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IOPIBHAJIbHA OLIIHKA TEXHOTEHHOTI'O TA ITPUPOAHOT'O
IHNEPEHECEHHA ITOPIA JITOCPEPU
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This article is an attempt to evaluate technogeneous transferring of mining mass from the Earth interior to its surface during
extraction of non-renewable natural resources. There are shown tendencies in increasing masses of annually transferred mining
rocks of the lithosphere for the period beginning with the late Neolith. It should be observed, that mining rocks power moved
per year in the lithosphere will correspond to the mass of the sedimentary complex of the Earthin 58—62 years, if trends of
mining don't change. It was proved that the mass technogeneous displacement of the rock in the lithosphere is especially
significant, because it providesa basis for comparing natural geological forces in the biosphere, such as biosphere productivity
and photosynthesis, water and wind erosion, annual solid flow in rivers, mass of igneous rock. It has a similar order of
magnitude, about 10" t year. The result of commensurability of orders of magnitudes of these different processes is probably
alower growth rate of mining of mineral resources. It quite possibly goes on to a critical boundary evolution of civilization.

[IposiBM BIUIMBY JIOACTBA HA BEPXHIO YACTUHY
3eMHO1 KOpY 3HAYHOIO MipOI0 TOB’sI3aHi 3 BUIOOYT-
KOM HEBiIHOBIIOBAaHUX MiHEpaJbHUX PECYPCIB — OC-
HOBU TexHojoriuHoi mmBimizamii. 3a B.I. Bepranmch-
KMM, XWBa pEYOBMHA IUTaHETH 4yepe3 Bua Homo
Sapiens cchopmyBajla HAQyKOBY TYMKY — HOBY T'€0JIO-
rivay cwry B ictopii 3emni [1]. Buaukae muraHHs
PO MPUPOAHI MEXHU MPOSIBY HOBOI T€OJIOTIYHOI CUJIA
B Oiocdepi Ta ii KiabKicHOI olliHKK. B 1imomMy 4umH-
HUKU BIUTMBY aHTPOIIOT€HHOI AisUTbHOCTI Ha Oiocde-
py 1 0COOJMBO Ha TEOJIOTIYHE CEepeadOBUIIE MpoaHa-
JIi30BaHO y TyOmikarii [2].

VY wmiii craTtri po3MISIHYTO TMPOSIB HOBOI TeOJIOoriu-
HOI CWIM, TIOB’SI3aHUiI 3 BUIOOYTKOM MiHEpaJbHUX
pecypciB. 3po0JIeHO CIIPOOy OLIHWUTH TIOPSIIOK BEJIH-
YUH Mac TIopix Jiitochepy, IO MePEeMIlyIOTbCS i
JIi€I0 HOBOI T'€O0JIOTIYHOI CWJIM, Ta MOPiBHSTH 3 Macll-
TabaMU TIPOSIBY NESKUX MPUPOAHUX T'€OJOTiIYHMX CHII.

TexHnorenna wmirpanisa mnopin airocgepu. Po3u-
Batoun BUYeHHS B.I. BepHagchkoro mnpo reosioriyHe
3HaYCHHS JIIONMHU B €BOJIOLII Oiocdhepn, oro tana-
HoBuTHUi yyeHb O.€. PepcMmaH nucas: “... CYIOMHO
1 HEPBOBO 1€ BUKOPUCTAHHS PEYOBUHU; TPaHIi O3Hi
TipHWYi ¥ iHXXE€HEepHi poOOTU MePepPO3MOAUISIIOTh pe-
YOBMHY Ha 3€MHIil MOBEPXHi 3a CBOIMM BIACHUMM
3aKOHaMHM, CYTTEBO BiAMiHHMMH Bill MPUPOAHUX 3a-
KOHIB Teosorii # reoximii” [3, c. 297].

Y 1LijloMy TeXHOr€HHMI TOTiK, Ha IO 3BEPHYB
yBary 1e O.€. depcMaH, xapaKTepuU3ylOThb JOCUTh
3HAYHi 3a TeoJIOTIYHUMHU Mipkamu 1mbpu. OLiHKK
00C4TiB BUAOOYTKY JalO0Th 3MOTY 3PO3YMIiTH, YOMY
BiIOYBAa€ThCS CTPIMKE 3POCTAHHS IUIOLI Ha CyXOHOJIi
i MOpchKOMy TIeNTb(i, Ha SIKUX PO3TalllOBaHi IOJITo-
HM BiIXOMiB, LIJIJAMOCXOBHUILIA, BiJBajJM, TEXHOT€HHI
pomoBuia. Ixus mioma y 1950-x pokax CTaHOBMIA
4,5 mamH km? (6iu3bko 3 % rtwromni cyxomony) [4,
¢. 206], y 2000 p., BoHa Bxe nepeBuimia 6,0 MIH KM?
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[5, c. 133]. Teputopist YKpaiHn Ma€ KiJlbKa LIEHTPIB
AKTHBHOTO BEJIMKOMACIITAOHOTO BUAOOYTKY MiHe-
pajJbHUX pecypciB, e BigOYBAEThCS CYTTEBE MOPY-
LIeHHd cTaHy Haap. 3a gaHuMM npaui [6, c. 44],
npotsaroM XX CT. B YKpaiHi Oyno mo0yTo GIM3BKO
14 - 10°T MiHepaJIbHMX pecypciB i BHJIYy4eHO 10
30- 10°t poskpuBHux mopia. Hampwukinmi 1990-x
POKiB TEMIM HAarpoMaak€HHS BilXOIiB TipHAYOTO Ta
30aradyyBaJIbHOIrO BUPOOHMULITBA CATHYIMU 2,6 - 108 M3,
IllopiyHo moma, Ha SKi pPO3MIlYIOTh B YKpaiHi
BiIXOAM TipHUYOro BHUPOOHMUTBA, 30iIbIIYETHCS Ha
3—6 Tuc. ra. 3a3HavyeHi MpPU BILUIMBAIOTh Ha IIO-
Ka3HUKU CBIiTOBOI OMHAMiKA TEXHOTEHHOTO Iiepe-
MiIlle HHS TIOpi JiTochepn.

3a HamMMU TPUOIM3HUMHU MMiapaxyHKaMu, KiJlb-
KiCTh TipChKHX TIOpif, HadTH ¥ rasy, BWIyYEeHUX 3
Jitocepy i mepeMillleHUX 1o TOBEpXHi 3eMIIi, y Tie-
piox 2000—2005 pp. cranoButs 80—100 mupm T/pikK.
3arayiom 3a octaHHi 50 poKiB y pe3y/ibTaTi TEXHOTEHE -
3y OyJIO TEepeMillleHO Ha TIOBEPXHIO 3€MHOI KYJIi
om3bko 2 - 10" — 2+ 10" T TipCchbKMX TIOpi.

JAWHaMiKy TE€XHOT€HHOrO NEPEeMIllleHHS TMOpil
JiTocheprn MOXHA BU3HAYMTA BUXOOIYM 3 TaKHUX
MipKyBaHb. 3a IMOYAaTOK BiUTiIKY Bi3bMEeMO 4-T€ THC.
no PiznBa Xpuctopa (P.X.), Komu 1moyango mommpro-
BAaTUCS BUKOPUCTAaHHS OpOH3M M, Mi3Hille, 3aiisa.
3po3ymiso, 110 KiJIbKiCTh MiHepaJIbHUX PECYpPCiB, 3a-
JIyYEHUX JIIOAUHOIO Y TOCMOAAPCHKY MisIbHICTh TPO-
TAroM 6 THC. POKiB, BU3HAYUTH JOCUTh BaxkKo. Jleska
CTaTUCTUKA iCHY€E Jmiie 3 modyatky XIX CT. i Tiibku
151 €Bporu. Bisbliie TOro, BXWBaHHS MOHSTTS TeX-
HOT€HE3y 10 €MoX, W0 IMePeayloTh iHIYCTpiaIbHINi
eroci, He 30BciM KopekTHe. OQHaK TaKi OILIHKH MO-
XyTh OYTM KOPHMCHMMMU JUIsl OJAEpXKaHHS 3arajibHOoi
KApTUHU TEOJIOTIYHOI MisSJIBHOCTI JIFOICTBA.

Taky cnipo6y B 1930-x pokax 3pobus O.€. depc-
MaH [3]. 3a #ioro maHuMu, 3a 5—6 THC. POKIB JIIOI-
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CTBO BWIydwsio 3 Hazap (5+6)10° T xiMiuHUX eje-
MeHTiB. OgHaK o0CsAT BHIOOYTKY TipChKHMX ITOPiJ,
MOXJIMBO, OyB OinblimM. {11 IbOTO BapTO BpaxyBa-
T MMOPOAY PO3KPHUBY i KOHLIEHTPAIIIO XiMiYHUX eJie-
MeHTiB y pyadi. Hanpuknan, y XIX cT. BMicT 3ani3za y
pyai B KpuBopizbkoMy 3ajlizopynHOMy OaceliHi, B
Manuectepi, Ha pyaHukax Enbzacy i B PymHux ro-
pax Yexii B cepeaHboMy ctaHoBuB 59—63 %. Po3s-
pOOKM BEJMCS B LIaXTaX, CTOBOYypH SKUX OyJIM MpO-
meni mo pymi (Emp3ac), ado Ha moBepxHi. Tomy
KOeilliEHT PO3KPUTTS OYB iCTOTHO MEHIIIMM 32 OIM-
Huio. Y Kpus6aci B 1886—1890 pp. 1ieit KoedilieHT
He mepepmmyBaB 0,05 T poskpurrss Ha 1 T pynu.
BumoOyTok ByTi/Ist, HaTH i OUIBIIOCTI pyn METasiB
BiIOYBaBCS 3 MOBEPXHi a00 Ha HEBEJIMKIiW TITMOUHI.
3a mmx 0oOCTaBMH HOOYTWIA MiHepaJdbHUU pecypc
BU3HaumMo Tak: 2 - 10°: (0,58+0,62) = (3,45+3,62)10° 1.
3arajbHy Macy TipcbKuUX Topin (pyoud U Oe3pymHOi
MacH), Ky HEOOXiZHO [IoOyTH IS Onep:KaHHS
ximiyuHoro eneMeHTa Fe B o0Ocsrax, HaBe@eHUX Y
T1aba. 1, Bu3Haummo moOyrkoM: (3,45+3,62)10° +
+ (3,45+3,62)(0,02+0,05)10° = 3,65 - 10° T. AHaIOTiYHO
OLIIHEHO 00CATA BUAOOYTKY PYA iHIIMX METAJIB.

AKIIo cKIacTu 3HaYe€HHS 0OCATY TipChbKUX MOPif
(Tabm. 1), oTpuMaEMoO YHUCIIO, IO XapaKTepu3ye dac-
TUHY JiiTochepu, niepepobIeHy JTIOACTBOM 3a 5—6 Tuc.
pokiB, (5,5+6,0)10'° T,

J71 mepeBipKy TPOBEAEMO PO3PaXYHOK, BUXOAS-
4y i3 1mmdp, MO0 XapaKTepU3yIOTh 3pOCTaHHS Hace-
nenHs 3emii Bix 4-ro Tic. mo P.X. mo mouatky XX cT.
3a ouiHKamMu, HaBeAeHUMHU Yy Tipali [7], KiJbKiCTh
IO, 1O KWIM Ha 3eMJi Ha IbOMY BiITUHKY
yacy, mae mopsimok 10", ITpuryctumMo, 110 TipHUKIB
cepen Hux Oyno He Oinbiie 0,05—0,01 %, a6o (1,0—
5,0)10°¢ oci6. o nmouarky XVII ct. TexHosorist Bumo-
OYyTKy KOpPMCHMX KOMNaJWH OyJa 3acHOBaHa Ha
diznuHiil (M’ s30Bilt) cwii mpaiolounx. [dns TpaHc-
TOPTYBaHHS ¥ MiAHIMaHHS, KPiM M’SI30BOI CWJIM JIO-
IWHW, BUKOPUCTOBYBAJIM CBIHCHKMX TBapWH: KOHEI,
BepOJIIoNiB, BicmiokiB. [IponyKTWBHICTE mpalli y TOW
JIOCUTh TPUBAIMI Tiepion Oyma oOMexeHa (hi3UIHU-
MM MOXJIMBOCTSIMM JIIOMWHW 1 HE TIepeBUIIyBaja
1,5 1/90m. neHb. SIKIIO NPUAHATA CEpPeaHIO TpPU-
BaJIiCTh XMUTTS Ha Toil 4yac 25—32 poku [7], To 1oc-
TillHA TpyaoOBa MisJIBHICTh TipHUKIB HaWiMOBipHille
He mrepeBuinyBaia 10 pokiB. KibKicTe podoYMx IHIB
3a pik npmitMaeMo y Mmexax 200—250. Otxe, BUIO-
OyTok ctaHOBMB TpuoOAU3HO: [(1,5—1,0) T/490I.- IeHBX

x (200—250) mHiB] x 10 pokiB x (5,0+1,0)10° yoi. =
~ (1+2,0)10" T;

OTpuMaHi 3a IMX TPUNYIIEHb CePeaHi BeJIUIMHI
MAalOThb TOPSIAOK, OMHAKOBUM 3 OLlIHKaMH, OCHOBOIO
SIKWX € BEJIMYMHU BUIOOYTHUX XiIMIYHMX €JIEMEHTIB, 3a
O.E. ®epcmanom, — (5,5+6,0)10"° . Cniig 3BepHYTH
yBary Ha Te, 10 O.E. depcMmaH yBaxaB OLiHKM, Ha-
BeleHi y Tabu. 1, MiHiMaibHUMU. BOHM CTOCYIOThCS
1920-x pokiB. Y HaltoMy po3paxyHKy MOXHa TOBOPH-
TW CKOpillle MPO BEPXHIO MEXY OLIHKH, 110 BiAHECEHA
no nodarky XVII ct. PeanbHo notpeda B MeTagax npo-
TSTOM TaKOTO IPOMiKKY Yacy MOIJIa iCTOTHO 3MiHIO-
BatuCcsA. PiyHMiI BMOOOYTOK Yy TIOYATKOBIM TOYII
(~4-10° pokiB mo P.X.), Buxomsuu 3 JiHiliHOI 3a-
JIEXKHOCTI OOCSTiB BUAOOYTKY Ta KiJIBKOCTI TIPHMKIB,
MOXJIMBO, IOpiBHIOBaB ~ 10° T/piK.

YcepenHeHmnii piyHWII BHUOOOYTOK OO TOYATKY
XVIICT. TakoX OILIIHEHO 3a MPUMYLIEHHSIM JIiHIHHOL
3aJIE3KHOCTI BUIOOYTKY TiJIbKM Bill KiJIKOCTI Mpallio-
yux y ~ 2 - 10° 1/pik kopucHux KomaauH (3 - 10° 1/pik
TipCHKHUX TIOPid), 110 OJM3BKO IO JTaHWX, HaBeICHUX
y 12 Tomi Benmmkoi Pagsrcekoi Ertmmkionienii (BPE).
Y mepmi 20 pokiB XIX cT. piuHMit BUZOOYTOK Yy
TipChKiil MMPOMMCJIOBOCTI CTaHOBMB 17,3 MJH T, a B
1960-1i poku — Bxe 225,3 maH T [8, ¢. 105], mo B
TMepepaxyHKy Ha OOCSAT TipChbKUX MOpiJ JOPiBHIOE
(3,5+4,0)107 i1 (4,5+5,5)10% 1/pik BigmoBigHO.

Hani, HaBegeni M. Heiimaiiepom [9, c. 637—798],
ATy 3MOTY BU3HAYMTH, 110 Ha IModyatky 80-X poKiB
XIX crt. 3a pik mooyBamm 6;m3pKo 0,5 - 10° T ronoBHUX
kopucHux KornaiuH (0,46 - 10° T). KiabKicTh TipchKux
TOpilI, 110 3a3HAJIM AHTPOIIOT€HHOIO BIUIMBY, 3a 3a-
TTPOITOHOBAHOIO METOMMKOI0 CTaHOBUTH ~ 10° T.

Ille ogHy TOUKY IS CYMapHOTO BU3HAYEHHS Yac-
TUHU JiTochepH, TOPYIIEHOIO JIIOICHKOIO TisTBHICTIO,
naoth ouinku O.€. @PepcMana. BiH HaBomuTh HaHi
1100 pivHOro BHAOOYTKY 30 BMIiB KOPMCHMX KOIIa-
JuH y 1926—1928 pp. [3, c. 298]. IlincymoByBaHHS
mannx mae 1umbpu B 1,7 - 10° T KOPUCHUX KOIIAJIWH,
mo Bigmosimae (3,0+3,7)10° T ripcbkmx mopia. Xpo-
HOJIOTiYHA CHCTEMATU3allis OLIIHOK i CTaTUCTUYHUX
JAHWX CTOCOBHO BUIOOYTKY MiHEpaJbHUX PECYPCiB i
TipCBKUX TOPiA, MEPEMIIIEHUX JIOACTBOM MPOTATOM
5,5—6 THC. POKiB, ITOgaHa B Tad.2.

Ha pucyHky mokazaHo rpadiku, 1110 xapakTepu-
3yI0Th 3pPOCTarOyi MaclITaOM aHTPONOTeHHOI Mdisijb-
HocTi B Jitocdepi 3a octanHi 200 pokis. Hdani mig
mooynoBu rpadikiB, KpiM 3ramaHux BUIIE, B3ATI i3

Tabauysa 1. Ouinka obcscy 6udobymky pyo 3aiyueHux y 2ocnooapcvky disavHicms (3a 5—6 muc. pokie)

- Enement
OKAa3HUK
C Fe Cu Pb Zn Sn Ag Au

Ouitka, T [2] 5-10" 2-10° 2107 2107 2-107 3.10° 310° 2104
Kornerrrpanis'y 80-100 | 58-62 6-10 14-18 16-18 3-6 107" 107
pyai, %

Koedinienr 0-0,01 0,02-0,05 | 0,03-0,05 0,05-0,1 0,05-0,1 2-3 10'-102 | 10-10*
PO3KpHUTTH

Obear ripeiaix 5,610  |0,34-10" 0,25-10° 1,2-108 1,6-108 03-107 | 3108 2:10°
nopyt, T
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Tabauysa 2. Ouinku @i cmamucmuyni 0ani wooo 6udoOymky i mexnoeeHnoi miepauii 2ipcokux nopio y aimocgepi, mapo m

Yac, pokn
Tokasnik 4000 1600 | 1820 [1860 [1880 [ 1910 [1927 1950 1960 1980 2000
no P.X.
BunoGyTox 0,001 0,002 [0017 [022 {046 | 1.1 1.7 2.8 41-45 5560 |7,5-80
Sf;;”ipm"x 0,001 [0,003 [0,065 075 | 1,5 | 3.4 | 50-55]7.885 | 140-150 [21,5-250 | 83-88

CTaTUCTUUYHUX JaHUX bpUTaHCHKOI €HLUKIonenii
1860—1920 pp., BPE 2-ro BumanHs (mepiom 1800—
1950 pp.), 3BiTiB “Mining Bureau USA” (mepiox
1970—2005 pp.), State of World (1990—2003).

Ha pucyHKy Ha oci OpAMHAT BiIKJIAIEHO Hapoc-
TalOYUM TIiACYMKOM KiJIbKiCThb JOOYTOro MiHe€pasib-
HOTO pecypcy ¥ MNepeMilllyBaHMX TipChbKMX TOpPil
mitochepn. 3a3zHaueHY TEHACHINIO aITPOKCHUMYIOTH
PiBHSIHHSI

¥, =0,0334 """ (1)

(2)

ney,y,— 00CITH TeXHOT€HHOI Mirpalii mopim Jito-
chepr 3poCTalouMM ITIICYMKOM Ta IIOPIYHO IIepe-
MilllyBaHUX JIIOAWHOIO, MJPA T; { — 4ac, POKM.

Ha oci abcumc — yac y pokax. Kpusi Ha pucyHKy
BiIOMBAIOTh TEHIEHILIIIO 3POCTAHHS OOCSTIB TipCbhbKMX
Topim, 3aJy4eHUX y MpOoIecu BUAOOYTKY (piBHSIHHS
(2)). Anpokcumalrisi BKazye Ha €KCITOHEHTHMIl Xa-
pakTep 3pOCTaHHSI TEXHOTE€HHOI HiSIbHOCTI JIOAMHU
B JriToccepi 3 KoedimieHToM Kopensiii R ~ 0,9. Ilo-
yaToK BimIiKy — 1820 pik. Jliama3zoH 3HauyeHb —
200 pokiB (1820—2020).

v, =0,0238¢"7

Chin minkpecnauty, mo i B 1abn. 1, i HA pUCYHKY
BMKOPMCTAHO JaHi, sKi, 3a kiacudikaiieio O.E. @ep-
CMaHa, XapakTepU3yIOTh NEPIUIUN U APYTUid HATIPSIMU
TeXHOT€HHO1 JisUIbHOCTI JIIOOWUHU BUWIYYEHHSI
XiMiYHUX €JIEMEHTIB 13 36eMHOI KOpM Ii MepepO3MOIi
ix Ha moBepxHi 3emyi. TexHOreHHA MisSIBHICTD JIIO-
IWHW B JaHAmadTi € 3HaYHO Oinbiroro. Tak, 3a po3-
paxyaukamu O.M. Psg0umkoBa, BHACIiZOK BHUPOOHM-
YOI JiSTBHOCTI y APYrik momoBrHI XX CT. IIOPiYHO
nepemimanocs 10° km® TBepaoi peuoBunu [10]. Y ma-
COBMX OJMHMUSX TaKuii OOCAT BiANOBIZA€ TOPSIKY
10 1. 1li umdpu OXOIUTIOIOTE KpiM 00CSTY TipChKMX
nopig o0cdar opaHKU, OymiBeAbHUX Ta iHXEHEPHMX
poGir [11, c. 170].

Jlo Toro X, 3a3HayeHi CBiTOBi TeHIEHLIil He 1da-
IOTh MTOBHOTO YSIBJIEHHS MPO MAacIITabu TEXHOT €HHUX
MePEeTBOPEHDb Y JIiTOChEPi, TOMY 110 YCEPETHIOTh iX
BiTHOCHO YCi€l MUIOLIi TUIaHeTU. Y AiACHOCTI TeXHO-
T€HHI TOTOKM pPEYOBMHM 3 HAAp MawTbh 0Oarato
Oib1Iy LIiTBHICTb, OCKIiABKM CKOHLIEHTPOBAHi, Mpu-
6ym3HO, Ha 6 % cyxomoiy.

ITpupoana mirpamisi mopix Ha miaderi. Y tadn. 3
HaBe/IeHi JaHi BITYM3HIHMX i 3aKOPAOHHMX HOCJIiI-
HUKIB, SKi BUBHAYWIN (Di3UIHI XapaKTe pUCTUKHU T€O-

250
y =0,0334 7%
200 R4 =0
150
-
a
=
100 - | | |
R*=09788
50 4 | I I
0 - —_— — = p— |
1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 2005
Pokn
—&— | 'ipcLi] mopom, Mapa T 8 Kymymata  —— Excronernmimmii (Tc}mr}-‘m'ra.} — Excnonenmifimmit (Tipei1 mopom) |

Buno6yTok i TexHOreHHa Mirpauis ripcbkux nopia jgitochepu HapocrtaounM mincymkom (1800—2010)
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Tabauua 3. Ilepenecenns mac pewosunu 6 Giocghepi, m/pix

Pewopuna JlirepatypHe
XapaKTepHuCcTH Ka
AGioTn4Ha KUBA JLKepeJio

Maca ocanoBoi 2,23-10" - [12]
000JIOHKH, T
3BaXKCHUI PIYKOBHI CTIK 18,53-10° - [13]
Iponyktu eposii (13 - 27)109 - [14,15]
[Mpoaykty ByJKaHI3MY (0,04 — 0,4)109 - [15]
3cyBH, T ~10% (cyuacHi) - [16]

o ~10% (Mmayn reomoriuni [16]

€ToXu)
OOCsT MOPO,H, 3ATYICHUX 10 ~10" - -
TEXHOTCHE3Y i3 4aciB I3HBOr0
HEOJITY
Maca TIepeMILIyBaHUX ~10" - -
nopiz, 2005 p.
Maca 6Giocdepu, T - ~10" [17,18]
IIponykTHBHICTH - 2:10" [17,18]
Giochepu
[IpOXyKTHBHICTH - (1-2)10" [18]
doTocuHTE3Y

JUHAMIYHUX TPUPOJHHUX IPOLECIB, 3a SKUX poOOTa
TEOJIOTIYHMX CWJI CIIPSIMOBaHA Ha pyWHYBaHHS, TIepe-
HECeHHS W BiIKJIAAeHHS TipchbKMX Topin. I3 ycworo
Pi3HOMAHITT €HAOrN€HHUX M €K30reHHHUX IPOLECiB
U1 1JIed HalloTO MOCHiJKE€HHS BUOpaHi Ti, SKi
MOXHA 3iCTaBUTH 3 HACJiIKaM1 TEXHOT€HHOI Mirparii
TipcbKUX Topim. 3 ypaxyBaHHSM IIi€i OOCTaBUHU
iHTpY3UBHiI ¥ MeTaMOpiuHi Mpollecu Ta TeKTOHIYHi
pyXY HE€ YBIMIJIM OO LBOTO MEPENiKy, 110 KOTHOI
MipoI0 HE BKa3y€ Ha iX ApPYropsiaiHe 3HAYE€HHS B
icropii 3emmi. He BpaxoBaHi TaKOX IiepeMillle HHS,
110 3YMOBJICHI XiMiYHUM TI€PEHECEHHSIM, MacHu KOC-
MiYHOI PEYOBUHM, a TaKOX BITpOBa €po3isd i €0JIOBI
BimkageHHS. 3a manumu [11—13], obcsarm pedoBUHNI
KOCMiYHOTO MOXOIXXEHHS Ta €0J0BOr0 NMEPEHECEHHS
CcTaHOBIATL 1—2 % y GajlaHCi pO3IJISTHYTOrO IMepeHe-
CeHHs. TeKTOHiIYHi $BHUILA € TIOCTIMHMMHU y T€O-
JIoTiuHiii ictopii 3emui. I1poTe B mpomixkax vacy 10° —
10° pokiB, 3a SIKi MM OIIIHIOEMO OOCSTHU TIPUPOTHUX I
TeXHOT€HHUX IIPOLIECiB, BIUIMB TEKTOHIYHUX SIBUIIL
BiIHOCHO MEHIIWM, HiX, HAIPUKIal, €K30T€HHUX
MPOLECIiB.

40

3a BeIWMYMHAMM TBEPIAOTO pPiYKOBOTO CTOKY,
epo3ii, JeHymalii i 3rJaamKyBaHHS peTbedy, a TAaKOX
MNPOSIBIB BYJIKAHi3My Ta HaWBaXKJIMBIIIUX €K30I€HHUX
i edy3UBHUX TIPOIECIB MOXHA BMU3HAUYUTH TTOPSIOK
Mac, MepeMillyBaHMX Ha MOBEPXHi MJaHEeTU IIif
BIUTUBOM TIPUPOIHUX CHIIL.

Kusa pedyoBmHa Oiocdhepn 3a TOMOMOTOIO “6io-
2eHHO020 cmpymy amomig” 3MICHIOE Oe3TepepBHUI,
MPOTSATOM YChOTO T€0JIOTIYHOrO Yacy, OOMiH MiX abio-
TAYHOIO 1 XXWBOIO PeUYOBMHOIO. “2KMBa pedyoBrMHA €
MpUpOIHE TiJIO abo siBuIe B 6iocdepi. ... i Tima ado
SIBUIIA, 110 YTBOPSITHCS NMPUPOTHUMU TIPOIIECAMM, —
npuponHi o6’ekn” — mmcaB B.I. BepHanmcekmii [1,
c. 309]. ToMy mopeyHMM, Ha HaIl MOTJISAA, Oyme ITo-
PIBHSIHHS KUTBKOCTI PEYOBMHM, TEXHOTE€HHO 3alyye-
HOI y T€OJIOTiYHi MpouEeCH, 1O BimOyBarOThCA y 0io-
ccepi, 3 Macoro abiOTMYHOI i “XWBOI” peYOBUHM.

Oorosopenns it BucHOBKH. [lopiBHSIITEHA OIiHKA
00CATIB TepeHeCeHHSI peyoBMHU B Oiocdepi Tmin
BIUTMBOM TIPUPOMHMX TE€OJOTiYHMX CHJ Ha ITOBEPXHi
3emJti i B TIpolieci TeXHOTeHe3y, HaBeAeHa B Ta0OJI. 3.
3icTaBieHHS KOPUCHE TUM, IO Ta€ 3MOTY MO0AYnUTH
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MaclTabu W CHiBBIZHOIIEHHS MiX TpbOMa Pi3HUMHU
TUTIAMH TEOJIOTIYHUX TIPOIIECiB y Oiocdepi.

3a ganumu Tabi. 3, mo modatky XXI cr. piuHi
MacH TOpiJi, MePeMilllyBaHUX Yy MPOLECI BUAOOYTKY
MiHEpaJbHUX PECYPCIB, MOCATAIOTh IOPSAKY BEIM-
YYH, 110 XapaKTepHU3yIOTh MPOAYKTUBHICTh (DOTOCUH-
Te3y Ha 1aHeTi (~ 10" ). MacmTabu repeHeceHHS
TBEPJ Ol PEYOBMHU B PE3YJIbTaTi BULOOYTKY MiHEpaJIb-
HHUX peCypcCiB Ha LM Yac yxXe Ha ITOpSAOK IepeBU-
IIYIOTh MAacCIITaOW MPUPOIHUX €K30T€HHUX TeOJIOTiv-
HUX TIPOLIECiB, TaKMX SK PIiYKOBUH CTiK TBepHOi
peyoBrHM, eposisg. CydyacHa BynIKaHIiUHA TisITBHICTH
CTAaHOBUTH KiJIbKa AECATKIB BIICOTKIB BiJI MacIITa0iB
TEXHOTeHe3y B Haapax.

3 mouatrky XX CT. (IMB. pMCYHOK) piuHi oOcsru
BUIOOYTKY MiHEPAJIBHUX PECYPCiB 3pOCTAIOTh Y Yaci
eKCNoHeHLiliHO. BigmoBigHO y Takiil camiil 3amex-
HOCTi 3pOCTa€ KiJIbKICTh TMOPill BEPXHBOI YACTUHU
Jitocdepu, 110 3a3HaJIU TEXHOTEHHOTO BIUIMBY BHAC-
JiZOK BUAOOYTKY MiHepaJdbHUX pecypciB. Llg
KiIbKiCTh Ha TOPSAOK BUMEPEIKAE OOCSATU PidHOrO
BUIOOYTKY MiHepaJlbHUX pecypciB (tabdn. 3). 3a3Ha-
YHMO, 110 TaKa TeHAEHIIiSI CKJIajlacsl He ChOTOMHI (IUB.
pucyHOK). OmHNUM 3 HACIIOKiB CTPIMKOTO 3pOCTAaHHS
ctaB TOM hakT, 10 Ha 1modatky XXI cT. piuyHi macu
rmopiza aitochepu, 3aTydeHUX Y TEXHOT€HHI TTPOIIECH,
MPOMYKTUBHICTh TIpoliecy (hOTOCHMHTE3Y I TPUpPOIHE
TepeHeCe HHS TOpiJ Ha TMTOBEPXHi HaOy/v 3HAYEHb O -
Horo mopsinky — 10" 1/pik (Tabn. 3).

3 [ocBimy BUBYEHHS PO3BUTKY NPUPOIHUX i
LITYYHUX TIPOLIeCiB y Giocdepi BimoMo, 110 TepeBax-
HO iX MOXHa onucatu (peHOMEeHOJIOT iIYHUMU MOJIES-
MM, B OCHOBi SIKMX JIEXWTb JIOTICTUYHA KpPHWBa, IO
Mae JIJATEHTHUI Nepiof, TUISTHKY €KCIIOHEHTHOI O 3p0-
CTaHHSI U HacudeHHs. [padiku (IMB. PHUCYHOK)
OXOIUTIOIOTh KiHELb JIATEHTHOIrO Mmepioay i mnepion
OypxJIMBOro po3BUTKY. HacuYeHHST BU3HAYa€ThCS
BEPXHBOIO MEXEI0, MOXJIMBOIO IS IIbOTO IPOILIECY.
Y HamoMy BUMAAKy 3a TaKy TEOPETUYHY MEXY MOX-
Ha TOPUUHITU Macy OCamoBOI OOOJOHKMU CyXOHmOJy,
ska, 3a mimpaxyHkamu A.b. PoHoBa, 3 ypaxyBaHHSIM
wIaT(OPMHUX YTBOPEeHb cTaHOBUTHL G = 0,51 - 10¥ T
[12]. HaBemeHuii pUCYHOK XapaKTepu3ye TEHACHIIii
3pOCTaHHSI MAacHu TIOpin JiTocdhepu, TepeMilllyBaHUX
YHACJIiIOK BUIOOYTKY MiHEpaJIbHUX PECYpPCiB IIOPiU-
HO Ta i3 3pocTtapounM Tigcymkom 3a 200 pokiB, mo-
ypHatoun 3 1820 p. SIKio y By yacTMHY piBHSIHHS
(1) mincTaBuTh 3HaYeHHS ¥ = G i po3B’s13aTH MOTO
BiTHOCHO #, TO OTPMMAEMO 4Yac, KOJM piyHa Maca TeX-
HOT€HHO TEPEMIIYBAHOI PEYOBUHU AOPiBHIOBATUME
Maci ocamoBoi 000MOHKM 3emii. 3a po3B’SI3KOM
BiTHOCHO # PiBHSIHHS (2) MOXHa BM3HAYUTH, KOJIHU
HaKoMMWYeHa Maca TipChbKUX MOpif, 3aJIy4eHUX A0 TeX-
HOT€HHOTO MepeMillleHHS, JOPiBHIOBAaTUME Maci oca-
IOBOi 00O0JMOHKM 3eMii. 3a yMOB, IO TCHICHIII,
BimoOpaxeHi piBHsHHsIME (1) i (2), Yy MailOyTHHOMY
HE 3MiHATbCS, 3HAYEHHS Yacy I 000X piBHSHbB
Oonm3bki — 58 i 62 poku BimmoimHO.
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3po3yMisio, 1110 BeJmdrnHa G BU3HAYa€ OIiHHE 3Ha-
YEHHS BEPXHbOI TEOPETUYHOI MEXi, 3yMOBJIEHOI Te0JI0-
TiYHOI0 OYIOBOIO TUTAHETU. 3HIDKEHHSI TEMIIiB BUIO-
OYTKY ITOYHETHCS 3HAYHO PaHillle, MOXJIMBO, BOHO BXeE
noyanocd. PeanbHi MexXi 30iIbLIEHHS PIYHOI Macw,
1LIOPIYHO MepeMilllyBaHOI JIOAWHOIO, MalOTh OYTH CYT-
TeBO MeHIIMMU. [IpupicT Takoi Macu i 0OCATIB MiHe-
paJbHUX PECYPCiB BUSIBISIETHCS HE JIMIIE 3a MPU-
pomHMMM (akTOpaMM I BUCHAXKEHHSM 3ariaciB
MiHEpPAJIbHUX PECYPCiB, a W 3a CYKYIHICTIO TEXHIKO-
€KOHOMIYHHX i TipHUYO-T€OJOTIYHUX YMOB BUIOOYTKY,
a TaKoX 3a ekosioriyHuMu akrtopamu. Temrum 3poc-
TaHHS OOCSTIB CITOXWBAaHHS MiHEpPaJbHOI CHUPOBUHU
MOXYTh OYTH YHOBUIbHEHI /i BHAC/INOK CTBOPEHHST HO-
BUX MarepiajiB 3 BUCOKUMM (hi3MKO-MeXaHiYHUMU
BJIACTMBOCTSIMU (HAHOTEXHOJIOTIi, iHTEpMETAJIIIHI CIIO-
JIYKWA, KOMITIO3UTHI Matepiasm Tomio). [leBHumM obOme-
JKEHHSIM MOXE CTaTW €HEpris, sKa HeoOXigHa I TeX-
HOTE€HHOTO MEPEMIlLIEHHST MaC Y BEPXHIll YaCTHUHI 3eMHOL
KOpY, BHUPOOJIEHHSI SIKOi 3HAYHOIO MipOI0 3yMOBJIEHE
BUIOOYTKOM HadTH, Tasy i Byriusa. besmnepeuno, 3po-
CTaTUMYTh I eKoJjioriuHi oomexxeHHs. Tak, aass Kpus-
Oacy BM3HAUYE€HO, 11O 30UIbIIEHHS TIMOMHU Kap’ €piB
CTPUMYBAaTUMETBCSI HE CTUIbKUA TEXHIYHUMMW MOXJIABO-
CTIMM, CKiJTBKM Ii€lo eKoyorigdoro ¢dakropy [19]. Ha
3pOCTaHHSI BIUIMBY IIhOTO (haKTOpy 3Bepraju yBary i
aBropu Iyosikartii [2].

KinpkicHa oliHKa eHeprii TEXHOr€HHOro mepe-
MiIlI€H HS TipChKUX MOPiJl YHACTIAOK BUTOOYTKY MiHe-
PaJIbHUX PECYPCiB Ta MOPIBHSIHHS 1l i3 NMPUPOTHUMU
TCOJIOTIYHNMH TIpOoIlecaMM, BIACTUBMMM Oiocdepi, €
OKpEeMHM 3aBIAHHSAM MOCTIiIXKEHHs. 3a3HauyuMO, 110
Hallli MigpaxyHKA OOCATiB MOpPiA MarOTh OLIHHUIA Xa-
pakTtep. Tomy oTpumani mmdpy CItig iHTepIIpeTyBaTH
SIK 4ac TEOJIOTIYHUX IOMili, 110 MOXYTh BiIOyTUCS Y
HaWOIKIOMY 1O HAc CTOJITTI: ¢ ~ n - 10? pokiB.

BucHoBku.

1. OGcsaru mopix, IO TEepeMilllyIOThCS Yy BEPXHIl
YaCTMHI 36MHOI KOpW BHACJiIOK BUAOOYTKY He-
BiATBOPIOBAJIbHUX MiHEpaJbHUX PECYpcCiB, 3poc-
TalOTh Y Yaci 3a €KCIIOHEHTOIO ¥ Ha IOYaTKy Tpe-
THOTO TUCSYOJITTS CATHYJIU mopsaky 10" 1/pik.

2. 3a3HauyeHUI MOPSAOK BEJIMYMH CYMipHUI 3 Mac-
mrabamMyu Mac, mepeMillyBaHuUX y Oiocdepi mmin
BIUIMBOM TNPUPOJHUX T€OJOTIYHUX CWI, TaKHUX SIK
MPOMYKTUBHICTh (hOTOCHHTE3Y B Oioccepi, 3Baxke-
HUM pIYKOBMM CTiK, BiTpOoBa Ta BOJHA €pO3isd
TOILIO.

3. 3a Haa3BMYAHO KOPOTKHWH 3a TeOJOTiYHUMU
MipkaMu 4ac (4Jepe3 KiJibKa MeCSITKiB, MOXJIMBO,
100 pokiB) TeXHOTeHHE MEepeMillleHHSI Mac TOpif
Jitocheprn MOXe CATHYTH 3Ha4eHb, 110 MOXYThb
OyTU MOPiBHSIHHUMM 3 MacOI0 0Cag0BOI 000JOHKU
3emuti.

4. CyMipHICTh TEXHOT€HHUX W TIPUPOTHUX TEOTOTiu-
HUX MPOLECIB CMOHYKAE A0 AYMKW MpPO HaOIU-
JKE€HHS JIIOICTBA 1O MEBHOTO KPUTUYHOTO PYOexy
CBOTO PO3BUTKY.
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I.M. Manaxoe

MMOPIBHAJIBHA OLUIHKA TEXHOTEHHOTI'O TA MPUPOAHOT'O MEPEHECEHHSA MOPI JIITOC®EPU

Y cratTi 3p06eHOo CripoOy OLIiHUTU Macy TipChbKUX TOPi, 110 MePeMilllyIoThCSl Ha TTOBEPXHIO TJIaHETU B MPOLIECi
JIOOYBaHHS HEBITHOBIIOBAHUX MiHEPAJIBHUX peCypCiB. BHUSIBIEHO TEHIEHILIIO 1O 3DOCTAHHS MaC IIIOPIYHO MEePEMIlILy-
BaHMX TipPChKUX MOPI JiTochepr TOYNMHAIOYH 3 TII3HBOTO HEOJIiTy. 3a3HaYeHO, 110 32 YMOB 30€peskeHHST iCHY I0UnX
TEMITiB 3pOCTaHHS BUIOOYTKY BXKe uepe3 58— 62 poKH LIOpiuHEe TEXHOT€HHE MepeMilllyBaHHS Mac TipChKHUX TOPil
BiZITOBiZaTME Maci ocagoBoi 00070HKM 3emti. [TopiBHSIHHS OIIiIHOK TEXHOTEHHMX i TPUPOIHMX MaC TipChbKUX TIOPiJ,
SIKi TIEPEeMITIYIOTECS Y JIiTocdhepi IOPiTHO, ITOKA3ajI0, 0 Ha TI0YaTKY TPETHOTO TUCSIOIITTSI TeXHOT€HHI ITPOIIeCH
BUIOOYTKY MiHEpaJbHUX PECypCiB, MPOTYKTUBHICTH (DOTOCUHTE3Y I IPUPOIHE ITepeHECEHHS TTOPin Ha0yIn 3HaYeHb
omHoro nopsiaky — 10! 1/pik. CyMipHICTb TTOPSIKiB BEAWMIWH TIEPEMilllyBaHMX Mac i HAOIVKEHHS iX 10 TIPUPOITHUX
MeX (Macu 0catoBOi 000JIOHKM 3eMJTi) CTIOHYKAE 10 TyMKH TIPO HAOIVDKEHHS 10 STKOICh KPUTHMIHOI MEXKi, 1110 XapaK-
TepU3yBaTUMEThCS YIIOBUTbHEHHSIM TEMITIB 3pOCTaHHS BUAOOYTKY MiHEpaJbHUX PECYPCIB.

HU.H. Manraxoe

CPABHUTEJIIbHAA OLUEHKA TEXHOTEHHOI'O Y TTPUPOAHOI'O ITEPEHOCA ITOPOA JIMTOC®EPHI
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B ctaTbe nmpeanpuHsTa ITONBITKA OLIEHUTh MAcChI TOPHBIX TTOPOI, IepeMeliaeMble Ha TUTaHeTe B IIpoliecce J00bBIIn
HEeBO30OHOBIISIEMBIX MUHEPAJILHBIX pecypcoB. [1oka3aHBI TEHASHIIMM POCTa MacC €XKeTOIHO ITepeMeIaeMbIX TOPHBIX
Topo JiuTocheprl 3a TIEPUOJ HAYMHAS € IO3MHeTo Heouta. OTMEYeHO, YTO IIPU COXPAaHEHWM COBPEMEHHBIX TEMITOB
pocra 1006141 yepe3 58—62 roa exeroqHoe TeXHOTEHHOE TIepeMellieHIe MacC TOPHBIX TIOpOo OyIeT COOTBETCTBOBATh
Macce ocamodyHoi 0600ukn 3emn. CpaBHEHUE OIICHOK TeXHOT€HHBIX U TIPUPOIHBIX MAcC TOPHBIX ITOPOM, €3KETOMHO
TepeMelaeMbIX B TuTocepe, IMoKa3aio, 9To B Hauajle TPEThEro ThICSYeIeTUS TEXHOTEHHBIE TTPOIIECCH JOOBIYN MUHE -
paJIbHBIX PECYPCOB, IPOAYKTUBHOCTH (DOTOCHHTE3A M €CTECTBEHHBIN TIEPEHOC TTOPOIT Ha TIOBEPXHOCTH 3eMJIM MMEIOT
onvH Topsiaok 3HaueHnit — 10" t/ron. ConzmMe prMOCTb ITOPSIIKOB BEJTMIMH TIepeMelaeMbIX Macc 1 TIPUOIIDKEHIE UX
K €CTECTBEHHBIM TIpenesiaM (Macce 0caoTHON 000I0UKM 3eMIIM) MOTYT YKa3bIBATh Ha TIPUOTIDKEHIE K KPUTHIECKOMY
pyOeXy, KOTOPKEIi OyIeT XapaKTe pM30BaThCsI CHIDKEHUEM TeMITa pOcTa TOOBIYM MIHEPAJIbHBIX PECYPCOB.
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