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1. KOMHeTeHHHI/I U HMHAUKATOPbBI HMX [JOCTHKCHHUSA, IMPOoBEpPsA€MbI€¢ JaHHBIMHA
OIICHOYHBIMM MaTepHaJIaMH

Iesbro0 0CBOCHMSI JUCLUILUIMHBI ABJsIETCS (POPMUPOBAHUE CIEAYIOIINX KOMIETEHIUI:

OIIK-1 Cnocoben aHamM3upoBaTh M WHTEPHPETHPOBATH PE3YJIbTAaThl XHUMHYECKHX
9KCHEPUMEHTOB, HAOIIOJEHUH U U3MEPEHUH.

OIIK-2 Crioco6eH mpoBOAMUTH C COOJIIOICHIEM HOPM TEXHUKH 0€301aCHOCTH XUMHUYECKHUIH
9KCHEPUMEHT, BKIIIOUYasi CUHTE3, aHAJIN3, U3yUYCHHE CTPYKTYphl M CBOWCTB BELIECTB U MaT€pHUAJIOB,
MCCJIEJOBAHHE ITPOLIECCOB C UX YYACTHUEM.

[1K-1 CniocobeH BbIOMpaTh U HCIIOIb30BATh TEXHUYECKUE CPEICTBA U METO/Ibl UCTIBITAHUM
JUISL pEIIEHUs MCCIEAO0BATENbCKUX 3a/lad XUMHYECKOM HAalpaBICHHOCTH, IOCTABJIEHHBIX
CHeLManucToM Ooee BbICOKON KBaTH(pUKaLUU.

PesynpTaTamu 0CBOEHUS IUCLUIUIMHBI SIBJISIOTCS CIEIYIOIIME WHAMKATOPBI JOCTHXKEHUS
KOMIIETCHIINH:

NOIIK 1.1 Cuctematusupyer U aHaIU3UPYET Pe3yJIbTaThl XUMUUECKUX SKCIIEPUMEHTOB,
HaOJII01eHU, N3MEPEHNUH, a TaK)Ke Pe3yJIbTaThl PACUETOB CBOMCTB BEILIECTB U MAaTEPUAJIOB.

NOIIK 1.2 IlpennaraeT UHTEPIPETALUIO PE3YIbTATOB COOCTBEHHBIX 3KCIEPUMEHTOB U
pPacyeTHO-TEOPETUYECKHX pabOT C HUCIOIb30BAHUEM TEOPETUYECKUX OCHOB TPAULMOHHBIX U
HOBBIX Pa3JIelIOB XUMHH.

NOIIK 1.3 ®opmynupyeT 3aKI0YEHHS U BBIBOJIBI I10 PE3YyJIbTaTaM aHAJIN3a JINTEPATYPHBIX
JTAHHBIX, COOCTBEHHBIX AKCIEPUMEHTAIBHBIX M PACUETHO-TEOPETHUECKUX PAOOT XUMHUYECKOM
HalpaBJIEHHOCTH.

HOIIK 2.1 PaGotaeT ¢ XMMHYECKMMH BEIIECTBAMU C COOJIIOJICHHEM HOPM TEXHUKH
0e30MacHOCTH.

NOIIK 2.2 [TpoBOAUT CUHTE3 BEIIECTB U MaTEPUAJIOB Pa3HOM MPUPO/IBI C UCTIOIb30BAHUEM
UMEIOIUXCS METO/IUK.

NOIIK 2.3 TIpoBOoauT cTaHAapTHbIE ONEpaluu JUIsl ONPENENIEHUsS XHMHUYECKOro U
(a30BOro cocTaBa BEIIECTB U MAaTEPUAJIOB HA UX OCHOBE.

UIIK 1.1 TInanupyeT oTheNbHbIE CTAJWU HCCIEIOBaHUS IPU HaJIMYMK OOLIETo IUIaHa
HUP.

NIIK 1.3 BriOupaer TeXHUYECKHE CpPEICTBA M METOJbl HCHbITaHUN (M3 Habopa
UMEIOIUXCs) Il pellieH sl ocTaBiIeHHbIX 3a1ay HUP.

2. OneHouHble MaTepHUaJIbl TEKYIIECTI0 KOHTPOJIAA U KPUTCPUHU OLICHUBAHUSA

Texymuit KOHTpONb MO MOAYIHO «HayuHble OCHOBBI MPHUTOTOBIEHHS KaTaIHM3aTOPOBY
HpOBO)II/ITCH HYTGM KOHTpOJ'IS[ IIoCeUIacMOCTHN 3aH$[TI/II\/'I, HpOBeI[eHI/IH HpOBCpO‘-IHI)IX pa60T 10
JIEKIIMOHHOMY MaTepualy U MaTeprally IPaKTHUECKUX 3aHATUH, BBITIOJHEHHS MHAWBH Y AIbHBIX
SaI[aHI/II\/’I, pa6OTBI Ha HpaKTHqGCKHX 3aHATHUAX MU OICHUBACTCA B 6annax. q)OpMBI TGK}’HIGFO
KOHTPOJISI ¥ UX KOJIMYECTBO MOKET U3MEHATHCS MPU peaau3alliu Kypca, HO UX BEC B UTOTOBOM
OIICHKE 10 MOJIYJIO cocTaBiisieT He MeHee 80%.

[Ipumep olleHMBaHUS pPE3yNbTaTOB OO0y4YeHHs 1O Moaynto «HaydHble OCHOBBI
HpI/IFOTOBJ'IeHI/ISI KaTaJ'II/ISaTOpOB»:

dopma KOHTPOJIsI MaxkcuMaIbHOE KOJIMUYECTBO 0aJIOB
ITocerienne 3ausTrii 28
PaboTa Ha MpaKTUYECKUX 3aHATHUSIX 80
[TpoBepouHble pabOTHI 100
WuauBuayaibHbIC 33 1aHAS 180
HToro 1o BceM BUIaM TEKYIIETO KOHTPOJIS 388

Texymuil KOHTpOJIb MO MOAYJI0 «XpoMmaTorpadus» MPOBOAUTCS IyTEM MPOBEACHUS
JIEKIIMOHHBIX 3aHATUH, 1a0OpaTOpHBIX padOT, CaMOCTOSATENBHOM pPabOTHl CTYJIEHTOB IIpH
0(OpPMIIEHUH OTUETOB I10 JIAOOPATOPHBIM padOTaM.



DIeMEeHTHI TEKYIEro KOHTPOJIS:

— TECTHI;

— YCTHBIN OIPOC;

— OT4€THI IO JTAOOPATOPHBIM paboTaMm;
— IIPOBEPOYHBIEC PAbOTa;

— UHJMBHIyaJIbHBIC 3a/IaHUS.

Tect (MOIIK 1.1., U1K 1.1, UTIK 1.3)
[Tpumepst BOIpocoB K MOay o 2 «XpomaTtorpadus»
1. Yro Ha3pIBaeTcs BpeMEHEM yIep>KUBAHH KOMIIOHEHTA B Ta30BOil xpomarorpadun?
— BpeMsl HaXOXKJCHHsI KOMIIOHEHTa B HCIIapuTelie XpoMarorpada
— BpeMs HaXO0X/ICHUSI KOMITIOHEHTA B MOJIBWXHOH (pa3e KOJIOHKU
— BpeMsl HaXOXKICHHsI KOMIIOHEHTa B HETIOABM)KHOM (pa3e KOJIOHKU
— BpeMs OT MOMEHTa BBOJ1a IPOOBI, 10 MOSBJICHUS MAKCUMyMa Ha XpOMaTorpaMMe
2.  C kaxoif 1enblo B Ta30BOM XpoMaTorpapuu UCIONb3yIOT BpeMs yIep>KUBaHUS BELECTBA?
— JIJIs1 KAaUeCTBEHHOU MACHTU(UKAITIH
— ISl XapaKTEePUCTUKH ra3a-HOCUTENS
— 17151 KOJIMYECTBEHHOIO ONpeeSICHUs
— JIJIs1 OLIEHKH MTapaMeTPOB KOJIOHKU
3. C nomoImrpIo KaKoi XapaKTepUCTHKH MPOBOJISAT KAUECTBEHHYIO HICHTU()UKAIINIO BEIIECTB
B ra30BoM Xxpomartorpapun?
— T10 TUTOMIAIM XPOMATOrpaUIecKoro muka
— TI0 BPEMEHH YACPKUBAHUS aHATTU3UPYEMOT0 KOMIIOHEHTA
— 110 BpEMEHH HAaXOXKJICHUS KOMIIOHEHTa B HICTIapHUTeNe XpoMaTorpaga
— TI0 BpEMEHH NMPeObIBaHUS aHATU3UPYEMOI0 KOMIIOHEHTa B MOJIBUXKHOM (paze
4. Or 4ero B epPBYIO OYEPE/Ib 3aBUCUT BbICOTA XPOMATOrpapUuECKOro nN1uKa Ha
XpomaTorpaMMe Ipu HEU3MEHHOM pexuMe paboTsl xpomatorpada?
— OT HAJIMYUS IOCTOPOHHUX KOMIIOHEHTOB B Ipo0e
— OT KOHIICHTPAIlUU aHATTU3UPYEMOT0 BEIIECTBA
— OT IPUPO/IbI ra3a-HOCUTENS
— OT MPUPO/IbI COPOEHTA-TIOTTIOTUTENS
5. Kakum mapameTpom XapakTepusyercsi KOJIMYECTBEHHOE COJIepKaHne KOMIIOHEHTA B
AHAIN3UPYEMON CMECH?
— IUIOIIA/IBIO MTMKA HA XpOMaTorpamme
— IIMPHUHOM MHUKa HAa XPOMATOIPAMME
— BPEMEHEM yJIep>KaHUsI KOMIIOHEHTa
— M30TepPMOM afcopOIIMM JAHHOTO KOMIIOHEHTa
6.  Uro Takoe «MepTBOE» BpPEeMsI B KOJIOHOYHOU Xpomarorpadumn’?
— BpeMs peObIBaHMs BBEJICHHOI NMPOOBI B McIlapuTene XpoMaTtorpaga
— ¢akTHYeCcKOe BpeMs peObIBaHUs COPOUPYIOLIETOCsl KOMIIOHEHTA B MOJBMKHOM (haze
— UHEPIIMOHHOCTh CUCTEMBI XpoMaTorpadga
— BpeMsl, B T€YEHHE KOTOPOT0 COPOUPYETCs AIIIOEHT-HOCUTEIh
— BpeMs BBIXO/1a KOMIIOHEHTA, He B3aMMO/IEHCTBYIOIIETO C HETTOABMKHOMN (a3oi
7. Yro xapaktepusyeT kodpdurment pacupeaeneHuss D=Cenoms/Crions?
— pacnpeienieHre BelecTB B XxpomMarorpadupyemoii cmecu
— pacmpe/iesieHue BEIIeCTB MEXIy HETIOBMKHOMN 1 TIOJIBIKHOHN (pazamu
— pacrnpeiesieHre BEeIeCTB B HEMOABMKHOM (haze
— pacrpe/ieJIeHHe BEIECTB B DII0ATe
8. Ot dero He 3aBUCHUT BpeMs yAECpP KUBaHUS COPOUPYIOIIETOCs KOMIIOHEHTA B ra30BOM
xpomatorpadun?
— OT CKOPOCTH ra3a-HOCHUTENS
— OT IPUPO/IBI Ta3a-HOCUTES



— OT NPUPO/IBI COPOEHTA-TIOTTIOTUTENS

— OT KOHLIEHTPAIM1 KOMIIOHEHTa

— OT pexxuMa paboThl XpomaTorpada

9.  OOs3aTeNbHO JH CTPOTO COOII0AATH OJJHH U T€ e 00BEMbI, BBOAUMBIEC B UCTIAPUTEIh
xpomarorpada, CTaHAapTHBIX BEIIECTB U IPOObI IPU ONPEEICHUH OTHOCUTEIIBHOTO
COJIepKaHUsI KOMIIOHEHTOB B CMECH?

— CTPOro 00s13aTeIbHO

— JKEeJaTeNIbHO

— HeoO0s13aTeNbHO

10. Kakwue 3a1a4un pemiaoT ¢ TOMOIIBIO Ta30BOM XpoMaTorpadpuu?

— TOJIBKO KQUE€CTBEHHYIO MIEHTH(PUKALINIO BEIIECTB

— TOJIBKO KOJTMYECTBEHHBIM aHAJIN3 BEIIECTB

— BBIIOJIHSIOT KaK KaueCTBEHHBIE, TAK U KOJIMYECTBEHHbIE ONPE/EICHUS BEIIECTB

— MCIIOJIB3YIOT TOJIBKO JUUISI BBIJICTICHUS YUCTHIX BELIECTB

11. Korza B razoBoii XxpoMaTorpaduu UCIOIb3yIOT METOJ, HOPMUPOBKHU?

— MPU Ka4eCTBEHHOM WICHTU(UKAIINH BEUIECTB

— MIPH BBIACICHUN YHUCTHIX BELIECTB

— TIPU KOJIMYECTBEHHOM OTIPE/ICTICHUN OTHOCUTEIHLHOTO COACP)KaHUS BEIIECTB

— IPU KOJIMYECTBEHHOM OIpEIeTIeHNU a0COIOTHOIO COAEP)KaHUS BEILIECTB

12. Korna B ra3oBoii XxpoMaTorpaduu MPUMEHSIIOT METO/I BHEIIHUX CTaHIapTOB?

— IPU Ka4eCTBEHHOM WIEHTU(UKALIMH BELIECTB

— TIPH BBIACTICHUN YHACTHIX BEUIECTB

— IPU KOJIMUYECTBEHHOM OIpE/IeTIeHNU a0COIOTHOIO COAEP)KaHUS BEILLIECTB

— TIPU KOJIMYECTBEHHOM OTIPE/ICTICHUN OTHOCUTEIHLHOTO COACP)KaHMUS BEIIECTB

13.  Yro moHMMAIOT MO TEOPETUYECKOM Tapenkoil B xpomarorpadun?

— BUPTYaJIbHYIO 30HY COpOCHTA, TIe JOCTUTaeTCs KBa3HPAaBHOBECUE MEXKITY COPOHPYEMBIM
KOMIIOHEHTOM U COPOEHTOM

— 30HY COpOeHTa, IJie MOTJIOIAETCS OCHOBHOE COIEp KaHUEe COpOMPYEMOTro BEeUIecTBa

— 30HY COpOEHTA, I/ie NOIJIOMAETCS TOIBKO IIOEHT

— 00beM 30HBI COpOCHTa, KPAaTHBIN BceMy 00beMy COpOeHTa B KOJIOHKE

14. 3a cyer yero NPOMCXOJUT pa3/IeiCHNE CMECH BEIECTB HA KOMIIOHEHTHI B Ta30-
TBEPJOTEIbHON KOJIOHOYHOUM Xpomarorpadpuu?

—3a cyeT CWJI aicopouuu

—3a cyeT 00pa30BaHUs OCAIKOB C PA3IMYAOIIUMUCS TPOU3BEICHUSIMHU PACTBOPHUMOCTH
—3a cyeT 00pa30BaHUs MOHHBIX CBsA3el KOMIIOHEHTOB C HETOABHKHOU (a3oit

— 3a cUeT pa3HbIX K03 PUIMEeHTOB TUPPYy31H KOMIIOHEHTOB HA TOBEPXHOCTH HETIOABM)KHOMN
dassl

15. Kak u3MeHATCs mapaMeTphl XpoMaTorpa@uuecKoro MuKa, €CITH yBEITUYUTh TEMIIEPaTypy
KOJIOHKH Ta30BOr0 Xpomarorpada (Ipu Ipouux MNOCTOSHHBIX YCIOBUSX)?

— BpeMsl yAep)KaHUsl YMEHBIIUTCS, TUIOMIA b TMKA HE N3MEHUTCS

— BpeMs yIep)KaHUs He U3MEHUTCS, TUIOIAAb TUKA YMEHBIIUTCS

— BpeMsl yAep)KaHUs YBEITHUUTCS, BBICOTA TIMKA YMEHBITUTCS

— BpeMs yAep)KaHUs YBEIHMUUTCS, BBICOTAa TUKA HE U3MEHUTCS

— HUKaK HE U3MEHSTCS

16. Kak u3meHsaTcs mapaMmeTpbl XpoMaTorpaguueckoro MuKa, €CIM yMEHBIIUTh KOJTUYECTBO
aQHAIM3UPYEMOTO BELIECTBA, BBOJUMOE B XpoMaTorpad (Ipu Mpoyux MOCTOSHHBIX YCIOBHIX)?
— BpeMs yIep)KaHUsl YMEHBIINUTCS, TUIOIIA/b MMKA HE U3MEHUTCS

— BpeMsl yAep)KaHUs He N3MEHUTCS, TUTOIIAb MTUKA YMEHBITUTCS

— BpeMs yAep)KaHUs YBEIMUYUTCS, BBICOTA ITMKA YMEHBIIUTCS

— BpeMsl yAep)KaHUs YBEITMUUTCS, BEICOTA TTUKA HE U3MEHHUTCS

— HUKaK He U3MEHSTCS



17. Kaxk u3meHsTCS mapaMeTpsl XpoMaTrorpaduaeckoro muka, eCiil YMEHBIIIUTh CKOPOCTh Ta3a-
HOCHTEJS Yepe3 KOJIOHKY (IIPH MPOYUX ITOCTOSHHBIX YCIOBUX)?

— BpeMsl yAepKaHHUsl YMEHBIIUTCS, TUIOIA (b TUKA HE U3MEHUTCS

— BpeMs yAep)KaHUs He U3MEHUTCS, TUIOIIAAb TUKA YMEHBIITUTCS

— BpeMsl yAepKaHUs YBEJIMUUTCS, BBICOTA MUKA YMEHBIIUTCS

— BpeMs yAep)KaHUs YBEITHMUUTCS, BEICOTA TUKA HE U3MEHHUTCS

— HUKaK HEe U3MEHATCS

18. HeoOxoauMo npoaHalIn3upoOBaTh METOJIOM I'a30BOi Xxpomarorpaduu cMech BEIIECTB,
CYILLIECTBEHHO Pa3IMYaIOLINXCA [0 BpeMEeHH yep:kaHus. YTo MOKHO clienarh, YTOObl yCKOPUTh
BBIXOJ] KOMIIOHEHTOB C OOJIBIIIMM BPEMEHEM yAepiKaHUs?

— IIOCTENEHHO YBEIMYUBATh TEMIIepaTypy XpomaTtorpadupoBaHus

— IMOCTETIEHHO YMEHBIIIATh TEMIIEPATYPy XpoMaTorpadupoBaHHs

— YMEHBILIUTh PAacXo]] ra3a-HOCUTENS

— BBeCTH Ipo0y OoJbIero oobema

— BBECTH MPOOY MEHBIIIETO 00beMa

19. KakoBa 1nenp KaIuOpOBKH IeTEKTOpa XpoMartorpada cTaHaapTaMy BEIIECTBA U3BECTHBIX
KOHIIEHTpaluii?

— IMOCTPOCHHUE KATMOPOBOYHOTO rpaduKa A IeJieid KOIMYeCTBEHHOTO aHaIN3a

— oIpesieNieHNe BpEMEH YIep>KUBaHUSA JUIA LieJIel KaueCTBEHHOTO aHaIHn3a

— OIIEHKAa BO3MOKHOCTH TPOBEICHHSI KAYECTBEHHOTO aHAIN3a

— OYHUCTKA KOJIOHKU OT MPHUCYTCTBUS TOCTOPOHHUX KOMIIOHEHTOB

— KaIMOpOBKa HE HYKHa. MOXHO BOCIOJIB30BAaThCS CIIPAaBOYHBIMU JTAHHBIMH.

20. Kak nmpoBecTH KaueCTBEHHBIN aHAIN3 CMECH CITUPTOB Ha ra30BOM XpoMatorpade?

— MOJIy9UTh XPOMATOrpaMMy CMECH, 10 CITPABOYHBIM JJAHHBIM OTPEICIUTh Ka4eCTBEHHBIH
coCTaB

— MOJIy9UTh XPOMATOIpPaMMbI CMECH U CTaHJapTOB cupToB. CpaBHUB BpEeMEHA YIepKaHUS
OTIpeIeNIUTh Ka4eCTBEHHBII COCTaB

— MOJIy9UTh XPOMATOrpaMMy CMECH, OTIPEACIIUTh TUIOIMAAbh KaKIOTO MK U METOJIOM
HOPMHUPOBKH OIPEIETUTh COCTAB

— 9Ta 33/1a4a HEBBIITOJIHUMA Ha Ta30BOM XpoMaTorpade.

Kputepun oueHunBaHus: TECT CUMTAETCs MNPOMIEHHBIM, €cid OOydarolui OTBETHII
npaBwibHO Ha 70% BOIIPOCOB.

Yerusrit onpoc (MOTIK 1.1, MOTIK 2.2, MOIIK 2.3, UTIK 1.1, UTIK 1.3)

YerHblld  ompoc  Monynsi  «HaydHble OCHOBBI  TIPHTOTOBIICHHUS  KAaTalU3aTOPOB
HCIIONIB3YETCS KaK CPEeICTBO MPOMEKYTOUHOTO KOHTPOJISI OCTATOUYHBIX 3HAHUN Ha JEKIIUOHHBIX U
MPAKTHYCCKHUX 3aHATHUAX.

IIpumeps! BOIIPOCOB:

1. Kakue CBOMCTBa CHCTEMBI «HOCUTEIb—HAHOCUMOE BEIIECTBO» HEOOXOIMMO 3HATh, YTOOBI, HE
MPOBOAS  CHEINHANbHBIX OKCIEPUMEHTOB, TMpeacka3aTh, OyJeTe JIM JIaHHOE BEIIEeCTBO
a7IcOpOMPOBATHCS HA TOBEPXHOCTH OKCUIHOTO HOCUTENISI U3 BOJIHOTO PAacTBOpA MM HET?

2. Ha yem ocCHOBaHO MPHUHIMIIMATIBHOE DPA3IW4YMe B MPOBEIACHHM Tporiecca (HOpMHUPOBAHHS
TUAPOKCHUJIOB T10 30J1b-T€Ih METOY U TPAIUIIMOHHOMY OCAXICHHUIO Yepe3 Koarelb.

3. B ueM mpuymHA CYIIECTBEHHOTO YMEHBIIEHUS CKOPOCTH KPHUCTAUIM3AlMU TUIPOKCHUIA
MarHusi, oJIy4aeMoro 1o 30J1b-TeJIb METOAY?

4. Ha kakux cTaausx HeOOXOAUMO PETYIUPOBATH yIEIHHYIO MOBEPXHOCTh OKCHJIOB ATFOMUHUS,
MOJTy4aeMBIX COOTBETCTBEHHO M3 OaiiepuTa 1 rceBiooemuTa’?

YceTHbii onpoc Moays «Xpomatorpadus» UCIOJIb3YETCs KaK CPeICTBA MPOMEKYTOYHOTO
KOHTPOJISl 3HAHUH MPH MOATOTOBKE K TAOOPAaTOPHBIM 3aHATHUSM.
[Ipumeps! BOIIpOCOB:



1. TBepapie HocuTENU. BiusiHue nucnepcHOCTH HOCUTEN Ha pazaeneHue. [loaspHocTs
HOCHUTCIIA.

2. TBepaplie HOCUTENH, TpUMEHeHue B xpomarorpaduu. Henonsmwkasie daza (HD).
CenexruBaocts HO. TpeboBanus k HO.

3. Knaccudukamms HO. [MonspHocTh kosonku. Hekotopsie ykazanus k Beioopy HO.
Oco60 cenextuBHbIe (a3pl. KommuectBo HO.

4, D dekTHBHOCTH KONOHKH. AcopOeHThl. MoekyispHblie cuta. CHUITHKarelb.
VYraeponusie ancopoenTsl. [lopucTeie moauMepsl.

5. Br160op onTuManbHbIX yCIIOBUH A71sl XpoMartorpadudeckoro paszaeneHus. Temmeparypa
KOJIOHKH U uctaputess. CKOpOCTh ra3os.

6. Xpomarorpad. [IpuHiunuanpHas cxemMa COBpEMEHHOTO XpoMarorpada.

7. Kononku. lerexropsl. Katapomerp. [1naMeHHO-MOHU3ALMOHHBIN IETEKTOP.
CeneKTuBHBIE IETEKTOPHI.

8. KavectBennslit ananus. Xpomarorpaduueckas uneHtudukanus. Bennunna
yaepxxuBaHus. UHIEKCH yaepKUBaHUS.

9. KonmaecTBenHsii ananmn3. Bo3MoKHBIE HCTOYHUKY OMUOOK. MeToIuKa BBOAA MPOOHI.
10.  Meroabl KOMUYECTBEHHOTO pacyeTa. HopMupoBka miomaseii.

11. AOcomoTHas kanmuOpoBka. MeTon1 BHyTpeHHero cranaapra. [lompaBounbie
koa(durmentel. MUHTErprpOBaHHE.

12. OrnpenenieHne U30TEPMBI aICOPOIIMHU U H30CTEPUUECKON TEIIJIOTHI afCOPOITUU C
MCIIOJIb30BaHUE Ta30BO XpoMarorpadpuu.

13.  OmpeneneHue yaenbHON MOBEPXHOCTH C UCTIOIB30BAHUE TA30BOM XpOMaTOTrpaguH.
14.  OmnpeneneHue KaTaTUTUYECKONH aKTUBHOCTH C TOMOIIBIO Ta30XpoMaTorpaduueckoro
METo/a.

15.  UM3yueHue HEU30TEPMHUUECKON KUHETHKH C MOMOIIBIO0 TEPMOAECOPOLIUH.

Otuérsl o maboparopubiM padoram (MOIIK 1.2, MOIIK 1.3, UOIIK 2.3, UOIIK 2.4, UTIK
1.1, U1K 1.3)

Ilepeuenp nabopaTtopHbIX padoT npuBeacH B nocodun Cumoposa O. U. JlabopaTtopHsbiit
NPaKTUKYM II0 Ta30BOW Xpomartorpadpuu: ydyeOHo-meToamyeckoe nocodue / O. . Cumoposa. —
Tomck: M3parensckuit JJom Tomckoro rocynapctseHHoro yHusepcuteta, 2016. — 87 c. Ilo
pe3yabpTaraM BBIIIOJIHEHHBIX JJAOOPaTOPHBIX padOT KaKIbld CTYAEHT cOCTaBiseT oTyeT. OTder
BKJIIOYAET B ce0s LIeJIb U 33/1a41 pabOThl, KPaTKOE U3JI0KEHUE TEOPETUUECKUX OCHOB (B TOM YHUCIIE
OCHOBHbBIE TOHATHUS, 3aKOHBI, YPaBHEHUS U [p.), HOPSAOK U METOAMKY BBIIOJHEHUS PalOTHI,
pe3yJabTaThl SKCIEPUMEHTa B BHJE TaONUIl M TpaduKoB, BHIBOABI IO paboTe, coaeprkaiiue
KayeCTBEHHbIE Y KOJIMYECTBEHHBIE PE3YJIbTAaThl UCCIIEI0BAaHUM.

Kpurepun onenuBanus:

OneHka «3a4TeHO» CTaBUTCS MPH BHITOJIHEHUH CIETYIOIUX YCIOBUI:

— nabopatopHasi paboTa BBIIIOJIHEHA B [TOJIHOM 00bEME; CTPYKTypa OTYETA COOTBETCTBYET
BBIIIICONTUCAHHBIM MyHKTaM, B OTYETE MPAaBHJIBHO U aKKypaTHO O(OpMIIEHBI Bce HEOOXOAUMBIE
3aIMCH, TAOJIUIIBI, PUCYHKH, TPa(UKH, BEIYUCIICHUS, ClIEIIaHHBIC BEIBOJIBI COOTBETCTBYIOT 331a4aM
paboThI U COJepKAT UTOTOBbIE KAUECTBEHHBIE M KOJIMYECTBEHHBIE Pe3yJIbTaThl HCCIIEJOBAHUM;

— nabopatopHasi paboTa BBIIIOJIHEHA B [TOJIHOM 00bEeMe; CTPYKTypa OTYETa COOTBETCTBYET
BBIIIICONTUCAHHBIM IIYHKTaM, B OT4eTe O¢OpMIIEHbl BCe TaOJMIbI, PUCYHKH, TIpaduK,
BBIYHCIICHHSI, HO JIOMYIIEHO NBa-TpW HEJoYeTa, WKW HEe 0oyiee IBYX HErpyObIX OMUOOK (HE
BJIMSIONMX Ha KayeCTBO BBIBOJOB), CAEJIaHHbIE BBIBOABI COOTBETCTBYIOT 3ajgadyaM paboThl U
CoJIepKaT UTOTOBbIE KaYeCTBEHHBIE M KOJIMYECTBEHHBIC PE3yJIbTaThl HCCIICIOBAHNA;

Onenka «He 3a4TeH0» CTaBUTCS NMPH BBHIOJHEHUH CIEAYIOMINX YCIOBHIMA:

— o0yuarouuiicss He BBHIIOJHUI paboTy;



— Ka4ecTBO MPOBEACHHBIX M3MEPEHHU HE IMO3BOJISIET CIENIaTh BEPHBIX U 00OCHOBAHHBIX
BBIBOJIOB ([IOTYIIECHBI MPUHIUITAAIBHBIC OIMUOKH B M3MEPEHHSIX, BHIUUCIICHUAX, B BBITIOJHCHUU
paboThI);

— naboparopHasi paboTa BBIIOJHEHA HE MOJHOCTBIO, TaK 4YTO OOBEM BBIMOJTHEHHBIX
HaOJIF0ICHUI/M3MEPEHNI HE TOCTATOYCH ISl JIOCTHIKCHHUS IMOCTAaBJICHHOW B paboOTe IENM U HE
MO3BOJISICT C/IeIaTh BEPHBIX K 00OCHOBAHHBIX BBIBOIOB.

[TpoBepounbie paboOTHI

[IpoBepounsie paboTHl B (hopMe TECTUPOBAHUS WU PEUICHMS 3a/1a4 HCIOIb3yeTcs Kak
CpPEICTBA IPOMEXYTOUYHOI'O KOHTPOJISI OCTATOYHBIX 3HAHUW M YMEHMM CTYIEHTOB IIOCIIE
3aBepIICHUs] M3YYCHUsS MaTepuana TEeMaTHYeCKOro pasiena (WM pas3lienoB) Ha JEKIUSAX U
ceMuHapax monayisi «HaydHble OCHOBBI IIPUTOTOBJIEHUS KaTainu3aTopoB». IIporpammon kypca
npeaycMoTpeHo 1 tectupoBanue (mocie uzydeHus pasaenon 1.1-1.4) u 2 npoBepouHbie pabOThI
Ha peleHue 3aaa4 (mocie u3yueHus pasaeinos 1.5-1.6 u 1.7-1.8).

[Ipumepsl TeCTOBBIX BOIIPOCOB U 3aau U3 IPOBEPOUYHBIX pabOT:

Bompoc 1.

OnTumanbHas MOpUCTas CTPYKTYypa KaTallu3aTopa Onpeensercs. . .
A) ero yaenpHON KaTaIMTUYECKONW aKTHBHOCTBIO;
b) xuHeTH4YeCcKMMH MapamMeTpaMu peakiiiy;
B) ocoGenHOCTSIME MaccomnepeHoca pearupyonIix BEIecTB.

Bomnpoc 2.

Yem oOycnoBieHa HaOM01aeMast 3aBUCUMOCTh aTOMHOM KaTaJUTUYECKOH aKTHBHOCTH
Cu/ueonut-Y karanuzaropa B peakuuu okucienus CO ot pH pactBopa, UCIONIB3yeMOTO s
IIPUTOTOBJICHUS KaTajiu3zaropa’?

Ig AKA
N
]

0 I ' I :
4 8 12
pH
3aBUCHUMOCTbh aTOMHOM KaTamuTH4ecKoM akTUBHOCTH Cu/LieonuT-Y KaTaln3aropa B peakuu
okucnenusa CO ot pH pactBopa

A) ¢ nonuMepH3alyen NpoyKToB T'HIPOJIN3a HOHOB MEAH B IPOIIMTOYHOM PACTBOPE;
b) c usmeHenuem 3apsa MOHa MEM B MPOIIUTOYHOM PACTBOPE.

3amaua 1. I'panynsr HocuTens chopmupoansl u3 70 Bec.% y-Al.O. ¢ miotHOCTRIO p. = 3,3
r/cm: ¥ yienbHbIM o0beMoM mop B yactunax V.= 0,5 cm¥/r ALO.u 30 Bec.% runpapruiuta
Al(OH).c mutotHocThiO p.= 1,43 r/cm:u V..= 0. CymmapHas IOPUCTOCTh TPAHYJI TIOCIIE CYIIKH €, =
0,5, ynenpHas mnoBepxHocTh S =140 wm/r. TepmooOpaboTka TpaHyd CONPOBOXKIACTCS
tomoxumuueckoit peakimerr 2AI(OH), — y-AlLO. + 3H.O ¢ ynameHueM BOABI M IOJHBIM
ncesioMmopdubIM npeBpanieHrneM Al(OH).6e3 n3MeHeHus BHEIIHET0 pa3Mepa rpanysibl. CpeaHuii
pa3Mep HOBoOOpasyromuxcs nepBudHbIx yactui ALO.~ 4 HM.



PaccuuTarh yaenpHYIO MOBEPXHOCTh, YACTbHBIH 00beM mop V., KaKyIIylOCs IUIOTHOCTh O H
HNOPUCTOCTh TPaHyJ, TMOJyYEHHBIX TMOCiIe TepMOooOpabOTKH, JOIMycKas, YTO HWCXOJIHBIN
THPApTHIUIUT OBUT HETTOPHCTHIM, a €T0 Y/eIbHask HOBEPXHOCTH OblIa MPEeHEOPEKNMO MaJa.
3amaua 2. HaHeceHHbIC IJIATHHOBBIE KaTaJM3aTOPbl TOTOBST METOJOM aJcopOuuu
H2PtCls Ha mOBepXHOCTH IMOPUCTOrO OKCHAA QIIOMUHHUS K3 H30BITKA ([0 OTHONICHHIO K
BJIaro€MKOCTH) MPOMHUTOYHOr0 pacTtBopa. I[IpomomKUTENTbHOCTh MPONMUTKU JOCTAaTOYHA IS
YCTaHOBJIEHHsI COPOIIMOHHOTO paBHOBecus. Ilpomecc agcopOIMM NPOBOAAT B YCIOBUSX,
onuceiBaeMbIX ypaBHeHueM [ enpu. [locne oTnenenus katanuzaropa OT MIPOMUTOYHOTO pacCTBOPA
€ro Cymar ¥ MpOKaJIMBAIOT Ha Bo3ayxe. OnpenenuTe coepkaHue IUIATHHBI B KaTAIN3aTOpe TPH
UCTIOJIb30BaHUM (P (Y3MOHHOTO PEKUMA MIPOMUTKH MPH cienyromux ycnousix: Co = 13.2 r/n—
HavyaJbHas KOHICHTPAIMs IJIATHHBI B IPOIIMTOYHOM pacTBope; M = Ir — macca Hocurens; Vs =
0.3 cM®r — 06bem mop nHocuTens; Vo = 5 Vs — 06beM nponurodHoro pactsopa; K= 6 cm®/r —
KOHCTAHTA aJICOPOLIMOHHOTO PaBHOBECHSI.
Onenure 3HaueHUE MapaMeTpa copOUMU Pmax, OompenensieMoro Kak OTHOIIEHHE KOJIMYECTBA
azcopOMpOBaHHON TUIATHHBI K €€ HeaacopOMpoBaHHON yacTu. KakoB ¢usuyeckuii cMbIcT
MOJTYYEHHOTO BBIPAKECHUs?

Kpurepuu onienuBanus

>80 0aym1oB u3 100 0ajIoB 3a 3aJaHUA — KOTIUYHOY,

66—80 6amtoB u3 100 GanyoB 3a 3aJaHUS — «XOPOIIOY;

57—65 6annoB u3 100 GamoB 3a 3aJaHus — «YIOBIECTBOPUTEIBHOY;
<57 6amoB u3 100 6aymioB 3a 3a1aHUS — «HEYIOBIECTBOPUTEIHHOY.

WupuBunyaneusie 3aganus (MOTIK 1.1, MOIIK 1.2, UOIIK 2.1, UOIIK 2.3, UIIK 1.3)

I[Io temam 1.2, 1.4-1.8 mnporpammoii monyns «HayuyHble OCHOBBI MPUTOTOBJICHUS
KaTaJr3aTOPOBY MPEIYyCMOTPEHO BHITIOTHCHIE MHINBH Ty JIbHBIX 33/IaHUI B BHJIC PEIICHHE 33124
M0 TeMaM, pacCMaTPUBAEMbIM Ha MPAKTUYECKUX 3aHITUSIX.

[Tpumepsl 3a1a4 W3 MHAUBHIYTBHBIX 33JJaHUH IPEACTABICHBI HUXKE.

3amaua 1. I'panyna Hocutens cpopmupoBana u3 mncegodemuta coctaBa Al.O.2H.O ¢
IUIOTHOCTBIO p= 2,43 r/cme. Tlocime CcymiKu YacTHUIbI MCEBIOOEMHUTA OCTAIOTCS HETOPUCTHIMHU,
oTpezieNieHue CyMMapHOM MOPUCTOCTH TPAHYIIbI MOCIIE CYIIKH Aano &= 0,5 1 BenMnuuHy y1enbHON
noBepxHocTu 4, = 61,7 m2/r. 3aTem rpanyna nojasepraiach TepMooOpaboTKe ¢ NCEeBIOMOPPHBIM
npespamieHieM ncesnodoemura B y—AlLO. ¢ mnoTHOCTRIO p. = 3,3 T/CM° M CHM)KEHHEM 00bema
TBEPJI0¥ (ha3bl B YacTHUIAX 0€3 U3MEHEHUSI CYMMapHOTO 00beMa rPaHyJIbl.

Jlomyckasi, 4yTo TpH TICEBAOMOP(HOM TMpEBpallleHUH KaXkJIas YacTHUIA HCXOTHOTO
BelecTBa mpeoOpa3yercss B TMOPUCTBIA arperat M3 BBICOKOJMCIICPCHBIX YACTHI[ TPOJYKTa C
COXpaHEHHEM BHEIIHUX Pa3MepPOB UCXOIHBIX YaCTHUIl, U TPUHUMAs, 4TO d(hPexTuBHBIH pazmep D.
obpasyromuxcs yactuil y—ALO, ~ 4 HM, onpeennTh, BO CKOJIBKO pa3 MOBBICHIACH TOPHUCTOCTb,
yIeNbHast MOBEPXHOCTh, KaK H3MEHHUJIACh KaKYIIasCs MIIOTHOCTD & mpu yciaoBuu 50% (3adaemcs
unousudyanvbro) npespaiienus ncesgodoemuta B y—AlO., gomyckas, 4To CTENeHb pa3IokKeHUs o
= 0,5 (3a0aemcs unousudyaivbHo) 0OJMHAKOBA JJISI BCEX MCXOIHBIX YaCTHII ICEBIOOEMUTA.

3anava 2. M3BecTHO, 4TO MOHOAMCHIEpCHBIE 3011 S10,, CTaOUIN3UPOBAaHHbIE BBEACHUEM
1..3 nonoB Na/l0 HM: MOBEPXHOCTH, MOTYT HE KOAaryJupoBaTh BIUIOTh JO KOHIIEHTPAILIHH,
COOTBETCTBYIOIINX TUIOTHOW CIIYYaifHOH YITaKOBKE WX TII00YJ C TUAPATHBIMUA 000JI0UKaAMHU.




Cxema ynakoBku 17100y71 Si0.: @ — B crabunusupoBaHHoM 301 Si0.c TUApaTHBIMU
000J10YKaMu; 6 — IpY TpeAeTbHON KOHLIEHTPAIMH, COOTBETCTBYIOLICH TUIOTHOM CITy4YaifHOM
YHaKOBKE 100y, TPU KOTOPOil 30J1b IPUHYAUTEIHHO KOATyJIUPYET B Telib (KOHIIEHTPaIlOHHAs
KOaryJisiius)

Paccuurate mnpepenpHyto KoHueHTpauuto SiO., B reme (r/cm: rensi), KOTOPbIA MOJIy4eH
KOHIIEHTPAIIMOHHON Koaryisnued 301t ¢ pasmepom uactuil D, (pasmep 06e3 o00omoukw).
Onpenenuth yIeIbHYIO MIOBEPXHOCTh A, YIeIbHbIH 00beM nop V.1 cpennuit pazmep nop D mis
KCepOoTeJsl, MOJyYeHHOTO U3 TAKOTO T'elisl, OTMBITOTO OT IIEIOYHBIX MPUMECEN U BBICYIICHHOTO B
YCIIOBUSIX, UCKITIOYAIOUINX CHIDKEHHUE TOBEPXHOCTH U OOBEMHYIO YCaIKY.

Pacuersr npoBectu npu D, = 100 um (3adaemcs unousudyaivbrno), TOJIUHE HOHHO-
conbBatHOM 000mouku t mpu 80...100°C ~1,7 um, maotHocTh ¢asel SiO. p(sio) = 2,2 r/CMe:.
JlomycTuTh, 4TO B IUIOTHOW CIy4YailHOH ymakoBke rinoOyn ¢ o0ojlouykamMu OOBEMHAs OIS
MIPOMEKYTKOB MEXy Ti100ynamu paBHa €. = 0,4.

Kpurepuu onieHuBaHus

>144 6amnoB u3 180 6aIoB 3a 3a0aHUA — «OTIUYHOY,

118-144 6annoB u3 180 6amioB 3a 3a7aHUS — «XOPOIIIO»;

103-117 GamnoB u3 180 6aymioB 3a 3a1aHUS — yIOBIECTBOPUTEIHHOY,
<103 6amnoB u3 180 GanoB 3a 3aJaHUs — «HEYAOBIECTBOPUTEILHOY.

3. OueHoOYHBbIE MATEePHAJIBI HTOTOBOT0 KOHTPOJIsA (IPOMEKYTOYHON aTTecTalu) U
KPUTEPUH OLleHMBAHUS

JInsi IpOMEXKyTOYHOM aTTeCTalMy IPOrpaMMON JHMCLMIUIMHBI IIPEAYCMOTPEH 3a4€T C
ouenkoi (MOIIK 1.1, MUOTIK 1.3, MOTIK 2.1, MOIIK 2.2, UIIK 1.1, UIIK 1.3). [{yns qomycka K
IIPOMEXKYTOUHOM aTTeCTalluu CTyIEHTY Heo0X0AuMo Habpath He MeHee 50% 0aoB OT TEKYIEro
KOHTPOJIS 110 MOy t0 «Hay4uHble OCHOBBI IPUTOTOBIICHUS KaTAIN3aTOPOB» (MIpU 00sA3aTEIEHOM
BBINTOJIHEHNH OCHOBHBIX 33/IaHHI) M YCIEIIHO BBITOIHUTH TECT 1O MOIYJIO «Xpomarorpadus.
ATTecranys IpoxoauT B (hopMe 3aLIUThl HAYYHOTo JTokiIaza (pedepaTa) no GU3NKO-XUMUYECKUM
OCHOBaM TIPUTOTOBJICHHS KOHKPETHOTO OOBeKTa (Karajam3aTopa WM HOCUTEINS). 3alluTa
IPOXOAUT B popMe KOHPEPEHIINH.

[IpuMepsl TeM Hay4qHOTO TOKJIaa

1. DU3NKO-XMMUYECKHE 3aKOHOMEPHOCTH CHHTE3a KaTaJlu3aTOPOB Ha OCHOBE
naJiIaIusl, HAHECEHHOTO Ha OKCHUJI LIEPHS.

2. DU3NKO-XMMUYECKHE 3aKOHOMEPHOCTH (POPMHUPOBAHNSI HAHECEHHBIX BaHAIMEBBIX
KaTaJIn3aTOpOB.

3. OcCHOBHBIE MOJIXOABI K CHHTE3y ME30IOPHCTHIX Me30(a3HbIX MaTepuajoB U
KaTaJIn3aTOPOB HA UX OCHOBE.

Pe3synbraThl  JUCHUIUIMHBI  ONPEAESAIOTCS  OLEHKAMHM  «OTIMYHO»,  «XOpOILOY,
«YIOBJIETBOPUTEIILHOY, «HEYIOBICTBOPUTEIHLHOY.

CooTtBeTcTBHE OAIOB OLICHKE:

>80% OT CyMMapHOTO PEHUTHHTA Kypca — KOTIUIHON;

66—80% 0T cyMMapHOTro peMTHHIa Kypca — «XOPOLIO;

57—65% OoT cymMMapHOTO pedTHHTa Kypca — «yIOBJIECTBOPUTEILHOY;

<57% oT cyMMapHOTro peMTHHTa Kypca — «HEYIOBJICTBOPUTEIHHOM.

dopma KOHTPOJIS MaxkcumaabHOE KOJMYECTBO 0AaJUIOB
ITocemenue 3aHATHI 28
PaboTa Ha IPaKTUYECKUX 3aHITUIX 80
[TpoBepouHbIe pabOTHI 100
WHauBuyanbHbIE 3a1aHUS 180
HayuHb1ii 1okma 50
CyMMapHbIil peHTHHT Kypca 438




Nudopmanus o paspadoTunkax

XapmnamoBa Tamapa CepreeBHa, KaHJl. XMM. HayK, kadeapa GU3ndecKol U KOJUIOUTHOMN
xumun HanmoHanbHOrO HccineaoBarenbckoro TOMCKOrO rocyJapCTBEHHOIO YHHBEPCHUTETA,
JIOLICHT.

CupopoBa Onpra MBaHoBHA, KaHI. XUM. HayK, Kadeapa (U3NYECKON M KOJIIOWIHON
xuMuM HanmoHanbHOro HccineaoBaTenbckoro TOMCKOTO TrocyJapCTBEHHOTO YHHBEPCHUTETA,
JIOLIEHT.



