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HHTCPHCT HCTOYHHUKH



BBenenue
Hean:

9KCH€pI/IMeHTaJIBHBIM IMyTcM OIIpCACIINTD OIITUMAJIBHOC KOJINYCCTBCHHOC
COOTHOIICHUC pCArcHTa U KaTajln3aTopa B pCaKINHU KaTAIUTHYCCKOI'O Pa3IOKCHHA

MEPOKCHIA BOJIOPOIA.
I'unortesa:

KommuecTBo BBIACIAOIICTOCA KHCIIOpOAa IIPHU KAaTAJIUTUYCCKOM PA3JIOKCHUU
MNepoxrCcruaa BOOOPOAAa 3aBUCHUT OT KOJIMYCCTBCHHOI'O COOTHOIOCHHA pPCArcHTa H

KaTaauzaTopa.
3agaumn:

1. Tlo3HAaKOMUTBCA C TIEYATHOM JHUTEpATypod W HMHTEPHET pecypcamu, rje
coJlepKUTCsl HHpopMalus 00 u3ydaeMon peakiuu.

2. TIo3HAaKOMHTKCS ¢ UCTOPUEH MPOBOIUMON PEAKIIUH.
Pa3paboTaTh METOIUKY IKCIIEPUMEHTA.

4. CKOHCTpYHpOBaTh NPHOOP, TMO3BOJIIONINNA TPOBECTH KOJIHMYECTBEHHOE
UCCJIEIOBAHUE PEAKIIUU.

5. IIpoBecTu mpakTHYECKOE UCCIEIOBAHUE, UCTIONB3YS CO3/IaHHbII MPUOOp.

6. OGpaboTaTh MONyYeHHBIC KOJIWYECTBEHHBIE PE3YNbTAThl U MPEICTABUTh UX
B rpaduueckoit popme.

7. CnenaThb BBIBOJbI HA OCHOBAaHUU MOJTYYEHHBIX PE3YIHTATOB.

8. Omucatb B  COOTBETCTBUM C TOJYYCHHBIMH  PE3ylbTaTaMH  XOJ
npakTuueckoil padbotsl “ I[lomyueHue Kuciopoga U U3y4eHUE €ro CBONCTB”

JUISL Kypca XUMUHU § Kiiacca.

N3yyass XxumMur0 B IIKOJIe, MHOTHE YYCHHKH JYMAIOT, YTO OYAYyT MPOBOJHTH
ONBITBI CBOMMH pyKaMH. K COKaJIeHUIO0, HE BCE OIBITBI MOXHO ITPOBECTH CBOUMU
pyKaMH, TaK KaK OHHM MOTYT ObITb ONACHBI JJIS 3[0POBbS WM HE MOJIYUYUTHCS

BoBce. OmwIT ¢ IIOJYYCHHUCM KHCIIOPOAda OTHOCHUTCA KO BTOpOMY ClIy4dalro.
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OxkaspIBaeTcsi, YTO B IIKOJE KHUCIOPOJ MOKHO MOJYYUTh TOJBKO Pa3IoKEHHEM
nepokcuna sopoponalll. Ho He Bcerna 5To monmydaeTcs caenaTh Jaxe Y ONBITHOIO
YUHTENS, HE TOBOPA YK€ 00 yueHukax. /[eno B ToM, 4TO B y4yeOHBIX MOCOOUSIX HE
yKa3aHO KOJMYECTBEHHOE COOTHOLIEHHME BEUIECTBA W KaTajlu3aTropa A TOro,
YTOOBl peaklMsl YCIEUIHO MNpOIUIA, W BBIAEITUICS KUCIOPOA B HEOOXOIMMOM

o0beMe. DTO SIBUJIOCH MPUYNHOMN MOSBICHUS JAHHOTO MPOEKTA.
OcHOBHAA YACTH

I'naBa 1. KpaTkas uctopusi nosiBjieHus 1 pa3BUTHS KaTaJIu3a

Kartanu3 — yacto BcTpewaromieecss B NMpUpoAe sABiIeHUE. UenoBedyecTBO 3a
TBICAYU JIET JI0 OCO3HAHMS CYIIHOCTH KaTaJUTUUYECKUX MPOLECCOB LIUPOKO HX
UCIONB30BaNI0. JIIoaM BEKaMM TNPUMEHSIIN (dbepMEeHTaTUBHBIN KaTalu3 B
nmpoiieccax OpOoXKeHHUs sl IPUTOTOBIICHHUS MOJIOYHO - KHCJIBIX MPOAYKTOB, BUHA.

CnoB karanu3 B TEPEBOJAE C TIPEUECKOTO S3bIKA O3HAYAET pa3pyllICHUE.
CymHOCTh Mpollecca KaTaiu3a 3aKIoYaeTcss B HU30HpaTeIbHOM YCKOPEHUHU
OIHOTO W3 BO3MOYHBIX TEPMOJWHAMHYECKM - PA3PELICHHBIX HANpaBICHUN
XUMHUYECKOW pEeaKIUM IOJ ICMCTBUEM KaTalu3aTopa, KOTOPBIM, COTJIACHO TEOPUU
OPOMEXYTOYHBIX  COEAMHEHUN, MHOTOKPAaTHO BCTYMA€T B HPOMEKYTOUHOE
XUMUYECKOE B3aUMOJCHCTBHE C YYACTHHUKAMH PEAKIIMUM U BOCCTAHABIMBAET CBOI
XUMUYECKUII COCTaB TIOCJIE KaXJOro IHMKJIAa MPOMEXYTOUHBIX XUMHUYECKHUX
B3aumoieiicTmiil?.

CrnoBo «kaTtanm3» BIIEpBbIe BcTpeuaeTcss B paborax A. JlubGaBuyca B 16 Beke B
yaeOHuKke «Anxumus». OHO UMENI0 3HAYEHUE «PA3JI0KEHUE)» WIH «Pa3pyIICHUE.
B 1835 r. aTtoTr Tepmun ucnonszyer M. bepuenuyc mis peakuuii, NpOTEKAOIINX B
MPUCYTCTBUU TOCTOPOHHUX COCJAMHEHUN, HE YYaCTBYIOIIMX B PpEaKIUU.
bepuennyc mucam o0 KaTaaUTHYECKOM CUJIEC, NMPUBOIAILECH K PA3JI0XKEHUIO TEIL.
[IpumepHo B TO *e€ BpeMsi MuTuepiaux BBEI TEPMHUH «KOHTAKTHOE JCHCTBUEM.

Cy1iecTByeT MHOXKECTBO OIpEEIECHUN KaTaau3aTopa.



B. OctBanpa: KaTtanmzarop — 3TO Takoe COEOMHEHHE, KOTOPOE YCKOpSET

XUMHYCCKYIO pCaKIINI0, HC BJIMAA HA ITOJIOKCHHUC PABHOBCCHS.

I1. Cabatpe: Karanuzatop — BEUIECTBO WMJIM CUCTEMa, KOTOpash H3MEHSET
CKOPOCTb pEaKlUH, YYacTBYsI B MOCIEIOBATEIBHOCTH CTa Ui, HO HE MpEeBpaIlasCh

B IPOAYKTHI.

I''K. BOpeCKOB: MDEHOMEHOJIOTUYECKU  KaTajau3 — H3TO B036y>KI[CHI/I€
XUMHYCCKHNX peaKHI/Iﬁ WX U3MCHCHUC HX CKOPOCTHU IIOA BIIMAHHUCM BCUICCTB —
KaTaJIu3aTOPOB, MHOI'OKpPATHO BCTYIIAIOIIUX B IMPOMCKYTOHYHOC XUMHUYCCKOC
BSaHMO}IGﬁCTBHG C YH4aCTHHUKaMH1 PCAKIIUHU W BOCCTAHABINBAIOIIUX ITOCJIC KAXKIOTO

I[MUKJIa IMIPOMEKYTOUYHBIX BBaHMO)ICfICTBHf’I CBOM COCTaB.

B utore MoxxHO N1aTh TakOHUYHOE omnpenenenne. Katanu3arop - BeliecTBo,

YCKOPAOIICC PCAKIINIO, HO HC PACXOAYIOIICCCS ITPHU 3TOM.

XUMHUYECKUH KaTajlu3 MPUHATO Ha3bIBaTh HEOMOJOTHMUECKUM KaTaJIU30M.
Ero menst Ha rOMOr€HHBIA W T€TEPOTEHHBIM. [ OMOTr€HHBIA KaTajau3 — MPOLECC,
Ipyd KOTOPOM pEareHThl M KaTalu3aTOp HaXOJSTCSs B OJHOM arperaTHOM
COCTOSIHUH, TO €CTh COCTaBJISAIOT OAHY (hazy. ['eTeporeHHbIl KaTaausz — 3TO
IpoIlecC, B KOTOPOM KaTajau3aTop — TBEPAOE BEIIECTBO, a PearceHThl MOTYT OBITh
KUJKAMHU WM Ta3000pa3HbIMH. B CBSI3M ¢ 3TUM Mpoliecchl JAEIAT. TOMOTCHHO-

KaTaAJIUTHYCCKUC U I'CTCPOICHHO — KATAJIUTHUYCCKHUC.

MoOXHO cKa3aTh, 4YTO pa3BUTHE KAaTAIUTUYECKOM XHMHUH B TEUYCHHUE
JUIMHHOTO ~ HWCTOPUYECKOr0  IMEPUOJa  ONPEACIsNIOCh JKOHOMUYECKMMH WU
conmManbHbIMU TpuunHaMu. B uctopum 18-19 Beka B 1eoM XapakTepu3yIOTCS
OypHBIM pPa3BUTHEM TMPOMBINIJICHHOCTH.  XWMHUYECKasl >K€ MPOMBIIUICHHOCTh
TOJBKO HA4YMHACT 3apoXKaaThCsi. B 3TOT mepwon B OONBIIMX KOJIWYECTBAX
HEOOXOJUMBbl MHUHEpAJIbHbIE KHUCIOTHI, MO3TOMY TMOSABISIOTCS KaTaTuTUYECKUE
nporeccbl  momydenust HoSO4 (M1 TOMOTEHHBIE, W TETEPOTEHHBIC), 3aTeM —

nporecchl nomydeHuss HNOz. Konermr 19 — nawamo 20 BEKOB XapaKTepHU3YIOTCS



Pa3BUTHUEM CEJIBCKOTO XO3SIMCTBA, UTO CO3/a€T MOTPEOHOCTh B MHUHEPAIbHBIX
yaoOpeHusx. Yuiamickyro cenuTpy Be3yT U3 AMEpPUKH M OHA JOPOTO CTOUT, YTO
MPUBOJUT K MOSIBJICHUS TabEpOBCKOTO Mpollecca CHHTE3a aMMHaKa M Ipolecca
OKHCJICHUSA aMMHaKa, T.C. CHHTE3a a30THOH kucaoTeI N4,
Peakius pas3noxkeHHs MEPOKCHIa BOJOPOA B MPUCYTCTBUM OKcuzia mapranma (V)

OTHOCHUTCA K I'€TCPOIrCHHO-KATAJIUTUICCKUM IIPOLCCCaM.

2HO, = 2H, O + O MnO, - katanuzaTop
Peakrus mpoTekaeT nmpu OOBIYHBIX yCiaoBUsAX. E€ ncropus Hawanmace B 1818rony,
korna (Qpanmysckuii xumuk Jlync TepaHo, MPOBOJAS XUMHUYCCKHUE OTBITHI C
pPa3HBIMU BEIICCTBAMH, PEUIN COSAUHUTH MEPOKCU Oapus U CEPHYIO KHCIIOTY. B
pe3ysibTaTe JTOW XHMHUYECKOW PEakIMM ObUIO IOJIYYCHO BEIICCTBO, OYCHB
noxoxkee Ha OObIYHYIO BOAy. Ho OHO OBUIO B TONTOpa pasza TsHKENee BOJIBI,
UCTIAPSJIOCh 3aMETHO MEIJICHHEE W B JIOOBIX MPOTOPIUSAX MOTJIO CMEIIUBATHCS C
BOJIOM. HOBOE BelecTBO MONIyYHiIoO Ha3BaHUE «OKHCICHHAsI Bojay. [lomydeHHyIO
CIIy4alilHO «OKHCIICHHYIO BOIy» TIO3KE Ha3BAIM IMEPEKUCHIO BOJOpOMAa, a

COBpPEMEHHOE Ha3BaHHe — MepoKcH Bojgopoza 2 [0,

I'naBa 2. IlpakTuyeckas padora

[lenp: mpoBECTH HECKOJIBKO CEPUM OIBITOB C PEAKUHENd KaTAIUTUYECKOTO
pa3lioKeHUs NEepOKCHIa BOAOpOAAa B MPUCYTCTBUM okcujaa Mapranua (1V) B
KauecTBE KaTajau3aTropa [Jisl MOJYyYEeHHUS KOJWYECTBEHHBIX IAHHBIX IO BBIXOIY

KHCJI0pO/a.
XoJ paboThI:

IIpoBeneno 6 cepuii ombiToB. Kaxkmas cepuss corour w3 9 peakuwmii. [lpu
MPOBEACHUN KaxAOW peakuun K Smil 3%-HOro pacTBopa MepoKCHIa BOAOPOIA
nobasisitor okcuga mapranna (1V). Macca okcuna mapranma (1V) ans kaxmou
peakuun pasHas, oHa uzMmensercs ot 0,5r mo 4,5r. I[IpousBoautcsa u3mepeHwue

oO0BnemMa BBIACIUBHICTOCA KUCJIIOPpOdaA.



[Tpubop nns nposenenus peakuuu (Ilpunoxenue 1):

B npobupky ¢ 60K0BO# Ta300TBOHOM TPyOKO#H MOMENIAIOT HABECKY KaTan3aTopa
MnO,, B BopoHKy HanuBatoT pactBop H>O-> u 3akphiBaroT ee, 4To oOecreurnBaeT
repMeTUYHOCTH Mpudopa. C MOMOIIbI0 BTOPOTO KpaHa BOPOHKU PACTBOP TOMAIaeT
B 30HY peakuuu. HaunHaercs B3aMMOAEHCTBHME W BBIACISIOIIMUCS KHCIOPOA
BBITAIKUBAET B  LWIMHAP 1O Ta300TBOJHOM  TpyOke w3  mpubopa
COOTBETCTBYIOIIUN TIO 00BEMY KHCIOPOIY BO3MyX, BRITECHssI Bogay. Kucmopon B
CWIy TOTO, YTO OH TsDKEJee BO3ayXa, ocTaeTcsi B mpubope. Mcmombp3oBaHue
[MWINHAPA TIO3BOJISIET U3MEPUTHh O00BEM TMOTYUYUBIIETOCS KHUCITOpoaa. Pe3ynbTaTs

M3MepeHnul (PUKCUPYIOTCS B TAOTHUIIE.
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Ne Macca | O6beM BBIJICTUBILIETOCS KUCIOpOaa (MJ1) Cpenue | Cpenne

mpo- | MnO; |1 2 3 |4 ) 6 e e

oup- | (1) cepus | cepusl | cepusl | cepus | cepus | cepus | 3HAYEH | 3HaYEH

KH ue ue 6e3
YTEUKH

1 0,5 3 4 15 |16 14 13 10,3 14,5

2 1,0 21 19 17 |20 21 20 19,6 19,6

3 1,5 24 39 41 |43 38 41 37,67 |404

4 2,0 30 37 38 |40 40 41 37,67 |39,2

5 2,5 21 20 42 |41 43 42 34,83 |42

6 3,0 18 30 16 |45 46 46 33,5 45,67

7 3,5 25 47 45 |46 49 48 43,3 47

8 4,0 30 50 52 |51 53 52 48 51,6

9 4,5 42 30 53 |57 56 54 48,67 |55

IIo JaHHBIM Ka}KHOﬁ ccpuun peaKIII/Iﬁ IMOCTPOCHBI Fpa(I)I/IKI/I, KOTOPBIC OTpPAXKAIOT

NpAMYI0 3aBUCHUMOCTH KOJIHMYCCTBA IMPOAYKTA OT KOHHOCHTPAIWMU KaTalln3aTopa,

BBITIOJTHSAOIIETO poJib pearenta (IIpunoxkenue 2).

,HJ'I}I K&)K,IIOIZ HaBCCKH KaTaJIn3aTopa pPaCCUUTAHO CPEAHCC 3HAYCHUC 00BEMa

BBIACIIMBHICTOCA KHUCJIOPOAA. HpI/I 9TOM CaMBbIC HU3KHC 3HAUYCHUS, ITOJTYIYUBIINCCA B

CWJIy HapyIICHUSI TePMETUYHOCTH NMPUOOpa, OTOPACHIBAIUCH.

Brisos.

Cpennue nudpsl JOCTATOYHO YETKO MOATBEPKAAIOT TUIIOTE3Y, BHIIBUHYTYIO HAMH

B Ha4daJjic pa6OTI>I HaJl IIPOCKTOM.

KomuuectBo BBIACIAIOIICTOCA KHCIOpOAa IIPU KAaTAJIUTHYCCKOM PaA3JI0KCHHUU

IICPOKCHAa BOAOPOOda 3aBHUCHT OT KOJUYCCTBCHHOI'O COOTHOHICHHUA pCarcHTa H

KaTajau3aTopa.




3aKJII0oueHue

Ha «xpuBoil rpaduka cpeaHux 3HauyeHUHM o00BbEMaA oOpa3zyromierocs
kuciopoaa (IIpunoxkenue 1), 4eTko BHUJHO, 4YTO Hauboliee MPOTYKTUBHBIM
SBJISIETCS. KOJIMYECTBEHHOE COOTHOIIEHUE: Ha Smi 3%-HOro pactBopa nmepokcuaa

Bojopoaa 1,5 r okcuna mapranma (1V). ITpu atom Beiaensercs 40,4Mi Kuciopoa.

[Hudposoe cootHomenne 06béMa 3%-HOro pacTBopa NepoKCcHia BOJIOPOJIA MACChl

okcua maprania (1V) merko paccunraTh:
V(p. H202) :m(MnOy) = 5:15=33:1

OTO MOXHO HCIOJIb30BaTh [UIsI pacyeTa KOJMYECTBA PEAreHTOB C ILEJNbIO
HOJy4YeHHUs] KUCIOpoda 3ajaHHoro oobeMa. Hampumep, HEOOXOIMMO MOIYYHUTh

kuciaopoa oobemom 100mi.

1. Paccuet o6bema 3%-HOro pacTBOpa MepoKcua BOJAOPoIa
Vi(p. H202) : Vi(O2) = Va(p. H20) : V2(Oy)
Va(p. H202) = Vi(p. H202) - Vo(Oy) : Vi(Oy)
Va(p. H2O2) = S5mur - 100ma : 40,4mit = 12,37mi

2. Paccuer maccel HeoOXoaumoro okcuaa maprania (1V)
M(MnO2) =V(p. HO) : 3,3= 12,37 :3,3=3,75r

Hamu paccumrtanbl KOJIMYECTBA pPEAreHTOB, KOTOPBIE MOXHO HCIIOJIB30BaTh A
nosrydeHus kuciopoaa Ha [Ipaktuueckoit padore Ne 3 « [lonmydyenue, coOupanue u

pacro3HaBaHUE KUCI0poJa» B 8 kiacce. Pe3ynbTaThl mokazaHbl B TAOJIHIIE.

V (02) V(p. H 202) m(M I’IOz)

25ma (00beM mpoOupkw) | Smit - 25mi : 40,4m = 3:33=00r

RN
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Hcnonb3ysl pacyeTHbIE JaHHBIE, Mbl HECKOJIBKO pa3 MpoBeiu 3Ty padoTty. Ilepsrie

JIBE TIOMBITKHA OKa3aJIMCh HEYJaUHBIMH.
[IpoGnema.

Peakius cpasy e HauMHaAEeTCs ¢ 0OYeHb 00JbIION cKopocThio. Kak Tonbko K
okcuay maprasma (V) nmpunuBaroT pacTBOp NEPOKCHIA BOJOpPOJa, 00pa3yeTcs
cpady TaK MHOTO KHCJIOpPOJla, YTO peareHThl BBUICTAIOT W3 MNPOOUPKHU, TIe
nporekaeT  peakuus. CoeawHSATh,  BemlecTBA B OOpaTHOM  TMOPSIKE
HEleIeco00pa3Ho, Tak Kak OYpHO BBIJEISIONIMNCS ra3 BhIOPACHIBAET U3 €MKOCTH

YaCTb KaTaJIn3aTopa.

BriBoaml.

e TIpoBOoauTH peakiuio B IPOOUPKE HETB3S.

e BwmecTo mpoOupku HEOOXOAMMO UCTIONB30BATh XUMUYECKUN CTaKaH.

e [locnenoBarebHOCTh  COCJAMHEHHMS]  PEareHTOB  HE  MOXET  ObITh
npou3BOJbHOM. Ha THO cTakaHa MOMENIAIOT HAaBECKY KaTalu3aTop U 3aTeM
MEJJIEHHO IPWIMBAIOT PacTBOP MEPOKCHIA BOJOPOA.

e Jloka3pIBalOT HAJIWYHUE KHUCJIOPOAA TICHOWIEH JIYYUHOM, KOTOpas MO Mepe
NOTPYKEHUS B CTAKAH Pa3ropaeTcs.

e DTO elle U JOKA3hIBAET, YTO KUCIOPOJ TsHKEIee BO3/IyXa, TaK Kak coOpacs
Ha JnHE cTakaHa. [lo »Toil mpuurHE HEOOXOAMMO HCIOJIB30BATh CTAaKaH C

BBICOKMMH CTCHKaMH.

Haneemcsi, yto Hamia paboTa mOMOXET OyaymIMM BOCHBMHUKIACCHUKAM
CaMOCTOSITETIbHO, O€30MacHO W YCHENIHO TOJYyYUTh KHUCIOPOJ, WCIOIb3YS
PEaKINUI0 KaTaJTUTUYECKOTO DPA3JOKEeHUS TEePOKCHIa BOJaopoaa. B momomis um

COCTaBJICHO OINKCAHUE X0J1a SKCIIEPUMEHTA.
[TpakTuueckast padora Ne 3

« [lonyyenue, cobupaHue u pacro3HaBaHUE KUCIOPOAa»



11

Xoxa paboTshl:

[ —

C nmomomnib BecoB B3BecTH 0,91 okcuma maprania (1V)

Ucnonb3yss MepHbId 1munuHIp, oTMmepbTe 3mu  3%-HOro pactBopa
NEPOKCHIa BOAOPOIA

[lomectute HaBecky  okcuaa mapranHua (IV) B xumuyeckuid cTakaH ¢
BBICOKMMH CTE€HKaMHU.

K HaBecke B cTakaH OCTOPOXXHO TMPUIIMBAWTE  PacTBOP IMEpPOKCHUIA
BOJIOPO/JIA.

[IpuroToBsTE APEBECHYIO JIYUHHY, 3KTUTE €€ B IJIAMEHU CIIUPTOBKH, AaiiTe
€ll HEeMHOTO MPOTOPETh U MEJIJIEHHO OMyCKaNTe TICIONIYIO JIYYMHY B CTaKaH,
I/ie MPOBOJIUJIACH PEAKITHSI.

Crnenaiite BBIBOJIBI U3 MOJYYCHHBIX HAOIOICHUI.

Mp1 XCE, pa60Ta;I HaJl IIPOCKTOM, paClIupUInM CBOU 3HAHHA B obnactn

CCTCCTBCHHBIX HAYK, CMOIJIM IIPUMCHHTHL BCC TO, YCMY HAYYMWIIUCh Ha YpPOKaAX

MaTCMAaTHUKU, (1)I/I3I/IKI/I, XM H I/IH(I)OpMaTI/IKI/I, 3aKpCIIMJIIN CBOMW YMCHUA

3aHUMAaThbCA HpOGKTHOﬁ I[C}ITGJIBHOCTBI-OW].



Ipuinoxenue 1
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TaﬁJmua KOJINYECCTBCHHBIX JAHHBIX IKCIIEPUMEHTA
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No Macca | O6beM BBIJICTUBIIETOCS KUCIOpOAa (MJT) Cpenue | Cpenne

mpo6 | MnO; |1 2 3 |4 5 6 e e

upku | (1) cepus | cepusi | cepusl | cepusl | cepusl | cepus | 3HAYE€H | 3Ha4YeH
ue ue 6e3

yTEUKH

1 0,5 3 4 15 |16 14 13 10,3 14,5

2 1,0 21 19 17 |20 21 20 19,6 19,6

3 1,5 24 39 41 |43 38 41 37,67 |404

4 2,0 30 37 38 |40 40 41 37,67 [39.2

5 2,5 21 20 42 |41 43 42 34,83 |42

6 3,0 18 30 16 |45 46 46 33,5 45,67

7 3,5 25 47 45 |46 49 48 43,3 47

8 4,0 30 50 52 |51 53 52 48 51,6

9 4,5 42 30 53 |57 56 54 48,67 |55

60

V(0,),mn. CpeaHee 3HaueHue (6e3 yTeukm)
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budanorpadguyeckuii CiMcoOK MCIOJIb30BAHHOM JTUTEPATYPbl U

3JIEKTPOHHBIX PecypcoB

. Tabpuensn O.C. Xumus. 8 knacc: yueOH. st o0rieoOpa3oBaT. OpraHu3anuii/
O. C. Tabpuensu, U. I'. Octpoymo, C.A.CnaakoB. — 2-¢ wusa. — M.:
[Ipoceemenne, 2020.-175¢.: nn. - 978-5-09—074076-0

. Bukunenus [smekTpoHHOE TocoOMEe] /  «KaTanH3» Pexxum  moctyma:
https://ru.wikipedia.org/wiki/%D0%9A %D 0%B0%D 1%82%D0%B0%D0%BB
%D0%B8%D0%B7

. Bukuneama [anekTpoHHoe nocobbe] / «Mpouecc Mabepa» Pexum poctyna:
https://ru.wikipedia.org/wiki/%D 0%9F%D 1%80%D0%BE%D 1%86%D0%B5
%D 1%81%D 1%81 %D 0%93%D0%B0%D0%B 1%D 0%B5%D 1%80%D0%B
0

. Xumudeckas sHuukiaoneaus: B 5 1.: 1. 1: A-Jlap3ana/Pen-kon.: Kaynsuan W.JL
(rm. pen.) u ap. - M.: CoB. sH11MKI., 1988.-623 c: ui.

. YuebHble maTepuransl [aneKkTpoHHOe nocobue] / «KpaTkana nctopuma passutus

KaTa/in3a u Teopuin, 06 bACHAOWLMX 3TO ABAEHUE» PeXum aocTtyna:
https://works.doklad.ru/view/bDB685pV 6L w.html
. BuKnYteHue [anekTpoHHoOe nocobue] / «ucTOpMA OTKPLITUA ABNEHMUA

KaTanmsa» Pexum goctyna: https./fis.wikireading.ru/1549

. UamuBunyanpHeii  mpoekt. 10-11  kmacceel:  yueOH. Ilocobme s
o0meoOpa3oBar. OopraHu3aIun / [M.B.IlonoBkoga, A.B.Hocos,
T.B.ITonoBkoBa, M.B.Maiicak]. -3-¢ u3a.- M.: IIpocsemenune, 2021. — 159¢. —
(ITpodunpaas mkomna). — ISBN 978-5-09-077323-2.
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