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BBenenue

JlaHHbIE METOIMYECKUE YKa3aHUs MpeAHa3HAUYCHbI ISl TTOJITOTOB-
KU K JJabopaTopHOU paboTe «IKBUBAJICHT. 3aKOH KBUBAJICHTOBY» U BbI-
MOJIHEHUSI CaMOCTOSITEILHOM paOOThl MO TEME CTYJEHTaMH TEXHUYe-
CKUX (HeXMMHUUYECKHUX) HAIpaBJICHUHN MOJATOTOBKH. MeToaudecKne yKa-
3aHUS COACPIKAT ONMHUCAHUE JabOpaTOpHOM padOThl, BKIIOUEHHOM B Jia-
O0paTOPHBIN MPAKTUKYM TUCHUTLIAHBI «XUMU», TPeOOBaHUS K OTUETY,
BOIIPOCHI JIsI CAMOTIOITOTOBKH.

B ykazaHmsax pa3Oupaercs TEOpETHUECKHMH Marepuaa 10 TeMe
«DKBUBAJICHT. 3aKOH KBHUBAJICHTOBY». PaccMmaTpuBaroTcsi mpuMephl 3a-
naHuii. Bce 9T0 103BOJIAET CTyACHTaM IOJIHOIIGHHO OCBOUTH MaTepuall
TEMBI ¥ TIOJITOTOBUTHLCSA K 3aHATHIO.

Meroandeckre yka3aHUs MMO3BOJISIFOT MOATOTOBUTHCS K BBITTOJIHE-
HUIO JJabopaTtopHO#l paboTe, MPOU3BECTH TpeOyeMble pacdEThl U odop-
MUTb OTYET.

B meTonanueckux ykazaHUSX MPUBOIATCSA 3aJaHUs, PEKOMEHJye-
MBIC JJISI CAMOCTOSITEIIBHOTO BBITIOTHEHUS TTOCJIE U3YUYEHHUS TeopeTHye-
CKOTro Marepuana rmo Teme. [[puBoAUTCS CIMCOK PEKOMEHIYEMOM JTuTe-
paTyphl.

K nabopaTopHOMY 3aHATHUIO CTYJEHTHI TOTOBSTCS 3apaHee, u3ydas
TEOPETHUYECCKUI MaTepuall, METOAWKY BBIITOTHEHUS SKCIEPUMEHTa M
TpeOOBaHUS K OTUETY.

IJKBUBAJIEHT

Ikeueanenm () - 3TO yCIOBHAs 4YacCTHUIlA BEIIECTBA, KOTOpas
MOXET 3aMmellaTh, NPUCOCAUHATH, BBICBOOOXKJATh WM OBITh KaKUM-
b0 ApyruM 00pa3oM SKBHMBAJEHTHA OAHOMY HOHY Bomopoxaa (H') B
MOHOOOMEHHBIX PEAKIUSAX WU OJHOMY 3JIEKTPOHY (€7) B OKUCIUTEIHHO-
BOCCTAaHOBUTEJIbHBIX PEAKITUAX.

HNoH BoOmOpoaa M 3IEKTPOH SIBIAIOTCA 1MI1a0JIOHAMHU OJHOTO SKBU-
BaJICHTA, TIEPBBIM B OOMEHHBIX MPOIIECCax, BTOPOH — B OKUCIUTEIBHO —
BOCCTaHOBUTENIbHBIX. OO YaCTHUIIBI MaJ€HbKHE, TTO3TOMY IKBHBAJIEHT,
MPUPABHEHHBIN K TAKUM MaJICHBKUM YacTHI[aM, CaM MOKET ObITh JIH0O
PaBeH peajibHOW YacTulle, JU00 MeHbIlEe ee B HECKOJbKO pa3. [



OTpaHUYEHHUs pa3Mepa SKBUBAJIICHTA HCIOJIL3YIOT BEJIMYHUHY, KOTOpas
Ha3bpIBacTCs akTop IKBUBaJeHTHOCTH (F)3).

QDu3uueckuii CMbICI1 IKGUGATIEHMA 3AKITOYAETCH B TOM, YTO K-
BUBAJICHT XapaKTEepHU3yeT pPEaKIIMOHHBIE BO3MOXKHOCTH BEIIECTBA:
CKOIbKO UMEHHO VOHOB BOJIOPOJIa WM IKBUBAJICHTHBIX €My OJIHO3a-
PSIHBIX YaCTHUI[ MOXET HCIOJb30BaTh MOJIEKyJia (MOH) BEIIECTBa B
MOHOOOMEHHBIX PEaKIMsIX, WA CKOIbKO UMEHHO DIIEKTPOHOB MOTpeOy-
eTCs JUIA TPEBpaIlleHUs STOH MOJICKYJIbI (MOHA) B OKHUCIUTEILHO-
BOCCTAaHOBUTENbHBIX peakiusax (OBP).

(I)aKTOp IKBUBAJICHTHOCTH IIOKA3bIBACT, KaKas OOJIA OT pCallb-
HOH qacTUulbl COOTBCTCTBYCT OJHOMY 3KBUBAJICHTY ATOM YaCTHUIIBI.

fy= 1/Z,

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

Hanpumep, onpenenum (pakTopbl 3KBUBAJIEHTHOCTA CEPHOM KHC-
JIOTHI B JIByX pEaKIUsX:

1) NaOH + H2S04 = NaHSO4+ H20
2) 2NaOH + H2S04 = Na SO+ 2H,0

B niepBoM ypaBHEHHMH M3 JABYX KaTHOHOB BOJIOPOJIa, COJICPIKAIIIX-
Csl B OJIHOH MOJICKYJIE CEpHOM KHCIIOTa, IOJIBEpracTcs 3aMCIICHHUIO Ha
MOH HATpUs TOJIBKO OJMH HWOH, TO3TOMY (aKTOp 3KBHUBAJCHTHOCTH
CEPHOM KHCJIOTHI B 3TOM CJIy4ac paBeH CIMHHMIIC, a CaM DKBHBAJICHT CO-
OTBETCTBYET MoJjieKyje KucioThl: fr (H,SO4) = 1. Bo BTOpOM ypaBHe-
HUHU TTOJBEPraloTCs 3aMeIleHHI0 00a KaTHOHA BOJOPOJAA, KaXKIbIH M3
KOTOPBIX COOTBETCTBYIOT OJHOMY DKBHBAJICHTY, CJICIOBATEIbLHO, SKBH-
BaJICHT PaBEH IMMOJIOBUHE MOJICKYJIbI cepHOU KUCTOTHI: fy (H2SO4) = %.

He Bcerma mpeacTtaBisieTcsi BO3SMOXKHBIM ONPEAETATh pa3Mep K-
BHBAJICHTA 4Y€pe3 KaTHOHBI BOAOPOJAA. B 3TOM ciydyae MOYKHO YUYHTHI-
BaTh KOJMYECTBO 3aMEIIEHHBIX B peakIiMu oOMeHa OJHOBAJCHTHBIX 4Ya-
CTHII, HanmpuMmep, Tuapokcua noHoB OH-, nOHBI TIEpBOM WM CEIBMOMU
rpymn riaBHeX noarpymnm (K¥, Na*, ClI', F u 1.1.). B ykasaHHBIX ypaB-
HEHUSIX (PaKTOP PKBUBAJICHTHOCTH MOXHO TaKXE€ CUUTATh YEPEe3 YHUCIIO



MOHOB HATpHUs WIHM THAPOKCHUI — HOHBI. B IepBOM ypaBHEHHH OJHA MO-
JeKyJla CepHOM KHCIOTBI pearupyeT ¢ oaHoi Mojekynoit NaOH, Bo
BTOPOM ypaBHEHHH — C IBYMs. B ypaBHEHMSAX 0OOMEHHBIX PEaKIIM JIS
IPaBWIbHOTO ompesefieHns (HakTopa dKBUBAJICHTHOCTU JIOTKHBI ObITh
IPaBIJIHLHO PAcCTaBICHBI KOY(DDOHUITUEHTHL.

s onpenenenust pakropa s3xBUBaieHTHOCTH B OBP Hy»HO pac-
CTABUTh CTENEHU OKHUCJIEHUS 3JIEMEHTOB M OMNPEAEIINTh, CKOJIBKO AJIEK-
TPOHOB OJIHA YacTHIlAa OTJAET WM NMpUHUMAET B peakuuu. Hampumep,
IUTs ompeniesieHus: (pakTopa SKBUBAICHTHOCTH cepoBojopoaa HoS B pe-
akmuu: 2H2Sry + 302 = 2S02 + 2H20, cHauana onpeensieM CTEIeHb
OKHCJICHHUSI aTOMa, KOTOPBIM BXOJUT B cocTaB HyS 1 M3MEHSIET CTENEeHb
OKHCJICHHSI B XOJ€ peakiuu. B maHHOM ciydae 3TUM 3JIEMEHTOM SIBIISI-
eTcsi cepa: S -6e — S™. Tak kak B xo0/ie peakluy nepeaaercs 6 dek-
TPOHOB, (PAKTOpP PKBUBAJICHTHOCTH CEPOBOJIOpOAa paBeH 1/6, sKBUBa-
JICHT paBEH IIeCTOM yacTu MojeKyasl HoS.

Huxkakoro yuera kordduiinentoB B OB peakiusx npu onpejesie-
HUU (PaKTOpa SKBUBAJIEHTHOCTH HE TPEOyeTcs.

Macca oqHOr0 MOJIsi SKBUBAJIEHTOB HA3BIBACTCS MOIAPHOU MAaC-
COll IKeUBAICHMOE eéeuiecmea (IKeueaienmuoii maccoiu) M»> . Enqu-
HUIIA U3MEPEHUS T/MOIb-7KB. OHA PacCUMTHIBACTCS, KaK MPOU3BEIICHHE
(akTOpa HKBUBAJICHTHOCTU Ha MOJISIPHYIO MacCy BEIlleCTBa:

M5 =f>M (1)

MonsipHas Macca SKBUBAJICHTA CJIOKHOTO BEIIECTBA PaBHA CyMME
MOJSIPHBIX MAacC 3KBUBAJIIEHTOB OOPa3yIOUIMX €r0 COCTABHBIX YacTei,
T.e. M3 (AB) = M> (A) + Mb (B), Hannpumep, MoJisipHasi Macca SKBUBa-
JIEHTa OKCHJa KaJblUsl paBHA CyMME€ MOJISIPHBIX MacC 3KBUBAJICHTOB
KaJblusa U kuciopoaa: Ma (CaO) = Mb (Ca) + M (O) = f5'M (Ca) +
f>-M (O)

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

N M»a (CaO) = 5 ‘M (Ca0), fr =15, M (CaO) = 56 r/mob,
M>»(CaO) = 28 1/M0b-2KB.

["'a3000pa3Hbie BElIeCTBa MOMUMO MOJISIPHOM MacChl SKBUBAaJIEHTA
UMEIOT MOJIAPHBLIL 00bem IKeusanenma, />, (WIH IKGUBATIEHMHbLIL
00bem) - 00beM, KOTOPBI 3aHMMAET OJIMH MOJIb 3KBUBAJICHTA ra3000-
pPa3HOTO BEIIEeCTBA MPU HOPMANbHBIX yCJIOBHUSAX. Enuauma usMepeHus
J/MOJIb-IKB.




OH u3MepseTcs B IUTpax u Beruucisaercs (mpu H.y., To =273 K, Po
=760 mmM prt. ct. miu 101,3 kIla), kak mpousBeaeHue PpakTopa YKBUBA-
JIEHTHOCTH Ha MOJISIPHBIN 00bEM rasa:

V3 = f>'Vm = 13:22,4 (1) (2)

[lepecuer konuyecTBa BEMIECTBA HA KOJIWYECTBO HKBUBAJICHTOB
IIPOU3BOJIUTCS 110 (popmyiie:

Ny = —
fs (3)

Ecnu He ykazan mporiecc, To (GakTop SKBUBAJICHTHOCTH B MOXHO

ONpeNeNuTh 10 hopmyJie:
_ 1 (4)
"TEN
rae B - BaieHTHOCTh (PYHKIIMOHAJIBHOM TPYIIIbI, BXOJAIICH B COCTaB
BemiecTBa, N — KOJMMYeCTBO (yHKIIMOHATBHBIX YacTeH.

Heopranndeckue coeauHeHHs] ACIUM Ha ABE (PYHKIMOHAIbHBIC
4acTH, HAIPUMEpP, B OKCUJIAX BBIAEISEM AJIeMEHT U Kuciopoa (9xOy), B
KHACJIOTaX — BOJIOPOJ U KUCTOTHBIN ocTaToK (HxAN), oCHOBaHUAX — Me-
Ta;u1 ¥ ruapokcmibHas rpymnmna (Me(OH)y), B comsix — KaTHOH MeTasuia
M aHUOH KucjoTHoro ocratka (Mex(An)y). Ilpu pacderax dakTopa K-
BHUBAJICHTHOCTH I10 (hopMyiie (4) B KauecTBE (PYHKIIMOHAILHOMN YacTH

- B OKCHJE YJIOOHEE HCIOJb30BaTh KUCIOPOJ, T.K. €ro BaJICHT-
HOCTh paBHa JABYM U (pakTuuecku Gpopmyiia npeodpaszyercs 10

3= ;
2n({0)
- B KMCJIOTaX yJ100HEEe UCI0Ib30BaTh BOJAOPO/I, U (popmyiia puo0-
1
=

peraeT BUI: H") -

- B COJISIX MOKHO CUMUTATh IO METAJUTY WM MO KUCIOTHOMY OCTaT-
Ky,

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

Ilpumep 1. Onpenenute 1uisl NPUBEACHHBIX HUXKE BEIIECTB (haKTOp
AKBHUBAJICHTHOCTH U XUMHUYECKYIO ¢opmyny oskBuBaieHTa: H3POs,

Ca(OH),, AL(S0:s)3, CO2, Oz, Zn.,



Pewenue::

®dakTop PKBUBAICHTHOCTH ompeaensieM mo dopmyne (4). Onpene-
asieMcsi ¢ (QYyHKIMOHAIbHBIMU YacTsMHU. [ opTodhocopHO KHUCTOTHI
(GyHKIMOHAIBHON YacThi0 OyJET BOJAOPOJ, JJIA TUIPOKCUIA KAJIbIIUS —
MOHBI TUAPOKCHUIIA, JJIsI CyJib(aTa aJTtOMUHUS

f5 (H3PO4) = 1/3, D (H3POs) = 1/3{H3P0,},

f5 (Ca(OH),) = 112, D (Ca(OH),) = 1/2{Ca(OH),},

5 (Al2(SO4)3) = 1/(2:3) = 1/6, D (Alo(SO4)3) = 1/6 {Al2(SO4)3},
5 (CO2) = 1/(2:2) =1/4, D (CO,) = 1/4{CO,},

f5 (02) = 1/(2-2) = 1/4, D (02) = 1/4{02},

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

Ilpumep 2. Onpenenute GaKTop SKBUBAUICHTHOCTH U XUMHYECKYIO
dbopMyly SKBHUBAJICHTA MOJYEPKHYTHIX BEIIECTB B yPaBHEHUAX pPEaK-
1007078 1. AI(OH); + 2HCI1 = AIOHCI; + 2H>0

2. 2H2Sr) + Oory = 2S + 2H0

Pewenue. B niepByro ouepenp Ciaeayer ONpencianThb, ¢ KAKUM TH-
IIOM PEAKIUU MBI UMEEM JEJ0: C OKHUCIUTEIbHO-BOCCTAHOBUTEIHLHOM
peakuue win HOHHOOOMEHHOU. B mepBbIX 3TaJlOHOM 3KBUBAJICHTA SIB-
JIIETCSL DJIEKTPOH, BO BTOPBIX — OJHOBAJICHTHBIC YaCTHUIIbI, HAIPUMED,
H*, OH, K, Na*, CI', F u

Peakuus 1 sBnsiercst nonooomennot B neit AI(OH)3 upespaiia-
ercsa B AIOHClp, B MoneKyJie TUIPOKCHIA ATFOMUHUS 3aMEIIaloTCs IBa
nona OH", va nonsl C/. CnenoBaTenbHO, €€ DKBUBAJICHT B JaHHOW KOH-
KPETHOM peakiuu coctaBisger 1/2 monekynsl AI(OH)3, f3=1/2; D=
1/12{Al(OH)3}.

Peakius 2 okucauTeIpHO-BOCCTaHOBUTEIbHAA. B HEll cepa MeHs-
€T CBOIO CTeneHb OKucieHus ot -2 (B H2S) 1o 0 (B S). Ilepememarorcs 2
anekTpoHa. ClieoBaTeNbHO, B JAHHOM KOHKPETHOM PEAaKIMU MOJIEKYJa
CEpOBOOPO/Ia COACPIKUT 2 SKBUBaAjCHTa, T = 1/2, D = 1/2{H,S}.

3AKOH DKBUBAJIEHTOB
3akoH 3KBUBAJIEHTOB ObLT copmynupoBad B 1800 r Tak: «Bce
BEILIECTBA PEAarvpyroT B 3KBUBAJICHTHBIX OTHOWIEHUSIX». COBPEMEHHOE
OIpEJIETICHUE 3aKOHA YKBUBAJICHTOB TJIACHT:



Monv 3IK6uBaeHmMO8 00HO20 6euiecmea peazupyem ¢ OOHUM
MOJlIeM 3IKGUBATIEHMOE Opy2020 6euiecmeda, mo ecmv Koauuecmeda
MOJIb IKUBAIEHM 08, YUACHMEYIOUWUX 6 PeaKuuu 6euiecme, pPAasHbl
Mmedxncoy coooil.

Jns ypaBaenus aA + BB = eE, 3ak0H 3KBHMBaJIEHTOB MOXKHO 3aIlH-
cath Kak N, (A) =n, (B) =n, (E).

PacnpoctpaneHo omnpejeneHre, Mo3BOJIAIONIEe UCIO0JIb30BaTh 3a-
KOH 9KBHUBAJICHTOB JJISI CTEXHOMETPUUECKUX PacueTOB 0€3 HaNMCaHUus U
aHalu3a XMMHUYECKUX ypaBHEHUU: Maccol yuacmeyrowux 6 peaxkuyuu
geuyecme nPoOnoOPUUOHAIbLHLL MOJIAPHBIM MACCAM UX IKEUBATIEHMOG.

my _ My (5)
mz; Mgz

JI1st ra30B CpaBeIJIUBO TAKKE OMPEICIICHUE, UCIOJIb3YIOIIEEe MO-
JISIpHBIE 00bEMBI IKBUBAJICHTOB:

Oo0vemol yuacmeyouwux 6 peakuyuu 2a3000pa3HbIX Geujecme
NPONOPUUOHAIbHBL 00beMaAM MO UX IKCUBATICHINOE

iV (6)
Va o Ve

HOI[GJ'II/IB MaCCY KaKA0I'o BCIICCTBA HA MOJ'IHpHYIO Maccy CIro dK-
BHUBAJICHTA, HOquaeMI
m1 _ ‘J"I'?-E (7)

M3 My

Ilpumep 3.

CKOJIBKO TpaMMOB Maprasiia MOXHO MOJay4YuTh u3 MnQO», ecin
U3PaCcX0I0BaHO OBLJIO 3 MOJIb SKBUBAJICHTOB AJIFOMUHMUS?

Pewenue. B nanHou 3amadye peub UAET O MOJYUYECHUHU YUCTHIX Me-
TaJUIOB U3 UX OKCHUJOB METOJOM BOCCTAHOBJICHUSI JAPYruUM, OoJiee ak-
TUBHBIM METAJJIOM (QJIFOMUHHEM, MarHUEM, KajJbIlieM). ITO MPOMBIIII-

JICHHBIN MCTO AJIFOMOTCPMUU ! 0

3MnO, + 241 — .ngfl + 241,03
CornacHo 3aKk0oHa 3KBUBAJICHTOB, N, (Mn) = n, (Al) = 3 M0ib-IKB.
dakTop sxBuBajecHTHOCTH T3 (MN)= Y4, aToM MapraHia B X01¢ peaKkiuu
npuHuMaet 4 >nexTpona: Mn** +4e— Mn°.
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MonsipHyio Maccy SKBHBAJICHTOB MapraHiia omnpesesnseM 1mo dop-
myiie (1) Ms(Mn) = 55,0/4 = 13,75 r/moutb.
Haxoaum maccy mapranna: m = M, -n,= 3-13,75 =41,25r.

Ilpumep 4.

Kakyro HaBecKy aatOMHHHUS PAacCTBOPWIIM B KHUCJIOTE, €CJIM TpHU
temreparype 291 K u naBnenun 734 MM pT. CT. 00BEM BBIIECTUBIIETOCS
BOJIopoja coctaBmi 113 mi?

Pewenue:

Ncnonb3yst 00beIMHEHHBIN Ta30BbIM 3aKOH, Hai1eM 00beM, KOTO-

PBIN 3aMMET BOJOPO/ IIPY HOPMAJIBHBIX YCIIOBUSX:
v, = V-pTy _ 113734273 _ 103 v
po'T 760291
Po - JaBJICHUE TIPH HOPMAJIbHBIX ycloBusax (760 mm prt. ct.), To - Temme-
patypa npu HopMaabHbIX ycioBusx (273 K).

[Ipu B3aUMOEUCTBUH AIFOMUHUS C KUCIOTOU METAJT OKUCIISIETCS
70 CTENEHHU OKUCJEHUs +3, MpHU 3TOM OTJAeT TPU AJIEKTPOHA, CJIEA0Ba-
TEJIBHO, PKBHBAJICHT aJIOMUHHUS COCTABIISICT OAHY TpeTh ero aroma fs
(Al) = 1/3, monspHas Macca S5KBUBAJICHTOB aTFOMUHUS paBHa: M» (Al) =
27/3 =9 r/M0JIb-3KB.

B peaknun creneHb OKHCIEHUSI BOJOPOIa MEeHsieTcs OoT +1 10 Hy-
as1. COOTBETCTBEHHO, B IIpoIlecce OOpa3oBaHHUS MOJIEKYJbI BOJIOpOAA
MPUHUMAIOTCS JIBA JIEKTPOHA, (PAKTOp 3KBUBAJICHTHOCTH BOJIOpOAA /2.
O0BeM MOJITS SKBUBAIICHTOB Bojopoaa nipu H.y. V3 (Hp) = 22,4/2 = 11,2
J/MOJIb-3KB.

ITo 3aKOHY PKBHBAJICHTOB PACCUNUTHIBAEM HABECKY aIFOMUHMS:

9 r Al BeITeCH1OT 13 KucaoThl 11 200 M H>

x T Al BeITeCHAIOT U3 Kuciothl 103 ma H>

9-103

|
I
=
-
o0
)
=

OOpaTuTe BHUMaHKE, YTO MPU pacyeTax ¢ MPUMEHEHHEM 3aKOHa
SKBHUBAJICHTOB HaM HET HYKIbl BBISICHSTH, Kakass KOHKPETHO KHCJIOTA
WCIIOJIb30BaJIaCh Il PACTBOPECHUSL.
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BOITPOCHI JJIsI CAMOITPOBEPKH

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-
BOCCTAHOBUTEIbHBIX PEAKIIUAX ?

7. Kak HaX0IMTCSl PKBUBAJICHT BEIIECTBA B OOMEHHBIX PEAKIIHIX?

. Kak popmynupyercs 3aKkoH S5KBUBaJIE€HTOB?

9. Kakue npeumyIiecTBa UMEIOT CTEXUOMETPUYECKHE pPacueThl C HC-
MOJIb30BAaHWEM 3aKOHA SKBUBAJICHTOB?

o0

JIABOPATOPHAS PABOTA

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

MeTtoa ocHOBaH Ha M3MEpPEHUH 00beMa BOJIOPOJ]a, KOTOPHIA BbI-
JENAETCS 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 cepenuHbl OropeTok. OHa u3 OI0peTOK (M3MEpUTEIbHAsS) CBEPXY 3a-
KpbITa IPOOKOM C OTBOJHOM TPyOKO#, K KOTOPOIl MPUCOEAUHSIOT MPO-
OMpKY, 1€ NPOUCXOAUT PEAKUUs MEKYy KUCIOTON U MeTaisioM. J{pyras
OrOpeTKa CIy>KUT IPUEMHUKOM JIJIs1 BOJIbI, BEITECHSIEMOW BBIJICIISIOIINM-
Cs IIPY PEAKLNHA BOJLOPOIOM.

OO0beM BBIJIEIUBILIETOCS BOJOPOJA OMPEACNAIOT IO Pa3HOCTU
YPOBHEH BOJbI B UBMEPUTEIBHON OIOPETKE O U MOCIE OIbITA, PUBEIS
BOAY B 00euX OIOpeTKax K OJJTHOMY ypoBHIO. Torja naBjieHue B U3MEPH-
TeJIbHOM OI0OpETKE paBHO aTMOC(EepHOMY.

[Tonyunte HaBecky MeTaiia y jabopanta. [IpoBepsTe repmeTny-
HOCTBh Ipubopa. [yig 3Toro ogHy U3 OIOPETOK MEPEMECTUTE BMECTE C
JIANIKOM ITaTHUBa Tak, YTOOBI ypOBEHb BOJABI B HeMl ctam Ha 10-15 cm
BBIIIIE, YEM B IepBO OropeTke. Eciii pa3HUIa B ypOBHIX HE U3MEHSETCH,
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npudOp repMeTHYEH; €Clii YPOBHU B OIOpPETKAaX BBIPAaBHUBAIOTCS, MPHU-
OOp HErepMETHYEH, MPOIYCKAET BO3/IyX, O YEM CJIeyeT 3asBUTh J1a0o-
panty. B mpoOupky Haneite 3-4 mu consiHoi kuciotsl (20%). Iloa-
JepKuBasi MPOOMPKY B HAKIOHHOM ITOJIOKEHHUU, MTOMECTUTE HABECKY
MeTasuia (He OIMmycKasi B KUCIOTY) Ha CTEHKY y OTBEpPCTUS MPOOUPKU U
3aKpOMUTE MPOOUPKY NPOOKOH ¢ OTBOJAHOM TpyOKoi OT OropeTku. B ka-
YECTBE PEAKIMOHHOTO COCYyJla MOKHO HCIOJIb30BaTh JABYXKOJCHHYIO
POOUPKY (PUCYHOK, 0), B OJHO KOJICHO ITIOMEIIAETCs KUCI0Ta, B APYroe
— METaJIL.

\\“ fo

a 0
Pucynok — Ilpubop nna ompenenenuss oobeMa Boaopoaa (a),
JIBYXKOJIeHHas mpooupka (cocyn Jlangonbta) (0).

[IpuBeauTe BoAy B OIOpeTKax K OJJHOMY YPOBHIO M OTMEThTE YpO-
BEHb BOJIbI B 3aKpbITOM Oroperke. OTCUET MPOU3BOAUTE MO HUKHEMY
MEHUCKY XKHUJKOCTH ¢ TOYHOCTHIO 10 0,1 M.

CrpsixHuTe MeTajl B KUCJIOTYy (cMmoiite ero kucioroi). Habumro-
JalTe BBIICICHUE BOJOPO/Ia U BHITECHEHHE BOBI U3 OIOPETKHU.

[To okOHYaHUU peaklUu JaiTe MPOOUPKE OXJIAUTHCS HA BO3/IYXE,
MOCJIE YeTO CHOBA MPHUBEAUTE BOJAY B OIOPETKAaX K OJMHAKOBOMY YpOB-
HIO U 3alUIIATE HOBBIA YPOBEHBb BOJBI B TOU K€ OIOPETKE, B KOTOPOIl
OTME€Yaj UCXOJIHbIN YPOBEHb. [10 pa3HOCTH ypOBHEW BOABI 10 U MOCIIE
pPEaKIMU pacCUUTaiTe 00BEM BBIAEIUBUIETOCS BOJIOPOIA.
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3aMephTE JABJICHUE U TEMIIEPATYPY.

Od)ODMJIeHI/IC SKCIICPUMCHTAJIBHBIX JadHHBIX. PacueThl

1. Onpenenenue qaBiaeHUs BOJOPOA.

Jlaxxe mpy KOMHATHOM TeMIiepaType nap HaJi HOBEPXHOCTBIO BObI
obOyalaeT 3aMeTHBIM JaBieHueM. [losToMy mIs ompeaeneHus Mapiv-
aJBLHOTO JIABJICHUS BOJOPOAa HEOOXO0IUMO OT 00Iero (arMocdepHoro)
JaBJICHMS BBIYCCTH JAAaBJICHHE HACKHIIIEHHOIO mapa h (cMm. mpusioxeHue).

p(HZ) — Parm - h

2. Ilns mpuBeacHUs o0beMa BBIJICIHMBIIETOCS BOJOPOaAa K HOP-
MaJIbHBIM YCJIOBUSIM UCTIOJIB3YIOT YPaBHEHHE Ta30BOT0 COCTOSHUS (00B-
CIMHCHHBIN Ta30BbIil 3aKOH):

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

T, T

3. OmpenenuB 00beM BOAOpOAAa MPU H.Y., BBIUUCIAIOT Maccy 1
MOJIb SKBUBAJICHTOB MeTaJslIa:

M r MeTajuia - BBITECHSIIOT IpHU H.y. Vo MJT BOJIOPOJIa;
M5 r/mons metasma - 11200 M Bogopoa.

4. CpaBHUBasi SKCIEPUMEHTAIBHO HAWJICHHYIO MOJISIPHYIO MaccCy
SKBUBAJICHTOB METAJIJIA C TEOPETUUECKUM 3HAYEHUEM MOJIIPHOW MACCHI
SKBUBaJICHTOB MeTauia (Al, Zn), onpenenure, Kakoll MeTalil ObUT B3SIT
JUISl peaKklyy. 3alUIIuTe YPaBHEHUE PEAKIMU B3aUMOACHCTBUSL 3TOTrO
MeTaJllIa C COJITHOM KUCJIOTOW. 3amuIInuTe B KypHAI:

- MacCy HaBECKU MeTajuia M T;

- YPOBEHb BOJIbI B OrOpeTKe A0 peakiuu V' mir; u mocie peakiyu V'
MIT;

- remneparypy, t°C u T K;

- aTMOCc(epHOE JIABJIICHUE P MM PT. CT.;

- TaBJICHUE HACBHIIIICHHOT'O BOJSHOTO T1apa, N MM PT. CT.;

1o mosry4yeHHBIM JaHHBIM PACCUUTANTE:

- 00BeM BeIIEeUBIIETOCS Bogopoaa Vi = V''-V', mi;

- mapIaibHOe AaBieHue Bogopoaa p(Hz) MM prt. cT.;
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- 00beM BOJIOpOA MPH HOPMATBHBIX YCIOBUAX Vo; MII;

- TEOPETHYCCKYIO MOJISIPHYIO MacCy SKBUBajICcHTOB M» (Teop.) (Al
ZnN), T/MOJIb-9KB;

- OMBITHYIO MOJIAPHYIO MacCy SKBHBAJICHTOB MeTaiia, M» (9Kc-
nep.), I/MOJIb-9KB;

- OLIMOKU OTBITA:

a) aOCOJIIOTHYIO, Oage., T

0) OTHOCUTENBHYIO, Oorn, 0.

AOcomoTHass omMOKa OMbITa PaCCUUTHIBACTCS KakK aOCOIIOTHAsS
BEJIMYHMHA Pa3HOCTH MEXK]Y SKCIIEPUMEHTAIBHO HAMICHHBIM U TCOPETH-
YECKUM 3HAUYCHUSMH MOJISIPHON MacChl SKBUBAJICHTOB MeTaJlIa.

0ase. = M (3kcmep.) - My (Teop.).

OTtHocHTenbHAs OIMIMOKA OIBITA PACCUUTHIBACTCS KaK OTHOILICHUE
a0COTIOTHOW OMMOKKW K TCOPETUYECKOMY 3HAYCHHIO, BBIPAKECHHOC B
IPOIICHTAX.

o = 1Bacl 1009%
o = Mb> (Teop.) ’

NHAUBUYAJIBHBIE 3ATAHUSA

3aoaua 1. ]I npyuBECHHBIE BEIIECTB OMPEACTUTE:

a) (akTOp PKBUBAICHTHOCTH; O) ISl MOJYEPKHYTOrO BEIIECTBA
MOJISIPHYIO MAacCy 3KBUBAJIGHTOB; B) JJISI Ta3000pa3HOTO COCIMHEHUS
AKBUBAJICHTHBINA 00BEM (H.Y.).

A. KpemuueBas kucnora, okcup azora (II) - ra3, cepHOKHUCIBIN
amromuani, okcug cepsl (V).

Bb. YkcycHas kucnota, cyiabdaT amrOMUHMS, THIPOKCUI KaJIbITUs,
okcuj yriepoja (IV) — ras.

B. XenesokanmueBnie kBacibl KFe(S0s)2, okcun cepol (IV) - ras,
yroJibHasi KucjioTa, ruapokeua meau (11).

I'. AmomokanvieBbie KBaclibl KAI(SOs)2, oxcup yriepona (IV) -
ras, cepHas Kuciorta, ruapokcua xpoma (I1I).

. ®ochopnas kuciora, okcua azota (III) - ras, rugpokcuy Oa-
pus, docdar Gapus.
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E. lllaBeneBas kucnora H2C204, XTIOPOBOJIOPOJ - Ta3, OKCHUJL CEPBI
(V1), cynbdar aaroMuHus.

K. Cepnucras kucnora, ruapokcua xpoma (III), pocdat xanbuus,
okcuy azota (III) - ras.

3. AzotHas kuciorta, okcusi xpoma (III), murpar xpoma (III), ce-
POBOIOPO - Tas.

M. Oxcupa HaTpus, TUAPOKCHUT MarHusi, CEpOBOJIOPO] - Ta3, doc-
dat Gapus.

K. BpoMoBo10po1 - ra3, ruipokcui 0apusi, CCpHOKHUCIIBIN aTFOMH-
Huii, okcua cepsl (VI).

JI. KpemuueBas kucnota, okcup azota (II) - ra3, runpokcup amto-
MHHUS, XpoMoKaireBble kBaclbl KCr(SO01).

M. ®ocdopHas KHUCIO0Ta, TUAPOKCU Kaibius, dochar Kaablus,
okcuna yriepoja (IV) - ras.

H. YkcycHas kuciorta, cyibdar amomunus, okcun skenesa (I11),
okcup cepsl (IV) - ras.

O. dropoBogopoa - ra3, THUIAPOKCHUIl KaJbIUs, XJIOPUJ THUTAHA
(1V), okcmn cepsl (VI).

I1. XmopoBomopon - ra3, okcun dbocdopa (V), THAPOKCH Kele3a
(IT), cynpdar nuHKa.

P. lI{aBeneBas kucnora H2C204, TMOAPOKCUL KaIWsI, OKCHJI JKeJie3a
(1), ammumaxk - ras.

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

T. CepoBomopoa - ra3, OKCHA adtOMUHUS, ¢ocdaT Kaablus, TH/-
pokcua mapranua (II).

Y. Cepnas kwuciota, ruapokcun xpoma (1), sxene3okanueBbie
kBacipl KFe(S04)2, okcun cepsl (IV) - ras.

@®. CepHucras KHUCJIOTa, THIPOKCHJ ITMHKA, AJTFOMOKAINCBBIC
kBacibl KAI(S04)2, oxcup yriepona (IV) - ras.

3a0aua 2. B npeNioKeHHBIX YPABHEHHUSIX PEAKIU /151 MOTUEPK-
HYTBIX COeIMHEHMI1 ONpeIeInTe COCTAB IKBHBAJIEHTA U (GaKTOp IKBH-
BAJICHTHOCTM.
A. Fe_Clg + H>O = FeOHCl>+ HCI
KMnQO4 + Al + 2H20 = MnO; + K[AI(OH)4]
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B. Aly(SO4)3t+ 2KOH = 2AI0HSO4 + K2S04
2KMnQ4 + 16HC1 = 2MnCl; + 5Cl; + 2KCl1 + 8H20

B. CaCOs + H3PO4 = CaHPO4 + CO2 + H20
Nz + 503 = N2Os5 + 503

I. @3(13_04)_2 + H>SO4 = 2CaHPO4 + CaSOq4
Hg§ + 4Cl, + 4H,0 = H,SO4 + S8HCI

I[. Ca3(PO4)2 + GHZS_OQ = 3Ca(HSO4)2+ 2H3PO4
KMnO4 + Al + 2H20 = MnO; + K[Al(OH)4]

E. FeCls + H,O = FeOHCl+ HCl
N20+ 202 = N2Os

K. CaCOs3 + H3PO4 = CaHPO4 + CO2 + H20
2KMnQ4 + 16HC1 = 2MnCl; + 5CI;, + 2KCI + 8H20O

3. Alx(SO4)3t+ 2KOH = 2AI0HSO4 + K2SO4
H,S + 4Cl; + 4H,0 = H2SO4 + 8HCI

N. K3PO4 + BHg&i: 3KHSO4 + H3POq4
2CrO3 + 12HCI = 2CrCls+ 3Cl, +6H20

K. Eg@ﬁ)_g + 2H,0 = 2FeOHSO4 + H>SO4
H>SOs3 + 2H2S =S + 3H20

JI. @3(1)_04)_2 + H>SO4 = 2CaHPO4 + CaSOq4
H,S + 4Cl, + 4H,0 = H,SO4+ S8HCI

M. Cry(SO4)3 + H20 =2CrOHSO4 + H2SO4
2H,S + H,SO3 = 3S + 3H20

H. 2AI0HSO4 + H2S04 = Alx(SO4)3 + 2H20
4NH3 + 502 = 4NO+ 6H,0

O. Fe(OH); + HCl = FeOHCl,+ 2H,0
Ny + 202 = 2NO>

II. CaCO3 + H3PO4 = CaHPO4 + CO2 + H2O
ANH; + 702 =4NO; + 6H,0

P. CaCl, + HZ&A = Ca(HSO4)2 + 2HCI1
2HS + O, =S + 2H,0

C. Ca3(POs) + HoSO4 = 2CaHPO4 + CaSOy4
4NH3 + 40, = 2N,O+ 6H,0

T. Fe(OH)s + H>SO4 = FeOHSO4+ H20O
Hg§ + 4Cl, + 4H>,0 = H,SO4+ 8HCI

Y. Ca3(PO4)2 + 2H2S04 = Ca(H2PO4)2 + 2CaS0O4
4ANH; + 302 = 2Nz + 6H20
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®. Al(OH)3 + HCI = Al(OH).Cl+ H20
H,S + 202 = SO3 + H,O

3aoaua 3. Pewaiime 3a0auy, ucnoyv3ysa 3aK0H IK8UBA1EHM 06!

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

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

B. Kakoii 006EM kuciiopoaa (H.y.) MOTJIOTUTCS MPU OKUCICHUU 2
MOJIb SKBUBAJICHTOB HATPHUs?

I'. Kakoit 0o6beM (H.y.) BOJIOpOJa BBIACIUTCS TPU B3aUMOJCH-
CTBHUHU C BOJIOH 3 MOJIb DKBUBAJICHTOB KaJIbITH?

. Kakoii 06beM (H.y.) BOoAopoja moTpedyeTcs I BOCCTaHOBJIC-
HUs 1 MoJIb DKBHUBaAJIEHTOB OKcuaa tTutana (IV)?

E. Kakoii o0bem (H.y.) BOAOpOJA BBIICIUTCS TPU B3aUMOJCH-
CTBHUHU C KMCJIOTOH 2 MOJIb DKBUBAJICHTOB ITMHKA?

/K. Kakoii 00beM (H.y.) BOJAOpOJa BBIJICIUTCS TPU B3aUMOICH-
CTBHHM C KUCJIOTOM 2 MOJIb 9KBUBAJICHTOB XpomMa?

3. Kakoii 00bem (H.y.) okcuna yraepoaa (II) Beimenurces npu Boc-
CTAHOBJIEHHHM OJTHOTO MOJIb SKBHBaJICHTOB okcupa xene3a (II) yriepo-
noMm?

M. CxoJbKO rpaMMOB THUTaHA MOXXHO MOJIy4uTh U3 T102, eciau u3-
Pacxo/10BaHO ObLIO 2 MOJIb IKBUBAJICHTOB aJTFOMUHUS?

K. Ckonbko rpaMMOB XpoMa MOXET ObITh IMOJYYEHO M3 OKCHUJIA
xpoma (Ill), ecnmn u3pacxomoBaHo Ha BOCCTaHOBJICHHE 1 MOJIb SKBUBa-
JICHTOB AJIFOMUHUA?

JI. Kakoit 0o0beM (H.y.) BOJAOpOAA BBIJACIUTCS IPH B3aUMOJICH-
CTBHH CO IIEJIOYBIO TPEX MOJIb SKBUBAJICHTOB AJIFIOMUHMS?

M. Kakoit 00bEM kuciopoa (H.y.) MOTJIOTUTCS TPYU OKUCIEHUU 2
MOJIb SKBUBAJICHTOB JINTHUSA?

H. Kakoii o6beM (H.y.) BOAOpOAa BBIACIUTCS HPU B3aUMOJICH-
CTBHH CO IIEJIOYbIO 2 MOJIb SKBUBAJICHTOB ITUHKA?

0. Kakoit o0bemM (H.y.) BoAOpoJia MOTpeOyeTcs il BOCCTaHOBJIE-
HUs 1 MOJIb PKBUBAJICHTOB OKcH/a Bosb(dpama (VI)?

II. Kakoii o0beM (H.y.) BOJAOPOJa BBIJACIUTCS IPH B3aUMO/ICH-
CTBHUH C KHUCJIOTOW 2 MOJIb KBUBAJICHTOB Maprasiia’?
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P. Kakoii o0beM (H.y.) BOJIOpOJa BBIJASIUTCS IMPH B3aUMO/ICH-
CTBUU C KUCIIOTOU | MOJIb S5KBUBAJIEHTOB Xefe3a’?

C. Kakoii o0beMm (H. y.) okcuaa yriaepoja (II) Beiaenutcst npu Boc-
CTAHOBJICHUM OJTHOI'O MOJIb SKBUBAJIECHTOB OKcuja xenesa (1) yraepo-
nom?

T. CKoJIBKO rpaMMOB MapraHia MOKHO NOJXy4duTh U3 MnQO-, eciu
U3PACX0JI0BaHO ObLIO 3 MOJIb SKBUBAJICHTOB AJIFOMUHUS?

Y. CKoJIbKO TpaMMOB XpoMa MOXKET OBbITh MOJYy4YeHO M3 OKCHJA
xpoma (Ill), ecnin momuio Ha BOCCTaHOBJIEHHE 2 MOJIb DKBHBAJICHTOB
ATIOMUHUSA?

@®. Kakoit oO0beM (H.y.) BOJOPOJA BBIACIUTCS IMPH B3aUMOJICH-
CTBHH CO ILIEIOYBIO IByX MOJIb SKBUBAJICHTOB AJIFOMUHMUS?

3aoaua 4.

A. 1,62 r mertamna obpasyetr 1,74 r okcuga. Briuncnnre skBHUBa-
JICHTHYIO Maccy MeTaslia.

b. OnunakoBoe kosmmuecTtBO Metamna coeaunsiercss ¢ 0,2 r Oz u
2,00 r ramorena. HaliTu 5KBUBaJIEHTHYIO MACCy TaJIOTEHA.

B. Ilpu cropanuu 2,50 r metaiuia oOpasyercst 4,72 T okcuaa Me-
Tamia. OnpeaeauTh SKBUBAJICHTHYIO MacCy MeTaslia

I'. Ha BoccranoBnenue 14,18 r okcuaa meranna tpedyercs 4,48 1
BOJIOpO/ia (H.y.). Berunuciaure SKBUBaJIEHTHYIO Maccy MeTallja.

. 1,62 r. meTanna BeigenseT u3 kuciaotsl 2,01 1 Bogopoaa (H. y.).
Briuncnute 3KBUBAJICHTHYIO MacCy MeTaJlia.

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

7K. 1,80 r okcuaa MeTtajuia BOCCTaHABIUBAIOTCS 883 M1 BOJOpOa
(1.y.). OnpenenuTh 3KBUBAJIEHTHYIO Maccy MeTalia.

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

N. 1,75 r meTanna BeITeCHsAET U3 KUCJIOTHI 0,7 71 Bojopoaa (H.y.).
OrnpenenuTh SKBUBAJEHTHYIO MacCy MeTala.

K. 1,00 r amomuaus oOpasyer rajoreHun ¢ 8,89 r rajoresa.
OnpenenuTh SKBUBAJICHTHYIO MACCy TajJoreHa.

JI. 1,00 r metaita ob6pasyet cynbbua ¢ 1,78 T cepol. OnpeaeanThb
HSKBUBAJICHTHYIO MAacCy MeTajuia.
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M. DnemeHT o0Opa3yeT OKCHJl, B KOTOpoM cojepxkurcsa 24,3 %
kuciopoaa. OnpenenuTb 3KBUBAJICHTHYIO MacCy 3JIEMEHTA.

H. Dnement o0pa3yeT okcuja, B KoTopoMm coaepxkutcsa 34,8 %
kuciaopoaa. OnpenennTs SKBUBAICHTHYIO MacCy 3JIEMEHTA.

O. OnpenenuTh SKBUBAJICHTHYIO MacCy MeTajlia, eciu 8,34 r me-
Taja okucisarores 0,680 1 kuciaopoaa (H.y.)

I1. OnpenenuTh SKBUBAIIEHTHYIO MacCy MeTaiuia, ecim 3,24 r Me-
Tajuia oopaszytot 3,72 r cynbduaa.

P. 3,24 r metamia obpasyer 3,48 r okcuma. Beiuncinre SKBHUBa-
JIEHTHYIO Maccy MeTaJla.

C. OmHO ¥ TO K€ KOJIMYECTBO MeTaiuia pearupyet ¢ 0,2 T KuACIo-
poaa u 3,17 r rasiorena. HaiiTu 5kBUBAJICHTHYIO MACCy rajOreHa.

T. Ilpu cropanuu 5,00 T meranna obpasyercs 9,44 r okcuga Mme-
tajuia. OnpeaennuTh SKBUBAJIEHTHYIO MacCy MeTalia

Y. Ha BoccranoBnenue 7,09 r okcuna metamia tpedyercs 2,24 1
BOJI0OPO/ia (H.y.). BeruucianTe SKBUBaJICHTHYIO Maccy MeTaslia.

®. [Ipu B3aUMOICCTBUU C KUCIOTOM 3,24 T. MeTaJlIa BBIAETACTCS
4,03 1 H> (1. y.). HaiiTu SKBUBaJICHTHYIO Maccy MeTajlia.
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20

[Ipunoxenue
/lasnenue HacvleHHO20 8001020 hapa
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




