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DIRECTIONS

Q

All the time you are in the laboratory you must wear safety spectacles or optical spectacles, in
case the latter are needed. Pipettes have to be filled with a pipette bulb. Eating in the laboratory
is strictly prohibited.

Participants have to follow the safety rules, to be kind to each other and to keep their labware
and working place in order. Do not be shy to ask the laboratory assistant about the safety rules.

You may begin working only after the “START” signal. You have 5 hours to complete the
practical examination and to fill in the answer sheets. 15 minutes before the end of this period
you will be warned. Working has to be stopped right after the “STOP” signal. Being 5 minutes
late will result in receiving 0 points for the practical examination.

Write your name and code (indicated in the working place) in the corresponding boxes on the
answer sheets.

All results have to be written in the corresponding boxes on the answer sheets. Results written
elsewhere will not be graded. If you need some paper for calculations or an additional answer
sheet, ask the laboratory assistant.

When you have finished working, place all answer sheets into the provided envelope. Only the
sheets in the envelope will be graded.

Do not leave the room prior to receiving permission.
You have to use only the provided labware.

The number of significant figures in the numerical answers has to correspond to the laws of
experimental errors and rounding up. Failing to do the calculations correctly will result in
penalties, even if your technique is impeccable.

Collection of used and spilt chemicals and broken glassware

Q

Organic filtrates, washings and any other waste have to be put into the corresponding vessels
or bottles.

For disposing of waste and chemical waste use the corresponding containers.

Broken glassware and split glass has to be disposed of in the waste basket. For breaking
glassware or asking an additional sample you receive a 2 point penalty.
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3aganue 1 OPTAHUYECKASA XUMUS

CUHTE3 IUT'NAPOIIUPUANHA XOHTYA

15 Gayos
Labware:
technical balance 1
50 mL round bottom flask 1
heating plate 1
reflux condenser 1
boiling stones 2-3
Bunsen flask 1
Buchner funnel 1
Petri dish 1
spatula 1
50 mL cylinder 1
10 mL measuring pipette 1
laboratory stand 1
In the free area to the right draw schematically
the reaction assembly.
Reagents:
Ethanol Reaction assembly
Safety information:
R11 Highly flammable
S7 Keep container tightly closed
S16 Keep away from sources of ignition - No smoking
Ethyl acetoacetate
Safety information:
R36/37/38 Irritating to eyes, respiratory system and skin
S26 In case of contact with eyes, rinse immediately with plenty of water and seek medical
advice
S37/39 Wear suitable gloves and eye/face protection

Ammonium acetate

Safety information:

S24/25 Avoid contact with skin and eyes
Urotropine
Safety information:
R11 Highly flammable
R42/43 May cause sensitization by inhalation and skin contact
S16 Keep away from sources of ignition - No smoking
S22 Do not breathe dust
S24 Avoid contact with skin
S37 Wear suitable gloves
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eJb.
Cunre3upoBaTh TUATUI-2,6-mumeT-1,4- turuaponupuans-3,5- iMKkapOOKCHIIaT u3

npeaOCTAaBJIICHHBIX NUCXOJHBIX BCIICCTB.

BBenenmue:

Peakius 1,3-1ukapOOHMIBHBIX COCIUHEHUH C albJAErHIOM U aMMHakoM, Kotopas naer 1,4-
IUTUAPOTIMPUINHBI, OblIa OTKpBEITa XoHTYEM Ooiiee cTa jerT Hazaa. llo3mHee 3TOT METOA MOIY4HIT
0COOEHHYIO NOIYISPHOCTh MOTOMY YTO HEKOTOPbIE COCTUHEHUS TIOTydaeMble TI0 HEMY UMEJH LIEeHHbIE
coiictBa. Hampumep, nexkapctBo mubemumun (nifedipine, Adalat®, produced by Bayer-AG)
AHTOTOHUCT KaJbIIHS.

Nifedipine

B Hamm 1HM M3BECTHBI pa3iuyHble MOAM(UKAINHM KIACCHYECKOTO METOJa CHUHTE3a XJHTYa.
Hanpumep, B KadecTBe MCTOYHHMKA aMMHaKa HCIHOJB3YeTCs aleraT aMMOHHSA, a BMECTO
dopmanpaeruna npuMeHsiercs yporponuH. Ecnim aMMuak 3aMEHHTh NpPUMapHbIM aMuHOM, N-
3aMeIIeHHBI monyyaercs 1,4-guruapornupuaud. Takke ObliM pa3pa®oTaHbl M JAPYrHEe METola
CXOAHBIE C METOAOM XDHTYa, KOTOpPHIE IO3BOJSIOT NOJYy4aTb acUMMeETpUuHble  1,4-
TUTUIPONUPUIAHBL.

Bam IIPEICTOUT CUHTE3UPOBATh TM3TUI-2,6-muMeTnn-1,4- turugponupuanH-3,5-
nukapOokcunar. CHHTE3 MPOXOIUT COTJIACHO CIEAYIOIICH cXeme:
O O
O O
+ NH, + CH,0 o) o
2 1N o0~ 3 2~ 3H,0 | N |
H

Metonmka:

PactBopure 2,0 r amerara ammonus u 0,80 r yporponmHa B 22 Mia 3taHona B 50 i
KpYIJIOI0OHHON Koyibe, no0aBpTe 7,8 MJI ATHJaleTaTa U HarpeBaiTe ¢ OOpaTHBIM XOJIOJUIBHHUKOM
pacTBOp B TEUCHHE Yaca B KHUILALIEH BOISHON OaHe, OepekHO B30aNThIBas KOJOY BpeMsi OT BPEMEHHU
(B3TO BpeMsi BBl MOKETE HadaTh pabOTaTh HAa BTOPBIM 3a/laHUEM — OIpeJesieHHe KOHIICHTPALUH

pacTBopa NEPOKCUAA BOJOPOA).

Oxmagute pacTBOp M OTPHIBTPYHTE OCalOK MpH Mmomolnu BopoHkHu broxuepa. ITpomoiite

ocaZiok Ha (uibTpe 2 MIJI 3TaHoja, 4 MJI BOJABI M BHOBb 2 MJI 3TaHoja. [lepekpucramiusyiite u3
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sTaHosia. Beicymure Ha BO3AyXe, NPUKPHIB (UIbTpoBanbHOM Oymaroi. Ilomyuutcs >xenroe

KpI/ICTaJIJII/I‘IeCKOI\/JI COCAMHCHUC.

Bonpocet:

Hapucyiime cmpykmypy npodykma, komopwvli 06pazosaics 0Ovl, eciu ¢henurayemanboecuo 0wl
ucnov3o8an emecmo opmanvoezuoa!

CuHTe3upoBaHHbI  1,4-IUTHUAPONUPUINH MOXKET OBITH JIETKO OKHCIEH JO COOTBETCTBYIOIIETO
nupHuarMHa. B kiiaccuyeckux MeToax B KaueCTBE OKUCIIMUTENS UCIOJIB3YIOTCS a30THAsI UM a30TUCTas
kucinotel. CerofHs ucnojb3yembie, Hampumep, ameraT meau(ll), nuokcma MapraHiia Ha TBepaOW
ocuoBe wiu HuTpaT nepus(lV) ammonus (NH;)2Ce(NOs)s 60s1€€ pactpocTpaHeHBI.

Hanuwume  ypasuenue peaxkyuu  okucienwus  ousmui-2,6-oumemun-1,4-oueuoponupudun-3,5-
ouxapbokcunam ¢ nomowvro numpama yepus(1V) ammonus.
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3aganue 2 OUSBNYUYECKASA XUMUA

OINNPEJAEJEHUE KOHUHEHTPALIUU PACTBOPA IIEPOKCHUIA
BOJOPOJA U KMHETHUKA EI'O PA3JIOKEHUA

25 GannoB

JladopaTopHas mocyaa U 000pyI0BaHUE:

IITaTUB
Janka ¢ 3aKUMOM

oropetka Ha 30 Mt

BOPOHKA

MepHasl nuneTka Ha 10 mu

100 mL volumetric flask with H,O, solution
Kosi0a Dpienmeiiepa Ha 250 M
KOHHYECKas kKoyi6a Ha 50 mu

Oropetka Ha 50 M

JeTUTeIbHast BOPOHKA

MarHuTHast Memasikar

CEKYHJIOMED

pe3uHoBas TpyoOKa

MepHasl IUIETKA Ha O MJI

MepHasl UIeTka Ha 15 mu

NFR,PFPR~W

/3

RPRPNRPRPRPRRPREPWR

Peaxyuonnas ycmanoska 015 u3yueHus KuHemuKu
PA3N0ACEHUSI NEPOKCUOA B000POOd

Reagents and safety information:

hydrogen peroxide, H,O,; approximately 3% solution

Safety information:

R22 Harmful if swallowed

R37/38 Irritating to respiratory system and skin

R41 Risks of serious damage to eyes

S26 In case of contact with eyes, rinse immediately with plenty of water and seek medical
advice

S28A After contact with skin, wash immediately with plenty of water

S36/37/38 Wear suitable protective clothing, gloves and eye/face protection

S45 In case of accident of if you feel unwell, seek medical advice immediately (show the

label where possible)

potassium permanganate, KMnQy; 0.020 M solution
Safety information:

R22 Harmful if swallowed

R50/53 Very toxic to aquatic organisms, may cause long-term adverse effects in the aquatic
environment

R8 Contact with combustible material may cause fire

S60 This material and its container must be disposed of as hazardous waste

S61 Avoid release to the environment. Refer to special instructions / Safety data sheets
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sulfuric acid, H,SO4; 1 M solution + Mn** ions
Safety information:

R35 Causes severe burns

R51/53 Toxic to aquatic organisms, may cause long-term adverse effects in the aquatic
environment

S26 In case of contact with eyes, rinse immediately with plenty of water and seek medical

advice

S30 Never add water to this product

S45 In case of accident or if you feel unwell, seek medical advice immediately (show the
label where possible)

S61 Avoid release to the environment. Refer to special instructions/safety data sheet

potassium iodide, KI; 0,25 M solution

Safety information:
S26 Avoid contact with skin and eyes

eJb:
IIpy nomomM TUTpPOBaHMS C HMCIOJIb30BAHUEM II€pPMAHTaHaTa OINPEAEIUTh KOHLEHTPALUIO
IIEpOKCHJIa BOIOPoJa B pacTBope. OnpeaennTs NOPSA0K peakluy pas3ioKeHNs IEPOKCHIa BOJOPOAA U

OHCPTHUIO aKTUBAlIUU PCAKIIUH.

BBenenue:

[lepokcun BogOpoJa BeCcbMa HHTEPECHOE COEIUWHEHUE, IMOCKOJIbKY MOXET SBISITHCS Kak
OKUCIIUTENEM, TaK U BOCCTaHOBUTENEM. B MequumHe nepokcu]; BOAOPOIa UCIOIB3YETCSl HAPYKHO B
KAaueCTBE AHTUCENTHKA. AHTHCENTHYECKHUE CBOMCTBA MEPOKCHIA BOJOPOJIa OCHOBBIBAIOTCS Ha €ro
CIIOCOOHOCTH BBIJICNSATH KHCIOPOJ MPU BO3JACHCTBUM KaTalla3bl (dH3UMA), COJIEPIKAIICHCS B KPOBH.

Karamaza pasjaract nepoKCu BOAOPOJa, BRIACIIACTCA KUCIOPOA U 06pasyeTCH IICHA.

Hcnonk3yeMblii B MEIHLIMHE pPACTBOP IEPOKCHIA BOJOPOJa OOBIYHO TPHUIOTOBISETCS
JECATUKPATHBIM pa30aBICHUEM I0JIy4aeMOIO MPOMBIIIEHHO pacTBopa, coaepikamiero 27,0-31,0%
NepoKcuaa BOAOpoaa. MeToa aHanmM3a OCHOBBIBacTCs Ha redOX-peakiMu MpOTEKArolmed BO BpeMs
TUTPOBaHMs. JTOT METO]] HMEET XOPOIIYI TOYHOCTh M MOKET NMPUMEHSTCS U aHallk3a KaK O4eHb

pa30aBICHHBIX, TaK U 60JIee KOHLIEHTPUPOBAHHBIX PACTBOPOB.

Kunetnka paznoxxeHus epoKcuIa BOJOPOa MOXKET ObITh H3ydeHa MyTeM HU3MepeHus: o0beMa
BBIJICISIEMOT0 KUCJIOPOJa B 3aBUCUMOCTH OT BpeMeHH. CHayasia JOJDKEH OBITh OMpeAesieH MOPSIoK
peakuuu. st 3TOro HEOOXOIMMO PUTOTOBUTH JIBA PACTBOPA, KaK ONMMCAHO HWXKE, C KOHIICHTpaLUen
MEPOKCHUIa BOJIOPOJia B OHOM M3 PacTBOPOB B JiBa pasza OoJbleil, yeM BO BTopoM. Takum oOpazom
Oyzner oOHapy)KeHO HM3MEHEHHE CKOPOCTH peakuuu. B o0oux ciydasx ompenensercss KOHCTaHTa

ckopoctu (0003Havaemast kak Ky u Ky).
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3areM MOBTOPSIETCS SKCIEPUMEHT ¢ 0oJiee KOHIICHTPUPOBAHHBIX PACTBOPOM B JICISHOW BaHHE

(TemmepaTtypa JODKHA ObITh H3MepeHa). OnpeaenseTcss KOHCTaHTa CKOPOCTH (0003Hauaemast Kak Kz) u

_E
SHEPTUs aKTUBAIMHU 10 ypaBHEHUIO AppeHuyca k = A-e RT .

Yactp 1 — OnpejeieHne KOHIEHTPAIMH NEPOKCH/IA BOJA0OPOAA B pacTBOpPeE

Lonuwume u ypasnsiime creoyroujee ypagHeHue peakyuu:

. KMnOg4 + . H,O, + . H,SO, —

Jns ananuza nepenecure 10 M pacTBopa mepokcuaa B MepHyro kosi0y Ha 100 mi u pa3baBbre
BOJOM /70 METKH, 3aTeM TIIATeJbHO Nepememaiite. s Kaxaoro TurpoBaHus otbepute 10 mi
pa30aBIeHHOTO pacTBOpa, A00aBiss mo ~10 ma 1 M cepHOIl KHCIOTHI coaepskallyio HeOoJbIioe
kosmuectBo (~0.3%) cynbdara mapranna(ll) u Turpyiite 0,02 M pactBopom KMnO, moka pacTBop He
npuoOpeTeT yCTOMUYUBBIM B TeueHHe ~1 MHUHYTHI OJeIHO-PO30BBINM IBEeT. Pe3ynmbTarbl TUTpOBaHHUS

nonaseaure B Tabnure 1.

HoueMy 6 MUmMpO6aHUsl HE UCNOJIb3YEMCA uHaukamop?

2+ o
Kaxkosa ponv uonoe Mn“" ¢ smou peaxyuu? Ilouemy moavko ~0.5 mn pacmeopa nepmaneanama xanus
2+
pacxoodyemcsl, eciu He 0006asnsims uonvr Mn“"?
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Tabauya 1

Pesynomamer mumposanus pacmeopa nepoxcuoa 6000pooa nepman2aHamom Kauus

IMToxa3zanwus Groperku (KMnOy,)

No.
Vstart, MIT Vend, Mt V, M
1.
2.
3.
O0Bem pacTBOpa mepMaHraHaTa Kajius UCTOJIb3yeMbIl B pacueTax V=

Paccuunraiite MOISIpHYIO KOHIIEHTPALMIO IEPOKCUIA BOJIOPOJIA B PaCTBOPE:

MJI

10
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Yacts 2 — KuHeTHKA PAa3J0KCHHUA IICPOKCHUIA BOJA0OPOIA

Kartanmutuueckoe pas3iioskeHUE MEPOKCHIA BOJOPO/a MOXET ObITh HCCIEIOBAHO H3MEPEHHEM
o0beMa BBICBOOOKIAEMOTO KHCJIOPOJa M PAacyeTOM KOJIMYECTBA Pa3JI0KHBIIETOCS MEPOKCHIA
BOJIOPO/Ia TI0 YpaBHEHHIO peakiuu. KoJIn4ecTBO KUCIOPOaa PACCUMTHIBACTCS MO 3aKOHY HJICATBHOTO
raza (R = 8.314 I / (Mo - K)).

Hanuwume ypagnenue peaxyuu pasioxcenus nepokcuoa 6000pooal

Hapucyiime cmpyxkmypy Jlvtouca ona nepokcuoa 6000pooa, onpedenume CMeneHu OKUCIEeHUs

IIEMEHMO8 U 2UOPUOUIAYUIO ATNOMOB KUCTIOPOOa, U npedcKadxcume yaibl cesazell!

Mertoauka:
1. OrkpoiiTe 3amopHbIi KpaH JEJIUTEIbHOW BOPOHKM M 3allOJHUTE BOPOHKY BOJOM ¢

TEMIIepaTypoil paBHO KOMHATHOH (HE 00s13aTEILHO TUCTHILTUPOBAHHOMN ).

2. 3amoyHUTE MEPEeKPUCTAUIM3aTOP HAa MAarHUTHOW MeINajKe TOW JK€ BOJOW HAIOJIOBHHY.

N3meppTe TemMniepaTypy BOAbI B IEPEKPUCTAIIIIN3ATOPE.

3. Ilpu momomu MepHON NUNETKH nepeHecute B 50 My KOHMUECKYIO KOJIOY:
10 m1 0.25 M pacTtBOpa noxuaa Kainus

15 M3 AUCTUIIITMPOBAHHOW BO/IBI

[Tomectute K0I0Y B BOAAHYIO 0aHIO. Y CTaHOBUTE MUHUMAJIBHYIO CKOPOCTh TIEPEMEIIUBAHUS U

HE U3MEHSNTE €€ B TSUCHUE BCETO SKCIICPUMCHTA.

4. 3anuimuTe MokKa3aHus OFOPETKH (I0CTATOYHO OJHOTO 3HAKA MOCJIC 3arsTOMH).

11
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5.

IIpu momMoIK 5 M1 MUIIETKU IIEPEMECTUTE 5 MII PaCTBOPA MEPOKCHUIA BOJOPOIa B KOHUYECKYIO
KOJIOY M HEMEIJICHHO 3aKpOiTe KOOy pe3MHOBOM MPOOKOH ¢ OTBOJHOM TPYOKOH 1Jis raza Jyist

MEPEHOCa BBIICISIFOIIETOCS KUCIOPOAa B OI0peTKy. BrirrounTe cexyHmomep.

Jlnst Toro 4ToOBl MOANCPKUBATH JABICHUE B OIOPETKE PAaBHBIM aTMOC(HEpHOMY (3alUIINTE
nokazaHusi 6apomeTpa), MEUIEHHO IepeMelnlaiiTe BHU3 ACIUTEIbHYI0 BOPOHKY TaK, YTOOBI
YPOBEHb BOJAbI B OIOpETKE M B JICIUTEIBHOM BOPOHKE OCTaBaJICS Ha OJHOM BBICOTE.
[TpenmnonoxuTeabHO, BBl OyAeTe Aep>KaTh ACIUTENbHYI0O BOPOHKY B JIEBOM pyKe, B 3TO BpeMs

3aceKasl BpeMs U 3aIUChIBas IPaBOM PYKOMU.

Korma mepBeie 5 Ma OymyT coOpaHbl, 3amuchIBaiiTe BpeMs HEOOXOIUMOE Ui BBIACTICHUS
KaKJI0ro Mmi kuciopona. CHavana caenaiiTe 3amMcd Ha YEPHOBUKE, 3aTEM 3arOJHUTE

tabmuiy 2. [Iponoimkaiite M3MepeHHs A0 TeX Mop, Moka He Oyaet codpansl 30 MI1 KUCIOpOIa.

BeiabpTe npoOKy M3 ropJblliKa KOJIObI, OCTAHOBHUTE MEPEMEIINBAHNE, BEIMONTE KOHUYECKYIO

KOJIOY ¥ TIOBTOPHUTE KCIIEPUMEHT C JPYTUM KOJIUYECTBOM MEPOKCHIA BOJOPOA.

[Tpu oMoy MepHOH NMUIMETKU nepeHecuTe B S0 MJI KOHUYECKYIO KOJIOY:
10 Mt 0.25 M pactBopa noaua Kamus

10 MJT TUCTUILTUPOBAHHOM BOJIbI

12
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Bpems Heobxooumoe ons evidenenus: onpedenenHo2o 0bvema Kuciopooda

Tabnuya 2

1-p1if SKCIIEPUMEHT

2-0ii SKCIICPUMEHT

3-uil SKCIIEPUMEHT

t’ OC t! OC t, OC
p, xIla p, klla p, xlla
V(O2), ma BpeMA V(O2), ma BpeMA V(Oy), mn Bpemi
MHUH MHUH MHUH

13
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10.

11.

12.

13.

14.

15.

[Tpu momomu 10 M1 IHUIETKH TepeHeCUTe B KOHMYECKYIo kKoi0y 10 M pacTBopa mepokcuaa
BOJOPO/Ia U TOBTOPUTE ONHMCAHHOE BHINIE. 3aKOHYMTE SKCIEPUMEHT, Korjaa Oyner coOpaHo

30 mu1 kucnopona.

[Tonoxxute B MEepeKpUCTAIIM3ATOp KyOMKHM JibAa, a Takke B 50 MJI KOHHYECKYIO KOJIOY,
COJZICpPIKAIYI0 MATHUTHYIO MTAJIOYKY U CIEAYIOIIHUE PACTBOPBI:

10 M1 0.25 M pacTtBOpa noauaa Kanus

10 M3 IUCTHITMPOBAHHOM BOIBI
JlaiiTe TemiiepaType yCTOSTCS B TEUEHUE 5 MUHYT, IIPEKpATUTE NEPEMELINBAHUE U U3MEpPBTE

TeMIepaTypy B KOHHYECKOH KoJoe.

ITpu momomm 10 mi nunerku nepeHecute B 10 M KOHMYECKYIO KOJIOY pacTBOp MEPOKCHIA
BOJIOPO/ia ¥ IOBTOPHUTE ONMMCAHHOE BhIIIE. i3MepbTe TeMIepaTtypy B KOHHUECKOH Kojbe mocie

OKOHYaHHA SKCIICPUMCHTA.

3anummure 3HaueHue arMocdepHoro naasieHus. lloaBenuTe pe3yabTaThl SKCHEPUMEHTA B

Tabnuue 2. Onpenenure NOPSIOK PEAKIHH.

[lepenaiite Habmogarenss Tabmuiy 2, KOOPAWHATHI HCIOJB3yeMble Ha rpaduke u Gopmyiy
s BeluMcneHus. HaOmromatens  3amumieT Bpems, KOTrla Bbl  TEpedaid  JaHHBIC.
[Tpubnu3uTenbHO Yepe3 OJHMH 4Yac BbI MOJIyYHTE TPU rpaduka B yKa3aHHBIX KOOpAMHATAaX C

HAHECCHHOM NPSMOM U COOTBETCTBYIOIINM YpaBHEHHEM B Bujie Y = a X + b.

[To momyueHHomy rpaduky ompeaenute KoHCTaHTBI ckopoctd (Ki, Ko u Ks; w3mepenus
NPOBEICHHBIC TIPU BBIZCICHUH MEPBBIX 5 MJI KUCIIOPO/a HE UCIIONB3YIOTCS B pacyeTax, HO OHU

JOJDKHBI OBITh BKITIOUEHBI B TaOnuIly 2) M pacCuMTaiiTe SHEPTHIO aKTHBALIUH.

Onpeoenume nopsi0ox peaxyuu:

14
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Ob6o3Haubme KOOPOUHAMbL UCNOB3YEMblEe O U300padceHus epaguka u oatime oOvACHEHUEe MO2o,
Kax Koncmauma ckopocmu Ki mooicem 0vimo evipadicena uepes kodguyuenmor a u b:

y=ax+hb

v

Dopmyna 0ns pacuema s3HayeHull uzobpadcena Ha epaguxe (npusedume gopmyny 01 paciema u
00bACHUME 0eMATbHO KAK 8b1600UMCSL IMA (Popmya).

15
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Ipumep pacuema (noocmasbme OanHble 6 NOAYVHUEHHYIO Gopmyry u 0603HaAUbME eOUHUYDL

UsMepeHust)-

Paccuumannvie koncmanmol CKopocmiu.
k1 =
kz =
k3 =

Pacuem IHepeUU AaKMmusayuu.

16




