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BCTYII

[IpoTsirom GaratboX CTONITH BHAOOYBaHHS MIHEpPaJbHOI CUPOBUHH 3J1HCHIO-
Bajiocs 3 6aratux 1 JOCTYNMHHUX poAoBHIl. BeespocTatounii neinuT KOpUCHUX Koma-
JUH BXE ChOTOJHI 3MYIIyE€ BBOJWTH 10 PO3pOOKM OigHI ¥ TIMOOKI poaoBHINa 31
CKJIQJHUMHU TIPHUYO-T€OJOTIYHUMU YMOBaMHU. TpaguIiiiiHi cmocobu BuUI00yBaHHS
KOPUCHUX KOIAJUH — BIIKPUTUHN 1 TA3EMHUI B)K€ HAHOIMKYUM 9acoM HE 3MOXKYThb
3a0e3Meun Ty MIHEPATHbHUMU 1 TAJTMBHUMHU pecypcamMu HEOOXiHUN piBEHb MPOMUC-
JIOBOTO PO3BHUTKY Jep>KaBU. Y Takiil cuTyarii 301IbIIeHHs 00CATy BHIOOYTKY MiHe-
paJIbHOT CUPOBUHH 3 OJHOYACHUM MiJABUIICHHAM €()EKTUBHOCTI pO3pOOKH Ta BHPI-
MICHHSIM €KOJIOTIYHUX MPOOJIeM BUMArae monryKy MpUHIIMIIOBO HOBUX IUISXIB PO3BH-
TKY TEXHOJIOTiH. ['€0TeXHOJIOTIuHe BUITyYCHHSI KOPUCHUX KOTAJINH B JCSKAX BUIIA-
KaX € €JMHO MOJIMBUM CIIOCOOOM BUKOHAHHS TIPHUYUX POOIT, IO J03BOJISE TEpe-
BECTU KOPUCHI KONAJIMHU HA MICIl 3aJIATaHHS B PIAKUNA, ra30MoAI0HUI YK AUCTIepro-
BaHUU CTaH 3 MOJAJBIIOI BUAAYCI0 HA 3€MHY MOBEPXHIO 32 JOMIOMOTOIO CBEPAJIO-
BUH. PO3IIaBIeHHS CIPKHY 1 BUWJIYTOBYBaHHS METaJlIB, TEPMIUHI CIIOCOOU i BUILICHHS
HaTOBI A4l TIJIACTIB — MIPUHIIUIIOBO HOBA 1 €()eKTUBHA TEXHOJIOTISA TIPHUYMX POOIT,
BUKOPHUCTAHHS SKOI CIpHUsie peHTa0eNbHIi po3po0ili HaBiTh HEKOHIUIIMHUX 1 MO3a-
OaJlaHCOBHUX 3amaciB Ta 3HAYHO 30UIbIIIye 00CIT MiHEpabHUX pecypciB Ykpainu. ['e-
OTEXHOJIOTISl TIOEIHYE B COOl MPOCTOTY OCHOBHUX OTEpalliid, JemieBe Oy IBHUIITBO
HIPUEMCTBA, IIBUAKE OCBOEHHS POJOBHINA, IOBHY MEXaHI3aIlI0 1 aBTOMATHU3AIlIIO
poOIT, MoJINIIeHHsT YMOB Mpati (0e3/1t0JHe BUIIMaHHs) 1 BUCOKE BUIYYEHHSI KOPUC-
HUX KOMITOHEHTIB.

VY po3polii iJiel reoTexXHoorii Opano y4acTh 0arato BiIOMHX JOCJIJIHUKIB.
JI.1. MenneneeB BUCYHYB i1eto0 mia3eMHoi razudikanii Byruws. [.O. Kupuuenko Bre-
plie y3araJbHUB I€OTEXHOJIOTIYHI CIOCOOM BHI00YBAHHS KOPUCHUX KOMAJIMH, aKa-
nemik H.B. MenbHUKOB 3pOOMB BEIUMKHI BHECOK Yy peaiizaililo reoTeXHOJIOril Ha
npakTuili. Bce61uHO BUCBITIICHI T€0TEXHOJIOTIYHI CIIOCOOM BUIOOYTKY B Oe3liul po-
01T mpodecopa B.JK. Apenca. OcobiuBiI 3acinyrd y po3BUTKY T'€OTEXHOJIOTII Haje-
*aThb akajgemikam B.B. PxeBcrkomy 1 €.1. lllemsikiny, npodecopam JI.I1. JlobaHOBY 1
0.0 Asapkiny. 3 npobieM BUAOOYBAaHHS KOPUCHHMX KOIAJIWH I'€OTEXHOJIOTTYHUMHU
cnocobamu omyoOmikoBani pobotu ILA. Kymme, I1.®.Cxkadu, TI'.I. Kapasaiika,
A.l. Kama6ina, ILI. Jlynka, A.M.Taiinina, b.B.IcmarinmoBa, JI.M. Illmaka,
JLI. JlynwoBa, H.I. babiueBa, I".X. Xuesna, O.B. KomokosoBa Ta iH.

HaykoBi po3p0o0Ky pO3MIHUPUIN MEXKI 3aCTOCYBaHHS (P13UKO-XIMIYHHUX 1 MIKPO-
010JIOT1YHHX MPOIIECIB B TIPHUYOMY BHPOOHHUIITBI, 3aBJSKA YOMY I'€OTEXHOJIOTIS BH-
JiJIeHa B CaMOCTIMHMI O3 TpHUYOi HayKd. Pasom 3 TuM, 3a HAsIBHOCTI JOCUTh
BEJIMKOI KIJIBKOCTI JIITEpATypHu 3 MUTAHb F€OTEXHOJIOT], MIAPYYHUKH 1 HABYAJIbHI TO-
CIOHMKM ISl CTYJIEHTIB TIPHUYMX BY31B HE BHJaBajiucsa. BiAnoBiAHO 10 cydyacHUX
HaBYAIBPHUX IUIAHIB, TE€OTEXHOJIOTIS BBEACHA SK OJHA 3 OCHOBHUX IUCIHMIUIIH, IO
BHUBYAIOTHCS CTyACHTaMH HanpsMy «[ipHHITBO» BCiX crienianbHoCTel. Ile BukinKa-
JI0 HEOOXIHICTh BUJIAHHS HOBOTO IMJIPYYHUKA, B SIKOMY BpaxoBaHO OaraTopiuyHui
JIOCBIJlT BUKJIQJaHHS aBTOpaMU JUCHUIUTIHK «®DI3UKO-XIMIYHA TEOTEXHOJIOTIs Y
Jlep>kaBHOMY BHILIOMY HaBYaJIbHOMY 3akiajil «HamioHanbHu# TipHUYUN yHIBEpCH-
TET.



1. 3ATAJIBHI BIIOMOCTI TIPO 'EOTEXHOJIOI'Ti, TEOTEXHOJIOIYI
CUCTEMMHU TA ITPOLHECH

1.1. I'eorexHoJioriss. OCHOBHI MOHATTH TAa BUZHAYCHHS

I'eoTexHoJIOTis1 — 11 HAayKa MPO CBEP/IOBUHHI CUCTEMHU BUAOOYTKY €HEPreTU-
YHUX, MIHEPAJbHUX 1 BOJHUX pecypciB 3 Haap 3emii. Bona BuB4ae ¢i3umko-XiMivHi
porecu BUI00YBaHHS KOPHUCHHUX KOIAJIWH, CIIOCOOM JUIs 11 37iHCHEHHS 1 TIpHUYO-
T'eOJIOTIYHE CEPeIOBUIIE — I'€OJIOTIYHUN YCTPIH, TiAPOreoaoriyHl YMOBU, TEMIIEpaTy-
Py, TUCK, (p13W4HI1 1 XIMI4HI BJACTUBOCTI PCHKOIO MACHBY Ta HACUYYIOUHMX MOro po-
34MHIB.

[1ig reoTexHoOJOTiYHUMH cIOCO0AMHU PO3YMIIOTH CIIOCOOM BUAOOYTKY, OCHO-
BaHI Ha TIEPEBEICHHI KOPUCHUX KOTAJIMH B PYXJIMBUH CTaH 3a JOMOMOTOIO TETJIOBUX,
MacOOOMIHHMX, XIMIYHHUX 1 TJIPOJMHAMIYHUX MPOLECIB HA MICHI iX 3ajiAraHHs 0e3
OPUCYTHOCTI JIFO/IEH.

I'eoTexHOJIOTiYHI KOMIJIEKCH 3 BHIOOYTKY KOPHCHHX KOMAJIWH — 1€ CYKYII-
HICTh TEXHOJIOTTYHUX IIPOIIECIB, omeparii 1 3acob0iB ix peanizalii, mo 3abesneuye
UKIIYHY PO3pOOKY MPOAYKTUBHHUX IUIACTIB METOJAMH reoTexHouorii. Takuil Kom-
IJIEKC MICTUTH y cOO1 Ha3eMHI 1 MiA3eMHI1 CIIOPYIH JJISI BUKOHAHHS HACTYITHUX OCHO-
BHUX TEXHOJOTIYHUX MPOIIECIB:

— OypiHHS CBEpAJIOBUH, MIATOTOBKA 1 pereHepaiiiss pododoro ¢uiroiny (Tersio-
HOCIs, PO3YMHHUKA), 10 3aKaYy€ThCSA B MPOJYKTUBHUI (TEXHOJIOT1UHMIA) TUIacT (T10-
KJIaJl, PyJIHE TLJIO);

— TIEPEBENCHHS KOPHUCHUX KOMIIOHCHTIB 3a JOTIOMOTOI TE€OTEXHOJIOTIIHUX
IIPOIIECiB HA MICIIi 3aJIATaHHSA TuTacTa (MOKIJIATy) B PIAKHA, Ta30MOAI0HMI ab0 Aucie-
pPrOBaHMI1 CTaH Ta BiJIKauyBaHHs (BH/1aya) HAa [IOBEPXHIO;

— nepepoOka MPOAYKTUBHUX (IIHOiIB (E€KCTpaKIlis, €JICKTPOXiMis, COpOIlis,
€JIEKTPOMETATYPrisl, OXOJIOIKEHHSI, KOHJIEHCAIlisl TOII0) 3 BiIOOPOM poOOYOTO areH-
Ta (aroiny) 1uisi TOBTOPHOTO BUKOPUCTAHHS B TEXHOJIOTTYHOMY ITUKIII.

I'eoTexHoJIOTIYHI BJIACTHBOCTI KOPUCHUX KOMAJMH — II€ T1 BJACTUBOCTI, 5IK1
JO3BOJISIIOTH TEPEBOJUTH KOPUCHI KOMAJIMHUA B PYXJIMBUN CTaH 3a JIONIOMOTOIO PO3-
YUHEHHsI, BUJIYTOBYBaHHS, IUIABJICHHS, 3PIJUKEHHS, PO3MHBY, TOPIHHS, CyOsiMarrii
TOILIO.

I'eoTexHoJioTiYHA cucTeMa sBJIsie COOOI0 CYKYITHICTh TIPHUYOTO CEPEIOBHUIIA,
¢b13UYHMX 1 XIMIYHUX TIPOLIECIB BHIOOYTKY Ta 3aco0iB iX peaiisallii 6€3 mpucyTHOCTI
JI0JIeN Ha MICII PO3POOKHU.

TexHoJsioriynuii 2600 MPOAYKTUBHUII MJIACT (pyJHE TLI0, MOKJIAJ) — IJIACT
KOPUCHUX KOIAJIWHU, MiATOTOBICHUN TOAPIOHCHHSIM, OKHCJICHHSM, TUIABJIICHHSIM,
TOPIHHAM 10 BUJOOYTKY 3 HbOI'O KOPUCHHUX KOMIIOHEHTIB OJIHMM 13 T€OTEXHOJIOT14-
HUX CIOCOO0IB.

Po6ounm arentom (abo pobounm ¢iroigoM) Ha3UBAIOTh PiaKi a00 ra3ono;io-
Hl pEYOBHUHHU, AKI € PO3UMHHHUKAMH, TEIJIOHOCISIMHU 1 IPU3HAYEH] JIJIl HArHITaHHS B
IPOJYKTUBHUM TUIACT 3 METOIO MEPEBEACHHS KOPUCHUX KOMAJIMH B 1HIIMI arperat-
HUM (pyXxoMuii) cTaH. /[0 HUX BIIHOCATH XIMIYHI PO3YUHU, €JICKTPUUYHUMA CTPYM, BOSY
1 T.0.



IpoaykruBHuii ¢uiroix — e po3uuH, ras, riipocyMill, po3iiaB ado CyCIeH-
3151, oJiepKaH1 3 MPOJYKTUBHOIO IUIACTA HA MMOBEPXHIO 3€MIJIl Yepe3 M01aBaJIbHI CBEp-
JUIOBMHM 200 1HIII JIPEHAXKH1 CIOPYAH Ta MICTATh KOPUCHI KOMIIOHEHTH.

PoGo4a 30Ha (IIIIHKA) — OCHOBHHMI €JIeMEHT I'e0TEeXHOJOTTYHOI CUCTEMH SIB-
Jsi€ 0000 YACTUHY TIPHUYOTO CEPEIOBHUILA, OXOMIEHOIO BILIMBOM POOOYMX areHTiB.

I'ipauye cepenoBmile — YacTHHA POJOBUIIA, MIPEACTABICHA TPCHKUMH MOPO-
JaMU 1 HACUYYIOUUMHU 11 QUIIOiaMu 1 XapaKTEepPU3y€EThCsl IEBHUMU TEPMOJUHAMIYHU-
MU YMOBaMH 3 OJHI€I0 a00 JEeKIJIbKOMa reTepOreHHUMHU CUCTEMaMH, 1110 BMIIIY€ pi3-
Hl KOPHCHI KOMITIOHEHTHU (B TBepJIii, piakiii abo razonoaioHii (asi), mo cayrye ms
IJIECTIPSIMOBAHOT 3M1HUA KOPUCHUX KOTIAJIMH.

['eoTexHOIOTIsI BUHUKIIA 1 PO3BUBAETHCS HA CTUKY reoJiorii, Gi3uku, Ximii, 610-
JI0T1i, EKOHOMIKH Ta IHIUX HAYK.

IIpeamMeTom reoTexHoJo0rii € BUBUCHHS (PI3UKO-XIMIYHUX, T€OJIOTTYHHX, OaK-
TEPi1aTbHO-XIMIYHHX 1 (PI3UYHUX MPOIIECIB 3 METOI0 CTBOPEHHSI €EKOHOMIYHO €(PeKTH-
BHUX TEXHOJIOTIH 1 TEXHIYHUX 3aC001B, IO JO3BOJISIIOTh 3A1HCHUTH BUIO0YTOK KOPH-
CHUX KOIAaJIMH Fe0TEXHOJIOMYHUMU criocobamu (3 Haap 3emii).

O0’€KT reoTexHoJ0riYHOr0 BIVIMBY — POJIOBHILA KOPUCHUX KOIAJIMH, B IKUX
BUJI00YBa€ThCA KIHUEBUN MPpOoaAyKT. HallO11bIl €eKOHOMIYHUN CIIOCIO Me0TEXHOIOr Y-
HOT PO3POOKM POJIOBUIN MOXKe€ OyTH BHOpaHM Ha OCHOBI BHBYEHHS (Pi3HKO-
I'EOJIOTIYHUX YMOB, TiJIporeosiorii, Mopdosorii Ta yMOB 3ajsiTaHHS ITPOJTYKTUBHHUX
IJIACTIB 1 BMICHHX TOPiJI.

MeTta reoTexHoJIOTII IK HAYKHM — PO3BUTOK TEOPETUYHUX OCHOB €(HEKTUBHOTO
BIJTUBY Ha KOPUCHI KOIAJIMHU 1 T1JPOreoIoriuHy 00CTaHOBKY B po0OUiii 30H1 Mij 4ac
BUI00YTKY KIHIIEBOTO MPOAYKTY T€OTEXHOJIOTTYHUMHU CIIOCO0aMHU.

VY mpuknaaHiil 4aCcTHHI T€0TEXHOJIOTIA po3po0sie BUPOOHUY] MPOIIECH HA OC-
HOBI BHBYEHHSI KOMILIEKCY (PI3UKO-T€OJIOTTYHUX YMOB IPOAYKTUBHOI'O IIACTA, TEX-
HoJIoT1i Ta 3aco0iB ii peanizamii: mogaBaHHs poOOYMX areHTIB y TEXHOJIOTIYHUN M1acT
iX UPKYJALII 0 NOKIaay, IPEeHaXxy Ta BUAadl NPOAYKTUBHUX (UIIOIAIB HA MOBEPX-
HIO 3eMil. OTKe, T€0TEeXHOJOrId € YaCTUHOK HAayKH IpOo 3eMJIt0, L0 3aiMaeThCs
CTBOPEHHSM 1 PO3BUTKOM MPUHIIUIIOBO HOBHUX CIOCOOIB 1 TEXHOJOTTYHHX 3acCO0IB
BUI00YBaHHS 3 HAAP KOPUCHUX KOMAIMH, HEOOXITHUX JJI1 KOPIHHOTO MEPETBOPEHHS
TpaguIIHHOI TeXHOJIOTIi BHUA0OYTKY. HaibOuibil OCBOEHUMM T'€OTEXHOJOTTYHHUMU
croco0aMu BUJI0OYTKY KOPUCHUX KOTAJIUH €:

— MiJI3eMHE BUIYTOBYBaHHA (METOJ] BUOOPUYOTO BUIIYUYEHHS] KOPUCHUX KOMAJIUH
Ha MiCIll 1X 3aJiAraHHs 3a JOTIOMOTOK0 XIMIYHHMX peareHTIB 1 BHJadya 30aradeHoro
IPOYKTUBHOTO PO3YHHY Ha MOBEPXHIO);

— MIJI3EMHE PO3UYMHEHHS (METO BUIyUYEHHS PO3YHHY COJIEH Yepe3 CBEPUIOBUHN);

— MiJ3eMHa BUILIaBKa (METOJ BUAOOYTKY TBEPAMX JIETKOIUIABKUX KOPHUCHUX
KONAJIMH 3aKa4yBaHHSM TETUIOHOCIS MO CBEPJIOBUHAM Y ILIACT 1 BUAAUCIO PO3ILIABY
Ha MIOBEPXHIO B PIIKOMY BUIJISIN);

— mig3eMHa rasudikaiist (MeTo] BUAOOYTKY TBEPAUX TOPIOYMX KOIAJIWH IIIS-
XOM BHCOKOTEMIIEPATYPHOIO MEPEBEICHHS iX B Ta30M010HUI CTaH);

— CBEPAJIOBUHHOTO TiIpOBUI00YTKY (METOJ, OCHOBaHUUA Ha MEXaHIYHOMY
pyHHYBaHHI TUTacTa KOPUCHUX KOMAJIMH Ha BHOOT CBEPIJIOBHHHM 3a JOMOMOIOIO Tif-
POMOHITOPHUX CTPYMEHIB 3 HACTYITHUM I1IHOMOM T1pOCYMIllll Ha TOBEPXHIO).
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1.2. 3akoHM Ta 3aKOHOMIPHOCTI re0TeXHOJIO0Tii

1.2.1. IloHATTS PO 3aKOHU Ta 3aKOHOMIPHOCTI

VY ripHu4iit HayIl, SK 1 B OyAb-sIKii 1HIIIH, € CBOI 3aKOHHU, 3aKOHOMIPHOCTI,
MPUHIIAIK, TOHATTSA 1 KpUTepii, SKi HalpalboBaHi OaraTbMa BUYEHUMH B HACIiJOK
JOBTOTPUBAJIOTO PO3BUTKY TIPHMYOT HAYKH 1 MPAKTUKH. 3aKOHU TEXHIYHUX HAYK y
O1IBIIOCT] BUMIAJKIB TAKOXK € 3aKOHAMHU JIFOJICHKOI AISTIBHOCTI 1 CTBOPIOIOTHCS B IPO-
IIECl PO3BUTKY CIOCO0OIB BUPOOHUIITBA. BOHM BHpaxaroTh CyTTEBHI 3B’ 30K MIXK Ta-
pameTpaMu 1 MOKa3HUKAMH SBUII, 1110 3a0€3MeUyI0Th TOCITHEHHS MOCTABICHOT METH,
y BUMAAKY TIpHUYOi HaAyKH — eeKTUBHE Ta Oe3rneyHe BUAOOyBaHHS 13 HaAp 3emui
KOPUCHUX KOMAJIHWH B JOCTAaTHIM (3aIliaHOBaH1) KUIBKOCTI. B TipHMYMX HAyKOBUX
JOCIIJKEHHAX 1 MPAKTHII, a TAKOXK Yy JITEpaTypl, 32aKOHU YacTO IUIYyTalOTh 3 IPaBU-
namu. 3BepHEMOCH 10 eHuukionenii: «l[IpaBuno — nponoHyBaHHs, 110 BUPAKAE TPU
MEBHUX YMOBaXx JI03BUI @00 BUMOTH 31MCHUTH, a00 BTpUMATHCS BiJl 3[I1IMCHEHHS Je-
AKOr0 BUMHKY». [IpaBuiia BUpakatoTh y BUIJIAJI HAKa31B, IHCTPYKIIii, MOJIOKEHb TO-
mo. OJiHe 13 BIACTUBOCTEN MPABUII — 1€ MOXJIMBICTD 1X MOPYIIYBAaTH «y BUHSITKOBO-
My BUIMAJAKY». UuM CyBOPiIIIi 1 BAXKJIUBIII TTpaBUJia, TUM BUIIE 1HCTAHIII1, K1 MOXYTh
JO3BOJIUTH 1X IOPYIIUTH «y BUHATKOBOMY BUITAJIKY.

I3 3axkoHy Hema BUKJIIOYeHb. HiXTO HEe MOXKe Oro BiAIMIHUTH 4K BBeCTH. BiH
00’ extuBHUH. [lopymuBIKM 3aKOH — HE JOCSTHEI MOCTaBJICHOI MeTu. [lopyiieHHs
3aKOHY TIPHUYOi HAYKH HEMHUHYYE CIIPUYMHHUTH 3PUB IJIAHOBOTO BUIO0OYTKY KOpHC-
HOT KOTAJIMHU, TIOTIPIICHHS €KOHOMIYHHUX TOKA3HUKIB, 3MEHIIICHHS 00CSTiB BUA00Y-
TKY, HEMOXJIUBICTh MOJAJIBIIOTO BUAOOYTKY, MOPYILIECHHS O6e3neku poOiT Tomo. 3a-
KOHM MOXYTb OyTH MEHII 3arajlbHMMH, IO AIIOTh B OOMEXEHi! 30H1 1 BUBYAIOTHCS
OKpPEMHMHU KOHKPETHUMHU HayKamMH — (PI3UKOI0, XiMi€l0, O10JI0Ti€I0, 1 OUIBII 3araib-
HUMHM, 10 BUBYAIOTHCS HU3KOK 00JacTedl 3HaHb (HAMPUKIIAJ, 3aKOH 30€pe:KeHHS
eHeprii): HalOLIbII 3aralbHUMU, YHIBEPCATBHUMH — 3aKOHU J1aJIEKTUKU (HAIIPUKJIIa/,
nepexij KUIbKOCTI B SIKiCTh). O1H1 3aKOHM BUPAXKaIOTh CYBOPY KUIBKICHY 3aJICKHICTh
MDK SIBUIIIAMHU 1 (DIKCYIOTHCS B TIPHUYIN HayIll MaTeMaTUYHUMH (OPMYJIaMu, 1HIII HE
HiJIAI0TECd MAaTEeMAaTHYHOMY BHUpa3y. 3aKOHOMIPHICTb PO3YMIEThCSA SIK PE3YJbTatr
CYKyIHOI Jii 0e3Jiul 3aKoHIB. Tak 4acTo TOBOPSTH MPO 3aKOHOMIPHOCTI TIpHUYO-
I'COJIOTTYHUX BJIACTUBOCTEH KOPUCHUX KOMAJIWH, 00 IIe pe3yabTaT OJJHOYACHOI Jii re-
oJiorii, (bi3uKH, XiMii, TIAPOIUHAMIKHA, MACOBOTO OOMIHY Ta iH.

CyTHicTh Ta YMOBHM BHSIBJICHHSI 3aKOHIB, 3aKOHOMIpPHOCTeil, MOHATH i
npuHUMMiB. i1 yac BUBYEHHS 1 TEOPETUYHOIO OCMUCIIEHHS PI3HUX CTOPIH BIUIUBY
TEXHIKH Ha TIPChbKi TOpoau GOPMYIOThCS JIOT1YH1 3a71a4i, TOHATTS.

I'osioBHe 3aBJaHHA TipHMYOI HAYKH — BUSCHEHHS INPUTAMAHHUX KOXXHOMY
croco0y BU00YBaHHS KOPUCHUX KOMAJIUH 00 €KTUBHHUX 3aKOHIB. Y IIbOMY 3B’SI3KY
TIpHUYY HAyKy MOXHA BH3HAYaTH SK HAyKy MPO 3aKOHH, IO KEPYIOTh BUPOOHUIIT-
BOM BUJI00YBaHHS KOPUCHUX KONAIMH 13 HAAP 3eMIIi.

VY MOHATTSAX HAyKH BiJOOPa)KAEThCs CTaTHKA, a B 3aKOHAX — JUHAMIKa MpoIle-
cy, kUil po3risinaerbea. [IoHATTS 1 kKaTeropii € pe3yiabTaTOM aHajizy, a 3aKOHU —
pesynbTaToM cuHTe3y. HailOupln y3araibHIOIUUM TIPHUYO-TEXHOJIOTTYHUM IOKa3-
HUKOM OTIOpPY TIPCBKUX MOP1J pyHHYBaHHIO, OYpIHHIO, TIIIPUBAHHIO € 11 MIiIHICTh. Lle
noHATTS Oysno BBeAaeHO B Hayky B 1908 p. mpodecopom M.M. TlpoTon’ sKOHOBHUM.
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MiuHicTh TOpOaH, 3r1IHO Bu3HayeHHI0 M.M. IIpoToa’sKoHOBa — L€ OMIPHICTS ii 30-
BHILIHIM 3YCHJUISIM, 11O 3aJI€XKaTh Y KOXKHOMY KOHKPETHOMY BHIIAJIKy B1Jl KOMOIHALIM
€JIeMEHTapHUX OINOpPY MOPOAM PO3TATY, TUCKY, 3cyBY. KoediieHT MiIIHOCTI OPOAH,
3a M.M. IIpoTo/1’IKOHOBUM, BU3HAYAETHCS SIK OJUH BIJICOTOK OIMIPHOCTI ii 3pa3ka
OJIHOOCBOBOMY CTHCKaHHIO:

f =105 (1.1)

ne f— KoeiieHT MIIIHOCTI OPOAU; 07 — OMIPHICTh 3pa3ka OJJHOOCHOBOMY CTHCKaH-
Hio, H/M”.

3a koedirieHTOM MIIHOCTI BC1 TOPOJU MOAUIAI0TECS Ha 10 kareropiit 3 Benu-
quHOI Koedirienta mimHocTi Big 0,3 g0 20. OgHEIO 3 OCHOBHUX 1 TUIIOBUX OCOOJIH-
BOCTEH Ipoliecy po3poOKH POJIOBHUI KOPUCHUX KOIAJIUH € MOCTIHHE MEePEeMIIlICHHS Y
poCTOpi 1 yaci poOOYMX MICIb MO BUAOOYBAHHIO 13 HaApP 3eMill TIPChKUX TMOpia —
pobounx BuOO0iB. BiO0i 3HAXOASATHCS Y CTaHi pyXy, PO3BUTKY, TOOTO € JMHAMIYHUMHU.
s ocoOnMBICTH TIPHUYOI HAYKHU J103BOJISIE CPOPMYBATH HACTYIHUN 3aKOH — 3aKOH
TUHAMIYHOCTI poOounx BHOOiIB. BiH (opMyIIO€ThCS TaKUM YMHOM: B Mpoleci rip-
HUYMX PoOiT podoui BUOOI, B AKUX BiI0YyBa€ThCA BUI00OYBAHHS KOPUCHUX KOIA-
JINH, MEePEeMIIIYITHCA Yy MPOCTOPi 3i MBUAKICTIO, IPAMO NPONOPUIHOI MPOIY-
KTHBHOCTI BUI00YBHOI'0 arperary i 00epHeHO-NPonopuiiiHOI0 IUI101Hi BH0OIO:

V=", (1.2)
ne V — MBUAKICTH MepeMillleHHsT po0odoro BuOO0, M/Mic; P — eKcIutyartailiiina mpo-
IYKTHBHICTb BHI0OYBHOTO arperary, M /Mic; F— Iioia poGo4oro BHGO0, M.

[TocTitne mepemimieHdss pobounx BUOOIB, PpOHTY poOIT — sicKkpaBa 0COOJIHU-
BICTh TIPHMYOTO BUPOOHUIITBA, SIKE Hece 3a co00r0 Oararo HachiakiB. B mporeci me-
pemimieHHs poOounii BUOIH MOTpaIuisie€ B pi3HI YMOBH, 1[0 OOYMOBJICHI MIHJIHUBICTIO
(13UKO-MeXaHIYHUX BJIACTUBOCTEH TIPCHKUX MOPiA; 00JaJHAHHA, U0 BUKOPUCTOBY-
€ThCSl, TOBUHHO YCHIIIHO MpaLOBaTH y BCIX Jlana3oHax LuX BiacTuBocTeil. Ilpu
BUI00YBaHHI TPChKUX MOPiA HEOOX1AHO MOAOIATH OMip BIAOKPEMIIEHHS iX BijJ MacH-
BY.

I3 3akony (1.2) npu nmpoekTyBaHHI BUPOOHUYUX MPOLIECIB BUILIMBAIOTH BAXKIIU-
Bl HACJIIJIKH.

1. MamHau 1 MeXaHi3MH MOBHHHI OYTH NMPUCTOCOBaHI a00 /10 CaMOCTIMHOTO
nepeMilleHHs, abo 10 mepeMileHHs 3a JOTIOMOT 00 IOMTOMIKHUX 3aCO01B.

2. InTencudikariito rippudux poOIT 6akaHO 301IBIITYBATH MPOAYKTHUBHICTH 00-
JaJHAHHS 1 3MEHIIyBaTH 1oy BuOoro. [Ipu mig3eMHOMY 1 T€OTEXHOJOTIYHOMY
croco0ax po3poOKH BUHMKAE CKIIaJIHA TIpo0iemMa CTBOPEHHS OOJaJHAHHS MaJuX Po-
3MIpIB 1 BEJIUKOI MPOAYKTHUBHOCTI. Tak 110 B IbOMY BHMAAKy MPOTHUPIYYS 3auIIa-
€THCAL.

3. ¥ mipy nepecyBanHs poboumii BUOiil moTparuisie B pi3Hi yMOBH, 110 00yMO-
BJIIOIOTHCSI MIHJIMBICTIO Y TIPOCTOP1 (PI3UKO-MEXAaHIYHUX YMOB TipChbKuX mopia. Taky
o0cTaBHHY HEOOXIJIHO BpaxoBYBaTH MiJ 4ac 10O0PY TUIIIB MAIIMH 1 OLUIHKHU iX Mpo-
JTYKTUBHOCTI.
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ITix yac po3poOKM MAaXTHOIO 1 F€OTEXHOJIOIYHOrO MOJIiB BUKOPUCTOBYIOTh MO-
CJIIZIOBHO 1 B TICHOMY B3a€MO3B’SI3KYy TIpHHYl pOOOTH JJisi PO3KPUTTS, MIATOTOBKH 1
BUI00YBaHHS KOPUCHUX KoNaiuH. ['ipHHYl poOOTH MO PO3KPUTTIO POJOBUIL BKIIIO-
YaloTh MPOBEACHHS IIAXTHUX CTOBOYpIB Ta JONMOMDKHHMX KamiTaJIbHUX BHPOOOK
(kBeplUIariB, re3eHKIB) — MpU MiA3eMHINA po3poOili, OypiHHS CBEPUIOBUH — IIPHU I'eo-
TEeXHOJIOTTYH1HA po3poOii. [Ticis 11poro MpoBOASITH MIATOTOBY1 pOOOTH — MPOOBKEH-
Hs1 OypiHHS CBEPJIOBHH JJIs 1X 3’€IHAHHSA (32 HEOOX1THOCTIO), MOHTYBaHHS OTOJIOB-
KIB CBEP/IJIOBHH, MPOKJIAJaHH MEPEKi TpyOOIpPOBOIiB, MPOBEACHHS IITPEKIB, OPTIB
torio. [loTiM po3nounHaeThcsi BUAOOYBaHHSI KOPUCHUX KoMayMH 13 Haap 3emui. L1
poOOTH MIAMOPSIAKOBAH] 3aKOHY TIPHUYOT HAYKU — 3aKOHY CHiBMiPpHOCTI mMpoBeIeH-
HA TIPHAYUX POOIT: ripHUYi poOOTH MO POZKPHUTTIO POJAOBUII MOBUHHI MPOBOIHU-
THCH y 4aci Ta nMpocTopi 3 0ijIb11010 200 0JHAKOBOIO MIBUAKICTIO MO BiHOIIEH-
HIO /10 MiATOTOBYHX POOIT, a2 0CTAHHI — BUZOOYBHHX pOOIT:

B> >Dasol, 2V 2V (1.3)
abo
t, <tg <tj, (1.4)

ne H — rmmbuna 3ansranHs pojoBuia, M; [I — qoBxkuHA MIATOTOBYMX BUPOOOK, M;
D — npomucnosi 3anacu, M; Vg, Vp, V5 — LIBUAKICTE NPOBEACHHS TIPHUYUX POOIT, BiA-
MOBIJTHO, 3 PO3KPUTTS POJOBUIIIA, MATOTOBKY 1 BUIOOYBaHHS KOPUCHUX KOTAIHH; Ly,
tr, ty — TpUBANIICTH POOIT, BIAMOBIIHO, 3 PO3KPUTTS, MiATOTOBKU 1 BUOOYBaHHS KO-
PUCHMX KOMAJIMH 13 OJHIET 1 Ti€1 3K JUIBHUII POJIOBHUILA.

Crnig MaTu Ha yBasi, 10 OKpIM BUKOHAaHHSA YMOB piBHSHB (1.3) 1 (1.4) HeoOxia-
HO CTBOPHUTH 1 HaJaji MIATPUMYBATH Pe3€PB PO3KPUTHX, MIATOTOBICHUX 1 TOTOBUX JI0
BU100yBaHHs 3amnaciB. 13 ymoB piBHsHb (1.3) 1 (1.4) BUIUIMBaEe 4aCTKOBUH 3aKOH Y3-
T'OJKCHHS TEMITIB MPOBEACHHS TIPHUYUX POOIT, 110 3a0e31euyoTh Oe3nepediitHy po-
00Ty TipHUYO0100yBHUX TIAIPUEMCTB

to =ty + tp, (1.5)
abo
to =k-t,, (1.6)

ne t, — yac BIJNpallOBaHHS 3aIaciB Ha BUIOOYBHIN JIbHUII; £, — 9ac MiATOTOBKHU
3amaciB HOBOI BUIOOYBHOI NUIBHHMI, b, — PE3EPB YaCy, AKMH 3aBKIU PErTAMEHTY-
€THbCSI MIHICTEPCTBAaMH a00 >k OOTPYHTOBaHHM HAYKOBHUMH JOCTIIKEHHSAMU; kK — KOe-
(ILIEHT pe3epBy, 10 3aCTOCOBYETHCSA HA CTall MIArOTOBYMX POOIT.

['ipanyl poOOTH HA FIPHUYO-A00YBHUX MIANPUEMCTBAX, K 1 OLIBIIICTD SBUIL Y
IPUPOJII PO3BUBAIOTHCS LUKIIYHO. SIKIIO Oynb-sKMI IpPOLEC HE MOBTOPHOETHCS, TO
BUBYUTH MOr0 HEMOBIPHO Ba’KKO, 4aCTO 1 HEMOXKJIUBO.

3akoH HMKJIIYHOCTI MOKHA cHOpMYTIOBATH HACTYIIHUM YHHOM: BiIHOB-
JICHHsI ()POHTY BHIOOYBHHMX POOIT CyIPOBOIKYETHCHA MEPIOAUIHUM PO3KPUTTAM
i MiArOTOBKOIO AILHULB JISI BUA00OYBAHHSI KOPHMCHUX KONMAJIMH

ZH oM
ty = %r, (1.7)
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ne t, — NepioJlMyHICTh BBEJIEHHS 1O pOOOTHM HOBOi BUAOOYBHOI IIIBHULI, POKH;
anOM — NPOMMCIIOBI 3amacu BUJIOOYBHOI AUIbHUIN, T; V, — piuHa MIBUAKICTH MOCY-
BaHHS JIHIT OYMCHUX POOIT, M/PIK.

VY nporeci o4MCHOTO BU00YBaHHS HEOOX1THO aHATI3yBaTH LIUKJIM POOOTH, Bi-
JIPaIbOBYBATH B3a€EMOJIII0 BIUIMBHUX (DAKTOpIB HA IMKIIHM, 3a0e3medyBaTH OiIbII
BUCOKY €(DEeKTUBHICTD, a Y pa3l HEOOX1THOCTI — IHTEHCUBHICTh OYMCHUX POOIT. Buxo-
JIT9M 13 YMOB PO3BHUTKY TIPHUYHUX POOIT M7 9ac PO3pOOKU PyAHHX POJOBHII PIiUHE
MOHIKEHHSI TIPHUYUX POOIT MiIMOPSIAKOBYETHCSI HACTYITHIM TEHIEHITIT

Vo= (1.8)

to

ne V,— MBUAKICTh MOHWKEHHS TIPHUYUX POOIT, M/piK; & — BUCOTA MTOBEPXY, M

JIJ1st pO3KPUTTS CyTl TIPHUYOTEXHIYHUX SBUIN HEOOX1HI HAYKOB1 3HAHHS 1 BU-
poOHMua mpakThKa. TiTbKU 3 1X ypaxyBaHHSIM IJIECIIPSIMOBAHICTh 1H)KEHEpPA MOXKE
BiJIoOpakaTH BUMOTH OO’ €KTMBHHMX 3aKOHIB BHPOOHMITBA. B OKpeMHX BHMaaKax,
00yMOBJIEHUX MIHJUBICTIO (D13MKO-T€OJOTIYHOI 0OCTAHOBKM MAcUBY TIPCHKUX MOPiJ
y pocTopi, pinbTpaiiitHa MPOHUKHICTD MOP1 MOXKE OMMHUTUCS 3HAYHO HIDKYOIO BiJ
noTpiOHOI /1 3abe3medeHHs BUCOKOT MPOAYKTHUBHOCTI cuctemu. Lls o6cTaBuHa 3y-
MOBJIIO€ HEOOX1HICTh BUKOPUCTAHHS CMOCO01B, 10 MiABUILYIOTH PiabTpalito i 30a-
rayeHHsi poOOYMX areHTiB KOPUCHUMU KOMIOHEHTaMH. [0 HUX BIIHOCATHCS M1JIPUB-
Hi, IMIyJbCHI (YJIbTpa3ByKoBa 1 po3psiiHa 0OpoOKa), TEIsIoBl, MIKpOOIOJOTiUHI Ta
1HIII1 criocoOu Ji€ Ha Tipcbkui MacuB. HaitOiibIn epeKTUBHUM CIIOCOOOM HampasJe-
HOTO IMIJABUIIIEHHS TMPOHHUKIUBOCTI TOpia € OyponiapuBHUM. JUISTHKH M1 CBEPJIO-
BUHaMHu (200 OJoKaMM) PYyHHYIOTBCS €HEPri€ro 3apsiiB BHOYXOBHUX PEUYOBHH IS
CTBOPEHHS TpIIIMHYBaTOi (1MOoaApiOHEeHO01) 30HU. Jloka3aHo, 110 eHepris BUOyXy 3aps-
JIiB BUKUY 1 PO3MYIITyBaHHS MOIIUPIOETHCS B MACHBI TIPCHKUX TOP1A HEPIBHOMIPHO
(acuMeTpUYHO) 3T1IHO 13 KoeillieHTOM nepeadi eHeprii BUOyXOBOTO IMITYJIbCY.

Busiiena 3aKk0HOMIpHICTh PO3MOIIICHHS eHeprii BUOYXY 3apsiiiB pyHHYBaHHS
MacuBY MOP1J Ma€ MiCLE K NPU TPAJULIHHOMY BUJI0OYBaHHI, TaK 1 B T€OTEXHOJIOTI-
YHUX CUCTEMAX PO3POOKH pPOAOBHIL. Y 3arajlbHOMY BUIJIAJI 3aKOH aCUMETPIi MOXKHA
MIPEACTABUTH Y HACTYIIHOMY BUIJISIII: eHeprisi BUOYXY 3apsiiiB pyilHYBaHHS PoO3-
NOJIISIETHCA B TPHUYMX BHPOOKAX acHMMeTPUYHO. EKOHOMIUHI 3aKOHHM XapakTe-
PU3YIOTHh TIPHUYO-BUA00YBHE MIAMPUEMCTBO SIK €KOHOMIYHY CHCTEMY, L0 BigoOpa-
’Ka€ HAMOUIbII CYTT€B1, TUIOBI PUCH (YHKLIOHYBAHHS 1 PO3BUTKY BUPOOHHYUX BIJI-
HOCHH. Y3arajibHIOIOYUM TMOKa3HUKOM €KOHOMIYHOT €()eKTHUBHOCTI € 3aKOH NMPOaYK-
TUBHOCTI TIparli

B=a-VP-®, (1.9)

e B — npoayKTUBHICTH mpaui ado piyHUIl BUPOOITOK, TPH/TION.; & — KOE(]ILIEHT,
KWW BPaxOBY€E TiPHUYO-TECOJIOTIYHI 1 TeOMEXaHIYHI YMOBHU PO3POOKHU POJOBHIIL i Op-
ra”izaiiiai gakropu, Kl XapakTepHi JJis AaHoi ramysi; P — piBeHb 3HaHb, SIKUWA He-
OOXI1JTHUM JJIs1 CTBOPEHHS MPOTPECUBHOI TEXHOJIOT1i, TpH/MoauHy; @ — hoHI00CHa-
IICHICTh, TPH/JIIO]I.

['onoBHUM 3aBAaHHAM (DYHKIIIOHYBaHHS TIPHUYOBUAO0YBHOTO MIMPUEMCTBA €
3a0€3Me4YeHHs] YU BUKOHAHHS PIYHOT MPOAYKTHBHOCTI MO BHIOOYTKY KOPHCHHX KO-
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nanvH. [lo iHTeHCUBHOCTI pO3pOOKH POJOBHIN PivuHA MPOAYKTUBHICTH TIPHUYOBH]IO-
OYBHOTI'O MIANPUEMCTBA B 3araJIbHOMY BUTJIS1 MOKHA BUPA3UTH 3aJI€KHICTIO

Apgy =V - S, (1.10)

ne V — cepenHs MBUAKICTh MOCYBaHHS (POHTY TIPHUYHUX POOIT, M/piK; S — KOpHCHA
IJIOIIA POJIOBHILA, 110 PO3POOIAETHCS, M.

Hesikoro Miporo BenuunHa V BIANOBia€e MOKa3HUKY V), B po3paxyHKy IHTEHCHU-
BHOCTI ouucHux poOit. Ilig yac BugoOyBaHHS KOPUCHHUX KOMAJIMH T1pHUYO-T00yBHE
HIPUEMCTBO TMOBUHHO 3a0€3MEYUTH €KOHOMIUHY €(EKTUBHICTH CBO€I MISUTBHOCTI.
Lle nocsraeTbCcst TOTPUMAHHIM 3aKOHY B3a€EMO3B’SI3KY HACIIIAKIB POOOTH MiAMPUEMC-
TBa 1 TPYJOBUX MaTepiaJbHUX BUTPAT HA OJMHUINO MPOAYKIii. BuxigHi nmapamerpu
TUSITBHOCTI I ATIPUEMCTBA IIOBUHHI BiATIOBIIaTH YMOBI

HBaFEZHTH_ZC7 (1-11)

ne Il ,. — 3aranpHU NMPUOYTOK TIPHUYOBUIOOYBHOTO MIANPHUEMCTBA BiJI BUKOPHC-
TaHHSA MiHEPaJIbHOI CHUPOBHMHH, IpH; ), I, — BapTicTh TOBapHOI MPOAYKIi, I'PH;
Y. C — cobGiBapTicTh BUIOOYTKY KOPUCHHUX KOMAIUH, TPH.

Xapakrep i popmMu y10CKOHAIEHHS TPHUYOr0 BUPOOHUITBA FpHUYA HAy-
Ka BH3HA4Ya€ Ha OCHOBI JIAJICKTUYHOIO 3aKOHY MEPEeXOy KUIBKICHUX 3MiH B SIKICHI.
Lle#i 3aK0H rOBOPHUTH: PO3BUTOK YCiX SIBUII 3AiHCHIOETHCSA LLISAXOM MOCTYIMOBOIO
HAKONMHMYCHHA KiJIBKICHUX 3MiH I IEPETBOPEHHS IX HA OKPEMOMY eTalli JOKOpiH-
Hi, sikicHi 3MiHu. CTBOpEHHS HOBOT TEXHIKH (HANPUKIIAJ, MEXaHI30BaHUX KOMILICK-
CiB) J1aJi0 TIOIITOBX JI0 TIEPETBOPEHHS METO/IIB BEJIEHHS TIPHUYNX POOIT. AJjie 11e Bij-
OyBaeThCS HE Bijpa3y 3 MOSIBOIO HOBUX 3aCO0IB, a JIUIIE TOA1, KOJHU BOHH ITOYMHAIOTH
BUKOPUCTOBYBATHUCH Y TaKlil KUIBKOCTI, IK1 IPU3BEAYTh JI0 SIKICHUX 3MiH.

3aKkoH 3amepevyeHHs] PO3KPUBAE 3arajbHUN HAMPSM, TCHACHIIIO PO3BUTKY Ha-
BKOJIUIITHBOTO CBITY. 3amepedyeHHsl — pe3yabTaT BHYTPIITHBOTO PO3BUTKY, SKE TPH-
TaMaHHE PO3BUTKY Ii3HaHHS, HayKd. B pe3ynbTaTi 3amepeueHHs po3B’sI3yEThCs Je-
SIK€ TIPOTUPIYYsI, aJIe PO3BUTOK HE 3YIUHSIETHCS, BOHO ITiITOTOBJISE HOBI MIEPETyMOBH
JUIsL HOBOT'O 3arepeyeHHs, TOOTo BiIOyBaeThCs 3anepeyueHHs. [Ipyu 1boMy pO3BUTOK
K OW MOBTOPIOE €Tally, 110 BXKE MPOUIUIH, ajle Ha OLIbII BUCOKOMY PiBHI, PO3BUTKY
10 cripasi, a He 1o MpsMii JiHii.

Hapeneni mipkyBaHHS MiATBEPHKYIOTHCS 3aKOHOM SKUTTEIISUIBHOCTI TEXHIY-
HUX CHUCTEM: JKUTTS OYyAb-IKOI TEXHIYHOI CHCTeMH BHUHHKAE, MPOXOAUTH Mepion
CTAHOBJICHHS, PO3KBITY, 3aHeNaay i MiCJA TOro 3MiHIOETHCS HOBOK CHCTEMOIO.
KurrenisutbHICT 1MX JAWHAMIYHMX CHCTEM MOXKe OyTH 300pakeHa JBOMA
S-nmogiOHMMY KPUBHUMH, 1110 TTOKA3YIOTh SIK 3MIHIOIOTHCS Y Yaci () OCHOBHI MMOKa3HU-
KM TeXH140i cuctemu (D) (BUIo0yTOK, MPOAYKTUBHICTH Tpali Ta iH.) (puc. 1.1).
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t
Puc 1.1. Jlunamika po3BUTKY TEXHIYHUX CUCTEM

Hoga TexHiuHa cucteMa (HampuKIiaa, KOJIUCh HElo OyJia TpaaulliiHa po3poOka
ponosuil 7), ika BAHUKJIA HE 3pa3y, MOKpaIly€e CBOT TEXHIKO-€KOHOMIYHI MOKa3HUKHU:
Wijie BIAMpAIIOBAHHS CUCTEMH, IO JI03BOJISIE HA MPAKTUIN BIATBOPUTH HOBHUM IpPHH-
. [IIBUIKKMIT pO3BUTOK CHUCTEMH MOYMHAETHCS 3 TOUKH 1, 30epirarouu npu oMy
HE3MIHHUM 3arajbHUN TPHUHIMN Aii M0 BUAOOYTKY KOPHUCHUX KomaiuH. B meskwmii
nepioJsl 4yacy, BU3HAYCHUH T. 2, MIBUIAKUANA PICT CUCTEMU TAIbBMYETHCS BHACIIJIOK BH-
HUKHEHHS 1 3arOCTPEHHS MPOTUPIY MIXK JIaHOIO CHUCTEMOIO 1 HABKOJMUIITHIM Cepeso-
BUIIEM (TOTIPIIYIOTHCS TIPHUYO-TEOJOTIYHI YMOBH, Jerpajallis HaBKOJIUIITHLOTO Ce-
penoBuiia, 30MTKOBICTh BUpOOHHUIITBA Ta 1H.). [lichs T. 2 cuctema mpoaoBKy€e pO3BU-
BaTHUCS, aJie 3araJIbMOBAaHUMH TEMIIaMU, HAOIMKYIOUUCH A0 T. 3, 3a SIKOIO BUYEPITY-
FOTHCSI ITOKJIa/IEH1 B OCHOBY CHCTEMHU MPUHLMIHN Ail. B nogansmioMy TexHidHa cucre-
Ma 3aJHUIIa€Thes 0e3 3MiH, a00 pI3KO 3HMKYE MOKA3HUKU (IMYHKTUpPHA JiHidA, T. 4). B
OKpPEMHUX BUIAJIKAX, 3a CHPUSATIUBUX YMOB (HEOJAHOPA30B1 3HAUHI «BJIMBAHHS» Karli-
TaJbHUX BKJIaJ€Hb, MTOBHA CAaMOCTIMHICTh, MPUBATHU3aIls Ta 1H.), MOXJIMBO JEsAKe
3pocTaHHs Mmichs T. 4, gani — cman — 3pict 1 T.11. OHaK 11e 3pocTaHHs Oyae THMYaco-
BUM 1 crIaj] BUPOOHUIITBA HEMUHYYHUH B CUITy 00’ €KTUBHHUX MPOTUPIY.

VY neBHMIt Tiepiof yacy t 3’SIBISETHCS HOBA TEXHIYHA cucTeMa [ — HeTpauIlii-
Ha pPO3poOKa pPOAOBUI KOPHCHHUX KOMANHWH, SKa MOBHHHA 3aMIHUTH CUCTeMy 1.
[IpencraBHUKaMKU HETPAAMULINHOT PO3POOKH POIOBHIL € METOIU CBEPAJIOBUHHOI Mi-
A13eMHOI Ta3udikailii Byrijuis, BUIUIABKH CIPKH, PO3YMHEHHS COJIEH, T1IPOBHI00YTKY,
BUJIYTOBYBAHHS 1 T.Il. 32 CBOE€IO CYTHICTIO 11€ HaWOLIbII BUCOKI (hOpMHU 1HAYCTpiadi-
3amii 1 opranizauii BUpOOHMIITBA, TOMY IIO BHIOOYTOK 1 MEPETBOPEHHS KOPUCHUX
KOMNAJIUH B PyXOMHM CTaH BEyThCS BUOIPKOB i OJJHOUYACHO HA MICIL 3aJIsITaHHs T1a-
cta (TokJiay) 6e3 3Haps s mparl 3a 0e3MaITuHHOI TEXHOJIOTEI0 1 0€3 MPUCYTHOCTI
monen Outs mpeameTa mpaili. TeopeTuyHo adciyca TOYKM MOBUHHA OYTH HEJalIeKo
BiJ aOciucu To4ok 2 abo 3 cuctemu T. Ane Ha mpakTHIll 11e BiIOyBa€ThCA MyXKe Pij-
KO 3 OIUIAY, 11O CTapa cucTeMa BIATATYe Ha cebe cuu 1 3acobu. [Ipu npomy nie mo-
Ty)XHa 1HEpIis (iHAHCOBUX 1HTEPECiB, BY3bKO-TIPO(ECIOHATbHUN €roi3M, TEXHITHHHA
KOHCEPBATHU3M 1 MOHOIIONI3M Yy Haylll Ta BUpOOHHMIITBI. briokyBaHHS cTapoi cuctemu
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nepeOOPIOETHCS JTUIIE TO1, KOJIM BOHA (PI3UYHO 3acTapi€ 1 BCTYNUTh B PI3KUNA KOH]-
JIKT 3 HAaBKOJIUIIIHIM CEPEAOBUIIEM: Y IOMY BUMAJAKY cucTema I' mpuxoauTh Ha 3Mi-
Hy cucremi T.

Crig BII3HAUUTH, WO B IHIIUX Tainy3six (HampuKiIaz, B aBlallli) TEXHIYHI CUC-
TEMHU CKOpILIE 3MIHIOIOTh 0iHa OJIHY. TyT npu nocsirHeHHi cucreMoro T Touku 2 Bij-
OyBaeTbcs niepexia Ao cucremu I, 110 paHilie Bxe miaroTosyieHa 1o crany 1. Hanpu-
KJIaJl, peaKTUBHI JiTaku (cuctema [') maitxke 6e3 BTpaT yacy 3MIHHIIM JIITAKHA 3 MOPIII-
HEBUMHU JBUTYHaMH (cucteMa T); yCHIIITHO BUKOPHCTOBYIOTHCS IIaci, 110 MpUOHpa-
IOThCSl Ha JIITaKax, 3MIHJIMBA T€OMETPIsS KpHJIa, BIAKUIHUN «HIC» 1 T.11. MoJioga cuc-
TeMa [’ crmoyaTky Mae »OpCTKi 3B S3KM MK CTPYKTYPHUMU €JIIEMEHTaMH, K1 HE JI0-
3BOJISIIOTH CHUCTEMI MPUCTOCOBYBATUCA /10 MIHJIMBUX YMOB HaBKOJMIIHBOTO CEpeo-
BUIIA. Y IOMY 3B’S3KYy, KO’KHA T'€OTEXHOJIOT1YHA CHUCTeMa (HAmpUKIIaJ, I1J[36MHa
razudikailisi ByrUIbHUX IUTACTiB) MPOXOJUTh HEMUHYYMH €Tal «3POCTaHHSD» — Iepe-
X171 B1J1 ’KOPCTKOI HEMIHJIMBOI CTPYKTYPHU 0 CTPYKTYPH THYUKOI, 1110 J103BOJISI€ 3111~
CHUTHU KEpOBaHI 3MIHHM. Tak BUKOPHCTAHHS HaIlpaBieHOi mojayi IyTTs (HOBITps) 13
PYXOMHX TOYOK 3a0e3Medy€e MOXJIUBICTh CTBOPEHHSI KEPOBAHOTO MpoIriecy razudika-
1ii (Ha ChOTOJHI TEXHOJOTTUHHUM TPoIIeC MiA3eMHOT ra3udikailii Byruuis Ha JIF0YUX
cranuisx «IligzeMrasy HeKepoBaHMUil).

1.2.2. 3akoHu Ta 3aKOHOMIPHOCT1 T€OTEXHOIOT11

3HaHHS OCOOJMBOCTEHN JKUTTECHISUIBHOCTI TEXHIYHHUX CHCTEM HEOOXIAHE IA
3’sCYBaHHS PE3EPBIB iX PO3BUTKY 1 BU3HAUYECHHS HaMIpIB yJIOCKOHAJEHHS ab0 CTBO-
PEHHS IPUHLMIIOBO HOBUX pillieHb. Takuil aHai3 JO3BOJIMB HA HAYKOBIA OCHOBI 3pO-
Outu nepiy cnpoOy BHSBIEHHS 1 (OPMYIIIOBaHHA 3aKOHIB 1 3aKOHOMIPHOCTEH
(MPUHIIMIIIB), @ TAKOX OLIIHKY PO3BUTKY T'€0TeXHOJIOTii. BOoHM MOXyTh OyTH TpyHTY-
BaTUCh Ha (POPMYJIFOBAaHHI HACTYHUX IO HUX BUMOT:

— CIUIBHOCTI, SIKI MiATBEPKYIOTh, 10 BCl 3aKOHU 1 3aKOHOMIPHOCTI, JiIOTh
OPOTATOM YCi€l 1ICTOPIi pO3BUTKY OyIb-IKUX TEXHIYHUX CUCTEM 1 IO BIJHOILIEHHIO 10
KOHKPETHOI'O TEXHIYHOT'O 00’ €KTa;

— BUKJIFOYEHHS, KOJHM JI0 3aKOHIB 1 3aKOHOMIPHOCTEH BIAHOCATH TaKi, SIK1 J0-
3BOJISIOTH 3HAWTH 1HII MIJISXW PO3BUTKY TEXHIYHUX CHUCTEM a00 MPU3YIUHSIIOTH (3y-
MUHSIOTh) iX PO3BUTOK;

— 0OMIHIOBAHOCTI, 11€ Ti 3aKOHU 1 3aKOHOMIPHOCTI, SIK1 JOMYCKAaIOTh KIJIBKICHY 1
SAKICHY MIEPEBIPKY TEXHIYHOI CHCTEMH;

— HEBHMBOJI)KYBAaHOCTI, KOJIM BUSBJICHI 3aKOHHU 1 3aKOHOMIPHOCTI HE MOXKYTh Oy-
TH BUBEACHI JIOTTYHO 3 1HIINX.

VYHacIi0K TaKOTo MiAX0 y OyJu BUSBJICHI HACTYIHI 3aKOHH 1 3aKOHOMIPHOCTI.

3akoH mepexoay 3 MAKPOPiBHA Ha MIKPOpPiBeHb — MAIIMHHA TEXHOJIOTis
BHI00YBHOI CUCTEMH PO3BHBAETHLCH CIIOYATKY HAa MaKpoO-, 2 NOTIM HA MIKpPOpiB-
Hi. A0O IHIIMMM CcJI0BaMH, POOOYM OPraH (HANPHUKJIAA, OYUCHOIO KOMOAiiHa)
3aMiHIOETHCS BUIIOK0 (popMoI0 iHAycTpiajdi3anii BHUPOOHUITBA — Ge3MAaIIHHHOKO
TEXHOJIOTIE0 BHAO0YTKY, KOJU P000TAa 3AIIICHIOETHCH MOJIEKYJIAMH, aTOMAMH,
ioHamu, ejJekTpoHamMM TOomO. Binomo, mo TpaauuiiHuil BUAOOYTOK KOPUCHUX KO-
NajJuH HE BeJe J0 AKICHUX, (I3UYHUX a00 XiMidHUX BiacTtuBocteil. KopucHa koma-
JHA BUIOOYBAETHCS MEXaHI3MaMU y BUTIIAII TOIPIOHEHOT Macu 1 MOXe HaOyTH HO-
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BUX BJIACTUBOCTEH ((popMy, AKICTh) TUIbKU MpPH 1X MoJambliiid nepepoodii. Cepaiio-
BMHHA TEXHOJOTIS BHIOOYTKY 3a0e3mneuye BUOIpKOBE BUAOOYBAaHHS 13 HajaAp KOPHUC-
HUX KONAJIMH 3 OJHOYACHOIO NEPEepOoOKOI0 TIpHUYOI Macu (30ja, BaXKKlI METalu, MO-
pona, uutaku). [IpupoaHo, 1m0 Taki 3MiHM CYNPOBOKYIOTHCSI TPUHIIMIIOBO HOBUMU
AKICHUMHU 3MIiHaMH y BUJOOYTKY LIJISXOM MEPEXOY BiJ PiBHSA MOJAPIOHEHOI MacH Ha
piBEHb MOJIEKYJIH, aTOMa, 10Ha, EJIEKTPOHA.

Bupimryroun 3aBIaHHs pO3BUTKY TEXHOJIOT1T BUAOOYTKY TipHMYA HayKa BiIK-
pHUBa€ 3aKOHU 1 3aKOHOMIPHOCTI Y MPUPO/Ii 1 BUKOPHUCTOBYE iX JJIsi CTBOPEHHSI HOBOTO
MPOIIECy Ie0TEXHOJIOTIT, 30KpeMa, B3aEMO/I11 PEYOBUH MIKPOCBITY:

— MOJIEKYJISIPHI BJIACTUBOCTI ¥ SIBUIIA, 110 OMUCYIOThCS KIHETUYHOIO TEOPIEIO,
MaloTh BaroMe 3Ha4eHHs JIJIsl T€OTEXHOJIOTi;

— YUM TIU0IIe TeXHOJOT1UHI MEePETBOPEHHSI Ha HAYKOBI1 OCHOBI, TUM O1IbIIIE
KOHKPETHHX O0JIacTel X peanizallii — TEXHOJIOT1s 1 TEXHIKa CTal0Th YHIBEPCAIIbHUMU;

— Yy MEepeTBOPIOBAJIbHUX BIIMBAX HIKOJIM HE BHUKOPUCTOBYETHCS MEXaHIUHHIMA
NOCEPETHUK Y BUIJISIII OUMCHOIO KOMOAaiiHa: €JEKTPUYHA €HEPIisl CTAE y3aralbHIOK0-
YUM MTOCEPETHUKOM, a TEXHOJIOT1sI — 0€3MaITMHHOIO (aMapaTHOIO).

Po3zristHemMo 111 3aKOHM Ha MPUKIIAJIl CBEPJIOBUHHOL MiA3eMHOT ra3udikalli By-
TS

3aKoH mepeHeceHHsI peYyOBHMHHU AUPY3i€l0 — B i30TPONHOMY cepeaOBMIILI
KIIBbKICTh AU YHA0BAHOI pe4OBMHHM M, 110 MepexXoAuTh 32 OAMHMII0 Yacy yepe3
OJMHUIIO IJIONII MOMEPEeYHOro Nnepepizy NpPonopuioHAJIbHA IPAXIEHTY KOHIIEHT-
pauii V, 1o BUMIpIO€THCSI IO HOPMAJIL 10 IbOTO Nepepizy

M=—hgeq U, (1.12)

ne Ngyaq — KoeiuieHT qudysii (Maca pe4oBUHH, 0 AU(DYHIYE 33 OJUHULIO Yacy, de-
pe3 OJIMHHUIIIO TTOBEPXHI MPU FPAJAIEHTI KOHLIEHTPALI11, 110 TOPIBHIOE OJIUHMUIL).

[Tiz gac reTeporeHHUX MPOIECiB TEOTEXHOIOTIi HEOOX1THO 3a0€3MEeUnTH ITijI-
BEJICHHS 1 B1IBEICHHSI Ia3010110HUX PEYOBHH B1Jl palllOHAIbHOI MOBEPXHI KOPUCHUX
xkonaiuH. [Ipu BUCOKMX TeMmIiepaTypax MIBUAKOCTI XIMIYHUX peakiid 3BUYAlHO Ha-
CTUIbKM BEJIMKI, U0 MPOLEC BUAOOYTKY B LIJIOMY BHU3HAUYAETHCSA 1 PETYJIOETHCS BU-
HIeBKa3aHUMU (DI3UYHUMHU SIBUILIAMH.

[Tpornec caMOBUIBLHOTO 3MIIITYBAHHS B HEPYXOMOMY CEPEIOBHIII MM 1€ TEIl-
JIOBOTO PYXYy MOJIEKYJl Ha3UBA€ETHCS MOJIEKYJIsipHOIO qudy3iero. MomnekymnsipHa qudy-
3151 B1IOYBA€ETHCS 3 JBOX NMPUYMH: BUPIBHIOBAHHS KOHIICHTpAIlId BHACIIIOK Ipai€HTa
KOHIICHTpAIIi/i; BUPIBHIOBAHHS KOHIICHTpAIlI BHACIIJIOK BUPIBHIOBAHHS TEMIIEPATYD,
o0 Ha3zuBaeTbes Tepmoaudysito. LIBuakicte MonekymsipHoi Audy3ii Big OAHOTO IIa-
py ra3y J0 1HIIOTO, MO0 BIAPI3HAETHCA KOHIEHTPAIIE NTU(PYHTyI0OYOT0 KOMITOHEHTA,
MO>Ke OyTH OIKCaHa PIBHIHHIM

v=2o &

= = (1.13)

e V — WBHAKICTh MOJEKYJIApHOI audysii, Kr Mons/M’c; h — KoedillieHT MoeKyJIsp-
Hoi mudysii, m’/c; du/dz — rpamieHT KoOHIEHTpauii AHGYHIYIOUOI PEUOBHHH,
KT MOJIB/M .

3nak MiHyc y piBHsSHHI (1.13) mpocTaBiseTbcs TOMY, 0 TPATIEHT KOHIIEHTPA-
1ii BB)KAETHCSA MO3UTUBHUM IIPU 3POCTAaHHI KOHIEHTpAIlii, TOOTO Ma€e HAmpsMOK B
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CTOpPOHY, SIKa MPOTHJIE’)KHA HAIPSIMKY MOTOKY PEYOBHMHHU. B 3arampHOMY BHUIJISAL Ie-
pPEHECEHHS PEYOBHHU 1 Tera OyJe BiJOyBaTUCS SK 32 paXyHOK MOJEKYJIApHOI audy-
311 1 TEIJIOMPOBIHOCTI, TaK 1 BHACIIJOK TYpOYJEHTHOIO MEPEHOCY PYXOMHUMU MOTO-
KaMHM rasy, IpH LIbOMY PIBHSIHHS [IE€PEHECEHHs] PEUOBUHH 1 TEIJIa IPUMUMAarOTh BUTIIS

V, = —h =2+ w,u, Mom/v’c; (1.14)

g, = —Aﬂ + C,pw,t, KI[)K/MZ'C, (1.15)
dz p

e W, — CKJaJ0Ba IIBUJIKICTh MOTOKY B HAMpsIMKy OCl 2; U — KOHIIEHTpAIlisl Ta3y;
A — KoeQilieHT TEIIOEMHICTh; €, — TEIUIOMICTKICTh rasy;, p — HIUILHICTH rasy;
t — Temneparypa rasy.

[Tin gac TypOyJIE€HTHOTO PYyXy MIBHJIKICTh B KOXHIM TOYIl Ta30BOT0 MOTOKY
Oe3rmepepBHO 3MIHIOETHCS SIK IO BEJIMYMHI, TaK 1 32 HanpsiMoM. OJIHaK, HE TUBIISTYNCH
Ha y/JaBaHy XaOTHYHICTh TypOYyJIEHTHOTO pyXy, HOMY BJIACTHBI 3arajioM BiJIMOBiIHI
3aKOHOMIPHOCTI. BusBIsSIETHCS, IO OCEpeHEHA MIBUAKICTh 3a JIOCTATHbO JOBIUM
IPOMIDKOK 4Yacy B KOXKHIM TOYL NOTOKY € MOCTIMHOIO BenuunHOK. L{ieto ocepenne-
HOIO IIBUAKICTIO BU3HAYAETHCS MOCTIHHUI OCEpEeHEHUH TOTIK.

Pi3HuIA MK ICTUHHOIO 1 OCEPEIHEHOI0 MIBUJIKOCTSIMH MAa€ Ha3BY MyJIbCallli-
HOT IIBUJIKOCTI

W =w-Ww. (1.16)

IlepeneceHHs1 pe4OBUHU TypOyJIEHTHHUMHM ITyJIbCAllIIMH HAa3UBAETHCS TypOyJie-
HTHOIO a00 MOJISIPHOIO MU(y3i€10. AHANOTIUHO 3 KOe(illiEHTOM MOJEKYJIApHOI 1udy-
311 BUpa3

hy = w'l, (1.17)

Ha3uBalOTh KoedilieHTOM TypOyneHTHol nudysii, TyT | — HOBXKUHA HNUIAXY 3MiMIy-
BaHHs (BUIBHOI'O Iepediry MOJIEKYJl BHACTIAOK MyJIbcallli IBUIKOCTI TOTOKY).

OcHoBHUM (haKTOPOM, IO BU3HAYAE TYPOYICHTHICTh TyTTEBOTO MOTOKY € Tij-
paBmiunuii yaap. llIBuake mepekpuTTs AyTTEBOI CBEPIOBUHU BHUKIHMKAE Pi3Ke M-
BUIIICHHS TUCKY, KU TOMIMPIOETHCSA Y BUIIISI MPYXKHOI XBWJII CTUCHEHHS MPOTHU
pyxy nytrs. Lls xBuis Hece 3 co0O0I0 BENMKY €HEprito. 3BUYAHO 3a riJipaBIldYHUM
yZapoM BHMHUKA€ yaap KaBITallIWHUM, 110 BUHUKAE BHACIIJOK 3HMKEHHSI THUCKY 3a
GbpoHTOM yIapHOi XBWIJII CTUCHEHHS 1 BHHUKHEHHSI Ha 111 OCHOBI CHJI 1HEPIIiT BHACII-
JIOK pO3pUBY LIBUIKOCTEH pyXy AYTTS.

KoedimienTn mo3noBxubo1 nudy3ii amns rpagieHTHOT (MOJIEKYIISIpHOT) 1 TypOy-
neHTHoi (1aminapHoi) qudy3ii BU3HaYaroThes 3a GopMyIamMu

hyy = 10,067 V; hy = 0,0527V, (1.18)

7ie T — paaiyc BUruny tpyoomposoxay; V = /G /p — nuHaMidyHa BUAKICTH TyTTEBOTO
NOTOKY; G — TOTHYHE HAIIPY’>KEHHS Ha CTIHKaxX TpyOONpoBOY; P — IILJIBHICTD ra3y.
Sk Gaunmo i3 (opmys, BeIMYMHA TpamieHTHOI AUDY3ii Arp, 10 BUKIMKAHA
3CYBOM IIBHUIKOCTI MTOTOKY, BHUIIE HIX TypOysneHTHa audy3is h,. Ha 1iif ocHOB1 MO-
KHa 1HTeHCU(IKyBaTU TypOyieHTHUM nudy3iiHMIA mporec mia3eMHOl rasudikarmii
BYT'JIISI, BIUTUBAIOYM HA JYTTEBHM MOTIK CTBOPEHHSM 3CYBY (rpaai€eHTa) IIBUIKOCTI

18



notoky. Ilynbcyrounii 1yTT€BUN MOTIK MOXHA BIATBOPUTH T'€HEPATOPOM aBTOKOJIH-
BaHb. CYTHICTb I[bOTO IPUCTPOIO MOJSATAE B TOMY, LIO IT1J] YaC MPOXOIKEHHS OBITPS
yepe3 KOHYCHY TPyOKy, BHACIIJIOK KaBITallIMHUX SIBUIL TUCK TMOBITPS HA BUXOJl 3
TpyOU MOYMHAE CKAYKOMOAI0HO 3MIHIOBATUCS, MYJIbCYBAaTH, 30IbIIYIOUM B JEKUIbKA
pa3iB THUCK Ha BXO/l, IKMH 3pOCTa€ 32 paXyHOK BHYTPILUIHBOI €HEprii, a He 30BHILI-
HBO1. 3MIHIOIOYM MapaMeTpu TPyOOIPOBOY, KYTU HOTO PO3KPUTTS, THUCK 1 MOJaUy
IyTTs, MOXXHA PEryJIOBaTH YacTOTY 1 aMIUNITYAy KOJIMBaHb AYTTsA. Bukopucranhs
MyJIbCYIOUOTO AYTTS O3BOJISIE JOCATHYTH 3POCTaHHS IHTEHCHUBHOCTI Mepediry peak-
1 1 3MUBATH 3 PEaKIIHHOI MOBEPXHI BOTHEBOTO BHUOOIO Tapsivl YaCTMHKU BYT1IUIS
(3071, MUy, MUIAKY), IO B MOJANBIIOMY MPU3BOIUTH 10 3pOCTaHHS €(PEeKTUBHOCTI
CIII'B.

3aKoHOMIpPHOCTI (MPUHUUIH) PO3BUTKY CBEPAJTOBHHHOI TI'e€0TEXHOJIOTII.
Bynp-sika TexHiUHA cEcTeMa Tia3eMHOI ra3udikarlii ByTiuid € eJIeMEHTOM €BOJIFOITiH-
HOI'O JIAHIIOTA TEXHOJIOTTYHHUX 1 KOHCTPYKTHUBHUX 3MiH, B SIKOMY NEPIIOMY TEXHIY-
HOMY pIllIeHHIO (BHHaxonay), MNpuTtaMaHHoMy Bigomiil TtexHonorii CIII'B,
000B’s3K0BO MepeyBaia nosBa HOBOI (PyHKIIII.

Bionoegionicmo mixc pynkuyiamu i mexnivnumu pinienuamu. Koxna GyHkiis
ra3oreHepaToOpHOro MiAMPUEMCTBA 3 BEJIUKOT KUIBKOCTI 1 MOXJIMBUX KOHCTPYKTHB-
HUX TEXHOJOTIYHMX PIIICHb BUIUISE BIAMOBIIHY KIUJIBKICTh, IIO peayli3y€e BKa3aHy
byHKIII1O.

Jlocmamuicms mexuiunux piwens. J|ns peanizaiii Oyap-skoi QyHKINT raso-
TE€HEPATOPHOTO MIANMPUEMCTBA KUIBKICTh PO3POOJICHHX TEXHIYHMX DIIICHb HA PiBHI
BUHAXO/IIB 3aBXK/JI1 O1IbIIE KITBKOCTI peajJbHO BIPOBAKCHHX.

Camocmiiinicms icHysanHa ynkuyiit i mexniunux piwensb. OyHKIIII Ta3ore-
HEPATOPHOTO IMiANMPUEMCTBA OUIBII JOBTOBIUHI, HIXK TEXHIYHI PIIEHHS CTPYKTYPHUX
€JIEMEHTIB, 110 BUKOHYIOTH Il (PYHKITI].

Ilepenecennn npocpecusnux piutens. HoOBI panioHandbHi (DYHKIIOHATIBHI
OPUHIMIMN, BUOPOOYBaHl B OAHMX TexHoJoriyHux cucremax CIII'B, mepeHocsTh B
1HIIl CUCTEMHM 32 YMOBH CYTTEBOTO CIIBHAAIHHA iX QyHKIINA a0 QyHKIIN iX miacuc-
TEM.

Ilpunyun nepesacu mexuiynux piwens. 11in yac nepexoay Ha OUIbII porpe-
cuBHi TexHosoriyHi cuctemu CIIT'B abo npu cTBopeHH1 HOBUX (YHKITIH 1 BIATIOBITHO
PO3pOOKM HOBUX TEXHIYHUX 00’ €KTIB MOMJIMBICTh BUKOPHUCTAHHS KOHKPETHUX (Pi3u-
YHUX €(eKTiB (TEIUIOBUX, MAarHITHUX, €JIEKTPUUHUX, (Aa30BUX MEPEXOIiB Ta 1H.) TUM
BHUIIIC, YUM ITi3HIIIC BOHH OYJIU BIIKPUTI.

Ilpama nponopuiiina 3a1excHoOCmb MidcC eaxcaugicmio ynkuyiii i eumpa-
mamu. YnM BaxxnuBima QyHKINS A1 CyCIUIbCTBA, TUM OUIBIIT BUTPATH HA YJIOCKO-
HaJICHHS TEXHIYHUX CHUCTEM JJIsI BAKOHAHHS MUX (DYHKIIIH 1 TUM BHIII TEMITH TEXHO-
JIOTO-KOHCTPYKTHUBHOI €BOJIIOLIII.

Inepuia 2azozenepamopnozo eupoonuymea. KinbKicTh POMUCIOBUX Ta30re-
HEPATOPHUX MIANPUEMCTB 3pOCTA€E MOBUCXITHIA KPHUBIM, CIIOYATKY 3 BIJICTaBaHHAM
BIJl MOTpeOU Ha Ta3, Aajll KpUBa JOCITa€ MAaKCUMYyMY, IPU SIKOMY [TOYMHAETHCS TIEepe-
BUPOOHHUIITBO, MICISl YOI0 BUPOOHHUIITBO ra3y 3HUKYETHCS A0 CTaOLILHOTO PiBHSA, a00
710 HYJISL y pa3l MOSBHU KPaIloi TEXHIYHOT CUCTEMHM Il BUKOHAHHA (DYHKIIIT 3 BUPOO-
HUIITBA EHEPTOHOCIIB.
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Ilepexio 00 manoonepauiiitnoi mexnonozii c6eponosuHHoi niozemHoi 2azugi-
kayii ey2inna (CIII'B). CIII'B 0a3yeThcsi Ha TPUHIMIIOBO HOBUX METOAaX 1 3acobax
BUJOOYTKY BYT1UIS. 3aMiCTh BUMMAJIBHOTO KOMOaiiHa TyT 3aCTOCOBY€THCS 1HIIE 3HA-
pAIAS Tpall — AYTTs, 3MIHIOIOTBCS 1 MPUHUMIT J1i 3HAPAIA HA MpeaAMeT mpaui (By-
riuist). 3 po3BUTKOM 0araToonepariiHoro npouecy BUA00YTKY BYTULISI 32 TpaauIlii-
HOIO TEXHOJIOTIYHOIO CHCTEMOIO 3’sIBUJIach MPOTHIICKHA TEHACHIIISI — CTBOPEHHS He-
TPaAUIIHHUX MaJIoOTEpaIliiHuX METOAiB BHaA0OyBaHHS kKopucHux komnaiauH. CIII'B
XapaKTepU3y€eEThCsl TUM, 1110 B Hajpax 3emJii BiI0YyBarOThCs TEIUIOB1, XIMI4HI, Macoo-
OMIHHI 1 T1IPOJAMHAMIYHI MPOLIECH, TIPH SIKUX 3aCOO0M Tpalll BUCTyIa€ BXKE HE Ma-
muHa, a podoui peareHTH. lllaxTHuii BU10OYTOK BYriuis 3 0araTOYMCeIbHUMU OTie-
partisiMu (MPOBEJACHHS CTBOJIB, PO3BUTOK CITKH TPHUYUX BUPOOOK, BUWMAHHS BYTiJI-
75, TPAHCTIOPTYBaHHS, BUJABaHHS BYTULIS HA MOBEPXHIO Ta 1H.) MOKHA 3aMIHHUTH
TEXHOJIOTI€I0 MEPEeBEACHHS BYTU/UIS HA MICIIl HOTO 3ayiAraHHs B MOAH]IKOBaHE ra3o-
noniOHe nanuBo. [1001uHMIA pe3yabTaT HABPSAJ UM HE MEHII Ba)JIMBHUM, HIK OCHOB-
HUM — pI3KE€ 3HWKEHHS BTpAT BYTULIA, IO JO3BOJISIE 3HAYHO CKOPOTUTH KaIliTajo-
MICTKICTb, TIpale-MICTKICTh 1 MaTepiaJoOMICTKICTh BUPOOHUIITBA, BIANAAAIOTh MPOIIe-
cu 30arayeHHs BYriuisl Touo. ManoonepaliiiiHa TeXHOJIOris 3a0e3euye 3MEHILICHHS
KUIBKOCTI MAIllMH 1 MEXaHI3MiB B CHUCTEMI, pOOOYMX IUIONI, @ HACIIJIOK — 3HUKECHHS
MMTOMUX KarmiTaJl0OBKJIa/eHb, (POHIOMICTKOCTI, MPAIEMICTKOCTI 1 B 3HaYHIM Mipi Ma-
TepiajiB Ta X BapTOCTI.

Ilepexio 00 asmomamu3szosanoi cucmemu ynpagiinua. B Oyap-skiii TEXHOJIO-
rO-KOHCTPYKTUBHIM €BOJIOLIT, IO MOYMHAETHCS BiJ KOHKPETHOI PYHKINi, Ma€e MicIe
MOCITITOBHA TOSIBA TEXHIYHUX CHCTEM, 110 3MEHIITYIOTh MIpY y4acTi JIIOJUHU Y BHKO-
HaHH1 1€l ¢yHKmii. [li1 aBTOMaTH30BaHOI0 CHCTEMOIO YIIPaBJIiHHS BUPOOHUIITBOM
Ma€ThCS HA yBa3l OpraHi3amiifHO-TeXHIYHUI KOMIUIEKC, 0 0a3yeThcs HA BUKOPHC-
TaHHI BIOCKOHAJICHUX METOJIB 1 TEXHIYHUX 3ac00iB, Ky 3a0e3MeuyloTh Oe3rnepeps-
HUI1 301p 1 peecTparrito, 30epekeHHs 1 nepenady MnoTokiB iHpopMmallii, sKi BUKOPUCTO-
BYIOTBCS ISl KEPYBaHHS 00 €KTOM IUISIXOM BUPOOJIEHHS ONTHUMATBHUX PIllICHb TIPH
KOHKPETHUX BUPOOHUYUX CUTYaLISIX.

Ilepexio 00 KOMnIEKCHO20, KOMOIHOBAH020 I 6€38I0XIOH020 2IpHUU020 eHep-
20xXiMiuno20 eupoonuymea. 1111 6€3B1AXITHOI TEXHOJIOTIEIO CIiJI PO3YMITH CIOCIO
3/11IIICHEHHS] BUPOOHMIITBA 3 MIHIMAJIbHUMH BUTpaTaMu 3aJIy4eHHUX JI0 TOCIOJapChKO-
ro 000pOTy MPUPOJIHHUX PECYPCIB, IO 3a0€3MEeUyI0Th KOMIUIEKCHY TIEPEpPOOKY BHUXIJI-
HO1 CUPOBHHU 1 MAaKCUMAaJIbHY yTHIII3AIlII0 YTBOPIOBAHUX BiaxoiB. [lepexin Bij ekc-
TEHCUBHHMX ()OPM EKCIuTyaTallii MPUPOJHUX PECypcCiB 10 1HTEHCUBHUX JOKOPIHHO
3MIHIOE CTYIiHb TEXHOJIOTTYHOTO BIUIMBY BUpOOHUIITBAa Ha noBKiuLIA. CIII'B no3Bo-
asie 3a0€3MeYnTH HACTYIHY KOMOIHAII0O BUPOOHMYUX TMPOIECIB: MIAMPHUEMCTBO
CIII'B — BUpOOHHUIITBO €HEPTETUYHOTO 1 TEXHOJIOTTYHOTO Ta3zy; ra3oTypOiHHA yCTa-
HOBKa [0 Te€Hepauli eJeKTPUYHOI €Heprii; BUpOOHHMLTBO Olorasy Ui HOro 3mimry-
BaHHA 3 Ta30M I1J136MHOI razu@ikauii 1 ABUIIEHHS CIIOXKUBYUX BJIACTUBOCTEN CHH-
TETUYHOTO Ta3y; XIMIYHUN KOMIUIEKC IO BUPOOHUIITBY PiIKUX MOTOPHHUX TAJIUB, Me-
TAHOJIy Ta 1HIIMX XIMIYHUX PEUYOBHH; YTHII3aUIMHUNA KOMIUIEKC MO TpaHcpopMallii
TEIJIOBOI €Heprii BIAXIAHUX Ta3iB (0epXaHHs rapsayoi BOAM, apH, MOBITPS TOLIO).

3aksajaHHsi BUPOOJIEHOTO IPOCTOPY B Mpolieci razudikariii BiAXoaamMu Tpaju-
IHHOTO BUPOOHUIITBA (30JI0IIJIAKAMH, XBOCTAMU ByTJie30araueHHsl, TBEPAUMHU 1 TOK-
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CHYHHMMH BIIXOJaMHU METaIoJiCiB) BHUPIIIYE EKOJOTIYHI MpOOJIEeMH TpPagulliitHOTO
NaJIMBHO-eHepreTuyHoro Bupoonunrsa. Jlumosi Bukuan TEC, mo posramosadi mo-
0JIM3y ra3oreHepaTopHUX MiJMPUEMCTB, HAIPABISIIOTH HE B aTMocdepy, a B MiJI3eM-
HUM razoreHepartop. Byrinekucnuii ra3 nepexoautb y MoHokcuj Byriemoo (CO), a
OKHUCIIU CIPKHU 1 a30Ty MEPEXOATh B HETOKCUUHUM cTaH. CTiuH1 BOJU, KOHACHCAT Bif
XIMIKO-TIEpepOOHOr0 KOMILIEKCY TAKOK HANPABJISIIOTH Y MiJA3EMHUN ra3oreHeparop.
3akayyBaHHS JAMMOBHMX BHUKHUIIB y MIJI3EMHUN Ta30reHEpaTop IO3BOJIUTH 3HU3UTU
YTBOPEHHS KUCJIOTHHUX JIONIIB 1 MAPHUKOBUM edekT. B 1ux ymoBax KOMOIHYBaHHS
BUPOOHUIITBA Ha OCHOBI KOMIUIEKCHOI INEepepoOKH CHUPOBWHHU, YTHIII3allii BiIXOIIB
YSIBIISIETHCS AK 1 HOBUM, CAMOCTIMHUN (DaKTOp yJOCKOHAJIEHHS OPTaHi3alliifHOl CTPYK-
TypHU TPyl B3aEMOIIOB’ I3aHUX TaTy3€i, BTUICHUX B OJTHOMY BEJIMKOMY ITiAMPUEMCTBI.

Iiosuwena naoiitnicmes 2azozenemophnoi cucmemu. HaniiiHicte GaraToorie-
paniiiHOl MIaXTHOI CUCTEMH 3 PI3HOMAHITHHUMH TEXHOJOTIYHUMU IpOLlecaMu BH3HA-
Ya€ThCA SIK MIEPEMHOKEHHS Koe(ilieHTIB HaAIWHOCTI CKIaaoBuX ii enemeHTiB. [Ipu
IaXTHOMY BHUJO0O0YTKY MOCIIJIOBHICTh MpoOIleCiB HacTynHa: 1 — Big0id 1 BUHMaHHS
BYTULIS; 2 — KPIIUIEHHS] BUOOIO 1 KEpyBaHHSA CTAHOM BMICHUX MOPif; 3 — TpaHCHIOPTY-
BaHHS BYTUJUIS y IIAXTI; 4 — MIAAOM Ha MOBEPXHIO; 5 — TPAHCIOPTYBAaHHS HA MMOBEPX-
HIO; 6 — 30aradyeHHs Ha Gadpuill. HamiiHICTh BUIIIEBKa3aHUX €JIEMEHTIB CUCTEMU Ma€
HacTynHi 3HadeHHs: 1 —0,6; 2-0,8; 3-0,9; 4-0,9; 5-0,9; 6 —0,7. Toxi 3aranpHa
HAJIAHICTh MaxTHOI cuctemMu nopiBHioe: 0,6 x 0,8 X 0,9 x 0,9 X 0,9 x 0,7 =0,24.
OueBHIHO, IO MPHU TaKiii HAAIMHOCTI BYTUJIbHE MIANPUEMCTBO TpaIto€ 30UTKOBO.
PiBeHp HaMIHHOCTI MajoOIEpaiitHOT TEXHOJIOTII CBEPIJIOBUHHOI MiA3eMHOI Ta3udi-
Kallii Byriuis 3 BUPOOHUIITBOM CHHTETUYHOTO Ta3y MOPIBHAHO 3 IMIAXTHUM BUAO0YT-
KoM Oyje BumuM. [1ociiioBHICTh MPOIECIB OJIep>KaHHS Ta30M0110HOTO MajuBa Ha-
cTynHa: | — po3naaoBaHHs BYTUJIBHOTO IUIACTA; 2 — HATHITAHHS IYTTS 1 razudikaris
BYruuIsl; 3 — 3aKjafaHHs BUTa30BaHOI'O MPOCTOpY; 4 — BHJaua ra3y Ha MOBEPXHIO;
5 — OUMIIEHHS 1 OXOJIOJKEHHS Ta3y; 6 — mojiaya razy cnoxkuadam. [Ipumnyctumo, 1o
HamiiHIcTe eneMmeHTiB cuctemu CIII'B cknaparors: 1-0,95; 2-0,99; 3-0,96;
4-099;, 5-099; 6-0,99. 3arambHa HAAIAHICTD CHUCTEMHU  JOPIBHIOE:
0,95 x 0,99 x 0,96 x 0,99 x 0,99 x 0,99 = 0,88. JloctaTHLO BUCOKA HAAIHHICTH MPO-
necy CIII'B 3abe3nedyeTbesi piBHOIO HAIMHICTIO BCIX €JI€MEHTIB. 3BUYAHO, 110 MIPU
IIbOMY HEOOX1IHO BpPaXxOBYBAaTH MO>KJIMBE PO3MOBCIOJPKCHHS TTOKa3HUKIB HAJIIMHOCTI
enemeHTiB. [lomanpmmii picT HaAIMHOCTI Tpeba IIyKaTy Ha MUIAXY IMiABUIICHHS 11 Ha
I-my 1 3-My enemMeHTax.

Ilepexio 0o ymoe pauionanbHozo npupodokopucmyeants. EKOIOTTIHICTD Ta-
30r€HEPATOPHOTO BUPOOHUIITBA — MPUPOJIOOXOPOHHA XAPAKTEPUCTHUKA MOTO TEXHIY-
HOTO PIBHS 1 TEXHIYHUX PIIICHb, M0 MPUUMAIOTHCS. 3a0e3Meuyoun MPOHUKHEHHS B
3eMHI HaJipa, BOHU CTAIOTh MPUYNHOI TEXHOTEHHHUX BIUIMBIB 1 HEOaKaHUX HACIIKIB,
K1 (OPMYIOTH HOBHUM CTaH CEpEOBHUIA — MOYATKOBUM JJIs MOJATBIINX IPOIIECIB
rocrnoAapchbKoi AlsuIbHOCTI. TOMY 3BOPOTHA peakiiisi NOPyIIeHNX ad0 3MIHUBIIHX SKi-
CHI MMOKAa3HUKH MPUPOTHUX PECypciB HaOyBa€e MPUHITUIIOBOTO 3HAYCHHS JJI TIPUAHSI-
TO1 TEXHOJIOT1i ra30reHepaTOPHOr0 BUPOOHUIITBA.
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1.3. CucTeMHe ysiBJIEHHSI 00’ €KTAa re0TEXHOJIOTII

Po3Biaka Ta reoTexHOJIOr4Ha PO3pOOKa KOPUCHUX KOIAJIUH BIUIMBAKOTh HAa TY
YaCTHUHY 3€MHO1 KOpH, JIe 3aJ1sraloTh MiHepainu. PogoBuiiia B mpoiieci i€l AisIbHOCTI
pPO3pOOISIETHCS, JOCTABIEHA HAa MOBEPXHIO CUPOBUHA MEPEPOOIISETHCS 1 OTpUMaHUI
KIHLIEBUH MPOAYKT CIYTye€ JUIsl 3aI0BOJICHHS MEBHUX CYCHUIbHO-€KOHOMIYHUX MOT-
pe6. Ilpu npomy Jro/IMHA MOPYLIYE MPUPOJHUN CTaH 3€MHOI KOpH, atMocdepu Ta
rigpocdepu. AHaII3YIOUU 111 TPOLIECH, HEOOX1THO BpaxOBYBAaTH Pi3HI BapiaHTH BHU-
KOPHUCTAHHS ICHYIOYMX, a TAKOX MEPCHEKTUBHUX TEXHOJIOT1H. [HCTpyMeHTOM J1ocii-
JOKEHHS CIIYTYy€ CUCTEeMHUH aHalli3, AKUW SBJIsI€ CO000 HAOIp MPUHOMIB 3 IIIJIKOM BH-
3HaYECHUMH MEXaMH 3aCTOCYBaHHS JUIsl IPUUHATTS PIlIEHb B yMOBaX HEBU3HAUYEHOC-
Ti Ta HETOBHOTH 1HGopMarii (puc. 1.2).

Biacytnicte indopmarttii nmpo mapamerpu 00’€KkTa, B AKOMY BiIOyBa€THCS T'€O-
TEXHOJIOTIYHUHN Tpouec (HAMpHUKIaL, MPo KOEPIIIEHTH MOPUCTOCTI 1 MPOHUKHOCTI
IPOJYKTUBHOIO IJIACTa), HapaMETPH MpoLeCy (BUTPATH, FIPCbKUN TUCK 1 TEMIIEpaTy-
pa y IiacTi), MPUYMHHO-HACTIAKOBI 3B’SI3KM (3aKOHU (PimbTpamii ra3opiguHHUX CY-
Milllel) HA3UBAETHCS B CUCTEMHOMY aHaji31 HEBU3HAYEHICTIO MPUPOJH, SIKY MOXKHA
NOSICHUTH HU3KOIO MPUYKH:

[Tpuponni pecypeu
A
=
=
AE 3| & E
= = 32 = Ilpupona
————— m ————— ——— Q Q O —— — —— — — — —— — —
. e
= E = ol CycniiscTBO
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=
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— JlroqnHa =

Puc. 1.2. Inpopmaniitna cxema JOCIIIKEHHSI BUKOPUCTAHHS IPUPOJHUX PECYPCIB
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— HEJOCTYIHICTIO CIOCTEPEKEHHS (HANpUKiIaa, HEMOXKHA 0e3M0CepPeHbO BHU-
MIPIOBATH NapaMeTPU MPOAYKTHUBHOIO IIJIacTa 1 Mporecy (puibTpaLii MK CBEpJI0BU-
HaMH);

— BEJIMKMMHU 1 HIYUM HE BUIPABJAAHUMH BUTpaTaMU Ha OTPUMAaHHS 1H(OpMaIi:
IpY CTBOPEHHI Ta €KCIUTyaTalli re0TEXHOJIOTYHUX CUCTeM. MeTor0 € MpakTHU4Ha KO-
PHUCHICTh, @ HE OTPUMAaHHS JOCTOBIPHHUX JaHUX OYyJb-SIKOI I[IHOI (HANpPHUKIIAJ, He-
JOIIILHO MPOOYPHUTH Y BOJOHOCHIHM 30H1 0arato cBepJIOBUH a00 3yMUHUTH T'€OTEX-
HOJIOT1YHE MIANPUEMCTBO, 1100 OJHOYACHO B YCiX CBEPJJIOBUHAX BUMIPSATH T1PCHKUIMA
THCK 1 T.I1.);

— BIICYTHICTIO 3HaHb MPO 3aKOHOMIPHOCTI T'€OTEXHOJOTIYHUX MPOIECIB, SIKi
Bi/I0OYBalOThCA B cUCTeMi. BOHM MOXYTb 3’SIBUTHCS TIJIbKH B PE3yJIbTAaTI IPOBEICHHS
CEPUO3HUX EKCIIEPUMEHTATBHUX 1 TEOPETUYHUX JOCIIHKEHB, SIK1 € aOCOIIOTHO HE0O-
X1THAMU;

— CB1IOMUM a00 HEHaBMHCHHMM NEpeKpydyBaHHSAM iHQoOpMarlii B mporecax ii
300py, nepenayi Ta 00poOKH.

[lepepaxoBaHi NPUYMHU BIJHOCSTHCS TIABKH J10 HEMOBHOTH 1H(pOpMALl Ipo
NPOAYKTUBHHM IJacT. JI0JaTKOBUM JKEPETOM HEBH3HAUYEHOCTI ISl T€OTEXHOJOT1Y-
HOTO MiJMPUEMCTBA K CKJIAIHOI IITYYHOI CUCTEMH 1 JUISI CUCTEMH YIPABIIHHSA PO3-
poOKOIO pOAOBHINA SK 11 BU3HAYAIBHOI MiJICUCTEMH, € 30BHIIIHE CEPEIOBUIIIE, JIeTe-
PMIHOBaHE MPOTHO3YBAaHHS 3MIHU SKOTO MOBHICTIO BUKIIOYAETHCSH. OCKUIBKM TeoTe-
XHOJIOT1YHI TIANPUEMCTBA (PYHKIIIOHYIOTh JCCSATKH POKIB TO HEMOXKJIUBO Ha TaKUi
TEPMIH TPOTHO3YBATH 3POCTAaHHS a00 3HMIKEHHS I[IHW HA KIHIICBUH MPOIYKT, TAKOX
3MIHIOIOTHCSI BUMOTH 10 MIMPUEMCTBA 3 00Ky cycmiibcTBa. L{i BUMOTH MOXYTh 3Mi-
HIOBATHCS 3 MIPUYHH BIIKPUTTS HOBUX POJOBUII y PETi10HI, pO3pOOKH OLIbII IIporpe-
CUBHUX TE€XHOJIOTTYHUX MPOIIECiB 1 T.M. J[0 BaXKKO MPOTHO30BAaHUX MPOIIECIB 30BHIII-
HBOT'O CEpPEJOBHILA BITHOCUTHCS TAKOX PEaKIlisl BOJOHAMIPHOIro O0aceiiHy Ha IpuJier-
Jie pOJOBHINE, Ha HOTO pO3poOKy. 3a3BWUail BOJIOHOCHI TOPU30HTH BHUBUYAIOTHCS HE-
JOCTaTHBO, IO YCKJIATHIOE IMPOTHO3YBaHHS OOBOJHEHHS POJOBHUINA 1 CBO€YACHE
IUTAaHYBAaHHS 3all001KHUX KEPYIOUUX BIUIMBIB. Pssl BIUIMBIB 3 OOKY 30BHILIHBOTO Ce-
penoBuIla (HaNpUKIAJ, I[IHM Ha KIHUEBUA MNPOAYKT) MIANAETHCA CTOXAaCTUYHOMY
IPOrHO3yBaHHIO, 1HII — HemepeabauyBaHi. OTKe, B 3arajJjbHOMY BHUMAJIKy CKIIaJHI
IITY4YHI TMOBIPHICHI (CTOXaCTHUYH1) CUCTEMH MOTPIOHO IMEHYBATH CKJIaAHUMU IITYY-
HUMHU CHCTEMaMH 3 HEBU3HAYEHOCTSIMU. OCHOBHMI MPUHIIMI BU3HAUYCHHS HEBU3HA-
YEHOCTI — caMOOpraHiszaiiisi, ToOTO BUKOPUCTAHHS JUIs IIJIeH YIIPaBJIiHHS BCIEIO J10-
JATKOBOIO 1H(OPMAIII€I0, 0JIEPKYBAaHOIO B MpoIieci (PyHKITIOHYBaHHS CKJIAHOI CHUC-
temu. [lpu peamizamii MpOro NPHUHIMIYY BUKOPUCTOBYIOTH PI3HI MPUWOMHU OIMUCY
OKpPEeMHX €JIEMEHTIB 1 MiAMPOIIECIB CKIATHOI CHCTEMH, 30KpeMa:

— ycepeaHeH1 3HaYeHHAMH IMapaMeTpiB MOJIei 00’ €KTa 1 mpoIiecy;

— Pi3H1 BUJM 1HTEPHOIIOBAHHS, 30KpeMa /ISl IUIACTOBOI (DUIBTPALIiHOT CUCTe-
MU, 3HaYEHHS [TapaMeTPiB IUIACTA 1 IPOLIECIB BUMIPSHUX Y CBEP/IJIOBUHAX;

— 3aCTOCYBaHHS MAaT€MaTUYHOIO amapary, II0 BUKOPHUCTOBY€E BUIAJOK BEJH-
YUHU, PYHKIIT B1l HUX 1 BUNIQAKOBI (PyHKIII.

Tax mapameTpu MPOIYKTUBHOTO IJIACTa PO3TISAAIOTHCS SIK BUTIAAKOBI 3 BiJ0-
MUMHU (QYHKIISIMH PO3MOJLITY, AKI OyIyHOThCA HEPIJKO 32 MUHYJIHMM JIOCBIJIOM, Ha-
MPUKJIAJ JOTHOPMAJILHUKM PO3MOAUT Jis KoedilieHTa TPOHUKHOCTI MO0 00JIacTi Mpo-
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AYKTHBHOTO IJIaCTa, HOPMaJbHE AJIs MOPUCTOCTI 1 T.1. HemoBHOTA AaHMX Mpo cKiIaj-
Hi CUCTEMH Ta iX OKPEMHX €JIEMEHTIB CIIOHYKa€e PO3POOIIATH IS X ONMUCY (MOJEINIo-
BaHHS) MaTeMAaTU4YHI CTPYKTYPH, K1 JO3BOJISUIN O y KOMIUIEKCI BUKOPUCTOBYBATH BCl
BUIM 1H(opMalli npo OyaoBy 1 GyHKLUIOHYBaHHA MOJIOHUX cHCTeM. TakuM YUHOM,
T€0TEXHOJIOT14YHI CUCTEMH OJHOPA30BOT0 HE3MIHHOTO LUKy HEMOXKIIUBO JIOBrOTEp-
MIHOBO MPOTHO3YBaTH HAa TPUBAIMM NepioJl nmpolec ii (yHKIIOHYBaHHS Ta pe3yJbTa-
TH KOPUTYIOUMX BIUIMBIB, OCKUIbKM HE MOXHa 0€3 HEBUIIPABJAHO BEJIUKHUX BUTpPAT
oJiep)KaTh HeOOX1IH1 JIaHl PO MapaMeTpH MPUCTPIB 1 (PYHKIIIOHYBAHHS TaKO1 CHCTe-
MU, a TAaKOX 3J1MCHUTH JOBIOTEpPMIHOBE MMPOTHO3YBAaHHS BIUIMBY Ha CHUCTEMY 30BHIi-
IIHBOT'O CepeloBUIIa. Y IIbOMY CEHCl Oy/b-siKa CKJIaJiHa ITYy4YHa CUCTEMa OJHOPa30-
BOTO KUTTEBOTO MUKy 32 MPUUHITOIO TEPMIHOJOTIEI0 € CTOXaCTUYHOK (IMOBIpHiC-
HOI0), a TOYHIIIE CUCTEMOIO 3 HeBU3HaYeHOCTsAMU. [liJ1 cucTeMolo y 3arajbHOMY BH-
najKy po3yMilOTh CYKYMHICTh OaraThox o00’€KTiB a00 €JIIeMEHTIB, B3aEMHO
OB’ S3aHUX JESKUMHU 3aralbHUMH LUIAMHU 1 peKUMaMU POOOTH, XapaKTepHUMHU AJIs
€1 CYKYITHOCTI.

EnemenT i cucrema — BITHOCHI MOHATTS. EleMEHT MOXe 0JJHOYacHO OYTH CH-
CTEMOIO MEHIIHX €JIEMEHTIB, & CUCTEMa B CBOIO YEPry — €JIEMEHTOM MEBHOI OIbIIOI
CUCTEMHU. SIKICHO MEBHUN BIJHOCHO CTIMKHMI MOPSIIOK BHYTPIIIHIX 3B A3KIB MIXK €Jle-
MEHTaMU CHCTEMH XapaKTEPU3YEThCA CTPYKTYpOr0. [IOHATTS «cHUCTEeMHUI miaxim» i
«CUCTEMHMM aHai3» HAWOUIBII YacTO BUKOPHCTOBYIOTHCS B HAYKOBIM JiTepaTypi
CTOCOBHO JOCIHIKEHHSI CKIagHuX cucteM. CHMCTeMHMH MiAXil — METOI0JOTTYHHMA
3aci0 HaBYaHHS, IEPEAYSBICHHS, MPOEKTYBaHHS 00’ €KTIB CKIJIAHOI IPUPOAH SIK CHUC-
TEM YIpaBJIiHHA TpoliecaMu (YHKIIIOHYBaHHS TaKMX 00’ €KTIB y CAMHUX PI3HUX Tally-
35X HAyKH, TEXHIKH, €KOHOMIKM. CHCTEMHHMHM WiaxXiJ SK METOIOJIOTIYHUK 3aci0
00’eHy€ HAYKOBI1 3HAHHS PI3HUX JUCIMIUIIH 3 METOI0 BUKOPUCTAHHS HOTO JJisl BKa-
3aHMX LUIEH. 3 MO3MIII CUCTEMHOTO MIIX0AY 00’ €KT T€0TEXHOJIOT1I CIIiJl pO3IIsAaTH
AK OUTBII CKIIAQJHY CUCTEMY 3 0e3Y4I0 B3a€EMO/IIi €IEMEHTIB, y MOJI1 SKUX BUCTYyIIa-
I0Th TCOJIOTIYHE CEPEIOBHUIIE, MAIIMHA, MeXaHi3MH, poOiTHUKHM Ta iH. [li kepoBaHi
eJIeMEHTH 00’€/lHaHl MaTepialbHUMH, TEXHOJIOTIYHUMH, €HEPreTUYHUMH Ta 1H(HOP-
MalliHUMHU 3B’SI3KaMU 1 TMIANOPAIKOBAHI 3arajibHiii MeTH — BUJOOYTKY MiHEpaIbHOI
CUPOBUHHU.

OOG’€KT TeOTEeXHOJIOTIT XapaKTEePHU3YEThCS HE3AICKHICTIO (DYHKI[IOHYBaHHS
OKpPEMHUX EJIEMEHTIB, 3MIHOIO y yaci 1 MpocTopl YMOB 3A1MCHEHHS TEXHOJIOTTYHHUX
nporeciB. TepuTopiaibHa po3’€IHAHICTh BUKIMKAE HEOOXIAHICTh Y MOCTIHHOMY Iie-
peMileHH1 3aco0iB mpaili 1 TPyJOBUX PECypciB, 3HIKYE HAAIMHICTH 1H(QOpMAIIAHOT
cuctemMu. OcoOMUBICTH I[I€] CUCTEMH TaKa, 1[0 T€OTEXHOJIOTTYHUIN TIPOIIeC BUIO0YTKY
KOPUCHUX KOMAaJMH, Oylyur MEpioIUYHUM, XapaKTePU3Y€EThCA KOPCTKUMU (iKCOBa-
HUMH 3B’s3KaMU TJCHCTEM, SIKI HE B3a€MO3aMiHHI 1 BUKOHYIOTh Pi3HI QyHKIIl. Y
iIOMY (YHKIIISI CHCTEM € TIPOSIBOM 11 BIIACTUBOCTEH 1 IKOCTEH y B3aeMOI 3 1HIIUMU
00’€KTaMH CHUCTEMHOIO 1 HECHCTEMHOI'O MOPSJAKY, BUPA30M BU3HAYEHOI, BIJHOCHO
CTIMKOCTI peakiii CHCTEMHU Ha 3MiHY 1 BHYTpPIIIHbOIO CTaHy Ta 30BHILIHBOI'O CEpe-
JOBMIIIA peaKI(ii Ha 30yprolounid BIUIMB 3CEPEAMHU 1 330BHI, CBOEPIAHUM crerudiy-
HUM CIOCOOOM MOBEAIHKH CUCTEMH, 3aCO00M pyHHYBaHHS MOCTIMHOIO IMPOTHUPIYYS
MDK CUCTEMOIO 1 HABKOJIMIIIHIM cepeioBuilieM. KoxHa kepoBaHa CHUCTEMA CKIada€Th-
Cs 3 IBOX MIJICUCTEM — YIIPaBJISAIOYOi 1 KEPOBAHOI, SIKI B3aEMOJIIIOTh HE MEHIII HIXK T10
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IBOX KaHasax 3B’s3Ky (puc. 1.3). Pyx cucremu ysBISETHCS SIK JIAHLIOT IEPETBOPEHb
il ctany. O1MH 00’ €KT NMEPETBOPIOETHCS B IHIIMH 3a JOIOMOTOO /il HA HBOI'O OIlepa-
TOpa. 3 aHaJi3y BUXIJIHOI BEJIMUYMHU K PE3YJIbTATY MEPETBOPEHHS BX1JHOI BEIUUHHU
X MaeMo, 110 3B’ 30K MI>)K HUMU HACTYITHUM

Y = RX, (1.19)

ne R — onepatop, 110 XapaKTepU3ye BIACTUBOCTI 1aHOI CUCTEMHU.

L

v

Puc. 1.3. IIpunnumnoBa cxema KEpOBaHOI CUCTEMU: A — YIIPaBIISIIOYa CUCTEMA;
B — kepoBana cucrema; X — Bxia; Y — Buxif, L — BmuBu; U — kanan iHpopmarrii

CucteMHHI MiJIX1]] CYTTEBO BIAPIZHSAETHCS BiJl BUKOPUCTOBYBAHUX ICHYIOUHX
METOIB JOCIIKEHHS] BUPOOHHUYUX CHCTEM. AKIICHT Ha HEOOXIJHICTh IMOOYJIO0BH
€IMHOTO LIJIOr0, Ha BIIMIHY BiJl MOOYJAOBHM KOMIIOHEHTIB 1 MIJICUCTEM, — OCHOBHA
0COOJIMBICTh CUCTEMHOTO Tiaxoxay (puc. 1.4).

Puc. 1.4. Cxema TpauLiHUX 1 CHCTEMHHUX 3B’ 43KIB B OpraHi3aliiiHIi CTPyKTypl
yIpaBiiHHS (CYUUIBHUMU JIHISIMU TOKa3aHUM TpaauLIMHUN MIIX1,
IIyHKTUPOM — CUCTEMHUI)

CucTeMHUM MAX1J A03BOJISE TOCTIIUTHA POOIeMy BUXOASYH 13 PI3HUX TOYOK
30py, BUMarar4u y3araJbHCHOT0 PO3YMiHHS 00’€KTa JIOCHITHUKA, SKHH TPAKTY€EThCS
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K cucteMa. Takuil miaXiJl OplEHTOBaHUI Ha BIJOKPEMIIEHHS BCiX B3a€MO3B’SI3KIB 1
B3a€MO/IIH B MPOOJIEMax 3 BUKOPUCTAHHSM JIOTTYHOTO, MATEMAaTUYHOTO, MAIITMTHHOTO 1
OpraHizaiiifHoro MoOJEIIOBaHHs, MUKIUCLMIUIIHAPHUX Ta €KCIEepTHUX OLiHOK. Kom-
IUIEKCHICTh CUCTEMHOTO MiAXOAY Nependayae y3roJKEeHHS TEeXHIYHMX, TEXHOJOIY-
HUX, €KOHOMIYHMX, NMCUXO(I1310JOTIUHUX Ta 1HIIUX (PAKTOPIB BUPOOHUYOI CHCTEMH.
ArmnapaT CUCTEMHOTr0 MiJXOAy MOXE CIYryBaTH 3aCO00M TEXHOJOT1YHOTO Ta OpraHi-
3aliifHOrO YMpaBIiHHA MPOIECOM BUAOOYBAaHHS KOPUCHUX KOMAJIMH I€OTEXHOJIOT1Y-
HUMU crioco0aMu. YTpaBlIiHHS F€OTEXHOJIOTTYHUMH IIpoliecaMu mepeadavae nepene-
JIEHHSI CHCTEMH 3 ICHYIOYOI'0 CTaHy B OakaHe IIISIXOM peati3allii BApOOHUYOTO 1 Ha-
YKOBOTO MOTEHII1aiB. B TogoBHUI 00’ €KT ynpaBiiHHA NPUUMEMO CYKYITHICTh MPO-
IIECIB, IO CKJIAJIAI0Th IIMKJI T€0TEXHOJIOTIYHUX pooiT (puc. 1.5).
Bximnumu napamerpamu 00’ €xTa

X) = (Xy, Xy s Xp) (1.19)

€ 0e3114, BU3HAYAE TIPHUYO-TEOJIOTIUHI 1 TEXHOJOTIYHI XapaKTepUCTUKH, BCl BiIOMI
pecypcH, HOpMaTUBHI BUMOTH TOLLO;

(V) = (Vli Vz, ;Vn) (120)
0e3114, XapakTepu3ye Kepyroui Jii; 6e311i4, XapaKTepu3ye BIUTUBY;
(L) = (Ly,Ly, ..., Ly) (1.21)
0e3:114, XapaKTepHU3y€e BUX1/IHI MTApaMETPH Ta MOKA3HUKH
V) =, Y, ... Y). (1.22)
L, Ly ... L,
Xy —> —> Y4
x> — > Y
..... —> —> ...
X > — > Y,
Vi Vo L V,

Puc. 1.5. Cxema ynpaBiiHHs npoliecoM iHTeHCHDikalii BUI00yTKY KOPUCHUX KOTla-
JIMH T€OTEXHOJIOTIYHIMH METOIaMu: X — BXiJHI mapameTpu; L — HEeKOHTpOIbOBaHi
3MiHHI; Y — BUXI1JIHI TapaMeTpH; V — KepoBaHi 3MiHHI

I3 Ge3:iui 30BHINIHIX BIUIMBIB BiA0EpEMO JIUIIE Ti, IKi B yMOBaX pPO3B’s3yBaHOI
npo0ieMH CIPUYMHSAIOTH ICTOTHUM BIUIMB HA CTaH cucteMu (Tadi. 1.1).

26



Taomuus 1.1

[TapameTpu, M0 BIUIMBAIOTh HA CTAH CUCTEMH

- - . HexoHnTpoiboBaHi
Bxigni, X Buxigni, Y KepoBani, V P .
(30yprorui), L
) . [IIBnakicTh

I'ipHr4oO-reonoriyHi . . . :

. OypinHs cBe- | Pexxum OypoBux i | Bunagkosi 3minu ¢i-
YMOBH (MILHICTB, OYy- o :

. ) PIJIOBUH, EKCIUTyaTaIlliHUX | 3UKO-MEXaHIYHUX
PUMICTb, BUOYXOBICTb, . ) g .
o HIMypiB, po3- | poOIT BJIACTUBOCTEH MOPiT
MOPUCTICTH 1 1H.) .
YUHHICTh
. . Buxin xopuc-
Hiametp, rnmubuHa 1 Ki-
: HUX KOMIIO-
JBKICTh CBEPAJIOBHUH. . Tunax o6nas- :
L. HEHTIB, TIPO- BinkmroueHHs enexT-
[1noma nepepizy ripHu- . HaHHs, TapaMeT-
. | TyKTUBHICTH poeHeprii
41X BUPOOOK JTIOBKHUHA 1 Hpari poGit pU TIPOXOJIKH
IIIMOMHA TX 3aKJIaIeHHS paulp
HUKIB

MartepianbHO-TEXHIYHI, : :

. ) . Marepianu 1 o
€HEpreTUYH1 TPYI0B1 Baprictb reo- KOHCTPYKILE. O [TopymienHs 1 Bigmo-
pecypcu. Piunuii o0car | TeXHOJIOT14- FaHiSaEI}iISI 0 auipi BU y TEXHOJIOTII 1 pe-
BUJI00YTKY KOPUCHUX HUX pOOIT P KUMax podboTu

YIOpaBIIHHS

KOIIaJIMH

BXiH1 3MiHHI SBJISIFOTH COOOI0 CUTHAJM, T€HEPYIOUl 30BHIIIHIMU CUCTEMaMH,
CTOCOBHO JIOCJI/IP)KYBaHOI 1 BIUIMBAIOTh Ha 11 MOBEIIHKY. BUXiaHI 3MiHHI, 110 Xapak-
TEPU3YIOTh PEAKIIII0 CUCTEMU, — I1€ CUTHAJIH, SIK1 JO3BOJISIOTh OMTMCATH JEsAKl aCTIeKTH
MOBEIIHKH CHUCTEMH, 1[0 CTAHOBJIATH 1HTEpEC IS NOCTITHUKA. 3MiHA BXIJHUX BEJIU-
YUH, K MPAaBUJIO, BUKIUKAE 3MIHY BUXIIHUX 3MIHHUX. 3MIHM BUXIJHUX BEJIUYUH HE
3aBK/IM BUSIBIISIFOTHCS B1JIpa3y: BOHU MOXYTh 3aIi3HIOBATHUCS, ajie HIKOJIM HE BUIIEpe-
JUKAIOTh 3MIHU BX1JHUX BEJIIMYMH, TO OCTaHHI — HACIZOK, a BUXITHI — IPHUYHHA PYXY
cuctemu. Buxigai 3mMiHHI Y y mepiny 4epry 3ajexarh BiJ] BAMOTH yIpaBiiHHS V. Y
TOM K€ Yac Ha HUX MOXXYTh BIUIMBATH HEKOHTPOJILOBaHI (hakTopu L. OTKe, pIBHIHHS
JUTSI KOSKHOT 3 BUXIJTHUX 3MIHHHUX y 3aTaJIbHOMY BUIIAJIKy MATUME BUTJISI]T

Y = ¢ (X,V,L). (1.23)

[To3HaumBIIM HUTKOBY (DYHKIIIO, B1IOOpaXEHY B IBHOMY BUTIJISIAI METH yIIpaB-
JHHS 1 PO3TJSHYBIIN SK BUXITHY BETUYHHY O0’€KTa yIpaBiiHHS OyKBOIO p, 3aIu-
IIeMO

p=9@L). (1.24)

Pimenns 1i€i 3amadi nmojsirae B 3HaXOHKEHHI TaKUX KEPYHOUUX BIUIMBIB, sIKI O
nepeTBOPUIN (PYHKIIIIO B MiHIMYM (BapTiCHI NMOKa3HUKK) a00 MaKCUMYM (TTOKa3HUKHU
iHTeHcudikaiii). Llukia reoTeXHOIOoT1YHUX pooiIT, Oy 1ydu 00’ €KTOM yMpaBIiHHS, Mic-

TUTh HU3KY MIJCUCTEM, SIKI XapaKTEPU3YIOTHCS JKOPCTKUMHU (HIKCOBAaHUMHU 3B’ SI3KaAMHU
(puc. 1.6).
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Cucrema

' I

Bxin i i i i Buxi
HI,Z[CIXJTCM& HmcplBCTeMa HlﬂCI/gTeMa HI,Z[CIiI)CTCMa I&

Puc. 1.6. Xapakrep 3B’s13KiB reorexHosnoriynoi cucremu: A, B, C, D — miacucremu,
BiZINoBiHO, «[Ipotiec (OypiHHS CBEPIJIOBUH 1 MPOBEICHHS TPHUYUX BUPOOOK,
«IIpouec 0OpoOKM peareHTaMH IIISHKA POAOBHILAY, «IIporiec BinkadyBaHHs 1 TpaH-
CHOPTYBaHHA MPOAYKTUBHUX (PuroiAiBy», «IIpouec nepepoOku st OTpUMaHHS KOpHU-
CHUX KOMIIOHEHTIB»

OcHoBHi ¢yHk1ii miacucrem A, B, C, D B3aeMor1oB’s3aHi, KiHIIEBa MeTa iX pe-
aiizaiii — BU3HAYCHHS TaKUX PEXUMIB (yHKIIIOHYBaHHS, SKi O 3a0e3Meuniig Jocsr-
HEHHsI 3aJJaHOTO pe3yibTary. TouHe BU3BHAYEHHS ONTUMAJIBHOTO CTaHy OyJie 3aiexa-
TH B1J] BBEJICHOI IIJIbOBOI PYHKINT y miacuctemi A (OypiHHS CBEPAJIOBUH, MPOBEICH-
HS TIPHUYUX BUPOOOK), OJHA 13 MITLOBUX (DYHKIIM BUCIOBIIOE HEOOX1THICTh MAKCH-
MaJbHOTO TIOCYBaHHS BHUPOOKHM 3a IMKJ, MIHIMaJIbHOI TPUBAJIOCTI MEPEOCHAIICHHS
OypOoBOi yCTaHOBKM, OYpIHHS ILIIYPIB, 3apsAJKaHHS 1 NiAPUBAHHS, MIHIMAJIBHUX BH-
TpaT Ha BUPOOHHUITBO OypominpuBHUX poOIT (Tabm. 1.2). AHaIOTiYHO MOKHA BUpa-
3WTH | 1HIII ITHOB1 (QYHKITII.

JUJis1 TMHAMIYHOTO PO3BUTKY T€0TEXHOJIOT1 XapaKTepHe pi3Ke 3HUKEHHS 4acT-
KM JKUBOI Mpalll B MOPIBHSAHHI 3 TPaJAULIHHUMU criocoO0aMu BUAOOYTKY KOPUCHHUX
KONaJuH. Y pe3ysbTaTi HayKOBO-TEXHIYHOI'O MPOrpecy B F€OTEXHOJOTIUHIN CUCTEMI
30UTBIIY€ETHCS YacTKa MEXaHI3MIB 1 MallIMH, YCKIATHIOEThCA 00JIaIHaHHA, [0 BUKO-
PUCTOBYETHCS B PI3HUX TEXHOJOTIYHUX MPOLECAX, 3pOCTa€ KOHIIEHTpAllis BUPOOHU-
yux rnpotieciB. L{e mpu3BoauTh A0 TOrO, IO Y BCIX (ha3aX BUKOPUCTAHHS MiHEPAIbHOI
CUPOBHHH 3MEHIITYEThCS TOTpeda pyuHOi mparli. Y mporeci re0TeXHOIOTIYHOT po3po-
OKHM POJIOBUII] CJIiJl BpaXOBYBATH, 110 3eMHA KOpa cama € 6arato]a3zoBor0 CUCTEMOIO 3
TICHUMH 3aKOHOMIPHUMH 3B’s3KamMu MDK (azamu. [IpupoaHi yMOBHU BIUIMBAIOTh HA
BUPOOHMUY1 CUCTEMH 1 BIIUyBalOTh Ha cO01 OOOPOTHUH BIUIMB BUPOOHUIITBA — SIK TIO-
3UTHUBHUM 1 HETaTUBHUI (IIOPYLIEHHS IPUPOAHOI PIBHOBArM B pe3yJIbTaTl TEXHOTEH-
HO1 AisTbHOCTI J10AWHK). ToMy HE0OX1AHO MOXKIIUBO OUITBII TNIMOOKE BUBYEHHS MPH-
POJITHUX 3aKOHOMIPHOCTEH 1 BIUIMBY 1H)KEHEPHO1 A1SUIbHOCTI Ha (PI3UYHI IPOLIECH.

1.4. HapiiHICTh re0TeXHOJIOTiYHHUX NMPOLECiB

HaniiiHicTh TEXHOJIOTTYHOTO MPOIECY BUAOOYTKY KOPUCHUX KOMAJIUH Ire0TeX-
HOJIOTTYHUMH METOJIAMH XapaKTEPHU3y€EThCsI O€3BIAMOBHICTIO 1 PEMOHTONPUIATHICTIO
3aCTOCOBYBAHOTO YCTAaTKyBaHHS 1 3allaCHUX YaCTHH, a TAKOXK HAAIMHICTIO HOPMYBaH-
HSl TEXHOJIOTIYHUX PEXHMIB MO BHJIOOYBaHHIO MiHEpaJbHOI cHpoBUHHU. HasiliHiCTh
oOJagHaHHS Ta TEXHOJIOITYHOI'O MPOLIECY 3HAYHOK MIPOIO 3aJE€KHUTh Bl TEXHOJIOTI-
gHUX (HaKTOpiB, MOB’SI3aHMUX 13 3aXOJaMH MO0 CTBOPEHHS B IUIACTaX TPIMIUH IS
M1JBUILICHHS! TPUHOMUCTOCTI IUIACTIB AI€I0 HA MPUBUOINHY 30HY COJISIHO-KUCJIOTHOIO
00poOKOI0, T1IPOPO3PUBOM 1 T.N. TepMidHI METOAM PO3POOKH KOPUCHUX KONAIMH
(mia3emHa rasudikariiis Byriyuisi, TPeTUHHI METOJM MiJBUIICHHS Ha(TOBIIIaYl T1ac-
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TIB Ta 1H.) BHACIIJOK BUCOKUX TEMIIEpaTyp 1 TEMIIEpPATypHHUX HaNpPyKEHb B KOJIOHAX
TpyO CHIPUSAIOTH IHTEHCUBHOMY PYyHHYBaHHIO CBEPJIOBUH, BTPATI FT€PMETUYHOCTI Lie-
MEHTHOT'O KaMEHIO 1 BUHUKHEHHIO 3aKOJIOHHUX MEePETOKIB, BAKUAIAM TEIIJIOHOCIS.

XapakTepucTrka mijcucTem
3 ypaxyBaHHSM iX [UTLOBUX (YHKI[IH B T€OTEXHOJIOTTYHINA CUCTEMI

Tabmuusa 1.2

¢aroiniB Kopuc-
HUX KOMIIOHEHTIB

Haniiigicte 001agHaHHSA
Ky

Ilincucrema OcHoBHI mapamerpu HiaboBa ¢pynkuisa | O0OMexeHHs
: TpuBainicts OypiHHS
Hiametp, rnuOuHa, yac .
A — mpouiec 6 OypinHs. JloBxuHa, 1ia = min. llocysanns
iHHSIpCBe I[JI(})] METD 1 KiJ’IbKiCTB 1111)1 1B BUPOOKH 32 IAK —
P p P YPIB. max. TpuBaicTh [>1,7wm,
BUH, TIPOBe/ICHHS | BuTpatu BuOyxoBux pe- .
. . 3apsPKaHHA 1 M1~ K, = 1,7
TIpHAYUX BUPO- | YOBUH. [IpOyKTHUBHICTB ,
: o . pPUBaHHS — min.
00K Oypinns. HaniliHicTh 00- )
CymapHi BuTpaTu —
nagHaHHA K, 4
min
B — mponiec pa- | Burparu, Trck, Temnepa- | TpuBanicTs neper-
30BOTr'0 TIEPETBO- | Typa, KOHIIEHTpAIli po- BopeHHs —min. Cy-
pCeHHsI KOpUCHUX | Oouux pearenTiB. Haniif- | mapHi BUTpaTn — K, > 0,9
KOTIAJIMH B T1pChb- | HICTh 00JIaiHaHHA K. min. IIoma 3001 —
KOMY MacHBI Po6oua 30Ha max
C — npouec tpan-
CIIOPTYBaHHS [IponykTuBHIicTh 0051aa- | TpuBamicTh Biaka-
MPOAYKTUBHHUX HauHs. HagilinicTe 06na- | wyBaHHs Ha oBep- | K, = 0,9,
¢bmroiniB 3 ripcb- | AHaHHA K,.. JloBroBiu- xH10 —min. Cymap- | D > 1 pik
KOro MacuBy Ha | HicTb D Hi BUTpaTH —min
MOBEPXHIO
J — mpouec [TponyxtuBHicTh 001aa- | TpuBaicts nepe-
OTPUMaHHA 3 HaHHs. KoHueHTpanis poOku —min. Kon-
MPOTyKTUBHHAX KIHIIEBOT'O MPOYKTY. uenrtparuis Bugody- | K, = 0,9

TOTO NMPOAYKTY
- max

[Tpu po3poOIIi COMTHUX POJOBHIL BiIOYBAETHCS 3aKYMOPKa PO3COIOMITHOMHUX
TpyO HUIAKOBUM 0CaJIOM, MPUXBayyBaHHSA PoOOYMX KOJOH 1 T.. IIpu kosmMBaHHSX
TEMIIEPATypPHOTO PEKHUMY BHYTPIIIHI KOJIOHHM CIPKOBUIOOYBHHUX CBEPIJIOBUH 3Mi-
HIOIOTHh CBOIO JIOBXKHHY, B Pe3yJIbTaTl 4Oro BIJOYBA€ThCA 3POCTAHHS KOJOH abo ix
OCaJKEHHS 10 BITHOIICHHIO JI0 CATbHUKOBUX YIIUJIBHEHb, IO TPU3BOANTH J0 PO3PH-
BY K0JIOH. KOopo3iiiHi yIIKOAKEHHSI TEXHOJIOTTYHUX TPYO BUKIMKAIOTHCS arpeCUBHU-
MU piIMHAMH B CBEPJIJIOBUHI 1 JII€F0 CTUCHEHOT'0 HATHITAIHHOTO TOBITPSA 1 T..

I'eoTexHo0riYHi 00’€KTH — 1€ CKJIaJHa CUCTEMA, 110 CKJIAJAa€ThC 3 JUHAMI-
YHO TIOB’SI3aHUX MK COOOIO0 MiJICHCTEM, KOXKHA 3 SKHX XapaKTePU3YEThCs crerudiy-
HUMU TIpOIECaMu, a came: OypiHHSIM CBEPJIOBUH, MPOBEACHHSIM TIPHUYNX BUPOOOK;
¢$a30BUM MEPETBOPEHHSIM KOPUCHUX KOMAJIMH y TiPCHKOMY MAacCHBIi; TPaHCIIOPTYBaH-
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HSM MPOIYKTUBHUX (IIIOIAIB 3 TIPCHKOTO MAacHBY Ha MOBEPXHIO; OTPUMAHHSM 3 MPO-
OYKTUBHUX (IIIOIIIB KOPUCHUX KOMIOHEHTIB. KOXXHY MicucTEMY MOKHA PO3Trisija-
TH SIK CYKYNHICTh TEXHOJIOTTYHUX Ta (PI3UKO-XIMIYHUX, MIKpPOOIOJOTIYHUX ONeparlii,
BU3HAUYEHHUX Yy 4acl 1 npoctopi. ToMy OCHOBHI NMHUTAaHHS HAAIMHOCTI MOXHa JIOCIHi-
JOKYBAaTH Ha PiBHI M1JICUCTEM.

[Tix HAAIHICTIO IPUUHSITO PO3YMITH BJIACTUBICTh 00’ €KTa (cUcTeMH) ab0 HoTo
€JIEMEHTIB BUKOHYBATH 3aJiaHi (yHKIII1, 30epiratoun CBOi eKCITyaTaIlliiHl TOKa3HUKHU
B JIEAKUX 3a3/1aJIEeT1b BCTAHOBICHUX MEXaX MPOTArOM HEOOX1HOTO Iepioay yacy. 3
TOYKHU 30pY HAJIAHOCTI, TEXHOJOTIYHA CUCTEMA Ma€ MEPEPBHUN XapakTep poOOTH 3
HAsSBHICTIO JIBOX CTaHIB: pOOIT 1 BIAHOBJICHHS IiCJs BiAMOBH. BimMoBH, 1TOB’s13aH1 31
3005MU B POOOTI T€OTEXHOJIOTIYHOI CUCTEMH, MOXKYTh OyTH PanTOBUMH 1 TOCTYIIO-
BUMHU. BiAMOBOIO € mO/Iis, 110 MOJsATae B MOPYIIEHHI MPaIe3/1aTHOCTI CTaHy CHCTEMH.
[Ipy upoMy mia mpaue3laTHUM CTAHOM PO3YMIETHCS CTaH 00 €KTa, NMPHU SIKOMY BIH
3IaTHUI BUKOHYBATH BCi a00 YaCTHHY 3aJlaHuX (QYHKIIH y TOBHOMY a00 4aCTKOBOMY
00ca31. BiIMOBH T€OTEXHOJOrYHOI CUCTEMHU IMPU3BOJIATH 10 HEOOXITHOCTI IpPOBE-
JI€HHS 10JJaTKOBUX PEMOHTHO-BIJHOBHUX POOIT. ['€0TEXHONOr1YHI CUCTEMU HOOYTKY
KOPUCHUX KOINAaJIUH 3 HaJp BIJHOCITHCS 10 PEMOHTHO-BIAHOBHUX 1 OOCIYTOBYIOTHCS
B Ipolieci ekcrryarariii 00’ektiB. [Ipu ouiHmi HaaiitHOCTI npouec (GyHKIIOHYBaHHS
re€O0TEXHOJIOTTYHI CUCTEMHU MOXHA YSIBUTHU SIK Y€pPTYBaHHSI BiJIMOB 1 BiJIHOBJICHHS €Jie-
MEHTIB cucteMH. [li7 BIIMOBOIO pO3YMIEThCS MepepBa B poOOTI TEXHOJOTTYHOI CHUC-
TEeMHU, HE TepeadadeHol MPUINHATOI TEXHOJOTIEK M opraHizalielo BUA00yBaHHS KO-
PUCHHUX KOTAJIMH.

CyTHICTB OIIIHKM €KCIUTyaTalllifHOi HAJIHHOCTI T€OTEXHOJOTIYHUX CHUCTEM BU-
T00YTKY KOPUCHHUX KOITAJIMH TIOJIATa€ B TOMY, III0 Ha OCHOB1 CTaTUCTHYHOT'O MaTepia-
Jy OTPMMAHOTO B PE3yJIbTATI CIIOCTEPEKEHb PIBHS HAAIMHOCTI, HAMIYAIOTHCS MUISXH
fioro migBUIICHHS. SIK OCHOBHI XapaKTEPUCTUKU HAIIHHOCTI T€OTEXHOJIOTIYHOTO 00-
nanHaHHSA a00 y LIJIOMY TEXHOJOTIYHOTO MPOIECY MOXKYTh OyTH MPUHHATI HACTYMHI
KpuTepii.

HanpaunroBanHs Ha BiAMOBY (cepe/iHiil yac cripaBHOI poOOTH MK CyCIAHIMU
B1JIMOBaMH)

i (1.25)

m
e t,, —4ac pOoOOTH MK TIOCJIIZIOBHUMH BIJIMOBaMU; M — KIJIBKICTh BIJIMOB CUCTEMHU
3a 4ac CIOCTEPEKECHb.
IHTeHCHBHICTH MOTOKY BiAMOB — cepeHs KUIBKICTh BiTIMOB CUCTEMHU B OJIH-
HUII0 PO3MIPHOCT] HAMPAIIOBAHHS, KA BU3HAYAETHCS K BEIIMYMHA, OOEPHEHO IMPO-
NopIifiHa HaMpaIFOBaHHS HA BiAMOBY

L== (1.26)

T
CepenaHniii yac BiTHOBJIEHHSI — CEPEJIHINA YaC YCYHEHHs OJHIET BIIMOBHU
Z?Lftb-
T, =——— (1.27)

m

Jie tp, — Yac, BUTPAUECHUI HA YCYHEHHS OJIHIET BIZIMOBH.
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InTeHCUBHIiCTH BiHOBJIEHHSI BiIMOB — BelWuYWHA, OOCPHEHO MPOIOPIliHA
yacy BIJTHOBJICHHSI B1IMOB
1
U= (1.28)
Tp
KoedinienT roroBHoCTI (eKCIuTyaTaliifHOi HaAIMTHOCTI) — IMOBIPHICTb Ipalie-
3IaTHOTO CTaHy CUCTEMH B JIOBUIBHUN MOMEHT 4acy B MEBHUX TPHUYO-T€OJOTTYHUX
Ta TIPHUYOTEXHIYHUX YMOBAX
T 1 I
= —; a00 K. = — (1.29)

r T+Ty 1.|.T Aty

IMOBIpHICTH 0€3BIIMOBHOI POOOTH 00asHaHHS a00 TEXHOJOTIYHOTO MPOLECY
npoTsaroMm 4acy t abo WMOBIPHOCTI TOTO, IO BUIAJAKoBa BeiauduHa T Oyne OinbIie
abo JopiBHIOBATUME, t

P(t) = P(T = t). (1.30)

JI1st OLIIHKM IMOBIPHOCTI TOTO, IO TEXHOJOTTYHUHN mpoiiec abo Oe3BIAMOBHO
dbyHkiionye, abo, y Oyab-sIKWi MOMEHT TOTOBHH Mo4yaTd (YyHKI[IOHYBaTH paHiIlIe
BBE/ICHUH MTOKA3HUK OTIEPATUBHOI TOTOBHOCTI
Top+Ty
Ton+Tpn

K, = (1.31)

e Ty — TpUBANCTh QYHKIIOHYBAHHS TEXHOIOITYHOrO MPOIIECY, 38 IPAPIKOM LUK
gHOCTI; T, — 9ac, MPOTATOM SIKOTO TEXHOJIOTTYHUH mpoliec He GyHKITIOHYE (pi3HI He-
peryiamMenToBani nepepsu); Ty, — TPUBAIICTH 3MiHuU; T, — TPUBAIICTH PErIAMEHTO-
BaHUX Mepeps (poOOTH MO MiABUIICHHIO MPUHOMHUCTOCTI CBEPAJIOBUH).

3araJibHUM piBeHb HAAIHHOCTI FEOTEXHOJIOTTYHOTO TIPOLIECY

S=5,S,..,S,, (1.32)

ne S4,S,, ..., S, — BUIMOBITHUM PiBHI HAAIHHOCTI IMIICHCTEM.

Jliis 3a6e3nedeHHsT TPUUHATHOT MMOBIPHOCTI O€3B1IMOBHOI POOOTH T€OTEXHO-
JIOT14HOI cucTeMu, puHaiMHi 6sn3bko 0,8 — 0,085 1 Buille mOTPi1OHI MiACUCTEMHU PO
nmoBipHicTIO He MeHIue 0,9 — 0,95. ITpu 3HmkeHH1 Mex1 HaaiiiHocTi 1o 0,8 iiMoBIp-
HICTh 0€3BIIMOBHOT POOOTH MIJCUCTEM 1 CUCTEMH Y LIJIOMY OyJie HEOCTATHHOIO IS
3a0€3MEeUeHHS 3aJJaHUX TUIAHOBUX IMOKAa3HMKIB. 3arajbHUN BUpa3, 10 BU3HAYAE Ha-
JIMHICTh T€OTEXHOJIOTTYHOTO MPOLIECY 3 YPAXyBaHHSAM BiJIMOB

Q% _ 4 _ @A
Q, = o 1 o (1.33)

ne Q — IpOAYKTUBHICTh BUIOOYBHUX CBEPAJIOBUH NpPH aOCOJOTHIN HATHAIINHOCTI
TEXHOJIOTIYHOTO TIporiecy; (J; — BEIMYWHA, Ha SKY 3HIKYETHCS MPOTYKTUBHICTH BU-
N0O0YBHUX CBEPJIJIOBUH BHACIIOK BiIMOB A. 3HaUeHHS (J; BUITAJKOBE 1 3aJICKUTh BiJl
KOHKPETHOT KUTBKOCTI BIIMOB TE€XHOJIOTTYHOTO TPOIIeCy. Y 3B’s3Ky 3 IUM Hajaii Oy-
JeMO BXMBAaTH (Q; — MaTeMaTHuHE CIOJiBaHHSA 3a3HAYEHOi BUIAJKOBOI BEJIUUYMHU,
BHU3HAYEHHS SKOI 0B’ 3aHE 3 BIJIOMOIO MPALE3JaTHICTIO, OCKUIBKM BOHO I1OB’sI3aHE 3
IHTEHCUBHICTIO BIIMOB A. SIKI110 MakKCUMaJIbHUI BUJIOOYTOK MPOTYKTUBHOTO (QiItOi Ny
IIpU TOBHIM Mpaie3jaTHOCTI TEXHOJIOTIYHOTO MPOIECy JAOPIBHIOE @, TaHUM IPOoIIeC
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Ma€e Z BUIB BiIMOB, TIPH KOKHOMY 3 SKHUX BHJAOOYTOK 3HUXKYETHCS JI0 BEITMYUHH
Q; (0 < Q; < Qyp), TO MicsAYHA MPOAYKTHBHICTH BUIOOYBHHX CBEPJIOBUH CTaHOBH-
TUME

~ b _
Qi = Xi=o QiT}, (1.34)
ne Q; — IpOAYKTUBHICTh CBEP/JIOBUH MK CYCITHIMU B1JIMOBAMH.
Bennuuny T; MOXKHaA BCTAaHOBUTH TIPH 33JJaHUX MOKa3HUKaX 0€3B1IAMOBHOCTI 11O
BCIX Z BU/IIB BIAMOB. SIKIIO MO3HAYUTU MAaTEMAaTUYHO OYiKYBaHHS KUJIBKOCTI B1JIMOB
[-TO BUIY MPOTSTOM MICAIS (9;, TO

T; = @;Twi, (1.35)

ne Ty; — cepeiHiii uac BiJHOBJIEHHS BiJIMOBH.
Brpara BugoOyTKy MpOIyKTUBHOTO (DIIFOIAY MPOTATOM MICSIS BHACIHIIOK BiJi-

MOB
61 =Q - 5’1 = QoT — 2?:0 QiPi Tri» (1.36)
ne T — noBHUM yac poOOTH BUJOOYBHHUX CBEPAJIOBUH MPOTITOM MICALIS.
Ockinbpku
Lol =T, (1.37)
TO
Q1= Z?=O(Q0 — Q) ®; Ty;. (1.38)

B okpemomy BUNaAKy, KOJIM B KO)KHOMY Z CTaH1 BIJIMOB TE€XHOJOTTYHOTO TIPO-
1ecy BHAOOYTOK MPOIYyKTUBHUX (IIOIAIB 3HIKYEThCs 10 Hys (Q; = 0 mns Bcix
i >0).

Hapemri, nmpu Z = 1

Q1= Qo®; Ti;. (1.39)

Taxum urHOM, 3HAFOYM KUJIBKICTh BIIMOB 1 CEPEIHIN Yac BITHOBJICHHS, a TAKOXK
3a/1al0YMCh MAKCUMAJIbHO MOJKJIMBOIO B JAHUX YMOBax MPOAYKTHUBHICTIO BHI00YB-
HUX CBEPJJIOBHH, JIETKO BCTAHOBHTH 3HAUYCHHS (J1, Ha sKke Oyje 3HWKEHE BUA00Y-
BaHHS MPOJYKTUBHOTO (PIIFOIAY MPOTATOM MICSIISA y 3B’ 3Ky 3 BUHUKAIOUMMH BiMO-
BaMu. Biomo, 1110 HaAIMHICTh PYHKIIOHYBaHHS TEXHOJIOTTYHOTO MPOLECY 3aJIEKUTh
HE TUIbKH BiJ HQIIHHOCTI 0OJIaJHAHHS, a ¥ B XapakTepy 3B’sI3KiB MiX yciMa eeme-
HTaMHM TE€OTEXHOJIOTIYHOI CHUCTEMH, HaJIMHOCTI opraHizaiii mpaimi poOiTHUKIB. Y
CBOIO Yepry piBeHb OpraHi3aliiiHOi HaJIMHOCTI 3aJICKUTh TaKOX BiJ CTYIECHS BHKO-
puUCTaHHS PoOOYOro Yacy.

JIo OCHOBHUX TPUYMH HU3BKOI OpTaHi3aIiiHOl HAJIHHOCTI T€OTEXHOJOTTUHUX
CHUCTEeM MOJKHA BiJTHECTH HACTYIIHI:

— cia0Ka Oprasi3zauiiHO-TEeXHIYHA MIArOTOBKa BUPOOHUITBA;

— HEKEpPOBAHICTh OKPEMHUX TEXHOJIOTIYHUX ONepaliil Ta pi3HOMAHITHI BIIXH-
JIEHHS B1Jl 3aJJaHUX PEXKUMIB;
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— MIHJIUBICTh y 4acl IHTEHCHUBHOCTI B1JIMOB OOJaJHAHHS 1 BUTPAT Yacy Ha iX
BITHOBJICHHS, 110 0OYMOBIIEHO MOCTYIIOBUM 3HOCOM TEXHIKM a00 BHITaJKOBUMH Bif-
MOBaMU;

— PO3KH]I 1HIAUBIAYaJIbHOT IPOIYKTUBHOCTI OKPEMUX POOITHUKIB, BIAMIHHOCTI
1HUBITyaJIbHOI TPOJTyKTUBHOCTI.

CepenHsi €KOHOMIS BiJl CKOPOUYEHHSI MPOCTOIB MPH BUCOKINA HAIIHHOCTI TEXHO-
JIOT1YHOTO MPOLECY BUAOOYTKY KOPUCHUX KOMAIUH

E = L(M - 1)) (1.40)

Tnp Tpo6

e C — mocriiini BUTparu; Ty, — TPUBAJICTh NPOCTOIB; Tpos — TPUBAIICTE POOOTH.
[TocTiiiHi BUTpaTn

E-®
C=S+=—, (1.41)

T

ae S — yMOBHO-TIOCTIHHI BUTpaTH; E — HOpMaTUBHHMI KOE(IIIEHTH MOPIBHSIBHOI
€KOHOMIYHOI e()EKTUBHOCTI KaliTaJlbHUX BKJIaJeHb, @ — BapTICTh MPOCTOIB OCHOB-
HuX QoHIiB; Ny — KUIbKICTh pOOOYHX JHIB 3a PIK.

JlonaTkoBHil 30MTOK BiJ OIUIATH MPOCTOIB POOITHHUKIB-BIIPSIAHUKIB MPOTATOM
no6u

Y =n-AT,, - Cr-K, (1.42)

JIE N — YUCEIBHICTH OJJHOYACHOTO TPOCTOKO pOOITHUKIB; ATy, — TPUBAJICTH POCTOIB,

OIJIauyBaHUX MPOTIroM 106u; Cr — cepeaHbO3BaKEHA MOJJMHHA CTaBKa POOITHUKIB;
K — xoedirienT gomiar 10 Tapu@HOi CTaBKH.

JIyist pi3HHX YyMOB HEOOX1/IHO BCTAHOBJIIOBATU ONTHUMAJIbHI 3HAYCHHS Ha1iHO-
CTIl, 3a AKUX OyJle 3a0e311e4ueH0 BUKOHAHHS BUpOOHUYOro 1iany. Ilpu npomy makcu-
MaJbHUN BHIOOYTOK MPOAYKTUBHHMX (DJIIOiIB MOBHHEH BCTAHOBIIOBATUCS TaKHM,
o6 MokHA Oyno 3a0€3MeYUTH €KOHOMIYHY JOIIBHICTh T€OTEXHOJIOTTYHUX POOIT 3
TOYKH 30py BHUCOKOI IPOJYKTUBHOCTI Ipalll PU OJHOYACHOMY 3HMKEHHI BUTpAT Ha
BUJ00YTOK KOPUCHUX KOTAJIMH.

1.5. MoaesiioBaHHSA B reOTEXHOJIOTIT

Po3pi3HAI0TE TP OCHOBHMX THUIU MOJIETICH: HATYpHI (TPOMUCIIOBI, IIIAXTHI Ta
1H.), mabopartopHi ((pizuyHi, MacmTabHI Ta 1H.) Ta TEOPETUYHI (aHATITUYHI, MaTeMa-
Tu4Hi Ta 1H.). [loOymoBa HOBOI MOjeNi mepeaye CTBOPEHHIO CIOBECHOI MOJIE YH
OIKCY, SIK1 32 CBOEID CYTHICTIO AYy’>K€ PI3HOMaHITHI. BOHH MOXYTh OyTH BUKOHaHI B
pi3Hux ctuisx. Ilepur 3a Bce, po3pi3HAIOTH PO3MOBHMM 1 KHMKKOBUHM cTuimi. KHnxk-
KOBUH CTWJIb Ma€ Takl PI3HOBUIM: HAYKOBHM, O(DiliIHO-AITOBUM, MyOMiIIUCTUIHHM,
XyJl0kH1i. HaykoBHil CTHIb BUKOPUCTOBYETHCS AJIA NEpenayl TOYHOI HayKOBOi 1H-
dbopmarrii. Hailbiibil BaXXJIMBUMH SIKOCTSMH HAyKOBOT'O CTHJIIO € JIOTTYHICTB 1 YiT-
KICTb BUKJIAQy. Y TEKCTaX HAyKOBOTO CTHJIIO TMPHUCYTHS BeJIMKA KUIBKICTh CIIIB-
npodeciiiHuX TepMiHIB.

HatypHi MeToau noCiKEHHS ITPYHTYIOThCS Ha BUMIPIOBaHHI OTPIOHUX T1a-
pametpiB (medopmariiii, KOHBEpreHilii Ta iH.) 1 PO3paxyHKy MO HUX 3a JOIOMOTOIO
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¢dbopMyI1; BUMIpIOBaHHI THUCKIB MPUJIaIaMH, BCTAHOBJICHUMHU Ha 00’ €KTi Ta BU3HAYCH-
HS 32 HUMHU PO3PAaXyHKOM HampyT; BUSHAYEHHS HU3KU (PI3UYHUX XapPAKTEPUCTUK Ma-
CUBY NOp1Jl re0pI3MYHUMH METOJIAMHU 1 PO3PAXyHKY 1HIIMX MOKA3HUKIB 3a J0MOMO-
rOI0 KOPEISALIMHUX 3aJIEXKHOCTEH.

Memoo po3eanmasicenns NPU3HAYEHUN I BU3HAYEHHS aOCOJIOTHUX 3HA-
YeHb HANPY>KEHb B MAaCHBI T1PCHKUX MOpPiJl. BiH OCHOBaHMI Ha BUKOPHUCTaHHI Xapak-
TEPUCTUK MPYKHOTO BIJIHOBJIEHHS (POPMHU €JIEMEHTA MOPOAM MPH IITYYHOMY BiJIi-
JIeHH1 Woro BiJ MacuBy. BU3HaueHHs! HaNpy>KeHOro0 CTaHy MAaCHUBY 3BOJUTHLCS /10 BU-
MIpy TIPY>XKHHX JiepopMariiii eeMeHTa MaCUBY MPU MOT0 PO3BAHTAKECHHI BiJl HAMPYT 1
MOJIANIBIIIOTO 0OYUCIICHHS 3a AOMOMOTO0 dhopmMyd Teopii mpyxHocTi. Hepomikom me-
TO/y € OOMexKeHe 3aCTOCYBaHHS MeTojy. Moro JOLiIbHO 3aCTOCOBYBATH IS MOPIJ
JOCTaTHBOI MilTHOCTI. HaaiiHICTh BUSHAYCHHS HAIIPY)KCHB 3aJICKUTh BiJl IPUIHHATHX
3Ha4YeHb MOJYJISl IPYKHOCTI 1 Koedirmienta [Tyaccona.

Memoo piznuyi mucky. B 0CHOBI METO/y JIEXKUTh CTBOPEHHSI B MaCHBI I'pCh-
KUX TOPiJ CHEeialbHUM TiAPAaBIIYHUM OaJIOHOM, PO3MIIIEHUM Yy CBEPAJIOBHHI, MPH-
MYCOBOT'O THCKY, SIKMI IpUiiMaeThCs 3a moyatkoBuil. CBepioBUHa AePOPMYEThCH, 1
B 0asioHI1 BiAOyBa€eTbCA 3MIHA TUCKY PIIUHH, SIKa (PIKCY€ThCS MaHOMETpOM. PizHuis
MIX MOYAaTKOBUM 1 KIHIIEBUM THUCKaMH XapaKTEPHU3y€ CTYMiHb 3MIHM HAIPYy>KEHOIO
CTaHy MAacHUBY TIpChKHUX MOPILJ JOCHIKYBaHO1 OUIsiHKU. [lepeBara meroay — mpocTo-
Ta BUMIpY i pO3paxyHKy HAIpyKeHOTo cTaHy MacuBy mopia. Moro Henolik — Tpymo-
MICTKICTb OYpIHHS CBEP/JIOBHH 1 BUCOKA BAPTICTh TiPaBIIYHOTO OaJ0HA 3 PIAMHOIO.

Memoo npyscrnux 6K1I04eHb TIONATAE B YCTAHOBJICHH] 3a JOIMIOMOTOIO CIiellia-
JBHOTO KJIEeH0 (OTONMPYKHUX JATUYHUKIB HA JOCTIHKYBaHY 00JaCcTh, TOOTO HA MOPOTY
a00 KpITUIeHHS, 1 BU3HAYEHHS HAMPYKEHb IUISIXOM 3MIHU HAMPYKEHOTO CTaHy CaMo-
ro gatuuka. I[lepeBaroro MeToay € WOro mpocToTa, a HEJAOJIKOM — BHUCOKa BapTiCTh
caMux (OTOIPYKHUX AATUUKIB.

Memoo oypoeux ceeponoéun OCHOBAHUI Ha BUMIPIOBaHHI MO3JJ0BXKHBOI 1 TIO-
nepedHoi aedopmariii mpoOypeHHX CBEPJIOBHH 3a JIOMOMOTOI0 1e(hOpPMOMETPIB.
[Ticns Bumipy nedopmanii niaMmerpa CBEpUIOBHH 3I1MCHIOIOThH MEpexia 10 BUMIpPIO-
BaHHS HAIMPYKEHOTO CTaHy TIPChKUX MOPia 3a (opmysiaMu Teopii MpyKHOCTI abo
naboparopHoro TapupyBanHs. [lepeBara MeToay — HOTro MPOCTOTA, HEOJIK — TPYIO-
MICTKICTb 1 BUCOKA BapTICTh OypiHHS CBEP/IJIOBHH.

AKycmuunuii Memoo TpyHTY€TbCS HA BUKOPUCTAHHI BJIIACTUBOCTEN OUIBIIOCTI
TIPCHKUX MOPIJ TeHEPYBATH MPYKHI 3BYKOB1 IMITYJIbCH MIKPOPYHHYBaHHS TIPU 3MiH1
CTaHy MacHBY TipchbKuX mopia. OCHOBHHM MOKAa3HUKOM METOJY € KIJTbKICTh MPYKHUX
3BYKOBUX IMITYJIbCIB, SIKI BUHHKJIM B MacHBY B OJIMHHUIIIO 4Yacy Ta iX 3MiHY y dYaci.
3BYKOBI1 IMIYJIbCH PEECTPYIOTHCS 3a JIOMOMOTOI0 aKyCTHYHOI amaparypu. ICHyroTb
JIBa BUJIM aKyCTUYHUX CIIOCTEPEKEHBb — CTAlllOHAPHUH 1 IEPEHOCHUH. 3a JOTIOMOTOI0
CTal[lOHAPHOI anapaTypy 3A1MCHIOIOTh TPUBAJIl CIIOCTEPEKEHHS IIPU HE3MIHHOMY T1O-
JOXEHH] JaT4MKIB y cBepuioBuHI. [lepeHocHa anapaTypa nmpu3HaueHa Uil epioau-
YHOT'O CIOCTEPEKEHHS 1 peecTpallii IMITyJIbCIB Ha CIIyX 3a JOMOMOTOI0 TeJIe(OHIB.
OCHOBHOIO TIEpeBaro METONy € Horo mpocrora. Hemomik — Benrka BapTiCTh amnapa-
TYypU BUMIPIOBaHHS.

Enexmpomempuunuii memoo OCHOBaHUI Ha €JIEKTPOIPOBIAHOCTI 1 3aJI€KHO-
CTl TUTOMOTO €JICKTPUYHOTO OIOPYy JEAKUX TIPCHKUX IMOPIJ BiJ JMIFOYUX B HUX Ha-
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npyr. CyTb METOy noJisirae B OypiHHI CBEPJUIOBHHHM, B Ky MOMILIAIOTHCS €IEKTPO-
mu. 1Ipu nepecyBaHHI €JI€KTPOAIB MPOBOJUTHCA BUMIPIOBAHHS MTUTOMOIO €JIEKTpUY-
HOTO OMOpYy MOpiJ 1 MO 3MiHI MOro 3a JOMOMOIOK BCTAHOBJICHUX KOPEJSALINHUX
3B’SI3KIB BU3HAYAlOTh 3MIHY HANpyXKEHOr0 CTaHy MacuBy ripchbkux nopin. IlepeBara
METONy IOCHIKEHHSI — MOro MPOCTOTa, HEJOJIIKU — TPYAOMICTKICTh OYpIHHS CBEPA-
JIOBHH 1 HEBEJIMKA 00J1aCTh 3aCTOCYBaHHS.

Ynompa3zeykoeuit memoo BUKOPUCTOBYE 3aJI€KHICTh IMIBUJKOCTI TMPYXKHHUX
XBUJIb Y MAacHUBI TIOPiJ BiJ IIFOYMX B HbOMY Hamnpyr. [Ipu 3011bII€HH] HANIPYT IIBU/I-
KICTh MPY>XHUX XBWJIb, K1 MPOUIUIM Yepe3 JOCTIHKYBAaHUM MAcUB T1PCHKUX TOPII,
3pOCTae, a MpH 3HIWKEHHI HAMPYKEeHb, PI3KO 3MEHITY€EThCS. 3aleKHICTh MIXK IIBHJIKI-
CTIO MOIITUPEHHS XBUJIb y TIOPOJAX 1 HAIPYT B HUX BCTAHOBIIOETHCS B JIAOOPATOPHUX
yMOBax Ha 3pa3Kax TipChKUX Mopij. [l BU3HAYEHHS HANPYXKEHOTO CTaHy BUPOOJIS-
I0Th OypATHh CBEP/UIOBHHM HA MEBHY INIMOMHY, B K1 BCTAHOBJIIOIOTH BUIIPOMIHIOBaYl
Ta MpUHAMadl yIbTPa3BYKOBUX KOJWBaHb. [l0TiM BH3HAYAIOTh MIBHIAKICTH MPOXO-
JDKCHHS YIBTPa3BYKOBOTO IMITYJIbCY 1 BUXO/SIYM 3 I[bOTO BU3HAYAIOTh PiBEHBb HATIPY-
xeHoro crany. [lepeBara — mpoctota metoay. Henomniku — Bucoka BapTiCTh 1 TPYAO-
MICTKICTh OypiHHSI CBEPAJIOBMH B JOCIIKYBaHIi 00JacTi MacuBy TipCbKUX MOPIJ,
BEJIMKA BAPTICTh BUMIPIOBAJILHOTO 30HA.

JlaGopaTopuuii (¢pizuune moaeawBanus). [Ipu po3poOIll TEOTEXHOIOTTUHUX
POJOBUII HEOOX1HO BUPINIYBAaTH JIOBOJI CKJIaHI 1HKEHEPHI 3aj1a4l, OB’ s3aH1 3 Ha-
pYy>XKEeHO-e(OPMOBAHMM CTAHOM MAaCHUBY T1PCHKHX TOPiJ 1 TpOsiBaMH Pi3HUX (Hi3nd-
HUX MPOIIECiB, — TIpo1eciB (PinbTpalii, MIIHOCTI 1 TUCKY TIPCHKUX MOPiJ, PyWHYBaH-
HS1, XIMIYHHUX MTEPETBOPEHDb KOPUCHUX KOMAIHH 1 T.1. D13U4HA CYTHICTh IIUX MPOIIECIB
I HEJJOCTATHHO BUBYCHA, a IX MAaTEMaTUYHE OMMCAHHS B y3araJlbHCHOMY BUTJISJII B
OUTBIIOCTI BUMIAJKIB BiJACYTHE. ToMy Ha miAcCTaBl Teopli po3MIpHOCTI 3 BUKOPHUCTAH-
HSIM TT-TEOPEMU CKIIQJAI0Th PIBHSHHS 3B’ SI3KiB 1 CTBOPIOIOTH MOJIEIb ISl POBEICHHS
€KCIIEpUMEHTIB. Y HaWNpOCTINIOMY BHUIAJKY MOJENb BIATBOPIOE AOCTIIKYBaHE
SIBUILE 31 30€peKeHHAM (PI3UYHOT MPUPOJIU 1 TEOMETPUYHOT MOA00H, a BiJIPI3ZHIETHCS
BiJl OpUTIHANY (HATYpH) JHUIIE PO3MIpaMu OJHOMMEHHUX IMapaMeTpiB 1 IMIBUAKICTIO
IPOTIKaHHS JOCIIKYBAHOTO Tpoliecy. [HOI 3HaYHO MpoCTilie, 3pyyHille 1 parioHa-
JbHO MOJIEIb BUTOTOBJIATH 3 CEPEJIOBHINA, BIIMIHHOTO 32 CBOEIO (DI3UYHOIO IPHUPO-
not0 Bif opuriHany. OfHak ii CTBOPIOIOTH TaKOX 3 JOTPUMAHHSAM YMOB TO/110HOCTI.
VY 1poMy BUMAIKY MOCHIKEHHS OyIb-IKOTO MPOIECY B OpPUTIHAII 3aMiHIOIOTh BU-
BUYCHHSIM aHAJIOTTYHOTO SIBUINA HA Mojeli. Hanmpukian, 3aMicTh HOCTIIKEHHS SBUINA
KOHBEKTMBHOI'O TEIUIOOOMIHY B HaTypl Ha MOJEJNI BHBYAIOTh Mpouec audy3ii 1 Ha-
BIAKW. Y MIPY HAKOIMWYEHHS JaHUX MPO 3aKOHOMIPHOCTI MPOIIECY Hajalll yCTaHOB-
JIOIOTH BXKE€ IOCTaTHHO OOTPYHTOBaHI PIBHSHHS 3B’SI3KiB, SIKI B KpUTepiaiabHiil (hopmi
BUKOPHUCTOBYIOTh JJIsl MPAKTUYHUX PO3PAXYHKIB MPOIIECY B HATYPI.

Metoau ¢i3udHOTO MOJETIOBaHHS 0a3ylOThCA Ha Teopii moaiOHOCTI. 3a A0MOo-
MOTOI0 TeOpii MOAIOHOCTI BUBYAIOTh BJIACTUBOCTI 3aBIJJOMO MOJIOHUX CHCTEM, & MO-
JICIOBAHHS 3aCTOCOBYIOTH ISl BUPIIICHHS MPUKIAAHOTO 3aBAaHHS: BCTAaHOBUTH,
SKUM BUMOTaM TOBHUHHA 3aJI0OBOJILHSTH MOJIENb, 1100 MPOIECH, 110 BiIOYBAIOTHCA B
Hil, Oyiu oA10H1 MmpoIecaM, 1110 MPOTIKalTh B HATYypi. byso mokasaHo, 1mo Ha mijc-
TaBi Teopii MOAIOHOCTI OAMHUYHUN TTPOIIEC MOXKE OYTH OJHO3HAYHO BUIIJICHUN 3 ITi-
JIOTO KJIacy MIISTXOM MPUETHAHHS 0 CUCTeMH AudepeHIlialbHIUX PIBHSIHB, IO OMU-
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CYIOTh PO3IJIAHYTHH Kjac MpOIleCiB, KpallOBUX yMOB 1 3HA4€Hb (i3UYHUX MapameT-
piB, IO BXOJAATH B Au(epeHIlianbHi pIBHSIHHS, MOYATKOBI 1 rpaHu4Hi yMOBH. [licmus
npUBEACHHS AU(PEPEeHIIAIbHUX PIBHAHb, IOYATKOBUX 1 TPAHUYHHUX YMOB JI0 0€3p03-
MIPHOT'O BUJY 1 YMCIIEHHUX 0€3pO3MIPHUX MapaMeTpiB OTPUMYIOTh CUCTEMY PiBHSHbD,
10 OXOIUTIOE LTy TPYIy mpotieciB. ToMy, SKIIO ABa MPOIECH MPOTIKAIOTh B T€OMET-
pUYHO MOMIOHMX cHUCTeMax 1 MpH IbOMYy Oe3po3MipHi audepeHItiaabHl PIBHSIHHSA,
IPaHUYHI 1 IOYaTKOBI YMOBH, IO ONMUCYIOTh 0OM/IBa SIBUIA, TOTOXKHO OJHAKOBI, TO
PO3MIISAIAI0THCS TIPOIIECH TOAIOH1 1 Pe3yAbTaTU JOCHIIHKEHHS OJHOTO 3 HUX MOXYTh
OyTH MOILIUPEHI Ha IPYTHH.

Ha mincraBi ckazaHoOTro MOKHA JJaTH HACTYMHE (POPMYITFOBAHHS MPABUI MOJIE-
moBaHHA. st Toro mo6 mporec B Mojiesi OyB MOIOHUM TTporiecaM y HaTypi, HeoO-
X1HO 1 TOCTaTHHO BUKOHYBATH HACTYMHI BUMOTH: MOJIeJb TIOBUHHA OyTH T€OMETPH-
YHO MOA10HA 3pa3Ky; MPOLECH B MOJIEII 1 3pa3Ky MarOTh HaJIeXKaTH JI0 OJHOTO KJIacy 1
OMUCYBAaTUCh OJHAKOBUMH AM(PEpPEHIiaTbHUMHA PIBHAHHAHD, MOYATKOBI 1 TpaHUYHI
YMOBH B MOJIEJI1 IOBUHHI OyTH peajli30BaHl TAKUM YMHOM, 1100 O€3po3MipHI movar-
KOBI 1 TPAaHUYHI YMOBHM MOJIE€Jl TOTOXKHO 30Irajiucsi 3 TAKUMH X YMOBAMH B HaTypi;
OJIHOMMEHHI 0e3p03MIpHI MapameTpu, 110 BXOIATh A0 AudepeHUiadIbHUX PIBHSIHHI,
[IOYATKOB1 Ta IPAaHUYHI YMOBH, B MOJIEJI 1 HATypl MOBMHHI OyTH BIAMNOBIJIHO PIBHI.
Buxknazneni nmpaBusia MOAEIIOBaHHS BITHOCSTHLCS /10 BUMAAKY, KOJIHM IIPOLIECH B MO/Ie-
Ji 1 HATypl HajeXaTh JO OJHOTO 1 TOTO X Kiiacy. BoHn MoxyTh OyTH 3acTOCOBaHi 1
JUISL TIPOIIECIB, SIKI MPOTIKAIOTh B MOJIEII 1 HATYpi, IO 3aJ0BOJIbHSAIOTH BU3HAYECHHIO
aHajorii. Y 1bOMy BHMaJKy B OCTaHHIN yMOBI TOBUHHA OyTH mepeadadyeHa piBHICTb
HE OJTHOMMEHHUX, a aHAJIOTIYHUX O0€3PO3MIPHHX MapaMeTpiB.

Memoo exeieanenmuux mamepianié 3aCTOCOBYIOTh NPH BHBYCHHI MPOSBIB
TIPCHKOTO TUCKY B OUYMCHUX 1 MiJITOTOBYMX BUPOOKAX MpU po3poOIll POTOBHUII KOPHUC-
HUX KOMaJWH 1 B MiA3€MHUX KamiTAIbHUX BUPOOKAX; 3AMMAHHS MOPiA, 3pYyIICHHS
MacHBiB Ta 1HIHMX (DI3UYHUX MPOIIECIB, 10 BiOYBalOTHCA B MAacHBl y 3B’SI3KY 3 Be-
JIEHHSM B HbOMY TIpHUYUX POOIT. JIOCIIIPKEHHS UX SIBUIL 32 IOMIOMOTOI0 aHAJIITHY-
HOTO METOJy 1 0e3MmocepeHhO0 Ha MPAKTHIll TMOB’sA3aHe 3 BEJIUKUMU TPYIHOIIAMH,
TOMY BUKOPUCTAHHSI METOJy MOJICJIIOBaHHS Ma€ B JAaHOMY BUIIAJKy BEJIHKE TCOPETH-
YHE 1 MPaKTUYHE 3HAYCHHS.

CyTp METOZly MOJIEIIOBAHHS Ha €KBIBAJEHTHUX Marepiajax IOJisirae B TOMY,
10 Ha (PiI3MIHUX MOACISIX 3 BIJIOMUMH JOMYIICHHSIMHU 1 MPU AOTPUMAHHI YMOB TO/i-
OHOCT1 BUBYAIOTh (PI3MUHI TIPOIIECH, 1 PE3YIbTATH ITUX JOCIIPKEHh BUKOPUCTOBYIOTh
JUTSE pO3POOKHK TEopii «MEeXaHi3My» MPOIECy, a TaKOK MPAKTUYHUX PEKOMEHAIlii
JUTSE TpPOMHUCITIOBOCTI. Hampukiaa, MeTo/l eKBIBAJIGHTHUX MaTepiajiB IMIUPOKO 3aCTO-
COBYIOTh JIJII BUBUCHHS TIPOIIECY BU00YBaHHSA KOPUCHUX KonaiuH (puc. 1.7).
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Puc. 1.7. Cxema mozemoBaHHsl BUJOOYBaHHSI KOPUCHUX KONAJIMH I€0TEXHOJIOTYHU-
MU METOJIaMHU: a — 3pa30K; O — MOJEIIb

[Ipu Bu00yBaHHI KOPUCHUX KOMAJIMH XapakTep MPOsSBY THCKY T1PChKUX MOP1T
OyJzie 3MIHIOBaTUCS B MPOCTOP1 1 Yaci. 3aBJaHHs 1100 BUBUCHHS THUCKY IOPiJ 3BO-
JTUTBHCS 10 TUIOCKOT 3aj1adl 1 po3risaaeThes s nepepizy A—A. Ha miockiit Mmoaeri
(puc. 1.7, 6) 3 TOTpUMaHHSIM yMOB MOAIOHOCTI BIATBOPIOETHCS BUIOOYTOK KOPUCHHUX
KOMAJINH, B pe3yJbTaTI SIKOT B MOJIEII BiIOYBAETHCS MPOIIEC 3PYIICHHS TOPiJl, MOAi0-
HUM 110 nedopmarliii B HaTypi. 3aCTOCOBYBaHUIN METOJ] OCHOBaHUM Ha Teopli MeXaHi-
yHOi miioHOoCcTI HhI0TOHA, sika mependayae TeOMETpUYHY, KIHEMaTUYHY 1 TUHAMIYHY
noni0HicTh. ['eomeTpryHa MOAIOHICTh 3a0€3MeUy€eThbCsl B TOMY BHUIIAJKY, SKILO BCl
AiHIMHI po3Mmipu Mozeni OyayTh 3MEHIICHI y BU3HAUYEHY MOCTIMHY KUIBKICTh Pa3iB y
MOPIBHSAHHI 3 TI€I0 00JACTIO HATYPH, B 5Kl BUBUAIOTH JJAHE SIBUIIIE
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ne ly, ly — MHIAHUE po3Mip MOZe i 00J1acTi B HATYPi.

Kinemarnuna nomiOHicTh Oyne 3a0e3rneueHa, sKIo no110H1 YaCTUHKH, pyXaro-
YUCh [0 TEOMETPUYHO NOAIOHUX TPAEKTOPISIX, MPOXOAATH T€OMETPUYHO MOAIOHI
[UIAXU B IPOMIXKKH 4acy, IO BIIPI3HIIOTHCA MOCTIMHUM MHOXHUKOM

i i i
%=%=m=%=g, (1.44)
ne Ty, Ty — IPOMDKOK Yacy B HaTypl 1 MOJENI.
JlunamivyHa mo1i0HICTh Ma€ MiCIIe B TOMY BUITQJIKY, SIKIIIO MAaCH JIBOX MOIIOHUX
JaCTUHOK (B1JMOBITHUM YMHOM PO3TAIIOBYBAHHMX Y MPOCTOPI Ta Yaci) BIAPI3HIIOTHCS
OJTHA BiJ] OJTHOI B OJIHY 1 Ty JK KIJIBKICTB pa3iB
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1ie My, My — Maca YaCTUHKU B HATYP1 Ta MOJIEI.

Memoo 6iouenmpoeozo mMoO0en06anHa NOJATAE B TOMY, 10 IPU JOTPUMAaHHI
reOMEeTPUYHOI MOJIOHOCTI AOCTIIKYBaHOI 00JacTi B HATypl BUTOTOBJISIIOTH MOJIETb,
AKYy MOTIM MOMIIIAIOTh B LHEHTpUPYTy, 1 MiJ 110 BIALUEHTPOBUX CUJI B MOJENI CTBO-
PIOIOTh MEXaHIYHY MOAI0HICTh CHUJI, 1110 JIII0Th B HaTypi. Po3Mipu Mozeni B OCHOBHO-
My BHU3HAYaIOThCS TEXHIYHUMHU MOXKIUBOCTSAMH IICHTPU(PYTATbHUX YCTAaHOBOK. Y
3B’S3KYy 3 LIMM MPaKTUYHA CTOPOHA MHUTAHHS 3HAYHO YCKIaAHIOEThCs. [Ipu poboTi 3
MOJCIISIMUA MaJIUX PO3MIpPIB, JJIs SKUX CTBOPUTH BIAMOBIIHI EHTPU(PYTU MOPIBHIHO
IIPOCTO, BUHUKAIOTh HENepeOOpHI TPYAHOIIl B JOTPUMAHHI T€OMETPUYHOI MO00U
CTPYKTYpH TOPOJIH, ii IIapyBaTOCTI W I1HIIMX BJIACTUBOCTEH, TaKOX y IMPOBEICHHI
3aMipiB Ta BUMIPIOBaHb OKpEMUX MapaMmeTpiB y Mmozeini. [Ipu poOoTi k 3 BETUKUMHU
MOJIETISIMUA 3’ SIBJISIIOTHCST 3HAYHI CKJIQHOCTI Y CTBOPEHHI HEOOXITHUX KOHCTPYKIIIN
neHTpudyr. Y 3B’SA3Ky 13 3a3HaUY€HUMU O0OCTaBMHAMHU METO]I BIIIIEHTPOBOIO MOJE-
JIOBAaHHS B YMCTOMY BUIJIS/II HE 3HAWIIOB HIMPOKOTO 3aCTOCYBAaHHS HA MPAKTHUIL.

VY nanuil yac y OaraThbOX HayKOBHUX 1 HAaBYaJbHUX YCTAHOBAX JOCIIKYIOTh
MO>KJIMBOCTI BUKOPHCTAHHS METOJIY BIAIEHTPOBOTO MOJETIOBAHHSA B TO€IHAHHI 3
METOJIaMH €KBIBAJICHTHUX MaTepiaiiB 1 poronpyxHocTi. CibHEe 3aCTOCYBAHHS Me-
TOJIB BIAIIEHTPOBOTO MOJCIIIOBAHHS 1 €KBIBAJCHTHUX MaTepiajiB Jla€ MO3UTUBHI pe-
3yJIbTaTH, SIKIIO HEOOX1AHO MPOBECTH JAOCTIIKEHHSI MEXAHIYHUX MPOLIECIB Y BEJIUKUX
o0carax MacHBiB TpCbKUX MOPIiJ, TOOTO KOJIM F€OMETPUYHUN MacIITad MOJIETIOBaH-
HSl JIOCTATHBO BEJIUKUH. Y IIbOMY BHUIIQJKy MPU MOJEIIOBAaHHI MEXaHIUHUX MPOIECIB
NOTPIOHO MaTH Jy’K€ HEBEIHMKI 3a po3MipaMu (I3UYHI MOJACHI, B SKUX MPAKTUIHO
HEMOJXKJIMBO BUKOHATH JIOCHIJKEHHS 3 JOCTAaTHBOIO JUISl 1HKEHEPHUX PO3PAXYHKIB
TouHiCcTIO. [lo€IHaHHS 3a3HAYEHMX METOIB JI03BOJISIE PO3OUTH TE€OMETPUYHHI Mac-
mTad MOJICIIOBaHHS Ha JBa MHOXXHHUKH TaKHMM YHHOM, 100 iX J0OyTOK OyB OJHOTO
3amanoro macmraly. Po3risHyTuil MeTos, Tak camo 5K 1 €KBIBAJICHTHUX MaTepialiB,
IPYHTY€ThCS Ha TuHaMill noaioHocti HeiotoHa.

Memoou @omomexaniku TOAUIAIOTHCA Ha MeTomu (HOTOMPYKHOCTI, (Ho-
TOILTIACTUYHOCTI 1 (hoTOMmOB3y40CTi. DOTONPYKHICTHh — JOCTIIKEHHS MPOLECIB MpYy-
KHOTO JeopMyBaHHS MaTepiaiiB. @OTOMIACTUYHICTh — BUBYEHHSI MTPOIIECIB 3aJIUIII-
KOBOTro JeOpMyBaHHS MPU BIJOMUX MoNepeaHix craHax. DoTonoB3yuicTh — JOCHI-
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JUKEHHS TIOBEJIIHKM MaTepiajiB y 4Yacl miJ HaBaHTaxeHHsM. HanpyxkeHo-
nepopMOBaHHUI CTaH AOCIIIKYBAaHUX 00’ €KTIB 3aJIEKHUTHh BiJl XapakTepy 30BHIIIHIX
BIUIMBIB HA HMX JI0 1 B MOMEHT MPOBEJCHHS €KCIIEPUMEHTIB. Y 3ajlayax CTaTUYHOI
doTtomexaHiku (i3UYHI Ail, X IHTEHCUBHICTH 1 HAIPSIMOK 3QJIMIIAIOTHCS MPAKTUYHO
HE3MIHHUMU MPOTATOM JOCUTH TPUBAJIOTO Yacy; CHJIAMH 1HEpIIil MOKHA 3HEXTYBaTH.
VY 3amauax nuHamigHO (POTOMEXaHIKU, HABIIAKW, BPAXOBYIOTh BUIO3MIHEHI XapaKTe-
PUCTUKH MEXaHIYHUX BIUIMBIB Yy 4Yaci 1 BIUIMB CUJ 1Hepiii. Metoau oroMexaHiku
OCHOBaHI1 Ha e(eKTl MOABIITHOr0 MPOMEHE3IOMIICHHS, [0 MPOSBISIOTHCS B ONTUYHO
YyTJIMBUX MaTepiajax I BIUITMBOM MeXaHIYHUX Harpyr. [Ipyu mpocBiuyBaHHI TaKUX
MaTepiaiiB MOJSIPU30BAHUM CBITJIIOM y MOJIEISX CIIOCTEPIraeThCs ONTUYHA KapTHHA,
3a SIKOIO CYJSTh [P0 HAIPYKEHO-Ae(POPMOBAHUIN CTaH MOJIEJIbOBAHOTO 00’ €KTa.

[Tpumyctumo, 110 B pe3yibTaTi IPOBEACHHS TOPU3OHTAILHOI BUPOOKU B MacH-
Bl TIPCHKUX MOPIJI CTAHETHCS MOPYLIEHHSI CUIIOBOI piBHOBaru. HaBkosio BupoOKu BH-
HHUKA€E TO0JIe HAMPY>KEHb, XapaKTep SKOT0 B pasi OJHOPITHUX 130TPOMHUX MOpia Oyxae
3QJTUIIATUCS TIOCTIMHUM TSl Oy Ib-SIKOTO MOMIEPEYHOTO0 Mepepi3y Mo TOBKUHI BUPOO-
ku (puc. 1.8, a). OTxe, 3aBaanus, sk BBaxaroTh H.C. Bypuues i M.M. dortieBa, moxe
OyTHU MpeACTaBJICHE SIK IUIOLIMHA ISl epepi3y, NEPIeHAUKYJIIpHa Bici BUpOOKH. J1is
BUBYCHHS HAIMpPYXEHOTO CTAaHy IOPiJl HABKOJIO BUPOOKH BUTOTOBISAIOTH MOJENb 3
ONTUYHO aKTUBHOTO MaTepialy 3 JOTPUMAHHSIM YMOB I€OMETPHUYHOI 1 CUIIOBOI MOI-
o6HocTi. Yepe3 Mojienb MpoIyCcKaloTh MPOMiHb MOJISIPU30BAHOTO CBITJIA, 1 HA €KpaHi
OTPUMYIOTh TIOJISI HANIPYKEHb Y BUTJIAII JIIHIN PI3HUX KOJBOPIB 1 BIATIHKIB (puc. 1.8,
0). Ha ocHOBI 1IbOTO CYJIATH MPO SIKICHY XapaKTEPUCTHUKY IOJIsI HANIPY>KEeHb, HATIPSIM-
KU 1X BEKTOPiB, KOHIIEHTpAIlli HAMpy>KeHb Ta 00J1aCTl, HAWOIBII HEOE3MEYHUX 3 TOU-
KU 30py CTIMKOCTI 200 MIITHOCTI BIJICJIOHCHHS.
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Puc. 1.8. Cxema 10 MOAEIIIOBaHHS HAIIPY>KEHOI'O CTaHy MOpP1J HABKOJIO BUPOOKHU
ONTUYHUM METOJIOM: a — 3pa3okK; O — Mojienb; 1 — paMka Mozeni; 2 — ONTUYHO aKTHB-
HUM MaTepia, 3 — MoJiesib BUPOOKH; 4 — CKJIO; 5 — MOJISIPU30BAHUM MPOMIHB;

H i h — rmubuHa 3aKkiaaeHHs BUPOOKH B MO
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3a 10nOMOro METOAIB (POTOMEXaHIKM MOKIMBO JOCTIKYBaTH 1 00’ €MHI MO-
nem. Tak, HanpuKiaa, NpU BUBYEHHI ONTHUYHUM METOJOM MILNHOCTI OypoBOro iH-
CTPYMEHTY 1 pyHHYBaHHs MOP1J IIUPOKO BUKOPUCTOBYIOTh 00’ €MHI MOJIEN, Ha MifC-
TaBl KUX CTA€ MOYJIMBUM CKJIACTH TE€H30p HAIPY>KEHb Y KOHTAKTHUX 30HAX, MiAINTH
710 BUPILIEHHS MUTAHHS PO POJIb AJipa YIIUIBHEHHS B IpoLeci Al O0ypoBOro iHCTpy-
MEHTY 1 BIUTMB TOTIEPEAHIX BHUKOIIOBAaHb 1 BUILHUX IMOBEPXOHb y MPOIEC PyHHYBaH-
Hs1 opoau. KpiM Toro, onTUYHMIA METOJ| J03BOJISIE€ OILIIHIOBATH BIUIUB MapaMeTpiB
yAapy Ha pyHHYBaHHS TpChbKOT MOPOAM 1 3aTyIUICHHS Jie3a OypoBOro iIHCTPYMEHTY Ha
e(eKTUBHICTh OYpIHHS, a TAKOX JIOIOMAara€ BUPINIUTHA MUTAHHS MPO y4acTh XBHUJIb
HAIPYXKEHb y MPOIECi pyHHYBaHHS TPCHKUX MOPIJ IPH YIapHOMY OYpIiHHI.

Metonu 06’ eMHOT (hOTOMEXAHIKH TAKOXk 3aCTOCOBYIOTH 1 /I BABYCHHS CTATH-
9HOT1 poOOTH MmiA3eMHHUX criopya. Jlo KoJia TakuX 3aBlIaHb BXOJATH JTOCTIIKCHHS Ha-
IpYKEHOTO CTaHy TipChKOTO0 MAacHMBY HABKOJIO BEPTUKAJIBHUX 1 TOPU3OHTAIBHUX BH-
pOOOK, MPOIICHUX Y MIAPYyBATUX HOPOAAX 3 MOXUIUM 3aJSITAHHAM IUIACTIB 1 pI3HUMU
(h13UKO-MEXaHIYHUMHU BIIACTUBOCTSIMH, BHUBUYEHHS PO3MOJITY HANpPyXEHb B CIOJY-
YEHHSX PI3HUX BHPOOOK, BU3HAYCHHS HAIPY)KEHb y KPITUICHHSIX 1 MacHUBI MPU 3MiH-
HOMY TIepepi3i BUPOOOK HEBEIMKOi MPOTHKHOCTI 1 T.1m. Halbinbiie mpakTudHe 3Ha-
YEHHS MalOTh TaKl MUNOGI 3a0ayi MeXaHIKU TIPCbKUX TIOPIJI:

I mun — BU3HAYCHHS YMOB 30€piraHHs Ta BTpaTH CTIMKOCTI €JIEMEHTIB MaCHBiB
1 CIOpYJl MPU PI3HUX BUXIJHUX CTaHaX 1 KOMIUIEKCAX BIUIMBIB HA HUX, Y TOMY YHCII
IIpHU BEJCHHI ripHUYUX poOiT. EnemMenTaMu A0CIiKyBaHUX 00’ €KTIB, CTIMKICTh SIKUX
NOBUMHHA OyTH 3abe3rnedyeHa, € MOBEPXHI MiA3eMHUX BHUPOOOK (MOKPIBII, MiJOIIBH,
0OKM), IUJIMKH, CTEIMHA Kamep 1 MOKPIBIl JiaB, OOPTH Kap’e€piB, 3eMHA MOBEPXHS.
Cning BpaxoBYyBaTU CTaiHHICTD MPOIIECIB Ae(OPMYBaHHS 1 pyHHYBaHHS €JIEMEHTIB, 1X
IrPaHUYHI CTAHU, & TAKOXK BUJI03MIHH O€IHAHb YMOB.

Il mun — BCTaHOBJIEHHSI 3aKOHOMIPHOCTEW B3a€MO/Ili €JIEMEHTIB MAaCHUBIB MIX
co0010 1 3 eJIeMEHTaMHU CHOPY/l, Y TOMY YHUCII 3 KPIIUICHHSIM TipHUYUX BUPOOOK, 3a-
JI€XKHO BIJl IPUPOAHUX TI'EOJOTIYHUX YMOB 1 BUJIIB B3aemojiid. B3aemomiero BBaxa-
IOTHCSI B3aEMO3AJIEXKHI 3MIHU Yy MPOCTOPI Ta Yaci rpaHUYHUX MOBEPXOHb KOHTAKTY.
By 3aKOHOMIpHOCTI MEXaHIYHO1 B3a€MOJIIT KPIIUIEHHS 1 MOPiJ, 110 BU3HAYAE YMOBH
iX CHIBHOT pOOOTH, peani3yeThCsl B PI3HUX peXUMAax, BKIIOYAIOUM 3a/1aHl HaBaHTa-
YKEHHS 1 1eopmalrito, B3aeMHUHN BIUTUB jJedopmalili 1 KOMOTHOBAaHHUM PEKUM.

11l mun — BUBYEHHS BIUIMBY TIPHUYUX BUPOOOK 1 KOMIUIEKCIB TIPHUYUX POOIT
Ha HABKOJIMIIIHI MTOPOJHI MAaCUBHU PI3HUX CTPYKTYP 1 BIIACTUBOCTEH, 1110 3HAXOATHCS
B PI3HHMX CTaHax 1 3a3HAIOTh BCUISKHUX BIUIMBIB. Y JaHOMY BHIAJKy BCTaHOBIIOIOTH
30HU OTMIOPHOTO THUCKY, PO3BAHTAXEHHS, 3PYIIECHHS 1 pyHHYBaHHS MAacHBiB, BU3Ha4a-
I0Th KOHTYPH 1 pO3MipH 3aXUIIEHUX 30H, 3’ SICOBYIOTh MOIMIUPEHHS XBUJIb HAMIPYT, BU-
KIIMKaHUX BUOyXaMH, Ha P13HI MiI3eMH1 1 HA3eMH1 00’ €KTH.

Takum 4rHOM, ONTHYHUN METOJ JOCHIDKEHHS HANpPY>KEHb J03BOJISE BUPIIIY-
BaTU Jly>Ke CKJIaAH1 3aBAaHHs. Cepell 3HAKOBUX MOJENIEH BUAUISIIOTHCA X HABaXIIH-
BIIIUM Kjac — MateMaTudHi mozeni. [Ipuknaan iHIIMX 3HAKOBUX MOJIeNeN — XIMI4H1
i saepHi Gopmyinu, rpadiky, cXeMd, B TOMY 4Mcii IpadoBi 300pakeHHs 3B A3KIB,
1H(hOpMaIHUX TOTOKIB Y CUCTEMI; 3 ACSIKUM 3aCTEPEKEHHAM (X BIIHOCSTH 1 1O Ma-
KETiB, TOOTO HATYPHUM MOJIEJISIM) — KPECIIEHHSI, TONorpadiuHi KapTH.
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Teopernuni (MaTeMaTHyHe MOAEJIOBaHHA). MaremaTuyHa MOJENb — II€
omuc nepediry mpoueciB (y TOMy 4ucii (GyHKIIOHYBaHHS, PyXYy), OMUC 3MIHU CHUCTE-
MU Ha MOBI QIrOPUTMIYHMX J1H 3 MaTeMaTUYHUMHU (POpPMYJIaMHU 1 JIOTTYHUX MEPEXO-
niB. JIo METOMIB TEOPETUYHUX TOCIIKEHb BIAHOCITLCS METOJ CKIHYCHUX PI3ZHUILb,
METOJl TPAHUYHUX E€JIEMEHTIB, METOJI CKIHUYEHUX €JIEMEHTIB 1 TEPMOJAMHAMIYHUI Me-
TO/I.

Memoo ckinyenux pizHuyb — NEPUINN 3 YUCEIBHUX METO/IIB, AKUHN € KJlacuy-
HUM HaOMMKEHHAM METOoNy Teopii mpykHOcTi. CyTh METO/y MOJIArae B TOMY, IIO
IIyKaHe 3HAYEHHS MePeMIllleHb BUBHAYAETHCS Y BY3JIOBUX TOYKaX, a MOXIJHI - PI3HU-
YEHHSIM, BUPQKCHUM 4Yepe3 Pi3HMIN 3Ha4eHb (YHKII B OKPEMHX TOYKaX MPSMOKYT-
HO1 CITKH. JI0 OCHOBHHMX HEIOJIKIB METOJy MOHA BIJIHECTH CKJIAJIHICTh CKJIaJIaHHS
PIBHSIHb BUCOKOTO TOPSIJIKY, BEJIUKY KUIBKICTh OOYHCIIIOBAIBHUX POOIT, TPYAHOIIL y
BUPILIEHH] 3MIIIAHUX 33]a4, HU3bKY YHIBEPCAIBbHICTb METOLY.

Memoo cKinuenux enemenmié — OJUH 3 HAWOUIBII €(PEKTUBHUX UYUCEIBHUX
METO/IIB PO3B’sI3aHHS MaTeMaTUYHUX 3ajad, 110 ONHUCYIOTh CTaH (PI3UYHUX CHCTEM
CKJIaJIHOI CTPYKTYpu. OCHOBHA 1J1es1 METOy CKIHUCHUX E€JIEMEHTIB IOJISITA€E B TOMY,
mo Oyab-ska Oe3nepepBHA BeIMUYMHA (TeMIeparypa, TUCK, EPEMIIIEHHs) alpOKCH-
MYETbCSI IUCKPETHOIO MOJEIUII0, MOOYA0Ba SKOI BUKOHYEThCS Ha 0e3i14i KyCKOBO-
OesnepepBHUX (YHKIIHA, BUSHAYCHUX HaA KIHIIEBIA KUIBKOCTI 0OyiacTeil. AJNTOpUTM
noOyZ0BH JUCKPETHOI MO/ AOCTIA)KYBaHOI HEMEPEPBHOI BEJIMUYMHU MOJISTAE B HA-
CTYMMHOMY. Y PO3TISHYTIH 007acTi (IKCYIOTh KIHIEBY KUIBKICTh TOUOK. Lli Toukm
HaJaIl Ha3WBaIOTh By31aMu. BBakaroTh, 110 AOCIIKyBaHa Oe3lepepBHA BEIUUNHA B
KO)KHOMY BY3J1i € 3MIHHOIO, IO MiUIsIra€ BU3HAYCHHIO B TIPOIIECi BUKOHAHHS 3aB/aH-
Hs1. O6sacTh 3MiHU Oe3NepEPBHOIT BEIMYMHU PO30MBAIOTh Ha ejleMeHTH. Lli enmeMeHTH
MalOTh MK COOOI0 3arajbHi BY3JI4 1, B CYKYITHOCTI, alpOKCUMYIOTh (popMy 00macTi y
niioMy. besnepepBHy BEIMYMHY APOKCUMYIOTh Y MEXax KOXHOT'O €JIEMEHTa IOJi-
HOMOM, KO€(QIIIEHTH SKOTO PO3PaxOBYIOTh HA MiJACTaBl 3HAUYEHD I[i€1 BEIMUUHU y BY-
3nax. KoxeH eleMeHT anpoKCUMYIOTh CBOIM MOJIIHOMOM, a KOe(illeHTH MOJIHOMIB
ni0MParOTh TAKUM YMHOM, 11100 30epiranacs 0e3nepepBHICTh BEJIMUYMHU B3JOBX MEX
CYCIZIHIX eJIeMEeHTIB. MeTo/ CKIHYEHUX €JIEMEHTIB 3BOJAUTH PIILICHHS JIIHIMHOT 3a7a4l
JI0 PO3B’sI3aHHS CUCTEMHU JITHIMHUX anreOpaiuHuX piBHSIHb.

Memoo zpanuunux enemenmie TpyHTYETHCS Ha TEOPii IHTETPAIIbHUX CHHTY-
JSIPHUX PIBHSHB 1 Teopii noreHmiany. CyTh METOAY NOJISITaE B TIepexo/ii Bia (PyHKITI-
OHAJILHUX 1HTErpalIbHUX CHIBBIAHOIIEHB J0 iX anreOpaiunmx ananoris. [lepexin Bixa
ITyKaHO1 KpaioBoi 3a1aui s qudepeHIiaTbHuX PiBHIHB 10 CIIBBITHOIICHB 3JIiHC-
HIOETHCS 3 BUKOPUCTAHHSAM T'PAaHUYHUX IHTETPAIBHUX PIBHSAHB 200 AESIKUX (PyHKITIO-
HaJiB. Y MEpIIOMY BUMNAAKY METOJ| T'PAaHUYHHUX E€JIEMEHTIB 3BOAMTHCS /10 METOJIIB
IPaHUYHUX IHTErPAIBHUX PIBHSHb, Y JAPYroMy — A0 BapiamiiiHux metonis. Ilepesa-
IO METOAY € T€, 10 IUCKPETHI apaMeTpU BBOAATHCS TUIBKM Ha MEXI Tijia, 10 J10-
3BOJISI€E 3MEHIIUTHU 00JIACTI 3aCTOCYBaHHS BUPILIYBaHUX 33]1a4, & TAKOK CIPOLIYE IIi-
ITOTOBKY BUXIJHUX JTAHUX. 3@ JOIMOMOIOI0 METOJY IPaHMYHHUX €JIEMEHTIB MOXKJIMBE
BUPILIEHHS 33]1a4 MEXaHIKHU T1PCbKUX MOPiJ Y IMIIOCKIM Ta 00’ €MHIN OCTAHOBIII.

Tepmoounamiunuii memoo, po3po6neHuii B.®. JlaBpuHEHKO, BITHOCUTHCS J10
CYyYaCHUX CHUCTEMHHMX METOJIB MOJIEIIOBaHHS (Pi3UyHUX mpoiieciB. Metoj nossirae B
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TOMY, IO JTOCJII)KyBaHU MACHB TOPI1J PO3IIISIAETHCS K TEPMOJUHAMIYHA CUCTEMA.
[i cTan Bu3HAuaeThes BeiMa (isMuHMME BenMuMHAME (IIiTBHICTH, BHYTPIIIHSA €Hep-
risl, HaMarHi4eHicThb 1 T.7.). JlocnimkyBaHa cucteMa 3/1aTHa OOMIHIOBAaTUCS 3 30BHIIII-
HIMH, 11O BIAHOILIEHHIO JI0 HEl, MOJsMHU, PEUOBUHAMM, EHEPrieo y GopMax poboTH 1
TerioTu. TepMoauHaMiyHUi MeTos 0azyeThecsl Ha QyHAAMEHTAIBHUX 3aKOoHaX (i3u-
KM, MaTeMaTUKH, XiMii, TepMoarHamiku 1 ¢istocodii. MeTos 103BoJISIE JOCUTh TOYHO
BCTAaHOBUTH ONTHMAaJIbHI PO3MIpH 1 (OPMY CTAJIOrO BIJCIOEHHS MAacHBY, TEMIIepaTy-
py, (pi3uKo-mMexaHIgH1 BJACTUBOCTI MOPiJ HA Oyab-sIKiK 3aAaHii TJIMOWHI 1 B KOHKpE-
THUX T€OTEXHOJOTTYECKIX YMOBAX 3aliiraHHsl pyJHUX TUI. B OCHOBY TepMoauHaMiy-
HOT METO/y BXOJSITh HACTYITHI MOCIJOBHO BUKOHYBAaHI 3aB/IaHHS: BU3HAYCHHSI TTOTE-
HI[IHHUX HAMpyT Ta TEMIEpaTyp B HE3aHMaHOMY MacHBi, BU3HA4YCHHs (DI3UYHUX BIIa-
CTUBOCTEH TMOPiJ B yMOBaX iX MPHUPOIHOTO 3aJIATAaHHS 1 HANPYXKEHOTO CTaHy IMOPiA
HABKOJIO CBEPIJIOBUH Ta BHUPOOOK. /[0 HENOJIIKY METOLYy MOKHA BIAHECTH BIIACYT-
HICTh QJITOPUTMIB 1 IpOrpam, o0 0OMEKy€e CTBOPEHHS Cy4YaCHHX IPOrpaM Ta HMIMpO-
KOr'0 MOTr0 BUKOPHUCTAHHS.

[Tponiec MoxaentoBaHHSI OY/Ib-SIKUM TEOPETUYHUM METOJIOM MICTUTh HACTYMHI
eTaru MOJICITIOBAHHS

llo6yoosa mooeni. Ha upomy erami 3aJa€TbCcsl MEBHUU «HEMaTEMaTUYHHUI)
00’€KT — SIBUILIE IPUPOAH, KOHCTPYKIIisl, CKOHOMIYHUM TUIaH, BUPOOHUYMI TpoILIeC 1
T.4. [Ipu 1ipomy, sIK mpaBuiio, YITKUI ONUC cUTyalli yckiaaHeHuil. CriouyaTky BUSIB-
JISIFOTHCSI OCHOBH1 OCOOJIMBOCTI SIBHINA 1 3B’ SI3KM MK HUMHU Ha sIKiCHOMY piBHi. [ToTim
3HAMICH] AKICHI 3aJIeKHOCT1 (POPMYIIIOIOTECS MOBOIO MAaT€MAaTHUKH, TOOTO OyyeThCs
MareMaTudHa Mojelb. Lle HaliBakua cTajiisi MOJICITFOBaHHS.

Piwenna mamemamuunoi 3aoaui, 1o siKoi NpU3BOIUTH Mojienb. Ha mmbomy eta-
i BelWKa yBara MPUIIISETHCS pPO3pOOIl aJrOPUTMIB 1 YHCENIBHUX METOIB
po3B’sa3aHHA 3a1a4l Ha EOM, 3a 1011OMOroro sIKUX pe3yibTaT MOKe OyTH 3HalAeHUI
3 HEOOX1THOIO TOYHICTIO 1 32 JOMYCTUMHIA Yac.

Iumepnpemayis ompumanux Hacriokie 3 MareMaTu4Hoi Mozeni. Hacninku, Bu-
BEJIEHI 3 MOJIE]l 32 MOBOIO MaTe€MaTUKH, IHTEPIPETYIOThCS MOBOIO, MPUIHATOIO B
naHii o0nacTi.

llepesipra adexeamunocmi mooeni. Ha 1boMy etari 3’SICOBY€ETbCS, YU Y3IO-
JDKYIOTBCSL PE3YJIbTaTH €KCIIEPUMEHTY 3 TEOPETUYHUMHU HACIIJKaMH 3 MOJEIl B Me-
’ax MeBHOI TOYHOCTI.

Mooughixayis mooeni. Ha nboMy etari Bij0yBa€eThcs a00 yCKIIaHEHHS MOJIEII,
100 BoHa OyJa OUIBII aIeKBAaTHOO JIMCHOCTI, a00 i CIIPOIIEHHS 3apajii JOCSITHEHHS
MPAKTUYHO MPUNUHSATHOTO PIIICHHS.

Ha BigmiHy Bix ¢i3U9HOr0 MOJCITIOBAHHS, IIPU SKOMY Ha 3MEHIICHINA MOJENI,
ajie B TOMY  CEpEIIOBUII, IO 1 B peajbHOMY 00’€KTi, BUBYAIOTh CaM MPOIEC, TPH
MaTeMaTUYHOMY MOJIEJIFOBAHHI JOCIIIKYIOTh JU(epeHIiaabHe PIBHAHHSA, 1[0 OMUCYE
TOM 4M 1HIIMH mporec. Y OUIBIIOCT] BUNAAKIB aHAIITUYHE PIIIEHHS TaKuX Ju(epeH-
[iaJIbHUX PIBHSHb HEMOXXIUBO. TOMY pIBHSHHS 32 JIOIOMOTOIO Pi3HUX HAOIMKEHUX
METO/IIB MPHUBOAATH A0 BHUAY, NpPU SKOMY BOHM MOXYTh OyTH BHpILIEHI Ha
KOMIT'I0Tepax abo iX MOJEIIOITh €JIEKTPUYHUMHU CITKOBUMHU MalinHamu. B ocran-
HbOMY BHIAJIKy Ma€ MICLE MaTeMaTUYHE MOJEIIOBAHHS (PI3UYHUX MPOIIECIB 13 3a-
CTOCYBaHHSIM Mojiesei-ananoriB. [Ipu mpomMy BiICYTHI cKiIaaHi (i3udHI MO, Ha

42



BUTOTOBJICHHS SIKMX BUTPAdarOTh OaraTo mparli, KomTiB 1 gacy. Kpim Toro, cam mpo-
IIEC MOJICITIOBAHHS 1 BUBYCHHS TOTO YH IHIIIOTO SBUIA 3HAYHO MPUCKOPIOEThCA. O-
HAaK 3aCTOCYBAHHSI MAaTEMaTHUYHOTO MOJICIIOBAHHS CTA€ MOYKJIUBUM TiTBKU TO1, KOJIH
B1JIOMO MaTE€MaTUYHUM OMUC MpOoLeCy 1 3HAWJeH1 aHajIorii. ¥ 1bOMY BUMAAKY TOCIHi-
JDKCHHS JTAHOTO SIBUIIA BUKOHYIOTh Ha MOJCIISIX-aHalIorax, o MaroTh iHIMH (i3ny-
HUUW CKJIaJ, ajie MPOIeCH, 0 BiI0yBaIOTLCA HA HUX 1 B HATYpPi, OUCYIOThCS aHAJIOT-
YHUMU JAudepeHiabHUMU piBHIHHAMU. CydacHIi HayIll BJOMi aHAJIOTIi MIXK €JIeK-
TPUYHUMHU, MEXaHIYHUMH, TETUIOBUMHU, T1IPOJUHAMIYHUMU, aKyCTUYHUMH, TUPY31ii-
HUMH Ta IHIMAMHA (I3UIHUMH sSBUIIAMH. HalOUIbII 3pyyHi €JIEKTPUYHI MOJIENI, TaK
SIK BOHHU JIO3BOJISIIOTH JICTKO 1 IMIBHUIKO ITPOBECTH JAOCIIKCHHS CKJIAIHUX MPOIECIB Y
BEJMKUX 00CATax 3 JOCTATHHOIO VISl MPAKTUKUA TOYHICTIO.

3acTocyBaHHS METOIB MAaTEMaTUYHOTO MOJICTIOBAHHS JOIIIBHO JJIsi TPOJIOB-
KEHHsI JTOCHIKeHb (PI3MYHUX MPOLECiB, BUKOHAHUX HA (PI3UYHMX MOJIENISIX, B pe-
3yJIbTaTI SIKHX € MOKJIUBICTh BCTAHOBJICHHS aHAJIOTIH. Y I[bOMY BHUITaJIKy MaTEeMaTH-
YHE MOJICTIOBAHHS J103BOJISIE 3HAUHO PO3LIUPUTHU 1 TOTIUOUTH 001aCTh JOCTIIKEHb
¢13M4HOrO mpoLecy, SKUM Hac LIKaBUTh. PO3riIstHEMO MaTeMaTH4HE MOJEIIOBaHHS
IPOLIECIB, SIKI OMUCYIOTHCS JIIHIMHUMU PIBHSHHAMM B YaCTKOBUX MOXIJHUX APYroro
nopsAnKy. Jlo Takux piBHSHB Y 3arajJbHOMY BUIJISIAI BIAHOCATHCS HACTYIHI PIBHSHHS
emintayHoro tumy (piBHsHHS [Tyaccona)

F(A)+ (L5 + 5 (f50) = Fry,2), (1.46)

7e ¢ — mrykaHa QyHKITis, 0 3aJIeKUTh JIMIIE BiJ KOOpAWHAT; f — BigoMi QyHKIII, 110
3aJIeKaTh Bl KOOPJIMHAT 1 XapaKTepU3yrTh HEOJHOPIAHICTh cepeaoBuiia; F — Bijo-
Ma (yHKILIS] KOOPAUHAT.

[{uM piBHSIHHSIM OMMUCYIOTHCS BCl CTalll CTalllOHApHI MpolecH (QiabTpaiii, 11-
(y31i, BOJO3HMKEHHS, 3BOJIOKEHHS 1 T.11. [Ipu ogHOpiaHOMY cepeoBuii 1 GyHKLIi F
(x, v, z) = 0 piBasiHHS (1.46) nepexoauTh y Bigome piBHSHHS Jlamiaca

%@ | %@ | %@ _

2 Toz T o = 0. (1.47)
Cripo1iieHo 1ieli Bupa3 3anucy€eThCs TAKUM YHHOM

Vip = 0. (1.48)
PiBHsHHS mapabosiyHOTro TUMY (PiBHSAHHS TETUIOMPOBITHOCTI)

V2o +A%2 = F(x,y,2). (1.49)

7€ @ — IrykaHa (QyHKINA, SKa 3JIeKUTh B/l KOOPJMHAT 1 4acy; A — BioMa QyHKIIIS
koopauHar (A <0); T — vac.

[{um piBHSAHHSM OMHMCYIOTHCSA HECTAJIl MPOIIECH 1, 30KpeMa, 3a/1a4i TermI000omi-
ny. [pu ¢ynkuii F(x, y, z) = 0 piBasuus (1.48) mepexoauts y BigoMe piBHSHHS
dyp’e

V2o +A2=0. (1.50)

PiBHAHHS T1IHEpOOIIYHOTO TUITY
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V2o + BZL = F(x,y,2) (1.51)
912 » Yo > .

ne B — Bimoma ¢yHkiis koopauHat (B < 0).

PiBHsiHHsAM (1.51) onmucyroThbCsl TaKOXK HECTaJll MPOLECH, 30KpeEMa XBUJIBOBI 1
KonuBasibHI. HaBeieH1 piBHSIHHSA MalOTh HE3NTYeHHY O0e3miu pimeHs. [ Bugiienns 3
1i€1 MHOKUHU MOTPIOHOTO pillieHHs HeOOX1AHO 3a/1aTH MOYATKOBI 1 TPAaHUYHI YMOBH.
k1o He3aneXHO 3MIHHUM € 4ac, TO 3a3BHYad 3aJal0Th TUIBKU MOYATKOBI YMOBHU
(3amaua Komri). SIKiio He3anexHUM MEPEMIHHUM € IPOCTOPOBA KOOPJMHATA, TO TOJI
3a/1a4y BUPIIIYIOTH JJIS IEBHOT 00J1aCTi.

1.6. Po3Bigka Ta po3podka poaoBuinl YKpPAiHU re0TEXHOJOTIYHUMH METO-
AaMu

1.6.1. Po3poOka poJioBHIIl BYT1UIS

OcHOBHUI OpraHiYHUI €HeproHocii B YKpaiHi — KkaM’siHe 1 Oype Byruuis. 3a-
rajbH1 T€OJIOT1UHI 3aMacu KaM’ sSHOT0 BYTULIS cKiianarTh 94,5%, 6yporo — 5,5%. 3a
3arajJbHUMU OI[IHKaMHM, y Hajapax YKpaiHu mMoxke O0ytu 3ocepemkeno a0 300 mupa T
BYTULUIS. SIKIIO 3a JaHUMHM 3aX1THUX €KCIIEPTIB CBITOBHX 3araciB HaTH 1 ra3y BUCTa-
guTh Ha 80 — 90 pokiB, To 3amaciB Byrunis — Ha 350 pokiB. Lle 1ae MOKIUBICTH PO3T-
JSI1aTH Cy4yacHY BYTUIbHY €HEPIeTHKY SIK MPIOPUTETHY, a BYTULIS — SIK OCHOBHHI
EHEPreTUYHUN pecypc YKpaiHu.

Jlucuyancobka cranuis IIT'Y. ¥V moromy 1932 p. Oyno posnodaro OyaiBHUII-
TBO B M. JIMCHYaHCBHKY MIAMPUEMCTBA AJISl MIPOBEACHHS AOCTIAIB MiA3eMHOI razudi-
Kalli Byryuisl B IPUPOJHUX YMOBaxX. By lIBHUIITBO JOCIIIIHOT CTAaHL1i 0yJIO 3aKIHYEHO
B motomy 1934 p. Cranuis ogHO49acHO po3poOisuia 12 BYrinbHHX IJIACTIB, IO Ma-
10Th NOTY>XHICTh Bix 0,5 10 1,8 M. I'mubuna po3podbku 60 — 200 m. Kyt naninus nna-
CTIB 3MIHIOBaBCS B Mexax 3 — 60°. BMICT 3051 y BYTUJIbHUX IIJIaCTax HE MEPEBUIILY-
BaB 15%. Cknag netkux peuoBuH — 40%. Temnora 3ropsHHs Byriuig — 18 —24
MJIx/kr. BMICcHI MOpoJM MpeACTaBlIeH] MNMTMHUCTUMU CIIAHLISIMU 1 MICKOBUKaMU Kap-
Oony. ByruipHi miactu BOAOHOCHI, 3 HaropoM 10 3 — 4 MIla. ¥V nanux ymoBax 3iii-
CHIOBJIMCS MONEPEIHE 3HIATTS HAMOPY MIJ3€MHUX BOJ Yy BYTUIbHUX IUIACTaxX 1 BOJO-
BIJIJIUB 3 BUPOOJICHOTO TIPOCTOPY.

[Mepuri mocmiay miazeMHOl rasudikaiii ByTijuisi MPOBOJUIIUCS IIAXTHUM CIIO-
cobom. Bing moxwmioro crBoia, MpoMIEHOTO 3 MaAiHHS BYTUIBHOTO IUIACcTa MiJ KyTOM
40 — 45°, Oynu TpoNJeH! MITPEKU, MK SKUMU T0 TJIACTy MPOOYypeHi CBEPIJIOBUHHU.
Jlnis cmyniyBaHHS BYTULIS B CBEPJIOBUHAX OyJM PO3MIIIEHI 3apsiiv, AKi BUOyXaiH
npy HaOMM>KeHHI (PpOHTY ropiHHA. JlocniaHy maHenb 3 aBTOMAaTWUYHUM MOJPIOHEH-
HAM ByTuuis Oyno 3amaneHo B moromy 1934 p. JlyTTs mogaBanocst 3 HHXKHBOIO
HITPEKY, T'a3 BIJBOAMBCS Yepe3 BEpXHIN IITPEK 1 Jail — 4epe3 CBepJIOBUHY, POOy-
pEHY 3 3€MHOI MOBEPXHI. ¥ X0/l eKCHEePUMEHTAIbHUX POOIT IPOTATOM YOTUPHOX Mi-
CSIIB OTPUMYBAJIH ra3 3 HU3bKOIO TEMJIOTOIO 3rOPSIHHS, a B JIMITHI TOTO ) POKY MPO-
TsiroM 12 116 Temota 3ropsiHHs rasy craHosmia 1400 kkam/m.

Toro x poky OyJi0 MPOBEACHO KUJIbKA JOCIIIIB JUIsl MIEPEBIPKHA POJII PO3MIPY
KYCKIB BYTULIIA B TpoIieci oro razudikariii. 3 1i€10 METOI PETEIHHO PO3aApOOIIcHE
BPY4YHY BYTULISA 3aBaHTAXKyBaJlOCs y CIelliajbHI KaMepHU-Mara3uHu, MpOonJIeH1 y BYTi-
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JTHHOMY TUIACTi. Y TBOpEHUH y mpoiieci razugikaiiii roprodmii ra3 3ropas 1 Ha IOBEpPX-
HIO BUXOJWJIN MPOAYKTH ropiHHA. OJHOYACHO 3 UMMM JOC]IIaMUd Ha JIMCM4aHChbKIM
CTaHILli, a TAaKOX y J1a0OpaTOpHUX yMOBaX MPOBOAWIM AOCHIAN razudikauii y cBepa-
JIOBUHAX, MPOOYPEHUX IO BYTUIbHOMY IJIacTy. BOHM npu3Benu 10 CTBOPEHHS HOBOTO
MeToay razudikaiii Byruuis B UUIMKY, SKUA OTpUMaB HallMEHYBaHHSI METOY CBEp-
JIOBUH-T€HEPATOPIB. 3a LIMM METOJOM 3 3€MHOI IOBEPXHI O IJIACTY BYI'ULIS OYypUTh-
Csl CBEpAJIOBUHA, SIKA IIEPETHHAE /1Bl BUPOOKH, MPONUJEH] 10 TOMY X ILIacTy. Y cBep-
JUIOBUH1 PO3MAJIOETHCS BYT1UIA, B OJMH ii KiHElb MOAAE€ThCA QYTTA, a Yepe3 1HIINH
BIABOANUTbCA oTpuMaHuid Tra3. Ilig vac BumpoOyBaHb MeETONy CBEPAJOBHUH-
TeHEepaToOpiB HA MOBITPSHOMY IyTTI BUXOAMB Ta3 3 TEIIoTo0 3ropsiHs Big 800 mo
1200 KKa/M’, a IPH PO3AIIBHOMY MAPOIOBITPSIHOMY - BOISHHMIA ra3 3 TEILIOTOIO 3r0-
psaHHs 10 2500 KKAJI/M-.

ITepion 3 1935 mo 1941 pp. o3HameHOBaHWI OyAIBHUIITBOM 1 BBEJCHHSIM B
eKCIUTyaTalll0 HU3KH HOBUX HamiBIpoMmuciioBux cranuii [1I'Y. Byna 3HauHo po3miu-
peHa i Jlucuuancerka cranimis. [Ipotsrom mectu pokiB (1936 — 1941 pp.) Tyt Oymo
noOyA0BaHO Apyre MiAMPUEMCTBO, IKE MOYaJI0 JaBaTH MPOMHUCIOBOMY CIOKHMBAYEBI
TEXHOJIOTIYHUN Ta3, MpUIATHUN Uil CUHTE3Y aMiaky. byio jgoBeneHo, 1o Ckiiaj
YTBOPIOBAHOT'O Ta3y 3aJEXKUTh Bl 3aCTOCOBYBAHOT'O PEKUMY AYTTs. 3MIHOKO PEXKUMY
BIIaBAJIOCS] OTPUMYBATH a00 €HEpPreTUYHUM ra3, abo BUCOKOKAJIOPIMHUN TEXHOJIOT1Y-
Hul ra3 (tadma.1.3).

Ta6muns 1.3
Cxutaz ra3y npu MOBITPSTHOMY 1 TAPOBOMY TyTTI
TyrTs CkJaan rasy, 00. %
Y CO H, CH, CO, N,
IToBiTps 17,2 12,4 0 5,2 65,2
[Tapa 23,0 51,7 5,0 13,4 6,9
IToBiTpst 17,0 10,2 6,0 4,6 62,2
ITapa 21,0 51,5 6,2 15,0 6,3

VY rpynni 1940 p. Ha macTi notyxHicTIO 1,68 M Oyiu 37aH1 B €KCILTyaTalliio
TPH MaHeJl, MATOTOBJICHI MIAXTHUM CIIOCOOOM 3a CXEMOK0 MOTOYHOro meromy. o
BepecHs 1941 p. Gyio BupoGieHo 47,5 MIH M° Ta3y 3 TEILIOTOO 3TOPSHHS B CEpel-
apoMy 1100 Kkan/m’, 3HAUHA YACTHHA SKOrO OyJa BHKOPHCTAHA y IPOMHUCIOBHX Lii-
JsX. Y 3B’S3Ky 3 JPYrOI0 CBITOBOIO BIMTHOIO CTaHIlIs MPUIMHUIIA CBOIO poOOTY 1 Oyna
3pyiiHOBaHa. JlucuyaHceka cTaHuis Oyna BiHOBIEHA B KBITHI 1948 p. CnoyaTky ra-
3uGiKalliio BYT1/UISI BEJIM IIAXTHUM CIIOCOOOM: Ta30T€HEPATOPU rOTYBaAIM 3a JIOIOMO-
rOl0 IITPEKIB 1 T€3€HKIB, 10 HE JI03BOJISJIIO OTPUMATH T'a3, NPUIATHUN JIsl BUKOPH-
CTaHHS. Y 3B’SI3KY 3 IIUM CTaJId MPOBOJUTH POOOTH 3 OCBOEHHS O€3IIaXTHOI MIATrOTO-
BKH MiA3€MHUX ra3oreHepaTopiB. Y Xo/i IHUX poOIT HU3KA MiJ3eMHUX ra30reHeparTo-
piB OyJia MiArOTOBJIEHa KOMOIHOBAaHUM CIIOCOOOM 1 OTPMMAaHO TOPIOYMH ra3 JJIsl po-
mucnoBux 1ineit. [Iponec razudikarii 31CHIOBaBCS HArHITAHHSIM JTyTTS Y BepTHKa-
JbHI CBEP/JIOBUHM, a BIJBIJ razy — 4epe3 Mmoxwii. BUpoOHUIITBO MITyYHOrO Tra3y Ha
JIucudaHchKil cTaHIli Oyyo MOB’S3aHO 3 BUBUYCHHSIM 1 OCBOEHHSM HOBOT TEXHOJIOT1I,
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y 3B’S3KY 3 UMM JIOCUTh YacCTO MaJIO MICI€ 3MEHIIICHHS 1 HaBITh MIPUIIMHEHHS BUayl
IPOIYKTUBHOTO Ta3y. Jlo 00’€KTUBHUX TNPHWYWH, SKI HETATHBHO BIUTMBAIH B JCSKi
nepioau Ha npouec III'Y, HaneXuTh BIICYTHICTh MOBHOI TepMeTH3allii MiJI3eMHUX
ra3oreHepaTopiB 3BaXKal0UM HA HASIBHICTb CTApUX IIAXTHUX BUPOOOK, SIKI HEIOCTAT-
HBO BIJJOMI ¥ 1HOJII MPU3BOJATH O CIOJYYEHHS OKPEMHUX MIA3EMHHUX TI'a30TreHepaTo-
piB 3 aTMoc(deporo.

TuMm He MeHI, ToBapHE BUPOOHUIITBO Ta3y Ha JIlucuuaHchkii ctaHiii B 50-Ti
poxu nepesuma 100 Mius M° Ha pik. CoGiBapTiCTh IITYYHOrO ra3y B I{i POKH 3HH-
3WwiIacs MaiKe BJBIYi, III0 3YMOBJICHO 3POCTaHHSIM 00’€M Ta3y ¥ opraHizaiiiHo-
TEXHIYHUMH 3aX0JIaMH, 3A1iicHeHuMU Ha ctanii B 1955 p. lo moyatky 1960 p. cTan-
wist BUpo6mIa monas 1000 MIH M’ rasy 3 TerIoToro 3ropsius 4 — 4,4 MIDx/m’. Ox-
HOYACHO CTaHIlisl BUPOOIsia K MOOIYHUIM TMPOIYKT PIAKICHI 1HEPTHI ra3u — aproH,
KPHUIITOH 1 KCeHOH. 1le M03BOSMII0 MOBHICTIO BUKOPUCTOBYBATH BUPOOHUY1 TTOTYKHO-
CT1 HasIBHOTO HA CTaHIII1 KHCHEBOIO 11eXy. 3a BeCh Mepio poOOTU CTaHIisl BUpoOuUa
nonaz 1,7 mupa M° razy. Y 1966 poi crauiist 6yi1a 3akpura.

I'opaisebka cranuis III'Y Crannis Oyna noOyaoBana B 1934 p. Ha kpyTux
mnactax (a = 70 — 75°). Iloryxuicth miactiB 1 — 1,9 m. Byriuig razose, 3 BMicTOM
netkux 10 17%. byna npoBeaeHa cepist JOCHIAIB 3 BIANPALIOBAHHS MMapaMeTpiB MO-
ToyHOro Meroay rasudikamii (1937 — 1941 pp.), [Ipugomy npoTarom AeKiIBKOX PoO-
KiB OTPHMYBAIH ra3 3 TEIIOTOI 3ropsuus 4 —4,3 MJLx/M’. Tyt xe Brepme Oys
MIPOBEJCHUN JTOCHI MiI3eMHO1 ra3udikailii Byriuis 3 BAKOPUCTOBYIOTh AYTTsI, 30ara-
yeHe kucHeM. Jlo 1 xoBTHs 1938 p. cTanHIis BiamycTuiIa s KOTEIbHI KOKCOXIMIY-
HOTO 3aBOIy 7,25 MIIH M° Ta3y. 3arajibHa KiIbKiCTh OTPHMAHOTO Ta3y 10 IbOTO 4acy
cKiTaa 73,7 MIH M, 3 SIKHX 6yJ10 BUKOPHCTAHO 30 MITH M.

[{ikaBo BII3HAYWTH, II0 YUM IHTEHCHBHIIIE OYyJIO AYTTS, TUM SKICTh Ta3y OyIiio
Buule. [Ipy 3MEHIIEHH] KIJIbKOCTI MOBITPSl KAJOPIMHICTh Ta3y IMOMITHO 3HM>KyBajacs.
[Tpu mryynomy 30aradeHHi MOBITPS KUCHEM KOHLIEHTpAIlisl B ra3l MOHOKCHY BYyTJie-
o (CO) 1 BoxHIO (H,) 3pocTaia, a a30Ty, HABMAKU — 3HUKYBAJIACs, TEIUIOTa 3TOPSHHS
ra3y 3pocraia. be3ayTreBuil pexxuM XapakTepu3yeThCsi CHCTEMAaTUYHUM HApOCTAHHSIM
B rasi BOJHIO. BMICT MOHOOKCHY BYTJICLIO 3HMXKYBABCS, PI3KO Majajna KOHLEHTPALIIs
a30Ty; CIOYaTKy PI3KO, a MOTIM yCe MOBUIBHIIIE 3HIKYBABCS BUXIJ razy. Y mepiof
HATHITAHHS JYTTS KapTUHA 3MIHIOETHCS, PI3KO 3HIKYETHCS KOHIIGHTpAIlisi BOJHIO,
3pOCTa€ a30Ty, BMICT MOHOKCHIY BYTJICITIO IMiJIBUIILY€ThCS, 301IBITYETHCS BUX1/ IITYY-
Horo razy. [loganpiiie BUBUEHHS IIbOTO SIBUINA BHUIBIIO Take. Ckiaj rasy, 1Mo OTpH-
MY€TbCS MPU NPUIIMHEHH] AYTTS, 3aJ€KUTh Bl KOHLEHTpALIi 1 TPUBAIOCTI AYTTSA 1O
MOMEHTY HOro NpunuHEeHHsl. Peryiiorodn BMICT KUCHIO 1 TPUBAJIICTh AYTTs, BAABAJIOCS
OpY MOAATBIIOMY O€3MyTTEBOMY PEKMMI OTPUMYBATH BHUCOKOKATIOPIMHUUN ra3, SKHUi
MO>k€ OyTH BUKOPUCTAHUU SIK TEXHOJOTTYHUM Ta3 Jyisi OTPUMAaHHS 3 HbOTO PI3HOMaHi-
THUX PIAKUX EHEPrOHOCIiB (METaHOJ, OEH3MH TOLIO) 1 XIMIYHUX PEUYOBHUH.

[pYHTYIOYHCH Ha IMX PEXUMAX, CTaHIlisA Meperiia Ha JBOIMKIIYHUN PEXUM
po0OOTH 3 MEPIOUYHUM YEPryBaHHSIM JTYTTEBOTO 1 6€31yTHOBOTO MepiojiB. ['a3 npu
IYyTbOBOMY PEXKHUMI MPUMMABCS K €HEPreTUYHUM (MpUIaTHUN JUIsl CHAIIOBAHHS B
TOMKAaX KOTJIB), a Ta3 0e31yTEBOTO MEpIOAY SIK TEXHOJOT1YHUHN. Terninora 3ropsHHS
TEXHOJIOTT4HOro rasy B cepeaboMy 9,36 MJIx/M’, Bmict Boguio 49,3% i KiIbKiCTH
fioro cxianae 0im3bko 30% Bil BUXOJY €HEPreTUYHOTO rasy. TermsoTa 3ropsHHS
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eHEepreTHYHOro rasy Buuie 4,2 MJIx/M’, ToGTO HOro SIKiCTh HepeBeplIye ra3 JIyTTe-
BOTO Mepioay MpH 3BHUaHUX MeTonax rasudikamii. JlocBig pobdotu I'opmiBcbkoi
cranuii «Iligzemrasy 3’sBuBCs O€3MepeyHUM JI0Ka30M HE TUIbKH PEaIbHOCTI TEXHO-
Jorii mii3eMHoi ra3udikarii Byruuis, ajge i HeoOX1JHOCTI Mepexoay BiJl CTajli eKc-
NepUMEHTAIBHUX POOIT JO CTBOPEHHS MPOMHUCIOBUX CTAHILIIM MiA3€MHOT ra3udikariii.

CuHesbHUKiIBcbKa gociigna guibHuni Y. V J[HinpoBcbkomy Oacelini moo-
a3y M. CuHenbHUKOBE JIHIIpOIeTpoBChKOi o0nacti y 1957 p. po3noyaTo Oy iBHUIIT-
BO JIOCJIITHO-EKCIIEPUMEHTAIBHOT AUIBHHMII T13eMHOI rasudikarii Byriuis. ['azudiko-
BaHO OypOBYT'UIBHHI IIJIACT MOTYXHICTIO 3,5 — 5,0 M Ha ryinbuHi 100 M. biuni mopoau
NPEICTaBJICHI TIIMHOIO 1 MICKaMU MOPIBHSIHO MTyXKOI0 CTPYKTYPHU. Y TPYHTI BYT1JILHOTO
I1acTa po3TalllOBYBABCS BOJOHOCHUM TOpu30HT (10 30 M) 3 BennuuHOO Hamnopy 0,4 —
0,6 MIla i koedimientom Qinbrpariii 7 — 8 m/mo0y. Hax mapom 3ansraB HaaByTUTbHUN
BOJIOHOCHHN TOPU30HT 3 Hamopom Onm3pko 0,6 MIla. Koedimient dimprparii 4 — 5
M/f00y. Y TPYyHTI BYTUIHHOTO TUIACTa MPOBEICHO BOJOMOHKECHHS. Ha minpHMIN Oyio
3alJTAaHOBAHO MPOBEACHHS JOCIIAHUX POOIT A 3°sICyBaHHS YMOB Ta €(EKTHBHOCTI
nia3eMHoi ra3udikaiii Oyporo BYriuisi, IO BIAPI3HSAIOTHCS BUCOKOIK OOBOIHEHICTIO,
AK1 IpU OyIb-sIKOMY Cc110c001 po3pOOKM HEOOXI1THO monepeHbo ocyuryBatu. Kpim to-
ro, THIPOBCbKE Oype BYrijuls Ma€e BUCOKY MPUPOJHY BOJIOTiCTh, 55 — 60% 110 BuMa-
rajio BUBUCHHS MPOTIKaHHSI MPOIIECIB MIA3eMHOI ra3udikairii B IiuX yMOBax.

JlocmiaHuIbKl poboTH Tepeadavyaii BCTAHOBJICHHS PaIllOHATBHUX CIIOCOO0IB 1
HEOOX1THUM cTyMiHb ocylieHHs CHHENbHUKOBCHKOIO POJOBHINA, @ TAKOXK ONTHUMa-
JBHUX pexuMIiB mporecy razudikaiii. [licns mpoBeneHHs] TaKUX €KCIIEPUMEHTIB Ha-
MI4aiocss MPUCTYIUTH JI0 MPOEKTyBaHHs 1 OyaiBHuTBa cranmii [II'Y B mpomy po3-
BUHEHOMY IIPOMHCIIOBOMY PETIOHi, 7€ Ta3 MOXe OyTH BUKOPUCTAHUH IS PI3HUX TI0-
TpeO. Y xoai peanizallii maaHy eKCliepuMEHTaIbHUX poOIT Oynu npoOypeHi cBepIio-
BUHU Ta 37iliCHEHO po3mnan 1iacta. [Ipomec rasudikarii 6yporo Byriuist XxapakTepu-
3yBaBCS BUAAUCIO HA 3€MHY MOBEPXHIO MPOAYKTHBHOIO ra3y 3 TEIJIOTOIO 3TOPSIHHS
2,9 —3,0 MJIx/M’. JIoCHimKeHHS TTOKA3alIH, 0 TIPH BETHKIN 06BOJHEHOCTI rasore-
HepaTopa Ha BUIIAPOBYBAHHS BOJY BUTPAYAETHCS 3HAYHA KITBKICTh TEIUIA, BHACIIIOK
4Oro TeMIieparypa mnpoiiecy razuikaiiii 3HIKY€EThCS 1 TOBHI peakiiii BITHOBJICHHS HE
OTPUMYIOTh HaJIe)KHOTO PO3BHUTKY.

301nbIIeHHST OOBOAHEHHS ra30reHepaTopa BUKIMKAE 3MEHIIEHHS TEIUIOTH 3T0-
PSHHSA OTpUMAHOIO razy. Yum meHIe BOJIOTICTh ra3dy, TUM OLIbIIe TEIJIoTa 3ropsiH-
Hs. [{ns oTpuMaHHS ra3y 3 BHCOKOIO TEIUIOTOIO 3rOpsSHHS HEOOXI1JHO OpraHizyBaTu
OCYIICHHS Ta30reHeparopa 1 He JOIMYyCKaTH BEJIIMKOro BOJOTOKY. BcraHoBieHo, 110
ra3 3 TEIUIOTOK 3TOPSHHS He HIDKYe KOHIHIiiHOI (moHax 800 kkan/m’) Moxke 6yTH
OTpUMaHUN TPW HAJIXO/KCHHI TpaBITAlliiHUX BOJA B 30HY rasudikaiii He OinbIie
1100 xr Ha 1 T razudikoBaHOro BYT1/UIS, IO BIAMOBIIA€ BOJIOTOCTI BIABEACHOTO Ta3y
250 — 300 r/m’. 3i 3MEHIIEHHSIM IOTYKHOCTI ILIACTA JUIS OTPUMAHHS Ta3y 3 OJIHI€IO i
TI€I0 K TETJIOTOIO 3rOPSIHHS, MPUILIMB BOJM Yy Ta30reHepaTop Ha 1 T ByTriuis HOBHHEH
TAKOX 3MEHILYBaTUCA. Y PE3yJbTaTi BUTOPAHHS IIacTa B OJIHIEI 31 CBEPIJIOBUH 1
3pYLICHHS TOPIJl CTABCSI pO3pUB 00CaAHOI KOJIOHU TPYO 1 MPOPUB IUIMBYHA, IO MPU3-
BEJIO /10 MPUIMHEHHS ropiHHs Byruuis. [lonanemi poOoTu no rasudikarii Byruuis Ha
ii AUTBHUI OyJIM NPUITHHEHI.
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1.6.2. Po3Biaka i po3po0ka ypaHOBUX POJOBHIILL

B VkpaiHi Bi1OMO A€KIJIbKa F'€HETUYHUX TUIIB YPaHOBUX poAoBHIL. bin3bko
76% ycix mokjiadiB SIBISIOTH COOOIO poJOBHINA ankOiTUTOBOrO THUMy, 11% BigHO-
CATHCSI 10 METMATUTOBUX POAOBHIN, 7% — 10 MICKOBUKOBHX, 1 pemrta 6% SBISIOTH
co0010 pOAOBHILA KOHTJIOMEPATHOIO, OITYMIHO3HOIO Ta 1HIMX TUMIB. [Ipomucnose
3HAYCHHS 3apa3 MArOTh JIMIIIE POJIOBHINA aIb0ITUTOBOIO TUITY — HATPiH-ypaHOBI 1 TIi-
CKOBHUKOBOTO — riporeHHi. [I[poMucioBi pojoBuia ypaHy METaCOMaTHYHOIO THUITY
30cepe/keHl B Mexkax KipoBorpajachbKoi MeTaloreHiuHoi 001acTi, Ka € CKJIaJ0BOI0
YaCTUHOIO MPOBIHIIT YKpPaiHCHKOTO KPUCTAIIYHOTO IIHUTA. Y CTPYKTYpPHOMY IUIaHI
KipoBorpanceka MeramoreHigaa 00J1acTh BIJIHOCUTHCS O OJJHOWMEHHOTO I'e00JIOKY,
3aXiJTHOI0 MEXero IKoro € posnom IliBgerHo-KOyrepkuii, a cxigHoro — KpuBopizbko-
KpeMenuyupkuii po3iioM. YpaHOBE 3pyJIHEHHS B MeXax YKpalHU Ma€ CUPOBUHHY
0a3y y BHUIJISA1 AETAIBHUX PO3BlAaHUX 12 ypaHOBUX €HIOreHHHX pojoBuul. Haiidi-
JBII 3 HUX, II0 MOXYTh OyTH BiAINpambOBaHi TUIBKU MiJ3€MHHUM CIIOCOOOM, pO3Ta-
moBaHi B KipoBorpaacekiil obsacti. Y reonoriyHomy BigHoIIEeHHI KipoBorpaacekuii
palioH po3palllOBaHUN Yy MeXaxX OJHOIMEHHOIO Te00JIOKY YKpaiHChKOro LIuTa, y ho-
ro I[EeHTpajbHIA YacTuHi. bynoBy palioHy Bu3Hauae Benukud KopcyHb-
HoBomupropoacekuili aHTUKIIHOPIA. Y 1IOMy moJjiokeHHs: MiuypuHcskoro, Cise-
PUHCBKOTO Ta THIIMX POAOBHII CX1HOT yacTUHU KipoBOrpajacekkoro pyJaHoro paiiony
KOHTpPOJIOI0ThCSl KipoBorpaachbkuM mnepepizom, a BaryTiHcbkoro pojoBuina — 3Be-
HUTOPOJChKO-I"aHIBChKUM. YpaHOBI MiHEpalIu B pyAax MPEJCTaBICHI ypaHITOM, Ha-
CTypaHoM, OpaHepuToM, KO(IHITOM, TIAPOOKUCIAMH 1 CHUJIIKaTaMHU ypaHy Ta YpaHO-
BUMH YepHsIMHU. Po3BifaH1 1 monepeaHbo ormiHeHi pecypcH ypany KipoBorpaachkoro
paiiony nepeBunytoTh 100 THC. T, 3 SIKUX OJU3BKO MOJIOBUHH OIIHIOIOTHCS SIK BHUCO-
kopeHTadenbHi (1o $80 3a xr ypany). [Ipornosni pecypcu KipoBorpaiacekoro ypaHo-
BOT0 pailoHy owiHIOI0ThCS O1st 200 THC. T.

3rigHo 3 KagactpoM mpoMHCIOBUX YpaHOBHX POJIOBUII, BCHOTO B YKpaiHi BH-
ABJICHO 53 NUISHKY 3aJISITaHHS YPAaHOBHUX PYJ 3 PI3HUM CTYIIEHEM PO3BIJIKM Ta OIlIH-
k. Ha 4oTupbOX NUISIHKaX poJoOBHUIIA BIANPALbOBAHI, HA TPhOX — BIANPALbOBYIOTh-
cs, Ha 0IHOMY — HOBOKOCTSIHTUHIBCHKOMY POJIOBHUILI — BEJEThCA OyAIBHULITBO Tip-
HUYO-NIEPEPOOHOr0 KOMIUIEKCY. BiampaiboBYIOThCS 3aIMIIKOBI €KCIUTyaTaliiHl 3a-
nacu 3ocepe/keHi Ha Batytincekomy, Miuypuncbkomy 1 LleHTpanbHOMY (CXigHa
30HA) POJOBHINAX. 3a TIPHUYO-TEOJOTIYHUMH 1 TIPHUYOTEXHIYHUMH YMOBaMHU POJIO-
BUIA HA 35 AUIIHKAX MOXJIMBO BIAMPALIOBAaHHS MiJA3€MHUM criocoboM, Ha 13 — 3a
TEXHOJIOT1€10 BWIIYTOBYBaHHs. HalOiIbIl NMEPCHIEKTUBHUMHU JUIsl BIATIPAIIOBAHHS €
pPOJIOBUINA 3 MiJ3eMHUM crocoOoM po3pobku — CeBepuHcbke, JloKydaeBcbke 1
[lenTpanbHe (3axigHa 30HA), a TAKOXK S5 POJIOBUII JIJISl BIAMPAIIOBAHHS 332 TEXHOJIOT-
€10 BUJIYTOBYBaHHSI.

[TouaTox BUIOOYTKY 1 mepepoOKH ypaHOBUX Py B YKpaiHi BIAHOCUTHCS A0 Ki-
HUs 40-x pp. MuHysoro cropiuus. Y 1945 p. reonoramu L{eHTpasibHOI PO3BIyBaIb-
HOI MapTii YKpaiHCHKOTO I€0JIOrIYHOIO YIPABIIIHHA OYyJM BUSBJIEHI O3HAKUA YPaHOBO-
ro 3pyneHinHs Ha [lepBomaiicbkomy Ta XKoBTOpeuHChKOMY poaoBuinax. ¥ 1946 p.
noyajuacsi po3Bifka pojgoBuul i 10 1951 p. BoHna Oyna 3aBepuieHa. 3anacu Oyau mij-
paxoBaHi 1 poJIOBUIIA MepeaHi IpyroMmy rojloBHOMY ynpasiiHHio npu Paai Minict-
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piB CPCP. Buno0yTtok ypanoBux pya JKoropiueHcekoro ta IlepBomaiickkoro pomo-
BUL po3noyaTo B 1948 p. Tpectom «JleHinpyna» MiHicTepcTBa YOPHOI METAITYprii.
[Tepepobnuii rinpomeranypritauii 3aBoj Ne 906 6y 3amymienuit B 1949 p. [lns 361-
JbIIeHHS 00cAriB BUAOOYTKY ypany 24 nunus 1951 p. Pana Minictpis CPCP nipuiin-
sJ1a OCTAaHOBY NP0 cTBOpeHHs1 komOiHaTy Ne 9 tpecty «JleHiHpyaa» (OTIM MmiANpu-
emctBo Ne 28, a 3 1966 p. — mianpueMmctBo 1/c 6449, nmami CxigHui TipHUYO-
30arauyBanbHM KOoMOiHAT) Ha 0a31 pyaHukiB iM. [lepmioro tpasHs, KoBra Piuka i
KUIBKOX THIITUX MIAMPUEMCTB. By 1IBHUIITBO OCHOBHHX IIIaXT HA pyJHUKaX OyJI0 3aBe-
puieHo B nepiona 3 1954 mo 1958 p.p. Bigpasy x nHa rimmbuny 800 M Oynu 3akiajeHi
KamitanbHi cTBoSM maxT «O0’exnana» 1 «[liBHiuyHa» Ha pyaHuKy iM. [leprioro Tpas-
Hs, «HoBa» Tta «OnpxoBchka» — Ha JKoBTropiueHcbkomy. [Ipotsrom 70-x pp. 6yB 1o-
OynoBaHUM 1 BUBEJCHUN Ha MPOEKTHY MOTYXHICTH nepimii y KipoBorpaacbkiit 00-
nacTl [HrynbChbKHI pyAHHUK 3 yciMa AONOMDKHUMU migpo3autamu. Y 80-x p.p. Hep-
’KaBHE MANPUEMCTBO «CX1HUHN TpHUYO-30aradyBajbHUi KOMOIHAT» y CBOIN CTPYK-
Typl MaJI0 YOTUPH MiApo3auH — maxtu «OnbxoBcbkay, «HoBa» Ha XKOBTOBOACHKO-
My MaigaHuuky, «IliBHiuHa» IHrynscekoro ta Ne 1 «CMouiHCbKa» pYyJIHUKIB; T11po-
METaNYprifHUil 1 PEMOHTHO-MEXaHIYHUN 3aBOJM, LIEHTPAJIbHY HayKOBO-AOCIIAHY
1abopaTopito aBTOMATUKH, HAYKOBO-BUPOOHMYI KOMIUIEKCH «ABTOMatuka» 1 «Ma-
IMHOOY/TyBaHHS Ta 1HIII JOTIOMIXKHI IIEXH.

OcHoBHOIO 0a3010 ypaHy, MPUIATHOTO J0 PO3POOKH 3a TIOMIOMOIOI0 CBEPIJIO-
BUHHOTI'O MiI3¢MHOTO BUJIYTOBYBAHHSI, € 3aI1aCH 1 PECYpPCH €K30I€HHO-EMIreHETUYHUX
pOJIOBUII ypaHy (IICKOBUKOBUW THII) B OCaJI0BOMY YOXJII YKpaiHCHKOTO ILIKMTa, pO3-
TamoBaHl y Mexax JIHImPOBCHKOTO OypOBYTiIbHOTO OaceliHy. 3 4Yacy BHUSBIICHHS
NEPIIOTo poAOBHINA IILOTO TUIY — JleBnaniBcbkoro y CodilickkoMy paioni J[Himpo-
NeTPOBCHhKOI obmacti. JloTtenep y HeHTpalibHIM 1 CX1AHIN yacTuHax [[HIMTPOBCHKOTO
OaceliHy BHSBJICHO, PO3BIJJAaHO 1 MOMEPEAHHO OLIHEHO 10 M ATHAAISATH POIOBUII 1
OKpeMHX TOKIIAJIB ypaHy, nmoAioaux [leBnagiBcekomy. 3 HUX nBa — JleBmamiBChKe i
Bparceke, TOBHICTIO BIANPALbOBaHI 1 TOTEPEP Ha HUX BEAETHCS KOHTPOJIb 3a MOBEII-
HKOIO 3aKUCJICHMX FOpU30HTIB. BiTun3HsAHI (haxiBll ypaHOBOI reoJiorii MaloTh YHIKa-
JAbHUN 25-p1YHUI JOCBIA MOHITOPUHTY €KOJIOT1YHOI OOCTaHOBKHM MiCIIA BIIpPALtO-
BaHHS /[eBIasiBChKOTO POIOBUINA ypaHy CBEPAJOBHHHHUM IiA3€MHUM BHIyTOBYBaH-
HSIM, SIKMUM JIEMOHCTPY€E €KOJIOT1UHY Oe3MeKy IIi€l TeXHOJOri. Y JaHui yac HaHO1IbIIT
niarorosiieHi 10 po3pooku Canose, Cadoniscske, HoBo-I'ypriBchke, Cypebke, Uep-
BOHOSIPCHKE POJIOBUIIIA.

VYci rimporeHHi poJoBuIlia YKpaiHu po3TaiioBaHi B IpaBoOepexkHil i yacTuH1
1 JIOKaIi30BaH1 y BOJAOIPOHUKHUX PUXJIMX OCAJOBUX YTBOPEHHSX MalieoreHy, chop-
MOBaHHX SIK €pPO31MHO-TEKTOHIYHI Jenpecii B JOKeMOpIHChKOMY KpUCTalidHOMY (Y-
HAaMeHTI. 3a el Jyac Bif0yBaBCs MMPOKUM PO3BUTOK 1 OMTHMI3allisl CIIOCO0Y ij3e-
MHOT'O BUJIyTOBYBaHHA Ha JleBnmaniBcbkomy, a nani Ha bparcekoMy (y MukosaiBch-
Kiit o6yacti) pomoBumax. JloBeaeHa He TUIBKU MPUHIIUIIOBA MOKIIMBICTh BHIOOYTKY
ypaHy IIMM CIOCOOOM, ajie W BHU3HAY€HA MOT0 BHCOKAa €KOHOMIYHA €()EeKTHBHICTS 1,
10 HE MEHII BAXKJIMBO B YMOBax YKpaiHW, BU3HAUEHI €KOJOTIYHI MepeBaru nepen
TpaJAULIIHUM TIpHUYUM criocoOoM BUI0OYTKY ypaHy. CoOiBapTicTh ypaHy, KOTpHiA
BUI00YBA€ThCA HA TAKMX POAOBHUINAX, CYTTEBO HMXKYA, HIK HA €HIIOTEHHUX POJIOBH-
max anp0iTUTy. PO3BimaHi 3amacu 1 pecypcH 1IbOrO THUITY OIIHIOIOTHCS Ha piBHI 70
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TuC. T. Po3BinmyBanbHi poOOTH Pi3HOI ETAIBHOCTI MPOBEACHI HA YOTHPHOX POJOBH-
max (Cadoniscekomy, HoBorypiscekomy, Cypecbkomy 1 CagoBomy). Po3Binani 3amna-
CH ypaHy Ha LIUX POJOBHINAX CTAHOBJIATH OJIM3bKO 8§ TUC. T. Po/l0BHUIIA TICKOBUKOBO-
ro TUIy 3a CBOIMH PO3MIpamMH BIJTHOCSATHCA N0 APIOHMX Ta CEPEIHIX 13 3armacamu
ypany 1 —3 tuc. 1. JIpiOHOMaciITaOHUMH TPOTHO3HUMU pOOOTaMH y LEHTpPl Ta Ha
cxojii JIHImpOoBChKOro OYpOBYTUIFHOTO OaceliHy BU3HAaUCHI 12 IJI01I, MePCIEeKTUBHUX
Ha BUSIBJICHHS POJOBUII 1 OKpPEMHUX MOKJIAAIB ypaHy 1bOro Tuiy. Ha KoxHIN 3 1ux
101 MOXKe OyTH BikpuTo 1 — 3 pomouiia ypany. Kpim Toro, y miBHIYHO-3aX1IHIH 1
3axiHiN yacTuHax J[HIMPOBCHKOTO O0ACEHY TaKOX MOXJIMBE BUSBICHHS 5 — 7 HOBUX
POJIOBHIL ypaHy.

[Mounnaroun 3 2009 p. Ha maxTi «IHrYyIbCbKAY TPUCTYIUIU IO TPOMHCIOBOTO
BIJIMTPAIIOBAHHS TEXHOJIOT1H MiI3eMHOTO OJOKOBOTO BHIIyroByBaHHS. [IpoekTyBaHHS
HOBOI TEXHOJIOT1l BEJIOCS Ha MIJICTaBl BUXIJHUX JIaHUX, OTPUMAaHUX B PE3YJIbTATI
IPOBEICHUX JOCIIIHUX POOIT 1 3 ypaxyBaHHSM JIOCBIJly aHAJOTIYHUX BUPOOHHUIITB.
OpauM 3 OCHOBHHX (DaKTOpIB, 110 BU3HAYAIOTh YMOBU BHIIYTOBYBaHHS ypaHy 3 pyau
€ Xapakrep pyAHoi MiHepamizamii. HailOuibln npuilHATHI A8 BUIYTOBYBaHHS IPO-
KUIKOBA 1 MPOKUIKOBO-BKpAILJIEeHa TEKCTypa Py, MEHII CHOPUSITIMBI — BKpAIUIEHi 1
TOHKO BKparuieHi TeKcTypu. [[ns ypaHoBHX poJoBuIl aibOITUTOBOI (opmarlii, 110
SKUX BIJHOCATBCS BIAIpAlboBaHl [HIyJNbCHKOIO IIAXTOIO POAOBHINA, XapaKTEpHI
BKpAruieH1 1 TOHKO BKpaIuIeH1, Pijlle MpOoXUIKOBO-BKpaIUIeHl TeKCTypu pyA. ToOTo
3a L1€I0 O3HAKOI0 PYAM BIAHOCATHCS 10 HECHPUSITIUBHUX JUIsi OJOYHOTO BHIIYTOBY-
BaHHSI.

[Ipote nesxi 0coOIUBOCTI T€HE3UCY PY/I JAHOTO TUIY BU3HAYAIOTH CIIPUSTIMBI
YMOBHU JIOCTYIy KHUCJIOTHUX PO3UMHIB JIO MIHEpaJbHUX 3€pEH Ta iX PO3UMHEHHS, He-
3Ba)Kar0YM HA BKpPAIUIEHY 1 TOHKOBKpAIUIeHy TeKCTypy pya. Lli ocobmuBocTi mossra-
I0Th Y HACTYNHOMY. BcTaHOBJEHO, IO Ipoliec pyIOyTBOPEHHsA OyB OaraTtocTaaiii-
HuM. [Ipouiecy MeracoMaro3y Ta py10yTBOPEHHS MepeayBaId IHTEHCUBHI TEKTOHIYHI
3pYyILICHHS, Kl CTBOPWIA B MOHOJITHOMY MAaCHBI FPaHITOI11B IPOHUKHI JIJIS T1ApOTE-
pPMaJbHUX PO3UYMHIB JUISIHKU y BUIJISAIAI 30H 00’ €MHOro KaTtakjasy. PynHa Minepasi-
3allisl KOHUEHTPYEThCA B LIUX 30HAX, MPUYpPOUYEHA 10 MIKPO30H MOJIPIOHEHHS B MIXK-
3€pHOBOMY IPOCTOP1 aIBOITUTIB 1 CKyIMYEHb TEMHO-KOJILOPOBUX MiHepaliB. Hamami
TEKTOHIYHI 3pYIICHHS HEOJIHOPA30BO MOHOBIIOBAIMUCS, IPUUOMY BOHH, SIK MPABUIIO,
MaJM yCHaJKOBAaHUU XapakTep, TOOTO PO3BAHTAKEHHSA TEKTOHIYHUX 3yCHJIb MPOXO-
JIJIO 32 paHilie ociaabieHUMH PyIOHOCHUMU 30HaMHU.

VY mpormeci BugoOyBaHHS Py MIJ3eMHUM CIIOCOOOM, SIKMM BIBCSI 13 3aCTOCY-
BaHHAM OypomiIpuBHHUX pOOIT, CTBOpIOBaJIacs BHOYXOBa CEWCMiuHA [isS HA MAacuB
MOPiJl, PO3BAHTAXKEHHS SIKOTO 3HOBY K TaKH BiIOYBA€THCS 32 BXXE OCIA0JICHUMH TEK-
TOHIYHHMH 30HAMHM, SIKI MICTSTh PyAHY MiHepaiizalito. BHacmigok mporo BinOyBa-
€THCSI PO3KPUTTS MIKPOTPIIIMH, B IKHMX 30CEpEKEHA pyHa MIHEpasi3alis 1 TUM ca-
MHUM BIJKPUBAIOTHCS LUISXU MPOHUKHEHHS MPOTYKTUBHUX PO3YUHIB 0 PYIHUX Mi-
HepaitiB. BpaxoByrouu Te, 110 BiO1d pyau OpH CTBOPEHH1 OJIOKY MIA3EMHOIO BUITY-
TOBYBaHHsI BIBCSl Ha 3aTUCHYTE CEpeIOBUILE, CecMiYHA Jisl BUOYXY Ha PyJAHUN Ma-
TepiaJl 3HAYHO MOCHJIIOBANIACSA, BHACIIZOK YOrO 3pOCia CTYHiHb PO3KPUTTS MIKPOT-
PILIMH.
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Takum 4uMHOM, MO€AHAHHS TEHETHYHUX OCOOIMBOCTEH, CIIOCOOY MiJrOTOBKU
Py IS TiJ3€MHOTO BIUIYTOBYBaHHS MPU3BOIMIO 0 YTBOPEHHS B OUMCHIN Kamepi
BUJIYTOBYBaHHS IITYYHO CTBOPEHOI MPOHUKHOI 30HHM, B SIKii BEJIMKA YaCTUHA PYIHUX
MIHEpaIiB PO3KPUTA JJIsl AOCTYNYy KUCJIOTHUX PO3YMHIB 3a CUCTEMOIO TPILIUH 1 MIK-
porpiminH. OTPUMAHHIO TOCTOBIPHUX JAHUX CIPHUSIO MPOBEACHHS 3HAYHOIO 00CsTY
eKCIIEPUMEHTAILHUX pOOIT — y 6110111 5 - 86 maxtu «IHrynbcbkay Oyio mepepoOaeHo
3a HOBOIO TE€XHOJIOTI€0 8,25 THUC. T BIOMUTOT 1 3aMara3iHoBaHoOi pyau. PimeHHs Bir-
paioBaTy S-i pyIHUN MOKJIA] 3arnacu 0J0Ky 5 — 86 METO0M MiA3EMHOTO BUITYTOBY-
BaHHS 0OYMOBJICHO HACTYNMHUMHU YMHHUKaMU. lle Hu3bKui (1mo3abaiaHcoBUit) BMICT
ypany B mokisaai Ne 5; copusiTiivBa Teojoro-CTpyKTypHa CHTYyallis B pailoHi OJIOKY,
10 0OyMOBJIEHA BIJICYTHICTIO 30H BIJIKPUTO! TPIIIMHYBATOCTI, a TAKOX 3a/J0BLIbHA
riporeosyioriyia OOCTaHOBKA, IO XapaKTEPHU3YEThCS BOJAONpUILIUBOM 0 1,0
M°/100Yy.

[ligroroBka 3amaciB OJIOKY 110 MPOLECY BUIYTOBYBaHHS IPOBOJMIACS CHUCTE-
MOIO pO3pOOKHM MIANOBEPXOBUX LITPEKIB 13 3aCTOCYBAHHSM TOPLIEBOTO BUIIYCKY per-
JaMEHTOBAHOI YaCTUHU PYAM JUIsl CTBOPEHHS! KOMIEHCAlliHOro npoctopy. ['ipHuyo-
MPOXITHUIIBKI pOOOTH 3a0€3MeUy0Th 3aMacH1 BUXO/IU, MPOBITPIOBaHHS, OypiHHS CBe-
PAJIOBUH, BUITYCK 1 JOCTAaBKY TIPHUYOI Macu, pO3MIIIEHHS TEXHOJIOTTYHOro 00Jiaj-
HauHs. 06’ €M BHKOPHUCTOBYBAHHX ICHYIOUMX BUPOOOK CKiaB Gmu3bko 100 M°, noxart-
KOBHIi1 IPOeKTHHI 06csr mpoxoxku craHosus 290 M a6o 1850 m°. [lepenbaueHi mpo-
eKTOM OypoBi poOOTH CIIPSMOBaHI Ha PO30YpPIOBAHHS 3amaciB OJOKY, CTCIMHH Tif
TOPU30HTOM 3POIIEHHS JJI 3pOIIYBabHUX TPyO, oOJMagHaHHS MEpPEekKl CIOCTEpPexk-
HUX 1 JApeHaXHUX CBepsIoBUH. Jlisi 3abe3meueHHsl 3a/aHOTO IPaHyJIOMETPUYHOTO
CKJIaAy BIIOWTOI pyIu NpPHIHSATA MiJIBUIIEHa BUTpaTa BUOYXOBUX PEUYOBHUH Ha Bij-
OliiKky pyau B yMOBaxX 3aTUCHYTOI'O cepejioBHINa. byiBenbHO-MOHTaKHI poOOTH B
OJsiol moJsisirajii B OOJaJHAHHI BEHTHJISIIIIHHO-XOJIOBOTO, TEXHOJOTIYHOTO Ta PyI0
3BAJIIOBAJILHOTO MIAHSATTEBUX, OCHAIIEHHS BUPOOOK OCHOBHOI'O BIJKATOUHOI'O T'OpH-
30HTY — 280 M, a TaKOX B YCTAaHOBJICHH] TEXHOJIOTTYHOTO YCTAaTKyBaHHS AJISl IPOLECY
BuTyroByBaHHs. [linroroBka 070Ky /10 Mpoliecy BUIYTOBYBaHHSA MoJjsrana B opopm-
JIEHH1 TOPU30HTY 3poleHHs (210 M) 1 TOPU30OHTY YJIOBIIOBAHHS MPOAYKTUBHUX PO3-
yuHiB (240 M). 3 METOIO YJIOBIIIOBAaHHS aBapiiHUX MPOTOK 1 3a0€3MEUECHHS] KOMITaKT-
HOCTI TE€XHOJIOTIYHHUX KOMYHIKaIlii, 3 PO3BiAYBaJIBLHOTO OpTa Topu3oHTy 240 M Ha
ropu3oHT 210 M IPOXOAUBCS XOJOBUM — TEXHOJIOTTYHUN MITHATTEBUM. Y pa3i BUTOKY
3aKMCHUX 1 MPOAYKTUBHUX PO3YMHIB, iX MPOTOKHU IO KaHABl PO3BIAYBaJBLHOTO OpTa
NOTPAIUISUTH B 3yMII() MPOMUCIOBUX PO3UMHHHKIB. [licis 3aBepiieHHst poOiT Mo BH-
JYTOBYBaHHIO Ta MPOBEACHHS HEUTpamizaiii 6JOKy y BCiX MPUIETINX BUPOOKAxX To-
puzonTiB 280, 240 1 210 M copyIKyBaJIMCs 130J1F0I041 Ta BEHTWIAIINHI TEPEIOHU
JUIS 3aI00IraHHs eMaHallii paJioHy.

TexHomoris BIAIPALIOBAHHS JUISIHKA M1A3€MHOIO OJIOKOBOTO BHIIYIOBYBAaHHS
MICTHJIa HACTYIHI oNepalii: Mara3uHyBaHHs BIJOUTOI pyau B OJIOLI; 3pOLIEHHS pyAH
pPO3YMHAMU CIpYAHOI KMCIIOTH; COPOLII0 ypaHy 3 NPOAYKTUBHUX PO3UHMHIB pEreHepo-
BAHOI'O aHIOHITY; IHTEHCHU(IKallil0 MPOLECIB BUIYrOBYBAaHHA CTPYCOM BHOYXaMu;
BIJIKQUyBaHHS HAJUIMILIKY PO3YMHIB MICIsl COPOIli uepe3 roJI0BHUI BOJOBIUIMB MIaX-
TH; TPOMHUBKY 1 HEUTpami3aliio BIAIPalbOBAHOIO PYJHOI0 MaTepiayly IIAaXTHOi BO-
JI010 1 pO3UMHOM BamnHa. B X011 Oy1iBHUIITBA, KOMIUIEKTAIIll Ta BEACHHS MyCKOHaJIa-
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ro/pKyBaJbHUX POOIT MiATBEPAUIINCS OCHOBHI MPOEKTHI PillIEeHHS, YaCTUHA 3 HUX Oy-
Ja TeperisiHyTa 1 BiakopuroBaHa. [loyaTkoBHil eram MmiATBEPAMB BipHICTH A000PY
OJI0OKy 32 OCHOBHUMHU YHHHUKAMU: MiHIMAJIbHUN BOJOMPHUIUINB, TapHA KHUCIOTOTPHB-
KICTh 1 MOHOJIITHICTh BMIILLYIOUUX TOPIJl, BIICYTHSI HEOOX1IHICTh BUKOHAHHS B 3yMII-
¢dax 1 kaHaBaxX MPOMUCIOBUX PO3UMHIB J0JATKOBOI rijipoizosiii. Ha ropuzonTti 210
M CIOCTEpIrajocs YaCTKOBE 3aCMIYEHHS 3pONIYBAIBHUX CBEPJUIOBHH Ta OyJIO BHKO-
HAHO OOCaXKEHHS 1X BEPXHIX YAaCTHH. Y TPOIIECl 3pOIIEeHHs BiI0yBajgocsi 3a0MBaHHS
3amasitHuX CUT nepdopoBaHUX MOJIETUIIEHOBUX TpyO. [[ns 3abe3neyeHHs iX mpoyu-
IICHHS Ha KIHI1 TPyO 3pOIIeHHs OyJIM BCTAHOBJIEHI 3HIMHI CTaJIEBl TPOOKHU.

[lin yac BUKOHAHHS IMyCKOHAJIATOJKYyBaJbHUX POOIT MIATBEPAMIIACS BUCOKA
arpecHBHICTh TEXHOJIOTIYHUX PO3YHMHIB, III0 BUMArajo PeMOHTY B MPOIIECI eKCILTya-
TaIlli 3BapHUX MIBIB TPyOONPOBO/IiB, 3aMIHHU 3aCYBOK 1 pobouux Koiic HacociB. [loua-
TKOBI1 PE3yJIbTaTH POOOTH MOKA3AIHU CYTTEBY 3AJEKHICTh €(PEKTUBHOCTI MIPOLIECY BU-
JTYTOBYBaHHS (3 TUMYacOBOTrO (PaKTopy) Bia pobodoro 06’ emy 3ymrda mpoOMHUCIOBUX
po3uuHiB. OnTuMansEuM € 06’em y 70 — 80 M°, daxTiunuii — 20 m°. TloyaTkoBuii
JIOCBIJT €KCIUTyaTallli BUSIBUB TaKUN HETaTUBHUN (haKTOp, sIK HASBHICTh 3HAYHOI K1JIb-
KOCT1 3a0pyHIOIOUMX TBEPAMX BKJIOUEHb y BiIpEreHepOBaHii MO, 10 MOCTaBIIS-
€ThbCS 3 TiApoMeTanypriiinoro 3aBoay (I'M3). Tomy npuiHATO PILIEHHS 110 MOHTAXY
Ha ['M3 aBTOHOMHOTO BYy3Jla pereHepailii CMOJIM JJIsl JOCHITHUX AUISTHOK OJIOYHOIO
BUITYyroByBaHHsA. OJIHI€IO 3 TOJIOBHUX TEXHOJIOTIUHUX OMeEpalliil mpu 6JI0YHOMY BUITY-
rOBYBaHHI ypaHy € 3pOLIEHHS 3aMara3MHOBAHOTO PYJIHOIO MaTepialy B KaMepl O4u-
cHoro OJyioKy. JlMHaMmika Ipolecy BHJIYTrOBYBaHHsI ypaHy BHU3HAUA€ThCS PEKUMOM
3pONICHHS PYJHOTO MaTepianxy: HOro IHTEHCUBHICTIO Ta NepioanyHicTio. Bubuparoun
BapiaHT 3pOIICHHS MpH OJIOYHOMY BHIIYTOBYBAaHHI BPaxOBYBaJIM 3HAYHY KIIbKICTh
yuHHUKIB. Lle rpanymomMeTpuuHMii CKIaja pyad, aKTUBHA MMOPHUCTICTh PYyaH, 3aMara-
3MHOBaHOI B 0JI0I1i; (pi3UKO-MEXaHIYH] BIACTUBOCTI PY.H, 11 3JI€KYBaHICTh 1 BOJIOTO-
€MHICTB; BUCOTA KAUISIPHOTO MIJHATTSA PO3YHHY B PyJHOMY MAacHUBI, COJIbOBHI CKJIaja
NPOAYKTUBHHUX PO3UMHIB, KOHIIEHTPAIlisS BUTPABIIOBATHHOIO PEAreHTy; 4ac KOHTAKTY
PO3YMHY 3 pyAHUM MaTepiajioM.

Sk B1IOMO, YpaHOBE 3pYJICHIHHS B albOITUTAX BIJHOCUTHCS, B OCHOBHOMY, /10
TOHKOBKPAIJICHOTO THITY, III0 BUMAara€ OTPUMAaHHs BHUCOKOTO CTYIEHS MOAPIOHCHHS
PYAM i Yac MPOBEACHHS OYpOIIIPUBHUX POOIT. Y MaTepiaabHOMY CKJIAJl Py Iie-
pPEBaXaIOTh JIY»KHI1 NOJbOBI 1mmatu (monan 80%), AKi € KUCIOTOTPUBKUMHU MiHepasa-
MU. BHaciI0K 1bOTO MpY KUCIOTHOMY BHJIYTOBYBaHH1 ypaHy MPOJIYKTUBHI PO3UUHU
BOJIOJIIFOTh HU3BKOKO MiHEpaTi3alli€ro 1 He BUMAaraloTh J0JaTKOBOrO odHIneHHs. Ha
OCHOBI1 XapaKTEPUCTUK CUPOBUHHU 1 pe3yJbTaTIiB, OTPUMAHUX HA JOCIITHOMY MOJIrO-
Hi, K HaWOLIbII e€EeKTUBHUN NPUUHATHN 1HQUIBTPAIIAHOT PEKUM 3POIICHHS TPH
migpHOCT] He Ginbime 30 M>/rof, 10 3a6e3medye pyX BUTPABIIOBATBHAX PO3UUHIB Y
MIXKYCKOKOBOMY IIPOCTOPI1 IPU HEMOBHOMY HOr0 HACHUYEHHI. Y I[bOMY BHIAJKY 3a-
Oe3neuyeTbcsi HEOOXIMHUN Yac Uil KOHTAKTY PO3YMHHHMKA 3 TIOBEPXHEIO PYIHOTO
MaTepiasly B MPUCYTHOCTI KUCHIO 3 TOBITPS, 10 3a0e3Meduye HaOUIbII CIpUSATINBI
($13UKO-XIMIYHI YMOBH JJi1 MacooOMIHHMX TpoueciB. Kpim Toro, npu iHpiIbTpaiii-
HOMY pEXHMIi 3pOIIEHHS CTBOPIOIOTHCS YMOBH, IO MEPEHIKOKAIOTh PO3TIKaHHIO
pOOOUYMX PO3UMHIB 32 MEXI1 JIOCTITHOTO OJIOKY 4Yepes3 MiInoBepXxoBy BUpPOOKy. Ilepe-
BaraMu 1HQUIBTPAIIHHOTO CIIOCO0Y TAaKOXK € 3HAaYHE CKOPOUYCHHsI 00’ €My LHMPKYIIIO-
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I0YOT0 PO3YMHY 1 30UIBIICHHIO KOHLIEHTpAlii ypaHy B MPOIyKTUBHOMY pPO3YHUHI, a
TaKO>X 3MEHILIEHHS BUTPAT KUCIoTU. L1 ¢pakTopu, OkpiM MOKpaImieHHs: TEXHOIOTTUHUX
MOKA3HUKIB MPOLECY BHIIYTOBYBAaHHS, CYTTE€BO 3HIKYIOTh LUKIJJMBUNA BIUIMB Ha Ha-
BKOJIMIITHE CEPEOBUIIIE.

Po6oui po3unnu 3 ropuzoHTy 3poiieHHs (210 m) yepe3 cuctemy nepdopoBa-
HUX TMOJIETHICHOBUX TPYO NiaMeTpoM 16 MM MojaroThbcs Ha MOBEPXHIO PYy/AH, 3aMa-
ra3uHoBany B Oo1i. TpyOu BcTaBieH1 B 48 cBepIJIOBUHAX, TPOOYPEHUX 3 TOPU3OHTY
210 M BHU3 y Kamepy OJ10Ky. 3arajbpHa JOBXHHA ITUX CBepsIoBHH ckiagae 309,2 wm,
MepeXka TOYOK 3POIICHHS JocsTIa 2X2 M. 3pOIIeHHS TPOBOAUTHCS TeploAudHO 1o 30
XBWIMH IpHU nay3ax 2 — 3 roa. [lix gac may3 cTBOPIOIOTHCS CIPUSTINBI YMOBU IS
aeparlii pyJHOro MaTepially Ta PO3BUTKY OKHCIIOBAJILHUX IPOIIECIB, SIKI CHPHUSIIOTH
Hepexoy ypaHy 13 BaXKKOPO3UMHHOT YOTUPUBAJIEHTHOI (POPMHU B JIETKOPO3UYMHHY IIIe-
CTUBAJICHTHY. BUIyroByBaHHs ypaHy 3A1MCHIOBAJIOCS PO3YMHOM CIpYaHOI KHCIIOTH.
KoninienTpoBana kucioTa 13 3ali3HMYHOI ITUCTEPHU HA CIHELI1AIbHO MOOYI0BaHOMY
BY3JIl IIEpeKavyyBajlacd B €EMHOCTI-BarOHETKH JJIsl OJAJBLIOrO CIycKy B maxry. Ile-
PEBAaHTAXXEHHS KUCJIOTU 3AlMCHIOBaJlacd B JEHHUM dYac UIIOpIYHO. €MHOCTI-
BAaroHETKH MO CTBOJIY B IIAXTY OMYCKAJIHUCS 1 AOCTABIISIIMCA HA TOPU3OHT 3POIICHHS,
JIe KUCIIOTa CaMOIUIMBOM HAJIXOJIUjIa B 3yMI( sl IPUTOTYBAHHS POOOYUX PO3UMHIB.
[Ticns mepeminryBaHHS 3 IIAXTHOI BOJIOIO BU3HAYANIACA KUCJIOTHICTh PO3YMHIB, sIKa HE
noBuHHA Oyna nepepuiryBatu 80 — 100 /1, micis 4oro po3unHM MOAaBaIUCS B KOJie-
KTOP CUCTEMHU 3pOIICHHS IS 3aKUcIeHHs pyau B Onoui. [Iponec 3akucnenns 8248 1
pynu TpusaB 40 110, micas 4OTO B PO3YMHI BCTAHOBWIIACS CTIKa KOHIIEHTpAIlis ypa-
Hy 110 1600 mr/n npu kucnotHocti 8 — 10 /1. Beboro Ha 3akucienns ButpaueHo 27,8
T KHCIIOTH, TUTOMa BUTparta ii ckinana 3,4 kr/t. [licns 3aBepiieHHs Tpolecy 3aKuc-
JICHHS] TIOYMHABCSI BJIACHE MPOIIEC BUIIYTOBYBaHHS Ta COPOIIiil 13 MPOJIYKTUBHUX PO3-
4yiHiB. [ eeKTHBHOTO BUKOHAHHS II€T onepariii BeIUKy poJib BiIirpaBajio CBO€Ya-
CHE BHUBEJECHHS HACMYEHHUX YPAaHOM PO3YMHIB 3 OYMCHOro OJIOKY Ha copOuiro. 30ip
IPOJYKTUBHHUX PO3YMHIB JUIsl COpOLIi MOYMHAETHCSA MICIAS OTPUMAHHS MEPIINX KOH-
TUUIAHKX po34yrHiB. Cuctema 300py pO3UMHIB yJIAIITOBAHA HACTYIIHUM YMHOM. Po3-
YMHU, MPOMIIOBIIM Yepe3 3aMara3uHoBaHy B KaMepl pyJy CaMOIUIMBOM IO IpHiima-
JbHIM KaHABIL BIABOAATHCS B 3yMII( 300py NPOAYKTUBHUX PO3UMHIB.

OO6csr HUPKYITIOIYUX TPOJYKTUBHUX PO3UMHIB OyB BU3HAUYCHHM 3aJIEKHO BIJT
IIUIBHOCTI 3pOIICHHS, MPUILIMBY MiJ36MHUX BOJI Ta YMOB 3a0€3MEUeHHs MPUHOMY
BCHOT'O OOCATY ITUPKYIIOIYOr0 PO3UMHY y pasil aBapii. 3 €0 METOI MpH PI3HUX
00’€eM MoJIaBAIbHUX PO3YHMHIB BUBYAJIACS JUHAMIKA HAJAXOHKEHHS 1X y IpUHMaIbHUI
symg. Tax, mpu 06’eMi OZAHOro Po3dnHY, MO AOPiBHIOE 20 M, IPOTSICOM MEPIIO]
106w B 3ymmd Hagifiuuo 12,2 M, y apyry — 5,5 M, y Tpetio — 2,4 M°, B 4eTBepTy —
1,1 M3, o B cyMi ckiano 21,2 M CepeHpOTI000BUI TTPHUILIUB III3EMHUX BOJ TPH
npoMy ctaHoBuB 0,33 M°. BpaxoByroun Takmii Majmii MPUILIKB ITi3€MHUX BOJ i BH-
XOJ49H 3 00’€My €MHOCTI MPUHUMaIbHOTO 3ymiida 00’e€M IUPKYITIOIOYUX PO3UMHIB
6yB npuitaaTuii 20 M°. 3a 350 1i6 npoBeieHHS POOIT 3 BUIYrOBYBAHHS BUTPATA KHC-
aotu ckiaana 103,5 T.

Y npuitHATIA TEXHOJOTIYHIA cxeMi, micias 300py MPOIYyKTUBHHX PO3YHHIB,
OCTaHHI MOAAIOTHCSA 3a Honomororo Hacoca AX-45/54 na copOuiiiHy KOJOHY, 1€ Bij-
OyBa€ThbCsl BUIIYYEHHS ypaHy 3 IMPOJYyKTMBHHMX po3uuHiB. [logada po3uuHiB MpoBO-
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IUTHCSI 3HU3Y BrOpy, COpOIIis 3M1HCHIOEThCS HA aHIOHIT (cMoiry) AMII, Bara sikoro B
KOJIOHI JopiBHIOE 3 T. IIBHIKICT HPOXOJKEHHS NPOAYKTUBHHX DPO3UMHIB 4YEpe3
cMouty craHoBmia 4 — 5 m/ron. Ilicias KomoHH MaTodHHK ((BinbTPaT) HAZXOAMB Ha
IPOXOT 1 JaJli CAMOILJIMBOM B CUCTEMY 3pPOIIEHHSI, 1[0 3HAYHO 3MEHIIWIO €(EeKTUB-
HICTh 3pOUIEHHS W 3yMOBWJIO MEPIOAUYHICTh pekuMy copOuii. OcTaHHS BUKJIMKaHA
THUM, IO MiJ 4Yac copOIii po34YMHU HE MIAKUCIIOBAIUCA 1 KHCJIOTHICTh iX Iajana,
3HIKYBAJIacsl KOHIIGHTpALllsl ypaHy B MPOAYKTUBHOMY PO34YHUH1, COpOLIis 3yHUHsIaC.
[ToTiM po34rHM MIIKUCISUIIH 1 IPSIMYBJIM Ha 3POIICHHS, SIKI IUPKYTIOBAIA B CUCTEMI
710 TOCATHEHHS KOHJIUIIIMHUX KOHIICHTPAIllil ypaHy, 110 BITHOBJIIOBAIO COPOIIiO.

3a micTh MUKIB copOii (HackueHo 6 mapTiii cMonu) mepepobieHo 8765 M
PO3YMHIB 13 CEpellHIM BMICTOM ypaHy 328 mr/i, copOoBaHoro Ha aHioHIT 1559,7 kr
ypaHy IpH cepenHiii eMHocTi aHionity 54,8 kr/m’. HeoOXigHO 3a3HAuMTH, 1O mpHU
copO1ii ypaHy Ha CBIKMU aHIOHIT MakKCHMajibHa MICTKICTh MOT0 MO ypaHy CKJiaja
65,58 Kr/M°, a Ha aHIOHIT, pereHepoBaHmii Tmicis BUpoGHHUUOro mporecy I'M3 — 49,7
KI/M°, IO HOSICHIOEThCS 3HAYHMM HOro 3a0pyaHeHHsM. bananc BUTpauaHHs 4acy Ha
TEXHOJIOT1YHI MPOILECH, MOB’5I3aHl 3 BWJIYTOBYBAaHHSM HACTyIHI: 3akucieHHa — 40
110, 3pouIeHHs 1 BUIyroByBanusa — 87 a10, copOuist — 128 116. CymapHa TpHUBaIiCTh
poOIT 3 ypaxyBaHHSIM PEMOHTIB 1 MPOCTOIB Yepe3 BIICYTHICTh aHIOHITY ckjajna 350
n16. Hacuuenuit aHioHIT sBjsie COOOI0 KIHIIEBUU MPOIYKT T1IPHUYO-XIMIYHOI TEXHO-
jorii 6JIOYHOro BWJIYTOBYBaHHsS Ha mmiaxTi. [y mojmanbiioi mepepoOKH HACHYEHY
CMOJIy 3 KOJIOHM IMEePEBAHTAXyBaIH y CIELIaIbHO BUTOTOBJIEHI €MHOCTI Ha I1aci 1ia-
XTHHX BarOHETOK 06°€MOM 2,2 M’ B SIKHX BOHH TPAHCIIOPTYIOTHCS A HA IOBEPXHE-
BHif KOMIUIEKC, JI¢ TIEPEBAHTAXKYIOThCS B aBTOLHCTEPHY 00°eMoM 6,4 M°. Po3uuH, 1110
HAJXOAUTH 13 CMOJIOIO, JPEHYEThCS 4Yepe3 (PuIbTp-maTpoOH, a 3HEBOJHEHA CMOJja 3a-
JUIIAETHCS B aBTOIMCTEPHI, MIOJAO 3allOBHEHHS SKOI IPOBOJMTHCS BHUMIP 00’ €My
CMOJIHU Ta BiaOip mpoOu, BIAMOBIIHO 10 1HCTPYKIIiT, 3aTBEPKEHOI BIIIIIOM TEXHIY-
Horo koHTpoito I «Cxial 3K». ITotim cmoia TpancnopryeTrbest Ha M3 B M. JKoBTi
Boau i nogansiuoi nepepoOku 3akucy-okucy ypany. Ha I'M3 cmouna perenepyeTs-
Csl 1 IOBEPTAETHCS HA LIAXTY.

Crig 3a3HaYUTH, 110 HA TIEPEBE3EHHS CMOJIM ABTOTPAHCIIOPTOM OTpHMaHa crie-
mianbHa JineH3is. [licas 3aBaHTaXKeHHS Ta BUBAHTAXXEHHS CMOJM B 00OOB’SI3KOBOMY
MOPSIAKY MPOBOAUBCS BHYTPIIIHIN 1 30BHINTHINA JO3UMETPUYHUNA KOHTPOJIb aBTOTPaH-
cnopty. Hi Ha oiHiil 3 6 aBTOIMCTEPH HE BCTAHOBIIEHO MEPEBUILEHHS JOMYCTUMOIO
piBHS pajioakTuBHOro (oHy. TakuM 4uHOM, POOOTH 3 BIPOBAKEHHS TIPHUYO-
XIMIYHOT TEXHOJIOT1T BIAMpAIfOBaHHS O1THUX ypaHOBUX PYJ Ha maxTi «IHTyJIbChKay
HIT «Cxial'3K» manu mo3uTuBHI pe3yibTaTh. 3aCTOCYBaHHS HOBOI TEXHOJIOTIT MOPIiB-
HSTHO 3 TPAJIULIIMHOIO JO3BOJIMIO CKOPOTUTH OOCATH KamiTalbHUX 1 MATOTOBYUX Tip-
HUYHUX pOOIT, a TaKOX OOCSATH BUIA4l pyJHOI Macu Ha moBepxHio Ha 80%; CyTTEBO
3HU3UTH BUTPATU HA TPAHCHIOPTYBAHHSA, BiAOIN, MOAPIOHEHHS 1 XIMIKO-TEXHOJIOTIYHY
nepepoOKy ypaHoBoi pyau Ha 'M3. Kpim Toro, 3’sBHIacsi MOKJIUBICTh PO3IIMPEHHS
CHUPOBUHHOI 0a3u 3a paxyHOK 3allydyeHHs J0 BIANpalOBaHHs OITHUX ypaHOBHUX DY,
HE MPUAATHUX JJI1 PEHTAa0eIbHOro BUIOOYTKY 13 3aCTOCYBAHHSAM TPAIAUIIAHOI TeX-
HOJIOT1.

[Tounnaroun 3 2010 poxy HAIT «Cxinl'3K» ycnimHo peanizye KOMIUIEKC 3aX0-
JIB 11010 BIJIMIPAIIOBAaHHS METO/IOM I11/I36MHOTO CBEPJIOBUHHOTO BUJIYTOBYBAaHHS Ha
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CadoniBcekomy pomosutii (KazankiBcekuii paiton, MukomnaiBceka 00:1.). [ToTyxHICTH
ponoBuia ouiHweThCs B 100 — 150 T kOHIEHTpaTy ypaHy Ha pik. MeToJ BUIyroBy-
BaHHS, SIKMM 3aCTOCOBYBaMEThCS Ha MM JUIHHUII, OKPIM CBOEI €KOJOTIYHOCTI JacCTh
peaJIbHUN €EKOHOMIYHUH eeKT uepe3 HU3bKY CO0IBapTiCTh Takoro BuaA0OyTKy. Ilome-
peaHsl BapTiCTh OYJIBHULITBA KOMIUIEKCY Ha POJOBHILI OLIHIOETbCS B 200 MIIH TpH,
Komrru Ha peanizaliito IpoeKTy IUIAHYEThCS 3ayYUTH 3 IEP>KOI0KETY B paMKax pea-
mizamii gepskaBHOi mporpamu «Ypan Ykpainuy. [Ipoekt OyaiBHUIITBA PyIHHUKA PO3PO-
onennit [I1 «YxkpHAInpomrexnomorii» (Korti Boau, {ninponerpoBcbka 0071.).

1.6.3. Po3Biaka pogoBuII CipKU

VYkpaina 6arata pecypcamMu CaMOpPOJHOI CIPKH, OCHOBHI 3aIlacy SIKOi po3Millie-
Hi B [lepeakapmnarcekomMy cipkoHOCHOMY Oacelini (JIpBiBchbKa Ta IBaHO-PpaHKiBChKA
0011.). Cipka 30cepemkeHa B 0ararbox poJIOBHUINAX, SIKI MPOCTATAOTHCA Bia SIBOpoBa
(na 3axoxi JIpBIBIIMHM) 1 AyTh B310BX npaBodepesxks Juictpa. Paltonu Po3nona 1
HoBosiBopiBCcbka — rojioBHI Miclisi BUAOOYTKY 1 epepoOku cipku. Bona 3ansrae ne-
rOoKo BiA moBepxHi (10 50 M) 1 po3poOIISIETECS BIAKPUTUM criocoboM. Bmict cip-
KU, SIKa 3aJIAra€ y Meprejsax 1 BarnHskax, Bucokuit (1o 30%). PogoBuina camopoaHoi
cipku B Ilepeakapnarrti (HoBuii Po3ain, SIBopiB) He Tinbku 3a0e3meuyroTh NOTpeOy
VYkpainu, ane i 103BOJSIOTh €KCIOPTYBATH CIPKY, XOuUa 3 TOYKH 30PY €KOJIOTI4HOI
Oe3rnekn YKpaiHu CIIiJl 3HAYHO 3MEHIIUTH MacIiTabu ii BUIOOYTKY.

Ilepeakapnarcobki cipuani pogoBuma. Ha tepuropii 3axiguux obmacteit Bij-
KpuTo 18 ponoBuIl CIpKH 1 BUSIBJIEHO OUIbIIE MOHAJA CIPKOBHUABIB, SIKI IPOCATAIOThH
B3JIOBXK MiBJACHHO-3aX1IHOTO Kparo Pociiicbkoi muaTdopmMu B cMy3i CHOTy4YeHHS ii 3
30BHIIIHBOI 30HOI0 [lepeakapnaTchKoro KpaiioBOro mporuHy 3 miBHOYI 1 cxony. Be-
JMKa YaCTUHA POJIOBUIN MPUMHUKAE 10 30HU (JIEKCYp 1 CTYMIHYACTHX CKHUIIB, pO3Ta-
[IOBAHMX y KpaloBii YaCTUHI 30HU CIIOJIyYEHHS IPOrUHY 1 Ii1atopmu, a BCl IPOMHU-
CJIOB1 CKyMYEHHS CIPKM MPUYPOUYEHI JI0 XEMOT€HHUX HAJIriNCcCOBUX BamHsAKIB Partun-
CBKOI'0 TOPU30HTY TIpachbkoi CBITH HeoreHy. [IpoMUCIOBl CKyITUe€HHS CIPKH F€HETHY-
HO IOB’s3aH1 3 BanmHsKamu. [ TMOMHA 3aliaraHHs BalHSKIB 3 CIPKOIO HaBITh Y MeXax
OJIHOTO POJIOBUIIA 3MIHIOETHCS BiJ JEeKUIbKOX AecsaTKiB 10 300 m 1 6utbme. [ToTyx-
HICTh 1X KOJMBAETHCS BiJ JEKUIBKOX caHTUMETPiB 10 20 — 25 M. BmicT cipku Takox
3MmiHIOeThea Bim 2 —3 1o 30%. BepxHi mapu BamHsKIB HaWYacTile CIPKH MICTSTh
nyke mMano. Pi3HoOMaHITHI 1 CKJIaHI KOHTAaKTH PATHHCHKUX BaITHAKIB 3 CAMOPOJIHOIO
CIPKOIO 3yMOBHJIM BHJIUICHHS PI3HUX TEKCTYpHUX PI3HOBUIIB cipuanux pyn [lepen-
Kaprnarcbkoro Oaceitny. HaiOinpmr mommpeHuMu € ApiOHO- 1 TOHKOBKpAIUICHI Ta
BKparuieH1 pyad. Takl pyau 3yCTpiyaroThCsl Maiiyke Ha BCIX CIPYaHHMX POJOBUILNAX Oa-
celiHy, 0co0auBO X 0arato B HMKH1M yacTrHI [10I0pOKHSIHCHKOTO POJIOBHIIIA.

VY 1abn. 1.4 HaBegeHa XapakTEPUCTHKA CIpYaHUX PYJ, 110 3yCTPIYAIOTHCS Ha
SI31BCbKOMY POJOBUIII 3 3a3HAYEHHSAM CEPEIHbOIT MOTY>KHOCTI 1 BIZICOTKOBOI'O CKJIaay
PI3HHUX PYJ, a TAKOX arperaTHUX pi3HOBUIIB BKpaIieHb CipKku. BuaHo, 110 HaBITH y
Mexax Heenukoi auistHku (100 x 100 M) ogHOTO POJIOBHINA TUIIU Py JOCUTH Pi3-
HOMAaHITHI, sIKI 00yMOBJIIOE€ BEJIMKUN PO3KHU]] OCHOBHUX IapaMeTpiB, 10 XapaKTepH-
3YIOTh iX (p13UM4HI 1 TEXHOJOT14HI BIACTUBOCTI. OCOOIMBOCTI Ireosiorii CipyaHuX po-
nosuil [lepenkapnaTrTs po3risitHeMo Ha npukiaai fA3iBcekoro 1 HemupiBcbkoro cip-
YaHUX POJIOBHILL, SIK1 MEPCIIEKTUBHI 11 ekcrutyaraitii metogom [IBC.
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Tabmuus 1.4

Ckunan cipyaHux pyz f31BCbKOT0 poJoBHUIIA

Bwmict arperatHux pizHOBHUAIB
2 ° cipkn,%
® 2 < i
=5 | 2 |sgE| & | &
2 ! )
Fyma 2% | 5 |28%5| g& | ig
©c | Z |gEg| Eg | £
=) SN =
= O o a3 2 =
= g =
1 2 3 4 5 6
BanHskoBa 3 nepeBaxaHHIM
CYIIJILHUN MPUXOBAHOI TOH- 14,1 87,6 58,3 29,1 12,0
KOKPHUCTAJIIYHOI CIpKH
Y Tomy umcni:
['HI3/10BO-BKpaIieHa 10,0 57,8 62,2 26,3 11,5
Bxpanuiena (po3mip Bkpari- 6.7 20.8 50.8 34,5 14,7
JICHHS JI0 5 MM)
1 2 3 4 5 6
BaHHﬂKOBa} 3 IIEPEBAKAHHAM 1.7 7.6 14,1 79.8 6.1
TOHKOPO3CISIHO1 CIPKH
BaHHﬂKQBa 3 PO3BUTKOM SBHO 2.5 3.4 18,6 47.0 34.6
KPUCTAJIIYHOI CIPKU
CepenHi MOKa3HUKHU 110 Barl- 08.6 53.6 33.6 12.8
HSIKOBUM pyJam
I'muaucra 0,3 1,1
OxwucneHa 0,3 0,3

[NncorigpuToBHil TOPU3OHT (IMiAOIIBA PYIHOTO IJIaCTa) BIAPI3HAETHCS BUTPHU-
MaHICTIO SIK IO MOTY>KHOCTI, TaK 1 3 JITOJIOTIYHUM CKJaZoM. BiH npencraBieHuii aH-
TIApUTaMH, TIICOTIAPUTAMHU 1 TIIICAMM 3 JIIH3aMU TJIMH, BaIlHSKY, IICKY, IICKOBHUKIB.
PaTtuHCHKUI TOPU3OHT MpPEACTaBICHUI OCIPKOBAHMMHM 1 HEOCIPKOHMMH BalHSKAMM,
nemToMoppHOT a00 TOHKOAPIOHOKPUCTATIIYHOI CTPYKTYpPH, 3 JIIH3aMU MEprefiB 1 mi-
CKIB, 110 3allOBHIOIOTH KapCTOBI MOpoxHeYi. [[0TyKHICTh BalHAKOBOIO TOPU30HTY
POJIOBHUIIA KOJUBAETHCA BIJ] JEKUIbKOX caHTUMETpiB 10 20 — 28 M. Ha aeskux maiisiH-
KaX POJIOBHUIIA BAITHSIKHA BIJICYTHI, YTBOPIOIOTh CBOEPIAHI BiKHA. Y TIBJACHHO-CXIJIHIM
YaCTHHI POJIOBHINA B IIOMY PsJi Micllb PaTHHCHKI BalHSKU BUXOATH Oe3nocepe/-
HBO MiJ] YeTBEPTUHHI BIJKJIAJICHHS, a HA 3aXiJl JO MIBACHHOTO 3aX0Jy BOHU 3aHYpPIO-
IOTHCS M1]] TIMHUCTO-MEPTEIUCTY TOBILY BEPXHHOI'O TOPTOHA Ha INnOuHY noHaza 300
M. HikHs yacTrHa HaApy HUX BaIlHAKIB 3a3BHYail TPIIIMHYBaTa, KABEpHO3HA HEOCI-
pKoBaHa, iX moTyXHicTh 70 1 — 1,5 M. [lepexia HEocipkoBaHUX BaIHAKIB Y OCIPKY-
BaHHI, SIK [IPaBUJIO, Pi3KUil. BepxHs yacTHHA PyIHOIO TOPU30HTY HalyacTille Mpea-
CTaBJieHa MIUIbHUMH, MAaCHBHHUMH OCIPKOBAaHMMH  BalHAKaMH TPUXOBAHO-
KPUCTAIIYHOI CTPYKTYPHU 3 OKPEMHUMH KaBEpHAMU PO3MIPOM BiJ] AEKIIBKOX MM 10 1 —
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2 cm. Jlo migomBy KaBepHO3HICTh IOCTYTOBO, & 1HOI 1 Pi3KO 301IbIIY€EThCS, JOCATAE
BI3yasibHO 3 — 8% Bi 00’ €My MOpOAU.

3a XapakTepoM PO3MIIIEHHS CIPKM B PYJHOMY IUIACTI MOKHA BHUJILJIUTH JBa
OCHOBHMX TEKCTYPHUX THUIIM CIpUaHMX PYJ: BKpaIUIEHI 1 MPOXKUIKOBO-BKPAIUICHI.
ToHkoBKparieHi pyau MarTh BEIbMH MiAMOPSAKOBAaHE 3HAYCHHS, CKJIAaJaloud HE
outbm 10 — 12%. Cipka B OCHOBHOMY CKpUTOKpicTasiyHa. Ha paTuHCEKOMY ropuso-
HTI HE3T1IHO 3aJIATal0Th BIJIKIIAJICHHS MIIIAHO-TJIMHUCTI-MEPTeSIMCTI TOBIII BEPXHBO-
ro ToproHa. OmnucyBaHa TOBIIA (3HU3Y Bropy) IMpeACTaBICHa KBapIEBO-
BaITHAKOBUMU ITICKOBUKAMH, MIIIAHUCTUMHU MEPresisiMU, TJIIMHUCTUMU MEPresiMu 1
riMHaMu. YeTBepTUHHI BIAKJIAJACHHS HA POJOBHIII Y IJIOMY MalOTh MOBCIOJHE IO-
IIUPEHHS 1 MPEACTaBICHI MICKaMH, CYTICKaMH 1 TIIMHAMMU.

['eonoriyna 6ynoBa HemupiBChKOTO pOJOBUIIA CKIATAETHCS 3 TAKOTO KOMILIE-
KCy TOpiJ, sIKi OyiM omucaHi BUIIE. 3a JITOJOTIYHUM CKJIAJOM MOPOJH, IO CKaja-
10Th HemupiBchbke poOAOBHIIE, MOKHA BBa)KAaTU MIBHIYHO-3aX1JIHUM TMPOJOBKEHHSIM
S3iBchkoro pogosuiia. Sk 1 Ha S31BCbKOMY pOAOBHILI, PYJHUN TOPU3OHT SIBIISIE CO-
0010 MIacTonoA10HUM MOKJaJ CIpKOBMICHUX BamnHAKiB. [liBHIYHA ¢uiekcypa mofiise
POJOBUIIE HA JBI YACTUHU 3 Pi3HOIO MIMOMHOIO pyaHOTO Tina. [liBHIYHO-CX1AHA Mij-
HSITAa YaCTUHA POJIOBUIIA 3aiArae Ha riauouHi 25 — 110 M, miBAeHHO-3aX1/IHA OMyIIeHa
yacTWHA — Ha TIONHY 148 — 260 M. 3a JTITOJOTTYHUM CKIJIAJIOM PyAH BUTPUMAHI, 1€ B
OCHOBHOMY BaITHAKOBUH THI PYAH.

1.6.4. Po3poOka COJITHUX POJOBUII

Pecypcamu HaTpieBoi (OBapeHO1) CoJll B YKpaiHy € BIAKIAJEHHS KaM’ sIHO1 CO-
J1, pO3CoJin 1 camoocajiHa cuib 03ep [IpuuopHOoMOpCchKOro periony. ¥ kpaiHi po3ra-
[IOBAaHO YOTUPH BEJIUKUX CoOJieHOCHUX Oaceiinu: JloHenpkuii, JIHIIPOBCHKO-
HNoueupkuid, 3akapnarcekuii Ta [lepeakapnarcekuil. B ocTtanHe necaTWimiTTs 0yJio
BIJIKDUTO HOBUU paiiOH MOIIMPEHHS COJITHUX BIAKJIaJeHb, po3TamoBanuid y Ilpenmno-
OpymxuHCbKOMY nporudi (Onecbka 00:1.).

ApTemiBcbKe POIOBHINE — Haiibinbme B YipaiHi i 3aiimae miomy 179 kv’
BoHo po3po0iisieTbes 1°siThMa MIAXTaMU 3 CYMapHOIO MPOEKTHOIO MOTYXHICTI0 2250
Tuc. T coii Ha pik. Bmict NaCl Tyt cknanae 98 — 98,3%, a migpaxyHOK 3amaciB BH-
koHaHuil 10 raubunu 600 M. @akTUYHO BUIOOYTOK COJI1 B JAaHUM Yac 3/I1MCHIOETHCS
Ha rOuHax 150 — 280 m. Cinb ApTEMIBCHKOr0O POJIOBHUINA 3HAXOJUThH PI3HOMAHITHE
3aCTOCYBaHHA B YKpaiHi il eKCIOPTYETHCS B Oarato KpaiH.

HoBokapdarencbke i Ci10B’IHChKe POJAOBHUIIA PO3POOJISIIOTHCS CIIOCOOOM,
IpU SKOMY ClIb PO3UYHMHSIETHCS BOJIOIO, IO MOAAETHCS YEPE3 CBEPAJIOBUHU 3 MOBEPX-
Hi. CJIOB’STHChKE POJIOBMINE CKJIAJAETHCS 3 TPbOX IUISHOK, 3 SKUX PO3POOJISIE€THCS
TiIbkH Paitropojaceka, e ciib BUAOOYBaeThCsl 24 OypOBUMHU CBEPIJIOBUHAMM 3 TIIU-
ounu 379 — 630 M. PiuHa npoAyKTUBHICTB CKIaae 0au3bKko 55 tuc. T. [loBapena ciib
CnoB’sTHCBKOTO POJOBHINIA BUKOPUCTOBYETHCS JUIsl BUPOOHHUIITBA KyXOHHOT COJII BH-
moi sikocTi — ekcrpa. Ha HoBokapdareHchkoMy poJIOBHIIT, IO CKIATAETHCS 3 TPHOX
TUTSTHOK, TIANPUEMCTBOM «JIMCHYaHChKa COa» pO3pOOIIAE€ThCS TUIBKUA OJHA 3 HUX.
BunoOyTi TyT po3cOiM OYMINAIOTHCS 1 BUKOPUCTOBYIOTHCS y BUPOOHHMITBI coau. B
OCHOBHII 4acTuHl /[HINMPOBCHKO-JlOHELBKOT 3alauHi HUKHBOIIEPMCBHKI COJIEHOCHI
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BiJIKJIaJieHHsT po3TamoBaHi Ha riaubuaax 1500 — 2500 m i 6imemre. Sk 1 B Jlonbaci,
BOHU MOAUISIIOTHCS HA JIBA TUIU — COJICHOCHI 1 KajieHOCH1. JIJisi HUX XapaKTepHI Io-
TIOHUX PEYOBMHHUN CKIaj 1 OJu3bKI NoTyxHOCTI tiactiB. Y /I3 cnocobom po3uu-
HEHHs eKcIUTyaTyeTbesa €ppemiBebke poaosuile (XapkiBcbka 00J1.), TPUypOUEHE A0
IITOKY JEBOHCHKOT KaM’siHOi cojil. 3amacu po3Bijani Ao raubunu 1200 M 1 ckiaga-
10Th 539,7 maH T. ExcrimyaTaitist pofoBuIa 311iHCHIOEThCs [lepioTpaBeHChKUM TT11-
IPUEMCTBOM «XIMIIPOM», TPOEKTHA MPOAYKTUBHICTH sIKOro 270 THC. T TIpHUYOI Ma-
cu a6o 879 THc. M° poscoiy Ha pik. IL{opidHo TyT 0OYBarOThCS 6IM3bKO 60 THC. T
Kam’sHOi codi, BMicT NaCl B ki cranoButh 99,56%. Po3cin BUKOPUCTOBY€ETHCS IS
OTpUMaHHS XJIopy 1 KaycTuuHoi coau. [Ipu HuHIIIHROMY PiBHI BUIOOYTKY IPOMUCEI
3a0e3neueHuit 3anacamu O6inbmr Hik Ha 100 pokis.

Y /13 posramoBane Takox PoMeHCbKe poaoBHIe, IPUYPOUYEHE A0 IITOKY
JIeBOHCBHKOI KaM’stHOI codti. Moro 3amacu cranoBsTe 435,9 MuH T, a 3amacu ITiBgeH-
Ho-IlepenienuHCchbKO1 AUISTHKY, TaKOXK MOB’SI3aH1 3 COJSIHUM IIITOKOM, OLIHIOIOTHCS B
107,9 man T. TIO3UTUBHO OLIIHIOIOTHCS MEPCIIEKTUBUA PO3POOKH KaM’STHOT COJIl B Me-
xax JImurpiscrkoro, PoMmoganiBcbkoro, MeaBeJOBCHKOIO Ta AESIKUX 1HIIUX COJISTYU-
HuX KynoiiB. [lizpaxoBaHi MporHo3Hi pecypcu cojii B KammnHieBcbkii, JIOTOBUKOB-
cbkil, OnekciiBebki, CungBchbkii, BankiBebkii, ITo3uskoBcebkii, IcaukoBckii 1 Co-
JIOHUIIBKINA CTPYKTYypax.

VY 3akapnarcekomy cenuili CoOJOTBHHO eKCIJIYaTy€ThCSl POAOBHUIIE
KaM’sIHOI coJ1i, ipuypoueHe 10 COJOTBHHCHKOTO KymoJia. 3amacu COJIi TYT OIlIHIO-
10ThCsl y moHan 450 MuH T, a mjopiyamMii BUAOOYTOK ckiagae O6musbpko 170 THC. T.
[Tpoaykilisi BUKOPUCTOBYETHCSI XapyOBOK Ta XIMIYHOKO MPOMHUCIIOBICTIO YKpaiHW,
Pociiicekoi @eneparii, binopyci, Monnosu, kpain bantii, Yexii Ta Yropuunu. Pos-
BIJIaHMMU 3anacamMu KaM sHoi coyii COJIOTBUHCBKUN PYJIHUK 3a0€3MeUeHUM O1IbIIn
HiK Ha 200 pokiB. Ha 3akapnarTi Takox po3BigaHo TepeOisHChbKe poIOBHIIE, 3ama-
cu AKoro craHoBiATh Maibke 1400 mun 1. IToTyX)HOCTI conenocHux miacTiB y Ile-
penkaprarti koyimBaroThes Bix 360 mo 800 m. JepkaBHum mianpueMmctBoMm IIAT
«ITomiminepan» po3podnseTbes CTEOHUKOBCHKE POJOBUINE KaJIITHO-MarHi€BUX CO-
nent (JIbBiBchbKa 0011.), B SIKOMY 3alacu KyXOHHO1 COJIl CKJIaarTh 248,7 MJIH. T 1 J10-
OyBaetbest 6mm3bKo 10 Thc. T Ha pik. Po3Bigano takox ['yOurpke 1 BepxabocTpyTHH-
ChbKE POJIOBHUIIA KaM STHOI COJIi, 3arajbHi 3allacy KX OI[IHIOIOTHCS B 88,6 MJIH T.

PopoBuma npupoanux po3scoiB (boJsexiBebke i JloiuHCbKE) CIYTYIOTh CU-
poBUHHOIO 6a3010 JlomuHChKOTO coneBapHoro kombinary (IBano-®pankiBchka 0011.)
3 MPOEKTHOIO MOTYXHICTIO 15 THC. T coni Ha pik. Po3conu HagxoasaTe 3 OypoBUX CBe-
pasioBuH Ha rrbuHi Bif 65 (JomuHchke) 1 10 175 M (BonexiBebke). 3 BumodyTux 5,5
tuc. T po3coiy B 2003 p. Tyt orpumano 1,5 tuc. T comi. Ha [Iporodunbkomy pojo-
i (JIbBiBcbKa 061acTh) Gyi10 Bukadano 4030 m° poscoiy i BupoGieHo 1,2 THc. T
COJI1, IPU PIYHIM MPOEKTHIN MOTY>KHOCT1 MICIIEBOT'O coJieBapHOTO 3aBoay B 11,0 Tuc.
T. OCHOBHUMHM crniokuBadyamu llepeakapnaTchbKux MPOMUCIIB € TOPTrOBl opraHizaiii
perioHy. 3a nonepeaHiMu OIIHKaMH 3aracu [3MainbChKOro poaoBUIlia Kam’ stHOT COJl,
po3ramoBaHoro B [lepennoOpymKMHCbKOMY MPOTHHI, CKJIAJAI0Th MOHAJ 3 MJIH T.

Jlo Tumny o3epHUX OaceiiHIB HAJICKUTh CaMOOCaIHA KyXOHHA CUJIb 1 pO3YMHEH] B
porIi 03ep 3amacy XJOpuIy HaTpito. 3araibHi 3amacu coil y 1Box pojaoBumiax IliBHiY-
Horo Kpumy ckimanarots 61u3bpk0 100 mutH ToHH. CHBaIICEKE POJIOBHINE CKIATAETHCS
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31 CxinHoi, CepenHpoi 1 3ax1JHOI JUISTHOK, iK1 po3po0isitoTh [TAT «Kpumcekuii cono-
Buii 3aBoa» 1 I[TAT «bpom». ¥V cepeqHboMy mIOpiYHUN BUAOOYTOK POIU TYT CTAHOBUTH
6sm3bko 10 MIIH T, @ BUpOOHULITBO coJil O1M3bKO 2,7 MiH T. KpuMcbKa npoayKuis mno-
CTaBJISIETbCA B 0araro KpaiH cBiTy, cepen sikux CHIA, BenukoOpuranis ta Itanis. Po-
nosuiie Cacuk-CuBaim ekcruryatyetbes mianpueMctBoM [TAT «lamity, ke BumoOy-
Bae 01u3pK0 6,0 THC. T 3epHUCTOI couli OpiuHO. OCHOBHUM ii criokuBaueM € Cakch-
KUM XIMIYHUN 3aBOJT 3 MPOEKTHOI MOTYXHICTIO B 50 THC. T KyXOHHOI COJIl Ha DIK.
VYkpaina Mae B CBOEMY pO3MOPSHKEHH] 3HAUHI 3aI1aCH KYXOHHOI COJIi 1 32 HEOOX1JHOC-
T1 MOXe HabaraTo 30UIBIINTH X BUPOOHHUIITBO 332 PaXyHOK HassBHUX PECYPCIB.

1.6.5. Po3Bijaka poaoBHIIl CIAHIILOBOTO ra3zy

VYkpaina Mae 3HayH1 peCypcu CIaHIbOBOTO ra3y. 30KpeMa, BeJIbMU MEePCIECKTH-
BHUMHU € PECYpPCH CIaHI[bOBUX TOBILI YKpaiHChKoi yacTuHU JItoOniHcbkoro (JIbBiBCh-
Ko-BonuHchKoro) ByriipHOro Oaceiiny. Kpim 1bOro, mepcrekTWBH Tra30HOCHOCTI
VYkpaini MokyTh OyTH MOB’513aHi1 3 MOKJIalaMd MEHUTITOBUX ClIaHLiB onironeny Kap-
maT, TajeoreHoBUX ciaHIliB bontuiickkoi 3amaguau YkpaiHcekoro murta (YII),
BEPXHBOMEJIOBUX — MiBHIYHO-cXigHOro cxmiry YIII (PoTmicTpoBchbKkuii TposiB), Kaii-
HO30MChKUX 3amaanHax J[HinmpoBcbko-Jlonenpkoi 3anaguuu ([1J13) (HoBoamutpiis-
cekuif 1 [licOunHChKMI MPOsIBU), Y HXKHBOMY capMarti 1 BepxHboMmy ToptoHi Bomnu-
Ho-Ilominberkoi mmutn (dmopianoBebke, Croboma-CaBuibke, HoBocenuipke, Mu-
XalIBChKE TMPOSIBU), BEPXHHOMY IPOTEPO301 MPHUKOPJIOHHOI YacTUHU YKpaiHi Ta
Monnosu (HacnmaBueHChKHMIT TIPOsIB), Yy TaBPIHCBHKiM cepil TpiaCIOPCHKUX CIIAHIIIB
Kpumy. JloTenep BOHM HE OIIHIOBAJIHUCS 1 HABITh HE PO3IIISIIANN K MOXKIIUBE JKEpe-
JI0 CIAHLEBOTIO Tasy.

MeH111TOBI caaHLil IIMPOKO MOLIMPEH1 y ckianyactux Kapnarax, ne, sk npa-
BUJIO, CKJIaJIat0Th MiBAeHH1 yacTuiu M. Ckuba (beperosa, OpioBchka Ta iH.). Lle 30a-
radyeHi OpraHiyHuM MaTrepiajioM YOpHI Ta TEMHO-CIP1 apruliTy OJIIOLEHY 3 Mpollap-
KaMH IICKOBHKIB, aJIEBPOJITIB, MepreiniB 1 kpemeHiB (Big 0,5 cm g0 2 — 3 m). 3aranb-
Ha TOTYXKHICTh CBITH csirae 1500 M U MOAIAETHCS HA TPHU MIJICBITH: HUXKHHOMEH1JT1-
TOBY (pOTOBHKHM, OITYyMIHO3HI CIIaHII, apriliTH, IIIayKOHITOBI MICKOBUKH, JOJOMITH
noTyxHicTio 200 — 400 M), jonsHEenbKy (MepeiapyBaHHs BalHAKOBUX apruIITIB 1
BaITHAKOBUX IMICKOBHKIB) 1 BEpXHBOMEHIIITOBY (OITYMIHO3HI CHaHII 3 MpOIIapKaMH
MICKOBHKIB, aJIeBPOJIITIB, MEPTENiB, JOJOMITIB, y BEPXHI YacTHHI — Ty(iB 1 TY(DITiB).
ITopoawm 3iM’STi B KPyTi CKJIQJIKH, YCKIIAIHEHI HAJBUTaMH 1 CKUJIaMH. BMicT opraHid-
HO1 peuoBUHU 3MiHIO€ThCS B 10 10 35%, y cepennbomy 12 — 17%.

JlocnipKeHHS! CHETMTOBUX CJIAHIIIB MMPOBOJAATHCS 3 IOYATKYy MUHYJIOTO CTOPIY-
Ysi, IPOTE TUIBKK B OKPEMHUX MIPOOaxX BCTAHOBIEHO TEXHOJOIIYHI MapaMeTpH, SIK1 BIJI-
MOBIJIAl0Th BUMOTaM MPOMUCIOBOCTI /10 TOPHOYUX CJAHIIB — 30JbHICTh 59 — 72%,
TeryioTa 3ropsiHHs noHan 10 — 15 MJDx/kr. 3a3Buuail mopoau 3 TaKUMHU MOKa3HHUKA-
MU TPECTaBlIeHI TOHKUMH MPOIIAPKAMH 1 MaJo NOTYyXKHUMHU naukamu (1 —15 m),
PO3JIIJICHUMH TOPU30HTAMH 1 MMaYKaMUu CJIAHIIB 3 HU3bKUMH T€XHOJIOTTYHUMH MOKa3-
HUKAMH, BUCOKOIO 30JIbHICTIO (75 — 92%), Hu3zbkum BMicToM oprasiku (10 —20%),
BUCOKUM — CIpKH (2 — 8%), HU3bKUM BUX0J10M cMoJI (1,5 — 7%) 1 TemIoTor0 3ropsiHHA
(1100 — 1400 kkan/kr abo 5 —6 MJx/kr). Hanpuknan, B paiioni c. Bepxue Cunbo-
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BUJHE B FOPU30HTI CIAHUIB MOTYKHICTIO 80 — 150 M BCTaHOBIJIEHO CepeHId BMICT
opraniku 16,5% mpu ternorti 3ropsuus 10 — 11 MJDx/kr, Buxogom cmon 1 — 5%.

Ha niBHiyHO-cx1qHOMY cxuii Kapnar BigkpuTo 1’ sITh NEPCHEKTUBHUX MPOSBIB
MEHUTITOBUX CJIAHLIB 3 MPOTHO3HUMHU pecypcaMu MoHaj 7,7 MIpPI T, 3 30JbHICTIO
MmeHie 83% 1 temnoTBopHOO 31aTHICTIO 1100 kkan/kr. 3amacu MEHUTITOBUX CJIAHIIIB
MiJpaxoBaHl Ha JBOX HAMOUIbII MEPCIEKTUBHUX JUISHKAX MO KOHUIIII: 30JIbHICTD —
1o 84%, Terota 3ropssHasa — noHan 1000 kkan/kr (4,2 M/Ix/kr). Ha ainsain Bepx-
HbOCHHEBOJHI 3amacu kareropii C2 omineni B 403,6 miaH T, Ha AutsaHil Cykenb-
Inemens 3anacu kateropii C2 ckianarots 339,5 MiH T, a pecypeu kareropii P — 377,7
MJIH T. MEHIJIITOBI CJIaHII HE BIAMOBIZAIOTH BUMOTAM JI0 CHPOBUHU, MPUIATHOI IS
CHAIOBAaHHS Ha TEIUIOBHX EJIEKTPOCTAHINAX. SIK pKepero MPUPOJHOTO ra3y BOHH
NPAKTUYHO He BUBYaKCA. CipoOM OTpUMaHHS MPUILIIUBY Ta3y 3 CJIAHIIB MEHLIITO-
BUX BIIKJIaJeHb KapnaTchkoro periony nmpoBoauiaucs Ha CX1JHOJTYKBIHCHKH TUTOILII.
IIpu BunpoOyBaHHI IJIACTIB IIUIBHUX IMICKOBHUKIB, AJIEBPOJITIB 1 apruliTiB (CJIAHLIIB)
GyJIM OTPUMaHi IPHUILIMBY CyMillli BYr/IeBO/HIB (ra3010fiGHIX 1e6iToM 10 7 THC. M
1 pigkux — g0 0,2 — 0,5 M3) 3 riouH 700 — 3050 M.

Jlo ¢aimoxigHuX BIIKIAAEeHh MEHUNITOBUX IJIACTIB (MepeniapyBaHHs IUIACTIB
MICKOBHKIB, aJeBPOJIITIB 1 apriumTiB (cianiiB) y Kaprarax npuypodeHo 1Ty HU3KY
HaTOBUX POAOBHUII. BOJNTUIICHKE POJIOBUIIEC TOPIOYMX CIAHIIIB MPUYPOUEHO A0 O-
HOMMEHHOT 3amajuHy B MiBHIYHIN yacTuHi KipoBorpaacbkoi o6iacti, Ha ii KOpJoHi 3
UYepkacbkoro. bontucbka 3amanuHa siBisie OO0 130METPUYHY JICTIPECi0 MITMOMHOIO
nonan 500 m, giametpom Omm3pk0 20 — 25 KM, 3 TOJIOTUMU OOpTaMHu, cepes] TPaHiToil-
JIIB pPaHHBOTO JOKeMOpito. BoHa ckianena kucaumu eQpy3uBHUMHU TOPOJIaMHU, TEMHO-
KOJIbOPOBUMH MPOCTUMU TJIMHAMHU, apriliTaMy naneoreny nortyxksictio 400 M, cepen
SKUX BUSIBJICHO IT’ITh TOPU30HTIB TOPIOYMX CiaHIliB. [IpakTuuHuil iHTEpEC MarOTh JBa
CEpelIHIX TOPU3OHTHU (2-i1 1 4-if), cepeHs OTYXKHICTh SIKUX csirae 18 —42 m 3 BMICTOM
cmonu 10 — 14%. Hukniit ropusont 3ansrae Ha rimbuni 300 — 330 m. Bin cknageHuit
JIBOMa-TpbOMa IIapaMu TOPIOYUX CJIAHIIB 3arajibHOI MOTYXHICTI0O 6—7 M. BepxHii
TOPU30HT MPOCTEKEHO MO TUIOIII BCi€l 3anaguHu Ha rimbuHi 220 — 250 M B 1i neHrpa-
AbHIN yactudi 1 10 30 — 50 M — y npubopTroBux. BiH cknaaeHuil 4oTupuMa — LIicTbmMa
[IapaMu CyMapHOIO MOTYXHICTIO Bif 15 — 16 M y IleHTpaibHIi YacTHHI 3araguHu, 10
OJIMH-JIBOX IIIapiB 3arajibHo0 notyxHicTio 0,5 — 1,5 M y kpaiioBiid. ['oproui cnanii —
1e Cipi, 3eJIeHyBaTO a00 YKOBTYBATO-Cipl MAaCHMBHI a00 CIIAHIIOBATI MOPOIM 3 OpraHiy-
HOIO PEYOBHMHOIO CarporesieBux abo camponesieBO-ryMyCoOBOr0O THUITY 3 HU3bKUM CTY-
neHeM Byriedikarlii. TeroTBopHa 31aTHICTh cyxoro ciaHito 22 — 28 MJxk/kr (iHoxi
10 40 —48), 30mpHICTE 62 — 65%, BUxig cmon 10 — 15%, Bmict cipku 1,5 — 1,6%, Bo-
aorictb 32 —34%. IIporHo3Hi pecypcu TOPIOYHX CIIAHIIB MPH MiHIMAIBHINA TEIUIOTI
sropsiiHs 2000 KKaJl/KT 1 MIHIMaJIbHOI TOTYKHOCTI Tu1acta 2 M csiratroTh 3790 mua 1. 3a
niApaxyHKaMH, 31 cMOJI BoJITHIICHKOro poJoBHINa MOKHA BU100yTH 800 MJIH T cHpOi
HaTH. SIK TKEpeno MpUPOTHOTO Ta3y IIi CIaHIl HE BUBYAIKCS.

PormicTpiBebknii nposiB po3tamoBanuii y CMUISHCBKOMY paiioH1 Yepkach-
Koi obnacti, Mix ¢. Pormuctpika 1 KoBanuxa, B 30 kM Ha miBHIUHMH 3axijg Bia bo-
TUIICHKOTO pojioBuIia B HeBeaukuil (10 KMZ) samaauHl Ha cxuiax YIII, ckmagenoi
BEPXHbO-KPEUIOBUMU CIAHISIMU, B SIKUX Ha ruOuHi 10 150 M (y neHTpaibHii yac-
THHI 3aMaJuHu) BUAUISIETBCS 1T’ SITh (pariiaJbHUX HEBUTPUMAHUX IIapiB TOPIOYUX Clia-
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HIIIB. [X 30/1bHICT mocsTae 67 — 69%, Teriora sropstHHS — 2210 KKaJI/KT, BUX1T CMO-
m — 11,3%. Jlani npo nporHo3Hi pecypcu BIACYTHI.

HoBoaMuTpiiBChbKHIl NPOSIB TOPIOYMX CJIAHLIB IPUYPOUYEHUN 10 OJTHOMMEH-
HUX OYpOBYTUJIbHUX POJIOBHUIL y MiBAEHHO-CX1AHIN yacTuni /13, mobnusy c. HoBoa-
MUTpiBKa bapBIHKIBCHKOr0 pailoHy XapKiBchKoi o0siacTi. BiH po3ramoBanuii B 3amna-
JIMH1, BUKOHAHOI KaWHO30MCHKUMHU TEPUTCHHUMHM BIIKIAJACHHSIMH, TJIMOMHA SKOI
nocsirae 1000 m. Tyt Buminsgerbest yotupu ManonoTyxkuux (0,2 — 1,0 M) ropu3oHTH
TOPIOYMX CJIAHIB (A1aTOMITIB), 3arajbHa MOTYXKHICTh SKHUX HE TMEpPEeBHINYE 2 — 3 M,
pO3TalIOBaHUX HajJ OypOBYTUJIbHUM IUIACTOM. Teruiora 3ropsiHHs TOPHOYMX CJIAHIIIB
craHoBuTh 1480 — 1800 kkan/kr, Buxia cmonu 4,3 —9,3%. Pecypcu cnaHIiB He mij-
PaxoBYBaJIUCA.

IMicoynHcbkMii MPOSAB IPUYPOUCHO A0 JEMPECiiiHOT BOPOHKHU HAJl COJISTHUM
IITOKOM Y HeHTpanbHii yactunl /13, y 10 — 15 kM Ha cxix Bif c. JloxBuus ITonras-
chKoi oOacti. [iamerp 3anmaaman 3,2 kM, riubuHa 10 S00 M, BOHa BUKOHAHA KaifHO-
30MCHKUMU TEPUTCHHUMH BIIKJIAICHHSIMH 3 TpPhOMa IMpOIIapKaMu Oyporo BYTLLIA i
OJIHUM TMPOIIAPKOM TOPIOYUX CJIAHIIIB. 30J1bHICTh OCTaHHIX csrae 40,6 — 71,0%, Ten-
nota 3ropsHHs 1866 — 2926 kkan/kr, BMICT CIpKM He3HauHMid. Pecypcu cnaHIiB He
ipaxoByBaJKC.

®daopianiBebke, Cnosoga-CaBuubke, HoBocesnubke ta MuxailjgiBecbke
NPOSIBM IIPUYPOUECHI 10 CMYTacTOi CTPYKTypu mupuHowo 10 — 20 kM, sika [Tpocrexy-
€ThCSl B MIBHIYHO-3axiAHOMY HanpsiMky Ha 130 km B3moBx Ilonminbchkoi rpsiau Ha
TepuTopii TepHONiIBLChKO1, XMeNbHUITbKOI Ta YepHiBenbkoi obmacteit. Tyt BUILIsA-
€TBHCS PsiJl 3aMajiiH, BUKOHAHUX KaWHO30MCHKUMHU TEPUTCHHUMH BiIKIagamu (mepe-
BaYKHO TJIMHAMH ), CEpe/]l sSIKUX BCTAHOBJICHI HEBUTPUMAHI 3a MPOCTATAHHSIM TOPHU30H-
TH TOPIOYMX CJIAHIIB MOTYkHIcTIO 0,2 — 2,5 M. Pecypcu cianiiB migpaxoBaHi TUTbKH
1u1st DIOP1aHIBCHKOTO MPOSBY, SIK1 csirayik 57,5 MiH T, 30bHICTH 71,1 — 80,9%, BMICT
cipku 0,1 — 2,1, Bonoricte 1,7 —5,3%. Cnani MuxailsliBCbKOro nposiBy XapakTepH-
3YIOThCSl TAKUMHU MOKa3HUKaMU: TeruoTa 3ropstHas — 1080 — 1770 kkain/Kr, 301bHICTD
— 87,0 — 90,3, Buxia cmonu — 2,7 — 4,0%. [Hi11 nposiBU NpakTUYHO HE BUBYECHI.

HacnaByencbkuii nmposiB posramosanuii y Cepeanbomy I[lpuaHicTpoB’i, Ha
KopaoHi Ykpainu 1 MongoBu, nodnau3y c. HacnaBua. TyT y HeonmpoTepo3oHChKUX
aprunTiTax, NOTY>KHICTh SIKUX KOJMBAETHCS Big 26 10 80 M, 3yCTpidyarOThCs J1H30BU-
JIH1 TIPOIIAPKH OITYMIHO3HUX CJIAHIIIB 3 HACTYITHHUMHM XapaKTEPUCTUKAMU: BOJIOTICTh
— 0,47 — 0,48%, Buxin netkux peuoBuH — 10,1%, Buxing 6itymiB — 9,7%, BMICT ByT-
aerro — 23,1%, 305 — 66,8%. Pecypcewu cltaHIliB He MiIpaxoByBaIHCS.

Taspiiicbka cepis Tpiacopcbkux cjaaHuniB Kpumy mupoko po3BUHEHA B
Kpumy, ne ckinanae kycronoaioni rpsau miBHivHOT yacTuHU ['ipchkoro Kpumy, a Ta-
KOX BIJICTIOHIOETBCS y370BX [liBneHHoro Oepera. barateMa mociigHuKamMu BiJ3Ha-
qajacsi cepiero OITyMIHO3HUX apruliTiB, OJHAK HISKUX AOCIIHKEHb Ha 11 MOMXKJIUBY
Ha(TOra30HOCHICTH HE MPOBOIUIOCS.
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KoHTpoJIbHI 3anIUTAHHA

1. Ilo Take reoTexHONOrisA?

2. Ski Metoau BUAOOYBAaHHS KOPHMCHHUX KOTAJIWH HA3UMBAOTHCS T'€OTEXHOJIOTI-
YHUMU !

3. IloHATTS PO re0TEXHOJIOTTYHI CUCTEMU, TEXHOJIOT1YH1 (MPOAYKTHUBHI) Tj1ac-
TH, pOOOYHUH 1 TPOAYKTUBHHU (IIIOTIH.

4. HalOiplll OCBOEHI T€OTEXHOJOTIUYHI METOAM BHUJIOO0YTKY KOPHUCHHMX KOIIa-
JIVH.

5. Slki mapameTpu # 3aJ€XKHOCTI XapaKTepU3YIOTh M€OTEXHOJIOTTYHY CUCTEMY
SK CKJIQJHY CTOXaCTHUYHY CUCTEMY 3 HEBU3HAUCHOCTSIMU ?

6. Illo Take cucTeMHUM MiIX1] 1 B 4OMY HOTO CYTh 3aCTOCYBAaHHS J0 T€OTEXHO-
Jorii?

7. Ha3BITb MIACUCTEMU KEPOBAHO1 CUCTEMM.

8. Y 4oMy CyTHICTh yIPaBJIiHHS T€0TEXHOJOTTYHUMH MTPOLIECAMU?

9. OcHOBHI ITapaMeTpH, 1O BIUIMBAIOTh Ha FEOTEXHOJIOTTYHY CUCTEMY.

10. OcHOBHI nmapameTpu 1 UIIbOBI PYHKIII, [0 XapaKTEPU3YyIOTh MiJICUCTEMY
(mporec OypiHHS CBEPAJIOBUH).

11. OcHoBHI nmapameTpu 1 ULIbOBI PYHKIII, [0 XapaKTEPU3YIOTh MiJICUCTEMY
(mporec ¢a3oBOro MepeTBOPEHHS KOPUCHUX KOTAJINH).

12. OcHOBHI mapaMeTpu 1 1UIbOB1 (DYHKII, 110 XapaKTEPU3YIOTh MiJICUCTEMY
(mporiec TpaHCTIOPTYBAaHHS MPOIYKTUBHUX (DITFOIIIB).

13. OcHoBHI mapameTpu 1 MUIbOBI (QYHKINT migcucTeMu (Ipolec OTpUMaHHS
POIYKTUBHUX (DITIO111B KOPUCHUX KOMITOHEHTIB).

14. OcHOBHI XapaKTEPUCTUKU HAAIMHOCTI T€OTEXHOIOTIYHUX CUCTEM.

Cnucok Jgirtepatypu a0 riaasm 1

1. ®usuko-xuMuueckass reotexHosorusi [TekcT]: yueOHUK IJis BY30B / MO
obmeit penakiuent B.OK. Apenca. — M.: UznarensctBo MI'Y, 2010. — 575 c.

2. Apenc, B.K. I'eorexHomornueckiue MeToabl JOOBIYM TOJIE3HBIX HCKOIae-
MmbIix [Tekct] / B.JK. Aperc — M.: Henpa, 1976. — 264 c.

3. Apenc, B.K. I'eonoro-ruporeosiorndeCKue OCHOBBI T€OTEXHOJIOTHUECKUX
METOZ0B A00OBIYM ToJIe3HBIX HcKomaembix [Tekct]| / B.OK. Apenc, A.M. TalinuH. —
M.: Henpa, 1978. - 215 c.

4. Apenc, B.K. Pa3paboTtka matematudeckoit moaenu mporecca [IBC. Tlox-
3emHas BbluiaBka cepbl [Tekct]: CO. mayd. tp. / B.K. Apenc, I'.X. Xuesn — K.:
YxpHIII, 1967. — C. 25 - 32.

5. Bepurun, H.H. I'magpoannamuueckue u GU3NKO-XMMHUECKHE CBOWCTBA TOP-
ueix nopoa [Tekct] / H.H. Bepurun, C.B. Bacunwes, B.C. Capkucsan u ap. — M.:
Henpa, 1980. — 206 c.

6. 'negenko, B.B. Maremaruueckue MeTOAbl B TEOPUU HaACKHOCTH [TekcT] /
B.B.I'nenenko, F0.K.benses, A.Jl. ComoBbeB. — M.: Hayka, 1966. — 524 c.

7. Konoxonos, O.B. Oxpana okpy>karoiei cpeibl Mpu Mo I3eMHON pa3paboTke
[Texct] / O.B. Konoxkomnos, H.I1. Xomenko.
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8. Mumenko, H.B. IIpuopurer pycckoro nnxkenepa K. IlatkanoBa B OTKpbeITHH
METOJ1a U3BJICUCHUS cephl U3 camopoaubix pyn [Texcr] / H.B. Mumenko // 'opHbrii
xypHai. — 1950. — Ne 10. — C. 21 —24.

9. laposap, N.1. I'eoTexHonornyeckue cnocoobl pa3pabOTKU MIIACTOBBIX Me-
cropoxaenuit [ Tekct] / U.W. [llapoBap. — M.: U3narensctBo MI'Y, 1999. — 242 c.

10. Apnames, K.A. MeToasl 1 ipuOOpHI I UCCIISIOBAHUS MPOSBICHUN TOP-
Horo nasyienus [Tekcr]: CnpaBounuk / K.A. Apaames, B.1. AxmBaros, I'.A. KaTkos
— M.: Henpa, 1981. — 128 c.

11. Katkos, I'.A. VcciaegoBanust ropHOTO JaBJICHUS ¢ IPUMEHEHUEM (DOTOYTI-
pyrux snementoB [Tekct] / I'.A. Katkos. — M.: Hayka, 1976.

12. I'mymiko, B.T. T'eodusndeckuit KOHTPOIb B YrojibHbIX maxtax [Tekcr] /
B.T. I'nymiko, B.C. SImmukoB, A.A. SAnanckuii. — Kues: HaykoBa qymka, 1978.

13. SImmukos, B.C. YibTpa3sByKoBbI€ ¥ 3BYKOBBIE METObI UCCIEA0BAHUSA TOP-
Hbix opoy [Tekct] / B.C. SImmukos. — M.: Hexapa, 1964.

14. Tapacos, b.I'. ['eoaniekTpuyeckuii KOHTPOJIb COCTOSIHUS MacCUBOB [ TeKCT]
/ B.I'. Tapacos, B.B. [Ipipaun, B.B. UBanos. — M.: Heapa, 1983. —216 c.

15. I'mymiko, B.T. IlposiBiieHue ropHOro 1aBjieHUs B r1yOOKuX 1maxrtax [ TekcT]
/ B.T. I'mymixo. — K: HaykoBa nymka, 1971. — 199 c.

16. Xyxkos, B.B. Hanpsikénno-aedopMupoBaHHOE COCTOSIHUE CIIOUCTOTO Mac-
cuBa [Texct] / B.B. Xyxkos. — JI.: Hayka, 1973. — 132 c.

17. Crpenr, I'. Teopus merona koHeunbix anemeHToB [Tekcr] / I'. Crpenr,
JIx. @ukc. — M.: Mup, 1977. — 349c.

18. Coapne, ®. MeToag KOHEUHBIX SJIEMEHTOB IS DJUIMNTHYECKUX 3aj7ad
[Tekct] / ®.Cosapae. — M.: Mup, 1980. — 512 c.

19. Amycun, b.3. Meton KOHEYHBIX 3JIEMEHTOB MpPHU PEMICHUU 3a]a4 TOPHOM
mexanuku [Teker] / b.3.Amycun, A.b. ®anees. — M.: Henpa, 1975. — 144 c.

20. 3enkeBu4, O. MeToa KOHEUYHBIX AJIEMEHTOB B TEOPUU COOPYKEHUH U Me-
xaHuke cromHubix cpef [Tekcr] / O.3enkeBud. — M.: Henpa, 1974. — 240 c.

21. 3enkeBuy, O. MeToa KOHEUHBIX 371eMeHTOB B TexHuKe[ Tekct] / O. 3eHke-
Bu4 — M.: Mup, 1975. — 539 c.

22. 3enkeBuy, O. Koneunsie anementsl u anmnpokcumanusa [Tekct]: Ilep. ¢
anri. / O. 3enkeBud, K. Mopran — M.: Mup, 1986. — 318 c.

23. Cereppnunn, JI. IlpumeHenne meroga KOHEUHBIX 3jieMeHTOB [Tekct] /
JI.Cereppiuna. — M.: Mup, 1979. — 392 c.

24. Kyznemnos, C.B. Merogonorus pacdyera ropHoro masienusi [Tekct] /
C.B. Ky3nenos, B.H. Oaunuos u ap. — M.: Hayka, 1981. — 103 c.

25. Epxanos, XK.C. MeToa KOHEUHBIX 3JIEMEHTOB B 33/1a4aX MEXaHUKHU TOPHBIX
nopon [Texkcr] / XK.C. Epxkanos, T.J[. Kapumbaes. — Anma-Ara: Hayka, 1975.

26. bpeoowus, K. [IpuMeHneHne Meroma TPAaHWUYHBIX DJIEMEHTOB B TEXHUKE
[Texcr] / K. Bpe66wus, B. Yornepc. — M.: Mup, 1982. — 247 c.

27. Ilapron, B.3. UnTrerpanpuble ypaBHeHUs Teopuu ynpyroctu [Tekcr] / —
B.3. [Tapron, I1.U. Ilepmen. — M.: Hayka, 1977. - 312 c.

28. Sxumuyk, [.K. [IpuMeHeHne MeTo1a rpaHUYHBIX MHTETPAIbHBIX ypaBHE-
HUW IS pelIeHUs] MPOCTPAHCTBEHHBIX 3a/lauy CTaTUKHU Teopuu ynpyroctu [Tekcr] /
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J.K. Axkumuyk, A.JI. KBunta. — K: Mn-1 npobnem npounoctu AH YCCP, 1979. —
65c.

29. JlaBpunenko, B.®. HanpsixkenHoe coctosinue u GU3MIECKUE CBOMCTBA MO-
PO B 30HaX pasrpy3Ku BOKPYT rOpHbIX BeIpaboTok [Tekcr] / B.®. JlaBpunenko, B.N.
JIvicak // W3B. By30B. ['opHbIii sxypHai — 1980. — Ne10. — C. 29 — 32,

30. JlaBpunenko, B.®. IlepcriekTUBbI NPUMEHEHUS KaMEPHBIX CUCTEM paspa-
0o0Tku Ha Oonbiux TiyouHax [Tekct] / B.®. Jlaspunenko, B.W. JIsicak // Pa3pabot-
Ka pyJHbIX MecTopoxaeHui. — 1978. — Boin. 26. — C. 50 — 55.

31. JlaBpunenko, B.®. IlepepacnpeneneHre Ha4aIbHbIX HAMPSIKEHUN BOKPYT
TOPHBIX BBIPA00TOK 10 Mepe yriayosienus [Texkcr] / B.®. JlaBpunenko, B.U. Jlsicax //
PazpaboTtka pynnbix Mmectopoxaenuit. — 1980. — Bemm. 28. — C. 52 — 58.

32. JlaBpunenko, B.®. ®uznueckue mpouecchl B MaCCUBE MOPOJI IPU HapyIlle-
Hun paBHoBecus [Texct] / B.®. JlaBpunenko, B.U. JIsicak // U3B. By30B. ['opHbIi
KypHaIL — 1993, — Nel. - C. 1 -6.

33. Kyua, I1.M. TexHosorus noazeMHbIx padoT Mpu rOPHO-XUMHUYECKOW OTpa-
0oTke OenHbIX ypaHoBBIX pya B ycioBusax maxt [Tl «BoctI'OK» [Teker] / I1.M. Ky-
ya, b.H. AnzapeeB // «®opyM TipHUKIB»: MIXKH. HayK.-T€XH. KOH(. — J[Hinmpomner-
poecbk: PBK HI'Y. —2009. — C. 121 — 125.
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2. TTPHUYO-T'EOJIOI'TYHI YMOBMH POAOBMUIII,
AKI PO3POBJIAIOTBCA TEOTEXHOJIOTTYHUMU METOJAMUA

2.1. Knacugikanisa reorexHoJOrYHUX CHCTeM J100yBaHHSA KOPHUCHHMX KO-
NaJUH

B ocHoBy knacudikarlii reoTeXHOJIOTTYHIX METO/IB PO3POOKH POJIOBHIIl KOPHU-
CHUX KOIAJIMH TOKJIAJCHO TEXHOJOTIYHI MPOIECH, 3a JOMOMOTOI0 KX BHJI00YyBa-
€THCSl KIHIIEBUM MPOAYKT y PIAKOMY, Ta3omno/ioHOMy abo JUCIEProBaHOMY CTaHi
(momatok A). JIo HUX BIZHOCSATHCS:

— XIMI4H1 (TEpMOXIMIYHI, TEPMIYHI, €IEKTPOMETAINYPriiiHl, TiApOMETaIypriii-
H1);

— (13UKO-XIMI4HI, MOB’s13aH1 3 KOMOIHOBaHUM (T1pOMETANYypriiiHi 3 MpHUKIIA-
JaHHSAM 70 poO0YOro MjaacTa eJIeKTPUUHUX, €IEKTPOMArHITHUX 1 aKyCTHYHUX TOJIIB);

— T'1IpOMEXaHIuHI B MOEJHAHHI 3 TIPOMETaNypriiHuMHU (T1ApOBUIOOYTOK pyA
3 OJJHOYACHUM BHJIyTOBYBAHHSIM, TJpOreH13allis);

— OakTepiaabHO-XIMIUHI, TOOTO Oe3peareHTHE BUJIYTOBYBAaHHS Ta PO3UMHEHHS
METaJiB, COJIEH, CTBOPEHHS IITYYHUX POJOBUII KOPUCHUX KOMAJINH;

— (i3uuHi (TEpMIYHI — TUTABJICHHS, IEPETOHKa, BUIIAPOBYBAHHS, KOHJICHCAITis,
cyOmimartisi; riJpoMexXaHiuHi1 — raIpOBUA00YTOK MICKY, BYT1LIS TOPQY Ta 1H.)

Knacudikariis MeTomiB i TEXHOJIOTTYHUX MPOIECIB IEPEBEACHHS KOPUCHUX KO-
NaJMH B PyXJIMBHM CTaH HaBeneHa B Ta0m. 2.1.

VY tabn. 2.2. kinacugikaiisi re0OTeXHOJOTIYHUX METOJIB BUAOOYBaHHS KOPHC-
HUX KOINaJIUH 0a3yeThCcs Ha 00’ €KTax BIUIMBY Ta iX BJACTUBOCTI, METOAAX 1 TEXHOJIO-
rii nepeBeJeHHs] KOPUCHUX KOIMAJIWH Yy JIETKOPYXJIMBI cTaHU. TyT e 3a3HadyeHi 3Ha-
YEeHHSI 1 MOXKJIMBUN MaciiTad BIPOBAIKEHHS KOXKHOT'O T€OTEXHOJIOTTYHOTO CIIOCO0Yy.

2.2. ®i3uKo-XiMiYHI BJIACTHBOCTI FPCbKUX MOPiJ

VY reoTexHoOorii po3riis] OKPEMO B3SITUX TIPCHKUX MOPIJ 1 KOPUCHUX KOTAJIUH
HENPUIHATHUHN, HEOOXITHO JOCIHIIKYBaTH TIPChbKE CEPEOBUIIE, IO SBISIE COOOIO
oJIHy a00 JEKITbKa FeTEPOreHHUX CUCTEM 3 PI3SHUMHU KOMIIOHEHTaMH, MPUCYTHIMU Y
TBEpiH, pinkiii abo razonomiOHii dazax. JlocniKkeHHs TIPChKOTO CEepeIOBHINA T0-
JSiTa€ y BUBYEHHI CTaHy, CKJIaay 1 Oy/10BH KOPUCHHUX KOIMAJIWHU 1 FPCHKUX MOPiJ, 10
fioro BMintyoTh. CTaH TipCbKOTO MAacHMBY BH3HAYAETHCS CTYNEHEM 3allOBHEHHS TOD,
TPIIIMH 1 TOPO’KHEY Ta3aMu ab0 PIIUHOI0, TEMIIEPATyPOIO TTOKJIAAy 1 HABKOJMIITHBO-
ro CepeZOBHILA, a TAKOXK MOJIOKEHHSIM MOKJIaAy B rpcbKoMy MacuBi. CTaH ripcbKoro
MacHUBY MOX€ OYTH OLIIHEHUU SIK OOBOJHEHUI (IMMOBHE 3aMOBHEHHS MOP 1 MOPOKHEY
PIAMHOI0), BOJIOTHI (4aCTKOBE 3alIOBHEHHS MOP 1 MOPOKHEY BOJIOKO 1 ra3aMu) 1 MOBI-
TPSHO-CYXHH (BOJIa MOKe OyTH MPUCYTHHOIO B MAaCHB1 y BUTJISIAI BOJSIHOT mmapu 1 ¢i-
3UYHO 3B’S3aHOi BOJIM). 3HAYHA KIJIBKICTh (PI3MUHMUX BJIACTUBOCTEH KOPUCHHUX KOIIa-
JMH 3aJIeXKUTh Bl Temneparypu. ToMy yacTHHA F€OTEXHOJIOTYHUX METO/IIB 3aCHO-
BaHa Ha BUKOPHUCTaHHI TEIJIOBUX BJIACTMBOCTEW KOPUCHMUX KOIAJIWH JUIs 1X TEpeBe-
NeHHs1 B pyxymBui ctaH. [lonokeHHs MokiIaxy BU3HAYA€ THCK HABKOJIMIIHIX MOPIA
Ha KOPHUCHY KOIAJUHY 1 TIpOreoyioriyHy 00CTaHOBKY.
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Krnacudikaiiis METOiB 1 TEXHOJOTIYHUX MPOIIECIB

Tabmuus 2.1

MepeBEICHHS] KOPUCHUX KOMAJIMH B PYXJIUBUM (MIrpaiiiiHuii) cTaH

CraH npoayk-

MCTOI[ NMEPEeBEACHH KOPUCHHUX KONIAJHUH B pyx.lmBni/i CTaH

THBHOTO (p.110- O0axkrepia-
iny, 1o Bujaa- Qiznunmi XiMiuYHU (pizuko- JIbHO-
€ThCH HA 10~ XiMiYHH#T XiMiYHUI
BEPXHIO
Pinxuit Tepmiuni INapomeranyp- | Timpomeramyp- bakrepia-
MPOLIECH: rifiHl Ipoliecy | TIiiHI 1 eJIeKTPo- JBHO-
IUTABJICHHS, | BWJIYIOBYBaH- | XIMIYHI IpoLECH XIMIYHE
MEPETOHKa, HS Ta PO34H- 3 HAaKJIAJCHHSIM | BUJIYTOBY-
KOHJIEHCaL1s HEHHS (13MYHHX TOJIIB): BaHHS
BUJTYTOBYBaHHS,
PO3YMHEHHS, T/
poreHi3aiis
l"azomnoioHuM Tepmiuni Tepmoximiuni | XiMidHI peakiii 3 Mikpo-
MPOIIECH: Cy- | MpoliecH (OKU- | HaKJIaJeHHSM Ha | Olokaraii-
OmimMarrist (Bo- | CIEHHS, PO3K- | 00’eKT aii ¢i3uu- YHUU
3rOHKA), Ie- | JaJEeHHs), Clia- HUX TOJIB BILUIUB
pEeroHkKa i BU- | JIFOBaHHS, BU-
napyBaHHsl | Iaji, HarpiB A0
cyJb(dinirasa-
mii
l"azononi6HuMi Yacrkose cna- | Ileperonka, ria- Te x
1 piaKuii JIOBaHHA (Cip- | poreHizailisi, Me-
Ka, Ha(Ta) TaJaypriiiHa nepe-
poOKa po34YnHIB 1
ra3iB MaHTii
Hucneprosa- | ['impomexani- [ppomexaniuni i | ['igpome-
HUH (TiIpoMa- | YHI MPOIIECH: rigpomeTanyp- XaH14Hi;
ca, CyCIIeH3is, | CBEPHJIOBUH- riifH1 IpoIecH: OakTepia-
IyJIbIIA) HE T1IpOBU- CBEpJIOBUHHUAN JIBHO-
n00yBaHHA riApOBUA00YTOK XIMIYH1
KOPHCHOI KO- pyI 3 oiHOYAC- IPOIIECH;
najuHY (BY- HUM BUJIYTOBY- CBEPLIO-
rius, Topd, BAaHHAM BUHHUU
Ta 1H.) T1POBUI0-
OyTKYy 3
OJIHOYAC-
HUM BUJTY-
rOBYBaH-
HSIM pYJIU
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Knacudikaiis reoTeXHOJOTIYHUX METOAIB BHUA0OYBaHHS KOPHCHUX KOTAJIWH
HaBeZeHa B Ta0JI. 2.2

Tabmaums 2.2
Krnacu@ikarist reoTeXHONIOrYHUX METOAIB BUJIOOYTKY MIHEPAIbHOI CHPOBUHU
XapakTepucTHKA Cnocodu
0JIOBHIIA nepeBeieH- .
pOAoBHIN Onep:kyBa- . peBei MoxanBui
. o HaI/IMeHyBaHHﬂ H$I KOpUC-
reoTeXHOJIOriY- |HUii MPoay- . MacimrTad
. . o reOTEeXHOJOI'TYHUX HHUX KoI1a-
XapakrTep HI1 BJIACTUBOCTI | KTUBHHUMU . 3aCTOCYBAHHSA
. o . MeToAiB BUAOOYTKY | JIMH B JIer-
MiHepajizanili| KOpPHCHHX (proin MeTOxy
KOPYyXJIU-
KOIIaJIUH “
BUHU CTAaH
1 2 3 4 5 6
Mae 3ara-
. l'az [Mazudikarris XiMiuHi | JIbHE 3Ha-
["oproui (By-
ris, Topd CTHA
. [lig3zemHa BumIas- [ITupoko
Ta 1H.), IJ1a- .
N Ka: TETUJIOHOCIEM; B BUKOpHUC-
BKUH (CipKa,
: CJEKTPUYHUX T10- . . | TOBy€ThCS
OiTymu Ta Posmnas D131yHI
i) JISIX; €JIEKTPOCTPY- B IPOMMC-
' MOM BHCOKOI 4ac- JIOBUX Ma-
TOTH crrabax
30aTHICTB J0 | 4. :
) ) Piguna, | [lin3zemna nepero-
CyuinbHi MEPETOHKHU Te came | Te came
) : ras HKa
KOPHCHI (cianin)
KOMaJuH" | 371aTHi 10
HCIIEPTY- . . Mae obme-
a1 pry I'iopo- CBepaIOBUHHUN
BaHHS (BY- . Te came | xeHe 3Ha-
) maca r1ApOBUA00YTOK
riuis, Topd YEHHS
TOIIO)
Po3unnenHs (Bu- [Tupoxko
PozunnH1 JyTOBYBaHHS): XiMi4HI | 3aCTOCOBY-
BOZIOIO (coui, Posuyy | TPOCTE PO3UMHEH- | Ta ¢i3u- | eTbes B
Oimogirt Ta Hs, 3 HAKJIQJICHHAM | KO- IIPOMMUCIIO-
1H.) CJIEKTPUYHUX 1 XIMIYHI | BUX MacIII-
aKyCTUYHMX IOJIIB Tabax
Po3cisini
BKJIFOUEHHS ) [Tig3emunii Bumna-
3naTHi 10 . :
KOPHUCHHUX JIIOBAaHHS W HArpi- 3acTOCOBY-
OKHUCJICHHS :
KOMaJIuH : I"a3, comi | BaHHSA 10 CyJibda- : €ThCS Ha
. | Ipu Harp1- o dD13uKo-
(BKparuieHi, : (cynmbdart | Ti3arrii (s oTpHU- .. . | Kom4emaH-
BaHHI (Cy- - . XIMI4YHI1
NMPOXHMIKO- | (i Ta 11H.) MaHHs razy 1 BUIy- HUX POJIO-
BO- o TrOBYBaHHS METa- BHIIAX
BKparuvieHa ' JIiB)
pyna)
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[TponmoBxxenus Tadm. 2.2

1 2 3 4 5 6
Cybnimye :
(K}i/HOBay [Tomrykosi
P, I'a3 CyOnimaris ®d13nyH1 | goci-
peanbrap ta
; TOKCHHS
1H.)
Poscisii Po3uunnni [Tinzemue BHITyTO- Mae rno-
BKouer. | PEATCHTaMH BYBaHHS: XiMiuHe, | XiMiuHi, | OajmbHE
1 6akTepisMu OakTepiasbHO- OakTepi- | 3HAUYCHHSI
Hsl KOpHC- .. | Po3uun .. )
X KOId (KOJIbOPOBI 1 XiMIYHE, T€ caMe 3 | ajibHi, TUTSL BUTIO-
- PIIOKICHI Me- HakjaaeHHAM (i- | ¢pizuyHi | OyTKY Me-
TaJn) 3UYHUX TOJIIB TajiB
(Bkparuie- .
i 31aTH1 10
Hi, TIPO-
nepexoay B .
YKUJIIKOBO ) CBepasIoOBUHHUHT
riapomacy, : :
BKparuie- [apoma- | riagpoBUIO0OYTOK 3
MyJIbITYy, CY- : Mae oOme-
Ha pyJa) CH MyJIb- | OTHOYACHUM BUIy- | Di3uko-
cnensii (1y- .. . | XKcHe 3Ha-
- . na, cy- TOBYBaHHSM 3 06a- | XIMIYHI
XK1 1 HaIliBC- . YEHHS
) CIICH3IsI raThOX Cy4aCHUX
KEJbHI PO-
KOPUCHUX KOTIAJINH
JIOBUIIIA T
1H.)

[1ix BUBUEHHSM CKJIaay TIpCbKUX MOPIJ MAeThCs HAa yBas3i:

— BHU3HAQUEHHS PEYOBMHHOIO  iX CKJIady, JOCHIKEHHS MOpdoaoriyHo-
MIHEPAJIOTTYHUX acolliallii, 10 YTBOPIOIOTh KOPUCHI KOTIAJIMHU, 1 BUBUCHHS MiHEpa-
JIOT1YHOTO CKJIady;

— BUBYCHHS XIMIYHOTO CKJIay, TOOTO BU3HAYCHHS XIMIYHHMX €JIEMEHTIB 1 CIIO-
TyK;

— BU3HAYEHHS TPaHyJIOMETPUYHOTO 1 MIKPOArperaTHOTO CKIaAy MOKIady.

[Topsin 31 CTPYKTYypOIO, TEKCTYpPOIO KOPHUCHUX KOMAJIWH OCOOJIMBE 3HAUYCHHS
Ma€ BHUBYCHHS 1X MOPUCTOCTI; OCOOIMBO BAXKJIMBO 3HATH €(PEKTHBHY, a00 BIIKPUTY,
MOPUCTICTD, SIKA BU3ZHAYAE MOMKJIUBICTh 31MCHEHHSI 0araTboX r€0TEXHOJIOTTYHUX Me-
TOM1B, 00 TO3BOJISIE MEPEMILIATUCS B MAaCUBI POOOYMM areHTaMm i KOPUCHUM KOTaIu-
HaM MiJ BIUIMBOM I'PaJi€HTIB THCKY. SIK Bjke TOBOPUIIOCA, BC1 T€OTEXHOJOITYHI Me-
TOJIM OCHOBaHI Ha BUKOPHUCTaHHI JJIs TIEPEBEICHHS KOPHUCHUX KOMAIWH Y PYXJIHBHMA
CTaH X XIMIYHUX 1 (I3UIHUX BIacTUBOCTEH. [Ipu BUKOpUCTAaHHI XIMIYHUX BJIACTHUBO-
cTedl (PO3YMHHICTD, 3AATHICTh 10 TOPIHHS) BiAOYBAETHCS XIMIUHE MEPETBOPEHHS KO-
PUCHMX KOTAJIMH, TOOTO 3a XIMIYHUMH 3aKOHOMIPHOCTSIMH B IPOIECI B3a€MO/Iii aTo-
MIB, MOJICKYJ, 10HIB HJI€ MEPepO3NOJlT XIMIYHMX 3B’S3KIB 1 BIIOYBa€ThCs 3MiHA
CKJaay ripcbkux nopifa. [Ipu BukopuctanHi Gpi3MUHUX BIACTUBOCTEH IMiJT II€IOPI3HUX
(13MYHUX TI0JIIB KOPUCHI KOTIAJIMHU 3MIHIOIOTH CBIf CTaH.

Haiibinpie 3Ha4eHHS U1l T€OTEXHOJIOTIYHUX METOJIIB MalOTh T'1JIpaBIIiuHi, Te-
IUIOB1 Ta €JIEKTPOMArHiTHI BJACTUBOCTI ripchkoro Macupy. duibrpaniiini (ado kosne-
KTOPCBKI) BIACTHUBOCTI I'IPCHKOTO MAacHBY IOB’s13aH1 3 HOTO MyCTOTHICTIO, IPOHUKHI-
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CTIO 1 3JaTHICTIO 3MOYYBATHUCS PI3HUMHU piauHaMu. OLiHKA rPCbKOr0 MacHUBY, SIK KO-
JIEKTOpPa, POOUTHCA Ha MIJACTaBl JOCIIIKEHb HOro MOPOKHUCTOCTI. 3arajibHa MOpHUC-
TICTh BU3HAYAETHCS BIJHOIICHHSIM 00’ €My MOPOXKHHUH 1 MOp 0 00’ €My TIPChKOI MO-
ponu. /luHaMiyHa MOPUCTICTh XapakTepusye oOCAr TUIBKH THX IIp, 32 SKUMU MOXE
¢ipTpyBaTHCcs piauHa. [lnoma moBepxHi, 110 YTBOPIOETHCA CTIHKAMU MOPOXKHEY 1
ip, € OJHIEI0 3 HAMBAXJIMBIIMIUX M€OTEXHOJIOTTYHUX XapaKTEPUCTUK T1PCHKOI MOPO-
mu. OTxe, TPOHUKHICTh 3aJICKUTh BiJl CTYNEHS BIAKPUTOCTI MOPOBUX KaHaJiB, (op-
MU Ta PO3MIPY YAaCTUHOK, CKJATHOCTI HUIAXIB Teuli. Di3UYHOI0 XapaKTEPHUCTHUKOIO
BJIACTUBOCTI TIPCBKUX TOPIiJ MPOITyCKaTH 4yepe3 cebe PiAuHU 1 Ta3u € KOoeDIIieHT
MPOHUKHOCTI (BUpakaeThcsa B onuHMIEIX Jlapci) Ta koedimieHT dinpTpamii (M/100y,
CM/C), 5IK1 TIOB’ s13aH1 M1’k COOO0IO CITIBBITHOIICHHSIM

Ky = KH%, 2.1)

Jie Y — MUIBHICTD PiauHU, r/CM3; W — B’sI3KIiCTh pigunu, cll.

HIBHAKICTE NEpenayl XBUIl THCKY B FIPCBKHUX MOPOJAX XapaKTEPU3YEThCs Be-
JIMYMHOIO IT'e30MPOBigHOCTI @ (M*/100y), siKa BU3HAYAETHCA 38 QOPMYIION0 (3aI€HKHO
BiJ] IPY>KHOCTI ff TIOKJIazy)

a=%
uB

VY crnenianbHii JiTepaTypl ONMUCYEThCS Oarato crnocoOiB BU3HAUYCHHS Koedilri-
eHTa utbTpanii. s uiiei reoTexHoI0r1i NPOHUKHICT FIPCHKUX MOPIJA CIiJl BU3HA-
YaTh B HATYPHUX YMOBAX IUISXOM JOCTIAHUX HArHITaHb 1 BiIKAUYBaHb BOJU B CBEP-
JUIoBUHAX. JIOCHITHUKAMHU BCTAHOBJIEHO, IO MPOHUKHICTH TIPCHKUX TOPII JUIsS Ta3y
3HAYHO BUIIE, HIXK JIJI1 CUJIBHO MiHEpaIi30BaHOI BOAM, TaK SIK HAa MOBEPXHI KaHAIIB
PYXY YTBOPIOIOTHCS aJICOPOIIiifHI TOJIMONCKYJISIPHUX Iapu 1 po30yXaroTh TIHMHKUCTI
YaCTUHKH, 110 3MEHIITY€ nepepi3 kaHainiB. Ha MpoHUKHICTh BIUIMBAIOTH 1 TaKi BIACTH-
BOCTI TIOPiJI, SIK CTHCIIHMBICTD, IPYKHICTh, TUIACTUYHICTD, 1110 3aJIe’KaTh B TPCHKOTO
TUCKY. PO3pi3HAI0TH a0COMOTHY, €pEKTUBHY 1 BIAHOCHY MPOHUKHOCTI mopia. [leprra
XapaKTepu3ye MPOMYCKHY 3/IaTHICTh 3pa3Ka AJisl MOBITPS IPU aTMOCPEPHOMY THCKY 1
OOYHCITIOETHCS 3a JIIHIMHUM 3aKOHOM (inbrpamii. i pi3HUX piauH MPOHUKHICTH
pi3Ha 1 Ha3uBaeThes (Pa3zoBorO (a00 ePEeKTUBHOK) MPOHUKHICTIO. BinHomEeHHs edek-
TUBHOI MPOHUKHOCTI 0 a0COJIOTHOI HA3MBAETHCA BIJIHOCHOI MPOHMKHICTIO MOPI/I.
Jl1is BU3HAYCHHS MPOHUKHOCTI MOPiJl B HATYPHUX YMOBax Tpeda BUXOIUTH 3 KOHKpE-
THUX OCOOJIMBOCTEH 3ajsiraHHs 1 BpaXOBYBaTW BHYTPILIHINA THUCK, TeMIeparypy, ¢i-
3UKO-XIMIYHI BJIAQCTUBOCTI PIAMHU (XIMIYHUN CKJIaj, MIHEpasi3allilo, B’ A3KICTb,
IIUTBHICTD Ta 1H.)

Kpim dinpTpaniiiHux 10 TiApaBIIYHUX BJIACTUBOCTEH TIPCHKUX MOPIJ BiJIHO-
CUTBCS 1X 37aTHICTh BMIIIYBAaTH W yTPHUMYBaTH BOJY — BOJIOTOEMHICTB; BiJIJIaBaTH
BOJY IIJISXOM BIJTLHOTO BHTIKAHHS — BOJIOBI/IIa4a; 30epiratu 3B’ s13aHICTh, KOHCHUCTE-
HITI{ 1 MIIHICTh MPH B3a€MOJIIi 3 BOJAOIO — BOJAOCTIHKICTh; MaTH BOJIOTY I1O TIOpax I
BIUIMBOM KaNUISIPHUX CWJ — KaNUISIPHICTh; 301IbIIYyBaTH 0OCAT — HAOyXaHHS; 3MEH-
IIyBaTd OOCAT MpPH BUCUXaHHI — yCaJKa; 3MEHIIYBaTH OOCST MpU 3aMOYYBaHHI —
IPOCIJIaHHSA; BXOJAUTH B MOJIEKYJIAPHY B3a€MOJIIO 3 PIAMHAMHM — 3MOYYBaHICTh; KOH-
LEHTPYBATH HA CBOiM MOBEpPXHI Pi3HI PEYOBUHM 3 ra3iB, MapiB Ta PIIMHU — aACOPO-

(2.2)
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1is1; IOTJIMHATH Ta3H, MMapy 1 pIAUHU — a0CcopOLisl; NPUINAINATH 0 PI3HUX NPEIMETIB —
JUNKICTh. TenioBl BIACTUBOCTI KOPUCHUX KONAIMH JIEkKAaTh B OCHOBI I€OTEXHOJIOT-
YHUX METOJIB, 1110 BUKOPUCTOBYIOTh BIACTUBICTh TPCHKOI MOPOJU MPH MEBHIN TEM-
nepaTypi NepexoJuTH 3 TBEPAOi B piAKy abo razonoaioHy daszy. 3gaTHicTh 10 (a3o-
BUX IE€PETBOPEHb, 110 MAIOTh (I3UYHHUMA XapakTep, MiAPO3AUISETHCS HA TUIABJICHHS,
BUIAPOBYBaHHs, CyOIIMallii0, KpUCTAI3allilo0 1 KOHJICHCAITIIO.

InaBjeHHs1 — 31aTHICTh KOPUCHUX KOMAJIMH NMEPEXOIUTH B PiAKUiA cTaH. Bo-
HO XapaKTEPHU3YEThCS TEMIEPATypoOrO IJIaBJICHHS (BIpHIlIE, TEMIEpaTypHUM 1HTEp-
BaJIOM IUIABJICHHSA, [0 BU3HAYA€ TEMIEPATypy MOYATKy TUIABJIICHHS TPHUYOI MACH 1
MOBHOTO MEPEBENICHHS ii B PIAKUN CTaH), TUTOMOIO TEIJIOTOIO IJIABJIEHHS, TOOTO Ki-
JBKICTIO TEIIa, HEOOX1AHOIO /IS TUTABJICHHS OJWHUII TIPHUYOT MaCH.

BunapoByBaHHsi (IapoyTBOPEHHS) — 3aTHICTh KOPUCHUX KOIAJIUH MEPEXO-
IUTH 3 TBEp0i a00 piakoi ¢azu B ra3onoi6Hy. Y KiTbKICHOMY BiIHOIIEHHI 1€ BJac-
TUBICTh OLIHIOETHCSA TEIUIOTOIO BUIIAPOBYBAaHHA (KIUIBKICTH Temsa, MOTPiIOHOTO Ha
HOJIOJIAHHS CHJI 3B’ SI3KY MI’K MOJIEKYJIAMH 1 1X «BIIPHBY» 3 MO-IIOBEPXHI).

CyO6JimManis — 34aTHICTh KOPUCHUX KOMAJIWH NEPEXOAUTH 3 TBEPAOro CTaHy B
ra3onoi0Hui. Y KUJIbKICHOMY BIJIHOIIEHHI 1I€ BJIACTUBICTh XapaKTEpU3Y€EThCSA Tell-
J0TO0 cyOJimMariiero (Mipor €HEeprii 3B s13Ky MK aTOMaMu 1 MOJIEKYJIaMH ).

Kpucranizanisi — 31aTHICTh KOPUCHUX KOMAJIWH 70 YTBOPEHHS Ta 3pOCTaHHS
KPUCTAJIIB 3 PO3ILIaBy, po3unHy abo ra3y. Kpucranizaiis BUHUKAE B pe3ysbTaTl I0-
pYyIICHHS piBHOBAru (IepeHacHueHHs Yu MEePEOX0JIOKEHHS ) BUX1THOT pa3u. Y Kijib-
KICHOMY BIJIHOIIICHHI BOHA XapaKTEPHU3Y€EThCs CTYNMEHEM KpHucTami3ailii (ToOTO Kilb-
KICTIO PEYOBHHH, SIKa BUAUISIETHCS B TBEpAY (pa3y 3 po3unHy abo po3IUiaBy) 1 TeMIIe-
paTyporo KpucTamizalli (TemrepaTypa, sKa BiJIOBIJIA€ MOYATKy YTBOPEHHS TBEPIO1
dazn).

KonaeHcamiss — 31aTHICTh KOPUCHUX KOITAJIMH TIEPEXOIUTH 3 Ta30MOAI0HOTO B
TBepAui abo PiIKHii CTaH.

KpiMm 1poro, s po3paxyHKy TEXHOJIOIIYHHMX [1apaMeTpiB, OCHOBAaHUX Ha BHU-
KOPUCTAHHI TEIJIOBUX BJIACTUBOCTEH TIPCHKUX TMOPiA, HEOOXITHO ITOCTIAUTH TaKi
BJIACTUBOCTI TIPCHKUX MOPIJ, K TEIIONPOBIAHICTh (34ATHICTh MepeAaaBaTH TEIJIOBY
€HEPriio MPU BUHUKHEHHI PI3HULl TEMIIEPATyp, 10 XapaKTEPU3YEThCS KOeDilllEHTOM
TETJIONPOBITHOCTI Ta KOe(]IIleHTOM KOHBEKIII1); TEMJIOEMHICTD (31aTHICTh I1IBHIIY-
BaTW CBOIO TEIUIOMICTKICTh MPHU MIABUIICHHI TEMIIEpATypH), sIKa XapaKTepU3Yy€eThCA
MIUTOMOIO CEPEIHBOI0 Ta JIWCHOIO TETUIOEMHICTIO 1 KOS(hIIIEHTOM TeMIIepaTypoIpo-
BIJTHOCTI, TEIUIOBE PO3IIUPEHHS YW CTHUCHEHHS (3[1aTHICTh 3MIHIOBATH CBOI pO3MIpH
IpH 3MiHI TeMIIepaTypH, sIKa XapaKTepu3yeTbes KoedimieHToM 00’ €MHOTO 1 JIHIHHO-
r0 PO3IIUPEHHS).

[Ipn HakiageHHl €NEeKTPUYHUX, MATHITHUX 1 pajialifHuX TOJIB Ha TIPChKY
HOPOJly OCSTaeThes iHTeHCcHpiKalis XiMiuHuX 1 pi3uuaux nporeciB. barato reodi-
3UYHUX METOJIB JOCIHII)KEHHS! CBEP/IJIOBUH OCHOBAaH1 HA BUKOPHUCTAHHI BIATYKY Tip-
CBKHX IOP1A IpH A1l HA HUX UUX MOiB. Jl0 €JIEKTPUYHUX BJIACTUBOCTEN BIIHOCATHCS
€JIEKTPONPOBITHICTH (XapaKTepU3YyETHCS MUTOMOIO €JIEKTPOMPOBIIHICTIO a00 MUTO-
MHUM EJIEKTPUYHUM OMOPOM 1 KOEPIIIIEHTOM €NEeKTPOaHI30TpPOIIil), eJIeKTPHIHA Mill-
HICTh — 3JaTHICTh YMHUTHU OMIp PYHHIBHIA J1i €JIEKTPUYHOI HAIPYTH (BUMIPIOETHCA
NpOOMBHOIO HANPYTOI0), MOJAPU3ALisi — 3/aTHICTh TPCHhKOI MOPOAU B3aEMOAISNTH 3
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HABKOJIMIIIHIM EJIEKTPUYHHUM T0JIEM (OLIHIOETHCS BIJIHOCHOIKO JIEJIEKTPUYHOIO IMPO-
HUKHICTIO 1 KyTOM JAIEJIEKTPUYHUX BTpaT). Jlo MarHiTHUX BJIACTHBOCTEH T1PCHKUX
HOpIJl HAJIE)KATh MArHITHA CHPUHHATIMBICTH (BJACTUBICTh TPCHKUX MOPIJ Hamar-
HIYyBaHHS I1]1 1€10 30BHIIIHBOIO MarHiTHOTO MOJISA) 1 3aJMIIKOBA HAMATHIYeHICTh
(BJIACTUBICTH TIPCHKUX MOPIJ 30epiraTd HaMarHi4eHicTh). Jlo paaiaiiHux BIacTUBO-
CTeHl TIPCHKUX MOpIJ HalekaTh MPUPOJIHA PAAiOAKTHBHICTH (3ATHICTH TIPCHKUX
MIOP1/1 CTBOPIOBATH Pal0aKTHBHE BUIIPOMIHIOBAHHS) 1 MOTJIMHAIBHA 3J]aTHICTh T1PCh-
KHUX TIOPiJ MOTJIMHATH -, f- 1 Y-BUIMPOMIHIOBAHHS, a TAKOX HEHTPOHHE BUIIPOMIHIO-
BaHHA. [Ipy reoTeXHOJOTIUHUX METOAaX MOKJIMBE BUKOPUCTAHHS JIEIKUX MEXaHid-
HUX BJIACTMBOCTEH T1PCHKHUX MOPIJI, KPIM I[bOT0, iX HEOOXITHO BHBYUTH IS OI[IHKH
YMOB BUHMaHHS KOPUCHUX KOTIQJIHH.

Jlo MexaHIYHUX BJIACTUBOCTEU T1PCHKUX MOPIJ] BITHOCSITHCS:

— THKCOTPOMHICTh (31aTHICTh TIPCHKUX MOPIA, IO MICTATh KOJOiAHI dpaKiiii,
01 €10 TMHAMIYHUX HABaHTAXEHb 10 0OOPOTHUX MEPEXOJIiB 3 TBEPAOTO B PIIKUI
CTaH), 10 3aJEKUTh BiJ BUIYAll, il IHTEHCUBHOCTI Ta TPUBAJIOCTI; MOKA3HUKHU 37aT-
HOCTI T1pChKOi NOPOAU A0 PO3YKPIIIEHHS (PO3UMHEHHS) € Uy TIMBICTh 1 M€Xa CTPYK-
TYpPHOI MILHOCTI;

— MilHicTh (31aTHICTb YMHUTHU OMIp PYHUHYBAHHIO MiJ AI€FO30BHIIIHIX CHII),
IO XapaKTEePU3YETHCS MEXEI0 MIITHOCTI IPU OJJHOOCHOBOMY CTHCKAHHI, MEXEI0 Mill-
HOCTI MPU OJTHOOCHOBOMY PO3TATHEHHI, OTIOPOM 3Pi3y, MEXEI0 MIIHOCTI IPU BUTHHI,
Koe(]iIieHTOM MIITHOCTI;

— TBepAicTh (3aTHICTh YUHUTH OTOP JIOKATHHOMY BIUIMBY), KIJTbKICHO Xapak-
TEPU3YETHCS MOKA3HUKOM CTaTUYHOI Ta IMHAMIYHOI TBEPIOCTI;

— B’SA3KicTh pyliHYBaHHS (31aTHICTb TPChKOI MOPOJY YUHUTH OIIpP PO3BUTKY
B HIi TPIIIHH);

— NPYAKHICTB (3aTHICTH TIPCHKOT MOPOJIM BIJHOBIIOBATH IICIISI 3HSITTS HAaBaH-
Ta)XCHHS CBOIO MTOYATKOBY (OpMY 1 po3MipH), 110 XapakTepusyeThest MmoaynieM FOnra,
koedinienToM [Tyaccona, Mmoaysem 3cyBy, KOe(illieHTOM BCEOIYHOTO CTHCKY;

— MJIACTHYHICTH (3IATHICTH TIPCHKOI MOPOAM 3MIHIOBATH GopMy 6€3 pO3pUBY
CYLIUIBHOCTI IIPU CUJIOBIM Aii Ta 30epiratu 1o (Gopmy Mpu 3HATTI AIFOYOTO HaBaHTa-
KEHHS), IKa XapaKTePU3YEThCS CTYNEHEM IJIACTUYHOCTI, KOEPIlIEHTOM IIaCTHYHOC-
T1, KOS(IIIEHTOM YIIIJILHCHHS;

— KOMIIpeciiiHa 37aTHiCTh (3JaTHICTh PCHKOI MOPOJIM CTUCKYBATHUCS MPHU Be-
PTUKAJILHOMY HABaHTaXEHH1 1 HEMOKJIIMBOCTI OOKOBOTO PO3LIUPEHHS), 10 XapaKTe-
pU3yeThCs Koe(DilieHTOM YIIUIBHEHHS, MOJIyJIEM MOBHOI Jedopmailii, KoedilieHTOM
KOHCOJI1AAari;

— KPHXKIiCTh (3JaTHICTb 10 PanTOBOTrO PYyWHYBaHHS NMPU HABaHTaXEHH1 Oe3 Io-
MITHUX TJIACTUYHUX JedopMalliii), o XapaKTepu3yeTbes KOeDilieHTOM KPUXKOCTI.

[Ipu npoxopKeHH] Yyepe3 TIpChbKy MOPOaY 3ByKOBUX XBUJIb aKyCTHUYHI BJIACTH-
BOCTI TIPCBKUX IOPiA XapaKTEPU3YIOThCS AKyCTHYHOIO MPOBIIHICTIO W aKyCTHYHUM
nornvHaHHsAM. KpiM mepepaxoBaHMX BIIACTUBOCTEH TIpChbKI MOPOAM XapaKTepH3y-
FOThCS1 00’ €MHOIO 1 MUTOMOIO Baroro, LUIbHICTIO. [11/1 06’ €MHOI0 Barorw po3yMie€TbCs
Bara HENnopyuieHoro o0’eMy TipCbKO1 MOPOAM 3 NPUPOAHO BosoricTio. [lix muto-
MOIO Baro po3yMi€TbCs BiTHOIIIEHHS Baru TBEPOTO 10 00’ eMy mopoau (6e3 00'emy
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nmopoBoro npoctopy). Ilix mijabHicTIO po3yMieThesl Maca OAUHUII 00’ €My TipCHKOT
TIOPOJIH.

2.3. IIporHo3Ha ouiHKa, reoJIOriYHMUX i FipHUYOTEXHIYHUX YMOB

I'eorexHosioriyHe BHA0O0OYBAaHHA KOPHUCHUX KONMAJMH — YaCTHHA 3arajabHOI
JMHAMIYHOT CUCTEMU BUKOPUCTAHHS MIHEPAJIbHOT CHPOBUHH.

IIpomec BUAOOYTKY — B OCHOBHOMY TPaHCIOPTHUH IpoOLEC, Y XOAl SKOTO
CTBOpEHA KOPIHHA MOpojia a00 BUTATHYTA 3 HEl CHPOBHHA 3 MICIISl 3aJsITaHHS Tepe-
MIIIYETHCSI B MEBHE MICIIE CUCTEMH BUJIOOYBaHHS. Y paMKax LbOTO  MPOIECy B
IPOTUJIEKHOMY HAIpsIMKY 3 MOBEPXHI 10 MICUS PO3POOKU PYXarOThCs JKHUBA 1 MaTe-
pilajizoBaHa mparts, MaTepiajid, eHepris, Kl 3a0e3Me4yr0Th T€0TEXHOJOTTYHUNA Mpo-
LIEC BUJIyYEHHSI KOPUCHUX KOMIIOHEHTIB. [lapameTpu 1 3a1€KHOCT1 OMUCYIOTh IPUPO-
JTHI YMOBH, 10 MIJISITae po3poOili poJoBUIIA, 3 JOCTATHBOIO TOCTOBIPHICTIO (3 HMO-
BIPHICTIO 1 TUCIIEPCIEIO 3 BIIOMUMH 32 Pe3yJIbTaTaMU I'€0JIOTTYHOT PO3BIIKH.

Croau BIAHOCATHCS:

— KyCKOBO-HeNepepBHI (PYyHKIIII, 0 XapaKTepU3yrTh MIKPO- 1 MaKpOCTPYKTY-
Py, TEOMETPII0 MOKJIA/IIB KOPUCHUX KOTAJINH;

— reoMeTpisi BMIILYIOUUX MOPiJ 1 IX MEXaHI4HI BAAaCTUBOCTI (OTYXHICTh, Mill-
HICTB TOIIO);

— po3TallyBaHHs BOJOHOCHHUX 1 BOJ03a0IpHUX IIAPIB 1 iX BOJOIPONYCKHA 3]1a-
THICTb, 3HAYEHHS TUCKY BOJH Y pa3i XapaKTEPHUX HEOE3MeK);

— PO3MOJILT BIACTUBOCTEH KOPUCHUX KOMAJIWH (TIOTYXHICTh, BHYTPIIIHS €HEP-
risl, BMICT KOPUCHUX KOMIIOHEHTIB);

— CTaH 3alisiraHHs KOPUCHUX KOMaIWH, (PI3UYHI 3aKOHOMIPHOCTI 1CHYBaHHS
TBEPHO1, PiAKOi 1 ra3omoAiOHoO1 (a3, MOKIaaAu CUPOBUHU ab0 0araropa3oBOro CTaHy
(y pa3l piaMH — IPOTSKHICTh pe3epByapa, MOro reoMeTpis, MOPUCTICTh ab0 IIiJIb-
HICTb, TUCK, TEMIIEPATYpPHI YMOBH 1 T.11.);

— PO3MOALI y IPOCTOP1 MapaMeTpiB, IO XapaKTEPU3YIOTh IPUPOAHI YMOBH IO-
KJIaJy KOTIAJIuH;

— 3B 30K CUPOBUHU 3 NPUPOJHUMH YMOBaMHU B OLIbLI IIMPOKOMY CEHCI: (hak-
TOPH, 110 BIJIMBAIOTH Ha MPOIEC pO3poOKH (IIPUPOJIHI TPAaHUYHI YMOBH, HeOe3IeKa
IPOPUBY Tazy abo BOJIN);

— CUIBCHKOTOCTIOIAPCHKI 200 MPUPOIHO-3aXUCHI YMOBH, 1110 BUCTYIAIOTh YacT-
KOBO SIK IPUPO/JTHI, @ YACTKOBO — IPUPOTHO-EKOHOMIYHI OOMEKEHHS.

[ToBHUIi mpouiec BUAOOYBaHHS KOPUCHUX KOMAJIWH MOXHA 300pa3uTu rpadom
(puc 2.1), skuii onucye B 4acl 1 mpocToOpl NpoLec PO3pOOKH, CKIIAIAEThCA 3 PyHUHY-
BaHHA MOPOJM, BUIYUYEHHS 3 HEi CUPOBHUHM, 3’ €IHAHHA B €UHINA TPAHCIIOPTHIN CHC-
TeMi 3 BUJIaU€l0 Ha TOBEPXHIO.

Ha rpadi BuaHO, sk po3NOAUIAIOTHCS 1 MOTPAIUISAIOTH B €JIEMEHTH MOTPiOHI
Bxoau. [1o nopo3si rpada iine arperaiiisi BUX0/1iB CUPOBUHU 3 MPOCTOPY Jpkepena. Ha
HbOMY MOYKHA MOSICHUTHU 30UIBIIEHHS CIIOKUBYOI BAPTOCT1, OTHOPITHOCTI Ta OJTHOYA-
CHE 3MEHIIEHHSI KOMILJIEKCHOCTI CUpPOBUHH. Bepimuu rpada 3’sBisitoTbes B TEXHIY-
HO BUJIJICHUX MICIISIX (HampUKiad, B TUPJIl CTBOJIA a00 CBEPJIOBUHHU 1 T.1.).
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Puc. 2.1. Cucremnauii 1 GyHKIIOHATEHUM aHAI3 BUKOPUCTAHHS MiHEpaIbHUX
pecypciB

Taxum unHOM, Tpad, 1m0 OMUCYE MPOLIEC TEOTEXHOIOTTYHOT PO3POOKH, MICTUTh
BCl 3QJIEKHOCTI, 110 XapaKTEPHU3yIOTh IISJIBHICTh 3 BUIAOOYTKY, 1 € HOCIEM IOBHOI
0e3:114i mapaMeTpiB cUCTeMH BUAOOYBaHHs. Jleski 3a€KHOCTI 1 MapaMeTpH cToxac-
TUYHI. Y 3B 3Ky 3 UM BOHHM XapaKTEPHU3yIOThCA QYHKLISIMU PO3IOALITY WMOBIpHOC-
Tel, MaTEMaTUYHUM OYIKYBAHHSM 1 JUCHEPCIEIO.

2.4. I'eomexaHivyHi mpouecu Npu BUA00YBAHHI KOPUCHUX KONAJIMH

P03BUTOK reoTeXHOJ]Oril Ha Cy4yaCHOMY eTarl XapaKTepHU3Y€ThCS OCBOEHHSIM
CKJIQJIHUX B 1H)KEHEPHO-TEOJIOTTYHOMY 1 T1IPOT€OJIOTTYHOMY BiJHOIIEHHSX POJOBUII
KOpHCHUX KomnaiuH. L o6cTaBuHa B CBOIO 4epry 3yMOBIIOE (DOPMYBaHHS CKJIATHUX
r€OMEXaHIYHUX 1 TPHUYOTEXHIYHUX YMOB CHOPY/KE€HHS i eKcIulyaTalli re0TeXHO-
JOTTYHUX MIAIPUEMCTB. [0 HMX yMOB MOYHa BIAHECTH PI3HOMAHITHICTh INIMOUH pPO-
3pO0OKH, SIK1 KOJIUBAIOTHCS BiJl IEKUIBKOX JIECATKIB METPIB /10 3HAYHUX INIMOUH TpHU-
yux poOiIT (100yBaHHS reoTepMajbHOI €Heprii, BTOPUHHI 1 TPETUHHI METOAM 301J1b-
HIeHHS HaTOBiAIayl MIIACTIB) — HASBHICTb MOTYKHOI TOBILI PUXJIUX 1 CKEIbHUX TO-
pia, 10 MEPEKPUBAIOTH POAOBHINA, OOBOJHEHICTh PYAHUX TUI, IIO iX BMIIIYIOTH 1
INOKPUBHHUX MOP1JA y MOEJHAHHI 3 BUCOKMM HAaTUCKOM MiJ3eMHUX BoJ. [lig Garatbox
POJOBHII XapaKTEPHI1 HASBHICTh MOTY>KHUX PYJIHHUX MOKJIAJIB 1 MJIACTIB, CUIBCHKOTO-
CIOJIAPCHKUX YTIb 1 JOCUTHh IHTEHCHUBHA 3a0yji0Ba MipOOJIEHUX TIPHUYUMH POOO-
TaMU TEPUTOPIH.

VY 3B’s3Ky 3 LIUM NIPU OCBOEHHI POJOBHUI KOPUCHUX KOIAJIMH I€OTEXHOJOT1Y-
HUMH METOJaMH BUHHUKA€, SIK MPaBWJIO, IIUPOKUM KOMIUIEKC HECTAaHAAPTHUX 3a-
BIaHb, BUPIIICHHS AKUX MOXJIUBE JIUIIE 32 MOMEPEIHIM MPOBEACHHIM CIELiaTbHUX
reoOMeXaHIuHuX JOCIiKeHb. BoHu nependaydaioTs He TITBKU OTPUMAHHS BIJOMOCTEH
PO FEeOJIOTTYHHM CKJIaJ] POIOBUIIA, (PI3UKO-MEXaHIYH1 OCOOIMBOCTI FPCHKOTO MACH-
BY, T1IpOTEOJIOTIYHI BIACTUBOCTI POJIOBUINA Ta 1HIII XapaKTEPUCTUKH KOPUCHHUX KO-
NaJIMH 1 mopia. Y KX yMOBax BHPINICHHS T€OMEXaHIUYHUX 1 TIPHHYOTEXHIYHHX 3a-
BJaHb MOXKJIMBE JIMIIIE TPU JOAATKOBOMY BHBYEHHI Ta OTPUMaHHI KOMIUIEKCHHX Ta-
paMeTpiB PO MOPOHKYBaHI F€OTEXHOJOTTYHUMU POOOTAMU TEXHOTECHHI MPOIECH Ta
SIBUILA.

73



EdexTuBHE i1 ycnimHe BUPILICHHS T€OMEXAaHIYHUX 3aBJIaHb MOXKJIUBE IPU pe-
aiizailli HaCTYIHOI CUCTEMU JOCII1/I)KEeHb:

1. ocaimkeHHs TIpHUYO-T€0JIOTIYHUX YMOB 3aJIATaHHS T1PChKUX MOPiJ 1 Mpu-
POJHUX T€0JOTTYHUX MPOIIECIB.

2. JocnimkeHHs: TeOMEXaHIYHUX 1 TEXHOMEHHUX IMPOIIECIB Ta SBUIII, 1[0 BUHU-
KalOTh MPU CIIOPY/KEHH] Ta €KCIUTyaTallii re0TEXHOJIOTTYHUX KOMILUIEKCIB.

3. BupimieHHsi reoMmexaHI4HUX 3aBJaHb 3 BU3HAYEHHS [TapaMeTpiB re0TEXHOJIO-
TYHUX KOMILJIEKCIB 1 TEXHOJOTTYHHX MPOIIECIB.

4. BupiieHHs! TIpHUYOTEXHIYHUX 3aBJaHb, CIIPSIMOBAHUX Ha €(PEKTUBHY pPO3-
pOOKyY 1 HEHTpaizallito TEXHOIEHHOI'O BIUTMBY Ha JOBKIJIJIAL.

3 CTPYKTypHOI cxemu (auB. puc. 2.1) BUIHO HACTYIHI 3BOPOTHI 3B’SA3KHU, 03~
HA4YCHHI MMYHKTUPOM, SIK1 3aJIeKaTh BiJl B3aEMO/IIi CyMIXHUX JTAHOK cucTemu. Jlocmi-
JDKCHHSI TEOMEXaHIYHUX TPOIECiB MOBHHHI BUKOHYBATHUCS 3 BUKOPHUCTAHHSM KOM-
TUIEKCHOTO METOJY, IO MICTHUTh HATYPHI CIIOCTEPEIKECHHSI Ta CKCIEPUMEHTH, MOJIe-
JIOBaHHA Ha CEKBIBAJIGHTHUX 1 ONTHYHO-aKTUBHHX Mareplajax, eKOHOMIKO-
MaTeMaTUYHE MOJIEIIOBAaHHS, J1Ja0OpaTOPHUI Ta CTEHAOBHM ekciepuMeHTH. JlaHi jno-
CITI/DKEHHS JIO3BOJIAIOTH CTBOPUTH HAYKOBI OCHOBH YIPABIIHHS T'€OMEXaHIUHUMH
npoiecaMd W OOTPYHTYBaTH MapamMeTpu 1 TEXHOJIOTI0 POOIT T'€OTEXHOJIOTTYHUMU
criocob6amu. Y 3B’S3Ky 3 [IUM IpU OY/IIBHUIITBI T€OTEXHOJIOTIYHUX MiIIPUEMCTB BH-
HUKAIOTh 1 MOYMHAIOTH JISITH SKICHO HOBI, MOPIBHSHO 3 TPAJAMUIIIHHUM BUI0O0YTKOM,
reoOMEeXaHIuHl MPOLEeCH, YIPABIIHHS SKUMH BUMArae MpuHLIUIIOBO HOBUX TEXHIYHUX
PO3pO0OOK.

BunoOyTok KOprCHUX KOMAJIMH BEIEThCS Yepe3 BEPTUKAIIbHI, TOXUJIl ¥ Opi€H-
TOBaH1 (MOXUJIO-TOPU30HTAIIbHI) cBepIoBUHM. [loaya poGounx areHTiB (TEIMIOHO-
CliB, PO3UMHHHKIB, TIOBITPSIHOTO TyTTs) JO KOPUCHUX KOIAJIWH 1 TPAHCIOPTYBaHHS
OPOAYKTUBHHUX (DIIIOIIB HA MOBEPXHIO MOXKYTh BUPOOJATHCA SK Ha OJHIHN, Tak 1 1O
JEKUTBKOX CBepaiioBHHAX. [Ipu mhOMy KOPHCHI KOMAJMHU BUIAIOTHCS MMICIIs TIEpeBe-
JCHHS iX 3 TBEpJAOrO CTaHy B PYXJIMBHU (MIrpamiifHuii) piakui, ra3omnomiOHui, cy-
crieH3ito. OJIHaK He3amnepeyHi nepeBaru re0TeXHOJIOTYHUX CIOCO0IB YCKIIAIHIOIOTh-
CSl TUM, 1110 YTBOPUJIMCS MIJ3€MHI MOPOKHUHU (ITyCTOTH), SIKI 3alIOBHIOIOTHCS 00Ba-
JICHUMU TIPCBKUMH TOPOJaMH, IO BHKJIMKAE B CBOIO YEPry 3pYIICHHS BEPXHBOTO
MAaCHBY T1PCBKHUX TOPiJ, MPOCIAaHHs TOBEPXHI 3 pO3pUBOM ab0 0€3 pO3pUBY CYIlib-
HOCTI 1 TOPYIIIEHHSI KOJIOHW 00CaJHUX TPYO TEXHOJOTIYHUX CBEpAJIOBHH. OCcOOIMBO-
CT1 3pYIICHHS BEPXHHOTO MACUBY TPCHKUX IMOPiJ, CKIAIEHOr0 3 TOPOIHU 3 PI3KO Bij-
MIHHUMH (PI3UKO-MEXaHIYHUMHU XapaKTEPUCTHKAMHU, 3HAYHOIO MIpOI0 BHU3HAYAIOThH
TEPMIH CIY>KOM eKcruryaTailli OypoBHX CBEPJJIOBHH, SIKi € TOJOBHOIO KOHCTPYKTHB-
HOIO 1 TEXHOJIOT1YHOO JIAHKOIO I'eOTEXHOJIOTIYHUX JTIISHOK. BIIMB Ha 3pyIICHHS T10-
Pl 0COOIMBO BITYYTHUN MPU F€OTEXHOJIOTTYHIN po3po0ili MOTY>KHUX IUIACTIB KOPH-
CHUX KOTIAJIVH.

3 1HIIOro OOKy, areHTamM BIUIMBY HAa MPOAYKTHBHUH IUIACT € BUIIYTYBaJlbH1
ab0 pO3MMBHI PO3YMHH, PI3HI 3a CKJIAJOM 1 KOHIIEHTpAIi€ro XiMiuHi cromyku. Lle
CTBOPIOE MIEPEAYMOBH JIJIs1 3a0PYIHEHHSI BOJIOHOCHUX TOPU30HTIB 1 36MHOI TOBEPXHI.
3BiJICM BUIUIMBAE€ HEOOX1HICTh BCTAHOBJICHHS TiPaBIidYHOTO B3a€EMO3B’SI3KY ILIacTa
KOPUCHHUX KOIaJuH a00 BOJOHOCHOTO TOPHU30HTY, JI0 SIKOTO BiH MPUYPOUYCHHUH, 3 CY-
MIXHUMHU BOJOHOCHUMU ropu3oHTamMu. OcoOIMBO peTesibHO HEOOX1AHO BUBUUTHU Te-
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KTOHIYHI HOPYIIEHHS, 1110 JO3BOJUTH 3MEHILIUTH BUTOKH PO3UMHHUKA a0O0 MiATIKAHHS
HiA3€MHUX BOJ Yy IJIACT, IO BHIIYTOBYeThbeA. [Ipu BigmpaifoBaHHI pyIHUX POJOBHIILL
NiJ3€MHUM BWJIYTOBYBaHHSIM 10 PYJHOI MiHepami3auii npej’ siBASIOTbCS HACTYIIHI
BUMOTI'H: JIETKOPO3YMHHICTh MIHEPAJIB, 110 MICTSTh KOPUCHUN KOMIIOHEHT; JOCTYM-
HICTh KOJEKTUBHOTO BMJIYYCHHS MAacOBHUM PO3UMHHUKOM Pi3HUX KOMIIOHEHTIB PYI-
HOTO IIIacTa; MPUYPOYEHICTh PYAHOI MiHEepami3aiii 10 Mip 1 TPIIUH PYJHHUX TII
(BKparuieHi, 0COOJIMBO TOHKOBKPAIUICH] PY/IH, 1110 MalOTh €()EKTUBHY OPUCTICTh Me-
Hire 5 — 10%, BuMararoTh NonepeHboro noapioHeHHs). Bubopue BUIyroByBaHHs Ta
BUHECEHHSI KOPUCHMX KOMIIOHEHTIB 3 PYJIHUX TiJ 3IIACHIOIOTHCSA 3a JOMOMOTOIO
MITYYHOTO OE€3HAIIPHOTO 200 HAMIPHOTO MOTOKY PO3YMHHMKA, IO IIUPKYJIIIOE TI0 TIa-
CTYy KOPHUCHUX KOIAJIWH M JI€I0 CHEIllalbHUX CUCTEM HATHITAIBHHUX (3POLIyBasib-
HUX) Ta JPEHAKHUX (PO3BAaHTAXKYBAIBHUX) MPUCTPOiB. Bennke 3HaueHHs 115 edek-
TUBHOI T€OTEXHOJIOTIYHOT PO3POOKH Ma€e BUBYCHHS IMMOPUCTOCTI TIPChKUX mopia. Bin-
KpUTa MOPHUCTICTh JT03BOJISIE MIEPEMINIATH B MACHBI MOPiJ poOOYl areHTH MiJ Mi€l0
rpazieHTiB TUCKY. [lopuCTICTh XapaKkTepu3yeThCs KoediieHToM QinbTparii

Ky = Knd/p, (2.3)

ne K, — KoedilieHT MPOHUKHOCTI MOpiA; A, p — BIANOBIAHO LIUIBHICTB 1 B’S3KICThH
plLOVHMU.

BaxxnuBa BIacTHBICTh MAacHBY TIPCBKMX MOPiJ — iX 34aTHICTh BMIILYBaTH 1
yTPUMYBAaTH BOAY, 30€piraTd KOHCHUCTEHIIII0, MILHICTh 1 3B’SA3HICTh MPU KOHTAKTI 3
BOJIOIO, MIJHIMATH BOJIOTY MO TOpax I JIEIOKANISPHUX CUJI, 30UIbIIYBaTH CBii
00’eM (HaOyxaHHS), 3MEHIITyBaTU 00’ €M IIPU BUCHXaHHI 1 T.I. Takum 4uHOM, edek-
TUBHE BUKOPUCTAHHS T'€OTEXHOJOTIYHUX CIOCOOIB BHIOOYTKY KOPHUCHUX KOMAJIUH
3aJIeKUTH BiJ 6aratbox NpupoaHux (gaxropiB. Tomy mnepes moyaTkoM po3poOKu po-
JIOBUIIIA HEOOX1AHO BUKOHATH HU3KYTEXHIYHUX 3aXO0JIB, 0 YCYBaIOTh HECTIPUATIINBI
IPUPOAHI YHHHHUKHU. 3 II€I0 METOIO TOJIIMIIEHHSM Ie0TEXHOJIOTTYHIX XapaKTePUCTUK
POJIOBHUIINA TOTYETHCS TUIAH PO3POOKH KOPUCHUX KOMAIMH, a TAKOX ITiJIBUIIYETHCS
(3HMKY€ETHCS ) MPOHUKHICTD MTOPI1JI, CTBOPIOIOTHCS TIpaBiIivyHl 3aBICH Ta EKpaHU.

2.5. @i3uKo-TexXHIYHI MP00.JIeMH BIOCKOHAJIEHHS Ie0TeXHOJIOTIYHUX CUCTEM

OCBO€EHHSI TEOTEXHOJIOTTYHUX METOJIB BUAOOYTKY KOPHUCHUX KOMAJIUH 3BO-
TUTHCSL 10 CTBOPEHHS BIAMOBIAHOI TEXHOJIOTIYHOI CXEMH Mpoiiecy. Y MpOayKTUBHO-
My IUTacTi OypsITh HU3KY CBEP/IOBHH, MPU3HAYEHUX JIJISl HAarHITaHHS poOOYOro areH-
Ta (10’ €KTyBaHHS TEIJIOHOCITB MIPH MiA3€MHINA BUIUIABII CIpKK 200 MpU BUKOPUCTAHHI
BTOPUHHUX 1 TPETUHHHUX METOJIB IMABUINEHHS Ha(TOBiAAa4l IJIACTIB, HArHITAHHS
BUTPABJIIOIOYUX PO3YMHIB 1 T.I.) 1 JyIsi BUJOOYBaHHS KOPUCHUX KOMIIOHEHTIB (BYTi-
JABHOTO Ta3y IpU MmiA3eMHil raszudikarii, mia3eMHUX TEPMaATIbHUX BOJA, PO3ZUYMHEHOI
COJT1 TOIIIO).

EdexTrBHa excrutyarailisi TEOTEXHOJOTIUHUX CUCTEM JOCSTAETHCS TIIBKU MPU
BUCOKIM TPOHUKHOCTI MAaCUBY TPChKHUX MOPIJ Y 30HI €KCIUTyaTal[iiHUX CBEP/JIOBHH.
Pa3om 3 TUM ay’ke 4acTO MPOHUKHICTH MOPIA MOXKE BUSIBUTHUCS HUXKYE HEOOXITHOI,
10 3HUXKY€E MPOJYKTUBHICTh F€OTEXHOJOTYHOI CUCTEMU. 3HAHHA (I3UYHOI TPUPOAU
IPOHUKHOCTI TIPCHKUX MOPiJA A03BOJIAE€ MPABWIBHO BUOPATH ONTHUMAIbHUI METOA
BIJTUBY HA TEXHOJOTIYHUH ILJIACT, 110 3a0e3Meuy€e BUCOKY IHTEHCHBHICTh I'€OTEXHO-
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norigaux po6it. Cnocobu nii Ha MPOAYKTUBHHM MOKJIA] MOIUISIOTH Ha MIICTh TPYIIL:
iMIynecHI (YIBTpa3ByKOBa, €IEKTpopsAaHa 00poOKa TipChbKUX MOpPiA); BUOyXOBa Jis
MOOJAMHOKUMH Ta TPYTIOBUMU 3apslaMH, 3aCTOCYBaHHS TTOPOXOBHUX I'€HEPATOPIB THC-
KYy; T1JIpOPO3pUB IUIACTIB; KUCIOTHA 00pOOKa; TepMIUHA JIisl HA IUIACT; 3aCTOCYBAaHHS
MOBEPXHEBO-aKTUBHUX PEUOBHH. MOXKJIMBE BUKOPUCTaHHS KOMOIHOBaHUX CHOCOOIB
BIUIUBY Ha MPOAYKTHBHY 30HY: KUCIOTHHH a00 IMIYJbCHUN TIAPOPO3PUB TONIO. 3
yCiX 3a3HAYeHUX CMOCOOIB Jii Ha IMJIACT MIMPOKE PO3MOBCIOKEHHS OTPUMAIM Haul-
O11bII TIpOCTi, AMHAMIYHI criocoOu. OcobiMBe Miciie cepesi TaKuX CIoCO0IB 3aiimMae
eHeprisi BUOyxXy, sika J03BOJISI€E HE TUIBKM CKOPOTHTH MIJATOTOBYHMM MEpio Ha BUKO-
HaHHS THX Y IHIIUX TEXHOJIOTIYHUX OTepallii, ajae 1 pi3Ko MiABUIIUTH ¢(PEKTHBHICTh
i1 32 paxyHOK CIIPSIMOBAHO1 3MiHH (DI3UYHOTO CTaHy TIPCHKUX MOPif. 3aCTOCYBaHHS
eHeprii BUOyXy B T€OTEXHOJOTIYHUX CHCTEMaxX BUIOOYTKY KOPHCHHMX KOMAJIHH J0-
3BOJIsI€ 3MIHIOBATH BJIACTUBOCTI MOP1J Y NPUCBEPIOBUHHIN 30H], JIKBIAYBaTH 3aX0-
IUICHHS, BCTAHOBIIIOBATH MAKEPH, BUMIPOOYBATH TUIACTH, OYUINATH (IIBTPH, a TAKOXK
CTBOPIOBATU IITYYHI MPOHUKHI KaHAJIW B MPUBUOIMHIA 30H1 CBEPAJIOBUH, 5Kl 3a0€3-
NEYYIOTh B3a€MO3B’A30K MAacCHBY IOPiJA 31 CBEPUIOBUHOI (Hampukiaa, nepdoparis
0o0cagHUX KOJIOH 1 T.I1.).

[ToripmieHHs MPOHUKHOCTI TIPCHKUX MOPIA 3aJ€XKUTh Bl 0araTboX (akTopis,
SIK1 MOXKYTh OyTH PO3iJI€HI HA YOTUPU OCHOBHI TPYIIH: MOB’sI3aH1 3 MEXaHIYHUM 3a-
OpyaHeHHsIM (PiIbTpalliiHUX KaHaJiB, (13UKO-JITOJOTIYHI, (PI3UKO-XIMIUHI 1 TepMO-
ximiuHi. [lepma rpymna xapakTepu3yeThbCcsi HAsSBHICTIO KoJibMaTallii (inbTpariiHux
KaHaJiB OypoBHM ab0 PO3YMHOM JIJIsl IPOMHUBAHHS B Mepioa OypoBUX a00 PEMOHTHUX
poOIT a00 TaMIIOHAKHUM PO3YMHOM TP KPITIJIICHH] CBEPJIOBUH.

Mexaniune 3a0pynHeHHs (DUIBTpAIIHHUX KaHATIB BIJOYBA€ThCS TAKOXK YHAC-
JI0K 3aKyHOPIOBaHHS 1X IIUIAMOM, 1110 YTBOPUBCS B Mpolieci OypiHHS CBEPAJIOBUH 1
KoJibMaTalli GuIbTpaliiHuX KaHaI1B MEXaHIYHUMH JOMIIIKAMHU, 10 MICTSTHCS B Ha-
THITAIBHUX Y CBEPJJIOBUHY poOounx areHTiB ((imroinu). [loripurytoTe NpOHUKHICTb
MOP1J1 BIAKJIAIEHHSI MIHEPAJIIbHOI PEYOBHH Y NMPUBUOIMHINA 30H1, K€ 3a3BUYall BUHO-
CUTBCS 3 MPOAYKTUBHOI 30HM M1 Yac pyXy (IIroiiB MO MiIacTy.

o ($i3uKO-ITOJIOTIYHOT IPYIK NIPUYMH HAJIEKUTh BILUIUB POOOYOro areHTa Ha
CKeJIeT MopoAu abo TaMIOHaXKUK KamiHb. Ha inbTpariiini B1acTUBOCTI BIUIMBAIOTh
JeMiHepati3allisl mopia, HaOyXaHHS TJIMHUCTUX 3allOBHIOBAYIB MPUPOJIHUX MOPOXK-
HUH, MIEPEHECEHHS 1 IePEeBIAKIAACHHS COJIel, MPOpHUB (UIIOIIIB 13 CTOPOHHIX JKEped,
HarHiTaHHS B TJIACT CKUJIHUX PIJIMH 1 T.II.

Hist di3uko-xiMidHUX (AKTOPIB MOB’sI3aHA 3 YTBOPECHHSM OJOKYBAJIHHUX 3aBIC
i 4ac pyXy CyMiIIeil 3 HEOJHAKOBOIO MMOBEPXHEBOIO €HEPTi€r0 ii CKIIaI0BUX, TOsI-
BOIO MPOOOK y (QiIbTpaliiHUX KaHAJIaX, BUHUKHEHHSIM €MYJIbCii B rigpodoOHOMY
cepenoBuill (110 CTBOPIOIOTH 3aKyMOPIOBAaHHS KaHAIIB 1 TiApO(]iIbHY KOaryJsiliio,
BUKJIMKaHY B3a€MO/JIIEI0 €JIEKTPOJITIB 1 OCHOBOIO arperoBaHUX CYCHEH31i) 1 CHIHIO-
BaHHSM IUIaCTOBUX (DIIIOIIB i JI1€I0 HATHITaJIbHUX POOOYUX areHTiB 1 T.1.

TepMOXIMIYHI TPUYMHH 3HUKEHHS MPOHUKHOCTI IUIACTIB OOYMOBJIEHI BI1JKJIa-
JNeHHsAM napadiHiB npu BUAOOYTKY Ha(TH 1 rasy 3 IJIACTIB 3 HU3BKOI TeMIepary-
pOI0, a TAKOK MPOPUBOM y poOOYYy 30HY BUCOKOMIHEPAII30BAHUX BOJ 3 O1JIBII BUCO-
KOI0 TEMIIEpaTyporo, HiXK B poOoyiii 30HI. e nmpu3BoauTh 10 TOro, 10 MpPHU OXOJIO-

76



JDKEHHI BOJ BiAOYBA€ThCs AeMiHEpamizallis 3 BUIQAaHHAM MiHEpalbHUX colieil y Pi-
JABTPALIIMHUX KaHAJIaX y NPUBHUOIMHIN 30H1 CBEPIJIOBUH.

[TinBUILIEHHS TPOHUKHOCTI TIPCHKUX MOPIA MOXE OYTHU JOCATHYTO 3aCTOCY-
BaHHSM T1JIPOPO3pUBY IIacTa. BiH 103BoJIsIE OTpUMATH B MAaCHBI TJIMOOKI TPIIIMHU
BEJIMKOTO PO3KPUTTS, IO 3a0€3MeUyI0Th pyX poOouMx areHTiB. ['1iApopo3puB 3acTo-
COBYIOThH JIJIs iHTeHCHU(DiKkaiii HadTO-ra30BMA00YTKY, CTBOPEHHS T'1IpaBIIYHHUX 3aBIC 1
3aXHMCHUX €KPaHiB, MOTYKHUX TEIUIOBUX KOTJIB 1 T.1. OJIHAK 3aCTOCYBaHHA T1IpOpO-
3pUBY BMMAara€ 3Ha4HUX BUTPAT, CTBOPEHHS CHEIiaIbHOrO 00JIaJHAHHS Ta BEJIIUKOTO
00'emy pobounx (iroifiB. 3 TakuM ke ehPeKTOM MOKHA BUKOPUCTOBYBATH JIJIsi CTBO-
PEHHSI TPIIIMH MOPIBHSIHO MPOCTHM 1 JEIIEBHIA CIOCiO, OCHOBAHWM Ha 3aCTOCYBaHHI
ra3iB mpu BUOyXax MOPOXOBHUX 3apsiB. JlJis 1[bOTO B IJIACT MOMEPEIHBO HATHITAIOTH
(IMIyJIbCHE HATHITaHHS) PEYOBMHU TEKy4O0i KoHcHCTeHIl1. [licns Bubyxy mpomucio-
BUX MIJJPUBHUAX PEUYOBHH Yy CTIHKAaX CBEP/UIOBHHM BUHHUKAIOTH TPIIIUHU 32 PaXyHOK
NIJBULIEHHS! BHYTPIIIHbOCBEPUIOBUHHOIO TUCKY Ta3lB MpPH 3rOPSHHI MOPOXOBOIO
3apsany. TplluHU PO3BUBAIOTHCS BHACIIIOK PO3KIMHIOBAIBHOIL [J1i ra30p1AMHHOIL CY-
miu (puc. 2.2).

[TpoayKTHBHUI MJIACT MOYKHA PO3KPUTH BHYTPIITHBOILIACTOBUM BHOYXOM, TpU
SIKOMY BHOYXOBI PEYOBHMHU HATrHITAIOTHCS B TIOPOJHUM MAcCHUB €HEPTi€l0 CamMoro BU-
oyxy (puc. 2.3). [Ins nporo cBepasioBUHA 3aMIOBHIOETHCS HEOOX1THUM 00'€eMOM BUOY-
XOBOi PEYOBHHH, F€PMETUIYETHCS [IEMEHTHOIO MPOOKOIO, 1 3aps] Y BEpXHIN 4acTHUHI
3anamoeTbest (cxema ). TyT cTBOprO€ThbCsl BUCOKUHM THCK BiJl YTBOPEHUX MOPOXOBUX
ras3iB, SIKi 1H €KTYIOTh y TMOPOXOBHH IUIACT YaCTUHY BHOYXOBHX PEYOBHH, PO3TAIIIO-
BaHUX y MEXaX MPOAYKTHUBHOI 30HU. [Ipu nmommpenHi GpoHTY ropiHHS B3I0BXK IjIac-
TOBOT JUISHKU CBEPJUIOBUHH MOYWHAIOTH 3aiMaTHCA 1 1H €KTYBaTUCh y TUIACT BHOY-
XOBUMH PEYOBHHAMHU, MTOCIIIIOIOYH MPHU 1IbOMY po3puB miacta (cxema II). ¥V pasi ne-
JOCTaTHBOI'O THUCKY ra3y B 30HI FOPiHHS Nepen0avyaeTbesl JTOMOMIXKHE PyHHYBaHHS
NpUBUOINHOI 30HU 3apsAI0M OpU3aHTHOI J1i, SKHIl BIAUISAETHCSA Bl OCHOBHOI'O 1HEP-
THUM 3amoBHIOBa4YeM. Jl0JaTKOBHI 3aps BUOYXOBHUX PEYOBHH 3a0e3leuye B moyaT-
KOBHUI [1€P10/1 TOPIHHS PO3PUB IIACTA 3 YTBOPEHHSM JOCUTh PO3KPUTUX TPILLIKH.
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Puc. 2.2. Cxema nigBUIIEHHS TPOHUKHOCTI FPCHKUX MOP1J IPU MIA3EMHOMY BUOYXY
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Puc. 2.3. IIpyHIMIIOB] CX€MH BHYTPIIIHBOIUIACTOBUX BUOYXIB 3 BUKOPUCTAHHAM
€Heprii 3apsay A 1H ekTyBaHHs BP y npoaykTuBHui miact: 1 — cimycKomaioMHuM
MEXaHi3M; 2 — TaMIIOHAXXHUW KaMiHb; 3 — KapOTaXKHUM Kabenb; 4 — piuHa, 110 3Ha-
XOJIMThCS BCEPEMHI CBEPVIOBUHHU; 5 — IEMEHTHA NMPoOKa; 6 — 30Ha TOPiHHSA; 7 — OC-
HOBHUH 3apsj; 8 — iHEpTHA peyoBUHA; 9 — nonomixHuM 3apsa; 10 — npoayKTUBHUI
mnact; 11, 12 — pearentu

Ha puc. 2.3 (cxema III) mokazanuii e(peKTUBHUI METO/ CTBOPEHHSI PO3TaysKe-
HUX TPIIIMH YTBOPEHHSM BHOYXOBHUX PEUYOBUH O€3MOCEpeHbO y 30HI BUOYXY 3a JI0-
MOMOT0I0 XIMIYHUX peakiiii HeBUOYXOBUX KOMITO3UIIN 3 MOAANBIINM MMOPYIICHHIM
JETOHAL] X pe4yoBHH. /[l IbOrO YacTWHA CBEPUVIOBUHM B 30HI IUIACTa 3alOBHIO-
€ThCSl peareHTamMu (OJHHUM 3 HUX MOKe OyTH BOJAQ, THIIMM — KapOiJ KaJlbI[lI0, pO3Mi-
IIEHUN B KarcyJi, o BUOyxae BiAPI3KOM JIeTOHYIoUOro muypa). [licins 3anaittoBaH-
HSl B 30H1 peakuii alleTUIeHy 301IbIIYEThCS] TUCK 1 alleTHUJIEH HarHITA€ThCS B TPIIIMH-
HO-TIOPOBHII TpocTip Tipcbkux nopid. IIpu pocarnenni tucky 2 — 4 Mlla anerunen
JIETOHYE 13 3HAUHUM BUAUICHHSIM TEIUIOTH, 1110 OCUITIOE YTBOPEHHSI TPILIUH.

3 morauOIeHHAM T€OTEXHOJIOTIUHUX POOIT PO3MIpH 30H YTBOPEHHS TPIIIHUH Pi-
3KO 3MEHIIYIOThCcS. Hampukman, mpu BHKOPUCTaHHI TPETUHHUX METOJIIB HadTo-
ra3oBu00yTKY Ha TIMOWHI 2 KM 30HA TOJAPIOHEHHS TOP1J 3MEHITY€EThCs B 2 pasu, a
po3Mipu (JOBXHHA) pajiadbHUX TPIUH 3HWKYIOThCA Ha 30 — 50%. [lpu 3HMKEHH]
MPOHUKHOCTI IIACTa B MpoIieci OypiHHS BUHUKHEHHS TPIIIUH 3a JOTOMOTOI0 TOPO-
XOBHX Ta3iB HalOUIbII €()EKTUBHO HA TUTACTAX, CKIAJACHUX 13 BAITHAKIB, JOJOMITIB 1
MIICKOBHKIB, KOJIM IJIACT Ma€ HU3bKY MPOHUKHICTh Yy NPUCBEPUVIOBUHHIN 30H1 B MOPi-
BHSHHI 3 IPOHUKHEHHSM Yy BiajaneHiid oOnacti. He pekoMeHIyeThCsl 3aCTOCYBaHHS

78



BUOYXiB OPOXOBUX I'€HEPATOPIB TUCKY B IUIACTaX 3 PUXJIUMH BIAKIAJCHHSIMU 1 BH-
cokoro 00BoaHeHicTIO. [licns BHOYXiB MOPOXOBHUX 3apsiiiB HEOOX1THO JOAATKOBO 00-
poOUTH PUCBEPAJIOBUHHY 30HY HArHITAHHSIM HarpiToi piAMHM B IIacTi abo 3akaya-
1 [TAP, consiny kucioty abo aepoBaHi CyMilii.

2.6. Ilpukaaaui 3aga4i 10 riaBm 2

IiaroroBka BUXiTHMX JAHMX JJI51 IPOEKTYBAHHA Ie€0TEXHOJIOTIYHOI
PO3pOO0KH POIOBHII KOPHCHUX KONMAJTHH

MeToro reosioropo3BilyBajJbHUX POOIT € KOMIUIEKCHA OL[IHKA POJOBUILA CUPO-
BUHHOI 0a3u TipHMY0A00yBHOI mpomucioBocti. [lpm po3Biaul MOBUHHI OyTH
3’sCOBaHI:

— ¢dopma, po3mip i1 reosioridHa OyoBa MOKIaAy, TNIMOWHA 3aIsATaHHs, TEKTOHI-
YH1 0COOJIMBOCTI, BMICT KOPUCHOT'O KOMIIOHEHTA 1 OT0 3amacu, NOTY>KHICTh, JITOJIO-
TIYHUM, MIHEPAJIOTIYHUI 1 XIMIYHUI CKJIaJu, CTPYKTYpHI M TEKCTYpHI OCOOJIMBOCTI
MOKJIaTy, CIIBBITHOIIEHHS KOPUCHHUX KOMIIOHEHTIB 3a T€XHOJOTTYHUMH BJIACTHBOC-
TSMH, 3MIHHICTb iX SIKICHOI 1 KUIbKICHOT XapaKTEPHUCTHK;

— MOTY’KHICTb, JITOJOTIYHUHN CKJIaJl, CTyIIHb TEKTOHIYHOI MOPYLIEHOCTI, €Jle-
MEHTH 3JISITAaHHS TOKPUBHHUX IMIJICTWIBHUX TOPiA, (Pi3UKO-MeXaHIdHI BJIACTHUBOCTI
OIYHUX TOPIT;

— T1IPOTeOJIOTIYHI XapaKTEPUCTUKH BOJIOHOCHUX T'OPU30HTIB, T'lPOre0IoriyHe
OJIOKyBaHHSI 3aIaciB, JDKEpesia BOJOMOCTaYaHHS IMiAMPUEMCTBA, TPOTHO3 MOMKIJIMBUX
TAPOre0JOrYyHUX XapaKTePUCTUK MIPU EKCILTyaTalll poJOBHILA;

— Ta30HOCHICTh IOKJIaly, IHTEHCUBHICTh Ta30BHIUICHHS, CKJIa]] ra3iB, BHOyXo-
HEeOC3IIeYHICTD;

— €KOHOMIKa 1 MPUPOJIHI YMOBH PaiiOHy POJOBHIIIA.

Crneundiuai 0cobIMBOCTI T€0JI0TOPO3BIAYBAIBHUX POOIT MPU T€OTEXHOJOTi —
NETaIbHICTh (PI3UKO-T€OJIOTTYHUX JIOCTIHKEHb TapaMeTpiB MOKIaay, 0 00yMOBIIIO-
I0Th MPOLECU F€0TeXHONOr1i. TakKuM YMHOM, JOCIIIHULIbKI pOOOTH MICTSTh 3arajibHO
re0JIOTIUHI Ta T€OTEXHIUHI JOCITIHKEHHS.

['eoTeXHOJIOTIYHI JOCIIKEHHS

— KIJIbKICHA OLIIHKA COPTIB 1 PI3HOBH/IIB KOPUCHOI KOTAJINHU;

— TIOPUCTICTh, KABEPHO3HICTH 1 TPIIIIMHYBATICTh.

VY xoz1 A0CTiHKeHb MPOBOASTHCS HACTYIHI BUAM BUITPOOYBAHHS:

— XIMIYHE — BHU3HAYAETHCA XIMIYHUHN CKJIaJ, BMICT KOPUCHUX KOMIIOHEHTIB 1
MIKIIABUX JTOMIIIOK;

— MIHEPAJIO-JIITOJOTIYHI — BUBYAIOTHCS CKJIAJl MiHEpAJIiB, iX CTPYKTYpHI Ta Te-
KCTYpH1 OCOOJIMBOCTI;

— (i3uyHEe — YCTAaHOBIIOIOTHCA (DI3MKO-MEXaHIuHI 1 TeTT0(i3UYHI BIACTUBOCTI
KOPUCHUX KOIAJIUH 1 MOPIJI, IO IXMICTSTh;

— TEXHOJIOTIYHE — BUBYCHHS BUO00YTKY KOPHCHHUX KOTIAJIWH.

VYci Buau BUNPOOYBaHHS MPOBOJASTHCS MO pe3yJbTaTaMu JI000py KepHa CEeKIli-
MM JIOBXKUHOIO | M, a HAa KOHTaKTax 3 O1yHMMU nopoaamu — 0,5 m.

[lepen OyaiBHUIITBOM BEJIUKOTO IMANPHEMCTBA 3IIMCHIOIOTHCA JOCIIIIHO-
IIPOMUCIIOB] BUIPOOYBAaHHS TEXHOJIOTIT HAa JOCIIIHIA YCTAaHOBII B MPUPOIHUX YMO-
Bax.
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VY mepion NiAroTOBKK POJOBHUIIA 10 €KCIUTyaTalli MPOBOJAUTHCS KOMILUIEKC re-
OJIOTiYHMX, TiPOreoNoridHuX i Teodi3nUHNX TOCTiKeHb OKIagy. Moro Mera— Bu-
BUYEHHS POJOBUIIA SIK T1APOCTPYKTYpU. OCHOBHI METOJM: T1IPOT€0OriYHE TOYKOBEI
MalijJaHHE BUNPOOYBaHHS CBEP/JIOBUH, CYNPOBOJKYBaHE re0(I3MYHUMHU BUMIPAMH.
JUJisi BUBYEHHSI TIAPOTEOJOTIYHUX XapPAKTEPUCTUK POJOBHILNA MPOBOJAATH JIOCIHIIHI
HarHiTaHHS 1 BiJIKAYyBaHHS.

VY xo#d1 1OCHIIKEeHb bOT0 KOMIUIEKCY HAWMBaXJIMBIIIMM € BUBUYECHHS €(DEKTUB-
HOCT1 METOJ[IB IITYYHOT'O BIUIMBY HAa MacUB 3 METOIO MOJIIMIIEHHS HOro Tiporeoso-
TYHUX BJIACTUBOCTEH.

['aporeonoriyHi HOCTIKEHHS MOBUHHI MPOBOJUTUCA y OJOKaxX POJIOBHUIINA 3
0COOJIMBUMHU TUIIAMHU YMOB 3aJISITAHHSI KOPUCHUX KOMAJIHMH: MO SKOCTI, COKOBUM IIO-
poaam, BiacTUBOCTAM 1 T.m. IloBmHHA OyTH BH3HAauY€HA HEOIHOPIAHICTH T'€OJIOTO-
TLAPOJIOTTYHUX XapAKTEPUCTHK SIK 3a IJIOLICHO, TaK 1 32 MOTYKHICTIO POAOBHILA.

[TizpaxyHOK 3amaciB KOPUCHOI KOMAJIWHH, NPUAATHUX IO BiAIPALlbOBYBAHHS
r€0TEXHOJIOTTYHUMHU METOJIaMH, BKIIOYAE:

— BU3HAYEHHS KOHTYPIB 1 IJIOLII MOMIMPEHHS IPOMHUCIIOBOIO MOKIAAY;

— CEpEeJIHIO MOTYKHICTh NOKIaay y OJ0Kax;

— IIUIBHICTh KOPUCHOI KOMAJIMHU y OJIOKaX;

— cepeH1i BMICT KOPUCHOI KONIAJIMHU y OJIOKaX.

OKOHTYpIOBaHHS MPOMMCIIOBUX 3araciB 3/1MCHIOETHCS Ha MiJCTaBl TUMYAcoO-
BUX YM MOCTIMHUX KOHAULIN. [Tpu BcTaHOBIEHH! KOHAMIIN MOBUHHA BPaXOBYBaTUCA
HAJIHHICTh BUKOHAHUX T1IPOTrCOJIOTTYHUX JTOCTIKEHb.

['onoBHE 3aBIaHHS MPOEKTYBaHHS MiANPUEMCTBA 3 BUAOOYTKY KOPHUCHHUX KO-
HAJIMH TEOTEXHOJOTIYHUMU METOJaMU — BU3HAYEHHSI ONTHUMAJIbHOIO CIOJYyYEHHS
MOTYXHOCTI1, TEPMIHY CIIyKOH, CIIOCOOY PO3KPHUTTS, CHCTEMH PO3POOKH 1 T.I.

IIpu npoekTyBaHHI MOKJAJ, 10OYBHI CBEPJIOBUHU 1 IOBEPXHEBI CIIOPYIH MO-
BUHHI PO3IJISIATUCS K €AMHUN KomIuiekc. HallOoinbI npuitHATHUM METOM pIllICeHHS
i€l 3ama4di MeToaoM BapiaHTiB. [Ipu oMy Taki 3amadi HaHOUIBIIIE TOIIIHLHO BUPI-
IIyBaTH METOJaMU EKOHOMIKO-MAaT€MaTHYHOIO MOJENIOBaHHS 3 3aCTOCYBaHHAM
EOM.

OCHOBHI eTanyu NPOEKTYBAHHS '€0TEXHOJIOTIYHOTO MiANPUEMCTBA:

— OJiep>KaHHS 3aBJJaHHS Ha MMPOCKTYBaHHS; OJICP )KaHHS BUXIIHUX JaHUX;

— BUOIp croco0y PO3KPUTTS 1 CUCTEMU PO3POOKHU POJOBHILA, CITKH PO3Tally-
BaHHS CBEP/IJIOBUH, YEProBOCTI OypiHHS 1 BBEJICHHS B pOOOTY CBEPJIOBHH;

— BUOIp OCHOBHOTO yCTaTKyBaHHs JIsl BUPOOHUIITBA POOOYUX areHTIB, TPAHC-
MOPTYBaHHSA 1 MEpepoOKH OTPUMAHUX MPOIYKTIB, perenepailii pooo4nx areHTiB, aB-
TOMaTH3allii 1 KEpyBaHHS BUPOOHUIITBOM;

— BU3HAYEHHSI OCHOBHUX TE€XHIKO-€KOHOMIYHUX MOKA3HUKIB MalOyTHHOTO Mij-
MIPHEMCTBA.
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KoHTpoJIbHI 3anIUTAHHA

1. CyTHicTh Kinacudikalii reoTeXHOJIOTITYHUX CUCTEM.

2. 3 SKHUX MPOIECIB CKIAIAEThCS MITOTOBKA POJAOBUIIA A0 I€OTEXHOJIOTTYHOT
po3po0OKu? Sk BUKOHYETHCS KOKEH 3 IIUX MPOIIECIB?

3. Ski paxTopu 3yMOBIIOIOTH BUOIP HAMPSAMKY I'€OTEXHOJOTTYHOIO BIAIpPALItO-
BaHHS poJioBUIIA?

4. Jlaiite BU3HAYCHHS (PUIHTpAIlIHHUM BIACTUBOCTSM T1PCHKUX TOPI.

5. Illo Ha3uBa€eThHCss 00’ €MHOIO Ta TUTOMOIO Baroo TpChbKUX MOPia?

6. SIki MOCHIIPKEHHSI TIOBMHHI BUKOHYBATHUCS JIJII BUPIIMICHHS T€OTEXHOJIOTY-
HUX 3aBJIaHb?

7. Y doMy momisararoTh (Hi3UKO-TEXHIYHI POOJIEeMU BIOCKOHAJICHHS I'€OTEeXHO-
JIOTIYHHUX CUCTEM?

Cnmcok JiTtepaTypu 10 IJ1aBHU 2

1. Apenc, B.JK. ®usuko-xumudeckas reorexHojorus [Tekct]: yueOHUK ist
BY30B / mox o6mieit penaknueit B.OK. Apenca. — Uznarenscteo MI'Y, 2010. — 575 c.

2. Apenc, B.K. I'eorexHomornueckie MeToAbl JOOBIYM TOJIE3HBIX HCKOIae-
MmbIix [Texct] / B.JK. Apenc. — M.: Henpa, 1976. — 264 c.

3. Apenc, B.K. I'eosioro-ruiporeosorud4eckue OCHOBBI I'€OTEXHOJOTMYECKUX
METOJ0B JOOBIYM MoJie3HbIX HMckomaeMbiX [Tekct] / B.OK. Apenc, A.M. Taiinun. —
M.: Henpa, 1978. - 215 c.

5. Bepurun, H.H. I'magpoannamuyeckue u (U3NKO-XUMHUECKHUE CBOWCTBA TOP-
Heix nopoxa [Texcr] / H.H. Bepurun, C.B. Bacunwses, B.C. Capkucsu u np. — M.:
Henpa, 1980. — 206 c.

6. laposap, N.1. I'eoTexHonaornyeckrue cnocoosl pa3pabOTKU MIACTOBBIX Me-
cropoxnenuit [ Tekct] / U.W. [llaposap. M.: U3gatensctBo MI'Y, 1999. — 242 c.

7. YUekyHnos, A.B., BoBk A.A., Muxamok A.B. ®u3nko-TeXHU4eCKUe npoosie-
MbI UCTOJIb30BAHUSI SHEPTUHU B3pbIBA MPU COBEPIICHCTBOBAHUM CKBAXKWHKH T€OTEX-
HOJIOTMUECKUX CUCTEM HW3BJICUCHHUS MOJIE3HBIX HCKOMaeMbIx // B3pbiBHBIE pabOTHI B
IPYHTaX W TopHBIX nopojaax: CO. Hayu. Tp. / Pen. xomn.: A.A. BoBk (oTB. pea.) u ap.
— K.: Hayk. lymka, 1984. — C. 3 — 26.
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3. POBKPUTTA TA IIATOTOBKA POJOBHIIL
P TEOTEXHOJIOTTYHIN PO3POBIII

3.1. Po3KkpuTTH POAOBHIL

Po3kpuTTsi pogoBHUIIl — CTBOPEHHS TIPHUYUX BUPOOOK, K1 3a0€3MEUYIOTh J10-
CTYH J0 KOPHCHUX KOMAJWH 3 TOBEPXHi 3eMiIi 1 MpU3HAYCH1 JUIS X TOJAJIBIIOI ITiAro-
TOBKH Ta PO3POOKH I'€OTEXHOJOTTYHUMH METOIaMH. By IIBHUIITBO T€OTEXHOJIOTTUHHUX
KOMIIJIEKCIB TIOUYMHAETHCSA 3 OYypiHHS CBEPJJIOBHH, SIKI € OCHOBHUMHU PO3KPUBHUMH
BUpOOKamMu. Y NPOAYKTUBHUU IIACT MO CBEPAJOBUHAX MOJAIOTHCS CHELlaIbHI pea-
reHTU (TeXHIYHA BOJA, Mapa, TeIUIOHOCIH, KUCIOTH, JIYTH, MOBITPS, KUCEHb TOILIO) 1
OMYCKA€ThCSI TEXHOJIOTIYHE 00N JHAHHS JIsl €PEKTUBHOI /i1 HAa MOKJIa]] (MEXaHIYHU-
MU, XIMIYHUMHU, T1IPaBIIYHUMH, MIKPOOIOJIOTITYHUMH, TEPMIYHUMHU Ta IHIIUMH CIIO-
cobamu), sike 3abe3nevye nepeBeieHHs KOPUCHUX KOMAIMH y PYXJIMBUH (MIrpaiii-
HUM) CTaH 1 BUTSTHEHHS HA MMOBEPXHIO MPOAYKTUBHUX (PItOiAiB. PO3KpUTTS pogoBUIL
3M1MCHIOETHCSI BEPTUKATBHUMHU MOXUIUMU OPIEHTOBAHUMU (TIOXHUJIO-CITPSIMOBAHUMHU)
CBEpJIOBUHAMHU Ta X KOMOIHAIIIEI0, a TAKOX 3 BUKOPUCTAHHSAM IT1JI3EMHUX T1PHUYUX
BUPOOOK. Bubip cnocoOy po3KpUTTS 3aJekKUTh BiJl TIMOWHM 3aJISITAHHS POJIOBUIIIA,
HOTO MOTY>KHOCTI 1 KyTa MaJiHHS, PO3MIPIB T€OTEXHOJOTIYHOTO TOJIsI, TEXHOJIOTTYHOT
CXEMHU PO3pOOKH, penbedy MICIEBOCTI, BIACTUBOCTEH KOPHCHUX KOMAIWH 1 O1YHUX
MOPiJl, TEXHIKO-€KOHOMIYHHMX MMOKa3HUKIB, HASBHOCTI JHKEPEN €HEProBOAOIIOCTaYaH-
Hs Ta yTHII3aIii BIIXOA1B, BIICTaH1 BiJl MOCTaYaIbHUKIB JI0 CIIOKMBAYiB Ta 1H.

['eoTexHONOT14HI CBEPAJIOBUHU MOAUISIIOTHCS HA €KCIUTYaTallliiH1 1 JOMOMIXHI.

ExcnayaraniiiHi cBepAJI0BHHM CIYTYIOTh AJs1 0e31mocepesHboi po3poOKu po-
JIOBHIIIA TIUISIXOM TOJja4i poO0Yoro areHTa B MOKJIaJ KOPUCHUX KOIIAJWH 1 BHIa4l Ha
3eMHY TOBEPXHIO IPOAYKTUBHOTO (uiroiny abo rasy. Ili mporecn MOXyTh BUKOHYBA-
TUCS pa3oM (B OJIHIM CBEpAJIOBUHI) ab0 po3aabHO (Y pi3HUX CBEpAJIOBHHAX). Yepes
OJIHY eKCIUTyaTallliiHy CBEpJUIOBHUHY, O0OJiaJlHaHy OOCagHUMH TpyOamMH 1 OJHIEIO-
TPhOMa KOHIICHTPUYHO PO3TAIIOBAHMMH KOJIOHAMH TPyO, MPOBOIATH MiA3EMHY BU-
IJIaBKY CIPKH, PO3YMHEHHS COJIEH 1 CBEPUIOBUHHUN T1apoBU00yTOK. [li13eMHe BU-
JYTOBYBaHHS 3/1MCHIOIOTH 1O PO3AUIBHUX EKCIUTyaTallliHUX CBEPAJIOBUHAX, SIKI IO-
IUTSFOTh Ha HATHITAJIBHI 1 BIAKAYHI.

HarnitaabHi cBepAJOBUHU TTPU3HAYEH] /7S MOJa4l B TJIACT KOPUCHUX KOTIa-
JIMH pOoOOYUX areHTIB.

BinkauHi cBepaJIOBHHH CIYTYIOTh JUIS BUJA4l NPOJYKTHBHUX (QIIIOIMIB Ha
TTOBEPXHIO.

[Tinzemua rasudikaiist Byrijuis 3A1HCHIOETbCA TaKOXK Yepe3 JIBa BUIU CBEPAJIO-
BUH — B HArHITaJbHI CBEPJIOBUHU NOJA€THCA TyTTHOBUH MOTIK, a [0 1HIIOMY IIPOBO-
JUTHCS B1JI0Ip NPOAYKTUBHOTO Tasy.

JlonmoMizkHi CBepIJIOBUHH BHKOPHUCTOBYIOTHCS ISl IPOBEJACHHS PO3BiTyBalb-
HUX, CIIOCTEPEXKHUX, KOHTPOJbHUX Ta OapaxxHUX PoOIT, JJIs BOJOBIUIMBY, aHKEPY-
BaHHS TPOPO3PUBY Ta IHIIUX LIJICH.

Po3BinyBasibHi CBepIJIOBMHM CIYTYIOTh ISl OTPUMAaHHS YTOUHEHHX JIAHUX
PO TUTACT KOPUCHOI KONaauHU (MOTY>XKHOCT1, KyTH MaAiHHA Ta 1H.). Hagami i cBep-
JIOBUHH 3aCTOCOBYIOTHCS SIK BUAOOYBHI.
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CnocrepeskHi cBepIJIOBUHM HEOOXiJHI JUIsI KOHTPOJIO 1 CIOCTEPEKEHHS 3a
TIAPOAMHAMIYHUM CTAHOM MPOAYKTHBHOIO ILIACTa, PO3TIKAHHAM TEXHOJIOTTYHUX
(Gr0iIiB 32 KOHTYPH BIANPAalbOBYBAaHUX JUISHOK, (DOPMYBaHHSIM Kamep 10 MPOAYK-
TUBHHUX TOPU30HTIB.

KonTpoabHi cBepAI0BUHYU MTPU3HAYEHI JUIsI KOHTPOJIIO 32 MOXIIMBUM 3a0py-
THEHHSIM T1I36€MHUX BOJ| HABKOJMIIIHBOI'O CEPEAOBHINA, a TAKOXK MOBHOTH BUITYYEH-
HSl KOPUCHUX KOMITOHEHTIB 3 TIPOJYKTUBHOTO IJIacTa.

bapaxni cBepa/ioBUHU OyAYIOTHCS HA MEXKaxX POJOBHINA JIJIi CTBOPEHHS MPO-
TUBO(DUIbTPAIIHHUX 3aBIC, IO MEPEIIKOIKAIOTh PO30CEPEIHKEHHIO MPOAYKTUBHUX
PO34YMHIB (JIy)KHUX, KUCIIOTHUX 1 T.I1.) 32 B1JICTaHi BIANPALIOBAHHS JUISTHKA (OJIOKY).

BoaoBinauBHi cBepajioBMHM TOTPiOHI JJIsI BUIAJICHHS HAJJIUIIKIB BOJIH, 3a-
Ka4aHoi Yy MpOJyKTUBHUHN TUIACT, TIPH M13eMHIN BUILIABIN CIPKH. [HOJI BOJIOBIIIMB 3
CIpKOBHI00YBHUX CBEPJJIOBUH MPOBOJUTHCS CAMOILTUBOM IIPU MEPEHACHUEHH] TIIac-
Ta.

AHKepHi CBepAJIOBUHM BUKOPUCTOBYIOTHCS JJIs MiJBUILEHHS CTIMKOCTI HOPIJT
HOKPIBJI1 IPU CBEPAJIOBUHHOMY T1IpOBUAOOYTKY 1 OypiHHS 0€3 (LIbTpyBaJIbHUX CBE-
PAJIOBUH MpHU MiA3€EMHOMY BUJIYroBYyBaHHI MeTaiB. [Topoga mokpiBii 3MILHIOETHCS
aHKEPHUMH CBEpIJIOBUHAMH TEpeJ MOYaTKOM PO3POOKH MiMSHKUA MPOIYKTHBHOTO
miacra.

CBepAJIOBHHH JJsl TiAPOPO3PHMBY MPOJAYKTHUBHOTO IJIaCTa HEOOXiAHI JUIs
CTBOPEHHSI IITYYHUX MPOHUKHUX KaHAIIB, M0 3a0€3MeUyOTh MiJABUIICHUI KOHTAKT
po00YOro areHty 3 mopojamu IUISHKH, 10 BIANPanboByeThes. [Ipu mig3eMHoMy BU-
JYTOBYBaHHI T1IpOPO3PUB IJIACTA 3aCTOCOBYIOTH TAKOX JIJISi CTBOPEHHS MPOTU(IIHT-
paliifHuX 3aBic.

['eoTexHOOT1UHI CBEPJIOBUHHU BIPI3HAIOTHCS MMIUPOKUM J11alT1a30HOM TITUOWH:
Bix 20—-30 m (CI'] 1 [IM) mo 4000 M (BUAOOYTOK reoTepMaibHUX PECYPCIB, BTO-
pUHHI 1 TpeTUHHI MeToau BUAOOYTKY HadTu Ta iH.). CBEpIOBUHU TIIMOMHOIO 10
45 — 50 M BimHOCATHCA 10 ApioHUX, 50 — 100 M — mo Hermubokux, 100 — 200 — cepe-
nuboi rnounu, 200 — 400 M — rauboki, 400 — 600 M — qyxe rauboki, 600 — 2000 m —
BeJbMH IIMOOKI, moHaa 2000 M — HaarauMOoKi. 3a3BUUail iX pO3TAIIOBYIOTh Ha HEBE-
JUKIN BiJcTaHl oAHa BiJ onHoi: 17,5%17,5; 20%x20, 40x40 1 6unbe. Tepmin ciryxk0u
TF€OTEXHOJIOTTYHUX CBEPJIJIOBUH pi3HUM — Bia Aekiibkox 10 (CBJI) mo 10 — 30 pokiB
(ITPC). CBepanoBuHM OypsTh 3 TOYaTKOBUM AiameTrpom 490 mm (He Ounbie), 393,17,
295,3 mm 1 kinueBuM 320; 215,9 (190,5) mMm. s OypiHHS 3aCTOCOBYHOTH OypOBi
ycTtaHoBKkM poTopHoro tuny YPB2A-2, YVPB-3AM, 1BA-15B, YBB-60C (IIBC, CI'/l,
[1B), mmunaaensuoro tumy 31D [200A, VIT-40M (I11Y), a Takox Baxkki OypoBi
yctanoBku €Y-50, BY-75 bP, BY-125.

3.2. CxeMH po3TalllyBAHHS CBEPAJIOBHH

CucremMH reoTeXHOJIOTIYHOI pO3pOOKH MICTATH y €001 CBEpIJIOBUHH, SIKI 3a-
KJIAJal0ThCAd 3 3€MHOI MOBEpPXHI, 3 MIA3€MHUX TIPHUYUX BHPOOOK 1 KOMOIHOBaHI.
CxeMu po3TallyBaHHS CBEPAJIOBUH 3YMOBIIIOIOTHCS CIIOCOOOM T'€OTEXHOJIOTTYHOI
PO3pOOKHU TaHOTO PoaOBHINA. Tak MpH MiJI3EMHOMY BIJIYTOBYBaHHI METaJliB HarHiTa-
JBHI 1 PO3BaHTaXyBaJbHI CBEPJUIOBUHU MOXXYTh OYTH pO3TallloBaHi psaamMu (puc.
3.1, niHifiHE poO3TallyBaHHS MO a — TPUKYTHINA, 6 — KBAJAPATHIN 1 6 — CTUIBHUKOBIN
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CITKax), KUIBbISIMU, KUIbLIEBE PO3TAlIyBaHHS 3 LEHTPAIBHOI PO3BAHTAXKYBaJIbHOIO
(puc. 3.2), ab0o 3 HEeHTpaIbHO HarHiTAMBHOW (puc. 3.3) cBepioBuHaMu). [Ipu kBa-
JpaTHIM CITLI PO3TAallyBaHHS HATHITaJbHI CBEPAJIOBUHM PO3MILIYIOTh Y KyTax a0o B
neHTpi kBajpara (puc. 3.1). [IpoayKTHUBHICTh T€OTEXHOJOTIYHOTO MIANPUEMCTBA, SIK
NIPABUIJIO, BU3HAYAETHCS MPOAYKTHUBHICTIO PO3BAHTAXKYBAJIBHUX CBEPIJIOBUH, TOMY
KIJIBKICTh 1X B CHCTEMI 3a3BHYail Oulblle, HIXK HarHitTaabHuX. CUCTEMU TEXHOJOIY-
HUX CBEPJIJIOBUH, SKI IPOBOJSTHCS 3 36MHOI MOBEPXHI, CKIAIAIOThCS 3 PS/IIB BEPTH-
KaJIbHUX 200 MOXWJIMX HarHITAIBHUX 1 PO3BAHTAXKYBAJILHUX CBEP/JIOBUH (puc. 3.4).

Komo6inoBani cuctemu (puc. 3.5) ckagaroThesl 3 IPEHAKHUX TIPHUYUX BUPO-
OOK 1 3 BEepTUKAJIbHUX HaTHITAILHUX CBEPJIOBUH, 3aKJIAJICHUX 3 TTIOBEPXHI.

Hixzemni cucremu (puc. 3.6) CTBOPIOIOTHCA 3 MOPOKHUHOIO TOPU3OHTATBHUX
pPO3BaHTAXyBaJbHUX (a) 1 HarHiTadbHUX (0) CBEPAJIOBHH, MPOOYPEHHUX 13 PYIHOTO
TLJa 13 IIAXTHUX TIPHUYUX BHPOOOK, IO BUKOPUCTOBYIOTHCS SIK JAPEHAXHI IITPEKH
JUTSl BIJIBEICHHS TPOYKTUBHUX PO3UYHHIB.
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Puc. 3.1. Cxemu JiHIHHOTO po3TalllyBaHHs CBEpJIOBUH BUyroByBaHHs: [ — XIII —
HarHiTajbHI CBepAJIOBUHY; 1 — 24 — po3BaHTaxXyBajibHI (BUAOOYBHI) CBEPAJIOBUHU
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Puc. 3.2. KinblieBa cxema po3tanryBaHHsS CBEpUIOBUH NIPH [IEHTPaIbHOMY pPO3BaH-
Ta)KyBaHHI: | — HarHiTaIbHI CBEP/UIOBUHU; 2 — pO3BaHTAXXYBaJIbHi CBEP/IJIOBUHU;
3 — KOHTYp PO3MOBCIO/KCHHS PO3UMHHUKA; 4 — KOHTYP BOPOHKH JICTIPECIi;

5 — ocepeaHeHUI KOHTYp Aemnpecii

o

A_'l'_o_--- O_LA

4
/

Puc. 3.3. KinbieBa cxeMa po3TalllyBaHHs CBEPAJIOBUH 3 IEHTPAIbHUM HarHITAHHSIM:
| — HarHiTaJIbHI CBEPIJIOBUHU; 2 — PO3BAHTAKYBaJIbHI CBEPAJIOBUHU; 3 — BOAOTPUBKA
Mi01BA MJ1acTa; 4 — pyJHUN BOJAOHOCHUH IUIACT; 5 — MPOMIKHUN KOHTYP PO3MO-
BCIO/DKEHHS PO3YMHHUKA (200 KOHTYP IMiABUIIICHOTO TUCKY) B pyJHOMY IUIACTI
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Puc. 3.4. Cucrema cBepiiI0BUH, MPOOYPEHUX 3 MOBEPXHi: | — BOAOHAIIPHI TOPOIH;
2 — Har”iTaJIbHI CBEPAJOBUHU; 3 — PO3BAaHTAXyBaJIbHI CBEPAJIOBUHU; 4 — KpUBa Jie-
npecii; 5 — BOZOHOCHI TOPU30HTH; 6 — pyaHE TU0; 7 — QUIBTP
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Puc. 3.5. KomGiHoBaHa cucteMa BUpOOHUIITBA: | — HArHITAJIbHI CBEP/IJIOBUHU;
2 — IpeHaXKH1 MTPEKH; 3 — MaXTHUH CTOBOYp; 4 — BOJAOYIIOPH; 5 — BOJJOHOCHUH TO-
PH30HT; 6 — PYJIHHM 1UIacT; 7 — APEHAXKHI CBEPIJIOBUHU
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Puc. 3.6. [linzemMHa cuctema po3poOKu: a — HarHITaIbHI CBEPUIOBUHU; O — pO3BaH-
Ta)KyBaJlbH1 CBEPJIOBUHU; | — IPEHAXKHI IUTPEKU; 2 — IaXTHUI CTBOJ;
3 — KOHTYp IPOMHUCIIOBOr0O PyAHOTO TU1a; 4 — BOJOYIIOPHI OPOJIH;
S — pyanuii noknaa; 6 — BOJOHOCHHUI TOPU30HT

3.3. KoHCTpyKIIiI re0TeXHOJIOTiYHUX CBEePAJIOBHH

Bubip KOHCTpPyKIIii T€OTEXHOJIOTTYHOI CBEP/JIOBUHU 3aJI€KUTh BiJl 0COOIMBOC-
TEH reoJIOT14HO1 OyI0BHU POJOBHIIA, BIACTUBOCTEH OIYHUX TMOPIJl, 3HAYEHb T1PCHKOTO
1 TUTACTOBOTO THICKIB, HEOOX1THOTO AcOITY, MPU3HAYCHHS CBEPJIOBUHH, CIOCO0Y Oy-
piHHSA Ta iHmUX (akrtopiB. s KpimyieHHsS CTBOJA 1 pO3’€IHAHHS MPOTYKTUBHUX
IUTACTIB CBEP/UIOBUHU OOJAAHYIOTh KOJJOHAMU O0CaHUX TPyO 3 TaMIOHaXKeM (1ieme-
HTYBAaHHSM) 3aTPyOHOTO KUIBIIEBOTO MPOCTOPY. 3a KUIBKICTIO MapajielbHO PO3TAIlIo-
BaHUX KOJIOH y CBEPAJIOBUHI X KOHCTPYKIIii OyBarOTh OJIHO-, 1BO- 1 TpupsaaHi. Koo-
HU CIOPYDKYIOThCS 13 cHeliadbHuX oOcagHux TpyO. s TaMmoHaxy KiIbLEBOIrO
3aTpyOHOTO MPOCTOPY 3aCTOCOBYIOTH TaKi BUAM LIEMEHTY: BaXXKUH, XapaKTePU3YETh-
Csl MIABUIIEHOI HIIIBHICTIO IEMEHTHOI'O KaMEHIO; MIMAHUCTHH, 3abe3Ieuye Ii/IBH-
IIEHY TEPMIYHY 1 KOPO31HHY CTIMKICTh; COJICCTIMKMI 1 HAIMIBrirpOCKOIMIYHUM. 3a3Ha-
YeH1 BUJU LIEMEHTY CXOIUTIOI0Thes 3a 2 — 20 roa. CBepUIOBUHM HA TepMasibHI BOAU
CHOPYKYIOTh YOTUPUKOJIIOHHUMU. Ha puc. 3.7 nmoka3zana KOHCTPYKIis CBEpP/JIOBUHH,
B SIKY OMYIIEHO YOTUPH KOJIOHU TpyO nuametrpom 426, 324,219 1 146 mm.
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Puc. 3.7. CxeMa 4OTUPUKOJIOHHUX I€0TEPMAJIbHUX CBEPIJIOBUH

[Ipy niABOJHOMY BHWIIYTOBYBaHHI METalliB BUKOPHUCTOBYIOTh OJHOKOJIOHHI
KOHCTPYKIIT cBepasioBUH (puc. 3.8). Y nedakux BHUMNAAKaxX MPU 3HAYHUX TIMOMHAX
OypiHHS THpJIa CBEPJJIOBMH OOJaAHYIOTh HANPSMHOI TpyOor 1 KOHAYKTOpoM. Ha-
THITAJBHI 1 BIIKA4YH1 CBEPAJIOBUHH OypsITh niameTpoM 190 — 243 MM 10 pyAHOTO IO-
knany (puc. 3.8, a), a i nepeOyproBaHHs MPOBOAUTHCS 32 JOMOMOIOIO J0J0Ta MEH-
moro piamerpa. Komonu tpy6 110 — 140 mwm, sik mpaBuiio 00aiHAIOTh OOTSIKKAMM,
MaKepOM 3 KHCJIOTOCTIIKOI rymu, GinbTpom 1 BifcTiiHukoM. Ha mepexomi 3 OibImo-
ro jJiaMerpa Ha MEHIIUN eKCIUTyaTailiiiHa KOJIOHa CBEPJIJIOBUH OCHAIYyEThCS ITaKe-
pOM 3 BIAsSHHUM B OCHOBY METAJIEBMM KUJIbLIEM, 110 3a0e3rneuye HEeoOXiJIHY >KOpCT-
KicTh. [Takep ciyrye uist CTBOPEHHS 130JISI11i1 CBEPUIOBUHH BUIIE 30HU PYXY MPOIYK-
TUBHHUX (DITFOTAIB MUISIXOM 3aJIMBaHHS TiAPOI30JIAIIMHOTO MaTepially Haj MaKepoM.
3a3BUyail BUCOTA T1pOI30JIALIi TOPIBHIOE BUCOTI Bl Makepa 10 AUHAMIYHOIO PIBHS
IiJ3€MHUX BOJI, @ 1HIIa YaCTHHA 3aTPYOHOT0 MPOCTOPY 3aNOBHIOETHCA 1HIIUMH MaTe-
planamu, Mpu UbOMY y TUPJI CBEPUIOBUHM LIEMEHTYETHCS HA TIUMOMHI 2 —3 M BIJ
noBepxHi. Taki CBepJJIOBUHU HAWYacCTIllle 3aCTOCOBYIOTh TUIBKU SIK HarHiTajibHi. B
JAHWUW 9ac CBEPUIOBUHU OOJIATHYIOTHCS (QUIBTPAMH 3 TPaBItHUM OOCHIIAHHSAM Y PO-
3MMpeHii yacTuHu (puc. 3.8, 6), 0 CIpusie MIIABUIICHHIO MPOAYKTUBHOCTI 1 TEPMIHY
cinyx0u cBepuioBuH. OOJaHABIIM HAarHITAJIbHI CBEPJIOBUHHM, JAlaMETp E€KCILTyaTa-
IAHUX KOJIOH MPUHUMAIOTh 3 YpaxyBaHHSIM PO3MIPIB POZUHHOIITHOMHUX MPUCTPOIB.
[Tpu mipiiomi epnipToM NPOAYKTUBHUX (PIIFOTAIB MOKIIMBE 3MEHIIIEHHS JiaMeTpa KO-
JIOHM B TIOPIBHSIHHI 3 liameTpoMm ¢inbTpa (puc. 3.8, ¢). ExcrutyaTariiini cBepyIOBHHH
3 BUJQYCI0 MTPOIYKTUBHUX (IIIOTIB 3aHYPEHUMHU HACOCAMHU MArOTh JllaMeTp eKCIUTya-
TaIifHOT KOJIOHH, piBHUM JiameTpy ¢inbTpa (puc. 3.8, 2).
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Puc. 3.8. CxeMa 0IHOKOJIOHHHMX €KCIUTyaTal[liHUX CBEPAJIOBUH M1A3€MHOIO BUITYTO-
BYBaHHS METAJIIB: a — 3 T1JPOI30JISIIEI0 32 TONOMOTOI0 TTakepa; 6 — 3 rpaBiiiHOI0 00-
CUIIKOIO (DUIBTPIB; B — 3 KOMOTHOBAHOIO €KCILTyaTalllf{HOO KOJOHOO 1 MIAHOMOM
IPOIYKTUBHMX (DITFOI/IIB 32 AOMOMOTOI0 epiidTa; T — 3 KOMOIHOBAHOIO €KCILTyaTa-
IHOIO KOJIOHOIO 1 MiIHOMOM NPOAYKTUBHUX (IIOI/IIB 32 JIONOMOTOK0 3arTMOHUX
HacociB; 1 — ekcrutyaraiiiiina KojioHa Tpy0; 2 — ¢iasTp; 3 — BIACTIHHUK; 4 — TTakep 3
[IEMECHTYBAJILHUM MIPUCTPOEM; 5 — 00TSIKKA; 6 — T1APOI30JIALINHNN MaTepia,

7 — milaHo-TpaBiiHa 00CHUIIKA; 8§ — LIEHTPATOP

CepanoBuHH AJis TiApoBuA00yTKY KopucHuX konaiud (CI'/]) maroTs giametp
350 —400 MM 1 rnubuny o 200 M. 3anexHO BiJl KOHCTPYKTUBHUX OCOOJIMBOCTEN
BUI00YBHOTO 00JIaAHAHHA OYypsATH JABa BUAMU CBEPAJIOBUH. Y NEPIIOMY BUIAAKY BH-
TOTOBJISIIOTh, MOHTYIOTh 1 CITYCKalOTh T1JPOMOHITOPHHI BY30Jl pa3oM 3 KOPIyCOM
cHapsaa. ['IIpOMOHITOP 3 TiJIpOeeBaTOPOM PO3TAILOBYIOTh Y HHXKHIM YaCTUHI BUJO-
OYBHOI'O CHapsi/ia, sSIKUW MEePeMIlIaeThCs Y30BK 30BHIIIHBOT TPYOU HA JOBXKUHY, IO
NEPEBUILY€E MOTYXKHICTh IJIaCTa KOPUCHUX KomanuH. J(pyruii BUA CBEpJIOBUH Iie-
pendavae po3aiabHEe BUTOTOBJICHHS, MOHTAX 1 CITYCK T1JIPOMOHITOPHOTO BY3JIa 1 KOP-
nycy cHapsiia. ['iIpoMOHITOpHUI BY30JT MOJAI0Th Ha BUOIN y paHillie ONyIieHii 00-
caaHiil TpyOi 1 pa3oM 3 BHYTPINIHBOIO TPYOOI0, sSIKa BUKOPUCTOBYETHCS IS TOAAdl
BOAM HA BHOI 1 MAHOMY MyJIBIIH, OMyCKAIOTh 1 BCTAHOBIIIOIOTH HA METAJICBUH MaKep
(ymop). Ilynbpna HaAXOAWTH 13 KaMepu Ha MOBEPXHIO MO MIXTPYOHOMY MPOCTOPY.
KoHcTpykis CBEpAJIOBUHU Ta OCHOBHI €TalH ii CIOPY/IKEHHs MTOKa3aHl Ha puc. 3.9.
Jns ycmimHoi ekcruryaTtarii BuJoOyBHOTO OOJIaHAHHS CIIOYATKy PO3IMIUPIOIOTH
NpUBUOINHY 30HY 3 YTBOpEHHAM Kamepu auamerpom 600 — 1200 mm.
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Puc. 3.9. Cxema ekcruyaraniiinoi ceepanoBunu ajs CI'J] Ta ocHOBHI eTany i crio-
PYIUKEHHSI: a — pO3BilyBaJlbHa CBEPAJIOBHHA; O — €Taln CIOPY/KEHHS CBEpAJIOBUHHU;
B — IIJIFOTOBJICHA /10 €KCIUTyaTaIllli CBep/IJIOBMHA; 1 — eKcIulyaTalliiiHa KoJIoHa;

2 —MeTaneBui ynop (makep); 3 — HeMEHTHHUM cTakaH

[Tpu mimzemuiit Bumiasii cipku (IIBC) miameTp cBepAJIOBHHU 3alIeKUTh Bif
PO3MipiB 00CATHUX 1 EKCIUTyaTalllHHUX KOJOH 1 KOJIMBAETHCA B Mekax 243 — 296 mm.
Excmumyarariiina kojoHa TpyO CKIIaJa€eThCs 3 BOJOMOJABAILHOI, MPU3HAYEHOT IS
1oja4l TEIJIOHOCIS, PO3YMHOIIIHOMHOL Il TToAavi Cipku 1 epiidTHOI (BO3TyXOIO-
AaBanbHO1) TpyO. Yci TpyOu po3TamoBaHi KOHIEHTPUYHO BCepeauHi 006caaHoi KO-
HU. CBEpUIOBUHU CIIOPYIKYIOTh ABO- 1 OTHOKOJIOHHUMH (puc. 3.10). ¥V ABOKOIOHHIN
KOHCTPYKITii TiependavyaecTbcsi yCTaHOBKAa 00CaaHUX TPYO MO BCHOMY CTBOJIY CBEP/I-
JIOBMHU JI0 CipyaHOTO Tutacta. BogonogaBaibHi 1 CIpKOBUAAYHI KOJIOHU TPYO 00Jas-
HYIOThCS MO0JIM3Y BUOOIO CBEPAJIOBUHU NEPp(HOPOBAaHUMHU XBOCTOBHKAMH, YEPE3 SAKI B
IJIaCT HAJXOJUTh Tapsiya BojAa 1 3M1MCHIOEThCS MiaioM cipku. HibkHIO yacTuHy po-
0ouux KoJioH TpyO nepdopyroTh orBopamu aiameTpoMm 18 —20 MM, 110 po3TalIOBY-
IOThCSl B IIAXOBOMY MOpsiaky Ha BifctaHi 70 — 100 mm oxHa Big oxgHoi. TyT ke Ha
Bijctadi 100 — 600 M BiJl HIDKHBOTO KIHIIS KOJIOHU TPYO TmepeoadeHe yCTaHOBICHHSI
KUIBLIEBOT'O TIAKepa JIJIsl PO3AUICHHS HUMHU TEIIOHOCIS 1 po3uuHy cipku. OTHOKOJIOH-
Hi CBEp/JIOBUHU MAaIOTh MEPEBAry 3a paXyHOK 3MEHIICHHS J[laMeTpa CBEPJIOBUH, 1X
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METAJIOEMKOCTI, @ TaKOX CIIPOIIEHHS KOHCTPYKIII OrojOBKa 1 MPUBUOIMHOI 30HH
ceepaioBuH JIBC. ¥V mux cBep/yioBrHaX HE MOTpiOHA yCTaHOBKA MakKepiB YIPHUBH-
O1iH1M yacTUHI A po3’eAHaHHS poOOYMX 1 MPOAYKTUBHUX NOTOKIB. O0cagHa KoJo-
Ha CIIyTY€E ATl IEPEKPUTTS MMOPOJTHOTO MACUBY BUIIIE MJIACTa KOPUCHUX KOTAJIHMH Ta €
OJIHOYACHO €KCIulyaTalliHo0. BoHa 103BosIsiE HANPABIATUA TEIJIOHOCIH (rapsady Bo-
ny) o MiXTpYyOHOMY TipocTopy. HukHi# KiHEeIb 00cagHOl KOJOHU TePMETHU3YEThCS
LEMEHTHUM KUIBLIEM Yy MTOKPIBIII MPOyKTUBHOTO IJIACTA.
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Puc. 3.10. Cxema cBepaJIOBUH IS 1M1/136MHOT BUTUIABKH CIPKH: a — JBOKOJIOHHA CBE-

p/UTOBHHA; O — OJTHOKOJIOHHA CBEP/IJIOBHMHA; 1 — oOcaHa TpyOa; 2 — IIeMEeHTHE KiJIb-

e, 3 — eKCIUTyarailiifHa KoJioHKa TpyO; 4 — cipkoBH1ayHa TpyOa, 5 — BO3AyX0Mo/ia-
BajbHA TpyOa; 6 — GimeTp; 7 — makep
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ConstHl IaCTH MOXYTh PO3KPUBATUCS BEPTHKAIBHUMU i OPIEHTOBAHUMHU (I10-
XHJIOCTIPSIMOBAaHUMH) CBepuioBUHAMHU. KOHCTPYKIIT BEepTUKAJIbHUX EKCIUTyaTalliii-
HUX CBEPMJIOBUH IS mig3eMHoro po3unHeHHs cojel (ITPC) nokazani Ha puc 3.11.
[Ipu xamMepHii po3poOI1l CONSTHUX IJIACTIB 3aCTOCOBYIOTHCS TPH- 1 ABOKOJIOHHI KOHC-
TPYKLii cBep/u1oBHH. [Ipy po3poOLil CONSTHUX POAOBUIL KaMEPaMH TaJIepeiiHOro TUITY
BUKOPHUCTOBYETHCSI OPIEHTOBAHI CBEPJJIOBUHU, KOHCTPYKIII SIKMX MICTATbOOCAIHY
a00 OCHOBHY KOJIOHY TpYO 3 IIEeMEHTAIlI€0 3aTPyOHOTO MPOCTOPY, & TAKOXK EKCILTya-
tamiial komoHu. O0cagHa KOJI0OHA 3a3BUYaii 3arjinOIr0€THCS B COJIAHIN IUIACT HA TJIH-
ouny 5 — 10 m 1 6utbmie. Y riau6oki (monan 1500 m) cBepaioBunu s [IPC omycka-
I0Th KOHJIYKTOPH 1 MPOMIXKHI 00Ca/iHI KOJIOHH, sIKi 3a0€3Me4yl0Th MEPEKPUTTS He-
CTIWKHX TOPIJ MOKPIBIII Ta IEMEHTYIOThCS. TOBIIMHA CTIHOK 00CAHUX KOJIOH CTAaHO-
BUTH 12 MM ISl CBEPIJIOBHH 3 TEPMIHOM €KCILTyaTallii 10 25 pokiB 1 OJIM3bKO 8 MM —
npu 10 pokax cmyx6u. ['mpna cBepaIoBUH 00JIaHYIOTh OTOJIOBKAMU JJISl PETYIIIO-
BaHHA M0Ja4l PO3YMHHMKA 1 HEPO3UMHHUKIB A0 BUAAdl po3coiiB. KOHCTpyKIIi Tex-
HOJIOTIYHHMX CBEPJUIOBUH JUIS MiA3eMHOI ra3udikaiii KOpUCHUX KOMAIUH MOUISIOTh-
cs Ha ABl1 rpynu. Ilepiia rpyna — 3ananbHl CBEpJIOBUHHM — MPU3HAYEH1 ISl CITYCKY
710 BUOOIO 3aajbHUX TEPMITHUX MATPOHIB JUIsl 3aiMaHHS TUIACTIB 1 BUJ1ayl Ha MOBEP-
XHIO MPOAYKTIB razudikariii. Jlpyra rpyna — HarHitajabHi CBEpIJIOBUHU — CIYTY€E IS
1mojadl B peakiliifHy 30HY IIacTa AyTTHOBOT'O MOTOKY (TOBITPS, MapOMOBITPSHOTO
a00 TapOKUCHEBOTO AYTTA) MiJ HaanumkoBuM TUckoM 0,2 — 0,4 MIla. YepeBuk ekc-
ITyaTaiiHuX KOJOH TPyO pO3TalIOBYETHCA B TMOKPIBI, a BUOIA CBEPJJIOBUHU — Y
IT1IOIIIB] TUIACTA.

a Poscin 6
Bona
TN = Bona
<«

= < CPO3UMHHHK

Po3scin
Hepo3uuHHUK /M
T EDQ:I p—) ) \
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Puc. 3.11. Cxema cBepAJIOBUH AJIS MIJI36MHOTO PO3YUHEHHS COJIEH: a — TPUKOJIOHHA
KOHCTPYKUis TpyO IpH NpSIMOCTPYMHUHHOMY PO3UYMHEHHI: 1 — oOcaaHa TpyoOa;

92



2 — IIeMEeHTHE KiJIbIIE; 3, 6 — eKCIUTyaTaiiifHi KoJoHu TpyO; 4 — Hepo3unHUK (HadTa,
rac); 5 — kamepa; O — IBOKOJIOHHA KOHCTPYKIIiS TpyO NpU NPOTUCTPYMUHHOMY PO3-
YUHEHHI; | — IeMeHTHe Kublie; 2 — TpyOa JjIsi HepO3YMHHUKA; 3 — o0caHa TpyOa;
4 — excruTyaTaliifHa KOJIOHAa; 5 — HEPO3UMHHUK; 6 — Kamepa

3.4. TexHoJ10risA OYpiHHA re0TEXHOJOTIYHUX CBEPAJIOBHH

TexHosnoriss OypiHHS CBEP/JIOBHH CKJIAJAEThCS 3 0€3MOCEPEHBO Mpoliecy Oy-
piHHSA, TAMIOHAXY (1leMeHTallli) 00cagHNX KOJIOH, YCTaTKyBaHHS CBEPJUIOBUHHM 1 BU-
npoOyBaHHS 1i HA TEPMETUYHICTh. BIIMOBIAHO 10 MPOEKTY F€OTEXHOJIOTIYHOTO KOM-
IUIEKCY OYpSATh BEPTHKAIbHI, MOXMWII 200 MOXWIO-TOPU30HTAIBHI CBEPIOBHHM, SIKi
pPO3TAlIOBYIOTHCSl HAa MEBHIM BIJICTaHI OAHA BiA oAHoi. Hampukian, npu po3KpuTTI
COJITHUX TUIACTIB BIJICTaHb MK CBEpJIOBUHAMH PETJIAMEHTYETHCS HEOOX1IHICTIO
3aJIMIIEHHS O€3MEeYHOT0 IINKA MK CYMIKHUMU KaMepaMu 1 IPUIMAETHCS PIBHUM

L=007H+RE +n+K), (3.1)

ne H — rnmubuna Oypinus, M; R — paniyc kamepu, M; § — MUDKKaMEpHUNA KOE(ILI€HT,
§=0,1-0,5; n — xoediieHT MOXMOOK KOHTPOJIIO 3a (POPMOYTBOPEHHsIM, N = 3 — 4;
K — xoedirmient acummeTpuaHocTi, K =2,2 — 2,7.

['eoTexHOMOTIUHI CBEPJIOBUHU OYypsATH OJTHUM 13 HACTYITHUX CIIOCO0iIB: 00ep-
TaJIbHUM 3 IIPSIMUM a00 3BOPOTHUM IIPOMUBAHHSM, O0EpTaIbHUM 3 MOBITPSIHUM MPO-
TyBaHHSM; TIIPOJUHAMIYHUM, YyAApPHO-O0EPTAIbHUM, BIOpaliifHUM, TEPMIUYHUM 1
TepMoMmexaHiyHuM. OOepranbHe OYpiHHA 3 MPSIMHM TNPOMHUBAHHSM 3aCTOCOBYIOTH
npu po3poOiii po3cunuux poaoswui (Mmerogom CI'JI, 1B Ta iH.), mopogopyitHyO4H-
MU 1HCTPYMEHTaMH CIyTYIOTh J0JI0Ta (JOMaTeBl, mapoimeyHi) 1 mikooypu. bypinus
3MIACHIOETHCST OypOBUMHU YCTaHOBKAaMHU POTOPHOTO a0 mmuHAenbHOro Tuimy. Obep-
TalbHe OypiHHA 31 3BOPOTHUM HpoMuBaHHAM HeoOxigHo [I3M  cnopya
re€0TEXHOJIOTTYHUX CBEPIUIOBUH ISl IA3€MHOI0 BUIIYyTOBYBaHHs MeTaimiB. Lle oauH 13
BHUCOKOIPOJYKTUBHUX CHOCO0I1B, 1110 3a0€3Meuy€e BUCOKY SIKICTh OypIHHS 3a PaXyHOK
3HM)KEHHSI KOJIbMaTallii MPOJAYyKTUBHUX IJIACTIB. BiH 103BOJIsIE MpamioBaTy Ha 30171b-
HMIEHUX JlaMeTpax CBEP/JIOBHH, CIOPYKYBaTH (UIBTPU 3 PO3MIMPEHUM KOHTYPOM
rpaBiiiHoi oOcunku (puc. 3.12). Jlanuii croci®G BUKOPUCTOBYETHCS IMPU PO3POOIT
npoaykTuBHUX Iu1acTiB MetogoM CIJI. Ilynbsna BuaaeTbes Ha MOBEPXHIO epiiTamu,
ripoeneBaTopaMH 1 BIIIEHTPOBUMH HACOCAMHU.

Oo6epranbHe OypiHHS 3 MPOMAYBKOIO — OJIMH 3 HAIPSMIB MiJIBUILIEHHS €()EeKTHB-
HOCTI PO3KPHUTTSI MPOAYKTUBHUX IUIACTIB. BUKOpucTaHHS HOro copuse 3HMKEHHIO
BUTpAT 4acy Ha OCBOEHHS CBEPJUIOBHH, MOJIMIIECHHIO TEXHIKO-€KOHOMIYHUX TMOKa3-
HUKIB OypiHHS, OCOOIMBO MpHU MiA36MHOMY BHIYyroByBaHHI. ['iIpoaunamiune OypiH-
HS TO3BOJISIE 32 JIONOMOTOK) BUCOKOHAIMIPHUX CTPYMEHIB PIAMHHU, SIKI BUXOIATH 3 Tij-
POMOHITOpA, CIIOPYJKYBaTH reoTexHoaoruH1 ceepanioBunu rnpu CI'JL (puc. 3.13).

CyMileHHsIM BUJ00OyBaHHS KOPUCHUX KONAIMH 1 OypiHHS CBEPJIOBUH MOXKHA
JIOMOI'TUCSI 3HUKEHHSIM BUTpAT yacy Ha OypiHHS CBEpAJIOBUMH 1 MOHTaX O0JIaIHaHHS
JUISL pO3POOKK MPOAYKTHUBHOrO Iiacta. ['iipoOyp 1 TiAPOMOHITOP MarOTh PO3ALIbHE
noveprose BKJItOUEHHs. ['1poOyp MpOXOAUTH CBEPJUIOBUHY, a MICJsI 3aBEPILICHHS
OypiHHS MOr0 BIIKJIIOUAIOTh Ha POoOOTY SK riipoMoHiTOpa. Tepmiune OypiHHS peati-
3YETBCS Uepe3 TEpMOOYp BUCOKOTEMIIEPATYPHUM T'a30BOBUM CTPYMEHEM, SAKUH pyii-
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HY€ TIpChKY MOPOAY 3a PaXyHOK TEIJI00OMIHY 1 TEpMIYHUX HampykKeHb. Bumipu na-
paMeTpiB BUCOKOLIBUJIKICHUX Fa30BUX CTPYMEHIB T€pMOOYPIB MMOKA3aJIH, 10 B PO3TI-
KaHHI IUIIM TEIJIOHOCIS PO3IOALT TEMIIEPATyPU XapaKTEPU3Y€EThCS 3aIEKHICTIO

2
T = Trp, exp(— ). (3:2)

ne Tpp — Temmeparypa B HEHTPI IUIAMH PO3TIKAHHS CTPYMEHS; 7 — BIJICTaHb BiJ
LEHTPY IUIAMU PO3TIKAHHS CTPYMEHS; 7 — MapaMeTp, KU XapakTepu3ye KpyTH3HY
PO3MOALTY TEMIEPATYPH B IUISIMI PO3TIKAHHS BUCOKOTEMIIEPATYPHOI CTPYMEHS, M.
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Puc. 3.12. TlpunnumnoBa cxema TEXHOJIOTIYHUX CBEPIJIOBUH 3 (DLITHTPOM T'pa-
BIHOI Bificunku: 1 — cTOBOYp CBEpAJIOBUHU; 2 — BOJOHOCHI TOPU30HTH; 3 — IpaBiii;
4 — cunkuii Matepiai; 5 — IepeMudKa 3 TJIMHA a00 1IEMEHTY;

TepmomexaniuHe OypiHHS AOCATAETHCA BIJOKPEMIICHHSM BiJl MacuBy OJOKO-
BUX KAMEHIB IIPU NEPEMIIICHH] NaJIbHUKA B3J0OBXK JIHIT pi3y. TepMoMexaHIYHUH cIIO-
cib mo3BoJIAE€ APOOUTH HErabapuTHI OJIOKU TIPCHKUX MOPIJ MPSMOIO JI€IOTEIIOBOTO
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CTpYMEHS Ha MOpoay abo 3a paXyHOK MEpPEeBEJCHHS B HHOMY EIIEKTPUYHOT eHeprii B
TEIUIOTY .

HamipHa

[R—

Puc. 3.13. Cxema rigpoauHaMiqyHOr0 OYpIHHS 1 CBEPJIOBUHHOTO T1IPOBUI00YBaHHS
KOPUCHUX KomaniuH: 1 — rigpoOyp; 2 — rigpoeneBaTop; 3 — 30JI0THUK; 4 — HacaaKa
T1APOMOHITOPA; 5 — MPOMIXKHHM BIACIK; 6 — KOPITYC T1APOMOHITOpa (CHapsia);

7 — MexaHi3M OBOPOTY T1IPOMOHITOpA

3.5. O0s1aiHAHHSA Te0TEeXHOJIOITYHUX CBEPAJIOBUH

3.5.1. T'upnoBe obnagHaHHS CBEPJIOBUH

[IpucTpiit rupsOBOTO OONTATHAHHS 3QJICKUTH BiJl MPU3HAYECHHS Ta KOHCTPYKIIi1
CBEPJIOBMHHU, OYIKYBAHOTO TIJIACTOBOTO THUCKY 1 (pa3oBoro crany TteruioHocis. Ha
CBEPJIOBMHAX 3 HAJJIUIIKOBUM THCKOM Ha THPJIi BCTAHOBJIOIOTH OOJa HAHHS 3a Mi-
LHICTIO BIANOBIAHO TUCKY. ['MpiioBe 00J1alHAHHSA CBEPJIOBUH MOJIATa€ B MPUCTPOI Ta
repMeTn3arii 3aTpyOHOTO i MUKTPYOHOTO MPOCTOPY OOCaAHMX 1 eKCIUTyaTaIliiHuX
KOJIOH. BOHO MicTUTB y cOO1 crieliaabHi Or0JIOBKH, HEOOX1AH1 Jisl 0OB’SI3KKM POOOUNX
1 eKCcIUTyaTaliiHuX KojoH (puc. 3.14). O6nanHanHs rupia Npyu3HAYEHO JJIsl peryJiro-
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BaHHS HAMPSMKY MOJadi B CBEPUIOBUHY POOOUYMX areHTiB (BOASHOI Mapu, BOIH, IMO-
BITpSl, HEPO3UMHHHUKIB, JIYKHUX 1 KUCJIOTHUX PO3YMHIB 1 1H.); PEryJIIOBaHHS BiJBe-
JI€HHS BIJ TUpJia CBEPJJIOBHUHM 1 PO3MOAUTY MyJbNHU (MPOAYKTUBHUX PO3UUHIB IS
yOepiranHsi CBEpJIOBUHHU BiJl MOTPAIUISIHHS CTOPOHHIX MPEAMETIB; JIJIsl 3a0€31eUeHHS
repmeTu3alli rupia, mo0 YHUKHYTH 3a0pyAHEHHS AOBKULISA POOOYMMHU areHTaMu 1
MPOJAYKTUBHUMH (BJIIOIIaMHu 1 T.11.
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Puc. 3.14. Cxema cBepasiOBUH I MMi/13eMHO1 ra3udikariii KOpUCHUX KOTAJIUH:
a — 3amajibHa CBEep/IOBHHA; O — HarHITaJlbHA CBEPJUIOBHHA; | — 00CcaiHa KOJIOHHA;
2 — BUOIW CBEPUIOBUHM; 3 — IIEMEHTHE KiJIbIle; 4 — 3amalbHAN MTaTPOH;
5 —moBiTponogaBaibHa TpyoOa; 6 — nakep

['upnoBe oOnanHaHHA IS MIJA3€MHOIO PO3YMHEHHS COJIEH IOKa3ajio Ha puC.
3.11. BoHO cknanaeThCcsi 3 KOHLEHTPUYHO PO3TALIOBAHUX TPYO AJI pEryIrOBaHHS
ojadi BOAM, HEPO3UMHUKA 1 B11OOPY po3cony. THCK BOJIM, IO MOJAETHCA B CBEP/I-
JIOBUHY, BU3HAYA€TbCI MAHOMETPOM, PIBEHb HEPO3UMHHHMKA B Kamepl — 3a JOIMOMO-
rOI0 KOHTPOJIBHOI TPYOKH, OIMYIIEHOI B KIJBIIEBUMA MPOCTIp MK 00CAIHOIO Ta €KC-
IuTyaTaniiHuMu KosioHaMu TpyO. [lpu migzeMHOMYy BHWIIYyTrOBYBaHHI METaliB A0 TUP-
JIOBOTO O0JIaHAHHS TIPE]T SIBIISIOTHCS 0COOJIMBI BUMOTH. 3a3BUYail 3aTpyOHUHN TpoOC-
TIp Ha TUpPJIl CBEPJIOBUHHU 3aJIMBAETHCA T1Ipoi30siLiiiHuMu Marepianamu. Lle yoepi-
ra€ B1Jl IONAJIaHHs B I'PYHTOBUH IIap poOOYMX 1 IPOJYKTUBHHUX areHTIB. 3aCTOCOBY-
I0Th TAKOX 3aCHUIIKYy TiIpo@oOHMX MarepiaiiB, [0 MOMIMHAKOTH 1 HEUTPai3yloTh,
BUTPABIIIOIOTH PO3YUHH 1 T.1I.

JIJis HarHITaNbHUX CBEPJIOBHH, 10 MPALIOIOTH B HAIIIPHOMY PEXUMI1, BUKOPHU-
CTY€ThCS OTr0JIOBOK (puc. 3.15), B sikoMy € naTpyOOK IS 10/1a4i BUIIYTOBYIOUYOTO PO-
34MHY 1 MOIUIABKa, SKUI IMEepeKpHBa€e 3a JONOMOIOI0 3alipHOro MWTH(TA OTBIp Y
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KpuuILl koprycy. Po3unH dyepe3 narpyOOK HarHiTaeTbCsl B CBEPJIOBUHY, a ras3u, 110
YTBOPIOKOTHCSA, CKYNMUYIOThCSI HaJ MOIUIABKOM. SIKIO TUCK Ta3iB MEPEBUILYE TUCK
pPO34YMHY, TO MOIUIABOK, NEPEMIIIAI0YUCh BHU3, TUMYACOBO BiJIKPUBAE OTBOPHU IS
BUKHY Ta3iB.

Ilomaua
O3YHH
p e y

Puc. 3.15. Konctpyxkiiist OrojioBKa HarHiTaabHOI CBEPAJIOBUHHU, 1110 TIPAIFOE B HAMIIP-
HOMY pexkuMi: | — mormnaBok; 2 — kopmyc; 3 — 3anipHuil mTudT, 4 — dikcatopu momn-
JaBKa; 5 — BX1IHUM MaTpyOoK; 6 — eKcIuTyaTaniifHa KoJIoHa

KoHceTpykiis BiIKa4HOI CBEPJUIOBHH 3JICKUTh BlJl 3aCTOCYBaHHS PO3YHHO-
nigioMHoro obsiagHanHs. Cemapatop Ha CBEPAJIOBUHI NMPU BUKOPHUCTaHHI epidTiB
300paxkeHuit Ha puc. 3.16.

Cenapatop ciyrye ajis BiIIJICHHS TPOIYKTUBHUX PO3YMHIB BiJ] MOBITPS 1 Iic-
Ky. Bin mpuegHyeTrbcst 10 pPO3YMHHO-TIITAOMHOI TPYOM 1 CKIIAIA€ThCS 3 KOPITYCY,
JIBOX €EMHOCTEM, 13 SIKMX OJIHA CIIYTY€ JJIsi BBEJICHHS MYJIbIIH, APyTa— JIJIs 3JUBY PO3-
yuHy B KosiekTopu. [Ipu HaaXO/pKeHHI MyJbINA CEmapaTop IMOBITPS BHIAISETHCS 3
HBOT'O YEpe3 OTBOPU B EMHOCTSIX, BCl MEXaHIYH1 JOMIIIKUA OCIJJal0Th HA JIHI KOPIIyCY
cenapartopa. [leperoposaka B kopIryci cenaparopa 3abe3neuye 0capKeHHs CyCIIEH31M,
AK1 MEPIOAMYHO BHUITYCKAIOThCA 3 CEMapaTopa 3a JONOMOror npoOku. KuibKicTs po3-
YHHY, 1110 HAIAIIOB 3 CBEPAJIOBUHH, PEECTPYETHCS MOTIABKOBUM BUTPATOMIPOM.

Bubip 3acyBok Ta iHIIOTO TUPJIOBOrO 00JIaIHAHHS 3aJICKUTH Bij A€OITY, TUCKY
1 TeMIiepaTypu cBepIoBUHHOTO cepenoBuia. [Tpu temneparypi 1o 100° C npu THc-
Ky a0 0,1 MIla BcTaHOBIIOIOThCS CTaneBi 3acoBU. [Ipn HaAMIpHOMY THCKY MOHAJ 5
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MIla (reoTepManbHi CBEpAJIOBHHM) TUpJIa HAIPHUX CBEPAJIOBUH OONIaTHYIOTHCS (o-
HTaHHOIO apMaTyporo. ['upioBe obnagHaHHs 17 TepMajJbHUX CBEPAJIOBUH, ITiI3EM-
HOTO BWJIYTOBYBAaHHS W 1HIIMX CHOCOOIB BUJIOOYTKY Ma€ BIJANOBIJIATH TEMIIEPATYp-
HUM yMOBaM 1 TUIIy arpeCUBHO-IIACUBHOT'O CEpeIOBUIIA.
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Puc. 3.16. KoHCcTpyKIIisi mpUCTpOO /I 00JIaHAHHS YCTSI BIIKAYHUX CBEPUIOBUH
IpHU MiJ3eMHOMY BHJIYTOBYBaHHI METaNIB: | — KOPIyC OTOJIOBKA; 2 — IEPETOPOJIKH;
3 — OTBIp M1 MOBITPS; 4 — EMHICTH /ISl PO3YUHY, 10 HAIMINOB 3 CBEP/JIOBUHU;
6 — EMHICTb 37TUBY; O — 3MUBHMI MaTPyOOK; 7 — MOIJIABKOBHM BUTPATOMI;

8 — mpoOka

3.5.2. BuOiiiHe o0saiHaHHS CBEPIOBUH

[IpuBKOIiiHI 30HU F€OTEXHOJIIOTTYHUX CBEPAJIOBUH Y 1IHTEPBaJl NPOAYKTUBHOTO
TOPU30HTY MOXYTh OyTH 3 (punbTpamu i 6e3 PuibTpiB. be3diabTpoBi CBEPIIOBUHU
JIOBI'OBIYHI 1 HA/I1MHI B €KCIUTyaTallii, MalOTh HE3HAYHI METaJOEMHICTD 1 €KCIUTyaTa-
I1iH1 BUTpPATH 110 00pOOIIi MPUCBEPJIOBUHHOI 30HM BUOYyXaMH, MalOTh BUCOKI 1e0ITH
1 HE BUMAararmTh CIIeHIAIbHUX pOOIT Mo 3abe3reueHHI0 3aXucTy (GuibTpiB. DUIBTPOBI
CBEPJIJIOBUHU 3aCTOCOBYIOThCS TpH Mij3eMHoMy BuiayroByBaHHi (I1B) metanis. ®i-
JBTPU CIYTYIOTH JIJIsl BUTLHOTO TIPOITYCKY B TJIACT KOPUCHUX KOTAJIUH BUIYTOBYIOUUX
PO3YHMHIB Ta BUIYUYEHHS 3 HHOTO MPOAYKTUBHUX PO3UYHHIB 0€3 MEXaHIYHHUX JIOMIIIOK.
Bynyuu omHUM 3 OCHOBHUX €JIEMEHTIB CBEPAJIOBUHU, (DIIBTPY BU3HAYAIOTH 1i 1E0IT 1
JIOBTOBIUHICTh, OCKIJIbKHA B OUTBIIOCTI BUMAKIB TOTIPIICHHS CTaHy (GiIbTpa MPHU3BO-
JUTh 0 3HWKEHHS NPOAYKTUBHOCTI CBEpUIOBHHU. BUOIp TuIly 1 KOHCTPYKLIT (1IbT-
pa 3ajexkaTh BiJ BiIacTUBOCTEH OiunHux mopia. Hampukmnan, ¢pinetpu 3 kpyriaow ado
IOBOIO Mepdopalliero 3aCTOCOBYIOTh B HECTIMKMX MOPOJAX 3 KPYIHICTIO IPABIIO
a6o raneuynuka 30 — 100 MM 3a HasiBHOCTI iX nmoHa] 50% 3a Macoro B MICKY 3 TpaBieEM
kpynHicTio 1 — 10 mm. Kpamumu € ¢GuibTpu 3 KpyIJioro 1 IUIMHHOIO nepdopariero 3
BOJOIPUIAMAYEM 13 JPOTSAHOI OOMOTKH IITAMIIOBAHOTO JIMCTa 200 KBAJPATHOI CITKH.
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Amnanoriuti QinbTpU BCTAHOBIIOIOTH y KOJIEKTOPAX 3 TPyO03EpHUCTUM IMICKOM 3 PO3-
MipoM yacTUHOK 1 —2 mm. TpyOuacti, abo CTpuKHEBI, (PIIBTPH 13 CITKUA TIAAKOTO
IUIETIHHS BCTAHOBJIIOIOTHCS B CEPEAHBO- 1 JPIOHO3EPHUCTHX IMiCKaxX. 3a3BUYal iX
BJIAIITOBYIOTh 3 OJHO- Ta OaraTolapoBOIO MIIIaHOK ab0 rpaBiiiHOIO 3acUIKO0. [[o-
B)KUHA (IIBTPIB 3aJIEKUTh BiJ MOTYKHOCT1 MPOJYKTUBHOTO IJIACTa M 1 IPUHMAETHCS
piBHoOtO (0,8 — 0,9) m. Bcranosnrorots GinbTpu Ha Biactani 0,6 — 1,1 M Bij mokpiBmi i
IT1JOIIIBY IIACTA.

3.6. Po3unHoniaiioMHe 001 JHAHHS CBEPAJIOBUH

[Ipu reoTexHOJIOT14HIM pO3poOILIl POJOBUIL KOPUCHUX KOMAIUH BUAA4a NPOAIY-
KTUBHUX PO3YMHIB Ha 3€MHY MOBEPXHIO MOXE 3I1HCHIOBATUCS CaMO3JIMBOM, MPOTH-
TEUi€l0 32 paxXyHOK TUCKY HarHiTaHHS BOJX a00 XiIMIYHOTO PO3YMHY 1 CIeliaIbHUM
rigpomigiiomoM. Tak mpu Mia3eMHOMY BUJIYTOBYBaHHI METaIIB, KOJM PIBEHb MPOIY-
KTUBHOT'O TOPU30HTY MEPEBUIIYE MO3HAYKY 3€MHOT MOBEPXHI1, MPOAYKTUBHUHN (PIItOIN
CaMO3JIMBOM HAJXOAUTh B TIPHUYY BUPOOKY, 3 SIKO1 BABOJUTHCS HA 3€MHY TTOBEPXHIO.
Ha po3scomonpomMucnax po3coyi BUAAIOTHCS MPOTUTEUIHHUM PYXOM TiJ JII€I0 TUCKY
BOJIM, sIKa HaTHITAETHCS B KaMepy. Y OUIBIIOCTI BUIAKIB MPOIYKTUBHI (III0iIHU, pi-
Ka cipKa, pO3COJHM 1 IMyJbla BUJAIOTHCS 3a JONOMOIOK PO3YMHOIIIHOMHOIO yCTaT-
KyBaHHS, 10 MICTUTh y COOIHACOCH, T1APOENIeBaTOPU (CTPYMEHEBI HACOCH), epIiTH,
3amipHy amapatypy (3aCyBKH, KJamaHH, 3 €JHAHHS TOIIO0), a TaKOX TPyOOIPOBOIH.
HacocHi ycTaHOBKH OTpHMAaIH MOLIMPEHHS [PH M1I36MHOMY BHIIYTOBYBAHHI 1 Tiipa-
BIIYHOMY JHUCIIEPIyBaHHi. IX OCHOBY CKJIaJarloTh 3aHypeHi, BiJLIEHTPOBI, aiadparme-
HTHI a00 BaKyyMHI HacocH. 3aHypIOBaJbHI HACOCHI YCTAaHOBKHM CKIIQJArOThCS 3 Bif-
[IEHTPOBOTO HACOCa CBEPAJIOBHHHM, 3arIMOHOTO €JIEKTPOABUTYHA, CTPYMOMIPOBITHOTO
Ka0eito, CHCTEMHO-aBTOMAaTUYHOIO YIIPABJIiHHS, @ TAKOXK PO3YMHOMIAMOMHOIO TPY-
OorpoBoay Ta rupioBoro oobsagHanHs. Il yac poOOTHM HACOCHMIA arperar 3Haxo-
nuThes B po3unHi (puc. 3.18). Jlerani eneKkTpoHacoCiB BUTOTOBIISIIOTH 3 KOPO31AHOC-
TikuX MatepianiB. Le 3a0e3neuye TpuBany 1 HaAIHY poOOTY B Y>KHHX 1 KHCIIOTHUX
pO3UMHaX.

HiadparmMoBi HACOCHI YCTaHOBKH CKJIQJIArOThCA 13 AiadparMoBOro Hacoca, 1110
OMYCKA€ETHCSI Y CBEPAJIOBHHY, 1 MEXAHI3MY JIUCTAHI[IMHOIO KEPYyBaHHS HACOCOM Ha
noBepxHi (puc. 3.19). Hacocu 1poro Tumy npamorTh HACTyIMHUM YMHOM. PinnHa
(TexHiYHa BOJA, BUIYTOBYIOUHMI PO3YMH) MOAAETHCSA MO HAMIPHUX TPyOdax y MOPOXK-
HUHY nepdopoBaHoi TpyOku 1 rymoBoi niadparmu. Ilig TuckoM 1iei piguuau aiagpa-
rMa PO3MIMPIOETHCS 1 BUAABIIOE PO3YMH, IO HAAXOIUThH Yy KOPIYC Hacoca i3 cBep-
JIOBUHU 4epe3 BTYJIKY 3 BCMOKTYBAJIbHUM KJIAIIaHOM, 1 1ajii TI0JIa€ oro B eKCIuTyaTa-
[iliHy KOJIOHY. 3MEHIIYIOUM THUCK po0OO0YOi PiMHHU, CTBOPIOIOTH YMOBH, MPHU SKHX
rymMoBa Jiadparma 3a paxyHOK MPY>KHOCTI 3aiiMa€e BUXiHE MMOJ0XKEHHS, B pe3yJIbTaTl
4Oro NMpOAYKTUBHUN (PIIIOTA 31 CBEpJIOBMHM 3allOBHIOE KOpIyc Hacoca. [luki 3aka-
YyBaHHS TOBTOPIOETHCS.
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Puc. 3.18. KoHCTpyKTHBHA cxeMa pO3TallyBaHHs €JICKTPUIHOTO 3arIMOHOTO Hacoca
y CBEpIUIOBHUHI: | — eeKTpOIBUTYH; 2 — BIAIICHTPOBHI HACOC; 3 — eKCITyaTalliiHa
KOJIOHa TpYyO; 4 — CTPyMOIIPOBiTHNH KaOelb; 5 — OTOJIOBOK CBEP/IJIOBUHHU;

6 — IyJIbT YIPABITIHHS

100



P e s —=——T

/ N AR AR RN
ERT TUCRVARRRRY, IR //////
R L r——— — //

S 77T _| TRt  w ‘

E o % 3 3 y
v / | s T
7 ==

AUTEL LR RV LN R NRR RN
TR RN R R RN RN

N\

7

N

/7\\>>>\\\\\\\\\\\\\\\\\\\\\\\\§
Z
%

AR RN RN NN RN RN

Puc. 3.19. [To3noBxHii po3pi3 aiagparMoBoro Hacoca: 1 — exciutyaTaliiifHa KOJIoHa;
2 — TpyOa 1Jis HarHITaHHS PiAUHU; 3 — HATHITAIBHUHN KilamaH; 4 — KopIyc; 5 — mep-
dbopoBana Tpy6a; 6 — rymoBa aiadparma; 7 — BCMOKTYBAJIbHUH KJIallaH

BakyyMHiI HaCOCHI YCTAaHOBKHM NPALIOIOTh HA IPHUHIIUII CTBOPEHHS BAKYYyMY B
PO3YMHOMIAMOMHIN KOJOHI TpyO. Y BCMOKTYBaIbHIM KOJIOHI PO3PIHKEHHS CTBOPIO-
€THCS IUIIXOM BaKyyMyBaHHsI (BiJICMOKTYBAHHS) TOBITPsl MOPIIHEBUMH 200 BiIICH-
TPOBUMH Hacocamu. ['iapoeneBaTopu 1 epiipTHI yCTAHOBKM 3aCTOCOBYIOTH JJIs Halli-
PHOTO TIAPABIIYHOTO MiIHOMY IPOAYKTUBHUX PO3UYMHIB 3 €KCIUTyaTalliHUX CBEp-
noBuH. ['igpoeneBaTopu, a0 CTPYMHHHI HACOCH, — HAHUOUIBII MPOCTI MPUCTPOT ISt
nigiioMy rigpocymimieid. BoHu mpalfoloTh Ha MPUHLMII PO3PIAKEHHS, KOJIU 4Yepes
HacaJIKy 3 BEJIMKOIO MIBUJKICTIO BOJA BUXOJAUTh Y TpyOy 1 IO 10pO31 CTBOPIOE BaKy-
yM (pO3pILIKEHHS), 3a PaXyHOK SIKOI'O IPOAYKTUBHUN PO3YUH 3aKauy€ThCSl B KAMEpy
smimnyBaHHs (puc. 3.20, a). VY 11 kamepi HallIPHUM CTPYMIiHb, 110 PYXa€ThCS 3 BEIHU-
KHUM 3a11acoM €Heprii, 3MIITyeThCs 3 TPOYKTUBHUM PO3YMHOM (T1APOCYMII) 1 uepes
nudy30p BUIITOBXYE HOTO B pobouunit TpyOonposia. KpuBi HamipHUX XapaKTepUCTUK
(puc. 3.20, 6) MoOKa3yrOTh 3HAYHE 3HWKEHHS THUCKY Ha BUXOJl 3 TipoeeBaTopa B
NOPIBHSHHI 3 TUCKOM Y HAacaJKHu.
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Puc. 3.20. KoHCTpyKTHBHA cXeMa riJipoesieBaTopa: a — CXxeMa YCTaHOBKU:

1 — nanipauit TpyoompoBi; 2 — naTpyook; 3 — Hacaaka; 4 — maTpyooK; 5 — BCMOKTY-
BaJIbHUI TpyOONpoBif; 6 — Kamepa 3MILTYBaHHS; 0 — XapaKTePUCTUKH T1poeseBaTopa:
1, 2, 3 — ipu TucKy Hanopy P = 4,0; 3,5; 3,0 MIla; 4 — xapakrepuctuka TpyOoOonpoBo-
1y; 5 — BHCOTA [0ja4i IPOIyKTHBHOTO PO3YHHY; 6 — poGoda TouKa mpu p = 1300 kr/m’
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[Ipu cBepIOBUHHOMY Ti1APOBHA0OYBaHHI 3aCTOCOBYIOTH TiApPOENIEBATOPU Ki-
JBILEBOTO Ta LEHTPAIBHOTO THUIIIB, IO BIAPI3HIIOTHCS MICLEM pO3TAlllyBaHHS HaIlip-
HoTO cTpymeHs (puc. 3.21). T'igpoeneBaTopu KJIbLIEBOTO TUITY TPAHCHIOPTYIOThH Yac-
TUHKM OUIBIIOI TiAPaBIIYHOI KPYMHOCTI 3 OUIBII BUCOKOI NPOJYKTHUBHICTIO Ha
BCMOKTYBaHHI B OPIBHSIHHI 3 T1poesieBaTOpaMu HEHTPAIBHOTO THUITY.
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Puc. 3.21. Cxema cBepIJIOBUHHUX T1POETIEBATOPIB AJI CBEPTIOBUHHOIO T'1JIPOBH-
n00yBaHHSA: a — T1JIpOeJIeBaTOP LEHTPATBLHOTO TUITY 3 NTEpPOPOBAHOIO HACAIKOIO;
0, B — IIpoeJIeBaTOPH KIJIBLIEBOTO THUITY, BIJMIOBIIHO, 3 OJTHO- 1 IBOTUIONTMHHUM
cTpyMeHeM; 1 — Hacajka; 2 — kaMmepa 3MmimryBanHs; 3 — nudy3op; 4 — obcaaHa (30B-
HIITHA) TPyOa; 5 — TpyOONpoBI ATl MiAHOMY T1IPOCYMIIIT

I'izpoeneBaTopu 3 LEHTPaIbHUM POOOYHM CTPYMEHEM PO3paxoBaHl HAa OLIbLI
BUCOKHUI THUCK, IO 3a0e3neuye iX HafiiiHy poOOTy MpH MiAHOMI FAPOCYMIIIi MO TIH-
00KHuX cBep/IoBHHAX. BoHM OyBarOTh 3 HU3XIIHUMH POOOYMMH CTPYMEHSIMU, a Ta-
KOX 3 nepdopoBaHoi poOouor Hacaakoro. ['igpoeneBatopu 3 HUZXIAHUM POOOUUM
ctpyMeHneM (puc. 3.22, a) mMaroTh OUIbILY NPOAYKTUBHICTH MO TBEPAOMY Ty, aye
NPALOIOTh 3 MEHIIUM HAloOpOM Yy MOPIBHSHHI 3 TipOerIeBaTOpPaMU 3 BHUCXIJHUM
IeHTpadbHUM cTpyMeHeM. KinblieBi rigpoeneBatopu OyBarOTh 3 OJHO- 1 JBOIIOBEPX-
HeBuMU (puc. 3.22, 6 Ta 3.22, ) pobounuMu CTpyMeHsIMU. [[BOIIOBEpXHEB1 CTPYMEHI1
3a0€3Meuy0Th OUTHIII BUCOKY MPOAYKTHBHICTh MO TBEPAOMY TiTy, IPOTE BCMOKTYBA-
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JbHI IIIJIMHU MAIOTh MEHIIHUA pO3MIp, HIXK KUIbLIEBl OJJHENOBEPXHEB] cTpyMeHi. Exo-
HOMIYHO BUT1/IHA TJIMOMHA PO3POOKH pOJOBUII 3 MiAMOMOM T1ApOCyMILIEl riapoerne-
BaTOpaMHM KiJibLIeBOro Tumy ckiajgae 50 M, a nentpansaoro — 10 100 — 120 m. Buna-
ya rigpocymimient 3 ribun 10 350 M MOXIKMBa TUIBKH MPHU CHLUIBbHIN poOOTI eprid-
HOTO MiANOMY 3 MIAMOPOM BiJl TiApoeseBaTopa.
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Puc 3.22. Cxema epmniTHOI yCTaHOBKU: a — MPUHIIAIIOBA cXeMa; | — piBeHb moaadl
MyJIBIN; 2 — KaMmepa 3MINTyBaHHs, 3 — TpyOonpoBiay; 4 — MOBITPOMPOBia; O — cxema
MOHTa)Xy YCTaHOBKHU B CBEpJUIOBHHI: 1 — TpyOONpoOBI AJIs T1APONYJIbIN; 2 — BiABIA-

Ha TpyOa; 3 — KaMepa 3MinryBada; 4 — KOJO/s13b; 5 — TPyOOTIPOBI;
6 — OBITPOIIPOBIA

EpmidTu — npuctpoi ajis BEpTUKAILHOTO TpaHCIOPTYBaHHS (MiaiioMy) abpa-
3UBHUX 1 arpeCUBHUX MPOJYKTIB BUAOOYBAaHHS MO €KCIUTyaTalllMHUX CBEPIJIOBUHAX
Mi36MHOTO BHJIYTOBYBAHHSI METAIIB, MiA3€MHOT BUILJIABKU CIPKH 1 CBEPJIOBUHHOTO
rigpoBuo0yBanHs. TpyOOmpoBigHI €IEMEHTH 3aHYPIOIOTHCS B TPHUMAY MYJIBIH
(mMpoayKTUBHOTO po3uuHy). [Ipu momadi B Kamepy 3MillyBada MOBITPS MMiJ TUCKOM
YTBOPIOETHCS TIAPOCYMINI JIETTIa, HIK CyMilll y MpuiManbHOMYy TpyOompoBoi. 3a-
BISKH [I1i CHIOJIyYEHUX MOCYJUH YTBOPIOIOTHCS TPUKOMIIOHEHTHA CyMIlll, KA i Jdi-
€10 CTHCHEHOTO TOBITPSA MOJAETHCS MO0 TPAHCTIOPTHOMY TPyOOIPOBOY Ha MOBEPXHIO.
Bucora nigiioMmy BHU3HAYaeTbCAd KUIBKICTIO MOJAaBAaHOTO MOBITPS Ta IHIIUMHU (PaKTo-
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pamu. i epnipTHOI BUAA4dl BUIIYTOBYBAJIBHUX PO3YMHIB 3aCTOCOBYETHCS JEKIIbKA
KOHCTpyKIiK epnidriB. Ha puc. 3.23 mokazana cxema epiipTHOI YCTAaHOBKH 3
LHEHTPAJIbHOIO TOBITPONOIaBAIILHOIO TPYyOOI 1 J0JATKOBOIO PO3YMHOIMIAMOMHOIO
TpyOO10, SIKI PO3MILIYIOTECS B €KCIUTyaTalliHIA KOJOHHI TpyO. i criocTepekeHHs
3a IMHAMIYHUM PIBHEM TiApocymimiei epiipt o0naiHyoTh I’ €30METPUYHOIO TPYO-
KOI0, 1110 OITyCKA€ThCSI HUXKYE PO3PaXyHKOBOI'O AMHAMIYHOIO piBHA Ha 5 — 10 M.
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Puc. 3.23. KoHcTpykTBHa cXxeMa epii)THOI YCTAaHOBKH 3 LIEHTPAJIBLHOIO MOBITPOIO-
JaBajgbHOIO TpyOot0: 1 — G1IbTp, 2 — po3urHOMNIIHOMHA TpyOa; 3 — 3MilIyBay,
4 — exciutyaTalliiina KojoHa TpyO; 5 — i’ e3omeTpuyHa TpyOKa; 6 — IeHTpaibHa
HOBITpONOaBaibHa TpyOa; 7 — cenaparop

HiameTpu TpyOOIpPOBOAIB MOBITPOIOIABAIBHOI 1 POZYHHOIITHOMHOT KOJIOH Ha
pizaux rubOuHax 3ymoBmroBaiin KKJ[ ycTaHOBOK, HajiliHICTE poOOTH Ta TEXHIKO-
€KOHOMIYHI MMOKa3HUKHU. [3 qocBigy poOoTH epiaipTHUX YCTAaHOBOK BIAOMO, L0 IPH
BUadi 3a jomoMororo epridry 5, 10 i 15 M/t rigpocymimi HeoOXinHO TpuiiMaTH
JiaMeTpoM MOBITpoIoAaBalbHUX TpyO BiAnoBiaHo 15, 20 1 26 MM 1 llaMeTpu pO34H-
HomiHOMHUX TPYO — BianosiaHo — 40, 50 1 70 mm.
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[Ipu BenMKMX BUCOTAX MIAMOMY PO3YMHIB JOLIIBHO 3aCTOCOBYBAaTH CTYIIIHYA-
cTi epmipTHI ycraHoBkH. [locTadaHHs MOBITPSIM CTyIEHIB epmira Moxe OyTH 5K
IpyNoOBUM, Tak 1 1HJIMBIAyadbHUM. [HIMBIAyadbHE MOBITPONOCTAYaHHS Nependavae
YKUBJICHHS KOKHOTO CTYMiHS MiAHOMY BiJl okpemoro komipecopa. [Ipu rpymnoBomy
[OCTaYaHHI MOBITPS €piiTHI YCTAHOBKH KUBJSATHCSA BlJ KOJEKTOpPA KOMIIPECOPHOI
ctanuii. 'muOruHa ycTaHOBKH 3MilTyBada epii)THOI YCTAaHOBKH 3aJIeKUTh BiJl BACOTH
MiHOMY pO3UHHY, TOOTO OOYMOBJIEHA BIJICTAHHIO BiJI PiBHSI HAJIIUBY T1APOCYMIII JI0
JMHAMIYHOTO PiBHS PO3YMHY B CBEP/JIOBUHI

H =n/h, (3.3)
ne n — KoedilieHt 3anypenns, 7 = 1,7 — 2,6; h — BucoTa nigidoMy po3uuHy, M.
H=h/(H+ h). (3.4)

IIpoxykTuHicTh ycTanoBku i KKJI migsuinyoTscs 31 30inbmennsam H. 3 moc-
BiJly, 3HAYEHHS BITHOCHOTO 3aHYpPEHHS MOBUHHO OyTH y Mexax 0,4 — 0,8 M.

3.7. Be3TpyOHe KpinJieHHSI T€0TEeXHOJOTIYHUX CBEPAJIOBUH

be3TpyOHe KpiruieHHsI CBEpUIOBHH J03BOJISIE PI3KO 3HU3UTH MOTpeOy B 00ca-
HUX Tpy6ax, MaTepian sSKHX Hepiako aedillMTHUIA Ta BUCOKOBapTicHMi. Moro Buko-
HYIOTh (P)OPMYBaHHSIM Ha CTIHKaX CBEPJJIOBMH MIIITHOTO BOJOHEMPOHUKHOI'O TOKPUT-
TS Ha TBEPAIIOYMX TAMIOHAKHUX PO3YMHAX XIMIYHUM 3MIIIHEHHSM 1 3aKPIIJICHHAM
HECTIMKUX 1 CITAOKOCTIMKUX TOPiA, a TaKOXK CTaOUII3aIE0 MPOMHUBAILHUMH PO3YH-
HAMU B TIporieci OypiHHS cBepyIoBHH. HaliOimbpIln mMepCreKTUBHUN 13 3a3HAYCHUX
Croco0iB — CMOCi0 KPITUICHHS CBEPJIOBUH MIITHUM 130JISI[IHHAM TOKPUTTSIM 3 OTBE-
painoro marepiany (puc. 3.24).

®opMyBaHHS MOKPUTTS MOYMHAIOTH 3 CIYCKY B CBEPJIOBUHY KOJOHHU TPYO 3
BIACTIHUKOM, QiNbTpOM, HaADIIBTPOBUM MAaTPYOKOM 1 ONaIyOHOI YaCTHHH KOJIOHH.
[ToTiM 00518 HYIOTE TPUQLIBTPOBY 30HY I'PaBiiiHOI OOCUIIKH, TOTYIOTh TAMIIOHAKHHIMA
PO3YMH 1 OAAIOTH HOTO B 3ananyOHuid npoctip. Ilicisg uporo B’ €IHYIOTH OnanyOHy
KOJIOHY BiJl (UIBTPOBOI 1 MEPIOAUYHO 00EPTAIOTH ii MICII MOYATKY CXOIUTIOBAHHS PO-
34MHY JI0 TOBHOTO MOro 3aTBep/iHHs. Jlaii BUTATAIOTh onayyOHY KOJIOHKY 1 KOHTPO-
JIOIOTH SIKICTh TAMIIOHAKHOTO MOKPUTTS. TaMmoHaXHHUI PO3YMH MOAAIOTH B 3aTPyO-
HUW KIJTBIIEBUH MPOCTIP MK OMaTyOHOIO KOJIOHOIO 1 CTIHKaAMU CBEP/IJIOBUHH TTPOJIaAB-
JIOBaHHAM po3unHy. st hopMyBaHHS TaMIOHAKHOTO KaMEHIO 3aCTOCOBYIOTH PO3-
YUHU 13 IEMEHTY, CHHTETUYHHX CMOJI 1 CHJIIKaTy HATPil0 B MOEJHAHHI 3 MICKOM, TJIHU-
HOIO, KOPJIOBUM BOJIOKHOM, TYMOBOIO KPUXTOIO, BIIXO/IaMH BHPOOHUIITBA IIKIPSTHUX
3aBojiiB 1 T.11. HOBOyTBOpeHa Ha CTIHKaxX CBEPIJIOBUHU 130JIs1I1iiHA 000JIOHKAa BUKO-
Hy€ Ti K (QyHKII1, 0 i 06canHi TpyOru — BOHA TOBMHHA 3a0e31euyBaTH BiAMOBIIHY
MILHICTb 1 CTiMKiCTh. 1 cepennporo aiamerpa cepyioBuHu 100 — 150 MM 1 TOB-
IIWHY 130101HHOT0 MOKPUTTA 20 — 30 MM BIAHOIIEHHS TOBLIMHU MMOKPUTTS 0 BHYT-
PILIHBOrO A1aMeTpa cTaHOBUTUME 1:6.

OCKUIBKH 130JSI1[1HE TOKPUTTSI Mae (popMy KpYIJIOro Kulbls, TO BOHO IiJiIa-
€THCS PIBHOMIPHO PO3MOJIIJIEHOMY 30BHIIIHEOMY P, 1 BHyTpimHbOMY P, THCKY. SK-
[0 B CBEPUIOBUHI BIJACYTHIA BHYTPIIIHIA THCK CTOBIIAa IPOMHUBAJIBHOI PIAWMHU
(P, = 0), To po3paxyHKOBa MILIHICTb 130JISLI1T
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2R?

O-p = R2—r2 H>

ne R, — 30BHIIHIN 1 BHYTPIIIHINA pajlyCH 130JIA1IMHOTO MOKPUTTSI.
HeoOximHy MexXy MIHOCTI 0, MOKPHTTSl OCTATOYHO BU3HAYAIOTh 3 ypaxyBaH-
HSIM TOTO, L0 MOXKE CTATHUCSA 3MUHAHHS OOOJOHKH MPH KPUTUYHOMY THCKY, TOOTO

komu By = Py
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10 — TammioHa)KHUM po3uuH; 11 — TaMIOHAXHUN KaM1Hb
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(3.5)

(3.6)

Puc. 3.24. [IpunnunoBa cxema 0e3TpyOHOT0 KPIiTUICHHS! CBEP/IJIOBUH TAMIIOHAKHUM
po3urHOM: 1 — onanyOHa KOJOHA; 2 — KOHAYKTOP, 3 — 3aTpyOHUI [IeMEeHTallis;
4 — pi3p00BUI NEPEXIIHUK; 5 — HAPSIMHI JIIXTapi; 6 — MUIMHHUA QUIBTD;
7 — BIACTIMHUK; 8 — rpaBiiiHa 00cHIKa; 9 — IEeMEHTyBaJIbHUM OJIOK;



KputrnyHuii TUCK BU3HAYAIOTh 3 YMOBU CTIMKOCTI TOKPUTTSI HA 3MUHAHHS
2E .3
PKp.H - 1-p 6 > (37)

ne E — Moaynb mpyKHOCTI IIEMEHTHOTO KaMeHIo; 4 — kKoedimieHt Ilyaccona;
J — BITHOCHA TOBIIMHA CTIHKU IIEMEHTHOTO IMTOKPUTTS

=T (3.8)

30BHIIIHIA Jl1aMETpP 130JSILIIMHOrO MOKPUTTS 3AJIEKUThH BlJ| IlaMETPa CBEPAJIOBH-
HH, HEOOX1THOI TOBIIMHHU MOKPHUTTS 1 OOYMOBJICHU JTlaMETPOM MOPOJOPYHHIBHOTO 1H-
CTPYMEHTY, 110 3aCTOCOBY€ThCS MpH OypiHHI. SAKICTh 0€3TpyOHOro KpIIUIEHHS! CTIHOK
CBEP/UIOBUH (MOHOJITHICTh, BOJOHEITPOHUKHICTh Ta MILHICTh) MEPEBIPSAIOTH OYPIHHIM
KOHTPOJIbHUX CBEPJIOBUH 3 BI0OPOM 3pa3KiB, pO3KPUTTAM LIypdy 1 BU3BHAYECHHSIM IHU-
TOMOT'O BOZJOIIOTIMHEHHS], & TAKOXK CEHCMOAKyCTUYHHUX Ta €IEKTPUUYHUX METO/IIB.

3.8. IlinroroBKa poaoBHIIAa

IlinroroBKa pogoBHIA A0 eKCIJIyaTalil — KOMIIIEKC POOIT, SIKMA BKIIFOYAE
OypiHHS CBEpJIOBHH J0 KOPHUCHUX KOMAJIWH Ta iX oOJaJHAHHS, CTBOPCHHS KaHAJIiB
IPOHUKHOCTI, 301JbIICHHS MPUHOMHUCTOCTI CBEPAJIOBUH 1 TOPO3BIIKY T€OTEXHOIOT-
YHOTO MOJs. BypiHHS T€0TEXHONOTTYHNX CBEPAJIOBHH MO IUIACTy KOPHUCHUX KOTAJIHH
MPOBOJATEL TMICsA OOJAIlITYyBaHHS CBEPAJIOBHUHU (YCTAaHOBJIEHHS 00CaaHOI KOJIOHH,
TaMIIOHAXXY KUIBIIEBOTO 3aTpyOHOIr0 MPOCTOPY 1 MEpPEBIpPKHU ii TepMETUYHOCTI). 3a-
3BUYAll CBEPJJIOBUHU OypsITh 10 MiJOUIBU IUIACTA, 1HOAL MepedyprooTh HA 2 —3 M B
NOPOAM M1JIOIIBY, HAMPUKIAJ IPH MiJI3eMHINA BUIUIABLI CIpKU. BypiHHSA mo miacty
NoKJIaay 3a0e3reyye CTBOPEHHS [MOYaTKOBOI MOBEPXHI JUIsl TEOTEXHOJIOTTYHOI pO3pO-
OKHM, JOCTaTHBOIO JJIA OJICPXKAHHS MPOMUCIOBOT MPOAYKTUBHOCTI CBEPAJIOBUH IIO
KOHIUIIIHHUX PO3YMHAX.

[Ticns 3akiHueHHs OypiHHS MO IMJIACTY KOPUCHHUX KOMAJWH CBEPAJIOBUHY OYHU-
IIAFOTh 1 OMYCKAIOTh B HEl eKCIUTyaTaIliiiHi KoJIoHU TpyO. TpyOu MOHTYIOThCSA Ha MY-
¢bTOBUX, 3BapHUX Ta HINMEIbHUX 3 €IHAHHSIX 3 HAHECEHHSM Ha Pi3bOOBI 3’€THAHHS
CHEeL1aJIbHOTr0 BUCOKOSIKICHOIO 3Mall€HHs, 1110 BOJIO/II€ XOPOIIMMH YIIIJIbHIOBAIbHU-
MU 1 NPOTU33AUPOYHUMU BIACTUBOCTSIMHU. Ha MOBEpXHI MOHTYIOTHCSI TEXHOJIOTIYHI
TPpyOOIIPOBOM, IO MPHUETHYIOTHCS 10 OTOJIOBKIB CBEPAJIOBHH Yepe3 TUPIIOBY apMa-
Typy. LLITy4Hi KaHaNMM TPOHUKHOCTI B IJIACTI KOPUCHOI KOMAJIMHHU CTBOPIOIOTH IPU
nia3eMHIN razudikaiii ByTrijuis, BUIyrOBYBaHHI METajiB, CBEPAJIOBUHHOMY T1pPOBU-
noOyTKy 1 po3unHeHHi coneil. [lpu migzemuii razudikauii Byriyuisi migBUIIeHa Mpo-
HUKHICTh MaCHBY MiXK CBEpPAJIOBUHAMH JOCATAETHCS 32 PAXYHOK CTBOPEHHS IITYYHO-
ro KaHaiy, ToOTO 301MKH CBEPIJIOBUH, 31HCHIOBAHOI 3a JIOTIOMOT'OKO IMOBITPsI BUCO-
KOT'O THCKY, T'JIpaBJIi4YHOr0 PO3PUBY ILJIACTa 3 BOTHEBOIO MPOPOOKOIO KaHAJIIB, €JIEKT-
puuHOi 301iKH, OypiHHS TOPU30HTAIBHUX CBEPJJIOBUH IO BYT'UIBHOMY IUIACTY, KOM-
6iHoBaHuX cnoco0iB. [1Iupoke 3acTocyBaHHS OTpUMainu BorHeBa QiabTparliiiHa 301ii-
Ka CBEPJUIOBHH 1 3’ €IHAHHS KaHATy IUISIXOM OypiHHS TOPU30HTAIBHOI CBEPIUIOBUHH
110 BYTUIBHOMY TIJIACTY (TMOXWJIO-HANIPABJICHE OYPIHHS) 3 MOAAIBIIUM MEPEMIIIEHHIM
(GpoHTY ropiHHS HA3yCTPId AYTTHOBOMY MOTOKY. ['iIpOpo3pUB SIK METO CTBOPEHHS B
MacHBi TJIMOOKUX TPIMIMH OUIBIIOTO PO3KPHUTTSA, 3AaTHUX OyTH €(DEeKTUBHUMH TiApO-
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JUHAMIYHUMU KaHAJIAMU JUISl pyXy PIAMHU, IIHPOKO 3aCTOCOBYETHCS TAKOXK y MPAK-
TUIl POOIT MO BTOPUHHUX METOAaX Ha(TOBUAOOYTKY, CTBOPEHHS CHEIiaJbHUX BaT-
HUX €KpaHIB 1 3aBiC, MOTY>KHUX MPUPOJHUX TEIUIOOOMIHHUKIB 1 T.11. ['OpHU30HTaNBHI 1
BEPTUKAJIbHI TPIIIMHU B TIPCHKOMY MAacHB1 CTBOPIOIOTHCS MiJ TUCKOM PIAMHH, IO
NEPEBUIILYE T1APOCTATUYHHUI TUCK TOP1J

P =vyH + Py, (3.9)

1e Y — cepeaHs 00’eMHa Maca BEPXHBOI TOBII MOPII, KF/MZ; H — rmuOuHa 3ajsranis
KOPUCHOI Konanuuu, M; By, — nogatkoBuii Tuck (5 — 10 Mlla).

301ik1 CBEPJIOBUH PO3YMHCHHSAM 3IIMCHIOIOTH Y COJSHUX IUTAacTaxX MIISAXOM
PO3MHUBY — TIpH CBEPJIOBUHHOMY TiapoBH100yBaHHI. EnexTpo30iiiky cBepIIoBUH
YTBOPIOIOTH IHTEHCUBHUM TIPOTPIBAHHSAM BYT1UIA MK €JIEKTPOIaMH, BCTAHOBJICHUMHU
y BIJINOBIJIHUX CBEpPJI0BUHAX. [[pOHUKHICTh PyIHOIO MacuBy IIJCUIIOIOTH 3a JAOIO-
MOTOI0 TPOMHCIIOBUX BHOYXOBUX PEUYOBHH, PO3MILICHUX Yy LIMypax abo CBEPAJIOBH-
HaX, IpoOypeHHX 3 MOBEpxHi a00 TIPpHUYUX BUPOOOK.

[lin cucremor po3poOdKM IPU IEOTEXHOJIOTTYHOMY BHA00YBaHHI KOPUCHHUX
KOIAJIMH PO3YMIEThCSI CXEMa PO3TalllyBaHHS TEXHOJOTTYHUX CBEPIJIOBUH 1 TIEBHUI
NOPAJIOK YBEJICHHS 1X B €KCIUTyaTalilo, y3roJpKeHUX y IpocTopi 1 yaci. 3a3Buyai Ko-
PHUCHI KOMIIOHEHTH OepyThCs 3 MPOAYKTUBHOTO IJIACTa 1 MPOIEC BUIOOYBaHHS BUKO-
HYETBCS UYepe3 TEXHOJIOTTYHI CBEPIJIOBUHM, MPOOYpeHi 3 moBepxHi. B okpemux Buna-
nkax (mpu MiJ3eMHOMY BHJIYTOBYBAaHHI METaJiB) CUCTEMH PO3POOKH MOXYTh OyTH
M136MHUMH, KOJU PO3KPUTTS 3IMCHIOETHCS IMiJI3€MHUMHU TIPHUYMMH BHPOOKaMH,
a00 KOMOIHOBAaHMMH, KOJIHM MPOJYKTUBHUN TUIACT PO3KPUBAIOTH MMiJI3EMHUMU TipHH-
YUMU BUpOOKaMu B KOMOiHaIIT 31 CBEpJIOBUHAMU, TPOOYPEHUMH 3 36MHOI ITOBEPXHI.

CKIJIaIHICTIO 1 PI3HOMAHITTSIM MIPUPOTHUX YMOB 3YMOBIIIOETHCS BUOIP CUCTEMU
pPO3poOKHU, BUPOOICHHI HAa OCHOBI TEXHIKO-€KOHOMIYHUX PO3pPaxyHKIB 3 ypaxyBaH-
HAM Oe3NeKu Ipaul poOITHUKIB 1 3aXO/A1B 3 OXOPOHU HABKOJIMIIHBOI'O CEPEJOBUIIIA.
HampsiMok reoTeXHOJIOTIYHOTO BiAMPAIIOBAHHS MPOIYKTUBHOTO TIACTA MPUHMAIOThH
IpH ypaxyBaHHI (OpMH POJOBHUIIIA 1 €IEMEHTIB HOro 3aidranHs (MpoCTAraHHs, KyTa
nagiHHs, MOTY>KHOCTI, pO3MIpIB 1 KOHTYPIB MOKJIAAy Ta iH.), @ TAKOXK T'1IpOreosoriy-
HUX YMOB. BiampaitoBaHHsI MOK€ BECTHCS 32 MIPOCTATAHHAM, MaJIHHAM 1 TITHATTIM
IPOYKTUBHOTO IJIacTa.

3.9. BigHOBJIeHHSI IPOAYKTUBHOCTI CBEPIAJIOBHH

[IpotyKTUBHICTH CBEP/IJIOBUH y MPOIIEC] iX eKCIUTyaTallli, ik mpaBuIo, 3HIXKY-
€Tbcsa. OJHIEI0 3 OCHOBHUX MPUYUH 3HWXKEHHS MPOAYKTUBHOCTI CBEP/JIOBUH € KOJIb-
MaTarlisi — 3acMiueHHs QUIBTPIB 1 MPUPIIBTPOBUX 30H YACTUHKAMH TOPOJIH 1 BiJKJIa-
JICHHS COJIEM KaJIbI[il0, MarHito, 3aji3a, KpeMHII0 Ta iHmuX cnoiyk. Konbmaranis 3a
CBOE€I0 TIPUPOJIOI0 OyBae TPHOX BHU/IIB: MEXaHIUHA, XiMiyHa Ta OioJjoriuHa./[o MexaHi-
YHOT KOJIbMATallli CXWJIbHI CITYACTI, IIUIMHHI Ta OJIOYH1 (IIBTPU BHACTIOK MEPEK-
PUTTS iX OTBOpPIB MICKOM, TJIMHOIO, TPaBi€EM, y 3B’SI3Ky 3 UMM Je0IT CBEpJIOBUHU
3MeHInyeThest Ha 20 — 30%. 3HMKEHHIO MEXaHIYHOI KOJIbMaTallli CIpusie CTBOPEHHS
bimpTpa 13 KPYMHO3EPHUCTOTO MICKY 1 MPaBUILHO BUKOHAHOI I'PaBiiHOI OOCUIIKY Ha-
BKOJIO IPUHMAJIBHOT YaCTUHU (UIBTPY.
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XiMiYHa KOJBMATANIA XapAaKTEPU3Y€EThCA BUAUICHHSIM B 30H1 (DUIBTPIB BaXK-
KOpO3uMHHUX KapOoHaTHuX omaaiB CaC0Oz; 1 MgCO; a TakoX 3ali3UCTHX OMaJiB
Fe(HO);. Y pe3ynbrarti peakiiii maTepiany kapkac (GuibTpa 3 MpoIyKTUBHUM PO3UH-
HOM a0o0 MiJI3EMHUMH BOJAMHU, 1110 MICTSAThCIpKOBOACHb H,S, yTBOPIOIOTHCS HEMpPO-
HUKHI 1 BOXXKOPO3UMHHI CIPYMCTI BIAKIAJACHHS 3aJ1i3a, MiJll Ta LIMHKY. [HTEHCUBHICTD
XIMIYHOI KOJIbMATallli MOKHA 3MEHIIUTH, SKIIO0 30€perTu PIBHOMIPHUN PEXKUM €KC-
IUTyartarlii CBEpJIOBUH 1 HE JIOMyCKAaTH aeparlii mia3zeMHux po3uuHiB. [Ipu ix Bijgka-
YyBaHHI HE PEKOMEHJIYEThCS BUKOPHUCTOBYBATH €piiTHI MAHOMHHUKH, a MPU EKC-
IUTyaTtarlii 3arTMOHMX HACOCIB HEOOX1JHO CTEKUTH 3a pOOOTOI0 3BOPOTHHX KJIAIaHIB,
00 3amo0irTH HAIXOIKEHHIO aepOBAHOTO PO3YMHY B 30HY ¢inbTpa. HakommueHHs
BIJIKJIaJIEHb MOJKE B1I0yBaTHUCS B PE3yJIbTaTi KOpo3ii (iIbTpa mij A€ arpeCUBHOTO
POYKTUBHOTO PO3YMHY, SKI MAalOTh BIACTHUBOCTI €JEKTPOiTy. HailOinbn akTUBHO
IIel MpoIiec MPOTIKAE, SAKIIO (PUIBTP BUKOHAHUHN 3 PI3HUX METAJIB 1 BIACYTHIN HamiM-
HUN aHTUKOPO31iHKI 3axucT. [{s floro 3anobiranHs HeoOX1JHO BUTOTOBJISATH KapKa-
cu QUIBTPIB 3 TIacTMacu abo cTtaneBux TpyO 3 aHTUKOPO3IMHUM MOKPUTTSIM, BHKO-
pucTOBYBaTH (iIbTPYyBalbHI CITKH 13 HEP)KABIIOUOI CTalli, a TAKOX 3aMiCTh OOMOTY-
BaJIbHOT'O APOTY — IIHYPH 3 NOJIIMEPHUX MaTepialiB.

Biosioriuna koJabMaTaniss — pe3yibTaT >KUTTEIISIIBHOCTI MIKpPOOPraHi3MiB,
10 PO3MHOXYIOThCS B ocafax (UIbTPIB MicCid XIMIYHUX Ta €IEKTPOXIMIUYHUX MPOIIe-
ciB. Buainenuit npu 11s0My riipaT OKHCY 3aJli3a CIPUsE MEPEBEACHHIO 3aKHUCY 3ajli3a
B HEPO3UMHHUN OKHUC, IKUW Ocijae Ha poOoUlil moBepXHi QUIBTPIB, BHYTPIIIHIX CTIiH-
Kax cToBOypa CBEpUIOBUH 1 HACOCHOMY 0O0JIaTHAaHHI.

MexaHiuHa 1 0co61MBO XiMiYHA KOJbMAaTAalifl CYHPOBOJKYETHCS YTBOPEH-
HSIM KOHTJIOMEPATOMOIIOHUX CTPYKTYp, TO1 K O10JOTIYHO- PUXJIO-TIOPUCTI yTBO-
peHHs. Bci BOHM B MOYaTKOBIM CTajli MalOTh MOPIBHSHO HEBEJIMKY MIIHICTH 1 JIETKO
MOXKYTh OyTH BUJQJICHI PI3HUMH METOJAaMH, 13 AKUX MOIIMPEHHS HAOYJU IMITyJIbCHI.
ImmynbcHI MeToau 00poOKH GiAbTPiB 1 TPUPLIBTPOBUX 30H OCHOBAHI HA BUKOPHC-
TaHH1 eHeprii BUOyxiB Topmen 3 AetoHyroudoro muypa (TL), enekrpuanux po3ps-
I1B y P1MHI, THEBMOMNIAPHUBaHb, 'a30Boi JeToHalli. BuHuKkaroul npu BuOyxax yaapHi
XBWJI1 MOPYUIYIOTh CYLIBHICTh KOJBMATYIOUMX BIJIKJIAJIEHb 1 (POPMYIOTh JOJIaTKOBI
TPIIIMHYA B MOPOJAaX, YACTKOBO PYWHYIOThCS Ol CTIHOK cBepIoBUH. ['iapoanHami-
YyHl 1 (QinIbTpaliifHi MOTOKH, SIKI CYHNPOBOKYIOTb BHUOYXH, CIPHUSAIOTH BUAAIECHHIO
3pyHHOBAHOTO OCaay 3 MOBEPXHI PLIBTPA, 13 MOP 1 TPIIIUH.

Jlsis nexosibMarailii CBEpUIOBHH, 110 3HU3WIM MPOYKTUBHICTh BHACIIOK «3a-
pocTaHHs» (QUIBTPIB 1 MPWICTIUX J0 HUX TOPIJA PUXJIUMHU ONaJaMU 3aCTOCOBYIOTH
BiOparliiinuii Metoj1. MexaHi4H1 KOJMBaHHA 3a0€3MeuyoTh pyHHYBaHHS KOJIbMATYIO-
YUX BIJKJIAJEHb, IOPYIIEHHS CTPYKTYPHHUX 3B’ A3KIB MK TIOPOJIOIO 1 KOJIbMAaTaHTaMHU
1 BUJAJICHHs 3pYHHOBAHUX OIAJIB MPOKAYKOI0. EGEeKTUBHOrO BIITyYeHHS KOJIbMaTa-
HTY 3 NpUGLILTPOBOI 30HM CBEPAJIOBUH IMITYJIbCHI Ta BiOpawiliHi MeToau oOpoOKU
4acTo He 3a0e3MeuyroTh. Y HU3LI1 BUNAAKIB OUIbII BUCOKE BUMMaHHS KOJbMATYIOUUX
YTBOPEHb JOCATAETHCA PO3UMHEHHSAM iX y peareHtax. OmHaK pO3YMHHU HE 3aBXKIU
3/1aTHI MMPOHUKHYTH B 3LIEMEHTOBAaHY 30HY NMPOIYyKTUBHUX IUIACTIB Yepe3 i HU3BKY
IPOHUKHICTh 1 PUIbTpaLIiHY HEOAHOPIAHICTh. HallO11bIl yCHIIIHO TPOYKTUBHICTD
CBEPAJIOBUH BIJHOBIIIOETHCS IPU BUKOPUCTAHHI KOMOIHOBAaHMX METOAIB 0OpOOKH, B
AKUX TIOE€IHYIOThCS IMITYJIBCHI 1 pEareHTHI METOAU. Y IUX BUIAJKaX MacCOOOMIH MiXk
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PO3YMHHUKAMH Ta KOJIbMaTaHTaMH 1HTEHCU(IKYETHCS: MiA JI€I0 IMIYJIbCHUX HaBaH-
TaXEHb PEAreHTH IIuOIlIe MPOHUKAIOTh 3a KOHTYp (PpuIbTpa, a pO3UYMHEH] PEUOBHHHU
Kpauie BIIBOJSATHCSA 13 KOHTAKTHOI 30HU. ['11poAMHAMIYHHI TUCK CTBOPIOETHCS BUOY-
xom TJI, nmHeBMO- 1 enekTpoBHOyXY, BiOpali€0 ad0 yJbTpa3ByKOM 3 HACTYIHHUM
a00 0IHOYACHUM PO3UYMHEHHSIM 3pYMHOBAHUX KOJbMATAHTOB y peareHTax.

3.10. Ilpukaaaui 3aaa4i 10 riaasm 3

Bubip onTuMaJbHUX TEXHOJIOTIYHMX NMAPaMeTPiB CBEPAJOBHUHHOIO BH/0-
OyBaHHSI KOPHMCHHUX KONAJINH

bararominboBuil xapakrep AisiapHOCTI mianpueMctsa CI'Jl ycknagHioe npouec
OPUMHATTS PILIEHHS NpU BHOOP1 ONTUMAJIBHUX TEXHOJOTTYHUX mapamerpiB. Ckiaa-
HUIl caM 1o co0i BUOIp KPUTEPIIO OI[IHKU, €AUHOI JYMKH MPO HHOTO MOKH HEMAE.
OcTaHHIM 4YacoM ycCe€ 4acTillle TaKUM KPUTEPIEM BBaXKAIOTh CyMapHUM MpPUOYTOK.
OpieHTOBHO MOKHA OLIHUTHA ONTUMAaJIbHI MapaMeTpu AOCTIIKYBAHOI TEXHOJIOTI 3a-
J€XKHICTIO, TPH/T:

II=f-(R), (3.10)
ne Il — mATOMHUI PO3paxyHKOBHI MPHOYTOK Bill BUIAOOYTKY KOPHCHHUX KOIIAJIWH,
I'pH/T; R — pajiiyc Kamepu, M.

OriHO0YM TPUOYTOK SK PI3HUIKO MIXK IIIHOKO 1 COO1BApTICTIO, HEOOX1THO PO3-
paxyBaTH HACTYIIHI BUTPATHU HA 3apoO0iITHY IUIATy, aMOpPTU3AIliiHI BiApaxyBaHHS, Ha
€JIEKTPOCHEPTi0, YMOBHO-TIOCTIIHI BUTPAaTH, BUTPATH Ha BoIy. Po3paxyHOK BeaeTh-
Csl B HACTYMHIN NOCIIIJOBHOCTI:

3amacu KOPUCHUX KOTAJUH, 110100yBalOTHCA, OJTHIEI0 CBEPATIOBHHOIO, T:

Vg =T R2-m - p, (3.11)

. . . 3
7€ M — MOTYKHICTh MOKJIAay, M; 0 — HIUIbHICTh KOPUCHUX KOTIAJIUH, T/M .
BrpaTu KopucHUX KOMaNWH y MUJIMKaX MK KaMEepaMH, T:

QHu:a.m.p_I/CBD (3.12)

1€ a — BIACTaHb MEXY JOOYBHUMH CBEPUIOBUHAMMU, M.
CyMapHi BTpaTu KOPUCHHMX KOMAJIMH Ha JUISHII, 10 BIANPAalbOBYETHCS OIHI-
€10 CBEPJIOBUHOIO, T:

Q= Qnu + VCB(1 - Cl)a (3.13)

ne C; — koedinieHT 100yBaHHS BIIOUTUX KOPUCHUX KonaiuH; opieHToBHO Cq= 0,95.
TpuBanicTh BiAIpaOByBaHHs 3aMaciB OJIHIEI0 CBEPJIOBUHOIO, TOI.:

VCB
tros = 2 (3.14)

ne I1' — TexHiuyHa TPOAYKTUBHICT J0OYBHOTO arperary mo po6o4omy MUKy, T/TOA.
Yac poboTu 0/1HI€T CBEPATIOBUHHU, TO/L.:

thos = tu T Lhem T+ Lho6s (3.15)

ne ty — Yac Ha MOHTaX BHJAOOYBHOIO yCTaTKyBaHHS, IOX; t;.y — YaC Ha JEMOHTAX
BUJI00YBHOI'O yCTaTKyBaHHs, TO/I.
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BI/ITpaTI/I Ha 3ap06iTHy HJIaTy Ha OI[Hy CBCpI[J'IOBI/IHy, FpH:
3,1t
C3a — 20 M ,
p Ves'C1Tam

(3.16)

ne 3, — moroguHHa tapugHa craBka poOITHHUKA; OPIEHTOBHO 3,=8,6 IpH.; n — YUCENb-
HICTh JIAaHKH, YOJI.; OPIEHTOBHO N = 3 yoi.; T,y — TpUBaJiCTh 3MiHHU, TOJUHA, IPUIIMa-
etbes T,,,= 7 TOMI.

AMoOpTH3alliifHi BiApaxyBaHHs HA CBEPAJIOBUHY, I'PH/T:
C
C — CB
ame VCB.Cl’

(3.17)
ne C,, — BUTpaTH Ha CIIOPY/KEHHS CBEPJIOBUHU 1 ii 00J1aIITOBaHICTh, TPH.
AMopTH3alLiiiHi BlJpaXyBaHHs Ha BUJIOOYBHE yCTaTKyBaHHS Ha OJIHY CBEP.JIO-
BUHY, TPH/T:
c. = CoHytes
3P 100-t06T""Np.T o6 Tem

(3.18)

ne C; — BapTicTh BUAOOYBHOIO yCTaTKyBaHHsS Ha OJHY CBEPUIOBUHY, I'pH; H, — HOpMa

aMmopTH3alli 100yBHOIO yCTarKyBaHHs, %; opienToBHO H,=3.3 %; T,,s —KiIbKICTH

pobounx aHiBHA PIK, T4 = 305 110; Np —KuIbKicTh BUAOOYBHUX 3MiH Ha 100y.
AMOpTH3alliifHi BipaxyBaHHs Ha 3arajbHe YCTATKyBaHHS, TPH/T:

C _ Cos."Hog
06. = o0
am.o 100°Aro,

(3.19)

ne C,g — BapTICTh 3araJIbHOTO yCTAaTKyBaHHs, OyJMHKIB 1 criopyA, rpH; Hyg — cepenns
HOpMa aMOPTH3allli 3arajlbHOr0 YCTaTKyBaHHS, OyJIMHKIB 1 CIIOPYIKEHb, %; OPIEHTO-
BHO H,6= 10%; A, — BUpOOHMYA IOTYKHICTD IIAIPUEMCTBA, T/PIK.

CymapHi amopTu3alliiiti BiApaxyBaHHs, IPH/T:

CaM = CaMC + CaMp[ + CaM.06.9 (320)
Butpatu Ha Bogy, rpH/T:
Cop = G5~ Gy, (3.21)

1€ (z — IUTOMI BUTpATH BOJM Ha BHAOOYTOK, M /T; C, — BapTICTh TEXHIYHOI BOJIH,
rpa/m; C, = 0,069 rpu/n.
YMOBHO-TIOCTiHHI BUTPAaTH, TPH/T:
Cyn = (Caap + Cam + Cip + Cen) - Ky (3.22)

ne Ky — KoedilienT, mo BpaxoBy€e yMOBHO-TIOCTIHHI BUTPATH; OPIEHTOBHO MOXHA
npuitmaru Ky, = 0,2; Ce; — IUTOMI BUTPATH Ha €JIEKTPOCHEPTiIO, IPH/T; OPIEHTOBHO
Cer = 0,40 TpH/T.

Cymapha co0iBapTiCTh BUI00YTOT KOPUCHOI KOTIATHHU, TPH/T:

(VCKB'Qnu)'Cpaa

Cyn = Caap + Cane + Cog + Con + Cyp o+ =5 200,

(3.23)

1€ Cpyz — BUTPATH HA PO3BIKY 1 MIATOTOBKY 3aMaciB [0 BIANPALbOBYBAHHS, TPH/T.
[TpubyTok po3paxoByeThCs 3a HOPMYIIOI0, TPH/PIK:

111



H=[-C)-4

piks (3.24)
ne Ll — 1miHa KOpUCHUX KOTaJIuH, TPH/T.

[Tpukitang pimeHHs TUBUCH J0AaTOK B.

KoHTpoubHi 3annMuTaHHsA

1. [Ipu3HaueHHs 1 BUIM €KCIUTyaTalliHUX CBEPIJIOBUH.

2. Ilpu3HadeHHs 1 BUAM TONOMDKHUX CBEP/IOBHH.

3. SIk rpynytoThCS CBEPUIOBUHHM 32 TITMOMHOI0 OypiHHS?

4. SIxi yCTaHOBKH 3aCTOCOBYIOTH JIJIsl OYpIHHS F€OTEXHOJIOTTYHUX CBEPJIOBUH?

5. Cnocobu OypiHHS CBEPAJIOBUH I'€OTEXHOJIOTTYHUX 1 XapaKTEPUCTUK KOKHO-
IO 3 HUX.

6. OcHOBHI (haKTOpH, 1110 BU3HAYAFOTh KOHCTPYKL{IFO TEOTEXHOIOTTYHUX CBEPJIOBHH.

7. SIKy KIJTBKICTh €KCIUTyaTalllMHIX KOJIOH TPYO BCTAHOBIIOIOTH Y CBEP/IJIOBH-
HaX MPHU PI3HUX METOJIaX T€OTEXHOJIOTIYHOTO BUOOYTKY KOPUCHUX KOTIATUH?

8. SIki BUM IIEMEHTY 3aCTOCOBYIOTH JUISI TAMITOHAXKY 3aTPYOHOT'O ITPOCTOpY?

9. IlpusHaueHHs nakepiB 1 GUIBTPIB, IKUMU OCHAIYIOTHCSI CBEP/IOBUHHU.

10. 3 sKUX eneMEeHTIB CKIaIaeThCsl BUA0OYBHE 00IaJHAHHS CBEPJIOBUH 3aJ1e-
HO BIJl TEOTEXHOJOTTYHOTO CIOCO0Y PO3pOOKHU pooBuUIa?

11. XapakTepucTtrka BUOIHHOTO 00J1aJHAHHS CBEPJIOBUH.

12. Sk 3a1iicHIO€TBCS 0€3TpyOHE KPITUIEHHS T€0TEXHOJIOTIYHUX CBEPIJIOBUH?

13. Buny xosnbmarariii Sk OCHOBHOT IPUYMHU 3HMKEHHS? Horo?

14. ITpoayKTUBHICTh BUAOOYBHUX CBEPIJIOBUH B IIPOLIECI iX E€KCILTyaTarlii.

15. Meroau B1THOBJIEHHS TPOJYKTUBHOCTI CBEP/AJIOBHH.

Cnucok Jiteparypu 10 rjiasu 3

1. Apenc, B.K. I'eorexHonoruueckue MeTOAbl HOOBIUM TOJIE3HBIX HCKOIAE-
mbix [Teker] / B.JK. Apenc. — M.: Hexapa, 1976. — 264 c.

2. Apenc, B.K. I'eonoro-ruiporeosiorndeCKie OCHOBBI T'€OTEXHOJOTHUUECKUX
METOZI0B J00bIYM moJie3HbIX uckonaeMbix [Tekct] / B.K. Apenc, A.M. Taiinun. —
M.: Henpa, 1978. — 215 c.

3.Bepurun, H.H. I'npponunamuueckue U (HU3MKO-XUMHUYECKHE CBOMCTBA rop-
Heix nopoa [Texcr] / H.H. Bepurun, CB. Bacwibes, B.C. Capkucsaa u ap. — M.:
Henpa, 1980. — 206 c.

4. Ocunos, I'"M. CoBpeMEHHOE COCTOSIHUE U MEPCHEKTUBBI PA3BUTHS TEXHUKHU
U TEXHOJIOTHH COOPYKEHUSI T€0TEXHOJIOTMYECKUX CKBaKuH [TekcT|: Marepuaisl ce-
MuHapa-cumnosuyma. «bypenune reorexnonorudeckux ckpaxun» / .M. Ocunos. —
M.: 1984. - C. 6 — 16.

5. Pxesckuii, B.B. OcHoBbl ¢usuku ropusix nopoj [Tekcr] / B.B. PxeBckuii,
I'.4. HoBuk. — M.: Henpa, 1984. — 359 c.

6. [Tepmsikos, P.C. Texnonorus no6wrau coneit [Texcer] / P.C. Ilepmsxos, B.C.
Pomanos, M.I1. Benpapl. — M.: Henpa, 1981. — 272 c.
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4. PO3POBKA POJOBHIILL
I'EOTEXHOJIOI'TYHHUMU METOJAMMU

4.1. BuiyropyBaHHsl KOPMCHHUX KONAJIMH

4.1.1. CyTHICTH MPOIIECY MiI3EMHOTO BUIIYTOBYBaHHS

Iinzemue BuayrosyBanHsi (I1B) — crioci®6 po3poOku pyaHUX POIOBHUII IILISA-
XOM BUOIPKOBOI'O PO3YMHEHHSI KOPUCHOIO KOMITIOHEHTAa XIMIYHUMHU peareHTaMu 1 me-
peBeieHHs HoTo B piAKy (ha3y 3 MOJAJIBIIOK MePEepOOKOI0 METAIOMICTKUX (TTPOIYK-
TUBHHX) PO34MHIB. BuOipkoBe BUIIyTrOBYBAaHHS B 3arajlbHOMY BUIAJKy MICTUThH B CO-
01 HACTYIHI €Tanu: MPOHUKHEHHS PO3YMHHHUKA JI0 BUJOOYBHOTO KOMIIOHEHTA; XiM14-
HY B3a€MOJII0 KOMIIOHEHTA 3 PO3YMHHUKOM 1 BEJICHHS B PO3UYMHHY (OpMy, NIEpeHe-
CEHHS XIMIYHOI peakiIlii 3 rITMOMHN TBEP/IF0Y0i YACTUHKHU JI0 MMOBEPXHI po3ainy ¢as;
NEpPeHECEHHSI KOMITOHEHTA B1J] TOBEPXHI po3ALTy (a3 B 00'€eM KOHIUIIIHHOTO POIYHHY
(momatok Bb). Po3pi3Hst0Th CBEpATTIOBUHHE 1 IIAXTHE T1[36MHE BHIIYTOBYBAaHHSI.

CaepaiioBunne minzemue BuiayrosyBanHsi (CIIB) — npouec nepepoOku pyn
B MPUPOJHUX YMOBAX, PO3KPUTUX CBEPUIOBUHAMHU, Yepe3 SKi 3/1MCHIOETbCS 3aKauy-
BaHHS PO3YMHIB, X PyX 1 3MiHa CKJIaqy B MEXax PyJHHUX TUI Y 33JaHOMY HANpPSIMKY,
BUJIYYCHHS PO3YMHEHHX KOMIIOHEHTIB 4epe3 BiAKAYHI CBEp/UIOBUHU, MPOBEIACHHS
KOHTPOJTIO 32 XOJIOM TPOIIECy 1 TOBHOTOIO TIEPepoOKH pyau B Hagpax. Cxema mimze-
MHOI'0 CBEPAJIOBUHHOTO BWJIYTOBYBaHHs IIOKa3aHa Ha puc. 4.1.
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Puc. 4.1. TexHonoriyHa cxema IiJI3eMHOT0 BUITYTOBYBaHHS
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IIlaxTHe BHJIYTOBYBaHHSI — TIPOIEC MEpepoOKU pya Ha MICI iX 3aisraHHS,
PO3KPHUTHX TIPHUYUMHU BHPOOKAMH 1 MiATOTOBJICHUX 0 BUIYTOBYBAaHHS CHeELialbHU-
MU poboTamu (Harpukiaj, OypomiIpuBHI, K 3a0e31euyoTh (OopMyBaHHS HEOOXiA-
HOI MOPHUCTOCT1), MOJPIOHEHHS TIPCHhKOi MOPOJM, 3POLUEHHS ii PO3UMHHHMKAMHU, IX
rpaBiTaliiHy 1HQUIBTPALIIO 1 33JaHy 3MiHY CKJIaJy B MacHuBl TIPCbKUX MOPIJ, 3aKa-
YyBaHHS B 3a3JaJIerib MiATOTOBJIEHI pe3epByapH, BuAauy MNPOAYKTHUBHOIO PO3UMHY
[0 BHYTPILIAXTHUM TPyOONpPOBO/Iax Ha MOBEPXHIO, 311HCHEHHS KOHTPOJIIO 32 XOA0M
IpoLECY 1 MOBHOTOK NEPEepOoOKH pyJu B eKCIUTyaTaliiHux Onokax. IlinzemMHum BH-
JYrOBYBaHHSIM J0OyBalOTh ypaH, KOJIbOPOBI 1 PIAKICHI ME€Talnu (MiJb, IIUHK, CBUHELLb,
HIKeIb, 30JI0TO, GocopuTH, OOpUTHU Ta i1H.). 3arajbHa CXemMa T'€OTEXHOJIOTTYHOTO
KOMIUIEKCY 3 BUJOOYTKY KOPUCHHUX KonayinH crnocoooM 1B nmokasana Ha puc. 4.2.

Puc. 4.2. 'eoTeXHOTOTTYHUN KOMILJIEKC 3 BUAOOYTKY KOPUCHUX KOMAIUH METOJIOM
BUJIYTOBYBAHHS Yepe3 CBEPJIOBUHU: | — yCTaHOBKA IS IPUTOTYBAHHS PO3YUHY;
2 — HarHiTaJlbHa CBEPUIOBUHA; 3 — IpEeHa)KHA CBEP/VIOBHHA; 4 — KOMIIPECOP;

5 — noBiTponpoBia 1js epiaidra; 6 — KOJIEKTOP I KOHIUIIHHOTO PO3UYHHY;

7 — BIACTIMHUK; 6 — KOMIUIEKC CIIOpY/Jl 3 IEpepoOKH po3uuHy; 9 — Hacoc

4.1.2. ®13UK0-XIMI4HI OCHOBH MPOLIECY BUIYTOBYBaHHS

Po3pi3HstoTh KuCHOTHE, KapOOHATHE 1 OakTepiajdbHe BUIYroByBaHHA. Kucsio-
THe BHJIYTOBYBaHHsSI — 00poOKa KOPUCHUX KOMIIOHEHTIB PO3YMHAMU KUCJIOT Py,
K1 HE MICTATh 3HAYHOI KUIbKOCTI kapOoHaTiB. KapOoHaTHe BHJIYroByBaHHsi — 00-
poOKa KOPHCHMX KOMIIOHEHTIB posunHamMu NaCOs;, NaHCOs;, (NH,),COs,
NH,HC 05, 1HIIUX peareHTIiB pyA, U0 MICTATh 3Ha4Hy KUIBKICTb KapOoHariB. bakTe-

114



piajibHe BHUIYyTOBYBaHHS — BIUIYTOBYBaHHS! KOPUCHUX KOMIIOHEHTIB 3a y4acTio 0ak-
Tepii, 34aTHUX OKUCIIOBATH 1 MPUCKOPIOBATH PO3UYMHEHHS KOPUCHUX KOMITOHEHTIB.

JlJisi BUITyTOBYBaHHSI METaJIiB BUKOPUCTOBYIOTh TaKl PO3UMHHUKHU: PO3YUH Cip-
YaHO1, COJISTHOI Ta a30THOI KUCJIOT, TEXHIUYHY BOJly, KUCEHb, PO3YHHU CYyJb(aTry, OK-
CUAy 3ai3a, XJIOPUY, IIaHUCTI Ta JYy>KHI PO3YUHU, OpPraHIYHl PO3UMHHUKH. 3aCTOCY-
BaHHSA TOTO YM 1HIIOIO PO3YMHHUKA 3QJIEKUTH Bl MIHEPAJIBbHOTO CKJIATy PYAHOIO
MOKJIaay 1 BMICHUX TIOpia. 3 (Pi3MKO-XIMIYHUX MO3HUIIN MiI3eMHE BUIIYTOBYBAaHHS 11€
IPOIIEC FeTePOTCHHUX XIMIYHMX B3a€EMOJIH, 110 MPOTIKAIOTh HA MEX1 PO3AUTY P1AKOT
1 TBep101 (a3 1 CynmpOBOKYIOTHCSI 3MIHEHHSIM KOHIICHTpAIIll pearyroyux peuyoBUH B
piaKiif 1 TBepaid dazax mpu GIBTpAIITHOMY pyCi peareHTy B 30HI BHUIyTOBYBaHHSI.
VY X0l reTeporeHHUX Peakiliii pO3YMHEHHS TBEPAOi PEUOBHMHU BUIUISIOTHCS TakKi
cTajii: HaaXOKEHHS PO3YMHHUKA JI0 TTIOBEPXHI TBEPAOro Tija; BlIacHE XIMi4HA B3ae-
MoJisa (peakilisi) Ha MOBEpXHI po3auty ¢a3. Y pe3ynabTaTi BHIIYyTOBYBaHHS METAalliB
MacHB T'PChKHX MOP1J 3MIHIOE CBOIO MEPBICHY MMOPHUCTICTh, TUTOMY ITOBEPXHIO 1 MPO-
HUKHICTb. [Ipy 1bOMy B110yBa€ThCS HE TIJIbKH BUIIYTOBYBaHHSI KOPDUCHUX KOMIIOHEH-
TIB, @ TAKOXX PO3YMHEHHS MOPOJAOTBIPHUX MiHepasiB. E(EeKTUBHICTh BUITyTOBYBaHHS
3HaYHOIO MIPOIO 3aJIe)KHTh BiJl CTaHy MPOAYKTHBHOIO Tuiacta. Ha mimactax 3 rapHoro
IPUPOAHOIO MPOHUKHICTIO (YpaHOBI POJOBUIIA OCAJOBOT0 TUILY, 30JI0TOHOCHI MICKH 1
T.II.) B KOXKHIHM 4acTIll € BUIbHUHN IOCTYIl BUTpaBIOBAIbHOMY po3unHy. Lle no3Bosse
XIMIYHO aKTUBHOMY PO3YMHY JIETKO IMPOHUKATH A0 KOPUCHOTO KOMIIOHEHTA, TaK SIK
TOBIIMHA TU(PY31HHOTO MIApy MK MIHEpaJlaMH 1 pO3UMHHUKOM JIyKe MaJa.

[Ipu po3poOIll CKETBbHUX TPIMMHYBATHX a00 MOAPIOHEHUX Py MiJ3eMHUM BU-
JYTOBYBaHHSM B HUX B1IOYBA€ThCS MEPEMIIIEHHS PO3UYMHHUKA 1 MPOAYKTIB peakilii
BCEpE/IMHI TPIIIKH, MOP 1 KanuIsipiB. Y MpoLeci BUIYTOBYBaHHS CIOCTEPIraeThCsi MO-
nexkyisipHa nudy3is peareHTy 1 KOHIUIINHOrO po3urHy. |HTEHCHBHICTH BHIIyTOBY-
BaHHS 3aJICKHUTH 5K BiJ TEOMETPUYHHUX PO3MIpPIB KyCKa, TaK 1 BiJ aOCOITIOTHOTO BMiC-
Ty KOPHCHOTO KOMIIOHEHTA p 1 TOBIIMHM IIapy MIHEpaJIbHOI peuoBHMHU. BoHa Xapak-
TEPU3YETHCS TOKA3HUKOM IIBHUIKOCTI BUIIYTOBYBaHHS, SIKHH MOKe OyTH BU3HAYCHO

K, = rile—, @1
1-Y1-p)Y1-p
ne K,, — NOKa3HUK IHTEHCUBHOCTI BUIIyTOBYBAaHHS PYJHHUX KyCKIB 3 IUIIBKOBOI MIHE-
paiizali€ro B MOPIBHAHHI 3 JUCIEPCHOK. XapakTep 3MIHU IOKa3HUKA K, 3al€XKHO
BiJl BMICTY KOPHUCHOTO KOMIIOHEHTA B pyJHOMY TOKJIa/1i 300paxkeHuit Ha puc. 4.3.
3 rpadika BUIHO, 110 31 301IBIICHHAM BUXITHOTO BMICTY METalIy B py/i MOKa3-
HUK IHTEHCUBHOCTI BWJIYyTOBYBaHHs K,, pPI3KO 3HMXKYye€TbcA B 1HTepBaii p =20 —30
YMOBHUX OJuHULB. [I0TIM B110yBa€ThCS MIaBHE 3MEHIIEHHS LBOTO MOKa3HUKa. Ta-
KUM YHMHOM, IMIBUAKICTH 1 IOBHOTA BHJIYTOBYBAHHS IIPH BUCOKOMY BMICTI B MEHIILIM
Mipi3aiexaTh BiJl PO3KHAY KOPUCHOIO KOMIIOHEHTA B Py/i, TOMY B PYJHHX IIapax 3
BHCOKUM BMICTOM KOPHCHOT'O KOMIIOHEHTA TPUBAJICTh BUIYTOBYBAaHHS 3POCTAE.
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Puc. 4.3. 3anexHiCTh TOKa3HUKA IHTEHCUBHOCTI BIJTyTOBYBAaHHS METAITY
BiJl BMICTY OTO B pyJHOMY TiJIi

4.1.3. I'iapoanHamMiyHi cCXeMH pyXy B Pyl BUITYTyBaJbHUX pPEarcHTIB

3aJIe’)KHO B1Jl TIPHUYO-TEOJOTTYHUX YMOB 3ajisiraHHsl MPOJYKTUBHUX IUIACTIB 1
TEXHOJIOT1i BEZICHHS pOOIT HA PyJHUKAX 3aCTOCOBYIOTh PI3HI CXEMH T'1JIpOJIMHAMIYHO-
ro pyxy BWIYTyBaJbHOI'O PO3UMHY B IPOAYKTHBHIM TOBIIi, a caMe: IyJIbCaLlliHO-
CTaTU4HY, QUIbTpaLiiHY i 1HPIIBTpAIiiHY CXEeMHU, a B OKPEMHUX BUIAJKaX — iX KOM-
Oinanii. IlynbcariiHO-cTaTUYHA CXE€Ma TOJIsTae B MEPIOIMYHOMY 3allOBHEHHI BUITY-
TYBaJbHUM PEareHTOM 3aMKHYTOTO 00'eM pyay 3 MpUPOJHBOIO a00 MITYYHO CTBOpE-
HOIO NMPOHMKHICTIO 3 MOJAJbIIMM BUIYCKOM NPOAYKLIMHUX PO3YUHIB. Y LIbOMY BH-
najKy OJIOKM BUJIYTOBYBAaHHSI MiATOTOBIIIOIOTH IPOBEACHHIM OKOHTYPIOBAJIBHUX Tip-
HUYUX BUPOOOK Oe3 morepeaHboro noApiOHeHHs pyau (puc. 4.4) 1 3 monepeaHiMu i
nopioHeHHM (puc. 4.5). brokamu BUITyrOBYBaHHSI MOKYTh CIYTyBaTH TaKOX Kame-
PH 3 3aMarasmuHOBaHOK PYIOI0.

[Iporec BmiIyroByBaHHSI B cxeMi 0€3 MONEPEIHHOTO MOAPIOHEHHS PyIu Mic-
TUTh y IOAAa4l BUTPABIIOBAIBHUX PO3UYMHIB MO MOJABaJIbHOMY LITPEKY B OJIOK 1 B
IIOBHOMY 3allOBHEHHI HOro po3urHoM. [licist aesikoro nepiogy BUCTOIOBAHHS KOHIU-
IAHUNA PO3YMH BUITYCKAIOTh 1 TPAHCHIOPTYIOTH MO TPyOONPOBOY, BCTAHOBJIEHOMY B
JIPEHAXKHOMY IITPEKY. Y cXeMi 3 MOoNepeaHIMU NOAPIOHEHHAM PYIU Micis 0OBaJIeHHS
1 Mara3uHyBaHHS ii B KaMepl CHOPYIKYIOTh MEPEMUUYKH 1 MOAAIOTh BUTPABIIIOBAIb-
HUI pO3UMH 1O TPyOONpOBOIYy, NPOKJIAJAEHOMY IO BEPXHBOMY PYAHOMY IITPEKY.
TpancnopTyBaHHsSI KOHAMLIMHOIO pO3YMHY MPOBAAATH MO TPyOOIpOBOAY, IPOKIIAE-
HOMY B HH)KHbOMY PYJHOMY IITPEKY.
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Puc. 4.4. Cxema nig3eMHOI0 BUJIYTOBYBAHHS 3 MYJIbCALIMHO-CTATUYHUM PYyXOM pea-
reHTy 1 0€3 MonepeHbOro NOAPIOHEHHS pyau: 1 — MONBbOBI IITPEKH; 2 — HATHITAJIb-
HUM TpyOOnpoBia; 3 — NIAHATTEBUIN; 4 — HAIIPHI IEPEMUYKH; 5 — NI0/IaBAJIbHUMA
TPEK; 6 — IpeHa)KHa CBEP/JIOBUHA; 7 — MpOTU(UIbTpalliiiHa 3aBica; 8 — TpyOonpo-
B1J1 JIJIS1 BIIKQYKU KOHAUIIHHUX PO3YMHIB; 9 — IpeHAXHUN MITPEK

dinpTpariiina cxemMa BUJIyrOBYBaHHS OCHOBaHA Ha MOCTIMHOMY abo mepioaud-
HOMY pyci (pIIBTpaIiifHOTO OTOKY peareHTy 4epe3 pyAHY 30HY 3a paXyHOK pi3HHMII
HAIOpPIB y PO3YMHONOAABATIBHUX (3aKAQUHUX) 1 PO3UMHONPUUMANTBHUX (B1AKAYHUX)
CBepUIOBHHAX a00 ripHuunx BHPOOOK. Ilpu mpomy ¢iabTpaniiHuil MOTIK 3alOBHIOE
BCI TPIIIKMHHU 1 BIAKPUTI MOPU B MacuBi pyau (puc. 4.5) abo NOPOKHUHM B 3aMarasu-
HOBaHil pyai (puc. 4.6).

[HdiapTpaliiiHa cxeMa XapaKTepU3y€eThbCsl PyXOM BUTPABIIOBAIbHUX PO3UYMHIB
o 130TponHOMY Yy (inbTpariiHOMy BIJIHOIIEHHI CEPEJOBMINI Mij A€ IpaBiTaIlii.
IToTik peareHTy B[ 3pOIIyBaJIbHUX IPUCTPOIB CTIKAE 10 JPEHAXKHUX BUPOOOK yepes
po31po0iieHy 1 3aMara3uHOBaHy B KaMmepl pyAy, IpU LbOMY PO3UMH HE 3aIllOBHIOE
MOBHICTIO BC1 IOPOXXHUHHM B py/i (puc. 4.7).
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Puc. 4.5. Cxema nig3eMHOr0 BUJIyTOBYBAaHHS 3 MYJIbCALIMHO-CTATUYHUM PYXOM pea-
TEHTY 1 3 MONepeAHIM NOAPIOHEHHAM pyau: | — moJIbOBUIM IITPEK; 2 — NIAHATTEBUM; 3
— pyAHUN WITpeK; 4 — CBEpUIOBUHH I [10/1a4l BUIYT'YBaJIbHUX PO3UMHIB y KaMepy 3
3aMara3uHOBAHOIO PYI010; 5 — MOXWINN NIAHATTEBUN; 6 — TpyOOIpOBI AJIs oAyl
BUTPABIIIOIOUMX PO3UYMHIB; 7 — IEPEMUUKH; 8 — TPyOOINPOBIA JUIsl BIIKAUKU KOH/H-
IIHHUX PO3YHHIB
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Puc. 4.6. Cxema 1iJ13eMHOT'0 BUJIYTOBYBaHHS 3 (PiIbTpAIlIiHUM PYXOM peareHry 1 6e3
TIOTIEPETHBOTO TIOIPiIOHEHHS pyau: | — MpeHaxHi ITPEKH; 2 — TIPeHAKHI OPTH;
3 — HarHiTaJIbHUN WTPEK; 4 — HaMmipHa IepeMudKa; 6 — HarHITaJIbHUNA TPYyOONPOBIT;
6 — IpeHaxH1 NIUIMHA;, 7 — KOHTAKTH IIapiB PyAH PI3HOI BOJOTPOHUKHOCTI;
8 — Har”iTajgpHa L{LJIMHA
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Puc 4.7. CxeMa mig3eMHOT0 BIITyTOBYBaHHS 3 QiIbTPAIliIHHUM PyXOM pEarcHry 3 1o-
NepeHbO MOAPIOHEHOIO 1 3aMara3nHOBaHOO PyI010: |1 — mepemuuka; 2 — TpyOornpo-
BiJI IJIs TIOJJa4i BIJTYTYBAJIBHOTO PEeareHTy; 3 — HarHiTaabHa BUPOOKa; 4 — pyTHUH
IJIMK; 5 — HAIIPSIMOK MOTOKY KOHIHUIIIHUX PO3YUHIB; 6 — pyAHUN IITHK, 1[0 OKOH-
TYpIO€ Kamepy; 7 — IpeHakH1 CBEPIJIOBUHU; 8 — 3aMarasuHoOBaHa pyaa; 9 — npeHax-
Ha miirHa; 10 — HanPsIMOK OTOKY BUJTYTYBaJbHUX PEarcHTIB B Kamepi

4.1.4. Kynuacre 1 6akTepiajibHe BUIYTOBYBaHHS

KymnuacTte BHIIyroByBaHHs 3aCTOCOBYIOTH JJII NEPEPOOKU BIJBaJiB Ha roCHO-
JTAapChKUX a00 Ha CHeliaIbHO MIJTOTOBJICHUX MaMJIaHUYMKAX 3 T1IPOI30JIO0YUM TOK-
puttsaM. [Ipoiiec BUIyroByBaHHS MOJSTa€ B MEPIOJAUYHOMY 3POILIEHHI, K€ 3HaXO-
JTUTHCS B KYIIl TIPHUYOT Macu PO3YMHHHUKOM 1 300py KOHIUILIMHUX PO3YUHIB B CIIEITI-
ATbHUX APEHAKHUX BUPOOKax (puc. 4.8). BuTpasitoBanbHi peareHTy MNoJal0Th HUIs-
XOM pO30pHU3KyBaHHS MO MOBEPXHI BifBaiy. [licis HamOBHEHHS APEHAKHUX BUPOOOK
KOHJUIIIHHUM PO3YHHOM HOTO BIJIBOJSATH HA COPOIIINHI YCTAaHOBKU. Y pe3yJbTaTi BU-
JYTOBYBaHHSI OKMCJICHUX a00 HaIiBOKUCICHUX MITHUX pya 3 BmictoMm 0,16 —0,7%
MiJll OTPUMYIOTh KOHAUIIIMHUI PO3YMHH 13 BMICTOM 10 2,5 T/)1 Miai 1 7 r/7 3ami3a.
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Puc. 4.8. IligzemMHe BHIIyrOBYBaHHs pO3apO0JICHOT 1 3aMara3nHoOBaHoO1 pyau 3a iHDi-
JbTpAIiitHON cxeMot0: 1 — OypoBuil (IpeHaxxHui) OpT; 2 — HaMipHA IEpEeMUYKa,

3 — TpyOomnpoBi A1 Bi1OOPY KOHAUIIIHHOTO pO3unHy; 4, 5 — BUPOOKU BEPXHBOTOTO-

PHUBOHTY; O — TpyOOIPOBI AJIs 1OJIa4ul BUTPABIIOIOUOr0 PeareHry, 7 — 3amara3uHo-

BaHa pyJa

Puc. 4.9. Kynuacte BHIIyroByBaHHs IBOSPYCHOTO mtadens pyau: 1 — 6eToHH1 po3-
YUHOMPUHUMAIBHI JOTKH; 2 — TipHAYA Maca; 3 — Imapu rpy003epHHUCTOTO MICKY;
4 — nepdoposani TpyOH; 5 — JiHIT 1 HAMPSAMKH MOTOKY pOOOYNX PEarcHTIB;
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6 — NOTOKH, 110 BUTIKAIOTh 13 IEPEHACUYEHOIO MICKY; 7 — MOTOKH, 110 MPOTIKAKOTh 110
TIpHUYIA Macl; 8 — IpeHaXHUI KPYIMHOIPpYAKYBaTUi map; 9 — rigpoi3olitorya mnoJie-
THJICHOBA InIiBKa; 10 — riuHa; 11 — ocHOBA mITades

BbakTtepianbHe BUIYyrOBYBaHHS IPYHTYEThCS Ha OTPUMaHHI XIMIYHUX €JIEMEHTIB

3 Py, KOHIICHTPATIB 1 TIpHUYUX IOPIJ 3a JIONMOMOIOK OakTepil 1 iX mMeTabosiTiB
(puc. 4.10).
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Puc. 4.10. Cxema migzeMHOT0 OaKkTepialbHOTO BUITYTOBYBaHHS MIHOT pyIH:
1 — cTaBOK JU1sl BUPOLILYBaHHS Ta pereHepariii OakTepiii; 2 — HaCOCHA CTaHLIIA JJIs epe-
KadyBaHHA OaKTEpiaTbHOTO PO3UMHY A0 pyaH; 3 — TpyOompoBifd; 4 —3acyBKa; 5 — KoJie-
KTOp; 6 — NOJIIETUJICHOBUH 1IIJIAHT; 7 — CBEPUIOBUHA JJIs1 3pOLIEHHS PYAHOIO Tija

MexaHi3Mm OakTepiaJbHOTO BUIIYTOBYBaHHS MOJIATae B HaCTynmHoMmy. [lpu pyii-
HyBaHHI, HalpUKIaJ, CyIb(iliB KOIbOPOBUX METaliB po3uuHoM Fe,(S0,); TpuBa-
JICHTHE 3aJ1130 MEePEXOAUTh y ABOBAJICHTHE, sIKE B 00J1acTI HU3bKUX 3HaueHb pH maii-
K€ HE OKHCIIOETbCS 1 BHIYTOBYBaHHS CyJib(iIB MNpUNUHAETbCA. bakrepii
Thferrooxida oxucmoth Fet? 1o Fet3 i THM caMuM CHPHSIOTH MPOJOBKECHHIO
npotiecy. [Iporec BuIyroByBaHHs 3a JOMOMOTO0 OaKTepii

Fe,S0, —» Th ferrooxida — Fe,(S50,);, (4.2)
MeS + Fe,(S§0,4); - MeSO, + 2Fe, S0, + S 1. (4.3)

3 HaBeJACHUX peaklii BUIHO, 110 OCHOBHUM BUTPABIIIOOYMI areHT — cyibdar
OKHCHOTO 3aii3a Fe,(S0,); yTBOPIOETHCS IMiJ Ji€r0 OakTepiii 63 BBEACHHS cipyaHOi
KUCTOTH. MexaHi3M 0akTepiaJbHOTO BWJIYTOBYBAHHS MiJl MOXe OyTH MpeicTaBie-
HUHW y HACTYITHOMY BUTJISIII

4Cu,S + 90, = Th ferrooxida — 4CuS0, + 2Cu,0. (4.4)
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[Ipouec GakTepianbHOrO BUIYTOBYBAaHHS MOKE IMPOTIKATH 3 BUCOKOIO MIBUIKI-
CTIO MPU CTBOPEHHI JJIS TOTO COPUSITIMBUX YMOB:

— KUCJIOTHICTh cepefioBuIlia Mmae 0yt pH=2,5 — 3;

— Temrepatypa B Mexax 25 — 30 °C, OakTepii B TaKUX yMOBaXxX JIy>Ke€ LIBHJIKO
PO3BUBAIOTHCS;

— YaCTUHKM PYAHMX (pakiliii MOBUHHI MaTU HEBEJIUKI PO3MIPH 1 BEJIUKY IOBE-
PXHIO Ha OJIMHULIIO 00’€MY BUTPABIIOBAIBHOTO PO3YUHY, IO 3yMOBIIIOE BUCOKY aK-
TUBHICTb MPOIIECY;

— KOHIICHTpAIlisl KHCHIO TTOBUHHA CTAaHOBUTH 13 — 15 mr/m.

4.1.5. Po3paxyHOK TEXHOJIOTTYHHUX MTapaMeTpPiB MiA3€MHOIO BUIIyTOBYBAaHHSI

Mertanu 13 TpOAYKTHBHUX PO3YMHIB BUIY4alOTh Y COpOIiiiHIi yCTaHOBII, SKa
ABJISIE COOOK0 KOMIUIEKC CIOPYJl, SIKM MICTUThCOPOILIIHI 1 pereHepaliiiHi KOJIOHH,
OaceliHu aiig 6aratux 1 O1THUX PO3YMHIB, EMHOCTI JJISI JOBEJACHHS XIMIYHUX KOHIICH-
TpaTiB, HACOCHO-KOMIIPECOPHE 00JIaIHAHHS, TPYOOIPOBiJ 1 JOMOMIXKHI CIIOPYAH IS
OPUTOTYBaHHS BUTPABIIOBAILHUX PO3YMHIB, OYMIICHHS CTIYHMX 1 MIAXTHUX BOJ
(muB. puc. 4.2). [ns npuroTyBaHHs BUTPABIIOIOYMX PO3UYMHIB JIOAABAaHHSM Y 3BH-
yaliHy BOAY KHCJIOT a0o JIyTiB CIYryroTh crelianbHi Oaceinu. [IpoimioBim depes
pyJIHE TUIO 1 30araTUBIIMCH METAJIOM, BUTPABIIOIOYHUNA PO3YUH CTA€ MPOITYKTUBHUM
(KOHIAMIIITHUM) PO3YMHOM. MeTan i3 1bOro PO3YMHY BUTATYIOTH B COPOLIMHUX KO-
JIOHAX AUAaMeTpPoM 2 — 3 M 1 BUCOTOIO 6 — 8 M, B IKUX MICTHTBLCS CIIeIliajibHa CMOJIa,
IO BOJIOAIE BUOOPYMMHU COPOLIAHUMHU BIACTHBOCTSAMH. MeTan 13 IpOayKTUBHOIO
po3unHy ocijae (CopOyeTbcs) HA CMOJI, a 301THEHU PO3YMH HAJIXOAUTh y OaceiH,
3MIIIy€ThCS 3HOBUMHU PEareHTaMHu i 3HOBY HANPaBISETHCS HA BUITYTOBYBAHHS.

Heo0ximHa KiIbKICTh PO3YMHHMKA 3 KOHIIEHTpaIli€eto C,

ve, = yFm(x : T), 4.5)

e ¥ — 06’ eMHa Maca pyIHOTO MOKIaxy, T/M’; F — miomia 610Ky, Mo Miisrae BHIy-
FOBYBAHHIO, M’; M — HOTY)KHICTh PYJOBMICHOIO FOPH30HTY (BHCOTa 6II0KY), M; 2K: T
(p) — BUTpaTa pO3YMHHHUKA [IPOTATOM IE€pPi0Ay BUIYTOBYBAHHS, 110 3a0e3Meuye 10Cs-
THEHHS HEOOX1HOTO CTYTEeHs BUJIyUYEHHS ¢ KOPHUCHOTO KOMIOHEHTa. BiH xapaktepu-
3Y€ThCS BIAHOILIEHHSM MacH pO3UYMHHHUKA 3 MIEBHOIO BUXIJHOIO KOHLEHTpaliew C, 10
3a/laHUX YMOB BWJIYYEHHS MacH BIAIpalboByBaHUX pyaoBmicHux mnopin (2K: T) abo
BUTPATOI0 PO3YMHHHUKA p TpHU 337aHiid BuxiaHii koHueHtpauii C, Ha BHIOOYTOK
OJIMHUII KOPUCHOTO KoMmmoHeHTa (m/m). HeoOxiaHy KUIBKICTh PO3YMHHUKA PO3pa-
XOBYIOTh BUXOJISTYM 3 BUTPATH HA BUIyUEHHS OJMHUILIl MacH KOPUCHOI'O KOMIIOHEHTa

1€ ¢ — CTyTiHb BUIYYEHHS KOPHCHOTO KOMITIOHEHTA, YaCTKH OJ1.; P, — 3amacu Kopuc-
HOTO KOMITIOHEHTa B KOHTYpax OJIOKY, T.

SIkuro BUpa3uTH 3amacu KOPUCHOTO KOMITOHEHTa (HampHKIaa, ypaHy) depe3
HOro CepeIHbO3BAKEHY KOHIEHTPALIIO B Pyl Gcep 1 00°€MHY Macu pyau y Gpopmyna
(4.6) nHaOynie BUTIISALY

M = pqé.,ymF /100. 4.7)
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. ce .

Cepenns KoHIEHTpalis ypany Co - (/) 3a Hepiof T BUIYrOBYyBAaHHS BH3HA-
YalOTh BUXOJSYM 3 HOTO KUIBKOCTI B, q, WO BUTATYETHCA 13 3arajqbHOro 00’eMy Uc,
KOHJIUIIIITHOTO PO3YUHY

Cr = Paq10%/vc,, (4.8)
abo
C;if = Fmpy6cepq103/vco- (4-9)
TpuBasicTh npoiecy BUIyroByBaHHs, /110

T = (Ve, + uFmM)/Qeys (4.10)

ne uFm — o6’eM mig3eMHUX BOJ B TIOpax IIacTa, SIKMK IMJIArae BUIAJICHHIO, ITepeT
0YaTKOM BHIJIYTOBYBaHHs (4 — €()EKTUBHA MIOPUCTICTh, YACTKU OJ1.); Qcyy — MPOIYK-

THBHICTb GJIOKY 110 PO3UHHIB, M°/100Y.

4.1.6. nsaxu iHTeHCUIKAIlIi MPOIIeCy BUIYTOBYBaHHSI

InTencugikanis nmpouecy BHJIYrOBYBaHHSI OCHOBAaHa Ha INPOBEACHHI KOM-
IJICKCY OpraHi3alliiiHO-TeXHIYHUX 3aXOJliB, CIIPSIMOBAHUX HA JOCSITHEHHS HAHO1IbIIT
IIBUJIKOTO 1 IIOBHOTO BUJOOYTKY 3 PYAH KOPUCHOTO KOMIIOHEHTA 3 HaMEHIIMMH Ma-
TepiaIbHUMU, TPYTOBUMH i CHEPTCTUYHUMH BUTPATAMH.

OcHoBHI crtoco6u iHTeHcHDiKaIii MiA3eMHOTO BUITYTOBYBAHHS:

— (13uuH1, 3MIHIOIOTh CTaH T€TEPOTCHHOTO CEPEIOBHILA (3 TBEPAOTO Ha PiIKHIA
a00 ra3onoi0HUI arperaTHUM CTaH);

— XIMIYHI, MOB’sI3aH1 31 3MIHOIO CKJIQJly PEUYOBUH, T€TEPOTr€HHOT0 CEpEeOBUIIA,
asne 0e3 3MiHU HOTro CTaHy;

— MEXaHI4Hi, 10 nepeadadarTh 3MIHY HANpPyKEeHO-Ae(OpPMYBaHOTO CTaHy 1
JTUCIIEPCHOTO CKJIAy Te€TepOreHHOro0 CepeIOBUINA HAa OCHOBI MOPYILIEHHS PIBHOBArH,
JIIOYUX Y MAaCHBI CHJI 3UCTIJICHHS;

— KOMO1HOBaHI, 110 3a0€3MeUyI0Th CIUTBbHY Ai0 (PI3UUHUX, XIMIYHUX 1 MEXaHi-
YHUX METOIB IHTeHCU(]iKaIii M a3eMHOTO BUITYTOBYBaHHS.

®i3uyH1 crocoOu MONATaTh y il Ha MPOIECH MAacoOOMIHY 3a JOTIOMOTOIO
HOJISi TOCTIMHOTO EJNEKTPUYHOIO CTPYyMY, BHUCOKOYACTOTHOTO €JIEKTPOMArHiTHOTO
10JIs, TEPMIYHHUX IOJIB, YJIbTPA3BYKOBHX KOJMBaHb, PaalallifHOrO BIUIMBY, II1JIBH-
IICHHSI HAMOpPY PO3YMHY peareHrtiB 1 T.N. EHeprito mojiB MOCTIHHOTO Ta 3MIHHOTO
CTPYMIB MOXHa MEPEJaTH 3a JOIMOMOIOI0 €JIEKTPOIIB, PO3MILIEHUX y CBEPJIOBUHAX
(puc. 4.11). HeoOxigHa yMOBa 3aCTOCYBaHHS BUCOKOYACTOTHHUX IOJIIB — HAsIBHICTb
PO3YMHHHKA y PYJHOMY TiJIi, III0 BUIYTOBY€ThCA. EHEpris mojiB cupusi€e MiJBUILICH-
HIO TEMIIEpAaTypH CEpPEOBHINA, IBUIKOCTI OOMIHHUX pEaKI[iil 1 mepexoay B KOHAM-
IAHUNA po3uuH BuilydeHoro metany. LIIBuakicTh po3unMHEHHs, HampuKiIaa, Mial 3
MIJIbOBMICHUX PYJ B €JICKTPUYHOMY IOJ1 3pocTac B 2 — 3 pa3u 1 MiABUIIY€E BUITyYCH-
Ha meTany 10 90 — 95%.

[HTeHCMBHI  yNBTPa3BYKOBI  KOJMBAaHHA NPHUCKOPIOIOTH  (PiUIBTpaIiiftHO-
mudy3iiHl peakiii 1 MacooOMiH. YaCTHHKHM CepeloBHINA, TPOXOATUN Yepe3 KOIHBa-
JABHUM PYX, 3MIILYIOTHCS, YTBOPIOIOUM MOTOKU MEpeMIllyBaHOro cepenoBuia. s
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HiABUINEHHS IIBUIKOCTI BHJIYTOBYBaHHSI MEPCHEKTUBHO BHUKOPUCTOBYBATH TEILJIOBY
eHepriro. TepMmiuHe pylHYBaHHS PYJIHOTO MOKJIAy MICTUTh y COO1 MIOBEPXHEBE Pyii-
HYBaHH$, BHYTPIILIHE HArPIBaHHS 1 TEIUIOBE OCIA0IEHHS.

[IuTomMa MBUAKICTh XIMIYHUX PEAKI[IN 3aJIeKUTh Bl (13MKO-XIMIYHUX BJIACTH-
BOCTEH CepeIOBUINA 1 HoroTemiepaTypH

Em
V = QerT, (4.11)

7ie a — eHepris aktuailli; EM — cymapHa eHepris MoJeKyJs, HeoOXiaHa /Il 311MCHEeH-
Hs peakilii Mixk HuMu; R — razosa noctiiina; T — abcomtoTHa Temiieparypa, rpaj.

N -t
\'_gh'/f/ﬂ

6

7
/1
- J
7
J\
Puc. 4.11. BapianT inHTeHcudikalii mpolecy BUIYyroByBaHHS 13 3aCTOCYBaHHIM BUCO-
KOYaCTOTHHX €JICKTPUYHUX TOJIIB: | — €IeKTpO y CBEPJIOBHHI; 2 — BUCOKOYACTOT-

HUM TeHepaTop; 3 — EMHICTb JUJIsl PO3UYMHHUKA; 4 — HArHITAJIbHI CBEPIJIOBUHH;
5 — BiAKauHi CBEPAJIOBUHA; 6 — pyHE TUI0; 7 — 30IpHUI MITPEK 3 MIAXTHUM CTBOJIOM

XiMi4H1 3ac00U BUKOPUCTOBYIOTHCS 3 METOK OKHMCJICHHS 32 KOPOTKUU MPOMI-
YKOK 4acy 1 mepeBeJieHHs B PiIKy (a3y NMEepBUHHUX MiHEpaIiB YBEICHHIM y BUTPaB-
JIOBAJIbHE CEPEJOBUINE PI3HUX PO3YMHHHKIB, KaTali3aTOpiB, OKHMCHIOBAYIB 3 BUCO-
KMM BMicTOM KucHIO, ITAP. IX 3acTOCOBYIOTH 10 OYATKy 3HMKEHHS BMICTY METaly B
KOHJIUIIITHOMY PO34MHI, a TAKOX MPH JOCITHEHHI HOTr0 HIKHBOT MeXi. SIK XIMIYHUI
cnoci6 iHTeHcudiKallii 3aCTOCOBYIOTh OaKTepiaibHUMN, SIKU OCHOBAHHWM HA BUKOPHC-
TaHHI KyJbTYyp MiKpoopraHi3MiB. CTBOPEHHSI YMOB JJIsi aKTUBHOI >XKUTTEAISIILHOCTI
OakTepii TO3BONHIO PI3KO MiJBUIIUTH MIBUAKICTH MPOLECY OKUCICHHS, 3MEHIINTH
HOT0 TpUBATICTH 1 30UIBIIMTH BUXiA MeTaliB. CoOIBapTICTh OJIEPKYBAHOIO METAIy B
2,5 — 5 pa3iB HIXKYE, HIXK MPU MiI3EMHOMY cIoco01 BUI00yBaHHs. MexaHIuYHUH cIio-
ci0 1HTeHcuIKalli BUIYrOBYBaHHS METaJlIB OCHOBAaHMW Ha 3MiHI HaIpPyXEeHO-
1e(pOpMOBAHOTO CTaHy Ta AMCIEPCHOTO CKJIaay TeTEPOTCHHOTO CEpEeAOBHUIIA MOpY-
IIICHHSIM PIBHOBArd 1 CHJI 34EIUICHHS 32 PaXYHOK KIHETHUYHOI €HEeprii mepeMillyBaHol
macu. OJIMH 3 LUX CIOCO0IB — YaCTKOBUN BUITYCK HETIOBHICTIO BHITYKEHOI 3aMarasu-
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HOBAHOI PyJ¥ HAa MOYATKY 3HIKCHHS BMICTY METaly B MPOAYKTUBHOMY (KOHIMITIH-
HOMY) po3umHi. [lepemintytounce y 00111, pyJa J0IaTKOBO MOAPIOHIOETHCS 1 JIOKa-
JbHI, paHillle HEe3pOILUEeH1, 30HU JIKBIAYIOThCA. [Ipu npomMy ¢inpTpaiiiina NpOHUK-
HICTh 3aMara3uHOBAHOI PYJIU MiABUIIYETHCS. 3 METOK CKOPOYEHHS 4acy BHIIYTOBY-
BaHHS 3aCTOCOBY€THCS CIOCIO O€3 MmonepeaHboro pynHyBaHHS OUYMCHOTO OJIOKY, Mif-
TOTOBJICHOTO HATHITAJIbHO-IPEHAKHUMHU BUPOOKaMH. 3 IUX BUPOOOK pa3OyproroThCs
BUCXIJIHI Ta HU3XIJIHI BisJIa HarHITAIbHO-IPEHAXXKHUX CBEpIoBHH (puc. 4.12), a B
THUII OJOKY — JpEeHaKH1 CBEPJUIOBUHH 3 METOIO YJIOBIIOBAHHS MPOAYKTUBHUX PO3-
yuHiB. BuulyroByBaHHsl y OUMCHOMY OJIOI MPOBAAATH y TPhOX PEKUMAX: CIIOYATKY —
biIpTpaitHUM TOTOKOM PO3YMHHUKA 3 MOJAY€I0 PEareHTy y CBEPAJIOBUHU 3 MaricT-
pabHOTO TPYyOONPOBOAY, TOTIM — IMyJIbCAIIHHO-PIIBTPALIMHIM TOTOKOM PO3YHH-
HUKa 3 T0JIa4Y€I0 PEareHTy y CBEP/JIOBMHU HArHiTa4eM 1 jaii — QUIbTpamiiHuM 1o-
TOKOM PO3UYMHHHUKA 3 MOJIa4€I0 MOro BiJ] MariCTpaabHOTO TPYOONPOBOIY A0 IMyJbca-
iHO-(DUTBTPALIIfHOTO 32 JOMOMOT'0OI0 HarHiTaua.

« g = ;
— =l A
— =3 A
i ~
7 ek T
EXETXLIEX X Sl T B
e \?\_«_g
o 2 5
|4_ ——
r !
o — =
=
] i [ Ce==plE=a
bl T T s
I-Ji\ )

Puc. 4.12. Texnosoriuna cxema iHTeHCU(DIKallli BUJIYTOBYBAHHS PYAU B MyJIbCaLlIi-
HO-(QUIbTPALIITHOMY peKKMI 0€3 MOoNepeHbOr0 pyHHYBaHHS: a — IPU HarHITaHH1
PO3YMHHUKA 3HU3Y Bropy; 0 — 3 mojiaueio po3uyMHHUKA 3BEpXy BHU3; | — HarHiTay;

2 — makepa abo 1eMEHTHI MPOOKH; 3 — BisJIa HATHITAIBHO-IPEHAXKHUX CBEP/IJIOBUH;

4 — koHTYypH OJI0KY; 5 — MaricTpaibHi TpyOONpoBOAH; 6 — TOPU3OHT 3POIICHHS;
7 — HarHITALHUN TPYOOTIPOBI; 8 — KOJEKTOPH
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[Ipouec KkynmyacToro BUIYroByBaHHS 1HTEHCU(IKYIOTh LUISIXOM 3aCTOCYBAaHHS
Ha OCHOBI Kyl MHEBMATHYHUX OanoHiB. BoHM nmpu3HayeHi s BOPYIIiHHA Ky PYAH
3aKayyBaHHSIM 1 BUITYCKOM 3 HEl CTUCHEHOro noBitps (puc. 4.13). 3 wi€ro MeToro B
OCHOBI KYIH YKJIa/Ial0Th MHEBMOOAJIOHH, O0JaAHYIOTh JPEHAXKHI KOJI01A31 1 TpyOon-
pPOBOJM ISl BIIKAUKM MPOJYKTUBHUX pPO34yMHIB. [[HEBMOOATOHM MOKPUBAIOTH IiC-
KOM, 1110 o0epirae ix Bij MOIMIKO/KEHb Tpu (popMyBaHH1 Kynu. [lepioguyuno yepryro-
Y1 BIYCK 1 BUITYCK CTUCHYTOTO MOBITPS 3 MHEBMOOATIOHOB, FpHUYA Maca PO3MyIIly-
eThes. [Ipu IbOMy yTBOPIOIOTHCA HOBI NUISIXHM (PiIbTparliii, siki 3a0€3MeuyoTh JOCTYI
PO3YMHHMKA B TOBIIY PYJHOr0 MaTepiany. Y pe3yibTari pi3Ko MiJABUINYEThCS BUXI]
KOPUCHUX KOMITOHEHTIB. 30UIbIIIEHHS BUXOAY KOPUCHUX KOMIIOHEHTIB BiJI0yBa€ThCA
TaKOXX 3a PaxyHOK 3MIHM HaIlpyX€HO-Ie(pOPMOBAHOI0 CTaHy Ta AUCIIEPCHOTO CKIIATy
reTeporeHHOro cepeaoBuia. [ HbOro 3aCTOCOBYIOTh MOBTOPHE PYHHYBaHHS 1 pO3-
MyIryBaHHS BUOYXOM, 3aMara3uHOBaHOi a00 3aCKJIa0BaHOI B KyIy PyIH, YaCTKOBO
BUTYKEHOI ITPH MEPBUHHOMY BUIIYyTOBYBaHHI.

Puc 4.13. Cxema inTeHcudikaiii BIIyTrOByBaHHS 3 BUKOPUCTAHHSAM THEBMAaTHYHUX
OaJIOHIB, 1110 YKJIAJaI0ThCS HA MIAOMIBI Kynu: 1 — moXunui 3ai3m; 2 — BiBA;
3 — TpyOoIpoOBi AJis 3pOILIECHHS; 4 — MOBITPSAHUM TpyOOIpoBiA; 5 —0cHOBa(IT1I01IBA
BiJIBaNly); 6 — MHEBMOHA/IyBH1 OQJIOHU; 7 — MeXka 3pYIIEHHS PyAHOI OPOIH;
8 — map riuHu; 9 — noJjieTusIeHoBa 1IiBka; 10 — miana moaymka
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4.2. CBepAJIOBUHHE PO3YMHEHHS COJICH

4.2.1. CyTHicTh npolecy mij3eMHoro pozunnenHs coseit (ITPC)

BunoOyBanns coii depe3 cBepyioBuHu BimoMo 3 XII cromitra. Y 1927 p.
ILI. ITpeobpakeHChKHI BUCIOBUB 171e10 PO3POOKH POJIOBUIN KaJIMHUX COJIeH Mmia3e-
MHHUM PO3UYMHEHHSIM uepe3 cBepyioBUHU. TexHomnoriunuii nmpouec [TPC OyB po3po6-
nenuit y CIIA y 1933 p. E. Tpemnom ¥V CPCP 1e#t cnioci6 Takox MaB HIMPOKE IO-
MIUPEHHS, YoMy cripusiin HaykoBi po3pooku [1.A. Kyme, I1.C. bobOka, I1.M. lynka,
B.C. PomanoBa, b.Il. Kaparurina, ®.1. bepe3ina, B.)K. Apenca, P.C. Ilepmsikosa,
B.M. I'no6u Ta iHmmx paasHcbkux ydeHux. [liq3eMHUM po3urHEHHSM BHI00YBalOTh
taki coni: ramt (NaCl,) cunbBin (KCl), kapuanit (KCl- MgCl, - 6H,0), nanr6ei-
uit (K,S0, -2MgSO0,), xainir (KCl-MgSO0O, - 3H,0), xazepir (MgCO, - H,0), 6i-
mo¢it (MgCl, - 6H,0), aurigpur (CaCO0,) rinc (CaS0O, - 2H,0) i in.

Po3pi3HAI0TH pO3UYMHEHHSI COMISTHUX POAOBHII O€3MOCepEeHBO Y KOMalbHi 1 po-
3UMHEHHS TOKJIaly Yepe3 CBEPJJIOBUHU, sIKi TPOOypeHi 3 3eMHOi nmoBepxHi. Jlo mep-
IIOTO CIOCO0Y BiAHOCSTH 3pOIITyBAIbHE PO3YMHEHHS 1 PO3YMHEHHSI 32 METOJIOM 31HK-
BepkiB. CoJisiHI MOKJIAIM B LUX BUMAAKAX PO3POOJISIIOTH MIAXTHUM criocoboM. CyT-
HICTh 3POUIYBAJIBLHOTO PO3UYMHEHHS MOJIATA€ y IMPOKAadyBaHHI BOJIU 4epe3 Kamepw,
TOA1 SIK MPU PO3YMHEHHI 32 METOJIOM 31HKBEPKIB MiJ36MHI KaMepH 3alOBHIOIOTH BO-
71010, a Yepe3 JACSKUA 4ac OTPUMAHMM MICIsT PO3YMHEHHS COJIl pO3CUT BiIKaUyIOTh Ha
MOBEPXHIO.

Po3unHeHHs coieit 1 BUIydeHHS 1X 3 Haap 3emMill y BUIIISAAI PO3COIy depe3 Oy-
POBI1 CBEPAJIOBHHH — CY4aCHUMN, OUIBII IPOTPECUBHUIMA CTIOCIO PO3POOKH COJSHUX TO-
KJaAiB. Po3urHEHHs KaM’siHOI coill y BOJI — I€TEPOreHHU Mpouec, MPOXOAUTh Ha
MEX1 pO3JLITy TBEpAOi 1 piaKol ¢a3. ['eTeporeHHi peakiii CKIaarThCs 3 TPbOX CTa-
JWA: HAJAXOJDKEHHS PO3UYMHHHMKA JI0 TTOBEPXHI COJIi; peakilii B3aeMo/Ili pO3UMHHUKA 3
TBEPAOI0 PEUOBUHOIO (5Kl SIBJISAIOTH COO0I0 MiXK(a3Hi MPOLECH); BIIBEICHHS PO3YH-
HEHOI pPEYOBMHH BIJl OBEPXHI TBepAoro Tuia (audysiHuii npoiec). Ha moBepxHi
po3auLy TBEp0i 1 piAKoi (a3 yTBOPIOETHCA MPUMEKOBUM 1P PO3UMHY, 3 IKOTO 10HU
coii TuYHIYIOTh B PO3YMHHUK (Boay). TyT crocTepiraeTbcsi MepeMilieHHs: piaKoi
¢da3u BIAHOCHO TBEp0i MOBEpXHi coji. HaBiTh mpu BiJICYTHOCTI MEpeMIlTyBaHHS B
I1i 30H1 BIIOYBAETHCS MPUPOAHA KOHBEKIIIS PIAMHHU 32 PaXyYHOK HEOJIHAKOBOI ITiJIb-
HOCTI, B PI3HUX TOYKaX PO3COIY, 10 3a0e3Medye IPUILIMB HOBUX Mac PO3YMHHHKA 0
noBepxHi coui. KineTuka po3uynHeHHs! TBEPAOTO TiJIa B PIAMHI HACTYITHA

2L = kS(Cy — O, (4.12)
e ¥V — 00°eM PO3UHMHY, M, T — TPUBANICTh YTBOPEHHS KOHIEHTPOBAHOrO PO3UMHY,
rof; k — xoedimieHT MBUAKOCTI AU(Dy31iiHOTO PO3YMHEHHS; S — IJIOIIA PO3UYNHEHHS,
Cy, C — KOHIEHTpalis COJll, BIAMOBIJHO, B HACUYEHOMY PO3COJII 1 B PO3YHMHHUKY,
KI/M.
KoedimienT mBuakocti qs nudysiiinoro posunnenss (3a B.OK. Apencom)

€D213

g =22 (4.13)

y113 2
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Jie € — KOHCTaHTAa, CIiibHA JUIs T qudy3iiiHoro pozunHeHHs; D — koedirieHT qudy-
e 3 . .
311, M°/TOJI; Vv — KIHEMAaTHU4YHa B’ I3KICTb.
JliHiiHa BUIAKICTH PO3YMHEHHS TBEPAUX TLI

w=2 M, (4.14)
Pc Pc

1€ ¢ — KUTbKICTh PO3UYMHEHOI COJI1 3 OAMHUIII IOBEPXHI 32 OJUHUIIIO Yacy; P, — ILIb-
HICTh KaM’sIHO1 COJIi.

B ocHOBI mpouecy po3uMHEHHsI COJied MOKJaJeHa TiApOoJAMHAMIYHA TEopis.
I1.A. Kymiie npuidioB g0 BHUCHOBKY, IO JUISI TOYHOTO OMHUCY MPOLECY HEOOXITHO
BpPaxOBYBAaTHU MMapaMeTPH PyXy PIIMHHU, IO 3aJI€KaTh Bl B I3KOCTI 1 CUJTN TSDKIHHS.

[linzemMHe po3UMHEHHsI COJieH MoJsirae B HacTynmHoMy. [Ipu nomaianHi 4acTuH-
KA COJIi B PO3UYMHHMK Ha ii MOBEPXHI YTBOPIOETHCS MPUMEKOBUHN IIap HACHYECHOTO
po3coity. Y TOBII po3coily BiOyBaeThcs nuy3iiHUN MpoIiec, a caM MacuB PO3COITY
17 €0 TPaBITAIIHHUAX CHJI TIOUYMHAE MIEPECYBATHUCS 10 MMOBEPXHI TBEP/I0i YACTUHKH.
Takum yuHOM, B pe3yJibTaTl POZYMHEHHS MOBEPXHI TBEPAOTO TiJIa y pO3YMHI BiOy-
BAETHCSI TIEPEHECEHHSI PEYOBUHU TU(Y31€I0, a TAKOXK HUIAXOM PyXy B A3KOI1 piAMHU
i Ai€ro cwiu TsokiHHS. Chif 3a3Ha4YUTH, [0 MIBUJIKICTh PO3YMHEHHS TBEP/I0i MOBE-
PXH1 3HAYHOIO MIPOIO 3aJIEKUThH BiJl KyTa HaXWJIy TOBEPXHI COJII, IO PO3UHHSIETHCS.
Haii0inpia mBHAKICTE PO3YMHEHHSI CHOCTEPITAaEThCS NP PO3TallyBaHHI MOBEPXHI
i kyroM 180° 10 ropu3oHTy. 3HM)KEHHS MIBUIKOCTI PO3YMHEHHS CIIOCTEPIrae€ThCsl
TpyU KyTi Haxuiry oBepxHi comi 90° i menme. Hanpuxnan, a = 0°, Q = 3,5 kr/(m? -
r)opu a = 90° Q = 10,0 kr/(M? - 1), npu a = 180° Q = 24,0 kr/(M? - 1).

3 IpOr0 BUILIMBAE, 110 MAKCUMaJIbHA MIBUAKICTh PO3YMHEHHS Oyl Ha rOpU30-
HTaJbHIN noBepxHI (MOKpiBil kKamepu). Ha BepTukanbHii MOBEpPXHI (CTIHKaX KaMepH)
MIBUAKICTh PO3YMHEHHS NPUOIU3HO B 2 — 2,5 pa3u HUXKYE, HIK HAa TOPU3OHTAIIbHIM.
VY mpoueci po3uMHEHHS MiI0NIBAa KaMep Yepe3BUIIaJaHHsl HAa HEl HEPO3UYMHHUX IIJia-
KiB IPAKTUYHO HE POZYUHSIETHCS.

4.2.2. TexHOJIOT1s MiA3€MHOTO PO3UYNHEHHS COJIEeH

[TinzeMHe po34MHEHHs coJiel 31MCHIOEThCS 3a JBOMA MPHUHIIMIIAMU,alle 3a pi-
3HUMHM TEXHOJOTIYHUMHU CXE€MaMHU: 3aKauyBaHHSM MpPICHOI BOAM (LMPKYJSALIAHHIMA
METOJT) IO OJIHIi KOJIOHI TpyO 1 BUJAYEI0 HA MOBEPXHIO PO3COJIYNO APYriil; BOISHU-
MH CTpyMEHSIMU (CTpyMEHEBUH MeToa abo METOJA 3pOLICHHS), pOo30pU3KyBaHHS B
KaMmepax crermiaibHuM 3polnyBaueM. Ha BUOIp TEXHOJOTIYHOI CXEMH IMMiA3€MHOTO
PO3YMHEHHSI COJIEH BIUIMBAIOTh TIPHUYO-TEOJIOTIYHI YMOBH pPO3pOOKH, (opMH Ta
00’eM Kamep, JAOMYCTUMI pO3MIpU KaMep 3a yMOBaMH CTIMKOCTI 1 mepeadadyBaHUM
TepMiH OyJIBHHUIITBA. 3 ypaxXyBaHHSAM IHUX (aKTOPIB 3aCTOCOBYIOTh MPSMOCTPYMHUH-
HUW, TPOTUCTPYMUHHHUHN 1 KOMOIHOBAaHUM CIIOCOOM PO3YMHEHHSI, PO3YMHEHHS 3 TilI-
pPOBPYOOM, MMOIIAPOBO-CTYIIEHEBE PO3ZYMHEHHS Ta 1H.

I[IpssMOCTPYMUHHHUH CHOCI0 BUKOPUCTOBYIOTH IIpU IHEpepi3l MOKIALy
KaM’SIHOi COJII CBEPJIOBMHOIO, 00CaKEHOT KOJIOHOIO TpyO. 3aTpyOHMI KIJTbIIEBHIA
IPOCTIp BiJl MOBEPXHI 3eMJIi 10 OammMaka 00caHOi KOJIOHU IIeMeHTy10Th. [IoTiM cBe-
PAJIOBUHY TOTJIMOIOIOTH JI0 TPYHTY COJIEHOCHOTO Tutacta (puc. 4.14, a) 1 onmyckaroTh
B HEl BOJONOJABAIBHY 1 PO3YMHOMNIAHIMAIBHY KOJIOHM TpyO. HukHIl KiHeus BOJO-
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[10/1aBAJIBHOI KOJIOHM PO3TALIOBYIOTh Y BUOOI CBEPAJIOBUHU Ha BijacTaHl 1 —2 M BiA
nigomsH miuacta. Ilo wiil konoHi TpyO B CBEpIJIOBMHY HAIXOAWUTH IPICHA BOJA, SIKA
po3umHsie cuib. [1ig THCKOM PO3UMHHMKA YTBOPEHUH PO3CUT MiAHIMAETHCS HA MOBEP-
XHIO TI0 PO3YMHOMIIAOMHINKOIOHI TPYO (MIXTpYOHOMY MpocTOopy). Y pe3ynbTari
PO3YMHEHHS COJl YTBOPIOETHCS KaMepa IpyionoaioHoi GopMu 3 pO3BUTKOM HUKHIN
YaCTUHI CBEP/IJIOBMHU 3a PaxyHOK MOJayl CBIKOi BOAM OE3MOCEPEHbO B ILIO 30HY.
[IpsmocTpyMunHuiicriocio HaOyB nomupeHHs y Yexii ta [Tombii.

IIpu BuKOpHUCTaHHI cnOCO0y MPOTHCTPYMMHHOr0 po3uuHeHHs (puc. 4.14, 0)
npicHa BOJA MOJAETHCS 32 MDKTPYOHUM MPOCTOPOM, a PO3CUIT BIIOUPAETHCS MO BHYT-
pitnHii kojoHi Tpy0O. Lle no3Bonse popmyBaTH KOHYCOMOIOHY KaMepy 3 BEpPIIUHOIO,
06epHeH010 BHU3, 1 CHJBHO PO3BMHEHOIO CTEIMHOIO. YTBOPEHHS Takoi (opmu
MOB’5I3aHO 3 THM, 110 Y KaMepy MOJA0ThCA HOBI MOPIlIi BOJHU, AKI PO3XOJATHCA Y3-
JOBXX CTEJIMHH 1 COPHSIIOTH IHTEHCUBHOMY i1 po3naay, a yTBOPEHHUH pO3CLI OIyCKa-
€ThCA 10 MIFOWIBU Kamepu. Po3uMHEHHS CTEIMHU BiAOYBa€eThCA 31 MBUAKICTIO 10 —

12 cMm Ha 100y. [{liaMeTp OCHOBU KOHYca (CTEJIMHU) MOXKe caratu Ha pik 70 — 90 m.

[Ipu npoTUCTPYMUHHOMY CIIOCOO1 TOPOAM MOKPIBIII COJITHOTO MOKJIAay Ha Be-
JUKIA TI0MI1  OOBaNIOIOTHCA. SIK HACIIJIOK, MOKIMBHUIA 0OpUB KoJIOHU TpyO. Kpim
TOTO, MPOAYKTHUBHICTh PO3YMHECHHS TPHU MPOTHTCTPYMHUHHINA TEXHOJOTIi HU3bKA —
12 — 16 m/pik poscomy. He3Bakarouum Ha 111 HEHOJIKH, CIOCIO MPOTUCTPYMUHHOTO
PO3YMHEHHS, K 1 CMOoci0 MPSIMOTOYHOI'O PO3YMHEHHS, BIAPI3HSETHCS MPOCTOTOO 1
HEBeJIMKOI BUTpaTor TpyO. [IpoTuctpymunumii cnoci6 3acrocoByBamu y CPCP,
Cxiguit Himeuunni ta CIIA. Kom6OiHoBanu#i cnioci® po3unHEeHHs HaOyB HaWOLIb-
IIOT0 MOIIMPEHHS B MPAKTHUIl pO3pOOKH conssHuX TuiacTiB. [lpu ioro BUKOpHUCTaHHI
COJIl pPO3UMHAIOTHCS Yy JBa eranu. Ha nmepmomMy erami BinOyBaeThesi GOpMyBaHHS Ka-
MEpH y BUCXIJTHOMY HAIpsMKY, Ha APYTOMY — HIDKHS 1 BEpXHS YaCTUHHU Kamepu ¢o-
PMYIOTBCSI Ha3yCcTpiy oAHa oAHil (puc. 4.15), T0OOTO BepxHIO (POPMYIOTH Y HU3X1THO-
MY HaMpsIMKY, & HUKHIO — Y BHCXIJTHOMY.

ITin3zemHe po3unmHeHHsI KaM’sIHOI coJti 3 rigpoBpydom. ['i1poBpy0 — ripauua
BUpPOOKA, CTBOPIOBaHA B HMXKHIM YaCTHHI COJICHOCHOTO Iiacta. Bona mae popmy ro-
PU30HTAIBLHOTO KUIbLA, CPOPMOBAHOTO HABKOJIO CBEP/UIOBUHU, 110 PO3KPUBAE COJIS-
HUW MoKIaa Ta 00JialaeThesl TphoMa KoJioHaMu TpyO: oOcagHoro 0,325 MM 1 1BOMaA
exkcruryaramiiaumu 219 1 114 MmMm. V pe3ynbTaTi 40TO yTBOPIOKOTHCS TPU MOPOKHU-
HU: 30BHIIIHA — M)XK 00CaJTHOI0 KOJIOHOK (HIDKYe OamiMaka oO0cagHoi TpyOu CTIHOK
CBEP/IJIOBMHU) 1 30BHIIIHIMU CTIHKAMH KOJIOHH TPYO aiameTpoM 219 MM, npu3HadyeHa
JUTSI TIO/1adl P1AKOTO HEPO3YMHHUKA; TPOMIKHI KUIBIISI — MK BHYTPIITHIMUA CTIHKAMH
KOJIOHHU JiaMeTpoM 219 MM 1 30BHINIHIMHM CTIHKaMH KOJIOHM MEHIIIOTO JliaMeTpa, 110
BUKOPUCTOBYETHCS JUIsI TI0/1a4l PO3UMHY; IIEHTPajbHA — BHYTPINIHINA MPOCTIP KOJOHH
TpyO MEHIIOro JiaMeTpa, Mpu3HaueHa s migiomy poscody (puc. 4.16). [lepen mo-
YaTKOM PO3YMHEHHS KaM SHOI COJi OamMak pO3YMHOMIAMOMHOI KOJIOHM PO3TAaIlo-
By10Th Ha 0,3 — 0,5 M BuIIIe 3a MIJONIBY IJIacTa, a OalMaK BOJAONOJABAIBHOI KOJIOHU
—Ha 1,5 —2 M Bume 6amMaka po3unHOMIAMOMHOI KOJOHU. Pi3HMIIA y BHCOTax cra-
HOBUTH BUCOTY TiJIpOBPYOY.
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Puc. 4.14. TexHosoriuHa cxema ni3eMHOI0 PO3YMHEHHS KaM SHOI COJII IPSAMOCTPY-
MUHHUM (@) 1 IPOTUCTPYMUHHUM (0) criocobamu: 1 — kamepa po3urHEHHS; 2 — BOJIO-
nojaBajbHa KOJIOHA; 3 — [IEMEHTHE K1JIblIe; 4 — pO3COJIONIIHOMHA KOJIOHA

Bojia 1 Hepo3unMHUK MMOJAI0THCS B KaMepy Oe3nepepBHO, BIOIP PO3COITY TaKOK
B110yBa€ThCS MOCTIMHO. SIK HEPO3UYMHHUK MOXKYTh 3aCTOCOBYBATHCS PiJiKi (HadTOm-
ponykTu) abo razomnoioH1 (MOBITPS, a30T) NPOAYKTH. HEepOo3UMHHUK HAKOIIUYYEThCS
y TIOKPIBJI1 TiApoBpyOy 1 0Oepirae Cijib Bii pO3UYMHEHHA. 3aBIISKH IbOMY KaMmepa po3-
BUBAETHCS TUTBKU B TOPU3OHTAIHLHOMY HampsMKYy. [licis yTBOpeHHS riapoBpyOy He-
PO3YMHHUK NPUOHUPAIOTH 3 MOBEPXHI 1 MOYMHAETHCA NPOLEC IHTEHCUBHOIO BlJIpa-
LIOBaHHS COJISIHOIO IulacTa 3HU3Y BBepX. lIpu Takiii cxeMi poOIT CTBOPIOIOTHCA
CHOPUATIIMBl YMOBHU JJIsl MIATPUMAaHHA PO3YMHHHMKA HA MOCTIMHOMY PIBHI JUISl OTPH-
MaHHS HAMKpPaIoro po3BUTKY KaMepH B TOPU3OHTATHHOMY HAMpsIMKY Ta 3abe3re-
YEHHS HaWOUIBIIOrO OXOIUIEHHS IUIOINIl TMOKPIBJII IJJaCTa HABKOJIO CBEPIOBUHHU.
Croci6 rigpoBpy0Oy nomupeHuil B Haiid kpaini (Paliropoacbkuil po3coiaonpomMucen
B YkpaiHi, SAp-binkanakcekuii pozcononpomucen y bamkipii), y CHIA — mratu Te-
xac 1 Miuuran. [lomapoBo-cTyneHeBe pO3YMHEHHs COJeil 3MIACHIOEThCS SIK 4epes
OKpeMi CBEpPJIOBUHH, TaK 1 3a JIOMOMOTOI0 JEKILIbKOX CBepUioBHH. [lpu manomy
croco01 pO3YMHEHHS PO3BUTOK KaMepH 3HU3Y BBEPX JIOCITAETHCS 3a JOMOMOIOI0 He-
PO3YMHHUKA, IO 00epirae MOKPIBIIO KaMepH BiJl JOBUIBHOTO PO3MHUBY IMPICHOIO BO-
noto (puc. 4.17). CyTHiCTh CIOCOOY TOJIATAE B TOMY, IO MICJISI yTBOPEHHS T1JIPOBPY-
Oy (mepiuii CTyIiHbB) BiANpPALIOBaHHS IUIacTa 3/IHCHIOIOTH CTYNEHEM 3HU3Y BBEPX.
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Jly1st boTO piBEHb HEPO3UMHHMKA (HA(TH) MiTHIMAETHCS HA OJIUH CTYMiHb B PE3YJib-
TaTi BiZ0OOpY po3coily 3 KaMepH 1 TPYHT KaMepy HACHIYETHCSI PO3COIIOM.
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Puc. 4.15. Texnonoriuaa cxeMa pO34MHEHHSI COJIi KOMOIHOBAaHUM CITIOCOOOM:
1 — obcagna KooHa: 2 — BOJOTOIaBaIbHA KOJIOHA; 3 — PO3UMHOIIIIHOMHA KOJIOHA;
4 — HEpO3UYMHHUK; 5 — IPOEKTHUN KOHTYp Kamepu; | — V — etanu po3unHeHHs

[lepexin Ha HOBUH CTYMiHb BiAOYBA€ThCA B PE3yibTaTl MiAMOMY KOJOHU TPYO
0 219 MM, 11e 3yMOBJIIO€ HAAXOMKECHHS IOAATKOBO IMiJI PIBEHb HEPOIUMHHUKA, KU
po3umHsie O1YHI CTIHKH B CTYINEHI MK HaTOIO 3BEpXY 1 po3coyioM 3HU3Y. CXOAMHU
pO3MHUPIOOTHCS B 1,5 10 6 M 13 30UIBIICHHSM BUCOTH PO3UYMHEHOT 30HM 10 10 — 15
M. TIpOAYKTHBHICTh MOIIAPOBO-CTYIICHEBOrO PO3UYMHEHHS ckiagae 70 — 90 m’/pik
poscony. Lle BimmoBinae poszunmnennio 12— 15 m’/pik o6'emy kamepu. Ilormaposo-
CTYIIEHEBE PO3YMHEHHSI BUKOPUCTOBYEThCs B Pocii (po3cononpomucin Y colibCbKo-
CuOipcrkuii, fAp-bimkanakcekuii, Bonrorpaacekuii, IlpiepeBakcekuii Ta iH.), B boi-
rapii (Mupiscbke pogosuiie), CIIIA Ta PymyHii.

CTpyMuHHU# cnocid po3unmHeHHs coJi. JJocBla mokasas, IO IPU LUPKYJIA-
IIAHINA cXeM1 PO3YMHEHHS COJIl MPOTIKA€E MOPIBHAHO MOBUIbHO. OCTaHHIM YacoM Ha-
OyB TMOMIMPEHHS OUIbII MPOAYKTUBHUN CTPYMHUHHHMH CIIOCIO PO3YMHEHHS COJIi
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(puc. 4.18). Y oMy BUMAAKy Ha BOJOIOABAIBHIN KOJIOHI TPyO 3MOHTOBAHUH CIIe-
L1aJbHUN NPHUCTPIA 3 HacagkaMmH, ad0 PO3TAlIOBAaHHUMM Bropi MailOyTHBOI Kamepw,
a00 TepeMillylOThCs MO BUCOTI KaMepu 3 OJHOYACHUM oOepTaHHsAM (puc. 4.18, a).
JUist miABUIIEHHSI 1THTEHCUBHOCTI MPOILECY PO3UYMHEHHSI HACAIKU MOXYTh OyTH pO3-
TalloBaHi MO BCiil BUCOTI BOJIONOAaBaIbHOI KOJIoHH (puc. 4.18, 6). Po3unHeHHs npo-
BOJMUTHCS 3POIICHHSIM CTIHOK Kamepu cTpyMeHsMu Bojau. Ilicis mpoxopkeHHs Tpa-
JTUIIAHAM CIIOCOOOM CBEP/JIOBMHU B HEI OMyCKaIOTh 3aHYPIOBAIILHUI HACOC, KOJIOHY
PO3YMHOIIIHOMHHX 1 BOJIONIOAaBAILHUX TPYO.
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Puc. 4.16. Texnosoriuna cxema miJ3eMHOTO0 PO3YMHEHHS 3 3aCTOCYBAHHSIM T1JIpOB-
pyOy: 1 — po3unHOMmiAiOMHA KOJI0HA; 2 — BOJIONIOAaBajIbHA KOJIOHA; 3 — KOJIOHA JIJIst
moJadyi 1 Bi100py HEPO3UUHUKA; 4 — IIEMEHTHE KUIbIIE; 5 — [ap HEPO3YNHUKA,

6 — MOPOXKHHUHA T1IPOBPYOY

BHCOKOIHTEHCHUBHUI MpOLIEC PO3MUBY KaMEpH JOCATAETHCSA MpU oOepTaHHI
BOJIOIOAAaBaIbHOI KOJIOHHU, TpYO 1 HacagoK. [IpoyKTUBHICTb CTPYMUHHOT'O CHOCO0Y
B 3 —4 pasu Buule LupKyJauiiHoro. Tak cepelHs MiHepaiizalis pO3unuHy MPH LUp-
KyJISIiHOMY PO3MHUBi CTAHOBHTb 64, a CTPYMHHHOTO — 277 Kr/M’, BUTpaTa BOIH Bi-
nnosigHo — 28,4 1 6,54 M.
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ITin3eMHe po3UynHEHHS CoJiell y kaMepax rajepeiiHoro Tumy. CyTHICTb CIIO-
coOy moJsrae B TPOXOJIl OPIEHTOBAHWUX (TOXWJIOHAINPABICHUX) CBEPJUIOBHH Ta
YTBOPEHHI MOJOBKEHUX KaMep rajepeiHoro THUIly, pO3TalllOBaHUX B IUJIOMIMHI COJie-
HOCHOTO TMacta. Cxema pO34YMHEHHS COJied rajeperHuM crnocoOom 300pakeHa Ha
puc. 4.19. V nporeci po3unHEHHS COJIEH YTBOPIOIOTHCS KaMEPU BEJIMKO1 JOBXKHUHU 3
3UIMIICHHSAM 3aXMCHUX MA4YO0K COJI1 B MOKPIBJI 1 IPYHTI TOBIIMHOK 2 — 3 M JJIs ITiJI-
BUILICHHS 11 cTidkocCTi. [licisi po3MuBY mepIimx 3aXOJ0K BOJOIOJaBajibHa KOJOHA
TpyO B Opi€HTOBaHIN CBEP/JIOBHHI IIJHIMAETHCSA HA 3aJjaHy BUCOTY, TOPHU3OHTAIbHA
JUISTHKAa KOPOTIIIA€E 1 MPUCTYNAIOTh 10 PO3UYMHEHHSI HACTYIHOI 3aXO0AKU. MOXKIIMBHIA
PO3MUB IJIACTA HA BCIO JOBXKHUHY Tajiepei KaMepH 3a MPSIMOCTPYMUHHUM a00 MPOTHUC-
TPYMHHHHM CTIOCOOaMHU.
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Puc. 4.17. TexHonoriyHa cxema nNomapoBO-CTYIICHEBOTO PO3YMHEHHS coneil: Hy —
BUCOTA aKTHBHOI 30HU; H, — BUCOTA 30HU KOHCEPBallli; d — BUCOTA KIHLIEBOI 30HU
(opMyBaHHS; 7 — BUCOTA CTYIIEHS PO3UNHEHHS
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Puc. 4.18. Cxema po34MHEHHSI COJIl CTPYMUHHHUM CIIOCOOOM 3 YKOPOUYEHOIO (a) 1 To-
JoBxeHo1o (0) Hacaakamu: 1 — 3polnryBay 3 HacaJKamu; 2 — IPOEKTHUI KOHTYp Ka-
MepH; 3 — OTPYKHUH eEKTPOHACOC JUTS BiIKadyBaHHS PO3COITy; 4 — cucTeMa Haca-
JIOK 110 BUCOTI PO3MHUBHUX KaMepH

4.2.3. OcHOBHI HanpsiMU BAOCKOHaNeHHs TexHomorii [TPC

OmHe 3 OCHOBHUX 3aBIaHb B po0OTI po3cononpomucity (puc. 4.20) — iHTEHCH-
¢ikaris mporiecy pO3UMHEHHS COJIeH. JIOCATTH 1bOTO MOKHA IIIJISTXOM ITiBUIIECHHS
PO3YMHIOBAJILHOI 3/JATHOCTI PO3YMHHUKA Ta IITYYHOTO CTBOPEHHS NMPOHMKHUX KaHa-
JiB TiApOpO3prBOM ab0 TOpHeIyBaHHSIM COJCHOCHOTO miacta. [Ipuckoproroua 31aT-
HICTh PO3YMHHUKA MOKE€ OyTH OTpHUMaHa ITiIBHIICHHIM HOTO TeMIIepaTypH: IIBU-
KicTb po3unHeHHs Ha — 20% mnpu temmnepatypi 100 °C Buie, HXK NpHU 3BUYANHIMN,
T00TO Mpu 20 °C.

BaxxmBe 3aBnanns BaockoHaieHHs nporecy (ITPC) — po3poOka Oinbin edek-
TUBHHUX METO/JIIB KOHTPOJIIO 3a piBHEM Hepo3uMHHHKA. CTBOPEHHS aBTOMAaTU30BaHUX
HIPUEMCTB TI0 PO3YMHEHHIO COJIEH J03BOJIUTh BUKOPUCTOBYBATH iX MaKCUMAaIbHO
IPOTYKTHUBHO.
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Puc. 4.19. Cxema po3urHEHHs cojiel rajepeitHuM crocooom uepes oJiHy (a) Ta aBi
(0) cBepasioBUHU: 1 — CONEHOCHUM J1acT; 2 — OOKOBI mopoau; 3 — obcaaHi Tpyou st
BUJa4i pO3UMHY; 4 — BOAOIOaBalibHA KOJIOHA TPYO; 5 — Kamepa, yTBOpEeHa pO3uu-
HEHHsIM (TIEpBICHA 3aXBaTKa)

4.3. [lixzeMHa BUILIaBKA CipKH

4.3.1. CyTHICTb NPOIIECY MIJI3EMHOI BUIUIABKU CIPKH

MeTon mii3eMHOI BUTIIIABKYA KOPUCHUX KOTIAJIMH 3aCHOBAHO Ha 1X 3aTHOCTI TUIaBH-
THCs a00 3MIHIOBATH CBOIO B’A3KICTh IIPU HArpiBaHHI Oe3MocepeHb0 Ha MICII 3aIsi-
rarfs. CaMopo/iHa cipka, HalPUKIIA]], IEPEXOANTh 3 TBEPAOTO CTaHy B PIAKUI Mpu
temmepatypi 113 — 119 °C, ozokepur — 50 — 80 °C, 6itym — 100 °C, mapadin — 50 —
30 °C, acdanbt — 180 — 220 °C, nmpu TOMy BOHH HE PO3UHHSIOTHCS Y BOJ, a TEMIIE-
paTypa IUTaBJICHHS HABKOJHUIIHIX MOPiJ Ma€ OUTBIIT HU3bKI 3HAUCHHS.
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Puc 4.20. TexHODOT1YHHUI KOMILJIEKC Mi36MHOTO PO3YMHEHHSI COJICH:

1 — kamepa po3MHBY COJi; 2 — pO3YNHOBHI00YBHA CBEP/IIIOBUH; 3 — KOHTPOJILHO-
PO3MOIILHAM MYHKT 3 HACOCHOKO CTaHIIIER0 TSI TI0/1a4l BOJIU 1 pO3COy; 4 — mijcTa-
HITISI; S5 — CIIOKUBAY MPOAYKIIT; 6 — aaMiHICTpaTUBHA OYIIBIIS; 7 — CXOBHIIE Ca00-
KOHIIEHTPOBAHUX PO3COJIIB; 8 — EMKOCTI JJIsi BOAM 1 pO3COIY; 9 — HACOCHA HEPO3UMH-
Huka; 10 — eMKiCTh HEpO3UMHHUKA; 11 — TpyOONPOBIA 151 KOHIIEHTPOBAHOTO PO3CO-
ny; 12 — TpyGonpoBia 1 cTaOOKOHIICHTPOBAHOTO PO3coiy; 13 — Boomo1aBaibHAN
TpyOompoBim; 14 — TpyGompoBOAM 1711 HEPOIUMHHHKA
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Jlo TenepimHpOro yacy mMiJ3eMHa BUILJIABKAa OTpUMaia MPOMUCIOBE 3HAUYCHHS
SIK CBEPJUIOBHHHHI CIOCiO BUIOOYTKY KOPHUCHUX KOMAJIWH MEPEBEACHHSAM iX Y pifl-
KWW CTaH Ha MICIli 3ajsiTaHHA 32 JOMOMOTOI0 TEIUIOHOCIS 3 BHUIAYEI0 PO3IIIAaBy Ha
3emMHy noBepxHto. Bin 0yB 3anpononoBanuii y CIIA (m. ®@pamicu ,1880 p.), B Pocii —
K. TTorkanoBum (1883 p.) 1 3 1894 p. 3acTocoByeThCs Npu BUIOOYTKY Cipku. TexHO-
joriuHa cxema [IBC xapakTepu3yeThCs TEIJIOBOIO 1 TIPOJAMHAMIYHOIO B3aEMOJIEIO
CIPKOHOCHOTIO TIacTa 3 TerIoHocieM. Uepe3 cBEpAOBUHU B CIPKOHOCHUH MJIACT Ha-
THITAETHCS TEIJIOHOCIH, Y POJIl SIKOTO BUKOPHUCTOBYEThCS IMeperpita Boaa. Posmias-
JIeHa cipKa MiIHIMAEThCA 10 1HIINA CBEPAJIOBUHI (MOXKIMBAa KOMOIHAIIS BOIOMOAAY1 1
iAoMY PO3IUIABJICHOI CIpKH MO OfHIN cBepiuioBuHi). [limHATa Ha MOBEPXHIO CIpKa
4yepe3 BIJICTIMHI pe3epByapu HaNpaBisIETbCs B QIILTPYBAJIbHI arperaTy JUisi OUUIIEH-
Hs 1 JaJTi Ha CKJIaJ TOTOBOT mpoaykKiii (puc. 4.21).

IcHye TexHouoris BUIO0OYBaHHS CIPKU 3 FIPCHKUX MOPiJ 332 JOMOMOIOK0 IIPOLie-
cy, Bigomoro sk npouec ®pama. bByputscs cBepasioBuHa (1) 1o Oaratux Ha CipKy
IOUISTHOK (2). Y cBEpIIOBUHY OMYCKA€ThCs clreniaibHa rojoska (3). Cnoyatky B rip-
ChbKY TOpPOJY IIiJI TUCKOM HaKaudyyeThCs Boja 3 Temriieparyporo 155°C (4) nns muiaB-
neHHs cipku. Ilicis BoaM mogaeTbesi CTUCHYTE MOBITPS (5), B pe3ysibTaTi 4Oro piau-
Ha, KA MICTUTH CIPKY, MOJAETHCS HA TOBEpXHIO (6). [lepenaua TemnoTu B CIpKOHOC-
HOMY IUTACTi BiIOYyBA€THCS MPHU KOHBEKI(Ii TEIUIOHOCIS 1 MOJANBIIIOTO TEIUIOOOMIHY 3
MAaCHMBOM TI1PCHKHUX TOPIiJl 32 paXyHOK KOHIYKIIi. PymiiitHuMu cuiiaMu TEIionepeHo-
Cy € TPAJIEHT TeMIIepaTyp 1 THUCKIB, AKi 3a0€3MeUyIOTh PYUIIHHY CHITY JJISl TETUIOHO-
cis. [Ipu mocsaraenHi temmneparypu (pa3oBoro mepexoy cipka 3 TBEPAOTrO CTaHy Iie-
pexoauTh B pyxauBuid. [lif BIiMBOM TemmepaTypu B IJIACTI BUAUISIOTH TPU 30HU:
HOPMAJIbHOT TEMIIEPATypH, HE NOPYIIEHOI IUIaBIEHHSAM; PO3IrPIBY CIPKOHOCHOIO
IU1acTa 1 MIaBJIEHHS, A€ CipKa 3HAXOUThCA B PyXOMOMY CTaHI.

Jlist BUOOPY TEXHOJIOTTYHUX MapaMeTpiB Mpoliecy IIaBIEHHS CIPKA BHUKOPHUC-
TOBYIOTh HACTYIHI PIBHSHHS:

— TEIUIONPOBITHUM 1 KOHBEKTUBHMM MEXaHI3M Iepeiadul Teruia BiJl PIIUHHA 10
TBEPOTrO CKEJETy IIacTa MOYKHA MIPEICTaBUTH SIK

Bu — _

ne B, A — Ttemmeparypa 1 TEIJIONPOBINHICTh, U — B’SI3KiCTh; C — MPOHUKHICTH;
AP — tuck; p, K — IIIBHICTH 1 TEIUIOEMHICTh PIAMHU; U — mBUIKICTh, AT — Temmne-

patypa.
— PIBHSIHHS BUTICHEHHS (MIEPEHECEHHS) PIAMHI

V= %(gra +P+pg), (4.16)

— piBHSIHHSA 30epexeHHs (IpOoTUTEeYil) KanIspHUX CIO0iB (IIPOCOYEHHS)
%(pma) + div(pv) = 0; 4.17)
AF = P.(0), (4.18)

ne C — cTyniHb HACUYEHOCTI MOP PIIUHOIO; M — MOPUCTICTb.
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piauHa, sKa MICTUTh CIPKY

BOJIA IT1J1
-D D- TUCKOM

cTHCIIE
HOBITPSI

Iy T I

—"3

Puc. 4.21. [Ipunnunosa TexHosorigyHa cxema [I1BC
Cipka m1aBUThCsI, KOJIM ii Maca Harpita /o TeMIepaTypH IUIABJICHHS 1 TOCTIHHO

OTPUMYE JTOJATKOBY KUIBKICTh TEIUIOTH, MPOMOPIIOHATBHY MUTOMIN TETUIOTI TIaB-
- 3
nenHs cipku (Q, = 80 MJx/m).
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4.3.2. Po3paxyHOK TEXHOJOTIYHUX MapaMeTpiB MPOIECY IMiA3€MHOI BHUIIABKU
CIpKHU

SIKIo0 MpUIYCTUTH, 110 HATHITAHHS MEPEerpiToi BOJAM B CIPKOHOCHUM IJIACT
31MCHIOBATU MOPIISIMHU, TO MICHSA NEPIIOi MOPIii BOAM TeMIepaTypa Iacrta miJgBu-
muThesa A0 717, a micns apyroi — a0 777 1 1.4, J{is BCix mopiiid okpemMo MOKHa CKjac-
TH CUCTEMY PIBHSHb TEIUIOBOTO OajaHCy

MygCgp(Tp — To) = MyCp(T" — Ty) + ypCp(1 — M(T" — Ty);

MygCp(Tg — T") = MypCp(T" — T') + ypCp(1 — (T — T);

MygCp(Tg — T 1) = MygCy(T" — T 1) + (1 — (T" — T*71),

ne Il — nopucTicTh CIpKOHOCHUX IJIACTIB; T — MOYAaTKOBA TeMIlepaTypa miacta; Tg —

TeMIIepaTypa eperpitoi BOAH; ¥ i ¥p — WiIbHICTs BoH i pyau, Kr/m’; Cg i Cp — m-
TOMa TEIJIOEMHICTh BoM 1 pyau, JIx/(kr-°C).

O6eM Boau, HeOOXiHMIA 1y1st HArpiBaHHS | M Py/M B IUIACTI 0 TEMIIEPATYPH
T™ npu n — cepii nocaiIOBHUX 3aKavyBaHb BOJIH.

Vg = (n+n")II, (4.19)
e
IntB=T"
— _ TB=To
= maay (4.20)
/ Lycv(1-II)
= 4.21
n YBCB(T=Ty) I’ ( )
1
a=————, 422
1B )

. . . . 3
ne L — muToma TemioTa BUIUIABIEHHS CIpkd, [[K/KT; Y, — LIUIBHICTh CIPKHU,KI/M’;
- - 3 3,3
v — 00csT cipku, 1mo Mictutbes B 1 M pynu, m/m”; T, — Temmneparypa miaBIeHHS
cipku, °C.
) - 3 -
O6’emHa BuUTpara TerioHocis V' (M”/kr) Ha BUIUIaBKY | Kr CIpKH 3 ypaxyBaH-
HSIM TOTO, 110 B OAMHHMII 00’eMy pynHoro tiia mictuthes V(1 — Il)y, ToHH cipkw,
CKJIa/1e

. Vs _ (n+n"HI
V= v(1-Myeqr  v(1-Mycar’ (4.23)

TYT (r — TEXHOJOTIYHMHA KOE(IIIEHT BWIYYEHHS CIpKH IpPU MiA3EMHIN BUIUIABI,
qr =0,8 -0,9.
HIBuAKICTE pYXYy JIiHIT BUTUIABICHHS CIPKH

_ drR _ 14:19:19:}
vl'IJI B dt B znmR(yp+qnn)(TB_T0)’ (424)

ne R — paniyc 30HU IUIaBIE€HHS CIpKU, M; (g — 00’€eMHa BUTpaTa Meperpitoi BOJH,
3 . . . .
M’/C; M — MOTYXKHICTb TUIaCTa, M; (p,; — KUIBKICTh TEIIJIOTH, HEOOX1HE JIJIs TUIaBJICH-
. . 3
HS CIpKHM B OJMHUII 00’ eMy pyau, JIx/m.
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PexxuMm Tedii TEmIoHOCIS B CIPKOHOCHOMY IUIAcTI OyJie HMIATPUMYBATUCH IPU
JNOTPUMaHHI YMOBU

oum > 1,3Kym*Ay/y, (4.25)

le @y — MiHIMalbHAa BUTpara TEIUIOHOCiA, Ky — xoedimienT ¢inbrparii, m/m100y;
m — MOTY>KHICTh CIDKOHOCHHX IUTacTa, M; Ay — pI3HUIA TYCTUH TEIJIOHOCIS Y 1 IJiac-
TOBOI PIJUHMU.

Yac mepeMiieHHs MeX1 PO3AUTY piiuH (COMU 1 PO3IUIABICHOI CIPKU) B 30HI
eKCIUTyaTaI[liHO1 CBEPIJIOBUHU

t=—11 4 >0,n=y/n, (4.26)

aCAjsina’

Jie a — MOCTIHA, 1[0 XapaKTepu3ye MoYaTKOBE MOJ0KEHHS Mex1; (. — pyXJIMBICTh B
30HI1 [JIACTOBOI BOJIM; Y — BUCOTA CIUIMBaHHSI.

KinbkicTh CipKu, BHUTSITHYTOI B OJMHHMIIO 4Yacy, 3alIeKUTh BiJ (i3uKo-
MEXaHIYHUX BJIACTUBOCTEH CIPKOHOCHMX IUIACTIB, BUTPAT 1 TEPMOJAMHAMIYHHUX Tapa-
METPIB TEIJIOHOCIS

_ (1-M)yeCrPcAqT
Mc = (g YpCp+qnn/(Tg—To)’ (4.27)

ne M, — KiTbKICTh CIPKH, 1110 BUTSTYETHCS B OAMHHUIIIO Yacy, KI/c.

4.3.3. TexHoJIOT1s MiA3€MHOT BUILJIAaBKH CIpKHU

TexHonoriyHa cxemMa IMiJ3€MHOI BHUILJIABKH CIPKH MICTHTh y €001 yCTaHOBKH
JUISl IPUTOTYBAHHS BOJU 3 TemIiiepaTypor 166 °C, moBepXHEB1 TpyOOnpoBo U, Oy/Ii-
BJI1 1 CIIOPY/IM, a TAKOXX BU00YBHI CBepjIoBUHU (puc. 4.22).

Cep10BUHHU 00JAAHYIOTh €KCILTyaTal[iIiHUMU KOJIOHAMHU KOHIIEHTPUYHO PO3-
TalIOBaHUX TPYO IS IMOJ1aul TETUIOHOCISI, CTUCHEHOTO MOBITPS 1 MAHOMY PiIKO1 Cip-
KA Ha 3€MHY MOBEPXHIO. BOISIHY KOJIOHY MJisi CTIKaHHSI PO3IUIABJICHOI CIpKH JO BH-
6010 cBepAsIoBUHU nepdopyroTh 1o Bciit Bucori (1 — 1,5 M) 1 gani Ha Bucory 0,3 — 0,7
M HaJ piBHEM NIJOLIBH IIacTa. BiAcTaHe MiXK BEpXHIM psJIOM CIpYaHOl 1 HHXKHIM
psaom BoaHoi nepdoparii craHoBuTh 0,3 — 1 M. Bucora BoaHoi nepdoparii konusa-
eTbcst B Mexkax 0,8 — 1,0 M. Bogna kononka Tpy0 neppopyeTbesi KpyriauMu OTBOPAMHU
niamerpam 18 — 20 MM, SIKI pO3TalIOBYIOTHCS Y IIAXOBOMY MOPSAAKY Ha BiacTaHi 80 —

100 mm omuH Bif ogHoro. Ilepen omyckaHHSIM Yy CBEpIJIOBUHY CIPKOBHOAO0O0YBHOI
KOJIOHW Ha 11 30BHIIIHIM MmoBepxHI Ha BijgcTadi 200 — 500 MM BiJ HUKHBOTO KIHIIS
PUBAPIOIOTH MaKep, KU CIYTye A pO3/1IJICHHS! BOJHOT KOJIOHH TPyO BiJl CIpKOJIO0-
OyBHOI. Y THpJI CipKOAOOYBHOI KOJIOHM MOHTYIOTh OOB’sI3KY, IIPU3HAYCHY JJIs Tep-
MeTu3allii CBepUIOBUHH, PO3/ILJIbHOI M0o/1a4l 1 B110OPY poOOYMX areHTiB JI0 BIATOBII-
HOTO MDKTPYOHOTO KUIBIIEBOTO MpOCTOpY. BepTHukanbHi TEMaoBi 3MIMICHHS KOJOH
TpyO 3a0€3MedyroThCsl 3aBISKH 3aCTOCYBAaHHIO CAIBHUKOBUX KOMIleHcaTopiB. ['opu-
30HTaJIbHI MEPEMIIICHHS TPYO MOXIIHMBI 3aBJSKH 3aCTOCYBAHHIO TEPMOCTIMKUX Cajlb-
HUKOBUX HAOMBOK.

Harnitaetscst Boja uepe3 nep¢opallito B HIKHIM 9YacTUHI TPyOH HAAXOAUTH Y
IUTACT 1, PO3MOBCIOPKYIOUHCH I10 TPIIIMHAX, IOpax 1 KaBEpHAX, PO3IUIABISLE CIPKY,
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sIKa CTIKa€ J10 BUOOIO CBEPJIOBUHM 1 BUAAETHCS epialpTOM Ha MOBEPXHIO. 3aKauyBaH-
HS TEIUIOHOCIS B CIPKOHOCHMiI TIacT BMKOHYIOTH Hia TuckoM Bix (5-7):10° mo

(10-16) 10° ITa. HmwkHa Meka OOMEXKYeTbCS MOXIMBICTIO TEPEXOy INEeperpiToi
BOJA B APy, a BEPXHs — IAPOPO3PUBY MOKPIBII IJ1acTa. BepxHs Mexka TUCKY TEeIIo-
HOCISI 3HIKY€EThCS BHACTIIOK PO3BAHTAXKEHHS IUIACTa BiJIKAUyBaHHSIM IJIACTOBOI BO-
11 Yepe3 BOAOBIIJIMBHI CBEPAJIOBUHU. [HOMI ClpKka TBEpAHE HA NUISIXY JO CBEPIJIOBU-
HU 1 MOBHICTIO 3aKyNOpPIO€ (UIbTpALiiiHI KaHaIu, PI3KO 3HUKYIOUH MPU IBOMY IPO-
TYKTHBHICTh CBEPAJIOBUHH, & TAKOXK MPU3BOJIUTH 10 3HAUHUX BTpAT KOPUCHOI KOma-
auHU. bopoTe6a 3 HMMHU SABUIIAMH — OJHE 3 HAWBAXKJIMBILIMX YMOB BHUCOKOI MpPUKO-
MHUCTOCTI CBepAsIoBHH. JIOCBI 1i/13¢MHOI BUIUIaBKH CipkH B [lepenakapnarTi mokasas,
110 MPH ICHYIOUIl ChOTOJIHI CITII CIpKOA00yBHUX cBepuioBUH 40 X 40 M BU100YTOK
CIPKH 3 IIJIJaCTa CTAaHOBUTH ycboro 32%, npu ciTii BU100yBHUX cBepaiioBuH 30 X 30
M — 40 —50% cipku. HaiiOinpin npoaykTuBHA ciTka cBepuioBuH 20 X 20 M, npu
K BHAa€ThCsl BUTATTH 10 60% cipku. OMHIEID CBEPIJOBUHOK MOXKHA JOOYTH H0
4000 T cipku npu noTykHOCTI macta 30 M, mpuuomy 3a0e3MeuyeThCsl BUILIABKA Cip-
KU 3 TUTSIHKA 25 — 30 M.

4.3.4. lllngaxu iaTeHcudikauii ma3eMHOI BUIUIABKU CIPKH

VY cnabonpoHUKHUX MOPOJAX HEOOXITHO MIJBUILYBATH KOEPILIEHT iX MPOHUK-
HOCTI, HalpuKJiaJ, oOpoOKOI0 MiacTa COJSIHOKUCIOTHUMU peareHTamu (104atok b).
3Ba)karoun Ha Maiy TGI‘[JIOHpOBl,IIHOCTB HOPOJIHOTO MACHUBY 3HWXKYIOTbCS IPOIPIB 1
IUIaBJICHHS CIPKU. Y 3B’S3KY 3 LIUM BUHHUKA€ HEOOX1HICTh 3HANTH 1HIII CIOCOOU Iie-
penaui TEIIOTH B MAacuB. YCIIIIHO MOK€ OyTH 3aCTOCOBAHMM, HAIPUKIIAL, BUCOKO-
YaCTOTHUIN €NIEKTPUIHHUI HArpiB CIpKOHOCHUX IUIACTIB (puc. 4.23).

CipKOHOCHUH IJIACT HATPIBAETHCS MiJT JIIE€I0 EIEKTPOMArHITHOTO TOJIS, 1 IIBU/I-
KICTh HarpiBaHHs HE 3aJICKUTh BiJl MPOHUKHOCTI, TPIIIMHYBATOCTI 1 TETJIOMPOBITHOC-
T1 macta. [Tpy npoMy MIBUAKICTE HAarpiBy 3aJI€KUTh B1Jl €IEKTPUYHUX BIACTUBOCTEM
1 TerioeMHOCTI macta (puc. 4.24). IIpoayKTUBHICTh CBEPAJOBUH 3HAYHO 30UIbLIY-
eTbcsi. OCHOBHUH BIUIMB Ha MPOIIEC MJIABICHHS HAJAIOTh A1eIEKTPUYHA IPOHUKHICTD,
TAHT'€HC KyTa JIEJEKTPUYHUX BTPAT, MMUTOMA TEIUIOEMHICTh, 00’€MHA Hacoca 1 Koe-
(1LIEHT TEMIONPOBITHOCTI CIPKOHOCHUX TUIACTIB.

BukopucToByI0UM NPUPOJIHI TEPMaJIbHI BOJIM 1 MAPOBO/ISHI CYMIIlll 3 TEMIIepa-
Typoro Ounbiie 120 — 130 °C 1 Boau, HArpiToi B MiA3EMHUX, IITYYHO CTBOPEHHUX I10-
POJIHUX TEIIOOOMIHHUKAX, MOKHa eexTuBHO opranizyBatu npouec [IBC. Texno-
JIOT14HA CXeMa TaKoro Ipolecy 300paxeHa Ha puc. 4.25.
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Puc. 4.22. TlpuHunmnoBa TeXHOJOT1YHA cXeMa BUJ00YBaHHS CIPKH METOJIOM MiA3€MHOT BUILIABKU: |1 — KOTENIbHA; 2 — KOMIIPECop-
Ha; 3 — BUMIPIOBAIILHUI MYHKT; 4 — 11041 BUAOOYBHI CBEPUIOBUHM; 5 — BOJIOBIJIMBHA CBEPAJIOBHUHA; 6 — KyIIIOBa HACOCHA CTaH-
1115 IepeKavyBaHHs CIpKH; 7 — BiAAUIEHHS (DiIbTparii piakoi Cipku; 8§ — HaBaHTa)KyBajbHA €CTakaja; 9 — 3ami3HUYHA IUCTEPHA;
10 — pocnuuanaMi iacT; 11 — micok ruHuCcTHE; 12 — TIMHA MeprenscTa; 13 — Mepreinb MIMHUCTHN; MiIaHuK; 14 — BaIHsIK ocip-
HeHuit; 15 — mimanuk. TpyObonpoBoau: 1 — mepekadyBaHHs CipKH 3 TPYHOBOTO CipKo30ipHHKA B BiaiieHHs inbTparii; I — Tpan-
CHOPTYBaHHSA piaKoi cipku Ha ckiai; 11l — mogada TennoHocid (KOMIIpecopHa, BUMIPIOBAIbHUI IIYHKT, CBEpAJI0oBUHA); IV — 1no-
Jlaya CTUCHYTOT'O TOBITPsI (KOMIIPECOPHA, BUMIPIOBAJIbHUI ITyHKT, CBEPAJIOBUHA); V — BlAKaYKa BOIU
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Puc. 4.23. Cxema BUCOKOYACTOTHOTO METO/Iy BUIUIABKH CIpKH: | — €NIEKTpUYHUH Te-
HEpaTOp BUCOKOI YACTOTH; 2 — €JIEKTPOIU
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Puc. 4.24. Paniyc HarpiBy CipKOHOCHOTO TJIaCTa BUCOKOYACTOTHHUM €JICKTPOHArpiBOM
(1) 1 meperpiToto Boaoro (2) micis 16 116 nporpiy
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Puc. 4.25. Tlpunuunosa texHosoriuna cxema [IBC 3 BUKoprucTaHHIM TepMajIbHUX
BOJ: | — reoTepmalibHa CBEp/IOBHHA; 2 — CIPKOHOCHUU TJ1acT; 3 — TEPMOIHXKEKTOPHA
CBEpJIOBUHA, 4 — CipKOBUI00YBHA CBEPIOBUHA; 5 — BIJICTIMHUK; 6 — HACOC;

7 — BO10301pHUK

[{s cxema BiZIpi3HIETHCS BiJ IMHUPOKO 3aCTOCOBYBAHUX CXEM THM, 11O 3 HET BU-
KJIIOYA€ThCA CUCTEMa BOAOTPIMHUX HMPUCTPOIB, BBOJUTHCS LUKI MPOrPIBY TEIIOHO-
Cisl IMMOMHHOIO TEIUIOTOK HAIOI IUIAHETH, a TAaKOXK 3a0€3MeUyeThCsl KpyroBa HUPKY-
TSI TETUIOHOCIS: MI3eMHUN TEIUIOOOMIHHHMK (200 JKepeso TepMalbHUX BOJ) —
CIPKOHOCHHMX IIJIACT — NOBEPXHEBUI KOMIUIEKC BUITYUYEHHS CIpKH — MIA3€MHUI TEILIO0-
oOMiHHMK. Taka cxema, 0€3CyMHIBHO, MIJBUIIUTH TEXHIKO-€KOHOMIYHI MOKA3HUKH
Bu00yBaHHs cipku metosoM [IBC 1 3Bene 10 MiHIMYMY TEXHOT'€HHHI BILIUB CIPKO-
NO0OYBHUX MIANMPUEMCTB Ha JIOBKUJUJIS B pe3yJIbTaTl MPUMUHEHHS BUKUIIB MIKIJJTUBUX
rasiB B arMocdepy 1 CKUJIaHHsI CTIYHUX BOJ Y Ha3eMHi O6aceiinu. B Ykpaini cnocobom
I[IBC po3pobisitoTbest cipkoHOocHI pojoBuina Ilepeakapnarcbkoro Oaceriny. Ilpu
IIbOMY COO1BapTICTh BUAOOYTKY CipKkH B 2 — 2,5 pa3u HUKYE B MOPIBHAHHI 3 BUI00Y-
TKOM BIJKPUTHM CIIOCOOOM, a MPOJAYKTUBHICTH mpari B 4 —5 pasziB Buie. Crocio
[IBC oTpumaB mmpoke po3MOBCIOHKEHHS 1 32 KOPAOHOM: 2/3 CBITOBOTO BHAOOYTKY
CIPKM OTPUMYIOTh 32 PaxyHOK MiA3eMHOi BUIUIaBKH. [loganbiinii po3BUTOK METOLY
IIBC y nHamiii kpaiHi 1MOB’sI3aHUM 3 JIOKAIBHOO IMATOTOBKOIO CIPKOHOCHMX IIIACTIB
710 BUIUIABKH, IO 3a0e3Meuye pi3Ke 3HWKEHHS TIAPOAMHAMIYHOIO OMOpPY pyXy Tel-
JIOHOCISI B MPHUCBEPJJIOBUHHINA 30HI, a TaKOX 31 30UIBIICHHSIM BUIYYEHHS CIpKHU 3
Hajap, 3actocyBanHsAM [IAP Tta in. Jlyxe BaxiauBo, mo0O CipKOBMICHUHN IUIACT MaB
3HAYHY MOTYXHICTh, BUCOKHI CIPKOBMICT 1 MPOHUKHICTb, IO 3a0e3reuye rapuy ¢i-
JBTPALII0 BOJAM B MeXax Iuiacta. BepxHs TOBIIA MOKPUBHUX MOPiJ MOBUHHA OyTH
BOJIOHETIPOHUKHA, IO JO3BOJIUTh YHUKHYTH BTPAT TEIJIOHOCIS B MOKPIBIIO. THCK
HarHITaHHs TETUIOHOCIS 1 MIIHICTh TOKPUBHUX IMOPiJ MOBUHHI BUKIIOUUTH T1ApaBIi-
YHUI pO3pPUB Ha MOBEPXHIO 3€MJI1.

145



4.4. llpuxknaaui 3agayi 10 riaasm 4

POSpﬂX}’HOK TEXHOJIOTTYHHUX napaMeTpiB HiI[?.CMHOI‘O PO3YNHCHHSA coJiei

[Ipu nmpoekTyBaHHI PO3COJIOMPOMHUCITY Ba)KJIMBO 3BEPHYTH yBary Ha po3poOKy
3aXO0/I1B 3a HAHOUIBII €PEKTUBHUM YIPABIIHHIM IPOILIECOM PO3COJI0yTBOpeHH. Do-
PMOYTBOPEHHS MII3EMHUX Kamep — 1€ OJWH 13 TOJIOBHUX IMPOIIECIB TEXHOJIOTIT 1 3/1e-
OUTBIIOTO BU3HAYAE PIBEHb TEXHOJOTIYHUX BTPAT KOPUCHUX KOMAIMH. 3aJ€XKHO BiJ
TIPHUYO-TEOJIOTIYHUX YMOB 1 TIOPSAKY PO3pOOKH POJOBHUIL PO3PI3HIIOTH KaMepHE 1
CyluibHe po3urHeHHs. [Ipy KamMepHOMY pPO3YMHEHHI POJOBHILE PO3POOJIAETHCA
OKpPEMUMH KamMepaMu 3 3aJIMIICHHSM MK HUMH LUIMKIB JJi 3a0€3MeUeHHs CTIMKOCT1
3eMHOI MOBEpXxHi. B IbOMy BUIIaKy BUKOPUCTOBYIOTHCS SIK 1HAMBI1yallbHl, TaK 1 B3a-
€MOJIIF0Y] CBEpUIOBUHM. PO3paxyHOK OCHOBHHMX MapaMeTpiB, IO XapaKTEpPU3YIOTh
CUCTEMY PO3POOKH COJITHHX POAOBHIL METOJIOM IMiI3EMHOTO PO3YMHEHHS, MOJISATAE Y
BU3HAYEHHI : TPAHUYHO JOMYCTUMOTO MPOTUHY KaMepH, 2R; po3Mipy MIKKaMEPHOIO

IJTUKa, d; MOTYKHOCT1 CTeNMHU, H,; MaKCUMaJIbHOT MOTY>XHOCT1 MOPOJIHUX MpOoIIap-
KiB, H,.(puc.4.26)
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Puc. 4.26. TexnonoriyHa cxema miI3eMHOTO BUOOyBaHHS PO3COITY 3 IBOX 30JMKe-
HUX KaMep

1. I'paHUYHO MOMYCTUMUHN PO3MIp KaMep BU3HAYAETHCS BUXOMASYHU 3 TIlMOTE3U
0aJiok 3 ypaxyBaHHsM KoedillieHTa IPUBAHTAXKEHHS K, B1I BEPXHIX IIAPIB MOPOAH, M

(4.28)
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5;@0‘6. 'Hl

y -H;

K, =(0,065—0,056) - tg3- , (4.29)

ne 4 — KoedIlieHT, 0 BPaXOBY€E XapaKTep 3allleMJICHHS MPOTUHY Ha Oropax i CTy-
niep aedopmanii nopig, u = 1,7—2,0; 5.,y — TpUBala MINHICTH IIOP1J HECYYOTO
mapy Ha 3ruH, MIla; H, — MOTYyXHICTh HECydyoro miapy IMOKpIiBIl KaMmepH, M;
K, — Koedil[ieHT MPUBAHTAXEHHS; }; — UILIBHICT O, T/M°; g8 — KoebiuieHT Tep-
T MK Tmapamu (1gf8=0,26...0,6); H, — MOTYXHICTh IMPUBAHTAXKYIOUOTO IIapy TMOPiA
MOKPIBJI, M.

2. CTiHKICTh MDKKaAMEPHOTO IIJTMKa BU3HAYAETHCS BUXOJISYH 13 3aI1acy MIIHO-
CTI.

KoediuieHnT 3amnacy MirfHOCT1

y=-r, (4.30)
S,
1€ 0, — pyiHyIOu€ HaIpy>KEHHs, 10 BU3HAYAETHCS 3 ypaxyBaHHAM TUCKY PO3COIYy Ha
CTIHKM KaMepH, Baru MOKpUBHUX Topif 1 popmu 1immkiB, Mlla; J, — nirode Ha 1MIIUK
HaNpy>KCHHA, SK€ BHU3HAUAEThCS 3 YpaxyBaHHSAM BIJIACHOI Baru IUIMKa, a TaKOX
COPUIHATIMBOI HUM PI3HMII MIXK Baror0 BEPXHIX MOPIJ 1 TUCKOM pO3COILy, SIKHU 3a-
IIOBHIOE Kamepy, Mlla

5p:(—1+5?np.p+aj.J2'<L —7R) 431)
I-sinp 7-R-H,

_}/-HO-LZ—JZ-RZ-;/p-HO
-z R

+yH (4.32)

0 Yo

1€ p — KyT BHYTPILIHBOTO TEPTS COJ, Ipaf.; P — TUCK pOo3COily B CEpeaHIN 110 BUCOTI
yactuHi Kamepu, MIla; (P=y, -#, ne H — rnubuna nepepisy, 10 pO3rIsIa€TbCs, M),
¥, ¥p — BIAIIOBIIHO INIJIBHICTh KaM’ sIHOI COJIl 1 po3cody, T/M’; § — MilHICTB Kam’HOT
coJii Ha ofHOBIcCHUM cTuck, MIla; L — BiACTaHb MK CBEpJJIOBUHAMH, M; R — paziyc
KaMmep MIJ3€MHOr0 PO3YMHEHHS, M; H, — BUCOTa (IIOTY>KHICTb) LIIMKA, M; H, — no-

TY>KHICTh OKPUBAIOYUX TOPI, M.

3a MOCHITHUMM JTaHUMH, BEIMUYMHA KOoe(iIieHTa 3amacy MIIHOCTI MpU Kamep-
Hill cucteMi po3poOku moBuHHA OyTH He Menme 1,2 — 1,4. OnepkaHi 3HaYeHHS KOe-
¢iLieHTa 3amacy MIIIHOCTI MOPIBHIOIOTH 3 3aAaHuMu; npu ¥ > 1,4 cuig 3meHmuTH L,
npu ¥ < 1,4 — 30ubmutu L. Po3paxyHOK BUKOHYETHCS 3HOBY. 3a JOCIITHUMHU JTaHU-
mu ¥=1,2-3,0.

3. [TepeBipka HOMyCTUMUX PO3MIPIB IITHKA, KA 6a3ye€ThCs HA TEOPii MEXaHIKU
CYLILHOTO CEPeJI0BUIIA, TPOBOAUTHLCA MO MIUPHUHI ociiadiaeHol 30Hu. {1 uporo no-
NYyCTUMHI MO CTIMKOCTI pO3Mip LIJIMKA d BCTAHOBJIIOETHCA 32 IIMPUHOIO 30HU OCIa0-
JICHUX MOP1J JOBKOJIA PO3COIBHUX KaMep 6 3 yMOBU d = 26.
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Hlupuna ocnabieHol 30HW BU3HAYAETHCS 3 ypaxyBaHHSIM po3MipiB, popmu 1
B3a€EMHOT0 BIUIMBY Kamep

7-H-(0-(1+TJ—P
2 -1(-1

3| exp

6=R] |1+ 1l (4.33)

7€ 6 — IIMPUHA 30HU OCIA0JIEHUX PO3YMHHUKOM MOpPia, M; @ — KoedilieHT hopMu
MONIEPEYHOr0 Tepepizy KaMepH, IO JOPIBHIOE Jijiss OoJuMHOYHUX Kamep 1,1 —1,3,
30mmkeHnx — 10 1,35 1 rpynoBux — 110 1,5; 7 — koedimieHT B3a€EMHOTO BIUIMBY Kamep;
C — 3uerenns com (C = 4,5 MIla).

PR S (4.34)

Ca (a+1)?*’
@ — BITHOIIICHHS IIIMPHUHU IIIJIMKA 10 pajiyca KamepH

a=9>R (4.35)
R R
ITepeBipka: d =L — 2R; d = 2s.

4. I1oTy>XHICTh CTEIBOBUX MOPIJ HaJl Kameporo (H,) BU3HAYAETHCSI BUXOJIA4YU 3
B1JIOMOi BEJIMUUHU TPUBAJIOI MIIHOCTI COMI1, M

2
w-(2-R) w-(2-R) w1 (2-R)’
H =Y ER (7‘/;552 R)j-yl ey, (4.36)

mp mp

ne 0, — TPUBaJIa MILHICTb KaM’ sgHOI coJl Ha ogHOBICHUH cTHCK, MIla; / — moTyx-

HICTh 30HM OOBAJICHHS MTOPIJ, SIKI pO3TAILIOBaHI HaJ IUIACTOM COJIi, M; ; — IILIBHICTD
. . . . 3

HOp1J, SIK1 pO3TalllOBaHl HaJ IJIACTOM COJI, T/M™.

5. MakcumalibHa TOTYKHICTh MOPOJHUX TPOIIApPKiB, MO MOAUISIOTH IUIACT
KaMm’STHOT COJTl, IKUM Mepe10avyaeThes 10 BIAMPAIFOBAHHS

2

-v)-B
H — (7/1 7/;7) €K6
! 6-0

posp

, (4.37)

1€ V1, ¥p — BIIIOBIIHO IIUIBHOCTI IOP1J IPOLIAPKIB 1 pO3COIy, T/M"; B,y — €KBIBaJICH-
THUM TIPOTiH, IO JOPIBHIOE PaAilyCy BiJICIOHEHHS MOKPIBJII KaMepH ITiA3EMHOTO PO3-
YMHEHHS, M, B, = R; 803 — MILHICTB TIOPIJ MPOMIAPKIB HA po3pus, MITa.
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Bu3snaveHHsl mapamMeTpiB TeXHOJIOTII MiI3eMHOr0 PO34YUHEHHS COJIi HA Mi/-
roTOBYOMY eTai

TexHoJoris MA3€MHOr0 PO3YMHEHHS COJI1 13 CTYIIHYAaTUM (TOIIAPOBUM) PO3-
MHUBaHHSIM KaMe€p MHUCTHUTb JIBa €Tanu poOOTH PO3COJ0A00YBHUX CBEPAJIOBUH: MiAT0-
TOBYMI PO3MHUB 1 €KCIUTyaTaluliHuid po3muB. IligroroBya BupoOka po3mMuBaeThes Oi-
JIS T1JIOIIBU COJISTHOTO IUIACTa JIJIsi CTBOPEHHS MOYATKOBOI MOBEPXHI PO3UMHEHHS CO-
i, M0 Ma€ 3BUYANHO HE3HAYHY BUCOTY 1 miamerp Ha 15 —20% MeHIe ekcruryara-
uiiHoro (puc. 4.27). Bucora niaroroB4oi BUpOOKM YM CTYIEHSI BU3HAYAETHCS BUXO-
JSTYM 13 BMICTY HEPO3UMHHHUX BKIIIOUEHb (f — y BIICOTKAaX) B COJI 1 AOCATAETHCA BIJI-
MOBIJIHUM PO3HECEHHSM OaimiMakiB (TOPIIIB) BOJOIOJAABAIBHOI 1 PO3COIOMIAHOMHOT
KOJIOH TpyO. BucoTa cTyneHs BU3HaYa€eThCs

h =(0,02..0,04)-R- £, (4.38)

ne R — pajaiyc CTyIeHs miaAroToBuoi BUpOOKH, M; f — BMICT HEPO3UMHHUX BKIIIOUYCHB, %.

Po3muB miaroToB4oi BUpoOKH BiAOYBa€ThCA y JIEKIIbKA CTYIEHIB 3 KyTOM Ha-
XHWIIy 0. CTIHOK MiAoBU Kamepu (puc. 4.27).

i S S S

I  — +

= | (v pooooooooogoooooooo) 4+

3[R it  — N R 0 L Y (DY)
= ”**“H”””*‘%}T ———————— T EKCILTyaTaliiHOTrO
= el T [ R 2 OAMIUE

8 + _________ _:-8 _________ + p y

al | , Fm———————— . S ——

gl | e : E— +

0 I B e S — + | )

é + T 4 — 4 Cryneni (1-4)

S + 4+ + \f/ - S A M1ITOTOBYOTO
= + + F F TF F F A+ pO3MHBY

] T TTTTITTITTTITTTIETITITTTTTTITTITTETITITS

Puc. 4.27. Cxema CcTyniHYaTOro pO3YMHEHHS COJi

KinbKicTh cTyneHiB po3MHUBY BU3HAYAETHCA 3 TA0J. 4.1 3a71€KHO Bl BEIUYUHH
paziyca CTyNeHiB MiIr0TOBYOT BUPOOKH 1 BMICTY HEPOZUYMHHUX JIOMIIIOK Y COJTI.
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TpuBanicTh MATOTOBYOTO PO3MUBY BU3HAYAETHCA 13 CITIBBIIHOMICHHS

R
t=K -= i, 4.39
YR (4.39)

ne K, — xoediuient acumertpii po3Butky ctymnens (K, =0,5-0,7); V — paxgianbHa
MIBUAKICTH PO3YMHEHHS KaM STHO1 COJTi, M/100Y.

3HavYeHHS CePeIHbOI palialIbHOT MIBUIKOCTI POZYMHEHHS COJI1, 110 3MIHIOETHCS
B 3QJIEKHOCTI BiJ] pajilyca KaMepu po3urHeHHs rnpu temmepatypi 15 —200C;

V=025-068-10"2-R+0,6-10"%- R? (4.40)
Taomung 4.1
BusnaueHHS KUTBKOCTI CTYTNIEHIB PO3MUBY
Paniyc BMicT HepO3YMHHUX BKJIKYeHb, %
BpYOY, <5 10 15 20 25 30
M n h1 hn n hl hn n h1 hn n h1 hn n h1 hn n h1 hn
20 13| -111|3] - 2 3 1 2141213 5125135 4
30 2131112131 3 3 1 3142|415 3 14| 5 4
40 313111311411 3 4 115144 2|65 3 6|5 4
50 4131114141 4 4 115514365 4 |71 5 4
> 50 5131115511 5 5 2 6| 4|3 715 4 | 8] 5 4

[IpumiTka: n — KUJIBKICTh CTYII€HIB PO3MUBY; /1; — BUCOTA MEPLIOTO CTYMNEHS, M;
h, — BUCOTa KOKHOTO HACTYTHOT'O CTYIIEHSI.

3HaueHHs pajlajgbHOI MIBUAKOCTI MPUIHATI Uil YMOB PO3MHBY HIATOTOBYOI
BHPOOKH 3 IPOIYKTHBHICTIO cBepuIoBHHE 10 — 15 M’/rof. Ha MepIIMX CTYIEHSX i
30 — 40 mM*/ron — Ha 3aBepIIATbHUX.

[IponykTUBHICTH cOJIe00YBHOI CBEPAJIOBUHHU IS IEPILIOTO CTYTICHS

q, :(),05.R.(2,2\/§+H~(l—0»01‘H)) M/ron (4.41)

[IpoyKTUBHICTB CONIEO0YBHUX CBEPAJIOBUH ISl HACTYITHUX CTYIICHIB:

qH — 0,05 . rn . (2,2\/24' hn : (1 - 0901 ' hn ))’ M3/FOH, (442)

ne H — Bucora kamepu, M (Ha niepiomy cryreni H = h;).
[Ipu po3paxyHKy 00’eMy MmiAroToBY0i BUpPOOKHU ii opMa MpUAMAETHCS IS
NEPIIOro CTYNEHS Y BUTJISI KOHYyCa

W =%~75~R2 B, (4.43)

JUTSI HACTYITHUX CTYIICHIB — y BUTJISA/Il yCIYEHOTO KOHYyCa
1 2 2
Wczg'”'(R +r-R+7r )-h | (4.44)
1€ ¥ — pajilyc KaMepH y Mo4YaTKOBIN cTajlli BIANpalLoBaHHA, M; R — pazaiyc kamepu Ha

3aBepIIaibHINA CTaii BiIpaIfOBAHHS CTYIICHS, M.
3anacu kam’sHO1 coJti B 00’ €M1 MATOTOBYOT BUPOOKHU
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Z6aJI =W YV (1 - f)) T, (445)

. . . 3
1€ Y — IIIIBHICTh KaM’ sTHOT COJIi, T/M”.

[TpomucnoBi 3amacu kaM’siHOI COJIi, 110 BU00YBAIOTHCS 3 00’ €MY IMIATOTOBYOL
BUPOOKH

Zl'lpOM = Zoan ' C, T, (4.46)

ne ¢ — KoediieHT BUIOOYTKY COJIi, III0 BPaXOBY€ HEMOBHE BUI00YBaHHS 3amaciB 3a
paxyHOK 3anoBHEHHS 00’ emy kamepu poscoiom (¢ = 0,75 - 0,9).
KonmenTpartis ogepxaHoro po3coiry

Z

[Tpuknaz pimeHHs quBUCH 10aaTOK /1.

ITin3eMHe BUIUIABJIEHHS i CIAJIEHHS CIpKU

['eonoriynuil Koe(iliEHT PO3KPUTTS XapaKTEPU3Y€EThCS BIAHOLIEHHSAM IMOTYX-
HOCTI BEPXHIX MOpix H A0 MOTY>KHOCTI IJIacTa m, B3ATUX Y CEPEAHBOMY JUISl IKOICh
JUJISTHKY POJIOBHUIIA

K, =1 (4.48)

KoedirmieHT po3KkpuTTS, SIKUH XapaKTepU3Ye JOBKHUHY PO3KPUBHOI CBEPIJIOBU-
HU, 1110 MMpHUITagac Ha 1 T BUIoO0yTHX 3amacisB
l
= (4.49)

AT mR2Zmycq’

ne R — pazaiyc IiIsSHK HABKOJIO CBEP/IJIOBUHHU PO3POOIIFOBAHOTO TIACTA; y — IIUIBHICTD
IUIacTa; ¢ — KOe(ILIEHT BUTATY; ¢ — CEPEAHIN BMICT KOPUCHHUX KOTAJIUH.

[eit koedilieHT XapaKTEepU3ye TaKOX CUCTEMY PO3pOOKH, OO0 3aJIekKHO Bij CIT-
KU pO3TallyBaHHS CBEP/UIOBUHM 3MIHIOETHCS Pa/ilyC 30HHU Jiii CBEPAJIOBUHH, a OTXKE, 1
KUIBKICTh KOPUCHUX KOMNAJHWH, IO BUTATAETHCA 3 OJIHIET BUO0OYBHOI CBEPAJIOBUHU
(puc. 4.28).

ExoHomiuHMi KOE(IIIEHT PO3KPHUTTS JOPIBHIOE CyMi yCiX BUTpaT 3 Ha OypiH-
HSl, TATOTOBKY ¥ yCTaTKyBaHHSI CBEPAJIOBUHHU, BIIHECEHHUX 0 BApTOCTI 3amaciB KO-
pucHux konayvH C, o 100yBarOThCA 31 CBEPAJIOBUHU

K== (4.50)

Po3kpuTTS pofoBHINA CKIANAE€ThCS 3 HACTYIMHUX oOlepanii: BUOIp Micls 3a-
KJIAJEHHS CBEP/JIOBUH (BU3HAUAETHCS CITKOIO PO3TAllyBaHHS CBEPAJIOBUH); YTOY-
HEHHSI KOHCTPYKIII1 CBep/yIOBHH; OypiHHS CBEPIUIOBHH; 00caKa 1 IleMeHTaIls (Kpir-
JICHHSI CBEP/JIOBUH); OOMPECYBaHHS CBEPAJIOBUH; T€0JIOTI4YHI, T1JPOre0IOTiuHI 1 T€0-
¢b13u4HI JOCTIIPKEHHS CBEPJUIOBHUH; MIJTOTOBKA yCTaTKyBaHHS CBEPAJIOBUH JJISI €KC-
Iyarariii; oopMIICHHS JOKYMEHTAITl 1 3/1aua CBEP/JIOBUH B €KCIUTyaTalliro. Takum
YUHOM, MOHATTA «cuctema po3pooku» npu [IBC mictuth y co01 BeCh KOMILUIEKC 3a-
XO/IiB, BUKOHYBaHUX Ui BUAOOYTKY CipkH. [HaKmIe kaxy4u, miJi CHCTEMOIO po3po0-
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KM cipya”Horo pojoBuma metogoM [IBC po3ymieThCs BU3HAUECHHUN MOPSIOK PO3Mi-
IICHHS, TPOBEJCHHS 1 BBEJICHHS A0 POOOTH BUAOOYBHHX 1 BOJOBIAMBHUX CBEPAJIO-
BUH, Y3TO/DKEHHUX Yy Yaci 1 mpoctopi. ONTUMAaNbHOIO CUCTEMOIO pPO3TalllyBaHHS CBEp-
JUIOBUH Ha POJIOBMII € CITKa CBEPJIOBHH, 1110 3a0e3nedyye MiHiMaldbHI BUTpPATHU Ha
1 T BUIOOYTOI CIPKU MPU MOKJIMBO OUIbII IOBHOMY BUTSATY 3alaciB po3po0IOBAHOIO
POJIOBHILA.

/r=p<‘|:|<—10
]‘I_qu:rj 12
1| [=
- :/i ,
7// -
/ %g \!‘ NAA A7 7777 4
%/ § 1] V///////// J
LN A2,
/T 1 7
(6
K

Puc. 4.28. Cxema pO3KpUTTSI CIPKOHOCHOTO IJIaCTa BEPTUKAIBLHOIO CBEPAJIOBUHOIO:

1 — obcaaHa KonoHa; 2 — 3aTpyOHE IIEMEHTHE Kublle; 3, 4, 5 — BOJI0N0O1aBajIbHa, Cip-

KOBH/IaBaJIbHA, OBITPSIHA KOJIOHU TPYO; 6 — po3aAuIstounii makep; 7, 8 — moBITpsiHA 1
cipuana nepgopaiiisi; 9 — yenieBl KOMIEHCATOPH

Crin 3a3Ha4MTH, IO 3arajibHa KUTLKICTh BUIOOYBHUX cBepuioBUH N MOxe Oy-
TH BU3HAYEHA MO KUIHKOCTI OJTHOYACHO MPAIIOI0YUX CBEPJIJIOBUH N, TEPMIHY CITY>KOU
o/iHi€1 BUAOOYBHOT CBEPJUIOBUHHM t 1 3arajJbHOMY TEPMIHY BiANpallbOBYBaHHS POJIO-
Buia T

N=n--. (4.51)

Tepmin BiampanboByBaHHs POJAOBHUINA € (PYHKIIEI KUIBKOCTI OJJHOYACHO TIpa-
IIOI0YMX CBEPJIOBUH 1 [MapaMeTPIB CITKH iX PO3TalllyBaHHS
ST

T=n-—0_
2'b1'b2'n

(4.52)
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ne S — miowa poaoBuuia; by, b, — mapaMeTpu CITKM pO3TallyBaHHS BUA00YBHUX
CBEP/IJIOBHH.

3ajie)XHO Bl MacmTabiB BUPOOHUIITBA BU3HAYAETHCS KUIBKICTH CBEPAJIOBHH,
HEOoOX1/THa IS 3a0e3MeUYeHHs 3a/1aHO01 MPOAYKTUBHOCTI mianpuemMcTBa. Jlo00BHil BU-
n00yTok A (T/100) BU3HAYAETHCS K BHAOOYTOK CEPEIHbO000BOI MPOTYKTHBHOCTI
CBEpJIOBUHU a (T/700) Ha KUIBKICTh CBEPJJIOBUH M , 1110 3HAXOATHCS B POOOTI

A=a-n. (4.53)

Onnak, K TIOKa3ye J0CBi PoOOTH, TOJWHHA 1 HABITh 1000Ba MPOIYKTUBHICTh
BUJIOOYBHUX CBEPUIOBUH HOCHTH IEBHOIO MIPOIO BHIIQJKOBHM XapaKTep 1 MOMITHO
BIJIPI3HSIETHCS BiJ] CEpeIHbOPO3paxyHKOBOi. [le Bumarae 3011bIIEHHS KIIBKOCTI Tpa-
[IOIOYUX CBEPJIJIOBUH, a TAKOXX CTBOPEHHS PE3EPBY CBEP/JIOBUH, MOCTIMHO TOTOBUX
10 po6otu. KiibKiCTh CBEPIIJIOBUH M4, HEOOXITHUX ISl 3a0€3MEUEeHHS 3aJJaHOTO PiB-
HSI BUIOOYTKY

ny =K% (1, — 1), (4.54)

ne D — cepenHiil BUIOOYTOK KOPUCHUX KOIAJIMH 3 OJHIET CBEPAJIOBUHHU 1 4ac ii 1CHY-
BaHHS, T, — 9ac Ha OypiHHS ¥ 00JIaTHAaHHS OJIHI€T CBEPIJIOBUHHU, 110; T, — Yac Ha BI-
JIpALIOBaHHS OAHIET CBEpANIOBUHU; 110; K — koediieHT 3anacy (mpuilMaeThCs piB-
Hum 1,15 —1,20).

Jlns imrocTpaliii HaBe1eMo po3paxyHOK HEOOX1HOT KITBKOCTI CBEPJIOBUH JIJIs
CIpYaHOTO PYJHHUKA 3 PI3HUMHU 3aJJaHUMU piBHAMH BU00yTKY: 100, 200 1 500 T/7116.
Az =2000 1, Ty, = 20 116 = 20 1/1i6 T, =100 1i6. Po3paxyBaBiuy KiIbKiCTh CBEPIO-
BUH 3a Gopmyiioro (4.53), ogepkumo, 1o s 3 ade3nedeHHss BUo0yTKy cipku 100,
200 i 500 /716 HEOOXiaHO, MO0 Y POOOTI OTHOYACHO 3HAXOIUIOCS BiAMOBiAHO 5, 10
1 25 ceepanoBuH. Po3paxyHku, mpoBeneHi 3a popmyioro (4.54), TOKa3yOTh, MO IS
CTIKOTO 3a0€3MeYeHHs 3aIaHOTO PiBHS BUAOOYTKY HEoOXigHO, mo0 y poOoTi Oyio
BiMOBiAHO 6, 12 1 13 cBepanioBuH. TexHomnoriuna cxema pyanuka [IBC naBenena Ha
puc. 4.22.

Bona ans BupoOHMUMX NOTped MOTparvisie B HarpiBayi, Kl SIBISIIOTb COOOIO
IPSIMOTOYH1 BOJIOTPiiiHI KOTJIM, a00 TapoBl KOTJIM 3 Ooiiepamu. ["apsiay Boay 3 TeM-
nepatyporo 160 — 166°C gepe3 koHTposibHO-po3noaLIbyl cTanlii (KPC) mia Tuckom
1,0 — 1,2 MIIa nonaroTh 110 MDKTpyOHOMY mpocTopy. s cripoineHoi nonepeaHboi
OLIIHKK Moka3HukiB npouecy [IBC nmpornonyeTbest OpsSIoK po3paxyHKy, OCHOBAHUM
Ha OOYHMCIICHHI Cepe/IHIX 3HAYCHb MapaMeTpiB 3aJeKHO Bij TIPHUYO-TEOJIOTTYHHX 1
€KOHOMIYHHMX YMOB. Butpara TeroHocist Q; OIIHIOEThCSA 3a MaTepiajaMu Tiporeo-
JIOTIYHOTO BUBYEHHS YW HarHiTaHHSIM BOJM B CBEPAJIOBUHU Ha CTaJlli eKCIUTyaTalii-
HOT PO3BIJIKH 1 3 ypaXyBaHHSIM CUCTEMHU pO3pOOKU. TeXHOTOr1YHUM KOEDII[IEHT BUTS-
Iy 1)y BU3HAYAETHhCS SK BIJHOIIEHHS HAWOUIBIIOI MOXJIMBOI KUIBKOCTI BHUTATHYTOT
CIpKH JI0 ii 3arajilbHUX 3aIaciB y 30HI IJIaBJICHHS

ne = ao + b, (4.55)

e 0 — CIPOKOBMICT; @ U b — eMmipu4Hi KoeQIiliEHTH, 00yMOBJIEHI CTPYKTYpPHO-
TEKCTYPHHM THIIOM Cip4yaHuX py1 (Tadi. 4.2).
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Brtpatu cipku B MacHBl CKJIAJAIOThCS 3 BTPAT y LLJIMKAX, 10 BUHUKAIOTh YEPE3
HEPIBHOMIPHICTh NOIIMPEHHS 30HM IUIABJIEHHS IO MOTYXHOCTI IUIAcTa, 13 BTpaT y
HENPOHUKHUX 30HaX IMOKJATy, Ha AUISHKAaX aBapiiiHUX CBEPIJIOBUH 1 3 TEXHOJOIIY-
HUX BTPAT CIPKM BHACIIJIOK 3MOYYBAaHHS HEI KicTska miacta. Kpim Toro, BTpartu
MO>KJIMBI1 B pe3yJIbTaTl YaCTKOBOT'O CTIKaHHS i1 y HEJOCTYIHI Il BIAOOPY 30HU.

Tabmuis 4.2
3HadeHHs KOeIIIe€HTIB a ¥ b 11 pi3HUX Py
Bwmicr cipku, KoegiuienT
TexkcTypa pyau o p b
['H13/10BO-TTPOXKIIIKOBA 15-35 1,15 0,497
['HI310BO-BKpaIuicHHA 18 —50 0,90 0,398
[IpoKMIKOBO-BKpAIIEHA 20-50 0,78 0,493
Bxpariena 17 -50 1,10 0,398
ToHkopo3cisiHa 20 —-40 0,80 0,280

Jns nudepenmianii 3aransaux BTpaT npu [IBC yMOBHO KOEdIII€EHT BUTITY
OPUIMAEMO SIK I00YTOK TEXHOJIOITYHOIO 1 Koe(ilieHTa BUTATY, 110 BU3HAYAE BTPATH
CIPKH B 30H1 TUTaBJICHHS, @ KOS(IIIEHT OXBaTy Ijiacta. Y AaHii METOAMIN KOePIIieHT
BUTATY 1) 3a7a€eThes B iHTepBam 0,3 — 0,6 BignosigHo 10 HasBHoro aocBiay [IBC y
noiI0HKUX TIPHUYO-TEOJIOTTYHUX yMOBaX 1 Jaii KopeKTyeThcs. TeruioBa enepris Q,
10 BBOJMTHCS B CIpUaHUM IJIACT YePe3 CBEP/IOBHHM, BUTPAYAETHCA HAa PO3ITPIB Cip-
KOHOCHOTO TMOKJIAy, 110 MICTATh HOPOJH 1 HA BUTOKH, ITOB’SA3aH1 3 PI3HUMH T1PHUYO-
reoJIOTTYHUMHU YMOBaMU (HEOCIpUYEHH1 IPOIIAPKHU, TEKTOHIYH] OPYILIECHHS i 1H.)

Q=01 +0Q2+ Q3+ Q4+ 05, (4.56)
ne (Q; — TerIOBUTPATH HA HATPIBaHHS KICTSIKA PyAH 1 Cipku; @, — HA PO3IUIABICHS
CIpKHU; (J3 — HA HarpiBaHHS BMILIYIOUHX MOPiA; (4 — HA BUTOKU B HENPOAYKTUBHI IO-
PU30HTH; Q5 — BTpaTH IIPU BOJOBIAJIUBI.

Bupa3uBuim BXiJHI B PIBHSHHS TEIJIOBOro OanaHCy ckiagoBi Qq + Q3 uepe3
BIJIOMI BEJIMYMHU 1 BU3HAUMBIIKA MUTOMI BUTPATHU TEIUIOHOCISA (; SIK BIIHOILIECHHS
00’eMy BOJAM, BUTPAuUE€HOI0 HA HarpiBaHHs JIESKOro 00CATry IjiacTa, O Macu BUTAT-
HYTO1 3 HbOT'O PO3IIABJICHOI CIPKHU

- ()22 asn

Po3paxyHok epridTa nmomisirae y BU3Ha4€HHI TUCKY 1 BUTPATU CTUCHYTOTO MOBI-
Tpsi, MOrO MUTOMOI BUTPATU (g, TIMOMHU HABAHTAXXEHHSI €piaipTHUX CBEPJJIOBHUH.
IToTiM OIIHIOIOTBCS MapaMeTpu Mepexki BUIOOYBHUX CBEPJIOBUH. BijcTaHb Mixk psi-
JlaMU CBEPJIOBUH (y

1

3b¢p(tan(a—p)+tan(a+p)) ]2
dpr(Uo—q¢ct—qp-cp—p)orn tan(a—pF)+tan(a+p)

d, = [ (4.58)

Biacrans Mixk cBepasioBuHamu B psani d, = 2d,; d > [

154



12b¢p(tan(a—p)+tan(a+p)) ]%

(lo—qece—qpep—p)orme tan? a (tan(a—p)+tan(a+p))

[
d;' = |
Koedimient oxsary 1, BU3Ha4Ya€ThCs MOABIMHO. [lo-Tiepine, BUXOaA4M 3 3a/1a-

HOTr0 Koe(ILi€HTa BUTATY 1 KOe(ILI€HTa TEXHOJIOTTYHOTO BUTATY

N, = % (4.60)

(4.59)

3 BCTaHOBJIEHMMH [TAPaMETPAMU MEKi CBEPIJIOBHH
—1_ d,-(tan(a+p)-tan(a—-p)) __dprtana
M = 3'm-cos? B (tan(a+pB)+tan(a—p)) 3m

4.61)

OTtpumani 3 BupasiB (4.60 1 4.61) koedillieHTH BUTATY 31CTaBISIOTHCS, 1 IPH iX
3HAYHIA PO301KHOCTI MPOBOJISATH KOPEKTYBaHHS Koe(dilieHTa BUTATY, 3a7aHOTO TIPH
pO3paxyHKy THUTOMOI BUTpaTH TemwioHocis. HoBe 3HaueHHs koedimieHTa BHUTITY
OPUIMAETHCS PIBHUM

n = NpNe, (4.62)

JIE 1) — 3QJIMIIAETHCS KOJMILIHIM, a 5K 1], BAKOPUCTOBYETHCS 3HAYEHHS KOe(illieHTa BU-
TATY, OTpuMana 3a popmyoro (4.60). OGUUCIEeHHS, MOYMHAIOYH 3 OJEPKAHOI MUTOMOT
BUTPATH TEIJIOHOCISI 1 HOBOTO KOe(illieHTa BUTATY, MPOBOJAATH BECh LUK JIOTH, TTOKH
PO3XOIKEHHS MK Koe(illieHTaMU BUTATY, OTpuMaHuMu 3a hopmynamu (7.49) 1 (4.60),
HE CTaHyTh He3HAUHUMHU. [IpOAyKTUBHICT CBEPAJIOBUHU (¢ 3HAXOAUTHCS SIK

"
Qs = (4.63)

Buno6yTtok cipku D 31 CBEpAJIOBUHY BU3HAYAETHCS 32 BUPA3OM:

D=2'O"77'm'd1'd2. (4.64)
Yac BiAnpanbOBYBaHHS CBEPAJIOBUHU JOPIBHIOE
D

KinbkicTh cBepAsiOBUH Nq, 110 3a0€3MeUy0Th 3aJlaHuil 00CIT BUIOOYTKY, BU-
3HAYa€ThCA 32 popmynoro (4.63).

KoHnTpoJbHi 3anutanus

1. CyTHICTB mpoliecy HiA3€MHOr0 BHJIYTOBYBaHHS KOPUCHUX KomNajiuH. MeTo-
I T11J136MHOT'O BUITYTOBYBaHHS.

2. Ski ximMigyH1 peakiiii BiOyBalOThCA MPU KUCIOTHOMY BHIIYTOBYBaHHI CYJIb-
biqaux pyn?

3. 300pa3iTh Ha ecKi3i MyJIbCaI[iHHO-CTATUYHY CXEMY BUJIYTOBYBaHHS.

4. 300pa3iTh Ha ecKi3l QiIbTpaALIiHY CXeMY BUIYTOBYBAaHHI.

5. 300pa3iTh Ha ecKi3l IHPUIbTPALIHY CXEMY BUIIyTOBYBAaHHS.

6. CyTHICTb TEXHOJIOT1I KyIT4acTOro 1 0akTepiaaibHOr0 BUITYTOBYBaHHS.

7. HaBenith opmMynm yisi BUSHAUYEHHS OCHOBHUX TEXHOJIOTTYHHX TTApaMeTpiB
MiA3€MHOTO BHJTyTOBYBaHHS.

8. OCHOBHI HanpsiMU 1HTEHCUDIKaLli MPOLIECY BUITYTOBYBAHHS.
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9. CBepanoBUHHUH T1ApoBUA00YTOK KopucHUX KomanuH (meton CI'B). 306pa-
31Th Ha €CKi31 HOr0 TEXHOJIOTTYHY CXEMY 1 BKaXKITh IOT0 OCHOBHI ITapaMETPH.

10. OcHOBHI1 HanpsiIMU NOAANBLIOrO po3BUTKY MeTon1 y CI'B.

11. CyTtHicTh nmpoliecy Ni3eMHOI0 PO3UYMHEHHs Tipcbkux nopia. KopucHi ko-
NaJIMHU, BUAOOYTOK SKUX MOXE BECTHCS METOIOM PO3UYHMHEHHS.

12. Texnomoris mazemMuoro pozurneHHs coseit (ITPC). Meroau ITPC.

13. TlpsitMOCTpYMHHHUN METOJI MiA36MHOTO PO3YMHEHHS coti. 300pa3iTh Ha ec-
Ki31 TEXHOJIOTIYHY CXEMY.

14. IIpoTUCTpyMUHHUN METOJI MIJ36MHOTO PO3UMHEHHS COJil. 300pa3iTh Ha ec-
Ki31 TEXHOJIOTIYHY CXEMY.

15. KomOiHOBaHMI METOJ MiA3EMHOTO PO3YMHEHHS COJi. 300pa3iTh Ha €CKi3l
TEXHOJIOTIYHY CXEMY.

16. TexHosoriga miA3€eMHOTO PO3UYMHEHHS COJIEH: TiapoBpyOOM, 3 MOIIAPOBO-
CTYMIHYACTUM POZYUHEHHSIM.

17. CyTHICTh pO3YMHEHHS COJII CTPYMUHHHM METOJOM Ta B KaMepax rajiepeu-
HOTO THITY.

18. OcHoBHI HamnpsiMu BockoHaneHHs MeToaoM [TPC.

19. CytHicTb nporecy ni3eMHO1 BUTUIaBKU. KOpUCHI KonauHu, TpUAaTHI JJ1s
po3pobku metosom I1B.

20. Sk po3paxoBYyIOTHCS OCHOBHI TE€XHOJOTIYHI MapaMeTpH MiJI36MHOI BUILJIAB-
KM CIpKu?

21. TexHomoris ma3eMHOI BUTUIABKH CIpKU. ECKI3HO 300pa3iTh TEXHOJIOTIUHY CXEMY.

22. OcHOBHI NUIAXH 1HTEHCH(IKAI IMA3€MHOI BUITIIIAaBKH CIPKH.

Cnucok Jgitepatypu a0 riaasu 4

1. Apenc, B.K. ®uzuko-xumudeckas reorexHosnorus [Tekct]: YueOHuk st
BY30B / moa o6mieit penakuueit B.JK. Apenca. — Uznarenscteo MI'Y, 2010. — 575 c.

2. Apenc, B.K. Pa3paborka maTtematuyeckoit moaenu mnpouecca [IBC. Ilox-
3emMHas BbIIaBka cepbl [Tekct]: CO6. mayd. 1p./ B.K. Apenc, I'X. Xuesn. — K.:
YxkpHUUILL, 1967. — C. 25 — 32.

3. I'mo6a, B.M. K Bompocy coopykeHus MOA3EMHBbIX Ta30HedTEeXpaHUIUI B
cosstHeIX Toposax [Tekcr] / B.M. I'mo6a // IIpoekTupoBaHue M CTPOUTEIBLCTBO TPY-
OOMPOBOJIOB 1 Ta30HEPTEIIPOMBICIIOBBIX coopyxeHui. — 1974. — 7. — C. 21 — 24.

4. Kamabun, A.W. JIoObI4a 1moje3HbIX HCKONAeMbIX II0I3¢MHBIM BBIIICIAYNBAHACM
U JPYTUMU reoTexHoiornaeckiumu metogami [Tekcr] / A.W. Kanabun. — M.: Atomuzaar.

5. Jlynes, JL.U. NHxeHepHbIE pacyeThl MOJ3EMHOTO BBIIIEIAYNBAHUS METAIIIIOB
[Texcr] / JL.W. JIyne,B.A. I'paboBaukos, b. JI. TonkyHoB. — M.: U31-B0 MI'PU, 1977.

6. IlepmsikoB, P.C. Texnomoruss noo6sruu coseit [Texcr] / P.C. Ilepmsikos,
B.C. Pomanos, ML.II. Benbnbl. — M.: Heapa, 1981. — 272 c.

7. ManunoB, B.A. JloOblua ypaHa METOJOM MOJI3EMHOIO BBIIIEIaYMBAHUS
[Texct] / Ilox pen. B.A. Manunoa. — M.: Atomuznar, 1980. — 246 c.
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5. HIIBEMHA TI'ASU®PIKAIIA BYT'TJIJIA

5.1. CyTHicTh nmpouecy miazeMHol rasugikamii

PononavanpHukoMm izei mia3eMHoi rasudikaiiii BYrijuisl € BUAATHUNA POCIHCH-
kuii ximik JI.I. Mennenees. ¥ 1866 p. BiH mumcaB: «... Hacrane, iMOBipHO, 3 4acom
HaBITh TaKa €rmoxa, 0 BYT1JUIS 3 3eMJIl BUJIaMyBaTH He OylyTh, @ TaM, B 3eMJIi, HOTO
3yMIIOTh TIEPETBOPIOBATH Ha TOPIOYl Ta3u ¥ Mo TpyOax OyayTh iX pO3MOIUISATH Ha
naneki Bigcrai». Y 1912 p. Bigomuit aHrmidicbkuii Ximik B. Pam3zait 3anpomnonyBas
OpoeKT miazemMHoi razudikamii Byriwisa. Brinenns ixei [.1. MenneneeBa ctano Mox-
JMBUM TICIs 0€371191 HayKOBO-AOCIITHUX POOIT, po3movaTux B KiHIll 20-X pPOKIB, Bij
AKUX MOTIM MEPEHIUIN 10 IPOMHUCIOBOIO BIPOBAKEHHS HOTO MeToay. 3 1933 p. B
KonuiHboMYy PansiHcekomy Coro3i (PyHKIIOHYBajgo OLIbII€ IECATH CTAHLINA IMII3EM-
Hoi rasudikaiii Byruuis («Iligzemrasy), B nanuii yac npaiiroe JBi craniii. ['onoBHMi
pe3yJbTaT HayKOBO-JOCIIAHUX 1 JOCHITHUX POOIT — MpaKTUYHA peai3allis 0e3Iaxt-
HOI MiA3eMHOT ra3udikaiii Byruuis.

ITinzemua rasudikamis ByrinbHux miacrtiB (I1I'BII) — BucokoremmneparypHe
XIMIYHE TIepeBEJICHHSI KOPUCHUX KOMAaJIUH 0€3M0CepeIHbO B YMOBAaX MOTr0 MPUPOIHO-
ro 3aJsTraHHs B ra3onoAiOHMI CTaH 3 MOJANBIIOI BUAAYEIO Ta3y MO CBEPAJIOBUHAX
Ha 3€MHY MOBEpXHIO. /(7151 mojgadi moBIiTpsIHOTO ab0 Mapo-KUCHEBO-MOBITPSHOTO TyT-
TS Ta BiABEACHHs peanidyeTrhes Texnounoris [1I'B, sika nependauae OypiHHS BepTHUKA-
JIBHUX, MOXHMJIUX i TTIOXUI0-TOPH30HTATLHUX CBEPATOBHH. X pO3TalIOBYIOTh O/HA Bijl
onHoi Ha Biactani 20 — 36 M 1 3’€IHYIOTh MO BYT'UIbHOMY IJIacTy 301HKaMu — peak-
UIMHUMH KaHaJIaMH, MPU3HAYEHUMHU IS 3alalFOBaHHS BYTLLISA Ta B3a€MOJIl HOro 3
NOTOKaMHU yTT# 1 razamu (puc. 5.1).

Hyrrst

B &

Puc. 5.1. Cxema razudikariiii ByriibHOTO IJacTa 3a JOTIOMOTOI0 BEPTHKAIBHUX CBEP-
JUTOBHMH: | — IyTTEB1 CBEPAJIOBUHHU: 2 — ra30B1/IBOJIHI CBEPJIOBUHH; 3 — 301iTHI CBEp-
JUIOBHHM; 4 — 3¢MHa NOBEPXHSI; 5 — POCIMHHUI MOKPUB; 6 — MOKPHUBHI IOPOAH;

7 — BYTUIbHUH IJ1ACT; 8 — MiJOIIBA Iu1acTa; 9 — 301iiHMI KaHa (KaHall IPOHUKHOCTI);
10 — mig3emMHuUii ra3oreHeparop
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YacTrHa BYTUJIBHOTO IUIACTA, MIATOTOBIEHOIO TPHUYMMHU BUPOOKaMH (CyKyII-
HICTIO AYTTHOBUX 1 T'a30BIJBIJHUX CBEPJUIOBHH, 3’ €JHAHUX PEAKLUINHUM KaHAaJOM)
JUIA Ti3eMHO1 ra3udikailii, Ha3UBAETHCS MiA3eMHHM ra3oreHepaTtopom. Peakiiitni
KaHaJli CTBOPIOIOTHCSA (UIBTPAI[iiHO-BOTHEBOIO 301WKOI0, TiAPABIIYHUM PO3PUBOM
IacTa, CIpsMOBAaHUM OYpIHHSM CBEPJJIOBUMH MO BYTIUIBHOMY IUIACTY, 3aCTOCYBaH-
HSIM €JIEKTPUYHOro cTpyMy. IlnacT 3ananoroTh XIMIYHUMU 3anajibHUKaMu. ['a3, oze-
PKYBaHUM MPHU MIA3eMHIN ra3udikaiii Byrijuisl i3 BUKOPUCTAHHSM MOBITPSHOTO TyT-
TS, 3aCTOCOBYIOTh SIK MaJUBO JJIsi IPOMHUCIOBUX KOTEJIEHb, B KOMYHaJIbHO-
no0yTOBOMY CEKTOP1 Ta B IHIIMX Traily3sx rocrnojapcrsa. [Ipu BukopucranHi sk ayT-
TS TIOBITpsI, 30aradeHOro KMCHEM, TEIUIOTa 3TOPSHHS Ta3y MiJBHINYETHCS (I0AATOK
b).

[Tinzemna razudikariisi Byruuis Ma€ HU3KY Crielu(igHIX 0COOTMBOCTEM:

— 3aJIeKHICTh IpouLecy rasugikarii BiJ NPHAYO-T€OJIOTTYHUX YMOB 3aJISITaHHS
pPOJIOBHUILA, TaK SIK OI4HI MOPOJHU, IO OTOYYIOTh I'a30r€HEpaTop, BIAIIParOTh POJIb
CTIHOK peakTopa. Ha HeBenukiil rimubOuHI BOHM HE 3a0€3MeUy0Th JOCTATHIO Te€pPMETH-
YHICTH IM3€MHOT0 Ta30T€HepaTOpa 1 HOro 130JIS1110 BiJl BOJOHOCHUX TOPU30HTIB,;

— BIJCYTHICTh pyXy HayiuBa (ra3 yTBOPIOETHCS B MPOILECI MEPECYBaHHS 30HU
TOpIHHA, Pa30oM 3 KO MEPEMIIIAETHCS B IPOCTOP1 BOTHEBUW BHUOIN MMiJJ36MHOTO ra-
30reHeparopa);

— BIJCYTHICTh Ta30MPOHUKHUX CTIHOK, BHACIIJOK 4YOro KaHaJl MPOHUKHOCTI
0e3nocepeIHbO MEXKY€E 3 BYTUJIbHUM IIJIACTOM, SIKMM 3a3HA€ TEPMIYHOIO BIUIMBY Ha
NEBHY TTIMOUHY;

— 3ITKHEHHSI 30HU TOPIHHS 3 TIPCHKUMH MOPOAAMH, XIMIYHI BKIFOYCHHS SKUX
MOKYTh KaTaJlITHYHO BIUIMBATH HA MPOIIEC ra3udikarii;

— IPOHUKHEHHS MIJ36MHUX BOJ B ra3oreHeparop, BHACIIAOK YOO ITiABHUIIY-
€TbCSI €PEKTUBHICTh Ta3udikaiii HaBITh HA OJHOMY MOBITPSHOMY IyTTi, OCKIJIbKU
IpOLEC MTPOTIKAE 32 YYACTIO BOJSHOI apH.

5.2. ®izuko-xiMiuHi npouecu npu razuikanii TBEpAUX rOprOYUX KONAJIUH

OcHoBHa roproya CKJIaJloBa TBEpJOro najiausa — Byrienb. Crnocobu rasudika-
1ii, Kl 3apa3 BUKOPUCTOBYIOTh 1 pO3POOJIAIOTHCS, JO3BOJISIOTH MEPETBOPUTU HA TO-
proui razu 45 — 70% Byrnernto. [HiIa KUTBKICTh BUTPAYAETHCS B MPOIIECI TOPIHHS IS
OTPUMAaHHS TEIJIOTH, HEOOX1THOI JIsl 3AIMCHEHHS €HAOTEPMIYHUX peakiliid ra3zudi-
Kallii Ta OTPMMaHHS KHCHIO, a TaKOXX BTpadaeTbcs. Po3risiHeMo cydacHi ysBIICHHS
PO MPOLECH B3a€MOJII BYTJIELO MaluBa 3 razonoaionumu pearesramu (0, 1 CO,),
BOJISTHOIO TIAPOI0 MPU BUCOKUX Temmeparypax. OTpuMaHi Mpu 1bOMY Ta3u XapakTe-
pPHU3YIOTh NPUCYTHICTh B PI3HUX NIPOMNOPLIAX TUX CaMHUX KommoHeHTiB — CO, H,,
CH,, CO,. IIpoananizyeM0o reTeporeHHi IMpouLecy B3aeMOJIi 3 Ta3aMu TyTTA (3 KHC-
HEM 1 BOJISHOIO 11apo0) B 3aranbHoMy Bunaaky (K/x/K - MoJib)

C+ 0, = CO, + 395660; (1)
2C+ 0, = CO + 218860; 2)
C + H,0 = CO + H, — 132630; 3)
C + 2H,0 = CO, + 2H, — 895664. (4)
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[IpoaykTH KHCHIO, BOJASHOI MapH 1 B3a€MO/IIi M1k COO0I0

C+ CO, S 2CO + 175660; (5)
C+ 2H, 5 CH, + 87362; (6)
2C0 + 0, = 2C0O, + 570196; (7)
2H, + 0, = 2H,0 + 484194; (8)
CH, + 20, = CO5 + 2H,0 + 803500; (9)
CO + H,0 S CO, + H, + 42992; (10)
2CO + 2H, S CH, + CO, + 24697; (11)
CO + 3H, = CH, + H,0 + 208700. (12)

Peaxuii (1) 1 (2) — OCHOBHI JiKepesa TeIUIOTH, SIKI BUTPA4YarOThCs MPU B3a€EMO-
1ii ByTJIeio 3 BojsiHOwO maporo (3) 1 (4). BHacnigok nporo, npy miBUILIEHUX TEMIIE-
paTypax MO>KHa OUYIKYBaTH 30UIbLIEHHS! BUXOAY NPOAYKTIB, IO YTBOPIOIOTHCS 3a (3),
(6), (10), (11), 1 3HMKEHHS — MO 1HIIUX. AHaJI3 peakIliii 103BOJISIE BCTAHOBUTH, 1110 3
HiABHIICHHAM THUCKIB 110 (6), (11), (12) noBuneH 301nbmmTCA BUuxig CH,, a 3a (7) —
CO,, Tak SIK BCl BOHM IPOTIKAIOTh 31 3MEHIIEHHAM 00’eMy. Po3risiHeMo ymMoBHU piB-
HOBaru OCHOBHMX peakiii (5), (6), (10), mo BU3HAYAIOTH CKJIAJl ra30Mo/1I0HOrO Ma-
JUBa. 3aJI€KHICTh PIBHOBAXKHOTO CKJIAAy rasy BiJl TemiepaTypu s (5) xapakrepu-
3yeThecsl KpuBUMU Bynayapa (puc. 5.2), 3 SKuX BUILTUBAE, 10 PO3TIISIHYTa peaKiis eH-
JTOTEpMIYHA 1 MPHU MIABUIICHHI TEMIIEPATYPH B MPOJYKTUBHOMY Tra3i 3pOCTa€ KOHIIE-
HTpanis CO 1 3HmKyeTbes cknan CO,. B iTepBani temneparyp 940 — 1000 °C piBHo-
Bara MoBHICTIO 3MIIy€eThCs BIpao, a npu 400 — 500 °C — BaiBo. [Ipouecu (6) 1 (10)
€K30TEepMIYHI, Uuepes3 1e 3 MIABUIICHHSIM TeMIEPaTypu BUXI1Jl OJIEPKYBaHUX PEUOBUH
3MEHILY€EThHCS.
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Puc. 5.2. 3anexHICTh pIBHOBAaXHOI'O CKJIaay ra3y BijJ TEMIEpaTypH
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3MiHa THCKY B MIA3€MHOMY ra30r€HepaTopl TaKOK BIUIMBAE HA MPOTIKAHHS PO3-
IISTHYTUX peakiiil. Peakis (5) mpotikae 31 301IbIIEHHSIM 00’ €My 1 TIIBULIICHHAM THUC-
Ky 3CyBa€Tbcs piBHOBara B 0ik BuxizHoro npoaykry CO, npu 3meHiienHi BMicty CO 'y
npoAaykTuBHOMYy rasi. [Ipouec (6), HaBIaku, IpoOTIKae 31 3MEHLIEHHSIM 00’eMy, a Mij-
BUILIEHHS TUCKY CHpHsi€ 30UIBIIEHHIO PIBHOBAXKHOTO BUxoay meTaHy. Y peakiiii (CO)
CKJIaJl PIBHOBKHUX KOMIIOHEHTIB HE 3aJIeKUTh BiJl TUCKY, OCKIIBKH 00’ €M pearyrounx
PEYOBUH HE 3MiHIOEThCA. Pemira peakiii — miHiiHI komOinatii (5), (6), (10). Tak (3)
sBisie coboro cymy (5) 1 (10), a (11) — pizuuirro (6) 1 (5). 3 TIABUIIICHHSIM THCKY 301JTb-
myeTbes Buxia metany no (6), (11), (12) 1 CO, no (7). Bei mi peakiiii mpoTikaroTh 3
3MEeHIIeHHsIM 00’ eMy. OnHovacHo 3MeHIyeTbes BMicT CO 1 H, y nponykTuBHOMY ra-
31, III0 YTBOPIOIOTHCA 10 peakuisix (2), (3), (5) 1 mpoTikaroTh 31 30UIBIICHHSIM 00’ €My .

Ha sxictp 1 cknan ra3y I1I'Y BmmmBae ckiaj ra3onoaiOHMX KOMITOHEHTIB, BHU-
KOPUCTOBYBAHHMX SK MaTepiajbHI JYTTEBI MOTOKH. SIKIIO MPOAYKTUBHI Ta3u PO3IJIs-
JIaTH SIK 17eayibHI (BOHU YTBOPIOIOTHCS MPHU B3a€MOJIT YUCTOr0 ByTJewto 1 AyTTsa — O,
1 H,O — 3 oTpuMaHHsAM TIJIbKM TOPIOYMX Ta3iB, HE BPAXOBYIOUU a30Ty MPU BUKOPHC-
TaHHI MOBITPSHOTO JYTTS), TO 3aJIEKHO BiJ X CKJIaJy MOXKHA OXapaKTepu3yBaTH BCi
rasy HACTYIHHMH MOKa3HHKAMH: 00’ €MHOIO 4acTKOI0 (%), BEXOZOM (M’/KT) MauBa,
Terutotoro 3ropsias (kJx/v’) i KK rasudikauii. OcTaHHIil BU3HAYAETHCS TaK

ne Q, Q, — KUIbKICTh TEIUIOTH, 0 BUIAUISETHCS MPU CITAIIFOBAHHI BIJIMOBIAHO YTBO-
PEHOTO Ta3y i BUTPAUYCHOTO MajinBa; (J; — TEIUIOBUN €eKT, OACpKyBaHUN MPU CHJIO-
TEPMIYHOMY IIPOLIEC] Ta30yTBOPEHHSI.

Hageneni B Ta6. 4.1 mani cBiuaTh Mpo Te, 0 MPU KOMOIHOBAHHMX TyTTEBUX
MOTOKAaX SIKICTh T'a3y MOXE IIJBUIIYBaTUCA. Tak, IpH MOBITPSAHOMY AYTTI MUTOMA
TeIJI0Ta 3ropsiHHs Byriuuia ckiana 3360, npu mapomnoBitpsHomy — 6110, mpu mapo-
KucHEBOMY — 8300 kJIx/M.

5.3. BuzHaueHHs mapamMeTpiB npoiuecy nmia3eMHol rasudikanii Byriis
3anacu BU00yBHOTO OJIOKY
Zey=L-S-m-vy, (5.1)
ne L — noBxuHa TOPU30HTAIBHOI YACTUHU OPIEHTOBAHOI CBEPJIOBMHU; S — IIMPHUHA
osoky razudikauii, M (S =1 *n, ne | — mmpuHa croBna (cMyru razudikaiii, M;
n — KUIBKICTh CTOBIIB (CMYT) y 0J0Ii); M — MOTYXHICTh BYTUJIBHOTO IUIACTA, M;

¥ — 00’ eMHa Maca ByTiLIs, T/M .
IBuAKICTH BUTOPSIHHS CTOBMA Ha 100y (M/100Y)

Vcep = V.- 24, (5.2)
ne V. — miHiiiHA MBHAKICTH Ta3udikalili ByruIbHOI CTIHKM BOTHEBOTO BHOOIO, M/TOJ
(V.=0,01-0,1).

Yac razudikariii ogHoro cronma (110)

t, = L/VC : (5.3)
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DaKTUYHHN CKJIAJ rasy,

Taomung 4.1

110 OTPUMYETHCS HA CTAHIISAX MiA3€MHO1 razu@ikanii Byriuis

. IIuTroma
006’eMHa YacTKa KOMIOHEHTIB rasy, % Buxin N —
. razy 3 1
Cranuin IPH 3r0-
. KT BY- .
«Ilinzemrasy» . pAHHI
CO | Hp | CHy | COz | Ny | NpS |[CuHy| Op | oML | D 0
M i lo/m
«AHTPEHCBKay:
Oype Byruus, mo- | 54 17,7 1,6 [19,8/523] 0,8 | 0,9 | 0,6 | 2,71 3360
BITPSIHE TYTTSA
«ITiBnerHo-
AOIHCEKaY: 9,06 14,54 2,7 | 158 56,7 |0,02| 0,1 02| 4,1 | 4300
KaM’sTHEe BYT1/UIA,
NOBITPSIHE AYTTS
Haponoirpsinie | 413501 34 | 144(385]002] 0.1 |02 48 | 6110
OYTTS
«IIpaiictayn
ClIA»:amisnie | 1691 98 | 34 | 86 (599] 08 | — |06] ™ | 4600
BYT1JUIS, IOBITPSIHE TaHUX
OYTTS
Hapoxnerese 9,5 (37,0] 50 [460| 13| — | — 03| tex | 8300
OYTTS
Tepmin cnyx0Ou OJI0Ky TIpU NMOCIA0OBHIN ra3udikallii CTOBMIIB
Ts =t. " n, (5.4)

KinbkicTe moBiTpsi, HEOOXITHOTO It Ta3udikallii MeBHOro 00’My BYTLUIS B
3
OJIMHHUIIIO Yacy (M /TOJ)

40/,

QB = lmI/I‘qu:

. . 3
1€ q; — MTUTOMI BUTPATH MOBITPS, M /KT

0,001Q4+25,1Ww”*
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b

(5.5)

(5.6)

ne a — nocninnuit koedinient (a = 1,08 — 1,11); Qg — HIKHs TEIJIOTa 3rOPAHHS Po-

60401 Macu Byrimns, MJx/kr; WP — Bonoricts po6ouoi macu Byrins, %.

TeopeTudHi BUTPATH BT/ Ha ofepaHHs 1 M rasy
12Y.C,
Ay = 22,4Cy,’

ne Y, C. — cyma BYIJIEIEBMICHMX KOMIIOHEHTIB y ra3i B 00’ €MHHX BiZCOTKaX
2. C. = %C0, + %CO + %CH,,

1€ Cpyp — BMICT BYTJIELIO B NAJIUBI,Y%%.
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Buxiza razy 3 1 kr Byruuis ckiazie (M3/KF)

4 =Yg, (5.9)

OTKe, 33 OHY FOMHY YTBOPIOETHCS Ta3y, M /T

Qr = gz +Imhqyy, (5.10)
a60 Ha 100y (M/100Y)

Qr = 24(q, + ImV,q,y). (5.11)

Piuna npoyKTHUBHICTH TIAMPUEMCTBA TT13eMHOT Tra3udikalii 3 oJHUM OJI0KOM,
3
ckiaje (M”/ron)

0, = 24 -365n(q, + ImV.q,y). (5.12)

5.4. I'eomexanivuHi npouecu npu miazeMHii rasugikauii Byrijuis

VYrpaBiiHHS TIPCHKUM TUCKOM IPHU MiA3eMHIN Tazudikaliii Byriuis MOXHa BHU-
3HAYUTH SIK KOMIUIEKC 3aXOJIiB, IO 3a0e3Mneuy€e CTIUKICTh O1YHUX TOPIJ Y IMiA3EMHO-
My Ta3oreHepaTopl JJisi AOCTaTHbO MOBHOT'O BHIa30BYBAaHHS IUIacTa 1 CTaOUIBHOIO
OTpMMaHHS KOHJUIIMHOTO Ta3y. J[ocBij ekcruryarailii ra3oreHepaTopHUX MiaIpH-
€MCTB YKpaiHu MOKa3aB, 110 30Ha 0OBAJICHHS IMOPi/A MOKPIBIi B MiA3EMHOMY ra3ore-
HEPATOp1 3aJIEKUTH BiJ CTPYKTYpPH BYT'UIBHOTO TUIACTa 1 BMICHHX IOPiJ, B3aEMHOTO
pO3TallyBaHHs LUX MOPI1JI, a TAKOK 3aKOHOMIPHOCTEH 1 XapakTepy aedopmanii Bepx-
HBOI TOBIII MOPiJ HAJ IUISHKOIO, IO Ta3udikyeThcsi. BMiCHI mOpoau BiIirparoTh
pOJIb CTIHOK KOPIYCY MIJ36MHOTO ra3oreHeparopa, ajie Ha BIIMIHY B1J Ha3€eMHHX
ra3oreHepaTopiB el KOPIyC 3a3Ha€ 3HAUYHUX 3MiH y mporeci razudikarii. ['ipceki
NOPOJA1 3CYBaIOThCS, N1e(POPMYIOThCS HAJl BUTA30BAaHUM MPOCTOPOM, Y HUX YTBOPIO-
I0ThCSI TPILLIMHYU, BiI0YBaIOTHCS 3MIHU XIMIYHOTO 1 MIHEPAJIOTIYHOTO CKJIay, MEXaHi-
YHUX BIIACTHBOCTEH, a B JEAKUX BUIAJKAX HABITh arperaTHOro CTaHy ITi/I JIi€0 BHUCO-
KHX TEMIIepaTyp B 30H1 razudikariii. 3o0Ha 0OBajeHHS NMPU HECTIMKUX MOpOJax BijcC-
Tae BiJ JiHIi BorHeBoro Bu6or Ha 0,1 — 0,5 M. [Ipu cTiiiKii MOKPIBII TUIOIIA 3aBUC-
JIOTO B1JICJIOHEHHSI 10CSTa€ Ha OKPEMUX AUISTHKaX OUIBIIOT BEJIMYMHH HIXK Y TIOP1JI 110
oOBamoroThes Ha BifcTaHi 1,5 — 3,0 M. Kpim ripcbkoro Tucky i neopmyBaHHS MOPija
MOKPIBJIl MO3HAYAETHCA TAaKOXK BHCOKA TeMIlepaTypa TexHosorigydoro mpomecy [I'Y.
[Tix niero po3medeHnx ra3om, 1o MPOHUKAIOTH y TPIIIMHK, TTOPOIH TOKPIBII MPOTrpi-
BaIOTHCH, 30UTBIIYIOTHCS B 00°Mi 1 pyHHYIOTBCS (pHC. 5.3).

JIiH1s BOrHEBOro BMOOKO 1 KOHTYp OOBaJIEHHS MOPIiJ MMOKPIBII MAlOTh CKJIAJHY
CTyIIHYAacTy KOHQIrypallito, IpudoMy iHTEHCUBHICTh razu(ikaiii B 30H1 AyTTHOBHX
CBEP/IJIOBUH OUIbIIIE, HXK Y Ta30BIJIBIAHUX, 1110 i 3yYMOBIIIOE BIJIMOBIAHUN PO3BUTOK
nporecy ooBajeHHs. B 000X BUMaakax 1e BeAe A0 Pi3KOi 3MiHHM MOMEPEYHOTO Tepe-
pi3y aepoaMHaMIYHOro KaHaity ra3ugikamii o JOBXHHI BOTHEBOIO BUOOIO 1 HEraTu-
BHO MO3HAYa€ThCAd Ha €(EKTUBHOCTI TEXHOJIOTIYHOIO Mpolecy rasudikaiii. Y 30HI
BUIBHOTO OOBaJICHHS IOPiJ MOKPIBJII YTBOPIOIOTHCS J0JIATKOBI KaHAJIH, MO SKUX PY-
XarThcsa 00BIJIHI Fa30[yTTEBI MOTOKH, HE BCTYMAIOYM B KOHTAKT 3 PEaKIIiitHOIO MOBe-
PXHEI0 BYTruIbHOTO 1uiacta (puc. 5.4). Po3mmpenHs: aepoauHaMiyHOrO KaHally Ta3u-
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¢ikarmii 3a paxyHOK 0OBIIHHX MOTOKIB 3HIKY€E 1HTeHCHBHICTH mpouecy III'Y 1 Bene
710 301JIBILIEHHS BTPAT BYTULJIS Yepe3 HEMOBHOTY MOr0 BUTOPSIHHS Ta BUTa30BYBaHHH.

Puc. 5.3. Cxema yTBOpeHHs KaHany razudikaiii Ta aedopmariii mopia 6esmnocepe-
HBOI MTOKpIBII: 1 — po3meuene, po3Tpickane Byriuis; 2 — ooropiia mopoja moKpisili;
3 — MacuB 3aKJIa/IKu 3 00BAJICHUMH KyCKaMU MOPOJIH; 4 — mporpita nopojia moKpisii;

5 — olropina mopoja migomBH; 6 — c1ado MpoTrpiTa MOpoja MiA0NIBY;
7 — aepoMHAMIYHHAM KaHaJ ra3udikarii

—

/
/

Puc. 5.4. Cxema yTBOpEHHS 00BITHUX ra30lyTTEBUX KaHATIB: | — ByTUIbHHM I1JIACT;
2 — 00BiJIHI KaHaW; 3 — OOBaJICHHS TOP1J MOKPIBIl; 4 — aepouHAMIYHUI KaHAJl
razudikarii
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[Tin3emua razudikaiis ByrijbHUX IUIACTIB MOB’S3aHA 3 PO3PUBOM CYLLJIBHOCTI
nopig Haja BUPOOJIECHUM MPOCTOPOM. Y IUX YMOBAX HAa HEBEIMKHUX TTMOMHAX MOXKE
B1IOyTUCS pO3repMeTH3allis MiJ36MHOTO Ta30reHepaTopa 3a paxyHOK OCiJIaHb, BOPO-
HOK, TPIIIMH 1 IPOBaIIB MOBEPXHI 3€MJIi, & TAKOK 3MIHA TJPOreOJOTTUHOTIO PEXKUMY.
30KpemMa, MOXKJIUBI 3’ €IHAHHS HAJBYTUIBHUX BOJOHOCHUX TOPU30HTIB 3 BUPOOJICHUM
IPOCTOPOM IMIJI3EMHOTO Tra30reHepaTopa, BUTOKY AYTTS, ra3y 1 mapu B MacuB TipCh-
KHMX TIOp1J1 1 MOIMPEHHS Ta3y Ha 3Ha4HI BIJCTaHI 32 paXyHOK APEHYBaHHS 10 TPIIIH-
Hax. [Iponec III'Y cympoBOIKY€ETbCS TaKOX CYTTEBOIO 3MIHOIO XIMIYHOTO CKJIAIY
MiJ36MHUX BOJI Y 30H1 IMiJI3EMHOTr0 Ta3zoreHeparopa. HaiGiiabina 3MiHa XiMi3My BOJ
CIIOCTEPITaEThCS OE3MOCePEHHO Y BUPOOICHOMY MPOCTOPI Tijl BITUBOM BHITAPIO-
BaHHS MJ3eMHUX BOJ 1 pO3UMHEHHsS cosieli Bomoro. Li 3MiHM BigOyBarOThCS B pe-
3yJIbTaTl PO3UMHEHHS KOHJICHCAIIIHOI BOJIOTOI0 KapOOHATHHUX IOPiJ 3 MOAAIBIITNM
BUHECCHHSIM PO3YMHEHHX COJIEH Y BOJIOHOCHI TOPU30HTH.

[IpomucioBi ekcriepuMeHTr Oy B OCHOBHOMY CIPSIMOBaHI Ha BiAIPAalOBaH-
HSl TEXHOJIOTT mii3eMHOT Ta3udikariii Byrunis 0e3 3aKiIaiku BUPOOJIECHOTO MPOCTOPY,
HE NPUAUBIOCS HAJEKHOI yBard NMUTaHHSAM Mirpamii rasiB, AyTTS 1 MapiB BOJIU B
TPIIIMHYBATI OPOJIM MOKPIBIIl, HE BUPILTYBaJlacd MpodieMa repMeTH3allii miI3eMHUX
ra3oreHepaTopiB. 3 €KOJOTIYHUX MO3ULIN ICHYIOTh JOIYCTUMI MEX1 HABAHTAKEHHS
Ha HaBKOJIMIIHE cepenoBuile. CTBOPEHHS HOBUX MHIANPUEMCTB, 110 3a0pyAHIOIOTH
6iocdepy 3a MekaMu IIbOTO HABAHTAKEHHSI, MOKE MPU3BECTHU /10 HE3BOPOTHUX HEra-
TUBHUX HACIJKIB. Y JaHUW 4Yac MOCTaBJIEHO MUTAHHS Mpo OYIAiIBHUIITBO B YKpaiHi
€KCIIEpUMEHTAJILHOTO Ta30T€HEPATOPHOTO MiANMPUEMCTBA razudikaiiii ByruIis HOBO-
r'0 TEXHIKO-€KOHOMIYHOTO piBHs. Ba)kInBo, 110 MpaBUIILHO BUOpaHa cTpaTerisi 0CBO-
€HHS POJIOBHINA TIOBMHHA CIHMPATUCA HA TMPUHIUIN HEMPHUITYCTUMOCTI CTBOPCHHS
IPOMHUCTIOBUX 00’ €KTIB MPH BiJICYTHOCTI OBHOI TapaHTii exoyioriunoi 6e3nexu. [Joc-
BiJl mia3eMHOi razudikamii BYTiyUIS 1 Hamll JOCTIIKEHHS MOKA3aJld M0 BUXiTHUMH
nepeayMoBaMu 0 po3pobku edextuBHOi TexHomorii [II'Y cnyryroTs kputepii, mio
MalOTh B3a€MO3B’ 30K 3 €KOJOTIYHMMH acleKTamH mporecy rasudikamii. OCHOBHI
BUXIJIHUI MOJIOKEHHS, 1[0 BU3HAYAIOTh HANpsiMU po3BUTKY [TV

1. OOBasieHHsI Op1J MOKPIBJIl HAJl BUPOOJIEHUM MPOCTOPOM HOCUTH CTUXIMHUI
XapakTep.

2. T'epmeTu3altiist MiA3€MHOTO ra30r€HEPATOPA MOMKIIMBA 32 PAXyHOK KepyBaHHS
MOKPIBJICIO 3aKJIaJKOI0 BUPOOJEHOIO MPOCTOPY APIOHOAMCIEPCHUM BiJIXOJaMU CY-
YacHOT0 MaJIMBHO-EHEPI€TUYHOTO BUPOOHMIITBA (30JIOILIAKH, XBOCTH ByTJie30ara-
YeHHS, OJIpiOHEeHA IIaxTa MOPOo/Ia TOIIO) 1 3MIHH CTPYKTYPH BiICTIOHEHHS.

3. EdextuBHMi mponiec mia3eMHoi razudikaiiii Byruumis Moxe OyTH, 31HCHEHO
3a paxyHOK PO3KPUTTS BYTUIBHUX IUIACTIB OPIEHTOBAHUM TPbOMa CBEP/JIOBHHAMH,
3aCTOCYBaHHSAM CIPSAMOBAHOI MOJadl IyTTS HA PEaKIiiHY TMOBEPXHIO MAacCHBY BYTiJI-
78, 1 BIAIpaIfoBaHHs ra3u(ikoBaHUX IISTHOK 3BOPOTHHUM XOJIO0M, Tazu(dikallis mpu
I[bOMY BYTUJIBHOTO IIJIACTa BiJ BHOOIB OPIEHTOBAHMX CBEPJJIOBHUH JO iX THpia i3 3a-
CTOCYBaHHSM HAJJIMIIKOBOTO TUCKY B IiJI3€MHOMY Tra30T€HEpaToOpi.

4. ®opMma 1 po3Mipu aepoJAMHAMIYHOIO KaHalny Trazudikailii B mia3eMHOMY ra-
30reHepaTopi 3alekaTh BiJ MOBHOTH 3aKJIAIKd BHUPOOJICHOTO MPOCTOPY 1 CTYMEHS
CTIMKOCTI MOKpiBmi. IIpy 1bOMY IHTEHCHUBHICTh BIUIMBY Tra301yTTEBUX IOTOKIB Ha
peakIliiiHy MOBEPXHIO BYTUIBHOTO IUTacTa 3alie’KUTh BiJl (GOpPMHU 1 PO3MIpIB KaHATY
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rasudikaiii sKi MOXKHA PEryJIOBaTH MOBHOTOIO 3BEJCHHS 3aKJIaJHOTO MAacHBY y BH-
poOneHomy mpoctopi. ¥ 1ux ymoBax 3a0e3nedyeThes MiABEAEHHS AYTT 1 loro B3a-
€MOJIisl 3 HarpiTUM ByrieneM. [Ipu 11boMy 3HIKYIOTBCS BTPATH TeIlIa, 10 BUALUTHINA
B OKHCHIN 30HI, SIKE€ BUTPAYa€ThCs HA BIJIHOBHI peakiiii, TOOTO Ha yTBOPEHHS TOpIo-
YUX KOMIIOHEHTIB Ta3y.

5. 3aknagka BUPOOIEHOr0 MPOCTOPY 3HMXKYE TAKOXK BTPATH TEIUIOBOI €Heprii
Ha HarpiB oOBaneHux mopia. Lle Tarue 3a co0or0 MiABUINEHHS TEIJIOTH 3TOPSHHS i
YTBOPEHHS Ta3y 3aBASKHU MOBHOTI BIJHOBHUX PEaKiliid, 4OMYy OyIyTh CHPHUATUMYTh
TaKOX 1HII MapaMeTpH MiA3EMHOI0 razoreHeparopa (BUCOKa TeMIiepaTypa, JOBXKUHA
BOTHEBOTO BHOOIO, peakiliiiHa 3JaTHICTh BYT1JUIsI, BIIHOIICHHS IJIOIII BOTHEBOTO BH-
00¥0 T1acTa A0 BIJACIOHEHOI MOBEPXHI BMICHUX ITOPIT 1 1H.).

6. 'epmernzariis mig3eMHOr0 ra3oreHepaTropa pi3Ko 3HUKYE BOJONPUILIMB B
30HY Ta3u(ikallii, 3SMeHIIye 3a0pyTHEHHS Ti36MHUX BO/JI, @ TAKOXK 3a100Ira€ BUTOKY
ra3y 1 1yTTs y BEpXHI TPILIMHYBATI IOPOJIH.

IIpu rasudikanii ByrulbHUX IUIACTIB 3 3aKJIaJIaHHSIM BHPOOJIEHOTO MPOCTOPY
BaXKJIMBO 3a0€3ME€YUTH NOCTIMHUI KOHTAKT AYTTs (B OKMCHIOBAJbHINA 30H1) 1 MOTOKY
ra3iB (y BIJHOBHI{ 30HI1) 3 PEaKLIMHOIO MOBEPXHEIO BYTUILHOTO MAacHBY 1 HEOOXI1/IHI
TEIJIOB1 YMOBH ISl MPOTIKAHHA PEAKU1NA ra30yTBOPEHHs, IO 3a0€3MeuyoTh MiABU-
HMIEHUI BUXIJ roprounx KoMrnoHeHTiB. Lle 3aBmaHHs Moxe OyTH BUKOHAaHE IMpPH J0-
TPUMaHH1 HACTYITHUX YMOB: HIBUIKICTb 3BEJICHHS MACHUBY 3aKJIaJIKU MOBUHHA BiJIIO-
BIJIaTH TeMIIaM MOCYBaHHS BOTHEBOTO BMOOIO, 3aKJaJHHUI Marepiaj MOBUHEH MaTH
BIJIMOBITHUN TPAHYJIOMETPUYHHI CKJIAJl 1 IEBHUM TUCK, TEMIIEPATypy 1 MOMEPEUHHIA
nepepi3 aepoAMHAMIYHOTO KaHaly B 30H1 ra3udikariii, MIIIHICTb 1 CTIHKICTh MOKPIBII
1iacTa, CIPUSTIMBI T1APOTrCOJIOTIYHI YMOBH ITOBHHHI BIJIIOBIIATH BUMOTaM TEXHO-
JOTIYHOTO pernamMeHTy. Ha mijcTaBi 1ux MipKyBaHb 3aKJIaJeHHS BUPOOICHOTO MpOC-
TOPY NOBHUHHE BECTUCS 3allOBHEHHS 3 MOBEPXHI JPIOHOANUCIIEPCHU 3aKJIAJHUX MaTe-
piaJiB 3 TAKUM pO3paxyHKOM, 1100 Bigpa3y 3a poOOYUM aepoJUHAMIYHUM MPOCTOPOM
CTBOPHUTH IIAp MACUBY 3aKJIagKu. Y pe3ynbTaTi mij 37eOpMOBAaHUMH LIapaMy MOK-
piBIIl YTBOPIOETHCS 3aKJIAJHUA MAcHB, SIKMM MigOydye iX 1 3amobira€ XaoTUYHOMY
oOBasieHHI0. 00’ €M 3aKJIaJHOT CyMillll, IO TPAHCIIOPTYETHCS Y BUPOOJICHUI TIPOCTIp,
Ma€ BIJIMOBIJATH 00’My MOPOXKHUHU, 10 YTBOprOeThesA. [Ipu nboMy 3akmanHuii ma-
CUB MOBUHEH PO3TAIIOBYBAaTHUCS Ha JESAKiM BIJCTaHI BiJl BOTHEBOIO BHOOIO, 3a0e3re-
YyIOYd BUIBHUN aepoJMHAMIYHMI KaHaJl MDK PEakIiiHOI MOBEPXHEI0 BYTUIHHOTO
iacTa 1 3aKjiaJHUM MacUBOM. YTBOPEHHS BY3bKOTO a€pOJAMHAMIYHOIO KaHaly
CHpUsi€ aKTUBHOMY KOHTAaKTy ra30yTTEBOTO IMOTOKY 3 BOTHEBUM BHOOEM.

BaxnuBe 3HaU€HHS Ma€e TaKOK XapakTep IUIABHOTO OIyCKaHHS MOpP1J OCHOBHOI
MOKPIBJIl HAa 3aKJIaJHANA MAacHWB 1 3MiHA MiJ JI€I0 BUCOKUX TeMmmeparyp iX (¢i3uko-
MEXaHIYHUX BJIIACTUBOCTEMH, 110 BIUIMBAIOTh HA T€PMETUYHICTh MiA3€MHOT0 Ta30reHe-
patopa. s 3a0e3neyeHHs cTanoro Texnonorignoro mnpouecy [I'Y nmotpi6Ho Bu3HAa-
YUTH PO3MIP HEOOXIAHOTO MOMEPEYHOro Mepepidy aepoauHaMiyHOro kanaiy. Ilpu
IbOMY TIepen0adaeThCs, MO PyX MOTOKY BiIOYBA€THCS MO BUIBHOMY MPOCTOPY BOT-
HEBOI0 BHOOIO 1 MIJMOPSIAKOBYETHCS 3aKOHY PYXY IMOBITPS IO IIAXTHUX T1PHUYUX
BUpoOKax. Brpara eHeprii pyXxoMoro rnoToky Ha moJoJIaHHs TepPTS y BUIbHOMY KaHaul
BU3HAYAETHCA 3 BUPA3y
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aPLQ?
s3

h =

(5.13)

ne h — BTpara THCKY Oyb-sIKOI JUISTHKKA a00 BChOTO MIA3€MHOI0 razoreHeparopa, Ila;
@ — Koe(ilieHT onopy pyXy cTpyMeHs B KaHani rasudikauii, H - ¢ /m*; P, S — Bix-
MOBIJHO MEPUMETP 1 IUIONIA MOMEPEYHOro Mepepizy aepoIuHAMIYHOTO KaHally ra3u-
dikarii, M 1 Mz; L — noBxxuHa KaHaMy ra3u@ikaiii Mi>k HarHITaIbHOIO 1 Ta30B1ABIIHO-
ro CBEpIOBHHAMH, M; Q — BUTPATH AyTTs, IO MPOXOINTh Yepe3 KaHaw, M /c.

KoedimienT onopy pyxy crpymeHs A yMOB MiJ3eMHOI ra3udikauii ekcrepu-
MEHTaJIbHO MOKM HEe BU3HauaBcs. OCKUIbKM KaHall Ma€ 3BUBUCTICTh 3a PaxyHOK 00-
BaJICHb 1 MIEPESKUMIB 200 32 paxyHOK HEPIBHOMIPHOCTI BUTAa30BYBaHHS a00 3aKJIaIKH
BUTa30BaHOI'0 MPOCTOPY CTIHKA HOTO MOXYTh MAaTH OUIBIIY IIOPCTKICTh. 3 ypaxy-
BaHHSAM 3a3HAUYCHHX (PaKTOPIB MpHHMaEMO 3HA4YCHHsS KoedilieHTa omopy (y Mmepiio-
My HaOnuxkenHi) pisaum 0,01 (H - ¢?/m*). KopekryBanHs ioro 3uaueHHs KoegilieH-
Ta ONOpY MO)K€ OyTH NpOBEJEHA MPHU MOPIBHSAHHI MONEPEYHOI0 IMepepi3y KaHaly,
[1pax0BaHOTO aHAIITHUYHO, 3 MEpepi3aMu KaHaJIB, SIKE Ja€ HaM Iepepi3 MiI3eMHUX
razoreHepartopiB. JlorxkxuHa kaHainy rasudikaiii L OepeThcs K BiJICTaHb MDK CYCIJI-
HIMHU CBEPJJIOBUHAMU 1 3 YpaxXyBaHHSM 3BUBUCTOCTI 30ubIy€eThest HA 10 — 20%. Ile-
pumetp P kanany raszudikaiiii Takox He MOXJIMBO BU3HAYUTH 0€3 mepepizy Mia3eM-
HOTO razoreseparopa. ToMy HaBeIeMO MEpUMETP yepe3 MOMEpPEeUHnui mepepi3 KaHa-
7y, BUXOJ/SIYM 3 TIPHITYIIEHHS, 0 OCTaHHIA Mae dopmy Tpanerii (quB. puc. 5.3) 3a
B1JIOMOIO (POPMYJIOIO

P =416 5%°. (5.14)
3 ypaxyBaHHsM Bupasy (5.8) popmymna (5.7) TpanchopMy€eThCs 10 BUTIISIA

4,16 aPLS®5Qf 4,16 aPLQ}
S3 - §2,5

h = (5.15)

KinbkicTe razy, 1o MpOXOAWTHh MO aepoJMHAMIYHOMY KaHaly rasudikarii,
MPUAMAETHCS JICIIO OUTBIIOK B MOPIBHAHHI 3 KUIBKICTIO AYTTS, IO MOJAETHCS B Ha-
THITIbHY CBEPIAJIOBHMHY 3a PaxyHOK TeIuioBoro posmupeHHs. [lependauvaerscs, 1mo
nporec [II'Y B mig3eMHOMy TazoreHepaTopi npotikae npu temmneparypi 1000 °C i
koedimieHT 06’ emHoro posmupenHs cranoButh f§ = 0,00365. Toxai mpupict o0csry
ra3y 3a paxXyHOK TEIUIOBOTO PO3IIMPEHHS BU3HAYUMO 32 (hOPMYJIIOI0

Q= Qu(1 + Bt), (5.16)

ne @Q; — obOcsr rasy, 1O MPOXOAUTH MO KaHay rasudikaimii mpu Temmeparypi f,
M/rox, Q, — KiIbKICTb DyTTS, IO TOAAETHCS B HATHITAIBHY cBepIoBHHy mpu 0°C,
M°/piK; B — Koe(ilieHT 06’ €MHOTO PO3LIMPEHHS; t — CepeqHs TeMreparypa rasudi-
karii B kanauni, °C.

KoedirmienT 00’€MHOTO pO3MIMPEHHS MOXKE OyTH CKOPEKTOBAHUW B XO1 MPO-
BeneHHs npouecy [II'B B HaTypHuX yMOoBax npu (aKTUYHUX 3HAYEHHSAX 00’ €MIB TIyT-
TS 1 rasy, 1[0 BU3HAYAIOTHCA 32 Ta30BUMU JIIYWIBHUKAMH 1 BIMOBIIHIN TeMreparypi
raszudikarii. [Tonepeunnii mepepiz aepoAMHAMIYHOTO KaHATY MiA3eMHOI razudikarii
BU3HAYAETHCA 3 popmy (3.9)
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) 2
5= A (5.17)

BcranoBneno, mo B mporeci razudikaiii Byriuis Oi4HI MOPOAM MiJ3eMHOTO
razoreHeparopa MiJJIal0TbCA TEPMIYHOMY 3MIITHEHHIO 32 PaXyHOK 1HTEHCHUBHOTO 1
TPUBAJIOrO BIUIMBY HA HUX BUCOKHX TEMIIEpATyp MpPH HAIJIUIIKOBOMY THUCKY B ra3o-
reHeparopi. Y pe3ysibTari MOBEpXHEBUH IIap MOPiJl YACTKOBO a00 MOBHICTIO 3MiHIO-
BaJMCBO1 (DI3MKO-MEXaHIYHI BJIACTUBOCTI, MEPETBOPIOIOYUCH HA IITYYHUN KaMiHb.
[lepenaua Teria mopoaaM BiIOYBAETHCS MUISTXOM TETUIONPOBIAHOCTI, KOHBEKIIIT 1 BU-
npoMiHiOBaHHs. HaliOibi e(peKkTUBHO HarpiBarOThCS MOPOAM MPU KOHBEKTHBHOMY
TEIUI000MiHI, TOOTO KOJIM pyIIiiHE CEpEOBHUIIE ABIIE€ COOOI0 po3meueHi rasu. ['asu
IPOXOJATh IO MOPax 1 TPIIIMHAX MMOP1, HArPIBAKOTh iX, BUKJIMKAKOYH, KPIM TOTO, Xi-
MiuHI peakiii. HaamipHuii THCK y MiJ3eMHOMY ra30reHepaTopi Crpusie TEPMO3MIill-
HEHHIO MAacHUBY TOpiJl 3a PaxyHOK MOCHWJIEHHs (uibTpalli posnedeHHuX rasiB. [lifg
JIEI0 IIbOTO TUCKY 1 3pOCTaHHSI TEMIEpPAaTypHu BUIbHA BOJIOra MEPEMIIIAETHCS BIIIUO
MacuBy nopif 1 pu temrneparypi 100 °C, abo Tpoxu OiIBIIOK, TOYUHAETHCS BHIIA-
poByBaHHs. [lapa, mo yrBopuiiacs, nepeMiliaeTbes Mo TPIIIMHYBATOMY MacHuBY Tip-
CBKHX TIOPIJI, BI/DKMMAIOUH IMiA3€MHY BOJly Bl KOHTYpY ra3oreHeparopa. B inteppaii
temrneparyp 100 — 130 °C mounHae BUALIATUCS XIMIYHO 3B’si3aHa BOJia, a IIPH HArpi-
BaHHi 110 200 °C BUMapoBy€eThCs Maike BCS BUIbHA 1 3B’ sA3aHa Boja. [Ipu Temmepary-
p1 200 °C BuroparoTh OpraHiyHi BKIIOUYCHHS.

B inTepBani temmnepatyp 200 — 400 °C mouMHaeThes AeTipaTallisi KaoJiHITYy,
BUJIUIAE€THCS MIITHO MOB’sA3aHa 1 XIMIYHO 3B’s13aHa BOJIa, 3HUXKYETHCS 3/IaTHICTh MOP1T
1o npocinanss 1 po3nyueHHs. [Ipu remneparypi 400 — 600 °C TpuBae nerigpararis
KaOJIHITY, B MPOLIEC] SIKOI pyHHYETHCS 1X KPUCTAJIIYHA PELIITKA 1 €O 3HUKYEThCS
MIIHICT, Ha cTUCK. OJHAK MOoJasbllle MiJBUILCHHS TeMIepaTypHu HIBUJIKO BiIHOB-
JI0€ BTpPauy€Hy MILHICTh MACHBY, 1 MOTIM BOHA IPOJOBXKY€E 3pocTaTu. B iHTepBani
temreparyp 600 — 900 °C BinOyBaeTbest aucorriaiis kapoonatis (CaC05, CaS0,). 3a
HasBHOCTI BUIbHOTrO BamHa CaO peakuii BarHa 3 KPEMHE3EMOM 1 IOJyTOPHUMHU OKCH-
daMu. Y TBOPEHI CHIIIKATH, aJlOMIHATH 1 aTlOMOQEPUTH MiABULIYIOTh MIIHICTh MacH-
By 110 4 — 5 MIla.

[Ipu nonansmoMy migBuuieHHI Temnepatypu a0 1200 °C npuckoprorTbes
nporecH aekapOoHizallii Ta yTBOPEHHs CHIIIKATiB, aJlOMIHATIB, allfoMO(MEpHTIB 1 TMO-
YUHAETHCS CIIIKaHHS 1 IUIABJIEHHS MOBEPXHEBUX IIApiB BIJICJOHHUX OIYHUX TOPII.
CTiHKM OIJIaBISAIOTHCS Ha TOBHIMHY 8 — 15 cm. [lepeTBopeHHsI kpemHE3eMy 1 HOro
MoAU]IKaL CyNmpOBOIKYEThCS 30UIbIIEHHAM iX 00’emy Ha 12 —25%, BHacmimok
YOro TOpH 1 TPIIIUHU TOPIJ 3aNIOBHIOIOTHCS PO3IUIABOM, 1110 3a0e3medye iM BUCOKY
mIbHICT. OTUTaBICHUN TIap MEepenIkopkKae MoJaiblnii nepenayl Terjaa Briaud ma-
CUBY TOpiJl NUISXOM KOHBEKINi. MilHICTh OcTUIOro posmiaBy gocsrae 20 —40
MIIa. OgHodYacHO 3 MpoIecaMy OTUIABJICHHS W OIIJIaKyBaHHS TOPIJ 3aKJIaJHUA Ma-
Tepiasl 3aIlI0BHIOE BUPOOJICHUI MTPOCTIp 1 MA0y4dye CTIMKY 0€3M0CepeaHIO MOKPIBIIIO.
[Tpu HecTiiikii Ge3mocepeAHii MOKPIBI 3aKIaHUNA MaTepial HAAXOAUTh Y BUpOOIe-
HUH TIPOCTIp 1 pa3oM 3 OOBAJICHHSIM OJIOKIB OE3MMOCEPEIHbOI MOKPIBII MA0ydy€e OC-
HOBHY IOKPIBIIIO 3 OIUIABJIEHOI CTIHKOI. OIIIaBlIeHHs MOBEPXHEBOro MIapy O1YHUX
NOpIJ 1 3aKJIaJIaHHS BUPOOJIEHOTO MPOCTOPY 3a0€3MeUyI0Th FT€PMETUYHICTh CUCTEMHU.
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TakuM 4MHOM, 3BEJIEHHS 3aKJIaIHOIO MAacuBY 3amnoOlirae 3Ha4Hid Aedopmarii
BEPXHBOIBUIIIE TOBIII MTOP1JI 1 yTBOPEHHSI HAJl MM1I3EMHUM I'a30T€HEPATOPOM ITPOBAIIB,
BOPOHOK 1 TPILIMH, IO JOXOJATH 1O 3€MHOi MoBepxHi. CTBOPEHHS OIUIABJIEHOIO
YIIUIBHEHOTO 1Iapy 3abe3neuye HeoOX1JHY T€pMETUYHICTh JIIF0UY0r0 ra3oreHeparopa,
oOepirarouu Horo BiJl MPUIUIMBY MiA3€MHUX BOJ Ta CKACOBYIOYM (DUIBTpALlIO rasy 1
napiB BOJM B MacuB, 10 MOKPUBAIOTh TipchKi nopoau. OIHOYACHO 3 UM HAJIUIIKO-
BUHM THUCK y TEPMETUYHOMY MiI3€MHOMY ra30r€HepaTopi 1 HassBHICTh IUIACTOBOI BOJU
y BYTLLII CTBOPIOE, K 3a3HAYAIIOCS BUIIE, CIPUSATINBI YMOBU Ul OTPUMAaHHS 3aMiH-
HUKa IPUPOTHOTO METaHy 3a PaXyHOK HAaCTYITHUX peaKiii

C + 3H, - CH, + 75000 xJUx;
CO +3H, - 1/2C0, + 1/2 CH, + 124000 xJTx;
CO + 3H, - CH, + H,0 + 205000 [

Bucokuii BuXig MeTaHy MiJBUINYE CHOXKBYl BiactuBocTi razy [II'Y. Ilpu
IIbOMY THUCK Ta3u(iKOBaHUX areHTiB y MiJ3eMHOMY Ta30re€HepaTopl MOXKe MiATPUMY-
BaTUCS HA JIOCTaTHHO BUCOKOMY PIBHI 332 YMOBH, 110 Oy/i€ NEPEBUILEHO TAPOCTaTUY-
HUM THUCK, 1100 YHUKHYTH T1IPOIHEBMOPA3pUBY MOPIA 3 BUXOJOM a3y Ha 3€MHY IO-
BepxHio. Ilig3zemMHa rasudikaniss Byriuid Ha HEBEIMKUX TJIMOMHAX y FepMETUYHHUX
razoreHepaTopax Mmpu HaJAMIpHOMY THCKY Ta3u(]ikOBaHUX areHTIiB 3a0e3Me4YUTh BU-
POOHUIITBO MPOAYKTUBHOTO T'a3y 3 BUCOKUM BMICTOM METaHy 1 HEBEJIMKOIO KiJIbKICTIO
Byriekucioro ra3zy (CO,). OcranHiil JIerko BUIUIUTH 3BUYAWHUMU METOAaMH (IUIs-
XOM B1JIMHBAaHHS BOJIOI0), a TOPIOYHUI CKJIaJ ra3y BUKOPUCTOBYBATH B IapOra30BHii
LUKJ TypOiH JUUIsl OTpUMaHHs eleKkTpoeHeprii. Bigokpemiiennii Ha noepxHi raz CO,
MOKe OyTH BUKOPHUCTAHUH MOBTOPHO. [[71s1 11bOT0 HOTO HAMpaBISIOTh Y CKIIAI TyTTS
Ha3aj y MiA3eMHHI Ta30reHepaTop, Je i BIUTMBOM BHCOKOI TeMIIepaTypH BiH Iepe-
XOJIUTh B TOPIOYUIA a3 — MOHOOKCH/] BYTJICIIIO.

OueBuaHO, 110 3acTocyBaHHs cuctemu [1I'Y 3 BUCOKMM THCKOM J03BOJIUTH M0~
€HATU MaJMi JlaMeTp CBEPJIOBUHM 3 BEJIMKUM Je0ITOM Ta3y i 6e3 HaJMIpHUX BH-
TpaT Ha OypiHHS CBEPAJOBUH, 3a0€3MEeUyr0YM MiABUIICHHS KOHIIEHTpAIll 3aracis
BYTLJISA, IO MPHUITAIAIOTh HA OJHY CBepIoBUHY. [lepexim Bia eKkcruryaTarii mija3em-
HUX Ta30reHepaTopiB MPU HU3BKOMY THUCKY JI0 POOOTH mpu BUCOKOMY THCKY (0,8 —
2,0 MIIa i1 OutblIe) — HOBHMI KPOK y HANpsSMKY HOJIIMIIEHHS TEXHIKO-EKOHOMIYHUX
NOKA3HMKIB MiJA3€MHOI Tra3u@ikalii ByrUIbHUX IUIACTIB HAa HEBEJIMKHUX INIHOWHAx. 3
TOYKHU 30py OXOPOHU JIOBKIJUIS MPOIMOHOBaHA TexHoyoriyHa cxema [II'Y 3 oueBuHI-
CTIO MOKa3ye, 1110 BOHA MOB’A3aHa 3 T€PMETUYHICTIO MIA3€MHOI0 ra3oreHeparopa, 3
0OMEKEHHSAM BOJOIPHUPJIMBIB 1 BUTOKIB JyThEra30BUX MOTOKIB 1 3a0e3Mevye MiJIBU-
[MIEHUI BUX1J MPOJYKTUBHOTO ra3zy, NOBHOTY Tasudikamii Byriuis, 301IbIICHHS TeM-
JIOTH 3TOPSHHS Tasdy, a TaKoXK 3HAYHE 3HIDKCHHS CIOXHUBAHHS AYTTS HAa OJUHUIIIO
BUpoOseHoro razy. KpiM Toro, 3akjiafHUil MacuB CYTTE€BO 3HMXKYE HETATUBHHM
BIUTUB JieopmMaliiii TipChbKUX MOPiJ HA 36MHY TTOBEPXHIO.

Onucani texHosoriydi npuiiomu I1I'Y cTaHOBISATH MEBHY CUCTEMY pOOIT, 3aCTO-
CyBaHHS 5iKOi Ha craHIii «Iligzemras» 103BOMUTH HAMIMHO i €(EKTUBHO BiAIPAIlLOBY-
BaTH BYT1IbHI POJIOBHINA TEPMOXIMIYHUM criocoOoM. [IporoHoBaHa TEXHOJOTIS JOCUTh
IPOCTa, 3 BUCOKOIO CTIMKICTIO 1 KEPOBAHICTIO MPOIIECIB 1 MA€ 3HAYHI MepeBaru:
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1. Po3kputTs AingHOK ra3udikamii 341ICHIOETbCS OPIEHTOBAHUMU CBEP.IJIOBH-
HaMU B HAlOUIbII CIPUSATIMBUX yMOBaX, OypoB1 poOOTH BUKOHYIOTHCS Ha HEBEIUKIM
MIMOWHI, BUCOKUMHU TEMIIAMHU 3 HaWMEHIIMMU BUTpATaMHU KOIUTIB, BHACIIJOK YOTO
YCYBAIOThCA Tl YCKIAAHEHHS, 5Kl 3a3BMYail CyNPOBOIKYIOTh OypiHHS Ha BEJIMKI IJIU-
OuHM. Pe3ynpTaToM LbOTO € BUrpAIll Y Yaci Ha MIJArOTOBKY Ia3u(iKOBaHUX JUISTHOK 1
CKOPOYYIOThCS IMOYATKOBI KamiTaabH1 BUTPATH.

2. Opranxizaiiisi TEXHOJOTIYHOTO Mpoliecy rasudikaiii i3 3aKIaJIcHHIM BUPOO-
JICHOTO MPOCTOPY CIPOIIYE BUPIIICHHS MPOOJIEMU repMeTU3allii Mmia3eMHOT0 ra3ore-
HepaTtopa Ta yIpaBIiHHS MOKPIBJICKO HaJ BUPOOJIEHUM MPOCTOPOM. Y MpOILIeCi ra3u-
dikarii 3 3aknaaKor0 AedopmMaliii mopia MOKPIBIl He3HAUYHI. SIKIIO K, B OKPEMHUX BH-
najKax, HeCTiiKa MOKpiBis 1 Oyae oOBaNrOBaTHCS, TO MaTepia 3aKiIaaku Oye Hal-
XOJIUTH B TIOPOXKHEUI MK O€3MOCepeIHbOI0 1 OCHOBHOIO TOKPIBIICIO, siKa Oy/e mif-
OyuyBaTHuCsl 00BAJICHOIO TIOPOJIOI0 1 MacuB 3akiaaku. [Ipu Takiit cuctemi razudikartii
oOBaJieHa mopojaa 0e3MocepeIHbOI MOKPIBII 1 MAaCUB 3aKJIaJKH HE TUIbKH HE MOpY-
mytoTh npouec [II'Y ane 1 HaBnaku, O0e3nepepBHO 3a0€3MeUy0Th HaAliiHy repMeTny-
HICTh M1J36MHOI'0 ra30reHepaTopa Ha PiBHI OIJIABJIEHOTrO I1apy OCHOBHOI MOKPIBJI.

3. Iopsimok rasudikaiiii ByriIbHOTO IJIaCTa 3BOPOTHHUM XOJOM JIO3BOJISIE B
OyIb-IKMil MOMEHT €(EKTUBHO BTPYTUTHUCS B poOOTY MIA3EMHOI0 ra3oreHeparopa
JUTSL TIOJITIIIIEHHS SIKOCT1 Ta3y 1 30UIbIIEHHS MPOIYKTUBHOCTI IMiJI3€MHOr0 Ta30reHe-
patopa.

4. JloOpe BupIlIy€eThCs pobIeMa YUCTOTH TIA3EMHHUX BO. 3MEHIIIYETHCS CTYITIHb
BUITAPIOBAaHHSI MII36MHUX BOJI 1 PO3YMHEHHS COJIE B yMOBaX BUCOKUX TEMIIEPATYP.

5. CkopouyIoTbCsl BTpaTh He3ra3u(ikoBaHOTO BYTULIS BiJ] HETIOBHOTH BUTA30-
BYBaHHS, TaK SIK Y Mipy YTBOPEHHS BUPOOJIEHOTO MPOCTOPY B MiA3EMHOMY Ta30TeHe-
paTopi MIXK 3aKJIaJJHUM MaCHBOM 1 PEAKI[IE€I0 MOBEPXHI BYT'UIBHOTO TIACTa YTBOPIO-
€TbCSI By3bKHI aepOJAMHAMIYHUI KaHaJ, MO SIKOMY PyXalTbCsA Ta30dyTTEBI MOTOKH.
BoHu mocTiitHO B3a€MOIIOTH 3 BOTHEBUM BHOOEM 1 3a0€3MEUYI0Th OKHCHO-BiTHOBHI
peakuii y HaiOUIbII CIPUSATIAMBUX TEIIOBUX YMOBAX.

6. ['azuikanis ByruibHOIO IJIacTa 13 3aKJIaJeHHSIM BUPOOJIEHOTO IPOCTOPY, B
cuity 0e3nepepBHOIO OMJIABJIEHHS IIapy BMICHUX MOPIJ 1 iX 3arapTyBaHHS B aepOau-
HAMIYHOMY KaHaJll 1 BUPOOJEHOMY HpOCTOpl 3a0e3rnedye repMEeTHUHICTh J1F04Oro
M1J[36MHOT'0 ra30reHepaTopa, BTpAaTH AYTTA 1 ra3y 3BOJATHCA 0 MIHIMyMY.

7. HaniiiHa repMeTUYHICTh MIJ3€MHOI0 ra3oreHeparopa Ta BUKOHAHHS TEXHO-
JIOTIYHOTO MpoIecy Mia3eMHOl rasudikaiii 13 3aKIagKo0 BUPOOJEHOIO MPOCTOPY
JIO3BOJISIFOTH OJZIEPKATH Ta3 3 TEIJIOTO 3ropsiHHs 5,4 — 6,1 MI[;K/M3 — BHUCOKHH I0-
Ka3HUK ]ISl Ta30T€HEepaTOPHOTO Ipoliecy Ha NMoBiTpstHOMY AyTTi. [Ipu inTeHcudikarii
nporuecy [II'Y kucHem, nmaporo, BYIJIEKUCIUM Ta30M 1 MiJBUIEHUM THCKOM, TEIJI0Ta
3ropstHHs rasy 3pocte 10 10,8 — 15,2 MJDx/M’.

MOXIHUBICTh 3[1MCHEHHSI TEXHOJIOTIYHOTO MPOIECY MiA3eMHOI ra3udikaiii By-
TUJIBHUX TUIACTIB Ha HEBEJMKUX TTIMOMHAX MPH BUCOKOMY THCKY 1 3aKJIaJjaHHS BUPOO-
JIEHOTO TPOCTOPY 3AJIMIIAETHCS JOBECTH €KCIIEpUMEHTalIbHO. IIpoMucnoBuil ycmix
Ni3eMHOI ra3udikaiii HerIMOOKUX BYT'UIbHUX POJOBHIL 37aTeH 3a0e3neunTu Y Kpai-
Hl EHEepPreTUYHYy HEe3aJIeXKHICTh 32 PaXyHOK BIANPALIOBAHHS BEJIMKUX 3aMaciB BYT1JUI,
110 CKJIAJIa€ OCHOBY 11 NAJIMBHUX PECYPCIB.
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5.5. Cucremu nmia3zemMHol razugikaunii ByriuibHUX IJIACTIB

[Tpu Ge3maxTHUX TEXHOJOTIYHUX CXEMax MiA3eMHOI ra3udikarii, po3KpHUBHH-
MU BUpPOOKaMH € CBEpJUIOBHHM, MPOOYpeHi 3 3eMHO1 noBepxHi. [TiqroroBka IiasHKH
70 Trasu@ikanii nojasra€e B CTBOPEHHSI KaHAy MPOHMKHOCTI MO BYT1IBHOMY ILIACTY.
Brnacue rasudikanis ByrulbHOTO IUIacTa BiAOYBAEThCS B KaHal IPU HAarHITaHHI JyT-
TS B OJHI CBEp/UIOBUHU 1 BIABEACHHS NPOAYKTUBHOIO ra3y 3 1HIMX. PonoBuiia Mo-
KYTb PO3KPHUBATHUCA BEPTHUKAIBHUMM CBEpJIOBUHAMH (IuB. puc. 5.1), moxunumu
(puc. 5.5, a), CIUIBHO TOXWJIO-TOPU3OHTAIPHUMU 1 BEpPTHUKAIbHUMU (puc. 5.5, 0),
CIIPSIMOBaHUMU (TTOXHJIO-TOPU30HTATIBHUMHU) CBEPJIOBUHAMHU (pHC. 5.5, 8).
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Puc. 5.5. CxemMu po3KpUTTS ByTUIBHHUX IUIACTIB IPH MiA3€MHOT ra3udikariii: a — mno-
XUJIUMH, O — MOXUIMMHU 1 BEPTUKAIBbHUMHU; B — HOXWJIO-TOPU30HTATBHUMHU (CIPSIMO-
BaHUMHU) CBEP/UIOBUHAMU: —— IyTTs, — TI'a3
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[Ipu pO3KPUTTI NOTYXKHOTO KPyTOro IUIacTa Ha JEsAKIN BIJCTaHl OAUH BIJ OJI-
HOTO TIPOBOJSATH TMOXUJII TPOBOJSATH CBEPUIOBUHH SIK OE3MMOCEPEIHBO 10 TUIACTY BY-
TSI, TaK 1 MOJbOBI1 (puc, 5.5, a). HuwkH1 KiHII CBEPAJIOBUH 3’ €AHYIOTh TOPU30HTA-
JBHUM KaHaJIOM MPOHUKHOCTI LIJISIXOM HAaNpaBjeHOTo OYpiHHS a00 riipopo3puBy. Y
HbOMY BHPOOJIAE€THCS pO3Maj, MOTIM Yepe3 OJHI CBEPIJIOBUHU MOAAETHCS TYTTS, a
4yepes 1HII OTPUMYIOTh NMPOAYKTUBHUH Tra3. ["0JIOBHOI TEXHOJIOTIYHOK OCOOIMBICTIO
Il€1 CXeMU € Te, 110 mpoiiec razudikaii (BOrHeBuil BUO1i) pyXaeThCsi Bropy Mo Iij-
HATTIO TuTacta. Lleit meTona rasudikaiili Ha3UBAETHCS TOTOKOBUM. Y Tiporieci razudi-
Karlii JyTTEBUM MOTIK NEPIOAUYHO HAJIXOAUTh B T1 UM 1HIII MOJBOB1 CBEPAJIOBUHU ISl
3a0e3ne4eHHs M0 BChOMY (POHTY ra3oreHeparopa MpuOJM3HO PIBHOMIPHOTO Iepe-
MIIIIEHHSI BOTHEBOTO BMOOIO Bropy Io MiJHATTIO muiacta. [lepeBara 1iiei cxemu rasu-
dikarii monsrae B ToMy, 10 MOXWJII TOJOBI CBEPJIOBUHH, PO3TAIOBYIOYHUCH Y ITi-
JIOTIIBI TIJIacTa, BUSBISIIOTHCS B TIEP10]] BUTA30BYBaHHS 1032 MeKaMu 30HU nedopma-
1ii Ta 0OBaJIEHHS MOPiJ MOKPIBJI HAJ BHPOOIeHUM mpocTopoM. [Ipu 1ibomy 3abe3me-
qyeThCs 1X 30epe’kKeHHsI Ha BeCch MepioJ ra3udikalii rmacrta B AIF0YOMY ra3orenepa-
TOpi. 32 HasIBHOCTI FOPU3OHTAJIBHUX IJIACTIB 3aCTOCOBYETHCA CXEMa PO3KPUTTS IO-
XWJIO-TOPU30HTAIBHUMU 1 BEPTUKAIBHUMU CBEpIoBUHAMU (puc. 5.5, 6). Ob0camxeH-
HSl TaKMX CBEPJJIOBHH TPyOaMU BUKOHYETHCS 0 TOPU30HTAIILHOTO IiacTa. BepTuka-
JbHI CBEPAJIOBUHUA MOXKYThb BKJIIOYATHCS B POOOTY OJHOYACHO abo0 TMOCIIAOBHO IO
BCIi TOBKHUH1 TOPU3OHTAIBHOL IJITHKY MOXUIJIOI CBEPTIOBUHH.

Omna 3 HaWOUIBII  palliOHAJIBHUX — CXeMa PO3KPUTTS  MOXHIIO-
TOPU30HTAJILHUMU CBEPUIOBUHAMH (pHUC. 5.5, B), TOPU30HTAIbHA YACTUHA SIKHX MOXKE
MaTtu n0oBkuHY 200 M 1 O6inbmie. KiTbKICTh CBEPAIOBUH 3HAYHO CKOPOYEHA 1 MPOIIEC
razuikarii mpoTikae MK CBEpJIOBUHAMHU B TUIOINIMHI IIACTa MPU OO0TIUHIN dopmi
BOTHEBOT'O BUOOIO.

5.6. Crioco0u CTBOPEHHS IITYYHUX KAHAJIB NIPOHUKHOCTI Y BYTLIbLHOMY
IacTi

HITyyHuii KaHAJT MPOHUKHOCTI — TOJOBHUM €J1EMEHT MiJ3eMHOI0 ra3oreHe-
paropa, B SKOMY BiJI0yBa€ThCs Mpoliec rasudikailii, TOOTO B3a€MOJIisl KUCHIO 3 BYT-
JelieM BYTUIBHOTO IUIacTa. Y pe3ysbTaTl peakilii OKUCIEHHS YTBOPIOIOTHCS Tra3u
(OKHCI BYTJICIIO, BOJICHB, METaH Ta iH.). KaHanm mpoHUKHOCTI CTBOPIOE (BiIbTpAIiiHY
301Ky MK CBEpJUIOBHH, TIAPaBIIYHUM PO3PHUBOM ILJIaCTa — BOJOIO ab0 TOBITPSIM,
OYpIHHAM 1 €TIEKTPOTIPOOOEM.

@inpTpaniiiHa 30iiika cBepAJ0BUH. [IpoBeIeHHS IITYYHOr0 KaHajay MpPOHU-
KHOCTI 3aCHOBaHE Ha BUMNAJIIOBAaHHI BYTJUISl Y By3bKOMY, BUTSTHYTOMY B3JI0BX ILIac-
Ta 00’€MI1 32 paXyHOK il IPUPOAHOI ra30npoHUKHOCTI. [lei crocid CTBOpeHHS KaHaly
razugikanii Ha3UBaKOTh TAKOX MPONAJIEHHSIM MOBITPSIHOIO a00 BOTHEBOIO 301HMKOIO.
Poznan y BuOoi 0/1Hi€T 31 CBEPAJIOBUH 3/11MCHIOIOTH CHEllalbHUMHU aTpoHaMu abo 3a
JOTIOMOI'OK0 XIMIYHUX 3anajibHuKiB. DuibTpaniiiny 301Ky BUKOHYIOTH MpsIMO- a0o
OpOTU CTPYMUHHUM crocobamu. Ilpu mpsiMocTpyMUHHOMY cHoco01 KHCEHb AYTTS
pearye 3 BOTHSHUM BHOOEM KaHally TMPOHUKHOCTI, IO yTBOpIOIOTHCA. [Ipu npomy
ra3d po3MOBCIO/UKYIOTHCSI TIO MOpax 1 TPIIIMHAX BYTUIBHOTO IUIaCTa B OAHOMY Ha-
NOPSIMKY 3 pPyXOM AYTTELOBUX MOTOKIB 32 PaXyHOK JENpPecii, 110 CTBOPIOETHCS B yT-
TEBOM CBepAJIOBUHI (puc. 5.6, a). Y 1IbOMYy BHUIAJKY MK CBEPIJOBHHAMHU BUTA30BY-

171



BA€THCS BYTULISI, YTBOPIOIOYH 301HHUI KaHan rpymonoaionoi ¢opmu. [Ipu mpotuct-
PYMHUHHIN 301iI1 IyTTS NOJAETHCA B HArHITAIBbHY CBEPJUIOBHHY, a pO3Hall IJacTa
poOIIITH y BUOOT ra30BIABIIHOI CBEpAJIOBUHM (puc. 5.6, 6). ['opiHHS B CBEpIOBUHI
HiATPUMYETHCS 32 PAXYHOK MPUILUIMBY JYTTS IO TIOPaXx i TPIIIMHAX IUIACTa B HATIPSM-
Ky B1J] HarHITaJIbHOT CBEp/I7IOBUHU. BorHeBuii BUO1# MOMMPIOETHCS BiJl Ta30B1IBITHOT
CBEP/IJIOBMHU JI0 HATHITAJILHOI IMTOPIBHSIHO BY3bKUM 1 PIBHOMIPHUM II€PEPI30M KaHATY
MIPOHUKHOCTI.

HepiBHOMIpHICTh TIPUPOTHOTO MPOHUKHOCTI BYT1IBHUX IUIACTIB CIPHUSE TOMY,
10 MPOMNaIOBaHHSA KaHAJIy MPOHUKHOCTI BiAOYyBa€ThbCs OUIBII IHTEHCUBHO B MICIISX,
Jie BUX1 AyTTS MaKCUMaJbHUM. Y IIUX YMOBax KaHaj MPOHUKHOCTI Ma€ HEMPABUWIbHY
dbopMy, 0COOIMBO TIPU MIPSIMOCTPYMUHHIN 301111, SIKIA IpUTAMaHH1 TaKi HEIOMIKH:

— PO3BUTOK BOTHHIIA TOPIHHS 3a0€3MeUy€eThCS MOPIBHAHO HETPUBAIUM (TIE€pio-
JTUYHVM) HATHITAHHSIM JYTTSM B 3alajbHy CBEPJIOBHHY Ta 1l PO3BAHTAXCHHSIM Ue-
pe3 eBHI MPOMIKKH Yacy (MIPOIYKTH TOPIHHS BUKHIAIOTHCA B aTMOc]epy);

— KUIBKICTb Ta3iB, SKi YTBOPHIIUCS y KaHall ra3udikaiii, Oiable KiTbKOCTI MOo-
JaBaHOTO IYTTsI, sIKE BUTPAYAETHCS HA iX OTpuMaHHA. ToMy 00cAT ayTTs, 10 MPOXO-
IUTh Yepe3 KaHall IPOHUKHOCTI PU IPSIMOCTPYMUHHIN 301111, MEHIIIEe, HIXK IpU 3BO-
POTHIii;

— BHUTa30BYBAaHHS IUIACTA MOYMHAETHCS HABKOJIO MPUBUOINHOI AUISHKU CBEP-
JIOBUHU 1 MPU3BOAUTH JI0 BIJCIOHEHHS MOPIJ MOKPIBIl. Y 3B’SI3KY 3 IIUM BiJIOyBA€Th-
csi OOBaJIeHHsI TIOPiJ, 3POCTAIOTh BTPATH AYTTS 1 TEIJIOTH B HEMPOIYKTHUBHIN 30HI
(MOKPUBHUX MOPOJIAX);

— MPSMOCTPYMUHHA 301liKa CYIPOBOJIKYETHCSI BUTA30BYBAHHSIM BYTULIS Ha
3HAYHO OLTBIIMX JUITHKAX 1 BUMAara€ BEJIUMKHX BUTPAT JYTTS HA OJWHUIIIO JOBXKHUHHU
KaHaly rasudikaiii, Hb>k IPOTHCTPYMUHHA.

Bracnigok 3a3HadeHHX HEAOTIKIB MPSAMOCTPYMHHHOTO 301MKH OLIBII IIUPOKE
3aCTOCYBAaHHS OTpHUMajia MPOTUCTPYMHHHOr0301lKa, OJHAK, BOHA TAKOX MA€ CYTTeE-
Bui Henosik. [Ipu BUTpaTI MOBITPS, L0 MEPEBUILYE AESKE TPAHUYHE 3HAYEHHS, 3a-
JIeXKHE BIJl TIPCHKOrO TUCKY 1 XapaKTEpPUCTUK BYTULIA, CHAIIOBAHHA B MPOTUBOTOLII
NEPEXOAUTh B MPSIMOCTPYMUHHE TOPIHHS, TOO-TO BIIOYBA€EThCS MEPEKHUIaHHS BOTHE-
BOro BuOOI0. Y Tabi. 5.2 HaBelIeHa XapaKTepUCTUKA MPOTUCTPYMUHHOI 301MKH CBEp-
ioBuH Ha [liBnenHo-AOiIHCHKINA cTtanmil «Iligzemrasy.

Taomurs 5.2
CepenHi MOKa3HUKU MPOTUCTPYMUHHOI (PiIbTpaliiiiHoi 301iKK1 CBEPJIOBUH
Morys- Cepennst Cepenniii | Cepenns | Cepennst | IInToma
. I'muouna ™ THCK BUTpaTa | IBWA- | BHUTpaTa
HICTH BY- 30iiiHAa . .. . .
. po3naj- | . 30iHOrO | 30IiiHOr0 | KICTH 30iiiHOTO
riJILHOTO BiJICTaHD, .
IACTA. M BaHHA, M . AYTTS, Il);TTﬂ, 30ilKH, 3IlyTTH,
’ MIla M /roj M/m06 | m7/(roa-m)
2 135 12 2,04 794 2,12 1500
9 130 14 1,41 1410 1,15 4520
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Puc. 5.6. Cxema po3BUTKY IITYYHOrO KaHaTy MPOHUKHOCTI Y BYTUJIbHOMY IJIacTi:
a — Ipyu NPSIMOCTPYMHUHHIH, O — IpU NPOTUCTPYMUHHI1H 301ii111 cCBepI0BUH; 1 — Ha-
THITaJbHa CBEPAJIOBUHA; 2 — ra30BIJBI/IHA CBEPJIOBUHA; 3 — KaHAJ IPOHUKHOCTI
(3011iHMit kaHan); 4 — ByrinbHui wiact; [, I', BB — HanpsiMok pyXy BiATOBITHO TyT-
T, Ta3y 1 BOTHEBOT'O BHOOIO

linpaBaiynuii po3puB BYrijibHOro mjiacra. Y mpupoji Hemae aOCOIFOTHO
HEMPOHUKHUX TIPChKUX mopiA. [Ipu BIAMOBIAHOMY THCKY PIAMHY 1 ra3u MOXKHA MPO-
MyCTUTH Yepe3 Oyb-sAKY TpChbKy mopoy. s KiTbKiCHOTO BUSHAYEHHS TPOHUKHOC-
Tl TIPCHKUX TOPiJI KOPUCTYIOThCA 3akoHOM Jlapci, 3a SIKMM MIBUAKICTH (PiUIbTpaIlii
PIIMHU B IOPUCTOMY CEPEAOBHIII MPOMOPIIiifHA TIepernaay TUCKY i 00epHEHO MPOoIio-
pluiifHa 1i B A3KOCTI
v=%=§ATP, (5.18)
ne Q — o0’eMHa BUTpaTa pimuHH 4epeB mopoxy, M/c; F — rwioma ¢impTparii, M;
k — xoedimieHT MPOHMKHOCTI MOPOIW; U — AWHAMIYHA B’s3KicTh pigunam, [la c;
AP — nepenaj TUCKY Ha JOBXHHI 3pa3zka nopoau, [1a; L — noBxuHa HUIAXY, HA SIKOMY
B110yBa€eThCs (QUIbTpaLlis pIAMHHU, M. 3BIJCH

_oul
k=2 (5.19)

Ilpu L=1wm, F=1 Mz, Q=1 M3/C, AP = 1ITa u pu = 1Ila - ¢ orpumaemo
k = 1 m’. TakuM YHHOM, 33 OJMHHUIO NPOHUKHOCTI IPUHMAETHCA MOPHUCTA TA HPH
dinbTpariii, gepes 3pa3ok sKoi miomero 1 M i JOBKMHOI 1 M IpH Hepenaji THCKY
1 ITa nuTtoma Butpara pinunau B’s3kicTio 1 Ila ¢ cknanae 1 m/c. di3uynuil ceHe pos-
MIPHOCTI TOJSITa€ B TOMY, 1[0 NPOHUKHICTh XapaKTepU3ye IUIOULY Mepepi3y KaHajiB
(Top, TPIIIKMH) MOPUCTOTO CEPEIOBHIINA, B SKOMY B OCHOBHOMY Hje dinbTparis. [Ipo-
HUKHICTh BYTUIbHUX IJIACTIB MOXE 3MIHIOBATHUCS B HIMPOKUX MEXKaxX 1 3HAXOJUTHUCH B
EKCTIOHCHITIMHIN 3aJIe)KHOCTI BiJl HAIIPY>KEHHS BCEOIYHOTO CTUCHEHHS. {711 Bogompo-
HUKHOCTI 1151 3aJIe)KHICTh YCKJIaJHEHa omopoM (GuIbTpalii piIuHH, 10 MICTUTHCS B
rasi miacra. BogonpoHUKHICTh IJ1acTa B MPUBUOIMHIN 30H1 3 BiJAaJICHHSAM Bij JIiHIT
BUOOIO 3HIDKYETHCS. BupaxeHa MIHIUBICTh HAMPY>KEHOT'O CTaHy BYTUIBHHUX ILJIACTIB
BUKJIMKA€ HACTIIBKU K TIOMITHY MIHJIMBICTh (DUIBTPAIIHHUX BIACTUBOCTEHN Ta MOTpE-
Oye TOCTIHHOTO 1 PeTeNbHOr0 KOPHUTyBaHHS MapaMeTpiB HAarHITaHHS Ta KOHTPOIIO
fioro e(heKTUBHOCTI.

173



CyTHICT T1APaBIIYHOTO PO3PUBY IUIACTa MOJSATA€E B TOMY, IO CTBOPHOETHCS
TaKWW TUCK, IO MEPEBUIILYE TIPCHKHUM THCK y paifloHi 3011KH, PO3KPUBAIOYH MPHU 1[HO-
MY ICHYIOY1 TPIILIMHU 1 YTBOPIOIOYM HOBI. J{JIs1 monepeaykeHHsl 3MUKaHHS LUX TPILIUH
pa3oM 3 BOJIOI0 HArHITalOTh KPYHMHO3EPHUCTHM micok. IIpo po3KpUTTS MpUpOIHUX
a00 yTBOPEHHS IITYYHUX TPILIUH B IJIACTI CYJIATh 3a TpadikaMu 3MiHU BUTPATH BOAU
W 1 tucky P B miporieci HarHiTaHHs. Y TBOPEHHS IITYYHUX TPIIIUH Ha Tpadiky Xxapak-
TEPU3YETHCS MAIHHAM TUCKY MPU MOCTIHHOMY TEMIIl 3aKa4KH, a MPU PO3KPHUTTI MPH-
POJIHUX TPIIIUH BUTpaTa PIAUHU PO3PUBY 30UTBIIYETHCS HEMPOIIOPIIIHO TT1BUIICH-
HIO TUCKY (puc. 5.7.).

a 0

W, PA W, PA P=f(t)
P=1{(t)

/ W=Af{(t)

W=Af{(t)

> >
0 t 0 t

Puc. 5.7. I'padiku 3MiHM BUTPATH 1 TUCKY BOJM MPHU TiAPaBIIYHOMY PO3PUBI IJIacTa:
a — 3 MPOSIBaMHU IITYYHUX TPIMIUH; O — 3 PO3KPUTTSIM MPUPOTHUX TPIIIUH

Tuck rigpopo3puBy IacTa BU3HAYAE€THCS 32 YMOBH, LIO TAPOAMHAMIYHUI Ha-
nip y CBEp/UIOBHHI MOBUHEH 3yMOBIIIOBATU TUCK BEPXHbBOI TOBII MOPif (reocTaTuc-
TUYHUN THUCK), M€Xa MIIIHOCT1 ByTUIBHOTO TTacTa Ha PO3PUB 1 TEPTs 00 TpyOu:

P =P +g,+ Py, (5.20)

ne P, P, — BiANMOBITHO THUPJIOBUHN 1 TpChKHil (reoctatuyHuil) THUCK po3puBy, Mlla;
Jp — THCK, HEOOXIJIHUMI JUIA TIOJI0JIAHHS OTOPY TIPCHKUX TIOPiJl B yMOBaX BCEOIYHOIO
crucHenns, MIIa; Py, — BTpaTtu THCKY B TpyOax.

I'ipcekuii THCK

B = YeepH (3.21)

g’
Brpatn THCKy Ha TepTs B TpyOax BHU3HauarThcsa 3a (opmynoro Jlapci-
BeiicOaxa

__ 4 PV?H
Py, =4 20d” (5.22)
ne Yo — cepenHs o0’eéMHa Maca BEPXHIX TIPCBKMX — IOpif, KI/M;

H — rnubuna 3ansra”Hs ByTiIbHOTO IUIAcTa, M; g — MPUCKOPEHHS CBOOOJHOrO ma-
TiHHS, M/C”; @ — KOe(IIIEHT MICIIEBUX OMOPIB, JIs1 pOOOYUX PITUH PO3PUBY 1 TEMIIIB
wee . 3 .

ii 3akauyBanHs A = 0,016 — 0,020; p — rycTuHa piguHu, KI/M"; ¥ — MBHUAKICTb PyXY
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piauHu B TpyOax; d — niamerp TpyO, M. Y Tabi. 5.3 HaBeAeH1 AaHl 1O TiJIpaBIlYHOMY
po3puBY Iiacta Ha JIncuuancekin craniii «IligzemMrasy.

Tabmuns 5.3
CepenHi NOKa3HUKY T1IPaBIIYHOTO PO3PUBY IUIACTA
Can6una HO:IaTKO- I]IBI/.IEImCTb Bl.anaTH Butpartu e.11f- Bicrans
SGIHKIL M BHUIl THCK, 30iiKH, pmgmn, KTpoeneprii, | ... =~
’ MIla M/100 M /M kBT roa/mic. >
200,0 6,5 4,0 3650 1000 20,0
155,0 5,5 2,3 2100 580 20,0

OnuH 3 HEeOMIKIB MPOLIECY TIAPOPO3PUBY IIaCTa — HOr0 HECTIPSIMOBYBAHICTh.
3a0e3neunTy CIpsIMOBaHICTh PO3PUBY MOXHA OJHOYACHUM HAarHITAHHSIM BOJU 1 PO3-
BAaHTAKECHHSM CBEPJIJIOBMHU, Ha AKIA HEOOXIJHO 31HCHIOBATH TiApopo3puB. Takum
YUHOM, Cy4acH1 ysIBJIEHHS MPO MEXaHi3M TiAPOpO3pUBY 0a3ylOThCS HA HACTYITHUX
MPUHITUTIAX

1. Pinuna GinbTpyeThbes y BYTUIBHUN TJIACT MPW HATHITaHHI Y CBEPAJIOBUHY
HAaCOCHUMH arperaramu, CTBOPIOKOYM B HbOMY HAJUIMIIKOBUMN TUCK. HamnmumkoBui
TUCK BU3HAYAETHCS TEMIIOM 3aKauyyBaHHS PIAMHM, 1i B’SI3KICTIO 1 MPOHUKHICTIO IJIac-
Ta. Y IUIACTI HAJUIMIIKOBUI TUCK MEPENAEThCS HA BYTIJIbHUI CKEJIET 1 IparHe 3pyu-
HyBaTH oro. Po3kputTs abo yTBOpEHHS TPILIUH B1AOYBA€THCS TOJ1, KOJIH TUCK yCe-
peaNHI CKeleTa IjlacTa BUSBUTHCS OUTBIIE 30BHINIHBOTO TUCKY, SIKMHA CTHUCKAE IIEH
CKeJleT.

2. Tipcbkuii (reocTaTUYHUM) THCK BU3HAYAETHCSA SK JOOYTOK CepeaHbOl
00’eMHOi Macu TOpiJg Ha TAMOMHY 3alsraHHs Iuiacta. biuHa a0o ropu3oHTabHA
CKJIaJIOBa T1PCHKOT0 THCKY IIPOIMOPIIIOHATIbHA BEPTUKAIBHIN 1 MOXKE OyTH TPOXHU Me-
HIIe a00 JAOpiBHIOBATH iil. ['ipChKUil THCK, IO /i€ HAa CKEJIET IlacTa y BePTUKAIbHO-
My HamnpsIMKy, PIBHUNA MICHIEBOMY THCKY. Y 3B’SI3KYy 3 LIUM JUIsl YTBOPEHHSI TOPU30H-
TaJIbHUX TPIIIUH CJIiJ] CTBOPUTH B TUIACTI THUCK, 1110 MIEPEBUIIYE BEPTUKAIBHY CKJIa/10-
BY TIPCBKOTO THUCKY. Y TOPU3OHTAILHOMY HANpPSIMKY BYTUIBHHH IUIACT CTHUCHYTHUMN
OIYHOIO0 CKJIAJIOBOIO TIPCHKOTO THCKY. BiAMOBIAHO, A1 yTBOPEHHS TPIIIMH Yy BEPTH-
KaJIbHIM MIONIMHI HE0O0X1AHO, 00 TUCK Yy CKEJETI BYTUIbHOTO IJIacTa NEPEeBUIIYyBaB
O14HY CKJIaJIOBY.

3. Ilpu rigpopo3puBi miacta B OUTBIIOCTI BUMAJIKIB PO3PUBH HOPi BinOyBa-
IOThCSL IPU TUCKAX, SIKI MEHIIE, HI)K MOBHUN T'€OCTATUCTUYHUN TUCK. 3 IIOTO TaKOXK
BUILJIMBAE, 110 TUCK, CTBOPIOBAHUI IMPHU T1IPOPO3PHUBI B CBEPAJOBUHI, HE BU3HAYAE
opieHTallli TPILIKH, 10 YTBOPIOIOTHCSA B IUIacTi. Pe3ynbTaTu eKCrnepuMEHTaTbHOTrO
BUBUYEHHS MEXaHI3My YTBOPEHHS TPIIIMH MOKA3aJu, 10 OpPIEHTALIS TPILIKH T1IpOpo-
3pUBY BU3HAYAETHCS MPUHILUIIOM €HEPreTUYHOI BUT1IHOCTI IPOLECY MPOHUKHEHHS 1
301ra€ThCs 3 MJIOMIMHAMH MEHILIOT HAIIPYKEHOCT1 B 30H1 T1IpOPO3PHUBY.

4. IIpOTSKHICTD TPIIIMH T1APOPO3PUBY JIOCATAE COTEHb METPIB 1 BUBHAYAETHCS
TEXHIKO-TEXHOJIOTIYHUMHU TMapaMeTpaMu MPOIECY, BIACTHBOCTIMHU 3aKauyyBaHOI pi-
JIWHHA, TEMIIaMH i1 00’ eMaMH 11 HarHITaHHSL.
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5. lupuna yTBOpEeHUX TPIMIMH, YTBOPEHUX T1APOPO3PHUBY 3AJICKHUTH B MPy-
KHHUX BJIACTUBOCTEW IJIACTa, TEXHIKO-TEXHOJIOT1YHOTO 3a0e3MeYeHHs] HarHiTaHHS 1
CKJIa/Ia€ ACKIIbKa CAHTUMETPIB.

6. YTBOpEHHSI BEPTUKAJIbHUX TPILIMH MO MOTYXKHOCTI IJIACTa OOMEXY€EThCS
NOpOAaMH MOKPIBII1 10 MiJIOIIBH, & TOPU30OHTAIIbHI TPIILIMHUA MOLIMPIOIOTHCS, K Ipa-
BUJIO, 32 HAILJIACTYBaHHSM, 1 3yMOBJICHI KOHTAKTOM ILJIaCTa 3 MOKPiBJIEo0 ab0 MiI0mI-
BOIO.

7. Pi3kuit ciaji TUCKY MPOLIECY T1POPO3PUBY CIOCTEPIra€ThCS NMPU pyHHYBaH-
HSIX MOHOJIITHUX TIOPiJI, JIJIs1 PO3PUBY SIKUX MOTPIOHO TOJATKOBUHM THUCK. 32 HAIBHOCTI
NPUPOAHUX TPIIIMH y MIPY MiABUIICHHS TUCKY B CBEPJUIOBHHI BHIIE MICIIEBOTO Tip-
CBKOT'O THUCKY BIJJOYBA€ThCSI MOCTYMOBE PO3KPUTTS TPIIIKH, a 30UTbIIEHHS TEMITY 3a-
KauyyBaHHS PIJUHU BUKJIMKAE MIBUIIECHHS TUCKY 3aKadyyBaHHS, B PE3yibTaTl 4Oro
301IBIIYETHCS] PO3KPUTTS TPILIKH 1 iX AoBxkuHA. [licns rigpopo3puBy miacta yTBope-
HY IIUTMHY (KaHaJl TPOHUKHOCTI) PO3MIMPIOIOTH BOTHEBOIO 00POOKOI0, 3aCTOCOBYIOUU
OPOAYBKY TapsYMMH ra3aMu 3 po3MajioM Y BUOOT HarHITabHOI CBEpPJIOBUHHU.

30iiika cBepasioBuH OypinHsaM. Llei crioci0 npoBeneHHs kaHaiB ra3udikarii
3aCTOCOBYETHCSI IPU MOXMUJIO-HAIMPaBICHOMY OYypiHHI CBEPAJIOBUH IO BYTUIBHOMY
IUTACTY SIK Ha MOJIOTUX, TaK 1 Ha KpyTUX muiactax. [licas uporo npu nepemilieHHi Bo-
THUIIA TOPIHHS Y HAMPSIMKY JTYTTEBOTO MOTOKY HA3yCTpid BUKOHYETHCS BOTHEBA 00-
poOKa KaHaJiB 3 METOI0 PO3IIMPECHHS OypOBUX KaHAIIB JI0 TaKUX PO3MIpIB, K1 J0-
3BOJISIIOTH peajizyBaTH Mpoliec IHTeHCUBHOI rasudikaiii. Exexrpuuna 30iiika cBep/i-
JIOBUH 3MIIMCHIOETHCS PI3HUMH CIIOCOOAMU, HAMPHUKIIAJ, BUCOKOBOJIBTHUM PO3PSIOM
MIX €JIeKTPOJaMH, BCTAHOBJICHUMHU B MPOOYPEHUX Y BYTIJILHOMY IIACTI CBEP/IOBH-
Hax. Lle#l crnoci® BUKOPUCTOBYETHCS 3a KOPJIOHOM. Y Halmi KpaiHi enekTpo30iiika
OCHOBaHA Ha ABUII OCMOCY, IO TO3BOJISIE 3HAYHO TMOJIMIIUTA MPOHUKHICTh BYT1Jb-
HOrO IUIacTa 3a paxyHOK Horo 3HeBoAHEHHs. IIpu Takiil 301i1[l BUKOPUCTOBYETHCS
TEIIOBA 1Sl €IEKTPUYHOIO CTPYMY Ha BYTUIBHHUM IJIACT. Y CYCIJIHI CBEPJIOBHHH, L0
30MBaIOTHCA MIXK COOO0I0, OMYCKAIOTh €JIEKTPOAM, KIHLI SIKUX BXOIATh 0€3110CEPETHBO
y BYTrUIbHMI 1Tu1acT. EneKTpoau HaAliHO 130J0I0Th BiJl KOJIOHU oO0caaHux Tpyo. [lpu
BKJIFOUEHHI eJIeKTPOo/IiB y JaHitor (Hanpyra o 6000 B, notyxHicts 10 1200 xkBT) y
BYTUJIBHOMY IJIACT1 BiI0YBa€ThCS BUAUICHHS MapiB BOJAM 1 MPOAYKTIB CyXOi MEPEroH-
KU BYT1JUISL 3 YTBOPEHHAM KOKcy. Ha auisHI ruiacta Mixk CBEpJIJIOBUHAMU yTBOPIO-
€THCS TPIIIMHYBATHI BUCOKOIIPOHUKHUIN KaHaJ, SIKUWA B 3MO31 MIPOIYCKATH JIOCTATHIO
KUIBKICTh IYTTS 1 ra3y Ta peajizallio npolecy razudikari.

OpHa 3 BaXKJIMBHX IepeBar eJIeKTpo30iiiku — ii 4iTka cupsiMoBaHICTh. [0 ocHO-
BHHMX HEJIOJIKIB CJIiJl BIIHECTH CKJIAJIHICTh 3aCTOCOBYBAHOTO YCTAaTKyBaHHS 1 BUCOKI
BUMOTH TeXHIKH Oe3reku. KpiM Toro, Ha BEIMKUX IITMOMHAX BUHUKAIOTH TPYIHOII 3
130JISIIII€I0  €JIEKTPO/1iB, & OOBOJHEHICTh BYT'UIBHOTO IJIacTa MOBHHHA OyTH HE3HAY-
Hoto (B 1HIoMy Bunanaky KK/ mpouecy 30iiiku nyxe Hu3bkuil). Ha IlimMockoBHIi
CTaHLIi MiJI3eMHOI ra3u@ikailii MBUJIKICTh €JIEKTPUYHOI 301MKU CBEPIJIOBUH CKJIaja
1,8 M/noby npu 3aranpHiid BuTpati enektpoeHeprii 1200 kBT pik/M mpoHUKHOTO Ka-
Hany. Ilpu mpomy enexktposOiiika BigOyBasiacs B 3 — 5 pasiB mBHjIIE, HDK 301HKa
CBep/UIOBUH GIbTpaliitHuM criocoOoM. Ilicias cTBOpeHHsT KaHaliB MPOHUKHOCTI MiXk
CBEpAJIOBUHAMHU O€3M0CcepeaHbO 10 MpoLecy ra3udikaiii ByrulbHOTO IJ1acTa.
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5.7. TexHoJIOTiYHHII KOMILUIEKC CTaHUili miA3eMHOI rasudikanii BYriiis
(II'B)

Cranmis III'B ckiamaeTbcsi 3 HACTYNMHUX MIJ3€MHUX 1 Ha3€MHHUX €JIEMEHTIB:
M1J[36MHOTO Ta30T€HEPATOPa, 1IEXIB — KOMIIPECOPHOT0, ra30reHepaTOPHOro, OUHUIIICH-
HSl I OXOJIO/DKEHHS ra3y, TPaHCIOPTYBaHHs raszy, Oyposoro. [liazemHuii razorenepa-
TOp, SIK CUCTEMa XapaKTEPHU3YEThCA HU3KOK BJIACTMBUX MOMY XIMIYHUX, (PI3UUHHX,
TePMOJMHAMIYHMX 1 IHIIUX BiacTUBOCTEeW. CyKyIHICTh [IUX BJIACTUBOCTEH BH3HAUYa€e
CTaH CHCTEMHM ra3oreHeparopa B pO3IISIHYTiHM Toulll 1 B 3agaHuii yac. CTaH CHUCTEMHU
razoreHeparopa B 3araJlbHOMY BHIJISII MOXe OyTH omucaHO (PyHKIIIOHAJIBHOO 3ajie-
JKHICTIO

= (Mg, kX%, k& k., k&, D,, To, t, ¢, H, Ry, T, h), (5.23)

ne M, — Maca, GopMa Ta reoMeTpUUHi po3Mipu eneMeHTiB cuctemu; k& — di3nuni i

XIMIYHI BJJaCTUBOCTI CJICMEHTIB CUCTEMU; KX, kg P BiAmoBigHO MBUIAKICTS i CTYyIIIHb
XiMIYHOTO TIEpETBOPEHHS eleMeHTiB B cucTeMu; k& — HMIBHAKICTb PyXy €IeMEHTIB
cucrtemu; D, — THCK eneMeHTIB cuctemu; T, — TeMmIeparypa €JIEeMEHTIB CUCTEMH;
t — 4ac Bij moyaTKy mpoiiecy razudikariii; ¢ — KoopAuHaTa pO3TISTHYTOI TOYKH B CHC-
TeMi; H — rauOuHa TOPU30HTY BEIEHHS TIPHUYMX 1 TEOTEXHOJIOTITYHHUX pOOIT;
R, — MIITHICTh BMICHUX IOP1J Ha OJTHOOCKOBHUM CTUCK; T — Yac CTIMKOIO CTaHy He3a-
KPIIUIEHOT MOKPIBIIi; h — HaIip MiA3€MHHUX BOJI.

Bci BennunHy, 110 BU3HAYAIOTh CTAH CUCTEMH, € 3MIHHUMU 1 3ajiexaTh B (i-
3UYHUX 1 XIMIYHUX BJIACTUBOCTEH €JIEMEHTIB, iX Macu, F€OMETPUYHUX PO3MIPIB, TEM-
neparypu, 4acy i riMOMHU po3poOKH, MIITHOCTI Ta CTIMKOCTI MOPiJ 1 KOOpJAUHAT Ja-
HOI TOYKH B IIJJ3€MHOMY ra3oreHeparopi. 3ajeKHO BiJ] MOTY>KHOCTI ra3u(pikoBaHOIO
macTa 1 po3MipiB razoreHeparopa 3anacyd BYTUUISI B HbOMY CTaHOBIATH 150 — 400
THUC. T, 110 3a0e31evy€e MOXKJIMBICTh €KCIUTyaTallii OHOr0 ra3oreneparopa Bij 2 10 5
pokiB. JlocBig pobotu craniii «IligzemMras» mokasye, 10 B PO3BUTKY Taszudikarii
BYTULJISL € JIBI OCHOBHI MEPEIIKOAN: HEJIOCTATHS T€PMETHYHICTh MiA3€MHOTO ra3ore-
HepaTopa 1 oro iHTepdepeHIlis 3 BOJOHOCHUM FOPH30HTOM. Y Pe3yjIbTaTi BUTOPaH-
HSl ByTUUIs 1 30UThIIIEHHS BUTA30BYBAHOI MMOPOKHUHU BiI0YBAETHCSI XaOTUYHE 00Ba-
JIEHHS MTOP1J1 MOKPIBIII, 110 MPU3BOJUTH 10 PO3repMeTu3allii razoreieparopa. Brparu
(BUTOKM) MPOAYKTHUBHOI'O ra3y B IOpax 1 TPIIIMHAX HABKOJMILHIX MOPIJ CTAHOBIATH
20 — 40%. BrnnuB nig3zeMHHX BOJ TaKOK HEraTHMBHO IMO3HAYAETHCS HA pe3yJIbTaTax
excrutyatariii. L{g npo6iiema mosxe OyTH BUpILIEHA 3aKJIaJeHHIM BUPOOJIEHOTO MPOC-
TOPY 1HEPTHUMH MaTepiajiamu, siKi OyayTh miaOydyBaTh MOPOAM MOKPIBIi 1 JO3BO-
JISITh KEPYBaTH MOKPIBJICIO IJIABHUM OITYCKaHHSIM MOPiJ 0€3 pOo3pUBY CYLUIBHOCTI. Y
oUX yMOBax He Oyjae oOBajeHHs MOpiJ MOKPIBAl 1, BIAMOBIAHO, po3repMeTH3allii mi-
J3EMHOI'0 Tra3oreHeparopa 1 3HaYHWX NPUILIMBIB BOJM y rasoreHeparop. Takum yu-
HOM, Ha IMIJICTaBl PO3TJIAHYTOI KOHIIEMIIi MOXHA CTBEPIKYBaTH, 110 (PyHKIIIOHYIO-
Yui MJA3€MHHUI Ta30reHepaTop sBJs€ cO00I0 CKIamHUU 00’ekT. TUIbKHU CYKymHUMN
PO3IIIAl MPOTIKAHHS B Ta30T€HEPATOPl XIMIYHUX, TEPMIYHUX 1 MEXaHIYHUX MPOLIECIB
MIX €JIEMEHTaMU T'a30TeHEePATOPHOTO CePeIOBUIIA 1 BCEPEANHI KOKHOTO 13 HUX PO3-
KPUBAE CYTHICTh MEPETBOPEHb BYTUUIBHOI'O MAacHBY B NPOAYKTHBHHM ra3, a 3HaHHS
3aKOHOMIPHOCTEH CHUIBHOTO MPOTIKAHHA IIUX MPOLECIB J03BOJUTH CTBOPUTH ONTH-
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MaJbHI YMOBHU IS iX yrnpaBiiHHA. OTxe, MiI3€MHI ra30r€HEPATOpH MOBUHHI CTBO-
proBaTuCs i eKCIulyaTyBaTucs Ha 0a3i CHCTEMHOI Teopii, 0 PO3IIIAJAE BCIO CYKYII-
HICTbh MPOIIECIB 1 SBUII, 110 TPOTIKAIOTh B HUX, Y B3AEMHOMY 3B’SI3KY.

Y KOMIIPECOPHOMY I1e€XYy PO3MINIYIOTbCS KOMIPECOPU BHUCOKOTO 1 HU3BKOTO
TUCKIB. KoMIpecopu BUCOKOTO THUCKY CIYTYIOTh JJisl I0J1a4yl B MIJ3€MHHI ra3oreHe-
paTop IyTTs BHCOKOro THCKY (0,5 — 6 MITa, mpoaykrusHicts 5000 — 6000 M’/rox) Ha
dbinpTpaniitHy 301Ky a0o omnpairoBaHHs KaHajiB NMpoHUKHOCTI. Kommpecopu HU3b-
KOro THCKY (TypOONOBITPOYBH1) MOJAIOTh AYTTA B MIA3€MHUI Tra3oreHeparop AJis
peanizanii nponecy rasugikanii. Ix Tuck cknamae 0,2 MIla npu NIpomayKTUBHOCTI
5000 — 60000 m/pik qyTTs. 3 KOMIIPECOPHOTO 11€Xy AYTTEBI MOTOKHU MO BiJIOKpEMIIe-
HUX MOBITPONPOBOaX (BUCOKOTO 1 HU3bKOTO TUCKIB) HAJXOSATh B Ta30T€HEPATOPHUIMA
1ex 1 g mABOAATHCS 10 TEXHOJIOTTYHUX CBEPUIOBUH (puc 5.8).

9 56 5 1

—_— —_— -

Puc. 5.8. Texunonoriyna cxema [liBnenno-A0iHcekuii cradiii [11'B:
—s¢—>+ BOJIa; — — — — TOBITPS Ha 301HKY;
— - — - — MOBITPS Ha Ta3uUKAIUI0; ——— Ta3

[linzemna razudikaris Byriuist BinoyBaeTbes npu Tucky 0,05 — 0,5 Mlla, mig giero
SKOT'0 Ta3 HAJXOAUTh 3 Ta30reHepaTopa Ha MOBEPXHIO B ra30BiJBIAHKHN TpyOorpoBia. Te-
MIeparypa rady Ha BUXo/il 3 cBepAsoBUH craHoBUTH 250 — 300 °C. Pazom 3 razom 3 raso-
reHepaTopa YaCTKOBO BUHOCSTHCS MWUJ, CMOJIA M 1HIII JOMIIIKH, TOMY OTPUMAHUU ra3
OYMUIAIOTH Y CIELIANbHUX araparax — IUKIOHAX, MICIS YOro OXOJOMXKYIOTh Y XOJIO/IU-
JBHUKAX — CKpyOOepax 1m0 Temmeparypu 20 — 30 °C, a moTiM NpoITyCKaloTh Yepe3 eICKT-
POUIETPHU TSI OCTATOYHOTO OYMIIICHHS BiJl qPIOHUX YaCTUHOK Tty 1 cMoiu. [Ticis mo-
BHOT'O LIMKITy OYMILEHHS ra3 HaJAXOAUTh B TPAHCIOPTHUM 1I€X, a MOTIM JI0 CIIoKMBavya abo
111 BJJACHUM THCKOM YH 3a JOITOMOT'OI0 TypOOTa30ayBOK, IIPH BIACTAHSIX 10 CIIOKHBaya
Oubine 5 — 7 KM. YCl TeXHOJIOTIUHI MapaMeTpH (KUIbKICTh 1 TUCK TYTTEBUX MOTOKIB, 1110
CIIPSIMOBYIOTBCSI HA CTBOPEHHS KaHaJIIB MPOHUKHOCTI Ta ra3udikaiii, KOHIEHTpAIlis KHc-
HIO 1 TApH B AYTTi, TUCK MPOAYKTUBHOIO T'a3y B TPyOOIPOBO/IaX) pEECTPYIOTHCA HA MPH-
Aafax y UEHTPAIbHOMY JMCIIETYEPCHKOMY MyHKTI CTaHIIi, SIKUi J03BOJIsIE OE3MepepBHO
CTeXUTHU 32 POOOTOI0 TEXHOJIOTIYHOro KomIiuiekey craHuii «llim3emras». bypoBuii mex
NpU3HAYEHUI 17151 OypIHHS TEXHOJIOTIYHUX 1 KOHTPOJIbHUX CBEPUIOBHH.
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5.8. TexHo10Ti4YHI CXeMH KOreHepauii TeNmJIOHOCIIB

CporoJiHi y BCbOMYy CBITI BEJIMKA yBara IMpUIUISETHCS MPOLEcaM KO-reHeparii,
mo 3abe3neuye KOMOIHOBaHE (CHIJIbHE) BUPOOHUUTBO EJIEKTPUYHOI, MEXAHIYHOI 1
TEIJIOBOI €HEPrii BiJl OJHOTO JpKepesia MajvBa (Hanpukial, Byrijuisl, Ma3yTy, IpUpoO-
JTHOTO Ta3y TOLIO) 1 CTBOPEHHS Ha iX 0a3l CUCTEM aKyMyJIOBaHHS eHeprii. Sk Takuii
€HEProHOCI MPONOHYETHCS BUKOPUCTOBYBATH IITYYHUN TEHEPATOPHUN Tra3, SKHUM
YTBOPIOETHCS B MpOIIECi MiI3eMHOI razudikaiii kam’sHuX 1 Oypux BYTUIBHUX ILIac-
TiB. Y HalioHalbHOMY TIpHHYOMY YHIBEPCHUTETI PO3poOJieHI MPUHIMIIOBO HOB1 M
€KOHOMIYHO €()eKTHUBHI TEXHOJIOT1YHI CXEMH Ta30-NMapoTypOiHHOT KOMOIHOBAHOI CHUC-
TEMU Ha €IMHOMY €HEProHOCIi — Tasi, 0 OTPUMYETHCS Ha OCHOBI CBEPIJIOBUHHOI
nigzemuoi razudikamii Byruwis (CIII'B), BimpHO-mopmHeBux arperatiB (BITA) Tta
akymyJssatopiB temioi eneprii (ATE) (puc. 5.9).

3acTocyBaHHs 0€3B1IXOHOT TEXHOJIOT1T 3a0€3MeUnTh HE TUIBKA MAaKCUMAaJlbHE
BUKOPUCTAaHHSI CUPOBUHU 1 MMAJIMBA, ajleé ¥ MIHIMaJIbHI BUKUAW B HABKOJIUIIHE CEpe-
JIOBHINIE, a OT)Ke, HalMEHI 30ypeHHS B €KOJIOTiuHMX cucteMax. Ko-reHepariitae
BUPOOHUIITBO CKJIAJAETHCA 3 TPHOX TEXHOJOTTYHUX IMKJIIB OTPUMAaHHS €HEprii, 1110,
B3a€MHO JOMOBHIOIOUN OJHMH OJTHOTO, CIIPUSIOTH TIOBHOMY BUKOPHCTAHHIO €HEprope-
cypciB. EHepro0ionoriunuil MUK Mpaioe Ha TEIUIOTI CKUJIHUX BOJ KOMOIHOBaHO1
razonapoTypOiHHoi enekrpocTaniii. Buxiguuii enepronociii (ra3 CIII'B) B kom0iHO-
BaHIi €HEProcUCTEMi BUXOJUTh I'€OTEXHOJOTTYHUM METOJIOM PO3POOKH BYTLIBHUX
POJOBHII 13 3aCTOCYBAaHHSM CBEPUIOBUHU ITi/13eMHOI razudikartii (puc 5.10).

Cytaicts CIII'B monsirae B OypiHHI CBEPATOBUH (MOXWIMX a00 BEPTUKAIBHO-
TOPU30HTAIBHUX ), PO3MAIIOBAHHS BYTUIHHOTO IUIACTA 1 OTPUMAaHHI MITYYHOTO TeHe-
patopHoro razy. ['pyma BITA BukopuctoBye ra3 CIII'B nns renepariii enexrpoenep-
rii (abo Teruoeneprii). Biaxigui 3 TypOiH ra3u HagXOIATh B KOTIU — YTHIII3aTOPH 3
BUPOOJICHHS MMapH, SKUW MPU3HAYECHUH JIJIS1 TAPOBOJISTHOI CHCTEMH BUPOOHHUIITBA €J1e-
KTpOEHeprii. 3alUIIKOBE TEIUIO BIAX1IHHUX ra3iB MOBTOPHO YTUII3YETHCS B JBOX TEM-
JIOBUX aKyMyJISITOpax: B aBTOHOMHOMY IMIKOBOMY KOHTYp1 3 BHPOOJICHHS €IEeKTpoe-
HEPrii 1 B MiI3eMHOMY aKyMYJISITOP1 3 YTWJIi3alii Tersa s noTped TerionocTayaH-
Hs1. BOynoBani B cBepanioBunax CIII'B maporenepatopu yTHIi3yHOTh TEILIO BIIX1A-
HUX Ta3iB, a mapa, M0 YTBOPIOETHCA TYT, HAMPABISETHCS B MAPOBOASHUMN LUK KOM-
O1HOBaHOI €JEKTPOCTAHIIII 1 YACTKOBO y MIA3eMHHI akymyJsitop. [lpu oMy ekoHo-
MuThcs 6:113bKk0 30% ManuBa B MOPIBHSHHI 3 BUPOOJEHHAM €JIEKTPOCHEPrii Ha Ter-
noBux enekTpoctaniiax. CIIA — e cyyacHi BUCOKONPOJIYKTUBHI arperaTH, BUITYC-
KalOThCsl B YKpaiHi 1 MalOTh HACTYIHI MEepeBaru MOPIBHIHO 3 TOMEPETHIMUA CTAPUMH
TEXHIYHUMH 3ac00aMM: BIJICYTHICTh KPUBOIIUITHO-IIATYHHOTO MEXaHi3My 1 3aco0iB
KJIAMIaHHOTO PO3MOJIUICHHS; HAsBHICTh 3MIHHOI aBTOMATHKH, IO PETYJIO€ CTYIIHb
CTUCHEHHS; 3JaTHICTh IpaIlOBaTH Ha OyAb-SKHX Ta30MOMIOHMX 1 PIIKUX BHIAX Ta-
nuBa; B 2 — 2,5 pa3u MEHIIy MUTOMY Macy (He MOTpeOyIOTh MOTYKHUX (PyHIaMEH-
Tax) 1 B 4 — 5 pa3iB OUIbLINI MOTOPECYPCOM.
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Puc. 5.9. Cxema koMOiHOBaHO1 Tra30mapoTypOIHHOT EHEPreTUYHOI CUCTeMH Ha 0asi
CIIT'B i cuctem akymymtoBaHHS: a — ra30napoTypOiHHa YCTaHOBKA; O — aBTOHOMHUM
MIKOBHM KOHTYP; B — MI3EMHUN aKyMYJISITOP TETUIOBOI eHeprii; 1 — enekTporenepa-

topu; 2 —rpyna BIIA; 3 —ra3 CIII'B; 4 — koren-ytunizarop; 5 — naporneperpisay;
6 — BUIIApHUK; 7 — EKOHOMai3€ep; 8 — BUX1/l ra3iB y TEIUIOBI aKyMYJIATOPH; 9 — 3Miii0-

BHK BUTIAPHUKA HU3HKOTO TUCKY KOTIa-yTUiIi3aTopa; 10 — cekirisi BUCOKOTO TUCKY
KoTJia-yTuii3zaropa; 11 — termonociit Bij 3miioBuka 9 i cekuii 10; 12 — temionocii

10 3mioBuka 9 1 cekuii; 10, 13 — neaeparopu (pe3epByapu >KMBUIbHOI BOJN); 14 —
napa 3 CBepAJIOBUHHOTO MaporeHeparopa; 15 — mapotyp6inna rpyna; 16 — koHaeHca-
top; 17a (170) — TermIIO0OMIHHUKH MPOMIDKHOT'O TETUIOHOCIS; 18 — Hacoc MPOMI>XKHOTO

TeryioHocis; 19 — reroBuii akymyssitop; 20 — mkoBa JIBOKackaaHa TypOiHa;
21 — nupKkyaAmiHUN Hacoc; 22 — BX1J1 TeIUIOHOCIA (Ta3iB 3 eKOHOMan3epa 1 mapu 3
CBEPJIJIOBUHHOTO MaporeHepa); 23 — Terioi30siis; 24 — BUX1J] TEIIOHOCIS;

25 — TBepAUii aKyMYJTIOI0UNA MaTepiai; 26 — TOpU30HTaIbHI TEIJIOB1 KaHAT!
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Puc. 5.10. IlpunnumnoBa cxema CBEpAJIOBUHH MiI3eMHOI ra3udikaiiii ByribHUX TJ1ac-
TiB: 1 — BYriJIbHUH IJIACT; 2 — HArHITAJILHI CBEPIJIOBUHHM; 3 — Ta30B1JIBiIHA CBEPIJIO-
BHHA, 4 — IEPECYBHI 3anajibHI IPUCTPOI; 5 — HATHITAIBHUIA TPyOOTIpOBia; 6 — ra3oBi-
ABIAHUMA TpyOOMpoBia; 7 — TEII00OMIHHUK-yTHIII3aTOD; 8 — BOTHEBHIA BUOii; 9 — BU-
pobGnenuii mpocTip; 10 — OroJ0BKH BEPTUKATBHO-TOPU3OHTAIBHUX CBEPJIOBUH;
11 — moBepxHs 3emitl

Buxsnonni rasu Big BITA Haaxonsate B KoTen-yTwiizatop (auB. puc. 5.9, a), B
SKOMY HarpiBaroThcs Bojia 1 ap jno tremmnepatypu 300 — 400 K. Napsiai BignpaisoBa-
H1 ra3u BIIA 3 ka3aHOM-yTHJI13aTOPOM 1 TAPOTYPOIHHOIO T'PYIO0 BUKOPHUCTOBYIOTh-
csi Ui JOJAaTKOBOTO BUPOOHHMITBA ejeKTpoeHeprii. Taka xoMOiHamis 3abesreduye
Bucokuii KKJ[ — 6mm3eko 50%. Y koTim BiiOMpaeThcs YaCTHHA TETUIOBOI €HEeprii, 110
MICTUTBCS B Ta3ax 1 MepefacTbCsl B MAPOBOASHUMN IIUKII MEPII HiX ra3u OyayTh BH-
MyIIEHI B TEIJIOBI aKyMmyJsTopu. KoTen-yTumizaTop CKIaAaeTbes 3 TPbOX TEII000-
MIHHUX CeKliil. Bojga BUCOKOTro THUCKY (AMB. puc. 5.9) HaAXOIUTh Yepe3 TEIUIuH Ki-
HEelb KOTJIA B EKOHOMAaM3ep, /1€ NIAIrpIBAEThCS Maibke O TeMIlepaTypy HACUYECHHS 1
NEPETBOPIOETHCS MOTIM Yy 3MIHOBUKY BUIIapHUKa B napy. Hacuuena napa nani Harpi-
BA€ThCS B IMApOHArpiBayl 1 HAAXOIUTh B MApOTypOiHHY rpyiy. BoHa po3muproeThes B
JIOTIATEBUX pAJAX, TEIUIOBA €HEPris MEepPeTBOPIOEThCS B MexaHIuHy. [lapoBi TypOiHu
3’€JIHaHl 3 TE€HEpaTOpaMu, sIKi BUPOOJIAIOTh €JNEKTPUUHUNA CTpyM. BiampainboBanwuii
nap 3 TypOiH HaAXOAUTHh y KOHAEHCATOP 1 MEPETBOPIOETHCSA Y BOJY IUIIXOM BiJiBe-
JICHHS IPUXOBAHOI TEIUIOTU Y€pe3 CUCTEMY OXOJIoKeHHs. KoHeHcaT HarpaBiseThb-
csl B IeaepaTop KUBUIIHLHOI BOIH, /1€ BiIOyBaeThes 11 ountienns Big rasziB CO0, 1 0, 3a
JOIMIOMOIOK0 MIAIrpIBy Mapor0 3 KoTia-yTuaizaropa. KortenbHa copuiiMae Takox
00’€MH1 KOJIMBaHHS MMApOBOASIHOrO LUKIy. Boja 3anuiae neaepaTop uepes )KHUBUIIb-
H1 HACOCH, 5IK1 TOAAI0Th BOMY ITiJl TUCKOM Y KOTEJI-yTUJIi3aTOp.
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3aJIMIIKOBE TEIUIO YTUJII30BAHMX I'a31B MOBTOPHO YTHIII3Y€ETHCS B aKyMYJISTOP1
ABTOHOMHOT'O IMIKOBOIO KOHTYPY 3 BHPOOKHM €JIEKTPOEHEpPril IBOKACKaJHOIO TypOi-
HOIO 1 B MJI3EMHOMY akymyJisiTopi (puc. 5.9 06, B). AkyMmynsaTopu (Hakommu4uyBadi eHe-
prii) sSBISIIOTH CO00I0 COpyaAu abo MPUCTPOI, IO 3a0e3MeUy0Th 000OPOTHI MPOIECH
HarpoMajpKeHHsl, 30epiraHHs 1 BUpOOKH TEIJIOBOi €HEPrii BIAMOBIIHO JO BUMOT CIO-
xuBaya. CucremMa TEIUIOBOIO aKyMYJIIOBAaHHS 3 MPOMDKHUM TEIJIOHOCIEM (HaIpu-
KJ1aJ, TEXHIYHUM MAaCJIOM) JO3BOJISIE 30UIBIIUTH MOTYKHICTH KOMOIHOBAHOTO €JIEKT-
pocTaHilii B mikoBomMy pexkumi Ha 60%. 3aps TEII0BOro akyMyJisiTopa MmiKoBOro Ko-
HTYpY NPOBOAUTHCS BiAnpanboBanumu razamu [IBA. I'pitoun rasu 3 KoT/ia — yTHIi-
3aTopa HaMNpaBISAIOTh B 3apsAIHUN TErIo0OMiHHUK 17 a (muB. puc. 5.9, 6) i HarpiBa-
IOTh MacJio, 110 3HAXOJUTHCS B TEIIOBOMY akymyisTopHi 19. Ilpu pospsaui Temo-
BOTO aKyMyJIsITOpa rapside Maclio 3HaXOAWTHCS B TEIUIOOOMIHHHMKY 17 O TIKOBOTO
KOHTYpY. Enexkrpoeneprist BupoOnsieThCsi 1BOKackaaHoo Typoinoto 20. Jlana cucre-
Ma aKyMYJIIOBaHHS TEIJIOBO1 €HEPrii JO3BOJISE€ MPAIOBATH €JIEKTPOCTAHIIISIM B MIKO-
BOMY pe&xuMi npoTsaroM 3 — 5 roz. TemnoBuil akymyJsiTop, 3apsAKEHUI B Meploj
MIHIMAJIbHOI MOTpeOU B €HEPrii 1 pO3psKAEThCA NPU MaKCUMaJIbHIN, 3a0e3reuye
poOoTy OUIBIIICTh O0JAAHAHHS €JIEKTPOCTAHIli B 0a30BOMY peXHUMI, 10 CYTTEBO IIi-
JIBUIIY€E HOTO HAIAHICTD 1 €()EKTUBHICTb.

[Timzemunii akymynsatop temioBoi eHeprii (ITATE) takox siBisse co6010 aBTO-
HOMHUI KOHTYD 3 TBEPJIOI0 HEPYXOMOIO aKyMYJIIOI0YOI0 MaTtepiero. SIko akyMmyItoro-
4y MaTPHUIIIO 3aCTOCOBYIOThH Pi3HI Marepiaiiu: meliHb, IIaMOT, YaByH, MarHesiT, rpa-
¢it, micok Ta iH. Taki [TATE npoexTyroTscs 3 MiHIMAIBHUM T1IPaBIIYHUM OIOPOM,
10 JI03BOJISIE BUKOPUCTOBYBATH HPUHLMII BIIbHO-KOHBEKTUBHOIrO mnepeHocy. Ilpu
3apsAIl rapsuuil ras, mapa (Boja) nogatotecsa B [IATE 1 HarpiBae akymynsTOpHHIA
matepiasn. Taki akymyJnaTopH, SIK TPaBUIO, BUKOPUCTOBYIOTHCS ISl HAKOTTHMYCHHS
teruia. Po3psanka [IATE ce3onna (Hampukian, B3UMKY) Ui TOTPeO TEIUIONOCTayaH-
Hi. Taka cucrema Ko-reHeparlii eHeprii 3HH)KY€ BapTICTh, €JIEKTPO- 1 TEIUIOEHEPrii
10 BiJITyCKA€ETHCSA, 32 HU3KOIO (akTopiB. Jl0 HUX BiIHOCATHCS: 3HIKCHHSI KaIliTalb-
HUX BUTPAT BHACIIJOK BIAMOBH Bij OYIIBHUIITBA CIICHIAIbHUX TPAJAUIIIHHUX MTIKOBUX
€HEeproOJIOKIB; MIJBUILEHHS 3aBAHTAKEHHSA OOJaJHAHHS, BUPOOJIEHHS €IEKTPUUYHOL
Ta TETUIOBOi €Heprii 3 OLIbII JICIIeBOro MajuBa 1 3 OUIbIIOW e(PEeKTUBHICTIO, BIIMOBA
BiJl TPQAMIIIHHUX BUIIB MajvBa (ByTiUIsl, IPUPOJAHUI ra3, Ma3yT Ta iH.) 3aBISKH Ma-
HEBPEHUM IIKOBUM KOHTYpaM.

CrepayioBUHHUH Tpoliec mia3eMHoi razudikariii Byruuis € 1me OJHHUM JDKepe-
JIOM YTBOPEHHS €HEepTii, TaK K He BCA (Pi3nyHA TEIUIOTA BIAXITHUX Ta3iB MEPETBOPIO-
€THCS B CBEPAJIOBUHHUX IMAPOTEHEpATOpax. 3HAYHUMN TMOTEHIall TETUIOBOI €Heprii
(300 — 600°C) moxxe OyTu TpaHCPOPMOBAHUI HA MOBEPXHI B CIEHIATBHUX CYYaCHUX
TEIJIOYTHITI3aTopax Ha TeIIoBuX TpyoOax 2. Lle mo3Boiise HaMIHHO (TEPMETHYHO) PO-
3IUIATA 30HU OOMIHHUX CEpEJOBUIL, NMOKpAIlyBaTH €KCILTyaTaliiiHl XapaKTepucCTH-
KU, OCKIJIbKM OUMIIICHHS OOMIHHUX MOBEPXOHb HE CTAHOBUTH TPYAHOIILIIB, 10 BAXKJIHU-
BO IIpY NPONyCKaHHI 11e He ouyuiieHoro razy CIII'B. Ilicis 3akiHueHHs mporecy ra-
3udikaiii Byriuisi B Hagpax 3emili B KOHTYpPl BUIa30BaHOIrO MiJ36MHOTO MPOCTOPY
YTBOPIOETHCS MOTYKHUM TEIJIOBUI KoTell. Y 0OBaJIeHUX rapsyux nopoaax micis ra-
sudikaiii crBoproerhesi Bucokuit noreniian (800 — 1000°C) TenoBoi eHeprii, sika
PAKTUYHO BTpadaeTbes 0e3rmoBopoTHO. [1o boMy B KO-reHepalliiiHiii eHepreTHYHiMi
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cucremi Ha 6a3i CIII'B mepenbaueHo akymyJiOBaHHS TEIUIOBOI €HEPrii B rapsyux
0o0BaJIeHUX MOPOJAX MUISAXOM HATrHITAHHS TEIJIOHOCIIB MO 3aKOHCEPBOBAHUX (KOIH-
IIHIX eKCIUTyaTalliHuX) CBEpAJIOBUHAX. XOJIOHUN TEIUIOHOCIH (ITOBITPS, BOJIA, 1HE-
pPTHUI Ta3 Ta 1H.) IPOXOIUTH Uepe3 00BaJIEHI rapsyl Nopoau, HarpiBaeTbes (Boja re-
PETBOPIOETHCS B MAPY) 1 aKyMYJIIOETHCS B TOPOKHUHI KOJUIIHBOTO MIA3EMHOI0 ra3o-
reHepaTopa. HarnitaibHi BiiKa4yHi CBEPAJIOBUHU MOXXYTh OyTH TUMYAcOBO 3arepMme-
THU30BaHI, TEIJIOTa TPUBAJIMI 4Yac OyJie 3aKOHCEPBOBAHA 1 BUKOPUCTOBYBATUMETHCS
HEOJIHOPA30BO CE30HHO.

TakuM yMHOM, aKyMyJbOBaHa TEIUIOBA €HEPIris Y BIANPAIbOBAHOMY ITi/I3€M-
HOMY Ta30reHepaTopi 3yMOBIIIOE BUCOKY 1HTEHCHBHICTb BHKOPHCTAHHS BTPAdYCHOTO
Teruia Hajapax 3emMil mpoTsAroM TpuBaioro nepiogy (1o 10 — 12 pokiB) 1 HM3bKI €KcC-
TUTyaTalliifHi BUTPATH HA pereHepairito Terotu. [Ipu poOoTi koMOIiHOBaHOI eHepro-
CUCTEMHM 3HAYHA YaCTHMHA TEIUIOBOI €HEprii BIABOAUTHCS 3 BOJOK B HABKOJIMILHIN
IPOCTIp y BUTIAAI CKUAHOTO Teria. OCHOBHOIO MPHUUYMHOIO, IO CTPUMYE BHKOPHC-
TaHHS TEIUIOBUX BIAXOAIB HA ICHYIOUMX €JEKTPOCTAHIISX, € iX BIJHOCHO HHU3BKHM
temriepaTypuuid norexuian (16 —21°C 3umoro 1 25 —45°C Britky). s oxonomxeH-
HSl CKHJIHUX BOJI TEIUIOBMX €HEPreTHYHUX 00 €KTiB moTyxHicTio 0,5 — 1 MuH KBT
HEOOX1THUI CTaBOK-0XOJO/KyBay 3 Tuioiero a3epkaia Boau 400 — 700 ra; npu 1s0-
My KiIbKiCTh BOJIH, IO i/ HA BHIIAPOBYBaHHS, csirae 20 — 25 MIH M° Ha K.

3HaYHUN €KOHOMIYHUN e(DEeKT MOoKe OyTH OTPUMaHMM MPU BUKOPUCTAHHI TEM-
JIOTH CKUJHUX BOJ KOMOIHOBAHOI €JIeKTPOCTAHIIT B €HEPro010I0rIYHOMY KOMILJIEKC]
(EBK). lo cxnagy EBK M0XyTh BXOAWTH TaKi CTPYKTYpPHI JIaHKH: OJIOK BIIKPUTOTO
00IrpiBy TIPYyHTY, PHOOroCromapChbKuii 010K, OJIOK MIKpoOiOJoTidHOI mepepoOKH,
yTHII3aMil BIiAXOAiB Ta 010J0T19HOI Memopallii BOJOMM-0X0JI0/KyBadiB. biok Biak-
pPUTOTO OOIrpiBY I'PYHTY BKIIIOYAE TEIJIOTIIPOMENIOPATIBHY CHUCTEMY — HiATPYHTOBI
rpaaupHi. BoHa ckiagaerbes 3 6araTopsiiHUX MOJIIETUIEHOBUX TPYOOIIPOBOIIB, MOK-
JaICHUX Yy TPYHT, 1 HACOCHOI CTaHIII1, [0 TI0JIa€ Y CHCTEMY TEIUTy CKUAHY BOay. TyT
CTBOPIOIOTHCS CHPHUSATIMBI YMOBHU [IJII PO3BUTKY KOPEHEBOI CHCTEMHU 1 OJHOYACHO
B110yBa€eThCs oxoJiokeHHs Boau Ha 10 — 13°C. 3a paxyHOK 00irpiBy IpyHTY €MOX-
JMBUM: OTPHMATH HE MEHIIIE JIBOX YPOKaiB Ha PiK CiIBCHKOTOCIIOAAPCHKOT TMPOIYK-
1ii; CKOPOTUTHU CHOKMBAHHS BOJM HA TEXHIYHI NOTPEOH 3a paXyHOK 3MEHILEHHS a0o
BUKJIFOUECHHS BUIIAPOBYBAHHS); MOJIIMIIKATH €KOJIOT14HI MOKa3HUKH 00’ €KTa Ta €KOJIO-
TYHy CHUTYAIlil0 B PETi10HI; BAKOPUCTOBYBATH CKUHI TEIUIl BOJM B TPAIUIIMHUX Me-
TOAaX BUPOIIYBaHHs OBOYIB. [3 3apyOi>kHOTO JOCBINY BiOMO, 110 HA TIOMIAX 3 ITiJIT-
PYHTOBHMH TPAIMPHSIMHU YPOKaWHICTh KYKYPY/I3U Ha 3€JIeHY Macy MiJBUIILY€E€ThCS Ha
54%, TomatiB — 29%, oripkiB — 97%, kaptomm — 46%. Puborocnomapcbkuii 010K
CKJIQJIAETHCS 3 TTOBHOCHCTEMHOTO 3aBOJY 3 CaJOBUM TOCIOAAPCTBOM. biok MikpooOi-
OJIOT1YHOI TepepoOKHU, yTHIII3aIlli BIAXOAIB Ta 610J0T14HOT Memiopallii npu3HauYeHUu
JUTSL BIAXOMIB PHOHMX Xa3sSHUCTB Ta POCIUHHUIITBA. biiok GiosoriuHoi Memopartii Bo-
JTOMMH-0XOJIOKyBada CIyTye NIl BCEJICHHS B HHOTO POCIMHOITHUX 1 JETPITOSTHUX
pu6. Y EBK Bigxoaun ogHOro 0JI0Ky CIyrylOTh CHPOBHMHOIO JUISl IHILOT'O, BHACIIJOK
4yoro Oaratorajiy3eBe BUPOOHHIITBO CTa€ MaJOBIIXOJAHUM (B i7easi 0e3B1AXOJHUM),
AK1 MPALOI0Th 32 OJIHOI0 pecypco30epiratouoi eKOJOryHO YMCTO TeXHoIorie. [o
€HEeprooO10JOrYHOTO KOMIUIEKCY MOXYTh OyTH BKJIIOYEHI Taki BUPOOHUUTBA, K 3H-
MOBI 1 IUTIBKOB1 TEILTULLI.
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TakuM 4MHOM, KO-T€HepaulliHI CUCTEMH BUPOOHMUTBAa €HEProHOCIiB Ha 0a3l
CIII'B, cucteM akyMyJIOBaHHS Ta €HEProOioNOridyHOI mepepoOKH MaroTh HACTYIIHI
nepeBaru. 3acCTOCyBaHHS €JJMHOTO JKepelia MajiuBa MiABUILY€E €(heKTUBHICTh FeHEpY-
BaHHS €HEPropecypcis, 3ade3neuye 0e3nepepBHICTb, MAIOONEPAIiiHICTh, €HEPIrO- Ta
pecypco30epeKeHHs, MOKpaIlly€e eKoJIOrYHy 00CTaHOBKY B perioHi. [loxinHoro mep-
BUHHOTO €HEProHOCIS € BOJISHA Tapa, 0 HaWOUIbINe MIIXOAWTh Ui HarpiBaHHS,
BOJIOJII€ BJIACTUBICTIO, MOCTIMHICTIO TEMIEpAaTypy NpPH KOHACHCAIlli, BEIUKOI IPH-
XOBaHOIO TEIUIOTOIO MAPOTBOPEHHS, 3pDYUHUHN VISl TPAHCIIOPTYBAHHS 110 TPYOOIPOBO-
nax 0e3 mepekadyyBaJIbHUX MPUCTPOIB HU3BKOT BapTICTIO. SIK MPOMIXKHI TEIJIOHOCIT
3aCTOCOBYIOTHh BUCOKOTEMIIEpATYpHI HAKOMUYYyBadl €HEPTii, K1 BOJOIFOTh HU3bKOIO
TEMIIEPaTypOIO MJIABJICHHS 1 BUCOKOIO TOYKOIO KUIIIHHSA (710 I€KIIBKOX COTE€Hb Ipay-
ciB). /lo HUX BIAHOCATHCS MiHEpaJIbHI Macja, KpeMHIHOPraHivyHi CIIONYKH, PO3TLIaB-
neHi Metanu 1 comi. 1li Termonocii 103BOJISIOTH MPAIIOBATH MpHU aTMOCc(hepHOMY THC-
KYy.

VYV kKOoMOIHOBaHI €HEProcUcTeMi MIMPOKO BUKOPUCTOBYIOTHCS BTOPUHHI €HEp-
ropecypcu: XiMidHa eHeprisi FTeHEpaTOPHOro ra3y; Woro (i3uyHa TEemioTa B CBEPAJIO-
BUHHUX IaporeHepaTopax 1 TepMOCU(GOHHUX TEIIOOOMIHHMKAX; BIANPALbOBAHOI 1
BTOPMHHOI TapH; Taps4oi BOAW B HAKOMWYYBAIBHMX aKyMyJSITOpax; TEILIOTa Bij
0XO0JIO/DKYIOUMX MPUCTPOIB y €HEPro0ioIoriuHoMy KomIuiekci. [1pu ko-renepartiiinii
CUCTEMI 3HIKYETHCS BUTpATa BYTULIS 32 paXyHOK MOro MOBHOT'O BUTOPSIHHS B IPO-
neci CIIT'B 1 3MeHIyeThCs KITBKICTh BUKHJIIB B HABKOJIMIITHE CEPEIOBUIIEC OKCHUJIIB
BYTJICIIO, CIPKH, a30Ty, a TAKOX Caxl, 30J1H, IIJIaKIB Y MOPIBHSAHHI 3 TPATUIIHHUMU
NAJTMBHO-CHEPTETUYHUMH KOMIUIEKCAMHU. 3HAYHO CKOPOYYETHCA IMKOJA JOBKIIIIO,
TEPUTOPIN MiJ BiABAJIAMH IIAXT, PO3pi3iB, 30arauyBaibHUX (PaOpUK, TEIUIOBUX EJIEK-
TPOCTAHIIIH 1 TPAHCTIOPTHUX TIEPEBE3ECHb.

BrnpoBakeHHST KOTJIIB-yTHIII3aTOPIB 1 TEIJIOOOMIHHHKIB Ha TEIJIOBUX TpyOax
(mBodhazHUX TepMOCH(OHAX) SIK MMOBEPXOHb HATPIBY € OJHUM 3 MEPCIEKTUBHUX Ha-
OpsMiB yJIOCKOHaNIEHHSI eHeprocucteM. Lle o0ymMOBIEHO BHCOKOIO €(PEKTHUBHICTIO
MPOIIECIB TEIUIOOOMIHY B HUX, MOXJIMBICTIO TJIMOOKOI yTHIIi3allii BIIXITHUX Ta3iB,
MaJMMH Macoro 1 rabapuTaMu, MPOCTOTOK KOHCTPYKIi Ta TEXHOJIOT1i BUTOTOBJICHHS,
3pYUHICTIO eKCIUTyaTallii. BctaHOBIEHO, IO SKIO ra30TeHepaTOpHi MiJMPHEMCTBA 3
BUPOOHUIITBA ByruibHOrO Ta3y 31 CIII'B nmoobnagnatu KoTiaMu-yTUIIi3aTOpaMu, Ta-
POBUMH TypOiHAMHU 3 €JIEKTPOTeHEpaTOpaMH 1 aKyMyJIATOpaMU €HEeprii, TO TUIbKH Ha
OJIHOMY CBEPJIJIOBUHHOMY Ta30TreHepaTopi MO)kKe OyTH J0JIaTKOBO OTpMMaHo 28,2
MBT enexktpuunoi eHeprii. [IpydoMy TepmiH OKYMHOCTI KamiTaJOBKJIAJIEHb CTaHO-
BUTh 3 — 3,5 pokiB. lle 3a0e3neunTs HaMKpalie BUKOPUCTAHHS €HEPrii ByruUIs Mpu
oTpuManHi renepatopHoro razy merogom CIII'B. KommiekcHe BUKOpUCTaHHS KOM-
6inoBanux TEC cnpuse ekoHOMIT TpaJAMIITHUX BUIB MAJIMBA Ta JIKBIAy€E MpodieMu
B MepeKaxX eHEepProcroXKUBaHHS.

5.9. IlepeBaru, Hex0J1ikM Ta nepcneKTUBU po3BuTKYy I1I'B

['a3 III'B sik eHepreTHYHE MajIrBO MEPEBEPIIYE 32 TEIUIOTEXHIYHUMH SKOCTSIMH
oynp-ske Byriuis, KKJI razosoro manuea Ha 20 — 30% Bume, Hixk KK/ TBepmoro. o
nepeBar mija3eMHoil razudikamii mopsa 3a JIKBIJAIIE€0 MiA3EMHOI Mpalll Ta MOJiM-
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IICHHSAM €KOJOTIYHUX YMOB BUKOPHCTAHHS MaJMBa MOXKHA BIJIHECTH HACTYIHI: CKO-
POUYEHHS TEPMIHIB 1 BUTPAT Ha KamiTaJbHe OyAIBHUUTBO TPHUYUX MIANPUEMCTB (Ha
IPOEKTYBaHHs 1 OyAIBHUUTBO WaxTH iae 8 — 12 pokiB, Ha cTtBopeHHs cranuii [II'Y —
B 2 —3 pa3u MeHIlIe, METAIOEMHICTb, KaliTaJOMICTKICTh 1 TPYJOMICTKICTh TaKOX Y
2 — 3 pa3u HUXK4e); 30UIbIICHHS MPOAYKTUBHOCTI Mmpali B 4 — 5 pa3iB; 3HKEHHS CO-
01BapTOCTI KIHIIEBOI MPOAYKIN 1 TPYJOBUX BUTPAT HAa BaHTAKHO-TPAHCIIOPTYBAJIbHI
pob6otu. Kpim Toro, mpu po3po0Oiii ByriibHUX poaoBuil cnocooom I1I'B He nmopymny-
€THCS POJIOUMM IIAp TPYHTY, HEMA€ HEOOXITHOCTI Y BUIJICHHI BEJIUKUX TLIONI IS
PO3MIIIICHHS MyCTUX TOPiJ, PeKyJbTHBALII] 3eMellb. ByTriibHI pecypcu MoKHaA BUKO-
PUCTOBYBATH OUIBII TIOBHO Y 3B’SI3KY 3 3AJIyYCHHSIM JI0 BIIPAIFOBAHHS HEKOHIUITI -
HUX 1 3a0anancoBux 3amnaciB Byriuid. [Ipouecu I1I'B Ta BukopucranHs razy MOXYTb
OyTH aBTOMAaTH30BaHI 1 IMJIAIOTHCS TUCTAHIIIHMHOMY KEpYBaHHIO.

Ho wvenomikis [II'B cnig BigHECTH TpyaHOILUI y 3A1HCHEHHI KOHTPOJIIO 32 MPO-
necoM rasudikamii. OcigaHHS MOBEPXHI, KA 1HOMAl MPU3BOAUTH JO MPOPUBY Tazy
BHACIIJIOK pyWHYBaHHS TpyOOINpPOBOAIB Ta 00JiaJHAHHS, BCTAHOBJICHHX HAa 3€MHIil
noBepxHi. [ligzemMHa razudikaiis Moxe NOPYIIUTH BOJIOHOCHI TOPU30HTH 1 CIIPUYH-
HUTH 3a0pyIHEHHS IpyHTOBUX BOJ. [I0TpiOHO TakoK BiA3HAYMTH, 11O IPOTYKTUBHHMA
ra3 3 MOPiBHSHO HU3bKOIO MUTOMOIO TEIUIOTOIO 3TOPSHHS TPAHCIIOPTYBAaTH HA BEIUKI
BIJICTaH1 HEPEHTAOCIHbHO, TOOTO CIIOXKMBAyil ra3y MOBUHHI 3HAXOAUTHUCS MOOJIN3Y Bif
Micisl oro BupoOHuITBa (25 — 30 kM). 3 MOPIBHSAHHS MEpeBar 1 HeIOMIKIB CIIij, 110
JUIsl 6araThbOX PETiOHIB HAIO1 KpaiHM Mmij3eMHa ra3udikallisi Ma€ 3HauyHI MMEePCIIeKTH-
BU. 32 pOKH CBOTO po3BUTKY TexHomoris [1I'B npoiinuia kingpka eramis, 1110 BU3HAYH-
7M1 pO3BUTOK y JBOX HANpPsIMKAax: y 3aCTOCYBAaHHI IMIAXTHUX 1 OECIIaXTHUX (CBEP/I-
noBUHHUX) cnioco0iB rasudikanii. Ha mepmux cranmisx [II'B (Jlucuuanceka, I'op-
niBcbka, KpyroBebka, [llaxtunceka, cranmig [II'B y Kys6aci) migzemni razorenepa-
TOPU OKOHTYPIOBAIKCS TIPHUYUMHU BHUPOOKAMU, a poO3Maj IUIACTIB 31HCHIOBABCSA y
BOTHEBUX IITpeKkax. ['a3udikaliis mpoBoauiIacs TOTOKOBUM METOJIOM IIPHU HArHITalb-
HIM cXeMl Io/adl HNOBITPSIHOrO ab0 MapoNOBITPSIHOIO AYTTA B PEaKUIMHUN KaHai 1
Oyrna opi€eHTOBaHA Ha OTPUMAaHHS TOPIOYMX Ta3iB, sIK MajuBa IS MPOMHUCIOBHUX 1 IMO-
OyTOBUX IIIJICH.

Axanemik B.B. PxeBchkuit y 1983 p. 3anponoHyBaB MIaXTHUM METO]T IMiJI3€M-
Horo crnamtoBanHs Byruuis (IICB). Meroa npusHadeHui Jisi BAPOOHUIITBA €KOJIOT'-
YHO YHUCTOTO ra3onoAiOHOr0 TEMIOHOCIS, BUKOPUCTOBYBAHOTO MOTIM JIJIsl OTPUMAHHS
rapsiaoi BOJIM, Mapu Ta €IEKTPUYHOI eHeprii. Y 1bOMY BUIAAKY IM1I36MHOMY CHAIO-
BaHHS ITIJIAIOTHCS BYTUIBHI IIJTMKH, [0 3QJIMIICH] B IAXTl 3 TEXHOJOTTYHUX Ta €KO-
HOMIYHHMX MIPKyBaHb, a TaKOX HEKOHJMIIIMHI 3amacu. KpiM BHKOpHUCTaHHS CTapux
BUPOOOK, TIepe10avacThCsl TAKOK HAJIaHHS OUIBII IMHUPOKUX 3 MOBEPXHI JBOX a00 Oi-
JBIIOL KIJTBKOCTI CBEPUIOBHH giameTpoM 1 — 1,5 M ang mojgadi moBIiTPs B OCEPEIOK
TOpIHHA 1 BUJA4l OPOAYKTUBHOrO rasy. IIpu npomMy KUIBKICTh IOJABaHOrO MOBITPS,
Mae B 2 — 3 pa3u (3aJI€KHO BiJl BMICTY BYTJICITIO) TIEPEBUIIYBATH TEOPETUIHO HEOO-
XiJ{HE JUIsl cadtoBaHHA BYruUis. HaaxomkeHHs OBITPS B OCEPE/IOK TOpiHHSA BiAOYy-
BA€THCA 33 PaXyHOK PO3BUTKY JEMPECli BUTSKHUX BEHTUIIATOPIB a0 JUMOCOCIB. 3a-
BISIKM LIbOMY 3a0€3MeUy€eThCSl CIPSMOBAHICTh PYXY Ta30MOBITPSHUX MOTOKIB y Ii-
JN3€MHHI TEIJIOra3oreHepaTop, BOHU 3an00iraloTb BUTOKY IMOBITPS, IO MOJAETHCS B
TipHUY1 BUPOOKU HA MOBEPXHIO.
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VY TemorazoreHeparopl mpouec MPOTIKAE B peXUMI ropiHHA. MakcumaiabHa
KUIBKICTh (DI3MYHOI TEIUIOTH JOCITAE€ThCS IPU KOHUEHTPALll KUCHIO Ha BUXO/I1 3 BOT-
HeBoro ka"aiy He Oubiie 8 — 10%. JoOyTtuii ra3z 3 Temneparypoto 150 — 600°C na
NOBEPXHI HAJIXOJUTh B KOTEN-yTUIII3aTOP, Aaji B OaTapeiHMUil [IUKJIOH 1 3a AOMOMO-
ror JAUMOCOCa Yepe3 AUMOBY TpyOy BUKHAAEThCS B arMocdepy. Harpita B KoTIII-
yTuiizatopi Boja 3 temmneparyporo Big 70 mo 110°C gepe3 3mintyBajgbHy YCTaHOBKY
NEPEeNaeThCA B CUCTEMY TEIUIONOCTaYaHHS.

Texnomnoris I[ICB Bunpobysana B [lon6aci (maxta Ne I «I"octpuit» BO «Ceni-
JTOBBYT1UIS»), Y MiAMOCKOBHOMY Oacetini (mraxta «Kupeescbkoro» Ne 3 BO «Tyii-
noByriusi») 1 B Kysbaci (mmaxra «Cypraixa» BO «KucineByrimisy»). Pesynsratu Bu-
npoOyBaHb MO3UTHBHI, pOOOTH 3 MOAAIBIIOTO BAOCKOHaNeHHs TexHouorii [ICB Tpu-
BaIOTh.

besmaxtHa (cBepayioBuHHA) TexHouoris 1ICB, mo oTpuMana B Hamniil KpaiHi,
HEMOIIMPEHA B MPOMUCIOBUX MaciiTadax, 1HTEHCHBHO PO3BUBAETHCS 1 BU3HAHA
IPIOPUTETHUM HAYKOBO-TEXHIYHMM HAIPSMOM Yy BYTUIbHIN npomucioBocTi. [liiBu-
meHHs e(heKTUBHOCTI Oe3maxTHoro cnoco0y I1I'B HaMivaeThCcst JOCATTH 32 PaXyHOK:
30UTbLIEHHS MUTOMOI TEIJIOTH 3rOPSHHS Ta3y HUIAXOM MI00py ONTUMAIbHOTO CKJia-
Iy IyTTS; 3HMODKEHHS BTpaT BYruwis, ra3y 1 30ubmenHs KK/ razudikanii; cTBopeHHs
Ta BIPOBAKEHHSI aBTOMAaTUYHOTO JUCTAHIIHHOTO KEPYBAHHS MPOLIeCOM razudikaiii
Ta CUCTEMHU KOHTPOJIIO SIK CaMOTO MPOLIECY, TaK 1 yNpPaBIliHHS MOKPIBJICIO, T€pPMETH-
3aiii MaacTa, MOBHOTH MOTO BIAMPAILIOBAHHS TOLIO; BIANpPAIIOBAaHHS MPOIECIB OCY-
IICHHS TUJIACTa, a TAKOX BUTATY CYMYTHIX MPOJYKTIB 1 BUKopuctanus razy [1I'B mis
OTpUMaHHs MOTOPHOTO MAJUBA.

Crae peanpbaum 3xaivicaenss [1I'B na rmu6uni 600 — 1200 M. Y 11boMy BHITAKy
nporec razudikaiii Moxe BigOyBatucs npu Tucky 2 — 3 Mlla, 60 Ha Takiif riuOuHi
BUKJIFOYAETHCS T1APABIIYHANA PO3PUB BEPXHBOI TOBIII MOPIL 1 JerepMeTizauis Iiji3e-
MHOTr0 razoreneparopa. [Ipu poOOTi 3 TAKUM THCKOM Ha MAPOKUCHEBE AYTTS CUPHI
ra3 MOHa OTPHMATH 3 TEIIOTO0 3ropsiHHs 8800 — 10000 kJIx/M’, a OUHIIEHHIA Hic-
s cynriHHs Ta BigmMuBaHHs Big CO, — 12570 — 14665 KI[)K/M3. Cno)xuBaHHS KUCHIO B
nporueci razudikarii MOMITHO 3HUXKYETbCS, TaK SIK KOE(IIEHT Nepexoay TEIJIOTH 3
BYTII/Is Ha ra3 3a paxyHOK | M Maiike IOJBOIOEThCS B MOPIBHSHHI 3 YMOBAMH HPH
atMochepHoMy THCKY. Jly’ke 3HauH1 €KOJIOT14YH1 HACIIKH M1A3eMHO1 ra3udikariii mi
THUCKOM, SIK€ IIOBUHHO MEPEBUIYBAaTH THUCK CTOBIA MiA3€MHUX BOA. Y ra3oreHeparopi
MPOIIECH MPOTIKAIOTh B IITYYHO CTBOPEHIN MOPOKHUHI, OOMEXKEHIN 3epKajoM Ii-
J3eMHHX BOJI. BUTOKH Ta3y mpakTHYHO BiJICYTHI, HEMa€ 1 Mirparii 3a Mexi Mopox-
HUHU PIJIKUX TPOIYKTIB mepepoOku Byruuisi. OCHOBHUI MPOAYKT (Ta3) 1 CymyTHI pi-
JIK1 IPOJTYKTH BUTSTYIOTHCS TUIBKU Y€pe3 ra30B1IBICHI CBEPAJIOBUHHU.

5.10. Ilpukagni 3aga4i 10 riaaBm S

Po3paxyHok napametpiB nmpouecy migzeMHoi razudikauii Byrijuis

CytHicTe Metony migzemHoi rasudikaiii Byruuis (III'B) nonsdrae B mpoieci
NEPETBOPEHHS BYTULIS Ha MICIl MO0 3ajsraHHsi B roprouuii raz. OCHOBHUMU CTai-
svu [1I'B €: OypinHs 3 MOBEpXHI 3eMJIl Ha BYTUIBHUM IJIACT CBEP/IJIOBUH; 3’ €IHAHHS
IIUX CBEPJIJIOBMH KaHaJIaMH, 110 MPOXOJATh y BYT1JILHOMY IUIACTi; 3alajlOBaHHs BY-
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TSI, HATHITAaHHSL B OJIHI CBEP/JIOBUH MOBITPSIHOTO YK MAPOKUCHEBOIO JTYTTS; OJIEp-
YKAHHS 3 IHIIUX CBEPJIOBUH BYT'UIBHOIO ra3sy.

Texnosoris mixzemMHol rasugikanii moJorux BYriibHUX IuIacTiB. HoBuit
METOJI MiA3eMHO1 razudikaiii Byruuis po3pobieHo B JlepkaBHOMY BUIIOMY HaBYa-
abHOMY 3akiaai «HamioHanbHUN FIpHUYMNA YHIBEPCUTET» AJIS MOJIOrOro MOTYKHOTO
miacta CHHENBHIKOBCBKOTO OYpOBYTUIBHOTO pOJOBUINA (TOTYXKHICTh ILIacTa
4 — 10 M, mopoau MOKPIBJII CKJIaJICH] 3 MiCYaHO-IEBPOJIITO-TJIMHUCTUX BiJIKJIa/ICHb,
MIJOIIBYA — TICKH KBapIeBiOpiOHO- 1 CEpeHbO3EPHUCTI 3 MPOIIAPKAMHU BYTJIIMCTUX
IJIMH 1 BTOPUHHUX KaOJiHIB, MAlOTh IMOKPIBJIIO 1 MIJIOMIBY BOJIOHOCHOTO TOPU30HTY).
3 orisiy Ha BENMKY MOTYXHICTh BYTUIBHOTO TUIAcTa, HAMOUTBIT €(EeKTUBHUM 1 Ha-
JTIAHUM € TTOpAIOK razudikariii 6J0KaMu 31 CMyTraMu 10 TaAIHHIO YU TMPOCTATAHHIO 32
TEXHOJIOTIYHOIO CXEMOIO 13 CYIIJILHOIO CUCTEMOIO BUTa30ByBaHHs (puc. 5.11).
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Puc. 5.11. Cxema razudikaiiii ByruibHOTO IjlacTa OJHUM OJIOKOM 3 CYLIJIbHOIO CX€-
MOIO BiJlpamoBaHHs: 1 — AyTTs; 2 —ra3; 3 — OpieHTOBHA HarHiTajibHa CBEPAJIOBUHA;
4 — opieHTOBHA B1JIBIIHA CBEPJIJIOBUHA; 5 — MIA3€MHI CMYTH (Ta30r€HEPATOPH);

6 — BorueBi BU0O1; 7 — 30Ha razudikaiii; 8 — BUpoOIeHUN NPOCTIP; 9 — BYT1IbHUM
wiacT; 10 — MicLe BXOKEHHS TOXUJI01 YACTUHU OPIEHTOBHUX CBEPAJIOBUH Y BYT1Ib-
HUW TU1aCT

CyTtHicTh MeTOAY BeAeHHS ra3udikaiiii 0ypoByTriIbHOTO IJIACTa OTHUM OJIOKOM
13 IIECTU CMYT MoJjsirae B HacTynHoMmy. [1o camiil HYXKHIN Mayill M1ArOTOBICHOTO IS
razugikanii 6JIOKy BYT1IJIbHOTO Ijacta 9 OypsTh 3 HOBEPXHI OPIEHTOBAHI CBEPAJIOBU-
Hu 3, 4 giametrpom 260 — 400 MM, siKi B 30H1 ITyCTUX MOPIJ MOKPIBI1 00CaKYIOThCS,
B MOXWJIIM YacTUHI MeTaneBUMH TpyOamu, 110 diHii 10. ['opuzoHTanbHa yacTuHA CBe-
PAJIOBUHH, 1110 MPOBEJEHA M0 BYTULIIO, HE 00CaKy€EThCs, B 3B SI3KY 3 BEJIHMKOIO I'yC-
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TUHOIO Oyporo Byruuigs CHHEJIbHIKOBCHKOTO POJIOBMIIA 1 HASBHICTIO LMJIIHAPUYHOI
dopmMu CBEpIIIOBHHH, SIKa MOKE 30epiratucs B HEMOPYIIEHOMY CTaH1 TPUBAJHil 1ie-
pioa (mpu HEOOXIAHOCTI CTIHKM CBEPIJIOBMHU MOXHA 3aKPINUTH CHELIATbHUM TJIU-
HUCTHM PO3YHHOM). JliaMeTp CBEpIOBUH Y KO)KHOMY KOHKPETHOMY BHUIAJIKy BU3HA-
Ya€ThCsl MPOSKTOM, BUXO/SIUM 3 BUMOT 3a0€3MeYeHHs 3a]]aHO0i MPOAYKTUBHOCTI CTaH-
i [1I'B. Po3ramryBanHs 1iux CBEpUIOBHMH Ha MOBEPXHI 3eMJIi TOBUHHE OyTH po3pa-
XOBaHe TakK, o0 X rOpU30HTANIbHI YaCTUHU BIJCTOSUIM OfHA BiJ ofHoi Ha 30 — 40 m.
JloBxkuHa 010Ky, 110 BianpamnboByeThess — 450 — 500 M, mupuna — 180 — 360 m.

[Tponec razudikarrii mmacra BeaeTbCs y Takuil croci6. JlyTra 1 momaeThes 1o
HArHITAIBHUX CBEPJIOBHHAX 3, a Ta3, 0 YTBOPIOETHCS, 110 JIiHII BOTHEBOT'O BUOOIO 6
HAJXOAUTH Yepe3 30HY razudikaiii 7 Ha MOBEPXHIO Yepe3 Ta30Bl BIABIAHI CBEPAJIO-
BuHu 4. Jnsa 3a0e3mnedeHHs PIBHOMIPHOCTI BUTAa30BYBaHHSI BYTUIHHOTO IjacTa Ha
BCii TOBXKMHI BOTHEBUX BHOOIB ra3oreHepaTopa poOyiaTh peBEPCUBHI MEPEKIIOUCHHS
nojayi AyTTs 1 BIIBOAY rasy, ToOTO, HarHiTaJbHa CBEpAJIOBUHA | cTae ra30BOBIABII-
HOIO, a Ta30Bi/IBiJHA 2 — HATrHITAIbHOI. Taki MEPEeKITIOUCHHS Yepe3 BU3HAUYEHI MPO-
MIKKH 4acy MPOBAJATHCA CUCTEMATUYHO MPOTITOM YChOrO Mpolecy razudikaiii,
NOKM He OyJle BUra30BaHUM BECh OJOK BYTUIBHOIO IJIacTa JO BEPXHBOI MEX1 HOro
po3poOku 10. 3anoBHEHHS! BUPOOJIEHOTO MPOCTOPY 8 MOXKE BUKOHYBATHCh MUIIOIO-
JTIOHUM 3aKJIaIHUM MaTeplajoMm, 10 MOJAEThCA OAHOYACHO 3 AYTTSM MO HarHiTalb-
HIA CBEPJIOBHHI MPOTATOM yChOTO mepiony rasudikariiii. s ocymenHs 60Ky Bif
M1JI36MHUX BOJ OPTaHi3yeThCs BOJOBLIJIUB Yepe3 CIeiaibHl JPEeHAXHI OPI€EHTOBAHI
CBEpJIOBMHU, TPOOYPEHI B HAIBYT1IBHIHN 1 ABYTUIbHIN TOBII T1PCHKUX MOPIJ.

Hogsuii meton I1I'B no3Bossie BecTu mpoiiec rasudikarii Byrumis HE TITBKH B
OKpeMmiii cMy3i, ajie  0JHOYaCHO B IIecTH cMyrax. HaBenena cuctema BOTHEBUX PO-
01T € mpocToro, 1oOpe 3abe3reuye CTIHKICTh 1 KEPOBaHICTh Ta30T€HEPATOPHOIO MPO-
LECY Ha MOTYKHUX BYTUIbHUX IUIacTax. ['a30yTBOpeHHs B1AOYyBaeTbCs B KaHaml 7 3a
PaxyHOK XIMIYHOI B3a€MOJI1 BUIBHOI'O 1 3B’SI3aHOI0 KMCHIO 3 BYIVIELIEM 1 TEPMIYHUM
pPO3KIIaaHHsAM BYTuULIsA. Buxig, ckiaja 1 TemioTa 3rOpsSHHS OJEpkKAHOro rasy 3aje-
KaTh B/ CKJIaJy MOJAaBaHOTO B CBEPJIOBUHY MYTTs, MapKH BYTLIA 1 HOTO CKiIany,
reoJIOTIYHUX YMOB 3aJIsiraHHs IJ1acTa, Horo mNoTy»’HocCTi 1 0y/10BU. TeopeTuyHo BCTa-
HOBIICHO, IO TEIUIOTa 3TOPSHHSA Ta3y, OJIEP’KyBAaHOTO HAa MOBITPSHOMY AYTTi, HE Tie-
pesumye 4,4 MLx/v’. Tlpu migzemuiii razudikaiii Byriuisi OCHOBHEM [apaMeTpoM
IpoIieCy € IHTEHCUBHICTh Ipollecy rasudikaiili. Po3paxyHok BeleThCs B HACTYITHIM
[IOCJIIIOBHOCTI.

3amacu 0JI0Ky, IO BUMMAIOTHCS

Zg, =L-H-m-y, (5.24)

ne L — noBxrHa TOPU30HTAIBHOI YaCTHHH OPIEHTOBHUX CBEPJIOBUH, M; H — mupuna
onoky rasudikanii, m (H =1-n, ne | — mmpuna crosna (mosocu) razudikaiii, Mm;
1 — KUTBKICTBh CTOBMIB (cMyT) rasudikaiii, M # = 6; m — NOTYXHICTb BYT1IHHOTO IJIa-
cTa, M; y — 00’ €MHa Maca BYT1JLIA, /™ (y=1,7 T/M3).

[IBuAKICTH BUTOPAHHS CTOBIIA 32 100y (M/100Y)

Ueep = Uy - 24, (5.25)
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ne U, — niHiiiHa mBUAKICT ra3udikallii ByrijbHOI CTIHKM BOTHEBOTO BUOOIO, M/TO/I.;
(U.=0,01-0,1).
Yac razudikariii 0JHOro CTOBIIA
1

te=1- (5.26)

Ctpok ciy0u TIpy MOCIIII0BHIHM Ta3udikariiii CTOBITIB

Ts =t. n. (5.27)

Teopernunuit muromuii 06’€M Cyxoro moBiTps, TOOTO 6€3 mapu BOIH, IO TO-
Ja€Thes B OJIOK CHIAFOBAHHS JIJIsl TIOBHOTO 3TOPSIHHS BYT1/UIS

0o _ 70.001Qf+251 W/ 3
Ve =a i ioe , HM° /KT, (5.28)

ne Qf — HWK4Ya TeroTa 3ropsiHHs podouoi macu Byruuis, Jlx/kr; W] — Bosoricts
poOoyoi Macu Byruuisi, %; a’ — HociiAHUA KoedILIeHT, M0 3aJeXKUTh Bl MapKu BY-
TSI, MPUUMAEThCA B Aiana3oHi 3Hayenb a’ = 1,08 — 1,11.
HIBHAKICTH ByTUIBHOTO IJIACTA, IO BUTA30BY€ETHCS
_ v
"~ 0.56~19m(0.702—0.6597)°

T/Top, (5.29)

o . e 3 . .
7€ U — aOCOJIFOTHUI BOJONIPUIUIMB y 30HY ra3udikaiiii, M /ToI; M — MOTYXHICTh BYTi-
JTHHOTO TUTACTa, M.

Buznauaemo koediieHT HAAJIUIIKY TOBITPS

o = (1 _ (21—x’)0’2) ) ( 21 ), (5.30)

2100 21-0',+0,5C0’+0,5H," +1,5H,S"+2CH, +3C,H,'

ne x’ — nociaiaHui KoedimieHT, OOyMOBJIEHUM 3aI€KHO B1J TUITY BYT1/UIS B Jiara3oHi

3HaueHp 18,2 — 19,9; 0', — BmicT y cyxomy rasi III'B mo 06’emy 0,, %; CO’ — BMmicT

y cyxomy rasi III'B o 06’emy CO, %, CH,' — BmicT y cyxomy rasi I[II'B mo 06’ emy

CH,4, %; H,” — BmicT y cyxomy rasi III'B no 06’ emy Hs, %; C,H,' — BMmicT y cyxomy

ra3i [1I'B o o6’ emy C,H,, %; H,S’ — BMicT y cyxomy raszi [1I'B o 06’ emy H,S, %.
TeopeTudHi BUTPATH BT/ Ha ofepkaHHs 1 M rasy

_ 12-).C;
9y = Sacor (5.31)

ne Y, C. — cyma BYTJICIIEBHX CKJIaJJOBHX KOMITOHEHTIB B Ta3i B 00’ €MHHUX BiJICOTKaX.
2. C. = %CO + %CO, + % CH,, (5.32)

e ). CByr — BMICT BYTJICIIIO B MaJIUBI.
Buxin ra3y 3 1 Kr Byruuis ckiiajgae
1
qr = —. (5.33)
dy

KoeditienT, o BpaxoBye BUTOKH ra3y B MiJJ3€MHOMY ra3oreHeparopi
Uy
Ky =1-—5 (5.34)

ne U, — BuTOKU rasy, %.
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PeanpHuii Buxig cyxoro rasy I1I'B 3 Byruuis, mo rasugikyerbces

V' = VS (a + 0,01 —x' —0,21) - K, um’/kr. (5.35)
OT1xe, 32 100y YTBOPIOETHCS Ta3zy
Qf =24 (Ver +1-m-U.-q. 7). (5.36)
Ximiyauit KK/ mporecy razudikarii
n = dele (5.37)
Q

. 3
ne Qo — TeroTa 3ropsiHHs ra3y razudikamii, Hx/m .
PiyHa npoxyKTUBHICTH NIAMPUEMCTBA IMiI3eMHOI ra3udikamii 3 OZHIM 0JI0KOM

QII‘)=24 365 nyy (Vp +1-m-Up-q; 7)), (5.38)

1€ Ny, — KUIBKICTB 3MiH, (N, = 3).
[Ipuknaz pimieHHs qUBUCH 104aTOK E.

KouTpoJbHi 3anuTtanus

1. SIxa CyTHICTh METOly MiA3eMHOI Ta3udikaiii Byriuis?

2. Po3kpuiite etanu mig3eMHoi razudikaiiii, CynmpoBOKYOYl X XIMIYHUMHU
peaKIisaMu.

3. SIki BUM TeHEepaTOpPHHUX ra3iB yTBOPIOIOTHCS MPHU MiA3EMHIN razudikaiii
3aJI€KHO BIJl BULY TYTTEBOT'O TTOTOKY?

4. Y 94oMy CYTHICTh PO3KPHUTTS Ta MiJTOTOBKH TUTACTA A0 MiA3eMHOI ra3udi-
Karii? 300pa3iTh Ha €CK131 CXEMH PO3KPUTTS BYTJIBHUX IUIACTIB CBEPAJIOBUHAMH.

5. Slki icHy1OTh cmocoOu (inbTpamiiiHoi 301K CBEPAJIOBUH 1 PO3KPHITE
CYTHICTb KOKHOTO 3 HUX?

6. Sk 3a1icHIOETHCS 301iKa CBEPAIOBUH METOOM T1IpaBiIIYHOTO PO3PUBY?

7. HaBeniTh TE€XHOJOT110 301KHU CBEPIIOBUH OYPIHHAM 1 €JIeKTPO301HKH.

8. 3 SIKUX €JIEMEHTIB CKJIAMacThCI TEXHOJOTIYHMUI KOMIUIEKC CTaHII ITia3e-
MHOI razudikaiii? Slke npu3HaueHHS KOXKHOTO 3 IIMX €JIEMEHTIB Ta iX XapaKTepuc-
TUKH?

9. IlepeBaru Ta HEAOJIKH METOAY MiA3eMHOI ra3udikailii Byriuis, nepcrek-
TUBMU 11 pO3BUTKY.
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6. BUIOBYBAHHA YPAHY

6.1. CyTHicTh npouecy Bu100yBaHHSI YPaHY

VYpan 1 cynyTH1 oMy enemeHTH (MOONIEH, peHId, CelieH, BaHaii, CKaH/IiH,
1TpiH, AESIKI TAaHTAHOIAM ) BUIIYTOBYIOThCS cipyaHokuciotauM (H,S0, — cipuaHa Kuc-
nota) a6o, piame B CHJL 1 gactime B CHIA, 6ikapbonatHuM (OikapOOHAT aMOHIIO
ab0 HATPIIO 3 OKUCIIOBAYEM — MEPEKUCOM BOJIHIO) crioco0aMu. Y KUCIOTHOMY cepe-
JOBUIIII 3 «ITyCTUX» BMICHUX IOP1J NOMYTHO BUMHUBAIOTHCS B PO3YMH AJIFOMIHIN, Ka-
JIBIIA, MarHii, Mapradelp, HIKeIb, KOOAIbT, 3ali30, pocdop, UHK, Mijlb, YACTKOBO
CBMHEIb, HI001¥, Oepwtii, kKaaMmii (Mpu 3HIKEHH1 Ty )KHOTO Oap’epy — 10 pH = 6), a
TaKOX BaHAJli|, 1H]IIA, XPOM, Tajii, TOpii, CTPOHIIIH, Oapiii, padiil (Ipu 3HUKEHHI J10
pH = 1). IIpu 6ikapOOHATHOMY BWJIYTOBYBaHHI B110yBa€ThCS JIMILIE HE3HAYHE BUMMU-
BaHHS CBHHIIIO, Mifi, Kaamito, Oepuiito. [HTeHCUBHICTH O1KapOOHATHOTO BHIIYTOBY-
BaHHS, HANpPUKIAI, ypaHy B 1,5 —3 pa3u HmK4Ye CIpYAaHOKHUCIIOTHOTO, aje € OLIbII
€KOJIOTIYHO YUCTUM CIIOCOOOM 1 BUKOPUCTOBYEThHCA JIMIIE HA KApOOHATHUX pyAax.

Biacrane MK psgamMu cBepIOBUH KoauBaeThes Bi 10 o 50 M 3ayiexxHO, TO-
JIOBHUM YHUHOM, BiJl IPOHMKHOCTI PyAOBMICHHMX Mopia. OCHOBHI NPUPOJIHI YMOBH:
IIMPUHA PYIHUX MOKIAAIB 1 ITMOMHA 1X 3asTaHHs BiJl IOBEPXHI; MOTYXHICTh PY/I0-
BMICHUX IUIACTIB; KoedilieHTH (PinbTpallii pyJHUX MOKJIAIIB 1 MIJACTUIBHUX TMOPIi;
MopdoIIoTis pyJHUX MOKIA/IIB, CKIaA Py 1 MOPiA; TUI POIYHHOIIIHOMY; BiTHOIICH-
HSl KUTBKOCTI BiJIKQUyBaJIbHUX CBEPJUIOBHH JIO 3aKauyBaJIbHUX B EKCILTyaTaIliiHOMY
6so11i. 3a3BUYail 3aKavyBaJibHI CBEPAJIOBUHU CHIOPYKYIOTH O€3HAMIPHUMU 3 MPUHO-
MHCTOCTBIO 2 — 5 M’/100y, @ BiJIKAYHOrO — BUCOKOHAMIpHUMH 3 ae6iToM 10 10 — 15
M/106y, TOMy Ga’aHO Ha OJHY BiJKauyBalbHy CBEP/UIOBUHY MATH JBi-TpH 3aKauy-
BaJIbHI.

6.2. BuzdHayeHHsI OCHOBHUX NapaMeTpiB BUJI00YBaHHS ypPaHY

[linzemMHe BMIIYyrOBYBaHHS Ha POJOBUILNAX MIITHUX PYJI 3aCTOCOBYETHCS T'OJIOB-
HUM YMHOM Y TO€HAHHI 31 3BUYaHUMHM T1PHUYUMHU TIOPOJaMHU BIJIBOJIIB 1 Mo3abasa-
HCOBUX JUISTHOK Y MOMEHT OCHOBHHUX TIpHMUYUX POOIT Ta MPHU JOOTPAIFOBAHHI POJIO-
BuIll. € JIMIIE YaCTKOBI MPUKIIAJIA CAMOCTIHHOTO 3aCTOCYBAHHS IMiI3€MHOTO BUIIYTO-
ByBanHa ([IB) nns BiampaitoBaHHS pOJIOBHUIN y IIOMY. 3aCTOCYBaHHS TiApoTepMa-
JBHUX POJIOBUII 3BUYANHOI CHCTEMH PO3KPHUTTS Ta MATOTOBKH PYJAHUX TOKIAJIB
00yMOBIIIO€ OTpUMaHHS €()EKTUBHOCTI JIUIIE HAa CTaJAll Hapi3aHHs 1 MIATOTOBKHU OJI0-
KIB, KOJIM OUIbIlIA YaCTUHA PYAM 3aJMILAETHCA Ha Micll 0e3 ii BUJayl Ha MOBEPXHIO.
VY 1ockoHalIeHHs MPU LbOMY TEXHOJIOTIT MIATOTOBKH PYAHUX T Ipu 0€30J10KOBOMY
BUIMaHHI, ONITUMI3allid NapaMeTpiB 1 TEXHOJOri OypoIiIpuBHUX poOIT, 3a0e3nedeH-
HSl BUCOKOT'O CTYNEHs MOJAPIOHEHHS pyJA Ta ONTHUMAaJIbHOI (DUIBTPALiiHOT Y BIIOUTHX
pyliax T03BOJISIE JOCITaTh BUIyYeHHs ypaHy Ha piBHI 70 — 75%, a 3acTocyBaHHS IO-
BTOPHUX MIAPUBHUX POOIT MiaBHIINYE BUTAT 10 90 — 92%, 1110 y BIMOBIIHUX YMOBax
ctaBuTh [IB Ha onHy CTymiHb 13 3BUYAHHUMHU TIPHUYUMU POOOTaMH, a B OKPEMUX
BUIAAKAX 1 HAa OLIBIII BUCOKHUIA.

[Tpu Bukopucransi [1B, mo 3abe3nedye MOXKIMBICTH BiIpaIifoBaHHS O1THUX
a00 HEBEJIMKUX PYJAHHX TUI, pECYpPCH ypaHy MOXYTh OyTH 3Ha4HO 30UIbIIEHI. 3a Ja-
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Humu MinicrepctBa eHepretuku CIHIA, pecypcu ypaHoBOi pyau 3 BapTICTIO BUPOO-
HuutBa 33 npos/kr (Bmict UzOg = 0,05%) 30u1bmatbes HA 9 MIH.T (BMICT ypaHy B
pyaax, OpUAaTHUX JJISI PO3POOKHU BIAKPUTHUM 1 MiI3EMHHUM CIIOCOOaMU MOBUHEH OyTH
0,12 1 0,22% BignoBigHO), MO BapTocTi BUpoOHMITBAa 66 nom./kr U;0g — Ha
56,3 MIIH.T (IpH TOMY K BMICTI ypaHy B pyAl); IpH TPAOULIHHUX crioco0ax BUAOOYT-
Ky BMICT ypaHy B pyJAax Iii€l BapTicHOi kaTeropii moBuneHn Oytu He Hipk4e (0,08%.
[TouarkoBi KamiTanbH1 BUTpaTH Ha koMiuiekc 1B (ekcruryataniiiHuii OJ0K 1 yCTaHOB-
Ky Ul TEepepoOKH PO3UMHIB) MOTYXHICTIO 225 T U30g/piK, BKIIOUYAKOYH BapPTICTh
JOCIITHOT Ta MPOMUCIOBOT YCTAaHOBOK, MOXYTh KoJUBaTHCs BiA 8 10 16 MiH.7od.
YucenbHicth niepconany 60— 100 4oi., ToW 4Yac sIK HA TPAaULIMHOMY TipHHYO-
meTanypriitHomy komriekci — 300 — 500 gog.

Po6ounm arentom IIB cayrye, sik mpaBumiio, CIPKOKHCIOTHHUN PO3YHH, IO
CTBOPIOE YMOBH TEPEXO0/ly YpaHOBUX MiHEpaliB y po3uuH. Takuii mepexin mocsira-
€TbCSl TIpHU 3HMWXKEHHI pH 1o 1,6 — 2,5, cTBOpEHHI BUCOKOI'O MO3UTHUBHOIO OKHUCHO-
BIJIHOBHOT'O TMOTEHI[Ialy, YTBOPEHHIO PYXJUBUX CyibhaTHUX HopM ypany, hopmy-
BaHHI NMPUPOJIHUX OKUCHIOBAYiB pyl. 3actocyBaHHs Metony [IB cyTTeBo mokpairye
€KOHOMIYHI, COIliaJbHI Ta €KOJOT14YHI YMOBH BIANpAIOBaHHS POJOBUII BHACIIIOK
BIJIMOBM BijJ OyIIBHHUIITBA IIaXT a00 Kap’ €piB, COPY/KEHHs 30arauyBajibHUX (hald-
pPUK Ta CKJIAayBaHHS BIIXOJIB BHAOOYTKY 1 mepepoOku pya. [Ipu 1mpomy BakIuBY
poJIb Bizirpae 30epexeHHs1 OUIBIIOT YaCTUHU TiAPOPECYPCiB B pailoHi pomosuill. Ba-
JKIJIMBOIO COLIIANIbHOIO TiepeBaroro merony [IB € qokopinHa 3mMiHa yMOB, Xapakrepy i
IIPOJIYKTUBHOCTI Tpalli, MOKJIMBICTh TTOBHOI MeXaHi3aIlli Ta aBToMaTu3aIlli BU100yB-
HOIO IpPOLECY, palloHaJbHE BUKOPUCTaHHA MOBepxH1 1 Haap. TexHosoris 1B Bu-
KJIt04a€e poOOTy NEPCOHANY B TIPHUYMX BUPOOKAX, MPH IITYYHINA BEHTHIISLIT Ta OCBI-
TJIEHH1, HE BUMAarae Ba)KKOi Py4YHOI Mpalll, MIJBUILY€E MPOJAYKTHUBHICTh IpaLll OJHOIO
npaitorouoro B 1,6 — 1,7 pa3u B MOpiBHSAHHI 3 Kap’ €PHUMH PO3POOKOIO 1 OUTBII HIXK B
2 pa3u IpH MIaXTHOMY BUIOOYTKY PY/I.

Cucrema BignpamwoBanns npu [IB — e cyKkynHICTh MEPEXi TEXHOJOTTUHUX
CBEPJIJIOBUH, PEXKUMY IMOJIa4l 1 BUTYYSHHSI PO3YMHIB 1 KOHIIEHTpaIlli peareHty. [Ipo-
MUCJIOBE BIAMNPALIOBAHHS POJIOBUIIA MOYNHAETHCS 3 PO3KPUTTS POJIOBHUIIA CBEPJIO-
BHHaMU a00 CBEpAJIOBUHAMHU B MOEJHAHHI 3 TIPHUYUMH BHpoOKkaMu. CiTKa TEXHOJIO-
TYHUX CBEPJIOBUH, 3aJI€KHO Bl (PI3UKO-XIMIYHUX BJIACTUBOCTEH TMOPIJ 1 MOTYKHO-
CTl IPOJYKTUBHOT'O TOPU30HTY, 3MIHIOETHCS B 10x10 mo 15%x50 m (mepre — Bijac-
TaHb MK CBEPJUIOBUHAMM B PsiTy, APYre — BIICTaHb MK psAgamMu). SIk mpaBuiio, Bijc-
TaHb MK CBEpIJIOBUHAMH B PALY MOpPIBHSAHA 3 €(EKTHBHOIO MOTYXKHICTIO IUIACTA.
[TapameTpu 6710KiB 200 HIUTBHICTH CBEPAJIOBUH y CKEIbHOMY MAacHBI BH3HAYaIOThCS
IHTEHCUBHICTIO 30araueHHsl ypaHOM PO34MHIB Ipu (puibTpauii no pyai. s akTuBHOi
CTaJll BIANPALIOBAaHHS €KOHOMIYHO OOI'PYHTOBAaHA KOHLEHTpaIisl 3MIHIOEThCS Big 60
10 90 mr/n. Ilpu cepenniii moty>kHocTi wiacta (70 20 M), CKIIaJeHOr0 BUTPUMAHUMU
3a CKJIaJIOM 1 BIJHOCHO 1HEPTHUMHU CHJIIKATHUMH MOPOJAMU 1 pyJaMH, CITKa CBEp/-
710BUH Moxe Oyt 10 20 — 25 M y psagax 1 80 — 90 m mix psaamu. [Ipu npoexktyBanHi
CUCTEM BIJIPAIIOBAHHS HAa BHCOKOINPOAYKTHUBHUX 3€MJISIX a00 T KaiTaJbHUMHU
CHOpYAAaMH PYJId MOKYTh PO3KPUBATHUCS MOXWJIMMHU CBepasioBuHaMu. Lle no3Bossie B
2 — 3 pa3u 30UIBIINTH BIJICTaHb MK PSIZIaMU CBEP/IJIOBHH.
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VY nepion BBeAeHHS B €KCIUTyartallito a00yBHHX kowmiuiekciB [IB mominbHO
3TYIIEHHS! MEpPEeXi CBEPAJIOBUH KIIBKOX MEPIINX OJIOKIB /Ui OTPUMAaHHs OUTBIIOT Ki-
JBKOCT1 OJHOPIHUX po3uMHiB. [licas 3akiHYeHHs BiJNpallOBaHHS POAOBHUIIA a00
MOKJIay JJIsi OJTHOPA30BOI0 BHUBEJEHHS 3 €KCIUIyaTallii rpyna 3aKkJIro4HUX OJIOKIB
NOBMHHA MaTH BEJIMKY IIIJIBHICTh CBEPAJIOBUH. PEeXUM KHUCIOTHOCTI pOOOYHUX 1 MPO-
TYKTUBHUX PO3YMHIB 3QJIEKUTH BIJl KUCIOTOEMHOCTI pyA. OcTaHHS BHU3HAYAETHCS
KapOOHATHICTIO, BYTUVIUCTICTIO 1 HASBHICTIO PO3CISTHUX KICTOBHUX 1 JIAHITFO)KKOBUX CH-
mikatiB. [l O6e3kapOOHATHUX Py KUCIOTHICTh POOOUYMX PO3YMHIB 3MIHIOETHCS BIJl
25— 35 r/n H,S0, Ha no4atky BifnpairoBanHs 070Ky i 10 2,0 — 2,5 1/1 — HanmpUKiHII
akTuBHOI cTaznii. [lacuBHa cTazis BiAmpaloBaHHs MPOTiKae 0e3 MiIKUCICHHS 3aKauy-
BaHUX PO3YHMHIB 1 3aBEPUIYETHCS MpH KOHIEHTpalii kucaotu meHm 0,3 r/m. YV pasi
kapOoHaTu3oBaHux pya (€052 = 2%)nouaTkoBa KUCIOTHICTh PO3UMHIB 5 — 7 I/1,
MOTIM BOHA MiJABUIYEThCS 10 14 — 17, a B KIHII aKTUBHOI CTaJii TAKOXK 3HMXKYEThCS
1o 2,0 —2,5 r/n. IlacuBHa cTajis 3aBepIIyEThCS 3HUKEHHSM KHCJIOTHOCTI PO3YMHIB
no pH > 4. Haitbinbin sickpaBo ekosioriyHa mepeara merony [IB mposiBiserbcs B
3iCTaBJICHHI 3 TPAIULIMHUMHU TIPHUYMMH METOJaMU. 31CTaBICHHS BUKOHAHO HA IPH-
KJIaJll OJTHOT'O 3 POJOBHII, BIAMPAIIOBAHHS SIKOT'O IIPOCKTYBAJIOCS TIPHUYUMH METO-
namu 1 [IB (taba. 6.1). KpiMm nporo, st HOBOI TEXHOJIOIIT XapaKTEpHA BIACYTHICTb
[IPH na nmoBepxHi. Ane rosioBHa nepesara 1B — y coumiaabHO-TITIEHIYHUX 3MIHAX
YMOB Mpalll F1PHUKIB.

Tabmuus 6.1

[TopiBHSIBHI TOKA3HUKU BUJOOYTKY YPaHOBUX DY
M1J36MHUMH 1 BIIKPUTHUMU CIIOCOOAMU Ta M1J36MHUM BUIIYTOBYBaHHSIM

Iinzemue
ITapameTp 3piBHAHHSA Pynuux Kap’ep BHJIYI'O-
BYBaHHS
[TocTiiiHu# B1ABLA 3€MENb 10 IOl Py, YACTKU 12 1017 0.1
OJI.
CkunaHss ,Z[p?H&())KHHX BOJ B TIPOCITKY JO CTa- 13.8 21,5220 B
TUYHHUX 3amacis, %
CKH;@HHO;I BOJ Yy XBOCTOCXOBMILA 0 CTATHYHUX 22.0 23.0 L1
3anacib, %
HakornnueHHs myJIblIM B XBOCTOCXOBUIIAX, 4acT- 1.0 12 B
KU OJ. ’ ’
[Mopymienns nanamadry YacTkoBe IIoBHE —
CriBBIJIHOIIICHHS 3aITMJICHHS IO, YACTKHU OJI. 1,0 2,3 —
O06’em BUIOOYTKY ypaHy 10 HOro 3amaciB, 4acT- 1.0 1.25 1,40
KH OJ1.
KoedimieHT BunydeHHs 3 Haap 0,70 0,81 0,88
PanoHoBualIEHHS BIOXOAIB BUAOOYTKY 1 mepe-
pOOKM BIJHOCHO MIJ3€MHHUX TIpHUYMX PoOOIT, Ya- 1,0 1,2 0,03
CTKH OJ.
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3 naHux Tabn. 6.1 oueBnaHO 3HauHy nepepary [IB mo BIJHOIIEHHIO 10 1HILKX
croco0iB po3poOku. Po3rmsiHyTi crmocoOu BUIOOYTKY paliOaKTHBHUX PyH 3a0e3rme-
YYIOTh BUCOKY ITOBHOTY BUKOPUCTAHHS T'€OJOTTYHUX 3aMaciB ypaHy Ta IHIIUX [IHHUX
CYMYTHIX €JIEMEHTIB, a TAKOX MOMYTHO BUAOOYTUX MYCTUX MOPIJ 1 LIAXTHUX BOJ IIPU
iX yTumizaiii y TBEpAiIo4y 3aKJIa Ky 31 CTBOPEHHSIM O€3BIIXOJHUX a00 MaJOBIIXO/I-
HUX TEXHOJIOTTYHMX TmpoueciB. CTpIMKUNA PO3BUTOK SJEPHOI €HEPreTHKU CTaBUTH
nepes YpaHOBHI00yBHOIO MPOMHUCIIOBICTIO BEJIMKI 3aBIaHHS, SKI MPH yCKJIATHEHHI
TIPHUYO-TEOJIOTIYHUX 1 TIPHUYOTEXHIYHUX YMOB BUJ00YBaHHS MOXYTh OyTH BHUpI-
IICH1 TUIBKU MPU BIPOBAIHKEHHI HAWMOUIBII MEPEeIOBUX JOCITHEHb HAYKH 1 TEXHIKH,
HEYXUJIBHOTO 3pOCTaHHS €(EeKTHMBHOCTI BUPOOHUIITBA TEMIIAMH, IO TEPEBUIIYIOThH
TEMIM YCKJIaJHEHHS YMOB BUAOOYTKY ypaHy. [Ipu nboMy mopsiji 3 BUPILLIEHHSM Tip-
HUYO-TEXHOJIOTIYHHMX 3aBAaHb BCE OUIBII IITMOOKOI YBar BUMararoTh 3aBJIaHHS €KO-
JIOT14HI, y BUPIIICHH] IKUX HEOOX1AHUI TTNOOKUI CUCTEeMHUN MiAXi.

6.3. ®izuko-xiMiuHi mpouecu, MO CyNpPoOBOKYIOTh BUI00YBAHHS YPAHY

BinburicTes ¢axiBiiB NpUXOIATh 10 BUCHOBKY PO HEOOXITHICTH TOHKOTO MO/I-
piOHEHHS pyau JuIs IHTEHCU(IKaIil MPpoIecy MiABUIIECHHS MOBHOTH BUJIYUYCHHS Me-
tany. [Ipy 1boMy pekOMeH0BaHy KPYMHICTh MOAPIOHEHHS MPAKTUYHO HEMOXKIUBO
3a0€3MeunTH B MPOMHCIOBUX MaciiTadax 3a JOTIOMOTOK Cy4aCHUX TEXHIYHHMX 3aCO-
01B. Y TOMH ke 4Jac 13 3aKOHIB (p13UKO-XIMIYHOI T1IPOJUHAMIKY BUIUIUBAE, 110 HAIMI-
pHO npiOHE MOAPIOHEHHS MiJIBUIIYE BUTPATy PEareHTy 1 MOTIPIIy€e MPOHUKHICTH BU-
JTYTOBYBaHOI pyAH, a II€ 3arpokye, MpH 1HQPUIbTpaIiiiHiil cxemi, He TIIbKUA MOTIip-
[IEHHSM TEXHOJIOTTYHUX MapaMeTpiB, aje 1 TEXHIKO-€KOHOMIYHUX MOKAa3HUKIB y M-
JaoMy. Sk BIIOMO, OJIHIEIO 3 OCHOBHUX YMOB, SIKOI HEOOXIJHO JOTPUMYBATHUCS IPH
BUJIYTOBYBaHHI, € HEOOX1THICTh IMiIBEICHHS IO MIOBEPXHI TBEPIOTO Tija, IO PO3YH-
HSETHCS, XIMIYHOI'O PEAareHTy Ta 1 BIABEACHHS MPOPEAaroBaHOi PEYOBUHHU BiJ MICLS
peakuii. Ilpu iHinbTpaiiHOMY BUIYTOBYBaHHI Ll YMOBA 3a0€3MEUyETHCS HMUIAXOM
3pOIIEHHS! KPYIMHOKYCKOBOI PYJIU CIa0OKOHIIEHTPOBAHUMHU PO3YMHAMH KHCIOT abo
JYTiB, SIKi, MPOWIIOBIIN KPi3b MDKKYCKOBHH MPOCTiIp, HACUUYIOTh HOTO PO3YMHHU-
koM. [Ipu 11bOMy MIKKYCKOBUI MPOCTIpP, IO MA€ HAJ3BUYAMHO HEOHOPIIHY MPOHU-
KHICTb, 3allOBHIOETHCS BUTPABIIOBAIBHUM PO3YMHOM TUIbKM 4acTKoBo. LIIBuaKiCTH
pyXy piauHu B pyal  BHOIMHOI KPYMHOCTI Ma€ KOE(IIIEHT PO3MyHICHHS
K, =1,5-1,75, 3MiHIOETBCS B Ay>K€ MIMPOKOMY iHTEpBai (puc. 6.1).

[Ipu nmaHiif cxemi MIBUAKICTH PYXY BHUTPABIIOBAIBHUX PO3YMHIB Y OYIb-sKii
TOYI[l MPOCTOPY 3MIHIOETHCS MPOHOPLINHO 1HTEHCUBHOCTI (IIUIBHOCTI) 3POIICHHS
(puc. 6.2). HemoBHE HaCHUEHHS MIXKKYCKOBOTO MTPOCTOPY PO3UMHHUKOM OOYMOBITIOE
HEBEJIMKI MIBUJKOCTI MPOCOUYBAaHHS, 1110 3a0€3MeYyI0Th HOMY KOHTAKT 3 ITOBEPXHEIO
PYAHOTO Matepiajly MPOTATrOM Yacy, HEOOXITHOTO JJisi MPOTIKAHHS MacOOOMIHHMX
IPOLIECIB HA IEBHOMY BIJIPI3KY LUISAXY.
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TakuM 4MHOM, MpOLIEC BUJIYTOBYBAHHS — 1€ CKIaJAHUM (PI3UKO-XIMIYHUHI MIpO-
1ec, SKUH, sIK 1 BCSIKa TeTepOreHHa peakilis, MICTUTh y co01 psan cTafaii: GpizuyHOro
NEPEHECEHHs pearyrounx YaCTHMHOK J0 MOBEpPXHI peaklii; BJacHe XIMIYHOrO MepeT-
BOPEHHSI; BIJIBEICHHS PO3YMHHUKA 3 MMPOPEaroBaHUMHU YACTMHKAMM BiJ] MICLS peak-
uii. [Ipu BHiIyroByBaHH1 CKEJIbHOI MOPOJIM KOPUCHUN KOMIIOHEHT MOXKeE OYyTH SIK 30-
cepeKeHUN Ha TTOBEPXHI TBEPJIOTrO TiIa 200 Y BIAKPUTHX TPIIIUHAX, TaK 1 PIBHOMIP-
HO PO3MOJIJIEHUN B 00’ €M1 IHEPTHOTO MaTepially, TO B OCTAHHROMY BHUIIAJKY IPOIIEC
OyJe BKJIOYATH 1€ cTajali 1ndy31iMHOr0 NEPEHECEHHS peareHTy yepe3 MopH A0 MoBe-
PXHI PO3YMHIOBAJIbHUX YaCTUHOK 1 KOPUCHOIO KOMIIOHEHTA Ha3aJ] BlJ] IOBEPXHI pea-
kiii. [IIBUKICTE Mpollecy BUBHAYAETHCS MBUAKOCTIMH OKPEMHX HOTO CTaJlii, OJTHAK
SKIO SAKUH-HEeOyAb 13 3TaJIaHUX €TalliB MPOTIKA€ MOBLIBHIIIE 1HIIUX, TO BiH 1 Oye
XapaKTepu3yBaTH CyMapHY IIBUAKICTb. Y TOMY BHIMAJKy, KOJU MIBUAKICTH IMOadi
peareHTy J10 peakiii 1 Ha3aj BIACTAa€ Bij BJACHE XIMIYHOTO MEPETBOPEHHS, BBAXKA-
I0Th, IO TpoLec Hae 3a AUQPY31iHOI0 KIHETHKOI0. 3 MPAKTUYHOI TOUYKH 30py OUIBII
I[IKaBl T€TEPOreHHI peakKilii, siKi (JaKTUYHO BCl MarOoTh AUDY31HHUN XapakTep, TOMY
HaJaJll pO3MISIAAEMO TUIBKM iX. J[OCHTh YacTo mpouecy BUIYTOBYBAaHHS NEPENYIOTh
OKMCHO-BIJHOBH1 peakxiii, B pe3yJbTaTi SIKMX KOPUCHI KOMIIOHEHTH NEPEXOJHUTh Y
OUIbII PO3YMHHY (OPMY K Ha MMOBEPXHI TBEPAOIO TiJIa, TaK 1 B MOpax iIHEPTHOIO Ma-
Tepiay. Sk npukiaa MOXHa HaBECTH OKHCJIEHHS MapraHueBUX Py, B SKHX MeTal
3HAXOAUTHCS MEPEBAXKHO y BUTIsAAL ABooKHUCY (MnO,). [Ipu aii Ha Taki pyau cipua-
Hoi kucnororo (H,SO,) BoHM natoTe 1o0Ope po3uyMHHUN CIPUAHOKHMCIINKA MapraHelp 1
JITIOHOBOKHUCJIMM MapraHelp 3a pIBHAHHIM

2Mn02 + 3H2504 = MnSO4 + Mn5206 + 3H20 (1)

Peakisi okucnenHst cynbQifiB MiJli 1 BIAHOBICHHS 3aii3a BiIOyBa€ThCS MPHU
B32€MO/I1i TPUBAJICHTHOTO CIpYaHOKHUCIIOTO 31132, 3 CYyJIb(p1THUMU MITHUMU PYIaMU.

CuS + Fe,(S0,)3;) — 2FeS0, + CuSO, + S |. (2)

[Ipu IbOMy YTBOPIOETHCS CipYaHOKHCIIA MiJlb, SIKa PO3UYUHSAETHCS Y BOJHUX PO-
34UMHAX KUCJIOT Habarato Kpaule, HiXK OKHUC MiJl. Y pe3yJibTaTl OKMCHO-BITHOBHUX
peakIiiii MOXyTb YTBOPUTHUCS, 3 OJHOTO0 OOKY, JIETKO JTUCOIIMOBaHI 1 PO3YMHIOKOUI
3’€THAHHS, a 3 1HIIOTO — HOBl PO3UYMHHUKH, ICTOTHO CKOPOYYIOTh OOCATH BUTpAaT Ha
BUIIy4eHHsI MeTaily. Tak B peakilii (2) BUHUKAE TBOBAJICHTHE CIpYAHOKHUCIIE 3alli30
FeSO, B npucyTHOCTI KUCHIO MOBITPSI MOKE 3HOBY OKHCIIFOBATUCS O TPUBAJIIEHTHOTO
3aJii3a BIAMOBITHO 3@ PEAKIIIEI0

2FeS0, + 0,50, + H,S0, — Fe (S0,); + H,O0. 3)

Ieit mporiec pi3KO MPUCKOPIOETHCS 32 IOMTOMOT'OI0 TIOHOBUX OaKTEpIH.

3arajbHi 3aKOHOMIPpHOCTI IHQUIBTPALITHOT0 BUJIYTOBYBAHHS MILITHMX PY..

KineTtunka mporiecy BUIIyroByBaHHs rpy00yJIaMKOBOTO MaTepiary 00yMOBIIEHa,
TOJIOBHUM YHHOM, JBOMa PI3HUMHU MEXaHI3MaMH: MOJEKYJISPHOIO 1 KOHBEKTUBHOIO
mudysiero. [lepma 3 HUX BUHUKAE 32 PaxyHOK PI3HUIIl KOHILIEHTpAIlii HACHYEHOTO
po3uuny (Cy) 1 paktuunoi (Cy) y 1aHU MOMEHT 4acy, TOOTO pi3HHUIIl KOHIIEHTpAaIlii
PO3UMHHMKA HA MEXI, 1110 0e3M0ocepeHbO MPUIISTae 10 MOBEPXHI TBEPAOIO Tija, 1 B
nopax iHepTtHoro marepiany. KonsektuBHa qudy3ist 00yMOBIieHA NEPEHECEHHSIM PO-
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34UMHEHOI PEYOBHHU 3 MOTOKOM SIK Y HANpsIMKY PYXy, TaKk 1 HNEPIEHIUKYJISPHO 10
HBOT'0. 3a3HAuY€HI MPOLIECH MPU BUIIYTOBYBaHHI IPOTIKAIOTh OJTHOYACHO, TOMY CYKY-
nHICTh 000X IU(yY31MHUX MPOLIECiB HA3BEMO KOHBEKTUBHOIO u(y3ier0. OCHOBHUIMA
3aKOH BUJIYTOBYBaHHS CKEJIBHUX MOPIJI MiANOPSAKOBYETHCS (POpMyIil, OTpUMaHOI
A.H. llykapp0BUM Ha OCHOB1 BUBUYEHHSI 3aKOHOMIPHOCTEH MEPEHECEHHsI pEYOBUHU B
PYXOMY PIAMHY 3 IMOBEPXHI TBEPJOTO Tija 3aBISKU aHAJ13y 3HAYHOTO OOCATY €KCIIe-
PUMEHTAIILHOIO MaTepiaily

Q=S5(Cy—0Co) k, (6.1)
ne O — KUTbKICTh PEYOBHHH, 110 PO3YUHSIETHCS B OJUHUINIO Yacy; S — BeJIMYMHA MTOBE-
PXHI po3unHEeHHs; k — koedimieHT nponopuiiHocTi. Hocmimkenasmu Hepracra (1804
p.), JIOBEACHO, IO «k» mponopiiauii koedimienTy qudysii D, Tak mo

Q=D& 6.2)

ne O — ToBUMHA AU(y31HHOIO 1Mapy, TOOTO TOHKOIO HEPYXOMOIO IIapy pO3UYMHHHUKA,
IOPWIErJIOro 10 MOBEpXHI TBepAOi (a3u, BCepeAuHl SKOi MEPEHECEHHS PEYOBHHHU
3MIMCHIOETHCST MOJICKYJIsIpHA Iudy3is. ToMy po3mo/iiyl KOHIIEHTpAIlli BCepeIMHI 11bO-
ro BU3HAYaIOTh LIJISXOM BUPIIICHHS PIBHSAHHA IU(]y3ii B HEPYyXOMOMY CEpeIOBHUIIL.
[IpuuoMy 0OYMOBIIOETBCS, 110 3MIHM KOHIEHTPALlll BCEPEAUH] LbOrO IIApy MAaOTh
JTiHIMHUT xapakTep. ExcriepumenTanbHuii 3aK0H (6.2) 103BOJISIE€ 3HAUTH BEJIMUUHY O,
o Mae nopsjok 1072-107* CM2, OUTBIII TOYHO TMPH BIAOMHUX 3HAYCHHSX KUIBKOCTI
PEYOBHHM, IO PO3UUHSETHCS B OMUHHUINO Yacy @, koHneHtpaiiii Cy, 1 Cy 1 koedirtien-
ta 1udy3ii D. CyyacHa Teopisd BUJIYTOBYBAHHS BUXOAUTH 3 YSABIICHHS MPO 3MiHY TO-
BIIMHUA JAUQY31HMHOTO MIapy BiJ AEIKOT MaKCHUMAJIbHOI HOTO BEJIIMUMHM, XapaKTEPHOT
JUISl TIPUPOAHOI KOHBEKIII, J0 HYJS 3aJIeKHO BIiJ HIBUIAKOCTI PYXy PO3UYMHHHKA.
CrpoiieHy cxemMy KOHBEKTUBHOI Tu(y3ii MOKHA 300pa3uTH 3a JOMIOMOI0I0 puc. 6.3.

Puc. 6.3. Cxema KOHBEeKTHUBHOI q1u(y3ii pu iHPLIBTpaIliiHOMY BUITyTOBYBaHHI
KyCKa pyau
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VY touli «a», po3TallloBaHii Ha BIJICTaH1 ), BiJ Kyckamu, KoHeHTpauis C, BU-
3HAYa€THCS JIBOMA MIPOLECAMH, 1110 MPOTIKAIOTH OJJHOYACHO
— MIJABEICHHSM POpearoBaHoi pe4OBUHU 3 IOTOKOM pIAMHU (KOHBEKTUBHUH MEPEHOC)

Jkous = V- (CO - Ca)a (6.3)

1€ V — IBUKICTb pyXy pianHu; Cy — KOHLIEHTpaLllsl Ha BIACTaH1 Yy Bl TOBEPXHI KyCKaMU;
C, — BIIBEJICHHSM PO3YMHHUX MPOJYKTIB BiJ MMOBEPXHI 10 TOYKH «@» BHACIIIOK MO-
JeKyIsIpHOT Audy3ii

C,—0

Juon = D=2 (6:4)
[Ipu cranomy pexumi (C, = B2nst)
C,—0

Jxous = Juon = V(Co —C3) =D va (6.5)

[Ticnsa HecKIIaHUX IEPETBOPEHb OTPHUMAEMO

c

C, = +—°£ . (6.6)

yav
Buxosun 3 apiGHOCTI Benmmunan koedirienTa qudysii B pizpHax (D 10°— 107
cM°/C) y TIOPiBHSHHI 31 IIBHAKICTIO OTOKY IIPHXOIATH 10 BUCHOBKY PO T€, IO KOH-
LEHTpalllsl peareHTy 3aJUIIA€ThCS PIBHOIO MOYATKOBIN ax 0 Ay’Ke MaIuX BiJICTaHEH
BiJ mMOBepXxHi TBepaoro Tina. [lpu inpinpTpaniiHoMy BUIYTrOBYBaHHI BCEPEAMHI IO-
TOKY MOKHa BUJUIMTH JIB1 PIJMHH, 1110 PI13KO BIJIPI3HSAIOTHCS OJIHA BiJl OJIHOI 32 IIBHU-
JIKICTIO PyXY , @ OTK€, 3a TOBIIMHOIO Mu(y3iiiHoro mapy odaacti (puc. 6.4).
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Puc. 6.4. Xapaktep HacMU€HHS 1HPUIBTPALIIHOTO MOTOKY PIIMHOIO IPU TOYKOBOMY

JDKepei 3pOlleHHs: | — aKTUBHUMN PYX, 1€ IUBUJKOCTI 3MIHIOIOTHCS B AYKE HIMPOKHUX

MeXax (Ha 9acTKy Iii€i oomacTi nmpunaaae He oinbine 20 — 25% miont moToky, ajie 10

80 —90% 00’emy piauHu; 2 — 007aCTh BIJILHOTO TPaBITALIITHOTO HACUYEHHS MIXKKYC-

KOBOT'O [IPOCTOPY PO3YMHHUKOM 3 JIy’K€ HU3bKUMH IIBUJIKOCTIMH PyXY, CKIAJa€ Me-
HIITY 9acTKY GUIBTPYBAIBHOI PIAMHH

9

1

O



3 BHILEBHUKIAJICHOIO BUILJIMBAE BAXJIUBUI JUIsl IPAKTUKH IM1I3EMHOI'O 1 Ky4HO-
ro BUJIYTOBYBaHHS BHCHOBOK: MpHU 1HQIIBTPALIHHOMY PEKMMI 3pPOLIECHHS 3 METOIO
1HTeHCcU(DIKalli TPoLEeCy Ta CKOPOUEHHS Yacy BUIYTOBYBAaHHS HEOOXIJIHO IJIAHOMIp-
HO OHOBJIIOBATH IIUIIXU PYXY BUTPABIIOBAIBHUX PO3UMHIB a00 3a IOMOMOIOI0 3MIHU
MICLb 3pOUIYBaJIbHUX MPUCTPOiIB, a00 32 JOMOMOI'0OI0 MOBTOPHOTO PO3MYIUEHHS Tip-
HUYOPYAHOI Macu. BruiuB reoMerpii pyAHUX KYCKiB Ha IIBUJKICTb 1 IOBHOTY BHIIY-
TOBYBaHHSI KOPUCHUX KOMIIOHEHTIB. BuioroByBaHuii marepian npu po3poOlil CKelb-
HUX IOP1Jl Ma€, SIK IPaBUIIO, PI3HUI IpaHyJIOMETPUYHUN CKJIaJ, 3MIHIOETHCS BlJ| Hail-
IpiOHIUX YaCTUHOK 10 KyckiB giamerpoM 400 — 500 mwm 1 Oubmie. ToMy ogHuM 3
NEPIIOYEProBUX IMUTaHb, 0 BUHUKAIOTh y (PaxiBIliB, € BIUIUB KPYIHOCTI pyAH Ha
IIOBHOTY BHUJIyYEHHSI KOPHUCHOI'O KOMITIOHEHTA.

VY nmiTepaTypi 1ie MUTaHHS 3a3BHYAl PO3TIISAIAETHCS 3 MO3UIIA YHCTOTO PO3UH-
HEHHS TBEPJUX TUI Y pO3YMHAX KUCJIOT 1 JIyTiB 0€3 ypaxyBaHHs KUIBKOCTI KOPHUCHOIO
KOMIIOHEHTa Ta MPOCTOPOBOTO PO3TAIIyBaHHS B MacHBI KyCKa, a TaKOX OCOOJIMUBOC-
Teil OIPiIOHEHHS CKEIbHOTO MAacUBY MpHU BUI00yBaHHI BHOYXOBUM HAaBaHTAKCHHSIM.
Sko BpaxyBaTH, 1O JUJIS TEXHOJOTIT MIA3€MHOI0 1 KyT4acToro BUJIyTOBYBAaHHS Xa-
pakTepHa BHCOKa LIBUAKICTh PyXy PO3UMHHHUKA, BEIMUUHU Pg 1 P, MI3EpHO Majl Ta
HUMHU MOKHA 3HEXTyBaTH. 1ol criBBiAHOMmEHHS B, 1 5, XapakTepu3yBaTUME Tepe-
BUILICHHS IBUAKOCTI BUJIYTOBYBaHHS 3 IJIIBKOBOIO MiHEpali3alli€r0 MOPIBHSAHO 3 JU-
CHEePCHOI, 10 J03BOJISIE OLIHUTH €(EeKTUBHICTh BHIIYTOBYBaHHS PyAH 3 TPIIIMHYBa-
TOIO 1 IPOXKUIKOBOK MiIHEpali3alli€l0 B MOPIBHAHHI 3 TOHKOBKPAIUIEHOO, PIBHOMIp-
HO PO3IOAIIEHOIO B 00’ €M1 KyCcKa

K =L = Goffdo (6.7)
By  3hoydo—ho
ne K; — moka3HUK iHTEeHCUBHOCTI1 BUJIYyTOBYBaHHS Py 3 IUTIBKOBOIO MIHEpali3ali€ro
B MIOPIBHSAHHI 3 aucniepcHow. Bupas (6.7) nokasye, 110 iHTECHCUBHICTh BUJIyTOBYBaH-
HS 3aJICKUTh SK BiJ TEOMETPUYHHUX MapaMeTpiB KyCKa, TakK 1 BiJl aOCOIIOTHOI BEJU-
YHHH BMICTY KOPUCHOTO KOMITIOHEHTA (§) 1 TOBIIMHY MIapy MiHEPATbHOI pEYOBUHHU.
Skuio Bpaxysaru, 1o

_ ﬂdg—ﬂ(d0—2h0)3
EO - Ttd(?; ’ (68)

MOKHa 3aIllMcaTu

ho = ~do(1 - YT —&). (6.9)

Tomy, mpeacTaBuBIIM B piBHSHHI (6.9) 3aMicTh dy HOTO 3HAUYEHHS 1 MPOBIBIIH
HECKJIQJH1 IEPETBOPEHHS, OTPUMAEMO

Ko=—o (6.10)
(1-V1-%)Y1-&
XapakTtep 3MiHU NOKa3HMKa K; 3a1€XHO BiJl BMICTY KOPUCHOTO KOMIIOHEHTa B
pyai 300paxkeHuid Ha puC. 6.5, 3 IKOTO BUAHO, 110 31 30UIBIIICHHSM BHUX1HOTO BMICTY
MeTaiy B pyai BenuuuHa K; pizko 3HmKyeTbes B iHTepBaiii &y = 20 - 30 ym.o.
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Puc. 6.5. 3anexHICTh NOKAa3HUKA IHTEHCUBHOCTI BUJIYyTOBYBAHHS Bl BMICTY
B PY/ll KOPUCHOTO KOMITOHEHTA

Jlami BigOyBaeThCs IUTAaBHE 3MEHIICHHS I[LOTO MOKa3HUKA 0 OAWHUII, TOOTO
MIBUAKICTD 1 IOBHOTA BUIYTOBYBAaHHS MPU BUCOKOMY BMICTI B MEHIIIIH Mipi 3a1I€KHUTh
BiJl IPOCTOPOBOTO PO3MOJIITY KOPUCHOTO KOMIIOHEHTA B pyJl, TOMy B 0araThboX py-
nax (3 BUCOKMM BMICTOM KOPHCHOTO KOMIIOHEHTA B pyZl) TPUBAIICTh IPOLIECY BUILY-
TOBYBaHHS PI3K0 30U1bIIyeThes. OTKe, Crocid Mig3eMHOTO 1 Kym4acToro BHIIYTOBY-
BaHHS HAWOUIBII NMEPCTIIEKTUBHUMA 7151 PO3POOKH pAMOBUX 1 OITHUX Py Ha POJOBH-
IaxX KOJIbOPOBHX 1 PIAKICHUX METaliB, MIPUUYOMY MOBHOTA Ta IIBUIKICTb BUIYTOBY-
BaHHS OOYMOBJIIOETHCS TOJIOBHUM YMHOM TEKCTYPHO-CTPYKTYPHUMHU OCOOJIMBOCTAMHU
3pyAHEHHS.

6.4. Cucremu mii3eMHOro BUA0O0OYBAHHS yPaHY

Psiani cuctemu po3podku (puc. 6.6):

— OJTHOpsIAHA cUCTEeMa PO3POOKHU 3aCTOCOBYETHCS JIJIsl BIIPAI[IOBAHHS BY3bKHUX
y mwiaHi (10 50 M) pyaHuX Ti1, 0 3a4raioTh Ha rinbuHi 10 300 Mm;

— OararopsiiHa O3/I0BXKHS a00 MonepeyHa — JJisl BIANPAIIOBAHHS PYJIHUX T1O-
aiB mpuHOr0 50 — 150 M 1 Outbwe 150 m;

— OaratopsiiHa 0J0KOBa — JIJIsl BIAMPALIOBAHHS PYJHUX MOKJIAIB 3 BUKIIOYHO
CKJIaJIHOIO KOH(Irypariero.
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Puc. 6.6. Panui cuctemu po3pobku: a — ogHopsaHa; O — OaratopsiiHa MO310BKHS;
B — OaraTops/iHa MoInepeyHa; r — 6araropsiiHa 0J10Ko0Ba.
YMOBHI [T03HAYEHHS: — I'paHuULl PYIHUX MOKJIA/IB, @ — BIJIKA4H1 CBEP/I-
JIOBUHH, © — 3aKa4YH1 CBEPAJIOBUHU

Oco0nuBOCTI: BIANPAIIOBAHHA MOKIAAIB 3 OyAb-IKHUM KOEPIIEHTOM PYJIOHOC-
HOCTI; CIIOCTEPEX HI1 CBEPUIOBHHM 10 mepudepii mokiamy CiayryrTh il (GiKCyBaHHS
MOSIBU MPOTYKTUBHOTO PO3YHHY, MICIS YOTO MOYMHAETHCS HOTO BiJIKauyBaHHS; CIloYa-
TKY B CBEP/UIOBHHH 3aKa4y€ThCcs pOOOUYUI pO3UHH, HAPUKIIAI, IPoTsrom 15 — 20 i,
MOTIM 3 HUX BIIKa4yIOTh MIPOAYKTUBHUHN pO34rH, Hanpukiad, npotsrom 30 — 40 mib.
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IloBepxoBi cucTemu po3podku (puc. 6.7):

— 3 OAHOPSATHUM TOETHAHWM TOBEPXOBUM PO3TAIIYBAHHSIM CBEPIJIOBUH IS
BIJINMPAIFOBAHHS BY3bKUX Y MJaHl (70 50 M) pyAHUX TU, 10 3aJIATal0Th A0 TJIMOUHU
300 m;

— 3 KBQJIpaTHUM TIOE€THAHUM ITOBEPXOBUM PO3TAITyBaHHSIM CBEPJJIOBUH IS
BIJIMPAIIOBAHHS PYAHUX TUT IMIUPUHOIO MOHA 50 M 1 MOTYXKHICTIO MOoHAaM 15 M, 110
3ajIararoTh Ha rinouHi 10 300 M;

— 3 MPAMOKYTHUM MOBEPXOBUM DPO3TAIIYBAHHSM CBEPJUIOBHH JUIsl BiANpAallto-
BaHHS PYJIHUX T IUPHHOIO TToHA 50 M 1 moTyxHIcTIO 10 — 15 M.

OcoOnMuBOCTI: 3aCTOCOBYETHCA TPH BENUKIN pi3HMIN KOe]IIieHTIB (iabTpaiii
pyau Ta mopina; MajoepeKTHBHA 3a HASBHOCTI B MOKJIAAM TIMHUCTUX IMPOIIAPKIB 1
IIPU HEBEJIMKIN MOTY>XKHOCTI camoro mokiany (mo 10 — 15 m).

[TpssmokyTHI cuctemu po3pooku (puc. 6.8):

— 3 MO3/JI0OBXHIM PO3TalllyBaHHSIM CBEP/JIOBUH JJIS BIANPAIIOBAHHS MOKJIAiB
mpuHoto Big 50 1o 200 m;

— 3 TIOTICPEYHUM PO3TalTyBaHHSAM PsJIiB CBEPAJIOBUH JIJIsl BIAMPAIIOBAHHS ITOK-
naaiB mupuHoro nmonaa 200 m;

— 3 BUNIEPE/DKATBLHUAM BiAMPAIIOBAaHHSAM KPAWOBHX JIJISHOK MTUPOKUX IMOKIIAIIB
(monmax 300 M) 3 HU3BKUMHU KoedilmieHTamMu (QuUIbTparii pyaum Ta MOpIT 10
5 — 6 M/n00y;

— 3 BUINEPEHKAIBHUM BIANPALIOBAHHSAM HEHTPAIbHUX JUISTHOK IIUPOKUX MOK-
namiB (moHax 300 m) 3 BenukuMu KoedimieHTamu (QUIbTpaIii pyau Ta mopij i Ipu
nojiayi poOOYUX PO3UMHIB Y HAJPA IMiJT BACOKHM THCKOM.

Oco0nuBOCTI: 3a3BUYail HA KOXKHY BIJIKAUyBaJIbHY CBEPJIOBUHY MPHUMAIAE TI0
JIB1 3aKauyBajbH1; BCl CBEP/UIOBHHH PO3TAIIOBAHI B BEPIITUHAX MPSIMOKYTHHKIB, POM-
0iB.

Kawmepi cucremu (puc. 6.9):

— TpUIpaHHa (YETUPHUCBEPAJIOBUHHA) 3 BIJHOLIEHHAM KUJIBKOCTI BlJKayyBalb-
HUX CBEPJUIOBHUH 0 3aKadyBaJbHUX MeHIIE 1:1;

— YOTUpUIpaHHA (MATUCBEP/JIOBUHHA) 3 BIJHOIICHHSIM KUIBKOCTI BiJKadyBa-
JLHUX CBEPJIJIOBUH JI0 3aKauyBaJIbHUX OJn3bKO 1:1;

— miecTurpanda (IIECTUCBEPAJIOBUHHA) 3 BIIHOIICHHSIM KUIBKOCTI BiJKadyBa-
JBHUX CBEPJIJIOBUH JI0 3aKauyBaJIbHUX Oinbiie 1:2;

— IIeCTUTPaHHA 3 IOJATKOBUMU 3aKauyBaJbHUMU CBEPJIOBUHAMHM (TpUHAILIS-
TUCBEPJUIOBUHHA) 3 BITHOIICHHSM KUIBKOCTI BIIKAUYBAJIbHUX CBEPIJIOBUH JI0 3aKay-
BaJIbHUX HE MeHIe 1:5.

Oco0nuBicTh: 3a3BUYail HA KOXKHY BiJIKAUyBaJIbHOMY CBEPIJIOBUHY MPHUIIAAE
o 2 — 3 1 OisbIe 3aKaqyBaJIbHUX.

203



N b2

.‘L
S AN m

H—H— H—H—H—H—H—H—H—H——

- *
*
- *
. \ \\\
ooooooooooooooooooo

ooooo
ooooooooo

------- —_—t % ¢ + * +

Puc. 6.7. IToBepxoBi cucTeMu po3pOOKH: a — 3 OJHOPSATHUM TIOE€THAHUM PO3TAIIly-
BaHHSM CBEPJIJIOBUH; O — 3 KBaJPAaTHUM ITO€THAHUM PO3TAIIyBAaHHSIM CBEP/IJIOBHH;
B — 3 NIPSIMOKYTHUM PO3TalTyBaHHIM CBEP/IJIOBHH.

YMOBHI ro3HaueHns: [——| — riuxa, — micok, N\\N — rpanui pygaux
MOKJIaJIIB, & — BiAKaYHI CBEP/JIOBUHM, @ — 3aKa4H1 CBEPUIOBUHHU, ® — HATJISII0B1
CBEPJIOBUHU.
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Puc. 6.8. IIpsimokyTHI cucTeMU po3poOKH: a — 3 MO3/I0BXKHIM PO3TAITyBaHHSIM CBEP/I-

JIOBUH; O — 3 TIONEPEYHUM PO3TaIyBAHHSIM CBEPJIOBUH; B — 3 BUIIEPEIPKAILHUM BiJI-

MpaIoBaHHIM KpaOBUX JIISHOK; T — 3 BUNIEPEIHKAILHUM BIAMPAIFOBAHHSM LIEHTpa-
JIBHUX JUISTHOK
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Puc. 6.9. KamepHi cucreMu po3poOKu: a — TpUrpaHHa; 0 — 4OTUpPUTpaHHa;

B — LIECTUT paHHA; LECTUT paHHa 3 JOJATKOBUMHU 3aKa4 YBAJIBHUMHU CBE PAIOBUHAMU

Bbapaxni cuctemu po3podxu (puc. 6.10):
Oco6auBOCTI: OapakH1 CUCTEMHU CIIOYATKY MpHU3HAYATUCA ISl OOMEKEHHS PO-

3TIKAHHS TPOJYKTUBHOI'O PO3UYMHY 32 MEX1 PyJAHOrO MOKJIaaAy CTBOPEHHSIM BepTHKa-
JBHUX 1 TOPU3OHTAJIBHUX Oap’e€piB LUISIXOM OYpIHHA CHEUIAIbHUX Oapa)XHUX CBEp/I-

HHHHHH y sIKI HarHITAJIMUCS TBEP/IIF0Yl PO3UYMHMA HA OCHOBI IIEMEHTY, TYAPOHY, BOCKY 1
T.11. [li cmocobu HarHiTaHHS CyTTEBO YIOPOXYYBaIM BHAOOYTOK 1 TEHep Maiike He
CCCCCCCC YIOTBCS, a 3aBiCH CTBOPIOIOTHCS PsIIaMU BiIKauyBaJIBHUX CBEPIJIOBHH YU
Tip03aBiCy 3 OKPEMHUMH 3aKad YBaJbHUMU 1 BiJIKAUyBaJIbHUMHU CBE PIUIOBUHAMH.

206



2-i




6.5. TexHos10risi CBepAJOBMHHOIO BUI00YBAHHS yPaHY

BuayroByBanHsi ypaHy — croci0 po3poOKH pyJaHHMX POJOBHIN O€3 MiAHATTS
Pyl Ha MOBEPXHIO LUISIXOM BHOOPYOIo MEpPEBE/IEHHS 10HIB MPUPOAHOrO YpaHy B
NPOAYKTUBHHMA PO3YMH Oe3mocepeHh0 B Haapax. MeToj MiJ3eMHOT0 CBEPATOBHH-
HOTO BUJIYTOBYBAHHS BIIPI3HSETHCS BUCOKOK €KOJIOTTYHOI O€3MEKOI0 1 peHTa0eNb-
HICTIO B TIOPIBHSHHI 3 TPAJAUIIHHUMH METOJIaMH PO3pOOKH. 3arajibHa cXxema reorex-
HOJIOTTYHOT'O KOMIUJIEKCY 3 BUIOOYTKY ypaHy CIocoOOM MiA3€MHOI0 BUIYTOBYBaHHS
nokasana Ha puc. 6.11.

T
-

Puc. 6.11. Texnonoriuna cxema BU00yTKy ypaHy: | — BijkauyBaibH1 CBEP/JIOBUHU;
2 — 3aKauyBaJIbHI CBEP/JIOBUHH; 3 — TIIMOMHHKM HacoC; 4 — 301pHa €EMHICTh; 5 — mepe-
pOOHUH KOMIUIEKC; 6 — By30JI IPUIOMY MPOTYKTUBHOTO PO3YMHY; 7 — MICKOBIACTIM-
HUK; 8 — TEXHIYHUHN BY30J1 3aKUCIIEHHS; 9 — cKJiaj cipyaHoi kucinotu, 10 — By30i1 po3-
TIOJTIJICHHSI PO TYKTUBHOTO PO3YUHY

TexHonoriyHuil mpoiec NepepoOKH MPOAYKTHUBHUX PO3UMHIB € 3aMKHYTHUM
IIUKJIOM 1 HE Ma€ CKUIHUX po34rHiB. CyMa MPOJYyKTUBHOT'O PO3YMHY 3aBXK/IA MOBHH-
Ha JIOPIBHIOBATHM CyMl BHJIYTOBYBaJbHOTO po3uuHy. Ha mepepoOHOMY KOMILIEKCI
MPOIYKTUBHUM PO3YHMH 31 301pHOI €EMHOCTI HAIXOJIUTh Y COPOIliHHI KOJOHH, B HUX
BiJIOYBAETHCS COPOIIis 13 MPOTYKTUBHOTO PO3YMHY HA 10HOOOMIHHI cMOJIM a00 Tak
3BaHUM «COPOEHT», a MOTIM NEPEBAHTAKCHHS HACHICHOTO YPAaHOM COPOCHTY B KOJIO-
HU AecopOIii. MaTouyHUKH COPOIIii, 0 3aTUTIMIIACS TMICJIS OYUIICHHS] CMOJIOIO, TIO-
JAI0THCS B MICKOBIACTIMHUK MaTOYHUKIB copOii (puc. 6.12).
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Puc. 6.12. Texnonoriuna cxema copOitii-necopOirii ypany: 1 — nmomaya ypany Ha me-
pepoOHMIT KOMIUIEKC; 2 — copOIiiiHa KOJIOHA; 3 — [o/1aya ypaHy Ha 3aKadyyBallbHY
CBEPJIOBUHY; 6 — KOJIOHA JecopOIlii; 7 — mogada ypaHy Ha OCaKICHHS

Ha nanomy etari nepepoOKu MPOBOAUTHLCA AecOopOIlisi, TOOTO 3HATTS ypaHy 31
CMOJIA 32 JOMOMOTOI0 HITPATHUX JECOpPOOBAHUX PO3UYMHIB Ta OTPUMAHHS €NI0aTa,
1HaKIlIe Ka)XXy4u,TOBapHOro aecopbarta. Cama K cMmojia MPOXOAUTH MPOIEAYPY PO3-
YUHOM CIpYaHOi KHUCJIOTH, a MOTIM MPOIEeAypy MPOMHMBKU BiJ CIpYaHOi KHCIIOTH.
Cmona BiANpaBIsS€ETbCS HA3aJ Y KOJIOHU copOIii. Po3unHOM N1t 3MEHIIIEHHS BMICTY
HITpaTy 10HIB BUKOHYIOTHCS MPOIEAYypU BWIMBKH CipuaHoi Kuciotu. Jlami xuciora
BIJIMTPABIISIETHCS HA3aa B KOJIOHU copOii. TyT mpoXoauTs ocaKeHHs ypaHy 3 TOBap-
HOTO J1ecopOeHTa MOTIM (PUIbTpaIlisl MyJIbIH 3 OTPUMAHHSIM MPOMIKHOTO MPOAYKTY-
KOHIEHTPATy MPUPOAHOTO ypaHy — )KOBTOTO KEKY.

[Ipu HagxomkeHHI Ha adiHAXHUNA 3aBOJ KOHIEHTPATOPU MPUPOTHOTO ypaHy
YKOBTUM K€K PO3UMHSIOTH 1 MPOXOSITh KOHIIEHTpaIlil0 opranikoro. e npouec gonat-
KOBOI'O OYMUIIEHHS! OPraHIYHUMH pedoBUHAMH. Jlaii BiIOYBA€ETHCS OCAKEHHS Ta CY-
II1HHA, TOTIM TEPMIYHE PO3KJIAJIaHHS M OTPUMAHHS KOHIIEHTPATOpa 3aKUCY-OKHUCY,
TOOTO KIHIIEBOTO IPOAYKTY (pHc. 6.13).
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Puc. 6.13. TexnonoriyHa cxema BUAOOYTKY ypaHy: | — mojgava ypany Ha OCaKEHHS;
2 — oca/pKEeHHA ypaHy; 3 — eKCTpakiis OpraHidYHUMHU PEeUYOBUHAMH; 4 — TEPMIUHE PO3-
KJIaJIaHHs ypaHy; 5 — 3aKUC-OKUC YpaHy

VY MmicKOBIACTIMHUKH 30MPalOThCI MATOUHUKHU COPOLIIT MICs OCaIKEHHS ypaHy
Ha cMmoity (puc. 6.14). TyT npoXoauTh OYUIIICHHS MATOYHUKIB cOpOIIii Bl MeXaHid-
HUX JIOMIIIOK IIISXOM BiJICTOIOBaHHS 1 ocajkeHHs. L{ei mporec Ha3uBaEThC OCBIT-

JICHHSIM MaTOYHHUKIB cOpOIIii.

Puc. 6.14. IlickoBuii BiICTINHUK MAaTOYHUKIB COPOIIii
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Jlaymi ouwIneHi BiJg MEXaHIYHUX JOMIIIOK MAaTOYHHMKH COPOIlii MOMArOThCSA Ha
TEXHIYHUHN BY301 3akucieHHs (puc. 6.15). TyT BOHU TOOKPITUTIOIOTHCS CipYaHOIO KU-
CJIOTOI0, 110 HAAXOAWUTH 31 CKIady, B pe3yibTaTi 4oro (OpMyeThCS BUTPABIIOBAIb-
HUN pO34YMH. Y TEXHIYHOMY BY3J1 3aKMCJIEHHS BCTAHOBJIEHI BUTpATOMIpH JJis (ikca-
11i 00’€M PO3UYMHIB 1 KUCIIOTH, 1110 3aKa4yIOThCS.

Puc 6.15. TexHiuHui By30J1 3aKUCIICHHS

Jlo By3na po3moIijICHHs] HAAXOAATh KUCI BUTPABIIOBAIbHI PO3ZYUHH 3 TEXHIY-
HOTO By371a 3aKucieHHA. [I0TiM BUTPaBIIOIOTh PO3YMHHM 1] TUCKOM 5 — 6 aT™M., po3-
MOJIISIOTHCS 1O CBEPUIOBUHAX y By3JaX pPO3MOJAUICHHS, HA SKUX BCTAaHOBJIEHI BH-
TPATOMIpH IO 3aKa4yBaHHIO PO3YMHY B KOXKHY CBEPIOBUHY (pHC. 6.16).

Puc 6.16. By3nu po3nojiiieHHs] BUIYTOBYBaJIbHOTO PO3YUHY
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V 3akadyBajbHUX CBEPJIOBHHAX Yepe3 (DiIbTpH 3aKauyBaHUN PO3UNH HATXOAUTh
y TPOAYKTUBHUN TOPU3OHT, J€ BiIOYBAETHCS BIIIYTOBYBAHHS YpaHy KHUCIHMH PO3YH-
Hamu. Came Ha JaHOMY eTari (POPMYEThCSl pO3YHUH, 10 MICTUTH ypaH (puc. 6.17).

Puc 6.17. 3akadyBaiibHi CBEpIIOBUHU

Puc 6.18. BigkauyBanbHiHI CBEPATIOBHHH
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Yepes BigKadyBajbHI CBEPUIOBUHHU 32 JTOTIOMOTOI0 TTUOMHHUX HACOCIB MpO-
OYKTUBHUWA PO3YMH, 3 PO3YMHEHUM YPAHOM, HAIXOJUTh Y BY30J NPOAYKTUBHUX PO3-
yuHiB (puc. 6.18). By3on npuilomy nNpoayKTUBHUX PO3YMHIB TaKOXK SIK 1 BYy30JI PO3-
MO/IJTy BUTPABIIOBAIIBHUX PO3YMHIB OCHAIICHUN mpuiagaMu 0oO0JIKY MPOAYKTHBHUX
po3uuHiB (puc. 6.19).
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Puc 6.19. Ilpunagu 001Ky IpOIyKTUBHUX PO3UHMHIB

Jlami po3yuH HaAXOAUTH Yy 301pHI EMHOCTI, B SIKUX B1OYBAETHCS MPOLIEC OCBIT-

JIEHHS MPOJAYKTUBHOTO PO3YMHY 1 Mojilaya Ha copOriiiHe BHIyYeHHS ypaHy (puc.
6.20).

Puc 6.20. 361pHi eMHOCTI
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6.6. Texnosorisi BUA00YTKY ypaHy MiI3eMHUM BUJIYTOBYBAHHAM

JlociIHO-NIPOMUCIIOBUMH BUITPOOYBAaHHSIMH BCTAHOBJIEHO, 1110 MTPU BUAOOYTKY
1 mepepoO11l 61AHUX Pyl €(HEKTUBHICTD FPHUYO-XIMIYHOI TEXHOJIOT1] MO BIIHOLIEHHIO
710 TPaJMLIMHOI rpHUYO-MeTanypriiiHoi TexHosorii (I'MT) 3pocTae 1 HaBnaku — npu
BU00YTKY Oaratux pyn epektuBHICTE I'MT 301IbIIYETHCS 32 PaxXyHOK JOJATKOBO
0JIepKYBaHOTO YpaHy B 3aKHC-OKHUCY. 31 3pOCTaHHSAM BMICTY ypaHy B JIIKBIJJOBaHUX
3amacax BIJ0OyBa€TbCsl 30JIMKEHHS cO0IBapTOCTI | Kr ypaHy B TOBapHId MPOIYKIIii
IpY MOPIBHIOBAaHUX TeXHOJOT1AX. Tak npu orpumanHi 0,3% BiAHOCHE 3HUXKEHHS CO-
6iBapTocti 1 kr ToBapHoTO Metany npu I'XT cranoButh 19% y nopiBasiHH1 3 [MT, a
Bxke npu 0,5% coOiBapTICTh ypaHy B 3aKHCY-OKUCY MPU 000X TEXHOJIOTISX MPAKTUY-
HO oJHaKoBa. Y c(oOpMOBaHMX 30HAX OOBAJCHHS, HANPUKIAJ, NP BUKOPUCTAHHI
CUCTEM 3 OOBAJICHHSIM PYyAH 1 BMICHUX TOPIiJ, SIK MPABHUIIO, CIIUCYIOTHCS BTpaTH Ha
3Ha4YHY KUIbKICTh KOPUCHUX KOMAJIUH. Y TOM e 4ac Ha 3eMHIN MOBEPXHI 3HAXOISATh-
Csl BIJIBAJIU 3 1103a0a1aHCOBOTO PYJI0I0 Ta XBOCTOCXOBHIIA. K MOKa3zye J10CBia poOo-
i [IpiapryHChKOTro TipHUYO-XIMIYHOTO 00’ €THAHHS, i€l pyn0i0 ab0 XBOCTaMU MO-
’KHa 3alOBHIOBATH MPOBAJIM MOBEPXHIN 1 OJHOYACHO 3 BIJMPALFOBAHHIM 3aI1aciB, 1110
3AJTMIIMIIMCS PUCTYNATH A0 BUIIYTOBYBaHHS METally Ha BEPXHIX FOPU30HTAX (pHC.
6.21), 3a aHAJIOTI€10 3 KyMMYaCTUM Ta M1J36MHUM BUJIYTOBYBaHHSIM (puC. 6.22 1 6.23).
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Puc. 6.21. TexHonoriyna cxema CTyI€HEBOTO BHJIyTOBYBaHHSI 103a0aIaHCOBUX DY/ B

MIJ36MHUX KaMepax 3 yTUIII3all€ero BIAX0oAIB y 3aknaqui: | — P3® konauuiitHoi pyau;

2 — OyHKkep (Kamepa-HaKOMUYyBay) XBOCTIB 30arauyeHHs 1 BIACOPTOBaHOI mo3adaiaH-
COBO1 pyiu (KaMepu paHilie BiiNpalboBaHUX OJIOKIB); 3 — KaMepa BHIIyTOBYBaHHS

214



no3abanaHcoBuX pyn 1 xBocTiB P3®; 4 — HacocHa cTaHLis 1 BUAA4l NPOAYKTUBHUX
PO34YMHIB Ha IOBEPXHIO; 5 — KaMepa XBOCTIB BUIIYTOBYBaHHS; 6 — 3MIIIyBaJIbHO-
npoOapHa yCTaHOBKA; 7 — 3aKJIaIHUM TpyOONpoBia; 8 — BUpOOJIICHUI TPOCTIp OUUC-
HUX Kamep; 9 — ouncHa kamepa; 10 — 3axknagHui KOMILIEKC

[TonepenHiMu JOCTIHKEHHSIMU BCTAHOBJICHO, 110 B HEMOPYIICHOMY TipPCHKOMY
MacHB1 BOJIONIPOHMUKHICTh TOPif, KU BMINYE OYUCHY KaMepy 3 T€OMETPUYHUMH
po3mipamu: noBxuHa 070Ky 120 — 150 M, mupuna 30 — 40 M, Bucora 40 — 60 M, 6in-
3bKa 710 HyJsd. B 30HaX TEKTOHIYHMX MOPYLIEHb BOAOMOTIMHAHHS CTaHOBUTH 0,4 —
2,3 n/rog Ha 1 M°, a IpH cepeIHpOMY BOIONOIIHHAHHI TI0pij y AHUImA 61I0KiB — 0,67
n/rox Ha 1 M° noBepxHi. Py1oBMicHi opoau npencTaBieHi Ha pogosumi «FOBineii-
HE» OKHCHEHUMU (penp3iT-nopdipamu 3 koedimiearom minHocTi 8 — 12. KyT naginas
pynnux Ti1 80 — 90°, mOTYKHICTh — BiJ METPIB O JAecATKIB MeTpiB. [linroroska 3a-
naciB BKJIIOYaJIa IPOXOJKY JPEHAKHUX BUPOOOK M1 KOJMILIHIM FOPU30HTOM BUITYC-
Ky. [IpoayKTHBHI pO3YMHU 3 IPEHAKHUX BUPOOOK MEPEIyCKaal B LIEHTPAIbHUN PO3-
YUHOKO301pHUK, po3TamoBanuii Ha ropu3oHTi III, Ha HeBenuKil BijgcTaHl B PYyIHO-

| 4| \ I
INNEA B
/ ' \KBepmnar

[TinmTpexkoBuil ILIHK

3pomyBanbHi I
CBEPUIOBHHHI Q f -l/-
v ITigasTEBMIA
3ponryBabHi
CBEPJUIOBHHH + / Pynocmyck
f / / Kgepuunar
+ /
—

™
]
[~
z
4
e
+

VoBmoBaJIbHI
CBEPIJIOBHHH

Puc. 6.22. Cxema nojjadi BUTPABIIOBAILHOTO 1 YJIOBIOBAHHS MPOAYKTUBHOTO PO3-
YUHIB
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3a3zBuyail TPIILMHU 3-T0 NOPAIKY 3 [HUPUHOK PO3KPUTTA BIJl IE€CATKIB MIKPOH
710 MEepUIMX MUIIMETPIB € ONEPSIOLIIMU 110 BIJIHOIIEHHIO O TPIUH 1-ro mopsaka 3
MIMPUHOIO PO3KPUTTS BiJl MEPIIUX MIUTIMETPIB 10 2 — 3 €M 1 PO3TAllOBaHI A0 HUX MiA
KyToM Onu3bko 45°. Tomy opeos1 po3TiKaHHsS pO3YMHY MO TPIIMHAX HE MEPEBUILYE
5 —8 M, ajke MPOHUKHEHHIO PO3UMHY MEPEIIKOKATh B3AEMHO MEPECIYH] TPIIIM-
HH.

1 BAPIAHT

MoHTtaxuui map
A —

a¥alalalalalalalalalalalalalalaVlaT-"a

M

IITPEK

-‘.‘

IUTPEK,

2L

0CTH, O11Ha
0 3a0ayaHcoBa

Nt
e

Puc. 6.23. Cxemu nojadi BUTPABIIOIOYOTO PO3UUHY B Kamepy abo B 30HY OOBaJICHHS,
3aMOBHEHOIO XBOCTaMU, 011HOI0 a00 mo3abaiaHCcoBOIO Py1010: 1 BapiaHT — MPH MOB-
HOMY 1 2 BapiaHT — IIPU YaCTKOBOMY IT1JICIKAaHHI MOHTXKHOTO T1apy: 1 — KOJIeKkTop
(momietwien, Tpy6a I 100 — 125 mm); 2 — mimxuBIto0unii mpoBif (moxietwiex 111
60 — 80 mm); 3 — 3porryBau (nomierusieH 3 orBopamu 11 30 — 40 mm); 4 — BuTparo-
Mip; 5 — 3acyBKa; 6 — OypoBwuii mTpek; 7 — nmomermwieHoBui nmatpyooxk I 8 — 12 mm;
8 — ceepioBuHM 3pomieHHs I 100 MM; 9 — mijicikaHHs BIIPI3HOI NIUIMHY;

10 — OypoBuii mrpek; 11 — koHTYyp OJI0KY, KaMepu

JIst moavi BUTPABITIOIOYHMX PO3YMHIB 32 1HQUIBTPALITHOK CXEMOI B 30HI 00-
BaJieHHs Oyiu chOpMOBaHI 3poOlTyBajbHI CUCTEMHU Ha 3€MHIN MOBEPXHI 3 MPOJTYKTH-
BHicTIO 100 M*/roz. IIpOAYKTHBHI PO3YHHH Yepes LeHTPaTbHUI 36iPHIK PO3YNHHAKA
emHicTio 400 M MOJ1aBaNKCs HA TIOBEPXHIO JUIsl IEPEPOOKH HA TEXHOJIOT1UHINA YCTaHO-
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BIIl, SIKa pO3TalllOBaHa Ha MalgaHuuKy koMiuiekcy KB. Brpatu nmpoaykTUBHOTO po3-
yiHy ckianu 3%, TPUBAIICTh 3aKUCICHHS 1 BUCTOIOBaHHA 010Ky — 50 1110, 1HTeHCHB-
HicTh 3pormennst — 15 — 17 n/M” 3a ToauHy, BUTpaTa KUCIOTH — 20 KI/T Py/IH, BIIY-
YEHHS ypaHy B po3uuH — 0iu3bko 50% mnpu yrpumaHHi ypaHny B po3uuHi 60 — 80%,
Opu UBOMY MiJ] 3eMJIet0 OyB 3aJIIIHUM JIMILE IITAT 3 00CIyrOByBaHHS HACOCHOI CTaH-
1ii, a HA MOBEPXHI — IITAT 3POUITYBaIIbHOI yCTaHOBKU. CXeMa 4epryBaHHS aKTUBHOIO
3pOIIEHHS 1 BUCTOIOBaHHS 010Ky mpoTtsirom 10 — 15 116 npuszBoamiIa 10 MaaiHHS BMI-
CTy ypaHy B NpOAyKTUBHOMY po3uuHi Ha 20 — 30% uepe3 yacTKOBE 3aKPUTTS MOD 1
TPIIIIUH BTOPUHHUMHU MIHEpPAIbHUMHU YTBOpEHHsSMU. [Ipu mysbcyrodiit cxemi mojadi
PO3YHMHIB, 3 IHTEPBAJIOM 3POIICHHS 1 BUCTOIOBAaHHS 2 — 3 TOJ, 1l HEJOJIK JIKBiI0-
ByBaBcs. B pe3ynbrari mociimkeHp Oyiu BHU3HA4YEHI pallioHaIbHA TEXHOJOTisS (op-
MyBaHHS MITabensi, Horo mapameTpu, 00’ €My Kym4acTOro BHIIYTOBYBaHHS 1 T€OTEX-
HOJIOT14HI ITapaMeTpPH, SIK1 JAIH MOXJIUBICTh 3 BUCOKOIO PEHTA0EIbHICTIO BUTATYBATH
MeTanu. SIK pO3YMHHUK BUKOPHUCTOBYETHCS aOCONIOTHO HEIIKIJIMBHHA, HEACIIUT-
HUI peareHT (KOHIEHTpalis cipyanoi kuciaotu — 10 — 15 r/n). Ilicns BumyroByBaHHs
0J10K npoTsiroM 3 — 4 110 MPOMHUBAETHCS MATOUHUKAMU COpOLIi 3 IHTEHCUBHICTIO 30 —
35 m/ron, moTiM OJIOK TPOMHUBAETHCS IIAXTHO BOJI0O 11e 15 — 20 mi6.
IIlaxTHe BUJIYTrOBYBaHHSI B YMOBaX NPUPOJAHOI0 3a/SITAHHA
(0e3 moagpiOHeHHs1 pyau B 0J10KaX)

be3 monpiOHEeHHS MOXKIMBO BUJIYTOBYBaHHS TPIIIMHYBATUX PyA 3 KoedilieH-
ToM (inbrpanii Ky = 0,1 — 0,05 M/106. Po3KpuTTs py1HOTO MOKJIALY B MEKax OJIOKY
3IIMCHIOETHCSI OCBOBUMH 200 (hIaHTOBUMHM HArHITaIbHO-IPECHAKHUMHU BUPOOKAMH, 3
AKUX OypsSIThCS CBEPAJIOBUHU JUISl TOCTABKH POOITHUKIB 1 JAPEHAXy MPOAYKTUBHUX
po3unHiB. Pexxum BuiyroByBaHHS —  (QuUIbTpamiiHuii  abo  MyJbCcaliiHO-
¢inbTpaiiHuil.

IMinBuieHHs e)eKTUBHOCTI IIAXTHOT0 BUWIYTOBYBAHHSA YPaHy
3 3aMara3uHOBAaHOl pyAH

He3Baxarounm Ha BHCOKY HAJIMHICTh KOHCTPYKUIi TiApOI30JIsLii AHMILA (pHUC.
6.24), BTpaTu po34uHy Bce K ciarathb 15 —40% 3a paxyHOK po3TiKaHHS 10 OopTax 1
TPIIIMHAX, MUHAIOUM T1Apoi30saiiiauil map. Ilicas nonatkoBUX AOCTIIXKEHb Oy
BUPIIIEHO BIJIMOBUTHUCS B1Jl OOPMIIEHHS JOPOTOro TiJIpoi30JIALiifHOr0 mapy: Bech
PO3YMH 3aKayyeTbcsl B OJIOK 1 MEPENnyCKAEThCA Ha HUKHIA TOPU30HT Ta BiJKayyBa-
€THCS 3 JICTIPECIHHOT BOPOHKHU HA PIBHI TPIIIUHHUX BOJ. YJIOBJIIOBAHHS TAKUM CIIOCO-
OOM MPOYKTUBHOTO PO3YMHY, HE3BAXKAIOUM HA BUCOKE 301AHIOBAHHS MOr0 MIAXTHH-
mu Bogami (110 40%), ctasio 61s1bi e(heKTUBHUM PIIICHHSIM.

JIJis BIOBJIIOBaHHS PO3YMHIB HA PiBHI TPINIMHHUX BOJ OYpPHIMCH HaBXPECT
NPOCTATAHHS PYAHUX T CIEIiadbHI APEHAXHI CBEPAJOBUHU HA TIIMOWHY OIM3BKO
10— 11 M Bix migomBu BUPOOKH, 3 ypaxyBaHHSM KyTa PO3TIKaHHS PO3YUHY (IJis
TPIlMHYBATUX MOpiJ BiH cTaHoBUTH 75°). PiBeHb TpilMHHHX BOA mepeGyBaB IIij
IrpyHTOM BUpOOOK Ha rnuOuHi 2,8 —4,0 M 3ajie’)KHO B1J PO3MIPIB Kamepy y IUIaHl
(puc. 6.25). YV KoXHIN JIpeHaxHId CBEpIJIOBUHI O0JIaIHyyBaBCS BCMOKTYBAJIbHUN
natpyook (Ha 1 —2 M BuUIlle piBHS BUOOIO CBEPAJIOBHH), SIKIi MOHTYBaBCSl B MEPEKY
IUIA TIOTYXHHUX EJIeKTPOBAKYYMHHMX YCTAHOBOK MiHOMY PO3YHMHY MPOAYKTHUBHICTIO
He MeHuIe 6 — 8 Mm™/rof.
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Puc. 6.24. Cxema ynoBIIOBaHHS NPOJAYKTUBHOI'O PO3YMHY IPU BHIIYTOBYBAaHHI XBOC-
TiB, O11HOT UM 1103a0aJIaHCOBOI PyJIU B JTHUIIE TT1JI3EMHUX Kamep

[lin koxHUM OJOKOM MOHTYBasocsi 4 —5 eJeKTpoBaKyyMHHUX HacociB. I3
LEHTPaIBHOrO 30ipHIKa eMHICTIO 160 M’ PO3YHHHUK HACOCAMH BiIKadyBaBCs Ha II0-
BEPXHIO 10 TpyOax 3 HepkaBitouoi craji aiamerpoM 133 MM y XIMIYHUHN 1IEX PyAHH-
Ka JIJIS TTOJAIBIIOT MEPepOOKH.

Jpyruii BapiaHT 3HWKCHHS BTPAT MPOAYKTHBHOTO PO3YUHY IOJSTAE y CTBO-
peHHI B JHUINI OJOKYy MHEBMOOap’epa 3a paxyHOK IMojayl CTUCHYTOrO MOBITps (iM-
MyJIbCH BUCOKOTO THCKY) y CBEPJUIOBHHH, TPOOYpPEHI NMEPIECHANKYIISIPHO HAMPSMKY
nepeBakaroyux TPIIUH 3 JPEHAKHOrO IITPEKY A0 MEX IepeadadyBaHOIO OpEoly
po3TiKaHHs po3uuHy (puc. 6.26). BeauumHa HaIJIUIIKOBOTO THUCKY MHIATPUMYETHCS
ITHEBMOIMITYIbCHUMH YCTAHOBKAMH aBTOMATHYIHO B 3aJaHOMY PEXKHUMI.

Tpetiit BapiaHT — 3HIKEHHS 3aKyMOPKHU (KOJIbMATallii) MIXKIIOPOBOTO TIPOCTOPY
1 pylHYBaHHS INIMHUCTHUX TUTIBOK — JIOCSITAETHCS 32 PaXyHOK IUKJIIYHOL J1i HA Mara-
3UH PYJH IMITYJIbCAMU CTUCHEHOT'O TOBITPSI BUCOKOI'O THCKY 3a AOIOMOTOI0 ITHEBMO-
IMITYJIbCHUX MPUCTPOIB, IPUUOMY O€3MepepBHY IM0auy peareHTy B KaMepy He IpH-
NUHAIOTH. PO3KoNMbMaTallisi TPIUH 1 MOPOBHUX MYCTOT BiIOYBAETHCS SIK 3a PaXyHOK
€Heprii IMIMyJIbCIB CTUCHEHOTO TOBITPSI, TAK 1 32 paXyHOK PyXy peareHTy IiJl TUCKOM.
Jiist 61bIIoT0 €eKTy CTUCHEHE MOBITPS MOJMAETHCA MUKIIYHO — | — 2 nuUKIM Ha J10-
Oy. [lukn monsirae B MOCIHIIOBHIN MOJja4l CTUCHEHOTO TMOBITPS BiJi CBEPJIOBUHU [0
CBEp/IJIOBMHU, HANPUKIIAJ, 3J11Ba HAlpPaBO MO BIJHOIIEHHIO JO KaMepu, a MOTIM —
cIpaBa HaliBoO.

YerBepTHii BapiaHT — peBEpPCYBaHHS MOTOKY pOOOYOr0 pO3YMHY i BEITHKUM
TUCKOM: MojJila4ya poOOYOro po3uuHy 31MCHIOETHCS MOMEPEMIHHO Y MapHI 1 HemapHi
HOMEPH BisUT CBEPIJIOBHH 1 JAPEHAX MPOIYKTUBHOTO PO3YMHY TAKOXK MPOBOIUTHCS
NOMNEPEMIHHO 3 HEMapHHUX 1 MapHUX HOMEPIB Bisl CBEpAJIOBUH. L{MKI 3aKiHUyeThCH,
KOJIM B TMPOJYKTHUBHOMY PO3YMHI TaJa€ BMICT YypaHy HHUXK4YE MIHIMAJIbHO-
JIOITYCTUMOTO PiBHA.
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Puc. 6.25. Cxema 3 1BOMa BapiaHTaMH YJIOBJIFOBaHHS MPOJAYKTUBHUX PO3YMHIB Ha
P1BHI TPIIIMHHUX BOJ: a — 3 JIIHIWHUM PO3TAIlyBaHHSM JIPEHAKHUX CBEP/IJIOBUH;
0 — 3 MaliJaHHUM PO3TAIlyBaHHSIM KYIIIiB APEHAXKHUX CBEPJIOBUH

Ha 3akiHueHHS HUKITIB 3A1MCHIOETHCS PEXHUM «3yCTpidHa (PUIbTparis», KOJIu
po0OoOUMil pO3UMH MOJAETHCSA NONEPEMIHHO YEPE3 CBEPAJIOBUHY B YCI BisIa 1 APEHAXK
IIPOBOJIUTHCA TAKOXK 4epe3 cBepanoBuHy. [logaua pobo4yoro po3umHy y BCIX BUIA[-
Kax BiIOyBaeTbcs IMIyJbcaMu 1o 3 — 5 xB mij TuckoM y 3,5 — 5,0 MITa. ITicns cra-
oOimizanli Tucky B kamepi a0 2,5 — 3,0 MIla pobutscst nepepsa Ha 1 roj, npu HbOMY
PO3BAHTAKEHHI B MAaCHB1 CTBOPIOIOTHCA TOAATKOBI TpIUIMHU po3Tary. [logaua po3uu-
HY NMPOBOAUTHCS 3a aonomororo Hacoca HI'P-250/50, obmagHaHOro pesne THCKY Ta
pere Jacy, yepe3 0e31I0BHI KUCIOTOCTINKI TpyOH, 1110 BUTPUMYIOTh THUCK 4 — 6 MI]a.

[H1m1 BapianTH miaBUIIEHHS €()EKTUBHOCTI — KaMy(JIeTHE MiApUBaHHS 3aps/IiB
BP y kamepi Ta enexkrpoMarHiTHa oOpoOka MacuBy — BUMararOThb BEJIMKUX BUTpaT
IIpU HU3BKIN Bigadi.
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Puc. 6.26. Cxema maxTHOTO BUIIYTOBYBaHHS 3 BUKOPUCTAHHIM ITHEBMOOAp epa:
1 — ApeHaXHUH TPEK; 2 — BEHTWIAIIHHUN ITPEK; 3 — CBEPJIOBUHU T0/1a4l PO3UH-
HY; 4 — 3polllyBaHa 3aMara3uHOBaHa pyAa; 5 — CBEpAJOBUHU ITHEBMOOAp’ €pa;
6 — TpilMHY; 7 — KOHTYPH OJOKY BUIIYyTOBYBaHHS; 8§ — THEBMOIMITYJIbCHHE yCTAHOB-
k4; 9 — nHeBmonpusixg; 10 — repmernunnii mryuep; 11 — 3araibHOIaXTHA MEepexa
CTUCHEHOT'O TOBITPS

6.7. Ilpukaaaxi 3axa4i 10 riasu 6

BusHaueHHsl napaMeTpiB TE€XHOJIOTII MiI3¢eMHOI0 BUWIYTOBYBAHHS YPAHY

JlJis BUIIyroBYBaHHSI 3BUYAHO BUKOPHUCTOBYIOTHCSI BOJSIHI PO3UMHU MiHEpa-
JHHUX PEYOBUH KHUCIIOT, COJiel KapOOHATIB, JTy>KHUX MeTamiB. KucnotHuit crioci6 gae
O1IBIII BUCOKHMM BUTSAT, alIe BIAPI3HAETHCS MEHINOIO, HDK y KapOOHATHOrO Crocoly
cesieKTUBHICTIO. [Iponiec BUiIyroByBaHHs B HaJpax 3BOJAUTHCS A0 MEPEBEACHHS MiHe-
pautiB 13 TBepaoi Pa3u B PiIKY 3a PaxXyHOK iXB3a€MOJII 3 XIMIYHUM peareHToM. 30i-
JBbIICHHS KOHIIEHTPALli KUCJIOTU NPH BHJIYTOBYBAaHHI IIJIBUILYE IIBHUJKICTh PO3YH-
HEHHSl YPAHOBHUX MIHEpAJB 1 3MEHILY€E MEP10J HACUYEHHS 1Iapy XIMIYHUM PO3UMH-
HUKOM, MIJABUIILYIOUN B TOW K€ 4ac MOTO BUTPATHU HA PEAKIIIIO 3 TIOPOJIOKO.

JI0 OCHOBHUX T'€OTEXHOJOTTUHHUX MOKA3HHUKIB BIIHOCATHCS: KOHIEHTpALlisl Me-
Taly B IPOJYKTUBHHUX PO3UMHAX; CYMApHUU J1€01T CBEpUIOBUHM; AEOIT BIAKaYyBalb-
HOI CBEPJIJIOBUHU; KIJIBKICTh OJJHOYACHE MPAIIOI0OUMX CBEPAJIOBUH; TPUBAIICTh BIAM-
panboBYBaHHS OJIOKIB, PSJIIB, OCEPEJIKiB; Yac MOSBU MPOJAYKTUBHUX PO3YUHIB Y Bij-
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KadyBaJbHUX CBEPJUIOBHHAX; BUTPATH 1 KOHIICHTPAISl PO3YMHHUKA ¥ OKHMCHIOBAYA,
PO3MIpH NIABULIEHHS 1 3HUKEHHS PIBHSI B pOOOYUX CBEPIJIOBUHAX.

Po3paxyHOK OCHOBHHX TapaMeTpiB BHUIyTOBYBaHHS BEICTHCS B HACTYIHIN TO-
CJI1IOBHOCTI.

1. Cxiamaerbest po3paxyHkoBa cxema (puc. 6.28) , st sKo1 BUAUIAIOThCS 2 — 5
IIPOHUKHMX JITOJIOTIYHUX PI3HUIIb MOPIJ 1 Py, MO0 OEpyTh y4acTh y MPOIECI Iiji3e-
MHOTO BUJIYTOBYBaHHS, BU3HAYAIOTHCA 1X MOTYKHICTh M, koedimientu pimprparii K i
BMicT meTany C.
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Puc. 6.28. CxemaTHyHU reoIOr1YHUN pa3pi3: 1 — BOJXOTPUBKI MTOPOJIU; 2 — IPOHUKHI
nopoau; 3 — n’esoMmeTpuuHuil piBeHsn; K;, K, K; — koedimienT GinpTpairii JiTOIOT-
yHUX (pUIbTpaliiHuX pi3HULb; M;, M,, M; — TOTY>KHOCTI TJIaCTiB;

C;, C,, C; — BMICT KOPUCHOTO KOMITOHCHTA

2. Ilpu ekcmiyaraiii poJoBUII MiJ3€MHUM BUJIYTOBYBAaHHSAM METANIB 3 Py
HANHOIBIIOro NOMPEHHS HA0YJIX JIIHIMHI 1 KAMEPHI CUCTEMH PO3MIIIEHHS TEXHOJIO-
TYHUX CBEPUIOBUH (MOKJIUBI 3MillIaH1 BapiaHTH).

Qo=2Q3

Puc. 6.29. Cxemu po3MillieHHsI €KCIUTyaTalllfHUX CBEPJUIOBHUH MPH M136MHOMY BU-
JYyroBYBaHHI 3a JIIHIMHOIO (a) Ta KaMepHoIo (0) cxemamu: ® — 3aKadyBaJIbHI CBEPIJIO0-
BUHM; O — BIJIKauyBaJlbHI CBEPAJIOBUHU
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[Tpu ctpiukonoibHii OyA0BI pyIHOTO TOKJIALY 3 MIUPUHOIO MeHIIe 50 M Haii-
YacTille 3aCTOCOBYEThCA OJUH PsJ, IO CKIANAEThCA 3 3aKadyBaJIbHHMX 1 BlJKayyBa-
JBHUX CBEPAJIOBUH, SIKI YEPTIYIOThCS, PO3MILIEHUX HA 11 HeHTpaibHIi ocl. KinbKicTh 3
CBEPJIOBUH Y LIbOMY BHUIIAJIKy OfHaKoBa Q = Q3. Y pas3i, SIKIIO MOKJIAJ MA€ IUPUHY
B 50 1o 100 M, 3a3BUYali BUKOPUCTOBYETHCS 3-X psiIHA CUCTEMA 3 pO3TalllyBaHHSIM
3aKadyBaJIBHUX PAIB 1O nepudepii pyaHoro tiia. Yucno 3akadyBadbHUX CBEPIJIO-
BUH TyT B 2 pa3u OiIbIle, HK BiKA4yBaJIbHHX, 1 CHiBBIAHOMIEHHS NeOITIB Q) =
2Q;.

3. Jle6iT BigkadyBambHOI cBepIOBHHE (M>/100) (pHC. 6.29, a), 33 YMOBH 01-
HOYACHO1 POOOTH JIEKIIHKOX (HE MEHIIIE TPHOX) PSI/IIB CBEPAJIOBUH, MOXKe OyTH 3 JTOC-
TaTHHOIO TOYHICTIO BU3HAUEHUH 3a popMmyioro yctaneHoro pyxy A.l. YapHoro

: f?f — (6.11)

—|+1,57 L/a

ne K — xoeditieHT GiabTpallii mopig BOJOHOCHOTO TOPU30HTY, OTPUMAHHM 3a JaHU-
MU JOCHIAHUX BIJKAUyBaHb 3 YpaxyBaHHSIM MOro 3MiHM B IPOLIECI BUIYTOBYBaHHS
(3a TaHMMH JTaGOPaTOPHHX JOCIIKEHB), M /100y; M — MOTYXHIiCTh NPOHUKHOI Yac-
TUHU BOJIOHOCHOTO TOPU30HTY, M; S — MOHMKEHHSI PIBHSI BOJIU, PAXyHOUH Bl CTaTU4-
HOTO (MPUPOJHOTO) Ti MOJOXKEHHS, M; L 1 0 — BiACTaHb BIJIMOBIIHO MIXK psJIaMH CBe-
PAJIOBUH 1 CBEPUIOBUHAMM B PANY, M; Ty — PaAlyC CBEPIIOBUHHU, M.

Puc 6.30. Po3paxynkoBa cxema ae0iTy CBEpAJIOBUHHU TSl MPSIMOKYTHOI CITKH PO3Mi-
IICHHS CBEPAJIOBUH

4. Tlpu noCcUTh BEIMKUX PO3MIpax MOJITOHY KUIBKICTh 3aKauyBaJbHUX CBEPII-
JIOBUH MEPEBULLY€EKUIBKICTh BIIKAUyBaJbHUX y ABa pasu (puc. 6.29, 0). [ebiT oaniei
BIJIKa4yBaJIbHOI CBEPJIVIOBUHHU () IIECTUKYTHOI CITKM MOXe OyTH BU3HAaYEHUH 3a ¢o-
PMYII010, M’/106Y

2:mK-M-S
Qo = 205 = 2572 (08%), (6.12)
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ne O, — nebiT 3akauyBajIbHOI CBEPIJIOBUHU, M /100y; K — koedimieHnT ¢inpTpaii,
M°/106Yy; M — HOTYHICTh BOJIOHOCHOTO FOPH3OHTY, M; S — IOHWKEHHS PiBHS ITia3e-
MHHUX BOJI, M; @ — BiICTaHb MI’K CBEP/JIOBUHAMHU, M.

5. TpuBanicTh BiANpallbOBYBaHHS IUIOIIII, 110 MPUMAJAE HA OJIHY BlIKa4yBalb-
HY CBEPUIOBUHY, IO

__ fMyF,
t = —aq (6.13)

ne Fy, — mioma BiAnIpaibOByBaHHS, 110 MPUIAJa€Ha OJIHY BiJKauyBaJIbHY CBEPIJIO-
BHHY, M’
6. Yac nosiBu NpoAyKTUBHUX PO3YUHIB Y BIIKaUyBaJIbHUX CBEPJIOBUHAX, 'OJI

__ Mnlb
tH - )
Qo

ne n — eeKTUBHA MTOPUCTICTD; | — cepeHs BIACTaHb MIXK BiJKaUyBAJIbHUMU 1 3aKay-
BaJIHLHIMH CBEPIJIOBUHAMHU, M.

(6.14)

7. KoHueHTpanis Metany B IPOAYKTUBHUX PO3YMHAX, YACTKU OJ.

E-P-d
Cop =77 (6.15)
f.M.'y.F

ne £ — xoedilieHT BUTATY MeTany; P — 3amacu mMeTaily Ha IUIOIIi, IO BiANpalboBY-
€Thes, T; d — UIBHICTB TIPOYKTHBHOTO PO3UYMHY, T/M°; f — BITHOIIGHHS MACH PO3YH-
HY, 1110 BUJIYTOBY€ThCSA , 10 MacHu pyau; M — cepeaHs MOTY>KHICTb MOpP1J, SKa Mpopo-
OJISIETHCSL POZYMHOM , IO BngymByeTLc;I, M; y — 00’€MHa Maca py.u, t/™m>; F — io-
114, 1110 BIANPAIbOBYETHCS, M.

8. CymapHuii 1e6iT BiKauyBaIbHIX CBEPUIOBHH HPH eKCILTyaTarlii, M /106y

— Me
Qe - Ccp T

(6.16)

ne M, — mpoeKTHa pivyHa MPOAYKTUBHICTh MiANPUEMCTBA MO MeTamy, T; 1 — po3paxy-
HKOBa KUIBKICTh pOOOYHX JHIB Ha PiK, A10.

9. KipKicTh 0JHOYACHO MPAIOIOYNX BIIKAYyBaJbHUX CBEPJIJIOBHH, IIT.

N="% (6.17)
Qo
10. CymapHuit 1e6iT HeMPOIyKTHBHUX PO3UYUHIB, M*/100y
tH
Q, = b (6.18)
to
11. YTouHeHe 3HAUEHHS CEPeHbOI KOHIIEHTpallli MeTally B PO3YMHI MPH BI-
BEJICHH1 HEMPOIYKTUBHUX PO3YMHIB OKPEMUM TPYyOONPOBOJAOM, HACTKHU O/I.

C = Qe Ccp

T (Qe=Qw) (6.19)
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12. Butpatu po3uyMHHUKA HA XIMI4HI peakiii 3 TIPHUYOPYAHOIO Macolo 1 Ha 3a-
IOBHEHHS ITPOTYKTUBHOT'O TOPU30HTY, T
_EP

P, = ol (Qe— Q) (C,+Ci)-T, (6.20)

ne C, — 3ajaHa KOHLEHTPALliA PO3YMHHUKA B PO3YMHI, IO BUIYTOBY€EThCS; Cy — KOH-
LEHTpallisl pPO3UMHHUKA B PO3UMHI, IKUI BUTATA€THCS.

[Ipuknaz pimeHHs TUBUCH 10aaTOK K.

KouTpoJubHi 3antMTaHHA

. Ha3BiTh OCHOBHI apaMeTpu MiJ36MHOTO BIIIYTOBYBaHHS ypaHy.

. SIxi ¢i3uKo-XiMIUHI MPOIECH, IO CYNIPOBOIKYIOTh BUAOOYBaHHS ypaHY.
. 3aKOHOMIPHOCTI 1HQUIBTPALITHOTO BUJIYTOBYBAaHHS MIITHUX PY/I.

. Psani cuctemu 1 moBepXHEBI pO3POOKH IMiI3EMHOTO BU00YBaHHS ypaHy.
. bapaxxni cucremMu po3poOKH MiA3eMHOT0 BUI00YBaHHS ypaHYy.

. TexHomoriuHa cxema BUAO0yTKY ypaHy.

. TexHomnorist BUAOOYTKY ypaHy I1I3¢MHUM BUITyTOBYBaHHSIM.

. TexHomoTiYHA CXeMa CTYIIEHEBOT'O BIUIYTOBYBAaHHS M03a0aJIaHCOBUX PYI.
. [lTaxTHE BUIYTrOBYBaHHS B YMOBAaX MPUPOTHOTO 3aJIATAHHS.

O 00 1 O\ L W —
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7. PO3POBKA EHEPTOPECYPCIB HETPAIUIIHHUMHA
METOJAMUA

7.1. Cniocodu Buao0yBanHus HapTH

7.1.1. BropunHi 1 TpeTUHHI criocoou BUA00yBaHHS HadTH

[ligBumenns HaTOBIIAYl MIACTIB MPU PO3poOII HAPTOBUX POJOBHIN Y Ja-
HUHM Yac cTajo MnpoOJeMOI0 HaJ3BUYAlHOI HAYKOBOI Ta MPOMHUCIOBOI BaXJIMBOCTI Y
BCIX Ha(pTOBUI00YBHMX KpaiHax cBiTYy. TpuBanuii yac po3poOka HAPTOHOCHUX POJIO-
BULL 31MCHIOETHCS HUISIXOM OypiHHS TUIBKM BUAOOYBHUX CBEPIJIOBUH 1 BUJI00YyBaH-
HSl HAQTH 32 paxyHOK BiacHOi eHeprii pogosuma. Ilpu mpomy 25 — 30% novarkoBux
3amaciB pOJIOBUINA 3aJUIIAECTHCSA 3 MPUYMH BUCHAKECHHS €HEPTii poIOBUINA, TOOTO
3HWKEHHS BUOIMHOTO THCKY, a TIpH PO3poOIlll BUCOKOB’si3koi HadTu HadTOBIiIIaYa
ponoBuil piako nepesuirye 10 —20%. IIpuunna HU3bKOT HA(TOBI AT KPUETHCS Y
BHUCOKIH B’sI3K0OCT1 HaTH B tu1acToBuxX ymoBax. HalGinein eekTuBHUMH criocobamu
3HIDKEHHSI B SI3KOCTI HATH MPAKTUYHO CTAIM BTOPHHHI 1 TPETHHHI crocodu. Bro-
pUHHI cIriocoOu 30umblIeHHs HaATOBIAIAYl TUTACTIB MICTATh KOMIUIEKC 3aXOJiB,
CHpPSMOBAaHUX Ha BUJIYyYEHHS 3alaciB, 110 3aJIMILWINCS, 3 POJOBUIL, BUCHAKEHUX 32
nepio NEePBUHHOI (MTOMEPeHBOT) eKCIuTyaTamii. Y OUIbIIOCTI BUMIAAKIB PEIITY 3ama-
ciB Ha()TH 3 BUCHAXEHUX POJIOBUII BUTATYIOThH IIUISIXOM 3aKadyBaHHS BOAH. TpeTun-
Hi ciocoOu JOBUAOOYBaHHS 3aJIUIIKOBOT HAPTH CIIpsSIMOBaHI Ha CTBOPEHHS HA POJIO-
BUIII IITYYHUX COPHUSTIUBUX (PI3UKO-XIMIYHMX YMOB, SIKI 3a0€3Me4yroTh HaWOLIbII
e(eKTUBHUI Npolec BUTICHEHH HadTu. B nanuii yac HaOynu MOMIMPEHHS TEPMIYHI
Ta (Q13UKO-XIMIYHI METO/IH.

3aCTOCOBYIOTh B OCHOBHOMY TPY METOJIM TEIJIOBOI Jii:

— Ha Ha)TOB1 POJIOBHMIIA 1 €KCILTyaTaIlliH1 CBEP/JIOBUHU;

— TPOTpiB MPUBUOINHOI 30HM CBEPJIOBUH Mapor0 ab0 PI3HMMHU HarpiBayaMu
(eJIEKTpUYHUMU 1 BOTHEBUMH) 110 Temreparyp 120 — 200 °C,Moxk/I1MBe HarHiTaHHS B
IUTACT BEJIMKUX 00’ €MiB rapsuoi Bou abo mapu npu temmneparypi 0iausbko 150 °C;

— 3aCTOCYBaHHS BHYTPIIIHBOIIJIACTOBOTO pyxoMoro Borauiia ropinas (BIIBI).

Bigomi Takox 1 iH1m criocodu: 3aBoaHeHHS 3 [TAP, momiMepHe 3aBOIHEHHS, JTyKHE
3aBOJJHEHHSI, BUTICHEHHSI HATH IIOKCUIOM BYTJIELFO, MILETSIPHO-TIOJIIMEPHE 3aBOTHEHHSI.

Bropunni ciocoon Buao0yBanus HagTu. BuCOKI BUTpaTH Ha BIAKPUTTS HO-
BUX Ha()TOHOCHHMX POJOBULI BUSBHIINA y BCbOMY CBITI IHTE€PEC A0 IMIJBUILEHHS Had-
ToBiaaaul pojgoBuil. Y 30-Ti poku B koquiHboMy CPCP Oyna BcTaHOBJIEHA MOKIIU-
BICTh 1 €()EKTUBHICTh BUTICHEHHSI Ha(TH 13 IUIACTIB KOHTYPHUMH IIACTOBUMHU BOJAA-
mu. [Ipupoanuii BogoHamipHuii pexxuM po3poOKu HahTOBUX POJOBUIL OYB BUSHAHMIM
Oinbin eexTuBHUM. Jlumie y TICASIBOEHHI POKM IIiJI KEPIBHUIITBOM akKajeMika
A.I1. KpusoBa iiest IOMOBHEHHS TUIACTOBOI €HEPrii, 110 BUTPAYAETHCS HA BUTICHEHHSI
HadTH 3 TMOBepxHI, Oyia 3AilicHeHa Ha BUCHaXxkeHoMY pojoBuilil «lllupoka Gamkay.
o 1978 p. 3aBoaHeHHs 3acTocoBaHO Ha 260 poaosuiax i 87% Bciei HadTH BUI00Y-
Basiocst B CPCP 1ium metooM. 3apa3 Ha pOJOBHINAX 13 3aBOJIHEHHSIM BU00YBa€THCA
6nmm3pko 90% Bix 3arayibHOTO PiBHS BUAOOYTKY HadTH, TIPU I[bOMY B IUIACTH 3aKayy-
€ThCs TIOHA 2 MIPA M’ BOJIH Ha K.
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3aCcTOCOBYIOTBCA KiJIbKa CHCTEM 3aBOIHEHHS HATOBHX MOKIA/IIB: 3aKOHTYPHE,
BHYTPIITHHOKOHTYpPHE, BUOOPKOBE 1 KOMOIHOBaHE. 3aKOHTYPHE 3aBOJIHEHHS 3aCTOCO-
BYETHCSl IPU 3aKauyBaHHI BOJM B HarHiTajabHl CBEPUIOBUHM, PO3TAIIOBAaHI B 3aKOH-
TYypHIi 4YacTuHi poaoBuina. [Ipu BHYTPIIIHBOKOHTYPHOMY 3aBOAHEHHI POJOBHUIIE
PO3AUISIETHCS PSAaMU HarHITaIbHUX CBEPAJIOBUH Ha OKpeMi OJOKH CaMOCTIHHOT po3-
poOKH, 1 Had)Ta BUTICHIETHCS M1 BILTMBOM HAIlOPy BOJM, 110 HarHITaEThCsA. Bubopue
(MaliaHHe) 3aBOJIHEHHS OCOOIMBO €(PEKTUBHO MPHU PO3poOIll MaTIOIPOHUKHHX TIjac-
TiB. [loyinmeHHs: MOTOYHUX MOKAa3HUKIB PO3POOKH POIOBHUINA 1 MIABUILICHHS €()EKTH-
BHOCTI KiHIIeBOi HaTOBIAa4Yl IJIACTIB HAWOUIBIIOI MIPOIO JOCSATAETHCS TIPU BHYT-
PIITHLOKOHTYPHOMY 3aBOJIHEHHI, 110 3YMOBHUJIO HOTO IIUPOKE 3aCTOCYBaHHA Yy BCIX
HadTOBUIO00YBHUX paitoHax (Tadmn.7.1).

Tabmums 7.1
3acToCcyBaHHS CHUCTEM 3aBOJIHEHHS Ha(TOBUX IUIACTIB
Cucrema
IHoka3zHuk 3aKOHTYP- BHYTPIT= . KOMOiHO-
HbOKOHTY- | BUOIpKOBa
Ha BaHAa
pHa
Kinekicts pogosui, % 3.3 50 18 28
Bunobyrok Hadtu, % 3,0 70 9 18
O06’em 3akauyBaHHs BOAH, Yo 8,0 68 9 25
Cepe_z[He BITHOLICHHS] BUI00YB- 47 4,65 6 6.4
HUX 1 HATHITAJLHUX CBEPIJIOBUH
10\/[aKCI/IMaJ'II>HI/II/I Temn pO3po0KH, 17 412 510 15— 10
Yo BUAOOYTHX 3amaciB
CepenHiii 1e6iT cBepAJIOBHH, Y0 18 32 14 28

Pa3oM 3 TUM BUKOpHCTaHHS 3aBOJHEHHS BUMAarae BEIMKUX MaTepiaibHUX BH-
Tpar. TexHonoriss po3poOku HaQTOBUX POJOBHUIL MOTPeOyE MOAATBIIOTO BIOCKOHA-
neHHs. HeoOXiIHICTh Y 1IbOMY OYEBHU[IHA, AKIIO BPAaXyBaTH, L0 CEPEIIHIA BIICOTOK
Ha(TOBIAAAYl B LIJIOMY y CBITI ckianae 25%. Tperununi cnocobu po3poOku HadTO-
BUX POJIOBHUII] MICTSATh y cO01 TaKl METOAM BIUIMBY Ha MPOJYKTHBHI IIJIACTH, SIK 3aKa-
yyBaHHS napy (HUKIIYHO abo Ge3nepepBHO), CTBOPEHHS (DPOHTY Mi36MHOTO TOPIHHS
Ha(TH, 3aKauyBaHHS BYTJEKHUCIIOTO a3y, 3aBOJAHEHHS 3 JI0JIaBaHHSIM IOJIIMEPIB, Mi-
nesipaux po3uuHiB, [TAP. Buticnenns nadtu naporo nependavae HarHITaHHS TapH
3 3eMHOI TOBEpPXHI B IUIACTH 3 BIJIHOCHO HHU3bKOIO TEMIEPATYpPOI 1 BHCOKOIO
B’sI3KICTIO HAaTH Yepe3 CreliaibHl HarHITalbHI cBepyIoBUHHA. OCKUIBKH IMapa Mae
BenuKky TertoeMHicTh (moHax 5000 KJIK/kr), y 3 — 3,5 pa3u nepeBuIIye TEIioeM-
HIiCTh rapsidoi Boau rpu 230 °C, BIH BHOCHTH Y IUIACT BEJIMKHI 3aIac TEIIOBO1 eHep-
rii, sSIka BUTPAYa€eThCsl HAa HAarpiBaHHs IUIACTa 1 3HM)KEHHSI BIJHOCHOI IMPOHHMKHOCTI,
B’SI3KOCT1, PO3LIMPEHHS BCIX HACHUYYIOUMX IUIACT areHTiB — HadTh, BOAM 1 Trasy.
Edexkr Burichenns Hadtu (40 —50%) 3a0e3nedyeTbCsi 3a paxyHOK 3HHIKEHHS
B’S3KOCT1 Ha()TH, MEHILIOIO MIPOIO — 32 PAXYHOK JUCTHIISALIT HAQTH 1 3MIHU PYXJIUBO-
cti (18 —20%), a Takox po3mMpeHHs: HadQTH 1 HAMOKAHHSI TLJ1ACTa.

227



Buyrpimnbsonacrose ropinns. Lleii nporec ocHOBaHMI Ha 30aTHOCTI HAPTHU
B ILJIACTI BCTYNATH 3 KUCHEM IIOBITPS B OKMCHIOBAJIbHY PEAKIIil0, B PE3yJbTaTl SKOi
BUJIUISE€THCS 3HAYHA KUIBKICTh TEIUIOTU. Y MOYATKOBUU MEPio MJIACT 3aMalliOI0Th 3a
JOTIOMOT'OK0 BUOIMHUX €JIEeKTPUYHUX HarpiBayiB, ra30BUX MaJbHUKIB 200 XIMIYHUX
3ananbHUKIB. [licns 3aropsiuusa HadTH 01151 BUOOIO CBEP/IJIOBUHHU IUISIXOM Oe3nepep-
BHOI'O HArHITaHHS MOBITPS B ILJIACT 1 BIJIBEJCHHS BiJI BOTHHUIIA TOPIHHS MPOIYKTIB
ropiaag CO, CO,, SO, Tta iH.) 3a06€3ne4yr0Th MIATPUMAHHS BHYTPIIIHBOIIJIACTOBOTO
TOPIHHA, 10 CHPHUSAE MEPEMIIIEHHI0O (PPOHTY BUTICHEHHS HA(PTH. 3aCTOCOBYETHCS 1
METOJI BOJIOTOTO BHYTPIILIHBO IJIJACTOBOIO TOPIHHS, CYTHICTh SIKOTO IOJISITa€ y 3aKa-
YyBaHHI B Ha()TOHOCHUI IUIACT Pa3oOM 3 MOBITPSAM MEBHOI KIIbKOCTI BoAu. CTUKarO-
YUCh 3 HArpiTOI MOPOJAOI0 1 PYXalOUUCh OCEPEIKOM TOPIHHS, BOJIa BUIIAPOBYETHCS 1
napa MmepeHoCUTh TEIUIOTY B 00JacTh momnepeny GpoHTY TOpPiHHSA, € YTBOPIOIOTHCS
Benuki 30HU nporpiBy. Meroa BIIBI' negockonanuid. Ile BimHOCUTBCS SIK 10 3ama-
JIOBAHHS IUIACTA, TaK 1 O MIATPUMAHHA MPOLECY TOPiHHS AOCUTHh TPUBAJIMN Yac.
Kpim Toro, npu BUKOpPUCTaHHI I[LOTO METOJIy BUHUKAE IpobiiemMa 3 KOpO3i€r ycTaT-
KyBaHHSI 1 YTBOPEHHSIM IUIACTOBHX BOJOHA(PTOBUX €MYJIbCIH.

ButicHenHst HagTH BYIJIeKHCJIUM ra3oM. MexaHi3M BUTICHEHHS HaQTH MO-
asrae B HacTynHoMy. Ilpu mimacToBOMy THCKY BHILE THUCKY IOBHOTO 3MILITyBaHHS
1acTOBOi HaTHU 3 OCTAaHHIM OyJie BUTICHATH HA(PTY K 3BUYAWHUN POZUMHHHUK TPH
BUTICHEHHI 3MIITyBaHHA. Y TJIACTI YTBOPIOIOTHCSA TPU 30HU — 30HA MEPBICHOT TjIac-
TOBOT Ha)TH, TIEPEXiHA 30HA BiJl BIIACTUBOCTEN MEPBICHOI HA(THU /10 BIACTUBOCTEH
niokcuay Byriewto 1 3oHa yuctoro CO, . Ilpu narnitanni CO, B 3aBOAHEHY 30HY Iie-
pea HUM YTBOPIOETHCS Ball HA(THU, SIKUI BUTICHSE 1 TUIACTOBY BOAY.

Ioaimepne 3aBognenns. Crioci0 moysArae B TOMy, 10 y BOJ1 pO3UHUHSAIOTH BU-
COKOMOJICKYJISIPHUN XIMIYHUM peareHT — MoJIIMEP IMOJiaKpuiIaMij, 10 BOJIOIIE 3/aT-
HICTIO 3HAYHO MIJBUIIYBATH B’ S3KICTh BOJH, 3HUKYBATHU il PyXJIUBICTh 1 32 PaXyHOK
IILOTO 301IBIIYBATH OXOIJICHHS IUTACTIB 3aBOJHEHHsM. [lomimepHi po3dnHH, BOJIO-
JIIOYM IIIBUIICHOK B’SA3KICTIO, Kpallle BUTICHAIOTH HE TUIBKM Hadrty, ame 1
OB ’s3aHy IJIACTOBY BOJy 3 MopucTOoro cepenoBuuia. [loniMepu BCTynaioTh y B3ae-
MOJIIFO 31 CKEJIETOM TOPHUCTOTO CepeqoBUIla (IOPO0I0, IIEMEHTYBAIBHOIO PEYOBH-
HOM0). Y pe3yJibTaTi LbOro BIAOYBAETHCS aACcOPOLIis MOJIEKYJI MOJIIMEPIB, IO MPU3BO-
IUTH 0 BUMAJaHHA 1X 3 PO3YMHY HA TIOBEPXHIO IMOPUCTOTO CEPEeOBHUIIA 1 10 MEPEK-
PUTTSI KaHAIIB, 110 3HWXKYE (DUIBTPALI0O B HUX BOJIU. 32 paXyHOK I[bOTO CYTTEBO 3Me-
HIIY€TbCA AMHAMIYHA HEOAHOPIIHICTh MOTOKIB PIAWHU 1 MiJIBUILYETHCS OXOIJICHHS
IJIACTIB 3aBOJHEHHSM: 3 MI1JBUIICHHSIM IIBUIKOCTI (DUIBTpALIil 1 31 3MEHIIIEHHSM PO3-
MIpIB KaHAJIB MOP 3/a€ThCA B A3KICTh MOJIMEPHUX PO3YMHIB 30UIBIIYETHCS, TOOTO
OTIip MOPUCTOTO cepenoBuIla (PiIbTparlii po3duHy 3pocTae. 3a OIIHKOK 1HCTUTYTY
«dunpocxingnadra» (Pocist), kimpkicTs Bugo0yToi Hadht Ha 1 T 100%-ro momimepy
ckiana 180 1. 3a kopaoHOM JogaTkoBuil BUm0OyToK HadTu ckinaB 170 600 T Ha 1 T
100%-ro monimepy, To0TO 301nbIIeHHs HadTOBIAMAYl He nepeBuitye 7 — 8%. Hemo-
JiKaM# crioco0y € 3HUKEHHS MPOAYKTUBHOCTI HAarHITATLHUX CBEPAJIOBUH Yepe3 ifI-
BUIIEHY SIKICTb Y MPHUBUOIMHIN 30H1, BIICYyTHICTh YCTAHOBOK JIJISi IPUTOTYBaHHS TIO-
JTIMEPHUX PO3YUHIB, TPYIHOLI 3 3a0e3MeUYeHHSIM HAPTONPOMHUCTIB HEOOXITHHUMH
XIMIYHUMU MaTepialiaMH Ta IH.

228



MiuenspHO-1IoIiMEPHE 3aBOJAHEHHS CIPSIMOBAHE HA YCYHEHHS KallISIPHUX CHJI
y 3aBOJIHEHHI IUIACTIB 1 BUTICHEHH] 3aJIMIIKOBOI HapTU. MiLesapHl pO3YMHU SIBJIS-
I0Th COOOI0 KOJIOiIHI CUCTEMH 3 BYIJIEBOJHOI PIMHU 1 BOJM, CTAOLII30BaH1 CyMilI-
uito [TAP. Sk Bigomo, 3ayuiikoBa HaTa B 3aBOJIHEHUX IJIACTaX YTPUMYETHCS B He-
PYXOMOMY CTaHi, MOBEPXHEBO-MOJEKYJSIPHOMY 1 KalUIIPHOMY, a TaKOX CHJIAMHU
B’SA3KOCTI B CJTA0OMPOHMKHUX Iapax Iwiacta. [Ipu mpomy MikdasHU HATAT MK Mi-
HEJISIPHUMH PO3UYMHAMHU 1 TIJIACTOBUMHM piiuHaMu (HaA(TO 1 BOAOKO) CIIAOKUM, TOMY
PO3YHMH yCyBa€ 0 KamiJISpHUX CHUJI, BUTICHSIIOUU MPU [IbOMY HadTy 1 BOy. 3 METOIO
BUTICHEHHSI OTOPOYKHU MIIEJISIPHOTO PO3UMHY, B IJIACT CIIJOM 3a MM PO3YHHOM Ha-
THITAIOTh TOJIMEPHUN PO3YUH 3 B’A3KICTIO, OJIM3BKOIO JO B’SI3KOCTI MILEISPHOTO
PO3YMHY, a MOTIM 3BUYAiHy BOAY. Y PE3yJIbTaTi B IJIACTI YTBOPIOIOTHCS IIICTh 30H:
1 — 30Ha BuX1HOT HAPTOBOT HACMYEHOCTI IUIacTa, 2 — HaQTOBUI By, 3 — BOJASHUMN Ball,
4 — oTOpOYKa MILIETSIPHOTO PO3UYNHY, 5 — Oydep pyXIuBOCTi, 6 — 30Ha 3BUYAIHOT BOJIH.

Taxum ciocobom BaaeTscst 10AaTKOBO oTpumat Hadtu a0 15 —40% 3amum-
KOBOI, II0 BBa)KaeThCsl MajoedeKTuBHUM. Bukopucranus Bogopo3unHHuUX [IAP —
OJIMH 3 HAWMpPOCTIIIMX METOJIB 30UIbIIeHHS HaTOBIAAaul IuacTiB. BiH mokpaiye
a00 3MiHIO€ B HEOOX1JHOMY HANpPSMKY BUTICHSIOTH BJIACTUBOCTI BOAM, TOOTO 3HUKYE
MIXK(}a3HUI HATAT MK BOJIOIO 1 HA(TOIO 1 3MEHIIY€E BIAMIHHICTD Y B’SI3KOCT1 HATH 1
BOoAM. MexaHi3M mpoiiecy 13 3actocyBaHHsaM [IAP 30cHOBanHMit Ha TOMY, 110 MPHU Bij-
HOBJICHHI Ha()TH 3HIKYETHCS MMOBEPXHEBUN HATAT MK HadTO 1 BojoIO Big 35 — 45
no 7 —8,5 MH/m 1 30unbIIyeTHCS KpaOBUI KYT 3MOUYYBaHHSI KBApIIOBOI IJIACTHHKHU
Bin 18 mo 27°. Omxe, HaTAr 3MOYYBaHHSA O 0 3menmyetrscss y 8 — 10 pasis.
O0’emu 3aKkavyaHMX y IJIaCT BOAHUX po3unHiB [TAP noBuHHI OyTH BEeIMKUMHU (HE Me-
e 2 — 3 00’em mop HapTOBOTO POAOBHINA). 3 OTJSAY Ha Te, MO ePEKTUBHA IIis
I[TAP no BuTicHEHHIO Ha)TH CYNpPOBOKYETbCS 11 aacOpOLi€l0, TO BECh MiIJAAHUMA
BIUIUBY OOCST pojoBHILA OyJe TpaHUYHO HacuueHui aacopOoBanumu [TAP. Ancop-
omis IIAP B mopucTtomy cepemoBHIL MPU3BOAUTH O TOTO, IO HA JIiHIT BUTICHEHHS
Hadtu Boga He MicTuTh [TAP. I1pu upomy mninis [TAP pyxaerbes no macty B 10 — 20
pasiB moBinbHimre, Hix GpoHT BuTicHeHHs. B 1 M° 06’€M mIacTa MiCTUTBCS IPUOITH3-
HO 100 kr ITAP. 3 HpOro Bogor0 MoxHa BUTicHUTH 50 — 60 kr HadTH, TOOTO KOeDiIi-
ent BuTicHeHHs Oyae 0,5 — 0,6. IligBumenHs 1boro koedimienra mpuodau3Ho Ha 10%
3a paxyHok [TAP no3Bonuth nogatkoBo otpumaru me 10 kr madtu. [Ipu Takomy He-
BEJIMKOMY MHTOMOMY JOJATKOBOMY BHI00YTKY HaTH €KOHOMiuHa €()EeKTHUBHICTH
IIOTO METOJIy CyMHIBHa. ¥ 0araTh0X KpaiHax MPOBOMASTHCS IOCITIPKEHHS B Tally3i
PO3poOKHU crocoOiB miaABUIIICHHS HAPTOBIAAYl, B OCHOBY SKHX MOKJIAACHO MPUHIIHI
3MEHIIEHHS TTOBEPXHEBOI0 HATATY HA MEXI1 pO3LTY TIACTOBUX HA(T 1 pO3UNHY BUTI-
CHeHHsI 3aBgku BUkopucTanHio [TAP. [leski 3 mux cmocoOiB BUsSBUIUCS €()EKTHB-
HUMH, OJJHAK y LIJOMY TEXHOJOTis BUKOpucTaHHsA [IAP 3anumaeTscsi HEAOCTATHRO
JIOCKOHAJIOK0 JUIA 11 IPAKTUYHOI'O 3aCTOCYBAHHS.

Xopotiri pe3yabTaTd MOXE J1aTU BUTICHEHHS HA(TH HATrHITAHHSM 3P1IKEHOTO
nomyTHoro razy. OgHak BHCOKa BapTICTh CKPAIUICHOTO Ta3y BHUKJIMKA€E 3HAYHE 30i-
JBIIICHHS BUTpAT Ha BUJIO0OYTOK BUTICHEHOT HaTH. AHAJIOTIYHI PE3ybTaTU MPHU Ta-
KOMY >K TMiJBUIIECHHI BapTOCTI Ha(TH MOXE JaTH HArHITaHHS Ta3y IijJ THCKOM
10 — 30 MIla B mmact 3 yerkoro HagTOr, 30ara4yeHo0 PO3YMHEHUM Ta30M. Y Maily-
THBOMY POJIb TPETUHHUX CMOCO0IB BUAOOYTKY HadTH (Y TOMY YHCI TEIJIOBUX) 3pOC-
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Te. OCHOBHI BUTpATH MpH TEIUIOBIH 111 HAa HAPTOBI POAOBHUIIA — 1€ BUPOOHUIITBO TEI-
notu. ToMy 37€mIeBIeHHS IPOIIECY MIATOTOBKU TETUIOHOCIS € IIEHTPATbHIUM MUTAHHIM
M1BUIIEHHS €EKOHOMIYHO1 €)EKTUBHOCTI 3a3HAYEHOT0 CIOCO0Y BUI00YTKY HaTH.

Sk TepCreKTHBHUN HAIpsIM YSBISBISETbCS BUKOPUCTAHHS TMPU BHIOOYTKY
HapTU TIMOMHHOI TeruioTu 3emiil. ['eorepmanbHa €Hepris JO3BOJIMTH MPOTPIBATH
CTBOJIM €KCIUTyaTallliHUX CBEPJUIOBUH 1 3aKadyaHy y NMpUBHOIiHI T1acTy napy. Bona
MOKe OyTH BUKOpPHCTaHa TAaKOX JIJISl TEIJIOBOI Jii Ha HA(TOBI IUIACTU rapsvuo0 BO-
JIOI0 TIPH PI3HUX CXEMaX 3aBOJHEHHSI, Y TOMY YMCII1 JJIsl IPOrpiBy IUIacTa 3aKayyBaH-
HsM napu. [IpoTe BUKOpUCTAHHS MPUPOJHUX TEPMAIBHUX BOJ 1 Mapu OOMEXY€EThCA
TUM, TII0 HAQTOB1 POJOBUIIIA HE 3aBXK/U PO3TAIIOBYIOTHCS B pallOHAX F€OTEPMaIbHUX
oKepen. Buxin 13 mboro cTaHoBHINa 0a4YUTHCA B TOMY IMI0,5K, JPKEPEIO rapsdoi BOAH
1 Tapy MOXYTh BUKOPUCTOBYBATHCS IITYYHO CTBOPIOBAaHI MiA3€MHI TEIJIOBI KOTJIH
(TEeTI00OMIHHUKH).

Bopma, narpita B mia3zeMHOMY TETJIOOOMIHHUKY, a00 MPUPOAHA TepMallbHA BO/A
3 TOPU3OHTY, IO 3aJIArae HIK4Ye HAQTOHOCHOTO TUIacTa, BUAAETHCA 13 T€OTepMaIbHOT
CBEP/IJIOBUHU 1 11O TPyOOINPOBOAaX HATXOIUTh B 3aKPUTHUH BIACTIHHUK. OUuIieHa Bij
HeOaXaHMX JOMIIIOK 1 COJied rapsiya BOJa HACOCOM IMOJAEThCA B MPOLYKTUBHUN
IUTACT Yepe3 HarHiTalbHy CBEPAJIOBUHY. MOXIIMBUI IHIIMN BapiaHT BUKOPUCTAHHS
TepMaIbHUX BOJ 1 Mapu. ['apsiya Bosia 3 mpupoaHoro daceiny abo mTYy4YHO CTBOPEHO-
ro MiJ3eMHOr0 TEIJI000OMIHHUKA MOAAETHCS NMPAMO B HAQTOHOCHUM IiacT 0e3 more-
penHboro migiomMy Ha noBepxHio (puc. 7.1). Takuii crioci6 103BOJIs€ 3BECTH O MiHI-
MyMY BTPATH TEIUIOTH B CBEPIJIOBUHAX, YHUKHYTH YCKIIaIHEHb, III0 BUHUKAIOTh BHA-
CJIIIOK OKMCHIOBAJIBHOTO MPOIIECY MPU KOHTAKTI TEPMAIBHUX BOJ 3 TIOBITPSIM, JIIKBi-
JyBaTH HETaTHBHI BIUIMBM MIHEPATi30BaHUX BOJ HA HABKOJIUIIHE cepepoBuie. [le-
¢inuT HadTH 1 3pocTarodi Ha HEl IIHU OyJyTh CTUMYJIIOBATH TOIIYK 1 peai3allito
HOBUX €()EKTUBHUX METO/IB MiABUIIICHHS HA()TOBIa9l POTOBHIIL.
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Puc. 7.1. Cxema TemuioBoi Aii Ha HAQTOHOCHI IJIACTH 13 BUKOPUCTAHHSIM TEPMaJIbHUX
BOJ 0€3 MiIiioMy iX Ha MOBEPXHIO: a — 3 BUIbHUM MEPETIKAHHSAM BOJIH;
1 — reorepmasibHa CBEpAJIOBUHA; 2 — HA(TOBA €KCIUTyaTallliiHa CBEPAJIOBUHA,
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3 —HadToBUH T1acT; 4 — makep; O — 3 IPUMYCOBUM BHYTPIIIHBO CBEPAJIOBUHHUM
NEepeTIKaHHAM BOAM: | — 3aHypIOBaJIbHHM €JIEeKTPOHACOC; 2 — OJIOK YIpaBIiHHS;
3 — pe3epBHUM HAcoC; 4 — MJIACT rapsyoi BOAU; 5 — HAPTOBE POJIOBUIIIEC

7.1.2. Buno6yTok Baxkkoi Had)TH 1 O1TYyMiB

[TonsiTrs «Baxkka HapTa» HE Mae OJJHO3HAYHOI'O BU3HAUEHHS. Y PI3HUX Kpai-
HaX M0 M€l rpynu BXOASITh HA(PTH, MO0 XapPaKTEPU3YIOTHCS PI3HOK IMIIIBHICTIO 1
B’si3kicTi0. Jlo Baxkkoi HadTH BimHOCATHCS apaGebka HadTa minbHicTIo 0,8927 r/eM’ i
ipaHceka HadTa minericTo 0,8703 r/ev’. YV Kaunazi TepMiH «Baxka Ha(Ta» BXKHBA-
€THCSl 3BUYANMHO ISl MO3HAYEHHS MAJIOPYXOMOI 1 B’SI3KO1 Ha(TH LIUIBHICTIO MOHAA
0,934 r/cm’. KoedilieHT BuTyueHHs Takol HAQTH MPU BUKOPHUCTAHHI NEPBHHHAX Me-
Toa1B piko aocarae 10%, Tomy epekTruBHA po3poOKa i1 MOXKJIMBA JIUILIE 3 BUKOPHUC-
TaHHSM TEIJIOTH a00 rapsyux peareHTiB, TOOTO TEPMIYHUMU METOJAAMH.

Tepmin «OiTyM» BUKOPUCTOBYETHCS B PI3HUX 3HaueHHsX. [lig mum TepmiHOM
PO3YMIETHCS 1I1J1a raMa TBEPAMX, B SI3KUX 1 PIAKUX MNPUPOJHUX 1 IITYYHHUX 1 OpraHiy-
HUX CHOJIYK — HadTa Ta i1 MoXiaHi, MPOAYKTH NepepoOKH Ha(TH, TOPIOYMX CIIAHIIIB,
Byriuisg 1 T.1. Crou BITHOCATBCS TaKOX MPHUPOJIHI CyMillll Ta KOHLIEHTPATH acdaib-
TO-CMOJIICTUX KOMITIOHEHTIB Ha)TH 3 Ti€r0 a00 1HIIOK YaCTKOIO ra3omojiiIOHUX BYT-
JeBOHIB. 3a3Buuail 61TyMu MICTATH 110 45% CIpKH, MOXKYTh MICTUTH TaK0>X HEBEIH-
Ky KUIBKICTh PO3UYMHEHOTO METaHy 1 JOMIMKH Cyiab(dimiB: iX miasHICTE 0,96 —

1,03 r/em’. V namuii 9ac Bakki ByTJICBOLHI MOXKYTh OyTH BHJIYHeHI MIAXTHOIO Ape-
Ha)XHOIO pPO3pOOKOI0 32 JIONMOMOrOK CBEPAJIOBUH YM IHIIMX JIPEHAXHUX KaHAJIB,
IPOBEJICHUX 3 MI3EMHUX FPHUYMX BUPOOOK 1 B3aEMOIIEIO HA IJIACT TEIUIOTOK0. Taka
TEXHOJIOT1s peainizoBana B Pocii Ha SperencbkoMy pogouuil. I’ sTaecsaT pokiB Tomy
HadToBHKHU pecnyOmiku Komi 3axmanu mobauszy YXTH Ha [IbOMY POJIOBUII MEPIIY B
Pocii HadTOBY maxrty, noTim 1ie /Bi. Sperencbke pooBuLIe OyJI0 MiArOTOBIECHO IS
[IAXTHOI PO3pOOKH 3 camMoro mno4yaTky, TOMYy LIO TyT BaKka Ha)Ta Ma€ yHIKaJIbHY
B’SI3KICTh 1 BUJOOYTOK ii 3 MOBEpXHi He nepeBuiyBaB 3 — 6%. i bOro 3 maxTHUX
TIpHUYUX BUPOOOK OYpsITh BEJIUKY KUIBKICTh CBEPJIOBUH 3 BIJICTAHHIO MK HUMHU S5 —
20 M (puc.7.2). Taka rycra ciTka CBEpIJIOBUH J103BOJISIE €(PEKTUBHO JIPEHYBATH PO-
JIOBUIIIA 3 BUCOKOB’ SI3KOI0 1 BAXKKOI0 Ha(TOIO.

[IponykTtuBHMI MIacT SpereHchKoro poaoBHUIIA MOTYKHICTIO 26 M,CKIaeHUN
KBapILIOBUMH TICKOBHKaMU, 3aisirae Ha riubuni 200 m. [Topucrticts mnacta — 26%,
cepenHs MpoHMKHICTE — 3,17 MkM, HacuueHicTb HadhTu — 87% Bim obOcsry uacy,
B’s3kicTh HapTH — 18000 MIla c, minbHicTh — 945 Kr/M°. SIK BHIHO 3 puc. 7.2, B no-
poJax MOKPIBII IUIACTa HA IEBHOMY TOPU30HTI MPOXOANTHh HU3KA TIPHUX BHPOOOK, 3
AKX Ha HAQTOHOCHUH MiIacT OypsTh MOXWJI CBEPAJIOBHHM JUIsl HATHITAHHS MapHu.
[ToTiM 3 HaAMIACTOBOrO TOPU30HTY B IPYHT ILJIACTa MPOXOJATH CIAPEHI MOXWIII BU-
pPOOKHU 10 KUIBLIEBUX Tajiepei. 3 1UX rajepeul paaiaibHO CHOPYIKYIOTh OypoBi, MO-
JIOTO BUCXI/IHI CBEPJJIOBUHU JOBXKHUHOIKO 160 — 250 M, SKMMH 3a3BUYail OXOIUTIOIOTH
wiomy Onu3bko 12 — 15 T'a. TlaponporpiB HadTOBOrO Ijacta 31MCHIOIOTh UKIIY-
HUM 3aKadyBaHHSM Iapu B HarHiTajdbHI CBEPAJIOBUHHU mia TUckoMm 2 — 4 Mlla. Tep-
MOIIIaXTHUH CI10ci0 BUAOOYTKY B’ s13K0T HAPTH HA pOAOBHII «SpereHchbKe» BUKOPHC-
TOBY€eThCs Bike moHal 40 pokis. [IpaitoroTh Tpu MIaXTH 3 OXOIJICHHSM JAUISHKY I1J1a-
cta mometo 220 T'a. BunoOyto monan 3,2 mus/T Hadtu. [loTrouna Bimmaya Hadtu
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IUTacTiB cTaHOBHUTH 25 — 50% OamancoBux 3amaciB. [lutoma Butpara mapu 2,0 — 2,74
T/T. B HaproHOCHMI TUTacT HarHiTaeThes 3,2 TUC. /100y mapu 1 foOyBaeThes 1,3 Tuc.
T/100y Baxkoi HapTu. Hepomik TepmoiaxTHoi po3poOKH HAPTOBUX POJIOBHUIL — He-
0OXI1JIHICTh TIPAIfOBATH MiJ 3€MJICI0, 1110 3YMOBJIIO€ BEJIMKI BUTPATH HA BEHTHJISIIIO
I13€MHUX TIPHUYUX BUPOOOK, O€3MeYH1 YMOBH Ipalll Ta iH.

3 7]
% 2
- N
- 3
|5 E
° | S
o |
| s LSS AL Z i
L f t

A

Puc. 7.2. IlpuanmmoBa cxeMa JBOTOPU30HTHOT CUCTEMH TEPMOIIIAXTHOT PO3POOKH
SApercbkoro poaoBwuina: a — miax; 60 — po3pis: 1 — ymoBHA Mexa OJ0KY; 2 — BUIOOYB-
Ha CBEp/IJIOBMHA; 3 — OypoBa kamepa; 4 — IITpeK; 5 — HarHiTaJabHa CBEPIJIOBUHA;

6 — maxTHUi 0110K; 7 — BUAOOYBHA ranepes
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SIS

EnexTpomarniTHuii pe3oHAHCHMH BIJIMB HA MPOAYKTUBHMI IJIACT. 3aCTO-
cyBaHHS B 00JacTi HapTO-ra30BUI00YBaHHS XBWIBLOBO1 (MEXaHIYHO1, €IEKTPOMAarHi-
THOT, aKyCTUYHOI Ta iH.) 11 Ha (Iroin 0OyMOBIIEHO IIJIOK0 HU3KOIO ii TIepeBar: BUCO-
KHM CTYNEHEM KEpPOBAHOCTI, MPOSABOM €(EeKTy B KOPOTKI TEPMIiHHU MICIIs BIUIUBY, MO-
JIUBICTIO MPOBEJCHHS BIUIMBY OJIHOYACHO 3 OCHOBHHUM IPOILECOM BUJIOOYTKY 1 1H.
HoBa TexHo0r14 e1eKTpoMardiTHoro pezoHaicHoro BBy (EMPB) Ha nponykTu-
BHUU TJ1aCT 1 iHTeHCHdiKallil BunoOyTky HadTH, HaBeaeHa Ha puc. 7.3 [9].

Texnonoris EMPB npanioe Takum 4uHOM. Y 1porieci BUI00yBaHHS BKIIIO-
4aroThCs J1Ba reHepatopu enekrpomardiTHux (EM) konumBaHb, BCTAHOBIEHUX HA IO-
BEepXH1 Yy BUI00YBHIM 1 HarHITalbHIN cBepasioBUHax. EM-1OTOKM niepealoThCsi XBU-
naeBojaMu Ha rubOuny nepdoparii. [Ipu nboMy B IpOJyKTUBHOMY IJIACTi CTBOPIO-
IOThCS 3yCTPIYHO-CIIPSIMOBaH1 KOJIMBAJIbHI MOTOKU: BiJl TOOYBHOT CBEP/IJIOBUHU Yepe3
IPOJYKTUBHUM TJIACT B CTOPOHY HArHITaJIbHOI CBEPAJIOBUHU 1 HaBnaku. Po3ramioBa-
Ha Ha MOBEPXHI amaparypa yIpaBJiHHS Ta T€HEpATOPU-TIPUHMaYi 30HAYIOUUX KOJIH-
BaHb JIO3BOJIIOTH MOJAY/IOBaTH EM-KONMBaHHS MOTOKIB, IO WIYyTh BiJ JTOOYBHOI i
HATHITAJIBHOI CBEPAJIOBUH, SKI HAKJIAIalOThCS HA BJIACHY YacTOTy KOJHMBAHb BYTJe-
BOJHEBOTO (utoiny. Y pe3ynbTaTi HaKJIaJACHHS BUHUKA€E pe30HAHCHE KonuBaHHA. [1i-
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KOBHUI PE30HAHC BIJICTEXKYETHCS I'€HEpaTOPOM-IpUiiMadyeM Ha noBepxHi. Crodarky
TOYKY BUHHUKHEHHS IMIKOBOTO PE30HAHCY JOKANI3yIOTh Y pailOH1 HArHITaJbHOI CBEP/-
JIOBUHH, IS YOTO B KEPOBAHOMY PEXHUMI BUIIPOMIHIOIOTH MOJYJiboBaHI EM-xBuii
TaKMM YMHOM, 1100 MOTY>KHICTh BUIPOMIHIOBAHHS 3 JOOYBHOI CBEPAJIOBUHU 3HAYHO
NEepEeBUILyBaJla MOTYKHICTh 3yCTPIYHOIO BUIPOMIHIOBAHHA 3 HarHiTaiabHoi. [loTim 3a
pPaxyHOK KOPHUT'YBaHHsSI TMOTY>KHOCTI TE€HEpaTOpiB IMIKOBUH PpE30HAHC pPa3oM
3110ypeHuM (IIr0iIoM MOYMHAIOTH 3pYITyBaTH yOiK 1OOYBHOT CBEP/JIOBUHHU.

EdexT Big mpornoHOBaHOTO cOCcO0y JOCATAETHCA TAKOXK MPHU peaHiMallii cBep-
JUTOBHH, 1110 TPOCTOIOBaIM 0arato pokiB. Y npomy Bunajaky EM-motik Bij 100yBHOI
CBEPJIOBUHU HAIPaBJISIOTh B CTOPOHY HATHITATBHOT CBEPAJIOBUHU KPi3b MPOTYKTH-
BHUI IJIACT, B KoMy HadToBa ¢pakxiiis 3a0JIOKOBaHA IJIACTOBOIO BOJIO0. Y TOM ke
yac 3ycTpiunuii EM-MOTiK HampaBisitOTh B CTOPOHY JOOYBHOI CBEPIJIOBHHU Kpi3b
OPOJYKTUBHHUM IUIACT. 3a TONOMOIOK0 arapaTypy, pO3MIIIEHOI HAa MOBEPXHI, 3iiic-
HIOIOTh HAaKJIAJCHHS YacTOT 3yCTPIYHO-CIPSMOBAHUX KOJUBAHb 1 BIACHOI YacCTOTHU
BYTJIEBOAHOTO (UIFOiMy Oe3mocepelHhO B 30HI WOTO JoKamizallii. B manomy Bumanky
[IOYaTOK KOOPAMHAT MIKOBOTO pe30HaHCy (HOpMYIOTh y JaibHIN Bil J00YyBHOI cBEpA-
JIOBUHM TOYLI MACTKH 1 MOTIM NEPEMIIIAIOTh PE30HAHC MOBTOPIOBAHUMH MPOOIraMu B
CTOPOHY J100YBHOI CBEPAJIOBUHU TAKUM YMHOM, IO AKTMBI30BaHI1 MOPYILIEHI BYTJe-
BOJ[H1, 3BUILHSAIOYHMCH 3 MMACTKHU, CIIPSIMOBYIOTHCS /10 JOOYBHOI CBEP/IJIOBHHI, BiHOB-
JIFOFOYH 11 IPOTYKTUBHICTb.

JlonaTkoBoro egekty MepeMilieHHs] BYIJIEBOJIHEBOro Quitoigy a0 J00yBHOI
CBEP/IJIOBHHI MOYKHA JJOMOTTHUCS 0JIa4Yel0 Yepe3 HarHITAIbHY CBEPAJIOBUHY B IPOJIY-
KTUBHUH IJIACT K poO0YOi PIAMHN MOJEKYJISIPHOTO MarHiTOAKTUBHOTO PO3YUHY a00
KOJIOTHOTO PO3YMHY (DepOMAarHiTHUX 4acCTUHOK. [[Jsl mOCHIIEHHS! CIPSMOBAHOTO IO-
TOKYy LIUX PO3YMHIB Oe3rmocepenHbo Ha reHeparopu EM-TIOTOKIB y CBEpIjIOBHHAX
BCTaHOBITIOIOTH COJICHOIIH, 1110 KUBIIATHCS MOCTITHIUM CTPYMOM 1 CTBOPIOIOTH J0JAT-
KOBO 3aMKHYTE IPUCKOPIOI0YE MarHiTHE moJie. Y Thii3aiiro (hepoOMarHiTHUX YacTHH 3
METO0 1X OBTOPHOT'O BUKOPUCTAHHS MOYKHA 3I1MCHIOBATH B CIIEL1aJ130BAHUX MacCT-
Kax Ha THPJIi CBEp/IOBUHHU.

TakuM YuHOM, BUKOPUCTAHHS 3allponoHoBaHoro cnocod0y EMPB no3Bouise:

— 30UIbIINUTH Ae0IT BUJOOYBHOI CBEPAJOBUHU 32 PAXyHOK IIPUMYCOBOIO Nepe-
MIIIIEHHS. 0 Hel BYIJICBOJHEBOTO (YIrOiMy BiJl HAMOMMIKYUX CYCIAHIX CBEPIIOBHH,
BKJIFOYAIOYH HATHITAJIBHI;

— peaHiMyBaTH Ha(TOBI 1 Ta30KOHJEHCATHI CBEPJJIOBUHHU, 110 MPOCTOHOBAIU
0araro pokiB "epe3 3acTaplily Ta He10alIMBY TEXHOJIOTII0 BUIOOYTKY HaTH;

— 3nayHo miaBumuT KK/ (1o 60%), y ToMy umcii 3BUIbHSI0YM HaTy 3 mac-
TOK 1 ToJIOH1B, mpuTomy 110 KKJI 3a pesynpTaTamu BnpoBaKEeHHS aHAJIOTa 1 TPOTO-
tuny gocsrae 40 — 45%.
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wiact: 1 — BuoOyBHA CBEpTIOBUHA 3 0OcamHuMu Tpyoamu (2); 3 — BUA0OyBHHIA
II'H; 4 — konona HKT; 5 — reneparop EM-konuBanb 3 xBuiieBojoM (6); 7 — sKip;
8 — HarHiTaIbHA CBEp/IoBUHA 1 11 KoJioHa (9); 10 — rerepaTop 3M-KkonMBaHb 3 XBUJIE-
BozioM (11); 12 — konona HKT; 13 — sixip Ha raubuni nepdopariii; 14 — ByraeBogHe-
Buii roin; 15, 16 — Boga B macti; 17 — mOTiK BiJ BUAOOYBHOI CBEpAJIOBHHM, 18 — 1M0-
TIK BiJ] HATHITaIbHOT CBEPAJIOBHHU; 19 — reHepaTop-npuiiMay CKaHyIOYHX KOJTUBAHb
(20); 21 — Hacoc; 22 — noTik poO0YOi piguHM; 23 — BepcTaT-Kavaika.
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7.2. Po3po0ka MOPCHKHX ra3oriipaTHUX POJIOBHII

7.2.1. 3aranpH1 MOHATTS PO MPUPOHI Ta30TiApaTH

[IpupoaHi ra3u MarOTh BJIACTUBICTh 3HAXOAUTHCH B 3€MHIN KOp1 Yy TBEPAOMY
CTaHI 1 3/1aTH1 YTBOPIOBATH POJIOBHUINA ra3oriapariB. OHa yacTUHA Ta30T1ApaTiB 3Ha-
XOJIUTHhCSL HA CYIII, 1HIIAa — MOPCHKA, 3 TIraHTCHKUMHU TOKJIagaMu rasoriapartiB. I1ix
JTHOM MOPIB 1 OKeaHiB OyJii BUSBIICHI TIOKJIaau Ta3oriapatis. ['azorinpaTu — GinyBari
KPUCTAJH, SIKI IBUJIKO PO3MAJAIOTHCS BiJ] TEIUIA, 32 CTPYKTYPOIO CXOX1 Ha 3BUYAM-
Hul cup. Lle TBepal 3’€1HaHHS, 3 IKUX MOXYTbh OyTH MOBHICTIO BUJyY€HI YACTUHKH
a00 MOBHICTIO BYTJIEBOAHEBI ra3u. 3a3BUYail CKJIAJl TiAPATIB OMUCY€ETHCA TPUWICHHU-
MU GopMyliaMu, 3 SKHUX: OJIHA YaCTHHA — MPHUPOJHUN Ta3 (MeTaH, BYTJIEKUCINHN Ta3,
CIPKOBOJICHb, KUCEHb, IHEPTHI ra3u), Ipyra 4acTUHA — IOCUTh CKJIAa/IHI BYIJIEBOJHEBI
CIOJIYKHU 1 TPETHHA — 3BUYaiiHa Boja. B ogqHOoMy 00’€Mi TBEpAOIo razy Moxe MiCTH-
tucs 10 100 — 150 06’ eMiB ByIJIeBOAHEBUX Tra3iB, siKi 1 MOTPIOHO OTpUMATH, 3aCTOCO-
BYIOUM TEIUIO JUIsl pO3KJIa/IaHHs ra3oripartiB. Y MpUpPO/il BOHU YTBOPIOIOTHCS 1 30€pi-
raloTbCa TaM, JIe ICHy€ BiYHA MEp3JI0Ta i,Hacammepei, i NOTYKHUMU MOKPUBHUMHU
aboioBUKamMu ['pennanaii 1 AHTapKTUIM — HE3BUYAMHI MICIS JUIsl CKIaJAyBaHHS Ta-
mmBa. IIpuGnusno Tpetnny cyimi a6o Touniie 27% cyui (a e 47 MiH. KM°) i moHas
90% momri CBITOBOTO OKe€aHy MICTATH rasorizpatu. Ha cymr BoHM 3andraioTh Ha
rmouHi 200 — 2000 M, a B cajkax JHA Bij MMOBEPXHI iX 3HaXOAATh 10 riauouHu 500 —
800 M. 3amacu «HOBOTO ra3y» B OK€aHl B COTHI 1 HaBITh TUCSAYl pa3iB MEPEBUIIYIOThH
PECYpPCH BCIX TOPIOYMX KOMAIWH 3eMJIi — ByTULIs, OiTymiB, HAdT, BUTbHUX Ta3iB. [if-
paMU HaCH4YEH1 MOPCHKI CaJIKU, MIAHATI 31 CBEPAJIOBUHU B MEKCUKAaHChKIN 3aTolli, B
AtnantuuoMy 1 Tuxomy okeanax. Pazom 3 caakamu Bonu miansTi B HopHomy, Kac-
nifickkoMy 1 bantiicbkomy MOpsiX, 3 1Ha o3epa baiikan. BoHM BUsIBIIEHI IPAKTUYHO Y
BCIX MOPSX 1 OK€aHaX JIOBKMHOIO B MUIBIOH KUJIOMETIB.

7.2.2. OCBO€HHS MOKJIAIB 1]l MOPCHKUM JTHOM

OnHa 3 OCHOBHUX MPO0JIeM BUIOOYTKY razy ra3oriipariB CKIaAa€ThCs 3 YUCTO
TEXHOJIOTIYHUX TPYIHOIIIB, TTOB’I3aHUX 31 Crienu(Pikor0 BUAOOYTKY 3 MOPCHKHUX TJIH-
Ooun. J{ns pyiiHyBaHHS T1IpaTiB,II0 MOTPAIUISIIOTh Y TPUBUOIHY 30HY MOPCHKHX CBE-
PAJIOBHH, 3aKayyKOTh METAHOJ, BUKOPUCTOBYIOTh BUOI1IHI HarpiBauyi, Il Ta JesAKi cre-
iyl onepartlii 301IbIIYIOTh BapTICTh BUAOOYTOrO rasy,B Kiibka pasiB. CyTHICTb
OCBOEHHSI NOKJIaay — PO3KJIACTU ra3oriipaTd Ha ras, a MoTiM BiaiOpaTu yTBOPEHHIA
ra3. OpuriHaJIbHUM TEIUIOBUM METOJIOM PO3POOKH € €JIEKTPOMAarHiTHUM HarpiB Ijiac-
Ta (CBEpPAJIOBUHHI €JIEKTPOAM ), 3aCTOCYBAHHS CTPYMIB BUCOKOT YaCTOTH, KOMILIEKCHA
TEPMOKYCTUYHA [lisl, 3aXOPOHEHHS PaJI0aKTUBHUX BIAXO0MAIB MiJ gHOM. OcoOnuBuit
KJIaC METO/IIB PO3POOKH Ta30riApaTHUX MOKJIAAIB CKIaAal0Th XIMIiYH1 METOIU (aHAaJIO-
T1YHO BUJ00YTKY METaIIB IiI3EMHUM BUIYyTOBYBaHHSM) (puc. 7.4).

JHoOpe pyiiHye TipaTd METaHOJ, KU 3aKa4y€eThCs B IUIACT, ajie e MiABUIILYE
cobiBapTicTh Ta3zy Okl Hik y 10 pasiB. 3anporoHOBaHO BUKOPUCTOBYBATH MiHEpa-
Ji30BaHi BOJHU, po3coiu 3 Temreparypamu 60 — 70°C 3 HIDKYMX IIApiB POJIOBHUIIIA.
3arajgom po3poOka ra3origpaTHUX MOKIAAIB Ha cymli B [liBHIUHIN 9acTuHi AJISCKH 1 B
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MOPCBHKHX caakax OaceiiHa MeKCHKaHCHhKOI 3aTOKHM MoKa3aia, 0 IpU HaJlaroIKeHin
TEXHOJIOT1] BapTICTh BUAOOYTOTO Ta3y Moke OyTH Ha piBHI a00 HMKYE ICHYIOUHX ITiH.

CrhorogHi B Haylll CKJajacs MapajokcajibHa CUTyallia-Kpu3a € 1 KpU3u HEMae.
Eneprernuna kpusa €, K10 JOTPUMYBATUCS TPAAUIIHHUX MOTJISIAIB 1 OPIEHTYBATUCA
Ha TpaAMIiiHI JpKepesia HadTH, MIPUPOJHOTO ra3y Ta IHIIMX €HEProHOCIiB, aje SKIIO0
BpaxyBaTH HETPaAMIIINHI JHKEpesia BYIJICBOAHIB, TO HEMae 1 He Oyje eHepreTUYHOl
Kpu3H. Y MOPCBKHMX CaJikaX 1 MiACTHJIBHUX FOPU30HTAX 3 IIIMOMHAMM 3aisiraHHs Ha
COTHI METpIB iX pecypcu 0araTopa3zoBO IMEPEBHUIIYIOTh pecypcH OyIab-sSKUX 1HIIHUX
BU/IIB BYTJIEBOJJHEBOI'O MaiKBa. | KOJIM HAacTaHE Yac BUCHAKEHHS TPAAMIIIHUX JDKe-
peJl manuBa, JI0ACTBO 3aiiMEThCsl MPOMHUCIOBUM OCBOEHHSAM Ta30riipaTHUX MOKJIa/iB
1 Ha cyIi.

7.2.3. TexHomoriyHi cxeMu po3poOKH MOPCHKHX TOKJIAJiB Ta30TiApaTiB

I'muGokoBoaHe OypiHHS MOKa3aio, 10 A0 TUOWHU 1 KM OCajKu Ha JIHI YIII-
JBHIOIOTHCS BKpaid ¢J1a00 1 MPAaKTUYHO HE IMEMEHTYIOThCs. OCh YoMy pyHHYBaHHS Ty T
BEJIMKUX OOCSATIB MOPOJW 3 Ta3oriipaTiB — 3aBJIaHHS TEXHIYHO TOPIBHSHO IPOCTE.
3BIJICH 1 BUIUIMBAE PalllOHAJIbHICTh, PEHTA0CIbHICTh, €PEKTUBHICTH MPSIMOT PO3POOKH
MOPCBHKHX Ta30TiApaTHUX MOKJIAAIB (pyHHYBaHHS JTaHUX OCAIKIB 1 TPAHCIIOPTYBaHHSI
MyJIBIIK 3 Ta30M a0o 3 TipaTaMu Ha noBepxHto). [lynbma miHIMAETbCS 3 MOPCHKUX
rMOWH TPyOOINPOBOIaMH BIJIOMOIO 1 J0Ope BiAMPAIbOBAHOIO CHCTEMOIO epiidra.
BypinHs cBepAJIOBUH 1 TPaHCTIOPTYBAHHS Ta3y 3[1ACHIOETHCS 3 IUIABYYUX IIATHOPM
— e cyAHa A1 BUAOOYTKY ra3y 3 MOPChKHMX ra3orijpaTHUX Mnokjaais. Eneproeurpa-
TH Ha BUAOOYTOK rasy 3 ra3oriipaTiB 3 MOPCBKOI'O JHA CTaHOBHUTH JIMIIE OJU3BKO
30% MNOTEeHLIMHO OJep>KyBaHOI €Heprii Bl ra3y. 3HauHI TUIBKU «II€PBUHHID» 30BHIII-
Hl €HEpProBUTPATH, @ 3 YACOM,IIICIII OTPUMAHHS MEPIIMX MOPUINA ra3y,BUI00yTOK Ho-
ro B CHEPreTUYHOMY acrekTi Oyje mocTaBleHUi Ha camo3alesneyeHHs. ToMy miaT-
dbopmMu MarOTh MOTY>KH1 aBapiifHi JpKepesia )KUBJIEHHS (€IeKTPOCTAHIIIT TOIIO); OJJHUM
3 €HEpProHOCIiB Y HUX BUKOPUCTOBYIOTh OTPUMYBaHUH Ta3.

Tpu BaxxIMB1 0COOIMBOCTI OB’ A3aH1 3 TEXHOJOTTYHUMHU CXEMaMH BUIO0YTKY:

1. Ocaaxu MICTATh T1IpaTH,MOXKYTh 3HAXOJUTUCH Ha MIMOUHAX JIEKUIHKOX Me-
TPiB BiJ MOBEPXHI JIHA, a MOTY>XHICTh TOKJIAJIB MOXXE CTAaHOBUTU JECATKH 1 COTHI
MeTpiB. Tomy po3poOka ra3oriipaTHUX POJOBHUII IMOBHHHA TPOBOJUTHCH IIISIXOM
BUWMAaHHS 0CaJIKIB 3 poaoBuil. OCch YOMYy BHHHKA€ HEOOXITHICTh TPAHCIOPTYBAHHS
CaJKiB Ha 3HAYHI BIJICTaHI BiJ MICIISI pO3POOKH.

2. Bukuj BiampanpoBaHUX OCAJKIB OyJ]ie CyIpOBOJIKYBATHCS BTPaTOI BOJIH,
sKa BMIIIY€ BEJIMKY KUJIBKICTh LIHHOIO rasy (mpu4yomy Lie Oyae BinOyBaTUCs Hexase-
KO B1Jl Kap’epy).

3. MopceKki OCaJIku MICTATh I[IHHI KOMIIOHEHTH,BUKOPUCTAHHS SIKMX I11JIBU-
IIMTh peHTabeNbHICTh BUAOOYTKY razy. Bce e oOyMoBiIIO€ HEOOXIIHICTh MITHOMY
Ha MMOBEPXHIO BCIX OCAJIKIB,II0 pyHHYIOThCA Ha JH1 Mops. [loTpiOHa KOMILIEKCHA Te-
XHOJIOT1Sl 1X MepepoOKH 1 1€ TOBHOK MIPOKO BIJNOBIJIa€ BUMOTraM 1 MPUHLMUIIAM CY-
YaCHOI €KOJIOTTYHOI AUCIUAIUIIHU.

[TnaByua rutatdopma, 3 IKO1 31HCHIOETHCS OYpIHHS TJIMOOKOBOIHUX CBEPIJIO-
BUH 1 BUIOOYTOK Ta30TiApaTiB CKIATAETHCS 3 JICKIIbKOX YacTuH (puc. 7.5). Ha xox-
Hii TuIaT@opMi 3HAXOMATHCS LIEHTPU OINEPATUBHOTO YIMPABIIHHA BUPOOHHIITBOM 1
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OypiHHsAM cBepaioBHH. PoboTa BCi€l KOMIUIEKCHOI CHCTEMH BHIOOYTKY B PEKHMI
peanbHOro yacy 3a AOIMOMOI'OI0 BUCOKOUIBUJKICHUX KaHajlB CYyIyTHUKOBOTO 1 OITO-
BOJIOKOHHOT'O 3B’SI3KYy MEPENAEThCA B LIEHTP YNpaBiiHHA BUpOOHHULTBOM. CyrnpoBia
OypiHHA 3A1MCHIOIOTH Ipynu (PaxiBIiB BB OCBOEHHS Ta BIAJAUIIB MPOEKTYBAHHS
Ta OyAIBHULTBA CBEPAJIOBUH, JI0 SIKUX BXOJSTH 1H)KEHEPU-OYPOBUKHU, I€OJIOTH, 1HMKE-
HEpH 3 PO3POOKHU POJOBUII, TEXHOJIOTH 3 BUTOOYTKY, METPODI3UKH 1 TeO13UKH.
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Puc. 7.4. Cxema BuioOyBaHHs ra3orijparis: 1 — Tpy0a; 2 — ra30301pHHIl KOBIIAK;
3 — moOinpHa TIaBy4a maTdopma; 4 — MeTaH; 5 — po34uH CoJli; 6 — MOPChKE JTHO;
7 — razorigpatu

237



IInardpopma — e aBTOHOMHE NPOMUCIOBE MiAMPHEMCTBO 31 CBO€IO iH(pa-
CTPYKTYpOI0. ¥YCi WlIeHH eKilnaxy Ha O0pTy Kopaluis mpaloTh MO3MiHHO 1Mo 12 ro-
IuH. A depe3 21 neHb BIANPABIAIOTHCS Ha BIAMOYMHOK. BOHO CKIIalaeThCs 3 4OTHU-
proX rpyi: 1) iHxkeHepH, 2) ekinax kopadius, 3) Oyposa Opurana, 4) o0ciayroByrounit
MePCOHAIL.

Ha nmatdopmi nependaueHo HEHTP yHpaBIiHHA, BEPTOJITHUN MallaHYMK Ha
2 — 3 BepTOJIBLOTH, MOCTIHHO TOTOBUX JI0 PO3BIAKU. 3 KOCMOCY MOCTIMHO BEAETHCS
3lOMKa YMOB y paioH1 BUAOOYTKY- €KOJOTTYHO-TEXHOJIOTTYHUI MOHITOpUHT. CTali-
JbHE TOJIOKEHHS MIaThOpMHU, KOJIU OypsITh CBEPAJIOBUHY, 3a0e3neuye cuctema GPS.
VY CcykymHOCTI me ayke epeKkTHBHA CHCTEMa — JOToMarae 3aJIMIIaTHCS Ha MiCIi 3a
Oy/ib-SIKMX TTOTOJHUX YMOB.

Puc. 7.5. BypoBa miargopma

Bci cuctemu Ha Gopty mponyOnboBani. [lepen mouatkom poOiT 3 miathopmu
MPOBOAATH PO3BIAYBAaHHS 1 OKOHTYPIOIOTH OysiMU Mexi poaoBuia. Ha 6oprty 3Haxo-
JUTHCSL TIEpeCYBHUI OE3MIIOTHUN amapart, sSIKMd BUKOHY€E HeOe3leuHy poOoTy, SKy
paHillle BAKOHYBaJId Bojioa3u (puc.7.6).
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Hani npoBoasats 3D mMoaenoBaHHS BUJOOYTKY 1 PO3paxoBYIOTh BCl MapamMeTpu
ponoBuma. ITicist 1boro MpuitMarOTHCSI OCHOBHI PILICHHS II0A0 TTMOMHH BHIOOYTKY,
KUIBKOCTI CBEPJIOBHH, IJIAHOBOI MOTY>KHOCTI pOOOTH, 110 BUPAKAETHCS HacamIepes]
00’eMaMu MyJbIH, sIKA W€ 3 JHA HA TIOBEPXHIO, a B KIHIEBOMY HIJCYMKY 00’€MOM
OJIEP’)KYBaHOTO Ta3y.

Cama mnatdopma, sIK CUCTEMA, CKIAAAETHCS 3 HACTYIHUX M1JCUCTEM:

— HayKOBO-YIIPaBJIIHCHKUM 1 JJAOOpATOPHHM IIEHTD;

— MIOCTaYaHHs €HEPTri€r0 A1 pO3POOKH POJOBHUINA;

— CUCTEeMa BIJIIPaBKHU BUA00YTOrO ra3sy;

— MJICUCTEMU BUWMAaHHSI BEPXHBOTO I1apy c1ab0 HACUYEHOTO TipaTaMu;

— MIICUCTEMH, sIKa pO3pO0IIsie TOJIOBHUM MPOyKTUBHUN TOPU30HT Ha BEJIMKUX
TIMOMHAX;

— MJCUCTEMA, TOJATKOBOTO BUIOOYTKY BCIX I[IHHUX KOMITOHEHTIB;

— MJICUCTEMA, JIe 3MIMCHIOETHCS CKpAIJICHHS Ta3y 1 3aKadyBaHHS WOTO B KOH-
TEIHepH AJIs 3p1AKEHOTO razy.

Puc. 7.6. I'mubokoBo M Oe3MIIOTHUI anapaT

Konu popoBuiie BUABIECHO Ta Bi3HAYEHO MOYHHAETHCS mpoiec OypiHHA. 301-
paeThCs TpyOa 3 MycToTUI01 OypoBOi cTam 3 OypoM Ha KiHIIll, 1 OMMyCKA€ETLCSA HA JTHO.
BypoBwuii po3unH HagXOAUTH TIO IMi TPyOi Mg THCKOM, 00 OXOJOIUTH 1 3MACTHTH
Oyp mia yac OypiHHA NeplIuX JABOX CEKLIM cBepuioBuHU. Konu nepiui npodu rpyHTy
MIATBEPAXKYIOTh, 1110 OypiHHS Oyae IPOBOJUTHUCS B MOTPIOHOMY MicClli, BHU3 OIyCKa-
€ThCSl 00caHa TpyOa BENMKHUX PO3MIpIB, sika 3a0e3neuye TBepAuil pynaament. Bona
CKJIa/Ia€ThCs 3 TEPMETUYHUX MPOKJIAZ0K 1 HACOCIB, SIK1 MIyTh JO CaMOro rupja cBep-
JUIOBUHU.
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Mopcbkuii Tpy0onpoBia — Tpyda mie OuIpImIoro JgiaMerpa BCTAHOBJIEHA HaJ
OypuiIbHOIO TPYOOIO 1 3’€Hy€E MK CO00I0 OypOBY CTAHIIIIO 1 TUPJIO CBEPATOBUHH.
s TpyOa 3akpimiieHa Ha CyJiHI 3a JIOMOMOTOI0 TEJIECKOMIYHOIO JUKTYTa, SIKUA MOXe
MiHIMATUCS 1 OMyCKATUCS Pa30M 3 OKEAaHCHKOIO XBUJICI. bypoBuil po3uuH 3i 1mma-
TOYKaMU IPYHTIB 3 JTHA MOBEPTAETHCS HA CYJIHO, JI€ PETEIBHO OYHUIIAETHCS 1 3HOBY
OITYyCKAa€ThCsl BHU3, 1100 MOBTOPUTHU Mpolec 3aHOBO. CBepUIOBHUHA PETEIbHO KOHT-
POJIIOETHCS 32 CTAHOM THUCKY, 1HAKIIIE HaMEHIIIa MOMUJIKA CUCTEMU Oe3MeKu Ha JHI
OK€aHy MO>K€ MPHU3BECTH JI0 HEOE3MEeYHOro BUKHIY BYTJIEBOAHIB y OypoBy TpyOy.
Onun Gapenb ra3y mig TuckoMm Ha rianOuHi 3000 M MepeTBOPIOETHCA IMiJ Yac JOCHT-
HeHHs nmoBepxHi Bogau B 5000 6ap BuOyxonebe3neunoro rasy. SIkiio € Taka Hedesme-
Ka, TO CyJIHO MOK€ BITYCTTUTHCS BiJl cBepyioBHHM TpoTsaroMm 30 ¢. CydacHa TeXHOJO-
rist 1 TeXHiKa BUA00yBaHHS Ha(TH 1 Ta3y JTO3BOJISIE BXKE IMOYATH CHOTOJHI BUIOO0YTOK
ra3y 3 gHa CBITOBOro OKeaHy — O€3[0CEpEeIHbO 13 30H YTBOPEHHS T1Jpary 1 BUIBHOIO
rasy. 3a po3paxyHKaMu,BapTICTb BUAOOYTKY LIbOrO razy B 2 —3 pa3u BHLIE BapTOCTI
HOro TpaauIiiHuX POIOBHILL, ajie BOHA MOKe OyTu BurinHa Bxke yepe3 10 — 15 pokis.

7.3. Buio0yToOK CJIaHILOBOIO ra3y

7.3.1. CyTHICTb BUIOOYTKY CIAHIIEBOTO Ta3y

[InacTu cnaHLio — TeEMHI @00 KOPUYHEB] KONAJIMH OCaJ0BHUX MOP1J 3 BUCOKUM
BMICTOM OpraHiKH MICTATh ra3- Oyisl BiioMo e 3 noyatky XIX cromitrsa. Cnanue-
BUI Ta3 — 11€ TOM K€ METaH, TUIbKH 10 3aJisirac B HErNMOokux ciaHigsx. Y 70-Ti po-
k1 XX CTOMITTS, B mepiof] 3aroctpeHHsi eHepretuyHoi kpusu B CILIA 3raganu mpo
cnanuil. bynu npoBeneH1 po3BiAyBaibHI poOOTH, B MPOIECI SIKMX BUSBICHO 4 BEJU-
kux ponoBuiia — «Barnetty, «Haynesville», «Fayetteville» 1 «Marcellusy», o npo-
crsraroThest Ha 10000 kM” i MAOTh BETHYE3HI 3amacH MPUPORHOro rasy. OnHak, Ha
TOM MOMEHT 111 Pe3epBU BUSBUIUCS HEJAOCTYITHUMH, a po3poOKa BIAMOBIAHUX TEXHO-
JIoTii BUOOYTKY OyJia repepBaHa 4yepe3 najiiHas 1iH Ha Hadty B 80-T1 poku. Tum He
MeHII, B 90-T1 poKM HU3KAa HEBEJIWKHX KOMITaHIM, BUPIMINAIA TOBEPHYTUCS JO 1€l
BUJIyYCHHS Ta3y 13 CJIaHIEBUX IUTAcTiB. JIOCHITHUKHM 3alpOTOHYBalik 3aCTOCYBaTH
TUTsl BUIOOYTKY CIHAHIIEBOTO a3y TEXHOJOTI, Kl Oyiu po3po0seHi Ie ACCATHIITTS
TOMY, aJleé B TOM 4ac HE MaJIM IIMPOKOIo 3acTocyBaHHA. OJHIEIO 3 HUX OYJI0 TOPU30-
HTaJIbHE OYypiHHS, SKE MOJSraio B TOMY, IO BXKE BCEpeIrHl Iuiacta Oyp MOCTYIIOBO
BIJIXWJISIBCSL BiJI BEPTUKAJIl, MIOKU 1€ BIAXWICHHS HE J1OCATaJIO 900, a MOTIM MPOJOB-
KYBaB PyX BXKe MapajeiabHO MOKPIBII macta (puc. 7.7).

Brepiue nana texsosnorist Oyna Bukopucrasa e B 40-Bi pp., ajie Jaji Bij Hei kaTe-
TOPUYHO BIAMOBWIMCS Y 3B’SI3KY 3 BEJIMKOIO BapTICTIO. 3aBISKH JOCHIKEHHIM 90-x
POKIB 1 BUKOPHCTAHHIO CBKUX MaTepiajiiB, HAPHUKIIA, IIsl OypoBUX TPyO, BUTPATH BJa-
JI0CSl 3HAYHO 3HU3UTH: BAPTICTh TOPU3OHTAIILHOI CBEPIUIOBUHHU TIEPEBUIILyBajia BAPTICTh
KJIACUYHOI BEPTUKAIBHOI MpUOIU3HO B 4 pa3u. Po3BigyBaibHI POOOTH, JOCTIHKCHHS 1
TecTu mpoaoBasmcs 2 poku, a B 2002 p. Ha nokmasi «Barnetty y mitati Texac Oymna npo-
OypeHa Tiepiiia TOpu30oHTalIbHA CBep utoBHHA. [loyanocs GakTuyHe BBEIEHHS HOBOI TEX-
Hozorii. Y 2008 p. BumoOyTok mpupoanoro razy B CILIA migBummses Ha 7,5% (abo Ha
41,7 mapa. M3), MOKA3aBIIM HAWBUII TEMITH ITiHOMY 3a YBEPTh CTOJITTA. 3a OIliIHKaMHU
dipmu «Ziff Energy Groupy, 06’em Bun06yTKy ckias y 2008 p. 51,7 mupa. .
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Puc. 7.7. Cxema crniBBIJHOLIEHHS POJIOBHUIL T'a3y TPAAULIAHOTO 1 CIIAHIILOBOI'O THITIB:
1 — OypoBa ycTaHOBKa 10 BUJI0OYBAHHIO CJIAHIIEBOTO Ira3y; 2 — OypoBa yCTaHOBKA IO
BUJI00YBAHHIO IPUPOAHOIO razy; 3 — IpupoaHU ra3; 4 — BepTHUKaIbHa CBEPAJIOBUHA;
5 — MeTaH BYTUIbHUX IJIACTIB; 6 — HadTa; 7 — ripcbka nopoja; 8§ — ra3 UIUIbHUX Iic-
KOBUKOBHUX KOJIEKTOPIB; 9 — FTOPU30HTAJIbHA CBEP/IJIOBUHA IO BUI00YBAaHHIO CIIaHIIE-
BOro rasy; 10 — ciaHieBi 1miacTu

[Tpu BugoOyBaHHI CIAHIIEBOTO Ta3y 3a HOBOK TEXHOJIOTIEID HE MPOXOAATH Oa-
raTo OJWHOYHHUX BEPTUKATHHUX CBEPIJIOBHH, a MPOOYPIOIOTH OAHY, BiJ SKOi MOTIM
Ha BEJIMKIN IIMOMHI pPO3XOAATHCS TOPU30HTAIbHI CBEPJIOBUHH, JOBXKHHA IKMX MOXKE
nocsiratu 2 — 3 kM. [licis 1poro B npoOypeHi CBEPAJOBUHU 3aKauyy€eThCsl M1l TUCKOM
CyMIilll MICKY, BOJM 1 XIMIYHMX pe4OBHUH. ['11poyaapaMu pyHHYIOTh IEPETOPOJKH Ta-
30BUX KHIIIEHbB, 1110 JTO3BOJISIE 310paTh 3amacy CIIaHIEBOTO rasy i BikadaTu iX depes
BEPTUKAIBHY CBEpUIOBUHY. [Ipu Takiii TEXHOJOT1I HEMae HEOOXIAHOCTI y BEIHMKIM
KUIBKOCTI BHYTPIIIHBOIIPOMHUCIIOBUX T'a30MPOBO/IIB,0CKIIBKHA B MpOIec OypiHHS BH-
KOPUCTOBYETHCS HOBITHE ceiicmiune moaemoBands 3D GEO, ske O11bIl TOYHE 1 BU-
KOHYETHCS 1yK€E IIBUJIKO.

BunoOyTok cnaHIeBOro ra3y Ma€ HU3Ky crenu@iqHux 0COOIMBOCTEH:

— y IUTACTi CJIAHIIEBUH T'a3 MICTUTHCS B HeBENUKUX KimbKocTax (0,2 — 3,2 miupa.
M/KMY);

— st BUAOOYBaHHSI CJIAHIEBOTO ra3y JOBOIUTHCS PO3KPUBATU TITAHTCHKI
TLIOIIII;

— TpH TE€XHOJOTii BHUAO0OYBaHHS CIIAHLIEBOTO ra3y BHKOPUCTOBYIOTHCS MACII-
TabH1 rigpopo3puBu 1iacTiB, koiu 900 — 1000 T Bogu 3aKauyeThCs B MOPOAY st
BUTICHEHHS 3 HEl rasy;

—y BOAy 00OB’A3KOBO J0JIal0Th XIMI4YHI PEYOBUHHU, & II€ MOXKE MPU3BECTH 0
3apa)K€HHs IPYHTOBUX BOJ 1 OTPYEHHS JIKEPEI MPICHOI BOJIH.
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BunoOyTok cnanmeBoro ra3y (puc. 7.8)IpoBoAATh HACTYITHUM YHHOM:

1. Po3kputTs muacTta 341HCHIOETHCSI CBEPAJIOBUHAMH, MPOOYPEHUMHU 3 3€MHO1
noBepxHi. byp omyckaeTbcs BHU3 10 ra30HOCHOI nopoau 10 2100 m yu Oinbiie. Cae-
PUTOBUHA 3aXUIIEHA CTalleBOIO TpyOoro 6. CBEpJIOBUHY 130JII0I0Th Ha TJIyOUHY TO-
Hag 500 M, m00 nepemkoauTu OypoBOMY PO3UMHY YM Ta3y MOTPANUTU B IPYHTOBI
BO/M 7. BUKOpUCTOBYIOUM KEPOBAHMUM Ha BIJICTaHI MOTOP OYypy,omnepaTopu MpOOB-
KYIOTh TOPU30HTAIBHO OYpUTH CBEPIUIOBUHY Y CIIAHIIL.

2. Ilicas 1bOro MOYMHAETHCS MIATOTOBKA 1 O€3MmocepeIHbO BUA0OOYBAHHS Ta3y
10, sixa ckimagaeTbes 3 IeKIbKoX eramiB (puc. 7.9) CnpsmoBaHi BUOyXH MpOOUBAIOThH
TPIIMHN B HABKOJMIIHINA moposi (puc. 7.9, a) Ilotim 3akadyBaHi mij THCKOM BOja,
MICOK Ta XIMIYHI PEYOBUHHU IIe OLIbIIE PO3KPUBAIOTH MOpoy puc. 7.9, 6. ['a3 BigBo-
TUTHCS Yepe3 TPIIUHU, Kl TPUMAIOTh BIAKPUTUMU YaCTHH IICKY,1 MiAHIMAETHCS BrO-

py (puc. 7.9, B).

Puc. 7.8. Texnomnoris BUI0O0YTKY CJIAHIILOBOIO raszy: 1 — CJIaHI[bOBUI ra3; 2 — Boja 3

CBEPJIJIOBUHU; 3 — BOJA JJIs T1PaBIIdYHOTO PO3PUBY; 4 — HACOC JIJIsl 3aKauyBaHHS TIi-

CKY, BOJH 1 XIMIYHUX PEYOBHUH; 5 — BOJIOHOCHHUH mIap; 6 — ctayieBa TpyOa; 7 — ieMeH-

THAa 130JISI11151; 8 — CJIaHIeBa MMOpoaa; 9 — mepexig CBepUIOBUHU 3 BEPTUKAJIBHOI B TO-
pu3oHTaNBHY; 10 — Miciie BUAOOYTKY CIAHIIEBOTO a3y
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Puc. 7.9. CxeMa miaroToBKu 1 BUA0OYTKY CJIAHIILOBOTO r'a3y: a — CpsIMOBaH1 BUOY-
XH; 0 — 3aIIOBHEHHS TJIaCTa BOJOI0, MICKOM Ta XIMIYHUMH PEYOBUHAMU; B — BUXI/T
CJIAHI[OBOIO razy

3. [Ipupoauuii a3 3 CBEpUIOBUHY HAIXOIUTh Ha yCTAaHOBKY 3 IEPEPOOKHU Ta
ounteHHs 1. [ToBepHyTY 31 CBEpAJIOBUH BOAY 30€pIiratoTh y BIAKPUTUX CXOBHIIAX,a
NOTIM MEPEBO3ATh HA OUUIICHHS 2.

7.3.2. ®i3uK0-XiMI4H1 OCHOBH TPOIIECIB BU00YBaHHS CIAHIIBOBOTO T'a3y

Po3kpuBanHs IU1acTiB Npu BUA0O0OYBAHHI CJIAHILOBOIO razy. Meroau posk-
PUTTS TUTacTa OypiHHAM MOXYTh OyTH pi3HMMH. BCi BOHM TOBWHHI BiJIMOBIJIaTH Ta-
KHM OCHOBHUM BHMOTaM:

— MpHU PO3KPHUTTI IJIACTIB CBEPAJIOBUHAMHE, OCOOJIMBO PO3TAIIOBAHUMU Ha 3HAa-
YHII BificTaHl MiX CO0O0I0, CITiJi BpaxOBYBaTH MOTIPIIEHHS YMOB Ui OypiHHS TOpH-
30HTaJIbHUX CBEPJIJIOBUH;

— NOBUHHI OYTH CTBOPEH1 BIANOBIHI HAA1HI KOHCTPYKIIii CTBOJIIB 1 OFOJIOBKIB
CBEPAJIOBHUH.

[Ipu po3KpUTTI MIIACTIB CHPSIMOBAHUMHU CBEPAJIOBUHAMH TOPU3OHTAIBHY (TU1a-
CTOBY) YaCTHHY CBEP/AJIOBUHM 3a3BUYail HE 3MILHIOIOTh O0CaAHUMHU TPyOamH.

CTIHKICTb CTIHKH TaKO1 CBEPJIOBUHHU JOCATAETHCA 32 PAXyHOK:

— IOIIMHAHHA OYpOBOI'0 PO3UMHY LIAPOM TPILIUH 1 KaBEPH;

— IPOHUKHEHHS (IIBTpaTy OypOBOTO PO3UHUHY B MIPOCTIP TOP;

— IPOHUKHEHHS TBEPUX YACTUHOK OYpOBOI'0 PO3UMHY B IPOCTIpP MOP.

[IpOHMKHEHHSI TBEPAMX YACTHHOK CYNPOBOJKYETHCS YTBOPEHHSIM TIJIMHUCTOL
KIPKM Ha CTIHKaxX CBEPJJIOBUH 1 FepMETHU3allisl TJIMHOK BHYTPIIIHIX MOP, BHACIIIOK
YOro CTIMKICTh CTIHOK TOPU30HTAJIbHOI YACTUHHU CBEPMJIOBUH PI3KO IMIJIBHUILYETHCS.
[TornmuHanHg OypoBOTrO PO3YMHY IUIACTOM 3a0€3MEeUyeEThCS T1IPOJUHAMIYHUM THUC-
KOM Ha BUOOI1 32 YMOBH:

Per + B 2 Py, (7.1)
ne P.. — TriApOCTaTUYHUI TUCK CTOBIA OypOBOrO PO34YMHY; B. — IOIyCTHMHUH T1Ipo-
JTUHAMIYHUN THUCK, BUXOJSYM 3 SKOTO BUPaXyBaJIM JIONMYCTUMY IOJadyy OypOBHUX Ha-

COCIB; P, — THCK IIOTJIMHAHHSA BU3HAYAE€THCA AK THCK T1IPOPO3PHUBY IIIacTa ado PO3K-
PUTTSI IPUPOAHUX TPILLUH.
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[Ipu cnycky OypuinbHUX TpyO 1 04l IHCTPYMEHTY ISl ONPALFOBaHHS CTBOJIA
CBEPJIOBUHU BUHUKAE €(DEKT «ITOMITYBAaHHS», IO BUSIBISIETHCS Y MiABUIICHH] TUCKY
Ha BUOI.

3a MpU3HAYCHHSIM BUSBIISIOTH TaKi CBEPIOBUHH:

— HarHiTaJbHi, MPU3HAYEHI JJIs TOAa4l BOAM 1 XIMIYHUX PEareHTiB;

— Ta30BIIBIIHI,IPU3HAYCH] JJIsI BUXOIY Ta3y;

— CIIeLiaIbHO MPU3HAYEHI JIJI1 BAKOHAHHSI CHEIIAIbHUX POOIT (CIIOCTEPEIKEHB ).

OO6nagHaHHSAM CBEP/IJIOBUHMA HA3WBAKOTh BCl T1 YACTHUHMU 1i KOHCTPYKIIIi, K1 3a-
0e3MeuyroTh 3aBAaHHs BUJI0OYTKY B HAJEKHOMY PEXHUMI, TPOBEICHHS BCIX TEXHOJIO-
TYHUX OIepalid B Mporeci eKCcruryaTallli 1 rapanTyloTh 30epeKeHHs TOBKULIA. 3a-
3BHYAl PO3PI3HIIOTH Ha3eMHE 1 mia3emMHe obnanHanas. HazemHe oOnagHaHHS BKITIO-
4ae apMmaTypy, SKka BCTAHOBJIOETHCSA B TP, MiJ3eMHE — 00JaHaHHS CTBOJIA CBEP/I-
JIOBUHH.

VY po3BigyBanibHOMY OYypiHHI, B HaQTOBI{ Ta ra3oBiii MPOMHUCIOBOCTI IIUPOKO
3aCTOCOBYETHCSI INTYYHE BUKPUBIICHHS CBEPIJIOBUH,0ypPIHHS TaKHX OPI€HTOBAHUX
CBEPJIOBHH, a TAKOXK JUI PO3KPHUTTS MOJIOTHX 1 TOXWJIMX BYTUILHUX IIJIACTIB 3 MO~
JIBIIONO X Ta3udikaliero.

3 moBepxH1 0 Tepepizy 31 CIAHILEBUM IUIACTOM OypsIThCsSl Opi€HTOBaH1 1, Ha-
THITaJIBHI 2 1 ra3oBiaBiAHI 3 cBepayioBuHU (AuB. puc. 7.1). [loxwmma yacTuHa cBep/I-
JIOBUH YKpiIjieHa 00CaIHUMHU TpyOaMu 3 IIEMEHTAIlI€I0 3aTPyOHOI0 MPOCTOPY, a CTi-
HKHM FOPU3OHTAIBLHOT YACTUHHU CBEPJIJIOBUH, MPOOYPEHUX MO IJIACTY, YKPIIUIEH] crie-
[iaJTbHUM PO3YUHOM JIsl TPOMHUBAHHSA. TexHosorist OypiHHS OPIEHTOBAHUX CBEPJJIO-
BMH 30CHOBaHa Ha BUKOPHUCTaHHI T€OJIOTIYHUX yMOB, IO CIPHUSIOTh BUKPUBJICHHIO
CBEPJIOBHUH, 1 3aCTOCYBaHHI CHEI[IaIbHOTO XMJIbHHUKA 3 3a01iHUM €JIEKTPOIBUTYHOM,
BCTAHOBJICHUM MIX €JIEKTPOOYpOM 1 OypHIIbHOI KOJOHOIO, CEKIIi SKOi 3’ €IHaH1 OJIHA
3a ofiHOIO mig KyTom 1,5 — 20.

He3asiexxHo BiJl THIy 3aCTOCOBYBAHOI'O BIIXWJIEHHS MPUCTOCYBAHHS B MiCIIl
HOT0 TIepeTHHY BHHHKAE MOMEHT MPYKHUX CHJI, 110 CTBOPIOE HA JOJIOTI BIIXWIHHY
cuny. TeMIm BUKPUBJIEHHS CBEPJIOBUHU BH3HAYAETHCS BEIUYMHOKO ITI€T CHIIH, IO
3QJIEKUTH B1Jl KOHCTPYKIT MPUCTOCYBAHHS 3 BIAXWJIEHHS, a TAKOX B1J MEXaHIYHUX
BJIACTUBOCTEM MOPOJIM Ta YMOB iX 3aJIsITaHHS, TUITY J10J10Ta abo TypOoOypa (ernexkTpo-
Oypa) 1 3aCTOCOBAHOIO pexuMy OypiHHA. Temn BUKpPUBIICHHSI CBEPAJIOBUHU 3ajle-
KUTb 1 BIJl 3€HITHOI'O KyTa CBEP/JIOBUHM, OCKIJILKU 3a 1HIIUX PIBHUX YMOB MOMEHT
NPY>XKHUX CHJI TUM MEHIIE, YUM OLUIbIle KyT HAaXWIIy CBEpAJIOBUHU. B pe3ymnbTaTi 1160-
ro 3a0e3mevyeTbes po3i3 CIAHIIEBOTO TIACTa B3JOBXK MOTO HallapyBaHHS, IO CTBO-
PIOE€ YMOBHU 3HAYHOT'O OXOIUICHHS 3aaciB KOPUCHOI KOMAJIMHU, 10 TPUITAIal0Th Ha
OJIHY CBEPJUIOBHMHY. Y PO3BHUTOK Ili€i CXeMHU mepeadadueHe KOMOIHOBAHE PO3KPHUTTS
BYTUIBHOTO IJIaCTa BUKOPUCTAHHSM OPIEHTOBAHMX, CKCIUTyaTaI[IMHUX 1 BEPTUKAIb-
HUX CBEP/IJIOBHH.

Iazorinpoaunamiuynmuii po3puB miactiB. ['11poguHamMiuHI po3paxyHKH MOKa-
3yI0Th, @ JIOCBIJ] MPOBEACHHA HATypHUX BHOYXIB MiATBEPIKYE, IO I 30UTBIICHHS
OpUILUIUBY (QUIIOIIB A0 CBEPAJIOBUHU BaXJIMBO OTPUMATH B MAacUBl HEBEIUKY Kijb-
KICTh JAPIOHUX TPIIIMH HE3HAYHOTO PO3KPHUTTS 1 0OMEXKEHOr0 MPOCTOPOBOIO MOIIM-
pEHHs, 1 Hexall 00OMeXEHY KUIbKICTb, ajie TIIMOOKUX TPIIIMH BEIUKOTO PO3KPUTTS. K
B1JIOMO, Taka Mepeka TPIIMH BUHUKAE TIPYU MPOBEJICHH] POOIT 3 T1IpOPO3pHUBY ILjIac-
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TiB. ['1ApOpO3pHUB SIK METOJ CTBOPEHHS B MACHBI INIMOOKMX TPIIIMH BEJIUKOTO PO3K-
PUTTS, 3MaTHUX OyTH €(PEKTUBHUMHU T1APOAMHAMIYHIMH KaHAIAMHA JIJISI PyXy CEpeio-
BUII TEKY4Ol KOHCUCTEHII11, IIMPOKO 3aCTOCOBYETHCS Yy MPAKTUII pOOIT 3 1HTEHCUDI-
Kauii Bu100yTKy Ha@T 1 rasy, a Tako>X MpPU BUKOHAHHI CHELalIbHUX POOIT, TAKUX SIK
CTBOPEHHSI 3aXMCHUX €KpPaHIB 1 3aBIC, CTBOPEHHS MOTYKHUX TEIJIOOOMIHHUKIB 1 T.II.
OpHak riipopo3puB MOPiJ y CTalllOHAPHUX YMOBAaX BUMAara€ 3acTOCYBaHHS cliellia-
JBHOTO YCTaTKyBaHHS 1 3HAUYHMX 0OCATIB (DIrOiny (AECATKH TOHH), BUKOPUCTOBYBA-
HOTO JJig po3puBy. HailOunbll mpakTUYHE MOUIMPEHHS B MPOMUCIOBOCTI 3HAMIIOB
ra3oripoIMHaAMIYHUN PO3PHUB IUIACTIB 13 3aCTOCYBAHHSAM IMOPOXOBHX 3aPsIiB PI3HOTO
npu3HadeHHs (MEeXaHIYHOI, TePMOXIMIYHOI A1l Ta 1H.), TOMY JOCBiAYy HOTo 3acTOCYy-
BaHHSA MPUIUTHMO CIICIiaJIbHY yBary.

Cepito3HUM OOMEXEHHSIM MK 3aCTOCYBaHHSIM MOPOXOBUX 3apAJIiB € iX ciadka
TEepMIYHa CTIMKICTh. [Ipy BUCOKMX Temneparypax 3apsj pyHMHYeTbCs, IPU [IbOMY BH-
HUKae HeOe3neka caMo30yKEHHsSI BUOYXY,BUITYCKalOThCS CEPIHHO y AAHUN 4ac re-
neparopu I1T'JI-BK ,po3paxoBani Ha MakcuMmaibHy Temmeparypy 80— 150 °C, npu-
YoMy NEepioJl TEMIEpPaTypHOI CTIMKOCTI oOMexeHui TpboMa roauHamu. Lle o3nauvae,
110 JJIs CBEPUIOBMHU 3 HOPMAILHUM T€OTEPMIUHUX TPaJi€HTOM 3aCTOCYBaHHS MOPO-
XOBUX T'eHepaTopiB 0OMexeHo riinbuHamu B 3 — 4 kM. B 0061acTsaX 3 BUCOKOIO aKTHB-
HICTIO T€OTEPMIYHOTO IpaJi€HTa IPAaHUYHA TJIMOMHA TIPOBEICHHS MOPOXOBUX PO3PH-
BIB pI3KO 3HWXKYEThCA. EdexTuBHICTE 00p0OKHM TPUBUOIMHOT 30HU CBEPAJIOBUH IIO-
POXOBHUMHU T€HEPATOPAMH 3JICKUTh B1J] TPCHKOIO 1 MJIACTOBOTO THCKIB, @ TAKOXK BIJ
MOPHUCTOCTI KOJIEKTOPA 1 P13KO 3pocTae 31 30ubmeHAasM. OCTaHHS 3aJIeKHICTh JJOCTa-
THBO CWJIbHA: 301IBIICHHS THUCKY B CEPEAMHI CBEPJIOBUH y 2 pa3u J103BOJISE 30171b-
IIUTH TPOYKTUBHICTH CBepIoBUHU B 2,0 — 2,3 pa3u. 3poOaeHuii BACHOBOK ITi/ITBE-
PIKYETHCS TEOPETHUHUMH PO3paXyHKaMu, BUKOHAHUMH y BinaineHH1 reojuHaMiKu
BuOyxy II'® AH Ykpainu.

[Ticns BUOYX1B MOPOXOBUX T€HEPATOPIB KOPUCHO 3IIMCHUTH TOAATKOBI 3aX01
3 00poOKM MPUBHOIMHOI 30HU CBEPJIJIOBUH: 1H €KTYBAaHHS B ILJIACT HArpiToi CBEPAJIO-
BUHOIO PIJUHU; JOJATKOBY OOpOOKY IjIacTa MOBEPXHEBO-aKTUBHUMHU PEUOBHHAMM,
COJISTHOIO KHCIIOTOIO 200 aepoBaHUMHU PO3YMHAMU 1 T.1. JIOCBij ra3oriipoaiHaMIvyHO-
ro BIUIMBY Ha IJIACT MOKAa3aB, 10 BUOYXH MOPOXOBUX 3apsAJiB JOCUTH O€3IEUHIl JJIs
00caHUX KOJIOH CBEP/IOBHUH. SIKII0 BUOYXU MPOBOASTHCS MIPU TepMETU3AlIlil B TUPIIL
MOBHICTIO 3alIOBHEHO1 CBEP/UIOBHUHH, TO MOXJIMBUN BUTUH a00 OOpUB repMETU3YIO-
YUX CaJbHUKIB MOXKE B1IOYBAaTHCS MICIIEBHI PO3PUB KOJOHH. SIKIIO piBEHb PIAVHU B
CBEpJIIOBHHI 3HAXOAUTHCA Ha ruOuHI 50 M 1 OlIbIe, TO MOBITpsSHA MPOOKa, IO
YTBOPIOETHCS TPU MOBHIM repMeTH3allii TUpiia CBEPAJIOBUHU, TPAE POJIb aKyMyJIITOpa
TUCKY, III0 BiIIa€ CBOIO €HEPTII0 MPHU 3HUKEHHI THCKY B 30HI BUOyXy. lle migBuirye
e(eKTUBHICTh POOOTH amapary.

3riJIHO 3 1M PIIICHHSAM HEOOXiHa IJI0Ia TOPIHHS MOPOXY S BU3HAYAETHCS 32
dbopmyIIor0

¢ = 5@ —po)lp Y+ D+ po (Y ~1I, (7.2)
2ppocus(@fp—p)

e S, — mioma mnepepisy CBEepIJIOBUHM; [p — THCK, MOTPiOHMI 11 GopMyBaHHS B
TJIACTi TPIIMHM 3a[IaHUX TapaMeTpiB; [ p, — TiZPOCTATUYHMII THCK Y CBEpUIOBHUHI;
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[ y — moxa3sHUK MONITPONY NPOAYKTIB TOPiHHSA; [ 1, — MBUAKICTH TOPIHHSA HPU TUCKY
Pt =1—(Qq +Qy)/ [ Q — KimbKicTh Tema, IO BUTPAYa€ThCA HA BUIIAPOBY-
BaHHs PiIMHHU B 3a30pi MXK 3apsA0M i 00CaHOIO KOJIOHOW; [ Q, — KUBKICTh TeILIa,
110 TIOIJIMHAETHCA KOJIOHOIO 32 Yac ropiHHs 3apsy; [ E — HOBHA €Hepris, 1o BUJIiA-
€TbCS TIPH 3TOPSIHHI MOPOXOBOTO 3apsaay); [ f 1 p — BiANOBiAHO, cHia i IIIBHICTH
nopoxy; [ p, 1 ¢ — IIIBHICTE PiZMHN Ta MIBUAKICTB 3BYKY B Hili.

PiBHSIHHS 103BOJIsI€ 3HAUTH BEJIMUKUHY S METOJIOM MOCTIJJOBHUX HAOIMKEHb.
Cnouatky 3amacTbest 10BUIbHE 3Ha4eHHS ¢ (0,5 < ¢ < 1) 1 BU3HAYACTHCS CTABJICH-
H4 S/S.. IloTiM 3a 3HaYeHHAM S /S, 1 PaKTUUHMM 3HaYEHHAM Q; 1 Q, BU3HAYAECTHCS
HOBa BEJIMYMHA @ 1 T.II.

Po3paxyHOK MOBTOPIOETHCS 10 TUX MIpP, MOKU BIIMIHHOCTI B CYCIIHIX 3HAUYECH-
HAX ¢ 1.5/ S, HE 3MEHIYIOTbCS O HEOOXIHOI TOYHOCTI. J{jIs1 po3paxyHKy 3Ha4eHb
Q1 Q, PEKOMEHIYIOTbCS TaKl CIIBBIIHOILIECHHS

Q=

ne D u D, — niamMeTpu CBEpIOBHHH i 3apsany; [ H — BUCOTa 3apsuy; [ y — IUTOMa
TEIIOTa NapOYTBOPEHHs CBEPIOBHHH PinuHM; [ My — Maca Tpyou; [ ¢, — Temoem-
HiCTh KONOHHM; [ AT, — Hepemnaj TeMIeparyp IpH OXOJIOMKEHHI Ta30moAiOHuX Mpo-
IYKTIB TOPIHHA NOPOXY; k = Myc/mcy, (m —Maca 3apsany; ¢, = f/(y — 1)ATy;)

m(D?- M7coATy

1+k

DO)HPOX 0, = [1— -+, (7.3)

g = h86 0. ™SSP L P- D= Poy (7.4)
DO'2 ’ 2 “S¢p1 ! PoC
ne o — KOe(IIienT; f G* — MacoBa BUTpaTa ra3y, KUl MpUItajac Ha OJUHHUIIIO IO
nepepizy Tpyou ;* — _p_ Pu1) f [ — 10BKMHA JUISTHKHA 00Ca HOi KOJOHH, ITi/IBJIaI-
C 1

Ha TeryioBoMy BILTMBY. HaBeneni Gpopmynu 103BOJISAIOTH 3aIIPOIIOHYBATH palliOHATb-
HY KOHCTPYKIIitO 3apsiay 1 ioro macy. OHaK y KOHKPETHUX YMOBaX pOJOBHIIA, 00Y-
MOBJICHUX BEJIMYMHAMHU TUIACTOBOTO 1 TPCHKOTO TUCKY, MOXYTh BUHUKHYTH BUMAJ-
KU, KOJIA 3MIHOIO TIOBEPXHI TOPIHHS HE BIAETHCS JIOMOTTHUCA MOTPIOHOTO BHYTPIII-
HBO-CBEPAJIOBUHHOTO TUCKY IS 33AHOTO PyHHYBaHHS 30HU HAaBKOJIO CBEP/AJIOBHH.

VY mpoMy pasi HeoOXiTHe BUKOHAHHS KOMITJIEKCY TOJAATKOBUX 3aXOMIB, SIKI MO-
KHA HampaBUTH ab0 Ha 3a0e3leueHHs 3aJaHoi KoHIirypamii TpimuH (Xapakrepy
pyiiHyBaHHs), a00 Ha 3HMKEHHS IPAHMYHOIO TUCKY iX po3noBcropkeHHs. [Ipuninu-
MO IIbOMY ITUTAHHIO OUTBIINY yBary.

BniiuB Ha npuBuOiiiHy 30HY cBepaJioBHH. OCHOBHA MeTa PI3HUX METOJIB
BIUIMBY Ha MPUBHUOINMHY 30HY 1€ 301IbIIIEHHS /1€01TIB BUJIOOYBHUX 1 MPUHAOMHCTOCTI
HArHITAIbHUX CBEpAJIOBUH. Ll meTa Moxe OyTH JOCATHYTA 1 1HIIUM IIJISXOM, IO
BUHO 3 hopmyu Jromo

0= 2nkh(pn—ps3) . (7.5)

bu(In(Rk/1c)+C)
JlebiT BUAOOYBHOI CBEpAJIOBMHU 30UIBIIYETHCS 31 3pOCTAaHHSAM Jenpecii Ha
IUIACT IIPU 3HMKEHHI BUOITHOTO TUCKY p5 200 Ipy 30UIbIIEHH] TUCKY HA JIIHII HarHi-
TaHHA p,. Jlo 3011bIIeHHs 1e0ITy Bele TaKOK HAOIMKEHHs JIIHII HarHITaHHA 10 BU-
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N00YBHHX PsAIB 1 301IbIICHHS JlaMeTpa CBEPIJIOBMH. 3a3Hau€H1 MOXKIUBOCTI PO3T-
JSIIAI0THCS HAa CTaJli MPOEKTYBAaHHS PO3POOKH POJOBHINA, IPU LIBOMY BPaXOBYIOTHCS
TEXHIYHI1 i eKOHOMIYHI YUHHUKH. [1iciisg Toro sk cBepanoBuHa IpoOypeHa, a Aenpecis
oOMEeXeHa TUMHU UM IHIIMMHU NPUYMHAMHU, A€0ITH BUJOOYBHHMX CBEPAJIOBUH MOKHA
30UIBIINTH JIUILE 33 PAXYHOK 30LIbIIEHHS KOE(ILI€HTA rAPOIPOBOAHOCTI kh /L a00
3HIDKEHHSI Koe(DilieHTa HeJOCKOHAIOCTI cBep /utoBHHM C. Y1 ICHYI0Yl METOAM BILIH-
BY CIIPSIMOBaHI Ha 3MEHILIECHHS TAPaBIIYHUX ONOPIB y NPUBUOIMHIN 30HI I1acTa ado
3a paxyHOK MOJIIMIIEHHS 3B’S13KY CBEPAJIOBHHHM 3 MPOIYKTUBHUM ILIACTOM, ab0 BHa-
CJI0K 30UTbIIEHHS a0COMIOTHOT a00 (pa30BOi MPOHMUKHOCTI y NMpUBUOIKHINA 30HI. Te-
IUIOB1 METOJH, KPIM TOTO, BEAYTh O 3MEHIICHHS B’SI3KOCTI PIAMHU Yy pailoOH1 CBEpA-
JIOBHHH, 110 TaKOXX BHKJIMKA€E 30UIbIIeHHS Ae0iTy. Halbuibi mupoke mommpeHHs B
IIPOMUCIIOBIN TPAKTUIl OTpUMaiu TiapaBmiunuii po3pu rmiacta (I'PII) 1 comnsiHo-
kuciotHa 06podka (CKO) npuBuOiitHOT 30HU.

Jlsis BuOOpy MeToay BIUIMBY Ha MPUBUOINMHY 30HY CBEPIJIOBUHU B Hii TTPOBO-
TUTHCS KOMIUIEKC JOCTIKeHb. Bu3HadaeTbcs KoeillieHT MpoayKTHBHOCTI. Ko
BIH 3MEHIIYETHCSA 3 YacOM, BCTAHOBIIIOIOTHCS NMPUYMHU HOTO 3MEHIICHHA. 3HAIOUU
ICTOPIIO eKCIUTyaTalli MOKJIaay 1 JaHOI CBEPIJIOBUHU, BCTAHOBIIIOKOTh IPUYMHHU L[bO-
ro MoripuieHHs (3aMyJIFOBaHHS IJ1acTa, BIIKIaJAeHHs napadiny, cMoJl, coyei Ta iH.).

3anoBHEeHHsI CBEPAJOBHH MickoM 3 Boaomo. [Ipouec nmonsrae y ¢popmyBaHH1
HOBHUX a00 PO3IIMPEHHI ICHYIOUHX y IUIACTI TPILIUH M1 JI€I0 TUCKY,IO HATHITAEThCA
B miacT piguHu. {00 TpilyHu HE 3MUKAIUCS TICs 3HATTS TUCKY, B HUX BBOJSITh
PO3KIIMHIOBAJILHUI areHT, K TaKUi 4acTO BUKOPUCTOBYETHCSA BiJICOPTOBAHHUI KBap-
noBui micok ¢pakuii 0,5 — 0,8 MM, 3acTocoByroThCs 1 OUTbII KpynHI ¢pakuii 1,2 —
2,0 MM. Y 1IMOOKUX CBEPAJIOBMHAX SIK PO3KIMHIOBAIBHUI areHT BUKOPUCTOBYIOTHCS
O1IBII MIITHI MaTepiaau: CKJISHI, IJIACTMACOBI KYJIbKU, KOPYH/I 1 arJIoMepOBaHHi 00-
kceut. [Ipu 3akadyBaHH1 GUIBTPYIOUOT PIAMHU BOHA MPOHHMKAE B J0Ope MPOHUKHHUI
MPOIIAPOK 1 MiJT JAI€F0 TUCKY HArHITAHHS BEPXHI MOPOJIH IMiIHIMAIOTHCS 1 YTBOPIOETh-
Csl TOPU3OHTAJIbHA TPIIIMHA TIO JIiHIT HalIapyBaHHA TOPiA. Y I[bOMY BHITaJIKy THCK
PO3pHBY p,, Ma€ BU3HAYATUCS 38 GOPMYIIOLO

Pp = Pz t Op (7.6)
7€ P, —TipChKMi 200 reocTaTHYHMI THCK; [ 0p, — THMYACOBHI OIIp MiPCHKUX MOPiJ
Ha pPO3pUB.

[Tpu 3akadyBaHHI HEPUIBTPYIOUOI PIAMHH PO3PUB IUTacTa BiAOYBA€ETHCH, 5K 1
PO3pUB TOBCTOCTIHHOI CYAMHHU, Y3/J0BXK TBIPHOI (JOPMY€ETHCS BEPTHKAIbHA TPIIIMHA.
3a Teopiero A.H. JIuHHNKA,rOPU30HTAlIbHA CKJIAJ0Ba TPCHKOTO TUCKY P,

Pr = € Pre> (7.7)
zie € — KoedilieHT 60k0BOro posnopy, € = v/(1 — v), [ v — xoedinient Ilyaccona. ¥V
npyxHux nopoaax € = 0,25 — 0,4, y To#l yac gk B IJIACTUYHOTO (IJIMHH, KaM’ siHa CLIb)
koe(ilieHT 00KOBOTO po3nopy mMoxe gocsratu 0,8 — 1. ¥V npykKHUX OpoAax MOXKYThb
YTBOPIOBATUCS BEPTUKAIbHI TPIIMHMU 1 IPH 3aKadyBaHHI (UIBTPYIOUOi pIOAUMHU. 3
1HIIOro OOKY, B pe3ysbTaTi MPOBEACHHS CBEPIJIOBUHM MOPYIIYETHCS pIBHOBAara Ha-
npyr nodyn3y Hei, ripchbKi NOPOIN «BUAABIIOIOTHCS» B CBEPAJIOBHHY, BEPTUKAJIbHA
CKJIa/I0Ba IipChbKOr0 THCKY Y palioHI CBEpUIOBUHHU 3MeHIyeThes. Lle 3011blye Mox-
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JHUBICTh YTBOPEHHS FOPU3OHTAIBHUX TPIIIMH HABITh NMPHU 3aKauyyBaHHI HEPLIBTPYIO-
yoi piauHu. [Ipouec yTBOpeHHs TPINIUMH YCKIAJIHIOETHCS HAsIBHICTIO IPUPOAHOIL Tpi-
[MIMHYBATOCTI, HAPYT Yy TIPCbKIA MOPOJI BHACIIAOK TEKTOHIYHOI AISIBHOCTI, TOMY
Opy LbOMY MOXXYTh BHHUKATH PI3HI 32 HANpPsIMKOM MIAHATTS TPILIUMHH, SKIIO HE
npuiMaTi CrHeliajibHI 3aX0Ju JIJIsl MOMEPEHbOr0 3MEHIIEHHS MIIHOCTI TOPOJU B
TOMY YH 1HIIIOMY HanpsMmKy (niepdopaiiis, TOpreayBaHHS).

JUis BU3HAYEHHsI TapaMeTpiB T1IpOPO3PUBY HAINPSKOM TPIIIMH 337al0Th BUXO-
nsuu 3 TexHosorii npoeaeHus ['PIT 1 mociny rizpopo3puBy B gaHOMY paioHi. Tex-
HoJoriyHi nokasHuku ['PII po3paxoByroTh A1 yMOB YTBOPEHHS BEpTHUKaJIbHUX a00
TOPU3OHTAJIBHUX TPIIIMH NPH 3aKkadyBaHHI PiIbTpyrodoi ab0 HEIIBTPYIOUOi piau-
HU.SIK piIMHU pO3pUBY 1 HOCIiB MICKy BUKOPUCTOBYIOThCS HadTa, BoAa, Cylb(iT-
cnupToBa Oapaa, po3unHu noiimepiB i1 [TAP, HadTo-BOMHI 1 HAPTO-KUCIOTHI TiApO-
¢inbHi 1 rigpododHi eMynbcii, minu 1 iH. PinuHa — HOC1# TiCKy TOBHHEH OyTH JOCHUTH
BY3bKHUH, MO0 MIBUIKICTh OCIIAHHS PO3KJIMHIOBAILHOTO Marepiany He Oyia 3Had-
HOIO, 1 MaJia, [0 MOJIUBOCTI, MiHIMAJIbHY (UIBTPYEMICTh, 1100 TPAHCIIOPTYBATH LIEH
Mmatepian y riaud TpimuH. MiHIMAJIbHO JOMYCTUMHMM TeMIN 3aKauyBaHHS PIAMHU —
HOCIS MICKY MOKHA OL[IHUTH 33 eMIIIPUYHUMHU (hopMysiaMu

qpmin = hw/(101) ; Gy min = hRrw/(5), (7.8)
1€ qpmin 1 Qr min — MIHIMQJIBHHI TEMI 3aKadyyBaHHs BIJIOBIJIHO ITPH BUHMKHEHHI
BEPTHKAIBHOI 1 TOPH30HTANBHOI TPIllMH, J1/C; [ h — TOBIIMHA APy, CM; @ — IIMPUHA
Tpitmuy, cM; [y — B a3kicts piguan, MIla ¢, [ Ry — paaiyc ropu3oHTanbHO1 Tpily-
HU, CM.

[Tpu Bukopuctanui ajs ['PIT GpiabTpyrodoi pianHu poOOUHil TEMIT 3aKauyBaHHS
NMOBUHEH OyTH BUIIE BU3HAYEHOTO 3a Gpopmynamu (7.8) Ha BeTUYUHY BTpAT Bij 1HDI-
apTpaiii piguau B 1uiactT. KoHieHTpallis po3KJIMHIOBAIBHTO MaTepiaidy B piJlMHI 3a-
3BHMYal 3HaXOIUThbCI B Mexax Bix 200 mo 250 KF/M3, ajle B JESKUX BHUIIaJKaX MOXKE
cragosutr 100 — 500 kr/m’. 11[010 MOMEHTY PO3PHBY MOXKHA CYJIUTH 3 Pi3KOro 306i-
JBIICHHS BUTPATH PIAMHYU IPU TOMY K TUCKY Ha TMpJIl CBEPAJIOBUHU 200 1O PI3KOMY
3MEHILEHHIO TUCKY Ha THpJIl IpU NOCTIHHIN BUTpaTi. [Ipu 3akauyBaHH1 QUIBTPYIOUYO1
PIAMHYU MPU YTBOPEHHI TPIIUHU CYASThH MO 30UIbIIEHHIO MPUHOMHUCTOCTI CBEPAJIO-
BUHU. PO3riisiHEMO BM3HAYEHHSI TEXHOJIOTTYHUX noka3HukiB ['PII Ha mpukianal yTBo-
PEHHSI BEPTUKAJIBHOI TPILIMHU NPU 3aKayyBaHHI B CBEPAJOBUHY HEPUIBTPYIOUOI pi-
nuHu. Tuck Ha BUOOI CBEpIIOBUHM Ha OyIb-AKHI MOMEHT 4acy (IpH p;/p,. < 1,35)
BHU3HAYAIOTh 32 (popMme}o

p3 3 _ E?qu, 7.9

P Dr -7 = 525(1 v2)2 pRvy 72
ne p; — BubiitHMi Tnck, Ila; [ p. — ropusoHTanbHA CKIa/10Ba TipchbKoro THcKy (7.7),
Ia; [ v — koedinient Ilyaccona; [ E — Momyns mpysxkHocTi mopin. Ila; [ g — ButpaTa
PIIMHHU, IO 3aKAYYEThCS, M/c; f (U — B’A3KICTB pinuHy, Ila c; f V> — 00’ eM piauHu,
1[0 3HAXOUTHCS B TPIllIAHI, M°

Ve = qt+V, (7.10)
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e t — Jac, ¢; [V, — mouatkoBuil 06’eM pinuHu B TpimumHi npu t = 0. Butpara pi-
JMHH ¢ TIOBMHEH OYyTH OLIBLIE ) 11y, 11O BU3HAYAETHCA 11O (7.8).
Ha 11eif ke MOMEHT 4acy BU3HAYA€ThCS JOBKUHA [ 1 IUPHUHA (v TPIIIUHU, M

[ = VE iw=40-v)l@s—p)/E (711
"~ \56(1-v2) h(ps—py)

1€ h — TOBIMHA 11apy, M.

MeTtonuku Juisi po3paxyHKy BHOIHHOTO THUCKY 1 XapaKTEPUCTHUK TOPU30HTAIb-
HOI TPIIIMHYU TPU PO3PHUBI HEPUIBTPYIOUOIO PIAUHOIO, @ TAKOXK JIJIsl BU3HAUYCHHS ITUX
napaMmeTpiB NPU YTBOPEHHI TOPU3OHTAIBHUX 1 BEPTUKAJIbHUX TPILIUH IPU HATHITaHHI
B CBEpAJIOBHHY (UIBTPYIOUOi PiAUHU HaBeAeHI B [5].

Makcumanbuuii Tuck y rupii npu I'PII Buznavaetses 3 popmynu

Py = Pp— PxgH + Prp (7.12)

Jie p,, — THCK PO3PUBY, JUIsi TOPU30HTAIBHUX TPILIMH BU3HAYAETHCS 110 (7.6), UIst Bep-
TUKAJIBHUX 32 (DOPMYIIOI0

Pp = Prt 0Op (7.13)

1€ p, 3HaXoAuThbcA 3a popmyiioro (7.7), a BepTUKaNbHUHN TPCbKUNA TUCK BU3HAYAETh-
Csl 3aJICKHICTIO

Pre = PngH, (7.14)
1€ p, — CepelHs IIIBHICT 0cafoBux nopix (2400 Kr/M3); SH — rnmubuHa cBepIJI0BU-
HH, M; g — IPUCKOPEHHS BiTbHOTO MaJiHHsA; [ p, — IIIBHICTE PiMHYE — HOCIA TIiCKY,

3
KI/M

px = p(1— ng) — pang > (7.15)
ne p — IUIUIBHICTh PIAWHH; f p, — UIUIBHICTE DO3KJIMHIOIOYOIO areHTa;
[ ny — 00’ emuuii BMicT y piguni

ng = —LPa_ (7.16)
c/pat1

Jle ¢ — MacoBa KOHIEHTPAIIis HATOBHIOBAYA TPILIH, KI/M; [ 0, — THMYaCOBHH omip
nopoaud po3puBy, crtaHoBuTh 1,5—3,0 Mlla, npuiimaeTbcs mpu po3paxyHKax
3,0 MIla; Drp — BTPATU HA TEPTS NPU PYCl PIAUHH — HOCIS MICKY 110 KOJIOHI HICT

8qH
pr = a/’l n.zccllzz p)K’ (717)

ne d — suytpimmii giamerp HKT, M; [ A — koedilienT rifpaBaidHoro onopy, BU3Ha-
YaeThCs MIPH JaMiHAPHOMY PEXKMI 32 (HOPMYIIOI0

A = 64/Re, (7.18)
Je Re —uucno Pelinonbaca;

Re = 4q p,/mdi., (7.19)
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1€ Py — B’SI3KICTh PIAMHU — HOCIA IICKY 3 HAllOBHIOBAYEM; | — B’SA3KICTb PIAMHU —
HOCIs MICKY 0€3 pO3KIMHIOBAJIBHOI'O areHTa.

3a HasIBHOCT1 PO3KJIMHIOBAIBHOIO areHTta B pijiuHi npu Re > 200 npoxXoauTh
paHHsl TypOyJi3allisi IOTOKY 1 BTpaTH Ha TepTs 3pocTaioTh. lle BpaxoByeTbcs BBe-
JeHHSM Koe(ilieHTa a, 3HaUYeHHS SKOTO BHU3HAYaeThes 3a Tpadikom Ha puc. 7.10.
Po6ouwnii TuCK mpu Tiapopo3puBi 3a3Bu4ail 6epetscs B 1,3 — 1,5 pa3u Buile npoexT-
HOTO THUPJIOBOTO THUCKY, HEOOXiJHA KIIbKICTh HACOCHHX arperaT # BU3HAYAETHCS 3a
dbopmyIior

ne P, (7.20)
PadaKkT

ne p, — poboumii THCK arperary; [ g, — Tojadya arperaty mpu poOO4OMy THCKY;
k; — Koe(IiLI€HT TEXHIYHOIO CTaHy arperary, 3ajJeXHO BiJ TepMiHy poOOTH
Ty, k7= 0,5—0,8. O6’eM piauHu JUIsl IPOAABICHHS PIIMHU — HOCIA IICKY B TPIILIUHY
BU3HAYAETHCA 32 (HOPMYJIOO

V, = 0,785d?H. (7.21)
Yac npoBeeHHS T1IpOPO3pUBY
t = (ch + Vn)/qa(n - 1)' (7.22)

MaxkcumanbHe 30UTbIIeHHS 1€0iTy CBEPIJIOBHHU OLIHIOETHCA 3 YMOBH IPHII-
JUBY J10 CBEPAJIOBUHHU:

& —_ & &9 7‘23
Q B lg Ic lg Rt ( )

ne Qr — 1e6iT CBepUIOBHHM 3 pajiilycoM, PIBHUM paniycy TpimuHu Rr, Q — nedit
CBEPJIOBUHU JI0 T1IPOPO3PUBY.

a A
1.8 1
Lot 0,15
Ny = 0,2
L4T 0,10
L2r 0,05
1,0 ,

i i 4 >
200 400 600 800 1000 Rg4

Puc. 7.10. 3anexHicTh KoedilieHTa 30UTbIISHHS T1APaBIIYHOTO OTOPY @ BiJ
00’ €MHOT KOHIIEHTpAIIIT 71y TIPH Pi3HUX yuciax PeliHonbaca
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IIpu npoBeaeHHI TAPOPO3PUBY CTBOPIOIOTHCS THUCKH, SIKI MOKYTh OyTH HEOe3-
NEYHUMU JJIs1 eKCIITyaTaliiHOl KOJOHH.

Kucaorna o0podka npuBuOiiHOI 30HH. OCHOBHUM KOMIIOHEHTOM KHUCJIOT-
HUX PO3YMHIB, 110 3aCTOCOBYIOTHCA IPH il Ha NMPUBUOIMHY 30HY, € Hal4acTille co-
JsiHa Kucliota. Po3unHaMu COJISTHOT KUCTIOTH 0OpOOISIOTHCSL KapOOHATHI MOpoau ado
TEPUTEHHI KOJICKTOPH, Yy CKJIaJll SIKUX, K Y LIEMEHTI,IpUcyTHI kapOoHatu. Peakii
B3a€MO/I1i COJISTHOT KMCJIOTH 3 OCHOBaMU Pi13HUIIMU KapOOHATHOTO KOJIEKTOpa TakKi

CaC0; + 2HCL = CaCl,+ H,0 + COy;

[IpoaykTu peaxiiii COJSHOI KHCJIOTH 3 KapOOHAaTaMu PO3UMHSIOTHCS B HEM-
TpaibH1 cepeaopuia. Kpim nii Ha mpuBHOiitHY 30HY KMCJIOTHUM PO3YUH BUKOPUCTO-
BYETBCS /U1 OUMILEHHSA (DUIbTpa CBEPAJIOBUHU BiJl PI3HUX YTBOPEHb, BUHHUKAIOUUX
npu OypiHHI CBEpAJIOBHHH, B MpoIiec] ii eKcruryarailii Ta mpu peMOHTHUX poOOTax.
Jlyist 11bOTO 3M1ACHIOIOTHCA KUCIOTHI BaHHU. [Ipu 00poO1ii kapOOHATHHX TOPIJ YTBO-
PIOIOTHCSl KaHAIM PO3YMHEHHS, SKI MOXKYTh TJIMOOKO MPOHUKATH B IMPOyKTUBHHIMA
wiact. [Ipu 0O6poOIi TEPUTEHHUX KOJIEKTOPIB KUCIOTHUN PO3YMH PO3MOAUIAETHCS
HABKOJIO CBEPJJIOBUHU OUIBII PIBHOMIPHO 1 pajilyc 00po0OIeHO01 30HM MOKHA MPUOIIH-
3HO BU3HAYUTH 32 TaKOIO (HOPMYIIOI0

qt = thm(R3 — 1), (7.24)

JIe q — TEMII 3aKadyBaHHs PO34MHY, M*/XB; [ t — uac 3aKkauyBaHHs a0 yac HEHTpaJi-
3alii po34MHy, SKIIO0 OCTAHHE MEHILE Yacy 3aKauyBaHHs, XB; [ h — TOBLIMHA iHTEp-
Balty, 0 06po6IoeThes; [ ™M — eeKTHBHA TIOPUCTICTh YaCTKU OJMHHUIL; [ 7, — pajti-
yC CBEPIJIOBUHH, M.
OnTuManbHa KOHLEHTPALIsl COJISIHOI KUCIOTH B PO3YMHI IPUIMAETHCS PIBHOIO

10 — 16%. 3i 301bIIEHHSAM KOHIIEHTpAIlil PO3YMHHOI 3AaTHOCTI Ta IIBUIKOCTI PO3-
YUHEHHS 3pOCTal0Th, XO4Ua MpU KOHUEHTpauii moHag 22% IBUIKICTh PO3UYUHEHHS
3MEHIIYEThCA. 31 30UIBIIEHHAM KOHILIEHTpALli KHUCIOTH 3pOCTa€ TaKOX KOpO3iiiHa
AKTHUBHICTh, EMYJIbI'YIOUa 3JaTHICTh 1 KMOBIPHICTh BUIIAJJaHHS COJIEH B OCaj MpHU KO-
HTaKTI KUCJIOTH 3 IJIacTOBOi BOJo0. [Ipu 00poOI1i MaIONPOHUKHUX MOPiA KOPUCTY-
I0ThCSI OB KOHUEHTPOBAHUM PO3YMHOM, HIK MPU 00poO1i BUCOKONPOHUKHUX. J1Jist
HNEPBUHHUX OOPOOOK MOPUCTUX MAIONPOHUKHUX IOPiJ BUTpaTa PO3UMHY CKIAala€e —
04-0,6 M> Ha | M TOBLIMHU 1JacTa, BUCOKO-MpoHuKHUX — 0,6 — 1,0 M/M. st BTO-
PHHHHX 06poGok — Bimmosizao 0,6 — 1,0 i 1,0 — 1,5 m*/m. IIpu aii Ha TpiumayBarti
OPOJIN I TIEPBUHHOI 00poOkm HeoOxigHo 0,6 — 0,8 M>/M, IUIs BTOpUHHOT — 1,0 —
1,5 M’/m. TepureHHi KOJTEKTOPH, LEMEHTYIOUO0I0 PEYOBUHOIO B SKHX CHIIKATH (aMO-
pdHa KpeMHi€Ba KUCIIOTA, TJIWHU, apTiiTH), 00OpOOJICHI CYMIIIIIIO COJITHOI 1 TIaBU-
KOBO1 KucaoT. [Ipyu po3unHeHHI CHIIIKATy TIaBUKOBOIO KHUCIOTO YTBOPIOETHCS (HTO-
PUCTUH KpEMHIH, KU y NPUCYTHOCTI BOJMU NEPEXOAMUTH B TiJIpaT OKUCY KPEMHIIO,
OCTaHHIM IPH 3HUKEHHI KUCIOTHOCTI PO3YHHY MOXE IIEPETBOPUTHUCS HA 30J1y B I'ellb,
3akynoproe nopu. l1lo6 uporo He cranocs, pa3oM 3 MJIABUKOBOKO 3aCTOCOBYETHCS CO-
JsiHA KUCJIOTA, SIKa MPAKTUYHO HE pearye Ha CHOJyKU KpeMHio. OnTUMallbHUM BBa-
KAETHCS KUCJIOTHUM po3urH 31 ckinagoM HCL 8 —10% 1 HF 3 — 5%, nipu 00’ emi 3aka-
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qyBaHHS [JIHHH i KHCIIOTH JUIsl IIepBHHHOT 06po6ku 0,3 — 0,4 M° Ha 1 M 06po6IoBa-
HOI TOBIIMHU IUIAcTa. [ THHO-KHCIIOTA 3aCTOCOBYETHCA 1 MPU KUCIOTHUX BaHHAX AJIs
pYWHYBaHHS TTIMHUCTHX 1 IEMEHTHUX KOPOK.

Jiist 00poOKu cynb(haTOBMICHUX KapOOHATHUX KOJIEKTOPIB KMCIOTHUN PO3YUH
TOTYETHCS HA TJIACTOBIN BOAI XJIOPKAJIBIIEBOTO TUMY 31 HIUIbHICTIO HEe MeHie 1180
Kr/M°. Y BiCYTHOCTI Takoi B KHCJIOTHi CK/Iaay BBOATBCS MPUCAIKH XJIOPHCTOrO Ka-
ab1ito (5 — 10%) abo kyxoHHOT coi (6 — 7%), a Takok cynb(daTiB Kajio abo MarHito
(3 —4%). dns oOpoOku 3a1130BMICHMX KapOOHATHUX KOJIEKTOPIB Yy PO3YUH COJISTHOI
KUCIIOTH Jojaetrhbes 3 — 5% onroBoi a6o 2 — 3% mumonHoi kucioth. L1 ) KHCI0TH
BUKOPHUCTOBYIOTH ISl cTa01Ii3a1lii 3aj1i3a B TEXHIYHINA CONSHIN KucoTi. st o6poOku
cynbdar 1 3a7130BMICHIX KapOOHATHHUX KOJIEKTOPIB MOKHA TAKOX BHUKOPHCTOBYBATH
po3unHH o1roBoi (10%) abo cynbdar-amiakoBoi (10 — 15%) kucnoru. Ilpu 06poobii
TPIIIMHYBATHX 1 TPILIMHYBATO-MIOPUCTUX MOPIJ AJs1 30UIbIIEHHS OXOIJIEHHS 1O TOB-
IIMHI 3aCTOCOBYIOTh B’SI3K1 1 B’SI3KO-TIPY>KHI CUCTEMHU: PO3YMHH, 3arylIeHi KapOoHaT-
METHIILIEITIOJIO3010 a00 CyJIb(IT-CIMPTOBOK 0apA0r0, KMUCIOTHI eMyJbCii 1 mHu. [lpu
00poO11l MOPUCTUX KOJEKTOPIB 3 HU3bKOIO MPOHUKHICTIO BUKOPUCTOBYIOTh Ia30BaHI
KHCJIOTHI PO3YMHHM 1 KUCIOTHI KOMMO3uIIii 3 JoOaBkamu katioH-akTuBHUX [IAP (ka-
TaHHs, KaTamiH, MapJiieBaH) npu no3yBanHi 0,2 — 0,3%. Kpim noninmensas gpiabTpaiii
po3unHy, kaTioH-akThBHI [TAP r11p0odo06i3yroTh mopoay 1 3MeHITyI0Th MIXK(ppa3zoBuii
HATAT Ha MEXI1 HadTa — BIAIpAIlbOBAaHUN PO3YMH, 110 CIPUSIE KPAIIOMy HOro BHUTIC-
HEeHHI0. Sk nmeemymnbratopu 3actocoBytoThes HeiHoreHHi [IAP tumy OII-10 (0,1%),
BOHU JIOJAIOTHCA B KUCIOTHHM PO3YHMH MPU O0OpOOKax B HATHITAILHUX CBEP/JIOBH-
Hax.

Jlnis inTencudikanii mpoiecy po3uMHEHHS MOPiJl, a TAKOXK Y pa3i BIAKIAACHHS
B MpuBHUOIIHIN 30H1 1 GiIbTpl MapadiHOBUX 1 ac(halbTOBO-CMOJIUCTUX PEYOBHH 3a-
CTOCOBYETHCSI TEPMIYHO KHUCIOTHA Jif. 3MEHIICHHS MIBUAKOCTI peaKili KUCIOTH 3
MOPOJIOI0, @ OTXKE PO3IIMPEHHS 30HU OOPOOKH, JOCSATAEThCA JO0JIaBaHHSAM y PO3UUH
CHOBUIBHIOBAYIB PEAKLIL,SIK TaKl BAKOPUCTOBYIOTh XJIOPUCTHI KaJIbLIlii, OLITOBY 1 JIM-
MOHHY KHCJIOTH. KpiM HUX MPOBOASTH 0OPOOKY €MyJIbCIIMH TUITy KMCJIOTa B BYTJIe-
BOAHIN piauHi. i1 00poOKH 3aCTOCOBYIOTh BUCOKOKOHIEHTPOBAHUI PO3UMH KHUCIIO-
TU. J{7151 3MEHILIEHH KOPO31MHOT aKTUBHOCTI KMCIIOTHUX PO3YMHIB 3aCTOCOBYIOTh 1H-
ribitopu: karamid, mapieBan (0,1%), yporpomin (0,2 —0,4%), dopmamin (0,6%),
YHIKOJI. Heo6xigauit 06’€éM TOBAapHOi KUCJIOTH JJis NMPUTOTYBAaHHS KHCIOTHOTO
po3unHy HCl TOi 4M iHIIIM KOHIIEHTpaIlli BU3HAYAIOTh, KOPUCTYIOUNUCH TAOIUIISIMU 1
nepepaxyHKoBUMH Koedimienramu. HabaraTo mpocrimie kopuctyBatucs GopMyiamu,
BpPaxoBYIOYH, IO IIUIBHICTh KUCIOTH 00yMOBJeHa ii kKoHueHTpauieo. Tak, mpu 200
°C minbHiCTE CONSAHOI KHCIOTH pp (B KI/M') 3alEXKHO Bifl KOHLEHTpALl
X,BU3HAYAETHCS 32 POPMYJIIOIO

pr =5,02x + 998, (7.25)

JIe X — MacoBa KOHIEHTpaIlisl KUCIOTH, Yo.
O6’em ToBapHOi KUCJIOTH V,, KOHIIEHTpalii X,;, HEOOX1THHUI JJIsi PUTOTYBaHHSI
, :
po34nHy 00’eMy V},3 KOHIIEHTPALIEIO X, BASHAYMMO 3a (HOPMYJIO0

Vo=V, xp(5,02x, +998) (7.26)
X (8,02x+ 998)
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SIK1110 KOHIIEHTpallisl TOBAPHOI KUCIOTH HEBIJIOMA, TO BUMIPIOIOTHCS 11 IILTb-
HicTB py 1 Temmeparypa t. IllinbHicTs kKucnotu opu 900 °C pospaxoByeTsest 3a dop-
MYJIOIO

pr = pe + (2.67-1073p, — 2,52) (t — 20), (7.27)
TO/1 00’ €M TOBAPHOI KUCJIOTH 3HAXOAATH 32 PIBHAHHAM
V=1, 5,02, (5,02x,, + 998) (7.28)

Pk (Pt 998)

O6’emu pi3HUX 100ABOK Y KMCJIOTHHUM pO34MH (IJIABUKOBA KUCIIOTA, CIIOBLIb-
HroBaui peakiii, [IAP, iHribiTopu) Bu3HauaroThcs 3a GOpPMYJIO0

V=V, (7.29)

Xzi

Jie X; — BUOpaHa KOHIIEHTpALlisl PeareHTy B PO3UMHY; [ X;; — KOHIIEHTpAIlisl TOBAPHO-
ro IPOAYKTY. SIKIIO 71l MPUTOTYBAHHS TJIMHUCTOI KUCIOTH BUKOPUCTOBYEThCS (DTO-
pua-0ipTopua aMOHIO, BPaxoBYIOTh, 0 1 Kr ioro exsiBaneHTHuil 1,55 1 40%-i
IUIABUKOBOI KUCIOTU. O0’€M BOJM ISl IPUTOTYBaHHS KUCIOTHOIO PO3YMHY 3HAXO-
IUMO 32 (hOPMYJIOH0

Vg =V, =V —XV;. (7.30)
[Ticns mpUroTyBaHHS PO3UYMHY apeOMETPOM 3aMipsilOTh WOro T'yCTHUHY, MPUBO-

1a7h 11 7o Temnepatypu 20 °C o (7.28) 1 OpIBHIOIOTH 3 PO3Pax0BaHOi 3a TaKow (o-
PMYJIOFO

. 731
pp = 449 + \/4492 + Z—;pK(pK — 998) (7.31)

Sxiio 3aMipsiHa MUIBHICTE O1IbIIE po3paxoBaHoi 3a Gopmyroro (7.32), B po3-
YUH J0JA0Th BOJY, SIKIIO MEHIIE, TO TOBapHY KHUCIIOTY. 3a3BUYail KOPUTYBAaHHS HE
NOTPiOHO, SKIIO HeMae rpyOorx MOMUIIOK y pO3paxyHKax a0o J103yBaHHI, TaK SK MO-
YKJIMB1 HETOYHOCTI TP pO3paxyHKaxX MEHIIE, HI)K MOTPIIHICTh MPY BUMIPI IIIJTLHOCTI
apeoMeTpoM. 3IIACHIOEThCS KUCIOTHAa 00poOKa HACTYMHUX BHUJIB: KUCJIOTHI BaHHH,
BHYTPIIIHBO-TJIACTOB] 1 MOIHTEPBaJbHI KHUCIOTHI OOpPOOKH, MiJi BUCOKHM THCKOM,
KUCJIOTHUI T1APOPO3PUB IUIACTA, KUCIOTHO-T1IPOMOHITOpHA Als. [Ipu moinTepBaib-
HUX KUCJIOTHUX 0OpOOKax sIK THMYACOBI 130JI0I041 MaTepiajau BUKOPUCTOBYIOTh I'pa-
HYJIbOBaHWA HAa(PTaTiH, BUCOKOOKHCJICHI OITyMH, TONIMEpH, CYXYy CyabdiTo-
CnUpTOBY Oapay ¥ iHII HAPTO- 1 BOJAOPO3UMHHI Matepianu. s 130411l HUKHBOTO
1HTEepBay NPOAYKTUBHOIO ILIacTa 3A1MCHIOIOTH 3aKauyyBaHHsA OJIaHKETa, 3a3BUYA
KOHIIGHTPOBAHOTO PO3UMHY XJOPHCTOrO Kajbliifo. JIas oTpuMaHHA | M° pO3dMHY
CaCl, uiinbHictio 12°0 kr/™° moTpi6HO 540 kr CaCl, i 0,66 M BoaN.

Tuck 3akauyBaHHS KUCJIOTHOTO PO3YMHY BU3HAYAE€THCSA BUJIOM HACIIJIIB JIIi Ha
MIIHICTh €KCIUTyaTalllifHO1 KOJIOHH 1 IIEMEHTHUX IEPEMHUYOK, BUAUISETHCS 00’ €KT
0o0poOKHM Bix HMXHI A0 BepXHIX IuiacTiB. [lepenaa Tucky mpu oOpoOIli HE TOBUHEH
nepesuiryBatu 2 Mlla Ha 1 M 11leMEHTHOI epeMHUYKH MK 0OpOOJIFOBAaHUM 1 JTOBKO-
aumHIM 1HTepBanamu. [Ipu 3BuYaitHnx 00poOKkax THUCK Ha BHOOI Mpu 3aKayyBaHHI
pPO3YMHY HE Ma€ MEepPEeBUIYBAaTH HWKHHOTO 3HAYEHHS THUCKY PO3pUBY Iuiacta. Temm
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3aKadyyBaHHS PO3YMHY BU3HAYAETHCA 3 YMOBU OXOIUICHHS 0OpOOKOIO 3a/1aHOTO pai-
yca rmubuHu 00poOku. Po3unH npu AOCATHEHHI [HOTO pajiyca Mae OyTH IIE aKTHB-
HuM. Temn 3akadyBaHHS PO3UMHY G 3aJa€ThCS OUIBIIUM YU PIBHUM MIHIMAJIbHOMY
TEMITy 3aKa4yBaHHSA Gy, /1 (B M°/C):

Amin = Vp/tu (7.32)

ne t, —4ac HehTpamizauii po3unHy abo cTablIbHOCTI eMyJIbCii, C.
HeoOxijHu#i TUCK HA BUKUIM HACOCA Py NPH 3aJaHOMY TEMIIl 3aKayyBaHHS
PO BU3HAYAETHCS 32 POPMYJIIOIO

Py = Ps — 107°p,gH + pyy, (7.33)
86400

Ps =P+ % % (7.34)

8107°q*Hp,, 7.35

Prp = A (739

ne H — rnubuHa cBepaIoBHHY; [ Py 1 Py — BiANOBiNAHO, BUOIHHUM i MIIACTOBHUI THCK,
MIla; [ K — xoedinient npogykrusHocti abo nornuuanus, M°/(1io-MIla); [ p., —
BTpaTH THCKy Ha TepTs, MIla; [ d — BHyTpimmiii giamerp, M; [ A — koediuienT rigpa-
BJIITYHOTO omopy, Bu3HavaeThes 3 (7.18) nmpu naminapHomy pexumi (Re < 2300), a
npu TypOyiIeHTHOMY 3a (popMyIIot0

A = 0,3164/Re%?>, (7.36)

ne Re —uucino Peitnonbaca (7.19).

7.3.3. IlepcnekTrBY BUAOOYTKY CIAHIIBOBOTO a3y

Ha nymky amepuKkaHCBHKHX yU€HHUX 3 MOSBOI0 HOBHX TEXHOJIOTIH 3amacu rasy,
K1 TEXHIYHO MOXJIUBO MOOYTH 3 HaAp, 30utbmmaucs B 9 pasis. Tak, y CIIIA Bumo-
6yToK 3pocte 10 100 TpaH M’ 3i 3HauHEM moxemesimannsM. «Chesapeake Energy»
3asiBHIA, IO il BUTPATH HAa BUAOOYTOK CTaHOBIATH $ 3,5 3a 1 Tuc. dyTiB’ — TOOTO
BCbOro $ 99 3a 1 THc. M. 3a AESKHMH MOHITOPHHIOBUMH IPOTHO3aMH, BHIOOYTOK
cianneBoro rasy B CIIIA 1o 2015 poxy 3moxe 3poctd 10 180 mupx. M/pik. Ay
2020 pomi 3a ominkamu «Ziff Energy», B IliBHiuHIi AMepuii Oyne BumoOyBaTucs
6mm3bko 9-10'" M° rasy ma pik. Bemuka gacTHHA mpupocTy Oye 3a paXyHOK ClIaHIIe-
BOTO rasy. SIk BBaxkae, Hanpukian, ¢axisensb 3 «Barclays Capital» Tom [pickomn, y
2013 poul gociiJKEHHsI CIAHUEBUX IUIACTIB cTaHe rapaHtyBatu 10 40% BKUBaHHS
razy B Cnonyuyenux Illrarax, 3 yacoM 3amilllarouv BUYEPIIHI KJIACUYHI pOJOBHUIIA. 3
TakuMu olliHkamu 3rojHa 1 «Chesapeake Energy», sxa Ha noyatky >xoBTHs 2009 po-
Ky JOBela piBeHb BUPOOHHITBA 10 73,6 M /aenb (26,9 miapa. M /pik), a 'y 2011 poui
n0BezieHo 10 87,8 MiH. M /neHb (32,0 Mipa. M /pik).
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7.4. BukopucTaHHs IMTMOMHHOI TeII0TH 3eMuti

7.4.1. Ilpupoaa rimmOUHHOT TETIOTH

['eorepmanbHi pecypcu NOB’si3aHl SIK 3 NPUPOJAHUMH JUHAMIYHUMH HOCISIMU
TEIJIOBOI €Heprii 3emini — reoTepMaIbHUMU BoJaMu (BOJia, Mapa, MapoBOJIsSHI CyMi-
1I1i), TaK 1 3 CyXMMHU HArpiTUMHU TIPCHKUMU MOPOJIaMHU, SIKI IPAKTUYHO BOJIOHEIIPOHH-
kHi. Pecypcu mepmioro BuAYy Ha3MBAaIOThCS TIAPOTEPMAIBHUMHU, JPYroro —
reoTepMaibHi 3anacu reoTrepMagbHUX BOJ 1 TAPOBOJITHUX CYMIIIEH 3 TEMIIEPATYPOIO
40 — 250°C, minepamizarieto 10 35 1/1 1 tmubuHo0 3anmsaranas 10 3000 M cK1aaTh
25 muH. M/100y, 10 €KBIBAJIEHTHO CIATIOBaHHIO 35 — 40 MIIH. T YMOBHOTI'O MaJMBa HA
pik. Po3noauisiroTees 11 pecypcu HacTymHUM 4yuHOM: 3axigHuii Cubip — 54%, Ile-
penxaBkas3s 1 KaBka3z — 10%, Cepenns Aszis 1 Kazaxcran — 13%, Cxigamit Cubip i
HNanexuit Cxing — 17%, Kpum Ta [lepeakapnarts — 6%.

IcHye KinbKa croco0iB OTPUMAHHS TJIMOMHHOT TEIJIOTH 3 HAJp: KOPIBKH TJIU-
OOKHMX CBEPJIJIOBUH B PO3PAaxXyHKY Ha CAaMOCTIMHHMI BMJIMB NapOBOJSHOI CyMillll; Ha-
THITAHHS XOJIOJTHOTO TEIJIOHOCIS (HampHKiajd, BOJIM) B OJIHY 31 CBEPJIOBHUH Ta BUBE-
JeHHs1 raps4yoi BoAu (mapu) vepe3 IHIIY CBEPIUIOBHHY, 3 MPUPOJHIX TEepMaIbHUX
JDKepes; BUKOPUCTaHHS TeIIO0OOMIHHUX MPUCTPOIB Ha TUPJIl CBEPJIOBUHU. YHcTeH-
Hi BUMIPH CBIYaTh PO CTaOUIbHE 1 HEYXWIbHE IiJIBUIIEHHS TEMIIEpaTypH 3 TIuOu-
Hoto. [IIBHAKICTH TaKOTO HAPOCTAHHSA TEMIIEPATYPH B PI3HUX pallOHAX HEOIHAKOBA.
Tak, sxmo #Ha Kamuatiii Temmneparypa migBuiryetrbest Ha 1°C depe3 KoxHI 3 M, y
IIpukacmiiicekoi 3amaauHi — yepe3 45 M, To B TaTapii — Tuibku yepe3 146 m.

Ha ocHOB1 HassBHHUX TriloTe3 MO’KHA BBaXKATH, 110 TIMOMHHE TEIJIOBE I10JIE 3¢e-
Ml 0OYMOBJIEHE JBOMa OCHOBHUMH (DAKTOpaMU: Paal0aKTUBHUM PO3MAIOM 1 IrpaBi-
TallifHOIO cemnapalli€l0 pPedyoBUH siApa. PaaloakTHBHI €1E€MEHTH KOHTHUHEHTAJIbHOT
KOpH, MOTYXHICTh 5KOT CKJIagaeThest 10 30 KM, reHepyroTh TermioBHii motik 4,2-107°
JIx/cm-c). [Hie mxepenno rMUOMHHOL TETIOTH — pe3yibTaT cenapailli pe4oOBUHU 3EM-
HOTO sifpa. BilMOBIIHO 70 TIMOTE3W «XOJIOAHOTO» TMOXOJKEHHS 3eMJll, MepBUHHA
METEOpUTHA peyoBUHA AU(EPEHITIIOBANIA 3 BUILIABIICHHAM BaKKHUX METaJIB 3 MaHTII 1
BIJTOKPEMJICHHSIM 3aJ1130-HIKEJIEBOTO fAJIpa, MPHU IIbOMY BHUJILITUIOCA BEIUKA KUIBKICTh
eneprii — 9,6-10° JIx. € TakoX NPHUIYIIEHHS, IO TEIUIOTa YTBOPUIACS, MaGyTh, B
IPOIIeCi TPABITAIIHHOTO aAiabaTHYHOTO CTUCHEHHS 3eMITi.

TemnoBi mxepena JOKaTbHOTO 3HAYEHHS MOXYThH 3 SBHTHUCA TaKOX Yy PE3yJib-
TaTl €K30TEPMIYHUX (3 BUAUICHHIM TEIUIOTH) XIMIYHUX peakuiid. BuaiieHusam Temo-
TH MOXYTh CyHpPOBOJIKYBATHCS PEaKIlii Ha MOBEPXHAX PYIHHX POJOBHII, MPOIIEC
KpHUCTali3amii 1esKkux MiHepamiB i iH. ['eoTepmanbHa eHeprisi MO>Ke BIIIy4aTUCh 1 BH-
KOPHUCTOBYBAaTHCS B OyAb-Kiii TOUIl 3eMJIi, PI3HUIISA TUIBKH B TTapaMeTpax TEMIOHO-
ciiB 1 rmbuHax. Mo)KHa CTBEpDKYBaTH, [0 TeoTepMalibHa €HEPTisl CKPi3b € MicIle-
BUM eHepropecypcoM. OcBO€eHHs HOro Oyie WTH Bij JIETKOAOCTYITHUX 10 OUIbII BaXK-
KU JUIS BUWIYYEHHS, ajie 1€ XapaKTepHO Jis BCI€i 1CTOPIi MPOMHCIOBOIO OCBOEHHS
TPaIUIIHHIX EHEPTroOpPeCypCiB.
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7.4.2. OCBO€HHS TAPOTEPMAIBHUX PECYPCIB

OcHOBHMII HampsiM BUKOPUCTAHHS T€OTEPMAJIbHUX PECypCiB — IMOCTadyaHHs
IPOMHUCIIOBUX, >KUTIOBO-KOMYHAJBHUX 1 CUIBCHKOTOCIOAAPChKUX 00’ekTiB. Kpim
TOT0, re0TepMalibHI BOJY BUKOPUCTOBYIOTBHCS JJI TEXHIYHMX Liiei, OaabHEOJIOor],
pPO3IMBY MiHEpaJbHUX BOJ, BUpoOsieHHs enekTpoeneprii (Ilaxeyrchka reoTEC). Ile-
peadavaeThCsl 3aCTOCYBaHHS T1IPOTEPMATILHUX PECYPCIB JIJIsi BUPOOJICHHS eJIeKTpoe-
HEeprii B MPOMUCIOBUX MaciiTabax, BUIYyUYCHHS 13 HUX LIHHUX MiHEpaJliB, BUPOOJICH-
Hs1 0loMacH JJis TBapUHHUIITBA, TEPMIYHOI OOPOOKH HAPTOBUX TOPU3OHTIB IS M-
BUILICHHS HadTOBIJaul, MiJ36MHOT BUILJIABKU CIPKH, 3POIIEHHS CLIBCHKOTOCIIOIAP-
cekux yrifb. [lotyxHi TeOTEC 103BONATH HE TUTBKM BUPOOISTH €IEKTPOSHEPTII0, a
1 OTpUMYBATH BEJIUKY KUIBKICTh TETUIOTH 3 BOJI, 110 CKUIAIOTHCS MICTs TypOiH Oyze
CIPHATH IMHUPOKOMY BUKOPHUCTAHHIO 1i B IPOMHUCIIOBIH Ta COIlialbHUX cepax.

TexHonOriyHa cxema JII0YHUX CUCTEM BUIYYEHHS TJIMOMHHOI TEIUIOTH 3 HaJIp
300pakeHa Ha puc.7.11. TepmanbHi Boau, mapa 1 MapoBOJASIHI CyMillll 3 IUIacTa Tep-
MOBO/103200py 1 1O cBepAJIOBUHI 2 BUAAIOTHCS Ha TIOBEPXHIO Yepe3 3amipHy apMary-
py 3. B cenapaTopax HMKJIOHHOTO THUITy 4 TEIUIOHOCIM OYHUIAETHCS Bi1J] MEXaHIYHUX
JOMIIIOK 1 BIOYBA€ThCA MOAUT Mapu 1 Boau. OCylIeHUN 1 OYMIICHUN TEIUIOHOCIH
HAJAXOAUTh y TEIJI00OMIHHUK 5 criokuBaya (TypOinu reoTEC, poOoui arperatu 1 Te-
iodikariiiini anapaty). BunpoOyBaHuii TermioHocii (mapoBuil KOHIEHcAT abo Teria
BOJA) HANpaBJISIETBCS HA BTOPUHHE BHUKOPHUCTAHHS  CIIOXUBA4YEBI  HU3BKO-
MOTEHITIAJIbHOT TeIJIOTH (TETUINII, ONAJEeHHS XUTJIOBUX OYJIWHKIB 1 CIOPY[), MMICIIS
YOT0 CKUAETHCS 3HOBY B TUIACT TEPMOBO103a00PY, 110 HArHITAIBHINA CBEPAJIOBUHI 6.

BunaBanbHa cBepasioBrHa, Oy Iy KaHAJIOM JUIS MIIHOMY TEIJIOHOCIS, PO3Ci-
I0€ YaCTUHU TEIUIOTH B HABKOJIMIIIHI T1PChKI MOpoau. Y pe3ynibTari TeMiiepaTypa Te-
IUIOHOCISI HA TUPJIl CBEPUIOBUHU 3HAYHO HIKYE TEMIEpaTypHu IUIacTa TEPMOBOJI03a-
0opy. Tomy yuM MeHLIE PI3HUL TEMIIEpATyp y LIapl 1 Ha TUPIl CBEPIJIOBUHH, TUM
E€KOHOMIYHIIIa poOOTa reoTepManbHOI CBepIOBUHU. [linBuiieHHS e()EeKTHBHOCTI
CBEPAJIOBUH MOKHA JIOCSTHYTH a30IMOBITPSHOIO 130JIALIEI0 MIAHOMHOI KOJIOHH TPYO.
JIns nmx 1iaed BoaomiAiioMHa KoJioHa 4 OMyCKa€eThCsl B CBEPIJIOBUHY, T€pPMETU30Ba-
HY UEMEHTHUM KIJIbLEM 2, 00CaAHOI0 KOJOHOI 3 1 MakepoM 8, SIKUi repMeTU3ye Mi-
KTPYOHUU TPOCTIp NUIIXOM BJIACHOTO po3mupeHHs. [lepen po3mupeHHsIM makepa
MDKTPYOHUH TIpocTip 7 TpoayBaeThest MOBITPAM (puc. 7.12). HaailHICTh yCTaHOBKH
nakepa i CTaH BOJOMNIIIHOMATbHOI KOJIOHW KOHTPOJIIOETHCS MAHOMETPOM. Y CTSI CBEp-
JUTOBUHH, 00B’SI3y€THCS CHEIaIbHOT 3aMlIPHOI0 apMaTyporo 6.

Bin0ip TemnoHocis 3 Tuiacta TepMoBO103a00py | 31MCHIOETHCS Yepe3 BOIOITI-
THOMHY KOJIOHY 4, CTIHKH SIKO1 130J1b0BaH1 B 00CaAHOT KOJIOHU, IIEMEHTHOTO KUIBIIS
1 OTOUYIOUUX TIPCHKUX TMOPIJ Ta30MOBITPSIHUM CEPENOBUIIEM KIJTBIIEBOTO MIKTPYO-
HOTO MpOoCTOpy. Taka KOHCTPYKIIisi CBEP/IJIOBUHU HE TUTHKU 3a0e31euye TepMOi30Iisi-
1ito, ajie 1 ooepirae Hepo30ipHY KOJIOHY TPYO BiJ KOPO3ii, MEXaHIYHUX IMOIIKO/IKEHb
1 TETUTOBUX HABaHTAXXCHb, 110 JO3BOJISIE TIOJJOBKUTH TEPMiH CITyKOU CBEPATOBUHH.

Binbip TemmoHOCIiB 3 muiacTa, SIK MPAaBWIO 3IIACHIOETHCS 0€3 MiATpUMaHHS
IUTACTOBOTO THUCKY 1 BiH IIBUJKO 3HUKYETHCS, 110 TPU3BOIUTH A0 3HIKEHHS MPOIYK-
TUBHOCTI CBEPJUIOBUH. ['eoTepmanibHi pooBUIIA CHIA PO3POOJIATH 3 MIATPUMAHHAM
HEOOX1JTHOr0 MJIACTOBOrO TUCKY. TOMy miciisl 3HIMaHHS TEIUIOTH BIANPAlbOBaHI TEp-
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MaJIbH1 BOJIM 3 PI3HUM CTYIIEHEM MiHepai3ailii IoraHo BIUIMBAIOTh HA JOBKULIS 1 iX
HEOOXIJTHO HarHiTaTu Hazaj y miacT. Lle qo3Bossie miaTpumMyBaTH THCK Y IUIAcTi 1
IHTEHCUBHO €KCIUTyaTyBaTH reoTepMalibHy CHUCTEMY 3 BHJI00YBaHHS Ta BUKOPHCTAH-
HSl TIIMOMHHOI TEIJIOTH, a TaKOX JIKBIAYBaTH HETaTUBHUI BIUIMB F€OCHEPTETUYHOIO
HiPUEMCTBA HA JOBKIJLIAL.
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Puc. 7.11. TexHosoriuna cxema BiI00OpY Ta BUKOPUCTAHHS F€0TEPMAIbHUX PECYPCIB

7.4.3. ExcrutyaTariist rapsuux TipChbKUX MOPiJa

BukopuctanHs TeIIOTH TipChKUX MOpia (METPOreHHOT TeIUIOTH ) — TUTITHA 1184,
OCKIJIbKM BUTpATa i SKICTh TETUIOHOCISI MOXKYTh 3aJ1aBaTUCS JIFOJIMHOIO. 3araibHi CTa-
TUYHI T€0JIOT1YHI PeCypCH TEIUIOTH B HaApax 3emili

ac" = qin + g (7.37)

1€ q<t — pecypcH TeIuIoBOl eHeprii, akyMyJbOBaHOT B MeXaX PO3IIITHYTOTO 00CSTY
ripchkux nopin, xai; [ n.¢ — AKYMYJIbOBaHa TEIIOBA EHEPTis B N0pojiax GyH1ameH-
Ty, Kall.

[TinctaBuBmm B (7.37.) 3HaYeHHS TUJIOIII 1 MOTY>KHOCTI MACHUBY T1PCHKUX TOPI/I,
iX cepelHIo TeMIeparypy, TEIUIOEMHICTb, TIOPUCTICTH 1 TYCTHHY, OTPUMAEMO

qfn = 1,26Fht - 10°, (7.38)

ne F — moma MacuBy TipChKHX TIOPif, M; [ h — noOTyXHiCTb raps40ro MacHBy rip-

CbKHX Topia, M; [ t — cepeaHs TeMIepaTypa MOpif i Mi3eMHHX BOJ B OLIHIOBAHOMY
o0cs31, °C.
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Puc. 7.12. Cxema BOoAoN1AHIOMHOT CBEP/YIOBUHU 3 Ta30MOBITPSHOIO 130JISIII1€10

JluHaMi4H1 T€0JIOT14HI peCypCH TEIIOTH

q?=Q-F,

e Q — TerIoBMil NOTIK Ha IUIONII aHANII30BaHOI CTPYKTYpH, Kan/(cM? - ¢).

3a po3paxyHkamu, BukoHaHuM# B CaHkT-IleTepOyp3bkoMy ripHU4OMYy yHIBEp-
CUTETI, B TIPCHKUX MoOpojax 3 temmeparyporo He meHmie 100 °C, mo 3amaraioth B
PI3HMX palioHaxX Haloi KpaiHu Ha ruOuHi 1,5 — 4,6 kM, pecypcH rIMOMHHOI TEIIOTH
cTtaHOBWIH 24,2 TpiH/ T yMOBHOTrO manuBa. Bigdip xoua 6 10% HasBHHX TETJIOBUX
pecypciB Moxe aatu 24 tpiaH/ T ymoBHoro naynmsa. Ile maibke B 200 pasiB nepeBu-
Iy€ Ty KUIbKICTb €HEPIii, SIKYy BXKE€ BUKOPUCTAJIU B CBITI 33 BCIO 1CTOPIIO JIFOJICTBA.
[Ipouiec oTprMaHHS TIIMOMHHOI TEIUIOTH 3eMJIl MOXKe OyTH peani3oBaHUN MpHU
OypiHHI HarHITaIbHOI 1 BUAAYHOI CBEP/IOBHH 1 CTBOPEHHS MK HUMH LIUPKYJIALIHHOT
cucTeMu npu xopolui inbrpauii (puc. 7.13). XonogHa Boja 3aKauy€eTbCss HACOCOM
B HarHiTaJdbHy CBEPJJIOBUHY 1, HArpiBalOYKMCh B TEIJIOMY MACHBI TIPCHKUX IOPI/I,
3MINIYETHCS 3 IJIACTOBOIO BOJOIO 1 BUIAETHCS MO CBEPAJIOBUHI B TEINIOOOMIHHUK. Y
TeIJI000MIHHUKY HArpiBa€ThCs TEXHIUHA BOJIA, IKa HE MICTUTh MIHEPAJIbHUX COJIeH, a
IUTACTOBA BOJIA 3HOBY MOAAETHCS B HATHITANIbHY CBEpUIoBHHY. OO’ €M TPIIIMHYBaTHX
MOPiJT BU3HAYAETHCS MHOKEHHSIM 00’€MY MOPOKHUHU Ha KOE(Ili€HT ePEeKTUBHOCTI
PO3TPICKyBaHHS
F= (”—"’) h,, (7.40)

n
Jie Ty — pajiyc 30Hu noapioHenns; [ h, — BUCOTa, 10 YTBOPMIIACS TIC/IsA BUOYXY HO-
pOXHUHY; [ T3, — pajiiyC TOPOKHUHHY.
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Puc. 7.13. TexHoJyoriuHa cxemMa BUKOPUCTAHHS TJIMOMHHOT TEIUIOTH TapsyuX ripch-
KX TopiJi: 1 — BUJlaBajibHa CBEP/UIOBHHA; 2 — KJIaaH y BUJAaBalIbHINM KOJIOHI TPYyO;
3 — rupnoBa apMatypa; 4 — TeII000MIHHUK; 5 — 3aCyBKa; 6 — rUpJioBa 3amipHa apMa-
Typa; 7 — MPOMUCIIOBUI HACOC BUCOKOI'O TUCKY; 8 — 0Ca/I0B1 1 BYJIKaHIUHI IOPOJIH;
9 — BuBepkeHi nopoau; 10 — BuOiif HarHITAIHLHOI CBEPITIOBUHHU;

11 — rapstamii MacHB TipCHKUX MOPiA

Ty4Hi UMPKYJISAUIAHI CUCTEMH B rapsidMX TIPCbKUX MOPOJAX MOXKYTh OyTH
YTBOPEHI 3a JOMOMOTIOI0 TiAPaBIIYHOTO PO3PUBY MOPOJHOTO MAacuBY, B PE3yJbTaTi
94Oro MiXK CBEPIJIOBUHAMHU YTBOPIOIOTHCS TPIIIMHM 1 KaHAIH, M0 SKUX MUPKYIIOE BO-
na. Y CIIA po3po0ieHo MPOeKT HUPKYISAIINHOI CUCTEMHU 3 «IT1JI3EMHUM KOTJIOMY Ha
rmmouHl 3000 M y BUJISA1I BEJMKOT TPIIIMHU TiApopo3puBy B rapsuomy (200 °C)
IPaHITHOMY MacCHBI.

7.4.4. 'eoTepMalnbHa eHEpreTUKa

Sk mokasaB JOCBiJ, MMOMHHA TEIUIOTa HAJAP IJIAHETH — OJHE 3 HalJCIIEeBIINX
eHepromxepen. Bapricte 1 I'kan Tennotu, oaep:KyBaHOi Bl CHATIOBAHHS PI3HUX BH-
JiB MajuBa HEOJHAKOBA: B KOTEJbHUX, 1110 MPALOI0Th HA ra3i — 3 — 3,5, Ha topdi —
4,5, Ha Byruun — 5 — 6 ym.on. Ilpu ekcrutyaraiiii reorepMajibHUX pecypciB IiHa 1
I'kan rennotu ans 70-rpagycHoi Boau ctaHoBUTh — 0,85 ym.on., a 100-rpagycHoi —
0,6 ym.o.

Benuki nepcrekTuBy y reoTepMaibHOrO OMalIeHHs Ta rapsyoro BOAOMOCTaYaHHs
KUTJIOBUX, BAPOOHUYHX 1 CUIbChKOTOCTIONApCchkux OyaiBenb. Y M. Lliamni (I'py3ist) reo-
TepMaibHa Boja mpu Temmeparypi 81 — 86°C He TUTbKU 3a0BOJIbHSIE TOTPEOU OabHe-
OJIOTIYHOTO KYPOPTY, a ¥ 3a0e3meuye Horo Teruionoctadanss (puc.7.14).
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Puc. 7.14. Cxema reorepmaiibHoro Teronocradands M. [iamn (I'py3is): 1 — reotep-
MajibHa CBEPAJIOBUHA; 2 — TEIJIOOOMIHHUK; 3 — Hacoc; 4 — onajifoBajibHA CUCTEMA;
5 — 6ak reoTepManbHOT BOAM AJis OaIbHEOJOT1YHOI JIIKapHi; 6 — BaHHA Oy MiBJIs

7.4.5. [IpoGnemu Ta MepCIEKTUBU PO3BUTKY T€OCHEPTETHKHU

['eorepmanbHi BoJIM HE TpaHCTOpTAaOEIbHI HAa BENMKI BIJICTaHI, 1 1€ OJHE 3 TO-
JOBHUX OOMEKEHb X BUKOPUCTaHHS. BijcTaHb TpaHCHOPTYBaHHS /10 CIIOKMBaya 3a-
JICKHUTH BiJ TeTuioBMIicTy. [IpakTika mokasana, mo TpaHCTIOPTYBaHs MapH, 1110 BUKO-
PUCTOBYETHCS ISl OTPUMAHHS €JICKTPOCHEPTil, He TOBUHHA TIEPEBUITYBATH 2 — 3 KM
BIJl CBEpP/UIOBMHM 10 TypOiHM reotepMmaiibHOi cBepyioBUHHU (reoTEC). TepmanbHa
BOJA, 1[0 BUKOPUCTOBYETHCS IS OMAJICHHS Ta rapsvyoro BOJOMOCTAYaHHS, a TAKOX
IHIIMX LN, TPaHCIIOPTYEThCs, Hanpukiaa, B Icnanaii 1o 20 kM. baratorepmanbHi
BOJM CXWIbHI J0 BIAKJIAJCHb COJIEM y Mepexi TexHoJsioriyHux Tpyo. HaykoBo-
JOCITITHI pOOOTH TO0 3armo0IiraHHs 3apPOCTaHHS COJIIMH TPYO BEIYyThCs P03’ €THAHO
1 He HaOyJIM IIMPOKOTO TOIIMPEHHS, X04Ya y BHPIMICHHI I1€1 MpOoOJIeMHU JOCATHYTI
3a10BUTBHI pe3yibTatu. I[lpobiiema peHTabeNbHUX TEIUIOOOMIHHMKIB, CHEIIabHO
CKOHCTPYHWOBAHUX JUIsl TEPMAJbHUX BOJ — OJHE 3 HaWBAXKIIMBIIIKUX 3aBJaHb T'€OTEP-
MaJIbHOI €HEPIrEeTUKMU.

[Ipu excrutyaTailii BEJIMKUX re0OTepMabHUX POJIOBUIN BUHUKAIOTH 3HAYHI TPY-
JTHOIIl y CHpaBl OXOPOHU JOBKULISA. YTHIII3aIisS BEIUKUX 00 €MiB BiANMPAIbOBAHO1
BOJM, OCOOJHMBO SIKIIO BOHA MICTUTh HU3KY IIKIIJIUBUX CHONYK ((heHomu, CipKoBO-
JIeHb 1 T.I.), SBIIAE€ COOOK0 CKJIQJHE TEeXHIYHE 3aBmaHHs. HaiOumbmn edeKTHBHO 1Ie
MUTAHHS BUPINIYETHCA TIPHU 3aKauyBaHHI BOAM B TOM IJIACT, 3BIIKM BOHA HAJAXOIWTh,
poTE 11€ HE 3aBXJU €KOHOMIYHO BUTITHO. B anmbTepHaTHBl TepMayibHI BOAU HEOO-
X1JTHO TIONIEPEAHBO OUMIIATH BiJ IIKIIJIMBUX €JIEMEHTIB, 10 3yMOBIIIOE HEOOX1IHICTh
B KOHCTPYKTOPCHKHX pO3pOOKax 1 KamiTaJlbHUX BUTpaTax. Bukopucranus reorepma-
JBHUX pecypciB — mpobiieMa Oararorany3eBa 1 BUMarae 0araTbox HayKOBHX 1 KOHC-
TPYKTOPCHKO-TEXHOJOTTYHUX PO3POOOK.
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OCHOBHI HanpsIMM HAYKOBO-TEXHIYHOI'O MPOTPECY B T€OCHEPIeTHIIl L€ 3/eLIe-
BJICHHSI TE€OTEPMAJIbHOI €HEprii MUISXOM IMiJIBUICHHS 3arajbHOI MPOJYKTHBHOCTI
€HepreTHUYHUX BUKOPUCTOBYBAHUX CHUCTEM, BIIOCKOHAJICHHS! OypiHHS CBEpAJIOBUH Ha
TE€pMaJIbHI BOJIM Ta iX €KCIUIyaTallii, CIPOIIEHH 1 3elIeBIeHHs OyIBHULITBA Ha3e-
MHOTO KOMITJIEKCY CIIOPYA JUIsl 300py OUHMIICHHS Ta TPAHCIOPTYBAaHHS TEIJIOHOCIIB.

Heo06xigHo po3muputu 6a3y reoeHEepreTUKU Po3poOKOr METOAIB 1 3aC001B Bi-
n00py TEIJIOBOI €Heprii, 3HaYHO 30UIBIIUTH OJAMHUYHI MOTYKHOCTI re0TepMaJIbHUX
CUCTEM, CTBOPUTH 1 IIUPOKO OCBOITH KOMILJIEKCHI TEXHIYHI CUCTEMH IO KaCKaJHOMY
OaraTopa3oBoMy 3HIMAHHIO W €KCILIyaTallli TeTUIOBOi €HEPTii eHeProXiMIYHOTO BHKO-
PUCTaHHS MIPUPOTHUX TETIOHOCITB.

7.5. Bukopucrantas eHeprii CoHus, BiTpy Ta OKeaHy

3 BUpPOOHUUTBO 0iorasy OCTaHHI POKM MOBCIOJHO 3pOCTA€ yBara J0 BHKOPHC-

TaHHS MMOHOBJIIOBaHUX JKepes eHeprii. Jlo Hux BigHOcATbCs eHepris CoHus, BITPY,
NPUILIMBIB 1 BIATUIMBIB, XBWJIb, TEIJIOBA €HEPTis okeaHy, Oiomacu. Enepris CoHus —
BIYHE 1 MOTEHLIMHO BEJIMYE3HE JXKEPENO, HE BHOCUTD KOJHUX 3a0pyIHEHb y €KOJIO-
rito. [ToTyxHicTh eneprii CoHIIs, BUIIPOMIHIOBAaHOT Ha TIOBEPXHIO 3€MJIi, OI[IHIOETHCS
B 20 mapa. kBT, mo B 100 pa3iB nepeBuIye nporuo3Hi NoTpeOu MIaHETH B €JICKTPH-
yHi#i eHeprii.Y 2000 poriti piyHe HAAXOMKEHHS COHAYHOT eHeprii Ha 3eMJIi eKBiBajIeH-
tHO 1,2 - 10** T ymoBHOrO nanusa.
Y Kpumy B 2011 pori moOynoBana nepimia B kpaini consiuna enexrpocraniis (CEC)
notyxHicTio 5 tuc. KBT. CEC sBisie coboro Benuke, niamerpom 500 M nose remioc-
TaTIB — A3€PKAIbHUX BIJOMBAUYiB COHSAYHUX NMPOMEHIB, PO3TAIIOBAHUX Y KUIbKa PsIIiB
HABKOJIO 89-METpPOBO1 BEX1 3 COHSUHUM KOTJIOM — MaporeHeparopom Haropi. Kepo-
BaHl EOM reniocraru noBepratroThes ciiioM 3a CoHueM, a BIIOUTI BiA J3€pKall —
reJ1iocTaTiB MPOMEHI KOHUEHTPYIOThCS Ha oBepxHi KoTia. Harpita no 250 — 300 °C
BOJa YTBOPIOE NEPErpiTy Mapy, KU ] TUCKOM HAaIpaBJsS€ThCA B MAIIMHHUHN 3a1
no Typ6orenepatopa. OIHOYaCHO YacTHHA MAPOBOJISHOI CYMIlll aKyMYJIOEThCS B
€MHOCTSIX, 5Kl JO3BOJISIOTH 3a0e3neuuTu 10-roauHHy poboTy TypOoreHepaTopiB 13
CepellHIM HaBaHTaXeHHsM 2,5 Tuc. KBT y HIuHUMH Yac 1 Heroay. Bukopucranus enep-
rii CoHuUd sIK JpKepesa TEIUIOTH BXKE JIOCTaTHHO BUBYEHE. CxeMa COHSYHOTrO Terlio-
nocradanHs 300paxeHa Ha puc.7.15. CoHsiuHa eHeprisi MOKe YCIIIIHO BUKOPUCTOBY-
BaTuCA MpH 010CUHTE31, TOOTO mpu nepeTBopeHHI eHeprii CoHIls B XIMIUYHY €HEPTito
POCIIMH, SIKa MPHU CHATIOBAHHI MOXE OYTH MEPETBOPEHA B TEILJIOBY €HEPTIIO.

BiTpoeHepreTnka 3 HaiilaBHIIIMX YaciB IIMPOKO 3aCTOCOBYBAJIACA JJIs MpHU-
BOJIa MJIMHIB 1 BOJIOMIIMOMHUX MPUCTPOIB 1 HUHI MPOSBISETHCS MMIJIBUILICHUN 1HTEPEC
no ctBopeHHs BiTpoenekTpuunux craniii (BEC). Ilepma B cBiTi BEC 3 giamerpom
pobouoro kozneca 30 M 1 motyxHicTio 100 kBt 6yna no6ynosana B Kpumy B 1931 p.
B yMoBax pi3koro nogopokyaHHs NajJuBHUX pecypciB 3a kopaoHoMm BEC cratots Bce
Outbll peHTabenbHUMH. Bes MOTEHLIMHO MOXIIHMBa AJis peaii3alli MpoTIroM poOKy
eHeprist BiTpy Ha moBepxHi 3emii orinroerses B 13-10'? kBr-roa. i HIpakTHIHOTO
BUKOPHUCTaHHS peanbHO po3risanatu 16 — 25% 1iei eneprii.
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Puc. 7.15. TlpuHuunoBa cxema COHSIYHOTO TEIJIONOCTaYaHHsI KOMYyHaJIbHOTO 00’ €KTa
3 TyOJIIOI0YO0I0 CHCTEMOIO MIIITPIBY: a — 3 CYMIIIEHUM; O — 3 pO3IUTEHUM aKyMYyJIsi-
TopoM; | — COHSTUHMIT BOJIOHArpiBay; 2 — Hacoc; 3 — akyMyJsiTop; 4 — ayOroroua cu-
cTema HarpiBy BOJH; 5 — X0JI0HA Boja; 6 — rapsiya Bojia

Eneprist okeany — 11e 111e He BUBUCHA CKapOHUII €HEPreTUYHNX pecypciB. o
qrclia EHEPTeTUYHUX YCTaHOBOK, IO TMPAIIOI0Th HAa €HEPTii OKeaHy, MOYKHA BiHECTH
npuruiuBHi enekrpoctaniii (ITEC), xeunboi enekrpoctaniii (BonEC) 1 enexrpocra-
Hi1ii Mopcekux teuit (ECMT). TIEC mpaiitoroTh Ha eHeprii MPUILIMBiIB-BIIJIUBIB MO-
ps, K1 CKJIaJIal0Th 3Ha4YH1 3a pecypcamu 3anacu. [lepeabayaeThes, 10 TUIBKK YacTH-
Ha €HEeprii NPUIUIKBIB, SIKa PO3CIIOETHCS HA TEPTA 1 BUXPOBUM pyX Mac BOIH, CKIAJae
onu3pko 1 Mupa. kBT, 0 BIAMOBIa€ €eHEPrETUYHOMY MOTEHITIATY Maiike BCIX PiuOK
cBity. [lpunimBu 1 BiAMBM 4YepryroThCs Imofo0u depe3 6 ron 12 xB, mo BH-
BUKJIMKAE HEOOX1MHICTh poOoTH Timpotypoinu [TEM mpu 3MiHHHX HampsiMKax o0ep-
TaHHS.

Enepris xBuib. XBUIbOBUI PyX MAac BOJAHM B OKEAaH1 CTBOPIOE BEJIMYE3HY €HE-
priro. Cepennst XBUIs 3aBBULIKK 3 M Hece nmpuban3Ho 90 kBT moTyXHOCTI eHeprii Ha
1 m y36epesxoks. EHepris XBuiab MOke OyTH BUKOPHUCTAaHA 32 JOIIOMOIOK0 MEXaHIYHOL
cUCTeMH, 3a0€3IMEeUEHOI0 JIOMATIMU, 10 PO3XOAATHCA MiJ KyTOM JO 3arajbHOi OcCi 1
XUTHUMH Pa3oM 3 XBIJISIMU. 3a JOTIOMOTOI0 XPAroBOT0 MEXaHI3My JIOTaTi MPUBOASATH
B JIIF0 HACOC, KU 0Jja€ MPOMDKHY piIuHy B TypOiHy. Taki cucremu amapartis (20 —
40 1mT.) MOXYTh BCTAHOBIIIOBATUCS Yy BUIJISI JIAHIIOTIB JOBX)UHOIWO — 1 kM. KK/
cucteMu nocsrae 85%.

Eneprisi okeancbknx teuiii. Y CIIIA BegeThcs miAroToBKa 10 peaiizailii BU-
KOPUCTaHHS OKEAaHCHKMX TEeYil i BHPOOHMIITBA enekTpoeHeprii. IIponoHyeThcs
yCTaHOBKAa B pallOHaxX 3 BIJIHOCHO CWJIbHUMHU TedisiMU TypOiHu JiaMmeTpoM 170 m 1
JTOBXHHOIO poTopa 80 M, BUTOTOBJIEHOTO 3 aJIFOMIHIEBOTO CIUJIAaBY 1 MOKJIMBUM Tep-
MiHOM ekcruryaranii y 30 pokiB. [loToku Boau MBUAKUX Teuiid 00epTaroTh JOMATI
TypOIHHU 1 Yepe3 CUCTEMY MYJbTUIUIIKATOPIB, IO MIJBUIIYIOTh KIJIbKICTH 00OPOTIB,
00epTaroTh eNeKTPUYHUM reHepartop. TypOiHy MIIaHYETHCS BCTAHOBIIIOBATU HA SIKOPI
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B MIBOTHOMY TIOJIOKEHHI, BUPOOJICHA EJIEKTPOCHEPris Oy/e mepeaaBaTucs Ha Oeper
O MI1JIBOJIHOMY KaOento. EKOHOMIYHI OIIHKHU MMOKa3yI0Th, 110 BAPTICTh €IEKTPOEHEP-
rii B 1,8 pa3u Hi>K4Ye, HIXK Ha TEIJIOBUX CTaHIISIX 1 B 1,4 pa3u HUXKYE,HIK HA aTOM-
HUX.

Bupoonunrso 0ioraszy. OtpumanHs 6iorasy — OJIMH 3 BaplaHTIB €eHEPreTUYHO-
ro BUKOPUCTaHHs OioMacH, TOOTO OpraHIYHUX PEYOBHH POCIUHHOIO 1 TBAPUHHOTO
noxomkeHHs. Taka 6iomaca Mae TEIJIOTY 3TOPSIHHSA 1, OTXKE, € EHEPrOHOCIEM. 3aralib-
Ha KUIBKICTh YTBOPIOBAHOI HIOPIYHO Ha 3emurl 6iomMacu B KUIbKa pa3iB MEPEBUILYE
CyMapHUii BUAOOYTOK BCIX MaJIUB. Y TBOPEHHs Oiorazy — npupoAHH nporec. 3 opra-
HIYHUX PEYOBHH, PO3UMHEHUX, CYCIEHIOBAaHUX a00 eMyJIbroBaHUX y BOJ1, O6€3 J1oc-
TYMy TOBITPS,YTBOPIOETHCS CYMIIl 3 METaHy 1 BYTJIEKUCIIOTO ra3y. Y TBOPEHHS MeTa-
HY B1IOYBa€THCS 3a JOTMOMOTOIO0 TaK 3BAaHUX METPOBUX OakTepiil. Ternora 3ropsHHS
Giorasy cranoBuTb 21 — 25 kJ[/M°. 3aNeXHO BiJ XiMiYHOrO CKJIaay CHPOBHHH BHIi-
nserbest 350 — 500 M Giorasy Ha 1 T opraniunoi pedoBuHH (IO cyxiit Maci). s pea-
mi3anii mporecy yTBOopeHHs 0iorasy MOXKIUBI pi3HI TexHiuH1 pimeHHs. EdexTuBHMiA
croci0 3 igeanbHUM nepeminryBaHHAM (puc.7.16, a). CBiKUI THIH HaNpaBJISIETHCS B
NOCYJIMHY 1 LUHUPKYJIIOE B HbOMY 32 PaXyHOK IepeKauyBaHHA, ad0 MepeMIlIy€eThCs
caMm, yTBOpIooYM Oiora3. [HIIMII HAIpsIMOK Lie 3aCTOMOPEHHs Teuli, sika BiANOBlAA€E
He3MilaHoMy MmoToky (puc. 7.16, 6). OgHak TyT MOX€ YTBOPHUTHCS IUTIBKOBE ITOK-
pUTTA 1 mporiec pepMeHTAaIlll MPUITMHUTHCS.
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Puc. 7.16. Cxema BupoOHUIITBa 6iorasy: a — i/ieajibHe MepeMilryBaHHs: 0 — y 3acTo-
nopeHomy npoctopi: 1 — 6ioras; 2 — nepeOpokeHuM THil; 3 — CBIXKUI THIN; 4 — He-
3MIIIaHUM THIN

Mo>xJIMBHI BaplaHT, KOJIM THIM MPOIYCKAalOTh yepe3 0314 OCepeiKiB, SIKI SB-
JSIFOTH COOO0I0 MPSIMOKYTHI CyIMHU. Y KOXKHIM KIITHHIII BCTAHOBJICHA TOPU30HTAIbHA
IJ1aHKa, 1o obepraerbes 3 yactoToro 0,5 06/xB. (puc. 7.17). Y Kurai, [naii Ta neakux
IHIIMX a31aTChKUX KpaiHax IMpalioe NpUOIU3HO 5 MIIH. ApIOHUX 010ra3oBUX YCTaHO-
BOoK. B €Bpomi ¢ynkuionyots 400 6iorazoBux ycraHoBok. OTpuMaHuii 6ioras Moxe
3 YCIIIXOM BUKOPHUCTOBYBATHUCS JJIsl ONAJIIEHHS, rapsiuoro BOAONOCTayaHHs, BUPOOHU-
[ITBa €JIEKTPOCHEPTIii HA aBTOHOMHHUX €JIEKTPOCTAHLISAX, @ B CTUCIOMY BUIJISII — SIK
NaJUBO JUIS IBUTYHIB aBTOMOOLIIIB 1 TPAKTOPIB.

Bapricte MeTaHy, 0JepKyBaHOTO TaKUM CIIOCOO0M, Oyze OJin3bKa 10 BapTOCTI
IPUPOAHOTO Ta3zy 31 cBepIoBUHH. JlabopaTopHi MOCHIKEHHS MIATBEPAMIU, IO 3
mrouti 70 kM> MOKHA OTPHMATH 1 MJTH. T yMOBHOTO NajiyBa, a 3 IUIOMI, HATIPUKIIAS,
ApanbChKOT0 MOPS MOKHA OTPUMATH | MIIpA. T YMOBHOTO ManBa.
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Puc. 7.17. IlpunuunoBa cxema 010ra3oBoi yCTaHOBKU: @ — PEAKTOP 3 OCEPEAKaAMHU:
1 — ocepenok; 2 — obepTanbHa MIaHKA; 3 — Ta30HETPOHUKHE MTEPEKPUTTS; 4 — 1ax;
5 — cBixwuit rHiii; 6 — Gioras; 7 — 36prKeHMiA THil; 6 — okpema kamepa (V~260 m?)

7.6. llpukaanui 3aaa4i 10 raasu 7

Metonuka po3paxyHKy NPOAYKTUBHOCTI FpaBiII4YHOrO pyHHYBaHHS

Po6ounM opraHoMm mpu MeTOoJi CBEPAJIOBMHHOTO rigpounodyBanHs (CI'MI) e
T1POMOHITOPHUM CTPYMiHb, IO 31MCHIOE pyHHYBaHHS, 3MUBAHHS 1 MIJIHOM T1pHU-
yoi macu. CI'J] BeneThcsl 3aTOIVIEHUM BUIBHUM CTPYMEHEM, KOJIM IIUIbHICTh MaTepi-
aly CTPyMEHs JOPIBHIOE IIUIBHOCTI CepeloBHINA. [ 1IpOMOHITOPHI CTPyMEH1 TMOi-
JSI0Th HA TPU TPYNU MO TUCKY: HU3bkoro — go 1 MIla, cepennboro — Bin 1 1o 4
Mlla, Bucokoro — Oinbiie 4 Mlla. OcHOBHMMH MapaMeTpamMu T1IPOMOHITOPHOTO
CTPYMEHS € IIBUJIKICTh BUJIBOTY CTPYMEHs, BUTpaTa BOJAU 1 JiameTp Hacaiaku. [Ipo-
nec CI'Jl ripcbkux mopijg 3BoAUTHCS 10 HacTymHoro (puc.7.18). Ha mepmomy erari,
cretianbHo oOnaananii nig 'CL,0ypoBOIO yCTaHOBKOIO OypHUThCS MUIOTHA CBEP/I-
JIOBHHA 33J]aHOTO JiaMeTpa. bypiHHA MPOBOAUTHCS O PO3PAXYHKOBOI TTTUOMHHU, KA
BU3HAYAETHCS TIPOSKTOM, 3 TPOMHUBAHHSIM IIEMEHTHUM a00 TITMHUCTUM PO3YMHOM TIijT
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TUCKOM, 110 He niepeButrye 5 MIla. [IpomuBansHa piguHa momaeThes 6e3MocepeIHbO
B OypoBwii iHCTpyMeHT. Ha HacTynmHOMY eTari HaCOCHOIO YCTaHOBKOIO BHCOKOTO TH-
CKy 10 CTpyMeHs-(hOpMyrO4Oi HacaJku nojaaerbes Boja mia tuckoM 40 — 60 Mlla.
[Tpu 11bOMY aBTOMAaTHYHO TMEPEKPHUBAETHCSA KaHAJI MPOMUBAHHS, 1 BiIKPUBAETHCS Ka-
HaJ KUBJICHHsS (OPMYIOUOI0 CTPYMiHb HacaJku (a00 HAcaJoK, SKIIO iX JCKLIbKA)
niametpoM 0,8 — 3,0 mm. [Ipudomy, Hacajgka OopieHTOBaHAa TaKMM YMHOM,IIO0 BUTI-
Kal4uii CTpyMiHb OyB CHPSAMOBAHHUI NEPHEHAUKYIIIPHO Oci OypoBOi KoJoHH. Bkitto-
Y4aeThCa 00epTaHHsI OYpOBOi KOJIOHU 1 MOYMHAETHCS 11 TIEPEMIIIEHHS 10 3aJaHO01 BiJl-
MITKH. Y pe3ynbTari BiI0yBa€TbC BAMUBAHHS COJISTHOTO PO3YMHY Ha BEPX.

Puc. 7.18. IIpunnunosa cxema texnosmorii CI'J]

HopmanbHe HaBaHTaXXEHHS HA TUTACT TOPIJ, MO0 PyHHYETHCS, BUSHAYAETHCS 3
BHUpa3y

oco=y'g-H, (7.41)

1ie g — IPUCKOPEHHS BUTBHOTO MaIiHHS, M/C”; ¥ — IIUIBHICTh BEPXHIX T1PCHKHUX MOPI/I,
- 3
SIK1 PO3TalllOBaHMX BUIIE, KI/M”; SH — riimOuHa 3ajiaraHHs miacta, M.
[TopoBwuii Tuck, Ila

i;{p:)/B' g H, (7.42)

1€ ¥, — MIIBHICTh TPYHTOBUX BO/I, KI/M-.
EdexTruBHa Hanpyra
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0, =0 —P. (7.43)

inp-
Onip 3pyLIEHHIO BOJIO-HACHYEHHX nopif, [1a:
T3 = Cy + 0, - tgo, (7.44)
ne C, — xoedinient 3uennenns nopin, Ia; [ ¢ — KyT BHYTpilIHBOTO TepTs IS TIOPO-
I, Tpaji.
MiniMalibHa MUTOMA CUJIa yJIapy CTPYMEHS, IOCTaTH ISl pyHHyBaHHs ropoay, [1a
& min > Ts- (7.45)
Tuck Boam Ha BXoJ1i B Hacaaky, Ila
Po =P — AP, +V,, g H—AP, (7.46)

ne P — THCK BOIM, IO PO3BUBAETHCSA HacocoM, Ila; P. — BTpaTu HaAmmopy B MEpexi,
OpPIEHTOBHO

P. = 10°= (0,020 - 0,070), (7.47)

JI€ Vp — WUIBHICTH POOOYOI PIIUHH, kr/m Ila; AP. — BTpaTi HAmopy B IiZpOMOHITO-
pi; IpUiIMaIOThCsl OPIEHTOBHO piBHUMH, [1a:

AP, = (0,4 — 0,7) - 10°. (7.48)

[TouaTkoBa MIBUAKICTh BUTIKAHHS CTPYMEHSI, M/C:

Uy=ptgp-+/2 - 10-3 - P,, (7.49)

ae P — koeilieHT MBUAKOCTI; npuitMaeTbes P = 0,92+0,96.
Butpara Boau BU3HayaeThes 3a GOpPMYIIOLO:

-d?
Q = HT ca - Uy, (7.50)
e o — KoedillieHT CTHCKY cTpyMeHs npuiimaetbes a = 1; [ d,, — niameTp Hacanku
T1POMOHITOpA, M
KoedirieHT CTpyKTYpH MOTOKY CTPYMEHS:

1
1 n-PFmp 9
0,0625 106

a= (7.51)

1ie n — EKCIIEpUMEHTaIbHA BEJIMUMHA, 00OYMOBJICHA 3 HACTYITHOT'O CITIBBIIHOIIICHHS B
3aJIEXKHOCTI Bl 3Ha4YCHHS B,

Pip | 04 | 08 | 12 | 16 | 20
n | 1,870 | 1,471 | 1,002 | 0,561 | 0,20

Biacranb Bij Hacaaku 10 BUOOIO, HA SKOMY MOKIIUBE PYWHYBaHHS OPOIU

__(1060-U3-0,29-t5)-dy

2-a'Tg

\ (7.52)

[IpolyKTUBHICTh TIAPABIIYHOIO PYHHYBaHHS BHU3HAYa€TbCA 32 (HOPMYJIOHO
H.®. Lsamnko, 1/pix
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M=A- (PO%) L (103-d,)2-107%, (7.53)

ne A — nocaiagHui KoedilieHT, MPUUHITHN TPOMOPIINHO MIITHOCTI BYT1JUISI B Alamna-
30H1 3Ha4YeHb: 1Jia MiltHOCTI Byriuis f= 0,8 — 1,2 koedimient 4=1,2 — 1,7.

[IpoIyKTUBHICTH T1IPaBIIYHOTO PyHHYBaHHS MyXKHUX 1 C1a00-1IEMEHTHHUX TTiC-
KiB 1 MIITAHUKIB MIIHICTIO O, = 0,7 — 2,0 MIla

K-Py-1073

I1= , T/TOf, (7.54)

ne K — ekciepuMeHTalIbHA MMOCTIHA, 3aJIe)KUTh Bijl JiaMeTpa HacaKu; ISl JiaMeTpiB
Hacanku 11, 15123 MM, mpuiiMaeTbes BiamoBiaHO piBHOMO 1,2; 2,0; 4,8.

KoHTpoJubHi 3anntMuTaHHA

1. [IpnunHu HU3bKOI HAPTOBIAAAY1 PO3POOITIOBAHUX POJOBUIL HAPTH 1 (HI3UUHI
MeTOAH 1i 301IbIIEHHS.

2. SIki BUAM 3aBOAHEHHS 3aCTOCOBYIOTH JUIsl 30UIbIICHHS Ha(TOBIIIAYl MPHU
BTOPHUHINA po3p0o011i HAQTOBUX POAOBUIIL?

3. Metoau TemiaoBOro BIUIMBY Ha Ha(TOHOCHI IJIACTH MPU TPETUHHOMY CIIO-
€001 X po3pOOKH.

4. SIx BegeThcst BUAOOYTOK Bakkoi HaQTH? 300pa3iTh HA €CKi3l TEXHIYHY CXe-
My TEPMOIIAXTHOT pO3p0oOKH HA()TOBOTO POJOBUIIIA.

5. HerpanuuiitHi eHepropecypcu, iX 0CoOIMBOCTI B TOPIBHSAHHI 3 TPaIULIITHUMH.

6. o sBustoTh coboro razoriapatu? Ilpupona ix yTBOpeHHsS Ta MOMKJIHBOCTI
K JIKepena eHeprii.

7. Sk yTBOproeThes rnbuHHa Terora 3emiti? Crocoou 1i BUKOPUCTAHHS.

8. TexHonoriyHa cxema OTpUMAaHHS T1IPOTEPMaJIbHOT eHeprii (MOKaxiTh 1 Mo-
SICHITD).

9. SIxa eneprist Conus? Ipuknaau ii BAKOpUCTaHHS, IEPCIIEKTUBH.

10. SIx orpumyroTh 6ioraz? 3HaueHHs 0iorasy sSIKk €eHeproHoCisi, IPOMHCIOBOTO
OTPUMAaHHS Ta BUKOPUCTaHHS 010rasy.

Cnucok Jiteparypu 10 rjiaBu 7

1. Apenc, B.K. ®usuko-xumudeckas reorextHonorus [Tekct]: YueOHuk s
By30B / moz obmeit penakuueit B.K. Apenca. — M3garensctBo MI'Y, 2010. — 575 c.

2. Apenc, B. K. I'eorexHomornueckie MeToabl JOOBIYM TOJIE3HBIX HCKOIae-
Mmbix [Texct] / B.2JK. Apenc. — M.: Henpa, 1976. — 264 c.

3. bynaroB, A.M. Texnuka u TexHojorus OypeHUs HE(PTSIHBIX U Ta30BbIX
ckBaxuH [Tekcr]: Yueb. mis By3oB / A.W. bynaros, FO.M. Ilpocenkos, C.A. [llama-
HOB. — M.: OOO «Henpa-buznecuentpy», 2003. — 1007 c.

4. Muxamok, A.B.TopneaupoBaHue ¥ HWMIYJbCHBIA THAPOPA3PHIB ILIACTOB
[Texcr] / A.B.Muxantok — Kues: Hayk mymka, 1986 — 208 c.

5. Maxamoxk, A.B. UmmynscHbiil paspeiB moposa [Tekct] / A.B. Maxamiok,
O.1. Boiitrenko; OtB. pen. [anunenko B.A.; AH Vkpaunsl. UH-T reodusuku
uM.C.U. Cy66otuna. — Kues : Hayk, nymka, 1991. — 204 c.
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8. OXOPOHA AOBKIJIJIA I TEXHIKO-EKOHOMIYHA
E®PEKTUBHICTD B I'EOTEXHOJIOI'TYHUX CUCTEMAX
BUJIOBYBAHHS KOPUCHHUX KOITAJIMH

8.1. OCHOBHI NPUHIUIIM OXOPOHH AOBKIJJIA

VY npoMuCIOBO PO3BUHEHHX KpaiHaX OXOpOHA JOBKULIS CTA€ OJHIEIO 13 TOJIOB-
HUX 1 HEBIAKIAAHUX MpoOiem. Bxe 3apa3 mopiuno BuaoOyBaeThes 12 — 14 mupa. T
KOPUCHUX KOMAJINH, MPU [IbOMY CYIIyThO BHI00YBarOTh 15 — 18 Mapa. M mycTuX mo-
pia. Jlo KiHIIS CTOMITTS 11 MOKA3HUKU CKIAAyTh BianoBigHo 40 — 46 mupa. 1170 — 80
MIpA., M. T'iranTchki MaciiTaGy Cy4acHOTO TPAMIiHOIO BHUPOGHHIITBA TipCHKUX
POOIT BUKIMKAIOTH T7I00aIbHI MOPYIICHHS CTATMX Y IPUPOJII PIBHOBAKHUX TEOXiMi-
YHUX 3B’SI3KiB, a BUJOOYTOK Ta CKJIAQTyBaHHS HAa 36MHIH MOBEPXHI MyCTOI MOPOIU HE
TUIbKA MapHi, ane ¥ mkiauBl. CrnamoBaHHs BYTiuisl, HAQTH 1 ra3y B TOINKaX €JIeKT-
POCTaHIII Ta KOTEJIEHb, y JIBUT'YHAX BHYTPILIHBOTO 3rOPsSHHS 3a0pyAHIOE aTMoche-
Py, BOXKO MIAJA€THCS TOUHOMY BU3HAYEHHIO KIJIBKICTh IIKIIJMBUX OKCHJIB CIPKH,
a30Ty, CBUHIIEBUX 3’ €HaHb 1 T.1l. B atMocdepy 1 Ha MOBEpXHIO HAIIOL MJIAHETH II0-
piuHo Bukujaerscs 300 MIIH. T HUIAKIB 1 THITY. AJie CKOPOUYEHHS B I[bOMY BUIAIKY
HEraTUBHO MAII0YOr0 BUPOOHMIITBA CyNEpeursio O JOCATHEHHIO HMOTO LUIbOBUX 3a-
BIIaHb — 33JJ0BOJICHHIO MIOCTIHHO 3pOCTAI0UUX MOTPEO HAa €HEPIeTUYHY CUPOBUHY.

3acTocyBaHHS T€OTEXHOJIOTTYHUX CTIOCO01B BUIOOYTKY KOPUCHUX KOTAIHH J10-
3BOJIMTH TIOMITHO 3HU3UTH iX HETaTUBHUI BIUIMB Ha MPUPOJIHE cepenoBulie. ['eorex-
HOJIOTIYHHI BUAOOYTOK HE TOB’S3aHHUM 31 3HAYHUMH MOPYIIECHHSAMH JaHamadry i
BUTSTAHHSM Ha MOBEPXHIO BEIMUYE3HUX MAaC TIPCHKUX MOPIJl, @ BAKOPUCTAHHS KiHIIE-
BUX IMPOJAYKTIB F€OTEXHOJIOTTYHOI pO3pOOKH HE MOB’S3aHO 3 YTBOPEHHSM ILKIUIMBUX
PEUYOBHUH 1 BUTpauyaHHSIM KHUCHIO. Bce 1ie Jano mijictaBy BBaKaTh re0TEXHOJIOTYHUN
BUJ00YTOK KOPUCHUX KOTMAJIWH €KOJOTiYHO yucTHM. OIHAK CIIiJl 3a3HAYMTH, 110 TpU
HEBIPHOMY 1HXKEHEPHOMY BHUPIIIEHHI I'€OTEXHOJOri TEXHIYHUX MUTaHb BUAOOYTKY,
OYUIICHHS, TPAHCTIOPTYBaHHS, YTBOPEHHS W yTHIIi3alil MPUPOJHUX 1 MITYYHUX pea-
TeHTIB MPUPOJHOMY CEPEIOBHUILI MOXKEe OyTH 3aBJIaHO CephHo3HOT IKoAU. ToMy npu-
POJIOOXOPOHHI 3aX0JId MAaIOTh CTaTH HEOAMIHHOIO CKJIAJIOBOIO YACTUHOIO I'€OTEXHO-
JIOTHi.

[TpakTH4HO BCi I€OTEXHOJIOTTYHI CIOCOOM PO3POOKH POJOBHIIN KOPUCHUX KO-
NaJIMH 30CHOBaH1 Ha BUKOPUCTAHHI YMCJICHHUX CBEP/IJIOBHH, SIKI HE3aJEKHO BiJ] IPH-
3HAYCHHS MOXXYThb PO3KPHBATH KiJIbKa BOJOHOCHUX ropu3oHTIB. KoHIIEHTpalisa Ximi-
YHUX CIOJIYK 1 MIHEPAJIIBHUX COJIEH B pOOOYMX 1 TEXHOJIOTTYHUX MPOAYKTUBHUX PO3-
YrHAX HA0araTo MepeBHIlyE TPAHUYHO JOMYCTHMI HOPMHU B mpupoaHux Boaax. Co-
JIHHS PO3YMHIB 3 BOJOHOCHHUMH IOPU30HTaMH a00 iX Oyb-sSKHUIl BUIMB HA TOBEPXHIO
— rpy0e MOpYIICHHS BUMOT JO0 YHCTOTH MOBKi/UIA. Bennky HeOGe3neKky CTaHOBIATH
po0OTH, OB’ sI3aH1 3 KyT4acTUM BUJIYTOBYBaHHSIM ypaHy 31 CTapux BijBaiiB. bijgHi Ta
no3abalaHCcoB1 Py/JH 3a KiJIbKa pOKIB 30€piraHHs y BiJiBaJlax BTpayalOTh 3HaYHY Yac-
TUHY YpaHy BHACIiJOK BUJIYTOBYBaHHS Ta BUHOCY B HABKOJIMIIHE CEPEIOBHILE JI0-
IIIOBUMH Ta TaJUMH BojaMu. Tomy Bci 1103a0ajaHCoOBl Py IPH PO3poOIIl ypaHOBUX
POJOBHIIL CITiJ] CKJIaIyBaTH Ha Iipoi301b0BaHI MalJaHYMKH, a YPaHOBI PO3UUHH, 1110
chopmyBanucs i i€ aTMocepHUX OomajiB, aHATI3yBaTH 1 MPU BUCOKUX KOHIICH-
Tparisx ypaHy yTHII3yBaTH.
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IIpu cBepIOBUHHOMY IT1/I3¢MHOMY BHJIYTOBYBaHHI 3a0pyAHEHHIO Mi11aI0ThCS
B OCHOBHOMY IPOHUKHI MOPOJM B PE3yibTaTi MOPYUICHHS ILTICHOCTI 006camHoi KO-
JOHU TPYO 1 HESKICHOTO TaMIOHAXY KIJIBLUEBOI0 3aTpyOHOro mpocTtopy. MOKIMBO
3a0pyIHEHHSI BOJIOHOCHMX TOPU30HTIB 3a KOHTYpaMU BiANPalbOBYBAHUX AUISTHOK
BHACJIJOK PO3TIKAHHS PEAreHTIB BUTPABIICHHS 1 MPOAYKTUBHUX (iroiniB. OCHOBHU-
MU JDKepeaamMH 3a0pyIHEHHS IPYHTOBOTO LIapy Ha JUISTHKAX IMIJ3€MHOTO BHIIYTOBY-
BaHHS €:

— BUTIK TE€XHOJIOTIYHUX PO3UYMHIB MPU PO3PHUBAX TPYyOONPOBOIIB MPHU IMOPY-
IIEHHI TEXHOJIOTi BiJKadyBaHHS-3aKauyBaHHS PO34YMHIB, KoJibMaTalii (QuibTpiB 1
npudiILTPOBUX 30H CBEPAJIOBUH, a TAKOXK HEMPaBUILHOMY NMPOEKTYBAaHHI 1 3yITUHKA
THUPJIOBOTO 00JIaTHAHHS;

— CKHJIaHHS PO3YMHIB 1 CyCTIEH31i NMPU YHIIEHHI TEXHOJOTTYHUX CBEPJIOBUH.

TexHoNor1YH1 po3YnHHU, AK1 100yBarOTh IPHU MPOKauyBaHHI, 30UparOThCs B Ie-
pPECYBH1 EMHOCTI, a OTIM 3JIMBAlOTHCSI B 00OOPOTHY CUCTEMY. Y MPOILEC] eKCILTyaTalii
POJIOBHUILA 32 JOTIOMOI'OK) CIIOCTEPEKHUX CBEPJJIOBUH MPOBOJUTHCS CUCTEMATUUHUI
KOHTPOJIb 32 PO3TIKAHHSAM PO3YMHIB Y MPOAYKTHUBHOMY BOJOHOCHOMY TOPHU3OHTI.
M.®. Boueap 1 A.€. OpagoBcbKa 3alpONOHYBajil HAOIMKEHUNA METOJ| PO3PaAXyHKY
NepeMIIICHHS TPOMUCIOBUX CTOKIB Y BOJOHOCHUX TOPU30HTaX

L=x+05(Lgy+Ly), (8.1)

7€ X — 30Ha MPOCYBAHHS MPOJYKTIB 3a0pyIHEHHS 32 paxyHOK (uIbTpauii NpupoIHoO-
ro MOTOKY Ta copOIii 6e3 ypaxyBaHHsI AUCHEPCii PO3CIIOBAHHS 1 PI3HUX LUIBHOCTEH;
x = BLl; [ Ly, — po3mip 30HM po3iny Mik 3a0py HEHMMHU PO3YMHAMU 1 ITi[3EMHUMH
BOJAaMH, 0OYMOBJIEHUW PI3HULICIO B IIUIBHOCTI P1AUH

Ly, = 2,21\/kmAy t B ¢ /n, (8.2)

ne Ly — 30Ha rigpasiivnoi gucnepcii (puc. 8.1); [ B — xoedinient posnosinay pedo-
BUHM, 1110 BUKOPUCTOBYETLCS HPU PO3PaxyHKaXx, OB A3aHUX 3 copouicio; [ | — 10B-
KUHA OpPEOJIy Y HANPSIMKY IMPHUPOAHOrO MOTOKY B HaYaJbHUN MOMEHT IicClis BiJAIpa-
IIOBAHHS JIISHKU, f k — BUTpaTH KHCIOTH Ha B3a€EMOJII0 3 MOPOAOI0 B 3aJIaHUX
yMOBax,% [ m — MOTYXHICTh BOJOHOCHOTO OJHOPIAHOTO muacta; [ Ay — pisHULA
IIUTBHOCTI PO3YMHY 1 IMJI3€MHHX BOJI; f t — dvac HeWTpamizaiii MexX po3auly;
[ @ — xyT Haxuiy Mexi po3ainy piauH; n — e()eKTUBHA HOPUCTICTb.

JloBKrHA MeX1 po3aUTy 3 TNIMHOM 4acy 3poctae. Tak, npu Ay = 0,01 1 rpasie-
Tl Hamopy I = 0,002, k = 20 m / go6y, m = 25 m, n = 0,1 gepe3 10 pokiB
Ly, =952 m.

JIJis I0CKO-TapasneibHOro MOTOKY JIOBKMHA 30HU 3MIIIYBAaHHS 4Yepe3 TipaB-
JYHY TUCTIEPCitO

Ly = 6,6 VAL, (8.3)

ne A" = A/n — y3aranbHeHui KOoe(DIlliEHT MOJIEKYJISIpHOT A,, 1 TiapaBiiuyHOi A, auc-
nepciii 3 ypaxyBaHHSIM IIOPUCTOCTI TOPOJH

A=A, +A,. (8.4)
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Puc. 8.1. Cxema 10 BU3HAYCHHS JOBXUHU 30HU 3a0pyAHEHUX IM1I36MHHUX BOJI
(3a M. @. boueBapoMm 1 A.€. OpaioBCHKOIO)

Koedimient A,, B mopuctomMy cepeaoBHIlll, OB’ sI3aHUN 3 KOS(DIIIEHTOM MOJIe-
kymsipaoi udysii B pimuni A4,,° 3anexmnictro

_ 0

A, =A4nA,,

ne Ay — koedllieHT 3BUBUCTOCTI KaHatiB rmop (4 < 1).
KoedimieHT rigpaBniuyHoi aucnepcii 3MIHIOETBCS TPSAMO MPOIMOPIIIMHO ITBU/I-
KOCTI (imbTparii v:

(8.5)

A, = Ay, (8.6)

ne A, — mapamerp, 110 BiJI0Opakae cepeiHiil XapaKTepHUM pO3MIp YaCTHH MTOPUCTOTO
CEpeIOBHUIIA Ta HOTO HEOJHOPITHICTb.

Crix 3a3HauMTH, IO MPU BUCOKHX MBHUAKOCTAX A =~ A, xoedimieHT audysii
3a3BUYall BU3HAYAETHCS JIAOOPATOPHUM HUIIXOM Y (PUIbTpalIMHUX KOJIOHAX YH
nojiboBUMH MetoAamu. [Ipu HenpaBuibHOMY OOJaJAHAHHI TMpJa CBEPJUIOBHH 1 MO-
PYILIEHHI TEXHOJOTIYHOTO PEXUMY BU00YBAaHHS MOXJIMBO 3a0pyAHEHHS MMOBITPSHO-
ro OaceifHy ra3amu, OB’ I3aHIMH 3 BUTIAPOBYBAaHHSM, BUKHIaMH 3 CBEP/JIOBUH Ta3iB
1 BIATIPAIlbOBAHOTO MOBITPS, HAMPUKJIA, MPU BiJIKAYYyBaHHI PO3YHHIB 32 JIOIIOMOTOIO
epidTiB IPH MiA3EMHOMY BUJIYTroByBaHHI MeTamiB. [Ipu 1iomMy 115 3an1o0iraHHs Bij
PO3TIKaHHSI PO3YHMHIB 3aCTOCOBYIOTH COIliaIbHI OXOPOHHI Oropoxi. JIo HUX BiTHOCSTH
CTBOPEHHSI TiJIp0O3aBiC MO MEPUMETPY €KCITyaTOBAHOTO OJOKYy a00 CrerialbHUX €K-
paHiB 3 I[EMEHTHUX, TIIMHUCTUX a00 IIEMEHTHO-TJIMHUCTUX PO34MHIB. ExpaHyBanbH1
CyMilll 3aKauyyloTh 1] THCKOM 3 BUKOPHUCTAHHSM MPOHUKHHUX KaHAIIB, SIKI yTBOPIO-
FOThCSI BHACJIJIOK T1APOPO3PUBY. 3aCTOCOBYIOTh TAKOX HEWTpaIi3allio PO3UYHUHIB, 3a-
JMIIEHUX Y BIANPanboBaHOMY OJomi. Y [IbOMY BUNAJKY PO3YMHU 3aMIHIOKOTHCS MPU-
POHUMU BOJIAMHU.
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OcHoBHa yMoOBa 3ano0iranHs 3a0pyAHEHHS MIJI3EMHUX BOJ 1€ 3HAHHS 3aKOHO-
MIPHOCTEW NPOTIKaHHS MPOLECIB MEPEBEACHHS KOPUCHOIO KOMIIOHEHTAa B PO3YMH,
COpPSIMOBAHOCTI 1 3MiHM (TIABUIIECHHS) KOHLEHTPALIl CHOCTEPEKEHHS pPErjaMeHTy
TEXHOJIOTTYHUX MPOLECIB, TAPOAMHAMIYHOI PIBHOCTI 3aKayyBaHHS,BUTPABICHHS 1
BIJIKAUYBaHHS MPOJYKTUBHUX PO3YMHIB. SKICHO BHMKOHAaHA 130JsiLlisl MPHU CHOPY-
JDKEHHI CBEPJIOBUH, TOOTO LIEMEHTAIllsl KaHaly 3aTpyOHOro MpOCTOPY — Ba)JIMBUM
3axij, Mo 3amobirae MepeTikaHH POOOYUX 1 MPOAYKTUBHUX PO3YMHIB Y CYMIKHI
TOPU30HTU. Y MpakTULl 0coOJMBa yBara MPUALISETHCS KOHTPOIK TEXHOJOTIYHOTO
npouecy BWIyroByBaHHsS. Ui 1boro OypsATh MEpexy CBEPUIOBUH JUISL CHOCTEpe-
KEHHSI, 110 JI03BOJISIE CUCTEMATHYHO CTEKUTHU 32 TEPEMIIICHHSIM pOOOYUX 1 IPOIYK-
TUBHHMX PO3YMHIB 3a MEXI BIJIBECHOTO KOHTYpPY BHJIYTOBYBaHHS, MOSBOIO PIAKUX
¢daroiaiB Ta iX OCajKiB B MIA3€MHHUX BOJIOHOCHUX TOPU30HTAaX 1 MOBEPXHEBUX BOJOM-
Max. 3a HeoOX1AHOCTI BOJY BiAMPALIbOBAHOTO AUISHKYA HEHTPAIi3ylOTh BalTHyBaHHSIM.

3 meToro 3anobiraHHs 3a0pyJHEHHS 3eMHO1 MOBEPXH1 TEXHOJOTTYHUMH PO3UH-
HaMH Tepe]l MOYaTKOM eKCIUTyaTallil psiy CBEpAJIOBUH 3 AUISHKH 3HIMAIOTh MOBEPX-
HEBUU POJAIOYMI IIap IPYHTY IO BCIM JOBXHHI Py €KCIUlyaTalliHUX CBEPAJIOBUH
Ha WUpHuHY 4 — 5 M 1 rubunoro 40 — 50 cm. Ilicns BinpoOku 3amaciB Ha auIsHLI (4 —
5 pokiB) poarounii Imap IPyHTY YKJIaAaloTh Ha KonuinHe Micue. [Ipu HamiitHii rep-
MeTH3alli TpyOONnpoBOJIB 1 BUCOKOMY pIBHI opraHizauii ciy:kOu ekcruryaranii Ha
JTUITHKaX MOXHa OOMEXHUTUCA 3HATTSAM BEPXHBOI'O LIApy IPYHTY JiMIIEe OOIMU3Y CBe-
PJUTOBUH, KOJIM BIJICTaHb M HUMHU MepeBurye 12 — 15 m.

Crioci6 mi3eMHOT0 BHJIYTOBYBAHHS Ye€pe3 CBEPJIOBUHU MOBHICTIO BHKIIOYAE
OyIb-sIK1 JKepesia MAJIOBUAUICHHS 1 B IECATKH pa3iB 3MEHIIyE 3a0pyJHEHHSI aTMOC-
dbepu, HapUKIAA, PaliOaKTHBHUMHU peuOBHHAMU. HeBeIMKUM IKepesioM BUJIITICHHS
paZoHy € BifKauyBaib cBepiuioBUHH. [Ipu eprnipTHOMY crocobi migiioMy poO3uUMHIB
n00Ju3y CBEpAJIOBUH YTBOPIOETHCS HEBEIIMKA a€pO30JIbHA XMapa, IO CKIIAJIA€ThCA 3
PO3MOPOLIEHNX YACTHHOK PO3YHMHY 1 ra3onoAiOHMX MPOAYKTIB, BKIIOUYAIOUU PAJIOH.
Jlesika KIIbKICTh PaJIOHy 1 KOPOTKOKUBYUYHUX MPOAYKTIB MOro po3naay Biapa3y Xk Iic-
751 BUKUAY B aTMOoc(epy pO3CIIOeThCA, BTpaya€e CBOK aKTHBHICTh 1 peajabHOI HeOe3-
NEKU HajJalll He CTAaHOBUTH. Take aepo3oibHE 3a0pyAHEHHS! HE IEPEBUIILYE JOMYCTH-
MUX MeX. BikauyBaHHsS pO34MHY 3aHYPEHUMH HACOCAMM 3aMICTh €pi(TIB JIKBIIYE
PO3MOPOIIEHHS TPOJYKTUBHOTO PO3YUHY, CTBOPIOE MOKJIMBICTh FepMeTH3aLlli BiKa-
YHUX CBEPJJIOBHH 1, IK HACH1JI0K, P13KO CKOPOUY€E BUJIJIEHHS B aTMOC(EPY PAIOHY.

[Ipu mig3eMHOMY PO3UMHEHHI COJl OCHOBHa IpoOiema 3amobiranHs 3a0pyn-
HEHHIO HaBKOJIMIIHBOTO CEpPEOBMILA IOB’s3aHa 31 3HIKEHHSM 1 3HEIIKOKEHHSIM
BIJIXOJIIB Ha3eMHOI mepepoOku po3codiB. [Ipu mepepolirl iX eneKTposi3oM K TOBap-
HUX MPOJYKTIB OACP>KYIOTh JIyT'y a00 BYTJIEKHCII coJii. BUukuau razonomiOHOro XJo-
Py NOIJIMHAIOTH JY>KHUMHU areHTaMy MPUOTPUMAHHIM B SKOCTI MPOILYKTY T1IOXJIOpH-
Ty KaibUit0. O0’eMu 0/1epKyBaHUX MPU LbOMY PO3YMHIB XJIOPUJHUX COJIEN HEBEIUKI
1 TCJISl pO3BEACHHS MIAJIATAI0Th CKUAAHHIO.

VY nmponeci niA3eMHOT BUIUIABKU CIPKM MAacUB BUIUIABIEHUX CIPKOBMICHUX DY
pYHHY€ETHCA, IPU LOMY 3€MHA MOBEPXHsI IMJIABHO MPOTUHAETHCA a00 MiJ AI€I0 TEM-
NEPATypHOro PO3IIKMPEHHS MOPiA 1 THUCKY TEIUIOHOCIS MIJHIMAETHCA HAa BUCOTY 0
2,6 M. MakcumaibHe MiIHATTS B1IOYBA€ThCS B pailoHi, A€ 1€ BIICYTHS pO3BUHEHA
30Ha TIJIABJICHHS, OCIJIaHHS MOPIJ B K1 MOIJIO 6 KOMIIEHCYBaTH MiHATTS. HaiiBax-
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JMBILIE 3HAYEHHS MPU M1J3EMHII BUIUIABLI CIPKH Ma€ 3aXUCT B1J] 3a0pyIHEHHS aTMO-
cdepu, miA3eMHHUX 1 MOBEPXHEBUX BOA. TexHooris BugoOyBaHHs CIpKU TOB’sA3aHa 3
BiJIKAUYBaHHSM 1 CKUJAHHSAM IJIaCTOBUX BOJI 1 TEIUIOHOCIS. BinkadyBaH1 BOJM Xapak-
TEPU3YIOThCA BUCOKOIO MiHepasizalier. BucokominepanizoBaHi CTIYHI BOJIU YTBO-
PIOIOTBCSI TAKOXK MPU pereHeparlii PpiIbTpiB KOTENbHI Ta BiAKaYyBaHHI MPOAYKTIB pe-
aKI(i COJSHO-KUCIIOTHOI OOPOOKHM IPH MIATOTOBI CIPKOAOOYBHHX CBEPIJIOBHH 0
ekcrutyatariii. Po3coinu, siki CKUAAIOTHCA CIUIBHO 3 BIKAYyBaHUMU IJIACTOBUMH BO-
JaMU, MOPYIIYIOTh BOJHO-COJBOBUHM OallaHC PIYOK 1 MPU3BOAATH JI0 MEPEBUILICHHS
KOHIICHTpAIlii B HUX HOPMOBAHUX IHTpEI€HTIB. TOMy BijkadyBaHi BOJM ITOBUHHI
MOJIaBaTHCSl HAa YCTAHOBKY OYHUIICHHS BiJ CIPKOBOJHIO, TIOTIM Y CTaBKH-
Hakonu4yBadi. OUHUIIEHHS BiJl CIPKOBOJHIO MPOBOJUTHCS METOJOM MIAKUCICHHS 3
MOJIATIBIITUM TIOBITPSIHUM OOJyBaHHSIM 1 OKUCHEHHSIM CIpKOBOJHIO. Takuii crocid
OUMIIEHHS HEPIJIKO BUKIIMKAE TPYIHOIIl YEPe3 MIHJIMBICTh BMICTY CIPKOBOJHIO y Bi-
IKAa4yBaHUX BOJAX, a TAKOXXK HEOOX1THOCTI BUKOPHUCTAaHHS NE(QILUTHUX PEarcHTIB.
BiacyTHICTh 3aKpUTOi CHCTEMH BOAOBINIMBY MPU3BOAMUTH A0 3a0pyJHEHHS MOBITPA
CIPKOBOJIHEM B paiiOH1 CipKOBUAOOYBHOT'O IOJIsI, CTaBKIB-HAKOMMYYBayiB 1 caHiTap-
HOI 3aXMCHOI 30HU.

3a0pyAHIOIOTH TOBITPSI, NOPYUIYIOTh HOPMaJIbHI POoOOYl YMOBH 1 IMPU3BOASATH
10 0€3MOBOPOTHUX BTPAT TEIUIOTH HEOPTaHI30BaH1 BUKUIW 3 TPUGOHIB 1 BHYTPIKYC-
TOBUX CBEP/JIOBUH, BUJIMBIB rapsyoro BiANPalbOBaHOTO TeIuioHOCIt0. [IprunHa mux
BUKHJIIB — MOPYIIECHHS MOPSAKY 1 peKUMY BBEJICHHS CBEPJIJIOBUH B €KCILTyaTalllo 1
BOJIOBI/INTUB, TOOTO HEAOCKOHAJICTh €KCIUTyartarii pojaoBuia. HalOimpn paaukaib-
HUM [UISIX 3aXUCTy MOBEPXHEBUX BOJ BiJ 3a0pyAHEHHS MMiJ36MHOI BUILJIABKHU CIPKU —
MaKCHMaJIbHE BUKOPUCTAHHS BiJIKa4uyBaHUX BOJ y TEXHOJIOTIYHOMY MPOIIECI BUILIAB-
Ku cipku. EKOHOMIYHO MATOTYBAaTH CTI4HI BOJH JJI IOBTOPHOTO BUKOPHUCTAHHS, HIXK
JIOBECTH iX CKJIQJ 0 MOKA3HHKIB, 10 JOMYCKAIOTh CKUJaHHSA. BUKIIOUMBIIN HEOO-
XITHICTh TJIMOOKOr0 OYHMIIEHHS CTIYHMX BOJI OTPUMABIIM €KOHOMIIO CBIXKO1 BOJH,
320€3Meuy0Th MOXKJIUBICTh YTHIII3yBaTH TEIUIOTY MPH MOBTOPHOMY BHKOPHCTAaHHI
BOJI, BIIKaUyBaHUX 1 BUJIMBHUX 3 T1acTa 3 Temneparypoto 40 — 90 °C.

3acTocyBaHHs MiJI36MHOI ra3u@ikaiii Byriyuist sl po3poOKH BYTUIbHUX POO-
BHUIII, 10 3aJIATral0Th HA HEBEJMKIN TNIMOWHI, MOB’sI3aHE 3 CEPUO3ZHUMU TPYAHOIIAMHU
OXOpOHH MOBITpsiHOTO OaceiHy. [Ipu razudikaiii ByriibHUX IJIACTIB HA TJIUOWHI J0
50 — 70 M cnoCTEepIraroThCsl BATOKU Ta3y Mij] I1€F0 CTATUYHOTO THUCKY 1 BUCOKOI (I10-
Hayg 1000 °C) temnepatypu B ocepeniky ropiHHs. OUIbTPYHOYHUCH Yepe3 TOBIIY MOPiI,
ra3 BUXOJUTh Ha MOBEPXHIO. [ 3MEHIIIEHHSI BUTOKIB HEOOXIHO MiJITPUMYyBaTH B
Mi36MHOMY Ta30T€HEpaTOpi MIHIMAIBLHUN TUCK 1 PEKYJIbTUBYBATH 3€MHY TTOBEPXHIO,
3aMOBHIOIOYM BUHUKAIOUl TPIIIMHYA TIIMHUCTHUMH MOpoaaMu. [lepcrekTuBu po3BUTKY
Mi3eMHOI ra3udikaiii Byruus i3 3a0e3Med4eHHsIM BUMOT €KOJIOT1i OB’ A3aHi 3 po3po-
OKOI0 POJOBUII HA BETUKHUX TJIMOWHAX, /¢ OCHOBHA yBara IMOBUHHA OyTH TPHUALICHA
3ano0iraHHIo 3a0pyTHEHHSI MA3eMHUX BOJ (DeHOIaMU.

8.2. JlikBinauisi reoTeXHOJIOTIYHUX CBEPAJTOBUH

[Ticnst 3akiHYEHHSI BIAMPAIFOBAHHS JIIJITHOK BC1 TEXHOJIOTTYHI CBEPAJIOBUHM ITi-
JUISATaroTh JiKBigamii. J{as 1poro o0maHaHHS JEMOHTYEThCS (3HITTS OTOJIOBKA, ITiJI-
HOM eKCIUTyaTalifHuX KOJIOH TpyO, 3aco0iB MOMITYyBaHHs TOIIO), 0OcamHi TpyOu i
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¢GinpTpu OepyThes 1 MPOBOAUTHCS JIKBIAALIMHUNA TaMIIOHAX CBEPUIOBUH (puc. 8.2).
JlikBimamiitHu# TaMIOHAX HEOOXIMHWUW MJIs 3armoOiraHHs 3a0pyIHEHHS BOJIOHOCHUX
TOPU30HTIB PO3YMHAMHU BUTPABJICHHSI Ta JJIS IMONEPEIKCHHSI 1X BUJIMBY Ha TTOBEPXHIO
P 3HAYHUX HAINOpax MPOJTyKTUBHOTO TUIacTa. 3a HABHOCTI IEKiIbKOX BOJOHOCHUX
a00 MPOHUKHUX TOPU3OHTIB JIKBIAAIIMHUN TaMIOHAX 3I1MCHIOIOTh 3allOBHEHHSIM
yChOr0 CTOBOYpa CBEPAJIOBUH LIEMEHTHUM PO3YMHOM, a TUPJIO CBEPIUIOBUHU — MTOBE-
PXHEBUM CUITydyuM Matepiaiaom (puc. 8.2, a). SKio cTBOJIOBI CBEPIJIOBUHH 3 KiJIb-
KOMa BOJIOHOCHMMHU TOPU30HTAMH Ta BOJOYNOpPAMHU M1 HUMH, TO BOJIOHOCHI TOpH-
30HTU TaMIIOHYIOTh 3 TAKUM PO3PAXYHKOM, 11100 BEPXHs 1 HUXKHS MEXK1 TAMIIOHAKHO-
ro cTakaHa nepeOyBaiy BIAMOBITHO B 30HI MOKPIBil 1 IPyHTY Bogoymnopy Ha 10 — 20
M. YacTuHY CBEpUIOBUHM 3alOBHIOIOTH TJIMHUCTUM PO3YMHOM Ta CHITyYUM MaTepia-
aom (puc. 8.2, 6).
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Puc. 8.2. Ilpuniunosa cxema JiKBIAAIIHHOTO TAMIIOHAXKY TEXHOJIOTTYHUX CBEPI0-
BUH: @ — IOBHUI TaMIOHAX; 0 — YaCTKOBUN TaMITOHAXX; B — 3aCUIIKA 30HU MPOIYKTHU-
BHOTO IJIaCTa rpaBieM; T — OOPYIICHHSIM CTBOJIa CBEP/UIOBUHH B 30H1 MPOAYKTUBHOTO

TOPU30HTY; | — cTOBOYp CBEPJIOBHHH; 2 — BOJIOHOCHI TOPU30HTH; 3 — IIEMEHTHUI
pO34MH; 4 — CUIIKUIA MaTepiai;, 5 — mepeMuyka 3 rauHu abo 1eMeHTy; 6 — TpaBiif;
7 — TIUHUCTUHN PO3YMH; 8§ — BOPOHKA OOBAJICHHS

JlikBiamiitHui TaMIOHAX 3/IIMCHIOIOTh TAKOXK Yy TOMY BHUIIAJIKY, SKIIO MPOIY-
KTUBHUM TOPU30HT Ma€ BEIUKHUN TUCK, IO 3yMOBJIIOE MOXJIMBHUM BUJIMB Ha MOBEPX-
Hi0. JlJig 1boro cToBOYp B 30HI MPOJYKTHUBHOIO IIacTa 3allOBHIOIOTH IpaBieM ado
nieOeHeM, BUIIE BCTAHOBIIOIOTH MEPEMUUYKY 3 TIIMHU a00 LIEMEHTY, a YaCTUHY, L0
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3QJTAIITUIACS CBEPJIOBUHU 3aIIOBHIOIOTH TJIMHUCTHM PO3YMHOM a00 CUIIKAM Matepi-
anoM (auB. puc. 8.2, B). 3a HAIBHOCTI MOTY>KHOI'O MPOJYKTUBHOro miacta (> 20 m)
70 Tojayi JIKBIAAIIHHOTO TaMIIOHAKHOTO PO3YMHY CTOBOypa CBEPIJIOBUHU OOBa-
JIOIOTh B 30HI MPOAYKTUBHOTO IJIACTa, a CBEPAJIOBHHH 3allOBHIOIOTH TAMIIOHAXKEM.
O06pobOka, poIOBUIL] T€O0TEXHOIOTTYHUMU CIIOCOOAMH CYITPOBOIKY€ETHCS OCIJITAHHAM, a
1HO/I i OOBaJICHHSIM 3€MHOI MOBEepXHi. ToMy kamepu, 10 yTBOPIOOThCes npu 1TV,
CrA, ITPC 1 JIBC, nmoBuHHI OyTH 3alOBHEHI 3aKJIAJIHUMHU MaTtepiajlaMH (CHUITy4YHM
IPYHTOM, TyCTUMHU TOPOJAMHU, MIIIAHO-IIEMEHTHOIO CYMIIIIIO Ta 1H.), MICJIS YOTO
3MIMCHIOETHCS JTIKBIJAIlISI TAMIIOHAXXHUX CBEPJIJIOBHH. 3aKiiajgka BUPOOJICHOTO MpOC-
TOpY TMOBHICTIO HE BUKIIIOYAE MPOCITAHHS 3€MHO1 IMOBEPXHI, aje CyTTEBO HOTO 3MEH-
mrye. [licns 3akiHUeHHS JIKBIJAIKHUX POOIT MPOBOAUTHCS TUTAHYBAHHS Ta PEKYJb-
THUBAIIisl TOBEPXH1 BiIPAIbOBAHOTO TIPHUYOTO BiJIBOY

8.3. TexHiKk0-eKOHOMIYHA e()eKTUBHICTH I€0TEXHOJIOTiI

8.3.1. IlepeBaru TEXHOJOTTYHOTO MPOIECY CBEPAJOBUHHOI MiJ3eMHOI razudi-
Karii Byriuis

Texnonoriuauii nponec CIII'B Mo)xHa mOAUIATH Ha JIBA €TaIIN:

1. OcHoBHMI mpouec — KOMIUIEKC OCHOBHUX onepartliil. Lle nepeBeneHHs By-
riuis B mporieci razudikaiii B ra3omoioOHe MajauBo i TPAaHCIIOPTYBAHHS HOTO Bijl BO-
THEBOr0 BMOOIO Ha MOBEPXHIO 1 Jlaii crnoxkuBayy. OCHOBHUM MpoIlec 3a0e3neuye me-
PETBOPEHHS BYTULISA, 110 3HAXOJMBCS B MAaCHBI, B Ta3, IPUIATHUN IS CIIOKUBAHHS
Ha BUPOOHUIITBI 200 y TOOYTI.

2. Kommiekc nonoMizkHux pooiT, 1mo 3a0e3nedytoTb BUKOHAHHS OCHOBHOTO
TEXHOJIOTIYHOTO mporiecy. Jlo ckiamy JoOmOMIXKHUX POOIT BXOASIThH TaKl BaXKJIMBI OIle-
parii, SK MIArOTOBKa JYTTEBMX MOTOKIB, YIPaBIIHHS IMpoIlecoM rasudikaiii, o4u-
IICHHS TPOJYKTHUBHOIO Ta3y Bia Nuiay, (EHOJIB, YTHIIi3allisl TEIJIOBOI €HEprii rasy,
MIJTOTOBKA MaTepiaiiB Il 3aKJaJeHHs y BUPOOJICHHH TpocTip. be3 momomixHUX
poOIT HE MOKE ICHYBaTH ra30reHepaTopHe MiAMPUEMCTBO, BOHU 3a0€3MEUyI0Th ICHY-
BaHHS MIJIPUEMCTBA 1 HOPMAJIBLHUN PEKUM HOTo POOOTH, a TaKOK €(PEKTUBHE BHKO-
HaHHS OCHOBHOTO Tiporiecy. OTxe, 31 3MIHOIO OCHOBHOT'O TPOIIECY 3MIHIOIOTHCS BH-
MOTH JI0 TOTIOMIXXKHHUX POOIT.

HeoOxigno Biamitutu, mo ocHoBHui mporec CIII'B cknamaerscs 13 TppoX
onepauiid. Ile, B mepury uyepry, TEpMOXIMIYHUN METOJ YTBOPEHHS Ta3y; MO-ApYyre,
orepalisi 0 MEePECyBaHHIO 1 PEBEPCYBAHHIO THYUYKHUX JTOBIOMIPHUX TPyOOIpPOBO/IIB
JUIsl peaiizalili HampaBJIeHOl MoJlayl AYTTS 1; MO-TPETE, MPOBEAEHHs POOIT MO 3aKJja-
JAHHIO BUTa30BaHOI0 MpocTopy. B iboMy BUMaaKy, Ipy MOPIBHSAHHI 3 TPAIAULIAHUM
BUJI00YTKOM BYTULISA, MU MAaEMO IOBHE TEXHOJIOT1YHE 00’ €JHaHHs omepariii (rmpose-
JIEHHS 1 KPITJICHHS PO3KPUBHUX 1 MIATOTOBYMX BUPOOOK, MOHTAX, IEMOHTAX ITiA3e-
MHOTO O0O0JIaJlHAaHHS, BEHTWJISALS, BOJOBIUIMB, E€JIEKTPOIOCTAYaHHs, 3apyOyBaHHS,
B1/101iKa, HABaHTAXXEHHsI 1 JOCTaBKa BYT1JUISI TOIO), BCE 3IMCHIOETHCS SIK JCKUIbKa
TEXHOJIOTIYHUX OIepaIii mpy mia3eMHil razudikaiii Byrisis.

JyTTs B TiA3eMHHMI Ta30T€HEPATOp MOMAETHCA MEXaHI30BaHMM CIIOCOOOM —
KOMITPECOpaMH, a CITyCKaHHS 1 MiIHOM THYYKHUX JOBTOMIPHUX TPYOOTPOBOMAIB 3a J0-
MIOMOTOIO CTICLIaTbHUX MIAHOMHUX YCTaHOBOK. [Ipn 00’ €aHanHI MpoIieciB BUMaHHs
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1 TpaHCHIOPTYBAaHHS HEOOXIAHICTh y MIATOTOBII (PPOHTY AJIA MOJNANBIINAX OMNEpaLii
Bimmagae. Marmoomnepariiiauii mporiec Tasudikailii mo cyTi Oe3mepepBHUN, TOMY
(GpOHT BOTHEBUX POOIT 3aBXKIU CaMO-BIJITBOPIOETHCS. BakiiMBa TEXHOJOTIYHA OTe-
pallisi — HaIpaBJieHa Iojavya ayTTs 3abesneuye kepoBaHicTh npouecom CIII'B, mo-
3BOJIUTH PErYJIIOBAaTH PEXUMHM 1 napameTpu rasudikanii. 3akjiaJaHHs BUTa30BaHOTO
npocTopy ApiOHOAMCIEPCHUMH MaTepiajlaMd dYepe3 BepTUKaIbHO-TOPU30HTAIbHI
CBEPJIOBUHHU € TAKOXK OJIHIEI0 13 BAXJIMBUX TEXHOJIOTTYHUX OIEpalii, 110 CyNnpoBo-
JUKYIOTh IMABUIIEHHS €(eKTUBHOCTI rasudikanii. 3akiaaHui Marepial Mpu IbOMY
MOJAETHCS B 0OBAJICHY 30HY 0€3M0CcepeIHhOT TTOKPIBIIl 10 MOMEHTY OOBAJICHHS MOPI1JT
OCHOBHOI MOKpiB:i. [licist 3aTBepAIHHS 1H €KIIHHOTO MaTepiady 1 00BajIeHOI TOPOaAH
OCHOBHA MOKPIBJISl OTIUPAETHCS HA 1[I0 CHHTETUYHY OIOpY.

ManoonepartliiiHicTs mporecy mia3eMHoil razudikaiiii Byruuis 3abe3nedye HOBl
MO>KJIMBOCTI KOPIHHOIO YJOCKOHAQJIEHHSI TEXHOJIOT1I, 3POCTAaHHIO IMPOJYyKTUBHOCTI
npati B fecaTku pasiB. CKOpOYEHHs KUIBKOCTI omeparii 1 JiF04uX MalluH MpHU3Be-
IyTh J10 P13KOTO MiJABUIIEHHS HAJIMHOCTI TE€XHOJOTTYHUX MPOLIECIB 1 CTBOPEHHIO TIe-
peayMOB aBTOMaTu3allii BUpOOHHUIITBA.

Takum yrHOM, BUSIBJIEHI 3aKOHU 1 3akoHOMIipHOCTI po3BUTKY CIII'B no3Bosns-
10Th CHOPMYJIFOBATH T'OJIOBHI ii epeBaru:

— MaJIOONEPALINHICTh TEXHOJIOTTYHOIO Mpoliecy, 00’ €IHAHOTO €IMHUM ITHEB-
MATUYHUM HOCIEM €HEprii — QyTTsM, 110 3a0e3Mnedye sSiK YTBOPEHHS rasy i3 Byriuuii,
Tak 1 WOTO TPAaHCHMOPTYBAHHA, MIJAMOM IO CBEPJJIOBMHA HA MOBEPXHIO 1 JOCTaBKY
CIIO’KMBAYy 3 BUCOKHUM CTYTI€HEM HaJ1MHOCTI;

— TEXHOJIOT14YHA CHCTeMa MiA3eMHOI ra3udikallii Byriug 3ade3neuye Oe3maxr-
HYy Ta O€3JI0/IHY TEXHOJIOT1I0 Ta30yTBOPEHHS, 110 CTBOPIOE OE3MEUYHICTh BEACHHS PO-
01T 1 MOKpaIlleHHsI yMOB TIpaili pOOITHUKIB HAa Ta30T€HEPATOPHOMY IiAIPUEMCTBI;

— YHIBEPCAIbHICTh I'a30I€HEPATOPHUX TEXHOJOTIYHUX CXEM, IO CTBOPIOIOTH
YHIKJIbHI MOYJIMBOCTI IPUCTOCYBaHHS (FHYYKOCTI) TEXHOJIOTI 10 OYyJb-SIKHUX MOX-
JAUBUX 3MIH TIPHUYOTEXHIYHUX (PaKTOpiB O€3 CYTTEBOI 3MIHM OCHOBHHUX TEXHIKO-
€KOHOMIYHHX MOKA3HUKIB;

— MHEBMATUYHUI TPAHCHOPT AYTTEBUX Ia30BUX MOTOKIB KOPUCHO BIJIPI3HSIETH-
csl Bl yCIX IHIIMX IIAXTHUX 3aCO0IB TPAHCHOPTY THM, ILIO OPTraHiuHO 3B’S3YIOTh B
€IMHUI TOTOYHUH MPOIIEC TEXHOJOTII0 Ta30yTBOPEHHS, TPAHCIIOPTYBAHHS 1 MiIHOMY
razy, He BUMAaraloyu IpH IIbOMY BEJIMKOi IUIONIl MOMEPEeYHOro mMepepizy BHUPOOOK,
3a0e3Mneuyour MOBHY O€3MeKy TPaHCHOPTY AYTTEBUX ra30BHX MOTOKIB 1 MPAKTUYHO
HEOOMEKEHY TIPOyKTUBHICTD;

— aBTOMAaTH3allil0 pOOOTH OKPEMHX MPOIIECIB YTBOPEHHS 1 TPAHCIOPTYBAaHHS
ra3y, a TaKO IMPOIIECiB MEPEPOOKH MPOTYKTIB ra3udikaiii Ha TOBEPXHI 1 epeXia Bij
aBTOMAaTH3allll OKPEMHX MPOIIECIB 0 aBTOMATH3aIli1 BChOT0 BUPOOHUYOTO MPOIIECY B
LII0MY;

— IMIMPOKE BIPOBAHKEHHS JOCATHEHD HAYKU 1 TEXHIKH Y BUPOOHHULITBO;

— 3HIDKEHHS MUTOMHUX OOCSTIB PO3KPUBHUX BUPOOOK MPH BUKOPHCTaHHI BEp-
TUKAJIbHO-TOPU30HTAIIBHUX CBEP/IOBHH;

— MaKCHUMaJIbHO MO>KJIUBY KOHLIEHTPAL1I0 i IHTEHCU(IKALIII0 BOTHEBUX POOIT.

3a TPYJIOMICTKICTIO pOOIT Ha Tra30reHepaTOPHOMY MIJMPUEMCTBI poOOTH Ha
MOBEPXHI 3eMJIl 3aliMalOTh BCIO YAaCTUHY 1, OT’KE, BUMAraroTh CEpHOo3HOI yBaru 10
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NUTaHb iX yaockoHajeHHs. Ha moBepxHi BUKOHYIOTbCS poOOTH 1O OypiHHIO 1 OCHa-
MICHHIO CBEP/JIOBUH, 3a0€3MEYEHHI0 POOOUYNMH peareHTaMu (IyTTsAM), 3A1HCHEHHIO
HEBMOTPAHCIOPTYBaHHs razy, HOro OYMILEHHIO 1 nepepoOLil, pEMOHTY OOJaJHAHHS,
1o 3a0€3MEeYeHHIO MIANPUEMCTBA €JIEKTPOEHEPTI€r0, TEIJIOM Ta IHIII poOoTH. 13 Oi-
JBIIOCTI BKa3aHUX POOIT, MOPS 3 iX MEXaHI3alll€0 1 aBTOMATU3AIII€10, BaXKJIMBE 3HA-
YeHHS] Ma€ BUPOOHUYA MOTYKHICTh MIANPUEMCTBA, 3 POCTOM SIKOi MaJla€ TPYIAOMICT-
KICTh ITUX POOIT.

[Iporro3ui gocnipkeHHs no yaockoHajaeHHIO TexHojorii CIII'B Buxonars i3
CyYacHUX MPHUHIIMITB OpraHi3ailii TeXHOJIOTIYHOIO MpolLIecy 1 epeadavyaroTh moeTan-
HE YJIOCKOHAJICHHS TEXHIKM 1 TEXHOJOT1i BUPOOHUIITBA Ta3y 3 KOPIHHUMHU HOTO 3Mi-
HaMU UITXOM BUKOPUCTAHHS BUTBHOMOPIITHEBUX arperaris.

8.3.2. OniHka NpoayKTHUBHOCTI Mpari

[Ipy Bu3HAUY€HHI €PEKTUBHOI TEXHOJIOT BUAOOYTKY BYTULIs 3BHYAHO BHa-
I0THCSI /10 OL[IHOK YKMBOI 1 pEYOBMHHOI Mpalll (HANpUKIA, PO3PAXyHOK MPUBEACHUX
BUTpAT)

S=C+E,K - min, (8.7)

ne C — cobiBapTicTh NMPOAYKIii, IpH.; E,; — HOpMaTUBHUHN Koe]ilieHT e(EeKTUBHOCTI
kamitanoBkianaess (E, = 0,1); K — oOcsr kamiTaaoBKIaaeHb, IPH.

OT1xe, ePeKTUBHICTH OY/b-SKOTO TEXHOJIOTIYHOTO CITOCO0Y BUAOOYTKY BYTULISA
3aJIeKUTH BIJ TaKUX (PaKTOPIB, SIK TPY, KamiTau, MaTepialoMiCTKICTh TIPOIeCy 1 co-
oiBapTicTh mpoaykiii. [nsax mexanizaiii BUIOOyBaHHS, 10 SKOMY TiIIUIa ByTUIbHA
IPOMHUCIIOBICTh, BUMAaraB OBHOI'O TEXHIYHOI'O IIEPEOCHAILICHHS, PI3KOI0 301IbILIEHHS
Baru oOJaJHaHHS, MiABUIICHHS KBai(ikaiii poOITHUKIB 1, 3BHUaifHO, BapTOCTI BY-
riutsa. Jns miarpuManHs oOnagHaHHS B JIIFOYOMY CTaHI HEOOXigHO OyJI0 CTBOPHTH
PEMOHTHI ciTy>kOu, 10aTH 3HAYHY KUIBKICTh 3allACHUX YAaCTHH 1 1HIIMX Marepiaiis,
1110 00YMOBHJIO 3POCTaHHSI MaTePiaIoMICTKOCTI. 301JIbIIIEHHSI KOIITOKOPUCHOI BapTO-
CT1 IIPU 3pOCTaHH1 BApTOCTI 00JIaJHAHHS 1 TIPHUYUX BUPOOOK, B IKUX BOHO €KCILTya-
TY€ETbCS, MIJBUILIEHHS NOTpeOM B MarepiajaXx BU3HAYMIIO 3POCTAaHHS €KCIUTyaTalii-
HUX BUTpPAT 32 paxXyHOK MaTepialiB 1 aMOPTH3aIlii OCHOBHUX (DOH/IIB.

30BCIM 1HIIIA CUTYaIlisl BUHUKAE T11]1 4ac peajizallii MajJoomneparifHoro mpoie-
Cy, a caMe CBepJUIOBMHHOI mifg3eMHoi rasudikaiii Byriuis. Lew mporec Beae 1o pis-
KOT'O 3HMKEHHS (POHIOMICTKOCTI (BIICYTHOCTI TIPHHYUX BHUPOOOK, MI3€MHOT0 00JIa-
JTHAHHS TOIO). TexXHojoriuHe 00’€HAHHS Omepallii Beae 10 3HMKEHHS poO0odYoro
00’eMy, B SIKOMY BiZIOyBa€TbCs MPOIIEC, JIKBIAYETHCS HU3KA MPOMIKHUX OTEpAIlii.
CkopoueHHs noTpedu B MaTepiajiax, 0COOJMBO B METalll, 3a0e3Meuye 3HUKEHHS CO-
6iBapToCTi 3a cTaTTsIMHU BUTpaT «Matepianm» Ta «IHII BUTpaTn», a 3MEHIICHHS Ka-
HITaIOMICTKOCTI — MO CTaTTI «AMOpTHU3aLis». 3pOCTaHHS MPOAYKTHUBHOCTI Mpaul B
CBOIO 4Yepry Beje J0 3MEHIIEHHs COOIBapTOCTI 3a CTaTTAMM «3apoO0iTHa ruiatay 1
«Hauucnenns Ha 3apoOiTHy minaty». Butparu Ha «llanuBo» 1 «EnekTpoeHepriio»
TaKOXX 3HIDKYIOTHCS. AHaji3 MoKa3ye, 0 3a BCiMa eleMEHTaMH, 0 CKJIaJalTh CO-
01BapTICTh, 3a0€311€Uy€EThCS 3HUKEHHSAM BUTpPAT.

Taxkum yuHOM, TIpU TTOPIBHSIHHI MiI3€MHOI razudikaliii Byruuis 3 TpaaulliifHO
TEXHOJIOTIEIO0 CITiJl BPaxOBYBaTH, 110 MAJIOOINEPAIIMHICTh MPOIECYy 00’ EKTUBHO TOK-
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paliye BCl NOKa3HHUKH, a 3pOCTaHHS MPOJAYKTHUBHOCTI Ipalll, sIK HACIIJOK Majloolepa-
IAHOCTI, € ONMOCEPEIKOBAaHUM IMOKA3HUKOM 3HMKEHHSI KamiTana, MaTeplaJoMICTKOCT1
1 cobiBapTOoCcTi. TOMY MOKa3HHUK TPYJIOMICTKOCTI, 200 MPOAYKTUBHOCTI Iparli, MOXe
CIIYT'YBaTH SIK BUPIIIAJbHUNA KPUTEPIN OLIHKU €(PEKTUBHOCTI TEXHOJOT1i BU100yBaH-
HSl KOPUCHUX KOIMAaJUH. 3pO3yMiJIO, 110 1€ HE BUKIUKAE HEOOXITHOCTI KOHTPOJIbHUX
PO3paxyHKiB, 110 OI[IHIOIOTh CTYIHb 3HM)KCHHS MMUTOMUX KamliTadbHUX 1 MaTepialib-
HUX BHUTPAT, aJic HE BOHU OYIyTh BU3HAUYAILHUMHU MPU 1000p1 TEXHOJIOT1] 1 BapiaHTIB
11 yAOCKOHAJICHHS.

Icnye mymka, 1o 3pocTaHHs MPOIYKTUBHOCTI IMpalll 3aBXIU MOBHUHHO CYIPO-
BOJKYBAaTH PICT KalliTaJoBKIajeHb. Lle cpaBennuBo mpu TpaauIliiiHIA TEXHOJIOTII,
oJIHaK aHali3 eexTuBHOCTI ManoonepamiitHoi TexHosnorii CIII'B rooputs mpo 11ii-
KOM 1HIIII CHIBBIIHOIICHHS MK MPOAYKTHUBHICTIO 1 KaIiTAJIOMICTKICTIO, M)XK BUTpa-
TaMU 1 pe3yJibTaTaMu, HIXK Ipu OararoonepauiiHoMy npoueci. Lle monoxenHs miar-
BEP/IXKY€ETHCS HABEICHUMHU pO3paxyHKaMu. Bu3HaunMo 3arajibHy 3a1€KHICTh MPOJTY-
KTUBHOCTI IIpalll [10 Ta30r€HepaTOPHOMY MIANPUEMCTBY B LILIOMY BiJ IOTO TEXHIYHO-
ro piBHsa.jae: Il — mpoayKTUBHICTE Mpaill poOITHUKA 3 BUPOOJIEHHS Tra3y (BUTa30BY-
BaHHS BYTUUISI) TIO Ta30T€HEPATOPHOMY MiJANPUEMCTBY, T/Mic; T — TPYIOMICTKICTh
(BuTpatu mpati podo4oro y 3miHy Ha razudikaimiro 1 T Byrums, ska 3B’s3aHa HACTK-
ITHOTO 3aJICKHICTIO

m=. (8.8)

ne K, — MUTOMI KamiTaJloBKJIaJeHHs (KamiTajabHl BUTPATH HA OyMIBHUIITBO MiJNPHU-
€MCTBa, BIJIHECEHE Ha | T BYruuIs, 10 BUTa30BY€ThCS,a00 nmoTy)HOCT1); @ — doHo-
BiJi1ava (BIJHOMICHHS KUTBKOCTI MPOAYKIlli B HaTypaJlbHOMY YM BapTICHOMY BHpasi
70 00CSTY OCHOBHUX BHUPOOHMYMX (DOHIIB MIAMPUEMCTBA); OCTAHHI 3aBXKIU TPOXH
MEHIIIE KalliTaJbHUX BKIIACHb;

ne ¢ — GoHIOCHAIIEHICTD (KaIiTalbHI BUTPATH, 110 BXOASATh y (DOHIHU IIANPHUEMCTRBA,
a 1HKOJIY 1 BC1 KaImiTaJabH1 BUTPATH, 110 HAJAIOTh HA OJTHOTO POOITHUKA):

¢ = KIL (8.9)

PosrnstHeMo ¢yHKIIOHATBHY 3aJI€KHICTh MIXK ITUMA €KOHOMIYHUMH TOKAa3HU-
KaMH [P 3M1HI TEXHIYHOTO PIBHS MIANPUEMCTBA. 3aJI€KHICTh 3pOCTaHHS MPOAYKTH-
BHOCTI TIparli BiJf €pEeKTUBHOCTI KaMiTATOBKIAICHh BUPAKAETHCSA (DOPMYIIOIO

= f(K,). (8.10)

Buxoasuu 13 3akoHy MpoayKTUBHOCTI mpati (8.10) 1 JIOriYHOro NpUIyHieHHs
Ipo Te, 1110 MeXaH13allisl KOJKHOI orepalii TEXHOJIOTTYHOr0 POIeCy BUMAarae neBHUX
KamiTaJlbHUX BKJIAJC€Hb, IPU LIbOMY 3HM)KYETHCSA TPYIAOMICTKICTb JAHOI orneparii mpu
BUITYCKY TOTO % 00’eMy mpoaykiiii. [IpumnyckaemMo Takox, M0 AJis KOXKHOI TEXHOJIO-
TYHOI JIAaHKW 1 KO)KHOTO TEXHIYHOTO PiBHS (piBEHb 3HAHb) P iCHye JiHIHA 3ajex-
HICTh TPYJOMICTKOCTI BiJl KalTAIbHUX BUTPAT, TOOTO

T = T, - PK,, (8.11)
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ne T; — mo4yaTKkoBa TPYAOMICTKICTh IO MIAMPUEMCTBY B IIUIOMY JI0 MEXaH13aIlii.

EdextuBnicts 3aBepmienoi mexanizaiii E,, TOOTO BUKOpUCTaHHS MexaH13allil
JTAHOTO TEXHIYHOTO PIBHA HA BCIX TEXHOJIOTTYHMX JIAHKAX, BUBHAYAETHCA 32 (POpMy-
JI010

E, , (8.12)
T,
ne T, — BeIM4nHA TPYJOMICTKOCTI MICHIs 3aBEPIICHHS MEeXaHi3allii, 3B1AC1IsA
T
T2 :E_1:T1_PK:;nax, (813)

M

ne Kj'** — BU3HAuaeThCsa 3a yMOBM 3aBEPLICHHS MEXaHi3alii BCiX TEXHOJIOTIYHHUX
naHok. OTxe,

PK;”‘“‘ =T, — B (8.14)
abo
_ T _ 1
P = K (1 EM). (8.15)
3aragbHUI BHpa3 3aJIEKHOCTI TPYJIOMICTKOCTI Bij] KamiTaJOBKJIAJICHh Ma€ BH-
TIISIT:
T= T1 Kmax (1 - _)K s (816)
abo
T= T1 1- max (1 - _) (817)
[TpuBenemo 1eit Bupa3 g0 6e3po3mipuoro Burasay npu T/T; = 1
T=1-mE-g). (8.18)
Braxaroun, mo I1/T1; = m moxHa 3anucatu
m=——r (8.19)

1- Kg}nax(l M)

JUig umrocTpatiii 3a1€KHOCTI 3alUIIeMO B TaOIMYHIN (OopMI MOKA3HUKHU e(ek-
TUBHOCTI MeXaHi3ailii E,, npu pi3HUX BiIHOIIEHHSX MUTOMUX KaIliTAJIbHUX BKJIaJCHb
B MexaHizamiio K, 10 3aranbHMX MakCHMMaJlbHHMX IMTOMHUX KalliTAIbHUX BKIAJIE€Hb

max
K" (tabn. 8.1).

Ax 6aunmo i3 Ta6mn. 8.1 1 puc. 8.3, BukoHaHoro 3a Bupa3oMm (8.14), npu
K, /KJ*** = 0,5 pi3Huug y 3pocTaHHi IIPOXYKTHBHOCTI mpamui ais ymoB E, = 3 i
E, = 5 He3HauHa, Hali0inbmie 3poctanns ii cnocrepiraetbes mpu Ky, /Kj'%* > 0,8.
Otxe, HallOUIBIIMIA e(EeKT Jae 3aBepIlIeHHs MexaHi3allii, MoepHi3allis K o0JaaHaH-
HS Opu 3arajdbHOMY piBHI Mexanizauii 0,5 — 0,7 He npuBene 10 CepHO3HOTO 3011b-
IIEHHS TPOAYKTUBHOCTI mpaii. ToMy BapTo cpsiMyBaTH 3acO0M 1 3yCHJIJISI Ha 3aBe-
pIIEHHS MexaH13aIlli yciX BUpOOHUYHUX IPOIIECIB HA ra30T€HEPATOPHOMY ITiAMPUEMC-
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TBi. AHaANOTIYHUI e(EeKT MPOSBIAETHCS MPU aBTOMATHU3AIlT TPOIECIB HA MIAMPUEMC-
TB1. ABTOMaTu3alis NiABUILY€E NPOIYKTUBHICTh KOKHOI onepalii, 0 BKe MpouIia
cramito Mexanizamii. IlizcymkoBa edekTuBHICT, MexaHizalli E, 1 aBTomatuzanii E,
BUPAXKAIOTHCA (DOPMYIIOI0 aBTOMATUUHOTO KEPYBaHHs

Taomung 8.1

EdexTuBHICTh MeXaH13aIlil JAHOTO TEXHIYHOTO PIBHS
Ha yCiX TEXHOJOTIYHHUX JIAHKaX ra30re€HePATOPHOTO MiAMPUEMCTBA

Ky IHoka3Huk edeKTUBHOCTI MeXaHi3amil
Kyex npu E, =3 npu E, =5
T n=1/t T n=1/t
0,1 0,93 1,07 0,92 1,09
0,2 0,87 1,15 0,84 1,19
0,3 0,80 1,25 0,76 1,32
0,4 0,73 1,37 0,68 1,42
0,5 0,67 1,5 0,6 1,67
0,6 0,60 1,67 0,52 1,92
0,7 0,53 1,89 0,44 2,28
0,8 0,47 2,22 0,36 2,78
0,9 0,40 2,5 0,28 3,58
1,0 0,33 3,0 0,2 5,0
Ewa = EyE; Ky/K;,”“x. (8.20)

Cnizx 3a3HayvaTH, 110 JUISI OCBOEHHS CHCTEM aBTOMAaTH3allli HeoOX1aHI JOmoMi-
JKHI KammiTaJoBKJIAJEeHHs B po3Mipax, npudiauszHo B 1,25 — 1,3 pasu, 1110 nepeBuIiy-
I0Th BUTPATH HAa MEXaHi3alliio MPOIIECiB, TOOTO

Kya = KJ'%q, (q = 1,3). (8.21)
Buxonsuu 13 niporo 3Hauenus E,, Mmaemo
_q_ K 1. 1.
T= gmax g ( EMEa)’ (822)
1
T= 1 (8.23)

1 (1
Kg}nax q\ EMEa)

[Tpuitmemo E,, = 51 E, =3, Toni E,, = 15.
[Toka3HWKH MiACYMKOBOT €(peKTUBHOCTI MeXaHi3allii aBToMaTH3allii HaCTyIHi

Tabauis 8.2
[Toka3zHuKY M1ICYMKOBO1 €(DEKTUBHOCTI MeXaHi3aIli
% T (4 % T (4
K;nax K;nax
0,1 0,93 1,07 0,7 0,51 1,96

279



Ky Ky
K;nax T A K;nax T T
0,2 0,86 1,16 0,8 0,44 2,28
0,3 0,79 1,27 0,9 0,37 2,70
0,4 0,72 1,39 1,0 0,3 3,33
0,5 0,65 1,54 1,2 0,16 6,25
0,6 0,58 1,73 1,33 0,067 15,0
A

141

12 +

10 4

8 4

6 +

4 4

7 1

0 } } { } } } } } } »

03 04 05 06 07 08 09 1,0 1,2 1,33 K, /Kme

Puc. 8.4. Pict mpoayKTUBHOCTI Mpalli 3aJI€XKHO BiJl pIBHSI MexaH13a1lli
1 aromatm3amii: 1 —E,=3;2-E,=5.

L1 nani 1 puc. 8.4, BUkoHaHui 1o BUpa3y (4.18) nokasyroTsk, 10 OpU OAHOMY
PIBHI KaliTaJIOBKJIAJIEHb PIBEHb MPOAYKTUBHOCTI Ipall NpHU OJHOYACHIN MexXaH13alil
1 aBTOMAaTH3allii OyJie MEHIIINM, HIXK TUIBKHM HIpPHU MEXaH13aIlli 70 3HaYEHHS

K, = K" ~ 1,2.

, . K
Kpyra yactrnHa kpuBoi Ha puc. 8.4 npu 3Ha4YEHH1 KT’;x, 110 HAOJIMXKAETHCA 110
y

OJIMHMUIII 1 OUIBIIIE TIATBEPKYE TE€, 1[0 CUCTEMHE PIIICHHS, TOOTO 3aBEPIICHHS MPO-
IIeciB MexaH13aIlli 1 aBromaruzailii, 1ae HaOUIbIKU edeKkT — ePeKTUBHICTh KarliTa-
JIOBKJIAICHb 3pOCTA€E HEMHINHO. Y CBITII IBOTO PO3TIISTHEMO MTUTAHHS MPO e(EeKT Te-
pexoay 10 MaJooINepaiiHuX TEXHOJIOT1H. SKII0 MpUHHATH KamiTaloBKIAISHHS IS
OJIHIET HOBOT omeparlii TaKUMH XK, K JIJIs1 OJHIET CTapoi, TO 3arajibHi MUTOMI KarriTa-
JOBKJIaJieHHS OyAyTh MEHIIMMH y TaKiil Mipi, B sIKiii CKOPOTHIIA KUIBKICTh ONEpalliii B
HOBOMY IHpoueci. MakcuMaiabHI HNUTOMI KamiTaJIOBKJIAJEHHS Majo ONepauiifHOoro
npouecy (K;***) BusHauaioThes 3a GopmyIioro

Kimex = gmaxp! in,. (8.24)

e n' — KUIbKICTh Omepaiid y HOBOMY TEXHOJOITYHOMY MPOLECi; Ny — KUIBKICTh
oreparii y TpaauiiifHOMy TpOIEeCi.

3MEHIIEHHS ONEPALifHOCTI MOXXHA YNOJOOUTH BIANOBIIHOMY 30UIbIICHHIO
e(heKTUBHOCTI MeXaHi3allii, To0To
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E',, = Eynp/n'. (8.25)

Toni 3 ypaxyBaHHSIM MaJloOTIEpaIliiHOCTI

—q1_ % mq__ 1
T= K}rlnax n' 1 EMnT/n,). (826)
Paxyroun, 1o % = q',01epKUMO
K , 1
=1 (- ) (827)
= ! (8.28)

K 1.°
Y . -1
1 KJax q(1 ql)

V MainoomnepauiiiHoMy MpoIeci 3 BUCOKOK MiJcyMKOBO edekrusnictio E, g
KpHUBa 3pOCTaHHS MPOIYKTUBHOCTI Tiparli (puc. 8.5) MOpiBHSIHO KpyTilla, 1 TOMY IH-
TaHHS TIPO HAIIWHICTH 1 CTIHKICTh IMOKA3HHWKIB KOKHOTO TEXHOJIOTIYHOTO IPOIECY
HaOyBa€ BEJIMKOTO 3HAYCHHSI.

T A
11T

1 } } t >
0,1 0,2 0,3 04  K/Kpe-q

Puc. 8.5. 3pocTanHs mpoayKTUBHOCTI TpaIli 3aJI€KHO BiJl CKOPOUCHHS
KUIBKOCTI omiepariii

Sk npuiinati E,, = 5iq’ = 2, To ofepKUMO HACTYIHI OKa3HUKU e(eK-
TUBHOCTI (Ta611.8.3.)
Tabmuus 8.3.
[TokazHuku eHeKTUBHOCTI
K, K,
Kmax =1/t K n=1/t
0,1 1,22 0,3 2,2
0,2 1,56 0,5 10,0

[TopiBHrIOtOUM puc. 8.5, BUkoHaHu# no Bupaszy (8.23) i1 puc. 8.3, MoKHa BiaMi-
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TUTH, 1[0 YUM KPYTillla KPUBA, TUM BHINA €()EKTHUBHICTh KaIliTAIOBKIAJEHB. 3 IIHOTO
BUIUIMBA€E HACTYIMHUI BHCHOBOK: Cy4YacCHI JOCATHEHHSI HayKd JO3BOJISIIOTH CTBOPUTHU
MajoonepariiiHi MpoLecH, 0 XapaKTepU3yIOThCs BUCOKOIO MPOAYKTHUBHICTIO Mpalli 1
BIZITHOCHO MAQJIOK0 ITMTOMOIO KamiTAJOMICTKICTIO. PICT MUTOMHUX KamiTaJIOBKJIAAE€Hb
TOBOPUTH IPO TE, MO0 (PAKTUYHO MPOXOJIUTH peali3allisi HOBOI TEXHOJIOTTYHOI CUCTe-
MU — CBEP/JIOBUHHOI MiJ3eMHOT razudikalii Byruiis — 3 KOPIHHUM MEePETBOPEHHSIM
TEXHOJIOTIYHOTO MPOIECy MOPIBHIHO 3 TPAAUIIMHUM BUIOO0YTKOM BYTULI. [HIIMMU
CJIOBaMH, MaJIOOMEPaIlIMHICTh 3a0e3rnedye 3aKOHOMIpHE aOCOJIFOTHE ITiABUIIECHHS
IPOJYKTUBHOCTI TIpalli, a OCTAaHHE XapaKTEPHU3y€ 3HWIKCHHsS BCIX IHIIMX BUTpAT 1
MOK€ Ba)XKaTUCh y METOJl MiA3eMHOI raszudikaiii BYTijUIsS TOJOBHUM (OCHOBHHM)
KpuTepieM epeKTUBHOCTI BUPOOHUIITBA.

TakuM 4MHOM, MPW MPOEKTYBaHHI MPOLECIB MIA3eMHOI Tasudikaiii ByTiJUIs
Iy’K€ BOKJIMBO JOTPUMYBATUCH 3aKOHIB 1 3aKOHOMIPHOCTEM, 0 BIAHOCATHCS /10 LbO-
ro MeToay po3poOku. Lle 103BoauTh y Mpoleci eKcIulyaTanli manpueMCTBAa BUKIIIO-
YUTH PILIEHHS, 110 MPOTUPIYATh 00’ €EKTUBHUM 3aKOHAM 1 MOPYLIYIOTh HOPMaJIbHHI
puT™M poOoTH. Pazom 3 TUM il BIAMITUTH, 1110 3aKOHU Cy0’€KTHBHI,1 B MpOLIECi Jis-
JBHOCTI MIANPUEMCTBA BOHU MOXYTh MOPYIIYBATUCh CB1IOMO, KOJIM PIILIEHHS MPUK-
MarOThCS JIMIIE HAa OCHOBI TaK 3BAHOIO 3J0POBOIrO Ty3ay (BOJILOBI PIIIEHHS) abo
HECBIJIOMO (110 HE3HaHHI0). B 1mMx ymoBax Jisl 3aKOHIB 1 3aKOHOMIpPHOCTEH HaOyBae
cTuxiitHoro xapakrepy. [lopyiieHHs 3aKOHIB Be/ie O MPUMYCOBOTO 3HM)KCHHS 1HTe-
HCHBHOCTI razudikarliii 3amaciB 1 3puBYy IIJIAHOBOT'O 3aBIaHHS, HEY3rOIKEHOCT1 B Tip-
HUYOIIIIFTOTOBYMX POOOTAX, MOPYIIEHHIO 0€3MeKH POOIT, EKOHOMIYHOTO M €KOJIOTid-
HOro aucOanancy. Tak, Hampukiaj, IpU MOPYIICHHI 3aKOHY CIIBPO3MIPHOCTI 30H
ra30yTBOPEHHS MOYE B3arajii MOPYIIUTUCA MPOIIEC MiA3eMHOI ra3udikarlii mpu ocoo-
JUBUX YMOBax. SIKIIO MOBXKMHA PEAKIIMHOTO KaHAIy BUSBUTHCS MEHIIE JIOBXKHUHH
OKHCHIOBAHOI 30HH, TO MPOAYKTH razu(ikaiii Ha BUXOJl 3 MIA3€MHOIO ra3oreHepa-
TOpa OyyTh CKJIAJATUCS TUIBKH 13 CyMIII I'a31B HOBHOI'O 3rOPSIHHS BYTJIBHOTO ILIa-
cTa,a00 0e3 BUILHOIO KUCHIO, KOJIM TOBXKHHA KaHAIy ra3ugikaiii JOpiBHIOE JOBXKHUHI
OKHMCHIOBAHOI 30HH, 200 3 KMCHEM, KOJU JOBXKHHA KaHaly rasudgikaiii MEHIIe JA0B-
KMHU OKHMCHIOBAHO1 30HU.

[Ipu BenMKOMY MPUTOLI MIA3EMHUX BOJ B OKUCIIOBAJIbHY 30HY OYJyTh BEJIMKI
BTpaTy (Pp13MYHOTO TEIJIa B HABKOJIMIIIHE CEPEAOBUIIE 1 YTBOPEHHUHN Y il 30H] ra3 Oy-
ne Matu Hu3bKy Temrieparypy (Menme 700 — 1000 °C). Lliei Temnepatypu Oyne He-
JOCTaTHBO JIJISI PO3BUTKY peakiliii razudikaiiii B CriBpO3MIpHUX 30HAX KaHAJy Ta3u-
dikarii. SAxmo gopkuHa KaHay rasudikallii B UX yMOBaX CTaHe OUIbIIE JOBXKUHH
OKHCHIOBAHOI 30HH, TO MICJIs HET 3pa3y YTBOPIOETHCSA 30HA TEPMIYHOTO PO3KIIAIaHHS 1
CyIIiHHS BYTriuid. I3 miazeMHoro razoreneparopa Oyjie BUXOIUTH ra3oBa CyMill, 10
CKJIaJIa€ThCs 13 Ta30BOi (ha3u IMOBHOTO 3TOPSHHS T'a3iB HU3bKOTEMIIEPATypPHOTO Tep-
MIYHOI'O PO3KJIaJIaHHS BYTULISA, BOJSHOI ApU 1 YACTKOBO KUCHIO. I3 HaBelIeHOro BU-
e 6aunmo, mo ePeKTUBHICTH TpoIriecy rasudikarii y 6araThb0X BUMAIKAX 3aJICKUTH
BIJl HASIBHOCTI B KaHall ra3u@ikanii TpbOX CHIBPO3MIPHUX 30H ra30yTBOPEHHS, a BO-
HU, B CBOIO YEPTY, BiJl MPABUIBHOIO 10O0PY BIACTaHI MK TYTTEBOIO 1 ra30B1J1B1IHOIO
CBEPUJIOBUHAMHU. A 3MEHILIEHHS MPHUILIMBY BOAU Y MiA3€MHUIN Ta30TeHEpaTop A0CS-
ra€ThCs MPABUJIBHUM CTBOPEHHSIM HABKOJIO Ta30reHepaTopa 30HU Tra30BOTO 1 TiAPO-
r'e0JIOTTYHOTO TOJIs, 110 3a0e3Meuye BIPKUMaHHS BOJU BiJl BOTHEBOTO BHOOIO.
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binpmricts 3aK0HIB TipHUYOT HAYKH BOJOAIIOTH 1HEPUIWHICTIO Aii, TOOTO micis
JESKOro 3aCTIMHOTO MEeP10Ay HEMHHYYE MPOSBISIIOTHCSA HACIIJIKU NOPYIIEHb 3aKOHIB.
TakuM 4MHOM, 3HAHHS 3MICTY 1 BUMOT 3aKOHIB Ta 3aKOHOMIPHOCTEH PO3BUTKY TipHU-
40JI00YBHOI TEXHOJIOT1i € HAaWBaXKJIMBILIOK YMOBOIO iX CBIIOMOIO BUKOPUCTaHHS Ha
BUPOOHHUIITBI.

8.4. llpukaanui 3axa4i 10 riaasu §

Po3paxyHOK TeXHIKO-eKOHOMIYHUX MOKA3HUKIB re0TeXHOJIOTIL

CyTTeB1 BIIMIHHOCTI T€0TEXHOJIOTIT B/l BIAKPUTOI 1 MIJA3€MHOT pO3poOKHU 00y-
MOBIIIOIOTH MIEBHEHY CIEeUN(IYHICTh CIOCO0IB MOPIBHAIBHOI OIIHKK METOAIB. OCHO-
BHA BIIMIHHICTb Yy TOMY, 11O IIPH F'€OTEXHOJIOr1T OI€PKYIOTh TOTOBUI MTPOJYKT, a IPH
BIJIKpUTIN 1 MIA3E€MHINM po3podui — rippudy macy. [Ipu nopiBHsHHI HEOOX1AHO Bpaxo-
BYBaTW BUTPATU HA BCIO MEepepoOKy pyau ad0 BYrijuisl A0 KIHLIEBOro NpoAykTy. Ede-
KTUBHICTh PO3POOKH IPYHTYEThCS Ha TPHOX OCHOBHUX IMOKA3HHMKAaX: MUTOMI KarriTa-
JIOBKJIQJICHHS, COOIBAapTICTh 1 MPOAYKTUBHICTH mpalli. KpiM X OCHOBHHMX IOKa3HU-
KiB HEOOX1JTHO TaKOK BPAaXOBYBaTH PEHTAOENbHICTb, TEPMIH OKYITHOCTI BUTpAT, Yac
OyIBHUIITBA MIANPUEMCTBA, KOe]ilieHT GOHAOBIAAAY1, PIYHUN EKOHOMIYHHUHN e(EeKT,
3HWKEHHS MOTPpedu 1 AediluTy B yCTaTKyBaHHI 1 MaTepiaax.

Heo0ximHo BpaxoByBaTH TaKOX COIIIbHHUM (DAKTOp — yMOBH OXOPOHH IIpaii,
IpHU SKUX TEOTEXHOJIOTIS Ma€ MepeBaru,ToMy Mo 3a0e3rnedye BUUMaHHS KOPUCHUX
KomnajanH 0e3 MPUCYTHOCTI JII0/Ie B OYMCHOMY BHOOI.

Henoniku TpaauuiitHuX METO/IB y MOPIBHSHHI 3 TEOTEXHOJIOTIEIO:

— He 3a0e3Meuy0Th BUCOKMX TeXHIKO-€KOHOMIYHUX MMOKA3HUKIB;

— HE3a/I0BUIbHA JUHaMIKa (POHAO0BI/1aul YEpe3 BUCOKY MTUTOMY Bary MacUBHHUX
¢doniB (TipHUYUX BUPOOOK);

— BUCOKa (DOHJIOEMHICTD 1 Kl TAJIOMICTKICTh;

— HEOOXI1/IHICTh PEryJISIPHOI MIATOTOBKHU MPOTATOM YChOI'O MEPIOy eKCIuTyaTa-
111 HOBUX JIUISTHOK JJ1S1 BUZ0OOYBaHHS.

VY 3B’3Ky 3 ITUM MalOThCS JI€sIKI OCOOJMBOCTI B OIIIHIII METOIB T€0TEXHOJIOT1-
YHOI PO3pOOKU POJOBUIN KOPUCHUX KomaiauH. Hukye HaBeleHa MOCIITOBHICTH BU-
3Ha4YCeHHS AesSKUX Moka3HuKiB. KoedimieHT GoHmOBIAIaul BU3HAYAETHCS 3a POpMYy-
JI0K0

MCO

By = (8.29)
ne M — piuHuil o0cAr KiHIEBOi npozLyKui'l', T; Cp — OITOBA I[iHA KIHIIEBOI MPOMYKIIIi,
rpH./T; K — KamiTalbHiI BUTPATH, TPH.
[Toka3zHHMK peHTa0EILHOCTI BU3HAYAETHCS 3 BUPA3y
_ (Cp=0)

b= o (8.30)

ne C — co6iBapTICTh TOTOBOI MPOYyKIIii, TpH./T; @, — cepeAHbOPIYHA BAPTICTH OCHOB-
HUX BUpOOHMYUX (OHIIB, TpH.; D5 — cepeqHbOPIYHA BapTICTh HOPMOBAHUX 000POT-
HUX KOIITIB, IPH.

TepMiH OKYHHOCTI KalliTaJOBKJIAJAE€Hb € BEJIUYMHOIO, 3BOPOTHOIO IMOKA3HHUKY
peHTa0eNbHOCTI
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T=—. (8.31)

[IpuBenena co0iBapTiCTh TOTOBOI MPOTYKIIii

eyx'K
Ch=C+—, (8.32)
M
1ie €,; — HOPMaTUBHUHN rainy3eBHil KOe(DIIli€eHT EKOHOMIYHOI €()eKTUBHOCTI.
L{iHHICTH POJOBUINA BUSHAYAETHCS 3 BUPA3Y
11 = (Co-C) - 3. (8.33)
Jonyctuma co0iBapTiCTh KOPUCHOT KONAJIUHU, TPH./T
_C _—___ K
C,=0C, M-(1— - (8.34)
(1-ey)M
ExoHOMiuHa €)eKTUBHICTh T€OTEXHOJIOTITYHOTO METOLY
eqx'Kq eg'K
B = (€ +2) - (¢ + 25, (8.35)
1

ne C; — co01BapTiCTh FOTOBOI NPOAYKIII NpU TPAIULUIHHUX METOAaX pO3pOOKH pojio-
BUIL KOPUCHUX KONAJIHH, TpH./T; K; — KamiTajlbHI BUTPATH NPU TPATULIAHUX METO-
nax, rpH.; M; — piyHUi 00CST KIHIEBOI MPOAYKIIIl HA TIAIPUEMCTBI IPU TPaaULIAHIMA
TEXHOJIOII, T.

[Tpukian pimeHHst AMBUCH 1oAaTOK JI.

KoHTpoJIbHI 3anIUTAHHA

1. OcHoOBHI xeperna 3a0pydHEHHs TPYHTOBOTO IIapy 3eMJIl MPHU MiA3EMHOMY
BUJIYTOBYBaHHI.

2. SIx po3paxyBaTu NMepeMilIeHHS MPOMHUCIOBUX CTOKIB Y BOJOHOCHHX TOPHU30-
HTax?

3. SIki 3ax0au HEOOXI1THO BXKUTH JJI 3ar00iraHHs pO3TiKaHHS POOOUYHUX 1 MPo-
OYKTUBHUX PO3UMHIB Y TIPCbKOMY MACHBI IIPH MiI3¢MHOMY BHJIYTOBYBAaHHI pyA?

4. Criocobu migiiMaHHs TPOJYKTUBHUX PO3YMHIB IO CBEPJIOBHHAX IPH IIi-
J36MHOMY BWJIYTOBYBaHHI i OOTpYHTYBaHHS OLIbIN JOLUIBHOTO 3 HUX 3 MO3HUIIIHN 3a-
nobiranHs 3a0pyaHeHHs aTMochepu.

5. OCHOBHI HIKIITTUBOCTI MPOIIECY MiA3€MHIM BHUILIABII CIPKU 1 3aXOJH MO iX
YCYHEHHIO.

6. 3axonu 3axucTy arMoc(epu 1 MOBEPXHEBUX BOJ BiJ 3a0pyIHEHHS TIPH TIi-
J3€MHIM BUIUIABL1 CIPKU.

7. SIxi HeraTHBHI €KOJIOT1UHI HACTIAKU MOXKYTh OyTH MpH MiA3eMHiH ra3udika-
uii Byriyuia? o Tpeba 3pobutu s ix mokamizarii?

8. Sk 3M1ACHIOETHCS JIIKBIJIAllisl T€OTEXHOJIOTIYHUX CBEPIUIOBUH MICHS 3aBEp-
IICHHS BIAMpPAIOBaHHS POAOBUIIA (IUISTHKH)?

Cnucok Jiteparypu a0 rjiasu 8

1. Apenc, B.K.®uzuko-xuMudeckass reotexHoyiorus [TekcT]: ydeOHHMK ist
By30B/ o1 o6miei pexakuueit B.JK. Apenca. — M3marensctBo MI'Y, 2010. — 575 c.

284



2. bonpapenko, B.I., Tabauenko, H.M. 3akoHu 1 3aKOHOMIPHOCTI TIPHHUYOI
Hayku [Texct] / B.I. bormapenko, H.M. Tabauenko — 1998. — /ninponerposck: HI'A
VYkpainu. — 40 c.
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BUCHOBKH

[IpoBinHe Miciie B MPOMHUCIOBOCTI YKpaiHa 3aiiMae BUAOOYTOK KOPHUCHHUX KO-
nayvH. Y JaHWi yac BUAOOYBAaHHS TPAAULIMHO BEAETHCSA MiA3EMHUM 1 BIAKPUTUM
crocobamu, siIKi BUMararoTh MPUCYTHOCTI JIFOJEH Ha MiCIli BAKOHAHHS TIPHUYUX PO-
01T, 110 TOB’s3aHe 3 BAXXKMMH yMOBaMH Tparli, SKi OKpiM BHJIOO0yBaHHS KOPHUCHOI
KOTAJIMHA XapaKTEePU3YIOThCS CYNyTHIM OJIEpXKAHHSIM 1 MEPEMIIICHHSIM MiJIbHOHIB
TOHH IyCTHUX TOPIJ, 10 PO3MIIIYIOTHCS Ha 3eMHIH MOBEpXHi. SIK HACIIAOK, MPOIYK-
TUBHICTh Tpalll 3HUXKYETHCSA, a COOIBAPTICTh KOXKHOI TOHHH BHJIOOYTHX KOPHUCHUX
KOMAJIMH 3POCTaE.

31 30UIbIIEHHSM TIMOMHU PO3POOKU HENOMIKUA TPAIULIMHUX TEXHOJOTIH 30i-
JBIIYIOTHCS:

— BUKOPHUCTAaHHS BYTLJUIS, SIK TBEPJOTO HaJliBa MPU BUPOOHULTBI €JIEKTPOCHEPrii 1 B
KOMYHaJIbHO-TTOOYTOBOMY CEKTOP1,[IOB’3aHE 3 BEJIMKHUMH TPAHCTIOPTHUMH BHTpaTa-
MU, HU3bKUM KOE(ILIEHTOM KOPUCHOI J11i, ICTOTHUMH BTPATaMHM 1 CEPHO3HUM HeraTH-
BHUM BIUTMBOM Ha JIOBKIJIJIS;

— BUJOOYTOK ypaHy MIJ3€MHUM CIIOCOOOM MPU3BOAMUTH A0 30UIBIICHHS KUIBKOCTI
BIJIBaJIIB, JUIsI SIKMX HEOOX1JHA MaKCUMaJIbHA YTUJI13a1lisl B HAWKOPOTIII TEPMIHHU.

— BUJO0OYTOK CipKH 3a0py/IHIOE HABKOJIMIIIHE CEPETOBHUIIIE.

[TimzeMHa rasudikallis Byriuis mo30aBiieHa 3a3HAYCHUX HEAOJIKIB. Ines ra3u-
dikarii Byriyuisi, 0 TOJATAE B MEPEBEICHHI BYTULIS 3 TBEPJIOTO CTaHy B Tra30Moio-
HUM 0e3MocepeIHbO Ha MICI HOro 3ajsraHHs, IijKa3aHa IPaKTUKO pO3pOOKHU BYTi-
ApHUX TIacTiB y JloHenpkoMy OaceliHi Ykpainu. TyT BoHa mepeBipsuiacs B pi3HUX
TIPHAYO-TEOJOTYHUX YMOBaX, MIATBEpHIIa CBOIO MPAIE3JaTHICTh 1 yI0CKOHAIIOBA-
nacs.

Buno0yTok ypaHy BHJIYTOBYBAHHSIM y MOPIBHAHHI 3 TPAAULIMHUMHU METOAaAMHU
BUI00YBAaHHS Ma€ HU3KY MepeBar moA0 TEXHIKO-€KOHOMIUYHUX MMOKAa3HUKIB, COLialb-
HOTO 3HAYECHHS, OXOPOHU HABKOJUIIIHBOTO CEPEIOBUIIA Ta 3ATYUCHHS 10 PEHTA0Eb-
HOI eKcIUTyaTallii poJOBHUIL OIHUX PyJ, IO 3aISITal0Th y CKIAJHUX TIPHUYO-
reoJIOTTYHUX YMOBAX.

Crnioci6 mijg3eMHOT BUIUTABKH CIPKH B JICKUJIbKA pa3iB OUIbII €KOHOMIYHUM 1 J10-
3BOJISIE 3BECTH 3a0PYTHEHHS JOBKUUIS 10 MIHIMyMY.

PesynbraT TEOPETHUYHUX MOCIHIKEHb 1 MPOEKTHO-TEXHOJOTIYHUX PO3POOOK
CBITYaTh MPO MEPCIEKTUBHICTh, EKOHOMIYHY ¥ €KOJIOT1YHY €()EeKTHBHICTh 3aCTOCY-
BaHHS re0TeXHOJOT11 — TexHouorli XXI cromiTTs, mo 3ade3neuye JOACTBY BUPIIICH-
HS aKTyallbHUX COIIaJIbHUX MPOOJeM, MOB’S3aHUX 3 PO3POOKOI0 1 BUKOPHCTAHHSIM
€HEPreTUYHUX PecypciB.
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Jlooamox A
3aranbHa Kiaacu@ikaiis MeToaiB 32 00’€KTAaMU BIJIMBY Ta
croco0iB Bu100yTKy o Kanabiny A.lL

[ ['eorizporexHooris ]
_~

[ KocMmiyHa TexHosoris ] [ INipporexHonoris ]
[ I'eorexHomoris ]
|
[ HayxoBi ocHOBH ]
— ~
ACTpOHOMIS, KOCMOHABTHKA, dizuko-reorpadivHi, TiAPOIOTiUHI,
XiMi4Hi 1 i3UKO-XIMIYHI HAYKU Tigporeonorivyni, (i3uKo-XiMidHI 1 TEXHIYHI HAYKH

["eooris, Teoximisi, MiHEpAJIOTis, TiApoTeooris, pizuka, Ximis,
reo¢izuka, reomikpooiosoris, (izuko-ximMiuHa TigpoMexaHika,
MeTaTypTisl, TipHAYA CIIpaBa 1 iHII TEXHIYHI HAYKH

[ Kocmiuni Tina ] [ O0'ekTH BILTUBY ] INuopocdepa (okeanu, Mops,
03epa, IMiJI3eMHI BOJIN)

[ Kopa 3emui 1 MmaHTis ]
[ Metoau BUI00yTKY MiHEpAIbHOI CHPOBUHU ]
Di3uK0-XIMi4HI l— f —| BunaproBanss
[ I'iagpoBuao0yTOK qepg P ]
- ) CBCPUIOBHUHH: —[ BuMopoxyBaHHs ]
[ Ilinzemue BUIyroByBaHHs | a) PyAH 3 OHOYACHUM
il BUWJIyTOBYBaHHSIM; Tepmoximiune
[ [Tin3eMHe po3unHEHHS ]— 0) KOPUCHUX KOIAJIUH MTOM'AKIIIEHHS
erinna, Topd TOLLIO)j
[ Minsemna pummaska | l loroobmin ]
ITinzemua rasudikanis . R
— XimiuHi Ta eIeKTPOXiMiuHi
[ Cy0uriMarrist (B3roHKa) ]— — (enexTposiais
Meranypriiina p ’
[ 0 | nepepobka pyroHOCHUX CIIEKTPOOCMOC,
eperoHka I— o . 11
P | PO3UMHIB i rasis ManTil ) enextpodopes i in)

[ Mertonu CTBOpEHHS i 30araueHHsI pOJTOBHUII KOPUCHUX KOTIAJINH ]

poaoBuIl 3a 10IMOMOT 00 HpI/IMYCOBOI HOBerHi HUTAXOM BUITYCKY YC€PE3 CBCPAJIOBUHUA

(" . ) ..
CTBOpEHHS B 30HI TillepreHe3y 0cafoBUX CTBOpEHHS POJOBHUIL B 30Hi rineprenesy abo Ha
B

BOJIHOI Mirpallii eeMeHTIB 3 PYAOHOCHHMX PEYOBHHU MAHTIl 3 BAKOPUCTAHHSM
\_  OCA/LKCHHAM iX B HAMIYEHMX MicCIsIX ) TiIpOTepMaIbHUX Ta IHIIMX PYAOCTBOPIOIOYHX TPOLIECi
r \
CTBOpEHHS 32 IOTIOMOT OO ( Bukpicranizais coneil COHIYHUM TETUIOM i
010XiIMIYHMX TPOLIECIB POJOBHIL BHMOPOKYBaHHSIM MOPCHKOT BOJH B
L CipKH, TPUPOJHUX Ta3iB 1 T.1I. ) L 3aMKHYTHX BOJOHMaxX
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Jlooamox b

Tunizaiis ymMoB mijizeMHOro BuiyrosyBanHs o Hosuk-Kanany B.I1.

Tadomung b.1.

I'pyna pono-
BHIII 32 CTYyIIe-
HeM 3B’SI3HOCTI

ripHuyo-

PYAHOI MacH

OcHoBHI npupoaHi
(axkTopu BHIYroBy-
BaHHHA

Tunu poroBuil 3a CYyKyNHICTIO NPUPOAHUX (PAKTOPIB BUITYTOBYBAHHS

I Tun - nyxe cupu-
ATJIUBI

II Tum — cnpusATINBI

III Tun — HecIpUATINBI

IV Tun — BeabMu
HeCTIPUATIUBI

CepeHiii BMICT KOpHC-
HOTO KOMITOHEHTa %

Binbm HiX y 5 pa3iB
BHILIE MIHIMAJIbHOI'O
POMHCIIOBOTO

VY 2 — 5 pa3iB Bule
MiHIMaQJILHOTO TIPOMH-
CIIOBOTO

MiHiManpHa POMHCIIOBE

Hwuxye MiHiMaIbHOTO
MIPOMHUCIIOBOTO

Cknaz pyaHoi MiHepalti-

CaMOCTIIiH1 OKHC-

CamocriitHi MiHEpamy;
KOPUCHUI KOMITOHEHT

Benuka yactuHa KOpucHO-
ro KOMIIOHCHTA y BI/IFJIHILi
130MOp(hHUX JTOMIIIOK;

Kopuchuii KOMIOHEHT
OB’ sI3aHMM 3 O1TyMa-

3arii JIeH1 MiHepaIn Ha 50% B 3aKHCHIH o ;
(bopmi: € cybiian CaMOCTINHI MIHEPAJIH T1- mu abo docharamu
’ ITOreHHI
Koe‘b‘m;}/‘;o‘%?“pa““’ 2,0 -8,0 1,0 —2,0; 8 — 10,0 0,1-1,0 1,0 —2,0; 8 — 10,0
Koedimient ¢inbrpa-
IHHOT HEOAHOPITHOCTI, 1,0 1,0 -0,75 0,75-0,5 0,5-0,25
YACTKU OJUHHUIM
r“”‘;*i Z;f:{riai‘” B 10 150 150 — 800 300 — 500 500
Xagjf:fy?}igifoﬁm ! PerionaneHi, 5 PerionaineHi, 5 JlokanpHi, 5 BincyTni

CriBBiHOIICHHS MTOTY-
YKHOCTEM B IIPOYKTHUB-
HOMY IUIACTi

1:1

1:1-1:5

1:5-1:10

1:10

Pexxum minzeMHUX BO

Hamipnwii; camoBu-
JIMB Ha TIOBEPXHIO

Hamnipuuii; m’e3omer-
pUYHOTO PiBEHB Ha
rmbuHi 10 50 M

Hanipho-6e3HamipHuii;
PIBEHB BHIIE TIOKPIBII1
HPOJYKTUBHOT'O IJIACTa

besnanipuuii; cratud-
HUH piBeHb — HA M03-
HaYIli TOKPIBJi py.I-
HUX T
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IIpooosocenns mabauyi b.1.

I'pyna poapoBuin
3a CTyIIeHeM
3B’A3HOCTI rip-
HUYOPYIAHOI

OcHoBHi npupoaHi
(¢axkTopu BHIYroBy-

Tunu ponoBui 3a CyKyNHiCTIO NPUPOAHUX (PAKTOPIB BUIYTOBYBAHHSA

I Tvm — pyxe

. . IV tun — BeibMu
BAHHSI . II T — conpuaTausi | III THn — HecIpUATIMBI .
CIIPUSATJIMBI HeCNPpUATIUBI
MacH
[Tnactuuani Kap6oHnaTHicTb, % 0 0-1,0 1,0-2,0 2,0
binbm HiXk y 5 pasiB

CepenHiii BMiCT KOpH-
CHOT'O KOMITIOHEHTa %o

BHILIE MIHIMAJILHOT'O
ITPOMHCJIOBOTO

VY 2 — 5 pa3iB Buie
MiHIMaJIBHOTO IPOMH-
CIIOBOTO

MiHiMaTBHUN POMHECIIO-
BUi1

Huxye MiHIMaIbHOTO
MIPOMHCIIOBOTO

Cxnan pyaHoi
MiHepai3amii

CamocriiiHi okuc-
JIeH1 MiHepamu

CamocriiiHi MiHepany;
KOPUCHUN KOMIIOHEHT
Ha 50% B 3aKHCHIH
dopwmi; € cynabdian

Benuka yactuna Kopuc-

HOT'O KOMIIOHEHTA y BU-

sl 130MOp(HUX TOMi-

IIOK; CaMOCTIiiH1 MiHepa-
JIY TIIOTeHHI

KopucHuii KOMIOHEHT
noB’si3aHui 3 OiTyma-
Mu abo ocharamu

Xapakrep pyIHOi
MiHepai3amii

HanboTH 1 Kopouku
Ha CTIHKaxX KpPUTHX
TPIITUH 1 IOp

JpiOHOTIPOKUITKOBA
TPILIMHA, 1110 LIEMEH-
Ty€ TIPHUYOI OPOJIU

MacuBHa, XXUJIBHUX IO
BEJIMKUX TPIIIUH

Bxparmiena, poscisiHa
1o BCiit Maci TipHUYO1

I'mubuHa 3ansarans

100 - 150

TTOPOJIH
Jlo 50 — 100; B 30Hi

Bl OBEDXHL M 150 —300 300 - 500 perioHabHOI TPIIIH-
it PXHL, HyBarocTi 6isb1e 500
Kyr naninms 60 60 - 80 Jlo 30 0

PYJAHHUX TUI, Tpaj.

Hanxomkenss miase-

. .. . . . Hanxomkenns oinze- [TpurumB mig3eMHUX BOJT MHUX BOJI 13 30HH pe-
I'igporeonoriuni Ilig3eMu1 Boau Bij- . . ..
MOBH P MHUX BOJ| Y BUTJISAII 0 JIOKAJIbHOMY PO3JIOMY; | T1OHAJIBHOI TPIIIMHY-
y y HPOTIKaHHS MO>KJIMBUH JIpEHAX BATOCTI 1 JIOKAJIbHUX
pO3JIOMiB
Kap6onatHicTs, % 0 0-1,0 1,0 >1,0
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Di3UKO0-re0JI0TiYHI YMHHUKHU TA OLIHKA iX BIJINBY
HAa BUI00YTOK KOPMCHUX KONaJauH 3a ApenceM B.7K.

CBepay10BUHHUM TiAPOBUA00YTOK

JI1st CBEpITTIOBMHHU T1APOBUIO0YTKY HAMOUIBII CHPUSTIMBI POJAOBHUIIA 3 Py/ia-
MU HEBHCOKOI MEXaHIYHOI MIITHOCTI, IEPEKPUTUMH BIJTHOCHO MIITHUMH a00 IJIacTHY-
HO JIe(hOpMOBaHUMU TTOPOTAMH.

CTilKICTh TiApOCYMINICH MICIs pyHWHYBaHHS BHU3HAYAETHCS TPAHYJIOMETpUY-
HUM 1 MIHEpaJIbHUM CKJIaJ0M 3€pPEH MOPO/IH.

Tabmuusa b.2.
.. BaacrusocTti
MexaniuHi BJ1ac- .
YMoBH po3poOKu . NOKPUBHHX NO- | DopMa pyAHHUX TiJ
THBOCTI pyau .
pia
) ) . .. [ToTy>xHi,
Xopori ITyxx1 Mi11H1 MOHOJIITH1 )
KPYTOIOXUJII

, : : o I'opuzonTansHi a60
3B’s13aHi, HamiBCKe- | MilHI TPIIIHHY-

Cepenni . . . | moxwi, cepeaHboi mo-
JBHI BaTi, TUIACTUYHI :
TY>KHOCTI
[ToTpeOytoTh KOHK- . : ToHKi siKi TOpU30HTA-
peoy . CkenpH1 ITyxxk1 p
PETHOTO aHAITI3Y JHHO 3aJISTAI0Th

Benukuii BIUIMB Ha yMOBH CBEPJIOBHHH TiApOBUAOOYTKY HaJamTh (popma i
€IeMEHTH 3aJsiTraHHs pyAHuX Tiia. COpusSTIMBI IS BIANPAIIOBAaHHS KPYTOIOXHIII
PYIIHI Tija, B IKMX PO3MHUB MOKE 3/[1HCHIOBATUCS 3HU3Y Bropy, a TiapoCcyMill BiaKa-
YyBaTHUCS 3 HWKHBOI YACTHHHU KaMepu PO3MHBY. Taka >k TEXHOJIOTiS MOXE 3aCTOCO-
BYETHCS B IUIACTAX BEITUKOI MOTY>KHOCTI.

IMin3emMHe po3unHEeHHA

OCHOBHOIO TEXHOJIOTTYHOIO BJIACTUBICTIO COJIEH, SIK1 BIANPALbOBYIOTHCS METO-
JIOM T1A3€MHOI'0 PO3YMHEHHS, € IX PO3YMHHICTb Y BOJII 1 IIBUAKICTh PO3YMHEHHS, 110
3aJieXxaTh BiJl MIHEPAJILHOIO CKIIaLy 1 TeMrepaTypu. 3 TEXHIYHOI TOYKH 30pY BHJIO-
OyTOK KaM’SHOI Ta KaJlMHOI coJied, a TakoX OIoQiTy 1 ASSIKUX IHIIUX JIETKOPO3-
YUHHUX MIHEPaJiB MOXHA 3IMCHUTH IPAKTUYHO B OyAb-SIKUX YMOBaX.

Tabmuus b.3.
3MicT HEpPO3YNMHHMX JOMIIIIOK
I'nubouna, m
0-5 10 15 20 25 30
400 30 35 40 45 60 70
800 45 55 60 65 80 90
1600 105 120 125 140 155 165
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Tunizauiss yMoB po3poOKH CipYaHUX POJIOBHIILL

Taomung b.4.

YMoBH po3po0kn

IMoka3uuk . Co SIKi BUMaraloTb KOHKpeT-
xopouri 3a10BiIbHI .
HOT'0 aHAJI3Y
Cepenniii BMICT CipKH, > 20 20-10 <10
Butsr cipku, % >70 70 —40 <40
[Tonocyara, MpoKUIIKOBA, ['Hi310BO-BKparuieHa,
Tekcrypa pya (mepeBaxHa) . Jucnepcua
IPOKMIIKOBO-THI3/10Ba HPOKIIIKOBO-BKpPAIICHA
CrpykTypa cipku (IepeBaxHa) SIBHOKpHCTaJIUHA [IpuxoBaHOKpUCTANIIYHA —
LinpHNH

JliTosoriuHui cKiaz miacra

KaBepHo3HuUIi BanHsK

CrnabokaBepHO3HMM BaITHIK

HEKAaBEPHO3HUI BaITHSK

['iaporeosoriuyHi yMOBH Cip4aHOTO

['iaporeosoriuyuo

Po3BaHTa)XEHHS BOJI yTPYTHEHO
1 3HAXOAWUTHCS HA 3HAYHIN

I'iaporeonoriuno

TMOKJIA, 3aKpUTHIA TIOKJIA, . . O3KPUTHH MTOKIIA
o P ! BiJICTaHI BiJ] MOKJIATy PO3Kp !
BoponornHanHs, M>/rox Ha 1 M
A AT, A 0,51 (0,1 -0,5); (1 —3) >3;<0,1
MOTY>KHOCTI Tipu TUCKY 1 MIla
[ToxpuBHI mopoau BononenponukHi CnaboBOIOTPOHUKHI BomgonponukHi

[TigcTrapHI TIOpOAN

BogonenponukHi abo 3 He3HaU-

HOIO (DiTbTpaIli€ro

BononpoHukHi HIXKYe, HIXK Y TTOPiT
CIPKOHOCHOTO TI1acTa

BogornpoHukHi BUILE HIXK Y
MOPi CIPKOHOCHOTO II1acTa

[ToTy>XHICTH CipuaHOTO TOKJIAAY, M >10 10-3 <3
[ToTy>xHICTh O€3pyAHUX LIAPIB Y 3 1-3 > 5
CIPKOHOCHOMY IIJIacTi, M
I'mubuHa 10 cipyaHOro MOKJIALy, M 120 — 500 80 —120; 500 — 1000 <30;>100
3armacu Cipku Ha OTYKHICTh MIAPHEM-
ctBa 100 Tuc. T Ha pik (IpH 3MiHI TOTY- 3 3.1 <1

’KHOCTI 3aI1acyl MPOIOPIIIIHO 3MIHIOIOTh-
Cs), MJTH. T




Kpurepii oninky npuaaTHOCTI BYTiJIbHUX IJIACTIB 32 re0JIOTriYHUMHA
(¢pakTopamu 10 migzemMHoi razudgikamii

3anmacu i Mapka BYrijuif. 3amacu Byriuis BU3HAYAIOThCS, BUXOASYU 3 HEOO-
X17THOT MPOEKTHOT MOTYHOCTI 1 TepMiHY C1y>k0u. ITpu BiCyTHOCTI 3a71aHOTO TEPMi-
HYy CIy>KOM 3amacy BYTULIS OBUHHI 3a0€3MEYUTH OKYIHICTh KaiTaTbHUX BKJIAJIEHb
»IIOB’SI3aHUX 3 OYIIBHUIITBOM 1 €KCIUTyaTalll€l0 Ta30reHEPaTOPHOTO MiAMPHUEMCTBA.

IMoTy:xHicTh ByriibHUX MJacTiB. [[0TyXHICTh ByTUIbHUX TUTACTIB BIUIMBAE HA
TEXHIKO-€KOHOMIUHI TMOKa3HUKHU MEPETBOPEHHS BYTULI B razomonioHe mammBo. ['a-
3u(ikaris TOHKUX 1 BEJIbMH TOHKUX BYTUIBHUX IJIACTIB XapaKTEPU3Y€ETHCS HU3BKOIO
€KOHOMIYHICTIO.

CrpykTypa i Tekcrypa BYriJIbHHUX IUIACTiB. SIKICTh BUXIAHOrO BYTULISA
BILJIMBA€ Ha TEIJIOTY 3rOPSHHS 1 CTYMiHb ra3udikaiii ByriibHuX miaactiB. ToMmy kpa-
e rasugikyBaTH BYTUIbHI IJIACTU MPOCTOi OyA0BH (0€3 MOPOAHMUX MPOIIAPKIB). 3a
HAsIBHOCTI IPOLIApKy HEOOX1/IHI JaHi Npo MOro CTyneHb NPOrpiBy 1 MOKIMBOCTI Te-
pMiuHorO pyiHyBaHHs. [Ipu razudikarii Byriuisi BUCOTa 30HU MPOTPIBY MOPIiJ MOK-
piBmigot = 1200°C cknana (1,0 — 1,5) m (m — noTy>kHICTh IJ1acTa).

Buxoasuu 3 bOro TOBIIMHY HOPOJHOIO MPOLIAPKY CJIIJI TPUIMATH:

— pu BriopsigkoBaHomy o6BanenHi (0,7 — 0,8) m;
— npu 6e3nagHomy oo6sanenHi (0,4 — 0,6) my, (M, — NOTYXHICTh HWKHBOI BUTa30-
BaHOI NMaYyKy BYTUILHOTO IJIACTA).

30JIbHICTDh BYTiJUIfA. 30JIbHICTh BYTULIS BIUIMBAE HA MPOTIKAHHS TPOIECY TIi-
na3eMHoi rasudikanii. 3 ii 30UIbIICHHSIM 3MEHIIYETHCS BITHOCHUN BMICT BYTJICIIO B
NaJMBI; 3pOCTAa€ BUTPATA TEIJIa HA HArpiB 30JIM; CIIOCTEPIraeThCcsl HEPIBHOMIPHE BH-
ra3oByBaHHs 110 MOTY>KHOCTI (32 HABHOCTI MOPOJIHUX MPOIIAPKIB); 3HUKYETHCS TEIl-
J10Ta 3rOPSIHHS.

3a pe3yJbTaTamMu JOCIIKeHb Ha npoMuciaoBux ctaHiisax [1I'Y moxna 3po0u-
TH BUCHOBOK IPO B3a€MO3B’A30K 30JIbHOCTI 1 MOTYKHOCTI OYpOBYT'UIbHUX IUIACTIB.
Jlns rasudikanii Byruuis npuaaTHI 1iacTu 3 30bHICTIO 10 30 — 35%, okpemi mauku
JOTYCKAIOThCA 3 30JIbHICTIO 45 — 50%. Kam’sine Byriuist npunathi mis [I'Y 3 30516-
HicTio 10 30 — 35% npu noty>kHoCTI Tacta 0,8 — 1,2 M.

I'nuduHa po3pobku ByriibHUX miaactiB. PogoBuilia ByriyIbHUX TUIACTIB 3aJ1s-
raroth Ha riauouHax Big 70 1o 1000 M 1 6inbine. III'Y ekoHOMIYHO BUIIpaBIaHa MpU
Oynp-sikiii TuOWHI 3ansraHHs. MiHiManbHa TIUOMHA PO3POOKH CKIagae OIM3bKO
70M.

[Tpu rasudikarii KpyTHX MIACTIB PO3MIpU LUIKKIB Yy MPUTIOBEPXHEBIH 30HI1 IO-
BHHHI ckianatu (8 — 12) m, ane He meHme 25 — 35 m. Lle HeoOXiaHO 11 3ar00iraHHs
3eMHO1 MTOBEPXHIi BiJl MPOCIaHb 1 IPOPHUBIB AYTTS 1 ra3y 4epe3 TPIIIMHU Oi1s1 BUXOTY
I1acTa IiJi HAHOCH.

Kyt nmaginaa muacra. MeronoM migzeMHoOi razudikanii MoXHa po3poOisTH
TOPU30HTAJIbHI, MOJIOT], KPYTOMOXMJIIX 1 KPYTI IJIACTH KaM SHUX 1 OypOBYT1IbHUX
POIOBUIL.

Iopywmenns aisnok rasudikanii. Ha crifike Benenns npornecy I1I'Y Hera-
TUBHUM BIUIMB CHPUYMHSIOTH TEKTOHIUHI MOPYIIEHHS, PO3MUBH BYTUILHOTO ILJIacTa,
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3aKapCTOBAHUX JIUISHOK, 00 SIK BOHM 3HWKYIOTh TEIUIOTY 3rOPSIHHA ra3y, 301IbIIYIOTh
BTpaTH BYTJUISI, BUTIK JYTTS 1 IEPBUHHOIO ra3sy.

Bogonpumiue 10 mig3eMHHMX ra3oreHeparTopiB i TemjioTa 3rOpsiHHA rasy.
Bononpumnnusu 10 aiasiHOK rasu@ikaiiii 3Ha4HO BIUIMBAIOTh HA TEIUIOTY 3TOPSIHHS
raszy i Ha iHi nokazuuku npouecy II'Y. Pscue HagxomKkeHHs MiA3eMHUX BOJ| 3HU-
KY€ TEIUIOTY 3rOpsiHHA rasy, a Mpu 3HAYHOMY ii HAaJIXOJPKEHHI B OCEPEIOK TOpPIHHS
MO3K€e TIOBHICTIO PO3JIaIHATH Ipoliec ra3udikairii.

OO0BoaHeHICTh BYTJIBHOIO Iuiacta. Hagaumiok BOJOTM HEraTUBHO BIUIMBAE
Ha npouiec [1I'B: 3HmKye Temiieparypy B peakiliiiHii 30H1 rasudikaiiii, B pe3yJbTari
YOTro CIMOBUILHIOETHCS MIBUIKICTh XIMIYHUX PEaKIIii, 0COOIMBO €HJOTEPMIUYHUX pea-
Kiiif; Terutota 3ropstaas ra3y 1 KK/ rasudikanii 3umxyerbest, Hamani nporec [1I'Y
MO>K€ MPUTTUHUTHUCA.

Henonik Bomoru Moske MpU3BECTH J0 3alBOr0 PO3BUTKY TEMIIEpaTyp, po3ILia-
BJICHHS 30JIbHOI YaCTUHH BYTULIS,, YTBOPEHHIO LIIAKIB 1 IPOrpaBaB, MOPYLIEHHS piB-
HOMIPHOCTI PyXy 1yThOBOI'O MOTOKY.

IIponuknicTs ByriibHux miaactis. [Ipouec miazeMHoi rasudikariii BiaOyBa-
€TbCS B MPUPOJHMX YMOBAX, TOMY (UIbTpaliiiHi BIACTUBOCTI IUIACTIB BiAIrParOTh
BEJIMKY POJIb.

Ha ocHOBI ra3onpoHUKHOCTI IJIACTIB 30CHOBaHa (iubTpalliiiHa 30iiika cBep/I-
JOBUH. UMM BUIIE TPOHUKHICTh, TUM IIBUJIIC BiJOYBAETHCS BOTHEBA (hUIbTpalliiiHa
301iika CBEpUIOBUH. Y Tepioj TEPMIYHOI MIATOTOBKHU Ta CYIIHHS BYTULIS MPOHMK-
HICTh MIJABUIIYETHCS, TOMY 3pOCTa€ peakiliifHa 3aTHICTh BYTLULIA, IO B CBOIO YEpry
I1JIBHIIY€ TTPOIICC OKUCHMX 1 BITHOBHUX PEaKIIi.

BusnayanbHUM kK€ KPUTEPIEM B OIlIHII BYTUIBHUX POAOBHIIL 1100 MPUAATHOC-
Ti 10 III'B € He CTiIbKM MPOHUKHICTH CaMOTO BYT1IBHOTO IIACTA, CKIIBKH CITIBBIJI-
HOIIEHHS MPOHUKHOCTI BYTUIBHOTO MacuBy 1 619HuX mopi. Lle cmiBBigHOIEHHS TTO-
BUHHO OyTH He MeHIe 18 — 22.

lipebkmii Tuck. Y nporeci [1I'B yTBoproroThest mopokHUHU. 301IBIICHHS PO-
3MIpIB peakuiMHOro 00’eMy 1 CTIMKICTh MOPIJ MOKPIBJl € MUTAHHSIMHU MPUHIUIIOBOI
BAYKJIMBOCTI 11 TexuoJiorii I11'B.

[IisibHE 3aMTOBHEHHSI BUPOOJICHOTO MPOCTOPY 1 OJIM3bKE pO3TAlllyBaHHS 3arloB-
HIOE MaTepiary O1JIss BOTHEBOr0 BHOOIO 3a0e3nedye 30epekeHHsI MOCTIMHOro mnepepis3
KaHany razudikariii ta criikuii nponec [1I'B npotarom tpusanoro yacy.

Brpatu Byrinas y nHaapax. Y nporieci I[II'B BTrpatu KoprucHOI KOIajquHK CTa-
HOBJIITH 20 — 25%, iHOa1 35 — 40%. BTpaTt po3moAiISroTECS 3a IJIOMICHO 1 32 MOTY-
KHOCTIO. BTpaTu 3a MOTYXKHICTIO B JIEKIJIbKa pa3iB MEPEBUIIYIOTh BTPATH 3a TLIO-
LICHO.
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Jlooamox B

Budip onTuMaibHUX TEXHOJIOTIYHUX MapaMeTpiB
CBEPIJIOBUHHOTO BUI00YBAHHS KOPUCHUX KOMAJINH

[Ipu po3paxyHKy mapameTpiB CBEPAJOBUHHOIO TiAPOA0OYyBaHHS BU3HAYAIOTh-
Cs1 3a1acy KOPUCHHUX KOMAJIMH 1 COO1BaPTICTb.

Ilpuknao piwennsa. Po3paxyBaTu npuOyTOK MiANPHUEMCTBA CBEPIIOBUHHOTO
riapoaoO0yBaHHs JJIi HACTYITHUX YMOB: MOTYXXHICTh MOKiIany m= 2,0 M; IIUIbHICTb
KOPHMCHHX KONanuH p = 1,6 T/M’; BijicTaHb Mik BUIOOYBHHMH CBEpIOBHHAMHU a =20
M; pajilyc KaMepu R = 8 M; TeXHIYHA IPOJYKTUBHICTh CBEPJIOBUHHOTrO arperatry I1’
= 60 1/roa; yac Ha MOHTaX JOOYBHOI'O YCTaTKyBaHHS £, = 8 ToJ; yac Ha JEMOHTaX
NoOyBHOTO yCTaTKyBaHHA f, =10 TroJ; BUTpaTH Ha CHOPYIKEHHS CBEPUIOBUHU
C.=800 rpH; BapTicTh J0OYBHOrO ycTaTKyBaHHS ojHi€l cBepaioBunu C, = 10000
I'PH; BapTicTh 3arajbHOro ycratkyBanHs C,; = 100000 rpH; BUpoOHUYA MOTYKHICTh
nignpuemctsa A,;= 200000 1/pik; nMTOMa BUTpaTa BOOH ¢~ 8M’/T; BUTpATH HA PO3-
BiAKY 1 miArorosky 3anacis C,,, = 0,5 rpH/T; po3paxyHkoBa LiHa [] = 6,5 TpH/T.

1. 3anacu KOpUCHUX KOIAJIUH, 1110 JIKBIIYIOTbCS, Ha OJIHY CBEPIJIOBUHY:

Vog =T R? m-p=644T.

2. BTpatu KOpUCHUX KOTAJIMH B IUIMKAX MK KaMEpamHu:

Qu=a-m-p—V,;=636T.

3. CymMapH1 BTpaTH Ha AUIbHHIIL, IO BIANPALOBYETHCS OJHIEIO CBEPAJIOBU-

HOIO:
Q= 0CQnt Ves(1 — C1) = 688 .
4. TpuBamicTh BiANMpalibOBYBaHHS 3aI1aciB OJHIEI0 CBEPAJIOBUHOIO:

VCKB
thos = e 10,2 rox.
5. Yac po6GOoTH OJIHI€T CBEPJIOBUHHU:
thos = tu + trem T tros = 28,2 rox.
6. ButpaTtu Ha 3apo0iTHY IJIaTy MO OJHINA CBEPAJIOBUHI:

3ot
Cyap = ———— = 0,55 rpH/T.
P Vews'C1Tem

7. AMOpTH3aLliiHi BiApaxyBaHHs HA CBEPJIOBUHY:
C
Cope = ” = = 1,31 rpu/T.

ckB 1
8. AMopTu3aliiiHi BlIpaxyBaHHs Ha BUAOOYBHE YCTATKyBaHHS:

CyHyt
482 = 0,04 rpu/T.
100°t06° 11" “Np. T 06" Ten

C3ap =

9. AMOpTH?;&HiﬁHi BiﬂanYBaHHfI Ha 3arajJibHC YCTATKYBAHH:A:
Co6."Ho

S rpu/ro.

C —
aM.o00. 100°Aroy

10. CymapHi amopTH3alliiiHi BiipaxyBaHHS:
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Cam = Came + Canpy + Canos, TPH./T.
11. Burparu Ha BOay:
Csn = g5+ C3 = 0,55 pH/T.
12. YMOBHO-TIOCTI¥HI BUTPATHU:
Cyn = (Caap + Caw + Cyp + Cey) - Ky = 0,59 rpa/r.
13. Cymapna coOiBapTICTh:
(Verw @) Cpas

exs"C1

Cyn = Canp + Cay + Cy + Con + Cy + = 4,61 rpu/r.

14. Po3paxyHKoBa cO01BapTICTh:
M= (1 — C) - Apix = 378000 rpm.

AHaJIOTIYHUM YUHOM TIPOBOJISITH PO3PAXYHOK JUIsl PI3HUX 3HAa4YeHb R 1 BU3HA-
4aroTh 00J1aCTh ONTUMATBHUX 3HAYCHbD.
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Jlooamox J]

Po3paxyHOK OCHOBHHMX NapaMeTpiB, 10 XapaKTePU3YKTh CHCTEMY
PO3POOKH COJITHUX POJAOBHUII METOA0M MiJI3¢MHOI0 PO3YHHEHHS

Jlo OCHOBHUX 3aBJIaHb MIPOEKTYBaHHS PO3POOKU COJEHOCHUX IJIACTIB HaWIep-
KM € J00Ip mapamMeTpiB CUCTEMHU PO3POOKH, IPU SKHUX 3alaCH BUI00YBaTUMYThHCS 3
HalMEHIIUMU BTpaTaMu 1 BuTpatramu. OCHOBHUMH BUMOTAaMHU € palliOHAJIbHE BHUKO-
PUCTaHHS MIHEpAIbHUX PECYPCIB 1 OXOpOHA HABKOJIUIIHHOTO CEPEOBUIIIA.

Ilpuknao piwenna. PonpoBuille KaM’siHOT COJ1 PO3POOJISETHCS KaMepamu 3 3a-
JMIIEHHAM LUIMKIB coml. ['nmnbuna po3podku H = 700 m; Bucora numka H, = 170 m;
MOTYXHICTh 30HU OOBaJC€HHS MOPiJ, Kl PO3TAIIOBaHi HAM maacToMm coii / = 120 m;
Koe(ilieHT 3amacy MIIHOCTI y >1,4; MUIBHICT, KaM’SHOI COJI1, MOPiJ SKi PO3TaIlo-
BaH1 HaJ| IJIACTOM COJI1 1 pO3COJy BIJMOBIAHO y = 2,6 /M; =25 /M vp=12 /M
(b13UKO-MEXaH14H1 XapaKTEPUCTUKH COJIi: J,,, = 1000 /M Ose.mp. = 2000 /Mm% 5 =1900
T/M°; KyT BHYTPIIIHBOTO TepTS Comi p=35"; MOTY)KHICTH HECYd4oro Iapy IOKpiBIi
H= 10 m; koeditieHT TepTsa MK mapamu tgff = 0,58; MOTY>KHICTh JIOHaBaHTaXYyHO-
yoro mapy H,= 10 m; ¢ = 2 (Ipu MakCUMaJIbHO MOXJIMBIN aedopmariii 3akpirieHol
HOKpIBJIl 0€3 MOpPYLIEHHS CYLUIbHOCTI); MIIHICTh Ha PO3PUB HECOIBOBUX IOPLL O,
=90 1/m”. Po3Mip pO3COIOMPOMHCIOBOro OIS cKIagae 3,0x6,0 kM.

Heo0xinHo BU3HAUMTH TapaMeTpu KaMEpHOI CUCTEMHU PO3POOKH TPH MiA3eM-
HOMY PO3YMHEHHI COJIi, CXEMY PO3MILIEHHS CBEPIJIOBUH HA YChOMY PO3COJIONPOMHUC-
JIOBOMY TIOJII.

Hakpecnutu npuiiHATHA BaplaHT PO3MILIEHHS CBEPIJIOBUH, TEXHOJIOTIYHY
CXEMY PO3COJIONPOMUCIY 1 MOMEPEYHOro Mepepidy CBEPJIOBUHU B MPOIECI BiAIpa-
[IOBaHHS IU1acTa. 3pOOUTH KOPOTKHUM OMUC TEXHOJIOT1i PO3YMHEHHS COJIL.

1. BuzHauaemo napaMeTpu Kamepu:

KoeditieHT npuBaHTa)keHHS:

5 - H :
K, = (0,065+0,056-1gf3)- |21 = (0,056-0,5)- ,/%00215 =0,21.
y - H: 250015

['paHnyHO TONMYyCTUMUI NPOTiH KaMep:
8y H, _\/2 2100000-15
A+K)-7% \ (1+0,21)-2500
Paniyc xamep migzemuoro po3unHeHHs: R = 144,3/2 = 72,15 m.
2. Bubupaemo Bifgctanb Mix cBepasioBuamu L = 180 m 1 R = 60m.
Tuck  po3comy B cepeiHii MO  BUCOTI  4YacTHMHI  KaMepu:
P =1100-800=880000 IIa.
PyliHiBHE Hanpy>XKEeHHS:

2 _ 02
5p=[1+0’5-0,88-10°+2-106]-\/2 180 =314-60) _54.10°TTa.

44,3 M.

1-0,5 3,14-60-160
HanpyxeHHs Ha [ITHK:
5 = 2600-720-180% —3,14-60” -1100- 720
? 180" —3,14- 60°
Koedimient mirtHocti: y=54,9/35,3=1,6.

+2500-160=353-10° ITa.
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3. Buznauaemo mmpuny ociabiaeHoi 30HU:
d=180-2-60 =60 M.
7= 1/(1+1)>=0,25.

2600-800-1,1- (1 + 0’225j -0,88-10°
3127

. ~1|-1
0,45-10

6=0604 |1+

-1,=18,89 M.
60

[TepeBipka: 60m > 2x18,89 m.
4. TToTy>XHICTb:

b _2600-16-(2-60)° [(2600-16-(2-60) ©2500-1,6-130-(2- 60’
" 2-1-10° 2-1-10° 1-10°

5. MakcumalibHa MOTYKHICTh HECOTBLOBUX MOPOIHUX TIPOIIAPKIB:
» _ (2500-1100)-60° _
! 6-90000

6. 300pakyeMO TEXHOJIOTIYHY CXEMY IIiJ3eMHOTI0 BHUAOOYBaHHS PO3CONY 3
JBOX 30JIMKEHUX KaMep BIAMOBIIHO J0 HAIIUX PO3PaXyHKIB

=117Mm.

9,33M

1 1
i j
A A ! !
1 1
i i S— Y
A [ i i
- I i
T : :
R Y : i
T o o | |l -
1 1
1 1
T —1 .
1 1
) i i
) \ i i v
! : \ 1 : \
I ; \ o ] R \
I ; - > H \
' ; \ ' ; \
! \ I i \
- I ; 1 I b ; 1
t I i 1 — el e i 1
Y 1 ; 1 ] ; 1
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“‘Jl he ™ o~ T L T :\' ~ T~ "\lp [~ o~ ™ A T~ A T 1
\ 1 v I
\ ; ! 1 \ ; '
\ / EL \ ! /
\:/

Puc. JI.1. Texnomoriuaa cxema mi3eMHOTO BHI00YBaHHS PO3COJTY 3 JTBOX
30JIMKEHUX Kamep

BucHoBOK 10 po3paxyHKy: JJisl 3aJaHUX YMOB CITKa CBEP/JIOBUHM MPUMHSATA
180 M, paniyc kamepu 60 M, mupuHa mimka 60 M, koedirieHT 3amnacy 1,6, moTyx-
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HICTb COJIbOBHX NOP1J HaJ KaMeporo 117 M, HeconboBUX mpoIapkis — 9,33 m.

BuzHaueHnHsi mapaMeTpiB TeXHOJIOTII MiI3¢MHOI0 PO3YNHEHHS COJIi
HA MiArOTOBYOMY eTaIi

Ilpuxnao piwenns. Paniyc kamepu po3dMHEHHS B 3aBEpIIAJIbHIN CTafli Miaro-
TOBYOrO0 PO3MUBY CKiaaae R = 50 M; BMICT HEpO3UMHHUX BKJIIOYEHb B conl f = 4%;
IiTBHICTE KaM’siHOT comi y = 2,12 T/M°. BU3HAuNTH mapamMeTpy PO3MHBY Kamep HpH
JIBOETANHINA poOOTI PO3COTOBUAOOYBHUX CBEPAJIOBUH. 3 Ta0i. 4.1 BU3HAYAEMO YHCIIO
CTYIEHIB MIArOTOBYOr0 PO3MUBY 7 = 4 1 BUCOTY CTyNeHIB ;=3 M; hy=h;=h,=1 M.
3 ypaxyBaHHSAM KyTa Haxwity O (puc. I'.1.1.) xiHLEB1 pagiycu Kamep Ha KOKHOMY
ctyneHi cknagae R; =26 m; R, = 35 m; R;= 42 m; R,= 50 M. Buznauaemo npoaykTu-
BHICTb CBEP/IYIOBUHHU Ha MEPUIOMY CTYIEHI MATOTOBYOI'O PO3MHUBY.

q —0,05-26[2,2v26+3-(1-0,03) =18 a/rox.

TpuBasicTh MATOTOBYOTO PO3MUBY HEPIIOTO CTYIIEHS

t :0,6-£:142 I00M.
1 0,11

O06’eM mepmIoro cTymneHs

w=l.

31426 -3=2100 .

UJ

3anacu kam’siHO1 coJii B 00’ €M1 KaMepu NEepIIoro CTYIMEHS 1 3amacu, 10 BUJI0-
OyBarOThCSI:
Z=
Zpon=4300-0,85 = 3650 T.
KontenTpartist ogep:xaHoro po3coiry
4300
' 24-142-18
AHaJIOTITYHUM YMHOM BHU3HAYAIOTHCS TEXHOJOTIYHI MapaMeTpu MiArOTOBYOTO
PO3MUBY Ha HACTYMHUX CTyNeHsIX. Pe3ynbratu po3paxyHKiB 3BOAsAThECS B Ta0m. [1.1.

2,12(1-0,04)-2100 = 4300 T;

~0,07 /™.

Tabmms /1.1
TexHOJ0r1YH1 TapamMeTpH MiAIr0TOBYOTO PO3MUBY
=) 5 = = ; o e == ”
-8 = | E~ | B |5E |mE_-2E |&2g |E%
= s < B o~ E = = . ggﬁoﬁg EEE( gﬁ
gz SE | BE s |EN | 858 2Fe|=2c| BN
=S| 25| 5E| E|sE-Egiy SR EES|Es
2% | S:| gZ| Ey|EE BEEET:z | EE¢|Es
= A
= & S| fE| 8 |3F B8 NFi B8 |28
1 3 26 2,1 4,3 3,65 142 18 0,07
2 1 35 3,0 6,0 5,1 147 20 0,10
3 1 42 4,7 9,4 8,0 180 25 0,10
4 1 50 6,7 13,5 11,5 300 35 0,06
2 16,5 33,2 28,25 769
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BucnoBok: Koniienrpaiiisi po3coiy Juisi KOKHOTO CTYIICHSI HABOJIUTBCS CEpPe/i-
Hs. DaKkTUYHO KOHIEHTpAIllsl Ma€ MiHIMAJIbHE 3HAYEHHS Ha MOYATKY BIJMPALIOBAHHS
CTYMEHS 1 MaKCUMaJIbHE Ha 3aBepIIAIbHOMY €Tarli.

Ilix3eMHe BUILIABJICHHS i CIIAJICHHS CIPKU

Ilpuknao piwenna. Buxigui naHi g po3paxyHKY: TEKCTYPHO-CTPYKTYpPHUM
tun pyau a = 0,9 To b = 0,398; o — cipkoBMicT; p1¢; — 00’€MHA TETIOEMHICTD I1J1a-
cra; I1 — mopucricts, I1 = 0,9; @ — KyT HaxuIy 30HH miaBieHns, a = 15 f — kyt
Haxmiy miacta, § =10°; m — noryxmicts mracta, m = 10 m; b¢p — BapTICTH CBEPIO-
BUHH, bcp=104 rpH; LIy — omToBa mina mpoaykuii, L= 62 rpu/T; ¢;, c; — cobiBap-
TicTh BUpOOHMITBA 1 M TeruoHocis i moiTps, c,= 0,7 rpu/™M’, ¢, =4-1073
IpH/M’; p — mOCTiiiHA CKIIaf0Ba cobiBapTOCTi, p = 26,2; A — MPOAYKTHBHICTD PyIHHKA
A = 300 Tuc. 1; T, — 4ac OypiHHA i MATOTOBKU CBEPIJIOBUH, Tp =1 Mic; o' = 0,66
/M’; 0 =0,3; pycqy = 550 KIDx/(v>,’C); Q =8,2 m'/ron.; q, =16,2 M/ T.

1. TexHONMOT1YHUN KOE(DILIEHT BUTSTY

ne =aoc+b=09-03+ 0,398=0,668
2. 3agaemocst KOe(iliEHTOM BUTSATY
n =04.
3. Iluroma BUTpaTa TEIIOHOCIS

e O

4. TlomoBuHa BiJICTaH1 MK CBEPJIOBUHAMH B PsiJIi

1

[ 12b.,(tan(a — B) + tan(a + B)) 3
(o — qeCe — qpcp — p)o’MB0* & (tan(a — B) + tan(a + ) -

dy =

12 -10*(tan(15—10)+tan(15+10))
(62—12,7:0,7—16,7-4:1073-26,2)0,66 -0,668tan? 15 (tan(5)+tan(25))
5. BigcTanp Mix psjiaMu CBEPIJIOBUH

]3 — 22 m.

1

. [ 3bcp(tan(a—p)+tan(a+p)) 2
17 Layro-gece—apcp—p)om tan(a—p)+tan(a+p))

= 40 m.

_ [ 3-10%(tan(5+25))
| 22(62-12,7-0,7-16,7-4-10-3-26,2)0,66-0,668 tan(5)+tan(25)

6. KoedimieHT oXorieHHs

_n_ 04 _
Mo =5 = vees 0
Nt )

, d,(tan(a+pB) tan(a—p)) __dptana _

My = 1- 3mcos? B (tan(a+p)+tan(a—p)) 3m
40(tan(25) tan(5)) _ 22tani15 _

— > =0,7.
3:10-cos? 10- (tan(25)+tan(5)) 3:10

7. CxopekToBaHUM KOE(DIIIEHT BUTSTY

n=mnpn:=0,7-0,668 =0,47.

8. IluToma BUTpaTa TEIJIOHOCIS, L0 BIAMOBIAA€ HOBOMY KOE(ILIEHTY BUTATY
1\ [ 0,4+0,0023p; ¢ 1\ [ 0,4+0,0023-550
%= () [ = @) | = 108

n o(1-1) 0,47 0,3:0,9
9. [IpoiyKTUBHICTH CBEPJIOBUHU TIPU OTPUMAHOMY ¢, Oyne
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Q _ 82
QS:q_t=F,8=O'76'
10. O6¢sr BUIOOYTKY CipKH 31 CBEPAJIOBUHU
D=2-0-n-m-dyd, =2-03-047-10-40-44 = 4963 T.
11. Yac BianpansoByBaHHs CBEPIIOBUHU

D _ 4963
= = o7 = 6530 rog = 0,75 poky.

12. KinbKicTh CBEpJIOBUH, 1110 3a0€3MEUyIOTh 3a/IaHUil 00CIT BUAOOYTKY

ny =K% (t, — 1) = 1,22222(0,75 — 0,08) = 60.

OO0uncneni mapaMmeTpu BIIOMBAIOTh PEATBHO ICHYIOYl MOKA3HUKH PYJIHUKA
[IBC. BukiitoueHHs CKJIaJlal0Th TUTOMI BUTPATU TEILIOHOCIS, 10 HA MPAKTUIIl BUIIE
TEOPETUYHUX,II0 00YMOBJIEHO HAsIBHICTIO (DaKTOPIB, SIK1 HE MiAIAI0ThCS PO3PAXYHKY.
Jlo HUX BIAHOCATHCSI BUTOKU TEIJIOHOCIS B HENMPOIYKTHUBHI 30H1, BTpaTH TeIUla MpH
BOJIOBI/IJIMBI, IPU TPAHCIIOPTYBAHHI TEIJIOHOCIS BiJ KOTEIEHb O BUOOIO CBEP/IOBH-
HU 1 1H. ToMy 3BMYaiiHO AJI1 MPOMMCIIOBUX HIANPUEMCTB PO3PAaXOBAHY MUTOMY BH-
TpaTy 30UIbLIYIOTh

dp = b q¢.
3naueHHs koedilieHTa b ogepKy0Th METOJIOM aHAJIOT1H, TOOTO MarO4H Teope-
TAYHI 1 paKTHYHI 3HAYCHHS ITUTOMO1 BUTPATH JJIs SAKOi-HEOY b TUISTHKH, IO BiJIpa-

q ) ) -
IIOBYETHCSI, (POAOBUINA), BU3HAYalOTh b sik by = % . IToTiM ays 1HIIO1 JUISHKH, 1110
t1

Mae€ MoA10H1 TIPHUYO-TEOJIOTTYHI YMOBU, OOUHCIIOIOTh (45, 1 HAXOATh:

— (991 :
dp2 = (qtl)qtz’
abo
dp2 = b G2
Hanpuknan, po3paxoBaHe BHINE TEOPETUYHE 3HAUCHHS MUTOMHUX BHUTpAT TeM-
JIOHOCIs [Ts1 OfHi€T 3 AITHOK CKIIazae gy = 10,8 M/T. DakTrdHO qp1 = 17 M°/T. Bi-
ks b = 1,6. JIns 1HIIOT AUISHKY 1IbOTO K POJOBHINA, IO BOJIOAIE OLIBII HU3BKUM
cipkoBMicToM (o = (,28), ane momgiOHOro 3 MEPUIMM MO IHIIUX YMOBaxX (pq = 12,5
M/M 1o popmymi (7.20). OTke, Ha HOBiH AiMSHI[ HEOOXiJHO OYIKYBATH 3HAYCHHS
(hakTruHOT TMTOMOI BUTpATH, PIBHE Gg= 12,5 1,6 = 20,0 M/T.
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Jlooamox E
Bu3sHaveHHsI OCHOBHMX IapaMeTPpiB npouecy mia3eMHoi rasudikamii Byrinis

llpuxnao piwenns. Po3paxyBaTu 1HTEHCUBHICTh BYTUJIBHOTO IJIacTa, 110 BUTa-
30BYETBHCS U1 HACTYITHUX YMOB: HWKYa TEIJIOTAa 3TOPSIHHS pOOOYOT MAacH BYTiLIS
£= 28900000 d>x/kr; Bosioricte podouoi macu Byrisuis W = 8 %; BMiCT majJbHUX
razis y npoaykri: 0', =0,20 %, CO’ = 9,06 %, CH,' = 2,72 %, H,” = 14,45 %,
C,H, = 1,02 %, H,S" = 0,07 %; Burik razy U, = 6,9 %; Temnora 3ropsHHs rasy ra-
sudixarii Q,, = 4190000 [x/M’; aGCOTIOTHMIA BOIONPHILIMB Y 30HY rasudikamii v =
5 M’/TOJ; HOTY)XHICTb ITIACTa M = 25 M; JOBKMHA FOPH30HTAIBHOI YACTHHH OPiEHTO-
BHOI cBepiioBUHM L = 450 M; mupuHa croBna [ = 60 m.
1. 3anacu 610Ky, 110 BuiMaeThes (puc. 2.1)
Zgp =L-H-m-y=303750 v".
2. lIIBuakicTh BUTOPAHHS CTOBIIA 3a 100y (M/7100.)
Up=U.-24=24.
3. Yac razudikailii oqHOT0O CTOBIIA
t, = Ui = 10 1i6.

4. Yac cny>x0u npu nociioBHiM razudikaiiii CTOBIIB

T6 = tc “n = 60.
5. Teopetnuynuit 00’ €M MOBITPSI, HEOOX1THOTO IS IOBHOT'O 3TOPSIHHS BYTUILIIS
1 0.001 Qf +25.1 W/

0 — _ 3
| Vs =a ey 7,65 HM® /K.
6. llIBuaKiCTh BUra30BYBaHHs BYTUIbHOIO I1acTa (T/TOJ)
- = 4,26 T/rop.

~ 0.56n~19m(0.702—0.6597)
7. Buznauaemo koe(ilieHT HAATUIIKY MOBITPS:
(21—xr)or 21
a=(1- 2) . — — 1) = 0,51.
2100 21-01,+0,5C0"+0,5H, +1,5H,S"+2CH,' +3C,H,
. . 3
8. TeopeTuH1 BUTpATH BYTLJUIS HA OJiepKaHHsS | M razy
123G

qy = =15,9.
22,4 Cy,
9. C. = %CO + %CO,+ % CH, = 17,8.
10. Buxin ra3y 3 1 kr Byruuis ckiaje
. = — = 0,062.
ay
11. KoediieHt, 1110 BpaxoBy€ BUTOKH razy
K, =1—--%=0931.
100

12. PeanbHuii Buxizg cyxoro razy [1I'B
V'ce =V (a+ 0.01-x-0.21) K, = 3,68 um’/kr.
13. O1xe, 3a 100y YTBOPIOETHCS Tazy
=24Vl +1-m-U.-q."y) =20578 m".
14. Ximiuauit KK/I

n=22la _ 0533,
Q

15. PiuHa npoAyKTUBHICTh MiANPUEMCTBA MiA3€MHOT ra3udikanii, B eKCILTy TII1
3 oyianM G11okoM cknane QF = 24 - 365 n,, (Vo +1-m-U.- q, - y) =22532997m°
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Jlooamox K

Po3paxyHok mapameTpiB TeXHOJIOTII Mi3¢eMHOr0 BUJIYTOBYBAHHS

Ilpuxnao piwenns. BuzHauuTH CEpeAHIO KOHIIEHTpPAIII0 METajly B PO3YHHI 1
BUTPATH PO3YMHHUKA JJIS1 HACTYITHUX YMOB: TIOTY>XHICTh . = 6 M, KOe(IIIE€HT PiIb-
tpamii K = 4 M/no6 1 Bmict metany C = 0,001, moHmkeHHsI piBHSA BOJH, paxylouu
BiJl CTATUYHOTO (MPUPOAHOTO) ii MOJIONKEHHSI, S = 2 M; BIJICTaHb BIAMOBITHO MIX Psi-
namu ceepasioBuH L = 10 1 cBepayioBuHamu B psaxy o =10 M i; pagiyc cBepUIOBHHH
15 = 0,08 M, koedimieHT BUTITy Metaity £ = 0,6; 3armacu Metainy Ha IUIOII, 10 Bi/II-
pauboByerscst P = 1500 T; mibHIiCTh MPOXYKTUBHOTO po3unHy d = 1,2 T/M’; BimHO-
[IEHHS Macu BUJIYTOBYBAaHOT'O PO3YMHY 10 Macu pyau f = 0,5; cepelHs MOTYKHICTb
TOPIJI, 10 TTPOPOBIAIOTECSA POZYUHOM M = 6 M; IiIBHICTD PyM ¥ = 2,8 T/M°; TLIOIIA,
mo BianpampoByethes, F =160 000 M”; MpoeKTHA pidHA MOTYKHICTh IIiMPHEMCTBA
no merany M, = 200 T; po3paxyHKOBa KUIbKICTh poOounx nHIB Ha pik 7 = 300 mi0;
cepeaHs IMPUHA MOTOKIB PO3UMHIB b = 5 M; mMBUAKICTh PinbTparii V = 4 M/no0y;
101 BIJIMPallbOBYBAHHS, 110 HAJla€ Ha OJHY cBepasioBUHY Fy= 100 Mz, edekTuBHA
nopuctictb n = 0,4; BiACTAHb MK B1JIKAUYBAJIbHUMH 1 3aKa4yBaJIbHUMH CBEP/IJIOBU-
Hamu [ = 10 M; KOHIIEHTpallls PO3YMHHKUKA B PO34MHI, 0 BUIyroByerscs C, = 0,005;
KOHIICHTpAIlisl pO3YMHHUKA B PO34HHI, 1110 BUTATaeThes, C, = 0,002,

1. 1e6iT BigKauyBaabHOI CBEPIJIOBUHU
6,28 K'mS 6,28 46" 2

0,50 = 0,510
2319 222|+157L/0 23198 [3'14_0,08]+1,57 10/10

ro

Q= = 667 M°/106.

2. TpuBaiicTh BiANpAIbOBYBaHHS ILIOII, 110 MPHUIIAJIa€ HA OJHY BlAKauyBallb-
HY CBEP/JIOBUHY

t = IMyh 5,83 rog.
d-q

3. Yac nosiBM NpOAYKTUBHUX PO3YMHIB y BIJKauyBaJIbHUX CBEPIJIOBUHAX

__ Mmnlb
ty = 0
0

= 1 ron.

4. KoHueHTpauis MeTainy B IPOAYKTUBHUX PO3UYMHAX

E-P-d
C., = ——= 8,14 -10"* wactku op.
cp f-MyF ) A
5. Cymapuuii 1e01T BiJKa4yBaJbHUX CBEPIJIOBUH MPHU EKCILTyaTaIlii
M,
Cep T

Q, = = 829 m’/106y.

6. KinbKicTh 0THOYACHO MPAIIOI0YMX BiIKAYYBAJIbLHUX CBEPAJIOBUH
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829
N=%_8%_19~2mum
Q 667

7. Cymapuuii 7e0iT HENPOAYKTUBHHUX PO3YNHIB

Qu = %2 = 142 3/ 106y.

0

8. YTouHeHe 3HaUYCHHS CepeHhOT KOHIIEHTpAIlli MEeTaly B pO3UMHI IIPH BiJBe-
JI€HH1 HENPOIYKTUBHHUX PO3UYHHIB OKPEMHUM TPYyOOIIPOBOAOM

_ Qe'Ccp

= = . —4
000 9,7 - 107" gyacTKH Of.

9. ButpaTu po3uMHHMKA Ha XIMI4H1 peakilii 3 TpHUYOPYAHOIO MAacoo 1 Ha 3a-
MOBHEHHS MTPOIYKTUBHOTO TOPU3OHTY

=5 000+ (6 + ) T = 27810

KoHnientparriss Metany B MPOAYKTUBHUX PO3UYMHAX

E-P-d

— — 104
P = ToarE = 8,14 - 10 vacTku ox.
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Jlooamox K
MeToauka po3paxyHKy NPOAYKTHBHOCTI riIpaBJi4YHOrO pyilHyBaHHA

IIpuxnao piwenns. Po3paxyBatu MiHIMaJIbHY JOBXKHHY CTPYMEHS, BUTpaTa BOJH 1
IPOAYKTUBHICTb CBEPAJIOBUHHOT'O T1JPOMOHITOpA NpH BII01M1II KOPUCHUX KOTAIUH JUIs
HACTYMHUX YMOB. Po3po0msierbest pocopuTHa pyaa, ckiiajaeHa BOJOHACUUYEHUMH ITiC-
KaMH, SIKI XapaKTepU3ylTbCSd HACTYIMHUMH MapaMeTpaMu: KOEQIIEHT 3YerICHHS
Cy = 4000 Ila; KyT BHYTpPIIITHHOTO TEPTS NOPiA @ = 33°; NIUIBHICTh TOKPUBAHUX TIOPIJT
yg = 2100 KF/M3; rOnHa 3aisrands 1wiacta H = 20 M; mMiIbHICTE TPYHTOBUX BOJY
¥, =1050 KF/M3; HaIip BIILIEHTPOBOTO Hacoca P=2,4- 10° [1a; mineHICTH pOOOYOT piIUHU
Vpore = 1000 KI/M; nmiameTp Hacaaku, dy = 0,024 M. HopmanbpHe HaBaHTaXEHHS Ha I1JIacT,
1o pyiiHyeThes: 0 = y - g + H =2100-9,81-20 =4,12-10’ Ia.

ITopoBuit TuCK
Piinp=vs g ‘H=1050-9,81-20 = 2,06-10° Ia.
EdexTuBHe HanpyKeHHs

0, =0 — Py, =4,12-10°-2,06-10° = 2,06-10° Ia.

inp
4. Omip 3pyILICHHIO
T, = Cy + 0, - tge = 4000 + 2,06-10°-tg33° = 1,23 10’ ITa.
5. Tuck Boau Ha BXO/1 10 HACaAKU
Py =P —AP. + V- g H—AP=
=2.4-10°3,5-10* +1000-9,81-20-5,5-10°=2,01-10°

IlouaTkoBa IIIBI/I,Z[KiCTL BUTIKAHHS CTPYMCHA

Up=1rtggy/2- 1073 - Py = 0,944/2 1073 2,01 - 10° = 63.4 m/c.

7. Butpatu BOoIM

- d? 3,14 - 0,0242 _y
Q= 2 raUyg=1-" 2 63,4 =15,39-10"*m/c.
8. KoeilieHT CTpYKTypU MOTOKY CTPYMEHS
1 1
a=— n-Prynp i 187206105 0’064'

0.0625  10° 0,0625 106
9. BigcTanb B1g HacaakKH 10 BUOOIO, M:

_ (1060-U5-0,29T5)d, _ (1060-63,42—0,29:1,23)-0,024
o 2-aTg - 2:0,064-1,23-105

[

= 0,644.

10. ITpoayKTUBHICTH T1APABIIYHOTO PYWHYBaHHS, M/ C:

K-Py1073 _ 4,8-2,01-10%-1073
g 9,81

1= = 983.
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Jlooamox JI
Po3paxyHoOK TeXHIKO-eKOHOMIYHUX MOKA3ZHUKIB re0TeXHOJIOTII

lpuxnao piwenns. BU3HaAUNTH MOKA3HUKKA €KOHOMIYHOT €(DEKTUBHOCTI T€OTEXHO-
JIOTTYHOTO METOAY B MOPIBHSHHI 3 METOJIOM IIIJI3EMHOI pO3pOOKHU JIJIsl HACTYITHUX YMOB:
piuHuUil oOcsr KiHLEBOi mpoaykii npu reotexHonorii M = 500000 T; piuHuii oOCsT KiH-
1IEBOI MPOYKIIT MpH mijzeMHid po3pobiti M; = 5000000 T; orToBa 1iHa KIHIIEBOT MPOTY-
kuii Cp = 100 rpa/T; KamitanbHi BUTpaTu npu reotexHosorii K = 15000000 rpH.; kamiTa-
JIbHI BUTPATH TpH mij3eMHId po3poodii K; = 150000000 rpH; coGiBapTICTh TOTOBOI MPO-
nykiii mpu reotexHosorii C = 12 rpH/T; co0IBapTICTh TOTOBOT MPOAYKIIT MIPH TiI3EMHIN
po3pobmi C; = 69 rpH/T; cepenHbopiuHa BapTICTh OCHOBHUX BUPOOHWYMX (DOHIIB TpU
reotexrosorii @y = 10000000 rpH; cepeaHbOpIYHA BapTICTh HOPMOBAHUX OOOPOTHHX
xomTiB @,; = 600000 TpH; HOPMATUBHUMN TaTy3eBUI KOS(DIIIIEHT EKOHOMIUHOI e()eKTHB-
HOCTI KamiTajaoBKIaAeHb ¢, = 0,15; mpomuciosi 3amacu konaymH 3 = 160 MiH. T.

1. KoedimienT ¢pona0BIAAaY1 AJISI T€OTEXHOJIOTI:

M-C 500000-100
Ep=—2= = 3,33.
K 15000000

2. Iloka3HUK peHTa0eIbHOCTI JJIs1 TEOTEXHOJIOT1I:

_ M-(Co—C) __ 500000-(100—72)
P~ 9,40,  10000000+600000

E

= 0,875.

3. CTpOK OKYITHOCTI KamiTaJ0BKJIa/IeHb MPU Ire€0TEXHOJIOT].

T == =—— = 1,14 poxis.
E, 0875

4. IlpuBenena co61BapTICTh TOTOBOI MPOAYKIIiT IPH T€OTEXHOIOT 1

ey 0,15-:15000000
w2 = 72 0

K
C,=C+
n M 500000

= 76,5 TpH/T.
5. L{iHHICTh POIOBHINA TTPH T€OTEXHOJIOTII:
Il =(Cy—C)-3=(100—76,5) 160000000 = 3,76 - 10° rpm.
6. Jlomyctuma co6iBapTiCTh KOPUCHOI KOTIAJTUHU
ex'K ex'K

T ) )

T (1—eypM T (1-eyM

7. EkoHOMIYHA €()EeKTUBHICTh I'€OTEXHOJIOTIYHOTO METOAY B MOPIBHSHHI 3 Mi-

JI3EMHOI0 PO3POOKOI0
e, ' Ky ey K
EF:(ClJ’ HMl )_<C1+ T )

0,15'150000000) (72 + 0,15-15000000
5000000 500000

(69 + ) = —3 rpH/T.

3HaK «MIHYC» Mepe] 3HAaYeHHSIM €KOHOMIYHOI €()eKTMBHOCTI T€OTEXHOJIOTIT ITOKa-
3y€, 10 B JAHMX YMOBaX I'€0TEXHOJIOTsI He e(PeKTUBHA 1 yCTyTa€e MiA3eMHIN PO3pOOIT.
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HaBuanpHe BUgaHHs

Tabayenko Mukona MuxaitnoBuu
Baaauko Onexcanap bopucosuy
Xomenko Oner €BreHoBUY
MaabueB JImutpo BanepiiioBuu

PIBUKO-XIMIYHA 'EOTEXHOJIOI'TA

HaByanpHUA MOCIOHUK

JpyKyeThCcsl y aBTOPCHKIiM penakiiii

[Tinnucano no apyky 28.06.2012. ®opmat 30x42/4
[Tamip odcer. Puzorpadis. Ym. npyk. apk. 18,0.
O6:.-Bua. apk. 23,4. Tupax 300 mp. 3am Ne

[lignucano 10 APyKy Ta BUAPYKYBAHO
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