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BBenenue

JlaHHbIE METOIMYECKUE yKa3aHUs MpeAHa3HAUYCHbI ISl TTOJITOTOB-
KU K JJabopaTopHOU paboTe «IKBUBAJICHT. 3aKOH SKBUBAJIEHTOBY U BbI-
MOJIHEHUSI CAMOCTOSITETIbHON PabOThI MO TEMECTYIEHTAMUTEXHUYECKUX
(HEXMMHUYECKHX) HaIpaBJICHUN IMOATOTOBKH. MeETOAMYECKHUE YKa3aHUsI
coJiepaT omucaHue J1abopaTopHON pabOThI, BKIOYEHHON B J1abopa-
TOPHBIA MPAKTUKYM JTUCIHUIUIMHBI «XUMUS», TPEOOBAHUS K OTUYETY, BO-
IPOCHI JJIsl CAMOTIOITOTOBKH.

B ykazaHmsax pa3Oupaercs TEOpETHUECKHMH Marepuaa 10 TeMe
«JKBUBAJIEHT. 3aKOH SKBUBAJICHTOBY». PaccMmarpuBaroTcs MpuMepsl 3a-
nanuii. Bce 9T0 m03BOJIAET CTyACHTaM IOJIHOIIGHHO OCBOMTH MaTepuall
TEMBI ¥ TIOJITOTOBUTHCSA K 3aHSATHIO.

Meroandeckre yka3aHHs MMO3BOJISIFOT MOATOTOBUTHCS K BBITIOJIHE-
HUIO JJabopaTopHOI paboTe, MPOU3BECTH TpeOyemble pacy€Thl U odop-
MUTb OTYET.

B meTonnueckux ykazaHUSX MPUBOAATCS 3aJaHUsS, PEKOMEH]ye-
MBIE JJISI CAMOCTOSITEIHHOTO BBITIOTHEHUS ITOCTIE M3YUYCHUS TEOpEeTHYC-
CKOro Marepuana mo Teme. [[puBoUTCS CIMCOK PEKOMEHYEMOM JTUTe-
paTyphl.

K nabopaTopHOMY 3aHATHUIO CTYJEHTHI TOTOBSTCS 3apaHee, u3ydas
TEOPETHUYECCKUN MaTepuall, METOAUKY BBITTOJHCHHUS JKCICPHUMEHTA M
TpeOOBaHUS K OTUETY.

IJKBUBAJIEHT

Ikeusanenm (3) -3TO yCIOBHAS YaCTHUIA BEIIECTBA, KOTOpas MO-
KET 3aMelaTh, MPUCOEIUHITh, BEICBOOOXKIATh UM OBITh KAKUM-TTHOO
JPYTMM 00pa30oM >KBHBAJEHTHA OJHOMY MOHY Bopopozaa (H') B moHo-
OOMEHHBIX PEaKIUAX WIM OJHOMY BJEKTPOHY (€) B OKHUCIHUTEIbHO-
BOCCTAaHOBUTEJIbHBIX PEAKITHSAIX.

HNoH BOmOpoJa W 3JEKTPOH SIBIAIOTCA 11a0JIOHAMHU OJIHOTO SKBH-
BaJICHTA, TIEPBBIM B OOMEHHBIX MPOIIECCax, BTOPOH — B OKUCIUTEIBHO —
BOCCTaHOBUTENBHBIX. OO YaCTHUIIBI MaJI€HbKHE, TTOATOMY IKBHBAJIEHT,
MPUPABHEHHBIN K TAKUM MaJICHBKMM YacTHIIAM, CaM MOKET OBITh JIN0O
PaBeH peaJibHOI YacTuie, Ju00 MeHbIIe ee B HeCKOJIbKO pa3. s



OTpPaHUYCHHS pa3Mepa DKBUBAJICHTA HCIOJB3YIOT BEIUYHHY, KOTOpas
Ha3biBacTCs (pakTop IKBUBATEHTHOCTH(T5).

Du3uyecKuii cMbIC/1 IKBUBAICHMA3AKITIOUAETCS B TOM, YTO JK-
BUBAJICHT XapaKTEPU3yeT PCaKIMOHHBIC BO3MOXHOCTH BEICCTBA!
CKOJIbKO UMeHHO VOHOB BOJIOPOJIa WJIM SKBHBAJICHTHBIX €My OJIHO3a-
PSAAHBIX YaCTHUIT MOKET MCIOJIb30BaTh MOJIEKYIa (MOH) BEIIECTBA B HO-
HOOOMEHHBIX PEaKIMIX, WA CKOIbKO UMEHHO YTIEKTPOHOB MOTPeOyeT-
Ci JUIS TPEBpAIlICHUS OTOW MOJCKYJIBl (MOHA) B OKHCIUTEIBHO-
BOCCTAaHOBUTENbHBIX peakuusax (OBP).

DaKTOP 3KBUBAJICHTHOCTHUIIOKA3BIBACT, KaKasl JI0JIsI OT PEATbHOM
YaCTHULIbI COOTBETCTBYET OJITHOMY SKBUBAJICHTY 3TOM YACTHIIbI.

f3 - 1/2,

I7€ Z — SKBUBAJICHTHOE YMCII0, paBHOE IEJbIM unciaM, Z = 1,2.3.4... .
@DaKTUYECKH Z PABHO YMCIY 3aMEIICHHBIX KATMOHOB BOJAOPOAA, WU
MPUHATHIX (OTAAHHBIX )3JIEKTPOHOB.

Hampumep, omnpenenum (akTopbl SKBUBAJIEHTHOCTH CEPHOM KH-
CJIOTHI B IBYX PEAKIIUSX:

1)NaOH + H,SO, = NaHSO,+ H,0
2) 2NaOH + H,S0O, = Na,SO,+ 2H,0

B mepBoM ypaBHEHHH U3 JBYX KaTHOHOB BOJOPO/A, COJCPIKAIINX-
Cs B OJIHOW MOJIEKYyJIC CEpHOM KHCIJIOTA, MOJBEPraeTcs 3aMeICHUI0 Ha
MOH HATpHS TOJIBKO OJMH HOH, MO3TOMY (PaKTOp SKBHBAJICHTHOCTH
CEpPHOM KHCJIOTHI B 3TOM CIIy4ae PaBeH €AMHMIIE, a CaM YKBUBAJICHT CO-
OTBETCTBYET MoJjekyne kucnotsl: f5 (H,SO,) = 1. Bo BTOpOM ypaBHe-
HUU TIOABEPraroTCsl 3aMELIeHHI0 00a KaTHOHA BOJOPOAA, KaXKIBIH M3
KOTOPBIX COOTBETCTBYIOT OJJHOMY 3KBHBAJICHTY, CIEAOBATEIHHO, SKBH-
BaJICHT PaBEH MOJIOBUHE MOJIEKYJIbIcepHON KUCIOThI:f5 (H,S0,) = 7.

He Bcerpma mpezacrasisieTcsi BO3MOXKHBIM ONPENENIATh pa3Mep dK-
BUBAJICHTA Yepe3 KaTUOHBI BOAOPOAA. B 3TOM ciiydae MOXKHO YYHUTHI-
BaTh KOJMYECTBO 3aMEIICHHBIX B PEaKIMu OOMEHa OJIHOBAJICHTHBIX
4YacTUll, HanpuMep, ruapokcu HoHoB OH-, MOHBI TEpBOM WJIH CEIBMOU

+ + - -
rpynn rinaBueix moArpyma (K', Na*, CI, F u 1.1.). B ykazanHbIX ypas-
HEHUSIX (PaKTOP PKBUBAJICHTHOCTH MOXHO TaKXE€ CUUTATh YEPE3 YHUCIIO



MOHOB HAaTpUs WU THAPOKCHUJ — MOHBI. B mepBOM ypaBHEHMH OJIHA MO-
JeKyJla CEpHOM KHCIOTBI pearupyeT ¢ oaHoi Mojekynoit NaOH, Bo
BTOPOM ypaBHECHHH — C IBYMs. B ypaBHEHMSIX OOMEHHBIX PEAKIIMMN JIIS
IIPAaBUJIBLHOTO ompeaencHus (hakTopa YKBHBAIECHTHOCTH JIOJKHBI OBITh
IPaBIJIHLHO PAacCTaBICHBI KO DHUITUEHTHL.

s onpenenenust pakropa sxkBuBasieHTHOCTH B OBP HyXHO pac-
CTaBUThb CTEIICHU OKHCIJICHUS DJIEMEHTOB U OMPEACINUTh, CKOJIBKO 3JIEK-
TPOHOB OJIHA YacTHUIIa OTJAeT WJIM NMPUHUMAET B peakiuu. Hampumep,
U1l ompeieieHrs (pakTopa SKBHBAJIEHTHOCTH cepoBoaopoaa H,S B pe-
akumn: 2H,Sr) + 30, = 2S0; + 2H,0, cHauana onpenensieM CTeleHb
OKHCJICHUSI aTOMa, KOTOPBIM BXOAUT B coctaB H,S u m3mMeHseT creneHp
OKHCJICHUS B XOJI¢ peakiuu. B JaHHOM ciy4ae 3TUM 3JIEMEHTOM SIBJIS-
ercs cepa: S? -6e — S**. Tak Kak B X0Je peaKkiyy mepeaacTces 6 eK-
TPOHOB, (PAKTOpP PKBUBAJICHTHOCTH CEPOBOJOpOJa paBeH 1/6, sKBHUBa-
JICHT paBEH IIeCTOM yacTu MojeKysl H,S.

Huxkakoro ydera koddduimenToB B OB peaknusx npu onpejene-
HUM (haKTOpa SKBUBAJICHTHOCTH HE TpelyeTcs.

Macca ogHOTO MOJISI SKBUBAJICHTOB HAa3bIBACTCS MOAAPHOU MAC-
COll  IKBUBANIEHMOB  6eulecmed (3KeusaneHmHoOIll  maccoii)
M. Enunauiia uamMepenus r/Moiab-3kB. OHa pacCUUTHIBAETCS, KaK MPOU3-
BejicHUE (haKTOpa SKBUBAJICHTHOCTH Ha MOJIIPHYIO MacCy BelllecTBa:

M, :fg‘M (1)

MonsipHas Macca SKBUBAJICHTA CJIOKHOT'O BEIIECTBA PaBHA CYMME
MOJIIPHBIX MAacC 3KBHBAJIEHTOB OOPA3YIOIIUX €r0 COCTaBHBIX YacTEW,
T.e. M3 (AB) = Mb (A) + Mb (B), HannpuMmep, MoJIsipHasi Macca SKBHUBA-
JIEHTa OKCHJIa KaJIbI[Msi paBHA CyMME MOJISIPHBIX MAacC 3KBHBAJICHTOB
KaJblus 1 kuciopoaa: Ma (CaO) = Mb (Ca) + Mb (O) = f5'M (Ca) +
f3M (O)

Mbs (CaO) = 20 + 8 = 28 r/Mmonb-2KB.

N Mb (CaO) = f5 -M (Ca0), f; =%, M (CaO) = 56 r/mounb,
M>»(CaO) = 28 1/M01b-2KB.

["'a3000pa3Hbie BElIecTBa MOMUMO MOJISIPHOM MacChl SKBUBAJIEHTA
UMECIOT MOJAPHBIIE 00bem IKeuganenma, /5, (WM IKEUBATIEHMHbLIL
00bem)- 00beM, KOTOPBIN 3aHMMAaET OJIMH MOJIb SKBUBAJIEHTa ra3z000-
pa3HOTO BeElIeCTBa MPU HOPMaIbHBIX yCIoBUsAX.EnuHuia uzMepeHus
JI/MOJIb-2KB.




OH u3MepsieTcsi B IUTpax U Bbiuucigercs (npu H.y., To = 273 K,
Po= 760 mmM pt. ct.unu 101,3 klla), kak npousBeaeHue pakropa 3KBU-
BaJICHTHOCTHU Ha MOJISIpPHBIA 00bEM rasa.

V3 - fg’VM = f3'22,4 (H)(Z)

[lepecuer KoaMyecTBa BENIECTBA HA KOJIMYECTBO SKBUBAJICHTOB
IPOU3BOAMUTCS 110 (hopMyIIe:

Ny = —/—
fs (3)

Ecnu He ykazan mpoiiecc, To (GakTop SKBUBAJICHTHOCTH B MOYHO
omnpeaeuTh 1o hopMyIie:

1 (4)
B-N
rae B -BajeHTHOCTh (PYyHKIMOHAIBLHOW TPYIIBI, BXOSIIEH B COCTaB
BemiecTBa, N — KOJTMUeCTBO (yHKIIMOHATBHBIX YacTeH.

Heopranndeckue coeauHeHHs] ACIUM Ha ABE (PYHKIIMOHAIbHBIC
4acTH, HAIIpUMEpP, B OKCHJAX BBIIEIAEM DIIEMEHT U Kucinopon (0,0y), B
KMCJIOTaxX — BOJIOPOJI M KUCIOTHBIN ocTaTtok (HyAN), oCHOBaHUSX — Me-
TaJ1 U ruapokcwibHas rpymmna (Me(OH)y), B coisix — KaTHOH MeTalia
1 aHMOH KucioTHoro ocratka (Mey(An),). IIpu pacuerax daxropa k-
BHUBAJICHTHOCTH 110 (hopMyiie (4) B KauecTBE (PYHKIIMOHAILHON YacTH

- B OKCHJE YJIOOHEE HCMOJIb30BAaTh KUCIOPOJ, T.K. €ro BaJICHT-
HOCTh paBHa ABYM U (pakTuuecku Gpopmyiia npeodpaszyercs 10

_ 1
T Zn(0)

- B KHCJIOTaX yJ00HEEe UCIIOIB30BaTh BOJAOPO/I, U (popmyia nmpuoo-
1

3 =

peraer Buy; =)

- B COJISIX MOKHO CUMTATh IO METAJULY WJIHA MO KUCIOTHOMY OCTaT-
Ky,

- JUI1 MOHOB M IPOCTHIX BEIIECTB BCS YACTHIA CUYUTAETCA OJHOU
(YHKIIMOHAILHON YacCThIO.

Ilpumep 1. Onpenenure Jyisi NPUBEACHHBIX HUXKE BEIIECTB (haKTOp
AKBHUBAJICHTHOCTH M XHUMHUYECKyr0 (opmyny skBuBasieHTa:H3PO,,

Ca(OH),, Al (S0.);, C0O,,0,, Zn.



Pewenue::

®dakTop PKBUBAICHTHOCTH ompeaernsieM 1o ¢opmyie (4). Onpene-
asieMcsi ¢ (QYHKIMOHAIbHBIMU YacTsAMHU. {11 opTodhocopHO KHUCIOTHI
(GYHKIIMOHAIBHON YacThi0 OyJET BOJAOPOJ, JJIA TUIPOKCUIA KAJIbIIUS —
MOHBI TUAPOKCHUIIA, JJIsI CyJib(aTa aJTtOMUHUS

f3(H3PO4) = 1/3, S (H3P04) =1/3 {H3PO4},

f5(Ca(OH),) = 112, D (Ca(OH),) = 1/12{Ca(OH),},
f3(Al(SOg)3) = 1/(2:3) = 1/6, 3 (Alx(SO4)3) = 1/6 {Alx(SO4)s},
f5 (CO,)=1/(2-2) =1/4, D (CO,) = 1/4{CO,},

f5 (0,) =1/(2:2) =1/4, D (0,) =1/4{0,},

f5 (Zn)=1/2, D (Zn) = 1/2{Zn}.

Ilpumep 2. Onpenenute GaKTop SKBUBAICHTHOCTH U XUMHYECKYIO
dbopmysly SKBHUBAJICHTA IMOJYEPKHYTHIX BEIECTB BYPABHCHHUSAX pEaK-
muii:1. AI(OH); + 2HCI = AIOHCI, + 2H,0

2. 2Hg§(r) + Oz(r) =2S + 2H20

Pewenue.B niepByro ouepenb CICAYET ONPENCIUTh, C KAKUM TH-
IIOM PEAKIUU MBI UMEEM JEJ0: C OKHUCIUTEIbHO-BOCCTAHOBUTEIBLHOM
peakuye Win MOHHOOOMEHHOM. B mepBbIX 3TAJIOHOM 3KBHBAJICHTA SIB-
JII€TCSL DJIEKTPOH, BO BTOPBIX — OJHOBAJICHTHBIC YaCTHUIIbI, HAIPUMED,
H', OH, K", Na",CI', F u

Peakuus 1 sBnsiercs nonooomMenHot B neii AI(OH); tpespaiia-
ercsa B AIOHCI,, B MoneKyJie TUIPOKCHUIA ATFOMUHUS 3aMEIIaloTCs IBa
nona OH', va nonsl C/. CnenoBaTenbHO, €€ DKBUBAJICHT B JAaHHON KOH-
KPETHOM peakiuu coctaBisger 1/2 monekynsl AI(OH);, f3=1/2; D=
1/2{A1(OH)3}.

Peakiusa 2 okucauTeIpHO-BOCCTAaHOBUTEIbHASA. B Hell cepa mMeHs-
€T CBOIO CTeneHb okucieHus ot -2 (B H,S) 1o 0 (B S). Ilepememarorcst 2
anekTpoHa. ClieqoBaTeNbHO, B JAHHOM KOHKPETHOM PEaKIMU MOJIEKYJa
CEpOBOIOPO/Ia COACPIKUT 2 SKBUBaAjCHTa, T = 1/2, D = 1/2{H,S}.

3AKOH DKBUBAJIEHTOB
3akoH skBUBaIeHTOB ObLT chopmynupoBaH B 1800 r Tak:«Bce Be-
IIIECTBA PEarupyroT B SKBUBAJICHTHBIX OTHOIICHUAX». COBpEMEHHOE OTI-
peleneHne 3aK0OHa YKBUBAJICHTOB TJIACUT:



Monv 3IK6uBaeHmMO8 00HO20 6euiecmea peazupyem ¢ OOHUM
MOJ1eM IK6UBAIEHNO06 OPY2020 6eU{EeCMEd, MO eCMbKOJIUYeCmea mMoJlb
IKGUBANIEHM OB, YUACMEYIOUWUX 6 DEAKUUU 8euleCme, PABHbL MeHCOY
cooboil.

Jns ypaBHenus aA + BB = eE, 3ak0H 5KBHBaJICHTOB MOKHO 3aIlu-
cath kak N, (A) =n, (B) =n, (E).

PacnipoctpaneHo omnpeaeneHue, MO3BOJSIONIEE UCMOJIb30BaTh 3a-
KOH 9KBHUBAJICHTOB JIJI CTEXMOMETPUUYECKUX PACUE€TOB O€3 HAMMCAHUS U
aHanv3a XUMHYECKUX YypaBHeHUW:Maccol yuacmeyrowjux 6 peaxuyuu
geuyecme nPoOnoOPUUOHAIbLHLL MOJAPHBIM MACCAM UX IKEUBATIEHMOG.

m4 _ M 31 (5)
ms My

JI1s1 ra3oB CripaBeJIMBO TAKKE OMPEICIICHUE, HCIIOJIb3YIOIIEE MO-
JISIpHBIE 00bEMBI IKBUBAJICHTOB:

Oovemobl yuacmeyouwux 6 peakuyuu 2a3000pa3HbIX Geujecme
NPONOPUUOHAIbHBL 00beMaAM MO UX IKCUBATICHMOE'

i Ve (6)
Va o Vg

HOI[GJ'II/IB MACCy KaKIO0I'o BCIICCTBA HA MOJBIPHYIO MACCY €ro 9K-
BHUBAJICHTA, I1OJIyYacCM:
my __ M3 (7)

Ipumep 3.

CKOJIbKO TpaMMOB Maprasiia MOXHO MOJay4uTh U3 MnQO,, eciu
U3pacxoJ0BaHO ObLIO 3 MOJIb SKBUBAJICHTOB aJIFOMUHMUS?

Pewenue. B nanHou 3a1aye peyb UACT O MOJYUYEHUU YUCTBIX MeE-
TaJJIOB M3 WX OKCHIOB METOJOM BOCCTAHOBJICHHUS APYTUM, OoJiee ak-
TUBHBIM METAJUIOM (QJIFOMUHHEM, MarHUEM, KaJIbI[ME€M). ITO MPOMBIII-

JICHHBIN MCTO AJIIOMOTCPMUU . 0

C
3IMnO; + 241 — 3Mn + 241,05
CornacHo 3aKk0Ha 3KBUBAJICHTOB, N, (Mn) = n, (Al) = 3 Monb-3KB.
dakTop skBuBajgeHTHOCTH f5 (MN)= Y4, aTOM MapraHiia B X0¢ peaKkIiuu
. +4 0
npuHuUMaeT 4 snekTpoHa: Mn "+4e— Mn".
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MonsipHyto Maccy SKBHBAJECHTOB MapraHIia omnpesnesnseM 1mo ¢op-
myie (1) M5(Mn) = 55,0/4 = 13,75 r/mo:mb.
Haxoaum maccy mapranna: m = M, -n,= 3-13,75 =41,25r.

Ilpumep 4.

Kakyro HaBecKy aatOMHHHUS PacTBOPWIIM B KHUCJIOTE, €CJIM IIpHU
temrneparype 291 K u naBnenun 734 MM pT. CT. 00BEM BBIICTUBILIETOCS
BOJIopoja coctaBmi 113 mi?

Pewienue:

Hcnonb3yst 00beITMHEHHBIN Ta30BbIN 3aKOH,HalieM 00beM, KOTO-

PBIN 3aIMET BOJAOPOJ IIPY HOPMAJIBHBIX YCIIOBUSX:
V- Ty 113-734-273
V, = = = 103 mn
po'T 760291
Po- JaBJICHUE NIPH HOPMAJbHBIX yciaoBusX (760 MM pr.cT.), To- Temme-
patypa nmpu HOpMaIbHbIX ycioBusx (273 K).

IIpu B3anMOAECUCTBUHA AIIFOMUHUS C KUCIOTOW METAJI OKUCIISAETCS
70 CTEMEeHM OKHUCJEHUs +3, MpU 3TOM OTJAET TPU DJICKTPOHA, CIEA0Ba-
TEJIbHO, AKBUBAJIECHT AJIIOMHHUS COCTABISET OAHY TPETh €ro aroma
f5(Al)= 1/3, monspHas Macca SKBHBaJICHTOB afoMUHUsS paBHa:Mb (Al)
=27/3 = 9 r/M0OnB-3KB.

B peakiuu creneHb OKMCIICHHUS BOJIOPOaa MEHsETCs OT +1 710 Hy-
asi. COOTBETCTBEHHO, B TpoOIlECcCe OOpa3oBaHUs MOJIEKYJbI BOJIOpOJAA
MPUHUMAIOTCS JIBA DJICKTPOHA, (PAKTOpP SKBUBAJIECHTHOCTU BOJOPOJAYA.
OO0BeM MoJIst SKBUBAJICHTOB Bojopoaa npu H.y. V3 (H,) = 22,4/2 = 11,2
J/MOJIb-IKB.

ITo 3aKOHY PKBHMBaJICHTOB PACCUUTHIBAEM HABECKY AJIFOMUHHSL:

9 r AlBpiTecHst0T U3 kucaoTel 11 200 mn H,

x T Al BerTecHA10T M3 KucjoTsl 103 M H,

9-103
11 200

x=—=0,082T

OOpaTtuTe BHUMaHUE, YTO MPU pacueTax C MPUMEHEHHEM 3aKOHA
ODKBUBAJICHTOB HaM HET HYXIbl BBIACHATH, KaKasd KOHKPETHO KHUCJIOTa
VICII0JIB30BAJIaCh UIsI paCTBOPEHUS.
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BOITPOCHI JII CAMOITPOBEPKHA

1. Uto Takoe skBUBaJIEHT? (PaKTOp SKBUBAJIECHTHOCTU?

2. Kak paccunrars MOJSPHYIO MACCy SKBHUBAJICHTA?

3. Uto Takoe SKBHUBaJICHTHBINA 00beM?

4. Kak Hax0IuTCS DKBUBAJIEHTHBIN 00BeEM?

5. Kak paccuutath (pakTop 3KBUBaJICHTHOCTH 1o (opMmyrse (0e3 yuera
ypaBHeHUs peakiun)? B kakoM citydae Takol moaxoJ JOMyCTUM?

6. Kak HaxoauTcs SKBHUBAJIEHT BEIIECTBA B  OKHUCIUTEIbHO-
BOCCTAHOBUTEIBbHBIX PEAKIIUAX ?

7. Kak HaX0IMTCSl PKBUBAJICHT BEIIECTBA B OOMEHHBIX PEAKIIHIX?

. Kak popmynupyercs 3aKkoH S5KBUBaJIE€HTOB?

9. Kakue npeumyIiecTBa UMEIOT CTEXUOMETPUUYECKUE PacueThl C HC-
MOJIb30BAaHWEM 3aKOHA SKBUBAJICHTOB?

o0

JIABOPATOPHAS PABOTA

Onpeoenenue MOAAPHOU MACCHI IKEUBATIEHI OB MEMANA
(Al, Zn)memooom évimecnenus 6000pooa

Metoa ocHOBaH Ha M3MEpPEHUH 00bEeMa BOJIOPOJ]A, KOTOPHIA BbI-
NENAETCS U3 KUCIIOTHI IPY IEUCTBUM HA HEE METAJLIA.

[IpumensiemMblit 1711 3TOM 1enu npubdop (PUCYHOK, a) COCTOUT U3
IBYX OIOPETOK, YKPEIUIEHHBIX HA IITATUBE M COEAUHEHHBIX PE3MHOBOMN
TpyOKoil. B 3TH coobimaromnuecs: cocypl 3ajMTa BoAa NPUOIU3UTEIHHO
10 cepenunbl OropeTok. OHa u3 OI0peTOoK (M3MEpUTEIbHAs) CBEPXY 3a-
KpbITa IPOOKOM ¢ OTBOJHON TPyOKO#, K KOTOPOIl MPHUCOEAUHSIOT MPO-
OMpKY, i€ NPOUCXOAUT PEAKUU MEKYy KUCIOTON U MeTaJioM. J{pyras
OrOpeTKa CIy>KUT IPUEMHUKOM JIJI BOJIbI, BBITECHAEMOW BBIICIISAIOIINM-
Cs IIPY PEAKLHA BOJLOPOIOM.

OO0beM BBIJEIUBIIETOCS BOJOPOJA OMNPEACNSIIOT IO Pa3HOCTH
YPOBHEH BOJbI B UBMEPUTEIBHON OIOPETKE O U MOCIE OIbITA, PUBEIS
BOAY B 00eunXx OIOpeTKax K OJJTHOMY ypoBHIO. Torja naBjieHue B U3MEPH-
TeJIbHOM OI0OpETKE paBHO aTMOC(EepHOMY.

[Tonyunte HaBecky MeTaiia y jabopanta. [IpoBepeTe repmeTny-
HOCTBh Ipudopa. [yig 3Toro ogHy U3 OIOPETOK MEPEMECTUTE BMECTE C
JANKOW IITaTUBA TaK, 4TOOBl ypOBEHb BOABI B Hel ctan Ha 10-15 cMm
BBIIIIE, YEM B IepBOM OropeTke. Eciii pa3HUIa B ypOBHIX HE U3MEHSETCH,
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npudOp repMeTUYEH; €ClIi YPOBHU B OIOpETKAaX BBIPABHUBAIOTCS, MPHU-
O0Op HErepMEeTHYEH, MPOIMYCKAET BO3/yX, O YEM CIIeIyeT 3asBUTh Ja00-
panty. B mpoOupky Haneite 3-4 mu consiHoi kuciotsl (20%). Iloa-
JepKuBas MPOOMPKY B HAKIOHHOM ITOJIOKEHHUH, MOMECTHUTE HABECKY
MeTasuia (He OIycKasi B KUCIOTY) Ha CTEHKY Yy OTBEpPCTUS MPOOUPKU U
3aKpOUTE MPOOUPKY MPOOKOM ¢ OTBOJHOM TpyOKO# OT OropeTku. B ka-
YECTBE PEAKIMOHHOTIO COCYJla MOXKHO HCIOJIb30BaTh JABYXKOJICHHYIO
POOHPKY (PUCYHOK, 0), B OJHO KOJICHO ITOMEIIAETCs KUCIOTa, B APYTOe
— METaJII.

T &

a 0
Pucynoxk — IlpubGop mns omnpenenenus odbema Bojopoja (a),
NBYXKOJIeHHas1 mpooupka (cocyn Jlangonbta) (0).

[IpuBenute BoAy B OFOpPETKAX K OJHOMY YPOBHIO U OTMETHTE YpO-
BEHb BOJBI B 3aKpbITOM Oroperke. OTCYET MPOU3BOAUTE MO HUKHEMY
MEHUCKY KUJKOCTU ¢ TOYHOCTBIO 10 0,1 ML

CTpsAxHUTE METaJUl B KUCIOTY (CMOWTe ero kuciotoit). Habiro-
JaiTe BBIACICHUE BOJOPOIA U BBITECHEHUE BOJBI U3 OIOPETKHU.

[To oxoHYaHUU peaKInu JaiTe MPoOUpPKE OXJIATUTHCS Ha BO3/YXE,
IIOCJIE YEro CHOBAa MPHUBEAUTE BOAY B OIOpPETKAaX K OJUHAKOBOMY YPOB-
HIO M 3alMIINTE HOBBIM YpOBEHb BOJIBI B TOM K€ OIOpPETKE, B KOTOPOM
OTMEYaay UCXOJHBIN YpOBeHb. [10 pa3HOCTH ypOBHEN BOABI 10 U MOCIIE
peakinu paccunuTaiTe 00beM BBIICIHUBIIETOCS BOJOPO/IA.
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3aMephTE JABJICHUE U TEMIIEPATYPY.

Od)ODMJIeHI/IC SKCIICPUMCHTAJIBHBIX JadHHBIX. PacueThl

1. Onpenenenue naBieHust BOIOPOAA.

Jlaxxe mpy KOMHATHOM TeMIiepaType nap HaJi HOBEPXHOCTBIO BObI
obOyaaeT 3aMeTHBIM JaBieHueM. [lodToMy mIsi ompeneneHus mapiiu-
aJBLHOTO JIABJICHUS BOJOPOAa HEOOXO0IUMO OT 00Iero (arMocdepHoro)
JaBJICHMS BBIYECTh JAaBJICHHE HACKHIIICHHOIO mapa h (cMm. mpusioxeHue).

p(HZ) = Parv™ h

2. lns mpuBencHUs o0OBbeMa BBIJICIHMBIIETOCS BOJIOpPOAA K HOP-
MaJIbHBIM YCJIOBUSIM UCTIOJIB3YIOT YPaBHEHHE Ta30BOT0 COCTOSHUS (00B-
CIMHCHHBIN Ta30BbIil 3aKOH):

Po - Vo p (H;)-V(H,)

T, T

3. OmpenenuB o0beM BOAOpOAAa MPU H.Y., BRIUUCIAIOT Maccy 1
MOJIb DKBUBAJICHTOB METAJLIA:

Mr MeTtaia - BBITECHSIIOT OpH H.y. Vg MJI BOJIOPO/Ia;
Mj5r/mons Metaiuta- 11200 Mo Bogopoaa.

4. CpaBHUBasi 3KCIEPUMEHTAIBHO HAWJICHHYIO MOJSPHYIO MaccCy
HKBUBAJICHTOB METAJIJIa C TECOPETUICCKUM 3HAUCHUEM MOJIIPHOU MACChI
AKBUBaJIEHTOB MeTauia (Al, Zn), onpenenure, Kakoll MeTalll ObLUT B3SIT
JUISL peakiiy. 3aluIIuTe YpaBHEHUE PEAKIMU B3aUMOACHCTBHUS 3TOTO
METAJIA C COJISTHOW KHCIIOTOW. 3aluIInTE B KYPHAIL:

- Maccy HaBECKH MeTajuia M T;

- YPOBEHB BOJIbI B OIOpETKE 70 peakiuu V' MII; U rocie peakiuu V'’
MIT;

- Temnepatypy, t’Cu T K;

- arMocdepHOe JaBJICHUE PMM PT. CT.;

- JaBJICHUE HACHIIICHHOT'0 BOJSHOTO I1apa, h MM pT. CT.;

[To nony4eHHbIM JaHHBIM PACCUUTAUTE:

- 00beM BolZIenuBIIEeTOCs Bojgopoaa Vy, = V''-V', mi;

- mapiaibHoe AaBieHue Bojgopoaa p(Hy) MM pT. cT.;
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- 00beM BOZOPOa IPH HOPMAJTIBHBIX YCIOBUAX Vg, MIT;

- TEOPETHUYCCKYIO MOJISIPHYIO MacCy SKBUBaJICHTOB M5 (Teop.) (Al
ZnN), T/MOJIb-9KB;

- ONBITHYK0 MOJSIPHYIO MacCy OKBHBAJICHTOB  MeETallia,
M5 (3kcrmep.), I/MOIb-2KB;

- OLIMOKU OTBITA:

a) aOCOJIIOTHYIO, 045, T;

0) OTHOCUTEIIBHYIO, 0¢yy, 0.

AOcontoTHas ommMOKa OMbITa PacCUUTHIBACTCS Kak aOCOIIOTHAs
BEJIMYMHA PA3HOCTH MEXIY IKCIIEPUMEHTAIBHO HAJACHHBIM U TEOPETH-
YECKUM 3HAYEHUSIMH MOJISIPHON MacChl SKBUBAJICHTOB METaJLIa.

0.6c. = M5 (3kcmep.) - M5 (Teop.).

OTHOCHUTENBHAS OITMOKA OIBITA PACCUYUTHIBAETCS KaK OTHOIICHUE
aOCOJIIOTHOW OIIMOKH K TEOPETUYECKOMY 3HAYCHUIO, BBIPAXKEHHOE B
IPOIICHTAX.

6 = |Bacl 100%
o = M3 (Teop.) ’

NHAUBUYAJIBHBIE 3ATAHUSA

3aoaua 1. ]I npyBEICHHBIE BEIIECTB OMPEACTUTE:

a) (akTOp SKBHBAJECHTHOCTH; O) IJi MOJYEPKHYTOTO BEIIECTBA
MOJISIPHYIO MacCy 3KBUBAJICGHTOB; B) JJISI Ta3000pa3HOTO COCAMHEHUS
SKBUBAJICHTHBINA 00BEM (H.Y.).

A. KpemuueBas kucinora, okcup azora (II) - ras3, cepHOKHUCIbIN
amroMuHni, okcug cepsl (V).

Bb. YkcycHas kucnota, cyabdaTr aqtOMUHUS, THAPOKCU]T KaJIbIIHS,
okcup yriepojaa (IV) — ras.

B. XXenezokanmessie kBacubl KFe(S0,),, okcun cepol (IV) - ras,
yroJibHasi KUcjioTa, ruapokeua meau (11).

I'. Amomokanuesble kBacibl KAI(SO,),, oxcun yriaepoza (IV) -
ras, cepHas Kkucyiora, rugpokcua xpoma (III).

. @ocdopHas kucnota, okcua azora (IIl) - ra3, ruapokcuyg Oa-
pus, pocdar Gapus.
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E. laBenesas kucnora H,C,0,, XJI0OpOBOJOPO -T'a3, OKCUJ CEPbI
(V1), cynbdar aaroMuHus.

K. Cepnucras kucnora, ruapokcua xpoma (III), pocdar xanbius,
okcuy azota (III) - ras.

3. AzotHas kuciorta, okcuj xpoma (III), murpar xpoma (III), ce-
POBOJOPO/I - Ta3.

M. Oxcua HaTpus, TUAPOKCH MarHus, CEpoBoIOpoA - Ta3, doc-
dat Gapus.

K. BpomoBogopos - ra3, ruipokcua 0apusi, CCpHOKUCIBIN altOMU-
Huii, okcua cepsl (VI).

JI. KpemuueBas kucnota, okcup azota (II) - ra3, runpokcuy amto-
MUHHS, XpoMoKanneBble kBacibl KCr(S0,),.

M.DochopHas kucioTa, TUAPOKCUT Kaiblusd, dochar Kamblus,
okcuna yriepoja (IV) - ras.

H. Vkcycnas kucnora, cyabdar amromunus, okcup skenesa (I11),
okcu cepsl (IV) - ras.

O. ®ropoBoAopoa - ra3, THAPOKCUJ KalblUs, XJOPHUJ TUTAHA
(1V), okcun cepsl (V).

I1. XnopoBonopon - ras, okcun dhocdopa (V), rupokcua xenesa
(IT), cynpdar nuHKa.

P. lI{aBeneBas kucinora H,C,0,4, TUAPOKCHU Kausl, OKCHJI KEeJe3a
(1), ammumaxk - ras.

C. YronpHas KucnoTa, cyjbdaTr amroMuHus, ruapokcun meau (11),
okcun azota (III) - ras.

T. CepoBonopoa - ra3, OKCHA aatOMUHUS, ¢ocdaT Kaablus, TH/-
pokcua maprania (II).

Y. Cepnas kwuciota, ruapokcun xpoma (1), xene3okanueBbie
kBacblK Fe(S0,),, okcun cepol (IV) - ras.

®. CepHucTass KHUCJIOTA, TUAPOKCHUJ LHHKA, AJTIOMOKAINEBbHIC
kBacuiel KAI(SO,),, oxcup yriepona (IV) - ras.

3aoaua 2. B NMPEAJIO0KCHHBIX YPABHCHUSAX pealcunfm.ml IOAICPK-
HYTBIX coeMHEeHMI onpeae/mTe CoCraB IKBUBAJICHTA U q)aKTOp IKBH-
BAJICHTHOCTH.

A.FC_CIQ + Hzo = FGOHC12+ HCl

KMHOA + Al + 2H20 = MIIOZ + K[AI(OH)4]



16

E.Alg@g)@‘k 2KOH = 2A10HSO4 + KzSO4
2KMnO, + 16HC] = 2MnCl, + 5Cl, + 2KCl + 8H,0

B. CaC03 + Hgmé = CaHPO4 + C02 + Hzo

Nﬁ‘ 503 = N205+ 502

r.gg(P_Oé)_z + H2804 = 2C21HPO4 + CaSO4

H2§ + 4C12 + 4H20 = HZSO4 + 8HC1

I[. Cag(PO4)2 + 6ﬂzs_04 = 3C3(HSO4)2+ 2H3PO4

KMnO, + Al + 2H,0 = MnO, + K[AI(OH),]

E.FLClg + H20 = FCOHC12+ HCI

N,O+ 20, = NyOs

K. C&COg + Hgmé = CaHPO4 + C02 + HZO
2KMnQ, + 16HCI = 2MnCl, + 5Cl, + 2KCI + 8H,0

3.&2@4}3‘*‘ 2KOH = 2A10HSO4 + Kst4

H,S + 4Cl, + 4H,0 = H,S0, + 8HCI

N. K3P04 + 3H2&4: 3KHSO4 + H3PO4
2CrO5 + 12HCI = 2CrCls+ 3Cl, +6H,0

K'EQ@A).Q + 2H20 = 2F€OHSO4 + HQSO4

Hg&g + 2H28 =S+ 3H20

JL QE(P—OA)-Z + HzSO4 = 2C3HPO4 + CaSO4

H,S + 4Cl, + 4H,0 = H,SO,+ 8HCl

M.Cr»(SO,); + H,0 = 2CrOHSO, + H,S0,
2H2§ + HzSOg =3S + 3H20

H. ZAIOHSOA + HzSO4 = Alz(SO4)3 + 2H20
4@3 + 50, =4NO+ 6H,0

0. Fe(OH); + HCI = FeOHCl,+ 2H,0

Ng + 20, =2NO,

H.CﬂCOg + H3PO4 = CaHPO4 + C02 + Hzo
4@3 + 70, =4NO, + 6H,0

P. CaC12 + H2$4 = Ca(HSO4)2 + 2HCI
2H2§ +0O0,=S +2H,0

C.Qg@é)_z + HZSO4 = 2C3HPO4 + C&SO4
4NH; + 40, = 2N,0+ 6H,0

T. Fe(OH 3 + HzSO4 = FCOHSO4+ HZO

Hgg + 4C12 + 4H20 = HzSO4+ 8HCI

y.@g@é}g + 2HZSO4 = Ca(H2P04)2 + 2C3.SO4
4@3 + 30, = 2N, + 6H,0O
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®.Al(OH); + HCI = Al(OH),Cl+ H,0
HZ§ + 202 = SOg + HZO

3aoaua 3. Pewaiime 3a0auy, ucnoyv3ysa 3aK0OH IK8UBA1EHM 06!

A. CKOJBKO TpaMMOB BOJIb()pamMa MOKXHO TOJIyduTh u3 W03, ecnu
U3PACX0JI0BAHO ObLIIO 3 MOJIb SKBUBAJIEHTOB MarHus?

b. Kakoit 00béM (H.y.) okcuaa yriepoaa (IV) Belmenutcs mnpu
CropaHuv 1 MoJib SKBUBAJICHTOB yTriiepoaa?

B. Kakoii 00bEM kuciopona (H.y.) MOTJIOTUTCS MPU OKUCICHUU 2
MOJIb SKBUBAJICHTOB HATPHUs?

I'. Kakoit o0beM (H.y.) BOJAOpPOJA BBIAEIUTCS MPU B3aUMOJCHCT-
BHUU C BOJAOU 3 MOJIb DKBUBAJIEHTOB KAJIBIIU?

. Kakoii 06beM (H.y.) Bogopojia moTpedyeTcs i BOCCTaHOBIIC-
HUs 1 MoJIb DKBHUBaAJIEHTOB OKcuaa tTutana (IV)?

E. Kakoit 00beM (H.y.) BOAOpPOJia BBIACIUTCS MPU B3aUMOJCHCT-
BHUU C KHCJIOTOW 2 MOJIb SKBUBAJICHTOB IITUHKA?

K. Kakoit 00beM (H.y.) BOJOPO/A BBIAEIUTCS NMPU B3aHUMOJECHCT-
BUM C KUCJIOTOHN 2 MOJIb 9KBUBAJICHTOB Xpoma?

3.Kakoii o6vem (H.y.) okcuaa yriepoaa (II) Beiaenutcst nmpu Boc-
CTQHOBJIEHHHM OJIHOTO MOJIb SKBUBAJIIEHTOB okcuja sxenesa (II) yrmepo-
ToM?

M. CxoJbKO rpaMMOB THUTaHA MOXXHO MOJIy4uTh U3 T10,, eciau u3-
Pacxo/10BaHO ObLIO 2 MOJIb IKBUBAJICHTOB aJTFOMUHUS?

K. CkonbKko TpaMMOB XpoMa MOKET ObITh IOJIYyYEHO W3 OKCHJA
xpoma (Ill), ecnin u3pacxomoBaHo Ha BOCCTaHOBIEHUE | MOJIb SKBUBA-
JICHTOB AJIFOMUHUA?

JI. Kakoii o0beM (H.y.) BOJIOpOJa BBIJICIUTCS NP B3aUMOJICUCT-
BUM CO IEJTIOYBI0 TPEX MOJIb SKBUBAJICHTOB aJTFOMUHUS?

M. Kakoit 00bEM kuciaoposa (H.y.) TOTJIOTUTCS MPH OKUCIICHUU 2
MOJIb SKBUBAJICHTOB JINTHUSA?

H. Kakoii 06beM (H.y.) BOJOpOAa BBIACIUTCS IPH B3aUMOICHUCT-
BHUH CO IIEI0YBIO 2 MOJIb SKBUBAJICHTOB IIMHKA?

0. Kakoit o0bem (H.y.) BoJopoja oTpeOyeTcst sl BOCCTaHOBIIE-
HUs 1 MOJIb DKBUBAJICHTOB OKcH/a Bosb(dpama (VI)?

I1. Kakoii 06beM (H.y.) BOJOpOAa BBIACIUTCS MPU B3aUMOICHUCT-
BUM C KUCJIOTOM 2 MOJIb 9KBUBAJICHTOB Mapraiia?
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P. Kakoit 00beM (H.y.) BOJIOpOJia BBIACIUTCS IPH B3aMMOICHUCT-
BHUM C KUCJIOTON | MOJIb SKBUBAJICHTOB JKeJjie3a?

C.Kakoii 06bem (H. y.) okcuaa yriepoga (II) Beimenurces mpu Boc-
CTAHOBJICHHM OJTHOI'O MOJIb SKBHBAJICHTOB OKcuja xesnesa (III) yruepo-
nom?

T. CKoJIBKO rpaMMOB MapraHiia MOKHO NOJyunuTs u3 MnQO,, eciu
M3PacxoJ0BaHO OBLIO 3 MOJIb SKBUBAJICHTOB aTFOMUHMS ?

Y. CKoJabKO TpaMMOB XpOMa MOXKET OBITh IOJYYEHO U3 OKCH/JIA
xpoma (Ill), ecnin momuio Ha BOCCTaHOBJIEHHE 2 MOJIb DKBHUBAJICHTOB
aTIOMUHUS?

®. Kakoii 00beM (H.y.) BOJIOpPO/a BBIJICTUTCS MPU B3aUMOJICUCT-
BHUH CO IIEJT0YBIO ABYX MOJIb DKBUBAJICHTOB aJIFOMUHMUS?

3aoaua 4.

A. 1,62 r meramna oopazyer 1,74 r okcuga. Beruuciaure 3xBUBa-
JISHTHYIO Maccy MeTajiia.

b. OgunakoBoe koiaudyecTBO MeTaniaa coeaunsercs ¢ 0,2r O, u
2,00 r ranmoreHa. Haltu 5KBUBaJIEHTHYIO MACCy TaJIOTEHA.

B. IIpu cropanuu 2,50 r meraimna oopasyercs 4,72 r okcujaa me-
Tayia. OnpeaeauTh SKBUBAJICHTHYIO MacCy MeTallia

I'. Ha BoccranoBnenue 14,18 r okcuaa meranna tpedyercs 4,48 1
BOJIOpO/ia (H.y.). Berunucinure 3KBUBaJIECHTHYIO MacCcy MeTalla.

. 1,62 r. meTanna BeiaeaseT u3 kuciaotel 2,01 1 Bogopoaa (H. y.).
Briuncnure 3KBUBAJICHTHYIO Maccy MeTala.

E. 1,71 r metamia BeiTecHsieT U3 kuciaotsl 700 M1 Bogoposa (H.y).
OrnpenenuTh 3KBUBAJICHTHYIO MacCy MeTala.

7K. 1,80 r okcuaa MeTauia BOCCTAaHABIUBAOTCSA 883 M1 BOJAOpOIa
(1.y.). OnpenenuTh S5KBUBAJICHTHYIO MacCy MeTaJlia.

3. 16,8 T MeTanna BbITECHSIET U3 KUCIOTHI 3,36 J1 Bojopoa (H.y.).
OrnpenenuTh 3KBUBAJICHTHYIO MacCy MeTala.

N. 1,75 r meTanna BeITeCHSET U3 KUCIOTHI 0,7 1 Bojgopoaa (H.y.).
OrnpenenuTh SKBUBAJICHTHYIO MacCy MeTala.

K. 1,00 r amomunust oOpasyet rajmorenus ¢ 8,89 r rajgorena. Or-
peIenuTh SKBUBAJICHTHYIO MACCy TaJloreHa.

JI. 1,00 r metaiuia obpaszyet cynbdun ¢ 1,78 T cepel. OnpeaenuTsb
HKBUBAJICHTHYIO MacCy MeTajuia.
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M. DnemeHT o0pa3yeT OKCU, B KOTOpoM cojaepxkutcs 24,3 % ku-
cinopoja. OnpenenuTsb 5JKBUBAICHTHYIO MACCy JIEMEHTA.

H. DnemeHT 00pa3yeT okcua, B KOTopoM coaepxkurtcs 34,8 % ku-
cinopoaa. OnpenenuTh SJKBUBAIEHTHYIO MACCY 3JIEMEHTA.

O. OnpenennTh SKBUBAJICHTHYIO MacCcy MeTailia, eciau 8,34 r Me-
Taja okucisarores 0,680 1 kuciaopoaa (H.y.)

I1. OnpenenuTh 3KBUBAIEHTHYIO MacCy MeTaiuia, eciu 3,24 r Mme-
Tajiia oopasyror 3,72 r cynbduaa.

P. 3,24 r metanna oOpa3syer 3,48 r okcuma. Beruuciaure sKBUBa-
JIEHTHYIO Maccy MeTaJla.

C. OmHO ¥ TO K€ KOIMYECTBO MeTaiuia pearupyet ¢ 0,2 r Kucio-
poaa u 3,17 r rasorena. HaiiT 5KBUBAJICHTHYIO MacCy rajoreHa.

T. Ilpu cropanuu 5,00 r Mmetanna oopasyercs 9,44 r okcuga me-
tajuia. OnpeaennuTh SKBUBAJIEHTHYIO MacCy MeTalia

Y. Ha BoccranoBnenue 7,09 r okcuna metamia tpedyercs 2,24 1
BOJI0OpO/ia (H.y.). BeruuciauTe SKBUBaJICHTHYIO Maccy MeTaslia.

®. [Ipu B3aUMOIECHCTBUU C KUCIOTOM 3,24 T. MeTajia BbICIISIETCA
4,03 1 H, (1. y.). HaiiTi 5KBUBaJIEHTHYIO Maccy MeTala.
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[Ipunoxenue
aneJleHue HACBLIWEHHO20 800}1H020 napa
T, °C h, T, °C h, T,’C h,
MM PT. CT. MM PT. CT. MM PT. CT.
13 11,2 19 16,5 25 23,8
14 11,9 20 17,5 26 25,2
15 12,6 21 18,7 27 26,7
16 13,6 22 19,8 28 28,1
17 14,5 23 21,1 29 29,8
18 15,5 24 22 4 30 31,6




