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BBenenue

JlaHHbIC METOAMYECKUE YKa3aHUsI TTPEAHA3HAUCHBI JIJIs1 TIOJTOTOBKHU
K J1abopaTOpHOU paboTe « IKBUBAJICHT. 3aKOH APKBHBAJICHTOB)» U BBINOJI-
HEHUS CaMOCTOSITEILHON paOOThI MO TEME CTYJACHTAMH CHCIUATBLHOCTH
23.05.01 Hazemnble TpaHCIOPTHO-TEXHOJIOTHUECKHUE CpeacTBa. MeToau-
YECKHME YKa3aHMsI COACPIKAT ONMHUCAHUE Ja00paTOpHON paOOThI, BKIIOUEH-
HOM B JTaOOPaTOPHBIN MPAKTUKYM JAUCITUIUITMHBI « XUMUS», TPEOOBAHHS K
OTU€TY, BOMPOCHI JIJII CAMOIIOATOTOBKH.

B ykazaHusix pazOupaercsi TCOpETUUECKUN MaTepHral 1Mo TeMe « K-
BUBAJICHT. 3aKOH 3KBUBAJICHTOBY. PaccMaTpuBarOTCsl MpUMEPHI 3a1aHUI.
Bce 3To mo3BosSIeT CTy/IeHTaM TIOJHOIIEHHO OCBOWTH MaTepual TeMbl U
MOJITOTOBUTKLCS K 3aHSITHIO.

Metoaudeckue yka3aHUs MO3BOJISSIOT MOATOTOBUTHCS K BBITIOJIHE-
HUIO JIaDOpaTOpHOl paboTe, MPOU3BECTU TpeOyemble pacu€Thl U 0dop-
MMTh OTYET.

B meroanueckux ykKazaHUSX NPUBOASTCS 3aaHUS, PEKOMEH]ye-
MBbIE ISl CAMOCTOSITEJILHOTO BBIMIOJIHEHUS TOCIIE M3YyYEHHUsI TeopeThye-
CKOro marepuaia no teme. [IpuBoaUTCS CIMCOK PEKOMEHyEeMOW JIUTe-
paTyphl.

K nmaGopaTopHOMY 3aHSTHIO CTYJEHTHI FOTOBSTCS 3apaHee, h3ydas
TEOPETUYECKUN MaTepHuall, METOJNKY BBIIIOJIHEHUS SKCIEPUMEHTA U TpeE-
OOBaHMS K OTYETY.

IJKBUBAJIEHT

Ikeueanenm (J) - 3TO yCIOBHAS 4aCTULA BELIECTBA, KOTOPAsk MO-
KET 3aMellaTh, MPUCOEIUHITh, BBICBOOOXKIaTh WIM OBITh KaKUM-JTHOO
IpyruM 00pa3oM SKBHBAJIECHTHA OZHOMY HOHY Bogopona (H') B monoo6-
MEHHBIX pEaKIUsX WIM OJHOMY D3JIEKTPOHY (€) B OKHUCIUTEIbHO-
BOCCTAHOBUTEJIBHBIX PEAKIUSX.

HNon BomopoJa v 3JIEKTPOH SIBISAIOTCS 111a0JIOHAMU OJHOTO SKBUBA-
JIEHTa, MEpBbIA B OOMEHHBIX MPOIECCaX, BTOPOM — B OKHUCIMUTEIBHO —
BOCCTAHOBUTEIbHBIX. O0€ YacTUllbl MaJIEHbKHE, TO3TOMY IKBHBAJIEHT,
MPUPABHEHHBIN K TaKUM MaJICHBKUM YacTHIIAM, CaM MOXXET OBbITh JIM0O
PaBeH peajibHOI YacTule, Ju00 MeHbIle ee B HeCKOJbKO pa3. Jlis



OTpaHUYCHUS pa3Mepa IKBUBAJICHTA UCTOIB3YIOT BEIMYUHY, KOTOpas Ha-
3pIBacTCs (hakTop IKkBUBaJeHTHOCTH (f5).

Dusuueckuii CMbIC/1 IKEUBAIEHMA 3AKJIIOYAETCH B TOM, YTO K-
BUBAJICHT XapaKTEPHU3YyeT PEAKIMOHHBIE BO3MOXXHOCTH BEIIECTBA:
CKOJIbKO UMEHHO VIOHOB BOJIOPO/Ia WJIM PKBUBAJICHTHBIX €My OHO3aps/I-
HBIX YaCTHI] MOXKET MCIIOJIb30BaTh MOJIEKYJa (MOH) BEIIECTBa B HOHOOO-
MEHHBIX PEAKIUAX, WU CKOJIbKO UMEHHO JICKTPOHOB MOTPEOyeTCsS IS
NpEeBpaAIllCHUs]  3TOM  MOJIEKyJibl  (MOHAa) B OKHCIIHMTEILHO-
BOCCTAHOBUTENbHBIX peakiusax (OBP).

d)aKTop IKBUHBAJIEHTHOCTH II0OKA3bIBACT, KaKad JOJA OT peaanoﬁ
HaCTHUIbI COOTBECTCTBYCT OAHOMY OKBUBAJICHTY TOMU HJaCTHUIbI.

f3 = 1/2,

r7€ Z — SKBUBAJIECHTHOE YMCJIO, paBHOE II€JIbIM yuciaaMm, Z = 1,23 4... .
@DaKTUYECKH Z PABHO YHUCIY 3aMEIICHHBIX KAaTHMOHOB BOJIOPOJIa, WJIU
MPUHATHIX (OTAAHHBIX) JIEKTPOHOB.

Hanpumep, onpenenum pakTopbl SKBUBAJIEHTHOCTHA CEPHOM KHCIIO-
ThI B IBYX PEaKIUAX:

1) NaOH + H,SO4 = NaHSO,+ H,0
2) 2NaOH + H,S04 = NapSO4+ 2H,0

B niepBoM ypaBHEHNH 13 JBYX KAaTHOHOB BOJIOPOJIA, COACPIKAITIXCS
B OJHON MOJIEKYJIe CEpHOW KHCJIOTa, IMOJBEPTaeTCs 3aMEIICHUI0 Ha HOH
HATPHUsl TOJIBKO OJWH HMOH, TIO3TOMY (DaKTOp SKBHBAJICHTHOCTU CEPHOM
KUCIIOTHI B 3TOM CITydae paBeH €IWHUIIE, a CaM DKBHUBAJICHT COOTBETCT-
ByeT Mouiekyne kuciotsl: fy (H,SO4) = 1. Bo BTOpOM ypaBHEHHMH TO-
BEPraroTcs 3aMeIIeHuI0 00a KaTWOHa BOAOPOMA, KaXKABIH U3 KOTOPBIX
COOTBETCTBYIOT OJHOMY JKBUBAJICHTY, CIICOBATEILHO, DKBUBAICHT pa-
BEH TMOJIOBHHE MOJIEKYJbI cepHON KUCIOTHI: fy (H,SO4) = 7.

He Bcerna npencraBisieTcs BOSMOXHBIM ONPEAENATh Pa3MeEP SKBU-
BAJICHTA Y€pe3 KaTHOHBI BOAOpoAa. B 3ToM ciyyae MOXKHO yYHTHIBATh
KOJIMYECTBO 3aMEIIICHHBIX B pEaKIMu OOMEHa OJHOBAJECHTHBIX YACTHII,
Harpumep, ruapokcuy moHoB OH-, MOHBI MEpBOM WIM CEABMOW TPYIII
rmaseeix noarpymm (K, Na*, CI', F u T.1.). B yka3aHHBIX ypaBHEHHSX
(dakTop SPKBUBAJIECHTHOCTH MOXXHO TaKXE€ CUMTATh 4YEpPE3 YUCIO MOHOB



HATpHUs WX THJIPOKCH — HMOHBL. B IepBOM ypaBHEHHMHM OJHA MOJICKYyJa
CEepHOM KHUCIOTHI pearupyer ¢ oaHou Mojekynoii NaOH, Bo BTopom
YpaBHECHHH — C ABYMs. B ypaBHEHHMAX OOMEHHBIX PEAKIIUK JUIS PABUIb-
HOT'0 ompeaencHus (HakTopa SKBUBAJICHTHOCTH JOKHBI ObITh MPABUIBHO
paccTaBiaeHbl KOY()hOUITMEHTEI.

st onpenenenust pakTopa sxBuBageHTHOCTH B OBP HyxHO pac-
CTaBUTh CTEICHU OKHMCIICHHUS JJEMEHTOB M OIPEICINTh, CKOJIBKO DJICK-
TPOHOB OJHA YAacCTHIIA OTJACT WX MPHHUMAET B peakiuu. Hampumep,
U1 ompeneneHus (pakropa SKBHBAJICHTHOCTH cepoBogopona HoS B pe-
akuuu: 2HoS(ry + 302y = 2SO0, + 2H0, cHavana onpezenseM CTeNeHb
OKHCIICHHMSI aTOMa, KOTOPBIM BXOAUT B cocTaB HyS M M3MEHsET CTEICHb
OKHCJICHUS B XOJI€ pEakIui. B TaHHOM Ciydae 3TUM DJIEMEHTOM SIBJISICT-
cst cepa: S -6e — S™. Tax kak B X0¢ PEAKIHH IIePeIacTcs 6 HIEKTPO-
HOB, (PaKTOp AKBHUBAJIEHTHOCTHU CEPOBOJIOPOJIa paBeH 1/6, SKBUBAICHT
PaBEH IIEeCTON YacTH MOJIEKYJbI H)S.

Hukakoro ydera koddduimenToB B OB peaknusx npu omnpeaese-
HUM (haKTOpPa SKBUBAIICHTHOCTH HE TPEOYETCH.

Macca ogHOro MOJISI SKBUBAIEHTOB HA3bIBACTCS MOIAPHOU MACCOU
IKGUBANICHMO8 6euiecmea (IKeueaneHmuou maccoii) M5 . Enununa
U3MEpEHUs T/MoJib-3KkB. OHa PacCUMTHIBACTCS, KaK MPOU3BEICHUE (ak-
TOpa YKBUBAJICHTHOCTH Ha MOJIAPHYIO MacCy BEIIECTBA:

M5 =M (1)

MonsipHasi Macca SKBUBAJICHTA CJIOKHOTO BEIIECTBA PaBHA CYMME
MOJISIPHBIX MacC YKBUBAJICHTOB 00Pa3yIOIIMX €r0 COCTABHBIX YacTew, T.€.
M5 (AB) = Mba (A) + Mb (B), Hanipumep, MosisipHasi Macca SKBUBaJICHTA
OKCH/JIa KaJIbI[UsI paBHA CYMME MOJISIPHBIX MAacC SKBHBAJICHTOB KaJbIIUS U
kuciopoaa: Ma (CaO) = M»a (Ca) + M» (O) = f5-M (Ca) + f5-M (O)

Mps (CaO) = 20 + 8 = 28 r/MOJ1b-7KB.

N Mb (CaO) = f5 -M (Ca0), f; = 1%, M (CaO) = 56 r/moib,
M»>(CaO) = 28 1/M0JIb-2KB.

["'a3000pa3Hble BENIECTBA MTOMHUMO MOJISIPHOM MAacChl SKBUBAJICHTa
UMEIOT MOJAPHBLIL 00vem IKeusanrenma, V>, (MIN IKGUBATIECHMHDLIL
00bem) - 00beM, KOTOPHIA 3aHUMAET OJWMH MOJb SKBHUBAJICHTA ra3000-
Pa3HOro BEIIECTBA IPU HOPMAJbHBIX YCIOBHUAX. EnuHMIIA HM3MEpeHHs
JI/MOJIb-DKB.




OH u3MmepsieTcsd B IUTpax u Beraucisercs (mpu H.y., To =273 K, Py
= 760 mm pt. cT. wiu 101,3 xIla), kak mpousBeneHue pakropa IKBUBA-
JICHTHOCTH Ha MOJISIpPHBIA 00bEM Ta3a:

V3 - f3’VM = f3'22,4 (J'I) (2)

[lepecuer komuMyecTBa BEIIECTBA HAa KOJIMYECTBO JKBHBAJICHTOB
IPOM3BOJIUTCS 110 (hopMyIIE:

Ny = —
I3 (3)

Ecnmm He ykazan mporiecc, TO (pakTop 3KBHBAJICHTHOCTH B MOXKHO
OTpeIeTUTh 1Mo hopmyIie:

1 (4)
E-N
rae B - BaJleHTHOCTh (DYHKIIMOHAJIIBHOW TPYNIIbI, BXOISAIIEH B COCTaB
BemecTBa, N — KoM4ecTBO PyHKIIMOHAIBHBIX YaCTEH.

Heoprannueckue coeamHeHUs JeTWM Ha JiB€ (YHKIIMOHAIHHBIC
4acTH, HAI[PUMEP, B OKCHJAX BBIAEIAEM 3JIEMEHT U Kuciaopon (9x0y), B
KHCJIOTaX — BOJIOPOJI M KUCIOTHBIM ocTaTok (HyAN), oOCHOBaHUsAX — Me-
tajut u ruapokcuibHas rpymnmna (Me(OH)y), B coisx — KaTHOH MeTallia 1
aanoH kucinotHoro ocratka (Mey(An)y). IIpu pacderax ¢dakropa >KBHBa-
JCHTHOCTH 110 opmyiie (4) B KauecTBe (PyHKITMOHATBLHOM YaCcTH

- B OKCHJIE YA0OHEE UCIOIb30BaTh KUCIOPO/, T.K. €r0 BAJICHTHOCTD
paBHa JIByM U paktruecku hopmyiia npeodpasyercs 10

_ 1
T Zn(0)

- B KHCJIOTax yJ100HEE UCMOJIb30BaTh BOAOPOA, U hopMmylia mproo-
1

3 =

£, ===

peTaeT BHI: =(H") .

- B COJISIX MOXXHO CUMTaTh 10 METAJLTy WJIM MO KUCIOTHOMY OCTaT-
Ky,

- IS MOHOB W MPOCTHIX BEIIECTB BCS YaCTHUIA CUUTACTCS OJIHOU
(G YHKIIMOHATBHOM YaCThIO.

Ilpumep 1. Onipenenure 115 MPUBEJICHHBIX HIKE BEIIECTB (PaKkToOp
AKBHUBAJICHTHOCTH M XHUMHUYECKYIO (opmyny »skBuBajeHta: H3PO,,
Ca(Ofl)z, Alg(SO4)3, CO,, O, Zn.



Pewenue::

®dakTop PKBUBAJIICHTHOCTH ompezaeiseM 1o Gopmyne (4). Onpene-
asieMcsi ¢ PyHKIIMOHAIBHBIMHU 4YacTaMu. s opTodochopHOM KUCTOTHI
(GYHKIIMOHATBHOM YacThi0 OyJIeT BOAOPOM, MJIS THAPOKCHIA KaIbITUSI —
MOHBI TUAPOKCHUIIA, IJIs Cylb(ara aTtOMUHUS

fg (H3P04) = 1/3, 6] (H3PO4) =1/3 {H3P04},

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

f5 (Al(SO4)3) = 1/(2:3) = 1/6, 3 (Al2(SO4)3) = 1/6 {Al(SO4)s},
f5 (CO,) = 1/(2:2) =1/4, D (CO,) = 1/4{CO,},

f5 (02) = 1/(2-2) = 1/4, D (0,) = 1/14{0,},

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

Ilpumep 2. Onpenenure HakTOp IKBUBATECHTHOCTH M XUMHUUYECKYIO

(dbopMyJly SKBUBAJICHTA MOAYEPKHYTHIX BEIIECTB B YPABHEHUAX PEAKIUN:
1. AI(OH)3 + 2HCI1 = AIOHCI; + 2H,0
2. Zﬂgg(r) + Oz(r) =2S +2H,0

Pewienue. B niepByto ouepenb ClI€yeT ONPENCIINTh, C KAKUM TH-
MIOM PEAKIIUM Mbl UMEEM JI€JIO: C OKUCIUTEIbHO-BOCCTAHOBUTEIBHOU pe-
aKIuend WM MOHHOOOMEHHOH. B mepBBIX 3TaJTOHOM SKBHUBAJICHTA SIBJIS-
eTCs DJIEKTPOH, BO BTOPHIX — OJHOBAJIEHTHBIE YacTHIBI, Harmpumep, H',
OH, K',Na",CI', Fu

Peakuus 1 sBisiercs nonoooMmennoit B neit AI(OH)3 nipeBpaiiaeT-
cst B AIOHClI, B MoJieKyiie TUIPOKCUA alFOMUHUS 3aMEIAI0TCs JIBa UO-
Ha OH', na nonsl C[. CaenoBaTelIbHO, €¢ PKBHBAJICHT B JIaHHOH KOH-
KPETHON peaknuu coctaBiser 1/2 wmonexynsl AI(OH)s, f5,=1/2; D=
1/2{Al(OH)3}.

Peakuust 2 OKUCIUTENBLHO-BOCCTAHOBUTENIbHASA. B HEll cepa MeHseT
CBOIO CTeleHb okucieHus ot -2 (B H>S) no 0 (B S). Ilepemematorcst 2
anekTpoHa. CieaoBaTeabHO, B TaHHOW KOHKPETHOM pEaKIMh MOJICKyJa
CEPOBOIOPOA COCPIKUT 2 SKBUBaeHTa, T5 = 1/2, D = 1/2{H,S}.

3AKOH KBHUBAJIEHTOB
3akoH 3kBUBaNIeHTOB ObLT chopmynupoBan B 1800 r Tak: «Bce Be-
[IECTBA PEAarupyroT B SKBUBAJEHTHBIX OTHOMICHUsX». COBpEMEHHOE OIl-
pezeieHre 3aK0OHa SKBUBAJICHTOB TJIACHUT:



Monw 3K6usanenmos 00H020 geuiecmea peazupyem ¢ 0OHUM MO-
J1emM IKGUBATIEHM OB OpPY2020 6euiecmea, mo echov KoJauuecmea mMoJlb
IKGUBATIEHM 06, YUACMEYIOUWUX 6 PEeaKuuu 6euyecme, PaeHvl MeHcoy
coooil.

Insa ypaBHeHust aA + BB = ¢E, 3ak0oH 3KBHBaJIEHTOB MOXHO 3aIlu-
catb kak N, (A) =n, (B) =n, (E).

PacnipoctpaneHno onpenesieHue, Mo3BOJISIIONIEE UCIIOIB30BaTh 3aKOH
AKBUBAJICHTOB JIJISI CTEXHOMETPUYECKUX PAacueToOB O€3 HAIMCAHUS U aHa-
Jv3a XUMHUYECKUX ypaBHeHUW: Maccwl yuacmeyrowux 6 peakuuu ee-
uiecme nPonoOPUHOHAIbHBL MOJIAPHBIM MACCAM UX IKCUBATICHM OB

m4 _ M 31 (5)
m; My

JI71s1 Ta30B CHpaBEJIMBO TAKXKE OINpPEICICHUE, UCTOb3YIOIIEee MO-
JISIpHBIE 00BEMBI SKBUBAJICHTOB:

Oovembl yuacmeyrwuiux 6 peakuuu 2a3000pazHvlX 6euiecme
NPONOPUUOHAILHBL 00beMaM MOJIA UX IKGUBATIEHHOE '

Vi Y (6)
Va Vg

[TonenuB Maccy Kaxa0ro BEIIECTBA HA MOJISIPHYIO MAacCy €ro 3KBHU-
BaJICHTA, IMOJIy4YacM:
my __ M3 (7)

Ilpumep 3.

CKOJIBKO TPaMMOB MapraHia MOXHO NOJIy4uTh u3 MnQOy, ecnu us3-
Pacxo/10BaHO ObLIO 3 MOJIb SKBUBAJICHTOB aTIOMUHUS?

Pewenue. B nanHou 3agaye pedb UIET O MOJYYEHUU YUCTBIX MeE-
TAJUIOB M3 UX OKCHUJIOB METOJIOM BOCCTAHOBJICHHUS JIPyruM, OoJjiee ak-
TUBHBIM METAJIOM (QJIFOMUHUEM, MarHheM, KajableM). DTO IMPOMBIIII-

JICHHBIN MCTOJ aJIIOMOTCPMHHU: 0

t C
IMnO; + 241 — 3Mn + 241,03
CoriacHO 3aKOHa 3KBUBAJIEHTOB, N, (Mn) = n, (Al) = 3 monb-3kB.
dakTop skBuBasieHTHOCTH f5 (MN)= Y4, aTrom Mapraniia B xoJie peakiuuu
N 0
npuHUMaceT 4 anekrpoHa: Mn"~ +4e— Mn".
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MosipHyr0O Maccy 3KBHUBAJICHTOB MapraHiia orpesaesnseM 1o ¢dop-
myie (1) Ms(Mn) = 55,0/4 = 13,75 r/monb.
Haxonum maccy mapranna: m = M, -n,=3-13,75=41,25r.

Ilpumep 4.

Kakyto HaBeCKy allOMHUHUMS PACTBOPHWIIM B KHCJIOTE, €CIIM IIPU TEM-
neparype 291 K u naBiaenuun 734 MM pT. CT. 00BEM BBIICIHUBIIETOCS BO-
nopoaa coctaBui 113 mn?

Pewenue:

Ncnons3yst 00beqMHEHHBIN Ta30BbIA 3aKOH, HalaeM 00BbeM, KOTO-

PBIF 3aMET BOAOPO/ PU HOPMAJIBHBIX YCIIOBUSIX:
VD _ VT, _ 113-734-273 _ 1{:’3 M1
Pa'T 760-291
Po - JaBJICHHE TIPU HOPMaIbHBIX yciIoBusx (760 mm pr. ct.), To - Temme-
paTypa npu HopMaabHbIX ycioBusix (273 K).

IIpu B3aMMOAEHCTBUN AIFOMUHHUS C KUCIOTOW METal OKUCISAETCS
70 CTEMEHU OKHUCJIEHUS +3, IpU 3TOM OTAAET TPHU DJEKTPOHA, CIIEI0OBA-
TEJIIBHO, PKBUBAJICHT AJTIOMUHHUS COCTaBISET ONHY TpeTh ero aroma fr
(Al) = 1/3, monsapHas Macca SKBHBAJICHTOB aJlfoMUHUs paBHa: M» (Al) =
27/3 =9 r/M0NB-3KB.

B peakuuu creneHb OKUCIEHUS! BOAOPOAa MEHsAETCs OT +1 10 Hyds.
CooTBeTCTBEHHO, B Mpoliecce 00pa3oBaHUs MOJEKYJIbl BOAOpPOAA MpH-
HUMAIOTCS JIBa AJIEKTPOHA, (DAKTOP IKBUBAJIEHTHOCTH BoJIopoaa V2. O0b-
€M MOJISI SKBUBAJICHTOB Bojaopoja mpu H.y. Vo (Hp) = 22,4/2 = 11,2
JI/MOJIb-3KB.

[To 3aKO0HY PKBUBAJICHTOB PACCUMTHIBAEM HABECKY ATFOMHUHMUS:

9 r Al BeiTecHsr0T 13 KUCIOTHI 11 200 M1 H>

x T Al BeiTecus1oT 13 kuciiotel 103 M1 Ho

9-103

x=————=0,082r
11 200

OOpaTuTe BHMMaHUE, YTO MPU pacyeTax ¢ MPUMEHEHUEM 3aKOHa
SKBUBAJIEHTOB HAM HET HYX /bl BBISICHATh, KaKasi KOHKPETHO KHUCJIOTA UC-
MOJIb30BAJIACH ISl PACTBOPECHHUS.

BOITPOCHI IJ151 CAMOIIPOBEPKH
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1. Uto Takoe 3kBUBaICHT? (HaKTOp SKBUBAICHTHOCTH?

2. Kak paccunutaTth MOJISIPHYIO Maccy 3KBUBAJICHTA?

3. Uto Takoe 3KBUBAJICHTHBIN 00HEM?

4. Kak HaXOJUTCS SKBUBAICHTHBIM 00HEM ?

5. Kak paccuutath (pakTop 3KBHBAJIECHTHOCTH 1O (opmyse (06e3 yuera
ypaBHeHUS peakiun)? B kakoM citydae Takou moaxoj JOMyCTHM?

6. Kak HaxoguTcsi SKBUBAJIEHT BEUIECTBA B  OKHCIUTEIIBHO-
BOCCTAHOBUTEIbHBIX PEAKIUAX?

7. Kak HaXoauTCs SKBUBAJICHT BEIIECCTBA B OOMEHHBIX PEaKIMSIX?

. Kax ¢popmynupyercs 3aKkoH SKBUBaJIEHTOB?

9. Kakue mnpenmyinectBa MMEKOT CTEXHUOMETPUUYECKHE PACUEThl C HC-
MOJIb30BAHUEM 3aKOHA YKBUBAJIICHTOB?

o0

JIABOPATOPHAS PABOTA

Onpeodenenue MOAAPHOU MACCHL IKEUBATICHM OB MemMalld
(Al, Zn) memooom evimecnenus 6000pooa

MeTtos1 OCHOBaH Ha U3MEPEHUH 00BEMa BOJOPOAA, KOTOPHIA BhIjIe-
JSI€TCA U3 KUCIIOThI IPU JIEUCTBUU HA HEE METAJLNIA.

[IpumeHnsemblil 11 3TOW 1ieiau npuOop (PUCYHOK, a) COCTOUT U3
IBYX OIOPETOK, YKPEIJIEHHBIX HA IITAaTHUBE M COCIWHEHHBIX PE3UHOBOM
TpyOKoi. B 3Tu cooOiaroniyecss cocyibl 3aJIUTa BOAAa MPUOIU3UTEIBHO
10 cepenuubl OropeTok. OHa U3 OIOPETOK (M3MEpUTENbHAsI) CBEPXY 3a-
KpbITa IPOOKOW C OTBOJHOM TPYOKOW, K KOTOPOM MPUCOEAUHSIOT MPO-
OUpKYy, TJI€ TPOUCXOAUT PEAKIUS MEXAY KUCIOTOM U MeTaiuioM. [lpyras
OrOpeTKa CIY>KUT MPUEMHHUKOM JJIsI BOJIbI, BBITECHSIEMOW BBIJEISIOIINM-
Csl TIpU PEaKIMK BOJIOPOJIOM.

OO0BbeM BBIIEIUBIIETOCS BOJOPOAA OMNPENEIAIOT MO Pa3HOCTH
YPOBHEW BOJIbI B U3MEPUTEIHHON OIOpPETKE /10 U IOCJE OIbITa, HPUBEIS
BOAY B 00eux OropeTkax K OJHOMY YpoBHIO. Torja naBieHue B U3MEpPU-
TEJIBHOI OIOpETKE paBHO aTMOC(EpPHOMY.

[TonyuuTe HaBecky Meraia y jabopanrta. [IpoBepbTe repmeTny-
HOCTh TNpubopa. st 3Toro oaHy u3 OIOPETOK MEPEMECTUTE BMECTE C
JIATIKOM ITaThBa TaK, 4TOObI ypOBEHb BOJABI B Heil cranm Ha 10-15 cm
BBIIIIE, YeM B NIEpBOI OtopeTke. Eciiu pa3HuIia B ypoBHIX HE U3MEHSIETCS,
npudOp TePMETUYECH; €CJIM YPOBHHU B OIOpETKaX BBIPABHUBAIOTCS, MPUOOP
HErepMETHUYEH, MPOIMYCKAET BO3/IyX, O YEM CIIEIYEeT 3asiBUThH Ja0OpaHTY.
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B npobupky naneiite 3-4 mu consiHoit kuciotel (20%). Tlonmepxusas
npoOMPKY B HAKJIOHHOM TIOJIOKEHUH, TIOMECTUTE HaBECKy MeTasia (He
OITyCKasi B KUCJIOTY) Ha CTCHKY Y OTBEPCTHs MPOOUPKU U 3aKPOUTE MPO-
OupKy MpoOKOM C OTBOJHON TPYOKOW OT OropeTkH. B kadyecTBe peakiiu-
OHHOT'O COCYJla MOXKHO HCITOJIb30BaTh JBYXKOJICHHYIO MPOOUPKY (pUCY-
HOK, 0), B O/IHO KOJICHO ITOMEIIAeTCs KUCIIOTa, B APYroe — METAJLI.

b

a 0
Pucynok — ITpubop 1751 onpenenenus oobema Bojaopoja (a), 1Byx-
KoJieHHas mpoOupka (cocyn Jlannonsta) (0).

[IpuBenute Bomy B OIOpETKaxX K OJHOMY YPOBHIO U OTMETHTE YpO-
BEHb BOJIbI B 3aKPBITOM OropeTke. OTCUET MPOU3BOAUTE 110 HUKHEMY Me-
HUCKY )KMJIKOCTU € TOYHOCTHIO 70 0,1 ML

CrpsaxHuTte MeTaul B KUCIoTy (cMoiiTe ero kucioroit). Habnronaii-
TE€ BBIJICJICHUE BOAOPO/Ia U BEITECHEHUE BOJIbI U3 OIOPETKHU.

[To OKOHYaHUHU peaKlUK JalTe MPOOUPKE OXJIATUTHCS HA BO3AYXE,
MOCJIE Yer0 CHOBA MPUBEAUTE BOJY B OIOpETKAX K OJIMHAKOBOMY YPOBHIO
U 3alUIIMTE HOBBIA YPOBEHb BOJIBI B TOM k€ OIOpETKe, B KOTOPOM OTMe-
YyaJjy UCXOAHBIM YpOBEHb. 110 pa3HOCTH ypOBHEMN BOJBI 0 U IIOCIIE PEaAK-
MU paccuuTaiiTe 00beM BBIIECIUBIIETOCS BOJOPOAA.

3aMepbTe NaBJICHHUE U TEMIIEPATYPY.

Od)ODMJ'IeHI/Ie ADKCIIEPUMEHTAJILHBIX JaHHBIX. PacueTnl
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1. Onpenenenuie naBiaeHUsI BOAOPOAA.

Jlaxxe mpu KOMHATHOM TeEMIEpaTrype mnap HaJ MOBEPXHOCTHIO BOJIbI
oOnazaeT 3aMeTHBIM JaBiieHueM. [losTomy fuist onpeaeneHus: napiuaib-
HOTO JaBJIECHUS BOJIOPO/Ia HEOOXOAMMO OT 001Iero (arMocepHOro) JaaB-
JICHHSI BBIYECTD JIaBJICHHE HACBIIICHHOIO mapa h (cM. MpUIIOKEHHUE).

p(Hz2) = pam - h

2. Jlns mpuBeneHusi 00beMa BBIICIMBIIETOCS BOJOPOJa K HOP-
MaJbHBIM YCJIOBHUSIM HCIIOJIB3YIOT YPABHEHHE Ira30BOr0 COCTOSHUA (00B-
CAMHEHHBIN ra30BbIA 3aKOH):

Po " Vo p (Hy) -V (H3)
To T

3. OmpenenuB 00beM BOJOPOJA NPU H.y., BBIUUCISIOT Maccy |
MOJIb SKBHBAJIEHTOB MeTasa:

M 1 MeTauia - BBITECHSIOT IIpH H.y. Vo MJI BOJIOpO/a;
M> r/mMonb metaiia - 11200 M Bogopoa.

4. CpaBHHBasi SKCIEPUMEHTAIBHO HANJCHHYIO MOJIPHYIO Maccy
SKBUBAJIEHTOB METANIa C TEOPETUYECKUM 3HAYEHUEM MOJIIPHOM MAacChl
AKBUBaJICHTOB MeTaiia (Al, Zn), onpenenute, Kakoll MeTamn ObLT B3SIT
JUISl peaklMH. 3aluIlIUTe YPaBHEHHE PEAKUMU B3aUMOJCHUCTBUS 3TOTO
MeTajuia ¢ COJISIHOW KUCIOTOW. 3alMIIUTE B XKYypHAI:

- MacCcy HaBECKU MeTajljia M r;

- YpOBEHb BOJIbI B OropeTke /10 peakiuu V' mit; u nocie peakiuu V"'
MUT;

- remneparypy, t°C u T K;

- aTMOc(pepHOE JJaBJIEHUE P MM PT. CT.;

- TaBJICHHUE HACBIIIICHHOTO BOJISTHOTO apa, h MM pT. CT.;

ITo mosy4eHHbIM JaHHBIM PACCUUTAUTE:

- 00BeM BeIIeUBIIErOCcs Bojgopoaa Vi = V'-V', mi;

- mapruuagbHoe AaBieHue Boxopona p(Hz) wmw pr. ct.;

- 00beM BOAOPO/Ia MPU HOPMAJIBHBIX YCIOBUSX Vo; MII;

- TCOPETUYECKYIO MOJIIPHYIO Maccy SKBUBAICHTOB My (Teop.) (Al
Zn), r/MONb-3KB,;
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- OMBITHYIO MOJIAPHYIO MacCy 3KBUBAJIICHTOB MeTaiuia, My (3kcmep. ),
I/MOJIbL-DKB;

- OIIMOKH OIIBITA:

a) aOCOJIFOTHYIO, Oagc., T

0) OTHOCHUTEIIBHYIO, Ogry, %0.

AOGcomroTHas omrOKa OIbITa PACCYMTHIBACTCS KaK aOCOJIFOTHAS Be-
JUYHHA PA3HOCTH MEXKAY IKCIICPUMEHTAIBHO HAWJCHHBIM M TEOpeTHYEC-
CKUM 3HAYCHHUSIMH MOJIIPHOM MacChl 9KBUBAJICHTOB METajlIa;

0.6c. = M5 (3kcriep.) - My (Teop.).

OTHOCHTENbHAS OIIMOKA OIBITAa PACCUYMUTHIBACTCS KaK OTHOIICHHE
aOCOJIFOTHOW OIIMOKH K TEOPETUYECKOMY 3HAYEHUIO, BBIPAKEHHOE B
IPOIICHTAX.

o = Bascl 1009%
o = M3 (Teop.) ’

WHJNBUIY AJILHBIE 3AJIAHUS

3adaua 1. ]1;1s1 IpUBECHHBIE BEMIECTB OIMPEICIIUTE:

a) (GakTop SKBUBAJIECHTHOCTHU; ©O) ISl MOJYEPKHYTOI'O BEIIECTBA
MOJISIPHYIO MAacCy 3KBUBAJICHTOB; B) JJIsl Ta3000pa3HOr0 COEIMHEHUS
AKBUBAJICHTHBINA 00BEM (H.Y.).

A. KpemnueBas kucinora, okcup azora (III) - ra3, cepHoOKuCIbIN
amoMuHnH, okcu cepsl (V).

b. YkcycHas kuciora, cyibdaT aqtOMHHUS, TUAPOKCH]T KalbIus,
okcun yriepozaa (IV) — ras.

B. Kenesokanuesbie kBacubl KFe(S0,),, okcun cepol (IV) - ras,
yrojibHas KucjioTa, ruapokena meau (1I0).

I'. AmomokanueBble kBacibl KAI(SO4);, okcun yraepona (IV) -
ras, cepHasi kuciora, ruapokcug xpoma (III).

. ®ocdopnas kucnora, okcup azora (1) - ras, ruapokcuy 6apus,
dbocdar Gapusi.

E. lllaBenesas kucnora H,C20,, XTOpOBOIOPO - Ta3, OKCUIL CEPBI
(V1), cynbdar amoMuHus.

K. Cepuucras kucnora, ruapokcua xpoma (I11), docdar kanbius,
okcun azota (III) - ras.
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3. AzorHas kucnota, okeua xpoma (III), wutpar xpoma (III), cepo-
BOJIOPOI - Ta3.

N. Oxcupa HaTpusi, TUAPOKCH]T MarHusl, CEpOBOAOPOJ - Ta3, dhocdar
Oapus.

K. bpomoBogopon - ra3, THApOKCcHT Oapusi, CEPHOKUCIIBIN aTFOMHU-
Huii, okcua cepsl (VI).

JI. KpemHueBas kucnora, okcup azora (III) - ras, rugpokcua amro-
MHHUS, XpoMOKanueBble KBaclbl KCr(S04),.

M. ®ochopHas kucaora, TUAPOKCHU] KalbIus, ¢ochar KaIbIus,
okcun yriepozaa (IV) - ras.

H. Ykcycnas kucnora, cyabdar amromunus, okcupa xeinesa (I10),
okcug cepsl (IV) - ras.

O. ®TopoBOIOPO - Ta3, TUAPOKCU Kablus, Xjopual Tutana (IV),
okcua cepsl (VI).

I1. XnopoBomopoa - ras, okcua docdopa (V), ruapokcuy xenesa
(IIl), cynwdar uuHKa.

P. l{aBeneBas kucnora HyC204, TUAPOKCUI KIS, OKCHJIL HKeJie3a
(I11), ammuax - ras.

C. YronbHas kucnorta, cyiabdar anomunus, ruapokcena meau (I0),
okcup azora (III) - ras.

T. CepoBonopos - ras, okcuji antoMuHud, hocdart Kaablus, TUIpo-
keua mapranua (II).

Y. Cepnas xuciora, ruapokcwa xpoma (1), kenezokaaueBbie
kBacipl KFe(S0,),, okcun cepsl (IV) - ras.

®. CepHucras KUCI0Ta, THAPOKCHU] [IUHKA, ATFOMOKAJIUEBbIE KBAC-
161 KAI(SO.),, oxcun yriepoaa (IV) - ras.

3aoaua 2. B mnpensiokeHHbIX YPABHEHHSIX pPeaKluid JJsi MO/-
YEepPKHYTBIX COeIMHEHUH ONpee/nTe COCTAB IKBUBAJIEeHTA U (akTop
’KBHBAJIEHTHOCTH.
A. Fe_Cl§ + HZO = FGOHC12+ HCI
KMIIO& + Al + 2H20 = MIIOZ + K[AI(OH)4]
b. Alg@é)_g‘f' 2KOH = 2AI0OHSO,4+ K>SO,
2KMnO4 + 16HCl = 2MnCl; + 5Cl;, + 2KC1 + 8H20
B. CaCO;z + H3PO4 = CaHPO4 + CO; + H20
Ngj‘ 503 = NoOs5+ 50,
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I. @g(P_Oé)_Z + HzSO4 = 2C3HPO4 + CaSO4
H,S +4Cl; + 4H,0 = H,SO, + 8HCI
. Cag(PO4)2 + GHZ&A = 3Ca(HSO4)2+ 2H3PO4
KMnQO, + Al + 2H,0 = MnO, + K[Al(OH)4]
E. FLClg + H,O = FeOHCl,+ HCl
N2O+ 20, = N20s
K. CaCO;3; + H3PO4 = CaHPO, + CO; + H20
2KMnQO4 + 16HCI = 2MnCl; + 5Cl;, + 2KC1 + 8H,0
3. Alg@ﬁ)é‘f' 2KOH = 2AIOHSO4 + KQSOA,
H,S + 4Cl; + 4H,0 = H,SO,4 + 8HCI
Hn. K3PO, + 3ﬂ2$4_= 3KHSO4 + H3POq4
2CrO3 + 12HCI1 = 2CrCls+ 3Cl; +6H,0
Eg@g)g + 2H,0 = 2FeOHSO4 + H>SO4
H,SO3+2H,S =S + 3H,0
@3@4}2 + H>,SO,4 = 2CaHPO, + CaSO4
H,S + 4Cl; + 4H,0 = H,SO4+ 8HCI
: Q‘g@ﬂ)@ + H,O = 2CrOHSO,4 + H,SO4
2H,S + H,SO3 = 3S + 3H,0
2AI0HSO4 + H2SO4 = Alx(SO4)3 + 2H0
4@3 + 50, =4NO+ 6H,0
Fe(OH)3 + HCl = FeOHCl,+ 2H,0
Ng + 20, =2NO0O;
CaCQOs + H3PO4 = CaHPO,4 + CO; + H20
4@3 + 702 = 4N02 + 6H20
P. CaCl; + H,SO4 = Ca(HSO4), + 2HCI
2H,S + O, =S + 2H,0
C. Qg@é)_g + H,SO4 = 2CaHPO,4 + CaSOq4
4@3 + 402 = 2N20+ 6H20
T. Fe(OH); + H,SO4 = FEOHSO4+ H,O
Hg§ + 4C12 + 4H20 = HzSO4+ 8HC1
Y. @3@4}2 + 2H>SO,4 = Ca(H2PO4)2 + 2CaS0Oq
4@3 + 30, = 2N, + 6H,O
®. Al(OH); + HCl = Al(OH),Cl+ H,0
HZ§ + 20, =S03 + H,O

=

= © E = =

3aoaua 3. Pewaiime 3a0auy, ucnoiv3ysa 3aK0OH IKEUEAIeHM0o8!
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A. CKOJIBKO TpaMMOB BoJIb()paMa MOXKHO MOTy4uTh U3 WQOs, eciu
M3PACX0/I0BAHO OBLIO 3 MOJIb SKBUBAJICHTOB MarHus?

Bb. Kakoii 00b6éM (H.y.) okcuaa yriepoaa (IV) BeiaeanTcs mpu cro-
paHuu 1 MOJIb DKBHMBAJIEHTOB yriiepoja?

B. Kakoit 00béM kuciaopojga (H.y.) HOTJIOTUTCS MPH OKHCICHUU 2
MOJIb SKBUBAJICHTOB HATPHSI?

I'. Kakoit o6beM (H.y.) BOIOpOJia BBIASIUTCS MPU B3aUMOICHCTBUH
C BOIOUW 3 MOJIb DKBUBAJICHTOB KaJIbIUA?

. Kakoii 00beM (H.y.) BOJOpOJIa MOTPEOYETCS ISl BOCCTAHOBJIE-
HUs | MOJIb SKBUBAJIEHTOB okcujia Tutana (IV)?

E. Kakoii 00beM (H.y.) BOJOpOJia BEIACIUTCA IPU B3aUMOEHCTBUN
C KHUCJIOTOM 2 MOJIbL DKBUBAJICHTOB IIMHKA?

K. Kakoit 00beM (H.y.) BOJOPOJia BBIACIMUTCS MPU B3aUMOJICUCT-
BUU C KUCJIOTOHN 2 MOJIb SKBUBAJICHTOB Xpoma?

3. Kakoit 00beM (H.y.) okcuaa yraepoaa (II) Beimenurcs mpu Boc-
CTAHOBJICHMM OJHOTO MOJIb HKBUBAJICHTOB Okcupaa >keneza (II) yrmepo-
oM?

M. Ckonbko rpaMMOB THTaHa MOXHO nonyuuTs u3 TiO2, ecnu us3-
Pacxo0BaHO OBLIO 2 MOJIb SKBUBAJICHTOB aTFOMUHUS?

K. Ckonbko rpaMMOB XpoMa MOXET OBITh MOJYYEHO M3 OKCHAA
xpoma (Ill), ecnu m3pacxogoBaHO HA BOCCTAHOBJICHHE | MOJb SKBHBA-
JIEHTOB AJIFOMUHUA?

JI. Kakoit 00beM (H.y.) BOJOpOAa BBIJICIUTCS MPU B3aUMOJICUCTBUM
CO ILETIOYbIO TPEX MOJIb SKBUBAJIICHTOB AJIFOMUHUSA?

M. Kakoit 00b€éM Kkuciiopoaa (H.y.) MOMJIOTUTCA HPH OKUCIEHUU 2
MOJIb SKBUBAJICHTOB JINTHS?

H. Kakoil 00beM (H.y.) BOAOPO/Ia BBIACIUTCS MIPU B3aUMOJECHCTBUU
CO LIEJIOYBIO 2 MOJIb SKBUBAJICHTOB IMHKA?

O. Kakoit 00beM (H.y.) BojOpoia OTpeOyeTcsl i1 BOCCTAHOBJIE-
Husl | MOJIb 3KBUBAJIEHTOB OKcua Boibppama (VI)?

I1. Kakoit 00beM (H.y.) BOJAOPO/Ia BBIICIUTCS IPU B3aUMOEHCTBUU
C KHUCJIOTOM 2 MOJIb SKBHBAJIEHTOB MapraHia?

P. Kakoit 00beM (H.y.) BOJOpOAA BBICIUTCS IPU B3aUMOJEHCTBUU
C KMCJIOTOM 1 MOJIb SKBHBAJICHTOB Kene3a?
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C. Kakoit 00bem (H. y.) okcuna yraepoaa (II) BeraeauTes mpu Boc-
CTAHOBJICHHM OJHOT'O MOJIb SKBUBAJICHTOB okcuja xeine3a (III) yraepo-
nom?

T. CkoibKO rpaMMOB Maprasiia MOXXHO MOay4uTh U3 MnQO,, eciu
U3PACX00BAHO OBLIO 3 MOJIb SKBHBAJCHTOB ATFOMUHUS?

Y. CKOJIBKO IpaMMOB XpOMa MOXET OBITh IIOJYYCHO M3 OKCHJIA
xpoma (Ill), ecnu mouwio Ha BOCCTAaHOBJCHHE 2 MOJb YKBHBAJICHTOB
AJTFOMUHUSA ?

®. Kakoit 00beM (H.y.) BOAOPOAA BBIJICIUTCS MIPU B3aUMOAECHCTBUU
CO IIETIOYBI0 JBYX MOJIb SKBUBAJIICHTOB aJTFOMUHUS?

3aoaua 4.

A. 1,62 t meramna obpasyer 1,74 r okcuma. Berauciaure sKBUBa-
JIEHTHYIO Maccy MeTaJlia.

b. OnunakoBoe kojamuecTBO MeTtajuia coenuasgercs ¢ 0.2 r O, u
2,00 r rasiorena. Hailt 35KBUBAIEHTHYIO MACCy TJIOTEHA.

B. IIpu cropanuu 2,50 r meranna oOpazyercs 4,72 r okcujaa Me-
tajuia. OnpeaenTb S3KBUBAJIEHTHYIO MacCy MeTalia

I'. Ha BoccranoBienue 14,18 r okcuna meramia tpedyercs 4,48 1
BOZI0poJa (H.y.). BeluncanuTe 3KBUBAJICHTHYIO MacCy MeTala.

. 1,62 r. Mmetayuia BoiaenseT U3 kucinotel 2,01 1 Bomopoaa (H. y.).
BblunciauTe 5KBUBAJICHTHYIO MacCy MeTasia.

E. 1,71 r meranna BeiTecHsieT u3 kuciaotrel 700 M1 Bogopoaa (H.y).
OrnpenenuTs SJKBUBAJICHTHYIO MAacCy MeTaJlja.

7K. 1,80 r okcuga MeTasa BOCCTAHABIMBAIOTCS 883 Ml Bomopoaa
(H.y.). OnpeaenuTsh I3KBUBAJIEHTHYIO MacCy MeTasuia.

3. 16,8 r MeTajyia BBITECHSIET U3 KUCIOTHI 3,36 J1 Bojopoaa (H.y.).
OrnpenenuTs SKBUBAJICHTHYIO MacCy MeTaJlja.

N. 1,75 r merayuia BbiTecHseT U3 kuciaoTel 0,7 1 Bogopoaa (H.y.).
OrnpenenuTs SKBUBAJICHTHYIO MacCy MeTaia.

K. 1,00 r amromunus odpaszyer raimorenus ¢ 8,89 r ranorena. Omn-
peAeIUTh SKBUBAJICHTHYIO MacCy TaJloreHa.

JI. 1,00 r meranna obpasyet cynbdun ¢ 1,78 T cepol. Onpenenutsb
SKBUBAJICHTHYIO MacCy MeTasia.

M. DneMmeHT 0Opa3yeT OKcui, B KOTOpoM coxaepxkurcs 24,3 % ku-
ciopona. OnpenenuTb 3KBUBAJICHTHYIO MacCy JIEMEHTA.
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H. DneMeHT o0pa3yeT okcuj, B KOTopoM cojaepxutcs 34,8 % ku-
cinopoaa. OnpenennuTs SJKBUBAJIEHTHYIO MaccCy 3JIEMEHTA.

O. Onpenenuth SKBUBAICHTHYIO Maccy MeTaiia, eciud 8,34 r me-
Tayyia okucistorcs 0,680 1 kuciaopoaa (H.y.)

II. OnpenenuTh KBUBAJICHTHYIO MacCcy MeTaiuia, eciu 3,24 r me-
Tajia oopa3yrot 3,72 r cyasdumaa.

P. 3,24 r meramra obpasyer 3,48 r okcuma. Beramcnure sKBUBa-
JIEHTHYIO Maccy MeTaJlia.

C. OgHO 1 TO K€ KOIMYeCTBO MeTaiuia pearupyet ¢ 0,2 r KUciopo-
nau 3,17 r ramorena. HaliTu SKBUBAJICHTHYIO MacCy raJiIoreHa.

T. Ilpu cropanuu 5,00 r metamia odpaszyercsa 9,44 r okcuga me-
Tajia. OnpenenuTh SKBUBAJICHTHYIO Maccy MeTaslia

Y. Ha Boccranosnenne 7,09 r okcupa Meraia tpedyercs 2,24 n
BOZI0poJia (H.y.). Beruncinure 3KkBUBAJICHTHYIO MacCy MeTalia.

®d. [Ipu B3auMOAEHUCTBUN C KUCIOTOMN 3,24 T. METaJJIa BBIICIISIETCS
4,03 1 H; (1. y.). HailTu s5KBUBaJIEHTHYIO Maccy MeTalia.
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[Ipunoxenue
/laenenue HacvlueHH020 600AH020 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




