHNUH JIABJIEHUS C IPOMEXKYTOUYHBIM OXJIAK/ICHUEM Ta-
3a U oTneneHueM KoHzaeHcata. [Ipu 3ToM B KoHAEHcaTe (MHAa4Ye — ra30BOM O€H-
3UHE) COAEPIKUTCS MHOTO JIETKHX (HU3KOMOJEKYJISIPHBIX) yTIIEBOJAOPOIOB, KO-
TOpPBIE MOBBIMIAIOT JABJIICHUE NAPOB ATOr0 MPOIYKTA, a B Fa3€ OCTAETCS HEKOTO-
pO€ KOJIMYECTBO TSHKENbIX (BBICOKOMOJICKYJISPHBIX) YIJIEBOJIOPOIOB, KOTOPHIE
HE TIEPEITN B Ta30BBIH OCH3MH, MMOATOMY METOJ HCIOJh3YeTCs KaK BCTIOMOTa-
TEIBHBIA U CAMOCTOSITEIHLHO — TOJIBKO TSI OTOCH3WHUBAHUS OYCHD KUPHBIX Ta-
30B.
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HuskoremneparypHas pextuguxkanusa. MeToa OCHOBaH Ha TOM, 4TO
CKOMITIPUMHUPOBAHHBIN Ia3 W BBIIECTUBLIMICS MPU 3TOM KOHJEHCAT MOAAOTCA B
PEKTU(PUKALMOHHYIO KOJIOHHY, IIe MOABEPTatoTCs pa3IeNiEHUI0 B MPOLIECCE He-
PEePLIBHOTO (ha30BOro 0OMeHa MEXAY OXJIAXKIACHHBIMU KUJIKUMH YTIIEBOIOPO-
JlaMU, CTEKAIOIIMMH CBEpXY, U ra3oM, noaHumaronmmcs: BBepx. Cyxoil orOeH-
3UHEHHBIA T'a3 OTBOAMTCS CBEPXY KOJOHBI, CHU3Y OTBOJUTCS KOHAEHCAT — He-
cTaOubHbI OeH3uH. [IpenMyiiecTBOM MO CpaBHEHHUIO C JIPYTUMHU METOJaMH
SIBJISIETCS] BO3MOXKHOCTh 00JIee UETKOTO pa3/iesieHUs] U U3BJICUCHUsI U3 Ta3a 1ielie-
BBIX YTJIEBOAOPOAOB. JlOCTUTaeTcst 3TO MPU OTHOCUTEIBHO HEBBICOKOM JaBJe-
HUU C IPUMEHEHHEM XOJI0/1a.

HuszkoremneparypHasi KOHJAeHcanusa. MeToJ OCHOBaH Ha MPUMEHEHUN
HU3KUX TEMIIepaTyp AJI1 MEePEOXJaXICHHUsI ra30BOM CMECH, HAXOMSIIEHCs IMOA
BBICOKMM JaBjeHueM. Ha nepBom 3Tane npoucxoguT KOHAEHCAIUsl KOMIIOHEH-
TOB Ta30BOM CMECH, 3aTEM PEKTHU(PUKALMS MOTYYEHHOTO KOHAEHCATA C LIEJIbIO
yAaJICHUS U3 HETO JIETKUX KOMIIOHEHTOB (METaHO-3TaHOBOM (hpaKium).

Or0en3unuBanue agcopouumeii. /(s u3BIeUeHUs TKETBIX YIIEBOIOPO-
JIOB METOJI TIPUMEHSETCS [UTsi OSAHBIX Ia30B IPH COAepKaHuH 10 50 r/M° yrie-
BoAopo0B Ci+BbIciine. B kauecTBe ajgcopOeHTa NPUMEHSETCA CHIIUKarelb, ak-
TUBUPOBAHHBIN yrojib. V3BlieueHne MOTJIOIIEHHBIX aJCcOPOEHTOM YIJIEBOJIOPO-
JIOB TIPOBOJUTCS MPU HAarpeBaHUU U 00pabOTKe BOJSHBIM MAapOM, C MOCIEAYIO-
IIUM OTCTOEM.

OT0en3nHuBanue abcopOumen MeToJ OCHOBaH Ha Pa3IUYHON pacTBO-
PUMOCTHU COJEpPKAIIMXCSA B MCXOJHOM Trasze yrieBOJOPOAOB B KMJIKHUX He]Te-
IPOAYKTax, MPUMEHSEMBIX B KauecTBe aOCOpOEHTOB. YTIIEBOAOPOIbl OTHOCH-
TEJIbHO BBICOKOTO MOJIEKYJIIpHOro Beca (mporman, 0yransl, Cs, Cqs, C7) pacTBO-
pStOTCSl B aOCOpOEHTE Nydllle, YeM HU3KOMOJICKYJISIPHBIE YTIIE€BOJOPObI (METaH,
9TaH).

[Iponecc mpoBoauTCS B KOJIOHHE — abcopOepe. AGCOPOEHT (MOTIOTUTEND,
Hanpumep, cTaOUJIbHBIN Ta30Bbli OCH3MH) MOJAETCA B BEPXHIOK YacTh KOJIOH-
HBI, CTEKAeT MO TapejikaM BHH3, MOTOK ras3a MoJaeTcsl B HUKHIOK YacTh KOJIOH-
HBI U ABUXKeETCs BBepX. OOoranieHHblil yriieBo1opogaMu a0copOeHT, BEIBOAUTCS
C HIDKHEW YacTU KOJIOHHBI Ha CTaJIMI0 JeCOpOLMH, PU KOTOPOM u3 abcopOeHTa
YAATAIOT U3BJIEYEHHBIE UM YIJIEBOIOPOABL.. KOHIEHCUPYSICh U3 HUX NOJIy4aeTCs
HecTaOuIbHBIN OeH3uH. [lormomaromias cnocoOHOCTh a0COPOEHTOB C TTOHMXKE-
HUEM TeMIIepaTyphbl yBenuuuBaeTcs. PereHepupoBaHHbIil a0COPOEHT MCIONB3Y-
eTcsi ToBTOpHO. [IpuMeHeHne cmocoba parMoHaNbHO ISl OTOCH3WHUBAHUS
KMPHBIX Ta30B, cojepxamux 6onee 100 r/m” yrieoaopoaos Cs+BbICIIKE.

OuucTka ra3a oT cepoBoI0poO/ia M CEPHUCTHIX coeauHeHmid. CyiecT-
BYIOT B 3aBUCUMOCTH OT arperarHoro COCTOSIHHS MOIJIOTUTENS JIBE€ OCHOBHBIE
rpymibl MeToaoB ounuctku oT H,S m CO,: cyxas oumcTka raza (M3BJICUYECHHE
IIPOUCXOIUT IPH MPOIYCKAHUM ra3a 4epe3 CyXHue MOTJOTUTENN) U MOKpasi OUYu-
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CTKa Ta3a (M3BJICUEHUE MPOUCXOIUT 3a CYET MPOMBIBKH Tra3a pa3IMYHBIMU I10-
TJIOTUTETHHBIMHA PACTBOPAMH ).

Cyxas ounctka Oosee 3(ppexTuBHa, TaK Kak JTIOCTUTaeTcsl O0Jee MOJIHOe
W3BJICYCHHUE, HO OoJiee 3aTpaTHasl, UMEET EPUOAUIHOCTh, TPYA0EMKOCTh. MOK-
pble COCOOBI XapaKTepU3yKTCS HENPEePhIBHOCTHIO MPOIecca, MEHBIIMMHU 3a-
TpaTaMHu, OJJHAKO KauyeCTBO OYMCTKM Hmke. Hanbonee pacnpocTpaHeHHbIN CITO-
c00 MOKpO# ouHnCTKH — dTaHonaMuHOBBIN. [lornomenne u3 raza H,S u CO, pac-
TBOPOM dTaHOJIAMHUHA MTPOBOAUTCS B abcopOepe. ['a3 momaercss B HUKHIOKO YacTh
amrmapara ¥, oJHUMAsICh BBEPX BCTPEUAETCS ¢ BOAHBIM PACTBOPOM 3TAHOJAMH-
Ha, KOTOPBIM MOJIaeTCsl B BEPXHIOIO 4YacTh abcopOepa W cTekaer BHU3. Hachl-
IICHHBIA PACTBOP TOTJOTHUTENS CHU3Y MOJAeTCA B JecopOep, OUMINECHHBIN Ta3
OTBOJIUTCA CBepXy. B mecopOepe mpoucxoauT BhIICICHNE U3 HACBIIIIEHHOTO T10-
TJIOTUTENS KACIBIX Ta30B MO ACHCTBUEM MTOHUMAIONTUXCSI BBEPX IMAPOB BOJIBI.
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