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3ATPA3HEHHME IIOA3EMHBIX BOJ YIJEBOJOPOJAMMU

B. A. MUPOHEHKO, H. C. IIETPOB

O606mensl pe3yNbTaThl OTEUECTBEHHBIX M B OCHOBHOM 3apyGeXHbIX HCCIe/OBAHMH MO
M3YYEHNIO 3arpSsHEHHs TMOA3EMHBIX BOj yriesogoposamu (YB). Ocofoe BHMMAaHME ypesneHO
AHANM3Y BIWSHAS HA DacnpOCTpaHeHWe W TpaHchopmauuio YB B ycC/OBHSX TeTepOreHHOCTH
U HEOJHOPOZHOCTH MOpOJ, (PMBHKO-XMMUYECKUX MpomeccoB (copOuum u Guoperpajaumm VB),
pacTBODEHMS W HCHapeHus, KoiebaHuil ypOBHEH TIDYHTOBBHIX BOX W np. IlpuBepensl skc-
TIEPUMEHTa/IbHbIE [JAHHbIE O PACTBODHMOCTH, yJE/bHON IUIOTHOCTH, BS3KOCTH, TOBEPXHOCTHOM
HATSXEHWH, OCTATOYHOM HACHILEHHOCTH M  COPOIMOHHBIX OTHENbHBIX
OpraHMYEeCKHX COepuHeHni. IIpOaHA/NM3UPOBAHBI BOBMOXHOCTH TOJEBBIX METONOB 0GHApY-

XeHUs W OYHCTKH CKorieHui YB.

napaMmeTpax

1. BBEAEHUE

B npobneme sarpssHeHms NOA3EMHBIX BOA Bce Gosiee BaXHYIO pOJIb HTpaoT
XUakue yriaesonopons ( YB), Kak pesy/ibTaT yTeuek U3 NOBEPXHOCTHBIX M MOA3EMHBIX
XpaHWIHL YrJA€BOJOPOAHOIO TOIJIMBA, Pa3BUTHS pas/NYHbIX HedrenepepabaTi-
BAIOIUX TPOM3BOACTB, MOTEPb HE(MTH NpU NOOBIYE W TPAHCTIOPTUPOBKE W T. [.
[11, 36, 38].

BOJIbIIlPIHCTBO VB umeer ouenp Hmskme 3HaueHud I1K (B HEKOTOpHIX Caydyasgx —
Ha mpeneje OGHApyXeHHs); OJs NpPUMEPA MOXHO 3aMETHTh, 4To 1 s GeH3uHA
TNpA MOJIHOM PAaCTBOPEHMH CTIOCOGEH 3arpssHUTH 40 HEAOMYCTHMBIX KOHIEHTpAL
2 MJIH. J1 TIOA3EMHBIX BOA. [anee, Mocje JIMKBHAALMM WCTOUHWKA 3aTPS3HEHHS W
OTKAaYKM XHWAKHMX CKOIUIEeHMA YB 0OCTaTO4YHAas MX HACHINEHHOCTb, C yYETOM BeCbMa
OrpaHUYEHHOW DPAaCTBOPMMOCTH, OOeCreuMBaEeT JIMTENbHOE — HA HECATKH, a TO W
COTHM JIeT — 3arps3HeHue Ha Gompmmx muomagsx [26]. Bnonne peanbHbl cuTyanuwy,
KOrga Takoe 3arps3HeHHME HAUMHAET TMPOYBJISTBCI, CKAXeM, B BOJ03a00pHBIX
CKBaXMHAX Yepe3 MHOTME TIOAbl IOCJE TOro, KakK IOBEPXHOCTHBIE €r0 WCTOYHHUKH
ObUTM TIONHOCTBIO YCTPaHEHB; NPU ITOM 3IOPOBbE JIOAEH MOXET M0Jroe BpeMs
TIOBEPraTbhCsl HEBBISBJIEHHOW omacHocTH [ 43].

WHorpa KoHUEHTpauys 3arpg3HEHWd AOCTMraeT TaKMX MacmTaboB, YTO OHH
TIPAKTAYECKN 3aMOJHSIIOT KOJOAUbl ¥ CKBaxuHbl. Ilpm 6uM3koM K 3eMHON moBep-
XHOCTH pacloJIOXeHNH CKOIvieHud YB mMxX napel MOryT HOCTYNaTh B OXHIbIE
TIOMEMIECHNY WIN [JaXe NPUBOJUTb K BO3TODAHHUIO W B3pHIBY.

2. OCOBEHHOCTU MMHWIPALIMH YTJEBOIOPOIOB

2.1. YB KaKk HeCMeLIMBAIOIIMECHd C BONOH XHMIKOCTH

B TOpHBIX MNOpoaax

Ilomanag B BOMOHOCHBIE ILTACTHL, YIVIEBOAOPOABI MHIPHPYIOT KaK HECMEMIHBA-
omuecs ¢ Bopoii xuakoctn (HBXK), xoTs HekoTopas MX HONS MOXET IOCTYNATh
¥ B pacTBOpPEHHOM (B Bome) win nmapooGpasHoM cocTosHun. COOTBETCTBEHHO, Ha
kontakte HBJX u Bojbl feiicTByeT NOBEPXHOCTHOE HaTsXeHHe (0,,), BEJMUYMHA
KOTOpPOro MEHsIeTCs B nanasoHe OT HyJis ( AJ1S MOJHOCTBIO PACTBOPUMBIX COEJMHEHHiA)

5



Tabruya 1
Pesynbrathi J1aGOpPAaTOPHBIX 3KCHEPUMEHTOB
1O ONpeJeNeHHio yriia CMaumBaHus Taxelbix HBX (mo [32])
HecmemmBaomascs XuaKocThb Cy6crpar Cpepa A °C
CMAyYHBaHMS,
Terpaxnopstan I'nuna APL 23—48
» Boznyx 153—168
1,2,4-Tpuxsnopbenson » APL 2838
» Boznyx 153
I'ekcaxiopOyragun » Bona 32—48
Iexcaxyopuukonearagued » » 32—41
2,6-Inxnopronyon » » 30—38
4-Xnopbensorpudropun » » 30—52
YeThpeXxIOPUCTHIH  YTJIEPOA » » 2731
X1opbenson » » 27—34
Xnopocdopm » » 2931
S-Area THBX » APL 21—54
» Bopa 20—37
» Bosnyx 170—171
MeKo3epHHCTHIH [ECOK H T Bopa 30—40
Pammmcrag  Mopena (30— » 20—37
409, rnmmb)
Mesiko-rpy6ose pHucTsiit » 33—50
necok, Otrasa
TerpaxnopaTan Mesko-rpy603e pHUCT Ik » 33—45
necok, Orrasa
HonomaTt, JIOKKOpT » 16—21
Honomur (JIokkopr) Bo3znyx 171
S-Area THBX To xe Bopga 16—19
» Bosayx 164—169
MeKo3epHHACTEIE TIeCKH, APL 45—105
3arpa3sHeHHble HBX
IMoussr ¢  pacTuTesbHBIM Bopa 50—122
MaTepHaioM
Bymara » 31
Hepeso » 34—37
Hepxaseromas craap » 131—154
Tnuna Bopa (SA) 2554
S-Area THBX c » Bopa 15—46
PacTBOPHTEISIMH

Hpumeuarue. APL — OTHOCHTCS K XHIKOCTSM BOJTHOM dasel (pacTBOpeHHBIE B BoOzie KOMIIOHEHTHI).
S-Area THBX — copepxar riaBHbM ofpa3om TeTpaxsopbensos, TPHXJIOPOEH30/IbBL, TETPAXJIOPITAH, I'eK-
CaxJIOpUAKJIONIEHTAMEH W OKTAXJIOPUMKIIONEHTAH. SA — OTHOCHATCS K MOBEPXHOCTHO-aKTHBHBIM areHTaM,

KOTOpHIE J00aBAS/IHCh K BOJE.
Ancopbuposannbie S-Area (Hoio-Mopk, CIIA) xowmmomeHTH Gbuth 0oGHapyxeHs Ha HEKOTOPHIX

IJIMHACTHIX 00pasuax.

4

He , ent Hp, o
000 WHR\ 2
00 700
4 7
7 A
g7 g7
g007 q07 g7 7 qo01 gor g7 7

paduye mop,mm [ 517 532 535 )4
Prc. 1. BaBrcuMOCTb KamW/UISPHOTO NAB/eHHS (H,) OT NHOBEPXHOCTHOrO HaTSXEHHS (0, nua/cm) m yrna
cmaumBanus (@, rpax) ¢ — o = 15; 6 — o = 30; 6 —0=45 ¢ —a=60; 1 —9g=0°, 2—40°, 3 —
60°, 4 — 80°

paduyc nog, mm

Bo 72 nuH/cM (TIOBEPXHOCTHOE HATSXEHHE BOJBI); Haubosee XapakTepHBIE 3Ha4YeHUS
cocTapasior 15—20 nun/cM (mpmnoxenve II).

Tak kak Boga OOBIYHO sgBASETCS B 3TON CTyalud cMmaumBamowmeid ¢asoi, a
HBX — Hecmauusaromeii !, NOBEPXHOCTHOE HATIXEHHE HA HWX KOHTAKTE ac-
CONMMPYETCH C pPe3y/JbTHPYIOLINM [E€pPEenagoM NaBJICHHMH:

Pican:PH_Ps’ (1)

rae P, m P, — naBnenns B HBX m Boge cooTBeTCTBEHHO (P, > P).
AHAJIOTMYHO KAaNWIJISPHOMY JNABJEHHI0 HA KOHTAKTE BOIBI U BO3AyXa, s
OAHOPOAHBIX TPYHTOB C pajuycoM IOp 7

ann == ZOHB cos (P/rx’ (2)

TA€ @ — yroa cmauyvBaHWg. YHC/AECHHbIE 3HAYEHMS YIJIAa CMAYMBAHMS MPUBEHEHbI
B Tabma. 1.

Takum o6pasom, ans BHenpeHms B BOAOHACHILIEHHYI0 MOPHUCTYIO cpeay HBX
AONIXHA MPEONOJNETH HEKOTOPOE IOPOrOBOE NHAaBJIEHHE, KOTOPOMY 9SKBHBAICHTHA
MUHVMAaJIbHAS MbE30METPHYECKAS BBHICOTA;

hm'm T ZUHB cos P (psgrx)’ (3)

IA€ p, — IJIOTHOCTH BoAbl. OTCIOAA CAEAYET, UYTO CIIOU MOPOJi C MAJIBIMHA 3HAYEHUIMH

Ty MOTYT CJIyXWTh KalWLIdpHbIMU Oapbepamu mas HBX. XapakTepHbie 3HAYEHUS
hyn HaHbl Ha puc. 1.

! B ymgx m HekoTopeix kapOoHaTHBIX NOPOAAX CHTYAmHS MOXET O0KA3aThes obparuoii. Kpome
Toro, cmadusaemocte HBXK MoXeT pacTé co BpemeHeM wux HAXOXJEHWd B TODHHIX TOPOHaXx.



Tabruya 2 (Oxonuanue)
Tabruya 2
2 Ocrarounas
JaHHble 00 OCTATOYHO!N HACHIEHHOCTH HACHIEHHOCTD (1))
Ocrarounsiii arous Cucrema Cpena o
WA yAepXUBAIOLHH
OcraTounas dakrop (R, 1/m’)
HACBIIIEHHOCTb
Ocrarounniii dmons Cucrema Cpena (o) wm
ynerHBaIOHJ.PIﬁS Musepanbsas He(Tb X—B ITecok, Orrasa 1o = 0,110
cdaxkrop (R, a/m°) (dso=0,5 Mm)
» ITecok, OrraBa M9 = 0,140
(dso= 0,35 Mm)
Bopa Hemnacesimen- ITecox Mo = 0,10
Has » _ Ilecox, OrraBa Mo = 0,172
(dsp = 0,25 mm)
» Cynech Mo = 0,14
» Ilecok, OtrtaBa o = 0,235
» IMecuaHbiii CYTVIMHOK Mo = 0,16 (dso= 0,18 mm)
» CyrauHOK Mo = 0,18 » Mopena N = 0,15—0,28
» IlbiieBaThHIfl CYTJIMHOK Ne = 0,15 HewnachinieHHAS » Mo = 0,12—0,21
» WUn ne = 0,07 X—B AJLTIOBHMA N9 = 0,19
» Ilecuanpiii TEXKENBIM CYTJIHHOK no = 0,26 Henaceimennas » Mo = 10,19
» Tsxenblil CyrIMHOK 1= 0,23 X—B Jlécc M = 0,49—0,52
» IleineBaTelif TSXENBIM CYIVIMHOK Mo =0,19 IMapacdunucras HedTH HemnacpileHHAS Kpynsbiii mecok Mo = 0,12
» ITecuanucras rauHA Mo = 0,26 » MeiKO3epHHUCTHIE Mo = 0,52
#? 019 OTJIOXEHUS
» JIEBPATHCTasl TJIMHA =1
P W » Ileckn, Otrasa Mo = 0,11—-0,23
» I'muancras mousa My =0,18
» Ilecuanuk Mo = 0,35—0,43
I'azonuabBl » Kpymssiii rpaBuii R=25
4 Coipag HehTb » » Mo = 0,16—0,47
» KpynHbili mecok — rpaBmit R=4)0
» CpepHe-KpYITHO3€ PHACT I R—175 i * Tg AR A
» MenKo-CpeAHE3EPHUCTHIN IECOK R=1235 » Hedrsmoit xonnexrop o = 0,25—0,50
» TOHKO-CPEJJHE3EPHUCTHIM TTECOK R = 20,0 Tsaxensie HBX HenacrinienHas ITecuaHucThie HOYBHI N > 0,01—0,10
CpenHue IUCTHLISTHI » Kpymsbelit  rpaBwmii R=—3,0 Bedal
» KpynHO3epHUCTHIH NECOK — IpaBHit R=238,0 Hacpimennas To xe N9 0,02-0,15
R>5—-50
» CpenHe-KpYIHO3EPHACTEINA  MECOK R=15 2 05 2
R=
'3 R L R — 25 TerpaxsiopaTad Henacpimennas Tpemuna pasmepom 0,2 MM 0,05 5n/m
& Benzon Haceimennas Ilecox (929, — mecox, 5% Mo = 0,24
» TOHKO-MeJIKO3ePHHUCTHIH TECOK R=40 — wn, 3% — rauna)
P 0
TomnusHEle HeDTH » Kpynueiii rpaBuii R=10 et Hachimennas Ta me N = 0,19
K 7 — i - .
» PYIHO3EPHHUCTBIM TECOK — IpaBUH R 16 Tpuxiopsras . CpenHesepHICTHIH TecOK no = 0,20
» CpepnHe-KpYITHO3EPHUCTHIM ECOK R =30
o » MeiKO3epHHUCTHIH TIECOK no = 0,19
» Menko-cpeAHE3E€ PHUCTHIN * TIECOK R =150
» TOHKO-MEJIKO3ePHHUCTBIN TECOK R =80 * Ao xe Yig 5= 013020
Jlerkas wHedTH H » IMousa Mo = 0,18 > Cynecs no = 0,08
rasojiuH 1,1,1-TpuxsiopaTan » I'py6o3epruCTbIi TIECOK, Mo = 0,15—0,40
[usenpHas © Jierkas » » Mo = 0,15 OrraBa
TOINIMBHAS HeTD Terpaxnopsran » To xe Mo = 0,15—0,25
MamvnHas ©u TaXesaas » » Mo = 0,20
TOIUIMBHAsS HedTh
. ITpumeuarnue. Henacwimennas — cucrema HBJK — Boma — Bo3ayX; HachbimeHHas — cucrema HBX —
Tazonun » Kpymueiii  mecok Mg = 0,15—0,19 Bona; )K—B — Henacoimennas cucrema HBXK — Bo3gyx (Boja OTCyTCTBYeT); BeawdnMHAa — R CBS3aHA C
5 CpennesepHuCTH# TECOK 1o = 0,12—0,27 NapaMeTpoM 1), 4epes sfnncnmocm R =1 X n X 1000 (n — nopucTocts) M O3HAYAET KOJIMYECTBO
ocratouHo# HBXK B 1 M~ mopogsl.
» MeJIKO3epHACTHIN [IECOK 19 = 0,40—0,60
» Xopowo  OTCOPTUPOBaHHBIA  MeNKo-| 1= 0,46—0,59
KPYIHO3EPHUCTHIA IIECOK
6



C apyroit cropons, PaBHOBECHOE TOJIOXEHHE KOHTakTa HBJK u BOAB, Kak H
npogunbHoe mnepememenne HBXK, CYIWECTBEHHO 3aBHCST OT HX IUIOTHOCTH p,,
COOTBETCTBEHHO, BBIIE/IIOTCS Jierkue (p, << p,) M TIXesnie (p, > p,) HBX, nepsrie
(6onbmuHCTBO VB) THIOTEIOT K MOHMXEHUSM AETIPDECCHOHHOM MOBEPXHOCTH, a
BTOpbI€ MOrpyXaroTcs B riybs mracra.

IIpn orpanmyennbix (crydaiiHbix u KpaTKOBPEMEHHBIX) yTeukax YB w3 moBepx-
HOCTHBIX MCTOUHMKOB XH/KHE CKOIUIEHMS JeTkux YB max YPOBHEM TIPYHTOBHIX BOJ
[IpMHAMAIOT B KOHIIE KOHLOB KBa3HMCTaOWIbHOE MOJIOXEHUE % takune suH3H YB mMeior
MOIIHOCTb, 0OPaTHO MNPONOPLHOHATLHYIO pasMepy MuHepa/JbHbIX 3epeH (B MeaKo-
SEPHHCTBIX TECKAaX — MOPSAKA 2 M), & MX TOPH3OHTAIBHOE pacnpocTpaHenue - (pu
3a7laHHOM 00beMe MOCTYNMBIIHX CTOKOB) OTIpE/e/IIeTCS CKOPOCTBIO FPYHTOBOIO TOTOKA
(B MENIKO3epHHCTHIX MecKax — mecaTKH mMeTpoB) [2].

Taxenere HBX npu gocraTouno Gombmmx oGbemax AX NOCTYIUIEHHS B IIACT

06pasyior Xumkue CKOMICHHS Y TONOMIBE BOAOHOCHOTO MJIACTa WIM Ha NpOMe-
XYTOUHBIX BOZOYNOpax (KamWISpHBIX Gapbepax). Tak xak HACBIIIEHHOCTb II0
HBX B Takux cKOIIEHHIX JOCTATOUHO BHICOKAS (m0 50—60% [19]), ux PaBHOBECHOE
HOJIOXCHAE MOXET CpaBHUTEIBHO JIETKO HAPYLIATHCS NpY  THAPOANHAMUYECKUX
BOSMYILEHUSX, CBS3aHHBIX C OTKAYKOM HA COCETHMX ydacrkax, Gypenuem, or6opom
npoé u 1. o

Pacnpenenesme HBX B TODHBIX TIOpOAax pEe3KO ycAOXHdeTcs Gnaromaps
3dBUCHMOCTH MX MOABUXHOCTH M CTENIEHU UMMOGHIM3ALUHN OT OTHOCHUTEJIbHOH
HaCbIIEHHOCTH (1)); B YaCTHOCTH, Ayiga Kaxgaou HBXK B nauwoi TOPDHOM MmOpone
CymecTByeT npefesbHas (OCTATOYHAS) HACHILEHHOCTD Ne 0pH KoTopoi HBX
OKa3bIBAIOTCA B HEMOJABUXHOM, HMMOGHMIN30BAHHOM COCTOSHMM. CymecTtsenHo,
4T0 nag HecmauuBawmux HBJX ocratounoe HacCplllIEeHUE 9BJAYETCYd He He-
[IPEPEIBHBIM, a NUCKPETHBIM, npuueM HBJXX B 30He daougHOrO HacwhmieRUd
3aHUMalOT 6oJiee KpymHbe TOpPHI, 4 BOJa (CMauWBaoOLIag XHIKOCTb) — MEJIKHE.
B oT0it curyanmum mHa OCTaTOYHYXO HACHIUEHHOCTh BJUYET HE TOJBKO W HE
CTOJIBKO pacmpefesieH¥ie TOp MO pa3MepaM, HO H CTPYKTypa CBS3eil MeXAy
HUMH, BO3MOXHOCTP 0OTekaHmMs ckomienuii HBJXK B KPYIHBIX NOpax BOJOWH,
[I05TOMY B r€TE€POT€HHBIX ¥ HEOTHOPOAHBIX TIOPOAAX OCTATOYHAS HacCHIIEHHOCTh
06BI9HO 3aMETHO BBHILIE H pacnpeseicHne €€ BeCcbMa HEPABHOMEpPHOE (B BHAE
OTHAEJNbHBIX BKJIKUYEHUM), 3aBUCIIIEE K TOMY Xe& OT MCXOZHOMH (MachmaJIbHoﬁ)
HachieHHOCTH [19]. Tunuunbie 3HAYeHHd To AJIA 30Hbl HACHIIIEHUS HMMEIOT
nopsagok 0,15—0,5 u o06wiyno CyLleCTBEHHO 0o0JibIIe, YeM B 30He aspauuu,
rae M, ~ 0,1—0,2 (raba. 2). Mocrennee o6bacHIETCH TE€M, YTO B 30HE a’paldu
AMEET MecTo 60abmoil (sepTukanbHbIN) rugpaBAMYECKHil rpagueHT u HBJXX
ABISI0OTCd CMavyuMBammed (a30il MO OTHOMEHUIO K BO3AyXy, Gmaronaps uemy
OHH CpaBHUTEJbHO HENPEPHIBHO MEPEMEIAIOTCH B COCEHUE 30HHI.

Ilpu Haceimenuoctu Gonpmieit, uem OCTaTO4YHad, NoABHXHOCTh HBX
ompepenseTcs, Kak u B ofmem cayuyae MHOrodasHo# ¢uabrpanun [3, 37],
OTHOCHUTENbHON MPOHMUIAEMOCTHIO (K,,), xoTopas sBnsercs dbyHKRUOMENH CcTe-
nenu Haceimenns HBX (B cucreme Bona — HBJX ni19 30HB HaChIEHU,
B cucreMe Boja — Bo3ayx — HBXK gng 30um aspanuu), u BI3kocThio HBJK
(k,)- B 9acCTHOCTH, NPUMEHHTETBHO K npo6neme BritecHenus HBX Bonoii
nenecoobpasHoO HMCHOAb30BATH OTHOCHTE/NIbHYI0 NOABHUXHOCTb, ONpexAesse-
MYI0 COOTHOMEHUEM KO03GDGHULUEHTOB TOABUXHOCTH (Ko/1) Boasl u HBX.
OnHako B peanbHOM HEONJHOPOAHOW H TETEPOreHHOMH cCpefe mnpouecc Bbi-
TECHEHHI CHJIPHO OCAOXHIETCd HECTabGHMIbHOCTBIO $poHTa BHITECHEHHd,
00pa30BAHHUEM OTHENBHBIX <«S3BIKOB» BHeApdawomerocs ¢dawuga [21]; coor-
BETCTBEHHO 3a 3ajHHM (GPOHTOM opeosa 3arpg93HEHUS MOTYT OCTaBaThCH
AMMOOW/IN30BAHHBIE BKIIOYEHNS HBX.

2 Tlpm peskux KosneBaHmsx YPOBHS TDYHTOBHIX BOJ TOHOGHbIE CKOIIEHMS MOTYT OKA3aThcd M
HECKOJIbKO HHMXE ero.

2.2. BivsgHUe TeTepOreHHOCTH W HEOQHOPOAHOCTH Ha Murpanuio VB

IIpexne Bcero moguepkHeM, uyro maa HBX c ZOCTaTOYHO BBICOKMM MOBEPX-

HOCTHBIM HATAXEHHEM OTOT (DaKTOp TpPOSBISETCS IOPA30 CHJIbHEE, uYeM g
CMEIINBAIOMIMXCS XUAKOCTeH [ 22, 41]. Bmime MBI yXe MEIbKOM OTMETHIH €ro
3HAUCHHE 1)1 OCTATOYHOW HACHIEHHOCTH; OYEHb BEJHMKO OHO W B pacHpefeseHHM
ABMXYIIMXCS KOMIIOHEHTOB, ONpENE/NSeMOM, B 4acTHOCTH, Makpopucnepcumeir [ 19].
Tak, B CJHOWCTHIX ILIACTaX 3TO pACHPEACJEHAE WCKIIOUATEBHO YYBCTBHUTEJIBHO
AaXe K MaJIbIM Dasju4ugM IIPOHHIAEMOCTH OTHEJbHBIX TpPOCJIOEB — B Ipefenax
AECATKOB TIPOLEHTOB, YTO OKAa3bIBAETCH MOCTATOUHBIM ISl PE3KO HM3OMpaTE/IbHOM
nocnoinoi murpanun HBX — gaxe npu MorgHOCTSX OTHEJIbHBIX CJIOEB, H3MEPIEMBIX
vuwinuMeTpamu [19]. Ilpu 3TOM cTemeHbp BOBJIEUEHHS B MMTPALMOHHBIA MpOoLece
OTHOCHUTE/IHO CabONPOHMIIAEMbIX NPOCTOEB PACTET C yBEJMUEHHEM JlaBJICHUS Ha
KouType nocrynnexnus HBX B nuacr. AHanormuHbie MakpOaUCIEPCHOHHBIE adpexTsl
HUMEIOT MECTO B TPEIIHHOBATHIX ¥ TPELIMHOBATO-IIOPUCTHIX IOPOAAX % TakK, CTENEeHb
BoB/l€YeHUS B Murpanuio HBX OTHeNpHBIX TPELWMH 3aBHCHT OT COOTHOIICHHS UX
DAacKpeITHs, JaBJECHHSI Ha <«BXOJAE€» B TPEUIMHY M TMOBEPXHOCTHOIO HATSXEHHS
HBX. {
, Bnarogaps maneim IJK peanvHoe sarpssuenne HBJK, cBszaHHOe ¢ Mak-
poauCriepCHel, NPOSBASETCS TOPasfo0 paHbIIe, YeM B NMPOTHOZHHLIX MOCTPOEHHUSX,
OPHCHTHDOBAHHBIX HAa DAcyYeThi NO CXeMe MOPUIHEBOro BHITECHEHMS ((DpPOHT C
OTHOCHTE/IbHOU KOHUeHTpanuei 50%,). daxe manbie 06beMbl HBJX, nocrynusmue
B BOJOHOCHBI IJIacT, OBICTPO NPOTEKAIOT B BHAE <«93bIKOB» 10 Haubosee
NPOBOASIIMM 30HaM Ha OOJbIIME PACCTOSHUS; NO3TOMY INPH OCPEAHEHMH CO-
aepxanud HBJXX Ha Bco MomHOCTH I1acra HEpPEeAKO OKa3piBaeTcs, 4YTO HuX
NPOHHKHOBEHHE MAaKCHMaJIbHO TaM, e OCPENHEHHAd HACHIIEHHOCTh O HUM
MHHUMAJIbHA.

B 30He aspaumm reTeporeHHOCTH (CIOMCTOCTD) MPHUBOZAT X CHJIBHOMY ILIO-
IMaaHOMY paCMUPEHHUI0 HCXOXHOTO «sfpa» 3arpasHeHus 6aaropaps 6G0KOBOMY
pacrekanmio, ocobenHo B cayuasx taxensix HBX. Tak, ecnm 3arp93Hg0mas
HECMauMBalomas XHAKOCTh BCTPEYAET HA CBOEM INyTH CAabOMpoHMmaeMyio cy6-
FOPHU30HTA/bHYIO 30HY, TO pachHpefesneHne HacoimeHHOcTH HBXX crpeMurcs
TaKOMY COCTOSHMIO, IIDH KOTOPOM AaBJIEHUE Ha KOHTAKTE NPEBBICAT «HOPOTOBYIO»
BesmunHy (cM. dopmyny 3). IMogbeM naB/ieHMs Ha KOHTAKTE CONpPOBOXAaeTCYd
o6pasoBaHMeM CyOropusoHTaNLHOTO MOTOKA, TeM Goee 4PKO BBIPaAXEHHOIO,
yeM GoJibIle NOpPOrOBOE [aBJIEHHME (mnm  moBepxHOCTHOE HaTsxeHue). Haxe
foce MpeBrIIEHHS MOPOroBOro aasiaeHud W BHeapenns HBX B cma6onponuma-
€MyI0 30HY mpoHunuaemocts (mo HBX) Haj koHTakTOM Ocraercs Gosiee BBHICOKOI,
HEeXeJiW I0J HMM, TaK 4TO CyOropmsoHTanbHsit orTok HBXK coxpansercsa. Ecim
xe moaroka HBX c¢Bepxy He xBataer an4 TpeomoneHus OpPOroBOTY
CONpPOTHBJIEHNY HA KOHTAaKTE, TO MMEET MECTO TOJIbKO IOPM30HTAJIBHBIA OTTOK
— Ao Tex nop, noka HBX ue pacnpocrpauurcs 10 kakoii-au60 cy6BepTrKaNbHO#
SOHBI MakpoHeoAHOpofnHocTH. B pesynbrate BepTHKanbHOe BHeapenne HBX
Yepe3 KOHTaKT OyneT MpOosSBILTbCS B BHIAE OTACAbHBIX <«A3BIKOBY, KOTOphie, B
CBOIO O4Y€pefb, MOTYyT MOCTENEHHO (C IOrPyXEeHMEM BHH3) PasBHBATHCH B Jia-
TEPaJbHOM HANpaBJE€HWM M CMBIKaTbCS APYr C -Apyrom [23]. Amasoruusbii
Xapakrep umeer murpamus HBX no TpemuHoBaTHIM MOpPOAaM 30HBI aspanmm.
B komeunom cuere sT0 mpuBOMT K TOMY, YTO sarpg3nenue HBJXX pacnpocr-
PaHseTcds Ha ropasno G6oibmIyI0 (HEXEJW MCXOAHBIA y4acTOK 3arpsa3HeHus)
fllomank, ¥ B TO Xe BPEMS MO OTAEJbHBIM CyOBEPTHKAaJbHEIM MyTaM (Mpexpe
BCEr0 TpemuHaM) 3arpsS3HSIOMME KOMIOHEHTH MOTYT Aa1eKO onepexaTth OCHOBHOM
®poHT 3arpgsHeHus.

3 B nocnepmem BapuasTe murpanus HBXK moxer ocrmoxnarecs ux AU ysHOHHbIM NPOHHKHOBEHUEM
B NOpUCTYI0O MATpHIY, XOTd NOAOOEBIE COYETaHHS TPEIIHHOBATO-NOPHCTHIX mopog u HBXX nHe ouenw
XapaxkTepHE s HepacTBopeHanix HBXK.



2.3. 3HayeHue IMPOLECCOB PACTBOPEHUS WM MCIIApEHHd

[Tocse TEpBUMUYHOrO NOCTYIJIEHWS U pacnpocTpanesms YB B Buge HBIXK,
JanpHEMmas uX CcyAb0a BO MHOIOM OmIpefesiseTcd MpPOLEecCaMd pPacTBOPEHUS U
ucnapeHus. B 4aCTHOCTH, TMPH HACHINEHHOCTH, PAaBHOM OCTAaTOYHOM WJIM MEHBIIEH
MOCJIEAHEN, UMEHHO TH IPOLECCH WIpaloT NOMUHHPYIOMYIO pPOJib B IOCJEAYHOLIEM
PaclpOCTPAHEHNY 3arps3HEHNS HAa HOBHIE YYaCTKU.

BecbMa XapaKTepHO, 4To KoHIeHTpawu Y B (kak u apyrux HBXK), pacTBOpeHHBIX
B MOJ3EMHBIX BOJaX, MPAaKTHUUECKW HUKOTAA HE AOCTUral0T MNpPEAEJbHbIX BEJUYUH
pacrsopumoctu (C,) u 00bigHO He mpeBnmaT 109% or C, Wik OT COOTBETCTBEHHO
yMEHBIICHHOH BEJIMUMHBI B CJAOXHBIX pacTtBopax (mpwioxenue I). O6wacHgeTcd
5TO KOHBEKTHBHO-AU(PDY3MOHHBIM IEPEMEIIMBAHMEM B YCJOBUIX pEaJbHBIX, HE-
OJHOPONHBLIX ¥ TeTepOoreHHbX ropHbix mopon [25]. K Tomy Xe mo Mepe BHIHOCA
BOJOM 0oJiee pacTBOPUMBIX COEIMHEHHI IMOCTENEHHO MEHSETCS M COCTaB MCXOMHOM
HBXX. Bnpouem, B Gonbmuncree csoem IIJIK mns VB mamsoro (Ha asa m Gosee
HOPSAKOB) MEHBIIE WX TPEAEbHON PACTBOPEMOCTH, TakK UYTO peasjbHO HabarojaeMble
KOHLIEHTPALM¥ CBHUIETEJBCTBYIOT O HEHOIMYCTHMOM 3arpg3HeHnd. JlaHHble O pacr-
BOPHUMOCTH HEKOTODBIX OPTFaHWYECKMX KOMIIOHEHTOB NpPWBEJEHBI B HpwioxeHuu I.

IlokasaTeseM WHTEHCUBHOCTH IMIPOIECCOB pAacCTBOPEHHMS MOXET CIYyXHTb KO-
addunpenT ckopoctu Macconepenoca (A,), orpaxatomuit Maccy HBJK, nepexonguniyio
B pacTBOpD Yepe3 eAWHMIy IUIOIAaAW KOHTAKTa C BOJOM B EIHMHHIY BpPEMEHH.
HyXHO OTMETHTb, YTO 3HAYEHWS A, PACTyT C yBEJIHMYEHHEM CKOpOCTEN (HUIbTpanun
U yOBIBAIOT CO BpeMeHeM — 0 Mepe «crtapeHus» HBIK, mosromMy BenuuuHb A,

K0JIeGII0TCS B [0OBOJBHO INMPOKOM juamnasoHe (rtabna. 3). B mesoM, omHako, oHM
CBUJIETEIBLCTBYIOT 0 GBICTPOM JOCTMXEHWHM JIOKAJILHOTO (Ha ypOBHE IIOpP) paBHOBECHUS
Ha koHTakTe Mexny HBJXX wu BomHeiM pactBOopoM. Ha MakpoypoBHe Takoe
paBHOBECHE JOCTHTaeTCd JIMIOb B YCAOBUSX J1aGOpaTOPHBIX JKCIEPHMEHTOB, KOO
IIOMHMMO BEJWYMHBI A, pemariee 3HAYEHWE [Jid MPOIECCOB DPACTBOPEHUS HBX

MMEEeT BEJIMUMHA yAeNbHOM MexdasHou nosepxHoctd S, = S,./V, (S, — miomans
MexdasHoi moBepxHocTH, V, — 00beM HBIXK). BpemeHHBIe W3MeHEHHS KOHIIEHT-
pamu HBX B BOmHOM pactBope (C) ONMCHIBAIOTCS YPaBHEHHEM

V. - 71-1‘— e SHB}\'H (CH i C)’ (4)

rge M, — macca HBX.

B rereporeHHBIX ¥ HEOTHOPDOAHBIX TOPHBIX MOpOJax BeJWYMHA S,, HaMHOIO
MEHBIIE, YeM AOCTHraeMasd B J1ab0opaTOPHBIX SKCIIEPUMEHTAX C ONHOPOAHBIMHU MTOPUCTHIMH
cpejamMm: Boja TeUyeT N0 HauboJjee IPOHHMUAEMBIM 30HaM, He 3aHareiM HBX, a
nocjaenaue 00pasyloT CKOIUIEHWS B MEHee MpOHMIAEMbIX 30HaX. [loaToMy cymmapHad
Mmacca pacrBopesHoro HBJK Moxer BO BpeMeHHM 3aMETHO BO3pacTaTh, MO0 MO Mepe
pacrpoCTPAHEHU 3arpSI3HEHUS M CHUXEHWS HAaChIIIEHHOCTH A0 OCTATOYHOM BEJINYMHBI
MHOIMOKpPATHO yBejuumBaeTcd obmag miomans kontakta HBJXK c Bomoit.

Ilpu BceMm mpu ToM pacteopenre HBJK — BechbMa TMTEbHBINA TPOLECC (HECSTKH — COTHHU
JIET), YTO BHAHO XOTd OBl W3 $BHO 3aHIDKCHHOU OLEHKM BPEMEHH pACTBODEHHS II0
dopmyne t,= M/QC, tme Q— pacxol BOAbl, TPOXOASUIEH Yepe3 MNEPBUYHOE AP0
HBXX c maccoit M. Ha camom fenie BpeMs f, — ropaspo GoJibllie, TAK KAK KOHIIEHTPALS
C, B HATypHBIX YC/IOBHMSX NpPAKTHUECKM HUKOTHa He mocturaetcs. TakuM obpasoM, s
yMepenHO u cnabopacTBopuMbix HBJK TpyZHO paccuMTHIBATD HA OUMCTKY 3arpsi3HEHHOTO
IUIACTa 3a CYET ECTECTBEHHBIX MPOLIECCOB PACTBOPEHMS OCTATOYHBIX MX IMPOXYKTOB.

Hcnapeune HBX wurpaer BaXHYI pOJib, KOTJda OHM IIPHUYPOYEHBI K IIPHUIOBEP-
XHOCTHOW 30HE W WMEIOTCd YCJIOBHY A9 WHTEHCHBHOIO [BUXEHHY BO3AyxXa M
napa — Noponabl XapakTEPU3YIOTCSd HEBBICOKOM OTHOCHUTEJIbHOM BJIAaXHOCTBIO M XO-
polie#i MPOHWLIAEMOCTBIO, OTMEYaeTCs BBHICOKOE JaBJIEHWE mapa W T. n. Murpupysd
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Tabnruya 3

YucieHHble 3HaYeHMs KO3(DQUIHMEHTOB CKOPOCTH MAacCOMEepeHOCa HEKOTOPbIX HedTenpoayKToB

Kosdduument cxopocrm Ma oca
Vriesoaopons bPuuy . p i Cft;ﬂepeﬂ Ay
(1077 Mr-m™“-c7")
BensmH, cmosucrad HedTb 100
TomuBHas HedTH, AW3EJIb, KEPOCHH 10
MamuHHBIE Macia, TsXejad TOIIMBHAS HedTh 1

Tabauya 4
JaHHble O KOHLEHTPANMM NapoB M CYMMAapHOH IJIOTHOCTH ra30B
s orpenbHeix HBXK mpu 25° C [16]
XaMuvyecKni Mosiexyn9pHBIH Haﬂ:BJIrili:Hfl = Iflg‘l;rgemg:;x:ﬂ Coraapron
KOMIIOHEHT Bec, r/mMonb P 25° C P napa],nexr /Mo ngg’THzrc}r;
Tpuxnopatas 131,4 9,9 0,52 1,58
Tonyon 92,1 3,8 0,14 1.27
Benszon 78,1 12,7 0,40 1,42
X nopodopm 119,4 25,6 1,23 2,11
TeTpax/opaTaH 165,8 2.5 0,17 1,31
1,1,1-TerpaxnopaTan 133,4 16,5 0,89 1,87
Srunbenson 106,2 1,3 0,06 1,22
Kcunen 106,2 1,2 0,05 1,2
Huxnopmeran 84,9 58,4 2,00 2,50
1,2-AuxnopsTan 99,0 10,9 0,44 1,48
Xnop6enson 1126 1,6 0,07 1,22
1,1-[IuxnopaTan 99,0 30,1 1,20 2,03
TeTpaxysiopMeTan 153,8 15,1 0,94 1,93
Bozgyx mpu 1 arm, 25° C 28,6 101,3 He omp. 1,17

B rasoBoi asze, KOMIIOHEHT B KOHIE KOHIOB KOHAEHCUpYyeTCd, copOupyercs
pasjaraeTcd WIH yXomuT B atmocdepy [16, 40].

HcnapgeMocTsb (JIeTydecTb) KOMIIOHEHTA OTNpPENENSETCS, C OJNHOW CTODOHBI, 3a-
KOHOMEDHOCTBIO I'eHpH, oTpaxarmeld pacmpefesieHHEe B CMECH BOAA — BO3AYX:
napuuajabHOe AaBieHue (p) winm koHueHTtpauwus (C,) KOMIIOHEHTa B ra3oBoii (hase
CBA3aHBl C ero BogHOM KoHueHTpaumeur (C, monb/m?) uepes koucramry Tenmpu (H,
aT™-M>-Mosb~!, mpwioxenwe 1):

H
p=HC, wm C,=——C. (3)

C fpyroii CTOpOHBI, OIpENESIOUIAMH SBJISIOTCS 3aKOHOMEDHOCTH IEPEH0Cca
rasoBoii caspl, MpUYEM NOMHUHHPYeT OObIuHO auddys3noHHAs cocrapasgomas |28,
33]: kosdpduument puddysum and Hee OKa3HBAETCS NPHMEPHO Ha 4 TOpsSAKa
BhIlllE, YeM [J1d XHAKOH ¢ba3bpl. OgHAKO CYIIECTBEHHYIO pOJIb MOXET HUIpPaTh H
KOHBEKIUS B 30HEe aspanuy, OOyC/OBJIEHHAd BBHICOKAM [AABJIEHHWEM ra3a WIH €ro
IUIOTHOCTHBIM rpaaueHToM [ 16, 30, 31].

4 B 4acTHOCTH, HAa «CyXOil» TOpOZE Nap MOXeT cOpOMpOBATLCS W HENOCPEJCTBEHHO.



Tlocneannit pakTOp CTAHOBHTCS 3aMETHBIM i cnabocopOupyeMbix B ra3000pasHOM
cocrosHnM YB npu yBEMUEHHH IJIOTHOCTA E€CTECTBEHHOM Ta30BOi KOMIIOHEHTHI 0osiee
ueM Ha 109, u npu npoxunaemocTy, npepsinaiomeir 10~ M? (xapakTepHbe 3HAYECHAS
TUIOTHOCTE# M KOHLEHTpAlMi HACHIEHHONO napa AaHel B Ta6n. 4). [1noTHBIA ras,
obpasosaBmmiica npn wucrnapennn HBX (8 wacrHOoCTH, apomarmueckux YB) B 3omHe
aspauud, TIOFPYXAaeTcd K 3epkaly TIDYHTOBBIX BOI M CMEIIMBAeTCd 30eCh C Ta3oM,
HCNAPUBLIAMCH W3 HACBHILIEHHOM 30HBL, Ile MHTEHCHBHOCTH WMCHApEeHHsS TeM 6oJbiue,
uem GoJsiblle JaB/ieHHE HACHINEHHOrO napa (M yeM MeHbile KoHCTanTa I'eHpu). B
9TOM Xe HAaNpaBJeHWH MUTPHDYeT IO 30HE aspalyM Ta 4acth mapoB YB, koropad,
CMEImMMBAsCh C BHYTPUMOPOBLIM BO3JYXOM, BHINEFETCS Ha XuAaxkou (BopHow) dase,
a 3aTeM MNBUXETCS BHM3 C HMHpWIbTpyomedca Bomoi. Ilpu 5ToM paBHOBECHOMY
pasnesieHuio (a3 OTBEYAET CKOPOCTh BEPTHKANBbHOI Murpauun YB ¢ kosdduuuentom
3a0epXKu (OTHOCMTENLHO CKOPOCTH MH(MWIbTpauuu BOAbl, 6ez yuera copbumm):

flnl
B g = (6)

rpe n, ¥ h,— TOPUCTOCTb, OTBEUAIOIIAd COOTBETCTBEHHO 3allOJHEHHIO BONOH U

rasoM, H — Ge3pasmepHas KoHcrauta [eHpm.

Yro xe kacaeTcd JIErKHX JIETy4MX KOMITOHEHTOB B ra3oBoil ¢ase, TO OHH
ymangiorcd B atMocdepy [ 14, 27, 30].

PaccMoTpeHHBIE 371ECh IPOLIECCH] IIPUBOLAT K ITOCTENEHHOM TpaHC(hOpPMAaLH VICXOJHOTO
COCTABA 3arpS3HEHMI M K YaCTHYHOMY pa3/ie/IeHUIO 3arpI3HSIOMMX KOMIIOHEHTOB, IPUYeM
YacTh M3 HUX (JIETKHE JIETydWe) MOXeT BOOOLiE HE AOCTAIHYTh ypOBHS TPYHTOBHIX BOZ.

2.4. 3HavyeHue mpoueccoB copbuum U OHoperpazanyy

Cunraercg, uro copbums xuakux (pacrBopeHHbix) VYB Ha TBephoit dase
TIPOTEKaeT CPABHUTEIBHO aXTHUBHO, JIMIIb €CJIM B HEW NPUCYTCTBYET MUHEDPAJbHbIM
YyITIEpOA MM OpraHMuYeckwit Matepwan °. Hanpumep, pgaxe UYHCTHIE MOHT-
MODPWIJIOHUTOBHE IVIMHE copOupyior VB cpaBHuTEIbHO c1ab0, HO Pe3KO YBEIMUMBA-
0T CBOK CcOpOLMOHHYI0 crocoGHOCTh Tpu no6aBke yroabHO#l nbutd. Ilpu 5TOM
uem Gosiee rApodobeH TOT WM WHOW KOMIOHEHT °, TeM CubHEe OH copbupyercs:
TaKOBBI, HAlpuMep, rajoreHHbie YB — xa10podopM, TPUXIOPITAH U TPUXJIOPITHIL.

Haumenee copOUpyeMbiMH OKa3bIBAIOTCS OTHOCUTENBHO CHJIBHO DPACTBODHMbIE
YB, Hanpumep OeHson, uMeommi pacrsopuMocts 1800 wmr/a: kosddpuupeHT
3aepXKH R 19 Hero (IO OTHOWIEHWIO K Tpaccepam) B IMECKaX, HE COAepXaliux
OpraHWKM Ha TBEpAOH (ase, MaJ0 OTJMYAETCS OT eAMHMLbL BeswumHa R pacTeT
C yBeaMYeHHeM rupodoOHOCTH — B HANPABIEHUM OEH30JI — TONYON — KCHJIOJL.

Cop6ums mporexaeT ropasgo akTHBHEEe B HEHACHILIEHHOW 30HE — B IIEPBYIO
ouepeAb M3 Ta30BO# ha3wl JeTyuMx YB, mapel KOTOPBIX MOIyT ycBaWBaThCd B
npoiecce ux aucpdysun uepes NOpoAbl 30HB aspaumd [39] — no mocTHXEHUS
KOHUEHTPAUMOHHOIO DPaBHOBECHS C Xunkoi asol, comracHo ypaBHenmio (5).
CoorBercTBeHHO, 3HaueHWe kodddunmenrta 3anepxku (6) BospactaeT 3a cuer
copOuum [0 BEJNWYMHBI

R=1 \.’1‘1_1__*_&_1(_’1‘ (7)
i —t—nrH R H

rge O, — IVIOTHOCTb CKeJera nopoasl, K, — K03d(GUIMERT pacrpeeieHns.
3uauenus R 1/1s XapakTepHHIX I€CYaHO-IVIMHECTHIX 00pa3soBaHMil 30HBI a3paluu
ans Gensona cocrasasior 4—10, xnopGensona — 8—28, Tonyona — 5—14 [16].

5 B Bue 9acTuij ¥ IUIEHOK HA MMHEDAJbHHX 3epHax. Ileckm W rpaBuil COZepXaT He3HAUMTESbHOE

KOJIMYECTBO OPraHMYECKOr0 BEUIECTBA, €Ie MEHbIIE -— TPELIHHOBATHIE MOPOIKI.
3T0 oTpaxaeTcs BOJHO-OKTAHOBHIM KOA((buIMeHTOM pasjesienus (npuioxenwe I): uem Gosbine

OH, TEéM MEHbIIE DACTBOPHMOCTD.
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INpv TUTaHWPOBAHWK MEPONPHSETHIA IO OUMCTKE TMOA3EMHBIX BOA CJENYET YYUThI-
BaTh KuHETHKY fecopbuuu [ 11]. IlposBiieHre KMHETHKM 3aK/IH0UAETCA B METIEHHOM
ynanenun HBJK #3 BOJOHOCHBIX TLIACTOB: 3HAYATE/NIBHO YBEJINYMBAETCS Kak
Bpemsi, TpebyeMoe AJIsi yCHEUIHOM OYMCTKM TIacTa, Tak M obmuii o6beM oTkaumBa-
eMOil CKBaXWMHaMM BOJBl C IIEJbI0O «IIPOMBIBKM» 3arpg3HEHHOH 30Hb. Kpome Toro,
NpexpalleHHe OTKAaukKu [0 IOJHOW OuYMCTKH msacta GyneT cmoco6cTBoBaTH KOH-
IEHTPHUPOBAHMIO 3arpS3HEHMI B NOA3EMHbIX BOJaX, Tak Kak aecopbums Oyaer
[POOIXAThCH.

Hecopbuus HBX o6wiuno Hamuoro ciabee copOuuy M NPOTEKAET MENJIEHHO.

Eme Gosiee BaxHyI poib B TpaHchopmauunm YB wurpaer mx Omomerpapanms,
KOTOpad B MEPBYIO O4Yepelb MAET 4epe3 pacTBOPUMYI0 uX (¢asy, B TOM dKCIe
copbupoBaHHYI0 Ha MMHepajbHOM ckesere. IloctynneHue YB B mopsemHbie BOJABI
CTHMYJMPYET XWU3HENedTeJbHOCTh OakTepmil, ucnonp3ylommx YB B KauecTBe
[ATATE/]bHOW OpPraHMKH, €CJN TaKoBas OTCYTCTBYET B ECTECTBEHHBIX YCJIOBHUIX.
B sTOM CMbicJe Ouojerpajanus ponoiHgeT copOumio VB, koropas, Hao6opor,
npoTrekaer Haubosiee WHTEHCHBHO TNpH Ha/[M4AM ECTECTBEHHOW OpraHMKM Ha
TBepHOil dhaze m K TOMy Xe Hepeako obpatuma. CBHUETENBCTBOM HHTEHCHBHO
npoTekaomeil OHoferpajanuM TakKoro MIAPOKO PpacrpOCTPAHEHHOIO 3arps3HeHud,
kak 6eH30J, 9BA9EeTCS TO OOCTOYTENBCTBO, UTO OH IOYTH HUKOTAA HE BCTPEYAETCH
B CKBaXWMHAX, yJaJEHHBIX OT WCTOYHHMKA 3arpg3HeHMs XOTd Obl Ha NEepBBIE COTHH
MeTpos [ 35]. Bupouewm, BaXHYIO POJb [JI 3TOTO JIETKOT'O 3arPA3HUTEIS, TATOTEIOMEro
K MOBEPXHOCTH TPYHTOBBIX BOJ, MOTYT WrpaTh M O0JaronpuaTHBIE YCIOBHS AJs
ero WCIapeHus B aTMocgepy 4Yepe3 30HYy aspanum.

Ilng Guopmerpajauuyu HeoOXOQVUMO HAJIWYWE B CPEAe 9JIEKTPOHHBIX aKIENTOPOB.
B aspobubix YCIOBHSX TAKOBBHIM gBJgeTcs Hpexae Bcero Kucaopopa. ITosTomy
KMHETHKa COOCTBEHHO Iponecca Omojgerpajaumd Ha MUKDOYPOBHE  MIPAeT
OTHOCHTEJNIBHO Majyi0 pojib, M €r0 WHTEHCHBHOCTh YacTO pemalomuM o6pasom
3aBHCHAT OT HAJMYMg KWUCI0poAa (Tak KakK €ro pacTBOPMMOCTb HEBEJHKA — JIMIIb
8—15 mr/n), a Takxe OT CKOPOCTH €ro IIOCTYIUIeHHS C (pUIbTPALMOHHBIM MOTOKOM
( KOHBEKTMBHO-/JUCIIEPCHOHHBIN TEPEHOC) MIM M3 HEHACHIEHHON 30HBI (madbdysna
Bo3fyxa). MMeHHO mo3TOMY aHaiauM3 ycioBMit Guoperpagamum Tpefyer camoro
BHAMATEJHHOIO ONKMCAaHUS KOH(pUTypaluy Opeosa 3arpa3HEHHd: C pPOCTOM II0C-
JIE[IHETO YBEJIWYMBAETCS ITOBEDXHOCTb MAJd TOCTYILIEHHS KHUCAOpOAAa HE TOJIBKO
KoHBekumey m auddysuei, HO ¥ TonepedyHoi aucnepcuer. Ilo Toi Xe mpuUHWHE
3aMeHa peaNbHON KOH(MHUIYypauuW HEKOTOPHIMH TNpUBEJCHHEIME 06oGmaomumu
BEJIMYMHAMY YACTO JAET HENMpPHEMJIEMblE Pe3yJbTaTbl. JTO OTHOCHTCH K IlapaMeTpaM
MaKpOJWCTIEPCHY, HE MO3BOJISIONMM ONHUCATh OCOOEHHOCTH HOCTYNJIEHHS DacTBO-
PEHHOI0 KMCJIOpOAa Ha MHKPOYDOBHE, a MMEHHO HAa 3TOM YDOBHE M TPOTEKAIOT
npouecce Guoperpagaunn [ 7].

Eciu monBoj KHCJAOpPOAa B BOAOHOCHYIO CTDYKTYpPYy OrpDaHMYEH, TO IIO Mepe
€ro WCIo/Nb30BaHMS Ha Omojerpajauuio murpupywmux YB cpema u3 aspobHoii
MOXET IpeBpaTuTbcd B aHaspobuyio. Kpome Ttoro, Taxennie YB, mponumkamoomue
B rny6b BOJOHOCHOTO TILIACTa, MOTYT W3HAYaJbHO OKasaTbCsd B aHAa9POOHBIX
ycioBugx. B TakOM BapMaHTE pOJIb 3JIEKTPOHHOIC AaKLUENTOpa MOTYT MNPUHYITH Ha
cebs HUTpaTHHE W Cy/ibdaTHBE COENMHEHMS: B Iponeccax AeHHUTpudHUKaLMA ¢
necyabdaTusanyy VB uCIONB3YIOTCS KaK HMCTOUHUK YIepoja, €CIu COoAepXaHwe
nocjaeJHEro Ha TBepAoi hase HexocTaTouHo Besmko [7, 35].

B nenom Guoperpajauua YB okasbiBaeTcda o6euHO ropasno 6osee WHTEHCHBHOM,
yeM wx HeOwosiormueckas gerpajanus.

2.5. 3HauyeHWe KoJieOaHMiI ypOBHSY TDYHTOBBIX BOJ

Ong nerkux YB, MUTpUPYIOIMUX BHOJIb KPOBJHA IPYHTOBBIX BOAOHOCHBIX MOPHU30H-
TOB, BAXHYIO POJib B UX JaJIbHEHIIEM PacCripOCTPaHEHWN WM TPaHC(OpManuy HUrparoT
Kosebanug ypoBHS TPYHTOBBIX BOJ, BBHI3BIBAIOIINE HM3MEHEHHd B II0JOXEHUA
kKoHTakta VB c Bomoit [1]. Ilpm sToM dyacte VB 3amiemsidercd BBIIE WX 30HBI
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HACBILICHNS WX OTBOAUTCS BHHU3 OT HEE, a MEPBOHAYA/IbHAYG, BOAHAS KalWLI4pHAY
KaiiMa IIOCTETIEHHO paspyliaercd. 31ech obpasyercd nuHaMuuHad o6aacts YB
sarpssnenus [1], Bkmouatomas B ceGs (cBepxy BHE3): 1) 30HY rasoo6pasubix VB —
HajJl MAakCUMaJbHBIM YypOBHEM XuAKuX VYB; 2) 3ony samemneHHBX VYB, 06Bo-
JIAKMBAIOWIMX 4YaCTHUbl TPYHTa, MOPbl KOTOPOrO 3aHATH BO3LYXOM,— MEXIY
MaKCHMaJbHBIM ypPOBHEM XHAKuX YB u ero TexymmM mnosoxenuem; 3) 30HY
YB-Hacbinenns; 4) 30Hy KaneabHbiX YB B Boge — MEXAY TEKYIIAM W MHHHMAJIbHBIM
TIOJIOXEHNEM TOMOIIBE HACBHIIIEHHOW 30HBI;, 5) 30HAa 3MYJILTMPOBAHHBIX M PACTBO-
PEHHBIX YB — HMX€ MHMHMMAJbHOIO IOJIOXEHHWS MOAOMBE HACHILIEHHONW 30HHI .
B COOTBETCTBMM CO CKa3aHHBIM BHIIIE MOXBHXHOCTE YB (mepBoHayanbHO pacTe-
Kalomuxcd BAOJb MCXOAHOM NOBEPXHOCTH TPYHTOBHIX BOJ B YCJOBHSX, OJIM3KHAX
K TIOJTHOMY HACHILEHWIO) B DasHbIX 30HAX OKA3BIBAETCS pPE3KO pasnnyHOi. B
YacTHOCTH, ABHXEHHE YB TpeTbedl 30HBI NO-TIIPEXHEMY ONpPEAENSETCS YKIOHOM
3€pKajia TpyHTOBBIX BOA, B TO BpeMs Kak VB, momaBmiue Bo BTOPYIO M UETBEPTYIO
30HbI, OKa3pIBAIOTCY BeCbMa Ca0OMONBIXHBIMYM, HO 3aTO IIOABEpraiTcs Gosee
MUHTEHCUBHOMY DacTBODEHHIO (BO BTODO# 30HE — MpPH HAJIAYAH HHOUIBTPALAH)

3. A3YYEHHUE MOA3EMHBIX CKOIUJIEHUIM YB B IIOJIEBBIX YCJIOBUIX
)

3.1. Habmonenuss u onpoGoBaHMS 1O CKBAXWHAM

CkBaXuHbl SBIFIOTCS OCHOBHBIM MCTOYHHMKOM HMH(OPMALMM O MOAZEMHBIX CKOII-
7eHuIX YB, xorTd mHGbOpMamus 5Ta 3a4acTyl0 OKa3hIBAaeTCS KpailHe HCKaXEHHOH,
0cO0EHHO MO yXe TpPOMAEHHHIM CKBaxuHaM. Takhe WCKAXEHWd B npegenax
HACBIIEHHO! 30HBI MOTYT ObITh CBSI3aHbl C HUCXOASIIAMH [IEPETOKAMH 110 CKBAXHHAM
U3 XHUAKHMX CKOTJIeHMN YB Haln BOAOYNOpaMH, BCKDHITHIMA TIpH OypeHHM Ha
NOJIHYI0 MOMHOCTE. C APyrod CTODOHBI, CHJIBHO WCKAaXalOT KAPTHHY M W3JIVIIHE
KOPOTKME (WIbTPHl CKBaXWH, HE OXBATHIBAIOUIME BCIO 3arpssHEHHYI0 VB 30HY
C ydYeToM KonebGaHuii ypoBHe#l NOA3EMHBIX BOJ. CBOE WHCKAXAIOMIEE BJINSHUC

OKa3bIBAa€T M OOCHINKA (DHUABTPA, OCOBEHHO €C/IU ee MaTepuas HEHaMHOIO KpYIIHEE
€CTECTBEHHOrO rpyHTa. IToaToMy Hambosee [0Je3HbIE JaHHBIE IONYIAIOT B npomecce
6ypenus ® ckBaXmH, COMyTCTBYIOLIETO or6opa 06pasuoB u GIOHHOB, a TakXe
KapoTaxHbiX pabor [4].

Onbit nokaswiBaer [18, 19, 25], uro mHucxoasmue nepetoku YB mo ckBaxwuue
1 COMyTCTBYIOLIEEC CHIXEHME 3€pKajla BOABL B HEW MOTYT YBEJHMYHMTb HaGI08aeMyIo
MOLIHOCTb 30HBI HaceileHus YB (m,) B 2—10 pas no cpaBHEHWIO ¢ WCTHHHON
(m,); aT0 OTHOmEHHE (m,/m,) pacrer c yMeHbIIeHHEM pPa3MepoOB 4acTull I'pyHTa
U C yBEJMYEHMEM ILJIOTHOCTH YB (o)

m,/m, = p,/(p, — p,). (8

OnHako BBIYKC/IEHHME BEJIWYMHBI M, COTVIACHO dopmyse (8) Moxer Takxe
TIpUBO/IATE K HEHA/IEXHBIM pesysnbTaTaM, H00 CaMO IpeACTaBIEHHE O 30HE,
TTOJIHOCTBIO HACBIIEHHOW YB, SBAgSeTCd CWIBHOW HAcaJu3aluei: npu KoJieGaHugx
YPOBHS TIDYHTOBBIX BOA TpOWCXomuT ee Auddepenumanus (cM. pasp. 2.5) ¢ mano
[IPEACKA3YyEMbIMYA M3MECHEHUIMYU B MOJIOXEHUU KOHTaKTa YB 1 BoAbl. [ONOJIHUTEb-
HbI€ OCJIOXHEHWS BbI3BIBAIOTCH HEYCTAHOBUBIIMMUCS CyOBEPTHKAJIBHBIMU TOTOKAMH
YB B cnaboONpoOHMIAEMEIX C0SX MO NPHUCKBAXUHHBIM 30HaM, KOTODBIE MOTYT
CIIyXWUTh NMPAYMHAMY AHOMAJIbHBIX B3aMMOOTHOIIEHHUH MEXAY BHIUMOH MOIIHOCTBHIO
VB u nonoxeHmeM KOHTaKTa HX C BOHOW. Bce 5To TNDUBOJUT K TOMY, UYTO
o0beMbl moABMXHHIX YB He MOTYT OBITb HaJE€XHO OINpENE]EHbl MO MPSIMBIM
SaM€paM WX MOLIHOCTH B CKBaXWHE, B TOM UHWCJ€ M MPH KPATKOBPEMEHHOM
TapTaHWM TOC/IEAHEH, NMPHUBOALINEM K CMEIEHMIO YB u BogbL

Bonee mnepcnekTMBHEI B 3TOM IIaHE METOABI CKBAXHHHOMN reousuku, B

7 Ilpu 5KCTpEMAJbHBIX TIONOXEHHSX YPOBHEH 30HH 2 WIH 4 HCUE3aior.
8 Tlo sarps3sHeHHONl 30HE — KOPOTKHMH HMHTEDPBaJIAMHA.

YACTHOCTH JM3JIEKTPUUECKIN KapoTax [ 19]. OTmerum, uTo, COryIacHO HaKOHJIeHHOMZ
ombITy, HEe(TIHOe 3arpI3HEHHME YBEJMUMBAET 3JIEKTPUYECKOE CONPOTHUB/ICHH
¥ 30HBI NPUMEPHO BIBOE.

Kaug?rgﬁggonp% (bmoI:aJme U3 CKBaXWH, HE Ha)ucozmnmxca B IIpoLecce 6ypeH;1:1:
npo60oT6OpHUKAMH (cenextuBHO ° MM OTKA4KO¥) o6bqu(3 IPEIIECTBYIOT EgMe_
KOBpEMEHHbIE TPOKAUKHA JjIS WCKIIOUEHMS MOTPEIIHOCTEH, CBgIBaHHIéIX ¢ v
HEHUIMM COCTaBa XHUIKOCTU B CTBOPE CKBaXWH [5, 6] . Onm MoryT OBITH O ycnoquIeHG,
B UaCTHOCTH, B3aumojeicTBueM YB ¢ marTepuaioMm (})nnb'rpa—xopposnen, a:o ;
copbumesi u np. OpHaxo OoJipllIvie TOHVIXEHHWS YPOBHEW IIpH IIPOKayKe BbIsz::CTH
Jerasanyio ¥ WCNIapeHHe JIETyYMX KOMIOHEHTOB, IO3TOMY MpOKAdKH éIyIIIH Ao
¢ HerJy0oKuM orbopoM, a B c1a00nPOHUTIAEMbIX nopoz(GaX—Boo1 (1)1162(())0/ o
oTkaszaThcd [6]. DTO MO3BO/NSET CHUBHUTH MOTPEMHOCTb 0TOOpa A0 10—2U7%
KpaiiHe#l MEpE, B NOCTATOYHO MNPOHMIAEMBIX MOPOAAX). : N

Yro kacaeTcd NpOOHBIX ¥ ONBITHBIX OTKAYeK, TO OHM MOTYT OBITH LN
pasHbIMM JUIS OLEHKM TOABMXHOCTH VB B 1mjacte M BO3MOXHOCTH OLII/ICTI:(}I{/I(;
BripoueM, LEHHOCTh TAKMX ONBITOB OTPaHMYEHHA, TaK Kak pe3yibTaThl CHJ e
3aBHCAT OT JJWHB (WIbTpa U €ro pacroJIOXEHUsS OTHOCUTETBHO 41;01-11‘:;;@31 B
C BOHOH, a TakXe OT HHTEHCHBHOCTH M JUIMTEJbHOCTH orGopa [43]. 0:;’1;3 aTZ
yCJI0BHS OTKAUYKH MO BO3MOXHOCTH JOJIXHBI HAWTy4IINM obpaszom COOTBCTCTB \
IpeAnoiaraeMoii CxeMe OYMCTKM Ilacra ( OIBITHO-3KCTTyaTALIMOHHBII nogxogB;’IX

B mesioM NpHUXOAWTCH IPU3HATH BECbMa OTPaHUYEHHBIE BOBMO)IéHOCTI/I yp i
paboT A/ HEMOCPEACTBEHHOIO BBISBJIEHNS, OKOHTypHBaHHﬂ ¥ onpoOOBaHMA XUJ
CKOTUIEHWH M TeMm Oosiee ocraTounbix BikiaioueHumit HBJXK B BOJOHOCHBIX nnac‘;rlaxf;
Kpome yXe OTMEUEHHBIX, NPUYMH TOMY MHOXECTBO: M MaJII6)IC nx paab;iim s,
paspese (a Hepenako W B IJ1aHe), U CHIbHOE pasbaBienue mpob 3a ;f;(;fr II;I i
IJIMHHOTO MHTEpBaja BCKDHITHS, ¥ MHTCHCHBHAS NUCTICPCHS (pasgm. .6 ; E gﬂﬂe
HOMEPHOCTb copbumm wiu Ouoperpajauuu, ¥ T. A. K tomy )Kue Ji[_II(])S )c;(e quBaTO
B mpedenax TMUIOMAAW PACIPOCTPAHEHUS XHMAKHX CKOIJIEHUMA »p o
[OTIOJIHUTEIbHBIM ~ PACIIPOCTPAHEHMEM 3arpssHEHMA Ha paHEe «UUCThIE
mwiacta. IlosToMy Oosee HajgeXHBIE B LIEJOM, XOTS M KOCBEHHBIE CBEACHHS HACT
onpo6oBaHve Ha HOpPEAMET pPacTBOPEHHBIX HBX 1o CKBa)KI/II-faM, pacnonaraeh:;:)mﬁ
BHM3 [0 IIOTOKY. BIpoueMm, ¥ 3/eCb €CTb CBOM TPYJAHOCTH: H3-3a pa:-un;(qﬂm1
PacTBOPUMOCTH OTHE/NbHBIX KOMIIOHEHTOB HX [MHAMHKa HOCHT BECbMa e?eoH e
XapakTep, HEPEAKO KOHIEHTpaLyy¥ ONHMUX KOMIIOHEHTOB pacTyT BO BpBHme,ano
¢doHe yObiBaHMS WIH MOJHOTO MCUE3HOBEHHS APYIMX, TaK HYTO AAXE Ha cpa .
HeGOJBIIAX PACCTOSHUSX OT MCTOYHMKA 3arpsS3HEHHMS MHOTAA MOTYT dukcupo

» 00BbI.
«qHETb:z;agEImeHHoﬁ 30He OCHOBHag wuWH(pOpManusd IOoJydaeTcd IOo 0T6npaeg4bt;;1\:)
o6pasuaM 3arps3HEHHBIX IDYHTOB; JJiS IPUIOBEPXHOCTHBIX CJIOEB 3TO MOTYT
bl W3 HEDPXAaBEIIIEro MeTaJlia.
Hpolgzo Blcl:;(mcl:{ﬁ)?qaﬂx )_IOJII))KHbI cobnogaTbcd TIOBBIIEHHBIE TpeGoBaHUSI K KOngé)f;
Banuy npo0, B YaCTHOCTH, IJIsl OrpaHHYeHNs VICKaXEHNH, CBY3aHHBIX C r;(éur*l O};I %
JIETy4YNX KOMIIOHEHTOB H 6uoperpananueit. C Opyroi CTOPOHBI, €MKOCTH, Nt
3yemble i oT6Opa M KOHCEpBaLWHW, AOJ/DKHBI MOAJIEXATh CHCTEMATHIECK H.lT_
TeJIbHOH OUMCTKE WINM 3aMeHe, OCOOEHHO NpHM HM3KHMX OINpefeNdeMbIX KOHILCH
pamusix. Ho ecnm mpoGoOTOOPHUK HE OTBEYAECT ITUM Tpe60?aHHﬂM WIN HE Mox«;u;
ofecneunTs HOCTATOYHON ONHOPOJHOCTH npo0sl (Tpy MaJjiol TOJIIIKHE OTﬂeJIbHGI;
XapaKTepHBIX 30H 3arpsa3HEHHs), TO JIydylle 3apaHEE OPUEHTHPOBATLCA Ha OT P
Hacoca.

Heﬂﬁip;ii?zl;gca);m Xuaknx YB B CTBOJIE CKBaXWHbI W aHaIu3a 0T06pa}1};1;1!)v(l
npob,