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Cl>H3HlfECKA.SI H KOJIJIOH)].HAji XHA1H.sl 

Y11e6HO·Bcl10MoraTen&noe noco611e 

(Ha apMHllCJ<OM H3b1Ke) 

J-fa.u;areJI&crao EpeaattcKoro y~urnepcarera 
EpeBaH - 1983 

~]lq1'1~m~ wG .n]l·:tl]lw'U n:p.Ufhu q,]lllllmJ&1rrwU a.uw'lj_np­
~h1 it 1s~r'l- ri-wrfl 60-w~wu taitlw:4w:aialip.]l·U• u.~u :j>l]lq1l­
~tu1]l I!'Ur~fiWJl1n.i.p u~qpm~·.at.r]l fi']lll'wU ·J.t.r1w p·wgiw:mym11l' 
t .n1nijiw4WJCl. bp1llmneo'Uhp1[! h fiwu111wmnur ~Uw~w~wU 
op]lUw~wtflmJ<t1mGllhp{!: U'Wf1thUwm]l'ljw1fl iw1U ~1ipw­
nmtfm! :t>'tiq}l~w~lllliU :p·]l'll!}iwU fi<U.H.tmiwm.qwb op ]lliw~ u1-

1Jtn1·J<t1mUQhpU w.pmwfiw1mmu 1t ,f!Wll.{_wuwpmuUhp]l ll 
piw1Uil.uii:Mlcibpp riJi]l~ngnq: 

+!J]l1tJi]lwlfl.tAJU nhw~igl]lwJG!b.p1]l mill'UIUl!~WU ~b\JlilTI'LbinLJ&!Wli 
fi·wU.w.p :j>]lq]llfLU1~UJJU p]litlliwU oq.unl.rrn<tf t ~·]lq}llfw.1]l fit.­
mll.t1w1 111liJ8'n11-lihp.fl1g. 

1. 4tt(wG111u111'hJuuaG)1t,wt,wG ll'hpnq., llJll! fi1Gw.pwqn-

.J1mp-1mU t 111w1]lu Uf Wpq t.1 m u]llf p11'1.lwuU]l1.j·Uhp]l 1 uwu­
·U·w-t11r1u.nqhiu l:J'.b~1111p;nffGihp:]l 1 wumu:Uh.11:}l 1 1l'rnirhil.fn1tUhpifl, 
flnUCihJlifl 2w.'fl <hlWJCi op•]l Uw~wolJtmJlt'!TI uU,li;hf!1l!, rp.rw.gwfin.w)­
t11b.1m UP 1fln.u~wU 4wUf)l p1Unt)lit)! l.t UIW.JlJllU.llfWiU '.Jl'Jl1!.1,)lw· 
l1wU nl:itu~gflw1]l trbi]uwf.i:]lq'1{!: 'Mu U:rnt"t&]l mu'llulili1wuflp­
tlUJ1U .]lCl.ri-mlfm]lq li'l:wUw:lf b 

2- 1l)16w1fwq11wlfwG db:pn•q.]! 1filGrw~WBtn:pnl'18"J11lliG. 1:; 
-uiwt]l.u 2wm ubb '18'tl.ntl. lli]lljp11tJU1RLU'fllfUhp')lg ~wquqwb 

fiwlUwllftwp:ql}l mwt1li12W~G. ~w.itfiilfw.U lAll.ipw'~!U.l tlwf4Jl'T1 -
·&um~rn1J.'18"1111iGJGihpn ;{illUIUfhl uw1uflinll.IWU1Gi]l'41Gihp:]l wllfilWl\llw­
~wG fiwmlfwU]l~Ub.p1]l nhm: U.1u tPhpmrlI! U1mpi}1 nuuntu­
Ci.w.uJ1ruw·Ci ri-li'l!11t~111 1]l'tt, ibrtwGw~ t;: 

3. fit't1nlnq.)1Gwll'Jtltwlf 111G \lhpnq.1! mwi]lu t 'l'llU!TltlliCiw­

u]lr.t!TilJ. nwri.tw~wr~'ll tJtu.lf1J1rn1fi,w.m lfntJll"lnrll!llti,'f"Jl l.t tGJ~p~ 
q.]lw1]l 1.Jl}12lt q.n·1mJ<trn1ct ,nullt:gm1 fiw.pw.iphrw~9m}ll"pnG{!, 
wnw.Ug llw~tt;}l mll!Uh1m1 'lln1'h'lpnf]l 1f-wnnl!~IWlb:!2I! l.t uipn­
glrn]l Uhlttw1Ui}tqu:n: .fc)>,hptlnljl]lllwtl]l·tiWJU mumtmwu]lrmu 
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t dwnIIWIGiw.~ I!IU)a!W!JPrnlll1 ··~ lfi:nflttinifut{n111.1 ~·~111fp\U'i ifiWJt1.w.­
Ul.UJ1Wl42nmJit1wa tfu~ q.111Ut{n11. R:iuirw14w.pq.bPI!= '}.}1111mp14-
1{nuJ ba lf}lw.JU' ·fiwtfw.1!4wpq.}1 ·u~qipam14wa ll 1fhr2Uw.{fwa 
'l!J}l6wlf·G:bpI!: \nu mu111uG'Wu}111nuf t. awu t'1.ihpq.}1rw1Ji 
111wrpli11 iiluhJl1}1 tl'Jl2ll q.:n1m'J&1ma mGhgnll ljwuw_: 

4. lJ}IGliutfllfw)fwG dlipnlJ.1! mumtf:G~~Jl•nd t 1A4rm­
gbul! l lt·W'll .121ti~wa nJ:.w:lj.g}lwG) dwtfwUmljr}l J!IG:Jall.Ug­
J!ntu, }11G:~iqlm 1Grtu'lt U411111g:b.u}1 ·lfuJuwG:l}lqll'I!: u1a ub.rmn-
11ta 14miqtJ:wlt t tfnrb>14mtltbp}1 14wnmgt{wbp,}1 lt ~b.ptfn-
1).}1 Uwtf}l ljmlf'WtU tfu'JiM'lfJ:}l nhui: · 

• :bflqflljwljwa Pfltlflwa PW1J.ljwgwCJ t flli111ll1wt fltitIGwljwa pwdflGGliritig• 
L \o1m1&fl ljwnmgqwCJp h pqwG111w1f1G :pfl\lflw 
2. -Afltlflwljwa J6-liplln1)J1Gwllf1ljw 
8. -AfliIJt.wljwG ljflGlnnflljw 

4. 11wljhfiliufl 11 llwlj1qlliuw1tia lirillnlJJi!-Ghrifl 4>flqflljwljwa pfl\lflw 
. ti. ~ntnflT}WJflil J!)ltlJiw, nrin ljwqllmtI t 4>flqflljwljwG pfl\lflw1fl tJti llwun ~ 

\lflwdwtJwGwl{ flwGT}fluwam11 t mumtJGwu~rillwa wnwlldflG wnwriljwr ' 

'HOMa Ufl.UJ!M, 

q.~u, '11J'U. '1 '1~UlJl.fa'bf'1' 'lfallU.111' l.U.'lU.UU.f'RNTI! b'l 
. 11R1.bliRN.U.a1''1 li1''1bSftl:iU.~U." SbUOM>au." 

. l.1'110Jl.'1~'1bf'I! 

'l-wqw'bJw'b 'iiJnL{iJ/r i/_Jr-Aw4e p.'iinL{ilwqpi/_nLJ t t_n{'u UfUl[fUl'Jbui­
['h['ni/_. &1tznLJ•ni/. (P ), .}wi/_wtni/. (V ), p_h[fJwuui.Jr-Aw'bni/_ (T) L. '1_1U1'b'1-
qw.tni/_ (m)t Sil.Jwl qw'bqqw.tn•i/. qurqfr -\wJwl' P-fr, V-/r L. T-Jr Jfrp_lr. 
1fnJnL/ilJn~'iJ nL'iJbgntz ~wUff, W{'Ulw-\wJU1i/_nLJ ,(' -\1buiUJWl f'j,'1-~w'iJnqr 
-\wqwuw['nLJnq. 

f(P, V, T)=Or (l) 

(1 )-e 4nz.q_ ..... ' t -\wi/_wuwl'w4znmfJiw'b Jbp_ qui'b.if.n'l -\wJw4wr­
qfr t/}-Au4/i -\w•i/_wuwpnLJt fa"brdnq~&wdiiqwqwli .liwdwqwrqp' Jwp­

J'fi'b 4wJ JwjrJ{to'b'iihpfr wJpn'lp_n,Pin.Ji t, nl' .[mm/jr•'b w'bp_w111mJ b1' 
W{'lnWj!fr;'iJ wzfuwf'-\fag WJ'j, wn.w'iJJ.fr'iJ nLUntJ'iJwufrf'blnL -\wJUl['t bfilb 
lfrn/unL'l'lw-\w1w9 4nnl''lfr'bwin'bbl'fr i/.f'w uih'lw''l-l'b'bip P-'b, V-'b L. T-'b, 
W"fW p'b'bwl'4i/.n'l i/_/r-Aw4e 4wl'htfr 4tfr'b.Jr 'b4wf'Wlff'bl (1) -\w­
qwuwf'nLJni/_ wruiw-\WJ•imfn'l J•w4bf'UnLJ.fJni/_ (qt). 1)t IJ.J'I- Jw4bf'b­
i/:_nLJflf 4nz.if:nw t filhpJ.n'lfr'iJuJ,Jfr4·w.4w'b Jw4hpL.nLJfilt 

· lwJ.wi4url''1/r JnLpw·pw'bunL[' 
iJ/jr-Aw·4 il4wl'w1qpi/_nLJ t WJ'I 
IJU11I,bpL.n'1i/J/r i/.l'w' q111~n'l 
·npl.JJt !/>fRqnL['WU1fr1i/_ a (P, v, T) 
,4bui111i[t 1.wJw4wrr"l1/r 4_/rG.w4/r 
\lfrnlfr 1'ju,m{J pu.'b ~hui lfr n ifrnju-J 

i/_nLJ b'b · 'bwL. WJ'I 4h1nfr 4nnl'-. 
T 

'f/i'bwui'bhl'et 
. U~npwpw[' filbl'Jn1qfr1.wJJr- 'M. 1. /JohrJnq;/i•ltwJfrltwltmL Jw·frt.r4nlJ/lfo 

iftw4w'b .Jw4b,p/,,nLJfJl! ww['w- ~wrwtfwltw!t "l"'"'lthrn•Jf!t 

•.tw'1f~fr pwf''I "lwui4hl' (-t U.11'1 "lwui-&wn.n;i/_ tL "-fr1-Awlfe 'ii4w·['wqphlnL 
-\wJ.wl' Ufwprzn<jliut.'b -\wJwl' oqin.i/_nLJ bL'P-V, V-T 4wJ P~T 
14n·npi;p'bw111'bb{'n1q uw-\Jwbwlfrw4,i/.n'l bl'4z.w.pw.'bfr 4.,,nl''lfi'bw111U1•4w•f1 
-\wJur4wpqn1q1 

(1) -\wi/_wuwl'niJe pwf''I mhu1 m'bfrt l/Jn['J.h'bl pw9w-\w1uibt_ P-fr, 
V-~ L. T-~ Jfrp_L. qnJnLfJJnl!L nL1'hlfn'l !jmLb4gfin'bwl 4w"lifr uibu1~ 
UfW{''l_uiqntJ'ii 'lbUfp/r ~wJwl', hl'P,·lf~Ulwpft.i/_nul·t ~1Jhw1m~wli cpuC(: 
'J.wq(! ~'1hwlw4wb t ltnt_i/_nLJ, h(lp 'bl'w pw'l1lfw9m9~t_ Jwu1'~.l(fth['/r 

I) 



,J,J,1.L. фnfuwq_'lbgnLPJnL1,1,bp q.пsnLf/JnLf.t Lntf.tЬ'i11 aJ'l JшuLf,-f/.blpf! 
'lfouн/_nLJ 1,1, прщЬи wnwJ.'1-wf/.w1, 'l-1,'lbf', ntf.tbf, q_wf.t·rp/_wd- Ь. Lpwl,9
mpwJwqd-bp[! f/.wpbtfo ·t ,п1,,п/,иЬt Jwи'f,Jr.f/.1,bpf, Jf,t_Ь. q.nJni.iJJnLfi 
n,l,b9n'l_ J,J,1.Jr,fi <bn.ш,[_npntJlJwf.t Lf/_w,пJwJp, U.q_fif,-,[_ 'fШq_Ъpf! {JJ,ш­
,nnJw't,f, fiJn,fJbp) Jn,n l,'f, fо'1Ьшtшf/.ш1, q.шry>fi, 9-npd-,f,wf/_шfinul 'fШ­
'll,f'l! f,'l_bW[Шf/_wL b'f, 'lwri.1,nLJ, Ьрр q.mfii/.nul l,f, ршрЛр 1.bp.Jwu,n,f,­
t,;w'i1mJ l,_ zш,л gwd-p SfizntJ'f,hpf, ,лшf/_, 

1. м-ьщ11�11. Ч-llR� ч.�,ш�� -tt1ч.11u11rnNr� ьч. ч-11�11s�.
оrьо�оьr� 

'f,J,9п·ч�, mp,[_wd- t 1 Jnt q.wq_, r>f'f! q,л't,./_nLJ t 0QC-ntJ, 'lf'w­
rzb9f.tntJ t Vo d-w,/_wt Ь. S'ьznul[! <шqшишр t Po-J,1

2шиu�шшnt'ь щw<btni/. S'ьznulf! {Ро) фrrфnf,,hfi,D 1.bpJwuu,,f,Sw'ьf! 
(t,), u,ищfrufr .,, •••• , ,.,4.u1 t �ч•pwr (чwJ �ч·"l�ь�4), 
ФrrpA.bpf! 9nt19 l,'f, ""i/.bi, пр fo'lnpwp щpngbuf, 11bщj!nLJ 1.bpJwuшf,­
Swfif, фnфnfuntfJJ·шL <bui фnфnfui/.rrul t 1,шЬ. <шJwf/.шpq./, d-ш,/_шt{!, 

ШJf, qwnfin,J t Vт=Vo....:!:_, -Лf'Ulh'l' То=27З0С Ь. T=To+t°C, 
т, 

U.1JJ 1.bpJwum�Su,f,l! <ши,лш,лп,1, щш<htn,/_, фпфпfuЬЪ/! S't,znt­
Je, прf! Po-fos, 11f,9rrLp, 11шпЬпul t Р, .dfizJw'f, фnфпfuntfJJшb <Ь­
шЬ.ш1,i!п�/. f/_фпфпfи,[_f, f�шЬ. d-w,/_Wtf!• Vт -/>9 f/.11wnLw V1 l.шии,ш-
111п,'ь 1_bpJwu1nf,Sw'ьntJ eLPшsп'l. щрпgЬие f/.n1.,/_ntJ t }iqnp-Ьrd: U.u­
,[_wd-e ufublшшf,чrrpbf, f/.qp,[_f, ичищЬи. 

О" Р, v, 

t Р, Yт=Vo_I_ 
т, 

t р V 

РV=Ро\'т= Ро
V

от, 
т, 

(2) 

llJu <ш,[_шишрJw'f, Jl,l Ро=1 JfJf, (780 J.J uL11f,f/.f, u1w'f, S,'ьzntJ 

1twJ 760 шпрр), V0-1, rpu'f_f, JnlшJf,fi d-ш,[_wlf, t l,_ <ш�/.шишр t 22,415 

1J,mpf,, То -'ь' 'fШ'l_f, ршgшрЛшЧ 1.bpJwumf,Sw'ь[!. То =27З0К (1.bp­
Jwuurf,Swf, f!UIЛ l/1,l'/}fif,' К)1 2ЬиiЬ.шршр' PoVorro <шpwpbpntf1JnL­
'f,l! -":шишштп,1, Jiln,fJJnL'ь f1

•'"'· 

• 

Ъzш1,шf/_Ь1,р ш1Ъ R шшп-п,[_. R= PoJo I R-{! f/.n1.,f.rr,J t 'fШ'l.WJf,Ь
о 

PV-RT, (3) 

а,и <ш�/.шишрпu!е, Лf'f! f/.п1.i/.пul t uъr.ч11ы1.-'--l1шuiЬ1rnli}i <ш­
,[_шишрп,J, 1 Jnl f,'1b w1wf/.w1, q.wq_f, ,[_f,Swf/.f, <ш,[_шишрrнJf, t, (2)­
f,-g pfumJ /,,'/J ,Jf, ZШf'j! 'fШ'I_W/f,f, opb'f,pfiЬ['I 
ш) ЬГ'Р T=const (f,,,_п-рь"J "ff'n- р 
gЬи), шщш PV=const (4), Уш Т ТPnп-1:r,wr}inuф orЫif}i JшfJЫш- Tt' ,. 
,шМшf/.шЬ wpшw�WJШrttfJJnиИr t, Т, 
tiqnp-Ъrd UJШ!dшlili.Ьrщd qwql, 
Glizdwi 1. �-wtJ.щtli wrшw.qr]Ш]p 
.Б.wumwшn11i dMntp-]Dl&. �: 9,,}. 2-
f, J/..рш Hpf/.шJw9'4..w•d- t ШJ'l Of'l,'f,. В 
'# q.pw!f,f,чwf/_w.1, UfШшf/.b{'[! mwp­
pb f' 1.bpJ..шum.Jr,Sw1.f,/,pf,- <шJшр, С Н---1---' 
,8n'f'1Uj!W°Ь1.Jnip f/.n{'{! f/_•n1.,/_п,J t D 
,Jr.qnflbpJ• Ь. Ирf/.ш1ш9,[_шd- f/.n('hpf, [ 
•fun,Jl'l! �q_nf}LpJ1bpf, [!l,fщwi,,J,f!t () ,,' &' с· d' е'

.1}.Jl,,f,' Jf, fr,q_n,fJhpJ <Jшibppnl t, 
npf, <шJшр 9wbf/.w-9wd- ltbmf,b 

�ш.!Ш"{Ш1Лшu.fиш,'t,п'l f/_nnp'lf,'t,wu,-
!/Jl,p,,,,[_ иш<Jш'irш•фш·f/_.,[_шd- Jwf/.bfbu'f,l,f'l! f,ршр ,:ш,[_шишf' l,'f,' 

АОа'а = ВОЬ'Ь=СОс' с= DOd 'd=EOe'e, 

Р) Ьрр P=Po = const {f,q_npwf' Ufpngbu), шщш

V, - V,; -У, _]'о±':_ -v,(1+-1-), 
о То То 

V 

(5) 
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1 
·  

' 

"''· З-f, • 4-fr ,[pw .,,ww\be�w> •• V�f(t) k V�,p(TJ i••>\gfrw­

'IIЬpf!t 

V 

' 
1 tзJJ"'"""
' 

�---- J 

? 
V � r) 

• 
� p,,,c.,.,,t 

.,, ... v. ,""-----т ,1----'---,..> 
-27.J r О 

�J-. 3. r,7ьш1ш%шЬ 'lшrrft '/,,}_ 4. r,,,_1,,.,1w%шft '/-,}, 5. />qnpш["/r k 

V-/r %ш·f,,,[_ш,}п,f1z"'�f! t-J,з, 'l"''l� Jr'/nf'шpl,1,1', fr'lnf,,npf, "f"'"'�'rп,Je• 

Ош twnJJi- orblifr. J;, l!uu, пр/, ,;шJwl/_Шf''f-fr Jш4'.шl/! {wuu,wlllnL'fl

llfw'>l1Lnt 11-bllfl'ntJ ЧU1ЧWJ�li li!щp� &liro\d� otq}iq liwdbdш11tw�wli 1; 

pш9wrtlш� thrdшuщ�Gwrфli: 

Сиич/r apb'Ь1frL {шJшщшшшиfишLn'l_ Р-Т l/_wnr'l-fr'ьw1nwl/_ шL 

Шt1.ш'il91'ft ,f_рш 'ЬrrчЬщЬи q.pш!f,Jo%f! щw1nl/_bp,[_ntJ t пиllнz ,d-,11/_ ('fd-. 

5,p)t 
(3) '>uн/_шuwprttJf! l/_шpht/r { шрmшМ'L V = f{P, Т) �nt'ьl/_9frwJfr и,Ьи-
1/! рш9ш'>шрпlчпt Jfr1_ngк,f_1 

iw>b>p V�f(P, Т) �-,>\9frw1fr ,rfrq ofr�•r••sfrшt,, 

dV- - dP+ -- dT, (дV ) (дV) 
dP ,.. дТ r 

(дV) =-
const1 , 

дР r 
Р2 

frul/. (6) {ш,f_шuwpntJf,9 l/_uurш94.}r '\ЬmЬ.1шu/ 

(.!'i....) �-const2 1 

<iP ' 
', ,, 

(8) 

(9) 

( 10) 

Olfll'i/_btni/. (9) L. (10) '\w,[_wuwp,rtJ'ьbpJ,9, d.kwфnfubLp (8) l;w,[_ш-

11wpntJ[/ 
8 

• 

dV,,_;- V-dP +

р 

V-dT

т 

( 11) 

(12) 

dV dP dT 
-+--=-, (13) V Р Т 

/l'i,,nl,,lfpbLp ,[_bptJ,L l;w,[_wuwpJwl, шt_ /,_ d.w,fu Jmubp[! f!UIЛ l;wJш­
U/w,nwufuwl, фnфnfuw�wl,'i,l,fll,, %и1nw'ilw'flp, 

tпP+ln V=lпT +lпR 

PV=,RT, ( 14) 

· UJи1nh'l R-1! J,'il1nb.1fpJw'L w'ilnrnz 'l:"f'.6-шЧJ,вЬ t, "f'l! ,,_wrr_шJJ,'il l;шu-
1nw1nn1ЬJ, !f,J,,,J,1tш%ш'L J,Jши,п n1h/11 П Jnl Ji11b111l'11%111Ь 'l-ш'lJi ,[_J,,111-
Ч/r l;111,[_111u111rniJ[! ЧLJiЬJ, 

PV=nRT, (15) 

2, '1-u.JIU.5�1, n�1,�>J.bPUЩ iu.usu.sn�1,� �����U.�U.1, NTU.US� Ь>1. 
�u.•n�u.�u.1,n��sn�1,� 

d'ilznul[! JJ,шif.nr JшЧЬрЬиJ, ,Ь.111 Мl'l.'ln'l. niJJ, 

V=S,h, l,Ь,nl,_wpwf', 
V 

PV-F-=F·h, 
s 

(16) 

J,иЧ F.h-[! шl}иинпш'ь, ,t (п,J Х ,шъш"fШf'-:), 11ц1bJ'i,' РV-Ъ ЪпчЪ­
"f/Jц wzfuw1nw'ilp ,t (r}ш,[_ичшJJ,L wzfuwinw'il1)1 

(15)-J,g J;l,,nl,_,,,J t, "f' lfw'U' t_hpJwц,nJ,,ш'ill! ЛТ-п,[_ фпфпfиЬ­
J."L 11b11fpt1иl, 'l-wiJ. d-wi/_wl/! J;wuurw111111,'i, '1,zJw'L 1nшЧ ltфnф11fu,JJ, 
лv .• ;. nR·ЛT-P-ЛV, 
np1nb'l.Jio' ,'' 

R 
Р-лv 

п-дТ 

<l,JJf'tfr'il{rg '\/,,п/,_пиf t, пр R-[! ШJ'il d-ш</_шtи'JJ•Ь wzfuw11rw'i,�1l f, 
пр Чш1nшр1нJ ,t 1Jnl fr'1ЬичшЧшЪ q.w'l.t!' t_ЬpJwц1nJ,,ш&[! 1 °-п4._ ,J,п-
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t>•r.t- R·t ,j,"J,,b1f,u, flipbJL, R-/r z.шфп11.w·ljшLniPJn<&L /; ,lnl• 
,uu

urii

fl,fшl/_wL шpJb/!l! ljщfu.i[uнt l; Po-f, h Vo-f, ,;,,,,Jшр f!fнnpl/__шh шpJh/!-
"ilЬpfr!J' U.JuUfbu' 
ш) ьрь Ро=1 JpL., То=27З,2"К, WJJ/W 1 Jnl 9-шч}r ,;шJшр Vo=22, 

415 l Ь. 

R 
p0 .Va _ 1·22,415 =О,ОВ2 L•,lfA, 1

Т0 273,2 ,lnl• шu,nti 

р) ьрь -&L·zn,Jl! j:ШфbLj! '1/МиJ2-,н/__, Lljшшf, ntLЬLшcn.f__, ,rp,

IFI ,t• 1 ···"
IPl=-

1 
s u,Г' = иJ1

• 4.rf/2 
' 

f,ulj d-шi/.lUlJ! uJ3-,11[, ШUfШ ljuшшLшLp. 

(18) 

ml '1fr'",, 
1 .гр,• 76 "", 13,59.L. 980,665 - - 1013280 __ ,

и,1� 4.rЧ� .,,12 

R 

}.Ь,л/,_шршр' 

1013280 ,t• ·22,415 ·"' 
, ____ •::"::.'��---�- = 8,313-107-�t�,�·-

l .Г1r1•27З,2 шuuriS. Jп1,шишfi 
. 

�� 
,J 101 f;pq.=1 rппч, npmhq_f,s R=B,313 _,,,f"l.шиш"

,,_) /iulj 4,182 2.nnч=l 1,ич, пршЬ11:/r9 

R�l,988 �-, 
,l"l,шuwf. 

з. '1-щsnъ� �u.raNц .iъtn�1n,ьr� оrь""� 

( 19) 

ЬLpщ,,_pbLj!, ,lf,UfmчL 1,hpJwumf,-&ш'iif, (Г) Ь. -&'Ьz.Jш'Ь (Р) шшlj 
q.шt._i[nq i pi[111[ qшq_hp qpшqhs1ншl h'ь mшррЬр d-ш.f__ш11lhp (V,, V2, 
V3,,;,, V1J, npr,Lj! f,pшpf,9 ш'L1,шш�[шd- hL JJ,1.ImpJ1,hpn,[_1 f,f,LJJ/hu 
ЬpkntJ f; иJuhJш1fr9 ,lf,fLnpJLhpf! i[hpш9Lhl"'/J {hur.n q.ш'lhf'fr fи.шп-

1 
'fintp'ff, {!f,'1-{шLr,<p d-шl/__Шlf! ff'lшnl,ш' V = �V1 1 

J ее 1 

• 1 JfH,-l' ,;,.,,1,_,,,.ишр � '18 .,J Hg-J,- "1"'1, pшpAp,.,,J"'f" 13, 59-е Hg-J,- ,,,1,_ 
uш�шршр �z�nl, t, 980,685.1! шqшиr шl,�Jшl, Ш('Ш'f"'S"'J'f, {, 
10 

V1 1 V� v, ... v, 

71_р
_

р р р 

\Л�рЫL fr'lnpbpJ JJ/ШJJш'IiLhpnul рп1пр q.шq_hpf, d-шl/__шt'bhpf! 
f,ршр lj<ш,j_шцшpi[h'L' V1

=V2 =Vз=V 1 =V, {Ьи,kшршр, f!UUI fl"JL_ 
Uшp,f,nщJ, opM,,fr J"'f'Шj!шLun•p ч-='IР -&L,zn,Je щьш, !; ,/,n'/и.У. ш1Ъ­
щЬи, пр и1bq·f, тLЫ1ш ,:ь,,.uJШLf!• 

PV1
=PN, 

PV2 = P2V, 

PV1=P1V, 

npшb'fl,9 'lnulшphtni/. {шl/__шuшpn,JLJ,pf! ljuurшLшL, 

шщш' 

' ; 

р EV,=VEP;, 
i-1 i-1 

� V,=V, 
i-1 

(20) 

Р1 -L f/r,Ll/__nul l; 111,f_jшl qшq}i uiшr9�ml &&2_nцf: Uш шflt !Lznulf, /;, 
пр ljшpn,z l; 'l"f'"Ш''lf'l,L .fu.шn.Lnip'ffr Jh1, q.uifN/..n,z Jfltp'ш11шbur,ip '/Ш'l_, 
hpb .Ъш 11.pш,z.h9Ъf, fuшпL,.,plJ/r ,шJl'"'l1. d-шif"'Ll!' U1ищf,ип·�[, IJ.шf!Rn­
Ъf! (1800) фr,рd.ЪшljшЪ -&ш1lш11шр<:1r�[ 9"LJ9 !; mifh1, пр qшчЬr� fu,mn­
&nirч&Ьr� p&.чfi.ш&.nir tt&.201dp Jiшфшиu.r � }umn&uirчp �ml(dnч 
шwrpЬr qшqbr� 1Ч_Wr9�ml (pmd�&WJ�&.} &litntd&br� qnidwr�1:.: 

п. ,1,111.JU.r1ns Sb'l.bчПNi>5Пo'uuьr q,щi,ri, 
чo'ubSoчU;чU;'t, St,UПN�5U;'t, \J'U,Ut,'t, 

1. �ъъщъn�r '1-rn�зi>ъьr ь,�, 2u.u�u.an�11-вn�ъ
U'ЩЬ�ПNЪьr� tU.Pd-U'U.Ъ U'�Я� u.ru.ч,n�i>ЗU.Ъ U'U.U�Ъ 

1>,,_Ьшtшffш·Ъ 'lшqbpf, ljf,&hшf,1,шljшL шhип�Р1шЬ <:J,J1nul pfl­
ljшd- ьъ <hшlч1111 '1-l'"'-JfJ"i,hpf!' 
ш} q.ш'l_bpf, Jn1hf/nqbbpf! f,pшpfr!J q.шf,"-_mJ hL ш1Ъщ/rиf, '>hn.шl/__n­
pn•PJn<LLbpJ, ,/_рш, npr,l,9 <шJ/,Jи,щ 'LршЬ9 ubфшljшL :_шфиhрр ljш­
phlfr l; шf,щ/,цl,l, llnthffцч"i,l,p[! ljшpblfr l; lf-/r·mbl nрщhи ljhmbp (bJ11L• 
pш1jшL lj,l,,ml,p), npn·L, npnzш·ljf, q_шЪч-4.шJ- n,LhL1 
р) 1>,,_ьш1шf/ш1, q.ш'l_J, JntbffnчЫpf, Jf1.Ь. z_ljш фпfишиЬ9п1Р1,.�& 
(J.q.nqп,P1п1L 1,_ ,f_шfm,J), 'ьршL/! 'l/rшl/__n,J /,L прщЬи pш9шpd.wft 
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1 

i 
' 

l' 

1 ;. 

,'� 
: 

шпшЛqиrl[шU 'l-i,'1bf', t1pn'ь9 '&ltwmJшJp ltfrpшnbU, И, '1шиш4ш'il Jb­
fuш'uf,lf.щJ/r orUЪpLbp[!I 
q,.) 9-шqb['f, Jntbltnч,'i,bp[! q.юI,,f__,,ul l,f, l}шпиш1/r'ь zшpJJш·fI Jh1.1 U.11-
'itzшiн.цl[m.J f,,, пр Jntbltn1..tЪbp[! P"l"f' пит_qл1..Р1п1J.Л,hр1r,[ l[шpnq llf, 
2шpJ</_bt 1:ш,f__шишршUfЬи, шJЬ'ьшюшррЬр Шf'Шlfn1..fJ1пrll'i,l,p11,f__' 0-i/r9 
J-fr'iчl,. с::;, рш19 юifJwL 1_ЬрJши1nf,6:ш'ьпиl JnLh4nчl,bpf,Ъ ,/__hrш'11!['­
,f__mJ. ·t zwpJ-Jш'i, •///•2/rЬ шршq.п,Р1п1..Iи Swpphpnul h'il hp4n1.. шh•ш4/r
Jfrr.� шг1шqrпfl1п1..'iiI1,hp' -dj:tf.pli pч_wpш'UшlJ.w.li 1.. d�filb fшnШЧ,ot.uw-

JO"'
bf,lh С1 шrшqл,f/JrпЬ пrllh9пq Jnthlf.пч'ьhpf, Р№ n, (, C2-/r1,f! 

п2 l.t шu'ь, шUfШ tI�fPli p(wpwG.шlJ.wli шrwq.n1pJ01.Uf 4шрЬU, ( q.pht 
ШJU"f/,u. 

С n1C1+n2c2+n1C3+ ... ттkC< 
N 

Un,f__npшpшf' N-L' zш,л JI,,} Р/rч. t. ШJUUfhu, oo_,,uJ ь. IJfJ'i,. ,ъ:z.Jшl, 
1111ш4 1 ud3 q.шqf, d-ш-,[шtrnJ Jntbltп�l'i,bpfr Р№ ...;ш,[шишр J; 2,7 •

,1019-fr {tп:z.Jfr7ur,fr РМ), П
j
-Ъ ,:u,J/nl1111nш.t N-/r �ь .. ,2ш111 фп1р ( 

L. 4шpht/r t n r-f, ф11fишрЬЪ q.pbl dN: ЬрЬ n1-Ъ d.r,,,nb9'h.hЬ,p 0-fr, 
ШUfШ 'ln,Jшpf! 4i/.hpш,l,f__f, .f,f11nbq.pшL/rt lJ.Ju '11,Uf,pnul Jfr1.JrЬ fJ,f_шрш­
&ш4шЬ Шf'Ш'fnLPJnLf,(! 4шриrш<ш1111,[J, ШJUll/hu. 

• 
fCdN 

N 
(21) 

ll·f'"?b'l. N-l! !f"4.JШL .tш.Z.шl'".J Ь'l_ш,} Jnt&4пчЪbpf, (!.f17,:шьп,р pful.'h t,

� .. -f, l_шpJJщf, С шршq.п,Р1п.Ь ntЬ.Ь9п11. Jnth4nчЬЬpfr J�·иЬ (: 
N 

IJp4Иln</. i/.bpf! шр,[_ш,}_ ·-,.шшri11.rr,pJnJrЬЬpf! dpfilli. fw.nw.1J.пt�WJJiti. 
wrw(JDtp!w&. -:шJшр, %ии111иЬшЬ1 ,:ьшlчшl 111р,пш-:ш·1шп,Ji4,пЬ,�Ьрf!• 

-

J C"dN 
1.. 02"""",-'�' --

N 
(22) 

U.Jpn'f.1. qшqn,J 111-I.JшL (Ъbpq.frш (Е,) п,Ы9п11. JпlЬ4пчЪЬр/r' P/r4..J! 
fJшpblfr t npnzbl flnt9JшЬfr <ш,Z.шишрJшЬ Jfr1n9n,f_, 

., 

N 1 =Ае"к", (23) 

npmh'l. N i-'i, E1=1/2mCf 4/r'ЬЬ111/r4 ,(f,bp'ffrш1nr/.. 0J111,Z.ш.t Jпlh4пч­
'�bpfr JJ/r.i[L .f, Л-f, -:шuшшшп�Ъ t L. 11prrz,[_11,J t ,:J,,nhJ 111l UfШJi!шfJrN[_ 
�N,=N,npf! ,n4.Jшt .tш,Z.111111,J Jnlb4nчЬhpfr l!f,,'1,:Шf,n,p Pfr,f_Ъ t,T-'L 
" 

.,, 

1. ' 

рш9шрd.ш4 1.hrJшuмrf,-G.ш'i,p, К-Ь Pnt9J111Ьf, ,;'шuшшu,nil,i!'K= ___!!_�
N, 

nptnb'l_ R-l! q.шч.1111/rЬ -:шишштп,И, �. }rufJ No-fr lJ.,[_rrtp11'1f'"{/r P/r'U!•

8,313-107 t-r,• шии,Ь.-1-J,'lы, .. ,с1

6,023- JQ23 .,r"lь4,, .. l-1К= 

=1,38 • lQ-16 l;p'f• ,ииш�S.-1: 
/J.uш,lf,9 1:bшL.nul f, 'np 

А 

., 

N 

Е, 
е-RТ 

Е;' 

�е -�RТ 

= 

(24) 

(23-) 

1:" е -нт -Ь 4nz.i/.ntJ 1; 4J,-S.ш4ш'fpш4шfr 'fllъJшp li. 'il:z.шЪиф[•иl t
z_,,.z.•

(23р )

2. q.1щ� uщь�n�i1.ьr� 11r11ч.n�1>s111, ь<1. n1.tu111, ,U'��ь<J., 
q.nsn�f>ЗЛ�\, П�\,Ь6П'1. �llЩ� 

Sbufrhfr1,. fJb frЬlUfbu ( q.шч.bpfr 4frЪh111Jr4ш4шfr urbun,J}Jlri.Ъl! рш-
9ши,ртJ Jш4pnu4пUf/rшltшL ШJЪll//ru/i J,f, JblntPJni.Ъ, f,fч"lftufrЬ
'l-шqj, -&'ьzп,JЬ (1 lJ.Ьl!Ь'l-,:шш zшpJJш'I, JшJшЬш.4 qш'l} Jnth4nчfrh­

.Pl! nрп2ш4f, f nuln,[_ <шp,Z.шJ-nul bf, ШJfr ш·ЬnfJ/r 11/Ш,nhpJ,fr, np/r JJ,l 
r,,,nL,f__n,J hf,: UJ'l- n,dfr шч.'1h9п,рриЬ шhn'].ntPJ"i.b(! 1zшЪш4hЪр -r:-п,f_i 
U.111- '1'1,11/inLJ frJUfnчup 4L/rЬ/r fт, frи4 Ufш·шfrЬ <шр,Z.шJ--1111. ршч.JшрJ,,f_ 
' ' 
Jп1Ь4пчИрf, .frJJ.lfllLLU'frbpfr qr,,Jшpf!' l:fФ=Ft: U.1u111hq F-l! UfШUJ/r

i-t

,[рш шЬе&,,.-:ш111 шч.'1"'1. Jfr ntJ t� hи4 t-Ь' ШJ'l- mJf, lll'l'1l,snifJ1ш'ь 
111l,n'1.пt/11nLL(!1 U4qpnL'ь1Jnph'i, 4шrhlfr t f!Ьшrbl JшиЬш,f__пр '11,Uf/J• 
hpp F-/r "'Ч.'1-Ьнп,р,шь ml,п11.niP1пiЬl!' t=1 ,f__p4.1 и.,., '1-1,Uf/J/r ,;'шJшр

F-t�F��ft;(J,'!),
J 

..ЬрЬ F ntJl! шq'l-nиl t О" ,/,ш4hphu,Jr 4._рш, ШUfш 'l-"''l.f, .t:шJшUfшиrши�

"[ишЬ -&Ьzn,Jl! <ш,f__шишр t Р=�: 
' 

п,,..ьJЪ, Jfrшi/.np Jшithpbufr ,[рш шq'l.n'l. nLrlf! qшч./r -&.L2ntJЪ t•
" 



p"f9Jwll[! шри1шJЕ,l f q.ш'l_bpf, l/.f,'ьhщ,f,l/.ш�ш'i, u,-/,un,pJw!, ,;,JнГ-
LшЧш'и ршl,шА/,_[!, "!'{! 'l"",'fn<J t q.ш-ч_Ьрf, Jf, J,шl/.f'nul/.rr"{f,ш-ltш'tt 

'\wmlt,,-LPJn�!,,[!' 6.'u7.n<J.{! {Р) U. in"-.Jlf'l' 
Jш-4_шtmJ ь.,,_,,,u Jn,lli.ltп,i:ьь"t, Pf#_f!' 
ispш Jщ/tpnul/./NJff,ш,Чшir '>шщl/.n•{Jj,i,'t,-
,'J,bpf,' J,,.t&ltпч,'ilhpf, zшpJJЩt'i, шрш�,а­
Р1ш'ь <lнm f11w1r1l/.h{'ш9jrli!,'I! q.[w'i,J nf"fr 
J!,1_ (чJ, 6) Р ltzn.n,,J__ Jfu,rgf, шп.,иl,g· 
z,f,,iш'ii t zшpJ.i/._п«I, Рр иЬфшl/_шо'i� 1/.in.fr 
Ш'i'1h9n•P1w,1, uниЧ J,fun'9(! d.q.шncJ {

l!bl/1ii.1 'f-tшLf, <ш,muftf!, FШJ9 ь,рь rнш­
,/Jn,J q.шq_ l/.ш, ШUjШ in,f_Jшl ,;шuинишп,ir
rнpJшuinf,6.ш,1,f, mwlt l/.ш.'t,q. lpu ,й,if,  JJ, 
��';,z.-np ]1 ршрd.рп�РJш1, .ifpш, ll,,,, '>J..­
,nl,wf,_p f шj'il �w,'i,f,, пр Р l/.'1"'-r,<,/._ J-.j,,n9f,,

l 

h 

Ра,." .. ' . 

?-J. 6. U[,,ngm/. fl"''I,' 
,./рш tfШ!llJ! u,.'l.'1-"i.J t Jf, 6.1,,zmJ.т/_, npf!,, 
,р'iпцl/.ш'ь !;, '>ш,j:иишр f; P t.,�f,, 

bLpuн1-ph'iit 'l-w'l.f, N fJ.,/_п·i/._ Jntbl/.n,(bbpp шI.npnuI zшprli/._ni.J h'i,.
1/1nfun,qqш'\w1шs Jrnпp11-f,'iluunшl/.ui'i.1 hpbj! {Х, У /,. ZJ пи,_'l"�fJJntЬ­
'i,l,p,,.[_ /,_ �пшррЬр ,WJ1W'l-flLPJ"�И1bpm/._, N11."lhu Ъz4_Ь9, in4Jwt 1bp­
Jшиinf,-G.wf,f, inwl( J"Ll,i(n['ilbpf! z.wpJi/._,.i.J 1,f, ,rpnz.w%f, J,J,tf,Ъ wp111-
'l-ffiPJwJp, '1-f,шwp%h'ill! Jf,wj'il Jf,tf,'f, j!Шt1Шl(n�u111J{,1, wpw'fn.P.f"L'f,l!' 

f!Ull'I ЬрЬр фпfип,'l'l'Ш,;ШJШ9 шnwI.9j!LЬpf,' G2 
= G� +о;+ Gfr 

bflb "fШJJшI.шЧш,l,nrbL f!l,'1-nLHЪj!, nr JfungJ, 'Н'f'l!f! '>шJf! f,lt_'f,,,i.J t 
Z шnw'ilgpf, ,;1,,п, Ш"fШ N Jnth%,,чblpf,g Jf,ш1'f, N/3 P./.rri/._ J"t1,Ч"ч­
,'f,l,p l('>шp.[_шJl,1, J.fи,rgf, '>f,J,lrf, (Х /,_ У шnшI.gp'f,l,f',.q_ z.шrJ4__,.'l J,r­
lhЧwчLhpf! Jfuп9.f, '>f,Jpf,'il 1.Ы1 '\шpi/._шd-f,)1 Ьрь Jnthltпчf, 'l.ш'ilq,,/_w.Jl!' 

m 1t /,. Z ffi'l'lnLPJwJp z.штrrl4_,n'l JnthЧwчЬhpf, '\wuj!f, Jf,1J,'ь j!ШllШ­
%n1uш1f,'il шpш'fntfJJntI.p G1, Ш"fШ J!,l( J"lЬЧпчf, zшрJ-JшЪ рш'Ьш%1!· 
lttf,Lf, mG z , /!и�п pL'l-п,Ъi/._шd- 11-pnчPf, JnthltпчЪhp[! шnшd.'l-шЧшЪ 
'l-f,'1-1,f' Ь�, Jfungf,'f, '\шpi/._шJ/r,tntg 1:&inn ф,п'{и..[_п,J t Jnthl(,rчf, z.шрJ-­
JшЪ ""l'l"LPJnt'Ьf! , f,иЧ zшpJ-Jшf, рш1�ш%f! J·'im,J t 'ьпчЪр1 2binhш­
f'Шp, JЬЧ J"Ll,l(nчf, J!,l( '\шpi/._шJ,f,g '\.Ьтп zшprlJшЪ рш'&шЧf, %ршJ­
фпфпfип,Р1п,'ilf! l(i,_f,:Ъf, n1Gi --( - mGi ) = 2rпG z' Unibl(,rЧf! 1--l_rlJ., 
р'Ьflш91�п,J Jfuл9f,I. Ч{шр.[_шJ,f, G2/:2h ш'ЬqшJ Ь. '&рш z.шрJ-Jш,Ъ рш-

G 
О, mG; 

Ъш%f, флфл·fuл,Р1л1'и[! lttf,,Ъf, 2m z·-=-, ,f,иЧ z.шрJ-.Jш'Ь 
2h h 

, N mG� �-
рш1.ш%f, f!'& 'l-'\шflлtp флфпfuп,Р1п1Ъ{! - · -, UJntinnЪf, bpl(pnp'f 

3 h 
орЬЪрf, '>шJшJ..ш1Ъ z.шpJJшf, pш'ilшl(f, ШJ'I- фnфnJuntfJJnюflp 1:шJЬ­
Jштш%ш1, ( ШJI. л,Jf,Ъ, npn.[_ Jfungp Ш'l_'f-nLJ t Jntb%п,1'Ьbpf, i/J,1111. 

f,иЧ ШJ'1 n,J1, tt Ъ1п11nnI.f, bpf'"f' 'I- орЬ'Ьрf, .J:ш.Jшd.шJ'& '\ш�/._ш11шр { ШJ'Ь 

,,.,Jf,1,, npni/._ Jп1hl(nч'ilhpp f,pbЪj! ,b'i, шqq,n,J .Jfuлgf, Чf'ш', Uw 1:Ьlцр 
1111Ъ пнJЪ ,t, прп.[_ 'l-ШЧ.f! {Ш"./_шишршl(z11п1J t Jfuл9f, Р %1'/rnp, 

l..bmhш"fbu' 
" 

N mG 2 

Р-----, 
3 h 

(25) 

,fif}b Jfun9f, Jшlfbrhup '&z.ш,1.ш%ЬI./!' а, 'l-шqjr J-ш�/._ш�' V, -G.'&t,ni.Jp' 
Р�.,· ш"lш Р= Р1., J", V=ha (Р-Ъ Jfun9f, %z.f,n1,, t), Sl11z111'll'l,l,,,[__ 
,,upJ;bpЪhf'f! (25) 1:ш�/._шишрJш'& Jb1,, %и�пш·ЪшЪр 'l-ш'l)Jp./t %f,Lb111Jr.J,ш­
%ш'& �пЬи,11.Р1ш'& ,;f,JI.ш%ш1, {шi/._шu111pnulp. 

P ! .. !V=½NmG2
, (26) 

(25) Ь. (26) '\ш,.[_шишрnu/Ирf,9 '\ШЛЬ.п�.J t, "Р b{Jlт T=,const, Ш"flkl 
G=const k P, .. iV=const (PnJl-Uшpf,nm{, орhЪрр), Unzh%nчHp,f, 
lff,'&l,ur,J,% J;'hhp'ff,ш'il ,;ш,�/._ши,шр {' 

Et =-
1 
NmG2

, 

2 
(27) 

2шJl,Jщи,Ь�п,.[_ (25 ), (26) Ь. (27) {ш.[_ш"шр,r,JЬlрр, lfuu,111'&ш'&j!' 

1 2 1 2 -) P'f 
.. ,V=-Nrn02=- · -NmG1=-Et,

3 3 2 3 

_ 2 Et 
P'f·,-з v'

'\ЬтЬ.ш"lЬи qшq} -G.'isz.nulp '\ш�/._шишр t Jf,ш,f__np Jш,[шl11i.J lfln'&r/..n'l 
..Jnlh%nчЪbpf, Чf,ИшJ,ч tHp'ff,шJfr bp%nt bppnp11-fr'&, р) Ub% Jn1/r 
11-h"fpnul. 

2 3 
P, .. iV=RT=-E�, E�=--RT, 

3 2 

2 Е, 
Т=-·-• 

З R 
(27 -) 

11Ju .Б.w-l_wuшrotdpg Jil;mbщd :J:;, nr qwqlt dntЬ�nч&hrp ldt'-Ьmla,\ 
':J:;li.Ьrqpwr. �n1.&.�9Jш :J:; dpwJr. tbrdwuшp6wli.pg 1.. &.ш �mrnq 1; Ьtu­
nuчЬi PГUJ.hu thrdwumpliw&.p z.wфwli.Pr: IJp&.ьmp\ :J:;liЬrqpmG. �mfu­
-l_шb 2_:J:; bwil_wW,g, рuч_ qш .s!nn�W, orЬ&.fr. 1;: ll.%'& .'>шiш t, "l' Т=О 
- '1-h"fpnul f,11-ЬшtшЧшЪ 'fШ'lf, tH{''ll/rш'& '\ш�/._шишр 1; lJ-f,t 
''l-) ьрь Ьр%п, '\ш-4._шишр d-ш4._ш1 nLI.hgnq ,пшррЬ.р 'fШ'll,f' q.inЪi/._n,J h'& 
1m11'il thrJшuurf,G.ш'f,п,J, ш"lш 1/_2m 1G� = 1/2m2G�, bpi, 
Jf,шJшJш'&ш% ШJ'f qшqbpf, 1:шJшр P=const, Ш"f'Ш 

I/З�1m1G�=l/ЗN2m1G� %..,J N 1
(-½m1 G�)=N2 (-½-m�G� ), 

ll.1u '\шi/._шuшf'nLJf! 1:шJЬ.JшшЬ1п�/._ Ъшfunpq,f, '\Ь�п, ,;ьz. in %шрЬ1f, t 
,!J'"JS ll'lш[, пр N1 =N2, f,и,% иш lJ.4._n'fШ'l-f'nlfr oplт'ilp'& t, 

" 



>; 

:-, 

' 

з. 11g11s 111ц�• 1r>2>1, ьr�11rn>,.a.n>1.e w 1rщь.�1м.1.ьr> 
�llhn>trC 

b[ib 1n./.JU1[ J-ш,j_Шfllиf Jnlblt.nчblf'f, /1-f,4/! l/Jalll J/,,}_ ,t, UI / 
Ъpwl,9 J1f,1_L. pшfu,nr.JL.hpf! -\w-G.шf,,шltJ, щ_hurp t J,LJAu Ршf,,JшЪ -.: 
u,,l,ш,l,·rn,j_ Jntlilf.nч_bbpf, zwpJJ,.,,'i, ,;J"nш,'l-f,,},f! I,Jww/._nLJ t рЬ, d' 
nнrfнrLbpf,. 

f. 
1, 

UJ'1 nL'l_'f..Ш'ff,J-, {ш111,j_шд-1!' l 1-Ь Jf, pшf,,nuf./19 JJ,I'll,_ JJIJI.U pшf,,,nJ� 
J,'lblf.nttf, ш'i,gш� Ь.шLшщшр<Ъ t, ЬрЬ Jnlhftnttl! ftшurшpbt t '1 ,:..,.,.

�1, 
рш/1т1.J, wщ_ш l=-''.::-;..' --� 

' 

.JJ,Y,Ъ -G.11ifн11<1'1wf1{' lJ.J'1- G.шJ,.IINJ/шp{Ъbp.f! mш('flhp М,, P"'JD J/w Р,Н,, 

'11,Uf.'pmJ lf.umш,gi/J, Jf,1_J,I, bplf.шrrrnfl1n..Ь' J, Т-1! ftшf,,,j_шд- t 1_ЬрJши­
иrf,-G.шЪ,f,9 l,_ -G.btnWf,g,

SЬ,,.J,L-t Ъ2lч, "Р bflb JшиЪf,ltf, zwnu11/)'1.l! Г1 t (r ==½ ), ..,., .... 
/ 1/Г1 =со Ь. l!I,'1{,цI,pш"lhu l 1/r1= с,, прп,[-<lнпЬ. l)> r-J,9t 

СЪ11п,l,Мlр, пр 'l-шq:J• JntЬ�nЧI! q.J111шAl,_ (, Cf,qn1.Lb1r-p Ъш,l,_, 11{' 
r/-шJшtшlf_uн/__,npuн'lhu P"l"f' JntbltnчЪhpf! ш'½_шрJ b'i,,, pшgf, JbltJ,9, 

d 
"f'f, 1nrшJш9J,M1 t r=-,9-L,,_wJ.lr. Jr1th-ltпчf! zшrJJш'i, f!'Ьflш9pn1-.t 

2 1 

• U1-,,.,,1,,,_ <шf'gf t,l',..1,,,.Jt, (, "l' рш},,,.,J t nt JJ,ш1Ь-€шJ1.,.,,,..,!f,I, <•р,/_1111!!'" 

Q n, ШJ/ f,wl, J,'11,�n'll,hl'f, J,,.�l,('l,1нsfR,Ь('f, f,(""'p <J..,, <щ,.,,lf' 

d +-=dt 
2 

.. 

Jf,w,[ 11p .}ш4_шеп.J ,,-.пU4_,пJ b'h N i [i,[11,[ шЬ,z.шрJ J"lbltпч'i,bp, ....,. 
!,lf'U"f'Ш'l-f•i/cwб д-ш,[ш111,J �,,,ш!,9 f}lfн/_p lнJ,LJ, :--.1:r<l2u1, п,,.ьJи 1 -i-rч­
-�._J N 1лd2u1-'h·l,w:rи,J, ш'i,zшrJ!,hpf, k 1 ..;ш.,, zш,,-J4_,.,,_ Jп'lh'ЧnчJ, 
J,fl.11... V pw.funнn.-1,pf, P,Jнli!, ll.jшnh,,J,u Jnthlt"'l'uhrJ, шч_шиr ,f_шч_р/,
Jf,!/''Ь bf"ltшpn'-PJ"'-!,f! {ш-/:шишр luJ,Ч,, 

(28) 

bph <wz,fj wn.'i,h'i,p P"l"f' Jлth�nч'i,hpf, zшrJnulp рпспJ, "'-'llJ:"'-­
/1Jnd,Lbpn4_' ШШf'l''Ьр шpw'fп'-PJnL'i,1,/,pn,[, ш111111 ltииrw•'i,шfip Uw1u­
,fbtfr• <ш4_wuwptnJI!' 

(28•) 

npurh'l Ш-f! JntЬltnчJ, ч_ш'i,q.,/_шд-1, t, J,и1, p-f. 'l-шч.J, fuurn1-PJntf.f!1 ll.111-
111J,иn,[, Jпl�ltnч'i,bpJ, шqшиr ,[шч_j!J, JJ,1J,b hp1,шpn1.P1n.Ьp <шltw• 
'lшрА <шJl,.Jшurш·1,w'i, t 11-шч.J, fuurn�flJ1и1'i,/!, <bur,hw111Ь,u /,_ -&'ЬzJw'i,p, 
(28)-J,9 <b1nh11,J t, пр P"l"f' pшfunul'i,,bpf, /lf,,[p lti[,1,'[, N, ш'i,'1111,1
ш-,[Ь1f,, . , 

(29) 

ЬрЬ 1 ud3 ltw П� Jп1bltnч JJ, иrЬиш1,}1 q.шу_),9 /,_ П2 JJ, n1-ph_ и,/,.
иш1,f, 11-шч_f,9, npr,!,9 zwn.ш,fj'l'i,J'f''i, /r'i, <шJш"lшиrшиfиш'i,шршр Гt & 
r2, J,и1, l_':"pJJш'i, wpw'fn1-P1n1-'i,'i,bpf!' ul 1 lr. u12, ш111ш прщЬи 'i,ршЪ9 
/!1,'l,<w'i,n,p иrршJш11-J,,) {f,pwpJ,9 шJh'i,шJnur <b11w,[npn1-P11п'i,f!} f!'i,-

d 
• (J)1+(J)t '1"'-ЪIЧп,[ =r,+r2, J,и.1, прщЬи JJ,1J,f.·111pw11-n,fJJ"'-'i, ul= �--'----'-, 

2 
ШJ'l '11,"i�"'-J 'flll'f._f, 1 ud3-n,J h'lш.) Jп1ЬltпчЫрf, pшfuJw'/J pf,,[p 1
-lr•· ,,�,� 

(29-) 

ЛрщЬич.J, -\шz,[h'i,p (28) <ш,[шишрr11-JJ,9 Jп11.,1,пчЬlрf, шqшиr 

,[шqpf, JJ,1.J,·1, Ьрltшрп1-Р1п,!,f! (i), ltшJ L'пчfif. J;, рь Jr11bltпч_Lhpf, 
pшfun,J'i,l,pf, PMI! (v}, Jl,q ш'i,{pwJlrzur t J,Jш'i,шl N i-/! {ltшJ Ш•f!, 
"f'f! J,Jш'i,шln,[ 1,шрЬ1J, t nrnzhl N1·f!} 1,. d-1,' Jntbltпч_Wpf, mpwJw­
'l-1'�1!' ЪЬр1,ш1п�Jи [Ш,[ <wJ,ur'i,J, t N1-f!, opJ,,Lшlt LnpJwl Uf_Ш/Jw'Ь'i,h.
,,,,.J. (0°С 1,. 1 JрЪ) q.шч.J, q.pшJJntf! UfШpniLшltnul t 6,023-1023
Jntbltпч (ll.,[nq.ш.'1-f'"/f, {JJ,4.}, J,иlt 'i,ni_Jf, llfШJJw'i,J,bpni_J 1u.JЗ 11fШ­
pn1-'i,1111,n1-J t 2,'1-1019, Jл1bltn'l ({лzJJ,11иrJ, pf,,[), ?-J,[шр t ишltwJ'i,
11pnzb1 Jnthitпчf.bpf, иrpшJш'l-.)bpf!, пrn,[<burls. Jл1bitnчJ, иrpшJwq.f,� 



шиlчпt/_ '\w·,r.J,ш�n,_J l,f, шJL шJ/ri,ш,фr,,i!f' ,;J,nш,,f_npnLpJn<fi[! , пр ftw­
f'"'l /,'i, n1-bl,J,шl Ь11,ftnt Jnt-.hftnчl,Ьp[! pшf,,JшJ, "l"',;/rf11 U.!'1 щ.шш6.ш­
пn1/_ [ {f,b-t_щbu Ь-шliv-L) npnll'l ,;Цшршt/_пр ;:J, UшftшJЬ rprJnLPJ'!'-1, 
nillf, шl,nиl'lщftJ, 6.w'ilшUfwp'>, пр '>Lшpwt/_npntPJnt'i, { urшlj,-u nf,n­
zl'ln'- uftqpnЩ f-l! (ftшJ v}, f,uft ш/lте::ЬшJ.� d-1,, SpшJшq.f,Jl! "f'l'lll,_ 
L"L9 '>Ьшл Jntbftnt(Hpf, ршf,,лtJЬЬрf, PJ,'U! шр11Ы, ftшpbU' 1; npnzlч 
(28 ш) '>шt/_шишрлиln1[_, Un шl,nu[qwftf, hш'i,ш"lщf',;l! l-f, npnzntJ'i, 
/; q.шqbpf, JшJrngJ,·ftntpJшf, 1_шфJшL JJ,rn9nt/_, 

npюh'l V' JhdntPJnt'i,,f! ftntt/_ntJ 1; wгwqщp!wli. qгwq�Ьf.w: llшLf, 
пр wriшiJ,& '>шpfln1-fliшL ,f_рш lfШ'ff! w,f_Ji[f, шршq. 1; zшp,lt/_nul, /!ш& 
bpftpnp'l- '>шpfJntfJJшL ,f_рш, ШUfШ шп,щ1_f,Ь '>wpfln'-fJJш'i, ш1_ JшuntJ 
wnш1.w'fin1-J /; wpш'fшgLnq ,r,_J, f,uft Ьpftpnp'l '>шpfJntfJJш'fr dwf,, Jш­
uniJ Lрш& '>шt/_шишр 111uL 'lш'lh9Lnq ntJ, 

Uи ntJ[! 'ЬzщЬшftЬ'Ьр f urwtr.m/_, ь. еЬ11-пt'ЬЬЬр, пр ШJ'Ь nиzf"l 
t:шJhJшurшftшb f V' qpш'lfri,'i,.u,f,f, /,_ а J,шfthpbuf,i,, npf, l,,pftшJl,pn'i/_ 
ntиmJbшnj,pnЩ hl,p f ntd'f, шq_11-b9ntPJn,'Ь[!• 

в 

C,j,Jш'i, ffcnpjш�gf, 

>:шzi/_Jш'i, ufu!,J,.,, 

" 

f=1j·aV', (30) 

(ЗОш) 

UbgftшgЬh'fr,.p АВ hpL.щftш1щftшI, t:шppniJ11n,Le 
{ ,л/,1 и uf,,l,Jшf,) /,_ Рп'l шпщr_f,i, /,_ hpftpnp'l- t:шp­
pn,pJn,bWpf, {bпш,f_,npntPJnLi,[! AB-f,g t:шt/_ш­
ишр lfrbf, qщ·q_j, J"1ЬftпчЪЬрf, щq_шю ,f_,шч.1/r Jf,­
r_f,'Ь hpftшpn..PJш'fre' Т, Unlhftn,(Ьhpf, Jf,r_f,I, шpш­
'1:n'PJnt'L[! 'ьzшLшftЬ'Ь1 (1) 111шп.п·t/_, Jnlhftn•l·l,hpf, 
P/t4..i! Jf,ш,t/_np ,)-щ,,f_щlп,J N 1 • U.!'1- ,1,,,.tkftnчfibpf! 
zшpJ,f_n,J lifJ рп·1пр niq'f_n,p1n�i,i,l,pnit/_1 РшJ9 
щш(',q_fl'tPJшl, <шJ,шр (fri,l"l.l,u l,шf,,np'l- '1-l, "1. ­
/!nul) l!'i,.'1-п�ыъ/!, р1, рп1пр Jntbftnчl,hpf! zшpJ-

1 

,f_n,J 1,1, bpbj! t:nupnt/_' bpLp rпqqn,fJ!шJp JfrшJI,, 11pnl,p >';шJшщш­
ш.шиf,,шtпtJ bl, ftnnf"ffr'ьшmшJfrl, шnшl,9pi,bpf,l,1 /!i,l,шpfth'Ьj Ni/3 
J"tl,ftn'li,l,l'l! • npnl,/! zшpJ,f_nul Ы, п,'lqш>';ш!ш9 AB-,f,f,, l!шЬ{, пр 
Jnthftnчl,bpf_, P./r'U! <иftш1шftшl, С шUfш ftшpnq Нр l!l,'1-n,l,l'l, nrr 

1,,') N1 __ l\1 .r ,,,1,1.п,,.Ыm 7шnJ,lnr.J f,'i, Ш?/.9 ашf,, /J. >';ш,f_шl,шршр ... з-5 .,, ,- _ ,- .,_ _/' 

ШJ'l-/!щi, /;1. J..шf,,f,g шr, ьрь JпthftnчW,,,f, zшpJJшi, Jf,r_f,'i, шрш·qп,­
Р1n,'Ь'иhр[! -..'шt/_шишр l,'t,, шщ_ш АВ '\шppn,pJш,f, Jf,шt/_np Jшfthph­
uni/_ 1 ,[pft ftшU9'fiИ.1 1\;(u/6 Jпtlтftm,tl,Ьp Jf, n,qqn•P1шJp /,_ ШJ'f-DW:f, 
ft <шftшпш-.4_ ntq'ln,P1шJp, !lшf,,f,g шr ш'Ь9ш,}- Jntbftn,['fibpf, zшpJ� 
JшЬ pшl,шftl! ft1/r'Ьf, N1rom\T1 /G, f,uft шr./rg J..шf,, шl,gщ,)-1,/,pf,'Ь.f! 

N1wmV7,J6, Cшpd-Jшf, ШJU pшbшftblp.J, urшppbpп,fJ1п,bf,9 /;[ шtr.ш­
r.шl,n,,l l; u,щl,q.bi,gfrшl ntdf!' Jf,шt/_np Jшfthpb,uf, ,[рш >';ш'l_t/_щ,)-. 

f=-
1

-N 1шm{\T1 -V.,j, 
6 

/!шf,f, пр Jl,p 'lbUfp/, ,;щJшр шршq.п,Р1ш'f� q.pш'1/rИml!' V1-I! >';шt/_ш-

11ш11 l; V1 -V2f2[ ШUfш i!''i,'1-ntbhtnt/.,. пр а = 1иJ2, ftuюшL-u,f,-p. 

1 -
'Jj=

3
N 1wm[, 

Y1-V, 
1,_ 

21 

/iuft /!шl,-f, пр Nrm=p-fr' q.щ-q_f, f,,шn,PJШ'i,.[!, Ш Uf Ш 

1 
1j=-pШL, 

3 

(31) 

(31 -) 

{!ии, (28ш) <шt/_шишрJшf, [-[! >';шftш11-шрJ.. <шJblш111шftw'Ь f

q.шq_f, f,,urntPJшL[!' p-1/rL, >';l,111/J.ш"lbu fj-·b ftшf,,t/_ш,)- il; q.шч.fr f,,.111,a­
PJn,Lf,g (-&Lzn,Jf,9)1 "ьzш'Ьwi_11,J .!;, фпрJ..Lш�шJ, -&ш'ЬшUf шр,;пt/_ np11-

2h1nt/. f)·L ftшphtfr l; >';шz,f_,Ьt l-e1 /iJш'ilшLnt/. i �f, щpdh1J!, oq.mщqnp­
,)-l,lnt/. (29) <шt/_шишрп,Jе, ftшpn'l l,i,/! ,;щzt/_bt pшf,,t/_n'f_ Jnthftnчblpf, 

Pfr,fp, 

5 trЩЬ�Л�\\,ЬР� �us \lРll-.Л�Р-ЗЛ�\,\,ЬР� Pllthtrlll, OPbbl'� 
(irll�U,J.Ь\� OPbbl'�) b,J. trЩЬ�Л�\� llPll-.Л�P-З\ll, ЛРЛtЛ�tr� 

(tSbPI,� ФЛРQ�) 



r 

1' 

[ 

' ' 

; 

ш,q_шт ,[_шq_j!f, Jf,rf,Ь bpl(wpnLf1JwL ,Jшиf,Ь, '1-J,[_.шГ'ш'i,щlп,[_ funuh.l 
ltпLl(plнn r,pl,J; -':шиl(шgп'l"LРJш'ь Jшuj,f11 Uшpи,{hiJ! 9"'J9 m,[_b9, •r 
111i/.Jшl UfШJJшЬЬhpnul Чwrhdr t npt1zbl ш,имЬd.рi, JntbltnLL'i,htifr 
.шpшq.nLPJnLL/!, oq,1111/_bt.ml. '>ш,[_ш.Ьшl(шЬn..р4ш� �nLЫ111Jrш1Jr91 rffьp, 

ftn11_J,f,9 mp,[_ntJ t lfшри•/_/чJ, '>ш,[_шишр1ш//! шп.ш'Ь9 '1-"'Р" рhр,fшЪ� 
ичl, J1nЬr1tJ t q.шq_bpf, l(f,Lhmf,l(wltшL тЬил�Р1шЬ wn.шLd.Jrf, l(i,'-('-f, 
Jb1_)1 f!иш lfшpu,[_lч/r, · q.шч_f, Jntb/t11ч,'ithpf, ШpШ1JRL/1Jn.Ь{! bL,fJшМ,­
,[_пul t lн,чL opb'ьpf,L, f,fч пр фпрА.f, иfu-.,_,Lbpf!1 fl.4ufrbll'ь, JUU'lJш­
fl/н/. Jлlbftnчbhpf, Jbt ЧшЬ ш/L,Uffr,ф'bl.,bp[!, ршJО ,4,z. f,[_п,[_, прnЬ11 

,.,l,И, 0-f, -'>шиЪпq, J,L'lll/bu 'ьшiz. С) {шul,n'l шpшq.ntflJni.bl,bp1 fl.Jb­
l,шzшm fl,[_п,[_ Jnlbltn,..{i.tbp ,.,'i,bl, {Jf,7JЪ) шJhЪш'>ш,[_шЪ111,l(ш'i, шрш-

• / �;г CfЛLPJnt'ь, Лрf! npnz,[_п,J t С= 
V 

-м� шр1nш'>ш1111п�fJ1шJр, ьрь 

dN 

шриg/н/ЬЬрf, щпщL9N' ,[_рщ Jn1b/tnчbbpf, щрш9-п,р1п,Ър' С,
lfц1nш'i,щ'i,I! 9-d-. 7- [!, ,.pmlul Ufщml(bp,[_щd- f Jп1Ь.Ч1"lЬЬрJ, f!Uln щpщ­
'l-"'PJn,'i,.'i,l,pf, pщzfuJщ'i, 1,.прf!, r,pf, Jщpuf,JniJ,f,Ъ ,;щJщ"lщтщufищ­
Ьп,J f шJЬ'i,ш,;ш,[_шЬщl(щ'i, шрщ9-,.,Р,J"'Ъ/! , пр n,'i,l,'i, шJl,'i,щ_ 
zщт Р"-""- J"tbltпчы,,., 

f!ит шрш9-r,�Р1п1ЪЬЬрf, J"thltпчfr.bpf, pшzfu,.,J./! JnL(IШpшLun,p 
9-шч_f, -:шJшр ftшfui/_инf t J"ll,ft"чf, Jщ11иш1f,9 l,_ 1.bpJщu1nf,-Gш.'i,f,9, 
[!'ьtJ- "pnul fbpJшumf,f:шLf, pшpd.pш9n1Jf,9 Jbl шршqщрJrнЪ п,ЪЬ-
9!''l J"ll,lt,,,1LЬpf, шpшq,.,pJn.Ьf! ш-,[_Ьt], 1f JblшЪnu/1 

9-щч_,f, J"tbЧnчLbpf, f!'иln tpf,,[_ шrшqn,fJ1п1LLЬpf, ршzfиJшЪ ,;щ_ 
,[_шишрп,J[!, r,p tJ-ntpu f p,bp,{_h[ lfшj!ui/_h[f, (1860) l(nqJf,9, ,.,Lf, 
,;ь1nlчш1 тЬцрf!•. 

(32) 

rJp1nbq dNfN-1! ,;щJшl(шp'l-f, Jп1hlt"чLbpf, /!ъ'l-,;шъ,.,,. р,и,9 J"1ь­
ftm1Ъbpf, ш1Ъ Jши,L t, "Р"Ъо шршq,.,р,,.,ъ/! f!'ьl(шd- t C-f, Ь. -(С+ 
+dC)-f, Jf,7.щ1,.щJ1tnul1 М-1! qшч.f, J"lшJf,L qшЪtр{_шd-Ъ t, R-t!' 
qшi{щJJr'ь ,;щц,пщ,п",Lf., f, T-L ршgшрd.шl( t.bpJшumf,-GШLf!, C-L J,._ 
tbltпчf, zшpd-Jш'l, шpшq"ч}Jn<Lf!t 1).J'l- ,;шi/_JS1uшpr,u//! ,,_п,ри t рЬр­
,[_п,J 1nЬишl(щL"рЬЪ, ишl(шJL Ърш f,pш,[_шgf,n'IJPJ"'Ll! Jtшphtf, ,t um,.,­
'l-bl 'i,шl, ,frnpd.·n,[_1 IJ',,.tbltn'LLЬ{'f, f!Uln и�рш9-n•Р1шЪ pшz.fuJш'i, 
,frnpd.Lшl(ш'i, "P"zn,Jl! ш,r.ш1.f,Ъ шЪqщJ 1,.щ111шрЬ1 t tplpJшLlll9{r 
qf,1nLшlt.шb C1nhpflt! (1920), 

f;тbpLf, фnpd.f, 11JuЬJJS1'l, UfШml(bp,[_щ.)- ,t q.d-. 8-,.,J, Фnpd.f! l(ш­
Jlll,Lnu/ t ,;ь1nЬ.1ш1"uJ1 U'ьшJЬ1. JЬ1nшqшl(шЪ А q.1шЪf, Jht тЬ,,_ш­
,[_пр,[_щ.t f шi/_btf, фnрр В lflШLf! , прЪ mLf, bpltш1Lш-1,.f, -&bqp {С), В 

ruш'Lf, шп.шЪ91tf, ,[pшJni/_ фщршfJ,[_шd- t щрd-шршщш1n Uflш111f,LЬ 
lШf'I Uщpj!f, J-f,rf,9 O'IJ! tf'M ,;шЪ,f:п,J t Ь. D JШГ"[! t1bltmpшl(шL 
,;,.цшЪрп,[_ Jf,Ъ1_k zf,,l(щ9JшЪ ш111nf,-GшЪ u,щрщg,[_п,J t, шJLUfbu, пр 
/8 

! 

Q 

о .1/ 
Nd.C 

(\ с 
/ \ 
/ \ т, 

'/,1. 7, lln1lфщ'i,l,pfr [!U"' шpЩ<ftt.PinJ.'i,l,pfr pшzf,,- '/,1, 8. f;u,l,p'l,f, ,f,nl'd.f! 
Jшf. ftnp[! bpft,п thpJшuшfr'!.щ'f,'i,l,pn,J uf,,bJш'I,, 

(Т�>Т1), 

-p.tш_Pl! ul(un,J � Ъftш111btf, щршq.n,Р1шJр ·'l-"tnf!zf,щ'i,11111 lJ.pd-wf}jr 
'l-"lпnf,ш9rt'l_ щ,,,,.JLbpf, J,f, Jшиl! шЬ9ЪЬ1т/. С -Gbql!ni/., zШlp<Jr,[_
/urt_p-,[_ш1,.,,,пu/f,, ш"Ьш[iqЬ1 <шиЪп,J t А q.1шLJr "lшw,f,-'i, Ь. LиШn,J t
Ърш ,[_рш Lhq /и'f,и1n f!L'l-Ffd-,[_шd- zbp,n,f, J..l,_n,[_, ?-рш'ьf,9 ,;ьт" А 'l-tШLf! 

'щ_ршq. l(bpщn'J_/__ Uf1Лur_b9f1n,J 1.Ъ f,p wnwLgN' l"'�f'll!' /J'nq А. 'l-lw'i,f,
uJ 

.Jwl(bpЬ.nч/JJ, щ1n1nJш'ь шpшq,.,pJn<L[! ,JrLf, w - , wrttшPJr 
qp\ 

ш1nпJLЬp,frLI!' U 
u

J t,_ -Gbqj!f,9 J,f,&i"- .4. ''l-lw'i,jr Jш1,.ЬрЬ.пчР ·_ь'lшd-
1РЧ 

1bnш,[_npn,jp,Jn�p:'· Zщl; ll.,plJ,,wpf, шurr,J'i,l,pf! ШJ,tJ- ,1nwpш,d-r,;,pl,,-�'i,/! 

z ltшb9LL'i1 t=-- rfшJшLшl(n�J, lJ.J'l- LnLJL rfшJшLwl(nu/ А 'l-lш'ьjr 
u 

иrЬ.ш'ь1п-�/. шрd-шрf, ш1n•пJLhpf! А "'l-lш&f, "lшmf, ,[рш l(Lu1nbL Lttp urb­
-lf_ttLJ, пр Ьшfиl(f,Ъ urhrrJ,9 ,;1,,,_,., t S ud: Oшфbtni/. w111111шrшd-ttLPJnL•
Jц}' S-1! h f,JwLшtn'1.. Z-L п, W-L, C1nhpLf! прпzЬо иri/_Jщl шрШ9-п,­
Р1ш,J,р zшpJ;/__.,rq шр.t.шРJ, щurпJLЬpjr prf,if_p, "f'l! <шJf!L,l(ш,[_ 1nl,11ш. 
-ftшfrn,pb"i, <шz,[_шd-f, ,;l,1n1 9-lшЪ.f, щ1nmJш'i, rlшJшЪшl( шр.tшр/! Lц,nhl 
tp 1nшррЬр ,;щ11111n,fJJntL ntЪЬ9·n'l lшJL zbp1nf, J..!,_п,[_, f!b'l- npnнl zbr­
urfr J.f,1.JrЪ Jши/! ш,[_hlf, ,;ШU/n tr, ,рш'i, d-wJph-pлul: u,,,.tzшLшl(nнl t, 
лр щpd-шf}{r шиmJLbpf! ntLЬL 1nшррЬр Ш{'Ш9-n,pJniLLЬp, npf, UfШ1n-Gш­
лn,[_ zbp111f, Jbt111bq/! �111nb1 1,1, ш,[_lчf, zшur ш11111J'l,bp, прпЪ11 11.ЬЬ'i, 
.Jf,lf,L шршq.п,р1п-1..L, Jru1,. zhp1nf, d-шJpшJшиhpnul' ,frnpf' L. Jhd- и,рШ• 
.qn,PJnLL п,ЪЬ9пqЪЬрf!t lJ.Jи"lf,u,н/_1 f;тbpb{r ,f111pd.f! nршl(шщЬи ,;и,11" 
urш1nn,J f ·'i,шl, JnlЬ-.1,.nLJLhpf, f!111Л шpшq.ni.flJtt,'ь'ьh.pf, ршl(а,JшЪ 
Uшpui/.btf, opb'i,.p,f!I lJ.nopbL.:,I, j!ШЬшl(шl(шЪ шщшgпчиl! 1,.шиrшрЬl 
,t l:t'I-P1'1.l! • 09-urшqn['d-l,l'r,i/. щi/_b1f, 1,.ш1nшрJШl 'l-npd-f,p, 

,1 



111. rн,ш. q.u..o.ьr

1. tb'l.ПNJ" �'1-ЫЦ\l�Ш, .. 11�� 0�bbl'\,№�8

1'
11-Ьш1шlfшL q.wчJ, J;шu,1/_rпfJJfпL(! .рИЬ-t!,и f!'ь'l-nL'f..b9J,&r, пр ШJ'F 

<:шJшlfшpqhpf! l/_шq_Jn'l Jшu'Ьf,J(i,bpf! (Jnt.bl/.nч_blpf!} t.j ntpw�wla­
�hmhr ЬL L. br wf,/! f,ршр J;/нп lы, фnfuw9.11nLJ, Uш LzwLшftmJ t, ,,,... 
ш'ЬтЬ,н/_п,J /; 'ЬршL9 иЬфшlfш'Ь 1._ин/111 n,Lbf,wlnL 1,_ f,ршр Лqbl"' lртГ 
i/_ш'fr.btnL фшиtл(!l U.1u Jnшb911,Jf!, пр(! /u·J,u1n Jnшш,J_np /;, lfшpr'l. t 
f!L11шИtft tftLlч, ьрь Р.-ои Т-Ъ tl zwm ршрА.f' f;, Uшlfш1L WJl i.чwJ­
Ju/bl,6pf, 11hutpn,J qwqbpf! z_l,f, ЬLfJшrфf__n,J J,11ЬшlwlfwL q.шq_Jr 
opli'Ьpblpf,'fu Opf,Lшli, Рпд-Uшрf,t11шf, opЬLpf, ,,_Ьиuп,J, PV-P

q.pш!f,J,lff,9 bpl,шJ /; {q�. 9), пр J,11-b wlшlfшb qшq_f, ,;wmlfn,fJJrH.1 {!' 

llfW-<,UfшI.n,J /; JJ,ш1b Не-р, J,ulf 02-'f! t,_ Ne-e UIШ[f,U Ы, zl"l'"J
(0°C-rnJ L. 1--';-800 dp ['. 'SLzJwL llfШJJшИ,bpnul): {}'ь,,_ npmJ 02.,_1, ..
ш,f__lч·/t ub'lJbtft q.шq_ t, j!Ш'fz Не-е, J,ulf Ne-l_l UfШI/.Шu ulн1.Jl'lf, /;, 
риs'Ь J,,,.bustuslfw'Ь q.w'l]! {wi/..J wl 11-Ь,чртJ Не-е)1 UuslfusJ'Ь us,J_Ьt.J, Jb� 
-S.'Ь2Jw'f, qh,чprнJ {l,lf,niJe Ъпч'Ь,чhи 21,'l,f__мJ /; f,qbwtuslfus1, ,fj,-G.w­
lf,J,91 9-bJ-tJntuwlfJ, 1,_ bwn.lf, орh'Ьр'ьhрр n.bwl q.wч.bpf, 'Ьlfwи,JwJ�

lff,pusnbtnt 11-h,чpniJ 1_bpJw1J,'Ь e'Ь11wpdшlfJw'Ь qnpJ-Шlff,9p ( С1: =

1 �--) <:wuu,wu,ni'Ь lP J'Ьn,J, <:bui/,_wpwp WJ 'l орЬ'Ьр'ЬЬре п.Ьwс 
273,2 

q.wч.bp,f, <:usJwp 'Ьпч'Ьt,чЬи lff,pwnhtf, i_b'i.11 

PV .н, 
PV 

,, 

н 
/,О 

о 

о., 
о, 

'50 '" '" P,Jpl.' 
о 200 

со, 

i.oo 1:00 воо �upi. 

'1-.J. 9. Не·/., Ne-f, /s. O2·/r 
<шJшf' PV Шf'"'Ш?f'JШ//r �шJ,,r,,. 

,r" P-f,5, 

'J.d. 10. Pшf'Af' 6t2,,,JИrJ, "''l?1,!1"'-
p1,,,-;,l! 'lшчbrf. ub'lJb1f,",fJ1шL· 

!/,,,.4,,,,,f'fr ,ь,ш, 

1'11 ,hwlwlfwL q.шrr}r 1 J,ntfr <:шJwp fPC /,_ 1 dp&. "ЬL2JшL qb llfp1«J 

PY/RT=1, lrbшl '1ш11.Ьрf, {шJшр w111 -':шpwph['ntf}J n<L(!, пре lfnl­
,J_mJ t uЪ qdЪi)tntp,1w&. �w�шnr, 2b'l,J_,nJ /; 1-J,9 /,_ -':wpJwp Jbln,­
f}4nib t пhшl q.w·ч. ьl'L' p'Ьn,fJшq.pbtni .. {щJwp1 

9-J-, 10-ntJ ,чшwlfhp,J_,ш,)- /; ff-niJ H2-J,, O2-J, /, CO2-J, иb'l_­
JbtJ,11ifJ1usb !f,шlf111np'ЬЬpf, lfurfи,J_шJ-n,fJJn<'Ьf! -G.b2п,JJ,91 

Ьрр. Р -+ 0, WllfW 1п�ршрw'Ьzупр q.wq_}, {шJwp uL'lJbtJ,n•fJJusЬ 

22 

!j,шlfu,np[! J..9-u,n,J /; .Jblff,, bfJ6 ub'lJbtJ,nifJ1usL !f,uslfurnpf Jblff,9 
-'f,npp /;, UIJ'1 'Ьzш'Ьшlfni.J /;, пр flШ'l_f! ш,J_b[J, ub'[J/,{f, /;, j!Ш'fs J,,ьш-
1шlfшf, q.ш'l_l!I ,21,pJwиmJ,-ЬшbJ, W'l_'1h9nifJ1п,'Ьe ub'lJbt.J,ntfJJus'Ь !f,wlf­
mnpf, L. 'А'Ь2Jиs'Ь lfшfи,J_wJ-n,fJJ'u'Ь pbn,JfJJ, ,Ь.щ N2-J, <wJшp 9ntJ9 t 
u,p,f_шJ- 9-J-. 11 ,f__рш, 0°С U 9ш.}р h'ЬzJw'Ь 11-bllfpnul w11.пте шi/_btf,
uh'l.Jbtf, t, рw'Ь J,'lbшtwlfw'Ь 9-wч.е, uшlfusJL р.шрА.р &.L2пiJ'i,,l,pf, 11bllf­
./!n,J N2-l! '1шп.'Ьп,J t usi/_ht,J, Ufwlfwu ub'lJbtJ,, рw'Ь J,11bustшlfwb qw-

-'lL' ' bfJb q.ш11.Ьrе pt-'lп,bшlf ЬJ, 1iv 
.wипsi/_htnt (СНзСООН), lfшJ i.�o RT 
11J,ип9,f_Ь1п, (N2O4), US/lfW WJ'l 
'1Ь.UfpbpntJ' zb'ln,Ji'Н,p l,,f, qf,u,­
,J_n•.J J,11-hшtuslfu,.'f, q.ш·11.J, opblyH­
pf,9 lL p.ш(''l ui'im,J bf, ub'lJl,lf,1п­
J}4шL !f,шlfu,npf, lfw.fu,J_шJ-n,flpub 
pbn<JfJl! T-J,9 lL P-J,91 f>Jшbшtni/_ 
ШJ'l-/lff,uf, 'fШ'l_/,f'f, fuu,n�fJJn�'Ьe, 

1,ЪG 

,.�о 

1,20 

1,00 
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lfшph[J, t "f'"'zl,,L '1J,u.n·9J.шf, и,и-'/,,J 11 . .'lbFшumJ,-&.ш1,J, "''l'lbgr,,p1r,cf,�
и,J,hш'Ь[! lL nA:t А., '\ш,J_wишр-:.- иЬ�. !f,ш�mnrf. /s. 'G.1,zJu,f, '1шJ,,,[ш�1r,р1шЬ 

2 ... \l�ЬР� .!b'l.П�4\l8ПNr� 

1> mшppbprrtfJJnt'Ь J,11husluslfшb q.w'f'lr, 11Ьщl qш11.bpf! 9шJ-р T­
/,pn<J lL p11.•pdp �'Ьzп,J'ЬЬрf, 1nшlf {brz.ntlfus'Ьrrul Ыи 
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.1t.tq 1щ1т/.ш,Н,hрf!' аЬ, а'Ь', а" Ь,._, ... ft,r:rf.,пJ М, C.aJthr ftwJ ч_»t­
t.nчЬ:г: 

11rj,ш/фu1l_шf, К ftlнлj,'k '\шJш111ши,ш,.,JишЬn'l. -:fL1_11uff! k Juu/.Шll!
lj,ч_,f_nиl hb �l'JiшJtЧ.w.{t,wli lit:rщJ' Р t Ь. Ч.rJц:nJt�wЧ.шt. шЬuw\twr-w.l" 

-�щi(юt' V �1 С02 1,�нlшр Р • ='lЗ Upft, V ,=2,2 utf'З: "Ьl1шrurq['qшlt
- ЬrLnч!lt! еЬ,'>ш'&1'1tf' шпJшJр <'штlJшf.zш,Уш& { f"•tttp qwq_J,('f,b, ll.1JJ 
pbLшPlth'ilp b'zcwa; lfнpf! ( 7ft, 12 ),
Ьрр 1fШ'lf!� (itшJ lf-"'lflP2JtЪ) qmfн/..r,tJ t Jj, r/.f,'G.,,фн.J, "/t �т .... 
.J.шиtшmшufrm1fншl t а (а', а'\ ... ) lj/;mfi'it, Ш"{UI pшf,.fr "l' Ъш 4'шfi� 
,4J,uш'ьщ,/ { <'ш11l.9шd 'l"[npzf,, flинl.шlfr шJЬ'Ьш1)1zl,Ь ФnFrшsJшЪ 
,P,Щ[!tnJ ufJ1нoд {-'>lrq11iftwbшt• ll<иf(..r1b {шmni.,Ч UfШJJшblJbprшl -.{Jи/ннл 
Jwpnч, tpqnpz_f,' ,f,nz1n & finИbpf, JHдgwJt••чn,Jlprtll), -':ш,;­..,.щи,п�Ь 
tl.pJwumf,-G.w'Ьft ,;but/!ritJ, t;Ъшрш�/.лр t d-ш,J_шll! 1tpnz z.ш� Фмl 
флрршуЬlч' 11нuuit9 {bqn,4J, ШЛ.Ш'f_ШQJшJ.,, ичиf,fчФ' 'fШ'l. ,f,f-Gшl;J,b 
{шJШWJЩИШиfишtп� J;пre i(zшpn'-tiшJ;4.J, J/ift.t.U. w J;iнnp .(fd. 12), 9-шч_f! 
('l"l"Pl.fi1.,) a'w Jшш,,_J q,,.L,,[,шl t zши шfJ;мt1n1t ,f_f,G.шlpш! h. ,Zш-G.шfи 

<bzw1н.fi1шJp f,t,.f!'i.,wftwJ "lt.,,.iJ t J;пti,_hh.vш­f.tш1, ,f_hpw'l.Шl!.'&Шt"Y.. а' 
t"'J"'-1, 4..f,Sшit/н tг4.,тЬ wf..ltw1m1' ,fJ_,G.wlш, -Лflf! фпpJ.UшftJA1'L 
-1:ш'ЬшU[шр<п,f_ J;щpl.Y, f frpwJ;шtщuf.ht; J;ni,f_11uf t uf.w.11.ц.1шшp}t1. 
ч.(11iшq; Si/.,JШl <>pJ,1.ниi{t,. ,ZшJшр W lfhmp .t;шJ,..иtut­шшufu,u'ьn�J_ ( ш'i,.l.lf, 
ршрJ..р J.bpJшu1nfi-G.шflj,_ J,q_11pbpJf, 1,_ Шflf U[W.llf­;S,щп.rtY.. lfШЧJ! %шrblf-{ 
:ШJ'f 'fb"fi!I-,;,uJшp �1., . .,,,,_1,ьl npWJbU 9hpJJf!P­mb!JfHUlr 1/Лl"f'Zfн Yntik 
J;bpWJ, 1:/.'1.,..1!1! qmft,IJ'lп4.. Ь' i{lнnnuf, ,:,.,1,_ "W'•нм1пщ1 ,t Z:ш'f-b9шh <';l,'1.nil(, 
O'ш,f_шtf ;.b1;_f-1, JJ,J-шgrшlf,!J и',unuf { 'l"l"Plfiw1.,шt< l1wltш1b ':ш1,рш-:ш,.,, 
t, Пf <bqn�!Jl!. ,J4_шр it ,ь­шшрш9Ыч, 'ffШ ':wJ'щp <wрl(ии/.пр ( 

t;J,'1.ntftJ,g ,;J,n.wgUJ,l pttt"f' ,,.J,� .uшJ;J, 1"'-д-�/..т6 Ъ1тРhрр: ll.11t 11Ьиuп�J 
(uu/.JwJ rbf'Jшumf,-GщЪntJ) �b'l_ntJ;/r !J,fr-'l"'-P"uпJr4., ftbme lfшf'htfr /; 
{шug'ilh{ Jfti:J'-Z i(bmt• Z fth .. ,RнtrJ ':b'ln�ftf! шЬ/1щJ1tt.1t -IJlшl(nиf (, npf! 
'>Ь2111п1/J1ш-!� ',ш�tJ, t" ,fnшJuшbt, f!1,'1 nptnJ f[нl_nt.ltf, Jf, Jш11р 
lt'tnlnp1/н11Ъw1 J,jlft JJnf..11 Jши� ljш'/J5цf, миl.Jш1 zbrJшumJr!:ш'it/tL 
.:шJшщштшиjищUп'l. �h,znt.i{ 4}� .'l:шltf,Ь (Ь' ljbiлf,L), lhqпdJl! b'z 
Jш11мJ 9utfr4..,,,_J t f.n,JЪWJh-r1 Jb­m1.1uы.nш·pf,t qjil:шlJ.,nJ l,; pшL·J, пr 
ип.4пршtшЬ и,шsJш'it1,bpntJ Z ',L­JЛ[! "{mu,IJ.wtlfиf t ш,[/,�/1 gшд-р 
1.1.рJш"шJ,-С.ш1,f, J,qnl/bpJJ,, №U[Ш b'z Jшип,J �L'lniftl! lfш,,lчf, t 
шЬ4_щ1,Ьl чf,ммufш91"U1Ь-6l.11aJt:
0

>/,Ьpn{J,uшl фшпюhрр 1шЬv-hqЬntJ ЬL ШJЬ J111pf,Ь, #J' u,/н�ш� 
ljш'iц1pЬJ,-1bшpw,f_np f n1.f.hU1щ ШJkи,J,иJ, JJ, f,'lnplipJJ пр 
,;1,шpшJ/..n­pnr./JJnt'it и,ш f,f'wltшitш5'ilh1п;. 4bчnrlff,9 lf"llf/'2ПI. (k 
1шlfш1Ufdtl!) шhеЬ'1-J;шт шЪ9,пJе1 tl.JIP'f/"'/i mbuщftw'Ь f'lпpbpJ { i:btig 
�. 12 ..[рш Jlzp ltпizJf,g pJ,1,шrФi.m.J-bz.cwa' f;npJ!• l.шuljшЪuttf, t" ир 

»11н., .. J!J, t/Jtlw,lj[! 1,W Jшuoul .чНLшр/rЬ t f,ршljшЪ.шgЬЬt, ,pшLt, пр 
ш1u" .щhq G.LzJшU Jblw9Jw:Ъ. t;Ьи, '1ш4.,,щл 1mi4bи,hii J.bdшЬuuf {t 
ltfl­.l(w1nilt ь. шtfr�Чшf11119Ьb1/r 4Jl.шftl! IJ.nt.4..niJ t 1.шr�t ч}�-&ш�:

• 'fш9р �":4!"_.r t 'f"l"l'lf, Ьрlа "'JJ, 'l"'J,>l_,щf ( �('/o-/o�•ft.шf, tf.,пl..,.,...,.,..,fl/o, 
'"!JfWJ/t�pl,� ,,,,f},;f !f"'•r thpJшмr,:f,i;,µ,Ъя,J, ',f,u,/,u,rшp t,,.. f;urrn"' t ,;'lr'l•,tщi.шp 

" 



" 
' 

r/.bn 1шpU11uнl.uнtf,g ,;шf11p11J Ь'&р ШJ'ii Ьwшftш9mР1шЬ, пр 
п.Ьш'l {f,pwftшU) 'l-шч_hp'fl f,рЬ'Ь9 ,;w1nftn,P1п,bl,bpn,[ Ju,/J1nл шшррЬр­
,[пul l,'i, /r'l-hшtщftшL q.шqj,9, fJ,J,шl q.щrzbpf, ,;шJшр ,;ши,ftш1.11Ьи р'Iт1.­
ршq.ршlfш'ь h'i, hpftnL 7-npd-n'bl1hp. шn.шt,f,'flt!' qш 'l-Ш'l_bpf, Jnthftлч­
'iihpf, Jf,t_h фnjцwq11-b9n1./JJntbl1 ,t (,[ш'f11u1_1uftш'ii J,_ d.q.пт.шftш'Ь n1.J/цr/r 
'l-"J'пfl1п1.'iil!) L. hpftpnp11-f!' чшч_Ьрf, Jп1hftri1.{ЬЬpf, d-ш<[ш1 nJ,bl.шlJ!I 
'Ьz,[ш,} ,;щ'i,rpцJщ'i,p'ir.hpf! /111-bшrwftш'il 11-шrzhpf, tJbJ.l!pnul ,;щz,f,Jr z.Ь'i1-
щn.'iнf:n,J1 fl-Ьшl 7-шq_hpf, ,Ы,-SU11ftf, ,;ин[шишрл,J ии,ш'ьшtл1. фnpd.hp-
2uнnbp'ii И, шpht, рш19 шJbLJ,9 nizшq.pntfJJш'Ь wpdшLJ, t r/,шl,-'1-hf'­
t/,шluf, (1879) •nпшgшd- ,;ш,[шишрл,Jl! , Ъш пр111h,и -':f,Jp (!'Ьq.п�'ЬЬt t­
·fr11hш1шftш'Ь чшqj, ,[J,-Sшlff, ,;ш,[шишрпull! J,_ Jш9pbt ',шJш111и11лши­
JцшL 'G.z1nn,J'iihp .}ш,[wlfr п, -SfrzJшf, ,;111J111p1 

Unш1.J,'ii, J,11bшtшftw'i, 11-шqj, <шJшр {!Lq.nJ,n,J i.if., пр Jntb­
lfnчLbpf! LJnLPшlfшL lfbшbp l,L, ШJиfrL11L d-ш<f.шt z.n,ЫL� n,pb-JL ьрь.. 
Т=О, ш111ш V=01 flш.ш .C:шJlnLJ, t, пр 11-шq_bpf, JntblfnчLЬpf! npn-
2_wlr/, d-w<f.wl п,ЫL, L. bjlh JwuLfrlf/r 'l_Шn.wif_J,'fl! r t, ш111ш 'ilpш d-w­
<f.wll! lftfrLJ, 4{3тт,r3 {f! L'1n�bltm/_, пр Jn1blfn,ll! 'P''1шJ.l,_ {}, f,111/ N Jn­
lblfnчblpf, .С:шJшр V1 =4/ЗnfJNi UшlfшJL JnthlfпчЫpf! f,ршр tЬ'Ь 
,;шL'/-P"lnLJ JfrшJL ШJf, '11,�/!oflLJ, hpp. Lpш'i,9 'lfb'i,шpnbl,-hpf! 11-шЬ·</.пнf 
hL 2 r-J,9 {шJufrLib, шpшJw11-d-fr9'd} шi/_btJ, Jhd '\Ьп.ш,[прмрJш'Ь 
�/_рш, ЛtрЬ,Л, шpшJш-чfrd-f!' d-Ъ JnthlfnчЫpf, р.ш/цпtJf, ш111ш'\п�/_�/_пч_
L�/_шч_ш-чпчЪ .С:Ьп.ш,[прпtр1п,L·'ь t, 2.Ьш.Ь.ш111ьи шп.L�/_ш'l.1! Jblf ч_пч'f=
Jnthlfnчblpf, .C:wJwp uw'\Jwf,wJf,'i, d-ш<f.wl { '\шL'1fruш'ьnul ШJ'ь"
'f"J,'1/!• прf, шpwJw'ffrd"f! '\.ш�/_шишр t Jnthlfnч/r mpшJшчd"frL' d-/rL:
U.1'1 yh'1fr dwi/_шt/! '\ш,[ш11шр t шр11ЬЪ' V1=4/3nd3=B-4/3лr3 k
рш'ЬJ, пр ,;wJwlfшp'fnul wn.lfw h'i, N pi/_пi/_ Jш11Ъ.J,lthbp, lfшJ N/2
q_nt'J'f, щ"lш f!f,,'1.C:шLn,p uw'\Jw'i,ш!Jrf, d"ш<f.wll! '\ш�/_,шишр lflJP'ьf,'
V2=8f2-4/3 лrc1-N=4Vi , ШJиfrLp'i, N '\шш JшиLJ,lff,' ршпш111шшf,lf 
d-ш<f.шtfrЪ, l,l,,nl,_w"l b11, wJpnq1_ ш·q_ши, dшi/_wfi! '\ш�/_шишр 1/1/rЬ/r'

пршЬq b=4V 1 •

V-<V,-V-b, (33)·

bplfpnp11-, hpb, /r шwppbpntfJJnLЪ J,11-lsшtшlfw'i, qш'l_lspf,, п.Ьщl чш-­
q_Ьр,f, -Jntblfnчblpf, JfrtL. d.11-пqшlfшЪ n,Jlsp l,'i, rp,pd-ntJ, ш111ш 'lш "\ш-­
,[шииiрш'l_nр t ш1L pшfrf,, пр '\ш�/_шишр "IШJJw'i,'i,l,pn,J п.Ьшt чш'l.fr· 
b'i,zn1JL шi/_ht/r JhJ t, pwf, fr11-bw1шlfш'i, 11-w'l.fr'i,f!, рш'ьf, пр J{,1_Jntb­
lfnчш1/r'ь. фn/цш'l.11-b9ntPJnLЪf! (Ьрь d.qnulfшf, t) 1pwgnt9J,1.. 1..шфп{
JЬJ-ШgLntJ t bL2_nLJf! {J,'lblfnч'ьhp,f, f,c,w'p w<f.btfr Jn,.,. hL 11-ш'ь,[пu11 

рш� lfчшЪi/_hf,L, bjll, 'IШ'l_f! tfrLbp /r'1hш1шlfшL)1 llfrtJnLblfnчшJ[,fi
d.qnqшlfш''i, ntrl{! lfnЪ11-bL11w9,[wd" ,;щJwlfwp'fhpmJ ("\bqntl/, 111J,L 11)' 
ш1Lрш'Ь Jl,,)- {, пр 'ьJn,fJbpf! ШJ'I- 4.Jibшlf'i,bpnuf 1.11ш"\111111Ъпul h'i, f,pb'i,g-
11bфшlfwf, d"wi/_w1blpf! 1 U.111111J,11п,[, п.hшl qw'l_bpf, /!f,q.'\wLr11p "t.Ъznu!f,· 
f,pbl,f,g 'ilhplfw1ш9'ьnul t hplfn, bLzп,Jf,/,pf, чпиlшр, Jшu'ilf,lfLhpf,·· 
lffrЫ,.,.frlt' Pt (J,11-ЬшриlfшЪ чш'U' '1Ь111рп,J иш f!'ilq.п.Ьi/_пut t пр111ьи­

'l-ш'l.f, bLzn,J' Р ), L. blppf,L ( lfп<b.,_f,nЪ )' Р,. , b'ьzn,J'ilbpf, чп,Jшrfr'ьr
" 

(34) 

,J,'ьz.Uf hu 'i,bppf,'ь, шJ'i,"lhu tt шршшрf,'i, bLzn�Jl! d.чmn,J t фnppш9'i,l'L 
.C:шJшlfшp'ffr d"ш<f.шll!' 'Ьhppf,'i, bL'l_n,Jf! n,'lft'l '\wJl,JwшшlfшL t
ш</Jшl d"ш<f.шtn,J bqwd" Jntblfnq'ьbpf, Р.У, pшaшlfn,un,L { ршЪJ, 11[1 
..Jhlf Jntblfпчf! 1/шрп'l t ·шL9'i,bl Ъпч'ь Jшlfbpbиf, Jfrtn</., fr'ьtl.l/hu 
,щ1_f,9 J.ш/ц, ш1'ь111,Ьи tt d.шfu,J,9' ш1_), llnthlfnчLЬpf, PM.I! f,p ,;ьррf,Ъ 
1n'lft'l '\шJЬJинпшlfш'ь :/; ш,/_Jшl qшqj, Jцтп,}1Jш'ь[! {р} l,_ рш'ьf, пр 
/цшп,Р1п,ЪЪ ft' p=l/V-J,, Ш"IШ (34) l,_ (ЗS) '\шi/_wuшpn,J'i,l,p,f,9 
lfuшw9i/_f, 

р 'N2 "2 а ,-=а 1 =ар=-,

. аpl',_,= р + \'Э 1 

V' 
(35) 

(36) 

$b'lш'1pbtni/_ J,11-hшtшlfшL чшqf, (17) ,;ш�l_шишрJшf, Jbt n.Lшt чшqh­
.l'/r ,;шJшр lfwmwpi/_wd" (33) l,_ (36) n''l'ln�J'i,l,p[!, 1/ид�ш'Ьщ'i,р n.bшt 
·.'fwq_f, ,[J,bшlff,' •{ш'ь- q.hp-'-1.шtufr ,;и,,[шишрnul[!•

1'иlf П Jпl qшq}r ,;щJwl' t/,wf,-'fhp-'/.шtuf, <ш�/_щиш11пul[! lfnLbl'i,ш 
.C:bшhJШL mbu�f!· 

(38) 

npmb11 \1 +'i, n Jnl чшчJ, d"ш�/_шt'ь t,
1;рь qшqj, JntblfnчLЬpf, Jf,1_h qhpшlfzn.b'i, ,[wf,r,qшlfшL nLJhf'f!• 

.lll"IШ' 

�<О ,._ Р l'•'t<P, 
V' 

4. <J.\J.\,--'J-ьr-<1.щu� .:u.<1.u.uu.r1r111, .:ьsu.�nsn�tr� ь<1.
чr�s�чu.чu.1, �u.ru.trьsrьr� nrni;n�tr� 

1/.w'il+qbp-'/.шt,ufr ,;ш�l_шишрJш'i, JшpbJwuif,1/wlfшf, ',buiшqn­
;u,r,,pJ"'f,1! 1'ьшрш,/_11r111РJr>LЪ t IЛШ[f,и ltr/rl!'J,ltшlfш'i, d"ш<f.wlJ!, ��'i,-
1п,J[! l,_ 1_Ly,Jшuшf,-G.w'i,l! ftш"lbl f,ршр ,;ьш "t,_ шр111ш'>ш1шht а, Ь k R
,"l№pшJbmpbpf, Jf,1_r1911i/_, 

ЧшшшрЬtn�/_ (38} 1ш�/_шишрJшL Hш,J,n/цпtPJn,'i,'i,hp, lfuш-9i/_f, 
,,)-щi/_шiJ, LlfшmJшJp. /цпрш'ьшр'I- щии.J,ЬшLJ, '>шi/_wuшpniJ. 

:7 



[, 

i ,
' 
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1. 

1 

\'' -(ь+�) v•+....':..v_ аь =О 
р � р 

(39), 

l!ш"i,f, пр b'zcwa' h ЬJшЬ 1,прЬре {'flt, 12) п1bl,f, l,l'bp f,pшl11u'iP 
шрJшшЬhрр {rvl' V2 h V3}, npn·'i,/! 1шJш"lш,nшufuш'im1J И, Ь', С L. а' 
1,lнnbpf,1, {Ьрр P=constJ, ш"lш ,U,-Sш1,f, '>ш,[шишр"u/р 1,шph[f, f

<rhl (V-V,) (V-V,) (V-V,)-0 шЬ•,"'1• �•\ \рfrшfr\ш\шЪ ,tf,­
'Gш1,ni.J, ршЬf, пр ШJ'l: P"l"f' 6-ш,f_ш{ЬЬрр 11-шпJ11нJ Ы, 'fп,чЬе' Vt•·
ШUfШ ,U,'Gш1,f, <ш,[шишрntJ(! 11111шfu11.J t ,;t,u,ILJШL 1nh11pp' {V-
-Vt)3 =0, "f't! funpшbшp'f ш1unf,-Sшf, ршрЛрш9Ll11п19 '\l,u,,r ll'nш.

V3-ЗV2Yt+зvvi-v:=o• (4О}, 

r./,шL-11-bp-r./,шlufr (З9) '\uн/_шuшpJwf, Jl,1_ Р-& h T-f, шр111ш-­
<ш1шhf,11,рf,иф1, ш1,шf, "1Ш4JшЬп4_, 

V'-(ь+ RT, )V' + ....':..V-�=0 (39 ш}· 
Pt Pt Pt 

1.шJl,J,u,n/'ln</. ,f_hpt/rf, <ш,[иннирп1JЬЬр[! f,ршр '>hur, /tu111шg-l..bL, 
a-f,, b-,/r h R-f, шр.JЬрЬЬр(!, f,и1, ШJ'f 1:ш,[шишрп,JЬ Ьl'f, l'•tltnu!Lb­
pf,9' V"-i., Р t-Ъ "- Tt-i.. 

а-=ЗРt Vi, Ь = 
V+_ • в PtVt R--· 
3 3

' . 

V,=ЗЬ, 
а 8 а 

Р-- • Tt=--
1,- 21ь2 27 Rb 

/Jbp,[_шd' '\ш</_шишр11,J'flЬрf,9 bphn,J (1 пр 

3 
-R=0,375R,
8 

( 41), 

ш1 ufr'ilj!f,' ljpf,.,,./фuljш:f, 1_bpJшuinf,G.шl,n,J fr'1-Ьичш1,шЪ 'fШ'l/r i/.JrG.ш­
ljf, '\ш,[uщшрп ul[! фnfuшpf,fn/_nul t PV=0,375 RT '\ш,[шu,uprnJn-l..1..­
'-l,шf,-'1/,p-r./,ш,lufr <:ш4_шишрп,Jf! 'fr11n t шрu,ш,;шJитиl bp,L.n,JfJ­
f,l,pf, npшljш1,ulf, 1,nqJ{! h шpJbj!u.H/_np ( Ърш'fт4_, пр 1,ин'I t '\ши111ш­
и,п,J <Jнln,lj l,_,'l-rt[npzf, :f,ur'lhpf, JJ,1L., иш1,шJLршl,ш1,ш,ljшL 1nbuш·ljb­
u,f,9 <шJЬJши,=рщр ь,/_ш,'l. 1,f,pшnn1..fJ1nif, n,l,f,1 Lf,JLшljш'i, "lш111G.шп.l,· 
ШJ'il (, пр 1_bpJшuшf,G.шf,f, l,_ r}ш4_шlf, ,f,wфnfr,Jшf, LШJЬ uw'\Jщf,f,l,_ 
ptшl а L. Ь JMn4JJn,Ь'flhpp 'flпчЬ"I Ьи 1,шf,н/_шr} ЬЪ V-f,9 n, T-f,91 

5. �щ�ьsь-u-ns�nu� �nъnъ�

Фпрd.'iниljшf, 'GшJ.ш"lшр<п./_ рш,[шршр G.z111п,fJ1шJp 1,шrlчfr t 
лpnzbt T-L- l,_ Р-111 ?-рш <шJшр J"'f'Шj!шLu1np T-f, <шJшl' nprrznuГ 
Ы, {ии/_шишршlnп.п,рJ',.,fl Jl,1_ чи�1,,[п'l ,;1,'l.'"-lt h 'l-"l"f'Z/r :j, ш'lbf'f,, 
•• 

•.L 
1 

,. ' 

' 

' 
., 

,1 

'1-ll. 1iJ. 1/шl�J;,,.l,-/FшшJrшu/r %•­

Lnl,� qpшf,Hшt,,,,11, "(шш%hf'f!' 



'НПN11 ьrЧl'ПМ-

1. ro-ьrнn'J.e\,Utл,чuвi, ш,u.Qe\, orь\,+>.Q

1. ,:е11'1,11ч111, .:11uч11вnе1>вnеы,№

IJ.Jl,'i,ш,:;шC.шfu oq.urшq.np,'J-'[лq ::шul/ш9ntP-Jntfц/ q.ш ,;шJшl/Шf''l­
urhpJf,'i,'i, 1;1 1.шJшltшf''l-l! Jшf"Jfr'i, ЧшJ JшrJ,ИhrJ, 111Jpn'C1.nifil1n,Ъ l;, 
Лf'[! J.urni{f,'i, щ'i,lшurn,J l,f,i! шpurшi!f,I, шz/ишr,;J,9 ш1Ъ шл.шЪА.f,Ь 
n,un1.J'i,шuf,pb['nL ,;щJшр, 2шJшqшрq. 1/шрл'l l,'i, ,;шJшr</.ht орf,­
Ъшl/, JM pq"q_ шinrtJЬhpf,9, Jnth·l/nL[I,l,{'f,9 1/шч._J</_ш,} ,;ш</.Шf!"ЧР-­
I,1,f'{!, 'fШ'l._ni/._ ш�/._ш.t ''"LPl!• [nLJ-n,JP-mL шЪпflе, q.nJЪшJf,'i, </.шпш­
{'Ш'i,[!, Ьрl/ршqш'ь'l-[!, urf,hч._b('IJ[! 1,_ шu'i,, 2шJшЧшrоr1-J, f'"l"f' :pf,qf,­
Чшl/ш'i, /,_ /№,JJ,шl/ш'i, <:ш,nlj,,,p-Jn,'i,'i,hpf, шJf'"'lt."'P-frHЪ(! 1/nz.,f_n,J l; 
.Б.ardwqwrq}i •JJG.шq, "f'l! p'i,r,,flш'l-f'</.n,J {- Ьрш �.чшrшJЬшrЬr}� 
(фп.фnluwltwt'.li.Ьr}i) JJ,l"!l""-' flpUJbu p-bpJnq.J,'i,шJJ,чшl/шЪ 111шpш­
Jhinrbf' 1/шl'"'l l,'i, J-шл.шJЬl -C.I,z,,,Je, ,'Jшi/._шll!, [ЬрJшитJrС.шЪе !,_ 
'i,Jntf}J, 'l_Ш'f,,,ffi/._ШJ-[!1 l).f!}- "IШ,Шf'J/,u,pl,('f,Q JЛL('Шf!Ш'i,l_J ftL('f, фnфn­
f,,n<flJnL'i, {! ljшpn7._ l; шпшl pbf' l,l fJbpJ,n·q.f,ЪшJJ,чшljш';., .;шJ.шljшf"'l-J, 
4Jr-&.,,,.q,J, фпфnf,,nLfJJni'lн 

/J'hpJ"q.fr'i,шJJ,чшJJ, ltшpknp ,;шul/1119n,p-Jn<ЪI,1,f'f,9 l; Ъшk l;,GЪr­
<f}iwli: brp f,,пип,J l,'i,/J шЪеЪ-q..;ш�n zшrd-JшЪ Jbt 'l-inЪ,t_п,,_ Jшurhpf,ш­
Jf, Jшuf,'i,, Ш"IШ zшpd-nul шиhlл</. ,;ши'tш'Ьп,J b'i,/J лz. Jf,шJL �:шиш:. 

ршl/ urh7._шфrtJ,,ntfJJnLL �nшршJ-п,Р-1шЪ Jbt, ШJLI,_ шJl,f, inbuшqJ, фn­
фnfun,fJJn<'i,, U1Шf'f'bp рЪпчР-,J, zшpd-n,JЪhpt r;шpd-nulf! Jш,inbrJ,шJJ, 
шinrfrprttиr l;, шл.ш'i,9 zшpd-Jшf, z.1/ш Jшinhpf,ш /,_ шпшЪ9 Jшinbpf,ш­
Jf, z.Чш zшpJn,J1 UшinhrJ,шJJ, zшрd-п,JЪ Шf'U1Ш9ЛlЛ'l inшppbf' d.khp[! 
лrшl/ш111,Ьи inшpphri/._nul l,I, f,pшrf,9, J,и't i!шfiшltш"lbu ltшpn'l_ ЬЪ tf,­
f,l,l ,;шJЬJшinhtf,1 r;шрd-JшЪ inшppbp J.khp l,'i, ,;шЪq.J,ишЬпиl JЬfиш­
Ъf,чшl/ш-Ъ, 2_bpJшJJ,'Ь, l;[hltшpшl/шfi, f!f,JJ,шЧшЪ /,_ ШJL zшpd-n,J'i,hr: 
IJ.JЪ, J,Ъz. ,;шJшpn,J l,'i,i! l;I,l,pq.J,ш' nрш'tш'tшЪ inbuшl/hinf,9 p'i,n,p-ш­
'l-l'"'J l; inшpphp zшpd-n,J'i,l,f'f, ltшUJ[!' I,'ршЪ9 inшpphf' фnf,,шpqл,J­
'i,l,pf, d-шJшЪшq, J,и't f!ШЪшltшl/ш'i, inbuшl/binf,9 ,;шЪq.Ьи l; q.шtf,и 
"l'"lhu zшpJ.Jш'i, rtrnzшl/,f, J.k, U.1u"lbu, ljbЪ'l-шfif, zшrd-Jш'i, l;Иp­
q.f,ш'i, i:wif._.шuшr l; 1/2mV2 (m-e Jшиишf, l;, J,иlj \Т-Ъ JшpJ'i,-J, 
1шrd-JшЪ шplll'fn<flJn<'i,f!), "f'l! JЬf,,шЪJ,чш·l/ш'i, l;Ъhp'l-frшJJ, i!ш'i,ш­
·ЧшЧшЪ l/-n7._Jf, l;' zшрd-JшЪ Jbfuш'i,f,1/шl/ш'i, d.k(! 1_bpJшJJ,'i, фnf,,шplt­
J.шL d-шJшЪшq, U.Ju"lfru,n</_, l;,li.ЬrqpщG. zшrddwG. nrшqp l,_ fш&.щqр 
upwuhlнp,ini&.G. 1;, (wJup&.rr.� zwrddw&. iwфp) zwrddшr. d)t li.11.p
"' 

i.f!щupr. фnluwritЬ1Pu, l;L,l,pq.f,ш'i, /,_ Jшinbpf,шL ,f,1,шpf,9 шЬршr!ш­
I,1,[f, hЪ, z.1/ш l;Ъ-hprtfrш шпшL9 Jшinhpf,шJJ, /,_ ,;шljwn.JЦ,1/{!• 

Uшp'f-ltш1J,Ъ ,f,n["A.f, <J,Jшf, ,f_рш i:шuinшin</_шd l; l;,GЪr<f(iщJ}i 
uiw.Jii.чwG.dw.f. orb&.f(l, f! Uu, npf, l;Ъhpq.f,wЪ nz.Ъlf,Q J], uu,l,'l ,'J-'[nul /,_ J], 
�шрп7._ </_hpш,},f_bt "l.'i,dr, /,_ hfilb llfl'"Shuf, eЪflш91Jnul ltпpz.n,J l; {ш'Ь­
,;ш1иrшЪпиl 1;) npnzш·ltf, Akf, l;I,l,pq.frш, ш111ш ,j,,nj,,шpl,I,[! ,;щJшр­
dЬ11 z.шфп,f_ i:шL,'1-bu l; q.шt),u "'f"frl Alt.J, l;Ъhp9-f,w, 

/;I,l,pq,/rшJJ, llf_Ш,;UJшWшЪ орЬЪf![! ltшpb[f, l; d.kшl/hpllf.bl f,u,/,_ 
ШJUllf_kи' J], 1/шрЬ[J, llf_Шшршишhl ШJL "IJ,u{, JhjhЪш, "/1{! шzfиши,шf,.р 

ишЬч.,}f, {Чшшшрf,) nz.'i,J],9, IJ.Jq.llf_f,иf, Ьрkш'tшJш'tшЪ Jbi!l,'i,шf, qрпиl 
l; «llf_,hpllf.hu,n,nul Jnpf,l» ЧшJ шп.ш2_f,'i, ltшp'l-f, J;ш</_hрd-ш'tшЪ zшpJJ,1. 
шЪм'i,е, ,;Ь,и,kшршr ШJ?, opl,'i,/Jf! 1/шphtf, l; p'i,npnzht Ъшk ШJrtllf_bд' 
ШЛ.ш[J,Ъ ltшpqJ, ,;щ,t_ЬрJшЧш'i, zшrJf,t_ uшb 'l,,}l,l шЪ�:ЪшrJ,Ъ /;1 

Фm\ dЬqnщw9iJ_щi Бwdш'Jшrqnid (nrшbq pmpniJ_nid 1;, G.Jnl­
pwqщ&. 1.. l;,&.ЬrqЬuфq nr1..I;, фntuw,&.шqщp!щli. mrmш:f}i&. щzluшr.Б.}t. 
Бlнn) l;,&.Ьr�wJJt _шwrpbr ,:Н,..Ьr[1 фnluщrqiJ_шd Ь&. dЬ1t[1 d3щ1ф&.. 
pmJg l;,GЪrq}iшJ� pt'.q.fiwG.щr fщliwq(l &.rw&.щd d&.щd 1;, БшuшшшщG.: 
/J'hpJn'l-J,ЪшJJ,ЧшltшЪ 1/шpknp J;шu.ltш91nfJJn<LЪhpf,9 l; zrr.ш:li.uIJla-l'a 
i.чrngbu ltшJ g}iit1 i:шuqш9n,flJn<Ъf!1 r;['2_шЪш1J,Ъ "lf'"Qhu ЧшJ· gf,.lt_l l; 
'tпz.</_n,J llf_[fn9hu,f,/,pf, ШJЪ ZШPf![!, пр/, f!Ър-ш911п,J ,;шJшqwp'ff! </_h­
f'Ш'lшn'iм,J l; f,p Ъшfи'i,ш'tшЪ ,{j,"t>шl/J,Ъ, 

2. �ьrll'П>Р-в111, �'< 11t1,11sщ,JФ .:1111'11r�ь.i>neP-вne1,�, 1,ьr.�>еъ
\\,ЬР�О11, f>№IJ'fi'lФ1,l1\J'Oчl1BO 1111-11��1, orьl,J>� 

UJЪ hpknчPЫpf!, npn'i,i! n,qh:/t,9</_n,J l,I, шzfишшш'i,i! ltш111wph­
L"</. /,_ 1.hrrJn,fJJшЪ шf,2_ши,п,Jп�/._ ЧшJ 1/cш'i,n,J.n,f_ lrшq_Jn,J 1,'/, шп.ш2_f,'i, 
opl,'i,,IJf, pn</_ш'i,q.шqл,fl1n,,Ъ[! , Mz_llf_hи 2_hpJn,fJJntЪ[! , Ш'JЪ "IЬи /;L шz­
fишшш'i,i!/! l;I,l,p9-J,m1J, шpu,ш,;ШJ1t1.ntfJJшЪ d.khp hЪ: �l,pJnLfJJnLЪ[! 

f,,р-шЪп,J l; ш'ьl/ш'i,,,f, (IJшr,uшJJ,Ъ) zшpJn,Je, J,и't шzJишшшЪ11f!,
еЪ'l-,;ш,qшп.шЧе' 1/шрq.ш</_пр,f_ш,} zшpJn,J/!1 Фшq uf,uur4iJп,J l;'Ьhp­
q./,шJJ, фnf,,шpl/n,Jfihpf! Jf, J.kf,9 JJntuf,'i, 1/штшр</_п,J hf, Ju.J,u111 
<шJwpJl,,i! f!ШLш,qI,l,pn,f_, 

Uzj,,шmш'i,p[! /,_ 2_bpJn,p-Jn<bf! n,'i,l,'i, шшррЬр' f,ршр i:ш.Jшpdhf! 

z.шфJшЪ JJ,ш</_np'i,bp, Пpllf_hи 2_hpJп,fl1шЪ Jf,ш</_np f!Ъ ,1тЪ</_ш,} /; ltш­
l"f'frшЪ, J,uq пр111Ьи mzfuшшшfif!f, JJ,ш</_np' ltJ,Lnq.pшJnJ№p[!, l;pq.[! 

ЧшJ fnnчf!I 
U2_j,,шшш'i,i!f, /,_ [hpJntfJJш'i, z.шфJшЪ JJ,ш</_npblf'f, Jf,2_k 'tшрЬ-

1} l; Чш"I J;шии,штЬl <шJ/,Jшшп,р-JшЪ 'l"f'.tшqgJ, Jf,2_n9n,f_1 ?-рш'i,.р 
l,.f, t_bpJ,нflJшЪ Jhf,,шЪJ,1,шЧшЪ i:шJшpJbil! {Е) /,_ шzfuш111шЪf!f, 
1.hpJшJJ,Ъ i:шJшpJhil! (1/Е), ьрь А-Ъ шzfиштшЪ.рf, f!ШЪшЧЪ 1;, J,иlt
Q-Ъ 1_Ьрµп,f11п,Ъе, lllllf_Ш

1 

A=EQ. Q�-
1
-A,
Е 

(1) 

UшpJLJ, ll'fr</. l;I,l,pq.J,шL '\шишштп,f, l; /,_ l!'/, '1-,;wfin'f, J.l,,n</_ q,шpblf, 
l; шиh1, пр ШJЪ ,;щ</_шишр t llf_nшl,'i,9,hш1 /,_ 1/J,Hшf,I/ l;blpq.f,шblpf, 
'1-n<Jш.pf,'i,1 fflшpq l;, "1!'"9/,uf, [!Ъf}ш9f!n<J l;Hp'ffrwJJ, фnфn,J,,nifJJni-
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'i,l '\Ьllipщ,[_rrp ( "1'"2.bl' Uzf,,u11nw'il111 �шрЬ,J, { 'i,btJlw1w9f,Ь.,. '#lf'Ufl," 
bp�nt 'fnpJnЬИ.pfr' /rЬ1nbЬu/r,f__п�PJш'i, lL 1nшpn,zntPJ11i'i, 'fl'PdwЬ'ilbpJ, 
шputШ'l-f'JШL { ш'l.• 1 )• Swpn,zn,Ji1Jw'i, '1-"l',}-,r,'i,/! q.n,Jшplчf, { ш'l/нп./1.11) 
JЬJп1.Р1п1.Ь t• ьрь m 1 l.i m2 'lw'i,q.,[шJИpn,[ Ьр%,н ь,,,.рьр frpшp 
f,,шп'ьЬЬ11 , % ,и.,,щ'i,щ'i,1' m 1 +m2 ч_ш,'i,q.,luu}-п,/__ f,,шп.Ьтр7• fiц,J,Jf, 
ч_шfl'l-,f__шJ/! иrшрп'[n•Р1шЬ ч-прJпЬ {1 Ъt11.iilf! %шрЬ1/r t шиЬt J1ш/__шLf, 
,[_ЬршрЬрJШl L_ шu'iн PwJ!J ьрь '\ши,пш,пт'i, 7.bpJu11unfr-&.шЬn1.J '1-�­
f,1!4.n'l. Р1 L. Р2 -&.bz.n,J'i,bpm/__ qш'lbf'/! frpwp f,,ш,rJ,/,1,jl, ШUf.Ш f,,ш1t­
'i,w1.p'1'/r -t;,Ь2п1.Jе '\ш,f__шишр 1./r lfrЬfr Р1+Р2• fiчrh.J'i, -t;'i,zп1.JI! 1пшрп-
11.п1.р1шь 'fnpJn'i, l.}r '\w'iп1-fruш'i,n1.J, fi;_ ,,_,,,Jшpbtfr (ш11-/rut/11/.) '1-"f'Jn'i,­
'i,l,pf!, frJ,z."lfrи/rt, Ьl, -&.Ьznule, llfrJ.frш%шЬ Ufnutbl19frщt/! L. шдЬ %nt_,f__nul 
bl, fr'i11nb'i,ufr,f__r,ipJш'i, (ишиш%,r�рJщf,) '1-"f',J-,.f,'i,/,p, 

\'1i.,nЬliup,j_,нpJw& L. шw.-nq1»pJшG IJtlrllnGGЬrp. 
mwrpЬr mЬu111JiJ,. w2juwшшGП,brnul 

u,,.,,,,ьf,1tшitшls (tr1) Л«ff' (qjt') .:.1,,,,,,,J_,,l'"'P- ,f,11,J,. (u,J} 

f!J,'1"'1',J.шlt11<1/ Нrч) tI.f,z",Jf' (qJ,.f.. ud ') бш,f_ш1f, ,f,",f,11f,,, (,нJЗ) 

U..,ftl,rl."•1/lf, Jl,,}шg,.,Jr llшftbphиш,f,'i, 1шrп,J Uшftl,t'l,"f, ,f,17,f,. (ud2J 
Нrч) ('lpr._. щl ·IJ 

,JJ,..,./,,1,qf,ш/l,,l,('f, mшpphpn<• l:1·l.ft111pu,,ftш'i,n<flt"'i, 1ц,Ьш-
l-11,ftиrшftщl, (!nn,i) ftn.p,,.,1, (linqn& ftшJ 

P1n.J. (оJ.п1111) .wif'Ч- oJ.rЧ) 

Sfr/,ql,l'шftш'i, J'l"'l.шftшЬ,,,- Sftl,'f.l,pшltшЬ cl.f1t'l"'4""f,",..
fl1wЬ ..,,_м,g{,ш1 (l'ш�- JlщЬ'l'/.шif! (Ч) /11",1, (Ь-q) шрш'l"'g"иf) (nif -2 ,j_r -�) 

.PJ,Jf,шltшi, .P[,Jf,u,ltшЬ "l""'l,l,gj,u'l IJ'.�[1,f"l'1 /IШJ,Ш�f! . 

"lшрч_,[_шJ /;, пр tbpJr1tPJш'i, Jbf,,шЬfr%ш%ш'i, ':шJшpJl,11! ,+ш'l­
JniJ 1; 1 �шt=D,427 �q:d, J,и� 'i,рш <ш%шn.ш� Jb.tn,pJn1.f11!' шzf,,ш• 
1nш'i,1J, fbpJшifrf, ':шJшрJЬ111!' 1 �qd=2,З4 %шl' tf.7-:.;щ'i,pщ"{l,u, 
frJш'ьшtn,[_ шшррhр f;'i,l,p,11-frш'i,l,pfr JJ,%1! Jin•иfr'i, фпf,,шр%,[Jчn1. 11-пр-
6ш%fr9Ырf!, %шpbtfr /; f;f.1,p.,.J,щf, шршш.t:ш�шьt_ шшррЬр J_111фJщ1, 
Jfrш,[_npЬbpn,[_ ( ш'l• 2 )• 

ьрь 2r1.ш'ьш1/rf. "{('"91,ufr JшJш'ьш% 1:шJш�lllf''l-1! Q .pшf.шltn1.­
/J1111Jp tbpJn1.P1n1.f. �1ш'ьЬtn,[_ %шшшрпuf 1; А шzf,,111111шь, (11шJ 
.t:ш�шn.ш�I!· utШLn,[_ Q .ршf.ш%n1.Р1ш'ь thpJn1.PJn.Ь, шршш,frЬ n1.Jhp1! 
'i,pu, 'i,�uнnJшJp %шшшрп1.J l,'i, А шzf,,ш1nш'il1), Ш"{Ш -':шJшJtшp'l-f! 
J,p blшJ/rf. ,fJ,�ш%/r'ь ,[_Ьрш7-шn.ЬШ'lnL ':шJшр %шutшр,[_щ,}- А 1112_f,,lll'-
1nшЬ1/! -':шJшрJ/,/! 1; .tшf,,и,[_щ,}- Q 1_bpJn1.P1111Ь(!, UZ-Juf,Ьp'i,' A=EQ1 
ьрь A-'i, L. Q-'i, шршш':ш1ш,[_шJ l,'i, JfrL.'i,11чЬ Jfrш,[_npblpn,[_, Ш"{•
" 

\ 

b'i,.br'Fr"'Jf, l"'+JшЬ
Jfr-f.apirb(' 

1 1;rч 

1 1i_w1 

1 \• "t''· 
1 l1ч" 

1 

4,184- 107 

1,0133-10" 

9,81-10" 

2,39- 10-8 

1 

24,218 

2,344 

llq·,,., .... ft z 

pfpG, 

9,87-10-10 J ,02- 10-8 

О,0413 0,427 

10,383-

0,0968 

rI/J.tnP.Л/ofl'Sfl/oЪ-1 1i_�шt=l-10З �wt, 1 1·dpG·=l-l03ud3,JpG-, 1 2.а· 
nLi=l. 101 1:рч 

A=Q, /�рш%шЬп,J, ЬрЬ lPtшЬш1fr'it "{pn9buJ, .t:ЬтL.шЬрп,[_ uurшg,[_l,p 
ш,{_Ь.L/r zщm и11:f,,шtпшЬ11, рш'ь .tшf,,и,[_шJ t/lpJn,JIJn<-LЬ t, Ш"{III flfr%l/r 
%r%1иr•PJш1, Jfrr_rlgr,,[_ %шpblf, %tfrblp ш'i,1!�'1--':шш f;f.l,p.,.J,ш uшшLшL, 
r,pf, шf.t:ЪшрfrЬ f;, 

111. zptш'ьшJfrЬ "{pngЬ.uf,bpfr JшJшLш% A-·'fl JfrшJЬ JшиЬш,[_пр
'1-bUf/!bf'"'J %шрп'l 1; -':ш,[_шишр l.]rLlч_ Q--J,L, apf,f.wJ,_, ,J,,'1-bшlш�u,'i, 
11-ш'l.fr f!L'1шpAш%Jш'i, JшJш'ilш%' 1:шпшштп�'i, tbpJшuurfr�w'i,[, '1-b"{­
l"'J, 1'и% f!'Il'l-<ш'ьpшUf.h" nJ. zp1_шf.ш1frL Ufpпgbиfr ,,,ьщрпuf k=j=Q: 

IJштшрЬ.'i,1 .t:butL.JШl фrtpAf!t Sш.pшg'i,l,f,I �ш"{шрfr J[, %тпр, 
':шlJu,f, 1_/,pJшumfr�ш'IlfrЬ .t:b1nL.J,f,/! 1_/,рJш1.шфп,[_: IJш"{шpfr tbpJшu­
mfr-&

.шЬI! u%,un1.J /; ршрАрш'i,шl, 'ilpш J-ш,[_шll! .t:шJшрJШ l.}r фnфn-f,,­
,[_n,J1 Ьрр �Ш"{Шрf! u�um..J 1; <шt,[b,L, lи"{Ш 1_hpJшu1nfr�ш'Ilf! ШJ1,L.u· 1./i 
,frnf,,,[_tnJ' JLn,J 1; -':шитш-111п,f.1 1.Lш1шJ '1Pиfr9 zшpni.Lшlt4,nJ t
1_bp.Jn,f11n<'i, .t:ш'lnf'rp/_blt 1.шро t шпш�шЬпul, n'°Lp 1; 11-Ьпuf ltш"fшpfr'i, 
1:шqnp'l-'[_ш.t 1_bp.IntfJJntL(!• U1Ь J-шf,,u,[_r,1J t ШJUUfb,u �п1.,[_ш.t, &.Ьr­
fji[i 1;&.ЬrqliwJji Jb6ш9Jш'i, 4.J,ш: Ъhр1/rЪ tИмfrш'i, (V) ,<u,Jш%шr11-/r 
Ll'fr,[_ tЬhp'ffrш'il /;, "f'I! frphf./rg 'ьЬр%ш1ш91'пul t Jnlbltnчblpfr, шшnJ­
'i,bpfr L. шmnJ'i,l,pfr pшqш'lf'frl. Jшubpfr %frЬЬ.,п,fr%ш,%ш'ь, "{nmbLgfrшL 
f;'i,bp11-frшblp,f, <fn<Jшf'I!• <шJе'ь/Jшg, "{шшш�шЬ L. шшшш'i,п'lшЧш'i, 
zшpJn,J'ьbpfr tЫp'ffrшblpfr ,,_,,,Jшре, J,Ь1.Ufbu 'ilшlt �ш·п.ш11-ш1f1ш1fr'i, 
f;'i,l,p'f-frш'i,, npf! Ufw':Ufш'iln1.J t 1_bpJ111JfrЬ <ш,[_шuшpшltzn.n<PJntЬ .t:111-
Jw%шp11-/r ·щщрf'Ьр .JшuЬpfr J'[,1_lt1 Yltиш.J- ':шlJшЬ %bшfrg %шUfШf'fr'i, 
,<ш'l"P'l,[_ш.t 1_hpJn,JJ1п,J.,I! .tюf,,u,[_n1.J·t Lрш' ,%Ш<Ufшpfr, <ш1JшL ,[_рш: 
fi,pl,JЬ, ш1L .tшf,,и,[_r,u/ t !ршч_шJ�L фr1f,,шрJ,_JшЬ ,fyw nt ,uzf,,ш­
mшf.1 t, np/r %ш1nшрJш'i, f!'tifJш9pnuf <шJш�шр.,.J, tbpJшuur�u,f,I! 

-<ши1nшшпtЬ t Jf.ntJ. !рш'lшJ/rЬ фп{ишр%пu!е mb'lfr 1/; n.И'ilnul /r
1:шzfr,[_ <ш1JшЬ рш,Ъ,[_шJ thrrJrt1.P1ш'il1 

U1u"lfrun,[_, i,l. Zl'lшЬшJfrL "ll'"Hl,u'i,l,pfr p'ilpш9p11ul 1:шJш�шрft 
�lщf,u,J Q 1_bpJn,ji1J"<Ь[! d-шf,,u,[_niJ t 'flpш Ыp1fr'i, t'ilhp.,.J,шrf, Jl,,­
d-1119.Iш'i, ( ЛU) L. шzf,,шшшЬ1 ( А) %щтшрЬtn• ,fуш, 

.3-381 

(2) 
" 



l. 
' 

t 

!. 
i 

ьрь -:шJш,Чшрq./rL z,ц,и, "'"/!Р pшLшЧntPJшL 1.hpJn1P1nLL (dQ) 
.( -:шqnp,p/_ntJ, ШIJ/Ш 

(2ш)-Ъ pЬpJn'lftLшJfrЧшJf, шпш2f,L ophLpf, JшрЬlштf,ЧшЧшL (ш­
Lшlf,шf,ч) wpiлш-:шJiлn.JJ1rnЪЪ f: Uw fЪЬp'l-f,шJf, IJ/Ш,:IJ/ wLJш1, ophЪ­
/!l!L Шf11nШ-':ШJ1Л" 'l JwuLw,f_np 7-blJ/i!f, f1 {!ии, ШJ'l- ophЪtf, шJЬLш-
1!1,'1--':шЪп�р J.hшЧЬplJ/Jшf, nz.L}j,9 fLhp'l-f,ш tf, Чшрп'l u1nbqJ-,f_J,L 1z.. 
tЪhpW,wL Jj, ЧшР"'l ltnnbL, WJL tLЬp,,.f,wJf, Jf, J.hl! J,f, ШJL J.hf, t 
фnfuшЧhp"/,f_"iJ, ШJ'f if,nfuшЧhplJ/nLJ{! IJ/pnghu f, "Pl! ltшиrwp,[_nt.Г 
f /иfи,�л -':шJшрJЬр 1шЪшЧЪ11рп,[_, 

Ьрь btшJf,L ,f_ftbшltпiJ -':шJш·ltшp'l-f, ЪЬррf,Ъ ,ff,bp'lf,шL U, t. 
f,иЧ ,f_Ьр2LшЧш,1, .Y,t$шltnu!' U2, ш111ш ЛU=U2-U,1 
l,!,и,hшршр, (2 )-{! Чwphlf, t ШJUIJ/hu '1-Pl,l· 

(3) 

РшЪf, пр zрt_шЪшJf,Ъ IJ/pn9hum.J A=Q, ШIJ/Ш (3)-f,9 -':hiлhnuf 
t, пр U2 = U 1, ntpf,z fипи1п,f_, Ьrр fiшdш¼wrqe, '1,ЬI"WJ];wn&щd 1; }tr­
ЬtшJjtli. tJ.ltfiшqp&., li.rw li.hrf}tli. l;Ь.Ь"q}tш&. ir}t-1_ -I_Ьrw¼шli.qli.-l_n1d 1;: 
fliphJ'ii, 'iihl'/lf,,1, fЪhpqj,шb :f,niЪ-lt9f,ш t -':wJшl1wpqf, ,f_ftbшЧf,s• UJu 
,f_hp2f,Ъl! Чшfи,[_шб ШJЪ pL,ntpwqpbtnt -':шJшр J!Ъmp,f_шd- фпфпfиш­
ЧшЬЪ/,рf,9, 1:шp/Jnt/JJшЪ ,{рш ltшJ mшршJ-пtРJшЪ Jl,!. wpu,w-':шJu,­
,[_ntJ f ЧЬmп,[_1 1.hтЬ.шршр, -':шJшЧшрqf, ЪЬрtf,Ь ,tLhpq.f,шЪ ЧЬ1nfr 
!pnJi,Ч9f,ш f1 fl1и111f,иn,[_, (2ш)-{, Jh2 Jf,шJf, dU-Ъ tfrИtn,f_ ,f_ftbшЧfr 
�n,L\gpш LPP< .,�•,••sfrш, 1, fr•ч dQ-> k dA-> LPM .,�•,••sfrш, 
z.hL1 ll.zfuшiлwbpf, h 2hpJn1/JJш'i, ШJ'f -':шiл,ltnipJntLf! -':f,Jp t -':шЪ­
'l-fruшL,nul 'i,ршЪg' tLhp�f,ш1f, 1:,Ь,,п z.LпчЪш9ЪЬtnt -':шJшр1 

.fl,pJnJ.,шЧn�PJnLLI! (С) 1.ЬрJп1/JJшЪ ШJЪ l!шLшЧntPJnt1,1, t
(Чшlпрf,шЪЬрп,[_), прЪ шЪ-':ршJ!,zи, t -':ш'l"P'l-ht JшрJЪ{iЪ_ Lрш 1.hp-· 
Jшumf,bш-f,l! 1 °-rr,[_ pшpJ.pшgЪl�tnt -':шJшр, 1.ш1и1''i,f, t, пр ЛQ=mCЛt 
(ш)1 SЬuwlJwrшr y_Ьrdnili.wlJщp-JniG.p.' 1.bpJntPJш'i, ш1L tшЪwlfn1-
/JJntLL t, npL ш&-:pшJhz1n t -':ш'l"l''l-l,l 1 q ЪJn<Pf,L' &рш thpJшu-
111f,bшf,l! 1°-п,[_ pшpJ.pшg&h[n< -':шJшр1 U'nuшr fЬrdn1&wqn1p-JП1&.f� 
t_hpJniPiшЪ ШJЪ pш&шЧn<PJntLL t, прЪ ш'ь-':ршJЬz�л t -':шqnp'fhl 1 
Jnl ЪJn<Pf,L Lрш 1.bpJшu1nf,bwf,l! 1 °-п,[_ ,pшpApw9Lbtnt 1:шJшр: 

1'Jш1, АЬ.п,[_ Чwphtf, f uш-':JwLbt 1,шh ши,,пJшЧшЪ, -:шJшpJJ,_ 
pшJf,1, y_hpJniLшЧnt/JJr,tf,f.bpJ!t {!L'l--':шЪpшlJ/bu J!Ultl (ш) -':ш,[_шишр­
Jшf, ЛQ=С, ьрь m=1 h Лt=11 

SшpphpntJ l,f,, 1,,шЬ. y_hpJntЪшЧn</JJn1M1Ьp 1:шu.ltlшinni& d-ш,[_шJ}, 
{f,q_пfur,pш1f,&)' Cv h -':шииrш�лпJ., ЬЪzJшЪ (/r"l.npшpшJf,L)' Ср ffЬ"l­

l!"tJ, .f,,f,,l:"'fhu 'fl,ц,Ь. J,f,t_f,h (С) Ь. f,,ршltшЪ (С) 2hpJni&шЧnt­
P1niЪЪhp1 

.fhpJni.ЪшЧп<PJntЪ,l! !pnJ.,'itB/rш f у_ЬрJши�пj,ЬшЪf,9, РШJВ t_hp­
Jшuinf,bwf,j, фnрр inf,pnчP&Ьpf, -':шJшр f!Ь.7-niЬ,[_ntJ t -':ши1nш111п1&, 
" 

U.1JJ pw9w-':w11nhL/! CV - Cv mшpp.hptr<PJиAI !pf,qj,ltшlt,ш·L
JrJшuu,{!1 _[!Ъ'l-п1ЪЬЪI!, пр Р b&zJwf, inwlt l!f,'f-шpAшlt,f_nul t 1 J,rl 
j,'[-hWtlll'ltwЪ qwq, '1-ш'l./! '1-inlr.,/_nul f '1-tшЪniJ {'lJ-• 14), •pf, Jh1. 
шпш'ь9 zif,Jw,f, zwpJ,[_ntJ t а Jшlthphun,[_ 
Jfun9, ПtJ./!, npnu/_ qw''ll! IЦ','f.'l_ntJ f Jfun9{, 
,f_рш, -':ш,,f_шишр f F = Pcr, S,t/.Jшl 1_hpJшu1nf,.­
_"i,ш''iмu/ -':wJwftwpq{! 'lu,f,,[_п.J t -':ш4_шuwpw­
lt:z.nntfJJwЪ ,[_f,,bшftn1J, l.,_ J,f,,,.n'gl! q.mlr.,/_niJ t О 1-'---v.,,- О 
аа Jшltшp'fш'ltn•J: 1'ч_"'f'шр U/ШJJw'i,·'i,,bpncJ 

l�г-->---1
dh 

4шqf,Ъ dQ y_bpJntP-Jw'i, /!шЪшftиtPJnt,f, -':wqnp­
''1-htf..u J,fun9/! ftpw,pdpw'i,w ЬЬ J,w·ltwf"'lшlt, "' V, 
лрJ. l.,_ аа Jш.1·шр"ш 1·J. urwp•bpn<P,Jn�&l! �zw- �----� 

l' 't т 'il' г "М. ·1:4 Ср-С,.-
,,LшЧhЦ/l dh-n,[_1 9-шqf, l!'Ь'l-wp,J.ш•ltJw·f, -':ЬиrЬ- ,,,,,,,.,,1,

,.
,,.p1wJ, ,.,,0_ 

,,f_ш&l!a</. Чшmшрш,d- Ш"'l/ишlпШЬр{!' dA=.fdh l"ulf' /t'lhшl"'�шi, 
'lш'/Р ,(и,,1.шl''= Pcrdh= PdV1 1,1,и,l.,_ш,р,шр ltwinwrr</_wd- f,qn_ 

-ршр ш'lfишиrш'Ь,р/! Ч,lf,bf,' A9 =P(V2-V1 )=PV2-PV11 ?-f,gnt/!,
иitqpniJ 1 J.,,l q.w'l_/! q.ur"il,f_bln'i/. To-niJ, q!pw'[b9f.1ttJ tp V 1 d-ш4_ич,
·-':hmn 1_bpJ,wu1nj,bшLf! ршрАршg,f_Ь9 1°-fl',f_ h ШJf, 1fШрАш,[_ {Т +1 )"t
flbшЧw'i, f, пр -':wuinwinr,,,f, b'hzJwf, 7-Ь.IJ/l!"'J d-ш,[_ш,l/! IJ/ l,и,/! t Jb­
d-wf,w /,_ 'l-wn,Lw Vи bp-t, qw'l_/! f..'f-ЬШ[Ш'ltШ'ь f, wщw f! Ultl (17) -':ш­
.,fшишрJшЪ' PV=RT1 ПiphJf,, PV 1

= 1RT h PV2= R(Т+l)1 /iиlt 
Q,�лu + А,= лu+(PV,-PV,)=ЛU+R(T+l)-IП�c,лт� 
=Cv=.1.iJ + R, /!w'i,f, пр Л Т=1, bph ltшиrшp,[_ntJ f f,qnfunp IJ/['u9hu, 
.ШU/Ш Gv=ЩPVг PV1)=ЛU=CvЛT=Cv , 

c,-C.=R• (4) 
Uf,шinпJ q.шqЬpf, -':шJшр (Не, Ar, Ne, Hg('l)• Na(,) h шдЪ) С,,, = 

=3 Чшl, Cv=5 ltwl, f,иlt Cp/Cv=K==l,67, hpltшиrn,l 'f..,'ll,l'f, 
·'1-hNf.,l!"<J' Cv=5, Ср-7 ltml, f,иlt K=lA, hпштп,l 'lш'lhl'j, '1-1,"I-' 
_,en,_,r• Cv=7, Ср=9 lt,..L, f,иlt К=-1,291

Sb'lfr1, t 1,zl,L, пр Чшl,�Рf,шЪ y_ЬpJntfJJшL ш1Ъ ршЪшltЪ t, "f'l!
..l.l(hiл/! t 1:ш'l"f''l-hl 1dp-& ЬЪzJшЪ iлшlt q.iл1n/.n'l 1q y_pf, 1.hrrJшиurf,bш'­
f,l! 19,5"-f,9 Jf,'hz.1Ь. 20,5° шии,JrьшL pшpJ.p,ш9bl[nt -':шJшр1 

11.JJJ np1tzb'f,1! JJ,y_j,Ъ h f,pшltш& 1_hpJni&шlt••P1пJ.,Ъhpf!, J,Ъz.­
�ь,,, &шh Lpwf.9 Jf,1.h b'lwd- ЧwlJ/1!1 ьърш.,,.рЬL/!, fиЪ,,.J,р t ,,_ru/_шd- t1 

_y_hpJшuinJ,bшЪ niЪb9n'l_ m q_ш&q,[_шd-;n,f_ JшpJЪ.j, 1_ЬрJши111j,ЬшЪ[! 
ршрАрш9&ht Jf,L1._h t2 ши1nJ,ЬшЪ1 U.J'l- LIJ/wltlш-ltJ, -':шJшр ш'fl-':pшJ/,zu, 
.,t JшpJ&j,·L -':ш'l"f''l-t,l Q ршЪшltп</JJШ'Ъ y_hpJп1/J1nJ.,, h hph Jf,tJ,'fl 
.1,hpJr,tLwЧntfJJntf./! С f, ШU/Ш 

(5) 
.. 



1 ' 

Ъпчl, JшpJLJ, t.hpJwu111J,-&wI,p dt-п,[ JhJ-шgL/11.m <wJшp щ_lнпр (·'

<ш'l_n{''lhl dQ thpJn,P1шb pшbшlf,nPJritb, f!UIЛ npf, 

,, 

dQ-mCdt k Q-m S Cdt, (6), 
,, 

ЛрUf.Ьи ftшf,,.1,, ,f,npA.f,wl/ш!, hшLшщшр<п,f_ 0-J,g t thpJwuщJ,­
-f:шI11111f,I, Jj,1_шl/шun,J "f"'ln,J Jil, Jf,1_f,I, 1.ЬpJnal,шff•,Jl1nrl,[!, npJ,, 
(JUf.f,pf,11 mЬи11! <Ь.,щll.JшlL t. 

с-а+ы+еt'+ .. ',, (8) 
('1)-J, Jh1_ С-1. ,f,nfuшpf,1,J'ln,[ (8)-m/_ Ц JJ,шJшJшl,w·lf f!'ь'l-na'i,bln,f_,. 

пр ti =0 Ц t2=t, l[uurw9,f__J,. 
' 

(а+ Ы+et'+ ... )t-
.\' 

Cdt, (9), 
о 

(9 )-[! f!UIЛ t-J, '/P!f,,bphЪ9h[n,[ 1/ии,ш1,щI,р. 

с-а+2ы+зеt'+ ... , ( 10} 

f>иl/ bph pшч_Jwl,qwJJ, (zшpl!J,) Jkm/._ 1nр,f__шд- t J,pw/tшl, 1.hpJmLш­
lf••P 1шL 1_hрJшии1J,-&шLш Jf,1, 11.ш J,н/._ ш,Jп,р 1n�Ь1/ 

(ll} 

шщ_ш Jf,1.J,I, 1_hpJn,l,ш/tnt-PJnrl,I! (0
°-J,g t0-J, иш<JшЬl,1,ртJ) /tnpnz4J,· 

f!UUI (7) S:ин/._шишрJщf, ШJи"lhи. 

' 

е==-' r <,+,•+1•'+ ... )dt 
t .) 

�"Ч J,LшЬ.ry_w; АЬе чiJ,LJ,, 

c-,+l.1+...l1• .... 
2 3 

( 12) 

(]2w) 

UJ,1_j,f, /, f,pшl/шl, 1_hpJп,Ьшl/п•P1п,bl1hpf, t--J,9 п,Н9шd 1/шJun,­
JI! itшp hlj, t шpmш'\шJml'l Ьшlt 'lf'ш�j,ltnpbL (11-d, 15)1 fipшffшL 
thpJn,bшffn,pJшL thpJшцшJ,-&шbшJJ,I, 1/111/,н/._шdшPJflLLf! шр111ш­
.. 

.t;ш1111i/.n,J t АВ l/11p11i/,,, J,цff JJ,1J,r, 1.hpJnibшl/n,pJlllLf!' EF-11,[t
ABt2t1 lt БFtzt1 Jшlfhphuf,/,pf! f,ршр <ш,/._шишршJl,d hI,, "Pf! <ши-
,пш111пu/ t JJ,шJшJщb,url/ С ,.., 
frpш,ffшL l,. J,J,1.J,L t hpJw,Lш- r:;- 8 1/n,p 1n1.ЬI,l,pf,. '\шJшpJhpn,­
PJпiLp JJ,.�I,,,,__ifi t, � tz 1.hp­
Jшu111Jr-&ш,LшJJ,L шf,pn<JP/r 
'\шJшр, 0'fl,, 0z-J,, �2-J, lt 
CO-f, <шJ,шр fr"l"'f'"'l'"'JJ,L 
f,ршl/шЬ Jпuшр tЬрJ,.,Lш-

А 

t,п,р1п,Ьр шр111ш,<ш1иr,[_п,J 
t <hwlt1шl '\ш,/._шишрп,J1r,[_, 
С_.=4 ,9'7 .о ,0001 ?t+o ,овз 1t2

J,и4 С
р 

-С,. mшppbpn,-
PJn<-fL,p Ой -J,s Jlp'flJ.lt 2000" lS, llf,tft' t,. f,рш�-1, 1hFnJ,ш1j11,PJn,И,l,pf,

fut/.ш<in,psш-L шpцrш>:шJ"'"'PJwl. "tш,,.�l,p"иlt• С-п..J '\ш,[_шишр t Jnu, 2 
lfшL-/r• .ipш.J-I,f, ;;.шJшр' 
С.,. =4a8s+o,ooo?t, J,'p.if Ср � С_. =1,988' f'"L"f' 1.hр,/шииr,Jr-&'шЬ­
ььрп,J' f!Ь'l<"'-"I JJ,Ьz.lt 200(f'C1 

Si,p,.LJ,1/шl/шL <ш1,f
.
п,Jf,/,pj, <шJшр lfшphl} { 011-mi/.hl <bщltJШ[ 

'\ш�/,, шишрп,Jf,1,рf,9. 
011/r, O2-J,, N2-J, 1,. CO-f, '\шJшр' Cµ=6,s0+o, 001от, tpшdЬJ, 
<шJшр' Ср =6, sо+о,оооэт, CO2-J, <шJшр' Сµ=7,О+о,оо71Т­
-О,05186Т2, H20-J, <шJшр'Сµ=В,81+0,001от+о,05222Т2, р,,_ 

L"P 11-ш y_hpf, <шJшр 1000"C-J,9 ршеd.р' Cp··-Cv=1,98'7, f,иЧ 9шdр 
(Jwu, ОаС) 1.bpJшumJ,-&шI,I,1,pn,J JbdшLn,J t Jj,L1_lt 2,051 (CO2-J, 
<шJшр) lt.2,198' H20-J, <шJшр, 

Ор11-шЬшl/шL ЬJnL/Jbpf, f,pшlfшL 1.bpJn,Ьшffn,PJntLI! 1.hpJшu111J,­
-&шL.J,9 11-dш1J,Ь lfшJuJшI, Jh t. t lfUIЬ,f.п,J. 

С
µ

= а+ьt, 

npurbq а-Ь, b-.I, р,/._ш1J,Ь_ <шииrш 111п,I,f,/,р J,I,, UJ, 1шрр hpbpI,l,pf, ,:;и,_ 
Jшр mhишl/шршр 1.bpJn,LшlfntPJn,I,f! шрmш'\шJ"',/._пu/ { .t;J, u,l,.Jшl 
.t;ш,l._шuwpn1Jn,/._. 

с Р =О,441в+о,0088t, (р) 

f1/J,L11 LJn,phpf, 1_bpJn,Lшl/ntPJn,LI,l,pf! lfшpblfr { npn1 ht '1-Jn'lnJ,. 
11-J, l,. 1//шf,f, шn.ш1.шрl/ш� ,f,пpd.Lшffш'ь hqщLшff,.,[_, f,'ь1_щЬи Lшlt 'ьh1-
JшЬJ, lt lJnщJ, lfш'ьп'ьп,/._1 Ьр,1/п, hqw'ьшl/LbpI, ·tt щf,hf, Jn111ш,[_np р[!­
L11чр1 '1-J'"l"'i,'l-j, lt 1//mf,f, (1819) 1/ш'ьпLр '\hи,lчш1f, (. Uj�f,Ч ij_�tiш­
�nнf чinli.iJ.n'1 t1bUb&.шC.Ьr� ц11nndwЧw&. 1Ьrdn11i.w'Чn1rJn1G.f.Ьrp:. 
WJu�&.fli.' t1WЬ!i.ш� dn1--wшnd� 1,_ шbuwЧwrwr fЪrdn1f.w�n1pJwli 
wrmwчrJWif pn1nr l;tbdbli.шr.Ьr� .G.wdmr dnшwij_nrwUfЬп d�bl�щJ&. 
.&wuшwmn1&. dЬbntpJш&. 1;, 

,т 



�b1JwOp (1831 Р,} Ь 4"''1Р (1864 р.) ЛЬш\Ьр"(Ш. w,f,шМ••­
'Р1ш'ь f/.ш'i,r,'i,1! {'i,шpш,{_npn,PJn<'ь t ШШ[f,и Jnmш,[np111U[hu -:шzif.htn< 
e/нlf,wf/.w'i, JJ,w9n</JJnL'Ьbl.pf, 1_/'{,Jn,'ьшf/.m/J1п,'ЬLhpp• l,шJшA.w{i, ШJ'f 
ft.ш'i,r,'i,f,, utfr'i, 'l ,[J,-Cшf/.n,J q.шL,f_nq p/11lf,шftш'i, d�w9n1p-JntliG.Ьr� dnt­
jUlr tЪrdntG.w\ntpJnt&.� (ш1ufr't,pf/ Unt-:шJшp.Jhl!/r l,_ �пhишft.шрш{' 
y_hpJn,bwftn,pJw'i, шриrш11-рJшl1!) .Б.шil_wuwr 1; d�w9n1-p-�ш&. ршч_ш­
l}I'JНЩш&. dbt dщfшq l;iЬdЬG.ш&.Ъr� шuшdw,�wG. tbrdщ.&.ш�ntp-JntCi­
f.Ьr� qnнlwr�&.: Lшzq_J, щrr.'ilh[m/. tJ-1пчnLq.f, ,l,_ f1Jшf,J, f/.ш'ьп'i,1! Jfrш9n,­
P1п,И,hpf, {шJш(I, пр [Hll'l_f/.ш9ш.! t n fJ,f_ni{_ шшпUЬЬрf,9, f/.шrhtfr t

qph[ 

<•) 

0(1},Lшl( 
ftpfrnl/нnf, 2_hpJn,bшft.л,p1n<'ь[! npnzhtn< ::шJшр {шz,[п,J И,, 

рь 1ш'ьf, 111mnJ,f,9 f [Нцq_f/.ш9ш.! 1 Jn1bft.nч!!' NaзAlF6 ft.wJ 
AlFз·ЗNaF, 4rfrп1/rmf, J,чЬft.пч!! р111qf/.ш9инt t 10 щinпJJ,u, -:ь­
,пi,_.,,.ршр Ьрш Jпuшр r_bpJ,ntf.twf/.nt/JJntf.t(! '\w,{_wliwp fttfrfif,' 6,3 -10= 
=63 ftw,l/Jпl. шишf,-&.шf..1 "t1nчf.t Ahп,f_ "1'1.fi,Лf, ипч!f,fr'l-fr CuS2 Jпuшр 
1hpJn1f.tw'1_nt/JJntf.t(! Jnшw·,{_npw"fhu npn·z,f,_n1J t ШJU"lbu' 6,3-3= 
=18,9 ft.wi/Jnl• шumf,-Cwf.tt 

tfJ,f,f, 'l- f.t1п1/Jbpf, '\шJшр c
p

�i, /,_ Cv-i, f,pшpf,9 '\шJшрJШ 1..h'ь 
,nшppbp,f,_nul, 1'иf/. r_h(IJwuшf,-Cшf.tш1fr'ь ft.wJu,f_шJ-n,/JJnL'ь(!, hpp T­
O"-f, nfl.nl,f,_ntJ J; tJ-hpшif, f/.JrишtJ"lfrP/rf/. '\w,{_шuшpn,Jn•,{_. 

(•) 

tf{'Ш/,'l '\шJЬJшmnt/JJш'fi q.n{'.)ш'1_f,9(!' a-f, f/.шfu,f_шJ- t 11/,fr'f,'1- fiJt1t/J/r 
(opf,fiшft, JЬшшq) pfinч/J/rs• {;,и,и, pшf"d.f' r_hpJшuш,J,-Cш'ьш1Jrfi 
UfШJJшf,f,l,{'ntJ, Ьрр "lfr'i,,'1- f.tJnt/J(! ,f_hpшJ-,f,_n1J t q.ш'lfr, r_hpJ,n,fiш­
ft.п,fJ1n,bl,l,f'l! f/.wrhtfr t шри,ш'\шJи,/,l q.шqbpf, ..i:шJшf' Jhq '\ш1и,­
'ьf, (В) h (10) '\ш,f,_wuшpn,Jf.thp.J, J,J,r_nunr[, 

5. ШНЦ�� оrьы,� U.MЦ�S�� u.rSЩU.5SПN•5n���

?-J,mшpft.hLp JJ, ШJfi"IJruf, /JbpJ.n'f!,f.tшJJ,f/.шft.шL '\шJшf/.шрq, nrfr 
qшLq,f,_w,)l! h pшqw'fpn,fJJt1tf.tf! шf.t,f,n1/rп/u bf.t, f,uf/. ,f_J,-Cшft.p pf.n,pw­
'1-f'hlnt '\шJшр рш,f,_шft.ш'ь bf, bpf/.n, фпфпfиш·f/.шf�'ьh['t f!I,q.ntHLp, tf{' 
'\шJшf/.wrq.ntJ ft.wu,wp,f_n,J t J.frшJI, .!ш,f,_шtш1Jrf.t wzJuwщшf.tp' dA= 
=PdV, U.J'f 'l-h"fpn1J (2ш} '\ш,f,_wuшpntJ(! f/.(! fi'1ntf,f, '\Ьи,lчшl щbu­
n· 

dQ-dU+PdV, ( 12) 

tlnwftir. qЬUJ.f: f!ии, Jhp "fШJJшf.tш,f_nr,f,_ш.!nt/JJwf,, Лf'Ufhu ш'ьf/.шjи 
,f,11,f,nfuwftwl,'i,hp (!f.tшrhfip J-ш,{_ичl!' V h r_hpJw111nf,-Cw'I,t!' Tt .Рш'ьfr 
пр 'ьhppf,f.t (I,hp'f-frшL qj,-Cwft.f, !f,11,'ьft.9/rш (.

U-f (V,T), 
" 

UJU{W f,рш lf'fri/_ 'ffr!f,b['/,I,9frшlJ! '1.i/rf.tf,. 

dU=
( 

дU
) 

dV+( дU ) dT, (р) 
дV т ,дТ v 

(
�) +P=I 
дV , т •(�)=С,, дТ " 

U.1u fizшLwf/.mJHpf! щhqш'frh1п,f_ (q.)-/r Jht_, f/.ии,ш94}r 

d
Q

=ldV+C,dT, 

(13) 

(14) 

bf}b T=const, ШUfш dT=0 h (14) '\w,f_шuш pnul,f,9 ft.uишLшLp. 

1 
d

Q 1 
1= -- , 

dV T-const 
(14w) 

fi,phJf,, l-� tbrdntpJw& шJ& fw,&.w4otpJD1.&r. 1;, • nrli. w&.Б.rw­
dbzш 1; �qnpbrd UJ.WJdw&.liЬrnнl Aшч.nrqЬl 1iwUm4wrчfili. li.rw. bw­
il_wн�- dЬ4 d�wil_nгnil_ dbbwgr.l. 1n1 Б.wdwr: 2Ьшhшршf', 1-{! !f,шqшJf,f.t 
(шq.рЬq.шшичfr'ь} фnfuшpf/.Jwf.t t_hpJn,fJ1n1L (1 

bfJh V=const, ШUfШ dV=0 h (14) ..i:w,f_шuwpn.ulf,9 f/.иишtшLр. 

С= -- , 
1 d

Q 
v dT lv-const 

( 14 р) 

П1rbdr., Cv -G. rЬrdшp-JшG. WJG. fwli.ш4шp-JD11i.li. 1;, nrli. шr...&.мudl.ztп 
1; �чo�nr UJ.WJdw&!iЬrotd Б.wqnrч-Ьi Б.wdw4wrq�&. &.rw rЬгdwnin�- -

Б.w&� dЬ4 d�wilnrnil_ pwrO.rwgG.Ьtш Б.wdwr: 1.hиkшршr' Cv -f, '\w­
Jшf/.шpq.f, t_hpJmLшf/.nt/JJn,LL ( '\шuu,шinntf.t .!ш,{_ш[/r 11-hll/ptftJt 
l-p 1.. Cv -& 4nz.il_n1d _Ь&. 4w1nr�w4wr. qnrЬ-w4�9f.Ьr: 

V=f(P, Т) • dV-
( 

дV
) 

dP +(�) dT, 
дР т дТ r 

(•) 

" 



.·sь,,_ш'l-('l,'f,p ШJU wrurw<шJU1n•P1n.tt.hrl! (12) <ш-t_шишrJшL Jh1_, 
Ч11иниLшLI' . 

dQ=[(�) +Р(_дV_) jctP+[(.!.l!...)+r(_!y_) ]сtт, 
д? , т дР , дТ r d Г Р 

(�
)+p(.!'!.._)=h

дРТ ар т 

JJ.J'l- '1-b Ufl'nнf ЧииrшLшLI' 

k l. дl1 ) +Р(.!'!.._) =С,,
дТ ,, дТ ,. 

dQ-hdP+c,dT, 

(12 -) 

( 15) 

(16) 

Ьрь T=const, ШUfШ dT=O, (1tJ) ':щ,[щишрпиlfr9 ЧиanщLwf, I' 

1 
d

Q 1 h= -- ' 
dP T-ean,t 

{ 16 -) 

flЧ'hJL, h-p thrdntp-Jw&. wJ&. fw&.wltn'-p-Jn1.&.ri 1;, nr&. w&.JirwdLzm 1; 
�qnp-hrd 'ЧWJdщ&.&.hro1.d Jiwчnrqht &wdwltmrq11,&., r.rщ tir.znцlp' 
&mumw\DDLfi thrdwumptiщ&.� qhU{fntd, dhlt dp1111l.nrn'1_ dh�mg&.htм 
Jiwdw.r: 

ьрь P=const, ШUfШ dP=O, (16) ':w,[wnшpntJfr9 Ч111nwLwL.p. 

с- -- ' 1 
d

Q 1р- dT P-cons1
n,.,.ьJL, с р-&. thrdntp-Jw&. IUJ&. fwrtwЧDtfJDt&.&. 1;, nr&. щli&rшdhzui 1; 
Jiшчorqh\ fuudwltшrq11,&., &.rw fhrdwum�tiw&.p 6.WU\DWU10t&. ti&.zdw&. 
1J:Ь1Ч fDLd uьч d�w'1_nrn'1_ pwrlirw9&.h101 .fiwdwr: u.Jl чьr"I' C

p
-f, '>w­

.JwЧwr'lf, f,qnpwrwJf,L tbpJntf..шЧn•P1n•l,'f, t• Н-р 1.. е
р

-&. ltni'1_ntd 
};f, thrdwJ�&. qnr�wq�g&.hr: 

(14) /, {16) <ш,[шuwpntJWp[! bh_ur h,1, pntnp шq.ph q.wurwJJ,,f, 
c/_f,i>wЧH,,f, 1:шJшр' i'j,'i.,l,L q.wqw1J,L, .:;ь'lп�Ч, рь "lfrf»,., 

и 1rJJ ,л/,uf,/,f,.p, рь frL-z. /,f, f,,pbЬ9fr9 ЫчФ1чш9Lп1_J l-(!, C,-i,,' 
h-{! l, Cp -f, fi'lbщlwЧwL q.w'l_b['f, '11, "ll!ntJ, Ъшf,,, (14) /, (16) {w­
..[шuшpntJl,l,pf! {шJ/,Jщ111Ь1п,[, ЧитшLшf..s,. 

ldV+C,dT =l1dP+C,dT ( ,, )
1:ш-t_шишрпtJ[! , 1ш,[шишрJшL &шf,, Ь. Шf JшиЬрп1.J Jfrli.LtнJL фn­
фnj,,uфuf,1,/,('f, ntl,/,f..шtn. LUfWIЛWЧn-1. 'lfi!j,bpbf..9/,L.p V = f(P 1T J
f/,n,LЧ9f,wL-

dV= (_!'!__) dP +(_!'!_) dT,
дР т дТ Р 

1( �� ),ctP+ ll( �� ), +с. ]ctT=hdP+C,dT (J), 

Lш1111Lf, t, пр (d)-·fl anh'l} ntL/r J,J,w1L wJI, '1-hиu,n•J, Ь('р J.J,.w­
Wшii 11/rf/,lipbl,9frшtИrJ, Jтп ,,_шL-t_nq q.npJшЧfrgLbpf! frpшp '>ш,[ш­
ишр l,f,, l.burli.wpwp Чшрп'l bf,/! q.pbt, "(f 

h=I -·- , ( f.V ) 
дР ' 

дV С,= С,+1(-)
дТ ' 

J,иЧ Ьl/шanfr шnLbtn-1. (13)-f!, (18)•1! Ч'lшnf..ш' 

C,=c,+l ( :� ),+Р ]( :� ); 

( 17) 

(18) 

\ 19) 

.fn,ntl! l, '1-ЬJ-{JnLишЧi! gn•J9 hf, ш-1.ht, .пр fr'l-bшtшЧшL 'l-щ'l.1,pJ.. 
'lbUfp1aJ Lbpf!f,L tЫpq.frw,f, J,iuf,,,[.шJ tf J.щ,[111J.fr9 (ЧщJ -G't,.zп•J,J,9)1 
IJ.pшLnиl {шJn'l.i/.btn1 1:шJшр 1/шшwрЬLр 'l-b1-{Jn1uшltJ, ,;1,,,.t,_Ju,l 
фпр&f! , bLf1ш'lrhL1 htr.J,n1 шL"pLhp' А1 Ь. А2, npпf..1 frpшp {l,,л J,J,ш-
9щ6 bf, j,,пqп,[шЧп-1., пр(! JпршЧ mfl/r, 1nh'lw-t_n[f,[ш6 blJ ff'ШJ/rf, 
pbpJnu,nшann•J, А1 шЬп/11! L9,[w6 f 'P"'l.n-1., /rиЧ А2-(! 11ш111wрЧ t, 
"fJпршЧI! pш9btn•9 <Ьшп, q.w'lJ! l!f,'1-"'f'&ш.J,,[bln,[ А1 wf,nfJ/rs- npnt_ 
pwL.шЧn1JlJwJp 111b'lшфnf,,-t_mJ t А2 шiопр(!, ШJLUfbu, ('f' htr%n1 
шLпрЫрпиl "I.LzmJLl,pf! '>w,[11111шl'4.nul bL, l!f,'1, npniJ 1_hpJwu111fr­
'ЬшLI! А1-)пJ pf..ЧLntJ f, J,иЧ Az-пtJ ршрАршf,,.и/, ишЧшJ'fl ЩJ'l­
'11, "llnиl pbpJnuшw,лf, 1_bpJшu1nfr"Ь.wf,f! Jf,nu/ t wf..фпфпf,,, {!uш 
pbpJn,,_frLшJfrЧш1/r шnшtfr1, ophf..1/r Q�дu+A, /, ШJ" '11,"1/!"1,1 
Q=O, frLIUf l,u ЬwЬ. А=О, '>bшltшUf bU ЛV=О, ШJuJrf..1f,' 111-l.Jшt 1ш­
LшЧ/r jJо/JшtшЧшЪ 'lшq}r LhppfrL fLhpq.frшL Чwf,,4._ш.) 1.t J�,[шtfrs' 
{ЧшJ -lLzniJfr9), ,?1,и,/,ш"lhи, /r'JhшtшЧwf.. чшqj, .i:wJwp Чwp_nq hf,#
'l-f'l,l, "f'• 

npU/b'lfro' 

l=P • - дU
Cv=--, 

дТ 

dl1=C,dT, L1= j C,dT +const=C,T +00 

(t) 

(20) 

" 



т, 

U,-U,=

.\ C,dT-C,(T,-T,), (21) 

т, 

C,=C,+R \шJ c,-C.=R, (22) 

npщb'l С р-Ъ h C v -L '\шJшUfUIIIIШUJuшLшpшp' 
/r{nfunp t_bpJntflш,lfntPJntИbpL Ь'111 

UJJJ p.ИwplfbLp (1 '7) '\ш,[_шuшpnulet 

.PшLfr пр /rtJ-hичшltшL q.ш'lf, '\шJшr l=P 
•(дV)=-..Е!.._ -

дР pt 
V 

=--р, ШUfШ (17)-/rs 1,итшg,[J, h=-V, ЛЧ'ЬJ�, (4) h (16) '\ш-

dQ=PdV+C,dT j,
dQ--VdP+C,dT (23) 

ff/pn9bue ШfJ-frшpu1111 t, ьрь ШJL eLflшLniJ t Jblfn1.uш9,[_ш,J '\ш­
Jшlfшр,ршl, ,npf, ·'fbUfpniJ и,[Jш1 '\шJш1,шрq.f, l,_ шриrшрf,L Jf,1.ш-
11/."!JP/r Jfrtk f'Ш'!JШlfшJntJ t f,'Ьz.Uflщ q_шL,,4__шdJ,, ШJUUfbu tL ('ЬЬр9-f,ш-
1/r ,J,rrJuшЪшlfnult 

l.bmkшpшp' Q=const h dQ=O, 
а,,_t,шршш Ufpt19buLbpe Llfwpш'fph[IIL '\шJшр lfwrbt.Jr t ll'fиr,f_bt 

(23)-/r шnw1_f,L ,;ш,[_шишрп1.Jf,9. 

PdV+C,dT-dQ=O,

RT 
ьрь 'fШ'l.e t,,,.ьшuи1,шЪ t, ШUf.Ш Р=-, nч,bJ'it' 

V 

..В..ctv+c. д=о,
V Т 

Pиit. Cv-Cv=R, ,;ьшhшршр 1,шrbtJ, t q.рь1, "f'
., 

1'Lurbwnulf,g 1:Ьи,п ifuurшg,[}r, 

lnVt-1+1nT=const lfшJ 

о. 

TV11
-

1=const, (24) 

(24)-L шL,[_шLЬЪр ш11f,шpwu,f, wtr.w't,/r'Ь <w,[_wuwpr11.J/1 
1/.J,JJ oq.urwq.npMчn,f_ (23 )-/r bp1,f'"f"l- <ш,[_шишр,пJе, 1,иurw­

'Ьwf...,. 

-VdP+C,dT=O,

u,l,'l""'ll'b'Ь1 V = RT/P h 1,wurwpblл,[_ Ah.wфnJun<PJлtL, �11шwfiw[,1, 

dP dT -R-+C -=О,
р р т 

dP dT -(c,-c,J- +с,---о,
р т 

Cv-/r ./_рш pwJш[,htnt9 <hшл. 

-(K-l)�+K�=O,
р т 

тk � 
---coпst 1,шJ Т · Р k =const,
pk-1 

l}ш w"i,,f_шH'Ь1 wq.f,wpш111f, bp1,pnp1J- <ш,[_шишрnu/1 

(25) 

(24} <ш,[_шишрлul(! (25)-/r ,[_'рш ршrJ-w'ЬЬ1п,[_, 1,ииrшLш'Ь1 wq.f,uipш­
urf, hppnpq. <w,[_wuшpлtJ(!' 

PVk=coпst, (26) 

Uq.f,111pшm 11/f'"Sbuf, (!Lf}ш91л,J Jf,шdwJw'Ьш1, флфnJи,[_n,J Ы, Р-&,
V-'Ь h Т-'Ь1 </-лрd-'Ьw1,w'Ьл,J Ш1J-f,шрш111ш1,ш[, J.1/pnghu[,bf'(! J,pw1,w­
ftw9Lл,J Ь'Ь 1,wJ 11/l'"Sbu(! ( uhqJл,J ·1,шJ eL11-шpAw1,лul) 'l_WUJ шpwq. 
111wLl'ln.,[_, npji 11-h1111n,J 'J-Ш'l_f! ;_f, <шugLn,J 'l_bpJwфnJuш'Ьш1,п,fJ1ntfl 
1,штшрl'l шршw1f,'Ь Jf,2_ш,f_ш1pfr <Ь.111, 1,,w' J fl 11/['пgЬи(! f,рw1,ш"i,ш9-
'ЬЬ1п,[_ 2шт 1ш,f_ Jb,1,n,uw9,[_wd- <шJш1,шpq.n,J, 

U'lhш'pш111Ji bppnp'J (26) <ш,[_wuwpntJ(! f}hpJnq.f,LшJJi1,ш1,ш'Ь 
J1пiu 11/l'"DbuLbpf, (!Lq.<wLpш9,[_wd- шpmw<ш1mn,flJt1tfi� .("1 Swtл,f_ 



' ( 

K-Jfi, O�f,11 Jf,1.,;J,, 00 ш{н!bpfthp, �uщщ'itщf.p шJЬLинлшррЬр" {'flш­
l'щ,[пр /JhpJ1tqf,1.1111J/ф.iAl;w'it UfpnqЬ11khpft ""',j_щuшpn«!ft/,pt!� U;ft 
lljpnqhu!Jhpf!J npn1,p '>шJuп�шшшu.fuшLntJ Ы, K-f, 4Jш1ш�ш'i,
1щн1b12Lh['/r"iI, 1.1шт9Ь� Ь'Ь "lnt�mгn"I iчrn9Ъubbr ш'Ьri�t/! 1 ffJпlt-шrn­
ll/1! Uf,pngbuhhp" шJhftш'>ш'Aшfu �ч-щш,qпр.}�/_пrr_ Jш 11'Ьш4[,. 'lbU{pbpf!
"':bmЬ.Jшlfibpfi bli, 

ш) ьрь к-о, ШUfШ 

PVk=coлst <ии/.шишр,нJfrg ft1.1mщ9,[p PVJ=const, P=const,

U.Jц ql.Ufpnнl UfP"llhnl! f,qnpшJJ t,
р) Ьрь к-1, Ш"fЮ 

Pv.=<:onst, �m1,_1np1иr' RT=r.onst. T=const, 

U.;и 'iЬUfpntJ Uff'"Dhцf! f,qnpbpJ {1 

,) Ьrр К=оо, шutш 
' 

PV"'=const, Р ... • V=cQnst,

PfV=const, V .=eonst; 

l}.J'1 ,Р,щр,пJ Ufl'"fll"Jf! fr'ln/и«p t•
11) Ьрh J<K«=o,ш;uf,'iц/b' K=r, WU(Ш 

PVY=const U "I.P"9hцt! шq.(11иринп t1 

�6-. 16�/r 4.Рш <щJuнпJщ_ utш"m1f.LpJ/.шd< ( P=f{\') ftn,J,%9/rш'Ь K�/r 
тшррЬр Шtrl1.tpbl1p{i ч1.Ufp"uf1 f!Jшш�b{'i[шj 1ш1./<'1.Нр1н/_ h шри9/н1п</.
uш�Jшhшфшlр[щ# JшlfЬрЬиf! рfпr1j}инuнн.J ( ш1Ь wzjuшюu.f,pl!� "РЕ! 

,, 

9'J. Ifi. Sw-pphp fJJ,,.J,,,fi,f,ш,ljфи4шЬ 
"'ff"'tт'""l,('f, {щJ..,,,.,'l .,..,,,,1;_1,,.,.,.t1" 

jP 
• 

с 

D 
о�-�-----'-- v

\( \.; 

'1<,;. 17. '1.zf,,..,,,,w'i.Ff, t1•"'f/.V"'ltwL 
,,,,,.,,,41,p,,dr тнtрр6р "l('"gl,vf,1,f'"',r' 

flnt�f' 'lbUff/,p".,J f,qhш1шljш1: qurq}t 4щшшf1W� �ш,[шlwJi''L 

fflШ('pшlfш'Ь шzfишшшf.!р(! {ш-�/.ш11шр {' dA=PdV, /ш1t qлulшpш1/ifl 
•• 

( 11'/r.V ш]Р!=иrш'iч!f!' А=) PdV, Д.f, ш-pwш1ШJ1l'll"l 1:шi[_шrtшpJш'h

иlшрр 1(шfи4_ш� t Р= i(\i) fинЯ%u/rшJ/r ph1п1Pfoe1

щ) 1'q_nfuпr и,рп9lи1J, ,,Щ1J,,ш1, Ьрр V -const, dV =0, dAv=O•

/н"11 Q�=ЛU+ЛА-Л(J & Av =01 Jщl(Ьp/,.rp umшg4_,nuf !- 'U'"' аЬ

.(�· 17)1 р) t>чn-rнu" utru9hu� ql,i:чf:11"J P=const 1:. Q =ЛU+A,

j,ц1f. i(шинир,[_шJ ш2]ишюшЬрf! '\ш4_ии,,шр J:,

·�
Ар,=Р j t1V=P(\'2-\\)1 

Р, д,.=RTln-p-, 
' 

PdV+C,dT=O 

(27) 

(26ш) 



/,1 p wLf, nr, PdV = dA, WUf.W Чшрh1/r 1; 'ff'/,L• 

dAo=-C,dT, 
т, 

Ао"'-- J C,dT=C,(T,-T,), 
,, 

(29} 

LhmL.wpwp, w'l-fr wpwut f!L 'l-шpJшЧJшJ, JwJw!swЧ '\шJшЧшрqf, 1_hp­
Jwu,nf,-i;wl, l! f!'f,Ч!sn,J 1; (Т1>Т2) k шzfишшш'ьрf! Чшшшр,[_п,J I; .  

t:шJшЧшf'qfr ььр1t,ь 1;1sьpqf,ш1t, 'ь,t_шq_Jш'ь <шz,fJ,!s, ьрь (29) <ш-­
,[_ шишрJшь J/,1_ 111b,zw'fph'ьp T 1 =PiV 1/R k T2=P2V2/R, ШUfШ Чl! и-
111шLшLр w11-frwpw111 wzfuw,nwl,pf, '\ш,[_шишрп..Jр WJl шЬирп,{_. 

(29 IU} 

f�иЧ hflb (29ш) '\ш,{_аиишрJшL Jl,1_ 111b'lш'l-PЬL1 P.V1 =RT1 1Е
P2V2 =RT2, ШUfШ Чи111ш!sш'ьр '\hшkJWL Шf"ll11U'\,.J,,nr,1.P1n1.lsf!•

(29 ,) 

UqJ,шpшu,l! q.J-, 17-f, J/..pw шр111ш'\ш111r,,{_п1.J 1; AD itr>prt,{_, /rиЧ аи'fl,ш­
рши, шzfиши,шJ,рf!' ADV2V 1 JшЧЬрЬип,[_1 

/J-l,pJn'fl,LшJJ,ЧшJn1.J 'ff'IUЧш'i, 1; '\шJшр,{_тJ 1UJ!s 1_hpJn,P1n1.lsl! 
(Q}, "PI! '\ w'l"f''l-,{_n,J 1; '\шJшЧшрq.j,'i, (ЧаиJ Ч1ш'ь,{_пu/ 1; lspш Чп,z­
JJ,9}, J,иЧ р ш9ши ш%ш!s' npL аи'i,1_шш,[_п,J 1; Uf.pn9buJ, 

f! lsflwgpn,J, 
/J'hp JnpJ,JJ,uчn,J Ч/rpwtu/._n1.J 1; <аиЧаипаиЧ lszwlsaиЧп,Jl! (Q), ШJи/r'ь­
pf! L рЬрJп11-J,LшJJ,чшЧаи'ь '1-РаиЧш'ь 1_bpJmPJ"''i,l! f!ls'l-ntls,{_n,J /; '\ш­
,[_ шишр pbpJnpJ,JJ,шЧw'i, рРJgаиишЧаи'i, 1_bpJn,P1111!sp' Q=-Q1 Uz­
Ju wu,wlspf! '\шJшр,[_п,J 1; 'fршЧш!s, 1,р1, Чшmшрп,J 1; '\аиJшЧшрq.f! 
h [!fr11-<шЧшn.шЧ1!' ршgаии шЧш!s, ьрь Чшmшр,[_п,·J 1; '\шJшЧшрq./r 
LЧшmJшJp, .PJ,JJ,шЧ ш!s ttЬ111%9/r ш!shpf! Lfr'i,n,J /,!, t�qnpЬ rd' bfll, 
pLpшLn,J 1,1, thpJn,Piш'I, шlstшmn1.1fn,{_, k tliqnpЬrd, bfll, f!LfJшlsnнГ 
1,1, thpJn,pJw!s Ч1ш!sп,Jп,[_1 /;ч q_прЬрJ nЬaиitgf,w!shpJ, Р4J,'ь /,!, "'{1UU1-
Чш!snul "fШf''l_ lsJn,pbpf,9 JJ,шgntPJn,ls!,l,pj, 1UttШf_1119Jw!, n.h111%9J,ш­
J,/,pf!, opJ,!swЧ• 

.. 

с+О,=СО,+94,05 ��ш1, 

РЬ +S=PЬS+22,54 ��ш1, 

zп+o,+H,=Zn(OHJ,+153,5 �\wp 

/ 

};'i,qnflbpJ n.hшЧs/r!l'blf'/r орJ,'ьшЧ!sЬр l,'i,' 

2Н2 0=2Н2 + О�-136,64 lJ.lJ.w1, 

c+2s-cs,-21 ���,. 
2с+н,=с,н,-Б4,19 ��ш" 

../! JJ,шЧшL n.bш%9Jrш!shp/r q.pшL9n..df! 1_bpJl;�bЧиr/r (l,ur Jf,шu/rL 
1/ /r J l; pЬrdof�d�w�wf. &ш-1,шuw.rщd шЪп,Ъl!, U.J'l"lfruf, -:111,[_шиш­
J'�;;'f,/,р l,'f, Lшh. wq.pbqшшшJ,f,L фпfишрЧJш'f, Uff'"9buJ,l,pf!, ор./rЪшЧ• 

Н2О ( "'lfrL'l-)=H20 (<h,zn•Ч)-1,44 ��ш1, 

С (w1Jw•m)=C (ocw�frm)+0,45 ��шl' 

JJ-bpJnpf,JfraиЧwL '\ш,{_шишрп,,Л,Ьрf, '\bur ЧшрЬt.f, /; ЧшиrшрЬL <шЪ-

рш'\аиz,[_шЧшL q.np .J-n,zn ,f/1п1.'ьfrbp, 
V- t dV =0 PdV=O h.bf/1, Ufpngbu[! f,q_nfunp 1;, ШUf.Ш -СОПS ' ' 

dQ=dU, frи\ Q,=U,-U,=ЛU, (30) 

при,/,'1 Qv =-Q �nl-l_n,d t UJ.rn9Ьu� �шd f�d�m�w&. nЬш�9)�111�
,1_Ьrdt�Ь�m &wumwшn1.li �-l_ш№ qhUJ.fщd: Qv -1, '\ш,[_111и111р /; ,: -

,.Jaиltшpq.f, Lbr,f,'i, J;I,1,pq.frшJ/r f,,[_wq_Jш'ilf! I 

dQ=dU +PdV bfilb Uff'llfJhUf! 
ЧшJ n.bшЧsfrш·L f,q_npшp /;, Ш•UfШ 

�ш-,[_шишрJшI, J,Lutbq.pniJf,.9 Чишш9,[_ft. 

Q,=U,-U,+P(V,-V,) (31) 

Q,=дU+PдV, Q,=Q,f-PЛV=Q,+дnRT• (31 w) 
-Чf,pшn.bln,[_ 1 Jnl fr'l-bw1шЧ111L q.шч], 'f,Чши,JшJр, Ь('р tbfJшuurf,­
_.G.шLJ, фпфnfuni[il1,n,LL 1; 1 °, ЧиmшLw'ilp (22) '\ш,[_шиШ('nulf! С

р 
-

-Cv=R: 
UJJJ (31} '\ш,[_шишрпulf! JkшфпJиЬL1 '\bmL.4шl ithl'Uf.• 

Q,-u,-u,+PV,-PV, = ( u,+Pv ,)-(U,+ PV ,), (31 р),

:Ч,bp1_f,L <ш,[_ши"рJшL J/,1_ ЧшmшрЬL1 Ъz шLшЧпul. 

H=:U+PV (32) 

,UJ'l- q.bUf.pn,J (31) '\ш,[_шuwpr1LJ
f! 

ЧиmшLш '\Ьmh.4шl ,лl,upf!•

Q,-Н,-Н,=ЛН (33) 

(33-) 
" 



Н JЬ,}n•PJtnfя(! lr.nl,f_n,J ( �r,l"'-11-Ч�W t,,шJ. 1h rdup11rnL&wqn1pJщt
/

· _f:
1'иt,, -Zши,п шшn,f, hf,zJwf, '11,"li"ul шf.1, шш,[_шJ 1,bpJntPJwf, ,t]Шf. w-
lr.n•PJn•l,t!' Q -f., < ш,[_шишр t <шJш-t,,J11p9}, tLPшt"ff,ш JJ, L,[ш'I.J•iL(! 
r./,bp[! 'l-Pi/_wJLbpf,9 <h1n1Ln,J (, пр J,11.n/r,np IL f,ч.пршр "fШJJшLLbpn• 
dQ-L- -<:шЬqf,ишЬпиl t LPJ.4.. qf,!J,bphL9f,шt, npf, -<:шJшр Q, .'i, IL <.J"-fi, 
t,,шfr,,[шJ ll,'i, шL9J№Ь hшЬш"lшр<f,9•� 

'1nL'll,Luш9,[ шJ- <шJwt,,шp'l-bpnul {<h'l.n•lr. t,,шJ "ff,Lq) Q,-'i,, 
Qр -Ь t,,шpb[f, t -ZшJшрЬ[ f,ршр 'P,f_ш"lbu -<:ш,j__шишр, npп,[_-<:hml,_ ,}:Ш­
,[ш1Jt фnфnfr,n•PJ·"•L <шJшрJш 11' t,,ш1nшp,[_n,J, <.J,,=\._\ 'i,щ /,_ ШJ� 
'1-h"li"'J, l,l'f' n.bшt,,gf,шJf,L JwuLшt,,f,9 'l-Ш'lШJf,L LJn,pbpf, Jn1bpf, 
р,и. фпфпfr,n,р1,.,ъ 1f, t,,ш1nшр,{_п"r (Лр.=0), Opf,L шt,,,· СО+Н20= 
=C02+H2+Q -n.b шl19J,wJf, -<;щJщр Лn=О, t,,шu:iшpw,} Jш,f_ш[ШJf,'f, 
шzfr,шшшЬn!' А .,= 0, ,:;1,.,.1,_шршр' Q .,=Qp, bflh pbpJп11f,Jf,шt,,шfz
11hшt,,9f,шL n,'l_bt,,9,[n,J t ,}w,f_w1f, JMшgJшJp, Ш"fш Лn L,f,Un,J t

'1-f'шt,,ш'f, /,_ Av>O, f,ut,, Q.,<Q
p
• opf,Lшt,,, <b1nL.Jwl п.ЬшJ,9},шJf, Jш­

Jш·Lшt,,, 

Zn+H,SO."::::!.:ZnSO4+H2 +Q 

ш11ш1, ш9.h1 t 1 Jnl Н2, ,nphJL' Лn=1-О=+1, Av>0 1,. Q p>Qvr 

9. <bU� f>brtrПINJ'Nl�U.Ъ orьw�

f:и,п l.buf, (1836) opbL1f, (пр(! flhpJn,,_J,LшJ/JtшJ/r шn.1111,f,L · 
opbL,J, JшиЬш-4._пр "ь"f,!]Ь t) nЪmqgfwJf (qщd 'Чr119Ьuf) t:Ьrdm.1f& 
�4tЬqm� Чшluil_wЬ, i� nЪwq9JwJf wC.gdm& Gm&mu1uir.ii� g , WJL Чw}u­
il_wЬ. � , d�wJG .Б.wdwqwrq� _ul1qp !i.wqw&. 1,_ iJ.Ъrrli.w,qui& il_f6wq_&Ъ-r� 
mmrpЬrпtpJDLG�g: 2hиf, opli'Ь,t][! f,Jwu,n n,LJ, ШJ'Ь '11,"li"'J, hp� 
-Zш итш,пп,L t <шJшt,,шpq.f, J-ш,f_шu! t,,шJ hЬzn,Jt! /,_ p./r,nul t ш'ЬJ/r-
1."'"IЬи шп. ш1_f,L opbL1J,g, 1шLJ, пр Q .,=ЛU h Qр=ЛН, f,ut,, U-L IL 
H-r -<:шL'lf,uшLn,J hL ,U.hшt,,f, !J,пUlt,,9f,шЫp: 

Ьрь ,пшррЬр hшLш·"fшр<Ырr.•,[_ J},hЬпчL b:rw1f,L Jf,шgnLfJJntL-
1, bpf,9 u!"iu9,{nul ьь J,,,чь ,[_hр1,ЬшЬ1п�flЬр(!, Ш"fШ P"l"l' ,,,_ь"f,ьрп,U 
"lf'"SJ,.,'t,J,pf, 1_hpJ(!J,bt,,1nLbpf! },ршр <ш,[ шишр Мн Чf,ршп.h1п,{ l.buJ,, 
op bLif! UfШ1n t,,hp,f_'ш,} иfи.ЫшJf, i.t,,·ш,nJшJp. , t,,шpbtf, [ 'l-PJЧ• 

ЛН1 =ЛН2+ЛНз+ЛН 4 =ЛНs+ЛН5+ЛН7+ЛНв., 
Лр"fhи ШJ'l-"l!-иf, ,,_ь "l,Р t,,,пLt,,pb,n
орf,Ьшt,, t,,шphtf, { ,{bpg'i.hl шJ-fr,ш­
,,},'t,f,g lt Pfl,f_,w·,}f,f,g, f-L.l."lbu Lw,/,_ 

А �=-
---'�----",В шNuшJtf, JnL01uf,,'1J,g /,_ flf.Ч_шJ­

.. 

ЛH1 'i,,J,9 ,u,,},fr,шflpn, q.ш,q_f, uu,шgJw'i,, 
-;' л.l,шt,,9J,ш'i,l,pf!• 

(l) с+,)2=СО2+ЛН 1,
(со+½О. "-s-,

(2) с+ l/2...::·2=CC+t::. 1-1
11.
,

,н. со 

(3) CO+l 202
°=СО2 +лН

1
, с+ о, �-1-· 

Ь.1Ьhtп</_ ,j__bp1,f,'i. ufr,ЬJш1J,9, qJ,[_шp ;J прпzЬt, пр ЛН� =ЛН1-
-ЛН2, l.buf, орьь,r [!Ь'f<шЬрш"iЬ" t,,шpb1f, t AILшt,,bpa,. ht ШJUUfbU: 
Ьр-Ь Jiwalw�wrq[!, dЬ� wliqwU wnwt:�li '1}i6w��g w&.glin\d � Ъ-rqrnrJJ: 
t[�Gщ\�li, w&dJi1,wqw&.nrЬli '1111d urЦ d�tutliЧJwl '1Ji6шq_G.Ъr� iJ.rm­
JntJ., �u� Ъrqrnrч uiG.qwU шн dJitwGЧJwl -l_fi6w�liЪr� il_rw.10-I_, WUfШ 
w&.dJirwЧ·wli фпfuwrquwr. rЪ-riit:t,ьqш.r, .Б.ш�l_шuшr t mвш&.lфG. dJa­
rшr.qJwi nЪwqg�wliЬr� t:Ъrdt�Ъq_шt.hr� cpнd-wr�&: 

2Ьиf, орЬL1е 11,tj, 'l-"f',}'i,шt,,шL Jbd' ЬzшЬшt,,п•f11п,'i,, npп,[_<b.,.t,_
Ьрш o'l-hnt/JJшJp. t,,шpbtf, [ npr,zht фпрАЬшt,,шЬ hшЬш"fшр<п,[_ 11'­
ршlfшЬш94._пq nhшt,,gJ,шLЬpf, (фпчЬрf,) t.bpJ.f!J, b4mЬbp[!• lJ.J'I LUfш­
mшt,,J, 1:шJшр LШJf. t,,f,pшnn•PJn<L n,Lb'f, 2hиJ, орЬЬ1f,9 p./r,ntl <b1nh­
JШL <h1nhшf,11Ыpf!• 
1lnwt:f& .Б.ЬшЬ.ш&f: ЛрЦ 1f,Jf,шt,,шL J},ш9пtfl1шL 1ш�,ш1Jш'Ь tbpJt­
!J,ht,,u.l! ршgшрJ.шt,, шpJh11n,f_ /,_ <шt,,шп.шt,, Lzш'Ьп,{ .Zш,[шишр f ШJ'I 
Jf,wgn,P,шL ЩIIШfШfJJшL 1,bpJt!J,ht,,u.f,Ь: А-в+с+Q, в+с= 
=A-Q1 
brЧrnrч liЪmf..w&.f: ЬрЬ f,ршt,,шЬш9,[п,J b't, Ьрt,,п, nbшt,,9f,ш'f,l,p 
1nшpp hp Ь1ш1f,Ь i/Jrhшt,,Lbpf,g, прпЬ11 рЬрп,J Ь'f, Jf,!,_'fln•J'Ь ,[_Ьр1,Ьш­
l1шL ,{J,hшt,,f,Ь, Шfl/Ш hpt,,n• htш Jf,'Ь ,tj,hщt,,Lbpf, 1_hpJ,t!J,b·t,,1nLbp/, ,nшp­
pbpn•PJntbf! 1шЬ7-f,ишLп,J t ,f/r ,U.h шt,,f,g JJn•uf,'f, шЬgf.btnt 1_bpJ- , 
t!J,bt,,u,l!· 

А 

··1>·' ... ,,., .. ,.'
brrnrч .liЪ-mЬ.w&.f1 bflb Jf,!,_Ьп,1Ь ·Ь1ш1f,L ,JJ,hшt,,f,g hpt,,п, 1nшррЬр-
,[Ьр1,Ьшt,,шЬ ,[_f,hшt,,Lbp /,f, ии,ш9,[_п1J, Ш"fШ ,j__bf'lf,шt,,ш'Ь ,U.hшt,,Lbpf, 
1,hpJt!J, bit-1nGbp}, mшpp. bpntPJntf.(! <ш,[шишр ( Jf, ,U.hшt,,f,g J1пи1J,Ь 
шLgLbtnt 1,bpJ(!J,bt,,,п�'f,. ,§ 1 

• 

АУ!,," 
�J

I 

' 111ttl• (l,t"J:11-01 : 
' 

!lnrrn·rч 6ЬшЬ.wr.f: hbшt,,gf,шJf, 1.hpJ(!J,ht,,1nl! '\ш,[_шишр t ,f_bp1,Lш­
J,JntPbpf, ш11ш1,ш9Jш'i, 1,bpJ(!J, ht,,1nWpf, q.n1Jшpf,9 <шЬшd' hiш'ЬJtrt­

'9 
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pbpf, ш"ш1.ш9Jш'ft 1,hpJJ;!j,hl1uiLhpf, 'l"LJшpe' '>шz,[J, w"J,/,!'11/. 
,,_1, wl/_gf,w Jf, uuikf,,f,,.J huipwl/_wf, '>ш,/_ шишрJ wf, '1"f'J-шl/_f,9Lhp[!• 

лв+со-лс+во+Q., Q, = (Qлc+Q,o)-(Qлa+Qco)• 

J;�fiqЬrnrq li,lim\..шf.f: /J,l,wl/_gf,шJf, 1_hpJш1f,L t!j,hl/_uie '>ш,/_шишр t 
l,lwL1rпpbpf, ШJpJwJ, 1_hpJn"P1nibl,hpf, '1-"иlшrf,g '>шLшд- ,/_hp1_ш·LJ"L­
pbpf, шipJшL rhpJntPJntИhrf, 9-,,iJшpf!' '>шz,{J, шn.1,/,L"</. 11.hшl/_gf,w­
Jf, uuihf,,f,,.Jl,u,pшl/_шf, 4,ш,/_шишрJшf, '1-"PJ-шl/_f,gLhpe: 

l.hиf, ophLJ!f, oqLni·PJшJp 1/_шph[f, t npnzhl LшL. un·t,/_шu,шgJшL 
('>f,'fpшuiшgJшL), tniJ-Jшf,, z.h'l"J!Ш9'Jшt L. WJL UfpnghиLhrf, 7.hpJt­
!j,hl/_uif,hpf!• 

10. �ьrtr��ь�s� �111,n�tr� 2ьru11usм,11��в, ���h�n��
�ll,J.llUU.�П�U'� 

&шиr '>ш&шf,, '>шрl/_ t 1f,Ln1J ,f,JшLшt n.hwl/_9.J,wf,l,pf, thpJt­
!f,bl/_urLhpf! ршрЛр 7.hpJшumf,�шf,f,bpniJ, ШJLf,L1_ pbpJn1f,Jf,шl/_шL 
JhJ-niPiniLL/,pf, шruniuшl/_niJ U/Шf'niLшl/_,/_niJ l,f, Jf,шJf, ииrшL11шриr 
1_hpJ,t!j,

0

/,l/_u,f,l,p, npnLp '>шJШUfШurшuf,,шLnul l,f, 25°С (293°К) L.
1 dpf. &LzJwL, ,Rf,J,шpl/_hLp ШJU '>шр9е f,hppn'>f,uшl eL11'>шLpш9-
,J_шJ- pf,Jf,шl/_wL n.hшl/_9f,шJf, opf,Lшl/_f, ,/_рш. 

'11A,+'12Az+···=-.!Ai+'l2M+··· 

npurh'l А1, А 2,,,. h1шLinipbpf, l,J,, f,ul/_ А'1 , А'2,,,. ,/_hnf,wLJntPhpf!' 
Ь1ш'Ь1п,РЬрJ, ilnuшp 1_hpJn"J,шl/_rr1.,P1niL-

8' (+ dT, Q+d.Q (; С Lhpf! ,:и,JщU/ши,,шиf,,шLшршр &zшLш-l 
·ЧhLp C i , С2, .. , f,иЧ ,/_hnLшL1n�pьpf,Le'
С'1 , С"2, ... , {!b'l"iLhfJ.,, rrp А г+С п.hшl/_-
9f,шL t"Ч'l"'PhpJ t L. '>шJшl/_wpqf, 7.hp­
Jшuurf,&Ш'tf! Jf,bl_l, ,f,r,f,,wp,1/_rriJ,e т t,
j.иl/_ 11.buil/_gf,шJf, ш,/_шри�J,g '>Ьиrп' Т +
+dT1 1/Ь.Lр 1/_wpn'l_ blr,l! hl"l/.ni &_и,J,ш-. 
UfШ{''>п,/_ f,pшl/_шLшgLbl n.bшl/_gf,ш'Ь, lf._ 

A"L __ т::_•_;;Q'--��f , 11.w1_f,'il- "i'lf, (9-J-. 18)1 1.шuurшurnif, Т 
�hp,fшuшJ,G.шfin._J а u1i,-'lflLшl/_шL ,,JJ,-

'N-, 18 A--+C+Q �шl/_р ф,,.f,,wpft,fnul t Ь ,[j,,&шftf, ( аЬ 11.l,щ�gJ,щ1J, frrrщ�шLщgn,Jt! nur_f,) Q 1,hpJit!j,bl/_иin,/_1 (JJf'"9bul! f,pw-
"lщ,,,�l,l'"'l. •f,,l,Jщ, l/_шLw9Lhtni9 '>hurn ,/_bp1,'iJ..,f,J,,�Phl'I! Ь

1/_hurniJ uiшpшgLniJ bf.i, Jf,:Ь1L. Т +dT, прf, '>шJшр д-щf,,и,/_п�J t

1_hpJпiP1wL '>hmL.JШI -j!ШLшl/_,.1Р1п..Ье, 

('1(Ci +'IK2+ ... )dT.-_L('1'C')dT, 

l.burli.шpшp, аЬс �шJ,щUfшp'>f,L '>шJшU/шurшuf,,шLn'l_ 7.bpJt!f,hl/.url! 
�,fr>fr 

Q,=Q-�(,C')dT, 
.. 

А-+С ,f,пf,,wpl/_niJe 1/_шphtf, t f,pшl/_шLwgLbt l,u,,l, ШJL "'-'lf,n,J_1" 
Ul/_qpf,9 urwpшgf,bf,p htшLJn, .. php[! Jf,Lz.L. Т +dT(ab' nt'l_f,}, npf, '>ш­
Jшр 1/_t}шf,,u,[J, '>burL.Jшl j!ШLш·l/_niP1шJp 1_hpJntPJnLL, 

ш1Lпi.fhml,_ Ufpnghue uru,J,/,f,p '>шитшиrп�f, Т +dT 7.hpJшuurf,&шLnul" 
{Ь'с n,q}), -Rш'Ьf, пр Q-L ,,_,..,,n,J hLp npUfhu шLeL,,,_,:.,..,, !f,ntL.1/_gf,ш
T-f,g, ШUfщ 1,hpJwuu,f,&шLf, wLL2wL фnрр ,f,nфnf,,ntPJniLe 1/_'>ш­
JшUfШurшuf,,шLf, 1,hpJ,f!j,b,1/_uif, LnчLUfhu шИ,zшL фпфпf,,п,_р,ш&,_
щJuf,LpL' {Т +dTJ-f,L 1/_<';шJшщ_ши,шиf,,шLf, Q+dQ, l,i,u,L.шU/l,11 ,
аЬ'с. &шf,шU/шр'>f, ,/_рш 'lnulшpшJf,L 1,hpJt!j,hl/_ure '>ш,/_шишр Чt/rLJ,. 

Q,-Q+dQ-�(,С JdT, 

ьрь Ufpnghuf! eLPшLn,J t Чш' J '>шииrши,п,L d-ш,[шL,f,, ч_ш' J '>№ иmш­
urniL �I,lJшf, и,шl/_, ШUfШ '>шJшЛшJf, l.Ьиf, ophLpf, Q, =Q2, ШJu/rLpJ,'· 

np"Jq}g 
Q,-L(,C,)dT-Q,+dQp-�(,C,)dT, 

d
Q, -�(,C,)-L(,'Cc)-�(,C), 
dT 

dQ, -�(,C
p

)-1:(,'C;J=�(,C)
p

•
dT 

Uiu {ш,/_шищрпиlL/,рf! 1/_шphtf, t qpht ш11.шL9 f,L 11hpuf,bp/r, 11шl/_1111fr 
Ufhuip t '>f,zhl, пр LpшLp 1/_f,pшn.htf,и шL'>pwJhzur t Lzht U/P"lbиf,
f,'lпfипр 1/_щJ f,ч_пршр 1f,Lh1e• 

d
Q -�(,С), (34) dT 

.U1uurh11. 1:(vC)-L 9"LJ9 t u,шlf,u h ·tш'L1nipbpj, L. ,/_hp1,LшL1n�pbpj, 9-ni-­
JшpшJf,L 1,hpJ,ni•Lu,,l/_,niP1niblbpf, шшррЬрп-,рJпt'Ь[!, (34) '>ш,[шиш­
рпиlf! 1/.nz.,/_niJ t l/f,pf,,'>n!f,f, pшLшJ.li., npf! f,Lu,L.9-ph[n,[, l/_11urш'f.шf,,,.

т т 

Q=Q,+
.
f �(,C)dT ;-,t Q-Qт,+ s �(,C)dT, (35) 

о 
� 

lf.11.ш1_f,L 'l-l,Ufpnul Qo-L t_hpJt!j,hl/_щf, t ршgшрd.шl/_ Ч.P"J"LJ, f,иl/_ bpl/_­
l'"f''1 qhUfpn,J' Qт0 -f, LпчИ ! То 1_hpJш11,nf,&шLnul1 Q0-L '>шz,[htnt. 
'>шJшр '>шрl/_ш,/_пр t f,Jш1.шt 1_hpJn,Lшl/_n,p1пi&Ll,pJ, 1/_шf,,"ull! 1_/Jp­
Jшuuif,&шLf,9, U/f'"9buf, 7.bpJt!j,hl/_m[! npL.t 1_hpJшuurf,&ш'i,t1ul (lfl,-

11 



9лЧ1, ul,'i,Jщ-1,шJ/r'i. 1_bpJwuinf,i:w'i,nul)1 (35) '\w,[_wuwpntJ{! 1,шpblfr f 
09-inwq.npJ-l,l, 1,р1, 'i,nч'i,fru,4_ '\w1иrf./r z,/; 1._bpJntЪw1,n�/JJntbl1l,pf, thp­
Jшuurf,'t!:w'i,шJ/r'ft 1,шJuniJe1 U.su UfU1pw9-wJntJ Q т� -'ft 1,пiftb'i,w UfШJ­
Jw'i..ш1,ш'i, шр,JЬр' npnz,f_wJ- To-f,9 Т 1_hpJшuur.J,f:wЪшJf,'ft urJ,pnt1-
f}n,J1 

п. ro,ьr1JП'1,o\,U.1Joчu.ш, urчrnr" orv\,.P.� 

1. �111�111,n,r 'l-rn>в1>1,ьr, 'l-rllч\11, ь.J. �11в11uu.чщ,,
'l-U.r�щ• ь.J. n� 'l-llr�ы• �rnвьu1,ьr 

P.bpJn11frbwJf,1,w1fr шпш1._f,Ь opbbpf, oq.bnt/JJшJp 1,шpht.J, f 'l:[!z­
mnpbb 1,ш'lJl,l f}bpJn'I-P'i.шJf,1,ш1,шb и,рпgЬиЬЬрf, f'i,l,pq.burf,lt pш­
lu,'i,u(!, иш1,шJЬ 'ftpш'ft·n,f_ z./r 1,шpbtfr 1,шbfunpnzhl и,рп9hиJ, eb/Jш9Jш'ft 
'\bwpш,f_npni/J1mbe 1, eb,Pшsn!' 

/J'l,pJn'l-fr'i,шJf,1,шJ/r hp1,pnp'f oph'ft[H!• wnw1._/rb opU1f, 'ftJшb t/r­
'i,l,tn,f_ Jшp111,шJfrb '1-шрш,[_пр флрЛf, e''i,'l-'\ш'i,pш9Jшf, utp'l-Jnt'ftp, '\/,'ft­
,f_n,J f 1,пtиrш1,,[_шJ- '\и.1,ш1ш1,шЬ фпрЛ'i.ш1,ш'i, 'i,JnL/J/r ,fрш1 

Ьр1,рпр'1- орЫ1рf, Jшf}hJutu,f,1,ш1,ш'ft ЛЬ.ш1,Ьри,л�J/! utЛ.шtf,b шЬ-
1q.и1J inp,f_ht t IJwnbnJ/r ftn'l,Jfr9 (1824), f,и1, ШJlsnt'\hurr!,_ 'lшp.q.ш9i/.ht 
t '1tшni'l.},niuf,, /J'nJunbf, (1Прq IJb1,f_-f,b}, 9-f,puf, Ь. n<pf,z'fthp/r 1,n'l_Jf,91 

f!ииr P.nJnл,'i,f,, шшррЬр urhuш1,f, fbhpq.f,шЬЬpf! Лq.mniJ l,'i, ,f_b­
p шJ-.,f_htm 1._bp.Jntf}Jшb, f,и1, t._hpJnt/JJnt'ft'i. f,p '\hp/Jfrb ,lq.innul f P"l"P 
JшpJf,'ft'fthpfr Jf,1._J, pшzfuif.bt '\ш,[_шиutршz.шф 1,Ьри,л,[_1 UJи,f,ftp'i,' pftn•­
fJJшb Jl,f. mh'lfr t л�ЬЬЬлul r.hpJw1Ji'ft tbhpq.frшJ/r шЬ1/Ъ11'\шиr 9pJw'i, 
и,рп9hи1 {!ци, '1tшn,'l.},n,uf,, r.hpJnt/JJntb(! ЬррЬр ишпе JшrJ'i.f,9 
mшpf,b z./r ш'i.9'i.n,J, ШJЬ '1-1,Ufl!"'J, hpp '\ш1,шпш1, и,рп9hи/! urb'lfr t · 

ntЫ'i.n,J f,'i.pb f,рЬЪ1 
ьрь Wnlll'1./rb орЬЪрf, '\шJшр "-J,f:ut1,f, :J,п,Ъ1,9f,ш t '\ш'i,qfrnш'ftn,J 

Hppfrb tЫp q.frшb, ши,ш hp1,pnp'l- opbbpf, '\шJшр шnи,/rиf, :/,ntf,1,-
9f,ш t '\ш'i.11fruшbnul tG.mrnUJ_�шG.: 1].Jf, '1-l,Ufl}"LJ, hpp Jh1,muи19,[_шJ­
'\и1Jш1,шpq.hpf, 'i,l,ppf,b t"'i,hfq.frшЪ '\шuщштп,Ь t, Ърш f'Ьиrрли,f,шЬ 
f'"l"P f,ЬрЬшрhршршр ebflш9n'l и,pn9hu'fthpf, 11hи,pn,J JbJ-шbn,J {1 

/r(,l!ftшphpшpшp f!'i,/Jшsn'l и,рп9hиЪЬре, opf,'ftш1,, thf"Jn,fJJшb '\лир(! 
inwpf,9 ишп.(! JшpJLf,Ъ, -S'itzJшb шш1, q.u,b,[_n'l_ q.шч_f, l!b'1utpЛш1,,f_htl! 
Ы,zJw1f, Ъ,[_ш·ч_JшЬ '\hurhш'ftpm,/_, t..P/r '\пuhll! ршрЛр Jш1,шp'J'шltfrs 
w,f_h1Jr 9шд-р Jш1,шр'fщ1,{!, 1,n·J:4.n,J ЬЪ qrw�ш&. Ufpn9hu'Ъh["11.ш1,ш'1-frf' 
и,pn9hubbpf! 1,nz.,f_nul l,'ft pw9wuw�wG.: Рш9и1цш1,шЬ и,рп9hи(! 1,шpn'l_ 
t- f,pш1,wftш9i/_ht1 /,f}/, ШJ'i, ч_n<q.np,p/_fr Jfr npht 'fpШ1,utft Ufpn9/,ufr
'\Ьш1 U.111 f,Jшиu,n,f_ f,'i,рЬшрhршршр е1/Jш9п11_ и,рл9Ьие '1шрМч/r z.t,
ршЬf, пр '\ш1,ш11шрЛ nu1._qnt/JJшJp и,рп9hи/! f,bp'i,шpbputpшp zJ, 1,ш­
Р"'l eftfJшbшti flш19 ШJU ,f_hrtfrbe 1,шrhtfr t f,рш1,шЪш9Ьh1 utpinш,J,­
bf,9 f'fthp'ffrш '\ш'lnl''l-hlnt JJ,,1..пgп,[_1 ЛiphJb, f,'ftp'ftшphputpшp eftfJш­
gn'l и,рп9hие 1,шрп11. t t.Jrbht чwf'c\h)P 1,_ nz qwrO.b 1�: ?-wpЛЬt-frn,/JJ"•­
'i.!f! '\Ъшрш,[_пр f ши,ш'\л,[_hl Uff'"Shцp u,ш'i,htntL шЪцш'\Jш'i, '/шl, 'fш.7_
f,ршр '\ш1_пр'1-л'l ш'i,иш'\JшЬ Jl,,}- /J,[_п,[_ '\ш�шишрш1,zл.,[_шJ- "-J,-Sш1,­
f,l,pf, ,f_pшJni/. ШJ'i.и,Ьи, пр '\шlf,.,шрЛ и,рп9hи/! frpш1,ш'ftш9,[_fr шЬ-
62 

,. 

-иш'\JшЬ ,jtnpp '\ш1,ш'l'l-"'1. n,J q.npJ-ш'l-pblnL J.J,1.пgn,[_1 IJ.шpЛbzJ, Ufp•-
9buf, орf,Ьш1, t fr'l-bшtш1,шb q.шqf, 'f!'i,'f-шpЛw·1,nulf! l,_ иh'l.Jnulf! 'Нш­
'i,п,J, npfr Ji,1_ wл.ш'i.9 z,f,JшЪ Jfuпg t zшpJ,[_пul,

1'Ъz.и,Ьи ,f_bpf! Ъz,f_b9, zp1_ш'ftш1fi'i, и,рл9Ьие ft.шJ sMti! 1,'wpnq_ t
tf,f;hl '1-шpЛhtfr Ь. пz.-'l-шpЛhtfri -P'ftbшplf.bl! IJwn.'ftnJf, '1:шpЛblfr s/rittf!, 
.пр lf.шиrшpnul ,t Jhlf. Jnl f,qhшtшlf.ш'i, 
'fШ''l_/! (npfr Ь1ш1f,Ь t/_p-Sшfte q..J, 19-f, 
JJ/__pш шртш'\шJ'л,,[_п,J ,t А lf.Ьшп,[_}1 Ul'l­
.,[_fti.шlf.лц! Т, thpJшuшf,f:шЪrn,J чтЬ[! ­
,[_пq_ 1 Jnl fr11hшtшl1шf, q.шq[! f,ч_nf} bpJ 
и,ш1Jw'i,'i,bpnul urшpшgni9f,1_f,9 и,пш-
Ъшlп,[_ Q l 1._hpJn<fJJn<'i,, f, q_nf}hp-
Jnph'ft l!b'l-шpЛшlf.,f_n,J t (АВ} Ь. 
J-ш,f_ш1е V1-f,9 11шп.Ьп,J t V2, пr/r ze­
'i.пp,;f,,t_ q.wq(! lf.wmшpn,J t А1 J-ш,,[_ш-
1ш1f,'ь wzfuwinш'i,p. 

ln V2 =Ju,1,,
v, 

t' 
' 

с 

(-) 

В lf.binnul, "f'I! 1,шJшJш1,щ'i, ,t, иrшpш9n1.9frlJ! 111'ftlшu,n1J nL fln•Jl 
l,f, mш1fru, пр lfШ'l.f! ш'lfrшpш-urnph'ft (!'ft,,,_шp.!1111,,[J, (ВС)1 UiЪmh'l 

q.шq(! шzfиши,ш'i,р ,t 1,шиrшрn,J f,p ЪЬррf,Ъ 1fЪhpq.f,utJ/r '\шz,[J,Ъ, npfr 
'\l,_u,l,_шftpn,[_ 'ftpш tbpJшumf,'t!:ш'i,l! f,1._'ftпul f J.J,bz.h Т2 (Т1>Т2}• 

(р) 

с 1,ьше r.пч&дthи �шJш1шlf.ш'i, t-, U.n ,t_f,&шlf.,,,J Уз .tшif.шtn•L ч-ш­
ч_[! Jf,wg'i,п,J l,'i, Т2 r.bpJшuinf,-Sш'i, rнЫ9и'l_ цшл.9шршЬ.J,'ft 1, fr'ln­
flhpJnpb'i, (CD} ubq_Jn,J Jf,'i,1_/, \Т4 д-ut,f_ш1: IJштшр,[_п,J ,t fr'ln­
/JbpJ J-ш,[_шlшJfr'i, Аз шzfишиrшЬр, ш'ft1._шm,[_ш,t Q2 1_bpJn,/J1п1.bl! 

'41ш'i,,if:n,J f ишл.9шрш'i,.f, lf.n'lJfr9• 

V 
-Q2 = Aз=RT2 ln

V1

4=Jнф CDV�VJ,

D-b Ш{''l-l,f, 1,шJшJшlf.шll 1,hur l!t"t UJ'ft и,Ьиrр ,t q.inb"-J, А 1,hinn,[_ шЪ9-
Ъп'l ш'l-frшpшin.f, ,fрш, при,Ьи'l.}, HfrчlшJfrll и,pn9hu uinшgi/_J,t UJq
lf.binnul lfШ'lJ! шЪ1шиrпиl l,f, ишл.9шршЬf,9 k ш'l-frшpшurn['/i'I, ubq_:_
Jn,J Jfrbz.h А fthurf! ('ftnpfrg thpJшuinfrbш'ftl! ршрЛрш'ftпul f k qшn­
'i,,n,J Т1, f,и-1, J-ш,[_шll! V1), lf.шmшp,f_п,J t А4 шz.fиштш'i,р.

ВС k DA Ьш'i,ши,ш,,-,;Wрf,f, Cv-f, 'i,,.ЧI,f, ,t, рш'Ъf, пр 'i,hp11.J,L fЬhp­
q.f,шft, '\hurhши,bu Ц 1_hpJn,Ъ1111f.nLPJnLbf! frqbшtшltwЪ чшqj, ,,_ь .,,,,.,J
J-ш,[_utL/r фп,f,пfип,р1п,'ьfrs 1,шfи,[_шJ- 1.t, ABCD s/rчt/r е1,рш911nиl 
1,шиrшР'l.шд- lflfr,f_ шzfuшurш'ftp[! '\ш,[_шишр f.

" 

_, 



+ RT2 ln V4 =01-G2'v, (Ь) 

Отш9,[_шJ- шzJиш"',лf,р(! .!fршl[шЬ t, pшLf, пр Q1 >Q2, ш1ufrL#f,' -,:,.­
'l-ШЧ./! ,лшpш9n•9/r1./rs i/.bpgpl'l t Q1 l,_ uшn.gшrшbf,L t 1n,[_bl Qz рщ-0'/,'' 

Ьшl[n<PJшJp 1_bpJmPJnLL, npnLg 1nшppbpn•PJnLLf! ,f,nfuшpl[,[_bl f:: '·', 
'1Ршf/.шL ( oq.1nшl[шp) А шzfuш1nшLl!f" 

U1JJ l[шшшрЬ't,/! npnz d.hщ,f,пJun•PJnLL q.nulшpшJfrb шzfuш1nшL­
pf, (Ь) шр1nш.С:щ1шп•Р1шЬ '\Ьи11 ВС l,_ DA 1/пrbpf, 1ш·Jшf' ш11-frшрш­
шf, '\ш,[_шишрп,JНр 1,'t,' BC-f, '\шJшf' T1V�-1 = !'2\,'t-r,

DA-f, t.ш.rшr T1v�-1:::aoт2v�-1,

UJ'l- шp1nш.C:ш1u1n•PJnLLЬhpp pшJшJ,bl'ti/. f,pшf' ,fрш Ь. (К-1)­
ши,лf,-&ш't,f, шрJш,л .С:шЫчп�/., l[и1nшLш'itp, 

UJu шp,лш'\шJ1Лt1LfJJn<L(! 
q.1nЬЬ,Lp. 

Уо v� -=-t 
У1 V4 

,лl,'l.Ш'1-f'hlni/. (Ь) .С:ш,[_шишрJш't, J/J1_ , 1/1!-

(36 � 

1')-L l[n1_,[_niJ f оrрпш'1_шр 'l-npJ-n'l_n,fJ1ш'il tnpJ-шl[f,g Ь. 9nLJ9 t и,ш­
tf,и, рь '1-Шf',1/,lfr s/ritlШJf,'iJ Ufpn9/,uf, '1-/,Uff!RLJ JЛШpШ9nt9f,;J,9 ,[_1,['!1-· 
ршJ- 1_bpJn•P1ш''il п"р JшиL t qьpшJ-,[_ntJ шzfuшu,ш't,pfr• 1']=0, ьрь 
Ti = T2, fl,pbJL, ьрь '\шJшl[шptnul 1_bpJш1f,L .C:шi/.шnшpшf/.zn.n•­
P1n•L t uu,/,'lJ-i/.bt, ШUfШ thrJn,PJntLp шzfиши,ш't,рf, Ш'lP/RLp J.P
l[шpn'l .С:шЬ '1frиш'Ьшfi Uf,шJL uш.C:JшLшJf,L ш'ilf,pшl[ш'i,шf,шlfr (f,'1-Ьш­
l·шl/ш'Ь} Ufpn9buЫrfr 'l:b"l pn,J, Ьрр ишп.gшрш'i,f, tЬрJшиитf,6.ш'l,1! , 
.С:ш�/.шишр f рш9шр.lш'1_ 'lf'nff, (Т2=0), 11=1, l/шn'i,n'i, 9n'j9 f 
uti/.bt, пр (36) pшLшJ.bl, f,p •n<Jp 1_f, l[npgUn,J 1шpJ.b1f, 9J,ч1шJ.f,'i, 
ш·1-JишшшL/! l[шшш.рп'l 9шLl[ш9шJ- 'ЬJn,pf, 'l:b UfpntJt 

Чшn.UnJ/r sHt/o j!L'Ьшpl[n,Jf,9 .C:i,,лl,_n,J t, пр tbpJn•fJJn<'Ь[! fr'Ьpb­
f,ph'il (иUfпUшшЬ) ишпр JшpJЬf,9 1nшpf,L ;J, l[шrn'l. ш'i,gf,l,p UJ" 
Ь'l_ршl[ш9тР1п,'Ь{! .C:Lшrш,f_npn•PJntL t шш1frи l[ш'i,JишшЬиЬ1п< Ufpn-
9buf, n''l'lnLPJn<L[!• 'fШ pbpJn11frLшJf,l[ш1/, bpl,tmf''f oµLf,,pf, tп,/J1п,L't,­
ft P'bpJn'lfrUшJf,l[шJfr bp,l[pnf''I: op'/,'i,/!l! J.l,_шl[bpUfbl ЬL итшrрЬр '\Ь-
5' 

61:frЬшl['ЬЬр1 P.1'1-�d.'f-,Jtbp111rru/Ьhp'il /!UUI d.L.f, шшrрЬр ьь. Р'°/8 (!IIUf 
_pn,[_шb"1ш'1.niJl-JUl'f/ 'Ьn,jbl! , Bf,1/t/r Jf,шlt_ Шf1'1J"J,Pf! ршgшишl[шU "lf'n­
.1/bu ,Lfif,1,l ;J, l[шpn'l (l/lшnLч_/rntи ), .fbpJn,fJ1rr,'ilf! иш-пl! JшrJ'ilf,g 
шшрf,L ЬррЬр ;J, l[шpn'l wLgLbz , 1.шJш'1_шр'1f, шJ/,'t,шишпl! JшpJ'Ьf, 
_lbf'Jn•P1пiLf! ;} l[шpn'l шzJишщшЪрf, W'lPJfl<[' '\ш'l,'1-fruшJ,шl (/l'nJ­
unL), 

1.Ьщl,_шршр, шМ'Ьwр t 11,лb,,__d-bt ШJ'Ь"lf,ufr Jf, zшpJfrz., пр шz­
J,,ш1nшUp l[шщшрf,, oq.1nшq.npJbf_n,f_ rrrht Ш'lPJ"<f'/r f'Ьbp"f!,ш'il, npf, 
2hрJши111f,-&шЬ1! 'Ьrrч'Ь'Ь t, J,'Ь1. пр zшrJ.fr;J,ЬI! , 

U1u f'lllfl(l/rg P'nJunbl! hllJ'шlt_ш9pb9, 11р ,f,шl[ '\шJшl[шp'l-nu/ 
.tbr.JшJf,'Ь f''t,l,f''l-frш'il 9p,[_nu/ t, ш111f,'ЬрL' ршzfи,[_п,J t -<ш,[_ш-ишрш­
.1.ш,f, Ь. '1WnLn,J шUoq1nw'l-npJ-btfr1 f�иЧ '\шJшl[шp'l-/r ,f'Ьbp'l-f,w Jf, шb-
0'1-JЛUl'lf-Пf'J-l'lfr (l[шJ sr,f_шJ-) Jшul! рwЬщl[w.,,ьи шrmш.C:ш11nbtn• 
1ш,f,шLf,zf! ffl.u,rn"lfrw'it t, 

3. tl.SPП��ll

npmb,,J,g' 

(37) 

l/шn.'il_nJ/r ш'Ь,[_Ьf'!. ,f,n-pfl gfrl/t l[шpbtfr t l[шn.n•sht bpl[ni М114_' 
.и,,) ш'Ь,[_Ьf'l ,f,npp fr'lnPbrJЬp 0'1-UIUllf-tlf'J-l,l""-• nrf, '1-fwtpnu/ (8?) ,;.,,_ 
,[_шишрп,JI! '1_ишшLш '\l,шl,_JШl 111Ь11111!• 

dQ, - dQ, -О,
Т1 Tt 

(38) 

р) l/шJ шft,[_bf't ,f,npp t_hpJшuшf,-&ш'ЬwJfr'Ь mmpphrn..P1nl.'il 111nbqd-n'l' 
щ'1-f,шрштЬЬр ,[_bpgЬЬ[ni/.t U1u '1-bll/pnu/ (36) -<ш,[_шuшpntJf,9 �/!и� 
.IЛШfl#• 

dQ dA dT 
-=--=-· 

Q Q т (39) 

l/wn.bn1/r Jlltpшpшbun,p 11-шpd./Jt.J, a/rltt l[шpbtfr t ,f,nfuwpf,'LЬt 
шЬиU,,:JшJ, Jbl pq"q w'iti/.bn ,f,npp 9f,'1_tbrni/., npf, '\hml,_w'fl1ni/. (38) 
-:ш,t_шuшrnLJI! ltшrb1fr t qpbt .С:Ь11141ш1 ЧЬР"I• 

( dQ, _ dQ, ) +( dQ'I _ dQ,) (dQ,' .. dQ,' )
п т2 Ti т; + т;'' -'"т"g,'- + ··· = 

.. 



="".-0.0__=0, 
- т

;, 

UJ""lfrun,f_, umш9,f_n,J 1; щ'i,,f_bpt_ Jbd- Pi/.n,f_ ш'i,,f_bpt фnрр q.nt• 
J wpbff,'Lbpfr qnulwp, пр[! Чшpbtfr 1; фnf,,шpfr'ill'l фш% nip,f_wq.dn,( 
f,Lmlill-f'Wln,f_. 

ф �Q =О, (40} 

l.wG.wf,, di '\шршрЬрn,Р1п,Ъ[! ЧпlrнJ b''i, phг-l_wt\- ihгdn1JJJD11i�

(40) шр111w '\ш1111mР1п,Ъе 9пч9 1; u,шlfru, пр s/rЧt/r рЬf"lшд- 1_bpJn,­
P1п,Ll,bpfr 'ln1Jшp[! ''\ш,f_iиишр 1; ч_pnJ/rl 

l.ш1111'i,fr с пр ьрь фшЧ n,p,[w"d-n,f_ ,f_bp9,f_w.)- fr'i,u,J,'l-PШlf! '\ш­
,f_шишр 1; 'IPnJ/r, ШJJ/Ш 'lRJn•PJnt'ь n,'i,fr Jf, ШJ'i,"lfru/r f/>n,'i,119/rш, npfr 
lPfr"- '1-/rf/>bpb'i,9frwll! '\ш,[щишр /; f!'i,'lfr'i,шb'lf'ШL Jbln,pJШ'il[!t т./,fr-GшJ,f, 
ШJ'l- '\w1nn,ч !f,п,LЧsfr�'i, '1tшn,ч_frn,ur ш'ь,f_ш''i,Ь9 tliшГDUJ.�W, пр[! 'il[!­
zш'ilшЧb1n,[ S mwn.n,f_, Чи111ш'ilш'i,11 , 

dS= dQ, dQ=TaS, (41} 
т 

/:'ь111pnlJlfrш'i, Lbppfr'i, l;Hpч-frwJ/r 'i,Jшf, i/Jr-C.шЧfr !f,п,ЪJ,9f,ш !;' dS­
{! lP/ri/. 'l-fr!f,bpb'L9frшl /; h S2-S1 111шppbpntPJn,'i,{! Чшf,,,[шд- z.l; -Gщ­
LшJJ/шp'\f, d.lt.f,9, {!L,,_,:u,t,f'щ"lbu' 

dQ dS�--,
т 

(42) 

l.ш,f_шишрJшf, Lzш'Le ,f_ЬршрЬрп,J 1; ,,_шpd.btJ,, frи% ш'iн':ш4_шишрп,­
рJш'il LzшЪе' пz. 'lшpd.btfr lJlpn9bu'i,bpfrЪ1 

lшzi/Jr щп.'i,l'lni/. (42)-r pbpJn,,.f,LшJfrЧшifr шn.ш1_fr'i, opb'i, llfr 
шLш1frur/rЧ шрщш'\ш1и,п,Р1п�'ill! J,шpbtfr 1; 'l-Pbl ,:Ь,п,lчшl <ш,[шишр­
Jш'L mbupn,f_. 

(43) 

ишЧш�Ъ' ШJl !/>/rч}lfшЧш'i, f,Jшum1 /:'L111pnJJ/frш'i, tbpJn,pJш'i, IIIJf,, 
1ш'i,шЧn,Р1п,'i,'i, !;, пр[! 9p,f_nul 1; 1°-п,f_ Jw'pJfr'l,t! U1Ш'j!ш9'ilbtfrи1 

/:Ъ1npnlJlfrщ'i, д-ш,f_ш1fr, Jwuuw1fr LJш'i, :/;11 uщЬ'i,uf,,f_n,fJ1ш'i, (mш­
pn'l_ntPJш'il) чпpd-nL .1;, 7"ш�. <шЧшn..,,.Ч 1_bpJши111fr-&.шLr' t.LzJш L, 
n,dfr 'i,Jшt, frЪ1nЬLufr,f_n,p1w'i, ч-npd-n'i, t;,/Jf!Ь,,.<ш'Ln,p шп.JшJр. l;&bp­
'1-/rшJfr JR<pшj!WЪl.Jn•p тЬишЧ ЧшрЬ1f, /; шрщш'\ш1urЬ1 npJJ/bu bpJ,11t. 
.. 

JЬ.)п,PJn,1.Ъbpf,' f,Lurb'i,uf,,f_mpJw'i, h l;//u,nh'i,ufr,f_n,plш'i, q.npd-nЬLhp/r 
'wpmW'IPJ"'� Орf,1.шЧ' JJ/nu,Ь'i,9f,шl f;�bp'lfrш'i, '\ш,[шишр I; Fdh, ШJ'l­
mb'l r-{! �f, !;, dh-e pшpd.pn•PJnL'ьl!, /;1ЬЧ1nршЧш'i, f;'i,bp'l-frшЬ -:ш­
,[шишр f; Edq, npmb'l Е-1, f;lb't1npwzшpJ- n,J.'i, !;, f,иЧ dq-ft l;lbЧm­

шЧw/Jncf/Jw'i, //ш'i,шчп,f11п,U[!, JшЧbpbuшifrL l;Ырч-f,иЛ, -:ш,f_ш-
�Шfl 1; ads, np1nb'l a-L Jш'tbpbuш1f,U lшf'n,.J'i, !;, /rиЧ dS-r .JшЧЬ­
_рЬиf, фnфnf,,n,PJn,'L[!I f:bp,f_ш.) шp111w'\w1mn,Pini'i,'i,bpn,,J F, Е, fJ 
JLd-,,,f/Jn,l,'i,l,p[! f,fнnbliuf,,f_n,pJш'ь, frиЧ h, q, S l;pи1nЬLиf,,f_n,pJш'i, 
'l-"l'.)n'i,'i,Ьp Ь'i,, N,;_JJ/bu JR<pшpшl,un•p l;puщb'i,uf,,f_n,pJшJ, 'l-npJn'i,, 
_,,,11,"lbu f, f;'i,щpnJJ/frш'i, 'l-n,Jµ,p,f_n'l (ш'l-f,mf,i/.) '\шu,lfn�PJnt.Ь n,'i,fr h 
',шJЬJши,шЧш'i, /; 'l_WLrp/._Ш"Jfr'i,, 

t 

4. �'1-ЬЩ11411Ъ �11�� �ъsrп��11ъ ь<1. �ъsrп��11411Ъ
'l-�ll�r11tл.ьr 

'1frршпЬ1п,f_ (42)-r fr'l-bшtшlfш'i, q.шq,/r JwuLPJЧeп,flsшJp r'ь-
рш9пq '1-шp.!htfr' "ll'"9buHpf, li'tшmJwJp h oq.mш'l-npд-btni/_ pbpJn­
'1-frLшJfrЧшifr шпш1_f,L ophl.tpf,9 шрmш�,[шд- (23) '\ш,[шишрп,J[!, 
ЧишшLш'i,1, 

• 

р d ' С, d'Г dS=-\+-
т т 

(44) 

(45) 

_[!'i,7n,Lblni/., пр C,--i.. 4 С,�'ь ш'ЬI,шf,, bL T-f,9;(44)-J,. f,.Ъurb'll'"'­
,Jf,9 Чи1nш'i,ш'i,р (ЪЧш1nf, niblLшtni/., пр PV = RT ). 

(44 щ) 

'S0-'i, fr'i,1nhч-pJw'i, '\wu1nшmn,'i, !;, np/r шрJЬр[! '\шsmlifr l(• U.J'l JJ/шur­
-C.шnn,f_ npnz,f_n,J ( ('i,щpnUJ/rшJ/r фnфnf,,n,PJn,'i,{! {Lplfni и,шррЬр 
i/Jr-C.ш'tblpnul f;'i,,mpn"/frш 1/r u,шppbpnLp Jn,'i,[! ), 

V Т 
s�-S1=Rlп-2 + C,.ln--t,

V1 Т1

lJpb 1_bpJ"пtliшЧn•P1n�'i,l! 1_bpJшцu,f,G.шlif,.9 f/>niL,Ч·sf,ш (, ШlJIШ 

Cv=C0+aT t-ЬТ2+-·· 

""pmb'l.frS 

(44 р) 

51 



s-щnv+c.inт +ат+; Т'+···+s,
(44 ., 

S2-S1 = Rln�: + С01п �: +а(Т1-Т])+: (Т�-ТП+, .•

1,шJ' 

dS--_g__dP+C j_1:_
р р т 

S=-RlпP-C
p
dT+S0

r

(44 •} 

• 

(45 р} 

fiut,_ t.bf'Jnt'f.tшt,_ntfJJntb{! fbpJш·u111/.-z!щ'i,f,9 1,ш/и,[ш.t Lfr'i,l,tni. 11hUfpr1tJ,._ 

S,-81=Rln :1 + СрlП тт2 +а(Та-Т1) +�(П-Тf)+···'
2 ! :l 

Q 

о с 
т; с,т,-, 

" о 1 
' 

-
1 -

' 1 Q•T(S,-S,) 

s, 

т, 

,а 

т, 

s, 
s 

А, 
1 
' 

в с 
' 

1 

1 
1 
1 
1 
1 
1 

9-6. 20. ltq_пpJ.rJJ, J, щqj,шl'шu,J, 9-J. 21, ""-"f'Ш{'f, J, f,'f_nf,,npf, 
l;J.,nf' n"/f,Шlt_шf, ,,f,ш'ff'ШJ(lt U1,nf'n"fj,Ш*Щf, ''""'lfШJ(I I 

Р) fiq_nfl bpJ "lf'"9 buf, IJhUfpnu/ T=const h Q=T(S2-S1)1 T-S 
:tшq.p wJn1J f,qnflbpJ[! 1,шр,пш,:щJ'л,/j, cd '>npf,qnbшt,_шf, 'fim[_

(q.,t, 20), llшt,_bpbu cdS2S 1 -L' 9пt19 ( иrшtf,и thpJn,tflJ111L ш/f1 pw'i,ш-
1,rnflJntL[!, nр"ь u1nwLn1J (- n1un1J''inцuf,pi/J•'l 1:шJwl/wpq.(!, [!'i,11 npn<J 

A=Q t,_ ЛS= Q, Ьрь Ufpпghue шq.рЬq.ши,ш1f,"ь фпJишрt,_пu/ t, шщ111 
т

Q-L !j,шqwJf,1, ,f,nJuшpl/Jwf, ':шJшр w'i,1:pwJb11n 7.hpJn•fJJn<bl1 /;:
q.) 1'q_nfиnf'f, 1ш.,f_шишрп,Jе 1/шрЬ[f, /; uinwbwl (44р) '\w,f_wuwpn,JJ,9.

S2 -S1=Cvln Т2 ='1,З·Cv lg т. , 
Т1 Т1 

� т, 2 3 т, �,-S1= Cpln-= , C
p

lg--, 
Т1 Т1 

(44 h)

(45 ,) 

.РшЬf, пр Ср>С\., Ш"fШ f,qnJunp Uf['ngbuf, qbUfpn,J l;bu,pnUff,wJf, 
ш,f_blf, фпрр фпфпJип,fJ1шJр mb11_f, 1/пtЬlЬш t.hpJшumf,-Sш"ь/i Jf,L.­
"tnчb (Т2-Т1) шшррЬрп�Р1п,"ь[!, рш"ь f,qnpшpf, (q.J-, 21) 11-hUf.pn,J, 

5. ,1,srn��11з� ,�.�ь,11�11ч-r11�111, u-ь�1,11�111,11Nr�, 
P.bpJn'lf,bшJf,,1/wJf, hpl/pnpq орЬ"ьр "ь п,Ъf, ,f_j,-Swl/wqpwl/wb p[!-

1,,,,JfJ L. 1/f,pwn.btf, /; Jf,шJ"ь JM fl,f_n,f_ Jшubf,l/blpf,9 pw'll/wgwJ- -':ш­
Jwl/шpqbpf, '\шJш('• 

Uи"ffruf, -':шJшl/wpq.bpf, -\шin.l/rnfJ1n1bЬhp[! pbn,flwq.p,f_nu/ hb 
1ш,f_ш"ьш1,_шЬп,Р1шЬ mbun,f}Jш'b 01,Ь"ьр"ьЬ('п,f_, upnbp '\Ьшрш,f_прп1-

JJ1п,"ь l,f, тшtf,и npnzbtnt 1utJшl/wpq/, -\ш,f_шЬшl/шЬ ,f_j,-Swl,_e• 
bpl/pn(''1 orhbpf, ,,f_f,.-Sш,l/шq.pшl/шb p"ь1п1flf, -':шumшmn,Jl! .t;bш­

pw,f_nrп,f11n,b in,J.bg npnzbfnl /;"iJinpnUff,ШJf, 4.J,°Ьшl/шq.('Шl/шЬ p'furч­
,fJf!t Sшpph('n,J /,f, fJl,pJп11f,"ьшJf,l/wl/w'f.t L. JшfJЬJwmfr,1,_шl/ш'f.t '\ш­
.,[_шЬшl/шЬп,fl,1п,'i,Ьhр1 P.Ьrdn11:PfiwdPЧ·wЧ,wf. 6wtlw!liшЧ-wfintp-Jot& \: 
1tnzi[шd w!fi dPЧrшlJi6.wЧG.brp p-PtJ.r-, nrnf.9 -Jpr_n9ntJ. ЧшrЬф \; prw­
lJ.w&wg&.Ьt wil.JwL 601dwЧwrqp dwЧrш&:6.wЧe: Lwd-wЧwrqp dшр-Ь­
dшшРЧшЧшf. .li.wil_wf.wЧw&шpJD1.&.j!, .li.wtJ.wu-wr \; p-Ьrdn11P1iwdpчw-
1tw&. .6ш(w&·шЧш&n1.р!ш& 1.. .fi&wrw,il_nr dPЧrni&6.wlj_&.Ьrp e&.q.li.w&.Dlr, 
_plf_p .fiwrwpЬrntpJwGe : UшРЬJштf,1/шt,_ш'ь 1ш,f_шЬшt,_шЬп,f11п,'ь[! 
,;;;;.1, f,иt,_ /JbpJn'lf,bшJf,l/шl/wb 1ш,f_wbшl/шbn,fJ1n,J,f/ )'>1, 

flntgJшbe 9пч9 m,f_hg, пр 1шJшl/шpqf, l;'&mpn"{f,шb !fm,bl/gf,ш 
,t Ьrш ,f_j,-Sш-1/f, .t;w,f_w"i/ш-l/wbn1/JJnL"ь/i9 (ш). 

S�f(.,), (-) 

·npinb11_ (1)-Ь 1шJwl/шpq.f, fJbpJп11f,bшJf,l/ш-l/ш'il 1ш,f_ш"ьшl/шЬп,­
JJ1п,ЬЬ t!!/jlи !f,n,"ьl/9/rш1f, тЬире UfШpq_bin, -\шJшр pbl,шpl/hbp hp-
1/n, flbpJn11-f,bшJf,l/шl/ш·b -\шJшl/wpq.bp, nrnbg l;"ьmpnUff,wblp"ь l,f, 
S i , S2 L. fJbrJп,-,f,bшJf,l/шf1w'I, .t;w,f_wbшl/wbn,fl1п,'i,'i,l,p[!' Ш1 fL (1)21 
lJ.J'1 hpl/n,uf,9 1/wq_Jbbp Jhl/ -':wJшf,_шpq., npf, /;binpnUff,wb 1/tf,bf, S 
fL fJЬpJnq.f,bwJf,l/шl/wb '\w,f_wbшl/w'f.tn,fJJntb[!' (1), /;11,п '\ш,f_шbшl/ш-
1,.,fJJn<"ьЫpf, 111Ьип,f11шЬ. 
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,,,,'
,, ' 

1.шl,[_f, шпLЬtп�/_ ( ш )-L lfшplчf, 1; tfpl'l• 

S1=f(ш1) 1.. 82==f(IJ)t), 

./lшLf, пр l;fнnpnUff,wЬ ш'lf,u,J,,f__ Jh,}п,jlJntL 1;, ш111ш ,:u,Jшll'uD'l-/t­
[!L'l-1:ш'Ьiнp l;fнnpn"{f,шf, ,;ш,f__шишр f;. 

lfшJ' 

f( Ш )=f( (1)1 ) + f ( (1) 1)=f( (1.11 · IJ),), 

'Ъшfи ,,_J,!f,bpЬL9bЪI! ( q)-L t!и,п ro1-f,, 

Ш 2f'((1)1ОО2) f'(oo1), 

J,и1, 1:l,,nn f!U<n (iJ2-J,, lfu111w9,[j, 

f'(ш1 • ш2)+ш 1 m}11(u)1 • (!)�)=О, 

1,шJ' 

f'(ш)+шf"(•) = О 4 f"{ ш)
-=---., 

f'(ш) ш 

Pш 'l.JшU/ш111·1flчn,f__ ,f__hpt_f,'Ь шр1nш'\ш1111n1Р1ш'Ь bplfni 1,n'lJI! d(iJ -r,,f_ k 
f,fнnl,'1-l'J,l",f__, lfu-urшLшL1. 

lnf'(ш)=-Jnщ+JпK 1,,.,J' f'(w)=J:S...., 

JпК-Ь f,J,.,,l,q-pJwJ, 1ш,нпшиrп"ы, 1;, >/.hp1_f,Ь шр,пш'\ш11nп1р,шь hp­
lfni lfn'lJ'l! pшqJш"lw"'lfb1п,f__ d(J)-m/_, lfumш9,f_J,, 

f'(щ)d!Il=K�, 

Dрш f,L1nhч-pn1Jf,9 lfuu,1119,fj, f(w)=Юnщ.+const, np1nb,,_ K-Jr
Pnt9Jш1LJ, <шиmшmnilif, /; 1 

Dшlfшib l!и,п (11-)-f, ш1ищЬq const=O, '\Ьшl,шршр, 

S=Юnro, (46), 

'" 

f!ии, (43) '\ш,[_шишрJшI, dA�TdS-dU, 
bph T=const, ш"lш f,L1nbq-pn,Jf,9 l1u1nшLwLp. 

A�T(S2 -S1 )-(U2 ·-U 1 ) 

lfwJ' 

F=U-TS, (47) 

(48) 

f.LJuf,LpL, ,;шии,ш,пп,f, 1_l,pJwu1nf,bwLn,J <шJщlfwpqJ, lfw.,nwpw� 
wzfuwmwLp[! <ш,f_шишl' 1; l[шJ фnрр F !f,n,Llf9f,Ш1f, Li/_шqJwL(! 1 ftЬ;_­
"{f,uf,L 1; Lрш !f,f,qf,чшl[wL f,Jш·и1nl!' 'ьzшLшlflчni/. G=TS {47) 
ччr</Р· 

(47ш) 

f.LJu wl',nw,;wJtnn,PJ'"f,f! <шJhJwmhtni/. (48) ,;ш'4._шишрJи.Jя 
,;1,,п, lfLlfш,nhf,p, пр <шиинпи,п,L 1_bpJwuurf,-G.wЬn,J п;_ РЬ ш·Jpn'U 
f,bppf,L l;�bpч-f,w'f,, ШJL J.f,wJL 'iipw Jf, Jши{! l[шрп'[ 1; ,f_bpшJ-4_bt шz­
fишшшL№, F-{! <bL9 шиJшиL f;, f;'i,hpqf,wJf, WJ'I Jшu(! lfnz.,f_n,J I; 
wчuim tf.Ьrq�w: ll.1uu1f,un,f_, wqwu, l;LЬpq.f,шL LЬf'l!f,L l;Hpq.f,шJ,/r 
ш1L Jwuf, 1;, пр(! ,;wu,nw,nn,L 1_ЬpJшumf,6.wLn,J lfwpn'[ l;_i/.bl'шJ-4_bt 
wzfuw1nwLpf,t ьрь U.fpn9bu(! 'lшrdЬ1-f, ,f;, Ш"{Ш ШJ'I- шzfuw1nwLl!f! 
Jwpuf,Jшl 1; _l, ,;ш·�/_шишр ,1; wrl'u,n l;Lbpq.f,wJf, 'JJi/_шqJwL(! {пz. f/-Шp­
Лbtf, "IP"9bиLbrf, '1-l,"lpn,J wzfuш1nш'iipf! wi/_b1f, ,f,п1р I; итш9,f_пи/)1 

ЪЬррf,L l;Lbpq.J,w1f, WJL Jши[!, пр(! ,;шитштп,L t.bl'Jшu,nf,-G.w­
'i1n,J wzfuw1nwLpf, z.f, ,f_Ьршд,f_п,J {G) lfnz.,f_n,J 1; �шutit_mc\- l;&Ьrq}иn: 
./lшLf, пр G=TS, Ш"{Ш S=G/T, 1:1,,пl,шршр' <шJ�lfшpq.f, l;L1npn; 
"lfrшL 1 °-f,f, <шJw"lw,nwu.f,,wLn'l lfщ"li/_шJ l;'Lbf''fliшL /;, S-{! ,шJL 
Jbn.шJ l;Цbpq.f,wJf, z.wф'i, 1;, npI, wI,[! L'}n,Lшlf 1; ш1_fиш·тшLр lfш111ш--:; 
pbtnH • 

U1JJ u1nшLшI,I! 9-f,pu-l.htJ<пшf, Jш-puf,Jшl шzfuw1nшLpf, <ш­
�/_шиш1,п,J{!, bf'p dA= Pd\!, ( 43 )-f,9 ЦишшLшLр. 

dU=TdS-PdV, 

'1-f,!J,hph'i,9Ьf1p { 47) ,;w,f_wuwpntJ [! • 

dF � dU-TdS-SdT, 

( 49) 

(49-) 

UJ" <ш,[шишрJшL Jl, 1_ ,n/, 'lw'}-pbl',i/. dU-f, wpJЬp[! (49)-f,9, l[u,nш­
LшLp. 
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dF�-PdV-SdT, 

( дf-') �-Р 1. (�)�-s, 
dv т дТ 

(50) 

(51) 

U.1uf,fijl'i,, "ЬLznLJ[! -\шJш,1tшр11-f, шч_ш,п t'Ьhpq.f,uчf, L,f_шq_Jш'i, 1.шф'i, t 
Jш,[_шl[! Jbl[ Jf,,m/_лpn,[_ ш-f.lчnt '1h"li!'пJ (Т=const), f,иЧ .f;'Ьurpn­
"ffrш'i, шч_шц, f'Ьhp'ffrшJf, fi,[_шq_Jш'Ь z.шф'ь 1;, Ьрр 1_hpJшuu,f,-f.ш"ь[! 

ш'l>ni.J 1; 1°-п,[_ (V=const), S-[! inh'lш'lphl"</. (51) -\111,[_щuur-rrпJf,9' 
{4'1} -\ш,[_шишрJшf, Jh1. , ftu111шfiшLjl, 

l>rшrf,9 -\шLhlm/. 1,_ Ы11шпf, nt'ьbfiшlmf. (48)-[!, ::ши�пш�ппt'Ь Jш,[_шlfr 
_,,ь"fi!n,J Чи�пш'Ьшf,i! (<шz4], шn'ьhtni/., лr U1-U2-Q,, 1,_ F1-F1=

�А), 

F -F �L' -U +т 
д(F,-F,), 

1 2 1 � дТ 

A,-Q,+ т(j/'·) 
дТ • 

(5�) 

U.1и шр111ш<ш1111п,р1пt&е .ftпz.,f_п,J :t Ч-ррu--'Ьtd.Б.п19� dwfu�duч wz-­
}uшUlw&fp Б.wiJ,wuwгщd: F-e Чnz.,f_n,J 1; 'isшд fr'lnfиnpш1f,L-f,ч.wPhp­
Jш1f,fi PhrJп'lf,'ЬшJf,ftш·ltш'i, "{ninhfigf,шp 

7. 1>ьrirn'l-�tu.Ir��u.�u.. �nsь.в�щ �u.usu.sn�. dttlfU.t
'1-b��n�Ir 

Ьрь fJhpJп'1/r'i11иJ/Ф••ftи1'i, ,;щJшЧшr'Н! шzfишwш&11 t Чшшш­
rп,J -\шии,ш111пt'& h'&zJш'& �пшЧ, Ш"{Ш рш9f, Jш,[_шlшJf,fi шz.J,,ш�пш'&-
62 

fi,9 ШJ'& Чшl'"'l t Чши,шrhl fiшl,_ ,,,.ц ши шzf,,шu,шf,/lt U.J'I l!'i,'1--\ш­
l,ri'--(I ,,_ь"l,/r <шJшr pьrJ"'flr'&шJf,ЧtuJ/r шrr.шtp'f, 11f,h'Ьlll! ч-,.ь,1, t 
q-['/,{ ШJU"f/,U, 

dQ-dU+dJA+PdV \шJ dA-dQ-dU-PdV, 

f,иЧ dQ,,.,;;TdS, lhmдшpшr' 

dA.;;TdS---<iU-PdV: (53) 

C'Ьr,.n1.!,/'ln,[_ Т-!, h. Р-'& ::ши�пши,п1.f�, (53)-l! f,'&111h'lf'hlr11.9 ::h111n Чi!и-
111шЬш!,/l• 

ЧиmшЬш!,/l' 

л ... т( s,-S,J-(U,-U,)-P(V ,-V ,), 

A,s;;(U,-TS,+PV,)-(U,-TS,+ PV,), 

Z0 -U-TS+PV�H-TS, , (54} 

(55) 

IJ.111111htJ_ Z-(! PhrJnq.f,fiшJf,Чшltш'& ,[J,-&ш,Чf, '&пр !/>"1.1r1t9f,ш ,t, пр(! 

Чrr1_,f_n1.J t f,,rnpшpш1f,·l,,-f,q_npbpJш1fr'& PЬrJrr'l-PbшJf,f[,шf[ш!t "{R'­
inhl,9frшl -\шитштп,!, h'&zJшb 11-hUfpniJ, ЧшJ 9-.f,puf, шq_ш�п l;'&hpq.f,ш, 

'l-f,mhln,[_ Z-l! np"{h� !f,n1.'&1[9f,ш P-f,9 nt T-f,9 l,_ Z=f{P,T)-L­
p'&'&шplthl"'/. ШJLU[bu, f,fi1_U[hu F=f(V, Т) !pniLЧufrшb, '&nrf,9 f[и111ш-­
'&ш'&р 9-f,pu-1.ЬlJ<,,.tsf, Jшpuf,Jш1 шzf,,шinшbpf, -\ш,[_шишрn�J(! f,q_ri­
pшf' "{Шр/ш'&'f, -\шJшр. 

(56) 

s. PtnN•u.ч-ru.�u.. tn�t�в�u..ьr ь,�, �u.,i,u.uu.ru.�tn-n�fi-au.t

щu.airu.ttьr� 

Cшpшf1p,f_шJf,9 -\hmhmJ t, пр pbpJn·'l-fr'&шJf,,ЧшЧшb gш'&ltш9ш� 
-\шJшЧшрq. ltшpbff, t '&itшpшq.pbl 1_npu UfШ('-шJh111phpr1,[_' U, Н, F J,,. 
Z, nrn'&p f[n1_,[_n1.J Ь'& pG.ntpwqrw�w.& :tшi&�g�tur.hr: 1.шJшittupq.f, 
1п1.rшршtuп,р -\ш111Чп,Р1п1.'& l[шphi} t шr111ш-\ш1111Ьl ШJ'l- !/>п1.'&lt9f,ш­
'&hrn,f_ ЧшJ bpшfi9 ш6'ш'&91ш1'&Ьрn,[_, nrn'&9 o,111шq.np6"ntJ[! Чшfи,[_ш� 
1; Чnfiitph111 "{ШJJшL'&hpf,9t flpnz '1-1, "l/ll,f'nLJ l;b111pr1"(f,ш'& fiп1.1L"lbu 
-\шJшр,/_п1.J /; pbn1.pшq.rшltш'& !f,n1.'&,%9f,шt IJ.J'l- ptr11.fJш·q.pшltш'& !f,n1.LЧ-
9f,шbhpf, JшрЬJш�пf,Чшltш'& шр111ш-\ш1111п1.fJ1п1.L'&hрf! -\ш1111Lf, Jif,� 
(49,50). 

.. 



И=f1v·, s;, dП=TdS .... (J(j\', 

Г'=t(\', Т), dГ' ·-=--;JJ\·-�-'3<.iT, 

Z�f(P, Т). dZ=VdP--s,п 1 

H=i(P, S), dh =\'di-J+Td'S ( 

T(S�-S1 )=-Li1-,П 1+Pt \Т 2- V1)• 

U1-TS1+PV1-";-U
2

-TS�+PV
2 

1,_ Z
1
=Z

2
, 

(49) 

(50) 

(57) 

lw,[wцшpшftznnLPJшfi щ,[blfr pfi11-:wfinч1 Uf /JIJJw'fЛ1bp(! шpurw­
-:w1m1[n•J ьь 9- J,pцJ, ftп'l.Jfrg щпw1_ рwz,[щд- 11-rпчP'flbrц,4..; {!цт 9-J,p­
иJ,, -:ш,[wиш·pwftznntf/Jnif, ftшpn'l. .(- u111b'l.d-,[bl JJ,wj'fl 11шp.!btJ, "lpn-

9bubbpnLJ1 '1-wp.!btJ, Ufpn9buИpJ, ,;ш,lwp dS-dQ Ь., pwf,J, пр 
т 

dQ-dU+PdV, ш"ш ds-
<iU+Pd\' 

. т 
О, npmb'lfr9 p/unLJ {, пр 

(dS)u,,= 01 Uw <w,[wuwpшftznn•fJJwf, pw,[wpwp UfWJJwf, .(- 1 

f!ит 9-f,puf, Jbftntu/Jl'9,[шd- {щ,lщftwpq[!, npJ, J-w,[шlt! l.,_ J;f,l,p ... 
qJ,wf, ":wииrшиrп•f, bf,, qmb.if.n•J ·{ '\ш,[wuwpwftznn•P1w'fl Jb1., ЬрЬ 
f,f'/JI .(-f,,npnUfJ,шf, .t:wumwшntfi .(-, f,f,if, f,pb'fl ( u"lnburшf,) t!t,pш9n'l_ 
"ff'"9buJ, efifJшn,ntJ ,;щJшftшpqf, .(-1,mpn"(f,щf, ш-Sn,J { Ь. ,;щ4.ш ... 
uшrшftznniflJш'i, итЬ'l.д-Jшf, Ufш,:J,f, 'flш щпщ,[bfШlfntJ'fl шрJ-Ьр nt'flJ,' 
S------>-Smax-COПSt, 

d.) ' { :::, u.,-�c' 
U1u Uf/JIJJш'flJ, шnftw1niP1шf, 11hUfp1nJ '\шJшftшp'l-f! 
Jnib '\щ,[щищршftzпп,р1ш'1 J/#1_1 
,., 

(ш) 

lш,:,/} ш.,,•,•-1., ., dF--PdV-SdT. dZ-VdP+TdS \1!"­

,л,и.'J4Jr, "f' ftш1пUI -:wо[шишршlfzп,п/11шf, q.b"f.pnul. 

(dF) v ,т,,,;,;;O J.. (dZ)P .т-s-.::;O, (р) 

{ ) '-'/ШJ.Jшfif,9 '\bшknLJ t, пр Ufpn9buf, {!'i,flш9pnul F-{! {lfщJ Z-(!) 
'j,�tи'l,nLJ ( l,_ '\ш,[шишрш,Чz1ипР1ш'fl umb'l.J-Jшf, щш..:f,f, nLf,bf,лul f,I!� 
,��ч.шчпчЬ шpJhj] • l>иlt .(-f,шpn'IJl/iшfi ШJ'} ,,_ь.,,,pnul ,!'l-и1ntJ t JшриJ,• 

J.,,l ш,нib,f!'f,• 

l!f,Jf,wlfщf, n.hшlf9f,шf,bpf, 'l.h·"IP"•,1 р.ш9f, -д'iJzи•Jf,9, d-ш,fшtft!J lL 
�bt•,lшuurf,G.шf,j,9 wbqf, .(- n,J,hlsn,J ЬщL. lfnb9b'f11npш9f,wJf, .f,ni/rnfun•• 

fl1n•f,• 
lJ, J'l-"IJruJ, '\ш.J шJtияp'l-bpniJ -:ш,[ шишршlfzп.л,Р J"•f,{! pf,'fl.,,,.r.lf.b­

L"• '\шJщр 9-J,ри[! a'l-mш'l-npd"bl { Jji UfШf',../b.11rp (ф,n,f,nfu111Jpи1.), npf! 
Jtп;_,[bl 1; f�d�щlJ.ui&. 1Ч_DшbG.9"pwp 

/Jf,JJ,шlfш'il щnтbf,9J,шlt! Т Ь. Р щшршJЬ111рЬрJ, ЬJш'il J,Ьmbbuf,­
,[nLf/Jшf, '1-npJ-пf, {, lшJшlfшp'l-/r шJpпrr.1. pjiJJ,шlfш'il l;'ilbp'I-Jrшfi, J,f,;_ ... 
"11,и {f,l, [1'1-/rwJJ, JJnLи mhuwlff,bpf! lfшrbJlr { шртш<ш1111Ьl "P"l bu 

J,f,,nl,f,.,f,,[n,.PJшf, (µ) l.,_ ur�f'n'l_f/LPJш'1 (tpuu,bf,uJ,4,n,.PJшЬ) '1-Rf'd"n'fl­
f,l,pJ, шри1ШI/-РJШL' µdn, np111b'l. dn-{! J11tbrJ, p,fj, ф11фnfuniPJ••" t, 
l,w,[шuwpшlfzttnLPJшf, ,fjrt:.шlfnul pJ,JJ,шlfш'f, tИP'l-ftшJJ, фnfuшplfn•J 
щ b'l.J, z_J, ntbb'flmJ, щJuJ,f,,f!'iJ• 

1: µdn=0, 1•) 

UшpЫшmJ,lfnpbf, ,J,JJ,щlfш'il "{nwhЬ9Jrщlf! p'ilnчJш'l-pшlfшЬ 
!f,n•'ilft9j,w'fll,pf, J111ubшltJ, шd-ш'fl9Jшl'fl { [!UIII '>шJшlfшpq.f, 111./.Jшt 
�n-JUf nblfimf, J·n[bpJ, p,,f_J, {/!'L'l''пf,bllN/. JJn<ll UfШpшJbи1pbf'f! h lfnJ­
"ln'iJl,'iJu,f,hpf! .t:wu,nwщntf,). 

�,=(�) , дnl V,S.n2 П3-.. ' 

( дF ) 11-1= -- ' 
дn1 v,т,о,,п, ... 

( дН ) .- --

1- дn1 P,S.n,.n,. 

( дZ )i.-1= - ' 
дn 1 P,r,n,.�,- . 

j 
1

(58) 

.РшЬJ, пр U-t,, H-l!· F-e '- Z-(!_ ,tJ,-GшltJ, !f,n•f,lt9J,шf,/,p t,'fl, ШUf Ш' 

n1 _1=co_nst '- n 1 +const "l"'IJшLJ, �шJшр, 

1-'-i
=

( :�-}-.s=( ;: )P ,s=( ::1 ) v,т=( :n� )Р,т' <
59

) 

U1u"IJ,un,[, pf,JJ,шlfш'il "lnurb'f19J,шlt! p'flr1Lpш'l-l'wlfщf, J11,J,lf9j,111-
f,bpJ, фnф11furrtP1wf, ;_шфш1,J,z 1;, Sшrpbf' '\шJ111�Шf''1-Ьр lfq.m'il,[bfl 
<ш,[_шuшpwlfzttntPJw'fl 4J,t:.шlf11tJ, ьрь 'flpwf,9 �JJ,шltш'fl ..,,n,nbL-
9J,шl'ilbpf, J,pшf' '\w4,шишр 1J,f,b'fl, 

!'1=!'г···�1 1 



10. S.U.OU.:H•"I., ФntuU.1'1.iЛNJtbflt> 13-bf't.rЛtt,r,"i.,Шftil.Jll"i.,:

<\U.Ле�еЛеU-ч\u.�ьs rл�е �u..,u.uu.r лetr�

11-hpJnчfr'ЬwJf,fJwJfr bpfJpnf''l- орИц,f, fJf,pшпJwJp IJш·phl}, f 
llfШ[''ll,l f/>шчшJ/rЬ ,f,nf,,шpfJn,J'ЬЬpf, opf,'Ьшz.ш,frntfJJni'Ьbhpf!t 

'J-f,!f,bph'Ь9li't,.I' (54)-е, 'Ьftшmf, ,нЫЬшl"</., ,,, 1, TdS=CtJ+Pd\7� 
IJищш'ЬшЬр. 

dZ=dU-TdS-SdT +PdV+VdP 4 

dZ=\.:dP-SdT: (60) 
'1'.f,9n'-I}, iJbbwpfJn,J hbp '>h,zп,�-'1-"Lnpzf, '>ш,[_шишрш4zп.п,f}4п�Lеr 
Lш,[_шuшpшfJznп,fJ-1шL l!'l,'1-,:w"i,n,p UfШJJwbf, ,:шJшА.ш4f, 

dP S,-S 1 --�- (61} 
dT \\-V, 

?-wpt!hl/r Ufpn9buf, ',шJшр euur (42)-/r 

лs- \Q =5,-S" (62) 

S S ) ,- ,=-,
т 

SЬешqрh1п,[ (GЗ )-р (G1 )-fr Jhf, чишшg,[fr, 

dP л 

dT T(V,-V,) 

(63} 

(64} 

PLшlJwb 1;, пр V,))V, (opf,ЬшfJ, 1 Jnl 1.f'/r 11hUfpntJ ЬпрJшс 
llfШJJwL'Lhpn,J V, =22400nd3, J,иq· V , = 18nd3J, fl,pЬJL' V ,-V ,� 
�v,, /!Lчп,W1п</., пр q.n[npzn, ,[_J,G.wlJ!! LfJшpwq.p,[_niJ 1; /r11-ЬшLШ-

ЧшL 9ш,l), ophL'l!'i,hpn,[_, fJwphlfr J; '1-f'hl. \Т,= RT, ll.111 f'Лl"f'l! ,:шz,[_f, 
р 

11111W1rn9 .,:1,и,,, (84) '>ш,[_шишрп,Jf,9 IJ11mw9,[_},, 
" 

' 
1 

dP л dT 
--=dlnP=-· --, 

Р R Т2 

(65) 

(66) 

f:Ь11п,bhln</., пр 1_bpJшumf,G.wbш1J,L ,f,npp JJ,1_ш4ш1pnu/ Л-Ь li. 
-R-l_l I-J,9 !f,п,Ьf/9/rш z.bb (66)-1! IJшrhtfr 1; f,Ьwl.q.ph·t T1--/ro Т2 J,j,1.ш-
lJшJl}/r ,;шJшр. 

1,_ 

л 1 
lnP=-- · -+const 1t,шJ 

R Т 

л 1 lgP=--- -+const,
4,57 Т 

' 

--.-, 
Р=Р"С' (P0

=const), 

(Ы) 

(68) 

(68ш) 

(68)-/ro '>hшl,_п,J /;, пр lnP {IJшJ lgP J 1,_ 1/Т IJшJ,,,[_шJ-пiflp,,Le шр­
тш,:ш1ш,t_пu! l; q.дшJJ,f, ophbl!n,[_, flи,J,'lfr 1,_ wp119f,uf, J.J,1:l,_ fJw'l.J,,[_uн) 
ш&IJ1шЬ шшЬ'l-h&иf,9 fJшph1/r 1; .,:wz</.hl pbbwpff4_!''l '>h'lп.Jtf, lfl'l"f'­
zf,w9Jшf, flш11L,[_ш,} 1_hpJnifl4n.Ьe' Л=Rtgo, (67)-1! '>Ьшрш4._прп�­
Р1п,Ь � urшlfru .,:шz4.htnt <Ь'lnUfJ, hru/w·& 1_hpJшumf,"6ш'i,1! 9111LIJ1119ш.t 
G.LzJшl, чhllfpпul, hpp .,;и,Jш'ьf, 1; f}hfJпь'l. JhfJ G.LzJшb .,:шJшр b11Jш'i, 
1hрJшищf,G.шЬе 1,_ Л-L fJшJ '>ш.lJw11wlJ1!1 U411 &пчL J,,L·lfl,pf! 1Jшpb1fr 1;
l"',)l,l &шЬ. !пР-1/Т 'l-f'шfl>J,.IJшlJшb IJwJ,,,[_шd-n,fJp1tLf,91

пI. 1m1>rtrn'1-o\,U.m,ti,u.вo 1,rrnr'1- ort,\,-Ro U'·U.Uo\, 
чU.U' \,•t,r\,USt, »ct>rU'U.5t,\, St>UПN<>5llt,\,Q 

l!f,Jf,шlJwL fJbpJn11f,bшJf,fJшb l!щ'i,wfJш"lbu bfJшpw9Pnul 1; 
-{ш,[_шишрш.1Jz11ш1JшЬ 4.J,"6шff1!1 1'b;_Ufhu 8"'!9 mp,[_h9, шn '>шр9}, 
-l!'i,bшpfJJш'Ъ ,;шJшр zшш fJшphnp Jbln,fJ-Jn,l, 1; Jш11иf,Jш1 шzJ,,ш-
1nwf,l!f!• npf, 1_hpJшu1nf,G.wLш1frb IJшJ,,nu/b wpmш<w4ur,[_nu/ 1; 9-J,pu­

dA 
2hlJ,;n1.9/r ,:ш,[_шишрп,Jп,[_' A=Q+T 

dT 
I U4q .,:щ,[_шишрп,Jf,9 

1/.ииrш94}, 

AdT-TdA,,QdT, 

67 



QdT 
�Т2 

- d� ( � )��,Т,
ll1JJ (69 )-1! Jrfнлb'fp/,f,I} To-/rs Т -f, uш{Jшbl,l,pniJ. 

,, ,,.,, /, ,,_р 9
т 

А- А, Т-· 
Т \ 

QdT
'

То ,! Т2 

,. 

(69) 

(70) 

(70)-/rs ,;ь,,,Ь.п�J t, "l' А-Ь ,;шz,[_lчnL <шJшр шЬ<ршJЬ7,п t, 'ьш/,1 
J,Jшf.шl Q-/r I,шf,,niJp 1_ЬpJшumf,-ЬuЛ�Jr9, Lp1,pnp11, f,Jui1,шl То 1_bp­
J111и1nf,"4шUnul Ao-/r шрJ/.рр• Лpn'z 11h11{/!Ьf'n,J, opf,UшI,, IJf,fr'i,·'l 'LJ"L­
Phr/r ,Jнrf,,ш1шpd. Jп,,_j,f,f,f(ш9J,·n'i, dЬ.шфnf,mi/JJш'i, JшJшUш'lt, Ао= 
=01 ll1u '1-l,"ip/, <шJшр, 

' 

.. QdT А--Т 1-,
J Т' 

(71) 

,. 

A=-TJQdT,
Т' (72) 

11"1,,,ь'ilишg,[шб <шJифиl''fЬрJ,·<шJшр A=f(T) 1,, Q=f(Т) f,п�ЬI,-
1/rшЬЬrе '1-f'Шf>/rltnph'i, "fШUII,bp,[шб Ы, 9-J-. 22-f, .[рш, 'ьршЬJ,9 /ll!­
Ju111J {, пр hpp Т-.О, ш"/..,' An-+-0 /,_ Q0 ----0, /!и,п 'ьЬр'ьишf, (1906)' 
р1119шрdшI, 'f_f'" t.ЬpJшиuiJ,"4шЬniJ nz. J/11,uJL �=Qo, ШJl [rщl,_, 

" 

(...оО..) =(�) ..(), dT ,-О dT т-::� (73) 

1 
LniiI,...,hu, пр рш9шр­
J.шI, 'll'" ybpJusuшJ,­
Ь.wl,,niJ L1п11fJbpf, t·Ь­
inpn·"lfrw'& <ш,[_шuшр f 
о..,,., 

llп Ь,ч_ршЧшsп'--
РJIILЫ,hр[! Jf,шuJ,U 
,[hp9pwJ- 'ft"'l4._mJ bf, 
'Ы.лl,ии,f, yhpJшJf,L о­
р/лj,р, "l'l! �'i,шrш,f,_n­
pntPJIILL t и,ш1f,и ш­

. Q,A 

о, 

'r-4. 22. A-f, 1,. Q-f, t1,f',1.,.,,,,,�&.1и'i,,,,Jf,b �шJ,,n,Ul! 

l!'"" '/,1,f'l,umf, 11,f',JШJJ,Ь ,,.J,.,,,,JIJ1и'f,, 

п.ш,f,9 ф11рJ1LшЧшL ш4.Jш1Нрf, OffLп,Jl1шYC' '1-fiJl'ln'-, ,;u,i,,/J•I l.lfptr-
9b,uf, Jшриf,Jш1 ш·z,f,,шшшLн, ,;l,тl,ш·ршр Lш,/,_ ,;ш,,[ши,шl'и,Чzn.п•­
f,11ш·L ,;шuu,шu,ntLp1 /Jш9шрJшЧ 'l.l'"Jf,f, Jпш fhpJшuuif,"4шLntJ Ч'n·L­
'1-J;.Luш!1'/_,uu)- L1пiPf, i:'i,·zJurJr., J-ш,[Ш"l/i фrrфn,fu,.'-PJ"'-f,'f,/,p u,b'U'- ll,� 
mUJ,f,,,,_J, 

lff, f,,пи1п-/., <lffiL'f шНштшЧш'i, {JшJ1ntp) LJnipbpJ, ,;шmЧ,ri­
P1мf,'J,.l,P{! рш9шрА1UЧ 'l.l'" JhpJшum.J,f.шf,,,,J U. LpшL Jnu, 1_bpJшu­
,n,f,"4ш'imul 'fШ'fШрл.J Ь'ь ч.шfи</.шd- tfiWl t.hrJшuшf,"4ш'ir/igt /Jшg­
шрАиrЧ 'l.f'"J"'-J "i/i'ь11 ,;и,Jш,Чшр'fЬрп,J l!LPичl"'l P"l"l' l.lfl'"9hи-
f,J,Pl! 1Ь'ь "'-'lbЧ!l..f.,,,J tЬmpлl.lff,шJJ, фп·флf,,,п1..Р1шJ'i'1

'ьbpLuu,f, 1_bpJш№L mbu,.._pJntLp ,;ш"4шf,, шЬ,[шLп._J l,'i, f,1bp,l,r­
'l/r'i,шJJ,�wJ/• hl'f'"f''f opbLp-, "f'l! l/r pf,,л._J "l шп.ш1.J,Ь, "l t1 hpЧJ'"l''l­
ophLpf,91 

IJ.J'f ophJ,Jll! ршgшрdшЧ 'll'"J/r 6ши'i,l,im "'Ч'l.P"'-f,j!J, JшиJ,L t,
"Pl! Чшрl'[/r t d.hшЧbpl.lf lrt ш1ul.lfhи. ui&.Б&wr�t. 1;: umЬ ч.Ь-Ьt ,J� ,JLf'L­
C.w, nrp Jwr,J�t.p uwnl. g t.� ,J'�&zl.. p,wgшrliw� qrn wum�&ш&' &rw­
&�9 wJpn1J.fШ1Ч_bu lu1Ьtnil_ tЬrdn1r-,1ni&

p
: 

•нnн, ьrrnr"I-

!. �1'St,r>Пq.lt\, 4U.ч.U.UU.f'U.ц;,f}ПN•>iln�\, 

1. ,�In,Uчuъ 2ь-i.11чьr�n�In,ЬP ь,�, ,:11uч11вn'l.n�fi'sn�ъъьr

l.ш,[шишршЧ1nл�рJ;,t'ьр Чшl'"'l t [PLbl Чш1п,'i,, wLЧшJ"'-i, h
,;и,ршрЬrшЧшЬt

ltm.Jntt. .6шil_wuwrw\2nn1pJwt. 11-hl.lfpnul шrшw11/rЬ UfШJ,lшLJ,l,p�
J.ШJL JJ,1_шЧш1ртJ фnфnf,lb[Pu ,;шJшЧшР'l-1! /rp ,U,4шЧр J} фnf,lлt,11 

••



r 
,Vpf,Lwf/_, 1."'P-'1-"l"f'lfr ,;ш,J_шuшpшl[zntнPJ'Hflf! ftшrbtf, 1; и,ш,;Ufш­
f,l,l, ьрь Р=760 dd Hg. u. D, о·-10О0С Jf,1.шltшJi!"ul' Uшltш/iz
0°C-f,g gшUp i,, 100°С ршр.lр 1_!,pJшuin.f,-G.шbl,hpn<J '\ш,[_шишрш­
,1[zпп,/J1п,'i,f! Jишfит,[_,щ! /;, f"'l'f! uшn.tнJ!Jf, f/_шJ 'l"l"f'l"' фпj,,.шpf/.­
i/J'l',н U[Шtn-G.wnn,[_, '1шJп,f, ,;ш·,[_шишршlnпп,рJn<h[! Jf,шrlшJш'i,ш/r 
f,pшl[ш'i, <ш,[_шиш1•Ч·zп.n</JJп,Ъ f;, 

llf.Чш!n1&. .li.wiJ.wuwrwЧznntpJ,w&. 11hд1рп,J шp1nшpf,f, UfШJJшL­
LЬpj, wbl,zwL фпфпfип,Р1ш'i, rfшJш'i,шЧ <шJш/tшрч-f, ,f_j,-&шftl! фn­
,frn,ju,J_п,J f; pnfrz./}щJ.fLI lJ.J'l-"1./iuf, ,;ш,[_шишршf/_zп,[_,,,,)- ,[_f,:Sшf/.n,J Ы, 
qmLi/.n,J q.b[f,;/Jllq.b9шd- 'l-"l'"Plf,L, qbpgp1nbgшU ,;1,'l"'Ч!! L. .шпfн 

lwrwpЬrwЧwli .Б.wiJ.wuwrwЧznnip-Jw&. qb"il?"'J {шJшff.wf''l-"'J 
J.f, n.r·&l; Lnp Lin•P ш,f_Ь1ш9'Ьlч-f1ц ,;шJшf/.ш{'q.'Ь /ir ,;ш·,[шиШ{'Шl{l п.Ш­
ЧшL ,f_J,-G.шff.f,g 11niru /; qшcf,u1 lJ.!'1- шt/_lчш9,[_ш,} LJn•Pe '\hnш9bl,­
inL '1h'"l(!n,J '\шJ.шff.шrq.nul 'Ьnpf,•9 /; ,[_hрш/tш'Ьrq.'Ь,[_п,J 'Ьш-fиf/_f,'Ь 
'\ш,[_шишршl(lr�шf/_ш'Ь ,[_J,Sw/t[!• 

fflhш(! /; .,,.,,f,phpht 'Ьюk �rwq-w&. 1... Ч.hчЬ- .Б.w�wuwrшqznnip3щli­
&Ьr: Орf,'ЬшЧ, 1.ршd'Ь/r п, рр,[_шd-'Ьf, fиш,.J,пчи1-[! q.и�'Ь,[_п,J /; чь ,,_d­
'\ш,[_шишрш/tzпшЧш'Ь ,[_f,t.шff.пиl, прп,[_'\ь�пь. P,tniJ 1;, рь H2-/r ц 
02-f, Jf,1_k п_Ьшl[9f,ш inbqj, zj, п,'ЬЬ'Ьп,J, ШJ'Ь/r'Ьz. f,ршf/_ш''Ьп,J zш"' 
шbl,zшL pшLшf/_t1,[_ шп.ш1_шLп,J /; 1_nip, 'i.,Jш'ЬшUfhu l[b'ld- '\ш,[_шиш­
ршf/.znшf/.ш'Ь ,[_f,i.шff_n,J /; q.ш'Ь,[_пul 'Ьшk UfU'[UfШW[!, npn,[_'\hwk 'fШ­
phpf, [!Lpш9(!n,J "ln'lUfШШJш /irbp[! ,[_hp hL шd-,[_п,J '\шuшршf/_ hrff.ш­

pb f,phpf,, ШJ'Ь UflUWGшn.п,[_, пр f!'e:;::c '\ш,[_шишршf/.zпп,р1п,'Ь[! Jш­

JшLшl[fr [!'Ь{Jшgpn,J fuш/uw,f_n,J /;, 
lш,[_шишршf/_zп.п�Р1ШL ,[_f,l.ш/tnul zшprfn,Jl! /tш'Ь-q. zj, шn.Ln,J, 

1.ш,[_шишр шршq.rнР1п�'Ь'Ьhрпо[_ h,lшL1п,php[! ,[_hp bL шd-,[_п,J ,[_hprLш­
LJn'-fJhpf, Ц ШJU ,[_hp1_f,LLЬp'Ь /;[ h[ш'Ь1п,рhрf,, niphJL .fi,wi[wuwмu.Чze-­
nntpjщ&.p zwrd-ш.li. l;: 

1.bwbpn•q.bL '\wJшf/_шpq.hrn,J '\ю,[_шишршf/_zп.п,р1п,L[! '\1111.wfu 
ш'Ь,[_шL,[_пиl /; liwt... .:pwqшJ�G. .Б.mif.wuwrwЧznntpJщb, орf,'ЬшЧ ,:ь ,,_niч­
lf"l"Plfi, Ufft'Ь11-�q.nlnpzf,, Ufft'il'f•.t:lнzn,ff. k шn'il• 

:Ьшq_,,',Jf,'il '\ш,[_ш11шршf/.zп.n,рJnL'Ь'ЬЬр[! p'Ьn,f}шlf('hln, '\шJшр o q.­
lЛ[! ,[_mJ h'Ь 9-f,puf, '\ш,[_шишrпиlf,9, nrl! /tnl,[_nul /; :tiwqhr� qw&.n&.1 
Uшful!ш''il ШJ'f Чш'ьrr'Ь[! 1-'il'il111rff.blJ! .,,ьи�(! /; d-ш'ilпрш'Ьш1 ' Jf, (!ш'Ьf, 
-'\шuf/.ш9mP1ni'Ь'ilbp/r '\Ьи,. :jiшq, pшqшqr�l dw.u f/_шJ Ч.пdUJ.nbЬ&.m, 
шqwш. ршчшчr�t Jwu ЧшJ шqшш. qпuuin&.Ы.ш ц шqшш.nipJшli_ wu-. 
m�Gщ&.: :Ьшqр .GЬwЬrnqЬ&. Jiwd,wq,wrq� .findnqЬ& dwu&. 1;, nr&. щ&.� 
U�t...&.ntJ&. }�q�qw-f�J�wqw& 1... p-Ьrdnq�&.wd�q,wqw&. JiwmqntpJnt&.­
lihr[l: 3Jwq[! f/_шq_J,[_шd- /; Jhd- f},[_п,[_ Jшubf,f/.'Ьhpf,91 Ьрш 'Ь/tш.,,JшJр 
f/_f,pшпh1f, /; 1_bpJшninf,Gш'Ь '\шulfш9n'l_n'-P-JnL'Ь[! l,_ lf't.WUfшU1f,9 шЬ-
1_шw,[_шd- /; р.шJш'ЬJш'i.t �пhиш'ЬЬ1f, Jшf/_hphun,[_, ЗJ,u'l.l! bzшbш/tli'Ьf 
ф шшп.п,[_, f1шчwчr�z dшuhrp' ч rwGf fiwdwЧ.wrqp Чwqdnч ШJ&. 
&.J ntphr& bl,, nrn&.f liwdwqwrq�g ЧwrhJ]i 1; wnw&li&.wglih

t 1... &..мu­
fф9 чшru Чwrnq_ ьr. qnJntpJnt&. ntfd.G.wi: о"ръшч, J(NOз·/r 1.f'ШJf,'i.t 
ln,d-п,1Pп,J Ч"J"'-PJt1LL п,'ЬЬ'Ь '\l,.,,l,.J,ul Jшu'i.tj,f/_'ilhp[!' Н2О, КNОз 
Jпthff.пч'i.thp, Н+, он-, J(+ t,. NО-з f,п'ЬЬЬр, Ъz,[шd- Jшu'Ьfr/t'Ьhpf,9 
pш,zш'l-Pfil Jшuhp b'i.t {wb,11-f,uшbn,J JfrшJ'Ь Н2О-Ь k KNOз•l_l, f,uf/. 

7.0 

• 

Lz,[_шd- J,nLLhp[! pш,z.u,'fpf,1'Ьhp ih'Ь, (!Ш'Ь/r пр l"'-d-ni1P/rs ,,_п,ри q.n­
Jn<PJntb 1_п,'ЬЫи 

ьрь '\шJшl[шpq.n,J (!f,JJ,шЧшL Ufpn9hu /; 1nh1J, п.Lh'Ьпul, ШUflU 
p.w'l_W'fPfrl Jшuhpf, (!Ш'Ьшf/.'LЬрЬ f,pшpf,9 f/.шfи,[_шd- hL, Орf,'Ьшl[, 
NHз+HCl�NH-4,CJ nhшf/_gfrшJ/r JшJш'Ьшl[ pш,zш'fpfr1_'ЬЬpf,9 rirh/; 
Jhf/_/r UfWltшub9niJ[! (w,[_h[ш9ntJf!) шn.ш1. /;" ph,rnul JJnLu ('-Ш,ZIU'l-ff/rl_• 
Lbpf, j!w'Ьш/tLhpf, фпфпfип..Р1п<'ЬLhр, llqwш pwqwqr�z d,шuЬr� р�­
�р nrпzif.шd t ршчшчr�z -Jwuhr� 1... ШJЧ pщqwqr�z dшu..ЬrG. �nar 
JiЬш Ч.wUJ.nq .Б.wi[wuwrщdfd.r� pil_hr� mwrphrntp-Jшdp : 

fibp,[шd- opj,'Ьшf/.f, '\шJшр pш'l_Ш'fpf,1._ Jшuhpf, pfr,[_[! '\ш,[_и�ишр /; 
З-J,, f,иЧ wqшw pШ 'l_Ш'l-f'fiz.Lhpfr PMr' -1=1 = 2, ьрь ,;.,,Jшf/_шpfntJ 
(!f,Jf,ш/tш'Ь Ufpn9Uu wh'lfr 1_f, n,ULUn,J, ШUfШ p.ш,lш'1p/r1_Lhpf, Ь. Ш'l_ШUI 
p.ш,zw'1-p/r1.Ьhpf, P,,[_hpf! 'Ьп'-JЬ'Ь h'Ь, Pш,,_ш11r/ri Jшuhpe (ЧпJ.,, п'Ьh-Ъи�е)
bzшLш/tn,J h'Ь К и,шпп,[_1 

ur..чшtu (wqwut) ршчwчr�z Uwuhr (шqwш Чnd�чn&.Ь&ш) qwd 
ршчшчr�z (Чnd�чn&.Ь&.ш) Чnzif.nid Ь&. &wdwЧturq� U�wqwqnчii pp­
�nif. w&&wш·wЧ.wli. fiJntphr p, пrn&.f w&&l'Uld-Ьzm Ь&. 1... pwif.wrшr 
шil.Jwl .Б.шdwЧwrq� pn1or ;}>шqhre, qшquЬ1n1 .Б.wdwr: 

U.qwmntpJш&. шuш�&ш&.р w&.Ч.wlu фnфnlu,wЧ.w&.i'J;r� WJ&. G.-il_w­
qwqotJ&. p�il_f, 1;, nrn&.9 qwd-wJwЧwЬ. фnфnluntp-Jw&. JJhUJ.fntd .Б.wdw­
qw.-qo1d :tiwqЬrJ1 p�il_p z� фnluif.nid Чшd ·.&wdwЧwrqn1d .Б.wi[wuw­
rwЧ.znnipJntfip tl1 tuwluшil_щd: 

lJ.J'1"1fiu/r шf,ч_шfи фпфпР,шl[ш'Ь'ЬЬр (и,шpшJhwphp) hЬ ,;шb­
'1-fruшbn,J -l.'Ьzn1Je, d-ш,[_шll!• r_bpJшnwf,l.ш'Ь[! Ц f/_n'Ь9hL1npшgJ,шL1 
1.шJwl[wpq.f, шqшwп•Р1w'Ь шиwf,Gш'Ьр, пр 'ЬzшLшf/_ntJ b"i, С шшп..п,[_, 
f/.п1,f_п1J /; Lwl,, i[wr�w&.utntpJntli.: lJ.Ju wbuшf/.huif,9 '\hwhpnq.h'Ь '\ш­
Jwf/_wp'l-fl f/.шpn'l_ l; tfi'Ьhl шL,[_шрf,ш'Ьw (С=О), Jf,,[_шрf,ш'Ьт (С=1), 
hp/t,f_wpf,ш�w (С= 2 ), h"-4.wpf,шLu, (С= З )1 

2. 'l�PU� $1l�b�� �111,П\,� 

f"J.ш ршLш/tш•/tшL шn_Lln,p1n,L /;, "PI! f/.ш"I /;" '\шитшwп,J f,ш. 
'l_hpf, Р,[_/,, p.ш'lш'1Pfil Jщuhpf, l,_ шqшmпrfJ1шL шuwJ,GшbJ, Jj,1_h1 

lJ.J'l- f/.шLnL/! JшpbJшщf,qnphL .ll,.шff_bpUfh[nt '\шJшр (!'tLшpff.hLI! 
Jf, '\bmbpnq.h'Ь '\ш,[_шишрш,Чzпшf/.шL {шJшf/_шрq., npf! pш'ff/.шgшd- /; 
Ф !f,шy_f,9 t,_ К pШ'l_ Ш'l-Pfrl JшиЬрf,9, ьрь {шJшЧшrч-,.иl {ш,[_шuшрш• 
f/.znn,pJnLL /; иlnh'l_d-,[_шd-, ШUfШ 'Ьр,и pnlnp f/,шq_b ('[_I 'l-щ'Ь,[_п,J hЬ Jf,l,_. 
Lпч'Ь 1,bpJwuUJfri.шbf, l,_ -1.bzJшL и�шЧ, ШJuJ,'Ьj!b' Р-'Ь l,_ т .'Ь е'Ь 'l-<ш­
Lп,р фп,frп/ишf/.ш'Ь'Ьhр hf,1 Рш9J, '1-l'щ'Ьf,g '\ш,[_шuшрш/t2пп,р4111'Ь {и,. 
Jшр шЬ'\ршdЬzт /;", пр p.n[np pш'l_Ш'fp/r1._Lhpf, (!f,JJ,шf/.ш'Ь "lnurh't­
gfrшt'Ьhp'i.t f,ршр ,;ш,[_шuшrlfi'Ьh'Ь1 
U1иfrЬ,ь. 

Р'=Р"=Р"'= ... =Р<'1 > }
Т'=Т"::::-Т"'"""···=Т(Ф) 

p,\=p,/=p,f':=•,.=f-'\ФJ )
. . . . . . . . . . . . 

' " "' ф r11. = 1ч-.=f!-k ==···=fl-�} 

(w) 

(р) 
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·Pwi,f, "f' P-i, l, T-i, шi,Чшf,, фnфnf,,wЧw'f,i,l,p l,'f,, Ш"f_Ш '\ш,f__шиш­
ршЧzп.п,рJшi, wn.шrf,'i, <JJWJJwi,l!' (ш) фшu.инrр/,i, <шi,'ff,uш't,n,J !; 
'f,,.Чi,n,pJ"''f,, f,иЧ '\ш,[_шишрп,Ji,!,рf, {р) <шJwltшpq.n,J Jll<f'Шlшi,­
U"'f' µ !f,n,i,Ч9f,w t P-f,9, T-f, 9  l, pw'l_Ш'lf'/rz.i,hpf, 1,пi,9/,i,u,pш9f,ш­
'f,l,pf,9, П,phJi, J"'f'ш1шi,uп,p �пп11. ltшчJ,f__шJ- t Ф '\ши� фпфпf,,ш­
i[шi,Ырf,s, ,шLf, "f' J"'f'ш,шi,un,p pw'l_Ш'l-f'frl ршz/и,f__шд !; ф Р,[_п,[_
fшqhpf, Jf,r.k, fl,'f,l,i,I К '\шu, pШ'l_Ш'J-p/rz., ШJufri,pf,' К '\ши, "'"'l.' 

'
ьрь l"'f'ШjlWLun,p pw'l_Ш'ff'frzl, Jпцшр pшJ-f,Le N; t, ШUfШ' � N1=l t

1-1 

ffwpq /;, пр i-b{'"f''l- pш11.w'fpf,1_f, Jпцшр pшJ-f,L[! 1,шphU, /; f,JшLш1, 
ьрь i-1 '\ш111 PШ'l_Ш'f['f,:z_i,/,pf, Jпuшr pwJf,i,i,bp(! '\ш1иrLf, /,i,' N 1= 

i-1 
=1= �t-,. 1 , fJ.JuUf_f,иn,f__, шL1,шf,, фnфrif,,шЧшi,i,bpf, f!L 'l-'\w't,n,p P/r./J!

l=-1 

lttf,i,J,' Ф={К-1)+2, wpinh'l. 2-(! p_i, l,_ T-.i, J,·i,, !Jn,pшpш'l,un•p inn­
'1."'J п,'f,bl,1 Ф-1 '\шu, '\ш,f__шишрл,J, wJuf,i,p'I, hpltп• !f,ш'll, {'f, Jf,yl,_ 
Jhl[ '\шl{_шишрп,J, l[шJ hphpf, Jf,1_k Ьр1,11,и l, шui,, 1.шJшЧшрq.п,J
l[ш К <wш pw'l_Ш'ff'ifrl• 1,ш,J К inn'l_, -';hml,wpшp К-1 :,:win ф-пфп­
Jишl[ш.'1,, fl,pb,Л,, <ш,f__шuwpn,JHpf, P/r,f__{! ЧLfri,f,' К(Ф-1)1

/li,wl[шi, /;, пр <ш,f__wuwpn,Ji,hpf, P/u/J! zJ, l[шpn'l_ фwфnf,,ш1,w't,­
hhpfr р,и,9 ,ь; 1fr.Ь1, U1ofr>e>, l((Ф-1J<<JVl(-1J+2 \шJ С+
К(Ф-l)=Ф(К-1)+2, C-i, wqwU'ln<fjW& tuuш�GwG. � lt С=
�{Ф(l(-1 )+2}-{К{Ф-1 )], npшhqfr9.

с-К-Ф+2, (IJ 

(1} wpiпш<ш1inn,pJn<L'{! 1,пz_,f__n,J { Ч-�rпф �UiqЬr� �wf.n&., bph <ш­
Jшl[шpq.f, T-i, <шии,ши,п,i, /;, f,u,I[ p_i, фпфпfиш4шi, {ЧшJ <ш1,и,­
nш1,е}, ШUf.Ш '\ш,[_шишрп,J{! l[uu,wi,ш' С=К-Ф+1 inbul l!' 1'иl[ 
hpb <шJиiЧшрq.f, ,[рш W'l_7:nul /; Lшl,_ Jf, hppnp7: ш't,ЧшJи фпфпfиш­
lfшi,, opf,Lш1,, Jш·q.i,f,иw·Чшi, 'fwzin, ШUfШ 9-f,puf, '\ш,[_шишрпulе ltt!и­
mш'l,щ' С=К-Ф+З inhu1l!' (1)-/r.s hpkn,J .(-,_ пр f,i,1_1шL fllll'l_ш­
qpf,z_Hpf, P/r4J! zwin Lfri,f,, wi't,,шi, w'lw'!'n�Piшi, шишf, -&шLЫ.рf, 
РМ.1! JЬJ Чlf,'f,f,, 9-,.,,Ji,шЧшL zшur <шр9hр' <шJшd.пч,t_шJ-1i,1,pf, l, 
шqltpf, ршр·'f f,,wn.'t,n,p7:Hpf, phpJn9-pш!j,f,шЧwL Jzш1,w,J'f,/,pf! Чш-
рЬff, /; 1п,дh,[ !f,w'lhpf, l[wi,ni,f, Чfrpшn.JwJ,pt 

9-f,puf, !f,ш9.hpf, 4шi,ni,f,g pf,,n,J !;, пр- ш'ьl[шfи фпфпfишЧшL­
'f,J,{'I, шLf!l,'f<шlЛ фпфпf,,lчf,и w'ь[!L'l-'\win фnфnf,,,f__n,J /; ''i,шl,· '\u,Jш­
lfwp9-f, ,f__f,-&wЧt!' Uш Чn1.J.п,il !; m&.p&qfiwmn\fJW&. u�qpn\&.f, "i't!'l!L­
lflliJ t t,f,9..f,ЧшllfrJf,ш,чш1, 1:ь�пш'lп�пп,р1 ,.,1,1,ьрJ, ,;pJl!п,J, Рш19 

рш.J.ш1,шL /;, пр <шJwЧwpq.n,J IЛh'J.P n,'i,l,f,ш !j,ш'lhf'fr P4J фnфn­
Jun,pJnLL, npUf_hи'JP <wJwlfшpq.f, '\шinl[n,P1п,'ьf,J,p(! pnf,1,шd.l,_ фп­
фпf,,,f__Ын fJ.Ju 7:hUf.l"'J f,,9..J.nul /; шLl! Ь'l-'\шinntPJш'ь и1,qрп�'ьр(!1 

з. '1.•,ш�• •1Ф11ч-r11и, и•11�n1r<1nъы.s �11и11�11rч-ьr 

f,"i,l"f.hu 'ьz,[_69, '\b111hpn9-hi, <шJшЧшрfl, ,[J,-&шltt! L1,шpw'lf'i/_n,J 
t·f{P, Т, С}=О 1:ш.J.шишрпulп,[_1 Р, Т l, С Чn11p11f,LшwLhpf,9 1,w'l­
Jp,[_w.t hп.lшф inwpw.tn,fJJш'ь Jht Р, Т l,_ С UfШ('ШJh.,,php n,'ьb9n'I, 
" 

'\шJ1и1,шр'l-/r '1J,-&ш1,� lf'ь.l[111f111'l-(',[_/, JJ, 1,lилп,[_1 UJ'1 Uf_lll('ШJhurpApf, 
фпфпfиn•Р1ш'ь <Ьиr шп 1,hmp 1,u,li'l·шzшpJ,fj,, щшр111d-п"Р1шL J/,7. 
шп.шrш9'1,/,tлl/_ zшur p111pq <JJшuJ,lip1 UJ'I "f_ш,т-&шпп,[_ 9-npd- 'ьw1,ш'ьniJ 
09-in,[_n,J bl, hpl[l.шф %пnмJ,'ьшurш1f,Ъ '\шJш1,шpq.lipf,o, opf,Lш•1,' 
Р-Т, С-Т, 1.шJш1,wpq/, ,[J,f:111%f, <ш,[_ш11111рJш'i, hp1,1w·ф 'f('ш!f,f,­
l[шl[шL Uf.Шin1,hpnull! 1,пz_,[_п,J /; -l]i-liш�li чfцnqnad: 

/!и11r {1)-f,, 1,р1, K=l, ШUf.Ш Ф=З1 Uw Ь:zwl,1111,nul /;, пр Jf,111-
l[nJ"f_nf,/,Liп '\шJш,Чшf''l-/! (Uf.шрч 1,шJ flШf''f 'ilJn•P} %шl!u'l. !; <шL ,,_Ьц 
q.ш1 шn.шi/_htш'l-"LJ'ь 3 !j,ш'lhf'nLJ, 

U.1r/J np"f_/,и Jf,ouЧnJ"f_ nl,l,'i,u, <шJш1,шр'f/, opf,Lш% 1blшrJ,hL1 
1_pf, ,fJ,-&шЧ,f, 7-f,ш9-ршJ 1!' P-t 1,ппр'ff,'ьш�пLЬрп,[_ (9-d-. 23), 9-d-w•'l-/r· 
f'P php,/:шd- /; .шп.шL'I Р,и 
Jш"'l_urшpf,, 1шl,f, пр 1118200 
ШJ L  1!'1,-'1-'ЧРЧп,J t -&Jrz-

"' 

�"---------,� 
' 

' 
Ju,,'i, 1ш.,, Jb.,} шf,рпчР, 
ов l[,rpf, ьми'J'ьрл-,f__ 
'\h'lnJt 1."'f'l! (h) ·и

'l-"'l"f'Zfrl,- ( 9-) q.111Ь.i/_,n,J 
J,f, '\щ.,/_шишf'шlrzп.п1-
РJшl, Jh1_1 ll.1'1 Чпр/rg 
'i,hPl"I,. 9-ЛJntfJJn<'ь nUlf, 
JJi,.щ/h lf-"l"f'lfr, f,и % 
•,uAiJ,n ,[Ь,Ф J�-J, 
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,:1,,,,_,..%, B-,L 1,рf,wф1,ш'4ш'i, 1,hinL t (7.pf, <шJшр Tt=3?4°C l, P t .... 
195 dr& ), Т t -·Ре pшrrd,p thpJ,wuu,f,-G.wI,f,hpnul ''1-"l"PZfrЬ JJ, <h'l.n�%ш­
'f,.ш, AOC Jшf''l/! Uf.�'1- lf'fr (ишп.1нJ9f,} Jш{'q_L /;, ОС Чnрр шр1nw­
<ш4ш11,J !; uwn:nчs-'l-"l"f'l·P <ш�/_,шцшрш:Ч7.п.пчJ1п.Ьl!1 '1-ш unЧ'lfrJш-9-
Jwl,-1,11pL /;1 ShишЧш't№рМ. ОС qfr,J{! Uf_bin-/l /; zш.('ntfNuWJ, Jf,L!Jh. (N"-
9шрАшЧ 'lP" 1.hpJшuurf,f:шL1 0D Чhinu,;'1,f,d(! шртш<ш1�пи,J /; 9-hf-
9f'u,l,;9{'шд· 1.р/, ,f__рш 'l-"l"f'lf,Lhpf, -&'iitJш'i, 1,шf,,�/_шдп,Р1п�L(! 1_!,pJш11-
inf, -&ш-Lfr91 9-hp9nipin �Ш'itf! шfJ,шJntL !;, Ш/11 Uf_Шln-&ш11m[ /;1 О Чh­
mf,9 9шdр 1_hpJшu1nf,S.ш'Ln1J иш,п.пчgЪ.· ni f.l"f'f! f,ршр <Ь.ш <ш,[_шиш­
ршlt1_пr1,Р1ш'ь Jhi_ z_M, fшpn'l 9-�J.l1 О 1,h1Лр 1,111,f_n,J /; Ь1'JW� �bm, 
npinlиz ш-'lш�пn1Р1ш'ь ши�пf,-&шЪ[!' С =0 L. ·f,pшp '\/,u, '\ш,[_шишршЧрz­
п.п.,Р1шL Jh1_ bf, 9-in'iri/_n,J Uf_,f,'i,'1-, '\h'ln,1,-l,qn{npzf, !f,шq_hpp (1-)=4, 
58 dd l, t = 0,0099°C), О l[hinl! f,fil{_шpf,.�ur !;, tzшЬw1,n,J !;, "'f' ШJ'f 
1,hinn,J <L.шрш.J.пр l·f ф"фпf,,h1 1,шJ p_,f,, 1,шJ T-,L ш,пшЪg фnфn­
f,,hl"' <ш,[_шишрш,fп_·n.п,РJш(J, Jb1_ 9- 1ЛJ,,/;n'l !f,шqhpf, Pf,,/_·(!t 

ОА Ч"f'l! шршш1:ш1шпtJ t "f.1'�'1: l, ,:1,,,_ ,.,ч !f,1119.hpf, <ш,t_шишрш­
ltzп.,,tр1,.,ъl!' .fpf, <шJшр ОА 1,прf! ,.11,..рш 9-рш1,шL t flpшLп.J., пр 
ШJL PhP4._шJ- t ,,_Ь.Uf_f, Ашf,,1 u.J'l- Ъ.zш'ьw1,п,J t, пр -&Ъ.zJш'J, Jblш9JшI, 
<hin uш•n.n,J9f, <шtJшf, lJ;f'Jwu,nf,-&ш'i,'i, f!L,1,Ln,J !;, 1111Lf,Lz. JJtllU 
Lin,pbpf, '\шJшр -& L2_Jш'i, JbJw9Jш'i,l! ""l.Ь.1,9n,J /; 1.h11Jшu111f,-&шflf, 
'ьn,i�<JJhu Jhд-ш9ntJt ipf, '\шJшр 'fШ f1Шgшinpi/_nul /; Lpшflni/_, пр 
ШJ'ь uwn.1h111i/_ 'ьрш д"ш,[_шll! Jbd-шLn,J /;1 ОС l,_ ОВ 1,nphp� LЧшpш­
'1-J•.J.n,J hf, lJ1шniq_f,ntи-'-llшUfhJf'"'f,f, <ш,[_шишрп,Jп,[_, 

Uшu'i,,u,[_np 7h"f_jnнl' 

,. 



dlnP" 

dT 

L 
RP' 

nphuнz l-[! uшnnLJS,f, <ш1Jш'fi }JщрЬ,[_шd- 1_hpJn,JJ1п,'hU t•
l.b'lnLl(IJhpf, q.nl"PlfrшgJш'i, Ufpn9bubbpf, <шJшр npnz ftf,pшn111-

ftшb 'i,2шbшftп,JJ1п,'i, nt'ь/r Srnнnnrф qщlinf;_J!,: /;иш ш/'1- ftш'i,n'i,f, ,p,­
lnp2frш9Jш'is Jпuшр f'i,mpn"(f,ш'/J zшт ,:ь'ln,ft'/Jbpf, <111Jшр -:шишш­
т,п'is t /, <ш,[_шишр 21 ft·шl,шuu,,-1 ,Jпс'1 

U.1umb'l Т ь--е ,:ь'l_nLft/r ЬпJшЪ 1_!,рJшишf,ЬшЪЪ t 1 Jfl'/J. i:I,zJш'/J 
щшft, 

4. ьr��n1rщn1,ы,s i111r11�11rч.ьr, ��1,11r 1r�щ11in�s1>1,ьr,
1>ьr1r�� 111,щ�� 

bpftftnJU(tf'flb'/Jm <шJшftшpqbpf, <шJшр .1(=2 h !j,шq_bpf, ftш'ьп'Ъе 
qp,[_nul f С=Ф-4 J.hп,[_1 ffJшpq_ t, пр ;;щ,[_шuшpшftzn.ntJJJшI, ,f_J,bш­
fttf,J !j,шq_bpf, }Jf,,Jp 4-f,9 ш,[_biJ, 1.], ftшpn'l_ zf,'i,bt, i!ш'ьf, пр шq_шш,r,. 
JJ1ш'ь шumf,i:ш'fl[! рш9шишftшI, mpJbp п,Ы'ьшl 1.], ftшpn'll U.J'l-Uffruf, 
<шJшftшpqf, ,[_f,i:шftf, [!'i,'1->';ш'i,nLp <ш,[_шишрп,J'ь t f(P, Т, С 1 С2)=О1 
·f1t.f,fщ 'IIJnL}Jbpf,9 /, Jf,ш<шtnчfl'i,bpf,9 ftш'lJ,[_шd- <шJшftшрч-Ьрf, -':ш­
Jiир i:Ъ2п,Jе npUfbu ш'/Jftшfu фп�/тfишftш'ь f,p f,Jшиш[! ftnp9'/Jnul t•
hflh <шJшftшpq.[! bpftltnJUfпЫ'i,m f, ШUfШ pш'[Ш'f-pfrz.'i,bpf,9 Jbftf, 
ftnL9b'/Jmpш9frfUL ftшpbffr t шртш<ш1тЬl J1пiu ftnJUfnЫ'i,mf, Jf,-
1_nQr,,[_, /!ш'ьf, пр Jпuшр pшJf,'/JLbpf, q.п,Juipf! 1-f, t <ш,[_шишр1 lJ.1u­
Uf/rи,,,[_, <b'ln,ft l,_ Uf/r'll'l- !j,шq_bpf,g pш'lftш9шd- ftnЪ11-b'i,uш9,[_шd- :{ш­
J_шftшp'f-bp[! ftшpbffr t 'llftшpш'f-pbl bpftr,t фпфпfишftшL'i,Ьрп,[_ (Т h C)t 

·" /J.ft'Нш1ш f, r,p LJш'/J <шJшftшpqbpf, q}bш·fte ftшpbiJ, 1f шp'f-bf, 
'l-l'ш!j,/rftnpbI, U( Шut,ftbpbf bpftJ_шф ftnr,pq.f,Ъшm'/Jhpf, <шJшftшpqn,[_, O'f­
IO[!i/._b1п,[_ С=Ф-3 -':ш,[_шишрп,Jf,91 Opq.f,'/JшmЪЬpf, шп.и1Ъgр[! <шL-
4f,uш'/Jni.J f 1_bpJшumf,i:шL[! , f,uft mpugf,uLbpf, шпшL9j1[!' шршш­
<ш1шп,J f Jf,ш<шln•Jfl/r f!Ш'[Ш'f-P"'fJJr,L'i,[! (%-Wprr,[_ ftшJ Jrrцшp 
pшJf,Иhpml), "f'l! ft,rz.,[_,,,J t pwr�9Umr�� щnщС.9f' АВ (q.d-, 24), 

· Pf,''i,шp Jf,ш<шtnчJJЪЬpf, .z)bшftf, '1-frшqpшJLbp[! oq.mшqr,pd-,[_nul 
h'/J <hmhpnq.b'i, -':шJшftшpq.nul r,pkf f/,шq_f, qnJn<f/Jn,'i,[!, Lрш j!Ш'llшftl! 
ь. Juutn'llnч•q.fr f!Ш'lШff-pn,JJJ"'Lf! npnzbl"' -':шJшр (JЬшш'lшq.f,шr,,­
Р1ш'ь, ufrL/rftшmш1frЪ шpmШ'f-f'"Lf/JшЪ Jbt_, ш'lbpf, ,[_bpшJzшftJш'/J 
q.npd-n,J)1 lJ.J'l- Jbp"'1--f!, "f' ftr,z.,[_r,ul t ��q}iqw-f�uJiwqщi;_ m!;.wtpq, 
-\f,J'i,ш'l-Pbl t '-l,,,n'i,шftn,Jp1 SЧJшL q_nчqfr ( pf,Lшp fuшn.L,,,p'f-fr) ,f_J,-
1:шftf, '1-frшq.pшJe ftш'lJbl"' <шJшр шnшt_f,'f, -':bp}Jf,Ъ ftшnn,9,[_n,J f

Jf,ш<ш1пчfJЪЬрf, тшррЬр pш'l_шq.pnif/Jr,t'/J'Ъhpf, <111Jшр 9rmЬ9 dшt. 

Чщd .Бmp.iщt. qnrЬrJ!, (q.d-, 25), npf, <шJшр Jш/Jn<p 'i,Jn<f/[! ftшJ 
-':ш1т'ьf, pш'l_ш'f-pn,JJ1ш.Jp Jf,ш-':шl"'JJJ/! -':шlb9Lnul bL l,_ Ш"(Ш '1-шL­
"11-Ш'l_ uшnb9'/Jnul (gpmb9LmJ)1 U.J'l- eЪ·flш9j!"ul <шl"LJP/i Jbt_ [!L­
ftl!'l.Jшd- fJbpJr,qn<JЧ-/r Jf,1_r,9r,,[_ JшJш'/Jшft шп JшJш'/Jшft z.шфп,J bL 
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'/-.). 24. f/шpl/_ J;,{.,,lфnHn,f,_ 'Sщ­
Jш�.шр'J/, -IJ,&-'tJ, qf,ш'fpшJp, 
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'/-.), 25 UшпkgJшЪ �шJ <шlJ.,,1, 
u,wpp�f' ',n,["l,f'' 

U.J'1 ftnpf, ,:,,f'fr'ln'i.шftw'/J Jш',,е (,ftщЬ'lшn.l!) -':шJшр1ш 'l"''l.,,,:bn 
f lfi'i,,,,J 1иpu9f,uI,l,pf, шп.ш'ь9j1f,'i., r,pr,,ffi/nпk шLt_111ин/_пq PJ"'f'b'l_ш9-
Jw'/J 1_6pJ,,,JJJ"''f,l! J1пnш,[_r,pШ Ufbu -':ш,[_шишр f t_bpJ<ш'l"P'l-шftw'i.m­
JJ1шJp. UfШJJшbш,[_np,[шd- t_bpJr,1}JJ111'f. ftnpu.шJ,Ъ, ш1u,f,'f.1'f,' <шJw­
ftшpqf, t_bf'.Jшuшf,-G.щ'f,[! Jf,'Lz.l,_ 1pJ,,[_ P/"'f'b'lш9r,u/l' J'/J,,,J f -':шuu,ш­
urr,,'/J ,:ь'ln,ft h Uf/r'll11- !j,шqbpf, Jf,t_l,_ <ш,[_шишршft2п.п,JJ1"•'ь uu,b'l_d-­
,[_bl'" <Ьтl,_шI,/1 ",[_, 

'1"pf, -':npf,q_nbшI,шL Jшие zшpr,,'i,шftbtni/._ Jf,Ъz.h ом-f,ЪштЪЬрf, 
шnw'i,91!/r <bur <шш.i/._ht[!, ftшpbiJ, ,t прп2Ь1 PJ"'f'b'lш9JшL (<шtJшЪ) 
t_bpJ1иuшf,-G.1и'i,e1 U.1u J.hr,,[_ ftшq_J,,,J b'f, рf,Ьшр Jf,ш-':ш1пчР/r 8[!['­
u,J,-gJшI, ftr,f'bp[!, f,uft ш1Ъ",ЛЬ,п.Д 'f.pш·Lg <f,JшL.4..f'ш Ъ1и1h ,f_J,'Ьш<I,f, 
11frш9pшJr1 

ff-,,1,,,JJJ"''/J ,,,ЪЬЪ pf,'i,111p Jf,ш<шl"LJ}JblpJ, ,f_J,bшftL шршш-':шJ­
тnq ,:1,,.,._1,_JШL шfr"ff, 11-frшq.pшJ'/Jhp, 

щ) brqn1. liJntphrli )irщr dЬt ir�il_ [Dt�il_щd bt. liL qn1.4 -l}iliw­
qщd, PWJ 9 pn1nrn-l}i&. �й. 101.bil_nd ui}lt.ч -l}iliw4nнi: lJ.1u ,,.ь"(j!tftJ 
,[J,bwftf, 'f-frшq.pwJ[! шршш<шJиr,[_п,J t 'ld-• 24-f, рЬр,[_шd- mbui!r,,[_1 

Pbz.Ufbu bphr,ul t q.d-, 25-f,9 9pmb9Jшi, (<шlJш'i,) ,ftr,pbp[! юр- . 
тш<ш1ш,[_п1J bL тщррh11 тЬи1щ,[_, [!fщ "f'"'J З ft"f'l! ,,,f,f, Jшpnir 
ъ,,,,flf, 9pmb9Jш'/J ftnpf, шЬи/!{!, ШJиf,Ьj!'f,' bpft,,, ftr,JUfnЪh'i,,u,'/JhpЬ fL 
(/r шшppbp,,,}JJni'i, 2 h 4 ftr,pbpf,} J.J,шJшJшLшft PJ"Lf'b'l_ш'/Jnul bf, Ь, 
ш'i,1.шш,[_тJ -':шищштпi.Ъ l}ш'i,шftшftшI, <111pшpbpn,JJ1шJp1 /!ш'i,шftw­
ftш'/J ШJ'f -':шршрЬрr,�}JJшЪ[! �шJШUfШIЛшujuw'i,n'l Juшn'/Jr,,plf[! ftr,z.­
,[_r,u/ t til_шЪquфq Juщnf.n1.rq (Е), npf, 'i,bpur,,J hpftr,i pшqш'f-pfiJ..Lhpf, 
Jf,1_l,_ ршJшWш'f, Jwftbpbu z.ftш, 

lJ.J'l- /uшn.'/Jr,ipq./• PJ"'Pl,,zш1/r'fl J.l,n,[_ ш'flt_шmr,,J[! ftшщшр,[_п,J f
J"Lf'IUj!Ш'i..tun,p рf,Ъшр Juшn'isn,p'l-fi q.hUfl!"'J, ишftш1Ъ, bflb ,:ь·ъs 
uft'lpfr9 pf,'i..tшp /uшn'isn,('q.f, pw'[Ш'f-pn,JJJ"'Ъ[! -':шJШ UfШIЛwujuш'/J,,,J t
l;,[_mb,lfш.f,ft Juшnbn,p'f-fr pш'lшq.pn,f/Jш'i..t[!, ШUfШ 9pmh9JшI, ft"P/! 
,,,ЪJ, '/J,,,J t Jшl!"'P ъ,,,,flf, 9ршЬ9Jш'i., ftnpf, mbul!l!' /;,.,/_шbfturf,ft Juшn­
'i,n,pq.[! 'ьпЧf,щЬи brftftnJщ"I,J,'/Jmш1f,'i, -':шJшftшpq t k 'f.рш Jb1_ z111ю 

" 



r Jш'ир .;;uunf,чЫpni/._ шп1,_ш l,f, Ьр1,_п, 1,_пJUfnLЫнn'ьhpfr P/"'P�'l.'i,l,f'I!' 
fl,pbJ'i, f;,[u-,bl/_и,f,,lt fuшnlm<p'lf! <:шJшцlт. z./;• 

иьч l;t/_u.hl1иrH /ишпUnч•'1 UfШpn,Lwltn,z pf,Uшr Jf,ш<ш1ttчfJ­
Ll,p(! l/.n1.t/_rr,J l,f, UfШf''l J;t/_u,h/1.1nf,I,_ш1rrt/_ fишп.Ъпч•'I-Ы,р, nрп'ь9 ,JJ,-G.w­
l[f, '1-f,шq.pwJ{! niJ,l,'i,,.,J /; Jf,ш{U Jf,, ШJfJUfbц 1,_п;:_,[_шJ-, JlowJшU/r 
lmшfsl/.Jn,U {ао'Ь q.J-. 24 ), "f'I! цц�.ш9,[_п,J 1; цumb9Jш'i, 1,_nphpf, 
,[рш ии,ш9,[_п'l '\пр f,ч_п'ьш1,_шf, -":шин/_шJ-'ьЬрf! О ltlнnn,[_ ш'Ь9Ъп,j_ аЬ 
'\npf,ч_n'ьшftшb/iU "''l'lш,;шJШ9 niqq;nfJ1шJp mb'lшq.pbtni/_, 9-d-, 24-f, 
,[рш UfШtnl/bpt/_шJ- tXOtU Jши/! ltпz.,[n,J t U1�-tiaчnш� ([!,.q�t�) 
Uwrq, 2шpf,fuUbpni/_ шр,[_шJ JшиЬрf! J;bmbpn'f-bf, Jшрч_Ьr l,'i,, f,u-1,_ аЬ 
,;npf,ч_nfниl/.шLf,9 Ыр1L.' uni]нptu� (ui�f'ui) Uwrq: 9-дшq.pfrlJ ЬрЬJшl 
t, fJb Lz,[_шJ шJМ, Jf, Jшf''l.l! f,Ll !J,шч_Ьрf,9 ,(- p.ш,zI,_шgшdt O fthиtп,J 
,;ш,[_шишршl/_епп,f11шfs Jb1 1,1, q-т'ь,[_п,J l,ph/! !f,шч_Ьр' <lнl·n�ft -А, >::Ь­
'lnLft В /,_ Uf/ils'I- !f,шq, l.шu.Jшf, О f[hmp f,Ьt/_шpf,шlsm f {С=ф_:_З= 
=3-З=О), 

р) Ьr�щ fiJnirЬr jirw_r &Ьш dh� �wd dji (шliji fjidji,ш�wf. .. �jiш-
9otrJn11i ьr. WllWt_Wgf.n1d ('fJ-• 26)1 </, f,hшlff, 11-/rш'l-f'Ш.Jf! ШJ� '1-/,tlf-

,, 
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' ·�·· 

_l . -- 1'" 

�+:,t���[, ��в.•r,f. 8+<,

f, А�В" Е, 
\_ f-t-1r ¾-\.trn� 

, .• 

,. 

B-IOG 
N, 

'J.,1-, 26, bl'��"J"lл'i,J,f,ц, ;..,J.,,�"'1!'11' 
',U,t.l»ftf, """''ll'щJp' �,,.f,.,l',,.,1,1,-,,, 

· ·;:,.,1Jш'i> �t,.,.,i,[_ 1<{,Jf,ш�шl, 
Jf,шognLflpшl/« 

т, 

' 

'/.,1-, 27, b['��"J"fnbl,l,-,n -':шJi,,ljш(''lf, 
,[_f,t.шf1f, lflr"''fl'"'J(' -f,1,�,.l,,rn,1,1,_,,, 

-':ш1J,шL- Jrbu.1t,j fs,f,,J,f,..,�шl, 
Jf,ш9nof11шJ['- , 

pnLJ ftшpdhu ft,µq_Jt/_шJ t bpftnL UfШf''l_ ti[u.Ь,ftшf,чш nLfsh9n'l ·11-f,ш­
!l-f'шJfsbrf, Jf,ш9nulf,9: IJ.l'I- riJrш'l-p

.
шJblf'I! шп.ш1_ш9&пrz рf,Ьшр fuиin.­

J,п'чr11-ЬhrL bf,' A+AmB n 1,_ A m Bn+B1ЪJшf, '1-frш'l-p,uJI! ШJU '1-h-Ufp_nul 
nLJ,hf,пul t ЬpftnL JloшJш'Ьf, Ьп.шЬluп.Ь, nрп'Ь9 шn.ftШJЩPJnL'Ьp°.i,пчs 
t mшlf,u, пр А/,_ В ftnJи,n'Ьhflu,f,/,pf! шп.ш1.шg'i,1пJ bf, Jf,шJ'Ь J.f,.pf,­
Jf,'шftш'f, Jf,ш9nLPJnt'Ь {AmBn )' �nf.qrn.Ъlim 61Ц11dwli �ЬmшJ.: 'Lzt/_ш.t 
1_ЬрJшитf,hш'ЬтJ pf,Jf,шftш'Ь Jf,ш9nLfJJnLЬf! ftшpn,1_ t JшишJр 11-/i­
un9t/_bl' UJ'I- =fr.ut/r '1-/rш9ршJ'Ьhрр n,fsh'i,nul Ь'Ь чJ-, 27 ,,,hupl!•' U.1u­
UJbи, D fthmnLJ Am Bn рш,zш'1-f'пifJ1ш'Ь pf,Jf,шftш'Ь Jf,ш9п,fJ1n,'Ь(! , 
aftutfn,J t P"'JPШJt/_/,l' U.1u 11-Ьчрп,J D-'Ь .ftnj!t/_n,J t jili�:nf.чrn1J.liш 
6w1dwli �Ьw., nrf, 11-bUfpnLJ pf,J.f,ш,ftш'Ь Jf,ш9n..p-J'''f,t! ll'N. 1_hpJш1f,'Ь 
рш1рш1Jшf, t ььpшpftt/_nLJ, шп.ш1.ш9Ы'{пt/_ ршqш-11-р/rlЬЬрf, 9 Jb.ftl! Ь. 
Jf,ш<шlnчPf! , l!f,'1- 11"('/l"LJ PJN<phrzш1frЬ Ь. -<Ь,znLft !f,'ш.,_ьf'/r pшqш11-pnL­
P1п<f,f! ·ШJU 11-hUf(!ll"LJ f,ршр z.ЬL <шJl! fч'Ьnul1 

ч) br�n1 liJ niphr jirmr uht 
in1.t\-iJ.n1.d Ь1i wliuwlidwliФф.w� rh

fi.Ьqn1.�, rh UJ./iliч ilJ:iG-ш�щd: rf.f,hШftf, '1-/rшчршJ(! �JU 11-hUf(!nul ,,.._f,f, 
'l-.t. 28-nLJ 11/Шurft'hrt/_ш.t u,/,upf!1 U.111"1/r"/r Jf,ш<11чпчРLЬр 9риrЬ9'ЬЬ-
'·' 

lf,u Jf,шrJшJшЬшft bpftnL ч_,,JUfn'ЬЬ'ЬиrflЬpf, tL f'/11"'-('l,'l.шLn.J l,f, Jf,ш­
иf,Ь, 1,_ш'l.Jl,tnt/_ J.f, ['Jll"Lf'h'lшJ/rЬ 9шfs9, nr/r Jl,t_ J.f, ftпJи,п'ЬЬЬиrf, 
Jшulsf,ftblpf, {шmnJJ,l,p ftшJ f,n'11'Ьhp} '1-шuшt/_npn•fJJ"•f,{! f,,,-'-/f,f, t 
l/rLntJ, f,1,l пр Jшpn<p 1,_пJUfnbllsur f, ,,_hUfpnul, U.J'I- 11-hUf(!NLJ и,/rЬ'f 

К. К. Nt 
Р'"''!.-,.,,. %- W.,,�'{ 

н, 

-</-,!-. l8. b!'-'t-'tпJ"l..1,•f,u, ,;'и,Jш�.шl''Н' 
,fj,l.l»ftJ, 'lfrш'lf'шJp �,.J"lml,/,1,u,f,/,f'{, 
,;'/r'l,tU/ k "{/rl,'1: ,fJ,-G.шJrn,J .,,f,uш-':Jш-

f.ш,f,ш4 1,,.,1-Ьrf"</11шL ,pЬ"ipn,J, 

т, т, ,.
'

>------------, '.• 

т;f---------�-с 

9-J. 29. br•IJ+nJ"l'nHl,111 -':шJw�шr.,f, 
,{j,·$w,�f, '}/rШ'ff'ШJI!, -'j,Ь-'[10<-'t 1,_ "fJr1,, 

·1[f,IJшl1n,J J,pшf' Jbi f'-"/tt['n,fJ,4, U"L,J--
,jlr1,n< ,,,ь"il'".,J' 

.!f,ш'l.nLJ Jшull"Lf' 'ЬJnL/Jhpf, pJn<ph,z'Ьhp z_bf, l/rЬnLJ, 9-.tш'l-p/r t/_рш 
t/_hpkf, ftnpf! ftn'tt/_nLJ t IP�i\liчn1uji, f,uft LhppЬ.f,f,I!'' uni,liчnw/i 1/.npbpt 
Fшrzш'l-f'n�fJ1шЬ шпш'Ь9рf, Ь q_nL'l-ш(l,n. тшрш.t npl,;,f 'l-fr.t -<шиrll"LJ f 
Jf,шJ-шJшЬшI,_ UfL'l'ш9Jш·Ь /,_ <ш1Jшf, ftnphpf!1 IJ.J·'I- ftburbpf,9 (а l,_ Ъ) 
f,1_b9pшJ- ll"L'l_'l_Ш<ш1ш9Ыpf! (шurn,J /,1., f1Ш'l_Ш'1-Рп..Р1шЬ шп.ш'Ь9р/! 
f,,,.LJf, Ufl,u Ьp1,_nt ftЬmnLJ1 ЪzшЬшftnLJ t Jf,,1,_f,,,.._Jf, 1.ЬрJшииrf,Ьш'ЬfrЬ 
-<шJшUfШmшufuшЬNLJ /,1., Uf/ri,'1- /,_ <Ь,zп.J, !f,ш'l.bf'/r тшррhр flШ'f_Ш­
'1-flll"LfiJJll"l'flf,/,p, /iuI,_ '1-foш'l-f'шJf, t/_рш npkf ll"L'f_'[Ш(ШJШ9 'l-/r.t �шurnul t 
-(шlJш1, /,_ Uf'1,'l-ш9Jш1, ftnpbpp Ьll"libUfhu bpftnL fthurnul, ·irpn'Ь9f,g 
Jl,1,_[! 9n<J9 t u,шl/r" <шlJшf, ul/./r'l.f!/!, f,uift JJnLUf! UfЬrpu9Jшf, uftf, q� 
p(!t ,1.J.J" '1-l,Uffnul uurш9t/_n,z Jf,ш<ш1пчf11! ftn1._t/_nцl t Uf/rf,'1- LnL.tnчPt 

11-) br�n1 li3щrJ;r zЫi t_щbiJ.n1.d jirwr dht_, nz .lib q_n1.�, пz UJ./if.ч 
ilJ:iGw�ntd: �lnJUfn'itbf,,u,f,/,pf! ШJ,,_ 11-hUfpnul, <шJшftшp<fnLJ f,рЬ'Ь9 
UfШ(/l"LJ l,'i, npUfhU шЬЧш/и ь,,,..рьf' Ь. ni'fll,f, JШ(!ll"L(' Ь1пrj/Ьрf,Ь <ш­
u,,;Lft 9риrЬ9Jш1, ftnphp l,_ Jf, LJn<fJ/r pJntph'[ш9Jшf, 1_bpJшuurf,hшf,I! 

,zJ, IВ'l.'1-ll"LJ JJ1tLUJ, pJnLphq_ш9Jш'Ь 1_6pJшu1nf,hшLf, t/_рш {'l-.!-. 29): 

5. ь11�ntr�n1,ы,s �11tr11�11rч-ьr, ч-i,�u� ь11111,�5111, trь.�n'I-

bn.ftn_JUf"1,1,1,u, -(l,urbpn'l-/,1., '>шt/_шишршftzп.ш-ftшЬ -<шJ:Uftшpчb­
pnul npUfhu фnфnfuшftшJ,J,l,p b'L -(шl,'1-fruшЬntJ Р, Т Ь. hpftn1_ ft,r-'Ь-
9Ь'Ь1npш9f,шJ,l,f'I!' С1 /,_ С2, b,r,l[nJ ll/пf,/,f,u, -<шJш,ftшpq.f, lf'/r4. ,,_t,ш­
'l-flШJf! ftшq_·Jbl'JL -<шJшр ftшJ hJ,znul'Ь l,f, l!f,'1-пilln,J (шицrшиrп�Ь 

.(<шшftшUfh" 1,пL'1-Uиш9t/_ш.!- uf,uurhJf,/,f'/r '1-bUf(!n•J), ftшJ 1.ЬрJши­
тf,l:шЬ/! , nrfru <Ьиrп шр,,_ьь <шJшftшp<f/r -<шшftnLfJJn.Ъ'Ьhpf! ftшphl/r 
t р'ЬnLРшчрЬl /1.n.1_шф ftnnp'1-/rЬшшш1/rЬ -<шJшftшp'l-nt/_, t;p1, hnftnJ­
'иfпf,/,'flur -(шJшftшp<fn<J bpftnL pшqш11-p/rz.'Ьhp f,ph'Ь9 <шmI,_пifJJnt'ЬLh­
prtt/_ fuf,uur mшpphpt/_nLJ l,f, bppnf''I- pш'lш'1-f'/rzlr9, шUfш ,J_J,i>шftf, 
'!-/rш11-rшJf! Чш'l.Jl,Lnt -<шJшр <шрJшр t oчшt/_ht ипt/_прш1,_шf, ftnnp­

·'1-/rЬшurЬbpf,9, Opf,Ьшft, Ьpft11"1 ш'lhr/r lntdnчfJ/r 7bUf(!ll"LJ hpftn, ш-
77 

•



, 
..

, 
э

 
�

�
 

... '
о

 
о

..
 �

 ,
.

" 
, 
'

- ..
 
.. '

.,, ' 
- '

" ' 
... �

 
'!: 

, "-
, 

о.
 

'i,
 ,,

 
N

 
-

.,.
11 

' 
..

�
.,.

 
< 

...
 1-

о.
"- N

 
"
 

, 
' 

1 
...
 

�
11 

, 
<

ел
 

.,.
 
, 

о.
 

о
 

"-
: 
' 

'"'
 

"'
 

+
 

..,
_
 

1 
-
..

м
 

, 
.,.

V,
 

-
'

�
 

о.
" 

_,
 

"i,.
 

-
..
 .,

 
о -

-
�

�
 

-.,
�

 
'

о
 

�
..
 

, 
..
 

�
, - .. 
' 

N
J;

 
11 
' 

�
,

,,
 �

 
-

<;.
 
-

�
 

...
 

:-'
 -

w
�

 
-

�
 <::,

 "1:r
 

t;"'
..j:1

 -1'1
 

., 
,

' 
...

-:r,
-,,..

 1:"
""

 :,
 Е

 
i:.

1:
:i

E
-s

..,,
 

't._
S 

�
-

�
1:."'

" 
Е

 
.. 

.,..
Е

 �
 Е

 Е
 

t:"
 !i:::

 
..::i

 
-r:-

_
.,.,..

i:,.
.i 

;,,::
 

Е
 t-...

:§
 "

 �
 Е

 Е
,.,....

Е
.,..

�
.,..

"-"'
�

"'"
 

"::!
 ....

...
 ":z

 
;:i 

Чt
:,

 ::,
 ,.с:.

,:,-
""'

"""
""" 

....
 ::,-

Е
 

.,.,
 r;:a

 ..:.
 "

' 
Е

 
-r:-

�
E

�
..-1:.

E
i:-

�
s

i:..
�

1:
s

1
 

Е
 .t'

 Е
 't

 t:"
 t:"

 i:,.
�

 Е
 "::!

 �
 S

 
:, 

-
:i

E
�

{
t:"

 
l";r

 
� 

-::,
 '.-::-,

 :,
 

.,..
 

{;
 i:..

..e 
Е 

�
':;j

 :;;
.,,.

.,.. 
.,,.,..,,..

 ..
 

:, 
Е

 
" 

"'"
":z

 
t:"

":!"
_.,,

.-.
"['

;:
�

 
:, 

u,
-:r-

Е 
.,::i

 
.._

..::.
 

t,
:,

 
i:.,

,.c:..
 
r:..

 �
 

-
.=: 

'11:>
 Е

 -:r-
g:

,.i:, 
E

'.it
,.c:..

t:�
"":!

 Е
..е 

r:r-
Е

 
-:r,

 "'"
 

Е
 S-::,

-.,.
 �

 _.,

,""'-

..,,
 c

.:i 
Е 

t:"
 Е

 ,.с:..
 

N
�

,.c:..
..r:-,

 
i:,.

E
, 
-

�
11:tt

�
:i

E
E

,:,-.
-

:, 
-

..,, 
.,..

--...
:,

 
,,,.,

�
<:\..

 
..,,

 
'"О

":а
 

....
 i:,.

 
..,,..

� 
'11,

 :,
 

�
 

-:1
.;;.

..,,..
 :;..

 :, 
... 

с:,
'----

.,..�
..,._ 

t"-"g_
 1-

l:"'t
f'l\,

:
ir

E
"-'"

i
E

E
�

 
-r:-

-E
 

Е 
S 

i:,.
. 

Е 
-r:-

i:,.
 ..,,._

 
..,,

::ii
E

E
-r:-

';'
,;:.

 
s 

-1:
-r:-

" 
:,

 .,..
 

Е 
-:,

 с:,
 

,. 
"'" 

.,..
 

�
 . 

i:,.
 ' 

1;:: 
I:"

 "'"
'----

,. ' ' ' ' ' , - � ..
 

о
 

�
 

, 'i, - , - � '!:- ,. ' ' ' ' ' , - � < • .,. '" '"' • .,. �
 � .. • 

�
 

� ' - � о ' ' '" ,,. ' • ,g_ ' f
 ' 

"
' ! � ' - -

.
. 

,t
_.,.

.... 'i 
' '

,._
,
. 

' •
'i-

�
 
" 

' 
' 

f
 
" 

' 
' 

''
 

-
' - ' ' '1-

"'
 

• n • n " 11 "'
 

"n
 

• n - ' ..
 

n
 ['

 
"n

 
n

 
•

- 11 

"'
'"'

• 
1- 11 "'
 

- "'
 

-

' 
,._ 

.,.
 '
 

:-
..

�
' 
-
- ' ... � , "- ,. ' 

="
,._

 
' 

11 
' ' 

?'
... '

n
- - ' 

n
, 

• 
'i,

 
�

 
- ,

 
�

 
..
 

11
- ' 

l'
' �

 
_, 

n
�

 
• 

�
 

n � 
�

 
-., � ="
 

11 "'
·

, ' - • 

l:'
n

�
� 

E-
1

":z
�-

'
":' 

D
ё'

�
�

 
-

-r:-
Е

 S
 

n
�

""'
E 

. 
, 
-

l:\,.
C,;i

..,,
t:"'

t"'
.,i,:

,,11
 

Е
 ,.с:..

 Е
 ":i

 ":i
 �

 �
 

i:..
E

t:"
�

�
;: 

....
 

E
,-

;t_
.,..

.,..
�

.,..
1:"'

 
"::!

 
"::!

 ...
 

t:"
 

Е
 .-

.Е
�

�
"

-
1: 

....
 t:"

 
.. 

�
 1:.,

 "'"
""'-

� 
"-"'

:,
 

,:,-
,.c:..

-:r,
--=i

 
r:.-

� Е
 

"::!
 

1::
E

"""
E

":z
;,,::

..,,
;:

i:.
 

n
 i:..

-r:-
-

=а 
-r:-

1:"
 

.,:i
 

t:"
�

 
't

:,
 

;: 
�

"
8

1:r-
":r-

-r:-
-,,..

t::
 Е

 i:,.
 _...

 �
 

n 
,.с,:

 
-:r-

:,
i:.

E
�

:i
 �

 
:i

r:r--
9

 
;:

.,:"
..::.

 
-r:-

"::I
 

r:r-,
"':!

 
s 

t, 
1:"

 с,
 

�
 

' 
i:.

 
:,

_
Чt

..е
 

-
";;

 
:,

":r-
r:r-

-r:-
:i

.,..
 Е

 _
.,-:r,

 
.. 

-:,
e,:i

 
1:

:-,
�

1:: 
Е

 Е
==

{
е;"

,,,
;.:,

�
'-11:

 Е
 Е

 
; 

,.c:..
..r:-

s 
� 

�
 ;:-

-,,..
�

t:"
-r:-

1:"
E

;;,::
E

t:"
 

Е
 S

 $
4"

 �
 S

 
' 

_,,.
 

" 
t

 tD
...

 "::!
 

":z
 

.,..
 -::,

 "::!
 

-
�

l:
"

,.c:..
i:,.

""
-:i

-
:,

 E
i:..

 
Е

 Чt
 �

..,,
 

Е 
Е

 ""'-
J 

�
 -r:-

":;j
.

":z
�

E
I:

 
t:::

�
 

1:"
:,

�
,.

 
E

E
-::i

"-"'
s

.i 
tr-

'"
 

,.
i: 

.,..
.,,.

.,..
..;i

-:r,
:,

�
":z

 
i:.

'1t!
-r:-

�
 t"

 ,.с:..
 

� 
t"

 :,
 

-
:, 

� Е
�

�
Е

,.с:..
,,,.,

:,
�

 
�

..,,
 

Е
-

� 
,.,.::i

 
""'-

;:i 
"'"

 t:"
 :,

 1:.,,
 

t:"
 i:,.

 
':;

 
.,..

 
:,

 ,.
 Е

 
�

..,,._
 

.. 

_., ,

Е
,.с:..

,.. 
l::"

-r:-
"

 ;:,:::
� 

c.:i
 

"-'"
E

-r:-
.,..

i:..
 

""
""

-
�

 i:..
�

�
 

;:,:::
 ,,,.,

 ,,
 

!i 
а 

i:--
n

":а
!:

 
::s..

 
�

.,..
> 

""'-
-1:

..!
-..

 a
...,,

.._
..::i

s
,,

i:--

�Е
..,,._

.,.
 

Е!:
 

= ""
U

 
<""

 
> 

1: 
s 

� 
-�

s
E

.:"'
13

5
1:"

, 
!:-="

 
E

"::z
::i

.,,
E

 
�

..,,._
;

...,
l:"'i:.

!:�
u

s--=i
""

i:: 
� 

� �
-g ..,,..

 
,.с:..

-;
 r:i

 -r:-
�

 �
"'

E
�

.c:-
?,

::i
"'"

�
tr-

,::,,
..,,_

-r:-
1:"

 
::ii

9
t.,,

E
E

""
 

..,,._
i: 

Е 
';;

 :'
 п

 
:;:

 -r:-
:;"'

 ;i
 i:..

S
"f:l

�
.,_

!3
E

Cl:I
S

:i
 

":r-
E

E
r:i

"-'"
c

...,
r:i

;t
�

 
::i

";,.
' 

..,,
 

.. 
1 

1:"
..

 
.. 

..
 , "

-
'i;

 
..
 

о
"
 
-

... 
'"'

�
 

�
 

..
 

,.
 

=
 

�
 

�
 

::,
,<.

 
"'
 

с:;
' 

=
 

::,
 

� 
,,
,,
 

-g 
о

"
�

 
�

 
�

�
 

с"
"
 

,, 
+

�
--

�
 

,.
 

�
..,

 1'-

,z
 

'"
 

' 
"
"
 

.?'
1!

.?'
 
... 

�
"'
 

-
.., 
..
 
"

о
 

n
 

-
.., 
"
 

с:
, 

�
�

 
'5

+
,._

 
=

..,
 

.,
 "'

 
о 

,. 
F
 

о
 

"
�

 
' 

�
"

 
;j

,;
"
 

'" -
:;,

 
' 

(?
::,

 
-

.,,
 

'
" 

�
�

.., 
' 

о;
 

о,
 

-
.., 

::,
�

 
�

 
'в, 

'
"
 

�
 

..
 



18 

8'1'1B'lu1f 

.(J 01) 

1св-, 

'1 1m,J8m,lu, 

'lm%mvZ%mJmпт-,.т;, lu 'l�d lqp tJmpJmпт-,.m:,, 'j,fldq'f, 

,,_(1d)U 
,, (Jd !uщ111+')!щ111--zp
' 

'1tP(dUJlМ: 11-3": -J'П1,._� -�d U/l� i,,.r� + ,0
1,1 ,!r..�)= 

=P\
1
,J'<r-1,ч,.�)=zP 

mЬ.т 'JSUOJ=l 7/ JSUO:)=d JJq 

, ,01u, �,..:r -J,11,..�:.:: d)I UfJ.H 

-,furmpqt1mr �иq.i:o �.i:'P.l�m1'-Ь"9шb 

·11,чJ1u
•} 'jtpuftf�uu,fm:,,murJm 1Jm1,m% 

b11�.1uЪ.1q"9 ilp1uJmrrт-,.т:,, rrfJl 

( \!) ,d)! 

1,.. Pd)U 

,1. Od)U ' 

,,..('J)U 
d)IUJ-JSUO;:)= (' ) U[

!1,. d u 
' 

,rm1, 

••tjil'J,fnfn 

tilnmp ,r/'"'f 7rm'J -) 'J"'IUurmurnm:,, '1 'J'"""'"ппт:,, ilnmp lm 1JmpJmn
-wr�m:,, (Ol) тЬ.m •(Jmpm:,, 1тfd111lm1fum 'J,mf1iш11Z1,mdmffт-,.т:,,
-) rnlqpmJ:,i'lm ,и,.,pf,.,Jr. nfm 1,1н/) JSUOJ=J. lflilf Ju '-) '1"'11""1.tl 

(• 01) 

(О!) 

111 
,.('d)U 

i(J.)J
= 

�,J)r..3':-J,Jir..3': ,,.. (J<:i)Uщ 

l1,.(
1
d)IJ 

• 1,11,_..,.. _ 1,'111,.,..,. =��� UJl� 
О , �"-о � (1d)Ll ,, 

,J'l1.f1,.� --Jn'"'� =[1
" Pd)ПJ':r -,'

1,f!d)U\Л]HI

' 

,рт 1, 

G,fLvmJu 

08 
'0=-

1
dUJH:1

1
1-� -о ,1,,.� -!d Ull �!,,;:r + ,o11J,({ 

•lifp 'J"'l',lmnm]im:, (dв) t11,J/J,,,,l,,,u, ililypJm ld
,flm,f811чиr•h, 1Jmltm,fp,f4•1=1d JJq '((l)J=l'fЬ�,J) / 11ilчpJm u,Jml, 
-11тиrп ,flm,f811,111иm 11т1,m,fp,fil 11-orl lqp 'J"''li1111nfm:,mщJm пfn

,1dUJlt1:+J,J=l,J 
•7'up�uJm11

-m]iwr:, 1тf-,,щ'1:, / fmJ11nfm:,murJm '11'1Ulf/nr1, f"'lf'11u (8,ffm,flmJur 

-tjf61ju1,) 8,fp1uZ11� ,fur'1'1'1uh,p,ц1, 1mГ"fiu, ,{1m,f6117щuh, 11т1,m,fp,f,1

(J 6) 

"(,f111и7 mnmp,f 

(mб) 

•о=1,11,.� -,1,1,,.�
тЬ.т 

11т1,m1,,fЪ,f,j; О=хр -.,иrq:,]iиJu) Q--f,11.p Jи ,f11т,1 
'0 =хр( '111.. )� =xp(l,i11,.G: -J,'!;r.:r) 

•JmJm'l111'1l 1o=zp 11 JSUo:>=J. '}SUOJ=
=d т/,,п, 'f1t17'f'll'lurn / 111иftJ1u11l1,mJmпт-,.т:, ptuЬJ,r,1,mpm:, 'lliQ 

(б) ••р( '"'':S: -j,JJ,:S:)+ lPS-dPЛ-ZP 
•,{/,8тиrл1, 8,fp1ul,Ju-lлu"Ь ,fJ911p111Jmnm7'm:, tu1,J'I 11,flJ'l'/I 

(В) ,x.pJм,.,�up -., xplr.=!up-
8,fр11и1, n1uf Л 

( l)•••+1up�,1+!up ;т1+···+
i
up1,J+

[
up

[
-r1+ lPS-dP Л = ZP

(9) 
1,. ,,. 

"Р --+---- iup iup 

·•1,·-� ifll

Ju '/ рнн�{J S,furnmp,f 
1т1,m1,,fЬ,f·t o/11</lJчP nfn ,J71J8,f1,mfJul, 11т1,mdurqpu,fn/'lllf" ... 11-!,. 
� 'J-11,. 1,n,f ''(m1,mJurypu,fn/'1111" / р1ир7и1, ilp1uJmпm7'm:, nfJl

(g) ,;vJ,.� � ivi,.� 

''Jmо/61,тчи 11т1,m,fp,jil 
"l.m,j;m'llmb fт-,.иl1,mJmr1m7'm:, 1m1711n.q:, 1 ·p,и]i1,Jm,иil •.t,ul,f,ь 

1-Ju· "''u''•'l.'d( 1up \ , . 
\ zp)_.,,

j 



_ _ Г П( Pi) v; ] 
-t:.Z-Ap-RTl!nKp-ln , 

Г.( Р1) Vi 

( 12) 

Uш nbшЧ9frшJfr �qnphгtl� fiw-l_шuшгn1.1H1 i: !lпч9 1np,[h9, пр ЛZ-Ъ 
::ш,f__ш ишр t -1:шJшЧшрqf, f,q_npшp-f,q_nfJhpJ "fШJJщ'i,1,hpи.J Чштшр­
<[_шJ шzfиш,,nш'i,,pf,'it, tfJщpq_ t, 11[' ШJII:- шz/иш тш Lре ЧLJrLJ, Jшp11f,Jш1, 
bfJb Pi =-=P;=l, 1.lнпL.шршр. 

-дZ0 Al=RTlnK
p

' 

l,Jщf, 'fШU/n'lt1<fJJn,LLLpm[ ЧшрЬ[J, t 9'"19 U/шl, пр' 

- дF0 =A;'=lПJпt\c: , 

( 13) 

(13-) 

UJ'1 1:ш,f__шишрmд.'i,/,рf! nb шf(!lf,ШJ/r f,q_n'fJbpJbpL f,f,1 hpp nbшq.h•Lm­
blpf, nz. <ш,f__шишршЧznшЧшL C.Lzn,JLhpe (ЧшJ чп,L9Нтрш9f,шН­

l'l!) <ш,f__шишр f,f, JЬЧ JJ,ш,f__npf,1 f.J.1'1 шzfuшmш'i,,pl,bpf! Ч11z.,f__n,J h'i, 
uщw&qшrm qwtI &nгtlшl wzluшщw&fl'Jir: 

UJnLJ,шЧJ, иJ,'it,fJbq_J, fJчшmJшJp <ш<[_щишршЧzпmрJш'it '\шии,щ-

2. !U.<1.u.uu.ru.�tn-n�1>вu.ъ iu.usu.sn�ъ� ,u.rsщu.вsiru.ъ

�ь-�.ьr� 

o/,hpf! итш9,f__щ6" (11) <щ,f__шищрJшf, Jbt. <ш,f__шишршЧzпщfJJщf, 
'\ши1nш т11,Lе' Kp-L, шрmш-1:ш11n1[шJ t "{Шр9f,шl SЬznulЬbpf, Jf,1_n-

9n,f__1 UJ'l- <[_bp1_f,Иbpf! ЧшрЬ[J, t шртш<щ11пh1 l,шL. J11ншр ЧnL9hI,-
1npш9f,ш'i,l,pf, (С1) JJ,1_n9n,f__, bfJb ,pl,l,шpЧ,f__n'l q.шqbpf! ft'1-Ьш1шЧшL 
/,f,, lJJ"{Ш 

P1V=n 1 RT, P1=..ELRT=C 1 RT, 
V 

K,�K,(RT)'', 

npmh'l Лv= Lv "-'�t�-- Lv,
1
��-' 

82 

( 14) 

rlш.,f__ш1шJf,Ъ Ч"U9Ы11nрш9f,шLЬрf, Ь. hl,z"tJLЬpf, ф,./<,шрЬf, <ш­
<[_шишршЧzп"tfJрцL <шиц,ши.,.tЪ[! Чшf'l'lfr t шpmщ'\шJlnht l,щ.t.,_ Jnl­
JШf' pшrfJ,И.bpn</_• Uпuшр pшrff,L[! ЪzшLшЧп·J l,'i, N U/Ш"-n4_, U1fr 
<ш,f__щишр t JJ, LJn�fJJr Jп1Ьрf, ':шршрЬрп,fJ1шL[! '\шJшЧшр9-,...J Шll• 
Чш шJpn'lt. Jn1bpf, fJ,fJ,Ъ. ЧшJ "1шp9frшl SLzJш'i, L. f!'it·ч<шЪntp Sf!Lz-­
Jшf, '\шршрЬрrоtfJJшЪ[! , 

N,
"I

\ N''' ' 
. 

, 

N'i1" v2 
1 '1"2 

; 17'Kp=KN(Pf�,)A·, � r

1'иЧ (14) i,_ (11} <ш<[_шишрп,J'i,/,рf! f,ршр '\Ьт f'Ш'l'1w1nb1n<9 {/,,nr,· 
Чиmш94J, Kc-J, h KN ·/r JJ,1_Ь. Ь'lшд" Чш"lf!• 

Кс-к,( �';-) ··, (18) 

bfJb <ш<[_шишршЧznшЧш'it <шJшЧшр.q.пнl Jи1l,pf, P,,f__J, ,f,n,f, .. funifJ1ni'i, 
1_}, Чщшщр,f__п,J (Лv = О), ш"lш' Кс= K

p
=KN, 1' 1nшppbpп,fJ1n,'it· 

Kp-J,, KN -L_J Чшfи,f__ш� t l!I,'1,;щ'i,n,p -&&z"tJJ,9, 

lш,f__шишршЧzпп,fJ1шЬ <шитштпtЪJ, шprfbpf! f/шfu.,f__w6" JJ щ1'ь· 
ршЪJ,9, рь J,'it1."1bu t ишЬ 'lд-4.пиl m</.Jшl -':щ,f__шищршЧzпп,fJ1п.Ь1!1 
/>f,1_"ihu ,п/,ишЧшЪ, ШJЪ"IЬи t1 чирд-Ъшf/шl, l,zшl,wf/п,fJ1n,'i, ntЪb9n'l 
fuЪ,pJ,p1bp lntд"b�nL '\,шJшр шl,'\purrfU:1_,n t "{Шf''ll,l ш1Ъ '\шр9[!, fJb 
J,'itz."1//"u f/шphff, t ,n/,'lwzшpJbl pfiJJ,шf/шl, {ш,,f__шишршl(lпшfJ1ntЪ[!I 
{J,bшq.bl,,nl,/,pf, f/nЪ9b'it1npш9f,wl,bpf, фn,f,tt/unifJJnLЪf! 1.}, f/шpn'l Ul'l_­
'11,l {ш,f__шuwpшf/z,rn,fJJщ'i, '\шитшmп,1,J, ,f__рш, npn<[_-':ЬmL. ЧпЪ9ЬL­
шршuJ,щЪЬрf, ,f,n,f,nfunifl1n<Ъf! 1:ш<[_шишр 1_ш,f,u·,f__ f/шl,'fрШ'fшпЪш 
n,'l.ft'l. L. '\шf/ш'1шрА. nhшf/9J,шf,bpf, шршчп�fJ1шЪ ,f_рш1 fflbm,p t <J,zbt 
ЪwL. '\/,иrlчшll!' (2)-J,9 '\bmЬ.n,J t, пр К-·Ъ {ш,,f__шишр t nt'l_f,'l Ь. -':ш­
f/шчшрА. ._i,wf/9J,ш'itbpf, щpщq.ntfJJwf, <шитщmп�ЪЪЬрf, <шршрЬрп<-



1,, 
'
,,

j. 

/11шЬ1!, J,uft, J,f.,t!Jf.hu 9"Ч9 l(lлp4],, Шf'�'l•ILPJшJ, '>шмцrш.,,11,Ь[!
tthшq.6fnnbl,pf, ft"'i,9hLmpш9J,шLhpJ,9 ш'i.Jtшf,, J/u}щ/1JnL'I, t,

, (10)-J,9 <h1nhnu/ /;, •р K=f(T), K-J, ,/_рш 7.JipJши1Rf,"&ш&J, 
Ш'l_'fJ.sn.P,,.tLp IJш&'f.,,,,,nzlчnt ,:;щJшр ftшphtJ, 1; oq.uн/.'t {13)-f,9, 

-дZ0==RTJnKv=--дH0+ Т лs0, (19) 

(19 ш) 

/;JJqnflhpJ "{pn9 buJ, ч!l.lf.l!"'J' -ЛН0 >0, Uш bzшbwl{'•�J !;, пр,
hpt, l-'{pn9bul! Нч_пf}ЬрJ !;, Шl.lf.Ш 1J•vJшuu,J,-&шfs/, ршрJ.рш9Jщ'i,
,;Jпл Kp-f, щЬц,/! /; Lqшq/11 bflh "(pngbul! l;L7npbpJ !;, Ш1.1f.Ш 1,'ff,,n-
4.J, '\шt,_шп.шlJ ьf'1,."чРе• 

l.шJшf/.шрч1пJ ebч-'>шLntp l>&zn,Jt! <ш,f_шиш ·,,шЧzпп,fi11шL 'f/rP­
,l!j, ,J_рш IJшpn 'l /; шq_ч-l'l JJ,ш/Ь ШJ& '11,l.lf.l!"ul, hpp Ufpn9buf, eLfJш­
bntJ /; Jnlbf'fr fJ,fjr ,f,n,f,nf,,nifJ1шJp, Орf,Ьш1,, ЗН2+N2 � 2NHз+Q 

пbwlJ.9.J,ш1J, pLfJш·9f!n,_,I u,h7_,/1 /; n,ИL,нJ l!'i, '1,:;щ'i,n,p Jnlbf'fr P4J,
Iп[ш'lrнJ (4 J,ntJ,9 2 Jnl /; u1Лщ9,J_п,J), ШJuf,Lf}f,' Ufp,n96-uL f!LPш­
LnLJ { f,Lf}Lшub'l_Jnнfn,,f_, U.J" UfШpшqш1f,L шр,пшрf,'Ь -E:LzJщL Jl,_
Jш9Jш'i, 1:/,.,, .:ш,f_шuшpшlJznntPJntL[! J,'u.b'lщzшpJ,f_f, 'll,"( f, ш1., f,ulf
t_hpJшu.,,J,-E:шLf! ршрЛf'шsЫч/rи' 'l.i,"ffr Лшf,,, 2NO! -;::. 2NO + о,

nh щ .lJ9f,шJJ, 'lb"{f}niJ шf'mшpf,L -E:LzJш,f, Jblш9n,Jl! шnш1_ Jн,hpf,
.:ш,t_шишf'шЧzпп,р1шL u,l,'lшzшpJ ,,.ь"{t, 6-шf,,, 

U.Jфnфhln,f_, lfшpblJ, t 6 q_рш.4ш9W1, пр fiwl{wuwгw�znщpJwli
"�l ч-111&1f.пч .Б.wdw�шгч� t{rw wrmwf�& nгЦ чnгbm&nl{ шqq.ЬUJu
fiw.:Jwuwrw�znn1.pJщ&

p 
�mЬqwzwrdilJi WJ&

UJ.
Ьu, nr rn1.tш&.w. W]Ч 

чог}о&� wчqЪgn1.pJ01.&e,: U.1" цщ1JшLп,Jl! 1ш1.,,LJ, t nplJ[hu lЬ­
tшwЬuЬ-Ргwщ&� fiwt{wnwгw\zn.ntr,1w& mЬ qшzwг.J� u�qpщ&f:-

bp1, 'lшpJ.blfr "{pn9huj,f, JшuLшft!Jnнf f Jf, npU.t L1n,-fl, ШUfШ
Ш/'1 LJnipp hLp шf'IJ,f_n,J f 'lfrun·9Jш'iJ, 0pf,f1u1l1,, 2NH,1� ЗН2 +N2,
N2O4 ;= 2N02, РС!5 -;::. PC1

3
+CJ� 1,_ шll"i,'

lf.1u 11-h"(pntJ 1:ш,f_шишршJrzпшlJшL ,f_f,-E:шlfp pщf,щlJщUfl,u ftш­
p/'[f, f шpmш1ш1mhl '1-/run9Jщf, щ ци,f,-Е:шLп,f_'

"'f'n1:,f_щ6- Jnlbpf, P/r,f_
=-J;;

fr--;ь-,k;-'m'--p-"C<�"ul---;-p"-J';"'--L-';b'--pfr-f-'IP�fr;-,[;-cp;-;-fr,[, 

'ьЬрч-пр6,;п'l qшfufJ!_шJI,l,pf, орИ•рf! ',шplчfr t J,f,pшnbl 'ЬшЬ. GЬwhrn­
чЬ& Gwl{_wowrш�znw�w& &.wdw�wr(Jkг� &�w.шdwdp :

l.шz,f_J, щ,r_f,l,ln,[ ШJ'iJ 1:шLч-шJщf,рf!, пр ШJ'l-Uf/ruf, 1щ,f_шишрш­
l[zпп1Р1п1LИ.рJ,'Ь JшuL шlJ9r,,'l Uf/r'Ь'I IJnJ"{,nI,l,f,,пf,l,pJ, UfШp9/fщl
-GLznul'i,hpp (bf'p T=const) 1ши,пщ,пп1f, l,'iJ, ШUfШ 1щ,f_щищрш­
ЧzптР1шL ,:щ .,.,,шшп,Lf, шpJbf}f! IJшf,,,f_ш6- f JfrшJL qшч_ш1fr'Ь !pш­
'l.nu/ ч-шL,f_nq IJnJщnLЬLurJ, "{Шр9J,шl -E:Lznнlf,91 0pf,LшlJ, 

с со о Ре.о· Рсо, а J ;::" Ca +со1, KP=-���=-=const·Pco,, 
" "' • Ре.со,

ш1цJ,Lp'iJ' К p-L IJшf,,,f_ш.J lf СаСОз-J, Ь. CaO-f, f]ШLшJ,Lbpfrs•
" 

Прпz 'lbUfp bpпнf, lчL,blni/. <ш1m'ЬJ, ,nhшlJ9f,шLbpf, ,;щi[_шuшpш­

lf,znц,p1п1Lf,bpf, 1шиmштп,Ы,hрJ,s, п,рпzп,J Ь'Ь ршр'I pf,Jf,шftш'iJ 

nLшlfoJ,ш1,f, 1ш,f_шишf'шlJznntPJш'i, 1:шитшmп,Lе, 
l ш,f_ шишf'шlfz"-n•P1шL 1шиmшm,п,LL6pf, щ J'l"ff,uf, прпz"н! f!, 

IJ.nz,f_rnJ t �,rнrp�&шgl{шb fiшl{_wuwrw�znntpJn1.& : 0pJ,Ъшft, blLhtni/. 

blppn1fr2JШL пbщlJfJf,щI,Ь ['f, 1ш�/_шишрш',zпr,,1Р1шf, 1шиmшmп,Иh­

РР9 (К,, К,). 

н,+с1,о= 2HCI, 
Р�с1 

Рн, · Рс11
1 к, 

к 
Р�,о 

,-
РН, · РС:1, 

�шph[/r f ,;шz,f_b{ 11,u,kJШL n6ш',9frш1f, <ш�/_шишрш',z11.п1Р1шL

НJШmn,L[! (K,J• 

к. 
к, к=--, 

х ю 

1:ши-

1,Jшf, J.Ь.п,f_ IJшp btf, f <шzi/_bl LшЬ. 1bmU.Jшl nbшft9frш1fr <ш,f_шищ­
ршlfzпп1Р1шЬ <шиmшmп1·Lе ( К�)·

FeO+H, о= Fе+н,О, 

blbltn,f_ 1:шJ,u,f,f, nbшJ,9f,,шL6pf, 1щ,f_ш11шрш',z�1Р1шL <шиmшurn1'i,­
Lhpfr9 (К,, К,). 

к, 

FeO;::, Fe+t/20,, к,-VРо,, 



щ) �uш lЬrdwJJtli Ьrl..oLJpliЬr� l'щ)Jwl, Uff'"OJ,.,J,Ьpf! tf,lu,iJ-. 
J,I, l;li.qnpbrd l,. l;li.iinp-Ьrd: Opf,l,шft, d-J-Jpwftшl, P/1,U. l"<d-rнJp lf'fr' 
J/,7. tftqnpЬpJ Uff'"!JI," t, J,ul, ftш,J,niJJ, LJ,щpu,u,J, l"<d-,..J{! tf'n<J� 
tL'1nPhpJ1 

• р) �uш 11.1чrЬqwmWJ�li -IJIБm�p ln,d-ni1/ll,hpf! irшf'"'l. 1,1, t/iИt· 
lfШ'{.WJl,I, (q.), ,:1,,,_ ,.,1, (<) l,_ Uff,L'l (Uf), 
1) '1--q. (0'1-), 6) 2-"{ (f,,Jhtn< tn<p), 
2) �-< (Jш•шf,,щq}, 7) Щ_• (Pt \шJ Pd+H,J,
3) '1--Uf {d-n,f,,), 8) tf/-'\(шq ftшJ zшj}шp+fntp),
4) 1.-q. (tnid-,f_,ud- 0'1- N'n,J), 9) IJ/_Uf (UfJ,L,,_ in,d-rrчPLhp'
5) l-< (t••r+""l;rш), Ag+AuJ, 

UJ"Uf/ru/r '\шJш1t_шpqlipf!, ftnl,[_,. .. J l,'l, l,шl,. JJ.PuUJ.Ьru .Б.wdщ-
\mrql.r: •· 

q.) �uш q�uUJ.ЬrutJ.wb t.Ju1.p� dwulip�liЬr� mru.lidщli wuuф­
liшfф &wdщli.щrqЬrl!- 1t_wpht/r t pш Jщ'l,l,l bpl,j} f,,Jpf,' dLluwlip�m­
�w& pщnli111.1rl)_liЬr, �nLnPJJ. li.wdw�wrqLr* l,_ �rщ�wli 1t_шJ JtulJ.w­
li.wli 1n1bщJp-libr. 

1-HJ--•ud 
,ll,j,,шЬ/ф11f;шL
J,,шd•y,,Ьl,l' 

> 10-s_J0-7ud >
f;n1n/r'1- >:шJщ" 

f;шl''f/,1' 

10 -B-10-1.:lud 
J,rшf;шL >:шJшf;щr'll,l' 

1'rwli.wt.. li.щd pu�w�wli Ьli ftnz.,[_n,J шJI, l,.._i,,,.JpLbpf!, npnLg 
Jl,l L"<d-,[_шd- Lin·•Pf! и,рп<,[_п,J t JJ,Jчl,_ JntЬЧпч ftш-J J,nL, i.nt­
d-,. .. 1PИpf! j!ШLшftшUfЬu pLn,pw9-phtn< '\шJшр '\J,JLшftшl, UfШ{'Ш­
Jh.u,p t flШ'lШ'l-f'"'Pl'"'l,f!I 

\n1.bD1Jp-libr� J!Wl)_Шl}rn1p-Jn11il!- шршш'\ш1иrпиl l,'l, u11npphp l,'lш­
Lwftl,l,pn,{_, npnl,,9f,9 JЛ<рШ/}.111.Lилч•J, lll'tl..uJ.,[_J.l"'-PJn<'ilf! ft.шf,,,[_-t f
ftJ,p-,IШш'l, pLщq.w,[_шn.f,91 Pш'l.w?pn<f/Jn<Lf! J,wpn'l._ f wpu"u'\шJш­
,/_l,l tz11ш1J,L ftшJ d-ш,[ш1w1frL .!&п·,[_, 

Snftnuw1frL (Чzn.шJfrl, ftшJ d--щ,[_шlшJJ,1,J J,nl,9hLшpш9J,wl, 
9r.•1s t "'шlfr", рь 100 ч (ftшJ 100 dL) 1.п,d-пчР1нJ ,шl,J, ч (I,ш.Г 
dt) l,

tf
"a.p ftw 1пid-,[_шd--1
'ЧJUIГ (U) ftnl,9/,l,,npщ9J,ШI, 9"LJ9 t mшt},u, рь 1000 dt L"L­

d-n,1PпШ l!wl,f, Jnl l,Jnip 1t_ш 1пid--,[_шd-1 
lrnlwl (U) ft·nL9l.l,inpw9J,щl, 9"<]9 f �пш1J,и, fll, 1000 q 1,пJJ,­

l.nul j}шl,f, Jпl l,Jn<P 1t_ш l'ш¼·,[_шJ, 
\.,nrdшl (\..) ftnl,9hl,u,pш9J,wl, !/"<)9 f шшtJ,и, pt, 1000 dt [IF<­

d--nчPntJ j!ШL& Jnl'\шJшpJl,p LJn</1 1t_ш 1п,д-,[_шд-,
S�mrl!- ( ) 9"</!J t и,шlJ,и, flh 1 dt ln,d-nчflmJ l!wLf, q.pшJ 

LJn</1 1t_ш tniд-,[_,wd-, 
Shuшftwl, '\urp9hpf, l!bl,шp1t_Jшl, '\шJшр zшт f 1t_f,ршп,[_т.Г 

dnuшr pшdplil!- (N), "Pl! 1nid-пчf1/r JJ, ршqш11-ршJшиJ,· J"lдpf, <ш­
ршр hрп,f11п,И f 1пid-nчPпiJ qшL.,Ln'l P"l'"f' рш'l1,н1ршJшиhрJ, Jn-

tl.pf, /1</.f,L' N1-=�,
�n 

"" 

{nuHчJ,n<PJn<Lf! Lfn<PJ, tnid--,[_h[n< n,Lш1t_n<f/Jn<LL f1 .f!wLшftш­
,�l,u tntc>btfrn•PJn,l,l! (i) JЛJ</.JШL Lin•fl/r 9-pшJ'l,l,pJ, ШJL /!w,'l,ш1t_L t,

пр[! m,j_JШL 2_b rrJшuшJ,дшLn<J! ftшpn'l._ ( ln·,d-,[_hl 100 q tn<д'/rz.niJ, 
шnшfш9Lbtn,J. liwqЬgwb 1n1bшJp: {n,д-rtLJPl! ftnz.,[_n..J t ql.rliwqb­
r-gwb, h/Jb m-i.JwL fhpJшumJ,Aшl,п"J lntd--,[_шd-- L1nifJJ, l!wL,wftf! tn•­
Jl,Jj,,n<Ptn<'i.f,9 ,шf_blfi'i, f. 1n1-d-btJ,n•P1n<LJ,9 "lш1t_wu tfrLbtn< '1-1,"il!"'J 

.. tn<d-mJPl! H,лz.,[_J, 2_1i.wqЬ9wb: 
l.b,ln,�Lhpn,,l, ,J"wu'i,ш,[_npw"lbu r_pn<J, Uf/rL11-, 11,'l..n•ft l,_ q.ш­

'l_ШJ,J,1, 'i.1пiflhpJ, l"'-H1J,п,Jl1rnLf! шршш'\ш1и•</.·,�,J f и,шр-рЬр A_/,_l,­

_pn,[_1 li.J'i, Цшfи,[_ш6· (- -f.l,zn,JJ,9, 2_bpJwuinJ,-f.шLJ,9 L. шп1t_ш '\w,[_b­

.LN<JPЫpJ, pl,nчflJ,9 П< 1t_nl,9bLшpw9J,ш1J,s1
l.h 'i,mЦn,J "lf'i,'l- LJn<fJbpJ, frLl!Lwphpшpшp 1п,d-ntJ{! zши, '1-шl,­

'1-Ш'l_ f pLfJш'i.n,J, U.iu '1-1,Ufj}n<J! ln,d--JwL шpш'fn'-PJn<l,f! 1t_шpb1J, f
Jhd--шg'l,bl J,,шnl,Jшl, wpшq.n<f/Jn<L(! Jhd--ш9Lbln< L. Jl,J JшишJр
tl.pJwuшJ,"6wL[! ршр.!рш91,/,[п·• Jf,2_n9n,[_1

ш) <i-w qЬrp LшЬЬ 1Pn•r�n1lil!- Бb q_щ�&.brn1d J,шf,,,[_wd- t J,1,z.Ufbu
r_hp.J"шumf,il.wLf,9, ШJl, "11," ft 9-шч_f, Ufwpgfrшt "l>Lzn,JJ,9, 1.l,'l..n,1t_NLJ
l"'-d-</.ш6·' '[Ш'l.]t 1t_пLgbl,mpw9f,wL шртш'\шJи,.,LпШ ( tn<d-J,t.Jr 1 \-пи/ 
l'пd-,i.шd-- q.шч_f, ршl,шJ,п,[_' q.pw,Jblpn,[_ {1t_шJ JJ,t_/r 9-pwJLl,pn,[_) 1t_wJ
ft q.wqf, dш</.шtп,[_, 

�ш.ЬЬ1�n1rJwli OumiI_wpншr. qnrЪw�P9i!-' 1)-Ш 111.1lJw1 UJ.WJdщ&­
r.Ьrn1d qwqp ШJr, Ьш�I_ш1&. t, nrp �wrnq 1; t_ntЬiI_Ьt dЬf\ Ьш�I_ш1 1nt­
�p;,_n1d, �11� шpunrp9P.w}p (1n1bЬtiiшr.1шli) f1nLliqЬ&.J�li qnrb.в�Jtg 

· �nz.'i_в1d t qwq� WJli bw'i_w(P, nrp &.nrdw1 UJ.ШJdwliliЬrn1.d (О"С Ь. 
1 dp&.) �JwliiI_щd t 1n1b�l}i dpwiI_or bwiI_w1� �nqd�9, Ьrр qwч}I 

-UJ.Шr9pwl .Б.li201dp 1 dp-li 1;: 
.fhpJшuшJ,"l>шl,f, pwpd.pшgn,JJ,9 q.w'l.bpf, l"'-Jl,L/rn<PJ,,.iЬI! <lt- ·

, -qn,ftblpniJ· фnppwl,n<J! f1 1'иft q.шq_l, ,.,d-htfrn.P1wL ftwf,,,[_��nL­
PJn<L[! h'l,z,.,JJ,.ч шри,ш'\ш�щ,t.п�J t hl,pf,f, 1803) aphLpn,[_. �чв-­
р-Ьrd 1ЧWJdw&lil,rщd 1n1bqшb qwq� �nw,1 li f11.1&w�I!- tm) nнWJJ.­
liwdЬdшmw�w& t C.rw -чшr9�шl lili2dцa&I!- (Р), wiиJ,&1!1,' 
. . 

m=KP, (1)

np.wh'I.' m-l' q.wч_f, ln,J,[_шd- ,PшLш1t_L t 'l-l'wJl,l,pn,[_, P-L q.ш-ч_/r
UfШp9J,ш1 "l>l,zп,J/1 f, f,uft K-L щЬищ1t_шршр tn,d-htJ,n,fJJn<LL f {hpp
Р = 1 dp !".., ШllfШ m= К), Ьрь ,:1,,,_ ,, .. 1, .. ,J tn,d,[_n,J l,'l, - JJ,wJwJш­

··l,щft JJ, l!шl,J, q.шч_hр, ш"{ш LpшL9J,9 pпpwfшLun•p-/r ftnf.9hЬm­

.-i,Ш9/rшL tntд'nчP.,..<J, '\шJш.!шJL f/-wlu,,;1,J, opbLpJ,, '\шJI.Jшmw­
ftwl,, t 'llll'f_hpf, UfШf'!J/iШL l.l,zn,Jl,1,pf,1,, 



р) ..!;Ьqп1�С.Ьr� uwliUwC.wфw� tntHJPпtpJn1&.: Ьpf/_nt 1:h,,_п,ff_'i,hf� 
f,p шf' fишпL/чfн, f/.шpn'l l,f, 11-/11ntf.bl '\hinlчщl '1bUfphp(!• U.nш1_f,L' 
hp1t_nt '\L'lna(blp[! f,ршр Jb1_ ln«fi/_пul ltf, ш'iiuш'\Jщ'i,ш,f,шf/. (y_n<p­
l;filJ'l U"{f,pu-t, ph'ь'lnt-mn·tn·int lt ШJlf,), hpf/.pnp11-' '\h'l_n<l/Hp[! f,ршр 
J!,r_ 1пi.t,Lrшl Ь'i, иш<Jш'i,ииf,ш-Ч {1.n<p-bfJhp, 1_n<p-!/,bfin[, 1_nip-шbf,-
1J,b h. ШJLf,) Ь. hppnp'1' '\b,zntf/.'Ьhp[! f,ршр Jh2. qn{'.tf,шf/_ш'i,nphf, 1_Н 
11пJi/_n1J (1_nip-u'i,'l-frЧ, y_n<p-pH q_nl lt шuЬ), 

l.hmшn1ppntfi}Jn<L h'i, LbpftшJш9bnul ищ'\Jш't,шфшf/_ 1, шЬищ'\. 
Jш'hшфшf/. tnt.tJщf, 'l-l,"fjlhp[!t 'ьшJи' p'ii'iiшpltbl,/l f,q_nfJhpJ UfШJ­
Jш'И,bpn,J иш�:JшЪш,t,шЧ Lпнfhtfrn•filiп,tf! , прf, ,,ьи11щ�J 2ьршш­
�/.прпu! /; шп�ц2.ш'&пнl, fflшp'l_i/_n,J /;, пр ШJll zbpmhpf,9 (!f,шq_l'{rf,9} 
J/,Чf! WltШff,'f, f'Ш'l_Ш'fpfrz:ь /;, npf, JJ,f /!/rl_ j!Шbшf/_ntfiJJШJp frttr}tf_щr} 
/; hp'tpn·p11- l1nJ"fnbl'i,mf,9, f,иЧ J1п,иl!' l,f"1t_pnp11 pщ'l_щ•urf,z,'Ь /;, npf, 
Jl,l tn,.fi/_щJ /; щпщ1_f,'& pш'lш'lf"/rl_f,91 Lши1t_шЬшtf, !;, пр bp1t_pnp'f 
pш'lш ч.pf,z.f, j!ШLшf/.[! 2шрпtЬщlt,шршр Jl,Jщ9bll"'4. 1t_шpbtJ, /; щn.щ-
1_f,'i, pш'lщ'1PfrlP шJр п111_пtР1шJр tn,,.fbt f,рш Jh1_, f,u1t_ ш1Ьп,,:1,.,, 1,_ 
uu,b,,_.fht '&щl,_ Lnp 2hrщ шn.ш1_f,'t, f'Ш'l_Ш'fpf,z.f, '\ш2i/_f,b• 

�hpJшuu,f,-Sш'i,,f, ,f,n,f,пfи п ,fiJ1n,bf,9 '\b 'l_n<f/_Hpf, ,f,пfищ'1шрd. lnt­
,fl,lf,n,fil4n,'i,f! LnчLUfhu фп,f,пfи,[п,J !;, пр[! шrнпш'\шJш�/_п,J /; th-r­
dwuu-ф шli-pwqwqrщpJщli 11-frщq-{'щJn1f., f't,щl' JЬ1_ иш '\JшЬш­
фшf/_ tn,.fi/.n'l hp1t_n, '\b'ln<f/.'t,l,pj, ,f,пfиш11-шрА. rn,.fhtf,ntfiJJшb 11J,ш­
q.pшJ't,l,p[! bphj! и,/,иш1t_f, ЬЬ (q..f, ЗЗ), 

w) 
,) 

,. ,. ,. 
• 

P'=consl ,P·=con.l '• ,. 
P·�c.�,t ,. 

t -1•, 
' 

'' 

. ' 

N,. N, N, N0 N, 1'"'1"'?1'- /.-1<4-1- N0 N, /'ш; .. �р /0-\../;pn,j ,V0 
r=1 -�r 0.;-�,�"'1 

9,,f, ЗЗ( ш} r,f,шq.,pшJ,f,9 hpЬ.r,,J /;, пр А 1, В '\/, 'lщff.blp/r ,1'tп/1.1ш ­
'1-шрd. tni.fbtf,n,fi11mЫ, ш-Sn..J I; t_hpJщumf,-Sш't,f! pшprlpш9Lh1J,u JJ,L-­
z.l,_ tt 1_hpJшuu,f,,Sщ'i,f!, npf,9 рщрJ.р 2hpшhpf! шL-'>ш1u,шftn,J l,'i, п, 
t•нJl,lf,r,,filJntL[! 'JШnLn,J /; шЬиш-'>Jш't,ш,f,щ1t_, uщщ9,f_n..J /; -',,.J',,_ 
q.bL l"'Jn,1fi11 tt-L 1t_nz_i/_n,J /; lRL�Uwli 1J.Ьr�li qr�uф�wqw&. tЬr­
dwuuф&wli: lJ.J'1UfJiuf, 11hUf/!/r opf,Lш1t_Lhp l,b' 1_n,p-!f,l,'t,nt, 1_rnp-шLf,­
LfrL -'>b,,_п,1t_Lhpf, q_n i1q.hpe, Op,f,Lшff_, !ph't,nt-1.P/r -',шJшр tt=68°C 
(Р-1 .Jp &J, 

9,,f, 33 р 11-frшq.pшJn,J UfШш1t_hpi/_ш.f /; ШJL 11-hUf{!f!, hpp 1_hp­
Jшuu,f,,Sщ't,[! pшpA.pщ9't,l,[f,u ,f,nfuш11шpd. [ni.fh[f,r,,pJntb[! Li/_ш,l'aJ 
/;, ·tt-'tJ ч_,,z_,f_n,J /; 1п,Мщ't, liЬ rf�li qr�uф�w�ш&. rЬ rdшuuф&шli: 
lJ.J'l- 'JhUf/!/r opf,Lш1t_'t,l,p h't, -',щ'i,'1-f,ишЬп·..J 1_ntp-шtJ,!pшu,f,f/_ щJf,bLJ.p 
;, 

'l."'l'l-1,Pf!' Opf,bu, f/., 1.п<p•iлpf,l;PfrLшJJrb 'l."'l'lfr '\шJшр tt=18
°C

(Р-1 .Ip&), 
9-.f. ЗЗ (q.) '1-l. Ufpn,J 1_hpJшиiлf,-Sш'i,[! ршрА.ршgН[f," ,f,пfи ш-

'1-шрА. ['«Mчf,n,P1n,L[! 'tJшfu 'i,i/_шqn,J !;, ""k ШJ't,
�&

-',bшh ь1;"-slh;r1.\: 
ШJ" 11-hUfj!",.J q.n1n,p1n,b "'f,l,f, tntbdwli рЬ 1J.Ьrl' Ь. Р 1' 

ltrtнn�qшqшli thrdшum�&.w&.1'.Ьr: 

U.n '1-1,Uf/!/r орf,ЬшЧ /; 1."'['-'tJf,1t_r,u,f,'t, 'l"'!Чf!, npf, '\щJ,шр Ч'"= 
-=210"С "- t�•r.,=50°C, 

9-J. 33-f, eb'l-q.Ji/_ш.f u,f,pnчPHp[! '\щJщUfЩи,шиfищ&п�J Ь&

bpf/.zbpm ('\bu,bpn·q.H) Jшpqft.b, 1/npf! <пJnq.bl,n,pJn,'tJf,g ,bmb­

pnq.b'itn,p1ш't,L шb9'i,l;[n't uщ-',JшLшq..f,.f't, t, Uf,/,.Lnчft 1.hpJwuшf,­

-SшЬf,b '\шJшUfши,шиfишЬп,J t -',nJnq.hЬ zbpiлf, bp1t_nt f'wrzш11-pn,­

fi!Jn,Ь, opf,Ь,шff., t1 1./;{'Jшишf,-SшЬJ,& ,;,,,,,JшUfшmшufuшbnLJ l,f, N1

/, N2 f'Ш'l_Ш'l-f'"LPJntb't,l,p, 

3. 111,u11ltrll\,11Ф11� 1n>uь1>n>1>Bn>1,, 1"1-ьщ11�111,

1n>un>в11-1,ьr, 1>11n•1• оrьы,�

ЛР, 

PI 

�"ti/_n,J /; 'l-"l"f'lf,blpf,, -Sf,2JwЪ �Шf'ШрЬршf/_и,'i, шЪч_п,J, 

П-шпчf! (1886) tJUff,pfrчnl'l,'t, 9"Ч9 /; u,i/_ht, пр -.nt\.JwL liJntp� 

чii:i1nrz�liЬr� 6.lizntUGЬr� &шrwpЬrwqwli wr.qnнJp p1J.шUJ.Ьu liw(w­

uwr 1; lD\�DtJpntd h ч_ш� Ьrqi:-nrч- f.Jntp� dnuщr pwiJl'i�G: 

д1ufrLtL, 

N, 
n, 

• 
n, 



./Jш'Ьf, пр [!'Ь'Ьшplf"ln,J Ь'Ь pf,� 
'Ьшр lпнJ-,,.чР'Ьh1,1!, шщш ШJ'l-Щf,­
uf, ..;шJuтftшl''l-1,Pl! 'ftuтphlf, .{ шр­
и,ш-..;шJи,/,l 'Ьщl,_ q.pш!f,f,ft,npb1, Р 
{ftшJ Т) L. рf,'Ьшр /uшn.'Ьntp'fl, 

J/,,.�aC1,---------'
,,
'".=/ Jnuшp pш'l_Ш'}-pn,LPJn,J, ftnnp,,Н,-

Ja,�o,1M r"'1"'">r0• 100,\r 'Ьш�пш1/J.'Ь <:шJ,ш-ftшp,9-f, Jf,1_n9n,f__, 

/"l'"'L"'lfщ1, ['f,l,щp JишпЬ,,,р,,J, "l"'f'• 
sft"'l·,. rЪ'l�шlи"r 'f"L"r2J,&hf1f, -&r'i,z­

.т..,Jr ftшf,,,,,rfr f'"l'lШ'lf'"'P1п,&f,g, 

tJpb i/_hpgЫ-"il/! 9-nlnpzf,'Ьhpf, bl!½­
J.,,."i, L. 1п,d-п,1[,Аf, [!Ш1LШ''1РЛLРJш'Ь 
ftшfu,i/_шдn,flJш'Ь ,Н,ш ·,urшJр, ш,щиr 
ftи�п,шъш·ъ./! rд. 34-е, N лВ ftпpe
!l"'J!I t UIШ[/ru в PIU'l_W-fff'fizf, ,,_,,_ 
l"'f'lf,'Ьhpf, "t"'PS/iШl b'½_Jшl, ftшfu-­

i/_ш d-mppп'Ь[! LnL,}n,JP/r f!Ш'l_Ш''1-pn•P1n�'ЬJr9, f,uft N вА-_'Ь' 'i,Jш'Ь ftш,fи­
�/_шJпчJ1п1.'Ьр А p ш'lш'l-p.frJJ, ..;шJшр1 lrнun"ilшp'}-f, 'l-"l"f"1.f,'Ьbpf, е'Ь'l-­
..;ш'Ьп,р b'Ьzin..Jp' Р, 'Ьn,J'iiufhu фпt,,..[п,J .{ 9-d-ш1'ЬпрЬ'Ь' ftш,fui/_шJ Ln<­
d-rrLJflf, F"''l.ш'l-P",P-Jn<J,.f,9. 

fl'=P1+P 1 = P�N 1+P�N 1=-=P�N 1+Р�( 1 �N1j = P?N1 + P�-P�N 1, 

l,t,u,l,.шpшp' 
P=-P�+N1(P�-P�) 1.. Р=Р�+ N

1
(P�-P�), 

Jt,,_hш1шftш'Ь tn,d-n<Jfil'Ьhpf,'Ь zш.п J,rш /,"i, [!h'Ь 'l.n[-шnzn,nt, ..;ьришЬ­
оftтш'Ь, ph'Ьqn[-{!l"PF/,"i, 'l."l fишп'Ьmр'l-'Ь/,рр, 

4. tb�П�ln,bP �'1-bЩU.�U.o \П�IJП�311-оЬР�8, 
ЧФPU-�n.n,i.щn,i.� ОРЬо�оЬР� 

а,ъ t,:н}пчfl'Ь/,р[! , npn'Ьp zl,"i, h'ЬPшrfti/.niJ {},шпчf, орЬ'Ь,f,'Ь, 
ftn1._i/.nиl l,"i, _nh шl' 

_ 1',,_hшtш·ft,ш"i, 1п,d-n,Jfl'Ьhp-fr9 zh ,,_п,Jl! 1f,W.,J .{ hpftn, J.ILJ,' qмu--
�ш& L. pw9wuw�wr. ( '1-,}• 35 h 36 ), 

Р, 

'l-6, J:i ?p,..lfш'i, ll,'l,,,J Л-..,п,LJ, 
.,.,,,f,5, 

-

' 

'/,,1-, 86. Ршgш"шlfш1,, zbчn,J fl-шь,--
11' """'11J,g, 

1.пd-. 9-Jbpпi/_ "fшшfthpi/_шd- t пЬшt l',,.tn,1P'Ьhpf, '1-"l"PZ.fi'Ьl,pf, 
l>'Ьz.Jшlt ftш•funul[! p.',Ш'(Ш•fJ-pn <{IJn<&f,9, J,uft fthшш9-Jhpmf' lm<J'Ь[! 

f,q.h ш1шftш'Ь 1п,.tпчР'Ьhрf, <:шJшр, 
1'1t1._щhu hrL.пtJ 1; 9-6ш9-р6рf,9, Ьрр lп,дпчfl'Ьhрf! z.шin 'Ьп-цр Ь'Ь, 

pш1lш'1-pn•P1n,'Ьf,9 pшqшq.pf,11'hpf, щшрg,f,шl b'uz.n1.J'ЬЬ('f, ftшjиn1.J(! 
-<шJшрJш 1,Jшf, f fi'l b шtшftш'Ь tn«}nчfl'ЬЬpf, <:шJшр -<шJш"fшшшu­
fиш'Ь ftшfuJw'Ьp,· 

UJ'l- 9-дш9-рЬрf, ,Jрш чп1пnJr'Ь.hpf, f!'Ь'l <:ш,'Ь,п,р b'ЬzJшll ftш/ui/_ш­
d-1nfl1п1.&l! 9'"-J!I .{ mpi/_ш.t, hpp Шf!n!!/•и'Ьhpf, шпш'Ь9{'f, �/_рш /Лh 'lш­
'1-Р./.ш.t t Jf,ш1'Ь <:bqn'4 ln,d-nljpf, ршqшq.рп·,Р1п,'Ь(!' ьрь Ш/'1 ш­
пш1'9{'f, �/_рш шh rzш'l-p</Jr 1,шL. '1-"ln,pzn, f'Ш'l_Ш'1-pn1.P1n,II(! , шщш 
ftuшш9,{J, ШJL ,n/,ul'f, ftnp ('l ,}• 37), Р шрJ.р bllzn·,J'Ьhpf, 'J-1,Ufl' "'-J 

Р, а l=tonst , .. 1. 
'. 

,. ' 
Р""ссю;I 

• 1. L V • 

,. 
' ' 

' 

1 

,

; 

' 

' 
,. 

V 
' . L 

Л\ ,,, N, 
�Ш�ш�r i,-�te�·' .v, 11. fr, N, 

"· 3?. /1/,'i,шр ,,,,,,,,_f,,,,p-,f, , .. Н.38. f!J,'f,шp j,,шп'i,1,,p'fJ, l,rufwl. 

'1.""IP"'flJь,L--&'f,1,.,.Т -,J,шvf'шJr, pbrJ ,,,u.,. f,G.ш'i,-l'"''lш'll'n,p 1"' 'f, 
'lf,Ш'ff'ШJJ!, 

ftш1п,f, t <';l,qn,ft !J,ш ч.е (L), f,uft gшd-p b&znul'Ьhpf, ,,ьщl'п,_J' чп­
[прzf,'Ь (V), ШJ'l- "fшшЬшпп�/_ i/_hpiLJ, Р.�аР� ftn·p(! ftn1._i/_nиl t ,;1,_ 
rzп,.ftf, (ftшJ. 9-пfпрzf,ш9Jш'Ь), f,иft 'Ьhppt,_f, Р�ЬРВ ftпpf!' '1-"L"f'-
zп, {ftw.J ftn·1, 'IJ,"i,u,ш9Jш'Ь) ftnp, РАаР" ftnpf,9 ,/.hpl,_f, Jшp'I.J! 
ftп-li/_п,J /; <';/,'ln,ftf, Jшp'l_, f,uft РХЬР� ftnpf,9 'ЬhppL.' 9-n[npzn1. 
Jшpq• .Jt.;q ШJ? ftnphpf, Jf,1_L. (!1'·ft,uтd- Jшpq(! <';l,,nhpn9-b'Ь (, npni/_­
<';/,u,l,_ pш'lftiшgшJ .{ {h'l n,ft/r L. 9-nlnpzn,, Jишnlln,rq.f,91 Рш'l.ш'1-­
р1пР1п,1,--S1,zп,J q.f,ш q.pшJf, ,fmfuшpl,1, ftшpbtf, .{ ft.ш'l.Jbl 1_Ьр,/шu­
.,,,f,Ьш·'Ь·-ршq.шq.рn,р 1п1.f, 'l-fiш9-pшJ,f! ( yJ. 38 ), Ь�/_ l!"Л�f, пр ч.nl"f'­
zf,'Ьhpf, Jbl Ь'ЬzJш'Ье ..;щJшщшшшцjиш'Ь,.,J t fuшn&n,p'lf, 9ш i-р 
Ьп.Jшl, 1_ЬрJшцшf,'6."ш'Ь, Ш"fШ 1_bpJшишf,b·ш1'-p ш'l.ш'1-pn1.P1ntL q.f,ш-
9-pшJ{! ftп,'ЬЬ'Ьш 9-дш9-рп1.J щшinfthp,/.шJ u,/,цl'f!I U1цinh,z 'l-"'lnpz.n1. 
Jшf''l-l! t�ьt� -f,9 ,/.hph е'Ьftшд Jшрq'Ь t, j,uft <';h ,zrr.ltJ, J.шpq[!' 

1Х С tB ftnpf,g 'Ьhр{'Ь: Puft ШJ'l- ftn,pbpf, Jf,1/,_ [!L-1/шд 1; <:bшbrn-
9-l,"i, Jwpq[!, opf,&шft' а pш'l_шq.pn1.fJ1шJI' Jишп.'Ьп,р'l-(! p шdш'Ьi/_rrtJ .{ · 
Ь ,,ntnpznc /,_ С <:bq,nftf,, п·рп'Ь/! <:шJшщш�пшujиш'Ьп1.J /,1, t i 1hр­
Jшишj,Ьш'ЬJ,'Ь: a-f,, b-f, L. C-f, рШ'[Ш'l-Р"•Р1п,1,l,Ьрр <:шJшщшшшц­
fишhшршр ft1f,'Ьh'Ь' N0, N, 1.. N,-f,, 9-nlnpz.f, !/,ш 'l_rnJ А ftпJщп-'ЬЬ&­
шf, J"tl"'P ршJ-f,'Ьр <:ш,/.шuшр /; NвN,, f,"ft B-J,'i,l.'' NлN,, 1.l,,zn,ft 
!/,шqп,J А ftnJщn'Ьh&inf, Jпuшр pwJ-f,1,(! NвN ,-f,, J,•ft_ B-fr'i,l''NAN�t 

,.,, 



./l'n'l '\brur,lff, lчщJf,'i, /!щ 't,wfte lfil,f, 1 Jnl Ь. bpluinp11 l(nJUfn•'ishf11nf, 
j!Ш'i,ш11_(! Ъrш Jby_' No, 9-"l"f'lfiw9rr,J.f,9 <Ьшп, b'i,pш'f-pl,1,/!, шпш­
t_ш9/'l t n J"l 'i"l"f'lfi• 1-п Jnl Ji,w9lч t '>lн1_rпl(, ,;ьиrд.шршр, 
bpftf'"f''1 fJ1п,pf, /!щ'i,ш11_/! 'f"l"f'l"' Jb2. lttftLf,' nN, Ь. '>bttrLlt/r Jb1_�

,(1-n)·Nc, lJ./(I,'>ш1m (, пр N0=nN,+(l-n)N,, 1>p1nlн1f,9 

_ No-N, , I _ N,-NI) , n N0-N� 
П- "- -О- · l1ши --���� 

N,-N, N,-N, 1-п N,-N0
(3) 

(3) '>ш,f_шишр,пJ(! ftnz_,[_,пJ t Low4p �wC.11&.; 
f}-pшJ,ш'i, 2h'lJщ'i, орf,ЬшlfЪЬр Ьf/ r_rнp-Jbpш'i"'L• '\J"l""-ltшru•щ6-

N2+02 fuwn'i,n·,p11Ыp[!, f,иft рщ9шишf/_шЬ zb'lJшЬ orf,Ьшl(f,bp' 
H20+HCJ, pL'i,'l."L+�L"f'":/mpJ fишпl,,нр11l,Ьрf!• 

U.J'l 2_b'l_n,J't,l,pf! f/_шpn'l lif, '1-шпlниl "'JL(!шL JI,,}, np [!&'1'\ш­
fипр /;1,z..Гwi, ft11pbp[! шЬ9'i,l,i, Jшpuf,Jn·ulf, ('J-pшf/_шl, :z.b'lJщ'i, Jш­
Jш1,щl() Ь. Jf,'i,f,JмJf, {рш9шиш·ftшl, zb'lJшL rJшJшl,шft) Чf'ш1ri</. 
·('f,t, 39), fиш"'t,r,<f''lfi 'f"l"l'lfi't,bf'f, G't,2_Jш'f, Jшl}uf,JмJf,'t, (Jf,'tJf,­
Jn1.Jf,'t,}, bf'p T=const, -:шJшUfшшшufuш't,ttul t Jf,'t,f,Jri,J (Jшl!­
uf,Jriul) Ьп_Jш'f, t_b['Jшumf,-C:ш'f,, bt'P P=const, ш1и '1b"ll!"'J f/_ri­

.l'bf'f! ,,�'f,l,'t,r,1J L-'f, '1-r}· 35_,,,,J l,_ '1-r}· 36-ri,J UfШmf/_bp<[.шrt ч_,,,,ь['t, ,:.,,_
�шпшf/. u,bu/!b['f! I

'· 1 =r:a.�,, Р, 

1 Р, 

! �,мJt Р, 

L 
ь е; 

р; 

р• • r,; •1

•1 V 
,,,;п 

V 
' 

N· P"',"'1r- "4-�'""� N, N, Р'"'�'"''I-Г· j�-�tpn� N, 

'1-.t. 39. flJ,'l,щf' /uшn.'l,n,f''ffr /;'l,z�,J-pш'l"''ll'"'PP''I, qfrш'11'"',Jf' q['шl/шL (ш} 
t,. ршgшиш�шf, (р} zh'ltt,Jfsl,f'fr 1:шJш['t 

Ф,,.pJ.'tJшf/_ш'f, ш</.Jш�'tJbf'f,o t,_ pbp,f_шrt 11f,ш11-rшJ&bf'f,9 ,:ьшь­
�/.rпJ t Ч.�pup-ltn&.nlJ.w1n'1Jt ,:J,u,f,_J"'l bf'lt"< Of'b'f,i!'f,Ьl'f!' 

1J.nwi�f. orb&.f. luwn&.ntrq� qn1nr2nt li&.2nнfp w:6_,n1J l; W]&. 
'qndUJ.n&bl,in� �n&.gh&mrшg�ulJ� dhbwgdwdp , nrn( wlJ.htli 6шrщuш 
l; чn1nrz�G Ь. p&.qliw�шnш�p.' 

br'qrnr'} orhlif. qn1nrzn1 G&:_,dшli l;fuwrhdщd� (max Ь. min) 
'qbmhr,n1J 'qшd luшnlin1rqp hndшG �hmщd qn1nrzn1. Ь. 6Ьqщ� �w­
чhr� pwqwqrшp!щ&librp 6щdp &�&n1d Ь&: 

·U.J'l-"lfiuf, Juшn'tJn<f''l'f,Ьf'f!, "f'"'f,I! Jf,'t,1_ Ь. -/.bf"l. prip,f_n•iJ b'f, ,:ши­
шшшп,'t, t_b['J.шuu,f,"Aш't,r,,J {Jшl}uf,Jri·ulf, l, Jf,'t,f,JrнJf, f/_lиnbf'"ul) 
l,_ ,:шишшш,r��t P"''l "''lf'"<fJ-1ш1Jp .f/_nz.,<[.п,J b'/J щghnmrDUJ. f1шJ ,u&.­
pwdщG hnшgnq luщnlintrqlihr: Uрш�/! f,['ш['f,9 pripJшL Jftt."9"</.
,:ьшf'ш-/.rтр 1.t pшJш'f,J'l l, Jшi!"'f' 'tJ1rпf}-bf'l,9 ШШf'pbp-/.riiJ b'f, Ьf'ш­
Ьп<[., "l' Шf'шшрf,Ь G'tJ2_niJ{! ,f,rifиblftu ш9Ьпшf'""I Juшn'ьnil''lfi рш­
.. 

'l."''ff'"'fJJ"'Ьf! Ln'Jf,.,,bu ,f,rr-Ju</.riiJ t (pbt, z.шш pf,z. z.ш,f,rт</.) ш�Ь 
qbUfl!"'J, bffp Jшl!"'f' L1niPf, �:шJшр ш11tлшрf,Ь Gl,ln,Jf! ,f,n,f,ri­
fubtf,и Pnf'-/.шrt/Jf, pш'l_шqpriip4r,(i,f! z.f, ,f,rifu</.niJt U.'l_J"<UШf/_ 3-пuТ 
l,_ 4-ri,J рЬр<[.шr} /;'f, .-:шJшUfшшшиJиш·Ьшрш[f Jш/Juf,Jшl h Jf,Lf,­
Jшl ЬпJщ'i, t_bpJшuш.f,GшL nc'/Jb9n'l ш9Lп:шl'""I JuшnLriчn1bЬpf, o­
r/tLшf/.Lbpt 

i},['шi(шL h р,и9шишf/_ш'i, ll, 'l.Jш'i, UfШtn-f;шп.fih f'f! 4шпf/.шLш1п< 
4шJшр .,,ьш/! t 1ш2_</.)r шпЫ'l l'"r)f,!_}, Ь. l"'rtqшrt L1rr<P,f, Jnlhlt"ч­
't,bpf, фrтfuшч_11b9rr<PJ"''f,f! I Ъи,fи' fi'1bш1шi(ш'i.t l"«}nчPЫ f'f, .,ь.,,_ 
l!""J tl!ишpbJn,J't,Ьpf! рш9шf/.шJ"<J lil,, trpn</.'>bшl, tri«Jf,z.f, l, L"'r)_ 
</.шrt 'tJ4ri,pf, J11tbff.riчHrf, Jf,2_Ь. ,f,t1/ишч.1J-Ь9r�,р1ш'ь n,JJ,l'f! (f) L11чblr 
b'f,, f,L1_ "l' Jf,ш,n/;uшf/. Jntbff.nчLbpf, ,f,rijuшч_'l-/;9"'<PJш'i.t niJbp[!, 
шJuf,Li!f,' fл-А fв-I< =fл-в1 2.Ьшkшршf', ш1и '1-b"li!"'J {J,.,,,,Lt/t орИ,-
1!/t9 zb'l."'J шb'l '/t zf, ritbl1Jfi,,,J1 Ьрь А-8 ,f,ri,Juшч_,'fb9ri,flJЦJ'i.t п,Jr 
Jl,r} t А-А l, 8-8 фп,fишч_'1-Ь9п�Р1ш'ь riLJhl'/t9, Ш·"fШ А h 8 Jr,,J­
Uf"Lb·Lш'ьb['f, ,:1, 'l.,,,ff.f,9 'l"l"!'lf, f/,шч_ ш&9,,,Jf! 1Jd</.ш11шf.,,,,J t k 
11f,,л<[.п,J t {J,шпчf, opb'iri!/t9 rш9шишl(шЬ 2_Ь'ln,J1 

ьрь А-8 ,f,rifuшч.'lh911,pJшfi ,,.,Jf! Ф"i!f' t А-А ь. 8-8 ,f,п­
fишч_,-,ьо·"•Р1,,,LЫрf, ,,,Jbpf,9, ШUfШ A-f, Ь. 8--f, ш'i.tgn,Jr 'l"L"l'i/t 
f/,ш,ч_ '>bz.шш'i.tri,J !; Ь. 'l-['шf/.шЬ 2_b'l"'J t 11-/tm</.ri,J {J,.,,,.чf, orbbl)f,91 

1.ь'l."'"ч fuшn'i.tr,tp'J-f,,/, ['f, pnpJш'i.t dшJш'tJшf/. '1-fiш,fn,J t ь"ь/!

'Гb"li!' G.шlJ.wuwrш�7nш�w& pnrnнf, 6wuwrшq (¼щd qfi�brЬG.­
g�шl) fl11priul Ь. nЬ�m�:Jфqшg�n&. (l(шJ ш2_шшf'шitшJf,-Ь) P"-f'"ul, 
1[bp1_f,Lu f/_riz.<[.ri,J !; �,шЬ. ;}rш�g�n&. pnrn1d: 

,� f},
'[

fN!.UШ� :1 

trшf1ф.Sn<1! hn.Sm& rhr.Suнн,фGш!i в,&Ьgnq m9Lnmrn'Ч JuшnГ.ш.rч&hr 
(l J{lf, 6.Gz.Sш& 'lbUJ.fDнl) 

--�Jwfs JbrJwuшf,hшbl! lln.шjf,fs fs11пpf, 
"(Шf''"""'Ч"'Рl'"-

lвwnfsшrqfskr и,пш,,�Ь 1 bpl1rп1'-'1- шgknшrn"i fse шgl,,,,,,,.,,"1/r� 
Ь Jn,ff,� "1"•/11' f,,шr,fsntp'}f, /uwnfsn,pqn,J 

' %-fsl.pn,{_ 

�l"f'n!fmf'J •wgl,,nnfs 61 .2 56,25 64,5 79,50 
J!rllf'•ptnpшppшJf,fs ню -84 108,Б 79,76 
J!n<f'•f'f'"JШff'Ш,tf,1, ню -67 126,О 52.14 
J!"<f'·Ш'l_nu,ш�wfs jljln, 100 86 12{),5 32,00 
? f,J bflfr1 bflbr-/!/ пrш 

11'"'.tJ,fs -24 -84 -2 40,00 

.Zш(шuшrш¼znш�ш&. pnrdш& l;ntpJnt&.p ЧwJw&щd l; &.rw&.nid, 
"l' '1-"l"l'lfiL z,f,Jшf, JЬ!. Ы, "fШ-:n,J ,:ь'l."'Чf, 1Ьш, f,иЧ <L;пп ltni­
ш,шl(,f_ш/; '1-"l"l'lft't, '>ш'flriul h l(n·b'1-bf,uш9Ln,J ЬL, U.J'1 Ufl,u h'/J <[.ш{'­
<[.п,J Ьш</.Рr Gfi1Jшf, шш·Ч Jшl!rb1f,u, 

'.!.шuwrш� qw·d qli;},hrh&g�wL pnrdw&. JшJш'i.tшf/. шnш1_ш9шd­
'1-"f"f'lf,·b шLJf,2_шUfbu <ш'ь«,J 1, f/_rifi 1Jb'ьnш9'fJп._J J,'f,, 

9-,,,,,)'i,шff_шbnul ШJ'}Uff,uf, pripri·,J Чfirшn</.n·tJ t ШJ'f, '1-l,uub­
pnul, Ьrр JuшnLri<['rr,/t pш'l"''l-f'ftl'i,l,f''f, f,pш['f,9 Juf,uш шшf'рЬf' bn­
Jшfs 1_bf'Jшuшf,Gш'fl'f,Ь f' ,,,'i,l,'/J1 

.. 



bttJwf, tЬp,fшu,nf,"'шl,I! Un.ш1f,& ъ11прf, 
"l"'l'"'l,шfi,пPJ"'-

J.шn.lsn,p11bl1p Lp шg/,nu,pn"(f,f/ 
шпш1J,Ъ I hpl/l'"l''f 1 шgbn"'l'"U/ fuшn.fs"ч,q-,ul 
1,,,,,_р" &;п,}J,. t,,шnbn,p'fJ. % .1,1,I'"" 

..fпчr-tPf,1 ""f1'1'"' 100 78,3 78, 13 4,43 
/!1,/Jf,/ и

щf,рт-щg/,,пп& 65 56 55,95 13,50 
lnчr-".l""ll'""lftl ""lftl'ы 100 82 80,40 12, IO 

Р l"l'"!f>npJ -tJI 1'l""lfil'"' 61 78,3 59.00 93,00 
'fJ,pf,'fJr"-l"'I' 115 "" 92,00 59,ОО 

. Рf,1.шр l"<.trпJPf, Jшиf,шljf, pnpJшl, J,uJш'/Jшlj 'l-"l"Pi.f,1, 1ш-
1'[!ии,шl,пu/ t ШJI, p.ш'lШ'l-f'filnli/_, nl'I, ,r,l,f, q.n1npzf,Ы.pf, ш,f_btf, Jb,t 
�zrrиl, ili'l- Ч"'l"'f'lfol, ljшpliff, t ljnf..'1-Ы,uш9Lbt l,. !Jnpf,9 '1-"l"f'lfiш9-
1,1'l, ии,шl,шlп,[_ ,;/,zш 91,'1-"'l рш'lш'11'/о1.п,f_ ,л,[_/,/} ,;щl',r,uu, 'l-"l"f'lfi• 
З.rш�9�0Г, pnrUw&. '1b "li!"'J 'l-"l"'l'lf,,n9Jшl, l,, ljnЬqb'i,uш9Jшf,, -:ш­
l"P'l-шljшl, "fP"9hu'i,l,p[! шh 11.f, bl, л,1,/,1,,ru/ ШJU"{h u  ljri1,f_ш.t nh�­
lD}t}��w9}tnG. wzшwrw�&Ьrn1U: 

5. lt��"�1,ьr" 1rь� """'l- 1,snN•ьr" tn"n1ru.1,
or"1,u.gu.Фn"11-sn"""ьr�, �r"nu�n•"u. ь.J. i�n"t"nu�n•"u. 

1.Ь11.n<l/[! ulj'unul t Ь11.шl .ш/11 JшJш'ьшlj, hf'p Ьрш -:шq.69 ш<t 
lf"L"f'lfil,/,pf, -С.117.п,Jе <ш,[_шишр,f_r�,J t шр,лш'lfоЪ -&f..1.,Jш'ii[!1 

/}шпчJ, ophf..1J, <шJш.!ш.11, l"',}"<JP/o hn.Jшf.. 1_bpJши,nJ,"/>ш'ii'ii 
шi/_b1f, ршр.!р "{hutf t tfo'ьf,, gш'i, tni<tf,1.f,L [! I Uf,шJшJшf..шlj l"'· 
<tпчР/о9 ljpf,umшl'i,l,pf, J.Ь.тl Jшplrip l"'�f,l}, шfllшurл,JI! (шJuf,f..i!'i,' 
l"''�"ЧР/о ишп.пиlр} u,h'lf, ( n,Ы.'iinul ш4.htf, 9шJр 1_hрJши,лf,-С,ш-
1,,,,J, flg'i,'1-"'l "{f,'i, 'f LJлtPf, Ы.l'ljщJn�PJшJp l"'J""JP/i uшn.hgJш'i, 
thpJшuurf,�шflf, npnzn,Jl! l/ri1,f_ri,J t �r}tnu�DUJ.}tw, f,u.lj l,,u/ш'i, 1_bp­
Jшuu,f,G.шl,f, npnzri,Je' l;pnч]шu�nUJ.}tw: 

Р 
с r 

llи"lfo"f, рпJпчРJ, 4.,,ш 

Н - - - - , 'l'"l''f'lfi'i,1,pf, G.1.zJшЬ ljwJt,-

�j, 40. l.ш9/,gшj 'l"l"l'lfil,l,pf, l>fstJш'i, 
�шf,,,f_шj,.,fJJ"'"e 1Ьр,lшцшf,&ш&J,g, 

,f,_щ�nLPJ"LI,(! 1.hrJш11u,fr"/>ш­
tf,9 ШJ'mш<ш1u,.J..d.d- J q.д. 
40-п,J, 9-Jш'l-f'1'9 bplпnJ t,

"!' tniJ,f_n'l_ 'iiJntPf,. ljпf..-
9h'iнnpш9j,ш'i, Jblш9f..bt/ru
t'".t"чP/o иш11.ь9Jш& · r.l.p­
Jши,nf,Sшf..p gшдpwY,n,J t, 
,f,ulj hn.J,n'il th pJщuшJ,G.ш-

. 'J,t!' рщрЛршЬп,J1 
(n,J-,[_·шJ l,JrtLPf, JrrthЧпчf, '1-f,иnsJшf.. ши ,лJ,-&шf..l! (Pn<J( ttЬЧ­

url!P"lj,"''i,l,l'J, 'f/,"{pni,J)., оиJпщJ,чшlj':"), ljшJ шlju,f,,[n,pJшf.. 'l-"l'· 
d-.ш,ljf,9Ы.pf! (n,Jh'l {Iblj,npntf,u,'i,l,['f, '1-1,"IP"'J) ljщp_hJ.:/o · t npn­

,,a 

1_61 рf,Ъшр ln,6-n<JPf, ишп.Ьg.Jшl, tlspJшцurf,G.шLf! 1.111 ,f,btnt J-J,1_1r-
9rr-l.1, l/pf,nJhшpшljшf. Ь'lшЬ·шljл,[_ Jrithl/rt'lШJf,f.. 'lшЬq.4.шJ(! "f'"· 
1_btn< <шJшр ljf,pшn.n,J 1,1, /}шп'lf, oph'iip[! l,, �lшn�qjrn,u-�lШ • 
"{hJpnl,f, -:ш,[_ шишрп,J [!• Чtш nt'{f,ntи-�lш"lbJpn'iiJ, <ш4. шишрn,J f! 
qf,!j,hpbl,9f,ш1 ЛЬ.п,[_ 'fpb'l,p "{f,1,'1- (ишп.шд} l,, 1611.ntlj l"L�f,1.f, {шJшр. 

dlnP" 

dT 

,. 

RТ'
•

dlnP,

dT
_!:,___ 
RТ'

,--,.-, 
1 - ' - '1-. 

,_,,_, 

,,р,пЬ,,_' Р�-� J.. Pr-f' -:шJш"fш"'ш и[иш'iJщршр "ffo'ii'l- !/>шчJ, h <h­
'l"'Ч.J, �/_рш l"Lдf,l], 'l-"l"'f'lf,1,bpf, G.'iiznиlLЬp'ii h'ii Т 1.ЬрJши,лf,G.ш-
1, ,,,J, л.-� J,_ л.,-f, "{f,'ii11. t"'�f,bl' l,, <h11.n'f.Ч LtrL<tf,l], '\шJШ"{ШIЛШU • 
Jt,шЬшр.шр иnLpLf,Jш9 Jш'i, l,, 'l-"'l"f'lfoш9Jшl, Jпuшр 1.lspJntPJ rt<Ь­
'i,/,p'il 1,1, (и,1,�., и[иЬlш Ь)1 flr,_шlf,1, <ш.J..шuш p1«Jf,s '\ш'iihl'•-l hplj­
P"{''l <ш.J..шишрп·,J(!, lj'f,л'iJl,'j,p, 

dln р� 
Р1 

dT 
_, 

RT
2

(4) 

U1и '\ш,[_.шишрJш'i� Ji,l Л d..-Л, '\шtJш'ii t_bpJn<PJntL,1, (1 .flшl,f, 
"P"ln<�rt<JP/o "l'i,'1-ш9 Jшl, (uш11.h9Jш'ii} 1_hрJши,лf,-&шЬп,J l"'�"LJP� 
4.рш Ь'lш,} ln,дf,l], "fшp9f,шl G.1,znulf! (Р} <ш4.wишр t "{/o'ii? rn,Jf,­

U' 'i-"L"f'lfi'iibpf, "/>'i,1_Jшf..p (Р�), Ш"{Ш• 

р 
dlnpf л 

=--, 

dT RТ'

р 
1.шJшJ.ш1ь l}ш"чf, ophl,pf, - -= N1 (N1 -1! tniдf,l], J"uшp 

р� 
pшJJ,f,,1, t), "Pl! шls'lш'f-plsttt4. J.шfunp'l- 1Ш<,[_шишрJ.шf.. Jbt, ljишш-

1,шL1, 
dlnN1 

dT 
_, 

RT' 
(5) 

o/,6ptf,1, -:ш4.ш иш11rt<J(! ,[_hpwpbpniJ t 'iJШ<h 'i,,rup l"L�IILJPЫ­
pf,'ii Ь. fJ'"/9 t u,шlf,u l"'�Ь.tf,n<PJш'ii ljщ[u4.ш�ntPJ1«'ь(! 1.hpJшuu,f,­
-Gш.'l,f,91 1JJ1, fr'iJu,b'l-f'htn4. h J.пир tntдriчPЫ.pf, (Ьрр N2«1) ·fll"ш,n­
J,шJp ljf,l'шn6tni/_, lju1n шtш'ii1, 

лрп-,j_'\l,,лh -:шlJш'ii (ишп.ЬsJш'i�} thpJш uшJ,G.шl,rr,J L"L�nчPf, h L"'-
6-f,l], tbpJшu,nf,Sш'ii'ьbp[! f,pwp Jnmш.J..npши,hu 1ш4.шишр 1,1,' Т::::: 
:=То-; f,ulj Т-То =-ЛТ ••• , n·pиrb'l ЛТ-& 1шtJш1, (uш r,.bsJшl,) 

., 



' 

!( '· 
') 

1.hpJwu,n},'$.ш'i,j, J"uшp f,rfssп,J'i, t1 .Рш'ЬJ, пр N1<1, ШUfШ I N 
IJшpb1/r f ,f_hpш,JJ,l UшЧ-,(npbLJ, zшppf,. 

n. i-[!"

lnN 1=1n(1-N2)=-N2 _ N�_ Nl-... 
2 3 

дТ�--= П2 • RT� 1 
n, л (6} 

Ьрь Lп,д,f_шд 
'-'(Ши,ши-fиш'i,шршр 
ШUfШ•-

f,1п,pf, h [«н}f'lj, ЧzJ,п.Ир[! Lzш'i,шltbL11 '>шJш-­
g, l,_ g2, /rиЧ Jп1ЬЧnчш1J,L Чzfrn.Lbp[!' М1 h М2" 

П2= � l

i 

Пi=J!._, 
М2 М1 

npn'i,p urb'lш'lf'bln,f_ (6) '>ш1шиш1,Jш'& Jb2, ltиutw.f,ш'i,I!• 

лт ..... 

лт ..... = RTJ . R2M1
л g,M, 

ЧшJ 1Vi2=K 
1(l00,g2 
лт ..... -g1 

(7} 

(7ш} 

(8} 

1(-'i, ltп1_,f_n,J { itp},nJhurpwitш'i, '>шuinшur,n'& h JJ,l,."i,n,J'i, [«t.J/11.}r
'>шJшр ШJ'i, J},zur '>шuu,шurn,L f l,_ ltпl_,f_n,J t 'i,шl, ишпЬ9Jшf, ('>шL­
JшJ,) ithиiJ, Jnzшl frtb9n,J, ш1ufr'i,pL, 1 Jnl "l ftbltmpn[J,иr 1000 q: 

.. 

l11,д/ч.Jr'il ш,f_btш9'Ьbtfru ,шLJ, шитf,'G.шLп,[ t 9шJршЬ•иl 111,l-пчР/r

uшnz.l'l"' r.bpJшииrf,-'hшfie• .Pw&J, .r,p 1000 g2/M2g1-l.' L"'J,,,f_шJ �Jrr<P/r 
Jnlшl ·ltn'ь9b'ьurpw9f,w'i, f (С), Ш"'iШ ftшpbtf, f ч_рЬl• 

ЛТ ••• -КС, (Вш) 

Ьрь 'f-l,urwplth'ь1 'ьпир uпd-пчР'ьhрf, bn.Jw'i, r.bpJwи111f,-GшLf, 
,pwpd.pw9nulf! , ftшf,н[шд lпи},f_ш,) LJnt.pf, ltп'ь9h'ь111pw9f,w1f,9, ш"'iш 

.ftuu,w'i,w'i,I ,:J,u,/,_J":'l -:ш,f_wuwptf't.JHp[!• 

(9) 

лp111hq' Е-'ь hrulw'i, r.hpJш uurf,-Gw'ьf, Jпl"'l pшpdpш9nt.J'i, f {tpnt.-
1f,nиltn"'i�wltw'i, -:wи111ш1111п'ь}, ш1иf,Ь1f,, 1 Jпl fthit111pntf,ur 1000 lf 
1ntJf,z.f,'i, ш,[Ьlш9И[f,и 1шLf, wu111f,-Gw'ьn,[ f ршрJ.рш'ьпиl LnL.}f,l.}r 
bn.Jш'i, y_hpJwu111f,-Gw'i,[! I K-f, h E-,f, z.wфrr'lwfJш'ьnt.PJnt.'i,'i, f' wи111f,­
-Gw'i,/J!'L' U.'l.J"t.uшft 5-rnJ f!hр,[шд b 'i, Jf,. 1шLf, [ntdf,z.Lbpf, itpf,nu­
l[n"'if,wltш'ь !,, fpnчf,пиlt""'if,шit шL -:ши111ш.111rrt.'i,Lhpf!• 

в. ,,_ 1,пищlj 5 
1ft. f�&� 1в,.)-J,.2hbrJ,. JirJ,.вnJiв"IJ,.,..Jiш& 1.. �pвчJ,.nuJin"I.J,.шJiшh 

.6.шum\llШD1&&br[_l 

l.ntlfrl т�-- •к 1 Е,. 1 шии,f,-С.. J,.,1-1 т .... 0К 1 к .••
,шии,f,G.. J"1-1 

)!,,,,, 373,2 
1 

0,51 273,2 1 ,86 

IЧ,&'l."l 353,4 2,53 278,б 5,10 
-fwgшJr,шfljl,r, .З91,3 2,93 290,:l 3,90 
tf1,uLп1 351.5 1,22 
l't"f'":/"'l'J .З34,4 3,63 
l,fru,pпpb&'l "I 278,9 б,90 
1/шJJ,wpш 451,2 40�49 
Uшfflш1frL 353,2 б,80 

(8) h (9) -:w,[wuwp,,._J'i,/,p'i, nt.Hb ltf,pwn.w.f[шb шрJЬр, np11,[,:Ь11rh 
,:f,wpw,[npnt. PJnt.'i, /;'i, тш,J,и uшn.h9Jwf, ltb111f, 9wd"pw9Jw'i, ЧшJ
Ьn.Jwf, .f[burfr ршрJ.рш9Jш'& Jf,1n9n,[ ,:wz,[bl 1пt.d",[iu,! 'ь11прf, J,'lh­
l[nчш1f,L ч_шL,,_,[шd-е,

6. OUU'ПS�� оЪtП�U', llUПBП�U' b,J_ 'l�UПBП�U'

ЬрЬ Lnup tnt.дrrчPl! tnt.df,tJ,9 pwJwL,[wd- f ltf,ишршфш'ь9 рш­
qш'ьрп,[ (JЫрр,ш'ьп,[}, "'"'i"' ШJU ,[h['1f,'i,f, Jf,1n9n,[ tnt.df,zJ, Jn.Lh­
ltпч'ьhp[! шч_.ши� ЧЬР"'iп�/. w'i,9Lnul ЬЬ, f,ult l"'-d-,[wd LJnt.Pf, Jntb ­
Jtnt(i,hpf!' "tt и.1и hphпч/Je, "f'i! ,:.,,,&,,,f,иШl'ьп .. J t JJ,W"Чп'lJшLf, ,,_t,­
!f,п"ч_f,ш, Чnz.,f_ntJ f oudnu: "'1� U1Jli. nнlp, nrnil_ UJ.WJdmli.111.i\.nril_wb
1; oudnup Ь. nrp wq:qrшJ' 1; ��u111ршф111&.g pmqw&.p}i d�w:i[nr Uш­
lt,brhu}i i[rш, �nzi[nid 1; ouUnш�� 6.tint�: OuJrrшf,lt "ti'i,2п1Je (11)' 
4w WJr, -G-L2пul'i, f, np'i, шL-:ршJЬ2111 t '1-npd"Ш'ff'hl pwqw'i,pf, ,fpw, 

" 



ь,,.,,, Jfr1п'4. 1rш)frl}, fr'ьрЬшf/.шJ -:nиpf! f/_шЬ9-Ьh9Llчп, _l,_ 1п1,J-пчРL п,. 
1пц}f,1_[! frpшp ,;/,и, -:шиш.,/_шриif/.zп.п,р1шЬ Jl,1. U{ш'\htnt '\шJш{'1 

flpU(hu lt/rишршфшЬ9 Рш'l.шЬр f/_lJ>lf'n'l. hЬ Jшп.ш1Ьl l1М,,,_шЬш­
f/.шЬ Ь. рп�ишf/_шЬ zшui ЬJп,,рЬр, орf,Ьшf/_, JJ,'l_ШUfШpf/_p, ш'l_J,pblp[! , 
Ufpn1n,rUflш'l.JшЬ, ЧшрЬt/r /; U{шиipшuuil'l Ьшl,_ шр'\hии�шf/_шL Рш­
'lшЬрЫр f/.ntn'1-J,n,JJ,9, Jbtш-иiJ,ЬJ,9, gbtn!f,шЬfr9 l,_ шлЬ1 Чшfu,/_шJ 
рш'l.шЬРfr pЬnчPJ,s ouJn--uJ, J°bfuшЬJ,'l.Jf!, пр[! 1/ml,_u 1.J, UfШр'l_ш­
ршЬ,/_шt), f/.шpr,'l_ 1; 1/rblt ч,шррЬр' JJ, '1-bUfpn•J fJш'l.шЬpJ, JJ,1.п,/_ 
шЬ9Ьпuf /,f, ш1Ь Ъ1п,рЬр[!, nрпЪр Ърш Jb1_ lпн},/_пuf b'i,, J1п·,и '1-bUf­
l'""J tn1,J-fr1J, Jntb·f/.nчbl,pf! фn<Juшq'1-n�J ЬЬ Рш1шЬfJ/• -:l,m, шnш-
1w9f,h1'n,/_ Jfr1_ш,W,1шl ",l,zu, .рш-1рш1,/_п'1. JJ,ш9п,P1n,U'i,/,f" lЬшрш­
,/_лр /; f,wl,_, пр l"'J�шt) Ъ1п•РJ, J,,,,tbf/.n,{&bpfr '\шJшр Рш1шЪр[! 
ЛL'l_'l_шf/_J, Jшf/_n·ml1LЪ JJ,1_f,npJ ,:·шt 'I-J,и.шЬш, 

' l.J,zhЬp, пр ип,f_пршf/.шЬ ,;,i,,.pblpn,J' шЪпрJ, UfШtлbpJ, ,J_рш 
ouJ,rшJ,f/_ -G.Ьzп,J l}, шпш1_и,f,л,J, рш9J, ,;t, ,,_pnшnшurJ,f/_ -G.Ь2п,JJ,91 

0uJnшf,f/. -&f,2Jш'i, 1.wфnuff! шп.ш1_J,Ъ ш'ir'l-шJ f/.ш,пшрЬl /; ffl!f,bJ­
!pbpf! (1877 ), J,uf/_ ЬрЬ.пчРЬ шпш1_J,f, шЪq.шJ /!шf,шf/.urU{hи Ъf/_шрш­
'l-Рh[ /; Ч,шЪш-1.п!f,[! (1886 )1 Ч,Ьр1_f,ЪJ,и f/.n 'l.JJ,9 '\шu,nwu,,/_l,l !;, пр 
ouJnu,J,Jt -G.f,7п·,Jf! n,'l.J,'l. '\шJЬJшшшf/_ш'i, /; [п,JпчРJ, f/_пf,9/,f,,n['ш-
9J,ш1J,f,, l,_ 1.ЬrJшuшJ,-G.шf,J,fн 

n-CT, (10} 

Ъw �::шu,пш,п/,9 f,,,,J'i,Uf bu, "f' Ъп·ир tnн}пчРЫrJ, ,,_ь "{(!п,J ou­
Jnuf! M,pшpf/.,f_n'I.J /; /r'I-Lшlшf/.ш'i, 'l-шqbpJ, opJ,Ьш1_ш1/1n,P1ntbl1hpfrf,1 
Oudnшp� 61izщdp liшlJ.wuwr 1; WJli qшq_]t 6&2dwlip , nriчPu.�r. �w­
rnq l;r щ[ib[iшl 1шЬ-1l_wЬ- liJ nt.pp, Ь рЬ Бшu.шшtnn1.li fbrdwuuф6w­
Gщd qpwri_Ьgt.Ьr w.1U Ь-wlJ.wll!• р&( nr qpmqЬ9&n1.d 1; Uldpnч.t: �ш­
Ь-01п•р: 

U.JuU{J,un,f_, o'l-ui,/_h1ni/, /r'l-hшtшf/_ш'i, q.шqJ, ,J_J,-G.шf/.J, '\ш,/_шиш­
рпu!J,g, f/.шpb1J, /; 'l-PJ,[, пр' 

л 
P=-RT, 

у 

Jnuшr f/_пf,9ЬЬшрш9J,шf,, J,и,пшf,шf,(!• 

n= CRT1 

(11) 

л 
---/r фпfитрЬl1 urh 'lШ'f-pbL, 
V 

IIJшpq t, пр JJ,L.Ъni/f.1 Jиuшр f/_nЪ9ЬЬшrш9J,ш n·,f,b9n'l uiшp­
phr 1п,,J-пчРЫrf!, ьрь f,pwf,9пuf шun9n'f.J lfшJ 'l-J,un9nuf tлb'l_J, l}, 
n,'i,J,f,,,,J, ч_,.,f,l,f,u,f, Ьпчf, оиJп,тJ,Ч -G.Ъzn,Jf! , llp1iчPu� 1niЬ-D1.J�
librp �ozil_ntd Ы. pqnшn&p� 1n1Ь-n1п•С.Ьr: 

0uJnш/rlf -G.Ъ2п._Jl! z.шф,/_п,J /; JрЪп1пр111ЪЬрп,/_t lJ.Jf, f/.wph1J, f­
nrnzht f/.pf,r,Jb111rшf/.шЪ. Ь'l.шЬшf/.п,/_, f! UUJ '\/,u,l,_JШL ршЪшdЬ.J,. 

t, 
'11'=22.4• 

лт .... 
(12) 

... 

nponb'l. 22,4-[!' Jbf/. Jпцшrшf,пg afrиlf9,/_n'l_ (1_шип9,/_n'l_) tn·,MчPf, 
ouJnшf,f/. -G.'i,ztfu!Ъ l; O°С-п,J, ЛТ�---·Ь lп,.tлчРJ, ишп.h9Jшf, f/.h­
uiJ, '1-fr,,.,,,f_шд 9шд'рш9пufЬ !;, ЛТ #•i' Jпuшр 'f-PuUfbl' uJ,шЬ /;, ш1-
u.f,f,p'i,' ишп.Е.9Jшf, 1_ЬрJшишJ,-G.шf,[!, "f'f! uшш9,/_т.J /; 1000 q tn•­
Gn'Jplf,J 1 Jn[ f,1n•P tn,д'h1J,u1 

0uJnurJ,f/_ -G.f,zп,Jf! Jl,,)- f,zwf,wlfn•P1п,Ъ n,'i,fr l'ичиЬрf, l,_ f/_bЬ­
,,_ш .f,J,f,bpJ, lf1шЬpJ, '\u,Jшr1 1}.Jf,U{J,uJ, Ьр/,_п,1РНр, J,f,1_U{f,uJ,p Ьf, 
шrJшшЫрп,f_ '\п'lJ,s 1п,д'п'чРJ, f!f,'l,,,f,,,ufp pnчnl.pJ, Чn'l.JJ,9, рп,­
ишlfш,'i, ,;Jntpbpf, zшpdn...rf! рпчиЬрfr 9nqп,f,f,bpn,J, npnz f,1п,phpf, 
шрtлШ?['n<J[! pn•1ubpJ, lfn'l.JJ,9, uf,f,'1-щf,lп,pbpJ, f!f,'1-n',Jmuff! f/_ЬЬ­
'1-шЪ,j,ЬЬrJ, Чп'l.Jfrs, Ulf'JШI, zpr_шLщnn,/JJ"'i,f! l,_ шнЬ U{ШJJшf,1!J,/_np­
,/_wJ /,f, ouJn,nf,lt -G.f,zJшJp, 

Uшp'l-f, w'l/r uf,,.,f,,,_ f!f,'1-п•f,blJ,u, Ьрш ouJпmJ,lf -G.f,zп,Jf! Jl,д'ш­
Ьп,J /; 1,_ шп.ш1_шЬп,J /; .twrш,/_J, qq.ш9n,J1 lJ.1'1- '1-bUfpn,.,/ 1."'Pl! fuJb-
1J,u, orq.wЬJ,'lJJ, ouJnшJ,f/_ -G.f,l_n'uff! f/.шf!q.ш,f_n,..,/_n,J f;, 

ьрь tntд'n<JPп,J 111b'l./r 1; ,.,f,J,f,,.,,J lЛ't.t,/_w,)- 'ilJn,p,J, шип9п,J, 
ши1ш Jшuf,J,f/_H,..J, РJ,тЧJ! Uf""'f/.шun,J !;, n1,J, ",/,111�шЬрп,/_ ouJnmJ,lt 
-G.Ь2nuff! Ь,/_шqп,J /; {f,п'l'i, hpl,_n'!Pf, /; '1-J,111,J_п,J ишп.Ь9Jшf, f/_huif, 
шЬlfJш'i, i,_ bn.Juif, f/.bonJ, pшpЛrш9Jwf, '1-hUff!"''J ), ЬрЬ 1п,д',f_щ,t 
'ьJn•Pt! /;[hf/_иipnlJ,111 /;, ШU{Ш '1-J,un9Jшf, ijburL.ш,f,pп',/_ 1m..tn'Jpn,J 
Jшuf,J,f/_f.ЬpJ, PJ,ЧJ! JblшLn,J /; l,_ ouJnmJ,lf bf,2лuff! ш,/_Ь1J, JI,,)- t
u111w9,/_r,u/, 

U.1uUfJ,11n,/_, U(huip /; 111шррЬрh1 шhuшf/.wt"nph'i, ",ш2,/_шд' l,_ фпр­
,1,:4. 'N',nif,шJ ouJnmJF-lf -G.f,zп,Jf,bp[!, J,Ь1_U(Ьи f,шl,_ Jп1hf/.nitш1J,Ь Чt!­
l/in.Hrf! ' ?-frшi/,w,)- l,_ шhишf/_шf,,rрЬЪ '\шz,/_ш.} шp'I-Jn,'i,fthpJ, -:шрш­
рЬрщР1п·,Ь[! f/.n•z.,f_n,J t pqnmnliplJ f/_шJ t.J,шt.m-.ln�p qnrЬ-w�pg (i;'

ЛТ +-1'� -��- n,,1.l'l ,
!\. т .�. - 1[_,_ - nм,.

(13) 

lшuf/_wf,w1J, /;, пр nl-ftbf/.urpn[J,иrthpJ, ",шJшр i=l, f;1bf/.uip11-
[J,uiЪ-bpJ, ",шJшl'' i>1, J,и1t tni.tn.,JP/r uurш9Jw'f,- '1-1,Ufl"'J' i<l, 
ttЬЧmrn1J,uiЫpJ, 1п,.dпчРНrJ, -:шJшр ouJn,u,f,f/. -G.&2п1Jp п,ЬJ, ,;1,_ 
u,l,_JШL шрmш�:ш1111п,Р1п,Ъ[!• 

т.=ICRT, ( 14) 

11'.щи_ /;1bf/.mpnt/rtлHpfr '1-1,Uf(!"'J J,'l.nmnЪfrlf 'l-"f',)-шf/_J,9[! {шz,f_,[ntJ 
/; i = 1+a(v-1) pшf,шA.L.n,f_, nptлb'l о.-& '1-/iun9Jw'f, шuшJ,-G.wf,f, !;, 
v-L '1-J,uп-9n,JJ,9 ,;J,,nn ии�ш9,/_щ,)- JшиЬJ,чLhrJ, pJ,,f_p, 

l>qnu,n'i,J,f/_ q.npд'wf/.9J, Ь. ,,_J,иn9nu!J,g '\burn ишw9,/_ш.} JшиLJ,f/_­
ЬbpJ, P,fJ, -:шpw'f'bpnLPJn,'i,f! lf·'"l,[__пц/ t ouJnmJ,fru,f/_шf, q.np,)wlfJ,g 
(g), "'Pf! _{шf,'l-J,uшf,п,J. I; иil/Jшt пЬшl [п,JпчРJ, J,,,_J.шlшf/.ш'i, 1п<­
д'пчРJ,s 2h'lJw& 1_шфшЬJ,-2_[!, Ьрр 'l-J,un9n<Jf! Чшmшр,/_п,J 1; tr/i,/_ lr 
J,n'i,&Ap[! J,ршр z.hЪ- фпfиш'l'l-"'J. 

1 g=-t 
, (15) 

IOI 



Пz. '1-шf'J..l'lfr Ufpn9bцLhpf, opf,LшltLbp /,f, Jш,)п,gfrltn•PJn<Lf!, 
11-Jrf/>пиU'шL L. ttb1tшpш1ш,znp11-ш1fшLn,PJniLt/t 
ш) l1wh-rн9}iltntpJnt&.p ltwU f.Ьrf}i&. zфntUp шLЧшfи шq.rh'l-шшш1JrL 
,/__Jrhшlt/rs JшpJLJ, 1шm1tn•PJntИ t '1frJш'1f'l,ln, шp,nш/!Jrf, n,Jf, 
wqrr-h9n•P1wL tnwlt JшpJLJ, Jf, 2hpmf, JJ, WJl 2bpurf, LltwmJшJp 
',nц/,lntL, 

Ьрр '>h,zn,Ч/r JJ, ll,f'"'l! JJпiцJ, Ll1wu,JшJp 1ш,/__шишрш1.шф 
2шрJ,/__п,J t, ШUfШ Lpw ЧJ'ш Ш''l_'fnLJ t .F u,wL9-bL9frшl n,J, пр[! 
[!Utn 'ь1niшn:LJ, <шJhJшшшЧшL t ШJ'1 2hpurf, Jwltbpbuf,L (S) L. 

шршчп�Р1шL <ff'Ш'l-frbLmf,L' dV 1 1).Jц ,/__bnfrLl! 11-/rиr,f_nul t <brzn,-
. dx 

ЧmJ 2hrmhpfr 2wpJJwL ntrzn•P1шL/! 1ntz'lш'>ш1w9t 
Пч,ЬJL. 

ущJ 

F-S�
dx 

dV F�т,S--, (16) 
dx 

Z.wJhJwшиrltwLnipJшL 9-np.tш'1_/r9[!' 11-L Ч,,.1.,f_niJ t Jшt)n,9/r­
Чn•PJntL, N('f! z.шф,/__п,J t UfDtwqfiЬrщJ_: 

F 
7J

=
-ctv. S­

dx 

• [т,1=--·��-6 __
' uJ 

uJ•--· 

�РЧ u,(' 

l.htzn<Ч/r Jwt)n,9/rltniPJn<Lf! ltшphnp UJШpшJhtnp t1 CJ.n1n•P1n•L 
n�L/,f, 11-/r npn2Jшf, тшррЬр h 'f'_wLшltLhp, 
1) 11-L ltшphtfr t npn2ht, l_wфh{n,f_ m,f_Jшl '>htzntltn,J 9-L7wJ.L. JшpJ­
LJ, f!Llt,zJwf, шpw9-n•PJntL{! 1

lJmni!ul! 9"'19 t ш,f_Ь1, пр Ьрр. 9-Lrr-шd.h JшpJfrLl! l!frit ,zJ,f_n,J t 
-':htz n•Ч/r Jh1., шпшL9 UIN'f•pnчhLшп,P1п,L цшЬtzНчп,, ШUJW zфп�J 
t шпш1.шLп,J, /!и"' npn<J 2фJшf, n,Jl! ' f=6лТ]Г, npu,b,z r-l! {!L­
ltt!'lJ,/__111z qfr'1/r 2шnш,U,tzL t, bph 9-n,L'lf! 1шц,п,птп,f, dx/dt wr,w­
'l11•P1шJp t f!LЧrzJ,f_, .. J, ШUJШ 9-L 'lfr f!LittzJ,f_btL шp9-htwltniz nulf! 

,,fr•fr' 

102 

dx 71=2r�(p- р0) g/9--, 
dt 

( 16) 

fl,phJf, f,JwLwt,n,f_ p-L, Po-L, g-L L. ;_шфLtn,f_ dx/dt-L Чшrbtfr t

<шz,f_ht 11-L1 
l.htz,n•ЧЫpfr Jш.tn,9frltniP1п,Le ltwphtfr t npnzb1 LшЬ, <f.'!_nt'ltl! 

'>пиh9Lbtn,f_ фпп, u,pшJw;_wфfr Junrzn,f_ш'1_f, JJ,1,п,f_, f!UUI "1п,ш11_lч/r 
,rщ,J_шuшpJwf,. 

P11:rt-t 
т,=--, 

8VI 
(17) 

nptnh,z t-L ичL dшJшLшЧL t, npL шL{pwJhz,n t npUfbuqJ, шршш­
.рf,L Р -G.fr2Jшf, шшЧ V Jl <hrzn•Чe <пи,/r l brltшpn•P1wL L. r 2шп.ш­
,U,,z mЫ9п'1- Jшq_шltшL /un,zn,f_шltn,f_ (Jwq_шLnpn,/__)t 

lJ.pJ h'lwLwltn,f_ 'рш9шрd.ш'1_ Jшd-пi9Jrltn•P1wL i!wLwltшЧшL п­
pn2ni.J'l! pш,f_шltшL 11-J,f_шp t, lJ.J'l- JrиЧ UJWШ-G.шnn,f_ npnzn,J bf, '>w­

JhJwmшltwL Jwd"n,9f,'1_n•PJn<Lf! , Oqш,f_bln,f_ utnwLr,.шptn 1htznt1t/r 
JшJn,9Jrltп•P1n•Lfr9, npп2niJ bf, tn,f_Jwl <h'ln•Ч/r рш9шр.!шЧ Jш­
Jn,9frltniP JntLf! ! 

l,h.'lпtf1Lhpfr '>шрш-рhршЧшL JшJn19Jrltп�pJшL 
npnzn,J[! 1tшmwf'4-n•J t zшт {hzur, шрш19- L. pш­
,f_wltшL JI,,) -G.zmniP1шJp1 Ouш,f_шl'lfr ,fJrultnqfrJhш-

1'"',f_ (frЧ. 41) Jwd"n,9fr1tп,p 1ntL[! lшфЬе•• 11-h>Ul.pn,J 
-G.Lzп,Je ltшph1fr t фп,fuwpf,Lbl bpltm. fuпч_'tl,/_wlfLb['fr 
Jwltшpqшlt,f,l,pfr tnwpphpn•P1шfr (h), '>htzn•Ч/r ful!-
Ult1<PJшL (р1) L. шqwur шLЧJw,f, wpшqw9Jш·L (g) 
шри,,ш"f-р JWtn,f_, 

711= 
h�11:r4

8Vl 
P1t11 

Ь.рh LnчL dw,f_шlп,f_ n•pfrz <h'lпilt ,f_bp9LhЪ.p, npfr 
Jшdni9Jrltnt,PJ.111Lf, t 1)2, /utnniP1п,Lp' р2 L. Jшч_w­
LrrfAn,f_ шL9Ln1J t t2 JшJ,uL·шltn1J, Ul"'fUI' 

, 

1 

v 
'1-... 41. 0'1m,j_"'l� 
9J, ,iJ,u�"'f.f,JI,,,.,., 
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( 17 р) 

'o/,Ьptf,Is hp1,_n._ '\1111/_шuшpn,Jl,/,pf,' (17ш) h {17p)-'\шf'шphpn·,/JpnLJ,9 
.1,_цшш!J,fjr' 

1j1 Р1 t1 --=--
"'li rэ,t1 

(1В) 

U.Jull{,f,un,f_, ьрь 1']2-р <ш1шЬJ, t, Ш11fШ npnzlчn,f_ >';lilzn,1,_'t,l,['f, 
"fuшn,flJn<Иhp(! k Isr1ш.'t,9 '\п"Jщf, J-шJшLшI,_Lhp(!, 1,_шphlf, t npnzЬt 
Ьшl, ТJ1-r" ПrчЬи ишш•Ь 'fшрw -':Ь,,_п,1,_ ип-[прш-р шр ,f_Ьf's'bnui l,'f, 1.n•­
['{!, прf, JшJ-n,9f,I,_пi/Jpп't,l! 25"C-,nJ' ч2 = 0,00895 llfЛ<Wl{' 

' tfw.'iщ9��Dtff"jWG. .Б.w�wqwrO. dЬbntpJntG.p.' 1/1'], �niil_n1d t .Б.n­
un1&.n1p-Jn1G.: 

ьрь f,q.l,щlшl/.щ'Ь 'l-w'U' JщJ-,щJf,ftn•P1ntL{! 1_l,['Jшщ11J,"6шLJ, 
рш['Арш9п�JJ,9 Jl,J-щl,п,.J t, Шllfш -':h,,_п,ftЬЬpf, Jшd-nч,f,ftn,flJ'"f,l! 
JblшJшUшJp. 1_h ['Jшuwf,�ш'ЬJ, ршf'Арш9п,JJ,9 фtrj!['ШL,r,J t <Ь­
,nkJшl >';щ,f_wJtш['n<Jn,f_. 

1 lg-A+B-,
т 

"l'u,l,q А-,Ь l, В-Ь -':шишш ,пп,'ь'i,l,р, 1,1,, 

(29) 

9-ш'{hpf, JwJ-n1.9f,I,_n,p1n•b(! 1,_шfи,f_шJ- It �Ьzп,JJ,9, f,.-,Ч ;;ь'l.n•ft­
'i,l,pf, k lп«)пчРИрf, JшJ-m9f,1,_n",flJ'"f,l! bLzJшL Jblщ9Jшf, >';f,u, 

ш,tr,J (,
р) '),HniC№wG. >';пи11J, рш9шl/.ш1п•/J1шJр &1п,JJJ, щJpt1'l_f 'lшЪ11-

,f_шJ-f, шЬ'l.шфп{ип,J'i, (, Уш f,LpLшftшJ llff'"9l," (, npf, рЪ/Jшgрп,J 
uu,l,'1..)-,f_п,J ( /}ШпишJJ,.Ь zшpJJ,шf, Jh1. 11mL,f_n'1. Jш иЪJ,ftЪbpf, ftпЪ-
9l,Ъшрш9J,шИе.J, <ш,f_шишрш1,_zn.ш1,_шf, pшzfun.J, ?-J,!f,nц1_frw1J, '\Ь­
,11rkшf111rr,/._ <шJш I,_шp'l-f, (Ь.шpnllffrш't,' шЬп�J (t 

?-f,!f,,,w.q_J,IIЦ тЬ,,_J, nWJ, ШJ'ь '11,llfll",.J, Ь['р 11п1n,Jl1n1.L rпЪJ, ftnfr• 

9b'f,":f'�SJ,ш1/r q.ршqf,Ь'ьи' j�, f!и,п 3JJ,ftf,,
dx 

-"I_Ш D=�Yt 

10, 

bf,11, 2_,j,Jшl, tltJf f t, ШllfШ '"""<t_i/..•'{ JшuJ,f,1,_J, ,n/,'l_Шl_Щf'I/! 

шp'fl'lшftn'I. n<Jp ft,J,1,f, fD, U.1и m.JJ,L '\ш1,_ш'l'IЛ'J t J,puLf,1,_J, ш­
'{ШUJ 111l,'1._ш1_шpJJ, {tl,pJш1/rL z1иpJJш� ftшJ ftf,l,hшJ,ft) {Lhp,Н,шl,' 
КТ, npшb'I. К-Ь flп19Jшl,f, '\шuцrщи,,.,1,'f, {,

ьрь ШJ'1 u,Jbp(! <ш,f_шишршftzп.,f_ш.J Ь'Ь, ШllfШ 

D
- l(T

-
l(T 

f &.'17[" 

(21) 

{Zl-f,9) '\l,шbn,J t, пр T-J, Jh.Jш9Jш'f,l! l, 11-/r ,fмl}pш9Jш1,l! 'lni.­
q.w'\bn. <Ьzшurl,n,J t 'lf,!f,n,'lf,шl,, 

•н.лн, .t�1,ч-ьrnr1-

l:tb'ftшpщpf,JJ,ш1J, <J,JLшI,_ш'i, ршJJ,И,Ьр'ь l,f,' '\,rJ1'q.bl, k 
.(l,u,l,pnq.l,f, -<ш,f_ш11шl'шftz11.n�P1mLfrbpp ttbftinpn,J,,n'i,l,f'lr L••­
,)-,,. J/JL h pn.J { {[ Ь ftm рш < Ш'{ п р'fш ft ш 'i,,,.p Jtn'i,, l[ Ьft и, pt1 ,J,ш f, lr 
'1-J,un9n ,.J Ь 1пLdr,чfJ-(Ll,1,_mpn'1 -:ш,f_шuшpшftzaiit/JJnLL), ,/r­
Jf,шI,_ шL tИмfrш1J, t1Ьft1npшftшfrJ, ,j,пj,,шpftJщl, ol'f,'i,шlш­
ф,n/J1n,И1bpf! {111и1.4'шLщftш'i, l;ll,Jl,f,ц,f,l,p), l;J_l,1,_u,pшftшL t­
Ъbp'lf, ш't, рфJf,ш1,_ш1,,f, ,j,nfuшpftJ11иL opf,'i,.usiш,j,n,fl1п,frLЬpf! {(­
zl,ftшpn,J,'l h t1h·ftшp,i'1ш1frL llfl'"9/,ublpf, ftf,frb111fr,ftlll'L)t 

1. �o.'1,nr .. ��1,ьr� sьu11�1,ьr�

J:lЬl/.шl'шftщ'i,nt/JJшЪ '\ш'lnf''1frll,l,pf! 1_f,Lt1tJ l,J, l"f'II ftшp'l-/r' 
ш) Un.wr�G. �шrч� .liwqnrq�z&hrp. Jhшшq_f,/,pl, 1,1,, npпLg f­

tbftu,pш-<ш'l.,.,P'l-шl/.ш'ьпt/JJn•Lp llf1UJJшLш·,f_np,f_шd- { t1Ьftшpn,'i,frl,pf, 
u,/,'l.шl.шpJn,f_t .fl,pJш"mf,bш'i,f, ршрJ.рш9Jшl, '\/,и, Jliшш'll,l,pf, l;­
tliftu,f':Ш"\ш'l.nP'1ut1,шLntPJnLLf! l''i,lrЪп,J (, npnut:bllflh P.Jllt{'li 'l.шtшL 
9шL9f, Jf,1.п,/._ {L/Jftmpn'ьfrbpf, шL9n.J/! ,,_J,f_шpш,Ln.J t, 

р) Ьr��вrч �шгчР Jiwqnrq�z.&brp. tLhftmpnlfrml,l,p'i, ьь, npt1Lg· 
t1ЬJ,mpш-':ш'l.npq.шJ,шfrn,p1nel,p llfШJJшLш,f_np,f_ш,)- ( J,пLLЬpf, {lrш­
mf,nl,,1,l,pf, k шl,f,n'Ь'isЬpf,) 111Ь'1ш7.шрJп,f_, f, 111шpphpnt/JJt1'L'i, шn.шtf,L 
ftшp'l-/r 1:шqnp11f,1_l,l,pf, hplrpnf''1 ftшpq.f, '\ш'l_t1pq./'ll,l,p",.J '\nuшfrp/r 
шhqш.,f,nf,,Jш'i, '\/,и, mhqf, t n,'t,l,'f,.,,J Ьшh Ъ1n,flf, u,l,'lшфnj,,n,­
P1пiЪ1 .fhpJШumf,bш'i,,J, ршрd.рш9JшJ, '\/,ц, {1hftmp,r,,J,mJ,l,p/, /;tl,l/.ш­
pш '\щqnp?шJ,шLntPJn<Ъf! JblшJ,n,J (, "l'n,f_'\b111h JUIOni9frtп,fl1шfr 

1" 



i/rn1p1n9Jш'i, UfШtn-G.шn.ni/_ f,r,'i,'i,bpf, u,/,'lшzШpJ[! l"LJ-,.чP/r JJrtni/. 
,;ьzmш'ьnul tt 

'f) brrnrq �wrq� .fiwqnrч11t&�r(!- ftf,uш':ш,znp'ffrl.Lbp hLt 

,,_; Onrrnq �wrqli .fiw'ln rqf:izr.Ьr[!- 'fШ'lhpL bL, rtprt'Ьj! r,pnzшltfr 
tLhftmpшftш.'i, 'lшzm/r шq'lb(JrtLPJшL mш/t f,r,·Lшgi/_nul ЬL, шnwr_ш9-

'j,l,lni/. '/-Рш ftш'ь t/ro/!шi/_npi/_ш J- f,nblhp L. tLbft111pnLLh[!1 

п: -- (3}' + е,
.,1/ +е--@-

U.пшr_шошh hpftrtL u,wpwLr,L'i, -ifrgpшi/_npi/_шJ- JшuLfrltLЬpL tt <hL9

'fШ'lJ! 'lшpd.LnLJ l,L ':w'l_llP'l-frl.* 
l

.
f,zhLp, "l' р1,' ,,_шq_bpf!, р1,' ftf,uш-':ш'l.nP'l-frl.Lhpf!, f!L'l-1:ш'ьpш­

Ufl,u tthftmpwftшLn,pJw L �/_ш111 ':ш'lnP'lfrLLhp Ь'Ь (Jh/trtLuf,z.Hp bLJ

L. JfrшJL rrpnzшftf, UfШJJшLLbpn,,J t, пр 'lwnLnLJ l,'fJ ,;ш'l"P'l-frz.bl,pt 

2. нь�srщ�sъьr� ��unв1r11ъ sьunN•6U.ъ ir11u�ъ

/tшLnul ШJ'lUfhu 1_t1 Р.пчl tLh/t111pnlfнnLhpf, 7-Ьll{/!nLJ, npnLg 11-frun9-
Jш.'I, ши111f,-G.ш'Ь[! ,....,5% t, tn·dпчPt! ЬnupwgLbtfru tLЬftшpш-':ш·'l'.np­
'1-ш ltшЬnLPJnL'i,[! ':шJшрJШ z_f, фnfui/_nul, n,Jb'l tthftmprrtfr111Hpf, ,,_hllf­
ll"'J, npn'i.9 'lfrun9Jш'i, шишf,-G.ш'i,1! 30%-f,g f!шр&р t, Lnupш9J ш 'i.[! 

'l.""l-f!Lpw9 tn,hnчP/r fth/tmpw-':w'l.nl''lш/tшfrntPJn,l,[! Jl,,}щ'i,nu/ tt
f>иlt n,JJ, 'l t1Ыrшpntfr1nLbpJ, ftn'i.9/,'i,u,pf,ft tn,J-пчPHl'l! '>wJшpJШ 
fth/t1npш':w'l_np'lшftш'i.n,p4n•L t_b'i, 9n,9шpbpn,J1 Uf, funupni/_, f,L1,­
ll{hu i/.wf.m-.1.n!j,f, !f,f,,q_f,/tшl/tш f., ш1L,Ufhu h lJ.ph'Ьf,-n,uf, fth/t111pn1/r­
шf,ft '1f,un9JшL 111hun,p4n,l,'i,l,p[! n,Lh'fJ w4'i, phpn•PJnt'i.[!, пр {шzq_/, 
zl,L шn'i.n,J f,nLHpf,, f,Ьz_Ufhu Lш·h lnLJ-frlfr Jпlb,ftnчLbpf, фn·fиш'l­
'1-b9n•P1n1LLhp[! , ш1ufr'iJi!f,' 11-/rungJшf, -':f,JLwltшL UfШU1-G.

шпLhp[! I
ll.pl,'i,f,nшf, 'lftungJшL '1шиш/tшЬ шhun,P1n._'i,l! ftf,pш,rlчf, t Jf,w1Ъ 
Р11ч1 t1hft1npn1f,u,'fJl,pf, Lftш111JшJp1 fli_Jl,'l tthftu,pn[f,tnHpf, .111Ьип1-
р4ш'Ь <f,Jnrl,/! f,l,Pl! mpi/_bJ. l,f, ш�/_Ь1f, n,z' fJ,l,pш4f,, l.1п1fthtfr h OL­
'lщ'fl,pf, ftn'LJfrg (1923 .р.)1 

з. sьu11�11r11r ь,�, ..:111r11r.i-ьft1з�ъ 
нь�s r щ11 '1.П r�11� 11ъnt i>s ntъ 

{п,dпчРLЬрf, t1h/tиipшftшL -':пишL1 шLuft1119f,l,lп·1 п,Ьшftп•Р1п•­
'Ь[! [!Ln,Pш'fpi/.niJ t ,,.J,Jш'1pn1P1шJp ftшJ tLhftшpш{шqnp'Jшltш­
f,,.,pJшJ/!, l,ш'l_tlf''lfrt.fi 'lfrJш11-pn•PJnLL[!' R (o.G.d) nt'l_/r'l {щJl,Jш­
шш/tшL ( Ьрш hpftшpnLPJш'Ь[!' l {ud), /,_ <ш/tш7-шрd J;шJhJwurш­
ftш'i, [!L 'l-lШJ'ЬшltwL /tmpi/_ш J-1J,L' S (щf2).

1 R""""P"":::--"'
s 

( 1) 

р-Ъ [=1 ud bpftшpn<PJwL h S=l ud2 f!'I,,'1-LWJLшftш'i, /tшр,[шJ-,/! n,­
f,hg.n,z <ш'l_ll[''l-zi, 11-f,Jш'll'n•PJntL'i, t, n'fl'I! ftr,z_i/_nul t mЬuw�wrwr 
JJ:�dwqrшpJщl'o., npf, 1_ш,f,1Nl.шft.шLn1pJntL!r t' oJid.ud: 

IJ,f,Jш']pntPJшL -':шltш'lшpd JhJ-nipJn,1,1! ftп1,i/_n,J t \;1Ь�uir111-

Jiw'lnrqw�w&n1pJDll'o. (olbl-1 )' W =-
1

-, f,uft 111hиШ"ftwpШ"p 7-f,Jш'1-l'n,­R 
р4ш'i, <шftш'/-шр& Jbln·,P1n1Lf!' mЬuw�wrыr \;tb�mrw.Б.ш'lnrqw�w.,.. 

fшtpJшl'o. (olbl-1. nd-·1)' :w.=-

1 
t f;uu, O<JJ, ophLif, R = �, np111hq

р 1 

E-.f, lwpniJ'i, f, f,иlt 1-& ':nuшL/!f, nLJ[!1 l,J,u,/,_щpwp (! )-f,g ftwpn'l_ 
l,f,/! q:ph1, пр 

1 S ,�---, 
[ 1 

{lw} 

ll.1uUff,un,f, 111hиш/tшршр f1Ь/tшpш':wqnp11шlt1иLn,#4nL'i.[! ttЬ·/t111pw­
ftшLn1,P1wL ШJL pwLwltn4J4n.JrL t, пр wf.9'LniJ t <шrinpq.z.f, JJ,ш­
i/_np f!f,'JlШJLшftwL ftшpi[_w,}/!f, Jf,1_ni/_' Ufll'utLLgfrшLf, 1 tJ.n1ш/ud qpш­
tJJ,hL·шf, '1-l,Uf/!tl<J1 

,., 



' ln1bntJfф mbuuaiJ.шrwr l,;1ЬЧ.шrw6mri,ar1FЧ.'°Cш1.pJ�\&.)!,' Jirw­
rp9 1 ud JibnwtJ.nr11:нppn&. tJ.rw qш&.(011, �i:-wr чn1-qw..&bn .\. f ud2 
dwiJ.Ьrbu 01&.hgnq l,;1.ЬIJ.шrnqbbrp dlifl. qш&it_nq 1 ш.13 l,;1.ЬIJ.шro\limli
lщbnчpli l,;1.ЬIJ.шrwfiwqnrqwlJ.w&.шpJщ.r.r, 1,;: 

IJ.,fJ'lf, f,"lщщш1t_ш'\шрJшр 1; LnLJn._Jp'Ьhpf, l;ibitutpш'\шq_пpqш­
lfш'iinLfJJn<'bp шршш'\ш1шht l;l/if.J,,[шl/,1,u, ('\шJшpJl.1w1f,Ъ) /;[hl{'n-
pш{шq_np'fшЧ.шЪnLfJJшJ1.' },., ' 

l;IJ.iJJнlw1h&.шwiJ.wБ. i,;1ЬЧwrwli.wqпrqwlJ.w&.m1p]ntbp.' qw V ud3
bw(w1ntJ. 1шЬшнф l,;1.ЬIJ.111rwБwqnrqwlJ.ui&щp!n1&.li 1,;, nrp. uiwrn1-
&.w!J.n1d 1,; l dnt fi.wdwrd-Ы i,;1ЬЧшrntlнn 1. шhqwit_nrtJ.шb 1,; prwrliи 
1 ud ShnшilnrщpJwt tJ.rw qшliit_nq prwr qш.qwБbn l,;1ЬIJ.шrnq&brp 
dlifl,_1 flLpl,J'i,, 

)..----=-,1:.1000.v, (2) 

IJ.1uinb'l V-Ъ 1/nt._if.n,J 1; 'ЬшЬ. 1п,d"п,1Р-f, Ъ11ирш9пul 1t_шJ 'ьпирш9Jш'ь 
шишf,G.шЪ, npf, '\шl/шqшрА. Jbd"n,JlJnLf.ip Jnl '\щJщрJh1ш1f,'ь lprb-

9/,l,u,pш9/,u�,1, ее""""�' 1).1'1 'fb"fj!IILJ• 
V 

), с., 
100011. 

с 
(2ш) 

1000 1 .,шl,f, пр -- шри,ш<шJи,�f.шJ l; nd3 dnl <шJшрJЬ,-, f,uI,
с 

х' o.G.d-1 ud-1, Ш"fШ <шJшpJbFJ/rЪ /;thltmpШ...:ш,l''f"'1Ш,ltшhn,LfJJшЪ 
· 1.шфп'lш,1,шl,п,р-1п,1,/! I,1f,l,·f,' ud2. dnt <шJшрJЬр-1. ofid-1: 

1._шJшpJhpшJf,1, l;ihI,mpш<ш,znp11шltш'ЬntPJш'il !f,f,q_f,1,ш1,шl,. /r­
. Jшии,/! 1,шpbtJ, J; рш9ш<шJmlч f,ш,l,_ <J:u,l,_JШl 1,bp"{t ff/шu,I,bpш9;.. 
f,l,f,I! 1 ud2 JшI,bphuniJ. fипршl,шр,,- IJ/Pfr'I..Jш, npl, n,1,f, zши, JbA­
pшpA.pn•fJJn,I, l,_ npf, f,ршр <шI,ш11f,р Ъf,umbpf! ' "fштршиm,J.ш,)- bf, 
Jbmш,z�s 1,, А-шпш1п,J bl, Rf'"fl,u l;ibltmpn11Ыp1 ьрь ШJ'1 /иnpш­
Lшf''1t! l9f,/,f,p 1 ud ршрА.рп,f11шJр l;1h1,mpni/rm/r tn,JnчfJпi/., ШUfш 
ШJ'I tn,A-nчfJ/r '1f,Jш11pn•P-Jшf, <ш1,ш11шf'А. Jl,Jn,fJJnLL[! I,<шL11f,uш­
l,ш иrЬиш1,шршр l;ih1,u,pш<ш,znp11шltш,f1n�P-1n.Ь[!' 11 l>nI,, Ьр-Ь Ш['f 

,. •. 4l. s, ..... �шршr t1'1/utpw-:шq•r· 
11wl/шl,•,Р1шЬ 1/шfн,l_шlm.fls•<f,f' 

�,,f,gl,f,.,,rшsfrш1frв• 
... 

,оо 
X,aJ 1·0<.t·'·��<-,0-·> 

С,,1"1/1 

'1-1. 4З. lшJшpJl,6,,,J/rf, tL61/mp..,f,,._ 
,,_,,,.,,,,.�,.,1,,,.,flJnLЬf' 1/шf,,,/_u,I 

�,rf,gl,'1,,,,,..,/r .. J/r!I• 

�pf,,q_JшJf, Jl,l mb'l_ ,ш..j_npbl,/! V dt, Лf'f! UfШpn,l,шlt/r 1 Jп1 <ш.Jшp­
Jbj! l;1h1,иrpnlfrm, Ш"fШ ШJ? in,hnчP-f, ?frJш11pn•fJJшl, <ш1tш'1шl'd. 

.JUп,fJ1n•l,f! I,<шL11 f,иш'Ъш <шJшрJЬ11ш1/r'Ъ /;1b1,,пp.,,.,;ш,,_,.f'?Ш1tш­
'l,n,fJ1n,'Ъf!' Л1 

SЬишI,шршр /,, <шJшpJhj!шJ/r'Ъ /;tb1tmpш<шq_np?ш1tш'Ьn,p-J••'Ьf! 
_q,,.1,9I,"i,u,pш9/r.,ш1fr9 1tшfuif.шJ шрmш<ш�т,[п,J b'f, ,,_J. 42 l,_ 43-f, 
pbp,J.шJ mbuj!bf'n,[1 

4, l"П�Эl b,J_ n�ь� Hb�SPЩ�So№� lП�\rП�31"о№� 
нь�s NЦ\l �ПP'Hl�lloП�l"3 \lo ОР�о\l�llФП�1"3П� •• ЬР 

, 

11'пч1 /;tbltmpnifrmЫpf, арf,Ъш1,Нр Н' tr,pnz ш'l_l,f', р-р-п,Ьlр /,, 
'\f,J,ьp (MgS04, СНзСООН, NH-tOH), f,иlt п,JЬ,,_ J;1'lt"'f'"iP"'­
Иp ьъ· zшт р-4.,.4. Ш'l_hp, npnz p-p-n,Lbp l,_ '\f,Jpbp (NaCl, H2S04,
HCI, КОН 1,_ шдI.)1 

IJ.'lbpf, pJntph 'l.шltшl, 9шl,9bpf! I,шq_J,[шJ bl, f,n'ЬЪhpf,9t lп,A-­
Jшl, J-шJшLшlt pJn•pl,'l_ш9шL9bpf! lf'f,,[ j!ШJj!ШJif.n,J 1,1, l,_ J;ll,f/.mpn·­

J},m'Ъ.hp[! '1f.un9,[,.,J 1,1, 'ьn<Jl,frиlt zшm Jl,,} ft.nb9bLmpшgfrш1/r ?,Ь"l­
.j!nul• 

fl,Jb'l. /;thltmptttfrmLЬpf, 1_pш1frL епJпчР-Ъl,рf, <шJ-arpJbtшJfrЬ 
/;tbitmpш<ш'l_,Лf''fшitш'f.n,pJntb[! <f,J'iiшI,шLn,J npnz.iJ.,щl ! Jfrr.frw­

·tшltшl, фn/иш'l.-'1b9tttfJJшL n,Jbpn,[, nрп'Ъ1 1tшJи,[шА- l,f, f,пИЬрf,
·<Ьпш,[прп,р-1п�l,1,Ьрf,9 l,_ tn,Jf,tJ,_ pLnчfJf,91 {п,Jп•чр-п,J untif.:ш.nш-
9шd- f,nl,1,/,pf! '1-"'Lif.n,J b'i, l!шnuшifrЪ zшpJJшL Jbt, р.ш19 <шI,ш­
}rnl,1,/,pf, l;Lbitml'шn•uurшmf,1, фп}и,шq_'JЬ9п,р-1шl, zLnp<f,,[ Jntpшj!ш'Ь­
U,,.'f'l! ШJи 1tшJ ш1Ъ z.шфп,J. 'l'"''l,,f,.•,J l; <ш.J,шf,п'Ъ'ьЬрf, ltпqJf,9 lt!P­

_fшфшltJшl, Jbt, np/r "lшm-С.шпп4__ шп.ш1_ш'Ъпul l; «f,ttLшJfr'Ь шJ"I:.
1tшJ rr:f,nLшif,Ь Jf,11,,nl'lf'mlH 

J:1Ь1,тршltш'Ъ <пишl,',/!,р шп.Чш1,пfl1ш'Ъ '11,"f/!R<J ШJ'I f,пfr1,-hl'f!
.l,, f,nLшJf,1, ШJUfhpf! (,,_.)-, 44) .иmш- \- ,_ 
Ъп,J bL ЛL'l_'l_if.шJ zшpJnul' ш'Ъf,-
nl,l,l,pf! '11,,"l fr ,щfltt'I, /r,,.1, 1tшmf,-
ttИbpf! 'lb"ff, 1tшmn'1t flbp,J.шJ 
J"'11,lf, <шJшJ.ш1Ъ /;[b1tmpш1tшL 
'lшzmп,J 1,пJtt,J/111,J f,пL.LЬpf, 
"''l.'l.4.шJ zшpJn,J,{! ,,,ь ... .., 1; шp­
qh1Uf1t4.lUJ tf,Ъf,, t>n&liЬr� iwrd­
dw&. wrqЬLw·Чnq щdЬrр. hpI,n, 
mbuurI,f, bLt 

ш) 1'п'ьш1f,L J.fJl,n[npmfr. zшpJ-

'1-1. 44. 'iJ.f,,,,.rnf.-ш�шf, ·[,,.f,f, 1s. f,,.f,.,,_
1�f.t JflЬnt"r"'/r zшrJ,,,.r,. /;16�"'1'"'· 

Jшiz "lщur-C.шnn,[ <ш,I,шfr.пЪf, zшf'JJшL <шJшр uиrb,,_J.,J.n·,J l; zf!·ф­
JшL ,,,J, "f't! ШJ�Ш,Ъ JI,,,} l;, f.Ъ,,1_•ршL Jbl l; ln,JпчP-J, 1tпЪ9h·l,,прш-
9f,шЪ, 1.ш1tшf,пИЬрf, фnjuш•q_'1b9n�fJJnL'Ъ,r,iJ. "fШ'[JшbшiJ.np,f__ш•A- шp­
qb,Lшltn'l. n,Jl! 1tп·tif.niJ 1; Чwmw:J.inrЬin�Ч Чшd t

1
ЬЧinrn:J.inrЬшfiЧ wr­

qЬLwЧnq nid: ll.Jf, шпш�ш'Ьп,J l; f,nLf, zшpJJшl, JшJшI.щI,, l,f'P Ь-и1
<ш1tшпш1t l; frnl,шJf,L Jf,11.nlnf'mfr zшpdJa.L "''l'fntf,/JшLf! ('1-А-• 45)1

р) Sn,pш,шbun•p zшpJ,[n'l. f,nL f,p hml,,,нJ tt,LhLnul l; {шffш­
/rrr-1.lzbpf, ш,f"t, wpf! A.qnul, tшzn,J l; 'lb"ffr <ш1tшпш1t �lbltmrn'lf!
1,, ШJ'1--"ff,un,J. /ишЬqшµп,иf l,рш zшpJnиf(!1 lJ.J'I шp'fl,lшltn<Jf! ltпt­

\0, 



,f_nt.I t nЬ1ш�uшgt,nf., 
�n'l nнJ- ( q.J, 46 ), 

f,ulf Шf' 'l-btшlfn'l n,Je' wutidЬmrlt� wr,Ь1w­

+ 

'1,,1. 45. l:thl/ut('n!/,npbu,f,lj ;.,p'fh- 9'.1. 46. IJ.h1шl/uш9Jн,L "'f''lblшljn,J, 
1шljniJ, 

ьрь ШJ'f Шf''l-l'lwlfn'l n,Jbrf! uf,Hf,'Ь, Ш/.lf.Ш и11l.FL lfn'Ь9/,f, u,­
['W9f,w Jf, ln,JntJllf, {w.Jw rJЬ/Jw Jf,'Ь (tblf u,f'Ш',;Ш'l_nl''lwlf w'i,nLf}-JЯ't'Ь[!· 
{w ,f_wuwr lftJ,Hr ш'Ьиш·,;Jш'Ь 'Ьпиrш9Jш'i, qbl.lf.lJ"'J lntJ,щPf, l;1blfu,-­

ш<ш'l_nf'.1-wlf w'Ьn,pJw'i,{! t Sh'lf,'Ь t 'i,zht, пр ш'Ьиш,;Jш'Ь 'Ьпирш9Jшfr 
�шJи,'Ьш� Jf,1}n'ЬшJf,'i, ,f,nfuшч.11Ь9ntf}-Jnt'ir'Ьhrf! ,f_ЬpшLn,J ЬЬ, 

1,u,z,f_J, U1t1.'Ь/чп4. ШJ'f Шf''l-/,lwlfn'l_ ntJ/,f'f! J lfшf' ,r-'l bjJ 'ff'bl• 

>-,.-(>, •• +,.,, ), (З} 

tl/шpq,f_wJ (, пр ШJ'f шpq.btшlfn'l ,,..._Jl,pf! IH'l/i'l ,;шJ /,Jшu,шlfшfr 

l,J, 1ntJnчP/i lfn'ь9/,'i,u,f'w9f,u1Jf, ,шn.шlf ntиf, wpJшu,f,'i,, 

,, •• +>.,, - А](С, 

npu,/,'l А-Ъ ,;.ц,J/,Jши,n,рJш'Ь 'f"f'J шlf-f,9 1; l,_ lfwfu,f_wtt /; l"LJлчР/г 
Jшd"nt9Mn•PJnt'ьf,9, q}/;thlfu,pf,lf ,;u,uu,wu,rnЪ f,9 l,_ fbpJwиu,f,,ш­

'i,f,9t 
1,1,и,l,_шр.шр. 

(4} 

пр'Ь f,p u,l,u/Jл,/__ ,;,,,Je'Ьl/LniJ 1; l/r,lnwn1.zf, 1/n'lJf,9 ,f,лр.!шршршlfш'Ь 
,шЪшl.lf.Шf',;,.ч_ ,;шишши,,f_,шJ ,;ш4.шишр.Jw'Ь ,;t,.,, l,_ lfn;__,f_rrtJ /; lini-­
nwn�lt fwnw4пiult wrdwmlt orЬf.f: 

Р.п,u tLЫ;_ шpntf,"'Lhpf, 'Ьl/ш·и,JшJр '1ntn.шп,zf, ши орЬ'ь11t! Чf,­
pшnhtf, z./; {q.J, 47), U.111 opf,'Ьwz.шфn,pJnt'Ьf! 1ш,f_ /; шр и,ш',ш1111-

1, f\.,uJl.o<J-�Jn1f",f"'p)-' 

110 

', 

�со:г------- НС/

"':
r
t:;;:.::.-=::::::: 20GL -КОН

F 
"" 100 

::- ,,€ 
_ , - СН1СООН• '1/ё Jn/f'"J"_w,fi 

О � (!.
0
115 O,JO 0,1� 

\ 

s, u.rы.�п�u� ь,�_ �щ,,u.п�t� оrы,1>1,ьr� 

ьс(I:, (6) 
"f'"'l,'l С-'Ь ,;шJhJшwшlfшLntPJш'Ь q.npd"шl/f,9'i, 1;, 

U.pH/нnuf, u, /,un,p-Jш'i, bplff'"f''l 11-f'"'LJPt! ,;t,.,,l,_JшlЬ 1;. w&.uw.6-
·dwf. &.uur tпt�nчp&brщd w&.пш.Б.dш& &nurwgdш&. JtЬtqf'ntd ti_Ь�111-
rinJPшr.I.rp 1rti-J. mrn.Б.-J.01.d Ыi ltn&.&.Ьr!i, ш1иf,L11'Ь' ШJ'l- 1.1f.ШJJш·ЬЬЬ� 
pn,J qf,иппJш'i, шиwf,-f:ш'Ь[! ' а=1, ,;ь.,,1,_ш/.lf.hu. 

(бш) 

,(6)-�s "(бш)-�s \<Ьш"�' 

(7) 

Uz,/__шJ орЬ'Ь11ИРе .f.bpшp.bpnul h,'Ь Рn•д /;ll,Чu,f'i,lf,u,Ьhpf,Ьt ЛulJ.'l 
fthlfwpnt/!_"'"i,/,f'f, ,;шJшр ШJ'f ,;шpшphp11tf}-JnL'i,f! 1fпz.4.r1,uf t r-tJ.�?DIJ. 
'l�ungdwf. wumlt6.ш&. ЧшJ �lb�mrш.Б.wч.nг11ш�w&.ntf-Jtu&. чn,rЬuil(l-g, 
пр[! lfшph{f, 1; шр и,ш,;ш�иrht 'Ьшh u,i/Jwl l/rr'ь9bJ,u,pшsf,шif, l,_ шЬ. 
.,f_Ьр1_ 'Ьпирw9Jш'Ь 11hl.lf.l1"LJ lfшшf,пЬИрf, L. wLf,rr'ЬЬh ['f, /;lblf111pw• 
.,;ш'l"f''fШlf ш'Ьntf}-Jnt'Ь'Ьhpf, q.nul шрf, ,;u,pшp.hpntf}-pмJ р, 

,.-u.+v. (8) 

1/,r,ln.шn,zf, ш�и oph'Ьj!f, oq.'Ьn,fJ-1шJp. , "f' 1/пz.,/__п,J 1; ш11�ш}11[ntpJwr. 

�wd tinr.&.Ьrti wГ.Чwtu mbч.wzwrdti orb&.f. 1/wphtf, 1; лрп·zЬl Pnчt 
/; tblf 111pnlf,"''Ьl,f'f, <шJ шрJЬ/!ш Jf,'i, /; tblf u,pw,;ш'l"f''lшlfш'i,11,pJ"''i,l!.1 
ilJ'Ь lff,pшл.Ьlf, 1; 'Ьшh ntJh'l /;tblfwf'"'Lfiui'Ьbpf, 'i,nup tn,JnчfJ-Иpf, 
hlfшu, JwJp, J 

_:) 111 



6. l>Пbl> Sb'tUФП1utrUU ,-t,'-1, Ь'-1, tUl'd-Ql•bUtwПt•lt-6�1<\.

J; l Ь �.,, f' ''l/r,n f, Ь р /r L ,нdп чРЫ р /r l;l Ь t, ш "ш-: ш 'l.,, р ,,-J,'w,f, п ,J} 1•• f.,� 
UfШJJwf,u11/.nrif.,wd /; fr,,.Ы,bpfr шb'l.wф-,,-fum.Jt1if.1 / 

2.пuw'fr.p/r ,.,Jp (I) <ин/.шuw[' t 1 �r�-11uf l""�'"-.tflni/_ inb,zш­
ф,.,.,i/_шJ /;thlpnpwf,ш'Ь,нP-iwL рш'Ьш1,n•РJш'Ьf!1 pi,Jt,wL /;, пр t•n­
dnчPm/. шLgl,n'l. ,:,ruшbpfr mJI! <щ,,/,_шишр и,_lнлрi tftL-/r 1 -.[r�-niaf 
1,_uнnfrnbl,bpfr L шЪ/rn'bl,bf'fr 1,_п,zJfrg щb,zurф"fui/_,t,h /;[Ьll'npwf,w't,ni­
PJwl, pшLшt,Ьl,pfr 'lщJwpfr'Ь. [=l++!-' t1ь4·Ulf'"lfrm/r tn«}nчPI! 
Ju,,,-4../rf, pшJ�f,l,f,j S ud2 l'f,'1-LWJLwf,wL l1_1npi/_uн!·ptri/_ wJwLfr <ш-
111шчJ,f, 'l.""'1-ш«:bn 'flшL'tbf'J,1,' frnHbpfr ,;r,ир! ni,z ,p/_шdп,fJ1пi'i,I, Ш-
111.ш<п�/_Ьсп• ,;шJшр, (,нdnчfJ.J, Jb1_ f,pшrfrs ! uJ ,;1,,.,_w,fnprнfr.1wb ЧJ'ш
шb'1._Ul'1-f'1,1r, bpt,_n, tLJ..1,tn{'ll''lf,l,P' t1blt_шpn-,,Ы.pfr JfrrЬ. 11/_IIIЛbLgfru'l­
J,l,pfr ,urwppbp1'•P1rпЪ[!, '1/r9"Ч!• Е if.rrlш ti IJlwpч:_ t, лр ftbЧUlf'"'l-

Lhpj, Jj,1_1,, 111.лшЫ,9},,и.,J, 'l-f'WIJ-j,b'Ьu,l! ЧtJr'ЬJ,. - Чn1m/ud: ьрь f!Uur 
. l 

tLhЧшl','lJ,111}, l"1h,н1Pl! с Jnuwp t, Wllf"I' 1 uJЗ_,,1J 4q111L,U, 
С/1000 Jr,L{wJwpJЬp t1ЬЧшрntJ,ш1 а-п,[ 'ЬzwLwЧb'Ьp fLЬЧwpntJ,mJ, 
'I-J,i,n9Jwl, wi,шJ,-Sш'Ь[!I }.1,,nl,.wpwp 1 ud3 trt1Jп11P-1нJ J,n'ЬHpj, Чn·L-

• Соgl,'i,u,pwgj,wl, Ч1J,'ЬJ, -- J,r,lj,nf.s• 1.wJu,f,j, /;, rrp 1 JntJ,n'Ьl! urJ.� 
1000 

,zwфwfu,нJ t !F=96491 Чп,1n'Ь ftЬЧurpµ,4wLmfJ1w'Ь pw'ЬwЧn1P1111Lt 
Са CaF 

n.pl,,JL, _.__ Jn1J,a'Ьf! Чwpn,z 1; u,l,,zwфnfuht - - Чпчп'Ь ttbЧmpw-
1000 1000 

Чwlsrr1PJw,f, pwLwЧn1P-1л1'Ь, 
./!wLJ, пр {r,uw'Ьpj, n,Jl! 'lw 1 �r�-лtJ шb'l-wфnfu,[wJ ftЫ1_111-

pи14wLn1fJJ1»'Ь рш·ЬшЧл•f11л1Ы, 1;, .ш1'1 111.wш'Swn.w,[ I-U+ + V_t
лp111h,z U+-ir /,_ v_-t- Чwшj,п'ЬJ, t, w'ЬJ,rr'ЬJ, l_ШprJJwL wрш9-л1fl1п1'Ь-

'Ь1,р'Ь 1,1, ( u
i )1 S l!f,'lLWJ'ЬwЧwL Чшpif.wdpn,[ 'l-lшfm1J 1 �r-�-n1J

\][1� 
U+ {Ч�J У-) ud 1,.f'4wpn·,P1rr1'Ь wL9'Ьnq J,n'Ьl! qJn,J /;.U+S /,_ \'_S­

ud3Nr� dwif.wp '-1,bp-hлiJ zwrw'l-plf.шdf, {wJwЛwj'Ь p'Ь'irwpЧo/.n11_ 
CoF 

. ftbЧ·шpл1J,mfr 1п1dпчР/r 1 ud3-l! Jrwf'"'l. t u,b,,_w,t,nfubt -- ЧпчnЬ.
ll0U 

t1hЧшpwЧwfimfJ1шfi рwLшЧn1Р-1п1'Ь, 1.Ьшhwршр,

"' 

I+= 
C(:tFSU + J_= CaI·"SV _ &

\ООО lcOO 
Cr.r:FS 

1---·(U++Y-), 
1000 

( 1 О) 

Е 
U+=tJ-

1 
•

Е
V_=V-,

l 
(11) 

U-'Ь t,,. V-Ь ftn1.i/.л,J ЬL frr,'ЬLbpfr pw9wrli.w.� zw.rdщGw.�пt­
pJв1tthr: /r"f,j, ('w9шрЛшЧ zwpJл1LwЧw•fl1w·'Ь z.wфn,zшЧшfsп1P-1n1·'Ь'i, 

_ '1_врn f. ud2.�n1m-J.'i_r� '11, Uш J,пLJ, zwpJJшb wpw'l-n1P1п,f.sf.s /; 1-­
ui

'l-f'ШIJ-frhbшfr 111.ш1Jш'Ьы,.,.1J, {11)-(! ,nl,'l.w'l-f'blлif. (10)-J, Jbr_, Чl! и­
иrш94), 

1-
CoSE 

F(U + +V .. ), 
10001 

CoSE 
(U+V), 

1то1 
(12) 

npurb'l. U=U +F /,_ V=V_f'1 U-ir J.. V-ir {wJw111.wшшufuшLш['wp 
Чл1.i/.nul .6f, ЧшшJ,пЬJ, l,,. wfrj,.n'Ь/r zwpJn1'Ь.ш4-n•P1n1Lf.sl,p1 

ё Е ES 
0<JJ, ophbpfr <ш·Jш.lwJ'i,, 1=---- =•--, 

R 1 1 
ps 

npшJ.,,_ :.c..f, <w,znpчzJ, шЬишЧшрwр ttbft.шpw<w'l."r'l-шЧш'Ьn1p-J"t-
'Ьf!'Ь {1 1.Ьшhшршр' 

(13) 

{2ш)-/rs ,:1,.,.t,,.u/ t, "f' 

(14) 

./!шЬJ, "f' ftbЧ"'f'"tJ,m'ЬЬpj, w'Ьuw{Jw'Ь Ьпир 1п1d-,пJP-Lbpn1,l 
Q=1, WII/_Ш 

A .. =U .. +y .. , (15) 

U ..,-ir /,_ V .,.-ii Чши,J,п'ЬJ, h wLJ,nLJ, uw{JwLw1J,L zwpdn1'ЬшЧn1P1rr.Ь­
fll,pf, bL1 (14 )-J,9 h (15 )-/rs Чишш94],, 

, U+V 
-=cr. 

' 
1 

u.+v. 

Р-пчt ttЬЧшf'"'LJ,шLhpfr tл·1d"чP-LЬpniJ фпрр 1; j,r,'ЬLЬpJ, 
pwgfrшL, {l,,nl,,.шpwp' U=U.., /,_ V=V .. , nrшi..'l_j,9' 

(15) 

(17) 

ll1Jh'l. tLЬЧшr111frwHpfr "ьщрпu/ а = 1, рш19 U-'Ь 1,, V-'Ь J,11Ь-
11з 

8-881



А 

t1IФnl'"lfr"' KCI 

Пс1- 0,506 

114 

:.. u+v -= cc"'-'--'--,=-f< l 1 

,. u.+v. 

у_ 
П- =�--, 

u+v U++V-

NaC! LiCl 

0,604 0,670 

( 18) 

(19) 

(20) 

U.'ll"Lllш� в 

НС! 

0,170 

SЬ 'lшфnf,,Jш-'i, Р/н/..1! фnрd.!,шЧшЬnрЬL nprrzi/_niJ t /;Lblf1Лf111''1'i,l,l'fr 
Jmu, f,n'i.'i.bpf, Jr11'/J9l,'/l,u,pwgf,шb,bpf! t_шфЬl"' /,_ Чn'i,9b'i,шpw!lf,ш­
'i,bpf, шшppb1m•PJ"''i,I! f,J.ш'i.ш["' Jf,1.n9n,f_ (l;tbЧшp.n[f,'l_f,g ин,.ш! /,_ 
;;Ь и, п}• l•n-'i,f, wl. 'l шфn·f,,Jш'i, flr/_f, ШJ'1 фnpJ'/Jшlfw'i, npnzniJ[! lf.nt_­
r/_niJ t ЧnчndЬmrpш \wd Чnчnr.nJЬшrpw, 11'['[! ,;1,'i,q,,,.J t !Ьшрш­
'1ЬJf, tLbЧu,pш1f,Jf,шЧш'/J bl'lfn, opb'i,�'i,l,l'f, ,f_puu /;lblfшpntf,'l.f, i/_b­
f'ШpbpJ.Шl fЬшl'ш'1bJf, Of'b'i,{!'i,l,l'f, b'i,. 

ш) �tЬЧml"'llUJqp dшJшG.шlj ш&.rwuнJ.wh- fl1JJiшЧшG. G.1шrP 
fwli.1.11\n1pJntfip nil\P'l fi:шJbJwmwЧwG. l_; 1;iЬ\mrnUJmp 1n1Ь-очршl_ 
шG.9шЬ- 1;1ЬЧmrwЧш&.пtр,1шG. fшG.w\rнp!wG.p. 

m = Кit=KQ (21) 

"l'"'l, 'l m-l' l;1bffmp11'1f, 4._рш шЬ�шш,f_шJ tlblfшpn'lf,"'f, {!шЬшЧn•­
Р1п·,!,'i, !;, i-'/J ,;,.ц ш'i.рf, ntd[! (шJ"fbpИpml), t-Ъ JшJш'i,wlfl! (it_rЧ­
n,l), Q-'i, ttblfшpшi[шЪпiP1шL pшЪш-f/n•PJn�L[! (lfnчn'i,'i,bpnr/_), lLЬ­
lшш.f.шЬ (I[шJ l"'Jr/_шJ} pw'/Jшlfn•P1,rrt'i.[! w'i,lfш/u t 1bpJшцшf,-Sw­
'i,f,g, ,;,. цш'i,{!f, f,,u,n•PJn'<-'/Jf,9, ш'i,nflf, l,_ /;1blfшpn·<1f, Jl,_f,9, Ь1и•flfr 
и,ЬишЧf,g, llи oph'i,{!{! UfШШЧw'i,n,J t zши, -Sapf,ш opb'ilf!Lbpf, Pl!­
,[_Jr'i,, npr11/. lfwpb1J, t npnzl'l f,Ь1,."{Ьи ,;,,uw,'i,pf, ,,._J{!, ШJLUfbu tc 
l;1bf/u,pn''1J, ,[р.ш шL-1.wu,,f,_n'l tthJЫнnJ, шu,nJwffw'i, Jшииш'i,: 

,. ) l:1ЬЧшrшfрdр.шчшь. fiwdшrdЬfe, 1iwJЬJw111w\wG. t fpUpto­
чu,f, fiшdmrdЬf}i&: l;tblfшpr,'f'i,l,pf, ,f_рш brЧP"f''1Ш'lfw,'i,� n.bшlfgf,ш­
blpf, рш9шЧш1n•Р1шЬ 'lh "fi!"'J !Ьшрш'JЬJf, opb'i,pf! ЪпчЪ"fЬи -G

.
z'l-l!­

pf,m 1; /,_ ,;'i,шpшo/_npn•PJ"''i, 1; шшпfr,и '"f'"lbl"' ttbltinl'rr-bl,bpf, P/ii/..{!, 
"l'"'i,{! ш'i,{l'щJ/,zш b-'i, Jbf/ Jn'lf, ЧшJ Jnl f,пЬf,. ориj,'1ш9Jш'i, ЧшJ 
i/_bpшftш'i,'l-'i,Jш'i, ,;шJшр1 fЬшpш'JbJf, pf,ЧJ! 1 ttl.lfu,l'n'i,f, tf,gp f,� 
1,6021 · J(г19 Чnчп,f./ttbЧ"'f'"'i, l,_ 1 Jп1,. -':wJшpJb1n,J UfШpn,LшЧ­
i/_шJ шmпJf.bpf, fli[f,' No=6,023,1023 ttЬ·l[wpn.'i,/Jп1,;шJшrJbp шp­
,,,.,,'lf'Jшl'i, t,

E=Noe=984-91 .......,96500 Чn'ln'i,/J"1,;ш·JшpJbp1 

f!ии, lf,pf,f,,J, ppnL'i,bp[! ШJ'i, ЪJnLPhl'"i, J, ,f,, npn'f.p UfШpn·iЪшlfrnJ 
h'i, Jbu,.ш'l.ni/.. u,/,'lш�ш1r/_htnL [! "i,,'1-п,LшЧ 'l.f'шJJ,L, Uшi[.шJ'i, WJ"l- иш,;­
JшЪп�J[! рш�/_шршр z.b 'l.шif.. fJfJrnЪЬpf, ,;ш,,.ЧmPJn._'f.'i,J,pf! Jpf,i/_ ,:ши-· 
Чшf.шl'" 1:,шJшl'' 

tlrЬG.pщup 1;1ЬЧшrnUJmPЧ чPungJw&. 111Ьun1p-Jn'-G.e, (1887) ш­
п.ш�f,Ъ Jr,'1blш'Jfr'i, "{шu,l[b{'w9niJL' ,;ш'i,11-f,иш9ш·�/_ ppni'i.hl'f, /,_ <f,J­
pb{'f, JшJu,Lшlfшlff,9 mbuniPJиr'i, ,;ш,Jшр1 f!ии, l/.phhf,n,uf, рр-01 l_; 
]щrwfwG.t] Пtr upw9ntp-!ш&., nгр rrm1PG. 1nIO'ni.1pшJ чPungtJ.шU t,

шnmrwgr..h 1ntJ. rrшЬ-G.p JinG.G.Ьr, рuЧ 6,PJfhr ЬG. w.1&. dpwgшp.1nili­
li.Ьrp, nrnь.f rrш1rr. 1nth-nt]pщJ чPungtJ.ntJ ьr., wnwrwg&.Ь1ntJ. .G.p11-
rofn�1 )ш&.G.Ьr: 2h,,.l,,шpшf', P,P,f_f, z.bq_n,шgnulf! .t:f,Jpni/_ "fwu,lfb­
pшgi/_п,J t .t;l,u,/,_Jшl n.bш�gf,шJf, Jf,fngпi/_. 

н++ОН-=Н20+1з,7 1tЧш11 

lJ.pЬLf,niuf, и,/,ил�р J"''f,I! lff,pшn.h1nif.. ,;'i,шpwi/_np' t Uf'"ll,l pp,f_f, /,_ 
11, 



'>f,Jpf, trtdf!, ll'p,п'Ьbpf, ltшu,шlfrюf,ft '>111·u,ftп-,pJ11�Ъ[!, пр ft'r"/и,[шd- 1; 
u•шd-f,Ъ /mbl,bpf, I,п-'Ь9Ь'Ьшрш9frшJ/r9, Ъ1п/Ь"lhи '\щишш111пul 1;, пр 
llpbl1f,1ш,f, u,/,иwtPJtf,l,I! '>шJш"(Ши,щиJии,fипJ 1; ,fmpd.1,шftш'Ь tnf!t/.­
JШlfrbpf,Ъ1 UшftшJЪ l.J.phЪf,n-,uf, .,,ь.,,.,р,,,.,,·ы, п,Ъf, J,.шl4· Pbp,нp1,,._1,_ 
l,l,p, 'fШ шnш1_f,I, {Ьррf,Ъ ftшJшfuн.J 1; 1,рш иш'>Jш:Jiшфшft tfrl,bl,n 
Jl,l' "ЬшJи щи u,/,un:,_pJnLL[! ftf,pwnbtfr 1; Jf,шj"i, 1)ш1f,Ъ ln,d-nчP-
1,l,pj, 'Ь ltш-u,JшJp1 />.t;шpft.b, ap'lwl,f,ч_Jn,J n.bwftgf,ш'Ьhp u,b'lf, ЬЪ 
,,,1,bl,n,J lf'ШJ/r1' Jf,1_шi[шпm·,J, иш1t_ш/& ftш'Ь Lшt. "l /lJIJ. Р,[п,J_ 
пЬшl19f,ш'ЬЬр, npnl,I' f,ршftш'Ьш9,[пul Ы, nz. tf'ШJfiЪ ln,JrrчPl.hpnul 

{opf,Lшlt, '>h11.n·<Ч щJ,,-Ъf,шftn,J, шJ-fиш1_рш,)/,Ъ'i,t,р,,,J lt ШJ(&), J,uft 
'f-Шq_шf/,шq nbwl19f,шЬhpf, 'ЬltштJшJр, npmh'l ln,d-f,t,Lbp шп'\шиш­
ршft 1.ftш'Ь, ,;,/rишl uш'\Jшl,п-ulf! ltпpg'imщl 1; f,p j,Jшц'"'{!t 

llpbl,J,n,uf, mbun·•PJш'I, p,пJl ltпq_JbpJ,9 JbltЪ l;i щJI, 1;, пр 
ищ,;JщЪшфюft.,,.uJ 1; «,;J,J1» t;щuftш9n,fJJn<Lf! 1 Opf,Ъщft, npnz ор­
q,шЪшftшL JJ,ш9n·,fJ1пiLЫ,p, f,Ъz_щ_Ьи ЪшU. щJ,n·Ъf,щlti! 9n,9щpbpn<J 
bI, ,;рJ.Ъш1J,Ъ ,;щю1t_,n,fJ1n•fl, ршJ9 <J,'1-l'ol'uftl J,,nulp z_ЬЪ "lщ 'f'n<­
flщltn<J1 ЪршI,9 <J,Jj!hp lftHtnL фши,п/! JJ,,юlч ;_f, ftw·rblf,1,_ll1u 
f,Jщ иu.п,[ ш,[JчJ, l!f,'1-,;шъ,,.,р 1; flrbl1uшЬч � 1.. �nnt.r�� (1923) �пq­
U�я f,pшpf,9 шI,itшJ,, шп.ш1_шр1t_t/.щJ PfJi/J, l,_ <f,Jj!J, иш�J,ш'Ьпul/!, 
Р-рп�f.Ьгр шА&. &.Anip-Ьr&. Ь&., nгn&.f p&.qni.f.w� Ь&. U{Гnwnlif.Ьг шш�, 
pu� БрUfЬгр WJr. &.Jпtp-Ьr&. ьr.., nгnlif p&чmir.w� ьr. ргЬ&.

я 
U{ГDШnli 

Upwgf.Ь1 : 
11/рпшп'ЬшJJ,I, шbuntfJJrn'Ьf! рщ9ш'tшJ,п щп.ш,[hfn"<P1n,I, n,I,f, 

fl11Ь'Ьf,,nuf, шЬ·и1нfJ1ш•'Ь Ъl[шшJщJр, pwI,J, пр ,;щJщJ.щJ'Ь ,ШJ'f- ,п/,­
иn<РJш'Ь, ,;J,J/! 1J,Lhf"'L <шJшр UfШptnuптJ,p z_l;, ·пр ш,[_Jщl J11n•fJI! 

и,шрп,Ъш1t_f, <ft'l-f'no1uJ,1 J,,n,Jp, Ь. Ърш ,[шпl! 1И1шp1t_t/_Jt Jf,ш1Ъ 
1.f'JUJ/rЪ 1п,Jm1fJnul, fit;щpft.b, 1.pшJJ,L Ь. ,;p'f-popuf,1 J,п'Ь "fШf'nLI,ш­
ftn'l. Jf,ш9n-tfJJntLHpf! J,'ЬnLJ l,'f, "f'"ll,u' рр,,.,Ъl,р ,., t;J,,lpl,f' l,. t;щ'Ь­
'1-f�иш'Ьп,J l,f, flph'Ьu mb'l-J, RL {nlf'<['f,f,J,. uщ,t;Jщ'Ьn<JJ, JшиLш,[пр 
'l-h"II'/!' l,!,.,,l,.шршр, pfJ,,нLhpf! щрnшп'ЬLЬр[, (Н+) qn&.ri.r&Ьг Ъ&., 
J,uft <f,J,hpf!' ш�9ЬU{«tо1"1iЬг: 7;Ъпрt;}н/_ щрпш,,,Ъf, фrrpp zшn.ш,['lfr 
l,. Jl,,} zшprln,Ъш-ftn,flJ.ш·I, Ъш 1tщf'11''l 1; Jf, 'ЬJп-•Р/r9 шЪ9'ьht JJnL­
иj,Ъ, /lщI,J, пр l"'PI! Ufpnшn'ЬJ, 'Ь1t_ш·и,JшJр ni'Ьf, Jl,,} J,,ЪшJш1t_9n,­
PJnLL, ШUfШ zшщ ,'ЬJntfJbp f,ph'Ь9, "ll'n,nnI,I! "'�Lfru h� 1.рf,_Ъ l,. '1-/t­
иtt9,[�,J f,пf.f,l,pf,, flJ'I "lf'"9l,uf,/,pf! r,шpAhtf, Ь'Ь, fl1u"lfru'n,[, Pl!P­
,[ш1f,I, l,. <f,J'Ьшs/rfr J;,щu,1t_n,fJJR'L'Ь'Ьhpf! 1t_шJ,,,[шJ h'Ь n'l_ Jfrw1Ь "'f!i/..• 
J.ШL JJ,ш9n,fJJщf, t;шшftntfJJnt'Ьf,9, Ш'Jl I,щl,_ ШJ'Ь ЪJntfJhpJ, <шm­
ftn,fJ-1 n,Ъ'Ьbpf,9, R'('n·fl9 <hш 'Ьрш'ЬI' фпJ,,шч_,рпJ Ь'Ь, ЪJщ'Ь J,nшhg­
JwI, 'f-b"il'"ul <hzюnifJ1шJp ftшplчfr ( рш9wшрЬ1 1.Pft шJ�nшb­
pntfJpn&�. 

нс1+н,о С" н,о•+с1-, 

Nн,+н,о С" Nн,+он-, 

1J.1ищl,'1. НС!-/! f.pf,Ъ UIШ[,J,u 1; "lf'""'n'li, f,u,1t_ 1_п<р'Ь f!'Ь'I-n,fm,J 1; 
ШJfr, t;l,u,l,_щpшp' НС!-/! pprr, 1;, J,и1t_ Н2О-'Ь ,;pJI' , f,uft <шltw­
nшft rr.l,шft9/rшJnul НзО+-'Ь ppnL 1;, J,uft Cl--1!' <f,Jp, Lft'l-f'"/!un­
&f,n,J f,n'ЬI! (НзО+) f!L?ntЪ,[шJ 1; щI,,[шЪl'l 'l"''l-"f''l-if.wJ ррп,, f,uft 
'" 

• 

CI-· f,nI,I!' 'l"''l"[''l-t/.WJ ,;f,Jp, NHз-,J, ,;ь.ш ,f,,,./_,;lщ,'l'l-htf,и, l"'P/! 
"lf'nu,n'Ьf, ,,_,..I,,.,p 1;, ,;ьшJ..шршр' PfJп<1 

flJ'Ь {.шf:19-wJщI,/!I!• пр 'f"J"'PJn,f, п,ЪЬ'Ь Ш/1"1/rиf, 1,JntfJbp, 
nрп'Ь9 ppif.шJJ,Ъ ftшJ -:f,JI,wJ/r'Ь -:шшft,n,flpнИbpf! z_Ь'Ь ,;щJш"lш­
,пши/_,;lшI,пц/ flphl,umh,,_-{,m<pf,f, u,/,umfJJшI,f! , шruJrp 1; шш1f,и Jшш­
Jb,tn<, пр ШJ'f- шbun,fJ1ni'Ьf! 'Ьn,JI,"l l,u Ll'fr,[ z_,I; l,. Ufщ,;щ"i,1

_n,J 1; [рШ­
.9пuJ, flJ.'l- шbuU11t_bюf,9 �i/..btfr f!ll'f-,;Ш'iint(' 1; {Jn,J,uf, (1923) шп.ш­
ушрftшJ иш,;JшЪпtJ(! , l,шJшJ.шJI, ШJ? uщJ;Jщf,Jщf, ррп,Ырf, l,. 
J;frJl'l,f'fr рЪщfJш'fршftш'Ь ,;,щ,nftn,f1/'n.ЬI,bf'I! ftш/_,;l,[шJ 1,1, Ърш'Ь9 1;­
�Ь1t_ю[>пЪщ J/r'Ь 1t_шn.ni9,[ шJ1f,9' r,n ·Ъnpnшft9/, "l,nn•pщ JJ,li J b/_,;lшLJ,ч_­
J nif. ftnt/.шtb'Ьш Ч.ш"I шп.ш1.ш·9f,1,[n< f!'Ь'f-11'L'Ьшftn•fJJмLJ,9t �uш l.Jnф­
-:up lipdfЪгp w,11i li! щpЬr&. Ьli, .nrnf.f p&qn1&.w� Ьf, шrwdwqrЬtnt 
�Lb�шrnliwJP&. qnчq., �u� ррщ&.Ьгр WJ&. &.1n1рЬг&. Ь&., nrnf.f .11&.­

qniliw� ьr.. р. liwzPIJ. шгшdшчr(wЬ- �Lb�111rn&.wJ�r. чпчч-t� �ntJ.w-
1Ьlim �WU{ wnwfw9&.Ьtщ qn&.nrp .Б.Ьш: UJu f,Jшишп,[ ррп,Ыр 
l[w,I ,;pJ/! 6[' ftшpnq l,'f, t;шЪ r,f,ишfпиl J,Lz_Ufbu JпlbЧnчHf'f!, ш1Ъ� 
-Ll/l,u l;z_ f,nLI,l,pf!t 

l4raf,uf, uщ,;Jш·Ъ"tJf, fJn<Jl ftnqJhpf,9 Jl,ftl! ш1Ъ I;, R'f' ш1Ъ 
,;I,щpw,f:npn<f/Jn,I, ;_f, шш1J,и 9"'!9 ШШ["''• пр "ll'nUfln'ЬшJ/r'Ь pp,..,-
1,l,pf! {HCI-, H2S04) ppni&bp ЬЪ, z_liшJшJ f, .t/_jt"l.шft/r z_h& l;thftшpn-' 
ЪшJ/r& 'l"<J'l l!Ъ'l"'Lh1m Ь. ftпi/..шthLю Чш"I шп.ш1.шsЫt"" Uи шh­
иw,fJJm.J,Ъ f, ,[f,bшftf, z_l; p.шgшшph[lf'< 'Ьшl,. fJfJn,'Ьhpf, ,,..,Jp, ШJ.1' 
'1-1,"lpn<J, Ьрр "l('ntлn'Ьшs/r'Ь шhuntfJJшJp itшf'ht/r .{ pшhшft,ш"lhu 
npnzbl ррп,'ЬЬрf, Ь. <f,J1hpf, _,;шJЬJшшшJrшЪ n,J/!1 fl"ln'{'f,9 ш,[Ьt} 
J!f,?t;ш'Ьntp l,_ ,;шJ= Ufшpфш,ft 1; fl,uшl,n,f_fiz_fr щп.шf.Ш'рftшJ., ШJUUfb'u 
1t_пz_,[шJ, чгw\wf.-pw9wuw�ш&. (шUJrnmn&.w·Jp&) uwfidm&.nнfp: �\ltn 
ШJЧ uw.li.dw&.dwr., ррn�&.Ьгр WJf. f.Jщр-Ьг& Ьli, nrn&.f "lmrщG.w­
�nнI Ь1i wr.pu&.f.Ьгp �wd �th�111Г1111ilibrp fiЬ111 dрш&101щ pf. qntf.w� 
�wwpn&.liЬr, �шd �1. p-pni&hгp, WJli &зn�рЬгr. Ь&., nгn&f �шгnч Ьt. 
zЬqnfш9f.Ь1_ 6P,dfhrp, шnwrwg&Ь1nil_ шчЬг: 

4.P,dfЬrp WJf. f,Jщpbrli Ь&, nгnf.f �wrnq Ь1i UIWL �wmpnr.&h­
rp .6.Ь111 dpm&.w1щ p&.1)-Di&w� ш&Р,n&&.Ьг �wd �tЬЬmгn&f.Ьг, '8шU J;i
БP,dfhrp w.1&. &,1 п1рЬг&. Ь&., nrn&f �шгnq Ь&. zb qnf'шglib1 ррщ&.Ъгр, 
wnwrw9&.Ь 1nil_ щq_Ьг: 

s. I>n�o\ нь�srщ�sььr� -.�unвll'111, l1Lusu.sn�1,� nrntn�II'�,
ous,i.щ-.� 1.nur11вU'111. оrььr�, 11�s�,i.n�11-5111, -.пr1111��в

IJonчl l;tbftшpnlfrю'Ьhpf, r,J,un9lf'<Jf! r,шrJ.ht.fr "lf'"9l,u 1;, nr/r 
JшJщ'Ьшft ,;Ш',[шu щpШ'ft"l."-"<fJJnt& 1; n,nl,'lJ,,[,r,J z_r,f,un9,[шJ Jп1h• 
ftr,чИpf, Ь. шп.ш2ш9шJ f,nИhpf, Jf,1_l,.1 Opf,Lшft, 1.РШJf,'Ь JJ,1.ш,[ш1-

pn,J pш9w/_,;lшfJn,L 'l-frun9,[nul 1;, шп.ш1_ш9I,l,l'1,[ рш9ш·/_,;lшш ( ш9Ь­
,пш,п) f,nI, l,. UfpnmnL1 

СН3СООН ;t. СН1СОО-+Н+: 

llJu J;ш,[ш.иш ршftzп.п,РJш'Ь Ъ1t_шшJшJр ftf,pшn.ht1tt/. Ъhf''l"f'Jnq 
11_шf11p/_шJfrbpf, opiЪ/ll! ftиmшЪшЪр. 

Jti 



:, 

Ссн 1соо- ·Сн+ К-,-"=="'--"'--' 
Ссн1соuн 

nри1Ь11. С-Ьрт/_ Ъzш'ЬfUl/,[wd Ь'Ь '\ш,[шишршЧzпшЧш'Ь J"uшr ЧпЪ-
9ЬЬтрш9/11цЪЬр[!, f,иЧ К-Ъ Ч,пt4niJ t 'l-f,ип-9JшL �:шптш�л,пЬ, 

fif,l_Uf.bu 9"Ч9 mp,l_b9, Pn<JL tLbitinprt1f,шHpf, '\шJшр '1-/run9-
Jшl, wumf,6.wJ,l! npnzwl/f, :/,f,ч_f,ЧшЧш'Ь f,Jшит n,Lf,, 11/шрч_ С пр 
Ссн3соо-=Сн+=О:t t.. Ссн3соон=С(J-а), npmb'l a-fs 1 Jnt 

ttЬЧшpn'lf,шf, 'l-frun9Jw'il шитf,6.шЪЪ f;, 
l'J.f,un9Jw'i, '\шumшmn·,LJ• шршш1:ш1тп,р1ш'Ь Jbr_ шhqшq.pli[n,f_ 

ШJ'l- wr,JhtЪbpp, 1/ишшЪшЪ1, 

Са2 а.1
Кс

=--
1-а (1-a)V 

(22)' 

1 
пршЬ'l V=- l/n1_./.,nul f; linurwgnнf, /шl/ (22) 1ш.[.шишрn<Jf! Чп1_­

С 
.[.п,J f; Ouuн/_шl'l-f, (1888) hinnr1119Jш&. орНр, 

ьрь 'lf,un9Jш'Ь шишf,6.и/Ь/! 'l_ШIЛ ,j,npp f; 1-f,9' а<(1, ШUf_UI' 
1/wpht.Jr f; f!I, '1-"'f,l'l 1-а=1 l,. (22 )-f,g 1/ишш94J,· 

k а-• f К, ,
V с

(22ш )' 

РLшl/ш'Ь f;, пр ''imupш9Jwf, oplib/!l! l/f,pw11b1f, f; Jf,шj'b Р"'Чl f;­

thl/ml'"tfrmHpf, ЪЧштJшJр. , SЬ'lш'l-f'bln,[ a-f, шрJЬп' IJ:=-'­
'• 

(22) 1:ш,[шишрJш'i, Jhr_ , 1/итш'i,ш'i,/! 

0' 

Л,., (},,.,-Л) 
(23) 

IJ.JUUff,un,[, р,п'Чl /;tbl/mpntf,mf, ttbl/mpш.t:m'lnf''lшl/ш'ьn'IPJшЪ· 
lш,j,Jш'i, Jf,r_n9л,[ 1/шpbtf, 1; npn·zl'l 'l-frun9Jш'i, 1:шитшитп�Ъf, шр­
JЬn/ Ъl/ш·и,f, п(/Jb'i,шln,[, пр Pn<Jl {lhl/mpntf,1nWpf, .t;шJшр А. = 

=C+V, �ЬрJшитf,6.ш·Ъf, р.шрЛрш9,нJf,9 Кс-Ъ JЬdшЪпtJ t, /!шЪf,, 
пр p.nLJL /;1hl/ш1mtfrm'i,J,11f, 'l-frun9Jш'i, Uf{'n9hu[! Jhd;шJшuшJp. tЪ­
'l-"pbpJ Ufpn9bu t, 

.!.ш11nЪf, t, ·пр ntJb 'l tthl/шpntf,шblp[! z.il ilpш{'l/,[,л,.J fJ;ntJL' 
ttlфnpntf,mИpf, Qpf,Lшz.ш,J,ntPJntЪЪbpf,'i, h ЪршЪg .t:шJшр рЪп1-
/Jш'1l'шl/шЪ Jbdп1P1rnЪ t .t:ш,'i, '1-f,иш'ьп1J w4mptJ_щpJщ&.e,� а, "f'I!" 
Чnz,[лiJ t Ъшh �,1,ь4шрq �n&gh&.mrw gpw: 1: 1 mf,Uff, niJbq t1ЬЧч,­
pnlf,mЪhpf, 11-ЬUfprшl 1/шрЬU, t 'l-f'bt 

к, 
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3+.3-

а 
(24), 

11pшh'l а+, а- l,. а-Ъ f,пЪЪЬрf, l,. ttbJrшpn·tfrmf, шЧ111f,,[n,1Р1п1ЪЪЬ.рЪ 
ЬЪ, f,иЧ Ка-Ъ Чпz.,[п,J 1; phrdnq)i&.wd)i4w4w&. qpungdw&. .6wumw­
mn1li, Л['f! .t;щuт,ши,rнЪ t /;thl/1npnt.Jr1nf, l/nЪgb1,mpш9f,шJf, nt. [ШJ1, 
и1f,pnчflniJ1 П,JJ, 'l ttbl/1npn1f,mf, шl/шf,,[,,,,P1rr1Ъ(! ' а, niqf, 'l 1:ш­
_Jl,JшшшЧшЪ /; l[п:Ь9Ь'ь1nрш9f,ш1f,Ъ. 

(25) 

npшbq 7-'i, Чп1...[п1J t �lh�mrntlim)i w�m)i(щpJw&. 1Jllrbw4Ji�p 
Ъпир l,ri,J-nчfJ,Иp'i, f,pbLg -<ш1nl/niP1niЪЪbpn,[ ЪJш'i, J,'i, f,qЬш-

1шl/шЬ l"',)-"LJPЪbpf,Ъ, пр(! .t;bu,l,.ш'i,I} /; ШJ1z ршЪf,, ,np 'i,,rup lni­
,)-nчPЫpniJ шl/1nf,,[n,pJw'i, 'l-"f',)-шЧ-"91! J...,,_111,nul 1; Jbl/f,1 7-Ъ 1/ш­
phtf, 1; npnz1'l ,j,n·рЛЪшЧшЪ 6.ш'ьшUfшр1:п,[' z.ш,f,b1n,[ 1п1dпчРЪЬрf, 
nuJn1nf,I/ 6.t.znulf! , uwnh9.Jш'i, r_bpJшu1nf,6.шL,f, f,1.b9n1Jl! ЧшJ bn­
Jш't, 1_bpJшu1nf,6.wLf, pшpJ..pш9rrul,f! l,. 1:шJшUfши,шиfиш't, 'l-Шl,[ш­
't,шl/iш't, /;[J,JJ,'i,u,f, t1Ц1np,uzшpJ ,n,J[!I 

{.п,.tпчРпиI Jf, tthl/mpn1f,1nf, .t:w1nl/n1fl1пi.'Ьf! fuf,u111 1/hpUf·n,[ 
1/ш{и,[ш.t t P"l"f' l;1hl/mpntf,m'ьbpf, Hpl/ш1n1P1n·i'ьf,91 f�п'ь'ьЬрJ, '1-ЛL• 
JшpшJf,L ш'l.'1-Ь9п·�Р1п1'ь(! ln,.tnчPHpn,J p.'ьn,pш'l-p,[niJ t pn&.w-
4w&. 01.dnii_, "f'l! npn2,[n1J t f,nblhpf, ЧлL9b't,111pw9f,ш1f, l,. 1J,s1bpf, 
.Jbdn,PJш't, j!Шnшl/n,1un1 Шf'UIШ'J-f'JШU' ЧJ,иш'l-п·,J.шрп,[. 

1=-
1 
�c,u,

2 
(26) 

пршЬ'l 1-Ъ f,п'ьшl/,ш'ь п,J'ь /;, Ct -Ъ /}Ишрl[,[п'l f,n'ьf, l/n'ьgb'ь1npш-
9J,шL, Z 1-f. f,n'&f, ,[ш1h&1nшl/ш&n1/J1n,1,,f!1 

1'пLшl/шЪ niJf, 1/ш'ьn"L[! ,j,прJ..шршршl/ш't, t, f!UUI "f'f, w&.4wlu 
1;1b�wrnU1mP p&.шJp-pg mit.Jшt �th4mrnU1mJi w4ш.Ji(ntpJw&. 1Jllrhl-
4p9p. .linч &.r. 1; d)�Ъ:&.ш!&. Jin&.w4w&. шd&. ш&.Ьgпq_ pninr 1шbnчp­
lihrn1.d: 

9. �r� '1ФUП61Т11Ъ !llUSllSП�Ъ, �rшn,ll�llЪ 6П�6�9,
РП�tьrnв�ъ lПNJП�Bll'Ъbr, !�'1-РЩ��-

�"'f'l! шJ!/mmbp Jf,ш9,..,p4ni'ь 1; l,. zшт Р"Чl /;{bl/шpr,1J,1n, 
"f'l! 1/шрп'l t 1_'ьJР'Ъ 1_ш..fт,[ qf,ung,[bl Н+ L,_ ОН- ,f,пЪЪЬрf,. 

н20 � н++он-, 

ш,[Ь1f, 6.f,zm' 2Н�О � fiзO++OH-t 
ll.1u1nh11_f,9, r_pf, '1-frungJш''t, .t;ши1nш111111И1 ·,nLf, .t;bщhJШL шр111ш<ш1-
т ,,,р l"'f, l! • 

К ан+ ·Зон-, 
ан.о 

(27) 

l.шz,f_J, 11иr.ЪЬ[п,[, "Р 25°С-пиl tf'fr -i.=5,5-10-8 o.Б.J-J.uJ-1, 
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1 

{ 

1 
f,иlt 1 d1-1rul H20-f, /tnLgliЬшpшgf,шb' Сн,о=-18 =О,0555 

"'"IШ /tшрЬ,J, t v.-f,g шL9Liч A-f,. 

• 

5.5- 10-• 

0,0555 

,.=U н •+У он-=349,8+198=54 7,8, 

А IQ-6 
>=-= 

'· 547,8 
1,81-10-9, а:=1,81,10-9, 

Uhlt t/нnpn,J /tw 1000;18=55,5 J,,.l tn•p, .t;burl,.щpшp bpUI' 
JJ,1_ l11zшd- Н,+ J,. ОН- f,.,.,'f,.'f,l,pf, /tr,L9/,'i,u,,['ш9/нuL {,ш,J_шишр itLf,Lfr 

Сн+=Сон- =55,5. a=55,5-1,8l -1�=1,01. J()-7, 
.PшLf, ,пр f.pf, 'l-frи,ruJш'i, wuu,f,-&.шLf! zшш ,f,nj]f' t, .ш,щш 'l-frun-

9,,.п/f! Ьltшu,f, 111.blLwlfru f_pf, ltпbglib,npшgf,wL ЧJЪш q.прJЪ...-,Чш­
Ьпрl,1, шL,f,n,fJt•/и• fi1.phJ:Ь, 25°С-п·,J 

(28) 

K,.-L ltпi,J_,nJ t fr'� �n&.m�m&. WJ:'ШWJ)l'JUll, fr('[! {шии,шиинЪ J�­
J,nf11n1.I, t [рш,Н,ш,,.шl, JmLf, 9ш'Ь/tш9шJ /tnb9Mн1,pw9f,шJf, <шJшр. 

К,=(1,01. 10-7),_lO-" (J•,fr••!,)', (29) 
' 

(29)-f! .ршЬщltшЧш-1, ,Ч,Jр t JwnШJllul Jf,1_ш.f:ш1pf, fJ/J,J_nt/JJntLf! 

l'Ln,J}1119plчn• '\шJшр1 Utuи1.f,& ш'Ьq.шJ Я1пphbиh'i,f, (1920) lf,r'l_­
Jf,9 JU19i/_Ьt 1; trmHwЧw& 901g�z ,;шиЧш9,пf1111,1L[! , "f'I! ,;ш,J_шишр 
( f.pшM,f, ш.J,шf,,J_n"-/J-Jш·L (f,иЧ 'iшир l"'Jn1Jlltrul' ltпLgl,'i,uipшgf,ш­
J/r) рш9шишЧшЬ Lzщ'Ь.п,J_ ,J_h['9pшJ 111шu'i,,.['7-шltшf, 1п9-ш{'f,/1Jf,f,. 

pf1=-Lgaн+ ЧшJ рН=-L.;Сн+• (30) 

J!ршJLшЧшL 9n19f,}J! �Lш/рцщhи pLrн/Jш11-p"ul t trнJnч/JJ, (Jf,-
1.шi/_-ШJpf,) шЧш�( pplf.wJ&.DtpJn1&.11 : bpt, рН < 7-f,9 JJ,1.ш,[ШJf'I! 
,;шJшf',J_п1J t /J/J,J_шJ!,L , h/Jb pH>7-f,9 Jf,,_ш,J_шJpf! ,;f,JLw1f,b t, 
f,иlt pH=7-f, tp'щprпJ J.frtш,J_шjp[! lf,'l."/! /;, 

l'mu pp"1LЬpf, ЧшJ <f,Jpbpf, tn1Jn1Jflblpf!, ьрь Ърш,L9п,.Г 
шп.qш l,f, ШJ'I- /JfJ-11,Lhpf, Чш·J ,;f,Jphpf, ,;шJш-щшшшиfиш-Ь ,ш,zl,p[!, 
еЪ7-11,ЪшЧ l,f, 111ш,;щшЬЬt,n1 tршJLшЧшf, f,,..f,'i,l,pf, ·npnzwЧf, ,,,..'f,._ 
9/,J:,u,pw9f,ш'i, tn1Jn'<JfJ-/r 'il.nupш9JwL ltшJ fJ-/Jn, ,,, ,;f,Jp ш,J_h1wg­
f,l,l"' 7-h-"li!"1J, (,пJ"чfJ-Ъhpf, ш17- ,;шmltп1fJ-J,.,Lf! Чпl,J_111J 1; pn1-
�Lr111J�r. wqqЬl)'nlftJDtr. ЧшJ pn1�ЬrwJ�&. mwrnчn1-pJn1-&., f,ult l"1_
J,r�Jf/Lhp[! ' pпt�brwJ�&.: fltr1!j,bpш1f,b t,n,Jnч/J-Иpf, ,; шJш,р ршLш­
.\'шltшL р'ьп1/J.ш11-f,р 1; рщ�ЬrшJ�&. шwrnqщpJntГ. ,;u,u�ш·gn,z,.,/J-Jn•-
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't#f!, ,.Р/! ,.p.,rz,J_n·ul 1; tl'tdlнl fJP,fJ, ЧшJ ,;f,Jpf, WJL ршЬшЧ,,.,J_, trpL 
шЬ,;ршdЬzт t ш,J_hlш9Ъhl' 1 l cп1Jn,Jflf,Ъ, wрщЬи,,,_t, Lрш рН-е фп­
.ф,../и,fj Jl,Ч JJ,ш,J_,npn,J_, flп1!/,Ьрш1f,Ъ L""J"чPf, орf,LшЧ 1; pш9щ­
Juшflp,fj, Ь. рш9ш/ишfJf1,J_шЧшL l,wu,pf,n,Jf, J,,wnLn,p'lf!I .Рш9ш­
/иш/J/J,J_f, чf,ип9Jш'ь ,;щии,шшw,L[! ,;ш,J_ш ишр 1;. 

К�
= Сн+·Сс-11соо- , 

Ссн,соон 

Uи flf!,[f, 'lfrurr9n,JI! ш9h111ши, f,,.Lf, f,/,pЧшrn•/1JшJp -&.bz,J_nul t, 
1.J,z h'ьp, ,.(' w'l,bpf, ,;шJwl' t1=}1 .PwLf, пр ш,z(! 11'/r,J_ 'lfiun9,J_111J t, 

л,111/"' Ссн 3соо- =С_,, !/'1-frung,J_ш·J flP,fJ, рш'ьшlt,.•/11п1Ll! 'l-"рJЪш­
Чшl.пр/,f, <ш,J_шишр t /1/1,f_}, htшJJ,Ъ ltпL9l,'i,u,p�9frw1f,L'Coн1cooн= 

=Срр •• 1 U.1'1 щwm-G.wnn,J_ fршJ'ьшЧшL f,nbLl,pf, ЧnL9h'ьmpшgf,wL 
pn,!f,bpшjf,'ь 1п,Jrr,1fJ-Ll,('ntJ шрmш<шрп,J_п,J 1; ,;1,,,.t,,JШL lthP"'l• 

С н +-=Кс Сп •. 
с_, 

pH=-tgK�-f Lg -
С

-,_, 
Срр., 

(3 l) 

'Uptf,l. ,;ш,,J_wuшpnLJ,f,9 ь"ь.,,,,_J' t, пр Рп•и pp.,J_f, Ь. Ърш ш'lfr
:JuwnLn1_p7f,9 Чш,qJ,J_ш,J lnu}n,1/JJ, рН-е ЧJLш ,;щии,шm,пL, ршЬf, 
"Р ШJL Ч=fи,J_шJ 1; /l/l,f} l,_ w'l,f, ЧпL9Ь'ьm['ш9f,шИрf, ,;шршрiрп,­
/11 1п'ьf,9 /,_ п1. /Jl, ЪршL9 рш9шрJ.шЧ 1ш'ьшltf,g, U1u щшш-G.шп.п,J_ /;1 

./1Ю ·ЧnL9hLmpш9J,ш1J, фпфпfип,fJ-Jш'ь &Чш,тJшJр pH-f, ЧpшJ­
фnфn/иnLfJ-JnLL[! 'l_'fШ[f, l(• fln,!/,hpwjf,L [triJmJ/1 щшшршии,l,l"L 
,;шJшр 09-mшq.npJ,J_n�J l,f, P,n•JL /J/J,f_},g Ь. 111Jh

,z 
<J,J1f,9 ЧщJ -

/Jпчl· '>f,Jpf,9 Ь. n,J!,'l. PfJ-,J_f,g umш9,J_11'1 ш'l.!,f'I!', _UJu 'l-b "l/!"'J шL­
.,;pшd hzm t ,;шz,J_f, шпLhl шчЬr� .G.�qrntliql!: 

f!'i,'l,;шLnLp J.L.п,J_ шtzbpf, ,;fi'l-f'"L/r'l.[! lt,шphtf, ( '1-Pbl Ш'JU"fb<t, 

мл+н20 z-: мон+нАt 

lllf,pшnhtn,J_ J,l,p9-n-pJn,z 'l_WL
'l-,J_щJf,l,pf, opilj[!, Чumwf,щ'i,p, 

К= Смон·СнА 

СмА · С1-1,о 

.b,J_, �ш'ьf, пр Сн,о =const, aulll/ш 

K,=KC i-s.� = См.n н ·
С

нл {' · Смл 
(32) 

Ki-L ltп1.,J_nul ( ,;p'lf'"Lfr'l./r ,;щuи,щ,пп,L, bfJ-1, V tfrmp tn<Jnчfln,J 
1 Jпl ls'l. wJ МА Ш'J./r9 <fr'lf'"L/rtt} 1; ЬLflшplt�bl 'ьрш Х J"ll!• Ш/'f 
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х 
См.он =�=Снл =-, 

V 

X-p-.&�qrnJ.liq}i wu.uфti.ш&.G. 1_;:
/!'i,,"i,щplt_b'ьp 'ЬшmpfrntJf, шglнnшm./r <f,'1-f'11'l/r'll!• 

сн,соо�+н,о се сн,соон+он-,

К, 
Ссн,соон · Сон-·Сн+ =�• 

Ссн,соо-·Сн+ Крр •• 

к Сан1соон · Сон-,. 
,-

Ссн,соо-

К, 
к. (33} 

(34� 

/>иЧ р,ад pp4J, h pnLJL <f,Jpf, ш'U' '>/н1pntf,11.f, {щи�пшшп,1,р Чtf,'L/r
(орf,fнцЧ' CH3COONH4-fr -\шJшр, Лf'f! fpwJfrL tn·1..dn1..4p/! 4шJшp­
JW Ш{Ulln '1-"JtnPJnt'Ь l'_tt.,."i,fr)• 

(35} 

AgCI, се Ag++c1-, к (36} 

пр111Ьr,_ алg+, ас 1- /,_ aлgCI t;шJш"fш�пширlш'Ьшршр fr,,.'f,'i,J.pf, l,.­
'Ьи,т/_шJ1,,..,r 9-,n'iн/.n'l. w'l.fr шlt_111f,,[_n"J.PJ1111..'i,'LhpL l,'f" "Ьи�п,[_шd1/r Lhp­
ЧшJwiJIJш'Ь '1-l,"ll} 'Шl 8Лf:"С1-р 4шимrинпп�'L Jlн}п·1..Р1т'ь /;1 K ·aлrCL 
111p№W'1-PJШlf! ftn)_./_tшl /; intЬЬtlantfJШG. wruimчnшt, rrp(! -\ши111ш-
111пй, 1_ bpJшu,nfr"l>ш'ьn,J -\шищш,nп,'i, Jblrr,fJ1п·,'i, /;1 (п,dпчР,п,,Г 
"'Jl lll'l_bpfr pш9шftшJnLfJJU1'ь '1-h"fpn·,J wft111f,,f_mP1n·,'ьp ftшpbtf, t
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.,j,nfuшpf,bl'l Jпuшр Чп'ь9Инпрш9f,-шLЬрп,f_, j!wLfr пр 11J,f_шрш1пц} 
щ'l.Jr <шJшр 2шш ,jmpp ЬL ':шJш"{шшшиfишL f,nbl,bpfr lt_п'i,91,'f, u, _ 

pwgfrw'i,bppt UJu "ffrun,[_, lt_шp.n'l_ Ьf,1 q.pl'l {f,Lz.Ufbu AgCl-/r, ш//J­
Ufbu 1.,. ШJL pf,Lшp 'frl,/_ш11шlntd ftblt_шpn1/нn1,l,pfr ':ш,l.шр), 

L.U=K · aлgc1=aAr+ · ac1-=C.1g+ · Ссг : (37) 

l>иft, рш'ьfr пр Слg+=Сс г, '""f."'• 

I.U=C�i:+ =Ctг• (38) 

</, bp1_f,'f, шр111п,-\ш1111п,Р1п,Lf,9 ftwpn·,z b'i,p npnzl'l '1-J,f_n,pшln"} шr,_fr
1.пu)Llf,п,/J1n,L[!' {l) dnt/L шгнлш':шJи,./_шJ-. 

1.,,+-l.c,-=Vщ, (38J 

'},J,f_wpш[n,J шr,_fr -\ш,q.Ь9шJ l'ц�n,,pmJ f,пИЬрf, ftn'i,9/,'ь,npw-
9f,ш,'f, ШJhpn,f, фп'{!f' !;, пр ln,JnчP/r ,:..,J..,pJ-bpшsfrL (l;ft,[jt./_шtbL111) 
,f;tLft111pш-\ш,znp'1-шftшLn,/J111,L[! q.npJbn,ftшLnp/,'f, ,;ш./_шишр /; wL­
un,-';,ln,f, Ьпир 1rпJпчР/r -\щJn,pJbp�Jf,Ь /;tbft111pш'>n,'l"f''l-шftш'ьn,­
PJ..,'i,[!, "'Ju fr'ьpL' ), =/,,с = л� + k;,, !lшфЬ1п,f_ '1-J,f_шpшtn,J­
IJl'l_f, 1п,JпчР/r ,nl,uшftn,pi,;p tthftшpш-\ш'lnf''1-ШftшLn,/Jsп,Ьf! , (2ш) 

,pшf,щJ.l,n,f_' С= 1000x/f.,.,, ftwpblfr /; npnz"ьL 11J,f_шрш1п,d ш'lfr ln,­
,Jl,lfrn,pJ"'f,t! ({), /rfчUf Lu Lшl, Ln,Jl,lfrn,pJшf, шрщ-шqрJшl/! ({U), 

Uшftш1L шl,':pшd-hzu, !; Ьftшmfr ,,,'i,l,'f,шl L"',J-nчP/r фnрр' и,/,. 
ишftшршр /;tb,ftutpш':ш'l"P'l-шftшl,n,pJ"'f,{! , ШJU. "fши,-G.шпп./_ /;[ n ,'l_­
·'l·KLJ /; Ju,9,f_n,J ':шz,[jt шnthtn./_ 2.pf, /;Lbft111pш':ш'l"f''1-ШftшLn,PJrrL-
1rp' xн 2o =1,6-JO- ti ofbl-1.uu-1 (25°С), 

]000(:r:-хн о) 
с-----,-:'-�·-,--='�' 

).t+J.:: 
(39) 

ЬрЬ С-Ь рf,'ьшр {1-1 u,fr"ffr) l;ibftu,pnlf,u,fr <шq.Ь9шJ �пЬ-
9Ншрш9frшf, !;, Ш"fШ l,рш 1п,JbJ1m,pJшfs шpmш'lf'JШlf! fttf,1,fr. 

(ll-C', (40) 

09-ши19-npJbln,f_ (39) -\ш./_щишрrпJ(! ltwpb,tfr /; npnzht Ьшl, Pn'Jl 
ppnJ.tbpfr t_r.wJli&. tntbntJ&l.r� рН-р: U1u '1-l,"fpn,J L11чb"f bu 
Uf h"'I /; fntd"nчP/r f!f,'1--\,шl,r,,p /;{hft,npш<ш'lnl''l-шltшЬn,pJnt'ьf,9 ,;ш­
'f,J'l Jw1n·,p tl'/r /;tbftutpш1:ш'lnf''1-Шltшl,n,pJnL'ьf! 1 P.rr,Jl ppn,l,hpf, 
'>шJшр 'ьлчl,"fl,и, fr'ь;_Ufb" <ш1111l,fr !;, ltшpb[fr /; ftfrpшnht '1ntttwn,­
z/r w'l-fru,/r,f_n,p1ш'ь opU1t!' А .,,= Л�+I.;, Opfr'ьwft, рwgш(цщ-· 
.PP,f_f, ':шJшр'Л,, = ЛСн,соо- + ЛН+=41+З49,8=390,8 цU2-o.6.d-1 1 

Usи"ffrиn,f_, f,Jшl,шlп./_ А .. -[!, f,L;_Uf bu Ьшl, ;_шфЬl"'./_ 1п,dпчР/r 111Ь­

_ишltшршр l;lbftmpш-\ш'l."P'l-шltшl,n,pJnL'ьf!' х ftшpl'lfr /; rrpnzbl 
Р11•11 /JP,[ft l"•JnчP/r f[nl,9/,'f,,npш9frшl, (фшишпр/,'f, '1-/r1t1t9JwЬ ь'ъ:..
p,wpft,f_шd /;1hltшpnlf,mfr ltпЬ9/,'f,u,pш9frшL), f,uft ш1Lп,\ЬшL. рН-(!, 

'1-npJl,шltшf, Lzш'i,ш,ftn,P111tЬ nt'ьfr L"•J11,1PHpfr ,;шr,_п:р'lш;_ш-
1>3 



,, , 

,j,wI,uЛ, (it""i,'1-n<ltpnJbu,pшltшЬ) vфщl"ID.Ld[I,, ШJиftL/!f,, 111f,u,p1rtJ­
l•nJrrчPJ, /;1bit"'f'w'\w'l."P'1wfrш"i,n,pJwf, lш,J,Jш'i, Jf,1_n9·n,/_1 1.ш'l_np­
'1-"'lw'Pn•Piw!, wn.ш,/_btn·<fJJn<'Ьf, ШJL !;, пр ШJ? b'Iш'Ьwltf! '1.wpl'l/t /; 
J,f,ршлlч '\ш,лltш"IЬи "l'l.ump itwJ qn,'t,шi/_np tniJп.ifJ"i,l,pf, u,f,ш[!p­
Jщf, '\шJшр (,прпЬ9 UJ/t1npn<J/! f,"i,'1ftчwmnp"i,bpf, 09Ln<fJJwJp qph­
fJb щ,'Н.Ьшрf,Ь /.;), ftLl"ll,u 1,шl,_ '\bnni 1nwpшJn,fJ4wf, �/._рш inbf,,'l,n-­
l"'lf,,w,ltшL '>иltn'l.n•fJJn<"i, ШUfШ,;m/_l'lff'I. {шJшр1 

1,,ш,,_np'Jwlш,J,n<fJJш'ь ltftpшn11LJ[! z_lиlnpшgJш"i, nbwJ,gf,шHpf, 
{шJшр '>f,,!'i11 / _шJ /; Н+ L. ОН- f,rrLLhpf, 2шpJ-ni'Ьшltn•fJ1•n'i/blp{r 
ршрd.р шpJ-bp'ЬhpJ,· ,J_рш' <шJЬJщ,и,шJ lb'l.n/!wgJwf, J;щJшLшlt ш­
пш1_ш9шJ Ш'l_[! ltwqJn'l. f,n·LLbpf, zwpJn,'i,шltn•fJJ,n <L'i,hpf, {/,и,, Opf,­
Ьшlt, NaO Н-J, '>шiJ шрJЬрш J/i'i, /;thltшpw,;ш'l"f''l-шltш"i,mfJ 1пLЬ[!' 
АW.он =50,1+197,8=247,'l, 1'и1, <J,Jl'f, ,J,Ш'J,шuiшp z_f,rz"l!шs­
Jшi. "1.ш'\f,Ь (bfJb uif,uipr,,,_J Ь'ьj!, opf,bшJ,' Ш'l_шfJfJ,f_n',f_} l"'-'}n<JfJп-uf 
lfil,n,J Ь,1, JJ,ш1b Nн+ k CI- f,n·bl,bp, k Ш/'1 '1-b"ll!"ul l"'-JnчPJ, 
'\,шJшpJbl!шJf,b ttbJ,uipш'\ш'l_np'1шJ,шbn·1_fJJ11'-Lf! (1,.npf,g шl,,[bpt_ 'fl.,.,_

pшgJшL '\шJш{' <ш2�/_шJ) LfiL,н J t
° А;'зс1 =50, 1 +'lG,4=12G, 5, 

U.J"."lfrun,/_, 11nJnчfJJ, ttbJ,uipw...;ш'l"P'l-шltш'ьn<fJJn<Lf! 241,'l "f,g /r1-
btrul t 126,5-f,: {,пJtrtJfJJ, z.hrzn1ш9 n 1_Jf,9 '\Ьu�п P'fJ,/_/, шi/_btшgJшb 
'\Ьш '\шJшpJ-hl'шJJ,L tthJ,uipш'\ш'lnf''l-шltш1.mfJJn LLf! Lnpf,9 uJ,unLJ 
t ш�hl, '\шиLЬ[,п,[ иш'\Jш1.шJJ,1, шpJh1/rt U1uщf,u�,[, ,,.,_Jb ,,_ </rJl!l! 
,,-,_JЬ,,_ рр,[п,[ z.h q_п-1ш9i/_Ь1fru '\шJ шpJhl! lrbui11ul l"'-JпчfJfr'-(lhltuipш­
<ш'lпf''l.шltшb,,.,_pJ"'-1,f! .шJhl,шguiJpL t1 ./!L'ьшpJ,ЬLj! fJfJп-tL <J,Jj!пi/_· 
(1,шJ <шI,шпшI,l!) <ш,,_пр'l-шl.Ш''РшJ,шЬ uif,uipJшb ,,_ь.,,,Ьр[!, n pnL1-
php,/_шU hl, 11U, 48+<,,-,_J, ьрь ш�/_lчш9�/_п,,_ PPi/./r Jш,[.шt.J,g t1ЬJ,uipш­
'\ш'l_n•p'f-Ш'ltшbn1_p JШL 1,шf,,i/_ шJn1_fJ J"''-f,l! ш·р111ш'\ш JuthLI! lfpш:f,f,J,п­
pЬL, Ш"fШ J,итш1.шЬI' bpJ,n'-"'-'lfi'lLЬP ,npn'i,,9 '\шinJшL lthщf!,J,'\ш­
Jшщш u,шuf,,шLf, z.hqn'l'шgJwL J,6111/rL (11J, 48), ?-Jшq/,p 48-пuГ 
щш1111(1,р,[шU ЬЬ щшррЬр ,,_b"11bpf, '\шJшр uinш9J/.tr''l. J,пphpe• 

:vr.� · 1 w) 1 r} 
' 1 ' 

�-�--

У�,н V,,11 Vн,; V 
[ц q) J 1 '}} 

V 

' ' 

'1-.t. 48. i,,,1,.,...._/i-..,,,Jl,.,.pш/i-шЬ ш/ипрJшl, 'l�"''lf'"'Jl,1,f'. ш) ,шlh'I. ,:�Jpf! 
.,1,,. 111"-•t/., р) '"'JI -:�Jpp ,,,Jl,'I. ''"-""-' '1) ,,,JI,,,_ -:�Jп Рпч1 pp,j_o,j_, 

,,J '"'11 ,:�Jpp '"'J/ ,,_"-""-' 

flшgшinpЬLI' 4-8 '1-• 11Jш11p/r J,npш'lfrJf! , ./!�L.f, пр fJ"'-Jl <f,J.pf! 'pn'-Jl 
РРJ/.п,/_ inf,111ph1J,u шп.ш1.шЬп,J t fpntJ '\fi'l-P"'l/>'li/.n'l Ш'I_, Ш'J'l- "IШ."'­
�шrr.ni/_ tt '\1,ш рш,[п-р 1.t {шJшpJ-b{!шJfr't, J,h111l! "f'"ll.l, '1-рш '\шJшр· 
p,,.._Jl pp,t_J,L ш,[Ь1ш9�/_п·,_J t npn·zшJ,f, J,n't,9hLu,pш9frшJf, п·,JЬ,,_ 
Pfli/.f, tnLJnчfJt! k f,,шrr.LnLf''l-t! inf,111pn,J Рnч1 <frJ1п·,f_1 U.111 "ь.,, •. 
l'"wl шпш1. f,"i, '\bpfJf,'t, t_hqn·1шLn,J ( n,Jb ,,_ ррп._1,' аЬ '\ш1n,[ш6- Ь.· 
JJ,ulJL r,-pш1.f,9 <Ь�пп иJ,и�/_п.J t u-,f,1np,[h1 Рп-чl рр.,,_ь• Ьс '\шUI� 
"' 

tlьчsru,eur& Пt<&ьr (tlDПt<) 

1, нь�sru_�"'rt·u.�u.1 �\IIТ ч-щ<1.u.1u.�u.1 нwь1s1ьr

Ф,rpd.h pf! 9"'1!1 ЬL mi/_bl, "'Р Ьрр bplt:, цrшррЬр Jbmш'l.LЬpfr 
/Jf,fJb'l.LЬp e1.it'l.Jn,J И, f,pЬ L9 Ш'l_bpf, 1.P"'Jf,L 1п,Jnчfl·nul, шщш · ШJL "ь,,,,,,, ,_J, Ьрр "'1'1 1пнJ-пчfJLЬрL f,ршр '\1,и, z'PJ/.r11_J J,L hpJ,p"f''l­ltшpy.f,, (th J,1npn11LLp"i,' шпш2_f,'t, ltш·p'l/r '\ш'l"Р'1-/r1п,[, JЬщш'lИрL/rршр Jf,ш9't,/'lfru .L�wm,f_,r,J t, np ,j,щJ, z'l.fJ:щJn,f_ tLЬJ,inpш·ltшL ,:,,._.иш't,1' t ш'ь9 'ьп,J, ll.Ju hpL.nчfJf! j!LLшplth'f,i JшцLш�/_пр opf,LшJ,f,
,f_pшt 

'l-f,9m1, gfr1.1tfr·Pf,/Jh'11! eLit'l.Jp­
,f_шJ t ,qf,'t,ltfr un,l!f,ш1nf, L. "ll!­
'll!'f,d.f,L(!' "l'l.LJ.f, иnч:f,ши,f, fPШJfrl, 
l'"-UntJfJ't,bpf, Jb2_ (qJ. 49), U.n 
bp J,n i cп,UпчfJLbr,f! f,ршр 1:hи, 
J[,ЩgLhLp "''l."'Jfrl, J,u,Jp1ш�11,f_\ 
np"fhцч], f,ршр '\hт {ш'l"f''l-шlt-
9f!J/.b'f,, bfJJ, Jbmw'l_Ш/Шpn,!__ sfrLltf! 
Jf,шgl,J,LI' "l'l.Ld.f,� J,LI,ш1nhLp, пр 
z'liiшJ/r Jl,2_ J1n9i/_шJ qшl,[ш1.u­
JbшpJ, U[Шl'f! l/,'l_i/_n,J t O '1-frp­
j!f,9, Уш LzшLшltn,J t, 11р l'lflu,J/r 
Jf,2_n ,f_ ttЬJ,inpш-J,шi, {пuw'f,i шL9.ш,[1 l;1blt1npшJ,шL,r,fJJшL. щ'1,g.,,J

f! "fШJ JшLш,/.11pi/_ш,',- t t[6J,.1npnLLbpf, '\nuini/_ 9f,,'t,,ltfrs '1-b"lfr "l'l.fr't,Af!t 
8f,Llte k щ,,}LJ.l! ltni,[п,J 1,1, �lh�mrв11:G.br: UЬщш'lJШ P/rflh

'l­'f,Ь('f!, ,rpn't,9 ЧJ'ш u,/,'lfr n,'t,f, ttbJ,1npп-l,'t,bpf, J,tт,,1nшJ,п1_J ltшJ ,f_h­pwgn,J, ltпlJ/.tr,J hf, t1bJ,шpn'I_LЬp, 
[n,Un LJfJLhpf, l'frJf,шJ,шL шLшl� '-Р 9"119 t u,шtfr", пр JшJш-



!пиl;f, r/bflшgpiшl, ptu1'/> чЬп. zqfJшh фш1, t, gf,ltt, f,1ti<ft 1,111.qbtu,�

рш9f,шЪ ш&rнJ {, Jн.1ft "f'l_Ll,.f!Ъi!' еЪч<шftшпщlti!' 'iufwqnul1 

U1<1 ЬрЬ.пчРе 1,шpbtfl t рщ9шmрtч, t!t,,'1",J,bp1,,[, <ir{' tr1,фnp,щ-

1ihr}t ,jpw JpwJшJш'Ь-шlt 1/1.t{/шfищl Ы, ,;1,mL.1ш1 nЬшltuPш'i,Lftt!• 

с"•+2 ('" -; е - ,,;'

(!) 

(2) 

fl,pЬJ1,, q/>Ll;t! r,,puf,qw1m,J {, /т1, lfnt"f['f, />nh(! ,[bpm1,ш1щlit!•

,[_11иl1 8ftul;} opuj,qшgJm·I, {1,тЬ.шЪрн,[ ц1,11шg1(шJ {fh1,шpn1ibl,plf

Jbn,Ш']JIII <щ1,11rtt1'2P Jf.111·,[ 2шpJ,f_nul М, чh"l/t "{qъ.1/t ttbltитpn­

lJ-l!• "l'f, ЧJ'ш tc phfJшfmul t lt·n·LllfrФ J,nlt/t ,[bpшltшLqlt,н.J[!I lЬщh-

4,шршр, {1hf;u1r,н1bbpfl J,m1,bpAuf!Ъ t!tf}ш!ншl ЬЪ opuf,qш4,bpш­

ljшbq,ьJшЪ п_lн.и1,9[uиЬЬр, npl'll,!1 ,:1,u,l,щ'/Jpn,[ mb'1_/t t n�'i.shbn,J {�

1Ь/tmpr.bl,kpfi ni'ltt!lщ� <:nup., пр(! Ъ1_шitшltn,J { t1hlJutpш1,mЪ ,:,,_

1JШbpf, шnш1w9tttJt 
UJЬ {thffшptt']l!, npf. ЧJ'ш C,f!U/,11-mgnuf { mb'!J .,,JJbl,r,�J; i;l'l'{.-

4,п�:f { ш'L,мр !,'4,tшl <>рf,Ьш-1,rн,! gf,LJ,p шЪn111� l;, lj_..,.nq { ft,ч__of.щJ

ш/i, fthlf.mptt'llf, npJt ЧJ'т pЪflшЪnLJ ( ,/,hpw1,wLr['hJшЪ UfP"!JJ,.,,

1щ,ЬJ'/;, "l 'lf-1нip ftшинн{Ь {: 

Ъftшp-шqp<f..wit фпраf,9 ' ftшp-Ьlft f t.wшl(шg1tht, "Р tthftmpш­

�шii ;;,ruu/ft{,r. шn.w1шsttulp <hU'llw,Ъp t pf,JJ,w1tm'i, nhw1,qf,w1f,1

ll.Jtt и,ши&шмн/. tl 1'1,w,-mq.p,f,wh <;шpJшpш'i.jtp, rtp/t JJ;'f p/tJJiш­

{iшi. l;frh['q.f,шf. ,f,bp 1; шb4,n·,J /;Jlфnpnr'tшfsf,, lfn;,_iln:•J t l:th�\R.l"Ul­

f�J�mqmG qwJ qwp\w&шqmG t1Wh&m, 

2. i,r�.u.�r нььsru.ь1J.1> 1.ьrs, щnSbl,ВNJ.tr Р.1}!>99
lU.'tfil''l-!>O-IU!l.fiM!>O 1:ФIТО.Ъ 1111.lfbl'bY!>\,, нъi,srn-.u.11,1, 

щnsь1.,в1>1J.t, нььsru.1:u.r.i- о,_. 

/Jpp npЬ.I; JJнnш'l_ pblpf..J,[mA (· ш,U:щ JJ,,nwqf,' ft-щJtnЪI! "lш­

prnbwfitt'l 1.pшJ/iL 111._JntJPfr Jh7. фnfriw'lq.h!Jrrt.f1Jl,.,_t, 1; и1,n4,raJ Jb­

щшqf, L. ltшmf,nfrji JftyL., npft ,unl,sмP"'<f..11,J f ,;/,1.,,J..JШ! 1:ш4,wut11pш­

ljz.rut1.PJ1и'h 1.11nlиl'tn,J-I,. 
к

Ме-:. м;;+ ne (3) 

lщi!шuшpwft2rt11tf1Jw1, -':wumwиnillf,� K-,/t шрJЬрр 1,шfiJ,{.ш,} t JЬ­

шmqj р1�лчР/tи, , .. ,.t1н1flnu! м:+ .,, u.фnJ,./ .. пtP4 11tJ,J,e L. 7.Ь(tJщuw 

юJ,'twbJtq-r 
t1J.tf"lp111w1J,t и,р11gЬиЬЬрЬ rftfJш-Ьmn ЬЪ hplttn АЬ.11,[_1

ш) /;1Ь!rюрn''11' Jщ1,ЬрЬиf,Ъ JhmшqP. npuf,'Jш1in,J t, ttp-/i <ЬтЬ�

t/..ut'i.rpn<f.. ftшm'Jt"'i.;1'bf'l' шLgLrr,J b'i, l"'""tJ/1 h t;шJшщшmширlшЬ

Pt/..n,J l;[1фпрпЬЬЬр J1,m.J bL trbftюpnr,i, Jwl(bpi:,f,Ь, ШJU ifhj,7.ftbp

1J,9рщ,{_п;н{п,J t pwguп,шftwln ?-прп5шt qш111Jt11bf.bp/t JJ,,} Jши(!

l(J1iш рш9111ишЧ,щL lfr!Jpш1f.,ч,,lшJ- l;llфnl'"'lf, щ'itJf,z.шqwt .fnmш­

JtщJ#ntJ, ftumLч.lnf.1' - Ь. --1,.. l/ts#ш4,flr<f..ш6 JwubJ,f/.fllч•Jtg ftшч_J­

<f..ш� {u,pl,шf; ршqш1<рИр1 4шrr.шрщf;ш u.тJU"fhu "'"1.�/.щ� Чr�&w�ft

1;tьчшl'Ш.Чш& zЪrm r ,,,;-. асо Ji а1? 2ьr,.,,t! t:i,2ь9Ьn ,.J t lfropm<f..пp�

,,. 

,'J..t. II1, 1-шLf,L;,4юftnpJ,f; 
�11,Jltl,щp, 



UfW "l"u,/,'i,9J,w1), "f'l! и11/.Jш-1 '11,"ll! "ul ·,;шz,[J, tJr w11.L,f__,,uf, .,,·,.4.�
,;1,u,t,_ ,f__6pt_f,L <шz,f__,,,f__, 

l,bL9 ШJU иrшррЬрп,Р1шL wn.1,win•PJwf, Uf.Шuriiumn,f__ l;, "f' l;1bl,_ur­
l'"'f,f,J,f'(! f,L,Ъwphp,upwp zwptf,f__nul ьъ Zn-J,9 '1:b"lj, Cu, f,L,J_UfbU 1n,­
l'l! f,Ъ,Ъ.шрЬршршр ,;пип,J l; ршрd.р '1:/if'i1'9 gш.}р1 U1иJ,ЬjL' fpf, 
'\<,rul!l! pwpd.pf,9 ·9ш,}р llfDIJJ.w.Lш,f__np,f__w,} l; pwpd.pn•PJ"l.1,f,Ьpf, Лh
шшррЬрп·1Р1шJр, U1и '1:b"li!"ul f,L/!Lшpbpwpwp ,;""l}l! "lwiJшL ш­
,f__npnql! "lnurb'ftgJ,шlLЬf'f, Л:t mwppbf' п,P1rnLL l;, "f'f! 1,rrt_,f__n,J l; 
-/;tbl,_urpwzшptf n,tf (Е), �lbt,_mf'"-'1-/i "lnurbЪ9J,ш·tJ, wpJJ,/!l! ш11.w,f__b­
LШ'l-nL/1, l; (Jw/!uj,Jш1), ЬрЬ Ърш ,f__рш [!Lpwyn'l. o/!uJ,'1ш9JwL t,_w·J 
,f_l,pшt,_шЪq.LJw1, "lf'"'Sbup lfШ[ld.btJ, l;, S-1.Jwl qwp(wli.w�wli. t1Ь­
UЬli.mp �wqdnч t1Ьltщrnqli.Ьrfa -щnшЬli.g�w1t'.Ьr� dwFufadw1 wr­
cJЬfli.Ьr� mwrpЬro\yJn\f.p �nttJ.n\d t ш-1.Jwl t1ЬdЬ1i.шр t1Ь�mrw-
2wrd D\d: Bшt,_пpJ,-?w'ftJ,btJ, l;tЬJЫ,mJ, '\щJШ"f' E=I,087 ,f__n111r1 

>/,bprr<J,uшl uw,;Jш'ftn,J.Jr9 ,;J,,u,l,r,u/ l;, rrp шL<pшJbzm l; uurn,­
'l-bl l;1b-1,иpn·,,J,Ьpf, ЧJ'ш u,/,'l.f, n,Lb9n'l. Ufpr,,9bublpf, u,щppbp",PJnt.-
1r[! , "/Ч! t,_.wmwp,f__,rr,J l; ,;J,u,/,_Jшl t,_ЬpUf.' '1-.!. 51-rr,.J pbp,fw,} l;rЬJbL­
uof, Jl,l q,wr:4_,w'irnJ /,и,рр фnfuwpf,Lb'h.(! .;шиитu,тп,Ь ,;nuui'ь.l!f, wтр J"'­
pп,f__, upf,Lwt,_, w·t,_ttuln,uшu,npn,f__, Zn-(! JJ,шgf,l,f,I! шltrr ·,Jnruшu,n­
pf, рш9шишЦшЬ pl,_brr,f,f, (ZП-[! lt'l-шn.Lw 1,шmrr 'l-) l,_ '1:fН"itшЪ p/,_b­

·,._l!' Cu-f,L ( иш t,_'1-ш-п.Lш шЬп'l-}• lflr1mbL9J,nJbmpf, nq.Lr1,P1wJp 
1,шp/,_iJ, l; Zn-J, l, Cu-J, Jf,11, "lnmbLgf,uqИpf, mшppbrщP1n,Ll! 
фп-фrrfиЬl' 1.ЬLg "f' ШJ'il b'l-ш,f__ 1,087 ,f__ntmf,9 w,f__btf,, ШUfШ 1,j#t,_ш/} 

_Cu-f, 1"1.,}пu/1! h Zn2+-J, ,f__Ьpшt,_шLqJ,,.,Jl!. 

(4) 

(5) 

(4)-f! l,_ (5)-{! (1)-J, l,_ (2)-J, <=1,шпш1, "1.1'·"9hиLЬр1, Ь1,, Фшии,п. 
pbL <шt,_шп.ш1, пнип·,Р1шJр (!'irP,шu,n'l JJ,hfmчL /lJ,JJ,wi,_wL "lf'"· 
9ЬиИрL bL, npr,1,/l w1JJ eLPшfsn,J l,1, J, ,;шzf,,[ шt,_rr,J,щ1wu,npf,9 
ииrш9,f__ш,} l;thlfmpш1,ш1, l;'Ьbpq.J,ш1J,• U1и "ff'"9bu[! 1,_пz_,f__nul l; t-
1Ь1J.mrn�q: ttЬlfmгmt/i'll! l;tblfmpш1,шb l;Иpq.J,w1J, ,;шz,f}L f,pw•. 
4ш-.Ъш9,/_пq n.puj,'1-w-,f__hpшftшfsq'ln/w'i, n.bшt,_9J,w l;, n•pfJ [!'ЬpwLn,J l; 
l;Jblfmp1''1-'f,bpj, Jш1,bpbиJ,lu 

П,pbJL, ШJU bwLWUfШp,;rr,f__ Ш"{w9r119,[n,J l; .Zn/Zn2 /,_ 

Cu/Cu2+ l;lbt,_mpn''l-'ilbf,J, '1wpd.b1J, 1J,LЬtl!' 

з. �IЦoJ.111,ll�lll, Hbll"bl,SI.Ьr� l'brll"П'l-N,1111"��111,, 
1,Ьl'l,US� !11'1.UUUrn�u-� 

�1bi,_urpn,J,9J, <шJшр шL<pwtfb2m UfШJJш'ЬJ, t'ь'ьшrl,_rr,JJ,g ,;1,_ 
u,l,_1r,J l;, пр 1,р1, J1ЬJbLmf, l;ап,Ь [pf,,f__ <ш,f__шишрiиl,_zп,f__w,}· l; '1-l!f'-
11J,g 'l-"f',}w?l'</ш,} l;1zn;.J, -,;1,.,,, ш�ш z'l.Pm1rr,f__ lfшLg'Ь,J, t'Ьl:/rII ,ш­
Ъа1t,_п,р1шJр <nиwLI} , U1и '11,"ll!"'J f,qripwf' Ufntt1b'Ь9frш1J, ф"wфr,­
{ип,РJпtЪ[!, ШJиf,'Ьj'Ь' '1-W{'d.btf, l;1Ьl,_иршlfшЪ wzfuwinщ'Ьp[! (Р= 
"' 

=const, T=const) <ш,f__wишр l; l;tbt,_шpn'l:ЬЬpf, JJ,1h "{rrmhЬ9J,шL­
'i,bpf, и,шррЬр,,•Р1шfJ 1, ,;,,.,ишЪ11 .J, 11шЬwt,_rr,P1wf, шptt11U'1f'Jwlf,1,, l.п­
иш.Ьрf, pw'Ьшltl! '\ш,f__wишр 1; пF, npmh'l_ n-e l;tbl,_urprr&LЬpf, (1J,9-
/!bpf,) pf,,[L l;, пр тЬ'lшфп/v,f__п-,J 1; n.bшlf9J,шJJ, JwJwi,wlf, F-e 
:Ьwpw'l-bJJ, PJ,,,f__L l;, npf! gпчs l; итшtJ,и 1 Jп1 1/is,J, mb'lwфnfu,f__ш,} 
l;1b1L_tt1pшlfw'im,P1шfJ l}шi,wlfrr•P1п,Ьe, ьрь .-:rruш'Ь/lf, ШJ'I- pw'Ьшt,_n,­
PJ·"'f,f! u,/,'lwфnfu,[rr ,J l; "{ птЬЪ9J,ш1J, Е ,f__"l"' тшррЬрrr,Р1ш'Ь 
,,_ь "fl} RJ.J' W"{W wMrшJbzm шzfuwu,шfJpf! Чtf,'ЬJ, nFEi .Рш'ьf, "{' 
wir; l;tblfu,pwl,_wf, wzfuwmш'ill!f! 1.}r l!f, '1:'l-f'lfrrul ,}w,f__wlwJJ,L шzfиш· 
urwLI} l,_ 1,wu,w·r,f__n,J l; j,qп·PhpJrrpbL, ШUf.W шsf, <wJШUf.ШUIWU­
JvwЬn,,I t f,qn,pwpшJJ,'il "lrrmbL9.J,,wtJ, фnф,rrfurr,P1w'il[!' 

At1•t=- - дZ=nFE,

А 
955

ОО Е=п23062Е '·ш,t1ч=П 
4,184 

'1 l 

(36) 

(36ш) 

rrpmbq Е-Ь l;umfr l;, шpmw,,;.w1m,[w,} ,f_rrtmbpn,f__, пр[! Uf.ШJJш'Ьw-
1,_wЬrrpb,f., f!f,'1,..,L,[n,J l; 'll'wlfшi,, .Pw'Ьf, пр ЛZ-{! 9шf11,w9ш,} J,'fJf­
Lwt,_шJ [!Lpw9rr'l_ n.bwlf9J,w1J, <шJшр ршgшишt,_ш'i, l;, J,ulf Е-'Ь' 
'1-f'шt,_uЛ,, WJ'l: "lwuт6.ш11.n,f__ <ш,f__шuwpJwf, шп.ш2. '1-f',f__ш,} { ilf,f,r,,u 
1.zu,'ir, 

�lZ"'f, 1,ш(и,f__ш,} z.l; <w,f__wuшpшl,_ez­
nшt,_шL l}f,Jf,ш1,mL n.bw1,9J,w1J, uu,b­
Jvf,r,Jbmpf,lf q.rrp.}шlfJ,9&bpJ,,9, ршJ9 ЛZ­

f! 1,шfи,f__ш,} l; n-f,91 
Lwz,f} шn.Lbt_n,f__, пр F-l! <шии,ши,п,'Ь 

.(-, (36) wpinw,;WJUJ11LPJn,f,l! w,}шLgbLt 
/!""' t_ЬpJшuu,J,bwLf,, 1,_uu,wf,,пf,I!• 

dA
- пF

dE
, 

dT dT 
(37) 

• 

dE 
"P"'l,'l. 

dT 
_f, lf1rt_,f__rrul l; l;1z,,,J, fbpJшuurJ,blWlwJf,'i, q.rrp.}шlff,g h

npnz,f__n,J l; фrrpЛfJwlfшL Ь шЪш"fшр<rr,f__, Е-Т 1,rrpw'l-,}J, q.pw!j,J,t,_ 
'1-Jiфbpb&9n,Jrr,f__ (q,}. 52)1 

dA 
Sbqш'1ph1п,[ - --J, t,_ A-J, шрJ-Ьр'ьЬрf! '1-J,pn-1.Ьt,J,;,,LSJ, А= 

dT · с 

dA 
=Ор+т

dТ
Jшpuf,Jш1 wz{uwmш,&pf, <w,f__шишрJшЬ Jb1. , 1,ии,ш-

'i.,щi,р 1_hpJш1J,L l;!j,b1,mf,, Jшl}иJ,Jич l;tblftt1p1111,ш'Ь шlfu111mшL1J, 
(nFE) h 1ЬрJшищJ,ЬшЪичJ,'ь q.n,p6ш1,9J, JJ,1.h bqшJ- ltш"l.l!· 

"' 

D-831 



н:я-, 

"' 

•illr,m', fmLq 71l,fp ,f61,m-9J,и-Ь 1Jiflm1Jmy.,f1nnmpJql 71 (З:.-JU)
,fdqmшmn/lm 1Jm',mJ1n',911 1mp,fnlt,,,.I' •,fm',9•l1 q,ffmpJql d'Jm'J 

.LP 
-тшп', •lqr qmpJmnm],m:, ,fil'J•mшmnJlm 1mp,fndmp --J.+do=

VP
.LP 

=V ,f61.u�p'1q7-п.J,f,ь ilJ9'JilqpJm ,f-v 11 ,f---],и1tpll.mLqs
· VP

:(lS 'f-Ь) ],иp1uG1J·qJq,j;,fl. 
1,,f</;mJ-Ь i/t-ЬmJu', .L -З •],u:,Jmlnmqmy. 1Jm'1m1J't'Juф j p1u],luJu

11 6,f',.mfJu-Ь 1j,flmqmy.,fшnmpJql ,f1u:Z1J 1 р1и],1.u1, 'j-.LP LqmJu
с!Р 

' 

(Le) 

,ill'"'z,,J,, ,/G�mfJ"i 

'J>/Гm'Jm,-,/mпmrJ,nr ·rg 'f1, 

4� 

.LP .LP 
'-dU=-
c[p vr 

•il'Jm'Jmшn', •,fqmy.,f111nmpJ9l шnil 
ilqq6qmfm il1J1иfd1иu,fm:,mшJm (9g} '/ 
q1u1nmшum:, il-.-J Ju •]iиlqlj'llm ,[J,lm7 

,6,f-и :С, rm],njm1, i1 
-zV BfmJ •G,,jJ'1"!8,f1,mtJи-Ь 1,,fJmqpu,fnJ 

-9шп ,flm,fB',mqu 'Jm1,m,fp,fd qm',m-u
-lil1,mJmnm],m� 11 fm],nJm? lj1Jlu:,

1qml1J 
nlu'Ji/i' ) fm],Jl, lmum Г(mpJmпm],m:, ],u-um:;шmln blm ''Jm1,mJ-Ь 
,'J-З: 1,n,f '1 1Jm',mnmGm.J Jmpm:, ,fFm,fG',mqu Ъu6mdqil rm1,m'J 
-ifq,J fm6m1,qm6 il-zv Ju ,fqmn tljm',mJl, 1 p1u],1j1U-l,'Ji} 'JqJu'Jm? 
-m11mrfmЬ. ilJu •],и�lqш1и], fm],шfm·:т,mш'Jm '1 111ul1J q-з 1qшJu 

(mge) 

(ge) 

tBJ't 
•lml\ З690€6U=З: ---'---u=t,чv 

00!)96 

зdu=zr;;--=�''
1
v 

,ilqmfd1иnju1фuф ,flm,,jGqqшuЬ. q,ffmJmJ,uЪ,J / J'1U'Jffln/ 
-nmшmlr,mpm:, 1Jfm тЬ.m 'qqJupJqd,uЪ,f 1 р1и],Jтшm1, 71 d'Jmu,
-mnJZm 'J.Jfm1m],mf p1u',J-Ь-Ь1jil ,Р ililqmшmnjlm 'Jm1,mdш1,qЧ blm
ilu i/'Jmd 'Зdll ,fqi/''1 ilil'JmmmnJZm mZqpmJ:,qm mlnm 'p1uilЬ.ql, 

1Jmf(i1uJ9dJmu, и,lи], З ,flm,f61j9inuЬ. 1 р1и],пjифmhqш ilrruf(i 
-1и1,mqmil Ыm ,fillj,mnu:, qdq 1il'J1ufd1.u',m1J•md IJmf(iщqm1,mJш'lq1J 
fm],nJ"фmLqш ,fi16,f1 J"p 1 n,flmш 1 611,uG ilJu '1 'JJr·,f{l ,ffq-Ь.mJmq; 
il-.-J ''1m'Jmrmp ,flm,fB1,m1111 1 р1и],пJифmLqш Ju '/ 'JJri/d (,fJqil 

-6,Jl) ,fJ9rм"Jш',111'! il-u hqшJu '.-JU 1 Jmnm ],m:, il'1m1Jmil ,fit'J·mn 
-и7 •1J,J1mblbmu,Jm 1Jmf(i1и1,mtJmil ,fd'Jmn,u·::,, 11 1Jmf(i1uJ11JJmm ,JJq'J 

-1m,fB1JчU1uЬ. 'll.Zr ,fJq1j-ЬuJur?11Ч 1 Jmпm],m:, (1!:>UOJ=J, '1SUO;)=

'"

=d} ild'ImщmnJZm 1Jm1jmJш',91/ ,flпJml, ,'Jd'J,fnlm •il'J1ulj1unJ 
_.,фи_ф ,flm,fG1j9шuЬ._ JmrluЪ,J _p1uilh,q-l, nffl •il1Jmnu:, r/pmf(i1иljm1J 
-mil 'f,P'jl ,f,1j61Jm'1 ],мfm{lhl mlrrm •шq:,. ,f1ul1J tm"Jrdbmqdu-Ь fi,fn 
-JiJI, J fm],11l',mJmnm],m� ],,fJ1 1J1иl11 ,Jш'J'll''ll/' 9(i9 Ju '1 r1u71ur 

-ч:, G{p1u',Jm1иil i/'Jmplmlrr 1nZqpmJ
:,qm Jmrm:, ,fЬ,J1иJш1,ч1�

�Л�Ud1Ш1\\,1\7 �Sil�d'I� 
'�11��Л1\��i,UЛdЧ<I �dЧ�s�qлqH �11�11�11),\11-ь 't 

tillqq,,jl ,Jlqfilmb ,ZJ'l'J-l,.,Jш1,q1J +�ПJ/П:) 
11 iuzruz· 1 p1u],G,.,SmЬ.m ],u:rJmЬ.m1Jm:J "r;,-, ''Ji''IJ'IJ 

111,fn9Jq',mr ,fdq1j-ЬuJur',11�1 
/ l''"'Jmd'Jil 'JJ,u '1 m,f61,mq11 'J"'l"'ll,'J.m',mdff,-mb,fnilo Luffim'!.,m', 
·-m_J,f 'J,fJ,Zm:, ,fFm,JЬU'91J1 1J.m',mdш',ql/ ilb,flmlш',97:f :Ьt[lu.1ш�ql
-, 1 r1u"f,1u1, ilп9GuJln пffl ,,fFm,fЬdq�й 1Jm',mJш?'111 fmf6mшп 
fi,fJ"шmf11ur1u',m ],,flm:,, ,f 'J'I p1uqm(i'JiJ, fpfm ;t'J"Ju ''J'I qUq'Jn'lfi 
-uJln 1Jm',m,fr,fil 1Ji1uq71,fr ЪuGm(i'Jil rlrmf(i,.,L111u 1,mum',m:, qqJ
-u1nnmф "J'I 1Jdqqn11GuJЬ. 1,m-um',m:,, ,f-(g} 11 ,f-(I} il-(g) 11 il-(t)

(g) 

(t) 

,,uz,.._.e J(';++iUZ 

•.эz:++iПJ ....... оПJ

·ilp1uq-Ь1Jm',mJч], i/-+iUZ 11 ilF'"f"№l ,J-п:·) 
if/rn',,.1, mЬ.m •,f19],m G,fшlu], 1,80' l 7'mL9 qfm Ju G,J97 ,19nJu,JrJ1,Jr 
il1J1иf(i1uJ11.JJmu, ,fJ,l'JJ.n-,,f61jqutuЬ. Тflill' ,f-nJ '1 ,f-uz 1 ,flqdm1, 
r/pmfi/1"'JЬo ,JJш9ru,fGq11inu1JJ t(Uuqm mljJJmh', mn) 'Ji/-ПJ Jlv. 
-q71J 'l.m?nrd-Ь 11 (Ьишm', ffl'JUmb', il-uz) '1sfu'1'1.J 'JfflljmnmGm.J ,fJ 
-uшmf11urw1,m d'Jq'JGm,fp il-uz ,],.,Uишm.П1ир,.и1,.m •1,m'J,fJo •],uJ 
-,ui J,Lm ,j-i/"Jf"n и:, 'J'U"' mшnm� il·'J'l'!,,filmnJu,Jr i1Jшqpu1m ],lт.Ь l'1 i' ,f u, 
-'J'11''111 fmfr,l'IJ р1и-1s '1''6 1lnJ9'1 lmr.,,urq:, 1 r1u],dmшm·', ihlu '-il'I-
-1,u(i/1"JчJJmu, ,ZJч'In'IG'jlJlrr hu6q1J1U ,р,qш mJ], ,fJ9<fU"Jш1,·ч11 1"-ь
-1ишп 1 шZ'lpmJ>-qur Jц '1 1'1"'11ш-9:, G,fr1uqmr-:,mn 1mil,f:,иd9"t, 

,шlм], l,80'I=З: Jп,рт:, ,fш'J'11''11J ,J1q,f1Jm�-,ZJ"1,me :рш .p.1ml 
-m.1mltql\ фп'jqJJql\ lmi}нn \ гш"\'lо}� il1J10[-d10.1.qd.1mm Ч.1'1'JНР 
-.1m lmгЧn.:1mr Ч.1q'JlmЧ.61Jq01otn Ч.1q1Jbo.1ш}iql\ LtuгЬm� ilШ1JqJ1-
-q1, 'Jm.}im'Jm]ilmb lmt)s •1 ,JlпJmb il·п96.uJЬ. 1Jmf1JЬ1Jm1,mJ'l'Jr 
p,m', 'Jmr6m-Ь,fnilo LuGm(i'Jil mJ], mJ'J 'ld'I '(1mp,fnilmr) / IJfшЬml 
-ч],m-um ild9pJm ,flт,fВншиЬ. ,f-Ь.uJшlt'll:f 1(3) f'" pJmlmJш',91f"
1 r1u],1u1, ilJu ''/ 'J'J1иГd1иJч,Ытш 1-ёV ,fJ9'Jlm,f6qqшulrr ilLuJ.,],
-m'JmrfmЬ. ililnu:, JmdmJq.Jm'Jii'J,J p,udЬ.9L пffl нlrmf(ilJIJ'f,JJmm 
чv ,ZJ'l'JIJllUf{l1uJfJmJ 1 fm],Ju],mqm·r'm-ln Jfm6, G,fJrJmd ildnм,:. 
,fJl ,'Jil1J,fnf11 1Jfm6 6,fdJ,J-Ь JrJm.J '/ r1unJ1} Jm.JmJчJm"Jil'Ji/ ilJ 

-1ul n9h,"(,'J,f 
I 
П:) ,Jh,ql, 6,f-uz Г('I J''U ],pJml JmJ.nrJqJm'Jif'J,J iJJ'f'j,'JJJJ 

-ш1,q1J J., '1 fu11,m!lшmln qmf(i,ufm',um 1Jml(i1uJqdJmu, пfт Bq-,7 

•з=)!.f=UZ:.1.-nJ:.1.= 1"'"'t.f' / uz11,_n:) / }.,.,, .. :ii, 

•],.,],Zm� 1J,JlJ'I], 71шч:,, 
•]i•J11 '1'1"1'"J"Um ,f1 ,П,lт:,_ р,иdЬ.9-Ь lmf],ш ilJu •(1m,fGч9шмЬ. mu, 



dE 
А= nFE = Qp + nFT-,

dT 
(З8� 

li.4u S:ш,f_-uшpn,Jf,9 t,_шpn'l_ Jif,I 'l-f'l'l 'fuuh, пр 

Q =nFE-nFT
nE • Е= Q, +т

dЕ, Р dT nF dT 
(З8ш)-

dE Q Ь/1' -=0, Ш"f.., Е=-Р_ k nbшt,_9f,шJf, ш·Jpn'l.l t_hpJ,nfJJ""1sf!
dT nF 

dE Q, N_brшrf,J_j, J;1hl1.mrшlt.шfi J;f.Ьrчfrш1f,1 Ьрь->О, ш111ш Е> - -,
dT · nF 

,ш1ufr.L1L' J;ll,Jb'iнnf, l;tblt.mpшt,_uA, шzfuшmшLl!f! ш,f_h1f, Jl,,} J;, 1шf,
nhшt,_gf,ш1J, U,�iJH} 1;1,ь,.,,f,шL: UzfuшurшL,fr J,uJш·l,.ut,_ J;1hJlifunf,·

. 1.hpJwuurf,Ь.шLp ,fн/_шqnul 1;, rrrn,f_'>lнnl.t fthltmpшpf,Jf,шt,_щf, ш'l}uш-­
,пш1,/!1! t,_wшщp,f_·nLJ J; и•1.ии'I.ШШf,9 ,f_Ьrg,J_шq l;'Ьhpq.fruчfr '>шz,fj,Ъ, 

dE Q bflb - <О, ШUfW Е 2 111 l;1hJb'funf, l;thltmr111Чw,f, шzfuшurwЪ-
dT nF 

111! ш,f_btf, · ,fmpp J; uurшg,f_r,,J, 1шL nbшt,_gfrш1J, m,f_wr} J;Lbrq.'J.шfn
ЛЧ'l,Jf,, l;tbJJ.funl! шzfuuunш-L,pJ, JшJш'ilшt,_ inw1шL.n,J /;1 

tnпifr 1ьrJшиmfr'-шL111Jfrt, Чшfи,t_шrfп,,р1ш& Jfrt.«um/. Чшrlчfr t­
"P"z"t 'fниk J;Lmpn"J/rШJ/r 1/m,f,nfun,p-1niLp, 

dZ dA 
l!шf,f, пр frч.пршр n.hшl1.9frш1J, '1-hUfp«ul -S= 

dT 
/,_ дS=

:iт' ,. 

1ии,w f!Ш'l.'J-Шllfhln</. (3?) <w,f_wuшpJш'f, ,;l,m, t,_ииrшLщ,1,р. 

dE dE 
дS- nP-- 2ЗО62n - . 

dT dT 
(З9} 

UJJd mr111шc1!Ь&.f \rЬr&.uш.ft J;1Ь�mrmf�d�t11�m& &шi[mumrn1.d1_1 : 
1'Lz.и,hu 11f,тЬLр pf,Jf,wt,_wL ,r.bwt,_9f,шt/i f, ч_,,.p111rш1J,L "Jnu,l,Lgf,шt.fr
фпфnfunLpJ,,.�LI! {ЛZ) u,wJ}u t pf,JJ,11.tt,_шL n.Ьшt,_9J,1111J, Jшpuf,Ju'l 
ш'l}uwmшLpf!, nrL wpи1u.r<ш1и1</_nLJ t t./,wf.m-ln!f,f, pf,JJ,шt,_шl, 
n.hшt,_gf,1111/t ftq·trPbrJft 1:w,f_шuwpn..Jn,f_. А.1",1 = RT[lnK11 - � �lnв.] ..
ll{'IЛhq· К.а -L <w,f_wuwpwt,_1n.ntfJ JWL ,;шuu,111u,nLfiL t, ШJfi .,.ЬU(plt'ul" 
brp <1111,JJ, t шn.l,,f_ntJ t,_шшj,nLf, шt,_и1f,</_ntfJJnLLf! k rrz. fJb t,_nLgb1,Jh" 
pшgf,шL, Ivlna-L b1шL1ntf/brft k </_hpt_Lwf.Jn•flhrf, иt,_ч_рLшt,_шL шt,_­
иrMrr1jp,1tl,Ll,pf, 11п1JwpL t, lwJwAw1fl fJhpJn'1f,flшJJ,t,_w.,Jr ш,r.ш­
tf,L opHpf,, pf,Jj,шt,_шL k t1Ь.t,_и1pшt,_w'i, w1fuшmW'LpLl,f'I!• nrrrLp
t,_шmшp</_lt',.J Ь·L Jf,kf.nчL UfWJJwLLhprr•J, L,ntJfl <шJwt,_mp11rri.r 
uthmp t f,ршр i:w,t_шuwr tftИ'i,' A.t,1=AtJЧ•I', ш1uf,,Lpfl, 

130 

nFE=RТlnKa-RT_!'llna, 

RT RT E=- lnK a - -�vlna, 
nF nF 

"tlpt, а=1, ши,- ina=O 1,_ 

RT 
E0 =-lnK1 ,

nF 
(41) 

Eo-L Чпz.</_п..J t umш.flq.шrur tll"•• Shqш11-p&1n,f_ {40)-[, Jht_, Чt!и­
.urш9,Jj,, 

(40ш) 

UJu ,;щ�шuшrnulf!, npp t,_wи, t <wиu,шu,r,,.J ttlntf, l,_ L"-trJrrчfJrruf
"'{1'.urbLgftwl шn.wt,шgLrrq f,nLf, t,_пLgl,Lurpwgf,ш1J, {wt,_ ... f,,f_,nf11w1I)
Jf,t,h, Jrnz.,f_nul t t.Ьr&uuф QЬ�mrmf�d}tm�wG. &шi[muшrn.td, "'PI! 
Чwrb tf, t ЧJ,rшn.h1 f,Lz.и,bu npuf,11-ш,f__brшЧ.udlqJ,JшJ,, ,и,1Ьи, Ьи tl
-ШJL"Jftuf, nbwt,_!J!,шLhpf, Lt,_шurJшJp, nprrLg 'l-l,Ufpni.J п.Ьшt,_9п'l t-
1hJ!,'f,,n'f,h{'f, </_шthLiпшt,_-udmLfJJntLLhpf, ,f,rrфrrfurri.P1rrJ. urh'l/t t} nt­
,'f,h,'I,rrLJ { r.ipJ,1,шt,_' ч_,.,,&gbLm,pW'iJ/t,,_r, tthJhLurLbrrriJ ), 

Ьflb b1шL1mflf, шt,_mf,</_n1fl1rrJ.p L1шLшt,_hl,.p а,, f,ut,_ </_hrt.Lш­
'11J"tflf,Lf! 82, ШUfW (40щ) <ш,f_щuш,paulf! t,_uurwLш ,;l,u,kJlll'l u,/,upf!,

(42) 

'ЪЬрLитf, ,;щ</_.шu.wrnLJI! t,_шpbtft t 11rlч flшlt t[ht,_mprr,pu1f,L Uf"­
mh&9ftш1Иrf, <шJш,р: 0rf,Lшt,_, Bшt,_npf,-'1-шLf,hlft t1blbL11tf, <w­
Jшr Чшrhtft t 'lf'hl ,;1,,,,1,_JШll!• 

8f,Lt,_f, t(_ht,_mp"''f/t <wJшp. 

Zn ;;:t Zn2+2e (o�иft, ... o••.r), 11:zn = 'lt'i.+ {[tnв.zn2+• 

flqfld.f, tlht,_urprr'l-f, <urJ.w,p, 

cu2++2e;::::cu (�/.1,r-ч-ь ,ь.....г), «�u=7т:Cu+: lnac�2 �1

Ul,'f,1шlt.w1J,L t.brJ,uuu,f,"l:wLrr,.J Lt,_wiпf, rrt&b'Ьш1rr</_, tr{' F =
=96500 ЧпчпL, R. = 8,ЗЗ t"пч /щuurf,-G.. J.n-1., t,_шph,Jr t <ш1</.hl

RTlnF•p, nrL ШJU 'l-l,111.P"tJ <ш,f_шишр . t 0,058 (20°С) 1,. О,05В
r•s·cJ, 

a,,-,fr-,[, Вш\прр-�шЪрЬ,J, f1ЬJЬ>тр f12.,J, Чtfr>t. 

о о. о:05в 1 8cu1+ «cu/Zn ::::;:'lt'cu-11:zn==-11:cu-xzn -+ - g-, 
2 az 112+

acu2+ 
Ecu1,Z11=E�щzn +0,029Jg --, 

azn2+ 
(42-) 
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1 
tll"'I, npnzhtf,и ип,[_пршршр 11-ршf/_ш'Ь "f"mbЬ9f,шlfiD 

.l,I, рш9шишf/_шЪр1 
t:шLnнF 

, .. 1 4. 1,nrtrщ ньosrn'l-11a�. �nsь1,в�щ
,., 

fll Jf, tthl(шpп'ffi Ufпmb'Ь9f,u'lf, рш-9шрdш1t шpdh/J <Ъшрш,f__пр­
z.t npnzbl' u.J'l f,и't IJ/Ши>hшnn,f_ nrpnzm,_J и, '\шJЬJшшwitш:ь t-
1hf/.mp1rq.wJf,Ь "fn·шb'irgf,шt,lihpp• �J,Jfsшltшis 6wdbdwmшЧw&. t1Ь�ш­
гnq t umwliqwrш qwrЛЬ 1� fГш�&.шЧшli t1ЬЧшРШ}f!-: 0Jшis '1шff. ;ш­
Jl,Jшmшf/_шfs t1hlrml'"'1 /.,!, ЧuчndЬ 1w,1�1i /, ШJL ttb'tmrn'l-Ыsl' , Р,11q.­
-:ш'Ьрш"fhи JRLpшpшLunip tthltmpn11 п,Ьf,, ШJU"fbu ltnz_,[_шJ, &.nr-_ dwL ltш·J umwliqwгш f1hf/.шpп11-шJJ,Ь "fnmhL9fiшL,)npL шпш2шLп,J 
t, Ьрр 1,.,J,.,1pt, ш1tmf,,lп,fl-1п�Isp (ftшJ L,rup tnнJпчfJ'ilhrf, ,,_1, "f_
j!•nJ' f/_п'Ь9Ынпрш9f,шЬ) {ш,[_шишр t Jhf/_f,, "ьпрJшl ttbftmpn,pu1J,Is 
1.1fnml,"i,9frw1f, J·l,,J,.,flJnLbf! Ь. Lzшisp ип,f__п,ршршр npnz,f__m,_J t Isnp­
Jwl (f/_wJ ишш lи11црт) 2,pш.JLшff_шf, tt hltшpn'ffr u,.пmM19fr шlJ, t;/,,n 
t:шJЬJшшbl'1,f_, [1трJшz fpш tН, шltmf, f;Lblt1npn'1-/t "fЛ1nb'Ь9J,шlf! "fШJ­
Jш'Ьшltш'Ьпр/,"i, р'Ь'fп<'Ь,/_п,J /; <ш,[шишр qpnJJ, (:to=OJ1j ЪпрJшl 
ftblt.u,pn'fШJj,L "fЛ'1nh'Ь9f,шtJ, -'Ь1:ш,'Ьр t;l,т/,_Jшl lthp"f !; npnz,f_n,Jt­
"ьnpJшl f;lbltшpn'fшJJ,,'Ь "fn 1nh'Ь9J,шu! t:шJшp,f_n.J !; pшgwuш�wli. 
(no<O ), ьрь frnpJ.шi trшJ'Ьш1tшЪ t1h1tшptt''ff, t:hm ч_пчч ltшч_Jпч 
fLbltшpn?-J, ,f_рш ,n/,'1/t /; n,'ЬЬ'Ьп,J Oj!uJ,'1-ш9n,J, l,_ qrшiJшli. (л.о>О), 
bf}l, tp_шd'Ьиr-ltш'ЬJ, ,:/,и, ч_пчч- It шч_Jn'l. !;1bltmpn'7-j, ,f_рш mb'l.J, /; п,-
'ЬЬ'Ьп·,_J ,f_hpшltш 'Ьq.'Ьn,J, 

("t,n;rdwl lt шJ umw&.qwr111 /;f/,,[l"'l'n '1 <ш·Jшp,,f_ n iJ /; fрш-.}'Ьшlt ш'Ь
iJLblt1npn'1-f!, Ьр.р 1_р шJ'ЬJ, -Ь'Ьzп,Jl! Jhft J{iJЬnt·npш ( Гн ,=1 dp-&., J,ll'ft
l,nJпi1fJniнl 1.ршdЬJ, J,п'Ь'ЬЬрj, шft1nf,,/_n,fJ1пi'Ьf! t:ш,f_шишр /; Jbltf, l,_ 
1_ЬрJши;,,,,,j,"/>ш'Ь[! ' 25°C-f,-., lJ..!'l'"ffiuJ, /;LЫr1npn '7-f, "f""'Ь'Ь9-J, ш1f!, f,f,.z_­
"f'i,u f,"l. ,f_bg 4__Ьр[!, щшJJш,'Ь,шftш f,п-рЬ'Ь pr,'1-п,'Ь,f_n,J /; -':ш,fш-ишр ч_pn­

J/ii ,f111uJ,'ЬшftшL l;lb1tmpn·'1f! q.шч_ш,1,J, L /;[Ьl/,mpn 'f !;, np-f, "f nur/,I,9f,JJJ-
Itшfu,f_шd f; ·l1l_ JJ,шj'Ь l'n ,d-nчpn,J fpшJf,,'Ь f,nI,1,l,pj, шfturJ,,f_n,­

p ,п,ЬJ,,s, Ш'Jl "i,ш,l,_ /;thifturpn чJ, ,[J,ш l, 'l.'Ш•J 1.fU!J,df,I, q.wq,f,• 6.Lz nuЛJ,9
(1'11 Ьи 1,_ tЬр,JшишJ,6.ш'Ьf,11)1 .fрш,J'i,,,ш'41ш·'Ь f.tMrmpn'l-l! ftшrp/•[шJ /; 

� Z::ч щ ш'irnpf,9, "f'l! ш�шJ !; 1:bmwq_nur,f_n'(_ tn и}nчfln,f_ (q.d. 53 ), "f J 
t1Ь.lfur.pn[f,,1nf, J·/,1_ pЬ'�'l.J.,f_,ш,J /; 

"·-

н,-
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"fl'шш-J,bl {Jf,,P,b'l.' 'Ьшfиш"flш
dшJft,f_'ШJ JnfLЧпч ш,f,'11 t.l'шd-'Ьf, 
Lш,f_ ш'1иnррЬ'Ьиr ll(lШlnj,'Ьb ub-­
,f_w,f_, frl,l шшf,'ЬЬ PJ,Ph'l.[! 1фw!шI, 
Jbt /; ·'lf",f_n,J 1J-Wqш1J,·'Ь fpшJ-'ir,f, 
<пи'/!J, -':Ьт, пп{! 2ш = 1ш,f_ Jш­
Ю!Р�щr} /; '\L, ш('ш,/_пр fишп­
:,,.,р,,-,.Ырf,·9 (As, Se, H?S), п­
рп'Ь·/! f;,[b,Чиrpn·7ш!f,f, f}п11Ьь" 
/,f, 1 ,f_n,ш,J'i..шf/шL /;[ht,.1np n11·f! 
uj,,bJшшf,f/.np/,I, q.p,fn,J /; ШJU­
"flш' H+(a н +J/Pt, Н2 (Рн2 ) 1 

l;lbff..шpn·?-шJJ,L "f.{' n9b up рш'l_­
f1ш9шJ !; ;;1,.,,,/чшl ,f,nчbpf,o� 

ш) "f'lш ,nf,'i,,,J, ,/_{'Ш JnLblt11чшJJ,L fpшJLf, ш11ипрр.9.J,ш!,' Н2.='Н2(',ш-'1-.и)�. р.) "flшu,J,'Ьn,f_ ltшmшlft·q_4_шJ W'fUn pp,if..шJ Jn[Ьlfn<(ШJj,L !_{"шd-L.J, '1-P­
,., n9",J1! ш,n,nJftl,pf,' Н2{ ш'1и J:;::: 2Н{ш'1и), 11-) шп.шrш9ш,) шm11Jш­
ItшL 1_pшd-LJ, oi!u/t'1-ш9n'-J1! l,_ if..bP1.JtLJ,u шL9n,Jp ln,Jn,1P� 

2Н(Ш''1-и)-2е;:::2н+ ....!!:!2.О__,.2Н30+, t/,ЬptftL. ,f,пч!! прпzп,J 1; l;lh,1t1n­
""'l'шJj,JL "f"шbL9f,ЩJ_.J, f}nJ,z./!f! /,_ Ч"'l'.if..mJ !; UJnmЪli.g�wl wnw.!'w9li.nq_ 
фщ�:J/1 ,fbptn , [ntJ nчflnLJ Ь.т_щJ 1_pшJI,J, ·J,nL"i,l,pf, l,_ q.ш'lш ·.tft'Ь tl!­
pшJLJ, шшпJЬЬрf, Jf,1_!,_ umb'ld-if..mJ !; '\шif..шuшpшltzn.n,f11п,r,. шJ'l-
�шif..ш-;щpiJznni,:p;шL -':шu,тшшп,f,l! npn ·t,f_n ,J !; ан+ /VРн� f.шr,uph�
pn,fJ.1шrJ.p., ЧJ,pwn."1111if.. "ьblf''Ьu1n1J, '\шif..шu,шpnt.Jp 1_pwJ'ir,ш,ltu,,f,. /;tblfш­
pn''l-/i L..ftшmJшJ

p._ 
l;l&f/urpn•'l'шj,f, "{"mf.l,:;Jr шt/1 .r:шJшr 1tи1nш9 if..1J, 

· 
RT t;/,u,l,JШL [!L·�шLntp ·шpmш,1ш11nnLfJJn,Lp. r.11+ 1н=1tА-+1н+ Х 

ан+ х lnv-' 
Рн, 

F 

llщI,J, пр t.pш,J"irшiJmL /;[h,ltmpп'l/i fJп_pJш ,l "fnml,"i,9f,шll! "fШJ­JшfтшitшLnp/,f,,l!f,'1/-пtLiJ/.n ,J /; 'l_p n , ·Ш)"fШ f/_1111nrw9,fj,.

RT ан+ 1tн+1н =-ln---=, (43) F VРн, 
Sb'l.-ш-'11' /,Ln if.. t:шumчuum,f,f,l,pf, P4_ш1J,"ir ш['rfbp"i,l,pf! 25°C-11.J,

f!'Ь1111,·Ьlч11 ,[_ Р н,= 1 dp-li., t,.иижш!l"[_f,.
-,r;н +1н=О,059!gан+,

1.ш ·z,f__J, шпЬЬ1п1[, пр рН=- J ga н+, lfn,LM"ш f,/!•

о 5 1rн+;н 'lt"н+;н= - •,О 9рН, рН= -:с-=-1 (44) 0,059 
ru., .. "ffiun ,[_, npnzblnif.. 2._п-шdЬ·ш,1[,шf, /;1h,l[mpп,-,.f, "fЛU,/,f,9-J,шJ.f!• 1tш­p h[J, ·1; npnzht [n tJni1fJJ, рН-р, 1.ш"Ьш'fи pH-l' npnzhtn, t:шJшр f;ll,.JbLm· b'f, f/_ш•qJn ,J р.ш-'1_'4ш·g<шJ u,.u,ш f,·'1-шpm ipш,1nJb,lшJj,f,_l,_ Lnp-Jшl 1ршd Lшl[ш'Ь /;Lblf 1npn[/t'1-ЬЬpf,9, U.1'1 '1/,"f/!Л,J l"'�"чP.J, рН-р npnz­if..ntJ f -':/,и-,,/,_j ш{ {ш,[_ши,шрп,Jпif...

рН = 
E-1r;_,

0,0.)9 
Е-0,28 

0,059 (45) 
r,p1nlи1. Е-Ь- 1_pшJL ш--ff_;JJFt_,,iJh1шJ.J.f,, !tbJ/,I,u,J, !;1211,L t,lJ.JЫ, JJ, /;{Ьlrш[' n'f ,Jf, l[J,uш-f;ll,,J/,'f,u, f;, fJ.l'"'"f{,u,r,,f_, 'ЬпрJшl !_,f!­
piшJLuiff_ шf, fthrltmpn'l-"if.. !,_ LпрJш1'-'fш;,fшИЬрщJ (ai',,1�-t- =11.. t=
=25°

С) nph{ fLb ltmpn7"if.. lfшч_Jif..�J /;1ЬJЬ'Ь1пj, l;nп,'f, 111:шL,-,.J,цш·
f,ш

1nif..1шl ttMr.utpn''l-/t f,.,,r.Jшt l;1 b lt1nf'n'1ш'!J,r, "fЛ1Лh'Ь9J,ш1l''' и.1"1-

0

J.l,_nif..
npnz11 ,.J bL L"pJ':JJFt_ l[шJ и,,пшh,'1-шрт /;[h,l[m.pn'l-шJj,f, "fnm/,!,9f,'ш1"i,l,­
l'f!• npn L.'l t:f,,Jш,L 'UIWJ /;/ f/.ш·qJ:,f_n-,J /; Jburш,'l_f,/,pj,· l;lb,1[ 1npiш�f,.!J,·ш­
ftшL 1шr�whntp-�wr. zwгfr- { щw11,,�шч_ 7 ),

/�'Ьи�ш'Ь /!J,Jf,шf/_ шL /;1ЬJЬ'ЬшJ, /;[hltmprt'l-шJf,L "fnmhL9f,ш[l!
р.ш9шишl[щf, !;, ШJL/!шL Lш шl[шJ,if.. /; fpш-JI,f, J,п'Ь-J, f,ItшmJшJp, 
f,иlt 'l{'шf/.шL 1.1fnurbL9J,ш1 n1И9n'l_I,l,f'[! l!f, '1,:шltшnшf/.p, "fШиuf,if.. bL 
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!(1111.d-'ilf, f,rrЧ, lslfщ,n,1,щ,lp & ppn.'Ьhf'fi8 1,рщ'I, z_l,f, lfwpn'l ,,,,,ч,и . 
Jlf.l,p J

,U:,111•••+ 7 
(uшшkчц,,rш) 't"'r&Ьi}i t\b\шrn,pu.Jj,.r. 'ЧощЫigj,.ш��Ьr' ,т.о �шd 

1шr4.ш.\-ntJ>JU1& tturf (25"С) 

Lt/L1 
K+tK 

Са2+;са

Mg2+1Mg 
л1з+1А1 

Мп2+ / Mn 

Zn2+ /Zo 
S2-/S 
Pe2+;fe 

Cd2+/Cd 
cot+;co 
Ni2+/Nt 
Sn2+ /Sп 
РЬ2+/РЬ 

D+/DнPt 

Н+/Н::, Pt 

cu11+, cu+/Pt 
CI-/AgCI(.,), Ag 
CI-/Hg2Cl2r"'> , Hg 
Cu2+ /Cu 
ОН-/02, Pt 

cu+/Cu 
1-/1 2(.,)/Pt 
Н+, м"11,,,.� (-,J, Pt 
FеЭ+, Fe2+/Pt 
Ag+/Ag 

Hg2+/Hg 
Br--/Br2 ("(J/Pt 
CI-/Cl2 1,1,.,)/Pt 
Au3+/Au 
Au+/Au 
соз+, Co2+/Pt 

Lt++e-=Li 
к++е=К 
Са2++2е-Са 

Mg2++2e=Mg 
л1з++Зе=АI 
Мв2++2е=Мn 
zп2++2e=Zn 

s+2e=S2-

fe2++2e=Fe 
C_d2++2e=Cd 
Со2++2е=Со 
N12++2e=Ni 
Sn2++2e=Sn 
РЬ2 t +2е=РЬ 

1
D++e=2D2 

1
н++е=-Н,2 
Cu2++e=Cu+ 
AgCl-l---e=Ag+CI­
Hg2Cl2+2e=2Hg +2C!­
Cu2++2e=Cu 
1/202+ H,O+2e=2OH­
Cu++e=Cu 
I.i+2e=21-

C1H4O1+2!-t + +2e=C1Ht<OH)1 
Pe<'++e=feH· 
Ag++e=Ag 
н,ez++2e=Hg 
Br2+2e=2Br­
Cl,+2e=2CI­
Auз++38=Au 
Au++•=Au 
Соз++е=Со2+ 

-3,Щ 
-2,925
-2,870
.....:.2,зво 

-1,ббО 

-1,050
-0,753

-0,510
-0,440
�.400 
-0,"01

-0,250
-0,14:1
---,J, 126. 

-0,0034 

о

+О,153
+0,222
+0,2ВО*
+О,337
+о,400

+o.s21
+о,5.Зб
+0,700
+0,771
+о.воо
+О,850
+1 ,065
+1,360-
+1,500-
+l,700
+l,820

• L.,.,,1,s,,,• �"'l",ri,t,,,Jfo' J,;1lф11f'"'l/o ь,.,,,r"'l "l""'""•l-"'tr 0,!1:t i/."l"' t•

'" 

5. нь�srnq.1,ьr� (��u1Lныrьы;1,ьr�) '1-ILUIL'lllr-.n�tr�

'11и/шlииt /;1/,Чшprrr(Ьbpf, Чrшn.nLgi/_щ,},pf,g ЧшJ '•/;iJ..Ч,шpn'l-шJf,L
п_/,:щЧзf,шJ./r шЬишЧ./�з, l;1bftmp,r,11blpf! t/r·ЬrriJ /,f, щп.ш1.f,L ljшpq.f,, 
brЧP'!.P'l- ftшf'q.Jr h o,Puf,7w-.i/_bpw·l(ш•f..r{Ь.JшL (n.hrpo(!u), . I.Lnшr�r. �шrqJi tlh¼шгnчl'.Ьr-e- Ji,,nw'rzwl{lи'f1' Чш.J ,шч_ш1f,Ь
/;Чhшрп11ЬЬр l,t,, nl'пL1 11шpd.hY, l,'f, Jbшшqf,, tрш,},fф h шд f,пИ1ЬрJ, 
'frЧwUIOwrJ,p, 'll'ш'frg ш/r1nf,,i/_nLpJщJp. /;[ n'l'"'lilrr,J /; ПhЧml'tr'1-ШJf,J,­
Uf nlllhf1'9Ji,шLf!I Un1w1.f,& Чш,,-q.J, 1;l1,1чш{'n"'ILl,pniJ ,:,щ4.ш.uщpщft:zn.ni­
PJnLL'f! u,nl,'1.,t,f_nLJ 1; -Чш,лf,п1t.J, & J·ЬшшrrJ, Jfrr!,., Me-ne�Men+, 
U.rt.u11.f,L Чщpq.Jr /;1hЧшrп11'frhpf, орf,LшЧЫр J,ft' и,rrJ,-J.pм, gf,f..�JШ.
t_['Ш'd'и.щЧшf1' h ·ШJL �bl(,u,{'tr'l-fshf', np,r't,p &lf,,;pшq.pi/_шd- hf.. ,пrчL 11ш­
и Шfp,pff iJ 1 

Ьж-¼гnrч �щr-q.� tlЪ¼mгnч&hгp ft·mч'frи,Ь,и JЬшшrсLЬр hL, рш19 
и,щ,л�/_ш6 .l,'f, ,'frnч'fr Jl,u,щ'l.J, �J,[_шpwlnL6 iJl'l_n'i/_ h ,[!ft'Ч'l.J4_ш.t J,ft, iшi/_ 
l""6u/.n'C, ш"11r ['rlAtrLнJJ, Jbt_, "l!.I! и,шpn·L'frш-lfnLJ /; 1ttli/_шpщztrLd- Ш'.'1_/� 

w'tJf,nLf!I UJ'1 /;t/,JЧm{'n'11'f,J,Pl! 11шrJ.b1/r Ь'f, f,&.1_,и,Ьи Чщ,шf,п'Ьf,, ,шfl,,,1�-bu 
l;l щ'i,f,n't,f, 'irffшщ,J,lll'J�, прf, и,ш�шп.п,[_ /;1liJr,npn11шJ/,L и,nшl,t,gf,·щ­

ll! ЧшrЬ.tJi /; Ш'['111W1{шprr&t, lt-,nf,nftJ, ЧщJ шLf,rrLf, =Ч1nf,i/_nLp/щJ,-
• Jfr1_n9"t/._1 UJPSrJ,uf, /;1ЬЧ,шl'"''l-'f,J,,,..t, opJ,'tJшЧ l,'fr /rшtnJblwJJ,L h шp-

dtщpш-ll"l'/iq,шJf,L ftM1,mp,rt'l-W,I'/!'
bplfflll[''f Чш,,-.qf, l;,1Ь-Ч1np,r'J''frhp-ft nL't,hL <шumш,nnt'fr /;1.Ьffшpn·'fШ­

Jf,ft и,nmk'frgf,""i_ & 'l-PiJi ,:,шJШ'р. 'ilJlfhUU/u ЧJ,рщn,{_пшl l,ft пр,и,-Ьи оtlш'Ь­
'1ш;Ч &шdhdщmw¼m& t1h�tnгn:q.bhr. 'frpшftg и,nи.Ь'frgf,шll! npn·tш.ft.j, [
(,щ!Ь 'frnчfmthu npnz,[_,пJ .f 'tJnpJIIII/_ t_pшd-Lш-lfw't, -fthlfшpn·'l-/t· J.f,,1.n­
.9ni/_)1

flfМ!Ьи oJшiLrpш,Ч �JЬ·Jш,п,..,,lrш'fr l;ib/ru,',r,.,7 ¼ш1niIЬ1шJ�C: 
t1Ъ¼mru11-p Ш,1b1fr <Шi6ш,/и 1; oq,m»q.npd-l{_n,J1 

Ofu�l]-W-I_Ьrш¼щC:q&dwC: t1,Ь¼шгп11-lihгр шfkи,J,иf, /;th'lfшpn7Hp 
hL, np-,rLgnLJ Jhшш'll! bl'· Jши't,ш,ЧЗ"LJ fthlfшprt.1�шJfr''t, n.h,WJlf;g,/,ш- ·
't,l,pf,L, Шfl <шL?J,uщ't,ntJ /; [1ЬЧшр-п'ЬJ, ,f,n-/u',шL,gnq O(!u/r-r,/r-1}'9 r,Ь­
и,f, ,[_bpur.JrшL,q.Lf,,1_[!• f!t,,'1 n{"ntJ, i/_bpf! �'fшd- /;Jh'1,шp"'l-fthN'9 n.k,p,(!u 
flbЧ,nprrrpLbpf! ш•шрр.Ьр�[_·,.,,,J bft 'f,{'w't,n•i/_, пр Lp,ш,L.'/tr,J ol!uf>'l-шgJщ'fr 
h ,[_bpwЧ.ш-fщ.frJwL i/_bp·t_Wll't,!n,fi/Ьp-[! l"'Lдnчfilnшl J'f,,w'/ni/_ щЬ:фпфп/и, 
,f, ·n/uш·'frшlfm.J ЬL JJ,шJ'fr ttЬЧшflпLLb,,-, Opf,Lшlf' Pt-f FeCI2 li 
FeClз и,ш-ртftш•Ч""l. -l"'d-n1rfilnLJ [!,U.1rч;dbtft·и и.Ь11f, /; n,'frhftmJ Fe2+-,1r 
opuf.11ш9,.,tJ lfUIO Fe3+-f, �/_ЬршЧщЬ'4't,п,J' Fe2+-e=·Fe3 j, 4,шJ 
fea++e=-Fe2+, 

011uft11wi/_hpwlf·шL,q'frJш'fr /;tbЧu,pn,'1-flbpf,g Jbl lfJ,pwnщfi/Jntft 
ffL'f,f, Ju�&SJJ-hZ"ifl&ШJ�& /;,[h•lfmpn'l-l!• ,rp't,, ·oq.иnш,'fl'pll,i/_n,J /; ln."дn,1P­
'frhpп..J t_{'ш 6Lurft,,»L f,tr'ЬLЬpf, Чn'tJ,9·Ь'Ь<шрш9J,ш& npnzbtnt ,(,шJшр, 

UjJJ 11НшрЧЬ&-, ЧшtmlhpщJf,L h fuJ,'ii<J,,'fpn·LшJ./rf, /;1h'4,npn'1-
'frhpf!1 
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ш) 4wpнfbtutJ)1& \.11.ipnt'fi')_� brlf.pn{'? l[шpqft ltl,1t_,лpnff f, {"'Jft 
·1/J,r,ш,нн/f;п11,, 1п1Jfi 1,np,J·шt t1b1t_mp""'{Шf/rh 11fHmh!,9frшy;HµJ, flf"•·z ..
Jш'& <,тlшр (y,ш�'&ш1t_wi, {tl,1t_шpnq}, ;/,пf,,шрЬ'&), 1'Lz.,'fl,u {шрпЬJ, {,
l[шl"Jl,1m1f.'it J;1hl[ш,p1111p l;шpbtf, l q/rтЬ1 np#f/п; qшplt.btf, lJ.шшftt1hf,

(Hg;+) t4шш,1-1р. Hg1++2e-2H!!, J,L1.,щhu fmrb щflftinLft (С!-}
hJpw,zнJ.ш'll,p. Hgf:i2+2e=2Hg-:-2Cl ·, pщ'kf, np lfw1nJl'lr (Hg,:Cl,i)

2 

'1-,lif:щрш/п"} шiz {1 Чw1nJbtшJ{,'k 
tLh·l/ml':1"1-e ('16, 54) Jf, -vwlJ.1щ 

н,,с�, 
Pt 

шfmf (- ШIJ-ll'Jf,1, l[шJpyшfJ.ml__' uf,­
f,11'im,I__ (1 }, Lрш �,1,mшJ,J,11 ш,f__wl 
{ Jшpntp ,ibqf,1[, "Fl! Jш,J-Ц,[_шd' f

4шl',Jf,J, L. u.'ь11M/t JшiJmf;r1i/_, 
ULпfJe 1в,f__шН t KCl-f, "P"1111l;f, 
f;n'&9hf.нupш9ftш.Jft l ш ,J- 111 J Рп ,f__, 
VO,,J,�p Jfrt•'</ 'f"'I"' < lw"'l.шO 
U/J/Nmf,H p.uprt,I__ f;ni#mшl{mJ! (Z), 
npfl ,;qmuuтnrJ,f__rn,f t 1_1fllш� 
Jj,шg'ьhptt 1шJшр1, lJшlnJJц1щ{l'I, 
t1Ьlf.mt"''1-'пJ' Р;, Hg/Hg�C[2, 
КС[ мшЬ11..J-,f__пW (- ;;ьщЬрщ ::ш� 

,f__ ш и шр ш 4zM4J i'п1,р. 

Hg,CI,+ 2е;:: Hgj+ +2с1-+2е С:: 2Hg+2CJ-,

ilшЪf, 11р u1uft1щ9w/t ЛL.1! Hg2,Cl2·L t, ШJ'1 щшш&.1ю�п,f.. 

( 46) 

ЧшinJЬ.lшJft'I, {[bljш1mtJl! ?f,шЬl'н/, i,шl, npщ h u fJ. щpЛLt.Jt qw.

mfn'kft Ь�шшJшJр, ttbltmrмqшJf,fi O:ш,f__шuu:���lttlriP.!..ntЪp ljшrf,� 
jf, { 'i,l,p,ftш1ш91,lif IJ,hpp ll'IJ"ll_wJ mbu,.pn'4. (H!;;""-j··2e .,. 2Hg), "1'" 
Ю /01. ('JJ tf fA/ Ш.[' r, 'f'Ш Jf, 'iJ "f n Ш' J,'j, flfr Шif! /j 1t f' n'l

_ 
4:Jt ,< Ь 1n (,_ J Шl % J; !"'1f • 

1tн,r=1tff1+0,029Jgaнg:+, (47} 

lfшtnJbtf. щ,1�·&:zш11 'Jf.иflgnы!f,g ult№.f!J4_mJ f.-f, Hg�-t f11bl1bff• 

Hg1Cl2 � Hg�-+2cT, 
---

• m"rMr J1,.,,,,,,,_ {, fr"� l-lg2C1�-r· J/-d<lwr"'t�"' ;,,'l, "'1'1 .,,,,,,.lщмif. l.l

tnL.f�чPnиl f,rmf,g ,rwLш�&h;tl.' "f"l''н .... � ... t.-�p.Нr wf.фиf"J,s l,f, J1,gµf, 

'"' 

ltiцJ1tJb1'r zniJh1{/щ/1Jш'i; Ш{'-lf{'JШJI! п,рщщ?шjщ,l__,ш! t .t;bu,,/,_­
p•zt <ип/_шишрпцJ",f__ .. lH=aнg2/ ·.а�;�,

, �wi/. 1щdhtf, ииJ}, {иf'ftLшft, KCl} ш,[lчш9JшU ?LщprнJ /!{"fl­
/н11,·'ilhrJ, 1flHJ,npш1J,Ъ шlfшf,,f__n,-flprШr q11pM,шljшlrn,J 1/Ш,._1, ,,,J f
fш.f,wu�I' ШJ'1 ш'ТJ, qf,u119,нJ/;9 JJШш!!'/.,n"l, PlnrfttLHft!, шlf,ц1/qfni­
//1ш'Lff, FJpш 'iuuflшp, 

•!Ьnf,Lu шhqшwlчш[ (47} {u.м/:шuwpJW/L Jh 'i, f;мщш1р/}. 

"'нt·=r.fi1г t 0,029Jg-�.lf--
acг 

Т.11.r=tt!\,+O ,0291g {U-0,058!g а с1 -t {47w) 

2-IhJшщbpr,f__ WfЦ {ш,f__u,uщpn•Jl' (18) {ш.l(ин1·шрJшL �J11n, 
7.I.J:шp 1t Ьlltшшlч, 1'tf' 

1:••1 = -к�:r+o,029!g{U( (48} 

ll1и"lf11n,,f__; ljшpbtJt t npnzbt 11</,(.ЩpwtntJ Ш'f.f, l"L<1"ktf,mp1ш1, 
ш f'ЩШЧJ> J'·'Jfl! 1 

tлtJ,шL lJш1пJhtШl'JlгЪ f1bf;wplf'q{J u,urnl.flg},z.,U' �/,Нл�Р1п,Ьр, 
мptt1_,l__шld &лрJич fpщJ,f.,ш,tшfl (;:hl[rnpn·'lfr Jfit.Л:Jn</., <шУ.шмwр. С 
n:f.,.1=0,28. ,f__njUJ1 f,ulj {шqЬ9шJ ltшtaJhpиJ{•L t1kl[шpл#f/il,p Q,242 
4,пlщ .{, '1,hpzf,'i.,щ uq.wwчnrJ4nиl t ;щf. 1:шwn,·f; · 'fl, Ц[,l!b{N'1,J, hpp
{ш1�4 { t}'izmJ JJntи {1hlJ.m,pnlfr0Hpf, шqJth9n</JJnLL[! ,;,шug&Jil щf:ш-
11.. ш lfll't iL.f,: 

р) lujiG.fi.]н1r-r;C.uч)it t\Ь�шrn:p O,pи-J,1щ.,t,bp.иljш&,&J ш&а tiLlftn­
rп 11 t, Ч[<rш",J__·п,J t pпJ1tчPLhpf, рН-1' npttzlчnt )wJшp, Ai.J,k­
{,f,qptt1щ 1frtr Ьi_bljш.pn'lJ! ,;;;.FIJ Uftшшf,И: l;J.blj,npn'f };, "fl p1r'1,1,J,[,ш� 
·t J,,f,.&1f,']['Jt1.n<</. fш11h9ш-J- ttн.J-nч,PJ,. Jh1.1 Alf,HJ,f].ptr'Ь(f, Л('f! ..Ji-l.pи­
'i,ш1.ш4л�L ppнpbtt,шJf,& Ьр11/J t, рш1.�тgшJ- t fuf,1,"�J_,' С,Н.02 Ь. 
-':f,rн,nJ,,Jr&n&f,' СвН4(0НJ2 (1;,f}Jnuюr J_,,шn.Lntp'l{l!Jj '"l"l! 1rrщtf,,L 
J.ftt�ШJprнJ 11.Jl{_шpшl,mJ ( Ь. <tш-<Мшftfrлpbf, pш/pШJ,f_,nJ {,

C;H402·CcH1(0HJ2� СsНд2+ C;;H.(OHJ2 : 

l.{нw м/u,PL"1,e GJlf.Ш'&,u�шL рn�л br�f,iН,, /JPrn tftLbtn4_, ш1,Lр-
.zш1, t;f,11n5,J.n,J { {Jttbl1Ьp,f,, 

Ci;Hi{OH J�C6H40�-+2H+t 

Nj,!r:J,,yn1ЬJ, (f,.t{) 1fшчЬ.9шJ tl',ш!f,f:s tntJ-nчfJ,n,J 1lн1пр �lhiJ.m­
f'nqf, (Pt) i/Jrш цшLqd,f__п,J -t t;l,miчш1 1шfшишrrш4z«,,ifJp11Lp. 

'" 



С6НД2 +2Н++2е�С6Н4('ОНJ2, 

приrЬ,,_ 011иf,'1шош6 d.lt.lt 1; JuJ,fяпl,l' (/и), J,и1, ,[ЬршJ,_шl,,,Ь,[ш&е' '.J,,,_­
p,r/uf,'isn'is·e {J:,fu), luf,'ii-:f,qpn'isш1J,lt l;t b,1,mpn'l-J, 'i,1/twиrJшJi'- 1,f,pwn.Ь­
Lni/. 'ьbp'isumJ, ,;,ш,[_шишрп,J[!, 1,u.,,.wg,fj, ,;1,.,,,JЧшl шриrш'\ш1mп,­
Р1п�'is[!

• 

0,059 
I 

2 g 
(49) 

luJ,'isn'irJ, h <J,wrnfuf,'isnbf, w/tuif,i/.n,f11rrtLLl,p'i, f,p,wp <ш,[шишр Ы,' 
а ,1, = а.,1,, �,рп:,t_,;I,.,,,Ь, fJP,f_w1f,lt lп,&пчРLЬрп,J .-:J,,,,pnfu,J,LnLJ, '1-1'­
ungJ,wl, wuurJ,-&wLe 2шиr t_LJ],'i, 1; h 1,шрЬ[J, 1; w.'i,111b11bu (J.J'l- ,,_.b""f-
1пul (49) <w,[шuшpnulf,g ии,ш9,,[пи! f;. 

111-• =r.i,+o,OS91 g ан+ 

.c,-,=1t?1- -О,059рН. 

(50) 

(50w) 

lo.J,Hf,qpn 'it.ш1J,L l;[b·1,uipn'l-fr 'i,,n[Wш:i 111пшbLuJ,wll' ltnpJщl 1_[!­
pш&Lш/twlt f;lbJ,_шpwqf, L/tшurJш·J,p n1111z,[ш6 'fl:i,=0,'100 4 _·1fl111 I;• 
lиJ,'ь.-':J,wmLш1J,L l;1h·/turp�·'l-e 1/twpl'lfi f; 'J'fJIJШ'fnpd-hl Jfiwr'i, рН<В 
tn,JпчPLhpf, pH-l' np n2htn, <шJшr, npnlt1 nнJhq opuf,qJ,1.. ·ЧшJ 
,[hpш/tшlt'l-·'i,/tt t,hL 111шр11,Ьш1,,,.�J1 

{n,JnчPJ, рН-е /tшpl'l,J, 1; nrn2ht fuf,I,,;fi'l-f'"'i,шs,J,L 'l,. ItшtnJhLw-
1/rЪ l;Lhtиrp,r'l'i,l,pf,9 '/tшqJ'4_ш6 f;lhJl,'iмnf, l;un,L t,w.фh.Lni/.• lJ.1�/rц{, 
/;{1,,,/bJ,ur,f, f;п_п,Ъ '\ш,[_шишр !;' 

i;:,.,1, .. 1=т.,-,-1tf.,1 =1ti,___.:o,os9pн-т.i�1, 

npиrh'IPs 

рН 151) 

UiиlJIJ,ип,[, f;th/tиrpпcJ,urLhrJ, tn,&nчPLЬpf, pH-l' 1,шphtfr t прп-
21,l JuJ,'&:J,qpn'IJ'Ш1J,L f;[b/tиrpnqnri/., ишl.Wlg lf"Ш,.J-'i,w,,/tw'i, l;lЬJ,_u,pnq 
or,urш11-np.Н[nL, "f'l! -,JrLhtni/. lfШ''f_WJ/r'is f;tb1,111pn'1 o·tpurwlfnp.Ыш'i, ,,,1, __ 
u ш1,b111J,g ,';шрJшр 1..t• 

в. q.щ,i_u.ъu.�u.ъ ныrьъsъьr� q.u.uu.�u.rq.n�tr� 

9-,щ_,f:шLщ1,шL f;ll,Jl,'i,,,,'i,l,pf! рш'1;_1,шашJ hlt Ьр1,п,1. tJ,иш,lab- .

Jl,l,,nl,l,pf,g {l;Lbl1tui,rn'1-'i,l,{'f,9)• 'ьрш'ir� 'lд'цш'l/_пр,[тJ l,'i, ,';l,u,/,_JUl'l 
J,_bpJJ/ ш) 6tbll,'i,u,l,,bp ш-nш.'irg ,;1,,,_n ,1,шJJ,L Jf,wgJ-шlt, op,fr,'i,,ш'4, 
pшrz1t'.»9w,& bp/tn, иr.шррЬр tthlt.,,pпqLbpf,g' Pt, H2/H�l/ Cl2, Pt
J,_шJ шJшl'l-wJLbpni/. /tnLghLurp шgJ,nL f;Ll,Jl,lt111Ll,p {Hg +: 
+10% Cd)/CdCI,/(Hg+1%CdJ, р) ••••••�,шafr•• t,ы••�••, 

<fпt.lfll'1fш1J,L JJ_,,шgnf-J'i,ltpn.[1 Opf,'h.ш1,, Pt, H2IHCl1c,)IHCl(c1 1IH1 , Pt. 
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"J ,:1,'L"Jrщr/iil JJr,Щflщ.Jn,[ t(J..IAL·иH.p, o'l"ftlt·ш,1,, Zn(ZnSQ4 jCuSOJ 
JCu, ,пpпltg qzп,.J, .n,l t J,,,1,,,,,:J 'irшlt. Ffi4п.,__,,J,� �пu,,Ь�е, 1,) 

", .J;ll,Jbf,.,,J,l,F, 11pnLgnul, Ш'l.WJ/rL 1,шJру_щJ,_ 091nш11-пр,}l,l'п Jj,1."IP''t· 
',,'Н'!/>"11-q,frn� �t1urhfrg{,Шfi! '\,ш,и�,) 1; 'N'"i/r'• U.1,мi,:u,/r..p ·/рц('п11_ l,'i, 
'1frW1 ,..,,,•e,ш••шJrfr tu.•Jы.., • ..,,, •pfr,_,,, ZnJZnSO, OC uSOJCu 

' ,\ш,J ltnLqh.fr'"pшufrnL z·'IJJ.m'i,bp, op/r,'irw..Ч' Pt, H2!HCltC1) !1 HCl1c,1I 
�2• Pt, 

, 9-n,p,H,ш,JrшLn...,J O'f!ll"UI.Ifn�n'Ul ·l,'i,, ,wqшJ/if, 1,:шJ'f'tЩ}('ir,hpa,f it-,:h-
JЫнr"'i,hp1 ll.�w:1/r·L Jru,J,plиilq1,J/,'p ;;uпп,чш�·l,и Olfln'IМ!tflf'-{' ,.!nul ,f,'j,. 'ЩJf, 
q.lhqpnul, l,P/1 hp/tn, ,f;1h/tиrpnqш1J?i, L""'"LJPLbp[! JщиЪш4gп,J l,f,
l;z lфп р wwfi J fr.щltrш'is nh,w,ltqJ,'Щ·W pf, 'i,,1 

'1nhql,'i,,nftш·9J,n'i, f1'h·Jb'i,11r,J,l,,pn'Ul tl'l_n,J, шпшrш'i,,,.цt f; f;l,/,j/1,,,,_ 
f'/'l!,'1-Ш//r'ir 111пшh'i,i9f,шil! "'1wp/·wLш'4.,n'{'nfl_ {irr'is'i,h1pf, u,u,f'll'l,p щ_/tиrf,!J{_п,­
р!ш,'ь ,:/,t«hu,'i,'.p'n,[_·1 

111) 'imrUwl (uщw&.-'lW:rm) J;iЬtIЬG.m: /;и_п,f, J_ш,фпшlе J/t',Ш11r 'w['rrиl 
l,'fr Ш,J'ir"'{bu, пр -t(.J,J/,f,u,,J, JJ,y_"II/__ 'ln1f"6'ii,ut,/t=·Lnpl,'i, ,';тии,� J_Шlt'9ltf,, 
"l'�h""IJ l:Lh'Чиr•pщpJr.JfrщI,w'i, "iP"f/1,.,'j, е·Lрш�1Щ шhи-.ш..:Jш 'i, ?'Wi,... 
'['Ш'l.J �'i,f, -пр <шJr,и.п.щ1, ч,l,·111:pn,.J l;12щ,'ir ,Jr[,J,JsV,· w,fhtf, ,f,nw ,l;,(_h•/t·m­
f'"'l-ш,tf,L 111n,urh'i,gfrwl,f,,l,pJr ш�l,l,w,'ln'J'i, 111шp,pb'{l-щfll'rt1J,{i9t /;L­
zn,J, zi, Jriu{'hv_/r J..WФ/,L i/.ni,п-J,/,,np11_,[•, .pwl,,f, n-p ШJ'l- rp/,"i/P,,.,__J f;tb­
J b'i,11rn.J I,iш:,rщlшl,,,,ц <ш1Чш>\пии/Ь,[!, "'Р[, ,:t/,'111 ,Ь.щ'ir..рц,[ 1f;oп.;J, :I,iuurшg­
,}J, frpw.w!,J,• щ1•1fr ,{,,,,,,,, 

ll.111 /.l('IUiUl�UJn.n,[ fa_п,J, np,r,zJw.'i,1 ,;щJшр O'lfllJUl,'fn'J',J,,.,J ,f№ "tu­
qЪ&.l}Dr,:i.Ji �0JuiЬuw9Jiu&. Ьqw&m�p, пW, ql,.11111пtщf 2'fPш1J, Jl,� ..:ш-

' 
' 

1."'f''l-Ш,РШ{' JJ,,W19Ln,J l,'i, <ш,1,шпщ1, "'''l!'l�flJu,Jp щ;_Jиш11rпq ,l;lhJ/,'i,u, 
.uчLIJl bи, �f' z'1Рш1п�/.· ,;.,,"'w.'ir.p 1._шЪ9Ч,1 Ut'IJJ/J,цJ,· z._iщfrпш!Lhpf,, <·ш­
Jшр iм1111ш1Jш'ir JIIШ,:wl,ri/.·n,J 1; ,t111шtnlt' LnpJшl f;Ll,Jl,,J, 111 , "f'Ji 
tnп,'ir <ш1urLfi Ь. 1шиU11Ш11rn"'i,, .J;, flp111b.u Lt1'[Nlwl i;f_l,Jl,,J,111 o·'lur·u,_ 
1p,[1A.,[,,.uJ 1; tfJ.umn&Ji �tЬtlbl�.mp, npf, ·',iшnn/Jg+u,,t,N р"т-4ш6 f; ,,.&.
55-.lflu/1 r/,buurnLJ, Jiш,l Jiщ.,plJ,·,rµfw.Jrш'ir l;ilhJb,Lur[! H-=dlh шfм.р ,1;, 
"'i"/r d.w/u MlU(fr 'i,J,p-llh.naul 1.fN.лul 1; 1!/ri ,pш.Lutr1rп.,.P1шJr- иr,,,_,Jr,J/ c-.uw/. 
1,nLuiw.J,,,. uu,,l,..'!JJl,ln< -:шJщр, Uir,pfrltJr 4.J,ш ш,[lriшg,[n,J f; 
Hg2S04-J,9 h u,l,1ГJip'4{rg /.l{'Шllr(№l'Umwf}u,,6 Jlш&ndt, n:p[!, ,,},�,[w,,J l 

8 
CdS04 · -Н2О Р/"'-

3 

ph,,,_LЬpt1,[ т. CdS04-fr 
<ш9l,gu,,} 1пi6nчfln,[, 
lJ.l J'i,,1,.J, lthp,-kJ, Jшиl' 
ш�/.ш&,t Чш,рlf,п,Jр ш­
Jш"шJ•1 (Cd+Hg}, 
"l'l! 6ш 61,,fш6 f 1,ш­
,р/J,т.J J, ипч!f�ши� J, 
..PJ п. r ь ,,_ш,;�М_,,_р ш 11rn,,[' 

8 
CdS04· 3Н2О t, Чи:'1-· 

J.J,n,JJ, ипч!f,ш,пf, '\ш­
r,Ьgш& tnt,},nчPm/_• ()._
LnfJJ, d.шfи Jшul' qрш-

�'""Jt�wl 
1n,��•1P 

' CdS0,,•3H,O 

• Н. 55. '(Ьии,п'i,f, t1l,JJif,•• 



f/_ш"ь l;ibf/.urpn'f-'& !;, /шf/. Шf. Jши[!' ['ш9шишJгщL, '1-ртl1ш"ь tLhff.ui.pn'fp 
'&Jш"ь /; f/.шlnJblшJf,h l;ihff.u,prщf,L, ,npp шzf,,шurnu/ 1; 'fшрА.Ь�f,прЫ, 
SO42- f,n'&f, Lf/_шшJшJ[', f,uf/. рш9шишf/.шL l;lhff.u,pnlfl! шJшl'1-ш­
Jш1f,"ь /;Ll,f/.u,pn'f /;, nph шzf,,шmn,J 1; f/.nh9bLmpш9f,nL f;ll,f/.u,pn'f­
'&_kpf, uf/.ч_pmhj!n,f_, };ll,Jl,"iJu,f, nf,,l,Jш'f, t;burh1шtL f;. 

( + JPЦHglHg,SO,ICdSO,ICd!Pt(-J,

o./,buшnhf, hnpJшl f;ll,Jl,"iJ,np 'f-шpA.b1f, l;il,Jb"iJ·u, 1;, пр'& п,'f,{, f/_ш­
JRL'i,-- h ,;шии,ши,п,'i, l;tzn·i' 20°С-п,J Е0 =1,0183, 25° С--п,J' Ео = 
=1,0181 ,f_n[ШI 

U.zf,,шшlчn, JшJшLшЧ ш!'1 l;rl,Jbl,щп,J u,/,'lf, 1; п,ИLл,J 
t;l,,nhJШl nbшf/.9f,шfi. 

8 8 
Cd + Hg,SO,+ - H,O-CdSO,. - н,0+2нg,

3 3 

• '1шш."'1/> if.pш (!"ь,/Jш"ьп,J ,f; t:burhJшl O[!uf, '1"9J ш"ь пЬш f/_9f, шfi. ·'С d =
Cd2 -r+2e, f,uf/. шhn'1f, ,1.J,ш' Hg22+-f, t[bpшf/_шLq.Lл,J, Hg2SO4+

+2e=2Hg+S<Y,:-,
.Рш'Ьf, пр o./,buurnhf, f;ll,JJ,"iJmp '1-шpA.btf, 1;, ШUfШ ff.ш'l-Jf,n,Jf, 

f,,r'&{! f/.шph[f, 1; "ьпрf,9 i[hpшf/.ш'&qbl1, f,u·f/_ и·h '1f,f/.p O[!Uf,'fш9Ll,l 
Jf,"ьz.h Hg22+, b/Jb /;LhJH '!'l! Jf,щ9"ьhL/! L рш l;lzni-f,9 шt[hffr ршрА.р
utnm/,'f,9,J,ш[fihpf, шшppbprn/J1п,fi ,,.,,'i.,l,9n'l шри,ш/!f,� t:лuшh/!f,
Ш'{pJmpf,, o./,bumn'&f, /;thJhtш[! npnz JшJшfiшf/_ шz�шшш9Ьl1п,9
<hwn ШJ'f А.1,_п�[ ff_шpblf, 1; t[bpшf/_шfiчHt htшJf,"iJ .f_J,-G.шff.f,Ь,

р) J:1ЬUЬ&ш&Ьr шnш!i з &.1 n1p� шЬ11,шфnlun1p,J1uC.: U.nш'i.,A.f,U 
,t;burшl!P'/!P"'/J!n,'i, J,'fr blpf/.ш1ш9Ln,J шпш'19 h1m/Jf, тh'lш,f,лf,1л,­
/J1ш"ь /;[l,JЫ,шLhp[!I U.1'& /;[ЬJhLшHp[!, npnfi9mJ рш9шff.ш1тJ b'i., 
<h'ln,f/.шJf,"iJ J,f,ш9,.,J,p h 11-/>!f,n,qf,nfi Uf_nmht9f,шt{!, f/_лz.i[n,J l,'f, l;1Ь­
UЬ1iш&Ьr шшulig &.,1 ntp� шЬ11,шфnluп�рJш&.: U,1'111/.f,uf, ,f;ll,Jl,"iJшLЬpf, 
Jf,'l_n9n·,f_ nprrzn,J Н rп,,},.LJ/JL.hpf, шf/_ш.f,t[л�Р1ш'Ь 'l"f>Jшf/.J,!JЫr-p• 

,.f!шLJ, пр шпш'Ь9 L1m./Jf, mh'lш,f,л/uп,/J1шL f;ll,,Jl,fimfihpp рш'[­
f/_ш9шJ h'i., Jl,ff_ l;[bf/.шpntf,mf,9, ШUf.Ш bpf/.rн {rbf/.шpn'f-Hpf! рLш[!['­
�[пнI h'i., ШJ!sUfhu, пр 'Ьршh9f,9 Jhf/.[! tft"ьf, '1-шpJ.btf,' f/.шu,f,uhf,, -f,uf/_ 
J1n•и!!' шf,f,п"ьf, hff_шшJu,Jpt Орf,"ьшf/., Ь[JЬ l;lhf/.щpлtf,шp ш'lш/J/Jп,'Ь 
1;, ШUfШ Jf, /;[bff_u,pn'll!• f/.шрЬ[·/> 1; ,f_hp9'Ьht y_pшJhшf/_ш'fr(!, ,f,uf/. ,J JЛL­
ul!' шpJшfJш1f,ls[! t U.1'1 '11,Uf/!"'J /;[ ЬJЬ'Ь,пр чf/.шqJi[f, ШJUЦfbu, Pt,

' 

H2 {q.ш,z)IHCl(cJ IAgCJ ("1), Ag, npn,J mb'l .f, 1; n,'i,/,LщJ t;l,,_,,l,_/шl 
'ln,JшpшJf,fi nbшf/_gf,шfi.
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Е-Е,- 2,ЗRТ

nF 
(52) 

2шzi[f, шnLhtлif, пр Рн,-=:=1 Jpli, f,uf/. анс1= (С1+}(С1-)=С2т2 '0, 

u,/, '1.ш'll'blnif (52) ,;ш�[шишl'JшL Jhr., ff_uurш9,f_J,, 

2,ЗRТ 
1 С' , 
g 1±' 

nF 
(53) 

U.1umf. 'l j_,-{! 1-1 urf,Цff, /;tbff.шpntf,шf, {шi[JШL '1 -l,Jl/.f!"'J HCl-f,-)
Jf,'l_f,b f,п'Ьшf/.шh шf/.in-f,i[п,./J;шh 'fnpJшf/_f,9'i., 1;, C-fs /;tbff.urpл1f,шf,
Jпuшр f/.п"ь9ЬL111рш9f,шЬ, Eo-L /;tЬJЬLшf, ищш'Ь 'f-шрт l;aп,U /;, лрр 
u,nш9i[niJ 1;, Ьрр f.pшJ'Ьшf/_u,'i., f,nLLЬpf, шf/_u,J,i[rн/J1n,Lp ,;шt[шишр 
1; Jbf/.f,, f,uff. 1_pш0','J,f, Uf.Ш['9f,шt 6.L2щJp 1 ilpf.: UmшL'l-шpur rbp­
Jшumf,-G.шLn,J (25°С) (53) 1ш�[шишрп,JNJ f/_uшш9,J_j,. 

E=E0 -0,059lgC21 �

E-E0 -0,l 18IgC--- О, 11 Bl g , ±' 

E+0, l 1BlgC�E0 -0, l lBlg, =, (54) 

{�+О,118 !gC)-,f, f/_шf,,л,J[! C-f,9 f/.шr1шш<ш1ш,fJ, nиz-f,,z q.J-пt[, лрf, 
l;l!umpш"ftllJШ9f,ш1f,s Jf,hz.1,_ С=О (С-о, 1=1 h lgy = 0) ff.umш9-
,f_J, Е=Ео, U.1uUf.f,uni[, f,Jшflшrлi[ Eo-L 9шЬf/.ш9шJ- f/.nL9/,"iJшpш-
9f,шJf, 1:шJшр (54) t:uri[шuшpJш'i., Jf,'l.n9rri[ f/_шpbtJ, 1; ·Л['"lbl /;L-b1f/_ш­

.P"lfr111f, шf/.шf,i[п,fl1шls члрJшf/_9J, Jf,2.-f,fs шрJЬn (-:r:1.)1 . 
q.) Lin&.gЬliшrmglшt. l;,1WЬ&.ш!iЬr: b[Jb Jf,шшЬишf/_ /;thff.,npп'l-­

Иp !!'Ьч'l JifhL Lл,j'&ш'LmL f,л'ЬЬlрл,[_ rn,Jrн1Pf, JJ,'l., шUf_Ш l;[hf/.щ-
1'"'1шJ,f,h ЦfЛшьt9f,ш1LЬр ll,L шпшу_шLш1 Uшff.ш1L, ьр.ь ШJ'1 l;lhff.ur­
pn11-Hp-"iJ [!1,ff. 'lJ.,[_b.L J,f,1,_'Ьпч"ь /;[hf/.u,pn1f,mf,' f,ршр '\hm t;l,'lл,f/_nt[ f/_шJ 
ш'lшJf,fi f/_шJру_шl1п1[ Jf,ш9шJ и,шррЬр f/_nL9b'&шpш9f,шJf, hpf/_л, 
rn,Jn11Pfihpf, ,fbr., ШUf.Ш f/.шп.шr.шLш Uf_nU1bl19f,ш[Иpf, mшpphpn,­
/JJnLfit U.1L /;1Ьf/.шрл'f[!, лр'Ь l!fsч 'l J1[ш,} 1; f/.шшJ,rr'Ьf, шt[ЬtJ, р.шрJ.р 
f/.n'Ь9htu1pш9f,ш1f, rn,Jnч/Jnul, ЧtPsl!шifnpi[f, wшff.шLшUf_hи L. f/.р­
'1-шпfsш ш-f,.,'1, f,uf/. шJ'Ь /;1bf/.шpt1'f(!, npL p'Ьff.'lJtfшJ- 1; f/.шшJ,лfif, 
ш,f_btf, 9шJ-р ff.n'Ь9L'Ьmpш9f,ш1f, tn,JлчPmJ, Чt/tsl!шifup,Jj, f'ш9ш-, 
uшf/_шLшUf.bu t;шfi 'l'f,uш'Ьжtn,f_ f/_шшл'fl U.J'lUf.f,uf, l'l/Jш1п,J р'Ьf/ш-
9"'l чп,Jшрш;1�'Ь п.Ьшf/_9f,ш'Ь f/.11/.шJJшfiшt[np,Jj, шhл'l-f, 1n,Jл,.J,r,f_ h 
f/_штл'1f, ifrш f/_шmf,лhf, ,t[bpшf/_шhqhл,Jnt[1 

'1n·L9b-Lmpш9f,n'i., l;iЬJhfi,nf, /;tzn,h лpnzt[л,J 1; bpff.л, /;1hff.ш­
pn11-Hpf, Uf_nmht9f,шtHpf, mшppbpn,fJJшJp, U.J'l-11/.ftuJ, l;iЬJ/rLu,fJh­
Pf! шzf,,шшл,J J,"iJ Jf,'&z.L. пр bpf/.n, tл,Jлч/Jl,bpJ, Чпh9/,'i.,трш9f,ш­
ЬЬрL f,ршр ,;шt[шишрt[Ьf11 IJwfi9l,'i.,,npш9f,nfi /;[ ЬJЬ"ьщЬlрf, Eo-L 
t:ш�[шишр 1; 9.pnJf,, l!шhf, пр uи,ш'Ь'1-шрш /;thff.u,pn'f-ШJf,L Uf_nrnl,'i,_ 

9f,шtfibp[! LлчИ Ьfн 1'пf�'ЬЬ[!f, wbqш,f,nf,,mP1шJp f;ll,Jl,f,u,f, орf,­
'Ьшf/_ 1; t;bшk1ш1l! (а1 <az)• 

(-)Agll\gNO,(a,) 11 AgNO,(a,)Jl\g(+), 

,.U.и t1hJbLmf, t1zп,L ЧiJ,Lf,, (25°С-п,J). 
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Е RT а2 ____л.()5 а, 
=т.:1-1t2= -iп--=v, 8lg-,

F а1 а1 

Ъпир 1шdnчfJИl'fr 'lh"ij!-RHl шf/.uif,4._л,P1п/i,'i,l,pf! f/.wplчJ, f_ 
,f,nf,,ш('f,Lf.t J пuшр '4n'i,gbl,u,pш9J,ш J''wi· 

l:::=0,058lg с, 1 

с, 

'J-) l:1Ьlj_01rwlj_w&. tliЬгч�wJ� f�d�wlj_w&. wqpJnU"f.br lj_щd t-
1Ьlj_шi:;w�w&. dшrшlj_ng&.Ьr: Sшpphpi/_n,J J,'i,' d�wli'i_шч qnrboч.01-­
fJW& dwгinlj_ng&.Ьr, 11-рш'I.,/! {b'i,g Jшрmf/.лg'ЬЬр (J,ршр Jf,шgшJ- J.Jr 
1шЪf, fth.Тhfнn!.bp) ЧшJ шnш'iul.f,L ftl,Jl,L,nLl,p b/J, npn·'i,:.p fthff.,;, __ 
ршЧш'i, tLhpq.frш1J, Ш'!_f!JЛ<f' И, {шL11f,uш'iincJ Jf,-Ъth ,'i,pшLл,J f! 'L-­
fJш9n'I_ t16't1npшl!f,Jf,шltш'i, nbшft9/rш1J, ш,[шри,[!1 UJ'l-"lfiuf, Jшpin­
ЧпgLЬp/r ор,JrЪшЧ t un,[rrpшltw'i, l."l' t1J.Jb'iпn/!, Л['f! pШflitшgшd t 
9.JrLЧ.Jrs, ·шJnL/mtJf, lll"l''"J-/rs ls. Jш'Ьчш,'i,J, '1-fiopиf,'Н'gt flшчdm­
lilf.щч cparbnч_ntf-JЦ1&. dwrшlj_ngliЬrj!, qrw&.f UI\j_nнliнuшuinr&.Ьrli ьr.. 
(<пишL/!f, f/.rnшшf/_f,zHpJ!}, ,op/iiiшЧ, f/.шUfшpb шf/.n,J1нuш11111l'�• 
npf! frшpnq t pшqJшftf, шLqшJ oqurшq.npJ,fJч' шJL i/_bpшJJ,9pш,[11-
pl'ln,9 <Ь11:111 (1/,buu,n,f,[, ftl,JblrurJ, Lfr9.pш,,j_npJш'ir ЫшL)1 /;lbJbLur­
'i,l,pfr JJn,u urbuшftl! -l_wnЬIPfwJ�li dwrm�n9&Ьrli. Ьli, прп'Ь9 шJ,­
,j_шLn,J Ы, Lшls. t1lфnpш.pf,JJrшftшf, tflbpq,/,шJJ, фnfuшpfrn11.flbp1 
ll.111UJ.J,uf, ttь.JbLmHpл,J eJ,Jf,шltщL nbшfr9J,шJJ, tЬbpfJ,шf, (I,,,,._
ршршJJ,Ь щ_nmЬLg[,шJJ!) ,[_hpш6",[n,J f {фnfuшpfr,j_n,J t) ttЬfrшpш­
ljщ.f, t'hbpqfrш1J,• i/.шn.Ьf.Nш1,J,h tthJ/,fsu,Jrl,pmJ пЬшlшпq 'ь1п,рЬрf! 
(JJ,dшJшишJp q.шч_Ьрf!) шЬ[!fs'1,:ши, <шJшUfшmшufuшl, fugf,ftИp· 
hf.t J11J9,[_n,J, npurh 'l bpш'irp шfs(! Ъ11, -:шш 6"шfии,[_п,J 1,.1,, 

UJJJ .pbbшpftЬ'i,p fs2,[_ш(J Jшpmyл9'i,l,pf!_ l, ШJL .p.J,JJ,шff_ш'i, 
nbwf/_gf,шHp[!, прnЬр "lwJJшLш,[лpniJ /,f, tLhf/.шpшf/_ш.fs f'i,bpq.f,ш� 
JJ,' ииrш9п1J(! , lbf/.L.шfs2J, 1_пр tthJЬ·Lш[! шшtJ,и t 1,6 4.п tш Jbdn..,-­
fJJшf, lшpn,J, UJb ршqf/_ш9ш6" t 9J,bf/.1ш шbnfJJ,9, npJ, Jh1. Jшgi/_ш,}--­
t Jш-ЪчшЬJ, 'lfropuf,11-п·i/_ l, q.рш!f,J,шл,[ 2.Рlшфшf/_�/_шJ ш6"fиЬ tihfrm-
1'"'1' UJ'I- шЬпрЬ f!'irff.'l.J,[_шO t oulшJJ, JшJn,ff.J, Jhr, пр[! щшpntfsw�­
f/_n,J t gf.LЧJ, lll"P/r'I- l,_ щf,fs'I- шJлbJ,n,JJ, .Pl"l'ft'1/t шi/_hшu,frt ttь:. 
JbfsurmJ шb'lJ, l,f, n,·frbbn,J <ЬшЬ.Jшl t1hfr1npn'1-шJJ,L nbшfrgJ,ш-Ьhp(!,•-

Zn +2NНз
= 1 Zn(NHз)2 J 2++2e, 

2Mn02+2NH4
++2e = Mn20з+H20+2N:Hз, 

rt('шb'l. [Zn{NHз)2]2+-(! JJ,7:J,bш9i/_шd ршЬшd.h t 9/i'ьfrf, шJfrLшur­
ЬЬpf, <шJшр, npл'irl' щшpnibшf/_n,J bU шшррЬр fhl__n-,[ щJпЬJ,ш�J, 
JпlЬЧпчЬЬр1 

1:iwUjШl'Ь ш,a1dn1uwmnre рщч.JtщgщО 

qf,opuJ,11-J,9 ltшqJi/_шJ ttbfrшpr,'1-bbpJ,g, 
OOJpщltш'i, pp,jj Jb1., ичn,J,n,uшinnpnLJ 

nbшlt9J,ш'h. 
,., 

.(- -ltш"lшl'b l,_ lt1ищшр/r 
1rpnb.p l!fsfr'lJ,[шJ ЬL­
f!'h-/Jшbn,J { <Ьur·hJlllL_ 

Ufrn,Jn,uшinnpл,J f!Lf11и9n'l щрпgЬи/! '1-щl'd.bt/, ,t, {J,91ш,f_np­
Jшf, JшJшЬшf/_ JJ, ttbff.uipn,Y, ,f__рш buinn,J ,t frщ"IШPf!, _  J,u.fr JJntu 
tLЬfrшpn'I-J, JU>щ' frщ"lшl'J, 11.J,o.puJ,'1-[!I {f,gршfJшфJшЬ JшJшbшfr 
Pb-f,9 ls. JblpшfrшL pp,jjg ии�шu,[_п,J t frw"lщl'J, ипч!f,шиr 1,_ 1."Ч'• 
J,ufr tf,9.pшi/_npJшL JwJщbщff_ 6"6"Jpщltшfs fJ.fJn,'i, <Ьи� t uurш9,[_n,.J1 
/J.ff_mJniuшиiпpш1J,Ъ ttbJHuiJ, Е = 2,05 ,[_пl'"' 

'-lwnЬttifшJ�r. �1ЬdЬ&.ш&hге, J,'ьz."l hu &2i/_h9 ,[_Ьphn,J, ШJL fШL­
,[шbшff_щf, tih J/,'i,щf,/,pL bf,, npnbgл,J dшfuu,[_n'l. ttbfruipnqшJJ,'it 
1'-Jn,fJf, шL(!f,.'1,;ши, иip,[_mJ t ttЬJbbuiJ,L, l:tbfrи,pшfrшLn,P1n11fs t &и­
п.ш1_ш&п,J J, <1иzJ,,[ i/_шn.Ьtшb·Jn,pJ, opuJ,'1-шgJшfs {ш1рJшЬ)1 

UJ'lllfJ,иJ, ЦLJl,'i,ui t 1_pшJ'ьщ-pf!i/_шO&щ1J,fs ,[_шn.ht/o/JшJf,'ir tLb­
.JЬ'i,uiJ!, 

C(1rшlf,frш), H,iNaOHIO,, C(1rшlf,frш), 
)j'J'l: tthJ/,f,u,п,J pшppnuiшJn,f_ 1_p1иd-J,U[! шЬ9Ьп,J t d-щfrnuilt/,f, JJ, 
-.ttbff.uipn'1J, J,J,2пi/_, J,uft pp,[_ш6"-f,'i,i!' J1n,u tLbff.uipn11-J, JJ,1п,[, 1,_ 
bpf/_n, ttbfrшpnr1'ьhp-'i, f!LfrqJ,[_щO l,fs f/_,),nL fsшui"n1ЬJ, ll'ШJ� [RL­
,J-nLJP/r Jby_1 Uи tIЬJbfsшn,J шh1J, п,ЪЬЬ <hmhJщl "IР"9Ьи'ьЬрf!• 

+ 2Н2+·юН-=4Н20+4е
02+2Н20+4е=40Н-

2Н2 +02 =2Н20, 

UJ'!J'i/tиf, ttЬJ/,1,u,1,l,pJ, о. 'l-• 'l-• рш,[_шljш'i, JU .(- (60-?О.%), 
.ШJ'h qbщ.pti,J, Ьрр 1_pшOfsJ, l, pp,[_шd--bJ, <шJши,/, 'l. ШJрJшЬ JшJш­
&шfr uurш9,[_nq ш2fuшuiшfsp[! z.Lz_J,'i, t, 

1/,шnht/r·/'шJf,'/J, t1hJhf,щf,/,f'n<J oq.u,шq.npd-,[_n,J /,1, zши, : q.ш-
. .qbp' .Jhflшb Ь. ШJl щ6"fиш1_рш6"J,'ьЬhр, Прщh и o.puJ,'1/rl tt&l/lflpn'f 
oq.mшq.npdi/_ntJ f О'][!, пр[! 'ьшЬ. tJшf, LJnLp t1 1/.шn.htJ,llшJ/r'ь 't"tJ.­
Jl,'i,u,blpf! '1-шишf/_шрq.,[_л,J /,f, /!ии, 1_hpJwuuif,-&ш'ьш1ft-b Jf,l.ш­
f/.шJphpJ,' 9шd-р ll,pJшuuif,.-&шf,ш1f,f, (25-100°С), Jf,7.J,fs7.bpJшu-
1nJ,'liшLщJJ,L {100-500°С), pшpA.pp_bpJщu1nJ,-&wfsш1.J,& (500-
IOOO"C) L. q.Ьр1_ЬрJшишf,,GшЬ1и1J,& (1000°С ·t,_ ршрd.р)• 8шd-p1. hp­

_Jш11шf,'liшfsш1J,'ir щш1JшLl,l,pn,J nрщЬи frшиiшtJ,'lшu,np OfUIШ­
'l-"/10-ntJ l,f, "llш,nJ,,J,(!I 

ДpщJl,щ-P,p,[_шd'ЬшJJ,fs t1hJbf,u,fsl,pf, шi/_btJ, ff.J,pшn.ЬtJ, l,1, 
.Ршрd.р 7.bpJшиu,J,-&шf,'ьbpnLJ, npni[_<:buih lllJ'l: "lшJJwLf,l,pJ, <шJШJ' 
чш&�/_щd- /,f, ш,f_ЬtJ, {Jшfs frшuiшlJ,'1-щu,пpfsbp, 

l:1znif, z.шфntJ(! f/_щpL.np b'l.шfsшfr t !f,J,qJ,ff.ш1ftJJ,щ�шf, <:h1nш­
-:я,_nuiniP1nibf,/,pniJ1 1/,bpf! 'ьf/.ш('щq.р,[_ш,) ЬЬ, f!b J,U1.щhu t1hff.mpш-
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Vt;-,1 
V,...

o�·.,,

'М. 56. fl"Jbq ррп,'1, п,JЬ'f. -:t,J-
1п,[ "l""'tf,g"Jbmpш�w!, u,f,wer­

Jшlt �"f'l'' 

дv. 

.. 

¼,� v,._,.,,, 

9-�. 57. (/«lh'/ f/fJ,.,f, n«Jhl/_ ,:{,J­

;,ml щnшЬl1gпJburrш�шl, rnf,"'('f'­
Jwl, 'Jf,!j,hpbltgf,ш1 �"f'(" 

s. нь�srn�u.3�1, щrавьu1,ьr

fJ.шl,,[_шLшftш'fi ([hJЫил'ь1,рп,J, ,J,'Ьz."lhu ,,;Ш]'пf.1/, t, tihf/.шpшftшfr. 
tHpqf,ш'i, uuiшg,[_n,J t 'i,'l'ш'i,9 J/,1. [!·Lflш9n11. �f,Jf,шftшl, n.bwf/_9.f,шJfr 
t'isnp,;f,,[, L. b/Jb nLшf/_gf,ш'fi 'lшf'Ahcf, t, ш"lш uuiшg,[_ш,J ш2f,,шmш'is-­
l« 

[!/! tfilsnLJ t шnw,[_l'lwq.n,/i.t/! 1 flp"lbu'JP ШJ'l- n.bwf/.9f,w'i.t ,;шf/_шп.ш1, 
"'-'l'l"'/JJшJp [!h/JшLш, ,;шрf/_ш,[_пр t ttшfuиlч ш�f,,ши,ш"i,р' ·'ll'иf,li 
1ш'l"l''1/'l tthf/.шpwf/_w'i.t tНрчf,ш, lJ.J'l '1-l, "l[!n,J u,/, 'l.f, t п,Н'ЬтJ 
tthf/_шpntfi'l, "Pl! tthJhLuibl,f!n,J u,/, 'l.f, n,H9n'l_ "ll'n9bu!,l,pf, <ш­
f1шп.шft "1Рп9/щ'i, t1 9-npJш'fpшtt [шpn,J'i! Jbdш9Ьhtni/_, t1h,/f'npn[f,-
1nf, iлн)пLJ/Jrн/_ wls9'i,n'l '>п·uш"i.il}f, n,J-{! Jh,Jшbn,J t U t1hf/.u,1'"'1шJf,'i, 
'\ш,[_щuшl'шf/.znn,-/JJnLL[! Jищf,,ш,[_п,J1 l.ш,[_wuшpшf/.znn,JJ1шL Jишfи­
шп,J[! f/.nz_,[_п,J 1; t1ЬЧwгnl11m�Ч p1..bnw9nн.l, J,uf/. l;thf/.u,pnqLbp[! Шf'l 
'lh"l.prr,J ·f/.пz_,[_п,J Mr pL.hnwfl'Ч_щ.J1 Sшpphpп,J bL lJw111n11wJ�G. L. w­
t.nlJ.wJ�&., f,'uz_"lbu LwL. f�d�wiJwG. /,_ Чnli9bG.111rw9�nl',. °pUbn.ш9n,J­
Lhp1 

IJшu,n'lшJJ,'is р/�Ьп.ш9Jш'i, J-шJw"iswf/_ l;thf/.u,pn'l-f, "lnшbL9f,wll! 
ш,[_h[J, рш9шишf/_ш'is 1; 11шпLп,J, f,uf/_ шLnqwJj,L "lnu,/,'i,9J,ш1J, qb"l­
[!nLJ' l!'i, '1-,;шf/_ш,1.шf/_[!' ш.,{_htf, qpwf/_w"i.i1 

-Rf,Jf,wf/_ш"is pL.hn.ш9Jш'i, "lwu,iiшn.{! l;thf/.шpn'f-f, ,[_рш u,/,'1.f, п,Н-
9"'1.. [!f,Jf,щf/_ш'i, nhwf/_9f,шHp'i, b'i,1 РЬ.hпш9п,J/! l;lhf/.mpnqwJJ•"is "IP"-
9buf, ш"i.i 'l-wpd.btf,n,Jl1ш'is z_wфшL.f,z·'i, l;t 

Opft'Ьшf/_, ,blJp. шf/_ш"is pp,[_j, l;[hf/_иrpn[f,qf, JшJш"i.iшf/. f/_wurn'l-f, �/_рш 
ш"is1_шш,[_п,J 1; 1.pшJf,'i,, f,uf/_ ш"isn'l{' �/_рш' /Jp.,/_ш.Jj,'Ь, npn� L. фпфп­
Jип,J l,'i, l;thf/.u,{'n'l"isb,f"I, pLnчPf! рL.Ьп.ш9'ЬL.1п,[_ "isрш'Ь9, P'fJ,[_J, /}шJ­
j!ШJJш"is '\шJшр шhuшf/.ш'isnph'ir щ"i,.'\r1wJL.zш 1; 1,2 ,[_rrl'ur [Шf"'ыl, 
шJlsf,'isz_ pl,bnш9Jш'i, "lшиr-С.шпп,[_ l;thf/.шpn[f,'l[! uf/.u,[_n,J 1; 1,'l ,,[_rr1urJ,91 
ll.1'1- Jblrr,P1rr,L:,'i,,/,pf, u,w['phprr,fiJrr,'i,l! pLrrprrzn,J 1; чrr,JшpшJf,'i, 
p,L.bn.ш9rr,J[! , "l'f! uuiш9,[_n,J 1; l;[hf/.urpn'f'Ьl,pf, ,[_рш и1'Ь2.шш,[_шJ t.f!­
f'ш.J'Ьj, L. j},j},[_ш.J'isf, Jf,1.L. q.ш[,[_ш'Ьшf/.шL f;ll,Jl,'i,ur шnw1.w'iswl"' ,;1,_ 
-ь��

/Jn"i,.9b·"isu1pw9J,n·'iJ pHnш9rrul'i, шпш1.шLп,J, 1; l;thf/_urprr1/rqj, ,;1,_ 
u,l,_ш"is.pn<,[_ f/_шurrr11ш1J,'is l,_ ш"isnqшJf,'i, urшpшJп,JJ1п,LLbpn,J ln,Jni1P-­
'i,l,pf, U 'ispw"is'9 f/_n'i,9/,Lu,pщ9J,шLh{'f, фпфпf,,n,/J1шJр, 'l{'Ш '\hurb­
,[_ш'is[!n,{_ /;1.ЬJh'isurf, Нрип,J f/.nL9hLшpw9f,nL l;thJbLur 1; шnw1.шlsn,J, 
npf, l;lln,'i,, j,"isz_"l hu rJ,Jf,шf/.шL pL.bn.w9Jш'i, J-шJш'Ьшf/., ,;шf/_шп.шl[ 1; 
wиf,9 q11р.Jшчр-,[_шJ l;1hf/.mpшzшpJ ,.,_Jf,"is, РL.Ь"ш9п,Jе f/.шph1j, 1;
i/rпn'"'!Jthl ш"lшрМшшgJшls' 1l1,uinuwrw9dw&. Jf,1.п9п_,[_, ЧпL9b"isиr­
f'ш9j,п'is рL.Ьпш9л,Jе f/.шphtf, 1; 'Ьzш"isшf/.ш1J, фпfрш9Lh1 tniJп,J/J!! 
n,Jl,'l /Jшфш,;шрh[n< Jf,1n9n,[_, [!шLJ, пр l ;thf/.шpn'f-lshpf, �/_рш '1-fi!j,n,q_ 
zЬрш ш"ш2ш"isш1п, '\/,u,l.,_wL(!n,{_ ШJ"i.i [pf,,[_ ,,[_bpш9Lbt '\'i,шрш,{_п.р 1_l;1 
/lf,JJ,шf/_ш'i, pL.hnш9n,J{! f/.шph[J, 1; "i.i,[_шqh9Lh[, 1n,Jn,1fi1.f,"i, Ulf'Ь"l/ruf, 
"is1n,p' Ш"1wpL.hn.ш9"isn'l ( '1-l, "l"f!шpf,q_шu,np), ш,[_h[w9"i.ibln,[_, np'i, шf/.­
urf,,[_n·pИ.1 фrrf,,шq_'lf, pl,Lnw9n,J ш"ш1.ш9L·п'l LJni/Jhpf, ,;1,..,, 

"111urhL9j,шl'i,l,f'f, шJЬLшфп/}р фnфnf,,n,/JJntL[!, "f'l! ,;шрf/_ш-
,[_пр 1; 11-пp!tш'fph[ l;[hf/.uipn'l'i,l,f'f, �/_рш, "f'"l buq_f, u,/,qf, n,Lh'i,ш l;thf/_ur­
f'"[f,q, f/.nt,{_n,J 1; ш,[_1ш1 l;1bf/.шpntf,mj, fwJfWJdwG n1n111b&.9�wl .f/_шJ 
fwJfШJdw&. 1wrшd: 

llшJ[!ШJJш'i, "lnшb'is9j,Ш[[! f/_ш/п,[_шJ 1; l;[bf/.шpnqf, и,/,ишf/_f,9, l ;­
tbf/.mp11[f,qf, "lwJJш"is'i,bpf,9 (opj,Lшf/., 1_bpJшuшf,C.шLJ,9), f;u,u, 'i,nup 
jl-,/Jn,Lbpf, L. ,;f,Jj}bpj, (lШJ/}ШJJw'i, "lnu1hL9J,ш1l! ("11шшj,'ЬЬ l;1hf/.u,pп11J, 
,[рш) Jnщш,[_прш"l hи 1,7 .,[_п1т 1;1 lJ.J" Lzш"isшf/.n,J 1;, n.p l;1hf/.шpn'1-­
'Ьhpf, ,[рш ,n/,'lf, /,'i, n,LhLn,J J.J,U"isn,J'i, "11'"9/,п'f,/,р[! (l1шшп'1-f, ,[рш' 
fpшJ'Ь:f,, J,u·f/. ш'Ьn11/r ,[_рш' p-JJ,[_ш!t'Ьf, u1L2шшnul), 

"' 
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1 
. 1···

l:tЬlt,n('nq.шJf,b IIIJb "{ll'lll,J,9J,шl/!, "l'I! 1:шJшUfllllnwufuш'imul ( 

""lr:"81,uf, иltqpn·ul m,i/.JшL '&JnLpf, fLbltшrл,Н, ,{рш ,'flpw ш:Ьtши,Jш'& '· 

1,шJ Lntblw'Ьe, ltп1::.i/__11ul 1; wli.fwmdwli. ltшJ intbdwli. utnmh&.9�w: 
lllpnghuf, q.шpJ.li[/rntPJш'I, 11-bUfl)"LJ ш4q "l"u,l,I,gf,шlJ! -':ш,[_шишр 1; .,-
1:шltшnwlt 1rzшLЛ1/_ 1:шi/__шuшr,шlt:z_r1.шltwb UfЛШb'ьgf,шtf,'Iн 

, Uп{шишршlt ши щninb'&9f,ш(Ll,pf, f,pшpf,9 �пшррЬр bl11 S,fJшl 
'flJnLpj, (l!J,JJнцltwЬ inшppf,) шЪр_шшJшI, Ь. ,;ш,[_шишршltzпшltш'fl Uf.R-
1nbL9J,шlI,l,f'f, 1nшррЬр1пр1ntЬе ltnt,f_ntJ 1; qЬr1Uirutd: rнf'LШf'Jшfs 
щшur-G.шnt! ШJUUff,um/_, /;tbltmpnq.wJf,I, "lP"9buf, рЬfJп11-J,ЪшJНш­
ltшЬ ш'Ь q.шpJ.lчf,niP1nLИ1 1;: 

• l;th�mrnlliq� d111d111&.w� tpir1щrn1dp (l;tbltinpn,t,'bbpf, -,[рш ,:,,_ 
uш'f.ti!J, ,f,nl)p f,н»1пР1шЬ '1-1,"ll!"LJ} ,;ш.�/__шишр 1; pшJIJwJJш'I, "l"ml,'I,-

9J,шt.J,' n,•u, /,_ qшpJ.l'[f, q.ш[,[_шЬшltш'ь /;tbJblнnJ, l;12.11tJ,' E-J,, 
mшpphpnLPJ_wЬe. 

(57) 

'Ч-Ьr1шrщdl! t1ЫpnrnчliЬrp Ч,гш (,;nuwbff, ,f,nfp fишп,р1шЬ '1-l,Uf­
f"tJ) ,;ш�/__шишр t ш'Ь1шшJш'I, ItwJ ln,JJwb_ Ufnu,/,I,9f,wL,f,' 1-.,�t' '­

шi/..Jщl flbltшpnq.f, <шi/__wuwpwltzn.wltшb Uf '"nbb9f,wtf,' 1'::L, mшpph­
pniP1ш'Ь[!, 

(58) 

пршlнz :rr.+-p /, "--{! wbnq.wJf,b /,_ Itwuin'J-wJf,b ,;wif__wuwpw4zn.wltш'fs 
-"1.пшl,I,9f,wl'fshp'fs. Ии 

llbшwqHpf, ш.b1.wuiJwI, "{nutH9J,шlI,1, f'I! (,;пиш'Ьff, ,j,nfp 
Juuin,PJw'f.t '1-f,Uff·niJ) Jl,JwJwuшJp ,;ш�/__шишр ь� iJ,'L-niJ 'Ь("ш'f.t9 {-
1bltшpn']wJf,I, "{n-mH9f,wlblpf,b ( шЧ.Jшl ltn·f.<9b1'f.tmpw9f,wJni/.. l"'­
Jп'JpЬhpf, ,;шJшр), ш1иJ,Ь1Ъ-' ШJ'l- '1-hUff!"'J q.hplwpn,J .1_}, '1-J,ui,[_n.ul, 

.fpwJI,,f, h. р.р,[_шМ,J, w'L1.wuiJw'I, JшJwЪwit (тшррЬр Jl,uiw'l_­

'I,l,pf, �/__рш) 7,f,m1[niJ f mJb,z wpuiw,;wJuti/__wJ 9:hp1wpn,J, "l'I! щ-G.n,J
f ,;,,uw'f.t1J, pwpd.pш9Jwfr qnL'f[!bpw91 

rJ.hplшpп,Je ltwfu,[_шJ t Ь1п1рf, uibиwltf,9, u,шJ'LJ, J,п'f.t'f.tbpf, 
шituif,-i/__n,pJn,Ъf,9, tn,JпчPn,J bqwJ fuwn.bnip'f-Ыpf,g, 1.bpJwuuif,-
t:wЪf,9 k, wn.wЪJ.'f.twUfh·u, 1пиш'Ь1J, /u1nn,p1n,'Ъf,g1 

1.w,[_шuwr,wltzпwltw'L "l""'l,I,9-f,шt-f, nJ. Jbl zb'ln,Jblpf, .-Juip-
'l"LJ q.bplшpJшI, ltшfu,[_шJn,fJJnt'f.t[! ,;пишЬ.[!'f, fишп,Р1п,'LJ,g (,;п­
ишЪff, n,Jl! Jf,шi/__np Jшlthpbuf, ЧJ'ш ,;шz,[_шJ) wp1nw,;w1111,f_n,J t

Sш!j,h1J, {wi/__wuwpn1Jn,[_, 
(59) 

npuib 'l a-,'f, h. Ь-.Ь 'l-"f'Jw,ltf,g'I,l,p l,'f., h. а =11, hflb i=:fuцfUJ.ud-2, 

Jrиlt ,;щJшрJШ P"l"f' Jh1nw,z'f.thpf, ,;щJшр' Ь=О,1 .2:

9. �щs11rn-1rt1�Nl

l.nuwЪff, n,Jf, /,_ 'fnpJwry,wd 1wpJw'i, Jf,1_!,_ b'lwJ ltwfu4._wJn,­
p1п,f,I, wpu,u,,;щJu,n'l ltпphpJ! ltnt,i/__n,J Ь!, pl..bnw9d111G. (UJDlJUll'p­
q1119dwG.) �nrbr: 
... 

\ flkbnw9Jш'il ltnpbpf, "/l"l"ull! еЬitш,} f tth,4111pwJlJ1npwltwЬ ш-
\, Ъw,li'U' l,'lw'fswlt.f, ,;pJ,n,J, "Pl! -ltn1.,f_п,J t -чnuwrnqrm,)�ш: 

tllnuшpn'fpw!J,f,шltшЪ шLw1,f,'ll! O'fUIШ'fnp,ln,J t ph.bn.ш9Jwf, 
"fl""9bue шЬеЬ'l ,;шт ршрJш9,[_п,z Jшltbphиn,[_ u'f.t q.f,lth (ltшJ "Ч'f,z) 
ltwmnq./r ЧJ'ш, U.Jq. b'lwLwltni/.. ltwpb1J, f ·ltшщшрЬ1 tnidnч/JJ, J,'L1.Ufh11 
npwltшltwЪ, wJI,"{bu l,_ 1шЪшltшltшЪ щf,щlJ,'1., "'l'"Ш'fnpJblni/.. шЪш-
1/�'U' ьършущ lЛLJnчPJ, 2шu, 1.'Ll,l,I, ,шъ-шу, U.Ъш1f,qf, UfЛlJШfl"Ч-1!­
pw!J,f,witшЪ b'lw'f.twlt'/, шn.w1.J,'f.t ш'Ьq.шJ Jzwltbl t lbfu q.f,mЪШitwL, 
�Ь,rп,[ичf> (1922 ), 

15 1 
10 

' 

w 

o.!.c:C:. _ _;_ __ ....L ___ -1....._
0,3 0,5 0,9 0.12 0,15 E,�nt"' 

'J,�. &8. 'l"lJ"'l'"'f:l'"'J-' lп,6пiJPf!. 0,2 .Г"lJ"'l'щ"ъ,,.8 KCJ (', "l'f!. "l"'l'"'-'i,"'.f:•LJ Р

-) [Z� + ]=9, 1Q-4 Jп1/1 , 1'/Т1+ ]=10, lQ-4 Jnl/l' 

l:1J.-1t1nf'niJtq_j, Jf,1_n11л,[_ pl,_/,n.ш9Jш'f.t ltnrbr' UfЛCJШf'n'l-l'щJщ'f.,l,p 
( q.d. 58) ии,шЪшlп·, ,;щJwp npUfbu ·ltwщ,n'I- nq.mwlfnpJлtJ l,f.i ш­
UfШitJШ Jшqw'f.tnpf,9 Itwpw9nq uI. '1-ftltf!t U.1'1- Uff,uлi/__ ШUfШ-':tt,,[_i/__,n,J t
ltшutn'l_f, Jwltbpbuf, pwpJntPJn,'L[!t 

flpUf.Lu шЪл'l 01pnw9:nr,,J.q_n,J f ItwlnJb[wJf,I, fibltinpnql! ItwJ 
Jb,t Jwlthpbu n,bh9nq fthltmp1r'J-' 'Lпч'f.t"lhu u'Ь'f-f,ltf,11, l/f,pwn�n,J 
t zwui pn,Jl ,;пишЪ1' Jлт 1fГ"i5 шJUf lip1 U.'f.tnq[! Jbl Jш�hphu h. 
фttl'l' {лишЪt[!f, /иU1п1Р1п,f, ntH'LwtnL UfШin·-G.wn.ni/__ 'l-"rJ'Lwltш'f.t,npJiL 
;_}, рЬ.Ьп.ш'Ьп_,Jt !lш,j, hln,[_ ,;лишЬр,J, ,,,Je U/Шrphp [ШflntJ'Lbpf, '1-b"{--
1n,J, ltwph[J, f npnll,l ltwuin'1-J, ЧJ'шJJ, ph.bn.1119n,J[!t U.J'L -uwf'l'l!,­
lf{'I, wi/__innJwin q.рш'Ь9п,J f -':nuw'f.tiJ, n,JJ, /,_ [Шр,[_ш.}л,р1ш'Ь Itwfu­
,[_wJп·tjJ-Jn•'f.te ltп1.,[_п,J f uinu111гnqrw,): 

'1f,pw11Ji/__n'l UfЛinb'f.t9J,wlf, JhJш9Jщ'i, ,;/,,п -:пиш'Ь1J, n,Jf! Шf'Шf­
Jbl

"!
'i,,,,J fi U1nш9,[_n'l frnpf! ltnJ.if..n,J ( Ull�f, J,иlt w1J,,J, Jf,tJ,bf,'i, 

,;wJщllfШU1WU/uWЬnq UftlU1b'L9f,wll!' �pu1111PfP °lnшH9�uч, "f'I! ,[_h­
ршушь,,_ъ,t_,,,,_ ·'ЬJ11Lpf, {шJшр pf.in,flw'l-l'wltw'fs t k Itwfu,[_шJ tf ,[_hr,ш­
ltw'fs9:Ъi/__nq ItшJ 01uJ,'J-ш9'Lл'l bJntPJ, ltп'L9J.frmpw9f,utJJ,9, рш19 Itw/u­

ll{__шd f pH-J,9 k f,ttbblpf, ltttJ"{[hp,и,[_h1п, [!'i,'']'n,ЪwltntPJn,&J,,g: 
Ь.рЬ "{n1n_hb9f,w[l! JUш'Ьл,J k '1-шп.Lп,J t ltJ,иw[f,,J, "{nmЬ'L-

9f,шtf,9 wif..h1,J,, 1:пиш·'I,-/!-1! -':шиЬлtJ t ш11ш,[_Ь1ш,'l-лчЪ wpJb1f,, npJ! 
lt"t"-"'J t чP-1'ntqpnr. .в.nu111G.r: и.1-ь 1tшfu,t_шJ t рпър qь"шчшь,,.ышъ 
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a1pщ'fn'-PJn1..ЬJ,9 l,. -':шJЬJшшшЧшЬ 1; 'ispщ 4n'i,9b'Ьшpw9J,wJf,'i., lfщJ' 
,arlf ,,,.f,l{_nчJ JщЬ/!, 

10. \ТbS1l�\,bro onn-n�Oll\, .... S1lUU"".1lSПOIТ� 

RrшwfpG. ,1pf.wi}_wJrl1 olнn Fp..ipwqw& 1._ �1Ьltшrw.fp...ip.w\j_wf. 
фnfuwq'}Ьgn•p-Jw&. JihшЬ.wfifnil_ tiЬwwq&.hrp pИC.w\j_wd t·ш,ifшJщ­
Ue, Ь. !irш&g фnfuwrqn1U� p-hrUn1lP.f.wdp\j_nrЬG. lj_w,int_f. f.Jntpbrp 
{opufr'1'i,bpf,, '>fr'1f'",{!u,fr'1'i,bpf,, w'lbpf,} lj_n;_,J_щ..i t \j_nnnqpw: 

/fhmw'll,l,pf, lfnnnq_f,щ'i, '>иlfщJшlfшЬ t/_1,ши 1; 1шu9l1n,J Jn'l­
mUu1bц 11'-{1jщЬ[! , п1..и,лf, 4nnn'flrщ!fr nL1Jn1.J'Uwuf,pnLpjnL'i,[! l, lfn пn­
q_f,шJfr9 ,J!,mш11_Ьbpf, Uf ШlШUfШLnL{JJt1д1[! lfwrl,пl' l,zwUщlfn,fi1n,'i, n1..­
'i,h 'i,' 

f!,,,,, Uf['n9bцf, Jbjuш1f,q_Jf, Jl,,nw11_Hrf, lfnnлq_,f,щйl J,,'Ьn1..J ( 
fрUршчшr. l, t1ЬЧ.111rwfp.Upwq_wh: .Pf,Jf,шl1ш'Ь Чпппq},шJf, '1-l,Uf,{!nLJ 
Jl,,nш'l_Ь/, f'fr h Jhшшln.fr'l-'i,l,l'fr шwnJ'i,l,l'fr Jfrtl, [!U,Pш'i,n,J 1; ипt/_п­
f'шlfшЬ .t;l,щLpn'f-b'i, rfrJf,шlfw'i, пhwlf9f,w, opf,'i,щlf, Pfltf_wJ'i,ntf_ Jb­
,лщ'l'i,l,pf, рщрЛр1_ЬрJ шпюj,"Ьщ'i,щ Jf,'i, Oj!U fr'1w9n1..J {!, ш JLn,J f,'i,f,nн[ f,, 
,Uf'l_bl-f, Jшlfhphu'i,l,rf, o/!ufr'1-w9n1..Jf! , o'f-n<J Jl,mwrr_'i,l,pf, tf,пfишq_чh-
9п,р1п,'Ь[! J,blpf,, /!lnpf, .t:hю l, щ!l'i,' 

l:thlfшpw[!f,Jf,wlfщ'i, .lfnnn11_f,щJf, '11,Uf/!n'-J Uf[ln9hu'i,bl'f! шh11.f, 
h'i, п,'иhЬп1-J l'"Jn,1P·'i,l,pn,J 4. Jl,,nщ'l.I,l,Pfr Jwlfbphuf,Ь, Upw'i,/! op­
uft'1w-t/_hpшlfш'i,q'i,Jш'i, пbщlf9f,w'i,l,p l,'i,, /> шщрр.Ьрп<РJп'-Ь рf,Jf,ш­

ЧшЬf,' /;tblfmpшpf,Jf,щlfщ'i, lfnmn,q_.f,щJJ, шpwiqn'-P!n'-'i,f! lfwf,1t/_w.} 1; lfn­
nnqf,шJf, 1,ьршрЧ,f_п11. JЬющ'fР l;lhlfmpn'l-ШJf,Ь Ufnu,l,'i,9frшtfrs1 llb­
,лш'l_'i,bpf, 1fnnnqf,ш1f, b'i,flwp4'1{_h[n'- .t;щlfn1..J[! !f'шJf,'i, tn1-JnLJp-!,i,pn1-J 
4. '\,f,JpbpniJ hpkn1-J 1; Ьрш'i,9 l;rblfюpn'l-щJf,'i, Ufnmh'i,9j,шlblpj, '\ш­
Jl,JщшnLPJn,'i,f,9, UЬшщ11.'ЬЬрJ!, npn'i,p n1-'i,l,'i, р.щ9шишlfш'i, l;lhlfш­
l'n'l-w!fr'i, Uf nшb'i,9f,wl• Jbl JшишJр .р-р-щ Jf,1_w4_ш1pntJ l,'i,pшp4-
t/_n,J l,'i, шЬn'l-ШJf,Ь tn,OJщf, (4n·пnq},шJf,) l, щ'i,1.штt/_щJ '(- 1_ршhf,'Ь, 
!lb q_np Jf,1_шt/_щurпcJ щJ'l- Jbтщ'l_'i,l,l'I! 1_pwOf,'i, '1-пчrи l,'i, J11.п,J 'i,щt,. 
t_pf,9• 1'иlf '\j,JЦщJf,'i, Jf,1.щt/_wJpnLJ pbpJn'l-fr'i,wJf,4npl,'i, ш'Ьч ш1п1-'Ь 
l,'i, '1-шп'Ьп,J шl4щJ.]iщlfw1,, '\n11.шllfwl,f,щlfw''i, JЬшш11. 'Ьhр[! , J,_frz_U[bu 
'i,wf.t_ 9J,'ЬЧf!, шun1Jf,ЬJ,n1-Jf! , Jш&q.шЬ[! , 

ДpщJf,'i, tnнJnчP-'Ьhpn·1-J p-p-tf_шO'Ьf, 'uhplfщ1п,p-JшJp ш'i,lfщ1п,Ь 
L'i, '1-wп'i,n1J п1.. ·Чnnnq},wJf, h'i, l,'i,j}щplft/_n,J Ьшl,. Uf'lfrbl f! , щрЬш.Рl! 
(z_bqnp h ррп1- Jj,1_щt/_w1pn,J}, иЬ'l-�lff! {P-P·t/_щJJ,Ь JJ,2,шt/_шjpn,J) U 
Jj,шJ'i, nulff,Ь nL UflШmf,Ьp z_hЬ l,'i,P-шrlft/_n,J lfnnn'lfiw1fr1 

lJnnnq_f,щJf, рш9щшрn1..РJш'i, '\щJшр шпшt_f,Ь. w'ьq.шJ f/-hlш-, 

11-J,t/_f, lfn'l_Jf,9 (1830) щп_ш1_ /!шzt/_b9 '\h 'l_n'-lf'i,b,pf, Jh1_ pЬlfrr_Jt/_шb Jh­
u,ш'l'i,l,l'fr Jщlfbpbuj,.'i, tnlfщlщ9t/_щJ '1-tD.ttf_щЦщlfщ.Ц Jj,Чpn/;thJ/,'i,u,'i,l,_ 
pf, шпш1_щ9Jщ'i, q-щ'l_шфщрf!, пр[! '\hшwqwJntJ фпрЛ'i,щ4шЬпрhЬ lи­
JJfШ9nL9t/_h9 lllff,Jntf_f, l, n1-pf,zЬbpf, lfnrr_Jf,91 \n\j_wiwgil_wb \j_nn.nчJiшG.. 
/;[hlfшpшpf,Jf,щlfw:i, lf·nnnq_j,щJf, lff,Hюf,lfwlfщЦ шhurнP1w'ls Jшиtш­
t/_пр '1-hUfp'i, !;, \:1b\j_mrwfpdpw1J.w& {innnqP.w.1P l!Ц'1-'\ш'Ьп1..р тhип,­
Р1ш'i, '\шJшЛшJ'i, lfшшn'l-щJf,'i, l, шЬп·'fШJf,'i, Uf['n9hu'i,bpf! 4wpnrr_ l,'i, 
шh11.fr n1..'i,l,'i,щl Jщlfhphuf, Jf,l,'i,n,J'i, шh'lwJщuhpn,J, щпщ'i,9 j,pw­
pf,9 шшрщОшlfшЬ pшJш'i,Jw'f,, 

Uhюш'l-'i,hpj, UfШlШUf ШЬ·n,p-Jn<'i,f! 1fnnnч_f,щJfr9 '\f,J'i,ш4ш'i,n,J 
/рцjи,j_ш6 1; 'i,pщ'i,9 i.чwuup.il_wgdtu&. '\hш, fllшuuptJ.wgщd(!-' IJ:W dЬ111ш.­

Н8 

.,_р. Z_1nttil_h1n1 liш1nЧ.пч1-.1ш&. 3.Ьnf pbrnнlr. t, ,n,pf! 4щрп,q 1; mb,,J, n•­
Ub'uшt шшррhр UfШJJw,UUbprпJ, Орf,'i,шЧ, hplfщfJf! Ufщuuf,t/_ш'un1-J 1; 
0rиfr11-J,z.Ьhrrfr шq11-hвп1-Р1шJр, f,'иz_Uffrиfr/! ь�, /uf,ш шчпшщ4ши· t, hр­
,)-

f!,Jрш4шь fl.fim'i,bp[!• flpnz JЬшш11Ьhр' ь"4ш[J[!, 't,f,Чhtl!• Чпршl';,{! 
f.t Jш'I-Ьhчfrnul[! Uf "'uuf,t/_щ'i,п,_J hu шrlfщ/.P'uhpJ, tn<ttn•1fiHpn1-J', 

Чппп1IJtш1J, 'i,lfщu,JщJp 4щjщU !,'i, lJwl,qnLr>t/_n'l_ 1qn'lUf ШшЬhp[!, 
"("'1'/! hp4wpf,9 рш9f, Ufщрп1-Ьщ41н,l Ь}1 /!frl /!щUш1fп•Р1щJр /!l'nJ, 
'иf,lfht, JwUqa,'i,, f,Ьl''ll," Uщl,_ юf,шшU /,_ 'i,f,np/rnнi, IJ.!'1-"lfruf, 1ш­
JшЛпчt/_шJр'иЬрf, Jwlfhphuf,Ц рр,[шЬ!,j, /,_ j_pf, "''l'l-/;9"'-P-!шJp m­
nш!_ш'unul 1; /!j,J,j,шlfш'i, /,_ JhjuщUf,lfшifщ'i, шJrrn•fljn,Ц 1пЬh9п11_ op.­
uf,11-f, ршршlf 2hрш, "f'[! -':шJшЛпчt/_шд/!1! lPfrt/_ U[Шииf,t/_щ9Ьn1J J;, 

ll'i,1pщJhzш 1; i,zht, "Р Чшfиt/_ш,} щршш/!f,Ь "lщ!Jш'i,Ьhpf,9 Ь. 
Jbшw11.f, p.11n1-1P/r9, Jf,l,ЬпчЬ 'ujnLP-f! lfщl'"'l 1; шрщqш9!1h1 lfшJ 11w'i,­
lj-Ш'l_h9Lrht 4,,.,,_,, .'lfrщLr, OpJ,-Lщlf, pptf_шhЬf, щп4ш5n'-fiJ'"'i,[! ln,hnч­
pnLJ 1щС.щjи n1.-Jb 'lш9'i,,,,.uf 1; lfnnn11_f,шЬ' Pfltf_шJ'i,f, l;th4mpw.j_hpщ­
lfw'i,'1-'i,Jш'i, '>hюl,.щ'i,/!nt/_. О2+4е+2Н20=40Н-, npf, '1-l,Uf/!nul 
/;th4sлpn'u'i,bpf! <ЬпшЦп,_J l,Ц Jhшш'lJr9, t/_hp1.f,&'tbp.f,u fln'lЬhtпt/_ LnL­
Jn'-JPncJ f,n&'i,l,pf, Лl,n,tf_, 1'иlf hp-b 4п"n'lfiw1f, JшJшЬшЧ J;bz1nщ­
P1шJp. щпш2.шЬп,_J /; opuf, '1-fr 2hрш 1fшJ 11-Jt/_wpщl"'-,} Ь1п,р, ШUfщ 
_p-ptf_щdf,Ь[! Чшрп'l l; пz_ рЬ шрщ1fш9Ьh�, щ!l '1шЬ 'l-ш'll,9'i,l,l 4nnn­
q_/,w'i,, J,Ьz_Uf bu ШJ'l- шhчf, 1; мtbЬnLJ O']nLJ шun,Jf,Ьf,nul,f, 4. 9,f,'i,lff, 
-'\hю, 

{щj'i, lff,pw�n'-PJn,'i, n,'i,l,'f, ,'i,щl,. lfnnnq_f,шJf,, щJuU[hu 4nz_t/_щb, 
щpqh[ш4n'l'i,l,Pf! f,'i,'\f,pf,шnpЬh('[!, прпЬр Jbшw'l'i,hpf, Jш4hph­
uf,Ь 1шt/_ ш'l-unppt/_n'l_ ор'[-щЦщlfш'i, Ь1п1-р-Ьр hЬ, /fhшщ,r_Ьh,['f, Jщ4hrh­
uf,Ь Ьhplfhp-f,9 ЧшJ nLf'/rl шlfmf,,f_ Jl,щш'lЬhpf,9 uшh'l_,}l,p,t/_ '\шlfш­
.lf-nnnq_f,n'i, UfШ'l."'Ufщ.'i,щ4щ'i, zhfТшbrr, lfnпnq_f,ш,'i, lfшphtJ, l; '\шJшр1ш 
tf_hpщ9Ьh[1 

!Jhшw'lщ"lщu,JщЦ '1-l,Uf/!n'-J, opf,'i,шlf, hp4щp-l! 9f,'i,lfш"lwшhtfru 
ЧшJ ,'i,f,lfbtш"lшmh1f,u lfnnn'lfrщjf, J-шJшLw4 nюh 'ldt/_w,} /;tblLЬш­
"'ishpшJ /;[_hlfшpn'i,H('[! щ'i,9Цп1_J l,'i, шt/_btfr ш4и,f,t/_ Jhшш'U's Ufwlfwu 
щlfшf,t/_ Jb1nщ'lJtЬ1 UщOlff! фz_щ'i,wln, '1-l,Uf-/!n,J lfn"n'lfiшJf, l; l,Ц-p-щplf­
,j_п,J nz_ р-1, hр4ш_р{! , шд 9f,'i,lff! ЧшJ Ь,f,lfbtf! I llJ'l-UfJ,.uJ, Ufщl"'Ufш-
1,n._p,n'-'i,f! Чпt_t/_n,J l; dЪшшqр wlinIJ:WJPli i,wb\j_щd: 1'пlf hp4щp-

f! щ­
'i,wq.n.t/_ UfШZlnUfщ&hlfru, lfnnnq_f,щJf, '1-ь_Uf/!·n,J шh'fP n,"'i,j, ·п1_ р1, щ'i,щ_ 
q,j,, ШJL bplfщp-j, ln1Jn,_J {pШ[j!ШJn'-J), IJ.J'l"lfruf, "lщzш"fшЬп,р-1п,_'i,Ц 
l;l Чп1_t/_п,J l; dbшwqp \j_w1nnqwJp& bwb\j_nid: 

-1!"11'"11.�U. 'i, �J,'i,t,SJ,�U. t,,i_ �U.SU.�1>9. 

8пч9 шptf_h9, пр p'j,Jf,щlfшЬ p-hpJпчf,'i,шJf,чщ'i, '\шишш­
шп,J 1; щЬ'\рщJh2ш ршЬшlfшЧшЬ zшфщЬf,z'Ьhр, прпЬg '\f,Jш'Ь 
Чf'ш '\Ьшrшt/_tтр /; npnlhl pf,,lf,wlfщ,'i, '\шJwlfщl''l-n,J '\шt/_wuщ­
f'шlfznnLP-JшЬ uшh'lhJш'i, UfШJJщЦ'i,hp 4. pf,Jf,шlfш'i, фпjищр-

1'9 



ftn,J ,пl,'1} n,1,l,1,wln' {'i,wpwi/_npмp,n,'irl,l,p, UшЧшil, p.f,Jf,,.,,-./ 
Ч шL /lhpJtr'lfrLwJfrчw'ir U' UJWиrшuj,,ш'isn,J ш/i, '>шрgf,'ь, flli 
j!J,JJrшЧwL ,f,nf,,шpft·n,Jl, f,L1_U(bи Чшf'п'l f f,ршЧш'LшLшt, ШJ­
ufrl,,'i,' /rЪz_Uffruf,!, UJb"'I} f tf,Lf, n.hwft9f,wJJ, J bj,,шLJ,'lJI!, �Jt-
d)i1a�wr, �рЬЬш)��ш&. [pwglsnul f 1/rJf,шЧшL ph"Jn'lfrlsшJf,�111-
J/r "fшfrшир, n1unolr.wuJirnнI 1; nhw�g)iw&Ъr)t wrшqntp-jnt&.p,-
1.. dЬluwfфqdp., f,Lz_U(bи LшЬ. шршq.п,р1шL ftшj,,,J_шUт,,p1n,'i,1! 
11.Ьwft.9nr, Ujn,pbpf, ft·nЪ9bЬwpшgf,ш'i,bpf,9, -&'i,zn,Jf,!f, 'f.l,pJwи­
шf,-&.шL/rg l,_ шll !J,frч/tчшpf,JJ,wftшk шч'lшft'i,bpf,9, 

1/f,Lbu,f,ft_шft.w'i, n,un,JЪшuf,pn,p1n,'L'i,.l,pf! !fnЧS i,'i, тш.1J,и,
пр J!frJf,шft.w'i, nhшft_gJ,шЬhpf! ршр'] l,'i,, l,_ пр zшur i/tl fJ..{_114_
nbшЧgfrwl,l,p, npn'i,/! ft_·nz_i/_п,J 1,1, UfШ{'q_ nbшft9f,шЪhp, f!ltflш­
'i,n,J 1,1, htшLJn</Jbp.f, ,f,nj,,щ'l'lh9n,/J1wlt JJ,шft. фпчп,/_, Ub-
dшJшишJр nbwft.gf,ш'i,bpl, [!Ьpwltn,J 1,1, Jbft_J,g шi/_ht/r фn'LJ,_ 
рп�/_, opf,Ьшft_, Ьl'и'i,1п,рЬрf, фпfиш'l'1Ьgм/11шJр Jf,t_шltЧJШL'
Jf,w9n,/J1n,Ьl,l,,,.,f, шпш1,ш9п,Jn�/_, J,uft ш1'is п ,'>Ьиr Ь. 'i,pшl,g фn-
j,,wpft.mJ'i,/,pni/_' 1/шJn,'i, i/_bp1,Ъwlt1п,phpf,:

,. rN>U.чвou.вr, 11u.чrnчo1..ьsoчu.чu.1.. orь1..-RQ 

Ьч_ fl-!,1J.ц5t,1J.5t, \JЫuU.\,o!,\\JQ 

l/f,'i,/,u,f,ft.wftwlt, n,un,J'i,wuf,pn<PJn,'i,l! pш'l.ft.ш9111U t,. hрЧп,. Jш­
ufr9 dшчrnч�&Ьш�чWJ�9 (f•pJш1 ,frъь�нш,frg) • .Ьшч9�WJ� dЬ­

lum lijt((d)i Dtunнllimu)i rщ p-jntli)ig: 
UwЧpnft.f,Lburf,ft.шftwl, 1aиr1LJ'is·шuf,pnr/J1шJp np1>zi/_п,J ( nl.шft­

gf,wJJ, ft_wpq.f! {n), q.п,Jшршjf,Ь шpp,q.n1/J1шL '\ш-1._шишрпu/l! ft_ш,Г 
шршq.п,р1шЬ opMI [![!, шршq.л,рJшl, ;шuu,w1n·n,ltf, 1_ЬрJшишf,-G.шЬш­
J/rL Чwfиi/_wUnt/JJir,L-f!, шЧ1n,J,,J_w9Jw'i, ('i,bpq.f,шL {Е), ltш/иш9n,91ш­
J/rЬ wp1nw·11-p,/,U! {L-шj,,ш(ри,р,шЬL-9f,шl q.npU�ftft!ll!' Ко ftшJ PZ: 

fl-Ьшft.9f,wJf, JЬj,,шlt-fr'lJl! U(Шf''l_blnt '\шJшр шlt'\pw,J/,zu, t npn­
zbL f,ршр ;,_,:,2"P'i"6l. J"'-{'ШpшLun,p фпчf, 1/tJf,шft_шЬ pL·n,1/Jf!, ШJ'l ·
ф11чhр11,J фnfиw'l'l"'I. Jшultf,ч·Ьhpf, Jf,1_w'isft_JШL шLЧш1п.Ь Jf,ш-
9 n,PJtrt'&Hpfr l,_ Чшр"'i, �/_Ьр1_ЬшЬ1п,РЬрf, p1111ч/Jf! , J"'f'шpшЬJ_JnLty 
фпч,1, шpwq.n1P1шlt '\шuu,wurn,Lf, pwgwpl.ш-ft_ шрJЬрр Ь. l,f'ш 1_hp­
Jшuu,f,-G.шLш1J,L 1/wf,,i/_шUn,pJn<L[! t f.!.J'l- bpft.n, '\шpghpf! pHшpftbI,/! 
'\ш1_nр11ш.ршр, 

1. �ы1�вN1з� 11r11ч-п�11-зп�ъ b>J. ��ъьs��n�nъ �11>1.nunrn�IJ'

.f!J,JJ,wft.шЬ ft_f,'i,b u,f,1/wJJ, '>J,JЬшft.ш'i, '\wuft.w9n1/J1п,'i,'i, bpf,g- ('
nЬw�gJiwJJi mrwqn1p3n1Ь{!,: 

fl-bшft.gfrшJJ, wpшq.tft/J/n1L-1/ 'lщ nbшft.9n'I_ Ь1п1/Jf, Jnt bpf, pi/_f,. 
ft.wJ Ч1rL9/,1,u,pш9J,w1J, фnфnf,,1ft/1JntLЬ ( JJ,wi/_np JшJш'i,шft_n,J. 

V=+ С1-С1 = + �. 
- t2-t1 

-
дt

( 1 )-

npшh'I_ С1-р Ь. С2-[! t, l,_ t2 JшJш'i,шftHpf,L ,:щJш"(ши,шиj,,шLп.'!: 
ft_n'i,9/,'i,,npw9J,шHpL l,'i,, 
J5U 

l!ш'isfr пр пhшft.sп'l. Ь1п,Рf, biш1J'is Чпb9l.'is111,f'шs/t1111i11 J111J-ь,..-­
Ч-/r f!Ьf1шfll!",.J 'i,i/_wq_,,,J t, f,ul/ i/_hn_Ьш.L1пi{Jf,Lf! ш-1._ЬtшЬл-ul, UIUJШ, 
Ь[Н, Ш[1Ш'fп1{J1rпЬр шриrш'\ш1и,,,/_пul t ЬtшЬ1п,{Jj, ft_nltgb'i,u,pшgJ,·ш1,J, 
,f,1fфnj,,n,pJwJp' {-ЛС)-f,, U(bиr.p t 'l'i.,l,l Jfr'i,n,u ЬzшЬ, np"(buqj, 
шрш.q.п1{J1п1Lр п,ЬЬЬш '1-Pш.ftwl, шpJh/J { /JшLJ, пр Ш{'шq.n-1/JJn,J,/! 
рш9шишl/ш.Ь tftLb1 l..ft ft.шpn'f.)• 1/nltgl,'i,u,pш_q.J,шJf, wi/_ht/r ,f,npp ,f1n­
,{,1t/u1t1PJn<lt'i.,l,pf, '\шJшр шpшqщfJJnLb (! ftwpn'I_ ЬЬр q.pbt "f'UfbU ft_nL-
9hLu,pшgJ,ш1/r шJшL91ш1 l!""' JшJшltшftf,, 

dC dx 
V=--- ft_шJ V=+-, 

dt dt 
(2) 

.U1u 11-b"fl"'J шршq.п�/JJn<Ь[! ft.п1,[п1J ( e,lip-wg�IJ wrшqnt.pJnt.&.,
.41pf, шрmш'>ш1mп1/J1шL Jl,1_ C-'i, blшL1n,pf,, X-f! ,Jbp1,Ь.шlt1n1P,J,
(11.hшft.9frw1J, ш�шlijr'lliJ,) Ч-nlt-uhltmpw,q[,,шL-b{'L ЬL, шрmш-'>ш1,п­
,J_ш! q.pwJЬ�pni/_ ftшJ Jпlhpni/_, f,uft t-lt JшJшЪшl/f!, шpu,w;шJur­
"4.wU i/_ш1pft.Ju,J,l,l,pni/_, P""fl,1,/,pni/_ ЧшJ JшJb pni/_, I 

fl-bшft.gfrшJJ, шpwq.n1/J1n,L[! -ЧшрЬtf, ( лpnzht 1J,JJ,шl/ш'i, Ь. :j,J,­
-l#Pft.шft.wL mwpphp h'lшLшЧLЬрп�/_, fl-bшl/gf,n'i, j,,шn.ltm.p'lfr!J прnlш­
Ч/r JшJш'i,шft_n,J Ufшррhршршр LJn12 i/_bpg'i,hl·n,[, f)id)iw�wli wliw­

j}tqn'iJ. ftшphlfr t npnzhi "рЬ.( Jf, n.bшq.b'i,urf, Ч1tlt9hltmpw9J,шlt l,_ 
'\/,и,Ь.шршр ·'ьрш ,f,n,f,n/unt/JJntL[! JшJш'ьшЧ/r f!L-Pш!ll"'J' 

ЬрЬ пbwft.gf,шJJ, f!Ьpшgpn,J mb'f.ft п,Lfr q.шч_f, шLt_шmп,J ft.wJ 
ft.tшLn,J, ШUfШ п.Ьшl/9,/,шJf, шpшq.n</JJn,Ь/ ft.wpbt], ( tfpnzbl qwqw-
1111.фw�tuli (4_пuп,Jbmpшft.шlt) h11.шЪш1t_п4_, ьрь mb'lfr п.ЬJ, пhшЧ­
gf,пL fuшn.Ln,p'lfr q.п,Ъш�/_лрп,J ЧшJ q.п,Lш/Jшфп,J, ШUfШ шrшq.п,­

Р1n1Ь[! ft.wphrfr t npnzbt q.n,ltшz.wфшft.ш.'i, (�ntnrndЬmrw�w&.J Ь'l_ш-
ЬшЧп4_, fl-Ьшft.gf,шJ/r wpшq.n1/11ni- ( 

- 1,1! ЧшрЬ1J, .t 1>pnzbl q_ь�mrw.6w-
-чь.rqw�wlin1pJШli rwфdwli, UJ.D- С.
·шЬli9nd.Ьшrw�wli {(lln1f, npw­
_1n,J ), frшiwmnчrw,1,Jiw�шli, LDlJ-
uJi pЫ.11.щgdшli /,_ ШJl :j,J,qj,�w�ш'i, 
.ЬfJ_шf,шЧJ,l,pni/_• l/frblurf,чш�ш'i, Чп-
рf, Jf,1,,,gni/_ Чшрh1J, t q.pш:j,frft.n- о'------.!'•?:,,.. ___ .
рЬЬ npnzb1 t1.hшЧe/tш1J, wpшqn,-
/JJtfLltf! ' lf['U(bu �J,1,burf,ft.шЧw1, Чп- '1-1. 59. 11-1,ш�gJ,шJP шrшrр,,.Р1шf, 
_рf,'ь mшршU 2"zwфn'l_f, flJ,1!11,_ nrnz,ttJf! r;rшf>J,%ш�шL -,J,f,1,pJ,LgJшL 

P1wf, шl,ft.Jш'ь шш'ьq.Ь'ьи {q.U. 59), Aqшlsш�n,f_, 

l.шJшd.шsf, 'i,l,pq.npUn'l ч_шLq.i/_шULbp,f, opbLl!ft nЬw�9JiwJ� wrw­
qntpJntlie, nt..q)iq .6.wdWwшw�wli 1; nЪw\gnq liJ ntpbr)i �nligblimrw­
'ЯJtwlibr)i wrшwqrJwtJt&.: 

V=KCf1 С�, .•• , (3) 

.npmb
'I. Ci-1! l,_ С2-р nhшl/gn'I_ ltJnt/Jhpf, Чnbg/,'i,u,pшg.f,шl,l,pL lt�, 

K-lt шршq.п,/J1 ш'i, ;шuu,щu,nilt[!, nf'p ш/l ft.bp"( ft.nii/_n,J t LшЬ. mL­
um\wrwr wrwqntp-Jntl:., Ь/JЬ С 1 =С2

= 1, Ш"(ш V-t fli/_ш"(hи ;ш--
4.шишр t K-J,L' V=K, П1-[! l,_ n2-{! 11.Ьшft.9J,w1fr ·Чшрq.hр'ь 1.Ь f!U"' 
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пЬщ1[9,,,l 'ft1п-,pbpf,, J,иf[ n = n 1 +n2+• • • пЬщf[9J,ш1J, q.nнlшpш­
Jf,'ft f[шpq.'ft t, 

2,ш,,[_,иuшр11,J[!, "Pl! uшш9,[_п,J t (2) '1. (3) '>ш,j_шuшpn,Jblpf, 
pш'L'lш,nn,Jf,9 '1. ffш"I { {ши,пшшп,J шpшq.п,fJ1w'ft п, n.Lшf/9-n,z· 
f,Jn,fJbpf, f[п'ft9b'ftшpш9.J,шisbpf, Jf,1.'1. f[n;,f_n,J t nЬш'Jgliwф шrш­
lfПlP-,JШ&. 'JPf.bшp'Jш'Jw[, fi.шtJ.шuwrnнJ I[шJ nЬщ�gрш_1р 'wrw1p1t­
})JW(j orЬf.f. 

, dC dx \=----+--=ксг-,.е,n,, 
dt dt 

1 � (4} 

lfJ, m,z,zm/J1шJp {!!,f/ш9n'l лLшf[9f,шLhp(! f[wpl'lf, { 11-шnш-
f[шpq.bl шршqп,fJ1шL f[J,LLшfrf[шf[шЬ ':ш,[_шnшрJш!, f[шpqn,[_' n.Ъw�­
gpwJP �wrqntJ. /,_ nhшf[9J,ш1fr шршqшfJ1п,Ь[! npnzn,z ,пшрr,шi[шЬ 
шf[шf,L (ишш'1-J,ш1/•Is) Jшu'ftшl[9n'l JшиЬJ,чLЬрf, р,[_п,[_' nhш'JgPw.iP 
Jn1Ь11;чшJt,шp-JшJr: 

Ьw�gPw.iP �wrqp фnro.f.w�шr. Jbl-nip-,1n1U. t, nr11 ptJ.wtqЬn 
6.wtJ.шuwr t �pt.Ьu-ф�w'1wli. 6.wtJ.wuwrJw& �nf,gЬ&.,

mrwgpw,!P gni­
gp�r..Ьrp-li {n,, П2 Ь. wнli), pu� qn1Jшrw,1pr. l1шrqp &.rшli.9 

qnн!w­
rp&. (n=n 1 +n2+ ••• J, Чшрq.(! f[шpn'l_ t tfrishl О, 1, 2, 3, l[nшn­
pшffш1J,'ft, f,-LzUfbu Lшl, рш9шишf[шL fifr,[_ --1/2, -1 Ь. шuf11 ffJшp,z 
п.Ьш1[9J,шLЬрf, qh'-'{pn,J, npnLp ,nb'l.J, h'i, n,LhЬn,J Jb,f[ ш1[1n п,[_, f[шp­
'l-1! 1J,Lnul t шJрn'[_2_шf[шЬ fifr,[_ (1, 2)1 Чптпршf[ш1frЬ l[шpq [!"-
1nш9,[_n,J t ршр'f- nhш1[9frшЬhpf, '1-l,"fpntJ, npnL/! f!'ftfJwLn,J l,'f, JJ, 
pшf,J, J,J,2_шf,l[jшl фпчhрп,[_1 ДpnJшi[шf, f[шpqfr 'lh'-'{pn,J nbwf[9J,ш1fr 
шpшlfnLPJn,Ь[! JшJшf,шf[.f, [!Ь{Jш9рп1J JЬп,J t ':wu1nшinn,b' V = 

=const=K1 flш9wuшf[wf, I[шpq(! ':щf,'JP"ln,J t '>bшhpnq.b'ft 1[щшш-
1J,тf,1[ пhшf[9f,шЬЬрп1J, ff/wш-SшnLЬpfr9 Jbf['i, ш1Ь t, "f' '-'{f,Ь'I f[ш­
u,шlf, 'l.шшnrJ, Jшf[bpbuf,L nLwf[9,[_n'1_ •'ft1п1fJhpfr9 npht Jhffl! Ш'f-­
иrtpp,[_rnJ t zшщ n,dl. 'l, .J,иlt J1n1u f[nJUfnЬЫs1nf! ,f,шu1nnphL q_f'f[,[_n,J 
t ш11-ипрр,[_h1п• ':l,шpш.,[_npn•P1n,l,f,9 l, шf[Ь'>ш1innpbf, фпррш1,п,J t 
Цшти,/f,qшшп p,f, J шf[hpbuf,f, f[n,l "fnl, ЫsшHpfr ,f,п/ишq '11, 9n,fJ 1шL 
{ш,[_шLшftшЬп,fJ1п•f,[!, {/,,п/,_ш'-'{Ьи 1,шL. шршq.п,fJ1п,Ь[!, 'l-pш'i:J/19 
'>h1nbn,J t, пр рш9шишf[и,J, f[шpq.f, n.hшf[9frшLhpl, шpшq.ш9Ishtn• 
'>шJшр, шlt<!'шJbzin t ,[_bp9Lhl l'lшЬ1n,pf, ,f,nj!p f[пL9h'irmpш,'IJ,ш, 
f,,rf[ '1-f'wffwf, f[шpq.n,[_ nbшf[9frшLhpf, 'lb"ll!"'J, [!L'/-'>шf[шпшf[{!' "11,и,р 
t ,f_hp.'Jl,Ьl '>Ьшрш,[_лр pшpd.f' lчш1fr·'it.JinL9bbщpш9frшblp, 

..-..ьw�gpw,1p UDfЬ'Jn11w,1G.n1pJn1r.p �шtqtJ.w� t nЬш'Jgрш,1р uЬ­
pнu&.pqJp .fihm. '/-Ш JшцL[,f[Lbpf, ШJ'ft pf,,[_L t, npn'ftp J,uubwf[9ntJ 
Ыs ,пшрршf[шl, шf[шJ,L, 

fl-hшi[,'!f,шl,J,p(! f[шpn'l_ 1,1, lftl,l,l Jf,Jnthffn'lutJf,L (JnbnJпlb-
f[n,LJшp), bpf[Jл'LЬ.ffnчш1f,� (pf,Jп1hffп,uшf"), bпJnthffпчшJf,Ь (inpf,­
Jn1hffп,uшp)1 ll.,[_hlf, ршрd.р Jntbffn'lш/i,п,fJ1шL nbшf[9f,шLLp(! zшщ 
'\шq,[_ш'lbUf Ыs, npn,[_{bmh Jbf[ шшрршf[ш'i; фпцп,,! щf,,;w,f_шf,u,�шf,­
f hpbpf,9 ш,f_b1J, JuщLJ,f[lthpf, JJ,шdшJшbu,f[jш {ш'i, '1ft"ln,Jp, 
111! 

fl-hшf[gj,шbbpf, f[wpq.[!, Jnlbffn•uшpn,p1,п,f,[! , f,1,t,"{h и L wh ,;u,J,_ 
Ju..f,nJ/,u,pf,f[ q.npJwf[J,9Ьbp[! Jh,} JшuwJp f,ршр l.hi, '>wJ[! LI,.Lп,J h 
ltpwL.p f,ршр f[шpn'l_ bl, {шJ[! f,f[f,l,l JJ,wjL "{ШР'l. nbшf[9/ниl,hpf, '1-1,Uf­
/!"'J, Ьрр nhшf[9f,шf, [!lt{Jшltn,J t Jl,f[ ,Рпчп,[_ l, Jf, "''l.'l."'PJшJp, 
fl.J'1 рш9ш1nр,[_п,J t lJpшbln,[_, пр п.Ьш1[9f,шJf, ишЬ/иf,пJЬ,прf,1[ {ш­
,[_шишрп,J(! , n{' pbn,pшq.pn,J f Ufpn9bu[! ,uJpn,zy_n,pJшJp, f, ,jj,-SШ­
f[f, lt и,ршш'>шJ1nLt"" nbшf[9f,ш1f, f,иf[шf[wbl Jb{uшi,f,'l.Jf!, 

ьµь пhшЧ9J,шЬЬрЬ [!'1,fiшЬп,J Ы, JJ, zwf'p ,Рпчhрп,[_, ШUfШ L{!­
,.шЬ9 f[wpq.(!, Jnthffпч1шp,n,fJJn,'J, {! l, uшЬ{uf,пJJ'/,,npf,f[ q.л{'Jwf[f,91,l,­
f'[! f,ршр �ы, '>wJ{!'J,f[f,п,J, u"шьр f[шpn'l h'i ,  ",'wJ{! !,//I,bl JJ,шjL Wjf, 
'1-b"'fpn,J, Ьрр п.Ь1иЧ9f,ш'Lr f!l,fiшl,л,J t Jf, inшpf'шffw!, ,f,n'ln,[_1 ll-!,шf[-
9f,ш1J, шрш'l-п,fJ1шЬ I[f,f,l,,nf,f[wf[w'ft '>ш�/_шишрп,J{! ч,и"htf, t UIЛШ­
Lшl JJ,ш1Ь фпрd.Ьшf[шЬ 1nif.1шtЬh{',f, '>f,JшL ,fрш l,_ l./i f[шplчJ, '1-n'I"" 
p.bpht, htЬhtn,[ qn,JwpшJ{,f, nbwf[9f,шJf, u1nbfuJ,nJbmpf,f[ '>w,[_шuw­
f'"IJf,9,, 

Ьрь nhшf[9n'l Ь1п,fibf'l! 'ftnb,[_n,J I,f, JJ,ktпчf, !pш'{_n,J, Шj'l-­
,..,,f,uj, nbшf[y.J,шLbp[! ffnz,[_,.,J Ыs '>пJпq.ЬЬ, f,иl[ hph ,..Ьш1[9п'l. 'Lr1n,­

:fihpf,9 wnbi/_w'l_L Jbf[[! ШJL !ршq_п,J t, J,цf[ J1rнu'ftbp[' Jf, !ршч_п,J, 
Ш"{Ш пЬшf[gл'[_ {шJшi[ш['q[! Jr,,1_,[_nrJ { '>bmbpnq.bl,, 

/!ии, Jb{uшt.f, ч_Jf, pLnчfJf, nbwf[9f,шblp[! ffшf'n'l l,f, tftLbl iqwrq 
.L. pwrч: rtJшl''l nbш1[9f,ш'l,l,pf, !J.f_f,f, bL llfШln'f[шbn,J ш,t.,,f,uf,thp(!, 
.npn'ftp {!'ir,f/шЬn,J bf, Jf, "''l.'l."'fJJшJp /,_ [!L'1'l-Pffn,J J,f,шJI, J.J, pf,­
_JJ,шl[шf, ш1[1n, 

flшp'l пЬшf[9f,шЬЬр[! f[шpn'f 1,1, 1,J,Ыl' '1-шf'd.Ьlf, (tшJ '>шf[ш­
ТfшрЛ), '1."''l-ш{Ьп, 'l."''l-"f''1,f_шJ, '>шt"f''lwffшL, z'1Рш1шffш!,, 

f,f,lUfhu '>ш11nЬf, t f[f,Ьh1nf,f[шl[шf, '>Ьтш'lпшп,fJ1шЬ f[шpl,_np 
ju'ft 'l-f,pl,l,pf,9 Jbf[[! nbwf[9f,шJf, wf'wq.n,fi1шЬ o{'hbpf, Р"'9ш'>ш1-
тп,JЬ t, прЬ шр1nш'>ш1ш�f.rнJ t (3) 'lf,:j,bpЫs9f,ш1 {ш,[_шишрrн­
Jп�/_, 

"ь;н/_шr} fиЬ'lpf, 1п1J,!шЬ '>шJшр l[шpht,f, t oq.inшq.n{'Jh1 (З) рш-
Ьшd.l,{! ('1[,:j,ЬрМ.9f,ш1 JbfJn'l-) 'ffwJ 1,рш ,frLmbq.prulf! (f,'1,1nbq.f'wl 
Jbfin'1), 

ri-p,)ЬrЬ&.g pшl Ь qw&w�p q.npJ п,ЬJ, шршq.п,Jl1шЬ {ш,[_шишрJш'i, 
'1J.:/>bphЬ9f,шl At,f, ,;ь1n, 

ьрь С,=С2 =Со /J. n=n 1 +n2 , ШUfШ wpшq.n,fJ,шf, Чшfи�/_шдп,_ 
.fJJntЬ{! f[n'l,9/,f,,лpщ9J,шJf,9 f[wpb[.f, t шр,пш{ш11nЬl {Ь,лl,JШ[ -:шi/_w­
,uшpn,J"q. 

V
0

= KC� tшJ' Vt=KC), (5) 

·и.1'1 ш,pinш{ш1urп,fJ1п�f,f,bp(! L-nq.шpf,pJ,bln,[_, 1[ишш9,[,f,. 

lgYo=lgK+nlgCo 1,_ lgV 1 -lgK+nlgC1, (5ш) 

fl11nzhtni/. пhш1[9f,ш1f, 'l.l'"Jwf[шf, шршq.n,fJ1п,ЬЬЬр[! nbшq.Иsm­
f,l,pf, inшppbp uf[q_p.Lwf[шf, f[nis9bL1npш9f,wHpf, {шJшр tшJ [!Ь{Jш­

.9/tч шpшq.n,fJ1n,Ь'fthpf!' l!f,,fJш9[,ч f[nb9b'l,шpш9J,шthpf, '>шJшр 1, 
t53 



.шр•ш':шJuthрн.[ .qpш!f,HnpbL' lgVt -/t ftшJ,,n1iJp JgCr-/t!J, ftu111ш9�, 
.;//! 1ш1.f,'l q/1�; 11pf, ,ьfl/uш'1 и1тЬ,Ын1е '>ип/.шцшр t n-f, (ч,6. SO)�
FL1_111hи QЛt..JIJ mp,f_hg, ш_рz l,'l,шfn.цftl! "ffmшqпpnn,J ЬЬ brft"i щш['­
рЬр q.kll/pllpno/1 V.rtшtJ,f.r' шpш'q.nLJlpнJ.1,J;f'[!' fl(lrt'l_rн.J 11ft "ft'i.p'Ьш-
4шft и.шррhр J,,.f.9hftшpш9JuuJ.,l,pJr9 t11ЛШU,j_шJ< ly,h/,u;JrflшiJ.ш1, ftn­
ffl,p,J,9 (94, 61): lJ.111 J.lн1"! ,npn2_i/.щlJ' rr.bшlшf:ш1J, ftшf''l-1! ш'&4_wЬ,щl 
l,f, �tt&.th&шt'w!J�nfi �wJ �u�wqщ.&. \ш,-Ч: (nr): 

Ьrl[pnplf 11-ln,lfpn,J wpш'f"•/11ni'ithbpf! ntmz,f_nul Ь& JfrшJf, Jf, 
sfнrpA.f,9 итщ9,[щ,}- ·fttt(l,J, JJ,1-пgn,[ ( qh, fJ2 ), lJ.p1 '1-lнqpn,J 11pny/__u;6/! 
ft111,f_пнf t dшJw&.w.�wJ)'G ifшrq. (Пt)• hpir !rпцЬ nhшft9J,ш1J, {ш­
Jшр ,JшJш'f.шl;,wJr-ft ftwp'1f! JM ( u,лш9,f_,nJ ftr,fц;M,шfrtдqpnL ftшp. 
19/t9' Пt:::>П,:, Lzш'inцft,nJ t rr.hщftqf,шJI, шрш,рч,j1J1t.Ьf! ,.щ//•t/r 1шч,-

t фп,tнц'iппJ, р.шf; "'НfШИ,[,шf {,
ш1h U{ШVIGw,r..rп/., 1'f' 1'lf"'Z J.J,1шЪJ;.­

JШl L1n1.fJЬp tr.hшlurfrw& шрq.fчш-
9.п�J h& h 11/нmL1пJ { }t&.fG:tur1Jh--
1Ш�щd, fl,[ [!L 9-;;щljщ1ouftl!• h/JЬ. 

;;;.,_ n,<nc, ши,ш nbшi/9},шJJ, nzpш­
qntfi!J1•tfip Jl;,;,ц'i,NtJ t ичЬ U[ШUf,,_ 

о lsЧ:wnrн/_, пр "l"'Z Jj,zш'ь1/1шl &pn-
<J..t. 60, M,шtaftw!f, fри1щf, ,,,,,,1,щtр р&р ,fl,jшo'luщ[ l,f, n.bшfUJJ,wJfr 
,;pшl,f,lp#�щ\ 'f/;fl,l'l,'f,gJш'it k.,:щl.щ� щpшr.p,,Jlp1Wl!t lJ.;9- ЬрЬ.м,i/1[! Чпz.-, 

· � .. ,(, ,[m.J t 1щl_vrn�wmш1�q:
lJ.1JJ рLЪш1�1/М,� Jf, 1шЬf! UJШpq 11Ьwl19f,шJ,,ЬpJ, J;.J,Hu.f,l;.wtwh­

cpf, 'f, ш 1. шф щр pnf. lt Ь ('f!, 

tk) U.IHL,l!Y>\, 1\!1.МФ fl.ЬU.Ч!.!f>U.'t.bf' 

lJ.nшtflh 1/шpqf,. MшJ;.9J,uA.1'11pJ, шpш,:pr,/Jpt,&L 
1; <JнnhJШL 1///&ЬюJ,ltш9.шL ,:Uf</_,Wuшpn,JHp,и/__. 

С • .:,ч/1 

с, с

C,J"fh 

9.t. /IJ, fff, ft"t"',f_ 1,р'* мu.p­
f'l,l' "'fШ''i"'/11",1,f,J,pf, *l'"t,jult! ,,,,,,� 
ltp,,Pf, l,pl,11 "'""1'1'1,1' 4"2..1,,..,..,._ 
зfтжТ,Ьре J.pJ.p тщp/fflp Jш.t..,шu.y.
Ь/,1'"',1 "fl"t1tl"• #J,t"N"'i V 1 = tg�1, 

v,=1g-:1i, v,=tg�1: 

dC 
v,,,_---кс 

dt 

d,: 
v---K(a-x), 

dt 

(6) 

ctc dx , .. -
..1rp ,nJ11l - 1,, -- шpщt.p1i.j}Jni.1Lbpf, hЪ- '<ШJШt.ftШlhiиuf,rtш1tшpшp 

dt dt 

lчшL:J'н.fJj, (С) h 4_kpt'i,m't,1лiJl/t (х) ljnЬgЫnnpшf№Ш'kbptн/_ шр111щ­
<ш11n,J.ш.t-, a-L- bJ_,,;'f,JntfJJ, Jn1bpf fJJ,,[& t JJ,ш:/.пр 1-ш:/.шt•иf, Х-(! 
n},w9.Щfш;Jr Jbl Jщш� h (a-x)�J! 1._11.l.u.фl'l=�p' t JwJшЬшl;.wJJ,­

_fn911tJt 
.{fi) {ш,f_ш,;wjiJwi, J,l.11n/,'l-P,ulf; {'

1nC=-Кt+const: 
'UftwLшl;.шh U[Ш1flL, l.pr t=O, С=Со, f,,;lj cons.t=inCo� ,;Jип&ш­
rшр' !Cn=-Kt+!nCo• 

ln _с:._,,Кt (бр) 
с 

2,Зlg С,, -Кt 
· С

ЬJшt. i.Ь.п�/__ (6 ш )-J,n Чии,щftшf�1• 

к:-..;2"',з:.. �g __,._, 
t в.-х 

{б,) 

iJ (f1, 'f /; 11) 1:шijш,ttц�nн/fll,pf! ljwf'b,J.f, J; '1-Fl,l f.щh fttuUJnИLgf, .... � 
".н.1, 11 ,,. "-. 

C�e:-kt, 

a-x=ae-tt �wJ x=a{1---e-tt); (7) 

1'1t[Ufb.tJ hpkn,J f ftf,'islнnJ,ljшftmh 1шi/__щцшpttLJ!tl.pfr9 шпш1.Jth 
'ljwpqt n.bшi9/rw1J, W("W'fHtf//wL: fшumnzщ,нJ,J, z.шifмqш9.шfu11Ji1ni'itf. 
-t (t- ), щ/цf,Lр&' 1:шl:w.fuml;.wfini.fl-JnUi (, lf('J! ftшpnll { tJt1fbc 11_r\-·1, 

�-,-1, dwt!·-1 h ш1{iн 
Pf,Jf,шftш& l;.J,&lнnf,ljшpнJ pllnt..jJvt-,.pшltш'is t ��uшfPrnli\fwC.

(lt]tu.wфnfuщr1J.Jw.&.) JшJwftwljшJJ,l"9 {шu-ftwgn'l.nчJ;rn&e (т)1 l'hu
.._Jt dw:dmt.ш1tщdJitп'!t. l:; 1 пr� r&.pur9fn1.d nLw1J.9�w.Jp uЬf t de-m-

C,, • i\nid -iiЪrvшЪ- Ь1m&�п1р-р �hll(!'J /Jflh t='f, -иr-С=
2 

9.ипl _хс;о.·.с12,

, .. 



• 

(8)' 

UJu <ш�/_шишрп,J,f,9 11/.Шf''l bpL.n,J f, пр шп.ш1f,Ц ·ftшp9} nbwft-
9.f,шHpf, tJ-hиuмJ K-L L. 't-L blwJj,L ftnL9Ь'iнnpш9f,шJf,9 ш'i,ftшfu 
JHn,p,n,LLbp Ин 5,. 

9-pi/_шJ <ш�/_шишрп,J),ЬрL Ш{'и�ш<ш1шНр qpш!J,f,ftnph'ь (q.,}�-
63, G4). 

' 

' 

т 

, 

'i-d. 113, 11.nшtf,fs 1tusp'f}, n:hш-'/--
gJ,шJf, 1:шrfшр 1tnlsghlnnpwgf,ш-

JшJшl,ш1t 1tшfu,f_щd,.,P1mLf!t 

• 

' 

, 
о,"-'=---------,.

9-,J, 64. 11.nшtf,fs 1tшp'ff, nbш',­

gf,us1/r 1:шJшр 1tnlsgbl,mpшgf,шJJ, 
/"'IШf'/rflr!-JшJшl,шl/ ""l.'l."''1-6ш­

Jj,I, 1tшfu,/_ш6п,fJ1•пЬ{!, 

°1-,}. 64-f, n,,zf,ч_ 9-Jf, pь/ln•P1шL шL!uшЬ ,пщ/,9-h"ьип�/_ ftшphlf, f; 
np,izl'l n.hшft9f,w1J, шршqп,р1шL '\шиu,шщrнL[! ' К =2,3 tgq::, 

Uf,Jnthft,,чшJf,'il шпш1_f,Ь ftшpqf, n.hшft9f,шblp /!/'l. hL '\ш'ь11/t-­
Jl/niJ1 lJ.J'1"lftuf, n.hwl19f,шHpf, opf,Lшl/Ьhp И,' jlШJ/!ш.!Jш'ь, q.f,un9-
Jш"i,, ft'l.n·Jl,l'Jщ'i, лрпz nhшftgf,шLbp, п.ш11-J,пшftm/н/_ Jf,1_1n//i,bpf, 
lnfn'\n,Jl! , 

ll.i/_lчf, -\ш-Sшfи <шL'l'ft"ln,J Ь'I, 11_ЬqЬ- 11_wJ' UJ.uh{qnwnwr�r. Чшr­
.Ч� n.ЬwЧ9�w!'.Ьr: Opf,Ьшft, f.pш1f,'is 1п«}пчP'ishpnul n,Jhq -P.Pi/.пi/. ftш­
u,ш[f,'l.i/!n ,z Ь,z Ь9-Lшzш1шр,f, f,'irif.hpиn,JI! чun11frn-qf, L. !f,pn,ftu,nqf, •. 

HaS04 
С12Н22Он+нz0---+ СбН12Об+СбН12О5, 

U1u nJ,шft9fш1f, шрш9-rпР1п,"i,"i, шри,ш1:ш1ш�f.п,J { 1:ЬшL.JШ/ 1:ш,[ш­
ишрп,Jп,[. 

(9)• 

Uшft111/i. Lnup 1111.r}пчfln,J zшрш,,f, f,Цi/_hruJш"i, ,:шJшР .Jшfии,fпq 
7.pf, 1шLшftl! zшu-, 1Lz_f,L t, ШJ'l- 11/.ШUI-G.Шnni/_ ti tn,r}nчPnrJ tf'Jr ftnL-
9/,'i,u-,pш9f,ш'i, 9-npdLшftшLnph"i, J'i,n,J f ш'i,фпфпfи, U.J'l- 11-h"ll!n,,Г 
п.Ьш�9f,ш1f, ftf,blu-,J,ftшftшi, 1:шi/_шuшrrn,Jl! uu-,ш"i,.,.,J f шпш2f,·L ftшp­
-,f, nhшft9f,ш1J, ,,,1,.,,, {!шf,f, пр К'[Н20] =К.=const. 

v�к[,ш,шр], (rш) 
'" 

11) bi'lif'Пf''J. 111.Lf''I-J, ll-b1.LIJ8J,1.L1,bl'

bpftpn{''l- ftшpq.f, nbшft9J,шjf, шршу,пfl1пд,l! ""lft'l. 1:шJЬJш,л,..,._ 
ftш"i, f ftшJ bpftn, f,ршр 1:и,�/_шишр ftn'i,9/,"i,1npш9J,шЬЬpf,, ftшJ fl hp­
ftn, шшррhр ftn'i,9/,"i,,лpu19f,шЬЬpf, "'P"'"''lf'JШtf,L, ьрь n.bшft9J,ш1f,'it 
Jшu'i,шft9nul f Jbft Ьtш'ь1п�Р, "'J'l- 'l-l,"ll! "'J nbшft9f,ш'i, ftш{'<ЛШ-
1:шJ<n,fj, 2А=В umbfиJ,nJlнnpшftш'ь 1:ш�/_шишрп,Jr,,�/_, J,uft ЬрЬ nhшft-
9f,ш1J,Ь Jшц'i,шft9n,J l,'f, hpftn, и,шррЬр htшf.,l"'php' ш"lш А+С=В!

ЬрЬ Ьpftn, 'l-hll/.pп,J ft Ьtш1J,Ь ftnL9/,"i,u,pш9f,шHpf! f,ршр 1:и,�/_ш.., 
ишр l,f.,, ш"lш шршуп,fl1п,L[! ftшp1nш\ш11n1LJ, ':b<nL.JШ[ \ш�/_шиш­
рп,Jп.�/_. 

dx dC 
� К(а-х)' \ш,t ---�КС', 
dt dt 

(10} 

/iuft bpt, h[Шff,L ftr,'i.,9/,"i,,лpш9f,шЬbp[! f,ршр 1:ш�/_шии�р z.bL, "'"lш 
hpftpnf''1 ftшp 9-f, nhшft9�ш!J, ftf,Lhmf,ftшftшb 1:ш�/_шишрr,,J[! ftn,'i.,l,'!,щ 
Шj[ <nhUj, 

dx 

-=К (а-х)(Ь-х), 
dt 

(11} 

Phpi/_шd 1:ш�/_шишрп,JЦ/,рп,J а-Ь L. b-!s htшf,Jn,f/bpf, Jnfbpf, 
1шLшft'ьhp"i, l,"i,, hpp t=O, Х-[! t JшJш"i,шftшJJ,2п9щJ nbu,ft9i/_шr} 
h1шЬJ"'-PJ, /!шLшftniPJ"'-"i,"i, t, f,uft (а-х)-[! L. (b-x)-l! n.hшft-
9J,ш1,J, Jl,f. 1_Jтшr} h1шf11r11.{lbp.f, Jn[bpf, /!ш"i,wftnLPJntbl,hp'i, l,'i,, 

Ь,pftpnp'1 ftшpq.f, nhшft!lfrшJf, opf,Lшl1 f fиphpf, о-G.шпш9Jш"i, 
пЬшft9f,ш'ь f.f'ШJf,Ь JJ,2ш1Lш1pn1J. 

CH3COOC2H5+Na0H=CH3COONa-:-C2HsOH1 

U.;JJ pHшpftbLp (10) ��ш�/_шишрп,J[! , '-lщmшpl,'i,p фr,фnfиш-
ftшL'i,l,pf, шL2ши1п,J. 

dx 
=Kdt, 

(а-х)2 

U.J" 1:wi/_шuu,l'Ju,"i, шLnrnz J,Lu,hypn,Jni/_, ftuu,u,'i,ш!,p, 
1 Кt=--+const: 

а-х 

Ьрр t=O, ш"lш х=О ls. const=-_!__, J;l,,,,fs.шpшp' 
а 

Кt=-"-'­

а(а-х) 

9,r}. 65-[! "lшu,fthpn,J t x/a(a-x)-f, ftшfи,,,Jl! t-J,9, "f'l! 

(12)



" 

.,,,., 65. brl/r"l'lf 1/wr,/r "l,щ�­

-11/r•щ/r W,ш!/,/rl/шl/шL ш&nJ•l'!/>"'1.1'' 

1 · 1
,=-- �-.r К=--• (13) 

аК а,: 

fi ШШf'pll(•n<fJJmls шп.ш1.f,L Чшр• 
'l-fr п.Ьш-Чsf,шЫ.рf,, l,f'Чf'"P'f Чшр­
"" пЬш%9f,шЪlц•f, '11,/lll!"<J Чf,иш­
,п {' п,; J ш r, JшJшlsш/t,mlf,1.n!lf! 

Чшf,,,[_ш� t lstш'Ь1n•�f! иltq_pLшЧшft 

ЧnL9И1111{'Ш!J/ruчfrs L_ '>шЧшqшрJ. {ш.Jl,Jw111шЧшЪ /; a-f,L,)
Ь,flb hplu•np'I Чwrrr1:f, n.hшks,/•ш1f, t/J(IШlfЛ<f/Jn<'Ь

[! 
tnqf,rz <шJI,_ 

,.JшшшЧшЪ 1; b{'/tn< щшf'рЬf' LJritfJhpf, f[п'Ь9Ь'i11n{'ш9f,ш'ЬЬрj, 111('ШШ• 

'1-l!f'Jшtfф, прп-'Ьр frf'wf' '>ш,[_шuшl' t_Иs, Ш"{Ш ЧJ,НшНшЧшЪ '>ин[_�­
-UШ('Лt.!

J! 
,п'ЬЬ'Ьп1J 1; (11) '>ш�/_шишрJш'i, u,buf!l!' l/ши,шрЬ'Ьр 111J'f 

---:ш,[_111ишrJш& фпфпf,,шЧшLЫ.rf, ш'Ь1.шmл,J. 

Kdt 
dx

(а-х)(Ь-х) =-

dx ( 1 1 )
(а-ь; Ь-х -;=; 

1 

J,fnnb9{'ntlf,9 /tumшg.[j,, 

1 в-х 
Kt=--ln--+const, 

а-ь Ь-х 

1 а I Ь 
,ь,р t=O, ш..,_ш х=О t,_ const=---ln-=-in-1 

а--Ь Ь а-Ь а 

·UJиUf_f,иno[_,

Кt=_J_ln b(a-x) �-· К 2,3 lg
b(a-x),

а-Ь а(Ь-х) t(a-b) а(Ь-х) 

ь('ч:п1''1. Чшt''l-fr 11hшЧ9f,ш1f, Шf'Ш'1-п1.f11шЪ -:ш,unшurntL(! n,Lf,
,<J,,,,'1,.JШ[ zшфiнlшЧш'fт,f11п1.Ъ[! ' (L• Jпг1 · JшJшf,шч-1 ), rfшJшfsш­
lti! Чшрn'1._ t tfrLh[' Jш.r, ('ЛUf.h, ,(J,Ч. L_ шuЪ1 

'1-) п-М- 1:iU.l''W> n-ЫLl:i!ll>U 

·еъ,,.-:ш'fипр ,,_h..,_pn,J 'LШJf,Ъ -:ш,[_шиш(' ЧпЪ9ЬЪ1n('Ш9f,ш1f, -:ш-­

.Jш(' П-(''1- Чш/''1- n1.И9n'I._ 11bш/t9f,ш1f, Шf'Ш'lп1.Р1шL /tf,Lb,nf,ltшЧшL
.;w,[_шuшf'ni.Jl! Ш{'llfШ.;ШJln,[_n,J t .ШJUUf.hu, 
"' 

(15) 

'1ш1nшрЬ'Ьр 1/mфnf,,шl/.ш'Llslsl'f, ш't.t1.ш,пп<J L_ },J,u,Jнw,,..,J ( {'w9шпщ-­
Р1шJр. П=1 ,,.ьщ,f,9), 

Kdt 
dx

(а-х)" 

1 
Ю=------ fconst, 

(n-l)(a-x)"-1 

111h11..ш'Н'lч.п,t., Чиmш&ш&11• 

к 
1 an-J_(a-x)n-1 

t{n-1) (a-x)n-1.8n-l 

а х--

(n-l)Ka"-1 

tпyшpf,fJJhtni/_, Чи111ш9,fj. 

2n-l_J 
lg'C=lg- -- --(n-l)lgв, 

К(п-1) 

(16} 

( 17} 

'1шnntgbln,[_ ry,111f>f,Ч, lgt/lga ч,нпшlн.иirр ,н'[Р'I. 'l-f,J, Лf!f, f}bp1r1.­
fJ1111L шfsЧJш'ь 111шL9h'Ьип�[_' tg!p=n-1, ЧшрЬtf, t nf'nlbl n.hшЧsf,ш­
J/r '/tШр91!' П=fgip+/1 

U'l1п1.ишч 8-щJ рЬр,[_шJ Ы, UIШ('pbf' Чшl'lf n1.bb9n.q_ 11.hшlt9J,ш­
'i,bpf, ЧJ,fsh111f,/tш/tшb opf,'Lшzшфn1.fJ1n1.Ъfshf'f!I 

4, �Ы1�3�11З� �llr�� nrnttrllЪ b'l.llЪll�ЪbP� 

f,l,l.Uf.hu ЬlJ/.bg, 11.hш%9f,ш1f, Ч,f,ЬЬmf,ЧшЧшЪ -:ш,fшuшf'ni.Jl! Чшq­
Jhtnt -:шJшр ш11.ш1_f,fs .;ьl'fJ/tfr шЪ-:ршJЬzш t npnzhl 11hшЧ9f,ш1fr
Чшplff!I 9-п1п1.Р1п1L ,п1.ЪЬfs nhшЧgf,шJf, Чшf''l-J, n"r,nzJшf, ,пш('рЬр Jb­
fJ,нrJ1bp1 

ш) Чтw!lф�ш�wG. l.'lw&w�� f,Jшишр ш1L t, пр /tшqJn,J Ы, f,'lr­
шb'l-f'шl -:ш,[_Шишрп1.Jf,9 ('f,,n'l C=f(t) inbutf, 'l-Pшf>frЧ' Чшf,,..[_шJ-
11.bшitgf,шJf, ЧшP'l-frs1 

Орf,ЬшЧ, 11.ЬшЧвf,ш'ь ч-:шJшр,fj 1-f,Ъ Чшl''l-fr, bflb lgC/t Чшf,,­
,[_шdп,р,п,Ll! шш '"'lf,'l qJ,d, 2-p'I Чшр9f, :r-hllf./!"'J' 1/C/t Чшf,,4_ш­

·J59'
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d-n1-P1n'-'i,f! 111lнп11 f urw nиtf,'l. qf,d, J,иlt 'lf'" ltwp'fl, '1-1,U/l!'"-J' C=f{t) 
Jn,Ьlt9J,щ'i, qdw1J,'i, t {qd. 66), 

i,-,. J"'-"�W-

'" 

f!) Sl. qwl}rJw&. hqw&.w{w qhllf_fniJ фnpt!.'Lшftш'i, in,fjш(bhn urb­
rzш11-pп,J ЬЪ ш1uпи1шft 8-J, J,Ьinb9-f'._U1[ t:ш,z_шишpn,J'i,l,pf,9 "l'L.t Jb­
ft,fi Jl,2_ (шиh'i,11, 1, 2, 'l.P"Jшftш'i, L. ш1('i,) k npnzn,J wpw'l-n,pJw'i, '\ши­
в,ш�пп,'&J, шpdbj!Ьbpf! u,wpf!hp JшJu,'i,щf/frЬpf, ,;шJшр, bfJh '&рш!,1! 
ntLЬ'fmul Ьf, ЬпчЬ шpJ-l,l!I,l,p[!, rnpbJЪ ltшP'l-l! '\wJwUf.Шinwu{uшfuaJ 
-t ini/.JШL '\ш,[шишrJш.'ьf!I

'1-) .J..wGin-2:n;iip Ьчш&.ш�шl ltшpq.f! npnzlчj,и nbшltsп'l. Ь1п,/JЬ­
рf, lчш1fr'& ftпЬ9Hinpш9f,ш'i,/,pf! ,[_Ьр9 Ьп,J Ы, fнн1Ье L..npnzп,J 11.bшlt-
9J,ш1J, шpш9-ntfJJt1<.'&[! bpltn, 1nшррЬр J-шJш'i,ш/(i,l,pj, '\шJшр, "f'n'ilg 
'\шJш"{ши,ши/_,,ш'Itп,J t htш'&1пrj}f, ltп'i,9Ь'fнnpш9J,w'irb('/r lчrftn, 
�пшррЬр шpJ-bfHp {С 1 k С2): Uрш11п,р1п,Ъ'Lhре ltшphlfr t пpnzht 
'irшk q.pш!f,J,ftшftwI, '1-/r!f>bpb'fi9Jш'i, h'lшЪшftni/. ( q.J-. 61, q.J-. 62 ), 

1'Jш'&шtn4. U1pш9- n,fJ!n,,'i,'i,l,pf, 1ш�[.шишрпu!Lhр[!, ltшphiJ, t n­
pnzht nhuilt9J,ш1J, ltwf'Ч-1!• 

V,=- dC2 =КС�. 
d t 

' 

-У!_=( С, )n ,._ n= l�V1 -lgV2 :
V2 С2 lgC1-lgC2 

(18) 

11) Ч-rw��1j_wti_wr. q�:pbrhG9Jwti h ,,_шЬшltJ, ,,_1, "ll! "1J, "f'f! 'Lltш­
pwq.p,[w.t t 3-{''1- "(wpwq.pw!fm,J, шНршJ-Ьzи, t, bt'i,l,tni/. lt/iiibmf,­
ltwltw'i, ltnpf,9 {q.d. 61 Ь. 62), npnzbt nbwltgf,wJj, иlt'Lp'i,wltw'i, шрш­
q.n,Р1п,ИЬр[! btщ'i,Jn,PJ, ltп'i,9l,'i,u,pw9J,шJJ, wn'i,,[щ'l'i, Ьр�п,_ и,шр­
рЬр шpJ-hl!'i,l,pf, t;шJщр1 Ь,[ oq.u,,,fhtn,f (5 ш) t;w,[щuwpn,JJ,9 q.pw­
JJ,it1tpbl: {qd. 60) npnzn1J b'i, nhшlt9J,ш1fi J-шJщ'i,щltwJf,'i, ftwJ ltпЬ-
9bl1urpw9f,n'i, ltwl'Ч-f!' 

h) Oum-l_w1q-'i.mJhu� Jhftn'-uw9Jш'i, b'lш'i,wltl! oq.u,wqnp.tn,_J b'Ir 
f!Uu, щпшW.f,'i, ·ltnJ"{nI,h'i,u,'i,l,p,f, ftwpq.[! npnzbtni t;wJwp, Ь&рш,,_р­
{'l,'i,р, n.bwft9J,шJJ, Jh'l. /,'i, Jur&n,J bpbj! ЬtшЬ1п�/JЬр А, В IL С, f!f,'1-

,rpn,J V=K·C� 1- С;1 • C;s, при,Ь ,,_ С1, С2 ь. Сз-f! А, .В Ь..С L1,.,-
101 
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/Ьрf, l'lulJft·J, /tлl,gJ,fru,['шg/,w,l,bpl, l,lr I f!,ип А ifnJ"ln'i,hfrur-J, /tшptf!' 
nf'"Zl'ln, <шJшр В 1,_ С ft.nJ"ln'i,l,'i,u,'i,l,pj, и/t'l[ibш/tш'i, ЧnLgh'iunpш­
B1'ш'irl,pl! A-J, J.1Jш1nJшJp 4_hр9'ь,,нJ ьъ Jbl ш4._·11tв"Lчп,,[_, ·прJ, 11h"1-
,,,LJ КС�• • С�• шpmш'lf'JШf.J! uu,1119,[_n,J t -'\ш,нпш1nп,Ъ, •ш1uJ,L·j!L' 
t1.hшlu1J,ш1J, l!'i,'1-(ш'i,пч, шpшqn•PJn<'ь[! ?шn'tJn,J t lflн1_d" О IJшpq.'-­

(!""' B-J, ь. C-J,. 

- dCi =K'Cn,, прw>, K'=KC"•·Cn1, 

dt 
1 2 3 

а/,Ьр9Ъ/'l'""- А JrпJ"l ,,.1,1,'i,u,j, u/tqp1iш/tш'L hf'ftn, 1nшppl,p f/.nl,9/,'i,u,­
l'шgj,ш'i,l,p (С{/,_ С ('), i/,1n'i,ш-l.,r!J,J, /,,zш'ьшlfп,[_ I!""' А ·Ч11J,q "'i,//b-
1nJ, (n1) ltшpblft t npwzl'l ltшpq.[!I tJшL d,l,_n,,/_, w,fJч9n,ftn,[_ ,[_hp9И-

· l,,,[_ А l,_ С, А h. В lfnJ,qn'i,h'innl,bpj, Чn't,9h·'iнnpw9/11ц'i,l,pp, 'i1шphtf, t
(шJш"lш1nшцfиш'i,шршр npnzl'l ltшi"I/! J!Uln В I,_ С /tnJ"ln''i,/,fнnHpJ, 
(n2 l,_ Пз)• 1'и1J nJ.wit9J,ш1J, J!·L11,;шl,n,p q.n,JшpшJJ,'ir ftшf"1-l! Чt.J,Ъ.f,' 
n=n1+n2+n31 

'l) 1:i�uwmrn.fidш&. dwdw&.w��d�tngniJ. nЬw�g�wJ� �wrq� D­
rn2dwG. b'l.wUшiJ I! <Jt.JU,[_wd- 1; wJI, d-шJшl,wiJш<шur,[_wd-Jt. t1pnzJwf, 
i/_pw, npJt. ell,Pш9.f!n,J l,lwl,JntPJt. IJnl,9h·l,mpwg,j,шU (IJшJ 1шl,ш1Jл1-
Р1п,&[!) hpiJn, wl,q.wJ "lшiJwun,J t• lJ.n.w2Jt.·lr IJwpq.Jt. n.hwlJ9Jt.шUhpJt. 
(шJшр К=О,693/т• bpiJpnp'} IJшpq.f, nhшiJ9f,w1,l,pf, (шJшр, Ьрр 
blwJ,J,1, IJnL9/,1,mpw9f,w1,l,pf! f,ршр -'\ш,[_шишр l,J,, К=1/ат, J,11ft­
n-p17- IJшpq.Jt. n.hwiJgf,шl,hpf, -'\шJшр К-1, npnz,[_,nu! 1;- (17) (ш,[_шиш­
l'п,Jт/._, SшИ'[п,[_ nhшlJgJt.шL hplJn, иlJч_pLшiJwl, urwpphp IJr,L9ЬL1n­
f'ШOJt.ш'irhpn,,[_ /,_ npt1zhtr,,f_ hplJn, 17-h"l/!f, <шJшр IJJ,uwurpn<Jwf, Jw­
JшLwiJwJJt.2n9Lhn ШJ'1- -'\ш,[_шишрп,Jп,[_, 1Juurш9,[_J,. 

2n-r_1 211-l_l
,,- ----"-�-�- . ,, 

(n-l)Ka�-1 (n-l)Ka�-1

PwJшl,l,ln,[_ f,ршр �[рш, l"'l-шf'f,PJh[n·,[_ L. J.L.ш.,fиrfuhtm/._ IJuurш'i,ш'i,1-

П= Jg't'1-\g-r2 +1 1

lga
1
-lga

2 

5. �u.r'I- i.ьu.�в�u..ьr

( 191 

r Ршl'? 11hшlJ9f,w'i,hpf! pwqlJw9wd- 1,'i, l,piJn, IJшJ ш,[_ht,/r "IШf''( 
тшррhр 1nwppwlJш'i, n.J.шiJ9f,wHpf,9: UJ? .urf,"IJ, n.hшlJgf,w'i,l,p h'i,, 
JrЪt"l hи Lr,[_lч !;-, qщqw.GЬn, .Gwrnrqw�w&., qn1qnrqiJ.шЬ-, ч.mrliiЬt]i 
(.Gm\tul)_Wr4) l,_ 21'\fUIJW�m"- r,hшiJgJt.ш'Lhpf!• UJ'l 1nf,"IJt. n.hwlJ9f,шH-
1'/t. .,,1,,,,.,р,ш'i, <f,Jenu! pl,IJwd- l,'i, eftJf,шiJш'ir ЧJr'ьhurf,1Jw1f, <J,JLw­
lJшL 'IP'"J·/JLhpf,g Jh1Jp1 9п,рш1Jш'i,uпчr inшppwiJшI, шiJ1nf, LIJш1n­
JшJp. IJ,J,pшn.Ьt.Jr /; "IШf''I_ n.J.ш1J9,f,w1,l,pJt. IJf,1,l, 1nf,IJшlJw'L (ш,[_шuw­
f'Лu!'irhf'�; J

a;;t.r;и,шplJh'i,6 ршf'? nhшiJg,J,w'i,li{YI 1nwp{'l,p 'l-1, "llhr. , . 
'" 

-Juf,f.t1Ъ, IJwpn'l l,J, lftf,l,l шnшt,f,L, bplJpnf''l /,_ Ш[l IJшpq.f,, 
Я,п,q.ш<Ьп nhшftgJt.шLhpf, opf,ЪшiJl,hp 1,.1,' Jb,z_J и,шрш9JшJр 

phpинrtb1n1ш'il ш,z_Jr IШJjJШ[Jшfr, �z."lhи 'ьшЬ. !f,l,f.t"tJ, Ъf,шpw9Jwfr 
л.hщ1J9,j,·ш,l,hre (,оршп·-, Jb/lш- !,_ "lllff'Шl,.f,1npn!j,bUnlJ,l,l'f, fuwn.-
1,,.,,,'l-'i,hp./r u1nш9JщJp). 

" 

о 

/ 2кс1+зо, 
5ксю,'-зксю,+кс1

о" ... + HNO! -

a�,nn- , 

" 

9
' о" ••• ,/"1;111111-

Дп,,,_ш(hп. n.hш1Jgf,ш1,l,pf, шpшq.ntPJn,'ьbhpf! IJшfu,[_шd- z./,1, f,pwp,f,91 
Unw1_f,I, ·%шpq.f, qn,q.ш-'\l,r, п.bщiJgf,шJf, ',шJшр IJшpn'I_ h'ь-, q.ph[, 

V1=-- dxi =К1(а-х), 
dt 

.np1nh'f. -X1 /,_ X2-f! -'\шJш"lш1nшиfишLшр.шр шпш2J,Ь L. bpiJpnf'? п.hшiJ­
g,J,шL-l,pr,� d-шfии,[_шd- f!'iJrp-'\ш'irr,,p Ьlшfrj,.,pf, IJw'irubf.tw['w9J,шLhpL · 1,&, 
Ь1шЪ1п,рf, .[!b17-(шl,n'--l' d-шfuul! t d-шJшЪшiJwJJ,2,ngr,u/ <ш,[_шишр � 
-1.п�qш(hа n.hw,IJ!lftwJ"../.. d-иф,и,[_ш.d- Ч,11L9h'i,urpш9f,wLhr,J, q.n,Jшpf,'ь, 

х=х 1+х2, dx=dx1 +dx2, 

1'и1J l!J, '1-,:шl,fllp шpшq.11,pfr,,1,f! IJ,J,�fi. 

v·--=d
;:

x_ 

dt 

,.р,,,1,,,__

(20) 

(21) 

Uiuf,'i,l} f.,, n.hш1J9f,ш1f, шрш9111/1Jш'L -:шии,ши,r,,Ь(! -'\ш,/._ши1111' t
61:ntp<bn. r,hwiJgf,шJ,l,pf, шpшq.ntflJw'ir (шu1nшurn(frJ,/,pf, q.r,iJшpJ,L, 
{20)-1! IJшpJ.[f, t f,l,1nbq.pb1 "l'"lhu шn.wtf,f.t IJшpq./, n.hшiJ9f,ш1J, IJJ,­
Lhllff,IJшiJw'ir (-f..wuwpr,iJ,
' 

Я,r,,q.ш<hn. nhшlJ9J,ш'irbp.f, �шJшр u,i/..Jwl "lш<f,'ir ,/rn{uшpiJ,l._ш� 
llшl,wiJf.thpf, <шf'шphpr,ij1JnL'i,(! (ш,[_шишр t Ш{'�q.1n/11шL (шuurш­
_,,,�'i,1,l'J,. -'\wpшpbpni/lJtuf,(!, "l'l! -'\wuurшu,r,,L Jbl,rtflJni'ir f. 

"' 



1 

., 

Х1 К1 -=�·-·1 
Х2 К: 

1(, =-=const,
1(, 

U.['4_шJ qf,иrttz.нtfJp•iЪblipf! i:ftt,:n J,J, Ьшi., ШJt ftшpqf, 'l'flfщ«';Jн..
11.Jнцf(gfrшbhpj,, <шJшр. 

(21) Ь. (21) Шf1ЛШ{шрп11,ррнLЬhп ,щшшqьрJhtп4_ lj_wpL!Jr ,t
{шz!J.lit K1-t ц_ K2-t!t 

�rnr.qwli_шll nЪшlн.J�WьЪJ"(l Qpf,Lшft ftшptr'l_ f, {шLq.f,uwfrш: 
uшfJmP/Ч/r f,fl/'l f,иfJf.p/t ш'fшпwgJwk nl.wft9Jtw1,, 

. /COONa 
с,н.{соос,н,J,�Nаон-с,н,,. +с,н,он,

соос,н., 
/COONa 

с.н., +NaOH-C1H((COOi\:"a)
2+c

1H60H"
соос,нs 

1fшJ mpf,uшf;tшp/tqLbpJ, <f,qpnil:'fl.P• 

С1гН,uО1G+Н2О-+СвН12О6+С 12Н»О 1 ;, 

С12Н�н+Нi!О ....,,2СвН 1206, 

1,ш1_np,p#ftш'il 11bшl{9frш1Ji UfШрqшifЛчЪ ш/о"I !; 1шft'}f,нщltьiJ ШАU#-;, 
lfш 'ft�pq.f, {ш111р,,_ш![ш'ь nlнuft9f,wi,, 

,. k: 
А- В-С, 

1Jpu1hl[, A-h l11=Ь1nipft !', B-t. J{i1,щ'ЬftJшl f.1п1"pt, fl f,uq C-f. ,['1р11,ш;,./ 
fчщJ11!• К1 h К2-[' ,!JrtщhftJшl шftmhpf, mpwy.n-,fJ1шb {шuшшmRL'il� 
1'hpb l,ft, 2щ'l"f'lшftш1, nhшft9pщbl,pjr ljf,'hb111ftftui'J, 2.шU'I pШplf t,',

u 

'/,J, &'7 • lшt"f''fKфь& лl,шlfВfщf,l:;� 

l'tшf �\, В l,, С 'Ьsп,Jll.;rJ, q,.&31:;f,.,,_
l'"'IJJ,..,1,1,p/t �шJ,,,tшJи.Р1п,kс Jш-

Jшf.шftf,111 
... 

l'Jibmp ( Lzlч, Df' bfJI, ,;ш1,пр11.шf/щJ, 
шfщЬрf,9 пр/,4 Jbft'i, nifJf, zшl!I 
ф»рр Шf'Ш{jffL/JJntf.t, Ш"(Ш Nlщf[­
Qf,ШJf, eLrj':шftnip шpшqntJIJff,J,e 
ttptrz-/.tt,J t {l,'i,9 ШJtf шicm/t шрш� 
9щfJ1ш'!J:iJ /.ш2пр1шftшЪ ,.._/щ•ft;"
9/tш/f, llfШpl{}�Uf.lOl.JlJ qbllfp/r 1tf,1rh­
mf,tшJJ qрщф{,ftпрЫ, шpтw<wp•­
,f.nul .t 'fЙ· 87�f, и,/,,;/!л.f.; nplhb'[_ 
щprf.шJ Ыt А1 В Ь С 0f.pн/Jbpf, 
Ч п Jt !1 Ыип р ш g,Jr ш'i, [; pf, фпф п/uflL­
fJ 1шh iсш{и,шlе JщJш1н.ulff,tJ• 

"lt1l'l9Lи/t uft'1.P,шJ, hpp А ft1n,Pf, '1.п'i.t9bl,mpш9frщ1, J!:н} t, В 'ЬJfrt/1/t 
щn.Щf#'!JJшh шpш,qn,Ppнi.tl! L1н1hUflщ Jl.� fi 

А fiJto.iflJ, Jшfu�J, 1:kчr qn•'f&1f/ш9 фttр.рш&пц/ f; ЬшJ, В L1m-flf, 
шпшr_шt}lfш'i., шpш,n,f1p>t'Ь[!J lJ.Jи"{/ни.,/., J[,t,w1iuшl 11.ztt•fJP 1.m/1,­
I,w.,/bl lf1'1Ь9ЬЬщрщ9J,,иЦ фшцтлрЬf, f[ш(и,j_щ� { К1/� -':шршр/,рп,..: 
P;rнbf,9, Ki/K;i, (щpшp.hpttt/}.;шh Jbdw9Jш'i, <Ьт Jblw'iuщf { I,щft 

[B]ma• -е1 f!1,fJ,<ш1jwttшfff!, lzfh к�»к 1 , иl"{Ш ,IJ,1.w.1,1jzш1 f'Jntjlf, 
щпщ1fht='1"tjft lfn'Ь9hbmpш9f,ш'tz J.qmn,J ,t 0-f,t Ьрр К1 ))Кz, шщ_ш 
щf,шff,P'/tic -&ш&wщ_щр-':,н/_ С LintfJp n1ш2 tfшJш&щl( lft {шzщ1'ш­
рЬр,[тJ1 lJ.4q. riшtlш'ЬшJcl! 1jпzi/n,J t J,&�1lJ.9Jnr. �щtfw&wi{шzrtm\t 
( ,,,,. 68 ), 

M,1..UJlm hplнnJ t чdwqr/ts С 'L11пfff, 4p1,1,.,,/rf1 4"pt, п,1.rf, 
zr1.Jw,& 41,,,,, wpp 1шJp1.rJcЪnuf ( В ЪJttt/1/t f[n'L9b'Ьщpш9ftш1Jr 
Jшpu/tJmfff,f,, npinb'l Ърш (В f.rJntfJJ,) шnuttщqJшft L рШJ#\ШJJщ1, 
шpШ?tttfJJtrtИ,J.p(I 1:ш,f_шuшriJ.n,J !Л,, ,ftuft Ш·Jbni-:bшk JJ,t.щ"i..ftJffl[ 
f,J'"/1/t pшJl''ЧJwf, шpшq.;,,.f11n,J,e 1,рщ шп.щ1ш9Jщ1, шрw,рнfJш1.. 
1:ии/6Jщщ J!,ОщЬтJ {1 fJow p.w9шщp,f.l'lirТ { Ъpшh1fi/., ttp uft'l.1"",l 
JЬJ t lfi'iuиJ hpд'ЬJtнf{i pwLшicn,j}Jtн&[!, ш"fщ Jf,rшiтicJшl '11пiff, 
фпfишр/jJшЬ шpшqtt<flp11J.r1!1 

r,p!J"LJ!, К1((К�1 UJ'I 11,lu.qpn,J В-Ь шuш2,шЪп-,J t 2,шш t{Шfr­
rpuq, /mft B-J,9 С-4 zиип щршq. ь С-р ftl,ЪhщJrft lfп-p& f,p ,пЬци ,.fт­
fипнl { шJ'L"'{l,и, пр �шpdhu В-Ь lft шши1ш'iтиl k шilpnw nhшft­

'• 
g/tшJ/r шpш,'lm/lpn'kr "{ШJJш!пщ/_пр,j_ш& t А - С uЬшlj9f,w1nl/. 
(q:t}, 68 щ)t 

c,.rv, (;,,"'1, Ci.r"f/J с 
• а • А 

,) 

) 

о ! 

"· 58, 1,"'!"1''1"'ftш1' """'*9"""""1'/t f!'kfшlli.f ч ш J,, ",,, i R, ' к, JJ,i),.�-

/J J',,.и,1,rr 1WJfШf'дpшffэ щP 111if,f,11• 

ьрь К1 ::>К�, ШUfШ ши 11hutpniJ Jf,1шЬЧJWJ. :&J'нрр 4Jч,1."ьш, 
,, 

"i..1111.pp t фпfишr41f.,пJ zшт qm1,q.ш'l. д Prf.пiJ t, р1, JJ,ш11, АВ -
hhшlшf,шL mh11,f, п1.&f, ( уд. 68 р )1 Риt 1,р1, A�f,s -1а1.tЫ,щfч, hlШJf,t 
,!hu pшl,шftn.</., шщш лprrzwfff, JшJщL=1jf, !!1.tpш9pn,J A�t, ljJL щ 

-:ш,.ц"ш111п�'il, В Lpr,J}/t ljnL9M11npш9f,шlt 'f'>шulf, Jш/luj,JщJfi 'i.. 
Lиc/ioqbu fJ.J"ьш 'iшишшюrttЬ, f,ufJ. C-h шtрI,'l{шщ ftfJ.пuлw·ft·# (ч4, 
68 r;.}1 lJ.J?UJ/t1.1Jr U/l'"Зhuf, opfr&ш!j { nшцjmulf, ;1шшш1Jш1, n.hшf[.
9.f,ш'i;, 

11) !!nнp1r11'1,w� nlн11�gJ,w&L:rG ш;'i.tщ/нif, ршрq. nh,ufJ.,чf,шthp Н,
hjtщk'l. Jf, пAwlj9JrшЪ pbfшЪniJ ( J[,шJ'i.t Jf, n-tpf,z _n.bшft9f,шJfr Lkp­
�щpнf11шJp, lJ.JиUJftиf, tthшftgf,ш'itl.pp ffп1.iJ.п-tJ l,I, 1,шl,. �&JJn•\1,p{,mЬ-

16!'; 



-nh111�gpw1iЬr: !l,,п9-np'l',[_шh п.hш't,_uf,ш'I,hf'fr p,fjrЪ Ь'I, �ш�пt,_шЪ,пиl .Lwl,_ 
'{nttш>:bn. >:шt"'f''l-wi,_w'I, n.hurt,_9J,ш1hpf!, n('пЪ1 f!ЪpшI,,,.LJ b'I, шr1ш-
1ш9шh шi,_in/ri/. Jf,1.wЪt,_Jwl 'I,Jn,pbpf, i/.J,ш1""-' !/.nt9-np'f,[_wh n.Ь,шt,_­
tl/rwЪhpniJ wn.ш1.ЪwJfr'I, n.bwi,_9f,w1fr9 шnш1.ш9шh Jf,1.шЪt,_Jwl Ъ1п,­
Рt! >: шЪ'lf,ишЪпШ t bpi,_nt n.hwt,_9J,wЪbpf, 1,_wUf n'l. о,zшЧt!• Ьpi,_pnp'l­
,._hwi,_9/rшЪ иt,_и,[_п,J t bpi,_pnp'f n.bwi,_9/rwJ/r htшЪ1п•Р/r l,_ wn.шt/r'h 
nhwi,_9/rw1ft9 шп.ш1.ш9шh Jf,1.wЪi,_JШ/ ЪJn•P/r фnf,,w11,_11-b911,pJ,..,J,r,,[_, 
Df,,bJwinf,t,_ ·t,_bl'Ufn·,[_ qn,q.np'l-,[_w� n.bwt,_9f,wblf'f! t,_wpht/r t Ufwmt,_b� 
pшgЪht w1uUfhu. 

А + В 1 ..... Х+ 
•t••r t�,�,t�•r 

х+в,-с+-· 
•• , .. "1-"1" 

ЬtшЪ1п..Рl! t,_шpt111. t fr'Ь'l "'t,_9,,[_ш.f n.bшi,_9/rшJ/r >:ШJшр frпчЪf! 
tfrЪhp Орj,Ъ шt,_' 

Н2О2+2н1 -+ зн;о+r2' 
•t1*"1••r 

i./,bpt/rЪ nhwi,_gf,w'Ь шп.шЪА.f,'Ь inb'lf, z.п,Ъf,, ШJ'I, р1ршЪt1,J t
Fe2+-fr 'I,Ьр1,_ш1,1пр1шJр1 

fJ,l,шt,_gf,шfrbpp 1,_wpbt/r t 'ЬzwЪwt,_wl/r ;_шфп,[_ шршq.ш9'Ьh1, БрЬ 
w4_btшg,[_ЬI, ШJЪUff,ufr 'I,Jr,i.flbp, t1pt1Ъj! шршq.ш9'ЬЬЬ Jf,1.w'Ьi,_Jwl Ъ1t1·,­
P/r шп.ш7.ш9n,J{!1 U/b hpЬ.n,JPf!, npfr 'l·bUfj!nul Jr'Ьi!!,wJrшJ pfJPwl"'l 
п.hшJrgj,щ'I, шn.'шt, t pbpn,J (f,!,'}r,t9n,J t} 1frr,ч,'I, >:шJwt,_wp9-tr'tJ Jf, 
ntp/rz 1/rJfrwt,_w'I, n.hwlt,_g/rwJ/r и1h'l/r ,.,"i,l,'I,,ult! (nl'l! шп.шfsg шп.ш1./r'Ь 
nbwt,_9frw1/r inlиi/r t.t1·,Ъ/r), 1,_r,z.,[_п,J t rpdpw�w&. p1il}D1.�gpw:

U1'Ь fs1n•Pf!, tlf'{! Jшu!,ш1,_ur,·,J t bpt,_rn 'l"''f"l''l-i/.wh n.bwi,_9/rw­
'llbpn,J, 1,_пz.,[_n,J ·t w�шor (А, Н2О2}• U1Ъ fsJщpp, "f'I! 1,_w('nq t

п.Ьш1,_9/rш1/r Jbt Ju,fsl,l JfrшJfs wt,_innp/r �hu, 1/rJfrшi,_w'Ь /r'h'ln,1,_gf,w­
J/r 111-Ufl"'J, 1,_п1.i/_n1J t w�gЬu11nnr (В2, HIJ,

и�ъ :ъ,,.tPf!, ,,.,. п.Ьш1,_9пиl t шt,_итр/r ,:Ьи, Ь. р11, ,,_,..,9,нJ шfr,9Ь.U,­
IR"f'fr ф"f,,шpt,_n,J{! , 1,_п1.�/:п,J t pLqn1.�шnr (В1, Fe2+ )1 

.Pf,Jfrw1,_W<'I, f,Ъ·r,ni9Jw'I, ,ЬрL.пчРl! JшЪl'шJши 'Ь n,unн/Lшuf,p,[_ht 

/; 't,, Cfrtnq}r (1905) 1,_nqJf,9' qt1iq.np'fif..wh п1uf,'}w9Jw'fl n.bwt,_9f,w­
·'flbl'fr r:,pf,fsшt,_fsbpfr .,[_рш, Ъш 1/rJf,wt,_w'Ь /rfs'ln,1,_gf,w'it pwg,umpn,J { 
'&('w'flt1,[_, пр qлщnp'l-,[_wh п.Ьшt,_9f,ш'ЬЬр'f1 t!fs,pw'itn,J hfs [!L'l->:шftntp 
•+,mfrif.. dPtшli�JWl liJщpp mnmfmgdwli iJ.rwJnф 

Cfrt"'i/Jr t,_wJ frЪ'1п,t,_9,/rш1/r f!,wt,_innp(!' f-(!, 9"LJ!l t inшt/ru, ,ph 
Jfrbl,n,� JшJшfswt,_шJJ,1,n'QniJ 1 JntlrЧnч f,Ъчп,t,_u,,r,pf, hшf,,u/r. 
,,ь...,1,,,J 1ш'ьfr J"1ьt,_пч шt,_шt1р t hшfuиif..n,J' 

f� 
шi,_9hщ111r,pfr hwf,,uf, wpwq.n•P1n�fil! w1,_1nt1p/r hшf,,uJ, Шf'Ш'f< 

frЪ'l·nt1,_111•p/r dшf,,u/r wpшqntpJntЪ[! JJ,t..t.t,- l Ъ1••PJr 4: .. L­

...... 4:.r ... 1. "'l'•'ffrLP/'"'i,l!° 

Ьрь шt,_9hщu,npfr nhwt,_9f,ш'ь zrzPwiwЧш'i, t, ШUfШ f-{! zшт Jbl t" 
, .. 

,,opJ,Lwt,_, UfnJ}Jbpш9JшL 11bwt,_9jrшЪhp[!t ьрь f-c:o, ШUfШ n.bwt,_-
9f,шfl t,_шu,wJ}injrt,_ t• ьр.ь 0<f<1, ШUfШ nЬшt,_9J,щ'ь Ч."''f"l''li/.wh (, 
l>иt,_ hjlb f<O, шщш чш Ъ-zш'iтшt,_пШ t, пр .frfsчn.11,_,n,r,pfr t,_wJ Jf,-
1,wfst,_1wl 'iiJt1tfJ/, 1,_r,·'I,9h'ьmpw9f,w'I, n.hwt,_gJ,шiJ, [!'ьpw9j!t1ul щG.,ni.l 
(, пр(! p'Ьn,j}wq('wi,_w'I, {' -G.Jt1и1_w.,[_npif..wh z,zPw1wi,_wfs n.hwt,_gJ,wLh­
f'fr'i,, l>ut,_ frЪ'1n,g,[_wh n.hwt,_9J,wblp[! 1,_winшtJ,шJ,t,_ n.hшi,_9J,wHpJ,9 
,nшpphpif..n,J b,ft Ъ рш'Ьп,[_, пр ljшu,wlfr'lwu,npf! n.hwt,_9J,ш1fr 1!Ъpw9-
,pnul l}, hшfuuif..n,J L. wqwin {'Hpq.f,wJJ, W'l_PJ"'l' zj, 1,_wpn'l, '\w'I,'1f,­
uw!,wl, J,ulf J,'ьq.nilfu,npp dшf,,w[n,J t,

'1} '1-wro.Ьl}t nЬw�9Jwlihrp >:шJшр pЪnpnz t ljwJшt,_wpq.n,J 
>:111if..шuwpиr1,_znп,.P1шfs uinbqhi/_btp, b(lp J.wf,,J,9 шl 1,, wt/,g Ашfи {!'Ь­
рш9t1'l, n.bwt,_9J,wblpJ, wpw'fn.P1••'i,blp'i, J,pwp 1wif..шuшp,[_,ruJ bfs, 
f!'ь'l- t1pn,J h1шЪ1n.,phpf, Ь. if..hrt'ьш,'ьJm,Pbpjt t,_п'ь9Ы11nршgJ,,шЪЬрf! ШJ'f 
'l-1,Ufl"Ш Jfln,J ,l,fs >:шии,ш�пп,f, {ш'ьфпфпf,,), 

'l,wpd.bt/r nbwt,_9f,w'I,bpJ, Jrfr-'ьhшj,ftwlfw'i, >:ш,[_wuW('•tJ'ьhpj, Jbt, 

Ju,'I,n,J l,f, bpt,_n, ш'I,1,_шf,, JbhmP1n·1И"bp' 'niqJ,q l,_ <шt,_w'fшpd. 
n.bwt,_9,f,щ'I,hpJ, шрш11t11Р1шfr <wиinш1nntHbpp1 OpJ,'ьwt,_, >:bu,l,,Jwl
n.l.шt,_9frw1J, >:шJшр,

,. 

А+в ;:::-..::: c+D, 

d[A] V,=----K,[Al[B], 
dt 

,. 

V.=+ d[A] =K,[C]ID], 
dt 

UJu Ufl'"Shuf, qп1Jшрш1/r'ь wpшrp,tPJntfs{! >:шif..wuwp t n,qjrq ,Ь. >:ш-
1,_шчшрА. п.Ьшi,_9J,ш'ьЬрf, wpwq.n•P1n.1Hhpf, �пшррЬрп.,j}Jш'ьр. 

v�v,-V,-K,[A] [В]-К,[С] [D], 
Lwif..wuwjrwi,_zn.n,j}Jшfs Ufw>:fr'I,, 1ш'hJ, ,пр V=V 1 -V2 =0, 1,_uinur­
'Ьшflj 

К=
_&- [C]ID] ,
К, - [A]IH} 

К:-Ъ <w,f,шuwpw1,_zn.n,p,шЪ >:ши�пшшп,И� t,

(22ш) 

Un.wrf,!, 1,_wp'ffr 'l-wpd.b[J, n.bшt,_9J,шflhp.J, r:,p.f,'ьшt,_'i,bp /,fs J,qt1Jl.-
l"w9Jw'i, n.bwt,_9f,шfshp[!t Opf,Ъwt,_, wJnЪf,mJJ, pf,n.9J,w'ьwшJ, фn.-
fuwpt,_u,J{! Pf,nJfr11.w'ь1n1pJ,. 

NH,SCN Z (NH,),CS,

Ьрь >:шif..ш,:шpwt,_znt11P1Шfr Jht q.ш'ьi[n,z 'I,111,pbpf, ui,_qpJJwt,_w'i, 
lp,Ъ9hfsinpw9,f,w'flbp_p 'ь2ш.'ьшt,_Ь'I,l! <шJw'щwinwuf,,w'i,wpwp а L. Ь,
Х-п,,[_ t Ufw>:f,Ъ n.bwt,_9,[_wh hlш'ьJn1pJ, i,_п,fs9b'ьinpw9J,шfs, шщw 1,_п,­
bl'flwfsl!• 

dx =К (а-х)-К ( Ь+х)-(К +К)( К,а --К,Ь -х \dt ] в 1 2 

к1+К2 J' 
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dx 
--(К,+К,)(А-х), (23) 
dt 

.np1rrb'l. А=К1а-К2Ь/К1+К2 /, JшJw'iiшftf,g wbltwfu Jb,}щ{/Jn'-'i, 
(, fiLmb11pli[n,[ (23) <ш,j_шишрn,J{!, f/_umш,l,ш'i,/!• 

{K1+K2)t=-ln( А-х)+ const., 
ьрь t=O, Ш"{Ш х=О /,_ const=-lnЛ, U.и. 'll,Ufpnнl Чии�и19,[}, 

к 2,3 1 А К1+ а=-- g--, 
t А-х 

A-f, шрJЬ/![! mb'l_w'fpbtn,g >;Ьтп, f/_ишшfsшf,р, 

к 
t l Ка-Ь 

,- n 
t(K+l) Ka-b-(K+l)x 

Kl 2,3 lg Ка--Ь 
t(K+l) Ka-b-(K+l)x 

(24) 

O q.mwq.npд-l'lni/__ (24) Ь. (22) t;шif__шuwpr,u/bl,p[!, f/_шpbtf, t npnzl'l Ki -f, 
k K2-J, шп.шЫJ,Ь шpJ,bjl ,lshf'f!I 

ш) Uu11119�nliwr �nli9Ьliшгw9�w,1� dbp-nq: Ршр11- pf,JJ,шltшf.t 
n.bшf/_gf,шLЬp[! eliPшfsn,J l,'i, J,f, zwp(i! ФпчЬрп�/__, npn'i,9f,9 Jlr'-{'Ш-
.p шhun'-f''i, n,lsf, f,p ЧJ,Hmf,f/_шf/_ш& t;ш�/__шишрл,J[! : Ym шgi/__ шJ ШJ'f­
'1-f,:j,bpbLgf,шl '\шi/__шuwpn,Jl,l,pj, <шJтЧшрq.[! UfШpч_b9Lhtn, L. p.Шfllf 
jlf,Jjrшf/_wls nb шltgf,шHp[! i/__bp[n«Hi[n< <:шJшр оq.ин/_л1-J Ь'ii J,,-mш­
,[пр .JbPп'l'ьhpf,91 u,,,Uff,uf, Jbpn'l t Pn,,_bfizшJ.iii}, (1913). ШЛ.Ш!_Ш{'­
� шд- umшgpnliwг-�nligbliшrwgpwJ� dl.p-nqI'-: U./ii f/.f,pш11lчJ, t <ш-
2.nр11-шf/.ш'i., /, qncqш,;J,,,__,;Шf"f''l-шf/.ш 'i., пЬшf/_9J,шИрf, Lf/_шmJшJp, 
bflb JJ,fшLf/_JШ[ Ь1п,Р,Ьр[! 'l_Шln пhшf/_9f,п�Ьп,,Ьшf/_ JшиЬJ,f/_Ир J,'i,, Утш­
gJ,пЬшр f/_nf,9/,'i,mpшgf,шJJ, Jh.f!-n'l-1! f/_шpb,J, t f/.f,pшnbt ЬшL. npn'l_ f/.ш­
иr шtJ,mf,f/. /, 'l.'l.fJ-шJ шf/.шЬ nbшf/_gJ,шHpf, .'i,f/_ шmJшJp1 U.J'l-UffшJ, "(('Л-
9bu'i.,J,pf, f/.шрЬ.пр ,i,,,_ш'i,,l'i,ш,;шmf/_n,fJ1п,LЬ ш1Ь t, пр ,;шJшf/_шрqл,J 
f/.шp:G. d-шJш'i,шf/_шJf,fn9n,J <шиmшт-�/__п·,J t ШJ1U[J,uJ, nbJJ,J, пр JJ,-
1.шLf/_JШ/ fsJn,fJ:J, шпш1.ш9Jш'i, /, jlШJl�ШJJш'i, шpшqn,f!-1п/i,'i.,l,p[! '1-шn.­
fs,нJ J,'i, f,ршр �::ш�/__шишр1 U.1'1- nbJJ,J� f/.r,z.i/__n,J t итшgJ,пЬшр, J,uf/_ 
'f-pшfs ,;шJшUf _шmшufuш'i, f/_nfs9Ь'f.t шp ш9f,ml,' итшgJ,пЬшр ·f/.п·Ь9Ьl,т­
рш9J,ш, U1u"ff,uni/__, umшgf,n·Lшp �n Ь9ilurpш9J,ш1J, Jhfln'l-1! <Ьшрш­
�[прrнР1п,'i, t тшtJ,и 11-Jt!f>bpbl,9f,ш[ i::шif__шuшpn,Jl,l,pf, <шJшf/.шрq[! 
фnfuшpf,fsb[ ,;ш.l,рш,;шz�/__шf/_шЬ ,;шi/__шuшpn,,1,fsbpf, '\шJшl/шrqni/__, 
'f-pшl,n,i/__ J,иf/_ fuf,um UfШ{''{_h9'i,h[ni/__ mi/__1шl'i.,l,Pf, /lш'i,шf/_шf/_ш'i, J2 шl/n,­
J,, 

р) '\-wliqwq фn1� dЬp-nl}: ЬрЬ ршрq. l!-f,JJ,шl1шl, п.Ьшf/.9,f,шЬ [!Ь­
рш&rпJ t <ш1.прq.шf/_ш'i, фпчЬрп�/__, Ш"{Ш nhшl/9J,ш1J, f!'i,'1,;щl,n,p ш­
pшqrнPJn,l,l! Uf ШJJшfsш.if__npi/__шд- t ШJ'l- фпчЬрf,9 шJbl,ш'l-шL'l- ш'l.fr 
, .. 

А� Р, Р � В {i/__bnLшfчп-.PJ 

k 1,рь К2» К1, ШUf Ш ин/.Jш1 Ufpn9buf, <шJшр npnz/'1. .. f шпш1_J,Ь 
фп'll!' l>uf/_ bfJJ, К1» К2, ШU[ш qпрдLшЧшLпrhЬ шJpn'f1. А ,1,1n1.f!-t. 
f/.фn·fuшpЧ",JJ, P-J,, jlшЬJ, '1-hп. ,LzшЬшf/_шJ.ft lшфп�/__ J.ft u�uht В l,Jлt/1/r 
шп.шrш9Jш'i, п.hшf/_9J,шЬ: ЪJшf, '1-J,Uf.pn,J Шf''1/,f, ,прU[Ьи Ь.tшЬ1мр 
U[IHnjl t q.J,111b1 P-L /,_ п.·z. рь A-L-, J,иЧ npnzf,z. Фпч ч,;ши"t,ишl,щ hpf/_­
pnp'f-[11 

Ршр'l- dшf/.9f,шl,hpf, f}-i/__f,1, l,'fl UfШlllf/_шl,n._J &шk !j,Л1nnjlj,JJ,ш­
ЧшL n..bшf/.9J,шblp[!t Uf/_111J,-i/__ JJ,1.ш'ьf/_JШL Jшu&f,f/.1,h[' ·f/_шpn'l. J,'i, ш­
п.ш1.шl,ш[, jlf,JJ,шf/_шl, J,L'1-n,9ntJJ,9 рш9J,, f,.шh [Л'JuJ, шq11-h9n·tPJшl, 
тшl/, {n'J"l! !pn111n/lf,JJ,шf/_ш& nhшf/_9f,шl,J,pn,J f/.шph[J, ,f q.f,111bl np­
Ufhu J,Ь'l-n,f/_111n·r, J,u� !pn111njlf,JJ,шl/ш& U[['n9hul! шJpn•'lfЛtf}-JшJp 
i/__/,f'Q['Ш?J- Лf'Uf/,u jlf,Jf,шf/_ш'fl qniq.up'l-i/__шJ- U/_['ЛQhu, Лf'IЛJ,'[ [ЛLUUIJJ,fl 
fЬbpqJ,ш& ф·пfишрч,l:п,J t fhpJш1J,'ь f/.шJ j!J,JJ,шf/_ш& f/1,hpq.J,шJlн 
:Ьnmn(!f,JJ, шJfr ш11ш1.J,& opl,'i,.p'i,· f,pшpf,9 шЬЧшfи uri/__l1t h'i, 9-rniu,911,иt 
(1817) L. 'J,phU[hpf! (1843)1 U1& Чш1шfm1..J t '\hшЬ.1шtnul. lpdpw-
1qЬu w�mplf. Ьli UpшJli ш,11i inшwJPli .6.wnwqш,1p-liЬrt1, ni:-nlif �LwЬ.­
iJ.nнJ Ь& nЬш�gpn&. Juшn&ntrqp �nqUpg: 

:ЬnwnpJ,JJ,шЧшL nbшl/9frш'i,l,pf, t:J,JL,шf/_ш'i, j!111Ьшf/_шf/_ш'i, p.Itn,­
pшqf,pf! -nЬwJ:igpwJP fiJ.w&tnwJpli Ь1f&. t: l}Ьщ.�gpwJ/i fiJ.w&.шw.1P&. 
Ь1fр (q,) �1wfiiJ.w� 1n1.1up dЬ� fфu&.mp фnluwrЬ& ' (hv) 1Цiwqprwb 
dn1Ь�пч&ь .. � tФl.!i 1;: Фши111прhЬ .f!i/__Шitиrш1J,It ht/!l!' 'f-Ш n.hшf/.9/rш­
Jf, Jbt J111ш,J- Jntbf/..n,(i,bpf, f}-,[j, '\шpшpbpntf}-Jn,�,Ь f ш/f,- Jni,hf/.nч­
'i.,l,pf, Р,,[J,'Ь, npn'hj! ,f/_tш'ьh.l ЬЬ :/,nmn'i, (t·пчи), 

Уп�/__пршf/_ш'i, :/,птп/!J,JJ,шl/ш� Ufpn9buHpn,J /!�/__ш&юш1J,Ь l,l/!f' 
Jbf/_.J,9 фп(!р ·ЧшJ Ьрш'i, '\ш�/__шишр f, пр[! p.jun,J t l:111шpft,J, Ь. C'J'ьz-, 
111h1'ь/1 (1912) ,}nmnfpdpw�w& .6.wdшrdЬfn1p-Jwli orЬlifpg: � um m,1q orhlif�, Di:'(! ,}nшnfpdpwJP li/idliш�wli orЬlifli t, �1wliiJ.w� 101..JuP UЬ� 
fiJ.wlim� �wi:-nч 1; wnwr phi:-Ь1 djJ.шJli dЬ� dn1ЧnчP фnJuwr�r:нd 
�wd dl.� wnшrliwJPli nhw�gpw: 

f!иш ШJU o/'/,1,j!J, p.i/__ш'i,mш1J,Ь ht/!l! '\ш�/__шишр U[hln(! f iJ,,&j, 1-J,1 
РшJ9 <ш&11-J,UfпtJ J,'i, &шh -1ЛшррЬр '1i, Ufi!bl'1 Ьр-1, q,<1 'ьzш&шf/.п,J 
t, "Р f/.lш.#i/__шJ- Jhf/_J,9 шi/__b1J, /!�/__шЬ111J, фnfuшphr'i, JJ,шJ'i, Jf, ,;щ,п 
(!f,JJ,шf/_ш'i, шf/.ю f mb'lf, n,'i,l,gl,l, ШUfШ иш <Ь111Ь.шЬр f ШJЬ р.ш&J,,, Лf' 
lfi''l"i/__шд- JшиL-J,чfsbpf, JJ, Jши[! q.h·qшf/.111J,,i/__ш'ьnLJ f 'i,шfu.pшfs j!Jr­
Jj,шf/_ш'i, п.hшf/.9Jiш1J,& Jшu'i,шf/_9/,ll!' Ui'Ь '1-J,Ufj!лtJ, hpp q,>)I 1/.tш.Ь­
,f_шJ- 1 /!,[шЬтJ, фпfишрЬЬ �f__Ьр1.'ьшЬ1п,рf, 'l_ШUI Jl,J- Pif__пi/__ JnthЧnч­
'i,J,,, J,f, шnшtш'ьп,J, Opf,Lшf/_, H2+Cl2 nhшf/_9J,ш1Jr '\шJшr q,=1051 
1'('{! р ш9ш111р�/__п,,l t tn,!un,i/__ <шрrпg,[ш,J nhшl/9J,,ш1J, 'l.'l.fJ-шJшl/шЬ [!'fr-
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[ 
D=ln-=4Cl It-J 1=111e-... ci, 

r, 
(26) 

?f'ulbq Io-li LnLJиf, f,'i,111b'Ьuft,/_nipJnL1,1, f, Ьрр [=01 
.. �uщ .J,w&.m-.:nн. orbl.�Ji' :tinшnfJidJiwqwr. nЬwЧ.gJimJJi wrw­

lJl11ftJOl&.r. niq}i.q 6wdЬdwmwqw·li t 101-uw!Ji&. tf.ЬrqJiwJJi (f-l_w&.iiф) 
Ч.1w&.dw&. Uirwrpitf"JШ&p.: 

�п,11ш1J,'ь 1:nupf, f1,bl'q.fiш1t' Е,1.1.. пр[! luш'fн/_n,J f zhpшJ, ft,нl­
JJ,9 1пipшpшLunip 1 �/1,Ч. 1ш,f_шишр .(- 10 -\, J,uft dt JшJшЪш­
ftnul' (Io-lJdt, fl,phJL, f,ftшшf, тJ,И,ичп�/. (26) 1:ш,f_шuwf'nul[!, 
ltиmшl,ш'ьр, 

E+1"i. = 10 -1=10{1--e-... ct), 

-dC =�Et1"1. dt=�l
0
( l-e-"'-C1)dt, 

\Т ,..,=-....o,f_=�lo( 1-e-... Ci)'
dt 

(27) 

npinbq V ,-.-1,' !/н,шn1J,JJ,шftшl, "lf'n9huJ, шрш�1пР1п�И, .f, j:\-,fs J;ш­
JhJшщшftш"iн11-P1w'f. q.npqJfft/t91!' 

3Jn.,nnl!J,Jf,шftш1, п.Ьшl19J,ш.rf,й, 1:шftшruult "l{'п9Ьи[! it'n1i/.-niJ t
flнIJiuщdJi°&:hugЬ&.gшd: Ьрь_ !/mшnpf,Jf,шitшfJ- 11.bшftsJ,ш1J, JшJш1tшlt 
l{lw'f.i[п1J f ,j_RLJU L. 1.рш 1:АшL.ш'Ь[!т/. шhqf, t ni'Ьbl.mul pj,JJ,шftш'Ь 
фпjишрftп,·J, ШUfШ pl,Jf,un1JJ,'Ьhи9h'Ь9Jш'Ь JшJш'Ьшft, [!'Ь11-1шftш­
п.шftf!, pJ,JJ,шftш.1, n.bшft9J,ш1J, UfШu,l>шn.n,iJ. u,/,qf, t n,lrl,'i,.,..tJ {ntJ­
и,J,. ш'Ь f.ши,мJ, ./Jl,Jf,un1JJ,'Ьhugh,'Ь9n1Jf! ·ftwp,rq t шh'IP пr'ЬЬ,'Ьwl 
9w'Ьftш9w� t_bpJшuшf,l>w'ЬrнJ h шi/_ht,J, owdp, рш'Ь lпчиJ, шlrrшu,rн-
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Je ""Jl'Jш'Ь [!'kpшgpn·rJ, l}ЬJJ,un1JJJrbuob'it9Jw'II. opf,J,wft t Jb111ш­
,zшft1111t l.tшu,pf,niJJ, 'l-"l"f'ZfrJihpf, фtiJиш9_ffbgnr/J1ш'i, nbшft9J,ш� <ш­
l11q.H'Ьbpf, <Ьин ./JbJJ,цr,1JJ,'Ьhuuhl.t9,.,ull! {шшnift t t,..,L. l[bl.t 11-111ЬJ} 
op'l-ш1,J,qJ� hpJ,1t, 

S11шnllf,JJ,wftшJ.1 <Ь111111рррf,р Ufl'"hbu t '&шh :tinmnuЫ.u�p�i}lq1U-
9nц.l'f' :tinmnqчшJnt&.w9n1.Ur, "/'" ttiiP1mЬ[! ·ltш1шl.tn•1J t {J,u,Jчш­
l"'J' 

flptil_ 'ь1n1/Jbp u,l,uшlrЬtJ, l[шJ пчшршJш'ьf,zшl[ш,рпJ& Jшp'l_"•J 
1пчи lhi, ltlш'Ь,.,J, ишl[ш11t 'Ьpw.I,jl -[!1, '1-,.,'t,щl[ hl.t чшп,I,п,J !j,timti,J,­
JJ,w.ftш't, фr,Jишpl[Jш,'f,, ьрь 1шJшl[шrrqtirJ fmu,nu·Ь-fr.uf,f'Jrlfr'lwшnp 
(!/m111n'l'fШJni'ьш9't,,,.'1) ftш, U.1u .f_hp1.J,И l!'f, '1-,r�'f,,ul[ t ltlш'fsb1n1 шJJ, 
JRLJU[!, "f'l! ;_tp ltlш"i.,./_,.,J ,l',bl.tшpl[,[_nq '1t1nr/JJ, fttiqJJ,9• Uh'fsuf,pf,1J,­
'l."'""'l'l! fttш'1t./_ш� /"tUIJJJf,J, t'ЬЬpq.j,wl, фtiJиш'fs9,.,J t "'J'l- '1tpnpf,Jz1 
"1'[! L. wft"!f,qw'1tшt".f h'Ь/Jшpl[.f_,.,J t pj,JJ,шl[wlr фпfишрl[JщI,, 3,,._ 
1Лrl'l_'l-"'J"''1,ш9LnqHp[!, l[шurшtJ,ч_wш,ipJ,l,pf, �JшЪ, nhшlt9/iш1J, �­
pwgptiiJ J"i,,.u/ h'Ь {!шLщltшUfhu щLфtiфti,Z..1/ flpUfhu upj,'1tшl[ ftшp"'l. 
t 1шf1 11-J,uw'1tщ1 и�чJ,чJ, 'l-"l"f'l/oblpn.f_ '{lfШJtit'1tш9.f_ш� t_рш�ЬJ, J,._ 
ll,ft,,.чJ, !j,ti111ti11-J,un9ti1Jl!1 

lГЬI[ v.fшl.tш 1пчиJ, 9-pq.nJшL /Jihpq./iшl, <шt.fш� JЬit J"t/r ,[рш, 
Ьрр ).=253,7 LJ (2537 А0), <ш.[шишр t 468 �tnnч/dnt (112 ��w1/ 
/dn1), J,иft 1pш�'1tf, Jnthlt"чJ, чJ,ипgJшJ, J;Hpчf,ш'is' 431 qtnnч/dnt 
(103 �qwtfdn1): U.1uJ,'1tp'1t, 'l-P'l-"-Jшlr tLЬpq.f,шL tpj,4__ рш./_шршр t 
H2-L' ,,,шпJЪЬрf, чJ,ипоh1п1 <шJшр1 .fpш�Lf, Jn1bftnчl! 'Ьz.f_ш� l"Ч"I! 
;j,' Jнк,1,,.uJ, <hш,hшр.шр,I,ш J:J, h'll.fГшpl[.f_,.,J '1/iuti9Jш'1,, Рш19 u'i.t-,,_Jr,1,,J, 
шшnJ"i.sl,pL e'll.q,.,'fsшft Ь& "'J'l- L"LJ"l! lttшИ1п1 h �-qл,J/_Ь-[nu U'ilqJ,l[J, 
'l-f''l-"-.fш� шш"JJ, h 1.1,wd:Ьf, J"thftnчf, pшfиJш'fs 1ЬшL.шLрп./_ ,nJ.qf, 
t пrL,ЫннJ 1_pшd�J, J,.[l,l[nчJ, !j,rrшti'1-J,uti9titJ. 

Hg+hv-+Hg"', 

Нg•+н,
1

нg+Н+Н,
-нgн+н

:Ьn111np}IJJ,шl[ш.'1t шпш1_Lш1J,'1t п.Ьшl[9J,ш1J, шpшq.ti,J/J"'l,l! ш'1tl[шJи {

1hpJшuшJ,l>ш'1tf,91 ЬрЬ !j,11шtipj,JJ,шftш'1t n.hiul[gf,wJ/t шp шq.titPJntL[! 

l[шJи.[ш� t ,f.ЬpJшuu,J,,bшLJ,g, Ш"f,.,, ,,_.., 'Ьzш'1tшftntJ t, "f' nl,шl[9j,u1J, 
pшpff ,рЪ-пчР ,,.,J,,f,1 U.J'IUffr·uf, Ufl"'9Ьuf, npf,Lшft t HCl-J, uJ,hpЬql! 
1пчиJ, lll'l_'1-l,9ntP1шJp ftшJ IJl"l'"!/>J,i/r HpftшJtiLPJшJl' P"чuhp,.,J 
.,,,ьqр ,,,_1,1,оп'I. !fmшtiuJ,ЪPh'll!, 

FU4_шp zt '1tftшшh[, rrp 1шl[шn.шft tirqqn,pшJp. п.Ьщft9f,ш'1, �щlr­
.'lfruшLn,_J ,t ppqwiЪJ, шq'l-b9nL/JJШJf' 'l-LJniftn'LwJJ, upиJ,чшgtiiJ[! 

(ш1pntJf!) l[h'1t ,,_ш'ьf, op9-ш'fsf,qJ,.,J, tip'1t [!Ършъ,..J t '1tz.f_шi jlWLш­
ftn,P1шJp f.hpJ1nP1ш'1t ш'1t1шшn,J".f_, 
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8. t'l,f"llЗll�llЪ П-Ь11�8�11ЪЬ�

:Ьtrurwp/11/J,шff.ш'& Jf, pш'i,f, nhшf/.9f,шLhf"J, p,[_шLmш1J,'i,. htpf, 
Jbftf,9 zшm JЬJ L/tbl'ln• фшu,п(! {'Ш9шtt1['f1tщ <шJшр 20-[''1- '1-шf'f, 
zbJf,fi Pп,,_Ь.Lzшb1Lf! ш,�.ш1_ l!шzb9 Jf, ,fшpft.шJ, f!UIЛ npf, '>"ьшрш,[_пр 
t ,l}f,J,f,шff_ш'fJ n.hшtшJ,шHpJ, zч_Рш1шff.ш'i, r/'ьf}ш9р• 'Jрш tn•fJJnL'i,f! 
ff.ш1ш'&ntJ f 1bmlчшuнJ1 fl.bшft9f,n.& '\шJшff.шpq.mJ ,f,L1_-nl' дшlt�­
Ufшpt:n,[_ J,'&i,[_шJ шf/.urJ,,[_ ftbl11npn'&[! f/_шpn,z t шпшу_ pbpl'[ lчшЬ1n•fJf, 
U"fШ"-nLJ f,ршр <ш1_п[''1"'l zшт Jl,,} f},[_m/_ фп'lЬр1пJ utJ&Ufhu, np 
J"�f'Ш{!ш'&цпчr фпч_п•J r,.bшft9J,ш1J, шpq.шuf,pf, q.п1ш9Jшf, '>bur ,[_h­
рш,Нн/_пн/ t шff.mf,,[_ ff_/,'i,u,pnL{! t U.111 ,[_шpf/_ш.Jf, t;,J,Jш'& ,[рш р.ш9ш­
шр,[_Ь9 j]llrf'Ш1_lrшJfiJ, f/,nmnuf,i1·f}bqf, Jb{uш'i,f,q_J[! 1 .fl'ir&шpff.li1,p шflt' 

SbuшH[f, l"LJиJ, шq_11b!J1HfJJшfl urшf/.. f!l"f'f, Jnlbff.nЧ!! 'lf,un9-
,[_,шl f bpf/.nt шmnJJ,hpf,, np1rfi9f,9 рнршрш&uпч,& nt&bLшtn.,[_ JJ, 
<шщ J_q_NLJ'l-,[_ш,} tIЬff.urpn'i, 1:шL'ff,uшLniJ f zшт n.bшff.9f,nLn,Lшff. 
JшuLJ,ff.. 

Cl,+hv-2CI, 

fJ.hшff_9J,ш1J, ш�и фпчf! ff.nz.,[_n,J t 2qpw]J1 .6.wruigdшG. U1wrrw�w&. 
Ul�Ul: U.1и шff.mJ,L 1:bmL.n,J l,'i, ':bmlчш1Lhpf!• 

CI·+H, -,НСI+н·-1 411ш1/"n1, 

н·+с1,-нс1+с1·+45 4¼ш1/<nр 

U.1и шff.uibpf! f/_nt_,[_n,J b'i, zq_p-WJ� qшrqшgdw&. шшrrш�ш&. 
Wiш�g�ш&hr, npnL9 f!,Lf}ш9pn,J u"lшn.,[_niJ b'i, btшLJntfJbp[! (Н2 L. 
Cl'2) L. 'l"JШLn.,J f n.bшff.9f,шJf, ,[_bp1_LшL1п,fJl!·' l!'l.·npшurшJ,/FL[! t 1

.
шиi­

ff.шLzшff_ш'i, t шJL, пр нfJшJf, qшp'f-ш9Jшf, шff.uibpn,J шff.mf,Ч. ff.bLm­
pnL[! lfi nz.L1_шLn-,J. Jf, ff.bLuipnL[! фn{uшpf,f-t,[_niJ f Jf, шл· ff.Ь.Lm­
pnLn,[_' Cl·-l' Н·-,.,[ 1,,_ H·-l' С!• -п,[_1 lJ.Ju "{шu,-&.шп.п,[_ ft Cl·-l' 

h H·-f! ff.пz.,[_п,J bL zq_pш �m.qf.hr: Sb'lf,'i, t L1Jч LшL., пр zч_f}ш­

J/i qшpq.ш9ntJ[! ff/.q_nf}bpJ f, pи1'i,f, пр 1:шf/.шп.шf/. 11-b"lf!ntJ zч_fJшJJ, 
qшpq.ш9rttJ{! f'i,bpq.bmJ,ff. шпп,Jп,[_ ff.if,LЬp nz. J.Ьn.Lmni L. n.bшff.9f,шf-t 

1fp
. 

f!'irfJшLш zqj}ш1шff.ш'i, Jb{uшLJ,q_Jn·,[, f,'i,z.Ufbu, opf,Lшf/., H2 +I2 

Jt�шff.9f,ш'i, f, 
'tz,[_ш,} n.bшff.9f,ш'i,/,pf,9 1:bmhniJ t, пр .t&,[_шd 1n,,,.шptnLun,p 

·CI шmпJ [!fl 'fnt,Lшff. f шLиш':Jш'i, JЫ f},[_n,[_ ,l,lш1Jntf}J, Jntbff.nчLb­
pf, ""lшn.Jш'i, "lшт-&.шп. ::шL'IJ,ишLшр Ушff.ш1& фпрJ.[! 9пч9 t шtn-
1J,u, пр fJhL. zшш J/,,} f J!,ff_ шff.шf,,[_ ff_bLtnpnflJ, f/.trq_JJ,9 UUf шn.,[_n'l 

htш'i,1n,flbpf, Jnlbff.ичLbpJ, f}f,4_p, ш1Ln,шJbLш1Lf,,t_ ШJ'f f}f,,/_p ..[_Ьр­
zш,[_лр ·f1 U.1и 1:шLq.шJшLp[! рш9шmрЬ1пt 1:шJшр шL':pшrlhzm Ьqш,[_ 
b'i,flш11pfч, пр zч_,f}шJf, ':шрл19Jш,'i, L. qшpq.ш9Jш'i, ,1:bui tnbqj, f n,'i,J,_ 
Ьп,J 'i,шh шff_шf,,[_ ff_/,I,u,pn'i,.J, n1_'i,z_ш9n,J, пр[! f/.n1_,[_n,J { zq_fJш1J, qшp­
q.ш9Jшfl eL11-':ш111n,J f/.шJ zq_p-ш!� 6шшинl: IIЬLшpff.,[_nq n.bшff.9J,ш1,!F 
-1:шJшр 'l.'lfJшL -':шщ,[_п,J· { 1:btnL.Jшl шf/_шп,[_,· 

с1·+с1·+м �с1,+м+Qс,-с,, 
"' 

\ 
1 =1и n.bшff.9J,ш1n,J M-,l! n.bшf/.!J./,n'i, juшn,'i,nЧ''l-"ul шn.f/.Ui r,pl,.{ 'i,JntP 

{ {Н2 , Cl2 , HCJJ, 'tрш Jшu'i,шff.9n·,fJ1п,'i,l' шL'\pшJbzm {, npn-,[_­
'\/,u,L. 1:шf/.шп.шf/. '11,"l/!"'J q.п1ш9шd Cl 2 Jnthff.nчл,J Cl-CJ ff.ш"lj 
4],ш ff.ff.лнnшff.,[_f, ш1L {'i,/,pq.f,шL, f,'i,uшfl ШJ'1 ff.шUfJ, ('i,bpq.f,ш'i, f, 
npf, 1:bu,L.ш�pn,[_ -ff.etfJшLш Cl2-J, W'иn9nul {M-'l' 9pnwl t "'l'I 
�.ЬР<frшЬ), 

с1:--..с1-+с1·1 

lJ.Ju"{f,un,[_, 'l.'lfJШJUif/.ш,fJ n.l,шff.9f,ш'i, hpbp 1:J,J.Lшf/_ш'i, mшррш­
:lf.ш& шff.mhp.f, шJpn'[y_ntfJJntL t' z'li/ш1J, 1:шрn-ЧJл,J, qшpq.шgn,J h 
-':шmл,J1 

C'lfJш f/.pnч_.f, '1-bUfpn,J 1:ш'i,'11,U, f/.шpnq /,'i, q.шl_ n.z. JJ,шJ'i, шmлJ-
1Ibp, ШJL 'i,шL. шчшm n.m11J,ff.шLLbp (n.ш'l-J,ff.шlш'l.'lfJшJшf/.шL n.bшf/.-
1/JtшLЬpf, 11bUfpn,J) L. f,пИЬр { f,n&zqf}tn JШ ff_ш'i, n.bшff.9J,щblpn,J )1 

C'lfJш ff.шpb[f, f -':шpn,9l,l nz. J.J,шJL l"LJUJ, 'i,l,p'f-n-pd"ntfJJш'i, JJ,-
1п9л,[_, ШJL O'ftnшq.npd"b,J,_n,[_ ШJ'i,Uff,u.f, Jf,ш9n,f11nifl, лрf! n.bшff.gJ,ш'i, 
jrршf/.ш'i,ш9Ычп, UfШJJш'i,LЬpniJ bL{Jшpff.,[_nul t nш'lliff.шtшJf,,'i, 1ш1-
,flШJJш'i,, Opf,flшff_, 

к, .. , 
R-R--2R·

1.,bmt..-p.шr, V, .. p= 
_1 d[R·] 

2 dt 

•• 
1 d\R·\ d\R-R\ 

- --- - __;;J.:..:.._=... = K,.,\R-R \, 
2 dt dt 

v,.,=2K,.,I R-R 1-к,.,\R-R], (28) 

/>'i,z_Ufbu &z..[_b9 'l.'lfJшJf, 1:шtnrltJf! ШJL mшрршf/.ш'i, шf/_ml, f, npf, 
f!'!rfJш9pn,J n.z_L;_ш'i,n,J t 'l.'lflш ·ff.pnq{! {шf/_и,f,,[_ ff_b'i,mpn,'irt)• lJ.J'i, f/.ш­
l'"'l { f,pшff_шfiш'i,шl bpff.n, -G.шLшUfшр'\л,[_, 
ш) CrzfJшJf, '\шmJш'i, шpшq.nifJ1п,'i,'i, nt'[f,q '\шJbJu,mшff.шL t шff_­
mJ,,[_ ff_b'i,mpnLf, f/.n'i,9hLmpш9J,шJf, шп.шу_f,'i, шumf,-G.u,J,J,L, opf,Liдf/., 
.R·+нх - RH+X·, U.1u n.h,шff.9f,шr,f, шр111л,'i,рл,J шп.щ2.ш9ш� Х. 
n.ш'1f,f/.Ш[f!1 /,f}/, zшu, UfШUuf,,[_ t, ШUfШ f/.11-Ш'fШ{'f, 2'lf1ш1J, q_шpq.ш-
9ntJ{! , 1:ЬщL.шршр' zqf}ш'i, ff.1:шm,[_f,, 'tz,[_ш,} 11-bUfpf, '\шJшр zq_fJш1J, 
1шmJш'i, шpmq.п,fJ1пiLI! f/_шртш'\ш1т�/.f, '\ЬтЬ1шl 1:ш,[_шишрn,Jt1',[_, 

V, •• -K\H·X!IR·], (29) 

C'lfJшJf, &Jш'i, 1:шmп,J{! ff.ni,[_шJ t zqpwJ� q�wJ�G. .6.wmщd, npn,[_­
Cbm• V, •• -\R'\• 
р) C'lfJшJJ, '\щтJш'i, шpшq.ntfJJn,:ir'i, nL'lfi'l 1:шJl,Jшmшf/_шfJ f шf/.mf,,[_ 
'ff_h'i,mpn'i,f, f/.nL9bL,npш9J,ш1J, pшnшf/.nLиf, шumf,-G.ш'i,f,'i,, H2 +Cl2 

,п.bшff.9J,ш1J, opf,Ьшff.f, '\шJ.шр' 

V, •• =K[H·IICI·\', (29w) 
1i3 



�шl, npnz Z'lflш4шltшL n.bшlt9f,w.Lbp, npnL9 f!Ърш9.рп,J щ'S"иГ 
t Ш.1(.ШIR ,[_ш4bЬ1nшltшLn,flJn,L [! , ш1иf,,ъ,ъ' шltiпf,,,[_ lt·h'L,nt,ni,i,l,pf,­
/JJ,�, Орj,Ъш\, 

н·+о,-он-+о, 

С'lРшJшltшЪ Ufpn9buf, ШJL inшppшltшL фпч_r, npf, �LfJш91л,J 
Jf, шlt,nf,,[_ ltblnлpn.Lf,9 шпш1.ш.fт,J l,i, Jf, pшLf, шЧ.шf,,[_ ltbLinp.лЪ­
Ъhp, ltл;._,J_л,J t Zl\fWJf GJPlIJW-l_nrnнJ: fiиlt шJЬ n.hшlt9f,шLbpf! , 11-
еп'ь/! рЬfJш'ьпиl Ь'ь zqfJшJf, '1.1л,'lш4.лрп,Jл�/_, ·Чл;.·�/_л,J /,i, GJDlIJW-· 
'l_nr-l_wb lIJPW,IU1�111r. nhw�9�wbhr: U.qшin n.ш'l-frltшl'LЬpf, щп.щ1_ш­
_в,нJ1! z'l}lшJшltшL n.bшlt9f,шJf, шр1нn1L1 ,;шЬ,,J,иш9п'l Jп1bltn1tш­
Jf,L .i,J'r,,Pf, iJШJpШJJшi, ,;ьтL.шL/! п,[_, ltrrl,f_n,J � Z'I.PWJ� wлwnhr­
-l_wb G,1nн1w1Jnrnнl': Opf,,l,шlt, ш!'l- mb'l,f, п,Ъf,, шJfuщurшJ-f,LLbpJr 01-
,.,f,,,.ш9JшL JшJш'i,шlt q.л1ш9л'l ,;t,,,_pпUfbp,Oj!uf,7-f, /!шJl!шJJшir 

<ь,.,,ь.шъ,-1.. 

R00H - Rо·+·он, 

CqfJ.шJf, q_шpq.ш9Jшi, ,;ш1_np7-шltшfr флчЬрf, ,;шJш{urнJpf!, n­
pni,9 'pш'l.Jшpf,i[_ ltpltЪ,л,J,J,9 uu,/,'lJ-i[_n,J ( l'l.fJшL, ltrr;.,[л,J t ZЧJl"UI-­
JP оч_m�: о,,_шчп,J 'fbp/,l,nl,'1.J-i/.л,J-t Jf,!,_ЪлчЪ Z'lflш ·ЧРл'l./!• орfr,Ъш1t.

с1-+н.- HCl+H·, 

н·+с1, - нс1+O·, 

Uш JJ, o'l.шlt t: l.pj,i/_ o'l.шlt,Иpf, flf,i/_i,, tl{'f Jf,1_f,i, ,;шz�[_л4_ f!h'ltЪл<1f"' 
/ JЬ\ пш.,J,\шtJ,,Ъ (ш\тj,,[ \ЬЬтр.,Сj,Ь) \n,,[n,J ! 2ЧРШJр dp1p• 
Ъr�wrщp,1nir. (v )1 \ 

Ь[,JЬ z,,JlшJJ, {ш,пJшi, ,;шi[_шLшltшfm,p-1n,Ъf! � t, щ"lш q_шp'l-шD­
JшI, ,;ш,i[_шl,шЧшЪ.rnfJJnLЪf! ltt..frЪf, (1-�), f,иlt Z'l. fJшJj, Jf,2_f,i, hpltш­
l'n,fJ JЛLLf! ltlf,"i,f,. 

1-/ 
�=-- �шJ 

' 

1 
, =-, ьрь /<;:!, 

' 
(30}' 

UJtnи ,ltлqJJ,9' l'l.fJш1f, Ьplj_шpл,fJJtlLL� ,;ш�/_ш,.,шр ( Z'l.fJш1f, q111p­
q.ш9Jшl, l,_ 1:шшJш'ь шpш'l-n,fJ1л�i,l,/,pf, 1:шf'шрЬрлtfJJш'ь[!+ 

V= V,.�, (31} Vi •• 
С,,_рш1ш1tшЪ nhшlt9J,ш1f, q.J-ш1f,L 1:шinJшfr JшJшЪшЧ z'l}lшJf, 

h.pltшpn,fJ1n-iЪp ltш{u,i/_шJ- ;.t Z'l.J1-шJf,_ J-blшi, шршq.мfJ1п,Ъf,9, /rиlt 
1шпшlt1ниш4J,L 1:шшJшЪ JшJшL,шЧ 2.'l:fJш1f, hpltшp.rнf11n,Ъf! ,;шчш­
,,_ш,.& 1:шJЬJши,шltшЪ ( l'l.fJш4,f, J-i,JlldJ, шpшq.л,fJ1шfr 1шп.шltп,иf, 
шрJш,.,,f,Ъ, lll'l- .ЪzшLшltлиl t ,  пр q.d-J.ff,Ъ 1:ши,Jшl, JшJшЪшЧ ll!'l­
pшЪAp[! 'lшрq.шЪп,J ЬЪ ,j,pшpf,9 шfrltшJuJ ,J,,.,� 1шп.ш�л,иш1Jr.Ъf, ,,.Ь111-
/!п,J' шq'l-niJ М1 f,ршр �/_рш, 
"174 

Uш zЧP111liЬrp рш9шuш�шr. фntu,uiч_qh9шp-1wr. ор/r'1ш% t, ,,ш� 
-J,f, пр ши фп·{иш,1_,,_Ь9-11,fJ1шЪ ,;1,,nl,шL1t11i/_ Z'lflш'ь 1:шшi/_n-ul t, ШJw 

,.,/rЪifr' 11-ш7-шрл,J t 'I.IJJf"'lШLШlЛЧJI Pnt"P "ь.,,,ьpir..J t&J'•L­
,zшi/_лpi/_шJ- Z'lРш1шltшЪ n.bшlt9f,ш1f, шpш'l-n'-fJJn'-Ъ[! ,;ш�[_ш,.,и,р t

.l'l[,JшJf, q_шрq.ш9JшЪ шрш'l-п,fJ1шL l, zqflшJf, Jf,1./rЪ hpltшp.n1jl4ш,fr 
шр�пш11-р JШLfrЪ. 

V=V
1
"I'.;-, (32) 

G,,PшJшl[шi, n.Ьшlt9f,шi,/,pf, ,;шJшр шpш'l-л,fJJшi, ,;шuшшu,.-п,­
j,f,, шlt,пf,�/_ш9Jш'ь (l,Ьp'l-frш1f, "'l'"lJшl, JшJшLиrlt Uf/,,n/! t -:шzi/_J, 
,шп.iibl l.'1.fJш1шltш'ь л.bшltвfrш1f, рл111р ЬрЬj фnчhf'f!I 

9. SllPPll�ll\, ��U"�ll�ll\, 11-bll���llB� sьuпы•вП�\,\,ЬР�
lJ"llU�\, 

SЬил"р-1шЪ ъ .,,ши,ш't,Ъ t l!frJfr'f'ltшL n.hшltsf,ш1f, Шf'_Ш'l-п�f11шЪ 
·1:шишшшл,Lf, t;шz,[_шpltf!t 

ш) \L�I.DP-1_ priфшillihr� шЬun1р,101&: l.шzi/_лulЪbp[! О·"ЧО !,i, 
mшlfru, пр bpL n.hшlto"'l Jлtbltnч_Hpjr JJ,2_Ь. ,nb'lfr n,Lh9n'l. JЛ'-рш­
_,1шЪu11,р р.ш{ип,_J ш,[_шр�п�/_Ьр ttfrJJ,шltшЪ ф11fuшplt11tJ.ni/_, ШUfШ 
n.bшlt9f,шL Ч!!ЪflшЪшр шltЪfJшpfJлpbЪ, Орf,Ъ·ш·Ч' 'lOD°K-n,J 2н1-
-+ Н2 + 12 л.Ьшlt9f,ш 1пиl р.ш{ил,JНр,f, �1,,,_,;ш,l,11,_р fJJ,,[p 1 t111'�/-l_r�-nul 

,;ш�[_шишр t Jл,п 2.102s, l,_ ьрь Р"lЛ[' pшfur,ulbh(''ь шп.ш1. рЬрЬf,Ь 
.л.ЬшЧsf,ш, ШUfШ ш/Ь .,,ьш, t ш,[_шrш�/_Ьр 1a-10 1'_r�-nLJ, ш1Ьf,Ъ� 
ШJ'l- л.bшlts.f,шi, f!ЪfJш,ЪлtJ t 2,5,1014 шЪ,шJ 7-шЬ'1ш'l1 ll.J'1 9"'1!/ t
.inшtf,и, пр л( Р-"lлр рш{итJЪ/,рl, l,i,, npnb/! шn.ш1_ l,i, pbp11,J 1/r­
Jf,шltшL ф11{ишрltп,J1 U.1Ъ р.ш{илtJLЬр[!, �р11Ъ9 шp7-Jn'-Ъ1tr /!f,Jf,ш­

-Чш,Ъ n.bшlt9f,шi, t, ltnli/."иl И1 ш�шf,�/_ ршfи11u!ЪЬр1 UIJ.uф1'_ pw­
tu,nнJ&Ьrr. ЬЬ, "Р шпш2_ l,i, p.hp11,J ,f,Jf,шltшL nbшlt9f,ш1 

{!и,,-, llphLf,лшf, (1889) 1n,рш/!шЬц11,р л.Ьшlt9f,ш [!Ъf}шЬп,J t

Jf,1_ш'ьlt1шl шltmf,i/_ JлtbltnчLhpj, шл.ш2_ш9JшI, -G.шLШUfШf',;,.4_, 
,, 

Л;. шltmJ,i/_ Jлlhltлч �1 ll.ltшf,i/. J"L1,lt"ч-Q• (ЗЗ) 

.li.ltшf,q JлtЬЧлч � i/_hrtЪШL1л,p, 
l1.п.ш1_J,Ъ "IP"9bu[! zши, шршq. ( ltшшшpi/_n,J, npf, 1:1,m,l,_шL1t1i/. 

шJP"'ll nhшlt9f,ш1-f, f!LPшslt"'J "l шltinf,i/. Ь. шltinf,.i[_ Jл1bltnчHpf, 
.Jf,2_ls. ,;U:qшuшpшlt2nл,f1Jn,Ъ ( UfШ,;Ufш'ьi[_л"J, IJ.J'J-Uf/ruf, ,;ш�[_шиш­
ршl[zл.�/_ш,} 1:шJшЧшрq.f, ЪЧши,JшJ'р. ltшplчfr 1; ltf,pшnbt л.bшlt9/rшJf, 
Jrqtrpшpj, ItшJ .fr ч_11{u11pf, 1:ш,[_шишрr,,J[!, 

dlnK Q 
=--, 

dT RТ' (34) 

r,p,nl, 'l К-Ъ ,;ш�[_шишршltzл.11LfJJшЪ <ши�пштп,J,1, t, Q-b 1_hpJ11,Jl1ш&
. ш/Ь pшLшltL t, пр[! dш{ии,[_п,J t ·"L шltiпf,,[_ JшиЪ/rltt! шltшfri/_ш9'"ub­
LЛL 1:шJшр, J!ЬpJn1fJ1шL ШJf/- р.шЪшlt!! llpbbf,n,uL ш'"и,[_ш'i,l,9 шltшf,­
i/_шoJшI, tizь"qJ,ш' Ei f�иЧ hpltJ'"f''l. n.bшltsfrшb f!Ъ[,Jш1miJ 1; шп.ш'"и9 

.tLЬpq.Jrш "lшt;ш'ьt_bl"LI lJшpb[f, ( S"'J9 ,пшt, "f' 
17:; 



К,1,ч1=К • ..!5.:.=К.· К. 
к, 

lnK,1,./'1 =lnK.+lnK, 

dlnK. dlnK Q Е 

dT + �
= 

RТ2 + RT1 , 

(35) 

(36) 

/Jш'i,f, "Р }(. -.L T-/rg !f,1п'iift9f,ш ;J, '\Ьтl,_шршр' dln}(./dT=01 9-/!p­
,[шd'f,g 1:bюlt.nLJ 1; U{' l,,'i,f,n,uf, шп.ш1.шрf/_ш,} tJ Uf ,f,pf,f/_ '\ш,[_и�ишрпи/1!' 

К=К0 ·е 

' 

-н.т
(37) 

fl1и '\ш,[_шиш{'п,Jl! '\'i,шрш,[_прп,рlп,& ,f; mшlf,u ,f,npd.'iiшff_ш'i, l";шLш-
11/Ш{''\"',[_ npnzlч. n.bшff.9J,ш1J, шf/.mf,,[_ш9Jш'ii· l;Hpq.f,ш'i,, />Jш'iiшtn,{ 
n.hшf/_9J,ш1J, шpшq.n,fJ1шL '\шuu,шmnL'iif, bpf/.n, шрJЬр Т 1 !,_ Т2 1._bp­
Jшиmjr-G.ш'itblpn,J, f/.шrl'lf, 1; 1:шz,[bl m,[_Jшl n.hшftgf,шJf, шftю,f,,[_шg­
Jш'i, 1;,Ырq.f,ш1,1 (35) '\ш,[_шишрJщ'i� "l'"lJШ[ J,'iiшhчpwiЬ f. 

ln_lS,_=�[-1 _1 ] 
К2 R Т1 Т2 

чwJ lg -=- --- , (38) К, Е 
[ 

1 l 
] 

!{2 2,ЭR Т1 Т2 . 

npmh'lfttl 

E=
2,3R T1TilJrK 1-l�K2) t 

Т2 -Т1 
(39) 

Pшgf, ШJU '\штt/_шJJrL Jl,_J,9, шf/_ш.f,,[_шgJш'ii /;bl{'q.f,ш'i, f/_шph1J, 1; "P"­
zhl 1,-шl,_ 'l-f'ш!f,f,ft"ph.L, lnK-J, l,_ 1/T-f, Jf,11,_ q.nJ"'-PJn,'i, п,Ы9п11_ 'l-l!­
,J-ш1J,& ,f/_шfи,[_ш,1-п,р pnLf,9 ( q.tJ, 69 )1 

., 

�-------�'-"--- ½ 
9-.). 69. llf'"''l".PJшJ, <шии,шип,f,J, l"'lш­

l'frPJJ, 11,f'Jшuu,f,-G_шf.шJ/r'i, �шJ,,,f_ш.)n,P1n,'i,l!' 

П,qf,'lf, рьi!п,р1ш"ь ш'ЬЧ-
1шъ u,ш'i,,q.b'iiue <ш,[_шишр Г 
tgv = E/R, npюbqf,9' Е= 
Rt gip , J,иЧ ьрь Qpч,f,1'wш!!, 
.шр111ш"\ш1шЬLр p.Lшf/_шL L"­
'1-Шf'f,PJJ, ,f,пJишрh'Ь' UJшu­
Lnp'l-шftшL,r,[_, Ш'UfШ ft,1nЫ­
f,u,'i,/}, E=-2,З,Rtgq)I lnk 

1 
--, 

Jшftшp9-[! ftnl,[_,.,J t IJ.p!.-
,'/JJ,n,11.ш·1J,L1 

fl/,l,u,p ,t Lzbt, ,,,, ш1L q.huun,J, Ьрр 11.hшftgf,ш'ь р.шрq. .t. ШUfШ 
,f,npd.n,[_ ,np,rz,[1111_ шff.mf,,[_шgJш'i, tLhpq.f,ш'it q.n,JшpшJ,f,'ii Jbl,nfJJn,L 
1 и чn,,j_nul 1 ,�ЪчшН wчm��wguш& ,&Ъrq�w, 
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IJ.·f/_шjr,[_ p.шJun,J'i,l,pf, mbun,fJJnL'ь(! ,;'i,шpш,[_npn1Piп1;/, т,[_Ь9 pш-
gш\ШJutbtn< Up•blsf,n,ujr f;J Uff,p-f,f/. {37} ,;ш,[_шlJшрJш'i, Jl,f 1rш-
Juшgnчn.шJf,'i, pшq_Jш"lшu,ftf,z.J,' Ko-J, !pf,'l},f/_шf/_ш'i, j,Jшuut{!t 

l}u,n шf/_mf,,[_ pшJun,JLbpf, mhun,p1ш'i, 

(40) 

(41) 

IJ.1u -':ш,[_шuшрJш'i., Jb1._ Ro,.=Г 1 -:-r2 -{! f,ршр \Ьш ршJи,[_п11_ hp­
f/_n, JшиLJ,ftthpf, zшr..ш,[_J,qHpf, 'ln,Jшp:U {, К-1' РпшJш'i,j, "\ши­
и,ши,м'i,'i, t, µ-l, ршJи,[_п11_ hpf/_n, JшиLJ,ff_'ьhpf, рhр.,[_ш,} qшL q.,[_ш,}'i, /;, 

Ш1·:П2 ф К� - S � -�-t npJ.bp/! 9 "'19 u,,[_b9j,l,, пр -т- Zw�•f"i.' bun·LfJJшI, 
m1+m2 

l,_ ,f,-npA.f, Jf,1_,l,_ '1-"J"'PJЛL'i, п,Н9п11_ ШJU /и q_шJ [! ,[_Ьрш9'ьh[лt ,;шJшl' 
(40 }-f, Jl,1._ Jm9.,[_b9 Jj, f;Jщf,pf,ft Jb,J-rrrf11n,'i, l,ц' Р-,1,, "l'l! ff.n1,[b9 
.fiwiJ.w&wqwlintp-Jwli qnr�n&., ftшJ umЬr�IJ. qnr�wiJ�9: Lhшl,_шршр� 

{40ш} 

(42) 

(40 ш) ,;ш,[шишрJш'i, JJ,1_ ftш bpf/.nt ш'ь<ш1и,' Р-Ь /, E-'i.,, ,lЬи,,l,_ш­
р.шр, шf/_u,f,,[_ pшf,,n,JЫpf, mhun,pJ"''i,l! "\Lшpш,[_npntPJn,'I, ;j, ftш­
l'"'l UIШf {шz,[_шpftf, Jf,1_п9п,[_ npnzhin, n.l.шff.gf,шJf, шрш9-nLр-/шl, 
"\шuu,шu,rr,'ii{!, U111 JuL'lftf'l! uftq_p.nL'ьpnpb'i, lп,tJ,[_bg wquфiJ.w9'{m� 
ЧntfnпЬfu� шЬunLp-Jw& JJ,1.n·9n,[1 

р) �um W.JЧ mЬunip-Jw& п.Ьшq.f,рп11_ Jшu'ьf,ff_,'i,l,pf, Jf,1_1,_ pшfun,­
Jr 'ьпчLшg,[_п,J 1; JJ, 4}-G.шff.J, '\Ьт, hpp nhшff.9,J,ш1J, "\bюl,ш'iipn,[_ 
ft=Uf .f, (ff_шJ ftшUfbpf,) pш&rplшfl "\шJшр Ufш,;ш'Ьt_,[_n11_ l;'ьЬрчJ,ш'ь 
ntJ'iif, L,[шq_шq.nч'it шpJb/} t LJ,."i, ftшUfbpf, pш'ii'l-n'Jl! l,_ 'ьпрЬрf, шп.ш1._ш-
9п,J!! шb'lf, t rrL'ьhl,n,J JJ,шJшJш'ьшf/_, pшJurr,JJ,9 Шn.Шt_ np Ufhu 
"\l,u,l,_ш'i,/} n.Lшq.f,pnq Jшul,f,ff_l,hpf, Jf,1_1,_ шn.Шt_ш9п11_ ,f,nJuшq_q.b9n,­
lf1п,L'i,l,pf,, 

l;шрш''l-[',[ш,1-/! р.шgши�рЬ'Ьр l+H2 -Hl+H utшppш,ftшl, 11.hшft­
gf,шJj, aeJ,'ьшff.J, .,f_рш,. 

Y'ft ·wn,J Н2 Jnlbff.nчl! l,_ I uru,nJL f,pшpf,9 шJf�"l·ftu.J, -':Ьп.ш,[_п­
рn,Р1ш,"i, ,f_рш Ьl, 9-и�'ь,[_п,J, пр 'Ьрш'ьg JJ,1.l,_ qnp,1-l,шff_ш'i,nphl, рш9ш­
ftш1п,J l,"i, ,f,nJuшq_'1-h9n,pJn,Иhp[!• />ршр Jп111ЬLшl"' ,;l,u,l,_шl,p,rif. 
'itpш&p 1Jf/_unu/ l,"i, f,ршр ,f_рш шq_q.h[, np'i, шртш"\ШJIЛ,{п,J t 'ьрш'i,,п,[, 
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"Р Н-Н ftщ"II! uftunul ( Р11чшLщl L. Н .•. 1 lfш"I{! lfшq_Jш,[_пf'­
,[_l'l' U.j'f ,J,nfиш'l'lb9n,j1JшL (!-Lj1ш911пiJ uu,l,'l.d,[_n,J t Jf, ,[Jr-&.шlf, 
Ьрр Н ши,пJ{! .,;щif._шuurpшllfbU Jup/_ntJ ( Н l,_ I щu,nJLbpf, lfrr'lJf,91 
Jlш шJL ,j_f,Ь.щ/l!, (, npf,L <ш1.пР'1-'"J t·H-H lfщ"I/' "l>h'l.pntJ{! (l'lщ­
L1пiflf, и,рп<п,J{!) l,_ Н-1 ftш"IJ, щпщ1,щ9пul{! (,[_bp1,LщLJntfJJ, q.n­
Jщg·nнlf!)' lJ. 1'1- ,[_J,-G.шftl!. ftn1_i/._ntJ t фnluw&.9�� -IJiБ.w� l,_ ШJ'f ,[_J,-G.щ­
'ftntJ q.и1L,[_n'l. пЬщq.f,рп� JщuLJ,ftLЬpf,!J lfщ'l.Ji/._шJ <шJшftщp'f(!• W�­
uфlwgi\wd ftшJ w�m�il �nduнЬfu: 

• 
Н-Н---------1 

Н-Н-------- 1 

Н--Н------- 1 

r, '• 
Н---Н-------1- ,f,•f,,шЬ9�ч {�<шч

Н----�-- 11--1 

Н-------- 11-1 

• 
Н--------- Н-1

ll.ftи1J,,[_ш9,[_шJ ftnJиub;uf, ·щпш1.ш9п,J{! J;щJшpJ-bp t nbшft9f,шJf, 
mb'l_f, ntLЫ.шtntL, Ujul.Jшu,J,lfnpM, ШJ'I- ftшpu,щ,\щJu,,JJ, ШJUllfh" 
(А-Ьtш'Ь1п,f1, B-,[_bnliщ'Ь1пifl)• 
А � Х"' --+ 8 r-"m шl1шJ,,L p.щfuпiJLhpf, и1bиn,fJJшL (Х+ -шlf­

.'"/ri/._ JпtЫ1пч), 
А - Z* --+ В {! '"" шftu,f,,j_ш9i/._шd .ftnJllflbpuJ, и1Ьипtj1Jш'Ь (Z il- -
шftmf,i/._ш9,[_шff ft.nJ11f1bll 11), 

ФnfuшL9J,ft ,[_J,C.щlfntJ щu,пJLbpj, Jf,yh l,'l.щ,} .,;l,пщi/._пpn,pJntli-
1,l,pf! .,;щJщ,1_ш,j,hff, /,'f, '1-щ,пfintJ; f,-L1.11fhll ШJ? ь"L.niJ t HI-J, шпш-
1.шuJwL i/._bp[! php1[шJ иfиЫшjf,91 />Jш'Lшtn,f_ nbш'ff,pn'l_ Jшu'ЬJ,lt­
f,l,pf,9 ftщ'l.J,[_шff .,;щJщftщpq.f, •'fnu,Ы.9J,шl t,'i,bpq.J,ш1J, ftшfun,J{! ш­
ин,J'ЬЬрf, JJ,rll. bqщff .,;l,п._щ,[_пpntpJntLJ,9 lfщpbtf, t .,;ш1о/_Ьt шlfи1J,­
,[_щ9Jшf, tLЬp'ff,ш'iи U.ftmf,,[_ш9i/._щff lfn·J"lll,/!u{! пр11fЬи ftщJnt'Ь Jшu­
Lf,ft 'l-"J"LPJnLL 1_n,Lf,, щJL щпшrшL,п�J t JJ,ш1L btшL1n,pbpf,s Ь. 
,f,nfuшpft,[_niJ t JJ,ш1L i/._bf'1.Lшfi1ntfJJ,1 UшlfщJ'Ь 'f,щ oJ-mi/._шd- t ftw­
J"'L Jntbftn�[Lhpj,.L .,;щи,п,lf JJ, /lщ'ЬJ, <ши1ftn,fJ1n,L'iibpпi/._, lfшu,ш­
pniJ t ,;щJ[!Lрш9, llfllllnшlfш'Ь L. и,щи,щ'Ьп'l_ш,ftщL 1шрJ-п,JЪЬр: 

9-J. 70-J,9 bpL.n,J t, пр nbщft9n'l_ ,;щJшlfщf''l-{! 11/1,,пр t .,;шq­
рш.,;шl'f, u,,{_Jщl nbщlfgf,шJJ, <шJшр шHpщJh1m (Hpq.bи1J,lt щp­
'l-l,lPf!' 9-Jш'fpf, ,,[_рш Of'?ft't,щи,p .,;щJшftщp'fJ, 11frtU1bL9ftшl tЪЬр'ff,ш'Ь 
t, f,uft 1 h 2 ftnphpp ,9"LJ!J Ы. тш1J,и .,;щJщ"lщи,шиfиш'Ьшршр H2-J, 
h HI-J, "l"u,Ы,9f,шl tHp9-f,wL,bpf, ,J,n,f,nfuJшL f!LfJш!№{! ftшfu,[_шlr 
JJ,y_щu,,nJщftшL -<bпщ,[_npntj1Jn�Lf,9, U.!'1- ftnnp'l-j,Lшu,{! ftnl.·,[_n,J t 
пbщftsJ,щJJ, Ьщ'Ьщllfщр.,;, E 1-Q=h lfn1_,[_n,J t '1-f''l-nJшL J;LЬp,,J,ш, 
l/шpbtf, t [!'Ь 'lni.LЬt, ·"f' q=E u 1ш'Ьf, пр h=O, 
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' ' 

f 
• � 

• i
• 

i 
• 

Е, ! 

! ,, 
' 

HJ-J, шпщ1,ш9JшL !, pшjpШJJщ'f, шftmf,i/._ш9Jшfi J;LЬp'l,j,шHpf, Ьf,' 
Е1 h-E2, f,uft E2-E1=Q nbшlf9,J,ш1[t 1,hpJt!phlfшli t, npfi ruu, 2.Ьиf, 
орЫ.1J, ш�ftшfи t nbшlf9J,ш1-J, Jbfuш'fiJ,'l.JJ,9, Г1-{! l,_ Г2-!! Н-Н k. 
Н-1 lfшllfbpJ, bpftшpn<fJJtttLЪhpL /,L ,f,nfuw'Ь9f,lf ,[_J,-&шlfn,J1 

2.шJшJ.ш1,L ,J,nfuи1L9f,ft -1/Jr"l>шftf, ftшJ шlfи1J,i/._щ9,[_шd- lfnJ"lll,i! _ 
иJ, 11JhuntfJJщ'L blщ,LJn,fJJ, L. lfn·Jllflhj! и,J, JJ,1,i,_ '1-"J"<PJnLL 111_'fr_J, ,;щ_ 
i/._шuшpurft1n.n,fJ1n<L, пр[! р'Ьп,fJшч-р�/._п,J t <ш,[_щuшршlfznп,РJwft­
.,;щu,пши,п,·'Ьп�/._. 

с• 
К""=--, 

С1 -С2 

(43) 

пpmh'l. C-t- -!! шft111f,i/._ш9,[_шd- ftпJ"llbvиJ,, J,иlf С 1 L. C2-I! blшL1п,JJb­
pf, (шиЬ'Ьр, Н2 Ь. l) .,;ш�f._шишрщlflпшlfш'Ь lfn'Ь9bLшpшgJ,шLhp'Ь h'Ь, 

ФnfuщL9f,lf чJ,.-&.шlff, .,;щ,[_щишршft1пп,j11ш!, .,;щuu,ш,nn,'f.if! lfw"l­
,j__ш� t ,Lрш шпш2_шgJш'Ь ш'l.щи, tL·bpq.j,шJ[t .,;/,и,. 

лz•
---"-

ЛZt=RTlnK+ 1,_шJ к+=е RT 1 (44) 

flш'l.q.щmblni/._ (43) hi (44) .,;щ,[_шишр11,JНр[!, lf'l-u,'f,l,Lp. 

.,. 
--" 

С+=С1С2
е ят, (45) 

a/,l,p1,Lш'fi1n<PJ, шпш1,ш9Jшf, шpш'fntfJJn<L[! ftшpblJ, t шrиrШ­
-':шJи,/,{ bplfrn J.hni/._1 "Ьшfи, "Pllff,11 bplfJnLЬlfnчшJJ,'Ь (p.j,Jп1hlfntLJШf') 
кhшlf9.J,щJJ, Ш{'Ш'l,nLPJn<-Ч (K-L щрш911'tfJJш'Ь .,;и, 11и,щ,пп,'ЬL f). 

• 

А1+А.1;:::: д+--,.g, 



Ьрf/{'лр'}, npu;bu �и4щ/н[ш9,j_ш6 IJ.nJufikpufr p_ШjpШJJщh шрщ9п1.� 
flрн:Ь.

V=x:K•C•=�K·C1C,, (47) 
trpuтl,q ·к""'-ti ш%urf,,j_ш9,f_ш<t 1,пJц;[bpufr рщJрщ:Jщ/; шрш1рнj1ри'i, 
'\шцщ шщ11"Ыz t, 'К�Ь 1J.п1.<f.rnJ t mpщbuJf,uf,,г'!J qn('dшljfr9 k 9"119 
{ щщJJн, шl[щ/н{щ9t/.,шl lf"Junb.puJ, щп.ш2,шgJшЦ \w,f,ш1'шlfшhn,.­

jJJn,J,r_, f/л<f.пршршр Ш[Й r_L']-:ntL,f_rttJ f Jnuтш,j_npШU(Llf \ш,[шищр 

Jhч,, 
ShqшffPhtrrif. (47) �ш;f,шuшрJшh Jb2 C "'-/i 111pJbpf! (4-5)-frs li. 

.:шii/J шлЬl'lт/_ (46) 1un/_шuшpnufp,. 4uшш9,f}. 

(48) 

Ььршruн/пнl t. np 1t11!_mfr,f_ш91f.ш<t IJ.11Jиub1<иf, ршu�ш;Jшh 
mpшq.пtfJ1ш'i. {wпющтп�Lt' <,,нf.:uщшр t ftmJ,..u/ч;иfr Jb2 IJ.щl!f!.pfi 
lfurpJш1J '>шGш(uшl[шLnLfJJшUl!' К+-='1+1 f:'L11-п1..Ьblnl/_ 'ьшk, пр x=I, 
lfuщwg4J• 

(49) 

(50) 

npmlпl. k-!i PnшJш'ilfi, f,u4 h-p '1Jtшhfffr {ш11111шmn(bfi!.pL-· 6-f" vt-t, 
щpJLpf! шb1,ш']-pl,in;/, (49) <ш,f_шишрJшЦ Jb'l. l11ппш9,U,, 

(5!) 

ЛZ;f=ЛH;f-TдS�, (.52) 

npmluz ЛНt ... 1! 4!RfvшЬ9f,lf ltЛl!"flbl!цf шrин1ш9JиrL eЪfiшqpnW 
{LflшtflffiшJ!, ,f11rфnfuпtJl1,n'i:/L t; fmlf ЛSJ·e' f1lurpr11qf,ш1fr'i.tl!, SЬ­
'l.щ'll'bl1tt/_ (51) -<ш�[шишрJщJt Jht {52)-l! ftutmu(/,[_jt. 

1.s+ лн+ 
kT -Т - 11{

К=-е ·!:: , 

Hn .{щ�[ш:uшрJщ1,- h/фп l;п7J'I! l"IfШf'f/lJl,ln,j_, ½ишш9,j_ft. 
... 

(53) 

ki ЛS;t дН"' JnK=Jn --+ -----..2., 
R R RT 

(54) 

(53)-f! {wJЬJ'wurl.1ni[ tlpЬ&f,n,uj, (37) ,:щ�[щuшрJш'i, <Ьщ, 1,hljш� 
rnЫi,p, 1<р. 

лs+ 

-i:_- - kT·Р=е · t.. Z
;}

=--, 
h 

(55) 

(56) 

a,цflff,цml, Р�Ъ '>шJщpi[nu! f t&шrniчPwljw!i чnrMU, f,ulJ. 1JШ-
1lf, "f' {ЬитpllSlfJiц,1,- f/,rrйzi(9/rш t ,[_}t-G.wljf, .{щ,[щ'i!щffшLnifJJ'•1.&/tg, 
ШUf,Ш P-ti, "f'f!...;;,1-/ro, 9"Ч!1 J; mш1f,u, рь fl'itwшLni[ ,;,'ш,f.ш'iuuftш'L­
.{; пр '\ш4_huшl ( ш1j_шf,,f_шgJw1,-) fИptff,ш1, ftbLшpnhю9шd- · 1/iUf, 

Jft,щ1' Jf, ½шJlff, ,f_pшt -zo-11 p.w/цJ/ш'iz -.�щ'/iш/цт½шL«1./J1n1.Ъ1i J;' 
t�·· 

Sbf.Шl]pkftti/. (56)-/r bpl;_f'"Plf 1ш4шишрJ'ш1, Jht_ FпшJш1,f,' 
k= 1,38•10----ZЗ tnt1ч/,;uuuфti. l.i. {fJ[w'i,ftf,' h= tz,t2, 1Q----34 fIШttfЧ.r-Ч 
<шиuнuщrпL-'i,l,p/r шpJbp'f..bpf! unJ/.npщftшh tЬрJщцтf,-G.шЪш�f,& UfШJ­
Jщ'iJЫ,pruJ ('Г=300"К), -tцщш1,шf,,' Zo=6�J-JOl.tttrч--1, 

10. tr��n,i_nвr� Щ('tьanN•sn�ъc 1,ы1�а�n.�
RPll'IR�Ji-BIJ.Ъ ,J.PIJ. 

ш) \niЬпtJpUr-1шl e&,нu9aq nlнuq9�111Ghф Umuph.: l.ш1шЪJ, {,

"l' pf,Jt,шl;_u.1, цbщl;_9ftш,tJ, шршq11�f1,шЦ 1:шдшщтtttltе rt{'nz,f_rщ/ t

n.hwl19,f_n7. J'шubf,i(fihpfr hlшJf,L ,[_/,f.uil/i!l.pn;/,, шп.щ1.ш9шd- шlfmf,v 

Ч,щ9Ч,ш& IJ.r,JU[JhpцJ, ftшn.11ч,,f.u1J,1rr,f_ k n.bwf/qf,шJJ, ff,J.pqhmf,f/ Шрw 
ч!.tpfr ршрАрт"Р1шJрt 

lfшu&ftftf, шfrgntJ[! 9Ш11.Ш,tf,ft f/lшqf,9 { npmh7 qnrн1Ъш%wfmpbfr 
pщ9wlfш1mJ h1,1 Jf,2Jп1hftnчш,f,'iz фпfцииlq.h9tt1.f11m'LLbpJ!j 1нWnчР, 
.p/r1 fJh zшщ l_,Шфm/_, фnфrr/ц,f.nLJ' t urf/in,f,i/_ш9,j_w.J ftn,fuuhpцj, 
pw ,puqpntPJnrbl, nt ltшпщ94,_шitрр, ':hтhшршр 1,_ {Mpqbmf,lf шp­
ffhlPfr pwpa.pntf1111t1te: IJ.J»U[f,un,f_, tntdnчPrш/ ftшрп1, ьь •Jн,fui/_lч 
J,Ъ1"1Ьи щlf;uf,,f_w9Jщft t'i,bpq-fнuЦ, ШJЬ"{Jн, ti 1lшfuw9,н-91..w1fi'h 
qnpA-шljfrql!• U.и фпфп/1.ипfJрп'f/Ьhрf, pL111..JfJ'i., п� JUп.JIJnйtl! lfшfц� 
,f.ш.f h-f, l"t.Jf,J} p'L"'-J/Ji,!J• ЬЧ, ftш/ш/.ш6- шJ1, рш'ьj,91 рЬ fi'i11ц;f,uf,Ь f 
пЬшi(9пq Jwlhitnч/t h Jfrtш,f.щJpfi J1:чhftпч.Иpf, фпfцшq_7b9m­
fJ1u.'k pЪwчffi., ni ntJl!, щршtрнр!шfr '\шu.mш,,.,rt'ftl! 1,шрп1, f t}ftlч 
фnjp 1,шJ J/,d1 L'fm,pw,f.np f Ъшh n.hw�9f,шJ/r JbfuшL/r'I.Jf, ,f,n­
,,J,n fи lftfJ рп'iн 

fH,ш1!_9f,nL Jfr1,ш1f.щll'fl иzqql,9ntjJJntftf! .t:шurlfш"ll,u qfшt}, f 
.., 



/нrЪ-,f,1/Ь, �nL-11-/r"lnl, '1/r"lnt-'lfr"lnl пhщl/_gf,щbl,pf, шpщq.tr•PJщ'i,, 
ilJ"щ, l/.J'f, tnid/rzLhpp, npnLp 9-npJLщl/_щL,r,_J L/,1, if,,of,,щq11,f_п,_J п' L 
пhщl/_gn'l_ J"l/,1/.n'-ll,Ьf'fr '\l,u,, п'L l;l щl/_1nfr,/_щ9,[_шJ 1/_nJ"lll,l!цfr '\hш 
l.lif, щq'l-n,J nhwl/_9frw1/r wpwq.n<PJщf,, PZ-/r, E-/r ,f_рщ, 

1тир tn<Jn,1Plthpnt.J Ln<J-f,zJ, h 1п,J�/.шд- LJntP/r Jшultf,1/_f,l,pf, 
pшf,,Jw'f, '\w-G.wf,,wl/_wltn•PJn<Lf! Jп,п '\wqwf' wL 9-wJ щ,f_61J, 1;, /!w)r. 
1пid,[_wd Jnthl/_n<1Lhpf, /rршр '\.li,n pщf,,i/.htn< '\w-G.wf,,wl/_щLniPJntlt[! , 
'1-рщ >;щJшр, fr <nwpphpn<PJn<L ,,_шqhpfr, lпц}пчРп.J 1niJ,[_щ,} LJto<­
P/r JwuLf,1/_1,Ьpl, щl/_,п/r,[щLп,J h '16 '1.wl/.1nМ.ш'itniJ l,'f, ln,Jf,1], Jn1h­
l/.to<tf,/,Pfr ,:1,,,, pщf,,,[l'lfru1 

и..,ш9п�9'4.ш,) l;, пр L"LJn•1Pf,/,pп,J (!f,pw9nrz hpl/_JntbЧn<[Ш-
1/r'L nhшl/_9/rшf,l,pf, ltl/_wшJщJp f!L'lnLLh1/r 1; 9-wqщ!j,щq nhwl/_gj,№-­
'1,1,pf, '\щJшр Jzwl/_,[шJ pщf,,n,Jf,/,p,f, 1nhun,fJ1n•Lp, 

l,,,ounшl/_,f_шJ фnpAltшl/_w'f, шЧJщ1Lhpf,9 '\/,,nl,n«I 1;, пр ln,Jn•J/J­
'f,ltpn,J pLpш9n'l nhwl/_9f,щf,l,pf, щpщq.n1.P1n<Lf! 1/_щ/_>,,[_щ,} I; t,ь,..,ьи-
1п,J-frl/r ("lпuшр, "l "{n[Jщp), ш,ь.., ьи h фtof,,wq'ln 'l JnthЧnчJ.Ьpp 
pLnчP/ro (/rпlt, Jnthl/.n•t, '1-/r"l nt)• UJ'l шhuшl/_hm/rg l"utп,1PLЬpnoT 
f!!,pwg,orz nbщl/_9f,w1,l,pf, щpwq.n•P1п,l,f,/,pf, 4.J,ш 1/_щрlи,р щ'l'l-l,911<­
P1n1.L 1/_wpnrz l,'f, flnrzWt 11.Jrtthl/_1nffrЧ pщфщL9h1/rn•P1nt.ltp, [n<Jnч­
P/r /rп'Lwl/_wL тдр, '\f,JLш1Ln,pJn<Lf! h щJlf.1 

р) ln1Ь-�2fi чНtЬ�шrр� fiщщnwmщ&.� ml{iJ:Ь9шp,101&.E- nЬ.п�9рщ_ 
JP щrщqn1p,1w&. -l_rщ: {n,J/rzJ, '1-frtthl/_1npf,I/_ '\wuщщ<nп<L/rg 1/_шf,,,f_•J­
l,f, ШJ'L nhшl/_gf,wf,l,pf!, "f'"f,I! ,,,J,,,_f, n,blf, f,пlt-f,uL, 'lf"fnt- '1-fr"l nt, 
f,nlt-11-fr"l"l• f,!,1_"1/,u ltwh f,n'i.J-Jntbl/.n<[, f,nL-nш'lfrl/.щl фпplщq'lb-
9n<f,/1n•L'ltbpf, JшJ,wLшl/_, npnltg '11,"l/!n,J щb'lfr /; ni'ltbLn.J jщ,._ 
Lf,l/_1,/,pf, Jfrr.h /;1hl/.шpщuu,U.,щf,,I/_ &9-n'[n•P1nilt, 

/:1.lil/.mpщumw1nf,I/_ фnf,,шq11-hgto<PJt1LLf! 1/_wj>,,f_щJ- 1; tntJ- f,1), '1/r­
/;[lil/_1np/rl/_ '\шишштп�'ltf,9 (D), npf,9 h 1/_щf,,,[шJ- l,'i., tn,Jfr1LЬpn,.Г 
1nшp,f_n7. nhщl/_gf,щ'i,l,pf, шpшq.n•PJ"'-f,f,/,pf! • 

bLpщ'lpl,Lf!, nhш9-hf,u,'f,l,f'f! q.'ft,p,,J.h f,nLl,l,p l,f, ( А l,_ В) h J,f!_ 
рш'ьg Jf,7.h '\/,nщ,f_np_n,pJn<Ъf!. d J;, l/.J'l"lfru/r JшuЪf,1/_Lhpf, Jf,1_k f!'f,_ 

_pwgnq_ nhшl/_gf,шLhpf, '\шJшр Ul/_b1nz.щf''ll! (1932) Uшщgl,l 1; '\/,и,1,_ 
Jщl '\Ш,[_щишрпulр1 

lnK-=lnK0 

Zл Zн е2 

DdлвkT (57} 

npmh'l_ K-L щрш11tо<Р1шL '\шu1nш<nn<f,f, 1; ttot.д-frLn,J, Ko-L Ьпчf,f, 1; 
D=1 '1/rt1hl/_mpfrч ршфш'ь9h[/rn<Р1шf, Jfr1.wi/.ш1pn,J,ZAe k Zne-S.. 
А h в frnl,1,1,pfr tJ,gj!bpL 1,1,, D-L [tliJf,1], '1frtthl/_1npfrl/_ 'pшфш'ltgb­

tfrni,/Jf"<Wr {, dлв -L frnltblpfr '\.lin.w,[цpn,p1ml,L 1; f1pщ'i.,g,f,9 шаш-
1ш9шJ ml/_1n/r,[_ш9,[_шJ �nJ"lll,/!u/r Jl,1_ , k-'i., f:ntgJшLf, '\шuшw­
>UJnLf.:f, 1;, Т-1& pw9шpJ.wl/_ 1hpJшu1nJ,-G.wl,f! : 

ьрь f!UUI (57) '\ш,[ши"!,рJшf, lnK Ь. 1/D J/,,}n•PJnLLf,l,pf, J�r,l,_
'fnJn<f,/Jn<Ъ n<Lf, ""l/r'l· 'l�щJ�f, 1/.шf,,,[щJ:,,pJntЪ, Ш"fШ Ъzшl,шl/_niJ ( 
пhшl/_9/rш'ь f!L,pw'ьnLJ 1; /rn'ft'i.,l,pfr Jf,1_ls.1 ьрь nLwl/_gnrz frn1,Lhpp 
LпчЪ tJ,gt,1' ,,,.'i,�f,, ·ш "lш nbw�9frшJ/r Ш('ш�п,рjшL· '<щu,nщinnL'L[!·' 
1.8f 

m-G.ntJ 1; D-/r JMwgJшf,l! 'l"L'lf!Lpш9 (11/t• ?1 щ)1 1'иl/_ , l!t,'1-,:щl/_щ­
n.wl/_p, <nшрщl,п,L t/rs/!lipf, Jfr1h pLpw9nq n.liшl/_9frш1/r '11, "ll!"LJ 
щf'Ш''l-hlPJnLLf! D-/r Jblw9n,Jf,9 Li/.ш'l.n,J( (9-J. 71 p)1.'1-:fr."lnl-'1/r­
·"lnl фnfuw'l.'ll,9nLPJшf, '\шJшр l,,f,,-,1/.i/.nt'l-P (1934) u1nш9bl f '\h­
<nl.tJШl '\w,[wuшpnul[! • 

t,к 

' 

• 

L--------1/D 

"l-6. 71. lnK h, 1/Т �шj,,,f_ш.t".p1,.,Ll! 
/t-,.L-f,nL nlш,f/Uf,шJf, <шJшр, 

,-,

L_ ________ 2D+I 

'#-6, '12. lnl( lt n-1

20+1 

6n•P1n,1,l! '1ftиtnl-'11'"1"l 
JшЪ <шJшf'' 

lnK=lnK0
--1-(l-'-l + 1-'-�_!1-�) D-l

kT rl г� rJ 2D+l 

ft.шj,,,j_ш­

фпj,,ш,и-

(58i 

Лpшhrz p.л-'ii, p.3-'i, /,_ [J,"°'-ii А, В h шl/_1nfr,[_шg,[_шJ 1/_nJ"lll,l! u·fr 'lfr"lnl 
JnJl,f,,n'i.,l,p'i., Ь�, fA-ii, rн-ii /,_ r+-i, '\шJ,ш"lщи,шиf,,щl, 9-Ъ'lшJ.h Jшu-
1,Pl/_'i.,l,pfr zшnш-i/:fr'l'f,l,f'f! ' u,,.,и Jblп,pJnL'ftf,hp(! Ъ·z,f_щЬ И. ,f_bp[!I 

n.'lfr'l 9-JщJfrL Чшf,,,[_шJ-п�Р1п,Lр lnK h D-1/2D+1 Jl,Jnt­
.PJnL'ь'ьbpfr Jf,1.,h 9"'J9 ·I; ШUl[/ru 'lfr"lnl·'lfr"lnl n hщl/_gfrщJ/r 'l-"J"'-­
PJn'-1,f! ш,[JШL [n<df,z.nul (9-J-, 72): 'ь1_,[_шJ pшLшJ.hhp[! nt.Ъ,f,,[bpuwl 
;_/,f, h "P"l' ,,_ь..,j!ьрп,J шЬ'qJ, l,'f, ,..f,l,f,пuf zb'I_niJ'ьbp ШJ'l apf,hщ­
;,.шif,ntPJnLЪf,l,pf,91 ,ll.J'l zh'l. nu/'i.,l,pp "fШJJщf,щ,[_пр,[_шJ- l,'f, Ършl,п,[_, 
пр рш9f, t[hl/_трши,Лщ,пf,1/_ фnf,,шq'}b9n,P1пiЪf,9, Jщul,f,1/_Hpf, Jf,-

1_h ,n/,'lfr l,f, п,f,/,f,п"J Lшh ШJL pLn<JP/r фпf,,щ'{_'lh9ntPJnL'i.,f,l,p, opf,-
1,шl/_, f,:,1,-'lfr"lnl if,nf,,шq'l-h9nLpJщf, 11-h"l/!"'-J n.bwq/ipn'l JшuL/rl/_­
'f,l,pf, 1/_lJJ'J 1u•,),,/r1}, h nhипN'pn'l Jwul,f,1/_/r Jf,1_k 1.,pшJl"url/_шf, l/_w"fbpf, 
.sunщ1_шgn.J, lJ.J'l "lwu,-G.щnп,[_ Jf, Jf,1_w,[_шJ[,f,9 JJniuf,f, шL9Lhtfru 
<>p/rl,шlwфntPJntL'ftbpp 1/_шрп'f. l,f, h z."lш'\"lwf,4_bl' 

9-J lщbпtJrP pnC.dl�w& ntdp wqqh901.ri01.lip pn&.&.Ьrp djJrl. 
pli.p-uwnч nЬw�9pwGЬrp шrwqntpJw&. -l_rw: Uqw.Jp&. t;f,Ь�m: 'ьпиff 

.tnt.dntJPf,/,Pп.J f,пl,f,/,pf, Jf,t_k [!Ъf!ш9n'l_ 11hщl/_9f,шLhpf, '\шJшр шl/_­
и1f,,[п,рJш'ь q.пpt}шl/_/rg{!, npp lrпJ-niJP/r wl/_1n/r·i/.n<PJw'ь ,;1,,,, 1/_ш"f,,[щJ 
1; a=fC шршщ'\щ1шп,Р1шJр, l/_шph1/r ( npnzbl 'l-hpшJ-1.Jntl/.htfr 
{l,,nl,_Jwl '\w,[wцwptotJn,[_. 

3 ' 

lgf--1,83 · IO'D--,-T-,- Z'VГ (59) 
np1nh'l D-Ъ tniJf,J), '1-frtlhl/.mp/rl/_ '\щu1nш1nntЪL (, Т-'ь ршgшр&щl/_ 

,1_hpJи1и1n{I-G.wf,f!, f,ul/_ J_f, l"LJ-ntJP/r /rпLщl/_шf, ,.,_J'f, 1;, "f'l! "f'"l-
4._n<J 1; (1n•frиfr '\ш,[_щищрпulп,[_, 

183 



1�-
1 
"'Z'C 
.... 1 ! 

2 
(60) 

1.J.Ju '>шt/_шuшpn1Jblpf, Jb! Z-[! f,пЬf, l·fig.p'i., t, f,uft C-1t Ьрш ftnfi-
9И11npш9/11u'i,1 

/lpl,f,,,.,,l,'I.l! 1,_ fl1bppn,J[! q.шlч l,f,, "[' 

- fд f в 
JnK=lnJ\0+1g--,-,

1" 
(61) 

npmh'I_ К-Ь шpщqrr,fJJш'i., 1:шumшu,nibls (, Ко-Ь 1mLJ'i, "lbu, hp� 
fл=f в=ft'в=1, fд-Ъ, fв-'i.., fА

1
/Ь' '>шJш"lшmшиfиш'i,шршр /111,­

f,l,f'fi /,_ шf/.in/нf
.
ш9,f__шd" ftnJиub1щf, шftuif,,,[_п,P1шl, q.npdo.ш-ftf,9Hp'Ь И,, 

(S1) ,;щtf_шuшpnul[! шbqш'ff'/'lnt/_ (59 )-f, Jbt, ftшplчf, ( итш­
f�ш1, 

' ' 

=lgK,-1,83- JO'D --,-Т --,-IZA+Ze-(Zл +z, )'JVТ.

' ' 
lgK=lgK,+3,66· 10°D--,-Т -, Zл z, V-1, (62) 

Ql,f,Jшf/.шJf,Ь 7.hpJшuшf,bwfm,J (18-25°С) L. 1.['ШJf,1, Ln,d"ntJPn,J 
. (S2) {ша/_шиш•{"пulf,9 ft.umш94J,. 

!nK=lgK,+Z,Z, ·vT, (63) 

SшррЬр .,,buшft.f, f,пЬшftшЬ n.bшft9f,шfibpf, ,;шJшр lgK/ V[
ftшfu,[_шd"n,pJntЬ[! тш1/ш { "''lf"l чJ,d", uшftшJfi шшррЬр fJhprнP1n1Ъ­
Hpn•,[_, пр f/.шfui/__шd" ( Z1,,. ·Zв IU(IUIШ'ff'JШ,J,g {'l-д-• 73), ?/11т/_шд­
орf,f�ш1_шфrr1Р1п,f,И, ('f,9 2bq_n,J bftш1m/_nul !; JI,,} ftnЬ9bfi111rш9f,ш 
rr,f.tb9rr'I_ 1m.Jn11fJHrn1J1 -и.!'1- '1-/,'-'/.pn,J (SЗ) .t:шi/__шuшrnulp u111ш­
Ьrr,J !; ШJL и,/,ир. 

lgK-lgK,+aI, (64) 

1'rrft-Jп1Ьftnч фn,Juшq_qb9n,pJшf, J-шJшЬшf/_ '1-fimi/__rrul !; nulfi'l q.Jш­
Jf,f, ftшfui/__ш.Jл,P1п1f.t Шf''l-1,f, Ш('Ш'f-ntР,1шЬ 1шиmш·и,п,Ьf, l,_ f,rrftш­
ftшb n,d-f, Jfi!l,_• 

К=К,+Ы, (65) 

(64) 1,_ (65) .t:ш'4.шишrп,JUрп,J a-f, !,_ Ь-Ь !;J"lfirf,Ч .t:ши111ш­
mtrtf..Hp /,f,1 1'пf.tHpf, Jf,1_1,_ рЬрш9п'l zши, пЬшf/_9f,шЬlр шtl_Ьifr 
1шtl_ Ьbpшpft,f__niJ ЬЬ .t:Ь111/,_1ш1 .t:ш,f_шишрJшЬр. 
'" 

о,, 

•1""а:'----....о.-'-<,.-���,
-0,2

-0,lt

'1-,J.. 73. 

0,1 0,1 а.� 

q 

,-
[gl(/KQ ft.wf,,t/_шJ.nLp,,,,_.-,,

1!. }' 1-/,q """РР�Р 

... 1z,.,t.sP-.-,,�l'1' (.,,J,,,p. 

--s2щ-+2г =25Di-+12• Zл Zв """2, 
1-CH3CODC2H5-i он-=СНJСООН+С2Н,ОН, 

Zд.Zв=О, 
-у-2Н30+ +2Br-+H 302--4ti20+Br2, ZA Zв =-1 

vr lnK=lnK0 + ZдZв 
V 1 + 1

(66) 

1'rr'ьшftш'i., n,J-f, Ш'{_'f/,9п,fJ1п1fi[! nЬшft9f,шJf, шршqшfJ1шЬ '\ши­
цrш-111,нЬf, ,f__рш, f/_n1_,f_n,J !; Wl\cШff.wJ!it. wqwJl1Б. t:tiblpn: 

1.шJш,!шJЬ '1-Ршf,' шпш1_'ЬшJf,'Ь Ш'J.ШJf,Ь !;!f,hftшl! '\u,,f,'1-/,u !; 'f-Ш-
1f,u JfrшJf, ШJ'Ь 'fb"lpn,J, Ьрр nbшft9f,шf, u,bqf, п,Ьf, f,п&Ырf, Jf,yi,_, 
р&.,,_ npn,J f,пЬшf/_шЬ ntd-f, Jblш9nul[! Ь"lши111п1J !; шrrш'l-nt/JJшf, 
1,иишштп,Ьf, Jh,}-шgJшЬl!, Ьf!Ь f,п'Ь'ЬЬрf!_ Ьпч'Ь 1/is11& п,Нf,1 bph 
nhшftgf,шb l!fifJш&rr,J !; тш,rшf..мf, lfiSP ftrnq f,rr'isblpf, Jf,1_h, Ш'-'/ш 
1-f, Jh,}-ш-gJшf, '\/,и, Ш"flШ'l-ntPJш'Ь '\шumшmn,'i,{! фпр,rшЬщJ !;,

Uf,шmbuшf/_ lfi9pbpf, фnfuш'{_'fhgп,f/1шЬ J-шJш'isшft ,,.f,111'tl_ш,} ш­
'lшJJ,'Ь t!/>Ьftшl! ft_пz_tl_п,J t чrwtiwr., р'иq 111шrrш'isи,&'isbrf, 'l-ь"IP"'J' 
pшgw.uшljшf'.: 

l.J.пшiЬш1/if.t шqшJf,f, !;!f,bftml! Jшpnip 1/_f,blmf,чшftш'Ь чпр,}-п'Ь !; 
-Ь. ш,r111ш9nlnul !; f,nbшftшf, rruff, ш'ЬJf,1_шftшЬ шч.r,Ь9n1/JJntfi[! rr.bшft-
-9f,шJf, шpшq.n,fJJшf, 1шии,ши,,r,f,.f, ,{ршt 

Рш9f, '1-f'шbf,9, z_Ьч_пр ш'lb rrf!, n,r шi/__btшg,4._пul hf, 1п,.J,п1РН­
рf,Ь, ftшpn'l bl, l/,'l/,l ШJЬ fJniл !;1bftmpn1f,111f, 'JJtuпgJш'/J '\ш�/__шиш­
р'шft2пп,fJ1п1Ьр, npf, f,rrf.tЫp[! Jшu&шftgn,J /,f, rr.bшft9f,шJf,f.t1 ll1'1-
·"1/iипi/__, фпфnfuhtnif. f,rrf.t'Ьhpf, ftnЬ9ЬЬ111рш9f,шЬ ln,d"nLJ/Jn,J, 'Ьшh 
фпфп/и�/__п,J !; nbшft9,f,шJf, f!'i, '1'\ш'i.,n,(' ш,rшq.ntfJJtrtf..p, ll!'l- '1b"l­
pn,J mh'lf, !; п,Н&п,J ЬrljrnrqwJl1f. шqшJl1f. t�Ьljш: 

ll1u"lfiun,f__, шqшJf,'ь !;!f,Ьft111p ftnz_i/__п,J !; bpftpnp'fшJf,f,, Ьрр f,ff­
-Ъш-ftшi, niJ[! шq'!'nul !; nbшftgf,шJf, шpшqntf/Jшl, ,f_,rш, Ш'l_·'ll,i"i/

.

nbшq/,'i.,u,f, ftnЬ9bf,u,pш9f,шJf, ,f__рш: Uш '\hu,l,_шf.tp !; ШJf, ршЪf,, пр 
:.;__h q_n.p шq_Ь,rf, bl,rftш1п1fJ1шJp фпфпfи,f_п,J !; nbш'ffipn'I_ f!n,Jl !;1bftm-

l8' 



f"'lJ,inJ, 'lJ,un9,lш'fJ шuinJ,"l:шLf!, npj, '>binЬ-L.pn·,[ фпфr,Jи,[п,J f:
Lшl, n.bшq.j,pn'l J,,,.LJ, ЧnL9bLinpw9,f,wL, 

II, 1>U.SЩN>. 

1. �ъъ:u.ъn�r -.rn�si>ъьr

U1L bpЬ.nчfilf!, Ьрр п.ЬшЧеJ,пL '>шJш1,шрq.п,J ,npЬ.t L1п,fi1J, шп.--
1,ш4п,fi11п,Ll! шп.шу_ t 'pbpni . .J п.Ьш1,9J,ш4J, wpшq.n<PJwL фnфnfun,­
PJntL, f!'iJ.'1- npn,J щpngbuj, ,[bpr.niJ ШJ'f 'i,Jn<fJf! /lш'i,wЧwщb..­
JLnul 1; ш'i,флфп-.fи, �ntiJ..n1d � �wшwJ.liq: 

1'иЧ ШJL 'ь1n,Jlf!, Лf'f! щш1Jш'ьш,[nрп,J t 1,шшшt.J, '1.1!• 1,пz.,[п,J 
f �wmwJ.liqwmnr: 11:'1ш�пш1J,ч.в h tt:1,шinшtfi 'l.шu,np:,; '>lflи'1.ш9rнfi/1п1'ъ­
Lbpf! шn.шr.J,L шLq.шJ q.f,шn,P1шL Jl,y_ Ju,9pbf /; z,[b'lшgJ, /lf,JJ,1,nu 
Pbp9bt.J,n,ul! (1835), 

fflbin/l _t inwppbpbf '1-РшЧш'ь Ь. рш9шиш1,ш'i, Чш�пш1J,ч.ш�пnр'Ыр:· 
Ьfilh Чшinшtfi'l.winnpj, LЬрЧш1п,Р1шJр п.ЬшЧеJ,ш'ь шршq.шLп,J t, 
шщш ш1L 1,nz.,[nul t qrщ\w& �wmui1�qw111nr ЧшJ- n,'l'lшltJ,' �w­
шwi]iqwmnr, J,и-1, ЬрЬ 'Ьрш 'ЬЬр1,ш1п,fi11шJр п.ЬшЧ9J,ш'Ь 11-ш'ьqш'l_n,if" 
/;, шщш 'Ьш 1,п1_,[пul 1; pw9w,uw�w& �wmwtfiqwu-,nr ЧшJ �G.Бpp�­
mnr ( шpq.b1w1,J,2.)1 

Сш�п J.шI,ш.tif_ш,} (J,L'l-n,1,9,[шJ) n.bш1,9J,inJJЬpn,J' dw�шdn'l­
thrp. /,_ щntJ,JbpJшL zшш п.ЬшЧеJ,шLЬрп,J' 6wrщg�l_&.brp Lлч'ьщЬц 
Jши'Ьш1,gЬ[п,[ п.Ьш1,9,J,ш1J,'ь, J.blш9Ъn,J l,f, 'Ьрш шpшq.mfi/JntLf!, 
ишЧшJ'ь I,шиrшlfi'lwinnp'ьbpj,9 �пшрр.Ьр,[п,J bL 'Ьрш'ь'!,[, пр LpшL/l 

п.Ьш1,9J,ш1J, ,[bpr.n,J .ршLшI,шщЬи 2.Ь'ь щw<�ш'i,,[n,J, .pшL_J, Лff 
п.Ь.шI,9f,ш1J, f!'ЬPшe.pn,J J.wfuu,[n,J l,'i,, 

fl-Ь-w1,gj,ш Jj, шршq.п,р Jnt'Ьf! Чш inш1J,ч.шinnpj, �/ш и'ьшЧ9п,р JШJF· 
фпфпfи,[пul /;, npni/_-':/,u,/,_ 'Ьш фnfuш'l.'ll,l/n,filJwL Jby_ /; JшLn,J b1ш­
'ЬJntfiJ-bpj,9 nplJ; Jb1,J, '>bin, шп.ш1.ш9Ыfп,[ JJ,y_шLЧJшl ш'i,ЧшJп,L 
JJ,ш9ntfi/JntL {1,nJщtЬ/lи), прf! ШJ'Ьп,'>ЬшЬ. шрn'>,[п,J /; if_bPf'Ьш-­
ЪJntfiJ-ЬpJ,' Чш�пш1J, '1.ш�ппрj, ,[bpшJ-LmJn,[t UJ'l �пЬишЧЬшJ,9 Чшu,ш­
iftч.шиrnpf! LшЬ. 1,шрЬt.f, t '>шJшpl,f nрщЬи Jj, 'Ь1пifi/, "f'l! <шL 'l-J,uш­
'i,n,J 1; Ь.' nрщЬи blшL1n1fil, h 'nрщЬи if_bnLшL1n,fil, 

IJ.JL LJnifi/hpf!, npnL/l шп.ш'ЬЛJ,&, ,[Ьрgрш,} Чш�пшlf�'l.шu,пр'ЬЬр· 
z.h'Ь, рШ19 niJb'l_ш9'Ьnul l,f, Чшinшtfi'l.шinnpj, Ш'l_'7-l,9n,fi/1n,L[!, Чп1--
4tтul l,f, w�mp(mmnr&br ЧШ'J UJ.rndnшnrG.br: 

'1ш�пш1J,ч.,[ш.t n.bwI,9J,ш'Ьhpf! 1,n1_i/_nul l,f, �&fG.w�wmwllim��r 

hfilb l.'lш'ЬJntPJ, '>шJшр прщЬи ·1,шu,шlfi'l.шu,np .}шn.шinul /; шп.ш1.ш-
9ш.t 1,шJtтill ,[hpt_'ЬшL4mfilbpf,9 прЬ.t Jl,1,/! 1,шJ JJ,у_шLЧ4ш1 шп.шу_ш­
QШ,} LJntfi/f!t '1шu,шt_/, ч.шшпрLЬрj, <J,J'ьшЧш'Ь '>шшЧп,рJпt'ьр 'ьfUUL!Г 

lll'l.'11,B'"fillwf, Jиj,ич, · f!'ЬU1pt1'l_wЧшLn,fil1n,'ЬL /;, npL шn.ш,[Ьl 9шJ­
щл,L 1; JbpJb'ьin'i,l,pf, Jnint Uf,L.'ЬnчL 1,wшшlfi'lwu,npp 1.], 1,шрп'l_· 
Чш',,,ш1J,ч.Ь1 �пшррЬр р'ьnчРJ, п.Ьш1,9J,ш'ЬЬр1 Орj,'Ьш1,, CuO-L 1,ш-­
u,шtJur.n,J 1; Шlf,f,p111_LЬpj, ч,шqш!f,шч. Oj!иJ,.'1-шen,Jp Jj,Li_Ь. Шf.'1-b'>J,,,,,_J,, 
ршJ9 1}, 1,wpn'l_ 1,шиrш1J,ч.Ьt '>J,'1-f'n'l-bLw�ш'i, п.Ьш·Ч9J,ш1 Ni-{! 1,ш-
111шt.J,ч.п,J 1; ШJU if_bnJ,L '1-wuj, п.Ьш1,нJ,ш'ЬЬ-рр, рш19 Oj!UJ,'fшgп,J� 
2.J, I,шu,wl./-'l.ntJ, 

'1ш111ш1J,ч.ш111пр{, рLп,ршчрш1,ш'Ь '>шiпЧntfi/JntLf1l,pj,9 Jl,1,L ШJЬ. 
lii8 

t, "/1 'Ьш -':ш�/_шишр 1_шфп,[ t Jl,�шg'ьщJ Ь . .' nt'l_j,'1_, Ь.' '>шЧw'fшрd. 
п.ЬшЧgJ,ш'ЬЬрj, шpшr,.n,P1п1LLbpp• 1.Ь�пЬ.шршр, Чшиrш1J,ч.шиrnрр zJr
'1.шp.n'l_ u,1,'l:OzшpJl,l -':wi/_шuшr.wltzn.n,pJntLp, J,L1_щЬи 'ьшЬ. ш'ь/2"'Ьш­
рj,L' n.Ьш1,9-f,ш'ьЬрf! l.], '1.wpn'l_ '1-шрЛ'ьЬl <Lшрш,[nр, ШJи.j,L.pL' j,pш­
q.np.tbt.J,, 

lliuщ,J,un,[, Чшu,ш1J,qшinnpLbpf! п.Ьш1,9J,ш1J, JшJшLшЧ uinb'l­
dnul l,f, ЧrЧL,[11'1. g.J,1,1bp, wpn.Lgn.,J Чш�пшtf�ч.шиrnрр и1,wn,J 
Чши,,[п,J t ип,рuщршшj, '>hin, "f'l! ,[bpшJ-,[nul /; i/_bpy_LшLin,pj,, 
Чшшш[J,qшшпрf! ,[bpш.t'iJ.,[ntJ t, Lnpf,9 t 1,шщ,[п,J h ШJ,pS/l,u zui-· 
рw,LшЧ1 

Sшppbpn,J b.L l1шinш1/t'lf, Ьр1,1п '>f,J'ьш1,ш'ь и,/,цш1,' '>nJn'fl,f, 
{'>шJшиЬп.) L. J:;l,u,/,pn'fl,L (u�шршиЬп.)1 i/.bnJ,LJ,u '1-1, "ll",__J п.ЬшЧ­
gf,ш'ь p'ьfilшLn,J /; bpJ,nL !f,ш'l.bf'J, ршJш'ЬJш'Ь Jшч_bpbuf, i/_pшt 
1."J"'fl,f, ЧшиrшtJ,чJ, 'l-1,lll/l"ul filh' 1,шmшt.J,'l.ш111npf!, рЬ' п.Ьш1,вn'l 
Lin,filЬpf! q.шLi/_nul /,f, Lпч'Ь !f,wч.ni.J1 f!'Ь11-'>шLршщЬи, 1,шurw1J,u,J,lt 
nbшЧgJ,шJJ, шpш'fntPJn,L'i, пui/t'l '>шJhJшшш1,шL t 1,шuiш1J,ч.w­
шnp,f, Чп'Ь9Ь'Ьшрш9J,ш1J,'Ь, hph 1,шиrшt_/, ч_р '>nJ,r'fl,f, t 1,шJ 1,шшш-
1,f,шJ,lt JшЧЬрЬ.nчРJ, Jшlthpbuf,L, ьрь 1,шщш1J,ч.р {/,u,l,pn'fbf, t,, 

'1шиrwtf,qшшnpf, шч.'l-b9n,PJntLp 1,ш�ш'ьn,J /; Lpшf,n,J, nr. Lw 
ф"Jun,J /; п.Ьш'1.9J,ш1J, "''l'l"'filJntLp (JЬJиш'ЬJ,ч.Jр) ш�'ьщЬи, np ш­
ч.ш�п l;Lhpr,.f,шJJ, ш'i,.1,n,JL шi/_ht/t JI,,} tft'ьj,, �ш'i, ШJ'f u,l,'lf, ntLJ, 
1,шшшlft'l.шшпрj, рш9шЧшJntРJшJ.р. 1 [!L'I npnul, пЬш'1.9J,ш1J, шpш­
q.n,fJ-1w'ь Jb,}ш9nulp '>ш'!:ш/и 1,ш�пшр,[п,J t J, '>шzf,,[ ш1,иr.J,i/_шgJшL 
l;Lbp'ff,ШJf, 'i,, -,[шч.JшL ЧшJ 'Ьшfuwgw,gz.шJJ,L 'l-"f',}шЧe/t Jl,d-,ш9JшL, 
1,шJ t1 Jj,шJшJшLшЧ ЬрЧл, 'f"(',},,f,LJ.pf, '>шzif_J,L, Uful,JшщJ,Jn.pb'Ь 
,ШJ'l- 1,шph[J, t щшшЧЬршg'ЬЬt ШJUЩЬи. 

л+в"' C+D (ЛZ,,.�) 

A+K,"i АК (V,,V,) 
) (ЛZ )к. t-.. 

лк+в ':!. c+D+K(V.) 
е•, пrпнl (дz ..... )>(дZ;t--)• 

-,!., ..:1·Jl'"'JI> ,..,1...,"'l ... r-sr

"'l-d. 74. Uft.,,f,,[_иzgJш'f, tblp<ff,ШJf, 'f.,f_ш'(J..,f, g,нgщ,;­
l""'Jf' ftшmш1/rr1.шшn{'/• ЫrftшJ".JIJшJp, 



,пhир(! (qr}. 74), 9-r}ш'l-pf,9 hpUn,J 1;, пр z.1/.шinшl/r'l</_шr} n.hш'1_9f,ш1J, 
ш'1_J11f,</_шgJш'Ь t'Ьhp'l-f,ш'Ь t E.'i••' f,u'1_ '1_ш,пшlf,'l</_ш.};f,'Ь[!' Е�--,.. 
f!'Ь'1- прпиl Е, .... < Ен --' l.шJhJшinп,p1п1LLhpf! -G.f,zm h'Ь рь' 
hlш'Ь1п,рf,, рЬ' i/.hn.LшL1п,pf, .::шJшр1 РЬр</_шr} 'l-r}шq.J,f'l! </_bpшph­
pnul 1; ЦqпрЬрJ n.bш'1_9f,ш Lhpf,L1 l;'Ьq.n.phpJ n.bш%gf,ш'Ьbpf, q.b"l­
pn,J, {!'i,'1-,;ш'1_шn.шl/.{! E:i•w<f:\ .... -f,g, lJфn.f,i/_шg</_шr} '1_пJ"ilbp-­
uf, (AKJ '1_ш11п'Ьп,Р1n1'Ьf,9 '1_шfи</_шr} 'l-п1п1Р1п,'Ь п,'ЬН Ьр'1_п, ,;ъш­
рш</_пр '1_f,Hщf,ftш'1_шf, орf,'Ьш1.ш,f,п,Р1п1'ЬНрt 

ЬрЬ ш'1_�пf,,</_ш9</_шr} '1_nJ"ill'{!Uf, j!ШJf!ШJJш'Ь шрш'l-п,рр,,'Ь,f! 
zшin llJ·</_hLf, Jbl l; ш'1_�пf,-</_ш9</_шr} '1_пJ"ill,Puf, шп.ш2_ш9Jшf, шрш'l-п,­
Р1п1'Ь.f,9 (v2))v1J, Ш"iШ n.bш'1_9f,шJf, шpш'l-nLPJnL'i,(! n,qf,q .::шJЬJш­
�пшl/.ш'Ь 1; 1/.ш,nшlfi'l.шu,npf, l,_ n.bш'1_9nq 'Ь1n,pbpf, '1_п'ЬgЬ'i,�прш9f,ш­
'ЬЬрf,'Ь1 lls'1- ,,ь.,,,п,J, Jf,2_ш'Ь'1_JШL АК 'ЬJnLPf! Чп1.i/.nul }; «U.pb'Ьf,,нu,f, 
'1_nJ"(lhpu11, 

bph <ш'1_шп.щ%1! V-1»V2, Ш"iш ШJ'l- 11-h"il!"ul шJpnq1_ Jf,2_ш'Ь-­
ftJШL АК 'ЬJn,pl! шрш'l- ,f,nfuшp'1_</_n,J 1; </_Ьf'!.'Ьш'Ь1п1Рf,1 ll1u '1-l,"il!"'J 
n.b!:'1'1.9/iшJf, шpш,;n,P1n,Lf, ntqf,q .::шJЫштшl1ш'Ь t ШJ'Ь hlш'Ь1п,pf,­
ftn'Ь9l,'i,u,p.ш9f,ш1f,'Ь, "f'l! ftш,nщ'lJr'l.шu,npf, ':bin ,t, .. Juшq'1-bln1[, шn.ш-
1_ш9'Ьп1J 1; Jf,2_ш'Ь'1_1шl АК ftnJ"ilhpu(!/ S</_jШl '1-L "ipn,J Jf,2_ш'ЬftJшl 
АК LJnLPf! ftn·;_</_п,J t «</,ш'Ь,�п-1.'! !f,-f, ftnJuu Lpu)), 

2. 11-1>-J,U.!�IЛ.U.ЭN, �U.SЩ�� lП�un�Эf"\,b�П�U"

l.nJnq.h'Ь '1_шmш1f,iпf,ft n.hшftgf,шLhp[! ftшpb1f, 1; pшJш'i,hr 
p-p'iw.G.pd&.wJpr., ofup1pu--tJ.Ьrw�w&.qG.dwli ( "f'"il,u ftш,nшLf,qшmnp­
Lhp' ,f,n,f,nfuшftш'Ь шрJЬрш'1_ш'ЬтР1ш'Ь Jbmш'lf,n'ЬLhpf!), �nnrч-}1-
f.wgpn&. (np"ihu 1/.шmшlfi'l.шinnpHp ftшpn'l Ь'Ь 1fiH1 '1_,,.J"IJbpu Jf,ш-
9n,p1n,'ЬHpf!), q:wqw:}wq 6.ш!пqЬ& (1/.шinшlfi'l.ш"'npHp' pf,Jf,ш"ib,г 
ш'1_тf,</_ q.шqhp, opf,Lш'1_, N02, Br2 l,_ шu'Ь) l,_ :}ЬrdЬ&.шwmP'i: llJ'1-
pшJш'Ьnull! ишftш1'Ь Juf,uu, "iШJJшLш'1_шL l;t 

lln.°'w,t_hl ':h,nШf!f'ppn,f}Jnt'Ь l,'fi 'ЬЬр'1_ш1ш9Lп,J рр,[ш-{f,J'Ьш1f,'Ь· 
l,_ !J,hpJЬ'Ьu,шu,f,i/. ftшmш1f,111/,% n.bш'1_gf,шLhp[!1 

./J'Ь'Ьшр'1_h'i,р PPi/.ш-{f,J'ЬшJf,'i, '1_шinшlf,'l.f, Jf, pш'i,f, орf,Lш1.,ш­
,f,п,р1п1'ЬLhр, 

ЬрЬ PPi/.шJf,'Ь ftшmшlfi'l.l! "iш!Jш'Ьш</_пр</_шr} l; Н+ ftшJ НзО+ 
f,п'Ьп</_, f,uft .t;f,J��ш1f,'Ь,f! ОН- f,n Lп·</_, ш"iш ШJ'1-"lfiuf, '1_ш�пш1f,q'Ь шL­
</_шLnul h'Ь 'Ьшl,_ utlfЪ gp:pp� (6шmщ�) �wmwU1q: 

Р.рп,'ЬЬр.f, '1_шiпш1f,iпf,ft шqq.hgn,P1п1'Ь[! "iшJJш'Ьш</_пр</_шr} /; 
LршLп</_, пр h1ш'Ь1п1рЬрf,9 Jbftl! {ш L,.,f,иш'Ьш1п</_ '>f,Jp, ftшшш1f,q­
</_nq PPi/.f,9 "lpninn'Ь l; </_bpgLn,J l,_ </_Ьршr}</_п,J ш</_btf, n.bшftgf,n'Ь 
f!L'1-n,'Ьшft 1l.""l"P'1-i/.шJ- РР•/111 

Р.р</_ш1f,'Ь ftш111ш1f,qf, JшJш'Ьшft шpш'l-ntPJntL{! npnznq ,f,n•tf!· 
'>ш'Ь'1-f,иш'Ьп,J 1; ш'1_mf,,/ Jf,1ш'Ьft1ш1 L1n1pp' </_Ьр2_Lш'Ь1п,рf, ,f,пfишрf[-
Jш'Ь n.hшftgf,ш'Ь, Ь1'ЬЬ1п</_ .t;/,,nl,_JШf .t;ш</_шишршftzn.п1Р1п,'Ьf,9' 

А+ НзОt- �АН++ Н2 О, '1_шpbff, 1; npnzht Jf,1_ш</_шJpf, Рt!Р--
�/.ш1'Ьп,р1п1'Ьр pLnpnznq 1.шJhinf, Н0 !J,n,'i,'1_gf,ш'Ь, 

l/f,pшn.h1п</_ LhpqnpJ-nq qш'Ь'l-</_шr}Lhpf, opbLp[! , ftuinш Lш'Ьp,-
'" 

к 
алн·ан�о 

в= , 

аА •ан,о+ 
(66) 

npinhq a-L '>�шJш.,,ши,шиfишL '1_пJ"in'i,l,'i,u,f, шfturf,</_n,P1n1'i,f, t, К в 

-L А h[Ш'i,Jnt.Pf, .t;f,,J'Ьш1'Ьп,р1шL .t;шuu,шurп,'i,f,_ t, l.шz'4.J, шn.'Ьhtni/.,
"1' 8л11+=fлн+·[АН+] 4 .Зл =fл ·{AJ, npmhq Jf,2_шft ,f,шftш,/J-п,[__ 
шр�пш{ш·1m,[шJ- h'Ь Jпuшр '1_п'Ьgh'Ь�прш9f,шЬl1р[!, f,u'1_ f-l! ш'1_�пf,</_п,­
Р1ш'i, 9npJ-шftf,9L t, ftшpnq Ь'ЬI! wht' 

t.zш'Ьшfth'Ьj!' 

fAH+J =К в
2!!_1о+ ·fл 

, {67} 
(А] ан,о-fАн+ 

ho 
ан,о+ ·fA ,

(6S) 
ан�о·fл1J+ 

U.1uurhq fл/fлн+ {шршрЬрл1РJпt'Ь[! ,;щJшрJш '1_шfи</_шr} z.t '>f,Jpf, 
p'i,nчPJ,s l,_ .t;шuи,ш,пп,f, 1;, .t;/,,пl,_шршр hо-'Ь ,f,шии,прЬ'Ь пpnz</_п,J t 
,JJ,ш1L Jf,1_ш</_шшf, '>ш111'1_п,J11ш·J,р, ш1иf,'Ьj!'Ь,' f,Luшis JM 1; 
(AH+J/fAJ �шршрЬрп,р,п,'Ь[! , шs'Ьрш'Ь Jhr} 1; hо-'Ь, l,_ n,Jbq t 
"ipninr,'Ь '1_ш"i"'l '>f,Jp(! (А), 

ll1u"i,Jrun,,J_, ho JЫntPJnLLf! pLni.pш'l-f'"ul l; Jf,!._ш</_ш1pf, "if'"­
inn'Ь UIШ[nt. l!'i,'1-ni.'Ьшftn•PJnLL(! l,_ q.рш -\шJшр ии,ш9lч 1; dPrw'iwJф 
pp'imJ&.ntpJnLli ш'Ьп,'Ь[!, пр(! npnz</_n,J l; .t;hu,l,_Jшl .t;ш</_шишрп,­
Jп.</_. 

Кв Ь0 

[АН+) 
--:-[ А

,-;

)- ' 
(69} 

t.nup 1_pш1f,'i, l"'J-nчPLhpnLJ. 8 н20 � 1, f,\ :::-fлн + := 1, J,иt 
ан3о+=rн�о + J, 1:1,и,l,_шршр' (68) .t;щ</_шишрп,Jf,9 ftuinшg</_J,, 

h,-JH,O+J, (70) 
U.1uf,LpL, 'Ьпир !._pшJf,L ln,J-nчPf, pp,[шJ'i,n•PJnLL(! .t;ш</_шишр }; 
!.l'шr}'Ьf, f,n'Ьf, ftn'Ь9l,f,u,pшgf,ш1f,'Ь, П,Jl,q ppn,Lhpf, fuf,ur ln,d-nчP­
Lhpf, 11-b"il!"'J Jf,2_ш</_ш1pf, РР�/.ш1Ъп1Р1nt'Ь[! p'i,ni.pшqpl'lni. '>шJш,r 
pH-,f, ,f,пfишрЬ'Ь rщш</_п,J l,'i, pp-'iwJ&.nlpJwf. :}n1&.�9pшJp9, "f'l! 
J,пgpbf t l.шJbin/! (1932) l,_ ftnz.,J_n,J f 'Ьшl,_ LшJb,nf, Но !J,n,'i,ftgf,шt 

н0--Igh0, (71) 

l/ш111ш1,f,mf,ft n.bшftgf,шJf, 'l-nLJшpшJ,Jr'Ь шpш'l-ntPJшL {ши�пш­
шп,'Ьf, l"'l-шpf,pJ[! 'l-дошJf,'Ь f[шfuJшL Jl,1_ t 1.шJhu,f, !f,-n,'i,ft9f,шJf,9� 

lgK, •. ,=lgK,-H0, (72) 

llJи"if,un</_, PPi/.ш-{f,J'ЬшJf,'Ь ftшu,шLf,q[! ftшpbtf, 1; f,pшf[ш'Ьш9-
'i,l,l {hu,l,_JШL hphp rll,_n</_. ш) u"ih9f,!f,-f,ft рр,[ш-'>f,J'Ьш1f,'Ь f[шurш­
Lfi'l. (Jf,ш1'Ь H30+-f, ftшJ он�-f, шq11-Ьgп,р1шJр), р) f!'Ь11- .t;ш'Ьпtр 
рр,J_ш-'>f,J'Ьш1f,'Ь ftшinшff,'l_, np"ibu ftшinшff,q_шurr,p ftшpnq h'i, .t;щ'Ь-
11-Ьи q.ш1 "if'"UlшLf, gш'Ьf[шgшr} '1-п'Ьлр ftшJ ш'1_gh"iu,np ( pшgf, Нз()+ 

, .. 



1,_ он-- l!_n'i/hbrf,o), nrnЬ1 PrbЬuurb'fi, PPni ЧшJ t:f,J1 l,f,, ОрJ,ЬшЧ, 
рр,,,.ьь,.• НС!, NH4+, Н20, ROH, t:f,J1br' NH3, Н20, Cl�,
Ro-, ч-) f;LЫ11nrn!f>f,L.ш1f,Ь {ЧшJЛ,Ш'Lfi'lw,nnpЬbr Ы, (JlfLu,f,uf, "'""i" 
JАРпtЫ1р1!· AlBrз, АIС!з , SnCl 4) k Ьnt/tLbn!f,f,tш1J,Ь Чш"'шLJ.'l(Чш­
urшlJ,·'lш1nпr Ы, '\wf,,'fl,uшLntJ {Jntf,иJшf, 1nJ, "i-J, ,Ч,J1brl!' tf_Ы,u.rn-
·'&шJ,J,Ь 'l"Ч'N' 11п·LлrLbr)1

ьрь Чши,шtftи,f,Ч 11.ЬшЧsf,ш1.J,'ь Jf,шJшJшLшЧ Jши'i,шЧsпu! ьь
PpbЬuu,l, '1JW'f, u,J,"if, рр,п l,_ '\f,J1, ШUfШ ШJ'1"if,uJ, /twu,wlf,111f,/t 
r1_/нu/tgf,ш'i, /tnz_,[_,пJ f; pliч--fiщliotr p-p--l_w-Б.pd&oiJ-fili �wmwJim.\i� 
nhw.�gpw, f,иЧ ьрь ,JшиЬш/tgnLJ l,'i, {Jntf,uf, fJPnt t, t:J,J1, iUUfШ' 
l;LЬ�шrn:t,plшJPli-kщ�lЬo:t,plщJpr. �wшw1}11np� nЬш�gpmr.hr: hflb 
Ш'J'1 Р"l"Г'·{! '\wJu,u,l,,z b'f, f,рш•/tшЬш9'i,пu/ Чшшw1f,q_{! , Ш'"fШ Чш-
1nш1/rчJ, ШJ'1Uff,uf, J/,j,,щ1'i,ftq_J{! /tnz_,[nLJ f; U{lltZUJ.DtlЩ�p!i: 

з. �ь�u-ы,su.s�,i_ �usщ�ц 

:t.ЬrdЬliшkЬr ЧшJ t;liq}н.llihr ьь Чп1.�/_пu! чы,ишрш'ьшЧш'ь �w­
mwt:liqwwnrlihrp, nrn'i,9 09-'i,nLp4шJp ЧЬ'ь11ш'i,f, orч-ш'ьf,q_Jn,.J ,1nbqf, 
/,f, nL'i,l,'i,niJ 'i,J'пРшфпf,lшЬш/tпчJ4шЬ JшJшЬшЧ /twu,шr,f_nq_ ЧЬ'ьиш­
,J,Jf,шЧш'i, фnfuшp/tiпJ'i,bpl!: 

:ЬbpJ/,'i,u,'i,b('{! Jbl Jп1ЬЧпчш1f,L Чzпrr,f_ (104 -107) h nrnzшЧf, 
urшrшd-w/tшL Чшпп,9,f_шd-рп,[_ ии,f,111w/tnt9Lbr {и,rnu,bf,'i,Ьbr), ш1-
иf,Ь1'f,' "i"lf,"ib"i111f,'1-f,l,(' ЬЬ1 'ьршЬ9 '\шJшr '\шu,nt/t f; wq_11b9ni­
p 4ш't, J bl {!'i,,п('п,zшЧш'ьntР J"Lf,{! { иl1tb/turf,,[_ m/J J"L'i,{! )1 'ьрш'ь1 шЧ­
m{t,[_ Ы, Jf,ш1L nrkt Чп'ь/tрЬиr Uff'"!ll,uf, ЧшJ 'ilJntpf, {иn,pumrшurf,) 
ЪЧшиrJшJр1 /J'l,l,_ !f,b"Jb't,m't,brl! pшrArшJnlbЧnчшJf,'i, Jf,ш9nt­
PJnLЬ'i,l,p b'i,, ш1ЬпLшJhЬш1Ь.J,,[_ !f,hpJb'i,111Lbpf, /tшurw,J,urf,/t шЧиrf,­
i/_nLPJnLЬ{! Ufllll'JJщf,ш,[_np,[_шJ- f;wJ'1 '\и/tш Jnth/tnчnu! 9-nJnLfJJn,'i, n,-
1,1,f/nq шшnJ'i,bpf, nrnzшЧf, f,IJpш,f_nrn,J'i,l,('rr,[_, npn'i,p /to1.,f_nu! Ы, 
w�шр-1_ �Ь&LDrnlilihr: 

3,/,pJ/,'i,u,ш,nf,,f_ Uf('"!/J,uf,l,('{! 'l__ШU, рш/''1- /,f, l,_ '1-/,,r.l,_u lf'f,i/_ U'
рш9ш'\ш11n�/_ш� ЬршЬ9 Jbf,lш'i,f,q_J{!t Uш/tшJ'i, фпrАЬш/tш'ь ur4.Jш1-
f,/,p{! 9оч9 l,'i, шшtf,и, nr ШJ'I- и,pnghu'i,l,pf! РШ"'l/tш9ш� l,'i, 2шиr 
,f,nt[bpf,9, qq.1111п,'i, l,f, pH-.f, 1,. 1_ЬrJши111f,С.ш'ьf, фnфnf,ln<PJnt'i,'i,hpf, 
Ь/tшиrJшJр, f;шт фпрр шpJJ,l'i,J,f' n,'t,l,'i, !f,hpJbЬurшur,f,,f_ и,pnghu­
blpf, ш/t1nf,i/.w9Jw'i, tЬbpq.f,ш'ьhrl!' 20-80 �fDDltldnt, '\шJhJшu,шJ, 
«-Jnqb[ШJf,Ь» !f,bpJl,'i, u,шurf,,[_ n.bш·/t9f,wftbpf, шЧиrf,,[шgJщ'f, f;'i,hp­
lff,ш'i,bpf, '\Ьи,, nrnftp 4-5 ш'i,qшJ Jbl шрJЬр n,'i,J,'i,, IJ.rш "iшur­
G.шn.{! 'i,пч'ь"iЬи UfШрч_ 1.f;1 ,J,hp{! Ъz,f_ш� шЧиrf,,[_ Чh'ьиrрпЬЬhрf, ,,ь,./! 
!f,brJh'i,m'i,bpJ, JJ,1_ /tшpn,z l,f, Чшиr,urht :f,ЬpJhЬurf, /tn,zJ'i,wJf,'i, l{!fl_­
PwJf, шJf,'i,,ufJfJn,Lbp[!, w·Jf,,puJf,'i, f,1.Jpl,('l! • f,Ь1."ibu 'i,wh npnz 
Ufpnumbmf,/t fuJphp, пrпЬ1 шJnip Jf,wgшJ- b'i, ""if,urw/tnч1f, ,;J,ur, 
pшJfJ ,uJf,LшfJfJi/.ш1f,Ь p'ьn,!fl z_п,WЬ h шftJJ,1.ш"ihu Jшu'i,ш/t9nu! 
1,1, Чшшш1f,mf,Ч фпfишр/tJшl, фпчf,Ь1 f;шur uи,f,urш/tni9Ьbpf, pш­
'l_Ш'l-fn.tPJщ'i, JJ,1_, прп11 рр,[_ш�f,Ь фnf,lwL9n'l_Ьhp b'i, {Jf,nq.lnpf,'i,, 
,;J,Jtllfl"l'f,L), f,'i,lи,bu 'i,u.,h 01uJ,'1-w!/Jwf, nhw/t9f,w'i,b('{! ЧшJ "ibp­
opuf,111.bpf, 1ш1рш1пu!/! /tш111ш1fi'l.'"L zш,п !f,hpJb'i,ur1.brf, Jb1_ "('"ibn 
"il'""mbшf,Ч funul,p d-wruu1nul f; ,;J,JbpJ,шfJши,np:f,f,pf,'i,wJf,ft ЧпJ"i­
Lb/!u{!t Uи ЧnJ"i1b1ul! q_ь"91h1ni/. 'i,bpz'ь1.шd- Jп1ЬЧпчШ'Jf,'& pp,f_w·�f,-
1.t, Ьрш1. i/_hr f; шJ-nul шurnJwr pp,f_шJ-Ьf,1 ,J,hp1_f,Ьu шпшЬ Jhr 
100 

сн, сн, 
1 

,н, 
со,н 

:ЬbpJhLшшurf,,[_ nhш/t9f,шLhp,f, шpшlfntfJJntft{! l!'i,'1-,;w'i,ши,hu nL­
qf,q_ ,;щJblwшш/t,u,L ./; :/,ЬrJb'i,u,f, /tn'ьgh1.urrш9f,шJf, шпш1_f,'i, шu111f,­
-Gш'i,J,ft1 З.ЬrJh&mliЬrp �wшшtliшP� UI�mp-l_щp-Jnt&p rrpnz,[_niJ f; 1 
f'""ibnul 1 Jп1 {ЧшJ 1 JпlЬЧпч) :f,hrJb'i,urJ, шq_11b9n,fliwJp фn­
f,lшp/tJш'i, bЬfJшr/t,f_шd- rr.bш/tgn'l 'i,tntf}f, {ип,ри,врш,вf,) Jnthp{t 
(ЧшJ Jп1ЬЧпч'ьhрf,) 1шЪш/t/!1 

:ЬЬ"Jbf,u,f,l,('f, 1,шшшtf,иrf,Ч wq_'l-b9ntfJJn<LI! Jl,J, JшишJр Чш"i­
,f_шJ- f; :f,bpJh'i,111-un,puurpшur Jf,1_w'ь/t1шl /tnJ"flb1uf, шпш1_ш9Jш'i, 
,;1,111, '"l'l! ш,J'i,ni.::b111,l, фnfuwp/ti/_лul f; ,f_h/'1.ЬшL1n•Pf, {!UIR ,;l,щhJшl 
uf,ll,JшJf,, · , · 

к, к. 
E+S;::, ES, ES- Е+Р, 

х, (73) 

U.1u"'l,'l E-'i, !f,ЬrJb'i,,nf, f; (l;Lq_f,J{!), S-{! ип,рии,рш111{!, P-'i, ,[_bnLш­
'i,Jntf}{!, ES-{! f;ЬчJ,Jf, un,puu.pш111/r ,;J,u, шпш1_ш9rшd- Jf,1_ш'i,ЧJшl 
/trrJ"ilhpиЬ f;t 

'1f,pшrr.hln,f_ /t,f_шчJ,uшwgf,n'i,шp /tп'ь9Ь'ь1nрш9f,шJf, Jl,fJn'I-/!, 
Чииrш9,f}. 

K,fEl(S)- K,IES)-K,IES)-0, (74) 

llшЬf, пр l'ь'lf,Jr Jzшш"ibu q.щ'i,,[_nul t Чш'J wq_шur ,f}'Gш/tniJ (Е), 
/tш'J /tJU"i,f_шd- ЧпJи,1Ьриf, Ahn,f_ {ES), ШUfШ f;'i,qj,Jf, l!'i,'1',ш'ьnt(' 

Чп'i,9h'ьиrрш9f,шl,' {Ео}, ,;ш,[_шишр /tif,'i,jr 'Н'ш'i,g q.n,Jшpf,'i,, 

S[EJ,-IE)+{Ff, (75) 
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Лрп·zlчп-�/. {Е}-ъ l, UJliff_Ш'[-{'J.Lni/. (74)-nu!, lf.uu,wg,[J,. 

К,{! E]0 -[ES] }[ S J -(K,+K,)IES]�, (76) 

.npwb'l_f,9' 

[ES]= K,[E],[S] (77) 
к,+к,к,1s1 

Ч,bp{i,w'i,1n,fJhp,f, wnw1_w9Jw'i, пМ1.ш9f,шJf, wpwq.rпfJ1w'i, '\ш­
-i/_wuwpJw'i, Jl,1_ u, b'l.w'l-f'l,Lni/. {ES}-f, шрJЬ�[!, '1_ии,ш9,[j,. 

v-к,[ES] = K,K,[E],[S]
к,+к,+к,1s1 

V= K,[E],[S 1 , 
Km+ISJ 

K,JE],JS J 
к,+к, 

+1s1
к, 

(78)

-trp1t1b 'I_ K m= к?�к� Чn1_i/_n,J t llf,Juwt1f,uf, '\шшпштп,Ъ, f,иЧ Кз-е

i/_bp!_'i,w'i,Jntf}f, wnw1_w9Jw'i, wpwq.п,fJ1w'i, '\wuu,w111иL'i,'i, (1 

(78) '\ш�/_шишрпu!е u111w9hl l,'i, llf,Juw(t:f,up h lfi,'i,u,/,'i,l! (1913)
.k '1_п1_i/_nul t 'i,pw'i,9 шЪп,Ъп�/_' lf�J:uщ\;tliu-lfbl11nЬl'ф .G.щiJ.щuwrnid, 

:f,hpJh'i,щwu,f,i/_ 11_штшtf,'lfs wJb'i,ш'\f,J'i,ш1i_ш'i, '\ш�/_шишрп,J'i, {, U.!'1: 

_'\wi/_wuwpn,Jf,9 '\l,mlz.n,J (, пр hfJh (S]«Km-/t!J, ШU[Ш f!llUI 

un,pumpwu,f, uu,,ur9i/_n,J { шпш1_f,Ъ 1i_шpq.f, 1i_f,'i,hu,f,1i_шJrшЪ '\шi/_ш­
uшpntJ, 

V= К, [E]0[S], 
к. 

DJnLи Чn'lJf,9, hfll, [S}))Km -1'9• шщш uu,шgi/_л,J 

l!u;u,pщ111,f, 'l.f'" Jrwrqj, '\ш�/_wишрл,J. 

V=K,[EJ0, 

{78)-f,g '\/,u,l,n,J t, пр hpp [SJ----,.oo, ШUJ."' \/-V� 
,. 

V-�--------::,,-----

1 

o'-----------,sl 

(79) 

(80) 
(q.д', 75)1 

'1-cl-. '/5, 1;1,.,_pJ,.,[ �шu,шlf'l.,[шd п.ЬшlшРшf,Ьf'Р шршч-n.Р1шh �ш}<,,[шсl-п,.Р1п,f,1! 
un,puшrшmp �nhgbl,mpшgfшspg, 

,., 

lb1nbpn q.b'i, 1i_wu,шlf,'lf, 1:f,JЪшJrш'i, шnшЬlЪш'\ши,'1_п,р1п,Ър 
Чш1шЪпLJ { ЪршЪ,нJ, пр nbwJrgf,ш'i, u,/,'l.f, n,f,f, !ршч_Ьрf, pшJwL­

Jш'i, JшJrbrhuf,'i, (щf,I, '1 l1Ши,ш1f,ч_штпр'i,/, {'f, '11,"ll!'"J' ЪршЪg Jш­
ltbpbиf, <[рш), ll.J'f f,и11_ щшт-&.шnп�/_ '\/,u,l,pnq.b'i, 1i_шu,шt,f,'lf, wrшq.n,­
fJJnL'i,(! Juf,nu, 1i_bpщni/_ Чшfu,[ш,} { 1i_шu,шlf,чшmnpf, Jш1l_l,rbuf, JJ,_ 
,}п,PJ1n'i,f,9, Ърш ш1l_u,f,i/_11,pl'н'i,f,9, Jrwmшrf,qi/.n'l 'isJn,flf, ш11unrp­
i/_btn, n,'isш1i_n,p1п,Ъf,9, 1hpJшumf,-&.шf,f,9 l, шu'is: 

rfшJш'isш1i_ш11_ .f,g /!f,Jf,ш1i_ш'i, Шf''fJ"''iswpb[!n,[11шЪ J/,1_ '\/,,л/,рл­
'l-1,'i, l1wmшtf,'l.I' zши, Jrшrlz.np ЪzшЪш11_п,рJп,'i, mЪf, l,_ /!f,Jf,шlf.ш'i, 
1.Jn,fJ/,pf, шpmШ'ff''"PJшf, Jnu, 70 mп11_пие f,pwlf.ш1,wgi/_n,J b'i, ,;1,_ 
шbrrnq.b'i, 1i_шu,шlf,u,f,11_ nbш1i_9f,ш'i,l,pni/_ (.}blpwlf.ш'is f}fli/_f,, wJn'isf,щ­
Jrf,, W'l_nu,ш1i_ш'i, PfJi/.f,, opq.ш'i,ш1i_w'i, l, щ'i,"Г''l:w'i,шJrw'iJ 2шт 'i,!n,­
pLp.f, Шf'UIШ"f-f'"'P1ni'is[!, Ъш�/..Рf, 1l_ph1l_f,'is q.[! 1, шпЪ), 

l,Lp1l_ш1п,Ju <:шииниm�/_ш,} t, пр щf,'i, '1 Ъ1шflbpf, 1i_шu,wlf,mf,11_­
wqr1b9п,fJ1пt'is[! шпш'1_f,'i, '\brfJf,'is щш1Jш'i,ш�/_пр�/_ш,} f; '!tрш Jw11_b­
pbuf,1, h.7.1n,} w�mpiJ. �ЪG.mгn&.G.bгp wnlf.w1n•fJJwJf' , nrrпЪg <:Ьт 
4'пJuшч.'1Ьlп�/. nbш1i_9n'l_ Ъ1п1fJbp'is ш1i_mf,i/_ш'isn,J b'i, l, '\bzu,n,fl1шJp 
i/_bpш,},j_nul l,'i, i/_hf'l_'isш'is1п,flbpf,1 P'isw1i_шf, (, "f' nlнu'1b'ismf, ш1l_u,f,­
,f_ш9n,Jl! щш1JшЪш�/_пр�/_ш,} { 'i,pш'isni/_, "f' 1,щ w11unppi/_n,J f; lf.ш­
UIШ[.f,qwu,npf, Jш1l_brhuf, �/_рш1 U.J'1 щwm-S.umni/_ /;[ lf.шu,шl,f,u,f,4 
nbwl{!Jf,ШJf, шршq.п,f11п,'i,'i, n,'lf,'l. '\шJЬJштш1i_ш'i, { ш'l-илрр�/_шд' 
1,JЛLfJf, f!Ш'i,w1i_f,'is, U. '1u"f'['i/.ш.} 1шЪш/1'i, n,,zf,'l. ',щJl,Jщu,шlf.ш'is f; 
w'1""f'f'/,'i,u,f, (1i_шu,шlf, 'l.wu,npf,} JwJrbphиf,'i,, l.i,u,l,щpшp, f,Ъuш'is 
Jl,,} 1f,'isf, щf,'is'I 11_ши,щlf, ч_ши,прf, Jш'ispшgJш'i, шии,f,-&.ш'i,{! {'1f,u-
4l{l, f'ui/_w.}п,p1ш'is шumf,-&.ш'isf!), ш1'is11wf, Jbl lf.tf,f,f, шlf.u,f,i/_ J,и11_Ьрhпе 
l, ,ГЬ,1 lttf,Ъf, 1i_шu,wlf,mf,11_ nbшJr9f,ш1f, шpw'!:n,fJ1n,'i,p, /Jwu,шl/t'l.w­
m"('f, ш1i_u,f,i/_n,fJJЛL'i,f! 1i_шрп11 f; e'is.ч_'isb[, f,f11щbu 1i_шu,ш1f,qшu,npf, !f,f­
q_f,1i_ш1i_щ'i, Jwzi/_ш.}п,fl,1ш'is, ШJЪщЬи /;[ �wmш1pmp� JЭ-Dl,Jlibrp шq'1Ь-
9п,fJ.1шЪ --';l,u,l,щ'E,pni/_1 f>иJr ШJ'is 'isJл,fJbp[!, npn'i,-1' шi/_htш,q'isb:ni 11bщ­
pn,J Jb,}ш'i,n,J f; 11_ши,шlf, ч_ши,прf, шlf.u,f,i/_n,P1rн'!t [! , l1п:_,fn,J Ь1, 
11J.rndn111nr&.br 11_шJ ш�m��шuinrG.Ьr: 

Z.Ьutbpn'1h'i, 1i_шu,шlf,'lf, ilhpшf'hf'JШl ' q.n1ncP!n,1, ncbl'i, J,f, pш­
'isf, u,/,nл,fJ1nL'is'ishp1 Ч.hre Ъzi/_w,} wJru,fн/_ �Ь&шrr1.&r.ьгр шbun1p-,1n1li11 
u,sf.l,l f; fl'bдnp[! (1926)1 lf1пш u,/,nЛLfJJn,'is'i,l,p'i, b'i,' Pш1ш'is ,.,_f,'i,f, 
{1929) ifDlJlllPuнЬm&Ьrp /� IJnpnql,f, (1939) ш�щ�� wG.nшdptf.Ьrp 
�Ьuщррн&&.Ьг11: llnчu,f,u11bu,'i,l,pf, mbun,fl!ш'is f,Jшum{! l!'"Jшfmuf {
'ispш'i,n,J, пр UJ/t'is? 1s1п,pbpf' lf.шpn'f l,'i, tf,'isLl wJru,f,i/_ l1wu,шlfi,lШ­
шnf''i,l,p, bflb 'ispw'is9 Jш11_l,pbuf, ,fрш q.n1п1fJ1n,'i, n,bl'isш1, ш4mf,i/_ 
Ц/,'i,u,pnf,'isl,p' 'is_rn,flf, PJ"'f'h 'l_=jf,'i, ,qш'isнпиf npnzwlf.f, Ьр11_ршlш,f,ш-
11_ш'i, щшu,lf.brn,J, npn'i,/! /lf,Jf,шJrш'is Чш'-'{ шn.wzш9'ish'is nbшlf..чn,z 
,1,циЪf,11_1,Ьрf, t;bm, hf/b Ърш'isр 'isп,.1Ъщ!.и IJшmш1f,qшmпrf, Jпч-· 
u1f,щ1bm'isLrf,'is LJщ'is 1i_шnn,9i/_wJ/! n,1,b'is, 

1' u,wpphpn,f11n,'is Jпчи,f,щ[ЬтЫ,рf, mhuп,f11ш'is, IJnrnqlz.f, ш1.­
ишJр[ЪЬрf, и1hип,(/1лtЪр Ъ11_ши,f, n,'i,f, ш.iI, <:'isшpшt/_nrп,[11n1'isp, пр 
iи1i_u,f,i/_ 11_1,'i,u,{'nf,'i,l,f' 1i_mpn'f_ /,'i, 1/t'isЬL п� J'f,=/1 щ/,Ъ11 lf.шu,u'lf,­
ч_ш1nnpf, f!"'f'l,'l щ!f,'is 9шЪ9{! 1i_ш'l.Jлr1 Jшu'isf,1i_'isbp[!, WJl 1,wlz. Jb­
UIW'[шJrшf, 1i_ши,ш1f,ч_ши,п{'f, шnш'isd.f,f,-wn1n'is&f,t j,,Jpbf" U.111щf,u.f, 
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i 

wltиrfн/_ шmnJ'i,hp'i, f,ршр <hm шпш1.ш9'Ьп1_J lй, ш'ьишJр(Ьhр' }upJ­
phf', npn'ilj! <шJшU1h'l_ Чщmшlfi'ln'-J И, пhшft9/11u'i,, 

9-niniPJnLL n1_'i,f, Lшl, <bmbpnq.h'i, ftwmlU[f,qf, l.;1Ь�шrn&.w]p.r. 
tnbUDlfJDl&.: 

f!иm ШJ'I 111hu,11fJ1ш'it Чшm,u1f,qшmnpf, JwЧbrhuf,'i, q.m'fн/_n'l JJ,_ 
rnw11.f, шmnJ'i,hpp ftшpn'l. l,'iJ ltnp9'ithl ftшJ J./,'Ч! phpbl fLhltmpn'ь l,_ 
ШJ'f-Uff,un1/_ 1f,9pшi/_np,f_h11 llшftbrbnf,'it шпщ1_ш9щd- Чшшf,пLLЬрр· 
lfшpnrr_ И. ftштич/11п,J,Ч шft1n/11/_n1_f}Jn'-'i, 9n1_9шphpl'l ftшmш1J,qшmnpf,-· 
Jшftbphuf,L Ш'fилрр,f_шd- nhшft9n·'l LJ"'-fJbf'f, 'ьftшmJшJp, 

'l,tflJolo Bni)-bPЛP'} 

11'1lч1>P1>U1l6�'i, l;Pl;,J.П�61i>'i,l;P l;,J. 11'1-UПГl'B�ll 

1. sьuu.чu.ru.r ll'U.чъrъu ъ,�_ 1ru.чъrьuu.в�1, t1.ъr��u.

lf шfth рhиш Jf,'it hpL.nчPHpf, :f,f,qf, Чшi!J,Jf,wltщ'Ь n1_unu!Lшuf,pn1_­
}J Jn'-'i,{! л;_ Jf,ш/b mhишЧшЪ Jha' J;l,u,wpf'f!P"'-fJJu'-'f, f; Ырftш1ш9-­
'Ьп.J, ШJL <f,Jp f; J;щ'i,'1-f,uw'fsn,_J -:шuitш'iJwl"'- ft qf,mшft9nph'i, ,f_h­
pш<ulflчn'- JhJ p,f_n,f_ шpmш'1-f'шftш'i, L. mhf,,'ьf,чшЧш-'i, Ufpn9bu'i,l,p, 
f,'iч.Uff,uf,p' М, f}f'1_1nJ[! l,_ t;пun,Jp, !f>lпmщ9f,ш'it, tJпчuf,шJf, шп.ш1_ш-­
'itшl/!• HpltntJ{!, L-l.ш9ntJ[!, ш'l-unpp9f,ш'it, "{-f,'it 'l- 'itJn,}Jhpf, Jш'itpш-
9ntJp l,_ шл'it, 

UшitbpbuiuJf,'i, bphnчfl'itbp i::ш'it,,_b" l,'i, q.шlf,u :f>ш'l.bf'f, pшJш°Js­
Jш'i, uшt;Jш'itn,J l,_ i::bmbpnq.b'i, i::шJшltшpq.bpntJ1 'upш'i,9f,9 t JЫr-
1_шфn1/_ lfшf,н/_ш,}- <шJшltшpq.bpf, !J,f,ч_f,чшpf,Jf,шiJ.ш'it -t_шрр[!• 

lfшlthpbuш1f,'i, 2hpmn...J q.m'it,/_nq 'iJ1пif}hpf, <штЧп,}11п-,LЬlрf! 
Juf,um mшppbp,/_n,J b'i, J-ш-t_ш[nиf q.m'it-t_nq LJnt}Jbpf, <шmЧп,pJntL­
'i,l,pf,9, Ь,/_ f,'i,1_/!шL Jl,,}- lftLf, L1п,f}f, JшLpш9-t_шJ-n,fJ1шL шumf,'tiш­
Lp, ШJLpшf, Jl,,}- [_шфп-t_ 1Jшpmш'\ш1m,l_l,'i, .Jшltbpbuш1J,L hphnч}JЫ­
f'f!I U'ш&rwg.J.wbщp,1w&. (q}J.ui.чЬrutfш&) wumpbwGp ЧшрЬ1f, t npn­
ll,L npu1bu 1 qq 'iJJnif}f,'i, ,:шJш"{шtп шujищLп'l Jшu'iJf,Чfsbpf, }Jf,-t_, 

Рп1пр Jшltbphuш1f,'it Ufpnghu'i,l,pf! Чш-.,,,/_шд- L'i, JшlthpbuшJf,L 
Ш'l_ШIЛ tЫpq.f,шJJ, фnфnJиn,fJ1шL -:hmt UЫ Jшltbpbu ш1J,L tLJ,p­
q.f,ш1п,I_ Ь'ь QJm,l_ш,}- JшчшLnf}Wpf, Jl,1_ ш,/_ ш,}- lfшJ gp,/_шJ- Чшflf,1-­
'ilhpf,, f,L1_UfbU 'i,шL. 9п11.f, J.L.n,,I_ 9р,/_шJ- ,l_f,'liшltntJ qmLnq ,:ьqп,ч­
Ырр1 

/>'i,1_"{bu пр 9шL'tш9шJ- L1n,f}f, J-ш,/_ шlшJf,L шqшт t'ьhpqf,ш'i, 
npп2,/_mJ t np"{bu JJ, п,J {'li'it2п,J), прL шq'l-nнl t Jf,ш,/_пр Jшlth­
pbuf, if_pш, ШJLUfbU tl Jшltbpbuш1,f,L шч шт t'iJhpq.f,ш'i, ЧшрЬ1J, t 
npn2bl "f'"ll," Jf, ntJ (Jшltbpl.uш1J,L 'liL2nt J), npL шq'l-n,J t Jf,ш­
,/_np hpltшpnt}JJш'i, if_pш: ФпрЛЬрр 9nLJ9 bL тш1f,и, пр Jшpn,p ,:1,_ 
11.n,ЧLbpf, Jшltbpbuш1J,L 'liL2п,J

f! ntLf, рш9шишЧшL шрJЬ/!, прп,/_­
,:ьтL. ШJ'i, шп.ш1_ш'i,п,J t '\bqn,Чf, ubqJJшL ЧшJ [ШрJшL '\bmhшL­
i!n-l.1 
"' 

{!ит pbpJn'lf,LшJf,ЧшJf, hpltf'nf''l- opb'i,pf, 1п�ршршLu,пр t;шJщ­
'itшpq. qm'it,,/_nul t шJЫ,шЧш1п,'i, ,I_J,t;шltn,J, hpp Lрш ш'l.шт l;blp­
'1-f,ш'i, n,'&,f, L..[_шq=qmJ'it шрJЬр, 1'иЧ Jшlthpbuw1J,L bpL.nчPЫrf, 
JщJщ!sшЧ шqшт tЪЬrчJ,ш1J, Фп1рш9Jшf� ,:шJшr ШJ'I JшltbpL­
,/_nчfl'ilhpp J.q.mn,J b'i, n,'i,h'i,шl фnрр Jшltbpbu, Opf,'itшЧ, <bqn,Ч­
.'ilhf'f! '1-щп.finul l,f, q.Ь 11wJ.h, pшfif, пр q.L 'lf, Jш:ltbrhup LnчL ршЬ,ш-­
Чп,fJ1ш'f, ,:ь ,,_п,Чf, q.b"{pn,J шJЬ'i,щфпррL t wJl bpltpшz_щфшltw'f, 
.JшpJf, Ъ'itbpf, Jшlthphц'i,hpf, <Ьт <шJЫштщJ-, 

lff,ш-t_np ршLшЧп,fJ1шJр L1n,f}f, { {)рf,'t,шЧ, 1 qq-) JшЧЬrЬи[! 
Чпz.,/_п,J t mhuшqwrwr tfwqЬrhu: 

S'Uwl .Б.wtfwqwrq:p wqwm UwqЬrhuw,1pr.. tfiЬrq:pwr. (F) fiw­
-.J.wuwr t Uщ.qhrhuw,1f&. 1wrdwli {u) 1.. Uwqhrbup Uhbntp,1wf. (S)
шrmwqr,1wJP.G. 

(1) 

trJpn9buf! f,Lp'itшpbpшpшp t [!'it}Jш'itn,J, hf}l, шЬч.J, t n,H'f,п,J 
=qшm t'itbpq.f,шJf, 'f,,/_шqn,J1 Орf,'i,шЧ, шJ

"{ 'i, f,pb'itf,9 'f,bpltш1ш9't,n,J 
t Jf, t;шJшЧшрq., npp p шqltшgшJ- t o'l-n,J ЧшJи,f_ш,}- 1_pf, ЧшfJf,L'f,l,_ 
_pf,9, UJ"{f, Jbt_ рп1пр ЧwJJ.f'lЬhf'f, f!'f,'l,:шfintp Jш ltbpbuf! Jf, pw'itf, 
шLq.шJ q.hpш'l.щ't,gn,J t IUJ'f, Jшlthphиf,L, пр Чп,'t,h't,шр ,:1,'l.nLitf!, 
ьрь рпlпf' ЧшJJf,t'ithpf! Jf,ш't,ш-1J,L L. ltшqJbf,'f, Jf, J-ш,/_ш1, U1'1 тЬищ­
l1Ьшf,9 щJ"{f! шf.tltш1п,'t, ,;щJшltщpq. t, npf, UfШm'tiwn.n-t_ Чшflf,t'f,l,P'f, 
f,ршр t;ш't, '1-f,Ufblf,u Jf,шJ.nч..f.n,J l,'i, l,_ wn.Шt_ш9'itn,J щ,/_btf, Jип2пр 
ltw}Jf,J_'f,l,p, пр[! рLщЧшL UfШJJшL'ilhpn,J ff·иrn.'itn,J t ш't,_J.рЬ.1 

ЧщfJf,1't,hpf, /ип2прш9п,Jр Чштщр,/_,пJ /; f,'t,p't,щltшJ, pшLJ, пр 'itw 
n,qblt9-t_п,J t Jшlthpbuf, фпррш9JшJр h 'lf'Ш <Ьт JJ,шuf,'f, <шJщ­
ЧшrqJ, f.tшL. ш'l.шт JшltbpbuщJf,'t, t'iJbp'ff,ш4f, 't,-t_ш'l.n,Jn,/_1 Uшlth-
f'l,uw1f,'f, tHpq.f,шJJ, z.шфw't,f,l t ,:шL'l-f,uш't,n,J Jшitbpbuш1J,L [IU-
_pn,Jp, � 

2. 1ru.�ъrъuu.в�1, 1u.rn�1r

fiLl.Ufhи ,/_Ьрр L2,l_b9, Jп,ршрш'ituп,р <Ьqп,Ч J.q.mn...J f f!'it'l-n,­
'i,l,l ШJ'f,"{f,uf, J.L., npf, '1-l,Ufpn,J 'i,рш JшЧЬрL.пчРе ,:ь'l_ntЧf, tn,/_JШL 
J-.ш,/_шlf, <шJщр 1J,Lf, щJЬ'f,шфир('f! {np"{f,uf,L q.n,'t,'1'f, t)1 l).Jl J�1_ш­
-t_w1pf, i::ьm 2ФJшL Jb1_ q.m't,..f_пq Jшlthpbиf, ,:ь,,_п,Чf, <штЧп,р1п,'t,­
'iJЬрр mwppbp,/_n,J Ы, J-ш,/_Ш[nLJ ь ,,_шJ- ,:ь 'lп,Чf, i::шmЧn,f}4n,'t,Wpf,91 
1.b'l_ntltf, Jwltbpbuw1J,L 2hpm[! ltшph[f, t '1-Jtmbl np"fbu шп.шJ.q.шЧш'f, 
Pw'lшLf}, пр[! dq.mn,J t ub'l.Jbl ,:ь'lп,Чf,'itt ?-рш UfШm:i:шn.L ш4't, t, 
пр Jшltbphuш1L 2bpmn...J q.mL,/_n'l Jntb'tnttHp[! q.m't,-t_n,.J b'f, t'f,b['­
q.bmf,Ч ШJl ,f__f,-&.щЧп,J, j!IU'f, ,:ь'lп,Чf, 'i,hpun,J l,'lщ,}-'t,bpp ( q.J-. 76 )1 
l.b'l_nt'tf, Нриf, JntpшpшLlJnLp Jп-tЬЧп-ч (,,_J-. 76 ш) lf't.lU "{Wиr-t_шJ- t

ntpf,2 Jntbltп'l'i,l,f',..4__, L. ШJ'f п, JJnLu JnthЧnч'i,l,pf, фnjишqqb9nt­
P1w'f, n,Jbp[! p ш2Ju,f__шJ- l,'f, �::ш-t_шиwршzшф, npf, "{Шtп6.шпп,f__ 
,,:ьq,пltf, J;w,f__ш ·tп,J pntпr JпtbЧпч'i,l,re q.m'h,f__п,J Ь'i, <ш4._щциr­
ршЧ211.шЧшL ,I_J,'liшltп...J1 

lff,'f,l'l-hn. Jwlthph11ш1f,'t, 2bpmf, JnthltnitHpf, ('16-• 76 р, q.) 
.d.q. n'l_ntf}Jw'i, niJbp[! ,:t, 'l.n,Чf, Hp/!f,'f, 2hpmbpf, Jnthltn,l't,hpf, Чn'l.Jf,g 
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'l·J. 76. 1/,,,�{;rb"wJf,!, 1"'r"'J1, 
['Шgшmrr>'/ >1},,ЬJи,, 

</,д-. 77. /[щ�l,pbuшj/t� 1u1r,Tu,f,· 
"r"l"<.Jlt!' 

1.Ьqnt!ifi JwqLrЬuw.iJi!i p11rшJp' u, ш,1!i nнi-li 1_;, nrG. шqqn,J l; 
duiqЬrЬufi Jt,шtJ.nr Ьrqшгшiа�ш&. �rш Ь. шrqЬ1w�щJ ll шqЬrЬufi 
Jbl-w9ntt.fp: 

irшfthrbuш1fri, [Шfнlш'i, у.п1п,рj1НI,[! ftшf'bt/r f 9ni19 WШL ,J,np­
A.лi/_1 9,-,). 77-f, ,f_rш zшpJшftшf, [Шf'[! F n,Jf, ш9.'1-Ь9п,рJшJр Aq.ncJ 
f '\b'l_nil//r fJшq;,,Lp[! ш1Lщ_ Lи, f,Ll_щ_ bu ШJ'l u,/,'l_,/r л,Lf, Jl,u,ш'l.JШ
LШf'fr9 щ_ш111rшии,.[ш,!- ll't.шЬшftf, ,fрш o-G.шnШ1_{'/r pш'l_шLfJf, шn.ftш­
Jn,fJJшL ,l-шJшLшft1 ff_шl/bphuш.1/•L 1111pmJ[! ftшrblfr f uш.t;JшLbl 
't,шЬ. nf'Ufl," Jf,ш,[np Jшltbrhu uu,Lqdh1п, ',шJшр шМршJЬzи, ш�­
fишшш"Ь/!, U.1uf,Ьj!L, dшqЬrЪuш1Ji&. tшгnit.fp ')_Ш ШJli uiz}uшmw&.Hi 
1_;, nr u1Ьo.nf \ Ь-w}uuh1 fiЬqшqp.· UшqЬгЬuр. 1 Jt,��nrntJ. dЬЬ-ui9G.Ь-
1ni liшdшi:: 1lшftbrbuш1frL 1шpmJ[! ;_ш,f,,[n,J f ..,1,,,,/'-!шl '>ш�/_шиш­
('п,Jп�l-

F 
о---, 

2/ 
(2) 

nruihq 1-{! 2шрt!шftш�, 1шрf, hpftшp,пfl1п,LL {, 2-r hr,ш .t;ш�шr1 t,
"Г' '>шzi[_f, f шrt"i1i/_nнl {t ,z m¾ [iтш'l_шhfJf, bpftn, Jшftbpbubl{'[! шnу_Ьf, 

• !] ti,!i 11,q
1,_ .t;hшbf,1 flшfthpl,uщ!fr'i., fШftJш'I, 1_шфuqnifl1пt'!J1, t [::,]= 

ud' 
= 

ut\
'2• 

Uf,шi/_npLbrfr Ьпр '\шriшftшrqшJ ncJ{! f1шph[f• { ;__шfl'l ЙJnLu,nИ,b­

!'nif., f,и/1 шzf,,,,,,,,щ'f,/!f! ' �ппчЬЬрп,[: 
.f!,рJшиmf,-дшЬ/, ,f!,fш!JJшЬ .t;l,u, Jшltbrh"ш!,1,1, lшrniJ[! ,f,п(!­

ршЬп,J t, f,uft ftr/rш/r�ш1fш'I, 1_h['Jшuu,f,-&ш/in,J ш1L r1шnLntJ t Ч.l''" 
Uшftbpbuш1f,Ь LШ{'nLJ .,,b 'lf, nif,f, п;__ JJ,ш1Ъ Jbp в"ЬLшрftш,1- '1-bщ_­
pn,J' '\b'l_ rпЧ-q.шq_ иш..,'J,ш&шч,iпнl, ШJl 'i,ш/, hpftnL '\b'l_nil/blpf,, 
f,Ъ1_и,_Ьи шп1шишрш¾, 1,,.,4,,, /•ршр Jby_ nnu}if_nq 4шJ JшuLш·ftf,n-
19' 

pbl, 1пL.)i/_п'l_ '\b'l_ n,ftl,Ьpf, z,f,Jшf, 'll,Uf.{!n,J, npf, JшJш'i,,,шЧ шnшrш­
fm,J { Jf,t_!f,Ш'l_ШJf,i, Jшl/bpb,uшJf,f, 1шрп,J1 U.,un,uшft 9-п,J рЬр­
�[_ш,) Ы, Jf, l}Шfi,/r L1п,f}hpf, J,f,2_!f,u,9.ш1/rЬ (JшltLpbuш1/rL) 1ш·рJшl, 
шpJ/,{!f,h['(! I 

GJnopLr),. Ju,�brbuшJ�t; 1_wr .... 11IGЬr[' шu,rrhr 

(q' шЧJш� t;Jnч,P чu1nri'J,t;) 

/L 'fJ n<UШ� 9 

tbr,fшш;. �6шБ Gb' rn, tf 

,,.,, !'·•·,,' J •с 1 ' '1 [ •. ,.,,, [,•с [ ,. --- -�"-'_'_"'_"_'" _ _,_'_�lч_f_o,_:"_d�
!
, _,_,_··_Р_� JP.-,,"1"P"' q�G/u� 

.f"ц, 
.fn<[' 

.f,,,l' 
.f!п,[' 
.fп•[' 
,.,,, 
РрпJ 
UJRulf' 
IJ.н1f,пul 
Uшш['{,п<1/ 
lfJ 'l_ f,ЪЛ 

loq+q 0
1

' 75,б /MJ l,J'ш1[1,ншl 4271772,2 
,'"1+'1' 20 72,5 uL'lf,1/ 1,Lшl[n,nul 20

1

1471,G
oq+q 40 69,4 ,шgbu,n'i, -

1
0'1 20 23,7 

а'1+'1 бо! 66,0 'fЬp,,,i,,.l a'I 15 22,99 
aff+q. 80

1
; 62,ЫЩршLпt "''l.""' :.Ю 22,03 

o'l+'I 100 58,8 !1'"'!1шfищfl{Jп< 'f 20 23,5 
., 
.. , 
со, 
,Jш�1,,nu/ 
Н2 

] Зj 44, ! ,pkLч.nt aq 80 28 ,88 
141, 58,3 :;,ш;/}JшI],L oq ВО 32,Об 
641

1

411,5 1,f,k'иnt '1 55 36,5 
100 222 NaCl 

1°
'1 801 114,U 

1140 1120 !:--la 2 0.SIO� 0'1 1000,200,0 

9'-n1nLpJntЬ nt"Ьhf, JшltbfhишJf,f, tшрJш1, nrnzJu,1, Jf, ршЬf, 
b'l_ш'ltшftИr' ш) Jш9.шLnflшJfrL ,[h['hu,f,, р) рzшf,чЬЬр.f, шJhЬи1Jbl­
't}'t,1_Jшf,, q.) '\h11.ntlt/r Jшlthphuf, oqшltf, ltшpJшf, h 'l) и111ш1шrр/и­
JL,,,[,ш:.,шЪ, '},{'шЬ9f,9 JЛL('Ш(!ШЬuп,рL n,Lf," f,p wr,.шif_btntfJ1niЬ{! , 
uшftшJf, 1,ш"Ь'l- шпLЬ1,{! шпш1_f,f, l, if.brt/r"Ь h 'l_шЬш1t1,Ьt,fr ,[_рш: 

tlnшy):ili' Juiqшtшpшjfili tJ.ЬгЬ1-
1 1 rp. Ьл,ш1iшqр. rzhUf.[JЛLJ r z"шnun[J,'[ 

� •. п,Н9-11'1 �ш9.шЪпfJL rLft7,!1f.�,,/° ,�:os:i: 
t р J,,,,1n,f11,пЬ и,llhgnr,1 ,:t,,;111.l1/r :�-�>,_-_1.------
,!Ьу_, "f'f' flnn,.,J f_JшЧ.шЬпfJ/1 UJш- ,. ----

;:"±if.J��:";,;/::i�·i'Г�i:ii� c;c�:0
_

0</�tt�c��cJc_� 
fthl'h иш 1/1 f, { шрJш1, t1Ld Ьр[! , rr.п11'и_,; -_-_ -_-_ -_-_--1----_ -_::- -_- -� _-_ -__ -.: 
iЪп р< f,,f �0 f, 'l"'ftf! /ип,zп •/ ""'", ,! -:.._ -_ ---__ -----L-_-_ -_, -=---:: -::____ -:. . _: 
рш('Арш'i,,ш! f, ,:ш,fшuu,,,,�,ftum­
i/_m.J /;f,t;/, 'fntf[f, UJШ'i, ftzn./1 t;/,:r, 
(,,_,t. 78 )1 2,h'[nlft/r "J"'f, ltz."''-[:
JшqшLnfJn,J .t;ш,Z,иишр f лr2h pg, 

---------- --- --;;:_ - --- - - - - -

npшb'l g-Ь шq_шт ш!,ftJшf, ш1�ш9ш9111J'i, t1 lfш,;mfmp11,J rшr,J.11u,_-
9ш,) '\L'l_n,ft/r UJШII ft7frnr {w,[шuшrш�zn,f-",J f, tr•1,, Jц,ftb1:Ьuш1frf, 
1шl'Jш't, '>hш' ucosa, "f'l! ш'[,zп,J t п'"-"-ш<шJш9 ftbrm1nif_' ·,'LrJ_n,Ч/r 
,[hpf,L zhpu,f, 2лг lf'f.Шlf.Jm[, fJ.11Ju1f1111if_, Jш�bpLцш1f,'i., 1,_,,p,,,Jr' 
2.'ItC'OSa, <ш�[_шишр4.п,J f, Jшrzшl,nf}n,J t!'/r "!"'�' �zn/rf:, ""JJиfrLf!f,· 

<'f]1 •, 
cJ =�.....:..., 

2cos::i: (3) 
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.Pшf,f, пр zшm ,;ь 'l.n,1/Lbpf,, f,Lz_"IЬи 'i,шl,_ 2.pf,, fln_Jш'i, шLЧ1п,L[! {а) 
Ш11f.шl/Ь /un'l_ni/_шl/f, 'ЬЧши,J,иJр zшш ,Рпп !;, ,;щJшрJш J;ш�/_шишр 
qpnJf,, f,иt, cosa =1, ш11fш (3) :;,шif_шuшpn,Jf,9 umш9i/_ni.J 1; 

(4) 

Umшiшq.JndЬшrшqшli Ьqшliшqp ,;f,J'i,,i/_шJ 1; Jшqш'i,nflf, 'ЬЬр­
.рl,_f, JшJpf,g "lпl/4._n'l_ 1/ш flf,lf,l, f'f, qш'i,q.i/_шJf, npnzJш'i, ,fрш1 Uш 

Jшl/ЬрЬиш1f,'Ь [ШрJш'ь npnzJш'i, шJh'i,ш':шрJшр l,_ J;шЬшfи ()<fUIШ­
'1:,.{'J</,n'l Ь,zшLшl/'Ь !;, Umшlш 'l:Jn·Jhu,pf! nt'Ьf, "l"'f''l 1/шn.n,9,f_шJp 
fq.J. 79 ), lJ.Jf, uf/·wп,J Jf,'Ьz_i, Lf,z,l! t9'ьп, J b'i, 2.рп,f_, f,uff .ш1Lп,,;Ьщi, 
n,unulLшuf,rri/_rнi J;bqn1cf/ni/_ trL npnznul ршф,f_п'l ffшflf,t'Ьhpf, p,f,i/_[!• 
l;,pb umш1ш'l:JnJbmpn<J bpf/tr< J;h,zn,ffblpf, dш·�/_ш1'Ьhр[! <ш�/_шишр 
b'f,, Шllf.Ш Jшt,ЬрЬиш1f,'Ь 1шpn<Jf! 1_шфh1п, <шJшр t,шrbtf, 1; ()qtnш­
'l-"f'Jl,l <bml,_J"'l "l"'f''l рш''ЬшА.1,/!• 

1 

'1-1. '19, /J1nш-

n1P1 J1=J:,i--, 
П�Р1 

(5) 

npmb,z cr 1 f, cr2-(! фnpA.шpf/,f_n'l_ l, nmшf,'lш{'tn (J;шJ/,Jш­
тшЧш'i,) J;b 'l_n,ff'ЬЬ11f, Jшl/ЬрЬиш1f,'Ь l"'l'"'J'i,hp'i, h'Ь, S1 l,_ 
р2-(! ,;b'l_ntf/'Ьbpf, <шJш"lшmшиf,,ш'Ь fumn<PJn,f,'i,l,p[!, 
П� l, 11 2-[!' ffшflf,l'i,h ['f, flf,i/_,f!' 

lJ.J'I b'l_ш'Ьшltl! ffшpblf, 1; ()qmш'l-nf'Jbl 'i,шU шпш'ь­
J.f,'i, Jbl/ ,;1,'1.,.,ff.f, Jшl/hpbuшJf,'i, lшpn,Jl! trpnzhtn< <ш­
Jшр: !JшP-f,1f, ш'Ь,l_шmJш'i, "l"'J;j,'i, 'Ьрш 1/zf,n[! ,;шif_шuшp­
,f_rnJ /; Jшf/bpbuш1f,'i, lшрJш'Ь n,Jf,'i,, пр(! n<'l_'l_Ш,;ШJШ!J 
шq'ln,J 1; f/mpJш'i, <шpfJn,fJ1шL lf'l"'''l:Jf,'Ьt Uп1i/_trpшpШ(I 
1/шPf,lf, f/mpJш'Ь i/_q_f,f/.f, zшn.ш,[f,'l_(! f!'ь'l-m'i,i/_,.,J 1; npllfbu 
Jшq_ш'ьпрf, zшn.шi/_'1. f,'i, <ш�/_шишр, npf, <шJшр Jшl/bph­
nш1f,L tшpn,J{! nmшgi/_rпJ t' 2:1тсr, f,ul1 f/шflf,tf, ltzf,­
nl!' шg=npg, npmb'l m=пр f/шfl.f,1f, q_ш'Ь'l-,f_ш,J'i, 1;, p-L 
,;ь'l ,пfff, fumп,p1,.,Ll! 1, n-t! ffшPf,t'ЬЬrf, Р1'Чi!' u.J'I 11-ь"l-
1!"',1. 

l"' 9J"JЬ,nr' mg=2.:rs, t, J= � Ч,,,J' а=- npg , 
2.:r 211:r 

(б) 

U.1u <ш�/_,шишрn, J
/! f/f,pшn.btn,f_ b11ffn, тшррЬр J;b'ln,1/'ьhpf, 'i,f/шu,­

JшJp l,_ pшJш'i,btni/_ f,ршр �/_рш ffuшшgi/_f, (5) <ш,f_шишрлиl/!, 
Uшpn<p J;b'lп,1/J, (Ln,Jf,z_ft} Jbl 'flJn,p [ntJhtni/_, 1/шрЬ[f, I; Jшf/Ь­

рЬиш1/r'Ь l"'f'"'Jl! 'l'l "'[/rлph'Ь фп.фпfиЬl' '-lшfu,f_шJ 'tpшLf,g, fJh Jш-
1/bpbuшJf,'i, [ШрJш'i, ,fрш f,'ьz_"f b" l,'i, Шl(_'1"',1 "'J'l- l"'Ji/_n'l_ 'Ь1п,Р-Ь(I[!, 
Ч-пz_�/_п,J Ы, dш�hrЬunrhli шqmн ЧшJ dш�brЬunrЬli nz шqшн 
'Ь1п,рЬр1 

Uшl/hpbuш1/r'Ь pшJш'i,Jш'i, l.f'"'Jf,'i, tn,dn<Jfl-011 '1-l,"lll"'J Jшt,b­
pbunpb'i, шl/тf,4__ 'ЬJn,fJbp l,'i,' ор'fш'Ьшl/шL ррп,'ЬЬр[! , U"f/rpmЫp[!, 
hpbp'Ьhpf! , шJf,L'ЬЬpf! 1,_ шл'Ь, fruff Jшl/hphnлpb'i, nz_ шl/m/r,f_ 'i,Jn,pbp 
l,'f,' п1_ (){''1-"''i,шffw'i, /;1bl/mpn[/rm'ЬЬp[! , Оf''fШ'Ьшl/ш'Ь ррп,'Ьhр/r U </rJ-
19' 

pbp/r gш.tp Jntbffпчш1/r'i, ltzn.пi/_ ш'lbf'f! • l"'ll"'f'f!, '1-l/r!JbpfrLf! t,.
шu'Ь, 

Uшl/hphunpbL шl/m/r,f_ 'i,Jn,fJhpfr wq11b9n,fJ1n<'Ь[! t_p/r Jшt,bpb­
uшJf,'i, [шрJш'i, ,[рш 1/шpn'l_ 1; zw,n Jbl [/r'ЬЬ11 2.шuiltш"lbu Jbl wp­
run,Lш,f_b,nл,pJn<L bL !1"'!1"'РЬрп,J "Ьшп.'ЬЬ рf! t,_ n<p/rz 1.,f_ш9п'l f,J'''w 
flbp, npn'i,p t,f_ш9p/r JшJш'ьшt, t,b 'l_mf, Jшu'Ь/rl/blp/r ,;/,,n Jшt,hpb­
uш1fr'i, pш'l_ш'i,fJ'i,hp bf, шп.ш2.ш9'Ьп,J, b,f_ pш'i,fr п р ln,Jn,1pn,J hqш.) 
ppn,LЬpf! 1/, пр рш9'ьпиl h'i, Jшf/bphuш1/rL l"'f'"'Jf!, Ш"fШ ltb'lur 
шп.ш2.ш9'Ьп'l 'i,Jn<flhpf! f,'Ьр'ьшt,шJ t,bp"fn,f_ fuuiш'i,,н.J Ь'ь lп,Jпчfl/r 
Jшl/hpbuш1/r'Ь zbpшn,J U ШJu"l/rиtr,f_ urh,z-f, /; п,f,/,'i,п,J Jшppn,J 
{1,f_шgnul), 

з. U,'J,UПr�nNr� !b'l.П��-'J,U,� UU.дTU.ЪU,'J,lJП�\Т ь� 
!11,J.U.UU.rП�\Т� r · _

�lJ.'lunppntJf! Jf,1_:f,шqwJ/rL Jшf/bphufr'i, l!'i,fJш9n'l fr'Ьр'Ьшt,шJ 
"fpnghn /;, bpf/n, !f,шq_hp/r ршJш'ЬJшL иш<Jш'ьпul 'ЬJntfJ/r t,п'Ьsh'i,ui­

,f'ш9/rш1/r Jb,}ш9n,J!!' '>шJЬJшиrш,} ,}ш�/_шlп,J "'/'1 LJn<fJ/r 1/n'Ьghf,,n_ 
pшgf,шJ/r <Ьт, f/nz.,f_n,J 1; шqunrpntd:. 

U.11-un(lpn,Jl! ' J.[i 'ЬJntP/r Чlш'Ьп,J/! t,шJ LЬpMn,,l'i, 1; ,11,,,и 
't1n,fJ/r lfn.'l,l/r91 Ъш Jbl 1_шфп�/_ шputш'>ш1uii/_n,J /; <шurltш"lhu "lfr'i, '1 'Ь1п,flhpf, ,[рш, 'l-шqbpfr 1/шJ l"',}"<Jfl'i,l,p/r '>bur zфJшL qb"fpnult
ьрь fftшLn,Jl! Чши�шр,[пtJ 1; "l. рь Jшl/hpbu/r ,[рш, "'Jl шJpn'U 
J,,шri/_ш[n<J, Ш"f,Ш ШJ'i, 1/пz.i/_nul 1; шpunrpotd: Uh'Ьp l/ntuuiJ'i,шu/r­f'l,f,p 1:frJLшl/ш'i,nuJ ш11ипррл,J/! 1 tl/huip 1; f,pшpfrg uiшпhph[ :Jфq�­
qшqш&. шqunrpnнI� 1,_ f�U�w�шli шqunrpotdp� fЬdnunrpntUp: 

3,f,q/rl/ш ·l/шL ш11-unppntJf! "fШJJшL-шi/_np,f_ш,} 1; ш'1ипрр,f_ш,} 
'i,Jn•fJ/r l,_ шqunppb'i,ur/r Jfrt.i, P п<Jl' ,f_ш'i, 11hp,f_ш1u1шL n,Jhpi, шп.t,ш­
JЛtfJ1шJp1 lJ.J'l"l·f,u/r "''l""f'f'"'Jl! t,шpbt/r 1; ш'ЬJf,2.ш"lhи ,f_bpшs­
'i,l,l (qЬunrpotd), bpt, 'Ьi/_шq_hg'i,l,'i,p ш11-unpp,f_n'l L1n,p-f, рш'Ьшt,п,­
Р1n,'Ье (ЬрЬ '1-"''l 1;' -G.'i,zn,Jf!) ЧшJ Jfr 1/,ирf' ршрА.рш9'i,ЬLр 1.hp­
Jшum/r-G.ш'i,l!, fl,p/,J'i,, !f,/r ,z/rffшffш'i, Ш'fU�f'pЛu/f! 'l-Шf'J.h[/r "f{'n9bu l;r.PJ,JnunppJшf, JшJшf,шf/ ш п.ш1.шLп,J 1; pf,J/rшl/ш'i, Jfr,ш9n,p1nt'Ь 
ш'lu"f'Pl,'i,,n-f, l, "''l-""f'Pi/_ш,} L1n,fJ/r Jfrpl,_1 �hpJшuut/r'tiшf1/r ршрJ.рщ-
9п�J/r9 pbJnunpp.n,Jl! n,Jb,zш'ЬntJ 1;, ,f,ul/ !f,/rqf,t,шt,ш'Ь шq.unppnt• 
,11! РпчшLп,J, 

lJ.'1-unfllш<Jf! l;l/'1.пfJLpJ "fpugbu t,
U.11unppn,J mh'l/r n,'Ьfr 'i,щl,_ lDl�D<,!p-q.шq ршJшWш'i, Jшt,hpb­

nfr'i,, Ьрр 'l-"' '1.l! "' '1-unpp,f_n,J 1; ,;h'l_иtlt/r Jшl/bpb u/r �/_ ри,, Шllfw urh'l_/r 
I; n,'i,b'Ьn,J Jшt,ЬрЬиш1/r'Ь lшpJш'i, фпфпfип,рJ"''Ь, 

Uшрп,р ,;ь'l"'Ч/r {1п,.!frzf,} 11h "lpn,J Lрш P"''lШ'fpntfJJnL'i,f! рь' 
Jшf/hphuш1f,L zbpurn,J, li. flh ln,д'/r1_/r dшi/_шtn<J L/r¾ пiJ 1; 'i, ,, 'J'i,/!1 

{n,J/r1_n1J 1:'Ьшрш,f_пр 1; Lphp 11-h"lll' lJ.n.ш2.fr'Ь' m,f_1шl ln,,},f_л'l 
Ъ1п 1Рl! z/r 1/,nf,,n,J l"<,}/r1_/r Jшf/bpbu ш1/rf, [Шpn,Jf!, bpt,pnp,'1 ln,J­
,f_шJ 'tJ n tfJf! Jblшg'Ьп,J 1; l"•d/r1_f, Jшt,bphuш1fr'i, l"'f'"'Jl! ( ршsш­
ишl/ш'i, ш11unppn,J} l,_ hppnp'I' 1п,Ji/_шJ L1п,р'Ь f,1.h9'Ьn,J 1; ln,Jf,z/r 
,1 шt,ЬрЬ иш 1/r'Ь ["'f'"'J/! ( '1{'"'1/шЪ "''1" nppn,J }, 

Uшffbpbuw1/rL zbpurn,J Jf,шi/_np Jшt,hph uf, ,[_рш <шz,f_шJ ш,-
199 
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UIJ('p,f_шd" 'Ь1п•Р/т р.ш'ЬшЧп•Р1n,U[! '!,zшLшI,Ьи� Г и,шм,f_, npL n,J,f, 
чJuJ2 ЧшJ Jn1/uJ2 z.ш,f,п11n•Р1п,'Ь, 

U. 11uпppJш'I, Г JbJп,P1шU l,_ JшI,hrЬuш1f,L [Шf1Jш'I, ,f,n,f,n/uft,­
P1ш'Ь п,. l1п'!,9Ь'Ьmрш9fтш1fт ,;шrшpbf''"Plш'i,' du/dc Jf,r.Ь. h'lшd" 11ш­
'1,шf,шf,шU шr,_'liz.n•PJn<'Ь[! ш,f_l'l t '1-f,pu[! (1878), n{'[! ЧшрЬlfт t 
и,пш'i,шl <bшk1wl чь,,"{,

ььрш,;рЬ'Ьjl , n,'l,l;'l,/l L"иJпчР, ,,,,,, ЧnL9h'limpш9f,wL t С

(Jn1l1), Jшl1bpbuш_rfr'Ь 1шрп,J1/ О (tгqiui.i2), f,иЧ tn иJn,Jp-qшq_ pш­
dwWш'i, JшЧЬрlш[!' S (ui.12), пр[! UfШ{'n,Ьшf/nul t 1 i.Inl ln,J-,[_шd­
'i,Jn,p1 U.J'f q.b"{/ln,J. 

(ш) 

ЬрЬ !f,шq_bpfr pшd-шLJшL Jшf/ЬрЬи шh'lш,f,пfиЬLll шLиш,;JwЬ 
,f,npp рш'Ьшf,,.,рJшJр tn.,d",f_шd" L1п•Р' dC, Ш"{Ш Jшf/bpbuш4f,L lш­
pnt.J[! ШJГi- 'IЬ"fpnul 1,,f,n f,,,f_}t do z.ш,f,11,f_, f,uf/ Jwf/brbuш.1f,L шq_шш 
tWpq.f,шJ/r щf;[! ,;щJ1uЛш1'Ь (1) 1:ш,f_шишрJш'Ь f/J.frLf,' dF=Sdo, 

/;L bp'ff,ш1f, ШJ'l ш"А[! mb'l f, t n,LИ,n,J f, ,;щz.f,,f_ WJL т1f,,ш­
�пш'Ьрf,, "!' f,шwwp,f_n,J t QuJnu,f,Ч -!:'Ьz.Jш!, 1:щ!, '1/,"f' !,Jn<P-f! ["<­
d"n,1PJ, Jш,f_шlfiS ("f'"'l,'l Lпш I,пL 9И1wpш9f,ш'i, ш,f_btf, ,f,пп, t) 
!f,шч_Ьрf, рш,lшUJш'Ь Jшf,ЬрЬи mb 'lw,f,n/11blf,u1 bpt, 1пи}пчРf, дш­
,f_шlf! \; t, f,11/1 ouJn mf,Ч -&.LzJш'i, ,f,n,f,11f,, n,p111,i,[!' d:i:, Ш"{Ш Чш­
u,шр1/шU ш{f,,шшшL/l[! ЧЧшqJf, Vdл=Sdu, UшЧшJL d:i.-L f/шрЬ[f, 
t пpпzLt л=СRТ ,;ш,f_шuшrniJr ,1f,!t,LpH9btn,f_' -d:cr=HTdC, 
1.шz.,f_J, шnblln,f_, "!' \.'=1/С, Чп,Lh'i,шLp. 

(,) 

SL,;_ ш'lf'bln,f_ ШJ""'l,'l S-f, шrdbp[! (ш)-/19, Чишш9,f_f, 9-f,puf, 
,:ш,f_шишрп,J[! • 

- с (i�
1=---, 

RT CL 
(7) 

9'f,puf, 1:ш,[шuшrmLJf,9 ,;J,mf.1.11,J t, "!' ш,;ип11р11,J1! 'fршf/ш!, t
(Г>ОJ, Ьрр dcr/JC:<0, ш1uJ,L/l !,, bpf ш,1unpp,f_blj,u Jшf,l,{'J,u,u­
Jf,'i, /"'("'"![' ,f,njlpшL 1nJ t, Пррш'i, Jl,,}- t l'"J,f_шJ- ,JшЧbrbunpl,L 
,uf,шj,,f_ i111пpf, ЧnЬ9И1wr1ш9f,ш!,, ш1!1ршi, J/,д z.ш,f,n,f_ ,nl,'ljl ftn ,­
i,bLш Jш'1Lpl,11ш1f,L [ШpJw'I, L,f_ш.7н,Jf! , f;,f_ [!'Ь'11шftшnшftf! , о,;_-Jш-
1,ЬрЬ,,,.рЬ'и шL,_mf,,f_ LJn <Pbrft 'lb"f/! п,J da-'dC>O Ь. Г<О, (ш1иf,Ь­
/lf!1,' Jш1,Ьr1Ьиш1f,'Ь zbpu,n,J l1пL9L/нп11ш9f,w'Ь ш,f_blf, ,f,npp t, ршL 
,}ш,f_шuпJ), bpr da/dC=O Ь. Г=О, Ш"fШ ш11u nppn LJ tnb 'lf, l_ftLLj,, 
f!,,u, 11-Lpf,Lq.bpf,' dcr/dC f!'Ь11-п,Lif.n,J t "f'"fl," i,JnLpf, Jш�brLиш1J,L 
щq_шт tLb1111J,шJf, ,f,np('ш9Jщ'i, п,Lш l11пР1ш'i, ;ш,f,шi,f,z /.,_ l,tr1,f_пцf J; 
10ll 

Jш�bгbuшifiti ш�11фiJ.n\p!щt.: lfшl,hphunph'Ь шftwf,,[_ 'ЬJn,pbpf, ,;щ_ 
Jшр 1,ш,:l,Lfт t а/С L, Г/С ftшf,,,f_шдn,pJnLLLbp[! qpш:J,f,Чn,[_ "fШU1-
ljl,/,t,l, 1 /С ftшf,,4._шдn,p!"''f,'f, шршш"\шJ,пп'l ftnphpf! ftлz.,f_,riJ Ы, 
Ч-fipu� шqunгpdwf. ft'l.лpbpJbp 
( qJ, 80 ), lfшftLpbuлpbU шftwit,f_ 
frJn ,pf, ftn i19LLm11ш,9frш1f,9 l1шf,,­
,f_mд ш'lunppi/ш'i, орf,i,ш;_ш,f,л,­
р J"' 'i,'i,l,pf, ,f,n ,f,nf,, ,.,р J"''f,'i,l, {'[' 
рш9шшрЬl J; {i,Lqu1пч1e' ilшЦl,pl,­
uш1f,L zbpmn,U J,'lhЧлчblpf, 
L,_пqJLnrпzJшL ( QрЬ'Ьшш-9Jш'Ь) 
"f"'"'f,bpш9Jш'f, 1:1�Jшi, </_rш, l}uu, 
Ьрш, l nL�шd"·L1n,pf, Jп1 hftл'lbl,_ 
l'l! Jшftbphuш1f,L zhpщл,J pшzf,,­
,f_n LJ /,!, шJЬLш1:шрJшр J.Ь.л,f_' 

- - - -:_- с-с- --:С"""":7СГ=f(с) 

ffc::,(CJ _ 
oL _____ __::::cc__::_ О 

'l-d. 80. Uшftl,f'�"ШJ�f, 1шp�ul-4"r,_ 
зЬf,и,ршsf,ш J, ГJС ftшf,,,f_щd,,,p1°'r,l!, 

"fпuшр f,,Jpbpf! (-ОН, -СООН, -NH2 1,_ шuL) "''l'l,f_ .,,J- r.r/• tiшJ 
ШJl "{ "lJШf' [ЛLд f,zf, J Ь1_, f,11Ч лz. "{ Л[JШ (' f,,J ph('f! ( шJ/uшr.pu,O'i,шJf,'i, )'
0'1n ,J 1,шJ ШJL шдfишrршдLшJf,L :j,шqл,J1 Фпп, ftn Ь9b'i,щpшsJ,111Jf, 
'll,"f/ln ,J 1.ЬpJш1f,L zшpJл,JI! f,, ш'Lqшpn,J t JшЧbphuш1J,'L zbr­
u,n,J JлtbЧлч'i,l,('f, ftл'lJLnpлzJшLp ( q.d-. 81 ш ), Чnft9h'Ьшpшoftш1f,
Jblш9n ,Jf,9 n,db'lшLniJ J; шd"f,,шрршd"Lш1f,Ь f,,Jpbrf, ,f,11/uшqq.Ьgn,­
PJ11<Lf! Ь. 'ЬршL11 uftun,J Ы, qpш,f_h1 "''l'l.ш,;ш1ш9 11-/trp ( q.,}. 81 р),
f,иЧ ш'l""PPSftnL zbrщJ, ·�:шq.Ь9JшЬ '1-ь "f,ЛIJ шпшr.шЬп,J t Jл'lin­
Jп1 hftn чш1J,L zbpw' Jf, J ntbЧпчf, ,;щцшп�Р1шJр (q.д. 81 11)1

�=-:::.-_= ==� -=-� � - �:G°c_c� '" 

_ :ь�_А---=-ъ��, 
:: .. - ='=---=--=-=-=----=--------�-- '

'1-J. 81. 

fiшл,J'l,щuf,ph[n·•l QpqшLшftшU LJЛ1Pb11f, !_['ШJj,'i, ln u}л'JP'i,l,f'f, Jшf,bpl,uш1f,L fШp1шl'i,hp[!, Srшntj!h&. (1891} 9"'JS t m,f_ht, "f' 6шг­UJWppn1frh_r� .6niin1nq 2wrfn1iI СН2 fuiipn1 2'lPWJfi dfi-U� hrliw­гш9n1J11 tlw�hrliuшJ�G. ш!p1фJ_ntp�nif,p JЬ<!шg&.niJ !_: 3-3,5 шC.-
qwJ (qЪ. 82), 

U4._bt-J, f!'i,'1,;ш'Ьп,{' 111bu/ln,f_ 6.щf'"fшppл,blpf, Чn'ЬgЬ'Ьшршаf,ш-
Jf,9 lf' ШJf,f, t11iдл'JPLЬrJ, JшЧLpbu1/-'Jf,ft [Шр,f_шдп,рJшi, ЧшJи,f_ш-
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Jn1-fJJn,'i,,'i, шrrи1ш-':ш1и11/__п1-J l; &1,zltтl__иltn, (1909) l;JUf/rf'/rlt -':ш,/__ш­

ишрп,Jп,1__. 
(>.,..�t./�J a

0
-a=д:i=Bln(AC+l), (8) 

'5 

55 

" 

"о L--,-,-,--,-,,-,--,�,,�,--=c,Jn1/( 
' 

'1-1. 82. Uw�Ьpl,uwJ�I, 1wpJшl, ,f,np• 
pшqn<Jf! Of''fшftш�щl, flpn,l,/,1'� f{'Ш· 

J�f, finln•Jfll,l,pni.J, 

ш1" ,1._ь"1.t,-;, 
-':шi/__шuшrnul[! , 

nrи1Ьrz Ло-'i, 1п,Jf,1.]i L. lмJnчP/r 
Jшlj hpbuш1f,'i, [Ш('rпJИрf, UJШ('­
phpn,P1n,'i,'i, !;, B-'i, L.A-'i, ,f,n('J.n,/__ 
npпz,l__nrz -':ши,пш,пп�'Ь'i,Ьf', пpn'i,-
9f,9 В-'Ь 'Ьпч'Ь'i, l; UJi/__JШl -':nJntn'l­
zшp/l/r 1:шдшр, f,иЧ A-'i, ,f,п/и­
,1._пиI l; Spшn '--/!h/r Чш'Ьп'i,,f, 1:шJш­
J.шJ'i, З-3,5 ш'i,q.шJ' ш•Jh'i, Jf, 
-':nJrчn'l- J,,Jpf, ,f,n,f,nf,,Jш'i, -':ш-

o=,,-RTГ.ln( � +1), 

Ло=о,-о=RТГ ·( � + 1), (10) 

1,шJhJшиrh[n,/__ (10) l,_ (В) -':шJ/__шuшpn,J'i,hf'f!• lt11-tn'Ьh'i,p, np 

В = RТГ ..,, шiuf,'i,pЬ' В-'Ь пpnzJ/__nuI l; ШJ'Ь uш-':Jш'ilш1fr'il ш11-un p­

pn,Jni/__, nr -':шJш"lш,пшиJ,,ш'ilп, J l; -':шq.Ьgш� ш11-иnррJш'Ь zЬp­

urfr'il, А 1:шuurw,nn,'i,'i, пiЬf, 'ilnLJ'il 'i,zш'i,wltn•fJJn•'i,[!, f,'i,z. пр b-'i, {hЬq.­

J1n•p/r -':ш�/__ши,ш'РJшf, Jl,r_' A=lfa. l,_ nrnzi/__n,J l; Jшlthphuw1J,Ь

шltт/ri/__rnflJш'Ь иЧ'lРЬшltшЬ шrJ-hjl'ilЬ pn,/__, Ьрр C-+Ot

{hЬq.JJnLp[! ,п,/__ht I; 1,шh Spwntpbfr ltw'i,n'i,f, ,nhишltш'i, ршgшиr-

р • 11 'il ш .Бпdnt•Ч nwrf� dw�bгbunrЬG. w�m�-1_, �rw-
pn• Jr>L [!1 <.UШ (' 1 L 
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r�9 СН2 iudpn-t_ шwrphr'i_nq JDtrWfw&. uni.r Ьr�щ �rwr .li.wtnrчnч 
w&11:wd&hr�9 dЬIJ.wlJ.wli dnt 1nibnlJp-�9 dw�ЬrhuwJ�&. 2Ьrш шl.чш-
1fшlub1ni Jiwdwr UJ_wJiw&.r(nq w2luwшw&.flihr� шwrpbrшp-Jn&1:i 
6wuшwwщf. dhьnLp JDL&. t: 

Uw -';/,u,l,w'i,/l t ШJЪ ршЪf,, пр шJl,'j, Jf, СН2 J,,n,Jp Jшljhphuf, 
ЬЧш111JшJр 'f:шиш,/__п[',/__п,J t ШJ'i,Ufl,u, f,'i,z.UfЬu J"'--/!wpшhun1-p СН2 

J,,n,Jp шJJ,,шr_pШJЪш1/r'il l'lflшJ/r Jh1.1 f>иlt 11-ш -':'i,шf'wi/__np !;, Ьрh 
шJJ,,wr_pшJЪшif,1, Z'f:Pwl,l, f'l! JwltЬpЬuf, ЪltшщJшJр 11-шиш,/__прJ/__ш� 
[f,'i,1,),1 q.n1-q.ш.t:bn1 U.1umЬrzf,9 ltшph[/r l; hч.pшltшgЪhl, пр gшJp ltп'i,-
9h'i,u,pш9f,wJf, '1/, Ufpu,J Jшlthpbunph'i, шltm/r,/__ 'Ь1п,рhр[! Jшlthrh­
uw1f,'i, zhp,nn,J 'l-шиш,/__пр,/__шJ Ь'Ь Jшlthr huf,Ъ q_n,q.ш-':hn ('1-д. 81 ш)1 

5. U'l-UПr�n,u� щ�t'l- isn,i>ьr� <1.ru

fflf,f,'1- 'i,JntfJhpf, Jшlj h phuf, ,/__рш -':hrzn•lt ЧшfJL9'ilh1/ru Jшlj·hphuf, 
h ltwflf,t'i,b pf, Jf,1_l, ,f,пJишч.11-bgn•PJn,'i, l; u,L'l./r n1-'i,h'i,u,J, пр[! шпш-
1_f,'i, -':Ьppf,'i, 'l-f'"l,_"p,/__n,J t Pnn,Jn,I__, fll�liq dwrd&.� p-rr-l_hin• WUW�­
Бw&.[t пrnz-l_nнl t l'rrdw&. wbllJщWнj_ а. (q.д-. '78), прr LPfr,1__ flpr1.­
Jш'i, '1hUfpnuf 1:ш,/__шишр l; 'lPnJ/r, J,иlt l.flh -':hqn•l/[! Uff,'i,.'1- Jшp­
Jf,'i,{! l.}, РР!.п,J, ШUfШ Pf'!.JШF'i, w'i,1/JnL'i,[! 90°-f,9 Jl,.) t z.f,'i,nuI, 
P.p1_n ,J[! Jhд- z.ш,f,rr,/__ ltшfu,,/__wJ t, f,'ilz.Ufhu Uf/r'it'I- Ъ1n•P/r Jшl/hrbuw­
J/rh zhput/r WUJrJJ'i,hpf, l,_ -':hrzn•Ч/r JnlhltпчЬhpf, ,f,пfишч.'1-Ьgп,рр.111, 
n,J-bpf, -':шpшpbpшlt9n,fJJn• Ъf,9, ШJ'ilUfhu t1 -':l.'l_n•ltn,J Jf,1_Jnlbltn,­
lШJf,Ъ ,f,nf,,wч_,,_h9п,fl1n,'i,'i,l,pf,91 ьрь i/__hp,1_f,Ъu ш,I__Ьlfr nц}hrz !;, ШUfШ 
Pnn,J tnb'l_f, l.}, n,'i,h'i,n,J, P.ptn,J tnh'l_ /r n1-'i,f,, ьрь "lfr'/,.,J- Ъ1п,рf, 
Jшltbpb uf, w,nnJ'i,h['f, l,_ -':Ь

'l
n,Ч/r Jnll.ltnчl,l,f'f, ,f,nJ,,шq_'1hgn,pp.11Ь 

n,Jl.pp q.bpшqш'i,9nul l,'i, -': h'ln,чn,J Jf,r_Jnthltпчш1f,'i, ,f,пJишч.11-h-
9п,рJШ'i, nцJbpf,'i,1 /i-':wpltb, flpr_nul[! ltwJ,,J/__шJ (' Ъшl,_ Uf/r'i,'1 JшltЬ­
f'l,uf, Jшp.f'nLfJJn<'i,f,91 bfJh IUUfWltn, ,/__рш, opf,Ъшlt, Jnиz t/r'i,f, ри,/__шJ, 
ШUfШ r_n<p[! 'i,ршЪ lf, flp2fr, /rиЧ pf,Jf,шljш'i, ш'i,nflblpf, ,/__рш Jш.pn•p 
!_('/r ltшP/rl,'i,l,Pfr шnl/шJntPJи<Ъ[! S"'J!J l; тшl/rи 'i,ршЪ9 nz Jшpn'f' i/r, 
'i,/,lf!' 

/J.J'i, Uf/rЬ'1 'i,Jn,fJhp[!, npn'i,/l fJpl'f.nuI h'i, 1_рп,/__ Чпz.,/__п,J l,'i, fi�JJ:­
rn;},�l &.JDIJlbr {opf,'i,шlt, ШUfшltf,Ь), f,ult ШJ'i, ЪJntfJhp[!, npn'i,I 
21'",/__ 1_hf, flf'!.J/__n,J ltn}_,/__n,J h'il Б�qrn,)np (G.ш pUfhp, JnJp /,_ шлЪ), 
ьрь qлрд- n,'i,/,'i,ш'i,/l Л}_ fll, 1.p/r, WJl mpf,2 <h'ln,Чl,l,rf, -':hи1, Ш"fШ' 
ШJ'l- 'i,Jn,pbpp 1шJшUfшUJшuJ,,w'i,шpшp Чltn1_,/__h'il' l�n:Ji.lЧ h Jjш:Jinp: 

l.ш'i,pbpf, Jzшljn,Jp l,_ pшJwf,r,ufp 1_рп,/__ ltшJ J"''lhpn,/__ ,;1,1,_ 
,/__п,J t -':b'i,9 'i,Jn,phf'/r flpr_,/__hl"' ltшJ zflf'!.,/__hlnL 1:wtnlt11,fl1n,'i,l,l,pf, 
,fpw, 

/> и,шррЬрп,р1п,'i, Jf,Ъ1l,_ <J,Jш Ъz,/__шJ ш'l""f'P9/rш'l,l,l,fr, Uf/r'i, '1 
Jшlthphuf, ,/__рш qшqf, ш11-un ppntJ{! npnz шпш'ЬЛ'i,ш-':ши1/jr,,fJJniJ,_ 
Ыр n,'i,,/11 ll.Ju 11-hUfpn,J Чlш'i,nrz 'i,J"'Pl! Чпz.,/__п,J t wqunrpb&.m, f,иlJ 
lttш'i,,/__r,111!' mqunrpwш, шpunppJш'il 'l-hUfpntJ -':wJшUfШtnlUuJ,,w'i,ш­
pшp' wpunrpЬG.ш l,_ wpunrpwш: 

/>'i,l._jш'i, Uf/r'i,'1 'i,Jmflf, Jшithphul! Jl,J l; (шJцf,ЪрЪ, Jl,J f Ърш 
,fш'i,p';"9,/__wд-n,fJJw'i, шии1f,-G.шЪf!), ШJ'i,рш'/, Jl,J l; l,шl,_ щ'l-unppniJ[!t 

1 q ш'l-unpph'i,щf,'i, -':шJшUfШtnwufuшЪn'l Jшitbphu[! ltпl'LщJ t шh­
uw�wrwr dw�bгl-,u: 'l-шqLpf, ш11цпрри1-Jр "l/rf,'1 JwltЬphuf, ЧJ'ш
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ltwf,u/_wJ /; Lшh ч-шqf, ftwJ 'l-ntnpz.n1.. C.Lzn1..Jj,9 h r.hpJwuш.J,-ЬwLf,9, 
y.wqbpf, p.LnчPfi91 f,1,LllwL р.шрЛf! /; 'f-Ш'f-/i ftpf,шf,ftwftwL r.bpJwшnf,­
i.wLp, ШJLllwL пц}Ьq /; Ш'fиnppnLJlf!I 

-1-'шLf, пр '-'lfil,'1 Jw lr.Lpbu/1 ,/__рш JnlbftnчЫpf,, wmnJLЬpf, ftwJ 
f,n LLbpf, Лч-п1rшltшL nиihpf! (,;bqn1..ftf, Jwftbpbuf,L ч-шLl/_пq JпrЬ­
ftn1..tLbpf, LJшL) z_hL -:шi/_wuwpwftzn.i[_шJ JJщu !j,wqft Jп1hftnчLbpf, 
ltnqJf,9 Лч-nqn1..PiwJp, Ш1.1fШ 'fрШ -':1,u,/,_wf,/lni/_ ч-n1..Jwpw1fiL n1..Jf, 
'\шJw'l_np[! nL'['[i/_wJ /; '1l, '-'l fi '-'lfi'ii'f 'iiJnLfJf, J,b11up, 1J.J'1 /J/wu,S.wnni[_ 
'-'lfi'iJ'1- JшpJf,'ii'iJЬpp, -':hrznLftLЬpf, 'iJJw'iJ, inLl,l,J, npnzwftf, JшftЬpЬuш­
JfiL шq_шш /;l,hp'f-fiw h Лq.mnLJ 1,1, ,j,п/!{'ш9LЬL ШJ'f f;'i,l,pq.f,ш'ii' 'flJJ ­
qhp, -':b 'lniftblp, n1..pf,z. 1пн)�[_шJ f,1n1..pLp f,pЬL9 Jшftbphиf,'ii ftLw -
1,l,lnL C.w'iiш/J/шp-:ni/_1 

U.'lunpp.JwL шbuJц·lt'iiLpf,9 /; Lшh lfщul�Hwr lfnliqbliuwgшilp' 
dwqw Gnpw!�li tuo.nwgnнfp , "Pl! 111Ьrz f, . niLf, npnz. wftf, 1_bpJшu111f,C.ш­
Lf,, C.LzJ щ'i, h Jwq_ш 'unpf, /J/Ш111bpf, ,/__рш ;,'hqnLltf, рш�/_шршр РпJшL 
11-h/J/ll "r.J' 2Ьqn1..ftf, 'fntnrzfi'i,l,l'f! Jшq_ш 'iinpnLJ fuшw'iinLJ J,'iJ пz_ fJЬ 
w11-unpf'Dfin'ii n1..Jhpf, шq_11-homP1шL шшl1, ШJl шp11-Jn1..'ii[! l,1, Jшq_ш­
'iinfilLhpn1..J ( npшbrz ч-ntnrzfiblpf, -S'iiz.nulf! z шш gшJp /;) h,zшJ ч-п ­
L"Plfi'iJ ltшq_.Гn_,z Jntbftnчblpf, 'J-L'-'lfi ,:1,,t,нftf, Jшlthpbup Лq.i/_fчп1..'ii, 

Uщq_w'unflwif,L fumw9п1..Jf! ftшpЬ.np 11Lp /; ftш111 шpn1..J ..-:n,zЬpf, 
f.f'ШJ/i'ii n.hJf,Jf, ftшpч-шi/_npJшL JшJw'iiшft1 

'uzi[_шJ pn[np fttшLJшL /J/f'ngbи'iJЬpf,9 шJl,1,шJЬJ ч-npJ'iiшftшL 
Lzш'iiw ltn1..fJ1п1..'ii'iJ n1..'iif, JшftЬpbuш1/iL fttшLn,Jl! ' Ш'funpp n1..Jp, -:шш­
ltшщЬи lf'Ьpf,, tn1..Jn1..4fJLhpf, Jш[!pJш'iJ 1:шJ�р, O'f[! '1-щq_Ьpf,g h 
qn[npz.f,Ыpf,g Jш[!рЬ[п1.. -:шJшр, ftшmшlf,111/ift h !j,ln111ш9f,n'ii щpn­
gJ.uLЬpnul, n.wqJш-llfiJf,шltшL 'fnpJnLJ h шuL, 

U. 11-unppnпlf! ..-:ш1111LшрhрЬL /; nn1..u pf,Jf,ftnu �n,1/_j,gp (1885), 
f,uft q.шq_bpf, lttш'iinLJ[! шJf,,ni/_ wnш7fr't,L' 'i,ltw!'':'1'1-f'l,l /; {;l,l,ll,'i, 
(1773 )•

lJ.ftшf,i[_w9шJ шJfuf, lttш'iif,z_ ..-:шш4п,р;п1..LНрр n1..un1..JLшuf,pb[ 
1,1, un,[_hшwltwL '1-fim'ii шftшLblp �brfi'iiuftf,L, Цtn'U!, 'J-nLpf,'iif,L[!, 
П-шljni/_uftf,'1 1 (J.nш1_f,L ..-:шJwlfuwp1:ш1f,L /J/ш111Ь

{'
шq_Jп,J J/;J ,;ш­

r.n'l:n•filJшJp оqшшч-прJI/_Ь9 �ЬtfiLuftn1.. ,;шJ,n'i,wq.npJшJ ..-:шftшqШq_f!, 
n{,1, rn'iiЬp '-'lfi'ii,f Ш'fиnppl,'i,111 {шftшf,i[_ш9i[_шJ шJп,jи) 1 /;1,'l,;ц,'J,pw­
/J/hu q.wqhpf, ,;ш,Гшр tшi/_ lttшLfiL'J,l,f' Ь'iJ q_ш рч-ш9шJ Jшftb11Lu щЫ-
9п'l 'iiJn1..phpp { wltmf,i/_w9pшJ шJп,fи, щ_Ь,Fqш, 1_pwqpfti/_wJ ltш,f_, uf,-
1J,ltшJLl t,_ шuL), 

6. \ЬtЧ,\ТВП�r� Ьч, �rWt'I-\J,\,,� 11'1-IIПr�trllt
��n�ьrtrьr� .:11ч.11u11r111,1riьr� 

l, .шumш111n1..L r.hpJwuf,C.wLf, 11-Ь
U/.ll '"J ш11-unppl,'i,шf, ftn'iigИ,ш-

('W9/iшJ/i9 { q.шq_hpf, 11-h/J/j!ПLJ' C.'iizn1..Jf,9) ш'lunppJш'iJ ftU1fui[_wJn1..­
PJnLLL шршш'>'ш1111n'l ftnp[! ltnt•fn,J /; wqunrpdwli �qnpЬrd: 

11/f,L,,_ -:шpfl Jшftbphuf, ,[рш (шщшftf,, Jп'J,nftpf,uиiшt, ,f,шuшр h 
шJl'ii) qwq_bpf, ш'lunppJш'J, ,;шJщр �l,1,'1-JJ"Lf'f! (1916) шршшdЬt /;
ш'funppJщ'i, ..-:wi[_шuшpnLJ(! • 1.hшшq.ш1п1..J щ_шrч.1/_h9, пр �l,'J,'fJJn,pf,
'\ш�/_шишрп1..Jf! ftwp.htfi /; ftf,pwn.bt Lшlz. ШJL Jшftbpbuш4f,Ъ pш Jш­
LntJblpf, '\шJщр (opf,Lшft, '-'lfiL11--'\b'lntft)1 
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l.шi/_шиwrn•Jf! 'ln,pu pbph1n• JшJшLшlt {Ьf,,pJJntpf! JчLnLJ (р 
Jnthftn,lШJ/iL-ftf,ЬЬmfiltшftшJ, /J/ш111ftbpш5111..J'I,l,pf,9, lf('/i f,f,qf,ч ш­
ltшL f,Jшиtn[! ftшJшLnul !; '\/,u,/,Jшln<J1 /JшL.J, пр ш'lun['pl,'i,u,f, Jш­
ftbphu[! JJ,,шиЬп. r/i, шщ_ш Ш'/-иnppn,Jl! mhqf, n1..Lf, "L рь шJpnfJ.l 
Jшftbpbuf,, ШJl Jшftbphuf, Jf,щJL шftшf,-1/_ lthLшp11LИpf, ,[рш, J!'J,'1 
npn, . .r шJl,'J, Jf, шftшf,1/_ ftЫ,шpn'ii ftшrnrz /; ш'1иnррЬ[ JfiшJL Jf, Jп-
1bftn,l' 

iff,шJшJшLшft f!'J,'ln,'ii,[,пJ /;, п1, Ш'fиnpp,Jш'J, JшJшLwft wnш­
.1w'iinнl /; Jfiш1f1 JnJ,nJntbft111rш.rfi'ii zbpm h Jшithpbuf, Jf, mh ,zшJш­
un,J Ь 'lшд- JnthftnчLЬrp p.ntиpn,[f,L i:.l,'J, шq_'fnLJ '\шрhшL fth'iiur­

,pn'J,1,1,l'fi 1/_/'ш lmp Jnthft,,чUhpf, ш11unppi/_htnL ..-:шmftn1..fJJntL'Lhpf,
11.J,ш, Uр,п u1nш2шf1n1..J /; JnJ,nJntЫl'пlШJf,I, z.Ь11ш, шiu.J,LjJ'iJ, Ьrр
p.ntnp шftшf,,[ ftL'iimpп'iJЬЬrl! qp.ш,ll, !Jl[_шJ- 1,1,, mhrzf, /; n1..'iihl,nr.J ·,;ш­
q.Ь9пиf l, uu,brtdi/_n1..J /; ш11-ипррJш'J, <ш�[_шишршftz11.п1..Р1 п1..'ь, Ьрр
Jf,шi[_np dшJш'iiшftn,J f,ЬuшL Jшu'iif,ft'J,l,{' шТ/_unppi/_nLJ b'i,, 'J,n1..i'ii-
l!ш'J, Jшиhf,ltf,br, /;1 11-Lu пpri/_111..J Ыи 

lJ.JJ"r шr111шJЫ1р {L'iJ q.JJn1..pf, <шi[_шuшpn,J(! I
ЬрЬ JшftbpLuf, и,ltшfii[_ mhqшJш_иL J!Lrzп1..'iil,'J, ll Jhft ш-Jpn'l_f, 

} nft ШJ'/- rul1111f,i/_ mb,zwJшuf, ШJ'iJ pшdf,Up, nr Ш'fиnppi/_шJ t Jn1Ь­
ftnчLbr1n i/_, !,zшLшl1Ь'iij! х, шщш шq_шm Jшftbpbul! Чlfi'i,,J,' 1-Х, 
U. ,,_ui,rp•[шJ- p1иLшltf! Lzш'iiшftb'iii Г-п�[_, brp Х=О, Г=О, J,11ft hpp 

_Х=1, Г=Г,,,, 'iiz.ш'iiшftn,J t•

х-�г-, 
г. 

"Jfi'J, 'l Jшl1LpЬuf, ,[рш zшr1dn,I, <ш i/_шuшrшftznn1..P1ni'iJ uшh'lJ­
.if_b1п, '}l,/J/f"'J Ш'f""f'P-JшL шrшq.nifJJnLLf!' V,., <шi[_шuшpi/_ntJ f 
11-hunpp.Jш'iJ шр1UqпсР1шf,р' \1

,, f:1, '1 nrnLJl, wqunppJш'iJ шриi,рп­
/J1п,f,(! (/,f,:_Ujbu Jn<pшllш'iiцn<p ,;t,,_,,i, ('n'/-l,'iJ 11.bшftgfiшJfi '\шJшр) nt­
'1./i'l. '\шJI..Jш111шf1ш'ii !; шqшm Jшftbpbuf, ..-:Ьш JnrLftnчLЬpf, 1:'iiшrш­
<[np '\,u'ii 'l-fr "fnLJf,bpf, p,lJ,f,, w1ufiLll'J,• 

(•) 

npmb'l K ., -f, шr1unppJш'J, шpш'fnLPJш'J, ..-:шumшшn,'iJ'J, !;, C-'iJ qшqft 
Jшi/_шtшJf,'J, ftnU9Ьf1111pшgf,шL, (1-Х)-р шqшm Jшftbpbuf!' 1H­
unrpJш'I, 1upшq.nLfJJ111..Lp ftшf,,i[_шJ !; JJ,шJ'J, ш'1-иnрр1/_шJ Jшftbphиf,g' 
Х, Ь ltш/u,f_шJ z_/; q.шqf, Jшi/_ш1w1f,L ftn'ii9 ЬL111pш9/iш1fi9, ШJиf,L[!L, 
f,Lu_�шL JшltLpl,uf, JшJltif_шJ11,P1пi'ii[! Jf,J /;, ш1f1-р.шЬ Lrш'iif,9 Jntb­
ltnч/i щnftJшf, '\ш,[ш'iiшltш'iin1..PJn1..f1p JЬJ J;. 

V,=K,X, (h) 

1.шumшum,LHp'iJ п.'iJЫ, шшррh(' lш,j,n'1шftшLmP1пr'ii'iibp' 

!К м ]=Чр�-I, [К. ]=Uщ·Uг 1 ·-l11!1-1
• 

.2шi/_u.:uшpшli2""'Piшf, 11-hщpn1..J' \'. = V,, '\hтЬ.шр'-"Р· 

K.C(l-x)-K, Х, (q) 
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,,,,,,,ь,,_t,9 

к.с х-,---'-'-':-"--::­к,+к.с 
( 1 1 )> 

U.Ju {ш�/_шишрJшl, ш1_ Jшиl! ршJшИчп,/_ K.-J, ,f_рш, Uzш'ьшfthtn-i/_'" 

Kw/K�=b 1,_ <шz,[_f, шп'/Jlчп,/_ (ч) <ш,f__шишрп,Jе, Ци.,,,ш9,[_f, {hU'I.­

JJ"'f'f, '\ш�/_шишрп,Jе. 

(12)' 

ьрь f!l, 'J-IILbll,p b=Jfa, Ш/J/Ш (12)-f,9 ftuu,ш9,f_f,. 

с г-г •. -"-- (12ш)• 
С+ а 

U.Ju (12 ш) '\ш,[_шишрпul[! '\шl,'l.f,uшUrшl /; '\f,щЬppn[f, '\ш,f__ш­

ишрп,J.' Г = Г ..,, шuf,Jщu,w,nn·,f__ ( q.д". 83 }t Ьрр С--+СО, шщш· 

Г=Г.,,,, f,uft hpp с»а, ШU[Ш Г=Г ""', Ьрь c-O(C�ci:), ШU[Ш 

ftu,nшgi/_J, }.l,I,pf,j, '>ш,[_шишрJшl, l,Jш'i, шp,nш'\шJUJfl<PJntU. 

г..., -- -----с,сс ----

г г�-·-с,' (13) 

/•и� Ь=1/а. f,Jn•P/r ш'l-unppJшlг 

шl;m/1,/_n•P!шl, z_шфш'isf,zfs /;, 9-dш­

r;pf, ,[,,щ ШJU '\ш,f__шuшpniJ[! '\ш­

Jшщшuтши/ишl,,,.J /; �npf, ulfl!'I.P-
O C,J�: ';,шftш'il Jшuf,Ь, пp'il nнl/t'l qf,д" /;: 
'/-,). 83. UrЬ11:JJ'"l'" W'IU"f'f'Jш'i, 'J,J,п,L.u (h1,qJJnч1f,9 шпшr· 

fr'l. nf1lц,Jr, :ЬpЬJ'illq.[/t/ut! шnшr_шpffhl /; шq-

unppJш'il fr'lnpbpJf, Jf, ,f,npJ.шpшpшftш'il '\ш,[_шишрmJ, "f'l! <ш"Ьшfи 

aq.mшqnpd;,f_n,J J; 'flшls. 'ilhpf/шJrнJut fl1Ь n,'/Jf, <ЬmL.Jшl тЬир[!• 

' х " ---кс ' 
т 

(14)

U.iumlнl Х-[! шqunpp,f__шJ 'ilJntPf, ршЬшftп•РJ'"И !;, ffi-[! шqunp­

phЬmf, qш'ilq.,[_шд[! , К-Ь L. П-(! фпрJ.шршршftшЪ JUntPJntЪ'ilhp 

J,1,, прл'ilр '\ши,лшmп,fs J,1, m,/_Jшl q.шl/_f,, ш11-unppb'ilmf, L. 1_ЬpJшumf,­

'r;.шЪJ, '\шJJ1Jp С-Ъ '\ш,[_шишршf/zпшftшЪ f/n'il9Ь'ilmpш9f,ш'il /;, 11{'[!' 

q.шl/_hpf, qhщ1'n,J ftшph[f, /; фnfuшpf,'ilht -G'ilzn,Jл4_' Р1 

U.J'1- '\ш�/_шишрntJ[! 9шд"р L. ршрJ.р ftn'il9b'ilmpш9f,шblpf, ("Ь[!'ь­

zraJblpf,) <шJшр z_f, щш<щшfsп,J шq.unppJш'i, f,чnfJЬpJЬpf, opf,'i,ш­

z_ш,f,n,fJ1,,,'i,'i,Ьpf!, ишftш1Ь Jf,1_ш'ilf/1шl ftn'il9Ь_'i,,,.pш9f,шJf, ("A'ьzn,J-

206 

11/,pf,) '\шJшр ШJl, tftn,f}l, f/f,pшn/чf, /;, Ufll/.fl('ШpШf' ШJ'I- '\ш,f__ш­
.UШ('П,J{! oq.,nшq.npд",f__nu! /; lnq.шpf,pJшftш'i, ,nhupn,f__. 

Х 1 
lg--lgK+-lgC, 

m п 

( 15) 

• 
х 

ilur'l.Jh1w,f__ q.pwf/,f,ftшftшb ftшJui[_ш,Jn,fJJnt'ь Jg- 1,_ lgC•J, J/rt.h 
т 

'4ишш94J, ntqj,rz .q.J,J, "f'l! z_f, ш'i,9'i,f, uft'l.p'ьwfthmn,f__: Ърш flhpn,­
J11ш'ii ш'i,ftJш'il mш'frq.bl,un,f__ npnz,f__nu! /; 1/n-'f!, f,uft й['''f'ft'i,шm-f,g 
f/mp,f__шд <uм,,,f__шд"рт/_' lgK-'is1 

7, PIJ.ЦU'U.U'Щb�П�l\131•� IJ.'1-ППrPR�U., P�S-� �IJ.'1.U.ПU.rП�U"� 

:Ьf,чJ,ftшftш'i, Ш'fUNppJш'il JшJш'i,шft 'l-ш'l.ft {шJhJштшрш(' 
ршрJ.р "A'ilzn,Jfshp.f, '11,U/l!""J ш'l-unppHmf, Jшfthphuf,'i, ШttШt.ш'ilnu! /; 
4шчJ, Jnthftnч'i,hpf, гшчJшzhрm flшrzш'ьflt {!'ьqп,'ьh1т/_ ршч_Jш2hрm 
pш7.ш'iip!,hpf, ШN-Шt_lll9n,Jf! Ppшn,hpf!, l;JJbme ls. Shuhp[! (1938) 
шршшд"Ь9f,'i, шrzunppJш'i, ft'l.nphpJf, <ш,f__шишрпu!, npb ШJ'1- '1-/t11t­
:bшffш'ilblpf, шч_'f-Ш'i,,,,'i,'i,J,pf, uff'l.F-'i,шmшnhpf,9 ftшqJ:J/_шд" '>шJшn.ttllt 
ftnz_,f__n,J /; fll;S-� .6.wiJ.wuwrnнl: tpшl,p h'i,fl'lf'l-f'"ul h'i,, пр шqunp­

.Ph'i,mf, Jшf(Ьphuf, �/рш f/ш'i, Jf,шuhn шnшl,J..f,'fl ш'l-uttppJш'il fthL11t­
pn'iiHp l, шqunppn<J[! Jf, шf(щf,,[_ f/l,'i, u,pn'i,f, ,/_рш z_f, шч_qпul JJЛLII 
fth'ьшpn'ь'i,J,pf, �/рш mhrzj, n,W9nrz ш11-ипррJш'i, U[['Л9ЬиЫрJ, �/рш 

.{f,'ь;_щЬи ШJ'}- [!'i,IJ-n<'ь,/_nu! /; {h'i,qДJntpf, mbunL/JJш'i, Jh1.}1 UJbnL,;b. 
mt., 'ьрш'i,р h'ьpш'l-f'"LJ ЬЬ, пр Jп1hftпчЫр[! ftшpnrz h'f, ш11-unpp,f__hl 
Ьpft1mpq, hppnp'1- l, ШJL Jnth,ffnчшJf,'iJ 2hpuтn,J, npf, 11-Ьщрлиl шпш­

:t.f,'ь Jn'iinJntЬftnчшJf,fs 2hpmf, ,f__рш bumnLJ /; hpftpnpq Jn'ilnJn1h­
ftnчш1f,'i, zhpmf!, hpf/pnp'ff, ,f__рш' hppnf''1-f! l, ШJ'l-U[hu 2шpn<'i,шft J"•­
рш1ш'i�uпч! 'ьшfипр'I- 2hpmf! {шr_прq zЬpuтf, '\шJшр 'i,np JшfthpЬи /; 
<ш'ьrzf,иш'ьпu!' 

flnшt_,f,'ь zЬpmniJ шqunppJшl, f;l,hpq.f,шl, f!'i,IJ-nt'i,i/_nu! /; npщhu 
--":ши,лши,п,'i, JЬdn<PJn,'i,, f,uft '>шt_np'f zЬpmhpn,J шpql,'i, ш'l-unpp· 
Jш!, l;Н,pq.f,ш'i, pk'l-n,'i,i/_nul /; q.шчf, '\h'[_n,ffш9Jшl, f;blpq.f,шJf,'il <ш­

.,f__шишр, 
P/;S-f, '\ш,f__шuшpnu!f! n,'ilf, <hшl,J"'L uтhuJ}[!• 

Р _!_ + С-1 • �. (16) 
(P0-P)V CV m С\'ш Р0 

-flJumh.rz Р-'ь шqunpp,f__шJ zhpuтf, �/рш qшq_f, '\ш,f__шлшршft21tшftш'ь 
"A'i,zn,J'i, !;, Po-fs <ш'l-Ь9шд" '1-"l"f'lfi'i,bpf, &'iszn,J'i, /;, V-'i, шqилрр,f__п-7. 
'qшч], [!'ьq<ш'iln<p д"ш,f__шl/!, V m-f! 'l-шч_f, ШJ'i, дш,f__шl'i, /;, np'il шЪ<рш­
,J-l,l,л /; Jl,ft JnlhffmlШJf,'i, 2hр,л шr,_ш1.ш9'ьhtn, {шJшр, C-'i, '\шu­
mшmn,'ii'i, !;1 /;и,л "'J'l- '>ш-,f__ши.шр.Jш'i, Р/(Ро-Р JV L. Р/Ро q.pш!f,f,f/ш­
ftш'i, ftшJu,f__шJn,pJniЬ[! шртш'\шJuт,/_п,J /; niqf,q q.д"n,f__, npf, Pb11n<­
ftJш'i, ш'i,ftJш'ii u,ш'i,qhЬub !;' C-1NmC l, opqf,'iiшщj,9 ftшршд" 
"<шm,f__шдf!' iN mC' 

fl11-unpp,f__,шJ 'i,Jn,pf, Jhff Jnthffnчf, '1.F-ш'(h9ршд" Jшfthphu[! ftш-
ph1f, !; '\шz,f__ht, htbl1n,f__ '>hrzn,ffш9,f__шд" q.шq_f, Juuтn,P1ni'i,f,9, ш,-
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. 
иf,'iч/и' \\r.·J! -':шz,f_l,iп,f, 1/шрlчf, t "f"'lLl шqипррЫ,�пf, шJrп'lt 
JшЧbr,bup. 

(17) 

nrmh1 (\.1, ш'1ипрр,[шJ ;:_hnи1f, <ши1nп,fJ1п,!,[! "f'"l"'l JпlЬЧпч'Ьhрf, 
lЛ('Ш<lш7-/,д-'Ь t, S-r ш.7-,n•r1rb'iunf, JшЧЬрЬиr, _'\-:, JЬЧ Jп1hЧnчf,'i, 
p'i,Ч!,n'l JшЧЬрЬиr, �,r-·[! JnltлJnihЧлчш1f,'i, zbruннJ JлthЧпчьЬrf, 
п,,, 

чJ,-

ь,,,. ri=1 JшЧЬрLие ч1,,,�,ff, mbuшl1шr,ш,, L, (17)-/1 .9. J,_umш.9-

( 18) 

f>иЧ, pш'i.Jf, "{' 

v. 
Nm=-�-<6,02· l02J

, 

224Гi�I 

s. -1>rn1ru.sn�ru.�N1

(191 

{n,.tпчfJHpf,9 ш11-лпр1ннJе Чшрl,пр mb'l t 'l-l'ш,f_л,J t1п.flbpf, 
ppnJ-шwn'l-pш:f,J,шЧшL ршJш!,JшЬ JhfJп'lnul, ./!pnJш1nлqpш!j,f,шiF 
rpu f'ln,fJf, f,p,,.,pf,9 ршJш'ЬJшU Ь�ш!,.шЧ t' uш}п,!Рl! ЧшJ q.шq_J! 
ш2тшршЧп,J 'l'"!,,Lл'l ш'l""f'PЬ'iнnf, ,f_pш1r11/_ ш'it9Чш9'i.Jlчf,и, U.Jtl. 
h'lш'ЬшЧf! ,(шJm'i,шqnpд-l'l t 8,[_lnn[! (1903)1 Uш 9"'J9 ,n1J_b!J, пр hflh 
pn1Juf, Чш!,шz_ mhpl,'i.,bpf,9 "{Шmрши�п,[_шд- j![Л{'n,'f,J,1J, 1п,Jn,!Pl! J[!!J­
'i,h'i,p шzшшрш�f, Jb1_ <ш"Jш{' ш11-11лррh'i,,лf, ,[рш ( opf,Uш�, ,f,nzn, 
ЛЬ.п,[ шun,Jf,'i,f, Oj!uf,'1), Ш"{Ш lл,Jn,Jfll! ршJш'i,,[п,J t Jf, pш'i,.f, 
q.п,'i,ш,[пр q.n,nf,'i,b('f,• f!'i, '1 npn,J ,[bphf, Jmunнi Ш'f"n('p,f_mJ t Шjl, 
b1n•Pf!, n {'f, ш11-илррJш'Ь п,'Ьшftп,fJ1п,'i,е шJf,'t,шpш[1<lpf1 t, f,u.� <ш-
1."l''l- Jшuhpn,J fчл,flhpf! "''1-unpp•/n,J h'i, <Ьррш�ш'&л,рJшJр' ru,n 
Up11J't,9 Ш'f""l'PJш'& ,,','t,щ�л,_fJJn,bl,hpf, 'Ь,[шqJшf,i 

-RшLJ, Л(' ШJ'f .11,п,[_ ш'/-un('p{n'l '&1лr/Jhp[! lf'fi,[_ z_b'i, pшJ-wL­
,[n,J, ШJ'f "f_шm'S,wnn,[_ uщunppmJf,9 J;b,nn шzwшрш,�f, Jf,1_m/_ рш9 
h'i, fln'l'&n,J ln,Jf,z_, np'i, ши1ш<п</.л1_J t Ш'fUnpp,[шJ Liлiflhpf, l,Pf,i/. 
pшJ-шLmJ[! q.n,'iiш,[n{' zhp,nhpf,, пр[! �лz_,[п,J t frndwmnip-wddw: 
U.1'Ь11,'\h,nl, ш11-илррЬ'i,,пр ::ш'ь,[__mJ t ШUfШ�JШ fип'lл</.ш�f,9 l, ри,п 
'1-'"'&ш.rf,'Ь zbpu,hpf, f,pшpf,9 pшJш'i,,[mJ п, pш'&w�ш"ihu npлzi/.п,J 
J!UUf шл.шЬl.f,'i, [HU'[Ш'f['f,z_'iibpf,1 

l:ш,п Jh,} z_ш,f,л</. (о('qш'i,ш�ш'i, j!J,JJ,шJ/1/J, p.f,лj!f,JJ,ш1n,J, .,f,­
ч.Hшftш'i, j!J,JJ,ш1л,J) oq.шшqnpd,[лul t 'i,,u/J. frndwшnqrw:tфw&. 

Р-чrР ifrw, npшh'l Лр"f_hи ш11-илррh'i,,п oq,nшq.npd,f__л,J l,'i, '\шшл,�· 
ШJ'l 'i,"iшm_ш�f, '\шJшр "iштрши,п,[_шd fil'lflh zhpmhp, 
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'!,JлrfJЬf'l! �шрЬ/j, t f,pшг,f,g ршt!ш'/,Ьl nz Jf,шJ1, 'i.pш'i,9 'l-'"f,.,.,_

,[__пр JJ,f,bl"' ,,.ь "f.,piшl, Ьрь f,,шn.'t,п,p'J-f! ftшч_Jп 'l ъ1,,._рьрf! 'l-,.,'i,ш,{_вf" 
�bU, ш"f_ш ршdш1,Jшi, -:,,пlшГ' "'l-1nшq."f''}л,J И, ЬршЬ11 !f,f,.,_f,�ш-
11шЬ l1шJ ,!f,,i,1,шЧшЬ :шu,i/_,н/J,1n,И,f-,pf!' ll.n•qfruf, ЬrzшЬ,иЧ'i,Ьр ьь�

q.шqw_ipt., q.wqш-!ibrpнl1ш_:�t;.. ,;,тшzЬ.-,11, finl>шifшtiнll&.W�WJ�b k 
ШJ[ (Jpn1lL::m1111;1ш:f,f,ш,1ш'I, ,ll,fln.7Ьl..p['' 

1. l.NJ"i,U.4U.;, '-U.U4U.5Пefi>aпt,;,;,ьr ьч. cПlПt<CJ.'uьro

U s,u, fНI J. Н l2 

11пlпf,11ш1J,'и j!J,Jf,ш'i, np"f_bu q.f,mn,fJJn<'i, J.l,ш,[_лp1[bl t ш'i,gJш{ 
11-шрf, ftbuhpf,'i,, flu1n,J'uшuf,ph1лi/. �hL11-шbf, Pш11ш'i,fl'i,bpf, Jf,1_пi/.· 
mшррЬр 'i,JnLfJhpf, 11-J,!J,пн:_Jш'Ь шpшq,n,fJJnL'i,l! , '1-рЬJ/! (1861) fr�ш­
шЬ9, Л(' npnz 'иJnLpьp шршq. 'lfi!f,л,q_,[л,J l,'i, л, <hz,nnLPJшJp f'JЛL­
ph'lш'i,n,J, f,иЧ ШJL Ь1n,filiip zb'i, ш'Ь9'i,п,J pш'lшLfJf, Jf,1_ni/. l, zh'i, 
pJn<ph'lш'i,nLJ1 

U.лшр_f,'Ь 'и1п,flhpf! Ьш щ'i,,[ш'i,/,9 �rliuшw1nliql'.Ьr, J,и� hp�-
pnptf'ЬЬ{'[! ' lJп1nliчlil,r (-\п,ЬшрЬ'i, �пил рш"-f,9, пр 'uzш'i,шftnLJ t uл­
uf,LJ.)1 Чpf,u,nшlnfi'l-'i,l,l'l! (opf,'i,ш�' zшj!Шf'l!• fthpш�pf, ш'll! U. шu'и) 
lPnLJ l'",}/"lf,u шл.ш1ш9fш,_J Ь'/, J,иl/щ�ш'i, l"LdnчfJЪbp, f,u� ftлtлf,11-­
'i,l,pp, opf,Ьшft, unuf,LJ.e, uf,lf,�шfJpn,'Ь, JJn,Jpf! l, ШJL'f, ш,._ш1_ш9-
'i,лLJ Ь'Ь �"lлf,11-ш1f,'i, lnLdnчfJLbp1 

Uш�шi'i, Pnrnni/.[! .(1869) 9Л'J9 щ,[_Ь9, Ш"{Ш •lf,1Jшp'i,f! (1904) 
qшpqш9ph9 ШJ'u Jf,,nj'/!, пр 'и1п,рЬрf, pшJ-шЬnLJl! ftpf,u,n;ulnf,11-Hpf, 
k �nlnf,'1f,{,pf, "{ШJJш'Ьшftш'i, t, k пр �шJи,[шJ JJ,1шi/.ШJpf,9 nL UfWJ­
JшfrЬ-Ь{' ,f,.ч Ln'-Jh 111mP/! �шрп'l t q.,n'i,,,[bl l, ftf'f,umшlш�шl,, U. ftn,[.лf,­
'lшJf,'i, ,jj,L.ш�•л,J, U.Ju"f_bu, орf,Ьш�, �l,pшftpf, ш'll! p1лiphqш1J,fr 
'ьJnLfJ t, uшltшJ'i, pb'i, q_nln,J [ЛLdh1J,u шл.шу_ш9Lп,J /; �лtлfi '1шJf,'i, 
1пiJnчfi, .f,uft o'Sшne, пр 1_pn,J шл.ш1_ш9'Ьл,J t Чntnfi '1шJf,'i, lл,­
Jnчfl, u"{f,pmш1f,'i, fЛLdnчflлнl, 9n,9шpbpn,J 1; ftpf,umшlnfi'1f, <шт­
�п,Р1п,'Ь1 U.Ju"{f,um[, ftpf,u,nшlлfi 'l'i,hpf! l, ll"l'',;, 'l 'i,l,l'l! 'i,jn,pf, ,[f,­
lш�'i,hp h'i,1 

Чп1пf,11-ш.rf,'Ь 1п,Jnчf1Lbpe "f_WШ�ш'Ьл,J hL 11f,uUfbpu <шJш�шр­
'1-Ьрf, 'lшuf,U, лрпЬ9пLJ JJ, 'iiJm·Pl! ршzJи,[шJ { JJn,uf, Jbt шшррhр 
;_ш,f,ubpf, JшиLJ,ftLhpf, Jkл,[, U.!'1 ,nbuw�bmf,9,ClJn1nliq.wJli&. flidliш&. 

�wrЬ 1J:i t w&.ifw&.Ьt qfu'ЧЬru Ьwtlw�wrql.rli 1.. tlшlJLrbuu,чf&. ЬrЬ­
{щJр�Ьr� }pq/>\wfJ,dpw, �n1nfr7ш1frL ,frJfrшL 1fr»1п,[ Nчfr\ш­
�ш'Ь j!f,JJ,ш1J, f,'i,j!'i,ЛL['Л'J'i, ршJ-f,Ь, f,p Ш"-Ш1_ fиh '1fi l' 1; 11-'ип,J ЛLUnul­
Lшuf,!'_bl ,;J,,nh{'n'l-h'f, {шJш�шрqЬрf, <ш,n�п,fJ1п,bl,hpf!, шл.шW'i,ш.,, 

"f_Ьи '\шщп,� n,zш'f['Л<PJn,1, 'lшpd.'i,l'lлi/. !f,ш'l.bl'f, pшJш'i,Jш'i, иш'\-
,., 

lf-8:JI 



:�
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\ Jw'Ьn,J 1nbqjr nLLhon'l Jшff_bphuшJ/if, ь"ь.nчР'ЬЬрf,'i, l,_ pwpJ.pJnlb-
Чnчшif,Ь nL "(nl,J,Jhpш1/ib Jf,ш9n,fJ1п,ЪЪbpf, :Z,,f,'U'ftwpf,Jf,шltшЪ 
-:шmf/_л,fJ 1n,LLhrf,Ъ,) 

Чntnfi'1uчf,Ъ .;;шJшf/.шpq.hpf! Lшf,, /,. ш"-Ш1. р'Ьп,flшч-р�/_п,J /,''i, 
qfщiчЬruiJ.щbnipJw&.' dщlirw9iJ.wbn1rJwr. wumfi6w&.шJ.: ГJ.f,и"(hри­
,{_шJ,пfJ1ш'Ь ftшJ Jш'Ьрш9�/_шdшР1шЪ шumf,-G.w'ЬI!' D-Ъ, npnz,[_n,J { 
"f'"f l,u '1fiullfbpu Jши'Ьf,Чf, ;_ш·фиf, (mpwJш'fJf,)' d, 1:шf/.шr,-шр& Jb­
,} п ,fJ pn'fi. 

1 
D=-uiC- 1

, 

d 
( 1) 

Лч•/�z fипи/!rн/_, qfiuiчhrudwli wuuф6wlip. 9щJ9 1; щш1Р.u, рЬ 1 ud 
.6.bnw�nrntp-Jwf. �rw fwrф .Б.tuш Uwurф� �шгЬJР 1; �nqf-�nqrp 
quщw-l_nrh1: 

'J.f,uUfl'l"'Jщ"i, шишf,6.щ'i,1! rLn,fJшq.pi/_n,J t 'ЬшЬ. tnbuшf/.wpшp 
Jшltbpbun1f.. (0), пр'Ь шрщщ.;;шJин/_п1_J t ,m/_JШL JшpJ'Ьf, Jшf/.bpbuf, 
(S) l,_ 'Ьрш q['шqb9pшJ Jшi/_шtf, (V} '\шршрЬрп<РJшJр. 

' 
0=__:::___, 

V 
(2) 

U1ncpf, JшЪpш9.iJ.wd"n,fJ1шЪ шuшf,-G.ш'i,f, Jblщ9Jw'i,l! q_nLЧf!ЪfJш9 
ШJ'f Jlн}n,fJJnL'i,f! (6) шршq. ш6.п,J t,

?-f,u"l l,l'" 1:wJwf/_wpq.hpf! [f,Ъп,J h'i, Jf,ш:Z,wq_ (1:пJnq.b'i,) t,_ 
pwq_Jwfpw'l (1:h1nhpnq.bЪ)1 1.пJnq.b'i, 1:шJшf/_wpq.h{'ntJ, nрпЪ1 рщ ,z­
f/.ш9шr} hf, Jnthff.nчИpf,9 Ь. f,пЪИрf,9, JшиЪf,чИрf, l,_ Jf,1_w,[wJpf, 
Jf,1_Ь. рш9шf/.ш1пиl bf, pшdw'i,Jщf, uw{Jщ'i,'i,Ьpf!, f,uf/. 1:hшbpnq.hf, 
<шJшf/_шpq.hpnu/ щп_f/_ш l,'fi :j,ш·qbpf, ршJшЪJщf, J,wf/_bpbu'i,hppt 

� ь"ч_:р�q_ {/,1nbpnq.bf, 1:шJwf/.шpq.(! pш,zf/.w9wr} t Jf,1_w,f_ш1rfts 
(пр[! f/.шrn'l t tfiHL q.шq_, 1:h,zntf/. f/.ш·J "ffi'ii'I 'i,Jn•fJ) l,_ 'fipw Jl,l 
11/iu"lhf'uqшrt 'fi1пifJf, JшЪрш9,f_шr} Jщu'i,f,.ff_'i,l,pf,91 UJ" '1-1,"l/!n,J Jf,-
1_ш,[шJf'l! Чпz.,f_n,J t чfiuUJ.hГu dfirшiJ.UIJГ, J,иЧ Jf,1.wif_w1pf, Jht. 
pшzfu,f_щr} JшЪрш94.шrt 'fiJnt/J[!' qP,uuihru -�шq:

?-f,u"fhpu 1:wJщf/_wpq.bpf! 'lщuwf/.шp'f,f_n,J l,'i, l!""' 11-ftu"fbpu 
fpшqf, Jшu'fif,f/_Hpf, JblntfJJш'fi (l!""' '1fi""fl,puJw'fi wuшf,-Sw'i,f,}, 
f!""' 'ffi""lhpu fpwqf, п, 'ffi""fl,f'" Jf,1.w,[щJpf, фпfuщq_'fhgn,p-Jwf, 
p'finчP/i l,_ f!UШ шq.pb q.щ1nщ1J,'fi ,f_J,-G.wf/.f,1 

�uш Uшfi.rщ9-l_щЬ-n1pJUIG шuшf16шlф pnlnf' Jf,f/.pn11-ftu"fbpu 
-':шJшf/.шрq.Ьр[! f/.wpbt} t "fШJJщf,щff_шЪпрЫ, pwJщ'i,/,l ЬрЬ1 fuJpf,' 
f/r1"1f,1n-'1fi" "ll,f'", f/.п-1nft11--11-ftu"fh{'и Ь. Jntbff.nчш1f,Ъ (f,n'fiwf/_w'fi)­
'1fi""ll,f'" 1:шJшf/_wpq.hpi 

!,.. ш) LшUш'tщrqe, 'tniчfiш-чfiuUJ.hru �. Ьрр 11-ftu"lbf'u,f_шr} Jши­
tf,f/_'i,hpf, Jblnt/JJntЪf! 1-Jo---,I ud t, l/n"ff,m-11-J,u"fbpu 1:шJwf/_wpq.hp 
l,f, ЧшfunчfJ'i,l,p[!, opf,'i,щff_' hpf/_щfJf, qnlf' 1_рп,J, ""'""fh'i,чf,шЫp[! 
{hph 11-ftu"ll, f'" fpшq_{! "ffi'i,'1- Ъ1n,fJ О, opf,Lшf/_' JшЪрш9,f_и.,r} f/.w,f_[I 
1_pn,J, tJпчиf,ш'i,hpf! (bfJ/, 'lfi""l l,f'" fpшq_f! 1:h'ln•f/.f, f/.шfJfil'i,l,f''i, ht), 
11рf,Ъшf/_' Jn•,zf, f/.wPfil'i,Ьf'l! 'l.{'ntJ1 UJ'i, 11-fiu"fbpu 1:шJшf/.шрq.Ьрр, 
npnlif! m'i,l,'i, f/.f,Ишf,f/.шf/.шЪ f/.ш1п1'i,n,fJ1n,Ъ, w1uftl,/!'i,, пrnL9 Jщu­
'10 

\ 

Ъf,f/.Ыpf! ррпп,Ъ1шЪ zшpdJш'J, zЪnp{f,,f_ чш'f..,f_п,J b'J, pшnuш1J,fr 
qj,-C.шf/_nul "lwщf/_w'l,n,J l,'i, ff.ntnft·'fШJ,f,'J, 1:шJшf/.шp'f-bp-f, fJ4J,'k, 
l/n"ff,щ-11-fiu"fhpuf,ш'i,hpf! Jщf/_1m-11-f,u"fbpu <шJшf/_шрq.Ьр f,'fi, npnbl!' 

1./,'f, ,щ'l,9'1,n,J fJ'lfJh Ъ,прр f/>/'L"'f'hpf, Jf,1_u,f_, '\шJЬJштшршр {Ьzщ 
h'i, Ъи1n,f_шr}/! mшtf,и, 1.1,'J, '1ftшlfr'l,f_n,J, z.b'I, 11-ftf/>uiq_,f_n,J, ,n/,u,w·-
1,l,lf, h'J, un,f_npшff_ш'I, Jf,f/_pnuf/.n"fn,f_, 1/n"ff,ш-'lf,u"fbpu '\шJwffШf''l-l, f'l! 

'f..n,J'i,"11," ff.ntnfi'l f!ftJf,wJJ, n,un,JLwuf,pn,P1шt op1hff.1n'i,l,p Ын 
'L, р) .:шuшчшгq:р ЧninP.'l-чfiuu1hru �. bfJh ШJ'l- '\шJшf/.шр'fР

pw1z.f/.w9n,9f,:._ Jшuf,f,f/_1,1,pf, Jblmp1nLЬ[! 10- 5-10--7 ud /;, '1ulnft11-­
?/i""ll, ри '\шJ w/fwp'fb f'f' ( 11-fiu"fb punf, '1'1,/,p[!) ff.ntnfi 'lw Jf,'i, pf,J J,ш­
J/i n,un,JLшuf,11п,fJ1w'f.. '\f,J'i,wff_ш'i, Шtullpf/_ш'fi ЬЬ, UJ'l- 1:шJшf/_шрч-h­
f'п,J f/_f,'i,l,mf,чшf/_ш'i, f,_ f/.wnn,9шr}/!шJf,f, JJ,ш,f_np 1; и;_ fJb f,n'i,l! ff_ш,1 
Jпlhff.пчe, шл ип,f_пршff_ш'i, Jпlbff.пчthpf,9, шmпJЫr,f,s ff_шJ f,пЬ-
1,l,pf,_9 pш'J.ff.w9шJ Jf, f/_nJ "flbf!u, npp f/.nz.,f_n,J t UР,9Ь1 f/_wJ dш¼_rn­
dn1h4nч (шqrb q.wm), ш1иf,'1,рf,' Jh.t ;_шфиf, f,_ JM Jntbff.n'lшJf,'f, 
f/.znn,f_ Jnlhff.n,l-''f"lfrJ_bp, 1/,,tnfi,f 'ffi""lh f'u'i,l,p'i, n,'i,l,'J, ршр&р ч_шр­
q.ш9шr} Jwf/.hpbu'i,l,p L. fJhpJш'lf,'i,шJJ,f/.upb'i, щ'i,'\ш,f_ш11шршf/.2т/_шr} 
шч-рЬ'fштш1f,Ъ-ш'i,f/.ш1п1'f.. '\шJшf/_шрчhр Ьf,, npu'i,/! шЪsLп,J l,'f, 
1,п,рр f/>f,l"'f'hpf, JJi-1.n,f_, ,f_шщ ЬЬ bum,,f_wr}/! шпш2_ш9Ъп,J, z_/,Ь '1-Pш­
tftq_,f_n,J, 'fШ'i, 'fШ'l_ h'J, 11-J,f/>n,q,f_n,J, шbuшbllf, z.bl, иn,f_пршf/_шЬ 
Jf,f/_pnuf/.n"ln,f_, pшJfJ mbuw'i,htf, l,I, п,lшршJf,чрпиf/.п111п,f_1 '1ntnft11-­
'1ftи-,hpunf,11-'i,J, f'I! dfiЧ.i:-nqpuUJ.hru Jiwdw'twrqhr Ыi: 

1, ч) Lшdwltwrq:e, dn1ЬЧ.пчшJрr.. (finbwltwb) qpuUJ.hru t, ьр-ь ш1Ir 
f/.wqJn'l Jwиbf,f/.'i,l,pf, ;_шфиЬрf, l,'J, J(J-8_Ja,---12 uU: U,!'1- <шJwf/.wp­
Ч-1,f'l! f/.n1.,f_п,J h'i, Jnthff.nчш1J,'fi (f,пbщf-tw'ii} f/_wJ f,pшf/_ш'fi lnLJnчfJ-
1,hp Ь. n,un,J'i,шuf,p,f_n,J h'i, fpf, q_f,ltшf/_w'f.. /!f,Jf,wJn,J, UJ'l-"lftuf, 1:wJш­
f/.шp'fhpn,J 'f..Jnt/Jhpf! шрп'\,f_п,J l,'J, JJ,Ьz.Ь. Jntbff.nч f/_wJ f,n'i,1 Uр­
ршЪ, шL9'i,n,J l,'i, pntnp f.f,l1nf'bf'n,f_, Ъиш,{_шJр 1./,'J, mшlf,u, lш,[ 
'ffi:j,n,q_,f_nul L. 11-/iшtftq_,f_n,J b'i,, nt1mpщJJ,f/.pnuf/.n"fn,f_ 1.1,'J, 1:ш1шtw­
php,f_n,J l,. 1п,Jn'JfJI,l,pf! 1:nJnчl,'J, hl,1 

'-lп1пJ,'1шJJ,Ь <шJшf/_шр·чЬр-f, n,un,J'l,шuf,pn,fJJn''i,f! рш9ш1ш1шl.{ 
t bpf/.m ':h1nЬ.1шl шшf"php{,z. <шmf/.n,fJJn,f,'1,/,f'' 1,шfи, npnz f/.nlnf,-\ 
11-шJf,'fi '\wJwf/_wp'fbpn,J, opf,'i,wf/_' пиf/_п,, wprtwfJJ,, As2S-f, !_f'ШJf,& 
ff.ntnft'1шJf,'i, LntдnLJfJ'i,hpn,J 11-ftu"fhpu !рщч_J, l,_ 11-ftu"fbpu JJ,1.ш,[wJpf, 
Jщu'i,f,ч 'i,l,pf, Jf,1.Ь. '\шJшрJШ lf'fi,f_ рш9шf/.ш1и,J t фnfuшq_11b9n,­
fJ1пiLp, npf, "fШш-G.шп11,f_ ШJ'l-"ffiuf, '\щJwf/_шp'fhpn,J Jwu'f..f,f/_'i,hpf!' 
иnti/_шщw9,f_шr} z.b'i,1 U.д ff.ntnft'1шJf,1, <wJшf/_шp'fhpn,J, opf,'i,wf/., 
oU[ШJf,, Jblwщf,'i,f,, ""IJi.щwf/_n,91,l,pf,, pшp&pJntbff.n.lwJJ,b Jf,шsп,­
fJJnt'i,'i,l,pf, l,_ ШJl 'l.PщJJ,1, ln,JпчfJЬhpnul bpff.n, !j,шч_Ьрf, фпfишч.'1Ь-
9п,fJ1шf� zЪnp'\f,,f_ 11-ftu"fbpu Jwu'i,/i-4I,hpf! fu,f,uu-, ипl,f_шшш9,f_шr} l,'i,, 
:ЬphJ'i,'1-1.}/uf, шпш1.шрf/_п,f_ щпш1_f,'i, 1шJшf/_шрчЬр[! f/.nii/_п,J f,'i, 1Jin­
�np ltn1nrчr.Ьr (ЧшJ 1/iп:f,np* q_n[bp), f,иЧ bpf/.pn;1'1Hf'[!' 1PnH1 Ч.n-
1nfiqGЬr (f/.шJ t/inf/>f,l q_n1hp} , 

'" 



, 

" ьрь Jf,1.ш,f_WJ[>[! 1.п<рL !;, ,ШU[Ш 'ши 1:шJшftшрчЬр[! Hrrz.,f_b� 
.6pqr11:pnp /,_ .&Pvn:tФt ftntrif,11-Ыp, 

, 'J-fru"fbpu -:wJшftwpq.bp'i, f!UШ '1ftu"fbpu !f,шq_J, h '1-fru"fbpц Jj,-
1.ш•[шJpf, шq.рЬq.ши,шJf,'ь ч.J,-&.шf/.f, Lfr'i,п.J bL f,L'i,[! u,buw!Jf, (тЬ'и 
lпн},н1РЫрf, pшJJ,Le): 'J-pшL9f,9 -<:bmwl}ppf,p И/ wtrnqniЬrr­
( шJ"f , д1пf,1), npn'i,9 ,,f,u"{bpu JJ,1.wif_шJpf! q.шq_'i., !;, i!шq.n1Ьr[!- {l;Jnч­
uf,шLbp, un,ш,1L'll'lfrшЫp, !Jnlnfr'f ln,Jn,1PLЬp), п11n'i.,9 r1/tuUfbpu 
Jf,1_ш1[1.L1J['[! -':b,zn,l(i, f;. iчPliчqn1Ьrp. (ш"fшitf,, J;шJu,,!nil'/_шд-/lLbp), 
npnL9 'lfru"fbpu JJ,1.ш,[wJ{'[! "fft"i,'l L1n,p!i !;1 Ч"L'.'ftql,bp[! ft,upm[ И, 
ftnz.,/_f'l LшL. .6pqrnqn1hr l,_ orqw&.nqn1br, 1,р1, 'lfruUfLpu Jf,1.ш,f_шJ('[! 
t"Ч'L 1; l1шJ орq.ш'ьшff_щ'i, nphl; tnцtf,u 

2. �П\П�'НJ.3�\, �n�un�Sfl-ьbr� US\l8ПNr�

""l"fr'l- ,';1uJшftшpq.b11e l,_ f'Шf'd.pJnrbftnчш4f,Ъ J f,w9n,P1ni'Ь'i,l,p[! 
р'i,1нр1ш'i., JL r_ pш,[_шf/.ш'i..tf,1, 2шт bL шшршJ,j_ш,}, UUff,шwftrn9'i,bl'l!• 
шpjt1Lit[! , l[hf111w'i,f,'i,Lpfr -':JnLи.,j_wJ/!'i,Ьf'l!• pn'-jubpf, uUff,�wl[1n9'i,brp, 
шJ/ишu1Ьр[!, pш'lw'i,fJ!sbp[! qш'i,,j_n,J L'i, l[nrnf,r;ш1Jr'it ,j_Jr"l>шl[nLJ; i,,,_ 
l"f,11ш1f,'i, ,j_f,-&.шl[n,J t 'i,щl, {n'll!' lJ.p,11nL'itwpbpшl[ш'it шpmw1pni­
fJ1шf, z-ши, р!sшqш,j_шп.Wр 'i,n,J'i,Uf bu ftwUf,j_wJ b'II ftntn/rtfШJfr'i, '>ш­
Jшf1шpqbpfr ,;ь,,,, fr'i,l.Ufftuf,f! b'i,' u'i,'i,'1-fr, JЬшш/!иf,, пЬтf,Ьf,, ftшz,j_fr, 
!sbpftшf111пf,JLpf,, ltbpwJf,ftwJ/r, f,'it[._Ufbu 'i,wl,_ шр'>Ьитшftш'i, Jщ'i,_ 
pшpl,1/r, u11шиlllJшиuwJf,, f!""Чlшlf,'i, J"''lш'i,1niflbpf, wpmm'l-f''n-
P;n,f,[!, 

l;frU,uf11п,f,lbpf, (9ЬJb'i,m, рЬшпJ,, itUfsf1nrz l, u,j_w'l"'l 'i,J"'PLr) 
шpu,ш'l-f'Ш-/JJ"''i,l! '\f,Jfi,f_ш,} t ft"t"fr 'lWf'fr '\шmftn,pJn,f,bll'fr ,f_рш, 
ll.Jf,,j,, mnr1!f,f,, tbn.fiш'>w'it[!/r l,_ fiш,JPf, Шf''lJ"''i,ш'>шf"nJp 'l"f'J п,1,,Ь 

,;11ruUfbt,и '>шJшftшpq.bpf, '\Ьт, f,u� Jbmш'lf,bpf, и, fipш'i,9 '\шJш­
.J,,.'l,j_ш,)f'i,bpf, JbfuшЬfrftшftшfi п, 2.bf'Jш1f,Y, Jzшftп,Je ftшUf,j_шJ /;
ft"L"fr'fшJf,!s-ш '1unpp9frn'it Uff'"Bbиfi.bpf, '\Ьш, 

lJntnf,'lш!fr'i, '>шJшftшpq.bpfr шп.ш1.ш9J111'i, ,f_h[,шphpJwl 'l-"J"�­
J J"'PJnLf, ,n'i,J,fi bpftn, mbun,fJJn<'i,' unшutЬf..qnpqwJPli /, fpJpш�wli: 

lf,,,,,Ufb'it q_nf, 'lшJJrf, mbuniP1шfi '\f,J'itш'ffrl'{! Oum,j_шl'f'i, 1;, 'i,ш 
""l"'''l'i,Ll'l! 'ff,mn,J /; np!.JfblJ Jrцftшftw'II tn,O-пчP'ithr1f, l, ftnUf/t"' L"'­
,J,,,Jfi!sbpf, {ut1,uUfb'itq_f,ш'Lbpf, ltшJ tJпчиfrш'i,l,pf,) Jf,2.l,_ mb'l q.pw­
,f_n'l '\шJшftшpq.bpt f].J'1- uтbun,fJJшfi ,;wJшJ.шJ'i, f'"l"P unJ.UUfb'i,'lfrw­
'i,bp[! l, q_n/hpp 11pшftwUfbU '1-frm,f_n,J bf, fin,!'i,l! l,_ f,pшpf,9 mwppt.p­
,[11,J Ь'i., Jftш!'i, Jwufif,чthpfr 1_шфиЬ11n,f_, l!f, '1 "l"''J Jшиfif,ftLЬp[! 

'\шJшp,j_t1,J b'i, f,pшpf,9 Jhft11,цш9,j_шJ п, Jfr2_ш,j_wJpf, ,;J,,n (nrn,,J 
"1spш'i,/! q.,n'i,,j_nнl bfi) f'"l"f'",f_fr'i, lftшUf,j_wJ, 

[1"l"/>'fшJf,'i, '\шJшftшp'fbpf, шп.ш2_ш9Jш'i, j!f,Jf,шljщf, mbut1<­
fJJnLf1p (f>. rfп,ftn,j_, t,, tlJbиft11,j_, '{, IJ,,i,Jщ'i,uftf,), f!'i,'1'\шftш,:uuftf!, 
,fшu&frftblpf, ;_шфиhр[! '1-f11nmJ /; npUfhU hpftf'"l'"'fwftшfi p!sn,flш'l-ftf', 
f,"ft !;шftшЬ 'l-"f'Jn'i, '\шJu,pnul t Jшu'llf,ftblpf, фпfиш'l'1-Ь9тР1т'Ь[! 

Jf,1_шi/.шJpf, '\Ьш, npf,g l,_ pfun,J t Чn1rrf,'1-'i,l,['f, Р"["Р шп.шL.J.'i,щt;ш, . .,_ 
"""р 1п,tы·,.[!, 

flшftш1fs ft11tn/>11Lbpfr Jшиf,fi l!'ft,f l, -C.f,zш Ufшmftb{""'gn,J �ш­
.,,:,tf, 1; ftшq_JL1, bfib UIJ'l- bpljn, шbun,pJn,"i,'i,Lpf! 'ffrшшpft,f_b� "l (1-Ь 
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. .шn.шfsJ.fr'it-wn.wbl,fr"it, ШJL ,;u,Jшu,brz ftш Uf/t Jb1. "f'Ufbu ftntnfr'fWpf, 
pfi1'\wf11пp p'itn,pш'l-f'f шn.шWfr"i, IJn'l.Jbp1 

9'i:tшJw� ШJfi <;щ'i,qшJшL,Ff,'i,, пр p"itn,pJw'ir Jb1. ftntnfr'l-'i,l,l'l! 

2шш b'i, и1шрш,';;,f_шJ, uшiJшJ'i, шшррЬр b'l.w'i,wftfshpn,j_ fspwfs9 п,пш­
,9п,J[! mbuшl1w'it l, '1-"f'M,шljw'ir Jb� ,;ь,,,ш/!l'#!l'"'PJ"<'i, t fsЬpftш1шq­
finiJ, 

./Jш'i,f, пр ftntnft'fwJf,fs l"L,}n'-JpLLl'f, риш ,Ef,цUfbpu,f_шJn,pJJtsfs 
.Jf,1_шljш rnL,I b"i, q.pш,j_mJ ftnUf/rm-'1-fruUfbpuLhpf, L. f,nftшftшЬ [tlL­
JпчPЫpf, Jftit,_, ш1qш 'i,рш'Ьf! ftшpb[J, t u,nwf,шl hpl/"' tшfiШUfшp­
,;,,,z_. ш) q!,uutЬг,_:U'wli L qwf..wЧniJ., Ьрр Juпznp Jшufif,чthp[! Jшfs­
pш9,j_rnrf b"i, Jf,fs,:L ftntnft'fшJfrf, Jщu'i,f,ft'i,Ьpf, zшфиЬрf, l,_ р) lplfiq .Ьli­

·uw9U'шl, Ь qшliwlpiiJ., Ь{'р ,in[b,ftnч'i,Ьp[! l[шJ frn'i,'i,bpp f,ршр >;Ьш 
Jf,ш'llu'/nt/_ uu,ш9,j_mJ b"i, Jf,'i,,:t, ft"l"/t'l- Jшиfsf,ftfshp/1 ,:шфиЬl' 

nL'i,b9r,'l шq.phq.шшf,hp, 
{!f,1<ш'irr,шUfbu Чn�орqГ.Ьг� uшwgUwf.. qJ.luшiJ.nг "IWJJ'ш&.li 1;

4fruUfbpu !/>ш'lf, w"i,"i,zu,'i, l'"Jb1f,n,pJn,'i,p m,j_Jwl Jf,2.шt/_ш1pm.J, Pw­
!J/r '1-f'ш'i,f,9, ри,п IТ'Jbuljn,f_fr, ftnl',fr'l-шJf,"i, ,<шJшftшpq.f, ииiш9Jщ'i,
'>шJшр шL<f'шJ/;zu, /; ftf,pшnbl l,u hpftn, UfШJJw'i,, "ишfи' шi/_Jшl
1п,Jf,,:,шf !f,ш'll! Ufbшp 1; q.ш'ir,LJ, Ч•чnpqшJPf..-чPuutLгu �J.РБш�щJ, 
npUfb"'l" ШUfШ<n,[,j_f, Ч"l"ft'l- ,;u,Jшl[wpq./t чрr,ьшр!Jш�шr. IJwJщbn1-
PJDtG{I- t,_, hpftpnp'f, ишш9.,f_шJ ftnlnfr'1-шjf,L ,Fшu"itf,ftf,bp[! UfLu,p t

ш'r'isJfrtшUfbu ftш1пi"itш9,f_bfs' {шJwftшpq.f, шqгЬ qwшpiJ. ЧwJщli.nt­
PJШliГ. шU(ш<п,[Ь1п, {шJшр1 f].!'1- fiU(Шmшftfr <шJшр "'l-шш q.npJ,j_nul
b'i, ,:f,zJrf, [!Ш'itшl[п,р1шJр ftш11nfiш9,н9f,1_blp (иmшpf,tfrq_шшnpfsh.p),
npn'i,/! /цшfsq.шpn,J bf, l[nlnft 'l-wJfr'i, Jшu'i,frljblpf, f,ршр J.f,ш9Jw'i,'i, nt

Jasnznp wq.pbq.шmfshpf, J.h.m/_ L11шfiy ';.,uu,1LшJ.pшq.nJШ9Jш'i,l! (ftnш-
'l"'lJш'i,l!), . 

11111npq&.Ьгj1 u1л.w9Uwli qpu"IЬгuJw&. h qшГ.ш�{I- zшш ftf,pш,:uu­
ljщf, t Jhf,,-w'i,f,ftwftш"it JшfspшgJш'ir, fs!,нfJf, l[nшnpшftJшfs, Ш'l_Ш0-
1,hpf, ,j_рш 'ir1п,pf, mpnpJwf,, {шшljш111Ьи '1-b'l.шfsJnLf}bpf,, {щfs/!шJj,'i, 
1sbpftb11/r, q.pw:f,f,шf,, 9ЬJbfs,пf, шpшШ'1-f'"'PJnLfiblpf, JшJщ'i,шft1 

'J,f,uuihpuJwfs Uff'Л9b"l! шЬ'[f, t n,"i,bfsnнf 'i,щl,_ pЬniP1шfs Jhi, 
opf,'i,шft, ,! ,uftf!Lpш9n,p JШ"it-u,b 'l шш,j_11,р JШ"it Ь11Ьп, JfJblpf,, o,j_ ftf,ш-
1snu'irhpf,, Jr1,j_bpf, ftшJ t!hт,f, шфusftnJnLpJшfi JшJш'i,шlj шпшу_ш­
f�п,J b'i, '>иftш1шfJш'i, n,Jbp, npnfi/! thn'i,wUfшp'i,Lp[! шpn-':nul bf,, 
шп.ш2.ш9Ыlи,j_ fuf,-G, ш,j_ш'l l, ft"["J, '1- Jшuf,f,ftblrr, tJu,fs Ш 'l'fb9n,­
P1ni'ir b'ir Рт1Ьп,J Lшk qhшhp[!, ,;,,'l.Jbp[!I

.Рп,р[! Jшblln,j_ ШUfШpf, Jw'irp "l>b'l.phpp, uшn.1_blfru [!'i,'1-шl'J.шft­
,f_b1п,j_ ,!hfuшfsf,чшftшt Jwfspш9,j_шJп,fJ1ш"it t btpшpl[nul ШUfШf'f!•
{ш'i,llf!' t,,,4 '>п'lJш'\шрп,Jе (2.p/r l,_ шО-fишррп, qшчf, ш'l-'1-b9n,­
(l-1mfsl!) 'irn,JLUfbu шпщ1_ ( pbpn,J Ufftfs'l- 'L1п,pbpf, Jшfipш9n,J Jf,fs­
,:i,_ l[nluft'l-ш!f,f, ,/_f,-&.шftfr, i/,hp2_f,"i, JшJш'irшft'i,bpц ршрJ.р 1ftuUfbpu­
ftntnf,1f1bp uu,w'Lшtni '\шJшр oqшш'fnpJ,j_,,,J t nчu,pшJ.шJfs[! , npf, 
шq_ '1-'19п,Р1шJр шh'l_f, t n,LЫ,nLJ <шJшl[ш{''l-/r шршq ub 'lJJш'i, l,, 
f!'i,'1-wf'J.шftJwf, {ш1_пр1шftшfs Ufpn9hu, fl['[! l,_ шп.шу_ /; ph11п,J fsJп,fif, 
ftn,npшmnLrf, ШUfШ Jwfspш9nul,

flиftn,, шpJшflf, l,_ Uflшu,f,'i,f, 'l"lbpf, ии,ш9Jш'i, {шJшр '1-fu­
Ufl,puJшfi [Ш�/_ h'l.u,'i,щft /; Ppb'{-f,qf, (1898) шп.ш2_шрl[шО- l;J_Ь¼mr-ш­
�w&. фnzp1119Jwli. ЪqwGw�(!-: IJ,pш tп,pJn<L[! ftш1шLnul 1; fspшfsп,J, 
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пр J,pltn, f;ll,4,nf'n'II,l,p, npn'i,j! "fUIU7(1Ши,n,f_ш.J L'i, ШJI, Jl,,nш'l_f,9, 
npf, 'l."ll! "ll,,ni' /; ишш'Ьш1, ,nh'l.u,,f_npi/__n,J b"i, ff'/r Jbr. ni 'tри1Ъ9, 
JfttU .,,,.t, 'l.Ji/__п,J /; zшш ршрJ.р tи1pniJ, шп.шrшLп,J /; l;lblt,,.f'ш­
itшL ш'l.b'l. , flntbpf, ltшJn,Lш9Jш"i, '\шJшр ШJ'f 'll,"li'"'J tn,dnчfJft'i, 
и1i/__b1ш9Ln,J l,"i, i},z_ pшLи1ltn•flJшJp ltшJn<Lш9n,9f,z_ ( ш'lшfl/Jn, ltшJ 
'\fJi!)' f>иlt {!'i, '1'\ш'Ьрши1Ьи, '1/tu"fbpuJш'i, bqшLшltni/__ Ltntnfr'l'i,!,f'ft' 
,нпш9Jш'i, JшJш'i,шlt Jzшш"lbu oч-mшq.npJ,,, J  /,"i, q.ш'Ьшq_ш1r ltш1n1-
Lш9n,9f,z_'i,bp, 

0'1-шшq_пpJl,ln,f_ ршрА.р '\ш'l>шfишltш'i,11,/JJш"i, ,f,tJ,f,n/uшitшJ, '\n­
uшLj! , U,f_bwbpq.[! (1905) uшb'lJl,l ( t1blt,npш4шt шqhqf, ШJ'i,"lftuf, 
9ш.Jр r.bpJшu,nf,'l>шL, пр 'i,nчLftиЧ ьpь,,'i,l,p,f, Ubt, npn'i,i' ,,,'i,l,'i, zш,п 
9ш.Jр bn.Jш'i, fbpJшumf,hшL, itшpn'lш9b1 !; uщи1!,шl шlltшtftшltшL 
/,_ '\n'lшlltшtf,шltшЪ Jl,,nщ 'l'i,/,pf, q_n[hp, 

Lin1n�qfibг� u1nш9Uwfi �nfi11.Ьfiuw9Jw&. Ьqwf.w�e, l1шf'"'1 t 
tfr'i,bl f,Ъz."lbu !f,f,qf,ltшitш'i,, ШJL"lhu l,_ pf,Jf,и1ltи1L1 :Ьf,qf,ltшltшL· 
h'lш'i,шltf, '\f,Jj!n<J pJ,LtшJ { '\f,J'i,шltш'i,mJ '1-"l"Plft'i,l,pf, ltпL11hL­
uш9Jш'i, Lpl,"<JPl!, f,иlt pf,Jf,шltшLf, '11,"l/!"'J' шшррh[' nhшlt9f,ш­
f,l,p, "f'"'i,I' шп.ш1_ш9Ъ11,J /,"i, шslJшt Jf,rшif!u!f'"'J qJ,f_шpШ[n<J 
Jf,ш9n<f/Jn<Ъ'i,l,p, 

1.шJЬJшшшd 11/tu"/bpuJш'i, b'l.ш'Ьшltf, '\Ьш, ltпL11Ь'i,иш9Jи1Ь' 
h'l шLшltp pшq_Jш'lш"i, { l, шi/__btfr Jl,J ltf,pшnrнf/Jn<L п,Ъf,1 '1-ш рш-
9и1шр�/__п,J { 'i,pшbni/__, пр ltпL 'll,I,uш9Jш"i, h'l шi,-шLtf, 'Jl,"l/!n<J {f, 
mшpphpni/JJntL 11/tu"fbpuJшL h'l.шf,шltf,) шb 'lf, t n,Lh'i,n,J тhиш­
ltшршр Jшlthpbuf, /,_ шqи,ш JшltbpbuшJf,'i, {'i,bpq.f,шJf, фпррш9п.,J1 

lJ"f, '1/,"i,uшgJшL h 'lшLшltni/__ lt"l"fr 'lшJf,'Ь '\шJшltшpq.f, шп.ш1_ш9-
Jш"i, '\шишршlt opf,bшlt t шJ"lft шп.шrш911,J/! 011/! uшnzl'lftu, npf,' 
Jl,f ltпL'lbf,uш9,f_n,J { f.f'ШJf,"i, '1-"l"f'lftf,1 :Ьf,qf,ltшltшb ltnL'll,I,uш9-
Jш"i, Ь'lшЪшitп,[ q_n[hpf, umш9nulp ltшphif, { f,1-,ш!;шf,ш9'i,l,l LшЬ 
ff,,,,_f,'i,иltn< l, Cш1,'i,f,ltm/j, шnшrшpltшd J.l,m[, "f'{! '\f,JЪ,[шJ { 
i{w�nш,J'nнf t;b'l n<lt шqnmn,f_ uwnЬ9PwЬ- wG.np� Jшltbpbuf,"i, '1/tu­
"fbpu :f,шqf, /,_ Jf,1_ш.,/_шJpf, '1-"l"f'lf,"i,l,pf, '\шJшmh'l ltnb'1b'i,uШ9JшL 
,f_pшi о"ш9�/__шJ- «:ишnпчsf!:» <шcilhl',i/__ шп.ш1_ш9Lп,.J ( Чп1пft'1 
1пidn,J/J' UJ'1 h'lшLшftn.,f_ umш9i/__n,J l,f, ub 11f,ltf,, MJpf,, :f,nu:f,npf,, 
'\f,11pnqn1hp[! J, шlltш1f,шltшb Jhmш'l"i,/,Pft opq.шLп'ч_n[hf'[!' 

:Ьf,ч_fr,ltшltш'i, ltпL '1b'i,uш9Jшf, h'lшLшlt { Liw·/,_ JntЬ-PtP �шqJ'p фn­
фnludw&. Ьч.шG.ш�е, (tшбhtftn•fl1пif,[! Li/_щqb9Lbt"' Jf,rngni/__)1 'ьш/и· 
"lшшршишп,J l,I, uu/_JШl LJn<flf, f,ршltш'Ь tniд-n,J/J, "f'l! '1ш'tqш'1 

l9"i,n,J l,'i, Jf, n,pf,z 1п,Jf,if, Jl,1_, npmh'l i/_hpgi/__шd L111•Pl! z_f, t"•J­
,f_n,J ltшJ zшш . pf,z_ { 1пid"i/_11,J, UJ" "fШш&.шп.11,f_ tt 'i,ш шLr.шm­
,f_n,J t "l'"ll,u pшpJ.p11ftu"fbpu !j,шq, Uи"IЬи ШJ'l 'i,1, n,/Jhr,f, U"ffrp­
mш1f,L tn,dnчfJ'i,hpf! is'i,htr,,i/__ r.pf, Jht ltшphtft t ишшLш1 J-.JJpf,, 
:f,nu:f,npf,, ЧшЬ.f,:/,п1/t '\f,qpnqnJ[!I 

:Ьf,q_f,ltшltшL 4пL11-l,I,uш9JшI, h'lшLшlt { LшЦ �rш�шG. 1n1Ь-ntJ­
p� шгшq uшnb gd111G. Ьч.wG.ш�р: Opf,bшlt, MJpf, ""ff,pmшJf,'i, L"'­
J,,,1P/t Шf>Ш'f /,_ /иnрр uшnh9niJf,9 umш9,f_11,J !; JJJpf, ш1ltп'L"lf!' 

l/ninf,q'iJhpf, итш9Jш'i, i!ftJf,шitшfi lzqш'ЬшltLLp[! шi/__hif, zшт hL, 
Гfрш'i,/! l,I,' i/__hpшltш'Ьq.LJш'i,, opuf,11ш9Jшl,, '\ft'll' "[f,qf,, ЧРЧLш.Чf,· 
фпfиш'i,шЧJшL n.bшltgf,ш'Ьbppt .Pf,Jf,шltшL h'lшLшltпi/__ q_n[bpf, umш­
gn,Jp /uf,иш ;и,фи�/__ .Чш/и,f_шд- /; b1щЪ.1 n,[Upj, l:пr,9Ы1шршgf,ш1f,9 /,_ 
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,;r.hрJшишf,�ш'Ьf,9, f,Lz."l bu Lшl,_ шшррhр 'ЬJn</Jhpf, u,n.ltшJn<fJJn'--
JJf,91 

Ч.ЬгwЧ,ш&.qЬlшG. Ьч.w&w�ni{ itшpht} !; итшLшl unшшf,Lf,, up'i,-
11/rчf,, шрJшрf,, nиltn• qnlbf'l!' Opf,ltшlt, r.pшJI,f, "fbpopu/r11n,f_ i/__h­

_pшltш'Ьq.'Ьh[ni/__, ltшph[f, !; umш'i,u,l пиltп< 'l."lf!• 

2НАuС!4+ЗН2О1 _,.д.u+8НСI+Зо 2, 

OfuPч.шgdщf. Ь ч.ш&.ш�n�{ itшph[f, /; uinшl,шl uhih'i,f,, JJ-Jpf,, 
·'l."l/,f'[!I Of,Lшlt, JJ-JpшfpшJLf, opuf,11ш9JшJp ltиinшg,fj, MJpf, Ч."lf!• 

2H2S+0
2 

;::::': 2H20+2S 4w.r 2H
2s+s02 -=зs+2н

2
01 

l.PIJ:PDtpчJi Ь ч.шt.111�е, t;ш't>шfи o'l-inшq.npJ,f_п,J !; Jhmш'l'Ьh('f,' 
4f,11pojluf,11Иpf, 'l"[hpf, umшgJш'i, t;шJшр1 Opf,ltшlt' 

FeCI,+ Н,О� Fe( ОН J,+зн CI, 

L�г�&.ш�р фnluw&.111�J'111&. nЬw�gpwhЬPni{ ltшph[f, !; ишшЬшt uf,­
J}rltшPP,fJ,, ,f_п1:f,pшJшfJpч_j, 'l."ll,f'[!I ГfшишЧшL opf,'i,шlt !; шpul,I,f, 
иnч:f>/r'l/t umш9Jw"i, ',l,,n/,_Jшl nhшlt9f,шL. 

2H
J
As03 +3H2S -- As2s�+6H1101 

?-f,inшplti/__wJ b'lшbшltblpp ltf,pшn,f_n1J l,'i, q.hpшq_шLgwUJbu 
if,n:f,np ltn1nft11Wpf, uinшgJш'i, {шJшр, J-,I,l. ,f_hpшphpn,J ( Lftn:f,f,l 
ltntnft'1 '\шllшltшpq.hpf,l,, JJJ"fШ ШJ'1 '\шJшltи1pqbpf, q.hpшltznr,q Jш­
uf, и�пш9Jшf, '\шJшр '\шinr,14 hqшfiшltWpf, u,f,{pшJhzuin,/JJntL 

.1Чш, npn,f_{l,,nl,_ LpшLj! UIJL"lftuf, LJnt/Jhpf, ltntnfr'1 tn1Jп11fJLhp ЬL, 
npnbp '1-ftu"lhf'u Jf,1_ш,f_ш1pп1J f,pl,'i,p f,pl,I,g qf,u"fhpui/__n,J l,I,1 UJ'1-

Яfft�f,j! /,f,, орf,�шч, 'f-tltlff,шpшpfrчf,, Ш<fШ('-Ш'I-Шf',f,, J.ч_J, Ш[pn1Jf,'fif,, 
Jl,1шmf,Lf, Ц "P"l ЬhpltшLJn1/Jhpf, r.pшJf,'i, .1п�UпчРНрр, f,Ъz.UJhu 
Lшl,_ орq.шLшЧш'i, шшррЬр tnt6f,z_fibpni.J Lf,inpnghLJnLlnq_f,, ltшn1-
z_n,4f,, ш9hinf,шhunчn'I.}, h ршрА.р Jnthltnчш1f,L WJL Jf,w9n1f/Jn1Ъ­
I,l,pf, 1п1Jn1J/JLhp[!I 

'ьz,f_шJ- 'lh"ll'hf'niJ JblщJшuшJp 'lftu"fhpu,f_n'l LJnt/J;f, Jf,Lz_h 
.JnlhltпчИpf, Jш'i,pwgn1J'i, шЪч-шJ шn.ш1_wg'fin,.J /; ltntnft·'l- '\wJш­
.ftшp'l-l,f'I 

1.шJшJ.шJЬ Lftn:f,np q_n[hpf, Ltи1nn<9'Ч_шJpf, Jf,gh[UIJf,'i, inhuni-
flJwL, J1t<ршршЪuп1р 1/tnf/,np 'l."l ltшч_Ji/__u,,)- ( hpitn1 Jшuf,g' UpgЬ-
1.}ig /,_ d�fJ'�9ЬLШJPG. .6.hч.щ��9: Uf,9hl'i,J,l'l! ltшq_Jnul l,I, 'l"l/t 11/t11-
"fbpu :f,wq_[!, Jf,r.Uf,ghtшJf,'Ь t;l,'l_nLltf!' '1/tu"/hpu Jf,r.w,f_UIJf'l!• npf, 
ltи1ч_Jf, Jl,f. l,'i, Jinbn,J 1п1Jf,1_P h fipw Jbp_ l"LJ-i/_шU /;[hitшpn[f,m­
'1,l,p(! "'- "l /;lhltinpn[f,"'l,l,p[!, ШJ'1 fl,f_ntJ 'i,шl,_ ltш1n,Lшgn,gf,1_'Ьhpp• 

Uf,shtb п,Ьf, шi/__htft ршр,,_ Чшп.п19,f_и1J-р, ршЬ Jпthltпчp: Ut,81,. 
Ll! pш'lltшgшJ !; hp.ftn'- Jшuf,g' U�fDt�P9' /,_ �вG.nqЬ&. Jwп�g, npft f,p 
{bppf,L ltш ч_J,f_шJ ( hpltn1 f,nbшltи1L' wquвгpg�nli 1,,. ч}i,t,щq)шli. z.bl'-
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. {[AgJ]m, 

JJ>e•1 

np1nh'l_ Ill-(! AgJ-fa JnthqntiLhpfa [Jfai/_L I;, npnLp ~pniJ wnwrw9LnLJ' 
hf, 'frfi/_wpw[irL,} W'l-f'h'l-w1n, n-(! LP9/! wnwrw9Ln'l 'Jn11fa fanHhpfr 
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Pfr.i/)1 I;, l!f,11 npniJ Jfaz1n m>n-,fr9, (n-x)-1! ~wqwfrnHhpfa (I(+) 
Jl'fri/_L l;f npnLI! J--/r ~h1n JfrwufaL w11wrw9LniJ hf, w11unpp9fn1i 
.zhp1nf1, fruq X-'[! 11fauUfhpu !pwqnLJ 'l-1n1ii/_n'l_ b. 11/t!f;n<qfnL zhp1n wnw-
1w91in'l_ ~wqwfrnHhpfa fJ/ri/_L 1;1 

bfJh AgJ-jr wnw1_w9Jwf, ~wJwp •wi/_hi9n<qni/_ i/_h['91ihLI! 
AgN03-[!, WU(W Lfrsl!' U(nlnh1'9frwl wnw2w9Ln'l_ frnL y~wL11fauw1iw 
.Ag+-[!, fruq Jfa9hll! qU(w1nqhpi/_fa ~h1nlLJwl qh{"U(• 

{[AgJ]m• nAg+, (n-x)N03}x+.xN031 

'KJ-/r wi/_hi9rtiyfr 11hUfj!nLJ wp&wfJ/r 
niLfa 'l-,}• 85-fa,,phpi/_w,} 1nkul!l!' IJ.Ju 

. 11h·U(pniJ 'l-f'~LnL[L niLfa pw9w­
uwqw1i LP9'1!• fauq wp&wfJ/t Lfr1n­

.J1Wln/t, wi/_ hi9n<q/t 11hUf.f!nLJ' ww-
. qwL: 

IJ.JJJ 11f 1nwpqh1ij! hpqwfJfa 
·~/t11poj!uJr.11/t yrrin/t11 JwuLpqfa qw-
.n.n<9i/_w&l!f!' bpqwfJ/t WJ11 qn·Lf! • 
u1nw9i/_n<J I;, hpp hpqwfJ/t hll.[!Ltt-

/,pfr'fl! lnWJ! 1_('/t J/;1_ ~.fa11pnif'l-
i/.nuf J;. 

FeCI3+3H20=Lfe(OH)3 +3HCJ, 

I 

I 

/ 

1(+ 
--

-
' I 

I 

lffshlfa ynpf'lf! qUJqJi/_wJ •/; 'M. 85. /J.p~wfJfo J"'ffo'ffo rlfogblfo ~w-
""'9"-"'~1!!1 JJJJU· nhwf(9fwJ/t ~h1n.L.w1ij!ni/_ 

u1nw9iJ.n'l. ryJi/_wpwiniJ hpqwfJfr ~·P'11f'O.f!UP11/t9t f>uq fanLnq.hL u1nw-
1pfa:ffrqw1nnp I; ~w1t.11fauw·LniJ opu,ftpfnpft11l!• npL wnwrwLniJ I; i/_hpf! 

, 9-(Ji/_wJ nhw"9fwJft i/_hpr.LwLJnLfJhpfa i/tnfuwq11hgni/JJniLfas. 

Fe(OHh + HCI ___. FeOCI +2H20 

FeOCI 't;:FeO++c1-, 

f'f!.u1n !liwJw&.u~ ~wG.n&~' Jfrtn<qf qn'l.Jfas 'l-hpwqwL9wU(hu w11-
:unpp'if_n,J bf, l;ihq1npnifr1nfa WJL frnLLhp[! 1 npnLI! 'l-1n1ii/_n<J hf.J J.fapi-
4/i qwqJniJ qwJ frphL9 pLnLJ/Jni/_ LJwL hf, Jfalniqp fnLLhpfaLr 
1'pw1ip ~h1i9 w11i fanHhpL hL, tt{'nLp JfalnLqfa Jwqhph~frL u1nh'l_JniJ 
bf, LP91!wi/_npi/_wJ zhp1n L. wnw2w9LntJ U(rtlnbL9fawtLhf'f inW('phpn';.-
PJnLL, 11f'W ~wJwp l;l Lpw1i9 wLi/_wLnul hf, uinmli&g~wl ~wil wgf 
•WRWfwg&nq ~n&.G.hr: UpqwfJ/t ~/t111'ol!uft11/t Jfr9hifa qwqJL WJ11 11hU(-
. pnLJ qwph1fr I; U(Wlnqhph[ ~h1nL.JWL qhpU(· ' 

{!Fe(01-I)3 ]m' nFeO+, (n-x)CI-p·+·xCI-: 

:flpnz ~h'l.ftLwqLhp hpywfJfr ~fa11popufa11/t Jfr9hll! U(wuryhpnLJ H 
'uwL. WJL yhpU(, npU(hu U(rt1nbL9faw1 wnwt,w9Ln'l_ frnL ( u1nwpflfqw­
,urnf') ·f!L11nLLh[ni/_ Fe3+_L'• 
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{ [Fe(OH)J]' nFe3 +-, З(n- x)CI- рх+ · ЗхС!-, 

U.publ,f, иnч!/Jfi'lf, ч_ntf, (Jf,9blf,) Ufwu,f/bp[!, Ьрр H2S-{! ,f_bp9,[шJ- { 
шif.bt9nif/п,f_, ,;ь.пlчшtL t,

([As2S3 ] m• nHS-, \n-x)H+p--:xH + ,

flpnz '1/,Ufl}bpn,J f/шJn,Lш9Ln'l ltbf/.npn1f,.nL шn.wt_шLniJ .f Jf,-
1_n,ftf, Jwf/bpb nf,L t.nL,f_n'l Jn1bftnчLbpf, ln,MшL ,;wz,f_f,L1 Opf,Lwft, 
uf,1f,9f,mJf, opuf,'1/i qn1f, (bpf'l,Jf, wL,[wL

?
tJ bl, и/itf,lfwpfJ,f_J, 'l.nlJ' 

'1bUfpn,J Jf,1_п,ftf, Jшftbrbuпuf чmLif.п'l S102-l." 11.bшftg,f_b1ni/. zr1.ш­
Ufш.nf, 1.r/i Jntbftп,{Ьbpf, ,;ь,,,, шп.ш1_ш9Ьпuf t H2SiOз, прf! f,пLп­
чЬЬ ЬJnifi t1 Ufi1f,9f,niJf, opnf,'1/i Jf,9btf, Ufwmftbpl." ftJf,Lf,. 

{[SI02 ]m , nSIO�-, 2(n-x)H+}2x-.2xH+,

U.JJJ Jf, bf'ftni f,,nup �nln�q&.Ьr� JwfrJw&. dmu�&.: 
-+ 1.шJш['Jш Jf,z.n qnlb f' n.пшLшJ)ш ЬршLр eftbq.nn.n,f_n,JJ> l,'i,­

mшpf'bp f,,wn.Lntp'fblpn,f_, (tbftmpnJ),mLbrni/_1 luшn.Ln,f''ff,l,pl." 'l_nlb­
pn,J 1шL'1fi"ln,J bL wJL '1b Uf pbpnuf, bfib ,;шJшf/шrчпu! шп.f/ш И,· 
brшfчп,flbp, ftшJ Jт9,f_n,J ЬL f/ш4n,l,ш9n,9f,1..Hr1 U.J 'l"lfiuf, LJn,flb-­
pf,, 1шmftш"lb" шi/_bt9n,ftш1f,L ршLшf/LЬрп,[_ {1bf/шrntf,mLbpf, LЬr­
·f/ШJmfiJn<L[! f,,f,nut ftbr"ln,f_ f,1_ b9Ln,J .f ч_ntbrf, f/wJn,Lп,fl1n•Ьl."1 U.и,
1шLgшJшЬрЬ t1 шnш1. t phrп,J ftпrпfi'1Lbrf, JшррJшЬ шЬ':rшJbz­
mп,fl1n,L1 

� luшпJm,p'fLЬpf,9 'l''lbpf, Jшi!rJш!, ь"шLшlu!, пр wпш1_f,L[! f/,l,­
pшn.bl t lJ.f'bJf! (1881) f/nz,f_n,J f; I}�Ш]�q, f,uf/ 'ff'Ш[f,'l_f, ,;щJшр O'[-­
mШ'fnp.)-,f_n'l IЛШррЬр 'fпр.)-f,.,рЬЬrе' ч�шlliqmmnr&.Ьr ('fd. 86), 

'J.f,щlfi'l.l! f/п1п/�'1 lп,J-пч}Л,b­
-1�,fl>i pf, /uшnLn,p'fbl ('f, ,f,ирр {_w,f,ufr 

,s,----- JшnLf,f1Ыrf,9 JwppJшL Ufpn9bnb· 
, t, пrе ':f,JL-,f_шJ- t f/f,nwflш,f,ш'ь9 

::-= :-:'-·--�·-=--=::-c, .• r,·-::-::-·.:; p,шlшЬ.fJf, {JbJppшL) Jf,1_n,f_ f,r,b-
,;_:�-::?f���C���\{:���_:��j Ll,pf! /,_ Jnrbf/n,(ilhpf! рш9 f/n'l_-
[ -_--_--:-{:�-:���->.:'-.:-=�

A f,l,l"' l,_ f/щnfr,'1 Jwubf,f/Ы{'[! Uf W·· 

!--- -PP'Г".
'"

!'�!-t?_�=-:- -�j"-E: .,;1,l"' 1ш111f/п,Р1ш!, ,f_рш, Чf,иш-с_-_-----_-_ - · - :--=--:-_.::-J-......___ 1 ршфшL9 flш'f шbpf, -':w.nf/n,fl1n,L· ------
,.,&Ь� f'!, wf/wL /,_ ш("'\Ьишшf/ш-L Jf,· 

'J.i. 86. �f,ш1Jrqш,nt1p, _\-Чп1пf,,7 ZШ/1/} f11п,fibr {Jf,'l_ ш,f,шJ.фmzш,.,_ 
tn<�n•1P, B-Чf,<1шflш,f,шL9 P-"'l."'Lp, р1п11шf/ш'Ь J•nq.шч-шР, ftлtn'ff,n,Jf, · 

c-1п,IJ,i• fiш'lшЬр i,_ шлЬ), пrпЬ9 шЬ9рЬf'Ь 
WJ!,.pwf, фпрр ЬЬ, пр !,pwbgm{_' ,; 

шLuLп,J l,'i, Jf,шJ!, f,пL&Ьpf! 1.,_ Jп1ЬftпчЬЬrе, f,nf/ f/пlпfi'l JшnLf,f/­
ЬЬГ'f! 1_ЬЬ w Ь9Ьпн/, fiпЪLbpf! /,_ Julbftu'LLbp[!, npnL/1 ftшpn'l l,f, шЬ9-
.LЬl pwqшLfJf, Jf,1_n,f_, '1/i!/Jn,q,f_n,J 1,!, tniJ-,jt;_J, Jl,f_ l,_ tл•J..f,1_f, шh­
f!L'l-1шm fJ,wrJш9nufn,f_ f/шpb[f, t ftntnfi'1 fnidnLJfil! Jшnbl ftpf,u­
шШfnf,'1Lbpf,o1 Ur1,f_npшf/wL '1fiшrf,qшmnpьЬ('r,,f_ (gJ-. 86) f/ntnfi'f 
lп,J-пчfJLbpf, ч-fiшtfi'l.l! ftшrnq t u,i,_bl шJf,иЫр, inшpf,Lbr1 '1-f,ш1fi'll!_, 
шршq.ш9Ычп, -':шJшр f/шrh1f, t ogmшчпrdbt цrшррЬf' Jj,1_п9bhr 
f/f,nшfJшфшL9 fJш'lшLfJf, Jwftbpbuf, J/;Jw9n1J, Ьрш bf'lfn, J=f/.b-
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f'buf,/,pn,J f/nL5bLut{'w9f,w1f, f,,f,uu, UIШf1pb('nLfJJwf, uutb 'l_J-n,J, 
t1bftшr,wl[шL -':nnшhpf, шч_'fЬ9п,Р1п,L, ршрАр у_ЬрJши,пf,-GшЪш1f,Ь 
UfШJJw'i,fibpf, uutL 'l Jп,J, 

Чпlnfi'I-Ъhpf, t1bf/mpnrf,шиЬrf,9 ш,f_b1f, шрш'f 1,_ LPM Jшprbrn, 
{шJш11 wputшrurn,pJwf, Jl,1_ "'f-UIШ'fnpJ-11,J l,'i, t LЬ�шrwq�wtI-qw­
mnrli.Ьr, 11pn!,p bpf/rп ftf,ишfJшфшЬ9 fJш'[_шLрЬЬ{'п,[ ршJwЬ,[_ш,)- b'i, 
hphf Jwuf,, ,[_b{'t_f,!, Jwun,J utb 'l_wi/_np,[_ш,)- ( '1-fiwtfiq,f_n'l_ ftr,1п/i'1 rn,­
J-n,JP/!, f,uf/ JwJpшJwubrn,J, npnLp 19,[_шJ- Ь'Ь Jwpn,1' 1_рл,[_, u,l, 'lw'­
,f_np,f_u,J l,'i, (Lbftmpn'f-!,l, Г'' ?-ш '1fiшLfi'l. ( ,;шuwшmr,iL ':ппшЪрf, оq­
шwqп(',)п,Jп,[_, лрf, Ш'{_'fЬ9n,Р1шЪ тшf/ ftpf,uшшlnfi'lЬЬf'f, f,пL­
ЬЬр[! wbqwzшprJ,f_n,J l,f,  '1-b"lf, шЬmq. 

·1,_ f/шmл'/, 'f,иf/ f/nrnfi 'l Jwu­
Ъf,l[Ьhp[! JI,n,J 1,!, Jшрр,[_шd Jf,1_(Lbi[utpn'1шJf,I, utwpшd"n,P1л,Ьn1.J 
·f/f,uш/Jwфw!,9 fJшqшl,fJ!,bpf, Jf,1_Ь.1 

/;:lbf/.n('ш'ffiшU' 'l.l! ogmшq.npd",[n,J ( Jшpn'f' nnuf,W, ,Jblшmf,b, 
bfibpЬЬf', /Jш'lшЬршЬ1п,f1, пrnz Ьhpf/ш!,Jn,fibf' 1,_ ШJlЪ ишш!,ш1п, 
'>шJшр, 

Прпz '1b"11bpn,J ':butШ'l_nwшftwL /,_ шршШ'1-f'шf/шf, f,,Ъ"f,рЬЬрf, 
-1п,J-JшЪ hU[шmwftn,f_ wЬ':pшr1bzu, t r/ihn,J '1/i"Ufbpn !f,ш'll! '1fiu­
Ufbpu Jf,r_шi/_шJl'/i9 tpf,,[_ шh1_штЬl' lJ.!'1Uf/i"f, pш,Jwbn,Jl! f,рwf/ш­
Ьш9,[_п,J t nчmpш!f>f,lшf'Jwb 1,_ 9ЬLmpf,!f,n,q.JШf, Jf,1_n9n,f_, nчшrш­
�фриrJш&. b'lwhшfte ftшJшЬп,J .f LpшLп,J, пр lп,J-пчfll! !f,f,lшpr,,J
l,'i, (:wutn,f/ !f,/iru1pbpn,f_, пrпЪр /!!,'1-п,Ьшft Ьf, firbL9 Jf,1_n,f_ f'ШQ flл'[_­
ЬЬ1п, 1п,J-f,.z_f, JntbftnчLbpf! /,_ f'Ш9 ;_ftnqLЬl"' ftntn/i 11 Jшnbf,ftbbpf!

_.,, pwf'Ap Jntbf/пчш1f,f, Jf,ш9п,Р1п,ЬЬЬрf, (Pllll) Jшf/pпJпLLlfпч­
bbpe• 

BЬ&.mr��n,qJw&. b'l_шhшfte -':!,шrшi/_npn<PJn,Ь t eLAbnn,J 
nitutpш9b!,u,{'f,!f,n,'1Ы'{'f, o'I-Ln,pJшJp ( пр[! pnUfbn,J ftwutwpnuf (
mшuhJwft 1ш,lwf' Uf<lln'Jm /,_ qшpq.ш9Lnuf hrftpf, J.'1-n'lnifl1шЬl." 
,;шpJntp 1шqшр шhq.шJ 'l-bf'ш'l._шL9n'l f/ЬLшrпЪшf,,пчи п1.J) f,pш­
ftwLш9Lb1 f,L[_Ufbu qn[bpf, !f,wqb{'f, pшJwbn,J{!, ШJЪUfbu t1 ЪршЬ9 
/,_ Pllll-f, '!J>rш49f,n!, шL1.штп,JL п, !,ршЬ9 lfш'I.Jf, n,nn,Jl,шuf,pn,­
.flJn<bf!, f,L1.Ufbu ЬшЬ. ftntnf,11 JшnLf,f/Lbpf, {_Ш,f,иЬрf, лрлzп,Jе,

flчшrш!/Jfit.npbpf! о q.шшчпrJ-,f_п,J ЬL .::шшlfш"IЬи ftЬЬnшршЬш­
ftш!, f,"l wmшftf,bpn,f_ /,_ ,f_J,pniuшpш!,n,fJJш!, Jb1_' zf,-Gn,f/Lbp п, UffШ'{_­
Jшf:bp ишw'Ьшl'"' шшррЬр i/_f,rninЬЬr f,pшpf,9 шЬr_шшЬl"'' f,,,wL9 

.z.шфиЬрf! п1mzbtni ,;_шJwr1 1 

п. чn �по 'l- ;_ u.tru.ti u.rq, t; ro ;_ u.sti noiO'B n ".,,.,, i:,r с: 

1. �ПlП),'Н,Ьr), \ТЩЬ� П "lBllr-�),1,bS),�\1�111, �llS�П ),f>З П),1,1,ьr� 

'J.f,иUfbpu ':шJшftwpq.brfi' f/ntnfi11Ыpf,, Jп1bftп,uшp-ftf,Ьhmf,-
ftшftwb -':шшftп,f11п,bbbrf, /hl_f,f, l,f, UfШmftшЬn,J prnп,&1w!, zшp­
Jn,Je, onJnшf,f/ -Gbznu!l," , 'ffi!f,n,'1._f,шb, A q.nqn,f11ш& '1шzm:nJ Jшu-
1,f,f/Ll,pf, ':f,UfunJ/,u,f'fi·ч {'

0

W'l),,n,J{! I 1.шии,ши,,[_ш,)- t, пр ftn1nf,7-Ьhpf, 
i,_ f,uf/щ-f/wЬ l"'""'-JPЬЬrf, Ьz,[_шJ- ':шmftmfJJnLbbbrf, u,шppbpnif11ni­
'i,l! ftpn,J t ·,,2 рь nrwl1wf/шЬ, ШJL pшЬwftwftшI, ,.ьп,1Р, 1,_ пр шt­

"4.nf,шf/wh Jntbf/n,uшr 1п,J-nчflbbpf, l,ftшшJшJf' ftf,pшn.,f_n'l_ Jn1b-
"' 



ftnчJшp-ft.f,Иuif,чшltшL "{Шtnfthpw9,nJLhpp ftf,pшnht/t bL Lwl, ftn­
lnft'1-шJf,L fn,dn'JpLb['f, LftшmJшJ/!, 

ш) flrnotfч шr. 2шrdщd: Ррпп,Lе {1827) Jш'litш,f,пzn, еп-
JпчРе Jf,ftpnuftn"fn,[_ n,un,JLwцf,pl'[f,u LЧштЬ9 ,;ь'lп,Чп,J q.mL,[_n'l 
�ш{и,f_шd JwuLJ,чLЬ['f, ШL[!f,'1-,;щ.,, Ь. wLftшLnL (pшnuш1J,L) zwp­
Jn,J, U.J'1- Ь['Ь.пчРf!, f, UfШmf,,[_ Ppnn,Lf,, prnпtf.]шli 2wrdn1d 
шLn,LL /; ftpn,J1 2bmwq.wJnLJ WJ'l- [!ШL[! Lf/.шm,[_b9 LшЬ. f;Jn'luftш­
f,l,['n'-J, un,uUfbLqf,шLЬpniJ f,_ ршрJ.р ,,.f,ull[bpu ltпtnft'l- ,;щJwltшpq.h­
['ЛLJ: f1Jwpll_,[_b9, пр JшuLJ,ltLЬpf! 1_bL mшшшL,[_п,J npnzшltf, w­
n.wfs9�f, zn'-f"1.• ш.u. Чштшрпu! ЬL q_J,,q.ll_Ш'q. zшpJn,J' lturpn,ft· 
zb 'l,f_htn,f_ f,pЬL9 n,'l'lШ'll_/td -&.шLШUfШ{',;f,9, npnL9 mb'lшzwp,Jfi f,pb­
Ьf,9 LЬf'IJw1w9Ln,J l; f!bftJwl 9-dhpf, Jf, zwf'/l' 

PwqJшpf,,[_ n1-un,JLшuf,pn,pJn,LLЬp[! 9n<.J9 l,f, mi/b1, пр ppnn,L­
JШL zшprfn,_JI! lfшfи,f_wd ;J LJnLp-f, pLn,Jpf,91 Ъ{'ш 1ш'iiшltwltшL pfin1-­
pшq.f,{'[! npnz,f_n1-J l; ,;bml,Jwl w'l'lшltLhpn,[_' JШ'uLf,ftf, 1_ш,f,п,[_, 1_hp­
Jшumf,-G.wfsщ[ l, Jf,1_ш,[wJpf, Jшdn,9/tltn,pJшJ/!, M,1_,шfi JшuЬJ,fte· 
,f,n/![' 1;, ШJLpшL fipш zшf'Jn,Jp pninL 1;, ,;Ьтkшршр' IJnlnf,'1-wJf,L 
�шJшltшpq.h{'n,J рр11п,Ь1шL zшprfn,Je n,Jb'lшLn,J l; f,JntPJ, 'lf,u­
"fbpuJшLp 'lп,q.e'iiPш91 lJ.JLn,,;ь.,,1,_, f,LuшL ,f,npp 1; JшJп,9f,ftп,­
P1п1-fsp f,_ ршр.1[' 1_bpJшumf,-G.wfi[!, wJLpш'i, /!пи1-L И, zшpd,[_п,J Jwu-
Lf,ltLbf'f! ' 

Ppnп,fi1шL zшf'JJшL -\f,JЬшftшL шn.шLJ.fsш-\шmftn,pJлtfsp Jш­
JwfiwlJf, pLflш9pnuf fipш шLf/_wfsпfi п, 1_Jш[',[_п'l tft'iibtL 1;, Ppnn,Lf! 
9пч9 l; mp,f_ht, п[' ШJ'l- zшpdn,J[! UfШJJшfiш·,f_п11,f_шJ zl; JшиLJ,ЧLЬpf, 
,f,nfиw'lwf'J. J.чn'ln,P1шJp l, ,[_шfin'ln'-PJшJp, ,;Ь'lп,Чf, o'l-f, "f'lll/1.wlt­
f,J,['f, mLrш111JшJ/! f,_ ШJLf" l.l:ппш9-ш1пu! "{Ш{''{_,[_Ь9, пр ppnn,L1шfi· 
zшpJn,Jl! -\Lш['ш,f_пр 1_/; рш9шmрh1 1_bpJwu,nf,-G.шLf, f,_ lпчиf, mш­
mшLJшJp, f,ЬzUfbu Lшl, l;tbftmpшltwfs f,_ pf,Jf,wfJшfs bpl,n,Jp'iibpn,[_, 

Ррпп,fs1шL zшf'JJшL тЬип,Р1п,Ье Jzшltbt bfi l;1Ъzшh1Lf! k 
lJJnln,{uл,f_uftf,L l, ,;J,и,шq.ш1п,J ,f,n['J.fsшlJшfmpM, -\ш11тшrп,[Ь1 l; 
11}1,['['l,f,J,, lJ,f_h 'l-pb("q.f, L. n,f'f,zblpf, ftn'lJf,9, 

U.11[ш9пч1,[_ш·J l;, п[' ltп1nft'1- Jш11fsf,ftblpf, ppnn,f11шL zшprfn,Je­
�n.ш1_шfin,J 1; lf'1.ШUfШUJf, Jf,1_ш,{_шjpf, Jn1bftnчLhj,f, wfiltшЬnL -\шp­
,f_шJfsb['f,9, npnLp q.mL,[_n,J l,f, yhrdw�pr, 2mrddwf. dh1 1 1.hmL.w-­
Ufhu, ltпlnft'l-Lhp11,J Pf'"n,L1шfs zшpJп,Je шр111ш-\ш1тп,J l; un,f__n­
f'Шitшf, J11lhltп1/blpf, pfin,,1p'ii п, ,f_шррр, Ррпп,Ь1шfs zwpdJшfi .,,1,_ 
uп,FJ1шfs ,;t,JЬшftшfs ,;щ,[_шишрп,Jе, пр ии,ш9h1 l,'i, /;1Lzmb!f,1! Ь: 
lJJn1n1-{un,f_ultf,L (1906) n,fsf, ':bmL.Jшl u,l,ц/J/!• 

- , /" RT t 
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(3}• 

ШJUШl, 'l [_[! JwufiJ,чf, JJ,1.J,L mh'lшzшpJf, Jbdn,pjn,fif, l;' шqши,, 
,[_ш'l/!/t Jf,1.J,fs hpitшpn,p1n,fsp, t-L Jw11fif,,Чf, Jf, -\шр,[_шdf,9 Jf,Ьzk 
J1n,u -\шр,f_шJ[! wLgшJ JwJшLшltp, r-e Jшиf,J,ltf, zшп.ш,[_f,'1-[!, f]-Ь· 
JJ,1.ш·,f_,wJf'/t JшJ11,9f,ftп,p1n,Le, N u-L U.,f_nq.ш'l-pnjf, pf,,[_l! , 

р) q.p:i,n1qnнJ': '1-J,!j,n,ч_Jwfi l,['f.t.n'JPl! '1-ftm,[_n,J l; pntn11 'lftu­
Ufh['u -\wJшltшf'q.bpn,J, иltишd Jп1hftn,uшp l"'JnчP-Wpf,9 Jf,'ii1_lc 
un,f_npwltшL Jf,Чf'nиltnll/n,f_ filtшu,l.t.tft Jшufsf,ftblpf,g ltшqJ,[_wJ -\w-
2'0 

Jшftwp9-hp[!t '1-f,!j,n,ч_n,Jp J,Llll[hu -\w1mLf, 1;, f,LpfiwfJшJ 11[pn9hu 1;� 
npf, pLpw9pn,J ,;щJш·ltwp'ff, f;l,,npnll[f,wL Jl,Jщ'i,n,J /;1 l,bml.t.ш'иpp 
1J,Ln,J l; Шjfs, пр tn«J,f_шJ 'iiJnt{iJ{! -\ш,f_шишршll[l," pшzJuif.n,J l; 
шJ/!n'lt Jf,r_ш,f_шum,J {tnн)пчРп,J), {!L'1 npлtJ, 1n,J,f_шJ LJn'-Pl! 
J.9-mn,J l; Jl,J IJnfs9hLmpw9f,ш n,bl9nr1 Jшuhpf,9 mh'1.шz111pJ,[_J,l 
'll,"f,f, ,f,nfp IJnL9hLmpш9f,w n,'ьb9n'l_ Jшиhр[!• Uw -\шmn,IJ l; f,L1_­
Ufhu f,pшftшfs, ШJL"f bu /;[ lfп111ft'l 1п,,Jn,JpUbpf,'/,, Uшf/1111L '1-ft!j,л,q­
JшL щpwqn,PJ"'-L[! finlnf,'1- [n<U"'Jpblpf, '1-bll/tn,J JJ, j}шLf, шLqшJ' 
,f,npp 1;, fWL Jn1blf,пuшp-'1-f,u"{bpu -\wJшfJщp9-bpn1J1 1J.f,!j,л,qJw'il 
111ш11r'Ь.ш·п.е JшиLf,ltLbpf, 1_LpJш,1f,fi zшp,Jп,Jf, f;, 

PwLf, пр ftntnfr'l- Jшv'ьf,ltWpf! ll_ЧШtf,nphf, ш,f_h1f, J/,J zш,f,uh[' 
L. ш,f_Ь1J, Jl,J qшLq.,fшJ п,Ы!,, ршf, f,pшll',,'i, ln,J,-,,JfJI! f/tu'lJn'l.
JwuLf,ltblp[!, ШJ'1- UfШ111Ь.щлп,f_ fJп1пf,11 JщuLJ,ftЬЬpf, tbl'Jш1J,L zшpJ­
JшL шршq.п,Р1п,Ье Jf, pшf,f, w'iiqшJ ,f,nfp l; ftr,шlfшL 1лiUnчP­
blpnuf Jп1hftпчLhpf, zшpJJш'ii u,pш9-п,fi11п,Lf,9, ,;Ь,,,l,шf!шр' ,f,лрр 
1; LшL. 'lft!f,n,'lJшf, шрш9-11,р_l'"'ь!! , '1-f,!j,n,qJш'i, шршq.п•Р1шL ltwfu­
,[_шJn,p-JnLLf! JшиfsJ,ltLhpf, JhUn1-fJ1п,Lf,9 pn1np mhuшlJJ, '1/tиll[hpu 
,;щJшltw·p9-hpf, 1шJшр шп.,,,1_f,Ь шfi9-шJ 9n'-j9 1; m,f_bl PпpumiJ! 
(186§ )1 [!L'1--\щfipшU/hu '1-ft!j,n,qJшfi шрш9-л,р,1шfs fШfiшftшltшL­
щп.fiz.n,pJn,fip ЬLfJшplpl.nu! l; 3JJ,ftf, (1855) -\ш,[_шuwpJшfi[!t f!ииг 
ШJ'1- opbL.pf,, m,[_JWL LJn,p-f, '1-ft!j,лiq,[ш-d 1шfiшftniPJлtLp' m, n'-'l/t'l 
,;шJhJшmшfJшfi 1; ШJL [!L'f[ШJfiшftwfi ftшp,[_шJl}f, Jшltbphuf,L' S,
n{,f, J,f,r_n,[_ LJn<P-f! '1ft!f,n,'l,[_n,J /;, ltпfs9/,'i,u,pш9J,w1J, 9-pw'1'ftЫ,u,f,f,� 
ЛС/Лх, ш1u/tLl}L' Jf,ш,f_лp bpftwpn,PJшL ,f_рш ltпL9hLmpш·9J,111.1fr 
,f,n,f,tt{un,PJШL[! f,_ dwJщfiшftf,L' t, 

де 
m=DS--t, 

дх 
(4) 

npшh'l D"fs -\шJЬJшшшlJшf�п,р1шL q.npdшltJ,oL l; l, ltп;__,f_л,J l; 
J}Ji:i,ntqdщG qnrb-w¼�9: 0-L p1[wll/bu ,;ш,f_ш11шр l; Jf,ш,f_np ,J�Jш­
fswltn,J (1 tJ.rЧJ, 1ud2 ltmp,[_шUfn,f_ шL9ш.J fsJn,Pf, pшfiшftf,'ii, bph 
ЧnL9hfimpщ9f,шJ'!1 9-pш'l-ft/,Lu,,[! ,;щ,[_шии,р 1; Jbltf,, ш1uf,LpL, ьрь 
шJhL Jf, ud -\Ьпш,[_прп,р-1шL ,f_рш ftnL9hLmpш9f,шL ,f,п1pwLnLJ l; 
Jhlt Jf,ш,[_npn,[_ (Лх=1, Лс=l), 

IJ,,f,!j,n�'lJшfs qnpJwlt9J, 1_ш,f,n'ln•P-Jn,Lfs l;. [D] =ud2/qr¼1 
r zшп.ш,[_11_п,[_ 9-L11wЛ!.t JwuLJ,чLhpf, ,;щJшр 3JJ,fJf, -\ш,f_шишрJщf,, 
Jhr_ JmLп'l '1-f,!j,п,'l.JшL q.npUшltftol!' D-fs, npnz,f_п,J l; /;JfizmЬ1Lf, 
,;щ,[_шишрп,J,r,,[_. 

RT i 
D---·-,
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npшh 'l_ 11-Ь JшJ-n,9f,ltn•P1n,L'il 1;, No-L lJ.,f_n9-ш11pn,1f, Pft"-1!1 

(Бr 

q.) ОuUпш�Ч Б.&.2n1d: lJn1пft'l ln,JnчPLhpf, оиJптf,Ч -G.'ilzmJI! 
ftw{ui/_шJ l; lfntnf,'1- JшuLf,чblpf, lfшqJшJ JJ,9Ь1Lhpf, p-,[_f,9 /,_ шL­
Чш/и t fipшL9 pLn,Jpf,9, l.hmL.ш"fhu, fintnf,'1- ln,Un,1PLbpf, 011Jn­
mf,ft -G.Lzn,J[! n,'1.ft1l. -\шJhJwшшltwL 1; JJ,ш,f_np dш,f_wtnuf 9-mfs,[_л'l 
ltntnft'1- Jшuf,J,ftf,l,pf, p,f_J,Ь, -RшLf, пр lfnlnft'l- lл,UпчРLЬ[,L f,phL!f 
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Jnll,ll'"llшl'-ftfr'i,l,u,f,f/шf/ш'i, .t:шmftn,pJn,L'i,l,pn,f_ uf/ 'l_pn,Ь/Jnpb'i, z.l,L 
tnшpp6p,f_n,J f,pшf/ш'i, tnн}nчP'i,bpf,9, ШJ'l- щшm&шп.п,f_ f/ntnfr'l­
ln"}n,JP'i,6pf, Lf/шu,JшJI! Ьп,j'i,щ6и ftшr6Lfr t f/f,pшn.bl r/.шЬm-l.n!f,f, 
f!Ш'i,шЛ/,_[! ' 

(6) 

Oшf/шJL ftntnfr'l- Jшubf,ч'i,l,pl, frrbL9 JL,}-п,P1шJI! l,_ q_шbq.,f_шJn,f_ 
11-Ьrшч_шЬgп,J l,'i, ип,f_пршf/шЬ Jn1bftnчLbpf,L, nrf, щшmСшnп,f_ ftn­

.Lnfr'l- 1п,JnчPfr ouJ-nmf,ft Д'i,zn,J[! ,ff,i,_f,,,,.11, "fш!JшLLbpn,J zшm ш­
,f_htf, фпf!{' !;, [!Ш'i, frrшftшL 1п,JпчРf, ouJnmf,ft Д'i,zn,J[! t 

fl1ищ6,и, opf,Lшf/, l_Ш[!шрf, 1 и,пf/11иш'i,п9 1п,J11,1Pfr {zшfшpf, 
J"1ьq"чш1f,'i, ftzfrn.f! 342 !;) оиJпwf,ч CLzп,Jf! uh'i,Jшftш-Jf,L 1_br­
Jшиmf,&ш'i,п,J .t:ш,f_шишr-1; 0,725 dp-f., f,ulj ,16rшшf,Lf, 1 tnnf/nuш'i,ng 
l""tпчPfrLf! ( пrfr JшuЬf,ftш1frЬ ftzfrnt! 20 ООО t) .t:ш,f_шишr 1; l!'i,'f-ш­
Jhf,.l! 0,0098 JpL., "f'l! фnpd.LшftшLnr,l,'i, .t:шJшр1ш .t:'i,шрш•[пр z_f; 
1_шфЬl' ·'

Чntnfr'I- ln,JnчPLbpf, .t:шJшр шLЬzш'i, шpJhl!'i,l,f' l,.'i, umшg,f_n,J 
·Lшl,_ q.n[npzn, -&ЬzJш'i,, ишп.ЬgJшЪ 1,_ Ьп.JшЪ 1_hpJшиmf,&ш'i,'i,l,pf, фrt­
фrtfurnP1п1.'i,blpf!• Opf,Ъш·ft, шриЬ'i,f, un'l[f,fr,ff, 1 %-шЪrtg 'lnlfr .t:ш­
Jшr ишпhgJшЪ 1_hpJшumf,-&шLf, fi1_6gn,J[! f/ш11Jn,J J: О,ОООООЗ0С,
f,uft Ьп.Jш'i, 1_bpJшnmf,&ш'i,f, ршрЛршgп,J[!' O,OIJ0001"C1 flJ'1 Ъzш­
Ъшf/п,J !;, "f' l1zn.ш1f,Ъ ЪпчЪ ft11'i,gb'i,шpшgfrш1fr '1-l,U//!n,J ftntnfr'1 

_LnL<1-nчpn1.J qu,'i,,f_n'l Jшu'i,f,ч'i,bpf, pf,,f_[! zши, ш'i,q.шJ ш,f_btfr фrt[J{'
.,/;, рш'i, Jf,l,_Ъп1.1'i, U/ШJJ.ш'i,'i,l,pn,J f,pшf/ш'i, 1п1.JnчPn1. J  Ь'lш,} ln,J­
,f_шJ 'i,Jn1.pf, JnlhftnчЪhpf, pf,,f_[! I

'1пzпf,11- .t:шJшftшpq.hpf, оиJпщf,ч -&Ъzп,J[! fuf,um fthpщn,f_ 1/шJ,,­
,f_шJ t gшдpJntbftrt'{ШJf,'i, Jf,шgn,pJn,'i,'i,l,pf,, 1:штf/шщЬи t1blttnpn­
. lfrw'i,l,rf, 'i,l,pftш1n1.P1п,Ъf,91

'1) UЬq�dh&.mw9nid 1.. .6�UJ.UПdЬшrш�wG. orblif: '1-f,uщb11u 1:ш­
Jшftшrq.bpf, ftf,'i,l,mf,f/шftш'i, ftш1п,Ъп,р1п,L[! ftшfu,f_шJ /; hpftn, .t:f,J­
· ЪшftwЪ f,ршр .t:шftшnшf/ nL'l.'l.,f_шJ шч_'1шftLbpf,9, ffpшf,/! h'i,' Ь-ш&.rD\­
f"J-111&. n1.dp., npf, шч_11-Ь9п,Р1шJр Jшuf,f,ч'i,I,{'[! Lumn,J ЬЪ, l,_ IJ-��D1-
ЧDldp., npf, zbrtr.t:fr,f_ JшиЪfrftЪbpf! Л q.mn,J ЬЪ or,f_bt шJpn'l.t Jш­
,f_ш1п·,f_, .t:шftшч_'l-bln,f_ Jшu'i,f,l/1,l,pf, Ъиmb9Jшft[! 1 J "IJш'i,pn,pJшЪ ntrff, 

•. 1Uч_'1-Ь9п,Р1шЪ mшf/ JшиЪf,чЪhрf, ЪиmЬgп,J[! Тn1_,f_n,J 1; uЬq�dM1-
mwgшd: Oь"t,JhЬmшgJшЪ шpшq.11,pJп,'i,f! ftшfuif!шJ 1; JшuЪfrftЪhpf, 
_1шфиЬрf,9. /u11znp JшиЪf,-ftblp'i, ш,f_6tfr шршq. l,'i, 'i,uu,ntJ, f!Ш'i, 
Jш'i,phpf!.!)1.шftшnшf/[! , '1-fr!f,n,ч_n,J[! ш1[b1fr шршq. 1; rLPшf,r,,J Jш'i,p 
Jшu'i,frч'i,hpf, '1/, U/l!n,J, f,uft Jшu1,frftblp.f, funznpшg,Jш'i, ,;1,,,, шJ'i, 
ffШЪ,11-шqn,J t, flJ'I f,uft щшт&шп.п,f_, /unznp JшuЪJrчbbp.f, '1-bl.f/pn,J 
.,,_ь"ш,ftznn,J 1; дш'i,рmр1шЪ n<rf[!, "f'fr ,;t,,,,,l,_ш'i,f!n,f_ ЪршЪр ,f_l,pr_ f, 
,f_bpr_n Ъитп,J /,1, шЪпрf, .t:шmшftf,'i,, f,uft ш,f_blfr Jш'frp Jшu'i,f,ч'i,l,pf, 
11-f,!f,n,ч_Jш'i, шpшq.n<PJn,'i,'i, шsЪ/!шЪ Jl,J !;, пр fишЪq.шрп,J 1; Jшu­
'i,f,ft'i,,l,pf, ЪиmЬgJшЪ[! I ll1u 1; Щшm&шп.r, пр ьрь Jшu'fr,f,ft'i,bp[! zшиr 
фllf!p h'i,; шщш JшЪrn<PJш'i, n,Jf, ш'l.'1b9n<PJш'fr щшft 1:шJшftшp­
'l-"'J .t:ш,f_шuшpшftznn,pJ"'Ъ 1; .t:.wumшm,f_n,Jt UJ'1 .t:ш,f_шuшpшftf!l­
nn,fJJn,'i,·[! , пр[! f!ЪtnPш'l-f',f_n,J 1; шЪпрf, .t:шwшftf,9 '1-1, U/fr L""}-"<JPfr 
,f_hpЩ! ftrtfl9/,'i,u,{'ш9f,шJ/, шиц,f,&ш'i,шf/ш'i, фпрршgJшJ-р' f/trt:i/_n,J /; 
aЬq�dЬf.шщg�n&. Б.шiJ.шuwrw�znnip-JDi.&.: '1-ш '1-frm,f_n,J 1; "l Jfrш1& 
,., 

�"L"fr'I- l"'JnчP'frbpn,J, ШJl 'i,шl, Jntbftn,uшp-'J-fruщ6pu .t:шJшftшp­
q.bpn,J, UJ'1 ЪпчЪ щшmhшп.п,f_ f;, пр tnbqf, t n,'i,b'i,n,J Jp'frninptnш­
Jfr'i, o'l-fr ftn'i,gl,f,u,pшgf,шJf, шumf,tiшbшftш'i, фпррш9п,J bpftpш·q_'I,q.fr 
Jшftbp/,_nчP/rs 11hщf, ,f_l,p/,_ ршрJ.ршЪш1f,и, Opf,Ьшft, JP'i,"l"P"'шJf,'f, 
O'f-/r h'trzn,Jr 5 �d f!Шpd.pn<PJшЬ ,f_рш f!Lft'i,n,J t bpf/n, шЬ 'l-шJ 1,_ 
.t:шиЬп,J Jfr'i,1_/,_ 0,5 Jpbntnpmf,, 

UЪш9шJ щшJJш'i,'i,l,pf, 'i,пчЪп,р1шЬ '11,U/IJ"'J ftn'tr9h'i,u,pш9f,ш­
Jf, {ftшJ &ЪzJш'i,) фпфпfuп,р1п,&Ъ [!Utn ршрJ.рп'-РJшЪ ШJЬ[!шЪ ш,f_h­
tfr Jl,,} 1;, nppш'i, Jl,J- t Jш·uLf,ftblpf, ч_шЪq.,f_шJ-[! t 

Uшu'i,frч'i,hpf, pшzfun,J[! ftшfu,f_шJ pшpЛpntPJnLЬf,9 ьъpшpft-
,f_n,J t .6.�UJ.UDdhmrw�шf. ftшJ pwrndhшrw�wf. orhG.f�t'., прЬ шр­
и,ШJ/Ч I; LwUJ.tWUf: U.J'l- орЬЪр[! ftf,bhшf,,ftшf/шf, ffшJn,Ъrt,PJшfi pflrt,­
pшq.f,p'i, !;, "f'l! ftnlnfr'l .t:шJшf/шpq.bpf, 'i,ftшmJшJp ftf,pшnbtfru п,Ъfr 
J;/,,nl,_JШ[ и,/,ц/J{!• 

RТ\п СС, 
h-

Mg 

d 
(7} 

rtptnh'l_ h-[! zbptn/r .t:шumn,pJn>ЬЬ /;, Ci-[! '1-fruщbpu .t:шJшftшp'l-fr 
Ь1шJf,Ъ Jr,uшp f/пL9ЬЪmрш·9f,шЪ, С2- [! Ьпч'fr .t:шJшftшpq.f, f/пЪ-
96'i,шрш9f,шЪ h pшpJ.pn<PJш'i, ./_рш, M="'Nom' Jbft Jп1 fr1n,pfr 
ч_шiир/_шJЪ 1;, upf! .t:ш,f_шишр 1; Y.,f_nq.ш'l-f'"Jf, p,f_Jr /,_ Jbft Juthftnчfr 
qш'i,'1-'1.ш·Jf, Шptnш'l-f'JШtfrЬ, g-'fr шq_ши, ш'i,f/Jш'f, шршq.шgп,JЪ !;, 
d-Ъ /,_ do-'i,, .t:шJшщшmшиfuшЪшршр, qf,uщbpu !f,шч_J, /,_ 11-fruщhpu
Jf,1_ш,f_ШJpfr tnbuшftшpШf' ftzf,n'i,/,p'i, /,'i,, ьрь '1-llfrl.f//,{'ц Jf,r_ш,f_шJp(!
o'I-I, 1;, шщш do=O /,_ (7) .t:u,,f_шuшpmJp uщшЪп,J t U/ШP'l. mhup •

(7ш) 

Php,f_шJ .t:ш,f_шuшpn,J'i,/,pf, Jbr_ JnlшJf,'t, f/пЪ9ЬЬmрш9f,шJf,· 
фnfuшph'fr f/шpbff, 1; ,f_bpgf.,/,l ftnЪ9bЪmpш9f,шJf, gш'i,ftшgшJ- ш11tnш­
.t;шJщnLPJn,Ъ, j,uft q.шq_bpf, '1-hl.f/pn,J' 'i,ш/,_ &'i,zntJ{! {Р }1 1.f,щипJhш­
ршftшЪ ШJ'f- .t:ш,f_шишрп,Jп,f_ -&Ъzп,J[! zшфblnL Jf,r_n9n,f_ ftшphtfr !
npnzbt JpЬnl"f'"'ШJf,Ь tnшpphp zbpшhpfr pшpЛpn•PJn,'i,'i,hp[! , f,Ь1_­
U/hu 'i,ш/,_ ll,f_nq.ш'l-f'"Jf, P/r"-1!' No, ЧшJ, ftшph1fr 1; Ъz,f_шJ- ршрЛрп,­
РJшЪ .t:шJшр .t:шz,f_h1 &'i,zn,J[! I 

'1-f,ищЬри .t:шJшftшpq.bpf, uЬq�dЬ&.111w9�nr. .fiwiJ.muwrw(iznni­
p-Jntt'.&. шnшr_f,'i, шЪ'l-шJ n,nn,J'i,шuf,pb[ 1; fllhppl,'i,[! (1910) q.n,Jf,­
'1-"'"'fr { "Pf! фшJtnf, fubrlшшbuшft 1;} 1_pшJfr'i, l;JnчиfrшJn,f_ шzfuш­
wbifru, �niJпчPfr и1шL mшррЬр pшpЛpn•PJn,Ь'i,hpf, ,f_рш .t:шz,f_htn,f_ 
JшuLJrftЬhpf, pf,,f_p, fl/hpph'fr[! ftшpn'lшgш,f_ npnzht U.,f_nq.ш11-pп1f, pf,­
'1_p1 Umш9.Jj_шJ- Jl,Jn,PJn<'i,[! zши, Jnu, l;p ШJL h'l.шЪшftЬbpn,f_ npnz­
�ш; P4:J,>, 

{!Ь'1<шЪршщhи f/n1nfr'1- .t:шJшftшpq.hpЪ [! Utn zшфubpf, UJ.DJpq�u­
UJ.Ьru Ы., ш1ufr'i,i!'i,' pn[np JшиЪf,чЪЬрf, 1_шфиЬрf! f,ршр <ш·,f_шишр 

22з· 



н:в-яr 

'" 

:p1p,.щ]tmn1ol ,vm'J'II� ,Jdf1и,пu1 1 p1u]>1n,fu­

lJni'JmJ'mp ,JJи •ш�чt� tflm-L:'JЧs 111тыпи rт? Чtm-L:'J·Чs-r![ЪmJm,:
,} 1пu"р1и1, ildf1и11J7 Мт Ч "purpu'Jm GIJmJ'I,. ,n,J19J,j'nm1Jiпun1u 
rJd''"'JJ, ,J-.Jqlnpm .,, iJ1иЬ 1111,пи ( 69fH) illmЪ:IJ·Чs .... 1111/ч',тlт 
mJ'! '1 (L,!;8l) ilfqUmJmrc 'fl ,'!,nmp.mJ'!,mp ,f1q],m 1,л,f' 'iТ/н1п 

,ilш�'l·lй 41,,,1,11-ls ·lt. .f'i 
--_,

� � w="'"°1 

-llljllfll} ·л j 17J-ЬmJm?'J рm-Ь 
-'Jm тt,,flmнm ilr11J6mn1и) ,j 
'1,flUUG ,fпf-.u1 G,JрЬи1, ,fJ11'J'1</rr 
-t1mp U,,Ju1u1, i/u,my.шmln ,Jd

-F1и-.,Jq Ы11 •( Иl •f'D) G,f4Ьи1,, 
ill/,'I p111u11fb qrJq <,flq'Jmnqш j 
Jf111rp1m-I, ilnf1ul p1ulfF111-r1111 ·Ит 

mlnm •JrJl1uf1ul lн/иlи', 'J,{G'!,m,J,mi/ ,{lпч-Ь -) J"и"frЬЬ111 (illrpu,ji) 
iUпи:, ,fлf1111 l9p 'JmfrJ,иdp dJq ,ilJqrи1иfrJ111,Jim1m'J,JJ" J1u'! 
-m>l"!JJ 'JmpB'!,m ,fni1ul "pиl,fp ,{Jqrи/f111(nul U,Jи1и1, il1Jqu11/,ь ' ljr1Udlnq-I, ,JJq-ЬJmlJmpm:, 
r,Jqlnn,JU-111,JlnulJ -) J"117'1rн/-Ь blm nqln1'!,,f '/Пll'f,lm-l,mJiJ'Jm '1d 7и· 
1fm 'F111JGmn1u1 11Гт,fр) p1u7'm,fl, p,uJq-ЬJm1fmpm:, U,fululJ ]нп,ту. 
-u,m/n Мт mlnm 'p,uilfmlJm"l,fp (ЪJтр U,fpdm'J) i/'JuJ%,{p,{1,fp 8'0 
11 (ЬJтр 'Jfшbm1fml1u'Jmp ,{Jш1fqln-n) ,f'JuJIJ,{p,{1,fp t,'O) р,и]r'Jи,-Ь 
il'!,1uГfl1uJm1fJ7 ,fil,f1m ,{пГ1и1 ,{171Jm�qu, 1fn,f <Jqmjlm1 1q],m 1и (pn 
g-Ol) G,f'JuJIJ,{p,{1,fp l'0 'J'l'JlU ilJ'l'J1f4'!nmp i,,fu1u1f Ju i/'Jmif' 

,аr,и-,. 
-'IJ'I ,ffm,JG1fmJ4;,JU ) p,11],m,{h ''J.t'J,{nfm •puJqpLulJ JuJ.,,,J i F'uJG 
ilnl1u1 i11f,J'Jump ],и1qG'!,mlJl ilil,J1m 't,,ffmn1ul -.,mq:,],...,Ju ''Jl/ 1f,JG1Jmф 
-тd iJJq-ЬJm'Jmrm:, Мт '1 p,и'!,yilmUmJU'Jm '!,q1 iluf1uT il.JJmJ'J p.uit 
-'Jm'l'"'I:, ,fJu •B,f'J1ufd1uJm1JJq ,Jil,f1m ,Jqf1ul Lu'J'J'Jil '!,q Jilu,ji ],иJ 
-qпфт1 G'JqJ,J 'JJq'J1f</'Jnmp p1uJq-ЬJm1Jmpm:, nJqlnn,fL-U,J-ulиt, 

1il'J1ufd1u1f,JG1Jmфтd 7и 11 ilrJ1иfd1uJu,nl,/n G'Jm,l'!, 119 ('m],.Ju]r 
-m'Jmpfmln '} ],иJи ,iJJq't,m,fn11иp) 

1
iJJq'!,m,flниlnи1un ,'J'l il,Jn,Jln

-1Гf,,f 'p1uJqbJm1Jmpm:, nJ'llnn,JU-m,Jlnu1f ) p1uf'm,f-l, df1w11Jq ,Jn,fln
-Ы11 ,G,J1pиf1J1Jm 'Jmi'IJ'Jm ,Jil,f1m 1J,{Гтп1и1 t ('m],-nfmlJ il1pиfd•и('qJ' 
,JJu •1fmu, 1JmГ1f· 'Im ,JIJmluJu G,JnqJqlJmp ,jlJ,J1Jnmp 1 p1UГf.J1mUm1J-l,'Jm 
ilnfш1 mlnm 'G,f'J1uft/1uJm1fJq ,jil,Jlm ,fnf1u1 'J9 f'l/' i1Jqn,J,m1 ,JJ9'J 
-'1,f'Inmp qi/q нlpmfd1иJm1JJq ,Jil,J1m ,Jпf1и1 Lи7',('Jи-Ьтm-Ьо ,B,fpL,u1f 
,11ufp •],uJqnфm1 ,JJи%</'Inmp ,JЪm</; nJqlnn,f-l, -} fm7'Ju7'.т-1Jmpfmln-
6,JpLulJ ,fp тn 1G,fJq'Jdf1u('1u1 1Jm1fm1fnt/ 'J'l p•и],JqrlJm,n mn,Jn{ 
],uJ'l'J'J1иfd1и1Jmm:, 1Jm'Jm1f,f111/no GГf.qJ,J ilJq-Ьilm'Jmpm:, nJqlnn,f,ь 

. •rиilp,J:, 'Jтrg,uJqJJmm t{Jq'!,df•иf1U1 -Ь,Jи1,и1f 6,fJq'JtfГ1u,('1u1 'Jm1f 
-m1fn,f 'J'lbupu:, ) fm'J,!il iJJu <Jpmfd1и1J'lbJJJqшq:,uJ1J,Jp HIJmJ'I 'I'l 
fm7'J и f m'Im pf mln iJJ'l'J'J1uГ d�и1f.шт:, 'Jm1f mJЬmd1и'Jd ,JJq,yJFщf1ul 
U,fu1u1J 'Jm'Jmln,Js :p1.0.1�,1m�mpm9 -lп{ulu� ilp1.u,1Smn1.u) (т 

1Гf,m,{Jm"ll',,J'l</;'l'J 11 'Jm,Jlnu1fnuJ1f,fpmJmhu ,'J'I 
G,j,l91J'Jm1JmL9 Ju11Jm1f 1u19luilu JЧ'J'J'ufd1и'Jmm:, 'Jm1fm1f,fmlno 'Jn,J 
'1 'JF'uUGmmu1 il'J1uFf11u1fmm:, luJu'Irl 1JmlJт-'J,{111lno t{J91fl,,fu1иt, 

,ilp,u1,u-Ь 
-mulJ 

1
iJp1u-l,Um1fmp •ilpщBтut'JЧ/'<JU7u •ilp1upJml 1JmF'J1uuJd 'ilp1uЪ 

-·•и<l;,JU ,'J'l d,fn,fln?'Jtf •Jmpm:, ,fJq1Jdf1и-.,Jq ,Jntfln'Jfm lqGmntf-l,'Jm:,, 

"" 

.tJ'I ifp,f:, '1.m'Jmnqm '/"''"!, "'tln1'!,,f <lmГslqdm,lq], ,Jifpm],&1uum'J ,fdouF'I 

ilJ1'Jl''"&,mlq1Jmmln 'Jm'Jm �,f m 7rr,,f 1J-J тПн11f 91и /' fml1ч l''"'J</1f n/m'J 
1111qlпumn 17],т 'J'I 'J1u!f1,u,lu/1mJm'J:,, ilJп1fm'JmLq '1,m1fm1f,Jmlno 

1Jmpm:, 1111qlu,lu il11f '/ ilJqn 
-,jim7 ,{Jq,i1fi/'Jnmp ''!,m'{Bm1/u,,i'lfi'l,u'J ti'!,mJ,! '1ulqm,JL ililJm], ,JJ'I'!, 
-U,fu1ulj JqGmп,JLrJm::, 1 .�m11,mLq '1,m1fm'!,yiluф 11m'1, lim '11,mrJи7'm1ff 
,fU'l'!,ilGmim:, ,lu'J 1тГJ.чdтJ7/1 ,f1lq11,df1u,('1u/ U,julu/1 '1,Fm1/f 711 Гf.1uitf 
-1u'Jmff,ml1� f7/' 'J,J11m6m�1 1 lqliЧ'!,'" il1�111Ftf111J,fnm'Jp1un1u ,JJq,! 
-'J ,uF dн1'Jmm:, '1 m'Jm'J,f Lгr lno ,J,1 ч-Ь,lт1f т /'"' j n,J'lln"'if11lf,lm tl 

;:JUfl'\'1._'-llll:-4NUti.S1l:" r�11111lti.'-ISlD0 •IJ!\'\-t!IN.Uд'-IU'I ·ЫU)Uti. ·1; 

1(],ulq'!,Lиtf шп,J�т:,, 
ildm1f) ],u;,Umlnm,:,m� 'ImlJmff,d 11,mil 

1-Ьmilm ,J197'm utmp9pm:,,f/,m.? 
l''"'Jmmnf ili/G,,,Jqn rtи,Jnl1u1•'i ,J1,11,f L"],'1,ш-Ь Jqp ,Jflm1f JpmirJ,uBq-l, 
-Ът 1/р,и пi1ип/тчиJ,п'I7� ¾m'!,mpmp ,JJц 1Jp1u1Jml1' ff,u,JGmJmlnqn 
,fdm'J ''Jm'J<JJo '('m]•'Jpi/:, 'i mJ"j, Гf.mpBmin11,чp,JUqfl "Г"Ffiш/rm'1,ml11, 

'!m1fm11mJ,J� f-7/' </'1."' JJ ,j'l,шim:, 'i G1u1,mf, ilp,uGminrJqp,j-l,qfl 
,J,Ju,n mmqq p-,f-l,qn ,,, IJn], ,,,1, и-Ь,Jrс 

· UuGq11,1u 'J1uFd1u11mJ,j1f 'IFml ],ulqpJubmmbo •Jn7Jq/rm11 Jm,lm'Jmnqm 
1ulu,ji '1fm'1,,f,lo 'lqluJu 'i ,Jl,i'im'J ]ru-Ь,flm'Im '!",JGmmf/,'iJ'</-l,'lfl 

1.тJ], '!,mp,jlm? ,jJ7,,.'l,1uit11ubmJm t/,"'fGqmn11, ,JJq11,'J</'Jnmp p1uJ 
-qJim],mt.fp чmp'Jmbmi, 11 1J11,I,q:, 1 p1uf,!l'tJ;, il,J" 

1
b,flmf/,m 'IutfG 

-тт,ир,JUчп 'i Jllи],Zи'J il-Ь,J1m'!,m ,fn,Jh,bl1J ,J,ul1m11,mbq 11,и,fВтт 
-'!,'ll'i/-I,qn 'J'l p1uf,U,fnmt{p1un,u ''i ('1,иJ1f,fp) 1Jao;r-1 ilf1,1Ufdшf'11' 
,f1lq1J1f,f'!,nmp li,!u,l;; rJJ711,m,fnl1u1'{ '1 ilq'!,m,fЬ'l,qlnn,un ,Jn<fln'IF11 

''J,fnmp ,JUqnфm"? ,JJч,!1f'i'I"ml' mJ11, nqlnm'Jmm:, ,,fl,,Jи1u'J Lu],J,jn 
-m'JF'""'u lm'l,m"'" ,J'J'1,'J'"FrJ1u1f7L7m Uu'IUml1 "J,,Jt/mpbmd п,J1тш 
.) 'J'"idшJu],m,lm'j:, J1puFfl1u1!,Jпm11,p1un1u 1im1fm1fmrimil '1,ffifGmin 
-qqp•f-l,'lfl 1il-Ь,u<f;,fJш'!1Bп11fшl1" Gq(''lи-Ьтщ-Ьо Jmrm:, ,f/rmmmln'l, 
blm (f:Gбl) J-Ь,lqdb7],n .(Риfт-Ьтшq:, 'Jn,f 

1
il-f11u<f;,J1lm,iqG В7fJи-Ь 

-т�п-Ьо Jmpm;, 1ul'{'1,G7tпn'!, il1l.1'!'JsJчnmp -l,,fulul/ l'"'iuJ.m '1,,fJm11m 
ilJu '(J:lбl) 'J-,,,7,,,_(тпl'"'i, 1 l""'J"'/1,nm/n JJmфml,mb i,i11 

'Р"' f7l' 
nF,unjmff,UJu,'J'lif ,Jl,;,Jul,n,,лbo 'i'l'lmn/uф ,jp1u '7,mfdшJ11,m,(' qt/q 
•1qUgJ Jm11m 1 ,JlqJmlj !'"'S'fu,n'!, ,Jlml1m'Jml'1, ,{Jq1i'J,J1Inmp р1иJ9-Ь 
-Jm1fmpm:, 'J,uBq'l,"' r;11,1"dн1t1,11Jim'J qm1fm1f,Jtпqlf,,f1f 1/yilmJ ,Jn,J.lnbl1J 
1p1u],in,Jl1 ,f"; p1u,,Jlmd ff,u"limm'!,qJ',{Lqn 1''"'1,m'Jm'If,Ju-Ь 7'uwmy: 
-и,т/n ,J,lu •J71p/ilmu, 'Jn1/'1,F1и'!, j p1u],OГf,m:,,mln Jmpm:;, Гf.три,ти,пт:,, 
qmfd1u11l1fmUmnm],m:, 1 1 f'II' ,j1q],m mml il'Jm'Jmpmp -l,fm p1uJq-Ь 
-Um1fmpm:,, nJqlnn,Jl11l-r1imJ IJnr./ 'i''"d·GmrJ'l,il ,{Jqpmp pm1f,,J,lq'l,'lln"J 
<JrJmil ,fp 'i p1uf,inmmnm,� 'Jlllifl11111l1fmJmnm],m:, l'"'J'lbJm1fmpm:,, 
nUчlnп,JL m,Jlnи1ir'JlllDlUqmпmJ Чli]imпml Ч.:1ч'J�Ф:inmp � 'Jffi�mm 
-mpqpmg lн{lпu 'J'J1ui'tl1uЬm.1m 'Jmpli-qmn'J 6'!,mJ'I, 1fn,J '8,f11

,1иid,иf 
-qp ,Jilq,,.7,f,iump 'i fm],njп,IJ 7'1J,j,ml {''ff' ilff,1uFrJ1и-ЬmUm 1ulq],,nmu,
-nm:,, Гf.'иi(i1u11l'Jmilmnm],m.t,. '1,u,fBmu,'l,qp,JUqn ,i11i<f1lqtJ'Jtf'Jnmp U11,mp
,,.mif 'p,117',nfu,jl 1 -ЬтJт ,flqJ1m ,лтl '1,m,JBmJm'l,qB11,u'J ,{J.7'1,'J,f'!nmp
Julunf 'Jmft/1иUf,lmd mnJ 'Jmlf,mpmp '!,m['pL7inn '1,mid,u11l1JmJmnm]r 
-т;, 1и,JGmm'!,qJ',jUqn pн11Iq,!mifЪчqlnn,un Ju 'ilum:1mmln 1 пiу/ ;1'17' 



't,Jшf, hpknчP 11/нn,[_n,J t f,шl,. r,,.Ч'Р [trLUШJ/r& -G.шпш9-ш1рr,ьрr} 
,/in1-Ъ1_[! J,.,_p ,n/, '1.nuf (орf,ЪшЧ, ЧfrЬ,rpш1npn'fin1-J) р.ш9 p,.,,_r,tlfru, "·'. 
11p/r JшJшЪшЧ bpknul bf, фп2п1- lnu,w,[_np '\w1nf,t,Hp, ЬрЬ or,n,,Т 
фnt,/r uftL/r, ШII/Ш -G.шnw'l-wJpj, -G.шЪшll/шр'\1, l!f,'1{ш1,pwll/bu lF 
Ьрhш, 11pn,[_'\b1nk Jш1n1-p Dfff! o'Чm��шu1bu qшшwr� 1;:: Ощ1nf,Чщ-
111_l,11 lflllllrШf'Ч Jfr1_ш,[_шJp ( Jшpnip l"'-f'I! h frиЧшt,шЬ 1_рш1f,Ь l"L­
,t,.,_JPI!, npn,[_{l,,nl,_ Ърш&9 .Jfr1_n,[_ l"LJuf, шЪ9Ъl'lfru t,,rf,wA/, 1п,иш­
,[_nрп1-J J../r ЪЧшиr,[_n1J1 

U.1u"lfr11mf., Sf,Ъq.ш[/r {:f,bt,1nl! Чшрhпр Jfr1_n9 t {шJwЧшpq.J.pfr' 
Jf,t,pn'\l,u,l,pn9-bЪn,pJnLLf!, ш1иfrЪ1Ъ' Чntnf,'l- ,fj,-G.шt,I! рщgш'\ш11nЬ­
l"'- '\щJщрt 

lntiufr gpJшf, 1nbun,P1n,L[! J2шЧЬt ( ?,. fJ,ьl/,1, (1871): tw· 
91nJ9 { m</_bt, "Р [Лtиш9рJшf, uwu1nt,/J1P1п,f,[! (f,L1nbfluf,,[_n1-p1n,­
f,I!) Чшfи,[_ш,) f tr(._ JfrщJ1, lЛLUШJ/rЪ шlf,pfr Ьрt,щртР1n,Ъf,9 k Чn-­
l"/r'1 JшиЪfrЧЪЬрf, 1_шфиЬрf,9, шл Ъщh ШJ[ W'l_'lшt,blpf,91 lJ.J'l JJ.­
.tntPJmflЪЬpfr фпfиш11-шрd. Чшще 1!1,'1;:щ'i,n,p d.kn,[_ шршш<ш1m�/._11,J· 
t [J,l,ll,fr pшbшd.kn,[_. 

(8� 

npu.Ь,,_ 1-Ъ 1,. Го-Ъ '\шJшщщиrшиfишЪшршр 9р,[_п,,_ 1,. еЪЧЪп'l. 1nчиfr­
uш1111rt,n•P1n,ЪWp& t,r,, n-e J,J,-щ.,[_пр d-ш,[_шl'nJ Jш11Ъfr,ЧWpf, рf,,[_Ъ t 
(ЧnL9l,'i,,nput9frшЪ), V-Ъ '1/ru"lbpu :f,ш'lfr JщиЪfrЧЪЬрfr Jш,[_шu!, 
Л-Ъ t!liЧbn'l l"'-Jufr wlfiP/r bpt,шpn<PJnLL[! , к-1, {ши,пшmп,Ъ t, npf!: 
Чщfи,[_щ,) { 11-/rищЬри :f,ш'l.f, k 11f,ull/6pu Jfr1_ш,[_utJpf, pbt,Jwf, 9n1--
9f,1_Иpfr mщpphpntP 1п1Ъf,91 

(8)-/rs Ьphnul t, np 1п,иш9рJшЪ иши1nt,тР1n,Ъе п,'1.},,,_ <щJI,_ 
JшшшЧшЪ ( ·JшиЪf,ЧWpfr d-ш,[_щrJ, ршпщt,п,ип,Ъ lt '\шЧut11-шрА. 
'\шJЬJшиrшЧшL' еЪЧЪп,,_ l"LJ"/r Ш[f,pf, Ьf1Чшрn1-Р1шЪ l."f'f'"P'1 щu­
mfr-G.щilf,L: U.111- t 11/шm-G.utn/!, пр utJЪ ln,.tnчPWpnul, npnL9nul 1n,d-­
,[_w.t Ъ1n1-P/r JwuЪfrЧWpfr ,)щ,[_щll! 2ш1n шЪЪ2щЪ { lt '\щ,[_шишрщ­
JЬl tm.tf,1_/r J,u.u'ь.frчWpJ, d-ш-,[_ш1f,Ъ, 1пtиш9рп,J q.прd-ЪщЧшLпрl,Ь 
J../r ,J,1n,[_n,J1 

ftf,1_11/bu bpbnuf { (8)-/rg, Jbl ЬрЧшрn<РJшL ut[f,p/r 11-Ьщрп,J· 
tnчиf, srJшf, pшJfr1,I! ш,[_ЬЦI фnрр t, ршЪ ,f,npp bpЧшpnt.PJш'f,.­
шt),p 1нИ9п'l l"Ч"/r <шJшр1 l/,1ищЬи, орf,ЪщЧ, t,шpJfrp lt '1-b'lfr&· 
l"LJUf! '\шJbJш11NUJ-' Чш"l"tJ"' lt JшЪfr2ш4щq.пчЪ/r ,:1,.,,, щ</_btft 
Pn'-Jl t 9p,[_nul1 U.1umbч.J,9 -.t;b1nhn1J {, пр u"lfrmщЧ 1_пчиf, 9pJwf,­
'1l,llfl"'-J 11/6,пр { u11rщ9,fj, Чш"lиrщ,[_п,1, ЬршЪ'l-1 U.1'111/l,u t umw9-
,[_ntJ d-d-Jpfr, Ъпиршg,[_щd- ЧшР/r h UIJl tntd-nчPИp u"lfr1nшt, tnчип,{ 
fn,uш,[_nph[fru1 ЬрЧЪ/!f, {'ШS ltш"l"LJ"' q.nLJL[!, Jw1pщJni1nfr �шp-­
Jfrp 9-п1-1Ъе, .tn,fj, lP/r Чш"ln'-JIЛ 'l"'-11,I! ЪпчЪщЬи llfUIJJщf,щ4_пru/._шd­
Ь'i, tn<ишgрJшЪ ь"ь.,.,,рп·,[_1 U.ЪgЪп'l. lt щf, '1f'щ'l-wpAn'1. 1пч11fr 91!P­
Ju11lp 11/ШJJщf,щ,[_пр,[_шd- tnt6-nчP1iЬpfr mщрр6р ,,.,1,ш,[_npnLJ[! t,fl1_­
,[_пul t ouiшthught.gnнJ': 

Ьрь Чntnfr11- Ъ1п'-РI! qп,Ъш,[_пр t, шщш ltntn/r11- fRLd-nчPЪ ,нЫ­
f,,,,_J t рmЪ11 ,,.,,'i,щ4._прп1J1 9-п,'i,щ,[_прJщ'i, lt,wfui[щ.tn1-P1n,Lf! '11fru­
ll/l,p11Jшf, шumf,-G.щbf,9 [Ш,[_ { шpmut'\ш1unJ.n,J nиЧnt 'l"l/r ,,_J,"l-
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.JJnul, Пut,n, 'l."U' ltnUf/rm-11f,ull/bp11 tn1-d-n1-1PЪ ntLfr Jtщ"lnLJ,n 'lnLJL, 
.ш,[_Ьl/r 11-fru"fl,pu,[_шJИpf!' JшLfrzшЧщ'lnLJL, fr11Ч ршрd.р 'bl'иll/bpu­
.,[_шd-Lbp[!' Jn,q. ЧшpJfrp1 

4,'lnfi'l tn<d-nчPLЬpfr tntuutg(f"ulf! lt O"futtbи9Ьilgnul[! 1_шфп,J
Ьf, 'fih!f,lчnJЬmpf, t,шJ '\ш111п,Ч :f,n111nJb111phpfr Jfrtngn,[_1 

р.) tь:i.ь1ndhmrpш, 4nln/r11- {шJшЧщрq.Ьр[! JtwpbЦI t niuniJ­
·LwufrpЬl Lblf,ЬtnJl,щpшt,щf, Ь,,_шr,щ�r,,[_, "f'I! '\f,J'Ь,[_ш6- t tn,uw­
,9['Jщ"i, ищиm4п,fJ1п,Ъ'ЬЬрj, <;шJЬJщтп�Р1ш'Ь ,[_рш, �w'Ь/r пр L"'-· 
иш9рJщ"i, uши111itn•fiJnt'Ь[! Чшfи,[_ш6- { 'l"U' 11/ruUfbpuJшL шuurf,-G.ш-
1,f,9 lt 'Ьрш t,п'fi9ЬLmpшgf,ш1f,91 

U.J'J':'lfiuf, 1_ш,f,n1-JI,l,pf! Чштшр..J_пuf Ь'i, '\щ111п1Ч 'l-"Pd-frpn,[_, "f'I! 

ltпt_,[_n,J ( 'ьblf,Ь,J_nJb111p- {щ11mпрш1_ш.ф) (',l['d-• 88)1 tрш Jfrrпgn,[_ пpn­
:2_nul Ь'i, '\6u,щ'l.nurof.n'1. lt ишщ'&'lшрm lni..tnчPLЬpf,9 gru/._w,) 'i"'-Juf, 
1:4UJ6JшшщЧшЪ 11/ШJJ-.,unn,pJnt'Ь[!t 

Ы:t-ЬinUhmrG. n,Lf, ЬрЧnt JfrwmbишЧ 'llwf,щ,11,_ шLnpLbp, прп'Ь-
9f,9 JbЧt! L9,[_щ,) t '\burш'l.nm,[_n'l Чnlnfr'1 1пlAnLJPn-,[_, frиЧ J1п1иr' 
lf1nшЪ,,_шpurn,[_, (],r,,.pr,ьpf! Чn'lpfrg n,,Jb'l. tniuщ,[_npniJ Ь'Ь 'l."''1-ш-.t;Ьп 
Ьшп.щq.щJрLЬрfr ф'Ь1_п4_, np/r rf-h"l�п,J· 'lfrm,[_пiJ t SfrbtJшrJ, t!f,Ьt,me1 
.Д.п[f,_ ltn'l.Jfrg 9р,[_ш.t L"LJu'Ь f!bЧ'Ьnul t 'l-"f'Jfrpf, о"lиrfrЧшЧшL Jшufr 
4_рщ, "PI! 1J1nf1,[_n,J t шЪпрЪЬрf, ,[_bpltf! , ЬрЬ 'l"tbpL п1LЬL тшррЬр 
,4пЪ96'Ьmpw9frw'i,l,p, UIII/UI tntишgpJщf, uщиmЧn1P1n,1,1,l,pf! ltt/i'ЬЬL 
1nщррЬр_ lt 0Чпч1щрпul ЧЬрltшЪ ЬрЧn� иrшррЬр 1пt.uщ,[_п[',[_шd- Чfrиш­

·zр�шЪИр' JЬ%t Jn1p, JJntиf! 1_п,иш,[_пр1 8р,[_щ6- L"LJufr f,Ъmb'Ьufr­
,[_niP1niL1, "'-'1./r'l. '\щJl,JшmшЧшL t Jf,ш·,[_np .tш,[_шlnul JшuLfrЧ'ЬЬpfr 
р4J,'Ь (t,п'Ь9И1nрщ9frш1fr'Ь)1 U.111- 11/UIUJ'G.Шnn,[_ ЧfrишzprшЪLЬpfr tn•­
,uw,[_пru/._щd-n1P1n1ЪLbpf! JfrшJЪ ШJ'Ь JшJщЪшt, ЧJ../rLЬL Jf,щШЬишЧ,
Ьрр -G.шпщ,puJpr,t,pf, фп1'Ь7.[!, npL rЪt,Lnul t -.t;Ьmш'l.nm,[_n'l lt итшL­
'lщf'и, tntd-nчPLЬpfr ,[_рш, gpt/1_, рщ.,[_шрщр р,[_л,[_ JщuLf,ЧLbpfr Чn'l­

..Jf,9• lJ.1'1 '1/,Щ,1nuf Jfrw,[_np d-ш,[_шlnuf pf,J_ р,[_п-,[_ JшuLfr%Lbp 11/Ш-
pntЪш_t,tr'l_ 'l."L/r u1пi.Ln1J <;b,,_nt/tf, 1 
Jшt,шмшlt!! Чtf,Ъfr щi/._bt,f, ршрА.р,
рш'Ь zш,п JшuLf,t,LJ.p UfШ{'n.lrш­
ltп'l. UJ_ni.Lnul, U.1uщfrun,[_, ьрь Ьр­
t,п" Чfrишzр1_шLЪЬр.f, l"'-иШ',[_np­
,[_ш.tniP1п1-Ъi,l,pf! 'ЬnчLЪ ЬL, ШUfш

·tz,[_wd- p.шpd.pn1-p1nJ,Ll,pfr ;:wpш­
pbpntPJn<'Ь[! <шltш'lwpd. '\шJЬJщ­
.mш%щЬ { Jf,щi[np d-ш,[_w-lnul Jшu­
Lf,t,LЬpfr р,fj,{щршр.ЬрntР1шЪr 

(У) ,... 88. 

1-1n<JJt/r "''1.Рl"Ч'• 1-tщl'J-щ�шl, 
np111b'1. h1 lt h2-[! ш'ЬпрИр_п�J <Ь- t:1"1_61,,., iJ-ш"lш+i• 'Н,.,ЬI,,., 
,,_,.,_4ЪЬрfr 'Jщ4шр'lшЧLЬрfr ршрА-

_рп•Р1п1ЬЪЬl'L 1,1,, frиЧ с. lt C2-r Чn1nfr11- 1n..d-пчPLЬpfr (ч.n1l.p fr)
ЧnЪ9ЬL111рш9frшLЬре• U.111- '\шршрЬрп,р-1п,LJ,9 4щрЬ1fr t '\щz,[_bl пр11-

..ЬЬ1/r Чn1,9Ь'i,11r{'utgf,щf,, 
'" 



,,,_) П ч_mrwi.Ip¼rnu¼nuiPw: U/b f/.nlnf,'1 JшuI,.f,f/_'i,/,pp, npn'h!Г �' 
1:.шфиЬрр zш,п фпрр ЬЪ 1nhuш'i,l,lf, l"<J"J, шlf,/!J, Lpf/_шpnLfJJnLЪf,9, 
1пн)n,Jfln,[_ шЪ9Ъп'l. lпчиJ, ,пшf/_ '1J,1nblJ,u ЪичLJ,иf/_ шJhLшnнJl,'l 
oи,mf,,f/_шf/_шL Jf,f/_pnuf/_nщm/_ '\Ъшрш,[_пр tJ ,nl,ubll JшиЪJ,чИр[!• 
'tрш щшm-G.шпl, ш/Ь f, пр 1п,иш1J,Ъ шlJ,l!LЬP[! 1/.ntnf,q. JшuЬJ,ч­
Lhpf,L '\шL?f,щhtni/_, lf'f.ШЪ9mJ l,i, шпшЬ9 и,п,[_l,р шлшу_ш9LЬ[п�, 
ШJиJ,'Ьj!L' mh'l.P ( nLЪh'hnLJ q.f,:j,pшf/.9J,ш, />uf/_ JЛ<ршршЬuп<р ш­
лш·LЛJ,L JшuЬJ,f/_J,9 9р,[_шJ l"'J"l! zшш Рп,u (, np,J, '>hшЬ.ш'irpn,[_ 
ш'Ь9Ъп'l ln,Ju,J, !рпЪJ, </_рш u,buшbl1J, zJ, Пp"fLuqj, Jшu'hf,чLkpf, 
gpшJ- l'"J"l! j,ч_шm,f_J,, '\шрf/_ш,[_пр t Jп,р :f,nLJ, </_рш (f/.n,zpf,9 1n,­
uшi/_npl'ln1l) '/-ршLр 'lf,mht Jf,чpnuf/.nщn,[_, U.!'1 'l-b"l/!tt,J hpl,n,J blr 
JJ,ш1Ъ fЛLиш�/_пр f/_huihp, nрпЬ9 f/_h'Ь1npnЪ[! f/.nlnf,'/- JшиЪJ,f/.blp'fl· 
J,i,, l}.1'1- uf/_q_p n,L/!J, '\f,JшЪ ,[_рш щш,пршит�/_шJ- 9-npJ-f,pp f/.п1,[_niJ· 
f nчmrw..rpчrnu¼nui, ШJЪ <ш11nЪш,,.прJh1 J,i, !},f,9-JnЪr1-J,Ь Ь !l.J,,zЬL­
u,nщ!f,f! (1903 )1 9-J-шyf,p 8'9-J, ,[_рш и,штf/_Ьр,l_шJ f -G.l,'ll} ш,[_np n,Lln­
pшJJ,f/.pnuf/.n"ll!• npn,[_ '\Ъшрш,[_пр f псип,JЪшиf,рЬ[ lnшpphp q.f,u­
щhpu ,(шJш"ч_шрqЬр1 ПчmpшJf,f/_pnuf/.nщf, шnшblf,ш'\шmf/_n,pJnLLЪ 

' ' • 

= 

ш_1Ъ f, пр Ъш п,ЬJ, L"'­
иш,[_прп'l '\шJшf/_шр9-, "f't! 
рш'f..f/.ш9шJ f '\qnp i/_rttui­
JШЬ ш'lh'l_f,9 (2), -G.h'l_­
pш,[_rtp q,f,ш:f,pш,9-Jf,9 
( 4-) Ь. """l'hJш-f/_Ьbpf,9 (3 ), 
П,umJLшuf,pJш'i, ш­
пшрf/_шЬ' 'l."ll! f/_шJ ип,и­
"IЬЪ,q_J,шЪ, mh'lш,[_npn,J 
ЬЪ '\ши,мf/_ f/.Jм,[_hmf, 
Jby_ {1 ), пр[! tniuшi/_11ph­

'-----' l"'· '11, "l/lrt<J JJ,f/_p nuf/_n­
"IJ, -JJ,1_ f рЪf/_ЪтJ J,J,ш1'fl 
ШJ'iJ fr1<JU1f!, llf' 9pi/_n,J t 

·f/_шfui/_шJ- Jшu'h.J,f/_'irh['f,9, 
ПчтршJJ,чрпиf/_пщf, oqЪniP1шJp f/_dJphtJ, ( n�nzbt 1/.ntnf,'l 

JшиЪJ,чЬlрf, 1шфиhрр, 'Jf'Ш '\шJшр шМршJЬzт f ,[_hpgbll nl 
Jbl f/_nL9hЪ1npш9J,ш1J, '\ш1mLJ, qnp l/f,чpnuf/.n"I ",[_ '1J,1nh1пi/_ '\h­
,nшq_nmi/_n'l ЧпtnJ,rr- 1п,J-nчflf!, '\шz,[_п,J ьь 1п,J-пчfJJ, ,n,i/_JШL J-ш­
il_ш1n•J 1mиш,[_пр f/_hmhpf, РJ,Ч./!, пр[! '\ш4_шишр f �ntnf,'l JшиЪJ,ч­
>ЬрJ, Р.У.•• 

1'JшЪш1п�/_ rr-J,uщbpu !f,шq_J, qшЬq,[_шJ[! 1 l J-шi/_шtmJ, f/_шph-
J.1, f <шz�/_Ь1 ш4_1шt J-шi/_шtn,J qmЪ,[_п'l JшиLJ,чLhpf, qшЪrpf__шJe, 

m=nvd (10) 

npшh'l. m-p pn[np JшиЪJ,f/.Ырf, qш'hq.,[_шJЪ {, П-[! JшuЪJ,f/_Hpf, 
'\ш1,l_шJ- Pf,,[_f!, v-t Jhf/_ Jшu'irfrч,j, ,J-ш,[_шif!, d-,L rr-J,uщhpu, !j,шq_/, 
fu1n,нfl1n,L[! 1 
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UJ'lmh'l_f,g f/_шphtf, t '\шzi/_ht JшиЬJ,чf, J-шi/_шtl!• 

m 
v-� 

nd 

ьрь JшuLJ,чf! ,,_ь,,_шль. t, Ш"fШ f/_шph1J, t npnzbt LшЬ. 'hрш 2шпш-

#'ll!• '\шl'l__f, шnbltni/_, пр V=-= : т.-r3
1 Pш'l.'1ш1nbtni/_ ш1и l,_ 

m 4 , {10) '\ш�/_шишрп,J'hhр[!, f/_u1nш9,jj, -=-1tr, npu,l.
'lf,g 

пd 3 

3 m 
r= 4 т.:nd V. (11) 

Uhpf/.ш1п,Ju J/,J- '\ш1_n'lмfJ1шJp l1п1пJ,'1 l, Рl/11-Ъ n,un,JLш­
uf,pn,J 1,1, �IЬ¼mrn&wJpG. u'p!j_rnu�nu1nЧ., 11r•J, Jl,'jl_ nрщЬи 1пiuшi/_n ­
f'"'l .<;шJшf/_шр9- 09-1nшqnpJ-,[_mJ f f1bf/.1npu'fЛ1hpf, '\nu.pf!t l/шp'Jf/.ш­
Jf,Ъ Шt_j[! f/_шpn'l ( mhubll шibщf,uf, фпррш9-пч'Ь JшиЪJ,чЪЬр, 
npnL9 1:.шфиЬр[! Jпш 0,2 ili.I ЬЪ, UJilшf/_шuiшpJшl 1п1иш1J,Ъ Jf,ч­
pnuf/.nщ'i,l,pn,[_ f/_шphtf, f ,nl,u'fll,L Jf,'&1_/, hpf/_n, '\m'lшf' ш'hqшJ фпрр 
JшиLJ,чLЬр {'\шJЬJштшJ 1qjrЪ,[_шJ шип�/_ 1nhuшЪh1J, JшиЪ,J,чЪЬ­
рf, '\Ьm), J,uf/_ fthf/.1npnЪш1J,Ъ JJ,чpnuf/.n"/ni/_ f/_шph1J, f JшиЪJ,чW_ 
р[! fип211ршgЪЬt JJ,Ъ;Ji mbuш'i,l,tf, z.шфиhрf, Jn,n 200 �::шqшр ш'h­
'fШJ1 'tш '\'ьшрш4_прп,fJ1п,Ъ f тш1J,и '/-J,mhtnL Jnm 100 шЪ,,_шJ 
фпjр Jши'ЬJ,чЪhр, ршL ШJ'l шр4_пul ,(- [ЛLUШJJ,Ъ Jf,f/_pnuf/.nщni/_1 

l;:1hf/.mpn'flш1fr'h JJ,чp.nuf/.nщp J/,J- '\ш1_
nrzn•P1шJp oq,nшqnpJ­

i/_mJ ,(- f/_ЬЪишршЪшf/_ш'ь шttшpf/_шWp[!, ,jj,pmuЪhpf!, 1/.ntnf,'1 1п�­
J-пчРИрр, Wpf/_hpf!, f/_ш1nшlf,q_ш1nnp'f1Ьpp, uf,lf,f/.шщ'flhp[!, Jhmш'l_­
'i,l,p(!, щ1ши1nJшиишЪЬрf! l,_ шдЪ n,umJ'flш11J,ph1п, '\шJшр1 

з. ,,щn�'l- ,щtru.�u.rч-ьr� нь�sru.�щ, �u.s�n�1>вn�1,1,ьr� 

ш) �lЬЧшrw¼р&ЬmрЧшЧшG. Ьrl..nLJp l'.l.r: 'tf,uщbpu '\шJш-
f/_шр9-Ьрп,J· f1hf/.uipшf/_ш'fl 1J,gjf, шnf/.ш1mP1n,LЪ шnmy_f,f1 шЬq.шJ 
шщш9tн9/,l f :Ь. fl,J,J"/! {18б7)1 l.Ьи1ш9-ш1мJ pшqJшfJ.J,·i/_ nщnul­
'irшuf,pntfJJntЪblpJ, '\f,Jш'Ь </_рш "fшpq_,[_hg, пр иnLи"IMl'l_f,ш'Ьhpf,, 
tJпчuJ,шblpf, Ь. f/.nlnf,'1 ШJL -'\шJшf/_шр9-Ьрf, JшuLJ,!,ЪЬpf! f/_pn,J 
hL JJ,шmhuшf/_ (thf/.mpшf/_ш,Ъ t/i9i' U.J'l- щшт-G.шпп,[_ q.puf,9 '\т­
'[Лf''f-ШJ- f1bf/.mpшftшЪn,pJшЪ 2Ьnpi::J,,[_ 1/.ntnf,'1 Jши'hf,чЪЬрр 'IJ,ищЬри 
JJ,1_шi/_ш1pn1J zшpJ,[_n,J hЪ rr-b"IJ, f,phЪ9 1J,9jf,L '\шf/_шnшf/_ 'fl2шis 
mW9n'l pkhn[!I 

'tf,uщhpu Jf,1_ш,[_ш1рп,J шртшрf,1, (1Ьf/.и1ршf/_шЪ 'lmlmf, шq_­
q.h9п,р1шЪ mшf/_ 1J,9рш,[_пр,[_шJ 'lfi11щbpu JшиЪJ,.чЪЬрf, zшpJn,Jp 
'1n[4_n,J f Чwmw}nrl:i q f/_шJ \;J_Ьlj_mrwfnrЬq: f:tbf/.mpш:f,nphq.J, 
JшJшЪшf/_ rr-J,!/,nщ zbpmf, J,п'hLЬpf! Ь. f/.n1пJ,q. JшиЪJ,f/.1, f,p ,f_рш ш11-
unppi/_шJ- zhpmn,[_ 7.шрJ,[_п,J l,'f, 1h"lf, '\шf/_ш'fнпЪ pkbn1 U.pmшpf,­
ЪJ,9 щр�/_шJ- щп1nЬЪ9J,ш[LЬрf, 1nшррЬрn,Р1ш'ь шq'lh9n<fJJшЪ тшf/_ 
zш,п ·ршршf/_ Jшqшf/_шЪ fиn'lni/_шf/_,Ъhpn,J 9-mL.t/_n'l '\b'lmf/.p 'lf,uщhpu 
!рш,,_ J, Ъf/_штJшJр npnzшf/_f, "''l'lntfJJшJp f 2шpJ,l_n,J1 

1.h 'lп,f/_J, Ш/'1- zшpJn,Jl! J-шf/_nmf/_hЪ щf,Ъ'l 1,!щрJ, JJ,1п,[_ f/_n1_-
4_п,J f \;1Ь¼mr-woui.Inu: 

l;:1hf/.1npш!f,nph,qp l,_ f1bf/.1npшauJnu/! i::w11n'hш9np,J-bl ( .!,. fl,f,J_
"l! (1808)1 1''h1щhи Lz,l_Ьg, ШJ'J ЬрЬ.nчРЫрf, щшm-G.шпр q.f,uщhpu 
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'JшuLfrl(bbpf, 1/шJ Jшq_шl/шf, fиr,'ln,/._шl/n,J -':b'l_n<l//r Jf,штЬишt,
Lfrgpu,,/._np,[_шd- lf,'t,l,{f, l1 

9-, l/.,[_J.f,l/1,f,- (1859) -':ш11nLшq.npd-b9 ftbl/mpшouJnuf,L -':ш-
1/шn.шl/ Jfr hp"-ntJP, "f'l! 1/ш1шLп,J t" -';l,u,l,_J"IL"'J' fJ-pufrg q.rrpd-ш­
lJ-['Шd- tif,zJш'i, и,шl/ -':b11-n•l/1! Jшq_шl/шL /un'lo,[_шl/n,f_ 1/шJ d-ш-
1/пшl/Ьf, 'Н'ш!f,,pшq.Jf, Jfrzn,/._ -':nиbshhlf,u, Jщq_шLr,pf, Ufшu,fr L. 
zш1нJ,[_п'l .t;i,'l."'l/f, JfrzL. шп.шzшLп,J t 11tnmhLsJrW{bbpfr шшpph­
pn,pJtнL, npL шL,[и/iu[hs .&nudшr. uinmbt.g�wl: 

U./un,-':hmL. fl,, fJ-npLf! (1878) -':ш1тЬ.шрЬрЬs Jf, ь,,"-пчР, пр 
-':шl/шп.шlr l ftbl/mpш!f,npb 'l,f,'fн fJ-ш 1/ntnf,'l. JшuLf,1/Lbpfr Jbfu111Lfr-
l/шl/шL mb'lшzшpJJ, Ш'l'1-bonifJ1шJp 1п,d-пчрп,J llbl/mpшzшpJ
п,Jfr шп.шzшgп,JL t, ll.1ufrLpL, bflh Uffih 11- JшpJ,f,f, JшuLfrl/LbpL
шршq. 'ьиwп,J /,f, -':шmшl/f,fi, ШUfШ !f,шq_Ьpfr pшJшLJшL иш-':Jш­
Ьпu/ шп.ш1.шLп,J { UJnu,bbgfrшtLbpJ, npnzшl//r u,шppbpn•P1nib, пр(! 
Ч"t.,f_tlul t r.uшhgdwr. uinшьr.я-�wp 

fllfrJ. '1 !,,_ ,:1,'l"'" !f,ш'lbpfr ,f,nfиш'fшpd. u,l,'lшzшpJbpfr bplиrчPLb­
p[!, npn"iip "JШJJшLщ,[_r,p,[_шd- 1,1, шpmшpfr't, t"thl/'f'pшl/шL 11-шz­

, и,п,[_ 1/шJ шlUlltШfJLn,J l,f, t"thl/шpшl/шL '1-шzт, l/п1,/._rr,J l,f, tth�m­
rw��r.b10��ш'lfшli. brt..nчrr.Ъr: 

</,Ьр[! bl/шpшq.f'llшd" znpu bpL.nчfJLbpL fLbl/mpшl/frLbmf,чшl/ш't, 
bpL.nчP"iibp �f, L. Jl,,}- Lzш"iiшl/niP1n,'t, ,.,'f,l,'f, ""l""IJ- rfrJf,шJf,L ,l._b­
pшpbprt'l_ "P"l bpL.,.,1PLbp -':шиЧшLшtn• L. q.npd-Lшl/ш"ii -':шрg·Ьр 
1п,d-Ь1п, -':шJшр1 

р) '-lr�r.w�� ttЬ�шrш�шr. zbrm L. qbmш-uiшnьr.g�шt' '1ntnfr'f 
JшиLfrl/hbpf, t/rо/!ш,/._пр,/._шd- tfrLblJ! "lшJJшLш,[_np,/._шd" t '1-1-иllfhpu 
Jfr1.ш,l._ш1pfr9 прпzшЧ/r LzшL niLbsn'l f,п"iiLbpfr f!L"'l'"'l.шl/ш"ii ш11-
uпррп,Jп,1._ ЧшJ JшиLf,1/[! шnш1.ш9Lп'l Jшl/bpbuш1frL Jntbl/n<[-
1,l,pfr '1/run9JшJp, 

f,,,"i,"i,bpfr шrptnppfful[! 1/шfи,[_шd- f frLz"lbu шq.unppl,'t,u,fr p"iinLJ­
fJ/rg, ШJLUfbu t1 frnLfr p"iinчPl-s п, Lfr9pf,s1 ll.'1unppnule npr,z,/._n,J 
t LшL. ш'l-unpp/,f,u,f, pL.bnш1Lп,P1шJp {11tnuшpn,P1шJp), ,frLt.Uflt" 
't,шh Ч"L"/r'l Jшu"ii/rl//r -':bw -f,.r,'t,fr l/иnp11frLш9frnL 1/IUU/. Шrl№fШS­
f,btn< ,.,"iiш-l/,.,pJшJp1 U.'1u"l'l'"'Jl! n,,Jb'lшf,,.,J l t/roff Jblш9-
Jш'f, L. -':f,11рши,,ш9,l._шd- frnLfr zшnш,/._'lf, фnррш9J,шf, ·'l.""lf!Lpш91 
OpfrLшl/, J,f,шpJ/,/! шLfrnLLbpfr ш11иnррJшL n,Lшl/n,p-1n,L[! Jblш­
f,,.,J t ,;ь,,,L.1шt zшррп,1._' CI--<Bг<NOГ<I-<CNS-, 

lJ.Jf, 11bUfpn,J, Ьрр lп,d"пчрп,J 1/шЬ frnLLhp, •pn1,p Jm'f111ul 
Ы, Ш•'fuoppb'fru,,Jr PJ"'l'l,'l.шJJ,L 9шL!JI, Jb1., mbf/P f п,'f,l,'f,,.,J ШJ'f 
frnLrr,/._ Lрш 9шL9fr ,l._bpшl/ш,rл,9nul h U{f,'f,'1 Jшl/bpbu[! d.brr.p l pb­
pnul rrpnzшЧ/r t1'9PI f>иЧ ш1Ъп,-':Ь111Ь. ltbl/mpшumшmfrч d.q.n'l_niJIJillf, 
zЪnp-':f,,/._ -':шl/ш't,,.,f, frnЪЪbpfrg шnшt,шfm,J l,f, шq.unpp9frrr't, h '1-fr­
!f,n,,,J,r,� zbpmbpt 

IJn1пfr11 JшuLfrчLbpf! 1/шpn'l_ lrf, t:/r9/! d.bn.p pbpbt ЪшL. Ърш 
Jшl/ЬрЬиf,Ъ <1mЪ</.n'l L1п,pbpfr -f,nЪшgJш't, zLnp-':f,,/._, ОрfrЪ,�ф 'l.Pfr 
Jlri Jmg,/._шd- Jl,u,ш'lfrD frrrLЪbp[! 1/шpn'l_ /,f, шf.f/'f,l,l -':b'lrlLI/ !f,ш'l_, 
frul/ ftbl/u,pnИbp[! Jf,шl JЬтшq}, Jшl/bpbufr i/.Jrш, npfr -':lнnL.шf.pn,/._ 
Jlru,шrzl! Чlfropш,,l._np,[_}, рш9шишЧшЪш11tЬи, JrиЧ ,ln,d-11чPt! 11rшЧшЪш• 
щЬи: P"l"f' f1.bl/1npшl/f,Llr1nfrl/шl/шL ЬрhпчРLЬр[! рш9ш,пр,[_пul Ы, 
!f,w'l.bpfr pшJшLJш'f, Jwl/bpbuf,Jt Чrl/Lшl/f, ftbl/,npшl/шL zЬри{­
.,. 

"'½wl'i 

1.1 1tp.., А t"'f'i"'�"'" tbl'"' 

+ 

+ + 

¼' +
+ 

+ + 

� 
+ + + 

�-
+

+ + + 

½ 
+ + 

+ + +
,;;:,Г- " + ,,i-

+ 

Ji,,�:.... 
+

, .. с7� в w 
' 

·:>--,.,,

с 

' 

D N "''1-"nr;,�
itr·"' 

р 

'Н-. 90. 1/f'f(/lшl(f, t1hl(1цшl1шf, zhf'urщJ "l""'l,f,9f,ш1f, ,J,n,J,n(иr,,­
fJ"'f,f! /, [f,gpf, p.шzJ,m,J{!, 

11pl/Lшl/f, 2bpmfr 'l-fr!f,rr,'l.шJf,L mbun,pJ,.,f,'f, frp -':Ьтшq.ш q_шp­
q.ш9niJL l q.u,bl 'f;u,l,pf,/r (1924) шzjuшu,шf.p't,l,pn,J, "l'l! -':шl</.f,
шп.ш,/._ Lшh frnЪLbpfr zш,f,ubp[!, 9"'J9 и,ш1",I._, пр f,nLЪlrpf! 11,f, Чш-
1'"'1. J"u,l,f,,щ Jшl/bpbu,frf, ш,/._ЬtJ,, l}Шf, Lpшf.9 frn"iiшl/u..f, zшn.шi/),'l.f,

'" 
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p,[ш1f,L 'Pf'p d"шl/f,9 llm1r,uf, orh'Ьpf,9 q.'i,11wJ.I.,_ JшuLf,ltishpf, <';щ,l.щр, f,иt,_ «:шppsu.J.f,_ 1tп'Ь'1/,Ьищи,прLЬрf, 'fh"{pnLJ ШJ'I- чnpd"wft,f,se 4л t, llft'l.pnLJ, фnpJ.,'i,wt,_шLnpl,'i, fthftsnpш!f,nphч_f, ftшJ l;ih l/ utp wou-J,..,,f, l.'1._и, 'i,шt,_m{_ npn1nLJ М, JшuьJ,ftf, шpшqnLf/J•lrL'Ьf!, Ш"{Ш � "{nиibL9frw1e, 
и.,,, "{f,ип�/_, t1Ь ЧwrwЧfiliЬ11фЧ' чЬшw-11(nmhligfiwн�- 111Jili:ч :Jiwч}i Чrw шqunrp1l_wЬ- 1.. zшrd1l_nq Б.Ьчп tЧ&.Ьrf� Ufitt.. up1.mЪli.gfiш1&Ьrfi mшrphrn1-p-J щfili t, nr& шnшiwlioн.I t, Ьr

р .:}iwqbr&. }irwr &.Чwm_ UwUp zwrd 1l_nн.I Ь&.: U1ufr'/.'l/i,, S "{nц,М,9f,wll! ш'l-""PPSfi nl, f,пЪш­·l/ш'Ь z bput ,f, z_ltпJ"{Ь'ьи,[ш,,)-, IJ/ЛШhL9fiшt ШIUll'fШg'Ьnrz f,n-Lfr.hpf, 1,_ ,,.J, ..!f,n'-'l. zhpmf, «:wfr.шf,n'bl,bpf, Jf,y_Ь. шпш1_ш9 п'l. Ufnшb'Ьgjrш(i,,l,pf, шшppbpnLfJJnL'ЬI, {, 

'f) J-oчnt1ЬЧшrfiЧ ч_ji6.wq: /:1h'tшpшftf,Ыmf,1tш1tшb "lnmbЬ9fiшtfi' qlнлш -"{nшl,'i,9f,.щ1f, Jbd"ntflJnLЬf! шп.ш1_f,'i, <h11flf,'i, 'tшf,,,[шJ 1; lnL­r}пLJPnt.f wnftw lahftц,pnt,f,mLhpf, ftn'i.,9/, 'i.,,npw9J,ш1J,9, tп,rtn,J,f}nr.JJ,.n'i.,'i.,l,{'f, ftn119 /,'i.,,npw9f,wJf, .JHш9n,Jf! шп.шl. 1; phpntJ '1/i!f,п1ч_wJf,'i., 2 Ь pmf, ,;щц,пп,рJш'i., фnf!pШ9n,J, '}-Ш l;l шп.шl 1; phpntJ ч_hmw-Ufn­шh'i.,9f,шlfi фn{!pШ 9ntJ, wJl,f,1,z. flЬpnJ'1f,1,шJJ,t,_шt,_щl, Ufnm6l,9f,wit!' Z-1, Jl,,nцl 1; шl,фпфпfи, ll1'1 фшиmf,9 ,;щцt,_шl,ш1J, 1; 11-wпLniJ, ШJUUfh" ftnz.4._шrt, �ч��1Ь�шr�� -IJG!.Ulw tпLPJntLp, ь"р ttЧmpш­!j,nphqj, t,_ш.f fLhftmp woщfпuf, wpw'f-nL/JJnJ,I! -:ш,[шишр,{пtJ f qpn­J/it ll111 ,[f,C.шftl! uml,'lr},f_п,J 1; ш/Ь JшJwLшt,_, hpp ш,[hlш9,[п11 ·1;1 hftц,pn[f,mИpf, ш,ч,'fhg nLPJшJp q,J,!j,nLч_ zhpmp ц/,'1.J,[,пJ 1; JJ,&z.1.,_ 6 -:wumn,flJwL, J,цt,_ S Ufn,n/,f,9f,wll! «:ш,[шишр,[п,J 1; ч_рпJ/11 '}щ шh'l}, f ntH'i.,ntJ ШJL '11,Uf{!ntJ, hpp -:wt,_w,f,nL'i.,6pf, flf,,/_f! (ftn'i.J-9Иmp w 9f,шL) <';щ,[шишр,[_пul 1; "lfiJJ11- !f,шч.J, Jшt,_hpbu'f,L f,цu,ш,) 
Ufnц,/,'i.,9 f,шl шпш1ш9Lп'l f,пf,f,l,pf, fl,fj,t, (ftnL 9hLu,pш9J,w1J,L), llш­ftшJL f,ч_nl;l h ftmpf,ft ,[f,-G.шftntJ UfnшhL9f,ш[ ш11.шrш9Lп'l f,nLblpf, pf,,f_p JLntJ 1; щ'i.,фпфпfи, z.Lш1wJ ШJL pшLJ,L, пр Lрш� 1pf,,[ z.b­qnf!w9 ,[n,J l,f, «:wft wf,n'i.,'i.,l,pn'</.1 

l:11,t,_щpшftf,'i.,1,u,f,t,_щt,_щf, Ufn u, l,1,9f,ш1f, Jh.tnLPJnL'i.,f! Чшfи,[щr} fnz Jf,wJ'i., /;1 hftmpn[f,ш'i.,/,pf, {,n'i.,'i.,hpf, ftnL9h'i.,mpш9f,шJf,9, ШJL 'i.,щ/.,_ Lpш l,9 ,шpJhpшftш'i.,n,PJnt'i.Jf,9, l!'i.,'1 npnul шп.щf,J,'/J,щ,;щ,пп,t,_ ·'fhp nt­'/J/,f, wJ'i.,. ,;..,t,_шf,n'i.,'i.,J,{'{!, npnL9 wpJhpwftшhntPJш'i., Ublш9JwJp щpw,q. t,_bpUfn,[ ш-G.ntJ 1; qhшw-�nu,l,1,-gf,wil! fith9Ln'l. «:w,ftwJ,nL­f,l,pf, nL'i.J wt,_n,pJnL'i.,f! ' 
l,щftшf,n1,,'i.,l,pf, 1f,9ршршфп'l n,'i.,щ1i_пtP1n,'i.,I! тш рр hр f 'i.,щhJf,wpJhp f,n'i.,1,1,pf, '1-l,Ufp11tJ, '1шmf,n'i.,f! щJ'i.,pщf, ш,[htfi 1; 9wr}pw9-Ln,J q_hц,w-Ufnu,/,f,gf,шlf!, npp w'i., JJ,J 1; Lрш <tw,[_wlf!I Opf,.L wt,_, ш1-Чш1J,ш t,_шL J huтш'lLьpJ_, 111,Ufpп,J иmщ9ч_п,J t ,;1,,,, 1,_1ш1 zшрп' Ll+<Na+<K+ <Rb+ <Cs+, '}и, рш9шшр4._пtJ 1; Jf, t,_п'lJf,9' f,nLf,Jw,{wff, Jhд-ш9JшJp, 'i.Jpw pkhпwJ'i.,ntfJJшJp, пр ,;'i.,щpw,[npпtPJntL 1; шш1J,и f,n'i.,f,f, ш,[!.JJ, Jпи,/,'i.,щlп, Uf/ih'I- !f,шч_f, Jwft hphuf,1,, f,ut,_ J1mu ftn'l.Jf,9' f,n1,,f, zшп.ш,['[f, lfl,r¼щ9Jш'i., <';/, и, фnf!pwhn,J f Lрш ,;р'1-р ш ,п,ш9Jш 'i., щишf,-С.шf,.{!, npf! 'i.,JJJШи mn,J f f,uf,f,l,pf,'i., «:btJ­

«:nl9JШ 'i., ш11ип"р9f,.п'i., zhpu, J,nf,l,ln,'i.,, 11}1,,п{! ,1; Lzh1, пр ШJЦ ftwJшJ I, f,n'i.,f, w11.11-h9 nt"pJntbl! ftшfu,f_wr} 1; Lwl,_ 'ьрш t;/,,л ftшUf,{wr} wfrf,n­'i.,f, pLпчPf,g, 
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!J.l,u,ш -щnurhЬ9frш1f, Jl,dnLf1JnLЬ[! qшpl,.np ЪzuiЬшЧnLf1jnLЪ nt­
Ьf, tfrn!/,n,p 'lnlhl'fr Чш1пt&nL/1JшЬ <шJшр1 1'qn·t"1·1,Ч.,,rf,Ч ,(fr&.шЧnLJ 
'l.п1Ьр[! JшЦшр11,f_пul l,f, l,_ шЪ1ши11/_пtJ "f'"ll,u Luш,f_шjp1 Фшии,п; pb't, 'll,u,ш-щnu,l,b9Jtшlf, JHn'-PJntb[! Чntnfr7- 1:шJшqшpq.hpf, Чш1пt; 
"1.mLfJJшЬ i.w,J,шЬfrzb t• 

J.:1ЬЧшl'шЧfrЬhшf,ЧшЧшЬ 111пшhЬ9f,шtJ, пpnzJшJp Чшрh,J, t 
UfШиrqhpш9nLJ ЧшqJ bl 1n,f_Jшl 7-f,u111bpu 1:шJшqшp'IJr ,f_J,"Aш�f, Jш­
�f,Ь, npf, U{ши,hш11п,/_ (1hЧ1npш!/mph'IJ! l,_ fthЧu,pшouJnи{! lшl'fl Чf,• 
puit111LPJntf! l,f, qu,/'l u,l,f_u't,frчш1nul l,_ шp'l/"t't.шpbpntf1Jш'fl Jb1' 
JшиЪш,f_прш"l"f,и <ш/_uhшlJfШЧfft шршш7-рп�f11шЪ Jl,t Чшt/Jr ипL·.,_ 
щbЪqj,nJJf,9 JUl[} ntp Чшпlf,Ъf, ш'fly_шu,Jшf, <шJшр, Чшпч._ntЧ/r Lш­
u,/,j]ulf,f_ JшЧЬрЬиш1f,Ь dш.J-ЧЬр щшшрш11и1h1frи (Ьрр рш9ш-ишЧшL 
U'o,ш,f_nf"l..шd 1шшЬр11f, JшиЬf,Ч'flЬр[! zшpJ,f_niJ l,'i, 11-h"IJ, .шЪп·7-, npf! 
<h'fl9 ,}шJЧ,f_nq_ ш11шрЧш'h {), "l,fr&'l- &Jntf1hpf, (1Ьl[и,ршоиJn.шf,Чш­
ЧшЬ !JfШ'lJ'ЧJшfi, J;,.,lhpf, !f'ш'll'ЧJшL, фш1шJ, Ь. ЬШi/Jlf, JtшЧJшЪ 
JшJшLшЧ Ь. ШJJ.'ЬI 

III • .2Лl№I> цU.6Пl>\,Пl>i>'iIOI>\,� Ьч. цПU.<J.Пl>l6U.8t>U.\, 

1. �ntnм-11s�ъ �11tr11�11rч-w� ��ъьs��11�11ъ ь<1. 11ч-rьч-11S�'1.
�11sn�ъn�11-sn�ъ� 

ГJ.fru"lbpu <шJшqшpq.bpf, ЧшJnt't.ni.fJJntЬ[! pЪr,tf1шq.p.�11LJ t Jш­
JшЬшЧf, f!fi,/lш91nu/ frршЪ9 q.j,и111hpu11tf1JшJp Ь. '1-/r""l l,f'u !j,ш'lf,' 
J[rtшi/_шJpllLJ 1:ш,f_шишршЧzn.шЧшfr рш2]иJшJр1 '1nl',fi'l--'llrи"lbpu 

1:шJшqшpq.hpf, ш,uubl.Lш<шu,Чr,tfJJnLLf! 'Ьрш't.9 J;шJЬJш.,,шршр шЪ­
ЧШJпt'fl tJrf,btL t, ВпtршршЪuп�р Jf,9h1 Jl,,} ЧшJ ,f,npp Jп1hЧ11чЪh­
pftg Чш'l.J4._шd Ш,'l/11,qш,п (, 11pf! 1:ши,ntЧ (_ 111,f_JШL qntfrfr: Ъш Чш-
Jntfi t Jfrш1L npr,zшЧfr ,111ш1Jш'f1Ирпu/1 

'1ntn/r'l-'fll,pf, ЧшJntfrnt/1Jntfr(! l,_ ШJfr P"L"f' q.npdrrИhpf!, r,рпЪ1 
шп.шу_шgf�пи/ J,'fl ,'flpш ш'irЧш1ntЬr,tfJJnLЬ[! Ч"l"fr'l- /!/iJfrшJf, Чшрl,.пр 
1:шр9Ьрf,9 hfi, f'J.pшfr1, ,.,.f,l,'fl рЬ' шЬишЧшЪ Jl,,} J;l,urш1pppnt-
p1"iL, l,_ р1,' qпр.J-LшЧшЬ Jl,,} 'ilzшЬшЧntfJJntЬ' шЬ/_иЬf,чш1пtJ, 
pJzЧntf1Jwf,, q1,&uшpш'fl11LfJJшЬ, <п'lшqf,u,ni.fJJш't, Ь. bpЧpшpшfrnt-
fJ1ш'fl Jht• 

/t'flt_щhu <шiu,frf, ,t U,и!f,np qn1hp(! рш,[_шЧшhf,'fl 'lшpq.шgшd- и,/,_ 
uшqшршр JшЧhphu'flbpr,,f_ 7-f,и111hри 1:шJшqшpq.hp ЬЪ , npn'flll nt­
'fll,'t, Jшqbpbuш1f,fr ш,f_h111ntЧш1frЬ Jbl (ЬЬрq.f,ш, "f'f! "lш/Jш'i,ш,f_n-­
pnul ( Чntr,fi'l-Lhpf, шЬЧшJntf,r,tf1JnL'i,[!1 

(fшu'flf,ч'i,l,pf, f_unznpш9JшЪ zЪr,p':/r,f_, Чпtnfr'l- 1:шJшЧшpq.hpfr 
{шmЧ11LfJJnz.'Ь'fll,pf, ,f,n,f,n/_u11tf1Jr,L'fl(!, Jш11'Ьш,f_прш111hи Jf,ш,f_np d-ш-­
i/_шtnz.J Чntn,f,r, Jшu'flf,Ч'i,hpf, ,f,r,ppшgr,ul(!, Чn1_,f_щJ -t Ь-ЬrwgnнI: 
Лрпz Чnl'•/rrt 1:шJшqшpq.hpntJ Чш1п1.Ъr,tfJJшЪ /_uш/_uu,ntJ(! шh'llr t 
ntfib'flnz.J zши, шршq.1 f,иЧ J1rriu'i,bpf, Jn,n ЧшJntЪntfJJnt't.f! Чшрr,'l_ ( 
щш<111шfr,f_bt frntJЬfrиЧ mшpf,blpn,f_, шr1"'4_,Ъ9 '1-fru111bpu !j,ш'lf, Ъzш­
'flшЧшt/r ш'Ь1_ши,Jш'f11 

'1ntn/rr, 1:шJшqшpq.hpf, ЧшJttt'fln1.f11ntЪ[! r,pnz,f_ntJ t Ч"L"fr'l-шJfr'i, 
JшиЬf,ч'flbpf, J,f,1_1,_ q.11pdm1 ·bpЧnt 1:шЧш'l-frР ntJhpf, фп/_u'flhpq.r,p,J-м­
p1wJp1 lff, Чn'lJfrg _q.r,pd-nu/ J,f, d.q.п'l_шЧшЬ 111.rJ-hp, прпЪ9 шq'l-bqr,i-
23' 
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l(nшqnip..lwr. zгrш&, прf! 1f,п!/иrр Чпtnf,'1-'f..bpf, Jпш zшur lfшp-& t иrь.

'4._пiJ1 
'-lnш'l-nЧntJ lfшpbtf, t шп_ш'j_ phpbl lfntnf,'1- '\шJшlfшpq.bpf, ,fрш 

шшррЬр p'f..m1Pf, '1-прJ-пИ,Ьр шq'l-bt,н/., opf,'f..шlf, tthltшpnlf,ш ftшJ 
п1. tlbftшpntf,ш ш,/__lчшsHtnif.., Ьрlfшрш,лl,_ '1-frш1f,qn1/., 1п�J-пчРl! 
j,,шп_'f,l,Lm/. lfшJ рш,j,ш'\шрhtп�/.., n,Jbrz lЛШ/}ш9тJп,/__ 1,шJ uшnb9n<­
Jn.,/__, tLbftmpшlfш'i, ,:;пишЬрп,/__ lfшJ -!.шnшq.ШJPшJf,fl t'f..bp'l-f,ш4n,/__ 
ш,l.'1-l,Lf,u1 

l/nшq.nчnul ftшpn'l t ,лb'lf, п,НЪшl Ьшl,_ qninul · pf,Jf,шlfшЪ 
.,J,n,J,nfumf}-JШЪ <Ьшl,_шЬрп,/__ { орf,Ъш1,, qnff, «:J-hpш9nirf:i, )1 

-flшЪf, пр lfntnf,11- 1rn.J-n,.JfJ-Ъhpf, lfш1п,'f..n,f}-1шЪ '\f,JЪшftшfl "fШJ­
JшЪ[! Ъ ршЪ9 ttblfmpшlfшЪ LfrB/!f, шn_lfшJn<PJn<ьЪ t, ШJ'I- "fшu,"/S.шnm/. 
lfиш'l-пЧJ,иЪ 1f,Jbш1,ш'f.. b'lшЪшlff! шшррhр "4шЪш"fшр<'f..Ьрп-,/__ ШJ'1-

.L/r9/!bf'f, 1_Ьqпрш9п,.JЪ (, tшш 1ш-&.шfи шJ'1- шr-if..nul ( lfnlnf,11-Hpf, 
.,f_рш !tbftmpnt},ш шq11-htnif..1 

ПiumJbшuf,pn,fJ-Jmfl'f..bp[! 9пч9 ЬЪ шif..Jч, пр pntnp t1hlfшpn-
1f,mHp[!, npnflf ,/__bpqi/_шJ- bf, рш,/__шlfщЪ J/,J- pшbш1,n,fJ-1wJp, еЪ­
·'lп,Ъшlf bf, ftnшq.nчbln< ftntnf,111п,J-пчРЪЬр[!• 

'Ьрш <wJwp npUf buqj, ulfu,/__ft ршgw,;шJ,л 1,пшq.пчп,J шЪ1рш­
JЬz,п .t, пр !tblfmpntf,шf, ftnЪ9bЪmpш9f,ш'f.. <wиЪf, Jf, npnz Ъ,/__wqш­
·'1-пч'f.. /!шЪшlff,, пр[! ftn1.i/..п<J t qnшqnip..lшG. zЬd: l;tblfшpntf,mf, ШJЬ
'Ъ�/_шqш'lпLJЪ ftпЪ9ЬЪшрш9f,шЪ (Jf,1f,Jn/ qn[f, 1 t.frmpniJ), npfl 
,UJtJ.Шt t pbpnu/ f'Ш9Ш,;ШJU1 lfnшq.nчn<J, lfnz_i/..ntJ t qош�рчdш& 
1Ьd:

lfwиЪf,lfblpf, шJЬЪш,J,п/}р lfш!n,fln<fJJmЪ[! uшb'lJ-,/__n,J t {,qn­
tthlfm11f,1, ,/_j,-G.шlfmJ, Ьрр 6=01 UшftwJ'f.. lfnц,qmlmJЪ ulfu,/__nul t 
,nt__ рЬ f,qпt1hlfшpf,ft ,/__f,-GшlfniJ, ШJL qhmw- Ufnшbflg.f,шlf, ШJЪ UfJru{, 
шpJbpf, '1-1,"fl}n,J, пр ,J,npp t f,Ъ1_-пр lfpf,mf,lfшlfwЪ шpJbpf,9, пр[! 
ftrr,•/.n<J t qnшqnчdwli qг�m�qwqwr. UJDmЬ&.g�wl {S+r)t Сши qn-
1bpf, 1,pf,mf,lfwlfшЪ "[nutbbgf,шlf, Jl,J-n,f]-1n,Ъe lfшqJn,J t 25-30 
Jf,lf,if..nLu,, '\ЬшЬ.шUfЬи t1hftшpntf,mИpf, шшррЬр lfnшq.nчJwЪ zbJb­
,.f,Ъ 1шJU1UfШU1шufuшflnul t Jпшш�/_прш"fЬи Jf,U.ЬпчЬ ftpf,urf,lfш­
lfшЪ "[nшlig,!,шlf!' 

/;1blfmpntf,mf, lfnш'l-'"ln'l Jши[! WJ'f.. f,пЪЪ t, пр[! lfpmJ t ftn-
1nfr'I- JшuЪf,ftf,Ъ <шlfmn_шlf i/r9/!, iиJцf,f,pЪ' 11-ршlfшЬ qn[bpf, '\шJшр, 
opf,Ьшlf, Fе(ОН)з lf=q.пчnq f,пЪЪhр ЬЪ wЪf,пИЬр[!, f,ulf ршgш­
ишlfwИЬрf, ,;щJшр, opfr'i,шlf, As2Sз-1.', gbunчn'l.I!' lfшmf,n'i,thp[!I 

l;lblfmpt1[f,шf, lfnwq.nчn'l [!Ъ'1n<'i,ш1,n<PJn<'i,[! JJ,J- 1_w,J,ni/_ t ш-"/S.п,J· 
ШJЪ f,n'i,f, шpJbpwftw·'i,n•fJ1шЪ JhJ-шgJwЪ <Ьт, пр[! <b'i,9 ftnш'l-nчnrz 
frnL> (, 

lшJwJ.wJЪ tnчg�-.lшr'llФ qwlinli�, ршрJ.р шрJЬ/!wlfшЪп,-
Р1ш-Ъ f,пьЪЬр[! п,Ьl,Ъ lfnw'l-nчJшЪ wt/_bt,f, ,J,npp zbJ, [!lll'i, gшJ-p 
и,рJЬ1шlfш'i,п,р4шЪ f,пЪЪЬр[!1 

lJ.'lJЛ<uшff 10-n,J рЬр,/__шJ И, npnz mi/_4шl'i,Ьf' hplfn• q_nfbpf, <ш­
Jшр' шpulif, иnч!/>/r11f, ршqшишlfшЪ qn1f,, npn,J As2S з-f, 1,nЪglim­

:PWBf,шЪ 1,85 чfl t k bplfшf}-f, ,;p 'J-f'Ol}иf,'1-f, '1-f'wlfшЪ qn[f,, npn,J 
"Fe(OH)з-f, lfи'i,9ЬЪш,рш9f,шЬ 0,823 чil t1 

U.'l.1пiuшlff,9 bpknul t, пр f,пИЬрf, lfпшчпчпrz п,Ъшlfп,f}-1п,Ы, 
"' 



w-&mJ 1; LpшL9 1f,вff, Jh.}шgJшf, <hш, f,L1_1,чhu WJ'I inh'!P rrLLf, 1,шL.• 
Lpшl,9 шч-ипррJшL JшJшLшlt: 

/J.qJtl<UШ� '

As2S3 1.. Fe(OH)3 qn1br}, lj_nu11p"1n,Up l;tblj_шrnU'mbl,rn,[ 

As1Sз 

1•,•1-,-,;-1 
tLlrt•r"- t•"и'f"<l"'f 1,nitg/,'1,щp•-

,;- i, .. t. ( .,, ... _ в'-'"'" 
"'""..,,) (ddnlftJ . 

NaC\ Na+ 51,10 
кс, К+ 49,5 
MgCli Mg2+ 0,72 
CaCli 

Са:!+ U,65 
BaCli 

tli:11+ О,б9 
АIС!з АJЗ+ 0,092 

Fe(OH)3 / 

t"tl..t"'l'"- 1,nш'f'"·l"'l y"t.gfrt. ..,_ ,,,•1-,·1.-� · lf,"' f,n'I, (ш'i,f,,,'i,) QJ,• 

KCI 
Ktlr 
l(J 1 
КNОз 
K2S04 

K�CriUi
1 

с,-

в,-

J -
J\O 3
sщ-

· (d,l /1) _

9 u 
12,5 
1 ,о 
1 ,о 

,2()5 
crp�- lo,195 

Sшppl,p fthitinpn1f,inf.hpf, ltпшq.nчnq_ <шшftщp/nLЫ,J, ,:шJ/J __ 
Ju11nmp111LL[! 9"LJ9 f inш1f,u, пр Jf, zшрр ltп1nf,'1 <wJ. qшpifbpf, 

Ч"'l е'Ь-'11,"I.Pllиl inшppl,p шр,J-Ьршltш'ЬwLРJш'Ь IJшinf,nLLhpf, ltпш r}, 
�/_пр-<ш-qwL'ЬшlJnLPJnL'Ь'Ьhpf, Jf,y_L. 'l-"J"LPJnL'ь n<'ьf, -\hinL.Jшl J11u,fil 

rwpbp11LPJ"L'ьf!' Ме+•Ме2+ :Ме3+=1:.25:555, Uwltш{h р wl,f,9 ,J,•

IJwph/.P b"f.pшlJшgЪht, "f' ltrrшq.nчn'l. f,r,Lf, t1'9М' JЫrrLp nL Le JJ,wJr 
.} t ЪшL. 'l"Pdnbl, 1;, "f' npnz,riJ 1; ltпшq.пчJшL zl,J(!, WJL IJwfu, ш 

ltпшq.,rttn'l f,nLf, p'Ьn<JfJf,g, /;1ЬIJinpn1f,urf, in Ьuшltf,9, lnи'f/11./r unl'/.w­
urwgLn'I_ ntVшftnLfJJtn'ьf,g l,_ шдL1 Opf,Lшlt, pwgшишltwL tfr9/!шi/_np-­
,/_ш.} IJntnf,11Lhpf, <шJшр u,шppl,p Jf,wi/.шthUin Jhurшqf,ribl,bpf, 
( npn'Ьj ltw"I. ,[_ шd l,'f, LnчU ш'Ьf,riLf, ,:1,u,) ltriшq.nчnrz {!L'lnt'iiшltnLfJJ•L_ 
'Ьf! Ln,JL(! tf l,_ f!Uin ltпwq.riчnrz {!f,'l ,rLLшltn•fJJш'Ь шЬJш'Ь ·11шиш,[_11р­

,/_,.LJ hL ,:J,u,l,_JШl zшррп,[_' Cs+ > RЬ+>K+>Na + >Li+1 
?-pшltшL U'вiш,[_пр,/_шd" 'l"Lhpf, <шJшр (!UUJ ltпwq.nчnrz <шur­

lJn,fJ1ш'Ь JblшgJwL Jf,шpJhj ш'Ьf,п'ЬLhр(! ч-шиш,{_пр,[_п,J Ь'Ь ш�и· 

zшNni/.' cJ->1Bг>N03->J-1

U.tlJшiJrшltшL JЬи,ш'l.f,п'Ь'ЬЬрf, L. ш'Ьf,nLLЬpf, wJ'l-"{f,uf, zшNbt'(!. 
UJпmrntIJ_ шLn,LL /,f, itf'nLJt f!иin bpL.nчflf,L, шпшLЛf,L f,n'ь'Ьhpf,· 
шшррl,р ltпшq.nitn'l f!L'ln,Lшltп,fJ1п,LI! Ufhin1 ( ршgш�прЬ{ 'Ьрш'Ьu· 
unt</_шinwgJш'Ь inшpphp ши�пf,-G.ш'Ь'ЬЬрw,[_1 

(!и�п U1пч_1hpf, ur°Jrpphp шp,J-bpшltшLn,fJJш'Ь f,nLLЬpf, wq_'l-b-
gn<fJJш'Ь inшlt 1t"L"1''l'Ьhfif, ltпш9:11ч11iJ(! pш9inurp,{_nLJ t ч-f,f/,11,rr 

2bpinf, ftbltinpшuu,шш,f,lt ',,,h'l_JшJp' _ l_;lЬЧшrшumwm�\ mbпn1pJmdp: 

J:1hlJinpnl:ftinLhpf, ш'l_'IJ,D,.�fJJшJp ltп1пf,11Lbpf, lt11ш9:niiJш'Ь JJ'IL._' 

pw9шшpnLfJJntL(! :ЬphJL'liNuJ, шqunrp9�n(i mbпntpJD1b!i l_;: Ъzi{_ш.t­
inbun,fl1n,L'Ьbpf,9 1пipшpшLunLp(! Jfuinnul f J1щuf,L1 Uш!tш�'Ь· 
IJ,шpf,Ln,[_J,ll! L. 'Ьрш шzfuшщwltf,9Lhp(! gпчs ш,[_bgf,L, пр Ш/'1- bp­
ltn• hpl,_,r,JfJLhp(!' f,r,LLhpf, -, 'lf,f/,nLq_ zhpшf, f1bltmpшuinшlhf,lt uh'l_­
J,нJ{! · l,_ f,п'Ь'ЬЬрf, f!Lшpn'l.ш,_itшL ,ш'1-unpp9f,w'Ь, шbqf, r,LLh'Ь Jf,ш­
r/шJш'isшlt 1,, ltriшчnчJurL <f,iJLшltшL UfШUJ-G.шnJ, bL1 
... 

ll.111 шпnиlп,[_ Uf Ьinp 1; Lz.ht, пр 'lbinш-"1111nb'Ьgf,шiJr шLltпule 
::9nЧJшUJ,z 1; <шL 'lf,·uшLnLJ Jf,w/i, ш11иnрр9f,п'Ь Jщuf,f,lt'i.bp-J, IJptL111-
lt·/r (lbltиipшlJшL zbpinf, ,/_hpшlJwn.nigJw'I, 1/L 'Ьрш {ш,пltп�р,,.,ь_ 

hl'/r фп·фп[ип,р JШL l, UfШ<n-&шn ;Jr <шLqf,uw'ЬnLJ ltп1rif,'1Lhpf, ltпш­
пчJшL <шJшр, l.шJшJ.ш1L IJ,шpf,Ln,f_J,;Jr l,_ '1wpq.f,Lh 1ni/._1ш1Lbpf,, 

tnf.'1 tn,d"пчPLhpf, Jby_ l;lblJinpnlf,ш wi/._Ь1w9Lh1,f,u urb'l} ( rii'Ьb-
1, J ш�/._Ьtш9,[_шd" f,nbl,bpf, L. 7-f,!/miq_' zbpinf, f,,r'i,'i,bpf, фnfuш'i.w!Jn,­
,JJJ LЬ, "{'/r UfШUJ-G.шnri,[_ itplt'i.шltf, zbp,n(! ubrzJ,[_rrul t 1,_ q_binш-
·dl/" hLgfшu! Фrin1шLnLJ1 

Uш!Jш1L 'lbinш�Ufn1Лb'Ь9f,шiJr ш'Ьltп,J{! Jf,zin zJ, пр Ш"-111'1_ ( 
,рЬр J ltnln/rr1 <шJшqwpq.f, ltwJnLf,n•fJ1ш'Ь ш'Ь!Jпu/1 UJu"l.bu, '1шp­
"lff.Ьp 9"LJ9 ( in</_ht, пр npnz 'l"lbf' UfW,:UfшLnul l,'i, f,рЬ'Ь9 ltш111,­
Lмf11 ,'Ь[! 'ЬшL.ш/I, qh"{j!"<J, hpp 1;=01 ?-ш рш·9wшр,[_,.,J ( Lрш-

1,п,[_, (il,ltиrpn[/>·inLhpn,[_ 'l"lbpf, ltnшq.nчJш'i, JшJw'Ьшlt <Lшрш­
.,/_пр ( f,JJrшltшL фnfuшq_'1-b9ntP111.Ь (thltиip,r,,J11nf, 1,. '1-1'и"l.h{'и Jf,-
1ш,[_шJ nLJ q.inL,[_n'l f_,пf,Ll,pf, Jf,y_L., f,Lz."l.bu 'I,щl,_ <-J,'fp11/.Pq_' .Jf,tш-
4.шJp,f, Н-{! фriфrifu,[_h,[nt '>Ьт,L.ш&рп�/_1 

1.1, шрррf,р ( 'Ьzht, пр арq.wЬшltш'Ь f,n'i.'Ьbpf, Itnшq.лч_,.q_ 11,,J-{! 

..2ш�п ,,_ь [!hp11LJ шi/._btf, Jbl t LnчЬ wpr/-bpшltш'ьnLPJIIL'ьL n,J,Ь911rz 
шLoprpu wftшL f,nbl,hpf, ,rцJf,91 :Ьpb1fщtfi/uf! ш1и hfflиlLJPf! р.ш­

_-9ш�прпиl f opq.ш'i.шltшL f,nbl,bpf, ш'l-u"f'l'Sfirr'Ь Jbl 1п'Ьшlt11,Р1шJр1 ' flw'l шi/_шthLui zwш IJшurf,nLЪhp' AI3+, Th3+, f,'i,z."l.bu 'ьшl,_
н+ J, О - f,п'Ь'ЬhрL pLqnL'ЬшlJ hf, "l Jf,ш1L f,y_hg'i,bl"L 'lb,nш-"l.tl­
юhL9f,w1f! (iJn,шqnчJшL шпшр_f,L znш'Ь), ШJll,_ f,pbLg WffUllf'Ps1'пL 
Jbl_ "f."UI L9f,ш1f, z'Ьrip{f,,[_ ltшpnrz hf, wi/._Ь1f, Jbl j!Ш'Lшlt,r,/_ wq­
unppi/._ht, Ь 11ш шL<pшJl,zu, f itPltLшltf, ftbit1npшltшL 2hpurf, 'Ьbp­
j!f,"h ltmiJJ,i 1f,9php(! 1_h'l_nj}w9Lh1n• <шJшр1 '1п1"f,'1- Jwu'Ьf,ltf, JшЧЬ­
рhиL ш'Ьgщd" ШJ'f- ш,{_hl9мlt {wltшf,n'Ь'Ьhp(! ,Jrgj!w,{_npn,J 1,'f, 'Ьрш 

,Jшitbpbu[!, "{'{! фnfиш'l'lhlni/.. <ш!Jшf,nblbpf, {Ьи, Jшu'i.f,ltf, znipy_(! 
uinЬqd"ntJ b'i, '1f,f/,nн1:f,nL 'Ьпр zhpur, npf, ,:J,u,l,_щf,j,.,{_ q_Ьinш-"1111nbЬ­

,9f,Ч:'ll! 'i.npf,9 Jb,JшLnLJ f, pw19 шpqhL <wltwпшlt Lzш'ьт/_1 l:1bltin­
l'"lf,urf, -':hшшчш шi/._b1ш9n•Jf,9 'l_bmш-"l.nu,l,'I,gf,ш1l! ltf'ltf,L f!'ьltLn,J 
t {IJпшq.riчJшL hp!Jfl"P'l- znшL), /J.1u"l.f,иn,,[_, �пЬ'!Р ( rii!,ЬL11,J чnUJ 
t{bru11Ji9fшt{nrn1d: Ъ!Jwpwq.p,[_шd" bpL.nLJfJl! uinш9bl f \nwqntpfш(i 

'Ш&\111&п!i tшrf ш&щ!iр.: 
р) 1-nwqnч_щdp. t]_Ь\mpndim!ibr)t lu,wn!intl'q&Ьrnt{: '-lnwqnчdш(i _ 

·.Wflmqn1pJD1!i: '1ntn-f,'1 <шJшltшpq.bpf, ,[рш np,rzwltf, ltп'Ь9ЬLinpш­
,,gf,ш1f, fihltinpп-1f,inLl,pf, fuwnL11L{''l ш,[_blш9'i.bif,u '1-f,in,[_,rul l,'i, -':h­

u,l,_/Шl hpl,.niJfJ'Ьbp[!• 1.шJЬJшшшршр i:w'l,[_w'll,11/ ( (1bltin,тn1f,иrLb­
pf, fишп.LпЧ''11' IJnш9:nчn'l f!'Ь'lnLLшltnLfJJw'Ь ш'lf,inf,i/..ri•fJJllt'i.(!1 IJ.J'l-v 

"if,uf, q.пиlШ[йШJf,'Ь Ш'l_'fb9ntfJJrti'Ь' ш'lf,inf,,[_nLfJJIILL l,'i, 911L9wpbpriiJ
·Lшrnpf,nulf, l,_ ltшtf,n<Jf, flnpf,7-'I,hp(!I /J.,[_blf, -':ш-G.шfи '1--frin,[_,r,J f Jf,
f1hltmpn1f,inf, 1tпш'1-"'l"'l шltшf,.,[_ntfJJwL ш'Ьitnul' J.f, nipf,2 /;1hltmptr­

if,urf, LhpltшJ,r<fJJшJf!I ЪJш'Ь фnfuш'l.'1/,911tfJJrtt'i.[! w'Ь,[_w'i.niJ 1,1,
�n!i!ibr)t ш!iшmqn&�qd:

/J.J'1"1.f,uf, ш'Ьinшq.nLf,'l.J hL gпigшphpniJ 'Ьшinpf,u,Jf, l,_ ltwl­
-9.f,n•Jf, fl"f'f,'1-'i,hp(!' h,тltшfJf, <f,qpapuJ, 'lf, flf'ШltшL 'l."ll! ltпw9:nчb­
lf,u1 /J.LinwчnLf,'l.J 11f,in,[_n,J ( �пшррЬр шprlh1шltш'ЬnLPJw'i, -J,riL­

:'Ьbpf, 7-h"tflltJ, /J.LinшqnLf,'l_J{! ршgшшр,[_п,J ( Lpш'i.ri,[_, rtp fthltmpn-
238 



t.f,mblpf,9 Jb'1_p ш,f_blшfJ,f_шJ 1J,Lhtni/_ '1_пшq.пчJшI, .p шfsш'1_f,9 р ш,f_ш­
'1_шlrш;_шф .pf,;_, шn.Wf_ t pbpn,J nz. рь q_hmш- "fnmb!,9J,шtJ, фпj!­
рш9п,J, ШJl рlr,1,;ш'1_шпш'1_r' JbJш9n,J, nf"f, "fшml.шnn,f_ q_nl[! 'Jшn­
"i,µ,J l; ш,f_btft '1_ш1п,'Ь, 

Прпz '1-b"fj! hpn,J 11-J,m,f_nul l; '1_пш11-пчпrr_ jrп!,fsbpf, шq_'1-b9n,fJJ I, 
if,nJuш'l-шpJ.. n,Jhrr_ш9,нJ l,_ J,nfs!,bpf,9 Jh'1_[! '1_ шрJЬц ршрdршg'Ьш { 
'1Jrцц1Ьрц !f,wqj, 'l.'1:ш//ln,pJn'-fs[! JJntц J,пЪJr !Jпш11-пчп'l .шq.'7-h ,н­
fJJш'Ь fs.'1_шшJшJp, U.J'I- bpLшJfJf! w'Ь,f_ш!,пиf hfs фnluш11:шrA n dЬ­
чw9n1J '1_шJ u�r.ЬгqpqJ: ?-рш орf,ЪшЧ bfs 11'P/>niJfr l,_ 9h q ulJ, 
ш'lЬ['[!, nf'n!,i! ,:шJшmb'l_ !Jпшчпч_п,J bf, пи'1_п, qnll!' 

U.'Ьmш 11-п'ЬJ,qJJ, l,_ uf,l.:Ьp11-f,'lJf, bpli.n,1f1Ьbp[! JЬJ f,zш IJn,-
fJJn,fs ,пf,bf, "fnJirJbpfshp,J, шptnШ''Jf'"'fJJшf, l,_ '1_Ьf,,ишрш'i,ш!Jш Ufpn-
9hu'Ьbpnиf, 

-Rш1,f, пр Jnlf'Ш[!Шfsuпч, t1'opш,f_n,ri/_шJ �"["!''1: '1_ш рЬ1f, t 111'­
mbt пр"fhи Jf, t1b'1_шpntJ,ш, пrfis JbiJ,f! Чшт,п'l J; п1-1sь1,шl 'i,zшLш­
Чшtf, JЬд- q w'i,,q.,f_шд-, .рш'Ь J1n1-uf!, ШUfШ '1-Pш'i,f,9 ,;J,,nl,_n l;, пр 
'1_r,ш,11-п,uш9jrш '1_шph1f, t шпш1. pbph1 1,шЬ Ьр!Jп, шшр Ьр 1/i!Jl/ 
n,'i,h9n1l Jf,9b1Ыpf, lfnfu,шпh9n,pJшJ,p, U.111-Uff,uf, !Jпш11-пч ,Jl! '1_r,1._­
,f_nиf l; фntuшчшrО., .рш'ЬJ, r,p ШJ'7- '7-b"fj!nlJ '1_nшч-nч,f_n,J J,1, Jf,ш-
JшJw'Ьш'1_ ь,,,,_,,, qn[hp[!• 

i 

Фп,Jиш'l-шрJ.. {['f,,f_ '1_пш-qпчмJ mh'l.J, t п,'Ьh'i,мJ ШJ '1-h"fpn,J, 
Ьрр Ьр'1_п1- !Jп1пf,'1- Jши'Ьf,'1_f,bpf, 1f,9.phpf! f,ршр ,;ш ,f_шиш bf,, 

Пр"l 11h"fj!bpn,J '1_пшqпчJшf, hрЬпчРr ЧшJи,f_ш.ti l; lf,LмJ 
ttb'1_шpn1f,шf, ш,f_b1ш9Jшfs J..Ьj,_91 ьрь l;1h'1_1npn1-f,m[! ш,f}1tш9,,f_n,J l; 
if,nu pшJJ,'i,blpn,[_ (,;,иJhJштшршр hp!Jшp JшJш'i,шLJ:r[_ш f!f,fJш9-
pшJ), ШUfШ '1_пш11-пчJш'Ь zbJp '1_шpn'l_ t Jblш'i,шp U.и hpli.n,JPt! 
!Jnt;r/_n,J l; l'liuiЬ 1ш9ntJ: 

'1пш11-пчJшL "fpn9bup ш'1_'i,pшpp"pbfs z.f, rLfJшf,пul, IDJl Ърш 
ш,f_шршf, ,:шJшр "fш<шLp_,[_n,.J t npnzшЧJ, JшJшЪш'1_, �ntilqnчJw'&­
шpш11-n•fJJш'Ьp npnz,f_n,J l; Jf,ш,f_np JшJшfsш'1_щJ J,,pmp J..п,t'f_n'l 
JшиЪJ,ЧЫrf, p,f_nr/_: '1пш11-пчп,J[! 'ЬJшfs t pf,Jnth!Jn,цшp nbшl;9J,ш­
f,bpf,fs f,рш'Ьп,[_, пр bp!Jni 11-hUf.pn,J l;[ шL,;ршJДzш l; hp!Jn, Jшu­
fsf,'1_f,bpf, <шf,'1/i"f nиf1 SwpphpntfJJnLL[! IJшJшfsn1-J t JJ,ш1f1 f,pш ­
f,п,J, "Р пЬш'1_9r/_пrr Jп'lblt.пчHpf! пЬш'1_9f,шJJ, -:Ьшш11-ш rf,fJш9.pf,'i, 
шлL.и z.Ь'Ь JшиL ш'1_9п,J, npn,[_<bmL. UUfШn,f_n,J Ь'Ь, J,u!J Jшu'i,.fr,IJ­
'Ьb['f, ш11-рЬqшm'ЬЬр[! zшpn,fsш!Jn,J hfs Jwuf,wlJ9l'l '1_п шчпчJш1, UfP"-
9buf,f,, шпш1_ш9Н1пr/_ шr/_htf, ршр'l- ш11-рЬf/-шшЬlр, np"'Ьj! ,f_bpf. f, 
,[_hpp_n '1-1'" "fhpu JJ,1_ш,/_ш1pf,9 ш'i,р_шш•,f_п,J J, f,,. 

lJnшq"'lJшf, шpш•11-n•fJJnLf,f! npnz,[_n,J l; <hшL.Jшl qnpд-n!,I,hpn,f_, 
ш) !J,'l-n1tш'1_шf, n,rlf, wq'J-hgn,pJшf, z wnw,f_'ln,f_, Л['f! JшuЬJ,'1.­

f,hpf, z.шфuf, '1_шр11-J, JbJ.rпP1n,fs (,1 '1n1nfi'I- Jшu'i,f,'1_f, Шq_'J-h9n,fJ1шf, 

2_шпш,[_'l}r Jblшgn,Jp f,Ufшuшn,J l; '1_пш11-пчJ_шI,р1 
р) Pp"n,f,Jшfs 2_шpJJшf, шрш11-п,fJ1шJр; пр[! UfШJJш!,w,f_npn,J 

( JJ,ш,[_np JшJшfswlJ,.,J ,;щf,'lf,"fn'l Jши'Ьf,IJ'i,hpf, PJ,i/.f!I U.J'I- w pw­
q.ntfJJnlf,f! nprrz,f_"ul .l; '1-f,!f,n,'lJшf, '1-"{'д-ш'1_9/> Jj,1_n9n,[_, ?-pшI,f,!f 
,;l,,n l,_,нJ (, пр 7.ЬрJшишJ,�;.шЪJ, pwpd.pw9nulf,9 !JпшчпчJ шf, шрш-
11-п•РJ"'f,l! "fbшj! l; JЬJш'Ьш1 

ч) '1п1пJ,'1 1n,Jn,1Pf, !Jn'Ь9bfsшrш9.J,ш1пr/_, r,pf, Jh6шgn,Jn,f_ Jb­
Jw!,n,J t JJ,ш,f_np 6шi/_шln,J Jши'ЬJ,.'1_'Ьhр/r pf,,[_[!, <bшl,_шUfbu 'Ьшh-
2'0 

, Jщuf,,f,i'1_1,Lpf, ,;шi.. '1-fi"f,lш'i., \ш,f_шfsшlJw&raPJn,!,f! , ш1ufi'i,'ll f,' fspшfs9 
1 JJ, шd.n,lJшfs <ш,[_ш!,шlfш!,п,рJ"'-Ъ[!, f, ,[_Ьр1.п , f,шl,. '1_пш'l-"'lJшfs ш­
\рш11-п,р Jn'Ъf! , ·. '1-) {1b'1.шl'nlf,mf, '1_пfs9b'l,wpшgf,шJf, Jb,}ш9n,Jn,f_ фnj!pш'i,n,J t" 

fн, w11-пчJшf, zbJr I,,. JЬJшЪп,J Чпш'fпчJш f, шрш11-п1-Р1"'-fsf!, 
\ ьрь O[''lf,fiш,л'i,hpf, шnшfi9jlf, ,[_рш ,лbrzw'l-pbfs/l Чпш'l-п,1Jш"i, 

w�wqn,fJJn<fsp' V, f,и!J шpu9f,uHpf, wnш'i,g.pf, ,f_рш tLhlJшpn[f,шf, 
'1_п�_r,Ьfsшрш9f,шЬ' С, L. 'll..mw -Ufn,лh'i,9f,шLJ, шpJL.pf! , ШUf Ш !Jишш­
!,шf:.р '1,}-• &1-п,J '-'{ШшlJhp,f_wC IJ1111pt Ьрр С0=0, ШUfШ qbшш-Ll{n­
шhЪgf,wll! JЬд t 30 Jf,If"["l"'f,9, ilpp t=ЗО, "l'f! 4пи,11-пчJш!, zbJ'i., 
t (а), и'1_и,f_п,J t 'l"lf, lfnшqn,p,-
J{!

·, npf, шpш'fn•fJJm'i,p ш -&п,J ( 
Jf,fs;_l,_ б !Jbu,{!, qш ',шJш"{Ш­
тши/ишfsп,J t ql,,л w- "f'""b!,9f,ш­
lfi 'll'" шprlbjlf,1,, п11f,9 ,;L.,лп '1.пf'{! 
qfin,J t шpu9f,ufshpf, шr..wJ'!J./lj,f, 
q_п�11-ш,;Ьп, U.J'I- Ьzшi.lш!Jn,J l;, пр 
Чпш11-пчVш!s шршqп,р1п,f,1, шu1,_,, 
!Ju,,fu,,f_шJ zt l;1h!Jшnlf,mf, IJпf,-
9hfsшpш·g/,шJ.f,9, 

Sшp,phpn,J bf, 11-шЪ'l-ш'l l,_ ш ­
рш'l- '1_nш'l-"'ln,Jt U.11, J шp'lJ!, np­

Б

с, C,J
�

=

о 

mb'l IJnш'l-nЧJшfs !Jf,Ьhmf,IJ !Jnpp (1Ь!Jшpnff,шf, IJn'i,gl,!,,npш9f,wJf, 
i{,njlp шq'l-h!Jn<fJJшf, ,;l,,nl,.шfspn,f_, qfsn,J l; <шJшрJШ 'l."''l-ш,;bn 
wpм9f,u.J,fs' ш'Ь,f_шfs,f_n,J t qшli.чшч IJnwч-n11JшG. Jшгч (оа)1 U.1fs, 
Jшp'l.J!, npшhq l;1b!Jшpn[f,шf, !Jnfi9hfsшpш9f,ш1f, ш'i,'Ь2_шЬ w,f_b1 w9,.,­
Jf! '1_шpn,IJ JЬJш9Ъп,J l; '1_пш11-пчJшfs шршчп•Р1n<'Ь[! , !Jnz.,f_nul l; 
шrц�ч IJnшqnчJшr. Jшrq (abJ1 и.,.ищ Чпш'l-пчJ=1, шршqп,р1п,_1,1! 
!Jш rhtf, t шршш<ш1тЬl UJn1п,Jun,[_u!Jnt (1916) ,;ш,[_шишрпulп,[_, 
"i,IJ w mf, n1_'i,hf,щ[n</_, пр lJnшчnчJш&_ WГWqntpJntf;_j!, lfnwqn11n1J Ш­
nшrmgliЬ 1n1 JiшJшr wr.Б.rwdhzm dшJш&.w�� fiwfJwqшril. JhЬщ­
PJn1&.&. t: U.1u"ff,,,111,[_' 

n --'"-""-- -"-•-'-, 
l+-t 

(13) 

' 

npшh'l Пo-fs ltnlnf,'1- Jшu'i,f,чblpf, ulJ'lF!,шlJшfs f}j,,f_f, l; (!Jnfsgb'i.,u,­
['ш9J,шЪ), П-[! Jшu,I,f,fff,!,pf, ШJf, fJJ,r/_f!, пр[! t Ju,JшЬш!JшJf,1_n9nul 
hfsfJ,wplJ,,[_nul l; lfnШ 'l-n<lJшfs, т-'Ь !Jпш11-пчJшf, ШJf, r!шJш'ЬшlJ'Ь t, 

npf, [!fsf}w91n,J шпш1_Ъш1f,J.1 Jwu'i,f,IJИpf, Pf,r/_f! uiJ'lFЬш!Jшfsf, <Ьт 
,;шJhJшшш6 hpl/"'- шЪ'l-шJ lfn.ppшfsп,J t, 

l>uiJ,шUfbu, hpp t=-r, ШUfШ n = n; 
,�

1'1-
.1

шJшЬшlJ[!, пр[! 

шрш'f !Jпш11-пчJшf, <шJшр <f,J'i,шlJшf, �{,пфпJиш!JшЪ'i, t, npnz_,f_,,,_J 
t ,;l,,nl,_JШL wpшw-: шJtnn<fJJшJp. 

"' 
1&-831 



�11:dDn11 

' 
1 

( 14) 

пр,п/нz d=2r-L" Jwцbf,1,blpfr &9-п'l_ш1,шЬ n111p111fr 1npшJшqf,&b 
D-b 9-fr!/mL'l_Jшb qnp&шltfrse, ttp npnl</.ttul t l;Jbz1nbJbJ, .:ш,J_шц
pn1Jt1,[_' D=RT/6-r.'l'jr• Sb'l_ш9-pbtn</_ шрJЬрЬЬрр (14)-/r JЬ1,_, 1,цш 9-
4}, 

, ( 15) 
' 

lJ.Jц -:ш,[_шишрп1Jf,9 bpL.n1J t, "f' т-Ь f,рш/tшЬп,J 1,ш/ц,[_ш& Lt lt'!­
in/r'1- Jшubf,1,/r 1_шфцf,9 l,_ ,;шl, '1-J,цшЬп1J t,JJ,шJL Jf,1,_ш</_шJJl/r Jш­
&n19f,1,ntPJш't, (ТJ}, ршg,шрd.ш1, y_bpJшu,nf,-C.шbf, (Т} U JшиLf,/tHpf, 
иlt 'I.PLш1,шL 1,пLgbbш['шgf,шJ/r (по} !pnLb1,gf,ш (R-e 9-ш'l_шJfL ,;шц-
шш11н,1Ь& t}t 

'1-шL'1-ш'l 1,пш9-"Ч"'J& p&pш&n<J t JшJbpn,[_, орЬрп,[_, frиlt 
шрш9-р' </_шu,1,Jш&flbpn,,[_t '1-ш&'1-ш'l 1,n-ш9-n•tn<Jp ,;ш,fЬJшшш-
ршр �/_шш t п1цп,J&�иf,р,[_ш&, 

IJ,п!pfrl /tntnf,'1-1,l,pf, Jf, Jшцf, Jby_ (JЬ&шJшишJр pшpd.pшJn1b­
./tt1ЧШJ/rL Jf,шgn•PJn<&&hpf, Ln,&n1Jf/l,l,pt1<J} 1,nt"/r'1- Jшu&f,1,&bpb 
шл.шЬd.f,& Jntbltnчblp· Ь&, JJ, ШJf_ Jшцf, .Jb1,_' Jnth1,nL[Hpfrg рш'l_­
/tшgш& Jf,glчWp (ш9-рЬ9-шш&hр}t flшgf, ff-pш&f,9, 'l_flJЛ<PJn<& п,LЫ, 
1/rn!f>/rl ШJ&"lfrцf, -:шJш1,шрqhр, лpnbgn,J шл./tш ЬЬ ,;ш,J_шu;,,pш­
/t.z.n.t1<PJш& Jbt. ,,_ш&</.п'l JпtЬЧпч&ьр 1,_ Jt,9tч&Ьp, /:цш frpЬ&9 1,ш­
плче/r' 1/rn!f>frt 'l."thpfr JfrsbtLhpp /иfrиш ,nшpphp,[_n1J l,b tPn!f>ttp 
qлthpfr Jf,9h[libpf,9, 

/J,п!рлр /tn1n/r'1-Ьf1pp p&n1Pш11p</_nuf hb '1-fru"lbpu !pшq_J, Wputt,J 
lJ.ш"lfr ш,{__h[/r JJ,,) l;Ьhp11frш1n</., ршЬ Jf,y_!f>ш'l.шJfrb ,f,1,/цш'l.rplшb 
l;fl/,pqfrшb t• aJ'1- UfШШ�ШЛ.n,[_ q),uUfbpuл1Jp f,fipflш1,u/Jnp/,'f, t./r
/tшpiiq_ рЬрш&ш� U шh'l.ft n,bfr 1,шJ шршшрJ,& шzfцш111ш&рf,, 1,шJ 
.,;шJш/tшрrрнJ frbpb frpb& f!&flшgлq_ 1J,Jf,ш1,ш& Uf.pngbuWpJ, zLnp­
<f,,f__t lJ.nш1_w9л,z ШJP1ffruJ, tJfr11"1bpuf,ш&bpp pЬpJn'1fr&wJJ,1tnpЬ& шL­
./tшsn,J, Ь&, qшb,[_nLJ Ь& Jhшшuшшpfrt ,[J,-C.ш1,11,J l,, d.,,_1nnul Ь& 1,ш-
1п,Ьш9JшЬ, ,[_bpt J, ,{__hptл 'lftц"lbpц ,;,цJш1,шрqр Jw1,шpq.,[_nu/ t1 

{f,n!pn·p 1,п1nfr'l-bhpJ,b .t;.ш1,шл.ш1,, r.J,n!f>/rl 1,п1пfr'1-Ьhр& J,&1bш/tшJ 
4f,ц,Ufbpц,[_л'l -:wJш/tшpqhp ЬЬ, лрл&g 'l.nlhpf, Jf,gbt&hp[! /tntn. 1,ш­
n.nLJ9 z.n1bl&, &рш&р ф/црлt&, фшРfrtшWш& ЬL h z.ш,п ршфшЬgJ,1,, 
лр/r "lшш-G.шл.л,[_ '1-frц"l/,/lц Jf,t_ш</_wJpf! h &рш J/,1,_ 1п,.t,[_ш,} Ьsп,рЬрр 
1,шpn'l_ J,1, ш&g&bt 1/rn!f,frt Jfehtfr &Ьрир1 {/rn!f>/rl 1,п1пJ,'1-Ыf'J,Ь pbnpnz 
l; ШJL, лr ШJ'l- ',wJш1,wp9-bpnul 11-fru"lbpu !f>w'l./r l,_ Jf,1_ш</_ш1pf, Jf,t_L. 
h'lш.t 1,ш"IL" f1Ш</_ш1,'ш& шJл,р t, 11p/r ,;/,,п/tш&рп,[_ шр,пшрf,Ь lfЛ('­
,t"'f,'f,l,rfr Ш'l_ '1-Ь9п1Р1шJр IJ.ftи"lhrиJ.ш& шцinf,-C.wbJ, фпфnf,11nfJ1nLLp 
JЬ&шJшишJр '1-шpd.br.J, t• 
... 

(f,11!f>frt 'l."tbpfr 1,пш9-лчJшЬ "IР"9Ьип,J <f,Jbш/tш& ,,_Ьр ЬЬ fцw-­
Jt.ttLJ ШJfi фnфnfr,л1flJ•nbblpp, пpnLp 1,шм,wp.,{__nLJ hb Jwubf,1,J, ип1-
,[_ши11иJJ,!, рш'[шЬрf, ,;ьш, J,u/{ ШJ'f '1-/, Ufpn<J Jшufi/rlt/r tfrepfr J/,,)nL­

JЛLi,p Ьр/tрпр11-ш/tшЬ 11Ьр t 1,шшшрп,J, 
Ьрь tf,,,.:pf,t 'l."tJ,L' [Рп!f,п·р 'l."U' 1,пшq.пчJшL zblfrb ,;ш,[_шишр 

t /t111pntf,ш w,[_h.lшgLbl,p, ШUfШ шbq_J, t./r ntLhLw b/tшшbtfr /tnш­
'1- tnul, pшLJ, пр t.f,n!pfrl 'l_n[bpf, flwpL,[_w.t 1,пш'l-пчJшL zpy_wLp· 
'l.'1. 1J,npH ш,[_bt.fr Jbl {, ршЬ t.J,п!pnp 'l"[l,pfrLL", {J,n!f,frl 'l"[bpp 
{1h1,шpnt1,1nn,[_ bu1nb9Lb1n• "lf'"H/,u'f, ш1ЬршЬ /иfru,n t ,пшррЬr</_пu/. 
1J,n!pnp ч_ntbpf, 1,nш'l_ЛL[nLJf,g, пр bnчbfru/t 1,пш'l-"'l"'J <ши,Чшgп1-
РJn<Ьр t/rn!f>/rl /tntnfrq.1,/,pf, '1-b"lpfnJ f,p f,Jши,пр 1,пр9Ьп1J t l,_ 
,;ш-С.шfи фпfцшrfrЬ,[_п1J t шqшr�nнl 1nbpJf,I1n,[_, ЬрЬ r.J,п!рпр 'l."lfr 
1,nш'l-'"lJw't, <шJшр "lш<ш&t.'[n,J t Jf, ршЬf, JfrlfrJnl <шJшpJblt' 

ttb1,шpn[/rш, шщш 1J,п!f>J,i 'l"L/r Ш'l_шр/tJшЬ ,;шJшр "lш',шLу_,[_п,J t 
JJ, pw'ilf, Jnl,;шJшpJbp, &пчЬfrи1, tib1,1npn[frшJ, ,;ш9-Ь9ш.t tntdn,,p, 
а,,,_ J,ц1, "lшш-С.шл.п,[_ W'l_Шp/t11tJp ,;frzhgbnul t frpшitш& 1п,&пчР-­
ЬЬрпu/ pbpшgn'l UfpnghиЬhpp, hpp l"L.tf,z/rg L"L.t,[_w& ь,,,.р1, шЬ-
1,_ш111n<J Ы, Ьрш ln,.tbtfrn•fJJntbp J,1,_h9Lb1n< Jf,t_ngn</.t {f,n!f>/rl 'l_t1,J,fГ 
чfru"lbpu !f>w'l.f! шbrш111btnL -:шJ,шр t1h/tшpnt.frU1/r фп/цшрhЬ 1,шph[/r· 
{ oq1nшqnp.th[, opf,Lш/t, шс/tп,;л[, шgЬшп& h ШJL tn1.tf,1_b'bp, npnbg 
Jbt ш,{Jw,l 'l"lL" t./r LRL.t,[_nu/ /twJ </_wllf t tn1&.,{__n,J, 

.ЪJш'f, /rn'ft IJ/ШpntLш/tn'l tLh/t111pnr.J,шLhpb риш 1,ршЬg Ш'l_ШР-
1,п'I. ,;шш1,п1fJ1п.ЬLЬрJ, 'lшиш,[_пр,[_п1J hb ,;Шf"l''l-шршр' tJ,11U1pnUf. 
zшppn,[_t Орf,Ьш1,, 111шррhр ,l;tb1,111pnr.J,1nLhpfr ',шJшр, npnb9 1,шм,frn­
'f,f! &п,,&& t (шиьъ, Na+), Ш'l_Шp/tn'l. ',шиr1,n•Р1п,Ьр -:шrпрtрирШр· 
фnpJ'шbnul. t риш шbfrnbLhpJ, ,;J,,nl,_Jшl 1_wppfr' ипч!f>ш111>ш9Ь­
шwш> p[npfr'1->ppлJfr'1-> L/rшrшш>n.n,pubfr'l-• 1'и1, ,nwpphp цпч­
!ршш'ftЬрJ, Ш'l_шр1,п'I. ш'l.11-b9n1fl1n•&.f! фпрршЬпu/ t ,;t,шL.sшl ,;шt_np-
11ш1,ш&ntP sшJ р' tfrPfrmJ> Lш.,,pJ,пuf> 1,ш1J,n,J >n.n,pJ,,,.J,niJ> 9h­
чJ,п,J> J ш'IЬh'l.frnu/ t 

l;1b1,mpn[/rш'ftbpf, 1,шJ nЧ'frZ bJn,phpf, шq_wp1,n'I. Ш'l_tfhgn•PJn<­
bp UfШJJ&bш,[_np,[_ш& t WЛ.Шt_/rb ,;ьррj,Ь ЬrшЬп,[_, пр Ш'l_Шр%n'С 
flin,flbpp 1,ш"ln,J ЬЬ 'lft�"l/,Pц JJ,1_шi/_ш1p/r Jnth/tnчWp[! l,_ 11-рш­
Ьп-,[_ J,и1, фnppшgflnuf 'ftpшbg tnн}bl"' ('1-fru"lbpubtnL} f!&'1-nLbш·+п1-
PJn<bp1 • 

/> ш.шppbpn,flsn,& 1./rп!рлр 'l."ll,PL" t1b1,шpnlfr1nblpn,[_ /tnw'l-nчb­
l"''f,, npшb,z 1,шphnp bzu/i,ш•1,ntflJnL'f, n.LJ, ШJ'f, frnbp, npft tfr91!f! 
1,пlnfrq. Jшц&.J,'ltfr t.frgp[,& ,;ш/tшл.,и1, &zшЬ п,&J,, tfrn!f>J,l 'l.nthpfr ш­
'lшр1,-Jш& "lf'ngbцn,J JJ,шJшJш-Ьш1, JшиЬш1,gпu/ b'f, tLh1,шpntfrш,J, 
hp1,n, J,пL'ftbpp' шbf,tfllЬh['f! l,_ 1,шllf'J,n&&bp[!, 1wbf, пр ЬршЬр Ьр-
1,п,.,'f, t1 /t&Uf nul b'L...[nIOJ,iJr' '1-frи"lbpц JJ,1.w</.ш1r/r Jпlhltn•t&hpf!r 

l/rn!f,,/rz. 'l."ll,PL" /tшрл'l_ Ь& 1,пшqnч</.Ьl &wL. 2bpJшuшfr-C.ш'flfr 
pшpd.pш9nulf,9, f,b1_"1bu Ш/'1- шЬ,,J, n,'ftJ, u"IJ,шш/tпig&bpJ, ,пшршg­
Jш& '1-h"lpnul, npf, JшJш&ш/t u"IJ,шш·1,ntg(! Jш/tшp'1-,J_nul t, 

Фfцрп,'f, /tntnfr'1-wJf,'t, 't,ц,n,[_ш.tpLЬpf,' Jшubf,1,blpf, шry,h'l_ WUl-
'f,l,pJ, pШJj!ШJJш't, Ufpл9bup ',hq_n,1,&hpJ, /tшJ tLЬ/tшpn[J,шblpf, W'l_­
'1-bgn<PJшJp, n['/r '1-h"ll!n,J 1,nш9-nt1,f_ш.t 1,п1n/r'1-L" ,[_Ьрш1,ш&,,_Ь"uf 1; 
/rr ltlf'tnfr'l- </_f,-G.ш1,p, 1,nz.,[_n,J t uiЬuprфqш9nнl ЧшJ qЬ qшqrЬq111mw-
9nпl: 

... 



(1Jbll/шf,q_w9JwL JшJшLшf/. шh'lf, /; n,J,b'im,J f/.пшq.пч,f_шJ /"
Ш'f('h q.w,nf, Jшubf,l(f,l,pf, iJшUfbpf, it!"f'ЛLJ, npf, .t;/,u,l,_щ'i,l!n,[ Ь[!ии-

/
/ 

,/._шd-1![! ,f,nfr,wpf/.,f_nul /; un,ull/b�чJrw1.Jr f/_шJ q_nlf" ll.Ju"{f,un,f_, "{b"{­
шf,qш9nнlf! l[пш'l-лчJшL .t;щff_шп.шЧ hpL.nчPL /;1 ьрь f/.nшqn,lJшf( 
11-bll/ pnнl шL.t;rшJl,zu, /; f,y_bg'i.,bl q_hll1Ш-"{nutb!.r9f,шu! Jf,Lli,_ ftpfrl. 
шf,чшf/_шl, шpJb11f,, Шll/Ш "{/,"{и,f,ч_ш9JшL '1-Ь"{рмJ, [!Lq.'>wf/.шnwf/J, 
llfl"пi! /; q_h"'ш-ll/пmhfi9f,шu! ршрЛршаЫt ff.p/,.пf,ljшf/.ш'it w11dbi!#S1 
Uшff.шJL f/_11шqnчJш'i., l,_ ll/bll/шJ,q_ш9Jш'i., 1fpf,mf,f/.шf/.шL шrd-b/l'i,/,f'l! 
_f,['шр z_l,f, <шJe'f,//bnul Ь. "{hU[шf,qш9JшL <шJшр ll(Ш1wL2_,f_n,J f; q_h­
mш-ll/nml.fi9f,шtf, ш,J__J'lf, Jl,,}- шprfb[!, /!шfi f/.pf,шf,чшf/.wbl, /;1 Пp-
11/buq_f, f/.ишqш['/_щ.}- Lu,m/__шd-n! ,f_Ьршфп/и,f_/, f/.nlnfi'1 tnu)лчPf,, ш'ь­
.t;['щJ/,z,п /; лрЬ.1; -С.шLш/1/шрt:л,/._ LршЪ <ш'lлf''l-bl f/.np9pшd Ifi9l!f!1

IJnшqn,l,f_щ.}- Ш'fpbq.шmf, JшuLJ,i/i.,bp[! {!'f,u,,f'nrzшf/_шfi Ш'fиnppn,­
Jn,f_ J.Ьпр l,f, phpn,J f1hf/.utpntf,,nf, "{nuthfs9f,шl шпш1_ш9'ьпrz f,n'L­
f,b[' , npnfs/! Jшu'Lf,f/.f, 2n<f'f.f! шпш1_ш9'i,п,J ЬЬ f,n'Lшf/.ш'L РшrzшЬр, 
'f['Ш 2bnpt:f,,f_ ff.ntnfi'1 Jшufs/iч!! ,f_hpu,nf,b АЬпр f pb['n,J qLutш-"{n­
,n/,f.t9f,шl п, t:f,'1['шmш9Jш'i, ;';ши,f/_п,Р1п,Ь L. шии,f,-Sш'Lшршр ,f_hl'ш­
f/.шb q.L,f_n,J t Jf,ohtf, Чшrнп9,f_111,}n, 11)1,.,,/l t Ьzl,t, пр Uf/, "{u,f,qш9-
Jш'i, ш,[htfi ,:ьz..,, ьь ьъpшf'ff.,f_ni.J Чпtп1''11' ршрJ ьи,,.,f_ш,}рЫрf!, 
n['п,f_t;b.,,1,_ 1f,'is bum,f_ш,}p'i,l,pn<J ,n/,rzf, f n,'isЬ'isn,J pJn<pb'l_ш9n,J, 
ll.Jbbш":hzm "{l,"{mf,qш9,f_n,J b'i, r_n<p UfШpn,'isшff.n'l. ft.nutq.nчшu,'i,Lppt 

t7J1,"f .,,f,qш9Jш'i, 1:шJшр f/_шp/,_np f 1п,,}пчРf, ршфш":шрn,Jр 1,_ 
fишпЬп,J{!, /!ш'i,f, п[' ШJ'f bUfшumnuf f 'i,uu,,f_ш.}pf, Jf,9b1f, Jby_ 

"{L "f mf,qш,nnpf, Jn,111/!f,'is, f,bt_"{h" 'i,щl,_ Jf,9/,lf, шfsr_шu,Jш'i,I! шчрЬ­
q.штf,9 1,_ [л,,}п'!Р/� Jbr_ 'ь['ш шb9Jшfsp1 .fl,pJшu,nf,-Sшf,f, рш('J.рш-
9п,Jр, Л['Ufb" f/.ш'isnb, JUшg'Ln,J f UfbUf111f,qш9Jшb Ш{'Шq.n,pJn,'isp, 

f'uf/.шf/_wfs lл,,}пчРf, wnwr_wgn,Jni/_ f/_11шq.пч�/_ш,} fsuut1[ш.}j!P 
Lf'fi,f__ 1п,JJшЬ "lf'"91,"l! ff.пl,f_п,J t ч�un1ш9щd: 

t1/l,"f,nf,qw9л,Jfs n,'i.sf, qupJ'i.sшf/_ш'i, Jl,,) Ьzш'iswf/_n,pJn<'i.s l,_ 
1:wutf/.w"ll," f/.f,,['шn,f_n1J f f/.n1пfi'1'i,l,f'f, (иnч,'f,fi'1'i,h['f,, 1fi'1f'opuf,11-'isЬ­
['f, 1,_ шлЬ) u,nш9Jw'is, ff.ntnfi'l-"'Jf,L шrzш9Ырп,J ишш9,f__л'l. wpt;l,u,nш­
f/_ш'i, f/.n1nf,11-bl f'fr f/.шJn,'i.sn,pJni'i.sp JЬlш9И[п' ;';wJшpt t1/l, "lu,f,q1u9-
.Jш'i, ,;1,.,, t f/.wUf-,f_wd- 'i.,щl,_ о"Ьшпf, [,f__ш9nrz 1:ш,nf/.n<PJn<fsf! , п['{! рш-
9ш,пр,f_л,J f лz Jf,шJ'i., [n<JnчPf, ш1f/.ш1f,шf/_шЬ nbшf/_9f,ш1n,f__, ШJl 
'l-Lfrsш,f_nr,ш"l l," 'ispш "ll,"f "'f,'{_шgf,пb п1fsшf/_п,р1шJр.• о-Sшл.f, ff.ntnfi'1 
f,nfsp zш,п 1ш,f__ ш11-unppn,J f ff.b'lmf, Jшufsf,f/_Ыp[!, '>шqnp'lbln,f__ 
'ispшfs9 i/i9/! п� 'lшf'AЫtn,f_ qn[, прп'Lр ШJII: J.hn,f__ '>hл.шЬп1J l,'i, шпшр- -· 
ЧшJf, ч_.,,,1 zпpf, ,/__pшJfis• 

t1J!, "1 1nf,qш9n,JI! f/.шpL.np qbp t fuшrznul 'i.,щl,_ t:л'l.b,['n<J, лpn'is-
9nul л,JЬ,z ff.Ьp"f n,f__ 111Ь'1.} l,'i, n,'i,l,'i,n,J O'ff,, fun'Lш,f__n,pJш·'L, f,'L1."f /;..,_. 

'ьшЬ. f,nbшфnjuш'isшf/.шJf,'i.s ш'1илрр9f,шЫр1 Ql,_щ;';n'l_hpn,J f/.п1nf,11-
Jщu'i,j,чblp'i, f,ph'i,9 qf,!/mtq zbpшnul UfШpni'isшf/.nul l,f.t ;';f,J'i.sшff_ш. 
fsп,J f/.шt9f,n,Jf, f,n'i,'i,l,[', лрп'ьр шnш2_ш9'isn,J l,'i, qb,nw.111nuth'L9f,ш­
[f, фnрр шрd-Ьр h Jf,9b['i,l,pf, P"LJL ,J__шbnqп<PJn<L, npf, t;/,u,hш'is/!n,f_ 
Jшu'Lf,f/_'i,/,p'i, f,ршр 1,'i, Jf,ш'isn,J 1,_ f/.nwq.nч,f_n,J1 1.п'lШJf,b ff.ntnfi'1· 
'i,/,pp, q.111fs,f_Ь1n,f_ f/.лшqпч,f_шJ ,f__J,bшf/.n,J, '>пип'l. y_pf, ;';l,,n t:n'l_f, ,[h­
pf,fs 2bp,nf,9 1_/,'i, 1Ьл.шfsп,J l,_ <п'1f,Ь <шrznp'fn,J l,'i., шpdh/!w,f_np шq.• 
f"'llfiJf,шf/.w'is '>ш,nff.mp,n,'is'i,l,p, ьрь yl,_u,>';nqp Jzшff_b'i,/! 'i,w .. ,.f,n,Jf, 
"Qln['f,'1-n,f_, ШUfШ f,лЬшфлfишЬшf/.шJi,Ь 'lfi!f,n,qJшfs 2'isn111f,,f_ f/_шt9f,n,J 
"'' 

.f,n'is[! f/.фnfr,шpf,L,[J, 'iswutpf,n,J f,nbn,f__, шпш1.ш9И1п-,f_ 1/iuш,f_np,f__ш,} 
ff.ntnfi'1 Jшubf,·f/_f,/,p, пр[! шnшt. f/.pbpf, '>nqш1f,L f/.п1пf,11-Ырf, UfbUf • 
'uif,qw9n,J 1,_ 1п,zj, 1</__ш9Jш'is 1h2utш9n,J, ;';/,u,l,_wpшp Lt. ,;n'l.], pbf'• 
J!Ш111,f_n,P1ш'is 9шJpw9n,J, 1.пqшJf,L ff.ntnfi'fЫpf, :f,f,qf,f/.шpf,Jf,шf/_ш'i, 
n1un,Jbш11f,pn<PJn<'isf,/,pf! f/.ши,шрh[ f 'H 'fpnJ9f! (1908), 

f}-l,ff,'i, '1-l,['{! 9"'J9 m,f_b9, пр opq.ш'i,шf/_шfs Jшf/_bpLunpbfs шf/.,nf,,f_ 
'is1п,pb['{! (Ull.'I,) ш11unppi/_btn,f_ 9bJb'i,111f, -':шu,frч'i,l,pf, ,[рш, Lpшfs9 
Jшf/.h,,l,,,f,1,pf,'i, шпш1.ш9Lп,J l,'i, Ш'f""f'f'OfinL zbputt ll.J'l zbputf! 
fup,f__шJ ubUff, L.Jшb bb'l./!nuf f 9/,Jl,'i,mf, Jшf/.pnJu,uf.tf,f/_LЬpf!, шJL 
,f__hpшJbtni/_ ff.ntnfi'1wJf,L zшфлf, Jшufsf,f/_Hpf,, ШJ'l"lf,un,f__ шл.шу_ш. 
1п,J t '.'{l, "1"'/i'l.ш9nul, 

/ 

4. '1-Л�'I-Л'1.�Ьr �шr d-b\br, n�l>ObBЛ�IГ

{f,n!f,f,[ '{_n[hp/, Jl,,} Jшир Lt. npnl J}n!f,np 'l."lbf' npnzшf/.f, UfШJ­
Jщfsf,/,pпiJ ,[Ьр bfs ш.},f__л,J 11n'is'1п11.шWшfs 'l.шbq,f_шJf,, npf! IJ:Ilr,IJ:Ilq 
f/_шJ d-hl шf,n,Ьf, n,'isf,1 O'btш,nf,'isш9Jшfs ШJ'l "{['"9/,"f! f/_nшq.n'lJш'i, 
.J.l,_l,pf,9 t, 11['[! un,f_npшf/_ш'is f/_nшq.n'[n,Jf,9 ,nшppLp,f__nul f L,pшfsn,f_, 
пр ШJU 11-hUfpnиl шл.ш1_шЬп,J f "l рЬ f/.n1nfi'1 Jшubf,f/_Ыpf, Ь[! и,п­
,f__шJр, ШJ[ 111,Jf,zJ, '>hш f/.ш"f,f__nul t ff.ntnf,11/i шJpЛ'l_f. qwb'f'lшd[!, 
npp f/_f,иш'>bqn,f/.-f/..J,uш"{f,'i, '1 rznb,11n'l. t, 

IJ,n'L'1 п'l.f,/,Pfi шnшr_шgn,JI! l[шpn'l t mhqf, л,ЫЬшl ,пшrрЬр 
q.npJnfsЫpf, шq'1Ь9п,р1ш'L и,шl[ (ftl,ff.u,pn[f,u,'i,l,p, 1.hpJшuutf,-SшLf, 
фпфпfr,п,Р1п,1, 1,_ WJL'fs)1 пf'"l ltntnЬ.11f,l,p, opf,Lutf/_, d-btшtnf,Lf, ln,. 
.}п,JPf!, 11n'L'1п'lщfsu,J l,'i, gш.}р r_bpJшnmf,bш'isn,J l,_ t;/, 'l.n,ff.шbn,J, 
f!'i,'lt;wl[шnшff.f!, ршрJ.р 2.ЬpJшumf,bш'i,n,J, 

f!и,п f,ph'i,9 1:ш,nl[n,pJл,fsf,/,p.f, '1nL11n'lbbpp tf,bn,J l,f,' шnш.\. 
-qш�w&. 

,
Lt. фtu,rш&., </__hnJ,Lf,l,['u JЬJшJшишJр шb,f__ш'L,f__n,J Ы, dЬ1, 

орf,ЬшЧ ufitfiчшdbtf!I ьрь d-htb['f,9 '>hnш9fsn,J bf, 1п,,}f,l.J!, ШUfШ 
1pш'is/! "{ш1,�ш'Lп,J /,'i, J1phb9 uf/.qp'i,шf/_ш'i. Jш,f__ш1L л, J.L.p 1,,. f/_pff_f,'i,
l[шpn'l_ l,f, Чlшf,/,l Lлч'ь f/.шJ ШJl 1h'ln,f/_, f,/,pJJbln,f__ ш1'is f,pbfs9 Jht. , 
UnшArp»f/_шf, 11п'L '1n 'l.'i,l,['f! (илиf,W, ' dhtш,nf,L, l[шnчmlt) ,;b'ln,I[ 
!f,шqf,' 1u,,}f,zi, ш'L2.ши,Jщ'i., 'lbUf/!ntJ .}ш,f_шtл�/_ pш,f__шf/_шfs фnppш­
'isnul l,f, 1,,. l[pff_,f,1, l[шpnrz ьь lt1шИt 111_ р1, 9шЬf/.ш9шJ ,;ь'[n<ltf! , ШJL 
npnzшl[f, -':l,'l_ntf/. Jf,ш9n,f11n,L, прл,J__..;Ьщh пш1_Ь9пulе ln,,}Jшf, Ufpn-
9huf, WшЬ f!f,"'f'"'lшf/.ш'i, p'Ln,JfJ n,'Lf, 1,,. l[шf,,,f_шJ f Jb1f, л, lл,,}f,zf, 
p'LnчP./ro• О['f,LшЧ, d-htш,nf,fsp l[шpn'l_ t Чlшf,/,1 t"'f', l[шпчп1l[р' 
ph'i,'{_Лf, pbLqf,L, Uшf/.шJ'i, f/.1шLn,J'i, ШJ'l '1/,"l/!nul n,'lbl[9,J__niJ f 

lt1ш'isnrz bJn,pf, ,}ш,f_шlf JHшgJшJp. , npp l[n1_,f_nuf t щni'_h 9nнJ' 1,,. 
l[шpn'l f Lfif,1,l иш'>Jшfsшфшl[ л� ш'Luшt;Jщ'isшфшl[, {!L'l;';w'ispш"f bu 
пщzЬ9п,Jр 1f,Jfsшl[ш'LntJ Uf ШJJw'i,ш,f__np,f_шlt t bpff_n, q.npJnfsbhpn,f_' 
ш) f,pшf/_ш'i, un1,f_ш,nш9ntJn,f__' dbt], l[шJ "lntf,Jb['f, п, [Л<,}f,zl, Jn. 
1hltnч'i,l,pf, фпjuшq'lhgn,pJшJp. Lt. р) Jntbff.nчЫpf, фпjишqшрJ. 11/i­
!f,n,q_},nfs ршфш'i,9ЬtJ,п,р1шJ'р, 

S,[JШ[ t_hpJwu,nf,bшfsnuf Jhl[ q.pшJ znf' Jh1f, f/.n 'l.Jf,9 f/.1шL4_ш,} 
,:ь'ln,f/_f, f!Ш'Lшff.f! Чп1_,f__л,J t Dtni'_h 9Uwr.. шuw,Р6.щ&.' а, "Pf! npnz,f_n,J 
� l[zn.ш1f,fs п, ,}шi/_шtшJf,L hqшbwff_fslbpn,f__, 

а= m-m 0 1,_ :t= V-V0 

m, v. 
( 16)



npшh'l_ а-Ъ ,шчЬвJшL штпft&ш'i,Ъ t, mo-lr Jlчf. т rшtшftp J/f,Ъ1,Ь.· .
,,,.,,_1,пJе, m�L' ,Нч/t �шLшftl! л<.n.1.rtufjt9 ;;Ьшп, Vo-11 l"l' Jbtft �ш--· 
4_шu!; v.1, ,.,,t.z.'шr> •.НчJ, Jщ,[ш1е• 

flrnzb5Jш'i, ·JшJи,/i,щЦ ШR:.ШfШQШ& 6.1,zщJp l:НfЦ1Шq.lif'b,l.n1.J t
u,J,f,.thfiltmJntJ L =Jl pf.11u�,[:шnLbpni.J {-t.hq[!bp 1ш,11tшg'Ll'lnL, ,YbJ� 
,,_.,д;f,Jibpfi fШ'fi"ll,p[! шu.,..j,'/;шLшршр Jmuhpf, ршJшhЬt,н ':шJшр 1л. 
ш11Ъ), 

flи-чl.gJшL щ{'n9l,uj, wp:шq.niP1пibr t!.;шp=11,pi/.r1ul t шe.ш-
tf,L ft.шr11/r nbшft9f,ш4J, ftf,.Lb:wJ,lp",Yш'ft {uн[Jи11шpmJrri[,

flн:.zbgJшh ul/qpLшf;шh фп'lпн! mk11Jr { ,пLЫн,,J :J•pJraP1ш'iт 
шЪ2шшrm1, пр(! ftшfu,[шJ /; ,шч_n'[_ fJJnoJJJ, l,_ t:h,;,n:tftJ, plнщfJ/rfJr 
J,L1щJm !,шlt rпnzbgJшL шuщJilZюf.f,9 Ь thpJшuшf,�шЬJ,g, 

flpriz qt/f.:rprq'i,/,p pu.н/;ulfJШ{f ршЬш,Уt{�/_ ,:b'l_t1tf/ntJ J Ofф/Jшlt,, i1Лv 
иf,'11.Э.р им�J ftщJ J;шпч_пL,У[! pbLqnlnнl' qш'is,fJч/ш �Шf''"l ЬL nz: 
JJ,шJ'i, nLlfl.hJ, шдk w1tutJ,f.иif.tшpшp, [l'IL�>/Ьt, шnш1ш9'Ьl.t",/, qnp 
U.;'P'IJ,<1{< пm1J•g,nJp шLиш-:JщLшrf1шft 1;, ifшftичf.t пm1._b9пufcr 
Jf,:_ur lt> пр щ,[шри•l1rоl ( J1rutJшJp, ,ш,J..�(JtaJe ftшpл'l_ { ftш'1.q. 
щnl,Lt f,ftl-"f' шuшf;f;ш'itf, ;jрш h Шj,p,qf,uf, tf"f,'1-"'l�i,p(! ftnz,[t1iJ И,
1.нn&Jwt.шфшЧ :nin;,_nч, frиft UJpпqьиi!' uщ&dwtutфwЧ в1nii.зntil:
?-ршl,р bL' ouiш'it, Ш'1Шр-шrрирр, Jl11шшfrllr t... ш;1&+ Лr,п:. qn'iнpнt-
1,llp, Uf"IJJшbl,Ьpf,g ftшJ,,4._ш6-, щ.ЪЬ1.пмf И, h� ,;µ,,{Jщ1,шфшft, //"
ш1нии-:Jш'fнифшft mщ!чп, 1mщftп�flJ'n&, Opf,'iiшlt, fbpJщьшJ,f.ш'itfr 
ршр!рш9п.Jf,9 J-h1шшJ,1.ip lL ,,,чшЪ W"-Шtшu'iщu! bL 'l"t• ш4LJrЪz_ 
щн/_,rрдфuЪ 1_bpJ.uwuij,'/;t.иlнnJ ЪршL-, ft,чnfrrj'i,bp _1.b��-J

'inft'1-"'lthpf! iJшl'"'l И, лшzЬt п1 JJ,шJ'4 {Ь,zпiff'шJlh <f"l"f'l"'-­
'\!и:, zф:lш't Jbt ч111Ь,[lцjнп 

fip;,l '1-nЦ 'f'°f.Ъbp' J.plj:шpft <J,'l-l'"ltuft11e, .Jblюurfr&e, :шч_шр�-
шч-:шр[! 1,_ шuЬ, ринJtш<шрЬ[tН. ftшJ f,;ш"f.htn� '1-bщp-n�J <l11z"1.ftu,­
fннJ' И1, J,ult {№Ъqfruur p,;11.'itht"lfl {Ьт11 LrrpJ,9 'l-шullщ.J ,И, 'l-t11'�
qпт1_ЪЬр1 

lшр»рqщршр f/pft1нf.,нz ШJ'J- UJpngЬuf! /;1tt'1_1нJ f mфl1unmrniч�w:�
?-п!щпlJРе f,1'pftwphpшpщp <hq•нЧf, шЪ1шшif.Ь1р l;иz,t/_ntJ f -rфlibrЪ­
q�u: U.J?UfJin/r hpknцf} t mlнt.fr л,bli!mul, opj,hшf/, ШPJPtft[! J,ш-
11шplf-llhd<и, npJ, ,,_hщp»ul mk11.J, t т .tЬfтн! щpJш'it zf,"l>rнf/f, ш#7ш­
mmJ.L..!J,_шJ Ч:шРr pfJ,[h1J,11 (f/mpi[hJl,n)' f/1JtfJ{f 1_fiC.мftfr шLtшu.иuf� 

rPnЪ ttn'lu,llJш'Ь bplнaJfJl! h 11пЪрrq'&Ьр� f/шpknp ЬzшLшftntf}Jлt'lт 
1пLИ, /;LLuшpш1,,;1pJш'ii k pJlftn�p,шk Jb!_ , pшtJ, пр pntJиhr/r 
<1пнн/_ш�.р'Ы1[•1! k yьь,,_шlqt'Lhpfr JшpJJ,'Lthpp ifr:11,щJ;шtn� f/шч.J-­
if.uн} 1,1, tprb '1-"t'ЬLpjт9, ?-rt'u'l-ntz.1.ltp h Jbibftkp, pmgf, pfuцJ;ш'itJ,9, 
.::шЬt;/tUfntJ b'J; !'ичl, Шf''JJ"LLшрЬршЧшЪ :,шт шpmш7pu,f,l!i.tApJ, Jbp_,· 
Рf�шЧ.шt 71,L11'11z'&bp ht, npJ,LшЧ, ljwzJ,ft, <шL.pw1f,U fiJnчJbpf,9" 
wушJЛр, nUJШl!!> 

0
Шf''1l"'ЬwpltpшЧ.шftJ,q"' ljшпч.,нЧ.t!, Jh1шmJrЪt·,.

111.Jt'h,,_ о'/;шпf!, 91.JJ,f.щJ, zшqwfue: ?-нf.qп,,_'itbr ьti zшш 11Hq.шJpbp.p­
Llip' JшJ11iLe, Jlчltt, .,ш'hf,rl!, .t:шае, ЧJн,Jчр ь. ш1i!/)bflh qnfup,'l� 
1,bpf! tJ!tuUJЬf'и JJt1w4."'JP/i9 шЬrш,т(_w� 1frлf/,/ч Ч"t"fr11Ы1p Ьh, щ,чur 
Jj,1_шi/.ш1pf, ,JJ,! щh'f_ш,[nplч,f,u lurf;f,1' ,fbpuиpua.hш.J Ь& ч_111 4}t:шftfн 
1-,.wtp r;wpJhif, ЧPJn/щftbp bL, rtpnI,9 ftшplчJ, t 1Jqmm,p1r.Н1t nz 'l-wr-· 
Jli1f• ( IfmJnp) 1/.ntnf,q'klspf, Чw Jntlin,P JШ"& ш umfiSшbl! Jlt�шgLIЧn1. 
Z:инfшр, u:p,J,L�L, п[ qшpd.lч/rЬlxpe' ,,tup.!.hrJ. 1/.ntn/iq qшp.J.1tb1nt.t:щ-

),. 

!V, Uf!1'U'1\t,\,Щ,U.'\,br, l;IN1N_IJNJ.'\,bl' t,,.I. Фl'Фf!№'\,bl'

Untu"/b'i,.qjtщi,bpJ!, {J11чиf,иillbpf! iz. фрфпr.рЪЬрf .р/ч. 11ftu,qbpu-
4_шW (/;пU[J,m---,'1/r<IЛ/hpu) ,;щJшf;шp,qhp Ь-Ъ, ftpwLq Jщ,,'i;f,J;Lbpf, 1.шф� 
ubpf! Jfr'3-JO-f1 ud bfir J1LшJщit 7f,1111fhp1,н{._шttn1.PJшb gшWp ш11mf, .. 

_Щfif,L' <шJkJштш� lfi11f/,np '1.."thrfr <Ьm, npn'irn JшuLJrljLЬR 1,шф­
иlipft И,' 1�-J(г·1 uil, 1/nU(fm--q/щщbpu <wJщЧшрqЬрр nJ,6-1, 

ltntnJщ '>шJшf;юrq.bpf,ft Jn1pш{ш1J1P1/; ,lf, zшr, -t;.шuфн/J]'itL'l.bp, 
nrn'i.9Jt9 шnшft.!.1'щUflн, ll(bшp t t.zht JJ,Ч}fН-:hщJ.rnчlt'knt/lJniЬe h 
.шчpbrpu0ш1f,'il фп11р f;ш1,sUlл,p1""1,p, Pшqf, wш'irf,g, l/ntU"{lt'ili/}ш-
1,ltpe, {Jn.,_luf,юLJ,rl! l.. фpфn,pfsl,pf! Р<LЫ, &шk ,rpнz шn.wLALш<ш•­
itn1fJ1ь�'L11hp, U.Jt/ l;щJшf;шpq:Ьpf! щhишЧш& {hu,шpppp1йfJJ»iit' lib 
1,bpf/шsш!J#ftuf lt ,.,_1,hft чnpJ-&щf;шJ.1 JI,b 1lzшЪшlJ1nP1п�f., 

1. un�U"Ы,!(�11\,bV

Un«1UfЬ'it'l)rш'LЬp[! J,,;ll(/11n '1/,.DЩhpu u,J,'It1-'>A'l11.Jt {шilшljшpqbp 
Ь'ir, npnt, f/и1ph1J, { и,пщЬш� ш/rUf/rЧ 1J,пJt,p 1l"J.lsrf, UltlЩ!JJш1,' 
,1f<uU(ЬpuJш'i, _Ь. /tn1щ.Ь&иш9Jш1, lt'l.шbшlJLltpn,{_, OшftшJ'h qп(ЮЬт. 
4'шf;щ,! ,(щJшl'Jш Jjzщ :untиutl,'fi'U'ш-Ъbp[! uщmL111.1J Ы, '.bptJ,_ Jf,� 
_tш,f_шuиru! Ujf,11q. 11J4шpшimA· фп:_f,ш&k 'L1nqllц.J, irnblшf; ( 'J/tи* 
UJhpuJш!,) tщf.;шUJшр'>н,{_, /iu'f UJ/rfщ LJn1-phpft Jш'i,pшgnulf! 1иr,[п­
ршршр frpwЧ.wfiюg!,;uJ Ь& Jшf,pшg1.lnq ишррЬр/r k шpu'Ь-6pft Jfi_ 
!"Оп,[, , 

U.r;pbv:шщJ,,{._ ljш1п1..Ъ цn�ull(J,fi'l)rw ищш!rщ["' ::шJш/', ршq/> 
В/Jt'i,'1 Ъ1пipfr щш-:ш'it!_>/1t7. l;urq.b,4._шд"ni./JJIIL1'f,g h. fц,щ ,pl,{_Ulpш1nt ... 
#л./1t11..ftJ,n, шL<pwr.lbzщ t Ьшh, wp '1/tиUJbp;u !/ииw 1,шqJn7. 'itsпчJ/r 
·Jш1,Ьрhир t},Ьf, -f/r1Wn!/+t1 ШJиJ,LрЬ' Pp1,[1r7., k qJruUfЬpu <шJ:ш�
41111р11пиl tfrЬJ, /tш1nibw9Ъ1r'l. 1.l1n1JI (umшpJ,1fr'l.шmnp npU[lиt t[bljш­
pnt/,m), t/fl.f., ft-1 "'fШlu,N(Wf,n,z ,J,nfj,frl pшpJ.pJnlJ,Jl,sЧшJ/,L t1р/ц
Jfru,gntPJrн1u Umшpf,J/,qш,nnpf, 'hbpf;шJn./Jtrt'L{! fuш1tq:шpntJ {
Jшukf,ljf.littfr Jj,шd.nчJшf;f; nt f,ршр Jf,шgUшЬJ!, !pш'llilЧ' pшJшf.­
J'шL J,w:ftbphu/;L ШtJ-Un('pQf,nЪ zЬрш шпШ:шuftЬ11н <hmhш'i.pn,{._:

01nuщhfutJ1шЬ ftшpltt/, t fffrтЬ1 "fШiku 1/tnf,np 'l."/P It"ш11•ч­
..tш'it UJP"lJhмf, J.fitш�ftJшt фпч, ЬрЬ JшиЬJ,ljblpj J,,пznpш9Jш'h
#/(ingh_sl! l;щt,qJ,h9-l) 10--3-1tr" uJ 1.шs/tиf, Jшиbfrч'itbrf, шnш�

-1.шtfJш·'h IJ(,Ш{JtJu 
· llniu,чhL'l/twftbpl! o-Jm,{._шq hЪ <f,,!Lщf;щ'i.,m_.J J}n!plfp. ql1Jhp/>'

-{цнпЧrr1JlpuJp, ШJЬ t' чJtuUJbpщf..111'6fltP1mЛ, JJ,r!J,шtш;fi'L JшЧbrlш.j,
mtt�11ljnt/JJn�L h JшuLJ,.%1.bp} 11p111.mftf, Jlu 8иtW'p шитJ,-&ш'hJ, чJ,и­
чttruif.ш.tлчJ1ш'it U(Ш,ntiшnп-4. UliiUUjhЬчfrиtLhpp ljJ,'i:hmf,ltnplt1, шЬ•
ftшswih <шJшЧшrv-ЬР h-&, op.f. <lнпЬ.шLрrн/. �JruUfhpu f/,ш9.е '}_IJH"
ЧwР' rJшUш1nuljnu1 ,Н,иutЬри JJ,r_шif..uчrlttf шЪrиоп,f_пн! t hum,{._шJ. 
41ft &hn,f_i Рш11J, l!Jl'щ'itJ,9 URtUUJltb,tfнu'i.,bpnиf zшtn рп�и t 'lf"'hnp�
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4,,.д pp•нn'lJJ,uft zшp,}n<1l[! • l>иf( 'ff,f/нrнtf,ш lt <1иJпи P"l"f'",f_fiI, 1.bir 
JJJr,ml_мJ, U.J'l"lftuf, {шJ,uljшpq.l'l�fт Lft,uшJшJp ftf,pшnl.1f, ;:h11 f1шlt 
tfl<Jиfr 9pJwb cµHp'i,bp[!, U>JиfrЬl!I,' <1"f"'/bu9bl19nнfp !,. Sfriн1w1fr 
t:/>hlfml!t 

lfrrtnщLl,qju.u'ЬЬpn,J, f,'i,;:"ibu tшh Ч"lh{'tнJ {"'t/_ J;'l, Ш[Н»ш{-шJ,п� 
,[_шJ Jшljbph11ш1f,Ъ kpl..1и1PHf1f! , ttpf, ifшJшp 1t1ниЬр 1ш4 ш'l:""{'­
рhiн:пtЬр At 1, "'l-mшqn{H1",J,,шl h'i., <Lmhpnq.bh ljши,ш[f,ч_мJ, 

Un«нqhh(fpшЬbpf, _1, Ч,hJhpJ, _ .Jшubfii/i,!Jpfr Uшfih,,Jn,f,1, (tbiJu,­
l'"l�bl,pf, f,nblthpfr, ""l,J.щmш!/t/_щd J«thlfrn(khpj, lt f!ШpJpJnlbiJni­
lшsJ,Ъ tlf,ш9«1P1ю.f,thpfi Ш'l''"f'Prtttlf! шп_шzш9'i,п,J t щшzт;,чш'i�ш­
ftшJ, flшq_щ'iip, "f'l! <111tuц;l/hчJ,шЬhpf,1, )wq__r1f1'l"'J { usq.r,Lqшmf,,[ 
fiшJtaim1/JJh�'in l/.ppqf,uf, "iш1шщшftщ1Jщ'i., рш'lшЪf)'1,!,р ljш{'h'l kЪ 
шnшt_ш9l1Ь1 llшh 'lfiu"lbpu Jf,1ш<[шJl'Jr ,lttthlJnчЪbrp' 'l-fнnyh.pu ffш,­
f.P JwljhpbцuчJrL J,uu'l,Jrf/Lkpf, ,;1,.,, фнfvwнlчfiщ '/,z,[_ш& 111/,"{{1 Ш'f� 
un1•p9f,ш'i.tipf, .C:hш/н,/i,j!,,4_ Jшfthf'l,цшJf,1.t fJuн1,шhflЪЬpfi щ4ш1ш9щ­
,fl! ftшpm1. t uшbq,il,l ir.rljl.щfif, t;hl;u1pщljшh zЬрш lt q_l,и,щ"щп­
,лЫ,9f�ш1f, фм/mfun:/J;mh, 

U.1tшUAJrf, 11.mw.[!{fppn,p;n,1, lih 'l,hpfit"]ш9'IunJ ршрl.р J«[Ь� 
l;пч_ш;fr'k Jf,ы.gmpJм'i.tbrm/_ umшr,J,1u.9,{ц.11t ljnh9h'iuлpf,ft и:н:,щЬ'i.­
t/_ршЬLрр1 U.ищfiuf, щ,iu"fl,lJl/_pшLhpnol, - f,Ъ:,.uthи Lшl.t pшpJ.pJл­
thftnЧaШJf,'i, tщд-,н;рЪi,rп.J mtlчfi t mbl,J,,нJ uшrщ�mnu-:uiq11Jw� 
gntd, ш1п/t'i,p'i,' umprnljшtt'-{'Шjf,J, 9шЬ9Ьрf, Шt1Шfш9rruf, 11pnhp tL­
lJn<!&щft b'i, luшci,Ьl"' JhJ дщt/_шtf, -:ьt'f. ,uft, !JmtmJr111t11pшч..n1щgтJp 
Щ#Шf t pbpmJ ifшJшljшpqf, JшJn1_[№iJrнpJmlt Juf,um Jl,Jш9nul, 

Yпtц"{Ьl,qj;шhbpp zшт Ы, <ш'h'lf,"{ntJ li Jtl/; f(f,pшn11ifJ1лJ, 
n.tJ,l,J, Шp1JJ<H'iiшphpn1-f/ jШL, ЧJ"''lш,п'ЬшЬит.f} ,1щЬ, f;lцuьJf,ljш Jf, 
-rищи1рл•Р1шЬ, 1.tшit}Jf, Ш{'l]Jlttbш{щhJш1t ,JЬ2,

l,:J11чuf,шLkrl! UIJ'i, 'Н'ищhrи {шJшljшpql,f't Ьh, npлtqлul J..� 
g,/tu"ihpиnч Jft2шtf.ш;pr, t,.' 11-Jruu;h;н, !J,шql! ,:J,'lлtft Ji'i,� f!'il'I npn.,J' 
Ьpftm !f,шчЬ- {1 f,ршр Jk1 ljшJ P"l"f'm/jh uпиt4nq, ljшJ pfrz_ l'"'}_ 
,[_п1, ',Lqni.f;hhp Ып l;:Jnч"f,шhhprн.J qfщи;hри 'w'l.ft -Jщn),/iftbhpp 
фg.рр ЧшРJ,1ЪЬрJr J,I,111{_ p-wz/ш[шd ht- qf,u"ihru Jf,zш,j_шJpntJ, "pn-1,-
9n1J JшuL-f,fiLЬpft zшфпhрр тшшшfп/.тJ blJ U:Г1 --$, 10-iщJ (1-
50µ) u ш{J,л'i,l,J,pnd, 1:Jпчиf,ш l1шчJч 1iиrrr,fi'ъkrl! f,,f,u,n т.шр_ 
phpl/_nu/ 1,1, Jrpbig Jf,1_JtttbfimtщJJtЬ nulhptt,j_ k npn;Uu /jш'hnh шщр­
рЬр,[пнf И, 2,шh f,phbg pbhnш/i.п,/J1шJp, S/нvшffш& tJлчиf,ш'ъЬ­
l''шf nрt.уЬи U/"U"'P 1bqmlj "'f""Ш'fnpд-,/.ntJ t t''Lf'f!• f,uft Я[ UfI>lf"'P 
l;шJ tftl "l"lJщp <Ь,zт .. �Ъhр 1,1; IIJ•qшЪшf;шU zшш 1чп,fJhp (pb'irqn1, 
'Ьw,J_p, w&f.tf,U, J"Uf,• JnL«JJ,F !t ШJ{h}, np;,L!J, mLftw/u, 'ьг,шll.'/ ff,­
Jf,wfiш'i, р'и11чf}f,9, t.yш1Jиrbшljw'ьt1pЬL шЬ4шf.т,-J l,lf Jnt11hг, l,шz­
tf.f, шnLl.[n,[, fl/, ,-;ьq«:t-lj'lJЬpf,9 прЬ ( 11Pи"ibr111 !f,шqf! /, Лftf! 'fliu­
"{hpиn'l_ Jf,1_ш4шu,p, l;Jnчиf,шLhpf! fimp1<q 4Ъ t,ftLhl' 1 11vz-tttчт L. 
1_1пр-4т,z mfiщ/<• tJпчцf,шtiЦ,р итшLп,J 1.1, Jf, 1:1,qu,-ftp J11нцfi 4rш 
шtf},1wqbl1п,[' Jhfvшbf,f;шljшL '1-fr""il,PuJm'i, Jf,Jn9л,[_, f'HttnчP!: 
fJш4н,ц,:шрЬ111,[ ftшJ 1m,[ f,,ш11Lbl'11[, lш'll.ш/и /uшn1,hl"'- ,:и,Jшр oqw 
rлшqnpд_.,,J Ы, J,wb tttfmpш.!ш/ifш1f'i, L ч.щllшf(pi flp11zmftf, LtjЩJJшii� 
... 

1,hpn ,J 'lfiu"fl,{'ff ff,щч_р lfшр<н1. { чщnЬт1 1tf""fJ,f'1, Jfr1ш,[w1p h 
4шf;шnшlff!· ш111 l,phm1P!! щ'i,4щ;,т.r Ь!, blnttиJ>шJjt +шчЬrр 
жрu..Л, "Pl! l;шpbff, { uf,J4._л1-f,4 J.L.rr,j_ Шf'тш::ш4тhl шzoUffr"/t t;ш� 
,f, щuщpшffl."-ntP ,1шJ р' J"UI_� l'"P, f"Lf1• J »UJ, п;шi.ч1f,9 шn.щ2_J,Ъ[! ljul� 
4._rml 1; лqf,q, f,ufi hpftJ'"l''l-t!' t:ш-ftщ?-щf'J.< 

/>'1,;:111Lц '\шрп'ьf, t, шJh -<шJщljшp'fl,,.,[!, 1,pn'i,p oJm,J_шd- 1,1, 
щr{_bt9n

,,ftш1fit {Hpfff,шp1,J, щl,//j,щfuLil J,f,, Ни ш,[hшrniJш1fr'h l;Ьhr-
11f,ш'i, .,rlmzuJr"Ъ- /vшnfннr,,:i,hpлtJ b,[шqnul { Jf,р_!/и»ч._щ4f�Ь ,fщ-
4hphиЬ Lpf, ftp-SщюJшJ, zitпpt;Ju[, "l'l! mh,zf, 1; ntЬhЬu�J qjfuu;Ьpu 
!/,шчJ• Ш'l.ш1tdJrf; ftшfl/tJLk.{'f, ,j,ршр -';l,щ .!f,шАичJшh' 'nllithughlig­
Uwli 4,'J,щk-шI.1,1114• lJ.!'l ршfф "iтт&ш,нн/, чf,u"(Lpu {шJш4ш1,'1{!

_ршJш!,r{_пиl t Lpljn,- f,pшl' Jb1 ll"t�,{_
nq 1.hг,шЬрf,1 Пl'"il,1;1(ft l;Jnч­

uf,шHpf! ffш1шШ,,9,j_JЛ,, ЬршЪ9 w,J,htmoltщJ ьь ШJЬ"{f,и/� 11,л�рир,
np11f,p шqщipp.t/_LJm/ ljщf!f,tЬhpJr ,{рш f,,щ'i,ч,щрпнf 6-:& 'ьрщL9 f,ршр
Jftщ9Jwtfl!J U.и ftшJnt1lш9lи1'l 'it4ntflbpf!' uu,щpft1/tчшщлp'ul,f'(!1
ljnl'l_,,uJ Jii, t;dщ1q.wшnr&Ьl"', npnfrp, l;щjи,[шh frpЬ'k9 p'i.nt;/Jf,5,
J;Jnчufщ.11.tl,pf! nщшрftrш9ЬшJ bfr ftwJ Jшfiдrbvw,f,'i., lШрл,Jс фnр­
ршоЫчп: "AшtшLf/шpt;ltl/_, l;JичufinЪ .tшnLf,ljjrf, -<w7..n.r,1bltti/ 'i.,пчlt
!}9.р[!; lp.uJ' Jf,1_!pшqщJ/rЪ pщJшLJшf, J,uftl,pl,uf,fr ,fЬ{uш'iqiljшf;ш"iJ 
wtlfrrttf}-Jш.fp Q,fщ,[_щд ljл-Jщшftш fJш'l.шLfJ шп.ш1_ш9LЬ1и.t i:whш�

-Ujшр<п,[, tJ11чqш1srttpJr q.Ьр b'iJ ljш,mupnuf о&.тпе, 11Uff,t1rщf;,n9l1bpp
J;, Jf, l"'t'P 11/,Ь/Jbшf,f(' Jbd'шJwuшJp tlщfthpЬunpM.1 шf(шf,,{_ f.,1пtfJbp,
/J1шz-1лw wf,"/Jr {Jлч_,,f,щlil,('f, 4шJшр tшt/__ l;Jnцqшшn11bhp l,f; 4-G,щ­
лр' Ьшшr,'rn�Jfi ftmtl ftш1ftrнJJr щ/Jfuщ&fiw4f,f.t L('ljшp Z'l.fJ•иin,L opqw-
1.ш4шf.t ррл�ъь"J, l_f'Шz,н,j ш,zhpp, f,:,f; tntp-J11L,Z щf,LtjJ, l;Jnч.rt/iи,ЬЬ�
pf, ,;щJшр' п: ррщ1п,д ;;,&,unlJbrl!, "f''fш'Ьшftu1it pf]nc4bpf, ¾шwf,л,_Jf,;
JшqЪ№f_f,nuf,f, ш'll,l"l!.'

{ '14, 92 )1 (ш,{_ l;Jпч.., 
'{Шщпрf�kр ht· r,pnz 
p'i11"f(wt, 1,Jn_tpbµ' JЬ­
Jшutf,"hp, uLt/f,mшftn,9-
Lbpf! 1,_ шuL, IJ.1uщhu, 

.f;л</_f, ftш.f1Jr Jh?_, пr,� 
шhq Nлчиf,w b1t щ­

_п.ш1,щ9'imul J''Чf,h ljщ, 
PfttЪ-hp2 т.rf, JЬr '1-frи­
u;hpи:f_ь1«,j_, Лpfi/hU {­
Jnч9-шmnp, Jшпш1п,_,l 
t ljш,qhf,Lr, р"у f;шni­
;_п,f;шurnt P"'Juhpf, 
ftшf}'iнu,:Jtttf}f,' [mmhp­
uf, Jhp' ttU{f,utшljrr,9ш­
fl'L LJntflJ.pp, 

tJпчиfrшЫ,рf, iJщ� 
Jn,'itnif1ni'!;p tщ,,шрf,Ь 
-':hpfl/;Ъ LtjШ pl,.,, hш,[" ['· 
,jшJ t !t,шчJц1f, f!Ш• 

,J.,,f.tJmt Jшfibpl,uftb 
,.,/1,fiiшJ,J,чшljщ& ш.f. 

' 

... 



/'rnPJll<L. n,Lbgn'l. 1ЬршЬрf, шпшу_ш9п,J ,..,[_, flJ'l-"ff,uJ, J bf,1111Lf,lt_.,J,_шf.,, 
шJp,нfilJntL п,И9п'l. щш11nщшLшftшL zhpшbp ftшpn'l. hL шпшу_w9-
Ll'[ i,шl, ,f,nzJ,шLJш'fl "l/t'&'l- bJn,pbpf!, npnL9 ш,иb9ntfiJJn<Lf!, пр­
щЬи J;Jпч,'l-шит,Ч,, '\j,J'&,[_шO 1; 'flpwLg f!'ilшpll'l.Ш-ltшL filpy_btfrn•PJшfr­
i/pш, съ.,,_ ЛfllLJ f_pn,f_ filп,f__nq l;Jn<t'fШ,Ulf!f''i,/,pf! ftn1_,[_ntJ /,'i, '\f,11-
pn!/>f,l, f,uft Jnu1_,,.,f_ filpy_,f__n'l'i,l,pp' '\f,qpn!Jmp• l..f,11pn!f,frl ,f,nzJ,шAЬ.. ' 

l;Jnчq.шшпf''f,/,f' l,'i,' ftшi/_bp[!, ftш,[_J,i;.p, q.J,щи(!, шщшl[j,'fl, J, uft '>/r'l-­
pn!f,np l,i,' ft·шщш['f, nt ufщf,ltf, иnч!f>/t'l-'i,l,f"'i, nt J"'l-fr'l-Lbp[!, 11pn'[' 
Of''l-шL•шftшL 'i,Jn,filbp, Jn<p(!• 2J,,,.pn!/,J'l l;Jnчq.шwnpuhp[! uшшpf,­
LШQLntJ l,'fl Jnнz-y_n,,,, J,uft '>J,11pn!f,np>ipp' l'ILf'-JЛL'J. 'шJ,щf, fJnч­
uf,ш'i,l,p[!I U1,,_ АЬ.п,f_ ftшpbt.Jr 1; ,ги,ш'i,,шl JJ,L1_Ь.. 90-990/о 'l-fru"ll,/'и_ 
!f,шч_ щшрп�Lшftп'l. tJпчиf,ш.'fll,f' (opf,Lшft, 95% phLч_пu! y_pntJ 
lt_шJ 99% щшрш!f,f,'&(! y_pntJ ), npnL9ntJ шпш1:1.119ш,l JhjuшLJ,ltшltшL 
шJntp zbf',nhp(! JuшL,,_шpn,J h'& ltnшtbugh'i,9Jш'i,l! ' 

fJпчиJ,ш'&Ьр'& f!UШ r;.f,иllfhpu !f,шqj, ll(Шf'nL'&шltntfiJJш'& f!L'l-n,'&­
,[_ш,} 1; pшJшLht r.nur l;J'nчn�шt.Ьr� l,_ }tфm l;J'nчu�w&Ьr�, Л('nL-­
gnul ,,_j,ищЬри !f,шчJ, щшpntLшltn•filJnLL[!' ,;.,,.Jшщ=иrшиjит'&шрш[' 
ftшq_JntJ J; 2 шnftn u l,_ '1-PшLJ,9 р'шрА.рt llnu1J,uJ, l;J п i1uJ,шLbpf,­
ltш1n•'i,ш9Jш'i, UfШJJ.ш't,'i,l,p'fl f,pшpf,9 juJ,um шurf'php,f_n,J h'&, 

l;JnчиJ,шLbpf, ltf,pшnшltш'& 'i,zшLшlt'!•filJnt'&[! Jl,,} I; '\шшltш-
. 

щЬи "l"lf,JbpJш'& z.шш щpn9bu'i,l,p111J, 11pnLI' tnbqf, l,'f, ,.,'i,l,'i,nuf 
J111,nJbp'i,l,f'f, Y.f'ШJf,L l;JnчиJ,ш'i,hpnul (opf,'ьшlt, иJ,Lfilbшf,ft ftшn,-
1_n,ft'ьhpJ,, "l"[J,.fj,h<f,'{l'lnf'f,"1-f,, щnt/•·ш f/pf,[шLf,шp.f,Lf, ии,ш9п,J'f! }• 

9-np,l'i,шftш'i,n,J �шf'ft 1; tJtf,n,J п1_ Jj,шJ'fl l;Jnчuf,.ш'i,l,p[, ftш1n,­
'i,щor1tJ[! , ШJ[, '\шftшпшltр, 'i,pш'i,9 fШJf�J"ulf!, 'Ьпир l;Jnчиf,.ш-­
LЬpJ, iJШJfШJntJ[! ftшшшpntJ l,'i, l;1Ьf1шpn[f,m oq.m.шq.np,lbln,f_, "f'J,,, 
'lhllfp"'J шh'I.J, 1; ,.,'i,l,L-nul ч_рч_&шltf, l;tbftшf'Ш'lt1и'fl zb

!'
mf, 1_hч_п1'ш-

9,.,J l,_ ч_Ьшш-щпmЬ'&gш[f, ш'Ьftп,J, J,uft ШJ'ь,п,'\/,и,l,_ ltпш,[hugb'ь-
9n,J1 

fJ.пчиJ,ш'ьЬр[! fШJfШJntJ l,'i, '&шh 1/tJfrшftшL lш'&шllf.шp'\�·,[_,· 
U1ищhи, JЛL'I_ШJf,L l;Jnф,J,шLbp(!, npnLI' ишшрJ,1ш9,f_.ш,} l,'i, оlш-­
п,п·,f_, ltшpb[J, 1; ршu·ш1Ь1 '\шL1ш1J,'i, fil,filn,blpn<,f_, 

l;Jп,[uf,шLЬpf, pШJpшJJ,шL шшрш,l,[_ш,} b'l.ш'flшltt f ghLurpf,-­
!f,n,q.n,J[!, прL oq.шшq.np,l,f_11u/ 1; "'1''1-Jnt'&шphpn•filJш'&· 1,, 'l-J"<'l.'21-­
u,'i,u,l,un,filJш'& Jby_ {,opf,'&шlt, ftшfiJJ,g ubpntgp/, ш'ьу_ши,п�Jр)1 

Ъш,f_РJ, '\ш'ьnчfill! ftn1шшp,f_n ul 1; f_Лlf'f! Lш,fjl-fr Jby_ J;J.nчиf,_11L. 
Juшn:'ьnt('q,/, Ahn·,f_, J,uft '&рш ,PШJi!ШJJшL ',шJшр oq.mшq.np,lnu/ bfr­
l;[bft1npшftш'i,· 'lшzш, llL1_ш,f, Jl,,} 1; l;Jnчиf,.шLbpJ, ftЬ'&ишрш'ьшltшL. 
'ilzшLшltп1fil1n•L[! , ЧшР!! l,_ A4J, '1-b'l:Lnt9·(! J"''l-f"'f' urf,щf, l;Jnttиf,ш­
Ll,f' l,f.,1 dшf'llfhpf, Jntpш9n,Jl! opq.шL.f,ч_Jп,J ltшиrшp4niJ I; 11.IJ}rfr, 
Шq_tJh9ntP4шJp lшрщЬрJ, l;Jnч,q.шgJшJpt 

fJttttuf,ш'i,l,pf! Jl,,} '&:z_шLшftn•filJnLL п,1Ь'& '1b'1.шL1n•filbpf l,_. 
uLL'lшLJn,:,fil/,pf, шpШ ШfJf'"'filJшL Jht_ { opf,Lшft, Jшpqшpf,'&J, Шf'•· 
U1Ш'f-f'1'lfil Jn<'f,(! )1 

,., 
... 

.npttLI' ·щшиr,[_шJ ЬL '\b'l.n•ft/r pшf'шft filш11.'шLp",J_, fl1иf,Lp'fl, ,f,p,f,ntp• 
116.рпu/ '1.Jiищbf'u !ршч_ 1; '\шL11f,иш'&п,J q.шq_{!, f,иlt 'JPullfbpun'l. JJ,1_w­
..f..ш1p' .;1,'l'"ltl! 1 

Фr,f,ntpLhp[! ltшf'ht/r 1; utnш'Lшl lfШ"l.f! '\h11.п,1tf, ,fl,y_ pzmf,ft'i,!.pf, 
.Ahn,f_ 11f,ищЬриh1п• �;.ш'i,шщш['<п,[_ ltшJ q.шч_f, Jf,y_ш,f_шJpntJ '\/,'l"•ftl! 
_fil.ш,f,ш'\шpii[n,f_, Ьpftn, tJbll(pn�J l;l ,f,p,f,,nipLbpJ, шп.шrш9JшL Jl,­
juш'Ljrq_Jp '&nчfiL J;, Uft,qpn,J q.шqj, pzшJ,ft'&bp'i, Шn.JJlf_Шfl'ьniJ l,'f,
q.ш ,ч_-'\l.11.n•ft l;Jп чиf,ш, пр п'ьр .J-ш,)lti/_ht"'{ '\611.n•ft/r bpltlt"'lJш'i,f, 

_P,ш11.ш'Lfil'Lbpn•,[_, ршрАрш'i,п,J l,'i, '\l,'l_ntft,f, Jшч_Ьрl,ц[! Ь. шJ'&шЬ'l ftшч_J,niJ J,rшp ftщш,l filш11.ш'ьfil'ьbpf, Jf, l!'i,'1-'\ш'&мр ftшpftшuшLJш'i, 
_gшL91 

Ф[i,f,n,pblp[! '\ш,nftn•fil1n,'LLbf' n,f_ zшш 'i,Jш-'i, bL filшLA.p l;Jn,L• 
ufrш'i,bpf,'i, l,_ zши, шLftш1n,L '\шJшltшpq.bp l,'i,, Фp,f,n,p'i,hpn,J q.шч_J,

pzmf,чLbp[! z,f,Jш'i, Ji,l l,'i, q.щL,f_n,J '\J.
ч.n•ЧJ, pшi/.шftш'i, JM Jшltb­

pbuf, '\/,и, l,, рш&f, пр '\шJшftшP'l-1! Аq.шп,J 1; ,f,n1pш9'i,J,[ '\h'ln•ft­
.//-ШЧ. pшJш'i,Jш'i, Jшftbphu[!, 'ШJlf- щшт-f.шnп,[_ l;J ,f,p,f,n,p'Lbp'i, шршq. 
,l}Ш JfШ/t/_лtJ l,'i,, Uшрzпр '\bч_ntltLhp[! рL,,_,.,'ьшt, z.b'& ftш1п1'& ,f,p,f,mp­
"'f,l,f' шn.ш2ш9'f16lп,, npn,�'\/,u,h фрфрЬ[nt 'lbll(pntJ LpшLg Jшfthph­
"'l! JbJ.шfmu/ 1;, np_/,'i, fu.ш'ь q.шpniJ 1; '\b'l_n•ft/r JшltbpbuшJf,'i, lш­
l'"�Jl! h ШJ'f- UfШUJG.шn.n,f_ nт/r1,f.ЬpL шLJf,1.шщЬи "lшJfilbtn,[, Jf,ш­
·Lп,J l,'f, '\/,'ln,.�f, [!'ь·'l',ш'i,п,р qшf..'f'l_шd-jr'i, 1 

Фp,f,ntp'ьhpf, ftш1n,'i,n,fJ1ш'i, 1_ш,f,шLJ,z 1; щJ'i, JшJшLшltf!, прf,
J!Lfilш9pn'-J pzmf,•ft'i, шn.ш1.ш'ьп,J Ь. UfШJfiln,J 1;, 

'1шJn<L ,f,p,f,ntp'ьbp иwш'&шlщ '\шJшр oq.иrшq.np,ln,J l,'i, uu,ш­
pf,tf,ч_шшnpLhp, qpш'i,I' oq.mшq.np,l,,[_ntJ hL 'i,шh l;Jnчиf,ш'Нр[! ltш-
1п•'ьшg'i,l,l"' '\шJшр, [!&'1- пр п,J ии,шрf,[J,ч_штпр'i,l,р[! f,pb'i,9 ,ршqш'l-•f'"'PJшJp 11fbшl' 1; шшррЬр,[_Ь'& ,f,p,f,n,p'i, шnш1.ш9'&п7_ '\b'ln•lt-J,9,
flшg,J, '1-/'шLf,9, фp,f,ntpJ, l;шjfJL'i,n,_p,,n'i,p ftшju4_ш,} 1; Lшl, uшшp.f,­
tfiч_ш,иrnpf, 1ш'Lшlt.f,9, у_ЬрJшишf,-f.ш'ьf,9, '\h'lп�ltf, Jш,ln,9f,ltn•fi1Jnt­
'fr.f,9 h l;J.hltwpnff,urf, шп.ftш1п •Р1п1'ь.jr91 

Фp,f,n,p'i,hpf, 1ш,J_ uшшp,/r[f,ч_шиrnp'i,l,p h'i, J"•Ч.-1."'f' шJ,щf, l;Jnч­
uf,шLl,pf, '\шJшр oqл,шq.np,l,[_nч_ l;Jnчq.шurnpLbpf!' uщf,шшftn,gLbpf!,
.оSшп.'ьЬрf!, "lfrL'l- JшиLJ,l(ьЬpf! Ь. шлL, 

8ш,lpJntbltп'lшJf,L G.шpllfшfilfiln,Ыpf,, uщjrpшLbpJ,, u,'Jf,'&Lbpjr 
Ъhpltш1п,fJшJp ,f,{'фn,p'i,hpf, ltJш'ьpf, шhtr'[ntfiJJn<'i,[! Jbl 1_1;' Jn,n 
20 i/.Jф PшpJ.pJn1hltпчш1f,'i, Ul.L'Ь-f, (Jbtшu,jr'i,, ltшч_bf,'i,, llff''!,nhf,L'
k 111uL} h ohшn.'ьl,pJ, 'i,l,pltшJntfilJшJp шпшtш'&пu/ ЬL Jf,'i,z.l,_ '\шр­
J"Ч'• '>шч_шр 1J.r¼ ft1шL,J, u,l,_n'l_n<fiJJшJp. ,f,p,f,ntp'ьbp, flJrptff,uf,
uinш�Jrtkшиrnp'i,hpf! ftnz.,f_n,J Ь'& ¼nin�l}WJ�&. фrфrшlJJIJШg&.nq&.br,
npn'flg ftn'i,9hLшpш9f,шJJ, Jblш9n1Jf,9 ,f,p,f,n,pjr �ШJtrt'ьn,fil1n•L[! 
.ш'f,/!'i,'1'\ши, шSnu/ f,

.fl,pJ,,,,uurf,l\ш'i,f, JЫшgn,Jf,9 ,f,p,f,nt('f, lt1шL1f, urhn'l.n•filJn,'ьp 
,f,n1pш Ln,J 1;, 1ш'ьf, пр "'1'1 '1/,llf/!"�J ,f,p,f,pшq.n1ш9Ln7.'i,bpf, ,,_Ьunp­
l'-"LJ(! Jb,}шfiп,J 1;, Jш,ln,9f,ltn•fil1n,'Lp ,f,n1pшLnLJ, 9-n1n/'lш9JшL 
.Jbd:ш9n,J1! Lпч,'i,щЬи '&щшииrпu/ 1; ,f,p,f,mp'&bf'fr j!ШJfШJJш'i,l!,

JJ' ,,,,.f,н9Jrftmfil Ju,'i, Jl.,}ш g п,J f,9 ,f,p,f,,np'i,h pf, ltш Jn,'i,n,fil J"<'i,(! 
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1m<Jf,Uf l," JbJw,f,п,J 1;, f,uf/. /;tbf/.ut('nlf,ш'i,l, ('1!• Пf'Uf bu f/_шbrr'Ь, ,f,np­
rш9Ln,J bf, ,f,r,f,n,rLЬrf, Чш1п,'Ьп.fl1n1. 'Ь(!, 

Фr,f,п,r'ЬЬrf! ршqJшqшЬ f/.f,rшп,п,f/1п,'Ь п,ЫU ff.bU9ш,zп,J L 
Шf'UIШ'1f'n•fJ1п,Un,J1 lJ.JuUfbu, шшrрЬр U1п,flbpf, 1о/_ш9п,z '\шшf/.п,­
Р1п,'Ьр f/.шUf,[wJ 1; ,f,p,f,n,pUbrf, шnwr_w9Jwf, ,;1,.,, , {,/_ш9Jш'Ь шn..w­
r_f,U ,f,nчl! Uf ,f,Uq. /,_ -G.wpUfшUJwf, U1n,fJbpf, fll'ln,Jp 1,_ UfbUf"'fi'lш-
9n,J't, /;1 b,f_ npUfbuqf, f/_h,zшnm Jшf/.brbup fJrr_,[_f,, io/_w9nq L,n,Jnчf/1! 

UfЬ."'I' 1; n,'i,l,Uш Jшpn,p r_pf, Jшff.brbuш1f,I, 1wpn,Jf,9 (73 trq:/ud2)
9.wJp Jш·f/.bpbuwJf,'i, 1шрп,J (ЗО-40 trq:/ud2)1 (,f_ш9Jwf, bpf/.pnpq. 

,f,n<Lf! lfbq111wb1n•flbpf,9 f/.ш1п,U f;Jnчиf,w1f, шпш1.ш9п,JU f;, npp, 
ШJUUff,un,f_, Uf"ff.,[_n,J /; �Ч.шоп 'l znpf, Jшlfbphиf,,ч1 [!U,q. npn,J, z,f,m­
J{! , f,,wn-Ln,J{!, /шш9п,J{! n,Jhqw9Un,J l,f, ,f,p,f,n,pf, шп..шит 
wnшr_шgn,J{! /,_ ff.b11 шf, lf'fi·,f_ '\Ьпш9п,Jе to/_ш9n 'l znpf, f/_шJ JшpJUf, 
Jшf/.hpbuf,9, 

Фr,f,n,pblp(! oчmwq.npJ,[_n,J l,f, Jbmwpuf, шритш11-рn•fl1ш'Ь Jbr_, 
f/.pwf/_Jшpf,l'ЬЬf' n,J' f1pшf/_'t,hpf, JшpJшU JшJш't,шf/., чf�Ычпр6-п�­
Р1шЪ /,_ Jflbr1p'i,l,pf, шpmw'lpn•fl1шU Jbr_ , f,UlUfhu f,wl,_ '\wUpшf11п,­
flbpf, <шruшw9Jwf, l,_ UrшUg !/'iпшш9f,п'Ь puиlwf,Jwf, JшJш'Ьшf/.1 

Uш,f/.шJf, шршш'lрп,fJ1ш't, nrnz рЪшчш,[_,ип'ЬЬrп,J' o-f:wnf,, 17-pnJ­
Ubpf,, zш�шрf,, f/.шnч_n,f/.f, 1,_ ШJf шpшш,um•/J1111',1f,brniJ, ,f,p,f,n,r­
Lhpf, 'i,l,pf/.w1n•P1n,Ur 9шLЧш1f, (/;, npnUg /!ШJ/!"'!Jш'i, '\шJшр �rч 
1; fl,'t,п,J oq.utшqпpд-bt '\шutп,f/_ L1п•fl'r' фrфгщdшr�iliЬr (ршрq. 
bflbp'i,l,p /,_ -G.шpUfшfJfJп,LЬr), 

4. \1.Ь�П�П\№

lJ.1L 'l.J,uUfbpu '\шJшf/.шq.рЬр[!, npnUp шпшr_шf,,п,J 1,'Ь '\b,zn,lf-­
'i,hf'[! l,_ Uf/i'i.:'l L1п,flhp[! q.шqbpn,J 1п,Jb1f,u f/.nl,[_п,J Ь'Ь шbrnqntbr: 
l,bqn,f/.LЬrf, l,_ Uff,'i, 17- L1n•flf, Jшu't,f,ч'i,hpf, шl,pn'/_ulbf' l,'i, шnшу_ш9-
'Ьп,J ип,,f_пршршр 011п,J. '\bqn,f/. Jши'Ьf,f/.LЬrп·,f_ шЬрпqп1Ьрр f/.n1_­
,/__nul l,f, Jшnшluniч_liЬr, f,uf/. "ff,Lq. Jши'Ьf,f/.'i,l,pn,f_p' Ь-Iubr: lJ.bpn­
'l"ll,f'Л<J JшuUf,·ЧLЬrf, Jl,Jп,fJ1n•Up lfшpu11 1; if,Ub1 1 Jf,if,Jf,f/.rnLf,9 · 
Jj,Ll_l,_ 100 Jf,f/.rлL, l!f,'1 npn,J 1 Jf,f/.pnUf,9 JhJ 1_ш,f,n·,f_ JшuU.f,чblpp 
Jш'Ьrn•P1ш'i, л,Jf, Ш'l_'1Ь9п,р1ш'Ь и,шf/. иf/.ил,J l,'f, f,.,.,,ь1, ШJf, 'lbUf­
pл,J, brp Jnu,ш,f_лpшUfhu Uпч'Ь l_ш,f,uf, f/.ntnfi'I Jши'Ьf,f/.'ЬЬр'i, п,'Ьшf/_· 
l,f, 11/i!f,n,'l.Jш'i, 1,_ zшш '1ш'Ь '1ш'l b'i, f,umn,J, 
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