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YCAOBUME 3OAQYU

CyLLIECTBYET MHEHWE, YTO 8 Memasiuyeckoll nocyde BPeAHO
rOTOBUTb W XPaHUTb KUC/YH0 edy, Hanpumep, KanycTHble wu. B
MCTOPUM YEnoBeYeCcTBa BCTPeYanicb MeAHbIE, ONIOBSHHbIE,
NaTyHHblEe, antOMUHUEBBIE W YYTYHHbIE KAaCTPHONMN.

Kakvne xumuyeckue npoyecchi C y4acTeM YKa3aHHbIX MaTepuanos
MOTYT NPOTeKaTb NPU Npu20mMOoeJieHUU U XpaHeHuu wjeu?

Kak Obl Bbl npeanoxunu npogepums 3amo aKcnepuMeHmaisnbHO?
MoXHO N1 npun 3TOM Ans yaobcTBa 3KCNepuMeHTa 3aMeHumsb L
Kakou-H1byab bonee npocmou cmecbro?



LLeAb: BbIIBUTb, BO3MOXHOCTb
XMMMYECKMX MPOOLLECCOB MEXAY
METAAAOMU-MATEPUAACMM MOCYAbI U
KUCAbIMM LLLOMM

3agavu:

« OnpegennTb, Kakne XMMUYECKIE MPOLIECChI C y4acTUEM
yKa3aHHbIX MaTepuasnoB MOryT NPOTeKaTb NP
NPUrOTOBIIEHWN N XPaHEHUM LLeil

* MpeanoxuTb 6onee NPOCTYI0 CMECh, 3aMEHSIOLLIYIO LW

* [pegnoXxuTb SKCNepUMeHTanbHYO METOAVKY NPOBEPKK
BbISIBMEHHbIX XMMWUYECKMX NMPOLIECCOB




OrpaHMYEeHMS

CocTaB MaTepuanoB KacTporb onpeaenseTcs
Ha3BaHMeM MaTepuana u He 3arpsi3HeH
[OMNONHUTENBHBIMU MPUMECAMMN:

Menob = yuctas megb

AMOMUHUN = YUCTBIN aSTOMUHUN

OnoBoO = YKUCTOE 0SI0BO

JlaTyHb = cnnaB coeQnHEHUA CUCTEMbI MeAb-LIMHK

YyryH = retepogasHaa cMech xenesa u
LEMEHTUTA

a0~



KAQCCHMOUMKALUMS LLLEU

*[lonHble (boratble)
*3eneHble
*[l0CTHblE
*PbI0OHbIE
*COopHble

*Cepble

*CyTOYHbIE

7. B.B. NoxnebkuH. bonbluas kynnHapHaa kHura. M.:.«3Qkcmo» - 2014, - 992c.



OrpaHm4eHms

LLiIn — 310 3anpaBOYHbLIN MHOTOKOMMOHEHTHbIW Cyn.

B nonHbIn HAbop NPOAYKTOB ANS LLEeW BXOASAT cneayoLme
KOMMOHEHTH!:

Kanycra (cBexas unu kealleHas) <=> LWasenb/kpanuea/pena
*Msco (pexe pbiba)
*KopeHbs (Hanpumep, MOPKOBb, NETPYLLKA)

*[1psHOCTY (NYK, cenbaepen, YeCHOK, YKpon, neped,
NaBpOBbIV NIACT)

* Kicnasi 3anpaeka (KanyCcTHbIA paccon, cmeTaHa, S06moku)
7. B.B. lNoxnebkuH. bonblasa kynuHapHas kHura. M.:«Qkemo» - 2014, - 992c¢. 6



leopetnyeckas
4OCTb peLlueHmns
30AQ4YM



MoAeAbHAOd cMmecCb Nel




O60CHOBAHME BbIOOPO MOAEABHOU CMECH

*lLln = reTeporeHHas cmecb, cocTodALasa 13 BoagHOU hasbl 1
opraHocofepxaLuux a3 n 06 bEKTOB.

B BOAHOW 1 opraHocoepxallen dasax n 0bbekTax npucyTcTByeTt
MHOXECTBO KUCIOT C pa3HbIMM K,m/lc

*PacnpepneneHve noHos H* mexxay dasamu 1 obbekTamu
yrpaBnseTca «Ko3P@ULMEHTOM pacnpeaeneHnsy.

*MbI BbIOMpaeM BoAHY0 hasy C P-POM KUCAOT, TaK Kak MeTanbl
MOTYT NepexomnThb B LM B COCTaBE 3apsKEHHbIX OHOB U
HaKanIMeaTbCs B NONAPHOM PaCTBOPUTENE.

0



Hem onpeaeaseTcd pH MOAEABHOM CMECK?

".Ka _ [H;0%][X 7]
[HX]
< [H;07] = [XT+ [A] [HX] — cnabas k-Ta
Chy = [HX] + [X] [HA] — cunbHag k-Ta
Cua = [A]
— 2
[H;07] = CHA; Sa ) A 1 Ka) Ka(Cha + Chx)

Mwuxannos B.A., CopokuHa O.B., CaBuHkmHa E.B., laBbigosa M.H.; nog pea. Akagemuka PAH A1O. LinBaase. -
Xumunyeckoe paBHoBecue. M.: bBuHom. JllabopaTtopus 3Hanun, 2011. - 197c. 1 O




oH Len = pH MOAEABHOU CMECMU.
Kakon oH<e

CraHgapTHbIe p-pbl




KyAQ MPONAAQ HOCTb KOACTPIOAMS

+ 2Cu’+ 4
* 2Sn’+ 4

[Tpouecc Ne 1. OkucneHne metanna
(oKmcnuTenb — chnopou)

« 2Zn%+ 4

+

++O

+

+0
« 4AI+ 12H" + 30
o« 4Fe+ 12H" +30
* 4Fe,C+ 12H" + 30

+ 0

2(p-p)
2(p-p)

2(p

—2Cu +2H.0

—28n2++2-20

‘ZZn2++2' O
‘4AI3++6H O
—4Fe3++ 6H 0

= 4Fe¥ + 4C + 6H 0
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KyAQ MPOMNAAQ YOCTb KACTPIOAMS
[Tpouecc Ne 1. OkucneHne metanna
(OKMCnMTENb — KAaTUOHBLI BOAOPOAA)

2Sn'+ 4H* = 2Sn?* + 2k
4AI%+ 12H* = 4AP* + 6F
2Zn%+ 4H* = 2Zn°* + 2h
«2FeV+ 4H* = 2Fe?* + 21




KyAQ MNPONAAQ HOCTb KOCTPIOAMS
[Tpouecc Ne2,
ONEKTPOXMMUYECKas Koppo3sus

ONEKTpOnuT Kacmprona u3 namyHu

2+
Zn - Zn0 - 28 —> Zn?*
Zno<’2.n2+ B Ha meau: 2H" + 28 — H,
Zn%— Zn?* (E" = -0,763); 2 : :
o ) = Zn <E Cu

0 2+ o _
=+
CKopHenneQTlle B.Ig% Teop%‘r%%g):me OCHOBbI KOPPO3UK MeTanmnos, J1.: Xumus, 1 4
1972 - 264c



KyAQ MNPONAAQ HOCTb KOCTPIOAMS
[Tpouecc Ne2.
ONeKTpoXUMmnYyeckas Kopposns
Kacmprons u3 4yayHa

3NEeKTPONT Fel — 28 _, Fe2*
Fe.C
-/*Fe Ha Fe,C:2H" + 28 — H,
Fe —,
0 Fe =0 B <E’rec

Ckopyennettu B.B. TeopequeCKme OCHOBbI KOPPO3UK MeTasnnos., J1.: Xumus, 1 5
1972 - 264c 2




MoAeAbHO9 cMeCh Ne?2

[Me*"(opr.n-gbI)™, 1"
H+ H W
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O60CHOBAOHME BbIOOPA MOAEABHOU CMECH

* \oHbI MeTanoB B BOAHOM pacTBOpPe MOryT
CBA3bIBATbCSA KOOPAMHALIMOHHbIE COEANHEHNS —
KOMMMEKCb!

*MbI BbIOMpPaeM BOAHYH ha3y € p-pOM KUCIIOT U
opraHM4eCKMMU NUraHaamu.

*OcTarnbHble aprymMeHThl Takue Xe, Kak 1 npu Bbibope
MoaenbHou cmeck Neof



OpraHnyeckKkme AMraHAb|
_g_

*dMWUHOKUCIIOTHI *aMWUHOKUCIOTHI *aMWUHOKUCIOTHI
eQKCanaThbl
*rnnuepviH

8. X.-[. Aky6bke, X. EwkanTt. Maea 3.5 dunsmko-xmmmndeckume ceoncraa //
AMUHOKMCNOTHI, nentnabl, 6enkn. — Mockea: Mup, 1985. — C. 356—363. 1 8



4TO MPOUCXOAUT C

OMMHOKMCAOTOMM
H\.C/N% /o\c/,o

2. muHka H. J1. Obwasa xummua. — M.: Bbicwuas wkona, 2003. — 743 c. 1 9



MeToANKA SKCNEePUMEHTAAbBHOM NPOBEPKU
Yactb 1. Co3agaHue uccnenyemoro pacteopa

*C03[aTb B CTEKNAHHOW UNW AManMpoBaHHOW NOCcyae MoAEenbHY CMECh
(MKCUPOBAHHOIO 00bEMA C puKcMpoBaHHbIM PH € [3;6] C NOMOLLIbIO NETYYEN KUCTOTbI
(cozgaHue moaenbHoi cmecu Net)

* 1062BWTb B pacTBOP M30LITOYHYHO KOHLIEHTPALIMIO NETy4ero unu pasnaratoLlerocs 6es
TBEPAbIX OCTATKOB BELLEeCTBa — MCTOYHMKA O4HOMO U3 NiraHaoB (co3faHne MoaesbHOW
cmecy Ne2)

* IOMEPUTb ANEKTPONPOBOJHOCTb PacTBOPa
* CO3/aTb OJHAKOBbIE MOAENbHbIE CMECH ANS KaXA0ro MaTepuana

* MTOMECTUTbL B KaXKAyt MOLESIbHY CMECh KyCOYeK 1ccneagyemoro matepuana
onpeaeneHHon nnowaau

* KUNATUTb (M HAaCTanBaTb) CUCTEMY C 0OPaTHLIM XONOAMUMBHUKOM, UMUTUPYS MPOLLECC
BapKM (1 XpaHeHus) LLien, onpeaeneHHoe Bpems




MeTOoAUKA 3KCNEePUMEHTAABHOU NPOBEPKU

UacTtb 2. VlccnenosaHue noay4eHHoro pacteopa

* UI3MEPEHME 3NEKTPOMPOBOAHOCTN U CPAaBHEHWE C 3NEKTPONPOBOAHOCTHLIO
NCXOHOW MOAENbHON CMECH (OXMAAEM YMEHBLLEHWE 3NEKTPONPOBOAHOCTM
n3-3a pocta pH)

*KOHLEHTPMPOBAHWE pacTBopa Mo BakyyMOM W CpaBHEHWe ero LiBeTa C LiBETOM
MCXOOHOW MOENbHON CMEeCK (0Xnaaem M3MeHeHne OKpacky pacTeopa C
NPO3PaYHOro Ha LIBETHOW, TaK KaK KOOpAMHALMOHHbIE COeaNHEHNS YacTo
LiBETHbIE)

*BbinapuBaHue pacTBopa 1 NpokanueaHue (OXuaaemM Hanu4ve TBepaoro
ocTaTka, NOATBEPXAAtOLLETO HaNMYMe NOHOB B MOAENbHOM PacTBOpe)

* KOHLIEHTPVUPOBAHME PACTBOPOB NOA BaKYYMOM 1 NPOBEAEHINE KAYECTBEHHbIX
peaKLWi Ha COOTBETCTBYIOLLME MOHbI METANMOB )1




MeToAUKA 3KCNEePUMEHTAAbBHOM NPOBEPKU

YacTtb 3. CnpaBoYHbI MaTepman no Ka4eCTBEHHLIM PeakUnsam

* Ha Melb

Cu® + 4NH,*4H,0 = [Cu(NH,) 4]2+ +4H,0
[Tpn nobaBneHUn pactBopa amMuaka pacTBop NprobpeTaeT APKO-CUHIO OKpacKy
* Ha Xene3o
ObpasoBaHue ocagka CUHero LBeTa:

3Fe”* + 2[Fe(CN),]* — Fe,[Fe(CN).],|
KauyeCTBEeHHasi peakLms Ha conu xenesa (Il) — ¢ kpacHOM KPOBSIHO COSbIO C
obpa3oBaHWEM TYPHOYEBON CUHW

4Fe’ + 3[Fe(CN) | 4'4 — Fe,[Fe(CN) J,!
KayeCTBeHHast peakums Ha conu xenesa (lll) — ¢ xenTon KPOBSAHOW COMbHO C
obpa3oBaHueM BepIMHCKON nasypu

Cnasropoackas M.B., UmceipoBa A.®., CaunHosa H.B. - AHanuTtuyeckasa xummna. Metognyeckmne ykasaHus K nabopatopHo-npakTu4ecknm
3aHATMAM MO Ka4eCTBEHHOMY XMmnyeckomMy aHanuay. - BCIYTY, Ynan-Yas, 2002r.
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MeToANKA SKCNEePUMEHTAAbBHOM NPOBEPKU
YacTb 3. CnpaBoYyHbIM MaTepuan no ka4eCTBEHHbIM peakLMsaM
* Ha antMuHul

2AP* + Co(NO,), + 0,= Co(AIO,), + 2NO,
Obpa3zoBaHue TeHapoBOW CUHU - CMELLIAHHOIO OKCAa atoMUHMS 1 KobanbTa CUHEro LiBeTa npu
HarpeBaHuu
* Ha UUHK

Zn** + Co(NO,), + O, = CoZnO, + 2NO,
OBpa3oBaHwe 3eneHoro ocagka — CMeLaHHOro okcmaa kobanbsta v unHka (3eneHb PuHmana)
rpy HarpeBaHuy
* Ha 011080
Sn** + 2HgCl, = Sn** + Hg,Cl, + 2CI

[1pn rnaoponuse B NpUCYTCTBUM aMMUaka pacTBOpPoB conen onosa (1V) obpasyetcs benbii
0CafloK — 0-ONOBSIHHASA KMCMOoTa

Sn** + 4NH, + 6H,0 = H,[Sn(OH) ] + 4NH,*

Cnasropoackas M.B., UmceipoBa A.®., CaunHosa H.B. - AHanuTtuyeckasa xummna. Metognyeckmne ykasaHus K nabopatopHo-npakTu4ecknm
3aHATMAM MO Ka4eCTBEHHOMY XMmnyeckomMy aHanuay. - BCIYTY, Ynan-Yas, 2002r.



DKCMNEPMMEHTAABHAOS
4OACTb peLUeEHUS
30AQ4M

724



EE HET! NMovyemy?
[ToTOMY 4TO OHQO HeLeAecoobpa3Ha!

* N0 gaHHbIM MogenbHbiM cmecsam caenatb KOJIMYECTBEHHbBIE
BbIBOAbI O NpoTekatoLmx B wax npouecca HE BOSMOXHO, a
Ka4eCTBEHHbIE BbIBOAbI HE NMOABEPralTCA COMHEHMIO

* KOHEYHbI COCTaB MoaenbHoro pacteopa = f(T,t, S noBepxHoOCTH
MeTansa, ka4ectea NnoBepXHOCTWU MeTanna, S NoBepXHOCTH
rpaHuLbl pasgena mogdesibHbIn P-p — BO3AYX, UCTOYHMK NUraHaoB)

* ObITOBbIE COOBPAXEHNSI NOATBEPXKAAIOT, YTO Pacxo MaTepuana
KacTPOSIN NPW MHOTONETHEM €€ UCMOMb30BaHUN He 3amMeTeH

75



BbIBOADI:

. [1py NPUrOTOBNEHUN N XPAHEHUN LLIEW NPOTEKAIOT
crnegyoLue npoLeccsl:

1. oKucneHue meTtanna v nepexon ero B Xuakyto dasy B
CrneacTBue:

* SMEKTPOXMMUYECKOU KOPPO3nHK

* OKMCNEHMS KNCNOPOJOM BO3ayXa
e OKMCIeHus noHamu H*

2. KomnnekcoobpasoBaHue

720



BbIBOADI:

. [lpeanoxeHbl ABe MOAeNbHbIE CMECH

. [lpegnoxeHa MeToauka aKCnepMMeHTanbHOM
NPOBEPKN

IV. ObocHoBaHa HeLlenecoobpasHoCTb
NpoBedeHNa caMoro aKcnepnmeHTa

77
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Cnacmbo 3d BHUMAOHME!

20



OrpaHmyeHms (AyOAb 2)

*bynem cuntatb amo (13 ycrnosus) —
BbISBMEHHbLIMW XUMUYECKUMM NpoLieccamu, a
He BPedHOCTb NPUrOTOBIEHUS U XPaHEHNS
ML

30



* MYCTb XWOKOCTb YENOBEK MOMYyYaET TOMbKO M3 Len. B cyTku
HeobxoaMmo NoTpebnsaTs 2 1.

* NMPEANONOXMM, YTO KONKN4eCTBO MeTannoB B wwax = MK
* NpMeM Maccy kacTptonu, pasHoi 500 r

Konn4ecTBO NeET, 3a KOTOPbIE KAaCTPIONSA NOMHOCTLIO NepenaeT B
PacTBoOp

eAntomuHmneBas: 1370
«)KenesHas: 13700
*MegHas: 685
*OnoBsiHHas: 343

31



K (antomuHmn) = 0,5 mr/n
K (xene3o) = 0,1 mr/n
< (megp) =1 mr/n

« MK (

(

0NOBO) = 2 Mr/N
UMHK) = 1 mr/n

]
e I s N e Y o R

[TocTaHOBNEHUE: rMaBHbIA rOCYyAapCTBEHHbIN caHUTapHbIi Bpad PP 30 anpens 32
2003 r N 78 (H111n)



[ MAPOAM3 KNP OB

C,H,(CO0),-R + 3H,0 <> C,H.(OH), + 3RCOOH

Cng — O - COR; Cng - OH R — COQOH
CH —-O-CQRz +3HO—p CH - OH 2 B — COOH
Chg — O —-CORs3 &Hg — OH Rz — COOH
Hup Inunepun KapboHoOBEIE KHCIOTEL

33



KMCAOTBI LLLEM

llaBeneBas 5,4*10 5,4*107 LLlasenb
AckopBuHoBas 7,94*10° 1,26*102 MeTpyLuka
Cop6uHoBas 1,62*107 KBaLLeHas kanycra
OnenHoBast 1,5*10° CBUHOW Xup
TapTpoHoBas 510 Kanycra

HoBblI cnpaBoYHMK XMMKKa U TexHornora.OCHOBHbIE CBOWCTBA
HEOPraHM4ECKMX, OPraHYECKNX 1 BNeMEHTOPraHN4ecKNX coeanHeHui. Cl16.: 34
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KUCAOTBI LLLEU

LLIaBENEBAA aCKogﬁl/lHOBaFl TapTPOHOBAA
H
® OH : Ho ? i

HO : O
> < \/\q HO™ "‘~--|—-f" SOH
HO O S

HO OH

onenHosas copbuHoBas

sy /\/\/U\
\c_c\ ™ ae RS oy

(CHz); C

\OH 35



KOHCTAHTbI AMCCOUMALMM OMUMHOKUCAOT

deHunnanaHmH 1 48*10 2 4* O 0

TpunTodaH 4,17*10° 4,07*10°1°

[ncteauH 1,66%10% 1,07*10° 1,07*10°
APryHUH 6,610 8,13*10°10 6,31*107
NnauH 6,31¥103 1,26*10° 5,23*10™™
TPeoHWH 3,16*103 7,59%101°

Axkybke X.-[., Ewkant X. Maea 3.5 ®dusmko-xummnyeckune csoncrtea // 36
AMUHOKUCIOTHL. nentuabl. oenkn. — MockeBa:-Mubp. 1985. — C. 3566—363.



KOHCTAHTbI AMCCOLMALUMU AMMHOKMCAOT

: 46810°
2 4#10710

LincrenH 1,95"10
BanuH 4,79*10
MeTnoHWH 5,25*
"TponuH 1,02*
IMLMH 4,57
NyTaMuH 6,76"
yTamuHoBas k-Ta  3,09*

6,17*10°

2,57
2,57

7,47

1,12*10°

*4 N-

*4 N-

*4 N-

Axkybke X.-[., Ewkant X. Maea 3.5 ®dusmko-xummnyeckune csoncrtea //

AMUHOKUCIOTHL. nentuabl. oenkn. — MockeBa:-Mubp. 1985. — C. 3566—363.
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o AMMHOKMCAOTHI

deHnnanaHuH
H 'T' . O H . ']' _O
N—Cll—C\ /N—C|:—C\
H OH H OH
CH
2 (|3H2
TpunToaH o CH, CH,
OH s T
| T CH,
HN NH2 6 |
H,N  ~NH N
O
r”Cmﬂ”H ApryHUH J3nH
7 OH Bepesos T.T., KopoBkuH B.9.
( / Knaccudukaumsa ammHokucnor //
HN NH- Buonornyeckas xummsi. — 3-e uap., nepepa6.38
..... R . Marmisrisarim 1000 2N\ -~



H . | ,/O
/N—?—C\
H CH OH
HO CH,
TPEOoHWH LinctenH BanuH
MeTUOHMH o [ponuH
_S OH
HsC OH

NH, NH

Bepesos T.T., KopoBkuH B.®. Knaccudumkaumsa ammHokucnot // buonormnyeckas
YUMUUa — R-eau2n nebenab mnon — M- Menuviivea 190R — 704 ¢
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[ AYTOMMH

O O O @)
+H,0
HoN OH HO OH

[ nyTammMHOBag k1cnoTa

H
HOOC ? CH, HOOC

to
| e HN
H/N CH, —HO ;
c/ O
~Z Kucnorta
O NUppPonnaoHKapHoHoRan .

[ nyTamnMHOBag kucnoTa

Bepesos T.T., KopoBkuH b.®. Knaccudumkaums ammHokucnot // buonormnyeckas
Xumus. — 3-e u3a., nepepad. n gon.. — M.: MeanumHa, 1998. — 704 c.
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[TOOCTPAOHCTBEHHOE CTPOEHMNE
KOMIMAEKCOB

YHCIO Ccomerpuueckan koudurypanus

2 S —® — auHenuas

4 I:I — NJA0CKasi KBaapaTHas
4 — TeTpaapirdeckKas

6 A‘ — OKTa’apH4decKasl, CXEeA.. H4ye-
V/ cKkyu M306parcaeMast Tak:
Lid

muHka H. J1. Obwaga xumumsa. — M.: Beicluas wkona, 2003. — 743 c. 4 1




[Toouecc Ne3. OOpa3oBAHME
KOOPANHALMOHHbBIX COEAMHEHNM

KoopanHaLWOHHbIe Yncna MeTansos:
* Al: 4; 6;

/n:4:6

* Sn: 4: 6:

* Cu: 2; 4; 6;

*Fe: 6

FO. M. KuceneB Xnmusi KoopamHaunoHHbix coeanHeHun. — M.: uterpan-llpecc, 42
200 — 772R ¢



AMArPAMMA COCTOaHMA CU-Zn

T. °C
1000 :x\x\\mw
\x X+3 K
800 \ %\
@ \\\ g / / Wy~
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ANArpaMMa CoCToaHma Fe-Fe ,C
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Anarpamma lNypobe AA3 AAIOMUHUS
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5 & PAMME SEEKTPOXHMHYCCKOIO DASHOBECHS ANOMHENN B BOM -
4 € ARN CAy-
WAR OXMCHeHms B DOPME THIPADPTHAIHTSE (4Ha SO SAEKTPOAHOIT DOTENENA R ng-
b OTHOCHTENLIO BOACPONHONIT SNAEKTNOMNS ):

I — cCracrns HEBOCIPM MBI HBOCTH (AI)_; Il — oGaacry. maccuBBoOCTH (A)O,-571,0);
1! — pacrropenne » BHAC HOHOD AP""‘; IV — pactesopense B pHne HOSlon AlO;‘
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