MuHncreperBo Hayku U BbICIIero obpasosanus Poceniickoii denepanun
HAIIMOHAJIbHBIN NCCIIEAOBATEJIBCKUUN
TOMCKUU I'OCYJAPCTBEHHbBIM YHUBEPCUTET (HU TT'Y)

XuMu4deckuit paKyIbTeT

YTBEPXJEHO:
H.o. nexana
A. C. Kusses

Pabouast mporpamMma AUCIUTUIHBI
CratucTuyeckue MeTOAbl NIJIAHMPOBAHUS IKCIIEPUMEHTA B XUMHHU
0 HAIIPABJICHUIO TTOATOTOBKHU
04.04.01 Xumus

HamnpasnennocTs (ipoduiib) MOATOTOBKHU:
DyHAaMeHTAJIbHAs M IPUKJIATHASI XMMHUS BellleCTB H MaTepPHAaJIoB

®dopma o0yueHus
Ounas

Kpamudukanms
Marucrtp

I'on npuema
2024

COI''TACOBAHO:
Pykosoautens OI1
A.C. Kuszes

[Ipencenarens YMK
B.B. lllenkoBHUKOB

Tomck — 2024



1. ]_Ie.]'lb U IINIAHUPYEMBIE PE3YJIbTATbI OCBOCHUS NUCIHUITIJIUHDBI

Lenbto OCBOEHMS TUCIMIUIMHEI ABISIETCS (POPMHUPOBAHUE CIIEAYIOIINUX KOMIETECHIIUI:

OIIK-2 CnocobGeH aHanM3MpOBaTh, MHTEPIPETUPOBATH W 000OIIATH PpE3yIbTATHI
OKCIIEPUMEHTAIBHBIX U PACUETHO-TEOPETHUECKUX paboT B M30paHHOW 00JacTH XUMHUU WU
CMEXHBIX HayK.

IIK-1 CriocobeH 1uiaHupoBaTh pabOTy W BHIOMpATh aJE€KBATHBICE METOIBI PELICHHUS
HAYYHO-HMCCIIEIOBATEIIbCKAX HW/WIM TPOU3BOACTBEHHBIX 33/1a4 B BHIOPAHHOW 00JIACTH XUMUH,
XUMHUYECKON TEXHOJIOTHU MJIM CMEXHBIX C XUMHEH HayKax.

PesynbraTamMu 0CBOCHHMSI TUCIMILINHBI SBISIOTCS CIEAYIONINE HHIUKATOPHI JOCTHXKEHUS
KOMIIETECHIIUH:

HNOIIK 2.1 IlpoBOoAMT  KpUTHYECKUH  aHalIM3  pPE3yJbTaTOB  COOCTBEHHBIX
HKCTIEPUMEHTAIBHBIX U PACUETHO-TEOPETHUECKUX PadOT, KOPPEKTHO UHTEPIIPETUPYET UX

HNOIIK 2.2 ®opmynupyeT 3akilO4eHHs W BBIBOJBI [0 pe3ysibTaTaM aHajlu3a
JUTEPATYPHBIX JaHHBIX, COOCTBEHHBIX SKCIIEPUMEHTAIBHBIX U PACYETHO-TEOPETUYECKHUX PadoT B
n30paHHOM 001aCTH XMMHMH UJIM CMEKHBIX HAYK

NIIK 1.2 BeiOupaer skcriepuMeHTaIbHbIE U PACUETHO-TEOPETUUECKHE METO/Ibl PEIICHUS
MIOCTABJIEHHOM 3aJ1au, UCMOJb3Ys JOCTHKEHHSI COBPEMEHHON XMMHUYECKON HayKH, U UCXOls U3
UMEIOIINXCS, MAaTePHAIbHBIX, MHPOPMAIIMOHHBIX U BPEMEHHBIX PECYPCOB

2. 3azlaqn O0CBOCHMUSA NUCHUIIIUHBI

— OCBOUTE OCHOBHBIE Tambl U AJITOPUTMBI  TUIAHUPOBAHUA OKCIICPUMCHTA, YMCTH
COCTAaBJIATH IIJIaH JKCIICPHUMCHTA IIPH IMOHMCKE OITHMAJIBHBIX YCJ'IOBI/II\/'I MMPOBCACHUA XHUMHKO-
TEXHOJIOTHIECKOTO HITH XUMHUKO-aHATUTHIECKOTO TIPOIECCOB.

— HayuuThcst npuMeHsTh HaBbIKK 00pabOTKU Pe3yIbTaTOB XUMUYECKOTO SKCIIEPUMEHTA.

— YMeTh aHaM3UpOBaTh aPUOPHYIO HH(POpMaIHio 00 00BEKTaX UCCIETOBAHUS C IICIIBIO
000CHOBAaHHOTO BBIOOpa mMOM00JMACTH  (PAKTOPHOTO TPOCTPAHCTBA IS TJIAHUPOBAHUS
IKCTIEPUMEHTA.

— OBnazieTh HaBBIKAMH OOOCHOBaHWsI BUAa W (OPMBI aHAJIUTUYECKOTO CHTHAIIA;
00CYX/1aTh MOyYEeHHBIC PE3yJIbTaThl aHATH3a/HCCIIeIOBAHUSI.

— YMeTh MPUMEHSTh TEOPETHYECKHE OCHOBBI CTATHCTHYECKUX METOIOB OTOOpa, aHAIIN3a
1 00pabOTKH SKCIIEPUMEHTAIBHBIX JTAHHBIX.

3. MecTo THCHUIJIMHBI B CTPYKTYpe 00pa30oBaTe/IbHO MPOrpaMMbl

Juctumnmuna oTHOCUTCS K bioky 1 «JlucumminHbl (MOTyn)».

JlucummiuHa OTHOCHTCS K 4YacTH 0O0pa3oBaTeIbHOM MIPOrpaMMmbl, (QopMHpyeMOn
ydacTHUKaMu 00pa30BaTeIbHBIX OTHOUICHH, TMpeanaraercs oOy4aroumcs Ha BBIOOP.
JlucuuniuHa BXOAUT B MOAYJIb Moaynb 1o BeiOOpy 1.

4. CemecTp(bl) ocBOeHHS U (popMa(bl) MPOMEKYTOYHOMN aTTECTAIMH MO AUCHUILIMHE

IlepBblii cemecTp, FK3aMEH

5. BxogHble Tpe0OBaHUS /15l 0CBOEHUS TUCHUTIIHHBI

JUisl yCHEeImHOro 0CBOSHHsI JUCIUIUINHBI TPEOYIOTCSI KOMIETEHIIUH, C(OPMHUPOBAHHBIE B
XO07Ie OCBOEHHsI 00pa30BaTeIbHBIX IPOrpaMM IPEALIECTBYIOIIETO YPOBHS 00pa30BaHUsL.

6. SI3bIK peajau3anuu

Pycckuit

7. O0beM TUCHUILIUHBI

OO01ast TpyA0eMKOCTh AUCHUIUINHBI COCTaBISET 4 3.€., 144 yacoB, U3 KOTOPBIX:



-nexkuuu: 16 u.
-IpaKTUYeCKHUE 3aHATHSA: 16 4.
B TOM YHCJIEe IPAKTHYECKasi TIOATOTOBKa: 16 4.
O0BeM caMOCTOSTEIBHON pabOTHI CTY/IEHTA ONPECICH yUeOHBIM IIJIAHOM.

8. Coz[epma}me AUCHUIIJIMHBI, CTPYKTYPUPOBAHHO€ 110 TEMaM

Tema 1. IlnanupoBanue 3KCTpeMaIbHbIX 3KCIIEPUMEHTOB.

O6uue ceenenust 00 skcrepumenTe. OObEKT HCCIEN0BaHUs, KPUTEPUN ONTUMU3ALNN U
¢daxTopel. MccnenoBanne MOBEPXHOCTH OTKJIMKA W €€ MareMaTHuecKas Mojenb. Bribop
AKCIIEPUMEHTAILHON 00J1aCTH (DAKTOPHOTO TPOCTPAHCTBA.

Tema 2. DkcriepMMEHTAIbHO-CTATUCTUUECKUE MOJIEIH.

OproroHanbHble poTaTaOenbHbIE IUIAHBI MPU W3MEHEHUU (AKTOPOB Ha JABYX YPOBHSIX.
[TocTpoenne maTpul] INIAHUPOBAHUSI B TTOJIHOM (haKTOpHOM 3KcriepuMeHTe. OcHOBHBIE 3(h()EKThI
u 5¢dextsl B3auMonaencTBUA. JlpoOHbIN QaxTOopHBIM 3KcrepuMmeHT. CBoicTBa MaTpull
MJITAHUPOBAHUS. Y CTpaHEHHE BIMSIHHS BPEMEHHOTO Jipeida.

Tema 3. O6paboTka pe3yabTaToB M3MepeHull. Beruncienne ko3¢ uuueHToB perpeccuu
U TpoBepka MX 3HauuMocTH. [IpoBepka anekBaTHOCTH Mojenu. MHtepmperauus moaenu u
MPUHATHE PEeIIeHUs A1 JabHEHIIEro MPOIBUKEHHS K OITUMYMY.

Tema 4. KpyToe BOCXOXJE€HHE IO MOBEPXHOCTH OTKIMKA. J[BMKEHWE NO TPaTUCHTY.
Peanu3anus mana KpyToro BOCXOXKICHUSI.

Tewma 5. MccrienoBanne NOBEPXHOCTH OTKJIMKA B pailoHE 3KcTpemMyma. OpTOroHalnbHOE U
poTtarabenbHOe IJIaHUPOBaHKE BTOPOro nopsika. Kanonnueckas (opma ypaBHEHUS pErPECCHH.

Tema 6. CUMITIIEKCHBIN METOJI IJTAHUPOBAHUS YKCIIEPUMEHTA.

Tema 7. IlnanupoBaHue SKCHIEPUMEHTa MPY BbISICHEHUH MEXaHU3Ma SIBICHUM.

JIuneitnbie U HEeNMMHEHbIE MoAenu. HepaBHOTOUHOCTD M3MepeHuid. [IpuMenenne merona
HanMmeHblmx KBazgpaTtoB (MHK) k HepaBHOTOUHBIM wm3MepeHUsM. HenuHeWHBIH MeETOq
HaMMEHBIINX KBAIpaToB. KpuTepnn oNTUMaNbHOCTH IUIAHOB.

Tema 8. MaremaTnueckoe MOJCIIMPOBAHUE XUMHUKO-aHATUTUYECKUX TTPOLIECCOB.

9. Tekymmii KOHTPOJIb 1O IUCIUIIMHE

Texymuid KOHTpOJIb MO AMCUUIUIMHE MPOBOJUTCS ITyTEM KOHTPOJIS IMOCEIAeMOCTH,
MIPOBEJICHUSI KOHTPOJBHBIX pabOT, pEIICHHUS KEHCOB, BBINOJHEHHS IOMAIHUX 3aJaHUil U
¢bukcupyercs B popme KOHTPOIBHON TOYKH HE MEHEE OJIHOTO pa3a B CEMECTD.

OlieHOUHBIE MaTepualibl TEKYIIEro KOHTPOJISl pa3MelieHbl Ha caiite TI'Y B pasupene
«Hudpopmarmst 06 o6pazoBaTenbHON IporpamMmey - https://www.tsu.ru/sveden/education/eduop/.

10. Iops1ok NpoBeeHUs] U KPUTEPUH OLIEHUBAHUS MIPOMEKYTOYHOM aTTecTaluu

DKk3aMeH B TIEpPBOM CEMECTpe IPOBOJIUTCS B MHCHbMEHHON QopMme Mo Ouseram.
DK3aMeHaIMOHHBIN OMJIET COCTOUT U3 KOMIUIEKCHO 3aaauu. [IpogomkurensHoCTh SK3aMena 1,5
qaca.

OueHouHble MaTepHalbl AJs1 IPOBEICHUS MPOMEKYTOUHON aTTECTALlMM Pa3MEILEHbI Ha
caiite TI'Y B pasmene «Mudopmanus 00  oOpa3oBaTelbHOW  mporpamMme» -
https://www.tsu.ru/sveden/education/eduop/.

11. YuyeOHO-MeTOOAUYECKOE O0ecIIeueHne

a) DIIEKTPOHHBIN YUeOHBIH Kypc MO TUCHHMIUINHE B CPEIe MEKTPOHHOTo 00yueHus IDO

- https://Ims.tsu.ru/enrol/index.php?id=22074

6) OnieHOUHBIE MaTepHalbl TEKYIIEro KOHTPOJIS M IMPOMEKYTOYHOM arTecTaluu 1o
JTMCLUIUIAHE.

B) Ili1an npakTHUeCKUX 3aHATHIA MO JUCLUUIUINHE.



12. Ilepeuyens yueOHOIi TuTEpaTYpHI U pecypcoB cetu UHTepHeT

a) OCHOBHas JIUTEepaTypa:

CraTucTuueckue METO/Abl IUIAHUPOBAHMS SKCIEPUMEHTA B XUMHUHU [DJIEKTPOHHBIN
pecypc]: anekrponHoe ydeOHoe mocobue / B. B. IllenxoBHukoB. — Tom. roc. yH-T, UH-T
JTUCTAaHIIMOHHOTO oOpa3oBanusi, 2007.

— OCHOBBI TEOpUH M TEXHUKH (U3UYECKOTO MOJCIUPOBAHUS U OIKCIHEPUMEHTA
[DnmexTpoHHEIH pecypc]: yaebHoe mocoome / H. 1. I'aranoBa, A. H. Kommmyx, H. B. Opioga, A.
1O. Opinos. — Tamb6oB, 2014. — 77 c.

— BBezenue B Teopuio muiaHupoBaHus dKcriepuMenTa: yued. [locooue / H. U. Cunnses,
H. T. BunmucoBa. — M. : U3a-Bo MI'TY um. H.O. baymana, 2011. — 463 c.

— JIrobuenko E. A., UymnoBa O. A. IlnanupoBanwe W oOpraHu3anusi SKCIIEPUMEHTA:
yuebHoe nocodue. Yacts 1. — BmaguBocrok : U3a-so TI'DY, 2010. — 156 c.

— I'mypman B. E. Teopust BeposiTHOCTEel 1 MaTeMaTnueckast cratuctuka / B. E. 'Mypman.
— M. : Bricmiee o6pazoBanue, 2009. — 480 c.

0) pecypcol cetu MIHTEpHET:

— OTKPBITHIE OHJIAWH-KYPCBI

— XKypnan «Oxcnepr» - http://www.expert.ru

— Odunmanbubiii caiit ®enepanbHON CIyKObl TOCYJapCTBEHHON cTaTUCTUKUH PD -
www.gsk.ru

— OdunmanbHeiii caidT Becemuproro 6anka - www.worldbank.org

— Obmepoccuiickas  Cerp  Koncynbrantllmoc ChopaBoyHass mpaBoBasi —cuUCTEMA.
http://www.consultant.ru

— Libre Office Calc

—NHTYUT HammoHanbHBIA OTKPBITBI YHUBEPCUTET [DIJIEKTPOHHBIN pecypc]. Pexum
JocTyma cBoOoaHbIH http://www.intuit.ru

— Pesxum moctyma http://www.exponenta.ru, cBoOOIHBII.

13. Ilepeyenb HHGOPMALMOHHBIX TEXHOJIOT U

a) JINIICH3NOHHOE U CBOOOIHO PACTIPOCTPAHIEMOE MMPOTPAMMHOE 00€CTICUeHUE:
— Microsoft Office Standart 2013 Russian: makeT mporpamm. BiimrodaeT MpHIOKCHHS:
MS Office Word, MS Office Excel, MS Office PowerPoint, MS Office On-eNote, MS Office

Publisher, MS Outlook, MS Office Web Apps (Word Excel MS PowerPoint Outlook);
— myOIMYHO OCTymHBIEe 00saunbie TexHonorun (Google Docs, SAnaexkc auck u T.11.).

0) nHpOPMAIIMOHHBIE CIIPABOYHBIE CHCTEMBI:

— DJEKTPOHHBIN KaTajor Hayunoi OnbIMoTEKH Ty -
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
— DIIeKTpOHHAas o6ubnunoreka (pemo3uTopuii) Ty —

http://vital.lib.tsu.ru/vital/access/manager/Index
— OBC Jlaus — http://e.lanbook.com/
— OBbC KoucynbsranT crynenta — http://www.studentlibrary.ru/
— O6pasoBarenbHas wiatdopma KOpaiit — https://urait.ru/
— OBC ZNANIUM.com — https://znanium.com/
— OBC IPRbooks — http://www.iprbookshop.ru/

B) npodeccruoHanbHble 0a3bl JAHHBIX (MPU HATUYUL):

— Yuusepcurerckas nadopmarmonHas cuctema POCCHS — https://uisrussia.msu.ru/

— Enunas MexxBeOMCTBeHHas: WHpOpMalMoHHO-cTaTHcTHYeckas cuctema (EMUCC) —
https://www.fedstat.ru/
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14. MaTepua/jibHO-TeXHHYECKOe obecrieyeHue

Aynuropun JUis MPOBEACHUS 3aHATHH JIEKLIMOHHOIO THUIIA.

Aynuropun JUisl TpPOBEAEHUS 3aHATUM CEMUHApCKOr'0 THIA, WHIUBUAYAIbHBIX H
IPYIIIOBBIX KOHCYJIbTALMM, TEKYLIEr0 KOHTPOJISA U IIPOMEKYTOUYHON aTTECTALMH.

[Tomemienns a8 caMOCTOSATENbHONW pabOThl, OCHAIIEHHBIE KOMIIBIOTEPHONH TEXHUKOH U
JIOCTYNOM K ceTd MHTepHeT, B 3JIEKTPOHHYI0 WH(POPMAIMOHHO-00pa30BaTEIbHYIO Cpeay U K
MH(GOPMAIIMOHHBIM CITPABOYHBIM CUCTEMaM.

Aymutopun s OPOBENEHHs 3aHATHM  JIEKHMOHHOTO M CEMUHApPCKOrO  THUIA
WHJMBHUAYAIbHBIX M TPYIIOBBIX KOHCYJbTAllMM, TEKYIIEr0 KOHTPOJS M IPOMEKYTOYHOU
aTTecTalliu B CMEIIEHHOM popmare («AKTpy»).

15. Undopmauus o paspadoTunkax

[lenkoBuukoB Bmamumup BurtanseBuy, KaHI. XuUM. HayK, [OIEHT, Kadenpa
aHATMTHYECKOM XuMuu HanuoHanbHOroO uCCIen0BaTENIbCKOr0 TOMCKOrO TrOCyIapCTBEHHOIO
YHUBEPCUTETA, 3aBEAYIOIMIHI Kadeapo.



