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Pa3pa6 a T bl BaeMa~ HaMf1 cospeneu­

H a ~ «ouuenuun OnTf1M f13a l\ f1 f1 Cf1CTeM 

B OAonon b3 0 Ba H f1 ~ (u a 6a3e COYeTa H f1~ 

nOKanbHblX f1 06 Ille3aBOACKf1 X Cf1 CTeM 
BOAonOWOTOBKf1 f1 OYf1CTKf1 CTOKO B) ­
Ba}l{HeCi w f1 Ci 3neMeHT CHf1 }l{e Hf1~ B03­

Ae CicTBf1~ Ha oKpY}l{alOIllYIO cpeAY l\en­
nJon03H o-6y Ma}l{HbIX npeA npf1~ Tf1Ci [1] . 
OHa O CH OBb IB aeTC~ npexne scero Haon­
Tf1Man bH OM COyeTaHf1f1 Cf1CTe M noxans­

H O ~ f1 0 61lle3 aBOAc Ko~ OYf1 CTK f1 CTOKOB . 
An~ Ka }l{AO rO KO HKpeTHoro TeXH On Orf1 ­

4eCKO ro npouecca paspatiaru eaer ca f1 

peanuayer ca f1 H H OB al\f1 0 H H a~ Cf1 CTeMa 
nOKanb HoCi OYf1CTKf1 CTOKOB or aarpns­

HeH f1Ci , cBoCi CTBeHHblX AaH HoMy npou a­

BOACTBY [2]. 
npf1Mep TaKo ~ f1HH oBal.\f1 0HH OCi r ex­

HOnOrf1f1 - epf13f1K O -Xf1 M f14 e C K a ~ 04f1C ­

TKa CTOKOB 5XTMM, «oropas O T H OC f1 TC ~ 

K TaK Ha3blBaeMbiM nonyep a6 p f1 KaTaM 

sucokoro BblXOAa [3]. BblXOA 5XTMM f1 3 
ApeBeC f1 Hbl C O CT a B n ~eT cau ure 85%, BTO 

B peM ~ KaK npa nonyyeHf1 f1 6eneHOCi cyns­

cjlaTH OCi uenruonoau BblXOA COCTa Bn ~eT 

OKOno 50- 55%. B pesynsrar e An~ npoas­

BOACTBa 0AHOIO f1 r oro }l{e KOJlf1 yeCTBa 

npoAYKl\f1f1 Tp e6yeTc ~ B nonTopa pa3a 
MeHbwe ApeBeCf1Hbl . TaKf1M 06pa30M, co­

3AaHf1e Ha npenn paaru nx l.\5n npoua­

BOACTBa 5XTMM, uanpunep, MOIllHOCTblO 

200 TblC. T B rOA, norpe tinaouiero OKOJl O 

500 TbIC. Ky60MeTpOB APeBeCf1H bl, otiec­
ne-urr 3KOHOMf1 1O 250 TbIC. Ky60MeTpoB 

ApeBeCf1 Hbl B lOA. 
V'1MeHHo n03ToMY cr par erus paaaa­

Tf1~ llbfl POCCf1 f1 npenycaarpaaaer CTpO­

urenbCT BO psn a npo f1 3B OACTB 5XTMM. 
3KOn Orf1 yeCKOe 3H ayeHf1 e TaKf1 X npoek­
TaB f1 3 aK n1O Yae TC~ npex ne scero BTOM, 

YTO f1 X peana sauua n03 BOJl ~eT 3KOHO­

Mf1Tb 60JlbWOe KOJlf1yeCTBO npesecauu f1 
06eCneYf1Tb KOMnneKCH oe ucnomcoaa ­

Hf1e necaux pecypco s. llocnenuee ofiyc ­

nOBneHO TeM, YTO CblpbeM An~ np0f13BOA­

CTBa 5XTMM MO}l{eT cny}l{f1Tb, H a p ~AY C 

enOBO~ f1 6epe 3 0BO ~ A peBeCf1H O~, f1 OCf1 ­

HOBa~ npeaecu na. noxa ellle He HaxO A~ ­

uias KBaJlf1epf1l\f1pOBaHHoro f1C nOJlb30Ba­

H f1 ~ . B CMewa HH blXnecax OCf1 Ha He r ons­

KO pa CCMaTp f1 B aeTC~ KaK Hen f1K B f1AH a ~ 

npesecau a. HO f1 ~ Bn~ eTC~ COP H O~ nee­

HOCi noponoa, 3a MeAn ~ lO llle Ci POCT BbICO­
KO l\e H H ~X X BoCiH~x no pO A. 

TaK, Hanpf1 Mep, nYCK np0f1 3BOACTB a 
5XTMM B DAD «(BeTorOpCK» nosson a­

eT 60nee nonu o f1 CnOn b30BaTb necuue 

pecypcu 60r aT o~ oCf1 HoCi JleHf1HrpaAC­

KO~ 06naCTf1. Buacr osuiee Bpe M ~ OCHOB­
Hble norp efiur ena Ha pblH Ke OC f1 HOBOrO 

C b l P b ~ BCesepo-aananso« perwoue POC ­
Cf1 f1 - CKaHAf1HaBCK f1 e KOM naHf1 f1, 3aBOA 

KyHAa B 3CTO Hf1 f1 f1 AO «Cseroropcx». C 

APYroCi CTOpOHbl, 06b~ Bne Ho 0 CTpOf1 ­

TeJlbCTBe B n CKOBCKOCi 06naCTf1 xpynuo­

ro n p eAn p f1 ~ T f1 ~ no np 0f13BOAcTBy 
5XTMM (c 3apy6e}l{H blM yYaCTf1eM) . 

Bro sce BpeM ~ , np0f13BOACTBO5XTMM 

B 3KOn Orf1 ye CK OM nnaae, 6e3ycnoBHo, 
Haf160Jlee CJl O}l{HOe f1 3 scex f1 3BeCT HbIX 
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Pf1 C. 1. CpaBHeHf1e noxaaareneji 

BblXOAa f1 KOnf1y eCTBa 3 a r p ~3 He H f1Ci , 

nocrynaiouia x B CTOKf1, An~ 

np0f1 3BOA CTBa 5XTMM f1 6eneHOCi 

cynbepaTHOCi uenruonosu : 
- BbIXOA; . - 3 a r p ~ 3 HeH f1 ~ , % 

BOn OKH f1CTbIX nonydiafi pwnaro e. KaK f1 3­

BeCTH O, npa aupa tior xe cynbepaTHOCi l\en­
monosu. npf1 Bbl XOAe 50%, paCTBOp f1B­

Wf1e c ~ Hel.\ennlOn0 3Hble KO MnOHeHTbl 

npesecaa u. fina ronaps Hanf1 Yf11O 3TO~ 

Cf1CTeM bl, n04Tf1 nonuocruo C}l{f1raIOTC ~ 

BCf1CTeM e pereaepauuu . B peaynsrare. B 
CT04Hbi e BOAbl nonanaer nf1Wb 1-2% or 

MaCCbl f1C XOAH OCi np eeecu uu . TaK, npa 

Bbl XOAe 50-55 % f1 npa cr eneua or riopa 

utenoxoe 98.5% BCTOKf1 norianaer MeHee 

1% OT MaCCbl ApeBeCf1 Hbl (PI1C. 1) . llpa 
np0f1 3BOACTBe 5XTMM f1 3 OC f1 Hbl npa Bbl­

xcne 85% B CTOKf1 nepexon nr 15% OT 

MaCCbl ApeBeCf1 Hbl (176 Kr Ha TOHHy npo­

AYKl\f1f1) . Bpesynsrare au nonueuae 3KO­
norf1yeckf1 x HOpM r pefiyer KaK c0 3AaH f1 ~ 

Cf1CTeM nOK aJlb HOCi 04 f1CTK f1 , TaK f1 pe­

KOH CTPYKl\f1 f1 cyui ecr eyiouiea Cf1 CTeMbl 

llennonosa 5yMara KapTOH
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6HollorHyeCKoj;j OYHCTKH ((60), ilBllillO­

l11e j;jc il -racruo auennoutano-u- ux OYHCT­

Hbl X coo py }t(e HHj;j (BO( ). 

(oBpeMe HHblj;j n p oue c c 6 XT M M ­

OgHH H3 caMblX 3K OilO rHyeCKH 4V1CT bIX 

npollec coB npoVl 3BogcTBa BOIlOKHVlCT~X 

nonydiatipaxaros. npu YCIlOBVIVI ucnons­
30BaHVlil HaHIlYYWHX cYl11eCTBYlOl11V1 X rex­
HOll orVlj;j, KaK B nponaeoncr ee npony«­
llVl Vl, TaK VI npa 0 6pa60TKe CTOKOB. B css­

3 V1 C 3THM , CVl CTeMa 1l0 Ka ll bHo j;j OYVlCTKH 

CTOKOB npoaaaoncrsa 6 XTM M gOIl}t( Ha 

6 blTb OCHOBa Ha na Vl cn Oll b30 BaH VI VI Ha Vl­

Il Y4 W Vl X CYl11eCTBYlOl11V1 X Te xHoll or Vl j;j. 

B CBil3H C 3TVlM uenecooopaaao pa c­

cMoTpeTb 60llee nonp oriuo cneuadiu-rec­
KHe o c06 e HHocTVI CT0 4 HbiX BOg npOH 3­

Bo g CTBa XH MVl KO-Te p MOMe XaH Vl 4e c Koj;j 

~l a CC b l ( XTMM) VI CTOYHblX BOg npoaaaon­
CTBa 6 XTM M . 

Cne u.~cjJ ~4eCK~e 

OC06eHHOCT~ CT04HbiX BOA 

npO~3BOACTBa 6XTMM 

( ViCTeMHblj;j auanas c nellVlcjJVlyeC KVlX 

oco6eHHoCTej;j CTOYHblX BOg npoaseoncrsa 
6XTM M nposonnnca Ha OCHOBe nureparyp­
HblX g a HHbl x [3-6], aaanuaaonura paooru 
3apy6e}t(Hblx VI , yaCTVlYHO, POCCVlj;jCKVlX 

n p egn p VlilTH j;j, a raiose Ha OCHOBe Hay YHo j;j 

nareparypu n o XVlMVI VI g p e Be cHH bl (7] VI 

TeXHOll o r HH llelllllOllo3H o -6YMa}t(Horo npo­

Vl 3Bo g CTBa [3-4].CY4eToM c0 6 CTBeHHbix Te ­

OpeTVlyeC KVlX VI 3KcnepVlMe HTall bHbiX VlC­

cllegoBaHHj;j aaropos [1-2]. 
n p oBegeHH blj;j aH allVl 3 noxaaan. YTO 

CTOY Hble BOgbl npoareoncraa 6 XTM M npen­
craanmor c060j;j Cllo}t(Hble MHo rOKOMno­

HeHTHble KOll ll o Vi gHbie CVlCTe Mbl. ( ne ll Vl cjJ VI ­

y e CKVle oc06eHHoCTH CTOYHblX BOg npoas­

soncrsa 6 XTM M H XTMM cllegYlOl11Vre : 

• Bucokas re-meparypa - g o 78-90°(, 
• HallVlY VIe 60llb WOro KOIlVlyeCTBa 

3KCTpaKTHBHbi X Bel11eCTB npeaecuuu, 

Bo g o p aCTB o p VlMblX r e MVlllellll lOllo3 , a 

Ta K}t(e g p yr Vl x Be l11eCTB, B TOM YHCll e 

IlVirH aHOB (OCVlHa - cogep}t( aHVle neH­

T0 3aH OB COCTaB llileT 22%; Bel11e CTB, p a­

CTBOPHMbl X B rOpilyej;j Bo ge - 2,5%; 

3KCT paKTVlBHbiX Be l11eCTB, paCTBOp VlMblX 

Bopraua-reckux pacrs oparenax - 3,0­
5,0% . [3, TOM 1, CTp . 46]). 

• H all VlYVI e 60llb WOro KOIlVl yeCTBa 

B3B eweHHbiX Be l11 e CTB, B TOM YHClle BO­

1l0KOH H gVlcn epcHoj;j CMOllbl. 

• B03MO}t( HOCTb Ha ll VlYVlil B CTOKaX 

MHO ro0 6pa3H biX nponykros 6Ho-geCT­

PyK llVlH, 0 6YCilOBIleHHail npenpacncno­
}t(e HHOCTblO OCVlHbl K rH VlIlVI. 

• n e p e Me HHbl j;j COCTaB - H3MeHe­

HVie KOll H4e CTBa VI COCTaBa paCT BOpe H­

HblX VI g Vl c neprVlpOBaHHblX Be l11eCTB B 3a ­

BVlCVlMOCTVI OT Ce 30 Ha H peruoaa aaroros­
KVI gpeBecHH bl, n p o g oll }t(HTe ll bHO CTVI H 

YCIlOB Vlj;j ee xpaneaaa. napawerpoa Te X­

HOIlO rVlyeCKo rO npouecca, TaK, uanpn­
Mep, conepx a-uie B gpe BecH He OCVl HbI3K­

CTpa KTVlBHblX Be l11e CTB aapsapyercs OT 3 
go 7%. [3, TOM 1, CTp. 48] . 

• H all VlYVIe 60llb w o ro KOIl Vl yeCTBa 

OCTaTOY HblX X Vl MVl KaTOB - n e p o Kc Vl g a 

sonopona, cyll bcjlV1Ta HaTPVlil VI np. 
Oc 0 6 0 e Me CTO 3a HHMaeT su cc kaa 

«3a 6y cjJep e HHo CTb» CTOKOB 6 XTM M VI ee 

MHo ronll aHoBblj;j xapaxrep. 3aTpygHeHVlil, 

B03 H VlKalO l11 He np u 04H CTKe CTOKO B 

6 XTMM, CBil3aHbi He TOllbKO C VlX OyeHb 

CIl O}t(H bIM COCTaBOM, HO VI C Vl X 6ycjJepHbl­

MH cB o j;jCTBaMVI. Vl x 3a 6 y cjJ epeHH OCTb 

Vl Me eT CIlO}t(Hblj;j xapaxrep - KaK KVlCIlOT­

HO-OCHOBHOj;j, TaK VI OKHCIlVITellbHO-BOC­

CTa HOBVITell bHblj;j . OHa Ta K}t(e CBil 3aH a C 

BbICOKOj;j 3aCTa6V1IlVl3V1 pOBaHHOCTblO KOIl ­

1l0HgHbiX CHCTe M. 

Ta KVlM 06p a 3 0~.1 , CTOYHble aons: n po­

Vl3BogcTBa 6 XT M M oxaaaaaorcs Ype3Bbl ­

yaj;jHo CIl O}t(HbIMVI , He n OCTOilHHblMVI no 

COCTaBY VI no KOIl Vl y eCTBY. n pH He 3Ha YH­

Tellb HOM 06beMe CTOKOB 6XTMM KOIlHye ­

CTBO oprauavecka x 3arpil3HeHHj;j raxoe 
}t(e, Ka K OT oonsur oro VlHTerpVlpOB aH Horo 

KOM6V1HaTa, a KOHlleHTpallVl il OpraHHYeC­

KHX 3a r p il 3 He H Vl j;j OyeHb BbICOKa. n p H 

3TOM op ra u u -recx ae 3arp il 3HeHHil CTOKOB 

6XTMM npencrasneuu, B 4aCTHOCTVI, CMO­

llaMVI VI IlHrHaHaMH, Kpaj;jHe TpygHO yga­

ll il e MblMVI 06bl4HblMVI BO C. 

f{oIlVlyeCTBO n e p ex og il l11 HX B CT04Hbie 

BOgbl Be l11eCTB o npegellileTcil pilgOM cjJaK­

TOp OB, n pe}t(ge Bcero BblXOg OM BOIlOKHVlC­

TOro nOllycjJa6pVlKaTa H3 gpeaecVlHbl (gaH -

Hble n o B3aH MOCBil 3H suxona VI xapaxre­
pVlCTVlK CTOKOBnpVlBegeHbl B MHOroTOMHH­

Ke [3, TOM 1]). f{ oIl VlyeCTBO 3arp il 3HeHHj;j, 

nonanaoumx B CTOKVI, ecrs BeIlVl4V1Ha, 06­

paruas suxony npogyKllVlH . Buxon npo­
AYK llVlH npa n p oH3B og CTBeXTMM Vl 6 XTMM 

cocras naer. B 3aB VlCVlMOCTVI OT MapKVI, 85­
92% (He6elleHail XTMM - suxon 92% VI 

auur e: 6ell eH ail XTM M - 85%). 
B peaynsrare 3 TVlX oc06e HHoCTej;j 

nona-ia ua 06 111 e 3a Bo gc KHe OYHCTHble 

coopyxeuus He npour emuux npensapa­
TellbH o j;j 1l0KallbHoj;j OYHC TKVI C TOYH~ X 

BOg nponsa oncraa 6XTMM npa sener K 

Bbl BOg y H3 crpos CHCTeMbl 6V1 01l0rVlyec­

KOj;j OYVlCTKVI ((60) . 

npoBegeHH~j;j aHallVl3 MVipOBOj;j 

n p a KTVlKVI OYVlCTKVI H y TVlIl Vl3all Vi VI CTOKOB 

6 XTMM [3-6] noxasan. YTO cYl11eCTBYIO­

ll1V1e MeTogbl YTHIlVl 3allVlVl 3TVlX CTOKOB 

3a KIl 104alOT Cil B: 

• ~l c n Oll b 30BaH H H CVlCTeM pereuepa­
llVlVl XVl MVl KaTOB, B TOM 4 V1 Cll e asmapuux 
CTaHllVlj;j, 

• OCYl11eCTBlleHHVI 1l0KallbHoj;j 04H­

CTKVI C Hcn Ollb30BaHVleM MeM 6pa HHbiX 

MeT o goB, 

• 1l0KallbHoj;j OYVlCTKe C COy eTa HH­

eM MeTogoB cjJVl3V1KO - XVlMVlyeCKoj;j VI 6 HO­

1l0rVl4ecKo j;j OYHCTKVI . 

B YCIlOBVlil X npoacxonaurero B MVipe 

pesxoro Vl3MeHeHVlil lje H Ha 3HeproHocVI­

renn npVl MeH eHH e au napuux CTa Hll Vlj;j 

npencraanaercs uenepcnexrueuux. MeM ­

6 p a HHbie MeTogbl Tpe 6 YlOT BblCOKVlX xana­
ransuux VI onepauaoauuxsarpar, a Ta K}t(e 

OyeHb BbICOKoj;j KYllbrypbl npoaaaoncrea. 
C yyeTOM sro ro H c ne llVlcjJVlyeCKVl X 

ocotieuaocre a CTOYHblX BOg npouaaon­
CTBa 6XTMM H XTMM , HaH60llee nepc­
n e KTVlBHbl M npen crasnner cs VlcnOllb30­

Ba HHe B 1l0Kall bHoj;j OYHCTKe co-r erauua 
cjJVl3HKO-XVlMVl4eCKVl X MeTogoB - Koa ry­

llilllVlH H cjJllOKyllil llVlVl C n o cll egYlOl11 e j;j 

cjJllO Ta ll Hej;j VI 6H OIl OrVly e CKo j;j OY VlCT­

KOj;j. VlMeHHO raxoe c o -re r a u a e n03BO­

Il ViT cxoa rynupoaar s KOlllloVigHbie CVl C­

Te Mbl, o c ag Vl Tb pa crs o peuu u e nOIl ViMep­

Hble KOMnOHeHTbl , T. e . B MaKCHM allbHoj;j 

CTe ne HVI VlcnOll b30BaTb c ne llVlcjJVl yeCKVle 

oc06 e HHOCTVI CTOYH blX BOg npo H3Bog­

CTBa 6 XTM M H XTMM . 

l.\enmonooa 6YMara KaPTOH 54 
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Pf1C. 2. npf1Hl.\f1nf1anbHal1 cxena 06ll.\e3aBogcKo~ OYf1CTKf1 CTOKOB go MogepHf13al.\f1f1 

KaK nokaaana HaWf1 npeneapurens­
Hble f1CCnegoBaHf1l1, 3cjJcjJeKTf1BHal1 rpno­
Tal.\f10HHal1 OYf1CTKa gaHHblx CTOKOB B03­

MOJKHa nf1Wb npa npoBegeHf1f1 npensa­

pf1TenbHO~ cjJf13f1KO-Xf1Mf1YeCKO~oripa­
60TKf1 Koa,ynl1HTaMf1 f1 cjJnoKynl1HTaMf1. 

Ocotioe MeCTO 3aHf1MaeT Koa'ynl1l.\f1l1 B 

rercporeuuux ycnOBf1l1X, Hd aKTf1BHbIX 

nOBepXHOCTl1X, uanpunep. B npucyr­

CTBf1f1 f136bITOYHO,O aKTf1BHOIO una [1], 
npf1 KOTOPO~ npoucxonsr f1 npoueccu 
copfiuau. 

Ha OCHOBaHf1f1 auanuaa COCTOl1Hf1l1 

cYll.\eCTBYIOll.\f1X ua Lj5K Cf1CTeM BOgO­

nonb30BaHf1l1, B TOM Yf1cne Cf1CTeMbl 06­

ll\e3aBogcKf1X OYf1CTHbIX coopYJKeHf1~ 

([50), KaK npaeuno. npencrasnnercn 
Haf160nee uenecoobpasuu« cosnaune 
Cf1CTeMbl nOKanbHo~ OYf1CTKf1 C nocneny­
lOll.\e~ nogaYe~ ua [50 OYf1ll.\eHHbIX f1 

OXnaJKgeHHblx CTOYHblX BOg npoaason­
CTBa 5XTMM. 

$~3~KO-X~M~4eCK~e 

~ TeXHOnOr~4eCK~eOCHOBbl 

04~CTK~ CT04HbiX BOA 

npO~3BOACTBa XTMM 
~ 6XTMM 

AHanf13 cnel.\f1cjJf1yeCKf1X oc06eHHO­

CTe~ CTOYHblX BOg np0f13BogCTBa 5XTMM 

C yyeTOM Bce~ cOBoKynHOCTf1 rexuono­
,f1yeCKf1X, 3KOnO,f1yeCKf1X f1 3KOHOMf1yeC­

Kf1X npofinen, a TaKJKe gOCTf1JKeHf1~ CO­

BpeMeHHO~ Xf1Mf1f1 gpeBeCf1Hbl n03BOnf1n 

3aKnlOYf1Tb, YTO Haf160nee nepcnexrue­
Hbl MHo,oCTyneHyaTble Cf1CTeMbl nokans­

HO~ OYf1CTKf1. 3Tf1 Cf1CTeMbl gonJKHbl 

akruo-rar}: 
• MeXaHf1yeCKYIO OYf1cmy,
 

. 0 x n a JKg e Hf1e,
 

• cjJf13f1KO-Xf1Mf1yeCKYIO 06pa60TKy 

(Koa'ynl1l.\f11O f1 cjJnoKynl1l.\f1IO), 

• cjJnOTal.\f10HHYIO OYf1CTKY paCTBO­

peHHblM B03gyXOM [8], 

• npegBapf1TenbHylO nOKanbHYIO 

6f1onO'f1YecKylO OYf1CTKY. 

Ha nocnenyrournx CTagf1l1X CTOKf1 

npoxonsr: 
• CMeWeHf1e C OCHOBHbIMf1 nponsuu­

neHHblMf1 CTOKaMf1, 

• OCHOBHy lO 6f1onO'f1YecKylO OYf1CTKY, 

• g OOYf1CTKY Hd cjJnoTOcjJf1nbTpaX [9-10]' 
Anl1 nonyyeHf1l1 pa3peWeHf1l1 Ha 

CTpOf1TenbCTBo f1 3KcnnyaTal.\f11O aasona 
5XTMM B ycnOBf1l1X ge~CTBYIOll.\elO f1H­

rerpapoeauuoro np0f13BogCTBa He06xo­

gf1MO BblnOnHeHf1e psna OCHOBHblX rpe­
60BaHf1~ uansopuux oprauos: KaK npa­

Bf1nO, OTcYTCTBf1e YBenf1yeHf1l1 c6poca 

KOnf1yeCTBa 3arpl13HeHf1~ B pexy, co­

6nlOgeHf1e pauee cornacoaauuux HOpM 

c6poca CTOYHblX BOg B peky, Mf1Hf1Manb­

Hoe KOnf1yeCTBO rs e pnux OTXOgOB. 

AaJKe B cnyYae, korna ge~CTBYIOll.\f1e 

OYf1CTHble coopyxeuus KOM6f1HaTa non­

HOCTblO cnpasnmorcs C 3agayaMf1 OYf1­

CTKf1 CTOKOB caMO,O KOM6f1HaTa, uarpy­

3f1Tb f1X nononum ensuo HeOYf1ll.\eHHbl­

Mf1 CTOKaMf1 aasona 5XTMM, KaK npasu­

no, 6blBaeT HeB03MOJKHO. 

[6poc npenaapwrensuo HeOYf1ll.\eH­

HblX CTOYHblX BOg sasoaa 5XTMM ua [50 

YBenf1Yf1n 6bl anaoe uar pysky no napa­

MeTpyXnK, pesko npesucas OKf1Cnf1Tenb­

HylO cnocotiuocn, OYf1CTHbIX coopyxe­
Hf1~, f1TeM caMblM nOCTaBf1n 6bl see ripen­

npf1l1Tf1e nonyrposy 3aKpblTf1l1 npupono­
oxpaHHblMf1 BegoMCTBaMf1. 

Pacura penf1e BHennOll.\agoy HblX OYf1­

CTHblX coopYJKeHf1~ (pac. 2) gnl1 OKf1C­

neHf1l1 Bce~ Op,aHf1YeCKO~ Ha,pY3Kf1 

npencrasnnnocs HeB03MOJKHbi M f13-3a 

O,pOMHblX Kanf1TanbHblX sarpar f1 OTCyT­

CTBf1l1 nnouianeu. 

B CBl13f1 C 3Tf1M 60nee uenecootipas­
HblM npencrasnsnocs CTpOf1TenbCTBO no­
KanbHblX OYf1CTHbIX coopYJKeHf1~ CTOKOB 

sasona 5XTMM, B TOM Yf1cne nOKanbHblX 

6f10nO,f1yeCKf1X OYf1CTHbIX coopYJKeHf1~, 

a TaKJKe MogepHf13al.\f1l1 suennouiano-r­
HblX coopYJKeHf1~ gnl1 nOBblWeHf1l1 f1X 

HageJKHOCTf1 f1 KayeCTBa OYf1CTKf1. KOM ­

naHlIIll KWI sucrynana B «a-recree pas­
pa60TYf1Ka TeXHOnO,f1f1 f1 nocraauunca 
060pygoBaHf1l1, a Ka!peApa TeXHonor lll1ll 
uenmonoasr a KOMno3111~lIIoHH b I X MaTe­

pa ano s en6 rTY Pfl ccyutecrsnsna Ha­

YYHOe f1 «anposce COnpOBOJKgeHf1e gaH­

HO,O npoekra. 

Haw nonxo n K peWeHf110 3agaYf1 

akruo-ran B ce6l1 3 cranu«: 
- Op,aHf13al.\f10HHble MepOnpf1l1Tf1l1, 

- COKpall.\eHf1e Ha,pY3Kf1 Ha BHe­

nnouiano-urue OYf1CTHble coopvxenus. 

''''!i1:1\'1Gl1:1'i'<.Til. LjeJlnIOJl033 5YMara KaPTOH55] 
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PIK . 3. Cxena MOAep HI'131'1pO Ba HHbix O'1I'1CTHbIX coopy)l{eHI'1i:i, COBMeCTHO C 11 0 Kal1 bH o i:i ¢>1'1 3 I'1KO- XI'1 MI'1'1 e CKo i:i 1'1 110Kal1bHoi:i 

6 1-1 0 I1or l-l'1e CKo i:i O'1I'1CTKOi:i CTOKOB 6XTMM 

..
 

- c0 3Aa H i-le CI'1CTeMbl 110Kal1 bHoi:i 

O'1I-lCTKI'1 CTOKOB 6XTMM. 
Op ra a 1'1 3 a u 1-1 OHHbl e Mepo n PI'1~TI-I~ 

6~ 11 1'1 peKOMe H AO Ba H~ 1'1 n peAnpI-IH~T~ 

KOMn aHl'1e i:i KWI AO s a-r an a npoexrupoea­

Hl-lil 3aBO Aa 6XTMM 1'1 BKI1IO'1al1l'1 B ceris: 

• a k c n e p r u o e 06CI1eAOBa HI'1 e I-IHTer­

pl-lpOBaHHoro KOM61-1 HaTa 1-1 e ra a 6 0 He H­

ra - ¢>a6pI'1KI'1, BblnYCKalOll\ei:i CaHI'1 Tap ­

Ho-rl-lrl'1eHI-I'1eCKl-le BI'1Abl 6yMarl-l; 

• n p o a en e a n e I'1CnblTaHI'1i:i no O'1I-lC­

TKe BOAbl Ha KOM61'1HaTe 1'1 ¢>a6pI'1Ke, Bbi ­

nYCKa lOll\e i:i ca n I'1 Tap HO- rl'1rl'1eH I'1'1 e CKl'1 e 

BI'1 Ab l 6 yMa r l'1 ; 

• n p oseneaa e I'1 CnbITaHI'1i:i n o O'1I'1C­

TKe CTOKOB Ha a HaI10 r l'1 '1HOM np0 I'1 3BOA­

CTBe 6XT MM B Espone: 
• npo seneune I'1 CnbITaHI-lf1 no 06e3­

BO)l{l-IBaHl-l 1O o c aA KOB 1-1 1'1110B, 

•	 BHeApeHl'1e nl'1110THOra npcekra 

300 M3/yaC,AOO'1I-lCTKI-I [9-10] ­
H a OCHOBa Hl-I1-I nonyse u u u x Aa HHblX 

6bll1a ocy uiecrane aa s upari o r ua COBMe­

CTHO C KOM61-1 HaTOM nn au a MepOnpl-lil ­

TI'1i:i, B COOTBe TCTBl-I1'1 C KOTOpblM 6bl110 

peal11-130 Ba HO He CKOl1b KO np0l.\eCCOB, 

n 0 3 B0 l11-1 BW I-I X COKp aT I'1 Tb KOI1I'1'1eCTBO 

C6POCOB Ha BHe nl1Oll\aAO'1Hble O'1I-lCTHble 

coopY)l{eHl-lil 1-1 nOB blCI-ITb KayeCTBO OYI'1 ­

CTKI'1 BOAbl AO ee aunyc xa B BOAoeM: 

• I' • ,. :.. I 56 

(11Jr omarrrOD 
.,:; ~ -(4 4 

--4110 CW> 

o -m .,_ 
PI'1 c' 4. Cxeaa 11 0 Kal1bHo i:i ¢>1'13I'1KO - XI'1~II'1'1eCK0f1 O'1I-lCTKI-I CTOKOB 6XTMM 

• (03Aa Hl'1e 11 0 Kal1 bH 0f1 ¢>l1oT al.\l'1 ­

OHHOf1 0'1 1'1 CTK 1'1 Ha ¢>a 6 pI'1Ke, au nycka­

lOll\ef1 CaHI-l Tap HO- rl-l r l'1e H I'1 '1eCK l'1e 

BI'1Abl 6 y Ma r l'1 . ) TO Aa l10 cokpa uieuae 

c6poca B3BeweHHbi X s e ure c r a ( 8 8) ua 

( 60 60l1ee '1eM Ha 20 T/CyTKI'1. llp a 

3T OM 110Kal1b HO O'1I-lll\eHHail r e nnas 

CTOYH a il BOAa BHOBb I-I c n ol1b 3yeTc~ Ha 

¢>a6pI-IK e, 06eC ne YI'1 B 6blC TpylO cky ria­

eMOCTb n p o e xra. 

• ( 0 3A aHl'1e 06 ll\e3aBoAcKo i:i CI'1CTe­

Mbl AOOYI-ICTKI'1 Ha sees n OTOK CTO'1HbIX 

BOA KOM6I-1HaTa. Hosaa CI'1CTeMa ¢>110TO­

¢>l'1l1bTPOB [9-10] 06eCne'1I-lBaeT c o x p a ­

ll\eHl'1e c6poca B pexy B3Be weHHbi X Be­

ui e crs 1'1 6nK AO 3 Ha'1eHI'1i:i Me Hee ycra­

HOBl1eHH oro 11 I'1 M I'1 Ta . 

• (03Aa H p a apu s 060poTa aa r pas­

HeH I'1 i:i u a (60 . 
• (03AaHa 11 0 Kal1 bHa il O'1I-lCTKa n p o ­

MblBH blX BOA OT CTaHl.\1'11'1 AOO'1I-lCTKI-I 

(¢>110TO¢>1-I11 bTpOB) . 

• V13MeH eH a cxer-a ynl1oTHeHl'1il 1-1110B . 

8TOPI'1'1Hbli:i 1'111 y nnorunerca B a3p06Hbi X 

YCI10Bl-lilX ua ¢>110Tal.\I-I OHHOM y nnoruarene 

1-1 BblBOAI'1TCil Ha nocnenyrouiee 06e3BO)l{I-I ­

BaHl-le Ha KaMepHblx ¢>l'1l1 brp-n p ec cax. 

8 XOAe peal11'1 3al.\1-I1-I n p o e kra 6XTMM 
6 bll11-1 cnpoekru p o eau u n C03Aa Hb1110Kal1b­

Hble O'1I'1 CTHble coopyxenua (pHC. 3, 4) . 



PIiIC. 5. llex nOKanbHoi1 ¢1iI3Ii1KO­

xliIMliI4ecKoi1 041i1CTKIiI CTOKOB 6XTMM vi 
06e3BO}f{IiIBaHlilfl ocanxos (ua 
nepegHeM nnaHe - 6apa6aHHbie 

peweTKIiI, Ha BTOpOM nnaue ­

06e3BO}f{IiIBalOU1lile npecca) 

PIiIC. 6. Hanopuue tpnoraropa 
MegacellTM MCV-60.4 co 

BcnOMoraTenbHblM 060pygoBaHlileM 

PIiIC. 7. llJnoTOwnaM C aKTIiIBHblM IiInOM 

JloKallbHal'l 0411CTKa CTOKOB 6XTMM 

no TeXHOIlOrl111 KWI aakmc-raerca B cne­
gYIOU1eM. CTOKIiI 6XTMM npoxonsr no­
KanbHYIO MexaHliI4ecKylO, ¢1iI31i1 KO-XIiIM 1iI­

4ecKylO 041i1CTKy. 06pa30BaBwlili1cfl ¢1iI­

3 iiiKO-XIiIM 1i14ecKIili1 wnaM 06e3BO}f{IiIBaeT­

Cfl ua xanepuux ¢liInbTp-npeccax C ana­

CTIiI4HblMIiI BCTaBKaMIiI (MeM6paHaMIiI). 

llocne 3TOro CTOKIiI 6XTMM n poxonsr no­
KanbHYIO 61i10norlil4eCKYlO 041i1CTKY nepen 
CMeweHlileM C OCTanbHblMIiI CTOKaMIiI KOM­

61i1HaTa. 06pa30BaBwlili1cfl 1i136b1T04Hbli1 

aKTIiIBHbli1 IiIn OT nOKanbHblX iii 06U1e3a­

BOgCKIiIX 61i10nOrlil4eCKIiIX 041i1CTHbiX co­

o pY}f{eH iii i1 raiose 06e3 BO}f{1iI BaeTCi1 Ha 

KaMepHblX ¢liInbTp-npeccax C 3naCTliI4Hbl­

Mlil BCTaBKaMIiI (MeM6paHaMIiI). 

3aga41i1 nOKanbHoi1 041i1CTKIiI (Mexa­

HIiI4ecKoi1, OXna}f{geHlilfllil ¢1iI3Ii1KO-XIiIMIiI­

4ecKoi1) 3aKn104a1OTCi1 B cnegYIOU1eM: 

- yganlilTb B3BeweHHbie BeU1eCTBa, 

- CHIiI31i1Tb TeMnepaTypy CTOKOB go 

renneparypu, nplileMneMoi1 gni1 noga41i1 

Hd 61i10norlil4eCKYlO 04Ii1CTKY, 

- CHflTb go 50% opraua-recxax sar­
pfl3HeHIili1, B TOM 4li1Cne, TOKCIiI4Hbie CMO­

nbllil auccxowonekynnpaue coegIilHeHIili1, 

- Hei1Tpanlil30BaTb TOKCIiI4Hbie XIiI­

MIiIKaTbl, B TOM 41i1Cne OCTaT04HYlO nepe­

KIiICb sonopona. 
MexaHIiI4eCKafl 041i1CTKa CTOKOB 

(PI1C. 5) - nepsaa CTyneHb 041i1CTKIiI. 

OHa npeuuaaua-reuagni1yganeHIili1 uienu 
iii KpynHblx 4aCTIiIl.\ iii npoaaaonarca Hd 

nsyx peurerxax 6apa6aHHoro runa. 
CTOKIiI nocne IiIX OXna}f{geHIili1 Hd Ten­

no06MeHHIiIKax nocrynaior Ha caMylO OT­

BeTCTBeHHYIO cryneus nOKanbHoi1 041i1C­

TKIiI - ¢1iI3Ii1KO-XIiIMIiI4eCKYIO CTaglillO. 

llJliI3 iiiKO-XIiIM 1i14eCKai1 041i1CTKa COCTOIiIT iii3 

psna np0l.\eCCOB, OCYU1eCTBnfleMbIX B 

pane peakropoe IiIgeanbHoro CMeweHlilfl 

iii BbITeCHeHlilfl: 

• KOHTponb napane rpo s CTOKOB 

(pH, XnK, oueuxa Koarynfll.\liIoHHoi1 yc­

T0i14Ii1BOCTIiI - nOTpe6HoCTIiI B Koary­

nflHTe iii np.). 
• Koaryni1l.\liIfl (HeopraHliI4ecKIiIMIiI 

IiInlil opraHIiI4ecKIiIMIiI areur ann-koary­

ni1HTaMIiI) IiInlil, KaK 3aMeHa koarynn l.\1iI iii, 

- 61i10cop6l.\liIfl opraHIiI4eCKIiIX 3arpfl3He­

HIili1 aKTIiIBHblM IiInOM, 

• ¢noKynfll.\liIfl 3arpfl3HeHIili1, 

• ¢noTal.\liIfl C yganeHlileM ynosneu­
HblX 3arpfl3HeHIili11i13 aonu. 

Ba}f{Hei1wei1 CTaglilei1 npouecca 04 1iI­

CTKIiI flBnfleTCfl BTOpOi1 np0l.\eCC - koa­

rynfll.\1iI1iI - 61i10cop6l.\1iI1iI. nepBOHa4anb­

HO B npoexre, ua OCHOBaHlil1iI gaHHblx no 

041i1CTKe CTOKOB gei1CTBylOU1IiIX aasonoe 

6XTMM, npenycwarpasanocs ucnonsao­
BaHlile anlOMIiIHIili1 cogep}f{aU1IiIX peareH­

TOB gni1 Koarynfll.\1iI1iI pacr sopeuuux iii 

KonnolilgHblX 3arpfl3HeHIili1. B xoue nyc­

KOHanag04HbiX pa60T BblflCHlilnOCb, 4TO, 

B CBi131i1 C BbICOKOi1 3a6y¢epeHHOCTblO 

CIiICTeMbl, pacxon «oarynsura rpetiosan­
Ci1 B HeCKonbKO paa 60nbwlili1, 4eM nna­

HlilpOBanOCb. 3a6y¢epeHHOCTb CIiICTeMbl 

Bbl3blBanaCb, B CBOIO o-iepens, BblCOKIiIM 

pacxogoM XIiIMIiIKaTOB gnfl 06pa60TKIiI 

OCIiIHbl C CYU1eCTBeHHbIM cogep}f{aHlileM 

rHlilnlil. Bce 3TO npusonano K BblCOKIiIM 

3aTpaTaM Hd XIiIMIiIKaTbl. nonblTKIiI CHIiI­

}f{aTb g031i1pOBKy koarynnura HIiI}f{e Kplil­

T1iI4ecKOi1 T04KIiI Koarynfl l.\1iI iii npliIBoglilniii, 

KOHe4HO, K TOMy, 4TO 3arpi13HeHlilfl He 

«oarynupoaanacs, 041i1CTKa He npoucxo­
glilna, a CTOKIiI nony-rana sropavuue aar­
pfl3HeHIili1 B Blilge 1iI0HOB anlOMIiIHlilfl. 

B xoue nycsouanano-urux pa60T 

KOMnaHIili1 KWI, COBMeCTHO C Cn6 iTY pn, 

nposena psn IiIccnegoBaHIili1 iii npenno­

}f{liIna 3aMeHIiITb npouecc Koaryni1l.\1iI1iI 

anlOMIiIHIili1 cogep}f{aU1IiIMIiI peareuraxu 

np0l.\eCCOM Koaryni1l.\1iI1iI-61i10cop6l.\1iI1iI 

aKTIiIBHblM IiInOM. 3TOT MeTog [1] Mano 

1i13BeCTeH B l.\6n, ogHaKo gOCTaT04HO 

4aCTO ucnom.ayercn npu 041i1CTKe CT04­

HblX BOg B gpyrlilx orpacnsx [11-13]. Ero 

MexaHIiI3M 3aKnI04aeTCi1, npennonoxe­
rensuo, B TOM, 4TO aKTIiIBHbli1 IiIn BbICTY­

naer B Ka4eCTBe 61i10-KoarynflHTa. nplil 

CMeweH1iI1iI B KaMepe aKTIiIBHoro IiIna iii 

CT04H0i1 BOgbl B onpegeneHHoi1 nponop­

l.\1iI1iI, Koarynfll.\liIi1 pacrsopeauux iii glilc­

neprlilpOBaHHblX BeU1eCTB - opraHliI4ec­

KIiIX 3arpfl3HeHIili1 CTOKOB uner. nO-BIiI­

gIilMOMy, -epes IiIX COp6l.\1iI1O aKTIiIBHblM 

IiInOM. Aanee aKTIiIBHbli1li1n ¢noKynlilpy­

ercs iii yuanne rcn MeTogoM ¢noTal.\1iI1iI 

BMeCTe C COp61i1pOBaHHblMIiI aarpaaue­

HlilflMIiI. TaKIiIM 06pa30M, 1i136b1T04Hbli1 

aKTIiIBHbli1li1n ucnom.ayerca gnfl 61i10cop­

6l.\1iI1iI. npliIMeHIiITenbHO gnfl CTOKOB l.\6n 

nauuoe peweHlile 6blno ony6nlilKoBaHO 

B [1]. nplil nOKanbHoi1 04 iiiCTKe nponuui­

neHHblX CT04HbiX BOg 6XTMM C ucnons­

30BaHlileM npennoxeuuoro npouecca 

61i10cop6l.\1iI1iI 1i136bIT04HbiM aKTIiIBHblM 

IiInOM 6blna nocruruyra 3¢¢eKTIiIBHoCTb 
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YAa ne H~R Op ,a H ~ Y e C K ~X 3a , pR3 He H ~ ~ 

AO 55% no napaner py Xnf{ . f{poMeTOIO, 
3TO Tnpouecc noaannun onuospexeuuo 
« H e ih p a n ~ 3 0 B a T b » T O K C~YH bl e X ~ M ~ K a ­

Tbl, B nepayio o-repens. OCTaTO YHYIO ne­
peK~cb sonopona. Taxoe peureane no­
3Bon~n o 6e3 AononH~TenbHbl X xanu ­
TanbH blX aarpar nonHOCT blO OTKa3 aTbCR 
OT np~ M eH eH~R AOPOIOCTORU1 e10 ar uo ­
M~H ~ ~- c oA e p )t{ aU1e,o xoarynasra. 

KO-X~M~Y e C K O ii O Y~ C TK ~ (TOKOB XTMM ~ 

5XTMM n03BOllReT 3cjJcjJeK T~ B H o ~ 3B ll e ­

KaTb ~3 3T~ X CT OK OB AO55% Op,aH~YeC­
K~ X 3ar pR3 H e H ~ii no napaner py Xnf{ ~ 

tionee B3BeweHHbiX BeU1eCTB. 
n O cn e A Y IOU1~ e CTa A ~ ~ 1l 0Kall bH olii 

6~onO ,~Ye CK Oii O Y ~ CT K ~ CTOKOB 
5XTMM, 06e3Bo)t{~B aH ~R cjJnoTOw ll aMa 
~ ~36bITOYH O, O aK T ~B HO , O una, a TaK­

)t{e AOOY~ CT K Y 0 6 U1e3aBo A c K ~ X CTOK OB 
YAaneH~e ~36 bI TOYHOIO aK T~BH OIO 

~n a c cO p6 ~ p o Ba H H bI M ~ 3a,pR3HeH~ R­

M ~ n po ~ 3 BoA~TCR ( pHC. 6-8) Ha aanop­
Hbl XnaMenbHblX rpn oraropax KOM na H~~ 

KWI MapK~ MegacellTM MCV-60.4. 3a­

naTe HTOBaHHaR KO HCTPYKl.\~R AaHHO,O 
dmor aropa. ce p ~ Iii H o ~ 3,O Ta B n ~ B a eM O ­

10 Ha 3aBO Ae KWI, AnR OY~ CTK ~ CTOKO B 
5XTMM auncn ueua ~ 3 n e,~ p oB aHH o~ 

Hep )t{aBelOU1e~ cranu . Ii1 c n on b 3 0 s a H ~ e 

coepexeusoro naMenbHOIO cjJn OTaTOpa 
nossonwn o n on YY ~Tb BblCOKYIO 3cjJcjJeK­
T~ BH OCT b YAane H ~ R ccjJnoKyn ~poBa H HblX 
B3Be weHHbi XBeU1eCTB~ aKT~BHOIO ~na . 

np~ 3TOM 2 cjJno TaTOpa C peaK T opaM~ 

C Me we H~R ~ cjJnoKynRl.\~ ~ 3a H~MaIO T 

nncuianky 6x12 M. 
BepT~Kanb H a R KOMn OH OBKa dinora­

r cpa n03BonReT He TOnbKO C H ~ 3 ~T b aa­

H ~MaeM YIO nnourans.HO~ nonYY ~Tb rpno­
TO Wll aMC«oaueur pauaeji AO 6-8%. Bu­
COKaR ko-rueurpauan dinoro uinaaa OyeHb 
Ba )t{Ha AnR noclleAYIOU1elii CT aA~~ otiea­
Bo )t{~BaH~R cjJ lloTOwll aMa ~ ~3 6bITOYHO ­

,0 a KT ~ B H O IO una. 

Ta K~M 06pa30M, pa3pa60TaHH aR ~H­
H OB a l.\~OHHall C ~ CT eMa 1l0Kanb Ho~ cjJ~3 ~ ­

npenncna raerca paccno rpen, B cneny ­
1O U1~ X CTaTbR X. 
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