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ИННОВАЦИОННЫЕ ТЕХНОЛОГИИ УТИЛИЗАЦИИ ЭКОЛОГИЧЕСКИ ОПАСНЫХ 
ОТХОДОВ

l.x. a=!*=…, ~.l. o!%.%ц*,L, h.b. tед%“ее" 

p=““м%2!е…% “%“2% …,е “ 32,л,ƒ=ц,еL 2!е. м…%г%2%……=›…/. .*%л%г,че“*, %C=“…/. %2-
.%д%" # %“=д*%" “2%ч…/. "%д (nqb), ,ƒ…%ше……/. ="2%м%K,ль…/. ш,… (`x) , 2"е!д/. 
K/2%"/. %2.%д%" (Šan). q›,г=…,е 3*=ƒ=……/. %2.%д%" C!,"%д,2 * %K!=ƒ%"=…,ю "е“ьм= 
%C=“…/. "е?е“2" # C%л,.л%!,!%"=……/. д,Kе…ƒ%д,%*“,…%" (oudd), C%л,ц,*л,че“*,. =!%м=-
2,че“*,. 3гле"%д%!%д%" (o`r) , д!.

o!едл%›е… ,…%"=ц,%……/L “C%“%K 32,л,ƒ=ц,, .2,. %2.%д%", %“…%"=……/L …= де“2!3*2,"-
…%м "%ƒдеL“2",, “е!…%L *,“л%2/ …= %!г=…,че“*,е "е?е“2"=, " 2%м ч,“ле C%л,ме!/. r2,-
л,ƒ=ц,  nqb C%ƒ"%л е2 ,“C%льƒ%"=2ь "“е *%мC%…е…2/ # 2еCл%"3ю .…е!г,ю, м,…е!=ль…3ю 
ч=“2ь , це……/е ц"е2…/е , !ед*,е ме2=лл/. o!, 32,л,ƒ=ц,, `x %K!=ƒ3е2“  3гле!%д,“2/L 
“3K“2!=2, *%2%!/L м%›…% ,“C%льƒ%"=2ь *=* 2"е!д%е 2%Cл,"% ,л, " *=че“2"е деше"%г% 
“%!Kе…2= дл  ,ƒ"лече…,  2 ›ел/. ме2=лл%" ,ƒ “K!%“…/. ,л, д!е…=›…/. "%д, = 2=*›е C!, 
л,*",д=ц,, C%“лед“2",L м=“ш2=K…/. ƒ=г! ƒ…е…,L C!,!%д…/. "%д …е-2еC!%д3*2=м,. xл=-
*, , ƒ%л/ %2 “›,г=…,  Šan “%де!›=2 ƒ…=ч,2ель…/е *%л,че“2"= oudd , o`r, *%2%!/е 
м%г32 K/2ь %Kеƒ"!е›е…/ C!, “е!…%*,“л%2…%L де“2!3*ц,,.

jлюче"/е “л%"=: %2.%д/, 32,л,ƒ=ц, , ,……%"=ц, , “е!…%*,“л%2…=  де“2!3*ц, .

h…2е…“,"…%е !=“ш,!е…,е C!%м/шле……%г% C!%,ƒ"%д“2"= , 3"ел,че…,е г%!%д“*%г% …=“еле-
…,  " !=ƒ",2/. , !=ƒ","=ю?,.“  “2!=…=. ƒ= C%“лед…,е де“ 2,ле2,  C!,"ел, * !еƒ*%м3 !%“23 
м…%г%2%……=›…/. 2е.…%ге……/. , K,%ге……/. %2.%д%", ч2% " ƒ…=ч,2ель…%L ме!е C%"/“,л% 3!%-
"е…ь .*%л%г,че“*%L %C=“…%“2, C!, ,. “*л=д,!%"=…,,.

j 2=*%г% !%д= %2.%д=м “лед3е2 %2…е“2,: %“=д*, г%!%д“*,. “2%ч…/. "%д (nqb), 2"е!д/е 
K/2%"/е %2.%д/ (Šan) , !еƒ,…%2е.…,че“*,е %2.%д/ (pŠn), %2!=K%2=……/е ="2%м%K,ль…/е 
ш,…/ (`x), 2!=…“C%!2е!…/е ле…2/, шл=…г, , 2. C.

qеLч=“ %K/ч…/м “C%“%K%м 32,л,ƒ=ц,, .2,. %2.%д%"  "л е2“  “›,г=…,е. nд…=*%, .2% ,ме-
е2 “3?е“2"е……/е …ед%“2=2*,:

− “л%›…%е =CC=!=23!…%е %-%!мле…,е 2е.…%л%г,,; 
− ƒ=г! ƒ…е…,е =2м%“-е!/ "е“ьм= "!ед…/м, "е?е“2"=м, # C%л,.л%!,!%"=……/м, д,Kе…ƒ%-

д,%*“,…=м, (oudd) , C%л,ц,*л,че“*,м, =!%м=2,че“*,м, 3гле"%д%!%д=м, (o`r), *%2%!/е 
 "л ю2“  %“…%"…/м, ƒ=г! ƒ…,2ел м, " “C,“*е eq , p%““,,;

− %K!=ƒ%"=…,е шл=*%" , ƒ%л, “%де!›=?,. *=* "!ед…/е "е?е“2"= # oudd , o`r, 2=* , 
це……/е *%мC%…е…2/ # ц"е2…/е , !ед*,е ме2=лл/, ч2% 2!еK3е2 ,. %2дель…%L Cе!е!=K%2*,.

b *=че“2"е =ль2е!…=2,"…%L ,……%"=ц,%……%L 2е.…%л%г,, 32,л,ƒ=ц,, .2,. %2.%д%" " д=……%L 
“2=2ье !=““м=2!,"=ю2“  C!%це““/, %“…%"=……/е …= .,м,че“*%L де“2!3*ц,, %!г=…,че“*,. "е-
?е“2" C%д "%ƒдеL“2",ем “е!…%L *,“л%2/.

o!%"еде……/е …=м, 2е!м%д,…=м,че“*,е !=“че2/ C%*=ƒ=л,, ч2% “е!…=  *,“л%2= "/ƒ/"=е2 
де“2!3*ц,ю C!=*2,че“*, "“е. *л=““%" %!г=…,че“*,. "е?е“2", C!,“32“2"3ю?,. " 3*=ƒ=……/. 
%2.%д=., ч2% C!,"%д,2 * %K!=ƒ%"=…,ю 3гле!%д…%L м=““/ (3гл ) [1].

n“=д*, “2%ч…/. "%д. b p%““,, е›ег%д…% %K!=ƒ3е2“  70−80 мл… м3 nqb “ "л=›…%“2ью 96−97 
% [2], = " l%“*"е , l%“*%"“*%L %Kл=“2, K%лее 3,5 мл… м3 [3]. o!, .2%м C%д="л ю?=  ч=“2ь 
nqb “*л=д,!3е2“ , ч2% 2!еK3е2 %2ч3›де…,  %г!%м…/. Cл%?=деL г%!%д“*,. ƒемель. b “2!=…=. 
eq е›ег%д…% %K!=ƒ3е2“  " !=“че2е …= “3.%е "е?е“2"% 6,5 мл… 2. nqb. }2% дел=е2 32,л,ƒ=ц,ю 
nqb %д…%L ,ƒ …=,K%лее *!3C…/. , “л%›…/. C!%Kлем 3C!="ле…,  %2.%д=м, "% "“е. !=ƒ",2/. 
“2!=…=. [4], ч2% %2!=›е…% " 3›е“2%че…,, ƒ=*%…%д=2ель“2"= eq " %Kл=“2, 32,л,ƒ=ц,, nqb [5].

n“=д*, “2%ч…/. "%д " …еƒ=",“,м%“2, %2 ме“2= ,. %K!=ƒ%"=…,  д%“2=2%ч…% Kл,ƒ*, C% “%-
“2="3 , “%де!›=2 %!г=…,че“*,е "е?е“2"= “ 2еCл%2"%!…%L “C%“%K…%“2ью 17−26 cd›/*г C% 
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“3.%м3 "е?е“2"3 , …е%!г=…,че“*,е, " 2%м ч,“ле 2 ›ел/е ме2=лл/ (Šl). o% %це…*=м ="2%!%" 
[1] 2%ль*% ƒ= C%“лед…,е 10 ле2 …= 2е!!,2%!,, pt “ деC%…,!%"=……/м, nqb ƒ=.%!%…е…% 
30 2/“. 2 мед,, 10 2/“. 2 …,*ел , 3 2/“. 2 *%K=ль2=, 10 2/“. 2 “",…ц=, 100 2/“. 2 ц,…*= , 350 
2/“. 2 .!%м=. h. “3мм=!…=  “2%,м%“2ь %*%л% 2 мл!д д%лл.

j “%›=ле…,ю, "“е C!едл=г=ем/е , 3›е ,“C%льƒ3ем/е 2е.…%л%г,, 32,л,ƒ=ц,, nqb …е C!е-
д3“м=2!,"=ю2 !еге…е!=ц,, 3*=ƒ=……/. ме2=лл%", ч2% ƒ…=ч,2ель…% “…,›=е2 .*%…%м,че“*3ю 
.--е*2,"…%“2ь .2,. 2е.…%л%г,L. Š=*, " !=K%2е [3] ,ƒл%›е…/ !еƒ3ль2=2/ ,““лед%"=…,L C% 
32,л,ƒ=ц,, nqb " *=че“2"е *%мC%…е…2= C!, C!%,ƒ"%д“2"е *е!=мƒ,2=. nд…=*% C!, .2%м Kеƒ-
"%ƒ"!=2…% 2е! ю2“  "“е д%!%г%“2% ?,е Šl.

h“.%д  ,ƒ .*%…%м,че“*%L целе“%%K!=ƒ…%“2, ,“C%льƒ%"=…,  "“е. *%мC%…е…2%" nqb, …=м, 
K/л= C!едл%›е…= , %C!%K%"=…= " л=K%!=2%!…/. 3“л%", . .,м,че“*=  2е.…%л%г,  32,л,ƒ=ц,, 
nqb, %“…%"=……=  …= !е=*ц,%……%L “3ш*е %“=д*%", " C!,“32“2",, “е!…%L *,“л%2/ [6].

b C!%це““е “3ш*, C!%,“.%д,2 де“2!3*ц,  %!г=…,че“*,. “%ед,…е…,L, C!,"%д ?=  * %K!=-
ƒ%"=…,ю 3гле!%д= , Cе!е.%д3 Šl " "%д%!=“2"%!,м/е -%!м/. o%“ле ,ƒ"лече…,  C%“лед…,. " 
!=“2"%!е %“2=е2“  2"е!д/L C%!%ш*%%K!=ƒ…/L C!%д3*2, “%“2% ?,L ,ƒ 3гле!%д= , м,…е!=ль…%L 
ч=“2, “ 2еCл%2"%!…%L “C%“%K…%“2ью 15−17 cd›/*г. hƒ"лече…,е Šl ,ƒ !=“2"%!%" %“…%"=…% …= 
,ƒ"е“2…/. г,д!%ме2=лл3!г,че“*,. ме2%д=., " 2%м ч,“ле !=ƒ!=K%2=……/. ="2%!=м, [7, 8].

b д=……%L 2е.…%л%г,, …=,K%лее .…е!г%ем*%L  "л е2“  %Cе!=ц,  !е=*ц,%……%L “3ш*, nqb, 
%д…=*% “еLч=“ %“"%е…/ ме2%д/ %Kеƒ"%›,"=…,  %“=д*%" " C!,“32“2",, -л%*3л …2%" “ ,“-
C%льƒ%"=…,ем це…2!,-3г , ле…2%ч…/. C!е““--,ль2!%", ч2% C%ƒ"%л е2 C%л3ч=2ь %“=д*, nqb 
“ "л=›…%“2ью < 75 % [2, 9].

n2!=K%2=……/е !еƒ,…%2е.…,че“*,е ,ƒдел, . d!3г,м ",д%м м…%г%2%……=›…/. , C!=*2,че“*, 
…е Cе!е!=K=2/"=ем/. %2.%д%"  "л ю2“  !еƒ,…%2е.…,че“*,е %2.%д/ (pŠn), C!е›де "“ег% .2% 
="2%м%K,ль…/е ш,…/ (`x).

j%л,че“2"% …=*%Cле……/. * …=“2% ?ем3 "!еме…, pŠn %г!%м…%. Š=*, 2%ль*% " qx` " 1999 г. 
K/л% “*л=д,!%"=…% …= C%л,г%…=. %*%л% 200 мл… ш23* `x [10].

nC=“…%“2ь дл  %*!3›=ю?еL “!ед/, = “лед%"=2ель…%, , ƒд%!%"ь  людеL %2 ,ƒ…%ше……/. 
ш,…, %C!едел е2“  “лед3ю?,м:

− C%д деL“2",ем 3ль2!=-,%ле2%"%г% ,ƒл3че…, , %ƒ%…= , д!3г,. “,ль…/. %*,“л,2елеL C!%-
,“.%д,2 медле……=  де“2!3*ц,  !еƒ,…/ , ее *%мC%…е…2%", ч2% C!,"%д,2 * %K!=ƒ%"=…,ю , 
"/м/"=…,ю C!,!%д…/м, "%д=м, цел%г% ! д= %C=“…/. "е?е“2";

− …=г!%м%›де…,  ш,… м%г32 C% 2ем ,л, ,…/м C!,ч,…=м ƒ=г%!=2ь“ , = ƒ=23ш,2ь ,. "е“ьм= 
2!3д…% # ,ƒ"е“2…/ “л3ч=,, *%гд= деC%…,!%"=……/е ш,…/ г%!ел, " 2ече…,е …е“*%ль*,. ме“ -
це". }2% C!,"%д,2 * %K!=ƒ%"=…,ю Cл%2…%г% д/м=, “%де!›=?ег% ч=“2,ц/ “=›, , м…%г%ч,“-
ле……/. "!ед…/. C!%д3*2%" г%!е…, . hƒ …е%!г=…,че“*,. "е?е“2", C!е›де "“ег% “е!…,“2%г% 
г=ƒ= , %*“,д%" =ƒ%2=, = ,ƒ %!г=…,че“*,. # м…%г%ч,“ле……/. 3гле"%д%!%д%" , ,. C!%,ƒ"%д…/., 
" 2%м ч,“ле 2=*,. ч!еƒ"/ч=L…% "!ед…/. C!%д3*2%", *=* C%л,.л%!,!%"=……/е д,Kе…ƒ%д,%*“,-
…/ (oudd), C%л,.л%!,!%"=……/е д,Kе…ƒ%-3!=…/ (oudt) , C%л,ц,*л,че“*,е =!%м=2,че-
“*,е 3гле"%д%!%д/ (o`r).

qеLч=“ ,ƒ"е“2…/ 2!, 2е.…%л%г,че“*,. …=C!="ле…,  32,л,ƒ=ц,, `x:
− ,“C%льƒ%"=…,е !еƒ,…%"%L *!%ш*, *=* д%K="*, C!, ,ƒг%2%"ле…,, м г*,. *!%"ель…/. 

м=2е!,=л%" , =“-=ль2=;
− 2е!м%.,м,че“*=  м%д,-,*=ц,  “ C%“лед3ю?,м ,“C%льƒ%"=…,ем C!, C!%,ƒ"%д“2"е …%-

"/. `x;
− “›,г=…,е `x.
m=,ме…ее ƒ=2!=2…%L 2е.…%л%г,еL 32,л,ƒ=ц,, `x  "л е2“  ,. “›,г=…,е , ,“C%льƒ%"=…,е 

2еCл%"%L .…е!г,,. qлед3е2 %2ме2,2ь, ч2% !еƒ,…= `x !=ƒ…/. м=!%* м%›е2 ƒ…=ч,2ель…% %2л,-
ч=2ь“  C% ƒ%ль…%“2,. Š=*, `x м=!*, bkh-5, C% …=ш,м ,ƒме!е…, м, ,мее2 ƒ%ль…%“2ь 2,41 %, 
= м=!*, ak-85 # 10,33 %. o% д=……/м [1] %“…%"…/м, C%2!еK,2ел м, ш,… *=* 2%Cл,"=  "л -
ю2“  цеме…2…%е C!%,ƒ"%д“2"% , целлюл%ƒ…%-K3м=›…/е C!едC!, 2, . mе“м%2!  …= .*%…%м,-
че“*3ю целе“%%K!=ƒ…%“2ь ,“C%льƒ%"=…,  ш,… *=* 2%Cл,"= " цеме…2…/. Cеч=., %г!=…,че…,е 
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…= ,. C!,ме…е…,е “" ƒ=…% “ ,ƒме…е…,ем “%“2="= "/K!=“/"=ем/. г=ƒ%" , ƒ=г! ƒ…е…,ем %*!3-
›=ю?еL “!ед/. dеL“2",2ель…%, *=* K/л% C%*=ƒ=…% " !=K%2е [2], C!, д%K="ле…,, !=ƒ!еƒ=……/. 
ш,… * *=ме……%м3 3глю, ,“C%льƒ3ем%м3 " *%2ель…/., " *%л,че“2"е 2−6 %, …=Kлюд=л%“ь 3"е-
л,че…,е “3мм=!…%г% “%де!›=…,  o`r " д/м%"/. г=ƒ=. " 1,2#2 !=ƒ=.

Š=*,м %K!=ƒ%м, C! м%е ,“C%льƒ%"=…,е %2!=K%2=……/. ="2%ш,… *=* 2%Cл,"= “ .*%л%г,че-
“*%L 2%ч*, ƒ!е…,  …ед%C3“2,м%, , %че",д…= …е%K.%д,м%“2ь !=ƒ!=K%2*, =ль2е!…=2,"…/. 2е.-
…%л%г,L 32,л,ƒ=ц,, .2%г% ",д= м…%г%2%……=›…/. %2.%д%".

Š=*%L 2е.…%л%г,еL, C% …=шем3 м…е…,ю, м%›е2 “2=2ь “е!…%*,“л%2…=  де“2!3*ц,  м=2е!,=-
л= !еƒ,…/. j=* K/л% C%*=ƒ=…%, …=г!е"=…,е !еƒ,…%"%L *!%ш*, " *%…це…2!,!%"=……%L “е!…%L 
*,“л%2е C!,"%д,2 * C%л…%L дег,д!=2=ц,, !еƒ,…/ , %K!=ƒ%"=…,ю 3гл,“2%г% м=2е!,=л=, = “е!= 
,ƒ !еƒ,…/ , *,“л%2/ Cе!е.%д,2 " г=ƒ%"3ю -=ƒ3 " ",де “е!…,“2%г% г=ƒ=. o%“лед…,L лег*% Cе-
!е!=K=2/"=е2“  " “е!…3ю *,“л%23, *%2%!=  2=*,м %K!=ƒ%м  "л е2“  %K%!%2…/м C!%д3*2%м.

o!едл=г=ем=  2е.…%л%г,  "*люч=е2 2!, %“…%"…/. %Cе!=ц,,:
− ,ƒмельче…,е `x;
− “е!…%*,“л%2…=  де“2!3*ц,  !еƒ,…%"%L *!%ш*,;
− !еге…е!=ц,  “е!…%L *,“л%2/.
nCе!=ц,, ,ƒмельче…,  ш,… " ƒ…=ч,2ель…%L ме!е %C!едел ю2 .*%…%м,че“*,е C%*=ƒ=2ел, 

"“е. 2е.…%л%г,L 32,л,ƒ=ц,, `x. }…е!ге2,че“*,L =…=л,ƒ C!%це““= ,ƒмельче…,  `x д=… " 
!=K%2е [12].

b lcŠr ,м. m.}. a=3м=…= K/л !=ƒ!=K%2=… C!,…ц,C,=ль…% …%"/L "ƒ!/"…%L “C%“%K ,ƒ-
мельче…,  ш,…, *%2%!/L “…,›=е2 .…е!ге2,че“*,е ƒ=2!=2/ …= ,ƒмельче…,е д% 50 % [12, 13], 
ч2% ƒ…=ч,2ель…% 3л3чш=е2 .*%…%м,че“*,е C%*=ƒ=2ел, C!%це““= ,ƒмельче…, .

o!%це““ “е!…%*,“л%2…%L де“2!3*ц,, !еƒ,…/ C!%2е*=е2 “23Cе…ч=2% “ %K!=ƒ%"=…,ем “3ль-
-%*,“л%2, “3ль-%.-,!%", “3ль-%…%" , “3ль-%*“,д%", *%2%!/е 2=*›е м%г32  "л 2ь“  2%"=!-
…/м, C!%д3*2=м, …=! д3 “ *%…еч…/м 3гл,“2/м м=2е!,=л%м.

q3ль-%C!%,ƒ"%д…/е, *=* C%*=ƒ=л, …=ш, ,““лед%"=…, ,  "л ю2“  .--е*2,"…/м, “%!Kе…-
2=м, ,%…%" 2 ›ел/. ме2=лл%", ч2% дел=е2 ,. Cе!“Cе*2,"…/м м=2е!,=л%м дл  %Kеƒ"!е›,"=-
…,  д!е…=›…/. "%д “"=л%* Šan. rгл,“2/L м=2е!,=л м%›е2 K/2ь ,“C%льƒ%"=… дл  “K%!= 
…е-2еC!%д3*2%" “ C%"е!.…%“2, C!,!%д…/. "%д.

nCе!=ц,  C%л3че…,  “е!…%L *,“л%2/ ,ƒ “е!…,“2%г% г=ƒ= .%!%ш% %2!=K%2=…= , 2е.…%л%г,-
че“*,, , =CC=!=23!…% (“е!…%*,“л%2…%е C!%,ƒ"%д“2"%) , …е 2!еK3е2 д%C%л…,2ель…/. ,““лед%-
"=…,L.

Š=*,м %K!=ƒ%м, “е!…%*,“л%2…3ю де“2!3*ц,ю м%›…% !=““м=2!,"=2ь *=* =ль2е!…=2,"…3ю 
,……%"=ц,%……3ю 2е.…%л%г,ю 32,л,ƒ=ц,, %2!=K%2=……%L !еƒ,…/, , C!е›де "“ег% ="2%м%K,ль-
…/. ш,….

Š"е!д/е K/2%"/е %2.%д/. Šan  "л ю2“  %“…%"…/м, м…%г%2%……=›…/м, %2.%д=м,, , K%ль-
ш=  ,. ч=“2ь “еLч=“ деC%…,!%"=…= …= C%л,г%…=.. }2% …е 2%ль*% C!,"%д,2 * %22%!›е…,ю 
ƒ…=ч,2ель…/. ƒемель…/. Cл%?=деL, …% , …=…%“,2 "!ед %*!3›=ю?еL “!еде ƒ= “че2 ƒ=г! ƒ…е-
…,  "%ƒд3.= г=ƒ=м,, %K!=ƒ3ю?,м,“  C!, !=ƒл%›е…,, Šan (ме2=…, “е!%"%д%!%д, =мм,=* , 
д!.), = " C%ч"е……/е "%д/ C%C=д=ю2 ,%…/ 2 ›ел/. ме2=лл%" , ! д %!г=…,че“*,. "е?е“2". 

e?е K%льш3ю %C=“…%“2ь “%ƒд=е2 г%!е…,е Šan …= C%л,г%…=..
b p%““,, Šan # м…%г%*%мC%…е…2…=  “3K“2=…ц, , " *%2%!%L C!,“32“2"3ю2 C,?е"/е %2.%-

д/, д!е"е“…/е, K3м=г=, !=ƒл,ч…/е C%л,ме!…/е м=2е!,=л/, ме2=лл/, !еƒ,…=, “2е*л%*е!=м,*= 
, C!. }2%  "л е2“  “лед“2",ем “л%›,"шеL“  " p%““,, “,“2ем/ “K%!= Šan, " 2% "!ем  *=* " 
“2!=…=. eq “3?е“2"3е2 !=ƒдель…/L “K%! *%мC%…е…2%" Šan, ч2% %C!едел е2 , !=ƒдель…/е 
“C%“%K/ ,. 32,л,ƒ=ц,,.

qеLч=“ ед,…“2"е……/м “C%“%K%м 32,л,ƒ=ц,, Šan " p%““,,  "л е2“  ,. “›,г=…,е …= “Cе-
ц,=л,ƒ,!%"=……/. ƒ="%д=.. b/“%*%е “%де!›=…,е " Šan C%л,ме!…/. м=2е!,=л%" C!,"%д,2 * 
2%м3, ч2% C!, “г%!=…,, %K!=ƒ3ю2“  " ƒ…=ч,2ель…/. *%л,че“2"=. "/“%*%2%*“,ч…/е C%л,.л%-
!,!%"=……/е д,Kе…ƒ%д,%*“,…/ (oudd), C%л,.л%!,!%"=……/е д,Kе…ƒ%-3!=…/ (oudt) , C%-
л,ц,*л,че“*,е =!%м=2,че“*,е 3гле"%д%!%д/ (o`r).
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}2, %“…%"…/е ƒ=г! ƒ…,2ел, ч=“2,ч…% C%C=д=ю2 " =2м%“-е!3, …% K%льш=  ,. ч=“2ь *%…це…-
2!,!3е2“  " шл=*=. , ƒ%ле, %“%Kе……% ее ле23чеL ч=“2,, где ,. “%де!›=…,е C!е"/ш=е2 odj " 
1000 !=ƒ [13], C%.2%м3 ƒ%л/ , шл=*, …ельƒ  ,“C%льƒ%"=2ь C!, C!%,ƒ"%д“2"е “2!%,2ель…/. 
м=2е!,=л%" (ч2% "“е ›е дел=е2“ ), = …е%K.%д,м% …=C!="л 2ь " “Cец,=ль…/е .!=…,л,?= *=* 
"/“%*%2%*“,ч…/е "е?е“2"=.

b 2% ›е "!ем  “%де!›=…,е ц"е2…/. , !ед*,. ме2=лл%" " ƒ%л=. , шл=*=. д%“2,г=е2 3!%"…  
!3д…%г% , 2е.…%ге……%г% “/!ь . Š=*, е›ег%д…% “% шл=*=м, , ƒ%л=м, 2%ль*% l3“%!%“›,г=2ель…%г% 
ƒ="%д= 1 2 г. l%“*"/ 2е! е2“  3*=ƒ=……/. ме2=лл%" …= “3мм3 K%лее 1 мл… д%лл. 

l/ “ч,2=ем, ч2% 2е.…%л%г,  “е!…%*,“л%2…%L де“2!3*ц,, " C!,ме…е…,, * ƒ%л=м , шл=*=м 
%2 “›,г=…,  Šan C%ƒ"%л,2 !=ƒл%›,2ь oudd, oudt , o`r, ,ƒ"лечь ц"е2…/е , !ед*,е ме-
2=лл/, C%“ле чег% .2, м=2е!,=л/ м%г32 K/2ь " C%л…%м %KAеме ,“C%льƒ%"=…/ " C!%,ƒ"%д“2"е 
“2!%Lм=2е!,=л%", , 2=*,м %K!=ƒ%м 32,л,ƒ=ц,  Šan “2=…е2 C%л…%L.

rч,2/"= , ч2% *%л,че“2"% “›,г=ем/. Šan K3де2 3"ел,ч,"=2ь“  (C%*= =ль2е!…=2,"/ ƒде“ь 
…е2), “/!ье"=  K=ƒ= дл  “е!…%*,“л%2…%L де“2!3*ц,, шл=*%" , ƒ%л K3де2 "%ƒ!=“2=2ь , %Kе“Cе-
ч,"=2ь .*%…%м,че“*3ю целе“%%K!=ƒ…%“2ь C!%це““=.

* * *

gде“ь м/ %“2=…%",л,“ь …= !=““м%2!е…,, "%ƒм%›…%“2, C!,ме…е…,  C!%це““= “е!…%*,“л%2-
…%L де“2!3*ц,, дл  32,л,ƒ=ц,, 2%ль*% м…%г%2%……=›…/. %2.%д%". nд…=*%, “3?е“2"3ю2 ме…ее 
%KAем…/е, …% "е“ьм= "!ед…/е %2.%д/, *%2%!/е %C=“…/ …е 2%ль*% .*%л%г,че“*,, …% , K,%л%-
г,че“*,, " ч=“2…%“2, мед,ц,…“*,е %2.%д/.

o! м%е “›,г=…,е 2=*,. %2.%д%" %C=“…%, = ƒ=.%!%…е…,е " ! де “л3ч=е" …ед%C3“2,м%. 
o%.2%м3 “е!…%*,“л%2…3ю де“2!3*ц,ю м%›…% !=““м=2!,"=2ь *=* Cе!“Cе*2,"…3ю ,……%"=ц,-
%……3ю 2е.…%л%г,ю дл  32,л,ƒ=ц,, K%лее ш,!%*%г% *!3г= %2.%д%", ч2% дел=е2 целе“%%K!=ƒ-
…/м !=“ш,!е…,е ,““лед%"=…,L C% .2%м3 …=C!="ле…,ю.
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